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INTRACELLULAR DISTRIBUTION OF SEROTONIN IN THE 
CENTRAL NERVOUS SYSTEM AND IN THE HEART OF 

HELIX POMATIA

LÁ SZLÓ  H IR IP I ,  K Á R O L Y  E L E K E S  an d  K A T A L IN  S .-RÓZSA
Biological Research In s titu te  of the H ungarian  A cadem y of Sciences, T ihany ,

H ungary

R eceived: 31st Ja n u a ry , 1975

According to  the  generally accepted assum ption the  tran sm itte r mole
cules are stored  in the  nerve term inals and  synaptic  vesicles. The supposition 
of G e r s c h e n f e l d  (1963) according to  which in the  cen tral nervous system  
of Molluscs th e  dense-core vesicles are the  storing places of monoamines is 
supported  by results ob tained  m orphologically (Zs .-N a g y , 1968; Co ttr ell  
and  Osb o r n e , 1970; J o u rd a n  and  N ic a is e , 1970; P e n t r e a t h  e t al., 1973) 
as well as by  differential and  grad ien t centrifugation (H ir ip i  e t al., 1973).

The histochemical investigations performed on the heart of Helix (Co t
t r e l l  and Osb o r n e , 1969) and of Lymnaea (S.-R ózsa and Z s .-N a g y , 1967) 
revealed the localization of monoamines in the neuronal elements and muscle 
cells. The localization of serotonin in the neuronal elements is confirmed also 
by autoradiographic examinations carried out on the heart of Aplysia  (Taxi 
and G a u t r o n , 1969).

A lthough the  physiological and  pharm acological exam inations perform ed 
on th e  nervous system  and  h eart of Helix pomatia (S.-R ózsa and  P e r é n y i , 
1966; S.-R ózsa , 1969; G e r s c h e n f e l d , 1973) support the tran sm itte r role of 
serotonin, its exact localization in these tissues is yet unknown. Since th e  
nervous tissue can be separated  by  careful hom ogenization and  subsequent 
centrifugation in to  different fractions (W h it t a k e r , 1965; 1971) we set th e  
ta rg e t in our present work to  investigate the  subcellular localization of sero
tonin in the  nervous and  heart tissue of Helix pomatia by  sim ply applying 
th is method.

Material and method

For the  exam inations the  cerebral ganglion, the  suboesophageal ganglion 
ring and  th e  h ea rt tissue of Helix pomatia were used. D uring the  preparation  
the tissues were collected in ice-cold physiological solution, th ey  were washed, 
th en  afte r b lo tting  w ith filter paper th e ir w et weights were tak en  and  homog
enization was carried ou t in 0.2 M iso-osmotic sucrose. P rio r to  hom ogeniza
tion  the  tissues were cu t up, then  in a  glass p o tte r (clearance 0.1 mm; 3000 rev/ 
min; 15 strokes) th ey  were homogenized in such volume of sucrose th a t 5 per 
cent hom ogenizate were obtained. The differential and  gradient centrifugation 
was carried out by slightly  m odifying W h it t a k e r ’s m ethod (1965). The
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prim ary  fractions were ob tained  by differential centrifugation as follows. The 
nuclear fraction (Nuc) was separated  by  centrifuging a t  900 g for 10 min, 
the  m itochondrial fraction (Mit) a t 11,000 g for 60 min, the microsomal frac
tion  (Mic) a t  100,000 g for 60 min. The residual su p ern a tan t represented the  
soluble (S) fraction. The subfractions of the  m itochondrial fraction were 
ob tained  by centrifuging on a sucrose gradient. The m itochondrial fraction 
was resuspended in iso-osmotic sucrose by careful m anual homogenization 
such th a t 1 ml of suspension was equivalent to  500 mg of original tissue. 1 ml 
of the  suspension was layered onto a discontinuous sucrose gradient., which 
was prepared  in the  case of the  ganglion from  1 — 1 ml ot 2.0 M; 1.5 M; 1.2M; 
0.8 M sucrose solutions ( Fig. 1A) , while in the  case of the heart from  1 — 1 ml 
o f 2.0 M; 1.7 M; 1.5 M; 1.2 M; and  0.8 M sucrose solutions ( Fig. IB )  before 
using up, and  was stored a t  0°C for 1 hr. The centrifuging was carried ou t 
a t  50,000 g for 2 hr. The fractions were obtained with slicing. Beckm an Spinco 
ultracentrifuge (Model L50; rotors SW 25.1 and  L50) was used. The procedure 
was carried ou t a t  4°C. Small aliquots of the  iractions were used .or the  d e ter
m ination of proteins (Lowry e t al., 1951) as well as for electron microscopic 
exam inations.

F or estim ating serotonin the norm ality  o f the  fractions was ad justed  
to  0.4 by  HCK), and they  were d ilu ted  to  5 ml then  were rehomogenized. 
A fter keeping a t 0°C for 30 min the  hom ogenizate was centrifuged, and  the  
serotonin content of the  supernatan t was estim ated  by the  m ethod of Snyder 
e t al. (1965). The RSA of a fraction was calculated as the  percentage of the  
to ta l recovered protein found in the same fraction.

Samples tak en  from the  fractions for electron microscopic analysis were 
d ilu ted  when necessary to  the  concentration of iso-osmotic sucrose, then  cen tri
fuged a t  100,000 g for 1 hr. The pellet was fixed in g lutaraldehyde diluted 
w ith  3% tap -w ater or by Helix physiological solution for 2 18 h r a t room
tem perature, or a t  4°C. A fter a short washing th e  pellet was postfixed in 
2% O s04-collidine a t 0°C for 30 min. Following the  dehydration the  pellets 
were em bedded in A raldite. Sections were cut on an  L K B  U ltrotom e I I I ,  
m icrographs were taken  on a TESLA ty p e  BS 413 A electron microscope. 
The sections were stained  w ith u ranvl acetate  and  lead c itra te  (R e y n o l d s , 
1963).
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Fig. 1. A rrangem en t o f  th e  g rad ien ts  before cen trifuga tion  (left side) and  a rran g em en t
o f  th e  frac tio n s a f te r  cen trifu g a tio n  (righ t side)
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Results

Table I  contains the  percentage d istribu tion  of serotonin in the  prim ary  
fractions. 70 per cent of serotonin is bound to  th e  tissue elem ents and  30 per 
cent of th a t  is present in free form in th e  soluble fraction. Among the  p rim ary  
fractions of the  ganglion the highest concentration of serotonin is found in the  
nuclear fraction while for the  h eart in th e  m itochondrial fraction. The m icro
som al fraction contains 1 0 - 1 5  per cent serotonin (Table I ) .  The nuclear

T A B L E  I
D istribution  of serotonin in  the p rim ary  fractions of the 

ganglion and heart tissue of H e lix  pom atia

Fractions H eart Ganglion

Pt (Nuc) 24.2 31.9
P 2 (Mit) 43.2 26.5
P 3 (Mic) 14.7 10.45
S (Soluble) 28.6 31.6

fraction oi the  ganglion contained nuclear fragm ents, num erous unhom og
enized cell fragm ents, free dense-core vesicles, granules, g ranular elem ents 
of the  endoplasm ic reticulum , glycogen granules and  m itochondria. The 
dom inant s tru c tu re  of the  P 2 fraction ( Fig. 2) is th e  synaptosom a, in addition 
a great num ber of dense-core vesicles, granules of o ther type, m itochondria 
and  vesicular forms of the  granular endoplasm ic reticulum  also occur. In  some 
areas unique or fascicled collagen fibrils can be found. The glycogen granules 
or rosettes are uniform ly distributed. In  th e  P 3 fraction uniform ly d istribu ted  
free ribosomes and  vesicular m em brane fragm ents of sm ooth surface can be 
seen (Fig. 3). In  the  deeper region of the  pellet num erous dense-core vesicles 
also occurred. Elem ents of the  granular endoplasm ic reticulum  are encountered 
only rarely  (F ig. 4).

In  th e  nuclear fraction of the  heart collagen fibrils to  a high ex ten t, 
num erous fibrous and  filam entous structu res presum ably constitu ting  the 
contractile elements, m itochondria, m em brane fragm ents of unknow n origin 
can be observed. In  some areas tu b u la r elem ents are fairly visible, ra th e r 
resonably the  elements of th e  sarcoplasm ic reticulum . In  the  m itochondrial 
fraction nerve endings containing dense-core vesicles or elem entary and glyco
gen granules could be observed. This fraction  is characterized by a great 
num ber of free dense-core vesicles or granules, glycogen granules. M itochondria, 
elem ents of the  granular endoplasm ic reticulum , sm ooth m em brane elem ents 
are also ab undan t (Fig. 5). The s tru c tu re  of th e  microsomal fraction: the  
upper layer of the  pellet generally is characterized by  a dense, fibrous funda
m ental s tru c tu re  containing vesicles of sm all and  larger size, m em brane frag
m ents, sometimes m itochondria and granules. Sporadically some collagen 
fibrils occur too (Fig. 6). The denser layer of th e  pellet contains num erous 
rounded, sm ooth-surfaced m em brane profiles as well as a g reat num ber of 
elongated tu b u la r form ations, which m ight be considered to  be th e  co n stitu t
ing elem ents of the  sarco tubular system . The num erous free ribosomes are 
uniform ly d istribu ted  (Fig. 7).
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F ig . 2. E lec tro n  m icrograph  o f th e  m ito ch o n d ria l (P 2) frac tio n  o f th e  ganglion. N E  — 
nerv e  endings, Mi — m itochond ria , G L — glycogen g ranu les o r ro se ttes , R E R  —g ran u la r

endoplasm ic re ticu lu m . X 22,000

Table I I  shows the  percentage d istribu tion  and  RSA values of serotonin 
found in the subfractions of the  m itochondrial fraction. The 17 per cent sero
tonin conten t of the  P.2A subfraction is p ractically  no t bound to  tissue ele
m ents b u t it  is present in free s ta te  in th e  su p ern a tan t fluid. The pro tein  con
centration  of th is fraction is m inim al and  when m easuring serotonin in the  
supernatan t, an d  in o ther p a r t of th e  fraction containing tissue elem ents 
separately, the  q u an tity  of serotonin is found to  be 15 per cent in the  super-
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F ig. 3. E lec tro n  m icrograph  o f  th e  m icrosom al (P 3) frac tio n  o f  th e  ganglion. X 35,000

n a ta n t fluid while only 1 2 per cent in th a t  part, which contains tissue ele
m ents. The 10—12 per cent serotonin conten t of subfractions P 2B and  P 2E  
has a low RSA value. 60 per cent of th e  serotonin content of th e  m itochondrial 
fraction is present in subfractions P 2C and  P 2D displaying a RSA of more 
th an  1.0.

In  the  case of th e  ganglion according to  the  electron microscopic exam ina
tions the  mam com ponents of subfraction P 2A were the  larger and  sm aller 
m em brane profiles. Dense-core vesicles and  granules are also observed sporad
ically. F rac tion  P 2B is characterized by a very great num ber of free dense-core 
vesicles and  granules. There are m any sm ooth m em brane profiles, which p a rtly  
m ight have been depleted svnaptosom es. In  some places in tac t nerve endings 
could be seen containing vesicles of different type. The elem ents of th e  endo
plasm ic reticulum  carrying ribosomes occurred, though rarely. The p re 
dom inant s tru c tu re  of th e  fraction P 2C is the  synaptosom a (Fig. 8). The 
vesicule population of th e  nerve endings is of heterogeneous appearance 
(Fig. 9). Beside the  typ ical dense-core vesicles, its elem ents and  neuro
secretory granules sometimes term inals could be seen, which m ight be con
sidered to  be of cholinergic nature . This subfraction is characterized by  a mass 
of free dense-core vesicles, granules. M itochondria can be seen bo th  in free 
form  and  in nerve endings and  th e  same arrangem ent is found concerning 
th e  glycogen granules. E lem ents of th e  granular endoplasm ic raticulum  also
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F ig . 4. E lec tro n  m icrog raph  of th e  m icrosom al (P 3) fra c tio n  o f  th e  ganglion. X 35,000

T A B L E  I I

D istribution  and R S A  o f serotonin in  the subfractions of the m itochondrial 
fraction obtained from  the ganglion of H elix  pom atia

Fractions 5H T % RSA

p 2a 17.1
P ,B 12.4 0.84
P 2C 25.8 1.48
p ,n 34.2 1.22
P„E 10.4 0.38

occur. Subfraction P.,D shows an accum ulation of more dam aged nerve end
ings as com pared to  those of P 2C, m ost of them  are full of dense-core vesicles 
(F ig. 10). Among th e  num erous free vesicles glia granules are also abundant. 
E lem ents of the  granular endoplasm ic reticulum  are frequently  encountered. 
Glycogen granules can be found in large quantities sim ilarly to  those of P 2C. 
M itochondria occur to  a lesser ex ten t. F raction  P 2E  contains sporadically 
nerve endings, free dense-core vesicles and  vesicles of o ther type. E lem ents 
o f the  reticulum  w ith  ribosomes and  num erous collagen fibrils are also charac
teristic  here.
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F ig. 5. E lec tro n  m icrograph  o f  th e  m itochond ria l ( P 2) frac tio n  o f th e  h e a rt . N E  — n erv e  
endings, Mi — m itochond rium . X 25,000

As far as the  heart is concerned, the  prelim inary investigations showed 
th a t  when for the  separation of fractions the same grad ien t was used as in 
the case of the ganglion, fraction P 2D consisted of two fractions of different 
density, which could be separated  to  subfractions P 2D j and  P 2D 2 by increas
ing the q u an tity  of the  gradients in such a w ay th a t  the  RSA value of the 
more dense subfraction P 2D 2 showed a  considerable increase as com pared 
to  the  RSA of the fraction P 2D. In  the  case of the  ganglion, the  separation
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jP-ig. 6. E lec tro n  m icrograph  o f  th e  m icrosom al (P 3) frac tio n  o f  th e  h e a rt . Sm ooth 
m em brane  profiles in  th e  ty p ic a l filam en tous fu n d am en ta l s tru c tu re . X 22,000

of th e  fraction P 2D in the  sam e way did  no t resu lt in any fraction having 
higher RSA value. Sim ilarly to  th a t  of the  ganglion, the  subfraction P.,A con
ta in ed  only a few tissue elem ents, and  its serotonin content of 9 per cent was 
practically  present dissolved in the  su p ern a tan t fluid.

Subfractions P 2B and  P 2C contain m inim al am ount of serotonin w ith 
low RSA. The 20 per cent serotonin conten t of the  fraction P 2D 1 has nearly  
identical RSA value w ith  th a t  of the  subtraction P 2D of the ganglion. The 
highest concentration of serotonin is present in subfract'ons P 2D 2 and  P 2E. 
However, in fraction P 2E  serotonin is bound w ith a low RSA, while in fraction 
P 2D 2 w ith a very  high RSA (Table I I I ) .

According to  the  u ltras tru c tu ra l analyses, sub traction  P.,A consists of 
sm ooth m em brane fragm ents and  em pty  m em brane vesicles. F rac tion  P 2B is 
sim ilar to  P.,A, b u t here a few vesicular elem ents can be found w ithin the  
em pty  m em brane profiles now and  th en  indicating their synaptosom atic 
origin. Some free dense-core vesicles frequently  w ith  eccentric core can also 
be seen as well as a num ber of m itochondria. Subtraction P 2C is characterized 
by  a  g reat num ber of m itochondria as an  exclusive s tru c tu ra l com ponent in 
some places (Fig. 11). Tn addition, sm ooth m em brane fragm ents, dense-core
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Fig. 7. E lec tro n  m icrograph  o f  th e  m icrosom al frac tio n  o f  th e  h e a rt . The freq u en t 
tu b u la r  fo rm ations p resu m ab ly  correspond to  th e  elem en ts o f  th e  sa rco tu b u la r system .

X 30,000

vesicles of relatively  frequent occurrence and  granules are also seen. The p re
dom inant com ponents of fraction P.,D1 are th e  m itochondria occurring en 
masse cohered com pletely in some places. R are ly  a few nerve endings w ith  
dense-core vesicles and  generally free granules of m ajor size can be seen 
(Fig. 12). Subfraction IM P  is the  only one, where besides a ra th e r large 
q u an tity  of m itochondria often encountered nerve endings in shrunken s ta te

T A B L E  I I I

D istribution and R S A  of serotonin in  the subfractions of the m itochondrial 
fraction obtained from  the heart tissue of H elix  pom atia

Fractions 5HT % RSA

P 2A 9.00
P„B 4.28 0.79
P 2C 10.00 0.40
P d h 20.60 1.16

25.20 3.17
P 2E 26.80 0.73
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are characteristically  observed (Figs. 13 14). The synaptosom es contained 
dense-core vesicles m ixed w ith em pty  ones or elem entary neurosecretory 
granules. M embrane profiles containing no vesicular com ponent frequently  
occur, b u t th e  glycogen granules w ithin them  unequivocally indicate their 
svnaptosom atic origin. Freely occurring glia (interstitial) granules are also

Fig. 8. E lec tro n  m icrog raph  o f th e  su b frac tion  P 2(7 o f th e  ganglion. N erve ending  — 
N E  — is th e  p red o m in a tin g  s tru c tu re . X 24,000
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F ig. 9. E lec tro n  m icrograph  o f  th e  su b frac tio n  P 2C o f  th e  ganglion. N erve endings 
con ta in ing  vesicles o f  d iffe ren t ty p e  (N lt N 2). X 35,000

characteristic. Sometimes th e  nerve endings are com pletely filled w ith  an  
intensively dense medium. Collagen fibrils appear in groups. Subfraction P 2E  
contains sporadically occurring m itochondria, elem entary collagen fibrils, 
sm ooth m em brane profiles and  m em brane fragm ents.
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F ig . 10. E lec tro n  m icrograph  o f  th e  su b frac tio n  P„D  o f th e  ganglion. N E  — nerv e
ending . X 31,500

Discussion

Our results show th a t  afte r th e  prim ary fractionation  of the  ho- 
m ogenizate ob tained  both  from  the  ganglion and  from  the  h eart 70 per cent 
of serotonin is bound to  th e  tissue elem ents. I t  is in agreem ent w ith  the ra tio  
of free 5HT to  bound 5HT described for the  m am m alian brain (W h it t a k e r , 
1965; 1971). However, i t  is conspicuous, th a t  the  percentual serotonin content 
of the  nuclear fraction in Helix is a relatively  high value, especially as far as
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F ig. 11. E lec tro n  m icrog raph  o f  th e  su b trac tio n  P 2C o f  th e  h e a r t , x  35,000

the  ganglion is concerned. The high serotonin concentration of th is fraction 
is accounted for the difficulty  to  homogenize bo th  the  ganglion for its strong  
connective tissue and  the  heart for its fibrous structure , thus, the frequent 
occurrence of unhom ogenized cellular particles, supported  by  the  m orpho
logical analyses, increases th e  serotonin content of this fraction. Though th e  
serotonin conten t in the  nuclear fraction decreases by  using im proved and  
more powerful hom ogenization, th is decrease in fact causes an  increase in th e  
percentual serotonin content of the soluble fraction b u t not in the  m itochondrial
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F ig. 12. E lec tro n  m icrograph  o f  th e  su b frac tion  / ' , / t ,  o f  th e  h e a rt. DCV — dense-core 
vesicle, Mi — m itochond rium . X 35,000

one. In the case of the ganglion, the high percentual serotonin content may 
be due to the fact that the elements of connective tissue sedimented in the 
nuclear fraction contain serotonin in a considerable concentration (Juokio 
and K il l ic k , 1972).

Since the  serotonin conten t of the  microsomal fraction is relatively  low 
and  the  m itochondrial fraction contains those tissue elem ents, which m ay take 
p a r t in the storage of the  transm itte r, the  subtractions of th e  la tte r  fraction 
were investigated.
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F ig. 13. E lec tro n  m icrographs o f th e  su b frac tio n  P 2D 2 o f  th e  h e a rt . N E — nerve  
end ing , Mi — m itochond rium . x 22,000

In  the  case of the  ganglion, am ong the  m itochondrial subtractions, P 2C 
and  P 2D have the  highest 5HT content w ith  highest RSA, while subfractions 
A, B and  E  contain a lower q u an tity  of serotonin w ith  low RSA value. On the  
basis of u ltras tru c tu ra l analyses we m ay suppose th a t subfractions C and  D 
m ay bind 5HT more specifically th an  th e  o ther th ree subfractions. Since nerve 
endings and  free dense-core vesicles occur in fractions C and  D in the greatest 
num ber, it is obvious to  suppose th a t these structu res take p a rt in the  binding 
of 5HT. I t  is in agreem ent w ith the  results of our previous investigations per
formed on mussel (H m im  e t al., 1973), where the  prim ary binding of 5HT

2



18

F ig . 14. E lec tro n  m icrograph  o f th e  su b frac tio n  P 2D 2 o f th e  h e a rt. N E  — nerve  ending,
M i-m itoohondrium . x 22,000

in synaptosom es an a  vesicles was also observed. The vesicular binding of 
5HT in the  cen tral nervous system  of the  snail is suggested also by norm al 
electron microscopic, autoradiographic and  electron-hystochem ical exam ina
tions (Co ttr ell  and Os b o r n e , 1970; J otjrdan and  N ic a is e , 1970; P e n - 
t r e a t h  and  Co t t r e l l , 1973; P e n t r e a t h  e t al., 1973; W e in r e ic h  e t ni., 1973).

Among the m itochondrial subfractions of the heart, subfraction P 2D  2 
shows a  significantly high RSA of serotonin. The electron microscopic ana l
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yses revealed th a t th is is the  only subtraction in the  heart, where a large 
q u an tity  of nerve endings occurs. On the  basis of th is fact, i t  can be supposed 
th a t  serotonin is bound to  the  nerve endings also in  th e  case of th e  heart. 
In  the heart of Aplysia  th e  exam ination of th e  accum ulation of radioactive 
serotonin by  electron-m icroscopic au torad iography also indicates the  5HT 
conten t of the  nervous elem ents (Taxi and  G a u t r o n , 1969). However, it is 
conspicuous, th a t  the  5HT conten t and  RSA in subfraction V 2D1 of the  heart 
is hard ly  lower th an  those of the  subtractions P 2C and  P.,1) containing m ainly 
synaptosom a. Considering the  alm ost exclusive m itochondrium  conten t of 
subfraction P A h  of the  h eart the  possibility of 5HT binding also to  th e  m ito
chondria cannot be disregarded.

Though the  RSA value characterizing the  serotonin conten t of the sub
fraction P 2E  is low, the  fact cannot be neglected, th a t  its percentual serotonin 
content corresponds to  th a t of fraction P 2D 2. Since th is fraction consisted 
m ainly of elem entary  collagen fibrils, th e  possibility should no t be excluded 
th a t  the  muscle cells m ay store a considerable am ount of the  serotonin. This 
confirms th e  results of th e  histochem ical investigations showing localization 
of serotonin in the  muscle elem ents (S.-R ózsa and  Z s .-N a g y , 1967; Co ttrell  
and  Osb o r n e , 1969).

Summary

E xam ination  of the subcellular localization of serotonin in the nervous 
and heart tissue of Helix pomatia by  differential and  gradient centrifugation 
revealed th a t

1. In  the  p rim ary  fractions of the  ganglion and h eart homogenizates 
70 per cent of 5HT is p resent in bound, 30 per cent in free form. In  the  ganglion 
the  5HT content of the  nuclear fraction is relatively  high.

2. In  the  nervous tissue th e  highest p roportion of bound 5HT is con
ta ined  by the  dense-core vesicles of the  synaptosom a.

3. 5HT is prim arily  localized in th e  nerve endings also in the  case of 
the  h eart and  m itochondria also contain 5HT in a considerable quan tity .

4. In  the  h eart 5HT is also localized in th e  muscle elements.
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SZ ER O TO N 1N  IN T R A C E L L U L Ä R E S M EG O SZLÁ SA  
H E L I X  P O M A T IA  K Ö Z P O N T I ID E G R E N D S Z E R É B E N  É S  S Z IV É B E N

H ir ip i  László, E lekes K áro ly  és S .-R ózsa  K a ta lin

Összefoglalás

S zero ton in  szubcellu láris lokalizác ió jának  v izsgá la ta  d ifferenciál és grad iens 
cen trifugálássa l H elix  pom atia  ideg és szívszövetében  igazo lta , hogy

1. A  ganglion és szív hom ogen izátum  p rim er frakc ió iban  az 5H T  70% -a k ö tö t t,  
30% -a szabad  fo rm áb an  van  jelen. G anglionban  a  nuclearis  frakció  5H T  ta r ta lm a  re la 
tív e  m agas.

2. Idegszövetben  a k ö tö t t  5H T  a legnagyobb h á n y a d á t a  szinap toszóm a dense-core 
veziku lái ta r ta lm azzák .

3. Az 5H T  a  szív  ese tén  is elsődlegesen idegvégződésekre lokalizá lt, de em ellett 
a  m itochond rium ok  is je len tős m ennyiségű  5H T -t ta r ta lm a z n a k .

4. Az 5H T  szívben az izom elem ekre lo k a lizá ltan  is m eg ta lá lh a tó .
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Serotonin, dopam ine and  noradrenaline are p u ta tiv e  transm itte rs  n o t 
only in th e  cen tral nervous system  of vertebrates b u t in th e  invertebrate  
anim als, too (Ge b s c h e n f e l d , 1973). The am ine accum ulation as a possible 
mechanism  for the inactivation  of synaptically  released monoamines were 
extensively stud ied  in the  vertebrates (Iy e b s e n , 1970, 1971; Sn y d e b  e t al., 
1970).

The m onoam ine oxidase responsible for th e  enzym atic inactivation  of 
the  monoamines is no t p resen t in th e  nervous system  of some molluscs (Ca b - 
d o t , 1964; McCaman  and  D e w h u b s t , 1971), while in others, it has weak 
ac tiv ity  (H ib ip i  and  Sa l á n k i, 1971; Ma b s d e n , 1972; J tjobio an d  K il l ic k , 
1972). In  molluscs th e  u p tak e  system  m ay be an  im portan t mechanism  in the  
inactivation  of m onoam ines and  could su b stitu te  the  m onoam ine oxidase 
in  the  inactivation  process.

Earlier, the accumulation of serotonin was shown in the CNS of Helix 
pomatia and in the giant serotonin-containing neurones (P e n t b e a t h  and 
Co t t b e l l , 1972; 1973; Osbo bn e  and N e u h o f f , 1974).

In  the  central nervous system  of Aplysia  and  Helix (Asc h e b  e t al., 1968) 
and  Aplysia  (Ca b p e n t e b  e t al., 1971) the  accum ulation of serotonin and  
dopam ine was dem onstrated  and  it  was suggested th a t th e  accum ulation is 
p a rtly  due to  a specific and p a rtly  to  a non-specific process.

According to  kinetic analysis a high and  a  low affin ity  tran sp o rt system  
is responsible for the  m onoam ine accum ulation in the  nervous system  of 
vertebrates. Such type of investigations on molluscs was carried ou t only 
for dopam ine (My e b s  and  Sw e e n e y , 1973).

E arlier d a ta  (H ib ip i  e t ah, 1973; Sa lá n k i et al., 1974) support th e  
tran sm itte r role of 5HT, DA and NA a t in terneuronal level in the central 
nervous system  of Anodonta. In  th is work we have studied the  accum ulation 
o f these am ines in the pedal ganglia of Anodonta cygnea from a kinetic point 
o f  view.

Material and method

In  our experim ents specimens of the  fresh-w ater mussel (Anodonta 
cygnea L.J  weighing 200—300 g were used.
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A fter dissection the pedal ganglia were stored in ice-cold physiological 
saline (Ma r c z y n sk i, 1959). A bout 6 10 mg pedal ganglia from  th ree  anim als
was preincubated  for 10 min a t  25°C in 1 ml physiological saline solution, it 
was followed by a 30 min incubation in th e  presence of 0.1 100.0 pM 14C
am ines (14C-5HT 57 mCi/mmol; 14C-DA 57.3 mCi/mmol; 44C-NA —
52.0 mCi/mmol; Amersham).

A t the  end of th e  incubation the  ganglia were w ashed in 20 m l ice-cold 
physiological solution, b lo tted  d ry  on filter paper, weighed and  homogenized 
in  2 m l aethanol. H om ogenate an d  th e  aliquot from  th e  incubation medium  
dilu ted  in  10 ml B r a y ’s solution were counted in N uclear Chicago liquid scin til
lation spectrom eter. The counting efficiency was m onitored by  th e  addition  
of in terna l s tandards and  appropriate  corrections were made. The tissue/m edi- 
um  ratios (T/M) an d  th e  ra te  of the  u p tak e  was calculated by  th e  m ethod of 
Sh a sk a n  and Sn y d e r  (1970).

Results

Our presen t results dem onstrated  th a t  th e  pedal ganglia of Anodonta 
are able to  accum ulate 14C-serotonin, 14C-dopamine and  14C -noradrenaline from 
th e  m edium. The accum ulation for all am ines were linear for a t  least 30 m inutes, 
so th e  incubation was carried ou t for 30 m inutes. The tissue/m edium  ratios 
are near the  sam e lo r all the  am ines a t  0.1 ;iM m edium  am ine concentration  
and  the  values 11.08, 11.62 and  10.4 were found for serotonin, dopam ine and  
noradrenaline, respectively. F or kinetic analysis th e  T/M ra tio  was estim ated  
w ith  concentrations of am ines ranging from  0.1 pM to  100 pM. The T/M ratios 
of th e  am ine decreased w ith  increasing am ine concentration in th e  m edia for 
all am ines (Table 1) and  it was shown th a t  m onoam ine accum ulation in the  
ganglia is a  sa tu rab le  process.

f/r

- 1 0  2 k 6 8 10
1/[5HT]* 10-f M

Fig. 1. R ecip rocal values o f  se ro ton in  accu m u la tio n  p lo tte d  ag a in s t th e  recip rocal 5H T
co n cen tra tio n . V  =  nm ol/g  tissue/30 m in
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In  order to  evaluate the  kinetics of the  am ine accum ulation, reciprocals 
of the  am ine accum ulation ra te  calculated from  th e  T/M ratios and  am ine 
concentration were analysed by Linew eaver-B urk plots. F or all am ines, the

T issue\m edium  ratios for u C -am ine accum ulation
TA B  LB I

Amine cone. 
GuM)

Tissue/medium ratios

5HT DA NA

0 .1 0 11 .08 11 .62 1 0 .4 0
0 .2 0 1 0 .6 5 — —

0 .2 5 9 .8 5 9 .93
0 .5 0 9 .3 8 9 .6 8 8 .6 5
0 .6 3 8 .4 2 — —

1 .00 7 .08 8 .3 9 6 .2 8
1 .4 5 6 .5 7 — —

1 .4 5 6 .5 7 — —

2 .0 0 — — 5 .2 0
2 .4 5 4 .6 5 — —

3 .3 0 — 4 .8 7 —

5 .0 0 3.21 3 .8 8 4 .5 0
1 0 .0 0 — 2 .5 4 4 .0 2
1 2 .0 0 2.91 — —

2 0 .0 0 — — 2 .5 6
2 5 .0 0 — 1 .68 —

2 8 .0 0 1.91 — —

5 0 .0 0 — 1 .47 1.94
5 6 .6 0 1 .52 — —

1 0 0 .0 0 1 .04

experim ents resulted  in plots th a t  could no t be described by  single stra ig h t 
lines b u t which could be resolved in to  tw o s tra ig h t line com ponents (F igs 
1 — 3). This shows th a t  th e  accum ulation process has tw o com ponents w ith 
d ifferent affinity.

The values of K m an d  Vmax, th e  param eters of accum ulation were 
estim ated  graphically and  presented in Table I I .  The K m and  Vmax values

T A B L E  I I

K ine tic  constants for the accum ulation of UC —5H T , " C — D A  and UC — N A

Amine

H igh affinity  system 
(uptake!)

Low affinity  system 
(uptake 2)

K mi Vmaxi Kms V max2
(M) (nmol/g/min (M) (nmol/g/min)

5HT 1.66X10-6 0.66 4.00 X10-5 4.74
DA 2.50x10-« 0.95 3.33 X10-5 3.70
NA 1.33X10-« 0.55 1.66 X10-5 3.33
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F i g . 2 . Reciprocal values of dopamine accumulation plotted against the reciprocal DA 
concentration. V =  nmol/g tissue/30 min

for the higher affin ity  com ponent (up take^ have been referred to  as K mi and 
Vmaxi and  th a t  of th e  lower (up take2) as K m2 and  VmaX2. The K mi values are 
alm ost th e  same for all amines. The Vmaxi values for serotonin and  noradren
aline are abou t th e  same, however, for dopam ine it  is higher by  50 -80%  th an  
for th e  previous two.

The K m„ values representing th e  lower affin ity  system  are a t least 10 
tim es higher th an  th e  K mi values and  th e  values for NA are th e  lowest, while 
for 5HT the  highest. The VmaX2 values are abou t the  same for NA and  DA, 
whereas for 5HT it is higher by some 40%.

- 0.2 0  OA 0.8 1.0

Fig. 3. R ecip rocal values o f  n o rad rena line  accu m u la tio n  p lo tte d  ag a in s t th e  reciproca
N A  co n cen tra tion . V =  nm ol/g  tissue/30 m in
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F i g . 4 . Rate of 5HT accumulation by uptake, and uptake, a t varying 5HT concentra
tions

The Mic h a e l is  Me n t e n  equation was used to  calculate the  relative 
contributions of up take 1 and  2 to  the  to ta l accum ulation of the  am ines a t  
a  varie ty  of am ine concentrations (F igs 4 —6).

A t low 5HT concentration between 10-7 and  10-8 M up take, had  2 -  
3 tim es the  ra te  of u p tak e2. A t a concentration of 5 x  10-8 M the  ra te  of u p 
take  1 and  2 was abou t the  same, while an  additional increase in the  con
centration brought abou t a higher ra te  for the  up take 2 and  the  ra te  of u p take , 
approxim ates th e  lim iting value. A concentration of 5 x  10 _5 M u p tak e2 had  
a ra te  4 tim es th a t  of u p tak e1 (Fig. 4). F o r DA in a concentration range o f  
10~7 to  8 X 10~6 M the up tak e , has a  higher ra te  th an  uptake.,, whereas from 
the  concentration of 10~5 M the situation  is reversed (Fig. 5).

F or NA in a concentration range of 10-7 to  10-6 M th e  ra te  of up take, 
is higher th an  th a t  of u p tak e ,, however, the  differences are less th an  th e

Fig. 5. R a te  o f DA accum ula tion  by  u p ta k e , an d  u p ta k e , a t  v a ry in g  D A  concen tra tion*
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F ig . 6. R a te  o f N A  co n cen tra tio n  b y  u p tak e , an d  u p ta k e , a t  vary in g  N A  co ncen tra tions

values for DA and  5HT. The values of th e  two ra tes increase parallel up to  
a  concentration of 10“6 M, b u t a t  a higher concentration the  ra te  of u p tak e2 
has higher values th an  those of up take^  therefore u p ta k e , contributes a greater 
proportion to  the to ta l NA accum ulation (Fig. 6).

Discussion

The present stu d y  has clearly shown th a t  sim ilarly to  th a t  of the  v er
teb ra tes, the  cen tral nervous system  o f Anodonta has an  active tran sp o rt 
system  which is able to  accum ulate serotonin, dopam ine and  noradrenaline. 
In  the  central nervous system  of vertebrates noradrenaline is accum ulated 
by  a high affin ity  (uptake,), whereas dopam ine and  noradrenaline are accum u
la ted  by  a high (uptake!) and  a  low (uptake,) affin ity  tran sp o rt system  
(Sh a sk a n  and  Sn y d e r , 1970; Sn y d e r  and  Co y l e , 1969; I v e r s e n , 1970; 1971). 
In  th e  cen tral nervous system  of Anodonta the  tw o u p take system s are operated, 
however, in Anodonta noradrenaline is accum ulated n o t only by  uptake!, bu t 
also by  u p tak e , sim ilarly to  th e  peripheral tissues of the  vertebrates (Iv e r s e n , 
1970).

Sim ilar d a ta  were ob tained  for the  ganglia of Anodonta as for the  brain 
slices of ra t  (Sh a sk a n  and  Sn y d e r , 1970): K m and  ra te  values of up take! are 
generally  sm aller by one order of m agnitude th an  those of uptake,,. The affin ity  
an d  th e  ra te  of the  u p take are lower in  th e  ganglia o f Anodonta th an  in the 
ra t  bra in  slices. This can be explained by  the  species differences and  by  th e  
physiological tem peratu re  (10°C lower in Anodonta th an  in the  ra t). A t the  
sam e tim e, th e  K m values m easured in the  ganglia of Quadrula pustulosa 
(My e r s  and  Sw e e n e y , 1973) were near the  same as the  K ml values m easured 
in th e  ganglia ot Anodonta. F o r th e  high affin ity  system  the  order of the  
affin ity  is NA >- 5HT >  DA, whereas for the low affin ity  system  th is order 
is NA >  DA >  5HT.

A t low m edium  am ine concentrations (10-7 - 10~l; M) uptake! con
trib u tes  a  greater proportion oi the  to ta l 5HT and  DA accum ulation in to  the
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ganglia tissue. Since a t  low concentration for NA the  ra te  of the  up take 1 and  
2 and  th e ir changes are alm ost the  same, ho th  system s contribute to  the  to ta l 
NA accum ulation in th e  same degree. I t  m ay well be in connection w ith the 
endogenous pool of NA which is 10 tim es lower th an  th a t of the 5HT and  DA. 
I t  is likely th a t a t low concentrations the  NA is accum ulated into the  DA 
pool by the  u p tak e , mechanism.

U ptaket seems to  represent a specific, whereas u p tak e2 a not specific 
process in the accum ulation. The specific accum ulation was shown in Ano- 
donta (E l e k e s , 1975) by autoradiographic methods. Using the low 5HT con
centration where the  up takej m echanism  is predom inant, the  serotonin is 
localized in the  nerve cells. The autoradiographic accum ulation of the  dopam ine 
into the nervous structu res was found in Quadrula pustulosa (My e r s , 1974) 
and  th a t of the dopam ine in Planorbis and  serotonin in Helix (P e n t r e a t h  
and  Co t t r e l l , 1972; 1973). A t the  same tim e using the  high concentrations 
of monoamines in Helix the  5HT and  DA were taken  up by  non-nervous s tru c 
tures (Asc h er  e t ab, 1968).

Summ ary

The kinetic analysis of the  14C-serotonin, 14C-dopamine and  ^ - n o r 
adrenaline accum ulation into the  pedal ganglia of the  fresh-w ater mussel (Anod- 
onta cygnea L .) was shown th a t

1. Serotonin, dopam ine and noradrenaline are accum ulated in to  the 
ganglia by  an  active process.

2. The accum ulation process has a high (uptake!) and  a low (up take2) 
affin ity  com ponent.

3. The K m and  Vmax values in the  case of high affin ity  system  are as 
follows: for 5HT 1.66 X 10-6 M and  0.66 nmol/g/min; for DA 2.5 x  10-6 M and
0.95 nmol/g/min; for NA 1.33 X 10~6 M and  0.55 nmol/g/min. In  the  case of 
low affin ity  system  these values are: for 5HT 4 x  HU5 M and  4.74 nmol/g/min; 
for DA 3.33 x  10-3 M and  3.7 nm ol/g/min; for NA 1.66 X 10-5 M and  3.33 nmol/ 
g/min.
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A  S Z E R O T O N IN , D O PA M IN  É S  A  N O R A D R E N A L IN  B E É P Ü L É S  
K IN E T IK A I V IZSG Á LA TA  TA V IK A G Y LÓ  (A N O D O N T A  C Y G N E A  L ., 

PE L E C Y P O D A ) P E D Á L IS  G A N G L IO N JA IB A

H ir ip i László, Ralconczay Zoltán és N em csók János

Összefoglalás

A  14C -jelzett szero ton in , dopam in  és n o rad ren a lin  tav ik ag y ló  (A nodonta  cygnea L.) 
pedális ganglionjá b a  való beépülésének k in e tik a i v izsgála ta  so rán  m eg á llap íto ttu k , hogy:

1. A  szero ton in , d opam in  és a  no rad ren a lin  a k tív  fo ly am at közrem űködéséve 1 
akkum ulálód ik  a  ganglionban .

2. Az akkum uláció  egy  n a g y  a ff in itá sú  (up takej) és egy  alacsony  a ffin itá sú  
(u p tak e  2) fo lyam at közrem űködésével valósul m eg.

3. Az a ffin itá s i k onstansok  és a  m ax im ális  sebesség szám értóke a  n ag y  affin itású  
rendszer ese tén  5H T -re 1,66-10 6M és 0,66 nm ol/g /m in ; D A -ra 2,5 ■ 10 ,!M és 0,95 
nm ol/g /m in ; N A -ra 1,33- 10-6M és 0,55 nm ol/g /m in, in ig  az a lacsony  a ff in itá sú  rendszer 
ese tén  5H T -re 4,0 ■ 10 5.\] és 4,74 nm ol/g /m in ; D Á -ra 3,33 ■ 10 5M és 3,7 nm ol/g /m in; 
N A -ra  1,66- 10 5M  és 3,33 nm ol/g /m in  érték ek n ek  ad ó d tak .
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Among the biogenic monoamines, dopam ine and  serotonin have become 
the  subjects of extensive research in Molluscs in the  past decades. B oth  sub 
stances are considered to  be possible tran sm itte rs  in some G astropod species. 
R esults concerning th is  topic have been described in  Gerschenfeld’s com
prehensive s tudy  (1973). I t  has been proved in  Helix, Aplysia  and  Cryptom- 
phallus species by the  m ethod of iontophoretic application th a t  there are 
receptors sensitive to  biogenic monoamines on the  soma and  axon hillock 
of th e  g iant neurones. Ascher (1967; 1972) distinguished receptors reacting 
to  dopam ine w ith  depolarization and  hyperpolarization, while Gerschen- 
feld and  Paupardin-Tritsch (1974) postu lated  six different 5HT recep
tors.

Conclusions were draw n for the  ionic mechanisms underlying the  effect 
of both  5HT and  dopam ine p a rtly  from  m easuring the  reversal po ten tia l and  
partly  from investigating the direct ionic dependence of effects. The depolariza
tion  caused by  both  substances is explained generally by an  increase in the 
N a +-conductance of th e  m em brane (A s c h e r , 1972; G e r s c h e n f e l d  and  
P a u p a r d in -Tr it s c h , 1974) and  no role is a ttr ib u te d  to  th e  change in C l_ - 
perm eability, unlike the  case of ACh (Ch ia r a n d in i et al., 1967). On every 
G astropod species, th e  inhibitory  effect is connected w ith a change in either 
K +- or C l_ -conductance, which is supported  am ong others by the fact, th a t  
the  reversal po ten tial is always higher th an  th e  resting level (Ge r s c h e n f e l d , 
1973). In  contrast w ith the d a ta  of experim ents perform ed on the heart muscle 
of different invertebrate  species (S.-R ózsa e t al., 1973; W il k e n s  and  Gr e e n 
b e r g , 1973) the  role of Ca2+ is no t proved in th e  realization of the effect of 
5HT and  dopam ine (Ge r s c h e n f e l d , 1973).

In  our previous experim ents (K iss and  Sa l á n k i, 1971) carried out on 
Lymnaea, different types of cells reacting diversely to  dopam ine and  serotonin 
were distinguished in such a  w ay th a t the substances were applied to  the  
surface of the  whole ganglion. However, it is essential in order to  understand  
the  functional p roperty  of the  identified  cells to  separate the  synaptic and 
direct som atic effects of the  exam ined m ediators. For th is  purpose, in the  
present work, dopam ine and  5HT were applied to  th e  surface of neurones by 
iontophoresis. Our aim  was p a rtly  to  com pare th e  d a ta  obtained in such a w ay 
w ith the results of our earlier work. On the o ther hand, the iontophoretic
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application makes a more detailed  analysis of the  effects possible. C onsequent
ly, we tried  to  determ ine th e  ionic dependence of the  effect employing ion-free 
solutions and m easuring th e  reversal po ten tia l on certain  neurones.

Material and method

E xperim ents were carried ou t on the  iden tified  neurones located in the 
abdom inal and  righ t parie tal ganglia of th e  isolated nervous system  of Lymnaea 
stagnalis ( Fig. 1). All the exam inations were carried out a t room tem perature. 
Making the  preparation  and  placing it  in th e  experim ental cham ber were done 
as described earlier (K iss and  Salán k j , 1971). M em brane and  action potential 
were recorded by glass m icroelectrodes of 4 —5 MOhm resistance filled w ith 
1 M potassium  acetate. F o r the  experim ents an  NCA 1 am plifier (VÉRÓ, 1974) 
was used. The m em brane po ten tia l was m easured a fte r the  com pensation of tip  
po ten tia l of the  electrode using a d ig ital voltm eter. The equipm ent m ade it 
possible to  set the  m em brane po ten tia l a t  any  desired level.

The curren t required  for the  m icroiontophoresis was ob tained  from 
a square-w ave generator and  the  m icropipette was filled w ith 0.1 M se ro to n in - 
creatinine sulphate or 0.1 —0.5 M dopam ine—HC1, respectively. The resistance 
of th e  m icropipette used for microiontophoresis filled w ith a substance was 
no t more th an  3 — 5 MOhm. This resistance corresponds to  a tip  d iam eter of 
more th an  1 u. The outflux unavoidable under these conditions was prevented  
by  a  constan t breaking voltage of sim ilar am plitude b u t d irected  opposite 
to  th a t  used for the  application of substances. D uring the  investigation the  
p reparation  was kep t in a  cham ber containing 2.5 ml physiological solution

F ig . 1. Schem e o f  th e  abdom inal and  rig h t p a rie ta l gang lia  w ith  th e  iden tified  neurons
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(K iss and  Sa l á n k i, 1973). The testing  of serotonin and  dopam ine was done 
so th a t  th e  m icroelectrode used for application was conducted as near as 
possible to  th e  neuronal m em brane in the  vicin ity  of th e  recording electrode, 
th en  a fte r recording the  control ac tiv ity , a positive voltage was connected 
up  th e  microelectrode instead  of the  negative breaking voltage. The positive 
square impulses were applied in series for 15 30 sec. The frequency an d
im pulse duration  was selected to  reach an operation ra tio  of 90 per cent. The 
m axim um  current used was 200 nA. 4 8 m easurem ents were carried out on
every cell.

For determ ining the  reversal po ten tia l the  substances were applied a t 
different levels of m em brane potential.

For preparing N a + -free solution, NaCl was replaced by  Tris-Cl. In  the 
C l'-free  solution N a 2S 0 4, K -aceta te  an d  C a-propionate was used instead  o f 
C l '-sa lts  of the  ions. The exchange of norm al solutions for ion-free ones was 
m ade in such a way, th a t  a t the  firs t step  the  whole volume of the physio
logical solution was sucked o u t and  exchanged, th en  continuous perfusion was 
used for a short tim e to  ensure the  com plete rem oval of ions.

Results

I. Effect of 5H T in normal solution

1. On the m ajority  of the  investigated  cells (A5, A6, A14, A10, A l l ,  P13, 
P I )  an  exc ita to ry  reaction was ob tained  under th e  influence of 5HT. This 
reaction could be observed on these neurones from  prepara tion  to  preparation, 
although there were some preparations, in which one or ano ther neurone d id  
n o t respond w ith  an  excitation. A l l  cell proved to  be a peculiar one, since here 
the exc ita to ry  effect appeared  only in 50 per cent of the  cases, and  it ac tua lly  
happened to  be inhibited. Nevertheless, i t  was classified under th is  group, an d  
n o t under ano ther category of neurones th a t  show variable reaction (to be 
discussed later), because th e  different effects do no t a lte rn a te  random ly, b u t 
th ey  show a seasonal varia tion : th e  insensitiv ity  of th is cell or its reaction 
directed  opposite falls in  th e 'su m m er period.

The excitation  resulted  in the  f irs t place in an  increase of the  firing ra te  
of the  spontaneous activ ity , a significant depolarization did  no t develop on 
any  cell or ra th e r could no t be estim ated  w ith  th e  present technical level. 
The changes in the  firing ra te  are expressed in  th e  per cent of the  control.

The individual neurones have different sensitivity , th e  slightest effects 
were obtained  on A10 and  A l l  cells (Fig. 2a). On these tw o cells p a r tly  the  
increase in th e  firing ra te  produced by 5HT is small, and p a rtly  there is a  
no tab le la tency between th e  s ta r t  of th e  iontophoretic curren t and  the  onset 
of the  reaction (average 17.2 i  7-2 and  8.8 ^  4.7 sec, respectively). A t the 
sam e tim e, a  desensitization during the  application scarcely develops. On the  
o ther neurones a higher degree excitation  was detected  (Fig. 2b), in some 
cases even silent cells could be ac tiv a ted  by  5HT (Fig. 2c). I t  is worthwhile 
to  m ention here th a t  th is activation  realizes a t  a lower level of depolarization 
th an  the  th reshold  of electrical excitability . On these neurones the  latency o f 
reaction ranges from  1.9 to  7.7 sec and  the  m ajority  o f them  show a m arked 
desensitization during the  application of 5HT.
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F ig . 2. E x c ita to ry  effect o f 5H T  on  d ifferen t neurones a )  on  A l l  cell; b) on A6 cell; c) 
a c tiv a tin g  effect on P I 3 cell. C alib ra tion : 50 m V ; 2 sec. H ere  and  in  a ll o f  th e  follow ing 
figu res th e  tw o sm all vertica l lines show  th e  o nse t an d  offset o f  th e  io n topho re tica l cu rren t

F ig . 3. P12 an d  P l l  neu rones re a c t upon  5H T  w ith  inh ib ition . On P12 neurone 5H T  
in h ib its  th e  spon taneous a c tiv ity  a )  in  n o rm al so lu tion ; b) in  C l- -free so lu tion ; c) in  
N a + -free so lu tion ; on P l l  neu rone  th e  ty p e  o f  5H T  effect is a  fu n c tio n  o f  th e  a c tu a l 
m em b ran e  p o ten tia l; d )  a t  a  m em brane p o te n tia l level o f  —52 mV th e  cell ex h ib its  an  
ex c ita to ry  reac tio n ; e j a t  a  m em b ran e  p o te n tia l level o f  —35 m V  th e  a c tiv ity  is inh ib ited . 
N ote:  H ere  an d  in  o th e r cases like th is  th e  a p p a re n t depo la riza tion  accom pany ing  th e  
inh ib itio n  is an  a r t ifa c t re su ltin g  from  th e  ap p lica tion  techn ics o f th e  substances. C ali

b ra tio n : 50 m V ; 2 sec

2. Two neurones were found to  be inh ib ited  by 5HT: P l l  and  P12 cells. 
The degree of inhibition  is significant (41 — 42%), however, a com plete block 
o f th e  ac tiv ity  ensues only rarely  (Fig. 3a).

On P l l  cell i t  is possible to  m easure directly  th e  reversal po ten tial of 
th e  effect, which was found to  be - 44.7 d: 1.8 mV (Fig. 3d, e).

H yperpolarizing the  cell P 1 2 to  - 50 mV, the  5H T effect does no t reverse.
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F ig. 4. On neurone A2 th e  effect o f  5H T  is v a ry in g  from  tim e  to  tim e . T he v a ria b ility  
o f  th e  effect is connected  w ith  th e  a lte ra tio n  o f  re s tin g  p o ten tia l, a )  A t th e  re s tin g  p o te n 
tia l level o f  —38 m V  5H T  causes an  in h ib ition , b) 2.5 m V  h y p erpo la riza tion  reverses th e  

reac tion . C alib ra tion : 50 m V ; 2 sec

F ig. 5. E ffec t o f  C l" an d  N a + -free so lu tions on  th e  neu rones s tim u la ted  b y  5H T . 
a )  E ffec t o f  5H T  on  A14 neu rone  u n d e r  con tro l conditions, b) O n th e  sam e neurone th e  
ex c ita to ry  effect o f  5H T  p ers is ts  also in  C l- -free so lu tion , c) E ffec t o f  5H T  on  A5 neurone 
u n d e r con tro l conditions, d )  O n th e  sam e neurone in  N a + -free so lu tion  th e  spon taneous 

a c tiv ity  h as  sto p p ed , b u t 5H T  a c tiv a te s  th e  cell. C alib ra tion : 50 m V ; 2 sec

F ig. 6. O n P I neurone th e  ex c ita to ry  effect o f  5H T  is b locked n e ith e r b y  N a+ -free  n o r 
C P  -free so lu tion  a )  con tro l; b)  N a + -free so lu tion ; c)  01" -free' so lu tion . C alib ra tion :

50 m V ; 2 sec

3
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3. On A9 an d  A2 neurones th e  effect caused by  5HT is variable from  
tim e to  tim e, excita tion  (39%), inh ibition  (46%) an d  ineffectiveness (15%) 
alike occurred in  our exam inations. T hey are characterized by  desensitization. 
On these cells, i t  is obvious to  re la te  th e  d iversity  of effects w ith  th e  correla
tion  betw een th e  ac tua l m em brane po ten tia l and  th e  reversal p o ten tia l ( Fig. 4). 
This la tte r  was found to  be 34.1 ±  1-2 mV for A9 cell and  —38.1 ± 2 .1  mV 
for A2 cell. F o r a com parison th e  average m em brane p o ten tia l of A9 cell is 
— 32.9 ±  1.9 mV an d  th a t  of A2 cell is —38.2 ±  1.2 mV.

I I .  Effect of 5H T in N a +- and Cl~-free solutions

Between th e  effect o f th e  substance applied in  norm al an d  in  ion-free 
solutions only th e  qualita tive  difference was estim ated: nam ely, th e  presence 
or absence of th e  effect. According to  th is th e  prevention  o f a  reaction can 
be concluded only if in  an  ion-free solution th e  reaction does no t tak e  place 
a t  all.

In  those cells which excita to rily  reac t to  5HT th e  excitation  takes place 
in Cl “ -free solution, too ( Fig. 5b). Though A5 cell is an  exception on which 
th e  Cl“ -free solution p reven ted  the  5H T effect, so m uch so, th a t  i t  even 
reversed i t  in  a  single case.

In  th e  m ajority  of th e  cells th e  N a +-free solution com pletely blocks the  
exc ita to ry  effect of 5HT, however, there  were some preparations on which 
th e  effects were m ain tained  even in such conditions, for exam ple, on th e  cell 
A5 in  th ree  o f seven m easurem ents (F ig . 5d).

On P I  cell th e  N a +-free solution hard ly  influences th e  exc ita to ry  reac
tion  (Fig. 6).

The behaviour of th e  neurones in  ion-free solutions excited  by  5HT is 
dem onstra ted  in  Table I.

T A B L E  I
Changes in  the excitatory effect o f 5 H T  in  ion-free solutions

Cell
5HT effect in 

normal solution
5HT effect in 

Na-free solution
5HT effect in 

Cl-free solution

A6 + 0 +
A14 + 0 +
A ll +  ' 0 +
A10 + 0 +
P13 + V +
PI + + +
A5 + ¥ 0

-u  excitation; — inhibition; v  variable reaction; $ and 0 excitation and inhibition, respectively, 
occurring only in  some of the preparations

The tab le  shows th a t  tw o special cells can be found in  th is group: P I  is n o t 
sensitive to  th e  rem oval of either th e  ions, an d  A5 is sensitive to  the  lack 
of bo th  C l-  and  N a + .

In  th ree  cells responding to  5HT w ith  inh ib ito ry  or equivocal reactions 
(P12, P l l  an d  A2), the  absence of neither of th e  ions prevents th e  reaction
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(F ig. 3b, c). On th e  la tte r  tw o cells, for which th e  5HT reversal po ten tia l 
is near to  th e  resting m em brane poten tial, in  certain  cases th e  ty p e  o f effect 
changes from  excita tion  to  inhibition  and  vice versa.

The analysis of th e  behaviour of A9 neurone is incom plete since its  
ac tiv ity  suffers heavy losses in Na-free solution, and  under such a condition 
th e  effect o f 5HT cannot be exam ined. On th e  o ther hand, C l"-free solution 
prevents the  reaction.

TABLE I I
Changes in  the inhibitory and variable effect of 5 H T  in  ion-free solutions

Cell
5HT effect in 

normal solution.
5HT effect in  

Na-free solution
5HT effect in  

Cl-free solution

p ii V V

P12 — — —

A2 V V V

A9 V 0

-|- excitation; — inhibition; v variable reaction

I I I .  Effect of dopamine in normal solution

Dopam ine is effective on a  less num ber of cells as com pared to  5HT, and  
even am ong these only 3 cells show unequivocal exc ita to ry  reaction and  one 
shows inh ibition  from  prepara tion  to  p reparation . E x c ita to ry  effect o f dopa
mine results in a m arked increase in  th e  firing ra te  of th e  spontaneous ac tiv ity  
or in  ac tiva tion  of silent cells respectively, th e  la tency  o f reaction ranges from  
1.6 to  11.2 sec. The desensitization o f dopam ine-sensitive receptors exhibits 
only sm all differences an d  generally is o f sm all degree.

On th e  basis of th e  ty p e  of dopam ine effect th e  neurones can be classified 
in to  th e  following groups:

1. D opam ine stim ulates th e  eac tiv ity  of A9, A l l  an d  P13 cells in  all 
of th e  preparations.

2. D opam ine stim ulates A5 an d  A14 cells ( Fig. 7) in 64 p er cent of the  
preparations, in  o thers (36 per cent) exerts no effect a t all.

3. On P l l  cell th e  effect o f dopam ine varies from  tim e to  tim e. The 
reversal po ten tia l of th e  reaction is —36.7 ±  6.4 mV (Fig. 8). I ts  average 
resting po ten tia l is —41.7 ±  3.7 mV.

4. D opam ine inh ib its A10 cell in  some o f th e  preparations, in o thers 
exerts no effect. The inhibition  results in  a  slight decrease of th e  firing ra te  
(28.8%), which occurs w ith  a long latency  (average 8.3 ±  3.6 sec). The reversal 
po ten tia l of th e  effect is —45.2 ±  4.9 mV (Fig. 9a, b).

IV. Effect of dopamine in  N a +- and Cl~-free solutions

In  the  case of A l l ,  P13, A5 and  A14 neurones reacting to  dopam ine 
w ith  excitation, th e  N a + -free solution does n o t p reven t th e  effect (Fig. 7b, e) 
although on A l l  cell inhibits it  in 50 per cent of th e  preparations.

3*
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F ig . 7 E x c ita tio n  caused by  dopam ine a n d  its  ionic dependence on A 5 cell (a ; b; c) 
an d  on  A14 cell (d ; e; j ) .  A5 neurone is silen t in  no rm al so lu tion  an d  is a c tiv a te d  b y  
dopam ine (a ) ,  w hile on  cell A14 dopam ine increases th e  firing  ra te  o f  th e  spon taneous 
a c tiv ity  (d ) .  I n  F ig . b and  e it  can  he seen th a t  th e  N a + -free so lu tion  does n o t b lock th e  
reac to in  c f  e ith e r neu rone. .The C l“ -free so lu tion  does n o t b lock th e  ex c ita to ry  effect 
o f  dopam ine in  th e  case o f  A5 neu rone  (c ) ,  w hile on A14 cell its  developm ent is inh ib ited  

b y  C l” -free so lu tion  ( f ) .  C alib ra tion : 50 m V ; 2 sec

F ig. 8. O n P l l  neu rone  th e  ty p e  o f  th e  dopam ine  effect is a  fu n c tio n  o f  th e  a c tu a l 
m em b ran e  p o ten tia l, a )  A t th e  m em b ran e  p o te n tia l level o f  —30 mV  dopam ine in h ib its  
th e  sp o n taneous a c tiv ity , b) A t th e  m em b ran e  p o ten tia l level o f  —40 m V  dopam ine 

causes a  sligh t ex c ita tio n . C alib ra tion : 50 m V ; 2 see
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F ig . 9. a. an d  b. On A 10 cell dopam ine genera lly  causes a n  in h ib itio n  b u t th is  effect 
can  be reversed  by  chang ing  th e  m em b ran e  p o ten tia l, a )  E ffec t o f  dopam ine a t  a  m em 
b ran e  p o ten tia l level o f  — 48 m V. b)  E ffec t o f  dopam ine a t  a  m em b ran e  p o te n tia l level 
o f  —20 mV. C alib ra tion : 50 m V ; 2 sec. c) O n A10 cell localized in  an o th e r  p rep a ra tio n , 
th e  spon taneous a c tiv ity  p ers is ts  in  N a + -free so lu tion , b u t  dopam ine does n o t cause a n y

inh ib ition

F ig . 10. O n P l l  cell th e  effec t o f  dopam ine reverses in  C l- -free so lu tion  in som e cases. 
a )  C ontro l a c tiv ity  an d  effect o f  dopam ine, b) In  C l - -free so lu tion  dopam ine sligh tly  

in h ib its  th e  a c tiv ity . C alib ra tion : 50 m V ; 2 sec

L 

L
F ig. 11. O n A9 neu rone  th e  Cl- -free so lu tion  reverses th e  effect o f  dopam ine, a )  C ontro l 
a c tiv ity  an d  effect o f  dopam ine, b) E ffec t o f  dopam ine in  C l- -free so lu tion . C alib ra tion :

50 m V ; 2 see

Cl “ -free solution influences th e  effect o f dopam ine in each case except 
in A5 cell (Fig. 7c). This effect is ra th e r com plicated an d  varies from  cell 
to  cell. I t  blocks th e  effect unequivocally on A14 cell ( Fig. 7f) and  on A l l  cell 
only in 50 per cent of the  preparations. B u t on A9 and  P13 cells in  one of the 
cases it  reverses th e  effect from  excita tion  to  inhibition (Fig. 11). On P l l  
neurone, on which th e  effect of dopam ine varies from  tim e to  tim e, sim ilarly
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variable reaction could be ob ta ined  in  C l“ -free solution (Fig. 10), b u t in the  
N a +-free solution an  excita tion  was always observed.

On A10 cell b o th  th e  Cl “ -free and  N a +-free solutions p reven ted  the  
inh ib ito ry  effect o f dopam ine (F ig. 9c), and in  50 per cent o f th e  cases, even 
a  slight excita tion  was obtained. The changes of th e  neuronal reactions in ion- 
free solutions to  dopam ine are dem onstrated  in  Table I I I .

TABLE m
Changes in  the effect of dopam ine in  ion-free solutions

Cell
Dopamine effect in  

norm al solution
Dopamine effect in 
N a+-free solution

Dopamine effect in 
Cl “-free solution

A ll + 6 6
P13 + + V

A9 + V
A5 s + +
A14 s + 0
P ll V + V
A10 — & 0

-|- excitation; — inhibition; g excitation only in some of the preparations; v variable reaction.

Discussion

Com paring th e  presen t d a ta  w ith  our earlier resu lts (K iss and  Sa l á n k i,
1971) ob ta ined  by  adding serotonin an d  dopam ine to  th e  bath ing  solution, it  
can be established th a t  concerning th e  classification o f th e  neurones in the  
case of 5HT th e  general p ic tu re  ob ta ined  w ith  e ither m ethod is th e  same. 
The g reat m ajo rity  o f th e  neurones are sensitive to  serotonin an d  can be 
classified in to  th ree  categories:

1. Cells reacting unequivocally  w ith  excitation.
2. Cells reacting unequivocally  w ith  inhibition.
3. Cells showing variable reaction.

W e observed also some differences betw een th e  previous d a ta  an d  th e  results 
of th e  presen t w ork in  th e  case of th ree  neurones. A 12 and  A l l  cells always 
reacted  w ith  excitation  upon 5HT applied to  the  bath ing  solution. B y  contrast, 
cell A l2  is no t sensitive to  the  iontophoretically  applied 5HT a t all, and  A l l  
cell is sensitive to  5HT in some of th e  preparations only. In  th e  case of these 
neurones 5H T obviously exerts the  effect m ainly a t  synaptic  level and  no t 
on th e  som atic receptors. On A14 cell excita tion  was always ob tained  by  ion to 
phoresis, while using th e  previous m ethod th is neurone used to  show variable 
reaction. P resum ably  th is  variable reaction was of a  m ixed effect, in which 
bo th  th e  som atic receptors and  th e  synaptic  region m ight have tak en  p art.

B y  our earlier m ethod 6 neurones were found to  be sensitive to  dopam ine. 
Some of these proved to  be sensitive also to  th e  iontophoretically  applied 
dopam ine. On A l l  cell excitation, while on A10 cell inhibition  was observed 
sim ilarly to  th e  earlier results. Previously  on P l l  neurone an  inh ibition  was



39

always registered, however, dopam ine applied iontophoretically  caused a  reac
tion  vary ing  from  tim e to  tim e, b u t of exc ita to ry  ty p e  in  m ost instances. To 
account for th is difference, i t  m ust be supposed th a t  dopam ine applied to  the  
bathing solution influences the  inh ib itory  postsynaptic  m em brane, while th a t  
applied ion tophoretically  affects th e  som atic receptors. On A6 and  A2 neurones 
no effect was ob tained  by  using iontophoresis in  con trast w ith  the  previous 
d a ta , accordingly, th e  som atic receptors m ay be considered to  be insensitive 
to  dopam ine.

A5, A14 and  AlO neurones responded to  dopam ine in  some of th e  p rep 
arations only. To these cases Ascher’s (1972) assum ption m ay be applied  
according to  which th e  receptors m ay be located a t  sm all d istanse of th e  soma, 
the  effect depending on th e  position o f th e  electrode used for application.

In  th e  case o f bo th  5HT an d  dopam ine th ere  is a  strik ing  difference 
between th e  inh ib itory  reactions ob tained  by  th e  tw o different m ethods. W hen 
the  substances added  to  th e  bath ing  solution caused an inh ibition  in a  given 
neurone, i t  realized in  a  tem porary  blockade of th e  po ten tia l generation 
alm ost in all o f th e  cases. U pon th e  iontophoretic application only a decrease 
in th e  firing ra te  of th e  spontaneous ac tiv ity  can be observed in m ost instances. 
To explain th is phenom enon we should consider th a t  th e  concentrations o f 
substances applied to  th e  bath ing  solution or by  iontophoresis are no t identical. 
I t  was approxim ately  calculated  by  an  equation  used by  Gerschenfeld and  
Stefani (1966) th a t  th e  peak concentration a tta in ab le  a t  5H T receptors is
7.5 X 10-7 M in our case, w hich is less by  a t  least one-tw o orders of m agnitude 
th an  the  concentration estim ated  in our earlier work. E ven  th is  fact cannot 
explain th e  occasionally too long latency  o f th e  effect found for exam ple on 
AlO neurone in  th e  case of bo th  th e  exc ita to ry  effect o f 5HT an d  th e  inh ib itory  
effect of dopam ine. Kerkut e t al. (1975) also found such neurone in  Helix 
aspersa, where th e  exc ita to ry  effect o f dopam ine was realized a fte r a long 
latency.

As regards th e  neurones showing variable reactions occasionally our 
previously proposed assum ption concerning ACh (K iss e t al., 1972) can be 
ex tended  to  5H T and  dopam ine, too. The ty p e  o f th e  effect also in  th e  la tte r  
cases m ay be determ ined b y  th e  re la tion  betw een th e  ac tu a l m em brane 
po ten tia l and  th e  reversal po ten tia l of 5H T or dopam ine, respectively. In  th e  
case of 5HT, th e  reversal p o ten tia l characterizing cells A9 and  A2 is extrem ely  
near to  the  average value o f th e ir m em brane po ten tia l, In  th e  case of dopam ine 
on P l l  cell th e  agreem ent is no t of such a  degree, however, here th e  m em brane 
po ten tia l varies over a  quite wide range (30-68 mV).

In  th e  N a +-free solution th e  stim ulation  caused by  5H T does n o t realize, 
or do realize in  some of th e  cases only, consequently, i t  can be established th a t  
th is effect is N a-dependent. Though P I  neurone is an  exception, in  which 
the  generation of th e  spontaneous ac tiv ity  appeared  to  be also independent 
of N a + (K iss and  Sa lán k i, 1973). A t th e  same tim e th e  lack o f Cl-  does no t 
p reven t th e  excita tion  excepting A5 cell, which needs also Cl-  beside N a + 
for an  und istu rbed  reaction.

The inh ib ito ry  and  variable effects of 5H T in th e  case of P l l ,  P12 and  
A2 cells realize on such receptors th a t  are no t blocked by  th e  absence of either 
N a + or C l- . Among these i t  is theoretically  conceivable on P12 cell th a t  th e  
realization o f th e  inh ibition  is due to  a  change o f K +conductance o f th e  
m em brane, since when increasing th e  m em brane po ten tia l up  to  —50 mV no
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reversal can be recorded. The role of th e  electrogenic N a-purnp (Thomas, 1972) 
m ay be tak en  in to  consideration too, however, its  verification requires fu rther 
experim ents. However, th e  —44.7 an d  —38.1 mV reversal po ten tia l charac
terizing th e  P 11 and  A2 cells, respectively, does no t perm it to  postu la te  a  change 
in  K +conductance. In  these cases th e  ionic m echanism  of the  effect is no t 
clear like in th e  case of neurones which are no t classifiable in either D or H  
ty p e  on th e  basis of th e ir reactions given to  ACh (K iss and  SalÁnki, 1971). 
We suppose th a t  in  th e  developm ent of th is  ty p e  of effect n o t only one ion 
takes p a r t, b u t C l-  an d  N a  + alike. The value of th e  reversal po ten tia l is 
determ ined by  th e  ra tio  gNa/gci This supposition  was described by  Machne 
e t al. (1973) for ACh on th e  cells of Helix pomatia, where th e  E ACh value 
characterizing th e  d ifferent neurones was found to  range between very  wide 
lim its (—40— f-16 mV).

The reaction of A9 cell to  5HT appeared  to  be C l~-dependent on the  
basis o f bo th  th e  reversal po ten tia l of 34,1 mV and  its susceptib ility  to  be 
blocked by Cl “ -free solution.

Sum m arizing th e  ionic dependence of 5HT effect th e  excita tory , reaction 
is N a +-dependent excepting P I  neurone, i t  is conceivable th a t  i t  is realized 
a t  th e  “A ” ty p e  receptors described by  Gerschenfeld (1971). Nevertheless, 
to  finally  se ttle  th is  question extensive pharm acological investigations are 
required. On th e  o ther hand, th e  receptors localized on the  neurones showing 
inh ib ito ry  an d  variable reaction  surely cannot be identical w ith  th e  “ B ” and  
“ C” receptors also described b y  Gerschenfeld (1971) and  Gerschenfeld 
and  Paupardin-Tritsch (1974), since th ey  exh ib it ano ther ty p e  of ionic 
dependence.

In  those cases, when th e  results are no t elucidated  unequivocally  th e  
ionic dependence of 5HT effect th e  possible role of Ca2+ m ust also be con
sidered. D uring the  present work no experim ent was carried ou t in  order to  
control th e  Ca2+-dependence of th e  effects, because in th e  lite ra tu re  con
cerning the  neurones of Gastropods only a  lim ited role is a ttr ib u te d  to  Ca2 + 
in th e  realization of the  effect r í 5HT and  dopam ine (Gerschenfeld, 1973). 
Nevertheless, i t  cannot be disregarded th a t  on th e  exam ined cells o f Lymnaea 
Ca2+ has a g reater im portance as a  charge-carrier during th e  m ediator effects. 
To answer th is  question fu rth e r exam inations are in  progress.

In  con trast w ith  serotonin th e  effect of dopam ine is em phasized a t  those 
receptors which are slightly  sensitive to  th e  rem oval of ex ternal N a + , a t  the  
sam e tim e, th e  reaction o f m ost cells is very  sensitive to  th e  Cl "-free solution. 
In  one p a r t  of th e  cases th e  developm ent o f th e  excita tion  and  inhibition  m ay 
be explained by  C l~current flowing th rough  th e  m em brane. W hen th e  neu
rones stim u lated  by  dopam ine in norm al solution give no reaction or variable 
reaction in  th e  CD free solution, th is  indicates th e  Cl "dependence of the  
effect. Nam ely, th e  Cl "-free solution displaces th e  value of E C1 and  v ia  th is  
m ay influence th e  reversal p o ten tia l of th e  dopam ine effect. This explanation 
is n o t good for A5, A9 and  P l l  cells because of th e  ineffectiveness of the  Cl~- 
free solution. I t  is possible however, th a t  on these cells, a  com bined role of 
N a + an d  Cl-  ions sim ilarly to  th e  5H T effect is m anifested.

Our results contrad ict A s c h e r ’s (1972) conclusion referring to  the  
ex c ita to ry  effect explained exclusively w ith  a N a +influx.

The reversal po ten tia l of —45.2 mV m easured on A10 cell is higher th an  
th e  average resting  poten tial. Accordingly, th e  inh ib itory  effect o f dopam ine



41

m ay realize via increasing the  conductance either of K + or o f C l- . The la tte r  
is suggested by th e  fact th a t  the  C l- -free solution blocks th e  effect of dopam ine.

U nfortunately , in Lymnaea the  in tracellu lar concentration of either ion 
is yet alm ost unknown — th e  only estim ation for K + was described by  Sat- 
telle (1974) — b u t one m ay reach a fu rth e r qu an tita tiv e  conclusion only 
w ith th is knowledge. The following exam ple supports th a t  considering our 
presen t work th e  discussion cannot be based on d a ta  ob tained  previously on 
different G astropods. According to  th e  m easurem ents of Kekkttt and  Meech 
(1966) on D-cells of Helix E ACh is —39.4 mV, while Chiabandini e t al. (1967) 
determ ined a n E  ACh value of —25.1 mV for D-cells in Chryptomphallus aspersa. 
The basis of th is difference is th e  difference in  th e  in tracellu lar C l-  concentra
tions m easured 27.5 mM in  th e  f irs t case and  43 mM in th e  la tte r  case. I t  
follows from  th e  foregoing th a t  there m ay be very  large differences in th e  in tra 
cellular concentrations of some ions depending on th e  species, and  the  reversal 
po ten tia l characterizing certain  cells develops according to  this.

Sum m ary

On some identified  g ian t neurones of th e  cen tral nervous system  of 
Lymnaea stagnalis th e  effect of 5HT and  dopam ine applied iontophoretically  
was investigated  in norm al as well as N a + - and  Cl “ -free solutions.

Some of th e  neurones were stim ulated , o thers inh ib ited  by  5H T and  
dopam ine applied to  th e  soma. In  addition  several cells were found which 
exhibited  exc ita to ry  and  inh ib itory  reaction a lte rna te ly  in th e  d ifferent p rep 
arations.

In  th e  m ajority  of th e  neurones, the  effect is sim ilar to  th a t  obtained  
previously by  perfusion, b u t on some o f the  cells it  differs from  th e  results 
of earlier findings.

The exc ita to ry  reaction caused by  5HT is N a +-dependent in all o f the  
neurones except one. On the  neurones showing inh ib itory  an d  variable from  
tim e to  tim e reactions th e  effect o f 5H T realizes a t  such ty p e  of receptors, 
which are no t blocked by  the  absence e ither o f N a + or of Cl~. I t  m ay be 
suggested th a t in th e  developm ent of th is  ty p e  of effect no t only one ion 
partic ipa tes b u t C1“ an d  N a + alike. I t  is supported  also by  m easuring th e  
reversal p o ten tia l on these cells.

The effect m anifested a t  the  dopam ine receptors appeared  to  be C l- - 
dependent in  th e  m ajo rity  of th e  neurones or it  m ay be accounted for by  a 
combined ionic mechanism  sim ilarly to  th e  5H T effect.
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IO N T O F O R E T IK U S A N  A LK A L M A Z O T T  S Z E R O T O N IN  E S  D O PA M IN
a n a l í z i s e  l y m n a e a  s t a g n a l i s  l . k ö z p o n t i  i d e g r e n d s z e r é n e k

ID E N T IF IK Á L T  N E U R O N JA IN

K is s  Is tv á n

Összefoglalás

L ym naea  stagnalis k ö zp o n ti ideg rendszerének  id e n tif ik á lt óriás n eu ro n ja in  ionto- 
fo re tik u san  a p p lik á lt 5H T  és do p am in  h a tá s á t  v iz sg á ltu k  n o rm ál, v a la m in t N a + - és 
Cl-  -m en tes o ld a to k b an . A  n eu ro n o k  egy  része se rken tő , m ás  része gá tló  reakc ióva l v á la 
szo lt a  szó m áju k ra  a d o tt  5H T -ra  és d o p am in ra . E zen k ív ü l ta lá ltu n k  n é h á n y  o lyan  se jte t, 
am elyek  a  kü lönböző p re p a rá tu m o k o n  v á ltak o zv a , ho l se rken tő , ho l g á tló  reak c ió t a d ta k . 
A  h a tá s  a  n eu ro n o k  n a g y  részén m egegyezik  a  perfúz ióva l k o ráb b an  k a p o tt  ad a to k k a l 
egyes se jtek en  azo n b an  e lté r  a ttó l.

A z 5H T  á lta l o k o zo tt se rk en tő  reakció  egy  k ivé te léve l va lam en n y i neu ro n o n  N a + - 
függő. A  g á tló  és e se ten k én t vá ltozó  reak c ió t m u ta tó  neu ro n o k o n  az 5H T  h a tá s a  o lyan  
recep to ro k o n  való su l m eg, am ely ek e t sem  a  N a + — sem  a  C l- -h ián y  n em  b lokkol. V aló
sz ín ű síth e tő , hogy  az ilyen h a tá s  k ia lak u lá sáb an  n em  egyetlen  ion  já tsz ik  szerepet, h anem  
a  C l-  és a  N a + e g y a rá n t. E rre  engednek  k ö v e tk e z te tn i az  e se jtek en  v ég ze tt rev e rsa l 
p o ten c iá l m érések  is.

A  do p am in  recep to rokon  m egvalósu ló  h a tá s  a  n eu ronok  többségén  C l- -függőnek 
m u ta tk o z o tt ,  v ag y  az 5H T  h a tá sh o z  hasonló  k o m b in á lt ionm echan izm ussal m ag y a ráz 
h a tó .
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In  recent years th e  effect of cyclic nucleotides was extensively stud ied  
on th e  electrical and  contractile ac tiv ity  of th e  heart. The cyclic nucleotides 
h ad  the  positive inotrope effect on th e  m am m alian, m olluscan and  insect 
hearts alike (Skelton e t al., 1970; Bertelli e t al., 1972; Meinertz e t al., 
1973; S.-Rózsa, 1968; 1974), furtherm ore, th ey  affected th e  pacem aker and 
p lateau  phases o f th e  spontaneous action poten tials in  th e  electrical ac tiv ity  
(Tsien e t al., 1972; Tsien, 1973; Reuter, 1974; S.-Rózsa, 1974). In  ver
teb ra tes th e  effect of catecholam ines and  cyclic nucleotides proved to  be 
similar, on th e  P urk in je  fibers and  blood vessels th e  partic ipa tion  o f the  second 
messenger system  together w ith  th e  catecholam ine effect was also verified 
(Somlyo e t al., 1970; Siggins e t al., 1971; Tsien, 1973). D irect connection 
was also found betw een th e  con ten t o f th e  cyclic adenine m onophosphate 
(cAMP) an d  th e  periodicity  of th e  h ea rt (Brooker, 1973).

E arlier, th e  positive inotrope effect of 3’,5’-AMP and  th e  m odification 
o f th e  tran sm itte r effect have been described on th e  contractions of Helix 
h eart (S.-Rózsa, 1968). Also th e  presence o f adenylate cyclase and  its  ac tiv a
tion  for different periods in  different concentrations of dopam ine (DA) and 
5-hydroxytryptam ine (5HT) were proved  (Wollemann an d  S.-Rózsa, 1975) 
in th e  m olluscan hearts. The m em brane effect o f cyclic nucleotides has no t 
y e t been studied, though  i t  m ight surrender inform ation on th e  sites o f action. 
Therefore, th e  aim  of the  presen t investigations was to  describe th e  m em brane 
effects o f cyclic nucleotides and  th e  substances influencing th e  enzymes tak ing  
p a r t  in th e ir destruction, furtherm ore, th e  role o f th e  second messenger system  
in th e  realization of tran sm itte r  effects.

M aterial and m ethods

The experim ents were carried ou t on th e  spontaneously beating  or 
electrically driven isolated  ventricle of snail, Helix pomatia L . The isolated 
ventricle was k ep t a t  room  tem peratu re  under perm anen t perfusion. In  th e  
cham ber containing th e  prepara tion  the  volum e of the  solution was 0.5 cm 3, 
which was changed once during th e  substance- testing  experim ent. The physio-
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logical solution used was described earlier (K iss an d  S.-RÓzsa, 1972). The 
substances stud ied  were solved in  physiological solution.

The following substances were used: cAM P-adenosine-3’,5’-cyclic phospha
te  (Calbiochem); D B -cA M P-N ,0-dibutyryl-adenosine-3’,5’-cyclic phosphate 
(Calbiochem); theophylline (Reanal); im idazole (Sandoz); 5HT-5—hydroxy try - 
p tam ine creatinine su lphate (R eanal); ACh — acetylcholine chloride (Sigma).

P o r stim ulation  a suction electrode w ith  a tip  d iam eter o f 0 .2—0.3 mm 
was used. F o r an  indifferent electrode a  silver p la te  o f abou t 0.5 cm2 was 
em ployed. Since m ost of th e  curren t crossed the  ex tracellu lar space th e  abso
lu te  value o f th e  effective stim u lato ry  cu rren t could n o t be detected . The 
approxim ate value of th e  cu rren t was 10 -  8 A w ith  a  du ra tion  of 1 sec. In  the  
figures th e  re la tive in ten sity  of th e  curren t is seen on th e  scale 1 — 5 a t  constan t 
voltage.

F o r th e  reg istra tion  o f th e  m em brane (MP) an d  action poten tials (AP) 
glass m icroelectrodes filled w ith  3 M KC1 o f 5 —15 MOhm resistance were used. 
S im ultaneously w ith  th e  m icroelectrode for reg istra tion  ano ther microelectrode 
was im m ersed in to  th e  physiological solution. The sam e Ag-AgCl2 wire served 
as th e  indifferent electrode for bo th  m icroelectrodes. T he o u tp u t of tw o pre- 
am plyfiers was connected w ith  th e  inpu ts  o f th e  differing am plyfier of the  
oscilloscope. Using th is  m ethod, th e  capacitive a rtifa c t arising from  th e  resist
ance of th e  m icroelectrodes or th e  stim uli can be com pensated if  th e  properties 
of tw o microelectrodes were th e  same. The experim ental arrangem ent can be 
seen in  Fig. 1. To com pensate th e  artifact, sim ilar experim ental conditions were 
described by Bonke (1973).

The characteristics of th e  voltage-current was designed on th e  basis of 
responses arising as an  average to  five stim uli o f different m agnitude. The

Fig. 1. Schem e fo r reg iste ring  an d  stim u la tin g , in,, f»3 — m icroelectrodes; i, a  — in
d iffe ren t e lec trodes; s  — su c tio n  elec trode



45

F ig. 2. T he effect o f  cA M P on  th e  e lec tro ton ic  p o ten tia ls , am p litu d e  o f  ac tion  p o ten tia ls  
(left side, u p p e r p a r t) , an d  th e  resistance  o f  th e  m em brane  (rig h t side). On th e  
g rap h  th e  re su lts  o b ta in ed  fo r physio log ical so lu tion  (•) an d  fo r cA M P ( ^ )  a re  seen. 
In  th e  low er p a r t  o f  th e  figure th e  tim e  dependence o f  th e  am p litu d e  o f  th e  ac tio n  p o te n 

tia ls  is show n, m ark ed  w ith  th e  d o ts . T he v e rtica l ca lib ra tion  is 10 m V
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Control DBcAMP 1Q*M (!)
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F ig . 3. T he effect o f  D B cA M P on th e  am p litu d e  o f  th e  evoked p o te n tia ls  (le ft side, u p p e r 
p a r t)  a n d  on th e  m em brane  resistance  (righ t side, u p p e r  p a r t)  is show n. •  =  physio logi
ca l so lu tion , ^  =  D BcA M P. In  th e  low er p a r t  o f  th e  figu re  th e  effect o f  D B cA M P 8 
m in u te s  a f te r  app lica tio n  is seen. A  — physio log ical so lu tion ; B  — D B cA M P a t  10~4M. 
V ertica l ca lib ra tions a re  10 an d  20 mV, respective ly ; h o rizo n ta l ca lib ra tion  is 5 sec

reg istra tion  of th e  response was m ade 10 m inutes a f te r  th e  application of 
substances w ith  th e  exception of transm itte rs , when th e  response was registered 
1 m inute a fte r th e ir application.

R esu lts

1. The membrane effect of cAM P, D B cA M P, theophylline and imidazole

In  th e  experim ents th e  effect of substances was stud ied  a t  concentrations 
10~8 - 1 0 -3 M. cAMP, DBcAM P and  theophylline were to  be effective only 
in  high doses. No dose-dependent effect was found.
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F ig . 4. T he effect o f  th eophy lline  (10-4M) up o n  spon taneous a c tiv ity  (upper p a r t)  is  
Seen. A  — con tro l; B  — theophy lline . V ertica l ca lib ra tio n  is 20 m V ; h o rizo n ta l ca lib ra 
tio n  5 sec. A t th e  le f t side (below) th e  changes in  th e  am p litu d e  o f  th e  evoked  p o te n tia ls  
in  th e  presence o f  theophy lline , a t  th e  r ig h t side (below) th e  decrease in  m em brane  re s is t
ance  are  show n. V ertica l ca lib ra tio n  is 10 mV. •  physio log ical so lu tion , ^  th eophy lline

cAMP (10-4 M) increased th e  frequency of spontaneous ac tiv ity  a t  an  
average of 13 per cent, while the  am plitude of th e  action poten tials was signif
ican tly  lowered. The m axim um  effect was observed a t  5-20 m inutes follow
ing th e  application of cAMP. The effect o f cAMP appeared  consistently. Com
paring  th e  reg istra tions 1 (control) an d  4 (cAMP) in Fig. 2 (below) under th e  
influence of cAMP, th e  increase in  diastolic depolarization, th e  prolongation 
o f th e  repolarization phase and  th e  decrease in  am plitude of th e  action p o ten 
tia ls  are readily  seen. The sam e changes were observed on th e  action poten tials 
accom panying th e  electrotonic po ten tials ( Fig. 2, left side, upper p art). In  
Fig. 2 reg istrations 1-3 dem onstrate  active and  passive responses of the  
m em brane of th e  h ea rt muscle cells to  increasingly strong stim uli in  norm al 
physiological solution. R egistrations 4 — 6 were m ade on the  h ea rt p re trea ted  
by  cAMP. Com paring reg istrations 3 an d  6 th e  slowing of repolarization a n d  
as a  resu lt the  prolongation of th e  p la teau  phase an d  a  decrease in  th e  am pli
tu d e  of th e  action po ten tials can be seen under th e  influence of cAMP.
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F ig . 5. A  — co n tro l; B  — effect o f  im idazole (10~4M) up o n  spon tan eo u s e lec trica l a c tiv 
ity . V ertica l ca lib ra tio n  is 10 m V ; h o rizo n ta l ca lib ra tion  is 5 sec. I n  th e  low er p a r t  th e  
g rap h  show s th e  effect o f  d iffe ren t co n cen tra tio n s o f  im idazole on m em b ran e  res istance

In  some cases cAMP stopped th e  generation of th e  spontaneous action 
po ten tials bu t, even a t  th is  stage stim uli could evoke action  potentials. The 
p o larity  o f th e  m em brane was changed by  cAMP, th e  values in  bo th  directions 
of th e  m em brane po ten tia l were alm ost th e  same (Table I ) .  O ut of 12 p rep 
arations in 9 cases cAMP decreased th e  in p u t resistance (R eff) of th e  m em 
brane by  5-20 p er cent, in  2 cases it  h ad  no effect, and  in one case it  caused 
an  opposite effect. In  Fig. 2 (right side, upper part) th e  effect o f cAMP on the  
m em brane resistance is shown by  th e  characteristics o f th e  voltage-current. 
The decrease in th e  d irection-tangent o f th e  curve corresponds to  the  decrease 
in th e  resistance of the  mem brane.

The effect of DBcAM P was variable on th e  frequency of spontaneous 
ac tiv ity  because in some cases it  increased b u t in o thers decreased the  fre 
quency. The decrease in am plitude was also sm aller th a n  when cAMP was 
used. The repolarization phase was also influenced to  a  less degree in com 
parison w ith  cAMP. DBcAM P frequen tly  caused a rrh y th m ia  in  th e  h eart 
beats and  in some cases stopped  the  spontaneous electrical ac tiv ity . However, 
using electrical stim ulation  action potentials were evoked again. The m em brane 
was hyperpolarized in th e  average w ith  several m illivolt (Table I ). In  Fig. 3 
(upper p a r t)  th e  effect of DBcAM P on th e  spontaneous electrical ac tiv ity  is 
dem onstrated . In  Fig. 3B  th e  increase in th e  diastolic depolarization and  the  
slight decrease in  the  am plitude of th e  action po ten tials can be seen. The sam e 
decrease in  th e  am plitude o f th e  action po ten tials was registered also a t  th e
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evoked poten tials (Fig. 3 left side, upper p art) . The in p u t resistance of th e  
surface m em brane was lowered in  6 cases and  raised in one case under the  in 
fluence of DBcAM P. The m axim um  effect appeared  5 — 10 m inutes a fte r 
application. In  Fig. 3 (upper p art) th e  decrease in  th e  electrotonic poten tials 
produced by  DBcAM P can be seen.

T A B L E  t

M embrane po tentia l in  mV

No, Control cAMP Changes 
in  per cent

Control DBcAMP Changes 
in  per cent

i 41.6 55.7 3 3 .8 + 56.0 60.0 7.1 +
2 52.8 50.0 5.3— 50.0 58.0 1 6 .0 +
3 44.2 50.0 13.1 + 40.3 43.7 8 .4 +
4 42.2 46.0 9 .5 + 63.3 57.6 9.1—
5 51.5 55.0 6.8 + 60.0 70.0 1 6 .6 +
6 50.0 50.0 — 0 62.5 62.5 — o
7 50.0 55.0 1 0 + — — —

8 57.1 54.1 5 . 3 - — — —

9 61.0 65.2 6 .9 + — — —

10 51.6 56.6 9.7 + — — —

No, Control Imidazole Changes 
in  per cen t

Control Theophylline Changes 
in  per cent

i 55.7 52.5 5.8— 41.0 43.0 2 .4 +
2 50.0 46.8 6.4— 50 0 55.9 1 1 .8 +
3 50.0 60.0 20 + 52.5 47.5 9.5—
4 40.6 49.6 2 2 .2 + 52.0 58.0 1 1 .5 +
5 40.0 40.0 — 64.0 56.3 12.0—
6 48.0 55.0 1 4 .6 + 42.0 43.0 2 .4 +
7
8

41.6 40.0 3.9— 50.0 55.9 1 1 .8 +

9
10 — — — — — —

Note: E ach value corresponds to  the  average of mem brane potentials registered from 10—15 heart 
muscle fibers. -)- =  hyperpolarization. — =  depolarization, o =  MP rem ained unchanged

The theophylline (10-4 M) an d  im idazole (10-3 -1 0 -6 M) increased the  
frequency an d  decreased th e  am plitude o f th e  spontaneous action poten tials 
(F igs  4 and  5). Their m axim um  effect was observed 1—2 m inutes following 
application. T heir effect on th e  m em brane p o ten tia l is sum m arized in Table I .  
In  m ost o f th e  cases cyclic nucleotides, theophylline an d  im idazole caused 
bo th  depolarization or hyperpolarization, however, th e ir effect was n o t con
vincing an d  rem ained w ith in  th e  lim its of error. In  Fig. 4 (upper p a r t) th e  
increase in frequency an d  th e  decrease in  am plitude can be seen when using 
theophylline. A drop in  am plitude observed on th e  action po ten tials following 
th e  electrotonic poten tials (4-6 registrations) is shown during theophylline 
application com pared to  th e  control (1-3 registrations). In  th is  figure (right

4
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F ig . 6. A  — co n tro l; B  — cA M P 1 0 "4M; C  — effect o f  5H T  (5 • 10“ 6M) on th e  h e a r t 
p re tre a te d  w ith  cA M P. A ’, B ’ an d  C  correspond  to  th e  above th re e  effects b u t th e  ac tion  
p o te n tia l w as reg iste red  w ith  h ig h t speed o f  th e  beam . V ertica l ca lib ra tio n  is 20 m V ; 

h o rizo n ta l ca lib ra tions a re  5 an d  0.5 sec, respective ly

side, below) also th e  characteristics o f voltage and  curren t dem onstrate th is 
rela tionsh ip .

In  Fig. 5A , B  th e  effect of im idazole (10-4 M) exerted  on th e  spon tane
ous ac tiv ity  is seen. Im idazole increased th e  frequency and  decreased th e  
am plitude of th e  spontaneous ac tion  po ten tials w ith  th e  synchronous raising 
o f diastolic depolarization.

On 5 preparations th e  in p u t resistance of th e  m em brane was decreased 
by  10 25 per cent w ith  theophylline and  by  5 per cent w ith  imidazole. This
effect was consequent in  all cases.

Taking in to  account th e  decrease in  m em brane resistance (R ef{), the 
order o f th e  investigated  substances w as: theophylline >  cAMP >  DBcÁM P >• 
>  im idazole.

The effect o f cyclic nucleotides was observed also in  th e  hearts  p re
tre a te d  w ith  theophylline for blocking th e  ac tiv ity  o f phosphodiesterase. As 
a  resu lt, i t  w ould be expected  th a t  th e  po ten tia tio n  of th e  effect o f cyclic 
nucleotides were stronger. On th e  contrary , theophylline elim inated the  
decrease in am plitude caused by  cAMP. A fte r p re trea tm en t w ith  theophylline 
DBcAM P decreased th e  diastolic depolarization rising under th e  influence 
o f theophylline an d  th e  am plitude of th e  action poten tials, while th e  spon tane
ous ac tiv ity  becomes more frequent. The decrease in  th e  am plitude of the  
action po ten tia ls was g reater th a n  th a t  when using DBcAM P alone.



51

F ig . 7. A  — co n tro l; B  — a n d  G — effec t o f  D B cA M P (10-4M) a t  1 a n d  6 m in u te s  
a f te r  app lica tion . D  — an d  E  — effect o f  5H T  (10-4M) on  th e  h e a rt , p re tre a te d  w ith  
D B cA M P. O n reg is te r E  a  p eak  in  th e  m em b ran e  p o te n tia l is seen w hich is th e  re su lt 

o f  d is location  o f  m icroelectrode a f te r  s tro n g  con trac tions

2. Influence of the cyclic nucleotides and theophylline on the effects of acetylcholine 
and 5-hydroxytryptamine

On the  Helix h eart under the  influence of 5HT the  frequency o f spon tane
ous electrical ac tiv ity  is increased, th e  ra te  of rise of th e  action  poten tials also 
increased and  th e  repolarization phase is prolonged. This characteristic effect

4*
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cannot be realized if  th e  h ea rt was p re trea ted  w ith cyclic nucleotides or th eo 
phylline (F igs 6 ,7 ) .  The effect o f cAMP and  5HT applied together is seen in 
Fig. 6C, C’. Some rising in  th e  diastolic depolarization and  prolongation of the  
repolarization phase still are present b u t in a reduced form  com pared to  the  
effect when 5H T was applied alone. DBcAM P was less effective on th e  m odula
tion  of 5HT effect. In  Fig. 7B, C the  typ ical DBcAM P effect is seen, i.e. 
lowering the  am plitude and  raising th e  diastolic depolarization, i t  can be seen 
th a t  th e  effect of 5HT was no t significantly  influenced by  DBcAM P ( Fig. 
7D, E ). In  th e  m odulation of 5HT effect th e  following order was found: 
theophylline >  cAMP >  DBcAM P.

F u rth e r investigations were carried ou t: cAMP, DBcAM P and  th eo 
phylline were given together w ith  5HT in order to  describe th e ir effect on 
m em brane resistance and  evoked action potentials. A fter p re trea tm en t w ith  
cyclic nucleotides 5HT decreased the  in p u t resistance of th e  m em brane as 
com pared to  th e  effect of cyclic nucleotides. This effect was observed when 
th e  concentration of 5HT was no t lower th an  10~6— 10“ 7 M. A t a lower con
centration  an  opposite effect occurred, i.e. an  increase in m em brane resistance. 
In  Fig. 8 (upper p art) th e  effect of cAMP alone, th en  together w ith  5HT is 
shown on m em brane resistance. In  th e  sam e figure, on the  rig h t side, the  
electrotonic and  action po ten tials are dem onstrated . C om pared the  to  control 
(Fig. 8a) th e  am plitude o f th e  action po ten tials was decreased and  th e  d u ra 
tio n  o f the  repolarization phase was prolonged ( Fig. 8b) when applying cAMP 
and  5H T together. The sam e result was ob tained  using DBcAM P and  5HT 
sim ultaneously (F ig. 8, m iddle p art).

H earts  p re trea ted  w ith  theophylline showed an  increase in  m em brane 
resistance (Fig. 8, below), and  a  prolongation in the  repolarization phase 
(F ig. 8b), a t  th e  sam e tim e th e  am plitude of th e  evoked action  poten tials 
rem ained  unchanged.

A cetylcholine is known as an  inh ib ito ry  tran sm itte r on th e  Helix heart. 
P re trea tm en t of th e  h ea rt for 10 — 20 m inutes w ith  cyclic nucleotides or th eo 
phylline led to  th e  com plete or p a rtia l elim ination o f its  inh ib ito ry  effect 
a t  10 ~4 M ( Figs 9 and  10). As a results of p re trea tm en t n o t only th e  inhib itory  
effect of acetylcholine was elim inated b u t also some increase in  frequency was 
achieved ( Fig. 9E  and  Fig. IOC). N evertheless, in  all th ree  cases in th e  am pli
tu d e  o f th e  action po ten tials considerable decrease was observed.

In  Fig. 11 th e  effect o f acetylcholine is dem onstra ted  on th e  electro
tonic and  evoked action po ten tials applied  together w ith  cAMP, DBcAM P or 
theophylline. The effect o f acetylcholine in the  presence of cAMP is shown 
on th e  upper p a r t  o f Fig. 11. I t  can be seen from  th e  characteristics of voltage- 
current th a t  the  m em brane resistance was no t significantly  changed when ACh 
was added  to  cAMP .In  Fig. 11 (right side) a slight decrease in  th e  am plitude 
of th e  evoked action poten tials can be seen and  a prolongation in th e  repolariza
tion phase.

The m em brane resistance decreased com pared to  th e  effect o f DBcAM P 
when th e  DBcAM P and  ACh were added sim ultaneously ( Fig. 11, m iddle p art). 
S im ilar decrease can be ob ta ined  on th e  electrotonic po ten tials, too ( Fig. 11, 
righ t side). The am plitude of th e  evoked action po ten tials also decreased 
significantly, b u t th e  exc itab ility  o f th e  h eart muscle cells was unaffected.

No differences were found in th e  degree of th e  decrease in th e  in p u t 
m em brane resistance w hether theophylline was used alone or jo in tly  w ith  ACh.
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F ig . 8. C hanges in  e lec tro to n ic  p o ten tia ls  u sing  hyperp o la riz in g  s tim u li an d  th a t  o f  
m em brane  res istance  d u rin g  5H T  ap p lica tio n , th e n  th e  sam e on  p re tre a te d  h e a r t  b y  
cyclic nuc leo tides o r theo p h y llin e , a  — co n tro l; b — sim u ltan eo u s effect o f 5H T  a n d

cyclic nucleo tides
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Fig. 9. A  — co n tro l; B  — effect o f  ACh (10 4M). G — con tro l; D  a n d  E  — sim u ltaneous
effect o f  th eophy lline  an d  ACh (10 4M) im m ed ia te ly  a f te r  th e ir  app lia tio n . F  — con tro l.



55

20 m V

5 s<?c

F ig . 10. A  — con tro l; B  — effect o f  ACh (5 ■ 10_6M). C  an d  D  — effect o f A Ch on th e  
h e a r t p re tre a te d  w ith  D B cA M P (10~4M), 2 a n d  10 m in u tes  a f te r  app lica tion

However, th e  exc itab ility  o f th e  m em brane was significantly  lowered. This is 
dem onstrated  in Fig. 11 (below, a t  righ t side) b u t by  increasing th e  stren g th  
o f the  stim ulus (broken line) th e  action poten tials were generated  again.

D iscu ssion

On th e  Helix hea rt, according to  our d a ta  cAMP a t  th e  beginning o f its 
ac tion  increased th e  frequency of th e  spontaneous action potentials, diastolic 
depolarization and  prolonged the  phase of repolarization. In  the  second phase 
o f its  action cAMP decreased the  am plitude of th e  action potentials, th en  the  
spontaneous beating o f th e  h ea rt cells ceased. DBcAM P had  no constan t effect 
on  the  frequency of th e  spontaneous action poten tials b u t decreased th e ir 
am plitude and  the  du ra tion  of repolarization. Theophylline and  imidazole 
showed sim ilar effects to  cyclic nucleotides. The m axim um  effect of cyclic 
nucleotides occurred 10 — 20 m inutes a f te r  th e ir application, on th e  o ther hand, 
th e  same occurred 1 — 2 m inutes a f te r  th e  application o f theophylline and  
imidazole. Sim ilar to  th e  v erteb ra te  hearts  (T s i e n , 1 973 ; R e u t e r , 1974 ; 
Yamasaki e t al., 1974) these d a ta  also refer to  th e  in tracellu lar site o f actions 
o f th e  above substances.

In  our experim ents on th e  h ea rt muscle cell m em brane, cyclic nucleotides 
an d  inhibitors of phosphodiesterase caused slight hyperpolarization or depolar
ization b u t th is tw o were n o t significant. Cyclic nucleotides hyperpolarized 
th e  m em brane of th e  sm ooth muscle (S o m l y o  e t al., 1972) and  depolarized 
th e  m em brane of h ea rt muscle cells ( R e u t e r , 1974 ). Their hyperpolarizing
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F ig . 11. C hanges in  e lec tro ton ic  p o ten tia ls , u sing  h yperpo la riz ing  stim u li, an d  th a t  o f  
m em b ran e  res istance  d u rin g  A Ch ap p lica tion , th e n  th e  sam e o n  p re tre a te d  b y  cyclic 

nucleo tides o r  th eophy lline  h e a r t , a — con tro l; 6 — sim u ltaneous effect o f  Ä Ch an d
cyclic nucleo tides
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effect was found to  be dependent on th e  ex tracellu lar concentrations of K - 
ions (Somlyo e t al., 1972).

Influencing the  in itia l depolarization and  th e  repolarization phase of the  
spontaneous action poten tials th e  cyclic nucleotides, theophylline an d  im idaz
ole, sim ilarly to  th e  m am m alian hearts, on th e  Helix h ea rt also effected the  
K  current, responsible for the  pacem aker com ponent, and  th e  Ca-current, 
connected w ith  th e  p la teau  phase (Vassort e t al., 1969; Tsien e t al., 1972; 
Tsien, 1974; Reuter, 1974). On th e  m em brane of th e  verteb ra te  h ea rt muscle 
cell bo th  adrenaline and  DBcAM P forced th e  K  current, responsible for th e  
in itia l depolarization, in  th e  sam e direction, assuring faste r inactivation, 
thereby  an increase in th e  frequency of action po ten tials of th e  spontaneously 
beating hearts could occur (Tsien, 1974; Reuter, 1974). I t  can be s ta ted  
th a t  th e  increase in th e  in itia l depolarization caused by  cyclic nucleotides 
on the  Helix h ea rt is also in  close connection w ith  the  decrease of K  conductiv
ity  sim ilarly to  o ther pacem aker tissues.

On the  verteb ra te  h ea rt th e  prolongation of th e  p la teau  phase caused 
by  cyclic nucleotides was connected w ith  the  increased Ca-perm eability o f th e  
m em brane (Tsien, 1973; Reuter, 1974) and  th e  sam e conclusion was draw n 
on th e  insect h eart (S.-Rózsa, 1974). The re la tion  betw een cyclic nucleotides 
and  Ca-ions in  th e  contractile  and  biochem ical events was proved  in a num ber 
of cases (Jost an d  Rickenberg, 1971; Kukovetz an d  Pöch, 1972; Anders- 
son, 1972; Prince and  Berridge, 1973; Torda, 1974; etc).

Through a feed-back mechanism  cAMP and  Ca-ions can m utually  control 
each o th er’s concentration. In tracellu lar increase in  th e  cAMP concentration 
led to  the  decrease in th e  concentration of free Ca-ions which resu lted  in  th e  
lowering o f th e  in tracellu lar level of th e  free Ca-ions, b u t th e  low level o f Ca- 
ions induced th e  elevation o f th e  ac tiv ity  o f phosphodiesterase and  th is led 
to  th e  decrease o f th e  cAMP concentration (A n d e r s s o n , 1972) again leading 
to  th e  ac tiva tion  of adenylate cyclase.

The regulatory  role of cyclic nucleotides on th e  perm eability  o f th e  
m em brane can be realized by  ac tiva ting  pro tein  kinases, since the  phosphoryla
tion  of th e  different proteins an d  lipids of th e  m em brane can change th e  
penetra ting  conditions of th e  ion channels, too  (Rasmussen and  Tenenhouse, 
1968; Kukovetz and  Pöch, 1972). Supposedly on th e  Helix h ea rt th e  investi
gated  phenom enon th a t  in high concentrations o f cAMP th e  tran sm itte r effect 
failed to  occur in  th e  usual w ay can also be re la ted  to  th e  phosphorylation 
of th e  m em brane com ponents. According to  our d a ta  th e  effect o f cyclic 
nucleotides was negligible on the  surface m em brane and  it  changed m ainly 
th e  resistance of the  m em brane, nevertheless th ey  significantly influenced th e  
tran sm itte r effect or even tu rn ed  i t  to  the  opposite in sign. F o r th is reason 
th e  im portance of secondary changes in  conform ations o f th e  m em brane 
protein  should be stressed during m em brane application of cyclic nucleotides 
preventing th e  realization of tran sm itte r actions while th e ir influence on th e  
generation of po ten tials is negligible (Greengard and  Kebabian, 1974). The 
changes are connected w ith  the  prolonged a lterations in  perm eability  an d  
during th is tim e th e  adenylate cyclase localized in the  m em brane can only 
be ac tiva ted  to  a  sm all degree so th e  conditions for th e  realization o f the  
tran sm itte r effects are absent.

The decrease in m em brane resistance was stud ied  on the  salivary  gland 
of insects during cyclic nucleotide application (Berridge and  Patel, 1968;
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Hax e t al., 1974) an d  i t  was established th a t  a  high cAMP level im proves 
cell connections owing to  a  decrease in  m em brane resistance. The sam e role 
can be a ttr ib u te d  to  th e  decrease in  m em brane resistance on Helix  heart. 
However, in order to  elucidate th e  relations betw een changes in  m em brane 
resistance an d  tran sm itte r effects, fu rth e r experim ents are needed.

Sum m ary

Studying th e  m em brane effect of th e  substances relating  to  th e  second 
messenger system  on th e  Helix  hea rt, i t  was sta ted , th a t:

1. A t th e  beginning of th e ir application cAMP, DBcAM P, theophylline 
an d  im idazole increase diastolic depolarization, th e  dura tion  of th e  p la teau  
phase and  th e  frequency o f th e  spontaneous action potentials. A t th e  second 
period  o f th e ir action, th e  am plitude o f th e  action po ten tia ls is lowered th en  
th e  po ten tia l generation ceased. The in tracellu lar site of th e  actions was 
prevailing on th e ir effect.

2. The above substances depolarize or hyperpolarize the  m em brane only 
slightly, synchronously lowering m em brane resistance.

3. The changes in th e  different phases of th e  action po ten tia ls are a t t r i 
b u ted  to  th e  decrease in  K -perm eab ility  an d  increase in  C a-perm eability. 
D uring th e  application o f cyclic nucleotides th e  a ltera tions in  perm eability  
were only  secondarily appearing as a  consequence o f phosphorylation of th e  
m em brane com ponents.

4. A fter p re trea tm en t w ith  cyclic nucleotides or theophylline th e  effect 
of 5H T and  ACh failed to  occur on th e  m em brane o f Helix  heart. The common 
application o f 5H T w ith  cyclic nucleotides decreased while theophylline 
increased th e  resistance o f th e  surface m em brane, b u t in  th e  presence o f ACh 
bo th  th e  cyclic nucleotides and  theophylline caused a  decrease in m em brane 
resistance. The changes in  m em brane effects of th e  tran sm itte r  can be explained 
b y  prolonged a ltera tions o f perm eability  caused b y  cyclic nucleotides.
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Összefoglalás

A  m áso d ik  m essenger rendszer m em b rá n h a tá sá n a k  v izsg á la ta  a la p já n  m egálla
p íto ttu k , hogy  H elix  szivén

1. a  cÄ M P, D B cA M P, theophy lline , és im idazole, kezd e tb en  növelik  a  sp o n tán  
A P -k  d iasz to lés depo la rizác ió já t, a  p lá tó  fázis ide jé t, v a lam in t a  frekvenc iá t.

H a tá su k  m ásod ik  fáz isánan  az A P  a m p litú d ó já t csökken tik , m a jd  felfüggesztik  
a  p o ten c iá lg en erá lást. H a tá su k b a n  in trace llu lá ris  tá m a d á sp o n t dom inál.

2. A  fen ti any ag o k  a  m e m b rá n t nem  sz ign ifikánsan  h iperp o la rizá lják  vagy  de- 
p o la rizá lják , a  m em b rán  e llená llásá t csökkentik .

3. A  sp o n tá n  A P  kom ponenseinek  v á lto zása  a  K -perm eab ilitá s  csökkenésére, és 
a  C a-perm eab ilitás növekedésére  v eze the tő  v issza. A  perm eab ilitá s  vá ltozások  cik likus 
n u k leo tid o k  h a tá s á ra  m ásod lagosan , a  m em b rán  kom ponensek  foszfo rilá lásának  e re d 
m én y ek é n t lépnek  fel.

4. C iklikus nu k leo tid o k  és theophy lline  in k u b á lás  u tá n  az 5H T  és A Ch h a tá s a  
H elix  szív  m em b rán ján  nem  realizálód ik . 5H T -vel e g y ü tt a lk a lm azv a  a  c ik likus nuk leo 
tid o k  csökken tik , th eo p h y llin e  növeli a  felszíni m em b rán  e llenállásá t, m íg  A C h-val 
e g y ü tt a d v a  a  c ik likus nu k leo tid o k  és th eo p h y llin e  e g y a rá n t a  m em b rán  ellenállás csök
kenésé t hozzák  lé tre . A  tra n sz m itte re k  m em b rá n h a tá sá n a k  m eg v á lto zá sá t ciklikus 
nu k leo tid o k  á lta l lé tre h o z o tt ta r tó s  p e rm eab ilitá s  v á ltozásokka l m ag y arázzu k .
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In  the  m olluscan hearts  th e  tran sm itte r role of 5 -hydroxytryptam ine 
(5HT) was verified by  morphological, physiological and  biochem ical d a ta  
(Welsh, 1957; Welsh and  Moorhead, 1960; Dahl e t al., 1962; Kerkut 
and  Cottrell, 1963; S.-Rózsa and  Graul, 1964). In  Gastropods th e  liberation 
and  reaccum ulation of 5H T in th e  h eart nerve (S.-Rózsa and  Perényi, 1966; 
Taxi and  Gautron, 1969) were also proved.

Investigations concerning th e  m em brane effect o f 5HT were s ta rted  only 
in recent years (K iss and  S.-Rózsa, 1972; S.-Rózsa e t al., 1973; Wilkens 
and  Greenberg, 1973; Hill, 1974), and  the  d a ta  refer to  vary ing  effects in 
th e  heart o f the  different species of Molluscs. In  th e  cen tral nervous system  
o f G astropoda no less th an  six sites of action are known for 5HT (Gerschen- 
Feld and  Paupardin-Tritsch, 1974 a, b), connected w ith  the  regulation 
of perm eability  for different ions. On th e  h ea rt m em brane o f Helix pomatia 
our earlier results proved the  biphasic action of 5HT (K iss and  S.-Rózsa, 1972) 
and  called a tten tio n  to  the  possibility of d ifferent ion-dependence of th is effect 
(S.-Rózsa e t al., 1973). The present investigations aim ed a t fu rth e r analyzing 
th e  ion-dependence of th e  m em brane effect of 5H T and  th e  pharm acological 
description of th e  sites o f its  action. T he investigations also included th e  ana l
ysis o f the  evoked po ten tials besides th e  previously stud ied  spontaneous action 
potentials.

Material and method

The experim ents were carried  o u t on th e  isolated ventricle o f Helix 
pomatia L. The spontaneous electrical ac tiv ity  was registered b y  using m icro
electrodes filled w ith  3 M KC1, th e ir resistance being 5 — 15 MOhm.

The electrotonic po ten tials were produced b y  extracellu lar stim ulation  
of the  h eart by  using suction electrodes and  applying square wave impulses 
of 10” 8 A am plitude and  1 sec duration . The w ay o f stim ulation  was described 
in detail elsewhere (K iss and  S.-Rózsa, 1975).

The iso lated  h ea rt was k ep t in a cham ber o f 0.5 cm 3 under perm anent 
perfusion w ith  physiological solution. The perfusion was stopped  when the  
investigated  substances were applied. The drugs were dissolved in physio
logical solutions or in th e  required  ion-free m edium . The com ponents of the
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F ig . 1. D ependence o f  th e  m em b ran e  p o te n tia l (MP) on  th e  lo garithm ic  co n cen tra tio n s 
o f  6H T  (A) ,  m ethyserg ide  (B)  an d  B O L-148. E a c h  p o in t corresponds to  10 —10 m easu re

m en ts  on  22, 28 a n d  17 h e a r t  p rep a ra tio n s

used ion-free solution are listed  in Table I .  The experim ents were perform ed 
a t  room  tem p era tu re  (22—24°C).

The following substances were used: 5 -hydroxytryptam ine creatinine 
su lphate (5HT, R eanal); 2-Bromo-D-lysergic acid  d iethylam ide (BOL-148, 
K och-L ight Labs); m ethysergide bim aleate (Sandoz).

Results
1. The membrane effect of 5H T

According to  our previous d a ta  (K iss an d  S.- R ó z s a , 1972) th e  th reshold  
concentration of 5HT was 10-10 M on th e  h ea rt m em brane of Helix. 5HT
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F ig . 2. C hanges in  th e  e lec tro ton ic  p o te n tia ls  depend ing  on  th e  lo garithm ic  co n cen tra 
tio n s  o f  5H T  a t  p e r  cen t com pared  to  th e  con tro l va lue. T he designed line is ap p ro x im ativ e

The com pounds of solutions in  m M
T A B L E  I

Substance Cl-free Na-free Ca-free
Physiological

solution

NaCl 112.0 111.0
KC1 — 2.0 2.0 2.0
NaHC03 2.4 — 2.4 2.4
CaCl2 — 1.8 — 1.8
Choline Cl — 118.6 — —
Na-propionate 114.5 — — —
K-propionate 1.8 — — —
Ca-propionate 1.3 — — —

increases the  am plitude o f th e  spontaneous action poten tials while decreases 
th e ir frequency. The m ost typ ical effects of 5H T were th e  sharp  rise o f the  
spontaneous action po ten tials an d  th e  du ra tion  of th e  phase of re ta rd ed  
repolarization. On quiescent hearts 5H T evoked bo th  A P  generation and  
contractions.

The effect of 5HT on th e  m em brane po ten tials (MP) was no t described 
earlier, these results are sum m arized here. In  Fig. 1 th e  effect of different 
concentrations o f 5HT is shown. On th e  m em brane o f Helix h ea rt th e  effect 
o f 5H T was biphasic, since in  low concentrations (10-9 10~7 M) i t  depolarized
th e  surface m em brane, while in  high concentrations (10~5—10~4 M) it  caused 
hyperpolarization. A t a  concentration o f 10-6 M 5H T failed to  change th e  
m em brane poten tial, or its  effect was negligible.

In  Fig. 2 th e  re la tion  betw een th e  am plitude of electrotonic poten tials 
an d  the  concentrations o f 5HT is dem onstrated . As i t  can be seen in  Fig. 2, 
when increasing th e  concentrations of 5HT, th e  am plitude of th e  electrotonic 
poten tials decreased, i.e. th e  conductiv ity  o f th e  m em brane was elevated. 
However, a t  low concentrations (10~9 10-8 M) 5H T increased th e  am plitude
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F ig . 3. A  an d  A ’ — spon taneous e lec trica l a c tiv ity  in  n o rm a l physio log ical so lu tion . 
B  an d  B ’ — effect o f  Cl-free so lu tion  10 m in  a f te r  ap p lica tio n . C  an d  C ’ — effect o f 
10“ 5M 5H T  a t  Cl-free so lu tion . H o rizo n ta l m a rk  is 5 sec a n d  0.5 sec, v e rtic a l m a rk  is

20 mV in each case

4 B
3 ( 1 0 * A )  -5 - 4  - 3  - 2  -1

F ig . 4. A  — changes in  th e  e lec tro ton ic  p o te n tia ls  an d  evoked  ac tio n  po te n tia ls  in  th e  
case o f  Cl d ep riv a tio n  in  th e  p resence o f  5H T . B  — changes in  th e  co n d u c tiv ity  o f  th e

m em brane
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of th e  electrotonic po ten tia ls by  5 — 10 p er cent, so th a t  5H T caused biphasic 
effect on th e  electrotonic po tentials, too. The dem onstra ted  relation was dose- 
dependent.

2. The ion-dependence of the effect of 5HT

B oth  Ca2+ an d  N a + dependences were found  in  th e  effect o f 5H T in our 
earlier experim ents (S.-Rózsa e t ah , 1973). This ion-dependence was stud ied  
in detail an d  th e  partic ipa tion  of C l" ions in  th e  effect of 5HT was ascertained.

C l~ -f  r e e  s o l u t i o n :  The am plitude and  frequency of th e  spon tane
ous ac tiv ity  was no t influenced in  Cl-free m edium  su b stitu ted  by  propionate, 
however, the  dura tion  o f th e  action po ten tials was slightly  shortened ( Fig. 
3B, B ’). The spontaneous ac tiv ity  was no t elim inated in Cl-free solution b u t 
th e  am phtude of th e  electrotonic po ten tials rose indicating a  decrease in 
m em brane conductance. The m em brane was hyperpolarized by  several milli
volts. In  Cl-free solution 5HT increased th e  am phtude an d  th e  d u ra tion  of 
th e  re ta rd ed  repolarization, while th e  frequency of th e  spontaneous action 
potentials was decreased. However, th e  decrease in  frequency (F ig. 3C) under 
th e  influence o f 5HT in Cl-solution was lower th a n  th e  sam e in  th e  control 
m edium . In  Cl-free solution th e  ra te  of rise o f th e  action po ten tials rem ained 
unchanged com pared to  th e  control (Fig. 3C’), nevertheless, the  positive 
a fte rpo ten tia l disappeared. In  Cl-free solution 5HT increased th e  am phtude 
of th e  electrotonic po ten tials to  a g reater degree th an  th e  sam e in  the  norm al 
physiological solution (Fig. 4B ). The average value of decrease in th e  con
d u c tiv ity  o f th e  surface m em brane was 64 per cent.

Com paring th e  second and  fou rth  photographs in Fig. 4A , i t  becomes 
ev ident th a t  th e  positive a fte rp o ten tia l on electrotonic poten tials is elim ina
te d  in  th e  Cl-free solution. I t  means th a t  th is  hyperpolarization wave is d i
rectly  connected w ith  th e  Cl-ions.

N  a -f r e e  s o l u t i o n :  I t  has been published previously th a t  in 
choline chloride su b stitu ted  Na-free solution th e  spontaneous ac tiv ity  was 
inh ib ited  a few m inutes a fte r the  exchange of th e  physiological solution 
(S.-Rózsa e t ab, 1973). The m em brane is hyperpolarized by approxim ately  
20 per cent in Na-free m edium. In  N a-deprivation 5HT renewed th e  generation 
o f th e  poten tial. In  Na-free solution 5HT failed to  form  th e  characteristic 
re ta rded  repolarization b u t the  positive a fte rpo ten tia l was present. The 
am plitude and  the  frequency of th e  action po ten tials were lower th an  the  
contro l value.

In  Na-free solution th e  conductiv ity  of th e  m em brane lowered sim ultane
ously w ith  th e  stopping of th e  spontaneous ac tiv ity , b u t upon stim ulation  
A P was elicited, though  its  am plitude was lower th a n  th e  control (Fig. 5A , 
2nd photo). In  Na-free solution 5HT reduced b y  25 per cent th e  conductiv ity  
o f th e  m em brane. In  th is  case the  5HT effect in  norm al physiological solution 
was tak en  as control. In  Fig. 5B  one of the  typ ical experim ents can be seen 
where a t control conditions 5HT (10~6 M) increased, while a t  Na-free solution 
decreased th e  conductiv ity  o f th e  m em brane. This effect em phasizes the  
necessity o f Na-ions for 5H T action on th e  surface m em brane of h eart muscle 
cells. In  N a-deprivation only a  gradual rise in th e  action poten tials was observed 
an d  i t  was no t com pensated by  5HT (Fig. 5A ). On th e  evoked action p o ten 
tials it  can also be seen th a t  in  Na-free m edium  th e  characteristic re ta rd ed

5
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1- control
2- Na-free
3- 5-HT 10-8M
4- Na-free*5-HT 10-ÖM

B
J  <10*A ) -5  -4 -3 -2 -7

F ig . 5. A  — changes in  th e  e lec tro ton ie  p o te n tia ls  an d  evoked  ac tio n  p o ten tia ls  in 
N a-free  so lu tion  co n ta in in g  5H T. B  — changes in  th e  c o n d u c tiv ity  o f  th e  m em b ran e

A

J- control

2- Ca-free+EDTA

3 -  Ca-free*EDTA*5-HT Kt5M

B

Fig. 6. A  — changes in  th e  e lec tro ton ic  p o te n tia ls  a n d  evoked  ac tio n  p o te n tia ls  in
C a-free m ed ium  con ta in ing  5H T. B  — changes in  th e  co n d u c tiv ity  o f  th e  m em b ran es
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repolarization produced by  5HT is su b m itted  to  changes com pared to  th e  
control (F ig. 5A , 4).

C a-f r e e  s o l u t i o n :  According to  our earlier d a ta  (K iss an d
S.-R ózsa, 1972), th e  generation  of th e  spontaneous action poten tials was 
stopped  a t  30 —100 m in in Ca-free solution, th e  process was accelerated by  
EDTA. In  Ca-free m edium  5HT caused tem poral po ten tia l generation (S.- 
R ózsa e t al., 1973). D etailed  analysis of th is  phenom enon showed th a t  in 
Ca-deprivation, in  th e  presence o f ED TA , th e  poten tials were only local w ith 
ou t a  steeply rising phase. The re ta rd ed  oscillatory fluctua tion  m ay be regarded 
as a repolarization phase. In  Ca-free solution th e  stim ulation  led, though no t 
in  all th e  cases, to  th e  po ten tia l generation and  th e  sam e is tru e  when adding 
5HT ( Fig. 6, photographs 2 and  3). In  Ca-free solution w ith  3mM EDTA 
th e  inw ard resistance o f th e  m em brane was decreased th en  a fte r adding 5H T 
i t  increased com pared to  th e  control. In  th is case also th e  effect of 5HT was 
tak en  in  norm al physiological solution as control (Fig. 6B).

3. The membrane effect of BOL-148 and methysergide and their influences on 
the action of 5H T

BOL-148 from  th e  beginning of concentration 10-8 M influenced th e  
surface m em brane of th e  heart. A t low concentrations i t  increased th e  fre
quency, am plitude and  ra te  of rise o f th e  spontaneous action  potentials, b u t 
from  10~6 M it  began to  inh ib it these param eters (Fig. 7D, F ). A t a high 
concentration (10~4 M) it  m ostly  stopped  th e  generation of th e  spontaneous 
action potentials.

The m em brane po ten tia l was affected by  BOL-148 sim ilarly to  5H T 
b u t w ith  an  oposite sign (Fig. 1C). A t low concentrations (10~8-1 0 -7 M) 
BOL-148 caused hyperpolarization, while in  high concentrations (10~5-  
10_3 M) it  depolarized th e  m em brane. The tu rn ing-po in t was around 10 ~6 M.

The effect of 5HT was well antagonized by  BOL-148. In  Fig. 9 th e  
control (photograph D) and  th e  sim ultaneous effect of 5HT and  BOL-148 a t  
a concentration of 10-6 M (E and  F  photographs) are dem onstrated . The 
m utual effect of 5HT and  BOL-148 is shown by  tw o (F ig. 9E) and  five 
(Fig. 9F )  m inutes a fte r th e ir application. In  com parison w ith  th e  control 
neither th e  am plitude nor th e  frequency of th e  spontaneous action po ten tials 
were changed. The shape of th e  action  po ten tials has a ltered  to  a certain  
degree. D uring a sim ultaneous application of 5HT and  BOL-148 (1 .5 x  10-6 M) 
th e  m em brane was hyperpolarized by  6-8 mV.

M ethysergide from  10 - 8 M increased th e  frequency of spontaneous 
activ ity . E rőm  10-8 M i t  a ltered  th e  shape of th e  spontaneous action po ten tia ls 
w ithout influencing th e  am plitude, th en  a t  high concentrations i t  evoked th e  
postsynap tic  po ten tials ( Fig. 80). I t  hyperpolarized the  m em brane in a  dose- 
dependent m anner (F ig. IB ) .  M ethysergide d id  no t stop th e  spontaneous 
ac tiv ity , on th e  contrary , from  tim e to  tim e, i t  m ade bea t th e  quiescent 
hearts.

The sim ultaneous effect o f 5H T and  m ethysergide a t  10 ~8 M is shown 
in Fig. 9A , B, C. D isregarding th e  slight increase in frequency no significant 
changes were observed as com pared to  th e  control. The 5HT effect was elim i
n a ted  by m ethysergide. In  th is case too the  postsynaptic  po tentials appeared 
upon th e  influence o f m ethysergide (Fig. 9B ). The sim ultaneous effect o f

5*
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F ig . 7. A  — con tro l. B  — an d  G — effect o f  BOL-148 ( 10 8M) b y  8 a n d  12 m in  a f te r  
ap p lica tio n . D  — an d  E  — effect o f  B O L-148 (10-6M) a t  th e  5H T  a n d  7 th  m in  o f  its  
ap p lica tio n . F  — a n d  G — effect o f  BOL-148 (10” 4M) a t  th e  3rd an d  8 th  m in  o f  its  

ap p lica tion . H o rizo n ta l m a rk  is 5 sec, v e rtica l m a rk  is 20 m V

5H T and  m ethysergide is dem onstrated  by  two and  five m inutes following 
th e ir application (Fig. 9 B ,C ).

The m em brane was hyperpolarized by 6 —8 mV upon th e  jo in t effect 
o f 5HT and  m ethysergide ( 5 x l 0 ~ 6 M).

Discussion

A ccording to  our d a ta  on th e  h ea rt muscle m em brane of Helix pomatia 
5HT has several sites of action sim ilarly to  the  neurones (Gerschenfeld and  
Pattpardin-Tritsch, 1974 a, b) and  its  m em brane effect was m anifested as 
a  hyperpolarization or depolarization.

As on th e  hearts of th e  o ther species of Molluscs (W il k e n s  an d  Gr e e n 
b e r g , 1973; I r isa w a  e t al., 1973; H il l , 1974) the  5H T effect showed Na-
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F ig . 8. A —contro l. B  — a n d  G — effect o f  m ethy lserg ide  (10-8 M) a t  8 th  a n d  14th  
m in  o f  its  ap p lica tion . D , E  a n d  F  — effect o f  m ethy lse rg ide  a t  4 th , 10th  a n d  21st m in  o f  
its  ap p lica tion . G an d  H  — effect o f m ethy lserg ide  (10-1  M) a t  9 th  an d  15th  m in  o f  its  

app lica tion . H orizo n ta l m a rk  is 5 sec, v e rtic a l m a rk  is 20 m V

an d  Ca-dependence on the  Helix heart, too. S tudying th e  5HT effect on electro
tonic po tentials, its  definite influence on th e  m em brane resistance was proved 
which appeared  as an  increase or a  decrease in  th e  conductiv ity  for one or 
several ions. The decrease in m em brane resistance under the  influence of 5HT 
was also found on th e  re trac to r and  h ea rt muscles of Modiolus (H id a k a  e t 
al., 1967; I risa w a  e t al., 1973), while on th e  M ytilus heart, th e  m em brane 
resistance was n o t affected by  5HT. Using ion-free solutions, th e  role of Na-, 
Ca- and  Cl-ions was verified  in th e  realization o f 5HT effect. The positive 
afte rpo ten tia ls  appearing under 5HT application proved to  be Cl-dependent. 
The m em brane hyperpolarization elicited by  5H T can also be regarded as 
a resu lt o f th e  increase in C l-conductivity  sim ilarly to  one o f th e  5HT effects 
found in G astropod neurones (Ge r s c h e n f e l d , 1971). On th e  hearts of d if
fe ren t M ytilus species in  the  5HT effect a K -dependent phase was also found 
partic ipa ting  in  the  hyperpolarization  (Ir isa w a  e t al., 1973).

The depolarization caused by 5HT m ay be explained w ith  an  increased 
conductiv ity  for th e  Na-ions in  th e  m em brane like in  th e  A-response o f 5H T 
a t  th e  neurones (Ge r s c h e n f e l d , 1973), b u t th e  role of Ca- and  K -perm eability  
changes should n o t be excluded either.

In  th e  p la teau  phase form ed b y  5HT, bo th  N a- an d  Ca-ions m ay p a r
ticipate. In  N a-deprivation th e  shortening of th e  re ta rd ed  repolarization period 
b y  5H T m ay be re la ted  no t only to  th e  re ta rd ed  inactivation  of N a-perm eability
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F ig . 9. A  — con tro l. B  and  G — sim u ltan eo u s effect o f  m ethy lserg ide  an d  5H T  (10-6M) 
on  th e  spon taneous e lec trica l a c tiv ity  a t  th e  5 th  an d  7 th  m in  follow ing exchange o f  
so lu tion . D  — con tro l. E  an d  F  — sim u ltan eo u s effect o f  B O L-148 an d  5H T  (10 6M) 
on  th e  sp o n taneous e lec trica l a c tiv ity  a t  th e  4 th  a n d  6 th  m in  a f te r  th e  app lica tio n  o f  th e  

above substances. H o rizo n ta l m a rk  is 5 sec, v e rtic a l m a rk  is 10 mV

b u t also to  changes o f th e  perm eability  for o ther (prim arily Ca and K) ions 
evoked by  N a-deprivation.

The complex n a tu re  of 5HT effect was em phasized w ith  a g reat varie ty  
o f ions playing a  role in it. D ifferent ions are responsible for th e  dose-dependent 
depolarization and  hyperpolarization caused by  5HT. I t  was n o t unexpected 
th a t  for th e  realization of 5HT effect bo th  Na- and  Ca-ions are needed, since 
th e  generation o f th e  action po ten tials was found to  depend also on th e  sam e 
tw o ions (K iss and  S.-R ózsa , 1973; S.-R ózsa et ah, 1973).

The used antagonists (BOL-148 and  m ethysergide) elim inated th e  effect 
o f 5HT on the  spontaneous electrical ac tiv ity . B o th  inhibitors adding together 
w ith  5HT hyperpolarized th e  m em brane by  6 —8 mM a t such concentration  
(10~6 M) which had  no effect alone on the  m em brane po ten tia l (w ith the  
exception of m ethysergide). B oth  antagonists exerted  effect owing to  th e ir 
p roperties as a  general 5HT receptor inhibitors and  no t as specific agent 
ac ting  on ion perm eability . In  order to  und erstan d  th e  d ifferent effects of 5HT 
i t  is necessary to  use more specific antagonists to  be able to  separate the  
receptors.

On the  Helix heart, 5HT influenced also the  in tracellu lar events beside 
th e  changes of th e  electrical properties of th e  surface m em brane. The in tra 
cellular effect of 5H T involves the  action of adenylate cyclase (K iss and  
S .-R ózsa , 1975) causing long-lasting changes in perm eability . The connection 
between th e  5H T effect and  th e  second messenger system  was proved on the  
h ea rt o f Molluscs, too  (S.-R ózsa , 1968; H ig g in s , 1974; H ig g in s  and  Gr e e n -
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b e r g , 1974; W o llem a n n  and  S.-R ózsa , 1975) i t  is realized by  th e  m ove
m ent, liberation and  reaccum ulation of Ca-ions.

Accordingly, in Helix  h ea rt a t  th e  realization of the  5HT effect th e  Ca- 
ions p lay  an  im p o rtan t an d  complex role in sp ite o f th e  fact th a t  th e  passive 
electrical properties o f th e  m em brane during th e  5HT effect was influenced 
in a higher degree b y  N a- and  Cl-ions.

Sum m ary

S tudying the  m em brane effect of 5HT on th e  isolated ventricle of Helix 
pomatia L. i t  was found th a t:

1. On th e  h ea rt muscle m em brane o f Helix  5H T had  a double effect, a t 
low concentrations (10~9—10-7 M) i t  depolarized, a t high concentrations 
(10~5—10“ 4 M) it hyperpolarized, a t 10~6 M had  no effect, or had  only a 
negligible effect on th e  m em brane.

2. On the  electrotonic poten tials 5HT h ad  also a double effect. 5HT a t 
high concentrations decreased, while a t  low concentrations increased th e  
am plitude o f th e  electrotonic po ten tials. The effects o f 5H T are connected 
w ith  th e  increase (10-9 —10~8 M) or decrease (10-5-1 0 -4 M) in  th e  con
d u c tiv ity  o f th e  m em brane.

3. The effect of 5HT on the  spontaneous action po ten tials and  on th e  
electrotonic po ten tials was complex depending on th e  presence of Na-, Ca- 
an d  Cl-ions alike. The positive afte rpo ten tia ls  form ed b y  5H T were Cl-ion 
dependent, while Na- and  Ca-ions p artic ip a te  in  th e  rising and  p la teau  phases 
o f th e  action  potentials.

4. BOL-148 and  m ethysergide elim inated th e  effect o f 5HT on the  
m em brane an d  action  po ten tials as well as on th e  electrotonic potentials. 
5H T has, a t  least, tw o sites o f action on the  m em brane o f Helix heart, and, 
in  addition, its  in tracellu lar action is proved.
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5 -H Y D R O X Y T R Y P T A M IN E  H A T Ó H E L Y É N E K  V IZ SG Á LA T A  H E L I X  P O M A T IA  
L . S Z IV IZ O M S E JT JE IN E K  M E M B R Á N JÁ N

K is s  T ibor és S .-R ózsa  K a ta lin  

Összefoglalás

V izsgálva az  5H T  m e m b rá n h a tá sá t H elix  pom atia  L . izo lá lt sz ív k am rá ján , m eg 
á lla p ítá s t n y e r t , hogy:

1. Az 5H T  H e lix  sz ív  m e m b rá n já n  k e ttő s  h a tá sú , a lacsony  k o n cen trác ió k b an  
(10“ 9 — 10“ 7M) depo larizá l, m ag as  k o n cen trác ió k b an  (10 “ 5— 10~4M) h iperpo la rizá l, 
10“ 6M k o n cen trác ió b an  m e m b rá n h a tá sa  je len ték te len , v ag y  nincs.

2. Az 5H T  e lek tro n tó n u so s p o tenc iá lok  n ag y ság á t is k e ttő sen  befolyáso lja . N ag y  
k o n cen trác ió k b an  az 5H T  csökken ti, a lacsony  k o n cen trác ió k b an  növeli az  e lek tro tó n u so s 
p o ten c iá lo k  a m p litú d ó já t . A z 5H T  h a tá s  a  m em b rán  vezetőképességének  növekedésével 
(10-9  — 10“ 8 M), v ag y  csökkenésével (10“ 5 — 10“ 4 M) kapcso la to s

3. A  sp o n tá n  a k tív  A P -on  és e lek tro tó n u so s po tenc iá lon  az 5H T  h a tá s a  ö ssze te tt 
vo lt, N a , Ca és C l-ionok je len lé té tő l e g y a rá n t fü g g ö tt. A  C l-ionok az 5H T  h a tá s á ra  m eg 
jelenő p o z itív  u tóp o ten c iá lo k  m eg je lenéséért felelősek, a  N a  és Ca ionok az A P  felszálló 
szá rán ak  és a  p la tó  fázis k ia la k ítá sá b a n  vesznek  rész t.

4. A  B O L-148 és m ethyserg ide  az 5H T  m em b rán  és akciós, v a la m in t e lek tro 
tó n u so s p o ten c iá lo k ra  k ife jte tt  h a tá s á t  e g y a rá n t m eg szü n te ti. Az 5H T -nak  legalább  k é t 
tá m a d á sp o n tja  v an  H elix  szív  m em b rán ján , s em elle tt in trace llu lá ris  h a tá ssa l is ren d e l
kezik .
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D ata  concerning th e  ionic com position of th e  haem olym ph of fresh
w ater m ussel are quite heterogeneous (H a y e s  and  P elltjet , 1947; F l o r k in  
an d  D u c h a t e a u , 1950; P o t t s , 1953). In  our In s titu te  when physiological and  
biochem ical investigations were carried  ou t on Anodonta we generally use Ma r - 
c z in sk y ’s physiological saline solution (1959). However, th e  question arose, 
w hether th e  ionic com position of th e  haem olym ph of th e  species available 
over here corresponds to  th e  com position of M a r c z in sk y ’s solution. On th e  
o ther hand, it  is known th a t  th e  behaviour o f th e  m ussel shows a  considerable 
seasonal varie ty  (Sa l á n k i and  V é r ó , 1969; Sa lá n k i e t ah, 1974), furtherm ore, 
th e  osm olarity  of th e  p lasm a changes depending on tem peratu re  (U m m in g e r , 
1971), therefore, we aim ed to  estim ate th e  concentration o f the  m ost im p o rtan t 
inorganic ions: Ca2 + , N a + , K + and  C l-  in th e  lym ph of Anodonta cygnea and  
to  clear up th e  possible seasonal alterations.

M aterial and m ethod

F or our m easurem ents Anodonta cygnea specimens of 200 g body w eight 
were used, which were kep t in  continuously flowing B alaton  w ater a t  a  tem 
p eratu re  sim ilar to  th e  n a tu ra l condition. The lym ph of mussels was ex trac ted  
d irectly  from  th e  heart. F o r a series of m easurem ent generally th e  to ta l am oun t 
of lym ph ex trac ted  from  five mussels was used. The m easurem ents were p e r
form ed abou t on every  25th day  o f a 14-m onth period. All of th e  d a ta  p re 
sen ted  here are th e  average of 5-8  m easurem ents. F or estim ating Na- and  
K -ions flam e-photom etric m ethod, for estim ating Ca- and  Cl-ions spec tro 
pho tom etry  were used. The flam e-photom etric m easurem ent was perform ed 
by  a Spectrom om  381L  an d  a  direct-pulverizing burner working w ith  hydrogen- 
oxygen gas m ix ture was used. The pressure of th e  hydrogen gas was 0.08 
0.10 atm , th a t  of oxygen gas 0.5 —0.6 atm , th e  velocity of pulverization 
was 2 ml d istilled  w ater/m in.

F o r th e  determ ination  of Ca-ion glyoxal-bis(2-hydroxianil) (GBHA) 
a  reagent used only lately  — was applied. According to  the  lite ra tu re  (K e r r , 
1960; U m land  and  M e c k e n st o c k , 1960; W illia m s  an d  W il s o n , 1961;
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Lapid and Pickholtz, 1969), the reagent is highly specific to calcium-ion, the 
determination can be carried out rapidly and with ease.

T he spectrophotom etric assay was carried ou t by  UNICAM  SP 700 
spectrophotom eter a t  520 nm  (19.23) w avelength in cuvettes of 1 cm wide. 
T he reagent-solution is yellow and  has a slight self light-absorption a t  520 nm, 
which is to  be considered by  using b lind test. F or th e  estim ation a calibrating 
curve was p lo tted . The accuracy of m easurem ent a t  0.01 mM Ca2+/1 is ± 5  per 
cent relative error. A hundredfold am ount of Mg-ions, tw entyfo ld  am ount 
of Fe(III)-ions and  tw o-threefold am ount o f phosphate-ions d id  no t influence 
th e  results.

The s tan d ard  solutions are p repared  from  a stock-solution of 8 mg/1 Ca2 + 
concentration  as follows: 0.5; 1.0; 2.0; 3.0; 4.0; 5.0 ml of the  stock-solution, 
respectively, is filled up  w ith  ion-exchanged w ater to  10 ml, th en  2 2 ml
borate-buffer of pH  12,9 an d  10 — 10 ml ethano l are added  to  th e  solution. 
A fte r shaking i t  up  the  m ix ture is rap id ly  cooled under w ate r-tap  an d  a fte r 
th e  addition  o f 0.5 —0.5 ml m ethanol containing 0.05 per cent GBHA reagent, 
it  is filled up w ith  ethano l to  25 ml. The b lank is m ade in  a  sim ilar way, the  
reagents are d ilu ted  by  10 ml ion-exchanged water. F rom  th e  te s t solution 
1 ml sam ple is transferred  to  a 25 ml volum etric flask, th en  th e  reagents are 
added. H aving prepared  the  solutions th ey  are allowed to  s tan d  for 20 min, 
light absorption is m easured a t  520 nm  w avelength in a cuvette  of 1 cm w idth. 
E stim atio n  of th e  d a ta  is done by  graphic m ethod, th e  resu lt is given in mg/1 
considering th e  dilution and  th e  p rim ary  m easuring ou t of th e  lym ph.

F o r the  determ ination  o f chloride a  m ix ture containing m ercuric 
rodanide and  F e (III)  reagents (Zall e t al., 1956; Iwasaki e t al., 1956; Yama
moto e t al., 1970) was used. The light sbsorption of th e  coloured complex is 
p roportional to  the  q u an tity  of chloride-ions over the range from 1 to  10 mg 
C l“ /1 concentration.

F or the  determ ination  o f chloride-ions a  previously p repared  sodium  
chloride solution of 100 mg Cl~/1 concentration is stored, which are d ilu ted  to  
a  concentration of 10 mg Cl~/1 on every  occasion. Ferrous am m onium  sulphate 
d ilu ted  in n itric  acid of 8 per cent and  0.1 per cent o f m ercuric rodanide 
d ilu ted  in a  m ix ture containing 2 : 1 dioxane and  absolute alcohol are prepared 
as reagents. F o r preparing th e  s tan d ard  solutions 2.0; 4.0; 6.0; 8.0; 10.0 ml 
o f 10 mg Cl_/1 solution, respectively, are  m easured o u t and  com plem ented to  
10 m l w ith  distilled w ater. 2 ml o f ferrous (III)  am m onium  su lphate an d  3 ml 
o f m ercuric (II) rhodanide solution are added  an d  the  solution is filled up  w ith  
distilled w ater to  25 ml. The blank is m ade in the  sam e way, th e  reagents are 
d ilu ted  w ith  10 ml distilled w ater. 1 m l o f th e  sam ple solution is transferred  
to  a  25 ml volum etric flask, th en  th e  reagents are added. The extinctions are 
m easured against th e  b lank  a t  460 nm  w avelength in glass cuvettes of 2 cm 
w id th  a fte r 15 — 20 m in w aiting period. T h e  estim ation is m ade by  graphic 
m ethod, th e  resu lt is given in mg/1 considering th e  d ilu tion and  the  m easuring 
out.

P rep ara tio n  of th e  te s t solution: 5 ml lym ph is d ilu ted  w ith  ion-ex
changed w ater to  50 ml. The solution is used for determ ining th e  potassium - 
ion and  a given volum e of th is solution is tak en  for the  determ ination  o f N a + , 
Ca2+ an d  C l“ .
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Fig. 1. Seasonal a lte ra tio n  o f  K -ions in  th e  h aem o lym ph  o f  A nodonta  cygnea L .
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F ig. 2. Seasonal a lte ra tio n  o f  C a-ions in  th e  h aem o lym ph  o f  A nodonta  cygnea  L .
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F ig. 3. Seasonal a lte ra tio n s  o r  N a-ions in  th e  h aem o lym ph  o f  A nodonta  cygnea L .

F ig . 4. Seasonal a lte ra tio n  o f  Cl-ions in  th e  h aem o lym ph  o f  A nodonta  cygnea  L .
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R esu lts

According to  the  results, ob ta in ed  th e  concentration o f all investigated  
ions exhibit seasonal alterations in th e  lym ph of th e  mussel. I t  is especially 
apparen t, th a t  th e  seasonal changes in  th e  concentration of K - and  Ca-ions 
are d irected  oppositely. K -ions are present in  th e  lowest of concentration 
in w in ter an d  highest in  sum m er (F ig. 1). F o r w in ter th e  lowest value (4.2 
mg/1) was m easured in Jan u a ry . F rom  th is tim e on th e  concentration of 
K -ions increases continuously u n til Ju ly . The m axim al value was found in 
Ju ly  (18 mg/1). Beginning w ith  th e  nex t m onth  th e  concentration o f K -ions 
continually  decreases an d  th e  value m easured in  Decem ber approaches the  
m inim um  recorded in  Jan u a ry .

The change in Ca-ions is opposite com paring to  th a t  of potassium  ( Fig. 
2), nam ely, th e  highest Ca-level was observed in  au tum n  and  w inter, while 
th e  lowest in  spring an d  sum m er m onths. The m inim um  value was 78 mg/1 
m easured in  April. F rom  M ay th e  Ca-level gradually  increases u n til reaching 
a m axim um  a value of 165 - 175 mg/1 — in Decem ber an d  Jan u a ry . F rom  
F ebruary  till April a  decrease can be observed again.

In  th e  case of N a- an d  Cl-ions th e  seasonal altera tion  is of o ther n a tu re  
as com pared to  those observed in  th e  case of K - and  Ca-ions. In  th e  seasonal 
change of Na-ions 2 m axim um  an d  2 m inim um  values can be seen (F ig. 3). 
The lowest concentration is m easured in  Jan u a ry  (92 mg/1). Increasing u n i
form ly from  F eb ru ary  till  M ay th e  concentration  o f N a reaches one of th e  
highest peaks (199 mg/1) during th e  seasonal a lteration . F rom  Ju ly  to  Septem 
ber a significant decrease is recorded (130 mg/1), th en  in October and  N ovem ber 
ano ther considerable increase in  concentration occurs again. The values 
m easured in  these tw o m onths give th e  highest — 210 mg/1 — value during 
th e  seasonal change of Na-ions. The Decem ber value approaches again the  
Jan u a ry  minim um .

The seasonal a lterations o f Cl-ions (Fig. 4)  appeared  to  be th e  m ost 
irregular ones. Also in  th is case th e  m inim um  value (200 mg/1) was m easured 
in Jan u a ry , however, a  sim ilar m inim um  of Cl “ -concentration (230 mg/1) can 
be observed in  June, too. The highest values: 775 mg/1 and  755 mg/1 were 
m easured during the  spring, in  M arch and  April. The values found in sum m er 
an d  in  au tum n  are heterogeneous. Since the  m ost considerable portion  o f th e  
to ta l ionic concentration of th e  haem olym ph is constitu ted  by the  ions m eas
ured  by  us, on th e  basis of th is also osm otic pressure was calculated considering 
the  concentration of th e  above four ions, which also showed seasonal a lte ra tion  
(Fig. 5). The osm otic pressure of the  lym ph exhibits th e  lowest value —■ 
23.4 mOsmol ±  2.77 (S.E.M.) — in w inter, while in the  o ther season i t  is 
30.9 ±  1-44 (S.E.M.) — 33.4 mOsmol i  0.75 (S.E.M.) showing no significant 
fluctuation.

Discussion

The character o f th e  a lte ra tion  o f Ca-ions is in good agreem ent w ith  
the  d a ta  of A. T il g n e r -P e t e r  (1958) ob tained  for snails. These resu lts dem on
s tra ted  th a t  in th e  haem olym ph of th e  snail th e  Ca2+-concentration m easured 
in w in ter was m uch higher th an  th a t  m easured in  sum m er. B arftjrth  (1881) 
and  B u r to n  (1972) also observed th a t  the  q u an tity  of th e  Ca-rich cells, the



78

m  Os m ot

F ig . 5. Seasonal a lte ra tio n  o f th e  osm otic  p ressu re  in  th e  haem o lym ph  o f  A nodonta
cygnea L .

so-called Ca-sphaerules of Helix pomatia showed a  m arked decrease during 
w inter, which m ay be a reason of th e  higher C a-concentration o f th e  lym ph, 
since C a-accum ulation tak ing  place in sum m er is elim inated in  w inter.

Among th e  estim ated  four ions Cl-ions were presen t in highest con
centration.

C alculating the  average values o f th e  observed ionic concentrations and  
com paring them  w ith  the  d a ta  of o ther au thors referring to  the  concentrations 
of th e  sam e ions, th e  following conclusions can be draw n (Table I ) :  The ionic

T A B L E  I

Io n ic  concentrations m easured by different authors in  the haem olym ph  
o f A nodonta  cygnea L .

concentration mg/1

Na K Ca Cl

P o t t s  (19 5 3 ) 35 8 19 33 7 4 1 5
M a r c z in s k y  (1959) 44 4 3 0 .4 17 .7 8 0 3 .6
P r e s e n t  r e s u l t s 164 12 126 538

concentrations m easured an d  described by  different au thors differ from  each 
o ther quite substan tially . The annual average value of the  concentration of 
N a-ion m easured by us is only h a lf o f th e  value given by  Potts and  one-third 
of th a t  given by Marczinsky. In  th e  case of K -ions a deviation of approxim ate
ly  sim ilar proportions is ob tained  considering the  d a ta  of th e  above tw o authors, 
as Potts gave 19 mg/1, while Marczinsky 30.4 mg/1 for th e  concentration 
of K -ions of Anodonta lym ph, contrarily  to  th e  value of 12 mg/1 m easured by us.

The m ost considerable difference can be found in  the  case o f Ca-ions. 
The Ca2+-level is only abou t tw o-fifths of th e  value (337 mg/1) given by  Potts 
an d  7 tim es g reater th a n  th a t  given b y  Marczinsky (17.7 mg/1).
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In  th e  case of Cl-ions, th e  C l- -concentration m easured in  our work 
(438 mg/1) is lower th an  th a t  described by  Marczinsky (804 mg/1) and  higher 
th an  th a t  published by  Potts (415 mg/1). The differences in  com paring the  
ionic concentrations m ay p a rtly  resu lt from  th e  fac t th a t  th e  determ ination  
o f th e  ionic com position was n o t carried ou t in  th e  same season by  th e  above 
au thors, on th e  o ther hand, it  m ay happen even in th e  sam e species, th a t  
th e  com position of the  lym ph depends on th e  ex ternal environm ent. F o r ex
am ple, i t  is known, th a t  th e  sam e species o f mussels or snails living in  d if
ferent ty p e  of w ater form ing th e ir environm ent is characterized by  d ifferent 
Ca-m etabolism . thus, th e  Ca2+-level of th e  lym ph m ay likewise be different. 
One of the  ou tw ard  forms of th is, th a t  th e  snails and  mussels living under 
different environm ental conditions secrete th in n er or th icker shells depending 
on the  Ca2+-level of w ater.

The fact is also known, th a t  in  th e  case of th e  fresh-w ater species th e  
osm otic pressure of th e  p lasm a decreases in  th e  course of cold-adaptation. The 
osm otic pressure calculated from  th e  ionic concentrations m easured by  us is 
also is in  good agreem ent w ith  th e  above establishm ent.

Sum m ary

Investigating  th e  seasonal a lterations o f Ca-, K -, Na-, an d  Cl-ions in 
th e  haem olym ph of Anodonta, th e  following resu lts were obtained:

1. All th e  exam ined ions exh ib it seasonal changes.
2. The seasonal a lterations o f Ca- and  K -ions are d irected  oppositely: 

th e  highest concentration o f Ca-ions was m easured in  w inter, th e  lowest in 
spring and  sum m er, while in  th e  case of K -ions th e  m axim um  value can be 
determ ined in  the  sum m er m onths and  the  m inim um  in th e  w in ter m onths.

3. The seasonal a lterations of N a- and  Cl-ions are abou t th e  same.
4. The m ethod for determ ining Ca and  Cl can be carried o u t rap id ly  and  

w ith  ease, therefore, i t  is su itab le to  estim ate th e  concentration of Ca- and  
Cl-ion in o ther biological objects, too.
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Ca-, K -, N a- és C l-IO N O K  SZ E Z O N Á L IS  V ÁLTOZÁSA  A N O D O N T A  C Y G N E A  L . 
H A E M O L Y M P H Á JÁ B A N . Ca- és C l-IO N O K  E G Y S Z E R Ű , G Y O RS 

M E G H A TÁ R O ZÁ SA

N em csók János és D . J .  S zász Á gnes

Összefoglalás

V izsgálva A nodonta  h aem o ly m p h á jáb an  a  Ca-, K -, N a- és C l-ionok szezonális v á l
to z á sá t a  k ö v e tk ező k e t k a p tu k :

1. V alam enny i v izsgált ion  szezonális v á lto zá s t m u ta t .
2. A  Ca- és K -ionok  szezonális v á lto zása  e llen té tes irán y ú : a  C a-ionok k o n cen trá 

ció ja  té len  a  legm agasabb , tav a ssza l és n y á ro n  a  legalacsonyabb , m íg  a  K -ionok  esetében  
a  m ax im u m  a  n y á ri, a  m in im u m  ped ig  a  té li h ó n ap o k b an  m érh e tő .

3. A  N a- és C l-ionok szezonális v á lto zása  n ag y jáb ó l m egegyező.
4. Az á lta lu n k  h a szn á lt Ca- és C l-m eghatározás gyo rsan  és könnyen  elvégezhető , 

e zé rt a lk a lm as m ás  biológiai m in tá k  Ca- és Cl-ion k o n cen trác ió inak  m eg h a tá ro zá sá ra  is.
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The significant concentration o f biogenic m onoam ines, th e  existence of 
th e  synthetizing  and  decomposing enzym es (Osb o r n e  an d  Co t t r e l l , 1970 
Ma r s d e n , 1972; H ir ip i  1970) as well as the  d a ta  ob tained  by  exam ination of 
th e ir functional role (G e r s c h e n f e l d , 1973) refer to  a tran sm iitte r function 
o f monoamines in  the  organism  of G astropods. Serotonin and  dopam ine have 
been dem onstra ted  in  a num ber of G astropods, while th e  iden tification  of 
noradrenaline in  th e  cen tral nervous system  of some species was successful 
only  la te ly  (Osbo rn e  and  Co t t r e l l , 1970; H i r i p i , 1972; J o u rio  andK iLLicK ,
1972).

In  our previous exam inations a significant concentration of serotonin 
was m easured in  the  cen tral nervous system  o f Lymnaea stagnalis (H i r i p i , 
1968), a t  th e  sam e tim e th e  q u an tity  of dopam ine and  noradrenaline in  th is 
species is unknow n. According to  our earlier exam inations in  th e  nervous 
system  of Lymnaea MAO takes p a r t  in  th e  enzim atic elim ination o f 5HT 
(H ir i p i , 1970) b u t th e  sam e enzym e is also im plicated  in  the  break-dow n o f 
catecholam ines. Therefore, th e  inh ibition  of MAO can be expected to  resu lt 
in  th e  increasing of 5HT, DA and  NA. Our investigations perform ed on a 
Pelecypod ( Anodonta cygnea)  have shown th a t  th e  effect of M AO-inhibitors 
affecting th e  m onoam ine level changes th e  behaviour of th e  anim als (H i r i p i , 
1973; H ir ip i  e t al., 1974) and  a sim ilar phenom enon m ay occur also in  Lymnaea.

O ur exam ination was aim ed a t  determ ining concentration o f dopam ine 
an d  noradrenaline in  th e  cen tral nervous system  o f Lymnaea. In  addition, 
th e  effect of iproniazid, n ialam id an d  tranylcyprom ine inhibiting  MAO, pCPA 
inhibiting th e  synthesis of 5H T as well as the  effect of reserpin on th e  m em 
brane of vesicles p artic ipa ting  in th e  storage o f m onoam ines upon th e  level of 
serotonin, noradrenaline and  dopam ine and  on th e  behaviour o f th e  anim als 
were investigated.

M aterial and m ethod

F or th e  experim ents ad u lt specimens of Lymnaea stagnalis were used. 
Catecholamines were estim ated  by  th e  m ethod o f A n to n  an d  Sa y r e  (1962; 
1964) while serotonin by  the  m ethod o f Sn y d e r  e t al. (1965).

6
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DOPAMINE

A B

WAVELENGTH m/j

F i g .  1.  a )  E x c i t a t i o n  ( A )  a n d  e m i s s i o n  ( B )  s p e c t r u m  o f  d o p a m i n e .  T h e  m a x i m u m  o f  
e x c i t a t i o n  s p e c t r u m  i s  3 2 5  m ,u  T h e  m a x i m u m  o f  e m i s s i o n  s p e c t r u m  i s  3 8 5  m f i .  1 —  t i s s u e  

h o m o g e n i z a t e ,  2  — a u t h e n t i c  D A ,  3  —  b l a n k

N O RAD R EN AL IN E  

A B

b )  E x c i t a t i o n  ( A )  a n d  e m i s s i o n  ( B )  s p e c t r u m  o f  n o r a d r e n a l i n e .  T h e  m a x i m u m  o f  e x c i 
t a t i o n  s p e c t r u m  is  4 1 5  m fi .  T h e  m a x i m u m  o f  e m i s s i o n  s p e c t r u m  i s  5 1 9  m / t .  1 — t i s s u e  

h o m o g e n i z a t e ,  2  — a u t h e n t i c  N A ,  3 —  b l a n k
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The pharm acological tre a tm e n t was carried  o u t as follows: the  pharm acon 
was dissolved in  filtered  B alaton-w ater, th en  15 snails were placed in  1 litre  
o f solution and  th e  anim als were kep t a t  room  tem peratu re  for 24 hours. A t the  
end of the  f irs t day  th e  anim als were transferred  back to  B alaton-w ater. The 
control anim als were kep t in  B alaton-w ater for 24 hours a t room  tem perature. 
The experim ents were carried o u t during sum m er. The results m ean the  
average of 3—5 m easurem ents.

The nam e of th e  pharm acons an d  th e ir concentrations are listed  below: 
p-chlorophenylalanine-(pC PA )-m ethylaester-H C l 100 mg/1 (SERVA Finebio- 
chemia); R eserpin (R ausedyl inj.) 1 mg/1 (K őbányai G yógyszerárugyár); 
N ialam id (SIGMA Chemical Com pany) 5 x l 0 -4 M; Iproniazid  (SIGMA 
Chemical Com pany) 5 X 10 “ 4 M; trans-2-phenylcyclopropylam ine (T ranylcy
prom ine) 10“ 4 M (Aldrich Europe).

The concentration of serotonin, dopam ine and  noradrenaline was m eas
ured  on th e  1st, 2nd, 3rd and  6th  day  a fte r th e  application of th e  pharm acons. 
D uring th e  en tire  experim ental period th e  behaviour of th e  anim als was 
w atched w ith atten tion .

R esu lts

a) 5HT, DA, N A  in the ganglion of Lymnaea

The results o f th e  fluori m etric exam inations indicate th e  existence of 
dopam ine and  noradrenaline besides serotonin in th e  nervous system  of 
Lymnaea. The spectra  o f dopam ine and  noradrenaline isolated from  the  nervous 
system  were identical w ith  th a t  of au th en tic  DA and  NA (Fig. 1A, B ). 
Nam ely, th e  m axim um  of th e  excita tion  spectra  was a t  325 and  415 m y, while 
th e  m axim um  of emission spectra was a t  385 an d  519 m y, respectively. The 
concentration o f serotonin was found to  be 20.35 ±  1.06 pg/g (S.E.M.), th a t  
of noradrenaline 0.63 ±  0.08 yg/g (S.E.M.), while th a t  o f dopam ine 12.98 ±  
±  0.46 pg/g (S.E.M.).

b) Effect of pharmacons on the serotonin level

The m ost significant a lteration  in  the  serotonin level was caused by  
reserpin (Fig. 2). A t th e  end o f th e  f irs t day  follow ing th e  application of 
th e  pharm acon, the  serotonin level shows a  50 per cent decrease and  on the  
th ird  day  th e  degree of decrease is approxim ately  80 per cent. On th e  basis 
o f the  observations th e  effect of pharm acon on th e  ac tiv ity  of the  anim als 
can be divided in to  tw o phases: on th e  firs t day, th e  ac tiv ity  of th e  anim als 
increases th en  m arkedly decreases on the  2nd and  3rd day  following the  
application of th e  pharm acon. A t th is tim e anim als sink to  th e  bo ttom  o f the  
vessel, th ey  stop moving and  th e  m ajo rity  o f th e  anim als lie in up tu rn ed  
position (foot up) w ithdraw n in to  th e  shell. The dea th  of the  anim als occurs 
on the  2nd day, and  on th e  3rd day  6 0 —65%  of them  are perished. On th e  
4 th  day, a fte r th e  application of th e  pharm acon, no live anim al was found.

pCPA also decreased th e  serotonin level significantly (Fig. 2). The 
decrease reached a  m axim um  betw een th e  3rd an d  6 th  day  following th e  
application of th e  pharm acon, nam ely, a t  th is tim e, the  serotonin level was

6*
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ab o u t 40 per cent com pared to  th a t  of th e  control anim als. Following th e  
tre a tm e n t th e  m otility  of th e  anim als slightly  decreased.

Am ong th e  MAO inhibitors n ialam id and  iproniazid ( Fig. 3) decreased 
th e  serotonin level gradually  by  25 30 per cent u n til th e  3rd day, th en  on
th e  6 th  day  a  resto ration  of serotonin level ensued. The effect of tran y lcy p ro 
mine is som ew hat d ifferent ( Fig. 3): th e  level of 5H T m easured on the  firs t 
day  hard ly  differs from  th a t  o f th e  control, the  level of 5H T m easured on 
th e  6 th  day  exhibits a  50 per cent decrease.

c) Effect of pharmacons on the level of CA

R eserpin did  n o t significantly  a lte r th e  level of dopam ine an d  noradrena
line on th e  f irs t day  following th e  trea tm en t. However, on th e  2nd day  already  
a no tab le decrease was recorded bo th  in  dopam ine and  in noradrenaline level, 
i.e. th e  level of noradrenaline fell to  40 per cent, while th a t  o f dopam ine 
to  60 per cent (F ig. 3).

Tranylcyprom ine affected th e  level of dopam ine and  noradrenaline 
diversely ( Fig. 4): i t  d id  not significantly a lte r noradrenaline level on th e  firs t 
day, while on th e  2nd day  noradrenaline level decreased to  65 per cent, th en  
resto red  on th e  3rd day  an d  a 20 per cent increase was m easured. D opam ine 
level was hard ly  influenced b y  tranylcyprom ine.

D iscu ssion

The concentration of serotonin approxim ately  corresponds to  previous 
d a ta  (HnarPl, 1968). The concentration o f dopam ine is in good agreem ent w ith  
th e  d a ta  described in o ther snails, while in th e  case o f noradrenaline th e  con
cen tration  m easured in  th e  presen t w ork is the  highest one, which has ever 
been found in  G astropods (Welsh, 1972). I t  is possible th a t  th e  q u an tita tiv e  
differences are connected w ith  th e  significance of a  given m onoam ine in the  
regulation of seasonal changes, b u t there m ay also be differences in  th e  storing 
system .

The behavioural change caused by  reserpin is in agreem ent w ith  th a t  
found in o ther G astropod species (M ie o l l i an d  W e l s h , 1965; K e b k u t  e t 
al., 1966), as well as w ith  th a t  observed in  th e  fresh-w ater mussel (H ik ip i ,
1973). The in itia l increase in th e  ac tiv ity  p robably  is caused by  a  p a r t  of 
m onoam ines released from  th e  storing site by  reserpin and  depleted  rap id ly  
tow ard  th e  periphery  exerting  an  exc ita to ry  effect there. The considerable 
decrease caused by  reserpin can be accounted for th a t  reserpin — as i t  is 
know n — n o t only depletes th e  neuro transm itters v ia  affecting th e  m em brane 
o f th e  storing vesicles b u t also inhibits th e ir rebuilding.

pCPA  caused a  considerable decrease in  th e  5H T level, which obviously 
can be explained by  decreasing th e  serotonin level to  a high degree v ia the  
inh ibition  of th e  ac tiv ity  o f tryp tophane-hydro laze by  pCPA  (K oe and  
Weissmann, 1968).

The MAO inhibitors d id  no t increase b u t ra th e r decreased th e  5HT level 
in  th e  cen tral nervous system  o f Lymnaea sim ilarly to  th e  results ob tained  
in Anodonta (H ib ip i  e t al., 1974), a lthough in  the  cen tra l nervous system  of 
Lymnaea MAO ac tiv ity  was previously dem onstrated  (H i b i p i , 1970). I t  has
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been know n th a t  th e  m echanism  o f the  effect of tranylcyprom ine, a M AO  
inhibitor, considerably inh ib its m onoam ine u p tak e  (K n o ll  and  Ma g y a r , 
1972). Consequently, th e  decrease in th e  serotonin level caused by  tra n y l
cyprom ine presum ably  is a resu lt o f th is  process, while th e  decrease in th e  
serotonin level resu lted  by  nialam id and  iproniazid cannot be accounted for 
a t  th is  m om ent.

The effect of tranylcyprom ine on the  level of noradrenaline and  dopam ine 
probab ly  is also associated w ith  th e  depletion of catecholam ines by  th e  phar- 
m acon from  the  storing vesicles to  th e  periphery.

Sum m ary

1. The exc ita tion  and  emission spec tra  recorded from  th e  tissue sam ple 
correspond to  th e  exc ita tion  an d  emission spectra  of DA an d  NA.

2. Besides serotonin th e  cen tral nervous system  o f Lymnaea stagnalis 
contains dopam ine (12.98 pg/g) and  noradrenaline (0.63 pg/g) to  a  high degree. 
DA an d  NA present in  a significant concentration besides serotonin m ay 
suggest th a t  DA and  NA also p lay  a  significant role in  th e  neurotransm ission 
in  Lymnaea stagnalis, too.

3. R eserpin an d  pCPA decreased th e  serotonin level to  a high degree. 
N ialam id, iproniazid and  tranylcyprom ine known as MAO inhibitors con trary  
to  th e  expectation, d id  n o t increase b u t ra th e r decreased serotonin level.

4. The reserpin tre a tm e n t decreased considerably also th e  level of DA 
an d  NA, while tranylcyprom ine decreased only th e  NA level noticeably, and  
hard ly  a ltered  the  level o f dopam ine.
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M O N O A M IN O K  A  L Y M N A E A  S T  A O N  A L I S  (G A STR O PO D A ) 
K Ö Z P O N T I ID E G R E N D S Z E R É B E N  É S  F A R M A K O N O K  H A TÁ SA  

A  M O N O A M IN SZ IN T R E

N em csók János, L . N .  M arkova  és H ir ip i  László

Ö sszefog lalás

1. A  szö v e tm in táb ó l fe lv e tt gerjesz tési és em issziós sp ek tru m o k  m egegyeznek  a  
D A  és N A  gerjesztési és em issziós sp ek tru m aiv a l.

2. Lym naea  stagnalis k ö zp o n ti idegrendszere  a  szero ton in  m e lle tt je len tős m é r té k 
ben  ta r ta lm a z  d o p am in t (12,98 pg/g) és n o ra d re n a lin t (0,63 pglg). A  szero ton in  m e lle tt 
je len tő s k o n cen trác ió b an  előforduló D A  és N A  a la p já u l szo lgálhat an n a k  a  nézetnek , 
h o g y  a  D A  és N A  is je len tő s szerepet já tsz ik  a  neu ro transzm issz iós fo ly am ato k b an  
Lym naea  stagnalis ese tében  is.

3. A  resep rin  és pC PA  je len tő s m é rték b en  csö k k en te tte  a  sze ro to n in sz in te t. 
A  M A O -gátlókén t ism ert n ia lam id , ip ron iaz id  és tran ilc ip ro m in  a  v á rak o zás tó l e lté rően  
n em  em elte , h an em  in k áb b  csö k k en te tte  a  sze ro ton in sz in te t.

4. A  reserpinkezelés a  D A  és N A  sz in tjé t is je len tősen  lecsö k k en te tte , m íg  a  tr a n i l
c iprom in  csak a  N A  sz in tjé t c sö k k en te tte  figyelem re m éltó an , a  do p am in  s z in tjé t azonban  
alig  v á lto z ta t ta  m eg.
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In  vertebrates veratrine is known as a vagus exc ita to r giving rise to  
th e  B ezo ld - J a r isc h ’s reflex when infused in tracard ially  an d  causes in  th is  
w ay bradycard ia  and  a  decrease in blood-pressure (J a r isc h  and  R ic h t e r , 
1939). A lthough veratrine has some effect also on th e  presso- and  chemo- 
receptors of sinus caroticus, caroticus communis and  lung of vertebrates, i t  is 
tak en  as a specific agent for the  exc ita tion  of h eart m echanoreceptors (N e il . 
e t al., 1949; K il l ip , 1963). The isolated hearts are influenced in th e  same 
m anner b y  veratrine  an d  h ea rt glycosides increasing N a-inw ard curren t and  
changing K -perm eability  resulting in the  depolarization o f th e  h ea rt cell 
m em branes following arrh y th m ia  when the  application is prolonged (B a r tels- 
and  R o s e n b e r r y , 1973; H orackova  an d  Va sso r t , 1974; Sp e r e l a k is  and  
P a ppa n o , 1969).

The presence o f mechano-, an d  chem oreceptors in  th e  Helix h ea rt as 
well as their represen ta tion  in  th e  cen tral nervous system  was proved by  our 
earlier results (S.-R ózsa and  Sa l á n k i, 1973 a, b; 1974). Since a  considerable 
overlap was found in  th e  cen tral represen ta tion  of th e  two receptors, an  a ttem p t 
was made to  separate them  by  using veratrine. In  the  presen t paper th e  reac
tion  of the  cen tral neurones is described giving answer to  the  stim ulation  
o f heart mechano- an d  chem oreceptors during in tracard ia l perfusion b y  
veratrine.

Material and method

The experim ents were carried o u t on active Helix pomatia L. a t  room  
tem peratu re  (20 —22°C) in au tum n  and  w inter. Snails kep t in  h ibernation 
during w inter were waken and  activated . In  th e  experim ents th e  b ra in -heart 
p reparation  of Helix pomatia described earlier was used (S.-R ózsa and  Sa l á n k i, 
1973 a). F o r keeping th e  tissues w et and  for solving substances M eng-solution 
(Me n g , 1958) was used. M echanoreceptors were stim ulated  on th e  h ea rt su r
face by  using a fine brush.

The electrical ac tiv ity  of th e  in testina l nerve was recorded ex tracellu larly  
by  bipolar Ag-AgCl electrodes, while the  m em brane and  action poten tials 
of the  cen tral neurones were recorded w ith  glass microelectrodes filled w ith
2.5 M KC1, w ith  resistance from  5 to  15 MOhm. In  th e  experim ents a high



9 0

in p u t im pedance am plifier (Vé r ó , 1971) was used, and  th e  polarization of 
cen tra l neurones could be perform ed w ith  an  appropria te  bridge circuit. In  one 
p a r t  of the  experim ents, in  order to  am plify an d  record the  potentials, ALVAR 
instrum ents were used, while when besides the  nerve and  neurone activities, 
th e  h ea rt contractions were also registered, th e  equipm ent BIOCOMB-5 
(Orion, EMG-4581) was used, assuring sim ultaneous recording for th e  th ree 
events.

The identification and  m apping of th e  investigated  cen tral neurones 
were described earlier (S.-R ózsa and  SalAn k j . 1973 a, b). V eratrine sulphate 
(Merck) was used in tracard iallv .

Results

1. The effect of intracardially perfused veratrine on the activity of heart 
nerve and central neurones

D uring in tracard ia l perfusion o f veratrine intensive afferen t signaliza- 
tio n  has s ta rted  from  th e  h ea rt to  th e  CNS which could be traced  a t  the  level 
o f  cen tral neurones, too. V eratrine from  10~6 M increased the  frequency of the  
po ten tials of th e  h ea rt nerve characterizing th e  exc ita tion  o f m echano- and  
chem oreceptors (F igs 1, 2 and  3). According to  our earlier results (S.-R ózsa ,
1972) th e  exc ita tion  of chem oreceptors caused changes in  th e  h ea rt nerve 
ac tiv ity  w ith  200 — 300 yV  am plitude while th e  exc ita tion  o f m echanoreceptors 
influenced th e  po ten tials w ith  300 — 500 yV  am plitude.

The effect of in tracard ia lly  given veratrine is shown on cell V13 ( Fig. 1). 
This cell according to  our earlier results (S.-R ózsa an d  Sa lAn k i , 1973 b) was 
responding to  tactile  stim ulation  of th e  h ea rt w ith  a  decrease in frequency, 
while th e  excita tion  o f th e  h ea rt chem oreceptors caused an increase in  its 
firing. In  Fig. 1 th e  incom plete inhibition  of th e  firing of cell V13 can be seen 
during tactile  stim ulation  of th e  h ea rt (F ig. IB ) ,  th en  th e  effect of veratrine 
follows ( Fig. 1C). I t  is obvious from  these figures th a t  th e  tw o effects cannot 
be regarded identical, and  th e  veratrine effect is n o t confined only to  the  
m echanoreceptors of th e  heart. This suggestion is supported  by  th e  fact th a t  
a  decrease in  th e  firing ra te  of cell V13 during veratrine  perfusion is lower 
th a n  th a t  during th e  tactile  stim ulation  of th e  h ea rt ( Fig. IB , C), so th e  effect 
o f veratrine also reflected  th e  influences on th e  chem oreceptors of th e  heart. 
In  prolonged in tracard ia l perfusion of veratrine th e  h eart nerve ac tiv ity  
becomes periodic, th en  the  firing p a tte rn  of various in ten sity  and  frequency 
began to  ru n  tow ards the  cen tral nervous system  (Fig. 1C, D ). The in tensity  
of th is  firing  decreased in a tim e-dependent m anner. Com paring th e  in tensity  
o f th e  h eart nerve ac tiv ity  w ith  the  3rd an d  6 th  m in o f veratrine perfusion, 
a  60% decrease in  th e  firing ra te  is found ( Fig. 1C, D ). Period icity  in  th e  heart 
nerve ac tiv ity  was no t observed during th e  stim ulation  o f h ea rt m echano
receptors.

There were some central neurones showing different responses to  the  
tac tile  stim ulation  of th e  h ea rt and  veratrine perfusion although in b o th  cases 
th e  increased electrical ac tiv ity  ru n  from  th e  h ea rt nerve to  th e  cen tral neu 
rones (Fig. 2B  ,C). In  th e  case showen in Fig. 2B  the  ac tiv ity  of th e  cen tral 
neurone was inh ib ited  by m eans of postsynap tic  po ten tials arising upon th e
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F ig . 1. T he effect o f  in tra c a rd ia l perfusion  o f  v e ra trin e  an d  th a t  o f th e  ta c tile  s t im u la tio n  
o f  th e  h e a r t on th e  h e a r t  nerv e  an d  cell V I 3. H ere  an d  in  F igs 2 a n d  3 :  u p p e r — e x tr a 
ce llu lar reco rd ing  from  th e  h e a r t  ne rv e ; low er — in trace llu la r  reco rd ing  from  th e  som a 
o f  th e  neu rone. A  — con tro l; B  — ta c tile  s t im u la tio n  o f  th e  h e a r t;  C  — in tra c a rd ia l p e r 
fusion o f v e ra trin e  a t  concen tra tio n  10“ 6M, th e  reco rd ing  w as m ad e  3 m in  a f te r  from  th e  
beg inn ing  o f  th e  p e rfu sio n ; D  — th e  effect o f v e ra trin e  a t  th e  6 th  m in  o f  its  perfusion

tactile  stim ulation  of the  heart. A fter in tracard ially  adm inistered veratrine 
th e  inhibition of the  sam e neurone was observed only for a sh o rt tim e (Fig. 
2C, firs t part), then  in com parison w ith  th e  control a  60% increase in frequency 
was recorded (Fig. 2C, second p art). W ashing ou t veratrine from  th e  h eart 
the  control value of th e  ac tiv ity  was restored  (F ig. 2D).

Some fu rther cen tral cells had  no definite response to  th e  tactile  s tim u la
tion  of th e  heart (Fig. 3B ), b u t to  th e  in tracard ia l perfusion of th e  veratrine 
th e ir  ac tiv ity  changed significantly for a  long tim e (Fig. 3C, D ). In  th is case 
the  double reaction was observed on the  cen tral neurone since a t  the  beginning 
of veratrine perfusion (10~4 M) th e  firing of the  neurone was inhibited, th en  
the neurone was svnaptically  ac tiva ted  (Fig. 3C, D ). The synap tic  po ten tials 
appearing on the  neurone were synchronous w ith  th e  po tentials running from  
the  periphery  to  the h ea rt nerve (Fig. 3D). A t th e  th ird  m inute of in tra 
cardial perfusion of veratrine the cen tral effect took  also periodical character 
(F ig. 3C).

No central neurone was found to  give the  sam e response to  th e  stim u la
tion  of m echanoreceptor and  th a t  o f th e  in tracard ia l perfusion of veratrine.



92

F ig . 2. T he effect o f  v e ra trin e  an d  ta c tile  s t im u la tio n  o f  th e  h e a r t . A  — con tro l; B  — 
ta c tile  s tim u la tio n  o f  th e  h e a r t ;  G — effect o f  in tra c a rd ia l perfusion  o f  v e ra trin e  a t  con

cen tra tio n  10 eM; D  — a f te r  w ash ing  o u t v e ra trin e

2. The direct and reflex influences of veratrine on the heart muscle

In  order to  stu d y  th e  local and  the  reflex changes in  th e  h ea rt beats 
during in tracard ia l perfusion o f veratrine, the  h eart contractions were registered 
sim ultaneously w ith  the  h eart nerve and  central neurone activ ities. This 
m ethod allowed us to  s tu d y  th e  effect o f central regu lato ry  u n it in th e  m odi
fication of h eart ra te .

These investigations were carried  o u t on th e  m otoneurones (V12, V13) 
identified  earlier and  interneurones (V20, V21). F rom  th e  tw o m otoneurones 
th e  firing ra te  of V12 was increased under th e  stim ulation  of h ea rt mechano- 
receptors, while th e  chem oreceptor excita tion  resulted  in th e  biphasic answer 
(S .- R ó z s a  and  S a l á n k i , 1973 b). D uring in tracard ia l perfusion of veratrine 
(10- 5 M) cell V12 also showed biphasic response; depending in direction from  
th e  ty p e  of the  in itia l cell ac tiv ity . D uring in tracard ia l perfusion of veratrine 
th e  changes in th e  ac tiv ity  of cell V12 reflected  th e  ac tiva tion  of mechano- 
and  chem oreceptors too (F ig. 4A , B ). D uring veratrine perfusion th e  increase
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F ig . 3. T he effect o f  v e ra trin e  an d  ta c tile  s t im u la tio n  o f  th e  h e a rt . A  — co n tro l; B  — 
th e  ta c tile  s tim u la tio n  o f  th e  h e a r t ;  G — effect o f  v e ra trin e  a t  co n cen tra tio n  10_4M; 

D  — th e  effect o f  v e ra trin e  a t  th e  3rd m in  o f  its  perfusion

in  heart nerve ac tiv ity  is observed. In  th e  f irs t case the  h eart nerve ac tiv ity  
was showing th e  ac tiva tion  of chem oreceptors (Fig. dA ), while in the  second 
case th e  ac tiva tion  o f m echanoreceptors also took  place especially a t  the  
beginning o f the  veratrine effect (F ig. dB ). In  th e  case when the  ac tiv ity  
o f cell V 12 was increased during veratrine perfusion it  was th e  resu lt of synaptic  
activation , as th e  pre-po ten tial o f ac tion  poten tials on cell V12 increased 
significantly  (F ig. dB ). On cell V13 also th e  activation  of chemoreceptors 
prevailed over th e  m echanoreceptors during veratrine perfusion and  as a result 
th e  firing o f cell V13 was increased (Fig. dC).

V eratrine did  n o t increase h eart contractile  ac tiv ity  as a resu lt of its 
d irec t effect on the  h ea rt muscle. On th e  contrary , th e  h ea rt beats stopped  
for several seconds a fte r giving veratrine (Fig. dÄ, B, C, m iddle lines) th en  
a f te r  30 — 60 sec th e  h ea rt beats were restored  and  some increase in  frequency 
was observed (Fig. d, second p art), however, i t  can be assigned to  th e  reflex 
influences of veratrine and  not to  its direct effect on the  h eart muscle.

F rom  th e  in terneurones tak ing  p a r t  in th e  regulation of h eart beats the  
reaction of cells V20 and  V21 was stud ied  during in tracard ia l perfusion of 
veratrine. CellV 20is a vasoconstrictor and  receives inpu ts from  m any receptor 
areas of th e  cardio-vascular system  (S.-R ózsa , 1975). In  th e  f irs t phase o f 
veratrine perfusion i t  reacted  w ith  decrease in frequency and  am plitude, then
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F ig . 4. E ffec t o f  v e ra trin e  on  th e  h e a r t , h e a r t  nerv e  an d  a c tiv ity  o f  m o toneu rones V12 
an d  V I 3. H ere  an d  in  F ig . 5 :  u p p e r  — th e  co n trac tile  a c tiv ity  o f  th e  h e a r t ;  m idd le  — 
in trace llu la r  a c tiv ity  o f  th e  c en tra l n eu rone ; low er — ex trace llu la r  a c tiv ity  o f  th e  h e a r t 
n e rv e , f — th e  beg inn ing  o f  th e  perfusion  o f v e ra trin e  a t  co n cen tra tio n  10“ 5M. T his 
reco rd ing  w as m ad e  on  BIO CO M B-5, n o t allow ing to  a sce rta in  th e  ab so lu te  va lue  o f 
p o te n tia ls  b u t th e  tw o  ex trace llu la r  p o ten tia ls  d iffe ren t in  am p litu d e  on  th e  h e a r t  nerve  

co rrespond  also to  th e  ex c ita tio n  o f chem o- o r m echano recep to rs o f  th e  h e a r t
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F ig . 5. E ffec t o f  v e ra trin e  on  th e  h e a rt , h e a r t  nerv e  an d  a c tiv ity  o f in te rn eu ro n es V20 
a n d  V21. T he reg is tra tio n s  as in  F ig . 4 th e  perfusion  o f v e ra trin e  a t  co n cen tra tio n  10“ 5M
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i t  produced for a long tim e doubled po ten tials differing in  am plitude. The 
effect was ev idently  connected w ith  synap tic  ac tiva tion  appearing inevitab ly  
upon veratrine perfusion.

In terneurone V21 having tonic or phasic types of ac tiv ity  (S.- R ó z s a , 
1975) showed variable reaction to  th e  in tracard ia l perfusion o f veratrine. In  
some cases th e  ac tiv ity  o f cell V21 tu rn ed  to  phasic rem aining such even a f te r  
the  cessation o f veratrine perfusion (Fig. 5B ), while in o ther cases neither 
th e  b u rst-ty p e  ac tiv ity  nor the  h ea rt beats were influenced b y  veratrine p e r
fusion ( Fig. 5C), nevertheless, in  th is la te r case th e  firing ra te  of cell V21 was 
again increased. In  all b u t one experim ents (F ig. 5C) veratrine caused sh o rt
term  inhibition  in  th e  contractile  ac tiv ity  o f th e  heart.

The effect of veratrine  was easily  elim inated by  washing out, b u t during 
application it  is able to  keep the  h eart receptors active for a  long period of 
tim e. The periodicity  in  th e  response was m ainly observed when using high 
concentrations (IO-4—10-3 M) o f veratrine.

Discussion

A part from  m am m alian hearts where veratrine has a specific effect on 
th e  m echanoreceptors (J a r is c h  and  R i c h t e r , 1939; N e i l  e t al., 1949) in  
Helix h ea rt th e  chemo- and  m echanoreceptors are  alike sensitive to  veratrine. 
The represen ta tion  of baro- and  chem oreceptors is separated  a t  the  cellular 
level in th e  cardio-vascular centers o f th e  brain  stem  of m am m als (M iu k a  an d  
R e i s , 1972), b u t in  the  cen tral nerve system  of Helix th e  same neurone responds 
to  th e  stim ulation  of h ea rt m echano- and  chem oreceptors (S.-R ó z s a  and  
Sa l á n k i , 1973 b). The sam e conclusion can be draw n from th e  veratrine t r e a t 
m ent of th e  h ea rt as th e  excitation  o f b o th  mechano- and  chem oreceptors 
can be traced  on th e  m otoneurones and  interneurones (Figs 1, 4 and  5).

In  Helix h ea rt th e  veratrine effect took  place m ainly on th e  h eart 
receptors because th e  contractions were influenced only for a sho rt tim e. I ts  
specific effect is supported  also by  th e  fact th a t  on the  cen tral neurones the  
changes arose as a resu lt o f synaptic ac tiva tion  (Figs 3 and  5). In  m ost cases 
th e  changes in  th e  firing of cen tral neurones during in tracard ia l perfusion o f 
veratrine was elicited by  exc ita to ry  postsynap tic  potentials. N either on the  
m otoneurones nor on th e  interneurones were these effects m onosynaptic. This 
suggestion is supported  by  th e  fact, th a t  during veratrine perfusion the  reac
tion  opposite in sign can be observed a t some neurones (V13, V12) em phasizing 
dependence of th e  cen tral effect of veratrine besides the  ac tiva tion  of periph
eral receptors also from  th e  properties of o ther inform ation occurring in th e  
neuronal netw ork. Taking in to  account th is inform ation, too th e  po ten tials 
s ta rted  from  th e  periphery  under th e  influence of veratrine can produce 
excitation  or inhibition  a t  th e  given central neurone. These results supporting  
our earlier findings proved th e  coupled character of cen tral regulation of h ea rt 
beats and  o f th e  ty p e  of regulation based on th e  functioning of interneurones 
w ith  double actions. In  Helix neither on th e  periphery  nor in th e  cen tra l 
neurones an  effect, specific for m echanoreceptors, of veratrine was found con
cerning m am m als ( K o r n e r , 1971; Mi u r a  an d  R e i s , 1972).

In  CNS o f Molluscs th e  neurones firing  synchronously w ith  h ea rt bea ts  
are as rare  as in m am m als (S e l l e r  and  I l l e r t , 1969; M i u r a  an d  R e i s , 1972),
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w here th e  neurones w ith  bu rst ac tiv ity  are regarded as ta rg e t cells o f th e  h eart 
baroreceptors. However, a t  th e  cen tral nervous system  o f Helix cell V21 show
ing b u rs t ac tiv ity  synchronously w ith  th e  h ea rt b ea t was ta rg e t cell n o t only 
fo r inform ation coming from  h eart receptors, b u t th is  is th e  cell w ith  changing 
ac tiv ity  u n d er th e  ac tiva tion  of several inpu ts  from  th e  phasic ty p e  to  tonic 
one (S.-R ózsa , 1975), and  th e  tonic firing above a certain  frequency always 
stopped  th e  heart. In  one of th e  shown experim ents th e  frequency appearing 
during veratrine  perfusion was under th e  critical level (Fig. 5C) so th a t 
changes in  th e  h ea rt b ea t failed to  appear.

The periodicity  of th e  h ea rt nerve ac tiv ity  observed by using high con
centrations of vera trine  is connected w ith  th e  periodical events a t  th e  h eart 
receptors being re la ted  to  th e  m em brane oscillations as in o ther system s 
( F r a n k , 1958; D a n k o  e t al., 1974). This oscillation can be explained w ith  
incom plete repolarization of th e  m em brane as well as w ith  changes in  the  K + 
an d  N a +perm eabilities (U l b r i c h t , 1972; H o r a c k o v a  and  V a s s o r t , 1974) 
leading to  th e  tem porary  insensitiv ity  of th e  recep to r m em brane.

Sum m ary

Studying  th e  peripheral and  cen tral effects of th e  veratrine  in Helix 
h ea rt i t  was found th a t:

1. B o th  th e  m echano- and  chem oreceptors of th e  h ea rt were excited  
during in tracard ia l perfusion o f veratrine from  10~6 M concentration. In  
Helix h ea rt th e  veratrine cannot be regarded as a specific stim u lato r of 
m echanoreceptors.

2. The in tensity  of po ten tials registered from  h ea rt nerve was decreased 
as a function o f tim e. Using high concentrations of veratrine  (1Ö-1 —10-3 M) 
th e  response of the  receptors became periodic, which can be explained by  the  
oscillation of th e  receptor m em brane.

3. V eratrine had  no significant effect on the  h ea rt muscle, th e  ob tained  
effect was the  resu lt of reflex influences.

4. The cen tral effect o f veratrine  was realized on th e  double-action cells 
o f neuronal netw ork. The veratrine  effect a t  the  cellular level depends also 
on  th e  ac tiv ity  o f o ther inpu ts  in  th e  system . The effects caused b y  veratrine 
on th e  cen tral neurones were always th e  resu lt o f synap tic  activation .
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V E R A T R IN  H A TÁ SA  H E L I X  P O M A T I A  L . (G A ST R O PO D A , M OLLUSCA) 
SZÍV  R E C E P T O R A IN , V A L A M IN T  A  SZ ÍV M Ű K Ö D É ST  SZABÁ LY OZÓ  

K Ö Z P O N T I N E U R O N O K O N

S .-R ózsa  K a ta lin

Ö sszefoglalás

V izsgálva H elix  pom atia  L . szivén a  v e ra tr in  perifériás és kö zp o n ti h a tá s á t  m eg 
á lla p íto ttu k , hogy

1. In tra c a rd iá lisa n  p e rfu zá lv a  a  v e ra tr in  10~6M ko n cen trác ió tó l kezdődően  a  
szív  m echano- és kem o recep to ra it e g y a rá n t in gerü le tbe  hozza. A  v e ra tr in  H elix  szíven  
nem  specifikusan  a  m echano recep to rok  serken tő je .

2. V e ra tr in  h a tá s á ra  a  szívidegről reg isz trá lt je lek  in te n z itá sa  az  idő függvényében  
csökken. M agas v e ra tr in  k o n cen trác iók  (10-4M, 10~ 3M) a lk a lm azásáv a l a  recep to rok  v á la 
sza  p eriod ikussá  válik , am i a  re cep to r m em brán-oszcillációs jelenségeivel kapcso la tos.

3. A  v e ra tr in  h a tá s a  s sz ív izom sejteken  n em  k ife jeze tt, a  lé tre jö tt  vá ltozások  
reflexm űködésre  épü lnek .

4. A  v e ra tr in  kö zp o n ti h a tá s a  kap cso lt n eu ro n h á ló za t tö b b h a tá sú  se jtje in  re a li
zálód ik . Az egyes se jtek  sz in tjén  je len tkező  v e ra tr in  effek tu s a  rendszer m ás  bem eneté inek  
a k tiv itá sá tó l is függ. A  v e ra tr in  á lta l in d u k á lt vá ltozások  a  k ö zp o n ti neu ronokon  m in d ig  
sz in ap tik u s  a k tiv á lá s  eredm ényei.
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In  recent years while studying th e  sites of actions of d ifferent substances 
th e  analysis of th e ir effect on the  m em brane prevailed b o th  on th e  nerve 
an d  muscle cells, in order to  discover th e  pharm acological properties as well 
as th e  ion-m echanism s o f th e  receptors (G e r s c h e n e e l d , 1973; T r a u t w e i n , 
1973; M i l l e r , 1973). R ecen t results proved  th e  m em brane effect of tran sm it
te rs  on th e  h ea rt of num erous inv erteb ra te  an d  v erteb ra te  species and  in  some 
cases even th e ir sites of action and  ion-dependence were described (M i l l e r , 
1973; H o l l e y  and  D e l a l e u , 1972; W i l k e n s  and  G r e e n b e r g , 1973; I r i - 
SA W A et al., 1973). In  Locusta h ea rt our previous results verified th e  tran sm itte r 
role o f acetylcholine (Ach), 5 -hydroxy tryp tam ine (5HT) and  gam m a-am ino
bu ty ric  acid  (GABA), as well as th e  N a- and  Ca-ion dependence of th e  effect 
o f Ach and  5HT (S.- R ó z s a  an d  V .-S z ő k e , 1973; S.- R ó z s a  e t al. 1973). To pursue 
these studies th e  investigations of th e  site of action o f tran sm itte rs  were em 
phasized for clearing up  w hether on th e  h ea rt muscle m em brane o f insects 
th e  receptors o f Ach, 5H T an d  GABA can be com pared to  th e  structu res known 
for o ther classes of anim als or w hether th ey  had  some distinguishable properties. 
T he present paper sum m arizes the  resu lts o f these experim ents.

Material and method

E xperim ents were carried o u t on th e  adu lts  of 2 —7 weeks old Locusta 
migratoria migratorioides R . F ., b o th  m ale an d  female specimens were used. 
The anim als were ob tained  from  breeding, k ep t a t  a  tem p era tu re  of 28 —32°C 
w ith  12 hours photoperiodism . The experim ents were m ade a t  room  tem pera
tu re  (22 —26°C).

The experim ents were perform ed on th e  half-isolated heart, i t  was de
scribed earlier in detail (S.-Rózsa and  V .-S z ő k e , 1970). The recording o f action 
po ten tials was m ade by  conventional glass microelectrodes filled w ith  2.5 
M KC1 using th e  equipm ent described earlier (S.- R ó z s a  and  V .-S z ő k e , 1972).

In  th e  experim ents th e  physiological saline p repared  for insect hearts  
(L u d w ig  e t a l., 1975) was used an d  th e  investigated  substance was dissolved 
in  th e  sam e solution im m ediately  before application. The substances were 
stud ied  a t  concentrations IO-10—10-3 M observing th e ir effect over a  period

7*
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of 10 m inutes. The p re trea tm en t w ith  inhibitors took  5 — 15 m inutes, th en  the  
tran sm itte r  was added  together w ith  th e  blocking substance. In  case of biphasic 
effect o f th e  tran sm itte r th e  blocking o f bo th  effects was studied.

The following substances were used: acetylcholine chloride (Sigma); 
5 -hydroxy tryp tam ine creatinine su lphate (Reanal); gam m a-am ino-butyric 
acid  (Reanal); nicotine hydrogen ( t)- ta rtra te  (BDH); d-tubocurarine dichloride 
(Schuchardt); atrop ine su lphate (BDH); benzoquinonium  chloride, m ytolon 
(St. W. Res. In st); brom o-d-lysergic acid d iethylam ide, BOL-148 (Sandoz); 
m ethysergide bim aleate (Sandoz); ergom etrine (Fluka); p icrotoxin (Fluka); 
bicuculline (Pierce chemical Co).

Results

1. Effect of antagonists on the membrane of Locusta heart
According to  our d a ta , th e  antagonists possess own effects on th e  h ea rt 

varying from  an insignificant decrease or increase in  frequency and  sometimes 
in  am plitude to  the  stopping o f h ea rt beats.

T A B L E  I
E ffects of receptor antagonists on the spontaneous 

action potentials o f Locusta heart

A ntagonists and  concentration used (M )
Changes in  spontaneous action potentials

frequency am plitude

Antagonists of Ach receptors
d-Tubocurarine i o - « —i o - 4 decrease, increase slight decrease

i o - 3 decrease, stopping ceased
Atropine i o - 8— i o - 6 decrease, increase unchanged

10-S— 1 0 - 3 decrease unchanged
Nicotine 10-8— 1 0 - 6 increase, decrease unchanged

10 - s — i o - 3 increase, decrease unchanged
Mytolon 10-7— 1 0 - 6 increase, decrease unchanged

10—3— 10—3 decrease unchanged

Antagonists of 5HT receptors
BOL-148 i o - 5 increase, decrease decrease

10i-H1o

increase, decrease ceased
stopping

Methysergide i o - « — i o - 4 decrease, stopping decrease, ceased
Ergometrine 10-9— 1 0 - 4 increase, decrease decrease

Antagonists of GABA receptors
Picrotoxin 10-9— 10-7 decrease unchanged

i o - « — i o - 4 increase, decrease unchanged
unchanged

Bicuculline 10-9—10-7 increase, decrease unchanged
stopping

i o - « — io - « decrease unchanged
i o - 4 decrease, increase unchanged

stopping

Note: The lowest concentration seen in  the Table reflects the threshold concentration of t h e  
pharmacons. The effect dem onstrated a t the first place shows the effect of drugs on t h e  
action potentials a t  the first m inute of application, then  the change of effect is seen if 
occurred few m inutes after the application of the drugs
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F ig . 1. E ffec t o f  n ico tine  on th e  g en era tio n  o f  ac tio n  p o ten tia ls  on  Locusta  h e a r t .  A  — 
co n tro l; B  — effect o f n ico tin e  (10“ 3M) 1 m in u te  a f te r  ap p lica tio n ; G — sam e as B  b u t 

5 m in u tes  a f te r  app lica tio n  o f  d rug ; D  — a c tiv ity  a f te r  w ash ing  o u t n ico tine

F ig . 2. E ffec t o f  m y to lo n  on spon taneous ac tio n  p o ten tia ls . A  — co n tro l; B  — ap p ly in g  
10- 3 Mj m y to lo n ; C  — effect o f  m y to lo n  2.5 m in u tes  a f te r  ap p lica tio n ; D  — a c tiv ity

a f te r  w ash ing  o u t th e  d ru g
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F ig . 3. E ffec t o f  d -tu b o cu ra rin e  on th e  m em b ran e  o f  Locusta  h e a r t .  A  —on tro l; B  — 
beg inn ing  o f th e  ac tio n  o f  d -tu b o cu ra rin e  (10-4M); C  — sam e as B  a f te r  3.5 m in u tes ; 
D  — sam e as  B  a f te r  5 an d  6 m in u te s  o f  ap p lica tion , respective ly ; E  — a c tiv ity  a f te r

w ash ing  o u t d -tu b o cu rarin e

Among anticholinergic substances d-tubocurarine, atropine, nicotine 
an d  m ytolon, am ong antagonists o f th e  5HT, BOL-148, m ethysergide and  
ergom etrine, while am ong an tagonists of GABA picrotoxin an d  bicuculline 
were studied. The results can be seen in Table I  regarding th e  spontaneous 
ac tion  poten tials of th e  Locusta heart.

The investigated  substances influenced more o ften  the  frequency th an  
th e  am plitude fo th e  action potentials. The effect on th e  am plitude was neg
ligible w ith  th e  exception of th e  antagonists of 5H T (Table I ) .  Using an tag 
onists th e  biphasic effect can often be observed indicating th e  tim e- dependent 
appearance o f the  inh ib itorv  or exc ita to ry  influences in  th e  sam e concentration
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5sec
F ig . 4. E ffec t o f  a tro p in e  on  th e  sponatneoua ac tio n  p o ten tia ls  o f  Locusta  h e a r t .  A  — 
co n tro l; B  — ap p ly in g  a tro p in e  a t  10“ 6M; G — effec t o f  a tro p in e  1 m in u te  a f te r  ap p lic a 
tio n ; D  — effec t o f  a tro p in e  2 m in u te s  a f te r  ap p lica tio n ; E  — a c tiv ity  a f te r  rem ov ing

a tro p in e

of th e  drugs. In  Table I  b o th  the  f irs t and  secondary effects of th e  pharm acons 
are shown.

Using cholinergic antagonists th e  changes in frequency were fa irly  small. 
Thus, nicotine a t  10 ~3 M a t  th e  beginning of its  application increased frequency 
by  50 per cent th en  decreased i t  b y  30 per cent (F ig. 1). A t th e  sam e concen
tra tio n s m ytolon, a t  th e  beginning, doubled th e  in itia l frequency b u t a f te r
2.5 m inutes it  failed to  achieve even h a lf o f th e  control value ( Fig. 2). The 
tim e-dependent changes were th e  sam e in  sign using nicotine or m ytolon, 
b u t nicotine influenced m ainly th e  diastolic depolarization of action po ten tials 
w hich appeared  even during th e  decrease of frequency (Fig. 1C), while m y to 
lon caused oscillation in  th e  m em brane p o ten tia l (F ig. 2B, C). D uring its  
application d-tubocurarine influenced the  synap tic  po ten tials (F ig .3)  and
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F ig . 5. E ffec t o f  BOL-148 on th e  m em b ran e  o f  Locvtsa  h e a r t ;  A  — co n tro l; B  — a p p li
ca tion  o f  10~3M B O L-148; G — e ffec t o f  B O L  148 5 m in u tes  a f te r  ap p lica tio n ; D  — sam e

as G a f te r  8 m in u tes

periodically  abolished p o ten tia l generation (Fig. 3). The inh ibition  o f th e  
spontaneous ac tiv ity  appeared  a t  th e  beginning an d  even a fte r 5 and  6 m inu
tes in te rru p ted  w ith  th e  periods of firing  (Fig. 3C). A t th e  beginning of its  
application  atrop ine caused strong inhibition , th en  step  by  step  th e  genera
tio n  o f action poten tials was restored  (Fig. 4). H ere also during diastolic 
depolarization th e  significant increase in  synap tic  po ten tials was observed 
prevailing even a f te r  th e  stopping o f spike generation (Fig. 4 B ). H igh con
centrations (10-4 —10-3 M) o f atrop ine som etimes caused slight tem porary  in 
crease in  frequency b u t it  was followed b y  a  decrease. The effect o f cholinergic 
antagonists was elim inated easily b y  washing out.

Among receptor inhibitors of 5HT, BOL-148 exerted  effect from  a  con
cen tra tion  of 10~5 M. A t th is  concentration BOL-148 caused slight increase 
in  frequency b u t a t  10-4 — 10_ 3 M i t  gradually  slowed th e  firing an d  ceased 
th e  geneartion o f th e  action po ten tials a t  8 —10 m inutes a fte r application ( Fig. 
5D), th is  la tte r  was slow or irreversible. M ethysergide elim inated th e  genera
tio n  o f action po ten tia ls w ithou t exc ita to ry  phase in  lower th an  5H T threshold  
concentration ( Fig. 6 ) , b u t th is  inhibition  ceases a fte r washing out. The effect 
o f ergom etrine was variable, beginning w ith  10-9M a f te r  4 — 5 m inutes o f 
application i t  increased frrequency by  8 —10 per cent by  sim ultaneously lowering 
th e  am plitude to  50 per cent o f th e  control. However, in o ther cases ergom etrine 
caused only inhibition. The effect of ergom etrine was hard ly  reversible.

Among th e  receptor an tagonists o f GABA th e  effect o f p icrotoxin  was 
very  variable, i t  caused inh ibition  and  exc ita tion  alike or was even ineffective. 
In  th is  varia tion  no concentration dependence was ascertained, a lthough a t  
low concentrations th e  increase in frequency was more usual (Table I ) .
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F ig . 6. E ffec t o f  m ethyserg ide  on  th e  m em b ran e  o f  Locusta  h e a r t .  A  — co n tro l; B  — 
effect o f  m ethyserg ide  (10_6iV[) im m ed ia te ly  a f te r  ap p lica tio n ; G — effect o f  m e thyserg ide  
2 m in u te s  a f te r  ap p lia tio n ; D  — sam e as G a f te r  3 m in u te s ; E  — a fte r  m e thyserg ide  rem oval

This effect was reversible. Bicuculline a t  concentrations 10-9 —10_7M firs t 
increased the  frequency o f spontaneous firing th en  inh ib ited  it, while a t  10 ~6 — 
10—_5M only decreased th e  frequency of action  potentials, b u t a t  10“4 M, 
sim ilarly  to  th e  d-tubocurarine, inh ib ition  was in te rru p ted  from  tim e to  tim e 
b y  firing (Fig. 7). Inh ib ition  took  place w ith in  5 m inutes of application. 
Using bicuculline, th e  secondary stopping of th e  generation of action po ten tials 
was n o t regular. The synaptic po ten tia ls become more frequen t, prevailing
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F ig . 7. E ffec t o f  bieuculline on  th e  m em brane  o f  Locusta  h e a r t .  A  — con tro l; B  — effect 
o f  b icuculline (10~4M) 30 se a f te r  ap p lica tio n ; C  — sam e as B  a f te r  2.5 m in u te s ; D  — 

sam e as B  a f te r  3.5 m in u tes ; E  — a f te r  bicuculline rem oval

also during the  stopping of th e  h eart by  bicuculline (Fig. 7D). The effect of 
bicuculline was slowly reversible even a fte r repeated  washing out. The am pli
tu d e  o f th e  spontaneous action poten tials was no t influenced by th e  tw o an 
tagon ists o f GABA receptors.

2. The sites of action of Ach, 5H T and G ABA

According the  our previous results in th e  spontaneous action potentials 
o f  Locusta h ea rt Ach and  5HT caused b o th  th e  inh ib ito ry  and  exc ita to ry  
effects, while GABA produced p a rtia l or com plete inhibition  (S.- R ó z s a  and
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F ig . 8 . M odification  o f  A ch  effect a f te r  p re tre a tm e n t o f  LocM Sta h e a r t  b y  a tro p in e . A  — 
con tro l; B  — firs t m in u te  o f  th e  a tro p in e  (10-5  M) tre a tm e n t;  C  — effect o f  sim u ltaneous 
ap p lica tion  o f  a tro p in e  (10_ 5 M) an d  A ch  (10_ 3 M); D  — a c tiv ity  a f te r  w ash ing  o u t

a tro p in e  an d  A ch

V.-Szőke, 1972; S.-Rózsa et al, 1973). The abolishment of these effects was 
studied here by using the above pharmacons.

The results are sum m arized in  Table I I ,  referring to  th e  wide lim its of 
antagonists used, since m ost o f them  elim inated or tu rn ed  th e  effect of tra n s 
m itte r applied to  th e  opposite. The antagonistic properties o f pharm acons were 
more obvious in the  blocking effect a t  low concentrations o f tran sm itte rs . On 
th e  Ach receptors o f th e  h eart m em brane of Locusta d -tubocurarine possessed 
somehow low activ ity , because it failed to  block the  inh ib ito ry  effect o f Ach, 
an d  also its  exc ita to ry  effect was tu rn ed  in to  th e  opposite in some o f th e  cases, 
m ainly in old anim als. The inh ib ito ry  effect o f Ach (10~9 M) norm ally was
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F ig . 9. M odification  o f  5H T  effec t b y  p re tre a tin g  Locusta  h e a r t  w ith  B O L-148. A  — 
co n tro l; B  — beg inn ing  o f  th e  p re tre a tm e n t o f  th e  h e a r t  w ith  B O L-148; G — sam e as  B  
15 m in u te s  a f te r  p re tre a tm e n t; D  —- effect o f  sim u ltan eo u s ap p lica tio n  o f  BOL-148

(10-1  M) an d  5 E T  (10~4 M)

abolished by  atrop ine (10_1 M) b u t th e  synaptic po ten tials appeared  more 
frequen tly  and  th e  h ea rt beats becam e arrhythm ic. A fter p re trea tm en t w ith  
a trop ine th e  exc ita to ry  influences, of Ach was elim inated b u t th e  arrhy thm ic 
h ea rt bea ts were characteristic too  (Fig. 8). In  some cases following th e  p re 
trea tm en ts  w ith  atrop ine th e  high concentration o f Ach caused an  inhibition 
(Table I I ) . B o th  th e  inh ib ito ry  and  exc ita to ry  effects o f Ach were abolished 
by  nicotine on young anim als, while on older ones th e  inh ib itory  effects p re
vailed or in stead  of th e  usual exc ita to ry  response a t  10 ~6 M Ach the  inhibition 
occurred. M ytolon (10-6 —10~3 M) failed to  influence th e  effect o f Ach.

Among th e  antagonists o f 5HT bo th  BOL-148 and  m ethysergide abohshed 
the exc ita to ry  influences of 5HT. A t m ost o f th e  cases BOL-148 (10~4 10~s
M) n o t only elim inated  th e  excita tion  caused by  5H T b u t stopped  th e  h ea rt 
beats (Table I I ). BOL-148 applied alone caused also a decrease in the  fre
quency o f action po ten tials which could n o t be com pletely com pensated by  
adding 5H T ( Fig. 9). The effect of ergom etrine was variable on th e  receptors 
o f 5HT, som etim es a t  10~4—10-5 M it  abolished th e  excita tion  caused by  
5H T b u t in o ther cases i t  rem ained ineffective (Table I I ) .
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F ig . 10. M odification  o f  G ABA  effect b y  tr e a tin g  th e  h e a r t  w ith  b icuculline. A  — co n tro l; 
B  — 7 m in u te s  a f te r  p re tre a tin g  th e  h e a r t  w ith  b icucu lline (10~7 M); G — sam e as  B  
a f te r  20 m in u tes ; D  — effect o f  sim u ltan eo u s ad d in g  o f  b icuculline (10“ 7 M) an d  G ABA  

(10“ 5 M); E  — sam e as D  a f te r  5.5 m in u te s ; F  — a f te r  rem ov ing  th e  d ru g s

From  th e  receptor an tagonists of GABA picrotoxin abolished th e  in 
hibition caused in low concentrations (10-7, 10-6 M), while in high concentra
tions (10~5 —10~4 M) decreased in  degree b u t w ithou t a  com plete elim ination 
(Table I I ) .  The bicuculline proved  to  be a more effective an tagon ist on the  
GABA receptors because, beginning w ith  10_ 8 M, it  com pletely or p artia lly  
abolished th e  inh ib ito ry  effect of GABA (Table I I ) .  In  some o f th e  cases, a fte r 
trea tm en t w ith  th e  bicuculline, the  inhibition  caused b a  GABA tu rn ed  to  exci
ta tio n  which persisted  th roughou t application (F ig. 10 D, E ). D uring GABA 
application th e  h eart beats became arrhy thm ic b u t th ey  were quickly res
to red  a fte r the  drug was w ashed o u t ( Fig. 10F ).
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M odifica tion  of the effects of A ch , 5 H T  and G A B A  app ly ing  
specific inhibitors to the receptors o f the heart o f Locusta

T A B L E  I I

T ransm itter (M)
The effect of the  

transm itters 
on A P (control)

A ntagonist
E ffect of tran sm itter after 
pretreatm en t of th e  heart 

w ith  antagonists

Acetylcholine
i o - 9 inhibition d-TC ineffective or inhibition

inhibition atropine ineffective or inhibition
inhibition nicotine ineffective or inhibition

i o - 6 excitation atropine inhibition
excitation mytolon excitation

i o - 4 excitation d-TC excitation, stopping
excitation atropine ineffective, inhibition
excitation nicotine excitation
excitation mytolon excitation

5-hydroxytryptam ine
i o - 6 excitation BOL-148 inhibition (to stopping)
i o - 6 excitation BOL-148 inhibition (to stopping)

excitation methysergide inhibition
excitation ergometrine excitation, ineffective

GABA
i o - 6 inhibition bicuculline excitation, inhibition

inhibition picrotoxin ineffective, slight inhibition
i o - 6 inhibition picrotoxin inhibition
i o - 4 inhibition bicuculline excitation

Note: The concentrations of antagonists: d-TC 10-5 M, atropine IO-6—10-4 M, nicotine 10~9 M, 
10-4 M; mytolon 10~6 M, 10-4 M; BOL-148 10-6 M, 10-6 M, methysergide IO-5 M, 10-4 M, 
ergometrine 10~5, 10-4 M, bicuculline 10-8, 10-5 M, picrotoxin 10-e, 10-4 M

Discussion

W e have shown th a t  th e  antagonists of d ifferent receptors exert also an  
effect on th e  generation of th e  action po ten tials of insect hearts as on the  con
trac tile  ac tiv ity , a lthough we have repo rted  already on specific dependence, 
too (S.- R ó z s a  and  V .-S z o k e , 1970; S .- R ó z s a , 1974). On o ther insect hearts 
th e  effect of th e  antagnoists of Ach have been described earlier, according to  
th is  nicotine caused excitation  on th e  h ea rt of several species ( J a e g e r  and  
G a h a n , 1937; D a v e n p o r t , 1949; N a i d u , 1955), while atrop ine an d  curare 
abolished the  Ach effect (H a m il t o n , 1939; M e t c a l f  e t a l., 1964; J o n e s , 1964). 
According to  our earlier d a ta  regarding th e  contractile ac tiv ity  of Locusta 
heart, m ytolon, nicotine and  m ethysergide exerted  biphasic effect (excitation, 
inhibition), while BOL-148 caused only inhibition  (S .- R ó z s a , 1974). The action 
po ten tia ls of th e  h ea rt were affected w ith  these pharm acons in a  sim ilar w ay 
exepting BOL-148 which also causes excita tion  (Table I ) .  T he o ther ph arm a
cons used here have n o t been studied, as fa r as contractile ac tiv ity  of the  h eart 
is concerned. The changes in  th e  action poten tials of Locusta h ea rt showed the  
tem porary  character of th e  exc ita tion  arising during th e  firs t m inutes of th e  
application  o f pharm acons reversing soon to  inhibition  which o ften  stopped 
po ten tia l generation. This la tte r  phenom enon is connected w ith  th e  ad ap ta tio n  
and  desensitization of receptors. The significant increase in th e  am plitude of the
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action po ten tials was found only under th e  influence of antgonists o f 5H T 
receptors (Table I ) .

All th e  an tagonists used, exept m ytolon, abolished th e  effect o f ce rta in  
tran sm itte rs  in  d ifferent degrees or tu rn ed  it  to  a  response opposite in  sign. 
In  abolishing th e  generation of action  po ten tia ls on Locusta h ea rt am ong 
cholinergic an tagonists atrop ine an d  nicotine, am ong th e  inhibitors o f 5H T 
receptors BOL-148 an d  m ethysergide, while am ong GABA antagonists bicucul- 
line were th e  m ost effective agents. The above correspond to  th e  d a ta  ob ta in ed  
on th e  contractile ac tiv ity  o f th e  h ea rt exepting th e  efficiency o f m ethysergide 
(S.- R ó z s a , 1974). Our results em phasized the  presence of sim ilar s tructu res in  
Locusta h ea rt to  th e  v erteb ra te  receptors. The specificity o f th e  receptors 
cannot be discussed here since th e  an tagon ists were tes ted  only on one k in d  
o f receptors, when our earlier d a ta  showed th e  m ixedtype o f th e  sites of action 
o f th e  tran sm itte r in  insect hearts (S.- R ó z s a  and  V .-S z o k e , 1970, S.- R ó z s a ,
1974).

A lthough system atic studies have n o t been carried  o u t to  prove th e  
dependence o f th e  effects of receptor an tagon ists on the  age o f th e  anim als, 
still some decrease was found in  th e  efficiency of these drug in older Locusts. 
Age-dependence in Ach and  5HT effects was no t obvious in  our earlier stud ies 
although i t  was ascertained by  several au thors (M cF a r l a n e , 1967; M cF a r l a n e  
an d  T i n g -Y a  F o n g , 1971; R o u s s e l , 1974). The changes in receptor sensitiv ity  
observed during the  application o f th e  pharm acons also d irected  a tten tio n  
to  th e  im portance of the  age of th , anim als.

On th e  h ea rt m em brane of arth ropods an d  especially insects only lim ited 
am ount o f d a ta  is available regarding th e  receptor properties. The effect o f 
GABA was analyzed only on Periplaneta and  Porcellio hearts being abolished 
by  picrotoxin ( H o l l e y  and  D e l a l e u  1973; M i l l e r , 1973; R i c h t e r , 1973). 
A lthough our present d a ta  added  some fu rth e r inform ation to  th e  sites o f th e  
action of tran sm itte rs  on insect h eart th e  exact localization m ay be found only  
on com pletely isolated hearts. On sem i-isolated hearts b o th  th e  tra n m itte r  
and  pharm acons can ac t on th e  h ea rt and  nerve tissues alike, an d  th e  separation  
of th e  tw o sites involves some difficulties.

Sum m ary

The effect of receptor antagonists of Ach, 5HT and  GABA were s tu d ied  
on th e  m em brane of th e  h ea rt muscle cells of Locusta and  th e ir in teractions 
w ith  th e  transm itte rs . The used antagonists o f cholinergic (d-tubocurarine, 
atropine, nicotine), serotoninergic (BOL-148, m ethysergide, ergom etrine) 
an d  GABA-ergic (picrotoxine, bicuculline) receptors had  effect on th e  m em 
brane of Locusta heart. In  th e  m ajo rity  of th e  cases th e  in itia l exc ita to ry  o r 
inh ib itory  effects tu rn ed  to  opposite in  sign a t  th e  5 th  m inute of the  applica
tion. Among cholinergic antagonists d-tubocurarine, a trop ine and  nicotine 
abolished bo th  th e  exc ita to ry  and  inh ib ito ry  effects of Ach p artia lly  or com
pletely, while m ytolon was ineffective. Among th e  inhibitors o f 5 H T  receptors 
BOL-148 an d  m ethysergide elim inated th e  exc ita to ry  effect of 5HT moreover, 
BOL-148 tu rn ed  i t  to  inhibition  b u t th e  ergom etrine only partia lly  blocked 
5HT effect. P icrotoxin  abolished th e  effect of low concentrations of GABA, 
however, th e  effect of high concentrations o f GABA (10 _i M) was an tagonized 
only by  bicuculline.
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According to  these results the  receptors of th e  h ea rt m em brane o f Lo- 
custa m ay  be characterized w ith  th e  sam e phycological p roperties as know n 
for vertebrates, so th a t  th ey  m ay be regarded sim ilar to  each other.
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T R A N S M IT T E R E K  R E C E P T O R A IN A K  F A R M A K O L Ó G IA I T U L A JD O N S Á G A I 
L O C U S T  A  M IG  I t  A  T O K I A  M IG R A T O R IO ID E S  R . F . (IN SEC TA ) 

S Z IV É N E K  M E M B R Á N JÁ N

S .-R ózsa  K a ta lin  és V .-Szőke Id a

Ö sszefoglalás

V izsgálták  ko linerg , se ro ton inerg  és G A B A -erg recep to r b én ító k  h a tá s á t  Locusta  
sz ív izom sejtje inek  m e m b rá n já n  és azok  k ö lc sö n h a tá sá t tran szm itte rek k e l. M egállapí
to t tá k ,  hogy  a  ko linerg  (d -tu b o cu rarin e , a tro p in e  n ico tine), se ro ton inerg  (B O L -148, 
m ethyserg ide , ergom etrine) és G A B A -erg (p icro tox ine, b icuculline) b én ító k  Locusta  szív  
m e m b rá n já n  s a já t  h a tá s sa l is rendelkeznek . A z ese tek  többségében  a  kezde ti se rk en tő  
v ag y  gátló  h a tá s  ellenkező elő jelűvé v á lik  a  kezelés 5. perce  kö rü l. K o linerg  b én ító k  
közül a  d -tu b o cu ra rin e , a tro p in e  és n ico tin e  különböző  m érték b en  an tag o n izá lják  az 
acety lcho line gátló  és seken tő  h a tá s á t, a  m y to lo n  h a tá s ta la n . A  sero ton inerg  b lokkolók  
közü l a  B O L-148 és m e thyserg ide  az 5H T  serk en tő  h a tá s á t  m egszü n te tik , a  B O L-148 
g á tló v á  a la k í tja  a z t, m íg  az e rg o m etrin  részleges ő H T -h a tás  k ivédést e redm ényez. A  picro- 
to x in  GABA h a tá s á t  a lacsony  koncen trác ió k  a lka lm azásak o r k ivéd i, de m ag asab b  
(10_4M) BAG A  k o n cen trác iók  h a tá s á t  csak  a  b icuculline an tag o n izá lja .

Az eredm ények  sze rin t ro v a r  szívek  m em b rán ján  a  recep to ro k  farm ako lóg ia i 
b lokko lása  m ag asab b ren d ű ek en  ism ert b é n ító k k a l v a ló s íth a tó  m eg, így  azokkal azonos 
tu la jd o n ság ú ak n ak  te k in th e tő k .
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SENSORY INPUT CHARACTERISTICS AT THE CHEMICAL 
STIMULATION OF THE LIP IN THE SNAIL H E L IX  P O M A T IA  L.
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The role of contact chem oreceptors in food detection, in  escape reaction 
to  p redato rs and  also in  form ing some o ther behavioural p a tte rn s  was investi
g a ted  bo th  in  te rrestria l an d  aquatic  gastropods (in: C h a r l e s , 1966). In  ex
perim ents testing  th e  reaction o f th e  whole anim al to  various substances i t  
has been shown th a t  th e  receptors located  around th e  m outh  can d ifferentiate 
am ong chemicals ( K i e c k e b u s c h , 1953). This finding is in  correlation w ith  ea r
lier morphological d a ta  describing various receptor s tructu res in the  lip of the  
snail (S c h u l z , 1938).

E lectrophysiological experim ents on snail chem oreceptors have been 
done m ainly on th e  osphradial nerve in order to  elucidate th e  chem oreceptive 
characteristics of its  peripheral organ. A lthough from  the  nerve itself no action 
po ten tia ls could be recorded ( K o h n , 1961), when stim ulating  th e  osphradium  
w ith  some chemicals th e  specific response of several cen tral neurones was ob
served (B a i l e y  and  L a v e r a c k , 1963; S t i n n a k r e  and  T a u c , 1969). L a te ly  
some special chem oreceptive ab ility  o f th e  h eart and  th e  cen tral representation 
o f th e  afferent inputes were dem onstrated  in Helix  (S.-R ó z s a , 1972; S.-R ó z s a  
an d  S a l á n k i , 1973).

In  our recent investigations we are dealing w ith  th e  irritab ility  o f the  
receptive field of the  m outh  in  th e  snail. W e aim  to  explore th e  effect o f d ifferent 
chemical substances and  to  clear up  th e  peripheral an d  cen tra l mechanisms 
o f th e  discrim ination betw een them . In  th e  presen t paper th e  m ethods applied  
an d  further, some characteristics of th e  afferent ac tiv ity  recorded from  th e  
lip nerve upon stim ulating  th e  chem oreceptors w ith  various substances are 
described.

Material and method

E xperim ents were carried  o u t p a r tly  on brain-lip  preparations p a r tly  
on isolated lip prepara tion  of Helix pomatia L. W hen m aking the  brain-lip  
preparation , these structu res and  th e  nerve connecting th em  were isolated, 
while in th e  case of th e  isolated lip only th e  radu la , lips and  a p a r t  of th e  lip 
nerve were included (F ig. 1).

Using free moving anim als, th e  shell of th e  snail has been removed, th e  
coelom sack was cu t an d  th e  cen tral nervous system  (CNS) w ith  th e  nerves

8*
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F ig . 1. Gross a n a to m y  o f  th e  h ead  an d  th e  CNS in  H elix  pom atia  L . 1 — rig h t ce reb ra l 
gang lion ; 2 in te rn a l lip  ne rv e ; 3 — m ed ia l lip  ne rv e ; 4 — ex te rn a l lip  ne rv e ; 5 — cerebro- 
buccal connective ; 6 — u p p e r lip ; 7 — low er lip ; 8 — m o u th ; 9 — u p p e r  te n ta c le ; 10 — 
low er te n ta c le ; 11 — rad u la ; 12 — rig h t p leu ra l ganglion ; 13 — r ig h t p a r ie ta l ganglion;

14 — v iscera l ganglion
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7 2  3

F ig . 2. P re p a ra tio n  p laced  in  th e  ex p erim en ta l ch am b e r. 1 — circum oesophageal g a n 
glionic rin g ; 2 — lip  nerves; 3 — m o u th  p re p a ra tio n ; T  =  te s t  zone

running tow ards th e  m outh  were explored. Then th e  lip was isolated from  the  
surroundings. The oesophagus was elim inated too, and  so only th e  radu la  and  
th e  lips rem ained in tac t together w ith  th e ir nerve connections. F inally  th e  
CNS was nearly  to ta lly  isolated: all its  nerves were cu t except th e  pair o f lip 
nerves running to  the  upper p a r t  o f th e  m outh.

The prepara tion  was placed in a th ree  p a rte d  plexiglass cham ber ( Fig. 2). 
In  the  firs t the  ganglionic ring, in the  th ird  the  oral p a rt, while between them , 
in  th e  second, th e  lip nerves were located, th e  la tte r  running  th rough  th in  
cuttings m ade on th e  tw o inner walls dividing th e  th ree  sections. A fter placing 
th e  prepara tion  in, th e  middle p a r t  was isolated  from  th e  others by  filling up  the  
cuttings w ith  vaseline. The cu t p a r ts  o f th e  feeding organ, th e  nerve and  th e  
CNS were in  physiological saline, while th e  lip was above th e  solution. W hen 
electrodes were placed under th e  nerve, th e  physiological solution was suctioned 
from  th e  middle p a r t  and  was replaced by  paraffin  oil, rendering recording 
possible an d  pro tecting  the  nerve from  drying a t  th e  sam e tim e.

The isolated lip p repara tion  was m ade sim ilarly b u t th e  lip nerves were 
also cu t a t  branching off from  the  CNS. Accordingly only th e  ac tiv ity  o rig inat
ing from  the  periphery  was recorded. B oth  preparations rem ained in  good 
accondition for hours a t  room  tem p era tu re  (20 - 24°C).

The m ethod of tes tin g  th e  ac tiv ity  of th e  receptors was as follows: th e  
electrical ac tiv ity  was recorded from  one o f th e  lip nerves by  bipolar p latinum  
electrodes fed in to  th e  in p u t of an  A lvar AC am plifier and  reg istra tion  took 
place from  th e  screen of oscilloscope to  film. I t  was cleared up  in  th e  prelim i
n ary  experim ents th a t  upon lip stim ulation  the  highest synchronous ac tiv ity  
increase can be recorded from  the  in terna l lip nerves in  isolated preparations. 
The exact area which gave th e  highest response on th e  nerve to  tactile  stim u la
tion  was determ ined by  tria ls  in every  case (F ig. 2 ,.T )  and  th is  te s t zone was 
exposed locally to  various chemicals during th e  investigations.

The application of substances was perform ed by  using 5 x 5  m m  filte r  
paper soaked in solution p repared  for testing , th en  i t  was p u t gently  on to  th e  
te s t zone. A t the  firs t tim e for each p repara tion  th e  piece o f filte r paper applied 
was soaked in  physiological saline. This w ay th e  response to  th e  tactile  stim ulus 
was tested . D uring th e  experim ents th e  prepara tion  was w ashed w ith  physio
logical solution a fte r each test, an d  th e  tes ts  were carried o u t a t  5 —10 m in 
in tervals to  assure th e  recovery o f th e  receptor sensitivity .
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The change o f ac tiv ity  on the  nerve a t  th e  appliation  of te s t solutions 
was com pared to  th e  spontaneous ac tiv ity  preceding th e  application. A t 
processing th e  d a ta  th e  po ten tials produced in  10 sec before and  a fte r th e  app li
ca tion  o f th e  drugs were counted and  for th e  com parison o f th e  values the  
control a c tiv ity  was tak en  as 100 per cent. E ach  substance was used in several 
p reparations an d  th e  m ean values are com pared and  given in Table I .

T he solutions and  substances used in  th e  experim ents were: physiologi
cal saline (NaCl 6.5 g, KC1 0.14 g, CaCl, • 2H 20 , 0.12 g, N a H P 0 4 0.01 g, 
NaHCOg 0.02 g/1), distilled w ater; glucose (1, 2 an d  5 per cent); saccharose 
(1, 2 an d  5 p er cent); NaCl (5.8 per cent); KC1 (7.5 per cent). Sugars were 
dissolved bo th  in  physiological saline an d  in  distilled w ater. The effect of 
several p lan t pro tecting  agents which are used in agricu ltural practice against 
weeds, insects and  molluscs, were also tested . These are: dazom et (3,5-dim ethyl- 
te trahydro-l,3 ,5-tiad iazin-2-tion) (10“2 and  10~3 M); d ip terex  (0,0-dim ethyl 
2,2 ,2-trichloro-l hydroxyethy l phosphate) (10-2 an d  10~3 M); m alath ion  
(0,0-dim ethyl d ith iophosphate o f d iethy l m ercaptosuccinate) (from 10-4 to  
10- 8 g/ml). The firs t tw o were dissolved in  physiological solution while the  
th ird  in  d istilled  water.

The experim ents were carried o u t th roughou t th e  year.

Results

A. Brain-lip preparation

A ctiv ity  could be recorded from  th e  nerve also in the  case when no 
stim uli were applied to  th e  te s t zone. This “ resting” ac tiv ity  is com posed o f 
irregularly  d is trib u ted  fast com ponents o f various am plitudes (50 — 100 pV). 
The frequency varies in  d ifferent p reparations an d  changes also in  th e  same 
p repara tion  in  tim e between 3 —8 imp/sec. As a m ean o f 110 m easurem ents it  
was found 4.6 spikes/sec ( Fig. 3). W hen touching th e  lip w ith  a  fine b rush  th e

Isec
F ig. 3. S pon taneous a c tiv ity  reco rded  from  th e  lip  n erv e  o f  tw o b ra in -m o u th  p rep a ra tio n s
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F ig . 4. E ffec t o f  f i l te r  p a p e r  soaked  in  physio logical saline app lied  o n to  th e  lip . The 
second row  is th e  c o n tin u a tio n  o f  th e  f irs t  one (in  each  fu r th e r  case too)

lsec

F i g .  6 . E f f e c t  o f  1 m o l  N a C l
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ac tiv ity  o f th e  nerve increased sim ultaneously. Sim ilarly to  this, th e  increase 
of ac tiv ity  was observed when filter paper soaked in  physiological saline was 
placed onto  th e  te s t zone (Fig. 4). The highest a c tiv ity  was recorded ju s t a t  
th e  m om ent o f placing th e  paper, th en  some decrease o f a c tiv ity  occurred. 
T aking into consideration th e  f irs t 10 sec, th e  increse of ac tiv ity  was in these 
cases 28 per cent as a  m ean of 17 tria ls. This increase can be ascribed to  th e  
effect of th e  tac tile  stim uli and  to  th e  effect of th e  physiological saline. Taking 
th is  in to  account, a t  applying various drugs only th e  change o f a c tiv ity  differ
ing from  th is value was considered as a repsonse o f th e  chem oreceptors.

W hen applying distilled w ater onto  th e  lip th e  ac tiv ity  of th e  lip nerve 
was considerably increased (F ig. 5). The spikes, bo th  of lower and  higher 
am plitudes, became more num erous an d  th e  response was long-lasting, tonic 
in  its  character. In  th e  m ean of 10 experim ents th e  increase o f frequency was 
by  53 per cent above th e  control.

A pplying 1 mol solution o f NaCl onto  th e  lip a  very  high increase in  
ac tiv ity  was detected  (F ig. 6). B o th  th e  lower an d  higher am plitudes becam e 
more frequent. The response is m ost expressed in  th e  f irs t seconds, decreasing 
som ew hat a fte r 6 —10 sec b u t a t  continuous application i t  d id  n o t d isappear 
w ithin 1 min. In  th e  m ean of 8 experim ents th e  increaase of th e  ac tiv ity  su r
passed th e  control b y  119 per cent.

The highest ac tiv ity  increase occurred a t  th e  application  o f KCl in 1 mol 
concentration. A fte r a  tran sien t period o f 1—1.5 sec, when th e  ac tiv ity  increase 
was only m oderate, a very  frequen t and  of high am plitude (150 -200 yV) 
im p u ta tio n  appeared. I t  decreased som ew hat in 3 —4 sec, then , in  th e  case 
of continuous application of KC1 these high frequency spikes reappeared  again 
in th e  form  of burst-like oscillations w ith  som ew hat lower am plitudes (Fig. 7). 
The effect was tonic, m ixed w ith  these secondary series of burst-like spikes. 
U nder th e  effect of KC1 th e  ac tiv ity  was 147 per cent higher th a n  th a t  of th e  
control.

A dding 1 per cent glucose dissolved in  d istilled  w ater th e  ac tiv ity  
response ( Fig. 8) was differing in its  charac te r from  th a t  observed for distilled 
w ater. The increase of ac tiv ity  was no t significant, i t  preceded th e  control only 
b y  54 per cent, however, the  newly appearing groups of spikes consisting a t  the  
beginning o f 8 —10, la te r on of 2 —4 po ten tials of high am plitudes show a g reat 
difference bo th  from  th e  control and  from  th e  effect o f distilled w ater. The 
effect o f glucose was more expressed when i t  was solved in  physiological saline 
and  when different concentrations were used. 1, 2 an d  5 per cent glucose 
caused 51, 68 and  78 per cent increase in activ ity , respectively, w hat is regarded 
to  be significant. The effect o f glucose gradually  decreased b u t d id  no t d is
appear w ith in  1 min.

A pplying 1 per cent solution of saccharose dissolved in  d istilled  w ater an  
increase o f ac tiv ity  was observed again, and  also th e  frequency o f po ten tials 
o f high am plitudes is characteristic ( Fig. 9). U nder th e  effect of saccharose the  
ac tiv ity  was increased by  41 per cent in  th e  firs t 10 sec, and  in  th e  appearance 
of high poten tials some periodicity  could be observed. The response was tonic, 
an d  lasted  over 1 min.

The effect of 1 per cent saccharose dissolved in physiological solution 
was also significant, th e  evoked increase of ac tiv ity  reached 89 per cent. The 
sam e effect was recorded for 2 per cent saccharose evoking a  89 per cent in 
crease, while a  5 p er cent solution o f saccharose d id  n o t cause any  increase,



F ig . 7. E ffec t o f  1 m o l KC1

7 sec

F ig . 8. E ffec t o f  1 p e r  cen t glucose dissolved in  d is tilled  w a te r

1sec

F ig . 9. E ffec t o f  1 p e r  cen t saccharose dissolved in  d istilled  w a te r
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F ig. 10. E ffec t o f  daso m et 10 3 m ol (upper) a n d  10 2 m ol (lower)

ac tiv ity  corresponded only to  102 per cent of th e  control. Considering th e  
effect o f tac tile  stim ulation  (28 per cent increase), th e  effect o f th e  5 per cent 
saccharose m ust be in te rp re ted  as inhibitory.

D asom et is a  herbicide an d  belongs to  th e  ca rbam at group, i t  evoked 
70 an d  55 per cent increase of ac tiv ity  in  10-2 an d  10~3 mol concentrations, 
respectively. The effect was characteristic, dom inating in the  increase nearly  
regularly  d istribu ted  single po ten tials of high am plitudes. In  some cases th e  
m ixed appearance of higher an d  lower po tentials, belonging probab ly  to  sev
eral axons was observed (Fig. 10).

D ipterex, being an organic phosphoric acid ester (insecticide), also in 
creased th e  ac tiv ity  when applied onto th e  lip ( Fig. 11). The increase of ac tiv ity  
was ton ic an d  surpassed th e  control b y  92 per cent when used in  10 ~2 mol 
concentration, while b y  41 per cent in  10-3 mol concentration. In  6 —8 sec 
a f te r  application th ere  was a  decrease in  ac tiv ity , nevertheless, i t  was also a t  
th is  tim e considerably higher th a n  th e  control.

M alathion belongs also to  organic phosphoric acid esters, i t  is used to  
k ill molluscs. W e tes ted  its  effect in a  wide concentration range. A t applica
tio n  of 10_4 g/m l th e  ac tiv ity  was 85 per cent higher th a n  th e  control, while 
betw een 10-6—10-8 g/ml i t  evoked only ab o u t 40 — 60 per cent increase, n o t
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differing m uch from  th e  effect of th e  distilled w ater, used th is ease as a solvent. 
The increase bo th  of lower an d  o f higher spikes was observed (F ig. 12), b u t 
th e  varia tion  of am plitudes was less th a n  when adding distilled  w ater alone.

B. Isolated lip preparation

W hen the  tw o lip nerves connecting the  feeding organ and  th e  CNS 
were cu t a t  th e ir origin from  th e  cerebral ganglia, th e  control ac tiv ity  was 
suddenly increased. In  abou t 10 m in i t  decreased gradually  th a n  k ep t a con
s ta n t level being som ew hat higher, th a n  before cu tting  off th e  ganglia. The 
ac tiv ity  varied  betw een 2 and  11 imp/sec, yielding a  m ean of 5.3/sec (from 
236 m easurem ents). The am plitudes of th e  po ten tia ls m easured 50 — 100 pV.

I t  m ust be no ted  th a t  spontaneous a c tiv ity  could be recorded from  th e  
nerve even if i t  was cu t also a t  en tering  th e  lip, i.e. if  an  isolated  nerve p rep a
ra tion  was made. However, th is  ac tiv ity  ceased en tire ly  w ith in  8 — 10 min, 
or very  ra re ly  occurring low (20 — 30 /xV) po ten tials of long du ra tion  could be 
observed over ten  m inutes.

Applying th e  above substances onto  th e  lip different a c tiv ity  increases 
could be observed, however, i t  was always less th a n  we found on th e  brain-lip  
preparation. 15 per cent increase of ac tiv ity  caused by  tactile  stim ulus was n o t

T A B L E  I

Electrical activity recorded from  the lip  nerve. T he  num ber of potentials 
occurring w ith in  10 sec was counted. Values are expressed as percentage

o f the control

Substance
Brain-m outh
preparation

N um ber of 
experim ents

Iso lated  m outh 
preparation

N um ber of 
experim ents

Physiological saline (control) 100 100
Physiological saline applied on filter

paper (tactile stimulus) 128 17 115 14
Distilled w ater 153 10 107 9
NaCl 5.8 per cent in dist. w. 219 8 145 12
KC1 7.5 per cent in dist. w. 247 7 166 16
Glucose 1 per cent in dist. w. 154 9 115 18
Glucose 1 per cent in physiol, saline 151 3 102 14
Glucose 2 per cent in physiol, saline 168 3 115 15
Glucose 5 per cent in physiol, saline 178 3 124 14
Saccharose 1 per cent in dist. w. 191 9 132 18
Saccharose 1 per cent in physiol.

saline 189 3 132 15
Saccharose 2 per cent in  physiol.

saline 185 3 127 15
Saccharose 5 per cent in  physiol.

saline 102 3 141 15
Dasomet 10-3 mol in physiol, saline 155 9 112 8
Dasomet 10_2 mol in  physiol, saline 170 8 123 10
D ipterex 10 ~3 mol in  physiol, sahne 141 8 122 9
D ipterex 10 ~2 mol in physiol, saline 192 7 122 8
Malathion 10 ~8 g/m l in dist. w. 142 7 145 8
M alathion 10 ~6 g/m l in  dist. w. 160 7 140 6
M alathion 10 ~4 g/m l in  dist. w. 185 7 111 6
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F ig. 11. E ffec t o f  d ip te re x  10“ 3 m o l (upper) an d  10“ 2 m ol (lower)

surpassed upon applying distilled w ater, 1 an d  2 per cent solutions o f glucose 
solved bo th  in  distilled w ater or in  physiological solution, dasom et in  10-3 mol 
and  m alathion in 10-4— 10“ 8 g/ml. In  th e  o ther cases the  increase o f ac tiv ity  
varied  betw een 22 an d  66 per cent. The m ean values ob tained  a t  th e  applica
tio n  of substances is p resented in Table I . F o r com parative purposes th e  values 
ob tained  on th e  brain-lip  p repara tion  are also presented.

Discussion

W hen investigating th e  feeding hab its  an d  food detection of several 
gatropods th e  specificity of receptors localized around th e  m outh  was shown by  
several authors. K e ic k e b u s c h  (1953) carried  o u t experim ents on th e  behaviour 
o f Helix pomatia offering various sugars and  salts in  solution. B ased on the  tim e 
o f reaction he concluded th a t  th e  chem oreceptors of th e  head, foot an d  m antle 
m argin are different according bo th  of sensitiv ity  and  ty p e  of th e  response. 
Ca k r  (1967a, b) investigated  th e  sensitiv ity  of Nassarius obsolatus to  th e  com 
ponents o f crab ex tra c t and  found th a t  th e  receptors o f th e  proboscis are es
pecially sensitive to  several am ino acids, am ines an d  some o ther substances
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of th e  ex tract. In  these experim ents th e  conclusions abou t th e  specificity of 
receptors localized on th e  ou ter surface of th e  body were draw n on th e  basis of 
th e  behavioural reaction of th e  anim al, however, no electrophysiological ana l
yses were done for clearing up  th e  specificities occurring in  th e  sensory input. 
Our presen t investigations show th a t  lip chem oreceptors o f th e  snail send well 
d ifferentiable, d istinctive p a tte rn s  of afferent im p u ta tio n  to  th e  central n er
vous system , and  it  seems to  us th a t  th e  m ethod used can be applied  in  in 
vestigating  th e  receptor specificity.

According to  our results on th e  surface o f th e  lip b o th  chemo- and  tactile- 
receptors are present. The te s t m ethod used includes also tactile  stim ulus, 
therefore only th e  values differing a t  least 15 — 20 per cent from  th e  tactile  
stim ulus can be considered as response to  th e  chem ical stim ulation. Taking 
th is in to  consideration, it  can be s ta ted  th a t  each of th e  substances we used 
in  th e  experim ents has such concentration w hich evokes a response from  th e  
receptors as a chemical stim ulus.

I t  m ust be no ted  th a t  th e  application o f filte r paper soaked in to  physio
logical saline can p lay  a  role n o t only as a tac tile  stim ulus. I t  is more th an  
probable th a t  th e  physiological saline itse lf stim ulates the  receptors. However, 
for m aking and  keeping th e  p repara tion  alive th e  use of physiological saline is 
inev itab le and  i t  contacts also th e  receptor field. These circum stances m ust be 
accepted as a  source of some experim ental error.

A nalyzing th e  character o f the  evoked ac tiv ity  i t  can be s ta ted  th a t  all 
th e  substances caused long-lasting, tonic responses, nevertheless, in th e  num ber 
and  am plitudes o f th e  evoked poten tials there are characteristic substance 
differences. So it  was characteristic th a t  sugars stim ulate  the  group appearance 
o f po ten tials w ith  high am plitudes, while NaCl or KC1 caused a general ac tiv ity  
increase for all types of potentials. The effect observed in dasom et suggests 
th a t  th is  substance causes also th e  ac tiv ity  increase only of several receptor 
types. ...... . .

In  his morphological investigations S c h u l z  (1938) described four differ
en t types of receptor cells in  th e  cuticle o f th e  Helix lip and  supposed th a t  
th e y  are responding to  different sensations. R ecen tly  N a v o n i  (1973) found in 
th e  Up o f opistobranchia only tw o types o f sensory cells, an d  he supposed th a t  
one o f them  m ay have a  chem oreceptor function. Our results suggest th a t  the  
receptors localized in th e  lip are different from  th e  wiev po in t of chemical 
sensitiv ity , because on adding KC1, a  general depolarizing agent, we observed 
a  response com posed o f spikes w ith  very  different am plitudes while in  o ther 
substances th e  response was m ore selective. Therefore, i t  can be supposed th a t  
th e  receptors of Helix lip are also d ifferent m orphologically e ither according 
to  th e  receptor endings, or in  th e  size o f th e  somas or axon diam eters of th e  
sensory neurone, or in th e  localization o f th e  somas.

The dependence of th e  response on th e  concentration of th e  same su b 
stance was n o t investigated  th is  tim e system atically , neither were th e  various 
substances used in  equivalent concentrations. Nevertheless, i t  is clear th a t  th e  
response is concentration-dependent (in case of sugars, p lan t-p ro tecting  che
micals). The sam e 1 mol concentration of NaCl an d  KC1 caused different reac
tions, since KC1 is more effective. The concentration-dependency of saccharose 
is interesting, because on brain-lip  p repara tion  th ere  was no difference between 
th e  effect of 1 and  2 per cent solution, while 5 per cent saccharose was in 
h ib ito ry  in  action. This m ay parallel th e  observation of K i e c k e b u s c h  (1953)
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who found th a t  Helix responds less to  5 per cent saccharose th an  to  a 2 per cent 
solution of th e  same.

The ac tiv ity  increase observed on brain-lip  p repara tion  an d  on iso lated  
lip prepara tion  are differing m ainly q uan tita tively , nevertheless, in  several 
cases also qualita tive differences occurred. So, in  isolated lip prepara tion  
th e  control ac tiv ity  proved  to  be higher by  abou t 15—20 per cent, b u t th e  
increase o f ac tiv ity  on th e  application of various substances was nearly  always 
lower on th is  preparation . There seem to  be tw o possible explanations for th e  
la tte r. One possibility is th a t  because of th e  higher control level the  sam e ac tiv 
ity  increase results in  a  lower value if  expressed in  the  percentage o f th e  
control. The o ther possibility  is th a t  th e  cu tting  o f th e  nerve betw een th e  CNS 
and  th e  lip causes the  sw itch ou t of some receptors. The la tte r  is more probable, 
since th e  sensory fibres having th e ir som a inside th e  ganglion got elim inated 
by  cu tting  th e ir axons and  th ey  do no t show spike ac tiv ity  any  more.

The fact th a t  th e  nerve of th e  isolated  lip p repara tion  gives a  higher 
spontaneous ac tiv ity  th a n  th a t  o f th e  brain-lip  p repara tion  refers to  th e  well- 
know n phenom enon th a t  CNS has a  regu la to ry  role on th e  sensitiv ity  and  
ac tiv ity  o f th e  receptors. I t  seems th a t  in  sensory neurones relieved from  cen
tra l  control there  is a  higher resting ac tiv ity , b u t a t  th e  sam e tim e th e ir sensi
tiv ity  drops, too. Especially notable is th e  low sensitiv ity  o f receptors to  dis
tilled  w ater an d  sugars in  th e  isolated lip p reparation , w hat can be explained 
by  one of th e  above reasons.

The spontaneous ac tiv ity  observable in isolated  nerve p repara tion  for a  
short period o f tim e can be ascribed to  th e  firing  of neurone som as located  in 
th is  nerve, elicited by  th e  in ju ry  of th e  axons. The presence of neuronal bodies 
in  th e  in testina l nerve of Helix  was shown by  S c h l o t e  (1955).

Summ ary

1. The chemical sensitiv ity  of th e  lip receptors to  various chemicals 
is d ifferent w hat can be detected  by recording th e  electrical ac tiv ity  from  th e  
lip nerve bo th  in  brain-lip  prepara tion  and  in  isolated  lip preparation.

Applying the  general depolarizing agent KC1 to  the  Up, th e  varia tion  o f 
spike am plitudes is very  wide in th e  increased ac tiv ity , th e  selectiv ity  o f th e  
responding receptors is well expressed in  th e  case o f glucose an d  saccharose.

3. D istilled w ater seems to  be a stim ulus increasing th e  ac tiv ity  o f th e  
receptors differently  th a n  does physiological saline. The effects o f NaCl, 
glucose, saccharose an d  of drugs used  in  p lan t-p ro tecting  chem istry  (dasom et, 
d ip terex  an d  m alathion) were also significant in  some concentrations.

4. The basic ac tiv ity  o f the  lip nerve was higher on th e  isolated lip p rep 
ara tion  th a n  on th e  brain-lip  p reparation . This refers to  th e  role o f th e  CNS 
in  th e  control o f th e  ac tiv ity  of sensory neurones. Our electrophysio logical 
records prove th a t  there  are neurones in th e  isolated lip nerve which function 
even a fte r th e  isolation o f th e  nerve.

5. Iso la ted  lip prepara tions gave a  som ew hat lower response to  th e  sam e 
chemical substance th an  d id  brain-lip  preparations. This can be explained w ith  
th e  presence o f a  p a r t o f th e  sensory neuronal bodies in th e  ganglion itself.
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SZ EN Z O R O S B E M E N E T  E L E  K T R O F IZ IO L Ó G IA I V IZSG Á LA TA  
A  S Z Á J K Ö R Ü L I R E C E P T O R O K  K É M IA I IN G E R L É S E  E S E T É N  

H E L I X  P O M A T I A -N

S a lá n k i Já n o s és Truong  V an  B a y

Ö sszefoglalás

1. Száj kö rü li recep to rok  kém ia i érzékenysége kü lönböző  an y ag o k ra  eltérő , s ez az 
e lek tro m o s a k tiv itá s  a jak ideg rő l tö r té n ő  elvezetése so rán  agy-szájszerv  p re p a rá tu m o n  és 
izo lá lt szá jszerv  p re p a rá tu m o n  e g y a rá n t jó l d e te k tá lh a tó .

2. Á z á lta lán o s  depo larizáló  h a tá s ú  KC1 a ja k ra  való  ap p lik á lásak o r reg isz trá lt 
a k tiv itá s b a n  az am p litú d ó v ariác ió  n ag y , a  g lukóz, szacharóz ese tén  a  sze lek tiv itá s  jó l 
k itű n ik .

3. A  desz tillá lt víz a  fiziológiás o ld a ttó l e lté rő  ak tiv itásfokozó  in g e r t je len t az 
a ja k  recep to ra ira . U g yancsak  je len tő s a  N aCl, a  g lukóz, szacharóz, v a la m in t a  növény- 
védelem ben  h aszn á la to s  dasom et, d ip te re x  és m a la th io n  h a tá s a  is.

4. Izo lá lt szá jszerv  p re p a rá tu m  ese tén  az a jak id eg  a la p a k tiv itá s a  m ag asab b , 
m in t agy-szájszerv  p rep a rá tu m n á l. E z  a  k ö zp o n ti ideg rendszer szenzoros s e j ta k t iv i tá s t  
szabályozó  szerepére u ta l . E lek tro fiz io lóg ia i a d a ta in k  a z t b izo n y ítják , ho g y  n eu ronok  
az izo lá lt idegben is e lő fordulnak , m elyek  egyideig  az ideg  izo lálása u tá n  is m ű k ödnek .

5. Az izo lá lt szá jszerv  p re p a rá tu m  ugy an azo n  kém iai ingerre  k isebb  a k tiv itá s sa l 
reagál, m in t am i agy-szájszerv  p re p a rá tu m  ese tében  m egfigyelhető . E z  a  k ö zp o n ti ideg- 
ren d sze r recep to rérzékenységet befolyásoló h a tá s á v a l lehe t összefüggésben ill. azzal, hogy  
a  szenzoros n eu ro n o k  egy  része a  k ö zp o n ti ideg rendszerben  helyezked ik  el.
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The tem peratu re  dependence of neuron ac tiv ity  p a tte rn s  and  o f neuron 
ac tiv ity  param eters is know n bo th  for verteb ra te  anim als ( B a r k e r  and  Ca r 
p e n t e r , 1970) and  for in verteb rate  anim als ( K e r k u t  an d  T a y l o r , 1956). 
The change of am bient tem peratu re  will change th e  neuron resting po ten tia l 
( H o d g k in  and  K a t z , 1949), and  a  sim ilar significant change will also be in tro 
duced in  th e  repetition  frequency o f the  cells (C a r p e n t e r , 1967). Investigation  
o f certain  g ian t neurons showing b u rst ac tiv ity  proved th e  tem peratu re  de
pendence o f th e  ac tiv ity  p a tte rn : th e  characteristic ac tiv ity  p a tte rn  of th e  
control disappears a t  low tem peratu res below 12°C and  a t  high tem peratures 
above 33°C (W a c h t e l  and  W i l s o n , 1973; S a l á n k i  e t ab, 1973).

Previous investigations carried ou t in  our In s titu te  (S a l á n k i  e t ah,
1975) and  also th e  work o f o ther au thors showed th a t  probably  several m echa
nisms were responsible for th e  slow periodical m em brane po ten tia l change 
resulting  in  the  bu rst ac tiv ity  p a tte rn , and  for th e  generation o f th e  action 
potential.

Investigations of d ifferent ion conten t solutions also showed th a t  th e  
generation of slow waves and  action poten tials is dependent on th e  ions involved 
( J u n g e  and  S t e p h e n s , 1973; S a l á n k i  e t ah, 1975). I t  is known th a t  th e  ion 
cu rren t during voltage clam p m easurem ents has a m arked tem peratu re  de
pendence ( H o d g k in  e t al., 1952). Recognizing th e  decisive role of tem peratu re  
in th e  ac tiv ity  p a tte rn , th e  purpose of our present investigations has been th e  
determ ination of th e  tem peratu re  dependence in th e  B r-type R P a l cell of 
Helix pomatia L.

Material and method

The isolated ganglion o f Helix pomatia L. has been placed in a perfusion 
cham ber having a  volum e of 3 cm3. The tem peratu re  o f the  physiological solu
tion  and  th e  tem peratu re  of the  ganglion have been ad justed  to  th e  values 
o f 7, 22 and  33 degrees Centigrade, resp. The tem peratu re  ad justm en t has been 
perform ed by  P e l t i e r  batteries driven by  a  special circuit (V é r ó , 1974a).

Glass microelectrodes filled w ith  2.5 M KC1 having a resistance in the  
range of 4 to  7 Mohm have been used for recording th e  m em brane and  action 
potentials. Perfect com pensation of th e  electrode po ten tia l was possible by the
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use of a  high in p u t im pedance negative capacitance am plifier. The voltage 
clam p m easurem ent m ethod (V é r ó , 1974b) was used for th e  determ ination  of 
ion currents.

T he com ponents of th e  physiologicl solutions used in  our experim ents 
are given in th e  following Table

N ormal
solution

N a+  free 
solution

Ca2+
solution

NaCl (mM) 51 51
KC1 (mM) 4.6 4.6 4.6
MgCl2 • 6H 20 (mM) 12.0 12.0 12.0
CaCl2 • 2H 20 (mM) 10.0 10.0 —
N aH C 03 (mM) 2.3 — 2.3
Tris-HCl (mM) — 53.3 22.0

RPal W1

|50mV

|200nA

50msec

F ig . 1. T em p era tu re  effect on  ion cu rren ts  o f  P R a l  an d  W 1 g ian t neurons
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Results

1. Temperature effect on ion currents of RPal and Wl giant neurons

The ion curren t change of th e  R P a l  cell has been com pared w ith  the  
curren t change of th e  m onom odal pacem aker neuron in th e  visceral ganglion, 
denoted by  W l. Fig. 1 shows th e  ion currents o f cell R P a l  and  W l a t  d ifferent 
tem peratures. I t  is seen th a t  there is only a  q u an tita tiv e  difference between 
th e  tem peratu re  dependences. The curren t changes due to  tem peratu re  are 
adequately  reflected  by  th e  votage-current characteristics p lo tted  during the  
experim ents. R esults show th a t  th e  highest inw ard curren t com ponent of 
neuron R P a l  is 160 ±  10 nA a t  22°C, 50 ±  11 nA a t  7°C and  200 ±  20 nA 
a t 33°C (see Fig. 2, left side). The ou tw ard  curren t is f irs t higher a t  th e  low 
tem peratu re  of 7°C th a n  a t  22°C an d  33°C, b u t th e  derivative of th e  curren t- 
voltage characteristic shows a  m arked decrease for more positive voltages. 
P o r th e  W l neuron, th e  highest value o f th e  inw ard curren t is 190 ±  30 nA 
a t 22°C, 33 ±  7 nA a t  7°C and  220 rb 30 nA a t 33°C. The outw ard  curren t 
values are sim ilar to  those o f th e  R P a l  neuron [Fig. 2, righ t side). Fig. 3 
shows th e  re la tive conductance change o f th e  R P a l  neuron as a  function of 
th e  m em brane potential. I t  can be seen th a t  th e  in itia l conductance for the  
ou tw ard  curren t is high a t  7°C, b u t th e  conductance is lower in  th e  positive 
voltage range. The tem p era tu re  dependence of th e  conductance for inw ard 
currents is n o t so m arked.

The tem peratu re  change h ad  n o t only effects on th e  value of th e  ion 
curren t b u t also on i t ’s tim e dependence. Fig. 1 shows clearly th e  inw ard 
curren t decay tim e increase a t  7°C as com pared w ith  th a t a t  22°C. A t 33°C,

F ig . 2. C u rren t-vo ltage  ch a rac te ris tic s  o f R P a l  an d  W l neurons. □ :  7°C, 0 : 22°C,
33°C

9*
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F ig. 3. V o ltage  dependence o f  R P a l  n eu ro n  re la tiv e  conductances (gt : N a + conductance , 
glmax: h ighes t N a + conductance , g0: K+ conductance , gBmax: h ig h es t K + conductance .

□  : 7°C, 0 : 22°C, 33°C

th e  inw ard curren t decay tim e is substan tionally  lower th a n  th e  decay tim e a t  
22°C. Fig. 4 shows th e  inw ard curren t decay tim e as a  function o f th e  m em brane 
po ten tia l for different tem peratures. I t  can be seen th a t  for th e  lowest com 
m and pulse of 10 mV there is an  approxim ately  50 msec decay tim e difference 
betw een values m easured a t  d ifferent tem peratures, corresponding to  a 50% 
change. F o r th e  highest com m and pulse of 90 mV, th e  tim e difference is only
2.5 . . .  3 msec; however, th e  percentage tim e difference is equal to  th a t  ob
ta in ed  for th e  lowest com m and pulse.
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F ig . 4. R P a l  n eu ron  inw ard  cu rren t tim e  d u ra tio n s  a s  a  fu n c tio n  o f  m em b ran e  
p o te n tia l a t  d iffe ren t te m p e ra tu re s . □ :  7°C, 0 : 22°C, 33°C

2. Temperature effect on RPal neuron ion currents in  N a +-free and Ca2+-free 
solutions

R P a l  neuron iron curren t d a ta  for physiological solutions having differ
en t ion contents have been reported  in our previous investigations (S a l á n k i  
e t ah, 1975). Thus a t  22°C, th e  inw ard  curren t practically  disappears in  N a +- 
free solutions, an d  shows a  30% decrease in  Ca2+-free solutions. The m em brane 
curren t changes are identical to  those ob ta ined  in  norm al physiological solu
tions; in  th is  case, th e  control values have been those ob ta ined  w ith  an  ion- 
free solution a t  22°C. Thus th e  inw ard curren t in  th e  N a +-free solution appears 
no t even a t  7°C. The inw ard curren t in th e  Ca2+-free solution is decreased for 
lower tem peratu res and  increased for higher tem peratu res by  th e  same p er
centage as in  norm al physiological solution. In  an  ion-free solution, th e  tem 
peratu re  effect on the  curren t tim e dependence will be th e  sam e as in norm al 
solutions.

3. The effect of conditioning hyperpolarization on R P a l neuron ion currents in  
normal physiological solutions

I t  is known th a t  th e  ou tw ard  curren t of some g ian t neurons has tw o com 
ponents; a  low delayed com ponent which, though  possessing some inactivation , 
is p resent during th e  whole period o f th e  com m and pulse, and  a  fast com ponent 
which precedes even th e  inw ard curren t and  is characterized by  com plete in 
activation ; th is  fast com ponent is produced b y  conditioning from  a  voltage 
level below the  resting m em brane po ten tia l (N e h e r , 1971). This conditioning 
hyperpolarization has been investigated  for th e  R P a l  neuron, and  i t  was found 
th a t  in th e  tem peratu re  range covered, th e  fast com ponent is n o t present.

F u rth e r experim ents have been carried  ou t to  investigate th e  slow 
ou tw ard  cu rren t a t  different tem peratures. A given constan t voltage level
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has been approached from  different holding levels (conditioning hyperpolari
zations). The in itia l conditioning value was equal to  th e  m em brane po ten tia l 
o f  —50 mV, th e  highest value was 150 mV, and  th e  tim e du ra tion  was 250 
msec. T he ou tw ard  cu rren t a t  7°C showed an  increase during th e  whole period 
o f th e  com m and step , b o th  w ith  50 mV and  w ith  —150 mV conditioning. 
A t 22°C an d  w ith  —50 mV hyperpolarization, th e  ou tw ard  cu rren t a tta in ed  
i t ’s s teady  s ta te  value in  50 msec. W ith  higher hyperpolarization levels, a 
m axim um  appeared  on th e  curren t-tim e plot. A t 33°C, a  m axim um  — though 
no t so pronounced — was p resen t even w ith  -5 0  mV. This m axim um  tends 
to  be more pronounced w ith  higher conditioning, an d  th e  highest m axim um  
value occurs w ith  —150 mV hyperpolarization a t  t  =  25 msec.

Fig. 5. shows th e  ou tw ard  curren t m axim um  values an d  th e  approx i
m ately  stead y -sta te  cu rren t values a t  th e  end  o f th e  com m and-step duration  
as a function of th e  holding level a t  different tem perature. I t  is seen th a t  a t 
7°C, th e  curren t value a t  th e  end o f th e  com m and step  du ra tion  represents 
sim ultaneously  th e  highest value an d  th e  steady-sta te  value. A t 22°C, the  
highest deviation betw een th e  m axim um  and  steady  s ta te  curren t values (67%) 
is p resen t w ith  a holding level of —150 mV, b u t w ith  —50 mV conditioning, 
th e  difference p ractically  d isappears. A t 33°C, th e  highest deviation occurs 
a t  —150 mV conditioning (63% ), while —50 mV will resu lt in  a  cu rren t differ
ence of less th an  5% .

Discussion

I t  is known th a t  th e  resting  po ten tia l as determ ined from  th e  equation 
o f N e r n s t  is tem peratu re  dependent. The p o ten tia l difference effected by  th e  
N a + and  K + pum ps, which is also responsible for th e  generation of th e  resting  
poten tial, is tem peratu re  dependent too  (G o r m a n  and  M a r m o r , 1970a; 
G o r m a n  and  M a r m o r , 1970b). The resting p o ten tia l is fu rth e r dependent on 
on th e  resting perm eability  of N a + and  K + which are them selves tem peratu re  
dependent param eters (M a r c h ia f a v a , 1970; L iv e n g o o d  and  K t js a n o , 1972).

F ig . 5. P R A 1 n eu ro n  ou tw ard  c u rren t h ig h es t a n d  s te a d y  s ta te  values a t  d ifferen t 
te m p e ra tu re s  as a  fu n c tio n  o f  th e  cond ition ing  h y p erpo la riza tion .

7°C, U h =  -  50 an d  -  150 m V ; •  : 22°C, Uh =  -  50 m V ; O -  22°C, Uh =  - 1 5 0  
m V ; A : 33°C, U h =  - 5 0  m V ; A : 33°C, U h =  - 1 5 0  mV.
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Thus the  tem peratu re  effect on th e  m em brane po ten tia l can also be verified 
indirectly. The m em brane conductance in  th e  case o f d ifferent ions is p ropor
tional to  th e  perm eability  (F r a n k e n h a u s e r , 1963), so i t  can easily be con
cluded th a t  th e  tem peratu re  dependence of ion currents is due to  th e  change 
of conductance. Thus in  th e  cases of R P a l  and  W l neurons too, th e  curren t 
decrease w ith  decreasing tem p era tu re  is caused by  the  decrease of N a + and  
K + conductance.

The tem peratu re  changes produced definite effects on th e  curren t func
tion  tim e param eters: a t  lower tem peratu res, th e  duration  and  the  rise/fall 
tim es of th e  inw ard currents decreased. This implies th a t  n o t only the  N a + and  
K + conductance values are decreased b u t th e ir tim e function is also changed. 
W hile th e  tem p era tu re  effect on th e  conductance value is prim arily  d e te r
m ined by  th e  highest tim e-independent conductance constan t (H o d g k in  and  
H u x l e y  1952), th e  tem peratu re  effect on th e  conductance tim e dependence 
is m ainly effected by  th e  m em brane tim e constan t change. The application 
of d ifferent conditioning hyperpolarizations showed th a t  th e  ac tiva tion  and  
inactivation  po ten tia l of th e  m em brane is tem peratu re  dependent (Magúra  
e t al., personal com m unication). Our investigations showed th a t  a t 7°C, bo th  
th e  N a + and  th e  K + ac tiva tion  is slow and  nearly  sim ultaneous. We believe 
th a t  th e  curren t increase in  tim e is p rim arily  caused by  th e  slow N a + ac tiv a
tion. A t higher tem peratu res, th e  N a + ac tiva tion  is substan tia lly  accelerated, 
and  a significant increase of K + ac tiv ity  results in  com plete inactivation ; 
th u s th e  inactivation  of th e  ou tw ard  curren t is shown b y  th e  over-all curren t 
function. This proves th a t  th e  tem peratu re  has d ifferent effects on th e  conduct
ances of N a + and  K  + ; according to  our investigations, N a + has a higher 
tem p era tu re  sensitiv ity .

Our investigations also showed th a t  th e  tem peratu re  dependence in 
case of an  N a +- and  Ca2+-free solution cannot be proved in th is way. However, 
tak ing  in to  account th e  role of these ions, especially th a t  of Ca2+, in  th e  season
al changes (B a r k e r  an d  G a in e r , 1973), th e  m em brane properties are p ro b 
ab ly  effected by  the  tem p era tu re  dependent Ca2+ concentration in a m anner 
which has n o t y e t been cleared.

No specific featu re o f th e  R P a l  neuron which w ould distinguish th is  
neuron showing a characteristic ac tv ity  p a tte rn  from  o ther pacem aker neu 
rons could be discovered. The R P a l  neuron param eters have a tem p era tu re  
dependence which is p ractically  th e  sam e as th a t  o f o ther neurons w ith  non
periodic ac tiv ity  patterns. The mechanism  responsible for th e  B r-type ac tiv ity  
p a tte rn , though tem peratu re  dependent (Sa l á n k i e t ah, 1973), cannot be 
determ ined by  th e  m ethods outlined in th is paper.

Sum m ary

1. The m agnitude o f th e  inw ard  curren t decreases, th e  dura tion  of the  
inw ard curren t increases w ith tem perature.

2. The ou tw ard  cu rren t stead y  s ta te  value in  th e  case of low com m and 
step  values is highest a t  7°C, an d  in  th e  case of 50 mV and  higher com m and 
steps, i t  is lowest a t 7°C.

3. The K + conductance is decreased a t  low tem p era tu rs in  the  case of 
com m and steps higher th an  50 mV.
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4. The conditioning hyperpolarization effect is tem p era tu re  dependent; 
a  tem peratu re  increase results in  higher ac tiva tion  of b o th  N a + an d  K  + , b u t 
th ey  have a  d ifferent decrease in  th e ir tim e durations. Thus a t  higher tem pera
tu res an  increasing inactivation  of th e  ou tw ard  cu rren t can be ascertained.

5. The tem peratu re  dependence o f currents m easured w ith  N a + and  
Ca2 + free solutions is n o t d ifferent from  th e  tem peratu re  dependence of currents 
from  th e  tem peratu re  dependence of currents m easured w ith  norm al physio
logical solutions.
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H E L I X  P O M A T I A  L . B R -T ÍP U S Ű  S E J T J E  IO N Á R A M A IN A K  
H Ő M É R S É K L E T F Ü G G É S E

V adász Is tv á n  és Véró M ih á ly

Összefoglalás

1. H őm érsék le t csökkenésekor a  befelé irán y u ló  á ra m  n ag y ság a  csökken, id ő ta r
ta m a  nő.

2. A  kifelé irányu ló  á ra m  á llan d ó su lt é rtéke  k is feszültség  ug rások  ese tén  7°C-on 
a  legm agasabb , 50 mV-os és n ag y o b b  kom m and  im pulzusok  ese tén  7°C-on a  legk isebb .

3. A  K + vezetőképesség  alacsony  hőm érsék le ten , 50 m V -nál n ag y o b b  k om m and  
im pulzus ese tén  csökken.

4. A z előkondicionáló  h iperpo larizáció  h a tá s a  hőm érsék le tfüggő ; a  hőm érsék le t 
növelésekor m ind  a  N a + , m in d  a  K + ak tiv ác ió  m érték e  nő , de itő ta r ta m u k  kü lönböző  
m érték b en  csökken, így  m ag asab b  hőm érsék le ten  a  kifelé irányu ló  á ra m  növekvő  in ak ti- 
váció ja  figyelhető  m eg.

5. A  N a + és Ca2+ ionok  h ián y áb a n  m é r t á ram o k  hőm érsék le tfüggése n em  kü lön
bözik  a  n o rm á l fiziológiás o ld a tb an  ta p a s z ta l t  hőm érsék le tfüggéstő l.
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THE GROWTH OF BLEAK (A L B U R N U S  A L B U R N U S  L.) 
(PISCES, CYPRINIDAE) IN LAKE BALATON AND THE 
ASSESSMENT OF MORTALITY AND PRODUCTION RATE

P É T E R  B IR Ó
Biological Research In s titu te  of the H ungarian  A cadem y o f Sciences, T ih a n y , H ungary  

R eceived : 9 th  F eb ru a ry , 1975

The food, growth, m orta lity  and  production o f pike-perch population 
inhabiting  L ake B alaton  have been stud ied  b o th  in  larva l and  m ature stages 
in details w ithin the  period 1965- 73 (B ir ó  and  E l e k , 1969; B í r ó , 1969; 1970; 
1972; 1973; 1975a, b). F rom  the  results ob tained  i t  could be established th a t 
in the  food of pike-perch (Stizostedio lucioperca L.), the  m ain p redato ry  fish 
o f Lake B alaton, the bleak p layed the  m ost im p o rtan t role. In  earlier papers 
( E n t z , 1949—50; 1951; E n t z  and  L u k a c s o v ic s , 1957; W o y n á r o v ic h , 1959), 
however, th e  p rio rity  of pope (Gymnocephalus cernua L.) was noticed, and  the  
bleak was m entioned as secondary prey-fish. The significance of bleak as food 
fish of pike-perch has increased due to  its g reater frequency parallel to  the  
strong decrease or even disappearance of several sm all-sized fish species (B i r ó , 
1971; 1974; P o n y i  e t al., 1972).

E n t z  stud ied  th e  grow th o f b leak on m ateria l collected in  the  years 
1947 —49, an d  reported  a  fairly  fast grow th ra te  ( E n t z , 1949 — 50). Changes in 
quality  o f food and  ra te  of grow th of pike-perch and  those of d ifferent p rey  fishes 
were observed (B i r ó , 1971; B ir ó  and  G a r á d i , 1974). The necessity came up 
to  repeat studies concerning the  grow th and  food of bleak in  order to  reveal the  
food-chain of pike-perch. In  addition  we have obtained  d a ta  on m orta lity  
and  production of bleak population, too, because no such d a ta  have been 
published till now as yet.

Material and method

Collections were m ade in  L ake B alaton  using a  5 m long and  3 m wide 
o tte r-traw l o f 5 mm m esh size altogether 47-times during th e  years 1968 — 70. 
F o r th is s tu d y  1112 bleaks of d ifferent m easures have been w orked up collected 
from  A pril to  October 1968 (Table I ). The specimens caught by  net were p re 
served in 4 — 5 per cent form aldehyde solution, an d  th e ir s tan d ard  and  to ta l 
lengths, as well as th e ir weights were m easured. 10—15 scales were detached  
from  the  area above the  lateral line behind the  posterior m argin of the  left 
pectoral fin  (Fig. 4). A fter cleaning, th e  w et scales were placed betw een slides, 
and  stud ied  w ith  profile p ro jector a t  a 50-times m agnification. The to ta l length 
of caual radii and  th e  annual ring  distances from  the  focus were m easured
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T im e  of sam plings, the num ber of bleaks caught and  the lim its  of measured  
lengths and weights (1968)

TA BLE I

Date of collection
Number of 

fish
Standard 

length (cm)
Weight

<g)

April 4 1 8 4 .6 — 1 1 .0 1 .0 — 2 1 .0
M a y 2 7 3 4 .8 — 1 0 .2 1 .5 — 1 3 .5
June 31 5 .5 — 1 0 .7 2 . 0 — 1 5 .0
Ju ly 2 9 8 5 .1 — 1 0 .0 1 .5 — 1 4 .0
August 1 2 6 .5 —  9 .9 3 .0 — 1 3 .5
September 71 3 .5 — 1 1 .1 0 . 5 - 2 0 . 0
October 9 6 .7 —  7 .9 4 . 5 —  7 .5

Total 1 1 1 2

(Fig. 4). More detailed  scale investigations and  age-determ inations were 
carried ou t on 294 specimens. In  order to  determ ine th e  seasonal variances of 
length-w eight relationship (viz. B e v e r t o n  an d  H o l t , 1957) d a ta  o f body meas-

F igs 1 —2. H istog ram s o f  s ta n d a rd  len g th  d is tr ib u tio n  o f  b leaks co llected  d u rin g  A pril- 
O ctober, 1968. N  =  n u m b e r o f  fish  inves tig a ted , L  =  s ta n d a rd  len g th
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urem ents o f 1112 specimens were utilized. To define th e  length  s tru c tu re  o f 
th e  stock, leng th -da ta  of 1112 bleaks were studied. The relationship between 
th e  s tan d ard  lengths and  to ta l caudal radii o f scales was determ ined by  the  
least square m ethod. The in tercep t of th is  line on th e  abscissa was tak en  into 
consideration as a  correction factor in  th e  back-calculations o f fish lengths 
(F r a s e r , 1916). The grow th of bleak was graphically  represen ted  by  F o rd -  
W a lfo r d ’s m ethod (W a l fOr d , 1946) w ith  use of th e  back-calculated stan d ard  
lengths. F o r th e  description o f grow th in  length, B e r t a l a n ffy ’s (1938; 1957) 
growth-m odel was applied. M ortality  an d  production o f bleaks belonging 
to  different age-groups were assessed according to  R ic k e r  and  F o e r st e r  
(1948) and  R ic k e r  (1958). The instan taneous coefficients of grow th in  weight 
necessary to  th e  assessm ent of production were calculated a f te r  Ch apm an  
(1968) and  T e sc h  (1968).

Results

1. Lenght-distribution in  different months
The s tan d ard  lengths of bleaks caught in  L ake B alaton  varied  between 

3 .5—11.0 cm (Table I ) .  B y  s tan d a rd  length  th e  population  showed a bim oda

L ( c m )

F ig . 2. T e x t see a t  F ig . 1.
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t o g  L

16  1 7  18  19  ? 0  2.1

F ig . 3. Seasonal v a ria tio n  in  len g th -w e ig h t re la tio n sh ip  o f  b leak  o f  L ake B a la to n  d u ring  
consecu tive m o n th s  o f  1968. L  =  s ta n d a rd  len g th , W  =  w eigh t, A  =  A pril, B  =  M ay, 

C =  Ju n e , D  =  J u ly , E  =  A ugust

distribu tion  during spring tim e (April-May). D uring sum m er and  au tum n 
(July-Septem ber) its d istribu tion  was as well asym m etrical, considering the  
fish m ateria l collected in  d ifferent m onths (F igs 1—2). In  spring m onths the 
sam ple is d ivided in to  tw o dom inant leng-groups due to  th e  num erous occur
rence o f second (1 - f ), th ird  (2 +  ), as well as four-sum m er-old (3 + )  specimens. 
D uring sum m er, i t  was com pensated b u t th e  asym m etric length  d istribution 
rem ained unchanged. This phenom enon should have been only in a sm aller 
degree th e  resu lt of grow th com pensation.

2. Seasonal variation in  length-weight relationship

The coefficient expressing the  grow th ra te  of linear dimensions in propor
tion  to  th e  weight, varied  between 2.27 — 3.43 during th e  period of studies.
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Their deviations experienced during successive m onths are significant (P  <  
<  0.01). The relationships were as follows (Fig. 3, curves A —F ) :

April logW  = —4.9919 + 3.0447 XlogL (A)
May logW  = -5 .1 9 2 7 + 3.1788 XlogL (B)
Ju n e logW = 4.8398 + 2.9840 XlogL (C)
Ju ly logW  = — 5.6741 + 3.4262 XlogL (D)
A ugust logW  = 5.5925 + 3.3749 XlogL (E)
Septem ber logW  = -4 .6 1 3 9 + 2.8662 X logL (F)

The average of six m onths:

logW =  —5.1508 +  3.1458 x lo g L

where L  =  s tan d ard  length  in  mm; W  =  w eight in  grams. As can be seen in  
Fig. 3, there  are no g reat variations in  body weights as com pared to  stan d ard  
lengths. The seasonal fluctuations are ra th e r significant am ong specimens o f  
9 —11 cm sizes. The shape o f curves calculated for A ugust (E) and  Septem ber 
(F) are uniform  covering up  each other.

3. Relationship between standard body length and total scale radius

The relationship betw een average to ta l  caudal rad ii o f “ key-scales” 
and  stan d ard  body lengths was found linear on 294 bleaks. F o r th is  the  nex t 
equations have been calculated (Fig. 4):

F ig . 4. L in ea r regression o f  average  cauda l rad ii o f  scales (R ) in  th e  fu n c tio n  o f  s ta n d a rd  
len g th s  (L) estab lished  fo r 294 bleaks cau g h t in  L ake B a la to n . I t s  in te rcep t on  th e  
abscissa  8.7 m m . P o in ts  o f  m easu rem en t in d ica ted  on  th e  sk e tch  o f scale are :
F  =  focus, R  =  to ta l  caudal rad iu s , O =  o ra l edge o f  scale, C =  cauda l edge o f  sca le



R  =  —0.1749 +  0.0222 X L 
L  =  8.68 +  44.528 X R

where L  =  s tan d ard  length in  mm; R  =  to ta l caudal radius o f scale in mm.
Average scale radius and  stan d ard  length calculated by bo th  equations 

show only sm all deviations as com pared to  th e  m easured averages (Table I I ) .
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T A B L E  I I
R elationship  between the standard lengths (L  — m m ) and the 

total caudal rad ii of scales ( R  — m m ) of bleak

Measured Calculated

standard caudal radius standard caudal radius
length of scale length* of scale**

55 1 .02 54.1 1 .0 5
60 1 .17 6 0 .8 1 .1 6
65 1 .2 6 6 4 .8 1 .27
70 1 .4 4 7 2 .8 1 .3 8
75 1.51 7 5 .9 1 .4 9
80 1 .57 7 8 .6 1 .6 0
85 1 .6 4 8 1 .7 1 .71

100 2 .0 3 99.1 2 .0 4
109 2 .2 8 1 1 0 .2 2 .2 7

* calculated according to  the equation of L =  8 .6 8  +  4 4 .5 2 8  x R  
** calculated according to th e  equation of R  =  — 0 .1 7 4 9  +  0 .0 2 2 2 X L

A bout 30 — 40 per cent of th e  scales exam ined showed spots of regeneration 
a f te r  d ifferent m echanical dam ages and  irregularly  developed m arks due to  
parasitic  effects. The year rings on norm al scales, developed sym m etrically, 
were usually  form ed regularly, th e ir radii being ju st th e  same.

The larval annuli usually  do no t separate  definitely  on th e  scales. N um ber 
o f sclerits developing w ithin th e  firs t year ring varied  betw een 15—25. A stepped, 
gently  S-shaped relationship seems to  ex ist between th e  s tan d ard  lengths 
an d  th e  average year-ring distances established for d ifferent age-groups, which 
reflects th e  exponential p a tte rn  of growth.

4. Growth in  standard length

Average s tan d ard  lengths back-calculated from  th e  distances o f th e  year 
rings are shown in Table I I I .  No positive Lee-phenom enon was observed on 
th e  basis o f m inim al and  average s tan d a rd  lengths back-calculated  for th e  
five age-groups, b u t i t  was found to  be positive in th e  case of m axim al values. 
The grow th of b leak in L ake B alaton  based on th e  back-calculated  average 
values (Table I I I ,  G)  seems to  be slow, b u t even sm oothed ( Fig. 5). Analysing 
th e  grow th o f five d ifferent age-groups by  year-class strengths, th e  linearity  
o f average grow th in length  has changed and  preferably  a  stepped  grow th 
could be observed prim arily  in  age-groups 4 +  an d  5 +  (F ig. 6). B ased on 
differences in  m ean length  o f age-groups, th e  annual grow th is small. The
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F ig . 5. A verage an n u a l g row th  in  s ta n d a rd  len g th  o f  b leak  in  L ake  B a la to n  from  th e  
one-sum m er (0 +  ) to  six-sum m er-old  (5 +  ) age

F ig . 6. G row th  b y  year-c lass s tre n g th  o f  age-groups 0 +  to  5 +  in  L ake  B a la to n

10
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T A B L E  I I I

Back-calculated standard lengths (cm ) o f bleak in  Lake  B alaton

Standard  length
0+ 1 +

Age-groups 

2 +  3 + 4 + 5 +
Average Increase

w*
(g)

A 4.1 3.7 3.4 3.9 4.2
L 0 B 5.2 5.2 5.1 5.2 4.5 —

C 4.7 4.3 4.2 4.6 4.3 3.9 4.3 4.3 1.0

A 5.2 4.9 5.1 5.8 . ___

L j B 7.1 7.0 5.9 6.3 —

C 5.9 5.9 5.6 6.0 6.4 6.0 1.7 2.8

A 6.3 6.7 7.0 —

L : B 8.0 7.4 7.3 —

C 7.1 6.9 7.1 7.1 7.1 1.1 4.7

A 7.7 8.0 ___

L 3 B 8.9 8.2 —

c 8.2 8.1 8.1 8.1 1.0 7.1
A 9.3 _

L j  B 9.9 —

C 9.6 9.9 9.8 1.7 13.0

L- C 10.6 10.6 0.8 16.6

A =  m in im um ; B  =  m ax im um ; C =  average value
* calcu la ted  w eight according to  th e  average  leng th-w eigh t re la tionsh ip : 

logW  =  — 5.1508 +  3 .1 4 5 8 x lo g L

slowest grow th period o f age-group 5-f- coincides in  tim e w ith  th e  mass fish 
kill (1965). The back-calculated  s tan d ard  lengths were graphically  represen ted  
according to  F o r d -W a l f o k d ’s m ethod. P lo tting  th e  lengths in  t-tim e (L,) 
in  th e  function of one year la te r values (Li+1), th e  dots determ ine a  s tra ig h t 
line of which th e  in tercep t by  th e  diagonal line passing th rough th e  origin 
a t  an  angle of 45 degrees, gives a theoretically  atta inab le , m axim um  length ,
i.e. Loo =  18.8 cm ( F ig .  7). E xcep t the  L 0 value, the  dots are placed closely 
along th e  s tra ig h t line. F rom  our d a ta  th e  o ther param eters of B e r t a l a n f f y ’s  
grow th-m odel were also determ ined, as well as th e  s ta r t  po in t of th e  exponential 
curve (t0 =  — 1.25 year) and  th e  grow th coefficient (K  =  0.1142) (F ig. 8).

T A B L E  IV
Back-calculated standard lengths o f bleak in  Lake B alaton

Age groups
Back-calculated standard  length (cm)

From  scales
Ford-W alford’s

plo t
B ertalanffy’s

model

0 + 4.3 3.8 4.3
i + 6.0 5.9 5.8
2 + 7.1 7.4 7.3
3 + 8.1 8.4 8.5
4 - j- 9.8 9.2 9.6
5 + 10.6 10.8 10.6
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F ig . 7. F o r d -W a l f o k d ’s  p lo t. L t =  s ta n d a rd  len g th  in  ev ery  i-period o f  tim e , i f  i =  
1 y e a r; L t+l =  th e  sam e one y e a r  la te r ; L „  — m ax im u m  a tta in a b le  s ta n d a rd  len g th

F ig . 8. E s tim a tio n  o f  £0 an d  K ,  th e  p a ra m e te rs  o f  B e r t a l a n f f y 7 ’s g ro w th  m odel (F or
ex p lan a tio n  see te x t)

R epresenting th e  exponential grow th by  th e  param eters obtained, we got 
a  flat-like curve (Fig. 9), th e  num erical equation  being as follows:

L, =  18.8 ( 1 - e x p -0 .1 1 4 2 /t  - f  1.25/)

where L, =  stan d ard  length  given in cm in every  t-period  of tim e, if  t  =  1 year.

10*
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F i g .  9 . G r o w t h  i n  l e n g t h  o f  b l e a k  i n  L a k e  B a l a t o n  b y  B e r t a l a n f f y ’s  g r o w t h  m o d e l
( F o r  e x p l a n a t i o n  s e e  t e x t ) .

Com paring th e  values back-calcu lated  from  scales and  those represented 
according to  F o r d -W a lfo rd  and  by  B e r t a l a n f f y ’s model, th ere  is a devi
ation of 2 to  5 mm in d ifferent age-groups (Table IV ) .  This insignificant differ
ence proves the  su itab ility  of th e  model for correct description of growth.

5. Age-distribution and mortality

F rom  1112 bleaks studied, altogether 291 specimens were aged on the  
basis of th e  num ber of com pletely developed annuli. F o r th e  age-distribution 
we got a  ty p ica l curve (Fig. 10), where th e  overwhelm ing m ajo rity  consisted 
o f age-groups l-f- and  2-f- (46 and  34.7 per cent respectively), b u t th e  num ber 
o f older ones decreased significantly  (0.3—4.1 p er cent). One-summer-old 
specimens belonging to  age-group 0 +  were also represen ted  in  a restric ted  
num ber (13.7 per cent). This fac t is ev idently  in  connection w ith  sam pling 
techniques applied. The age-distribution of bleaks exam ined is asym m etrical. 
R epresenting th e  num ber o f specimens in different age-groups, using th e ir 
logarithm s o f n a tu ra l base when th e  decrease in num ber from  age-groups 
1-|- to  5-)- was tak en  to  be linear, th e  instan taneous to ta l m orta lity  coefficient 
(Z) proved to  be 1.33. Survival ra te  calculated from  i t  was S =  26 per cent 
and  th a t  o f th e  annual m o rta lity  was A =  74 per cent (Fig. 11). These ra tes 
in d ifferent age-groups are g reatly  variable: between age-groups 1 +  and  2 +
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F i g .  1 0 .  A g e - s t r u c t u r e  o f  b l e a k  p o p u l a t i o n  i n  L a k e  B a l a t o n  p r e s e n t e d  b y  t h e  s a m p l e
s t u d i e d

F i g .  1 1 .  M o r t a l i t y  o f  b l e a k  i n  a g e - g r o u p s  1 +  t o  5  +  : t h e  l o g a r i t h m i c  d e c r e a s e  o f  i n d i 
v i d u a l  n u m b e r  i n  d i f f e r e n t  a g e - g r o u p s .  Z  =  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  c o e f f i c i e n t ;  

S  =  s u r v i v a l  r a t e ;  A  =  r a t e  o f  a n n u a l  m o r t a l i t y
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Z =  0.28; S =  76 per cent, A  =  24 per cent; in  2-\-----3 +  year-old ones
Z =  2.13; S =  25 per cent, A =  75 per cent; and  finally  in  4-|-----5-(- year-old
specimens Z =  1.10; S =  33 per cent and  A =  67 per cent.

6. Production

K now ing the  in itia l num ber o f specim ens (N„) an d  th e  average w eight 
(W0) o f fish in  every  age-group an d  those of the  coefficients of m orta lity  (Z) 
an d  grow th in  w eight (G), th e  average biom ass (B) o f age-groups 1-)- to  5-f- 
have been assessed according to  th e  exponential p a tte rn  o f grow th (Table V). 
The average biom ass proved  to  be 737 g and  its  annual increase was 529 g

T A B L E  V

Average biomass and its  annual production in  age-groups l- \-  to 5 +  
of bleak in  Lake  B alaton

Age-groups N .
(P<9

W 0
(g)

N 0W  o =  B 0
(g) z G Z—G B

(g)
P
(g)

P/B  • 100 =  
=  A .P .

(% )

i + 134 2.8 372.5 1.3312 0.9929 0.3383 317.4 315.1 99.3
2 + 101 4.7 475.7 1.3312 0.5272 0.8040 325.8 171.8 52.7
3 + 12 7.1 85.6 1.3312 0.4146 0.9166 56.2 23.3 41.4
4 + 3 13.0 38.9 1.3312 0.6007 0.7305 27.6 16.7 60.5
5 + 1 16.6 16.6 1.3312 0.2444 1.0868 10.2 2.5 24.5

Total 251 737.2 529.4

B =  B°(1~eXp~/^ Stíl if Z >  G ZT/ABXlOO =  A. P . =  71.8 per cent 
Z  — G

in  our sam ple. The ra tio  o f increased biom ass (BG) per average biomass' (B) 
gives th e  annual p roduction (P), which on an  average proved  to  be 71.8 per cent 
for th e  given age-groups. The annual p roduction o f average biom ass was the  
highest in  age-group 1 +  (99.3 per cent), while in  o thers i t  ranged  from  24 to  
60 per cent.

D iscu ssion

The bim odal or asym m etrical length-d istribu tion  of bleak population 
in  L ake B alaton  has been previously observed by Entz (1949 — 50) during 
his studies carried  o u t on w in ter shoals of bleak. Such p a tte rn  o f length- 
d istribu tion  was also experienced during our investigations. The seasonal 
charac ter of th e  age-structu re unanim ously shows th a t  in spring th e  bleak 
population  o f L ake B alaton  is d ivided in to  tw o dom inan t age-groups. T here
afte r, during th e  sum m er m onths, one predom inating size-class is formed. This 
com pensation is ev idently  due to  th e  re la tively  high num ber of tw o-sum m er-old 
fish  (F igs 1—2). The sam e could be observed when analysing th e  length- 
d istribu tion  o f bleak rem ains found in  pike-perch stom achs (Bieó, 1973). 
T he length-d istribu tion  of bleaks proved  to  be extrem ely  sim ilar in  th e  pike-
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perch stom achs and  during our presen t investigations. The spring bim odal 
an d  th e  sum m er asym m etrical s tru c tu re  have been observed in  bo th  cases. 
I t  could be concluded th a t  pike-perch selects th e  m ost ab u n d an t 1 — 2 year-old  
specimens o f 5.5 —7.0 cm being presen t any  tim e. Since th e  p red ato ry  pike- 
perch population consumes annually  31 — 32 kg/ha fish (B ir ó , 1973; 1975a, b), 
an d  its food consists m ainly of bleak, i t  is ev ident th a t  b leak has a  decisive 
im portance in th e  food-chain as an  energy-m ediator. To th e  q u an tita tiv e  
estim ation  of th is phenom enon th e  correct knowledge of real biomass of bleak 
population expressed in u n it of area is w anted. This should be determ ined 
by fu rth e r investigations. In  th e  litto ra l zone o f L ake B alaton  th e  biomass 
of b leak population present seasonally varies very  m uch because o f em igration 
an d  im m igration. This fluctua tion  is m ultiplied by  bleak-consum ption of 
d ifferent p reda to ry  fish  (pike-perch, eel, etc.). B leak can be found along the  
litto ra l zone in significant num ber during th e  spawning period, when shoals 
consisting m ainly of 1 — 4 year-old specimens can be observed (Fig. 12).

F rom  th e  seasonal varia tion  of length-w eight relationship i t  seems to  be 
th a t  th e  value of its  coefficient changes parallel w ith  the  periodical spawning 
and  takes place during spring and  sum m er m onths. More rem arkable differences 
in weight a ttr ib u ted  to  spawning activ ities releasing a re la tively  g reater am ount 
o f eggs only appeared above 8 —  9 cm s tan d ard  length. According to  P a p a -  

dopol(1968), th e  range o f egg num ber of 1 — 4 year-old, and  of 6 .5—11.5 cm 
sized bleaks orig inated  from  Somova (R iver D anube) was between 592—5700, 
on an  average 1970. The num ber of ovocytes in  d ifferent stages o f developm ent

F ig .  1 2 .  P e r i o d i c a l l y  s p a w n i n g  s h o a l  o f  b l e a k  c o n s i s t e d  o f  1 — 4  y e a r - o l d  s p e c i m e n s  a t
s t o n y  l i t t o r a l  z o n e  o f  L a k e  B a l a t o n
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varied  between 898 5814, on an  average it  was 2437. In  th e  ovary  he found
in 44.7 per cent ovules and  in  55.3 per cent ovocytes. W e have no d a ta  referring 
to  fecundity  o f bleaks w idespread in Lake B alaton, b u t the  num ber o f th e ir 
eggs possibly shows th e  sam e variation. In  seasonal varia tion  of length-w eight 
relationship Ch it r a v a d iv e l u  (1974) described very  g reat differences of the  
coefficients of bleaks caught in  ZoFiN-complex (R iver D anube) between Ju ly  
and October.

Studies on cycloid scales of characteristic shape showed a linear regression 
oetween stan d ard  lengths an d  caudal rad ii of scales. B y th is  relationship  
8.7 cm was calculated  for s tan d ard  length, which gives th e  size m easurable 
in tim e of “key-scale” form ation ( Fig. 4). This is abou t a  h a lf of th a t  Ch it r a - 
v a d iv elu  (1971) has observed on bleaks (16 mm) inhabiting th e  L abe river 
system . This difference m ay be due to  th e  m easuring o f diagonal radius applied 
by  him. The size of 8.7 mm obtained  during our investigations seems to  be 
sm aller th an  th e  real one, and  equals w ith  th e  length of one-two week-old fry.

S tan d ard  lengths back-calculated from  annual radii o f scales showed 
a  slow grow th of bleak in  L ake B alaton. I ts  p rim ary  reason m ight be due 
to  qualita tive  and  qu an tita tiv e  features of food. This is supported  by  analysis 
of th e  g u t con ten t of a num ber of specimens, th e  food m ainly consisting 
o f diatom s (G. T am ás, oral inform ation) and  in  sm aller am ount o f anim al 
food (crustacean-plankton, insects) (E ntz and  L u k a cso v ics , 1957). The m ono
to n y  o f g u t contents can reflect th e  insufficiency of available food for bleak 
in th e  litto ra l zone, b u t on th e  o ther hand, it  can be th e  results o f its com petition 
w ith  eel (Anguilla anguilla L.) for food (B ir ó , 1974). B ased on these assum p
tions, th e  difference experienced in grow th ra te  of bleak as com pared to  d a ta  
published by E ntz (1949 — 50) can be explained. F rom  th is  fact, however, 
we drew th e  conclusion th a t  th e  slow and  uneven grow th o f pike-perch (B ir ó , 
1970; 1972) m ust be in causal connection w ith  th e  slow ra te  of grow th of bleak 
recently  observed. Decrease recorded in  th e  grow th ra te  o f bleak was also 
described in o ther prey  fishes of pike-perch (B ir ó , 1971; 1972; P o n y i e t al., 
1972). These signs should be considered if  th e  food chains of different fish 
species, e.g. pike-perch should be explained q u an tita tiv e ly  as re la ted  to  
environm ental changes of th e  lake. E nv ironm ental change, toxic effect, etc. 
concerning th e  grow th b y  year-class s treng ths m ostly  seems from  the  length 
increase of bleaks of age-group 5 + ,  where th e  fish kill tak en  place in  1965 
coincides w ith  the  slower grow th-period of th is  age-group. The causal connec
tion  of th is coincidence in tim e, however, can n o t be dem onstrated  unanim ously.

The m axim al stan d ard  length  in  th e  model describing th e  grow th of 
bleak in  Lake B alaton, L „  =  188 mm, hard ly  differs from  th e  theoretical 
size of 192 mm described by  Ch it r a v a d iv e l u  (1974). According to  his findings, 
th is  is a tta in ed  by  13— 15 year-old bleaks. In  L ake B alaton  such old specimens 
could no t be detected. The age of the  oldest ones supposed to  be present m ay 
reach probably  8 — 9 years. The num ber of such old specimens, however, m ay 
be very  sm all in  th e  lake, because n o t a single such old specimen was caught 
during our 47 collections. M ortality  of th e  population is strongly  affected by  
d ea th  im m ediately a fte r spawning, when prim arily  males die (E n t z , oral in 
form ation). The instan taneous m orta lity  coefficient Z =  1.33 is higher th an  
th a t  observed in the  D anube, which was Z =  0.82 (Ch it r a v a d iv e l u , 1974). 
The assessed value o f m o rta lity  in L ake B alaton  is strongly  influenced by  
significant loss during spawning, too. Besides m ature bleaks a  g reat am oun
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of eggs laid  down dies before hatching o f larvae; in  consequence of th a t  th e  
eggs become en tire ly  covered by  m uddy sedim ent and  colloids floated  by  
rough w ater. This observation refers to  o ther fish species, as well as to  bream  
(Abramis brama L.), which spawns on th e  sam e stony  grounds (B iró  and  
G a r á d i , 1974).

Because of insufficient knowledge of population num ber and  biomass 
expressed for u n it area, th e  production could be given only in u n it of average 
biomass. D espite of low surv ival ra te , th e  production of average biom ass is 
high, i t  m ay be estim ated  abou t 72 per cent in  which the  portion  o f one- 
sum m er-old fish is excluded. I t  is highly probable th a t  because of th e  g rea t

F i g .  1 3 .  G r o w t h  i n  l e n g t h  o f  b l e a k  i n  d i f f e r e n t  E u r o p e a n  w a t e r s :  1 . L a k e  L a n g e l m a r e s i  
( F i n l a n d )  ( B r o e f e l d t , 1 9 1 7 , c i t .  B e r g , 1 9 3 3 ) ,  2 . A v e r a g e  o f  2 0  N - G e r m a n  l a k e s  ( B a u c h , 
1 9 5 5 ) ,  3 . L a k e  I l m e n  ( S o v i e t  U n i o n )  ( D o m b a c e v , 1 9 2 6 , c i t .  B e r g , 1 9 3 3 ) ,  4 . S o m o v a
( D a n u b e  D e l t a ,  R o u m a n i a )  ( P a p a d o p o l , 1 9 7 0 ) ,  5 . T h a m e s  ( E n g l a n d )  ( W i l l i a m s , 1 9 6 3 ) ,  
6 . A v e r a g e  o f  S l a p y  a n d  L i p n o  R e s e r v o i r s  ( C z e c h o s l o v a k i a )  (V o s t r a d o v s k y , 1 9 6 3 ) ,  7 -  

L a k e  B a l a t o n  ( H u n g a r y ) ,  p r e s e n t  i n v e s t i g a t i o n s
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num ber of one-sum m er-old fish the  ra tio  of P /B  is higher. D uring his three- 
year studies Chitravadivelu (1974) found the  population density  o f bleak 
inhab iting  th e  ZoFiN-complex (R iver D anube) to  be varying betw een 158 — 
9675, th e ir biom ass ranging from  11 to  170 kg/ha and  w ith  a gross production 
from  5.2 to  91.0 kg/ha. P resum ably  we have to  reckon w ith  sim ilarly significant, 
b u t m ore balanced v ariab ility  in  bleaks of L ake B alaton, because its  shallow 
w ater gives m ore stabilized living possibilities as com pared to  th e  h ab ita t 
in  lotic environm ent.

Com paring th e  d a ta  published on grow th of bleak in  d ifferent E uropean  
w aters (B e r g , 1933; B a u c h , 1955; Oliv a  an d  F r a n k , 1959; Cih a r , 1961; 
V o str a d o v sk y , 1963; W il l ia m s , 1963; M a n n , 1964; B a lo n , 1967; K ie c k - 
h ä p e r , 1967; P a pa d o po l , 1970; Ch it r a v a d iv e l u , 1971; 1974) we found 
th e ir g row th  in  L ake B alaton  to  be re la tive ly  slow in spite of th e  fac t th a  
th e  m ean-size of one-year-old specimens is com paratively  large (F ig. 13)

Sum m ary

L ength- and  age-distribution o f 1112 bleaks, as well as th e  grow th of 
294 specimens collected during consecutive m onths o f 1968 have been studied. 
The seasonal varia tions in  length-w eight relationship, th e  m ortality , average 
biom ass and  p roduc tion  o f th e  population  were studied. I t  was established 
th a t :

1. The population  showed in  spring a  bim odal d istribu tion  by  s tan d ard  
length, w hich was transform ed to  asym m etrical.

2. The length-w eight relationship showed significant seasonal variation, 
w hich is ev idently  in  connection w ith  ripening cycle o f gonads, w ith  spawning 
as well as changes in  condition.

3. Regression betw een th e  to ta l caudal radii o f scales an d  stan d ard  
lengths was linear. The s tra ig h t line cuts 8.7 m m  from  th e  abscissa. On the  
basis of s tan d a rd  lengths calculated from  th e  annuli of scales, th e  grow th 
of b leak  is usually  slow in L ake B alaton, its  annual increase in  length  is small. 
E xponen tia l g row th in  s tan d ard  length could be well represen ted  by  B e r t a - 
l a n f f y ’s model. The observed s tu n ted  grow th of b leak as com pared to  p re 
vious d a ta  m ay be p robably  th e  consequence of food scarcity  of th e  litto ra l 
zone an d  th e  resu lt of food com petition w ith  o ther fish species.

4. A ge-structure of th e  stock is asym m etrical an d  its  overwhelm ing 
m ajo rity  consisted of age-groups 1 +  an d  2 +  in  46 and  34.7 per cent, respec
tively . One-sum mer-old (0 +  ) fishes were present only in  13.7 .per cent, and  the
ra tio s of older ones, belonging to  age-groups 3-|-----5 - f ,  were betw een 0.3 —
4.1 per cent. B ased on decrease in  logarithm ic num ber of specim ens, th e  in 
stan taneous to ta l m o rta lity  coefficient proved to  be Z =  1.33, th e  ra te  of 
su rv ival was S =  26 per cent and  th a t  o f annual m o rta lity  A =  74 per cent. 
These values have changed in  different age-groups. The ra tio  of average bio
mass an d  production  on an  average was P /B  = 7 1 .8  per cent. I t  was found 
to  be highest in  age-group 1-f- (99.3 per cent), while in o thers (2-f- to  5 -f )  it  
varied  betw een 24— 60 per cent.
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A  K Ü SZ  (A L B U R N U S  A L B U R N U S  L .) N Ö V E K E D É S E  A  B A L A T O N B A N , 
M O R T A L IT Á SÁ N A K  É S  P R O D U K C IÓ JÁ N A K  B E C S L É S E

B iró  Péter 

Összefoglalás

V izsgá ltuk  1968 kü lönböző h ó n ap ja i so rán  g y ű jtö tt  1112 db  küsz m ére t- és kor- 
m egoszlásá t és sca lim etrikus m érések  a la p já n  összesen 294 p é ld án y  növekedésé t. T an u l
m án y o z tu k  a  tes th o ssz -te s tsú ly  v iszonyának  szezonális v a riác ió já t, az á llom ány  m o r ta 
li tá s á t, á tlagos b iom asszá jának  p ro d u k c ió já t. M egállap ítha tó  vo lt:

1. T avasszal az  á llom ány  a  tö rzshosszak  ah p já n  b im odális m egoszlást m u ta to t t ,  
am ely  a  n y á ri kom penzá lódás u tá n  asz im m etrikussá  v á lt.

2. A  tes th o ssz -te s tsú ly  v iszonya szezonálisan szignifikáns kü lönbségeket m u ta to t t ,  
am i n y ilv án v a ló an  kapcso la to s a  gonádok  fejlődési c ik lusával, az  ívással, v a lam in t a  
kondicióbeli vá ltozásokka l.

3. A  p ikke lyek  te lje s  k au d á lis  rád iu sza  és a  tö rzshossz regresszió ja  g y ak o rla tilag  
lineáris  vo lt. A  „k u lc s ’’-p ikkelyek  képződésekor m érhe tő  tö rzshosszra  8,7 m m -t k a p tu n k . 
A  p ikk e ly g y ű rű k b ő l v isszaszám íto tt tö rzshosszak  a lap ján  a  küsz növekedése a  B a la to n 
b an  á lta lán o san  lassú , év en k én ti növekedése k ism értékű . A  törzshossz exponenciális 
növekedése a  BERTALANFFY-féle m odellel p o n to san  le írh a tó . A  küsz á llo m án y ra  vonatkozó  
k o ráb b i ad a to k h o z  k ép est lassúbb  növekedése valószínűleg  a  tó  p a r t i  öve táp lá lék b e li e l
szegényedésének következm énye, ille tve  m ás  h a lfa jo k k a l szem beni kom petíc ió  e red 
m énye lehet.

4. Az á llom ány  ko r sze rin ti s t ru k tú rá ja  asz im m etrikus, a  d ön tő  tö b b ség e t 1 -f-
és 2 +  korcsopo rtok  a lk o ttá k  46 ille tve  34 ,7% -ban . C sak 13 ,7% -ban  szerepeltek  egy 
n y a ra s  (0 +  ) h a lak , s  az idősebb, 3-)----- 5 +  k o rcso p o rtú ak  ré sza rán y a  0,3 — 4,1%  vo lt.
Az egyedszám ok logaritm ikus csökkenése a la p já n  a  to tá lis  m o r ta litá s  p illa n a tn y i e g y ü tt
h a tó ja  Z =  1,33 vo lt, a  tú lé lés r á tá ja  S =  26% -nak , az éves m o rta litá s  A  =  74% -nak  
a d ó d o tt . E zek  az é rték ek  a  kü lönböző k o rcsopo rtokban  v á lto z tak . Az á tlag o s b iom assza 
és p rodució  a rá n y a  P /B  =  71,8%  vo lt, legm agasabbnak  az 1 +  k o rú ak n á i ta lá ltu k  
(99,3% ), m íg  a  tö b b i k o rcso p o rtb an  24 — 60%  k ö zö tt v á lto z o tt (2-)----- 5-(- k o rúakná i).
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Inform ations on th e  organic m a tte r co n ten t o f th e  bo ttom  deposits ol 
Lake B alaton  were presen ted  the  f irs t tim e b y  E mszt (1911) on th e  basis o f 
six mud-cores. This s tu d y  was followed by  th a t  o f Csa já g h y  an d  T o ln a i (1955) 
publishing d a ta  on th is topic on th e  basis o f tw o sam ples tak en  in  th e  K ereked  
Bay. Entz e t al. (1963) carried  o u t studies on th e  bo ttom  deposits of the  
K eszthely  B ay.

P o n y i e t al. (1972) and  F ra n k ó  and  P o n y i (1973a; b) provide d a ta  o f a 
large num ber of analyses on organic carbon. The firs t s tu d y  concerned exam ined 
64 samples tak en  a t  nine transversal sections o f L ake B alaton, and  th e  la tte r  
one clarified th e  seasonal fluctua tion  in  th e  q u an tity  of organic carbon conten t 
o f  bo ttom  deposits a t five stations o f th e  K eszthely  Bay.

Owing to  th e  curren t conditions a  significant q u an tity  o f the  sedim ent 
an d  o f th e  particu la te  organic substances m igrate tow ards th e  calm est w ater 
areas (dead d rift spaces) and  accum ulate there (L ig e t i , 1974). B ased on previous 
works on th e  bo ttom  sedim ent o f th e  K eszthely  B ay  it  was suggested th a t  th e  
organic m atte r occurs in  spots on th e  bottom .

The aim  of our work was to  draw  a  possibly clear p ictu re on th e  d istrib u 
tion  o f the  organic m a tte r of bo ttom  deposits on th e  basis o f sam ples tak en  
from  the  whole lake.

Localities, dates and methods of collection

Samples were tak en  w ith  Ekm an-B irge b o ttom  sam pler from  7 points 
each of th e  24 transversal sections of th e  lake ( Fig. 1) in  the  period of A ugust — 
Septem ber 1971. D etailed  description of th e  sections worked up is given in  the 
s tu d y  of Mü l l e r  (1969). A liquot sam pler were tak en  from  th e  hom ogenizate 
o f the  top  5 cm th ick  sedim ent layer and  dried  a t  40—50 °C in an  ae ra ted  
desiccator.

The organic carbon con ten t was determ ined by  th e  m ethod  ad ap ted  
from  W a l k l e y  and  B lack  (1934). The end  po in t o f th e  titra tio n  o f K 2C r20 ? 
was determ ined in th ree  parallels w ith  R a v e h ’s and  A v n im e l e c h ’s m ethod 
(1972) using an  au tom atic  titr im e te r o f th e  ty p e  R adelkis OP-506 connected 
to  Ag/AgCl reference electrode of th e  ty p e  Op-8212 and  poten tiom etric g raph it
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electrode o f th e  ty p e  OP-C-7111-D. The determ ination  o f organic carbon 
con ten t (D a v i e s , 1974) was n o t d istu rbed  b y  th e  very  high C aC 03 con ten t 
which is characteristic in Lake B alaton  ( E m s z t , 1911; E n t z , 1959; F r a n k ó  
and  P o n y i , 1973 a; b).

Results and discussion

Com pared to  o ther lakes (S c h ö n b o r n  e t al., 1965; H a n s e n , 1961; 
R y b a k , 1969; T h o m a s  e t al., 1973) th e  results show th a t  th e  organic carbon 
conten t of th e  open w ater bo ttom  sedim ent o f L ake B alaton  is approxim ately  
low. B ased on 168 m ud-sam ples analysed (Fig. 1) it  was found th a t  localities 
w ith  higher organic carbon con ten t (over 1.9 per cent) are s itu a ted  in th e  tw o 
south-w estern basins o f th e  lake. The organic carbon conten t of these basins 
(sections I —V II) is d is trib u ted  in  spots. From  th is  po in t o f view th e  cen tral 
basin of th e  lake shows hom ogenous d istribu tion  (sections V I I—XVI). The 
north -eastern  basin (sections X V III  —XXV) d istribu tion  has a mosaic p a tte rn  
as well as in  th e  tw o basins of th e  south-w estern region, w ith  th e  distinction 
th a t  higher values th a n  1.9 per cent were absent. On th e  basis of th e  average 
organic carbon con ten t calculated for one section th e  four basins can well be 
d ifferen tiated  from  each o ther (Fig. 2).

The d istribu tion  of organic carbon con ten t m ay be explained b y  the  
currents raised by  th e  prevailing winds (M t js z k a l a y  and  S t a r o s o l s z k y ,

F ig . 2. V aria tion  in  th e  m ean  o rganic  carbon  co n en t a t  th e  sec tions o f th e  fo u r basins
o f  L ake  B a la to n



160

1964; S z e s z t a y , 1967; L i g e t i , 1974). Since th e  sam ples were tak en  from  the  
to p  5 cm th ick  layer, the  m ap showing th e  d istribu tion  o f th e  organic carbon 
con ten t based on our investigations, reflects th e  situation  developed in the  
p ast 20 30 years ( P o n y i , 1971).

The open w aters under th e  effects of th e  m ost intensive currents (sections 
I I ,  I I I ,  X V III) have sandy  bo ttom s of low organic carbon content.

Concerning th e  tribu taries, the  effect of R iver Z ala on th e  d istribu tion  
of organic m a tte r  seems to  be significant, however, i t  can be dem onstrated  
only in the  K eszthely  B ay  ( P á s z t ó , 1963; P o n y i  e t al., 1972; L i g e t i , 1974).

In  the  knowledge of o ther lite rary  d a ta  (O h l e , 1958; 1962; K u s n e t z o v , 
1968; K a j a k  e t al., 1970) as th e  m ain source of organic carbon con ten t in  th e  
bo ttom  deposit th e  phy top lank ton  p roduction  should be m entioned although 
there  are studies (S e b e s t y é n , 1949; 1964), which underline th e  role of de tritu s 
o f m acro-vegetation in  th is  aspect. The au thors m entioned above have pointed 
ou t th a t  no t more th an  0.8 — 30.0 per cent of th e  p rim ary  production increases 
th e  carbon con ten t o f the  bo ttom  deposits.

D uring our investigations carried o u t m onth ly  in  th e  K eszthely  B ay  
(F r a n k ó  and  P o n y i , 1973a), classified as hyperthrophic ( H b e o d e k  and  
T a m á s , 1975), th e  annual increase o f organic carbon was found to  be abou t
0.2 per cent. I t  is suggested th a t  because of its rap id  renew al th e  extrem ely  
high alga production (830 gC/m2/year) ( H e r o d e k  and  T a m á s , 1975) rem ains 
suspended in th e  w ater or can be found only in th e  upperm ost m ud layer of 
some m illim etres thickness.

On Ju ly  26, 1972 an  exploratory  s tu d y  was carried  o u t on th e  p articu la te  
organic m atte r discharge o f R iver Zala. W ate r sam ples o f 50— 50 litres tak en  
from  th ree points in th e  m ainstream  of the  river were filtered  th rough  a  No. 25 
n e t and  the  filtra tes  were un ited . The n e t became plugged soon and  has to  be 
rubbed  and  p a tte d  to  filte r th e  to ta l  am ount of w ater. I t  is suggested th a t 
organic partic les larger th a n  50 /x in  diam eters rem ained in th e  net.

A t the  da te  of th e  field collection th e  floating sedim ent was determ ined 
to  be 11.68 g/m 3 in R iver Zala. B y using th e  “ d ry  com bustion” m ethod 0.52 
g/m 3 organic m a tte r was identified  in  th e  sample.

Since th e  average w ater o u tp u t of R iver Zala is 250 300 million m 3/year
( P a c h n e r , 1972) n o t less th an  131 — 157 tonnes of particu la te  organic m atte r 
are yearly  carried into Lake B alaton  by  th e  river. Supposed an uniform  spreading 
of th is  m a tte r in  th e  K eszthely  B ay  (surface of 38 km 2/each m2 w ould share 
3 —4 g of it. In  practice, however, th is value m ay be several tim es higher, since 
th e  above calculation disregarded th e  fact th a t  th e  increase of w ater o u tp u t 
m ay lead to  an  increase of 10—20 per cent of th e  organic m a tte r an d  th a t  the  
q u an tity  of p a rticu la te  organic m a tte r of sm aller th a n  50 /i size m ay be more 
th a n  it  was m easured to  be. D espite these facts, th e  q u an tity  o f particu la te  
organic m a tte r carried  by  R iver Zala cannot be said  to  be significant. I t  becomes 
obvious when com paring it  to  th e  q u an tity  of dissolved organic carbon of 
th e  river ( F e l f ö l d y  e t al., 1970) found to  be as g reat as 2,215 tons a year in 
average.

R egarding th e  rap id  w ater renew al in th e  K eszthely  B ay  (14 m onths; 
S z e s z t a y , 1967) i t  is seen th a t  each m2 of th e  bay  shares in an  average 60 g 
dissolved organic carbon a  year.

Owing to  m ethodological differences th e  presen t d a ta  on organic carbon 
canno t be com pared to  those ob tained  previously ( F r a n k ó  and  P o n y i , 1973a).
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However, th e  d a ta  of “ d ry  com bustion” (Table I )  were to  be com pared and  
i t  was found th a t  in th e  K eszthely  B ay  th e  q u an tity  o f organic m a tte r increased 
to  3-fold during the  p a s t 70 years w ith  lower increase a t  o ther places. As a  
whole, th e  organic m a tte r  conten t of th e  sedim ent of the  lake is low. I t  m ay be 
a ttr ib u te d  to  th e  wave action d rifting  a  p a r t  o f th e  organic m atte r ashore 
(drifts) and  to  the  currents raised by  w ind carrying the  organic m a tte r tow ards 
th e  w ind-protected  n o rth  shore, th e  site o f reed  stands. A t th is  la tte r  area 
e v e n  organic m a tte r  con ten t o f 40 per cent was found ( E n t z  e t al., 1963).

T A B L E  I
Organic matter content of the upper sediment layer of Lake  B alaton  

in  different years
(a t a  depth o f 3 m , m easured by “dry com bustion")

E mszt
1911
%

E n tz  e t  al. 
1963
%

E r an kó  an d  
P o n t i  1973

%

Keszthely 2.13 3.20 7.95
Akaii—  Szemes 3.21 — 3.15
T i h a n y ,  n o r t h  s h o r e 1.25 — 2.93

Summ ary

H aving  th e  organic carbon con ten t o f 168 m ud-sam ples tak en  a t  24 
transversal sections in  L ake B alaton  analysed w ith  W a l k l e y ’s and  B l a c k ’s 
m ethod, th e  au thors conclude as follows:

1. Com pared to  o ther E uropean  lakes th e  organic carbon con ten t of the  
to p  5 cm th ick  sedim ent layer of th e  lake (varying between 0.27 an d  2.33 
per cent) is very  low.

2. In  th e  tw o basins o f the  south-w estern region w ith  m ost of th e  w aters 
inflowing here, th e  organic carbon con ten t is re la tively  higher (over 1.9 per 
cent).

3. A p art from  th e  cen tral basin th e  organic carbon is d istribu ted  in  spots. 
This phenom enon is due to  th e  typ ical hydrodynam ic conditions of th e  lake 
an d  p a rtly  to  th e  effedt of R iver Zala (K eszthely Bay).

4. The m ean organic carbon con ten t of th e  sections decreases from  the  
south-w est end  of th e  lake (section I) to  th e  beginning of th e  north -east basin 
(section X V III) w ith  a slow increase from  here. P robably , owing to  th e  currents 
th e  m ean organic carbon conten t decreases between th e  basins.
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A  SZ E R V E S S Z É N  H O R IZ O N T Á L IS  E LO SZ LÁ SA  
A  B A LA TO N  F E L S Ő  IS Z A P R É T E G É B E N

F rankó  A n d rá s  és P o n y i Jenő

Összefoglalás

A  B a la to n  24 keresz tsze lvénybő l szárm azó  168 iszap m in ta  szervesszén ana líz isé t 
W a l k l e y  és B lack  m ódszerével végez ték  el a  szerzők, m elynek  a la p já n  a  következő  
m eg á llap ítá so k a t te t té k :

1. A  tó  felső 5 cm -es iszap ré tegének  szerves C ta r ta lm a  m ás  eu rópa i ta v a k h o z  
v iszo n y ítv a  igen alacsony  és 0 ,27—2,33%  k ö z ö tt vá ltoz ik .

2. A  tó  D N y-i részén  fekvő k é t m edencében , a h o v á  a  v ízbefo lyások  d ö n tő  többsége  
to rko llik , v iszonylag  m ag asab b ak  a  szerves C é rték ek  (1,9%  fe le tt).

3. A  középső m edencé tő l e ltek in tv e  a  szerves C fo ltszerűen  oszlik el, m e ly e t a  tó  
sa já tság o s h id ro d in am ik a i v iszonyai (É K -i m edence), és részben  a  Z ala-folyó h a tá s a  
(K eszthelyi-öböl) m agyaráz .

4. A  v izsgált keresz tsze lvények  szerves C ta r ta lm á n a k  á tlag é rték e i a  tó  D N y-i 
végétő l (I. szelvény) csökkenő te n d e n c iá t m u ta tn a k  az É K - i m edence kezdeté ig  (X V III . 
szelvény), m a jd  ú jra  v a lam ely es t m egem elkednek . A  m edencék  k ö zö tt, fe ltehe tően  az 
á ram lások  m ia tt ,  az á tla g  szervesszén é rték ek  lecsökkennek.
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In  a  previously published paper (B ir ó  an d  G a r á d i , 1974) th e  role o f 
ligulosis as a  basic effect essentially  influencing th e  grow th o f th is  species has 
been discussed. As well known th e  3 —5 sum m er-old bream  stock o f L ake 
B alaton  is strongly  invaded  by  Ligula plerocercoids (M o l n á r  e t ah , 1968; 
P é n z e s , 1968). The parasitic  effect m ay be determ ined directly  from  th e  grow th 
as i t  was earlier published for ru ff (Acerina cernua l . ) of L ake B alaton  ( P o n y i  
e t al., 1972). Since th e  effect of Ligula invasion on th e  grow th of bream  has 
no t been stud ied  in  details, therefore a  scalim etric s tu d y  o f invaded  specimens 
becam e necessary. The solution o f th is  problem  is still im p o rtan t th e  grow th 
o f bream  population of L ake B alaton  has been found to  be fast even in 
E uropean relation.

Material and methods

The m ateria l consisting of 100 Ligula-invaded  specimens belonging to  
age-groups 1-f- to  7 +  was sam pled from  bream s caught a t  th e  environs o f 
F onyód w ith  1000 m long nets in  Ju ly , 1974. Their s tan d a rd  length  an d  w eight 
were m easured, th en  10—20 scales were detached  from  th e  area above th e  
la té ra  line o f each fish. 4 —8 well developed w et scales were placed betw een 
slides, and  th e  year-ring distances and  th e  caudal rad ii of scales were m easured 
a t  a m agnification 30 tim es w ith  th e  use of a  profile projector. K now ing th e  
relationship between th e  average caudal radius an d  th e  s tan d ard  length, th e  
body dim ensions a tta in ed  during th e  previous years were back-calculated 
a f te r  F r a s e r  (1916). The length-w eight relationship was determ ined by 
H u x l e y  (1924) (viz. L a g l e r , 1956). The grow th in  s tan d ard  length  o f Ligula- 
invaded  bream s was described by  th e  m ethods o f W a l f o r d  (1946) an d  B e r - 
t a l a n f f y  (1938; 1957). The findings were com pared to  th e  d a ta  on th e  grow th 
of 145 bream s o f 2 +  to  7-j- age collected a t  th e  environs o f F onyód in  1972 
(B iró  and  G a r á d i , 1974).

Results

A ge-distribution of fish in th e  sam ples was as follows: four specim ens 
belonged to  age-group 1 +  , 30 were 2-f-, 36 were 3 J-, 14 were 4-f-, 10 were 5J-, 
four bream s were 6 +  an d  tw o were 7-)-. The length-w eight relationship  calcu-
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la ted  for Ligula-invaded  bream s could be represen ted  by  a  parabola f itte d  in  
lower position as com pared to  th a t  of non-invaded ones (F ig. 1). I t  m eans 
th a t  a  sm aller specific w eight belongs to  th e  same s tan d a rd  length, or th e  
re la tive w eight deficiency arising in  consequence o f th e  parasitism  is p a rtly  
replaced by th e  biomass o f Ligula plerocercoids in  th e  abdom inal cavity . The 
effect of parasitism  on th e  length-w eight relationship can be estim ated  from  th e  
value o f its  coefficient which proved to  be 2.7469.

A bout 50 per cent o f th e  exam ined scales of Ligula-invaded  bream s were 
found to  be deform ed an d  dam aged. T he form ation o f annuli on th e  p roportion
ally  developed scales differs in  m any respects from  th a t  on th e  sound fish 
scales. The annuli were generally confused depending on th e  ex ten t of Ligula- 
invasion even on seemingly undeform ed scales. I t  is especially valid  during the  
firs t th ree  years o f th e ir developm ent. The regression betw een th e  caudal radii 
o f scales and  th e  s tan d ard  lengths was calculated from  significantly  sca tte red  
means. The s tra ig h t line cuts 1.2 cm from  th e  abscissa (F ig. 2). Average 
caudal radii o f scales from  age-group 1-f- to  7-f- were: 2.0, 2.63, 3.5, 4.26, 
4.74, 5.16, 6.33 mm, respectively.

l o g  L

1.0 11 1 2  1.3 1 6  1.S 16

F ig . 1. L eng th -w eigh t re la tio n sh ip  o f  b ream s in fec ted  w ith  p lerocerco ids o f L igu la  
in testina lis  (The d o tte d  line concerns th e  sound  specim ens).
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E stim ating  the  yearly  increm ents in  length  w ith  use o f s tan d ard  lengths 
back-calculated, the  grow th of specimens invaded  by  Ligula seems to  be slower 
th a n  th a t  of th e  sound ones. A stepped  increase in  stan d ard  length bo th  in 
m easured an d  back-calculated values could be observed (F igs 3—4). In

F ig . 2. L in ea r regression expressing  th e  re la tio n sh ip  betw een  th e  to ta l  cauda l rad ii of 
scales (R) an d  th e  s ta n d a rd  len g th s  (L) o f  th e  in v ad ed  bream s

F ig. 3. T he m easu red  averages a s  w ell as th e  m in im u m  a n d  m ax im u m  values o f  s ta n d a rd  
len g th s  in  L igu la -infected b ream s (the  d o tte d  line show s th e  averages fo r sound  ind iv iduals)
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age-groups 1 +  to  6 +  th e  deviations from  th e  m ean values were significant, up  
to  ± 6 —8 cm.

Average s tan d a rd  lengths o f age-groups 1 ±  to  6 +  back-calculated  from  
th e  scales, were as follows: 7.7, 12.1, 16.3, 19,8, 25.0 and  26.8 cm. A nalysing 
th e  grow th by  year-class s treng ths th e  grow th in age-groups 1 ±  to  5 +  seems 
to  be re la tively  linear, an d  con tra ry  to  th is  i t  is stepwise in  age-groups 6 ±  
to  7 +  ( Fig. 5). Because of sm all num ber o f la tte r  ones th e ir grow th deviating 
from  th e  younger age-groups could n o t be analysed properly.

F rom  th e  m arked  figures i t  is clear, however, th a t  there  is a  d ifferent 
grow th ra te  in  age-groups 1 +  to  4 +  an d  5 +  to  7 ± ,  which reflects th e  h inder
ing effect o f ligulosis on th e  grow th th a t  m ainly succeeds during th e  firs t five 
years o f th e ir life. Since Ligula hard ly  dam ages older fish, therefore i t  cannot 
have peculiar effect on th e ir grow th. W ith  use of s tan d a rd  length  back 
calculated  from  th e  scales a  grow th line was constructed  b y  W a l fo r d ’s 
(1946) transform ation , and  th e  m axim um  possible size (Loo) was estim ated. 
I t  was 51.58 cm ( Fig. 6). The param eters necessary to  B e r t a l a n f f y ’s model 
were also determ ined (K  =  0.1077, t 0 =  —0.4076), an d  using them , th e  ex
ponen tial curve o f grow th in  s tan d ard  length  was draw n (Fig. 7). F rom  th e  
param eters ob ta ined  and  from  th e  slope of th e  curve i t  can be established th a t  
th e  grow th ra te  of Ligula-invaded bream s rem ains below those o f sound fish 
previously observed a t  different areas o f L ake B alaton.

D iscu ssion

B ream  has th e  g reatest population in  L ake B alaton, an d  th e  fisherm en 
catch  900—1100 tonnes of them  every  year (B ir ó  and  E l e k , 1970). Because 
o f a  dense population  its  ecological role (niche) is especially im p o rtan t from 
th e  po in t o f energy tu rnover of th e  lake. S trong infection of bream s — as the  
second in term ediate  host — w ith  Ligula plerocercoids in L ake B alaton  is well 
know n (Molnár  e t ah , 1968; P é n z e s , 1968). In  H ungary  a significant Ligula 
infection occurs in  n a tu ra l w aters, lakes, and  closed arm s of th e  rivers, where 
th e  ligulosis decim ates th e  population  of bream  (Abramis brama L.), roach 
(Rutilus rutilus L.) and  bleak (Alburnus alburnus L.) every  year. In  the  fish 
ponds significant ligulosis ra re ly  occurs (K oczy lo w sk i an d  M ia c z y n sk i, 
1963; M o ln á r  and  Szakolczai, 1973). The second in term ediate  host o f Ligula 
emerges from  the  Cyprinids. In  the  case of a  strong invasion, th e  w eight of 
Ligula plerocercoids m ay reach  th e  one-th ird  o f th e  w eight of fish. Conse
quently , th e  physiological condition, feeding and  grow th of th e  host changes. 
T heir ex ternal features m ay be established from  th e  annuli form ed on th e  scales, 
or from  several deform ations and  irregular developm ent of them . D uring the  
studies i t  becam e obvious th a t  th e  annuli exhib it a  com pact stock depending 
on th e  in ten sity  o f th e  Ligula invasion. T heir distances have decreased signif
ican tly  which unanim ously showed th a t  th e  grow th ra te  becam e slower in 
re la tion  to  th e  sound fish.

S tudying th e  grow th an d  m o rta lity  ra te  of bream s invaded  by  Ligula 
in  th e  W d zydze  lake-com plex (Poland), B r y l in s k i (1969, 1970) found th a t  
th e  annuli developed on th e  scales o f b ream  one-two years before th ey  have 
been caught are extrem ely  close to  each other. T heir distances have been 
g reatly  varied  re la ted  to  th e  num ber of parasitic  Ligula plerocercoids being
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F ig . 4. A verage, m in im um  a n d  m ax im um  s ta n d a rd  len g th s  b ack -ca lcu la ted  from  th e  
scales in  d iffe ren t age-groups o f  th e  in fec ted  b ream s. D a ta  on th e  age-groups 4 +  to  64- 

a re  rep resen ted  b y  th e  d o tte d  line because o f  th e i r  sm all in d iv id u a l n u m b er.

F ig . 5. T he g row th  in  le n g th  b y  year-c lass s tre n g th s

present in  th e  abdom inal cav ity  o f th e  fish. T heir to ta l am ount has reached 
15—26 per cent of th e  body w eight o f th e  fish. F rom  th e  sm all distances o f 
annuli th e  parasitic  effect clearly follows an d  m anifests itse lf in  th e  length- 
w eight relationship, too. The grow th in  length  o f bream s in  th e  age-groups 
1 +  to  7 +  stud ied  by  him  was slower by  1 .5—40.5 p er cent as com pared to  th e  
hea lthy  individuals. The sam e in  w eight varied  betw een 2 0 —52 per cent.

The parasitic  effect on th e  grow th in  length  and  w eight of bream s in 
L ake B alaton  m ay be obviously followed from  th e  length-w eight re la tionsh ip  
(Fig. 1). A t 30 cm s tan d ard  length  th e  difference in  body weights o f sound
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and  invaded  fish has reached 10 gram s i.e. 17 per cent. F rom  th is size th e  differ
ence in  w eight rap id ly  increases.

B r y l in s k i (1969) dem onstrated  th a t  parallel w ith  the  increase of in 
vasion in  d ifferent age-groups th e  grow th ra te  decreases annually  to  such an 
ex ten t th a t  th e  grow th in  length stops between 36—38 cm. In  th e  sam e tim e 
there  is a  significant loss in  weight.

The linear regression curve expressing th e  relationship  betw een th e  caudal 
rad ii of scales and  th e  s tan d a rd  lengths o f Ligula invaded  bream s in  Lake 
B alaton  cuts 1.2 cm from  th e  abscissa ( Fig. 2). The sam e value for th e  sound 
fish proved  to  be 0.8 cm (Biró and  Garádi, 1974). The m easured s tan d ard  
lengths of bream s invaded  w ith  Ligula were sm aller th a n  those of non-invaded 
ones (Fig. 3), and  th e  deviations from  th e  m ean were 6 — 8 cm in  d ifferent 
age-groups. B ased on th e  back-calculated  s tan d ard  lengths (F ig . 4) th e  fact 
o f slow grow th is ev ident from  th e  sm all differences in  m ean sizes o f th e  age- 
groups, an d  from  th e  slope of th e  grow th curve. A nalysing th e  length  increase 
according to  year-class strengths, th e  re la tively  slow grow th is m ore strik ing 
(F ig. 5). Consequently, th e  grow th in  length  of b ream  in  L ake B alaton  
is differently  influenced by  th e  invasion of Ligula plerocercoids in  th e  f irs t 
five years (age-groups 1-)- to  4-)-), an d  fu rth e r on (age-groups 5-)- to  7 +  ). 
In  older individuals, although th e ir sm all num ber is forewarning, nevertheless 
i t  can be seen th a t  th e  ex ten t of Ligula invasion is sm aller, or th e  bream s are 
less sensible th an  during the  f irs t five years of th e ir life. Concerning th e  devel
opm ent cycle of Ligula, K oczy lo w sk i and  M ia c zy n sk i (1963) have described 
th a t  th e  life of m ature Ligula lasts for 2 — 3 weeks, b u t its  plerocercoid can 
s tay  even for th ree  years in  th e  abdom inal cav ity  of th e  fish. According to  our 
observations th e  infection becomes general in th e  age-group 1 +  . I t  is highly 
probable, however, th a t  th e  bream s become infected only in th e ir th ird  or 
fo u rth  years. This phenom enon can give explanation  on th e  differences in 
grow th of bream s during th e  f irs t five years of th e ir life.

T he ligulosis becomes general chiefly in undernourished fish having dense 
popu lation  (K o czy lo w sk i and  M ia c z y n sk i, 1963). In  a previous paper (B ir ó  
an d  G a r á d i, 1974) a more rap id  ra te  of grow th was repo rted  as com pared to  
o th er d a ta  published earlier on th e  bream  wide-spread in  L ake B alaton  (W u n 
d e r , 1930; W o y n á r o v ic h , 1958; R ib iá n sz k y  an d  W o y n á r o v ic h , 1962; 
P é n z e s , 1966; 1968). This observation especially refers to  th e  SW -ern p a r t  
of L ake B alaton  and  prim arily  to  th e  B ay  o f K eszthely  an d  w aters in its  
surroundings. This m ay have connection w ith  th e  increased eu troph ication  of 
different areas of th e  lake where the  food-reserve o f th e  m ud has increased. 
T he intensive fishing also contribu tes to  th e  changes o f th e  population  dynam ics 
of the  fish. The average m o rta lity  of age-groups 3-f- to  7-)- o f b ream  stock in 
L ake B alaton  has been previously observed as 62 per cent. The estim ation  of 
influencing effect of ligulosis on th e  m o rta lity  of b ream  a t d ifferent areas o f 
L ake B alaton  bo th  from  theoretical an d  practical po in ts of view is w anted.

Summ ary

On th e  basis of th e ir scales, th e  grow th of 100 tw o-to  eight-sum m er-old 
bream s has been studied. This specimens invaded w ith  Ligula plerocercoids 
have been caught by  fisherm en a t  the environs of F onyód in Ju ly  1974. I t  was 
concluded th a t
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F ig . 6. F o r d - W a l f o r d ’s p lo t in  Ligula-in v ad ed  b ream s. L t =  s ta n d a rd  len g th  (cm) in  
ev e ry  i-period o f  tim e  i f  t — 1 yea r, L t+1 =  th e  sam e one y e a r  la te r , L„  =  m ax im u m

s ta n d a rd  len g th  in  cm

F ig . 7. E x p o n en tia l g ro w th  in  s ta n d a rd  le n g th  o f  L igu la -invuded  b ream s in  L ake B a la to n  
rep resen ted  b y  B e r t a l a u f f y ’s m odel. L t =  s ta n d a rd  len g th  in  ev e ry  i-period  o f  tim e

w here t  =  1 y e a r

1. The relationship betw een th e  to ta l caudal rad ii of scales an d  th e  
s tan d ard  lengths m ay be described by  a  linear regression. I t  cuts 1.2 cm from  
th e  abscissa. The annuli on th e  scales developed irregularly  in  connection 
w ith  the  ex ten t of Ligula invasion. A bout a  h a lf o f  th e  scales s tud ied  were 
deform ed an d  regenerated.
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2. B ased on th e  s tan d ard  lengths back-calcu lated  from  th e  annuli of 
th e  scales i t  could be established th a t  bream s invaded  w ith  plerocercoids of 
Ligula intestinalis s tu n t in grow th as com pared to  th e  sound specimens. Their 
d ifferen t p a tte rn  of grow th in  w eight has evenly been observed from  the  
length-w eight relationship. D uring th e  f irs t five years o f th e ir developm ent the  
grow th of bream  in L ake B alaton  has been significantly  h indered by  ligulosis.
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L I G U L Ó Z I S  H A T Á S A
A  B A L A T O N T  D É V E r K E S Z E G  ( A B R A M I S  B R A M A  L . )  N Ö V E K E D É S É R E

Ö sszefog lalás

1 9 7 4  j ú l i u s á b a n  F o n y ó d  k ö r n y é k é n  a  h a l á s z o k  á l t a l  f o g o t t  d é v é r k e s z e g e k  k ö z ü l  
1 0 0  d b ,  L i g u l a  i n t e s t in a l i s  p l e r o c e r k o i d o k k a l  f e r t ő z ö t t  m á s o d - n y o l c a d n y a r a s  p é l d á n y t  
v á l a s z t o t t u n k  k i  é s  v i z s g á l t u k  p i k k e l y e i k  a l a p j á n  n ö v e k e d é s ü k e t .
M e g á l l a p í t o t t u k ,  h o g y :
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1. A  p ik ke lyek  te lje s  kau d á lis  rád iu sza  és a  tö rzshossz összefüggése lineáris  reg 
resszióval le írh a tó , a  te s t  p ik k e lyze tének  k ia lak u lása  1,2 cm -es tö rzshosszra  teh e tő . 
A  L igu la -invázió  m érték é tő l függően, a  p ikke lyeken  a  té li év gyű rűk  z a v a rta n  s egym ásba 
o lvadóan  képződ tek . A  ta n u lm á n y o z o tt p ik k e ly ek n ek  k b . fele defo rm áló d o tt, v ag y  
regen erá ló d o tt vo lt.

2. A z év gyű rűkbő l v isszaszám íto tt tö rzshosszak  a la p já n  n y ilvánva ló , ho g y  a  
L igu la  in testina lis  p lerocerko idokkal fe r tő z ö tt dévérkeszegek év en k én ti növekedése e l
m a rad  az egészséges p é ldányoké tó l. A  te s th o ssz -te s tsú ly  v iszonyából a  sú lynövekedés e l
té rő  v o lta  a  fe rtőzésm en tes példányokhoz  k ép est sz in tén  m eg á llap íth a tó  v o lt. A  ligulózis 
a  dévérkeszeg növekedését az  első ö t é le tév ig  je len tő sen  g á to lja , m a jd  e ttő l  kezdve a  
h a tá s  kevésbé érződik .
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L ake B alaton  (surface area o f 596 km 2) is composed o f four more or less 
separated  basins. The annual cycle of th e  p rim ary  production of th e  p h y to 
p lank ton  was stud ied  firs t in  th e  eastern  basin in fron t of th e  In s titu te  in 
T ihany  (H e r o d e k  and  T am ás, 1973; 1974). This paper reports on th e  in 
vestigations in  th e  K eszthelybasin. S tudies in  th e  Szigligetbasin are now 
in progress.

The K eszthelybasin, sometimes referred  to  as K eszthely-bay constitu tes 
th e  w esternm ost and  sm allest section of th e  lake, w ith  a surface area of 38 km 2 
and  a m axim um  dep th  of 3 m. I ts  w ater, exchanged to  99 per cent in  15 m onths, 
originates in  90 per cent in  the  inflows and  in  10 per cent in p recip ita tion  
(B a r a n y i, 1974). The m ain inflow em pties from  th e  south  in to  th e  basin. This 
is th e  river Z ala w ith  a  w atershed o f 2750 km 2, an d  a  w ater o u tp u t am ounting 
to  nearly  th e  h a lf of all th e  inflows of th e  lake. Chem istry of th e  lake, th e  basin 
and  the  river were stud ied  by  E ntz (1959). On th e  northw estern  shore of th e  
basin is s itu a ted  th e  tow n K eszthely  w ith  17,000 inhab itan ts. W ith  regard  
to  th e  river and  to  th e  sewage-waters o f th e  tow n, th is p a r t  of th e  lake could 
be considered as th e  one m ost exposed to  cu ltu ra l eutrophication.

M ethods

A t th e  deepest po in t in  th e  center of th e  basin  w ater was sam pled from  
25, 100, 200 and  275 cm depths. F rom  known p a r t of th e  sam ples th e  algae 
were counted by  U ter m ö h l ’s technique, and  th e  mass of th e  phy top lank ton  
was calculated from  th e  cell volumes. 100 ml o f th e  same sam ples were tra n s 
ferred  in to  flasks of P y rex  glass and  a f te r  adding 20 /tCi N a 214C 0 3 th ey  were 
lowered to  th e ir original sites and  th ere  exposed for four hours (10A— 14A). 
A fter exposal th e  flasks were carried  to  th e  labora to ry  in  a  dark  box, cooled 
to  4 —6°C. H ere the  algae were separated  from  the  w ater by  m em brane filters 
of 0 .2/1 pore size. Following th e  sam ples 50 ml of previously filtered, inactive 
lake w ater was passed th rough  th e  filters, then th ey  were exposed to  th e  fumes 
o f HC1 in order to  rem ove all inorganic contam ination of 14C. R ad ioac tiv ity  
was m easured by  liquid scin tilla tion  detector. E ach  value was reduced by  th a t  
o f th e  dark  parallel. The to ta l carbonic acid con ten t of th e  w ater was deter-
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mined, an d  th e  w eight of carbon fixed  b y  algae calculated. The production  
per u n it o f surface area was calculated  assum ing th e  sam ples a t  25 an d  
275 cm depths to  represen t h a lf m etre th ick  those a t  100 and  200 cm depths 
one m etre  th ick  w ater layers. The daily  production was ob ta ined  b y  ex tra 
polating th e  d a ta  from  th e  four hours exposal to  th e  period from  sunrise to  
sunset minus tw o hours. T o ta l rad ia tion  was recorded by  th e  Meteorological 
S ta tio n  o f K eszthely. D etails o f th e  m ethods have been described earlier 
( H e r o d e k  an d  T a m á s , 1973).

T here was a  norm al warm  sum m er in  1973, followed by  a Septem ber, 
m uch w arm er th a n  usual. The w in ter was exceptionally  mild, th e  lake being 
covered by  ice only for a  sho rt period in  December. In  common w inters th e  
lake would be frozen for tw o m onths.

Weather conditions during the exposals:

J u n e 4.
Ju n e 21.
J u ly 5.
J u ly 19.
A ug. 2.

A ug. 16.
A ug. 30.
S ept. 13.
O ct. 18.
N ov. 15.
J a n . 23.
F eb r. 21.
M arch 19.

A pril 17.
Ju n e 5.

O vercast, drizzling. S tro n g  w ind, s tro n g  w aves.
O vercast, drizzling . L ig h t w ind, low  w aves.
V ery  h o t d ay . B rig h t sunsh ine, few  clouds. L ig h t w ind , low  w aves.
H ig h  sum m er. B rig h t sunsh ine, few  clouds. L ig h t w ind , calm  w ater.
A fte r  a  cooler period  v e ry  h o t d ay s again . Sunsh ine, m o d era te  w ind , m o d er
a te  w aves, th e n  f la t  calm .
T he fo r tn ig h t before w as h o t an d  calm . Sunshine. F la t  calm .
O vercast, a t  tim es drizzling . M edium  w ind , m ed ium  w aves.
O vercast. C loud-d rift, a t  tim es sunsh ine . S tro n g  w ind , s tro n g  w aves. 
O vercast, ra in ing . S to rm , v e ry  s tro n g  w aves.
O vercast, drizzling. M oderate  w ind , w eak  w aves.
O vercast, th e n  sunsh ine. B reeze, r ip p lin g  w ater.
M odera te  cloud cover, a t  tim es  sunsh ine . M edium  w ind , m ed ium  w aves. 
O vercast, th e n  sunsh ine . S tro n g  w ind , s tro n g  w aves, th e n  m ed iu m  w ind , 
m ed ium  w aves. -
Sunshine w ith  passing  clouds. S to rm , v e ry  s tro n g  w aves.
M oderate  cloud cover, th e n  sunsh ine. L ig h t w ind , low  w aves.

T A B L E  I  

E nvironm en ta l

D a te 4 . V I. 21. V I. 5. V II . 19. V II . 2. V I I I . 16. v m .

W ater tem perature °0 
T otal radiation during

21 21 24 25 22 24

exposal cal • cm -2 
T otal radiation in the whole

142 97 178 236 277 261

day  cal • cm -2 360 161 482 504 618 522
Secchi transparency cm 
Illum ination a t th e  surface

43 44 40 33 68 46

Klux
Illum ination a t the different

28.5 28.5 63.2 41.4 56.2 56.2

depths in  per cent of the 
surface illumination

25 cm 34.1 32.7 48.3 38.7 64.3 53.3
100 cm 4.3 4.6 6.9 4.2 12.5 5.8
200 cm 0.7 0.8 0.9 0.2 2.5 0.5
275 cm 0.1 0.2 0.2 0.0 0.9 0.1
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Results

W ater tem perature, Secchi transparency , to ta l rad ia tion , surface and  
underw ater illum ination d a ta  are presen ted  in  Table I . In  th is  basin  t ra n s 
parency was very  low. U sually  a t  1 m dep th  th e  illum ination did  n o t a tta in  
th e  10 per cent o f th e  surface value, i.e. th is  d ep th  is n o t ligh t-sa tu ra ted . 
A t 2 m  d ep th  th e  illum ination never a tta in ed  th e  10 per cent, in  m ost cases 
no t even th e  1 per cent, accordingly i t  was under the  com pensation point. 
A t 2.75 m there  was practically  perm anen t darkness, illum ination exceeding 
1 per cent was m easured only a t  tw o occasions. The light a tten u a tio n  is no t 
only  m uch more expressed here, b u t is also of a  more stab le  character th an  
in  the  eastern  basin, where by  a  heavy  storm  only 2 per cent o f th e  light was 
found a t  1 m depth , b u t even 20 per cent o f the  incident ligh t reached th e  
bo ttom  during a long calm period. I t  also tu rn ed  o u t th a t  lower transparencies 
belong to  th e  same Secchi values in th e  K eszthely  basin th an  in  th e  eastern 
one. In  th e  easte rn  p a r t  o f th e  lake w ater transparency  depends basically 
on th e  am o u n t of m ud, swirled up b y  th e  waves, while in  th e  K eszthelybasin 
it  is already  determ ined b y  th e  phy top lank ton .

In  these investigation 122 algal species and  5 forms were found in  th e  sam 
ples. T heir d istribu tion  according to  phy la was as follows: C yanophyta 14, Eug- 
lenophyta 10, P y rro p h y ta  7, C hrysophyta 49, C hlorophyta 47, M ycophyta 1. 
To m ake th e  survey easier only those species are listed  separately  in  Table 11 
whose biomass reached the  200 pg • l i tre -1 during th e  year. The biomass of 
th e  o ther species are sum m ed up  for each phylum . In  Ju n e  diatom s prevailed. 
In  Ju ly  th e  blue-greens (Aphanizomenon flos-aquae, Anabaena spiroides) 
form ed a  strong  water-bloom . H ereupon th e  num ber o f Ceratium hirundinella 
(P yrrophyta) increased very  strongly  dom inating the  p lank ton  till Septem ber. 
In  th e  m eantim e also Euglena oxyuris (Euglenophyta) a tta in ed  significant 
am ounts. Besides th e  Ceratium, tw o o ther P y rro p h y ta  species, Cryptomonas 
erosa and  Peridinium inconspicuum, appeared  also in big masses, th e  form er

factors

30. V I I I . 13. IX . 18. X . 15. X I . 23. I . 21. I I 19. i n . 17. IV . 5. V I.

20 20 13 7 4 7 9 n 20

126 156 21 34 89 78 144 203 241

258 325 61 55 118 167 295 398 510
46 48 36 68 74 42 50 27 51

43.4 30.5 4.8 5.7 22.6 32.5 50.3 60.2 46.3

35.7 39.3 50.0 42.9 62.5 34.7 30.6 40.0 58.4
4.9 4.3 8.3 9.3 18.7 4.4 5.6 2.5 15.6
0.4 0.9 1.6 2.9 7.9 0.6 1.1 0.1 2.8
0.1 0.6 1.0 1.6 5.0 0.3 0.5 0.0 0.8

12
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T A B L E  I I

The biomasa of the phytoplankton

4. VI. 21. VI. 5. vn . 19. vn . 2. vm . is. vm .

Cyanophyta
200 40Anabaena scheremetievi — — — 80

Anabaena spiroides — 14 16 420 200 5
Aphanizomenon flos-aquae — 45 272 2175 247 262
O ther species 87 59 25 58 75 83
Total 87 118 313 2733 722 390

Euglenophyta
25 218Euglena ehrenbergii 13 17 59 —

Euglena oxyuris 45 36 18 72 90 1350
Phacus longicauda — — 25 517 — —
O ther species 9 12 16 126 21 43
Total 67 65 118 715 136 1611

Pyrrophyta
1000Cryptomonas erosa 137 37 125 250 182

Cryptomonas ovata — — — — —
Ceratium hirundinella 53 397 848 912 8904 2385
Diplopsalis acuta 3 24 231 7 70 346
Oonyaulax apiculala — 21 31 10 31 333
Peridinium  inconspicuum — 3 — 300 — 1260
O ther species 1 1 — — 1 —
Total 194 483 1235 1479 9188 5324

Chrysophyta
22 27Cyclotella bodanica 624 244 407 81

Cyclotella glomerata 4 — — 4 2 4
Cyclotella ocellata 47 85 85 34 5 20
Diatoma elongatum var.

tenuis — — — — — —
Melosira granulata 34 30 52 688 13 292
Nitzschia acicularis 47 24 40 47 5 19
Surirella robusta var.

splendida 344 62 225 50 — —
O ther species 434 265 211 292 151 472
Total 1534 710 1020 1196 198 834

Chlorophyta
31Ankistrodesmus falcatus 31 3 — 3 3

Phacotus lenticularis — — 3 — — 255
O ther species 163 183 139 123 247 365
Total 194 186 142 126 250 651
Sum to ta l of all algae

lO^ton3 • litre -1 2076 1562 2828 6249 10494 8810
g • m~* 6.2 4.7 8.5 18.7 31.5 26.4

T A B L E  I I I

T he production o f the phytop lankton  at

D e p th
cm 4. V I. 21. V I. 5. V II . 1 9 . vn. 2. vm. 1 6 . vm. „ 30. V I I I .

25 131.2 46.0 190.7 1111.2 605.1 583.9 358.4
100 52.1 50.4 147.2 428.1 401.8 267.8 178.4
200 1.6 6.4 9.2 23.0 207.9 16.2 7.3
275 0.7 0.0 4.6 2.1 17.1 0.5 0.6
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JOe pm 3 ■ litre 1

30. VIII. 13. IX. 18. X. 15. XI. 23. I. 21. II. 19. m . 17. IV. 5. VI.

56 32 5
16 32 — — — — — — 2

195 45 — — — — — — 7
45 79 48 13 70 24 24 50 109

312 188 48 13 70 24 24 50 123

17
18

34
54

— — — — — — —

49 25 — — — ----- ' — — —

64 43 98 — — — — 10 4
148 156 98 — — — — 10 4

312 175 1937 950 625 1625 37 _ 187
262 105 315 665 — 402 — — —

10282
35
73

5618
63

312

265 — — - — 27 238

_ z _ _ _ _ _
405 177 — — — — — — —

1 161 — — — — — — 46
11370 6611 2517 1615 625 2027 37 27 471

136 81 407 163 814 760 678 2306 950
7 — 46 14 221 265 319 31 6

34 10 373 24 85 1153 220 153 220

_ _ _ _ 375 112 13 _ _
82 62 4 — 215 — — — 322

4 4 4 1 86 121 252 281 9

25 _ 12 _ _ _ _ 3750 _
202 304 528 93 747 689 405 440 158
490 461 1374 295 2543 3100 1887 6961 1665

2 10 28 10 367 _ 35 24 17
225 75 — — — — — — —

93 326 138 8 179 75 147 91 297
320 411 166 18 546 75 182 115 314

12640 7827 4203 1941 3784 5226 2130 7163 2577
37.9 23.5 12.6 5.8 11.4 15.7 6.4 21.5 7.7

different depths fig G • litre 1 • hour 1

13. IX . 18. X . 15. X I . 23. I . 2i. n. 1 9 . m. 17. IV . 5 . V I .

308.9 16.8 78.2 15.7 90.1 71.2 45.5 46.1
111.3 4.3 45.6 27.5 28.6 58.2 22.8 61.0

8.9 0.4 8.5 18.2 2.8 6.9 0.7 26.3
2.6 0.1 2.4 13.5 0.9 1.8 0.1 8.2

12*
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prevailing till  February . F rom  Ja n u a ry  th e  num ber o f d iatom s increased 
again, and  they , m ainly Cyclotella bodanica and  Cyclotella ocellata form ed th e  
bu lk  o f th e  p h y top lank ton  u n til Ju n e  1974. The mass o f th e  to ta l  p h y to 
p lan k to n  increased from  th e  2 mg • l i tre -1 in  Ju n e  to  6 mg • l i tr e -1 a t  th e  
w ater-bloom  of th e  blue-greens in Ju ly , th en  by th e  rap id  rise o f Ceratium 
hirundinella population  i t  surpassed th e  12 mg • l i tre -1 by th e  end  of A ugust. 
F rom  here on th e  biom ass dropped to  2 mg • l i tre -1 b y  th e  m iddle o f N ovem 
ber, an d  varied  betw een 2 and  7 mg • l i tr e -1 in  th e  following m onths.

Fig. 1 shows th e  m ass of algae groupped according to  th e ir  length. 
I t  appears th a t  in  sum m er, in  tim e of th e  m axim al biom ass of th e  to ta l p h y to 
p lank ton , th e  am oun t o f those algae sh o rte r th an  30 pm  is th e  sm allest, no t 
only  in  re la tive b u t even in  absolute term s. The m ass o f algae, sho rter th a n  
10 pm  showed an  inverse re lationship  w ith  tem peratu re, and  reached its 
m axim um  in  February . This could be effected to  some ex ten t b y  seasonal 
changes in  th e  num ber and  ac tiv ity  o f filterfeeders, grazing on these sm all 
algae. F o r th e  w in ter th e  q u an tity  of cladocerans diminishes, and  th e  feeding 
in ten sity  o f Eudiaptomus gracilis, th e  dom inant copepod in  th is  lake drops 
to  a low level (P .-Z á n k a i and  P o n y i, 1973). The o ther facto r involved m ight 
be th e  g reater specific surface o f th e  sm aller forms, form ing in th e  w in ter by  
lower n u trien t concentration  a  considerable advantage. In  sum m er, when th e  
w ater is rich in  n u trien ts  these algae are suppressed by  the  large blue-greens 
an d  b y  Ceratium hirundinella. According to  a  rough estim ation  th e  to ta l su r
face of th e  p h y top lank ton  was th e  largest in  F ebruary . In  th e  eastern  basin 
b y  a  lower n u trien t supply, th e  proportion  and  in sum m er even th e  absolute 
am oun t of th e  algae, sho rter th an  10 pm  exceeded those in  th e  K eszthely  
basin, and  showed less seasonal changes (H e r o d e k  an d  T am ás, 1974).

The p rim ary  p roduction  was very  high (Table I I I ) .  The highest in 
corporation was m easured on Ju ly  19. T h a t day  444 pg carbon has been fixed 
b y  th e  algae in  th e  100 ml w ater of th e  sam ple exposed a t  25 cm dep th  for 
four hours. Values as high as th is are to  be find  b u t exceptionally  even in  th e  
m ost po llu ted  w aters. I t  is tw en ty -th ree  tim es higher th an  th e  m axim um  in 
th e  eastern  basin. The vertical profile of th e  photosynthesis shows th e  charac
teristics of hypertrophic w aters. The m axim um  was found a t  th ree  occasions 
a t  1 m, in  all o ther cases a t  25 cm depth . A t 1 m  depth , where usually  th e  
illum ination was a lready  suboptim al, th e  production  was ab o u t the  h a lf of th a t  
in  th e  upperm ost sam ple. A t 2 m depth , where th e  illum ination rem ained 
under 1 per cent, th e  rad ioac tiv ity  of algae did  n o t reach in m ost cases th e  
10 per cent o f those in  th e  op tim al depth . This m eans th a t  here th e  p h o to 
synthesis is already  less intensive th a n  th e  respiration, consequently th ere  is 
no n e t production. In  th e  deepest layer th e  photosynthesis was m inim al. W hile 
in  th e  easte rn  basin, corresponding to  th e  varying transparency , th e  vertical 
profile of th e  photosynthesis changed from  tim e to  tim e, an d  in long calms 
th e  m axim um  developed near th e  bo ttom , in  th e  K eszthely  basin  th e  vertical 
profile rem ained stable, w ith  no significant p roduction in  th e  deepest samples.

The production  per u n it surface (F ig .2) was 1 .6gC  • m -2 • day - 1 in early  
Ju n e . F rom  th e  beginning of Ju ly , when th e  w ater tem p era tu re  a tta in ed  24°C, by  
increasing num bers o f blue-greens, th e  production rose rapidly. I t  reached th e  
m axim um  on Ju ly  19, in  th e  tim e o f th e  w ater-bloom  caused by  Aphanizo- 
menon flos-aquae an d  Anabaena spiroides. On th is  day  th e  production was 
extrem ely  high, 13.6 g C • m -2 • d a y -1 . In  early  A ugust, by  decreased blue-
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greens and  increased Ceratium hirundinella s tand , th e  production  rem ained 
very  high, th en  dim inished gradually  till m id-Septem ber. The lowest p roduc
tion  m easured was during a  cold storm  in October, when th e  blue-greens dis
appeared, and  Ceratium could be detected  only in  a  few specimens. F rom  
Novem ber to  n ex t Ju n e  th e  production rem ained m uch lower th an  in sum m er,

m g - l i t r e

13 - 

1 2 -

1 1  -

10 -

W ). 0 - 1 0  Mm 

H  10-20 Mm

■  2 0 - 3 0  Mm 

3 0  M m  -

VI. VI. VI. VI. VII. VI Vili. IX. X. XI. I. II. III. IV. VI. 
4. 21. 5. 19. 2 . 16. 3 0 . 13. 18. 15. 2 3  21. 19. 17. 5. 

1 9 7 3  19 7 4

F ig . 1. A nnual cycle o f th e  biom ass o f  th e  to ta l  p h y to p la n k to n , a n d  th a t  o f len g th
groups
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Q C  m ' 1 ■ d a y ~ 1

however i t  exceeded th e  values ob ta ined  during corresponding seasons in  the  
easte rn  basin. The annual production, calculated  from  th e  area under th e  curve 
was 831 g C • m -2. This is e ight tim es higher, th a n  th a t  in  th e  eastern  basin. 
The seasonal d istribu tion  of production  in  th e  tw o basins differs too. W hile 
in  th e  easte rn  basin th e  production was well balanced th roughou t the  year 
in  th e  K eszthely  basin a  huge sum m er peak  developed, and  tw o th ird s  of th e  
annual p roduction fell to  th is  period.

E ven  th e  chem ical com position o f th e  w ater was m odified by  th e  in ten 
sive photosynthesis. The to ta l carbonic acid con ten t was 5.13 mM in F ebruary , 
b u t only  3.11 mM in A ugust due to  th e  incorporation in to  organic m ateria l 
an d  to  th e  biogenic lime form ation. The seasonal changes of th e  to ta l  carbonic 
acid  in  th e  lake have n o t been described earlier. In  th e  eastern  basin  th e  to ta l 
carbonic acid  conten t changed m uch less, i t  was 4.36 mM in Jan u a ry  and  
3.94 mM in August.

Discussion

Com paring th e  standing  crop o f th e  phy top lank ton , found during these 
investigations a t  T ihany  and  a t  K eszthely  w ith  d a ta  o f earlier years (T a m á s , 
1974), i t  appears th a t  th e  m ass o f th e  p h y top lank ton  increased strongly  in  
b o th  basins an d  now i t  is abou t th ree  tim es higher a t  K eszthely, th a n  a t  
T ihany  (Fig. 3).

F ig . 2. A n n u a l cycle o f  th e  p ro d u c tio n  o f  p h y to p la n k to n
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The increased mass o f algae results already  in a perm anen t strong w ater 
coloration and  causes frequen t water-bloom s, rendering th e  w ater less a ttra c 
tive for swimming. D ue to  th e  self-shading effect of th e  algae th e  euphotic 
zone is restric ted  to  th e  upper tw o m etres, provoking th e  possibility of 0 2 
deficiency in long calm periods. The light insufficiency caused by  th e  phy top lank
ton  can be also responsible for th e  disappearance of subm erged m acrophytic vege
ta tio n  from  th e  deeper p arts  of th e  basin. In  th e  preceding years th e  subm erged 
vegeta tion  consisting m ainly of Potamogelon perfoliaius form ed a m ajor nuisance 
for ships and  boats and  different ways were suggested to  clear th e  w ater of them . 
According to  th e  surveying in  1969 (K á r p á t i  and  V a r g a , 1970) of th is  basin 
308 ha were covered by subm erged vegetation, and  of this 51 ha were th e  densely 
covered area. In  th e  course of our m easurem ents in m ost cases th e  illum ination 
a t  2 m dep th  was less th an  1 per cent of th a t  a t  th e  surface, therefore th e  
aquatic  weeds should have to  grow abou t 1 m to  reach as m uch light as necessary 
for a pho tosyn thetic  ra te , higher th a n  th e  respiration. The p lan ts are unable to  
perform  this. In  th e  shallow w ater i.e. where sufficient light reached th e  
bo ttom , th e  subm erged vegeta tion  persisted, supporting  th e  above exp lana
tion. Sim ilar sh ift of th e  subm erged vegetation tow ards th e  shallower w aters 
was observed in  th e  course of eutrophication  of L ake F űre  ( J ó n a s s o n , 1969).

W hile in th e  eastern  basin th e  highest daily  p roduction was 0.6 g C • m ~2, 
in the  K eszthely  basin it  was estim ated  to  reach 13,6 g C • m -2 on Ju ly  19, 
and  11.9 g C • m -2 on A ugust 2. These values are unexpected ly  high no t only 
when con trasted  to  th e  d a ta  ob tained  in th e  easte rn  basin, b u t even am ong 
the  num erous lakes worldwide investigated  there are b u t few exam ples for 
such a  high production. According to  R y t h e r ’s (1959) theore tical considera
tions th e  m axim al p rim ary  production by  600 cal • cm -2 daily  to ta l irrad ia to n  
corresponding approxim ately  to  th e  m axim al irrad ia tion  in H ungary, w ould 
be 13.7 g C • m -2 • d a y -1 . In  outdoor algal cultures 15 -20 g C • m -2 • d a y -1 
production could be achieved (VendlovI , 1969). In  th e  E th iopean  soda lakes, 
where due to  th e  higher to ta l rad ia tion  th e  theoretical m axim um  would be 
19.2 g C • m -2 • d a y -1 , productions corresponding to  15.1 —20.0 g C • m -2 •
• d a y -1 were found according to  the  daily  rh y th m  of th e  oxigén con ten t o f 

th e  lakes (T a l l in g  e t ah, 1973). The m axim al production in Ind ian  fish-ponds 
was 15.6 g C • m -2 • d a y -1 (G a n a p a t i  and  Sr e e n i v á s a n , 1972). I t  appears, 
th a t  these m axim al values ac tua lly  m easured, correspond fairly  well w ith  
th e  m axim a, calculated on theoretical grounds. R especting th e  broader lim its 
of error in our estim ations, th e  very  close agreem ent betw een th e  m axim al 
production, found in  the  K eszthely  basin and  th e  theoretical m axim um  m ust 
be regarded in  p a r t  as a  m a tte r of chance. F o r theoretical ends it  seems 
necessary to  determ ine th e  sum m er m axim um  more precisely, w ith  sam ples 
in  more depths and  more tim e in tervals, em bracing th e  whole d ay  and  also 
w ith  th e  0 2 techniques. P ractically , however, th is basin can be regarded as 
a  n u trien t-sa tu ra ted  w ater body, th a t  already a tta in ed  its  m axim al p ro 
ductiv ity .

R o d h e  (1969) coupling th e  concept of eutrophication  w ith  th a t  o f th e  
p rim ary  production suggested to  use th e  annual p rim ary  production per u n it 
surface as a m easure of th e  trophic s ta te . R o d h e  (1969) and  H ü b e l  (1971) 
following W i n b e r g  (1961) suggested fairly  sim ilar p roduc tiv ity  ranges for 
th e  trophic categories (Fig. 4). W hen th e  daily  production is calculated  by  
ex trapo lating  from  th e  four hours o f th e  exposal to  th e  whole day-tim e
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F ig . 4. P o sitio n  o f th e  tw o  basin s on th e  scale o f  lakes based  on th e ir  p r im a ry  p ro d u c tio n

(H ü b e l , 1971), th e  annual p roduction is 114 g C • m -2 in  th e  easte rn  basin  
an d  971 g C • m -2 in  th e  K eszthely  basin. B y  ex trapo lating  to  th e  day-tim e 
m inus tw o hours gives an  annual p roduction o f 96 g C • m -2 in  th e  easte rn  
an d  831 g C ■ m -2 in  th e  K eszthely  basin. Ind ica ting  these lower values in 
Fig. 4. i t  appears, th a t  th e  production a t  T ihany  corresponds to  th a t  o f the  
slightly  eutrophic lakes, while th a t  a t  K eszthely  to  th e  m ost hypertroph ic  
w aters, th is  la te r value ac tua lly  leaving th e  scale. Thus while B alaton  is often 
referred  to  as an  oligotrophic lake, according to  th e  p rim ary  production 
m easurem ents th e  troph ic s ta te  o f its  basins ranges from  th e  lower lim it of 
eu trophy  to  th e  m ost developed hypertrophy .

However cu ltu ra l eutrophication  m anifests itse lf as worldwide phenom e
non th e  increase of th e  p rim ary  production was in fact dem onstrated  b u t in 
very  few lakes. This is perhaps explained by  th e  relatively  recent propagation  
of investigations of th is  type. In  L ake B alaton  th e  firs t m easurem ents by  th e  
14C technique were carried o u t in 1961 (B ö s z ö r m é n y i  e t ab, 1962). The p rim ary  
production was m easured in fron t o f T ihany  a t  altogether 12 occasions in  
sam ples exposed in 1 m depth , and  th e  values ob tained  a t  th a t  tim e are b u t 
30 per cent lower th an  those found in  1972. I t  seems therefore, th a t  in the  
eastern  basin th e  production of th e  phy top lank ton  increased only m oderately 
during th e  last decade. In  1961 when on tw o occasions w ate r sam ples were 
collected in  all th e  basins, no significant differences could be s ta ted  in  th e ir 
production. In  th e  sam ples collected a t  K eszthely  th e  production was 8.1 yg 
C • li tre -1 • h o u r-1 on A ugust 24, 1961 and  4.0 ;Ug C • l i tre -1  • h o u r-1 on 
Septem ber 15, 1961, these values corresponding to  119 and  48 per cents of the  
production o f th e  sim ultaneously exposed sam ples collected a t  T ihany. The 
pho tosyn thetic  ra tes a t  T ihany  in 1972 an d  a t  K eszthely  in  1973 and  1961 are 
com pared in Fig. 5. The d a ta  o f 1961 are ex trap o la ted  to  a  w ater column 
of 3 m. A dm itting  th a t  in  1961 th e  p roduc tiv ity  o f th e  K eszthely  basin cor
responded to  th e  present one of th e  eastern  basin, i t  seems th a t  in th e  last 
twelve years in th e  K eszthely-basin the  p roduc tiv ity  a tta in ed  an eightfold
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F ig . 5. C om parison o f  th e  p ro d u c tiv ity  a t  K esz th e ly  in  1961 an d  in  1973 an d  a t  T ih an y
in  1972

increase, th e  basin getting  from  th e  m oderately eutrophic to  th e  strongly  
hypertroph ic sta te .

One o f th e  basic problem s o f production biology is th e  relationship 
betw een p roduction  and  biomass. The view, th a t  th e  production per biomass 
un it, often  referred  to  as ac tiv ity  coefficient, is inversely re la ted  to  th e  popula
tion  density  is supported  b y  phy top lank ton  studies in  m any lakes (V e r d u i n , 
1959; W r i g h t , 1960; E i n d e n e g g , 1966 a, b; G o l d m a n  e t al., 1968; H i l l - 
b r i c h t - I l k o w s k a  and  S p o d n i e w s k a , 1969). The ac tiv ity  coefficient o f th e  
phy top lank ton  used to  be lower in  eutrophic th an  in  oligotrophic w aters, and  
is usually  lower in sum m er th a n  in au tu m n  or in  w inter. In  th e  easte rn  basin, 
in  accordance w ith  th is  principle, th e  production per biomass was n o t in 
sum m er th e  highest, when production a tta in ed  th e  m axim um , b u t in  au tum n, 
when th e  biomass was m inim al. The principle seems to  be valid  for th e  changes 
th a t  took  place th rough m any years. In  th e  eastern  basin th e  production  has 
barely  increased since 1961, in tu rn  the  biomass in  1965 was only a  qu arte r 
of th a t  in  1972, suggesting th a t  in  1965 th e  production per biom ass ra tio  was 
four tim es higher th an  in  1972. In  th is  p a r t  of th e  lake th e  production seems 
to  be more stable b o th  seasonally an d  th rough  th e  years th a n  th e  mass of

T A B L E  IV

The relation of 'primary production

4. YI. 21. YI. 6. VII. 19. VII. 2. VIII. 16. Yin.

g C daily production 
0.1 • g  fresh weight 2.64 2.38 4.15 7.26 3.78 2.67

100 • cal production 
0.46 • cal to ta l radiation 0.73 0.72 1.24 3.71 2.89 1.92
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the  algae. In  th e  K eszthely  basin th e  situ a tio n  is ju s t th e  opposite. H ere th e  
highest ac tiv ity  coefficient could be found a t  th e  tim e of th e  enormous p ro 
duction in  sum m er when also th e  biomass showed its  m axim um , and  the  
production changed m ore seasonally, th a n  th e  mass o f th e  phy top lank ton . 
The sam e holds tru e  for th e  changes th a t  took  place th rough  m any years. 
A t th e  presen t in  th e  K eszthely  basin th e  biom ass is th ree  tim es, th e  p roduc
tion  eight tim es higher th a n  in  th e  eastern  basin. I t  seems, th a t  th e  ac tiv ity  
coefficient decreases in  th e  f irs t period o f eutrophication  an d  suddenly in 
creases in th e  final stage.

The energy fixation  by  p lan ts  in  per cent o f th e  energy o f th e  photö- 
synthetically  active p a r t  of sunlight is referred  to  as pho tosyn thetic  efficiency. 
In  our la titu d e  46 per cent of th e  to ta l  rad ia tion  falls w ith in  th e  wave-lengths 
available for th e  photosynthesis. To avoid  th e  errors arising from  th e  e x tra 
polation th e  pho tosyn thetic  efficiencies are given for th e  four m idday  hours 
(Table I V ) .  Values for th e  whole days were higher in  all p robability . The light 
u tiliza tion  is very  high in  th is  basin  as com pared to  o ther E uropean  lakes 
( R o d h e , 1958), and  th e  efficiency is th e  highest in  sum m er, when th e  absolute 
rad ia tion  has its  sum m it.

L ake B alaton , in  E uropean  term s, is p re tty  w arm  in sum m er, in  Ju ly - 
A ugust th e  w ater tem p era tu re  can s tay  for long periods above 25°C. This is 
due to  H u n g ary ’s clim ate, an d  to  th e  sm all th erm al capacity  of th e  shallow 
lake. T he analysis w ith in  th e  fram e of IB P  o f th e  d a ta  of m any  lakes th ro u g h 
o u t th e  w orld showed th e  p ro d u c tiv ity  to  be best correlated  w ith  tem p era
tu re  (B r y l i n s k y  an d  M a n n , 1973). I t  seems, th a t  a t  perm anen tly  high 
tem p era tu res  com m unities o f high m etabolic ra tes are formed, th e  intensive 
synthesizing and  decomposing processes resulting  in  a rap id  tu rnover o f the  
nu trien ts  and  in a high pho tosyn thetic  efficiency. This explains perhaps th e  
exceptionally  high p roductiv ity  of th e  K eszthely  basin as com pared to  o ther 
strongly  pollu ted  b u t colder lakes.

The increasing biom ass o f th e  phy top lank ton , th e  w ater bloom caused 
by  th e  blue-greens, th e  narrow ing o f th e  euphotic layer, th e  restric tion  of 
subm erged m acrophytic vegeta tion  to  shallower depths, th e  enorm ous peak  
in sum m er of th e  production curve, the  unusually  high annual p rim ary  p ro 
duction all a tte s t the  hypertroph ic s ta te  o f th e  K eszthely  basin. The m ain 
sources o f n u trien ts  are th e  sewage w aters o f th e  tow n K eszthely  an d  its  
slaughter-house, an d  th e  river Zala. A large-scale p ro ject is p lanned  for p u ri
fication, an d  in  p a r t  for diversion o f th e  sewage-waters from  th e  w atershed 
of th e  lake. W ith  regards to  th e  seriously th rea ten ed  s ta te  of th is  basin, it

to biomass and  to relation

30. VIII. 13. IX. 18. X. 15. XI. 23. I 2i. n. 19. i n . 17. IV. 5. VI.

l . n 1.26 0.09 1.19 0.38 0.42 1.60 0.25 2.04

2.52 1.54 0.55 2.42 0.59 0.86 0.61 0.20 0.41
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would be advisable to  solve the  sewage-w ater problem s of K eszthely  as th e  
f irs t step  of th e  project. The K is-B alaton, once a basin of th e  lake, now a  
m arsh land  belongs w ith  its ex tended  reeds to  th e  m ost im p o rtan t n a tu re  con
servation areas in  H ungary. P rio r to  its  regulation th e  river Zala flooded th is 
region before entering th e  lake. The earlier idea of restoring th e  original s ta te  
of th e  K is-B alaton  seems w orth  reconsidering because in  th e  reeds th e  w ater 
w ould drop m ost o f th e  silt and  also th e  m ajority  of th e  dissolved n u trien ts  
w ould be rem oved by  th e  p lan ts. W hether th is  or ano ther conception would 
m eet th e  case, th e  polluting effect o f th e  river Zala m ust be radically  reduced 
in  th e  very  near fu tu re  too.

Sum m ary

The illum ination, com position, biom ass and  production of th e  p h y to 
p lank ton  were stud ied  in th e  basin  in  25, 100, 200 and  275 cm depths a  whole 
year through.

In  m ost cases less th a n  10 per cent of the  surface illum ination was found 
a t  1 m depth, an d  less th an  1 per cent a t  2 m depth . D ue to  th e  shading by  th e  
algae th e  rich subm erged vegeta tion  o f th e  previous years has been ex 
tinguished from  th e  deeper regions of th e  basin. The biom ass was m uch larger 
th an  in  th e  previous years, its m axim um  atta in ing  12.6 g fresh w eight • m -3 . 
In  Ju ly  strong w ater bloom was caused by  Aphanizomenon flos-aquae and  
Anabaena spiroides, in  A ugust Ceratium hirundinella dom inated, while in th e  
colder w ater diatom s prevailed. The am ount of algae sho rter th an  10 /mi cor
re la ted  inversely w ith  tem peratu re.

U sually  th e  production was th e  highest in  the  upperm ost sam ple, i t  was 
reduced abou t to  th e  h a lf for 1 m and  to  a  few per cents for 2 m depth . The 
production was extrem ely  intensive in sum m er. In  Ju ly  1.1 mg C • l i tre -1 •
• h o u r-1 production was m easured a t  th e  op tim al depth , an d  th e  daily  p ro 

duction was estim ated  to  13.6 g C • m -2. The annual production  am ounted  
to  831 g C • m -2. Comparison w ith  earlier d a ta  suggests, th a t  i t  happened 
in  th e  las t tw elve years th a t  th e  basin  got from  a m oderately eutrophic s ta te  
to  th e  strongly hypertrophic one.
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A  F IT O P L A N K T O N  E L S Ő D L E G E S  T E R M E L É S E  
A B A LA TO N  K E S Z T H E L Y I M E D E N C É JÉ B E N  1 9 7 3 -7 4  É V E K B E N

Herodek Sándor  és T am ás Gizella 

Összefoglalás

E g y  éven  k eresz tü l v izsgá ltuk  a  m edence közepén 25 cm , 100 cm , 200 cm  és 275 
cm  m élyen  a  m eg v ilág ítás t, a  f ito p la n k to n  össze té te lé t, tö m eg é t és te rm elésé t.

A z ese tek  nag y o b b ik  részében m á r  nem  ta lá ltu k  m eg  1 m  m élyen  a  felszíni m eg 
v ilág ítás 10% -át, 2 m  m élyen  ped ig  1 % -á t sem . Az a lg ák  ok o z ta  fén y h ián n y a l m agya-
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rázzu k , hogy  a  m edence m élyv izéből e ltű n t a  k o ráb b i évekre jellem ző gazdag  h ín á rá llo 
m án y .

A  fito p la n k to n  töm ege a  k o rá b b i évekhez k ép est je len tősen  em elk ed e tt, és augusz
tu s b a n  e lé rte  a  12,6 g  C . m -3 -t. Jú liu sb a n  az A phanizom enon  flo s-aquae és az  A nabaena  
spiroides o k o z tak  v ízv irágzás t. A u g u sz tu s tó l a  Geratium  hirundinella  d o m in á lt, a  h id e
gebb  v izekben  a  k ovam osza tok  tö r te k  előre. A  10 ^ -n a l röv idebb  a lgák  össztöm ege a  h ő 
m érsék le tte l fo rd íto tt irán y b an  v á lto z o tt.

A  te rm elés á lta lá b a n  a  legfelső m in tá b a n  v o lt a  legnagyobb , 1 m  m élyen  ennek  
m á r  csak a  fele vo lt, 2 m  m élyen  és ez a la t t  leg többszö r m á r  n em  ta lá ltu n k  n e tto  te rm e 
lés t. A  legm agasabb  te rm e lé s t a  jú liu si v ízv irágzásnál m é r tü k , 1,11 m gC  • l i te r - 1 • ó ra -  *-t. 
A z a la p te rü le tre  sz á m íto tt n a p i te rm elés  ekko r 13,6 g C • m -2  vo lt.

A z éves te rm elés 831 g  C • m -2 , am elynek  a  fele jú liu s—au g u sz tu sra  e se tt. K o ráb b  
a d a to k k a l összevetve valószínű , ho g y  a  m edence az  u tó b b i év tizedben  ju to t t  a  m érsékelt 
eu tró fiá tó l a  legsú lyosabb  h ip e r tró f ia  á llap o táb a .
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The firs t studies on th e  ch lorinated  hydrocarbon pollution in  L ake 
B alaton  (B a k o n  e t ah, 1967; P o n y i  e t ah, 1968) were based on th in -layer 
chrom atographic m easurem ents sum m arizing th e  results o f so m any analyses 
th a t, even today , the  g reat fish kill in  1965 can be ascribed to  chlorinated 
hydrocarbon pollution. The results are supported  by  th e  p robab ility  o f these 
pesticides being accum ulated  in th e  food-chain. The au thors m entioned above 
found  y-HCH, D D T an d  th e ir decom position products in  fishes, p lank ton  
crustaceans an d  molluscs.

Investigations w ith  gas chrom atograph have been carried o u t a t  th e  firs t 
by  F e l f ö l d y  an d  T ó t h  (1967), when y-HCH, aldrin , dieldrin and  DD T could 
be located in  fishes. P i n k o l a  an d  T ó t h  (1971) s ta ted  th e ir presence in  th e  
w ater and  w ater weeds. In  th e ir exp lo rato ry  s tu d y  C z e g l é d i - J a n k ó  e t al. 
(1973) repo rted  on th e  occurrence o f 2.4-D (D ikonirt), in  addition  to  th e  
y-HCH, DD T and  th e ir m etabolites, in  L ake B alaton.

W hen collating th e  lite rary  d a ta  th e  followings become evident:
1. D espite th e  fact th a t  D D T an d  its  decom position products have been 

decreasing since th e  fish kill in 1965, th ey  are still p resen t in  th e  lake.
2. y-HCH was also found in  significant quan tity .
The aim  o f our studies was to  gain fu rth e r inform ations on th e  con

centration  of y-HCH, D D T and  th e ir decom position products in  th e  lake and  
in  aquatic  organisms. W e were going to  find  explanation  to  th e  followings:

1. The degree of chlorinated  hydrocarbon pollution in different members 
o f th e  food-chain (algae, zooplankton, non-predato ry  and  p redato ry  fishes).

2. W hether or n o t th e  tw o w ater areas of diverging quality  differ in th e  
chlorinated  hydrocarbon content.

3. The degree o f chlorinated  hydrocarbon pollution of R iver Zala and  
its  effect on the  lake.

Dates and localities of collecting, materials and methods

Samples were tak en  along tw o stan d ard  transversal sections of Lake 
B alaton  (A and  M), a t  th e  in let of R iver Z ala an d  10 km  upw ards in th e  river 
itself ( Fig. 1). The selection of these sites was ind icated  by  previous investiga-
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tions (Ponyi e t al., 1972; Ponyi and  P.-Zánkai, 1972; Ponyi, 1975). Owing 
to  th e  fact th a t  section M is influenced by  th e  inflowing w aters in  a  rem arkable 
degree and  section A only to  some ex ten t, th e  quality  of th e  tw o w ater areas 
differs very  much. A t th e  same da te  of th e  investigations th e  tw o sections 
w ere characterized by  th e  following differences:

section.
M

section
A

Organic carbon content (mg/I) 6.42 5.36
Chemical 0 2 consumption (mg/1) 4.94 3.80
Total P  (mg/m3) 86.60 51.50
B acterium  (cellsX 10s/ml) 4.70 3.50
Algae (individual num ber X l0 5/1) 4.90 1.40
R otatoria  (fig wet weight/1) 
P lanctonic Crustacea

24.00 42.00

(fig d ry  weight biomass/1) 99.00 69.00

A t the  sam pling places w ater, phy top lank ton , p lank ton  Crustacea, w hite 
grass-carp (Hypophtalamichthys molitrix), carp (Cyprinus carpio) and  pike- 
perch  (Stizostedion lucioperca) were collected in  th e  following m onths:

D ate of sampling w ater fish plankton

April 1973 + _ _
June — + —
Ju ly — + +
October + +

F ig . 1. S am pling  p laces in  L ake B a la to n
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T he phy top lank ton  and  th e  p lanktonic crustaceans were filtered  w ith  sam pling 
n e ts  No. 25 an d  6.

The degree of y-HCH, DDT, D D E  and  DD D  pollu tion was exam ined 
in all samples.

W ater sam ple o f 4000 ml was ex trac ted  in  petro leum  e th er o f 2 X 150 ml 
(Carlo E rba , boiling po in t o f 3 0 —40°C) w ith  shaking. The petroleum  etheric 
phases were brough t together and  evaporated  w ith  anhydrous sodium  su lphate 
o f m ax. 5 g (Merck). A fte r decan tation  th e  ex trac ts  were condensed in  ro ta ry  
vacuum  concentrator of R o tad est ty p e  a t  40°C. The concentrate was purified  
on Davidow column in th e  appliance o f Czeg l é d i-J an k Ó and  Cie l e s z k y  
(1968). The purification lasted  for 1.5 hours. The purified ex tracts  were evap 
ora ted  alm ost d ry  an d  tak en  up  in  hexane o f gas chrom atographic pu rity . 
In  th e  fish sam ples th e  degree of pollution was determ ined in th e  flesh, brain, 
liver, eggs an d  milt. The whole q u an tity  o f th e  bra in  and  liver sam ples was 
hom ogenized w ith  distilled w ater in  th e  ra tio  o f 1 : 1. 10 —10 g flesh o f each 
fish was homogenized w ith  distilled w ater of th e  sam e quan tity . The homog- 
enizates o f th e  organs an d  p lank ton  sam ples were hofilizated  in  a  final 
vacuum  of 10~2 to rr, a t  a  sublim ation tem peratu re  betw een —25 and  — 30°C 
applying an a fte r heating o f 35°C.

Since th e  rest of organs to  be determ ined were com pounds dilu ting 
easily in lipids, th e  fa t con ten t of th e  sam ples was ex trac ted  in  petroleum  e ther 
a fte r liofihzation. Of the  fa t ob tained  an d  m easured, 0.1—0.15 g was stud ied  
on. The analyses resu lted  th ree  parallel m ean values.

The exam inations were carried o u t w ith  an  in strum en t o f P ack a rd  type. 
The conditions of the  chrom atographic experim ent were as follows:

C olum n: m ad e  o f  p y rex  glass o f  180 XO.4 cm ; OV 17 a n d  Q F-1 p a r t i t iv e  liqu id  o f  1.5 p e r
cen t layered  on solid carrie r; tem p e ra tu re : 190°C. 

d e tec to r: e lec tron  cap tu re ; tr i t iu m  foil co n ten t (a c tiv ity  o f  150m C ); te m p e ra tu re : 196°C 
ca rrie r gas: n itro g en  o f  h igh  p u rity , flow  ra te  55 m l/m in u te ; vapo rizer tem p e ra tu re : 220°C.

The identification  and  qu an tita tiv e  determ ination  was carried  o u t by  m eans 
o f a  stock-solution com pounded o f reference m aterials. The solution also con
ta in ed  X - ,  ß - ,  an d  (5-HCH. W e failed, however, to  evaluate  th e  q u an tity  of 
these substances.

Results

1. Chlorinated hydrocarbon content of water samples

The gas-chrom atographic investigations showed th e  y-H C H  pollution 
o f L ake B alaton  to  be identical a t  T ihany  an d  in th e  K eszthely  B ay  in  spring 
(35 ng/1) (Table I ) .

In  au tu m n  th e  y-HCH values decreased a t  th e  sam pling sites. In  the  
K eszthely  B ay  and  R iver Zala only 7-14 per cent, while a t  T ihany  37 per 
cen t of th e  spring values were found.

In  spring th e  D D T pollution o f th e  w ater could be denoted in  figures 
only  a t  T ihany. Owing to  its  low q u an tity , i t  could n o t be w orth ily  m easured 
a t  o ther sam phng places. In  au tu m n  i t  showed an  increase reaching a  con
cen tra tion  of 9 ng/1 in th e  K eszthely  Bay.

13
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TA BLE I

C h lo r in a te d  h y d r o c a r b o n  p o l l u t i o n  o f  B a la to n  a n d  R i v e r  Z a la ,  1 9 7 3  
( p g  p e s t ic id e /1 0 0 0  m l  w a te r )

Site of sampling D ate of sampling y-HCH DDE DDD DDT

Tihany April 0.035 N y 0.001 0.002
Oct. 0.013 N y N y N y

Keszthely April 0.035 N y 0.002 N y
Oct. 0.005 N y N y 0.009

In le t of K iver Zala April 0.037 N y 0.002 ' N y
Oct. 0.002 N y N y 0.003

10 km  upwards in R iver Zala April 0.039 N y 0.003 N y
Oct. 0.003 N y N y 0.003

N y =  less th an  0001 ,ug/l,000 m l w ater

In  spring the  DD D  was of alm ost identical concentration all over the  
lake and  in th e  R iver Zala.

2. Chlorinated hydrocarbon content of plankton samples

P h y to p lan k to n  could be analysed only once, in  October, when th e  w ater- 
bloom was followed by  heaps of algae floating on th e  surface. In  th is period 
th e  alga concentration  was as m uch as 4.2 mg w et w eight/litres (H krodek  
an d  T a m á s , 1974; 1975). In  th e  phy top lank ton  sam ples D D T and  D D D  
were found in  th e  largest q u an tity  (Table I I ) .  Com pared to  th e  values o f 
p lanktonic C rustacea th e  q u an tity  o f y-HCH also seemed to  be significant.

T A B L E  I I

P e s t ic id e  c o n te n t  o f  th e  p h y to p la n k to n  a n d  p l a n k t o n  c r u s ta c e a n  s a m p le s  i n  tw o  
d i f fe r e n t  r e g io n s  o f  L a k e  B a la to n ,  1 9 7 3  ( m g  p e s t ic id e /1 0 0 0  g  d r y  p l a n k t o n )

Month Region y-HCH DDE DDD DDT
Fat content

%

V II. Tihany, section A 
Crustacea-plankton 0.129 0.126 0.115 0.025 5.72

V II. Keszthely, section M 
Crustacea-plankton 0.171 0.135 0.089 0.042 5.06

X. Keszthely, section M 
Crustacea-plankton 0.229 0.165 0.166 0.679 11.69

X. Keszthely, section M 
P h y to p lan k to n 0.635 0.327 3.507 4.086 4.09

The following species o f crustaceans were found in  th e  sam ples: Eudiapto- 
mus gracilis (10 individuals/litre), Cyclops vicinus (13 individuals/litre), Meso- 
cyclops leuckarti (3 individuals/litre), Daphnia cucullata (1 individual/litre) and  
Cyclops nauplii (5 individuals/litre).
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The y-HCH and  DD T co n ten t of planktonic C rustacea collected along 
th e  transversal section M in sum m er and  au tu m n  is different (Table I I ) .  
In  th e  au tum n  th e  y-HCH pollu tion was 1 — 2 tim es, while th e  D D T pollution 
16 — 17 tim es as high as i t  was in  th e  spring.

The com parison of th e  sum m er sam ples ta k e n  along sections A an d  M 
shows th a t  the  degree of pesticide pollu tion of th e  tw o areas differs to  some 
ex ten t. Reducing in to  w ater value and  regarding th e  inequality  in  th e  p lank
to n  density, th is difference even grows (Tables 111 and  I V ) .

T A B L E  I I I
E s t i m a t e d  q u a n t i ty  o f  p l a n k t o n  i n  th e  p e r io d  o f  th e  in v e s t ig a t io n  

( i n  f ig  d r y  w e ig h tß i t r e )
(W i n b e r g , 1971; H e r o d e k  a n d  T a m á s , 1973; 1975; P o n y i , 1975)

Mouth Section
Planktonic
Crustacea Phytoplankton

Ju ly A 122 2 8 0
M 1 61 1 2 4 0

October A 69 4 2 0
M 1 8 5 8 4 0

T A B L E  IV
P e s t ic id e  p o l lu t io n  o f  p l a n k t o n  a t tw o  s a m p l i n g  a r e a s  

o f  L a k e  B a la to n  ( f ig p e s t ic id e /m 3 w a t e r )

Month Section Plankton y-HCH DDE DDD DDT

V II. A Crustacea- 0 .0 1 6 0 .0 1 5 0 .0 1 4 0 .0 0 3
V II. M Crustacea- 0 .0 2 8 0 .0 2 7 0 .0 1 4 0 .0 0 7

X . M Crustacea- 0 .0 4 2 0 .0 3 1 0 .0 3 1 0 .1 2 6
X . M Phyto- 0 .5 3 3 0 .2 7 5 2 .9 4 6 3 .4 3 2

3. Pesticide content of fish samples

Analyses of th e  different organs of w hite grass-carp (Table V)  showed 
th a t  chlorinated  hydrocarbon is p resen t in larger q u an tity  in  the  3 -f- year- 
old specimens th an  in  th e  2 year-old ones. The y-HCH, conten t of fles was 
found to  be 9 tim es higher and  of bra in  of 3 +  year-old 4 tim es higher th an  
in  case of 2 +  old specimens. The difference in  th e  concentration o f D D T was 
2.5-fold in  th e  flesh. The increased pesticide con ten t o f th e  3-f- year-old 
specimens is connected w ith  th e  changed fa t-conten t.

The pesticides found in  th e  d ifferent organs of th e  pike-perch and  carp  
differ in q u an tity  a t  th e  tw o sam pling sites (Table VI ) .  The y-HCH con ten t 
of th e  liver, eggs, m ilt and  brain  of pike-perches collected in th e  north -eastern  
basin is higher th a n  th a t  of th e  specimens from  th e  K eszthely  B ay. The 
y-HCH con ten t of these organs of carp is th e  opposite of these values, found 
to  be higher ju s t in th e  K eszthely  Bay. The d istribu tion  of DD T and  its decom 
position products shows o ther p icture like th e  y-HCH did. The degree o f 
pollution of the  organs of fish collected a t  th e  tw o areas is nearly  th e  same.
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P e s t ic id e  c o n te n t  o f  th e  o r g a n s  o f  w h ite  g r a s s -c a r p  
( H y p o p h t h a lm ic h t h y s  m o l i t r i x )  a t  K e s z th e ly ,  J u n e  1 9 7 3  

( m g  p e s t ic id e !1 0 0 0  g  o r g a n , w e t w e ig h t)

T A B LE V

Age Organ. y-HOH DDE DDD DDT
Eat content 

%

3 + Flesh 0 .1 3 6 0 .1 6 2 0 .1 7 9 0 .1 6 5 2 4 .4 9
3 + Liver 0 .0 3 8 0 .0 5 6 0 .0 5 1 0 .0 8 6 1 3 .2 5
3 + Brain 0 .1 1 7 0 .0 4 2 0 .0 2 6 0 .0 9 9 6 .4 6
2 + Flesh 0 .0 1 5 0 .0 1 2 0 .0 3 7 0 .0 6 4 6 .8 7

2  + Liver 0 .0 2 6 0 .0 6 0 0 .0 5 8 0 .0 9 4 8 .5 2
2 + Brain 0 .0 3 1 0 .0 6 1 0 .0 3 4 0 .1 0 6 7 .2 0

T A B L E  V I

P e s t ic id e  c o n te n t  o f  th e  o r g a n s  o f  p i k e - p e r c h  a n d  c a r p  i n  tw o  r e g io n s  
o f  L a k e  B a la to n ,  J u l y  1 9 7 3  ( m g  p e s t ic id e ! 1 0 0 0  S  o r g a n , w e t w e ig h t)

Species Organ Site of sampling y-HCH DDE DDD DDT
F at-

content
%

Pike- Flesh Tihany 0 .0 1 2 0 0 .0 0 7 4 0 .0 0 2 2 0 .0 2 1 4 0 .3 7
perch Keszthely 0 .0 1 3 3 0 .0 0 5 8 0 .0 0 2 9 0 .0 1 7 4 0 .3 5

Liver Tihany 0 .0 2 6 6 0 .0 8 2 8 0 .0 2 0 8 0 .0 2 3 2 1 .1 1
Keszthely 0 .0 1 5 7 0 .0 6 7 2 0 .0 4 0 0 0 .0 3 4 6 1 .5 6

Milt and Tihany 0 .0 1 3 1 0 .0 0 7 6 0 .0 0 3 3 0 .0 2 6 0 1 .6 0
eggs Keszthely 0 .0 0 7 2 0 .0 1 0 4 0 .0 0 3 9 0 .0 6 0 8 1 .7 1

Brain Tihany 0 .0 2 4 4 0 .1 0 7 1 0 .0 1 3 7 0 .0 2 3 5 7 .8 7
Keszthely 0 .0 0 7 8 0 .0 7 7 5 0 .0 2 0 7 0 .0 2 9 2 6 .7 3

Carp Flesh Tihany 0 .0 1 7 3 0 .0 1 6 2 0 .0 0 7 3 0 .0 2 2 6 1 .1 0
Keszthely 0 .0 1 2 9 0 .0 3 1 9 0 .0 2 1 8 0 .0 2 1 3 1 .7 0

Liver Tihany 0 .0 3 2 9 0 .0 3 6 0 0 .0 1 6 0 0 .0 1 8 6 3 .6 8
Keszthely 0 .0 8 1 9 0 .0 6 5 6 0 .0 4 4 0 0 .0 3 2 0 5 .6 3

Milt and Tihany 0 .0 1 1 3 0 .0 1 0 1 0 .0 0 4 9 0 .0 1 4 6 1 .0 4
eggs Keszthely 0 .0 1 6 5 0 .0 2 5 6 0 .0 1 9 2 0 .0 0 8 8 2 .3 4

Brain Tihany 0 .0 0 5 7 0 .0 0 7 6 0 .0 0 1 6 0 .0 0 7 8 4 .3 0
Keszthely 0 .0 2 2 8 0 .0 1 9 6 0 .0 0 9 3 0 .0 1 8 0 5 .0 5

W hen determ ining th e  ra tio  of D D T an d  its  decom position products (DDE 4- 
-|-DDD), significant differences were found in  th ree  cases (Table VI I ) .  A d if
ference in  th e  ra tio  o f D D T /D D E  +  D D D  pollution in  th e  exam ined organs 
o f pike-perches collected in  th e  tw o areas was shown only by  th e  eggs and  m ilt. 
A t T ihany  it  was found to  be 2.4 and  a t  K eszthely  4.3. In  addition  to  th e  eggs 
an d  m ilt, th e  flesh of carp shows a sh ift like th is  in  ra tion , b u t in  an  inverse 
m anner. W hile a t  T ihany  th e  ra tio  of D D T/D D E +  DD D  equals 1, th is 
shifts to  th e  advan tage o f th e  decom position products a t  K eszthely.

Discussion

Our gas- chrom atographic results can be com pared to  o ther d a ta  on L ake 
B alaton  only restric ted ly  because, on th e  one hand, there  are only th ree  
publications describing sim ilar m ethods (comp, the  in troduction); on the  o ther
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T A B LE V II

R a t io  o f  D D T  a n d  i t s  d e c o m p o s i t io n  p r o d u c ts  f o u n d  i n  th e  o r g a n s  
o f  p i k e - p e r c h  a n d  c a r p  a t  th e  tw o  c o lle c tin g  a r e a s

C ollecting  s ta t io n
P % e-p erch  

D D T / D D E + D D D
C arp

D D T /D D E  +  D D D O rgan

Tihany 2.2 1.0 flesh
Keszthely 2.0 0.4 flesh
Tihany 0.2 0.4 liver
Keszthely 0.3 0.3 liver
Tihany 2.4 1.0 eggs and milt
Keszthely 4.3 0.2 eggs and milt
Tihany 0.2 0.8 brain
Keszthely 0.3 0.6 brain

hand, th e  com parison is h indered b y  th e  w ay o f publishing or th e  diverging 
m a tte r of th e  investigations. Com pared to  P i n k o l a ’s and  T ó t h ’s (1971) d a ta  
on 1968—69, now th e  q u an tity  o f y-HCH found in  th e  w ate r proved  to  be 
significantly  lower (Table V I I I ) .

T A B L E  V I I I
T he q u a n t i ty  o f  y - H G H  (ng llO O O  m l  w a te r )  m e a s u r e d  i n  

L a k e  B a l a t o n  a n d  R i v e r  Z a l a  i n  d i f fe r e n t  y e a r s

S am p lin g  s ite
P in k o l a  a n d  T ó t h , 1971

PÁSZTOR e t  a l.

1967 1968 1969
1973

River Zala 64 130—170 84 3—39
Keszthely Bay 8 6 30—165 150 5—35
At Tihany 12 50—170 76 13—35

Com paring th e  d a ta  i t  seems th a t  th e  q u an tity  of y-HCH m arkedly  varied  
from  year to  year. The values are higher in  spring th a n  in  au tum n. This seasonal 
fluctua tion  is s tric tly  connected to  th e  period when y-HCH is used an d  is 
w ashed b y  ra in  in to  th e  lake (October 1973 was p re tty  dry). This is supported  
by  th e  d a ta  of P i n k o l a  and  T ó t h  (1971) sta tin g  th a t  th e  high y-HCH con ten t 
m easured in  October 1968 was caused b y  th e  ra th e r ra in y  w eather.

DD T an d  its  decom position products were m easured in  all samples. 
Of course, th e  values were low, varying betw een 2 and  9 ng/litre. I t  m eans 
th a t  D D T can be still found a t  present. Owing to  th e  few d a ta  a t  our disposal, 
its  origin cann o t be determ ined. As a  m a tte r o f fact in  th e  K eszthely  B ay  
th e  q u an tity  o f D D T was found to  be th ree  tim es highes th a n  in  R iver Z ala 
a t  the  sam e tim e in au tum n.

Analysing th e  p lank ton  samples, th e  sam e ch lorinated  hydrocarbons 
were found sim ilarly in  th e  w ater. In  October th e  w ater, phy top lank ton  and  
p lank ton  crustaceans were sam pled sim ultaneously. On th is  basis th e  d is
trib u tio n  o f y-HCH and  D D T in th e  w ater an d  in th e  p lank ters could be esti
m ated  (Table I X ) .  Our results showed th a t  m ost o f th e  pesticides could be 
found in th e  w ater an d  th e  y-HCH and  DD T con ten t of algae was 10 to  28 
tim es higher th a n  th a t  o f th e  p lank ton  crustaceans.
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P e r c e n tu a l  d i s t r ib u t io n  o f  c h lo r in a te d  h y d r o c a r b o n  b e tw ee n  
th e  w a te r  a n d  th e  p l a n k te r s  i n  th e  K e s z th e ly  B a y ,  i n  O ctober 1 9 7 3

T A B L E  TX

y-HCH DTD

W ater 8 9 .3 7 0 .5
Phytoplankton 9 .9 2 8 .5
Planktonic Crustacea 0 .8 1.0

Com paring th e  pesticide con ten t of tw o p lank ton  C rustacea sam ples 
tak en  in  th e  K eszthely  B ay  i t  is visible th a t  i t  was higher in au tu m n  th an  in  
sum m er (Tables I I  an d  I V ) .  I t  m ay be caused by  th e  phenom enon th a t  in 
October th e  m acrophytoplankton  breaks up in to  pieces o f 10—15 p size, th u s 
becoming good for serving as food. In  th is  period m ost o f th e  w ater weeds 
o f high pesticide conten t ( P i n k o l a  and  T ó t h , 1971) do th e  sam e and  are fed on 
by  th e  cladocerans. There was no ra in  before the  sam plings giving reason for 
th e  increased pesticide level in  th e  crustaceans.

Com paring our d a ta  to  those on th e  p lanktonic C rustacea in 1967 obtained  
by  using th e  th in -layer chrom atographic m ethod ( P o n y i  e t al., 1968), i t  is 
seen th a t  a t  th e  sam e tim e an d  localities place — e.g. along section M —the 
pesticide conten t increased w ith  one order of m agnitude (Table X ) .

T A B L E  X

C o m p a r is o n  o f  th e  p e s t ic id e  c o n te n t  o f  p l a n k to n ic  C r u s ta c e a  i n  L a k e  B a la to n  
( m g  p e s t ic id e !1 0 0 0  g  d r y  p l a n k t o n )

M o n th S ite  of sam p lin g
y-H C H T o ta l  D D T

* P o n y i e t  a l. 
(1968)

PÁSZTOR e t  a l. 
1973

*PONYl a t  a l. 
(1968)

P á szto r  e t  al. 
1973

V II. A 0.200 0.129 0.730 0.266
V II. M 0.010 0.171 0.050 0.266

X. M 0.001 0.229 0.001 1.010

N o te :  * =  D ata on wet weight are calculated after W ixberg  (1971)

Of the  th ree  fish species exam ined, th e  greatest pollution of w hite grass- 
carp m ay be ascribed to  th e  re la tively  high pesticide con ten t of th e  p lank ton  
organism s (Table X I ).  I t  is known th a t  th e  w hite grass-carp feeds on phyto- 
an d  zooplankton, consequently, its pesticide u p tak e  is th e  highest. Com paring 
th e  m axim al and  m inim al q u an tity  of D D T and  its  decom position products 
found in  th e  organs of w hite grass-carp to  earlier lite rary  d a ta  (Table X I I ) ,  
i t  becomes ev ident th a t  i t  does no t decrease w ith  one order o f m agnitude as 
th e  pike-perch does (Table X I I I ) .

Com pared to  th a t  in 1966, th e  y-HCH pollu tion level o f carp liver 
increased (Table X I V ).  On th e  o ther hand, th e  y-HCH conten t o f pike-perch 
was lower th an  it  was in 1966 (Table X V ).  The difference betw een th e  degree 
of pesticide pollu tion o f th e  carp and  pike-perch is explained b y  food biology. 
To answer all questions, e.g. w hat is caused by  th e  d ifferent ra tio  o f D D T and
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T A B L E  X I

C o m p a r is o n  o f  th e  p e s t ic id e  le v e l i n  th e  f i s h e s  co llec te d  i n  th e  K e s z th e ly  B a y  
i n  J u n e ,  1 9 7 3  ( m g  p e s t ic id e /1 0 0 0  g  o rg a n , w e t w e ig h t)

Organ Species y-H C H Total DDT

2-|- white grass-carp 0.0150 0.2222
3-j- w hite grass-carp 0.1360 0.506

Flesh Carp 0.0129 0.1416
Pike-perch 0.0133 0.1418

2-f- white grass-carp 0.0260 0.2114
3-(- w hite grass-carp 0.0375 0.1930

Liver Carp 0.0819 0.1416
Pike-perch 0.0157 0.1418

2-|- w hite grass-carp 0.0309 0.2002
3-(- white grass-carp 0.1172 0.1665

Brain Carp 0.0228 0.0469
Pike-perch 0.0078 0.1274

T A B L E  X I I

M a x i m u m  a n d  m i n i m u m  v a lu e  o f  D D T  a n d  i t s  d e c o m p o s i t io n  p r o d u c ts  fo u n d  
i n  th e  o r g a n s  o f  w h ite  g r a s s -c a r p  a n d  s o m e  o th e r  s p e c ie s  i n  L a k e  B a la to n

(n u m b e r s  r o u n d e d )

Year Species Authors mg/1000 organ 
wet weight

1965 Pike-perch, carp, bream Dénes and  Cieleszky 
(cit. ap. Baron e t al.)

0
01Ö

1966 Pike-perch, carp, bream Baron e t al. 0.02—1.88

1967 Volga pike-perch, Mirror carp, 
R azor fish

F elföldy and  Tóth* 0.01—0.42

1973 W hite grass-carp P ásztor et al. 0.17—0.51

N o te :  * =  Unkown whether or no t to ta l DDT had  been determ ined

T A B L E  X I I I

L e v e l  o f  D D T  a n d  i t s  d e c o m p o s i t io n  p r o d u c ts  i n  p ik e - p e r c h  i n  d i f fe r e n t  y e a r s  
( m gjlO O O  g  o r g a n , w e t w e ig h t)

O rg an
DÉNES an d  

Cie l e s z k y  
1965

B a ro n  e t  a l. 
1966

P ásztor  e t  a l. 
1973

Flesh 0.1—0.2 0.09—1.80 0.026—0.031
Liver 0.4—8.4 0.15—1.85 0.127—0.142

its decom position products in  th e  eggs an d  m ilt of the  tw o species, should 
be clarified by  fu rth e r investigations.



2 0 0

T A B LE X IV
Q u a n t i t y  o f  y - H C H  i n  th e  c a r p  in  d i f fe r e n t  y e a r s  

(m g /1 0 0 0  g  o r g a n , w e t  w e ig h ! )

O rgan
B a bo n  e t  a l. PÁSZTOR e t  a l.

1966 1973

Flesh 0 .0 1 -0 .0 3 0.013—0.017
Liver 0.01—0.03 0.033—0.082

Q u a n t i t y  o f  y - H C H  i n  th e  o r g a n s  o f  p ik e - p e r c h  
(m g /1 0 0 0  g  o r g a n , w e t w e ig h t)

Organ Babton et al. 
1966

Pásztor et al. 
1973

Flesh 0.03—0.07 0.012—0.013
Liver 0.11—0.23 0.016—0.027
Eggs and m ilt 0.05—0.25 0.007—0.013

Relying the above findings the three questions raised in the introduction 
can be answered as follows:

1. The organism s playing an  im p o rtan t role in  th e  food-chain of L ake 
B alaton  are characterized by  different levels of, pesticide pollution. C ontrary  
to  th e  p lank ton  crustaceans th e  pesticide accum ulates in  larger q u an tity  in  th e  
phy top lank ton . Consequently, th e  pollution level o f w hite grass-carp feeding 
d irectly  on algae is significantly  higher th an  th a t  o f th e  carp or pike-perch. 
Since th e  sixties th e  pesticide conten t o f carps (y-HCH) increased to  some 
ex ten t. I t  is explained by th e  accum ulation o f pesticides in  th e  alga-detritus — 
Chironomus-Dreissena —► carp food-chain. The lowest pollution level was found 
in pike-perch.

2. There is a  difference in  th e  pollu tion level betw een th e  K eszthely  B ay  
an d  th e  open w ater a t  T ihany, although th is is n o t significant. This is due to  
th e  R iver Zala d irectly  pollu ting th e  w ater in  th e  K eszthely  B ay. On th e  o ther 
hand, even th e  alga concentration is higher in  th e  bay. The q u an tity  of pesti
cides fixed  in  th e  p lank ton  m ay increase th e  chlorinated  hydrocarbon pollu
tion  o f w ater w ith  its  10—30 per cent.

3. Our d a ta  do n o t p o in t o u t w hether th e  y-HCH pollu tion of the  lake 
originates from  R iver Z ala alone or from  th e  o ther tribu taries, as well. This 
la tte r  suggestion m ay be supported  by  th e  fact th a t  D D T was found in  larger 
q u an tity  in  th e  lake th an  in  R iver Zala.

Sum m ary

In  1973 th e  au thors stud ied  th e  ch lorinated  hydrocarbon  pollu tion in 
tw o regions of d ifferent w a te r q ua lity  o f L ake B alaton  w ith  gas-chrom a
tographic m ethod. A t the  collection sites w ater, sam ples o f p h y top lank ton  and  
p lank ton  crustaceans were taken , and  w hite grass-carp (  Hypophthalmichthys 
molitrix), carp (Gyprinus carpio) and  pike-perch (Stizostedion lucioperca) 
were collected. The q u an tity  of y-HCH, DDT, D D E  and  DD D  chlorinate
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hydrocarbons were exam ined in  all samples. A fte r th e  gas-chrom atographic 
analyses th e  followings could be established:

1. The y-HCH pollu tion of th e  K eszthely  B ay  an d  th e  open w ate r a t  
T ihany  was identical in  spring (35 ng/1). A t th e  in let o f R iver Zala and  in  th e  
river itse lf th is  value was som ew hat higher (37 an d  39 ng/1). In  au tum n  th e ir 
q u an tity  decreased a t  each of th e  sam pling sites.

2. In  spring th e  D D D  concentration was d is trib u ted  evenly in th e  lake 
(1.4—1.7 ng/1), however, i t  was higher in  R iver Zala (3.2 ng/1). In  th is season, 
except th e  surroundings of T ihany  (2.1 ng/1), D D T was found only in  very  low 
values (less th a n  1 ng/1) w ith  some increase in  au tum n  and  am ounting to
8.5 ng/1 in  th e  K eszthely  Bay.

3. In  th e  K eszthely  B ay  th e  au tu m n  p h y top lank ton  sam ples contai
ning D D T (4.086 mg/kg d ry  weight) an d  DD D  (3.507 mg/kg d ry  weight) were 
in  th e  largest q u an tity . R egarding th e  ac tua l alga concentrations a t  th e  sam 
pling sites th is  equals to  7.2 yg/m 3 pesticide fixed  in  th e  p lankton.

4. The ch lorinated  hydrocarbon con ten t o f p lank ton  crustaceans shows 
differences especially in  th e  sum m er an d  au tu m n  sam ples (0.437 and  1.239 mg/ 
kg d ry  weight). In  th e  au tum n  sam ples th e  value of y-HCH was found  to  be 
1.3—1.8 tim es higher th a n  th a t  o f D D T being 16—27 tim es higher th a n  in 
sum m er. R egarding th e  ac tua l concentration o f p lan k to n  crustaceans a t  th e  
sam pling sites, th is  equals to  0.05—0.23 yg/m 3 pesticide fixed  in  them .

5. In  th e  specimens of th e  3 +  year-old w hite grass-carps th e  chlorinated  
hydrocarbon was found in significantly  larger quantities th an  in  th e  2 +  year- 
old ones. Exam ining th e  pollu tion o f w hite grass-carp i t  was no ted  th a t  th e  
flesh of th e  3-f- year-old specimens contained 9 tim es (0.136 mg/kg), and  th e ir  
b ra in  4 tim es (0.117 mg/kg) as m uch y-HCH as th e  2-f- year-old ones. As 
regards DDT, i t  was presen t in  2.5 tim es larger q u an tity  (0.506 mg/kg) in  th e  
flesh of th e  3 +  year-old specimens.

6. The pesticide pollu tion (mg/kg organ, w et weight) o f th e  organs o f 
pike-perch and  carp is lower th an  th a t  of th e  w ite grass-carp. In  th e  case 
o f pike-perch collected a t  T ihany  th e  y-HCH con ten t of liver (0.027), eggs an d  
m ilt (0.013) and  brain  (0.024) was higher th a n  in  th e  K eszthely  B ay  (0.0161;
0.007; 0.008 respectively). The carps showed higher pollu tion levels in  th e  
K eszthely  Bay. As regards D D T an d  its  decom position products, a  significant 
difference was found between th e  eggs and  m ilt o f pike-perch and  th a t  of the  
carp a t  th e  tw o areas. In  th e  case of carps, even th e  difference in  th e  flesh 
pollution is w orth  m entioning.
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A  K L Ó R O Z O T T  S Z É N H ID R O G É N  S Z E N N Y E Z E T T S É G  
G Á Z K R O M A T O G R Á FIÁ S V IZSG Á LA TA  

A B A LA TO N  K É T  K Ü L Ö N B Ö Z Ő  V ÍZ T E R Ü L E T É N

P ásztor Zsuzsa , P o n y i Jenő, Holló A ttila  és Oönczy L ily

Összefoglalás

A  szerzők 1973-ban a k ló ro zo tt szénhidrogén  szennyezettség re vona tkozóan  g áz
k ro m ato g rá fiá s  m ódszerrel v izsgá lták  a  B a la to n  k é t, v ízm inőségben eltérő  v íz te rü le té t. 
A  v izsgá la ti he lyekrő l víz, fito - és C ru stacea-p lank ton , fehér busa , (H ypophthalm ichthys  
m o litr ix ), p o n ty  (C yprinus carpio) és süllő (Lucioperca sandra) k e rü lt begyű jtésre . 
Az összes m in tá ra  v o n a tkozóan  v izsgá lták  a  gam m a-H C H , D D T , D D E  és D D D  k ló ro zo tt 
szénh id rogének  m enny iségét. A  g ázk rom atog ráfiás  elem zések so rán  a  k ö v e tkezőke t á lla 
p í to t tá k  m eg:

1. A  tih a n y i és kesz thely i v íz térség  gam m a-H C H  szennyezettsége tav assza l 
azonos (35 ng /lit). A  Z ala-folyó beöm lésénél, v a la m in t m ag áb a n  a  fo lyóban  ez az é rték  
m ag asab b  (37 és 39 ng /lit). Ősszel az összes v izsgált helyen  m enny iségük  lecsökkent.

2. A  D D D  koncen trác ió  tav a ssza l a  tó  v izében közel azonos (1 ,4— 1,7 ng /lit.) 
c su p án  a  Z ala-fo lyóban  m ag asab b  (3,2 ng /lit.). A  D D T  tav assza l a  tih a n y i v izeke t k ivéve 
(2,1 n g /lit.), csak  nyo m o k b an  (1 ng /lit. a la tt)  ta lá lh a tó . Ősszel va lam elyes t m egem elkedik  
és a  K eszthely i-öbölben  e lérte  a  8,5 n a n n o g ram o t lite ren k én t.

3. A  K eszthely i-öböl őszi f ito p la n k to n  m in tá já b a n  a  legnagyobb  m ennyiségben  
a  D D T  (4,086 m g/kg  száraz  súly) és a  D D D  (3,507 m g/kg  száraz súly) fo rd u lt elő. F ig y e 
lem be véve az a lgák  tény leges k o n cen trác ió já t a  gyű jtőhe lyeken , ez 7,2 /ig/tri3 p la n k to n 
hoz k ö tö t t  pesz tic idnek  felel m eg.

4. A  C rustacea-p lan k to n  k ló ro zo tt szénhidrogén  ta r ta lm a  kü lönösen  a  n y ^ ri és 
az  őszi m in tá k  k ö zö tt m u ta t  e lté ré s t (0,437 ill. 1,239 m g/kg  s z á r íto t t  sú ly). Míg a  lin d án  
ese tében  1,3 — 1,8-szor, add ig  a  D D T -re  v o n a tkozóan  16 — 27-szer n agyobb  é rték ek e t 
fig y e ltek  m eg az őszi m in tá k  jav á ra . F igyelem bevóve a  C rustacea -p lan k to n  tény leges 
k o n cen trác ió já t a  gyű jtőhe lyeken , ez 0 ,05—0,23 /íg/rrf* rák p lan k to n h o z  k ö tö t t  p e sz ti
c idnek  felel meg.

5. A  3 n y a ra s  fehérbusa  p é ld án y o k b a n  szám o ttev ő en  n agyobb  m ennyiségekben  
ta lá lh a tó  k ló ro zo tt szénhidrogén , m in t a  2 n y a raso k b an . A  y -H C H -ra  v o n a tkozóan  a 
3 n y a ra s  b u sa  h ú sá b a n  k ilencszer (0,136 m g/kg), az  ag y áb an  négyszer (0,117 m g/kg  
tö b b  v a n  m in t a  2 n y a ra sb an . A  D D T  esetében  a  h ú sb an  k é t és félszeres a  kü lönbség  
(0,506 m g/kg) az  idősebb p é ldányok  jav á ra .

6. Á  süllő és a  p o n ty  kü lönböző szerveiben  ta lá lh a tó  pesz tic idek  m ennyisége 
(m g/kg szerv  n edves súly) a lacsonyabb , m in t a  fehér busáé. A  T ih an y  e lő tti v izekből 
szárm azó  süllőknél a  m á j (0,027), iv a rte rm ék  (0,013) és az ag y  (0,024) y -IIC H  ta r ta lm a  
m ag asab b , m in t a  kesz thely i pé ldányoké  (0,0161; 0,007; 0,008). Á  p o n ty  ese tében  u g y a n 
azon  szervekre v o n a tkozóan  éppen fo rd ítv a  igaz, a  kesz thely i m in tá k  y-H C H  ta r ta lm a  
a  m ag asab b . A  D D T  és bom lásterm ékeinek  a rá n y a  a  süllő és p o n ty  ese tében  a  k é t  g y ű jtő 
he ly re  von a tk o zó an  az iv a rte rm ék b en , a  p o n ty n á l ezenkívü l m ég  a  h ú sb an  is je len tősen  
e lté r  egym ástó l.
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As regards num ber of ind iv idual and  biom ass, Evdiaptomus gracilis is 
th e  m ost im p o rtan t filte r feeder o f th e  planktonic crustaceans in  L ake B alaton  
(S e b e s t y é n , 1960; P o n y i , 1968; P o n y i  and  P . - Z á n k a i , 1972). On the  one 
hand, its decided role has been borne o u t by  those investigations proving th a t  
i t  serves as im p o rtan t food to  fry, even fry  of pike-perch on th e  o ther hand, 
as th e  only filtering copepode o f th e  lake, its  breeding goes on th roughou t 
th e  year, and  all the  developm ental stages are present in each season. These 
facts called for detailed  studies on th is  species.

This s tu d y  presents d a ta  on Eudiaptomus gracilis on th e  basis o f sam ples 
tak en  during th e  periods 1965 -67, 1972 and  p a rtly  1973.

Time table sampling stations and methods

The stations are given in  Fig. 1 and  th e  detailed  description of th e  t ra n s 
versal sections can be found in  previous papers (S e b e s t y é n , 1960; P .- Z á n k a i  
an d  P o n y i , 1970). The num ber o f sam pling sites of th e  separate  sections were 
different. Samples were tak en  m onthly  from  1 po in t each of th e  section in 1965, 
3 -3  points in  1966 -67  and  5 —5 poin ts in 1972 -73. The sam pling generally 
took  place in  the  w arm -w ater period, except some years when the  sam ples were 
tak en  in early  spring and  late  au tum n.

Dates of sampling:
1965: 9 —10 Ju n e , 1 — 2 Ju ly , 3 — 4 A ugust, 7 — 8 S ep tem ber, 13 —14 O ctober.
1966: 17 — 18 M ay, 14— 15 Ju n e , 26 — 27 Ju ly , 23 — 24 A ugust, 21 — 22 Sep tem ber,

18 — 19 O ctober, 15 —16 N ovem ber.
1967: 16 —18 M ay, 20 Ju n e , 26 Ju n e , 19 — 20 Ju ly , 15 — 16 A ugust, 19 — 20 

Sep tem ber, 23 O ctober, 26 O ctober.
1972: 1 9 —21 A pril, 17 — 19 M ay, 21 — 23 Ju n e , 2 4 —26 J u ly , 1 5 — 17 A ugust, 

2 6 —29 S ep tem ber, 16 —18 O ctober.
1973: 25 A pril, 14 M ay, 4 Ju n e , 19 Ju n e , 2 Ju ly , 18 Ju ly , 7 A ugust, 20 S ep tem ber, 

2 O ctober, 25 Ó ctober, 13 N ovem ber (only  a t  sec tion  M).

Samples were tak en  w ith in  a 1 — 3 days period from  th e  77 km  long 
L ake B alaton, thus even those of the  far-off sections could be com pared.
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The sam ples were tak en  w ith  a  w ater-colum n-hfting-filtering apparatus 
(Sebestyén, 1960). F o r details on th is m ethod and  th e  analysis o f sam ples 
see  F ő n y i  an d  P .-Z á n k a i , 1972.

Results

Surveying the data  of Eudiaptomus gracilis samples taken in the periods 
of 1965—67 an d  1972 — 73, i t  became ev iden t th a t  th e  density  per litre  of each 
life stage h ad  considerably changed (F igs 2 6). The qu an tita tiv e  fluctua tion
of th e  developm ental stages was represented w ith  curves. According to  th e  
p a tte rn  o f curves th e  following eight types could be distinguished:

1. spring peak  (abbr. T)
2. summer peak (abbr. N)
3. au tum n  peak  (abbr. Ö)

These th ree  types o f curves showed only one peak;

4. peaks in  spring an d  sum m er (abbr. TN)
5. peaks in  spring an d  au tu m n  (abbr. TÖ)
6. peaks in  sum m er an d  au tu m n  (abbr. NÖ)

In  these types th e  num ber o f developm ental stages increased tw ice a  year. 
Sometimes, betw een th e  tw o peaks, p rio r to  or a f te r  them , a  th ird  increase 
was observed b u t because of its  low value (1 individual/litre) i t  was dis
regarded.

7. peaks in  spring, sum m er an d  au tu m n  (abbr. TNO)
8. undefin ite peak  or peaks (abbr. B)

Of course, in  th e  periods non-investigated  or betw een th e  investigations 
fu rth e r num erical increases or decreases m ight occur.

W hen exam ining th e  sam ples o f 1 year an d  th e  frequency o f p a tte rn s  
o f th e  different developm ental stages along th e  neighbouring transversal sec
tions, th e  followings could be s ta ted :

a) Iden tical p a tte rn  (N) a t  each of th e  five sections (from M to  E) was 
shown once b y  males (Table I )  (F igs 2 —6, 1967).

F ig . 1. S am pling  p laces a t  L ake B a la to n
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F ig. 2. V a ria tio n  in  th e  n u m b e r o f  deve lopm en ta l stages o f  E ud iap tom us gracilis 
a t  tran sv e rsa l sec tion  M  in  five  years

b) Iden tical p a tte rn  (TÖ) a t  four neighbouring sections (K-E) was also 
observed once produced by  th e  copepodite stage (Figs 3 —6, 1972).

c) Iden tical p a tte rn  a t  th ree  neighbouring sections was found 5 tim es. 
One of them  was shown by  females (pa tte rn  N) in  1965, while o ther tw o by  
males: a t  sections M-G in 1966 (p a tte rn  T) and  a t  sections K -A  in  1972 (p a t
te rn  TN) (Figs 4 —6).  The nauplii showed also identical p a tte rn s  tw ice: th e  
f irs t one (T) a t  sections M-G (1965) an d  th e  second one (TN) a t  sections G-E 
(1966).

d) Iden tical p a tte rn s  of tw o neighbouring sections were observed 12 tim es, 
m ostly shown b y  egg-bearing females (4 tim es) an d  females (4 times) (Table I  
and  Figs 2 —6).

Item s a —d  clarify th a t  th e  d istribu tion  o f th e  developm ental stages a t  
th e  sections diverged very  m uch w ith in  th e  sam e year. N ot more th a n  one- 
fifth  of th e  so-called p a tte rn s  showed uniform ity.

By sum m ing up  th e  p a tte rn s  o f th e  d ifferent sections, i t  can be concluded 
th a t  the  seasonal varia tion  of the  developm ental stages of Eudiaptomus gracilis 
differs section b y  section. W hile th e  spring peak  is ra th e r th e  characteristic 
of sections M -K (36—40 per cent), th e  sum m er peak  is of higher frequency 
a t  sections A -E (25—40 per cent). T he spring-sum m er developm ent of the
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F ig . 3. V aria tio n  in  th e  n u m b e r o f  th e  deve lopm en ta l stages o f  E udiap tom us gracilis
a t  tra n sv e rsa l sec tion  K  in  L ake  B a la to n  in  a  period  o f  fo u r years
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Fig. 4. V aria tion  in  th e  n u m b e r o f  th e  deve lopm en ta l stages o f  E ud iap tom us gracilis
a t  tran sv e rsa l sec tion  G in  L ake  B a la to n  in  a  period  o f  fo u r years
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1965 1966 1967 1972

F ig . 6. V aria tio n  in  th e  n u m b e r o f  th e  d ev e lopm en ta l s tages o f  E udiap tom us gracilis
a t  tran sv e rsa l sec tion  E  in  a  period  o f  fo u r y ea rs
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T A B L E  I

D istribu tion  of patterns of the developmental stages o f E ud iap tom us gracilis 
popula tion  at the sections investigated

yections M K a A E

egg-bearing 1965 Ö N B N N
1966 T T B N N

$ 1967 Ö B N N B
1972 T N B N B
1973 T — — — —

1965 Ö TN N N ' N
1966 TÖ T T TÖ T

$ 1967 TÖ TÖ TNÖ TNÖ NÖ
1972 T T TN TÖ TN
1973 TÖ — — — —

1965 B TN N N T
1966 T T T B N

3  1967 N N N N N
1972 T TN TN TN B
1973 B — — — —

1965 TN T TN N Ö
1966 TÖ T TN TÖ TN

copepodite 1967 NÖ TÖ TN TÖ TÖ
1972 T TÖ TÖ TÖ TÖ
1973 TÖ — — — —

1965 T T T NÖ TÖ
1966 TN T TN TN TN

nauplius 1967 TÖ TÖ TN TN TÖ
1972 T TÖ T TN T
1973 TÖ — —

~

Explanation: T  =  peak only in  spring N =  peak only in  summer Ö =  peak only in 
au tum n TN  =  peak b o th  in  spring and summer TÖ =  peak bo th  in spring and autum n 
NÖ =  peak both  in  summer and  autum n TNÖ =  peak both  in spring, summer and  autum n 
B =  other

populations is characteristic for sections G-A b u t in o ther regions of th e  lake, 
th e  sp ring-au tum n peaks (20 — 28 per cent) are m ore common.

T A B L E  I I
Percentual frequency of the patterns o f the E ud iap tom us gracilis 

developmental stages at different areas o f the lake

Transversal
sections M K Gr A E

T 36 40 20 0 15
N 4 15 20 40 25
Ö 1 2 0 0 0 5
TN 8 15 35 20 15
TÖ 28 25 5 25 20
NÖ 4 0 0 5 5
TNÖ 0 0 5 5 0
B 8 5 15 5 15
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The quality  of th e  population com position can be concluded in  th e  best 
w ay by  com paring th e  p a tte rn s  of th e  copepodite and  naup liar stages (Table 
I I I ) .  B o th  stages are m ostly  characterized by  tw o peaks (62, 72 per cent). 
Spring peak  was also no ticed  though  in  lower percentage. On th is  basis it  can 
be s ta ted  th a t  the  num ber o f E. gracilis increases in  L ake B alaton  tw ice in  
th e  w arm -w ater period.

T A B L E  I I I

Percentiuil frequency of the patterns o f n a u p liu s  and copepodite stages 
of E ud iap tom us gracilis in  the whole Lake  B alaton (1965  — 73)

Copepodite Nauplius

T 14 33
N 5 0
Ö 5 0
T N 2 4 33
T Ö 48 29
N Ö 5 5
T N Ö 0 0
B 0 0

W hen com paring th e  frequency o f th e  different developm ental stages 
o f th is population  to  one ano ther (Table I V ) ,  i t  was observed th a t  th e  re la tive 
q u an tity  of th e  largest forms (females and  egg-bearing females) gradually

T A B L E  IV
V aria tion  o f the developmental stages iu  the popula tion  during  

the three years investigated (M a y —October)

1966

M K G A E

average % average % average % average % average %

egg-bearing 0 .2 0 1 .7 0 0 .1 8 1.92 0 .1 2 2 .01 0 .2 2 2 .91 0 .21 3 .1 3
female 1 .49 12 .70 2 .1 7 23 .11 1.41 2 3 .6 6 2 .1 8 2 8 .8 7 1 .89 2 8 .1 7
male 1 .32 11 .30 1 .29 1 3 .7 4 0 .9 0 1 5 .1 0 0 .9 9 13 .11 1 .30 1 9 .3 7
copepodite 1.91 1 6 .3 0 1 .86 19.81 1 .83 3 0 .7 0 1 .5 9 2 1 .0 6 1 .77 2 6 .3 8
nauplius 6 .78 5 7 .9 0 3 .8 9 4 1 .4 3 1 .70 2 8 .5 2 2 .5 7 3 4 .0 4 1 .5 4 2 2 .9 5

1967

egg-bearing 0.14 1.64 0.17 2.44 0.21 2.84 0.35 3.80 0.24 3.85
female 2.22 26.00 2.22 31.85 2.52 34.05 3.31 35.98 2.70 43.27
male 1.04 12.18 1.02 14.63 1.16 15.68 1.43 15.54 0.85 13.62
copepodite 2.45 28.69 1.54 22.09 1.48 20.00 1.99 21.63 1.18 18.91
nauplius 2.69 31.50 2.02 28.98 2.03 27.43 2.12 23.04 1.27 20.35

1972

egg-bearing 0.17 1.22 0.27 2.67 0.25 2.83 0.30 3.47 0.24 2.79
female 3.38 24.35 3.07 30.37 3.22 36.47 3.00 34.72 3.37 39.23
male 1.25 9.01 1.24 12.27 1.19 13.48 1.15 13.31 1.24 14.44
copepodite 4.03 29.03 3.21 31.75 2.65 30.01 2.31 26.74 2.04 23.75
nauplius 5.05 36.38 2.32 22.95 1.52 17.21 1.88 21.76 1.70 19.79

14*
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decreased from  transversal section A to  M reta in ing  identical population  levels 
a t  sections A-E.

The num ber o f th e  individuals p er litre  changed inversely. As regards 
th e  average of th ree  years, th e  to ta l num ber of individuals is highest a t  section 
M (11.4) gradually  decreasing tow ards section G (7.4). A t section A it  shows 
a  low increase (8.4) b u t declines a t  section E  again (7.2).

The varia tion  in  th e  egg-number/egg-sac o f 100—100 anim als was also 
w orked up. The sam ples were n e tted  sim ultaneously w ith  those for qu an tita tiv e  
purposes (Table V ). This value was found to  decrease in  each o f th e  four

T A B L E  V

V aria tion  in  the num ber of eggs o f E ud iap tom us gracilis at the five  
transversal sections o f the lake in  the four years of investigations

M K

1965 1966 1967 1972 1965 1966 1967 1972

IV . 2 3 . 5 ± 4 . 5 1 6 . 9 ± 3 . 8 2 1 . 8 ± 4 . 4 __
V . — 1 1 . 4 ± 2 . 1 1 7 . 1 ± 4 . 1 8 . 2 ± 2 . 9 — 7 . 7 ± 1 . 5 1 1 . 6 ± 2 . 7 5 . 8 ± 1 . 5

V I . 1 3 . 1 ± 3 . 9 1 1 . 0 ± 2 . 2 1 4 . 7 ± 2 . 9 1 3 . 3 ± 2 . 8 5 . 4 ± 1 . 2 8 . 6 ± 1 . 7 1 0 . 5 ± 2 . 9 1 1 . 8 ± 3 . 7
V I I . 1 4 . 0 ± 3 . 3 1 1 . 4 ± 2 . 5 1 4 . 8 ± 3 . 7 1 5 . 8 ± 3 . 8 1 0 . 7 ± 2 . 4 9 . 5 ± 2 . 7 1 5 . 1 ± 3 . 4 —

V I I I . 1 3 . 8 ± 3 . 3 1 5 . 5 ± 4 . 3 1 2 . 8 ± 2 . 3 1 8 . 2 ± 3 . 8 9 . 9 ± 2 . 5 8 . 3 ± 2 . 4 9 . 9 ± 1 . 7 1 1 . 8 ± 4 . 1
I X . 1 0 . 0 ± 2 . 9 1 0 . 7 ± 3 . 1 1 1 . 0 ± 2 . 9 1 7 . 8 ± 5 . 7 5 . 6 ± 0 . 3 4 . 5 ± 0 . 0 8 . 9 ± 2 . 1 1 6 . 6 ± 4 . 1

X . 1 7 . 1 ± 5 . 1 1 7 . 5 ± 3 . 9 1 3 . 2 ± 2 . 9 1 8 . 4 ± 5 . 0 1 4 . 7 ± 3 . 1 1 6 . 2 ± 3 . 5 1 0 . 5 ± 2 . 5 1 4 . 6 ± 3 . 8
X I . — 12.1  ± 2 . 2 — — — 1 1 . 4 ± 2 . 8

T A B L E  V  ( continued)

G A

1965 1966 1967 1972 1965 1966 1967 1972

I V . 1 3 . 7 ± 2 . 9 1 0 . 6 ± 2 . 5 _
V . — 7 . 4 ± 1 . 6 1 0 . 4 ± 2 . 5 5 . 2 ± 1 . 1 — - 9 . 2 ± 1 . 7 7 . 6 ± 1 . 5 5 . 5 ± 1 . 7

V I . 4 . 8 ± 1 . 0 5 . 0 ± 1 . 0 1 0 . 6 ± 1 . 6 — 7 . 6 ± 1 . 9 3 . 7 ± 0 . 2 4 . 5 ± 1 . 7 5 . 9 ± 1 . 1
V I I . 4 . 6 ± 0 . 3 6 . 3 ± 1 . 2 8 . 8 ± 2 . 2 7 . 9 ± 2 . 4 5 . 7 ± 1 . 3 6 . 5 ± 1 . 6 5 . 4 ± 1 . 4 6 . 0 ± 1 . 4

V I I I . 4 . 1 ± 0 . 0 5 . 4 ± 0 . 0 9 . 1 ± 2 . 0 6 . 0 ± 1 . 0 5 . 1 ± 1 . 1 5 . 2 ± 1 . 0 7 . 0 ± 1 . 5 6 . 3 ± 1 . 3
I X . 6 . 2 ± 1 . 1 4 . 0 ± 1 . 4 4 . 6 ± 0 . 0 8 . 9 ± 2 . 4 5 . 3 ± 1 . 0 4 . 4 ± 0 . 0 5 . 1 ± 1 . 1 7 . 4 ± 1 . 5

X . 1 1 . 4 ± 3 . 2 1 2 . 3 ± 2 . 4 6 . 2 ± 1 . 4 6 . 8 ± 3 . 3 8 . 9 ± 2 . 2 — 5 . 7 ± 1 . 1 6 . 6 ± 1 . 3
X I . — 1 1 . 5 ± 2 . 7 — — — 7 . 9 ± 1 . 6

T A B L E  V  (continued)

E

1965 1966 1967 1972

IV . 1 0 . 9 ± 2 . 1
V . — 7 . 0 ± 1 . 3 7 . 4 ± 1 . 4 4 . 8 ± 1 . 0

V I . 7 . 1 ± 1 . 6 4 .0  ± 1 . 0 5 . 9 ± 1 . 1 —

V I I . 5 . 7 ± 1 . 4 5 . 6 ± 1 . 1 5 . 5 ± 1 . 6 6 . 3 ± 1 . 5
V I I I . 4 . 4 ± 0 . 3 5 . 0 ± 1 . 0 4 . 8 ± 0 . 0 4 . 9 ± 1 . 5

I X . 5 . 3 ± 0 . 0 5 . 5 ± 0 . 0 5 . 5 ± 0 . 0 4 . 9 ± 1 . 5
X . 8 . 4 ± 2 . 0 8 . 7 ± 2 . 5 7 . 5 ± 2 . 3 5 . 5 ± 1 . 3

X I . — 9 . 4 ± 1 . 6 —
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years in the  direction from  section M to  A. The value of section E  was identical 
w ith  th a t  of section A:

egg-number/egg-sac M K  G A E
average of 4 years 14.3 10.9 7.9 6.3 6.2

Discussion

Eudiaptomus gracilis is w idely d istribu ted  and  can be found in the  
B ritish  Isles, Scandinavia, th e  northern  region of the  USSR as well as in  
F rance, Germ any, A ustria  an d  E astern-E urope. I ts  d istribu tion  to  th e  South 
is lim ited by  th e  Alps ( K i e f e r , 1968a). In  H ungary  i t  is common bo th  in 
sm all and  large w ater bodies and  fish-ponds (Po n y i, 1956).

I ts  re la tively  wide d istribu tion  in  Europe proves th a t  th is  species has 
a  wide ecological valency. Consequently, th e  developm ent o f its  population 
is very  variable. I t  is m entioned b o th  in  th e  old and  th e  la tes t studies th a t  
th is species is represented by  its  mono-, bi- or polycyclic ty p e  in  w aters of 
th e  sam e type, being geographically near to  one ano ther (S p a n d l , 1926; 
E l s t e r , 1954; K i b b y , 1971). The overw intering forms o f th is  species as well 
as th e  cold- and  w arm -w ater form s are well known. In  L ake B alaton  the  
n u tritio n  in ten sity  o f th e  cold- an d  w arm -w ater forms diverges too (P.-Zárkái 
an d  P o n y i , 1974). The forms of th e  tw o seasons show sim ilarly m orphological 
differences. In  th e  cold season a special p ro trud ing  appendix  appears on the  
th ird  segm ent of th e  rig h t an ten n a  o f th e  males, disappearing w ith  th e  w arm 
ing up  of th e  w ater. This seasonal m orphological deform ation is regarded by  
some au thors as th e  cyclomorphosis of th is species (W o y n á r o v ic h , 1938).

Its quantitative importance is underlined by the fact that this species 
constitutes 50 per cent of total population of plankton crustaceans in the warm- 
water period (May-October) (PoNYiand P.-Zánkai, 1972). Owing to the fact 
that E. gracilis can develop even three cohors in 40 days (Weglenska, 1971), 
the life stages found in the monthly samples could not be related to each 
other. Thus the life stages of this population is evaluated separately. At a given 
place the increase and decrease in the population density of the species is 
expressed by the pattern formed by the majority of developmental stages.

The qu an tita tiv e  change of th e  developm ental stages o f E. gracilis in  th e  
lake is shown by  p a tte rn s  o f 8 d ifferent types. Com paring these p a tte rn s  to  
each other, i t  is obvious th a t  even w ith in  th e  sam e w ater area different types 
a lte rn a te  w ith  one ano ther during th e  sam e year. The w ater areas were com 
pared  on the  basis of th e ir p a tte rn s  b y  adap ting  the  form ula o f M a r c z e w s k i— 
S t e i n h a u s :

8  = -------—------ X 100,
a -f- b — w

where w =  num ber of identical p a tte rn s  a t  th e  sections com pared; a an d  
b — num ber o f diverse p a tte rn s  separately  a t  th e  tw o sections.

Accordingly, sections A an d  G show th e  g reatest sim ilarity, while sections 
G and  K  are th e  m ost diverse. The ra te  of s im ilarity  was identical between 
th e  tw o sections in  th e  south-w astern  basin (M an d  K ) an d  th e  o ther tw o sec
tions of th e  no rth -eastern  basin (A a n d E ) . E v idently , as regards th e  develop-
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m ent of the  population, several diverse w ater areas can be distinguished in 
L ake B alaton.

T A B L E  VI
P atterns of the E ud iap tom us gracilis popula tion  at the different sam pling  

stations of the lake shown by the form ula  of M a b c z e w s k i— S t e i n h a u s  
( 1 9 6 5 - 6 7 ;  1972— 73)

M K G- A E

M 36.8 9.7 2.7 2.7
K — 27.3 9.7 5.9
G — 69.2 14.3
A — 36.8

E arlier observations (S e b e s t y é n , 1953; P o n y i , 1968) showed th a t  th e  
population  of E. gracilis increased tw ice a year in  th e  no rth -eastern  basin. 
W ith  special regard  to  the  nauplii and  copepodites, our presen t studies suggest 
(Table I I I )  th a t  th e  population  m ay increase 1 — 3 tim es a  year in  L ake B ala
ton . In  th e  larger lakes (e.g. L ake Constance) sum m er and  au tum n  peaks were 
observed ( K i e f e r , 1968b), while in sm aller w ater bodies only one spring peak 
was no ted  (S p a n d l , 1926).

W ith in  th e  popu lation  th e  percentage o f egg-bearing females was very  
low, hard ly  m ounting up  to  4 per cent in L ake B alaton. In  his s tu d y  on 42, 
m ostly  shallow lakes S m y l y  (1968) s ta te d  th a t  th is  value rarely  fell under 
20 per cent in  th e  w arm -w ater period. In  con trary  th e  egg-bearing ones, th e  
percentage of th e  ad u lt females varied  between 1.4 and  43.0 per cen t in  th e  
population. In  th e  period o f four years, th e  d a ta  on ind iv idual num ber/litre 
an d  egg-number/egg sacs showed th a t  th e  “production” o f th e  species is 
p robab ly  th e  highest a t section M, gradually  decreasing in  th e  direction to  A 
( Fig. 7).  Sim ultaneously, th e  percentual d istribu tion  o f ad u lt and  egg-bearing 
fem ales was inverse. This phenom enon indicates th a t  th e  degree of grazing 
b y  th e  fish is th e  highest a t  section M, gradually  decreasing tow ards th e  n o rth 
east basin. This suggestion is supported  by  fishery statistics.

S tudying th e  fluctua tion  in  th e  num ber of individuals on E. gracilis 
populations from  th e  th irtie s  till recent years (Fig. 8) i t  is seen th a t  this 
num ber (w ithout nauplii) ranged  in  th e  period of 1936—38 from  12 to  22, 
while betw een 1946 and  1972 i t  was less th an  7 individuals/litre.

W hen com paring Figs 7 and  8 i t  was concluded th a t  th e  density  of fish 
an d  fry  feeding on E. gracilis h ad  increased in  th e  lake. The suggestion th a t  
p lanktonic crustaceans of large body size are grazed intensively by fish is well 
supported  b y  investigations in  fish-ponds ( H i l l b r i c h t - I l k o w s k a  e t al.,
1973), establishing th a t  th e  decrease in  th e  biomass of crustaceans was fol
lowed in  some cases by  a  decrease in  th e  production.

According to  th e  lite ra tu re  th e  egg-num ber/egg-sac value of E. gracilis 
is low in  oligotrophic lakes an d  is high in  eutrophic w aters (C z e c z u g a , 1959; 
1960; S t e e m a n n  N i e l s e n , 1962). T h o m a s  (1961) com pared th e  egg-num ber 
of E. gracilis w ith  th e  to ta l ion-content of th e  w ater. H e s ta tes  th a t  th e  egg- 
num ber of th is  species is more ab u n d an t in  low ionic concentrations th a n  in 
high concentrations. Our investigations showed an  inverse p ictu re for L ake 
B alaton  (Table VI I ) .
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1 =  Frequency o f Q Q  in 
-1 the population * *

— total Eudiaptomus

F ig. 7. Comparison of the egg-number/egg-sacs, to tal individuals and females a t dif-
seotions of the lake

TA B L E  V II
C omparison o f total ionic content to the egg-numbers o f E ud iap tom us gracilis 

in  four E ng lish  lakes and  in  different regions o f Lake  B alaton

T h om as (1961) 
T o ta l  io n  expressed  in  th e  

%  o f m ax im u m
eg g -n u m b er

Orsós  (1968)
T o ta l  io n  expressed  in  %  

o f m ax im u m

P o n y i e t  a l.
(1975)

egg-num ber

Windermere 100.0 8.71 £  M 100.00 14.30Grasmere 88.8 9.30 P  K 97.74 10.86Derwent 85.1 6.05 <J G 95.02 7.41Ennerdale 64.8 10.53 P  A 93.52 6.27
B E 91.45 6.19
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F ig . 8. V aria tio n  in  th e  n u m b e r o f E ud iap tom us gracilis in  M ay —O ctober a t  tran sv e rsa l 
sec tion  A  (w ith o u t naup lii) on  th e  basis o f  th e  d a ta  o f  S e b e s t y é n  (1953; 1960), S e b e s 

t y é n  e t al. (1951) an d  E n t z  e t al. (1937)

I t  is suggested th a t  in case o f L ake B alaton  th e  increase in  th e  egg-num ber 
o f Eudiaptomus gracilis can be ascribed to  th e  degree of tro p h y ty , and  th e  
q u an tity  of salt-con ten t is of secondary p art. The highest egg-num ber was 
found a t  th e  hypertroph  region of th e  lake ( H e r o d e k  an d  T a m á s , 1975) 
decreasing parallel w ith  th e  degree of tro p h y ty .

Sum m ary

In  th e  periods of 1965—67 an d  1972 — 73 th e  au thors investigated  th e  
varia tion  of Eudiaptomus gracilis populations on th e  basis o f sam ples tak en  
m onth ly  a t  w ater areas o f different troph ic level o f L ake B alaton.

In  the course of the investigation the following could be stated:
1. The developm ent o f th e  population of th e  species differs in  space and

in seasons. A t th e  south-w estern end of th e  lake (section M) where th e  w ate r 
qua lity  is hypertrophic a  spring peak  of 36 40 per cent frequency was found,
while in th e  o ther basin (sections A-E) sum m er peaks dom inated  (25—40 p er 
cent). In  th e  middle of th e  lake m ostly  spring-autum n peaks were observed 
(20 — 28 per cent).

2. Adapting the formula of M a r c z e w s k i S t e i n h a u s  the patterns o f 
the highest sim ilarity were found a t the mesotrophic areas (sections G-A), 
while those of the less sim ilarity a t sections K-G.

3. In  th e  population  th e  re la tive q u an tity  of form s of large body size
(females and  egg-bearing females) g radually  decreases from  section A (meso- 
trophy) to  section M (hypertrophy). R egarding th e  m ean values of th e  period 
1966 67 and  1972, i t  is seen th a t  th e  to ta l num ber of th e  species is th e  h ighest
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a t  the  south-w est end of th e  lake (11 individuals/litre) gradually  decreasing 
to  the  north -east basin (7.2 individuals/litre).

4. The egg-number/egg-sac was found to  be th e  highest in  th e  h yper
trophic south-w est basin (14.3) decreasing to  6.2 a t  th e  o ther end  o f th e  lake.
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C RUST ACE A -  PL A N K T O N  VIZSGÁLATOK A  BALATO NO N V I  
AZ E U D I A P T O M U S  G R A C I L I S  (G. O. SARS) PO PU LÁ C IÓ JÁ N A K  

M E N N Y ISÉ G I A LA K U L Á SA  A  TÓ KÜLÖNBÖ ZŐ T E R Ü L E T E IN

P o n y i  J e n ő ,  N . - H o r v á th  J u d i t  és P . - Z á n k a i  N ó r a

Összefoglalás

A  szerzők 1965 — 67 és 1972 — 73-ban a  B a la to n  különböző, tro f itá sb a n  eltérő  v íz
te rü le te in  h a v i g y ű jté sek  a la p já n  v izsg á lták  az E ud iap tom us gracilis G. O. Sabs popu
lác ió ján ak  v á lto zá sá t.

A  v izsgála tok  a la p já n  a  következő  eredm ényekre  ju to tta k :
1. A  faj pop u lác ió ján ak  kifejlődése évszakosán  és v íz te rü le ten k én t is e lté r  egy 

m ástó l. M íg a  tó  d é ln y u g a ti végén a  h y p e r tró f  v íz te rü le ten  (M szelvény) a  v izsgála ti 
ese tek  36 — 40 % -áb an  csak egy  tav a sz i m ax im u m  a la k u lt k i, ad d ig  a  tó  m ásik  m edencé
jéb en  (A —E  szelvények) egy  csúcsú n y á ri m ax im u m o k  a  jellem zőek (25 — 40% ). A  tó  
középső részein  a  tav asz i, Őszi k e ttő s  m ax im u m  k ia lak u lása  a  leggyakoribb  (20 — 28% ).

2. A  Ma b c z e w s k i—STEiNHAtrs-féle hasonlóság i in d ex  seg ítségével az E ud iap to 
m us gracilis po p u lác ió ján ak  a la k u lá sá t jelölő m in tá z a to k  a la p já n  a  legnagyobb  fokú  
hason ló ságo t a  m ezo tró f v íz te rü le tek en  (G —A  szelvények), a  legk isebbet a  h y p e r tró f  és 
m e z o tró f v íz te rü le t ta lá lk o zásán á l ( K —G szelvény) ta lá ltu n k .

3. A  popu láción  belü l a  legnagyobb  te s tű  a lakok  (nőstény  és p e tés  nőstény) 
re la tív  m ennyisége az A  szelvény tő l (m ezotróf) az M szelvényig  (h y p ertró f) fokozatosan  
csökken. 1966 — 67 és 1972 év  á tla g á t te k in tv e  a  fa j összes egyedszám a a  tó  D N y-i végén 
a  legnagyobb  (11 e /lit.), am ely  fokozatosan  csökken a  tó  m ás ik  vége felé (7,2 e/lit.) .

4. A  p e tezacskónkén ti p e teszám  a  tó  D N y-i végén, a  h y p e r tró f  v íz te rü le ten  a  leg
m ag asab b  (14,3), m ely  a  tó  m ásik  végén 6,2-re csökken le.
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HORIZONTALLY OCCURRING QUANTITATIVE PHYTOPLANKTON 
INVESTIGATIONS IN LAKE BALATON, 1974

GIZELLA TAMÁS
Biological Research In s titu te  of the H ungarian  A cadem y o f Sciences, T ih a n y , H ungary

R eceived: 28th February, 1975

As a follow up  to  th e  earlier publications on th e  qu an tita tiv e  an d  q u alita 
tive d a ta  of th e  horizontal p h y top lank ton  of L ake B alaton  on th e  basis of 
w ater sam ple series tak en  in  the  sixties, th is  s tu d y  sum m arizes the  qu an tita tiv e  
an d  q u ah ta tiv e  changes of p h y top lank ton  in  space and  tim e in  th e  year 1974. 
W hen exam ining the  w ater sam ples tak en  a t  th e  tran sv ersa l sections of th e  
lake in Ju ly  1962 it was established th a t, com pared to  earlier data , qualita tive  
and  q u an tita tiv e  change h ad  occurred in  th e  phy top lank ton  ( T a m á s , 1965). 
On th e  basis of d a ta  on th e  horizontal phy top lank ton  collected for th ree  years 
(from spring till autum n) a fte r th e  g reat fish kill in 1965 th e  tren d  an d  ra te  
of th e  change were m ade known in  details ( T a m á s , 1967; 1969; 1972). The 
local varia tion  in  the  phy top lank ton  of th e  sixties ( T a m á s , 1974) was obtained  
by  m ultiplying the  ind ividual num bers w ith  the  m ean volum e of every  single 
species.

The aim  o f these studies is to  docum ent th e  qualita tive and  q uan tita tive  
changes of phy top lank ton  th a t  proceed in space and  time.

D ates o f  co llectin g  and m ethods

Samples were tak en  fo rtn ig h tly  along section B alatonfüred  — Z am árdi 
from  F ebruary  and  in  th e  K eszthely  B ay  from  M arch. This s tu d y  presents 
th e  m ean values of th e  th ree  deep-w ater sam pling stations. D a ta  on th e  tw o 
nearshore poin ts will be published la te r ( Fig. 1).

The sam ples were fixed  an d  analysed  as described earlier ( T a m á s , 1972;
1974). The identification of algae was carried  o u t on th e  basis of taxonom ic 
works listed  in  detail previously  ( D e s i k a c h a r y , 1959; P r e s c o t t , 1962; 
T a m á s , 1969; B u r r e l l y , 1966 — 1970). The year-long course o f th e  w ater 
tem peratu re  given in  Fig. 2 is based on th e  d a ta  m easured in  the  K is-öböl 
B ay  — a  sm all bay  on th e  east shore of th e  T ihany  peninsula. The m onth ly  
m ean values of th e  w ater level given in  Table I  were furnished by  th e  R esearch 
In s titu te  for W ate r Resources D evelopm ent (B udapest, V IT U K I). D a ta  on 
th e  tem peratu re, dep th  an d  tran sp aren cy  o f w a te r and  th e  dates of sam pling 
are sum m arized in  Table I I .
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F ig ■ 1■ M ap o f  tra n sv e rsa l sec tions w ith  th e  sam p lin g  s ta tions
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F ig . 2. F lu c tu a tio n  in  th e  w a te r  te m p e ra tu re  m easu red  in  th e  K is-öböl B ay  a t  T ih a n y
th ro u g h o u t th e  y e a r

T A B L E  I

M o n th ly  m ean values o f water level based on the data of Research In s titu te  
fo r W ater R esources D evelopm ent ( V I T U K I ,  B u d a p est)

L n . in . IV . V. V I. v n . v rn . I X . X . X I . X I I .

77 84 95 94 98 97 93 86 94 103 108 101

Results

177 lifted  samples an d  100 ne t-filtra tes were analysed, tak en  a t  15 deep 
w ater s tations of the  five transversal sections from  F eb ru ary  till  m id-Decem ber 
1974. The identified  m icroorganisms were found to  belong to  th e  following 
six taxonom ic phyla:

C y a n o p h y ta ...................................................... 22 —
E u g len o p h y ta  ............................................... 11 —
P y r r o p h y t a ...........................  ........................ 12 —
C h ry so p h y ta  ...................................................  64 2
C h lo rophy ta  .............................. . ..................  50 4
C au lobacteria les ............................................... 1

T ogether: 160 6

The C yanophyta phylum  was represen ted  by  22 species. Table I I I  shows
th a t  th e  filam entous algae of th e  order Horm ogonales were of higher frequency 
in  th e  K eszthely  Bay. The Anabaena species m ade up  61.7 per cent of th e  
individual num ber o f C yanophyta phylum  in  early  Septem ber, 30 per cen t 
on Septem ber 18, 44 per cent in  early  October an d  69 per cent a t  the  end  
o f October. The Aphanizomenon species con tribu ted  14 per cent of th e  ind iv id 
u a l num ber o f th e  phylum  in  early  Septem ber, 29 per cent on Septem ber 18, 
28 per cent in early  October and  12 per cent a t  th e  end  of th e  m onth. T heir 
num ber gradually  decreased in  the  direction to  th e  north -eastern  basin o f th e  
lake. In  th e  K eszthely  B ay  th e  num ber of Lyngbya limnetica was 850 tim es 
higher a t  m id-Septem ber th a n  i t  had  been in 1967. E ven  in early  October an 
occurrence o f 325,000 individuals/litre was found here.



2 2 2 D ata  on collecting
T A B L E  I I

place

Collecting

date

W ater 
tem per

atu re  .
°0

D epth
cm

Secchi
trans

parency
cm

Notes

M h i . 26 10.7 300 33 Still water, sunshine
VI. 9 11.4 285 41 Chironomus swarm, m any Synedra
IV. 23 10 310 49 Sunshine, breeze
V. 7 12.1 290 47 Chironomus swarm, still w ater
V. 24 15.8 320 46

VI. 4 19 312 45 Few clouds a t times, sunshine
VI. 26 20 295 38

V II. 10 20 290 | 40
V II. 25 20 300 50 M any Melosira-Closterium

V III. 7 22 296 38 Many Microcystis
IX . 3 24 290 31 Algal bloom of Anabaena spiroides

.IX . 18 20 295 35 Masses of Anabaena-Aphanizomenon
X. 8 11 300 46 Masses of Anabaena-Aphanizomenon
X. 24 8 308 28 Masses of Cryptomonas-Cyclotella

X I. 13 6.3 310 42 Masses of Nitzschia acicularis
X II. 12 4 305 48 Masses of Nitzschia-Stephanodiscus

K III . 26 10.4 398 40 M any Cyclotella-Synedra-Ankistrodes.
IV. 23 10 410 42 Gloomy w eather, breeze
V. 24 14.7 420 42 Many Römeria-Cryptomonas

VI. 25 18.5 385 57
V II. 25 20 412 35 M any Melosira-Closterium
IX . 3 24 410 44
X. 9 10 418 67 Masses of Anabaena-Aphanizomenon
X. 24 8 425 54 Many Cryptomonas-Cyclotella

X I. 14 6.3 390 40 Masses of Nitzschia acicularis
X II. 12 4 410 45 Masses of Nitzschia acicularis

G III . 27 10.2 400 48 Many Synedra-Ankistrodesmus
IV. 24 11.1 396 45 Many Cyclotella-Synedra-Ankistrodes.
V. 22 14.7 418 57 Overcast, m oderate wind

VI. 26 19.8 380 56
V II. 29 21 415 130 Many Aphanizomenon-Ceratium-Closter.
IX . 6 24 435 50 Many Cryptomonas
X. 10 10 428 108 Many Lyngbya-Microcystis
X. 25 8 430 62 Many Cyclotella-

X I. 15 6.3 440 55 Many Nitzschia acicularis

A II. 20 4 354 58 Many Nitzschia acicularis
II I . 27 10 395 43 Many Cyclotella-Synedra-Ankistrodes.
IV. 10 11.9 399 48 Sunshine, breeze
IV. 24 11.2 390 56 Sunshine, breeze
V. 8 12 428 50
V. 21 15.6 416 59 Overcast

VI. 24 18.5 420 57
V II. 11 19.2 406 45 M any Aphanizomenon-Lyngbya-Cryptom.
V II. 24 18.3 380 33 M any Ceratium-Closterium

V III. a8 22 370 50 Dead calm, sunshine, m any Closterium
IX . 2 24 380 70
X. 7 11.2 420 91 Many Cyclotella-Cryptomonas
X. 28 7 430 76 M any Cryptomonas

X I. 19 6 390 65 Many Cryptomonas-Cyclotella
X II. 13 3.5 410 70 M any Cryptomonas-Cyclotella

E II I . 28 10.4 470 91 Many Cyclotella-Synedra
IV. 25 10.9 420 52 Overcast, m any Cyclotella
V. 22 15.4 434 54 N ortheastern, raining, storm y waves

VI. 27 19.7 426 60 Many Lyngbya
V II. 24 19.5 450 40 M any Aphanizomenon-Aphanocapsa
IX . 2 23 400 83 M any Cryptomonas-Cyclotella
X. 10 11 480 70 Gloomy w eather, m any Cyclotella
X. 18 7.5 465 82 Many Stephanodiscus-Cyclotella

X I. 20 5 445 64
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Among th e  filam entous blue-greens, Romeria elegáns was m ost ab u n d an t 
from  A pril till Ju n e  in  th e  K eszthely  Bay. The representatives of C yanophyta 
phylum  m ade up  13.3 per cent o f to ta l  algae. Their num ber varied  betw een 
10,000 an d  2.5 million (0 .2—52.9 per cent) along th e  sections.

11 species o f E ug lenophyta phylum  (Colaciales 1, Euglenales 10) were 
noticed in  th e  samples. Species belonging to  genera Euglena and  Phacus were 
several tim es as num erous as th ey  h ad  been in  th e  sixties in th e  phy top lank ton  
association. In  A ugust an d  Septem ber Euglena klebsii was represen ted  in 
a  frequency of 17,000 — 18,000 individuals/litre in  th e  K eszthely  B ay, while 
in  early  Septem ber 8,000 individuals/litre were no ted  along th e  transversal 
section Szigliget—B alatonm ária. I t  is seen from  Table I I I  th a t  Phacus acumi- 
natus, Ph. pyrum  and  Trachelomonas volvocina som etimes produced an  abun
dance of 5,000 individuals/litre. E ug lenophyta phylum  m ade up  6.6 per cent 
of to ta l algae. F rom  Ju n e  till Novem ber, along th e  tw o south-w estern tra n s 
versal sections (M and  K ) th e  sam ples showed an  abundance o f 200 — 52,000 
individuals/litre (0.1 —1.0 per cent), between Ságpuszta an d  B alatonszem es 
(section G) 200 — 5,400 individuals/litre, while along th e  tw o sections o f th en  
north -eastern  basin (A and  E) 200 — 15,000 individuals/litre. The to ta l m ean 
num ber of th e  phylum  varied  between 0.1 an d  2.2 per cent in  space and  times.

12 species of P y rro p h y ta  phylum  (Cryptophycea 6, D inophyceae 6) 
were identified  in th e  samples. Among th e  C ryptophyceae species of nanno- 
planktonic size, in  addition  Chroomonas, Cryptomonas an d  Rhodomonas were 
found. The species of these genera were several tim es as ab u n d an t in 1974 as 
th ey  had  been in the  sixties. In  th e  sam ples tak en  in  th e  K eszthely  B ay  in  
la te  October Cryptomonas erosa showed an  occurrence of 1 million ind iv id
uals/litre, Cryptomonas ovata 210,000 individuals/litre, while Cryptomonas 
caudata, which is of th e  sm allest size, 2 million indivuduals/litre. Till mid- 
October th e  num bers som ew hat decreased. A t th e  Szigliget section (K) Crypto
monas caudata peaked w ith  775,000 individuals/litre in mid-October. S im ultane
ously, also Cryptomonas erosa h ad  a  m axim um  of 725,000 individuals/litre. 
Ceratium hirundinella an d  th e  o ther D inophyceae genera given in  Table I I I  
belong to  the  algae of large body size. The Ceratium population increased along 
each transversal sections from  spring till au tum n  w ith  m axim um  num bers 
o f 120,000 individuals/litre a t  section K  in early  Septem ber an d  101,000 ind i
viduals/litre a t  section M in m id-Septem ber. A t transversal section Ság
p u sz ta—B alatonszem es (G) i t  had  an  abundance of 73,000 individuals/litre 
a t  th e  end of Ju ly , between B alatonfüred  and  Zam árdi (7) 19,000 individuals 
per litre in  early  Septem ber. Sim ultaneously, a  m axim um  of 22,000 ind iv id
uals/litre occurred betw een B alatonalm ádi and  B alatonvilágos. Diplopsalis 
acuta reached a  m axim um  of 6,000 individuals/litre in  th e  K eszthely  B ay  a t  
th e  end of Ju ly . Glenodinium, Gonyaulax and  Peridinium  species also showed 
Ju ly  m axim um  here. The m em bers o f th is la tte r  genera were as num erous 
as th ey  h ad  been in  th e  sixties. P y rro p h y ta  phylum  m ade up 7.2 per cent 
of to ta l algae. D uring th e  sam pling period th e  ind ividual num bers varied  
between 1,000 and  3.4 million a t  th e  transversal sections. T he species of th is 
phylum  constitu ted  0.1—43.5 per cent o f to ta l algae.

D uring th e  investigations 66 species of C hrysophyta phylum  (X anto- 
phyceae 2, Crysophyceae 9, Bacillariophyceae 55) were no ted  in th e  samples. 
The species m arked w ith  in  Table I I I  appeared  th e  firs t tim e in  the  series o f 
open w ater sam ples tak en  from  L ake B alaton  in th e  seventies ( H o r t o b á g y i).



T A B L E  I I I

Q uantita tive data on the p h y top lank ton  of L a ke  B a la ton  in  1974 ( i ß  =  1000 ind ividual p e r  litre; N  =  net-filtrate  
(N o . 2 5 ) ;  D  =  cell s ize ; o =  oligosaprobic; a —m. =  a.-mesosaprobic; ß —m . =  ß-m esosaprobic)

Species
Date

of
collection

Localities

M K G- A E

i/l N i/l N i/l N i/l N i/l N

Cyanophyte Chrooccales
1 . Aphanocapsa delicatissima II . 20 +

W . e t  G . S . W e s t I I I .  26—28 + 10.0 + + 10.0 + Hr
D: 0.5—0.75 p IV. 9—10 + +

IV . 23—25 10.0 + 5.0 + 5.0 + 15.0 + +
V. 7—8 + 10.0 +
V. 21—24 35.0 + 15.0 + 5.0 + 20.0 + 400.0 +

V I. 4 35.0 +
V I. 24—27 20.0 + 5.0 + 10.0 + + 10.0 +

V II. 10—11 20.0 + +
V II. 2 4 -2 5 , 29 10.0 + 25.0 + 25.0 + 5.0 + 5.0 +

V III. 7—8 15.0 + +
IX . 2—3, 6 10.0 + 5.0 + 10.0 + + 10.0 +
IX . 18 10.0 +
X . 7—10 25.0 + 5.0 + 100.0 + 40.0 + 20.0 +
X . 24—25, 28 10.0 + 15.0 + 25.0 + 15.0 + 20.0 +

X I. 13—15, 19—20 5.0 + 15.0 + + 5.0 + 5.0 4-
X II . 12—13 5.0 + 20.0 + 10.0 +

2. Aphanocapsa grevillei V I. 25—26 + +
( H a s s a l l ) R a b e n h o r s t V II. 10 +
D: 3.5—5 p, ß —m. V II. 25 5.0 + 10.0 +

V III. 7 5.0 +
IX . 3 + +

3. Chroococcus limneticus I I .  20 +
L e m m . I I I .  26—28 40.0 + + 40.0 + +
D: 7—10 p  —o, ß — m. IV. 9—10 160.0 + +

IV. 23—25 0.8 + + + +
V. 7—8 + +
V. 21—24 + 2.0 + + +



4. Chroococcua m inutus 
( K ü t z i n o ) N ä g k l i  
D : 6—8 fx—o, ß —m.

5. Coelosphaerium kuetzingianum  
N ä g e l i

D : 3X 4  n

6. Oomphosphaeria lacustris 
C h o d a t
D : 4X 2  p.— o, ß —m.

V I. 4 +
V I. 24—26 + 2.0 + +

V II. 10—11 + +
V II. 24—25, 29 40.0 + + 4.8 +

V III. 7—8 + +
IX . 2 - 3 ,  6 1.6 + + +
IX . 18 +
X . 7—10 + 80.0 + +
X . 25 +

X . 7 +
X. 28 40.0 +

X I. 19 +

II . 20 +
I I I . 26—28 10.0 + 10.0 + + +
IV. 9—10 5.0 + +
IV. 23—25 + 10.0 + 10.0 + +
V. 7—8 5.0 + +
V. 21—24 0.2 + 5.0 + 7.0 + +

V I. 4 +
V I. 24—27 10.0 + 1.0 + + 0.8 +

V II. 10—11 5.0~ + 10.0 +
V II. 24—25, 29 5.0 + 10.0 + 5.0 + +

V III. 7—8 5.0 + 5.0 +
IX . 2—3, 6 9 + 5.1 + +
IX . 18 +
X . 7—10 5.0 + 0.4 + 10.0 + 10.0 +
X . 24—25, 28 + 10.0 + + 5.0 +

X I. 13—15, 19—20 + + + +
X II . 12—13 + 10.0 + 10.0 +

II I . 26—28 + + + +
IV. 9—10 15.0 + +
IV. 23—25 + 5.0 + + +
V. 7—8 + +
V. 21—24 + 5.0 + 2.0 + +

V I. 4 +
V I. 24—27 5.0 + 5.0 + + 0.4 +

V II. 10—11 5.0 + 1 0 .0 - +

+

3.2 +

+

+

+

+
1.4 +
0.6 +
0.2 +

10.0 +
5.0 +
5.0 +

+

+

+
1.4 +



Date
of

collection
Species

Date
of

collection

V I I .  2 4 — 2 5 , 2 9  
V I I I .  7 — 8 

I X .  2 — 3 , 6 
I X .  18  

X .  7 — 10  
X .  2 4 — 2 5 , 2 8  

X I .  1 3 — 1 5 , 1 9 — 2 0  
X I I .  1 2 — 13

7. Merismopedia glauca 
(E h r .) N ä g .
D : 3 — 6p  —0 , ß —m .

I I I .  26
IV . 9  
I V . 2 3

V . 7 
V . 2 4  

I X .  3 
I X .  18  

X .  8

8. Merismopedia tenuissima 
L e m m .
D : 1 .3 — 2 p  ß —, a — m .

I I I .  2 6
I V . 8 

V I I .  2 9
I X .  3 

X .  7 
X .  2 8

9. Microcystis aeruginosa 
KÜTZ.
f. flos-aquae 
(W lTTR.) E l ENKIN’
[ =  M . flosaquae (W i t t r .) 
K i r c h n . ]
D : 3 — 6  p  ß —m .

I I .  2 0
I I I .  2 6 — 28
IV . 9 — 10  
I V . 2 3 — 2 5
V . 7 — 8 
V . 2 1 — 2 4  

V I . 4  
V I . 2 4 — 27

T A B L E  I I I  (continued) to

Localities

M K G- A E

i/l N i/l N i/l N i/l N i/i N

5 .0 + 1 0 .0 + 5 .0 + + 1 .0 +
+ +
+ + + + +
+
+ + 5 .0 + + 5 .0 +
+ + + + +

5 .0 + + 1 5 .0 + 5 .0 + +
+ + +

+ +
+
+ 2 0 .0 +

4 0 .0 +
+ +
+

1 0 .0 +
+

8 0 .0 +
2 4 0 .0 + 4 .0 +

1 2 .8 +
3 2 0 .0 +

6 0 .0 +
1 9 .2 +

+
+ + + + +
+ +
+ + + + +
+ +
+ + 1 0 .0 + + +
+
+ 5 .0 + 2 0 .0 + 4 0 .0 + 1 5 .0 +



1 5 0 .0

H orm ogonales
10. Anabaena constricta 

(Sz a f e r ) G e i t l .
D: 4—6 x 6 —8 fi a—m.

11. Anabaena flos-aquae 
(L y n g b .) B r é b .
D: 6—7fi ß —m.

12. Anabaena scheremetievi 
E l e n k i n

D : 7 — 7 . 5 x 9 — 10 f i

13. Anabaena spiroides 
K l e b .
D: 6.5—8fi —o, ß—m.

V I I . 1 0 — 11
V I I . 2 4 — 2 5 , 29

V I I I . 7 — 8
I X . 2 — 3 , 6
I X . 18

X . 7 — 10
X . 2 4 — 2 5 , 28

X I . 1 3 — 1 5 , 19 — 20
X I I . 1 2 — 13

V I I . 2 5
V I I I . 7

I X . 3

V I . 2 6
V I I . 10
V I I . 2 5

V I I I . 7
I X . 3 , 18

X . 8

V . 2 2 — 2 4
V I. 4
V I . 2 5 — 2 6

V I I . 10
V I I . 2 5 , 2 9

V I II . 7
I X . 3 , 6
I X . 18

X . 8 — 9
X . 2 4 — 2 5

X I . 1 3 — 15

IV . 9
IV . 2 3 — 2 4

V . 7
V . 2 2 — 2 4

V I. 4
V I . 2 5 — 2 6

3 0 0 .0
200.0 

6.0

10.0
5 0 .0

0.8
7 .0

1 5 .0
10.0
1 5 .0

0 .5
2.0

2 8 .0
3 5 .0
10.0
5 0 .0
6 0 .0
1 5 .0
8 0 .0

0 .3

0.1
2.6

+ +
+ 2 0 .0 + + +
+ +
+ 2 0 0 .0 + 9 3 .0 + 160 .0 + 3 2 .0

+
1 5 0 .0+ 3 0 0 .0 + 2 5 0 .0 + +

+ 1 0 0 .0 + 3 8 .0 + 18 .0 +
+ 2 0 .0 + , + + 12 .0

+ + +

+ 2 5 .0 +
+ +
+ 1 5 .0 +

+
+
+
+
+
+

+ 0 .3 +
+
+ 0 .3 + +
+

++ 1 5 .0 +
+
+ 3 0 .0 + 5 .0 +
+
+ + +
+ + +
+ + +

+ + +
+ + +
+

++ +
+
+ 5 .0 + +
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T A B L E  I I I  ( con tinued)

Species
Date

of
collection

Localities

M K G A E

i/i N i/i N i/l N i/i N i/ l N

V II. 10 28.5 +
V II. 25, 29 35.0 + 30.0 + +

V III. 7 30.0 +
IX . 3i 6 500.0 + 25.0 + 2.7 +
IX . 18 700.0 +
X . 8—9 700.0 + 2 0 0 .0 + 0.4 +
X. 24—25 2 0 0 .0 + 35.0 + 0 .2 +

X I. 12—13 25.0 + 2 0 .1 + +
X II. 12 + 4.8 +

14. A ph an izom en on  flos-aquae I I I .  26—28 + + + + +
(L.) R a l f s IV. 9—10 0.8 +
D: 4—6 x 6 —12 p  ß — , IV. 2 3 -2 5 0.1 + 0 .2 + + 0.4 + +
a —m. V. 7—8 + +

V. 21—24 + + 2 .0 + 1.6 + 0.4 +
VI. 4 +
V I. 2 4 -2 7 1.4 + 5.0 + 3.0 + 7.3 + 25.0 +

V II. 10—11 52.5 + 75.0 +
V II. 24—25, 29 75.0 + 135.0 + 130.0 + 130.0 + 235.0 +

V III. 7—8 40.0 + 50.0 +
IX . 2—3, 6 65.0 + 40.0 + 50.0 + 60.0 + 105.0 +
IX . 18 425.0 +
X . 7—10 375.0 + 80.0 + 5.4 + 100.0 + 10.0 +
X . 24—25, 28 35.0 + 40.7 + 2.8 + 5.4 + 3.0 +

X I. 13—15, 19—20 0.4 + 0.8 + + 0.6 + 0.2 +
X II. 12—13 5.0 + 1.6 + * + 0.4 +

15. A ph an izom en on  issatschenkoi V I. 4 0 .2 +
( U s s a c z e w ) V I. 2 4 -2 7 0.6 + 5.0 + + 1.0 + 0.7 +
P e o s c h k i n a — L a t e e s k o V II. 10—11 1.2 + 5.0 +
D: 7.5—9X 3.2—5.4 p V II. 24—25, 29 75.0 + 10.0 + + + +

V III. 7—8 10.0 + +
IX . 2—3, 6 75.0 + 50.0 + 1.4 + + +
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16. Lyngbya circumcreta 
G. S. W e s t  
D: 1.8—2 X 1 —2 y

17. Lyngbya limnetica L e m m . 
D: 1—1 .5 x 3 —5 y

I X . 18 300.0
X . 7—10 75.0
X . 24—25, 28 15.0

X I . 12—15, 19
X I I . 12—13

I I . 20
I I I . 26—28 20.0
IV . 9—10 5.1
IV . 23—25 0.1

V . 7—8
V . 21—24 2.8

V I . 4 0.1
V I . 24—27

V I I . 10—11
V I I . 24—25, 29

V I I I . 7—8
I X . 2—3, 6
I X . 18 0.2

X . 7—10 0.4
X . 24—25, 28

-  X I . 13—15, 19—20
X I I . 12—13

I I . 20
I I I . 26—28 10.0
IV . 9—10 60.0
IV . 23—25 25.0

V . 7—8 25.0
V . 21—24 20.0

V I . 4 35.0
V I . 24—27 26.0

V I I . 10—11 8.0
V I I . 24—25, 29

V I I I . 7—8 10.0
I X . 2—3, 6 40.0
I X . 18 850.0

X . 7—10 325.0
X . 24—25, 28 65.0

X I . 13—15, 19—20 35.0
X I I . 12—13 40.0

+
+ 40.0 + 0.4 + + +
+ 8.0 + 0.2 + 5.0 +
+ + +
+ + +

+
+ 7.6 + + 5.0 + +
+ +
+ + 5.0 + 2.6 + 0.2 +
+ 12.6 +
+ 0.3 + 4.0 + 1.6 + 0.4 +
+
+ 0.1 + 3.0 + 0.6 + 1.2 +
+ 3.2 +
+ + 2.8 + 6.0 + 7.2 +
+ 2.9 +
+ 1.0 + 2.0 + 1.2 + 1.2 +
+
+ + + 10.0 + 5.1 +
+ + 0.2 + + 3.4 +
+ + 0.6 + 0.4 + 0.6 +
+ 0.4 + 0.2 +

20.0 +
+ 30.0 + 25.0 + 75.0 + 165.0 +
+ 90.0 +
+ 5.0 + 75.0 + 65.0 + 60.0 +
+ 275.0 +
+ 5.0 + 50.0 + 105.0 + 160.0 +
+
+ 5.0 + 26.1 + 22.0 + 150.0 +
+ 60.0 +
+ 5.0 + 135.0 + 150.0 + 285.0 +
+ 250.0 +
+ 20.0 + 55.0 + 25.0 + 150.0 +
+
+ 115.0 + 225.0 + 190.0 + 120.0 +
+ 50.0 + 85.0 + 115.0 60.0 +
+ 50.0 + 85.0 + 130.0 + 35.0 +
+ 20.0 + + 100.0 +
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Species
D ate

of
collection

18. Oscillatoria tenuis 
A g a r d h

D: 5—8 x 2 .6 —5 p  a —m.

19. Pseudanabaena catenata 
L a u t e r b o r n

D: 2 X 3  p

20. Rhaphidiopsis mediterranea 
S k u j a

D: 8—9 X 2 .5 — 3 p

21. Römeria elegáns
( W o l o s z y n s k a ) K o c z w a r a  
[ =  Raciborskia elegáns 

W o l o s z y n s k a ]
D: 4—9 X 1 .3 — 1.5 p

IX . 18
X. 8
X. 24

IV. 23
V. 7
V. 22—24

IV. 25—26
V II. 25, 29
IX . 18
X . 8
X . 24

V I. 2 5 -2 6
V II. 10
V II. 25

V III. 7
IX . 3
IX . 18
X . 8—9
X. 24

X I. 13—14

II . 20
I I I . 26—28
IV. 9—10
IV. 23—25
V. 7—8
V. 22, 24

V I. 4
V I. 25—26

V II. 10
V II. 25, 29

T A B L E  I I I  (con tinued)

Localities

M K G- A E

i/i N i/i N i/i N i/i N i/i N

+
10.0 +

+

+
+
+ 0.1 + 2.0 +
+ + +
+ + 5.0 +
+

10.0 +
+

+ +
+

10.0 + +
10.0 +
5.0 + +

125.0 +
60.0 + 45.0 +

+ 20.0 +
+ +

+
+ + + 0.6 +

310.0 + +
130.0 + + 20.0 + +
300.0 +

+ 145.0 + 20.0 +
540.0 +

80.0 + + 20.0 +
+
+ + +
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2 2 . Spirulina laxissima 
G . S. W e s t
D : 0 .7 — 0 .8  f j ,

2 3 . Colaciales Euglenophyta 
Colacium vesiculosum  
E h b .
D :  1 0 — X 4 X 8 — 10  fj, ß —m.

Euglenales
2 4 . Euglena acus E h b .

D :  1 0 0 — 1 8 0 x 1 0 — 1 4  f i  
ß —a —m.

2 5 . Euglena éhrenbergii 
K l e b s

D : 1 5 0 — 2 0 0 x 2 5 — 30  / . i  

ß —m.

I X . 3 , 6
I X . 18

X . 8
X . 2 4

I X . 3
X . 9
X . 2 4

V I I I . 7 — 8
I X . 2 - 3
I X . 18

X . 7 — 8

I I I . 2 7
I V . 2 3 — 25

V . 7 - 8
V . 2 1 — 24

V I . 4
V I . 2 4 — 27

V I I . 1 0 — 11
V I I . 2 4 — 2 5 , 29

V I I I . 7 — 8
I X . 2 — 3, 6
I X . 18

X . 7 — 10
X . 2 4 — 2 5 , 28

X I . 1 3 — 14, 1 9 —
X I I . 1 2 — 13

I I . 2 0
I I I . 2 6 — 28
I V . 10
I V . 2 3 — 25

V . 2 1 — 24
V I . 4

V I . 2 4 — 27
V I I . 10
V I I . 2 4 — 2 5 , 29

1 5 .0

2 5 .0

0.2

0.6
1.0

0 .4

0.1
0.2

0 .4

+ + +
+
+
+

+
0 .6 +

+

+ +
+ 5 .0 +
+
+

0 .2 +

+

+ + + +
+ +
+ + 0 .1 + + 0 .4
+
+ 0.1 + 0 .4 + +
+ 0 .4 +
+ 0 .2 + + 0 .2 + 3 .2
+ 0 .6 +
+ 0 .3 + + 0 .2 + 1 .0
+
+ 0 .2 + + 0 .4 +
+ + + +
+ + +
+ + +

+
+ 5 .0 + 2 .5 +

+
+ + + +
+ + 2 .0 + +
+

+ 0.1 + 0 .2 + + 0 .4
+
+ 0 .2 + + 0 .4 + 1 .2

+
+

+
 

+
 

+
+



T A B L E  I I I  (continued)

Species
Date

of
collection

Localities

M K G A E

i/i N i/ i N i/i N i/i N i/l N

V I I I . 7 - 8 1 .2 + +
I X . 2 — 3 , 6 0 .2 + 0 .4 + + + 0 .2 +
I X . 18 +

X . 7 — 10 + 0 .4 + 2 .6 + 5 .0 + 2 .6 +
X . 2 4 — 2 5 , 2 8 + + + 0 .2 +

X I I . 13 +

26 . E uglena  k lebsii I I I . 2 6 — 2 8 + 0 .2 + 0 .2 + + +
(L e u . )  M a i u x IV . 9 — 10 + 0 .2 +
D :  7 0 — 1 0 0 x 6 — 8 f i IV . 2 3 — 2 5 + + 0 .1 + + +

V . 7 — 8 4 +
V . 2 1 — 2 4 + 0 .2 4 0 .4 + 0 .4 + +

V I . 4 2 .5
V I . 2 4 — 2 7 0 .4 + 0 .1 4 1 .2 + + 0 .3 +

V I I . 1 0 — 11 + +
V I I . 2 4 — 2 5 , 2 9 3 .0 + + 0 .4 + + 0 .4 +

V I I I . 7 — 8 17.2 + +
I X . 2 — 3 , 6 + 8 .4 + + + +
I X . 18 18 .7 +

X . 7— 10 3 .3 + + 0 .4 + + +
X . 2 4 — 2 5 , 2 8 0 .2 + 0 .2 + + 0 .2 + +

X I . 1 3 — 1 4 , 1 9 — 2 0 + 0 .2 + + +
X I I . 1 2 — 13 + 0 .6 + + +

27 . E u glen a  lim n o p h ila  L e m m . I I I . 2 6 — 2 7 + + + 5 .0 + +
v a r .  m in o r  D k e z . I V . 9 — 10 + 0 .2 4-
D :  2 8 — 5 0 x 6 — 12  p I V . 2 3 — 2 5 + 0 .1 + 0 .1 + + +

V . 2 1 — 2 4 + + 0 .1 + 0 .8 + +
V I . 2 4 — 2 7 + 0 .1 + + 0 .6 + 0 .2 +

V I I . 1 0 — 11 0 .4 + +
V I I . 2 4 — 2 5 , 2 9 0 .4 + 0 .2 + + 0 .2 + 0 .2 +

V I I I . 7 — 8 5 .0 + 0 .4 +
I X . 2 — 3 , 6 0 .8 + 0 .8 4 + 0 .2 + 0 .2 +
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2 8 . E u g le n a  o x y u r is  S o h m a b d a  
D :  1 3 0 — 2 4 0 x 2 0 — 4 0  f i  
ß — a — m .

2 9 . Phacus acuminatus S t o k e s  
D : 2 0 — 2 3 x 2 0 - 2 7  / i  
ß —a—m.

3 0 . Phacus hamelii Ai l . et Lee. 
D :  2 5 — 3 0 x 1 5 — 2 0  f i

3 1 . P h a c u s  lo n g ica u d a  
(E h b .) D tjj.
D :  1 5 0 — 1 9 0 x 5 0 — 7 0  f i  
ß — a — m .

X . 7 — 10
X . 2 4 — 25

X I . 1 3 — 1 4 , 1 9 — 20
X I I . 13

y. 2 1 — 2 4
V I . 4
V I . 2 4 — 27

V I I . 1 0 — 11
V I I . 2 4 — 2 5 , 29

V I I I . 7 — 8
I X . 2 — 3, 6
I X . 18

X . 9 — 10
X I . 14

I V . 2 3
V . 2 1 — 24

V I . 4
V I . 2 4 — 2 7

V I I . 2 4 — 2 5 , 29
V I I I . 7 — 8

I X . 2 — 3 , 6
I X . 18

X . 9 — 10
X . 2 4

X I . 1 4 , 20
X I I . 1 2 — 13

I I I . 2 7
rv. 2 4

V . 2 2

V . 2 2 , 2 4
V I . 4
V I . 2 4 — 27

V I I . 2 5
V I I I . 7

I X . 3
I X . 18

X . 8

+ + + + 0  6 +
+ 0 .2 + 0 .8 + 0 .2 + 0 .4 +

0 .2  + + + +
0 .2 +

+ 0 .1 + 0 .1 + + +
+

2 .8  + 0 .2 + + 0 .2 + 0 .2 +
0 .2  + 0 .4 +
2 .0  + 0 .4 + + + 2 .4 +
1 .4  + 1 .2 +

+ 1 .6 + + 1 .2 + 2 .8 +
0 .6  +

0 .2 + 0 .2 +
0 .2 + 0 .2 +

0 .1 +
+ + +

0 .3  +
0 .2  + 0 .2 + +

+ 0 .2 + + 0 .6 +
6 .1  + +
2 .6  -j- 2 .8 + 0 .2 + 0 .2 +
2 .7  +

+ 0 .2 + + +
+ + + 0 .4 +

+ 0 .2 +
0 .4 +

+
5 .0 +
2 .0 +

+ + 0 .2 +
0 .2  +
0 .2  + 0 .2 + +

+ 0 .4 +
+
+ 0 .2 +

0 .4  +
+ +
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TABLE I I I  (continued)

Localities

Species
D ate

of M K Gr A E
collection

i/l N i/l N i/l N Vi N i/l N

32. Phacus pyrum V II. 24—25 + +
( E h r .)  S t e i n V III. 7—8 + 5.0 +
D: 30—50x10—20 y IX . 2—3 +

IX . 18 0.2 +
X. 8 5.0 +
X. 24 +

X I. 13 5.0 +
X II. 12 +

33. Trachelomonas volvocina V II. 25 +
E h r . V III. 7 5.0 +
D: 15—18 y  ß— m. IX . 3, 18 5.0 +

X. 8 +
Pyrrophyta
Cryptophyceae

34. Chroomonas nordstedtii I I I . 26 +
H a n s g . f. m inor N y g a a r d IV. 23 10.0 +
D: 8—10x3.5—5 y V. 24 75.0 +

VI. 25 5.0 +
V II. 25 +
IX . 3 10.0 +
X. 9 +

35. Cryptomonas caudata II . 20 25.0 +
S c h i l l e r II I . 26—28 175.0 + 25.0 + 75.0 + 35.0 + 125.0 +
D: 14—17x8 y IV. 9—10 175.0 + 50.0 +

IV. 23—25 65.0 + 75.0 + 10.0 + 50.0 + 80.0 +
V. 7—8 225.0 + +
V. 21—24 190.0 + 325.0 + 30.0 + 75.0 + 75.0 +

VI. 4 475.0 +
VI. 24—27 75.0 + 300.0 + 50.0 + 50.0 + 50.0 +

V II. 10—11 425.0 + 45.0 +



36. Cryptomonas erosa E h e . 
D: 30—3 4 x 1 8 —20 p

ß —a —m

37. Cryptomonas ovata E h e . 

D: 30—7 0 x 8 —20 p

V II. 24—25, 29 280.0 + 200.0 + 70.0 + 225.0 + 125.0 +
V III. 7—8 250.0 + 175.0 +

IX . 2—3, 6 400.0 r f 350.0 + 275.0 + 100.0 + 275.0 +
IX . 18 200.0 +
X. 7—10 275.0 + 275.0 + 60.0 + 80.0 + 100.0 +
X. 24—25, 28 1850.0 + 450.0 + 100.0 + 100.0 75.0 +

X I. 13—15, 19—20 1000.0 + 775.0 + 25.0 + 45.0 + 35.0 +
X II. 12—13 875.0 + 280.0 + 225.0 +

II . 20 5.0 +
II I . 26—27 35.0 + + 10.0 + +
IV. 9—10 125.0 + +
IV. 23—25 + 5.0 + + + +
V. 7—8 50.0 +
V. 21—24 15.0 + + 5.0 + 5.0 + +

VI. 4 75.0 +
VI. 24—27 60.0 + 10.0 + + + +

V II. 10—11 60.0 + +
V II. 24—25, 29 30.0 + 65.0 + + + +

V III. 7—8 75.0 + +
IX . 2—3, 6 165.0 + 50.0 + 10.0 + 15.0 + 5.0 +
IX . 18 375.0 +
X. 7—10 100.0 + 275.0 + 5.0 + 5.0 + 5.0 +
X. 24—25, 28 1150.0 + 100.0 + 5.0 + 5.0 + 5.0 +

X I. 13—15, 19—20 775.0 + 725.0 + 55.0 + 45.0 + 45.0 +
X II. 12—13 210.0 + 275.0 + 35.0 +

IV. 23—25 + + +
V. 7 +
V. 21—24 + + 1.0 +

VI. 4 10.0 +
VI. 24—27 + 5.0 + +

V II. 10—11 + +
V II. 24—25, 29 + + + +

V III. 7—8 + +
IX . 2—3, 6 10.0 + + + 10.0 +
IX . 18 25.0 +
X. 7—10 35.0 + + 5.0 + 5.0 +
X . 24—25, 28 210.0 + 20.0 + + 10.0 +

X I. 13—15, 19—20 50.0 + 60.0 + + +
X II. 12—13 25.0 + 65.0 + +



T A B L E  I I I  (con tinued )

Species
Date

of
collection

Localities

M K G A B

i/l N i/l N iA N i/l N i/i N

38. Cryplomonas pusilla  Bachm. II. 20 5.0 +
D : 7x5 fi III. 26—27 + +

VII. 25 +
VIII. 7 5.0 +IX. 3 +X. 8 +X. 24 50.0 +XI. 13 +XII. 12 100.0 +

39. Rhodomonas lacustris III. 26—28 25.0 + + 5.0 +
P a s c h e r  e t  R u t t n e r IV. 9 +
D : 10—12x5—7 f t IV. 23—25 + + +

V. 7-8 10.0 + +V. 21—24 20.0 + 10.0 + +
VI. 4 15.0 +VI. 24—27 10.0 + 15.0 + + +

VII. 10—11 + 10.0 +
VII. 24—25, 28 + 2 5 .0 + 25.0 + +

VIII. 7—8 + +
IX. 2—3, 6 75.0 + + 25.0 + 50.0 + +
IX. 18 50.0 +X. 7—10 60.0 + + 6 0 .0 + + 15.0 +
X. 24—25, 28 150.0 + 25.0 + + 10.0 + +

XI. 13—15, 19—20 100.0 + + 20.0 + 10.0 + 10.0 +
XII. 12—13 100.0 + 100.0 + +

D in o p h y u e a e
40. Ceratium hirundinella II. 20 +

(0. F. Müller) Schrank III. 26—28 + 0.4 + 0.6 + 0.1 + 0.4 +
D : 150—190x22—24 f i IV. 9—10 15.0 + 0.2 +
ß —m. IV. 23—25 0.6 + 1.4 + 0.6 + 1.2 + 0.6 +

V. 7—8 2.0 + 1.0 +
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41. Diplopsalia acuta E n t z  
[ =  Entzia acuta ( A p s t .)  
L e b o t t r . ,  Qlenodinium  
acutum  A p s t . ,  P eridinium  
latum  P a t t l s e n ]
D: 30— 50 X  26— 40 f t

42. Qlenodinium gym nodinium  
P e n a r d  
D: 4 0 X 3 5  p

43. Qonyaulax apiculata 
( P e n a r d ) E n t z  f i l .
D: 30—60x30—50 p

V. 21--24 2.0
VI. 4 2.7
VI. 24--27 17.0

VII. 10--11 31.4
VII. 24--25 28 86.0

VIII. 7--8 88.0
IX. 2--3, 6 86.0
IX. 18 101.0
X. 7--10 0.4
X. 24--25 28 0.2

XI. 13--15 19--20
V. 21--24

VI. 4
VI. 24--27 0.4

VII. 10--11 1.4
VII. 24--25, 28 6.0

VIII. 7--8 0.6
IX. 2--3, 6 2.4
IX. 18 2.6
X. 7--10
X. 24--25 28

XI. 13--15 19--20
VI. 24--27

VII. 10--11
VII. 24--25 28 2.0

VIII. 7--8
IX. 2--3, 6
IX. 18 0.8
X. 8--10
X. 28
V. 21--24

VI. 4
VI. 24--27

VII. 10--11
VII. 24--25 28 4.0

VIII. 7--8 0.2
IX. 2--3, 6 1.6
IX. 18 1.4
X. 7--10

+ 6.4 + 1.0 + 2.4 + 2.6 +
+
+ 10.0 + 12.0 + 6.0 + 13.0 +
+ 6.2 +
+ 46.0 + 73.0 + 13.0 + 15.4 +
+ 6.6 +
+ 120.0 + 34.0 + 19.0 + 22.0 +
+
+ 3.6 + 0.2 + 0.8 + 2.2 +
+ 0.5 + 0.2 + 0.8 + 0.2 +
+ + + + +
+ + 0.2 + + +
+
+ 0.4 + 0.4 + 0.2 + 0.1 +
+ 0.2 +
+ 2.0 + 2.0 + 0.8 + 0.8 +
+ 0.6 +
+ 0.4 + 0.2 + 0.4 + 0.1 +
+
+ 0.4 + + + 0.2 +
+ 0.1 + + + +
+ 0.5 +
+ 0.2 + + +
+ +
+ 0.4 + 0.2 + 0.4 +
+ +
+ 0.2 + + 0.1 +
+
+ + + +

+
+ + 0.5 + + +
+
+ 0.2 + + + +
+ +
+ 0.6 + + 0.2 + +
+ +
+ 0.2 + 0.2 + 0.6 + 0.1 +
+
+ 0.2 + + + 0.2 +
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Species
Date

of
collection

44. Peridinium inconspicuum VI. 24
L e m m . VII. 10—11
D: 18—28x12—20 p VII. 24—25

VIII. 7
IX. 3, 18
X. 24

45. Peridinium  penardii X. 24
L e m m . [= Glenodinium XI. 13
penardii L e m m .,
L i n d e m ., P. andrzejowskii 
W ol.] D : 28 — 3 0 x 2 6 —28 p

Chrysophyta 
X antophyceae

46. Planctonema lauterborni 
S c h m id d e
D: 10—14x2.5—3.5 p

47. Rhizochrysis limnetica 
G. M. S m i t h

II. 20
III. 26—28
IV. 9—10
IV. 23—25
V. 7—8
V. 21—24

VI. 4
VI. 24—27

VII. 10—11
VII. 24—25, 29

VIII. 7—8
IX. 2—3, 6
IX. 18
X. 7—10
X. 24—25, 28

XI. 13—14, 19—20
XII. 12—13
VI. 4
VI. 25—26

T A B L E  I I I  ( continued)

Localities

M K G A E

i/l N i/l N i/l N i/l N i/l N

3.0 +
+ +
+ +

2.8 +
0.4 +
0.1 +

0.1 +
0.2 +

5.0 +
1.2 + 10.0 + 1.0 + 5.0 + 6.4 +
2.5 + 1.6 +

25.0 3.0 + 5.0 + 10.0 + 5.0 +
5.0 + 10.0 4“
8.6 + 20.0 + 5.0 + 15.0 + 0.2 4-

10.0
5.0 + 10.0 + 10.0 + 3.4 + 5.0 +
1.7 + 3.6 +
5.0 + 10.0 + 5.0 + 1.6 + 10.0 -f
0.8 + 5.0 +

+ 5.0 + 30.0 + 0.2 + 15.0 +
2.6 +
5.0 + 2.4 + 7.5 + 10.0 + 10.0 +
5.0 + 3.0 + 5.2 + 8.1 + 1.8 +
0.2 + 1.6 + 10.0 + 5.0 + 1.0 +

10.0 + 50.0 2.4 +

+
10.0 + 0.5 +
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D: 35—45 p

Chrysophyceae
48. Amphichrysis compressa 

K o k s c h .
D: 27—30x15—18 p

49. Chrysococcus rufescens 
K l e b s  
D: 8—12 p

50. Chrysoglenz verrucosa Wisl. 
D: 30—32x20—25 p

51. Dinobryon divergens I m h . 

D: 40—46x6—9 p  

— o, ß —m.

VII. 25
XI. 3
IX. 18 20.0
X. 7--10 5.0
X. 24, 28

VIII. 7
IX. 3 5.0
IX. 18
X. 9

III. 26--28
IV. 23--25
V. 21--24

VI. 4 50.0
VI. 24--27'

VII. 10--11
VII. 24--25, 29 25.0

VIII. 7--8 15.0
IX. 2--3, 6
IX. 18 15.0
X. 7--10
X. 24--25, 28

XI. 13 -15 25.0
VI. 26

VII. 10 40.0
VII. 25
III. 26--28
IV. 23--25
V. 22, 25

VI. 25, 26
VII. 25, 29

VIII. 7 640.0
IX. 3, 6
X. 25

XI. 15

+H—
h+ 

H—
I—

h 
H—

H
—

!—
I—

H
—

H
—

I—
b 

H—
I—

b

+
+

5.0 + 5.0 +5.0 + +

15.0 +
+
+ 10.0 +
+ +25.0 + 5.0 +

20.0 + +
+

10.0
50.0 + 15.0 + + 50.0

25.0 +15.0 + 15.0 + + 90.0

+ 15.0 +
+5.0 +

10.0 + 35.0 + 10.0
10.0 + 10.0 +

+ 7.0 +
+ 6.0 +1.0 +
+ +

+25.0 +

+
+

+
 

+
 

+
 

+
 

+
 

+
+



Species
Date

of
collection

5 2 .  Dinobryon sertularia E h e . 
D: 30—40x10—14 f t  

ß —m.

6 3 .  Dinobryon sociale E h e . 
D: 33—36x8—9 f i  

ß—m.

54. Mallomonas acaroides 
P e e t y

D: 25—40x10—16 f i

55. Salpingoeca frequentissima 
(Z a c h .)  L e m m .
D: 10—12x3.8—4.5 /t

5 6 .  Synura uvella E h e . 
D: 25—35x10—15 /t 
—o, ß—m.

VII. 25
VIII. 7

IX. 3
III. 27
IV. 24
V. 22

VI. 26
VII. 25

VIII. 7
IX. 3
V. 24

VI. 4
VI. 25- 26

VII. 25
IX. 3
X. 9
X. 24

III. 28
IV. 23- 25
V. 7-■8
V. 24

VI. 4
VI. 25

VII. 25
IX. 3
X. 9
IV. 23
V. 7
V. 24

T A B L E  I I I  (co n tin u ed )

Localities

1/1 i/1 i/1 N i/1 N i/1 N

670.0

570.0

5.0

10.0

10.0

+
+
+

+
+
+

+
+
+

+
+
+
+
+

+
+
+

1.0

5.0
5.0

50.0
20.0

25.0

+

+

+
+
+

+
+

+
+
+
+

5.0
3.0

+
+
+
+

20.0
+
+
+

1 5 .0
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57 .

5 8 .

59 .

Bacillariophyceae 
Amphora ovális K ütz. 
D : 4 0 — 8 0 x 2 0 — 4 0  p  
—0, ß—m.

Amphora ovális var. pediculus
K ütz.
D : 1 0 - 3 0 x 1 0 — 2 0  p

Asterionella formosa H a s s a l  
D : 60—1 0 0 x 1 —2 p  
ß— m.

I I . 20 5 .0 +
I I I . 2 6 — 28 4 0 .0 + + + +
I V . 9 — 10 10 .2 + +
IV . 2 3 — 25 1 0 .0 + 2 0 .0 + 1 5 .0 + 2 .6 + 5 .0

V . 7 - 8 + 10 .0 +
V . 2 1 — 24 + + 0 .4 + 1.2 + 0 .2

V I . 4 +
V I . 2 4 — 27 0 .2 + 1 .0 + + 0 .2 +

V I I . 1 0 — 11 10 .0 + +
V I I . 2 4 — 2 5 , 29 5 .0 + 5 .0 +

V I I I . 7— 8 + +
I X . 2 — 3 + 0 .2 + 0 .5 +
I X . 18 +

X . 7— 10 10 .0 + + 0 .4 + 5 .0
X . 2 4 — 2 5 , 2 8 2 .2 + + + + 0 .4

X I . 1 3 — 15 , 1 9 — 2 0 + + 0 .2 + 5 .0 + 0 .6
X I I . 1 2 — 13 1 .6 + +

I I . 20 30 .0 +
I I I . 2 6 — 28 2 0 .0 + 1 5 .0 + + +
I V . 9 — 10 + 5 .0 +
I V . 2 3 — 25 + + 1 5 .0 + +

V . 7— 8 10 .0 + 10 .0 +
V . 2 1 — 24 + + 5 .0 + +

V I . 2 4 — 26 1 .0 + + +
V I I . 1 0 — 11 + 5 .0 +
V I I . 2 4 — 25 10 .0 + 5 .0 + +

V I I I . 7— 8 + 5.0 +
I X . 2 - 3 + 1 0 .0 + +
I X . 18 10 .0 +

X . 7 — 10 + 5 .0 + +
X . 2 4 — 2 5 , 28 2 .9 + 0 .4 + 0 .2

I I I . 2 6 — 28 6 .4 + 0 .8 + 2 .4 + 1.6 +
I V . 9— 10 3.1 + +
I V . 2 3 — 25 1.3 + 0 .8 + 0 .4 +

V . 7 2 .4 +
V . 2 1 — 24 1 .8 + 0 .6 + 1 .0 +

V I . 4 8 .8 +
V I . 2 4 — 26 + + 6 .4 + 0 .4

V I I . 10 + •
V I I . 2 4 — 2 5 , 29 1.6 + + 1 .6

+

+

+

+
+
+

+

+

+

+
to



Species
D ate

of
collection

60.

61.

62.

63.

64.

Attheya zachariasii J . B b tjn . V I . 24--26
D: 52—56x14—16 P V I I . 25
— o , ß —m . I X . 3
Caloneis schumanniana V I I . 10
(G r t jn .) Cl e v e  v a r . biconst-
ricta G bott. X . 10
D: 50—70x10—14
Cocconeis placentula E h b . V I I . 10
D: 50 X30/r —0, ß - - m .

Cyclotella bodanica I I . 20
E u l e n s t . I I I . 26--28
D: 30—40 y I V . 9--10

IV . 23--25
V . 7 - -8
V . 21--24

V I . 4
V I . 24--27

V I I . 10--11
V I I . 24--25, 29

V I I I . 7 - -8
I X . 2--3, 6
I X . 18

X . 7 - - 1 0
X . 24--25, 28

X I . 1 3 --15
X I I . 12--13

Cyclotella glomerata B a c h m . I I . 20
D: 4—10 y I I I . 26--28

IV . 9--10

T A B L E  I I I  ( continued)

L ocalities

M K G A E

i/i N i/i N w N i/i N i/i N

0.5 + 5.0 +
+

25.0 +

0.2 +

0.2 +

5.0 +

50.0 +
375.0 + 375.0 + 375.0 + 150.0 + 110.0 +
400.0 + 100.0 +
190.0 + 200.0 + 375.0 + 135.0 + 135.0 +
400.0 + 150.0 +

60.0 + 110.0 + 80.0 + 25.0 + 50.0 +
175.0 +
120.0 + 70.0 + 35.0 + 50.0 + 50.0 +

90.0 + 40.0 +
50.0 + 35.0 + 10.0 + 35.0 + 20.0 +
10.0 + 5.0 +
25.0 + 35.0 + 5.0 + 15.0 + 10.0 +
10.0 +

250.0 + 25.0 + 25.0 + 20.0 + 20.0 +
30.0 + 35.0 + 40.0 + 50.0 + 20.0 +

+ 5.0 + 25.0 + 35.0 + 15.0 +
175.0 + 60.0 + 140.0 +

25.0 +
550.0 + 300.0 + 300.0 + 75.0 + 225.0 +
600.0 + 90.0 +

242



I V . 2 3 — 25 3 5 .0 + 1 50  0 + 2 2 5 .0 + 2 5 .0 + 5 0 .0 +
V . 7 - 8 4 7 5 .0 + +
V . 2 1 — 24 2 0 .0 + + 3 0 .0 + + 3 0 .0 +

V I . 4 5 0 .0 +
V I . 2 4 — 27 4 0 .0 + 8 0 .0 + 1 0 .0 + 2 0 .0 + 2 0 .0 +

V I I . 1 0 — 11 + 1 5 .0 +
V I I . 2 4 — 2 5 , 29 2 5 .0 + 1 0 0 .0 + 1 0 .0 + 2 5 .0 + 5 5 .0 +

V I I I . 7 — 8 2 5 .0 2 5 .0 +
I X . 2 — 3, 6 2 3 0 .0 + 7 5 .0 + 3 5 .0 + 6 0 .0 + +
I X . 18 1 7 5 .0 +

X . 7 — 10 2 6 0 0 .0 + 3 5 0 .0 + 1 5 0 .0 + 4 1 0 .0 + 2 5 0 .0 +
X . 2 4 — 2 5 , 28 6 5 0 .0 + 2 2 5 .0 + 1 2 5 .0 + 2 5 .0 + 7 0 .0 +

X I . 1 3 — 15, 1 9 — 20 3 5 0 .0 + 4 7 5 .0 + 1 1 0 .0 + 2 7 5 .0 + 6 0 .0 +
X I I . 1 2 — 13 1 2 5 0 .0 + 6 7 5 .0 + 1 7 5 .0 +

Cyclotella ocellcUa P a n t . I I . 2 0 6 0 .0 +
[ =  C. kützingiana ( T h w a i t .) I I I . 2 6 — 28 3 7 5 .0 + 2 2 5 .0 + 3 5 0 .0 + 3 7 5 .0 + 1 6 5 .0 +

Chauvin v a r . planetophora I V . 9 — 10 5 7 5 .0 + 2 0 0 .0 +
F r i c k e ] I V . 2 3 — 25 3 2 0 .0 + 2 0 0 .0 + 3 5 0 .0 + 3 5 0 .0 + 3 0 0 .0 +
D :  6 — 20  f i V . 7 — 8 4 7 5 .0 + 1 2 5 .0 +

V . 2 1 — 24 1 9 0 .0 + 1 5 0 .0 + 1 0 0 .0 + 6 0 .0 + 4 0 .0 +
V I . 4 3 2 0 .0 +
V I . 2 4 — 27 2 5 0 .0 + 5 0 .0 + 7 5 .0 + 5 0 .0 + 5 0 .0 +

V I I . 1 0 — 11 2 1 5 .0 + 3 5 .0 +
V I I . 2 4 — 2 5 , 29 2 7 5 .0 + 2 5 .0 + 2 5 .0 + 6 5 .0 + 7 5 .0 +

V I I I . 7 — 8 2 2 5 .0 + 2 0 .0 +
I X . 2 — 3, 6 6 5 .0 + 5 0 .0 + 2 5 .0 + 1 0 .0 + 5 0 .0 +
I X . 18 1 0 0 .0 +

X . 7 — 10 3 2 5 .0 + 1 2 5 .0 + 2 0 .0 + 2 2 5 .0 + 1 1 0 .0 +
X . 2 4 — 2 5 , 28 2 4 5 .0 + 1 7 5 .0 + 2 5 .0 + 1 5 0 .0 + 7 5 .0 +

X I . 1 3 — 15 , 19 — 2 0 2 5 .0 + 1 0 0 .0 + 4 0 .0 + 1 3 5 .0 + 1 5 0 .0 +
X I I . 1 2 — 13 2 5 0 .0 + + 2 0 0 .0 +

Cyclotella quadriiuncta ■ I V . 2 3 — 25 1 0 .0 + 1 0 .0 +
S c h r ö t e r V . 8 0 .4 +
D :  2 0 — 40  [x. V I . 2 7 1 5 .0 +

X . 7 — 10 + 7 5 .0 + 2 3 5 .0 + 9 5 .0 +
X . 2 4 — 2 5 , 28 3 0 .0 + 2 5 .0 + 2 0 .0 + 2 1 .5 +

X I . 1 5 , 19 9 0 .0 + 1 0 .0 + 4 0 .0 +
X I I . 13 3 5 .0 +
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Species
D ate

of
collection

Localities

M K G A E

i/l N i/l iA N i/l N i/l N

07. Cymatopleura elliptica in . 26—28 + 0.6 + 0.6 + 0.1 + +
(B r é b .)  W. S m i t h IV. 9—10 0.2 + 0.2 +
D :  75—160x40—70 f i IV. 23—25 0.1 + 0.2 + + 0.2 + 0.2 +
—o , ß—m . V. 7—8 + 0.4 +

V. 21—24 0.2 + 0.2 + 0.2 + 1.6 + 0.2 +
VI. 4 +
VI. 24—27 2.8 + 0.4 + 0.8 + 0.8 + +

VII. 10—11 3.0 + 0.2 +
VII. 24—25, 29 0.4 + 0.8 + 0.2 + 0.6 + +

VIII. 7—8 1.4 + +
IX. 2—3, 6 1.4 + 0.4 + 0.2 + 0.2 +

- IX. 18 0.4 +
X. 7—10 3.2 + 0.4 + + + 0.5 +
X. 24—25, 28 0.4 + 0.4 + + 0.1 + 0.4 +

■ XI. 14—15, 19—20 0.2 + 0.4 + 0.1 + +
XII. 12—13 0.2 + 0.2 +

68. Cymatopleura solea ( B r é b .) III. 26—28 0.1 + +
W. S m i t h IV. 23—25 + + 0.2 +
D : 120—140x20—24 fi V. 21—24 + + 1.0 +

ß—a — m . VI. 24—27 + 0.2 + +
VII. 11 0.6 +
VII. 24—25 0.2 + + 0.2 +

VIII. 7—8 + 0.2 +
IX. 2—3, 6 0.6 + + 0.2 +
IX. 18 0.2 +

X . 8 0.4 +
X. 24, 28 0.2 + 0.1 +

XI. 13 + 0.2 +
XII. 13 0.4 +

69. Cyrubellá cymbiformis IX. 3 5.0 +
( K ü t z .) V .  H e u r c k

D :  60—100x10—14 f i



70. Cymbella lanceolata ( E h r .) 
V . H e u r c k

D: 1 0 0 -200x24—34 p  
—o, ß — m .

71. Cymbella 'prostrata

( B e r k .) C l e v e  
D: 2 0 -2 6 x 9 —13 p  
ß —m.

72. Diatoma elongatum  Ao. var. 
tenuis (Ao.) K ü t z .
D: 5 8 -7 8 X 3 —4 p  
— o, ß — m .

73. Diatoma vulgare B ory var. 
brevis G r u n .
D: 30—40X10—13 p  
— o, ß — m .

74. Diploneis doniblittensis 
( G r u n .)  C l e v e

D: 30—45X15—20 p

75. Diploneis elliptica
D: 20—60x10—30 p

76. Diploneis puella (S c h u m .) 
C l e v e
D: 20—24x11—12 p

77. Epithemia sor ex K ü t z .
D: 2 0 -4 0 x 8 —12 p

78. Fragilaria construens 
( E h r .) G r u n .
D: 10—2 5 x 5 —12 p

VII. 25

V. 22, 24

IV. 9—10 
IV. 24 
V. 8 
V. 24

IX. 2

IX. 2

V. 8 
VII. 24 
XI. 19

XI. 19

IV. 24

II. 20 
rv. 23 
V. 22 

VI. 4

0.2 +

5.0 +

15.0 + +
15.0 +
20.0 +

5.0 +

5.0 +

10.0 +
5.0 +
5.0 +

5.0 +

5.0 +

10.0 +
1.6 +

2.0 +
20.0 +

5.0

1.2 +
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D ate
of

L ocalities

Species M K a A E
collection

i/i N ifl N i/i N i/i N i/i N

VI. 25 0.1 +
— o, ß —m. VII. 10 75.0 +

VIII. 7 - 8 50.0 + 25.0 +
IX . 3 5.0 4 - 29.0 +
IX . 18 2.0 +
X. 8—10 26.0 + 10.0 + 5.0 + 5.0 ~r

X I. 14 75.0 +
X II. 12 4.0 +

79. Fragilaria crotonensis V. 7 50.0 +
K i t t o n X. 24 50.0 +
D: 40—5 0 x 3 —4 p  
— o, ß —m.

80. Qomphonema olivaceum 
( L y n g b .)  K ü t z . 
ß—, a —m  
D: 10—3 0 x 5 —10 p

VII. 10 10.0 +

81. Oyrosigma acuminatum III. 28 0.4 +
( K ü t z .) R a b h . IV. 24 0.1 +
o: 100—120x15—18 p  
— o, ß —m. 3

82. Oyrosigma distortum II. 20 5.0 +
( W . S m i t h ) C l e v e  v a r . IX . 3 0.3 +
parkeri H a r r i s . IX . 18 0.4 +
D: 70—100x15—17 p X. 7—8 0.8 + 0.2 +

X II. 12—13 0.2 + 0.2 +

83. Oyrosigma kuetzingii ( G r i t n .) IV. 24
1.0

0.3 +
0.2C l e v e V. 21—22 + 0.8 + +

D: 80—10 0 x 1 2 —15 p VII. 24 0.2 +
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D : 8 0 — 1 0 0 x 1 2 — 15  ß

8 4 . öyrosigma prolongatum  
(W . S m it h ) C l e v e
D : 1 2 0 — 2 0 0 x 5 — 10 ß

8 5 . Melosira granulata (E h e .) 
R a lfs
D : 5 — 2 0  ß  
ß—m.

86. Melosira granulata var. 
angustissima O . M ü l l . 
D : 3 — 5 ß  
—o, ß —m.

I X . 3 0 .2 +
X . 9 5 .0 +
X . 2 8 .01 + 0 .4

X I . 19 0 .2 +
X I I . 13 0 .2 +

I X . 18 1 .0 +

IV . 9 0 .5 +
IV . 2 3 — 2 5 3 .0 + 6 .0 + + +

V . 7 — 8 + 7.0 +
V . 2 1 — 2 4 + 6 .0 + 5 .0 + + 5 .0

V I . 4 2 .0 +
V I . 2 4 — 2 7 1 7 .5 + 1 0 .0 + 2 1 .5 + 1.0 + 11 .5

V I I . 1 0 — 11 1 0 .0 + 58 .0 +
V I I . 2 4 — 2 5 , 2 9 1 6 .0 + 6 0 .0 + 4 .0 + 2 0 .0 + 2 9 .0

V I I I . 7 — 8 1 4 .5 79 .0 +
I X . 2 — 3 , 6 1 7 .0 + 2 3 .0 + 1 .0 + 30 .5 + 2 8 .0
I X . 18 5 5 .0 +

X . 7 — 10 1 5 0 .0 + 1 6 .0 + 0 .4 + 5.5 + 0 .6
X . 2 4 — 2 5 , 18 + 2 .0 + + +

X I . 1 4 — 1 5 , 1 9 — 2 0 + + 3.0 + 1 0 .0
X I I . 1 2 — 13 0 .6 + 2 .0 + +

IV . 9 3 .0 +
IV . 2 3 — 2 4 + 4 .0 + +

V . 2 2 — 2 4 + 5 .0 + 2 .0 +
V I . 4 9 .8 +
V I . 2 5 , 2 6 9 .0 + 1 0 .0 + 6 .0 +

V I I . 1 0 — 11 1 0 .0 + +
V I I . 2 4 — 2 5 , 2 9 1 3 1 .0 + 3 4 .0 + + 16.0 + 3 4 .0

V I I I . 7— 8 3 5 .5 + 4 .0 +
I X . 2 — 3 , 6 5 8 .0 + 4 6 .0 + 3 .0 + 12.0 + 8 .0
I X . 18 6 4 .0 +

X . 7 — 10 2 5 .0 + + + +
X . 2 4 — 2 5 4 .0 + 4 .0 +

X I . 1 3 , 15 + +
X I I . 12 1 0 .0 +

+

+

+

+
+
+

+

+

+

torf*--j



Date
of

collection
Species

Navicula costulata G r u n . I I . 20
D : 20X 6 p I I I . 26

I V . 23
I X . 3
I X . 18

X . 8

Navicula cryptocephala I I . 20
KÜTZ. I I I . 27--28
D : 2 5 x 6 I V . 9--10
ß ~ , a —m. I V . 23--25

V . 7--8
V . 21--24

V I . 4
V I . 24--27

V I I . 10--11
V I I . 24--25, 29

V I I I . 7--8
I X . 2 - -3, 6

X . 7--10
X . 24--25, 28

X I . 14--15, 19
X I I . 12--13

Navicula dicephala (Eh r .) I I I . 28
w, Smith I V . 25
D : 30X10 [i V . 24

Navicula gracilis E h r . I I . 20
D : 5 0 x 1 0  fi I I I . 26
— 0 , ß — m. I V . 9

IV . 23
V I . 26

L ocalities

M K G A E

1/1 N i/i N 1/1 N i/ i N i/i N

5.0 +
10.0 +
10.0 +
5.0 +

10.0 +
10.0 +

20.0 +
25.0 + 35.0 + 5.0 +

15.0 + +
15.0 + 10.0 + + 20.0 + 15.0 +
50.0 + 10.0 +
20.0 + + 10.0 + 15.0 + +
10.0 +

+ + 5.0 + 5.0 + +
5.0 + 5.0 +

+ 15.0 + 5.0 + 60.0 + 20.0 +
5.0 + 5.0 +

10 0 + + + 25.0 + 10.0 +
25.0 + 10.0 + + + 5.0 +

+ 20.0 + 15.0 + 5.0 +
+ 15.0 + + +

5.0 + 10.0 + 10.0 +

5.0 +
5.0 +

5.0 +

10.0 +
5.0 +
5.0 +
5.0 +
5.0 +
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I X . 3
X . 2 8

9 1 . Navicula hungarica var. IV . 10
capitata (E h r .) Clev V . 2 3
D : 2 0 X 6  p V I I . 10

X . 2 4

9 2 . Navicula placenlula (Ehr .) IV . 9
Grun. V I . 2 3 - - 2 5
D : 6 0 X 2 0  f i V . 7--8

V . 2 1 - - 2 4
V I . 2 4 - - 2 7

V I I . 2 4 - - 2 5 ,  29
V I I I . 8

I X . 3
X . 8
X . 2 4 , 2 8

9 3 . Navicula pupu la  K ütz. I I I . 2 7
D : 3 0 X 8  p IV . 23

V I . 2 4
V I I . 2 5

X . 28

9 4 . Navicula scutelloides V I I . 2 4
. S m it h  

D : 20X10 p

9 5 . Navicula tuscula  (Ehk.) 
Grun.
D : 5 0 x 2 0  p

9 6 . Nitzschia acicularis 
W . S m it h

D : 50 — 8 0 x 3  p  
ß —, a—m.

I V . 9

I I .  20
I I I .  2 6 — 28
I V . 9 — 10  
IV . 2 3 — 25

V . 7— 8 
V . 2 1 — 2 4  

V I . 4  
V I . 2 4 — 27

5 .0
5 .0

5 .0
5 .0

5 .0
10.0
1 5 .0

10.0
5 .0

10.0
5 .0
5 .0

0.1

1 5 .0
7 5 .0
2 5 .0
8 5 .0
3 0 .0
10.0

+
+

5 .0 +
5 .0 +

+
+

+
+ 5 .0 + 5 .0 +
+ +
+ + + 5.0 + 0 .5
+ 5 .0 + 5 .0 + +
+ 1 0 .0 + + +

5.0 +
+ + +
+
+ 5.0 +

5.0 +
5 .0 +

5 .0 +
5 .0 +

0 .5 +

0 .5

+

1 5 0 .0 +
+ 5 0 .0 + 3 5 .0 + 2 5 .0 +
+ +
+ 1 7 5 .0 + 6 5 .0 + 10 .0 + 5 .0
+ 2 5 .0 +
+ + 3 5 .0 + 2 0 .0 + 1 5 .0
+
+ 3 0 .0 + 2 5 .0 + +

+
+



Species
Date
of

collection

Localities
M K G A E

i/l N i/l N N i/i N i/i N

V II. 1 0 -1 1 25.0 + 25.0 +
V II. 2 4 -2 5 , 29 105.0 + 25.0 + + 10.0 + 10.0 +

V III. 7—8 35.0 + +
IX . 2 - 3 ,  6 20.0 + 20.0 + 5.0 + + 10.1 +
IX . 18 325.0 +

X . 7—10 7050.0 + 525.0 + 10.0 + 45.0 + 10.0 +
X . 24—25, 28 9800.0 + 1 550.0 + 4.0 + 4.0 + 20.0 +

X I. 1 4 -1 5 , 19—20 7150.0 + 16,000.0 + 200.0 + 45.0 + 10.0 +
X II . 1 2 -1 3 15,800.0 17,850.0 60.0 +

97. Nitzschia amphibia Gru n . I I I . 26—28 60.0 + 10.0 + + 25.0 + +
D: 2 0 - 4 0 x 3 —5 p IV. 9 - 1 0 125.0 + +

IV. 23—25 45.0 + 85.0 + 85.0 + 10.0 + 20.0 +
V. 7—8 150.0 + 60.0 +
V. 21—24 20.0 + 15.0 + 25.0 + 15.0 + 20.0 +

V I. 4 40.0 +
VI. 24—27 30.0 + 20.0 + 50.0 + 5.0 + 25.0 +

V II. 1 0 -1 1 60.0 + 25.0 +
Á ll. 24—25, 29 50.0 + 55.0 + 5.0 + 35.0 + 15.0 +

V III. 7—8 100.0 + 15.0 +
IX . 3—3, 6 150.0 + 25.0 + + + 15.0 +
IX . 18 150.0 +

X. 7—10 100.0 + 70.0 + 5.0 + 10.0 + +
X. 2 4 -2 5 , 28 75.0 + 15.0 + 10.0 + + +

X I. 14—15, 19—20 5.0 + 20.0 + 10.0 + 30.0 + 15.0 +
X II . 12—13 15.0 + 25.0 + 10.0 +

98. Nitzschia hungarica Gru n . IV. 25 5.0 +
D: 20—8 0 x 6 —9 p V II. 25 5.0 + 10.0 +

IX . 18 75.0 +
X. 8 5.0 +

99. Nitzschia sigmoidea (E h r .) I I I . 26—27 1.8 + 0.1 +
W. Smith IV. 9 - 1 0 1.0 + +
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D :  16 0 — 5 0 0 x 8 — 1 0  p

1 0 0 . Nitzschia subrostrata H ú s t . 
D :  3 8 — 4 5 x 3  f i

1 0 1 . Nitzschia tryblionella 
H a n tz sc h . v a r .  debilis 
(A r n o t t ) A . M a y e r  
D :  1 5 - 2 0 x 7 — 8  f i

I V .  2 3 — 25 0 .2
V . 7 — 8
V . 2 1 — 24 0 .2

V I .  2 4 — 27 1 .0
V I I .  1 0 — 11 2 .9
V I I .  2 4 - 2 5 ,  29 1 .0

V I I I .  7 — 8 0 .2
I X .  2 — 3, 6 4 5 .0
I X .  18 0 .8

X .  7 — 10 2 2 .7
X .  2 4 , 28 3 .0

X I .  1 4 , 20
X I I .  1 2 — 13 2 .6

I I .  2 0
I I I .  2 6 — 2 8 7 0 .0
I V .  9 — 10 1 2 5 .0
I V .  2 3 — 25 1 1 5 .0

V . 7 — 8 8 5 0 .0
V . 2 1 — 2 4

V I .  4 1 2 5 .0
V I .  2 4 - 2 7 1 0 0 .0

V I I .  1 0 — 11 7 5 .0
V I I .  2 4 — 2 5 , 29 1 1 0 .0

V I I I .  7 — 8 5 0 .0
I X .  2 — 3, 6 8 0 .0
I X .  18 2 5 .0

X .  7 — 10 1 3 5 .0
X .  2 4 — 2 5 , 28 1 0 .0

X I .  1 4 — 15, 19
X I I .  1 2 — 13

V I I .  24
I X .  18 15 .0

I I I .  26 1 0 .01 0 2 . Opephora m artyi H é r i b a u d  
D :  2 0 x 6  p

+
+
+
+
+
+
+
+
+
+
+

+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+

0 .2 + 0 .3 + 0 .6 + 0 .5 +
1 .0 +

0 .3 + 0 .2 + 6 .0 + 1 .6 +
0.1 + 2 .4 + 1 .4 + 0 .2 +

0 .4 +
5 .0 + + 0 .2 + 0 .2 +

5 .0 +
1 .0 + 0 .2 + + 0 .2 +

1 .4 + + 1 .2 +
0 .8 + 1 .3 +
0 .6 + 1 .4 +
4 .8 + 0 .2 +

60 .0 + 6 5 .0 + 2 5 .0 + +
2 5 .0 4 -

105 .0 + 5 0 .0 + 2 0 .0 + 2 5 .0 +
1 5 0 .0 +

2 5 .0 + 1 0 .0 + 3 5 .0 + 4 0 .0 +

+ 1 0 .0 + 1 0 .0 + +
2 5 .0 + +

100 .0 + 1 0 .0 + 2 0 .0 + 1 5 .0
+

110 .0 + 5 .0 + 1 0 .0 + 1 0 .0

1 9 0 .0 + 5 .0 + + +
60 .0 + + +

+ 5 .0 + 1 5 .0 + +
5 0 .0 + 5 0 .0 +

5 .0
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Species
Date

of
collection

103. Rhoicosphenia curvata 
(K ü t z .) Gru n .
D: 20—3 0 x 6  p

104. Stenopterobia pelagica 
H t js t .
D: 100—2 0 0 x 5 —6 p

105. Stephanodiscus binderanus 
( K ü t z .) K r i e g e r  [ =  Meló- 
sirct binderana K g.]
D: 4 —2 0 x 3  p

106. IStephanodiscus diibius 
(F r ic k e ) H tjst.
D: 15—20 p

X II. 12

II . 20
II I . 26—28
IV. 9 — 10
IV. 23—25
V. 8
V. 21 — 23

VI. 24—27
V II. 10— 11
V II. 24—25, 29

V III. 7—8
IX . 2—3
IX . 18
X. 8 — 9
X. 24 — 25

X I. 13—15
X II. 12 — 13

V III. 7
IX . 3, 6
IX . 18
X. 8

VI. 4
VI. 24—26

V II. 10—11
V II. 24—25

V III. 7
IX . 3
IX . 18

L o ca litie s

M K G A E

i/l N i/l N i/l N i/l N i/l N

5.0 +

+
+ 0.2 + 0.1 + 490.0 +

0.1 + 0.2 +
+ + 0.2 + 3 .5 +

0.4 +
“1“ 1.6 + 0.4 +

+ 0.2 + 0.4 + 0.1 +
1.0 + 0.2 +
2.0 + 0.8 + + 0.2 + 0.4 +

+ +
1.0 + 0.8 + +
1.4 +
2.4 + +
1.4 + 1.0 + +

+ + 0.2 +
0.6 + 0.6 +

+
20.0 + 10.0 +
85.0 +

+

25.0 +
+ + 5.0 +
+ +

65.0 + 10.0 + +
20.0 +
10.0 + 15.0 +
5.0 +
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107. Slephanodiscus hantzschii 
G r u n
D: 8—12 p  
ß —, a —m.

108. Surirella biseriata B r éb .
D: 150—300x40—70 p

109. Surirella robusta E h r . var.
splendida (Ehr .)

V. H eurck 
D: 80—200x40—60 p

110. Surirella turgida W. S m it h  
D : 50—60x40  p

111. Synedra acus K ü t z . v a r .  
angustissima G r u n .
D: 200—40 0 x 3  p

X . 7—9
X . 24, 28

X I. 13—14, 19
X II . 12—13

IX . 2—3
X. 7—10

X . 24—28
X I. 14—15, 19

X II. 12—13

X . 10

IV. 24—25
V. 8
V. 21—24

V I. 4
V I. 24—26

V II. 10—11
V II. 24—25, 29

V III. 7—8
IX . 3 — 6

X . 8—9

V I. 27
V II. 10—11
IX . 18

II . 20
I I I . 26—28
IV. 9—10
IV. 23—25
V. 7—8
V. 21—24

VI. 4
VI. 24—27

V II. 10—11
V II. 24—25, 29

V III. 7—8

75.0 
550.0

40.0
35.0

20.0

475.0
950.0

0.2

1.2

0.4

0.5
0.4

587.5
725.0
425.0 

60.0 
20.0

2.5
110.6

5.0
5.0

+ 50.0 + +
50.0 + 30.0 +

+ 250.0 + +
+ 725.0 + +

+ +
-j- + + + 30.0 +
+ + + + 125.0 +
+ 2050.0 + 35.0 + + +
+ 2300.0 + 150.0 +

0.2 +

+ 5.0 + 0.1 +
0.2 +

+ + 0.1 + 0.4 +
+
+ + 0.2 + +
+ +
+ 1.0 + 0.4 + 0.2 +
+ +
+ 1.8 + +
+ +

0.1 +
+ 0.2 +
+

10.0 +
+ 712.5 + 927.5 + 925.0 + 980.0 +
+ 160.0 +
+ 30.2 + 175.0 + 5.0 + 10.0 +
+ 15.0 +
+ + 30.0 + 15.0 + 15.0 +
+
+ + 13.5 + 2.7 + 13.0 +
+ +
+ + + 20.0 + +
+ +
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Species
D ate
of

collection

Chlorophyta
Volvocales

112. Chlamydomonas dang ear d ii 
Ch m ie l .
D: 14—2 0 x 8 —14 p

113. Chlamydomonas media
K l e b s . v a r .  minor P a s c h . 
D: 12—14 p

114. Chlamydomonas sp.
D: 18—2 2 x 1 4 —16 p

115. Phacotus lenticularis 
(E h r .) S t e in
D: 13—20 p

IX . 2—3, 6
IX . 18
X . 7—10
X. 24—25, 28

X I. 13—15, 19—20
X II. 12—13

IV. 24
V. 22

VI. 4
VI. 24, 26

V II. 24, 29
V II. 11
IX . 3
IX . 18
X . 24

X I. 13

II I . 28
V. 22

VI. 4
V II. 24—25, 29
IX . 3
X. 7—9
X. 24,28

X. 24
X I. 14

V III. 7
IX . 3
IX . 18

L oca lities

M K Gr A E

i/l N i/l N i /i N i /i N i/l N

10.0 + 3.4 + 0.8 + + 1.0 +
150.0 +
25.0 + + + 0.6 + 5.0 +

300.0 + 3.0 + 6 .2 + 3.0 + 1.4 +
+ + 2 .6 + 25.0 + 5.5 +

15.0 + + 15.4 +

5.0 +
1.0 +

10.0 +

10.0 +

15.0 +
5.0 +

5.0 +
50.0 + 5.0 +
15.0 +
15.0 +

5.0 +

1.0 +

40.0 +

10.0 +
10.0 + 10.0 +
50.0 + +

5.0 + 5.0 + +
+ + 5.0 +

5.0 +
5.0 +

+
10.0 +

+
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116.
Tetrasporales 
Elakatothrix lacustris 
K o r s c h .
D: 2 0 - 2 2 x 4 .4 - 4 .8  
ß —m .

117. Gloeococcus schroeteri L e m m . 
D: 6—10 p

118. Stylosphaeridium stipitatum  
G e i t l e r  e t  G i m e s i  (B a c h m .)

D: 8— 1 0 x 5 —8 p

Chlorocoecales
119. Actinastrum  hantzschii 

L a g e r h .
D: 12—2 0 X 3 - 5  p

I I I . 27

'

20.0 +
IV. 9—10 0.6 + 0.4 +
IV. 23—25 10.0 + 15.0 + 50.0 + + 5.0 +
V. 7—8 10.0 + 15.0 +
V. 22—24 1.6 + 0.5 + 30.0 + 5.0 + +

VI. 4 15.0 +
VI. 24—27 15.0 + 1.0 + 15.0 + 3.1 + 10.0 +

V II. 24—25, 29 10.0 + + + + +
V III. 7—8 + +

IX . 2—3, 6 10.0 + 2.9 + 5.0 + + +
X . 7—8 + 3.2 + +
X . 24—25, 28 15.0 + 5.0 + 0.8 + 5.4 + 6.1 4-

X I. 15, 19—20 10.0 + + 10.0 +
X II. 12—13 1.0 +

II I . 26—28 + + + +
IV. 9—10 20.0 + 5.0 +
IV. 23—25 + + 7.5 + + +
V. 7—8 40.0 + +
V. 22—24 15.0 + 20.0 + 1.0 + 5.0 +

VI. 4 50.0 +
VI. 24—27 20.0 + 30.0 + + + +
V II. 10—11 25.0 + 5.0 +
V II. 24—25, 29 10.0 + 50.0 + 1.6 + + +

V III. 7—8 + 5.0 +
IX . 2 —3, 6, 18 + + + +
X. 7—10 15.0 + 5.0 + +
X. 24—25, 28 + + 20.0 +

X I. 15 +

II I . 27 +
IV. 10 30.0 +
VI. 24 +
X. 8 +
X. 24 0.5 +

X I. 13 +

X. 24 0.8 +
toOl
O l



Species
D ate

of
c o llec tio n

120. A ctin astru m  h an tzsch ii var. 
fluvicUile S c h r o e d .
D: 40—43x3 [ i  

— o, ß —m.

121. A nkis trodesm u s  b ra u n ii  
Brotnthalee
D: 20—40x8 — 10 f i

122. A n kistrodesm u s  convolutus 
CORDA
D: 8—10x2—3 p

123. A nkis trodesm u s  fálcatus  
(C o r d a ) R a l f s  
D: 25—80x2—4 n

X. 8

V. 22
VI. 4
VI. 26
IX. 3
III. 26—27
IV. 10, 24
V. 22

VI. 26
VII. 24

X. 25
II. 20

III. 26—28
IV. 9—10
IV. 23—25
V. 7
V. 22, 24

VI. 4
VI. 24—27

VII. 24—25, 29
VIII. 7—8

IX, 2—3, 6
IX. 18
X. 7—10
X. 24—25, 28

XI. 13—15, 19—20
XII. 12—13

Localises

M K G A E

i/l N i/l N i/l N i/l N i/l N

40.0 +

5.0 +
5.0 +

10.0 +
5.0 +

25.0 + 30.0 +
5.0 +

10.0 +
15.0 +

5.0 +
5.0 +

15.0 +
15.0 + 10.0 + + + 15.0 +
30.0 + +

5.0 + 5.0 • + 20.0 + +
60.0 +

5.0 + 10.0 + 10.0 +
5.0 +
7.9 + + +
5.0 + + 15.0 + 5.0 + 5.0 +

15.0 + 3.3 +
20.0 + 10.0 + + 10.0 + 5.0 +

.50 +
20.0 + 10.0 + + 2.0 + +
10.0 + 5.0 + 1.0 + 5.0 + 0.6 +

5.0 + 50.0 + 25.0 + + 5.0 +
25.0 + 0.2 +
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124. Ankistrodesmus fálcatus var. V. 7 5.0
mirábilis (W e s t  e t  W e s t ) V. 22—24 5.0
G. S. W e s t V I. 24—27 5.0
D: 100—1 5 0 x 2 —3 p V II. 24

X I. 15

125. Ankistrodesmus jálcatus var. II . 20
spirüliformis G. S. W e s t I I I .  26—28 675.0
D: 25—3 5 x 2 —3 p IV. 9—10 140.0

ß—, a —m. IV . 23—25 20.0
V. 7—8 200.0
V. 22—24

V I. 4
V I. 24—27 15.0

V II. 24—25, 29 15.0
V III. 7—8 5.0

IX . 2—3, 6
X . 7—10 150.0
X . 24—25, 28 110.0

X I. 13—15, 19—20 50.0
X II . 12—13 90.0

126. Botryococcus breunii K ütz. IX . 2—3, 6
D: 6—1 2 x 3 —6 p X . 7, 9

127. Chodatella balatonica V. 22
SCHERFFEL V II. 24
D: 6X3 ft IX . 26

V III . 8
IX . 2, 6

X . 7—10
X . 24—25, 28 5.0

X I. 13—15, 19—20 5.0

128. Coelastrum microporum IX . 2—3 5.0
N a e o . IX . 18 5.0
D: 8—16 fi X . 8—10 5.0

X . 24—25, 28
X I. 19—20

X II . 13

+
+ 1.0 +
+ 3.0 + 10.0

5.0
0.5 +

150.0 +
+ 675.0 + 800.0 + 350.0 + 400.0
+ 90.0 +
+ 10.0 + 150.0 + 60.0 + 60.0
+ 225.0 +
+ + 100.0 + 5.0 + 50.0
+
+ 5.0 + 10.0 + 3.0 +
+ 5.0 + + 5.0 +
+ 5.0 +
+ + + +
+ 90.0 + + 15.0
+ 35.0 + 35.0 + 35.0 + 17.6
+ 110.0 + 30.0 + 35.0 + 10.0
+ 400.0 + 65.0 +

1.0 + 4.2 + 3.2 + 6.0
30.0 + 1.6 +

1.0 + 10.0
5.0

5.0 + 5.0 +
10.0 +

5.0 + 5.0 +
10.0 + +

+ 5.0 + + + 5.0
+ + 5.0 + 5.0 +

+ + .02
+
+ 2.5 +
+ +

+ 2.5
5.0 +

+
+
+

+

+

+

+
+
+
+

+

+
+

+
+

+

+
+
+

toCn



Species
Date
of

collection

L ocalities

M K Or A E

i/l N i/l N i/l N i/l N i/l N

129. Crucigenia quadrate/, Morren V. 7—8 10.0 + +
D: 3—4 p  ß —m. V. 22—24 + + + + +

VI. 4 5.0 +
VI. 24—27 + + + + +

V II. 10 5.0 +

130. Crucigenia tetrapedia II . 20 +
(K irch .) W. e t G. S. W est I I I . 26—28 + 4.1 + 14.4 + 1.6 + 8.0 +
D: 6—7 x 3 —5 u IV. 9—10 20.0 + 2.4 +

ß — m. IV. 23—25 3.6 + 2.8 + 20.0 + + 20.0 +
V. 7—8 40.0 + 0.4 +
V. 22—24 + 35.0 + 10.0 + + 20.0 +

VI. 4 15.0 +
VI. 24—27 5.4 + 10.0 + 5.8 + 15.0 + 0.4 +

V II. 10—11 20.4 + 40.0 +
V II. 24—25, 29 1.6 + 5.0 + 20.0 + 20.0 + 20.0 +

V III. 7—8 30.0 + +
IX . 2 - 3 ,  6 + + + 0.8 + 1.6 +
IX . 18 20.0 + 16.4 + 1.6 + 5.8 + 40.0 +
X. 7—10 +
X. 24—25, 28 20.4 + + + 8.7 + 2.4 +

X I. 13—15, 19—20 + 22.9 + 1.6 + 20.0 + 2.0 +
X II. 12—13 + + 1.6 +

131. Dictyosphaerium pulchellum II . 20 +
W o o d I I I . 2 6 -2 8 390.0 + 100.0 + 160.0 + 140.0 + 60.0 +
D : 3—10 p IV. 9—10 100.0 + 20.0 +

IV. 2 3 -2 5 400.0 + 40.0 + 40.0 + 20.0 + 60.0 +
V. 7 - 8 160.0 + 80.0 +
V. 22—24 40.0 + 40.0 + 30.0 + 20.0 + 30.0 +

VI. 4 20.0 +
VI. 24—27 210.0 + 80.0 + 25.0 + 90.0 +

V II. 10—11 30.0 + 100.0 +



+

+

1 3 2 . Gloeoactinium limneticum  
G . M . S m i t h  
D : 4 — 4 . 3 x 2 — 2 .6  f i

1 3 3 . Kirchneriella lunaris 
( K i r c h n . )  M o e b i u s  
D : 7— 1 3 x 3 — 8 f i

1 3 4 . Kirchneriella obesa
( W .  W e s t ) S c h m i d l e  
D :  1 0 — 1 4 x 4 — 6 f i

V I I . 2 4 - 2 5 ,  29 7 5 .0 + 1 4 0 .0 + 2 0 .0 + 8 0 .0 + 6 0 .0
V I I I . 7 — 8 2 0 .0 + 6 0 .0 +

I X . 2 — 3, 6 2 0 .0 + 2 0 .0 + + 2 0 .0 + 2 0 .0
I X . 18 1 0 0 .0 +
X . 7 — 10 8 6 0 .0 + 1 2 0 .0 + 4 0 .0 + 1 4 5 .0 + 1 2 0 .0

X . 2 4 — 25, 28 4 2 0 .0 + 3 2 0 .0 + 6 0 .0 + 7 0 .8 +
X I . 1 3 — 15, 1 9 — 2 0 8 0 .0 + 1 7 0 .0 + 1 3 0 .0 + 1 0 0 .0 + 1 0 .0

X I I . 1 2 — 13 2 6 5 .0 + 2 4 5 .0 + 6 0 .0 +

I I . 2 0 8 0 .0 +
I I I . 2 6 — 28 + 1 2 0 .0 + 2 0 .0 + 1 4 0 .0 +
I V . 9 — 10 3 8 0 .0 + +
I V . 2 3 — 24 2 0 .0 + + +
I X . 2 - 3 ,  6 3 0 .0 + + +
I X . 18 3 8 .0 +

X . 7 — 10 1 6 0 .0 + 4 0 .0 + 3 0 .0 +
X . 2 4 — 2 5 , 28 + 2 0 .0 + 7 0 .0 +

X I . 1 3 — 15, 1 9 — 2 0 + + +
X I I . 13 1 0 0 .0 +

V I . 2 4 5 .0 +
V I I . 11 +

V I I I . 8 +
I X . 2 5 .0 +

X . 7 — 8 + +
X . 2 4 , 28 3 .2 + +

V . 8 +
V . 2 1 — 24 + 5 .0 +

V I 4 +
V I . 2 4 — 27 5 .0 + + 5 .0

V I I . 1 0 — 11 + +
V I I . 2 4 — 2 5 , 28 5 .0 +

V I I I . 7 +
I X . 3 +
I X . 18 0 .8 +

X . 7 — 10 1 0 .0 +
X . 2 4 , 2 8 + + 1 0 .0

X I . 1 9 — 20 +
X I I . 13 1 0 .0 +

+
+
+

+

+

+

+
+
+

to
Ü l



Species
Date

of
collection

135.

136.

Lagerheimia genevensis C h o d . 
D: 5—6 X 3 —3.5 y

Lagerheimia wratislaviensis 
* S C H R O E D .

D: 7.8—9 x 4 —7 ^

IV. 9
IV. 23
V. 7
V. 24

VI. 4
VI. 24—27

V II. 10
V. 25

V III. 7
IX . 3
IX . 18
X. 8—9
X. 24

X I. 13—14
X II. 12

VI. 4
VI. 26

V II. 10
V II. 25

V III. 7
IX . 3, 18
X. 8
X. 24

X I. 13

II I . 26—28
IV. 23—25
V. 7
V. 21 — 24

VI. 4
VI. 24—27

V II. 10—11

137. Oocystis solitaria W i t t r . 
D: 7— 1 8 x 3 —8 fx

L o ca lit ie s

M K a A E

i/l N i/l N i/l N i/l N i/l N

25.0 +
+ +
+

+
10.0 +

+  ' 3.0 +
+

5.0 +
10.0 +

+ +
+

10.0 + +
30.0 + 10.0 +

5.0 + +
+ 75.0 +

+
5.0 +
5.0 +
2.5 +
2.0 +
5.0 +
5.0 +

10.0 +
+

20.0 + 20.0 +
+ + 30.0 +

20.0 +
+ 20.0 + 20.0 + + +
+

10.4 + 20.0 + 20.0 + 0.8 + 20.0 +
+ +
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138. Oocystis submarina L a g e r h . 
D: 7—18X 3—8 y

139. Pediastrum boryanum 
(Tu r p .) M e n e g h .
D: 5—20 y  

ß — , a — m .

ß —, m—m.

140. Pediastrum duplex M e y e n  
v a r .  reticulatum  L a g e k h . 
D: 14—16 y

V II. 24—25,
V III. 7—8

IX . 2—3
X. 7—10

X . 24—25, :
X I. 13—15,

X II . 12—13

I I I . 26—28
IV. 9
IV . 23—25
V. 7
V. 21—24

VI. 24—27
V II. 10
V II. 24—25, :

V III. 7—8
IX . 2—3, 6
IX . 18
X . 7—10
X. 24—25

X I. 13

I I I . 26
IV. 23—24
V. 22—24

VI. 4
VI. 25—26

V II. 25
V III. 7

IX . 3, 18
X. 8—9
X . 24—25

X I. 13, 20
X II. 12

IV. 23—24
V. 7—8
V. 21—24

VI. 4

20.0
40.0

20.0

40.0

10.0 I
20.0

40.0

10.0

0.2

0.2

5.0
6.4
0.8
0.1
0.1

0.8

1.3

+ 30.0 + + 20.0 + 10.0
+ 5.0 +
+ + 10.0 +
+ + + 10.0 + 10.0
+ 20.0 + 20.0 + +
+ + + 20.0 +
+ 40.0 + +

-j. 20.0 + 80.0 +
+
+ + 20.0 + 40.0
+
+ + 20.0 + 40.0
+ 10.0 + +
+
+ + 20.0 +
+ +
+ 20.0 + + 10.0 +
+
+ + 10.0 + +
+ +
+

0.4 +
0.2 + +

+ + 0.1 +
+
+ 0.1 + +
+ +
+
+ 0.2 +
+ 0.2 +
+ + +
+ 0.2 +
+

+ + +
+ +
+ 0.7 + 0.2 + +
+

+

+
+
+
+

+

+

+
+
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S pecies
D ate

of
collection

41. Pediastrum simplex (Meyen') 
L em m . (f. clathratum)
D: 12—18 p

142. Scenedesmus acuminatus 
(L a g e r h .) C h o d .
D: 10—3 0 x 3 —6 p

143. Scenedesmus arcuatus 
L em m . f o rm a  U h e r k o v . 
D: 8—1 5 x 3 —8 p

VI. 24—27
V II. 10—11
V II. 24—25, 29

V III. 7—8
IX . 2 —3, 6
X. 7—9
X. 24—25, 28

X I. 13, 20

V. 22
VI. 26—27

V II. 10—11
V II. 24—25, 29

V III. 7—8
IX . 2—3, 6
IX . 18
X. 8—10
X. 24, 28

X I. 13, 20

V. 22
X. 24—25

X I. 13, 20

IV. 23
V. 7
V. 24

VI. 4
VI. 24—27

V II. 10
V II. 24—25, 29

V III. 7
IX . 2—3, 6

Localities

M K & A B

i/i N i/i N i/i N i/i N i/i N

0.4 + 0.6 + + 0.4 + 0.2 +
+ +

1.4 + + 0.6 + +
+ +
+ 0.2 + 0.6 + 0.8 +

6.4 + + + +
0.4 + + 0.4 +

0.2 + + 0.4 +

0.1 +
0.2 + +

+ +
0.6 + 0.2 + + 0.4 +

0.8 +
0.2 + + + 0.8 +
0.7 +
0.1 + 0.4 +
0.2 + 0.4 +

+

0.2 +

+

10.0 + +
+ 0.8 +

0.4 +
+

1.6 + +
40.0 +

15.0 + +
+

20.0 + 20.0 + 1.6 +
+
+ +
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144. Scenedesmus balatonicus 
H o k t o b .
D : 1 2 — 3 0 x 3 — 9

1 4 5 . Scenedesmus ecornis (R a l f s ) 
Ch o d .
D : 8 — 1 6 x 3 — 6 f i

1 4 6 . Scenedesmus granulatus W .
* et G. S. W e s t  f. discijormis 

H o r t o b .
D : 6 .5 — 1 0 x 4 — 7 f i

I X . 18
X . 8
X . 2 4

I I I . 2 6 — 2 8
IV . 9
IV . 2 3 — 2 5

V . 2 1 — 2 4
V I . 4
V I . 2 4 — 2 7

V I I . 1 0 — 11
V I I . 2 4 — 2 5 , 2 9

V I I I . 7 — 8
I X . 2 — 3 , 6
I X . 18

X . 7 — 1 0
X . 2 4 — 2 8

X I . 1 3 — 14

I I I . 2 6 — 2 8
IV . 9
IV . 2 3 — 2 5

V . 7 — 8
V . 2 1 — 2 4

V I . 4
V I . 2 4 — 2 7

V I I . 1 0 — 11
V I I . 2 4 — 2 5 , 2 9
V I I . 7 — 8
I X . 2 — 3 , 6
I X . 18

X . 7 — 1 0
X . 2 4 — 2 5 , 2 8

X I . 1 3 — 1 4 , 1 9 — 20
X I I . 1 2 — 13

V I I I . 7
I X . 3
I X . 18

20.0

1.6

0.8

1.6

3 .2

3 0 .0
3 0 .0

20.0
6 0 .0
9 0 .0
20.0
4 0 .0
9 0 .0
4 0 .0
8 0 .0
4 0 .0
10.0

20.0

+
+
+

+ + +
+
+ 1 .6 + +
+ + 1 .0 +
+

1 .6+ 2 .0 + + +
+ 3 .2 +

+ + +
+ +
+ 3 .2 + 3 .2 + 3 .2 + 6 .4

+
+ 3 .2 + + 5 .6 +
+ 1 .2 + +
+ +

+ 1 0 .0 + + 3 0 .0

+
+ + 1 0 .0 + +
+ +
+ + 1 5 .0 + 1 0 .0 +
+
+ 3 0 .0 + 2 0 .0 + + 1 0 .0

+ 3 0 .0 +
+ 5 0 .0 + 9 0 .0 + 3 0 .0 + 1 0 .0
+ 1 0 .0 +
+ 1 0 .0 + 6 0 .0 + 4 0 .0 + 1 0 .0

+
+ 6 0 .0 + 3 0 .0 + 1 0 .0 +
+ 3 0 .0 + 3 5 .0 + 1 0 .0 +
+ 2 0 .0 + 3 0 .0 + 1 0 .0 + 100

+ 1 0 .0 + 4 0 .0 +

+
+
+

+
+

+

+

+

+

+

+

+

+

+

+

+
+
+

u>
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Species
Date

of
collection

Localities

M K G A E

i/l N i/l N i/l N i/l N i/i N

147. Scenedesmus intermedins I I I .  26 10.0
C h o d . IV. 9 +
D :  6—1 2 x 3 —7 /i IV. 2 3 -2 5 10.0 + + + +

V. 7—8 20.0 + 10.0 +
V. 21—24 + + 10.0 + + +

V I. 4 +
V I. 24—27 20.0 + 30.0 + 20.0 + + +

V II. 10—11 20.0 + +
V II. 24—25, 29 50.0 + 60.0 + + 20.0 + 10.0 +

V III . 7—8 40.0 + 3 0 .0 +
IX . 2—3, 6 + + + + +
IX . 18 30.0 +
X . 7—10 10.0 + 30.0 + 20.0 + +
X . 24—25, 28 40.0 + 20.0 + + +

X I. 13—14, 19—20 + + 3 0 .0 + 20.0 +
X II . 13 +

148. Scenede-smus quadricauda IX . 10 +
( T u r f .) B r é b . I I I .  26—28 100.0 + 20.0 + 5 .4 + 10.0 + +

IV . 9—10 220.0 + +
D :  8—2 5 x 3 —10 /i IV . 23—25 60.0 + 5.2 + + 10.0 + +

V. 7—8 170.0 + 20.0 +
V. 21—24 20.0 + 40.0 + 20.0 + 10.0 + 3 0 .0 +

V I. 4 160.0 +
V I. 24—27 10.0 + 20.0 + 2 5 .0 + 20.0 + +

V II. 10—11 60.0 + 20.0 +
V II. 24—25, 29 30.0 + 10.0 + 20.0 + 20.0 + 20.0 +

V III. 7—8 130.0 + 20.0 +
IX . 2—3, 6 90.0 + + + 10.0 + +
IX . 18 10.0 +
X . 7—10 230.0 + 50.0 + 10.4 + 5.0 + 20.0 +
X . 24—25, 28 180.0 + 40.0 + 20.0 + 5.4 + 4-

X I. 13—14, 19 10.0 + 90.0 + + 10.0 +
X II . 12 10.0 + 70.0 + 4 0 .0 +



149. Scenedesmus longispina 
Ch o d .
D: 8—2 2 x 3 — 6 p

150. Scenedesmus spinosus 
Ch o d .
D: 6 - 1 2 x 3 —4 p

151. Schroederia setigera 
(S c h k o e d .) L e m m .
D: 17—5 2 x 2 .8 —6 p 
ß—m.

152. Selenastrum gracile R e iu s c h  
D: 20—26X4:—5 p

IX . 18
X. 8
X. 24

X I. 13

V. 24
VI. 4
VI. 25—26

V II. 10
V II. 25

V III. 7
IX . 3
IX . 18
X . 8—9
X. 24

X I. 13—14
X II. 12

II I . 27—28
IV. 9—10
IV. 23—24
V. 7—8
V. 21—24

VI. 4
VI. 24—27

V II. 10—11
V II. 24—25, 29

V III. 7 - 8
IX . 2—3, 6
IX . 18
X. 7—10
X. 24

X I. 13

II. 20
II I . 27

V II. 25
V III. 7

IX . 3
IX . 18

X. 8
X. 24

40.0
60.0

30.0

20.0

20.0

90.0
10.0 
10.0

20.0
5.0
5.0

20.0
30.0

5.0

10.0
10.0

5.0

10.0
10.0

+
+1
+

+ +
+
+ 5.0 +
+
+ 10.0 +
+
+ +
+
+ +
+ 20.0 +
+ +
+ 30.0 +

+
+
+ +
+
+ +
+
+ 5.0 +
+
+ 10.0 +
+
+ 10.0 +
+
+ 10.0 +
+ 10.0 +
+

+
+
+
+
+
+

20.0 +
+
+
+

+ 5.0 +

+ +
15.0 +

+ 25.0 +
5.0 +

+ 5.0 +

+ +

5.0 +
+

10.0

15.0

5.0

+

+

+

+

+
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Species
Date
of

collection

153. Tetraedron caudatum  Cord a 
(Hansg.) var. incisum  
Lagerh .
D: 12—15 n

154. Tetraedron reguläre K ütz. 
D: 16—30 ft

155. Tetrastrum hastiferum  
*  (Ar n .) K orschik 

D: 6—10 fi

156. Tetrastrum heteracanthum 
(Nordst.) Chod.
D: 4—8 fi

157. Tetrastrum staurogeniaeforme 
(Schroed .) Lemm.
D: 5—6 fi

VI. 25
IX . 3
IX . 18
X . 9
X . 24

X I. 13
X II. 12

VI. 4
VI. 26

V II. 10
V II. 25

I I I . 26
IV. 9, 23
V. 7
V. 24
V. 24

V I. 16
V II. 10

X. 24
X I. 13

X II. 12

X I. 13
X II. 12

II I . 26—28
IV. 9
IV. 23—25
V. 7
V. 21—24

M K | a  a  e

iß N i/i N 1/1 N i/1 N  i/1 N

1 .0 +
+

15.0 +
+

+ 5 .0 +
5.0 +

+ +

+
5 .0 +
0 .5 +

+

5 .0 +
+

20 .0 +
+
+
+

0 .5 +
+

120 .0 +
+

+
5.0 +

+ + +  +
2 0 .0 +

5.0 + 5 .0 + 5 .0 +
20 .0 +

+ 5 .0 + 1 .0 +

266



Zygnematales
158 . C lo s te r iu m  a c e ro m m  

(Schrank.) E hr .
D :  3 0 0 — 5 0 0 X 4 0 — 60  f i

1 5 9 . C lo s te r iu m  acicu la re  
T .  W est
D :  4 0 0 — 7 0 0 x 4 — 8 fj.

160 . C lo s te r iu m  a c u tu m  B r éb . 
var. varia b ile  (Lemm.) 
K rieg er

V I . 4 1 4 0 .0 +
V I . 2 4 — 27 + 1 0 .0 + +

V I I . 1 0 — 11 1 5 .0 + +
V I I . 2 4 — 2 5 , 29 2 0 .0 + 2 0 .0 + +

V I I I . 7 — 8 10 .0 + 5 .0 +
I X . 2 — 3, 6 4 0 .0 + + +
I X . 18 +

X . 8 - 9 10 .0 + 4 0 .0 +
X . 2 4 4 0 .0 + 2 0 .0 +

X I . 1 3 — 14 + +
X I I . 12 5 .0 +

V I . 2 4 - 2 7 0 .2 + 0 .4 + 0 .3 +
V I I . 1 0 — 11 + +
V I I . 2 4 — 2 5 , 29 0 .2 + + +

V I I I . 7 +
I X . 2 , 6 0 .4 4" +

X . 9 5 .0 +
X . 2 5 +
I I . 2 0 +

I I I . 2 6 — 28 0 .8 + 0 .4 + 0 .4 + +
I V . 10 0 .4 +
I V . 2 3 — 2 5 0 .3 + 0 .3 + 0 .7 + 0 .8 +

V . 7 - 8 + 0.1 +
V . 2 2 — 2 4 0 .2 + + 6 .0 + 0 .4 + 1 .2 +

V I . 4 +
V I . 2 4 — 2 7 1 .0 + 6 0 .0 + 1 2 .0 + 1 4 .0 + 2 2 .5 +

V I I . 1 0 — 11 7.0 + • 7 9 .0 +
V I I . 2 4 — 2 5 , 29 1 8 4 .0 + 1 3 2 .0 + 1 5 8 .0 + 6 5 .0 + 1 1 3 .0 +

V I I I . 7 — 8 2 1 .0 + 1 2 5 .0 +
I X . 2 — 3, 6 3 .4 + 2 .0 + 2 .0 + 1 2 .4 + 2 0 .6 +
I X . 18 2 .8 +

X . 7 — 10 0 .8 + 2 .2 + 2 .6 + 4 .2 + 4 .0 +
X . 2 4 — 2 5 , 28 6 .0 + 1 .6 + 1 .2 + 6 .2 + 7 .0 +

X I . 1 3 — 15, 1 9 — 2 0 0 .8 + 1 .6 + 1 .2 + 1 .0 + 1 .2 +
X I I . 1 2 — 13 1.2 + 3 .4 + 0 .2 +

I I I . 2 6 — 2 8 0 .2 + 0 .2 +
I V . 9 + 0 .4 +
I V . 2 3 — 2 5 5 .0 + 0 .2 + + 0 .1 + 0 .6 +

u>
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Species

161.

162.

Date
of

collection

D: 50—140x2.5—5 [x

Closterium parvulum  N a e g . 

D: 100—130x10—15 /x

Closterium polystictum  
N y g a a r d
D: 450—580x9—11 fx

V. 7—8
V. 22—24

VI. 4
VI. 24—27

VII. 10—11
VII. 24—25, 29

VIII. 7—8
IX. 2—3, 6
IX. 18
X. 7—10
X. 24—25, 28

XI. 13—15, 19—20
XII. 12—13

III. 26
IV. 10
IV. 23—25
V. 7—8
V. 22—24

VI. 4
VI. 24—27

VII. 10—11
VII. 24—25, 29

VIII. 7—8
IX. 2—3, 6
IX. 18
X. 7—10
X. 24—25, 28

XI. 13—15, 19—20
XII. 12

VI. 24
VII. 10—11
VII. 24—25, 29

tocacc
L o ca litie s

M K G A i B

i/l N N i  N N N

+ 0.2 +
0.6 + 0.6 + 6.0 + + 0.6 +
3.0 +

13.5 + 3.0 + 8.4 + 4.7 + 8.5 +
2.0 + 14.0 +
2 .8 + 5.5 + 4.0 + 4.0 + 8.0 +
0.2 + 6.1 +
0.4 + 5.0 + 2.8 + 5.0 + 10.2 +
0.4 +
0.2 + 3.4 + 5.5 + 10.0 + 8.5 +
1.4 + 1.2 + 11.1 + 7.2 + 7.3 +
3.2 + 1.6 + 7.3 + 7.0 + 1.4 +
0.6 + 3.0 + 2.6 +

0.2 +
+

+ + 0.1 + +
+ +
+ 0.6 + 1.0 + + 0.6 +

0.4 +
+ 0.8 + 2.0 + 0.4 + 0.6 +

1.0 + 1.0 +
1.0 + 1.0 + + 0.2 + 0.6 +

+ +
+ 0.6 + + + +

0.2 +
0.4 + 0.2 + 1.0 + + +
0.8 + 0.2 + 0.4 + 0.2 + +
0.2 + 0.6 + 0.4 + + 0.4 +
1.0 + 1.2 +

+
+ 0.4 +

0.2 + + 0.2 + +



163.

164.

165.

166.

V III. 7 +
IX . 2—3 + 0.6 + 0.2 +
IX . 18 0.4 +
X. 24 0.4 +

Closterium pronum  B réb. V. 22 0.2 +
D: 260—4 0 0 x 5 —12 p

Staurastrum  gracile I I I . 27 0.2 +
R e i n s c h IV. 23—24 + + 0.1 +
D: 6 0 x 3 0  p V. 7—8 0.2 + +

V. 21—24 0.2 + 0.2 + 0.2 + 0.4 + +
VI. 4 +
VI. 24—27 0.5 + 0.1 + 0.4 + 0.6 + 1.0 +

V II. 10—11 + 1.0 +
V III. 7—8 + +

IX . 2 —3, 6 + + + + 0.1 +
IX . 18 0.2 +
X. 7—10 0.3 + 0.2 + 0.8 + 0.4 + 1.0 +
X. 24—25, 28 + + 0.2 + 0.8 + 0.2 +

X I. 19—20 0.2 + + +

Staurastrum paradoxum V. 21—24 + 0.4 + + +
M e  YEN VI. 4 +
D: 45X 20 p VI. 24—27 0.4 + 0.1 + 0.6 + 1.0 + 0.3 +

V II. 10—11 0.2 + 1.0 +
V II. 24—25, 29 0.2 + 0.2 + 0.2 + 0.2 + 0.2 +

V III. 7—8 + 2.6 +
IX . 2—3, 6 + + + 0.4 + +
IX . 18 2.7 +
X. 7—10 2.5 + + 0.8 + +
X. 24—25, 28 + 0.6 + +

X II. 12 0.2 +
Caulobacteriales
Planctomyces bekefii V II. 10 40.0 +
G i m e s i X. 8—9 40.0 + 600.0 +
D: 1— 1.2 p X II. 12—13 + 220.0 + 0.2 +

* =  The occurrence of th is species in  Lake Balaton is new  to  the flora 
** =  The occurrence of th is species is new  to the flora o f H ungary

269
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T A B L E  I V

N um ber o f species and  ind iv idua ls o f phytop lankton  along the transversal sections
o f the p h y la

P h y la
Dateof

co llec tion

L o calities

M K
sp i / l % i / l %

Cyanophyta i i . 20
(22) i n . 26—28 5 160.0 4.3 4 57.6 2.0

IV. 9—10 9 796.2 16.5
IV. 23—25 6 166.0 8.2 6 45.2 3.7
V. 7— 8 4 370.0 9.0
V. 21—24 4 58.0 7.4 8 175.7 15.1

VI. 4 7 610.9 23.4
VI. 24—27 10 148.4 10.1 10 36.4 3.5

V II. 10—11 10 305.2 16.8
V II. 24—25, 29 10 305.0 14.2 11 295.0 17.1

V III. 7— 8 12 455.0 12.1
IX . 2—3, 6 10 996.6 33.2 10 706.0 37.6
IX . 18 11 2 501.2 49.1
X. 7—10 12 1 615.4 11.0 9 786.0 21.0
X. 24—25, 28 6 405.0 2.4 8 278.7 8.0

X I. 13—15, 19—20 5 70.4 0.7 6 106.3 0.5
X II. 12—13 3 65.0 0.3 7 61.9 0.2

Euglenophyta II . 20
( i i ) II I . 26—28 1 0.2 0.0

IV. 9—10
IV. 23—25 2 0.2 0.0
V. 21—24 2 0.3 0.0

VI. 4 5 3.3 0.1
VI. 24—27 4 3.6 0.2 7 1.0 0.1

V II. 10—11 2 0.6 0.1
V II. 24—25, 29 5 6.4 0.3 6 1.6 0.1

V III. 7—8 7 35.9 1.0
IX . 2—3, 6 3 3.6 0.1 7 15.0 0.7
IX . 18 7 52.6 1.0
X. 7—10 3 8.7 0.0 3 0.8 0.0
X. 24—25, 28 1 0.2 0.0 2 0.2 0.0

X I. 13—15, 19—20 2 5.2 0.1 2 0.4 0.0
X II. 12—13 1 0.6 0.0 2 1.0 0.0

Pyrrophyta II. 20
(12) II I . 26—28 3 235.0 6.3 2 25.4 0.9

IV. 9—10 3 315.0 6.5
IV. 23—25 2 65.0 3.2 4 91.4 7.4
V. 7—8 4 287.0 7.0
V. 21—24 4 227.0 28.9 3 406.4 35.0

VI. 4 5 577.7 22.1
VI. 24—27 5 162.4 11.0 8 330.8 31.6

V II. 10—11 4 517.8 28.5
V II. 24—25, 29 6 408.0 18.9 6 314.0 18.2

V III. 7—8 7 421.6 11.2
IX . 2—3, 6 8 740.4 24.7 7 530.8 28.2
IX . 18 9 711.2 14.0

9 . 7—10 5 470.4 3.2 5 554.2 14.0
X. 24—25, 28 8 3 410.4 20.4 6 595.6 16.6

X I. 13—15, 19—20 5 1 927.0 18.5 4 1 560.5 7.4
X II. 12—13 5 1 310.0 6.5 4 720.0 3.0
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in  1974 =  i/l-1000 individuls per litre %  =  ind ividuals  
expressed in  per cent of total algae

Or A B

sp i/1 % sp | % . sp i/1 %

i 10.0 1.4
l 25.0 0.7 5 130.6 5.2 i 165.0 5.8
5 115.0 6.2 4 83.0 9.4 2 60.2 6.6

3 297.6 23.7
11 108.0 13.3 4 128.2 25.7 4 560.8 52.9

7 84.1 13.3 7 72.1 19.0 8 204.7 31.5
6 163.2 20.9

8 320.6 33.2 5 295.8 32.3 6 533.8 40.3
4 307.9 30.3

9 224.2 28.3 4 246.2 32.4 7 301.6 32.0

9 676.2 50.2 6 410.0 24.0 7 320.1 26.4
7 151.4 21.3 8 222.0 25.3 5 91.4 16.0
3 100.6 9.6 5 141.0 13.3 6 57.8 11.2

5 120.6 7.8
1 15.0 2.2

3 5.4 0.2 2 7.5 0.3
2 0.4 0.0

3 5.2 0.3
6 4.7 0.6 2 1.2 0.2 2 0.6 0.1

3 1.8 0.3 2 0.8 0.2 4 1.1 0.2
2 0.8 0.1

1 0.4 0.0 3 0.8 0.1 6 8.0 0.6
4 7.2 0.7
5 7.0 0.9 5 4.4 0.5

3 3.2 0.2 2 5.4 0.3 3 3.4 0.3
1 0.8 0.1 2 0.4 0.1 3 1.0 0.2
1 0.2 0.0

1 0.2 0.0
1 0.2 0.1

1 90.0 10.4

3 35.0 5.0
3 87.6 2.6 2 35.1 1.4 3 130.4 4.5

2 50.2 6.0
2 10.6 0.5 2 51.2 5.8 2 80.6 8.8

1 1.0 0.1
7 47.7 5.9 3 82.4 16.5 2 77.6 7.3

4 77.4 12.3 4 59.2 15.5 3 63.1 9.7
4 61.4 7.9

4 170.0 17.6 6 4.2 0.5 4 141.6 10.7
3 182.2 18.0

6 344.4 43.5 7 195.0 25.7 6 302.3 32.0

5 130.2 9.6 4 95.8 5.6 7 122.6 10.1
3 105.2 14 7 5 125.8 14.3 3 80.2 14.0
3 100.0 9.6 3 100.0 9.4 3 90.0 17.5

2 260.0 16.6
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T A B L E  IV  ( continued)

Localities

[ EL Phyla
Date

of
collection

M K

sp i/1 % sp i/1 %

Chrysophyta i i . 20
(66) h i . 26—28 14 2 125.1 56.8 15 1 771.0 62.5

IV. 9—10 20 2 685.7 55.7
IV. 23—25 18 1 236.2 60.7 19 1 014.4 82.0
V. 7—8 15 2 657.4 64.6
V. 2 1 -2 4 15 395.8 50.4 12 407.1 35.0

VI. 4 16 863.1 33.1
V II. 24—27 16 710.7 48.2 21 330.6 31.6
V II. 10—11 21 649.3 35.7
V II. 24—25, 29 23 898.4 41.7 23 562.0 32.5

V III. 7—8 18 2 467.4 65.7
IX . 2—3, 6 22 788.2 26.2 25 540.8 28.8
IX . 18 27 1 470.4 28.9
X. 7—10 24 10 855.9 73.8 16 1 390.2 37.0
X. 24—25, 28 19 11 766.2 70.3 16 2148.1 60.0

X I. 13—15, 19—20 8 8 070.2 77.8 11 18 977.4 89.9
X II. 12—13 17 18 524.2 91.3 14 21 758.0 91.8

Chlorophyta II . 20
(54) II I . 26—28 7 1 220.0 32.6 13 980.7 34.6

IV. 9—10 13 1 027.2 21.3
IV. 23—25 12 569.0 27.9 11 85.3 6.9
V. 7—8 16 796.0 19.4
V. 21—24 12 104.2 13.3 12 172.6 14.9

VI. 4 21 555.7 21.3
VI. 2 4 -2 7 20 449.5 30.5 25 346.7 33.2

V II. 10—11 16 306.1 16.8
V II. 24—25, 29 27 535.1 24.9 17 553.7 32.1

V III. 7—8 15 373.2 10.0
IX . 2—3, 6 19 474.0 15.8 14 87.8 4.7
IX . 18 25 354.8 7.0
X. 7—10 28 1 722.1 11.7 18 446.2 12.0
X. 24—25, 28 30 1 157.6 6.9 19 554.2 15.4

X I. 13—15, 19—20 14 304.3 2.9 11 471.9 2.2
X II. 12—13 9 382.9 1.9 14 930.7 4.0

Caulobacteriales V II. 10 1 40.0 2.1
(1) X. 8 1 40.0 0.3 1 600.0 16.0

X II. 12—13 1 220.0 1.0

T otal algae II. 20
(166) II I . 26—28 29 3 740.1 100 35 2 834.7 100

IV. 9—10 45 4 824.1 100
IV. 23—25 38 2 036.8 100 42 1 236.5 100
V. 7—8 39 4110.4 100.
V. 21—24 35 785.0 100 37 1 162.1 100

VI. 4 54 2 610.7 100
VI. 2 4 -2 7 55 1 474.6 100 71 1 045.5 100

V II. 10—11 54 1 819.0 100
V II. 24—25, 29 71 2 152.9 100 63 1 701.3 100

V III. 7—8 59 3 753.1 100
IX . 2—3, 6 62 3 002.8 100 63 1 880.4 100
IX . 18 79 5 090.2 100
X. 7—10 73 14 712.5 100 52 3 747.4 100
X. 24—25, 28 64 16 739.4 100 51 3 577.0 100

X I. 13—15, 19—20 34 10 377.1 100 34 21 226.5 100
X II. 12—13 35 20 282.7 100 42 23 691.6 100.

Average 52 6 094.4 49 6199.3
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G A E

sp i/1 % sp i/l % sp i/l | %

13 385.0 55.4
12 2 126.5 63.2 14 1 646.9 65.6 11 2011.8 70.1

10 572.0 66.0
14 1 375.7 74.0 21 649.0 73.2 17 584.4 64.1

19 604.7 48.2
22 356.9 43.8 15 226.6 45.4 17 228.8 21.6

18 282.0 44.8 17 163.1 42.7 13 200.3 30.8
15 238.2 30.6

11 89.6 9.3 17 314.3 34.4 17 340.6 25.8
14 223.2 22.0

13 135.2 17.0 10 168.2 22.2 15 248.8 26.4

12 322.9 24.0 12 966.7 56.6 17 548.0 45.1
10 260.4 36.5 14 300.8 34.2 15 342.9 59.9
17 573.6 54.8 15 593.3 55.8 12 313.5 60.9

16 849.0 54.6
4 250.0 36.0

10 1 120.4 33.3 9 692.2 27.5 7 563.0 19.6
9 153.6 17.6

12 352.9 19.0 10 103.4 11.6 7 186.4 20.5
8 350.7 28.0

28 296.7 36.4 9 60.8 12.2 12 192.6 18.1

17 184.6 29.3 15 86.4 22.6 15 180.8 27.8
14 315.0 40.5

15 384.7 39.9 16 299.8 32.7 19 298.9 22.6
15 292.8 29.0

11 88.6 11.2 17 142.8 18.8 14 86.3 9.1

16.0 215.3 16.0 14 233.6 13.6 10 220.1 18.1
15 195.7 27.4 13 229.7 26.1 10 56.6 9.9
16 272.3 26.0 10 228.0 21.5 11 52.9 10.3

12 325.6 21.0

1 0.2 0.0
22 695.0 100

29 3 364.9 100 32 2 512.3 100 22 2 870.2 100
24 866.2 100

36 1 859.4 100 37 866.6 100 28 911.6 100
31 1 254.0 100

74 814.0 100 33 499.2 100 37 1 060.4 100

49 629.9 100 45 381.6 100 43 650.0 100
41 778.6 100

39 965.3 100 47 914.9 100 52 1 322.9 100
40 1 013.3 100

39 792.4 100 43 759.2 100 47 943.4 100

45 1 347.8 100 38 1 711.5 100 44 1 214.2 100
36 713.5 100 42 879.3 100 36 572.1 100
40 1 046.7 100 33 1 062.3 100 33 514.4 100

37 1 555.6 100
43 1 281.5 36 1 050.0 38 1117.7

18
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In  A ugust th e  species o f genus Dinobryon were found in  an  abundance of
600.000 ind iv iduals/litre in  th e  K eszthely  B ay. Of th e  d iatom s th e  Cyclotella 
species were m ost com m on in  th e  cold-w ater periods, i.e. in  M arch-A pril and  
October Decem ber. Consequently, in  th e  K eszthely  B ay  th e  to ta l  num ber 
of Cyclotella m ade up  61 p er cent o f th e  phylum  in  M arch, 58.6 per cent in  
early  A pril, 50.8 per cent in  early  May, 21 per cent in  early  October and  
9 per cent in Decem ber. L ike in  th e  sixties, Melosira granulata an d  its  varie ty  
had  a  population  o f 100,000 ind ividuals/litre here. A t th is  section th e  cell 
num ber o f Nitzschia acicularis ranged  from  7 million to  15.8 million from  early  
October till  m id-Decem ber. In  th a t  m onth  th is d iatom  h ad  th e  sam e ab u n 
dance betw een Szigliget and  B alatonm ária  reaching its  m axim um  of 17.8 million 
cells/litre in  mid-Decem ber. A t th e  south-w estern transversal sections (M and  
K ) th e  frequency o f Nitzschia amphibia species was found to  be 100,000—
150.000 individuals/litre. In  early  M ay Nitzschia subrostrata reached a  m axim um  
population  o f 850,000 individuals/litre. In  th e  K eszthely  B ay  th e  Stephano- 
discus species altogether were found to  be m ore th an  1 million individuals/litre 
in  th e  period o f October-Decem ber. The population  o f alm ost 1 million ind iv id
uals/litre o f Synedra acus var. angustissima was conspicuous in  th e  M arch 
sam ples tak en  from  each of th e  sections. E ven  a t  th e  end  of October i t  was 
represented by  300,000 individuals/litre, w ith  its ind ividual num ber varying 
betw een 89,000 and  21.7 million individuals/litre. C hrysophyta phylum  con
trib u te d  39.8 per cent o f to ta l algae. In  term s of percentage i t  ranged  from  
9.3 to  91.8 per cent.

C hlorophyta phylum  was represen ted  b y  54 species in  th e  sam ples 
(Volvocales 4, T etrasporales 3, Chlorococcales 39, Zygnem atales 8). In  th e  
April sam ples i t  was conspicuous th a t  Ankistrodesmus falcatus var. spirilli- 
formis, Dictyosphaerium pulchellum, Gloeoactinium limneticum  an d  Scenedesmus 
quadricauda varied  betw een 100,000 an d  800,000 individuals/litre. In  th e  
K eszthely  B ay  Closterium aciculare peaked  w ith  184,000 ind ividuals/litre a t 
th e  end  o f Ju ly , i.e. a 76 tim es higher value th a n  in  th e  sixties. This tim e its 
abundance exceeded 100,000 individuals/litre a t  th e  o ther sections, too. 
C hlorophyta phylum  m ade u p  32.5 per cent of to ta l  algae. I ts  ind ividual 
num ber varied  betw een 52,000 and  1.7 m illion in  th e  period  investigated  and  
con tribu ted  1.9—40.5 per cent of to ta l species num ber. Planctomyces belong
ing to  order Caulobacteridles occurred sporadically in  th e  samples. Along 
transversal section K  (Szigliget— B alatonm ária) i t  h ad  a higher population 
density  o f 600,000 individuals/litre early  in  October, while in  m id-October 
th is  value was 220,000 individuals/litre. Planctomyces form ed 0.6 per cent 
o f to ta l  algae species.

I t  is seen from  Table I V  th a t  th e  highest num ber o f species (79) occurred 
in  th e  sam ple tak en  in  th e  K eszthely  B ay  on Septem ber 18. Along th e  o ther 
sections o f th e  south-w estern basin a  M ay (section G, 74) and  a  Ju n e  peak  
o f species (section K , 71) occurred. In  th e  no rth -eastern  basin m uch lower 
peaks were no ted  (section A, 47; section E , 52). A  m inim um  of species (22) 
was observed also here in  F eb ru a ry  and  March.

The highest ind ividual num bers (20 million and  23 million) as well as 
th e  num ber of species, were found along th e  south-w estern  sections in  Decem 
ber. The lowest num ber o f individuals (381,600 individuals/litre) was no ted  
a t  th e  end o f Ju n e  along th e  transversal section B alatonfiired—Zam árdi. 
In  th a t  m onth  th is  value was found to  be tw ice as high betw een Ságpuszta
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an d  B alatonszem es an d  th ree  tim es as high betw een Szighget and  B ala to n 
m aria. A m inim um  of individuals/litre was no ted  in  th e  sam ple tak en  a t  th e  
end of M ay (785,000 individuals/litre) along th e  south-w esternm ost section, 
while ano ther m inim um  of 514,400 ind ividuals/litre occurred in  th e  n o rth 
eastern  basin betw een B alatonalm ádi an d  B alatonvilágos in  November.

Table V gives th e  biomass of ph y to p lan k to n  expressed in  10® /x3 a t  th e  
dates o f sam pling (W i l l e n , 1970; K r i s t i a n s e n , 1971). The highest biom ass 
value of 13.5 m g/litre was no ted  in  th e  sam ple tak en  in  th e  K eszthely  B ay  
on Septem ber 18. B o th  in  early  and  la te  October to ta l biomasses o f 10 mg 
were found a t  th is section. This high num ber includes th e  biomass values of 
Anabaena, Aphanizomenon an d  Ceratium, too. The dates o f biom ass m axim a 
sectionally  varied. The Decem ber value a t  section Szighget—B alatonm aria  
was found to  be 9.4 m g/litre including bo th  th e  mass o f Nitzschia acicularis 
and  the  biom ass values of Stephanodiscus an d  Cyclotella species. The diatom s 
m ade up 75 per cent o f th e  w eight o f biomass. B etw een Ságpuszta and  B ala to n 
szemes the  to ta l biomass was 6 m g/litre in  th e  sam ple tak en  on J u ly  29, of 
which Ceratium hirundinella itse lf co n stitu ted  3.8 m g/litre and  Closterium 
aciculare 1.4 m g/htre. A t transversal section B alatonfüred  Zam árdi (A) th e  
highest biomass value was 2.5 m g/litre in  early  A ugust com prising Closterium 
aciculare of 1.1 m g/htre. Between B alatonalm ádi and  B alatonvilágos th e  to ta l  
biomass was no ted  to  be 6.4 m g/litre, o f which phylum  C hrysophyta consti
tu te d  6.1 m g/htre, Stenopterobia 4.8 m g/htre and  Synedra acus var. angustis- 
sima 0.5 m g/htre.

The lowest values of to ta l biom ass ranged  from  0.5 to  1.4 m g/h tre  a t  
th e  sections in  th e  different m onths (Table V).

T A B L E  V
B iom ass values of phytop lankton  in  Lake  B alaton in  1974 

(10ey 3 =  wet weight per litre)

Date
of

collection
M K G A E

ioVA io v /1 íoyyi íoyyi lo v /i

II . 20 615.0
II I . 26—28 3 213.3 3 641.3 3 523.4 1 957.9 6 471.5
IV. 9 - 1 0 4 801.4 949.2
IV. 23—25 1 904.2 1 760.3 2 843.6 1 871.5 1 274.4
V. 7—8 4 407.6 1 689.0
V. 21—24 876.5 1 451.9 1 094.4 1 623.6 1 110.4

VI. 4 2 226.0
V I. 24—27 3 208.8 2 103.7 1 531.7 1 162.4 1 620.1

V II. 1 0 -1 1 4 381.9 2 027.4
V II. 24—25, 29 9 108.3 5 795.3 6 003.2 2 431.0 3 368.8

V III. 7—8 7 224.4 2 578.7
IX . 2—3, 6 9 531.4 8 364.2 2 355.5 1 932.0 2 481.8
IX . 18 13 514.8
X. 7k 10 10 299.7 3 059.7 1 084.4 1 316.3 1040.8
X . 24—25, 28 11 252.8 2 097.0 529.1 934.5 516.5

X I. 13—15, 19—20 5 251.4 8 593.9 739.4 807.7 1 133.6
X II . 12—13 7 022.1 9 495.5 870.5

Average 6 151.5 4 636.2 2 189.4 1 517.8 2 113.1

18*
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D iscu ssion

The qualita tive  an d  q u an tita tiv e  changes of phy top lank ton  continued 
in  th e  seventies. Species, new to  th e  flo ra o f L ake B alaton, are m arked in 
Table I I I .  D a ta  on th e ir size and  occurrence in H ungary  will be published 
later. In  th e  K eszthely  B ay  th e  num ber o f alga species coming from  R iver 
Z ala an d  o ther inlets was higher th an  it  had  been in  th e  sixties. Of th e  diatom s 
th e  Nitzschia acicwlaris, Gyclotella, Stephanodiscus an d  Gryptomonas species 
were o f very  frequen t occurrence in  th e  whole lake tu rn in g  th e  colour of th e  
w ater in to  brownish-green in  th e  K eszthely  B ay  an d  along tran sv ersa l section 
Szigliget — B alatonm ária  from  October till  December. In  th e  north-eastern  
basin along th e  transversal section B alatonalm ádi—B alatonvilágos th e  appear
ance o f Synedra acus var. angustissima and  Stenopterobia pelagica in  g reat 
quantities caused an opalescent w ater coloration. A t th is  tim e th e  la tte r  
phenom enon was observed to  be present in  an  increased degree in  th e  ports  
an d  nearshore shallow w aters of th e  southern  shore. M aking a  com parison 
w ith  th e  d a ta  o f th e  sixties i t  m ay be established th a t  some species th a t  h ad  
occurred earlier in  g reat quan tities (e.g. Coelosphaerium kuetzingianum, Gom- 
phosphaeria lacustris, Lyngbya circmncreta, Attheya zachariasi, Asterionella for- 
mosa, Melosira granulata and  its  varie ty , th e  Dinobryon, Closterium and  Stau- 
rastrum species) decreased in  num bers in  th e  seventies.

The q u an tita tiv e  change is sim ilarly confirm ed by  th e  d a ta  on th e  
seventies ( H e k o d e k  and  T a m á s , 1973; 1974; 1975) which are several tim es 
as high, especially in  th e  south-w estern basin of th e  lake, as those of th e  bio
m ass of th e  sixties. In  th e  K eszthely  B ay  th e  population  density  was found 
to  be 4.2 million individuals/litre in A ugust 1965 and  1.3 million individuals 
per litre  in 1966. F rom  early  October till  m id-Decem ber 1974 these values 
varied  betw een 10 and  20 million individuals/litre. Between Szigliget and  
B alatonm ária  th e  population m axim um  was found to  be 1.1 million ind iv id 
uals/litre in  A ugust 1965, 1.7 million individuals/litre in  1967 and  1 m ilhon 
individuals/litre in  Septem ber 1967. In  1974 th is la tte r  value (1 million ind iv id 
uals/litre) was no ted  as m inim um  here w ith  a m axim um  of 23.6 million 
individuals/litre in  Decem ber (population density  in N ovem ber 21.1 million 
individuals/litre). Along th e  o ther sections the  highest values of th e  sixties 
correspond to  th e  lowest ones of th e  seventies. A t sections M and  K  the  
frequency of 6 million individuals/litre is a several tim es higher value th an  
those of th e  sixties.

The same can be s ta ted  abou t th e  biomass. The qualita tive  and  quan
tita tiv e  changes of phy top lank ton  are significantly  influenced by  physiological 
as well as environm ental factors (S e b e s t y é n , 1963; D u s s a r t , 1966). As a 
resu lt o f R iver Zala several brooks, channels dom estic an d  o ther sewage- 
w aters flowing in to  the  lake, th e  qualita tive  d istribu tion  showed changes in  
space and  in tim e. The intensive sunshine in  early  spring (March) and  the  calm  
period favourably  affected th e  population  density  of Synedra acus var. angu
stissima  which likes w ater tem peratu re  a round  10°C. The cold, w indy and  ra iny  
sum m er an d  th e  perm anen tly  rippling w ater p reven ted  th e  populations of 
Dinobryon — Asterionella and  Attheya — Melosira from  becoming abundan t. 
A t th e  end of th e  sum m er and  in  au tu m n  th e  Anabaena-Aphanizomenon 
population reached high density  in  th e  barely  20°C w ater only for a  sho rt tim e. 
S ignificant w ater blooms were no ted  in th e  nearshore bays (especially in  th e
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south-w estern basin). The nu trim ents getting  in to  th e  lake in  th e  ra iny  period 
from  m id-Septem ber (washed in to  th e  lake by  rain, etc.) were favourable to  
th e  Cryptomonas, Stephanodiscus and  Nitzschia acicularis species. In  th e  so u th 
w estern b asin  of th e  lake th e  w ater was coloured brownish-green by  Nitzschia 
acicularis of a population density  of several million cells/litre. This phenom enon 
developed gradually  from  th e  end  of Septem ber and  spread  over to  th e  n o rth 
eastern  region of th e  lake by  December.

To determ ine th e  degree o f tro p h y ty , th e  p rim ary  production was 
exam ined between B alatonfüred  an d  Zam árdi a t  th e  beginning of th e  seventies 
( H e r o d e k  and  T a m á s , 1973; 1974; 1975). The annual phy top lank ton  produc
tion  was determ ined w ith  14C -m ethod an d  was found to  be as high as 114 g 
C/m2. The biomass value ranged  from  1.0 to  19.5 g/m2 th roughou t th e  year. 
These values are characteristics of th e  production of m oderately eutrophic 
w aters. In  th e  south-w estern region of th e  lake investigations on p rim ary  
production were carried  o u t from  Ju n e  1973 till Ju n e  1974. A t th e  deepest 
po in t of th e  K eszthely  B ay  th e  annual production  was no ted  to  be 831 g C/m2. 
Com pared to  th a t  of th e  d a ta  of th e  sixties th e  phy top lank ton  density  increased 
significantly (13 g/m2). The south-w estern basin of th e  lake is highly hyper
trophic.

D uring th e  investigations carried ou t in  th e  fifties on th e  w eed-detritus 
in th e  litto ra l zone (G e l l e r t  and  T a m á s , 1958; 1959; 1960) and  on th e  alga 
periphyton  of th e  coastal stones (T a m á s  an d  G e l l e r t , 1958; 1959; 1960) 
th e  (8-mesosaprobic organism s were found in large num bers. In  sixties oc- an d  
/9-mesosaprobic organism s occurred more and  more frequently  in  th e  open 
w ater too  (w ater bloom, discoloration).

Sum m ary

The au th o r exam ined 177 lifted  sam ples an d  100 ne tfiltra tes tak en  from  
15 stations along th e  5 transversal sections of L ake B alaton  in  th e  period  
of F eb ru a ry  Decem ber 1974. I t  was established th a t  th e  160 species and  6 
varieties belong to  th e  following six taxonom ic phyla: C yanophyta 22, Eugle- 
nophy ta  11, P y rro p h y ta  12, C hrysophyta 66, C hlorophyta 54, Caulobacteriales
1.

The highest num ber of species (79) was found in  th e  K eszthely  B ay  on 
Septem ber 18 an d  th e  lowest ones (22) a t section B ala to n fü red —Z am árdi 
in  la te  Ju n e  an d  a t  section B ala toa lm ád i—B alatonvilágos in  March.

M axim a of individuals were n o ted  in  Decem ber a t  transversal sections 
M (20 million) and  K  (23 million). M inimum of individuals (381,600) was 
found between B alatonfüred  an d  Z am árdi a t  th e  end  of June.

In  th e  K eszthely  B ay  th e  num ber of filam entous blue-greens (Anabaena 
an d  Aphanizomenon species) increased from  m id-Septem ber till  the  end  o f  
October. On Septem ber 18, in  addition  to  th e  filam entous blue-greens th e  
biomass value of 13.5 m g/litre was significantly  con tribu ted  by  th e  Ceratium 
hirundinella population too. The lowest biomass values o f th e  sections varied  
between 0.5 and  1.4 m g/litre.

The g reat q u an tity  of Synedra acus var. angustissima produced an opales
cent w ater coloration in  M arch, while in  th e  period of Septem ber O ctober 
a  w ater bloom of blue-greens (Anabaena, Aphanizomenon) occurred a t  th e
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s o u th - w e s te r n  re g io n  o f  t h e  la k e .  J u s t  h e r e  a  f r e q u e n c y  o f  7 .0  — 15 .8  m il l io n
in d iv id u a l s / l i t r e  o f  N it z s c h ia  a c ic u la r is  w i th  t h e  C r y p to m o n a s  s p e c ie s  m a d e
t h e  w a t e r  b r o w n is h -g re e n  f r o m  O c to b e r  t i l l  D e c e m b e r .
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H O R IZ O N T Á L IS  M E N N Y IS É G I F IT O P L A N K T O N  V IZ SG Á L A T O K  
A  B A L A T O N B A N  1974. É V B E N

Tam ás Gizella

Összefoglalás

1974. évben  fe b ru á rtó l decem berig  a  tó  5 harán tsze lv én y én ek  15 p o n tjá ró l 177 
m e r íte t t  és 100 hálószüredék  m in tá t  v izsgált. E n n e k  e red m én y ek én t a  160 faj és 6 v á lto 
za t ren d sze rtan i tö rzsbe  so ro lha tó : C y an o p h y ta  22, E u g len o p h y ta  11, P y r ro p h y ta  12, 
C h ry so p h y ta  66, C h lo ro p h y ta  54, C aulobacteria les 1.

A  harán tsze lv én y ek  g y ű jtőhe lye i közül fa jszám b an  a  leggazdagabb  (79) a  K esz t
hely i-öböl szep tem b er 18-i m in tá ja , a  legalacsonyabb  (22) ped ig  a  B a la to n fü re d —Za- 
m á rd i feb ru á ri és B a la to n a lm á d i—B alatonv ilágos m árc iu si m in tá ja  vo lt.

E gyedszám  m ax im u m o t a  tó  legdé lnyuga tibb  szelvényein  (M és K )  decem berben  
20 és 23 m illiós é rték k e l je g y ze tt fel. A z egyedszám  m in im u m  B a la to n fü red  —Z am árd i 
szelvényen jú n iu s végén 381 600 egyed  v o lt lite ren k én t.

A  K eszthely i-öbö lben  szep tem ber közepétő l a  fonalas k éka lgák  (Anabaena, 
Aphanizomenon  fajok) szám a o k tó b er végéig em elkede tt. A  szep tem b er 18-i 13,5 mg/1 
b iom assza m ax im u m  k ia lak u lásáb an  a  fonalas kékalgák  m e lle tt a  Ceratium hirundinella  
tö m egnek  is je len tős szerep  ju to t t .  A  legalacsonyabb  b iom assza é rték ek e t a  tó  kü lönböző  
szelvényein  0,5 —1,4 mg/1 k ö zö tt ta lá lt .

Ä  víz sz íné t m á rc iu sb an  opálossá t e t te  a  Synedra acus v a r. angustissima töm eg , 
szep tem b e r—o k tó b erb en  ped ig  a  fonalas kékalgák  (Anabaena, Aphanizomenon) v íz
v irágzása  k ö v e tk ez e tt be a  tó  d é ln y u g a ti részén. O k tó b ertő l decem berig  u g y a n itt  a  
Nüzschia acicularis 7 —15,8 m illiós egyedszám a a  Gryptomonas fa jo k k a l eg y ü tte sen  b a r 
nászö ldre  sz ínezte  a  v izet.
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DR. TAMÁS GIZELLA |

1975. augusztus 19-én, életének 49-ik évében, rövid  betegség u tá n  h irte 
len e lhuny t dr. Tam ás Gizella, a M agyar Tudom ányos A kadém ia T ihanyi 
Biológiai K u tató in téze tének  tudom ányos m unkatársa .

Tam ás Gizella B udapesten  szü le te tt 1926. decem ber 21-én. K özép
iskoláit B udapesten  végezte és u g y an o tt fo ly ta tta  egyetem i tan u lm án y ait
1944—  1949 években a B udapesti Tudom ányegyetem en. H allgató  korában  
„ P a r ti  algavegetáció v izsgálata a budapesti Du (Útszakaszon” c. tan u lm án y á
val p á ly ad íja t nyert.

1949-ben elnyerte az egyetem i doktori cím et. Bölcsészdoktori értekezé
sének tá rg y a  is a D una algavegetációjának vizsgálata volt. E  k é t em líte tt 
tanu lm ányával m ár tudom ányos pá ly afu tása  legelején eljegyezte m agát a  sci- 
en tia  am abilis egy különösen vonzó ágával, az algológiával. Egyetem i ta n u l
m ányainak befejezése u tá n  egy ideig az Egyetem i N övényrendszertani In té 
zetben dolgozott B udapesten .

1950 októberétől új m unkahelyén, a T ihanyi Biológiai K u ta tó in téze tben  
dolgozott csaknem  25 éven keresztül. K é t beömlő patakbó l, a  tih an y i Belső
tóból és m ás vizekből szárm azó m in ták  m ellett kiem elten foglalkozott balaton i 
anyaggal.

Jó  szakm ai felkészültségével, k itűnő  szakism eretével, rendkívüli szor
galm ával, k ita rtássa l páro su lt alapos lelkiism eretes m unkájával, m aradandó 
és a B ala to n k u ta tás szám ára alig felbecsülhető é rték ű  tanu lm ányokkal nag y 
m értékben növelte a B ala ton  algaflórájára vonatkozó ú jabb  ism ereteinket. 
E zek során balaton i vonatkozásban  tisz táz ta  az t a  szerepet, am it az egysejtű  
csillósok táp lálkozásában  a  kovam oszatok játszanak .

E redm ényei időtállóak, m elyek a jövő k u ta tó i szám ára is biztos össze
hasonlító bázist jelentenek a  B alatonban  eddig bekövetkezett és a jövőben v á r
ha tó  változások megítélése szem pontjából. E  tek in te tb en  külön kiem elendő az
1945— 51-es fitop lank ton  m intasorozatok feldolgozása (planktonsűrűség, b io 
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massza). Ezek fo ly ta tásak én t az 1965—67 és 1972— 74-es m intasorozatok ered
m ényei a lap ján  nyom on követhetők  a fitop lank ton  és m ikrofitobentosz össze
tételének, sűrűségének és biom asszájának regionális évszakos és évtizedes v á l
tozásai. Ezeknek a változásoknak az ism erete döntő  jelentőségű a  gyakorlat, 
a B ala ton  eutrofizálódása elleni védekezés megszervezése érdekében.

E gyik  legutóbbi tan u lm án y a  1974-ben A kadém iai k u ta tás i ju talom ban 
részesült.

50 tudom ányos dolgozata je len t meg, jórészük az In téze ti É vkönyvben, 
to v áb b á  számos m ás hazai és nem zetközi tudom ányos fo lyóiratban. M unkás
ságáról gyakran  szám olt be tudom ányos előadások keretében. T ag ja  vo lt a 
M agyar H idrológiai T ársaságnak, a M agyar Biológiai T ársaságnak és a  N em 
zetközi Lim nológiai E gyesületnek (S. I. L.). E redm ényeit nem csak a  m agyar 
algológus és limnológus szakkörökben értékeli, de gyakorlatilag  is hasznosít
ják . N evét külföldön is jól ism erik és becsülik, am it külföldi szakem berekkel 
fo ly ta to tt széleskörű tudom ányos cserekapcsolatai is b izonyítanak.

25 éven keresztül fo ly ta to tt értékes balaton i tanu lm ányai egyre ú jabb  
és még értékesebb eredm ényekkel kecsegtettek , am iről számos kéz ira ta  vagy 
részben feldolgozott tanu lm ánya  is tanúskodik .

E gyetem i hallgatók és fia ta l algológusok gyakran  felkeresték Tam ás 
Gizellát, ak iket türelem m el párosu lt szerete tte l v eze te tt be az algahatározás 
kérdéseibe és a  mennyiségi algavizsgálatok módszereibe.

K é t súlyos szívm űtéte ellenére tö re tlenü l fo ly ta tta  m u n k ájá t gyakran  
még betegen is. M unkássága delelőjén, szinte az íróasztal mellől rag ad ta  e k ö 
rünkből a halál. E lvesztése az In téze t szám ára, de különösen a hidrobiológiái 
k u ta tá s  terén  nagy ű r t  h ag y o tt há tra .

H alá la  m ély fájdalom m al tö lti el m indazokat, akik Vele m un k atársk én t 
vagy éppen évtizedekig eg y ü tt dolgoztak, vagy hosszabb-rövidebb ideig t u 
dom ányos kapcso la tban  álltak  és m indazokat, akik ő t m in t em bert tisztelték , 
becsülték és szerették .

D R .  G I Z E L L A  T A M Á S  |

On the  19th of A ugust 1975 suddenly died Dr. Gizella Tam ás, scientific 
research worker of th e  H ungarian  A cadem y of Sciences a fte r a  sh o rt sickness.

The deceased was born  a t  B udapest on the  21st D ecem ber 1926. She w ent 
to  secondary school in B udapest continuing her studies betw een 1944— 1949 a t  
th e  B udapest U niversity  of Sciences. As s tu d en t she gained a  prize w ith her 
paper “ Studies on the  litto ra l vegetation on the  B udapest section of the 
D anube” .

In  1949 she ob tained  a title  o f U niversity  D octor. H er thesis d ea lt w ith 
„Investigation  o f the  alga vegeta tion  o f the  D anube R iver” . B y  these tw o 
studies she go t involved in problem s of algology, a  very  a ttra c tiv e  branch  of 
th e  Scientia Amabilis, already  a t  the  beginning of her career. A fter g raduation  
she worked for a  while a t  the  In s titu te  for System atic B o tany  a t  th e  U niversity  
of B udapest.

In  October 1950 Gizella Tam ás becam e staff-m em ber o f th e  Biological 
R esearch In s titu te  a t  T ihany where she was working for nearly  25 years.
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Besides working up sam ples from  tw o tribu taries of L ake B alaton , th e  
Belső-tó Lake in T ihany, in  the  course of her work the role of D iatom s p laid  
as food for Ciliates in  L ake B alaton  could be cleared.

H er m ain in te rest was tow ards problem s of L ake B alaton  itself. Deep 
professional knowledge com bined w ith persistence, ex trao rd inary  diligence 
an d  thorough, conscientious work gave her studies rem arkable results enlarging 
our new est knowledge on th e  algaflora o f L ake B alaton  in a very  valuable way. 
The results ob tained  are long-lasting, giving a reliable base for com parisons to  
valuate  the  p resen t and  coming changes of the  lake environm ent.

In  th is respect studies working up p h y top lank ton  sam ples collected 
during the  period 1945— 1951 (biomass, density) should be em phasized in 
particu lar. As a  continuation  o f these studies based on results o f the  sam ples 
collected during 1965— 1967 and  1972— 1974, th e  regional, seasonal an d  de
cennial changes of th e  com position, density  an d  biomass of phy top lank ton  
as well as m icrophytobenthos can be followed. The knowledge o f these changes 
is of crucial im portance for the  prax is in preparing  pro tective arrangem ents 
against th e  eutrophication  of L ake B alaton .

One o f her las t studies in  1974 was aw arded by  a research prize o f the  
H ungarian  Academ y o f Sciences.

Gizella Tam ás published 50 scientific papers m ostly in  the  Annales of 
the  T ihany In s titu te  b u t several in o ther H ungarian  or in terna tional journals. 
She was m em ber of th e  H ungarian  H ydrological Society, th e  H ungarian  B io
logical Society and  the  Societas In ternationalis  Limnologiae.

The results ob tained  by  her were no t only v aluated  by  H ungarian  algo- 
logists and  limnologists bu t had  a  good in terna tional repu ta tion , as dem onstra
ted  by  an  expanded  in terna tional exchange o f her scientific papers w ith scien
tis ts  a t  home and  abroad.

25 years o f her scientific activ ities gave more and  m ore prom ising results 
testified  as well by  several m anuscripts u nder p reparation .

Gizella Tam ás was visited  several tim es by  studen ts  an d  young algolog- 
ists and  she tau g h t w ith patience and  love, introducing them  in to  alga-deter
m inations and  m ethodics in  the  field of q u an tita tiv e  alga studies.

D espite tw o serious h ea rt operations, she continued her work w ith u n 
dim inished energy, often even being ill. She has been tak en  aw ay on th e  sum 
m it of her activities, alm ost from  beside her desk. H er loss left a vacuum  for 
th e  In s titu te  and  the  more for th e  hydrobiological studies.

All o f us who were in hum an, scientific or collegial con tac t w ith her for 
years or even for decades, and  who honored, respected and  loved her, share th e  
grief inflicted  by  her early  and  sudden death .
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The research ac tiv ity  of th e  In s titu te  was conducted during 1974 accord
ing to  th e  m iddle-distance research p lan  approved for 1972—1975 being p a r t  
of th e  m ain topics o f research of th e  H ungarian  A cadem y of Sciences in  th e  
them es “Bioregulation” an d  “Biosphere”. Accordingly, th e  researches carried  
ou t a t  th e  Department of Experimental Zoology were focused on th e  neuro- 
hum oral regulation in  in verteb rate  anim als w ith in  th e  fram e-w ork of th e  them e 
“Regulatory mechanisms of the physiological processes”, while a t  th e  Depart
ment of Hydrobiology th e  hydrobiological investigations on L ake B alaton  were 
conducted in  th e  them e “Investigations on Lake Balaton and on its catchment 
area” being connected also w ith  the  m ain topic “The protection of human beings 
and the natural environment”.

R esults of the  research w ork perform ed by  th e  m em bers of th e  tw o 
departm ents were published p a r tly  in  Annál. Biol. Tihany  Vol. 42, an d  p a rtly  
in  various H ungarian  and  foreign journals (See Annál. Biol. Tihany, 1975, 
42, p. 299). The scientific lectures held in 1974 by  th e  s ta ff of the  In s ti
tu te  were published in  Annál. Biol. Tihany  42, pp. 300 — 301.

In  1974 on the  com petition for th e  “P rize o f R esearch W ork” proposed 
by  th e  Secretary General o f th e  H ungarian  A cadem y of Sciences th e  follow
ing scientific workers won th e  prize on th e  basis of th e ir w ork en titled : H l r ipi 
L .: Pharm acological investigations on th e  regulation m echanisms of the  periodic 
ac tiv ity  o f th e  fresh-w ater mussel (Anodonta cygnea L .). — Annál. Biol. 
Tihany  1973. 40, 27 — 53; Herodek S. an d  G. Tamás: The p rim ary  production  
o f phy top lank ton  in  L ake B alaton, A pril-Septem ber 1972. — Annál. Biol. 
Tihany  1973, 40, 207-218.

Scientific degree: D r. K a t a l in  S.- R ó z s a  senior scientific research w orker 
on  th e  basis of her d issertation  en titled  “E lem en tary  and  complex mechanisms 
a t  th e  regulation of h ea rt beats on th e  in v erteb ra te  anim als” won th e  degree 
o f doctor of biological sciences on th e  2nd o f Decem ber, 1974.

This year M. Vé r ó , technical councillor, was aw arded w ith  th e  Bronze 
M edal of th e  Order of L ab o u r and  J .  A n a m i k , m echanic, was honoured w ith  
th e  Order o f O utstanding w orker in appreciation  of his prom inent work.

The Institute's permanent staff  comprises 56 persons as follow: 20 scien
tific  research workers, 1 technical councillor, 14 technical assistants, 6 adm in
is tra tiv e  an d  15 o ther workers.
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The following changes took  place in  th e  scientific s ta ff of the  In s titu te : 
D r. J á n o s  O l á h  scientific research w orker o f th e  H ydrobiological D epartm ent 
left on th e  1st o f M arch for th e  R esearch S ta tion  of F ish  production a t  Szarvas. 
I s t v á n  V a d á s z  electrical engineer, assistan t scientific worker, on th e  15th 
of M arch was appo in ted  as a  scientific research w orker to  th e  D epartm ent 
of E xperim ental Zoology. I s t v á n  T á t r a i , ichthyologist, on th e  15th o f A ugust 
was appo in ted  as an  assistan t scientific w orker to  th e  Hydrobiological D ep art
m ent. J á n o s  N e m c s ó k , biologist, scholar assistan t scientific w orker on the  
1st of Septem ber was appo in ted  as an  assistan t scientist to  th e  D epartm ent 
o f E xperim enta l Zoology.

Inland scientific connections

Sim ilarly to  previous years, th e  In s ti tu te  h ad  in land connections w ith 
several scientific In s titu te s  o f th e  H ungarian  A cadem y of Sciences and  d ep a rt
m ents of universities, realized by  cooperations, consultations an d  teaching.

T h e  c o o p e r a t io n s  h a v e  b e e n  r e a l iz e d  w i th  t h e  fo l lo w in g  I n s t i t u t e s :
1. A naly tical D ep artm en t o f th e  U niversity  o f Chemical In d u stry  of 

Veszprém  for photom etric m easurem ent o f seasonal changes in  th e  Na, K , 
Ca, Cl-ion contents of th e  haem olym ph o f Anodonta. The results are published 
in  th is  volum e of th e  Annales.

2. W ith  the  In s titu te  of B iochem istry of the  Biological Research Center 
(Szeged) of th e  H ungarian  A cadem y of Sciences th e  investigations were carried 
o u t in  order to  s tu d y  th e  accum ulation o f 14C, 3H  dopam ine, noradrenaline and  
5-hydroxy tryp tam ine in  th e  cen tral nervous system  of Molluscs. These in 
vestigations in itia ted  th e  use of isotopes in  our in s titu te  an d  th e  results are 
published also in  th is volume.

3. Using com puter analysis common research was done for clearing up 
th e  connections betw een p lanktonic organism s of th e  L ake B alaton  w ith  the  
D epartm en t o f Zoology an d  D epartm en t of th e  P ro d u c tiv ity  o f th e  U niversity  
o f A gricultural Sciences (Keszthely).

4. Investigations of th e  pesticides were done w ith  th e  D epartm en t for
D DD studies a t  O K I.
5. W ith  th e  Bacteriological and  Chem ical L aborato ry  of K Ö JÁ L  (Veszp

rém ) investigations on w ater-chem istry  were carried out.
6. Our In s titu te  supplied from  our locust breeding insects for research 

w ork perform ed by  N E V IK I (Veszprém).

Participations at the university education:

D r. J á n o s  S a l á n k i , D irector of th e  In s titu te , held lectures a t  the  
D ep artm en t of C om parative Physiology of E ötvös L oránd  U niversity , B uda
pest, fo r students-biologists, u nder th e  title  “Excitation at membrane level”. 
D r. J e n ő  P o n y i  D epu ty  D irecto r of th e  In s ti tu te  held lectures a t  a  sum m er 
course on the  “ Basic problems of hydrobiology” for th e  studen ts  o f A gricultural 
H igh School (K aposvár).

P é t e r  G a r á d i , s tu d en t of th e  U niversity  o f A gricultural Sciences 
(Gödöllő), p repared  his thesis to  be subm itted  for certification a t  th e  H ydro 
biological D epartm en t of th e  In s titu te  en titled : “ Investigations o f th e  grow th
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an d  population  of Abramis brama L. in L ake B alaton  considering th e  u tiliza
tion  of th e  populations by  fishing.”

In  th e  sum m er m onths 11 un iversity  studen ts  joined in  th e  experim ental 
work of th e  tw o D epartm ents, and  5 studen ts  from  th e  A gricu ltura l H igh 
School (K aposvár) took  p a r t  in  field  w ork organized by  th e  Hydrobiological 
D epartm ent. The studen ts o f th e  th ird  course of th e  U niversity  o f A gricultural 
Sciences (K eszthely) and  th e  student-engineers o f th e  D ep artm en t for E n v i
ronm ent P ro tection  o f th e  U niversity  o f A gricultural Sciences (Gödöllő), and  
also th e  p artic ip an ts  of th e  tra in ing  course, organized by  K iss  L a jo s  Elem en
ta ry  School (Veszprém) for teacher-biologists v isited  our In s titu te . In  th e  fram e
w ork of a m ovem ent “ One School-one fac to ry ” some help was ex tended  to  
th e  E lem entary  School in  T ihany  how to  organize a practical course in  biol
ogy for pupils a t  our In s titu te .

A bout 45 H ungarian  scientific workers v isited  our In s titu te  in  1974 
especially to  carry  ou t m ethodical studies. Several workers spen t a longer period 
o f tim e a t  our In s titu te :

Dr. I. Á g oston , from  th e  D ep artm en t of O phthalm ology of th e  M edical 
U niversity  o f Pécs; J .  H e g e d ű s  from  th e  D epartm en t o f Biophysics o f the  
M edical U niversity  of Pécs; G. K o ttr a , from  th e  l i n d  D epartm en t o f In te rn a l 
Diseases of th e  Semmelweis M edical U niversity , B udapest; M. R á g y a n szk y  
from  th e  R esearch S ta tion  o f Fish-production, Szarvas; D r. J .  Ser fő ző , from  
th e  K ossu th  L ajos U niversity , D ebrecen; Dr. I. Szila ssi from  th e  Chemical 
D epartm en t o f th e  M edical U niversity  o f Debrecen; Dr. M. V a r s á n y i, from  
th e  Chemical D epartm en t o f th e  M edical U niversity  o f Debrecen; E . Viz- 
k e l e t y , from  VÍZIG , Szom bathely; D r. G. U h e r k o v ic s , from  th e  PA K  
L aborato ry  of H ydrobiology, Pécs.

The In s titu te  a tten d ed  the  In te rn a tio n a l F a ir  in  B udapest joining in 
the  exhibition of th e  H ungarian  A cadem y of Sciences w ith  th e  topic “ In v esti
gations of th e  changes in L ake B ala to n ” .

In  1974 tw o ex ternal them es were investigated  a t  our In s titu te . F or 
Chemicals W orks of R ich ter Gedeon L td . (K őbánya) th e  researches: “ S tudy
ing the  ab ility  for depleting o f th e  noradrenaline b y  M16 inh ibiting  th e  ac tiv ity  
o f dopam ine beta-hydroxylase a t  th e  cen tral nervous system  o f Anodonta 
cygnea” were com pleted, while for th e  B ala to n  F ishery  Com pany (Siófok) 
th e  investigations on th e  them e “ R elations of th e  grow th and  nourishm ent 
o f plant-feeding fishes in L ake B ala to n ” were studied, to  be exam ined un til 
1976.

Scientific connections with foreign institutes and research workers:

A. In  1974 collaborative w ork was done in  th e  following them es:

1. According to  official agreem ent, m u tu a l work was done w ith  th e  
In s titu te  of E vo lu tionary  Physiology an d  B iochem istry o f th e  A cadem y of 
Sciences of th e  U SSR  (Leningrad) on th e  them e “ Evolution, physiology and  
m orphology of sense organs” and  in  th e  fram e-w ork of the  above them e Prof. 
V. L. Sv id e r s k y  spent a  week in  our In s titu te .

2. The m utual w ork was done also according to  b ila tera l agreem ent w ith  
the  In s titu te  of Ecology o f th e  Polish A cadem y o f Sciences (W arsawa) on 
th e  topic “ S tudying the  p ro d u c tiv ity  o f th e  Lakes B alaton  an d  M azur” and
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Dr. H il l b r ic h t - Ilk o w sk a  spent 1 week, while D r. A. Stanczykow ska  spent 
2 weeks in  our In s titu te , th en  from  our side A. F r a n k o , assistan t scientific 
research w orker, v isited  th e  com panion In stitu te .

3. W ith in  th e  fram e-w ork of b ila tera l agreem ent th e  collaboration has 
been c on tinued  w ith  th e  In s titu te  o f D evelopm ent Biology of th e  A cadem y 
o f Sciences o f th e  U SSR  (Moscow) on “C om parative studies on th e  role of 
tran sm itte rs  in  th e  in tracellu lar and  intercellular regulations” in  th e  fram e
w ork of w hich D r. A. Ar e f je v a  spent 2 weeks in  our In stitu te .

4. Jo in t w ork was done according to  the  b ila tera l agreem ent w ith  the  
Physiological In s titu te  of th e  Czechoslovakian A cadem y of Sciences (Prague) 
on “ Q uan tita tive  analysis of th e  nerve processes of inverteb rates” an d  Dr. 
T. J .  Sk v a r il , engineer, spen t 2 weeks in  our In stitu te .

5. W ith in  th e  fram e-w ork of th e  Council of M utual Econom ic A id th e  
jo in t w ork has been continued w ith  th e  Physiological and  Pathological In s ti
tu te  of th e  S lovakian A cadem y of Sciences (B ratislava) and  Dr. J ános Sa l á n k i, 
D irector of our In s titu te , was inv ited  for 1 week to  th e  com panion In stitu te .

6. According to  b ila tera l agreem ent m utual w ork has s ta r te d  on the  
them e “N eurobiology of In v e rteb ra te s” betw een our In s titu te  an d  the  B rain  
R esearch L ab o ra to ry  of th e  In s titu te  of Biology an d  Medicine o f M ontenegro 
belonging to  th e  Serbian A cadem y of Sciences (Kotor). The possibilities of 
th e  m u tua l w ork were discussed by  of Dr. R . S im in o fe  and  Dr. J .  I vantjs 
visiting our In s titu te  and  repaying th e  visit, Dr. J . Sa l á n k i w ent to  th e  K o to r 
L aborato ry . D r. G. K o n je v ic  from  K o to r spent a  m onth  in  our In stitu te .

7. Common researches were done also w ith  th e  Physiological In s titu te  
o f th e  U krain ian  A cadem y of Sciences (Kiev) on th e  “ Investigations o f the  
tran sp o rt m echanisms of ions a t  the  generation of ac tiv ity  p a tte rn s  in  exci
tab le  cells” in  th e  fram e-work of INTERM OZG. I. V adász scientific research 
w orker spen t tw o m onths in th e  com panion In s titu te  and  Dr. I. S. Magúra  
from  K iev  paid  a  sh o rt v isit to  our In s titu te . In  the  f irs t them e o f INTERM OZG 
on th e  “ Physiology of synapses and  neurone” work-m eeting was organized in 
K iev  betw een th e  16th and  19th of A pril which was a tten d ed  by  D r. J .  Sa l á n k i.

8. W ith in  th e  fram e-w ork of th e  Council of M utual Econom ic A id we 
co llaborated  also w ith  th e  In s titu te  of Biophysics (Puschino) of th e  Academ y 
o f Sciences o f th e  USSR. The coordination m eeting of th is  organization was 
a tten d ed  b y  Dr. J .  Sa l á n k i betw een th e  4 th  and  7th  o f February . T. F orró  
D ep u ty  D irector o f th e  In s titu te  also v isited  th e  above In s titu te  in Puschino.

B . T ravels abroad  from  our In s titu te  besides th e  above m entioned trip s  
in 1974:

1. D r. B. E n tz , senior scientific research worker, finished his w ork as 
a  FAO ex p ert in  U A R  on th e  15th of Novem ber, 1974.

2. A. F r a n k ó , assistan t scientific research worker, took  p a r t  in  a  one- 
m onth  s tu d y  tr ip  in  th e  D epartm en t of B ioenergetic an d  P roduction  of th e  
In s ti tu te  of E xperim enta l Ecology o f th e  Polish A cadem y o f Sciences (W ar
saw a).

3. D r. L. H ir iiu , scientific research worker, was inv ited  for a th ree-m onth  
s tu d y  trip , betw een th e  15th Septem ber an d  15th December, to  th e  N euro
chem ical D epartm en t o f th e  M ax-Planck In s titu te  for E xperim ental Medicine 
in  G öttingen  (Germ an Federal Republic).
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4. D r. T. K iss , scientific research worker, a tten d ed  th e  in terna tional 
sym posium  on th e  “ Physiology of sm ooth m uscle” held in  K iev between 
th e  14th an d  18th of October.

5. J .  N em csó k , assistan t scientific research worker, took  p a r t  in  a  s tu d y  
trip  in the  Zoological D epartm ent o f Friedrich-Schiller U niversity  (Jena) 
betw een th e  27th of F eb ru a ry  and  25th of March.

6. Dr. K a ta lin  S.-R ózsa , senior scientific research worker, a tten d ed  
th e  coordination m eeting o f the  research organizing in th e  fram e-w ork o f the  
Council of M utual Econom ic A id a t  th e  In s titu te  of Biophysics (Puschino) 
o f th e  A cadem y of Sciences of th e  U SSR  betw een th e  17th and  23rd of F eb ru 
ary .

7. Dr. J .  Sa l á n k i, D irector of th e  In s titu te , a tten d ed  th e  V th In te r 
disciplinary Conference on R hy thm s a t  Noordwijk, th en  visited  th e  Biological 
D epartm en t o f F ree U niversity  in  A m sterdam  (N etherland) between th e  23rd 
an d  29th of June. H e a tten d ed  also th e  m eeting of the  E xecutive Com m ittee 
o f IU B S a t  P aris  (France) as a  delegate of th e  H ungarian  O rganization be
tw een th e  23rd and  27th o f October.

8. D r. J .  P o n y i, D epu ty  D irector o f th e  In s titu te , took  p a r t  in th e  s tu d y  
tr ip  to  th e  H ydrobiological D ep artm en t of th e  Zoological In s titu te  o f the  
B ulgarian Academ y of Sciences (Sofia, Bulgaria).

9. Dr. NÓb A P .-Z á n k a i, scientific research worker, v isited  the  In s titu te  
o f Lim nology a t  Lunz an d  W ien (Austria) betw een th e  7th and  21st o f October.

10. M. Vé r ó , technical councillor spent one m onth  in  F rance between 
th e  18th o f Novem ber and  18th of Decem ber visiting the  following In stitu te s: 
Cellular Neurophysiological L abora to ry  o f C.N.R.S. in Marseille, N europhysio
logical L aborato ry  of C.N.R.S. in  G if-sur-Y vette and  Neurophysiological 
L aborato ry  o f Ecole Norm ale Supérieure in Paris.

11. Dr. I. Z so ln a i-N a g y , senior scientific research worker, has continued 
his w orking-study tr ip  a t  th e  Center o f E xperim ental Gerontology of I.N .R . 
C.A. a t  Ancona (Italy).

C. The following scientific workers pa id  a  sho rt v isit to  our In s titu te  during 
1974:

Prof. K . A c h te  (Medical U niversity  o f Helsinki, Helsinki, F inland); 
A. S. B a t u e v , D ep artm en t o f H igher Nervous A ctiv ity  of th e  L eningrad 
S ta te  U niversity , Leningrad, U SSR; S. D . B e c k  (U niversity  o f W isconsin, 
USA); S. B e n e d e k  M.B.B.S. F.A.N.Z.C.O. M.R.C. Psych (London) D.P.M . 
Sydney, A ustralia); E . B er n a y s  (Centre for Overseas P est Research, London, 
G reat B ritain); W. H . B esa d a  (F acu lty  of Sciences, A lexandria U niversity , 
U A R ); W. B l a n e y  (London U niversity , London, G reat B ritain); T. W . 
B lackstad  (Anatom ical In s titu te , A arhus U niversity , Aarhus, Denm ark); 
G. B o n d e  (Swedish am bassador to  B udapest); A. Cook  (Centre for Overseas 
P es t R esearch, London, G reat B ritain); J .  d e  W il d e  Prof. (D epartm ent of 
Entom ology, W aageningen, N etherland); Z. D o b r o w sk i (D epartm ent of 
Entom ology of the  A gricultural U niversity , W arsawa, Poland); W. E b e r t  
(Research In s titu te  for P la n t P ro tection , Eberswalde, D D R ); I. E c k e r s t e in  
(Swedish under-secretary); E . F a lck  (Ludwig Georgs-Gymnasium, D arm 
s tad t, FR G ); G. P. Ge o r g ie v  (Academy o f Sciences of th e  USSR, Moscow, 
USSR); J . E . H a lv er  (FAO-UNDP m anager director); G. E . H a n io ta k y
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(Nuclear R esearch Center “Dem ocritos” A then, Greece); P . H a e k e w y  (Uni
versity  of Cambridge, Cambridge, G reat B ritain); J .  I vanus (Central L abora
to ry  of th e  U niversity  of Belgrad, Yugoslavia); I. K ir ja k o v  (U niversity  of 
P lovdiv, Plovdiv, B ulgaria); M. A. K u y p e r  (L aboratory  of Chemical Cytol
ogy o f th e  U niversity  of Nijm egen, N etherland); V. S. L e sse  (L os Angeles 
U niversity , Los Angeles, California, USA); D r. P . P . L obanov  (president of 
VASHN1LL, Moscow, USSR); S. L ttndkvist (Swedish M inister o f A gri
culture); T. M il l e r  (D epartm ent of Entom ology o f th e  U niversity  o f Cali
fornia, Berkeley, USA); A. M oham ed  (Faculty  of A griculture, A lAzhar U n i
versity , N asr C ity Cairo, U AR); R . F. Mu l l e r  (Section of Biology of th e  
U niversity  of R ostock, D D R ); J .  T. N ie b e s  (U niversity  of Leiden, N ether
land); R . Olso n  (Stockholm, Sweden); P ham  K h a r  L am  (S tate Medical 
U niversity , H anoi, V iet-N am ); A. A. P iro g o v  (In stitu te  of Biophysics, 
Academ y of Sciences of the  U SSR, Leningrad, USSR); Prof. M. A. R o n k in  
(Moscow, USSR); Prof. H . A. R o sen th a l  (St. Louis, W ashington U niversity , 
Missouri, USA); J .  A. R u d in sz k y  (Oregon S ta te  U niversity , Corvallis, Oregon, 
USA); K . R u ss  (Oregon S ta te  U niversity , Corvallis, Oregon, USA); P. 
Sc h e t t e s  (In stitu te  Centre of Insect Physiology and  Ecology, Nairobi, 
K enya); R . S im in o f f  (Brain R esearch L aborato ry  of th e  In s titu te  of Biology 
and  Medicine of M ontenegro, K otor, Yugoslavia); B. Sw ed m a r k  (Swedish 
R oyal Academ y of Sciences, Stockholm, Sweden); H. Se l e g ie w ic z  (In stitu te  
o f Zoology o f th e  Polish A cadem y of Sciences, W arsawa, Poland); K . T oth  
(R esearch S ta tion  for Biology, Geography and  Geology, P ingarati, Roum ania); 
J .  H . V is s e r  (D epartm ent of Entom ology, W aageningen, N etherland); J . 
W l o d e k  and  J . W r o b e l  (Hydrobiological In s titu te  of the  Polish Academ y 
o f Sciences, W arsaw a, Poland); D. I. W ood (U niversity o f California, Berkeley, 
USA).

Besides scientists having arrived w ithin the  fram e-work of collaborative 
work for a longer period of tim e , the  following scientists stayed  a t  our In s t i tu te : 
Dr. R . K il l ia s , The N a tu ra l H isto ry  M useum o f the  H um bold U niversity , 
Berlin, D D R ; Dr. T. K u s c h , Zoological D epartm ent o f th e  Friedrich-Schiller 
U niversity , Jena , D D R ; D r. F . Sim a l c sik , R esearch S ta tion  for Biology, 
G eography and  Geology, P ingarati, R oum ania.

Meetings

In  1974 th e  following meetings were held a t  th e  In s titu te :
1. R esearch School for S tatics organized b y  th e  C entral In s titu te  o f 

Physics o f th e  H ungarian  A cadem y of Sciences betw een th e  13th and  17th 
of M ay w ith  11 partic ipan ts.

2. Two courses for studying  theoretical and  p ractical questions o f 
objective exam inations organized by the  Center of H igher E ducation  and  
Pedagogy betw een 30th o f M ay and  1st o f June, th en  between th e  28th and  
31st of October w ith  20 and  24 partic ipan ts, respectively.

3. In te rn a tio n a l sym posium  on “ The host p lan t in  relation  to  insect 
behaviour and  reproduction’’ between th e  11th and  14th of Ju n e , organized 
by  th e  R esearch In s titu te  for P la n t P ro tection  of th e  M inistry  of A griculture 
and  Food (B udapest) and  sponsored by  th e  H ungarian  A cadem y of Sciences 
and  th e  M inistry o f A griculture and  F ood (40 partic ipants).
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4. In te rn a tio n a l Course for H ydrobiological Training organized by  the  
In s titu te  for W ate r Researches w ith  the  aid  of FAO betw een th e  28th of 
Ju n e  and  5 th  of Ju ly .

5. Symposium on N eurobiology organized by  th e  C om m ittee on N euro
biology and  our In s titu te  betw een th e  21st and  24th o f A ugust (50 p a rtic 
ipants).

6. R ound-Table Conference on T ransport Across M embranes organized 
b y  the  H ungarian  Biochem ical Society and  our In s titu te  between th e  3rd 
an d  7th of Septem ber (45 partic ipants).

7. Conference on In terferon  researches organized by  th e  D epartm ent 
of M icrobiology of the  H ungarian  A cadem y of Sciences in  th e  fram e-work 
o f cooperations betw een th e  In s titu te s  of th e  countries of th e  Council of 
M utual Econom ic A id betw een th e  11th and  14th of Septem ber (26 p a rtic 
ipants).

8. I l l r d  In terd isc ip linary  Sym posium  on th e  “ Investigations on s tru c 
tu re  of m ovem ents in d ifferent sp o rt technics” organized by  th e  spo rt section 
of th e  H ungarian  Biological Society and  th e  Biom echanical Com m ittee of 
th e  Society for Physical T raining and  Sport-researches, betw een th e  27th 
and  29th of Septem ber (40 partic ipants).

9. The “H ydrobiological D ays” organized b y  th e  Hydrobiological Society 
an d  th e  Hydrobiological D epartm en t o f th e  In s titu te  betw een th e  3rd and  
5 th  of October (55 partic ipants).

Improvements of research facilities

The equipm ent p ark  was com pleted am ong others in  1974 w ith  ISOCAP 
(300 typ . L iquid  Scintillation System  N uclear Chicago); TTT 2b ty p . A u to 
m atic t i tr a to r  (Radiom eter, D enm ark); H unor 8 IB  ty p . calculator (EMG); 
175 ty p . four-channel w rite projection (KUTESZ); 3 MF-1 ty p . photorecorder 
(M EDICOR); 3 D igital displays (M KKL); OP-205 typ . pH -m eter; 2 (Radel- 
kisz) -DC-minimatic d ig ital vo ltm eter (EMG).

In  1974 in  our workshop 7 F E T  in p u t operation am plifiers were con
structed .

Library

A t the  end  of th e  year th e  In s ti tu te ’s L ib rary  com prised 13,568 volumes. 
Books 4938 units, journals 8630 units.

The In s ti tu te ’s Y ear Book — Annál. Biol. Tihany  (1974), Vol. 41 was 
sen t to  659 In s titu te s  and  p rivate  persons allover th e  world. In  exchange 
th e  L ib rary  received 204 different journals (volumes) an d  publications.

19*



KRÓNIKA

1974-ben az In tézetben  a  k u ta tó m u n k a az 1972—1975 évekre elfogadott 
középtávú  k u ta tá s i te rvnek  megfelelően folyt, m ely az országos, ill. MTA 
k u ta tási főirányokhoz ,,Bioreguláció”, ill. ,,Bioszféra” tém akörökben kapcso
lódik. A Kísérletes Állattani Osztály m unkája az ,,Életfolymatok szabályozási 
mechanizmusai” c. főfeladaton belül a neurohum orális szabályozás tö rvény- 
szerűségeinek fe ltá rására  irán y u lt gerinctelen állatokon, a  Hidrobiológiái 
Osztály pedig fo ly ta tta  a B ala ton  hidrobiológiái k u ta tá s t  „A Balaton és víz
gyűjtőterületeinek kutatása” c. tém ában , mely kapcsolódik az ,,Ember és termé
szeti környezetének védelme” c. tárcaszin tű  főirányhoz is.

A k é t osztály tudom ányos tevékenységét tükröző tanu lm ányok  részben 
az Annál. Bioi. Tihany 41 kötetében, részben m ás hazai és külföldi folyóira
to k b an  kerü ltek  közlésre (lásd: Annál. Bioi. Tihany  1975, 42, 299. oldal). 
Az 1974-ben ta r to t t  tudom ányos előadások jegyzéke az Annál. Bioi. Tihany  
42. kötetének  300—301 oldalán kerül felsorolásra.

1974-ben ,,A táv la ti tudom ányos k u ta tá s i te rv  k u ta tása ib an  e lért jelen
tős eredm ények” elnevezésű, a  M agyar Tudom ányos A kadém ia F ő titk á ra  
á lta l m eghirde te tt pályázaton  három  k u ta tó  részesült ju talom ban  az alábbi 
pályam unkák  ben y ú jtása  és d íjazása alapján:

H ir ip i  L á szló : Pharm acological investigations on the  regulation m echa
nism  of th e  periodic ac tiv ity  o f th e  fresh-w ater mussel (Anodonta cygnea L.). — 
Annál. Biol. Tihany, 1973, 40, 27-53, valam in t H e r o d e k  Sán d o r  és T amás 
G iz e l l a : The p rim ary  production  o f phy top lank ton  in  L ake B alaton  April- 
Septem ber 1972. — Annál. Biol. Tihany  1973, 40, 207-218.

Tudom ányok fokozat: Dr. S.-Rózsa Katalin 1972. decem ber 2-án 
„E lem i és kom plex m echanizm usok a  szívm űködés szabályozásában gerinc
telen  állatokon” c. doktori értekezésének m egvédésével elnyerte a biológiai 
tudom ányok  dok tora  címet.

Az év folyam án kiváló m unkájáért V éró  M ih á l y  m űszaki tanácsadó  
elnyerte  a  M unkaérdem rend bronz fokozatát, A d a m ik  J ó zsef  m echanikus 
pedig „K iváló  Dolgozó” k itün te tésben  részesült.

A z Intézet személyi állománya 56 fő, mely a  következőképpen oszlott 
meg: k u ta tó  20, m űszaki tanácsadó  1, k u ta tá s i segéderő 14, adm in isztratív  
dolgozó 6, egyéb foglalkozású 15.



293

Az In téze t ku tatóállom ányában  az alábbi változások tö rtén tek : Dr. 
Olá h  J ános a H idrobiológiái O sztály tudom ányos m unkatársa  a  Szarvasi 
H altenyésztési K u ta tó  Á llom ásra táv o zo tt az In tézetbő l 1974. m árcius 1-én. 
Vádász I stván  tudom ányos segédm unkatárs 1974. m árcius 15-től tu d o m á
nyos m unkatársi kinevezést n y e rt az In téze t K ísérletes Á lla ttan i Osztályán. 
T á t r á i I stván  halbiológus augusztus 15- vei felvételt n y ert az In téze t H id ro 
biológiái Osztályára, tudom ányos segédm unkatársi állásra. N em csók  János, 
biológus, tudom ányos gyakornok 1974. szeptem ber 1-vel segédm unkatársi 
kinevezést n y ert a K ísérletes Á lla ttan i Osztályra.

Belföldi tudományos kapcsolatok

A korábbi évekhez hasonlóan számos In téze tte l és Egyetem m el állt 
kapcso la tban  In tézetünk . E gyüttm űködés fo ly t az alábbi In tézetekkel:

1. A Veszprém i V egyipari E gyetem  A nalitikai Tanszékén fotom etriás 
m eghatározások fo ly tak  Anodonta kem olim fa Na, K , Ca, C l-ion tartalm ának  
szezonális változásaira vonatkozóan. Az eredm ények u g y an itt közlésre kerülnek.

2. Az MTA Biológiai K özpon tjának  Biokém iai In tézetéve l (Szeged) 
14C és 3H  jelze tt dopam in, noradrenalin  és 5 -hydroxy tryp tam in  beépülésének 
v izsgálata fo ly t puhatestűek  központi idegrendszerében. E  vizsgálatok elő
készíte tték  izotópok alkalm azását In tézetünkben , az eredm ények ugyanezen 
kö te tben  kerülnek publikálásra.

3. A K eszthelyi A grártudom ányi Egyetem  Á lla ttan i és Term elésfejlesz
tési In tézetével közös k u ta tá s  fo ly t a  B alaton  p lan k to n já t alkotó szervezetek 
egym ásközti kapcso la tának  szám ítógépes vizsgálatára.

4. Az O K I D DD osztályával pesztic id-kuta tás fo ly t balaton i szerveze
teken .

5. A Veszprém i K Ö JÁ L  B akteriológiai és V ízkémiai L aboratórium ával 
közös vízkém iai k u ta táso k  folytak.

6. A Veszprém i N E V IK I rovarku tatásaihoz In téze tü n k  sáska-tenyésze
téb ő l állatok  b iztosításával segítséget n y ú jto tt.

Oktató munkában való részvétel

Dr. Sa l á n k i J á nos  igazgató speciálkollégium ot ta r to t t  az E L T E  b io 
lógia szakos hallgatóinak ,,Elemi ingerület” címmel. D r. P o n y i J en ő  tu d o m á
nyos igazgatóhelyettes pedig ,,A hidrobiológia alapjai” címmel a  K aposvári 
M ezőgazdasági Főiskola hallgató inak  ta r to t t  speciálkollégium ot az In téz e t
ben nyári kurzus keretein  belül.

Az In téze t H idrobiológiái O sztályán kész íte tte  Ga b á d i P é t e r  a G ödöl
lői A grártudom ányi Egyetem  V. éves hallgató ja  szakdolgozatát ,,A dévér- 
keszeg (Abramis brama L.) növekedésének és állom ányösszetételének v izsgá
la ta  a B alatonban, tek in te tte l az állom ány halászati k ihasználására” címmel.

A nyári hónapokban  11 biológia szakos egyetem i hallgató dolgozott In té 
zetünk  laboratórium aiban , e m ellett a  K aposvári M ezőgazdasági Főiskola 
5 hallgató ja a  H idrobiológiái O sztály á lta l szervezett gyakorla ton  v e tt  részt. 
Az In téze t m unkájával m egism ertettük  a  K eszthelyi A grártudom ányi E gye
tem  I I I .  éves hallgatóit, és a  Gödöllői első K örnyezetvédelm i Szakm érnök
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évfolyam  hallgatóit, valam in t a  Veszprém i K iss  L a jo s  Általános Iskola á lta l 
szervezett biológus tanártovábbképző  részvevőit. Az „E gy  iskola egy üzem ” 
mozgalom keretében p a tro n á ltu k  a  T ihanyi Állami Á ltalános Isko lá t és bio
lógiai óra keretében gyakorlati b em u ta tás t szerveztünk a tanulóknak .

Az In tézetben  m integy 45 hazai k u ta tó  tö l tö t t  hosszabb-rövidebb időt, 
elsősorban m etodikai tanu lm ányok  céljából. Az In téze te t felkereső k u ta tó k  
közül az alábbiak  tö ltö ttek  i t t  hosszabb időt:

D r. Á goston  I r é n , Pécs, PO T E  Szemészeti K lin ika; H e g e d ű s  J á n o s , 
Pécs, PO TE, Biofizikai In téze t; K ottra  Gá b o r , B udapest, SOTE, II . Bel
gyógyászati K lin ika; RAg y a n szk i M á k ja , Szarvas, H altenyésztési K u ta tó 
állom ás; Dr. Serfőző  J ó z se f , Debrecen, K L T E , Á lla ttan i In tézete ; Dr. 
Sz il a ssi I l d ik ó , Debrecen, D OTE, O rvosvegytani In tézete ; Dr. V a r sá n y i 
M a g d o ln a , Debrecen, D OTE, O rvosvegytani In tézete ; V iz k e l e t y  É v a , 
Szom bathely, V ÍZIG ; Dr. U h e r k o v ic s  Gá b o r , Pécs, P Á K  Hidrobiológiái 
L aborató rium a.

Az In téze t részt v e tt  az MTA m egrendezésében a B udapesti Nemzetközi 
Vásáron, ahol a „B ala ton  változásainak  k u ta tá sa ” címmel áh íto tt  ki.

Az In téze tn ek  1974-ben k é t külső megbízásos m unkája volt. A K őbányai 
G yógyszerárugyár részére „M-16 jelzésű dopam in-béta-hidroxiláz gátló anyag 
noradrenalin-depletáló  h a tásán ak  v izsgálata tav ikagyló  idegrendszerében” 
c. tém a kidolgozása befejezést nyert. A B alaton i H alászati V állalat (Siófok) 
részére ,,A fehér busa növekedési és táplálkozási viszonyai a  B ala tonban” 
címmel fo ly ta tó d tak  az 1976-ig ta r tó  vizsgálatok.

Külföldi tudományos kapcsolatok 

A. 1974-ben az alábbi tém ákban  foly t együttm űködés:

1. K éto ldalú  együttm űködés a SZUTA Evolúciós és Fiziológiai In téze
tével (Leningrád) „G erinctelenek érzékszervi evolúciójának, fiziológiájának 
és m orfológiájának tanu lm ányozása” c. tém a keretében Prof. V. L. Sv id e r s k y  
1 h e te t tö ltö tt  In tézetünkben .

2. A  Lengyel Tudom ányos A kadém ia Ecológiai In tézetéve l (Varsó): 
„A  B alaton  és a  M azúri ta v a k  p rod u k tiv itásán ak  k u ta tá sa ” címmel folyt 
közös vizsgálat, kétoldalú együttm űködés keretében. Dr. A. H il l b r ic h t - 
I lk o w sk a  1 hétig, Dr. A. Sta nczykow ska  2 hétig  vo lt tan u lm án y ú to n  az 
In tézetben , az In téze t részéről F rankó  A n d rá s  tudom ányos segédm unkatárs 
te t t  lá to g a tást a  partnerin tézetben .

3. A SZUTA Fejlődésbiológiai In tézetéve l (Moszkva) „M ediátorok sej
ten  belüli és sejtközti szabályozásában já tszo tt szerepének összehasonlító 
v izsgá la ta” c. tém ában  folyt kétoldalú  együttm űködés, m elynek keretében 
D r. A. M. A r e f je v a  2 h e te t tö l tö t t  az In tézetben .

4. A Csehszlovák Tudom ányos Akadém iai Fiziológiai In tézetéve l (Prága) 
„G erinctelenek idegi fo lyam atainak  k v a n tita tív  analízise” címmel fo ly t közös 
k u ta tá s , kéto ldalú  együttm űködés keretében. D r. J .  T. Sk v a r il  2 h e te t tö l
tö t t  In téze tünkben .

5. KGST együ ttm űködés keretében a  Szlovák Tudom ányos A kadém ia 
Patológiai-Fiziológiai In tézetével (Bratislava) „Ingerületgenerálás és ingerület- 
kontrakció  k u ta tá sa ” c. tém ában  van együttm űködés, m elynek keretében
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m e g h í v á s r a  D r .  Salánki János i n t é z e t i  i g a z g a t ó  1 h e t e t  t ö l t ö t t  a  p a r t n e r -  
i n t é z e t b e n .

6. K éto ldalú  együttm űködés keretében a  Szerb Tudom ányos A kadém ia 
M ontenegrói Biológiai és Orvosi K u ta tó in téze t A gykutató  L aboratórium ával 
„G erinctelen neurobiológiai k u ta tá so k ” címmel indu lt együttm űködés. Dr. 
Sa l á n k i J Á N O S n a k  a  ko tori A gykutató  L aboratórium ban te t t  látogatása, 
valam in t Dr. J .  I va n u s  és Dr. R . S im in o f f  az t megelőző, a  Biológiai K u ta tó - 
in tézetben, T ihanyban  t e t t  lá togatása  során m egv ita tták  a neurobiológia 
terü le tén  végzendő tudom ányos ku ta tásokban  való folyam atos együ ttm űkö
dés lehetőségeit. E  tém a keretében Dr. G. K o n je v ic  1 hónapot tö ltö tt  az 
In tézetben.

7. A kijevi, Bogom oletzről elnevezett É le ttan i In téze tte l „Ionok á tv ite li
m echanizm usai kölcsönhatásának tanulm ányozása az ingerlékeny sejtek  a lap 
vető ak tiv itási form ái generálásának fo lyam atában” c. tém ában  fo ly t közös 
k u ta tá s  INTERM OZG együttm űködés keretében, m elynek kapcsán Vadász 
István tudom ányos m unkatárs 2 hónapot tö ltö tt  a partnerin tézetben , és 
D r. I. S. M agúba  röv id  lá togatást t e t t  In tézetünkben . „A  neuron és szinapszis 
fiziológiája” INTERM OZG I. sz. tém ájának  m unkaértekezletén Dr. Salánki 
János igazgató v e tt  részt április 16 19 közö tt K ijevben.

8. A SZUTA Biofizikai In tézetével (Puschino) KGST E gyüttm űködés 
koordinációs értekezletén Dr. Sa lá n k i J ános igazgató v e tt  részt M oszkvában 
február 4-7 között. T ovábbá F orró  T ib o r  gazdasági igazgatóhelyettes lá to 
g a tá s t t e t t  a SZUTA Puschinói Biológiai Intézeteiben.

B. Az egyezményes k u ta táso k  keretein belül megvalósuló kiutazásokon tú l  
az alábbi tan u lm án y u tak  lebonyolítására kerü lt sor 1974-ben:

1. Dr. E ntz B é l a  tudom ányos főm unkatárs 1974. novem ber 15-én 
befejezte 5 éves FAO szakértői m u n k ájá t az Egyesült A rab K öztársaság
ban.

2. F ra n k ó  A n d rá s  tudom ányos segédm unkatárs 1 hónapos tan u lm án y 
ú ton  v e tt részt V arsóban a  Lengyel Tudom ányos A kadém ia K ísérletes Eco- 
lógiai In tézetének  B ioenergetikai és Termelésbiológiai Osztályán.

3. Dr. Hiripi L ászló tudom ányos m unkatárs 1974. szeptem ber 15 és 
decem ber 15 között m eghívásra 3 hónapot tö ltö tt  a  Max P lánokról elnevezett 
K ísérletes O rvostudom ányi In téze t N eurokém iai Osztályán, G öttingenben 
(NSZK).

4. Dr. K iss  T ib o r  tudom ányos m unkatárs részt v e tt  K ijevben  a  „S im a
izom é le ttan a” c. nem zetközi szimpóziumon október 14—18 között.

5. N em csók  J ános tudom ányos segédm unkatárs február 27 és m árcius 
25 között egy hónapos tan u lm án y ú to n  volt Jén áb an  a  F riedrich  Schiller 
Egyetem  Á llattan i Tanszékén (NDK).

6. Dr. S .-R ózsa K a ta lin  tudom ányos főm unkatárs 1974. február 17-23 
között a K G ST keretein belül folyó k u ta táso k  K oordináló É rtekezletén  v e tt 
részt a SZUTA Puschinói Biofizikai In tézetben .

7. Dr. Sa l á n k i J ános igazgató június 23 — 29 közö tt H ollandiában, 
Noordw ijkban részt v e tt  az V. Nem zetközi Interdiszciplináris R itm us K o n 
ferencián. A m szterdam ban m eglátogatta  a F ree U niversity  Biológiai T an 
székét. O któber 23-27 közö tt részt v e tt  az IU B S V égrehajtó B izottság ülésén 
P árizsban m int a M agyar N em zeti B izottság képviselője.
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8. D r. Ponyi Jenő tudom ányos igazgatóhelyettes április 16—m ájus 
7-ig tan u lm án y ú to n  volt Szófiában (Bulgária), a  B olgár Tudom ányos A kadé
m ia Zoológiái In tézetének  H idrobiológiái Osztályán.

9. D r. P .-Z á n k a i N óra  tudom ányos m unkatárs október 7-21-ig tan u l
m ányú ton  vo lt A usztriában, ahol a  Lunzi és Bécsi Limnológiai In tézeteke t 
lá to g a tta  meg.

10. Véró Mihály m űszaki tanácsadó  1974. novem ber 18-tól decem ber 
18-ig 1 hónapot tö ltö tt  Franciaországban, ahol a  C.N.R.S. Neurobiológiai 
In téze te it lá to g a tta  meg P árizsban, G if-sur-Y vette-ben és M arseílle-ban.

11. Dr. Z so ln a i-N agy  I m re  tudom ányos főm unkatárs fo ly ta tta  m unka
tanu lm ány  ú t já t  az I.N .R .C.A . Anconai K ísérletes Gerontológiai K özpon tjá
ban, Olaszországban.

C. Az In téze t külföldi látogatói 1974-ben:

Prof. K . A c h te  (O rvostudom ányi Egyetem , Helsinki, F innország); 
Prof. A. S. B a tu ev  (Leningrádi Állami Egyetem  Felső Idegtevékenység T an 
szék, Leningrad, SZSZSZR); S. D. B e c k  (W isconsini Egyetem , USA); S. 
B e n e d e k  (MBBS, FANZCOMPC, Pzych [London], DPM , Sidney, A usztrá
lia); E . B er n a y s  (Tengertúli Pesticid  K u ta tá s  K özpontja, London, Anglia); 
W. H . B esa d a  (Alexandriai Egyetem  T erm észettudom ányi K ara , A lexandria, 
E gyiptom ); W. B la n e y  (Londoni Egyetem , London, Anglia); T. W. B la c k - 
stad  (Aarhusi Egyetem  A natóm iai In tézete , Aarhus, Norvégia); G. B o n d e  
(B udapesti svéd nagykövet); A. Cook  (Tengerentúli Pesticid  K u ta tá s  K öz
pon tja , London, Anglia); J .  d e  W il d e  Prof. (Entom ológiai In tézet, W age- 
ningen, Hollandia); Z. D o b r o w sk i (A grártudom ányi Egyetem  Entom ológiai 
Részlege, Varsó, Lengyelország); W. E b e r t  (Növényvédelm i K u ta tó in téze t, 
Eberswalde, N D K ); I. E c k e r s t e in  (Svéd á llam titkár); E . F a lck  (Ludwig- 
Georgs-Gimnázium, D arm stad t, NSZK); G. P . G e o r g ie v  (akadém ikus, 
SZUTA Moszkva, SZSZSZR); J .  E . H a lv er  (FAO-UNDP program  igazga
tó ja); G. E . H a n io ta k y  (Nukleáris K u ta tó  K özpont „D em ocritos” A thén, 
Görögország); P . H a r r e w  (Cambridge-i Egyetem , Cambridge, Anglia); J .  
I va n u s  (Belgrádi Egyetem  K özponti L aboratórium a, Belgrád, Jugoszlávia); 
I. K ir ja k o v  (Plovdivi Tudom ányegyetem , P lovdiv, B ulgária); M. A. K u y p e r  
(Kémiai-Citológiai L aboratórium , Nijmegen, Hollandia); V. S. L e s s e  (L os 
Angelesi Egyetem , California, Los Angeles, U SA ); P . P . L obanov  (VASZHNILL 
elnöke, Moszkva, SZSZSZR); S. L u n d k v ist  (Svéd m ezőgazdasági m iniszter); 
T. M il l e r  (Californiai Egyetem , Entom ológiai Részlege, Berkeley, USA); 
A. M oham ed  (AlAzhari E gyetem  M ezőgazdasági K ara , N asv C ity K airó , 
E gyiptom ); R . F . M u l l e r  (Rostocki Egyetem  Biológiai K ara , Rostock, 
N D K ); J . T. N ie b e s  (Leideni Egyetem , Leiden, Hollandia); R . Olson  (Stock
holm, Svédország); P h a m K h a k L am  (Állami Egyetem  H anoi, V ietnam i D em ok
ra tikus K öztársaság); A. A. P iro g o v  (SZUTA Biofizikai In tézete , Leningrád, 
SZSZSZR); Prof. M. A. R o n k in  (Moszkva, SZSZSZR); Prof. H . A. R o se n 
th a l  (St. Louis, W ashington Egyetem , Missouri, USA); J .  A. R u d in sz k y  
(Oregon Állami Egyetem , Corvallis, Oregon, USA); K . R u ss  (Oregon Állami 
Egyetem , Corvallis, Oregon, USA); P . Sc h e t t e s  (R ovar É le ttan i és Ekológiai 
In téze t, N airobi, K enya); R . S im in o f f  (Tengerbiológiai In téze t A gykutató  
L aboratórium a, K otor, Jugoszlávia); B. Sw ed m a r k  (Svéd Tudom ányos A ka
dém ia, Stockholm, Svédország); H . Se l e g ie w ic z  (Lengyel Tudom ányos
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A kadém ia Zoológiái K utató in téze te , Varsó, Lengyelország); K . T ó th  („Steja- 
ru l” Biológiai, Földrajzi és Geológiai K u ta tó  Állomás, P ingarati, R om ánia); 
J .  H . V is s e r  (Entom ológiai In tézet, W ageningen, H ollandia); J .  W l o d e k  
és J .  W r o b e l  (A Lengyel Tudom ányos A kadém iai H idrobiológiái K u ta tó - 
intézete, Varsó, Lengyelország); D . I .  W ood (Californiai Egyetem , Berkeley, 
USA).

Hosszabb ideig ta rtó zk o d tak  az In tézetben  (egyezményes tém án  k ív ü l): 
D r. R . K i l i a s : H um bold  E gyetem  Term észettudom ányi M úzeuma, B erlin 
(NDK) (2 hét); Dr. T. K u s c h : F riedrich  Schiller Egyetem  Á llattan i In tézete , 
Je n a  (NDK) (1 hónap); Dr. F . S i m a l c s ik : „S te jaru l” Biológiai, F ö ld rajzi és 
Geológiai K u ta tó  Állomás, P ingarati, R om ánia (2 hónap).

Rendezvények

Az 1974 év folyam án az In tézetben  9 konferencia rendezésére kerü lt sor:
1. Szilárdtest k u ta tá s i iskola, m ájus 13—17 között, 11 fő részvételével, 

MTA K özponti F izikai K u ta tó  In téze t rendezésében.
2. Az objek tív  v izsgáztatás elm életi és gyakorlati kérdései c. tanfolyam , 

m ájus 30—június 1 között, és október 28—31 közö tt 24 — 24 fő részvételével 
a  F elsőoktatási Pedagógiai K u ta tó k ö zp o n t szervezésében.

3. Tápnövények szerepe rovarok  m agatartásában  és szaporodásában 
c. nem zetközi szimpózium, június 11—14 közö tt 40 fő részvételével, a  Növény- 
védelm i K u ta tó  In téze t szervezésében, az MTA és MÉM tám ogatásával.

4. Nem zetközi H idrobiológiái Továbbképző Tanfolyam , június 28 — 
július 5 között, a V ízgazdálkodási K u ta tó  In téze t szervezése a la tt, a  FAO 
tám ogatásával.

5. Neurobiológiai K ollokvium , augusztus 21 — 24 között, 50 fő részvé
telével a  Neurobiológiai B izottság és az In téze t rendezésében.

6. M em brán T ranszport K onferencia szeptem ber 3 7 között, 46 fő
részvételével a M agyar Biokém iai T ársaság és az In téze t rendezésében.

7. In terferon  konferencia szeptem ber 11—14 között, 26 fő részvételé
vel, az MTA Mikrobiológiai K u ta tó  C soportjának szervezése a la tt, KGST 
E gyüttm űködés keretében.

8. I I I .  Interdiszciplináris szimpózium: a sporttechn ikák  m ozgásszerke
zetének vizsgálata címmel, szeptem ber 27 — 29 között, 40 fő részvételével, 
a  M agyar Biológiai Társaság Mozgásbiológiai Szekciója és a  Testnevelési és 
Sporttudom ányos Tanács B iom echanikai B izo ttsága rendezésében.

XVI. H idrobiológus N apok október 3 — 5 közö tt 55 fő részvételével 
a  Hidobiológiai T ársaság és az In téze t H idrobiológiái O sztályának rende
zésében.

Kutatási feltételek fejlődése 1974-ben

1974-ben vásáro lt jelentősebb m űszerek, k u ta tá s i eszközök:

ISOCAP (300 tip  L iqu id  Scintillation System ) (Nuclear Chicago); 
TTT 2 b  tip  A utom ata t i tra to r  (Radiom eter, D enm ark); H U N O R  81B  tip . 
számológép (EMG); 175 tip . négycsatornás vonalíró (KUTESZ); M F-1 tip . 
Fotorecorder, 3 db (M EDICOR); D igim et egyenfeszültségm érő, 3 db (M K K L);
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OP-205 tip . precíziós pH -m érő, 2 db (R adelkisz); DC m inm atic d igital v o lt
m éter (EMG).

1974-ben az In tézetben  készült k u ta tás i eszközök: 7 db F E T  bem enetű 
biológiai erősítő.

Könyvtár

A z  év végi összesítés a lap ján  az In téze t leltározott állom ánya 13 568 egy
ség. E b b ő l könyv 4938 db, folyóirat 8630 db.

Az In téze ti É vkönyv  — Annál. Bioi. Tihany 41. k ö te té t 659 címre kü ld 
tü k  meg, m elyért cserébe kö te tben  szám olva — 204 k iadvány  érkeze tt.
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B ib Ó, P .  (1974): A  b a la to n i fogassüllő energ ia transzfo rm álása . — Halászat 67, 138— 140.
Ponyi, J .  (1974): A  B a la to n  élővilága. —  Balaton monográfia, Panoráma, Budapest, 

95— 107.
S .- R ó z s a , K . (1974): R e la tio n  o f  th e  second  m essenger sy s tem  to  th e  electrogenesis 

an d  reg u la tio n  o f th e  c o n trac tio n  in  th e  h e a r t  cell m em brane  o f  In sec ta . —  Comp. 
Biochem. Physiol. 49A, 81— 88.

S .- R ó z s a , K . (1974): B iológiailag a k tív  an y ag o k  h a tá s a  ingerlékeny  m em bránon . —  
M T A  Bioi. Oszt. Közi. 1 7 , 259— 275.
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b a n  gerincte len  á lla tokon . —  Doktori Értekezés Tézisei, Tihany, 1— 18.

S .- R ó z s a , K ., T . K i s s , I . V .-S z ő k e  (1974): K- UI.-Po>KA, T . K hlu, II. B .-C s k e : CpaßHH- 
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KJieroK. — )K. 06u). E uoa. 35. 762—777.

S .- R ó z s a , K ., J .  S a l á n k i  (1974): R e tro g ra d  in trace llu la r s ta in in g  a n d  iden tif ica tio n  o f 
G astropoda  neurones w ith  CoCl2. —  Acta biol. Acad. Sei. hung. 25, 222.

Sa l á n k i, J . ,  L . H ir i p i , J .  N em csók  (1974): Seasonal v a ria tio n s  o f  a c tiv ity  an d  sero
to n in  level in  th e  fresh  w a te r m ussel, Anodonta cygnea L . —  Zool. Jb. Physiol. 
Bd. 7 8 ,  369— 377.

S a l á n k i , J . ,  L . H i b i p i , J .  N e m c s ó k  (1974): R eg u la tio n  o f  pe rio d ic ity  b y  m onoam ines 
in  th e  m ussel Anodonta cygnea L . —  J .  interdiscipl. Cycle Bes. 5, 277— 285.

S a l á n k i , J . ,  I .  V a d á s z  (1974): T em p era tu re  dependence  o f  th e  a c tiv ity  p a tte rn  in  t h e  
B r-ty p e  cell o f  th e  H elix pomatia  L . —  Acta phys. Acad. Sei. hung. 43, 115— 124.

S a l á n k i , J . ,  I .  V adász, M. V ébó  (1974): C hem ical se n s itiv ity  a t  d iffe ren t te m p e ra tu re s  
o f  th e  B r-ty p e  b im odal p acem ak er neurone in  th e  CNS o f th e  snail H elix poma
tia  L . —  Acta phys. Acad. Sei. hung. 44, 51— 59.

V a b a n k a , I .,  V . L . S v i d e b s k y  (1974): F u n c tio n a l cha rac te ris tic s  o f  th e  in te rn eu ro n s 
o f  w ind-sensitive h a ir-recep to rs  on  th e  h ead  in  Locusta migratoria L . I .  I n te r 
n eu ro n  w ith  e x c ita to ry  responses. —  Comp. Biochem. Physiol. 48A, 411— 426.

V a b a n k a , I .,  V . L . S v i d e b s k y  (1974): F u n c tio n a l cha rac te ris tic s  o f  th e  in te rneu rons 
o f  w ind-sensitive h a ir-recep to rs  on  th e  h ead  in  Locusta migratoria L . I I .  I n te r 
n eu rons w ith  in h ib ito ry  responses. —  Comp. Biochem. Physiol. 48A , 427— 438.

Z s .-N a g y , I .  (1974): Som e q u a n ti ta t iv e  a sp ec ts  o f  oxygen  consum ption  a n d  anaerob ic  
m etabo lism  o f  m ollusean  tissues —  a  review . —  Comp. Biochem. Physiol. 49A, 
399— 405.

LIST OF PAPERS PU BLISH E D  ELSEW H ERE AS IN VOL. 41 OF OUR



LIST OF SCIENTIFIC LECTURES IN 1974 YEAR

Bíró P ., G a r á d i  P .: A  dévérkeszeg (Abramis brama L.) állom ánystruktúrája és pro
dukciója a B alatonban. —  X V I .  Hidrobiológus Napok, T ihany, 1974. október 
3— 5.

B ír ó  P .: A  B alaton  állatvilága és az újabb kutatások eredm ényei. —  T I T  előadás, Bala
tonalmádi, 1974. november 24.

E l e k e s  K .: K ülönböző fixálási eljárások az elektronm ikroszkópiában. —  Referátum. 
M A T E  Elektronmikroszkópos és Röntgenoptikai Szakosztály, Elektronmikroszkópos 
Klub, Budapest, 1974. jú n iu s  10.

E l e k e s  K ., H i r i p i  L.: 6 - h y d r o x y d o p a m in  k e z e lé s  h a t á s a  a  t a v i  k a g y ló  (Anodonta 
cygnea L.) g a n g l io n j a i n a k  u l t r a s t r u k t ú r á j á r a .  —  M É T  X L . Vándorgyűlése, Debre
cen, 1974. jú liu s  4.

E l e k e s  K .: Transzm itter tárolás ta v i kagyló központi idegrendszerében. —  I .  Neuro- 
biológiai Kollokvium, T ihany, 1974. augusztus 23.

H e r o d e k  S., T a m á s  G.: A  B alaton  biológiai állapota Tihanynál és K eszthelynél a fito- 
plankton vizsgálata szerint. —  X V I .  Oeorgikon N apok keretében rendezett X I .  
Biológiai Vándorgyűlés, Keszthely, 1974. augusztus 22— 24.

H e r o d e k  S.: A  fitoplankton szerepe a B alaton  ökoszisztém ájának energiaellátásában. —  
X V I .  Hidrobiológus Napok, Tihany, 1974. október 3— 5.

H i r i p i  L .,  N e m c s ó k  J . :  6 -h y d ro x y d o p a m in  h a tá s á n a k  b io k é m ia i v iz s g á la ta  t a v ik a g y 
ló n . —  M E T  X L . Vándorgyűlése, Debrecen, 1974. jú liu s  3— 5.

H i r i p i  L ., R a k o n c z a i  Z.,, N e m c s ó k  J.: The uptake o f  k inetics o f  serotonin, dopamine 
and noradrenaline in  the pedal ganglia o f  the fesh-water m ussel (Anodonta cygnea 
L.). —  F E B S  Meeting, 25— 30. August, 1974. Budapest.

K iss  T ., S .- R ó z s a  K .: A  m ásodik messenger rendszer anyagainak m em bránhatása  
H elix pomatia  szívizom sejtjein. —  M É T  X L . Vándorgyűlése, Debrecen, 1974. 
jú liu s  3— 5.

N e m c s ó k  J ., H i r i p i  L ., S a l á n k i  J.: M onoaminoxidáz gátlószerek hatása a  ganglionáris 
szerotonin szintre és az aktivitásra ta v i kagylón. —  M É T  X L . Vándorgyűlése, 
Debrecen, 1974. jú liu s  3— 5.

P o n y i  J.: A  B alaton  keletkezése és élővilága. —  T I T  előadás, Ifjúsági K lub, Bálaton- 
füred, 1974. február 8.

P o n y i  J.: A  B alaton  tápanyagtartalm a és az angolna kihelyezés összefüggései. —  
M agyar Agr. Tud. Egyesület Állattenyésztők Társ., Halászati Szakosztály, B uda
pest, 1974. március 22.

P o n y i  J.: Ekológiai alapism eretek és a  B alaton  környezetvédelm e. —  Agrártudományi 
Egyetem, Keszthely, 1974. március 26.

P o n y i  J.: A  B alaton  élővilágának helyzete és term észetvédelm ének feladatai. —- Bala
toni Természet- és Környezetvédelmi Ankét, Siófok, 1974. május 31.

P o n y i  J.: A  B alaton  eutrofizálódásának néhány kérdése. —  N yitra i Tanárképző F ő
iskola Hallgatóinak, Tihany, 1974. jú liu s  12.

P o n y i  J . : Á llati eredetű m aradványok m ennyiségi és m inőségi összetétele. —  X I .  
Biológiai Vándorgyűlés, Keszthely, 1974. augusztus 23.

P o n y i  J.: V izek környezetvédelm e, különös tek in tette l a  B alaton  vízvédelm ére. —
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Gödöllői A grártudom ányi Egyetem  Környezetvédelm i S za ká n a k  hallgatói szám ára, 
T ih a n y , 1974. szeptember 26.

P o n y i  J.: A  B alaton-kutatás és a tó  élővilága. —  Veszprémi K iss  Lajos Á lt. Iskola  
30 pedagógusa számára, T ihany, 1974. szeptember 12.

P o n y i  J .: A z  eutrofizálódás problém ái. —  Vízgazdálkodási Főiskola, Baja, 1974. decem
ber 11.

R a k o n c z a i  Z., H i r i p i  L., N e m c s ó k  J.: M onoamin felvétel k inetikai vizsgálata Anodonta 
izolált pedális ganglionjában. —  M E T  X L . Vándorgyűlése, Debrecen, 1974. jú liu s  
3— 5.

S .- R ó z s a  K .: H elix  s z ív  v e r a t r i n s z e n z i t í v  r e c e p t o r a i n a k  k ö z p o n t i  lo k a l i z á c ió já r ó l .  —  
M É T  X L . Vándorgyűlése, Debrecen, 1974. jú l iu s  3— 5.

S .- R ó z s a  K .: Ciklikus nukíeotidok részvétele ingerületi folyam atok szabályozásában. —  
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