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According to  G ersctien feld  (1963), th e  central nerve term inals of 
Vaginula solea (Pelecypoda) are characterized by  th ree  types of vesicle: clear, 
dense-core and  neurosecretory ones. In  th e  neuropile of th e  ganglia of o ther 
bivalves ( Mercenaria mercenaria and  Spisula solida)  a t  least four types of 
vesicle have been distinguished: clear vesicles; dense-core vesicles of 500- 800Á; 
900 — 2000 A ones w ith very  high electron opacity ; and  1000 3000 A
vesicles containing homogeneous m ateria l of vary ing  density  (Loveland  
1963; Co t t r e l l , 1968). These types could be observed (Co ttr ell  and  Ma s e r , 
1967) in Mercenaria even a fte r differential centrifugation and  O s0 4 fixation.

Using O s0 4 fixation, em pty, dense-core (full) and  transitional (emptying) 
vesicle forms have been described by  Z s .-N agy  (1968b) in th e  cen tral nervous 
system  of th e  fresh w ater mussel. A fter reserpine trea tm en t the  size of the  
vesicles decreased uniform ly and  th e  m ajority  of them  tu rn ed  into em pty  
or em ptying s ta te . On th is basis th e  conclusion was draw n corresponding to  
the  form er assum ptions (Zs .-N a g y , 1964; 1968a) th a t  the  th ree types of vesicle 
represent the  differential functional sta tes of a single elem ent, nam ely of the 
full dense-core vesicles. A fter glutaraldehyde-osm ium  or single osm ium -fixation 
th ree types of granule were distinguished in th e  ganglia of Anodonta cygnea 
(B a r a n y i, 1971).

On the  basis of the above results the  reinvestigation of the  u ltras tru c tu re  
of th e  ganglia of Anodonta cygnea L. seemed to  be necessary in order to  reveal 
the  m orphology of the  vesicles of th e  axons a fte r fixations differing from  the  
single O s0 4, as well as to  decide w hether the  vesicle populations form erly 
considered to  be homogeneous (Zs .-Nagy , 1968b) can be d ifferentiated  into 
various vesicular profiles.

Material and methods

The investigations were carried ou t on th e  ganglia of 15— 18 cm long 
specimens of Anodonta cygnea L. The cerebral and  pedal ganglia were fixed 
in tw o ways: 1. G lutaraldehyde-osm ium  (GA-Os): fixation w ith  3%  glutar- 
aldehyde d ilu ted  w ith B alaton-w ater a t  20 °C for 2—3 hr, and  postfixation 
w ith  2%  O s04 buffered w ith s-collidine (B e n n e t t  and  L u e t , 1959) for 25
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min. a t  О °С and  for 5 min. a t  room  tem perature. 2. Potassium  perm anganate: 
th e  ganglia were fixed in ice-cold 1.5%  or 3%  K M n 0 4 dissolved in Anodonta- 
R inger (Ma r c zy n sk y , 1959; p H  7.04) for 45 m inutes.

R eserpine trea tm en t: 1. 2.5 mg reserpine (Rausedyl) was dissolved in 
2 litre  B alaton-w ater and  4 anim als were kep t in it for 24 hours (“oral t r e a t
m en t” ), then  the  anim als were placed in running B alaton-w ater for one or 20 
days; 2. 2.5 mg reserpine (Rausedyl) d ilu ted  w ith  1 ml Anodonta-Ringer was 
in jected  into th e  foot and  th e  ganglia were prepared  a fte r 12 hours. In  all 
cases of reserpine trea tm en t GA-Os double fixation was used.

A fter dehydration  w ith  ethanol th e  ganglia were em bedded in A raldite 
(D urcupan, ACM, F luka). The sections were cut on an  L K B  U ltro tom e I I I .  
u ltram icrotom e, th e  m icrographs were tak en  w ith a TESLA BS 413A electron 
microscope. The sections were contrasted  w ith u rany l aceta te  and  lead citra te  
(R e y n o l d s , 1963).

In  all cases, m icrographes of a final enlargem ent of 58.500 were used for 
m easurem ents of the  average diam eters and  frequency d istribu tion  of the  
vesicles. The size ranges of each column of th e  histogram  increased b y  one mm 
beginning a t  th e  sm allest d iam eter (3 m m  =  513 Á).

Results

Double fixation (GA-Os)

In  th e  axon term inals and  axons of the  neuropile of bo th  ganglia five 
types of vesicle can be distinguished on th e  basis of their m orphology and  size. 
1. P robably  peptridergic neurosecretory vesicles (PNV) w ith  a d iam eter of 
1000 —1900 Á. They are characterized by a fine granu lated  inner content 
en tire ly  filling th e  vesicles an d  by  an  irregular form ( Fig. la ). 2. Large dense- 
core vesicles (LDCV) w ith  a d iam eter o f 1200- 1800 A. T hey are spheroid 
w ith  a  core of medium  of high density  separated  only by  a  narrow  halo from  
th e  bordering m em brane (Fig. lb ). 3. Small dense-core vesicles (SDCV) w ith 
a d iam eter of 700—1200 Á and  a core o f varying electron opacity  (Fig. lc ). 
4. So-called “eccentric” dense-core vesicles (EDCV). Their size strongly varies 
(1000—2000 Á ). T hey have an  ovoid form  and  a core of varying size and  density  
b u t always of eccentric localization (Fig. Id ). 5. Clear vesicles (CV) w ith an 
average diam eter of 600 — 800 Á ( Fig. le).

From  th e  above five types of vesicle, LDCV, SDCV and  CV occur p re
dom inantly  in th e  axons of neuropile as a rule m ixed w ith each other. All 
th ree  types can always be observed in th e  axon term inals recognized by  their 
synaptic-like connections ( Figs 4a and  4b). However CV m ay be absent in 
o ther axon-profiles; LDCV or SDCV types m ay occur alone. The PN V  are 
contained always by  a special axon ty p e  ( Fig. 2) occurring ra th e r rarely  and  
representing only a sm all fragm ent of all the  axon profiles. The EDCV are of 
vary ing  occurrence. In  some axons and  term inals th ey  are th e  only vesicular 
com ponents ( Fig. 3), b u t in o ther ones th ey  are m ixed w ith  LDCV, SDCV 
and  CV.

The m ajority  o f th e  neuronal somas contain no dense-core vesicles. 
In  some of them  SDCV and  LDCV are observed in relatively  sm all num ber. 
Somas showing only EDCV com ponents have also been found (F ig. 7).
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F ig . 2. A xon con ta in ing  P N V  in th e  neuropile o f th e  peda l ganglion. GA-Os fixa tion ,
X 58.600
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F ig. 3. A xon con ta in ing  p red o m in an tly  ED C V , an d  in  th e  v ic in ity  o f it  an o th e r one 
show ing d ifferen t ty p es  o f vesicle. GA-Os fixa tion , x  68.500
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F ig . 4a. D e ta il from  th e  neuropile o f th e  ped a l ganglion. Below  a n  axon  con ta in ing  LDOV.
GA-Os fixa tion , x  58.500
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F ig. 4b. A xons tran sp o rtin g  d ifferen t vesicu lar profiles in  the  neuropile o f th e  p ed a l 
ganglion. GA-Os fixa tion , X 30.000
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F ig . 5a. F req u en cy  d is tr ib u tio n  h is to g ram  w orked  o u t fo r th e  CV, SDCV an d  LDCV

F ig . 5b. F req u en cy  d is tr ib u tio n  o f  th e  CV, SDCV and  LDCV  a f te r  a  12-hour reserpine
tre a tm e n t, in jec ted  in to  th e  foo t

F ig . 5c. F req u en cy  d is tr ib u tio n  h is tog ram  o f CV, SDCV an d  LDCV one d ay  a f te r  a  24-
ho u r “o ra l” reserp ine tre a tm e n t
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F ig. 5d. F req u en cy  d is tr ib u tio n  h is to g ram  o f CV, SDCV an d  LDCV ty p es  20 days a f te r  
a  24-hours “o ra l” reserp ine tr e a tm e n t

F ig . 6. The p ro p o rtio n  o f h is to g ram  a reas  com pared  to  th a t  o f th e  contro l

Taking in to  consideration the  d ifferent m orphological appearance and 
relatively rare  occurrence of PN V  and  EDCV profiles, only the  LDCV, SDCV 
and  CV types were counted for th e  frequency d istribu tion  m easurem ents.

The frequency d istribu tion  histogram s were composed for th e  axon 
profiles of the  neuropile (Fig. 5a). In  the  case of un trea ted  norm al anim als, 
th e  histogram  shows tw o m axim a a t  th e  diam eters of 860 Ä and  1340 Á. This 
histogram  shows certain  resem blance to  th a t  tak en  a fte r 0 s 0 4 fixation  (Zs.- 
N a g y , 1968b), b u t differs from  th a t in th e  location of th e  two diam eter m axim a 
and in th e  absence of the  sm aller d iam eter groups.

A fter reserpine trea tm en t the  PN V  showed no considerable alterations 
either in frequency or in morphology. The frequency of EDCV decreased. 
However, th e  frequency of occurrence of th e  o ther th ree  types of vesicle 
changed 12 hours (injection) and  24 hours (“o ra l” ) subsequent to  the  trea t-



12

F ig . 7. P e rik a ry o n  con ta in ing  E D C V  in th e  cerebral ganglion. N  =  nucleus, GA-Os
fixa tion , X 58.500

m ent. There was a general dim inution in the  d iam eter values, in so fa r as the 
norm al, 1100 Á average d iam eter decreased to  956 — 968 Á, and  a sh ift on th e  
histogram s tow ard  the  sm aller d iam eters was observed (Fig. 5b, 5c). The 
m axim um  of 1340 A of the  norm al histogram  was absent. A t th e  sam e tim e 
axons com pletely filled up by  LDCV could la ter be seen (Fig. 8).

E ven tw en ty  days subsequent to  the  reserpine trea tm en t ( Fig. 9) the  
average d iam eter of the  vesicles was only 984 Á and  th e  histogram  was also 
altered  ( Fig. 5d). The sum m ation of the  changes caused by  th e  d ifferent reser
pine trea tm en ts  are shown in Fig. 6, representing the  changes of areas belonging 
to  the  columns of histogram s com pared to  th e  norm al one.
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F ig. 8. A xon show ing LDOV a f te r  a  24-hour reserp ine tre a tm e n t. GA-Os fixa tion , X 58.500
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F ig . 9. D e ta il from  th e  neuropile o f th e  peda l ganglion 20 days a f te r  reserp ine tre a tm e n t.
GA-Os fix a tio n , X 58.500
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F ig. 10. D e ta il from  th e  neuropile a f te r  K M n 0 4 fixa tion . A xon con ta in ing  g ran u la ted  
vesicles (A4) is su rrounded  b y  o th e r ones show ing only  “e m p ty ” vesicles (A .,).X  58.500
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F ig . 11a. A xons d iffering  from  each  o th e r on  th e  basis o f th e ir  vesicle co n ten t in  th e  
neuropile o f  th e  p ed a l ganglion. D  =  den d rite , X 30.000
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Fig. l i b .  A xon  w ith  g ran u la ted  vesicles (arrow ) an d  d e ta il o f a  p e rik a ry o n  (Pe) from  th e  
cerebral ganglion. Mi =  m itochond rium , X 58.500

2
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F ig . 12. Special g ranules o f 3000—4000 Á  d iam eters  (arrow s) in  th e  perikaryon . N  =  
nucleus, D y  =  dyctiosom e, x  58.500
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Potassium permanganate fixation

A fter the  1.5% and  3%  K M n 0 4 fixation  th e  m orphology o f bo th  the 
neuropile and  the  somas, as well as the  appearance and  com position of the  
vesicle population were quite d ifferent from  those observed a fte r GA-Os fix 
ation. In  th e  axons and  term inals tw o kinds o f vesicle can be distinguished:
1. G ranulated  vesicles (1050 Á in average) possessing a core of varying density  
( Fig. 10); 2. “E m p ty ” vesicles (averagely 950 Á). A lthough a homogeneous 
m aterial of low density  can also be found inside th is types, g ranular reaction 
never occurs ( Fig. 10). I t  can be established th a t  th e  tw o types of vesicle are 
transported  by different kinds of axons and  th e  m ixture of th e  tw o types can 
rarely  be observed (F igs 11a and  b).

A fter K M n 0 4 fixation  no vesicles could practically  be seen in  the  peri- 
karya, nevertheless som etimes big (3000 4000 Á) granules appeared  a t  the
Golgi-membranes containing a  d ark  precip ita tion  em bedded in to  a m atrix  
of lower electron density  (Fig. 12).

Discussion

In  th e  central and  peripheral adrenergic neurons of verteb rates the  
appearance of th e  vesicles are influenced by  the  fixation  m ethods applied 
(Tra n zer  and  Sn ip e s , 1968; T r a n zer  et al., 1969; P e l l e g r in o  d e  I r a l d i 
and  G u e u d e t , 1969; B loom , 1970). The results of H a n n e fo r t h  (1965), 
R u d e  et al. (1969), M y h r b e r g  (1971, 1972), Ma n c in i and  F ro n ta li (1970) 
show th a t  a f te r  O s04, GA-Os and  K M n 0 4 fixation  th e  m orphology of th e  
vesicles were d ifferent even in invertebrates (Helix pomatia, RETZius-cells 
of the  leech, Lumbricus terrestris, Periplaneta americana). Our results com 
pared  to  those of O S 04 fixation  (G e r s c h e n f e l d , 1963; Z s .-N a g y , 1968a, b) 
also indicate th a t  in th e  neurons of th e  central nervous system  of th e  fresh 
w ater mussel, th e  com position and  th e  appearance o f the  vesicle population 
are affected by  th e  d ifferent kinds of fixation (O s04, GA-Os, K M n 0 4). A fter 
GA-Os fixation  a t  least five types of vesicles can be distinguished in the  neuro
pile: CV, SDCV, LDOV, EDCV and  PNV. The “sm all em pty, small granular 
and  large g ranu lar” types of the  four vesicular profiles observed in m arine 
species (L o v e l a n d , 1963; Co t t r e l l , 1968) can be considered identical w ith 
the  CV, SDCV and  LDCV forms. A t th e  sam e tim e, we failed to  find th e  ty p e  
containing presum ably th e  substance X  (Co ttrell  and  Ma s e r , 1967).

According to  some results (Ge r s c h e n f e l d , 1963; Sakharov  e t al., 
1965), th e  central and  peripheral neurons of Gastropods can be characterized 
b y  th ree types of vesicle a f te r  O s0 4 fixation : clear, dense-core and  neuro
secretory ones. On th e  o ther hand, clear synaptic and  neurosecretory  vesicle 
were found in th e  in testina l nerves of Helix pomatia (H a n n e f o r t h , 1965), 
while bo th  clear and  several kinds of dense-core vesicles were present in th e  
abdom inal ganglia of Helix aspersa (Co g g esh a ll , 1967; F r a z ie r  e t al., 1967). 
A fter GA-Os fixation, four types of vesicle and  granules — resem bling th e  
m orphology of those of Mercenaria and  Spisula  occurred in the  central and  
peripheral nerves of Glossodoris (N ic a ise  et al., 1968) and  in th e  peripheral 
nerves of Helix pomatia (B o g u sch , 1972). Larger (800—1500 Á) and  sm aller 
(500 Á) dense-core vesicles were also be seen am ong the four types of profile.

2*
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In  th e  axons of the  neuropile of th e  central nervous system  of Octopus five 
types o f vesicular form have been distinguished on th e  basis o f their m orpho
logy, frequency and  zinc iodide-osm ium  reac tiv ity  (B arlow  an d  Ma r t in ,
1971).

In  o ther inverteb rate  nervous system s we know only a single report 
(B est  and  N o e l , 1969; Planaria), according to  which only one ty p e  of dense- 
core vesicle predom inates beside th e  clear ones.

Com paring th e  results of the  single 0 s 0 4 fixation  to  those of GA-Os in 
th e  Anodonta ganglia, we can establish th a t th e  la tte r  preserves m uch b e tte r 
th e  stru c tu re  of th e  vesicular com ponents, th an  th e  form er one. This m anifest 
itse lf on the  one hand, in m uch ra rer occurrence of vesicles showing m orpho
logically “ em pty ing” form, and  in th e  m uch more expressed dense core; and  
on the  o ther hand  in the  lower num ber of clear vesicles as well as in the larger 
average d iam eter of all vesicular profiles. Analyzing th e  effects of th e  reserpine 
trea tm e n t those phenom ena should be kept in m ind. U ndoubtly  m uch more 
noticeable a lterations were revealed by  th e  single 0 s 0 4 fixation  a f te r  reserpine 
trea tm en t. More th an  90 percent of th e  vesicles appeared  as “em pty ing” and 
th e  average d iam eter decreased m arkedly (Zs .-N a g y , 1968b), m eanwhile the 
m onoam ino conten t becam e undetectab le fluorescence histochem ically (Zs .- 
N a g y , 1967). A fter GA-Os fixation, th e  extensive em ptying of the  vesicles 
could no t be observed, being in accordance w ith th e  b e tte r  p reservation of the  
s tru c tu re , however, th e  average dim inution of d iam eter has been detected , 
though  to  a considerably less ex ten t th an  a fte r th e  single 0 s 0 4 fixation.

The inner conten t o f the  dense-core vesicles is evidently  n o t identical 
w ith  th e  m onoam ine content, b u t is m ore of the  la tte r. Some carrier proteins 
(B loom  and  A g h a ja n ia n , 1966; 1968), and  perhaps enzymes m ay also be 
presen t there. I t  is also indicated  by  th e  fact th a t  a fte r the  depletion of the  
m onoam ines, th e  pseudoisocyanine positiv ity  (St e r b a , 1961, 1964) showing 
th e  presence o f certain  proteins can still be observed (Zs .-N a g y , 1968b). 
The protein  n a tu re  of th e  dense core m ight be supported  by  th e  resu lt th a t  
a f te r  glu taraldehyde-dichrom ate fixation  (W o o d , 1966), vesicles showing no 
p recip ita tion  b u t possessing dense core could be found in th e  axons (E l e k e s , 
unpublished observation). The in terna l conten t o f th e  dense-core vesicles 
deprived o f th e ir m onoam ines seems to  become unstab le to  such an  ex ten t 
th a t  th ey  appear “em pty ing” or em pty  a f te r  0 s 0 4 fixation, while in th e  sam e 
s ta te , th ey  preserve alm ost com pletely th e ir in tac t character using GA-Os 
fixation . I t  can therefore be assum ed th a t  th e  a lte ra tion  of th e  m onoam ine 
con ten t of the  dense-core vesicles is indicated  more “sensitively” by  th e  single 
0 s 0 4 fixation, th an  by  th e  double one.

Investigating  th e  effect of reserpine on th e  histogram s, firs t o f all the  
norm al s ta te  should be analyzed. The norm al histogram  can be regarded as 
com posed of tw o sym m etrical curves. One w ith a m axim um  a t 860 Á, th e  o ther 
a t  1340 Á, while th e  group of 1207 Á can be divided betw een th e  tw o main 
groups. The first group represents 67 percent of th e  to ta l vesicle population 
whereas th e  second 37 percent. On th is basis we have to  suppose th a t  tw o 
different kinds of vesicle are represented by  th e  SDCV and  LDCV groups 
a t  least m orphologically b u t presum ably  even functionally. U pon the  effect 
o f reserpine trea tm en t th e  m axim um  of 1340 Á disappears and  th e  ra te  of 
th e  vesicles of th is group decreases from  37 to  24 percent. This change of 13 
percen t is d istribu ted  between th e  sm aller d iam eters so th a t  e.g. in case of the
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reserpine trea tm en t of 24 hours, the  ra tes of th e  vesicles increase in all groups 
from  1207 Á tow ard  the  sm aller ones, m oreover a new group w ith a d iam eter 
of 513 Á also appears (Fig. 5c).

Our results show th a t  th e  vecisles of the  LDCV group are able to  tra n s 
form even in to  sm aller ones and  th en  th ey  cannot be distinguished any longer 
from  the  original SDCV profiles. Taking in to  consideration the  results of the  
0 s 0 4 fixation  neither can th e  form er hypothesis (Zs .-Nagy , 1968 a, b) be 
neglected, according to  which all of th e  dense and  clear vesicles, except the  
PN V  and EDCV, represent only one kind of the  vesicular elem ent showing 
only different m orphological appearance in  th e  m om ent of fixation  depending 
on the  actual functional s ta te . The present experim ents, however, suggest 
also an  o ther possibility th a t  the  dense-core vesicles belonging to  th e  tw o 
m axim a represen t d ifferent qualities affected by  reserpine differently  when 
using double fixation.

Comparing our results to  biochemical and  histochem ical investigations 
we have to  conclude th a t  a fte r GA-Os fixation  the  m onoam ine con ten t of the  
vesicles is no t indicated  by  th e  s ta te  of the  dense centre of the  vesicles. In  
o ther words, according to  bo th  biochem ical (H i r i p i , 1973) and  histochem ical 
(Zs .-N a g y , 1967; 1968 b) investigations th e  m onoam ine conten t of the  ganglia 
was m arkedly decreased by  the reserpine trea tm en t, b u t th e  s ta te  of the 
dense-core vesicles showed no correlation w ith  those drastic alterations a fte r 
double fixation. I t  has also been concluded in cases of o ther invertebrates 
(Periplaneta, Shistocerca, Blabera) th a t a fte r GA-Os fixation  the  dense core 
and  the  catecholam ine con ten t of th e  vesicles are no t in d irect connection 
(Ma n c in i and F r o n t a l i, 1970; Ch a n u sso t  et al., 1969). According to  H i r ip i ’s 
(1973) biochemical investigations reserpine applied in th e  w ater (“ora l” 
reserpine trea tm en t) considerably dim inished th e  m onoam ine con ten t o f th e  
ganglia by  the  fifth  day  (to 10 percent of the  original level) and  even in 25 
days it was a t  the same low level. This is in accordance w ith our histochem ica- 
investigations as regards th e  visceral and  pedal ganglia a f te r  reserpine tre a tl  
m ent applied in injection, b u t in the  cerebral ganglia an  intense regeneration 
can be seen already 1 day  a fte r the  reserpine adm inistration , and  in the  8th  
day  the neuropile of th e  cerebral ganglia showed a m onoam ine fluorescence 
quite sim ilar to  th a t of the  norm al one (Zs .-N a g y , 1967, 1968 b). F u rth e r 
investigations m ay reveal th e  reason of regeneration of th e  fluorescence in 
the  cerebral ganglia, during the  period when th e  biochemical m easurem ents 
yet fail to  indicate the  re tu rn  of dopam ine and  noradrenaline content.

A fter K M n 0 4 fixation, the  dense core indicates the  m onoam ine present 
in the  vesicles a t  the m om ent of fixation  (H ö k f e l t , 1970, 1971). According 
to  our investigations, a considerably sm aller percent of th e  axons contain 
dense-core vesicles (granulated vesicles ty p e  — 1050 Á) in the  neuropile of the  
fresh w ater mussel, th an  a fte r GA-Os fixation. A fter K M n 0 4 fixation, the  
“ em p ty ” vesicles (950 Á) occurred in the  m ajority  of the  axons. H igh dopam ine 
content of the  ganglia has been proved by fluorescence histochem ical (Zs .- 
N a g y , 1967, 1968 b) and  biochemical (H i r i p i , 1972) investigations. Thus, we 
are presum ably faced w ith a sim ilar situation  encountered in the  dopam ine- 
rich regions of the  central nervous system  of m am m als (H ö k f e l t , 1967, 1968), 
Lumbricus terrestris (My h r b e r g , 1972), Periplaneta americana (Ma n c in i and  
F r o n t a l i, 1970), according to  which dopam ine seems to  be more loosely 
bound to  the  m atrix  of vesicles and  “escapes” before K M n 0 4 reaches it. A t
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th e  same tim e, th e  supposition th a t the  dense cores of GA-Os fixation  are not 
identical w ith  th e  m onoam ine are supported  by  th e  electron microscopic 
pictures of th e  K M n 0 4 fixation.

A fter GA-Os fixation, th e  ovoid vesicles possessing always eccentric 
dense cores and  classified into a separate group (EDCV) can be observed in 
a p a r t  o f bo th  the  somas and  the  axons, in the  la tte r  ones even m ixed w ith 
СУ, SDCV and  LDCV types. I t  cannot be regarded as an  independent ty p e  
following K M n 0 4 fixation. In  vertebrates, th a t  ty p e  has been described in 
th e  sym pathetic  fibres of the  pineal gland (Ma ch a d o , 1971), being observable 
a t  th e  form ation of the  sm all and  large granular vesicles from  th e  sm ooth 
endoplasm ic reticulum . Therefore, according to  our opinion th ree possibilities 
m ust be taken  in to  consideration in relation  w ith th e  EDCV type: 1. i t  m ay be 
regarded as a varie ty  of LDCV, appearing in a special form  afte r double 
fixation ; 2. it is a varia tion  of the LDCV being in th e  s ta te  of m obilization; 
3. it is indeed an independent type.

On the basis of the  general considerations in relation to  th e  neurosecretory 
vesicles (My h r b e r g , 1972), th e  vesicles of 1000 1900 Á diam eter (PNV)
observed a f te r  GA-Os fixation, represent presum ably peptidergic neuro
secretion. A fter K M n 0 4 fixation, th e  identification of th is ty p e  is difficult, 
m ainly due to  their ra re  occurrence. They probably  loose their dense cores 
(My h r b e r g , 1972). The possibility can even be raised th a t  th e  large vesicles 
occurring in sm all num ber in th e  axons transporting  CV, SDCV, and  LDCV also 
represent peptidergic neurosecretion. Their size, m orphology and  in terna l 
con ten t m ight indicate it. According to  B a r a n y i (1971), two types of neuro
secretory vesicle can be observed in th e  cen tral nervous system  of th e  Ano- 
donta cygnea L. The elucidation of th e  whole problem  needs fu rth e r investig
ations, so m uch th e  more as in  th e  case of the  ganglia o f Pelecypoda, one 
cannot speak abou t well-defined neurosecretory system s or neurohaem al areas, 
as in  G astropoda ( J o o sse , 1964; R ö h n is c h , 1964; Sakharov  e t al., 1965; 
N o l t e , 1965; S im pso n  e t al., 1966; B o er  e t al., 1968; W en d e l a a r  B o n g a , 
1970).

Summary

1. The u ltras tru c tu re  of the  cerebral and  pedal ganglia of freshw ater 
mussel (Anodonta cygnea L.) has been investigated  in order to  analyze the  
vesicles populations a fte r d ifferent fixations (glutaraldehyde-osm ium , K M nO J.

2. A fter glutaraldehyde-osm ium  fixation  five vesicle types can be d is
tinguished: clear vesicles (CV), small dense-core vesicles (SDCV); large dense- 
core vesicles (LDCV); eccentric dense-core vesicles (EDCV) and  presum ably 
peptidergic neurosecretory vesicles (PNV). The la tte r  tw o types occur ra th e r 
rarely , the  form er th ree represen t th e  m ajo rity  of th e  vesicles in the  neuropile. 
The frequency d istribu tion  histogram  of th e  m ain types shows tw o m axim a.

3. On th e  effect of reserpine trea tm en t the  m axim um  of the  ty p e  of 
larger d iam eter (LDCV) disappeared, and  the  d istribu tion  becam e more 
homogeneous. A fter double fixation  th e  dense cores of the  vesicles do no t 
reflect th e  depletion of th e  monoamines.

4. A fter K M n 0 4 fixation, only tw o types of vesicle can be distinguished.
5. The functional significance of th e  vesicle types is discussed.
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V E Z IK U L A P O P U L Á C IÓ K  Ö S S Z E T É T E L É N E K  
E L E K T R O N M IK R O S Z K Ó P O S  V IZSG Á LA TA  T A V I K A G Y LÓ  

(A N O D O N T A  C Y O N E A  L.) K Ö Z P O N T I ID E G R E N D S Z E R É B E N

Elekes K áro ly  és Z s.-N agy Im re  

összefoglalás
1. A  cerebrális és pedális ganglion u lt r a s t ru k tú rá já t  v izsgá ltuk  a  veziku lapopulá- 

ciók elem zése céljából kü lönböző fixá lások  (G lu tára ldehyd-ozm ium ; K M n 0 4) u tá n .
2. G lu tára ldehyd-ozm ium  rögzítés u tá n  5 vez iku la típus kü lö n íth e tő  el: ü res  

veziku lák  (EV), kis dense-core veziku lák  (SDCV), nagy  dense-core veziku lák  (LDCV) 
excen trikus dense-core veziku lák  (EDCV) és fe ltehetően  pep tid e rg  veziku lák  (PN V ). 
U tó b b i k é t típ u s  m eglehetősen  r i tk a , az e lőbbi h áro m  képezi a  veziku lák  n ag y  tö b b ség é t 
a  neuropilben, am elyeknek  m egoszlási h isz to g ram ja  k é t m ax im u m o t m u ta t .

3. R eserpinkezelés h a tá s á ra  a  nagyobb  á tm é rő jű  (LDCV) típ u s  m ax im u m a e l
tű n ik  a  h isztogram ról, a  m egoszlás hom ogénebbé válik. K e ttő s  fixá lás u tá n  a  dense-core 
veziku lák  középső része nem  tü k rö z i a  m onoam inok  deplée ió ját.

4. K M n 0 4 fixá lás u tá n  csak kétféle  veziku la , “ü re s” és g ranu lá ris  k ü lö n b ö z te t
h e tő  m eg.

5. Az egyes veziku la típusok  funkcionális je len tő ségét d iszk u tá lják  szerzők az 
a d a to k  tü k réb en .
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The synthesis, storage, depletion, inactivation  and  th e  pharmacological 
effects of th e  m onoam ines in the  central nervous system  indicate th a t  these 
substances perform  a complex function in the  brain . D uring th e  last decade 
an  a ttem p t has been m ade to  reveal th e  connection between th e  changes of 
the  monoaminergic system s and  the  behavioural responses. One of the  most 
useful ways for this work proved to  be th e  a lteration  of the  monoaminergic 
system s by  different pharm acons and  th e  analysis o f changes o f the  behavioural 
responses. Nevertheless, th e  q u an tita tiv e  evaluation of these responses en 
counters significant difficulties and  only th e  general aspects could be followed 
such as th e  increase or decrease of responsiveness. The situation  has become 
more com plicated due to  some recent observations according to  which m any 
pharm acons are able to  induce significant changes w ithout affecting the 
m onoam ine level, only altering their tu rnover. The results, however, called 
a tten tio n  to  th e  role of monoamines, firs t of all, to  th a t  of serotonin (5HT) 
in the  regulation of the  activ ity . Thus e.g. seasonal changes of adrenaline, 
noradrenaline (NA) and  5HT parallel w ith the  E E G  ac tiv ity  have been de
scribed in frog by  Seg u r a  e t al. (1967). On th e  basis of experim ents carried 
out also on frogs, the  role of 5H T in ac tiv ity  regulation and  tem peratu re 
acclim atization processes has been em phasized in am phibia (H a r r i ,
1972).

Significant, however not unequivocal changes were found in the  brain 
5H T level during hibernation (U u s p ä ä , 1963; Spa ffo r d  and  P e n g e l l e y , 
1971; D raskoczy  and  L y m a n , 1967). A t th e  sam e tim e, seasonal changes 
were detected  in mice kep t under th e  sam e conditions (Va lzelli and  Garat  - 
t in i , 1968).

The daily  change of ac itiv ity  is followed by  a significant change of 
5HT level in  r a t  and  tu r tle  (F r ie d m a n n  and  W a l k e r , 1968; Qu a y , 1963;
1967) connected w ith th e  conditions of illum ination. The m ost convincing 
evidence for the  regulatory  role of 5HT in th e  ac tiv ity  has been presented 
by  J ouvet  (1968; 1969) who dem onstrated  a higher 5HT level of the  brain  
during sleep th an  wakefulness.

The nervous system s of invertebrates contain a  significant am ount of 
monoamines (W e l sh  and  M o o r e h e a d , 1960; D a h l  e t al., 1966; Sw e e n e y , 
1963), and  although the  stim ulato ry  tran sm itte r function of 5HT has long
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been accepted, unfo rtunate ly  its role in th e  ac tiv ity  regulation has hard ly  
been investigated.

Cardot  (1971) described th e  seasonal change of 5HT level in Helix po
rnál ia, whereas our investigations proved th a t  the  seasonal change of 5HT 
level regulates th e  in itia tion  and m aintenance of hibernation (H ir ip i  and 
Sa l á n k i, 1972).

The ac tiv ity  of the fresh w ater mussel (Anodonta cygnea)  is characterized 
by  a d istinct periodicity. This involves a regular a lternation  of active and  rest 
phases realized in d ifferent functioning of the  adducto r muscles and  other 
organs (Sa lá n k i and L u k a cso v ics , 1967; M o r to n , 1969). The period of rest 
is characterized by a prolonged tonic contraction of th e  adductors, whereas 
during the  active period th e  adductors are relaxed and  perform  quick, rhy thm ic 
contractions. According to  previous investigations, 5HT plays a significant 
role in the  re laxation o f th e  adductors (Sa l á n k i, 1963; Sa lá n k i and  L á b o s , 
1969), and  one can assum e th a t  th e  regulation o f the  m echanisms m aintaining 
th e  ac tiv ity  takes place th rough  th e  serotoninergic system .

I t  has been shown during our previous investigations th a t  th e  central 
nervous system  of fresh w ater mussel contains 40 — 70 yug/g wet weight of 
5HT (H ir i p i , 1968), 10—20 /ig/g w et weight of dopam ine (DA) and 1 -2 
//g/'g wet weight of NA (H i r i p i , 1972). I t  has also been proved th a t  5HT m ay 
have connection w ith  th e  regulation of th e  periodic ac tiv ity  (Sa l á n k i, 1963). 
F u rth e r evidences were given by  our earlier investigations for th a t  role of 5HT. 
I t  is known th a t  th e  stim ulation of th e  cerebro-visceral connective (CVc) 
using suitable param eters is of relaxing effect on th e  adductors in th e  m ajority  
o f cases, and  th e  re laxation is especially o f expressed degree upon the  influence 
o f repeated  stim ulation  (Sa lá n k i and  L á b o s , 1963). We determ ined the 5HT 
conten t in bo th  adductors during relaxed sta te . A fter tw o h r of stim ulation, 
the  5HT conten t of the  an terio r and  posterior adductors was higher th an  
th a t  of the control muscles. The stim ulation  induced an  increase of 33 percent 
in th e  an terio r and  25 percent in th e  posterior adducto r in th e  5HT content, 
being significant in bo th  cases.

The 5H T content was analyzed in the  ganglia and  the  adductors a t  the  
beginning of the  active and  rest periods, i.e. in th e  opposite phases of th e  
spontaneous periodic ac tiv ity .

W hen m easuring the  5H T conten t of the ganglia, only th a t  of the  vis
ceral one changed a t  th e  beginning of th e  active and  rest periods. I t  was 23 
percent lower a t  th e  beginning of th e  active period in  th e  visceral 
ganglion.

M easurem ents of 5H T conten t in th e  an terior and  posterior adductors 
separatedly , revealed th a t  th e  5HT level is twice as high in th e  form er th an  
in th e  la tte r  one. The 5HT contents were higher in bo th  adductors a t the  
beginning of the  active s ta te  th an  those in the  period of rest. The increase 
am ounted  to  30 percent in the  an terior adducto r and  25 percent in th e  posterior 
one, being significant only in th e  former.

Since the  ac tiv ity  o f th is bivalve can qu an tita tiv e ly  be followed on th e  
basis o f th e  characteristic periodicity, i t  represents a good object for in 
vestigating of th e  connections between the  changes of the  m onoam ine level 
and  the  ac tiv ity  p a tte rn . The fact th a t  th e  ac tiv ity  can be recorded not only 
under laboratory  b u t also under n a tu ra l conditions, represents a significant 
contribution to  th e  analyses of the  behavioural responses. This way one can
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control the  effects of th e  laborato ry  circum stances on th e  n a tu ra l environ
m ental conditions.

The present investigations were in tended  a t  answering the  question, 
how far the  pharm acons affecting the  m onoam ine m etabolism  do a lte r the  
m onoam ine level and  th e  activ ity , and  how can we in te rp re t those alterations 
from  the  po int of view of regulatory  m echanism s of the  periodic activ ity?

Methods

Determination of 5HT

T he 5HT co n ten t o f  100 — 200 m g ganglion  tissu e  w as m easu red  a f te r  
hom ogen ization  in  0.1 n  HC1 using  th e  m e th o d  o f K ttntzman e t  al. (1961).

Determination of catecholamines (CA)

A bout 200 mg of ganglion tissue was homogenized in acidified bu thano l 
(Ch a n g , 1964), then  centrifuged (5 min, 2000 rpm ). The CA conten t of the 
supernatan t was transferred  to  1 ml of 0.1 n  HC1 in the  presence of heptane 
by shaking (Ma ic k el  e t al., 1968). The pH  of th is acidic phase was m odified 
to  8.5 by  addition of 10 vol Tris-HCl buffer (0.5 M, pH  8.5), whereas the 
isolation of CA using A120 3 and  determ ination was carried out by th e  m ethod 
of A nton  and  Sa y r e  (1962; 1964).

Treatments with pharmacons

Mussels of 150 g body weight were used. Their ac tiv ity  was recorded on 
actographs (Sa lá n k i and  B a lla , 1964).

The ac itiv ity  had  been recorded for 3 — 5 weeks before th e  trea tm en t 
took place, and  for 2 — 5 weeks subsequent to  the  trea tm en t depending on the  
effect. The trea tm en ts were carried ou t as follows: th e  pharm acons were d is
solved in filtered B alaton-w ater, th en  4 mussels were placed in 2 1 of w ater 
containing the  pharm acons: the  anim als were kep t in the solutions for 24 hr, 
except th a t  of tranylcyprom ine, where th e  trea tm en t had  only a 10 hr duration. 
A fter the trea tm en t, the  solutions were changed to  norm al running water. 
In  the  cases o f control anim als the  running of the  B alaton-w ater was stopped 
for the  same period of tim e as th a t of the  trea tm en ts. A t d ifferent points of 
tim e, th e  5HT and  CA contents of th e  nervous system s of th e  anim als were 
m easured. The pharm acons used were as follows:

5H T -creatin ine  su lpha te 10 /onole/1
N A -b ita r ta ra te 10
DA-HOI 10
p-C hlorphenylalan ine (pCPA) 250
a-m eth y l-m eta th y ro sin e  (a-MMT) 512
R eserp ine  (In j. R ausedy l) 
T ran s-2-phenyl-cyclopropylam ine

2.05 „

(tra n y lcy p ro m in e ) 188
Para-brom o-m e1 am p h e tam in e  (V -l 1 1) 19
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Evaluation of parameters of the activity

The du ra tion  (TA and  T R) as well as num ber (nA and  n R) of active and  
rest (A and  R) periods were m easured in each case before and  a f te r  the  t re a t
m ents (Fig. 1). The sum s of durations of active and  rest periods were cal
cu lated  (ATa and  2 T r ) and  so was th e  to ta l du ra tion  o f th e  investigation 
(ATa +  2’T r ). The to ta l duration  of active and  rest periods was expressed 
as a percentage of the  to ta l du ra tion  of investigations:

A T ,
А Т Д+ А Т ,

X 100 and A T,

1 A T  ^  J  R

The frequency of periodicity  was:

A T .+ A T ,
X 100.

VT^  * A A T a +  A T r

The average length of active and  rest periods:

ATa , A TR—A and — —
« a n R

Rest period Tr Aktive period T/\

г Я T г

Hours
F ig . 1. The p e riod ic ity  o f th e  ac tiv ity , a: beginning o f th e  period  o f  re s t; b : beg inn ing

o f th e  act ive period

%

............ .................. H i n n i , a n  п , п . п г  . . I rp—=—

0 20 k0 60 80 Hours

F ig. 2. The frequency  d is tr ib u tio n  o f th e  periods before th e  tre a tm e n ts
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Considering the  ac tiv ity  of all mussels before the trea tm en t, we cal
culated  th e  frequency distribu tion  of the  active and  rest periods ( Fig. 2), and  
on the  basis of activ ities of mussels a fte r the  trea tm en t, the  sam e param eter 
was determ ined.

The investigations were carried ou t in th e  m onths of April, May and  
June. The frequency d istribu tions of the  active an d  rest periods were cal
culated from  1400 periods before th e  trea tm en t and  from  300—350 periods 
a fte r the  trea tm en t . The th in  lines on the  figures indicate this p aram eter before 
th e  trea tm en t, whereas the  th ick  ones do the  sam e a fte r the  trea tm en t.

Results

The effect of pharmacons affecting the monoamine level

In  the  first step  we investigated  w hether the  ac tiv ity  and m onoam ine 
level o f the  mussels are influenced b y  stopping o f w ater curren t for 24 hr. 
The effect is shown in Table I  based on th e  exam ination of 5 mussels. The p a ra 
m eters of th e  ac tiv ity  were calculated on th e  basis of 15 days before and  15 
days a f te r  th e  stopping of w ater current, and  th e  differences are expressed 
as percentages.

The results show unanim ously th a t the  stopping of w ater curren t in 
duced no change in the  periodic ac tiv ity . The only change apparen tly  signi
fican t (-j-18 percent) occurred in th e  average length  of th e  periods of rest. 
H  owever, th is change can be explained by the  wide dispersion of the  average

TABLE I

The changes o f the param eters of the periodic activity.
The changes are expressed in  percent o f the average values before treatment 

( +  ) =  increase (—) =  decrease

Frequency of 
the periodicyt Active time Average length 

of active period
Average length 
of rest period

C ontrol — 0.7 — 4.2 — 1.5 +  18.0
pCPA +  12.5 — 12.5 — 30.8 +  26.9
a-MMT +  7.3 — 12.4 — 20.4 +  51.5
R eserpine +  17.9 — 30.3 —42.9 +  147.9
T ranylcyprom ine +  56.0 -  2.3 — 30.7 — 27.3
v -lli +  36.3 +  2.7 — 20.9 — 11.7
5HT — 4.7 +  6.6 i  81.2 — 18.2
DA +  114.5 -  0.1 — 27.1 — 37.6
NA +  44.0 — 4.2 — 43.8 +  50.7

lengths of th e  periods (the S.D. value am ounts to  100—150 percent of th e  
average), and  extrem e values occurring in certain  cases m ay d isto rt unreally  
the  average length. This was the  situation  in th is case, too, since the  change 
was not reflected in th e  o ther param eters of th e  activ ity .

The analysis o f m onoam ine concentrations revealed the  sam e result. 
The concentrations of 5HT, DA and  NA showed only less th an  10 percent 
change as com pared to  the  anim als kep t in running w ater. In  th e  case of 5HT 
even 3 -5 days of anoxia induces no higher alteration .
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Effects of 5HT, N A  and DA

The anim als become active w ithin a few m inutes a fte r the  adm inistration  
o f 5HT. I f  th e  adducto r muscles are in  tonic contraction, th e  5H T relaxes 
them , and  th e  frequency as well as am plitude of the  quick, rhy thm ic co n trac t
ions increase. This ac tiv ity  p a tte rn  persists during th e  trea tm en t, th en  a fte r 
th e  change of th e  water, th e  original level of ac tiv ity  is only slowly restored. 
T he trea tm en t and  the  slow cessation of the  effect resu lt in an  active period 
of 20 — 60 hr. The rest periods following th is long active one are of short 
du ra tion . A lready before th e  firs t period of rest one can observe short rest 
s ta tes  when th e  tonic contraction of th e  adductors is of lower level th an  
before th e  trea tm en t and  even later. This effect is m ore expressed when the  
m onoam ino-oxidase is inh ib ited  by tranylcyprom ine (Fig. 3). The increase 
o f th e  frequency of rhy thm ic contractions is also of considerable ex ten t during 
th e  active period. The change of d istribu tion  of active and  rest periods ( Fig. 4) 
indicates a decrease in th e  percentual ra te  of the  short, ac tive periods of 2 — 4 h r 
du ra tion  in favour of the  longer ones. In  th e  case of th e  rest periods the  situation  
is reversed, nam ely the  percentual ra te  of th e  periods of rest shorter th an  2 hr 
significantly  increases and  the  longer ones become considerably less frequent.

1/)Ч(1/1Щ̂ 1ШГПГГТГП'АгТ1г|^ ^
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jfííTA vn— j r n r h / m — I

_ j m y y v ^ _

Hours
Fig. 3. E ffect of tranylcyprom ine on the activ ity . Continuous recording. |  beginning 
o f the trea tm en t; f end of the trea tm en t; level of tonic contraction before the tre a t

m ent
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Fig. 4. The frequency distribution  of the periods afte r 5HT trea tm en t
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Hours
Fig. 5. The effect o f DA trea tm en t on the  activ ity . Continuous recorping. DA beginning 

of th e  trea tm en t; \ end of th e  trea tm en t j

The effects o f NA and  DA can be observed practically  only during th e  
trea tm en ts . B o th  m onoam ines seem to  in te rru p t th e  prolonged active periods 
b y  inducing sho rt re s t ones of 1 — 2 h r du ra tion  (Figs. 5 an d  6). This w ay th e  
frequency of periodicity  significantly  increases, nevertheless th e  percentual 
ra te  of th e  re st tim e rem ains unchanged (Table I . ) .  This effect m anifests itself 
in  th e  percentual d istribu tion  o f th e  active an d  re st periods (Figs. 7 an d  8), 
in  th e  increase of ra te  of th e  sho rt ac tive periods an d  decrease of th a t  o f th e  
longer ones. A t th e  sam e tim e, th e  ra te  of th e  re st periods shorter th a n  2 h r 
increases to  a  significant ex ten t and  th a t  of th e  longer ones decreases.

I t  is o f in terest th a t  while th e  DA decreases th e  average lengths o f b o th  
ac tive and  rest periods, th e  NA does only th a t  o f th e  active ones, and  increases 
th a t  of th e  rest periods (Table I .) .

3
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Fig. 6. The effect of NA trea tm en t on th e  activ ity . Continuous recording. NA beginning 
of the  trea tm en t; j. end of the  trea tm en t i

Fig. 7. The frequency distribution  of periods a fte r DA trea tm en t

Effect of parachlorjjhenylalanine (pG P A )

The frequency of th e  periodicity, th e  average length  of th e  re st periods 
as well as th e ir to ta l du ra tion  increase, whereas th e  to ta l tim e o f th e  ac tive 
periods as well as th e  average lengths o f them  decrease (Table I . )  upon th e  
effect o f th e  trea tm en t.

The d istribu tion  o f th e  active periods a fte r th e  trea tm e n t shows a slight 
increase of active periods of m ean du ra tion  (8—10 hr), while bo th  th e  shorter 
an d  longer ones display a lower percentual ra te . A t th e  sam e tim e, th e  ra te  
o f re s t periods shorter th an  6 h r decreases, whereas th a t  of th e  rest periods
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Fig. 8. The frequency distribution  of periods afte r NA trea tm en t

Fig. 9. The frequency distribution  of the periods a f te r  pCPA trea tm en t

of 10—40 h r dura tion  significantly  increases (Fig. 9). T he decrease of th e  
average length  o f th e  active periods ap p aren tly  can be a ttr ib u te d  to  th e  to ta l 
disappearance o f th e  ac tive periods longer th a n  40 hr. A t th e  sam e tim e, th e  
increase o f th e  average length  of th e  re st periods originates in  th e  extension 
o f th e  short periods up  to  10 — 20 hr. The ac tiv ity  of th e  anim als gradually  
decreases upon th e  influence of th e  trea tm e n t (Fig. 10). T he 5H T con ten t o f 
th e  ganglia also shows a  gradual dim inution (F ig. 11).

3*
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Fig. 10. The gradual decrease of the ac tiv ity  afte r pCPA trea tm en t. The trea tm en t took
place on the  1st day

Fig. 11. The decrease of 5HT a fte r pCPA trea tm en t. The 5HT content o f th e  trea ted  
anim als is shown as a  percentage of the  control ones
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The effect of x-methyl-meta-tyrosine (x -M M T )

The frequency of periodicity  an d  th e  to ta l du ra tion  o f th e  rest periods 
slightly  increased a fte r th e  trea tm en t, while th e  average length  o f th e  re st 
periods was 50 percent longer and  th e  to ta l ac tive tim e an d  th e  average length  
o f th e  active periods decreased (Table I . ) .  The ra te  of th e  active periods

Fig. 12. The frequency distribution  of periods a fte r a-MMT trea tm en t
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Fig. 13. The effect o f a-MMT on th e  periodic activ ity . 1 — 34 days: ac tiv ity  before the  
trea tm en t; 35th day: trea tm en t; 35 — 68th days: ac tiv ity  a fte r th e  trea tm en t
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sho rter th a n  10 h r decreases, th a t  o f th e  longer ones (10—30 hr) increases. 
The d istribu tion  o f th e  re st periods shows a  more significant change. The rest 
periods sho rter th a n  8 h r ex tend  and  resu lt in  a  significant increase o f th e  ra te  
o f re s t periods of 10—30 h r (Fig. 12). T he effect of th is  trea tm e n t on th e  
periodic ac tiv ity  is shown b y  Fig. 13. The alte ra tion  of CA is p resented in 
Fig. 14. A t th e  concentration  of a-MMT used, th e  CA level decreased abou t 
50 percent.

Fig. 14. The decrease of DA and  NA afte r the  a-MMT trea tm en t. The concentrations of 
monoam ines are given as percentages of the  norm al values. The trea tm en t took place

on the 1st day

Effect of reserpine

T he changes induced by  reserpine are m ore significant th a n  those ob
served a f te r  pCPA an d  a-MMT trea tm en ts. The frequency of periodicity  in 
creases alm ost 20 percent during an d  a f te r  th e  reserpine trea tm e n t of 24 hr. 
T he to ta l ac tive tim e decreases ab o u t 30 percent, while th e  to ta l  re s t tim e 
increases to  th e  sam e ex ten t. The decrease of th e  average lengths of th e  active 
periods originates in th e  significant decrease of th e  active periods longer th an  
25 h r (Fig. 15). Active periods longer th an  25 h r occur m ainly  during an d  
a f te r  th e  trea tm en t, an d  in  some cases th e  prolonged rest s ta te  is in te rru p ted  
b y  an  ac tiv ity  of 1—2 days 3 — 4 weeks a f te r  th e  tre a tm e n t (Fig. 16, 63— 
64—65th days). The average length  of th e  rest periods increases nearly  150 
percent. This should be a ttr ib u te d  to  th e  increase o f ra te  of periods longer 
th a n  15 h r as well as to  th e  decrease of ra te  o f th e  periods o f sh o rt du ra tion  
(Fig. 15). T he appearance o f re s t periods of 40—60 h r is of significance, th is  
has never been observed in  th e  controls.

The reserpine trea tm e n t causes significant an d  quick changes in the  
ganglionic concentrations o f all th e  th ree  m onoam ines ( Fig. 17). The depletion 
of DA an d  5H T is o f th e  highest speed. B y  th e  end of th e  trea tm en t, the  
concentrations o f b o th  am ines decrease to  ab o u t 50 percent. N inety  percent 
o f  D A  becomes depleted  b y  th e  4 th  day, whereas th e  sam e ra te  o f depletion 
is reached b y  th e  6 th  d ay  in th e  case of 5HT. The depletion o f NA is slower. 
F if ty  percent depletion is to  be m easured a f te r  3.5 days, while 90 percent is 
reached only  a f te r  15 days. The concentrations o f m onoam ines rem ain  p e r
m anen tly  low a f te r  th e  trea tm e n t an d  neither th e  m onoam ine level nor th e  
ac tiv ity  seem to  be restored  during th e  firs t m onth  subsequent to  th e  tre a t-
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Fig. 15. The frequency d istribution  of periods a fte r reserpine trea tm en t

m ent. W hat is more, th e  ac tiv ity  of th e  anim al dem onstrated  in Fig. 16 
rem ained a t  a  low level even 2.5 m onths a f te r  th e  trea tm en t.

A lthough system atic investigations concerning th e  quick, rhy thm ic 
adducto r functions w ith in  th e  active periods have n o t been carried ou t, i t  
deserves in terest th a t  th e  frequency of th e  quick, rhy thm ic ac tiv ity  increases 
to  a  high ex ten t during th e  trea tm e n t as it  was observed in th e  case of 5HT 
trea tm en t, too. This frequency, however, strongly  decreases during th e  2nd 
and  3rd weeks following th e  trea tm e n t and  is of lower value th an  before the  
trea tm en t.

The effect of tranylcypromine

This trea tm en t induces a  very  significant a lte ra tion  o f th e  ac tiv ity  of 
th e  anim als resem bling th e  effect of 5H T during th e  in itial phase. This phar- 
m acon increases the  frequency of th e  periodicity  to  a  very  high ex ten t, b y  
56 percent, whereas th e  ra tes of to ta l active an d  re st tim es rem ain unchanged. 
T he average lengths o f b o th  th e  active an d  re st periods decrease uniform ly 
ab o u t 30 percent. The percentual d istribu tions of bo th  periods significantly  
change. The ra tes of sho rt active an d  rest periods (less th a n  2 hr) m arkedly 
increase, while th e  ra tes o f those longer th a n  6 h r become m inim al (Fig. 18). 
T he response of th e  anim als resembles to  th e  effect of 5H T even from  th e  
po in t of view th a t  during th e  trea tm en t an d  cessation of th e  effect, prolonged 
active periods appear (between 30—70 hr), representing, however, only 0 .1—0.2 
percent of th e  num ber of periods. Sim ilarly as a f te r  th e  adm in istration  of 
5HT, the  frequency of quick, rhy thm ic contractions g reatly  increases during 
th e  active periods appearing in th e  course of th e  trea tm en t (Fig. 3). The 5HT 
concentration o f th e  nervous system  is altered  only to  a  low ex ten t b y  th e  
trea tm en t (F ig. 19).
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Fig. 16. The effect o f reserpine on the  periodic activ ity . 1—35th days: ac tiv ity  before 
th e  trea tm en t; 36th day: trea tm en t; 36—115th days: ac tiv ity  a fte r th e  trea tm en t. 
The lines following each o ther indicate th e  duration  of the active periods, th e  in te r

ruptions do th a t  of the  passive ones

Fig. 17. The decrease o f  5HT, DA and NA afte r reserpine trea tm en t. The trea tm en ts 
took  place on the  1st day. The concentrations of monoam ines are expressed as percentages

of those of norm al ones
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Fig. 18. The frequency d istribution  of periods afte r tranylcyprom ine trea tm en t

Fig. 19. The decrease of 5HT afte r tranylcyprom ine and V - l l l  trea tm en ts. The tre a t
m en t took place on the firs t day. The concentrations of monoam ines are given as percen

tages of those of the  control animals

Para-bromo-metamphetamine treatment

The frequency o f periodicity  increases 36 percent a f te r  th e  trea tm en t, 
th e  average lengths of bo th  periods decrease, whereas th e  percentual ra tes 
o f to ta l ac tive and  re st tim es show only a  m inim al a lte ra tion  (Table I ) .  The 
percentual d istribu tion  o f du ra tion  o f bo th  th e  active and  re st periods displays 
a  considerable change. The ra te  o f ac tive periods shorter th an  8 h r increases, 
while th a t  o f th e  longer ones decreases. The ra te  o f th e  re st periods shorter 
th a n  4 hr also increases, whereas th a t  o f th e  longer ones significantly decreases 
(Fig. 20). The 5HT level shows an  unequivocal decrease (m axim ally 18 per
cent), restored by  th e  8 th  d ay  (Fig. 19)
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Fig. 20. The frequency d istribu tion  of periods a fte r V - l l l  trea tm en t

D isc u ss io n

The analysis o f th e  possible m echanism  of rh y th m  regulation revealed, 
th a t  centres of “ ac tiv ity ” and  “re s t” localized in  th e  cen tral nervous system  
are  responsible for its determ ination  an d  m aintenance (Sa l á n k i , 1970). These 
centres function th rough  th e  tran sm itte r system  or system s.

E arh er investigations have rendered probable th a t  in  th e  fresh w ater 
m ussel th e  tran sm itte r system  of th e  centre of “ ac tiv ity ” is o f serotoninergic 
na tu re , since 5H T relaxes th e  adduc to r muscles on b o th  ganghonic (Sa l á n k i , 
1963) and  m uscular (Sa l á n k i  and  L á b o s , 1969) levels, furtherm ore, significant 
concentrations of i t  are present in  bo th  th e  nervous system  an d  th e  adductors 
(H i r i p i , 1968).

The functional presence o f th is system  in th e  relaxation  o f th e  adductors 
from  th e  tonic contraction is supported  by  th e  earlier findings when stim ulating  
th e  CVc (Sa l á n k i  and  H i r i p i , 1970). The hypothesis was obvious th a t  if  th e  
5H T caused re laxation  n o t only applied to  th e  ganglia b u t also a t  th e  level 
o f  th e  adducto rs (Sa l á n k i an d  L á b o s , 1969), th e  stim ulation  o f th e  CVc 
resulting  in th e  relaxation, too, (Sa l á n k i and  L á b o s , 1963) should influence 
th e  5H T level of th e  adductors. The increase o f 33 an d  25 percent in  th e  5H T
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concentration of th e  adductors upon th e  influence of th e  stim ulation  proved 
th e  correctness of th a t  hypothesis. Since th e  adductors do n o t synthesize 
5HT, th is process takes place only in  th e  nervous system  (H m rpi and  Sa l á n k i ,
1969) and  m ainly so does th e  storage o f i t  (H i r i p i , 1968; H m m  et al., 1972), 
th e  5HT dem and of th e  re laxation  o f th e  adductors as well as th e  increase 
of th e  5HT level should originate in  th e  ganglia. The 5H T from  th e  ganglia 
reaches th e  adductors probab ly  b y  m eans of an  ac tive tran sp o rt independent 
from  the  concentration, where i t  takes p a r t  in  th e  re laxation  o f th e  adductors 
depleting a t  th e  neurom uscular level.

Since th e  periodic ac tiv ity  of th e  m ussel consists o f an  a lte rn a tio n  of 
tonic contraction  and  re laxation  of th e  adductors, i t  seemed to  be reasonable 
to  investigate, w hether an y  change o f th e  5H T level can be observed in  the  
adductors during th e  spontaneous, physiological ac tive an d  passive periods, 
being in  accordance w ith  those observed a f te r  th e  stim ulation  of th e  CVc. 
According to  our results, th e  5HT level was higher in  th e  adductors a t  th e  
beginning o f th e  active period, i.e. a t  th e  spontaneous re laxation  of th e  ad d u c
tors, th a n  a t  th e  beginning of th e  re st s ta te  (Sa l á n k i  an d  H i r i p i , 1970). 
T he increase o f 5H T level (30 percen t in  th e  an terio r an d  25 percen t in  th e  
posterior adductor) is practically  iden tical w ith  th e  values observed a f te r  the  
stim ulation  o f th e  CVc, although th is  increase was n o t significant sta tis tica lly  
in  th e  posterior adducto r a t  th e  beginning o f th e  spontaneous re laxation . 
T he increase of 5H T level of th e  adductors was followed b y  a  change o f 5H T 
level only in th e  visceral ganglion am ong th e  th ree  ganglia. N evertheless, th e  
change am ounting to  23 percent in  th e  visceral ganglion was o f opposite d i
rection as com pared to  th a t  of th e  adductors. I f  according to  th e  chain of 
ideas m entioned above, th e  5H T con ten t o f th e  adducto rs originates in  th e  
ganglia, a  significant difference should ex ist betw een th e  cerebral and  visceral 
ganglia as regards th e ir regu lato ry  m echanism  tow ard  th e  an terio r an d  pos
te rio r adductors, respectively, connected w ith  th e  a lte ra tion  o f 5H T level. 
Nam ely, th e  decrease o f 5H T level o f th e  visceral ganglion a t  th e  beginning 
o f  th e  ac tiv ity  can be in te rp re ted  in  th e  w ay th a t  th e  higher 5H T dem and 
o f th e  adducto r re laxation  is satisfied  from  th e  visceral ganglion a t  an  u n 
changed ra te  o f synthesis even during th e  active tran sp o rt, resulting  in  a 
decrease of th e  ganglionic 5H T level. A t th e  sam e tim e, in th e  cerebral ganghon 
a  periodic change of th e  syn thetic  speed m ay assure a constan t 5H T level 
independently  from  th e  periodic ac tiv ity . This w ay  th e  cerebral ganglion 
possesses a  p rim ary  role in  th e  regulation of th e  periodicity  o f th e  ac tiv ity , 
which is in  accordance w ith  th e  conclusions draw n from  o ther experim ents 
th a t  th e  cerebral ganghon regulates prim arily  th e  re laxation  o f bo th  adductors 
(P a v l o v , 1885; V e r e s c h a g in , 1960; Sa l á n k i  e t al., 1968).

Our results prove th e  hypothesis w ith  a  high p rob ab ih ty  th a t  the  sero- 
toninerg  system  functions as a chemical regu lato ry  system  o f th e  centre of 
“ ac tiv ity ” .

The question arises w hat system  regulates th e  centre o f “re s t” ? The 
results o f th e  pharm acological analysis o f th e  serotoninergic system  as well 
as the  independence o f th e  5HT level from  th e  s ta te  of ac tiv ity  in  th e  cerebral 
ganglion exclude th e  possibility th a t  th e  decrease of 5H T in itse lf can induce 
th e  appearance of rest period. Pharm acological d a ta  show th a t  am ong th e  
CA NA and  adrenaline are able to  induce tonic contraction o f th e  adductors 
a t  the  muscle level o f Anodonta (Sa l á n k i  an d  L á b o s , 1969), however, a t  the
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ganglionic level th ey  induce th e  re laxation  o f th e  adductors sim ilarly to  th e  
effect o f 5H T (Sa l á n k i , 1963). Nevertheless, th is  effect is produced b y  con
centrations o f them  an  order o f m agnitude higher th a n  th a t  of 5HT. A t the  
sam e tim e electrophysiological results revealed th a t  b o th  DA an d  NA cause 
prolonged inhibition  of certain  nerve cells of G astropoda (G e r s c h e n f h l d  and  
T a u c , 1964; G l a iz n e r , 1968; K iss  an d  S a l á n k i , 1971; W a l k e r  e t al., 1971), 
an d  w hat is more, th e  NA blocks th e  ac tiv ity  of th e  Br-cell showing a  charac
teristic  rh y th m  in th e  nervous system  of Aplysia  (B o is s o n  and  Ch a l a z o n it is , 
1972). T he d ifferent chemical sensitiv ity  as well as th e  different effects of the  
sam e tran sm itte r on various neural pathw ays have also been dem onstra ted  in 
th e  ganglia o f Anodonta (Sa l á n k i  and  V a r a n k a , 1971). In  th e  ligh t of these 
pharm acological results one cannot exclude th e  catecholam inergic system  as 
being th e  tran sm itte r system  of th e  centre of “ re s t” , so m uch th e  m ore as 
significant concentrations o f DA an d  NA are presen t in  th e  nervous system  
o f th e  fresh w ater mussel (H i r i p i , 1972).

T he pharm acological investigations influencing th e  function o f th e  above 
tran sm itte r  system s proved  to  be su itab le to  draw  fu rth e r conclusions con
cerning th e  existence and  function o f th e  centres o f “ac tiv ity ” an d  “ re s t” .

T he prolonged active s ta te , induced b y  exogenous 5H T can be in te r
p re ted  th a t  th e  increase o f 5H T level significantly  a ltered  th e  dynam ic 
balance o f centres o f “ ac tiv ity ” an d  “re s t” an d  th e  effect o f th e  form er becam e 
realized. The 5HT acts p robably  b o th  periphperically  a t  th e  level o f th e  ad d u c t
ors an d  centrally  on th e  ganglia. The effect m anifests itself even a fte r th e  
tre a tm e n t when th e  5HT acting  peripherically  is n o t p resen t any  more. W e 
assum e th a t  th e  effect is prolonged b y  th e  p a r t  o f 5HT picked up an d  stored 
b y  th e  nervous elem ents. The subcellular localization of 5H T showed th a t  a 
significant p a r t  of th e  endogeneous 5H T is bound to  synaptosom es (H i r i p i  
e t al., 1972). I t  has also been shown b y  our earlier investigations th a t  5HT 
in jected  in to  th e  foot m usculature is tak en  up  b y  th e  nervous system , and  
a p a rt from  th e  increase o f ac tiv ity , th is  5H T m aintains a higher 5HT level 
of th e  ganglia for several days (H i r i p i  an d  S a l á n k i , 1971). The exogeneous 
5H T is d is trib u ted  am ong th e  subcellular fractions to  th e  ra tes identical w ith  
those o f th e  endogeneous one (unpublished observations). This w ay th e  exo
geneous 5H T tak en  up  m ainly by  th e  synaptosom es sh ifts th e  balance tow ard  
th e  centre of “ac tiv ity ” for several days. The effect o f th e  centre of “re s t” 
becomes lim ited  in  tim e so th a t  it  can m ain ta in  only sho rt periods of rest 
besides th e  long active periods. This is also ind icated  b y  th e  change of d istrib 
u tio n  o f durations of th e  active and  rest periods, nam ely  b y  th e  increase of 
th e  ra te  of th e  short, rest periods of 2 h r as well as th a t  o f th e  m ore prolonged 
ac tive ones.

The serotoninergic system  is p robab ly  one o f th e  regu lato ry  factors 
o f th e  quick, rhy thm ic contraction ac tiv ity , too. N am ely, all pharm acological 
trea tm en ts  flooding th e  neurom uscular an d  ganglionic serotoninergic receptors 
w ith  5HT, increased th e  frequency of th e  quick rh y th m  to  a  high ex ten t. This 
effect appeared  during th e  trea tm en t w ith  5HT, th e  M AO-inhibitor tran y l
cyprom ine and  th e  reserpine.

The results o f DA an d  NA trea tm en ts  indicate th a t  th e  dopam inergic 
and  noradrenergic system s functioning in  th e  centre of “ re s t” are n o t able 
to  overcom pensate th e  serotoninergic one perm anen tly  to  such a degree th a t  
th e  re st period would be able to  get a significant predom inance. The DA can
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ac tiva te  th e  function of th e  centre of “re s t” b y  inducing sho rt re s t periods 
in terrup ting  th is w ay th e  function o f th e  centre o f “ ac tiv ity ” . This results 
in  th e  shortening of b o th  th e  active an d  re st periods as well as th e  100 percent 
increase of th e  frequency dem onstra ted  well b y  th e  change o f d istribu tion  
of th e  periods.

The NA stim ulates th e  “rest cen tre” b y  in te rru p tin g  th e  prolonged active 
periods w ith  m ore prolonged rest ones th a n  existed  before, increasing th is way 
th e  frequency and, as against to  th e  DA, also th e  average length  of th e  rest 
periods. This difference in  th e  effects indicates th a t  DA acts n o t only as a 
precursor increasing th e  concentration  o f NA, b u t also as an  independent 
dopam inergic com ponent. The justification  o f th is assum ption is supported  
by  th e  pharm acological investigations cited form erly, evidencing th e  specific, 
prolonged inh ib itory  effect o f DA on certain  neurons. N otw ithstanding, th e  
tw o system s cannot be com pletely separated , since DA as th e  precursor of 
NA m ay also ac t th rough  th e  a lte ra tion  of concentration of NA. Since there 
are no d a ta  a t  our disposal concerning th e  change of th e  CA level a t  th e  spon
taneous change o f periods, any  fu rth e r analysis of th e  m echanism  would only 
be mere speculation. However, on th e  basis of our results one can assum e th a t  
th e  catecholam inergic system  is able to  function as a  tran sm itte r system  of 
th e  centre of rest.

In  th e  fu rth e r experim ents we a ttem p ted  to  reveal th e  m echnaisms o f 
th e  tw o system s m entioned above b y  m eans of pharm acological influences. 
The function of th e  centre of “ac tiv ity ” was a ttem p ted  to  be inh ib ited  th rough  
th e  blocking of synthesis of its  tran sm itte r.

I t  has been evidenced b y  K oe  and  W e issm a n n  (1968) th a t  pCPA in 
hibits specifically th e  synthesis of 5H T in verteb rates w ithout any  considerable 
influence on th e  catecholam ines. The slow b u t significant decrease of 5HT 
appears even in th e  fresh w ater mussel. The in te rp re ta tio n  of th e  alterations 
o f ac tiv ity  fits  well th e  m odel constructed  for th e  explanation  of regula
tions.

The analysis of th e  pCPA  effects leads also to  th e  form er conclusion 
th a t  5HT plays a decisive role in  th e  function o f th e  centre of “ ac tiv ity ” . 
However, i t  is conspicuous th a t  even in  sp ite o f th e  considerable decrease 
o f 5HT level, th e  centre of “re s t” does n o t reach th a t  degree of predom inance 
which could be expected on th e  basis of th e  decrease of 5HT level. This m ay 
be explained by  assum ing th a t  5H T is p resen t in  tw o pools in  the  nervous 
system . One of them  is an  active pool sto red  m ainly  in  th e  synapses an d  easily 
mobilized, th e  o ther one is of inactive s ta te  an d  forms a reserve. The balance 
of them  assures th e  level o f th e  active pool even in  cases of wide variations 
o f th e  reserved 5HT. P robably , th e  ganglionic 5H T is sto red  in th e  reserve pool 
in a  greater concentration where th e  decrease o f 5H T level does no t a lte r th e  
function o f th e  active pool. Of course, th is  is tru e  only for a critical level.

The decrease of synthesis d isto rts th e  balance o f th e  active and  reserve 
pools to  such a  degree th a t  th e  a lte ra tio n  of th e  active pool will dam age th e  
serotoninergic m echanism . This w ay th e  centre of ac tiv ity  seems to  be ex
hausted  and  th e  effect of centre of re s t becomes predom inant. This is w hy 
th e  average length  of th e  active periods decreases and  th a t  o f th e  passive ones 
increases.

The p-brom -m etam phetam ine, as K n o ll  an d  Ma g y a r  (1971) described, 
specifically affects th e  serotoninergic system  so th a t  i t  does n o t inh ib it the
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synthesis b u t does th e  u p tak e  of 5H T an d  causes 5H T liberation. The con
cen tration  used altered  th e  5H T level only to  a  slight ex ten t, nam ely  decreased 
it. N otw ithstanding , a characteristic change appeared  in th e  ac tiv ity . T he 
increase of th e  frequency an d  decrease o f th e  active an d  re st periods are re 
flec ted  even in  th e  significant change o f th e  percen tual d istribu tion  o f th e  
periods. This effect o f V - l l l  differs from  th a t  o f pCPA and  th e  difference can 
be explained ju s t b y  th e  various m echanism s o f effect. W hile th e  effect o f  
pCPA  inhibiting  th e  synthesis is prolonged and  appears to  be considerable 
a t  th e  critical level of th e  reserve pool, th a t  of V - l l l  appears quickly. The 
inh ibition  o f incorporation in to  th e  synaptosom es m ay resu lt in  th e  dam age 
o f b o th  pools, th u s th e  ac tive tran sp o rt m ay be influenced th rough  th e  stabile 
pool. T he effect o f V - l l l ,  however, induces no prolonged passive period, since 
b o th  pools quickly regenerate during th e  rest, resulting  in  th e  disconnection 
o f th e  effect of th e  centre o f rest.

I t  is o f in te rest th a t  th e  a lte ra tion  of th e  catecholam inergic system  
assum ed to  be th e  tran sm itte r system  o f th e  centre of “re s t” b y  a-MMT 
induces an  effect like th e  pCPA. However, i t  increases th e  frequency only to  
a  lower ex ten t, th e  decrease of th e  average length  o f th e  ac tive periods is 
sm aller, b u t th e  increase o f average length  of th e  re st periods is far more 
significant. W hile in th e  case of pCPA trea tm en t th e  rest periods being shorter 
th a n  8 h r are ex tended  to  15—20 h r a t  th e  expense o f th e  active ones longer 
th a n  15 hr, in  th e  case o f a-MMT trea tm e n t th e  re st periods shorter th an  8 h r 
increase to  15—25 h r so th a t  th e  du ra tion  o f the  active periods hard ly  changes. 
This effect o f a-MMT supports fu rth e r th e  hypothesis th a t  th e  catecholam in
ergic system  m ight be th e  tran sm itte r  of th e  centre o f rest. Ca rlsso n  an d  his 
group dem onstrated  (Ca r lsso n , 1964) in  v erteb rates th a t  th e  depletion o f 
NA caused b y  a-MMT is m ediated  b y  a  corresponding decarboxylated  com
pound of th is pharm acon. Nam ely, a f te r  a-MMT trea tm e n t one can m easure 
b o th  th e  a-m ethy l-m etaty ram ine form ed b y  decarboxylation and  m etaram inol 
form ed by  dopam ine /З-hydroxylase from  th e  la tte r  com pound. T he binding 
o f these com pounds is stronger th a n  th a t  of NA in th e  brain .

The com petition plays im p o rtan t role in  th e  depletion m echanism  of 
NA caused by  a-MMT, since th e  appearance o f th e  a -m ethy la ted  am ine is of 
th e  sam e order o f m agnitude as th a t  of th e  disappearing NA. However, th e  
inhibition  of th e  synthesis m ay also con tribu te to  th is  process.

The effect of a-MMT in  Anodonta m ay  well be in te rp re ted  in  th e  light 
of th e  d a ta  ob tained  in verteb rates an d  fits  well th e  basic hypothesis.

The catecholam inergic system  assures th e  predom inance o f th e  centre 
o f rest so th a t  th e  depleted NA stim ulates th e  inh ib ito ry  neurons. T he decrease 
o f concentration caused by  th e  depletion, however, results in  no dam age of 
th e  centre o f rest, since th e  m ethy lated  products su b stitu te  th e  NA an d  are 
able to  m ain tain  th e  noradrenergic transm ission (Ca r lsso n , 1964; Sh o r e  e t al., 
1966).

Com paring th e  effects of a-MMT and  th e  tw o catecholam ines investig
a ted , th e  extension of the  re st periods caused b y  a-MMT seems to  be realized 
th rough  th e  effect of endogeneous NA, which m ay be m odulated  b y  th e  
decrease of dopam ine level b y  m eans o f a  y e t unknow n m echanism . I t  is o f 
in te rest to  com pare th e  effect o f chlorprom azine observed in  verteb rates and  
mussels from  th e  view -point of th e  role of catecholam ines. Besides o ther 
effects, i t  induces a  supersensitiv ity  tow ard  CA in verteb rates b y  blocking
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th e  in a c tiv a tio n  p erfo rm ed  b y  b in d in g , th ere fo re , a  h igher c o n cen tra tio n  o f  
th e  free  CA is p re se n t a t  th e  recep to r s ites (A x e l r o d , 1964).

I f  th e  m echanism  o f th e  effect is th e  sam e even in th e  nervous system  
of Anodonta, th e  prolonged tonic contraction  induced b y  chlorprom azine 
(Sa l á n k i, 1963) and  th e  effects o f CA, m ainly th e  extension o f th e  passive 
periods caused b y  NA m ay be th e  consequences o f increase o f C A -saturation 
o f th e  inh ib ito ry  neurons.

W hen analyzing th e  effects of reserpine, th e  conclusion can be draw n 
th a t  th e  effects are brough t ab o u t b y  common influences of bo th  serotoninergic 
an d  catecholam inergic system s, however, th e  change of th e  form er is o f de
cisive role. U pon th e  influence o f reserpine th e  depletion o f 5H T and  DA is 
quick an d  nearly  exponential, whereas th a t  of NA is m uch m ore prolonged. 
Com parison of th e  effects an d  th e  depletion shows th a t  during th e  tre a tm e n t 
th e  prolonged active periods and  th e  quick rhy thm ic ac tiv ity  are caused firs t 
o f all by  th e  quick depletion of 5HT. This effect p redom inates so th a t  th e  
centre of rest is only ra re ly  able to  sustain  th e  ac tiv ity  during th e  trea tm en t. 
The reserpine causes depletion o f th e  labile 5H T pool w ith  th e  inhibition  o f 
incorporation in  th a t  pool (Costa  and  B r o d ie , 1964; Ca r lsso n , 1964). H ow 
ever, th e  depletion is so quick during th e  trea tm e n t th a t  th e  liberated  5H T 
cannot be in ac tiv a ted  b y  MAO com pletely, therefore th e  ganglionic level of 
free 5H T increases. This m ay stim ulate  th e  neuronal ac tiv ity  inducing th e  
active tran sp o rt an d  m ay increase even th e  speed o f th e  passive diffusion 
tow ard  th e  effector organs. Because o f th e  sho rt d istance betw een th e  ganglia 
an d  th e  adducto r muscles, th e  diffusion o f 5H T can be so in tense th a t  i t  m ay 
su b stitu te  even th e  active tran sp o rt. The receptors of th e  adductors becom e 
greatly  sa tu ra te d  th e  effect o f which resembles th a t  caused b y  5H T and  
tranylcyprom ine. A fte r th e  quick depletion o f 5HT, th e  ac tiv ity  o f th e  centre 
o f rest is induced no t only b y  th e  significant concentration of NA b u t also 
by  th e  exhaustion of th e  centre o f ac tiv ity . A fte r th e  extensive decrease of 
5HT level, th e  labile pool drops below th e  critical level an d  becomes unable 
to  m ain tain  th e  function of th e  stabile pool. The prolonged rest periods appear 
and  a t  m inim al levels of th e  am ine concentration and  not infrequently  periods 
o f rest occur o f even several days, duration . This is ind icated  by  a  150 percent 
increase o f length  of rest periods and  b y  th e  change of th e  percentual d is trib 
u tion  of th e  periods. In  th is  s ta te  th e  lim iting factor of appearance of an  active 
period is th e  speed of recovery of th e  stabile pool. This w ay from  th e  po in t 
o f view o f reserpine effects n o t th e  level o f depletion b u t th e  speed of it  is of 
decisive role, which has been evidenced in  vertebrates by  B r o d ie  an d  R a id  
(1968).

This is ind icated  also by  our observations th a t  tw o different doses m ay 
induce th e  sam e level o f depletion a t  d ifferent po in ts of tim e, an d  th e  larger 
one causing a m uch quicker depletion increases th e  frequency o f th e  quick 
rh y th m  to  a  high ex ten t, whereas th e  sm aller one shows only m inim al effect 
o f th is  type. I t  has earlier been m entioned th a t  th e  M AO-inhibiting tra n y l
cyprom ine induces an  effect resem bling those of 5H T and  reserpine. The a d 
m inistra tion  o f i t  causes a  prolonged active period during which even th e  
rhy thm ic ac tiv ity  increases, meanwhile th e  5H T level of th e  ganglion rem ains 
practically  unchanged. I t  has been shown in vertebrates th a t  th e  inhibition  
o f MAO increases th e  5H T level (Ga r a t t in i an d  V a l z e l l i, 1965). The presence 
o f MAO has been dem onstrated  in  th e  nervous system  of Anodonta an d  i t
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takes p a r t  in  th e  in ac tiv a tio n  o f 5H T (H i r i p i  an d  Sa l a n k i , 1971). However 
th e  investigations o f different tissues o f Anodonta led to  th e  conclusion th a t  
m ost p a r t  of 5HT is n o t in ac tiv a ted  in  th e  ganglia b u t in  th e  kidney. The firs t 
step  o f th is w ay o f inactivation  is th e  depletion o f 5H T from  th e  ganglia 
tow ard  th e  k idney  tak ing  place th rough  diffusion an d  th e  partic ipa tion  of 
th e  circulatory  system . This agrees w ith  th e  results ob tained  on o ther objects 
(G e r s c h e n f e l d  an d  St e f a n i , 1968; Ca r d o t , 1964; M ir o l l i , 1968), indicating 
a t  th e  sam e tim e th a t  in  some species th e  MAO does n o t tak e  p a r t  in  th e  in 
ac tiva tion  of 5H T in th e  ganglia a t  all. This has also been evidenced b y  th e  
investigations dem onstrating  th a t  M AO-inhibition induces no increase in  th e  
ganglionic 5H T level ( K e r k u t  and  C o t t r e l l , 1963).

T he inh ibition  o f th e  enzym atic inactivation , however, resu lts in  th e  
increase of th e  5H T level only in th e  case if  th a t  is th e  single w ay of elim ination. 
The inh ibition  o f MAO in Anodonta resu lted  in  th e  increase of 5H T con ten t 
in  th e  peripheral organs. The 5HT con ten t o f th e  gangba does n o t increase, 
since th e  5H T u n inactivated  b y  MAO is ebm inated  b y  diffusion an d  circulation. 
The ra te  o f increase m ay be m uch more higher in  th e  adductors and  th e  sa
tu ra tio n  of 5H T receptors o f adductors m ay come in to  being. R eaching th e  
critical level, th e  adductors relax. However, th e  5H T n o t in ac tiv a ted  in  th e  
ganglia m ay increase also th e  active axonal tran sp o rt by  stim ulating  th e  
neurons an d  th is fu rth e r increases th e  5H T concentration o f th e  adductors. 
The restitu tion , i.e. th e  appearance o f periods o f re s t depends on th e  ra te  of 
regeneration o f MAO. The 5H T inactivation  increases depending on th e  speed 
o f regeneration o f th e  enzym e molecules an d  below a  critical 5H T level, th e  
adductors m ay again show a  tonic contraction.

The adm in istration  and  effect o f M AO-inhibitors can be in te rp re ted  in 
a  d ifferent w ay in  case of CA as in  th a t  of 5HT. Since th e  catechol-o-m ethyl- 
transferase is able to  in ac tiv a te  th e  CA no t in ac tiv a ted  by  MAO, th e  unchanged 
CA level indicates th a t  th e  centre of re s t is n o t affected b y  th e  M AO-inhibition.

The pharm acological investigations revealed a t  th e  sam e tim e th a t  
a p a rt from  th e  change o f ganglionic 5H T level, firs t of all, th e  5H T tran sp o rt 
tow ard  th e  adductors plays a  decisive role in  th e  activ ity .

According to  our assum ption, th e  fast axonal tran sp o rt existing in 
th e  nerves o f Anodonta (H e s l o p  and  H o w e s , 1972) m ay represen t th e  active 
tran sp o rt. According to  th e  d a ta  o f th e  above au thors th e  axonal tran sp o rt 
slightly  differs from  th a t  of vertebrates. This tran sp o rt is controlled and  
independent from  th e  pressure an d  concentration  gradients. I t  is inh ib ited  
b y  m uch lower concentrations of din itrophenol an d  cianid, indicating its 
m etabolic dependence. T he m ost strik ing  difference m anifests itse lf in  th e  
effect o f tem peratu re , since i t  is independent from  th e  tem peratu re  betw een 
4 an d  12° C, and  linearly  increases w ith  th e  fu rth e r increase o f th e  tem perature. 
The tem peratu re  dependence of th e  axonal tran sp o rt agrees w ith  th a t  of th e  
ac tiv ity  o f th e  fresh  w ater mussel. The investigation of seasonabty  an d  tem 
p era tu re  dependence of th e  ac tiv ity  as well as o f 5H T level (unpublished 
results) indicates th a t  under n a tu ra l circum stances th e  ac tiv ity  observed 
a t  low tem peratu res, begins to  be norm alized a t  8 —10° C, a f te r  which th e  
axonal tran sp o rt linearly  increases w ith  th e  tem perature.
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Summary

On th e  basis of an  earlier working hypothesis we investigated  w hether 
th e  pharm acological influences on th e  tran sm itte r  system s of th e  assum ed 
centres of “ac tiv ity ” and  “re s t” responsible for th e  regulation of th e  rh y th m  
of fresh w ater mussel (Anodonta cygnea L.) ac t on th e  m onoam ine levels and  
th e  periodicity  of th e  ac tiv ity . The serotoninergic system  o f th e  centre of 
ac tiv ity  was influenced by  inhibition  of synthesis (pCPA) and  th e  inactivating  
enzym e (tranylcyprom ine) b y  depletion of 5H T (Reserpine, У - I l l )  as well as 
b y  exogeneous 5HT.

The catecholam inergic system  o f th e  centre o f rest was a ltered  b y  exo
geneous dopam ine and  noradrenaline, a-m ethyl-m etatyrosine, reserpine and  
tranylcyprom ine.

Investigating  th e  periodic ac tiv ity  and  th e  m onoam ine levels, i t  was 
found:

1. The 5H T level plays a decisive role in  th e  function of th e  centre of 
ac tiv ity . The prolonged ac tiv ity  caused b y  exogeneous 5H T is a  consequence 
o f prolonged increase of 5HT level, m anifesting itse lf p rim arily  in  th e  increase 
o f th e  average length  o f active periods.

2. The ganglionic 5H T level was n o t increased b y  th e  M AO-inhibiting 
tranylcyprom ine, however, prolonged active periods and  g reat increase of 
rhy thm ic contractions were induced b y  th is d rug th rough  th e  absence of 
th e  peripheric inactivation . A fter th e  trea tm e n t th e  frequency of rh y th m ic ity  
was increased b y  decreasing th e  average lengths o f active and  re st periods.

3. The decrease o f 5H T level caused b y  pCPA  and  reserpine, resulted  
in  th e  decrease o f average length of active periods and  th e  increase of th a t  of 
th e  re st ones. The p-brom -m etam phetam ine increases m ainly th e  frequency 
o f rh y th m ic ity  th rough  a slight decrease o f 5HT level.

4. The dopam ine decreases th e  average length  o f b o th  th e  active and  
re st periods, whereas th e  noradrenaline increases th a t  of th e  inactive ones. 
T he effect of a-MMT is probably  realized th rough  th e  effect of NA an d  th e  
significant increase of th e  rest periods is caused b y  th e  liberation of NA.

5. A fter reserpine trea tm e n t th e  predom inance of th e  centre of rest 
is induced p a rtly  b y  th e  significant decrease of 5HT level and  p a rtly  b y  th e  
considerable NA level persisting because o f th e  slower depletion of NA.

6. The 5HT level in itse lf cannot determ ine th e  function of th e  centre 
o f ac tiv ity . The active tran sp o rt tow ard  th e  adductors takes also p a r t in the  
re laxation  of th e  adductors, i.e. in th e  regulation o f th e  active period. The 
decrease of 5H T level influences th e  active tran sp o rt only below a certain  
critical level.
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A  P E R IO D IK U S  A K T IV IT Á S  SZA B Á LY O ZÁ SI M E C H A N IZ M U SÁ N A K  -  
FA R M A K O L Ó G IA I V IZSG Á LA TA  T A V I K A G Y L Ó N  

( A N Ö D Ö N T Л  G Y G N E A  L .)

H ir ip i  László  

Ö ssze fo g la lá s

E g y  k o rá b b i m unk ah ip o téz isü n k b ő l k iin d u lv a  v izsgáltuk , ho g y  a  tav ik ag y ló  
(A nodonta  cygnea L .) r i tm u sá n a k  szab á ly o zásáért felelős „ a k tiv itá s i” és „n y u g a lm i” 
kö zp o n to k  fe lté te le ze tt tra n sz m itte r  rendszerének  farm ako lóg ia i befo lyáso lása h o g y an  
h a t  a  m onoam in  sz in tre  és az a k tiv itá s  period ic itásá ra . A z a k tiv itá s i k ö zp o n t szero ton inerg  
ren d sze ré t a  szero ton in  szin tézis g á tlá sáv a l (pC PA ), a  lebon tó  enzim  g á tlá sáv a l (tran il- 
eiprom in), a  szero ton in  k iü rítéséve l (reserpin , V - l l l )  és exogén  szero ton inna l befolyásol
tu k .

A  ny u g a lm i kö zp o n t ka tech o lam in erg  ren d sze ré t exogén d o p am in n a l és nor- 
ad ren a lin n a l, a -m etil-m eta-tiroz inna l, rese rp inne l és tran ilc ip ro m in n a l befo lyáso ltuk .

A  period ikus a k tiv itá s t  és m o noam in  s z in te t v izsgálva  a z t ta lá ltu k , hogy :
1. A  szero ton in  sz in t m eg h atá ro zó  szerepet já tsz ik  az a k tiv itá s i k ö zp o n t m ű k ö 

désében. Az exogén  szero ton in  á lta l  o k o zo tt ta r tó s  a k tiv itá s  a  szero ton in  sz in t nö v ek e
désének  következm énye, m ely  e lsősorban  az a k tív  periódusok  á tlag h o sszán ak  n övekedé
sében  je len tkezik .

2. A  m onoam ino-ox idáz  gátlószer tran ilc ip ro m in  n em  növeli a  ganglionáris szero
to n in  sz in te t, de a  perifériás in ak tivác ió  h iá n y á n  keresz tü l ta r tó s  a k tív  p e rió d u st és a  
r itm ik u s  ko n trak c ió k  n ag y m érték ű  növekedésé t eredm ényezi. A  kezelés u tá n  ped ig  a 
r itm ic itá s  frek v en c iá já t növeli az a k tív  és n y uga lm i periódusok  á tlag h o sszán ak  csökken
té sén  keresz tü l.

3. A  szero ton in  sz in t csökkenése pC PA  és reserp in  h a tá s á ra  az a k tív  periódusok  
á tlag h o sszán ak  csökkenését és a  ny u g a lm i periódusok  hosszának  növekedését e redm ényezi 
A  p -b ró m -m e th am p h e tam in  a  szero ton in  sz in t k ism érték ű  csökken tésén  ke resz tü l első
so rb an  a  r itm ic itá s  frek v en c iá já t növeli.

4. Míg a  do p am in  m in d  az a k tív , m in d  a  n y u g ah n i periódusok  á tlag h o sszá t 
csökken ti, add ig  a  no rad ren a lin  a  nyuga lm i p e rió d u st növeli. A z a-MMT h a tá s a  valószínű-
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leg a  N A  h a tá s á n  ke resz tü l rea lizá lód ik  és a  fe lszabaduló  N A  okozza a  ny u g a lm i periódus 
je len tő s növekedését.

6. A  reserp in  kezelés a lk a lm áv a l a  nyuga lm i k ö zp o n t tú lsú ly á t a  szero ton in  sz in t 
je len tő s  csökkenésén  tú l  a  N A  lassúbb  k iürü lése fo ly tá n  m ég  m eglevő je len tő s  N A  sz in t 
is okozza.

6. A  szero ton in  sz in t ön m ag áb an  nem  m eg h a tá ro zó ja  az a k tiv itá s i kö zp o n t m ű 
ködésének. E lső so rban  a  záróizom  irá n y á b a  tö r té n ő  a k tív  tra n sz p o rt az a  fo ly am at, 
am ely  a  záróizom  re lax ác ió jáb an , azaz az a k tív  periódus szabá lyozásában  ré sz t vesz. 
A z 6H T  sz in t csökkenése csak b izonyos k ritik u s  sz in t a la t t  befo lyáso lja  az a k tív  tra n sz 
p o rto t.
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In  our earlier papers (Sa l á n k i  an d  K iss , 1969; K iss  and  Sa l á n k i , 1971) 
a  num ber of identifiable neurones were described, which exhibited  a m arked 
varia tion  in  ac tiv ity , b u t th e  ty p e  of ac tiv ity  was always characteristic of 
a  given neurone. Then th e  question arose, w hat delicate m echanism s are 
responsible for th e  differences in th e  generation o f th e  pacem aker ac tiv ity  
o f individual neurones? In  exam ining th is  question it  has to  be considered 
th a t  th e  pacem aker ac tiv ity  o f g ian t neurones is generated  b y  a  d ifferent 
m echanism  (W a z ir i  e t al., 1965) and  in  a  different p a r t o f th e  m em brane 
(T attc, 1962) th an  th e  ac tiv ity  evoked either b y  n a tu ra l or artific ial s tim ul
ation. On th e  o ther hand , th ere  are some differences in th e  special ionic con
ductances underlying th e  pacem aker generation o f th e  spike in the  nervous 
system  of various species (K o s t y u k , 1968), fu rtherm ore th e  individual neurones 
o f th e  sam e anim al can also have different properties in th is respect. As the  
m aintenance of th e  m em brane po ten tia l as well as th e  generation o f th e  action 
po ten tia l can be explained on th e  basis o f th e  concentration gradients and  con
ductances for N a+ , Ca+ + , K + and  Cl-  ions (H o d g k in  an d  H u x l e y , 1952), 
i t  m ight be supposed th a t  different ionic processes underlie th e  v arie ty  of 
th e  spontaneous generation of ac tiv ity . In  close re lation to  th is  th e  possibility 
o f electrogenic ion-currents has to  be considered, too  (T h o m a s , 1972).

Concerning th e  CNS o f Lymnaea stagndlis only a  few con trad icto ry  d a ta  
have been reported  on th is  problem  (Ma g u b a  e t al., 1971; J e r e l o v a  e t al., 
1972; Sa t e l l e  an d  L a n e , 1972). In  th e  presen t paper experim ents were p e r
form ed in  order to  s tu d y  th e  effect o f N a+-, Ca+ + -, K + - and  C l- -free solutions 
on  some identified neurones o f Lymnaea stagndlis. In  th e  firs t place we wished 
to  elucidate w hether th e  ionic requirem ents for th e  po ten tia l generation of 
d ifferent neurones are different, and  to  ob tain  convincing d a ta  referring to  
some questions like the  problem  of ions involved in  th e  generation o f m em brane 
and  action poten tials an d  th e  problem  of th e  ionic dependence of spontaneous 
and  synaptically  driven activ ity .

M a ter ia l a n d  m e th o d s

E xam inations were conducted on th e  abdom inal an d  rig h t parie ta l 
ganglia o f isolated CNS o f Lymnaea stagnalis using th e  identifiable g ian t 
neurones dem onstrated  in Fig. 1. All th e  experim ents were perform ed a t  room
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tem peratu re. The exam ined neurones are located on the  dorsal surface of gang
lia, whose m ost im p o rtan t electrophysiological param eters have already been 
described (Sa l á n k i  and  K iss , 1969; K is s  and  Sa l a n k i , 1971).

M em brane an d  action poten tials were recorded b y  glass microelectrodes 
filled w ith  2.5 M KC1. The curren t for polarizing th e  m em brane was tran sm itted  
th rough  th e  sam e electrode. The m em brane po ten tia l and  its  changes were 
m easured a fte r th e  com pensation of tip  po ten tia l of th e  electrode using a 
d igital voltm eter. For recording we used an  am plifier w ith  F E T  in p u t (K iss 
e t  ah, 1972).

F ig . 1. L ocaliza tion  of th e  iden tified  neurones. GP1 — ganglion  p leu ra le ; L G P a  — le f t 
ganglion  p a rie ta le ; R G P a  — r ig h t ganglion  p a rie ta le ; GA — ganglion abdom inale ; n s — 

nervus sp lanchn icus; n p  — nerv u s pallia lis

The isolated ganglion ring, from  which th e  th ick  connective tissue was 
rem oved was placed in  a  cham ber containing 3 ml physiological saline. The 
com position o f th is saline was: NaCl 46.2 mM; KC1 4 mM; CaCl2 5.6 mM 
( J u l l ie n  and  R ip p l in g e r , 1948).

Test solutions w ith  no conten t of a  given ion were m ade as follows:
NaCl was replaced in 3 d ifferent ways: by  osm otically equivalen t qu an 

t i ty  o f cholin-Cl, Tris-Cl or saccharose alternatively . No significant differences 
could be found betw een these solutions so th ey  are to  be described collectively.

CaCl2 was replaced b y  osm otically equivalent q u an tity  of saccharose.
In  th e  K + -free solution equivalen t concentration o f NaCl was used 

in stead  of KC1.
F o r m aking a  Cl ""-free solution various com binations of th e  following 

com pounds were used: Na-, K -, and  Ca-propionate, N a- an d  K -aceta te , Na- 
an d  K -su lphate . As to  replace CaCl2, Ca-propionate was used in every case 
th e  effect o f Ca-propionate was separately  tes ted  under norm al conditions 
a t  norm al Cl "-concentration .

A fter recording th e  control ac tiv ity  in physiological solution th e  whole 
volum e of th is  solution was exchanged for a given ion-free one. Following
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th is th e  cham ber was continuously perfused w ith th e  la tte r  solution a t  least 
for 5 min.

In  some of the  K + -free solution experim ents th e  microelectrodes were 
filled w ith 3 M NaCl instead  of KC1.

F or exam ining th e  excitab ility  of th e  som a depolarizing curren t or chem 
ical stim ulation  was applied  to  th e  m em brane. F o r th e  chemical stim ulation  
ACh was added  to  th e  b a th  a t  a  sim ilar concentration an d  in  sim ilar w ay to  
th a t  described in  one of our earlier papers (K iss and  Sa l á n k i , 1971).

D uring recording th e  bioelectric signals were fixed on a  m agnetic tape 
an d  th e  desired portions were photographed  la te r b y  m eans of an  EM G os
cilloscope an d  M F 1— 1 photorecorder.

R e su lts

On th e  basis of th e  reaction to  th e  rem oval o f N a+ th e  neurones can be 
classified in to  th e  following categories: The spontaneous ac tiv ity  of th e  cells 
belonging to  the  firs t category is abolished w ithin 2 —3 min. in Na-free solution 
I t  is m ost frequen tly  preceded by  a  continuous reduction of th e  spike am plitude 
and  sim ultaneously th e  firing  ra te  decreases, too  (Figs 2 and  3). This ty p e  
of reaction was shown b y  A l, A5 an d  P5 neurones, whose ac tiv ity  seemed 
to  be under com pound synap tic  control.

The neurones included in ano ther category cease th e ir ac tiv ity  w ithin 
6 — 8 min. ( Fig. 4), e.g. th e  P12 pacem aker an d  th e  A l l  driven neurone belong 
in to  th is  group. In  add ition  tw o pacem aker neurones were found, which 
continued to  generate action po ten tia l more th an  10 min. (A10 and  P I  cell). 
F rom  th e  la tte r  cell som etimes pacem aker ac tiv ity  can be registered even 
30—40 m in. a fte r th e  rem oval of N a+ . The neurones included in  th e  la tte r  tw o 
categories are less sensitive to  th e  absence of N a+ , their action po ten tia l is 
characterized b y  only a  slight reduction  o f am plitude, furtherm ore a fte r a 
transitional decline i t  frequen tly  tends to  be norm alized (Fig. 5).

Im m ediately  a fte r th e  application of th e  N a+ -free solution a transitional 
hyperpolarization o f th e  m em brane of 8 —10 mV can be registered an d  during 
th is  period th e  spontaneous ac tiv ity  is o ften  com pletely blocked, b u t it  
re tu rns again in  4 —5 min. (Fig. 6). H ow ever th e  final disappearance of 
ac tiv ity  does no t y e t occur in th is  period, on th e  contrary , som etimes i t  is 
preceded by  a depolarization o f th e  m em brane.

A fter th e  spontaneous ac tiv ity  ceased in th e  N a+ -free solution all th e  
exam ined neurones can be ac tiv a ted  b y  depolarization indicating th a t  th e  
excitab ility  o f th e  som a m em brane is m ain tained  (Fig. 7). However, a fte r 
prolonged trea tm e n t w ith  the  N a+ -free solution also th e  electric excitab ility  
of m em brane disappears. T he tim e required  for th is  is only shghtly  variable 
ranging betw een 18 and  20 min. except P I  cell, which can be ac tiv a ted  by  
depolarization for undefined tim e w ithin  th e  period of th e  investigation.

The question raised, w hether a  neurone of such condition is able to  react 
to  electric stim ulation  only. As th e  m ajority  of th e  identified neurones can be 
excited by  ACh, th is substance seemed to  be suitable for try ing  to  ac tiva te  
th e  neurones becam e silent in th e  absence o f N a+ . Some of th e  cells — for 
exam ple A10 — are depolarized an d  generate a sho rt tra in  o f spikes following
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F ig . 2. Course o f  th e  abo litio n  o f  sp o n tan eo u s a c tiv ity  in  th e  N a-free so lu tio n  o n  P 5  
neurone. A rrow  m a rk s  th e  exchange o f  physio log ical so lu tion

M1 -  Free solution 
a Spike overshoot 
д Membrane potential 
* Firing rate

F ig . 3. C hanges in  th e  p a ra m e te rs  o f  spon taneous a c tiv ity  o f A1 cell as a  fu n c tio n  o f tim e
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Na-  Free solution
о Spike amplitude 
д Membrane potential 
x Firing rate

F ig . 4. C hanges in  th e  p a ra m e te rs  o f sp o n taneous a c tiv ity  o f A 10 cell as a  fu n c tio n
o f tim e

th e  application of ACh even in  N a+ -free solution ( Fig. 8). B u t th e  o ther 
neurones cannot he ac tiv a ted  b y  ACh.

On th e  cell A10 m entioned above a  special effect o f Na+ -free solution 
was occasionally found. I ts  firing ra te  — diverging from  norm al — increased 
in  th e  early  period. I t  can be a ttr ib u te d  to  an  early  abolition of ILD -s d e te r
m ining th e  general character of th e  ac tiv ity  when th e  firing ra te  o f rhy thm ic 
pacem aker ac tiv ity  does n o t y e t significantly  declined ( Fig. 9).

Effect of the removal of Ga+ +

In  Ca+ + -free solution th e  spontaneous ac tiv ity  generally disappears 
in  5 —10 min. The changes in  th e  m em brane po ten tia l are n o t unequivocal, 
a lthough in  m ost of th e  cases a tran sitio n a l depolarization can be observed 
in  th e  early  phase. I t  is accom panied by  a m arked  increase in  th e  firing ra te  
giving place to  a  decreased frequency a  few m inutes before th e  ac tiv ity  is 
abolished. There is a continuous m arked reduction in  the  am plitude of th e  action
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F ig . 5. A lte ra tio n  o f  th e  sp o n tan eo u s firing  ra te  (— x  —) a n d  am p litu d e  o f  th e  spike 
p roduced  b y  A l l  cell in  th e  N a +-free so lu tion . T he v e rtica l b ro k en  line m ark s  th e  tim e

o f th e  cessa tion  o f  a c tiv ity

po ten tia l ( Fig. 10). A fter th e  cessation of th e  spontaneous ac tiv ity  i t  cannot 
be restored either spontaneously or b y  depolarization.

Ca+ + -free solution is able to  ac tiv a te  th e  silent neurones, a lthough for 
only a  sho rt tim e, because la te r there  is a  dam age o f th e  m echanism  involved 
in th e  generation o f th e  spike ( Fig. 11). There was only two neurones (A5 and  
P12) whose spontaneous ac tiv ity  was m ain tained  in  Ca+ + -free solution for 
as long as 15 — 20 min. or even longer (Fig. 12).

On an  ind ividual neurone we failed to  dem onstrate  any  defin ite correl
ation  betw een tim e courses o f th e  capability  for producing spikes in  N a+ - 
an d  Ca+ + -free solution.

Effect of the removal of K +

In  К -free solution th e  m em brane po ten tia l o f th e  neurones increases 
b y  5 —10 mV. I t  is to  be expected because of th e  increased K + -concentration 
g rad ien t between th e  tw o sides o f th e  m em brane. This hyperpolarization is 
accom panied b y  an  increase in th e  am plitude o f action po ten tia l and  a decrease 
in th e  frequency of spontaneous ac tiv ity  (Fig. 13). The ra te  of decrease in 
th e  frequency is ra th e r variable, in m ost o f th e  cases it  is below 50 %, in some 
o ther cases, i t  can be m uch g reater un til the  ac tiv ity  is elim inated. Sometimes 
th is elim ination occurs in such a w ay th a t  th e  spontaneous, continuous ac tiv ity  
is broken off b y  a hyperpolarization o f 10—20 mV (F ig. 14).

In  a  general given identified  neurone cannot be characterized by  any  
defin ite ty p e  or degree of th e  above changes, as there  is a g reat variab ility
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Na -  Free solution 
о Spike amplitude
л Membrane potential spike/sec

F ig . 6. A10 cell; tim e  re la tions o f  th e  tem p o ra ry  cessation  an d  recovery  o f th e  sp o n tan e 
ous a c tiv ity  in  th e  N a+ -free  so lu tion . D uring  th e  in te rv a l m ark ed  b y  b ro k en  line th e  
neurone is silen t. N o tice , th a t  th is  in te rv a l coincides w ith  a  tra n s itio n a l hyp erp o la riza tio n

o f th e  m em brane

F ig . 7. A c tiv a tio n  o f P 6  neurone b y  a n  a rtific ia l d epo la riza tion  in  th e  N a +-free so lu tion  
a f te r  th e  com plete  cessa tion  o f  th e  spon tan eo u s a c tiv ity . A rrow s m a rk  th e  o n se t a n d  
in te rru p tio n  o f  depolariz ing  DC in  o rder a t  6; 10; 14; 18 an d  22 m in . fro m  th e  ap p lica tio n  
o f  th e  N a  + -free so lu tion . N o tice , th a t  in  th e  6 th  m in. on ly  local p o ten tia ls  a re  p roduced  
in  ad d itio n  to  a  single spike, a f te r  th is  th e re  is a  con tinuous recovery  o f th e  g en era tio n  

o f  sp ike, b u t la te r  i t  is b locked  again
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F ig . 8. A lO  cell lo s t th e  spon taneous a c tiv ity  in  th e  N a+ -free  so lu tion  is a c tiv a te d  b y  
A Ch in  th e  10 th  m in . a f te r  th e  app lica tio n  o f  th e  ion-free so lu tion . N o te : th e  sh if t in  DC 
leve l p reced ing  th e  arrow  is a n  a r t ifa c t re su lted  from  a n  e rro r in  th e  fu n c tio n  o f th e

m ag n e tic  tape -reco rd e r

F ig . 9. T ran sitio n a l effec t o f  th e  N a +-free so lu tion  on  A 10 cell realized  in  a n  increased  
firin g  ra te , a )  co n tro l a c tiv ity ; b) in  th e  3rd  m in . a f te r  th e  app lica tio n  o f  th e  N a  + -free 
so lu tion  i t  is fa irly  visible th a t  th e  increase in  freq u en cy  observed  sim u ltaneously  w ith  

a  red u c tio n  in  th e  am p litu d e  is re su lted  from  th e  e lim in a tio n  o f  IL D

even on th e  sam e cell. AlO cell is an  exception as on th is cell th e  sudden h yper
polarization breaking off th e  continuous spontaneous ac tiv ity  can m ost 
frequen tly  be observed. Occasionally i t  results in  a  perm anen t cessation o f 
firing, on ano ther occasion th e  silence appears to  be tran sitio n a l w ith  a tim e 
course quite sim ilar to  th a t  of IL D  (Fig. 15).

A series o f th e  m easurem ents was done b y  m eans of m icroelectrodes 
filled  w ith  NaCl. U nder these conditions th e  K + -free solution caused m uch 
g reater hyperpolarization ( Fig. 16). A t th e  sam e tim e no significant difference 
was found in  th e  changes observed in th e  am plitude and  frequency of th e  spikes 
com pared w ith  th a t  m easured b y  m eans o f th e  KCl-filled microelectrodes.

Effect of the removal of Cl~

Cl “ -free solution results in  characteristic changes in  th e  ty p e  o f ac tiv ity  
w ith in  a few m inutes. The discharge p a tte rn  becomes irregular, th e  continuous 
ac tiv ity  tends to  be replaced b y  groups of th e  spikes (Fig. 17 a, b). F u rth e r
more, in  some m easurem ents perform ed in  th e  absence o f C1“ th e  ac tiv ity  
assum ed a  bursting  charac ter (Fig. 17 c), where th e  du ra tion  o f th e  con
secutive spikes also showed peculiar changes (Figs 17 d, e). Changes o f th is  
n a tu re  were produced for exam ple on AlO cell. On th is  cell a  burst-like grouping 
o f spikes had  been observed also in  th e  control s ta te  (Fig. 18 a), an d  th is  
character becam e more pronounced upon th e  rem oval o f C1“ (Fig. 18 b). 
I t  can frequen tly  be observed th a t  th e  po ten tia l generation during a b u rs t 
is in ac tiv a ted  for a  sho rt tim e a t  a depolarized level (Fig. 19).
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F ig . 10. T he  m o s t freq u en tly  observab le  in fluence o f  th e  C a + + -free so lu tion  on  th e  
spon taneous a c tiv ity : a  fa s t red u c tio n  th e  firin g  ra te  show s a  b iphas ic  change
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t

F ig . 11. A c tiv a tio n  o f a  silen t neurone b y  C a+ +-free so lu tion . A rrow  m ark s  th e  exchange 
o f  physio logical so lu tion . N o tice , th a t  a f te r  a  te m p o ra ry  ac tiv a tio n  th e  firing  ra te  an d  
th e  am p litu d e  ra p id ly  decrease, follow ing th is  th e  a c tiv ity  d isappears  a t  a  depolarized

level

In  th e  absence of C l" all th e  neurones are characterized b y  a decrease 
in  th e  spike am plitude and  an  increase in  th e  im pulse duration.

I f  ACh was applied to  th e  p repara tion  in  a solution containing no C l" 
th e  burst-like sequence o f th e  poten tials was considerably prolonged (Fig. 
18 c).
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Ca - Free solution

Fig. 12. Changes in  the param eters o f spontaneous ac tiv ity  in  the C a++-free solution 
on P I 2 neurone, which continues to  produce spikes more th a n  16 min. a fte r  exchanging

the  physiological solution

D isc u ss io n

I t  has been described b y  a  num ber of investigators th a t  th e  ac tiv ity  
o f some g ian t neurones is m ain tained  in  N a+ -free solution for quite a  long 
tim e. In  these cases it  was supposed th a t  th e  rising phase of th e  spike is p ro 
duced by  a Ca++ curren t (Gerasim ov  e t a l., 1965; Oom ura  e t al., 1961; 
J er elo v a  e t al., 1972). In  some o f th e  cases th e  “ calcium -spike” hypothesis 
was reconsidered and  e ither a contribu tion  of b o th  N a+ and  Ca++ to  the  
generation of action po ten tia l was suggested, (Me v e s , 1968; G e d u l d ig  and  
J u n g e , 1968; Ch a m b e r l a in  and  K e r k u t , 1969), or a  passive re ten tion  or 
active depot of N a+ was conceived, which m ight be able to  assure th e  N a+ - 
requirem ent for th e  spike generation even if  th e  extracellu lar space is ap p a r
en tly  free from  N a+ . (K ra sts  and  V e p r in t z e v , 1972; M o r e t o n , 1972). 
In  our exam inations th e  spontaneous ac tiv ity  of m ost neurones ceased in  
th e  N a+ -free solution w ith in  several m inutes suggesting th a t  Na+ appears 
to  be th e  m ain carrier of th e  curren t involved in  th e  generation o f action
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F ig . 13. In fluence  o f th e  К  + -free so lu tion  on  th e  p a ram e te rs  o f spon taneous a c tiv ity
o f  P I neurone

F ig . 15. E ffec t o f  th e  K +-free so lu tion  on  A 10 cell, a)  con tro l a c tiv ity  w hich  is n o t in te r
ru p te d  b y  IL D -s; b) an d  c )  in  th e  4 th  m in . a f te r  th e  app lica tio n  o f  th e  K +-free so lu tion , 
th e  con tinuous spon taneous a c tiv ity  is b ro k en  o ff b y  a  hyperpo lariz ing  phase  sim ilar

to  IL D

5

F ig . 14. S udden  hy p erp o la riza tio n  u n d e r  th e  influence o f  th e  K +-free so lu tion  in  th e  
6 th  m in . a f te r  exchang ing  th e  physio log ical so lu tion  on  P I  neurone
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Fig. 16. D evelopm ent o f the hyperpolarizing effect o f th e  K +-free solution in the case 
o f recording w ith a  KCl-filled (—x —) and a  NaCl-filled ( —o —) electrode. B o th  curves 

show an  average of values obtained on the  exam ined neurones

po ten tial. Generally, considering especially th e  case, when th e  spike generation 
in  th e  N a+ -free solution is abolished a fte r a  considerable tim e only, some con
siderations con trad ict th e  presum ption o f a  “ calcium -spike” :

1. I f  Ca++ were th e  m ain carrier o f curren t, one would expect th e  re 
m oval o f Ca++ to  block th e  generation o f th e  spike m ost rap id ly  on those 
cells whose ac tiv ity  is less sensitive to  th e  rem oval o f N a+ , e.g. P I  neurone. 
However, th is is n o t supported  b y  th e  experim ental results.

2. A ctivation  o f th e  silent neurones by  exposure to  th e  Ca+ + -free 
solution is hard ly  com patible w ith  a  “ Ca-spike” hypothesis.

3. I t  was previously shown, th a t  th e  inw ard cu rren t which had  dis
appeared  in  N a+ -free solution d id  n o t reappear b y  raising th e  Ca+ + concentr
ation.

T he question arose, w ha t causes th e  d ifferent sensitiv ity  o f d ifferent 
iden tified  neurones to  th e  rem oval o f N a+ ? In  our earlier papers (S a l a n k i  
an d  K iss , 1969; K is s  an d  S a l á n k i , 1971) i t  was described th a t  th e  m em brane 
po ten tia l, rhy thm ic  ac tiv ity  an d  chem ical sensitiv ity  are  specific to  an  iden
tified  neurone, th u s it  is conceivable th a t  th e  ionic m echanism s underly ing 
all these phenom ena m ay also be characteristic o f a  given cell. Nevertheless, 
m ost likely a re ten tion  o f N a+ near th e  m em brane has to  be considered, too  
— sim ilarly to  o ther objects. M o r e t o n  (1972) a ttr ib u te d  th e  re ten tion  o f 
N a+ to  th e  function o f an  active pum p, which requires some tim e to  tu rn  
in to  an  active s ta te  under N a+ -free conditions. This suggestion is based on 
th e  observation th a t  a f te r  an  early  transitional decrease in  th e  am plitude 
th e  spike can be restored. In  th a t  cases, when th e  spontaneous ac tiv ity  of th e
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Fig. 17. Effect of the C l“ -free solution, a)  control ac tiv ity  of A l l  neurone; b)  ac tiv ity  
o f the  same neurone in the 3rd m in. following the  application of Cl “ -free solution, c) in  
th e  16th min. the ac tiv ity  assumes a  bursting  character d) and e)  (continuously) changes 

in  the shape of the action potentials during a burst

|50mV
1sec

Fig. 18. E ffect o f the Cl- -free solution on A10 neurone, a) control ac tiv ity  dem onstrating 
well the  burst-like grouping of the spikes; b) in  the Cl “ -free solution th e  bursting  ac tiv ity  
becomes m ore pronounced; c) in the Cl “ -free solution ACh applied a t  the  arrow  prolongs

th e  tim e course of the hu rst

5*
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F i g .  1 9 . Effect of the Cl “-free solution on A10 cell. It is fairly visible that the potential 
generation is inactivated within a burst at a depolarized level

cells exam ined in  th e  presen t experim ents ceased w ith in  10 m in., we found 
no sign of th is  phenom enon thus, in  th is  case one can consider a passive 
re ten tion  o f N a+ a t  th e  m ost, varia tions of which depending on th e  ana tom y 
of cells m ay account for th e  variab ility  of th e  tim e required  for th e  abolition 
o f the  ac tiv ity  o f d ifferent identified  neurones. However, on th e  cells firing 
more th a n  6 8 m in. in  absence of N a+ one can frequen tly  observe a  recovery
a f te r  an  early  decrease in  th e  spike am plitude and  in  th e  firing ra te  consequent
ly  if  an  active depot exists, i t  requires a t  least 6—8 min. to  tu rn  in to  an  active 
sta te .

I t  appeared  to  be characteristic of all th e  neurones th a t  th e  spontaneous 
ac tiv ity  ceased earlier th a n  th e  excitab ility  o f th e  soma. As on th e  g ian t 
neurones th e  spontaneous ac tiv ity  is generated  in a d is tan t p a r t  o f the  axon 
(Tatjc, 1962), th e  present observation has from  a  new side confirm ed the  
resu lts ob tained  ind irectly  b y  voltage clam p technic (Magúra e t ah, 1971) 
showing th a t  i t  is th e  som a which reacts la te r to  th e  rem oval o f N a+ . H ow 
ever, p resen t investigations do n o t allow to  form ulate a defin ite decision, 
w hether th is fac t shows an  ac tu a l difference in  the  ionic mechanisms, or there 
is a  m ore efficient re ten tion  o f N a+ near to  th e  som a m em brane. The la tte r  
assum ption can be supported  b y  th e  finding th a t  th e  tim e required  for th e  
abolition  o f th e  excitab ility  o f th e  som a does n o t considerably v ary  from  
neurone to  neurone, i t  is 18—20 m in. a f te r  rem oving th e  ex ternal N a+ . On 
th e  basis of th e  la tte r  assum ption it  m eans th e  tim e required  for a  to ta l ru n 
n ing  o u t of N a+ -depot.

T he difference in  th e  N a+ requirem ent for spontaneous and  evoked 
ac tiv ity  observed in  our experim ents is in  con trast w ith  th e  d a ta  ob tained  
b y  Carpenter an d  Gunn (1970).

T he ionic perm eability  o f th e  m em brane is an  im p o rtan t facto r of the  
generation o f spontaneous ac tiv ity . In  th e  regulation o f th is  Ca++ plays a 
well-known role. A fter th e  elim ination o f th e  m em brane-stabilizing action 
o f Ca++ th e  a lte ra tio n  o f N a+ - and  К + -perm eability  can account for the  
transitiona l depolarization, increased firing ra te  an d  finally  a  com plete d is
appearance o f th e  excitab ility  o f th e  m em brane in  th e  Ca+ -free solution. 
The ind ividual identified  neurones show d ifferen tiated  behaviour also in  th is 
respect, however, th e  tim e requ ired  for th e  abolition of spontaneous ac tiv ity  
varies w ithin a  more lim ited  in terva l com pared w ith  th e  N a+ -free solution. 
F o r th e  exp lanation  of th e  observed deviation of d a ta  concerning Ca++ it  is 
even m ore obvious to  suppose a  certain  degree of re ten tion , because a f te r  
rem oving th e  Ca++ from  th e  solution some m em brane-bound Ca++ rem ains.

R ecen tly  a num ber o f au thors have proved th e  role o f an  electrogenic 
N a+ -pum p in addition  to  the  unequal d istribu tion  of th e  ions in th e  m ain ten 
ance o f th e  m em brane po ten tia l o f g ian t neurones (Kerkut and  Thomas,
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1965; Carpenter and  Alving, 1968; K ostyuk e t al., 1972; Christoffersen, 
1972). On th e  basis o f our results there  is a  reason to  suppose a  contribu tion  
of electrogenic N a+ -pum p to  th e  m em brane po ten tia l also o f th e  exam ined 
neurones of Lymnaea. This is ind icated  by  the  fact th a t  in  th e  K + -free solution 
there  is only a  slight increase in  th e  resting m em brane po ten tia l although th e  
[K ]0~ [K]j concentration g rad ien t has increased considerably. I t  can be ex
plained if th e  resting po ten tia l m easured under physiological conditions is n o t 
a  pure K + -poten tial b u t it  is resu lted  also from  th e  sim ultaneous function 
of an  electrogenic N a+ -pum p. The la tte r  can be blocked b y  th e  rem oval of 
ex ternal K + , th u s in th e  K + -free solution th e  increase in th e  resting  po ten tia l 
cannot reach th e  theoretically  expected value. On Aplysia  neurones Car
penter (1970) obtained  a pronounced depolarization under K + -free conditions 
a t  25° C and  explained th is  phenom enon in  a sim ilar way.

The above explanation  is confirm ed b y  our exam inations w ith  NaCl- 
filled electrodes. The microelectrodes w ith  tip -d iam eter of ab o u t 1 у  had  been 
kep t in th e  cell for 5 — 10 m in. before th e  K + -free solution was applied. D uring 
this tim e some spontaneous outflow  of N a+ probab ly  occurred, which m ight 
have been of extrem ely  sm all am ount though, nevertheless, sufficient to  s ti
m ulate th e  N a+ -pum p. The fact th a t  on increasing th e  in tracellu lar con
centration  o f N a+ th is stim ulating  effect can be ob ta ined  has been described 
b y  several au tho rs (Kerkttt and  Thomas, 1965; Thomas, 1969; Christoffer- 
sen, 1972).

One possible explanation  of th e  transitiona l hyperpolarization observed 
in  th e  N a+ -free solution is a high resting N a+ -perm eability  o f th e  m em brane. 
In  consequence of th e  rem oval o f N a+ th e  voltage opposed to  K + -potential 
resu lted  from  th e  N a+ -gradient is elim inated, th u s th e  m em brane po ten tia l 
can m uch b e tte r  approxim ate th e  value to  be expected on th e  basis o f th e  
concentration g rad ien t o f K + .

The reason o f th e  burst-like ac tiv ity  developed in th e  Cl “ -free solution 
m ay be approx im ated  b y  th e  following assum ption: In  th e  Cl “ -free solution 
H odgkin and  H orowitz (1959) dem onstra ted  an  ab o u t 20 mV transitional 
depolarization o f th e  m em brane, which lasted  for 15 — 20 min. This coexisted 
w ith  an  increased outflow  of K + . The decrease in resting po ten tia l m ay 
tem porary  ac tiv a te  th e  po ten tia l generation. I t  m ight be supposed, th a t  the  
K + -conductance of th e  m em brane is also dam aged resulting in  a  delayed re 
polarization phase and  an  inactivation  of generation o f the  spike a t  a depolar
ized level as th e  increased N a+ -influx during a  b u rst cannot be balanced 
b y  th e  ou tw ard  K + -current. Besides, a f te r  a certain  tim e a  hyperpolarizing 
phase is resu lted  b y  s tim u la ting  th e  ac tiv ity  o f th e  electrogenic N a+ -pum p.

Concerning th e  ab e rran t behaviour o f some neurones obviously i t  has 
to  be considered th a t  th e  m ajo rity  o f th e  exam ined neurones has synaptic  
inputs. On th e  cell A10 an d  on several o th er cells som etimes i t  can fairly  be 
observed th a t  th e  b u rsts  produced in  th e  Cl “ -free solution are preceded b y  
E PSP-s. The possibility cannot be disregarded th a t  on th e  cells having ex 
c ita to ry  synaptic in p u t the  effect o f th e  absence of C1“ m ay be realized th rough  
th e  postsynaptic  m em brane, too.

The reactions given to  depolarization an d  ACh in d ifferent ion-free 
solutions generally did  no t differ from  th e  control. However, in  th e  N a+ -free 
solution there  were some cells which could be ac tiv a ted  only b y  depolarization 
b u t were uneffected b y  ACh. In  these cases th e  m ediator effect p robab ly  is
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realized b y  changing th e  N a+ -perm eability. Chiarandini e ta l. (1967) suggested 
th e  existence o f such a m echanism  on a  cell o f CILDA type. In  our ear her 
experim ents (K iss an d  Salánki, 1971) perform ed on CNS of L ym naea one 
of th e  neurones — m arked A10 — was identified  as a  cell o f CILDA type. 
However, th e  absence of N a+ has no influence on th e  reaction to  ACh on th is 
neurone, consequently, th e  above suggestion cannot be generalized.

Sum m ary

On changing th e  ionic environm ent of CNS of Lymnaea stagnalis i t  has 
been established th a t

1. On rem oving the  N a+ th e  ac tiv ity  o f several neurones ceased w ithin 
a  sh o rt tim e, while th a t  of th e  o ther neurones ceased later. E ven  such a neuron 
was found, which continued to  generate action poten tials for as long as 30 min. 
in  th e  absence of N a+ .

A fter th e  ac tiv ity  stopped  th e  cells could be ac tiva ted  by  depolarization, 
while only a p a r t  o f th e  neurones was affected b y  ACh under such conditions.

2. In  Ca+ + -free solution th e  spontaneous ac tiv ity  of th e  cells was 
abolished w ithin a  re la tively  sho rt tim e, b u t th e  ac tiv ity  o f several cells was 
m ain tained  for 15—20 min.

3. In  th e  absence of K + a  re la tively  sm all hyperpolarization was accom 
panied  b y  a  decrease in  th e  firing ra te .

4. In  th e  absence o f C l-  the  rh y th m  of ac tiv ity  o f the  cells becam e ir
regular, som etim es i t  assum ed a bursting  character.

T he ob ta ined  d a ta  can be accounted for p a r tly  b y  different changes in  
th e  ionic concentration gradients and  in  th e  perm eability  o f th e  m em brane, 
p a r tly  by  an  influence on th e  electrogenic N a+ -pump.
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AZ IO N M IL IŐ  S Z E R E P E  L Y M N A E A  S T A G N A L I S  L . Ó R IÁ S 
N EU TR O N JA IN A K  P O T E N C IÁ L  G E N E R Á L Á S Á B A N

K iss  István  és Salánki János  

Ö ssze fo g la lá s

Az ionm iliő  v á lto z ta tá sa  so rán  m eg á llap ítá s t n y e rt:
1. N a + m egvonás e se tén  egyes n eu ronok  a k tiv itá sa  h am arab b , m ásoké később 

szűn ik  m eg. T a lá lta k  o lyan  id eg se jte t is, am ely  N a +-h ián y b an  30 p erc  m ú lv a  is generá l 
akciós p o ten c iá lt.

Ä  se jtek  leállás u tá n  is a k tiv á lh a to k  v o lta k  depolarizációval, m íg  A C h-ra  ilyenkor 
c sak  a  neu ro n o k  egy  része válaszo lt.

2. Ca + +-m en tes o ld a tb a n  a  se jtek  sp o n tá n  a k tiv itá sa  v iszonylag  rö v id  időn  
be lü l m egszűn t, de n éh án y  se jt ilyenko r is 15 — 20 percen  á t  a k tív  m a ra d t.

3. К +-h ián y  ese tén  v iszonylag  k ism érték ű  h iperpo larizáció  m e lle tt  az  a k tiv itá s  
frek v en c iá ja  csökkent.

4. Ö l'-h iá n y b a n  a  se jtek  a k tiv itá s i r i tm u sa  szab á ly ta lan n á  v á lt ,  egyes ese tekben  
b u rs t-ö lő  je lleget v e t t  fel.

A  k a p o tt  e redm ények  részben  az ion  koncen trác ióg rad iensek  és a  m em b rán  
p erm eab ilitás  m egváltozásáva l, részben  az e lek trogén  N a +-p u m p a  befo lyáso lásával 
m a g y a rá z h a tó k .
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According to  th e  lite ra tu re  th e  effect of local anaesthetics can be a t t r i 
b u ted  a t  least to  tw o different m echanism s. On th e  one han d  th ey  can stabilize 
th e  m em brane sim ilarly to  Ca++ preventing  th e  changes in  N a+ an d  K + 
perm eability  involved in th e  spike generation. On th e  o ther hand, their chem 
ical s tru c tu re  is sim ilar to  th a t  o f ACh, so th ey  can cause a com petitive in 
hibition  o f th e  cholinergic transm ission sim ilarly to  d-TC (Аш е NS, 1964). 
According to  Nachmansson’s (1961) theo ry  th e  m em brane receptor pro tein  
tak ing  p a r t  in  th e  axonal spike propagation  appears to  be th e  sam e, th a t  is 
involved in  th e  cholinergic transm ission, th u s th e  site of th e  tw o actions 
essentially is th e  same. R ecen tly  Mautner e t al. (1972) have a  sim ilar con
ception. H ow ever th e  exam inations of some o ther au thors have shown th a t  
sites, where th e  inhibition  o f neural ac tiv ity  and  th e  blockade of synaptic  
transm ission are produced are independent (Bryant, 1958; U subiaga and  
Standaert, 1967), b u t th ey  are dependent on th e  concentration o f drugs 
(Riker an d  K osay, 1970).

F or th e  pharm acological investigations o f localanaesthetics procain and  
various derivatives o f lidocain were m ost frequently  used. U nder th e  influence 
of these drugs th e  abolition o f spike generation on th e  g ian t axon o f squid  
has been dem onstra ted  (Shanes e t al., 1959). This resu lt has been in terp re ted  
as a consequence o f a  decrease in  potassium  an d  sodium  conductances, which 
has been supported  b y  some o ther works (Blaustein and  Goldman, 1966; 
Narahashi e t al., 1967). T he block o f transm ission has been investigated  in 
particu la r on th e  end-plate p o ten tia l an d  i t  has been shown, th a t  procain 
influences m ainly th e  K + -chanel independently  o f th e  N a+ -chanel, while b o th  
are sim ilarly affected by  lidocain (Maeno e t al., 1971).

I t  is known, th a t  th e  m echanism  as well as th e  conditions for generation 
of th e  spontaneous pacem aker ac tiv ity  are som ew hat different from  those of 
th e  evoked ac tiv ity  (Alving, 1968; Waziri e t al., 1965). Only a  few investig 
ations have been reported  so far w ith  respect to  th e  effect of local anaesthetics 
on th e  pacem aker ac tiv ity . On th e  P urk in je  fibers of h ea rt muscle lidocain 
inhibits th e  spontaneous p o ten tia l generation (Bigger and  Mandel, 1970). 
On spinal neurones procain blocks th e  generation of all kinds of action  p o 
ten tia l, while in  th e  sam e concentration it  does n o t affect th e  appearance 
o f E P SP -s (Curtis and  Phillis, 1961.) Wood (1972) proved in  an  ind irect
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m anner, th a t  some bursting  neurons sending inh ib ito ry  im pulses to  th e  in 
te s tin a l sm ooth m uscle o f th e  ca t stopped  generating ac tiv ity  in  th e  presence 
o f lidocain.

As far as we know th e  effect o f local anaesthetics have n o t y e t been 
exam ined on th e  g ian t neurones o f G astropods. As th e  neurones o f Lymnaea 
stagnalis are suitable objects for study ing  the  pacem aker ac tiv ity  generation 
an d  th e  chemical sensitiv ity  o f th e  som a sim ultaneously (Sa l á n k i  an d  K iss , 
1969; K iss  an d  S a l á n k t , 1971), i t  appeared  to  be reasonable to  investigate 
th e  effect o f local anaesthetics on these cells. Beside th e  lidocain a  com pound 
m arked  as RG-1812 (l-piperidinopropanol,3-m ethoxybenzoate,hydrochloride) 
(K á r p á t i  an d  S z p o r n y , 1971; S z p o r n y  an d  K á r p á t i , 1972) was also tested . 
T he m ain questions we wished to  elucidate were as follows:

a)  Are th e  effects sim ilar to  those described on o ther objects?
b) W hether th e  drugs exert th e ir actions b o th  on th e  spontaneous 

ac tiv ity  an d  on th e  chemical sensitiv ity  b y  affecting th e  sam e m em brane site 
or a re  there  independent sites?

c) W h a t are th e  qualita tive  an d  q u an tita tiv e  differences betw een th e  
tw o local anaesthetics on th e  basis o f th e  tes ts  perform ed?

M a ter ia l a n d  m e th o d s

E xam inations were conducted on th e  g ian t neurones o f abdom inal an d  
rig h t parie ta l ganglia o f Lymnaea stagnalis. T he th ick  connective tissue was 
rem oved from  th e  dorsal surface o f th e  ganglia, th u s th e  cells becam e fairly  
visible th rough  th e  th in  tissue located under th e  th ick  one. The p repara tion  
was placed in  a  cham ber ( Fig. 1) containing 3 ml physiological saline (J u l l i e n  
a n d  K ip p l in g e r , 1948). F o r changing th e  solutions a  perfusion vessel an d  a 
pum p were used. T he cham ber was fixed to  th e  basis o f a  m icrom anipulator. 
A glass m icroelectrode filled w ith  2.5 M KC1 was fixed to  one arm  o f th e  m icro
m anipulator, while an  o ther arm  was used for holding a  capillar filled w ith  
ACh or 5H T solution, which could be placed instan taneously  in to  th e  solution 
to  th e  v icin ity  o f th e  ganglionic surface.

Fig. 1. Scheme o f experim ental arrangem ent 
1 — physiological solution; 2 — experim ental cham ber ; 3 — preparation; 4 — micro- 
electrode; 6 — reference electrode; 6 — capillar for the  application of substances
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D uring recording th e  glass m icroelectrode was connected w ith  a  F E T  
negative capacitance high in p u t im pedance am plifier (Vé r ó , 1971). In  th e  
course o f th e  experim ents th e  biological signals were fixed on a  m agnetic 
tap e  and  th e  desired portions were registered la te r b y  m eans of a  D ISA  U n i
versal In d ica to r an d  photorecorder. The effects o f lidocain an d  RG-1812 on 
th e  spontaneous ac tiv ity  were te s ted  in  such a  way, th a t  a f te r  recording th e  
control ac tiv ity  th e  whole volum e o f th e  R inger solution filling th e  experi
m ental cham ber was exchanged for a  drug  solution o f app ropria te  concent
ra tion . F o r exam ining th e  chem ical sensitiv ity  firs t th e  control effects o f ACh 
an d  5HT were registered a t  concentration proved to  be effective in  our earlier 
work (K iss an d  Salánki, 1971). Following th is th e  p repara tion  was incubated  
in  drug solution for an  appropria te  tim e, th en  th e  effects o f ACh an d  5H T 
were tes ted  again.

R e su lts

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

2X 10-3 —5 x  10-4 g/m l concentrations o f drugs were used. In  several 
m inutes m arked changes occur becoming m ore pronounced in  tim e an d  finally  
th e  spike generation ceases. This changes does n o t refer to  th e  m em brane 
poten tial, which was reduced b y  several mV-s a t  th e  m ost. T he m ost p ro 
nounced effects have been shown on th e  following param eters:

A
20mV 
I__
1sec

C
20mV
1 _
2 sec

Fig. 2. E ffect o f lidocain and RG-1812 on the  shape of the  action po ten tia l 
a )  arrow  m arks th e  application of 10-3 g/ml lidocain; b) 7th m in. a f te r  the  application 
o f  lidocain; c)  effect o f 10~3 g/ml RG-1812 showing the  p la teau  form ation very  well
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1. There is a 2 —3-fold gradual increase in th e  spike du ra tion  (Fig. 2). 
This increase appears to  be th e  sum  o f tw o factors: an  increased tim e course 
o f th e  rising phase and  a delayed repolarization. T he la tte r  tends to  be sim ilar 
to  th e  falling phase of th e  action po ten tia l o f h ea rt muscle cells, in some cases 
a  pronounced p la teau  is form ed or during th e  delayed repolarization the  
m em brane comes to  be excited  again resulting in  a second or th ird  peak 
(F ig. 2.c).

2. The spike am plitude decreases. A t a  given concentration th is reduction 
is proportional to  th e  tim e, b u t th e  tim e-dependence is n o t linear, following 
abolition o f th e  overshoot th e  curve becomes steeper (Fig. 3). The m ost p ro 
nounced inflexion can be found in  th e  case of RG-1812 o f 5 x  10 ~4 g/ml con
centration .

3. H iperpolarizing afte rpo ten tia ls ten d  to  be reduced, a t  th e  sam e tim e, 
generally th e  ra te  o f pacem aker depolarization decreases (Fig. 4.b). Afte r 
th e  action po ten tia l ceased, som etim es local po ten tials rem ain for a  long tim e 
(F ig. 4.c).

4. The spontaneous firing  ra te  does no t show any  unequivocal change. 
G enerally th e  effect of b o th  drugs resu lted  in  an  increased frequency in  the  
early  period lasting for several m inutes, b u t a fte r 3—4 m inutes th ere  was a 
resto ration  o f th e  control value, or a  decrease to  50 %  o f control level. In  th e  
la tte r  case there  is neither an y  excessive concentration-dependence nor p ro 
nounced difference betw een th e  tw o drugs ( Fig. 5). A  com plete abolition of 
spontaneous ac tiv ity  is caused in  5 —21 m in. b y  lidocain and  in  5.7—27 min. 
by  RG-1812. (F ig. 6).

I t  m ust be noticed, th a t  th e  stan d ard  deviation o f d a ta  is large enough, 
which m ay be a ttr ib u te d  to  th e  existence o f tw o groups o f cell having different 
sensitiv ity  to  th e  drugs. The m ost sensitive neurones whose action po ten tial

Fig. 3. Time dependence of the reduction of spike am plitude afte r th e  application of 
different concentrations of lidocain and RG-1812. O rdinate: diminished am plitudes

as per cent o f the  control
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В
20mV

I___
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C
20 mV
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F i g .  4 . Marked drug effect (RG-1812, 10-3 g/ml) causing a strong damage of the gener
ation of action potential

a )  control; b )  15th min. after the application of lidocain; c )  in 20th min. only local po
tentials remain

F i g .  5 . Decrease in the firing rate of spontaneous activity vs. drug concentration
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Fig. 6. Time of the  com plete inhibition of spontaneous ac tiv ity  vs. drug concentration

20mY
L

Isec

20mV
L

lsec

Fig. 7. E ffect o f lidocain on th e  ac tiv ity  and ACh-sensitivity of the  neurons driven
synaptically.

a)  and c) control ac tiv ity  and ACh-effect; b)  and d)  effect o f lidocain during which 
E P S P -s rem ain unchanged and the reactions given to  ACh are influenced by  the drugs 

in  different ways. Arrow m arks the application of ACh
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can be m ost rap id ly  blocked appear to  belong to  th e  pure pacem aker cells 
discharging m ost regularly .

F o r m aking a  com parison th e  behaviour o f several synaptically  driven  
neurones was exam ined. A fte r th e  action po ten tia l was blocked by  th e  drugs 
E P S P -s were found to  rem ain  unchanged (F ig. 7).

Influence on the chemical sensitivity

F o r these exam inations 10-3 an d  5 X Ю -4 g/m l lidocain an d  RG-1812 
solutions were used.

a) I n h i b i t i o n  o f  t h e  A C h - e f f e c t

T he exc ita to ry  effect o f ACh on D-cells is reduced b y  b o th  drugs and  
i t  is com pletely p reven ted  w ith in  10 min. The effectiveness o f lidocain and  
RG-1812 has been com pared in  tw o ways. On th e  one hand , th e  degree o f 
inhibition  has been calculated  tak ing  th e  increase in  th e  firing  ra te  caused 
b y  ACh under norm al conditions as 100%. This degree is given b y  th e  m ean 
value o f d a ta  obtained  w ith in  th e  f irs t 9 min. following th e  drug application. 
10-3  g/m l lidocain caused 56% , while th e  sam e concentration of RG-1812 
96%  inhibition.

On th e  o ther hand , th e  m ean tim es required  to  p reven t com pletely th e  
exc ita to ry  effect of ACh b y  each o f th e  drugs have been com pared. In  th e  
case o f RG-1812 th is  tim e is 8 — 9 m in. ( Fig. 8 c, d), a t  th e  sam e tim e lidocain 
does n o t y e t cause a  com plete d isappearance of sensitiv ity  to  ACh ( Fig. 8 а, Ъ).

As i t  has been m entioned, sim ultaneously w ith  th e  inh ibition  o f th e  
spontaneous ac tiv ity  th e  exam ined drugs does n o t affect th e  E P SP -s. Con
sequently , th e  changes in  th e  A C h-sensitivity cannot be so unequivocal on th e  
driven neurones as th ey  can be on th e  pacem aker ones. Figure 7 shows tw o 
d ifferent effects o f  drugs on th e  neurones affected b y  ACh m ainly th rough  
th e  postsynaptic  m em brane. In  th e  “a —b ” case there  was a  high frequency 
E P S P  in p u t to  th e  postsynaptic  neurone in th e  control s ta te , an d  th ere  is 
no significant reduction in th e  exc ita to ry  effect of ACh when lidocain is p re
sen t. The figures “ c —d ” dem onstrate  th e  ac tiv ity  o f a  cell having a low fre
quency E P S P  in p u t in  th e  control s ta te . Following th e  application of lidocain 
th e  exc ita to ry  reaction o f th is cell given to  ACh is g reatly  reduced.

b j E f f e c t  o f  5 H T  i n  t h e  p r e s e n c e  o f  l o c a l  a n a e s t h e t i c s

U n til th e  9 th  min. a f te r  th e  application o f th e  exam ined drugs th e re  is 
no significant change in  th e  sensitiv ity  to  5H T ( Fig. 9.). However, from  th e  
9 —10th min. 5H T is ineffective on th e  preparations incubated  either in lido
cain or in RG-1812 solution.

W ith  respect to  th e  influence on th e  serotonin-sensitivity  there  is no 
significant difference betw een th e  tw o drugs.
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A
20 mV 

L
1sec 

В
20mV 

L
1SGC

C
20mV 

L
1sec

D
20mV

L
1sec

Fig. 8. E ffects o f drugs on the  ACh-sensitivity o f pacem aker neurones. 
a) and o) control ac tiv ity  and ACh-effect; b) in  8th m in. a f te r  the  application lidocain 
causes a  decrease in  the excita tory  effect of ACh, b u t cannot com pletely prevent it; 
d)  a t  the same tim e and concentration RG-1812 prevents com pletely th e  effect of ACh. 

Arrow m arks the application of ACh

Fig. 9. a ) Control effect of 5HT; b) Following the application of 10-3 g/ml lidocain there 
is no significant change in  the  effect of 5HT
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Discussion

Our results show th a t  the  spontaneous firing of g ian t neurones reacts 
to  lidocain and  RG-1812 sim ilarly to  o ther excitable structures: a blockade 
of action po ten tial and  of the  ACh-receptors of m em brane is induced. There is 
a  reason to  suppose th a t  inhibition of th e  spontaneous ac tiv ity  is resulted  
b y  a  d irect influence on th e  som a m em brane, as if  an  inhibition of th e  axonal 
pacem aker locus occurred the  som atic spike would no t fall gradually , b u t it 
would be expected to  d isappear according to  the  “all or no th ing” law. I t  is 
presum able again th a t  the  effect is no t specific to  th e  fundam ental processes 
o f pacem aker generation of po ten tia l as th e  spikes evoked synaptically  are 
abolished too, on th e  o ther hand, th e  firing ra te  — a basic p aram eter of 
pacem aker ac tiv ity  — rem ains uneffected in a num ber of cases, as long as 
ac tiv ity  lasts. The oscillation in m em brane po ten tial underlining th e  spontane
ous ac tiv ity  m ay also be m ain tained  quite a long tim e a fte r the  cessation o f 
th e  spike generation. I t  becam e clear th a t  an  inhibition  bo th  o f th e  fast rising 
and  the  falling phase of an  action po ten tia l occured. The decrease in  am plitude 
as well as in steepness of the  rising phase and  th e  prolongation o f repolarization 
tak e  place a t  th e  sam e tim e, which indicate a sim ultaneous blockade of N a+ 
an d  K + channels. This conclusion is in good agreem ent w ith  th e  observations 
o f Ma eno  e t al. (1971) concerning lidocain.

In  the  present work th e  spontaneous ac tiv ity  of the  som a was investig
ated , which was affected by  ACh m ainly through the  receptors located on the  
som a m em brane. Besides — as ACh was no t applied by  m icroiontophoresis -  
evidently  th e  effects on th e  postsynaptic  m em brane m ay also be considered, 
b u t in th e  present case it  is no t th e  p rim ary  process, which becomes clear 
m aking a com parison w ith  th e  cells driven synaptically  — beside some other 
consideration. Nam ely on these driven cells one can continue to  dem onstrate 
E PSP-s of cholinergic origin a f te r  cessation of th e  spontaneous ac tiv ity  and  
ACh can cause an  excitation  sim ilar to  th a t  obtained  in th e  control s ta te  in 
sp ite of the  presence of lidocain. This case is dem onstrated  in Fig. 7a—Ъ, 
while in Fig. 7c d the  difference between th e  control ACh-effect and  th a t  
dim inished by  lidocain m ay be explained by a  selective blockade of the  som a 
receptors. Persistence of th e  synaptic in p u t a fte r the  inhibition of spike 
generation can be explained b y  different pharm acological sensitiv ity  of the  
som atic and  synaptic regions. I t  is no t surprising when one m akes a com parison 
w ith  some d a ta  in literatu re , which suggest th a t  th e  N a+ -requirem ent for the  
production o f axonal an d  som atic action po ten tial is different (Magtjra e t al.,
1970), as well as th a t  there  are pharm acologically different ACh-receptors on 
th e  same individual neurone (K e h o e , 1972). In  th e  investigations on some 
o ther objects R ik e r  and  K osay  (1970), Cu r t is  and  P h il l is  (1961) and 
U subia g a  and  Sta n d a er t  (1967) also found th a t  th e  synaptic transm ission 
sustained  a  loss la te r in com parison to  th e  action potential.

I f  i t  is accepted th a t  under the  given experim ental conditions the  site 
o f  th e  action of drugs is located on the  soma, th e  question a t  issue here is 
w hether there  is a common locus or there  are separated  loci for inhibition of 
th e  action po ten tial and  th e  ACh-sensitivity. Our results have dem onstrated  
a  reduction of ACh-effect, furtherm ore, even its  com plete prevention by  RG- 
1812 occured when there  was only an  insignificant dam age to  the  spike ge
neration. These d a ta  showing th e  two kinds of effects to  be realised a t  different

6
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times support the  idea of the  existence of separate  loci a lthough does no t verify 
it in se. I t  is ra th e r confirm ed by the  results th a t  the  blockade of spontaneous 
ac tiv ity  by th e  drugs was more considerable a t  a  concentration of 10 ~3 g/ml 
th an  a t  5 X 10 _4 g/ml, while th e  above difference has been failed to  dem onstrate  
for the  inhibition  o f th e  ACh-sensitivity. Thus, an  earlier appearance o f the  
reduction of A Ch-sensitivity m ight be explained as follows: A fter th e  applic
ation of the  drugs more and  more molecules in te rac t w ith th e  given sites in 
the  course of tim e. The ACh-receptors are sensitive even to  a lower concentra
tion, while for th e  receptors involved in th e  generation of action po ten tia l a  
higher concentration being reached la te r is required  to  cause a  considerable 
inhibition. R ik e r  and  K osay  (1970) suggested a sim ilar in te rp re ta tio n  of 
tw o separated  sites o f lidocain action, however in th e ir experim ents th e  
blockade of the  ACh-receptors required  a  higher lidocain concentration because 
these investigations dealt w ith the  synaptic transm ission.

The prevention of 5HT-effect in 9-10th min. a fte r the  application of 
drugs cannot be unequivocally a ttr ib u te d  to  a  specific blockade of th e  sero- 
tonine-receptors, since before it  there  was no significant inhibition, on th e  
o ther hand, th e  spike generation is likewise considerably dam aged by  th is 
tim e. Nevertheless, some kind of th e  drog-receptor in teraction  cannot be 
disregarded even so it is lower in ex ten t com pared to  th e  inhibition of ACh. 
To clear up the  question fu rther investigations are required.

Com paring th e  effects o f two exam ined drugs i t  can be established th a t  
th e  inhibitory  effect of RG-1812 on th e  spike generation differs only q u an ti
ta tive ly  from  th a t of lidocain which is shown by  the  dosage-effect curves, 
b u t there  is qualita tively  no difference, so th is d rug appears to  be sim ilar 
ra th e r to  lidocain, th an  to  procain, regarded by  Ma en o  e t al. (1971) as a  
m a tte r blocking th e  K + -channel selectively.

The com parison has led to  a surprising result. Lidocain, which has 
proved to  be a  stronger inh ib itor of th e  spontaneous spike generation, is less 
effective on the  A Ch-sensitivity com pared w ith RG-1812 having less influence 
on the  spike generation. This fact can also be regarded, as an  indirect evidence 
o f th e  existence o f separate  sites of th e  action on th e  spontaneous ac tiv ity  
and  ACh sensitivity . Resides it is of in terest to  m ake a com parison w ith 
Va r a n k a ’s unpublished d a ta  showing on th e  CVC of Anodonta th a t  th e  RG- 
1812 has the  stronger anaesthetic effect.

Summary

E ffects of lidocain and  RG-1812 on th e  spontaneous ac tiv ity  and  chem 
ical sensitiv ity  of th e  g ian t neurones of Lymnaea stagnalis were studied. B oth  
drugs were found to  inh ib it th e  generation of action po ten tial as well as to  
p reven t th e  exc ita to ry  effect o f ACh. I t  m ay be supposed th a t  these two kinds 
o f effect occur on separate receptors as th e ir tim e- and  concentration-depend
ence were no t similar.

D uring th e  inhibition of action po ten tia l th e  rising phase an d  th e  re- 
polarization were sim ultaneously dam aged, which indicated  a blockade o f 
bo th  N a + and  K + -channel.
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The effect of RG-1812 differs from  th a t  of lidocain only quan tita tively , 
it causes a sm aller inhibition of the  spontaneous spike generation, b u t has a 
more considerable effect on the  ACh-sensitivity.

The effects of th e  drugs on th e  sensitiv ity  to  serotonin have no t proved 
to  be unequivocally specific.
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H E L Y I É R Z É S T E L E N ÍT Ő K  H A TÁ SA  AZ Ó R IÁ S  N E U R O N O K  
A K T IV IT Á S G E N E R Á L Á S Á R A  É S  K É M IA I É R Z É K E N Y S É G É R E

K is s  Is tvá n  és Vadász Is tv á n  

összefoglalás
A  lidocain  és az R G -1812 jelzésű  an y ag  h a tá s á t  v izsg á lták  L ym naea  stagnalis 

óriás n eu ro n ja in ak  sp o n tá n  a k tiv itá sá ra  és kém iai érzékenységére. M indkét d rog ra  
jellem ző, hogy  g á to lja  az akciós po ten c iá l g en e rá lá sá t és k ivéd i az ACh serk en tő  h a tá s á t. 
F e lté te lezh e tő , hogy  a  kétféle  h a tá s  kü lönálló  recep to rokon  érvényesü l, m ivel idő és 
koncen trác ió függésük  nem  egyezik m eg.

A z akciós p o tenc iá l b lokko lása  fo lyam án  a  fel- és leszálló szár e g y a rá n t sérül, 
am ely  a  N a- és К -csa to rn a  eg y id e jű  b lo k k já ra  enged  k ö v e tk ez te tn i.

Az R G -1812 je lzésű  an y ag  h a tá s a  csak  m ennyiségileg  té r  el a  lidocainétó l: g y en 
gébben  g á to lja  a  sp o n tá n  po ten c iá l képzést, u g y an ak k o r erősebben  h a t  az A C h-érzékeny- 
ségre.

A  d rogok  h a tá s a  a  szerotonin-órzékenységre nem  egyérte lm ű en  specifikus.
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Among the  neuro transm itters of insects th e  presence of biogenic m ono
am ines was first investigated  in th e  whole body ex tracts  where dopam ine, n o r
adrenaline as well as adrenaline were detected  (Ös t l u n d , 1953; v. E u l e r , 
1961).

Using the  fluorescence histochem ical m ethod described by  F alck  and  
H il l a r p , num erous papers have been published concerning th e  localization 
of the  biogenic monoamines in the  cen tral nervous system  of insects (F ro n ta li 
and  N o r b e r g , 1966; P l o tn ik o v a , 1967; F r o n t a l i, 1968; K le m m , 1968; 
1971; Ma n c in i and  F r o n t a l i, 1970; Ce c h  and  K n o z , 1970; E lo esso n  and  
K lem m , 1972; Sch ü rm a n n  and  K le m m , 1973). K lem m  (1971 a) investigated  
w ith  th a t m ethod the  d istribu tion  of biogenic m onoam ines even in th e  stom ato- 
gastric nervous system  and  in th e  corpora cardiaca of Schistocerca 
grey aria.

Serotonin, noradrenaline and  dopam ine have been dem onstrated  in 
body fragm ents containing the  central nervous system  o f various insects 
(Gersch  e t al., 1961; F r o n ta li and  H ä g g en d a l , 1969; H ir ip i  and  S .-R ózsa ,
1973).

M icrospectrofluorim etric m easurem ents have been reported  only re 
cently  (B jö r k l u n d  e t al., 1970; K lem m  and  B jö r k l u n d  1971; E lo fsso n  
and  K lem m , 1972; Sch ü rm a n n  an d  K l e m m , 1973). M ainly dopam ine and  less 
frequently  noradrenaline have been detected. Serotonin was also found in 
the optic lobe of some insects (E lo fsso n  and  K le m m , 1972).

The d istribu tion  of biogenic m onoam ines is n o t uniform  in every respect 
in  th e  central nervous system  of insects even in  closely re la ted  species. In  
certain  p arts  of th e  bra in  there  is a  specific fluorescence in  all species investig
ated , b u t in o ther ones i t  varies. The d a ta  regarding the  presence of serotonin 
are contradictory . In  spite of the  fact th a t  serotonin had  been dem onstrated  
for exam ple in Periplaneta ex trac t containing the  bra in  as well as th e  corpora 
cardiaca and  corpora a lla ta  (Ge r sc h  e t al., 1961), F r o n ta li an d  N o r b er g  
(1966) failed to  find  any  yellow fluorescence using th e  fluorescence histochem 
ical m ethod, corresponding to  the  fluorophore of serotonin. Serotonin was no t 
detected  in Anabolia nervosa (Trichoptera) either in  th e  ex trac t of th e  whole 
head (K lem m  and  B jö r k l u n d , 1971) or during th e  fluorescence histochem ical 
investigation of supra- and  suboesophageal ganglia (K le m m , 1968; 1971).
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In  th e  central nervous system  of Locusta migratoria migratorioides R . F . 
only some p arts  of the  ven tra l cord and  th e  tritocerebru  m o f the  brain  have 
been investigated  by  m eans of the fluorescence histochem ical m ethod (P l o t 
n ik o v a  and  G o v y r in , 1966; P l o t n ik o v a , 1967).

The present work was in tended p a rtly  a t  com paring th e  d istribution 
of nerve elem ents containing biogenic m onoamines in various p arts  of the  
brain  (proto-, deuto- and  tritocerebrum , except the  optic lobe), and  p artly  
a t  investigating m icrospectrofluorim etrically the  presence of serotonin the 
relatively  great am ounts of which were found during biochemical analyses of 
locusts (H ir ip i  and  S .-R ózsa , 1973).

Material and methods

A dult specimens of Locusta migratoria migratorioides R . F . of bo th  sexes 
were used for investigations. W e had  to  m odify in p a r t the  fluorescence histo
chemical m ethod described by F alck  and  Ow m an  (1965), since th e  param eters 
of reaction elaborated  on vertebrates failed to  give acceptable results. K lem m  
(1968) also reported  on m ethodical difficulties. Our m odifications concerned 
th e  conditions of reaction.

The brains w ithout the  optic lobes were quenched in isopentane cooled 
by  liquid nitrogen and  freeze-dried in an  appara tus type HVG 1 (Ilm eneau, 
GDR). The cooling agent was d ry  ice-aceton m ix ture and  th e  end vacuum  
reached 10_s Torr. The form aldehyde trea tm en t was carried ou t w ith  p a ra 
form aldehyde of 80%  relative hum idity  for 30 min a t  80° C (during experi
m ents durations from  15 min. till 3 hours this tim e proved to  be optim al). 
A fter trea tm en t the m aterial was kept in a closed vessel over phosphorus pent- 
oxide for 1 hour a t  room  tem peratu re  in darkness. Em bedding in paraffin  
lasted  1 hour a t  60° C in vacuo. The specificity of fluorescence reaction was 
tes ted  on a m aterial, hea ted  (30 m in a t  80° C) w ithout form aldehyde gas. 
Serial sections of abou t 10 microns were either uncovered or covered w ith 
E n tellan  (Merck) +  10%  xylene, however, th e  m ajority  of m icrographs were 
tak en  from  uncovered slides. Zeiss N U 2 microscope was used as a fluorescence 
microscope w ith RG12 excita tion  and  O G l ocular filters. The light source 
was HBO 200 m ercury-vapour lam p.

M icrospectrofluorim etric analysis was carried out from  the  protocerebral 
lobe containing fluorescence fibres and  from  the  cen tral body. Leitz-M PV 
cytophotom eter a ttach ed  to  Leitz O rtholux I I  microscope was used w ith a 
photom ultip lier ty p e  RCA IP-21. Suitable interference filters were applied 
for tak ing  the  excitation  and  emission spectra. The correction of curves and 
the  fu rther details are described elsewhere (Zs .-N agy  and  D e á k , 1973). For 
chemical identification of fluorophores, the  deparaffinized sections were trea ted  
w ith HCl-vapour according to  the  m ethod of B jö r k l u n d  et al. (1968).

Results

W e found only green fluorescence in  th e  p arts  of th e  locust-brain (proto-, 
deuto- and  tritocerebrum , except the  optic lobe). According to  th e  controls, 
the  fluorescence was the  result of form aldehyde trea tm en t, i.e. specific to  the
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biogenic m onoam ines. The m ost intensive fluorescence reaction occurred in 
the  cen tral body and  in some p arts  of the  corpora pedunculata. The charac
teristic  features of parts of the  brain  term ed according to  B u llock  and  
H o r r id g e  (1965) is now described in detail.

I. Protocerebrum

1. Corpora pedunculata: The perikaryon layer and  the  calyx neuropile 
contained no fluorescing elem ents. The p arts  of the  pedunculus ad jacen t to  
the  calyx displayed intensely fluorescing varicose fibres o f ra th e r short d ia
m eter, running nearly  parallel to  the  long axis of th e  pedunculus (F ig. 1). 
In  oblique or longitudinal sections of the  pedunculus, a narrow  fluorescence- 
free stripe could be observed running centrally  over whole pedunculus.

The fluorescence reaction was m ore intense in the  alpha and  b e ta  lobes 
th an  th a t of the  pedunculus. In  the  sections of given thickness single fibres 
were no t separated  ( Fig. 2). The fluorescence showed some layering perpend i
cular to  the  longitudinal axis in bo th  lobes b u t m ainly in th e  b e ta  lobe.

2. Central body: I t  showed very  intense fluorescence in th e  centre of 
the  brain  consisting of two parts . Fluorescence was more intense in th e  dorsal 
p a r t showing a sep ta te  shape like a fan ( Fig. 3). The ven tra l p a r t was of paler 
fluorescence and  o f more homogeneous in appearance. The pictures give the  
impression th a t the  fluorescing fibre bundles of th e  dorsal p a r t pass over into 
th e  ven tra l one a t  some places (Fig. 3).

F ig. 1. B eginning o f th e  peduncu lu s of 
m ushroom  body . F ro n ta l section , x  470. 
(A rrow  ind ica tes th e  dorsal d irec tion  in  

each  m icrograph .)

F ig. 2. The a lp h a  (a.) an d  th e  b e ta  ( ß )  
lobes o f m ushroom  body . F ro n ta l section , 

X 19Ó
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3. O ther protocerebral parts: The definite s tructu res m entioned above 
are surrounded by  the  protocerebral neuropile. Scattered  varicose, green 
fluorescing fibres were found even in th is neuropile. These fibres form ed groups 
in  some p arts  ( Fig. 5), while there were only few of them  elsewhere ( Fig. 4). 
Especially num erous fluorescing fibres were seen around  th e  alpha lobe and  
in  th e  v icin ity  of the  fron ta l p a r t of the  central body, as well as in the  fibre 
bundles running tow ard  the  optic lobe ( Fig. 5).

In  th e  protocerebrum  green fluorescing perikarya were also visible. 
They were solitary  or grouped in th e  pars intercerebralis (Fig. 6 and  7). 
F u rth e r investigations will reveal th e  topography and  connections of those 
cells.

F ig. 3. C en tra l body . The dorsa l an d  v e n tra l p o rtions are  w ell sep a ra ted . F ro n ta l section ,
X 190

F ig . 4. S ca tte red  varicose fib res  in  th e  p ro to ce reb ra l lobe. F ro n ta l  sec tion , X 470.
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F ig. 5. D e ta il from  th e  p ro to ce reb ra l lobe. T he fluo resc ing  varicose fib res a re  con 
c e n tra te d  here  an d  ru n  to w ard  th e  op tice  lobe. F ro n ta l sec tion , X 250.

г >
>

F ig. 6. S o lita ry  fluorescing  p e rik a ry o n  in  
th e  p a rs  in te rcereb ra lis . F ro n ta l section , 

X 470

F ig . 7. G rouped  fluorescing  p e rik a ry a  in  
th e  p a rs  in te rcereb ra lis . F ro n ta l sec tion , 

X 470

I I .  Deutocerebrum
W e failed to  observe any  specific fluorescence in th is p a r t  of th e  brain. 

I t  should be no ted  th a t  th e  s tru c tu ra l preservation of this region was always 
worse th an  th a t  o f the  o ther parts , therefore the  absence of specific fluorescence 
should be n o t in tergreted  as an absence of biogenic monoamines.

I I I .  Tritocerebrum

The neuropile contained uniform ly d istribu ted  green fluorescin gfibres. 
In  some places th e  varicose fibres were concentrated  according to  the  descrip
tion of P lo tn ik o v a  and  G o v y r in  (1966) concerning th is area of the  brain .

M  ic rospect rofluo r i met ry :

1. E xcita tion  spectra: The excitation  spectra  were registered in 3 q u ad r
angular regions of 20 x  20 /t2 size of b o th  the  cen tral body an d  the  fluorescing 
fibres of the  neuropile of the  protocerebral lobe. The averages of these m easure
m ents are shown in Figs 8 and  9. The excitation  m axim um  is a t  425 nm  cor
responding to  th a t  of the  fluorophore originating from the  catecholam ines.
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Fig. 8. E x c ita tio n  (left) and  em ission (righ t) sp ec tra  o f  th e  fluo rophore  in  th e  p ro to 
ce reb ra l neuropile. The sp ec tra  a re  expressed  as re la tiv e  q u a n ta  versus w aveleng th

C orrected  curves
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Fig. 9. E x c ita tio n  (left) an d  em ission (righ t) sp ec tra  o f th e  fluo rophore  o f c en tra l body  
T he sp ec tra  are  expressed  as re la tiv e  q u a n ta  versus w aveleng th . C orrected  curves

2. Em ission spectra: The emission spectra  were recorded a t  an  excitation 
w ave-length o f 410 nm. U nder given m ethodical conditions (Z s .-N a g y  and  
D e á k , 1973) th e  recording of th e  emission spectrum  was possible from  470 nm. 
A reas of 1 0 x 4 0  iF containing a t  least 2 — 3 varicose fibres were m easured in 
order to  achieve the  necessary intensities. The corrected curves are shown 
in Figs 8 and  ,9. The emission m axim um  is a t  482 nm  and  th e  curve is cha
racteristic  of recordings ob tained  from  v erteb ra te  nerve elem ents containing 
only catecholam ines (B jö rk ltin d  et ah, 1968). There are no o ther m axim a or 
p la teau  on the  curves indicating the  sim ultaneous presence of catecholam ines 
an d  serotonin (Möllm ann  e t ah, 1972) in th e  p arts  o f the  bra in  under in 
vestigation.

a A
man

1,0 -

05 2
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R esults o f exposure to  HCl-vapour: The excitation  spectrum  was altered  
already  a fte r very short trea tm en ts of 20 - 30 seconds in so far as the  m axim um  
sh ifted  to  shorter wave-lengths of abou t 390 nm. E x tend ing  th e  tim e of t r e a t
m ent to  2 m inutes the  m axim um  sh ifted  fu rther to  380 nm. F u rth e r increase 
o f the  exposure tim e to  4 —5 min induced no change of the  m axim um . A fter 
exposures longer th an  4 min strong background fluorescence appeared, th e re 
fore, the  m easurem ents becam e impossible. These results show th a t  the  fluoro- 
phore present in the  neurons originates m ainly from  dopam ine (B jö r k l u n d  
e t ah, 1968).

Using the  fluorescence microscope w ith  BG12 excitation filter, we failed 
to  observe any  changes a fte r H C l-treatm ent. This is in accordance w ith  the  
facts m entioned above.

Discussion

Our results p a rtly  agree, p a rtly  disagree w ith  th e  d a ta  ob tained  on other 
O rthoptera and  T richoptera species. A part from  the  pedunculus of mushroom 
body specific fluorescence had  been detected  in every p a r t  of th e  bra in  of 
o ther species where we observed too (F ro n ta li and  N o r b e r g , 1966; F r o n - 
t a l i, 1968; P l o tn ik o v a  and  Go v y r in , 1966; P l o tn ik o v a , 1967; K lem m , 
1968; 1971; Ma n c in i and  F r o n t a l i, 1970; K lem m  and  B jö r k l u n d , 1971). 
As regards the  pedunculus, the  lite rary  d a ta  are contradictory . Specific flu o r
escence could n o t been detected  in th e  pedunculus of Periplaneta americana 
(O rthoptera) nor in th a t of several T richoptera species (F r o n ta li and  N o r 
b e r g , 1966; K lem m , 1968; 1971), whereas in th e  brain  of Acheta domesticus 
(also O rthoptera) the  pedunculus proved to  be rich in fluorescing fibres 
(Sch ürm ann  and  K le m m , 1973). Our observations agree w ith  those of the  
la tte r  au thors who are on th e  opinion th a t  the  globuli cells of th e  m ushroom  
body are of catecholam inergic character in spite of the  fact th a t  catechol
am ines are found only in th e  nerve fibres and  n o t in th e  soma. Those au thors 
explained the  exclusive axonal occurrence of catecholam ines w ith th e  absence 
of synapses around  the  somas, hence th e  catecholam ines required  for th e  sy n 
ap tic  functions are produced and  stored  only in the  axons, while the  som a con
tains catecholam ines only below th e  th resho ld  of dem onstrable am ount. The 
question is fu rther com plicated by  the  fact th a t  th e  fibres of the  globuli cells 
are also present in the  calyx glomeruli (V o w l e s , 1955) where fluorescence 
characteristic of catecholam ines was no t found. Since th e  globuli cells are con
sidered to  be unipolar, it has to  be supposed th a t  th e  branches o f the  same 
nerve can chemically be d ifferen tiated  in  so far as one of them  entering the  
calyx neuropile does no t contain detectable am ount of catecholam ines, whereas 
the  o ther one reaching other p arts  of the  mushroom  body does. The chemical 
d ifferentiation m ay be re la ted  to  th e  postsynaptic, dendritic  character of the  
intrinsic fibres present in th e  calyx neuropile (Zs .-N agy  and  B .-M u sk ó , 1972) 
while in th e  pedunculus and  in bo th  lobes the  intrinsic fibres are presynaptic , 
axonic in character.

A fu rther question is w hat k ind  of m ediation realizes the  transm ission 
o f impulses in species where the  pedunculus contains no catecholam ines ? since 
synap tic  s tructu res were encountered in the  pedunculus of all species investig
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a ted  so far electron microscopically (Sch ü r m a n n , 1970; Z s .-N agy  and  B.- 
Mu s k ó , 1972; Sch ü rm a n n  and  K l e m m , 1973).

The m icrospectrofluorim etric analyses show th a t  the  fluorophore origin
ates only from  catecholam ines in  th e  regions investigated . In  cells where 
catecholam ines occur together w ith  serotonin, e.g. in th e  glomus caroticum  
of rab b it, th e  emission curve recorded by  m icrospectrofluorim etry a fte r 
F a l c k —H il l a r p  m ethod is characteristically  of a  “ tw o-hum ped” appearance 
(Möllm a n n  e t ah, 1972). I t  has been shown th a t th is curve represents m athe
m atical sum m ation o f emissions of catecholam ines and  serotonin. On the  basis 
of our results we have to  deny the  assum ption th a t  th e  fluorophores o f catechol
am ine and  serotonin would be present together in th e  fluorescing regions only, 
th e  green fluorescence of th e  form er covers the  yellow one of the  la tte r. Such 
sim ultaneous presence has been assum ed am ong others by Sch ü rm a n n  and  
K lem m  (1973) in the  central body o f the  Acheta brain . The questions of lo
calization of relatively  great am ount o f serotonin revealed by biochemical 
analyses o f hom ogenates of locust ganglions (H ir ip i  and  S.-R ózsa , 1973) 
rem ains yet to  be answered. Since th e  la tte r  au thors analysed hom ogenates 
containing th e  whole cerebral ganglion including even th e  optic lobes as well 
as the  suboesophageal ganglia, it  is possible th a t serotonin is bound to  th e  parts 
have no t been investigated  b y  us. In  o ther species some neuropile regions 
of the  optic lobe have shown yellow fluorescence characteristic o f serotonin 
(E lo fsso n  an d  K lem m , 1972). I t  cannot, however, be excluded th a t  the  
serotonin presen t in th e  cerebral ganglion fails to  reac t to  th e  form adehyde 
trea tm en t for some special reason, hence fluorescing products do n o t appear. 
The fluorescence in tensity  of serotonin fluorophore is abou t th ree  tim es lower 
th an  th a t  of catecholam ines of th e  sam e concentration ( J o n sso n , 1971), 
nevertheless, owing to  th a t  in locust th e  concentration of serotonin is abou t 
50 percent higher th a n  th e  concentrations of noradrenaline and  dopam ine 
together (H ir ip i  and  S.-R ózsa , 1973), i t  should be expected to  find areas con
tain ing  either only yellow fluorescence a t  some places or emission curves in 
d icating the presence of catecholam ine-serotonin m ixture. The question is 
fu rth e r com plicated by  th e  findings th a t  in T richoptera species serotonin 
was no t found in the  head (K lemm  and  B jö r k l u n d , 1971) and  in the  supra- 
and  suboesophageal ganglia (K lem m , 1968; 1971) either biochem ically or 
histochem ically. In  th e  central nervous system  of Periplaneta americana 
serotonin was detected  by  G er sc h  e t al. (1961), while F r o n ta li and  N orberg  
(1966) failed to  observe serotonin in th e  supra- and  suboesophageal ganglion 
using th e  fluorescence histochem ical m ethod. Due to  th e  above contradictions 
one can draw  no defin itive conclusion regarding th e  cellular localization of 
serotonin on th e  basis of d a ta  available.

The green fluorescence observed in th e  locust b ra in  behaved upon 
H C l-treatm ent sim ilarly to  dopam ine in model experim ents (B jö r k l u n d  e t al.,
1968). Therefore, one can s ta te  th a t  the  g reat m ajority  of the  fluorophore 
originate from  dopam ine, an d  only sm all portion m ay do so in noradrenaline. 
According to  biochemical m easurem ents (H ir ip i  and  S.-R ózsa , 1973), the  
q u an tity  of noradrenaline occurring in th e  locust is 6 tim es less th an  th a t  of 
dopam ine. E ven  in o ther species dopam ine proved to  be predom inant am ong 
the  catecholam ines in bo th  biochemical and  m icrospectrofluorim etric as well 
as electron histochem ical exam inations (F r o n ta li and  H ä g g e n d a l , 1969; 
K lem m  and  B jö r k l u n d , 1971; Ma n c in i and  F r o n t a l i, 1970).
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Summary

The cerebral ganglion of the  Locusta migratoria migratorioides was in 
vestigated  except the  optic lobe. Only green fuorescence was found afte r 
F alck  H il l a r p  form aldehyde reaction in th e  regions investigated. In  the  
mushroom  body green fluorescence was observed in th e  pedunculus, alpha 
and  beta  lobes, b u t was no t in  the  globuli cell layer and  th e  calyx neuropile. 
The m ost intense fluorescence was detected  in the  central body. Varicose, 
fluorescing fibres are presen t now and  th en  in th e  protocerebral neuropile 
as well as in th e  tritocerebrum , in some places th ey  are grouped. W e failed 
to  observe any  fluorescing structu res in th e  deutocerebrum .

The m icrospectrofluorim etric analysis of th e  fluorophore revealed th a t 
the  fluorescence originates only in catecholam ines, fluorophores o f catechol
am ines and  serotonin do no t occur sim ultaneously in the  regions investigated. 
The exposure to  H Cl-vapours proved th a t  th e  catecholam ines consist m ainly 
of dopam ine, in accordance w ith o ther species.
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A L O C U S T  A  M IG R A T O R IA  M IG R A T O R IO ID E S  R . F . (IN SEC TA , 
O R T H O P T E R A ) AGYA M O N O A M IN  T A R T A L M Á N A K  FL U O R E S Z C E N S  
M IK R O SZ K Ó PO S É S  M IK R O S P E K T R O F L U O R IM E T R IÁ S  V IZSGÁ LA TA  

K Ü L Ö N Ö S T E K IN T E T T E L  A P R O T O C E R E B R U M R A

B .-M u skó  Ilo n a , Z s.-N a g y  Im re  és D eák György 

Összefoglalás
A Locusta m igratoria  cerebrális gang lion ja  képezte  v izsgála t tá rg y á t, k ivéve az 

o p tik u s-leb en y t. A  v izsgált te rü le tek en  csak zöld fluoreszcencia fo rd u lt elő a F a l c k — 
H il l a r p  fo rm aldehid  reakció  u tá n . A zöld fluoreszcencia  a g o m b a tes t részei közül m eg
figyelhető  v o lt a  peduncu lu sban , az alfa- és bé ta-lebenyben , de h iá n y z o tt a  globulus- 
se jtek  ré tegében  és a  k a ly x b an . A  leg in tenzívebben  a  corpus cen tra le  fluo reszká lt. E lszó rt, 
varikózus, fluoreszkáló  axonok  lá th a tó k  a  p ro tocereb rá lis  neurop ilben , v a lam in t a  tr ito -  
ce reb rum ban , h e ly en k én t töm örü lve . A  d eu to ce reb ru m b an  nem  sik e rü lt fluoreszkáló  
te rü le te k e t m egfigyelni.

A  fluoreszcencia  m ik ro sp ek tro flu o rim e triá s  v izsgá la ta  a z t m u ta t ta ,  hogy csak 
k a tech o lam in o k tó l szárm azik , szero ton in  és k a techo lam inok  fluo ro fo rja  k ev erten  nem  
fo rd u lt elő a  v izsgált te rü le tek en . A  H Cl-kezelés a z t b izo n y íto tta , hogy  m egegyezően 
m ás rov a rfa jo k k a l, a  ka techo lam inok  tú lnyom ó  tö b b ség é t d opam in  képezi.
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RESPONSES OF CENTRAL NEURONES TO THE STIMULATION OF HEART 
CHEMORECEPTORS IN THE SNAIL, HELIX POM ATIA  L.

K A T A L IN  S .-RÓ ZSA  an d  JÁ N O S  SA L Á N K I

Biological Research In s titu te  o f the H ungarian  A cadem y o f Sciences,
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R eceived : 1st F e b ru a ry , 1973

I t  has been described th a t  beside miogeneicity the  heart of the  snail 
Helix pomatia is controlled also by  ex tracard ia l innervation  ( K r i j g s m a n  an d  
D i v a r i s , 1955). On th e  o ther hand, well defined impulses evoked by the  ta c 
tile, pressure, osm otic and  chemical stim ulation  of the heart are running to  
the  CNS th rough the  in testinal nerve (S .- R ó z s a , 1972). We found th a t tac tile  
stim ulation of th e  h eart can modify the  ac tiv ity  of some central neurones 
by causing acceleration in some cases while inhibition in others, and  also th e  
efferent connection betw een some o f the  m odulated  neurones and  the  h ea rt 
has been proved (S.- R ó z s a  and  S a l á n k i , 1973).

In  our present work we w anted to  elucidate w hether there  are special 
neurones in the  central nervous system  responding to  chemical stim uli applied 
to  the  heart or not, and  further, if th ey  are present, w hat is their reaction 
a t  d ifferent modes of stim ulation. Also the character of the  respond evoked 
by  the  chemical stim ulation  of the  heart was determ ined, and  the  reactions 
of neurones belonging to  th e  h ea rt-h ea rt reflex were investigated.

Material and methods

E xperim ents were carried out on b ra in -heart p reparation  o f Helix 
pomatia L. Snails kep t in h ibernation during w inter were waken and  ac tiva ted  
by keeping them  a t room  tem peratu re  and  a t  increased hum id ity  while th ey  
were fed. The heart ra te  o f the  anim als ac tiva ted  by th is way was regular and  
could be kep t functioning in half-isolated conditions for long tim e (24 hours).

The shell o f the  anim als was rem oved and  the  cen tral nervous system  
was exposed. The circum oesophageal ganglionic ring was separated  from  th e  
surroundings, and  w ith the  exception of the  in testina l nerve all of the  neural 
connections of the  ganglia were cut. The in testina l nerve was cleared from  
the  connective tissue and  the  blood vessels and  side branches were transsected  
only the  fine nerve running  to  th e  h eart rem ained in tac t (Fig. 1).

The h eart was freed by  opening the  pericard. C annula were inserted  
into the pulm onal vein and  in to  the  ao rta  near to  the ventricle for perfusion. 
The conditions of the  perfusion, assuring constan t pressure, were described 
in details previously (S.- R ó z s a  and  G r a t jl , 1964).
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Fig. 1. E x p e rim e n ta l a rran g em en t. SOG —  suboesophageal ganglionic m ass; ni —  n. 
in testin a lis ; nc  — h e a r t nerve ; a  — a tr iu m ; v  — ven tric le ; M E — m icroelec trode; DC A — 
DC am plifier; B E  — b ipo la r e lec trodes; АСА — AC am plifier; О — oscilloscope; p  — 

perfusion  cham ber for physio logical so lu tion ; S — cham ber for substance  (5H T)

The prepara tion  consisting of th e  brain , in testina l nerve and  h ea rt was 
placed in a special cham ber and  th e  connection betw een the  ganglia and  the  
h ea rt was m ain tained  only th rough  th e  nerve. The distance from  th e  brain  
to  th e  heart m easured abou t 2 cm. B oth  h eart and  brain  was p ro tec ted  from 
dry ing  by  physiological saline. F o r keeping th e  tissues wet and  for solving 
substances Meng-soIútion (Meng, 1958) was used. The p repara tion  and  the 
experim ental circum stances are given in Fig. 1.

F or stim ulating  th e  h eart chem oreceptors 5-hydroxytryptam ine (5HT) 
was used. 5HT was perfused in  10-e —10~3 mol concentration in tracaridally  
w ith  a pressure identical to  th e  norm al perfusion, using a tu rn ing  cock. Tactile 
stim ulation  was perform ed a t  th e  a trio -ventricu lar area, w ith  a fine brush.

The electrical ac tiv ity  of th e  in testinal nerve was recorded b y  bipolar 
Ag-AgCl electrodes, extracellularly . A fter heart stim ulation  th e  im pulsation 
increases bo th  in frequency and  am plitude (S.-Rózsa, 1972). The m em brane 
an d  action poten tials of th e  central neurones were recorded w ith  conventional 
glass microelectrodes filled w ith  KC1, and  having resistance from  5 to  15 
MOhms. In  th e  experim ents high in p u t im pedance am plifier (Vé r ó , 1971) 
was used, and  polarization could be perform ed w ith appropriate  bridge circuit. 
F or am plification and  recording the  po tentials ALVAR instrum ents were used'
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Neurones responding to  th e  stim ulation  o f th e  chem oreceptors o f th e  
h ea rt were m apped using th e  m ethod w orked o u t previously on Helix b ra in  
(Sa k h a r o v  an d  S a l á n k i , 1969). P a r t  o f these neurones were identical w ith  
cells responding to  tactile  stim ulation  (S .- R ó zsa  an d  S a l a n k i , 1973).

E xperim ents were perform ed in  au tu m n  and  w inter a t  room  tem peratu re  
(20°—22 °C).

Results

A ltogether 31 neurones from  th e  visceral an d  righ t parie ta l gangha 
of 19 preparations were investigated . Some of th e  cells could be identified  in 
d ifferent preparations due to  th e ir constan t localization. The num bering and  
location of th e  d ifferent neurones responding to  th e  stim ulation  o f th e  h eart 
chem oreceptors w ith  5H T are shown in Fig. 2.

Most of th e  cells perform ed spontaneous ac tiv ity  during experim ents, 
being th e  generation o f action po ten tials endogenous (pacem aker cells) or 
evoked by  synaptic  po ten tials (driven cells). Several “silent neurones” were 
also investigated.

F ig . 2. L ocaliza tion  an d  reac tio n  ty p e  o f neurones respond ing  to  th e  s tim u la tio n  o f th e
h e a r t  w ith  5H T.

(5) — increase o f a c tiv ity ,

Q  — decrease o f  a c tiv ity ,

Q ) — b iphasica l reac tion ,

О — no reac tio n

7
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The characteristics of th e  afferent im p u ta tio n  running  from  th e  h ea rt 
to  th e  CNS th rough  th e  in testina l nerve were described previously (S.- R ó z s a , 
1972). In  th e  p resen t experim ents bo th  th e  stim ulation  an d  th e  recorded 
ex tracellu lar po ten tials were iden tical to  th a t  w hat was found earlier. All th e  
neurones responding to  th e  chemical stim ulation  of th e  h ea rt were tes ted  
w hether th ey  give a  response to  th e  tac tile  stim ulation  of th e  h ea rt or no t.

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

a) N e u r o n e s  r e s p o n d i n g  w i t h  t h e  d e c r e a s e  o f  t h e  
a c t i v i t y

F ive neurones have been found whose ac tiv ity  decreased due to  th e  
in tracard ia lly  adm inistered 5HT. These were V7, V14, У18, V19 an d  R Pa8 
neurones. The increased afferent im pulsation recorded from  th e  in testina l 
nerve was followed by  th e  frequency decrease and  fu rth e r b y  elim ination of 
th e  spike generation o f th e  neurone recorded w ith  in tracellu lar electrode. 
As a  rule, IP S P -s could n o t be recorded from  th e  cell, an d  release from  in 
hib ition  was n o t followed b y  increased ac tiv ity . As it  is shown in  Fig. 3 
th e  perfusion of th e  h eart w ith  5HT caused inhibition in  th e  ac tiv ity  o f neurone 
V7, an d  a f te r  wash ou t th e  control frequency re tu rn ed  only gradually. No 
IP S P -s were registered from  cell V7 during h ea rt stim ulation, however, 
following tw o or th ree  depolarizations and  hyperpolarizations characteristic 
inh ib ito ry  po tentials appeared, referring to  th e  presence of synaptic influences 
on th e  cell. This fact gives a  basis to  suppose th a t  inhibition  occurring a fte r 
increased afferent im p u ta tio n  could be also the  resu lt o f synaptic  bom bard 
m ent, however, for some reason th is could no t be recorded from  the  soma.

A

В

|200uV 

130 mV

1sec
F ig . 3. R eac tio n  o f  neurone V7 to  th e  chem ical s tim u la tio n  o f  th e  h e a rt . A  — con tro l; 
В  a n d  C — effec t o f  stim u la tio n . H ere  an d  in  th e  follow ing F igs: u p p e r — ex trace llu la r  
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 of th e

neurone



99

Ъ) N e u r o n e s  r e s p o n d i n g  w i t h  t h e  i n c r e a s e  o f  t h e  
a c t i v i t y

D ue to  5HT stim ulation of th e  h ea rt th e  ac tiv ity  of th e  neurones V13, 
V16 an d  R Pa9  increased. This was preceded b y  th e  increased afferen t im puls- 
ation  recorded from  th e  in testina l nerve (Fig. 4). The increased ac tiv ity  of 
th e  neurones was observed u n til th e  elim ination o f th e  serotonin from  th e  h eart 
an d  th e  re tu rn ing  o f th e  control ac tiv ity  o f th e  in testina l nerve.

1200jliV 

|30mV

1sec

F ig . 4. R esponse o f neurone V16 to  th e  chem ical s t im u la tio n  o f  th e  h e a rt . A  — control; 
В an d  C — effect o f  con tinuous s tim u la tio n

F urtherm ore th e  ac tiv ity  of cell Y13 was in close correlation w ith  one 
o f th e  com ponents recorded from  th e  h ea rt nerve ( Fig. 5). As th e  in tracellu lar 
spikes preceded th e  ex tracellu lar po tentials, these la tte r  can be considered 
as efferent im pulses originating from  th e  neurone an d  running tow ards th e  
heart. This supposition is supported  by  th e  findings th a t  th e  close correlation 
o f th e  tw o signals could be observed also a t  th e  depolarization o f th e  neurone 
(Fig. 6).

Figure 5 shows th a t  th e  chem oreceptors of th e  h eart become active 
to  5H T n o t instan taneously , b u t there  is a t  th e  beginning only a  week sig- 
nalization (Fig. 5B ). Also th e  elim ination of th e  effect of th e  5H T an d  th e  
decrease of th e  ac tiv ity  of th e  in testina l nerve tak e  place gradually. The ac tiv ity  
o f cell У13 rem ains enhanced u n til th e  ac tiv ity  of th e  in testina l nerve is higher 
th a n  th a t  o f th e  control (Fig. 5E, F ).

No E PSP-s could be registered from  neurones responding to  th e  h eart 
stim ulation  w ith  th e  increase of th e  spike generation.

7*
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F ig . 5. R esponse o f  cell V 13 to  th e  chem ical s tim u la tio n  o f th e  h e a rt . A  an d  В  — con tro l 
an d  beg inn ing  o f  s tim u la tio n ; C — an d  D — during  s tim u la tio n  a f te r  1 m in ; E  an d  F  — 
end  o f  w ash  o u t a f te r  3 m in . I t  can  be seen th a t  th e  in trace llu la r sp ike is follow ed b y  an

ex trace llu la r one in  each  case

F ig . 6. R esponse o f  cell 13 to  d ep o la riza tion  o f th e  som a m em brane . N o te  th e  co rre la tion  
betw een  th e  in tra -  an d  ex trace llu la r com ponents
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c) N e u r o n e s  w i t h  b i p h a s i c a l  r e s p o n s e

There were cells responding biphasically  to  th e  chem o-stim ulation of 
th e  heart. The frequency o f th e  ac tiv ity  o f cells У12, У17 and  R P a6  increased 
a t  th e  beginning, th an  it  decreased. The reaction o f neurone V17 is dem onstr
a ted  in  Fig. 7. I t  can be seen th a t  a f te r  perfusing th e  h eart w ith  5HT bo th  
th e  am plitude and  th e  frequency of th e  afferent im pulsation increased and  
following th is, th e  frequency o f th e  action poten tials recorded from  neurone 
V17 was nearly  doubled (Fig. 7B ). However, a fte r 2 min. th e  ac tiv ity  of the

A

В

C

D

E

тттлтттшямптшттттшт

|100uV 
140 mV

1sec
F ig . 7. R esponse o f cell V17 to  th e  s tim u la tio n  o f  th e  h e a r t  w ith  5H T. A  — co n tro l; 

В , C a n d  D  — con tinuous s tim u la tio n  o f th e  chem oreceptors; E  — a f te r  w ashing

neurone was inh ib ited  while firs t depolarization, th an  hyperpolarization 
occurred, an d  a t  th e  sam e tim e th e  frequency o f th e  ex tracellu lar po tentials 
w ith  high am plitude was decreased (F ig. 7C). Recovering from  th e  phase of 
inhibition  th e  cell is more active th a n  was in  th e  control s ta te  (F ig. 7D), 
while a fte r elim ination of th e  5HT it  produced a lower ac tiv ity  com pared 
to  th e  control ( Fig. 7E). This ty p e  of reaction was very  characteristic to  th is 
neurone and  could be evoked repeated ly  w ith  very  sim ilar tim e curves in  each 
case.

Cell V I2 responds sim ilarly to  V I7 (Fig. 8), however, in  th is  case the  
increase of th e  ac tiv ity  is only of sho rt dura tion  a fte r h eart stim ulation  ( Fig. 
8B ), and  a lte ra tion  of frequency increase and  decrease was observed. This 
ty p e  of po ten tia l generation, resem bling to  a bim odal, bursting  ac tiv ity  was 
observed also during th e  w ash ou t o f serotonin (Fig. 8E ,F ). In  some cases 
during th e  inh ib itory  phase IP S P-s were observed causing probab ly  th e  in-
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F ig . 8. R esponse o f neurone V12 to  h e a r t  s tim u la tio n . A  — co n tro l; В , C an d  D  — effec t 
o f  s tim u la tio n ; E  — d u ring  w ash  o u t a f te r  2 m in ; F  — a f te r  6 m in . N o te  th e  synchronous 

ex trace llu la r  p o te n tia l follow ing th e  in trace llu la r  sp ikes

hib ition  o f th e  spike generation. In  case o f cell V12 also a close correlation 
was found betw een th e  in tracellu lar spikes an d  a  given ex tracellu lar p o ten tia l 
type.

The in itia l increase of ac tiv ity  was followed by  inh ibition  o f th e  p o ten tia l 
generation in  case o f th e  R Pa6  neurone, too. The spikes o f th e  cell could n o t be 
recorded in  th e  ex tracellu lar reg istra tion  from  th e  h ea rt nerve, nevertheless, 
th e  general im pulzation of th is  nerve was lowered during  th e  phase o f inhib iton  
o f th e  cell ac tiv ity . This m eans th a t  th e  R P a6  neurone is connected n o t to  a 
particu la r axon in  th e  h ea rt nerve, b u t w ith  several o ther neurones, sending 
th e ir axon in to  th is nerve. The generation  o f po ten tials in  th is  neurone was 
clearly o f synap tic  origin driven b y  E PSP-s.

d) E f f e c t  o f  t a c t i l e  s t i m u l a t i o n  o f  t h e  h e a r t  o n  
n e u r o n e s  g i v i n g  r e a c t i o n  t o  c h e m о - s  t  i m u 1 a t  i о n

T he reactions of neurones to  chemical an d  tac tile  stim ulation  of th e  h eart 
were com pared in  order to  clear up th e  specificity of th e  cen tral rep resen ta tion  
of th e  effect evoked w ith  stim ulation  o f d ifferent types. Table I  sum m arizes 
th e  results.
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T A B L E  I

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

Neurone Reaction to chemical 
stimulus

Reaction to tactile 
stimulus

V7
V8 0 —

V12 + »— +
V13 + —
v u — 0
V16 + +
V17 + »— + » ~
V18 — +
V I9 — —

R Pa6 +>— —

R Pa8 —

R Pa9 + —

-f-: increase of activ ity  
—: decrease of activ ity  

0: no effect

As can be seen, there  were only tw o neurones responding only to  one so rt 
o f stim ulation. Cell V8 gave reaction only to  tactile , while cell V14 to  chemical 
stim ulation  o f th e  heart. Cells Y13, У18 an d  R P a9  gave antagonistic reaction 
to  th e  chemical an d  tactile  stim ulation  o f th e  h ea rt: V13 and  R Pa9  neurones 
becam e stim ulated  a t  chemical, an d  were inh ib ited  a t  tac tile  stim ulation . 
Cell У 18 gave reversed response. B iphasic reaction was observed in  th e  case 
o f cell V17 to  b o th  types o f stim ulation , while cell V12 and  R P a6  responded 
biphasically  to  chem o-stim ulation o f th e  heart. In  these cases acceleration 
was th e  firs t phase, followed by  a  decrease and  again b y  an  increase of th e  spike 
generation.

Tactile stim ulation  caused on cell V12 only stim ulation  while on cell 
R P a6  only inhibition , however, one m ust tak e  in to  consideration th a t  th e  
du ra tion  o f th e  tac tile  stim ulus is com paratively  short, while chemical s ti
m ulation is long. Cells V7, V19 an d  R P a8  were inh ib ited  an d  cell V16 was 
stim u la ted  b o th  a t  tac tile  an d  chemical stim ulation  of th e  heart.

e) P o s t s y n a p t i c  p o t e n t i a l s  o n  t h e  c e n t r a l  n e u r o n e s  
a t  t h e  s t i m u l a t i o n  o f  h e a r t  r e c e p t o r s

F rom  th e  som a of neurones connected w ith  h ea rt receptors postsynaptic  
po ten tials could be registered only rarely . Cell R P a6  was th e  single neurone 
where E P S P -s were recorded in  control conditions an d  from  cell V7 could 
be recorded IP S P -s  a f te r  repeated  de- an d  hyperpolarization.

In  tw o cells, however, where th e  effects of tac tile  and  chemical stim ulation  
were antagonistic, PSP-s occurred, an d  th e  effect was realized clearly th rough  
PSP-s. In  cell V12 a fte r chem o-stim ulation o f th e  h ea rt depolarization took  
place a t  th e  beginning, w ithou t noticeable PSP-s. However, in  th e  second 
phase th e  inhibition  took  place w ith th e  appearance o f IP S P -s  ( Fig. 9) .  On
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F ig . 9. Tw o phases o f  th e  response o f  neurone V 12 in  a  case, w hen  a f te r  th e  chem ical 
s t im u la tio n  o f th e  h e a r t  IS P S -s w ere reco rded . A  — co n tro l an d  th e  effect o f ta c tile  
s tim u la tio n  o f  th e  h e a r t;  В  — e x c ita to ry  phase  follow ing th e  chem ical s tim u la tio n  of 

th e  h e a r t;  C — in h ib ito ry  phase  d u ring  s t im u la tio n

F ig . 10. R esponse o f  cell VT8 to  h e a r t  s tim u la tio n . A  — con tro l; В  — effec t o f ta c tile  
s t im u la tio n  o f th e  h e a r t . N o te  th e  increase o f  E P S P -s . C — effec t o f  chem ical s tim u la tio n

o f th e  h e a r t

cell Y12 th e  increase of ac tiv ity  appeared  w ithou t E PSP-s also in case of tac tile  
stim ulation. On cell V18 th e  tac tile  stim ulation  o f th e  h ea rt resu lted  in  th e  
increase of E P SP -s and  enhanced spike ac tiv ity . On th is  cell th e  inhibition  
evoked b y  chem o-stim ulation of th e  h ea rt appeared  w ithou t IP S P-s, however, 
th e  am plitude o f th e  E P SP -s was d rastically  reduced, an d  m em brane hyper
polarization was observed (F ig. 10). In  con trary  to  th e  fact th a t  PSP-s were 
recorded only ra re ly  these cases show th a t  signalization arriv ing from  th e
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h ea rt can cause strong synap tic  influence on th e  neurones. I t  seems probable 
th a t  th e  m odification o f th e  cell ac tiv ity  occurs m uch more frequen tly  th rough  
synaptic  po ten tia l th a n  we could observed, however, being th e  synapses far 
from  th e  som a when recording w ith  in tracellu lar electrodes, these po ten tials 
do n o t become visible.

Discussion

I t  was shown earlier th a t  th e  tac tile  stim ulation  of th e  h ea rt modifies 
th e  ac tiv ity  o f a num ber o f cen tral neurones (S.-Rózsa an d  Salánki, 1973). 
The present results give evidence th a t  th e  chem oreceptors o f th e  h eart also 
have a  sim ilar cen tral rep resen ta tion  a t  cellular level. Our experim ents were 
conducted on th e  visceral an d  rig h t p a rie ta l ganglia, and  these neurones were 
found n o t in  groups, b u t in dispersed localization. I t  can be supposed, th a t  
neurones connected w ith  h ea rt chem oreceptors could be found in o ther p a rts  
o f th e  ganglionic mass too.

According to  these d a ta  neurones receiving signals from  th e  h ea rt a t  
different modes o f stim ulation  are m ixed in th e  snail bra in  sim ilarly  to  th e  
cen tral neurones o f h ea rt chemo- an d  baroreceptors in  th e  brainstem  o f ver
teb ra tes  (Miura and  R eis , 1972; Spyer , 1972). Our earlier histological d a ta  
also proved th a t  th e  neurones innerva ting  th e  h ea rt of G astropoda are in th e  
ganglia sca tte red  and  do n o t form  any  defin ite group (Gxjbicza and  S.-Rózsa,
1969).

E xam ining th e  neurones w hether th ey  can be influenced b o th  from  the  
chem oreceptors an d  tac tile  receptors we found th a t  there  is only a  few o f them  
responding only to  one o f th e  stim ulus types. There were a  few more cells 
responding an tagonistically  to  th e  tw o different stim uli. The identical re 
p resen tation  o f d ifferent stim uli show th a t  p rim ary  sensory neurones respond
ing directly  to  stim u lation  can be p resen t am ong th e  investigated  cells only 
in  a  lim ited  num ber. Such p rim ary  sensory neurones are th e  m echano- and  
s tre tch  receptors o f crabs, th e  chordotonal organ o f arth ropods, th e  muscle 
proprioceptors, while th e  cen tral ligh t sensisitive system  o f th e  arthropods 
an d  m ost o f o ther sensory system s are composed o f secondary sensory neurones 
(Grundfest, 1971). M ost p robab ly  such secondary sensory neurones take  
p a r t  in  th e  cen tral rep resen ta tion  of sensory areas o f th e  Helix  hea rt. The 
sensory character could explain th a t  postsynap tic  poten tials were n o t re 
gistered from  m ost of th e  neurones b o th  a t  rest an d  a fte r chemical or tac tile  
stim ulation  of th e  h ea rt. However, to  explain th e  lack o f PSP-s one can 
suppose too th a t  the  place o f th e  synap tic  influence and  th e  location o f th e  
recording electrode are s itu a ted  to  a  distance, an d  so th e  synap tic  po ten tials 
can influence th e  spike generation, b u t cannot be recorded from  th e  soma. 
I f  th is supposition is true , one could record a  more violent sy n ap tic  bom bard
m ent from  th e  synap tic  region th an  from  th e  soma.

In  case o f b iphasical responses som etim es PSP-s appeared  clearly. 
This ty p e  o f ac tiv ity  is based p robably  in  each case upon  synap tic  influences, 
when th e  com petition o f ex c ita to ry  and  inh ib ito ry  in p u ts  cause a ltera tion  
in th e  cell ac tiv ity . I t  can be supposed th a t  th e  occurrence o f b iphasical re 
sponses w ould be m ore frequen t a f te r  tac tile  stim ulation  if  we apply  th is 
stim ulus for m inutes in stead  of seconds.
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The occurrence o f neurones responding differently  to  d ifferen t modes 
o f stim ulation  is an  ind irect p roof showing th a t  am ong receptors special 
chemo- an d  tac tile  receptors m ust exist, however, we are lack o f any  infor
m ation  ab o u t th e ir morphological s truc tu re . As b o th  ty p e  of stim ulus cause 
an  increase in  th e  electrical a c tiv ity  o f th e  in testina l nerve, th e  d ifferent 
neuronal reactions refer to  th e  fact th a t  specificity m ust exist also a t  neuronal 
level according to  th e  sensory area. I t  cannot be excluded th a t  th is specificity 
is m anifested in  th e  form  o f th e  presence o f p rim ary  sensory neurones. I t  can 
be supposed too th a t  neurones influenced by  h ea rt receptors form  a  coupled 
system  sim ilarly to  th a t  described for th e  touch  receptors o f Hirudo (B a y l e r  
an d  N ic h o l l s , 1 9 69 ). Such a  coupling can give a  basis n o t only for d ifferenti
ation  o f various signals, b u t also for in tegra tion  of different inpu ts  an d  for 
th e  d iscrim ination o f th e  place o f stim ulus.

The functional role o f some g ian t neurones is well know n in th e  control 
o f cen trally  triggered  m otor functions (W il l o w s  an d  H o y l e , 1968 ) an d  in  
some reflex responses (K u p f e r m a n n  an d  K a n d e l , 1969 ; P e r e t z , 1969;  
W e e v e r s , 1971 ) in  G astropoda. In  th e  visceral ganglion o f Lim ax  a  neurone 
was described causing increase in  th e  h ea rt ra te  (M cK a y  an d  G e l p e r i n , 
1 9 7 2 ). W e have repo rted  also ab o u t some neurones in  th e  CNS of Helix  tak ing  
p a r t  in the  h ea rt-h ea rt reflex evoked b y  tactile  h ea rt stim ulation  (S .-R ó zsa  
an d  S a l á n k i , 1 9 7 3 ). According to  our p resen t resu lts th e  reflex responds 
occurring a t  th e  stim ulation  o f chemo- an d  tac tile  receptors are very  sim ilar, 
an d  in  some cases th ey  are realized w ith  th e  p artic ipa tion  o f th e  sam e neurones 
(cells V 1 2  an d  V 1 3 ). Sim ilar com m on represen ta tion  was described for th e  
cen tral neurones o f th e  chemo- an d  baroreceptors in  verteb rates (M i u r a  and  
R e i s , 1 9 72 ). Obviously, cen tral neurones influenced by  h ea rt stim ulation  
can tak e  p a r t in  th e  functioning o f o ther reflex pathw ays, too.

O ur resu lts give evidence for th e  central rep resen ta tion  of th e  h eart 
chem o-receptors a t  cellular level an d  prove on its  basis th e  existence of such 
a  h ea rt-h ea rt reflex which can tak e  p a r t  in  th e  ex tracard ia l regulation o f the  
h ea rt. T he fact, th a t  th e  ac tiv ity  of m ost of th e  neurones can be m odulated  
by  different types o f stim uli calls th e  a tten tio n  to  th e  existence and  functioning 
o f regu la to ry  system s d is trib u ted  diffusely in  th e  ganglia.

Summary

The responses o f cen tral neurones to  chemical stim ulation  o f the  h ea rt 
were exam ined in th e  visceral and  rig h t parie ta l ganglia o f th e  snail Helix 
pomatia L. These responses were com pared w ith  reactions evoked b y  s ti
m ulation  o f th e  m echanoreceptors of th e  heart. The following resu lts were 
ob tained:

Twelve neurones were identified  in  th e  visceral an d  parie ta l ganglia 
responding to  th e  stim ulation  o f th e  h ea rt w ith  5HT. T he response was either 
an  increase or a  decrease in  activ ity .

F our neurones, th ree  from  th e  visceral (V12, V13 an d  У 17) an d  one 
from  th e  rig h t parie ta l ganglion (RPa9) gave biphasic reaction a t  chemical 
stim ulation  o f th e  heart: th e  in itia l exc ita to ry  phase was followed by  th e  
inh ib ition  of spike generation. In  case of long lasting stim ulation  th e  altera tion  
o f th e  tw o phases was observed.
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Cells V12 and  У 13 belong defin itely  to  cen tral neurones o f th e  h eart 
reflex. A t stim ulation  o f th e  chem oreceptors a  close correlation was found 
betw een th e  spikes of these neurones an d  a p articu la r com ponent of th e  h ea rt 
nerve ac tiv ity . These neurones can be considered as cen tral neurones o f th e  
ex tracard ia l h ea rt regulation.

Most o f th e  neurones investigated  responded bo th  to  th e  chemical and  
tactile  stim ulation  o f th e  heart, however, in  some cases th e  reaction was 
different to  different modes o f stim ulation. Neurones, responding only to  one 
ty p e  of stim ulus can be considered as p rim ary  sensory neurones.
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K Ö Z P O N T I ID E G R E N D S Z E R I N E U R O N O K  V Á L A S Z R E A K C IÓ I 
A  SZ ÍV  K E M O R E C E P T O R A IN A K  IN G E R L É S É R E  H E L I X  P O M A T I Á N

S .-R ó zsa  K a ta lin  és Sálánlci János  

összefoglalás
T an u lm án y o z ták  a  k özpon ti n eu ronok  v álaszreakció it a  szív  k em o recep to ra inak  

ingerlésére H elix  pom atia  L . v iscerális és pe rie tá lis  gang lion ja iban . A  kem orecep to rok  
ingerlésekor m eg figye lt k özpon ti e ffek tu so k a t ö sszev e te tték  a  szív  m ech an o recep to ra in ak  
ingerlésekor le ír t  reako ió típusokkal. A z e red m én y ek  szerin t:

1. A  szív  kem o recep to ra in ak  ingerlésére 12 s e jt re a g á lt a  v iscerális és jo b b  parie- 
tá l is  gang lionokban ; a  válaszreakció  a  sp o n tá n  a k tív  se jtek en  g á tlá s  v ag y  serken tés  vo lt.

2. A  viscerális gang lion  tö b b  se jtje  (V12, V 13, V17), v a la m in t a  jo b b  p a rie tá lis  
gang lion  egy ik  se jtje  (R P a9 ) k e ttő se n  re a g á lt a  szív  kem o recep to ra in ak  ingerlésére: 
a  k ezd e ti se rken tő  h a tá s t  g á tló  fázis k ö v e tte . T a rtó s  ingerlés e se tén  a  k é t fázis v á ltak o z 
h a t  is.

3. A  v izsgált se jtek  közü l a  V 12 és V13 b iz o n y íto tta n  szív-szívreflex  közpon ti 
neu ro n ja , m ive l a  kem orecep to rok  ingerlésekor szoros korre lác ió  m u ta th a tó  k i a  se jt 
a k tiv itá sa , v a la m in t a  szív idegről e lv e z e te tt a k tiv itá s  kom ponensei k ö zö tt. E  korreláció  
tö rv én y sze rű en  m in d en  p re p a rá tu m o n  k im u ta th a tó . E  se jtek  a  szív  ex trak a rd iá lis  szab á 
lyo zásán ak  kö zp o n ti n eu ro n ja i.

4. A  v izsgált k ö zp o n ti neu ro n o k  többsége e g y a rá n t re a g á lt a  szív ta k til is  és kém iai 
ingerlésére, azo n b an  az e se tek  egy  részében  a  válasz  a  k é t ingerfélesógre e llen té te s  vo lt. 
A  k izáró lag  egy ik  ingerre  reagáló  se jtek  elsődleges érző n eu ro n o k  lehetnek .
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H O R IZ O N T A L  P U L L E R  F O R  T H E  P R E P A R A T IO N  O F G L A SS  

M IC R O E L E C T R O D E S

M IH Á L Y  V É R Ó

B iological Research In s titu te  o f the H ungarian  A cadem y o f Sciences, 
T ih a n y , H ungary

R eceived : M arch 13, 1973

The m echanical an d  electrical param eters o f m icroelectrodes applied 
for electrophysiological investigation of cells are determ ined  b y  th e  differing 
requirem ents o f in tracellu lar connections used for various objects. The m ost 
im portan t requirem ent is th e  elim ination of destruction  which would interfere 
w ith  th e  norm al operation  of th e  cell (N a s t u k , 1963). In  order to  satisfy  th is 
requirem ent, th e  tip  d iam eter of th e  m icroelectrode should be w ith in  0.1 to  
1 [im (L a v a l l é e  e t ah , 1969). The problem s associated w ith  th e  extrem ely  
high resistance and  capacitance o f th e  low -diam eter tip  can be m inim ized b y  
using a  high in p u t im pedance, negative capacitance am plifier (S c h a n n e  
e t al., 1968; Véró , 1971).

F o r th e  p repara tion  o f glass m icroelectrodes, pullers w ith  horizontal 
or vertical arrangem ents are in  use ( D o n a l d s o n , 1958). Considering m erits 
an d  dem erits of these arrangem ents, a horizontal ty p e  puller has been deve
loped in our In s titu te  which has a m ore straigh tfo rw ard  pulling force control 
as com pared to  th e  A l e x a n d e r — N a s t u k  ty p e  generally used (A l e x a n d e r  
an d  N a s t u k , 1953).

B y utilizing glass capillars w ith  diam eters o f 0.5 to  3 mm , th e  device 
is suitable for th e  p rep ara tio n  o f m icroelectrodes having suitable geom etrical 
dimensions an d  electrical param eters for in tracellu lar investigations. The 
pulling an d  heating  param eters a re  ad justab le  w ith in  wide ranges, so th e  
optim um  electrode shape an d  tip  d iam eter m ay be well su ited  for th e  d ifferent 
requirem ents. W ith  glass capillars o f unchanging diam eter an d  m ateria l, 
th e  s tab ility  o f pulling an d  heating param eters is high enough to  resu lt in 
a  high degree of reproducibility , b o th  in  electrode dim ensions an d  in  electrical 
properties (B a k e r  an d  Y o r k , 1971 ).

The operation  o f th e  electrode puller is shown b y  th e  circuit diagram  
given in Fig. 1 which also gives th e  operation phases. T he circuit is operated  
from  a 220 volts m ains supply. Switching on will generate 300 volts DC to  
supply th e  solenoid an d  re lay  currents. O perating th e  START bu tto n , th e  re lay  
R E L  will operate an d  close th e  solenoid circuit. Sim ultaneously, transform er 
T 2 is energized giving th e  heating  power. In  th e  f irs t phase, pulling force is 
F 1( and  th is is ad justab le  by  th e  P U L L  FO R CE CONTROL potentiom eter. As 
soon as th e  glass capillar reaches th e  plastic stage, i t  will be stre tched  by  th e  
pulling force F 1( and  a fte r reaching a  certain  length, th e  m icroswitch SW,
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controlled b y  a  m ovable iron core, will sw itch th e  solenoid to  a  m axim um  
voltage. In  th is  phase, th e  m axim um  pulling force F 2 is established which has 
th e  effect to  te a r  th e  glass an d  th u s form  th e  su itab le electrode tip  d iam eter. 
T he s ta rtin g  o f th e  pulling phase w ith  pulling force F 2 is ad justab le  by  th e  
se tting  o f m icroswitch SW. 3 seconds a f te r  th e  sw itching on o f p ulling force 
F 2, pulling force an d  th e  heating  are bo th  sw itched off, th u s  term inating  one 
pulling period. A defin ite term ination  tim e is assured b y  th e  tim e constan t 
in th e  operating  circuit o f  re lay  R E L .

In  Fig. 1, th e  layou t o f th e  solenoid supplying th e  pulling force an d  the  
m ovable iron core w ith  bearings, an d  th e ir re la tion  to  th e  electronic circuit 
are illustra ted . The m ovable clam p fixing one end o f th e  glass capillar is 
m ounted  on th e  m ovable core axis; th e  o ther end is connected to  a  fixed clamp.

T he electrode puller ac tua lly  b u ilt is shown in Fig. 2. The solenoid 
supplying th e  pulling force, th e  m ovable iron core w ith  bearings a t  bo th  ends, 
an d  a  suitable profile a t  th e  iron core side for controlling th e  microswitch 
SW, are all m ounted  on th e  top  cover o f th e  cabinet. F ine ad ju stm en t of th e  
m icroswitch Sw along th e  iron core axis is possible, resulting  in  an  accurate 
sw itch-on tim e o f th e  pulling force F 2. T he tw o ends o f th e  glass capillar are 
held b y  th e  m ovable an d  fixed  clam ps shown in th e  Figure. The electrode is 
hea ted  b y  th e  heating filam ent a t  th e  m iddle p a r t o f th e  capillar. T he filam ent 
has a  w idth  of 4 m m  an d  a  thickness o f 0.2 mm, rolled from  K an th a l, w ith  a 
resistance o f 0.1 ohm  an d  a  m axim um  heating  power o f 40 w atts.

OPERATING PHASES 1 2 3 4 5 6 7 I
STAND-BY: m a in s  on,F< Dulling fo rc e  e n e rq iz e d w ith c la m D in a  of c a p i l l a r .

PULLING: F< p u ll in g  fo rc e  a n d  h e a t in a  s t a r t e d  b y  p u s h in g  STA RT b u t to n .

BREAKAGE: F t pu llin g  -fores a n d  h e a tin g  s w itc h e d  o n .  S t a r t i n g  t im e  o f .  FA i s  a d j u s t a b l e .

F IN IS H : F t  pu lling  f o r c e  a n d  h e a t in g  s w i tc h e d  off 3 s e c o n d s  a f te r  Fj, s w i t c h - o n  t im e

S w itc h  c o n d i t io n s  : ■  c lo s e d  n o r m a l  s w i tc h  S ’c lo s e d  s n a p  s w itc h  Q  o p e n  svyitch

F ig . 1. C ircu it d iag ram  an d  op era tin g  p h ases o f th e  glass m icroelectrode puller.
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According to  Fig. 2, th e  operation o f th e  electrode puller has following 
phases:

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

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

3 — A fte r com pletion o f th e  pulling procedure, ano ther capillar m ay 
be clam ped in, bringing th e  puller in to  a  fresh stand-be stage.

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

The resistance an d  tip  po ten tia l o f th e  m anufactu red  electrodes, filled 
w ith  an  electrolyte 3M KC1, is checked b y  a  F E T -in p u t am plifier developed 
in our In s titu te  and  used for in tracellu lar connections (Vékó , 1971). The 
arrangem ent for resistance m easurem ents is shown in Fig. 4a. The W heatstone- 
bridge a t  th e  am plifier in p u t has a po ten tiom eter calib rated  in  m egohm  values 
and  is suitable for m easuring electrode resistances in  th e  range o f 1 to  50 m eg
ohms. An electrode w ith  a  resistance lower th a n  1 m egohm  usually  perta ins 
to  a  tip  d iam eter higher th an  1 цт, which m ay cause destruction  of th e  cell 
m em brane, and  thus will n o t be suitable. A n electrode o f high tip  p o ten tia l 
is equally unsu itab le as i t  will polarize th e  cell when connected in tracellu larly , 
an d  th u s in terfere w ith  cell operation, or in  extrem e cases m ay even com pletely 
p reven t cell operation. The tip  po ten tia l value is controlled as shown in Fig. 4b. 
In  high precision m easurem ents, even a  low or changing tip  po ten tia l m ay 
cause troubles. In  th is  case, a  special m easuring bridge suitable for t ip  po ten tia l 
com pensation should be associated w ith  th e  am plifier (K iss e t al., 1972) as

F ig . 2. M echanical la y o u t o f th e  e lec trode  pu lle r



112

F ig . 3. P r in te d  c ircu it b o a rd  a rran g em en t o f  th e  elec tron ic  assem bly

F ig . 4. C ontro l o f m icroelectrode res istance  an d  t ip  p o ten tia l: a )  res is tance  m easu re 
m en t, b)  t ip  p o te n tia l m easu rem en t, c)  t ip  p o te n tia l com pensation
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shown in sim plified form in Fig. 4c. M icroelectrodes w ith  stable tip  potentials 
no t changing w ith tim e are to  he preferred as the  com pensation ad justm en t 
during operation is difficult and  som etimes impossible. S table tip  po ten tial 
requires very  low im purity  in th e  glass m aterial and  in th e  solutions during 
the  whole electrode pulling process.

S u m m a ry

The puller is used to  prepare microelectrodes suitable for intracellular 
connection from  glass capillars having diam eters of 0.5 to  3 mm. The puller 
has a horizontal arrangem ent, pulling an d  heating param eters are ad justable 
w ithin a wide range, so th e  electrode shape an d  tip  d iam eter suitable for 
diverse requirem ents are easily realizable. The stab ility  of pulling and  heating 
param eters will result in a high degree of reproducibility  of the  electrical 
an d  geom etrical electrode data . O peration of th e  puller and  relations between 
electronic and  m echanical p a rts  are described in detail and  shown by  figures. 
A bridge inpu t electrom eter am plifier is used for control of th e  m ost im portan t 
electrical param eters of th e  electrodes prepared.
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H O R IZ O N T Á L IS  H Ú Z Ó K É S Z Ü L É K  Ü V E G M IK R O E L E K T R Ó D Á K
K É S Z ÍT É S É H E Z

Véró M ih á ly

ö s s z e fo g la lá s
A készülékkel 0,5 m m -tő l 3 m m  átm érő ig  te r jed ő  üvegkap illárisokbó l in tra - 

cellu láris elvezetésre a lkalm as m ik ro e lek tró d ák  kész íthe tők . Az e lek tródahúzó  horizon
tá lis  e lrendezésű, húzási és fű tési p a ram é te re i széles h a tá ro k  k ö zö tt v á lto z ta th a tó k , így  
a  különböző elvezetési k öve te lm ényeknek  m egfelelő op tim ális  e lek tró d a  fo rm a és h eg y 
á tm érő  nagy  b iz tonsággal k ia lak íth a tó . A  készü lék  húzási és izzítási p a ram éte re in ek  
s ta b ilitá sa  b iz to s ítja  az e lek tró d ák  elek trom os és geom etria i a d a ta in a k  nagyfokú  rep ro 
d u k á lh a tó ság á t. Az e lek tródahúzó  m ű k ö d ésé t, e lek tro n ik a i és m echan ika i részeinek  
k ap cso la tá t, az á b rá k  a lap ján  részletes le írás ism erte ti. Az elkészü lt e lek tró d ák  legfon
to sab b  elek trom os p a ram éte re in ek  ellenőrzése m érőh íd  b em en e tű  e lek tro m éte r erősítővel 
tö r tén ik .
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A ctiv ity  p a tte rn s  o f spontaneous active (pacem aker) nerve cells are 
frequently  different, and  the  individual p a tte rn s  are closely re la ted  to  the  
nerve cell functions. Spike generation frequency and  duration  o f th e  single 
spikes are bo th  d ifferent (B u l l o c k  and  H o r r i d g e , 1965). E ven  a single cell 
m ay show different ac tiv ity  p a tte rn s  during operation as a resu lt of an afferent 
in p u t (S.- R ó z s a  and  S a l á n k i , 1973), and  th e  operating frequency of s tim ul
a ted  cells is highly dependent on the  tem peratu re , ion con ten t etc. of the 
physiological solution surrounding the  cell (Ca r p e n t e r , 1967). These p a ra 
m eters which are prim arily  of ex ternal origin will have an  effect no t only on 
the operating frequency of the  cell b u t also on th e  duration  of the  action 
potentials. Investigations classifying cell responses on ex ternal param eter 
changes are extrem ely useful.

The above considerations led to  experim ents in our In s titu te  concerning 
the  operation of B r ty p e  cells of Helix pomatia L. as a  function of tem perature. 
(S a l á n k i  e t ab, 1973). This cell will show a t  norm al room  tem peratu re  (22 
deg C) a specific ac tiv ity  p a tte rn  ( Fig. lb ). Increasing or decreasing the  
tem peratu re of the physiological solution surrounding the  cell will change 
the  ac tiv ity  p a tte rn , i.e. th e  length of the  in tervals and  th e  du ra tion  of the 
action potentials (Figs, la  and  1c). F o r detailed  investigation of th is pheno
menon, pulse tra in s perta in ing  to  d ifferen t tem peratu res are needed, and  these 
can only be evaluated  economically b y  electronic methods.

To solve th e  above problem , the  1024-channel analyzer ty p e  NTA-512B, 
developed by th e  C entral R esearch  In s ti tu te  for Physics “K F K I” , B udapest, 
has been applied. Suitable additional circuits and  m odifications have been 
used in order to  realize the  high precision and  rap id  d a ta  analysis 
needed.

The principle of d a ta  analysis is shown by  th e  block diagram  of Fig. 2. 
In  order to  achieve off-line ty p e  d a ta  analysis, th e  action potentials are 
am plified by  a F E T  in p u t pream plifier (V é r ó , 1971) and  are stored  on an FM 
ty p e  analog m agnetic d a ta  recorder. F rom  the  recorder, d a ta  are transferred  
through äT F E T  in p u t am plifier bn  an  operational am plifier which will lim it 
the  signals a t  a  hight corresponding to  h a lf of th e  action potentials. The nex t 
circuit is a squarer which generates square pulses having w idths equal to  the 
action po ten tial duration . F inally , short pulses coinciding w ith  th e  leading
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1. A c tiv ity  p a tte rn  o f a  B r ty p e  cell o f H elix  pom atiaT ,. a t  d iffe ren t tem p e ra tu re s

F ig . 2. B lock d iag ram  o f th e  d a ta  ev a lu a tio n  system

and  trailing  edges of the  square pulses are generated, thus producing trigger 
signals to  be analyzed by  the  analyzer (D’A l t o n  and  R y a n , 1972).

The special classifying ta sk  has necessitated th e  m odification of some 
of the  analyzer circuits as given in the  original Instruc tions M anual for the 
NTA-512B M ultichannel A nalyzer System , prepared  b y  th e  C entral Research 
In s titu te  for Physics. F irst, th e  address increase function b y  th e  in ternal 
clock generator had  to  be su b stitu ted  by  an  address increase by  th e  pulses 
generated  from  th e  action potentials. Charging of th e  channels is given by  
the  clock generator which is no t used for address increase any  more, and  this 
will satisfy  the  accuracy requirem ents, as th e  counting tim e can be ad justed  
in th e  range of 20 ysec to  103 sec. The block diagram  of th e  analyzer thus 
m odified is shown in Fig. 3.

The circuit for generating the  analyzer trigger from  th e  recorded analog 
signal is shown in Fig. 4. The action po ten tia l is rou ted  th rough  a  F E T  inpu t 
pream plifier to  th e  inverting inpu t of an  operational am plifier. This amplifies 
th e  signal and  introduces squaring a t  a definite level (STARR, 1953). Two 
m ethods m ay be used for exact ad justm en t of squaring level. E ith er the
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MULTICHANNEL a n a l i z e r

Fig.  3.  B lo ck  d ia g ra m  o f  th e  m o d if ie d  a n a ly z e r  re a d - in  o p e ra t in g  m o d e

am plification of the  operational am plifier or th e  am plification of the  F E T  
inpu t pream plifier m ay be ad justed  according to  th e  square level required. 
The squared signal a t  th e  operational am plifier o u tp u t is given to  th e  base 
of the  OC 1070 transisto r operating in th e  switching mode. Thus the  collector 
signal will have leading and  trailing  edges coinciding w ith  the  in stan ts  when 
the  inpu t signal passes th rough  the  squaring level. The leading edge of this 
signal will trigger th e  base of th e  em itte r coupled one-shot m u ltiv ib ra to r which 
has a flip-flop tim e of 0.2 msec. This mode of operation is used for m easuring 
the  in terval T s between action potentials.

An other mode of operation is used for m easuring the  duration  of action 
potentials. In  th is mode, th e  trailing  edges of th e  square pulses a t  the  OC 1070 
o u tpu t will again operate th e  one-shot m ultiv ib ra to r on the  collector. Thus, 
the  assessm ent of th e  action po ten tia l duration  is sim plified to  th e  m easure
m ent of tim e-durations between two 0.2 msec pulses. The pulses appearing 
a t  the  one-shot m ultiv ib ra to r collector are used to  drive an  em itte r follower 
which supplies an  o u tp u t signal corresponding to  th e  analyzer logic level a t 
the  low im pedance required  (M a l v i n o  and  L e a c h , 1067; D a k i n  and  C o o k e , 
1968). The trigger signals are given on the  address gate system  in p u t (D IR E C T 
R E A D  IN  on the  analyzer ty p e  used).

Analog presen tation  of the analyzed d a ta  in  th e  ac tiv ity  p a tte rn  shown 
in Fig. lb  is given in Fig. 5b. The address num bers along the  horizontal axis 
correspond to  the  successive action potentials. The address content, i.e. the 
tim e duration  pertain ing to  the  addresses are p lo tted  along th e  vertical axis. 
In  Fig. 5b, evaluation of th e  in terva l tim es T  is shown, whereas in Fig. 6b, 
th e  action potential durations x' and  th e  x" =  T s — t '  values are 
shown together. Thus, th e  in terva l tim es T s =  r '  4- x" an d  T b — T'b -f- x' 
can be calculated by  simple addition from  Fig. 6b.
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Summary

A m ultichannel analyzer classifying circuit su itable for rap id  and  ac 
curate assessm ent of in tervals between action potentials and  durations of th e  
individual potentials is presented. A detailed  description of th e  circuit used 
for generating th e  analyzer trigger signal from the  analog signal and  the  m odi
fications carried ou t on th e  applied 1024-channel analyzer ty p e  NTA-512B are 
given. A display is presented showing the  in terval and  w idth evaluation 
of a  nerve cell ac tiv ity  sample.
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Á R A M K Ö R  SO K C SA TO RN Á S A N A L IZ Á T O R H O Z  A K C IÓ S P O T E N C IÁ L O K  
IN T E R V A L L U M A IN A K  É S  S Z É L E S S É G E IN E K  É R T É K E L É S É R E

Véró M ih á ly  

Összefoglalás
A szerző idegsejtek  a k tiv itá s  m in tá in a k  ana lizá to ro s feldolgozásához a lka lm as 

á ra m k ö rt ism erte t, am ely  lehetővé  tesz i az e lv ez e te tt akcióspotenciálok  k ö zö tti in te r
vallum ok, és az egyes po tenciá lok  szélességének p o n to s és gyors k iértékelésé t. A  cikk 
részletesen  ism erte ti a z t az á ram k ö ri m ego ldást, am ely  az analóg  jelből az an a lizá to r 
ind ításához  szükséges je le t e lőá llítja , és ugyancsak  ism erte ti az a lk a lm azo tt NTA-512B 
típ u sú  1024 csa to rnás an a lizá to r szükséges m ódosítása it. V égezetü l p é ld a  szem léleteti, 
a  k iértékelésnél k a p o tt  e redm ények  analóg  d isp lay -en  tö r tén ő  ad a tá b rázo lásá t.
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THE DISTRIBUTION OF CYTOSOMES IN THE NON NERVOUS 
TISSUES OF ANODONTA CYGNEA L. (MOLLUSCA, 

PELECYPODA)

IM R E  Z S .-N A G Y

Biological Research In s titu te  o f the H ungarian  A cadem y o f Sciences, 
T ih a n y , H ungary

R e c e iv e d : 2 1 st D e ce m b er, 1972

A great num ber of yellow pigm ent granules called cytosom es by N o l t e  
e t al. (1965) occur in th e  nerve cells o f m any species o f bivalves and  snails. 
A lthough these granules display some sim ilarity  to  the  lysosomes suggested 
even by th e  nam e cytosom e ( D e D u v e  and  W a t t i a u x , 1966) functions 
differing from  th a t  of th e  lysosomes should also be a ttr ib u te d  to  them . Nam ely, 
activ ities of certain  resp iratory  enzymes could be detected  in th e  cytosom es 
of th e  nerve cells of Anodonta cygnea ( Z s . - N a g y , 1967; Z s . - N a g y  and  K e r p e l - 
F r o n i u s , 1970a). Furtherm ore, i t  has been proved th a t th e  cytosomes possess 
an  energy production o f oxidative character even under anoxic conditions 
( Z s . - N a g y  and  K e r p e l - F r o n i u s , 1970b; Z s . - N a g y , 1971a; K e r p e l - F r o n i u s  
and  Z s . - N a g y , 1973).

Considering th e  resu lts m entioned above, the  necessity em erged to  
investigate th e  occurrence and  d istribu tion  of cytosom es in th e  extraneuronal 
tissues in order to  decide th e  question w hether th e  results obtained  on th e  
nervous tissue can be generalized. The present work was aim ed a t  investigating 
th is problem.

Material and methods

The investigations were carried out on the  ad u lt specimens of 14—18 cm 
body length of Anodonta cygnea L. Only com pletely in tac t, norm al anim als 
were used which had  been k ep t durab ly  in aquaria  supplied w ith  the  w ater 
of Lake B alaton  and  sufficient areation. The following organs were investig
a ted : oral palps; siphon; m antle; h ea rt ventricle; central p a r t of the  in testine; 
gonads; kidney (Bojanus organ); s ta tocyst; epithelium , m usculature and  ex
cretory glands of the  foot; hepatopancreas; adduc to r muscles and  osphradium . 
The investigations were m ade in th e  m onths of May and  June.

P a rts  of th e  above organs were fixed in 2.5 percent g lu tara ldehyde 
dilu ted  from  a 25 percent stock solution by  ta p  w ater, a t  4° C for 16 hr, then  
washed and  postfixed in osmic acid for 30 min (2 percent 0 s 0 4 buffered w ith 
0.1 M s-collidine) a t  0 °C and  10 min a t  room  tem peratu re. D ehydration  
took place by ethanol and  propylene oxide, th en  the  blocks were em bedded 
in to  arald ite . In  o ther cases only a simple osm ium  fixation  was perform ed
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ju st as described above. The sections were cu t on L K B  U ltro tom e I I I ,  co n tra st
ed by urany l aceta te  and  lead citra te . M icrographs were taken  on a TESLA BS 
413A electron microscope.

Results

The u ltras tru c tu re  of cytosom es found in the  organs investigated  is 
identical w ith  th a t of th e  neuronal cytosomes (Z s . - N a g y , 1967; 1968; Z s . -N a g y  
and  B o r o v y a g i n , 1972), therefore the m ain characteristics of the  cytosomes 
will only be described briefly.

The cytosomes are composed of th ree basic com ponents: a) m em branes,
b) fine granu lated  m atrix  and  c) lipid droplets of various, m ainly high density.

a)  Two types of m em branes can be distinguished: the  ou ter lim iting 
m em brane and  the  in ternal ones. The lim iting m em brane is of abou t 80 -85 A 
thickness and  displays a regular u n it m em brane structu re . I t  is of som ewhat 
higher density  th an  the  in terna l m em branes. The la tte r  are em bedded in the 
fine granu lated  m atrix  inside the  cytosomes. In  case of double fixation  they  
often occur in th e  form of five-layered complexes of m em branes showing a 
thickness of 135—140 A. In  case of simple osmium fixation  even th e  in ternal 
m em branes are m ainly of u n it m em brane composition. M embranes are always 
presen t as a rule a t  the  periphery  of the  cytosomes and  one can often observe 
a  d irect continuation of the  m em branes in to  th e  lipid droplets.

b) The fine granu lated  m atrix  is of m oderate electron density. I t  con
sists of granules m uch sm aller th an  the  ribosomes, filling ou t the  space between 
th e  m em branes and  lipid droplets w ithin th e  cytosomes. I t  is composed p ro 
bably  of substances of p rotein  nature .

c) The lipid droplets represent always a considerable mass in th e  norm al 
cytosom es. Their density  is no t uniform , it is very  high a t  some places cor
responding m ost probably  to  phospholipids. Elsewhere there is a lower density  
which m ay indicate th e  presence of neu tra l lipids.

The com ponents re la ted  above m ay form  extrem ely variable structures. 
More or less cytosomes are presen t in all basic types of tissues. Their size varies 
betw een 1 5 /t.

Most of th e  cytosomes were seen in th e  in testinal and  kidney epithelium  
am ong the  epithelial tissues investigated. There is a single ciliated cylindric 
epithelium  in the  intestine. The apical p a r t of this epithelium  is occupied by 
num erous ciliary rootlets and  the  cytosomes are localized in th e  m iddle zone 
o f it. These cytosom es are as a rule of irregular or elongated shape ( Fig. 1). 
I t  is especially characteristic for the  cytosom es of the  in testinal epithelium  
th a t  th e  m atrix  is ra th e r poor and  instead of the  m atrix , one can find m any 
sm all vesicles of various con ten t (Fig. 1). The cytosomes of the  kidney ep i
thelium  are of sim ilar character, however, th ey  are more ab undan t in m em bra
nes (Fig. 2). O ther epithelial tissues also contain cytosomes, although 
th ey  occur less frequently  elsewhere. There are cytosomes in th e  epithelium  
of the  sta tocyst, th e  siphon, some channels of gonads, th e  foot and  th e  m antle. 
The cells of the  foot glands and  the  hepatopancreas also contain cytosomes. 
T he cytosomes of th e  hepatopancreas are poor in in terna l m em branes and  are 
filled in w ith a m ainly granulated , apparen tly  homogeneous substance ( Fig. 3).

The connective tissue of molluscs is ra th e r poor in cells, it  consists of 
m ainly atypic, th in  collagen fibres. The cells found in th e  connective tissue
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Fig. 1. D e ta il o f an  ep ithe lia l cell from  th e  cen tra l p a r t  o f th e  in testine . G — Golgi; 
Cy — cytosom e; CV — coated  vesicle; X  58 500
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Fig. 2. D e ta il o f a n  ep ithe lia l cell from  th e  k idney . N  — nucleus; M — m ito ch o n d riu m ;
Cy — cytosom e. X 30 000
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Fi g.  3.  D e ta i l  o f  a  cell f ro m  th e  h e p a to p a n o re a s .  N  — n u c le u s ; M  — m ito e h o n d r iu m ; 
C y  — c y to so m e ; G  — G olgi; E R  — e n d o p la sm ic  re tic u lu m . X 30 000
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F ig . 4. D e ta il o f a n  in te rs titia l connective tissue cell o f th e  h e a r t m u scu la tu re . N  — 
nucleus; G1 — glycogen; Cy — cytosom e. x  68 500
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F ig. 5. D e ta il o f a  fib ro ey te  from  th e  subep ithelia l connective tissue o f the  foot. N  -  
nucleus; Cy — cytosom e; F R  — free ribosom es. X 48 500

*>f
c.
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F ig . 6. D e ta il o f a  h e a r t m uscle cell from  th e  ven tric le . G1 — glycogen; M — M itochond-
riu m ; Cy — cytosom e. X 58 500
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F ig . 7. D e ta il o f th e  subep ithelia l layer o f th e  o ra l p a lp  con ta in ing  collagen an d  sca tte red  
m uscle cells. M y — m yofilam en ts  in  th e  m uscle cell; Cy — cytosom es; G1 — glycogen;

C F — collagen fibres. X 30 000

9
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Fig. 8. D e ta il o f a  m uscle cell from  th e  in te s tin a l wall. M y — m yofilam en ts; SR  — sarco 
plasm ic re ticu lu m ; Cy — cytosom e; M — m itochond rium . X  25 000
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contained cytosomes in every organ investigated. The cytosomes of fibrocyte- 
like cells are presented from  th e  h eart muscle in terstitium  (Fig. 4)  and  from  
the  subepithelial connective tissue of th e  foot (Fig. 5).

Among the  muscle tissues, the  largest num ber of cytosom es were found 
in th e  heart ventricle. In  th e  h eart muscle and  every other muscle, the  cy to 
somes appear in groups either in  th e  vicin ity  of th e  nucleus or in o ther regions, 
m ixed w ith o ther sarcoplasm atic elem ents an d  num erous glycogen granules 
(Fig. 6). The contractile elem ents are missing a t these places. Cytosomes 
often occur in the  muscle cells of sm ooth character of th e  oral palp  (Fig. 7), 
the  in testinal wall (Fig. 8), the  m antle, the  siphon and  the  foot. A t the  same 
tim e, the  adducto r muscles contain only very  few cytosomes, and  in relatively  
large areas cytosomes could no t be observed a t  all.

D isc u ss io n

Our investigations show unanim ously th a t  th e  cytosom es generally 
occur in m any tissues of Anodonta cygnea. A part from  some variab ility , th ey  
can be regarded as cell particles of uniform  composition, therefore we have a 
sufficient basis to  consider them  as cell organelles, like th e  m itochondria or 
o ther ones.

Nevertheless, th e  cytosomes cannot be classified in to  any  known ca te
gories of cell organelles. They show some functional relations to  the  lysosomes, 
since certain  cytosomes displayed acid phosphatase ac tiv ity  under certain  
circum stances (Mee k  and  L a n e , 1964; L a n e , 1966; Zs .-Nagy and  B orovya- 
g in , 1972). A t the  same tim e, it  should be no ted  th a t  th e  morphological ap p ear
ance as well as the  high lipid content of cytosomes strongly differs from  those 
of usual lysosomes (De D uve and  W a ttia u x , 1966). Similarly, one has to  
in terp re t as a  difference th a t  resp irato ry  enzymes have n o t been described 
in th e  lysosomes (Gahan , 1967). I t  is a  question w hat can be th e  function 
of the  acid phosphatase in the  cytosom es the  ac tiva tion  of which was observed 
even by  us during anoxia (Zs .-Nagy and  B orovyagin , 1972). Since th is en 
zyme is known generally as a lysosomal m arker, it  seems to  be reliable th a t  
ly tic processes also take place during certain stages of cytosom al developm ent, 
however, the  to ta l cytosom al function is more th an  the  ly tic ac tiv ity  of the  
common lysosomes.

The frequency of cytosomes is undoubted ly  th e  highest in the  nerve cells, 
however, th ey  can be found practically  in all basic types of tissues. Their 
functional significance is indicated  by the  observation (Zs .-Nagy , 1971a) th a t 
th e  m olluscan species the  nervous system s of which contain no cytosomes, 
are no t able to  survive anoxic conditions a t  all, whereas those having pigm ented 
ganglion cells display a significant anoxic tolerance being m ore or less p ro 
portional to  the  degree of pigm entation.

The practically  ubiquitous occurrence of cytosomes in th e  tissues of 
Anodonta cygnea adm its a generalization. Nam ely, th e  resp iratory  enzyme 
activities observed in th e  cytosom es of th e  nerve cells, as well as th e  cytosom al, 
anoxic, energy dependent Sr+ + -accum ulation (Zs .-Nagy , 1967; 1971a;
Zs .-Nagy , and  K e r pe l -Fro n iu s , 1970a; 1970b; K e r pe l -Fronius  and  Z s .- 
Nagy , 1973) m ay take p a rt in th e  anoxic m etabolic processes even in the 
non nervous tissues. On the  o ther hand, the  frequency of occurrence o f cyto-

9*
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somes ju st indicates th a t  the  highest num ber of cytosomes are presen t in the 
nervous system  and  the  h ea rt m usculature representing th e  energetically 
m ost exigent tissues, whereas less of them  occur in th e  o ther types of tissues.

The alm ost com plete absence of cytosomes in the  adducto r muscles m ay 
be connected w ith  the  fact th a t  the  tonic contraction of th e  adductors is 
b rough t abou t practically  w ithout fatigue, w ithout energy expenditure. This 
phenom enon has been re la ted  to  the  increased crystallization of param yosin 
(see for ref. Z s .-Nagy and  Sa lán k i, 1973). The low num ber of m itochondria 
in the  adductors m ay have the  sam e explanation. The m ain source of energy 
o f the  adductors for the  phasic contractions is most probably the anaerobic 
glycolysis or glycogenolysis tak ing  place w ithou t organelles in the  cytosol. 
In  th e  elim ination of the  glycolytic products perhaps o ther organs take p art, 
connected w ith  th e  adductors b y  the  circulation of the  hem olym ph.

A fter all, our investigations offered a sufficient m orphological basis 
for the  am plification of th e  m echanism  called “anoxic endogenous ox idation” 
having been a ttr ib u te d  so fa r to  th e  neuronal cytosomes (Zs .-Nagy and  
E r m in i, 1972b; Z s .-Na g y , 1971a; 1973) to  the  to ta l body o f th e  anim als.

On the  basis o f cytosom al properties m entioned above, one can assum e 
an analogy betw een them  and  the  polym elanosom es of th e  higher anim als 
(Van W oert et al., 1967). The polym elanosom es have m ostly been investig
a ted  in the  liver of am phibia. They consist of m elanin granules and  a m atrix  
surrounded by  a m em brane and  possess also in te rn a l m em branes. M itochond
rial enzymes have been d e tec ted  in them  and  th ey  accum ulate M n+ + -ions 
sim ilarly as th e  m itochondria (Van W oert e t al., 1967; P rasad et al., 1965). 
Because of its  sem iquinon free radicals, the  m elanin is known as an  extrem ely 
good electron acceptor (Pullman  and  P ullm an , 1961). The polymelanosomes 
of am phibia showed no phosphorylation in isolated s ta te  in th e  presence of 
oxygen (Van W oert et al., 1967), whereas the  polym elanosom es obtained 
from  mouse m elanom as phosphory lated  as intensely as th e  well p repared 
m itochondria (Dorner  and  R e ic h , 1961). The cytosom es o f molluscs differ 
from  th e  polym elanosom es in so far as m elanin could no t be detec ted  in them  
by m eans of th e  L il l ie ’s m ethod (P e a r se , 1964) (Own, unpublished observ
ation). N evertheless, the  cytosomes also contain some kind of in ternal electron 
acceptor (Zs .-Na g y , 1971b) belonging to  th e  group of lipochrom e pigm ents, 
being hence soluble in organic solvents such as ethanol and  propanol (Zs .- 
N agy and  E r m in i, 1972a). A part from  th is difference, there exists an  essential 
morphological and  functional resem blance betw een th e  cytosom es and  poly
melanosomes.

Summ ary

The following organs of Anodonta cygnea were investigated: oral palps; 
siphon; m antle; h eart ventricle; central p a r t of th e  intestine; gonads; kidney 
(Bojanus organ); s ta tocyst; epithelium , m usculature and  excretory glands 
of th e  foot; hepatopancreas; adducto r muscles and  osphradium . I t  has been 
established th a t  all basic types of tissues contain more or less cytosomes the  
stru c tu ra l com position of which is principially identical w ith  those having 
been described and  stud ied  in detail w ithin the  nervous system . The cytosomes 
should be considered as generally occurring cell organelles in the  tissues of
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Anodontn cygnea. A  role is a ttr ib u te d  to  the  cytosom es in th e  processes of 
anoxic energy production. The cytosom es show m orphological an d  functional 
resem blance in m any respects to  the  polym elanosom es of higher anim als, 
a lthough th ey  contain no m elanin b u t a lipochrom e pigm ent having electron 
acceptor character.

R E F E R E N C E S

D o r n e r , M., R e ic h , E . (1961): O x idative  p h o sp h o ry la tio n  an d  som e re la te d  ph en o m en a  
in p ig m en t g ranu les o f  m ouse m elanom as. — Biochim. Biophys. Acta  48, 634 — 
546.

D e D u v e , С., W a t t ia u x , R . (1966): F u n c tio n s  o f  lysosom es. — A nn . Rev. Physiol.  28, 
4 3 5 -4 9 2 .

Ga h a n , P . B. (1967): H isto ch em istry  o f lysosom es. — Intern. Rev. Gytol. 21, 1 — 57.
K e r p e l -F r o n iu s , S., Zs .-N a g y , I .  (1973): E lec tro n  m icroscopic d em o n s tra tio n  o f  energy  

p ro d u c tio n  in  m olluscan  neurons. — Acta biol. Acad. Sei. hung, (in  press)
L a n e , N . J .  (1966): The f in e -s tru c tu ra l localiza tion  o f p h o sp h a tases  in  neurosecre to ry  

cells w ith in  th e  gang lia  o f  ce rta in  g astropod  snails. —  A m . Zoologist. 6 ,  139 —  157.
Me e k , G. A ., L a n e , N . J .  (1964): The u ltra s tru c tu ra l  localization  o f  p h o sp h a tase  in  th e  

neurones o f th e  snail, H elix aspersa. — J . Roy. M icr. Soc. 82, 193 — 204.
N o l t e , A ., B r e u c k e r , H ., K u h lm a n n , D . (1965): C ytosom ale E insch lüsse u n d  N euro- 

sek re t irn N ervengew ebe von  G astropoden . — Z . Zelljorsch. 68, 1 — 27.
P e a r s e , A. G. E . (1964): H isto ch em istry , T heo re tica l an d  A pplied . — Churchill, London.
P r a sa d , K . N ., J o h n so n , H . A ., Co tzia s , G. C. (1965): A  cy top lasm ic  organelle o f 

m elanocy tes . — Nature  205, 525 — 526.
P u llm a n , A ., P u llm a n , B. (1961): T he b an d  s tru c tu re  o f  m elan ins. — Biochim. B io

phys. Acta  54, 384 — 385.
V a n W o e r t , M. H ., N ic h o lso n , A ., Co tzia s , G. C. (1967): M itochondria l func tions o f 

polym elanosom es. — Comp. Biochem. Physiol.  22, 477 — 485.
Zs .-Na g y , I .  (1967): H isto logical, h istochem ieal an d  e lec tron  m icroscopical s tud ies on 

th e  cy tosom es o f th e  nerve  cells in  Anodonta cygnea  L . (M ollusca, L am ellib ranchia- 
ta ) . — Annál. Biol. T ihany  34, 25 — 39.

Zs .-N a g y , I . (1968): F ine  s tru c tu ra l analysis o f th e  neurons o f Anodonta cygnea  L. 
(P elecypoda). — Annál. Biol. T ihany  35, 35 — 59.

Zs .-Na g y , I .  (1971 a): P ig m en ta tio n  an d  energy  d ep en d en t S r + + -accum ula tion  o f m o l
luscan  neurons u n d er anaerob ic  conditions. — Annál. Biol. T ihany  38, 117 — 129.

Zs.-Nagy, I. (1971b): The lipochrome pigment of molluscan neurons as a specific 
electronacceptor. —  Comp. Biochem. Physiol.  40A, 595 —  602.

Zs .-N a g y , I .  (1973): C a rb o h y d ra te  consum ption  a n d  A T P  p ro d u c tio n  in  th e  tissues o f 
Andonta cygnea  L . (M ollusca, P elecypoda) u n d e r n o rm al an d  anox ic  conditions. 
Acta biochim. biophys. Acad. Sei. hung, ( in  press).

Zs .-Na g y , I . ,  B o r ov ya gin , V . L . (1972): O rgan iza tion  o f th e  cy tosom al m em branes o f 
m olluscan  neurons u n d er n o rm al and  anaerob ic  cond itions as revealed  b y  elec
tro n  m icroscopy. — Tissue and Cell 4, 73 — 84.

Zs .-Na g y , I . ,  E r m in i, M. (1972 a): O x ida tion  o f N A D H 2 by  th e  lipochrom e p igm en t 
o f th e  tissues o f th e  b ivalve  M ytilus galloprovincialis  (M ollusca, P elecypoda). — 
Comp. Biochem. Physiol.  43B, 39—46.

Zs .-Na g y , I . ,  E r m in i, M. (1972 b): A T P  p ro d u c tio n  in  th e  tissues o f th e  b ivalve  M ytilus  
galloprovincialis  (Pelecypoda) u n d er n o rm al an d  anoxic  conditions. — Comp. 
Biochem. Physiol.  43B, 593 — 600.

Zs .-N a g y , I ., K e r p e l -F r o n iu s , S. (1970 a): T he u ltra s tru c tu ra l localization  o f succinic 
dehydrogenase a c tiv ity  in  th e  nervous sy s tem  o f  Anodonta cygnea  L . (M ollusea, 
P elecypoda). — Acta biol. Acad. Sei. hung. 21 ,  105 — 113.

Zs .-Na g y , I . ,  K e r p e l -F r o n iu s , S. (1970 b): E lec tro n  m icroscopic h is tochem ieal in v es ti
ga tions on  th e  energy  p ro d u c tio n  in  th e  neurones o f  P e lecy p o d a  (M ollusea). — 
Septiéme Congres International de Microscopie Electronique, Grenoble, Vol. 3. pp . 
1 5 5 -1 5 6 .

Zs .-N ag y , I .,  Sa l á n k i, J .  (1973): P o la riza tio n  an d  e lec tron  m icroscopic a lte ra tio n s  in  
th e  w hite  an d  yellow  ad d u c to rs  o f Anodonta cygnea  l . in  d iffe ren t phases of 
period ic  a c tiv ity . — In : Neurobiology of Invertebrates. Mechanisms of rhythm  
regulation. (E d .: J .  Sa l á n k i) Akadém iai Kiadó, Budapest,  pp . 327 — 337.



134

C ITO SZÓ M Á K  E X T R A N E U R O N Á L IS  E L Ő F O R D U L Á S A  AZ Л N O IX )N T Л 
C Y G N E A  L . (M OLLUSCA, P E L E C Y P O D A ) K Ü L Ö N B Ö Z Ő  S Z Ö V E T E IB E N

Z s.-N agy  Im re

Összefoglalás

V izsgáltuk  az A nodonta  cygnea  következő  szerveit: szá jv ito rla , sz ifó tá jék , köpeny , 
sz ívkam ra , b é lcsa to rn a  középső szakasza, ivarm irigyek , B o janus-szerv  (vese), s ta to - 
cy sta , láb  fedőhám ja , izom zata  és m irigyei, h ep a to p an creas, záróizm ok, v a lam in t az 
osph rád ium . M egállap ítást n y e rt, hogy v a lam enny i a lapszövetféleség ta r ta lm a z  tö b b 
kevesebb  c itoszóm át, am elyek  szerkezeti felépítése elvileg azonos a  k o ráb b an  az ideg- 
rendszerben  le ír t és részletesen ta n u lm á n y o z o tt citoszóm ákéval. A  c ito szó m ák at á l ta 
lánosan  előforduló se jto rg an e llu m n ak  kell te k in te n ü n k  az A nodonta  cygnea szöveteiben, 
am elyeknek  szerepet tu la jd o n ítu n k  az anoxiás energ ia term elő  fo ly am ato k  véghezvite lé
ben . A  citoszóm ák szám os m orfológiai és funkcionális v o n a tk o zásb an  hasonlóságot 
m u ta tn a k  a  m ag asab b ren d ű ek  polym elanosom áihoz, jó llehet b en n ü k  nem  m elanin- 
típ u sú , hanem  lipochrom  te rm ész e tű  e lek tro n ak cep to r p ig m en tan y ag  fo rd u l elő.
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NEMATODES OF LAKE BALATON. IV. SEASONAL 
QUALITATIVE AND QUANTITATIVE CHANGES

K Á L M Á N  B IR Ó

D epartm ent o f W ater Q uality o f the Research In s titu te  of W ater Resources, 
1095 B udapest, I X .  K vassay  J .  u . 1. H ungary

R eceived : 5 th  Ja n u a ry , 1973

Nem atodes are difficult to  s tudy . Only a few researches work on them  
in our country  although these anim als gain an  increasing significance today. 
The m embers of th is group counting several ten-thousands of species are p artly  
hum an parasites, p a rtly  anim al and  p lan t parasites causing severe damages, 
while another p a r t th ey  are free-living and  contribu te to  the  m ineralization 
of organic substances. Their individual num ber can be very high, e.g. in 1 hec
ta re  of forest soil it m ay reach 70 thousand  millions per year, their to ta l weight 
am ounts to  90 kg, although the  m ajority  of those species weigh a mere few 
ten th s of m icrogram . They play a very im p o rtan t role in th e  sedim ents of 
clean waters, in the  purification of sewage-waters, e.g. in the  dropping bodies 
an d  even in the  life of the  w aste-stabilization ponds.

The nem atodes living in the sedim ent of Lake B alaton have been studied 
by  D a d a y  (1897), B ir ó  (1968; 1969; 1972), B ir ó  e t al. (1968), P o n y i  et al. 
(1971), whereas those living in the  coating of reed have been described by 
M e s c h k a t  (1934).

The “ Research of B ala ton” program  of the  Biological Research In s titu te  
of T ihany gave an  opportun ity  for the  present series of investigation. The work 
was in tended a t establishing the  qu an tita tiv e  seasonal changes of N em atoda 
fauna.

Places of samplings, material and methods

Samplings were carried ou t from  th ree points of each five transversal 
sections of Lake B alaton  once a m onth  ( Fig. 1) from April till N ovem ber 
during 1966- 1968, as well as from  under the  ice in Jan u a ry  and  F ebruary  
from  the po in t of sam pling in fron t of T ihany (point “A 0” ) in 1968. The places 
o f sam pling were as follows:

“M” section: between Gyenesdiás and  the  m outh of river Zala.
“К ” section: between Szigliget and  B alatonm ária.
“G” section: between B alatonakali and  Balatonszemes.
“A ” section: between B alatonfiired  and  Zam árdi (Tihany).
“E ” section: B alatonalm ádi Balaton világos line.
Some d a ta  concerning the  collections are sum m arized in Table / .  The 

tem peratu re  d a ta  refer to  the  water. Samples from the  soft bo ttom  were 
collected by  the  modified C raib’s bottom -dredge ( P o n y i  et al., 1967) from under
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F ig . 1. T h e  co lle c tin g  p lac es . “ M ” , “ K ” , “ G ” , “A ” a n d  “ E ”  in d ic a te  th e  se c tio n s , 0 , 1 
a n d  2 th e  p o in ts  o f  sa m p lin g . T h e  s ig n  0 in d ic a te s  th e  d e e p e s t p o in t  o f  th e  se c tio n s

T A B L E  I

D a ta  of w ater tem peratures and depths

Places of samplings 
Date

M„ Ко Go Ao E.

cm °c cm °0 cm °0 cm °0 cm °G

1966 V 275 19 368 19 428 19 368 20 480 20
VI 292 23 419 23 443 23 410 22 410 22
V II 300 19 400 20 420 20 395 21 445 22
V III 285 22 420 22 440 23 360 22 450 22
IX 271 17 298 17 421 19 398 18 460 18
X 280 16 385 16 420 16 380 17 420 17
X I 264 4 378 6 420 6 380 6 460 6

1967 IV 276 12 375 12 423 11 372 12 450 12
V 268 19 405 19 430 19 410 19 457 19

VI 271 20 390 19 405 20 385 24 441 25
V II 268 20 370 22 410 22 359 24 457 23
V III 244 20 367 20 410 21 370 21 432 21
IX 255 16 369 17 392 18 400 17 418 18

X 266 16 370 16 397 17 373 13 420 14
X I 353 2 354 2

1968 I 375 0.2*
I I 383 0.7*
IV 264 14 378 14 395 13 435 11 380 12
V 269 16 368 15 388 15 380 18 428 17
VI 272 20 372 20 395 20 385 20 432 20
V II 269 21 364 21 375 21 353 21 416 21
V III 261 20 351 20 367 20 345 20 400 20
IX 257 18 346 18 366 18 352 18 394 18
X 255 15 355 15 370 15 372 16 382 16
X I 288 8 375 8 390 8 378 7 392 8

* thickness of the ice 25 cm
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w ater in 240— 480 cm depth . E ach sam ple was abou t 3 cm th ick  and  was tak en  
from  a  surface of 13 cm2. Three parallel sam ples were un ited  a t  each place 
and  fixed in formalin. The separated  nem atodes were investigated  in glycerin- 
ized preparations. The calculation of th e  biom ass was carried out by  using 
the  m ethod of Andrássy  (1956).

A bout 20 thousand  of individuals belonging to  31 species were collected. 
Idle frequen t nem atodes were found everywhere in th e  m ud of th e  lake ( Para
plectonema pedunculatum  S., Paraphanolaimus behningi M., Ironus tenuicauda- 
tus dM., Theristus setosus B., Monhystera paludicola dM.). F rom  th e  species 
of ra rer occurrence Hemicycliophora aquatica, Prismatolaimus dolichurus, 
Plectus tenuis were encountered only in the  north-eastern  basin, whereas 
Chromadorina bercziki, N eochromadora izhorica and  Punctodora dudichi were 
collected only in the  south-w est Monhystera stagnalis and  Tripyla papillata 
were also more frequent in the  south-w estern basin, however, one specimen 
of each was found in the  o ther basin, too.

Table I I  lists th e  species found in Lake B alaton  and  com pared to  th e  
d a ta  of D aday (1897). Some of the  species described by  th e  la tte r  au th o r 
proved to  be synonym s as well as uncertain  species, therefore, only 26 o f his 
list of species could be identified w ith certain ty . The present paper uses the  
nom enclature of Andrássy  (1972).

In  th e  fauna of H ungary  and  Lake B alaton, Paraphanolaimus anisitsi 
(Daday , 1905; Andrássy , 1968) is of rare  occurrence. During the  recent 
years it was recovered from  P araguay  (Andrássy , 1968), Columbia (R i e - 
mann , 1971) and  in E urope from  th e  Lake Lem an ( J u g et , 1969), and  L ake 
B alaton (Biró , 1972). A lthough the  specimen found by  J uget was identified  
to  be Paraphanolaimus behningi Mic. 1923, on th e  basis of his drawing an d  
description it  is Paraphanolaimus anisitsi (D.) A. A male Paraphanolaimus 
behningi M. was found in Lake B alaton  (B iró , 1968) and  also in th e  Soviet- 
U nion (Gagarin , 1970). I t  can well be observed on th is species th a t th e  spi- 
culum  is th in  and  its length is abou t 4 — 5 tim es larger th an  th e  anal w idth  of 
the  body, whereas in th e  case of P. anisitsi th e  spiculum  is bu lky  and  its length 
hard ly  reaches one and  a half tim es th e  anal w idth  of th e  body ( Figs. 2 and  3).

Paraplectonema pedunculatum  (H.) S. (Fig. 4)  occurs sporadically in 
Europe. However, in the  open w ater sedim ent of L ake B alaton and  Lake Fertő  
it  is (Schiem er  e t al. 1969) th e  m ost frequen t N em atoda. This species seems 
to  prefer th e  detritus-rich  m ud-layers of 2- 5 cm thickness under the  shallow 
w aters of pH  8.3.

Among the  nem atodes found during 1966 — 68, the  m ost frequen t species 
was Paraplectonema pedunculatum:

Occurrence of species at different regions

The quantity of nematodes

Paraplectonem a pedunculatum  S. 
P araphanolaim us behningi M. 
Iro n u s  tenuicaudatus  dM. 
T heristus setosus M.
M onhystera  paludicola  dM.
O th e r  26 sp ec ies

2 0 .3 %
20 .0 %
18 .9%
16.6%
15.1%

9 .1 %
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TABLE I I

The distribution  o f nematodes found in  the five sections 
o f Lake B alaton during 1966— 68

1897
Daday

1966-68

M К S A E
%

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

Note: the  percentage indicates the properties as compared to  the to ta l num ber of individu
als encountered. “ M” , "  К ". "О ". “A " and "K " are the places of collecting.
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F ig . 2. P araphanolaim us a n is its i (D a d a y , 1905) A n d b á ssy , 1968. A  =  o ra l end  o f th e  
an im al; b  =  cauda l end  o f th e  an im al; C =  fem ale g en ita l o rgans; D  =  o ra l p a r t  o f th e  
an im al w ith  th e  oesophagus; E  =  sp icu lum ; gubernacu lum  an d  one o f th e  p rean a l

pap illae; F  =  cauda l end
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F ig
2 -

3. P araphanolaim us behningi M ic o l etzk y , 1923. 1 — cauda l p a r t  o f  th e  anim al- 
g ubernacu lum ; 3 -  caudal end ; 4 -  p rean a l pap illa ; 5 -  o ra l end  o f th e  an im al
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Fig. 4. Paraplectonema pedunculatum  ( H o f m ä n n e  к, 1913) S t b a n d , 1934. A  =  an te r io r 
p a r t  o f th e  an im al w ith  th e  oesophagus; В  =  fem ale g en ita l o rgans; C =  o ra l end  o f th e  

an im al; D  =  caudal end  o f th e  body
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A seasonal change was observed in th e  proportions of species. W hen the  
w ater tem peratu re  was below 12 °C, the  proportions of species were different 
from  those of th e  w arm er periods:

Periods

Paraplectonem a pedunculatum  S.

“cold” 
below 12°C
13.7%

“warm” 
above 12°C
25.8%

P araphanolaim us behningi M. 6.7% 24.2%
Iro n u s  tenuicaudatus  dM. 17.1% 19.4%
Theristus setosus M. 32.1% 11.6%
M onhystera paludicola  dM. 20.4% 10.7%
O ther nem atodes io .o % 8.3%

An alm ost identical order of m agnitude of frequency was observed in 
cases of fine species during th ree  years in average (20, 20, 17, 19, 15 percent). 
D uring th e  cold periods, Theristus setosus and  Monhystera paludicola (32 and  
20 percent), during sum m er, Paraplectonema pedunculatum, Paraphanolaimus 
behningi and  Ironus tenuicaudatus (25, 24 and  20 percent) predom inated. 
D uring the  w inter season under th e  ice, as high as 60 percent of frequency 
of Theristus setosus was observed in th e  section between Zam árdi and  B alaton- 
fiired (“A 0” ). Tobrilus species could hard ly  be collected in o ther periods of 
the  year, nevertheless under the  ice th ey  reached even 15— 20 percent of the 
to ta l num ber of individuals.

The d istribu tion  of nem atodes was no t uniform  a t  d ifferent regions of 
Lake B alaton. Considering the  m onth ly  averages B alatonszem es—B alaton  - 
akali (“ G” ) was th e  richest section and  th e  poorest was th a t of th e  K eszthely 
B ay  (“M” section) (Fig. 5). According to  the  findings, th e  num ber of nem a
todes was lower on identical surfaces during the  sum m er, th an  during th e  cold 
season i.e. in w inter it  am ounted  only to  60—75 percent of th e  la tte r. E v a lu 
ating  th e  collections of the  past th ree years, one can s ta te  th a t  the  lowest 
num ber of nem atodes occurs in late sum m er (10—15 000 individuals per m2). 
As against to  th e  o ther places of collection, in th e  K eszthely  B ay  th e  lowest 
num ber of individuals was found in early  sum m er (10 000 i/m 2), whereas 
by  th e  end of sum m er Paraplectonema pedunculatum  p ropagated  so profusely 
th a t  th e  highest num ber of nem atodes was found there (50 000 i/m2). The 
highest num ber of nem atodes was found during the  spring season a t  the  o ther 
regions of the south-w estern basin (“K ” and  “G ” ) as well as in the  north  
eastern  one “A ” and  “E ” ), reaching 60—80 000 i/m2 (Fig. 5).

The K eszthely-B ay is th e  poorest in nem atodes (“M” ) am ong all the  
areas of the  lake. The average num ber of individuals was 19 000 i/m2 in 1966 
and  1967, however in 1968 it reached 35 000 i/m2. D uring all th e  th ree years 
the  lowest num ber (10 000 i/m2) was found in Ju ly  and  the  h ighest one (40 
60 000 i/m2) in A ugust (first colum n o f Fig. 5). The sum m er increase was caused 
b y  the  quick propagation of Paraplectonema pedunculatum. Of the  five species 
of highest frequency occurring everywhere, the  highest num ber of Theristus 
setosus was encountered during th e  cold period, th a t  Ironus tenuicaudatus and  
Paraplectonema pedunculatum  during th e  warm  period.

Several species were found toke absen t in o ther regions of th e  lake: 
Chromadorina bercziki, Monhystera gerlachi, N eochromadora izhorica, Puncto- 
dora dudichi. The last b u t one is known from  th e  delta  of river Neva, i.e. from 
a slowly flowing water, while the  firs t and  last are known from  th e  m ud of 
R iver D anube, i.e. also from  a flowing water. Their presence can perhaps 
be explained by  th e  vicin ity  and  effect of the  river Zala.
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Fig. 5. The nu m b er o f nem atodes in  th e  five tran sv e rsa l sections o f L ake B a la to n  d u rin g  
1966 — 68 in  n u m b er o f ind iv iduals p e r m 2 (i/m2). E ach  d a te  rep resen ts  th e  average  

o f th ree  p o in ts  (e.g. M ,M n an d  M 2) o f  each  section
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In  the area of Szigliget B ay (“ K ” ) the average num ber of nem atodes 
was 30 — 40 000 i/m 2 during all the th ree years. The num ber of individuals was 
th e  highest in early  sum m er (55 — 60 000 i/m2), and  it charply  fell b y  th e  late  
sum m er down to  11 000 i/m2 (second colum n of Fig. 5). In  th e  average of three 
years, th e  m ost frequen tly  occurring N em atoda was Theristus setosus during 
th e  cold and  Paraplectonema pedunculatum  during the  w arm  period. Among 
th e  less frequent species, Tripyla glomerans was found only sporadically in the 
K eszthelv-B ay (“M” ), whereas in the  regions of Szigliget and  Balatonszem es 
(“K ” and  “G-” ) it was more frequently  observed. A low num ber of individuals 
Aphanolaimus aquaticus an d  Ethmolaimus pratensis lives in th e  Szigliget-Bay 
b u t th ey  were som ewhat more frequen t in th e  region o f Balatonszem es, whereas 
th ey  were com pletely absent in the  K eszthely-B ay.

In  the  section “ G” of th e  south-w estern basin th e  highest num ber of 
nem atodes (above 100 000 i/m 2) was observed during th e  spring season, caused 
m ainly by  th e  intense propagation of Monhystera paludicola, Ironus tenui- 
caudatus and  Par aphanolaimus behningi. In  late sum m er th e  lowest num ber of 
individuals was observed (20 000 i/m2). D uring the  o ther periods of th e  year, 
th e  ac tua l frequency of nem atodes is roughly th e  sam e around 30 000 i/m2 
(th ird  colum n of Fig. 5). D uring th e  cold period, Par aphanolaimus behningi 
showed the  highest num bers here, whereas a t  th e  o ther regions of th e  so u th 
w estern basin the  species Theristus setosus was the  m ost frequent species. During 
th e  warm  periods, m ainly Paraplectonema pedunculatum  was found in the  sec
tions “M” and  “K ” , whereas in section “G ” th e  Par aphanolaimus behningi 
was more frequent. Among th e  ra rer species, Punctodora ratzeburgensis and  
Monhystera vulgaris were observed. The M onhysteridae proved to  be th e  richest 
fam ily here bo th  in the  num ber of species and  individuals.

Two regions o f th e  north -eastern  basin were investigated: between 
B alatonfüred  and  Z am árdi (“A ” ) and  betw een B alatonalm ádi and  B alaton- 
világos (“ E ” ).

In  section “A ” near th e  peninsula T ihany the  am ounts of nem atodes 
were of an  average of 60 000 i/m 2 in spring, 20 000 i/m 2 in sum m er and  40 000 
i/m 2 in au tum n  (fourth colum n of Fig. 5). In  Jan u a ry  1968 the  num ber of 
individuals was 60 000 i/m2 in fron t of T ihany (point “A 0” ) consisting of 
Theristus setosus in 60 percent. In  F eb ruary  of the  sam e year the  to ta l num ber 
reached 109 000 i/m 2. The am ount of Theristus setosus rem ained v irtually  u n 
changed (60 percent), however, its  absolute num ber increased an d  th e  p ropor
tion  of Tobrilus species also reached 20 percent. A fter thaw ing, th e  am ount of 
nem atodes decreased to  20 000 i/m2. D uring the  cold period, th e  m ost frequent 
N em atoda of th is section was Theristus setosus, whereas during the  warm  perio- 
di, were Par aphanolaimus behningi and  Ironus tenuicaudatus. R elatively larger 
num bers of Aphanolaimus aquaticus, Par aphanolaimus anisitsi and  Ethmo
laimus pratensis belonging to  the  ra re r species occurred here. Prismatolaimus 
dolichorus and  Hemicycliophora aquatica were also found a t  th is poin t living 
only from th e  north-eastern  basin.

In  section “E ” (B alatonalm ádi—B alaton  világos) 2 0 —30 000 i/m2 was 
found during spring and  early  sum m er of 1966 and  1967, whereas by  the  spring 
of 1968 it was more th an  tw ice of this num ber: 70 000 i/m2. B y th e  end of 
sum m er of 1966 th is num ber decreased to  18 000 i/m2, and  during sum m er 
o f 1967 and  1968 it  am ounted  to  20 000 i/m2. The au tum nal num ber was 
40 — 60 000 i/m2 during all the  th ree years (fifth  column of Fig. 5). A t th is
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place, Theristus setosus was th e  m ost frequen t species during th e  cold while 
during th e  w arm  season, Ironus tenuicaudatus was. The highest am ounts of 
Tobrilus gracilis and  Tobrilus helveticus occurred in th e  area o f section “ E ” , 
especially during th e  cold period.

I t  can be s ta ted  in general th a t  th e  num ber o f individuals was higher 
in  spring an d  au tum n  th an  in  sum m er m onths.

According to  th e  benth ic investigations o f Stanczykowska (1966) in 
Lakes M ikolajskie an d  Taltowisko, th e  highest num ber o f nem atodes was en
countered in au tum n: 40 000 i/m2, th e  lowest one d id  in w inter: 6000 i/m2, 
an d  there  was a  gradual increase from  spring. The w ater tem peratu re  o f th e  
Polish lakes m ay vary  m axim ally a round  10—12 °C. This tem peratu re  re 
presents th e  transition  of th e  cold and  w arm  periods in  L ake B alaton  during 
spring. According to  our results, th e  num ber o f individuals was higher in  L ake 
B alaton  during spring, whereas in  th e  Polish lakes during au tum n. I t  is very  
likely th a t  n o t th e  period b u t th e  suitable tem peratu re  represent the  more 
im p o rtan t factor for th e  ac tiv ity  and  propagation  of nem atodes.

The species display a  seasonal varia tion : during th e  cold period, i.e. 
below 12 °C, everyw here th e  Theristud setosus was th e  m ost frequen t species. 
D uring th e  w arm  period, i.e. above 12 °C, th e  following species predom inated: 
Paraplectonema pedunculatum  in th e  K eszthely-B ay (“M” ) an d  Szigliget-Bay 
(“K ” ); Paraphanolaimus behningi a t  B alatonszem es (“G ” ); th e  la tte r  and  p a rtly  
Ironus tenuicaudatus in  fro n t of T ihany  in  th e  north -eastern  basin  (“A ” ); 
an d  th e  last one a t  B alatonalm ádi (“E ” ).

The amounts of the frequent species

Paraplectonema pedunculatum  (H.) S. was th e  m ost frequen t nem atoda. 
I ts  d istribu tion  was ra th e r heterogeneous in  th e  whole area of th e  lake changing 
b y  seasons and  even by  m onths: its  num ber varied  betw een 1000 an d  25 000 
i/m2 ( Fig. 6). In  the  north-eastern  basin its num ber showed spring and  au tu m 
nal m axim a (14—16 000 and  7 —10 000 i/m 2, respectively). J u s t  th e  opposite 
was observed in th e  K eszthely-B ay (“M” ) where th e  increase o f num ber was 
significant during sum m er, reaching 10—25 000 i/m2. In  th e  Szigliget-Bay 
(“K ” ) th e  num ber was higher (25 000 i/m2) during sum m er th a n  during spring 
an d  au tum n, whereas a t  B alatonszem es (“ G” ) a  reversed s ta te  was recorded. 
Considering th e  whole lake, th is  species lived during sum m er ra th e r m ore in 
th e  south-w estern basin an d  during spring and  au tu m n  ra th e r more in the  
north -eastern  basin. G enerally its num ber decreased to  a m inim um  (1000— 
5000 i/m2) by  th e  early au tum n  and  increased again b y  th e  la te  au tum n  (10 000 
i/m 2), then  w ith  th e  decrease of th e  w ater tem peratu re  it  decreased again. 
U nder th e  ice only 1 — 2000 i/m2 were found.

The q u an tity  of Paraphanolaimus behningi M. showed two m axim a per 
year (Fig. 7). In  early  spring low num ber was observed (3000 i/m2), and  as 
soon as the  w ater tem peratu re  rose above 10—12° C, i t  ab ru p tly  propagated  
to  reach 10 000 i/m2. D uring sum m er th is num ber som ewhat lowered (5000 
i/m 2), during au tum n  increased (15 000 i/m2) and  by  late  au tum n  hard ly  a few 
thousand  were present. D uring w inter only a sm all num ber lives under th e  ice. 
I t  was collected always in low num bers in th e  K eszthely-B ay (“M” ) (2 5000
i/m2), i t  was the  m ost frequen t in th e  sections “K ” and  “G ” (8—12 000 i/m2), 
whereas in  th e  north -eastern  basin m oderate quantities of roughly identical
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d istribu tion  were found. The change in th e  num ber o f individuals showed 
a  m axim um  in  th e  au tu m n  o f 1967 as well as a  spring an d  an  au tum nal m axim a 
in  1966 and  1968 in  th e  north -eastern  basin. A t Balatonszem es (“ G ” ) there 
was ra th e r an  au tu m n al m axim um , b u t a t  Szigliget (“ K ” ) a spring one was 
observed. In  th e  K eszthely-B ay (“M” ) its  am ount was identical an d  varied  
practically  a t  th e  sam e level.

The highest num ber of Ironus tenuicaudatus dM. was found in th e  centre 
of th e  lake in  th e  spring o f 1966 a t  B alatonszem es (“G ” ) reaching 15 — 25 000 
i/m 2 (Fig. 8). In  th e  spring of 1967 an d  1968 only 10 000 i/m 2 were observed 
a t  th e  sam e place an d  even less a t  o ther places. In  th e  m iddle o f sum m er it  
was presen t in  5 — 8000 i/m 2 in  th e  whole area o f th e  lake, no increase was 
observed during au tum n  either. G enerally one can s ta te  th a t  th e  highest 
num ber of bonus, 10 000 i/m 2 in  average occurred in  L ake B alaton  during 
th e  au tum n, th is num ber gradually  decreased during th e  year, nevertheless 
it  could be collected even from  under th e  ice (1000 i/m2).

Theristus setosus B. defin itely  prefers cold w ater (Fig. 9).  I t  was found 
to  be frequen t especially in  th e  sam ples collected from  under th e  ice, rep resen t
ing 50—60 percen t of th e  to ta l num ber of nem atodes reaching 55 000 i/m 2. 
D uring sum m er its  num ber decreased to  a  m inim um  value o f 1 — 3000 i/m 2, 
a t  some places it  was com pletely absen t in A ugust. The change in  th e  num ber 
o f individuals showed th e  sam e tendency  during all th e  th ree  years. I t  was 
more frequen t in th e  north -eastern  th an  in th e  o ther basin.

Monhystera paludicola dM., sim ilarly to  Theristus setosus, was found 
in  higher am ounts in spring an d  au tu m n  (Fig. 10). D uring w in ter under 
th e  ice it  occurred in  15 000 i/m2 no t reaching th e  num ber of Theristus setosus. 
I ts  num ber was 4—6000 i/m2 during early  spring, it  increased to  15 000 i/m2 
by  M ay and  a t  Balatonszem es (“ G” ) it  reached even 65 000 i/m 2 in 1966. B u t 
it  decreased to  2000 i/m 2 or a t  some places even to  0, especially in  1967, as 
soon as th e  prolonged w arm  period appeared. I t  p ropagated  again during 
au tum n, a t  early  w in ter it  a lready  showed 5000 i/m 2. I t  was frequen t every
where in  th e  spring of 1966 and  1967 except a t  th e  K eszthely-B ay (“M” ), 
i t  displayed a  uniform  d istribu tion  in  sum m er and  au tu m n  during all the  
th ree  years, although its  num ber was low.

Tobrilus gracilis B . was found in  th e  sam ples representing h ard ly  3 p er
cent o f all th e  nem atodes. I ts  num ber was negligibly in  sum m er, whereas 
during th e  cold season i t  reached 2 — 3000 i/m 2, an d  was even m ore frequen t 
in  sam ples collected from  under th e  ice. More individuals were collected in 
the  north -eastern  basin  (“A ” an d  “ E ” ) as well as in th e  K eszthely-B ay (“M” ) 
th an  in  th e  o ther regions of th e  lake.

The biomass and its changes

The biom ass is roughly proportional to  th e  num ber o f individuals present 
in  th e  samples. W hen calculating th e  biom ass, firs t th e  average weights of 
th e  species were determ ined according to  A ndrássy  (1956). The weight of 
th e  anim als (G) was calculated  w ith  th e  following equation

a2x b  
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where a is th e  largest d iam eter of th e  body and  Ъ is th e  length  o f th e  body, 
bo th  in microns, and  G is in fig units. The weihgt o f th e  m ost frequen t nem a
todes reached 1 fig only rarely :

Ironus tenuicaudatus 1.26 Pg
Paraplectonema pedunculatum 0.06 Pg
Paraphanolaimus behningi 0.08 Pg
Theristus setosus 0.10 Pg
Monhystera paludicola 0.07 Pg
Tobrilus gracilis 0.76 Pg
Aphanolaimus aquaticus 0.05 Pg
Ethmolaimus pratensis 0.09 Pg
Monhystera macramphis 0.08 pg
T ripyla  glomerans 0.91 pg
Dorylaimus stagnalis 2.49 Pg
Monhystera stagnalis 0.05 Pg

F our of th e  five m ost frequen t species do no t reach even 0.1 fig, only 
th e  w eight of Ironus is to  1.2 fig. The w eight of Dorylaimus stagnalis (2.5 fig) 
could increase th e  biom ass o f th e  lake to  a  significant ex ten t, however, i t  lives 
in  th e  open-w ater sedim ent in such a  sm all num ber th a t  it  effect is u n d e tec t
able.

T he fig values were m ultiplied b y  th e  num ber of individuals and  a t  each 
species were calculated for 1 m2 separated ly  (Fig. 13). Considering th e  whole 
lake, th e  biom ass of nem atodes varies betw een 4 and  20 mg/m2. This value is 
nearly  tw ice as high (16—20 mg/m2) in  spring th a n  in  sum m er th e  lowest 
value (4—6 mg/m2) usually was observed in  early  au tum n  th en  it  increased 
slowly.

T he biom ass o f nem atodes varied  in th e  K eszthely-B ay (“M” ) during 
1966 (first colum n o f Fig. 11). In  A ugust it  reached a  m axim um  of 13 mg/m2, 
th en  decreased to  2 mg/m2 during au tum n , representing th e  lowest value 
which had  ever been observed during th e  investigations. The tendencies in 
th e  change o f biom ass were identical even during 1967 and  1968. F rom  th e  
level o f 14—16 m g/m2 observed in spring, it  decreased by  th e  end o f sum m er 
to  5—8 mg/m2, increased again to  14—15 mg/m2 during early  au tu m n  and  
dropped again w ithin several m onths.

In  th e  Szigliget-Bay (“K ” ) (second colum n o f Fig. 11) th e  biom ass 
value was 20 mg/m2 during th e  whole sum m er o f 1966, it  decreased below 
6 mg/m2 only during au tu m n  th en  increased again. In  1967 and  1968 th e  
spring value was 8 — 10 mg/m2, it  decreased gradually  below 4 mg/m2 and  re 
m ained a t  4 —6 m g/m2 during th e  whole au tum n.

A t Balatonszem es (“G ” ) (th ird  column of Fig. 11) an  extrem e value 
o f 40 mg/m2 was observed in  M ay 1966 caused by  th e  m ass appearance of 
Monhystera paludicola and  Ironus tenuicaudatus. Such high values were no t 
ob ta ined  in  1967, although  a  high num ber of nem atodes was presen t in the  
early  spring sam ples. The changes o f biom ass values displayed a  sim ilar ten d 
ency during all th e  th ree  years. The spring value o f 21—40 m g/m2 decreased 
to  its h a lf or th ird  p arts  b y  th e  early  au tu m n  th en  increased again by  w inter.

Samples could be tak en  in every  periods o f th e  year from  th e  section 
“A ” betw een B alatonfiired  an d  Zam árdi. The changes in  th e  num ber of in 
dividuals and  th e  biom ass showed tw o m axim a during one year: the  firs t 
one in  to  F eb ru a ry  under th e  ice, th e  second one appeared  in  May. According 
to  th e  observations, th e  biom ass was nearly  one th ird  higher under th e  ice
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(24 m g/m2) th an  th e  value o f M ay (16 mg/m2), an d  ab o u t six-tim es higher 
th a n  th e  value o f la te  sum m er (4 mg/m2) (fourth colum ns o f Fig. 11 and  12).

T he analysis o f biom ass values was n o t so sim ple a t  B alatonalm ádi 
(“E ” ). In  1966 th e  general tendency  was sim ilar to  th a t  observed in  th e  o ther 
regions, nam ely, th e  higher biom ass value, 16 — 17 m g/m2, o f spring and  early  
sum m er reached a  m inim um  by  th e  early  au tu m n  (4—6 mg/m2). On th e  o ther

x Ю3i/m 2 mg/m2

A

Fig. 12. T he change in  th e  n u m b er (i/m 2) a n d  b iom ass o f  n em atodes a t  th e  p o in t “ A 0” 
a t  T ih an y  in  th e  sec tion  B ala to n iü red  — Z am árd i in  th e  average  o f  th re e  y ea rs

hand, in  1968 tw o m axim a were observed, one in Ju n e  (19 mg/m2) an d  an  other 
in  October (21 m g/m2), whereas in  th e  o ther m onths o f th e  year th e  biom ass 
was nearly  identical, ab o u t 12 mg/m2 (fifth  column of Fig. 11).

The yearly  change of th e  nem atode biom ass has been estim ated. The 
biom ass values o f m onths, species, sections were considered a t  th a t  estim ation 
in  th e  average of th ree  years. According to  th e  calculations, th e  biom ass of 
nem atodes am ounts to  13 m g/m2 a t  early  spring in  th e  w estern an d  9 mg/m2 
in  th e  eastern  basin  of th e  lake. In  th e  north -eastern  basin  and  east to  i t  up  to  
Balatonszem es (“ G” ), th e  biom ass increases to  16—20 mg/m2 during M ay and  
a fte r th a t  period there  is a g radual decrease over th e  whole area of th e  lake 
to  6 —8 mg/m2 u n til th e  end o f Septem ber, however, parallel w ith  th e  cooling 
down of tem peratu re , a reincrease can again be observed (Fig. 13).
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Fig. 13. T he change o f n e m a to d a  biom ass in  th e  five  sections o f L ake  B a la to n  in  th e
average  o f th ree  years

Discussion

Schiem er  (1969) reported  on th e  nem atoda fauna of L ake F ertő  (Neu
siedler See). T h a t lake is sim ilar to  L ake B alaton  in  so fa r as it  is shallow, 
w ith  a  fla tten ed  b o ttom  having a  sedim ent m ixed w ith  de tritu s an d  w ater 
of ab o u t p H  8. One p a r t  o f th e  species found th ere  occurred even in  L ake 
B alaton. The m ost frequen t ones are: Paraplectonema pedunculatum  (about 
70 percent), Tobrilus gracilis (about 15 percent) an d  Monhystera paludicola 
(about 5 percent). Sch iem er  disclosed a  re lation betw een th e  quality  o f sedi
m ent and  th e  d istribu tion  o f species, nam ely  th e  Paraplectonema pedunculatum  
did n o t prefer th e  detritic  m ud o f 5 — 10 cm thickness an d  neither d id  the  
roughly g ranu la ted  sand. The occurrence o f th is  species in  L ake B alaton  fu r
th e r supports th a t  observation. In  th e  K eszthely-B ay (“M” ) where th e  sedi
m ent particles o f less th a n  2 g size represen t 25—30 percent (Mü llek , 1969), 
m uch more Paraplectonema pedunculatum  occurred during sum m er th a n  in 
th e  Szigliget-Bay (“K ” ) where 40 percen t and  th a n  a t  th e  sandy  shore of south  
where 10—15 percent was th e  proportion  o f sedim ent particles of less th a n  
2 g  size. In  L ake F ertő  Schiem er  described to  be d irectly  proportional th e  
num ber o f individuals o f Tobrilus gracilis an d  Monhystera paludicola to  th e  
thickness o f m ud. This could no t be observed in L ake B alaton. In  th e  soft m ud of
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L ake F ertő  10s 106 i/m2 nem atodes occurred, whereas in th e  places having
a  more com pact bo ttom , only ten  tim es less nem atodes were found. The open- 
w ater sedim ent o f Lake B alaton  resembles th e  com pact sedim ent of Lake 
F ertő . A t such places in L ake B alaton  th e  num ber of nem atodes was 10— 
20 000 i/m 2.

Investigating  the  ben th ic  crustacean fauna o f L ake B alaton , P o n y i  
(1966; 1969) established th a t  th e ir num ber was th e  highest a t  early  sum m er 
(June), th e  lowest a t  la te  sum m er (August), however, b y  early  w in ter (Novem 
ber) th e  Crustacea p ropagated  again reaching alm ost th e  values of early  sum 
m er. According to  our investigations, th e  yearly  change of nem atodes follows 
also th a t  rh y th m , however, th e  spring m axim um  is earlier, a lready  in  May, 
th e  m inim um  is in  A ugust, nevertheless, from  th e  early  au tum n  till th e  thaw ing 
of ice, there  is an  increase in  num ber. T he d istribu tion  of sm all crabs, th e  
Chironom idae and  nem atodes is d ifferent in L ake B alaton . The larvae of 
Chironom idae were found in  largest masses in th e  centre o f th e  lake (“ G” ) 
in M ay 1965, an d  in sm allest am ounts in  th e  K eszthely-B ay (“M” ) and  th e  
no rth -eastern  basin  (“A ” an d  “ E ” ) ( E n t z , 1965), whereas th e  d istribu tion  
of C rustacea was ju s t reversed ( P o n y i , 1969). According to  th e  presen t results, 
th e  highest num ber of nem atodes was in th e  central p a r t  of th e  lake (“G ” ) 
during 1966 — 68 and  th e  lowest in  th e  K eszthely-B ay (“M” ) (Table I I I ) .

T A B L E  I I I

The amount and distribution of “microcrustacea” ,  larvae of Chironomus 
plumosus  М е ю . as well as nematodes living in  the sediment of Lake Balaton

Keszthely
“M”

Szigliget B. Szemes Tihany
“A”

Fűzfő
“ K” “G” “E”

i/m2

“M icrocrustacea”
( P o n y i , 1969) 

L arvae of Chironomus
14 800 4 300 11 800 14 800 15 800

plumosus (E n t z , 
1965) 24 148 356 5 5

N em atoda 1966—68
average 23 000 31 000 44 000 28 000 28 000

I t  becam e clear on th e  basis of investigations o f th e  ben th ic  anim als 
th a t  th e  open-w ater sedim ent o f a g reat ex ten t, i.e. L ake B alaton  can be d i
v ided  in to  th ree  large p arts :

1. N orth-eastern  basin (“A ” and  “ E ” ).
2. K eszthely-B ay (“M” ).
3. T ransitional regions betw een th e  form er tw o (“K ” and  “ G” ).
T he Szigliget-Bay is m ainly of ou tstand ing  character, however, often 

resem bles th e  K eszthely-B ay. In  the  central p a r t  o f L ake B alaton , in th e  region 
o f section “ G” predom inate th e  properties o f th e  north -eastern  basin, never
theless often  some altered  characteristics are realized.
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Summ ary

In  th e  open-w ater sedim ent of L ake B alaton  th e  following nem atodes 
predom inated during 1966 — 68: Paraplectonema pedunculatum  S. (20 percent), 
Paraphanolaimus behningi M. (20 percent), Ironus tenuicaudatus dM. (19 p er
cent), Theristus setosus (В.) M. (17 percent), Monhystera paludicola dM. 15 
percent), Their occurrence varies by  seasons: during w inter (between 4 and  
12 °C) T. setosus and  M . paludicola are th e  m ost frequen t species, while during 
sum m er th ey  are absent a t  some places. A ra re  species, Paraphanolaimus 
anisitsi (D.) A NDRÁSSY 1968 was also observed in th e  sedim ent of th e  lake.

The highest num ber of nem atodes was found in spring (May), 60—80 000 
i/m2, there was a gradual decrease during sum m er 10 — 20 000 i/m2, then  from  
the  middle of au tu m n  (October) th ere  was an  increase again. D uring w inter 
100 000 i/m2 nem atodes were observed under th e  ice a t  T ihany  (“A 0” ).

The regional d istribu tion  of nem atodes was also variable: th e  highest 
num ber was a t  B alatonszem es (“G ” ) averaging 44 000 i/m2, th e  lowest one 
in th e  Keszth&ly-Bay (“M” ) averaging 23 000 i/m 2.

The biom ass of nem atodes varied  betw een 4 — 20 mg/m2. G enerally this 
value is nearly  tw ice as high in spring th an  in sum m er, i t  is th e  lowest usually  
in early  au tum n  (4—6 mg/m2) and  th en  slowly increases. The highest value 
of biom ass was found a t  Balatonszem es (“G ” ).

On th e  basis of th e  benth ic fauna, th e  Lake B alaton  can be divided into 
th ree regions: th e  north -eastern  basin (“A ” and  “ E ” ), th e  K eszthely-B ay 
(“M” ) an d  th e  central p a r t of the  lake (“K ” and  “ G ” ).

A ckn ow ledgm en ts: A u th o r  e x p re sse s  h is  th a n k s  t o  P ro f . D r. I .  A n d r á s s y , E ö tv ö s  
L o rá n d  U n iv e r s i ty ,  B u d a p e s t  fo r  h is  k in d  h e lp , in  id e n tif ic a t io n  o f  n e m a to d e s , a s  w ell 
a s  t o  th e  le a d e rs  in  th e  id e n tif ic a t io n  o f  n e m a to d e s , a s  w e ll a s  to  th e  le a d e rs  th e i r  a id  
in  th e  p e rfo rm a n c e  o f  th e  w o rk .
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A  B A L A TO N  N EM A T Ó D Á I.
IV . A  F A U N A  É V SZ A K O S V ÁLTO ZÁ SA

B iró  K á lm á n  

ö s s z e fo g la lá s

A  B a la to n  n y íltv íz i ü ledékében  1966 — 68-ban a  Paraplectonem a pedunculatum , 
P araphanolaim us behningi, Iro n u s  tenuicaudatus, T heristus setosus és M onhystera  pa lud i-  
cola a  leggyakoribb  fonálféreg  (2 . táblázat). É v szak o n k én t az egyes fa jo k  m ennyisége 
v á ltoz ik : té len  ( + 4  és + 1 2  C° v ízhőm órsék let közö tt) és a  jég  a la t t  T heristus setosus 
és M onhystera  paludicola  a  leggyakoribb , de ezek  n y á ro n  h iá n y o z h a tn a k  is.

A  fonálférgek  m ennyisége a  tó  kü lönböző te rü le te in  változó  (5 . ábra). A  leg több  
tav a ssz a l (m ájus) 60 — 80 000 i/m 2, a  n y á r  fo ly am án  fokozatos csökkenés k ö v e tk ez e tt 
(10—20 000 i/m 2), m a jd  az ősz közepétő l (ok tóber) ism ét szám beli növekedés v o lt (20 — 
30 000 i/m 2). T élen  a  jég  a la t t  T ih an y n á l („A 0” ) 100 000 i/m 2 m enny isége t észleltem . L eg
tö b b  fonálféreg  B .-szem esnél („G ” ), á tla g  44 000 i/m 2, legkevesebb a  K esz the ly i öbölben 
(,,M ” ), á tla g  23 000 i/m 2 vo lt.

H á ro m  éven  k eresz tü l a  tó  kü lönböző te rü le te in  m egfigyeltem  a  leggyakoribb  
fa jo k  egyedszám  v á lto z á sá t (6 ., 7., 8-, 9., 10. ábrák).

A  fonálféreg  b iom assza  4 — 20 m g/m 2 k ö z ö tt v á lto z o tt. T avassza l közel ké tszer 
a k k o ra  (16 — 20 m g/m 2) ez az  é rték , m in t n y á ro n , ősz e lején  v o lt a  legkisebb (4 —6 m g/m 2) 
és e z u tá n  lassú  em elkedést ta p a s z ta l ta m  (11 . ábra). A  leg több  b iom asszá t B .-szem esnél 
(,,G ” ) m értem .

T ih an y  e lő tt („A 0” ) feb ru á rb an  a  jég  a la t t  a  b iom assza  (és egyedszám ) csaknem  
kétszerese a  tav a sz i (m ájus) é rték n ek  és h a tszo ro sa  a  n y á ri (szeptem ber) m in im u m n ak  
(12 . ábra.)

A  K esz th e ly i („M ” ) és a  Szigligeti öbölben  ( „ К ” ) a  k o ra tav asz i (április) b iom assza 
m ax im u m tó l fokozatos csökkenés figyelhető  m eg az ősz végéig (ok tóber) 12 m g/m 2-ről 
6 m g/m 2-re, add ig  B .-szem estő l Fűzfő ig  („G ” , ,,A ” , , ,E ” ) áp rilisi a lacsony  b iom assza 
m á ju sb a n  m a jd n em  m egdup lázód ik , és csak  ez u tá n  kö v e tk ez ik  a  b iom assza  fokozatos 
csökkenése az őszvégi m in im u m ra  és a  víz leh ű ltév e l m in d e n ü tt fokozatosan  em elkedik  
(13 . ábra.)

Az ü led ék fau n a  a la p já n  a  B a la to n  3 te rü le tre  tag o lh a tó : É K -i m edence („ A ” 
és „ E ” ), K esz the ly i öböl („M ” ) és a  tó  középső része („ K ” és „ G ” ).
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Continuing our previous studies, th e  food of pike-perch was investigated  
in  L ake B alaton  during 1970 and  1971, in  order to  com plete th e  d a ta  available. 
Now we have a sufficient basis for giving a  general idea of th e  nu tritiona l- 
ecological role p layed by  th e  3 — 5-year-old specimens representing th e  m ajority  
of th e  pike-perch population  in the  lake, as well as for com parison o f qualita tive 
an d  qu an tita tiv e  characteristics of th e  food for several years back. Such a 
com parison m ay lead to  valuable conclusions from  th e  po in t of view of bio
logical processes accom panying th e  rap id  eu trophication  o f L ake B alaton  
observed during th e  recent years. Thus e.g. i t  is very  likely th a t  th e  decrease 
in ra te  of grow th o f pike-perch as com pared to  th e  d a ta  ob tained  some 40 years 
ago is a resu lt of changes tak ing  place during th e  las t decades in th e  ecosystem  
of th is  shallow lake (Un g e e , 1931; B ir ó , 1970).

This fac t can be b rough t in to  d irect connection w ith  th e  qu an tita tiv e  
insufficiency o f th e  food o f pike-perch already  in terp re ted  by  W o y n á r o v ic h  
(1959). Sim ilar conclusions were draw n by  our earlier papers evidencing th e  
low food tu rnover o f pike-perch in L ake B alaton  (B ir ó  an d  E l e k , 1969; 
B í r ó , 1969). The slow an d  uneven grow th appearing in  consequence of u n d er
nourishm ent during fry  stage (B i r ó , 1972b) which is of critical significance, 
decisively influences th e  fu rth e r developm ent o f pike-perch.

S e b e s t y é n  (1967) has po in ted  ou t th a t  th e  role of fishes p layed  in  th e  
ecosystem  is th e  easiest to  approach from  th e  side of n u tritio n  and  grow th. 
Accordingly, we a tte m p t to  analyze th e  n u tritio n a l biology an d  role o f pike- 
perch in th e  lake. Therefore, th e  presen t paper was in tended  a t  com paring 
th e  food o f th e  pike-perch for several years back. Furtherm ore, an  answer 
was searched for th e  question of th e  effect of pike-perch on th e  food-fish po
pulations o f L ake B alaton  and  of th e  in te rp re ta tio n  of this niche in th e  eco
system  of th e  lake.

M a ter ia l a n d  m eth o d s

Our m ateria l was collected during 1970 and  1971 p a rtly  b y  m eans of 
a  special stom ach-pum p (W o y n á r o v ic h , 1958) p a r tly  by  preparing th e  in 
te rn a l organs o f pike-perches, carried ou t b y  fisherm en o f F ish-farm s of
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B alaton . W e investigated  th e  stom ach con ten t of fish of 300—500 g body 
w eight group representing th e  m ajo rity  of th e  annual p ike-perch catch. T hey 
were fixed  in  4 percent form alin separately  un til th e  analysis. The stom ach 
conten ts were analyzed in  a  P e tr i  dish under stereom icroscope a fte r dilution 
w ith  water.

Conclusions were draw n for th e  qualita tive  change of th e  food from  
th e  seasonal d istribu tion  of th e  species. As possibility offered we determ ined 
th e  degree of digestion o f th e  food (Forttjnatova, 1950), th en  th e  prey- 
fishes found in  th e  stom ach conten t were identified  in  th e  cases o f Cyprinids 
on th e  basis of pharyngeal tee th  (Vásárhelyi, 1956; Berinkey, 1966) or 
som etim es on th e  s tru c tu re  of scales (Dyk, 1956). In  th e  cases o f Percids 
th e  species could be distinguished depending on th e  degree of digestion, on 
th e  basis of m orphology o f th e  operculum , preoperculum , dentale, scales and  
th e  stom ach, of num ber o f pyloric appendices as well as on th e  com position 
o f th e  stom ach-content (Berinkey, 1958; 1966; Dyk, 1956; Woynárovich, 
1959).

The qu an tita tiv e  evaluation  o f th e  food was carried o u t on th e  basis 
o f num ber of fishes found in  th e  stom ach as well as for th e ir m easured or 
reconstructed  weights. The stom ach contents were d ivided in to  six groups 
according to  th e ir weights an d  th e  pike-perches were eva lua ted  according 
to  th e ir percentual d istribu tion  w ithin those groups. The sum  o f th e  original 
body w eight o f th e  food-fishes was estim ated, th e  group averages were cal
cu lated  w ith  th e  values o f s tan d ard  deviation an d  varia tion  coefficients. 
The food coefficient was calculated from  th e  connection of th e  ac tua l weight 
of th e  stom ach-content an d  th e  body  w eight of th e  pike-perch. F o r th e  re 
constructions of th e  weights, th e  allom etric equations of length-w eight re 
lationships determ ined for d ifferent fish species were used. The determ ination 
of th e  tim e of digestion belonging to  different tem peratu re  ranges was carried 
ou t b y  m eans of th e  m ethod o f Molnár e t al. (1967), allowing us to  draw  
conclusions on th e  in ten sity  o f nu trition . The daily  an d  m onth ly  quantities 
o f th e  food as well as th e  daily  and  m onth ly  ra tions of food are given using 
th e  m ethods of Bajkov (1935) and  F ortunatova (1950).

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

Results

The quality of food of pike-perch

More or less digested food was found in th e  stom ach of 909 from  1118 
pike-perches in  1970, containing 1806 food-fishes, 1472 of which could be 
identified, whereas 334 could n o t because o f th e  advanced  stage o f digestion 
(Table I ,  Fig. 1). The food was included th e  following fish species in  a  sequence 
of decreasing frequency: ru ff  (Acerina cernua), b leak (Alburnus alburnus), 
pike-perch fry  (Lucioperca lucioperca L.) and  bream  (Abramis brama). A l
together 10 species were found in  th e  stom achs, am ong them  th e  b leak  was 
predom inating except in  A ugust when the  num ber of fry  of th e  m ost common 
Percids (ruff, pike-perch) suddenly increased in  th e  food. The significance 
o f th e  o ther species is lower in th e  food, th ey  represen t only 0.3 —4.5 percen t.
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A . a . A l b u r n u s a l b u r n u s

A . b . A b r a m i s b r a m a

A . c . A c e r i n a c e r n u a

B.  b. B l i c c a b j o e r k n a

L.  1. L a c i o p e r c a l u c i o p e r c a

L. v . L u c i o p e r c a v o l g e n s i s

N.  f. N e o g o b i u s f  l u v i a t i l i s

P  c . P e l e c u s c u l t r a t u s

R . s . R h o d e u s s e r i c e u s

R . r . R u t i l u s r u t i l u s

u. u n i d e n t i f i e d

F ig . 1. The food sp ec tru m  o f p ike-perches in  L ake B a la to n  o f 300 — 500 g body  w eight 
d u rin g  1970. T he p e rcen tu a l d is tr ib u tio n  o f  food-fishes, n  =  th e  n u m b er o f p ike-perch

stom achs con ta in ing  food

11



162

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

May June July Aug. Sept. Total

N 177 2 2 6 2 9 4 187 2 3 4 11 1 8
n 119 17 9 2 5 4 182 17 5 90 9
e 58 47 40 5 5 9 2 0 9
Alburnus alburnus 57 74 52 72 116 371
Acerina cernua 4 6 57 41 4 4 7 2 5 6 1 6
Lucioperca lucioperca 12 2 9 69 112 2 9 251
Lucioperca volgensis 6 13 22 2 2 3 66
Abramis brama 21 2 6 28 18 14 107
Blicca bjoerkna — — 1 2 2 5
Rutilus rutilus 19 11 7 ___ 2 39
Neogobius fluviatilis 1 1 2 2 1 7
Rhodeus sericeus amarus — — 2 — 3 5
Pelecus cultratus — — — ___ 5 5
Identified fish 162 2 1 2 2 2 5 67 3 2 0 0 147 2
Unidentified fish 16 42 10 3 110 63 3 34
Total num ber of fish 178 2 5 4 32 8 78 3 2 6 3 180 6
Dreissena polymorpha 2 2 1 — — 5
W ater-weed fragm ents — 1 2 3 1 7

N  =  T otal num ber of stomachs investigated 
n  =  N um ber of stomachs containing food
e =  N um ber of em pty  stomachs (including some pulpy content)

Lucioperca volgensis an d  roach (Rutilus rutilus) are qualified as occasional 
food. The form er occured m ore freq u en tly  during th e  sum m er m onths and  
th e  la tte r  did  during May. A recently  p ropagated  Ponto-C aspian goby (Neo- 
gobius fluviatilis) could be found in  th e  stom achs in  every  m onth , although 
in  a  sm all num ber of individuals. This species has been living in  th e  lake 
probab ly  for quite some tim e (Bmó, 1972a). Blicca bjoerkna, th e  b itterling  
(Rhodeus sericeus amarus) an d  Pelecus cultratus occurred in  th e  certain  
m onths. The la tte r  m ay p lay  a m ore considerable role during au tum n. A p art 
from  fishes, sporadically mussels (Dreissena polymorpha) an d  w ater-w eed 
fragm ents were also found in  the  stom achs.

F ood was found in  982 (44.1 percent) of th e  2229 pike-perches investig
a ted  during 1971, while th e  stom ach o f 1247 (55.9 percent) was em pty . A l
together 1916 prey-fishes were found, we succeeded in  identifying 1626 speci
m ens b u t failed in  290 cases (Table I I ,  Fig. 2). The food contained m ainly 
b leak  (Alburnus alburnus) an d  ru ff  (Acerina cernua), p ike-perch fry  (Lucio- 
perca lucioperca)  as well as b ream  (Abramis brama)  also occurred. A ltogether 
13 fish species were found in  th e  stom achs during th a t  year. Leucaspius de- 
lineatus, eel (Anguilla anguilla) and  crucian carp (Carassius carassius) were 
f irs t observed in th e  stom achs, however, because o f th e ir low num ber, th ey  
are o f less significance. A p art from  th e  m ain four prey-fishes, th e  increasing 
ra te  o f Blicca bjoerkna and  Neogobius fluviatilis was characteristic , whereas 
th e  am oun t o f roach was th e  sam e as in  1970. Dreissena was also observed and  
several sm all specimens o f Unio and  Anodonta of 1—2 cm shell leng th  were 
encountered, too.
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A c .

A n .  A n g u i l l a  a n g u i l l a
L . d .  L e u c a s p i u s  d e l i n e a t u s
C . c .  C a r a s s i u s  c a r a s s i u s

F ig . 2. T he food sp ec tru m  o f  p ike-perches o f  300—500 g b o d y  w eigh t in  L ake B a la to n  
d u ring  1971. (E x p lan a tio n  as in  F ig . 1 )

11*
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TABLE II

The distribution of fish-remains found in  the pike-perch stomachs during 1971

June July Aug. Sept. Nov. Total

N 451 400 618 468 292 2 229
n 202 138 210 228 204 982
e 249 262 408 240 88 1 247
Alburnus albumus 74 48 6 444 144 716
Acerina cemua 21 12 116 20 196 365
Lucioperca lucioperca 159 22 48 12 8 249
Abramis brama 35 18 44 12 60 169
Neogobius fluviatilis 6 14 6 4 2 32
Rutilus rutilus 13 4 10 — 10 37
Lucioperca volgensis 7 6 8 — — 21
Blicca bjoerkna 8 2 — — 8 18
Pelecus cultratus 1 — — 8 — 9
Leucaspius delineatus — — — 4 — 4
Anguilla anguilla 3 — — — — 3
Rhodeus sericeus amarus — — — — 2 2
Carassius carassius 1 — — — — 1
Identified fish 328 126 238 504 430 1 626
U nidentified fish 46 42 60 72 70 290
Total num ber of fish 374 168 298 576 500 1 916
Dreissena polymorpha 3 — 2 — — 5
Unio and Anodonta sp. — 2 2 — — 4
W ater-weed fragm ents 1 4 — — 6 11

The size of prey-fish
T he average sizes of th e  m ost frequen t six food species changed parallel 

w ith  th e  qualita tiv e-q u an tita tiv e  com position of th e  food. M ainly o f the
5.5 — 7 cm bleak specimens were eaten  (Figs 3 an d  4), whereas th e  body 
length  o f ruffs flu c tu a ted  betw een 4 and  6 cm ( Figs 5 an d  6)  except in A ugust 
1970, when th e  3.5—4 cm specimens predom inated. The body leng th  of pike- 
perch fry  were m ostly  betw een 7 and  8 cm during th e  spring an d  early  sum m er 
season, corresponding to  th e  sizes o f th e  overw intered specimens. In  A ugust 
1970 an d  Ju n e  1971 th e  average size was 2.5—5.5 cm indicating an  increasing 
role of fry  masses in the  food o f pike-perches ( Figs 7 an d  8) . Sim ilar changes 
appeared  in  th e  size d istribu tion  of Lucioperca volgensis \(Figs 9 an d  10), 
th e  bream  (Figs 11 an d  12) and  th e  roach (Figs 13 and  14). T he m axim al 
length  of prey-fishes was 14 cm (several Pelecus specimens).

The allom etric equations calculated  for th e  prey-fishes i.e. th e  length- 
w eight relationships indicate th e  ra te  o f grow th o f th e  linear body  size in th e  
function  of th e  increase o f body weight, an d  in addition, allow us to  carry  ou t 
a  m ore exact reconstruction o f th e  original body w eight a t  th e  qu an tita tiv e  
evaluation o f th e  food. The calculated  equations for th e  d ifferent fish species 
are as follows:

B leak:
R u ff:
P ik e -p e rch  fry : 
B ream :
R o ach :
G oby:

log W  =  —4.6731 +  2.8865 • log L  
log W  =  —4.8993 +  3.0855 • log L  
log W  =  —4.6088 +  2.8379 • log L  
log W  =  —4.8146 +  3.0644 • log L  
log W  =  —4.9698 +  3.1441 • log L  
log W  =  —5.0386 +  3.1398 • log L

where W  is th e  body weight in  gram s an d  L  is th e  s tan d ard  length  in mm.
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Fig. 3. The size d istribu tion  of bleak 
(A lburnus alburnus)  in  the  food of 

pike-perch in 1970

Fig. 4. The size d istribution  of bleak 
( A lburnus alburnus)  in  the  food of 

pike-perch in  1971
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*Fig. 6. T he size d is tr ib u tio n  o f  ru f f  
( Acerina cernna)  in  th e  food o f p ike-perch  

in  1971

Fig. 7. T he size d is tr ib u tio n  o f  p ike-perch  
f r y  (Lueioperca lucioperca)  in  th e  food o f  
o lder p ike-perches d u rin g  d iffe ren t m o n th s 

o f 1970

The number of consumed prey-fishes

The m ajority  o f th e  pike-perch stom achs (56 percent) contained 1—2 
fish  in  1970, whereas those containing 2 — 3 fish were less frequent. Only in 
A ugust could be observed an  ab ru p t increase o f prey-fishes m axim ally up  to  
15 per stom ach because o f th e  sm all sizes o f th e  fry  (Fig. 15). In  Ju n e  1971 
th e  m axim al num ber of fish consum ed b y  one pike-perch was 28 an d  in  N o
vem ber was 25 (Fig. 16). According to  our experience, th e  num ber of con
sum ed fish depends on th e  mass appearance o f th e  fry  of a  species of suitable 
size. The population  density  o f food-fishes an d  th e ir occurrence in  th e  stom achs 
o f pike-perches are in  d irect connection, indicating obviously th e  seasonal 
character o f n u tritio n  o f pike-perches in  Lake B alaton .



168

зо -

20 -

£
z10 d

5-

5

Lucioperca lucioperca 

1971

41 , П ..,4

д

VI.

VII.

Vili.

-Ц -
IX.

— 1— r ~

П , П , П П , "
2 3 í  5 6 7 8 9 10 11 12

S t a n d a r d  l e n g t h  c m

F ig . 8. The size histogram of pike-perch fry (L u cioperca  lu cioperca ) in 1971

5

5

15

V)

£  5
o
£_О»X)
1 152

10

5

5

Fig. 9. The size d is tr ib u tio n  o f Lucioperca volgensis in  th e  s to m ach -c o n ten t o f  p ike-perches
in  1970

L u c i o p e r c a  v o l g e n s i s  

1 9 7 0

г П  П  Г

V.

1 1 1 1 1— I-- 1 1 1 1 4 —1 r \ ■

- г -  1 . 1 1 1 Л Л
VI.

-пП.........Г -

- г — |— >— ,— .— I— I— 1— 1— r

VII.

0

1 — '— r

VIII.

IX.

"1— •— I— •— i^ H 1̂ — I— •— I— *— i -
3 4 5 6 7 8 9

Standard length cm



169

5

i:5о
QJ

■О

|5
2

F ig . 10. T he change o f sizes o f  Lucioperca volgensis in  th e  s to m ach -c o n ten t o f  p ike-perches
d u rin g  1971
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F ig . 11. T he change o f sizes o f b ream  ( A bram is bram a) in  th e  food o f  p ike-perches d u ring
d iffe ren t m o n th s  in  1970

The observed weight of stomach-content

In  1970 th e  average food per pike-perch was 6.3 g, an d  th e  average per 
one stom ach containing food was 7.8 g (Fig. 17). In  1971 these d a ta  were 4 
an d  8.3 g, respectively (Fig. 18). Those d a ta  give only some orien ta tion , since 
th ey  are n o t in  connection w ith  th e  digestion ra te .

The d istribu tion  o f th e  num ber o f individuals as well as th e  percentage 
of pike-perches w ithin th e  stom ach-content weight-groups showed a p a tte rn  
sim ilar to  th e  d istribu tion  o f th e  num ber of food-fishes: th e  m ass of stom ach- 
contents was 0.1 — 5.0 g in  nearly  46 percent, 5.1 -1 0  g in  30 percent, and  
larger weights o f stom ach-contents were found only in a less num ber of pike-
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F ig . 12. T he 'ch an g e  o f  sizes o f  b ream  (A b ra m is  bram a) in  th e  food o f  p ike-perches d u ring
d iffe ren t m o n th s  in  1971

F ig . 13. T he size d is tr ib u tio n  o f  ro ach  (R u tilu s  ru tilu s)  in  th e  food o f p ike-perches d u ring
1970
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F ig . 14. T he size d is tr ib u tio n  o f  ro ach  ( R u tilu s  ru tilu s )  in  th e  food o f  p ike-perches d u rin g
d iffe ren t m o n th s  in  1971

perches (Figs. 19 an d  20). The d istrib u tio n  o f th e  num ber o f individuals 
w ithin th e  stom ach-conten t weight-groups, th e  averages o f th e  groups, th e  
num erical values of deviation  an d  v aria tio n  coefficient are near to  each o ther 
showing a  sim ilar tre n d  during th e  d iffe ren t m onths. The values in  1971 were 
ra th e r th e  sam e, however, th e  num ber o f pike-perches eating  10 — 20 g in 
creased. Nevertheless, th e  deviation  fro m  th e  average in  every weight-group 
of stom ach-contents was a  m uch lower value as com pared to  th a t  o f th e  p rev i
ous year. W ith  th e  increase o f a c tu a l w eight o f th e  stom ach-contents th e  n u m 
ber of pike-perches decreases. Only a  few pike-perch m ay have o p p o rtu n ity  
to  consume an  am ount o f fishes reaching 10 percen t o f th e  average body  w eight 
for a prolonged tim e because of th e  seasonal changes of th e  population  density  
of th e  food-fishes.

Digestion rate and feeding intensity

The increase of th e  average tem p era tu re  o f th e  w ater results in a  more 
rap id  digestion, accom panied b y  an  increase o f th e  in ten sity  o f n u tritio n  and  
more frequen tly  repeated  incorporation o f food (Table I I I ) .  The ra te  o f d i
gestion (the tim e necessary for th e  em ptying o f th e  stom ach) an d  th e  average, 
m onthly  num ber o f food incorporations are closely, significantly  correlated 
(P <  0.001).

Food consumption

The food consum ption estim ated  on th e  basis of m ethod  of B a j k o v  
(1935) an d  F o r t u n a t o v a  (1950), re la ted  to  th e  ra te  of digestion, indicates 
a  low level o f food tu rn o v er in  th e  w eight group investigated . The daily  and  
m onth ly  food consum ption depending on th e  tem p era tu re  an d  ra te  o f digestion 
are low, in  1970 th ey  am ounted  to  3 .2—3.9 an d  52—61.4 g, respectively, in 
average. T he am o u n t o f food consum ed during  th e  period o f investigations 
was 307 and  260 g per one pike-perch ( Fig. 21). A n increased food consum ption 
was observed during Ju n e  and  A ugust, whereas during M ay, J u ly  an d  Septem 
ber food consum ption decreased. The resu lts ob tained  during  1971 strongly  
differ from  those of th e  previous year in  so fa r as th e  daily  an d  m onth ly  food
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F ig . 15. T he  p e rc e n tu a l d is tr ib u tio n  o f p ike-perches o f 300 — 500 g b o d y  w eigh t according 
to  th e  n u m b er o f fish -rem ains found  in  th e ir  s to m ach s d u rin g  d iffe ren t m o n th s  in  1970
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F ig . 16. T he p e rcen tu a l d is tr ib u tio n  o f  p ike-perches o f  300—500 g b o d y  w eigh t accord ing  
to  th e  n u m b er o f  fish -rem ains found  in  th e ir  stom achs d u rin g  d iffe ren t m o n th s  in  1971
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F ig . 17. The a m o u n t o f  food p e r  one p ike-perch  sto m ach  (up p er p a r t)  an d  p e r one s tom ach  
co n ta in in g  food (low er p a r t ,  in  g) d u rin g  1970

1 П П  Гl í
1971

[ L

VI. VII. vili. IX. XI. mean

F ig . 18. T he a m o u n t o f  food in  g  p e r  one p ike-perch  s to m ach  (upper p a r t)  a n d  p e r one 
food-con ta in ing  s to m ach  (lower p a r t)  in  1971

T A B L E  I I I

The rate o f digestion depending on the m onthly  
average temperature o f Lake B a la ton  as well as the average 

frequency o f food uptakes during  d ifferent m onths

Year Month T V 7 i

1970 May 15.5 2.75 66.2 11.2
June 20.7 1.85 44.5 16.2
Ju ly 21.1 1.79 43.0 17.3
August 22.7 1.63 39.2 19.0
Septem ber 18.4 2.17 52.3 13.8

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

T =  average w ater tem perature (°C); V =  tim e of digestion in  days; у  =  tim e of digestion 
in  hours ( =  duration  of emptying of th e  stomach); i =  num ber of food uptakes per m onth. 
The d a ta  are calculated on the basis of equation describing th e  logarithmic relationship of tem 
perature and digestion according to  Moi.NAк et al. (1967):

у  =  —1.3759 • logT  +  3.4589
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1970
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F ig . 19. T he p e ro en tu a l d is tr ib u tio n  o f p ike-perches o f  300 — 500 g b o d y  w eigh t accord ing  
to  th e  to ta l  w eigh t o f th e  s to m ach -co n ten ts  a s  w ell as to  th e  value  o f  food-coefficient

in  1970

consum ptions displayed an  alm ost continuous decrease from  Ju n e  till N ovem 
ber (Fig. 22). The daily  consum ption reached 2.2—3.6 g, th e  m onthly  28.7 —
56.5 g, thus, th e  am ount of food consum ed b y  one pike-perch during th e  five 
m onths of th e  investigations can be estim ated  as 144—283 g. There is also a 
close, significant correlation betw een th e  tem p era tu re  of w ater an d  the  am ount 
o f food consumed. The reason of decreased food consum ption observed in  1971 
is n o t known, presum ably  some environm ental changes were responsible.

Daily and monthly rations

The daily  and  m onth ly  food ra tions are low. The evaluations b y  th e  tw o 
m ethods resu lted  in  0.82—0.99 percent an d  13.34—15.74 percent, respectively 
for 1970. Their dependence on th e  tem p era tu re  is highly significant. N early
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F ig . 20. T he p e rc e n tu a l d is tr ib u tio n  o f  p ike-perches o f  300—500 g b o d y  w eigh t accord ing  
to  th e  to ta l  w eigh t o f  th e  s to m ach -co n ten ts  as w ell as to  th e  values o f  food-coefficient

in  1971

iden tical b u t low values were calculated  during M ay and  Septem ber, Ju ly  
showed in term ediary  values, th en  higher b u t alm ost identical ones were found 
in  Ju ly  an d  A ugust (Fig. 23). D uring th e  five m onths of investigations in 
1970, th e  am ount o f food consum ed b y  one pike-perch reached only 67 — 79 
percen t o f th e  average body  weight.

In  1971 th e  decreasing tendency  o f daily  an d  m onth ly  food ra tions were 
characteristic sim ilarly to  th e  food consum ption. T hey  were 0 .4—0.9 percent 
daily  an d  7.35—14.49 percent m onth ly  in  average, an d  obviously are extrem ely  
low, since one pike-perch could consum e only 37 — 72 percen t of its  ow n body 
w eight during th e  period o f J u n e —Novem ber (except October) (F ig . 24). 
The estim ated  food consum ption an d  its  ra te  to  th e  average body  w eight 
evidence th a t  pike-perches of 300 — 500 g weight group representing the  m ajority
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Fig. 21. T he  d a ily  an d  m o n th ly  food co nsum ption  o f a  p ike-perch  o f  390 g average  b o d y  
w eigh t, in  g  d u rin g  1970, ca lcu la ted  on  th e  basis o f  ra te  o f  d igestion  using  th e  m e th o d  o f 

B a jk o v  (1936) an d  F ortunatova  (1950)

of th e  catcheable portion  o f th e  population  in  th e  lake are underfed. This p a r t 
of th e  pike-perch stock is usually  represen ted  b y  3 —4 or ö fte r 5-year-old 
specim ens.

D isc u ss io n

Sum m ing up  th e  resu lts o f a  series of investigations sp read  over several 
years, one can establish th a t  th e  foodof pike-perch in L ake B alaton  is reprezented  
o f 10— 15 species o f fish  vary ing  according to  season. In  th e  stom achs 2 —3 
species appear in  masses. Among th e  la tte r  th e  significance o f b leak gradually  
increased  against ru ff form ing an  alm ost decisive m ajo rity  in th e  food during 
th e  form er years (W oynárovich , 1959). Occasionally extensive cannibalism

12
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Fig. 22. T he  daily  an d  m o n th ly  food consum ption  o f  a  p ike-perch  o f 390 g average  b o d y  
w eigh t, in  g  d u rin g  1971, ca lcu la ted  o n  th e  basis o f  ra te  o f  d igestion  using  th e  m e th o d  o f  

B a jk o v  (1935) an d  F ortunatova  (1950)

h ad  been observed am ong th e  pike-perches belonging to  th e  size groups in 
vestigated , th e  reason of which can be searched in th e  decrease of th e  population 
density  o f fish species living near th e  b o ttom  and  th e  pike-perch fry  living 
in  th e  sam e region are available for th e  older predators. The increase o f th e  
food-fish species also indicates th a t  th e  population  density  of th e  food-fishes 
decreased and  th e  pike-perches tak e  food from  th e  litto ra l zone, th e  upper 
an d  deeper areas o f th e  open w ater and  from  th e  areas of water-weed, too. 
The appearance of five new species in  th e  food cannot be neglected. They are: 
Leucaspius delineatus, Tinea tinea, Carassius carassius, Anguilla anguilla an d  
Neogobius fluviatilis. The las t one ab ru p tly  p ropagated  in L ake B alaton  
in  1970 (B ir ó , 1972a) and  gradually  becam e significant for pike-perch. T he 
rem ains of mussels and  w ater-w eed fragm ents frequen tly  found in th e  stom achs



179

F ig . 23. T he daily  a n d  m o n th ly  ra te s  o f food o f  a  p ike-perch  o f 390 g average  body  w eigh t
d u rin g  d iffe ren t m o n th s  in  1970

could passively have got in during predation . T he increase o f th e  num ber 
o f Cyprinids living in th e  litto ra l zone an d  near th e  surface in  th e  food as well 
as th e  yearly  changing w ater-level can be b rough t in to  close re la tion  w ith  
each other.

Surveying th e  papers analyzing th e  food o f pike-perch in L ake B alaton , 
one can see th a t  th e  highest frequency was reached b y  th e  ru ff  (Acerina cer- 
nua) an d  th e  pike-perch fry  (Lucioperca lucibperca), fu rtherm ore th e  ra tes 
of bleak (Alburnus alburnus) as well as sichel (Pelecus cultratus) were also 
considerable ( L u k á c s , 1932a; 1932b; E n t z  and  L u k a c So v i c s , 1957; W o y n á - 
ROVICH, 1959). The q uality  of th e  food strongly  changed a f te r  1965, since 
beside th e  Percids th e  bleak becam e of an  ever increasing significance (B iró  
and  E l e k , 1969) fu rth e r supported  now b y  th e  investigations o f th e  years 
1 9 7 0 -7 1 .

The seasonal changes of th e  com position of food are induced firs t of all 
by  the  availab ility  and  density  of fry  of th e  food-fishes. Sometimes extensive 
cannibalism  can be observed am ong th e  pike-perches of L ake B alaton  which 
m ay indicate th e  absence of o ther forms o f food, an d  th e  high m orta lity  ra te  
observed am ong th e  fry  in th e  firs t sum m er (Biró , 1972b) can be some k ind  
o f an  explanation  to  it. The pike-perch population  m aintains a self-regulation
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F ig . 24. T he  d a ily  a n d  m o n th ly  ra te s  o f food o f a  p ike-perch  o f 390 g average  body  w eight
d u rin g  d iffe ren t m o n th s  in  1971

by  consum ing th e ir own fry  and  regulates th e  o ther prey-fish populations 
to  a  variable ex ten t b y  selecting th e  groups o f sizes preferred (E o r t u n a t o v a , 
1957). The niche o f pike-perch w ithin th e  ecosystem  of Lake B alaton  can be 
in te rp re ted  principally  th rough  th is  effect.

The change in  th e  ra tes of pike-perches w ith  em pty  stom ach and  w ith  
food m ust be analyzed w ith  reservations, since th e  ac tua lly  em pty  stom ach 
in  itse lf does n o t wholly indicate an  insufficiency o f th e  food. I t  is more likely 
a  physiological necessity, since th e  digestion depends on th e  tem peratu re  
o f th e  w ater an d  th e  la tte r  determ ines th e  feeding in ten sity  even in  th e  case 
of good food supply. L u k á c s  (1932a) found th e  stom ach to  be em pty  in 27 
percen t o f th e  anim als, E n t z  an d  L u k a c s o v ic s  (1957) observed th e  sam e in 
22—75 percent, whereas W o y n á r o v ic h  (1959) reported  on a  yearly  average 
o f 37 percent. E x tensively  v ariab le  ra te s  were observed betw een 1965 and  
1971 b y  us, th e  ra te  o f pike-perches w ith  ac tua lly  em pty  stom ach varied  
betw een 19 an d  59 percent (c.f. B ir ó  an d  E l e k , 1969). W o y n á r o v ic h  (1959) 
concluded on th e  basis o f th e  high num ber of em p ty  stom achs th a t  pike- 
perches sta rv e  an d  if  we neglect th e  physiological significance o f the  em pty  
stom ach, even our d a ta  ind icate  th e  insufficiency of th e  food to  a  g reater 
ex ten t th an  a  decade before.
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A p art from  th e  quality  of th e  food, th e  q u an tita tiv e  com parisons re 
vealed a m ore d isadvantageous direction o f changes. The daily  food consum ed 
depending on th e  ra te  of digestion reaches as a rule 1 percent of th e  body weight 
of th e  pike-perch, and  w hat is m ore in  1971 i t  was below th is  level. The daily  
food am oun t of pike-perch varied  betw een 1 — 4 g in th e  m ajo rity  o f cases, 
representing an  insufficient q u an tity . The slow grow th is a  consequence of 
th e  undernourishm ent, observed b o th  in  fry  an d  in  older fish (Bíró , 1970; 
1972b).

The investigations on young pike-perches o f 0.19 — 13.3 g body weight 
( P o l t a v c h u k , 1965) revealed a  food coefficient 3.2—3.9 (average: 3.5) re 
m aining unchanged betw een 11 an d  26° C. Z a m o js k a  (cit. B a c k ie l , 1971) 
investigated  th e  age group 0 +  k ep t in  cages in  tem pera ted  fish-ponds of 
23 — 28° C an d  found a coefficient of 2 .8—5.9 w ithou t tem p era tu re  dependence. 
I v a n o v a  (1968) also stud ied  pike-perches using th e  m ethod  o f F o r t u n a t o v a  
an d  found th e  following values: 1.4 a t  age groups 2-f- an d  4-)-; 5.1 a t  age 
groups 5 +  an d  7 -f . The value of th e  food coefficient changes w ith  th e  age 
however, i t  is also bears re la tion  w ith  th e  body  size (B a c k ie l , 1971). In  our 
investigations th e  daily  am oun t of food was 1—4 g. The tim e o f digestion 
o f th a t  am ount depends also on th e  quality  o f th e  food (W i n d e l l , 1966; 1967; 
P o p o v a , 1967; B a r r in g t o n , 1957; H u n t , 1960).

Considering e ither th e  daily  or th e  m onth ly  values o f food consum ed 
by  th e  pike-perch of L ake B alaton , one has to  conclude th a t  th ey  are underfed. 
Com paring th is  fac t w ith  th e  eutrophication  of th e  lake, i t  is d ifficult to  ex
p lain  w hy th e  food o f pike-perches has decreased since th e  investigations 
of W o y n á r o v ic h  (1959). The explanation  lies in  th e  drop o f th e  populations 
o f food-fishes already  described (Biró an d  E l e k , 1969). The insufficiency of 
miscellaneous food is ind icated  b y  th e  second-th ird  place occupied b y  th e  pike- 
perch fry  in  th e  stom ach-contens o f older pike-perches. Thus, th e  food-com 
petition  becomes som etimes o f high significance. C om petition for th e  pike- 
perch fry  w ith  o ther fish-species become sharper in  th e  regions o f 100—300 m 
w idth  near th e  shore. On th e  basis of all these considerations, i t  is justifiable 
to  assum e th a t  th e  density  o f food dim inished owing to  pollution an d  toxic 
substances fu rth e r decreases an d  an  increasing interspecific com petition is 
a t  issue. Our observations regarding th e  food of pike-perches support th e  earlier 
findings re la ted  to  th e  grow th o f th is species (Biró, 1970).

Sum m ary

The stom ach-contents of 3347 pike-perches o f 300—500 g body w eight 
were analyzed during 1970 an d  1971. T he food is com posed of 10 fish species 
to  a seasonally variable ex ten t. Am ong them  only 2 —3 p lay  a  decisive role 
owing to  their frequency o f occurrence. T hey  are th e  b leak ( Alburnus albur- 
nus), th e  ru ff  (Acerina cernua)  an d  th e  pike-perch fry  (Lucioperca lucioperca). 
W hen th e  fry  appear, th e  food consists alm ost exclusively of them . The m ost 
com m only fed size-groups o f each food-fish species can clearly be determ ined 
from  th e  sizes o f fishes found in  th e  stom achs.

The stom achs o f pike-perches investigated  as a  ru le  contained 1—2 fish, 
a p a rt from  those having an  ac tua lly  em p ty  stom ach .The num ber o f fish con
sum ed depends am ong others on th e  mass appearance o f fry  of su itab le sizes.
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T he value o f food coefficient in  th e  m ajo rity  o f cases was 0.02—2.6 (76 p e r
cent), and  values betw een 2.6 an d  5.1 were encountered in  ab o u t 17 percent 
o f th e  predators. The food consum ption is insufficient, since th e  daily  am ount 
of food is only 1—4 g. Accordingly, also the  food ra te  is very  low, hard ly  
reaching th e  value of 1 percen t o f body w eight during b o th  years.

F ive new species of fish were found in  th e  food of th e  pike-perch of 
L ake B alaton  which were no t consum ed form erly. Am ong them  th e  Neo- 
gobius fluviatilis m ay la te r achieve g reater significance because o f its mass 
appearance and  propagation  observed during recent years.
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A FO G A SSÜ L L Ő  (L U C IO P E R C A  L U C IO P E R C A  L .) T Á P L Á L É K A
A  B A L A T O N B A N

B iró  Péter 

Összefoglalás

1970—71 években  3347 db , 300 — 500 g sú ly ú  fogassüllő g y o m o r ta r ta lm á t a n a li
z á ltu k . A  tá p lá lé k o t szezonálisan  változó  m érték b en  k b . 10 ha lfa j a lk o tja , ezek közül 
2 — 3 fa jn ak  v a n  gyakorisága  a la p já n  d ön tő  jelen tősége. E zek  a  küsz ( A lburnus a lburnus)  
vágódurb incs ( A cerina  cernua) és a  fogassü llő -ivadék  (Lucioperca lucioperca). A z  iv a d é k 
h a la k  m egjelenésével a  tá p lá lé k  csaknem  k izáró lag  ezekből áll. A  g y o m ro k b an  ta lá l t  
tá p lá lék h a lak  m ére te ibő l v ilágosan  m eg á llap íth a tó , ho g y  m elyék  a  leg á lta lán o sab b an  
fo g y asz to tt m ére tcso p o rto k  a  kü lönböző fa joknál.

A  ta n u lm á n y o z o tt m é re tc so p o rtú  sü llők  g y o m ra  á lta lá b a n  1 — 2 db  h a la t  t a r t a l 
m a z o tt, leszám ítv a  a  p illan a tn y ilag  ü res g yom rú  h a la k a t. A z e lfo g y asz to tt h a la k  szám a 
— tö b b e k  k ö z ö tt — egy-egy faj a lka lm as m é re tű  iv ad ék a in ak  töm eges m eg jelenésétő l 
függ. A  tá p lá lé k  e g y ü tth a tó  é rtéke  az e se tek  többségénél 0,02 — 2,6 k ö zö tti (kb . 76% -nál), 
2,6 — 5,1 k ö zö tti é r té k e t a  sü llőknek  kb . 17% -ánál ta lá ltu n k . A  táp lá lék fo g y asz tás  nem  
kielégítő  m é rték ű , m e r t a  m eg ev e tt h a la k  töm ege n a p o n ta  1 — 4 g. E n n e k  m egfelelően 
a  tá p lá lé k  a rá n y  is igen alacsony , am elynek  n a p i é rtéke  m in d k é t v izsgála ti évben  alig  é rte  
el a  ragadozó  te s tsú ly á n a k  1% -át.

A  b a la to n i fogassüllő táp lá lék áb ó l 5 ú ja b b  ha lfa j k e rü lt elő, am ely ek e t k o rá b b a n  
nem  fo g y asz to tt, s ezek közül nagyobb  je len tőségűvé, az u tó b b i években  észlelt töm eges 
elszaporodása  m ia t t  a  N eogobius flu v ia tilis  v á lh a t.
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SEASONAL CHANGE OF THE ORGANIC CARBON CONTENT 
OF LAKE BALATON DURING 1972

A N D R Á S F R A N K Ó  an d  JE N Ő  P O N Y I

Biological Research In s titu te  o f the H ungarian  A cadem y o f Sciences, 
T ih a n y , H ungary

R eceived : 16th  F e b ru a ry , 1973

The d istribu tion  o f th e  organic carbon con ten t in  the  upper layer o f the  
sedim ent o f th e  open w ater of L ake B alaton  has roughly been outlined  in our 
previous papers ( P o n y i  e t al., 1972; F r a n k ó  an d  P o n y i , 1973). I t  has been 
established th a t  K eszthely  B ay  an d  its  surrounding significantly  differ from  
th e  m ud of o ther regions of th e  lake. R ecently  th e  seasonal change of th e  o r
ganic conten t of th e  m ud has been investigated . However, th e  m ethod  o f 
“ d ry  com bustion” having been applied  so fa r did  n o t prove to  be suitable 
for th is purpose, m ainly because of its  high tim e-consum ption. Am ong th e  
m ethods of “ w et com bustion” we found to  be th e  best described in  No. 16 
o f th e  IB P  H andbook, th e  application o f which allows us to  com pare our 
resu lts in th e  fu tu re  w ith  those ob tained  during th e  exam ination  of o ther lakes.

Therefore th e  presen t paper has tw o aim s: to  presen t th e  results o f 
organic carbon analyses carried  ou t m ainly in  K eszthely  B ay , an d  on o ther 
hand , to  com pare th e  form erly used an d  th e  new m ethods on th e  m ud sam ples 
of B alaton  according to  necessity.

Dates, places and method of collecting

M ud sam ples were tak en  m onth ly  from  th e  m iddle of M ay till th e  m iddle 
o f N ovem ber 1972 from  5 points o f each o f th e  5 s tan d ard  transversal sections 
of th e  lake b y  m eans of an  Ekm an-B irge dredge ( Fig. 1). A liquotes were tak en

*

F ig . 1. C ollecting p laces in  L ake B a la to n
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from  th e  upper layer of 5 cm thickness, dried  a t  40—50° C in  a  ven tilla ted  ex 
siccator, th en  powderized. The organic carbon con ten t was determ ined  using 
th e  m ethod of W a l k l e y  and  B l a c k  (1934) (cit. by  H o lm e  and  M c I n t y r e ,
1971).

Results

M ud sam ples tak en  during Septem ber 1971 were analyzed  b y  bo th  
m ethods of determ ination  o f organic carbon con ten t (Table I ) .  No essential 
difference was found betw een th e  tw o series of results, a p a rt from  th e  sam ples 
o f K eszthely  B ay  being richer and  m ore heterogeneous in  organic substances, 
where th e  differences were larger. The s tan d ard  errors o f th e  m eans ob tained  
from  the  5 places of the  transversal section originate no t only in  th e  inaccuracy 
of th e  m ethod b u t also in  th e  d ifferent s tru c tu re  w ith in  th e  section.

T A B L E  I

C om parison o f organic carbon determ inations by m eans 
o f the wet com bustion  (W a l k l e y  and  B l a c k , 1934) and  

the dry one ( E n t z  et al. 1963) on the sam ples taken  
from  d ifferent regions o f Lake B alaton during  Septem ber 1971

Section
% of organic carbon, 
value of chromic acid 

oxidation
% of organic carbon, 
value of dry oxidation

M (Keszthely) 2.23±0.05 4.61±1.90
к 1.83 +  0.03 2.00±0.04
G 1.71±0.02 1.83±0.34
A 1.52±0.08 1.70±0.33
E (Bffizfo) 1.53±0.34 1.60±0.01

The results o f a spring an d  au tu m n  series of sam ples from  1972 clearly 
ind icate  th e  separation  of K eszthely  B ay  from  th e  o ther regions o f the  lake 
as regards th e  organic carbon con ten t (Table I I ) .  A  strongly  significant 
difference was found betw een section M (Keszthely) and  section A (in fron t 
o f th e  Biological In stitu te ) (P  <  0.01).

T A B L E  I I

The percentual occurrence o f organic carbon in  the m ud  
o f 5 sections o f Lake B ala ton  in  M a y  and Septem ber 1972

Section May September

M (Keszthely) 1.98±0.05 2.01 ±0.05
К 1.66±0.04 1.78±0.01
G 1.61±0.03 1.52±0.03
A 1.59±0.05 1.60±0.03
E (Bfűzfő) 1.52±0.02 1.54±0.01
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T A B L E  I I I

Change o f the organic carbon content 
in  the transversal section o f K eszthely B a y  ( M )  

during 1972

Month % of organic carbon

May
June

1.98 ± 0 .05  
1.85 ± 0 .04  
1.84±0.03 
1.83±0.04 
2.01 ± 0 .05  
1.96±0.07 
2.27±0.09

Ju ly
A ugust
Septem ber
October
November

The m onthly  analyses carried ou t in  K eszthely  B ay  display a significant 
change of th e  organic carbon con ten t (Table I I I ).  D uring th e  w arm er m onths 
(June, Ju ly  and  August) i t  varied  betw een 1.83 — 1.85 percent, whereas during 
th e  colder spring and  au tu m n  m onths, values betw een 1.96 — 2.27 percent 
were found.

The results ob tained  using th e  m ethod o f “w et com bustion” for the  
determ ination  of organic carbon con ten t support th e  earlier findings ( P o n y i  
e t al., 1972), nam ely th a t  th e  organic carbon con ten t o f th e  m ud of th e  open 
w ater of L ake B alaton  is low, furtherm ore, th e  m ud o f K eszthely  B ay  differs 
from  o ther regions o f th e  lake because of its  higher organic m a tte r content.

E ssentially  sim ilar results were ob tained  using th e  form er an d  th e  presen t 
m ethod, differences occur only in th e  section o f K eszthely  B ay. Considerably 
wide variations were found betw een th e  5 points of th is  section by  m eans of 
th e  m ethod o f “ d ry  com bustion” . The question m ay arise in  connection w ith  
th a t  m ethod th a t  th e  du ra tion  (15 min) of destruction  by  th e  m ix ture of chrome 
an d  sulphuric acids m ay perhaps be short for th e  m ud sam ples being richer 
in  organic substances (cf. Table I ) .  However, th e  trea tm en ts  of th e  sam e 
sam ples of th e  section M for 15 and  60 m in resu lted  in th e  sam e figures (2.21 
percent a fte r 15 an d  2.30 percent a f te r  60 min). On th is basis one can assum e 
th a t  above 2 percent organic substance conten t, the  resu lts ob tained  by  th e  
m ethod of “ w et com bustion” are more reliable th a n  those of th e  “ d ry ” m ethod.

A p art from  K eszthely  B ay, th e  d istribu tion  of th e  organic substance 
of th e  m ud o f th e  open w ater is relatively  homogeneous which can obviously 
be explained b y  th e  effects of w ind and  waves. One can m ention as a charac
teristic  instance for th a t  th e  percentual frequency of d istribu tion  o f th e  organic 
carbon content. Com paring th e  d a ta  of 5 points of each of th e  20 sections 
dividing th e  points in to  groups being nearer to  th e  sou th  an d  th e  n o rth  shore
line, one can find  th a t  in  a  ra tio  o f f if ty  : f if ty  either th e  southern  or th e  n o r
th ern  values are higher. (The 20 sections used for this com parison involve all 
th e  s tan d ard  sections in M ay and  Septem ber an d  only section M during the  
o ther m onths.)

Discussion
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The decrease o f organic carbon con ten t observed in th e  m ud of K eszthely  
B ay  during th e  sum m er m onths and  its increase during th e  colder period is 
undoubted ly  connected w ith th e  am ount an d  ac tiv ity  o f bac teria  ( P o n y i e t 
al., 1972). The carbon con ten t o f th e  richest alga biom ass in  th e  w ater (Tamás,
1972) is negligibly low as com pared to  a  difference o f 0.2 percent o f th e  organic 
m a tte r con ten t observed b y  us. The reed-grass vegeta tion  am ounts to  281 tons 
w et w eight per year (K á r p á t i  an d  V a r g a , 1970) in K eszthely  B ay. This and  
th e  reed  d e tritu s having no t been calculated  m ay  be sufficient for th e  seasonal 
change o f th e  organic m a tte r content. This indicates th e  im portance of th e  
m acro vegetation in  our lake.

S u m m a r y

1. D eterm inations of organic carbon con ten t ob tained  b y  m eans of th e  
“ d ry ” ( E n t z  e t al., 1963) an d  “w et” (W a l k l e y  an d  B l a c k , 1934) m ethods 
of ox idation  are to  be used well on th e  m ud o f th e  open w ater of L ake B alaton. 
The form er m ethod gives higher values above 2 percen t organic carbon con ten t 
th an  th e  la tte r  one.

2. A p art from  th e  K eszthely  B ay, th e  organic carbon con ten t in  th e  
m ud o f th e  open w ater of L ake B alaton  shows a  re la tively  uniform  distribu tion , 
i t  varies betw een 1.52—1.78 percent.

3. The am oun t of th e  organic carbon changes seasonally in  th e  tra n s 
versal section th rough  th e  K eszthely  B ay. I t  was 1.83—1.85 percent during 
sum m er (Ju n e—August) and  1.96 — 2.27 percen t during th e  spring an d  au tum n. 
The au tu m n al increase represents a consequence o f th e  destruction  of th e  
m acro vege ta tion .
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összefoglalás

1. A  száraz  (E ntz  e t  a l., 1963) és n edves ox idá lás  (W a l k l e y  és B la c k , 1934) 
m ódszerével k a p o tt  szerves szén m eg h a tá ro záso k  a  B a la to n  n y íltv íz i iszap ján  jó l h asz 
n á lh a tó k . A  száraz  ox idációval 2%  o rgan ikus szén fe le tt m ag asab b  é r té k e k e t k ap u n k , 
m in t nedves oxidációval.

2. A  K esz th e ly i öbö ltő l e ltek in tv e  a  B a la to n  n y íltv íz i iszap ján ak  szerves szén 
ta r ta lm a  v iszonylag  egyen le tes m egoszlást m u ta t ,  és 1,52 —1,78%  k ö z ö tt vá ltoz ik .

3. A  K esz the ly i öbö lben  v izsgált keresz tsze lvényen  a  szerves szén m ennyisége 
évszakosán  változ ik . N y á ro n  ( jú n iu s—augusz tu s) 1 ,83— 1,86, őszi és ta v a sz i id őszakban  
ped ig  1,96—2,27%  k ö z ö tt ingadozik .
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In  earlier in  v itro  and  in  vivo experim ents th e  incorporation o f 1-14C 
palm itic acid was stud ied  in tissues of carp (H e r o d e k , 1966; 1969a). Now 
tissue slices, p repared  from  carp liver were incubated  w ith  1-14C stearic and  
1-14C linolenic acids to  investigate th e ir incorporation in to  d ifferent lipids, and  
th e  effect of tem peratu re  on th is process.

In  ra ts  a  considerable am ount of fa tty  acids is incorporated  in to  digly
cerides of long tu rnover tim e. (H e r o d e k , 1967; 1968; 1972). To see, w hether 
such diglycerides are form ed also in  fish, a p a r t  of th e  liver slices incubated  
w ith  labeled stearic acid was re incubated  in inactive medium.

Materials and methods

Carps (Cyprinus carpio L.) weighing 1.5—-2.0 kg, n e tted  from  Lake 
B alaton  on th e  day  of th e  experim ent (18th Novem ber, 1971) were used. 
One gram  o f liver slices, p repared  b y  rasor b lade was incubated  in 20 ml 
m edium . This m edium  consisted of a  K re b s—R inger phosphate buffer, w ith  
a  view to  th e  lower osm otic pressure of th e  fish  blood containing instead  of 
0.9 only 0.7 percent NaCl. To th is  solution 5 percen t bovine serum  album ine 
was added. P a r t  of th e  solution was used in th is  form  henceforth referred to  
as inactive m edium . The o ther p a r t was divided in to  tw o portions, and  labeled 
stearic or linolenic acid was added  to  them . The concentration o f fa tty  acids 
was 2 pmole/ml in bo th  solutions.

The specific ac tiv ity  o f th e  1-14C stearic acid (REANAL, B udapest) 
was 1, 379 mCi/mmole. The original specific ac tiv ity  o f 1-14C linolenic acid 
(U W V R , Prague) was 450.0 mCi/mmole. This was d ilu ted  by  inactive linolenic 
acid (Applied Science Laboratories) to  ob tain  th e  needed am ount o f fa tty  
acids. This w ay th e  end concentration o f linolenic acid was 0.6 mCi/mmole. 
The fa tty  acids were saponified w ith  a small excess o f N aO H , and  added  to  
th e  p reheated  inactive medium. The solution was vigorously shaken and  
filtered.

L iver slices of the  firs t four fish were divided into th ree groups. The first 
was incubated  w ith  labeled stearic acid for 30 m in a t  28° C. The second was 
incubated  w ith  labeled stearic acid for 30 min a t  8° C. The th ird  was incubated
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w ith  labeled stearic acid for 30 m in a t  28° C, th en  th e  slices were rinsed in 
inactive m edium  and  re incubated  in pure inactive m edium  a t  28° C for tw o 
hours. L iver slices o f th e  o ther four fish were incubated  w ith  labeled linolenic 
acid for 30 m in a t  28° C an d  8° C respectively. D uring incubation th e  sam ples 
were gently  shaken.

A fter incubation th e  slices were quickly rinsed in pure inactive m edium  
th en  in  K re b s—R inger solution, weighed and  homogenized in chloroform- 
m ethanol 2 : 1 .

Lipids were ex trac ted  according to  FoLC H etal. (1957). The ex trac t was 
evaporated  in R o tad esz t (KU TESZ, B udapest) ap p a ra tu s  under C 0 2 a tm o 
sphere. L ipid classes were separated  by  th in  layer chrom atography, an d  e lu ted  
from  th e  silica gel as described earlier (H e r o d e k , 1968). Lipids were dissolved 
in  10 m l toluene containing 4 percent P P O  an d  0.1 percent PO PO P. The 
rad ioac tiv ity  was m easured b y  USB-2 liquid scin tilla tion  detec to r (Biuro 
U rzadzen Technici Jadrovej).

Results and discussion

Labeled stearic  and  linolenic acids exhibited  ra th e r sim ilar d istribu tion  
in  th e  lipid classes (Table I ) .  The only significant difference was found in  the  
cholesterol esters, where th e  stearic acid  incorporation was ra th e r low. Tem 
p era tu re  had  no dem onstrable effect on th e  d istribu tion  of fa tty  acids in lipid 
classes. On th e  contrary , th e  absolute am oun t o f incorporated  fa tty  acids 
depends on th e  ty p e  o f th e  acid and  on th e  tem peratu re . L iver slices incorporated  
significantly  (P  <  0.5) more linolenic th an  stearic acid  a t  b o th  tem peratures, 
an d  from  b o th  acids significantly  (P  <T 0.05) more was incorporated  a t  28° C 
th a n  a t  8° C.

The effect of tem p era tu re  on th e  fa tty  acid com position was dem onstrated  
in  m icroorganisms ( P e a r s o n  and  R a p e r , 1937; G a u g h r a n , 1947; Ch r is t o -

TA BLE I

The amount of 1-UG stearic acid and 1-UC linolenic acid in  the lipid classes 
of liver slices after 30 m in  incubation at 28° C and at 8° C. (10 ~9 molejg liver)

Labelled fatty  acid Stearic Stearic Stearic Linolenic Linolenic

Temperature °0 28 8 28 28 8

reincubated in
Note inactive medium 

for two hours

Number of animals 4 4 3 4 4

Cholesterol esters 0 .7± 0 .2 0 .8± 0 .5 1.7±0 .6 10.7±0.8 5.4±3 .8
Triglycerides 33.4±7.1 18.1±9.4 27.4±7.2 45.7±4.7 27.3±3.0
Diglycerides 22.6±3.1 17.4±5.7 10.5±0.9 35.2±3.5 37.5±4.9
Phospholipids 
T otal esterified fa tty

26 .2± 5 .4 14.9±4.9 47.7±16.1 21.4±1.6 16.1±1.5

acids 82.9±13.2 51 .2±6.4 87.3±21.6 113.0±8.6 86.3±9.3
Free fa tty  acids 145.0±28.4 153.7±20.5 14.0±0.8 126.2±14.6 133.8±14.6
Total fa tty  acids 227.9±34.3 204.9±26.5 101.3±21.8 239.2±21.0 220.1±6.1

Mean standard error of the mean.
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p h e r s e n  and  K a u f m a n n , 1955) p lan ts  ( Iv a n o v , 1922), v e rteb ra te  an d  in 
v erteb ra te  anim als (H e n r iq u e s  and  H a n s e n , 1901; F a w c e t t  and  L y m a n , 
1954; T h i e l e , 1960). Among w ater organism s p lanktonic crustaceans, th e  m ost 
im p o rtan t n a tu ra l food o f fishes exhib ited  a  ra th e r expressed response on the  
effect of tem p era tu re  (F a r k a s  an d  H e r o d e k , 1964; H e r o d e k , 1969 b). 
In  these anim als th e  am ount of p o lyunsa tu ra ted  acids, prim arily  th a t  of th e  
m ost u n sa tu ra ted  docosahexaenoic acid  increased b y  decreasing and  decreased 
b y  increasing tem p era tu re  ensuring th is  w ay th e  stead ily  op tim al physical 
s ta te  of th e  depo t fa t th roughou t th e  whole year. Of th e  fishes Lebistes reticu- 
latus, Salmo gairdneri, Gambusia affinis  an d  Garassius auratus when k ep t in  
colder aquarium  contained more u n sa tu ra ted  fa t, th an  under w arm er condi
tions (K a y a m a  e t al., 1963; K n ip p r a t h  and  M e a d , 1966 a; 1966 b ; 1968). 
I t  was also dem onstrated  th a t  in  Garassius auratus th e  ra te  of biosynthesis 
of u n sa tu ra ted  fa tty  acids re la ted  to  th a t  of sa tu ra te d  acids increased a t  lower 
tem p era tu re  (K n ip p r a t h  and  M e a d , 1968). I t  is possible, th a t  th e  tem peratu re  
exerts its effect m ainly in  th is  w ay on th e  fa tty  acid  composition.

However, there  was an  add itional possibility if  th e  tem p era tu re  influenced 
to  d ifferent degrees th e  ra te  of incorporation of sa tu ra te d  an d  u n sa tu ra ted  
acids. W ere th e  incorporation of stearic acid in to  th e  lipids m ore re ta rd ed  a t  
low tem peratu re, th an  th a t  of linolenic acid, i t  w ould lead to  th e  accum ulation 
o f linolenic acid and  its  derivates, as th e  docosahexaenoic acid  in  th e  anim als. 
B y dividing th e  q u an tity  of fa tty  acids esterified a t  28° C by  th a t  esterified 
a t  8° C in  liver slices of th e  same fish, th e  m ean value of th e  four fish and its 
s tan d ard  error were 1.66 ±  0.21 in th e  case o f stearic and  1.35 ±  0.15 in  th e  
case o f linolenic acids. According to  th e  m eans, lower tem peratu re  decreased 
more th e  incorporation of th e  sa tu ra ted  th an  th a t  o f th e  u n sa tu ra te d  acid, 
however owing to  th e  high stan d ard  errors o f th e  m eans more parallels were 
necessary to  decide w hether th e  fa tty  acid p a tte rn  is in  fact influenced b y  th e  
tem peratu re  in th is way.

D uring th e  tw o-hour reincubation  in  inactive m edium  of tissue slices 
previously incubated  w ith  labeled stearic acid th e  rad ioac tiv ity  of diglycerides 
fell only to  its  half. Diglycerides are generally regarded as in term ediates in 
triglyceride synthesis. T hey are form ed from  phosphatid ic acid and  com pleted 
by  a th ird  fa tty  acid to  triglyceride. I t  was, however, found in  ra t  tissues, th a t  
if  th ey  were incubated  w ith  labeled palm itic acid, th en  re incubated  in  inactive 
m edium , during th is  second incubation  th e  rad ioac tiv ity  o f diglycerides fell 
only a fte r one—tw o hours to  its  h a lf value (H e r o d e k , 1967; 1968). Diglycerides 
o f such long life are form ed from  endogenous fa tty  acids too, synthesized in tra - 
cellularly from  14C -acetate or 14C glucose (H e r o d e k , 1972). Triglycerides m ust 
be synthesized th rough  diglycerides of m uch sho rter tu rnover tim e, it  can 
therefore be supposed th a t  tw o pools o f diglycerides exist, in one th e  molecules 
are  im m ediately transform ed to  triglycerides, in  th e  o ther th ey  persist for a 
longer period. The possible role of th is  second pool of diglycerides was d is
cussed elsewhere (H e r o d e k , 1972). T h a t th ey  are to  be found in carps sim ilarly 
as in ra ts  suggests th e  quite general n a tu re  o f th is  phenom enon.

More th a n  h a lf of th e  rad ioac tiv ity  tak en  u p  b y  tissue slices was de
tec ted  in  th e  free fa tty  acids. W hile th e  am ount of esterified fa tty  acids d e
pended on th e  ty p e  of th e  acid and  on th e  tem peratu re, liver slices bound 
practically  th e  sam e am ount of free fa tty  acids from  b o th  stearic and  linolenic 
acids a t  b o th  tem peratures.

13
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In  r a t  liver slices, incubated  w ith  labeled palm itic acid  th e  am ount 
o f free fa tty  acids increased rap id ly  in  th e  firs t 10 m in, b u t changed little  
th e reafte r (Va v r e c k a  e t al., 1966). Com paring th e  results o f th e  presen t ex 
perim ent, where incubation  lasted  for 30 m in w ith  results of an  earlier experi
m en t (H e r o d e k , 1966), where liver slices o f carp were incubated  for 10 m in 
w ith  labeled palm itic acid, i t  can be seen th a t  th e  rad ioac tiv ity  of esterified 
lipids is ab o u t 3 tim es higher a f te r  30 m in incubation  th a n  a f te r  10 m in in 
cubation  th e  rad ioac tiv ity  o f free fa tty  acids on th e  o ther hand  increased b u t 
very  little . A bout th e  sam e q u an tity  of free fa tty  acids was bound  by  one gram  
ra t  an d  one gram  carp liver. The exact binding site is no t known. F ree fa tty  
acids were n o t rem oved b y  rap id  rinsing, b u t during th e  tw o hour reincubation  
in  inactive m edium  th e ir rad io ac tiv ity  fell to  a  ra th e r low level w ithou t a 
corresponding increase in  th e  rad ioac tiv ity  o f esterified lipids. I t  is therefore 
probable th a t  th e  bu lk  of free fa tty  acids was released in to  th e  m edium . This 
indicates ra th e r ex tracellu lar th an  in tracellu lar binding.

S u m m a ry

L iver slices o f carps were incubated  a t  28° C and  8° C w ith  1-14C stearic 
an d  1-14C linolenic acids for 30 min. F rom  stearic acid a t  28° C 82.9 ^  13.2, 
a t  8° C 51.2 ±  6.4, from  linolenic acid a t  28° C 113.0 ±  8.6 a t  8° C 86.3 ±  9.3 
nannom ole fa tty  acid was esterified by  one gram  liver. T em perature had  no 
detectab le effect on th e  d istribu tion  o f fa tty  acids in  th e  lipid classes.

R ad ioac tiv ity  of diglycerides in liver slices firs t incubated  w ith  labeled 
stearic  acid decreased to  its  h a lf only a f te r  a tw o-hour re incubation in  inactive 
m edium . This indicates some o ther role o f diglycerides in addition  to  th e  p a r ti
cipation in  th e  rap id  process of triglyceride synthesis.

The am oun t of free fa tty  acids bound  b y  liver slices was independent 
o f th e  ty p e  of fa tty  acid given an d  o f th e  tem peratu re , b u t decreased to  a  very  
low level during re incubation in  inactive medium.
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AZ 1-14C SZ T E A R IN SA V  E S  1-14C L IN  О L É N  SAV B E É P Ü L É S E  A PO N T Y  
(C Y P R IN Ü S  G A BP IO  L .) M Á JÁ N A K  L I P ID J E IB E

Herodek Sándor 

Ö ssze fo g la lá s

A  p o n ty o k  m á jáb ó l k é sz íte tt  m e tsz e te k e t 1-14C sz te a rin sa v v a l, ille tve  1-14C lino 
lén sav v a l in k u b á ltu k  8 és 28 °C-on 30 percig . E g y  g ram m  m áj sz tearin sav b ó l 28 °C-on 
82,9 +  13,2; 8 °C-on 51,2 +  6,4; lino lénsavbó l 28 °C-on 113,0 +  8,6; 8 °C-on 86,3 +  9,3 
m /im ol-t ész te reze tt. A  hőm érsék le t n em  b efo lyáso lta  a  zsírsav ak  egyes lip id  csoportok  
k ö z ö tti m egoszlásának  a rá n y á t.

H a  az 1-14C sz tea rin sav v a l in k u b á lt m á jsze le tek e t in a k tív  közegben  to v á b b  in 
k u b á ltu k , a  dig liceridek ra d io a k tiv itá sa  k é t  ó ra  m ú lv a  csökken t csak  a  felére, am i a z t 
m u ta tja ,  hogy  en n ek  a  v eg y ü le tn ek  m ás  szerepe is v an , m in t a  gyors trig lice rid  sz in tézis
ben  való  részvétel.

A  m ájsze le tek  á lta l m e g k ö tö tt szab ad  zsírsav ak  m ennyisége n em  fü g g ö tt sem  a  
zsírsav  fa jtá já tó l , sem  a  h ő m érsék le ttő l, de n ag y o n  csökken t az in a k tív  közegben  való  
re in k u b á lás  során .
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The characteristics o f th e  aqua tic  environm ent are deeply  changed by  
th e  ice cover, isolating th e  w ater body  from  th e  athm osphere. I t  prevents th e  
form ation o f waves, th e  exchange o f gases an d  alters th e  ligh t conditions. 
The changed ligh t conditions exert an  influence in  th e  firs t place on th e  p r i
m ary  production.

In  shallow lakes besides th a t  o f th e  p lanktonic algae th e  production 
o f benthic algae is also o f im portance (H a r g r a v e , 1969; H u n d in g , 1971; 
H ic k m a n , 1971). According to  E n t z  (1954), F e l f ö l d y  (1963) and  O l á h  
(1972) considerable algal biom ass an d  chlorophyll are  to  be found a t  th e  bo ttom  
o f L ake B alaton. This m ass is p robab ly  th e  highest in  w inter, when th e  m ud 
surface is covered by  a brow nish algal carpet visible to  th e  naked  eye. On the  
basis of th e  investigations in  th e  early  fifties E n t z  (1954) estim ated  th e  mass 
o f m icrophytobenthos in  w in ter to  be 10 g/m2. On th e  production  o f algae 
under th e  ice cover only a  single inform ation is available, in  J a n u a ry —M arch 
1956 in  six weeks 4.6 m g/litre 0 2 increase was detec ted  in  th e  w ater under the  
ice-cover b y  E n t z  an d  L u k a c s o v ic s  (1957).

This paper offers d a ta , collected in  th e  w in ter of 1972—1973 on the  
light conditions, chlorophyll con ten t and  p rim ary  production of phy top lank ton  
and  phytobenthos and  on th e  oxigén con ten t o f w ater under ice.

Methods

The investigations were carried a t  500 m  eastw ards from  th e  In s titu te  
in  th e  pelagic zone of th e  lake. L ight was m easured b y  Gemware subm arine 
photom eter. The vertical d istribu tion  of th e  p-algae was determ ined  by  th e  
m ethod of D e N o y e l l e s  (1968). The chlorophyll was m easured according 
to  St r ic k l a n d  an d  P a r s o n s  (1968).

Production of the phytoplankton. To m easure th e  p rim ary  production 
of th e  phy top lank ton  100 m l sam ples were tak en  from  25, 100, 200, an d  300 
cm depths. A fter adding 20 pCi N a 214C 0 3, th ey  were in  situ  exposed from  
10h to  14h. The bottles, lowered to  d ifferent dep ths were tied  to  th e  end of a 
Z shaped iron  rod. The lower, horizontal p a r t o f th is rod  reached as far as 
150 cm u n d er th e  in tac t ice cover. The sm all hole cu t in  th e  ice was covered
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by  snow. This w ay th e  sam ples got in to  n a tu ra l light conditions. F u rth e r hand l
ing o f sam ples, rad ioactiv ity  m easurem ent an d  calculations were carried ou t 
as described earlier (H e r o d e k  and  T a m á s , 1973).

Production of the phytobenthos. I t  was m easured b o th  b y  14C an d  0 2 
techniques. M ud was brough t to  the  surface b y  a H a r g r a v e ’s (1969) sam pler. 
The m ud in its  original s tru c tu re  was covered w ith  w ater from  th e  bo ttom .

B y  14C technique glass tubes f itte d  w ith  19 m m  norm al grounds on b o th  
ends were used. Their d iam eter was 17 m m , th e  leng th  betw een th e  norm al 
grounds 100 mm. The tubes were stuck  in to  th e  m ud in  H arg rave’s sam pler to  
get a  2 cm th ick  core. The w ater filled th e  tubes to  th e  rim . The tubes were 
stoppered  from  below, an d  som e w ater was draw n off ju s t to  m ake room  for 
th e  1 ml w ater, w ith  which th e  isotope was in troduced. In to  each tu b e  20 yCi 
N a 2C 0 3 was in jected  in  a  w ay th a t  th e  label should be m ixed w ith  w ater 
above th e  m ud as evenly as possible. The tubes were now stoppered also from  
above, and  th e  glass stoppers were fixed  b y  th in  elastic tapes. The tubes serving 
as dark  parallels were covered w ith  alum inium  sheets. The tubes f itte d  on 
s tan d  were lowered to  th e  bo ttom  through  a small hole which was th en  m asked 
b y  ice. The tubes were exposed from  l l h to  14h. A fter exposal th e  w ater and  
th e  upper 3 m m  m ud layer were separated  from  th e  bu lk  o f th e  m ud, which 
w ould hinder th e  rad io ac tiv ity  m easurem ent. The w ater containing th e  upper 
m ud layer, th e  labeled hydrocarbonate an d  th e  algae was filled up  w ith  in 
active B alaton-w ater to  50 ml, and  vigorously shaken, th en  5 ml aliquot o f it  
was filtered  th rough  a  m em brane filter. A fter th e  sam ples 50 ml, previously 
filtered  inactive B alaton-w ater was passed th rough  th e  filters, th en  th ey  
were exposed to  th e  fum es o f concentrated  HC1 for 4 min, in order to  rem ove 
th e  contam inating labeled hydrocarbonate. The filters were dissolved in B r a y  
solution, and  th e  rem aining th in  m ud-alga film  was hom ogenized in P o t t e r — 
E l v e h j e m  apparatus. R ad ioac tiv ity  was m easured b y  liquid scintillation. 
Sedim entation was p reven ted  b y  adding 4 percen t Cab-O-Sil to  th e  scin
tilla tion  liquid. The carbon u p tak e  was calculated from  th e  to ta l carbonic 
acid con ten t o f th e  w ater and  th e  rad ioac tiv ity  of algae.

In  experim ents b y  0 2 technique glass cylinders o f 50 m m  diam eter and  
200 m m  length  were used. The cylinders were stuck  5 cm  deep in to  m ud, 
ob tained  by  H a r g r a v e ’s sam pler. T he tubes containing th e  in tac t sedim ent 
core and  th e  w ater above i t  were stoppered bubble free b y  rub b er corks. 
The upper cork was provided w ith  spill-way. D ark  controls were covered by  
alum inium  sheets. The glass cylinders f itte d  on stands were in  situ  exposed. 
A fte r exposal th e  w ater was draw n off from  th e  cylinders avoiding contact 
w ith  air. The oxygen concentration was determ ined b y  th e  original W in k l e r  
m ethod an d  b y  its  N a-azide m odification. The sam e resu lt was ob tained  b y  
b o th  m ethods proving th a t  b y  th e  applied  procedure reduced m aterials had  
no disturb ing  effect.

Ice conditions

The lake was overfrozen on th e  28th Decem ber, 1973. The ice was glass
like tran sp a ren t except on places o f drift-ice accum ulation. Snowing s ta rted  
on th e  16th J a n u a ry  an d  th e  25 cm th ick  ice was covered b y  a  4 cm th ick  
snow -blanket. One week la te r th e  snow thaw ed and  on th e  31st J a n u a ry  th e  
18 cm th ick  ice opaque from  sm all holes an d  cracks was covered b y  cca.
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1 cm w ater. Three days la te r th e  w ate r disappeared, th e  ice becam e opaque. 
On th e  6th F eb ru ary  only th e  upper 2 cm  o f th e  ice was o f continuous s tru c 
tu re , the  lower layer was in  th e  s ta te  o f desintegration. On th e  8th F eb ru a ry  
th e  ice-cover w ent to  pieces, and  on th e  12th F eb ru a ry  large areas were already  
ice-free.

Results

Light (Table I ) .  On th e  28th D ecem ber ligh t was m easured u nder 
th e  th in  ice lam ellae form ed in  th e  freezing w ater. The high ex tinction was due 
to  th e  sedim ent, swirled up  b y  th e  strong  w ind o f th e  previous day. L ight 
conditions were sim ilar to  those generally found in Lake B alaton  a t  w indy 
w eather (F e l f ö l d у  an d  K a l k ó , 1958; E n tz  and  F il l in g e r , 1961; H e r o d e k

TABLE I

Illu m in a tio n  in  the ice-covered lake 
( lu x )

Depth,
cm

28. Dec. 
1972

17. Jan. 
1973

18. Jan. 
1973

31. Jan. 
1973

5. Febr. 
1973

6. Febr. 
1973

0 30 600 13 500 10 500 5 500 20 500 34 500
25 21 350 1 250 1 640 2 360 11 490 21 500

100 4 190 440 800 1 650 7 320 11 380
200 940 210 650 1 140 4 620 8 050
300 260 140 450 700 2 820 5 060
360 (bottom) 140 100 350 470 2 250 4 030

an d  T a m á s  1973). Less th an  1 percent o f surface light p en e tra ted  to  1 m  depth . 
On th e  17th Jan u a ry  th e  25 cm th ick  ice was covered by  4 cm fresh snow and  
9 percent of th e  light got th rough  th e  snow and  ice. E ntz and  F il l ig e r  (1962) 
found 7 percent of th e  surface light in ten sity  under th e  ice covered b y  8 — 10 
cm th ick  fresh snow. This way, in  sp ite of th e  clear w ater, th e  illum ination 
o f th e  deeper layers was very  low. The snow-free ice tran smitted  th e  h a lf 
o f th e  light and  as in th e  ra th e r clear w ater under th e  ice th e  ligh t in ten sity  
decreased only to  its one fifth , ab o u t 1/10 o f th e  surface illum ination was 
m easured a t  th e  bo ttom . In  th e  period A pril—Septem ber only in  tw o cases 
o f th e  13 m easurem ents was found as m uch light a t  th e  bo ttom  as here, while 
in  10 cases th e  illum ination a t  th e  b o tto m  was less th a n  1 percent (H e r o d e k  
an d  T a m á s , 1973). In  L ake B alaton  th e  light conditions under th e  snow- 
covered ice are worse, under snow-free ice m uch b e tte r  th an  in  th e  open lake.

Chlorophyll content of the phytoplankton and the vertical distribution of 
p-algae (Fig. 1). The chlorophyll con ten t o f th e  w ater, sam pled under th e  ice 
cover was m uch lower th a n  in  sam ples originating from  th e  open lake (F e l 
f ö l d  y , 1963). In  sam ples from  25 cm d ep th  th e  chlorophyll was scarcely 
m easurable. The chlorophyll con ten t increased w ith  depth . P erhaps th is  
d istribu tion  of algae is responsible for th e  lack o f production in  th e  w ater 
layer nearest to  th e  ice. The low chlorophyll con ten t under th e  ice indicates 
a  poorly developed phy top lank ton . A t th e  sam e tim e th e  2—Gp  large /л-algae 
which are otherw ise n o t p resen t in  considerable quan tities in  L ake B alaton
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chlorophitl-a p g / l  celt number^/mt

Fig. 1. Chlorophyll-а content o f phytop lank ton  and vertical d istribu tion  of y-algae

(O l á h , 1970) were num erous. The surface of these tin y  organism s is relatively  
large. T hey were found in  th e  w inter p lank ton  of o ther lakes in  g reat num bers 
(L u n d , 1961; P e n n á k , 1968; R o d h e , 1955). T heir presence indicates shortage 
o f n u trien ts . The n u trien ts  in  low concentrations are b e tte r  u tilized by  these 
organism s, th an  b y  larger algae. W hile in  th e  unfrozen w ater th e  p h y to 
p lank ton  was in  th e  average evenly d istribu ted  (H e r o d e k  an d  T a m á s , 1973) 
th e  num ber o f y-algae showed consequently  an  increase downwards during 
th e  investigations in  different years.

Chlorophyll content of the phytobenthos. Only sum m er d a ta  were published 
on th e  chlorophyll con ten t o f th e  m ud u n til now (Ol á h , 1972). In  Ju n e  1972 
th e  chlorophyll con ten t o f th e  2 cm th ick  m ud cores was 5 — 7 yg chlorophyll- 
a/g w et m ud. In  F eb ru ary  1972 th e  chlorophyll con ten t was determ ined  in 
m ud sam ples from  one po in t in  fron t of th e  In s titu te  an d  from  th ree  points 
in  th e  K eszthely  B ay  (Table I I ) .  Sim ilar high values were found a t  all points.

TABLE I I

The chlorophyll content o f the microphytobenthos in  February 1972 
уд  chlorophylljg wet m ud

4. Febr. 1972 
In front of 
the Institute

8. Febr. 1972 
Keszthely Bay

point 1. point 2. point 3.

chlorophyll-a 46.9 40.0 43.8 38.1
chlorophyll-b 1.9 2.1 1.2 1.7
chlorophyll-c 40.9 38.5 32.4 39.6

The cores were 5 mm thick, therefore th e  yg/g values divided by  tw o offer 
th e  results approxim ately  in yg chlorophyll/cm 2. In  1973 th e  chlorophyll 
con ten t of th e  m ud was analyzed a t  tw o different tim es (Table I I I ) ,  parallel 
w ith  th e  m easurem ent of th e  p rim ary  production o f th e  benthos. In  th is  case 
5 m m  th ick  cores w ith  given surface (12 cm2) were analyzed. This w ay th e  d a ta
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TABLE III
T h e  c h lo r o p h y l l  c o n te n t  o f  th e  m ic ro p h y to b e n th o s  i n  f r o n t  o f  th e  I n s t i t u t e  

i n  th e  w in t e r  o f  1 9 7 3  
p g lc m *

31. January 5. February

point 1. point 2. point 1. point 2.

chlorophyll-a 8.54 6.58 15.50 15.13
chlorophyll-b 0.10 0.09 0.96 1.13
chlorophyll-c 2.64 2.22 2.38 2.55

are d irectly  com parable w ith  those o f th e  p rim ary  production  also re la ted  
to  th e  surface area. The chlorophyll level was high, b u t lower th an  in  th e  
previous w inter. On th e  5th F eb ru ary  th e  chlorophyll con ten t was higher 
th a n  on th e  31st Jan u a ry , on th e  o ther han d  th e  parallels of th e  sam e days 
showed sim ilar values. In  th e  sam ples th ere  was m uch chlorophyll-c, charac
teristic  for th e  diatom s.

Primary production of the phytoplankton ( Fig. 2) The production 
o f phy top lank ton  showed different p ictures a t  th e  days investigated . On 
th e  28th Decem ber th e  tin  ice absorbed p ractically  no light, and  in strong 
sunshine a t  25 cm d ep th  photo-inhibition  was found. The m axim um  was 
a t  1 m depth , a t  2 m  th e  production was a lready  som ew hat lower, and  
a t  3 m it  was very  low owing to  th e  insufficient illum ination in th e  tu rb id  
w ater. On th e  17th J a n u a ry  in  th e  darkness u nder th e  snow-cover th e  m axi
m um  was in  th e  highest level a t  25 cm, b u t decreased downwards. This was 
th e  lowest p roduction per surface area found in  th is  lake. On th e  31st Jan u a ry , 
under snow-free ice, th e  sequence o f th e  production  o f th e  w ater layers was 
th e  opposite. The highest production  was observed a t  3 m, it  decreased a t  
2 m  and  a t  1 m, and  a t  25 cm under th e  ice th ere  was practically  no production. 
U nder th e  snow-free ice th e  production  per u n it o f surface area was 20 mg 
C/m2/h. I t  is lower, th a n  in  th e  w arm  period (Herodek an d  Tamás, 1973) b u t 
no t lower th a n  usually  in  au tum n.

thin ice i

С/ЮО m l / 4  hours

F ig .  2 . Primary production of the phytoplankton
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Primary production of the phytobenthos. W e tried  to  m easure th e  p rim ary  
production  o f th e  benthos on th e  26th A pril, an d  th e  18th J u ly  b y  14C tech 
nique, an d  on th e  13th Ju ly , 18th A ugust and  20th Septem ber b y  0 2 m ethod. 
No significant difference from  th e  d ark  parallels was observed. Accordingly 
on these days th ere  was no p rim ary  production  in  th e  benthos, or i t  was 
negligible as com pared to  th a t  o f th e  p lankton . P roduction  (463 mg 0 2/m 2) 
was detec ted  for th e  firs t tim e on th e  13th October (F ig. 3). Oxygen con
sum ption  of th e  m ud per th e  gross oxygen production, i.e. th e  R /P  quotien t 
was 0.52. In  th e  case of m ud th e  resp iration  o f algae am ounts to  th e  sm aller 
p a r t  o f th e  to ta l oxigén consum ption, th e  bac teria  an d  anim als are responsible 
for th e  rem ainder. On th e  14th Decem ber th e  oxigén production  was consider-

130kt. 14.Dec. 18. Ja n .

Fig. 3. P rim ary  production of m icrophytobenthos in  the unfrozen and the  frozen, snow- 
covered lake. (Exposal for 24 hours)

ab ly  lower, and  already  surpassed by  th e  resp iration  (R /P  =  1.62). A fter these 
m easurem ents in open w ater th e  firs t 24 hours experim ent under th e  ice cover 
was carried o u t on th e  18th Jan u a ry . This d ay  th e  ice was covered by  4 cm snow, 
an d  th e  light in ten sity  on th e  b o ttom  was 352 lux. On th e  previous day  under 
sim ilar conditions a t  2 an d  3 m  dep ths there  was p ractically  no production 
in  th e  phy top lank ton . The gross production of th e  benthos, i.e. th e  value of 
th e  ligh t cylinder m inus th e  value o f th e  d ark  cylinder was 66 mg 0 2/m2/day . 
The n e t production, i.e. th e  difference betw een th e  0 2 in  th e  light cylinder 
a t  th e  beginning and  a t  th e  end of th e  experim ent was —257 mg 0 2/m 2/day . 
I t  shows th a t  b y  th is  low illum ination th e  m ud even if  covered b y  th e  algal 
carpet decreases th e  oxygen con ten t o f th e  w ater. H ere again algae could be 
responsible b u t only for a  sm all p a r t  of th e  oxigén consum ption.

A fte r th e  snow thaw ed  th e  p rim ary  production  o f th e  m ud was m easured 
a t  th ree  occasions (Fig. 4). C ontrary  to  th e  previous experim ents now th e  
sam ples were exposed n o t for 24 hours, b u t in  case of 14C m ethod  for th ree 
m idday  hours and  in case o f 0 2 m ethod for five m idday  hours. To express th e  
results o f th e  tw o types o f m easurem ents in  common u n its  th ey  were con
verted  to  calories supposing th a t  1 g C =  10 K cal an d  1 g 0 2 =  3.51 Kcal. 
The 0 2 m ethod gave th e  gross production. The values ob ta ined  b y  th e  14C 
m ethod  were betw een th e  n e t an d  gross productions th ey  were. 5 percent 
lower th a n  th e  gross production. The d ay  length  was tak en  for 10 hours, and  
th e  production during th e  exposals was ex trapo lated  to  th is  tim e to  ob tain  
th e  daily  production. The 14C and  0 2 m ethods gave ra th e r sim ilar results, 
3.6, 4.3 and  4.0 K cal/m 2/d ay  on th e  th ree  different days.
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Fig. 4. P rim ary  production of m icrophytobenthos in  the  lake covered b y  snow-free ice.
(Exposal for the  m idday hours)

Oxygen content of the water. (Table I V ).  In  th e  unfrozen lake th e  w ater 
was sa tu ra ted  b y  oxygen an d  becam e highly o versa tu ra ted  when covered b y  
ice indicating intensive photosynthesis in  th e  frozen lake. On th e  5th F eb ru ary  
th e  oxygen con ten t was n o t higher th a n  on th e  18th Jan u a ry . This can be 
explained by  th e  snow, covering th e  ice for a tim e in  th is period. In  th e  d a rk 
ness under th e  snow ra th e r a  decrease th a n  an  increase o f oxygen con ten t is 
expected.

TABLE IV

The Ог concentration in  the water of Lake Balaton

Date Notice Temperature mg О.Д

14. Dee. no ice 5 °C 12.55
19. Dec. no ice 4 °C 13.00
18. Jan. ice cover 3 °c 22.59
5. Febr. ice cover 3 °c 22.53

Discussion

The chlorophyll-a con ten t o f th e  p h y top lank ton  re la ted  to  surface area 
was 10 mg/m2. This is w ith  one order o f m agnitude lower th a n  th a t  o f th e  
benthos, where in F eb ru ary  1973 66— 155 m g/m2 was found. The p rim ary  p ro 
duction o f th e  p lank ton  an d  benthos, on th e  o ther hand , were sim ilar; in  case 
o f p lank ton  20 mg C/m2/hour, in  case of benthos 36 mg C/m2/hour. T he to ta l 
o f th e  p lanktonic and  ben th ic  productions was 560 mg C/m2/day . In  A pril— 
Septem ber th e  m ean production  o f th e  phy top lank ton  was 413 mgC/m2/day , 
th e  m axim al production  was 588 m g C/m2/d ay  (Herodek and  Tamás, 1973). 
As in  th is  w arm  period no p rim ary  production was found in th e  benthos, th e  
to ta l of th e  productions of th e  p lanktonic an d  benth ic algae was higher in 
th e  lake covered by  snow-free ice th a n  th e  average in th e  w arm  m onths, and
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approached  th e  sum m er m axim um  of algal production. Since however there  
was a period, even if  short, when th e  ice was covered by  snow, th e  p rim ary  
production  during th e  whole period when th e  lake was frozen was abou t th e  
sam e as during a sim ilar in terva l in sum m er. The p rim ary  production  of th e  
frozen lake depends to  a g rea t ex ten t on th e  du ra tion  o f th e  snow cover, i t  
w ould be useful therefore to  rep ea t th e  investigations in  o ther years, too.

The lack in  A pril—Septem ber of p rim ary  production  in  th e  benthos 
is explained b y  th e  tu rb id ity  of th e  w ater caused b y  waves. In  th is  period th e  
b o ttom  illum ination is rarely  higher th a n  1 percent. M oreover, th e  d isturbance 
is b y  itse lf unfavourable for th e  diatom s. In  th e  sum m er and  even more in  
au tu m n  however th ere  are calms long enough to  perm it th e  form ation of algal 
carpet. The m easurem ent on th e  13th October fell on such a  period. Thus, while 
th e  phy top lank ton  is productive in th e  whole year, th e  p rim ary  production 
o f th e  benthos in  th e  unfrozen lake is only a t  tim es significant. In  th e  frozen 
an d  unfrozen periods together th e  tim e o f intensive benth ic production can 
be estim ated  to  roughly  th ree  m onths. A t th is tim e th e  ex ten t of ben th ic  
p rim ary  production is sim ilar to  th a t  o f th e  p lankton , th e  yearly  production 
o f m icrophytobenthos is therefore ab o u t one fou rth  of th a t  o f th e  p h y to 
p lank ton .

The increase of oxygen concentration under th e  ice can serve as a m easure 
o f th e  production in  th e  lake. I f  th e  9.59 mg 0 2/l increase betw een th e  m easure
m ents on th e  19th Decem ber an d  18th J a n u a ry  took  place a f te r  freezing o f 
th e  lake on th e  28th D ecem ber th en  it  corresponds to  1958 mg 0 2/m2/day  
or to  561 mg C/m2/d ay  n e t production. The to ta l of th e  p rim ary  productions 
of th e  p lank ton  and  benthos as m easured b y  14C technique on th e  31st Jan u a ry  
was 560 m g C/m2/day . In  fact th e  agreem ent is n o t as tig h t as th is  since n o t 
th e  sam e “production” was m easured b y  th e  tw o m ethods. The p rim ary  p ro 
duction m easured by  14C m ethod  is lower th a n  th e  gross production only by  
th e  p a r t  of the  newly incorporated  carbon, burned  b y  algae during th e  th ree  
hours o f th e  experim ent, i.e. abou t b y  5 percent. The oxygen increase under 
th e  ice, on th e  o ther hand, was lower th an  th e  ac tua l gross production by  th e  
oxygen consum ption of all b iotic and  abiotic processes during th e  whole day.

In  3.5 m deep w ater th e  9.59 mg 0 2/l p roduction corresponds to  33.6 g 
0 2/m 2 or to  11.8 g C/m2. This carbon m ust ex ist somewhere in  th e  form  o f 
organic m aterial. As com pared to  th is am oun t th e  biom ass o f th e  p lank ton  
is insignificant. M ost likely th e  bu lk  o f th is  carbon is p resen t in th e  benth ic 
algae. D ividing th e  11.8 g/m2 carbon b y  th e  0.15 g/m 2 chlorophyll-a con ten t 
of th e  ben th ic  algae 78.7 is obtained. In  different algae th is  quo tien t used to  
vary  betw een 25 an d  100. The 11.8 g C/m2 n e t production  corresponds to  abou t 
118 g biom ass /m2 which if  ex trapo lated  to  th e  600 km 2 surface of th e  lake 
provides 70 800 m etric tons. The whole sum m er biom ass of th e  lake was estim 
a ted  b y  E n t z  (1954) to  30 000 m etric tons. Accordingly th e  n e t increase 
of biom ass in J a n u a ry  1973 was tw ice as high as th e  whole biom ass in th e  
sum m er of 1954. The m ass of th e  ph y to p lan k to n  an d  m acrophytobenthos 
increased in th e  las t tw o decades, still th e  biom ass o f th e  huge algal carpet, 
covering th e  b o tto m  of th e  lake under favourable light conditions in w inter 
is m uch larger th an  th e  sum  o f th e  masses of all p lanktonic algae and  of the  
reed grasses tak en  all together. Owing to  th e  algal carpet th e  biom ass of th e  
lake shows its  m axim um  in w inter, an d  th is m axim al value m ay serve as a  
useful index o f eu tophication.
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S u m m a ry

Of th e  ligh t one te n th  was tran sm itted  b y  ice covered b y  4 cm snow 
an d  th e  h a lf b y  snow-free ice. The w ater was ra th e r clear under th e  ice, th e re 
fore in  case of snow-free ice one te n th  of th e  surface light reached th e  bo ttom . 
This illum ination is higher th a n  th a t  in  th e  unfrozen lake, where due to  th e  
tu rb id ity  caused b y  waves th e  b o ttom  illum ination is usually  less th a n  1 
percent.

The chlorophyll-a con ten t of th e  w ater increased downwards. R ela ted  
to  surface i t  was 1 pg/cm2. Sim ilar vertical d istribu tion  was observed in  th e  
p-algae, occuring in th e  w ater under th e  ice. The chlorophyll-a con ten t of 
th e  bo ttom  was 6.6—8.5 yg/cm2 on th e  31st J a n u a ry  and  15.1—15.5 yg/cm 2 
on th e  5th F eb ru ary  1973.

W hen th e  ice was covered b y  snow th e  p rim ary  production  of p h y to 
plankton , m easured b y  14C m ethod, was 4 mg C/m2/hour an d  decreased dow n
wards. U nder th e  snow-free ice i t  was 20 mg C/m2/hour an d  increased dow n
wards.

The production  o f th e  m icrophytobenthos was m easured b y  b o th  14C 
and  0 2 m ethods. No production  was found in  A p ril—Septem ber due to  th e  
tu rb id ity  o f w ater. In  th e  frozen lake when ice was covered b y  snow even 
th e  gross p rim ary  production  in  th e  benthos was very  low. In  case o f snow- 
free ice intensive benth ic photosynthesis was found. The p rim ary  production 
a t  th ree d ifferent days was 36 mg C/m2/hour, 122 mg 0 2/m 2/hour and  115 mg 
0 2/m 2/hour.

In  th e  lake covered b y  snow-free ice th e  to ta l p rim ary  production of 
th e  p lank ton  an d  benthos was am ounted  to  560 m g C/m2/day , which is sim ilar 
to  th e  sum m er m axim um  of p lanktonic production.

In  th e  ice-covered lake th e  oxygen con ten t of th e  w ater was w ith  9.6 
m g/litre higher th a n  before freezing, indicating th e  accum ulation of high 
am ounts o f organic m aterial.
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ELSŐ D LEG ES TER M ELÉS A BALATON JE G E  ALATT

Herodek Sándor és Oláh János

Ö ssze fo g la lá s

A 4 cm hóval borított 25 cm vastag jégtakaró a felületére eső fény egytizedét, 
a hómentes jég a felét engedte át. A jég alatti víz nagyon tiszta, ezért a hómentes jég 
alatt az aljzat megvilágítása a jég feletti megvilágítás egytizede. Hómentes jég alatt 
tehát jobb az aljzat megvilágítása, mint jég nélkül, amikor a hullámok okozta zavarosság 
miatt az esetek többségében kevesebb mint 1% fény jut az aljzatra.

A vízoszlop klorofill ta rta lm a  1 fig klorofill-a/cm2 volt, és felülről lefelé nő tt. 
H asonló vertikális eloszlást m u ta tta k  a  jég a la tti vízben m egfigyelhető ß  algák is.

Az aljzaton 1973 I. 31-én 6,6 — 8,5, I. 5-én 15,1 —15,5 /ig klorofill-a/cm2-t 
találtunk.

Havas jég alatt a fitoplankton termelése 4 mg C/mz/óra volt, és felülről lefelé csök
kent, hómentes jég alatt 20 mg C/m2/óra termelést mértünk, amely felülről lefelé növe
kedett. A fitoplankton termelését 14C módszerrel mértük.

A fitobentosz term elését 14C és 0 2 m ódszerrel is m értük. H avas jég a la tt  a  bentosz 
algái nem  term eltek. H óm entes különböző napokon az iszap elsődleges term elése 36 
m g C/m2/óra, 122 m g és 115 m g 0 2/m2/óra volt.

H óm entes jég a la tt a  fitop lankton  és fitobentosz együttes term elése 560 mg 
C/m2/nap volt, am i hasonló a fitop lank ton  term elésének nyári m axim um ához. N yáron 
a  bentoszban nem  tu d tu n k  elsődleges term elést k im utatn i.

A jég alatt a víz oxigén tartalma 9,6 mg/liter-rel magasabb volt, mint befagyás 
előtt, ami nagy tömegű szerves anyag keletkezésére utal.
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THE PRIMARY PRODUCTION OF PHYTOPLANKTON IN LAKE 
RALATON APRIL—SEPTEMBER 1972

SÁ N D O R  H E R O D E K  a n d  G IZ E L L A  TAM ÁS

Biological Research Institu te  of the H ungarian Academy of Sciences,
T ihany, H ungary

R eceived : 9 th  J a n u a ry , 1973

N um erous d a ta  are available on th e  num ber and  biom ass of p lanktonic 
algae in L ake B alaton  (E n t z  e t al., 1937; S e b e s t y é n  e t ah , 1951; S e b e s t y é n , 
1953; T a m á s , 1955; 1967; 1969).

The chlorophyll con ten t of th e  w ater (E e l f ö l d y , 1963) and  in th e  lake 
th e  photosynthesis of algae ob tained  from  pure cultures (F e l f ö l d y  and  K alkó , 
1958; F e l f ö l d y , 1959; 1962) were also studied. Several papers dea lt w ith  
th e  ligh t conditions of L ake B alaton  (F e l f ö l d y  and  K a l k ó , 1958; E n t z  and  
F il l i n g e r , 1961; 1962).

On th e  o ther h and  a  detailed  s tu d y  of th e  p rim ary  production o f p h y to 
p lan k to n  lagged behind. The production was too low to  be m easured b y  th e  
0 2 technique (F e l f ö l d y  and  K alkó , 1958), and  our In s titu te  was no t equipped 
for 14C m easurem ents. P relim inary  investigations b y  14C m ethod  were carried 
ou t in  1961 (B ö s z ö r m é n y i e t ah , 1962).

W e s ta rted  in  spring of 1972 to  s tu d y  th e  yearly  cycle of th e  production 
o f phy top lank ton . H ere th e  d a ta  concerning A pril—Septem ber are published, 
when th e  w ater tem peratu re  was above th e  m ean tem peratu re . The d a ta  o f 
th e  o ther half-year will be published in a  separate  paper. The illum ination, 
th e  com position, biom ass and  p roduction  of th e  phy top lank ton  were d e te r
m ined fo rtn igh tly  in  four depths. I t  is hoped th a t  these d a ta  m ay con tribu te 
to  th e  construction of th e  production biological m odel of th e  lake, and  serve 
as reference po in t in studies on th e  process of eutrophication.

Materials and Methods

Investigations were carried ou t fortn igh tly  irrespective of th e  w eather. 
This w ay all m eteorological factors h ad  a p robab ility  to  occur during th e  
investigations corresponding to  th e ir frequency. The investigated  po in t was 
tw o kilom etres eastw ards of T ihany. W ate r depth , tem peratu re , Secchi tra n s 
parency  were determ ined a t  th is point. The illum ination was m easured b y  
Gemware Subm arine P ho tom eter (Model No. 268 W A 310) a t  th e  surface and  
a t  25, 100, 200, 300 and  370 cm depths, th e  las t value representing th e  bo ttom  
illum ination. T o ta l irrad ia tion  was m easured b y  th e  M eteorological S ta tion  
o f Siófok. W ate r sam ples were tak en  in  250 ml glass flasks. D irect illum ination 
o f th e  w ater sam ples during fu rth e r m anipulations was avoided.
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Of th is w ater 100 ml was transferred  in to  pyrex  glass flasks, f itte d  w ith  
norm al ground, m ade d irectly  for th is purpose b y  K U TE SZ. T hey  were used 
for th e  exposal. T he rem aining w ater was conserved b y  J 2/K J  an d  served 
algological determ inations.

Algae were counted b y  U t e r m ö h l ’s (1958) p lank ton  microscope. The 
biom ass was determ ined  from  th e  volum e of individuals. In  case of more 
com plicated form s i t  was determ ined b y  modelling, while th e  form  of o ther 
species was assum ed to  correspond to  simple geom etrical solids, and  th e ir 
volum e was determ ined  b y  calculation. P a r tly  earlier (S e b e s t y é n , 1954; 
T a m á s , 1955), p a r tly  recently  determ ined values were used.

The m ethods of biom ass determ ination  were recently  discussed by  
S c h n e s e e  and  S c h w a r t z  (1971), th a t  o f p rim ary  production  m easurem ent 
b y  H ü b e l  (1971) and  V o l l e n w e id e r  (1969).

To each sam ple used in p rim ary  production  m easurem ent 20 pCi N a 214C 0 3 
(Isotope In s titu te , B udapest) was added. I ts  specific ac tiv ity  was 290 pCi/mg. 
T he sam ples were lowered to  th e ir original places, an d  in  situ  exposed from  
10h to  14h. The bottles were k ep t horizontally  (E l s t e r  an d  M o t s c h , 1966), 
an d  were suspended in such a  m anner th a t  th e  buoy d id  n o t th row  shade them . 
D ark  parallel was always prepared. A fte r 4 hours of exposure th e  samples 
were p u t in a d a rk  box, transferred  to  th e  labo ra to ry  and  filtered  th rough  
a  m em brán filte r of 0.2 у pore size (Sartorius M em branfilter Gm bH).

In  order to  rem ove rad ioactive contam ination, a f te r  th e  sam ples also 50 
m l previously filtered  inactive lake w ater was passed th rough  th e  filters, th en  
th e y  were exposed to  th e  fumes o f concentrated  HC1 for four m inutes. The 
filters were th en  dissolved in 10 ml B ray  solution. One lite r o f th is  scintillation 
liquid  contains in addition  to  dioxane 0.2 g PO PO P, 4.0 g PPO , 60.0 g nap h ta- 
lene, 20 m l ethylene glycol and  20 m l m ethanol. As th e  filters dissolved th e  
algae were suspended in  th e  liquid.

R ad ioac tiv ity  was m easured b y  USB-2 liquid  scin tilla tion  detector 
(Biuro U rzadzen Technici Jadrow ej, W arszawa). C ounting efficiency was 
determ ined  separately  for each sam ple by  toluene-7-14C in terna l s tan d ard  
(Isotope In s titu te , B udapest). In  case o f G eiger—Müller technique th e  sam ples 
m ust be dried  before counting. D uring th is procedure losses of 14C conten t 
o f th e  algae m ay occur up  to  30%  (W a l l e n  and  G e e n , 1968). I t  is therefore 
a  g rea t advan tage o f the  liquid scin tilla tion  technique, th a t  it  needs no dried 
sam ples.

The to ta l carbonic acid con ten t o f th e  w ater was determ ined  b y  p H  
m easurem ent an d  b y  titra tin g  th ree  tim es 50 m l m em brane filtered  B alaton  
w ater by  0.1 N  HC1 against m ethylorange indicator. F rom  th e  rad ioactiv ity  
o f algae and  th e  specific ac tiv ity  o f th e  to ta l carbonic acid con ten t o f th e  
w ater, allowing for 5 percent isotope effect, th e  w eight of th e  carbon tak en  
up  b y  th e  ph y to p lan k to n  was calculated. E ach  value was reduced by  th a t  
o f th e  dark  parallel. The results are given in th is from , w ithout fu rth e r cor
rections. According to  S t e e m a n n  N ie l s e n  (1964) these values should be 
m ultip lied  b y  1,06 to  ob tain  gross, an d  b y  0.96 to  ob ta in  n e t production. B y 
converting th e  biom ass and  production  values to  surface area th e  sam ple 
a t  25 cm was tak en  as representing th e  w ater layer betw een 0 and  50 cm th a t  
a t  1 m  representing the  50 — 150 cm, th e  sam ple a t  2 m  th e  150—250 cm, and  
th e  sam ple a t  3 m th e  250 — 350 cm layers. Accordingly, by  adding th e  values 
o f th e  lower th ree  sam ples and  th e  h a lf value of th e  sam ple a t  25 cm the  bio
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mass and  production per cm2 were obtained. These values were th en  converted 
in to  g biom ass an d  mg C production/m 2 respectively. The biom ass of th e  single 
species in  th e  d ifferent dep ths is n o t given separately , b u t for b re v ity ’s sake 
only th e  harm onic m ean of th e  four depths is given, i.e. calculations as above, 
an d  th e  results div ided b y  3.5.

Results and discussion

W ater tem peratu re , Secchi transparency , to ta l irrad ia tion , surface and  
underw ater illum ination d a ta  are presen ted  in  Table 1. F u rth e r characteristics 
o f experim ental days:

Apr. 6. 
Apr. 18. 
May 5. 
M ay 16. 
M ay 31. 
Ju n . 13. 
Ju n . 27.

Ju ly  11.

Ju ly  27. 
Aug. 10. 
Aug. 24.

Sept. 7.

Sept. 28.

Overcast, a t  the beginning strong waves.
Overcast, a t  tim es sunshine. M oderate wind, m oderate waves.
Sunshine, calm. Barely rippling w ater.
Overcast, a t  tim es sunshine. W avy  w ater.
A t first overcast, in  the last tw o hours sunshine.
Sunshine w ith  floating  clouds. M oderate wind, rippling w ater.
H eavy  storm  on the  previous day. Overcast, a t  tim es strong sunshine. Gently 
rippling surface, calm before the  storm .
The night before ra th e r heavy  storm . O vercast, drizzling. S torm  w ith  very 
strong wind and large waves.
The d ay  before heavy storm . Overcast. L ight wind, big waves.
Calm for days. Sunshine. D ead calm. Stillness. U nruffled surface.
F our days storm  and one day of very  strong wind preceded the experim ent. 
Sunshine, la ter clouds. Breeze. Unruffled surface, m ilky w ater.
A fter a  cooler period rise in  tem perature , calm preceded the  experim ent. 
Strong sunshine w ith  floating clouds. Medium then  soft wind. M oderate 
waves then  unruffled surface.
The day  before relatively calm. Sunshine w ith  floating clouds. M oderate 
wind, strong waves.

A t th e  f irs t experim ent w ater tem p era tu re  was 13° C, an d  re tu rn ed  to  
13° C a t  th e  las t one. As th e  m ean tem p era tu re  of th e  lake is 12° C, i t  can be 
said, th a t  th e  h a lf year above th e  m ean tem peratu re  was investigated. This 
year th e  spring came before tim e, th e  sum m er was late. The w ater tem peratu re  
a tta in ed  20° C firs t in  Ju n e . D uring th e  heavy  storm  of 20—24th A ugust 
th e  lake cooled down very  m uch, and  even in  la te r tim es its  tem p era tu re  d id  
n o t rise above 20° C.

L ake B alaton  has a  large surface, thus big waves are easily formed. 
On th e  o ther h an d  th e  lake is shallow, therefore th e  m ud is easily stirred  up  
by  th e  waves. This renders th e  underw ater ligh t conditions extrem ely unstable. 
F or exam ple on th e  10th o f A ugust, th e  Secchi transparency  was 180 cm, 
an d  a t  3 m d ep th  th e  surface illum ination was 20 percent, while on 11th o f 
Ju ly  th e  Secchi transparency  was only 20 cm, an d  a t  1 m d ep th  only 2 percent 
of th e  surface illum ination could be m easured. D a ta  o f o ther days are betw een 
these tw o extrem es. In  general, light conditions o f deeper layers depend more 
on th e  tu rb id ity , i.e. on th e  wind, th a n  on th e  cloud cover.

A ltogether 108 alga species, 5 varieties an d  1 form  were found in  th e  
sam ples, collected from  four d ifferent dep ths a t  13 different days. Their 
d istribu tion  betw een th e  phyla was th e  following: C yanophyta 12, Eugleno- 
p h y ta  9, P y rro p h y ta  6, C hrysophyta 50, C hlorophyta 37.

14
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F o r easier survey only those 22 species are listed  separately  in  Table I I  
whose biom ass a tta in ed  in  some days 10 mg /m 3. The biom ass o f th e  o ther 
species were sum m ed up, an d  ind icated  in  th e  Table for each phylum . As 
Table I I  shows th e  p lank ton  was dom inated  unequivocally  b y  diatom s till 
th e  m iddle o f Ju ly . In  th is year th ey  were replaced only a t  th is  tim e b y  the  
Ceratium hirundinella stand . Of th e  d iatom s Cyclotella bodanica was the  most 
dom inant. In  th e  f irs t th ree  m onths investigated  th is  single species am ounted 
to  h a lf o f th e  to ta l biom ass o f th e  phy top lank ton . This year Melosira granulata 
becam e num erous only tow ards th e  m iddle o f sum m er.

L ake B alaton  is rich  in benth ic algae, an d  th e  storm  tu rn s  th e  lake 
upside down. The im portance o f benth ic algae in  th e  p lank ton  com pared 
to  th e  euplanktonic forms has been frequen tly  discussed. The present d a ta  
show, th a t  in clear or m oderately  d istu rbed  w ater, i.e. in  m ost cases th e  p lan k 
to n  is dom inated  b y  euplanktonic algae. B enthic elem ents do n o t a tta in  one 
f if th  o f th e  to ta l biomass. On th e  o ther han d  during a  storm  th is ra tio  suddenly 
increases. In  a  heavy  storm  on th e  11th J u ly  th e  biom ass of th e  phy top lank ton  
was doubled b y  th e  benth ic elem ents. Of th e  tychoplanktonic algae th e  largest 
biom ass was given b y  Surirella robusta var. splendida. The biom ass o f Cyano- 
p h y ta , E uglenophyta and  C hlorophyta phy la are inferior.

The vertical d istribu tion  of th e  phytom ass (Table I I I )  was alw ays u n 
even, b u t in  th e  average o f th e  phytom ass values m easured in  th e  d ifferent days 
there  are no differences b y  depths. G enerally ph y to p lan k to n  shows an  even 
vertical d istribu tion .

The p rim ary  production a t  th e  different dep ths (Table IV )  varied  m uch 
from  tim e to  tim e. U sually  th e  m axim al production was a t  1 m, in  clearer 
w a te r a t  2 m  depths. A t 3 m  th e  production  is m uch lower, in  tw o th ird  of 
th e  m easurem ents there  was scarcely any  production a t  all. A t th e  surface 
th e  production  was usually  inh ib ited  b y  th e  excessive light. There are however 
significant deviations from  th is m ost frequen t picture. A t th e  13th o f Ju n e  th e  
whole w ater colum n exhib ited  a  high production. This day  yielded th e  highest 
p roduction p er surface area. The w ater was very  clear, a t  3 m  6 percen t o f th e  
surface illum ination was recovered. In  th e  m ost tran sp a ren t w ater on th e  
10th of A ugust b y  180 cm Secchi transparency  an d  20 percen t illum ination

TA B LE I

Environmental factors

Date IY. IV. V. Y. Y.
5. 18. 2. 16. 31.

W ater tem perature °C 13
'

13 15 i6 19
Total irradiation during exposal cal/cm2 m e 141 227 113 99
Total irradition in the whole day cal/cm2 346 294 519 189 226
Secchi transparency cm 42 45 51 51 55
Illum ination a t  th e  surface K lux 
Illum ination in  the different depths in

— 62.4 66.4 40.5 8.1

percent of the surface illum ination 
25 cm 50.0 64.7 59.5 63.1

100 cm — 23.4 26.5 29.8 14.8
200 cm — 3.9 7.3 8.3 4.2
300 cm — 0.8 1.0 2.6 1.6

“ "
0.9
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a t  3 m  th e  h ig h e r  lev e ls  w ere  in h ib i te d  b y  lig h t ,  a n d  th e  p ro d u c t io n  sh o w e d  
th e  m a x im u m  a t  3 m .

In  storm  the  situation  was reversed. On th e  11th of Ju ly , when the  
illum ination a t  1 m was only 2 percent, already  in th is  layer an d  underneath  
th ere  was no significant production. On th e  o ther hand  trem endous production 
was m easured a t  th e  surface, due to  th e  huge am ount of benth ic algae, b rough t 
up  by  th e  storm  (Table I I ) .

Similar, b u t less extrem e was th e  situation  during a  sto rm  on th e  27th 
of Ju ly . On th is  day  7 percent of th e  surface light p en e tra ted  down 1 m eter 
depth , enabling intensive photosynthesis. A t 2 m w ith 1 percen t illum ination 
th e  production fell to  a very  low level.

F rom  th e  m eans o f th e  13 days (Fig. 1) i t  appears th a t  th e  vertical 
d istribu tion  o f th e  algae is even, b u t th e  sam e biom ass displays quite different 
productions in different depths. A t 2 m th e  insufficiency of light is already  
apparen t, while a t  3 m  only one fo u rth  is produced b y  th e  sam e biom ass 
th a n  a t  1 m. The m eans of th e  different levels are calculated  from  values of 
very  different dispersions. A t 1 an d  2 m  there  is re la tively  less varia tion  in  th e  
production from  one day  to  th e  other. A t th e  surface on th e  o ther han d  th e  p ro 
duction is usually  low owing to  inhibition  b y  th e  excess of light, while in 
storm  it  is extrem ely  increased by  ben th ic  algae. A t 3 m  th e  results show great 
variab ility  because here serious ligh t insufficiency is caused in  tw o th ird s  
o f th e  cases b y  tu rb id ity , on th e  con tra ry  in  clear w ater th e  production  is 
sim ilar to  th a t  o f th e  higher levels. L ight sa tu ra tio n  a t  th e  bo ttom  m ust be 
even rarer.

The production as re la ted  to  surface area (F ig. 2.) is re la tively  even, 
w ith  values varying betw een 83 an d  168 mg C/m2/4 hours. The differences 
betw een th e  values o f th e  different experim ental days are less to  be a ttr ib u te d  
to  seasonal changes, th a n  to  th e  different w eather conditions o f th e  single 
days. Smaller differences, resulting from  changes in p lank ton  constituents, 
tem peratu re  and  w ater chemism are m asked by  th e  effects of th e  fluctua tion  
in  w ater transparency . Only th e  last th ree  m easurem ents indicate th e  au tum nal 
decline of production. The highest values were ob tained  in  th e  clearest w ater 
(13th Ju n e , 27th Ju ly ). In  storm  th e  production re la ted  to  surface area was

VI.
13.

23
250
485

78
70.2

55.6
30.6 
13.9
5.5
2.8

VI.
27.

19
283
538
55
66.4

53.0
26.5

6.3
1.8
0.9

VII.
11 .

22
95

269
20
18.0

40.0
2.0
0.0
0.0
0.0

VII.
27.

23
51

221
28

8.7

59.0
6.9
1.1
0.1
0.0

VIII.
10 .

24
256
550
110
54.5

82.1
48.2
32.1 
19.6
12.1

VIII.
24.

17
164
306

33
42.5

61.4
6.8
1.4
0.3
0.1

IX.
7.

20
199
399
111
46.5

70.8
43.8 
24.0 
12.5

8.3

IX.
28.

14
124
217

41
38.4

57.5
12.5 
2.5 
0.5 
0.3
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T A B L E  I I

The biomass o f the

6. IV. 18. IV. 2. V. 16. V. 31. V.

Cyanophyta 
Microcystis flos-aquae
Aphanizomenon flos-aquae — — — —
O ther species 35 3 33 33 20
Total 35 3 33 33 20
Euglenophyta
Total 45 13 3 21
Pyrrophyta 
Cryptomonas erosa _ 3
Ceratium hirundinella 2 i6 21 26 29
Peridinium  inconspicuum — — — — —
O ther species — — — —
Total 2 16 24 26 29
Chrysophyta 
Chromulina sp . 5 1 113
Amphora ovális 104 37 46 27 20
Cyclotella bodanica 1898 2005 1544 592 1218
Cyclotella ocellata 541 443 200 90 254
Cyclotella quadriiuncta 210 71 111 1 6
Cymatopleura elliptica 32 114 30 19 18
Cymatopleura solea 230 10 12 5 7
Diploneis elliptica — — — — —
Melosira granulata 2 18 — 21 86
Navicula gracilis 6 — — 4 —
Navicula radiosa 114 — 35 — —

Nitzschia acicularis 684 292 51 17 11
Nitzschia amphibia — — — 27 13
Nitzschia hungarica 45 47 62 92 30
Nitzschia sigmoidea 52 14 43 36 19
Surirella robusta 4 — 32 30 73
Surirella turgida 4 1 30 — —

O ther species 133 71 134 28 176
T otal 4064 3123 2330 1242 2044
Chlorophyta 
Closterium aciculare 2 5 22
Oocystis solitaria 39 11 37 20 49
O ther species 54 44 34 21 84
Total 93 57 71 46 155
Sum to ta l of all algae 4239 3199 2471 1350 2269
g/m2 14.8 11.2 8.6 4.7 7.9

low. T he ben th ic  algae b rough t up  b y  th e  waves can b u t p a r tly  com pensate 
for th e  darkness o f deeper regions.

The m ean production  during  th e  four hours an d  th e  s tan d ard  error 
o f th is  m ean were 118 ±  8 mg C/m2. Owing to  th e  low s tan d a rd  error a  20 p e r
cent increase in  th e  following years detec ted  b y  m easurem ents o f sim ilar 
frequency  could be regarded as significant difference. The average length 
o f day  tim e in  th is  half-year is 14 hours. To ex trapo late  th e  production  of 
th e  4 hours o f exposure to  th e  whole day  tim e, it  was m ultip lied  b y  3.5. The 
m ean daily  production  is 413 mg C/m2/day, th e  m axim al production is 588 mg 
C/m2/day . According to  V i n b e r g  (1961) lakes w ith  300—700 mg 0  m axim al 
daily  p roduction  belong to  th e  m esotrophic category. The m axim al daily
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phytoplankton 10е p 3ß

13. VI. 27. VI. 11. VII. 27. VH. 10. VIH. 24. v m . 7. IX. 28. IX.

86 257 3
— — 3 6 32 56 199 7

7 139 119 145 103 17 86 64
7 225 122 151 392 73 288 71

36 87 46 20 34 76 26 8

34 48 43 129 47 1 90 11
138 147 341 1022 840 234 870 54
— 134 — 7 4 2 — —
— 222 38 182 86 19 15 —
172 551 422 1340 977 256 975 65

89 57 46 165 108 56 49 28
9 45 87 33 — 9 — 71

2255 1934 558 335 93 223 — 228
458 384 125 62 10 62 18 29

50 129 — — — — — —
34 25 36 58 — — — 84
2 6 158 29 — — — 24

242 316 1257 310 1 74 _ 4
— 26 284 22 — — — 133

2 15 42 7 _ 7 _ 39
4 5 110 29 6 25 — 81

— 37 226 40 — — — 172
7 2 146 41 — 35 — 32

27 113 1072 786 — — — 45
— 189 229 20 — — — 17

52 171 431 146 52 135 91 239
3231 3454 4807 2083 270 626 158 1418

134 17 5 60 412 160 162 193
140 26 — 54 13 40 44 30

70 108 178 99 69 92 83 20
344 151 183 213 494 292 289 243

3790 4468 5580 3807 2167 1323 1736 1805
13.3 15.6 19.5 13.3 7.6 4.6 6.1 6.3

production of L ake B alaton  falls w ith in  th is range. According to  th e  yearly  
gross production, oligotrophic lakes produce 10—30, m esotrophic lakes 
30 — 70 eutrophic lakes 70 — 200 an d  hypertrophic lakes 200 — 400 g C/m2. 
D uring th e  six m onths investigated  th e  p rim ary  production o f L ake B alaton  
was 0.413 g C/m2 X 183 =  75.6 g C/mz/half-year, i.e. th e  production a tta in ed  
already  th e  yearly  level of eu trophic lakes.

The average biom ass o f th e  phy to p lan k to n  is 10.3 g. The average daily  
production, if  1 g C corresponds to  10 g biom ass was 4.13 g. This m eans th a t  
th e  mass of phy top lank ton  is renew ed in  each 2.5 days. As in  o ther lakes 
th is  value is 2—10 days, (Ge ssn e r , 1959), th e  tu rn o v er tim e of th e  p h y to 
p lank ton  is relatively  short.
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F ig . 1. The average  b iom ass a n d  p ro d u c tio n  o f th e  p h y to p la n k to n  a t  d iffe ren t d ep th s

F ig . 2. The p rim a ry  p ro d u c tio n  o f th e  p h y to p la n k to n  p e r  u n it  o f  lake  surface

Due to  rap id  tu rnover, the  daily  production is relatively  high as com
p ared  to  th e  biom ass, and  due to  th e  long productive period th e  yearly  p ro 
duction is high as com pared to  th e  daily  production. This w ay it  is possible, 
th a t  b y  re la tively  low phytom ass, th e  daily  production corresponds to  th e  
m esotrophic, th e  yearly  production to  th e  eutrophic level. The n o t too  high 
mass of algae provides more food for o ther organism s th an  in  lakes w ith  a 
slower renewal o f algae, or w ith  sho rter productive period.

The p rim ary  production  in  th is half-year, ex trapo lated  to  th e  whole 
L ake B alaton  was some 453 000 m etric to n  o f planctonic algae. This am ount 
is 22 tim es higher th an  th a t  estim ated  b y  E ntz (1954) from  th e  low phytom ass 
o f th e  1940 s (Tamás, 1955) for th e  whole year.

The question m ay arise, how m uch d id  th e  p roduc tiv ity  of th e  lake 
change since th e  firs t p rim ary  production  m easurem ents in 1961. I t  cannot
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be answ ered in  an  exact m anner, since th ere  are essential differences between 
th e  tw o set o f experim ents. B ö s z ö r m é n y i  e t ah (1962) exposed th e  sam ples 
only a t  1 m  d ep th  for six hours, and  m easured rad ioactiv ity  b y  th e  G e i g e r — 
M ü l l e r  tube. In  th is  experim ent th e  production was m easured a t  four dif
feren t dep ths, th e  exposition tim e was four hours an d  rad ioac tiv ity  was 
m easured by  liquid  scintillation.

In  order to  ob ta in  com parable d a ta  th e  am oun t o f carbon bound b y  100 
ml sam ple in one hour a t  1 m eter d ep th  was calculated. These values were
0.70 and  1.07 /igC/100 m l/h in  1961 and  1973 respectively. P a r t  of th is dif
ference m ay originate in th e  different techniques. Thus b y  all p robab ility  
th e  p ro d u c tiv ity  of th e  ph y to p lan k to n  increased b u t m oderately  in  th e  la s t 
decade.

Summ ary

The biom ass of phy top lank ton , th e  illum ination and  p rim ary  production 
were m easured fo rtn igh tly  a t  four depths.

In  th e  sam ples 108 alga species, 5 varieties an d  1 form  were found. Algae 
were counted b y  U t e r m ö h l  microscope. The biom ass o f each species and  th e  
to ta l p h y top lank ton  were calculated  from  th e  num ber of algae an d  from  
th e  volum e o f individuals. U n til th e  m iddle o f Ju ly  th e  p lank ton  was dom in
a ted  b y  diatom s, th e  largest m ass was form ed b y  Cyclotella bodanica. Cera- 
tiu m  hirundinella becam e th e  dom inating species f irs t in  th e  second h a lf of 
th e  sum m er. The average biom ass was 10.3 g/m2.

T ransparency  is very  unstab le  in  th e  lake, due to  th e  frequen t swirling up  
o f th e  m ud. In  storm  th e  p rim ary  production  stops already  a t  1 m dep th  
because o f light insufficiency while a f te r  a long calm period in  th e  clear w ater 
th e  deepest layer (3 m) exhib ited  th e  highest production.

In  general a t  th e  surface th e  production is inh ib ited  be excessive il
lum ination, th e  m axim um  is found a t  1 or 2 m, an d  a t  3 m  th e  sam e m ass 
o f algae produced four tim es less th a n  a t  1 m, owing to  th e  insufficient light.

The m ean p roduction  and  th e  stan d ard  error o f th e  m ean during th e  
four hours expositions were 118 i  8 mg C/m2.

T he average daily  production  was estim ated  to  be 413 m g C/m2, th e  
p rim ary  production  during th e  half-year to  76 g C/m2.

This p rim ary  production  corresponds to  th a t  of th e  slightly  eutrophic
akes.
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A B A L A TO N  F IT O P L A N K T O N JÁ N A K  E L S Ő D L E G E S  T E R M E L É S E  
1972. Á P R IL IS -S Z E P T E M B E R B E N

H erodek Sándor  és T a m á s Gizella

Összefoglalás
F é l éven  k eresz tü l k é th e te n te  m é r tü k  négy  kü lönböző  m élységben  a  f i to p la n k to n  

tö m eg é t, a  m eg v ilág ítá s t és az elsődleges te rm e lést.
A  m in tá k b a n  108 a lg a fa jt, 5 v á lto z a to t és 1 fo rm á t ta lá ltu n k . A z egyedszám ot 

U te rm ö h l m ódszerével h a tá ro z tu k  m eg. Az egyedszám  és az egyedek  á tlag o s té r fo g a ta  
a la p já n  k is z á m íto ttu k  az egyes fa jok  és az egész fito p la n k to n  b iom asszá já t. Jú liu s  köze-
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péig  a  p la n k to n b a n  a  ko v am o sza to k  u ra lk o d ta k , a  legnagyobb  tö m eg e t a  Cyclotella 
bodanica  képezte . A  C eratium  hirundinella  a  n y á r  m áso d ik  felében  v á lt u ra lkodó  fa jjá . 
A  b iom assza  á tla g a  10,3 g/m 2 vo lt.

A  B a la to n  v izének  á tlá tszó ság a  n ag y o n  vá lto zék o n y  az iszap  g y ak o ri felkeveredése 
m ia t t .  V ih a rb an  m á r  egy  m é te r  m élyen  sincs te rm elés a  fén y h ián y  m ia t t ,  m íg  hosszú  
szélcsend u tá n  a  víz an n y ira  tis z ta  vo lt, ho g y  a  te rm elés m ax im u m a  a  legm élyebb  (3 m ) 
ré teg b en  a la k u lt ki. Á lta lá b a n  a  felszínen fén y g á tlá s  v an , a  te rm elés  m ax im u m a  egy 
k é t  m é te rre  esik, h á ro m  m é te r  m é ly en  ped ig  a  fén y h ián y  m ia t t  u g y an ak k o ra  algatöm eg  
csak  n e g y ed an n y it te rm el, m in t egy  m éte ren .

N égyórás expozíció a la t t  a  te rm elés á tla g a  és az á tla g  s ta n d a rd  h ib á ja  118 8 m g
C /m 2 v o lt. E b b ő l szám ítv a  az á tlag o s  n a p i te rm elés 413 m g  C/m 2, a  fél év  a la t t i  te rm elés 
76 g C/m2 vo lt. A  fél év i te rm elés eléri a  te rm észe tes  e u tró f  ta v a k  sz in tjé t. E z t az a lg a 
tö m eg  gyors, 2,6 n ap o n k én ti m egú ju lása , és a  hosszú  vegetációs p e riódus tesz i lehe tővé
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BACTERIAL GRADIENTS AT THE SEDIMENT — WATER INTERFACE
OF SHALLOW LAKES

JÁNOS OLÁH

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 : 1st M arch, 1973

In  L ake B alaton  th e  num ber, biom ass and  production o f th e  hetero- 
trophic an d  to ta l bacteriop lankton  have been investigated  intensively from  
m any points of view during th e  years of 1966—1971 (O l á h , 1969 a, b ; 1970; 
1971 a, b, c; O l á h  an d  V á s á r h e l y i , 1970 a). However, our knowledge abou t 
th e  bacteriobenthos of th is  lake is ra th e r scanty . According to  our sho rt periodic 
investigation, in  th e  constan tly  d istu rbed  w ater o f shallow L ake B alaton  
th e  sedim ent has a  significant role in th e  form ation of bo th  th e  heterotrophic 
and  to ta l bacterioplankton. Therefore, th e  investigation o f bacterial gradients 
is of special im portance a t  th e  sedim ent — w ater interface, i.e. in  th e  w ater 
layers above th e  bo ttom , th e  sedim ent — w ater in terface tak en  in  th e  literal 
sense as well as th e  deeper sedim ent layers. In  th is s tu d y  we determ ined 
the  q u an tita tiv e  d istribu tion  of th e  aerobic, anaerobic bac teria  and  th a t  of 
th e  bac teria  counted on th e  m em brane filter a t  th e  sedim ent — w ater interface 
in th ree shallow lakes of d ifferent troph ic  levels.

Methods

In  L ake B alaton  th e  sam ples were tak en  in  th e  K eszthely  B ay  th e  m ost 
eu trophicated  p a r t  of th e  lake and  in  section “A ” (in fron t o f th e  In stitu te ), 
which represents th e  less eu troph icated  larger p a r t of the  lake. In  th e  highly 
eutrophic L ake Belső th e  sam ples were tak en  in  th e  deepest p a r t  of th e  lake. 
In  Lake Velence betw een th e  s ta te  of eu trophy  an d  “senescence” , th e  sam ples 
were tak en  in  th e  reeds-free open w ater (sampling sta tio n  “C” , O l á h  and  
V á s á r h e l y i , 1970 a). Samples were taken  in Ju ly , 1971 w ith  a  M i l b r i n k ’s 
m icrostatification sam pler (1968) in to  sterile glass or P etri-d ish  an d  th e  de
term inations were carried o u t im m ediately a fte r sam pling or in  th e  case o f 
L ake Velence and  K eszthely  B ay  n o t la te r th a n  5 hours. The anaerobic b ac
teria l gradients were determ ined in Ja n u a ry  of 1973.

The q u an tity  of bac teria  counted on th e  m em brane filter was d e te r
m ined according to  K u z n e t s o v  an d  R o m a n e n k o  (1963). The d istribu tion  
o f aerobic bac teria  a t  th e  sedim ent — w ater in terface was determ ined w ith  
th e  usual p lating  m ethod. F o r p la te  pouring we have chosen th e  sodium  
caseinate agar (O l á h  and  V á s á r h e l y i , 1970 b). B urri-tubes were used to
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estim ate th e  num ber of anaerobic bacteria . To ensure th e  anaerobic condition, 
besides using deep agar, th e  left-over oxygen in th e  closed tubes was absorbed 
w ith  alkaline pyrogallol. The aerobic bac teria  were cu ltured  a t  25° C and  the  
anaerobic bac teria  a t  38° C. Two cu lture m edia were used to  estim ate the  
num ber of anaerobic bacteria . N u trien t I I  agar w ith  a high organic content:

B eef e x tr a c t  (Difoo) 
P ep to n e  (Difco) 
G lucose 
D ifco ag ar 
D istilled  w a te r

3 g 
5 g

10 g
15 g 

1000 m l

W e used iron sulphite agar (Oxoid) w ith  a lower organic con ten t to  count 
th e  anaerobic and  sulphite-reducing bacteria . The colonies o f sulphite-reducing 
bac te ria  are b lack in th is  m edium  owing to  th e  iron sulphide precipitation. 
The agar colum n was pushed ou t o f th e  tube, th en  cu t in to  slices and  exam ined 
under a  microscope.

R e su lts  a n d  d iscu ss io n
Aerobic bacteria

A t th e  end of th e  1920s th e  q u an tity  of bac teria  on th e  sedim ent surface 
o f th e  open w ater was below th e  value of 1 • 103 cell/g w et sedim ent (Zih , 1929) 
in L ake B alaton. A fte r ten  years there  was no significant change. On th e  sedi
m ent surface of th e  open w ater H a r a n g iiy  (1941) found ab o u t 1 • 103 cell/g 
w et sedim ent b o th  on gelatine and  H eyden agar. In  th is  s tu d y  th e  num ber 
of aerobic bac teria  on th e  sedim ent surface o f th e  open w ater reached the  value 
o f 1 • 10s/g w et sedim ent ( Fig. 1). The com parison o f d a ta  ob tained  during 
th e  1920s and  1930s and  in  th is  s tu d y  is reasonable. All these investigations 
were carried ou t in J u ly  an d  th e  sam e types o f m edia occurred am ong the  
cu lture m edia which were used for p la te  pouring. A tten tio n  was pa id  to  th e  
selective effect of m edia ( H a r a n g i iy , 1941; O l á h  and  V á s á r h e l y i , 1970 b). 
T he com parison shows th a t  during th e  firs t ten  years o f th e  period of fo rty  
years there  was no significant change while in  th e  course of th e  following 
th ir ty  years th e  num ber o f hetero trophic bac teria  on th e  sedim ent surface 
increased by  tw o order o f m agnitude. This very  high increase is especially 
strik ing, because during th e  sam e period th e  q u an tity  of aerobic bacterio- 
p lan k to n  rem ained on th e  sam e order o f m agnitude (O l á h , 1969 b).

The grad ien t o f aerobic hetero trophic bac teria  a t  th e  sed im ent—w ater 
in terface of L ake B alaton  indicates th e  low num ber o f cells in  th e  w ater layer 
o f 11 — 15 cm above th e  sedim ent surface (Fig. 1). The num ber of aerobic 
hetero trophic bac teria  decreased rap id ly  in  th e  deeper sedim ent layers. H ow 
ever, th e ir num ber even in th e  sedim ent layer o f 9 —11 cm was significant: 
reached th e  value o f 1 ■ 104 cell/g. In  th e  sedim ent o f K eszthely  B ay  th e  ac
cum ulation of organic m a tte r is higher th a n  th a t  in  th e  o ther p a r t  of th e  lake 
( P o n y i  e t al., 1972). The in p u t exceeds th e  ou tp u t. This is reflected  by  th e  
q u an tity  o f aerobic hetero trophic bac teria  living on th e  sedim ent surface. 
Their num ber reach th e  value o f 3.2 • 10s cell/g w et sedim ent. W e have m easur
ed sim ilar values in  L ake Velence. In  th e  highly eutrophic L ake Belső 
th e  q u an tity  o f aerobic hetero trophic bac teria  reached th e  value o f 2 • 106
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F ig . 1. The q u a n ti ty  o f  aerob ic  h e te ro tro p h ic  b a c te r ia  a t  th e  se d im e n t—w ate r in te r 
face o f  d iffe ren t lakes

cell/g w et sedim ent on th e  sedim ent surface an d  in  th e  w ater layer o f 11 —15 
cm above th e  sedim ent we have found more bac teria  th an  on th e  sedim ent 
surface of L ake B alaton . In  th e  lakes investigated  th e  q u an tity  of aerobic 
heterotrophic bac teria  decreased rap id ly  in  th e  deeper sedim ent layers except 
th e  sedim ent of K eszthely  B ay  which produced an  increase again in  th e  sedi
m ent layer o f 6 —8 cm.

Anaerobic bacteria

W e investigated  th e  d istribu tion  o f anaerobic bac teria  a t  th e  sed im ent— 
w ater interface only in  section “A ” o f L ake B alaton . On th e  sedim ent surface 
th e  q u an tity  of anaerobic bac teria  counted on iron sulphite agar reached th e  
value of 2 • 104 cell/g w et sedim ent (Fig. 2). The same value on n u trien t I I  
agar was lower b y  one order of m agnitude. D uring th e  la s t th ir ty  years th e  
q u an tity  o f anaerobic bac teria  also increased on th e  sedim ent surface. In  th e  
open w ater sedim ent H a r a n g h y  (1941) found an  average value of 1 • 102 
an d  even in  th e  litto ra l zone, in th e  sedim ent of th e  reeds his values were 
below th e  value of 1 • 103 cell/g. The anaerobic bacterial g radients differ from  
th e  gradient of aerobic hetero trophic bacteria . In  th e  w ater layers we found 
no anaerobic bac teria  except some cells in  th e  w ater layer im m ediately above 
th e  sedim ent. The q u an tity  o f anaerobic bac teria  counted on n u trien t I I  agar 
was sm aller in th e  oxidized sedim ent surface th a n  in  th e  reduced sedim ent 
layer of 1—5 cm. The d istribu tion  of su lphite reducing bac teria  was sim ilar. 
The anaerobic bac teria  counted on iron sulphite agar occurred in  a  larger n u m 
ber on th e  sedim ent surface th an  in th e  deeper reduced sedim ent layers. This 
ty p e  of d istribu tion  m ay be explained b y  th e  higher proportion o f facu ltative 
anaerobic bac teria  and  th e  anaerobic m icroenvironm ent.

I
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F ig .  2. The quantity of anaerobic heterotrophic bacteria a t the sediment—water inter
face of Lake Balaton

Bacteria counted on membrane filter

A m em brane filter v arie ty  o f th e  original V in o g r a d s k y ’s m ethod is 
used more o ften  to  estim ate th e  to ta l num ber of bac teria  living in  th e  sedi
m ent (K u zn etso v  and  R o m a n en k o , 1963). According to  our present d a ta  
th e  q u an tity  of bac teria  on th e  sedim ent surface o f open w ater in  L ake B alaton  
is lower in Ju ly  th a n  in  th e  m esotrophic lakes (Fig. 3). The values of 3 • 108 
cell/g w et sedim ent is lower th a n  th e  values of 0 .5 — 1.5 ■ 109 cell/g charac
terizing th e  m esotrophic lakes (R o m a n e n k o  and  R o m a n e n k o , 1971). How-

Tota! bacteria cell/ml, g, resp.

Fig. 3. The quan tity  of bacteria counted on the m em brane filter a t  th e  sedim ent —
w ater interface of different lakes



223

Fig. 4. S torm  effect on the  quan tity  of aerobic heterotrophic bacteria  and bac teria  
counted on the  m em brane filter in  the bo ttom  w ater layers

ever, according to  our earlier au tum nal investigation th e  q u an tity  of bac te ria  
on th e  sedim ent surface reaches th e  values of m esotrophic lakes (P o n y i  e t al., 
1972). In  th e  K eszthely  B ay  w ith  a  higher trophic level, th e  q u an tity  o f b ac
te ria  reached th e  value of 5 • 109 cell/g characterizing th e  eutrophic lakes. 
D uring our earlier investigation in au tu m n  we found no such a large difference 
betw een th e  K eszthely  B ay  and  th e  o ther p a r t  of th e  lake.

The num ber of bac teria  living on th e  sedim ent surface of th e  highly 
eutrophic L ake Belső exceeded th e  value o f 1 • 1010 cell/g wet sedim ent.

In  th e  lakes B alaton  and  Belső th e  q u an tity  of bac teria  counted on 
m em brane filter decreased w ith  depth . In  th e  sedim ent o f L ake Velence an d  
K eszthely  B ay  th e  num ber of bac teria  was lower in  th e  deeper sedim ent 
layers, however, their num ber showed no decrease up to  th e  sedim ent layer 
of 10 cm. The num ber o f bac teria  in  th e  w ater layers im m ediately above th e  
b o ttom  decreased rap id ly  in  all th ree  of th e  investigated  lakes. A fte r a storm  
th e  num ber of heterotrophic bac teria  increased b y  tw o order of m agnitude 
an d  th a t  of th e  bac teria  counted on m em brane filter b y  one order o f m agnitude 
in th e  w ater layers im m ediately above th e  bo ttom  (Fig. 4). According to  our 
sho rt periodic investigation th e  sto rm  or strong w ind effect m ay be detectab le 
even in th e  surface w ater layers (Olá h , 1970).

Sum m ary

1. D uring th e  las t fo rty  years th e  num ber o f aerobic heterotrophic bac
te ria  on th e  sedim ent surface o f L ake B alaton  increased from  a value of 1 • 103 
cell/g w et sedim ent to  a  value of 1 • 105. D uring th e  sam e period th e  q u an tity  
o f th e  heterotrophic bac teriop lank ton  showed no significant change. Most 
bac teria  occurred in th e  upper 1 cm layer o f th e  sedim ent. In  th e  deeper sedi
m ent layers and  in th e  w ater layers above th e  b o ttom  th e ir num ber decreased 
rapidly.
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2. D uring th e  last th ir ty  years th e  num ber o f anaerobic bac te ria  on th e  
sedim ent surface increased a t  least b y  one order of m agnitude. In  th e  bo ttom  
w ater layers th ere  was no anaerobic bacteria. In  th e  deeper, reduced sedim ent 
layers th e ir num ber increased or decreased depending on the  d ifferent m edia 
used.

3. The q u an tity  o f bac teria  counted on th e  m em brane filte r increased 
from  a  value o f 3 • 108/g w et sedim ent (Lake B alaton) to  a value o f 1 • 1010 
in lakes w ith  different troph ic  levels.
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B A K T É R IU M  G R A D IE N S E K  A  S E K É L Y  T A V A K  V ÍZ -Ü L E D É K  H A T Á R Á N

Oláh János

ö s s z e fo g la lá s

1. Az e lm ú lt neg y v en  év  so rán  a  B a la to n  ü ledékfe lü le tén  élő aerob  h e te ro tró f  
b ak té r iu m o k  m ennyisége 1 • 103 sejt/g -ró l 1 • 105 se jt/g -ra  em elk ed e tt. U gyanezen  p e rió 
du s a la t t  az aerob  h e te ro tró f  b a k te r io p la n k to n  m ennyisége nagyságrend ileg  nem  v á lto 
z o tt . L eg tö b b  b a k té r iu m  az ü ledék  felső 1 cm -es ré teg éb en  vo lt. A z ü ledékm élységgel, 
de kü lönösen  az ü ledék fe le tti v íz ré teg b en  szám uk  gy o rsan  csökkent.

2. A z e lm ú lt h a rm in c  év  so rán  a  B a la to n  ü ledék fe lü le tén  élő an ae ro b  b a k té 
r iu m o k  m ennyisége legalább  egy  nag y ság ren d d e l n ő tt .  K ö zv e tle n ü l az  ü led ék fe le tti víz- 
ré teg b en  nem  ta lá l tu n k  anae ro b  b a k té r iu m o t. A  m élyebb , re d u k á lt ü ledék ré tegekben  
szám u k  csökken t v ag y  n ő tt  az a lk a lm azo tt tá p ta la j tó l  függően.

3. A  m em b rán sz ű rő n  szám o lt b ak té r iu m o k  m ennyisége a  v izsgá lt kü lönböző  
tro f itá sú  ta v a k b a n  3 • 108 se jt/g  nedves ü ledékrő l (B ala ton) 1 • 1010 se jt/g  nedves ü le 
dékre n ő t t  (Belső tó ).

♦
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The m ethod o f sewage purification in  fish-ponds is of old standing. Since 
th e  beginning of th is cen tu ry  th is  ty p e  o f fish-ponds has been m ain tained  in 
G erm any (Falck, 1935; K isskalt and  Ilzhöfer, 1937; K aufmann, 1958; 
Liebmann, 1960). The m ain po in t o f th e  procedure is th a t  th e  organic sub
stances of th e  sewage-water getting  in  to  th e  fish-pond a fte r a suitable d ilu tion 
and  d istribu tion , are aerobically destruc ted  by  m eans o f bac teria  an d  th e  bio
genic elem ents form ed th is  w ay are u tilized b y  th e  algae. T he bac teria  and  
algae propagated  during th e  decom position of organic substances as well as 
th e  organic fragm ents are incorporated  b y  planktonic anim als and  o ther 
in verteb rate  organism s, which are in  tu rn  consum ed by  o ther invertebrates 
or d irectly  b y  fish.

In  sp ite of th e  fac t th a t  these fish-ponds supplied w ith  sewage-water 
function w ith  a  good efficiency according to  th e  experience of G erm any (Im- 
H off, 1956; Liebmann, 1960), th e  resu lts an d  observations can only be u tilize 
w ith some difficulties owing to  th e  d ifferent conditions in  H ungary  (Csanády 
and  G r e g Á c s , 1965 a). U pon th e  influence of th e  advantageous observations 
ob tained  in  Czechoslovakia (Pytlik, 1957) several papers have been published 
in  our country  which, on th e  one hand, urged th e  operating experim ental 
in troduction  o f th e  postpurification  o f sewage-w ater in  fish-ponds (Woyna- 
rovich, 1959 a, b), and  on th e  o ther hand , described th e  principal problem s 
together w ith  hom e possibilities (Donászy, 1965; Csanády an d  Gregacs, 
1965 a). In  spite of th a t , a tten tio n  was ra th e r focused on th e  so-called w aste 
stabilization ponds (“A bw asserteich” ) (Uhlmann, 1962; Brinck, 1961; 
C s a n á d y  an d  G r e g a c s , 1965 b), since as against to  th e  fish-pond purification, 
there  is no need o f d ilu tion-w ater in  th is  case, offering a  possibility for wider 
application. According to  certain  d a ta ,th e  w aste stabilization ponds an d  th e  
fish-ponds supplied w ith  sewage-w ater cannot be sharp ly  distinguished 
(Pytlik, 1957), since in a  closed system  th e  culture o f carp and  tench  can 
be realized even w ithout d ilu ting th e  w ater, and  w hat is more, for th is  purpose 
even th e  strongly  contam inated  w aste w aters of th e  food in d u stry  can be used.

N either sewage fish-ponds nor w aste stab ilization  ponds were established 
in H ungary  u n til 1970 for d irect purposes of purification of sewage-waters. 
Nevertheless, th e  home lite ra tu re  (Csanády and  Gregács, 1965 a, b) reported  
on th e  bacteriological, chemical and  parasitological relationships o f some fish-
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ponds loaded w ith  sewage-w ater an d  w aste stab ilization  ponds, indicating 
th a t  these m ethods could be applied  in  a  useful w ay even in  our country . 
The au thors cited  above suggest th e  estab lishm ent o f these types o f pond  
especially on th e  southern  shore o f L ake B alaton, since “b y  m eans of them  
th e  sewage-w ater can p ractically  be k ep t ou t o f th e  lake” (Csanady and  
Gregács, 1965 a, p. 185), and  hold as necessary to  perform  experim ents in 
operational sizes in order to  estim ate th e  possibilities. The idea of establishing 
sewage fish-ponds has arisen even form erly, however, recently  some apprehen
siveness came to  ligh t bo th  abroad  an d  hom e as regards th is  m ethod  of sewage 
purification  especially in  connection w ith  th e  ponds along th e  L ake B alaton , 
containing p ea t an d  a huge am oun t o f organic substances (Holényi, 1962).

The OVH (N ational Büro for W ate r Conservancy) agreed to  establish 
experim ental ponds in  1970, which is to  be bu ilt in  th e  region o f F onyód for 
th e  u tilization o f sewage-waters and  to  s ta r t  to  function in 1973. U n til p u ttin g  
th is  fish-pond in to  operation, we have investigated  th e  so-called pond of 
Z ardavár No. 1 since 1971, which is a  sewage fish-pond n o t stud ied  before 
from  hydrobiological po in t of view. The long-term  aim  of our investigations 
was to  ob tain  scientific m ateria l on th e  basis o f which the  research w ork can 
be p lanned  w ith  su itab le ce rta in ty  on th e  experim ental ponds s ta rtin g  in  1973.

The investigations were in tended  to  s tu d y  directly
a)  th e  biom ass of bacterio-, phy to - and  zooplankton as well as their 

changes;
b) th e  biom ass of fauna a t  th e  bo ttom  o f th e  pond;
c) th e  grow th of fishes;
d)  th e  m ost im p o rtan t chemical com ponents.

D escription of th e  place of investigations
A fish-pond system  of 370 cadastral acre consisting of 3 un its serves 

for th e  postpurification  o f th e  sewage-w ater of th e  F onyód resort centre. 
The w ater is conducted here b y  a  m ain collecting pipe. A fter lifting  over and  
sedim entation, th e  w ater reaches pond  No. 1 a t  one po int, which is of 85 
cadastral acre. The o ther tw o ponds can be filled in  w ith  w ater th rough  th e  
firs t one, thus, th e  accidentally  rem aining contam ination  can fu rth e r be 
destructed .

D uring th e  em pty ing  o f th e  ponds, th e  w ater gets in  a canal called 
K eleti-B ozót th en  in to  L ake B alaton . D uring th is  period, th e  sewage-water 
is collected in  a  reserve pond ( Fig. 1) acting for w aste stabilization. The re 
filling o f th e  ponds takes place from  th e  canal m entioned above containing 
plentifu l clean w ater.

According to  th e  aim s o f investigations, th e  work was concen trated  on 
pond No. 1. The s tan d ard  places o f sam pling, except one, fall on th e  transversal 
section of th e  pond. T he place of sam pling No. 1 was near th e  inflow o f th e  
sewage-water, th a t  o f No. 5 near th e  outflow  o f th e  pond, an d  fu rth e r 3 places 
were selected a t  ab o u t identical distances from  each o ther betw een th e  two 
m arginal places m entioned above.

Using these places o f sam pling, th e  changes can be followed from  the  
inflow up  to  th e  ou tle t o f the  pond. Samples were tak en  occassionally from  
ano ther po in t of th e  pond  for com parisons ( Fig. 1, place of sam pling No. 6). 
Thus, 3 sam ples were a t  our disposal each from  th e  m arginal and  open w ater 
areas.
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Methods

1. The biomass of the planktonic members

The am ount o f th e  to ta l m icrobial p lank ton  was determ ined  b y  m eans 
o f th e  m ethod o f R a z u m o v  (1932), whereas th e  biom ass was calculated accor
ding to  R o d in a  (1965). F o r m easurem ents o f th e  phy top lank ton  biomass, 
the  chlorophyll-m ethod o f S t r ic k l a n d  and  P a r s o n s  (1969) was applied. For 
th e  determ ination  o f alga species as well as for th e  evaluation  of th e ir per- 
cen tual d istribu tion , sam ples filtered  th rough  a  m esh No. 25 were used. The 
counting was carried o u t in  a microscope ty p e  U therm öl.

F ig . 1. P laces o f  sam pling  on  p o n d  N o. 1 o f  Z a rd av ár

»
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The determ ination  of th e  zooplankton biom ass was perform ed in light 
o f th e  works o f Sebestyén (1958), Nauwerck (1963), Schnese and  Schwarz 
(1970). F o r qualita tive  an d  q u an tita tiv e  analyses of th e  R o ta to ria  p lankton, 
th e  filtra te  ob tained  on a m esh No. 25 from  4.5 1 o f w ater was used. A t th e  
evaluation  o f th e  biom ass o f th e  predom inant species, th e  volum e values 
calculated on th e  basis o f models of Sebestyén (1958) concerning th e  periods 
o f “w arm  w a te r” , as well as th e  values o f length, w idth  and  thickness of 
d ifferent species m easured under th e  microscope, were applied. The product 
o f m ultip lication o f those values is considered as a volum e given in  /t:i un its 
o f a  given individual. Since th e  m easurem ents were carried ou t on form alin- 
fixed  m aterial, th e  morphological changes of certain  species could n o t be 
tak en  in to  account (e.g. th e  re trac ted  foot o f Epiphanes, th e  head-region of 
A splanchna, etc.). The chitin-processes and  th e  spines were also neglected 
(e.g. Brachionus diversicornis, or B. calicyflorus). The volum e values obtained  
th is  w ay were averaged an d  m ultiplied b y  1.025 resulting  in  th e  w et w eight 
o f one ro tifer individual in average. The d ry  w eight am ounts to  10 percent 
o f  th a t  (Winberg, 1971). The num ber o f individuals per litre  was m ultiplied 
b y  th is average weight.

F or th e  determ ination  o f th e  biom ass o f C rustacean p lankton , 15 1 of 
d raw n w ater was used concentrated  on a bronze-net o f 90 // mesh. The biomass 
was calculated b y  m ultiplying th e  num ber o f individuals per litre  b y  the  value 
o f d ry  w eight m easured separately  for every species (e.g. th e  weight of a 
Bosmina longirostris is 2 yg, th a t  of juvenile Cyclops vicinus is 5 yg).

2. The me hods of investigation of the benthos

The m acrobenthos was investigated  b y  using th e  E ck m an n —Birge 
dredge, th e  m ud was passed th ro u g h  riddles of d ifferent m esh (the sm allest 
one o f 500 y). Organisms o f th is o rder o f m agnitude occurred so rarely  th a t  
th e  determ ination  of biom ass was om itted .

The collecting o f m eiobenthic sam ples was also carried o u t b y  using 
th e  E ck m an n —Birge dredge. A  m ud  layer o f 1 cm thickness and  40 cm2 
surface area was tak en  aw ay from  th e  un touched  surface of th e  sam ple. The 
m ateria l was fixed  in 4 percen t form alin. The m ud sam ple was p u t in to  a 
m easure cylinder o f 200 ml and  filled up  to  th e  sign, th en  a f te r  m ixing b y  
shaking th e  an im als were selected an d  investigated  in  portions o f 25 X 2 — 4 ml 
in  counting dishes. The biom ass o f N em atoda was estim ated  in  d ry  w eight 
according to  th e  work o f Warwick an d  Buchanan (1971) by  calculations. 
T he biom ass o f th e  o ther groups of organism s was n o t calculated because 
o f th e ir low num ber o f individuals.

3. Methods of measurements on the fish-production and growth of fishes

The investigations were m ainly carried ou t on fishes collected during 
sam pling fisheries. The to ta l an d  s tan d ard  body length  as well as the  
body  w eight were m easured an d  conclusions were draw n for th e  absolute 
grow th from  th e  average values. The alio m etric grow th was calculated from  
those values (Huxley, 1924; cit. Beverton an d  H olt, 1957). The ra te  of
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gro w th  o f  b o d y  le n g th  a n d  w eigh t w as ch a rac te rized  b y  th e  so-called  g ro w th  
coefficients o n  th e  basis  o f  th e  e q u a tio n s  g iven  below  (Chapman, 1968; Tesch, 
1968):

G löge wt — loge w0 . and  G loge -  loge L 0 
w A t ’ 1 A t

w here  Gw =  g ro w th  coeffic ien t o f  th e  b o d y  w eigh t, Gx =  g ro w th  coeffic ien t 
o f  th e  b o d y  len g th ; w  =  b o d y  w eigh t; L =  b o d y  len g th ; A t =  tim e  b e tw een  
0 a n d  1 (in o u r case i t  is 6 m on ths).

The condition o f th e  fishes was determ ined b y  using th e  m ethod o f H ile  
(1936) an d  L e  Cren (1951) on th e  basis of th e  following equations:

a n d CF 10® x W

At the seasonal changes of the condition the average and the limit values were 
considered.

The ca lcu la tio n  o f  th e  a c tu a l to ta l  m o r ta li ty  w as ca rried  o u t accord ing  
to  R ic k e r  (1958):

_  -( lo g e  Nj -  loge ^o)

where Z =  coefficient of th e  ac tua l to ta l m orta lity ; N  =  num ber o f individuals 
a t  th e  beginning an d  a t  th e  end; A t  =  tim e ( = 0 . 5  year). F rom  th a t  equation  
one can determ ine th e  coefficient o f survival, i.e. th e  ra te  of th a t:

S =  e~ z ;

as well as the total yearly mortality: A =  1 — S; this applies in this case 
only to half a year. The “losts” at economical level are given simply as per
centages without time-dependence on the basis of the results of fisheries.

The production param eters o f Z ardavár ponds No. 1, 2 an d  3 were 
eva lua ted  separately  betw een 1964 an d  1971, an d  th e  net fish-production of 
each pond was investigated  b y  using th e  param eters determ ined above as well 
as  sta tic tica l d a ta  according to  necessity (Ricker, 1958; Backiel, 1963; 
Nagiec, 1964).

4. The w ater analyses were carried  ou t according to  th e  H ungarian  
N ational S tandards. The m ud-analyses were perform ed b y  th e  D epartm ent 
o f w aterphysiology o f OMMI.

R e su lts

1. Qualitative characterization of the water in the sewage fish-pond as well as in 
the in- and out-flow canals

Several d a ta  sum m arized in  Table I  an d  Table I I  on w ater quality  
ind icate  th a t  th e  fish-pond shows an  efficiency o f purification of abou t 40—74 
percent. The recipient K eleti-B ozót contains w ater of good quality  1 km  before 
L ake B alaton. This m anifests itse lf especially in  th e  low 0 2-consum ption 
a n d  low am m onium -values.
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T A B L E  I I

Som e chemical characteristics o f the water o f K eleti-B ozót carnal reaching Lake B a la ton

Vehicular bridge of Fonyód
1969 1969

Substances investigated (mg/1) June Sept. 1970 1970 1971
April Nov. March

O 2 consum ption 9.1 5.2 8 .0 7.4 2 .6
B O I5 4.1 5.0 5.0 3.0 2 .3
Dissolved O , 6.7 12 7.3 1 0 .4 8.9
p H 8 .4 8 .0 8 .2 8 .0 8 .1
NH + 0.15 0 .2 0.1 0 .6 0.1
T o ta l d ry  substance 4 5 6 628 452 606 539

2. The biomass of bacterioplankton

The bac teria l biom ass was of high value during M ay due to  th e  increasing 
tem peratu re  (Tables I I I  an d  IV ) .  The high spring values were characteristic 
for th e  whole pond; no increase in  values was no ted  near th e  inflow. D uring 
nearly  one m onth , b y  th e  9th  Ju n e , th e  biom ass of th e  bacteriop lank ton  
decreased. The highest value was found a t  th e  place fa rth est from  th e  inflow 
on the  9 th  Ju n e , together w ith  a  low con ten t o f bacteria.

T A B L E  I I I

Biomass values of the bacterioplankton ( g wet weightjm3)  in  1971

13th
May

9th
June

23rd
June

6th
July

10th
Aug.

29th
Aug.

14th
Sept.

12th
Oct.

21st
Oct.

1 . и 4 21 0.25 4.4 2.8 13.8 20.6 24.1
2. 10.6 3.4 18 0.38 1.4 2.3 12.5 19.7 23.9
3. 9 4.2 14 0.46 1.3 1.8 10.8 21.0 23.3
4. 12 3.8 11 0.51 1.2 1.8 9.2 21.6 25.2
5. 11.8 5.9 12.2 0.55 1.4 3.0 14.9 20.6 21.4
K e le ti B ozót 2.6 1.9 2.1 — — — — — —

T A B L E  IV

Biomass values of the bacterioplankton (g dry weight/m3)  in  1971

13th
May

9th
June

23rd
June

6th
July

10th
Aug.

29th
Aug.

14th
Sept.

12th
Oct.

21st
Oct.

1 . 2 .2 0.8 4.2 0.05 0.8 0.5 2.7 4.1 4.8
2. 2.1 0.6 3.6 0.07 0.2 0.4 2.5 3.9 4.7
3. 1.8 0.8 2.8 0.09 0.2 0.3 2.1 4.2 4.6
4. 2.4 0.7 2.2 0.10 0.2 0.3 1.8 4.3 5.0
5. 2.3 1.1 2.4 0.10 0.2 0.6 2.9 4.1 4.2
K ele ti B ozót 0.5 0.3 0.4 — — — — — —
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The re s ta rted  inflow of sewage-water increased again th e  biom ass o f 
th e  m icrobial p lank ton  in  th e  whole pond  according to  th e  investigations of 
th e  23rd Ju n e . The biom ass values surpassed those in  high spring. The highest 
values were ob ta ined  near th e  inflow. Proceeding tow ard  th e  ou tle t, th e  bio
m ass o f th e  bac teriop lank ton  decreased nearly  to  its  half.

P arallel w ith  th e  blue-green algal bloom, th e  biom ass o f th e  bac terio 
p lank ton  decreased to  an  extrem ely  low value (6th Ju ly ). The bac teriop lankton  
was form ed m ainly b y  a single coccoid form  o f 2 — 3 у  size (with food-inclusion 
an d  o ften  in  th e  s ta te  o f division).

T he biom ass o f th e  bac teriop lank ton  rem ained low even on th e  10th 
A ugust beside th e  ab u n d an t biom ass o f Anabaena-M icrocystis-Oscillatoria- 
Aphanizom enon species. However, th e  cocci o f 2 — 3 у  size were changed 
replaced b y  filam entous forms. The biom ass o f bac teriop lank ton  was very  low 
even on th e  29th A ugust an d  th e  filam entous forms predom inated.

The biom ass of bac teriop lank ton  was high on th e  14th Septem ber. The 
in itia ted  m ineralization o f A nabaena filam ents was ind icated  b y  th e  fact 
th a t  a f te r  th e  cocci o f 2 —3 у  size and  th e  filam entous forms, a significant 
p roportion  o f th e  bac teriop lankton  consisted o f a  form  o f less th an  1 у o f a 
coccus-streptococcus type. The m ore or less colonized bac teria  were always 
localized around  th e  destruc ted  A nabaena cells. The term inal cells o f the  
d estru c ted  A nabaena filam ents were surrounded  alm ost always b y  th e  m icro
colonies o f th is  m icroorganism.

The biom ass of th e  bacteriop lankton  rem ained high on th e  12th and  21st 
October. The decrease of blue-green algae was accom panied b y  th e  appearance 
o f diatom s. P arallel to  th is phenom enon, a  th in  (less th a n  1 у  thick) filam entous 
organism  becam e predom inant in  th e  bacterioplankton.

T he biom ass o f bacteriop lankton  in  th e  K eleti-B ozót was very  low 
during  th e  period o f investigations as com pared to  th a t  o f th e  pond.

In  th e  seasonal change of th e  biom ass of bac teriop lankton  th e  very  low 
num ber of bac teria  is th e  m ost conspicuous phenom enon observed parallel 
w ith  th e  bluegreen algal bloom. The decrease in th e  num ber o f bac teria  ac
com panying th e  blue-green algal bloom  has also been described during our 
previous investigations in L ake B alaton  an d  L ake Belső (O l á h , 1 9 71 ). I t  
seems to  be regular th a t  th e  destruction  an d  m ineralization o f th e  large 
blue-green algal biom ass leads to  an  extrem e increase in  th e  bac teria l biom ass 
following th e  m inim um  value of it. The com plex causal relationships betw een 
th e  blue-green algae and  th e  bac teria  described even here will be elucidated 
in  m ore detail in  th e  fu ture.

On th e  basis o f lite rary  d a ta  and  considering th e  bac teria l biom ass, th e  
w aste stab ilization  pond of F onyód can be classified as a pond  o f high p roduc ti
v ity  an d  of m edium  loading.

3. The changes of biomass of phytoplankton and the percentual composition 
of the algal groups

a) Chlorophyll con ten t an d  phy top lank ton ic biom ass. Sim ilarly to  the  
biom ass o f bacteriop lankton , th e  am ount o f chlorophyll-a decreased a fte r a 
high spring value (Table V). B y th e  end of Ju n e , a fte r th e  re sta rtin g  o f th e  
sew age-w ater inflow, th e  chlorophyll-a con ten t increased again. D uring Ju ly , 
A ugust and  Septem ber, th e  am ount o f chlorophyll-a extrem ely  increases in
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TABLE V
Chlorophyll-а content in  /igjUtre in  1971

13th
May

9th
June

23rd
June

6th
July

10th
Aug.

29th
Aug.

14th
Sept.

12th
Oct.

21st
Oct.

1 . 95.6 28.2 63 456 464 672 313 150 34
2. 58.4 32.4 114.1 589 603 545 823 150 104
3. 75.2 41.6 92 614 603 522 788 23 58
4. 84 26.9 106 536 487 661 730 11 174
5. 40 21.6 98 519 556 742 812 46 139
K e le ti B ozót 16 14 11 — — --• — — —

consequence o f th e  m ass production  o f blue-green algae. P ara lle l w ith  the  
decrease o f blue-green algae during October th e  chlorophyll-a con ten t also 
significantly decreased.

The chlorophyll-a con ten t is usually  lower a t  th e  poin ts near th e  inflow 
th an  a t  th e  o ther places of th e  pond. This decrease in th e  chlorophyll-a con
te n t a t  th e  inflow is especially conspicuous in  th e  results o f Septem ber.

The chlorophyll-a con ten t o f th e  K eleti-B ozót is low as com pared to  
th a t  of th e  pond.

A p art from  th e  m easurem ents o f chlorophyll-a, in some investigations 
th e  am ounts o f chlorophyll-b an d  c were also m easured. A t some poin ts th e  
am ount o f chlorophyll-c reached th e  value o f 200 /igjl indicating an  im p o rtan t 
role of diatom s in th e  pho tosyn thetic  organic production as well as indirectly  
in  th e  production of oxygen necessary for th e  aerobic bac teria  to  decompose 
organic substances.

The qu an tita tiv e  estim ation  o f phy top lank ton ic biom ass on th e  basis 
of th e  pigm ent conten t is widely known. F o r th is  purpose th e  following form ula 
was used:

mg C =  25 X mg chlorophyll-a.

The phy top lank ton ic  biom ass an d  th e  p igm ent contents indicate (Table 
V I)  an  im p o rtan t role o f pho tosyn thetic  oxygen production in  th e  decrease 
o f organic conten t o f th e  sewage-w ater as well as in the  processes of decom po
sition and  m ineralization. The bacteriop lanktonic biom ass is som ew hat lower 
in natu ra l, non-contam inated  w aters or even identical w ith  th e  phy top lank  -

T A B L E  V I

The biomass values of the phytoplankton in  gCjm3 in  1971

i 13th 
May

9th
June

23rd
June

6th
July

1

fa 
§

TO 
j? 29th

Aug.
14th
Sept.

12th
Oct.

21st
Oct.

l . 4.7 1.4 3.1 22.8 23.2 33.6 15.6 7.5 1.7
2. 2.9 1.6 5.7 29.4 30.1 27.2 41.1 7.5 5.2
3. 3.7 2.0 4.6 30.7 30.1 26.1 39.4 1.1 2.9
4. 4.2 1.3 5.3 26.8 24.3 33.0 36.5 0.5 8.7
5. 2.0 1.6 4.9 25.9 27.8 37.1 40.6 2.3 6.9
K ele ti B ozót 0.8 0.7 0.5 — — — — —
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tonic one. The phy top lank ton ic biom ass of th e  w aste stabilization pond of 
F onyód significantly  surpassed th a t  o f th e  bacteriop lankton  especially during 
th e  blue-green algal bloom.

b) Q ualitative relationships of algal species (Table VI I ) .  T he num ber 
o f algal species determ ined  in  th e  draw n-filtered  sam ples collected a t  5 points 
o f th e  pond  No. 1 betw een th e  13th M ay and  21st October, 1971 as well as in 
th e  w ater of K eleti-B ozót, am ounted  to  114. T hey showed th e  following phylal 
d is trib u tio n :

C y an o p h y ta 14
E u g le n o p h y ta 6
P y rro p h y ta 3
C h ry so p h y ta 34
C h lo ro p h y ta 66
M ycophy ta 1

114

Am ong th e  four system atic groups, th e  species were d istribu ted  as fol
lows:

Occurrence o f G ynophyta species in  the places 
o f sam pling o f the po n d  N o . 1 during  1971.

Points of sampling

1 2 3 4 5 Keleti-Bozót

13 th  May 2
25th May 3 3 3 2 1 1
9th June 5 5 3 5 6
23rd June 10 4 2 6 б 1
6 th  Ju ly 7 6 9 9 8 1
10th August 6 8 4 8 7
29th August 5 6 4 9 9
14th Septem ber 6 7 8 7 7
12th October 10 8 8 5 4
21st October 6 5 6 6 7

The num ber o f individuals of th e  following 4 species gradually  increased 
from  Ju ly :

A na b a en a  scheremetievi E l e n k in  
A phanocapsa  delicatissim a  W . e t  G. S. W e s t  
M icrocystis flos-aquae (W ittr o c k ) K ir c h n e r  
S p iru lin a  lax issim a  G. 8 . W e s t .

All four species prefer th e  strongly  con tam inated  w aters, i.e. th ey  are 
m esosaprobic organism s. The Anabaena scheremetievi reached th e  to ta l bloom 
b y  th e  end o f A ugust an d  beginning o f Septem ber. I ts  exact taxonom ical 
place could be determ ined on th e  basis of th e  persisting cells. Several varian ts  
an d  form s of it  also occurred, b u t, th ey  have no t been identified. Aphanizo- 
menon flos aquae var. Iclebahnii E l e n k i n  and  Anabaena spiroides K l e b , are 
also characteristic beta-m esosaprobic species. B o th  occurred ra th e r frequen tly  
in  th e  samples.
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Euglenophyta

1971 1 2 3 4 5 Keleti-Bozót

25th May 2 l l
9th June 1 1
23rd June 2 2 3 3
6th Ju ly 2 3 l 2
10th August 1 1 l
14th September 1 1 l 1
12th October 2 1 l 1
21st October 2 1 2 3 2

Euglena klebsii (Lem m .)Ma in x  an d  Phacus pyrum  (Eh r .) St e in  were 
present in  th e  m ajo rity  o f sam ples, during th e  blue-green algal bloom  only 
th e  Euglena klebsii appeared, th e ir num ber decreased to  only a  few individuals 
b y  A ugust —Septem ber.

P yrrophyta

1971 1 2 3 4 5 Keleti-Bozót

9th June 1
6th Ju ly 1 1
10th August 1
29 th  August 2 1
14th Septem ber 1 l 1 1 1
12th October 2 3 1 1 1
21st October 1 2 2

The M allomonas species appeared  in  th e  sam ples from  Ju ly , whereas 
none of them  were found during th e  bloom  of A nabaena during Septem ber. 
T hey  reappeared  in October.

L arger num bers o f Peridinium sp. are significant a t  th e  end o f A ugust, 
Septem ber an d  October. The highest num ber of individuals was found ju st 
during  th e  A nabaena bloom.

G hrysophyta

1971 1 2 3 4 5 Keleti-Bozót

13 th  May 11
25th May 12 8 4 2 8 4
9 th  June 14 10 8 10 10 5
23rd June 12 12 10 15 13
6th Ju ly 11 12 11 13 13 8
10th August 6 5 4 4 7 1
29th August 2 6 3 3 9
14th September 3 4 1 6
12th October 8 6 7 4 4
21st October 7 5 8 5 5

1
The m ajo rity  o f species are beta-m esosaprobic. Among th e  3 classes of 

th is  phylum , 2 species of X antophyceae ( Botryococcus braunii and  Tetrakentron
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The phytoplankton data of fish-pond N o. 1 of Fonyódliget between 13th M ay, 1971
and 21st October, 1971

Sym bols: 1 — 6 p laces o f  sam pling  in  th e  p o n d ; K B  =  K ele ti-B ozó t; e =  appears ; 
к  =  low  n u m b er o f  ind iv idua ls; g  =  fre q u e n tly  occurs; s =  num erous; t  =  m ass, algal 
bloom ; ß-m  =  be ta -m eso sap ro b io n ts; eh l =  eu ryha line .

TABLE V II

Species Date of 
sampling

1. 2. 3. 4. 5. КВ Note

C y a n o p i i y t a

1. Anabaena scheremetievi 9th June е
E l e n k i n 6th Ju ly к к к к к

10 th  Aug s S S S S
29 th  Aug s S S S S ß—m
14th Sept t t t t t
12th Oct g к к к к
21st Oct к к к к к

2. A . spiroides K l e b . 13 th  May е
9th June е е

23rd June к к к
6th Ju ly к к

10th Aug к к к к ß—m
29 th  Aug к
12th Oct к

3. Aphanizomenon flos- 9th June к к к к
-aquae var. hlebahnii 23rd June к к к к
E l e n k i n 6 th  Ju ly к к к к к ß —m

10th Aug к ehl
29 th  Aug к к
14th Sept к к
12th Oct g к к
21st Oct к к к к

4. Aphanocapsa delica- 25th May к к к
tissima W. e t G. S. 9th June к к к к
W e s t 23rd June S к к к к

6th Ju ly S к к S к
10 th  Aug к к S S
29th  Aug S к к S S
14th Sept g S S g S
12th Oct к к к к g
21st Oct к к к к к

5. A . elachista W. et 25th May к
G. S. W e s t 23rd June к к

29 th  Aug к S

6. Chroococcus 25th May к
limneticus Lemm . 9th June к к к к к

23rd June g к к к
6th Ju ly к к к к к

10 th  Aug к к к к к
29th Aug к к к к
14th Sept к к к к
12th Oct к к к к
21st Oct к к
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TABLE V II ( con tin u ed)

Species Date of
sampling 1. 2. 3. 4. б. КВ Note

7. Qomphosphaeria 9 th  June к к
lacustris C h o d . 23rd June к к к

6 th  Ju ly к к к к к ß—m
10 th  Aug к

8. Lyngbya limnetica 25th May к к к к g к
L e m m . 9th June к к к к

23rd June к к к
6th Ju ly к к к к к

10th Aug к к g к
29th  Aug к к к к к
14th Sept g к к к к
12th Oct к к к
21st Oct к к g

9. L . martensiana 13 th  May к
M e n e g h . 25th May к

23rd June к
6th  Ju ly к

jS—m10 th  Aug к
14th Sept к

10. Merismopedia glanca 6 th  Ju ly к к
( E h r .) N a e g . 10 th  Aug к к

ehl29 th  Aug к к к
14th Sept к к к
12th Oct к к

11. Microcystis flos-aquae 25th May к
(W i t t r o c k ) 9th June к к
K i r c h n e r 23rd June к к

6th Ju ly к к к S ß— m

10 th  Aug к к S к S ehl
29th Aug к к S
14th Sept к g g S g
12th Oct к к к к к

12. Oscillatoria princeps 23rd June к
V a u c h e r 12th Oct к к к

21st Oct к к к a — m

13. Bomeria elegáns 6th Ju ly к к
(W o l o s z .) Koczw. 10th Aug к

29th Aug к
14th Sept к

14. Spirulina laxissima 29th Aug к g к
G. S. W e s t 14th Sept к к к к

12th Oct к к к к к
Euglenophyta 21st Oct к к к к

15. Euglena ehrenbergii
K l e b s 23rd June е
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TABLE V II ( con tin u ed)

Species Date of 
sampling

1. 2. 3. 4. 5. KB Note

16 . E . klebsii (L e m m .) 23rd June к к
M a i n x 6th  Ju ly к к к  к

10th Aug к к
14th Sept к к к  к
12th Oct к к к  к
21st Oct к к к к  к

17. E. oxyuris S c h m a b d a 23rd June к
6th Ju ly к к

18. Phacus acuminatus 25th May к к
S t o k e s 6 th  Ju ly к

21st Oct к

19. P. pseudonordstedtii 25 th  May е
P o c h m . 23rd June e е

6th  Ju ly е

20. P. pyrum  (Eh r). 25th May к
S t e i n . 9th June к к

23rd June к к к к
10 th  Aug к
12th Oct к к
21st Oct к к к к

P y r r o p h y t a
Cryptophyceae

21. Mallomonas acaroides 6th  Ju ly к к
P e r t y 10th Aug к

12th Oct к
21st Oct к к

22. M . tonsurata T e i l . 29th Aug к  к
12th Oct к к
21st Oct к к

Dinophyceae

23. Peridinium  sp. 9 th  June к
29th Aug к
14th Sept к к 8 к  к
12th Oct к к к к  к
21st Oct к к к

C h b y b o p h y t a
X antophyceae

24. Botryococcus braunii 9th June к
K tiT Z . 23rd June к

6 th  Ju ly к к к  к
10th Aug к к

25. Tetrakentron tribulus 9th June к
G e i t l e r 23rd June к к к

6th Ju ly к к к  к
10th Aug к

Chrysophyceae
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TABLE V II ( co n tin u ed )

Species Date of 
sampling 1. 2. 3. 4. б. КВ Note

26. Amphichrysis . 29 th  Aug к к
compressa K o r c s h . 12th Oct к к к

27. Chromulina sp.
21st Oct к к к к

9th June 
12th Oct

e
е

28. Rhizochrysie limnetica 9 th  June к к к к
G. M . S m it h 23rd June к к

6th  Ju ly к к к к
10 th  Aug к к

BaciUariophyceae

29. Amphora ovális 25th May е е
K ü t z . 9 th  June к к к

23rd June к к к к к
6th Ju ly к к к к
10 th  Aug 

14th Sept
е

е

30. Anomoeoneis 9th June е
sphaerophora 23rd June е
( K ü t z ) P f i t z n e r 10 th  Aug е

31. Cocconeis dim inuta 9th June е
P a n t .

32. C. placentula E h r . 13 th  May 
25th May к

к
к

9th June к к к к к
23rd June к к

6th Ju ly  
21st Oct к

к S

33. Cyclotella 25th May к к к к
meneghiniana 9th June к к к к
K ü t z . 23rd June к к к к

6th Ju ly к к к к к к ß — m
10 th  Aug к к к
29 th  Aug к к к к
14th Sept 
12th Oct к к к к

к

21st Oct к к к к

34. G. ocellata P ant. 9th  June  
23rd June е

е

6th Ju ly е

35. Cymatopleura solea 25th May е
(B r é b .) W. S m it h 23rd June к к к к

6th Ju ly к к
29th Aug к к
14th Sept 
21st Oct е

к к

16
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TABLE V II ( con tin u ed)

Species Date of 
sampling 1. 2. 3. 4. 5. KB Note

36. C. prostata (Вв е к .) 9th June к
Cl e v e 2 3rd June к к к к

6th  Ju ly  
10 th  Aug к к

к S

37. Cymbella cymbiformis 9th June е е
( K ü t z .) V. H e t jb c k 2 3rd June 

10th Aug е
е

38. Epithemia sorex K ü rz . 25th May 
23rd June

к
к

6 th  Ju ly к  к
10th Aug 
14th Sept

к
к к

39. Fragilaria construens 13th May к
( E h e .) G e h n . 25th May g g

9th June к к к  к  к
2 3rd June g к к к  к
10th Aug к к к к
29th Aug 
21st Oct

к
к

к  к

40. Gomphonema 9th June е
lanceolatum E h e .

41. Gyrosigma Icützingii 25th May к к к к
(G e u n .) Cl e v e 9th June к к к к

2 3rd June к к  к
6th Ju ly к к к  к

10th Aug 
29th Aug

к
к

42. Melosira granulata 26th May к
(E h e .) R a l f s 9th June к к  к

2 3rd June к к к
6 th  Ju ly к к к

10th Aug 
29th Aug

к
к к

к  к  
к

14th Sept 
21st Oet к к

к
к

43. M . granulata var. 13th May к
angustissima M ü l l . 25th May к

9th June
14th Sept 
12th Oct к к

к
к

21st Oct к к к

44. M . granulata var. 13th May g
кangustissima f. 9th June к к к

spiralis M ü l l . 23rd June к к к
6th Ju ly к к к к  к

10th Aug к к
29th Aug 
14th Sept

к
к

к  к

12th Oct к к к к
21st Oct к к к
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TABLE V II ( co n tin u ed)

Species Date of 
sampling 1. 2. 3. 4. б. KB Note

45. M . variáns C. A. Ag. 13 th  May 
25th May к к

к
к

9th June 
23rd June

к
к

к
ß—m

6th Ju ly  
14th Sept к к

к к

46. Navicula 13th May е
cryptocephala K ütz. 25th May е

6th Ju ly  
29 th  Aug 
14th Sept е

е
е ß —m

47. N . hungarica var. 13 th  May к
capitata (Eh r .) 25 th  May к
Cleve 9 th  June 

23rd June к к
к

14th Sept к

48. Nitzschia acicularis 13 th  May к
W. Smith 25th May к к к к g

9th  June к к к
23rd June к к к к к ß—m

6th  Ju ly к к к к к к
12th Oct S S S S S
21st Oct S S S S S

49. N . sigmoidea W. 13 th  May к
Smith 25 th  May к

9th June к к
23rd June к к к

6th Ju ly к к
29th Aug 
14th Sept

к
к

60. Pinnularia maior 25th May к
K ütz. 23rd June к

6th Ju ly  
12th Oct к

к

51. Rhizosolenia 25th May к к
longiseta Zách. 9th June 

23rd June
к к

к
к к

6 th  Ju ly к к к к
10 th  Aug к

52. Strauoneis alábamae 13 th  May е
H eid en 25th May е е

6th Ju ly е

53. Stephanodiscus 29th Aug к
hantzschii Gru n . 12th Oct 

21st Oct
к к к

к
ß — m

16*
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TABLE V II ( con tin u ed)

Species Date of 
sampling 1. 2. 3. 4. 5. КВ Note

54. Surirella robusta 25th May к
var. splendida 9th June к к к
( E h e .) V. H e u r c k 23rd June к к к к

6th Ju ly к к
10th Aug к
29th Aug к

55. S . tenera G r e g . 25th May к
23rd June к

6th Ju ly  
10 th  Aug

к
к

56. Syndera асш  K ürz . 6th Ju ly к

57. S . acus var. 13th May к
angustissima G r u n . 25th May 

23rd June к
к

14th Sept к
12th Oct s S S S S

21th Oct s S 8 8 S

C h l o r o p h y t a

Volvooales

58. Chlamydomonas sp. 9 th  June к

59. Pandorina morum 9th .June к ß—m
BORY

Chlorococcales

60. Actinastrum 13 th  May к
hantzschii L a g e r h . 25th  May к к к к

9th  June  
29th  Aug к

к
ß—m

12th Oct к к к к
21st Oct к к к к

61 Ankistrodesmus 13 th  May к
falcatus (C o r d a ) 25th May к к к к к
R a l f s 9th June к

23rd June к
6 th  Ju ly к к к ß—m

10th Aug 
29th Aug к

к к
к

14th Sept к
12th Oct g к к к
21st Oct к g g к

62. A. falcatus var. 25th May е
acicularis (A. 13th May е

B r a u n ) G. S. W e s t 12th Oct е

63. A . falcatus var. 9th Ju ly е
mirabile W. e t G. S. 
W e s t  .
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TABLE V II ( con tin u ed)

Species Date of 
sampling 1. 2. 3. 4. б. КВ Note

64. A . lacustris (Chod.) 25 th  May к к к к
Ostehf. 9th  June к к к к к

23rd June к к к к
6th Ju ly к к к к к к

12th Oct к к

65. A . longissimus 9th June к
(Lemm.) W ille 23rd June  

12th Oct к к
к

66. Chodatella balatonica 9 th  June к
SCHERFFEL

67. C. ciliata (Lagerh.) 9th June к к к к к
Lemm. 23rd June к к к к ß —m

6 th  Ju ly  
10 th  Aug 
29th Aug

к
к к

к

68. C. quadriseta L emm. 25th May 
21st Oct к

к к

69. Coelastrum 25th May к к
microporum N aeg. 9th June к к к к

23rd June к
6th Ju ly к к к ß —m

10 th  Aug к к к к
29th Aug к к к к к
14th Sept к к к к
12th Oct к к к
21st Oct к к к к

70. C. sphaericum Naeg. 9 th  June
10 th  Aug

е
е

29 th  Aug е

71. Crucigenia 9th June к к к
tetrapedia (K ir c h e .) 23rd June к к к
W. e t G. S. W est 6th Ju ly к к ß —m

12th Oct к к
21st Oct к к к

72. Dictyosphaerium 13 th  May к
pulchellum  W ood 9th J  une к к

23th June к к к
6th Ju ly  

10 th  Aug к
к к ß—m

12th Oct к
21st Oct к

73. Oolenkinia radiata 9th June е
Chod. 23rd June к

6th  Ju ly  
10 th  Aug к к

к
к

29th Aug к к к к к
14th Sept к к
12th Oct к к к к
21st Oct к к к к к
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TABLE V II ( con tin u ed)

Species Date of 
sampling 1. 2. 3. 4. 5. КВ Note

74. Micractinium 10th Aug к к
pusillum  F r e s e n t u s 10 th  Aug к к

14th Sept к к к к
12th Oct к к к к
21st Oct к к к

75. Oocystia solitaria 25th May к
W lTT R . 9 th  June к к к к к

23rd June к к к к
6th  Ju ly к к к к к

10th Aug 
29th Aug 
14th Sept

к
к

к

76. Pediastrum boryanum 25th May к к
(T u r p h .) M e n e q h . 9 th  June 

23rd June
к к

к к
6th Ju ly к ß—m

10 th  Aug к к к
29th Aug 
12th Oct к

к
к

к
к

21st Oct к к к

77. P .  boryanum var. 13 th  May к
granulátum ( K ü t z .) 25th May к к к к к к
A . B r a u n 9th  June к к g g к

23th June к к к к
6 th  Ju ly к к к к к

10 th  Aug к к к к
29th Aug к к
14th Sept к к к к к
12th Oct к
21st Oct к к к

78. Pediastrum simplex 25th May к к к к
9 th  June к к к к S

23rd June к к к к к к
6th Ju ly к к к к к

10 th  Aug к к к к к к
29th Aug к к к к к
14th Sept к к к к к
12th Oct к к к к к
21st Oct к к к к к

79. P . tetras (Eh r .) R aues 13 th  May к
9th June к к к g к

23rd June к к к к
6th Ju ly к к к к к к

10th Aug к к
29th Aug к к к к
14th Sept к к
12th Oct к к к к к
21st Oct к к к
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TABLE V II (c o n tin u e d )

Species Date of 
sampling 1. 2. 3. 4. 5. КВ Note

80. Scenedesmm 13th May g
acuminatus 26th May g к к к к к
(Lagerh.) Chod . 9th June к к к к к

23rd June к к к к к к
6 th  Ju ly к к к к

10 th  Aug к к
12th Oct к к к к к
21st Oct к к к к к

81. S . carinatus var. 9th June к к g g
polycostatus 23rd June к к g g к
H ortob. et 6 th  Ju ly к к к к S
N émeth 10 th  Aug к к к к к

29 th  Aug к к к к к
14th Sept к к к к к
12th Oct S g к к к
21st Oct к к к к

82. S . denticulatus L ag. 6th Ju ly к

83. S . dispar B r é b . 9th June к
12th Oct к

84. S . ecornis (Rales) 23rd June к к
Chod . 6 th  Ju ly к к к

85. (S', ecornis var. 23rd June к
disciformis Chod . 21st Oct к

86. S . ellipsoideus Chod. 23rd June к к

87. S . intermedins Chod . 9th June к к к к
23rd June к к к к

6th Ju ly к к к к
10th Aug к к к ß—m
29 th  Aug к
14th Sept к к
12th Oct к к к к
21st Oct к к

88. S . quadricauda 13th May 8
(Td rp .) B r é b . 26th May 8 к к 8 к

9 th  June S к 8 8 8 к
23rd June 8 S 8 8 8 к

6th Ju ly 8 S 8 8 8 к ß — m
10 th  Aug S к к 8 8
29th Aug 8 8 S к 8
14th Sept S S 8 к 8
12th Oct S 8 8 S 8
21th Oct S 8 8 8 8

89. S . quadricauda var. 25th May к
biomata K iss 9th June 8 к 8

23rd June к
6th Ju ly к к к

10th Aug к к к к
29th Aug к к к к
14th Sept к
12th Oct к к g
21st Oct g g



TABLE V II ( con tin u ed)

Species Date of 
sampling 1. 2. 3. 4. 5. К В Note

90. Scenedesmus 9th June g S g g В
quadricauda var. 23rd June g g g g g
biornata f . 6th Ju ly к к к к 8 к
gigantica U h e k k o v . 10 th  Aug к к к к

29 th  Aug к к к к к
14th Sept к к к к к
12th Oct к к к к g
21st Oct g к к

0 1 . S . quadricauda v a r . 13th May 8
longispina (C h o d .) 25th May s к к 8 g
G. M. S m i t h 9th June s к 8 8 8 к

23th June s S 8 8 8 к
6th  Ju ly s S S 8 S к

10th Aug к к к 8 8
29th Aug SS 8 к 8
14th Sept s к g к к
12th Oct s S g к к
21st Oct к к к к

92. S . pannonicus 9th June к к
H o b t o b . 23rd June к к к

26 th  Ju ly к к к
29th Aug к к

93. S . spinosus Chod . 13th May 8
25th May к g к S

9th June к S к к g к
23rd June g g S к

6th Ju ly к к g к ß —ш
10th Aug 
29th Aug

к
к

к

14th Sept 
12th Oct

к
к к к

21st Oct к к к к

94. Selenastrum gracile 9th June к
R einsch 6th Ju ly  

29 th  Aug к
к к

14th Sept к к к

95. Tetraedron caudatum, 13 th  May к
v a r .  incisum. 25th May к к к к g
L a g k b h . 9th  June к g к g к

23rd June g к к к g
6th Ju ly к к к g к

10th Aug к к к к
29th Aug к к к к
14th Sept к к
12th Oct к к к к
21st Oct к к к к

96. T. cruciatum 9th May к к
( W a l l i c h ) W. e t 
G. S. W e s t

10 th  Aug к
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TABLE V II ( con tin u ed)

Species Date of 
sampling 2. 3. 4. 5. КВ Note

97. T . haslatum  var. 9 th  June к к к
palatinum  L e m m . 23rd June к к

6th Ju ly к к к
10 th  Aug к к к
29 th  Aug 
14th Sept

к к
к

21st Oct к

98. T . m inim um  (A. 13 th  May g
B r a u n ) H a n s g . 25th May к к к к

9 th  June к g к S к к
23rd June g к к к g

6th Ju ly к к к g g к
10th Aug к к к к к
29 th  Aug к к к к к
14th Sept к к к к к
12th Oct к к к к к
21st Oct к к к к

99. T. muticum  (A. 9th June к к к
B r a u n ) H a n s g . 23rd June к к к к к

6th Ju ly к к к к
10 th  Aug к к
12th Oct 
21st Oct к к к

к

100. Tetraedron proteifor-
me (T u r n e r ) 
B r u n n t h . 9th June е

101. T. reguläre K ütz. 13 th  May к
9th  June к к к к

23rd June к к к к
10th Aug к к
29th Aug к к к
14th Sept к к
12th Oct к к к к
21st Oct к к к

102. Tetrastrum heteracan-
thum  (N o r d s t .) 
C h o d . 25th May к к

103. T . staurogeniaeforme
(S c h b o e d .) L e m m . 13th May к

9th June к к g к к к
23rd June к к к

6th Ju ly к к к к к ß-m
29th Aug 
12th Oct к к к к

к

21st Oct к к к к к
104. Treubaria triappendi-

culata B e r n . 9th June к к к к к
23rd Ju n e к к к к

6 th  Ju ly к к к к
10 th  Aug 
29th Aug

к
к

к

12th Oct к к
Zygnematales 13th May к
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tribulus) occurred and  reached a  higher num ber of individuals during J u ly — 
A ugust. None o f them  were found before an d  a fte r th e  end o f A ugust.

Am ong th e  3 representatives o f Chrysophyceae, Rhizochrysis limnetica 
was very  frequen t during Ju n e  beginning of A ugust. D uring th e  blue-green 
algal bloom i t  disappeared from  th e  samples. Amphychrysis compressa occurred

Species Date of 
sampling 1. 2. 3. 4. б. КВ Note

105. Closterium acerosum
v a r .  elongatum B b é b . 12th Oct к к

106. Cosmariwm sp. (I.) 25th May к
9th June к к к

23rd June к к к к
6th Ju ly к к к к

107. Cosmarium  sp. (II.) 9th June к к к к
23rd June к

6th  Ju ly к к

108. Cosmarium  sp. (III.) 6th Ju ly  
10th Aug к

к

29th Aug к к

109. Staurastrum furcige-
rum  B b é b . 25th May к

9th June к
23rd June к к

6th Ju ly к к к к к
10th Ju ly к

110. S . gracile R a l f s 9th June к
29th Aug 
14th Sept к

к
к

12th Oct 
21st Oct к

к

111 . S . paradoxum  M e  y e n 25th May к к
9th June к к к к

23rd June к к к к к
6th  Ju ly  

10th Aug.
к к к к

к
29th Aug к

112. Spirogyra sp. (I.) 13 th  May g
9th June к к к

113. Spirogyra sp. (II.) 13 th  May к
9th June к к к

25th June к
M y c o p h y t a

114. Planktomyces békefii
G im f .s i 13 th  May 

10th Aug к
к

■

12th Oct 
21st Oct к

к
к
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in  th e  sam ples o f A ugust. I t  becam e ra re  during  th e  in tense A nabaena bloom 
in  Septem ber an d  was again frequen t in th e  sam ples of places No. 1, 2 an d  3 
in  October.

Pelagic, ben th ic an d  ep iphytic species appeared  am ong th e  species of 
Bacillariophyceae. The pelagic Melosira granulata an d  its  v a r ia n t as well as 
its  spirale form  were presen t from  M ay till th e  end o f October, th e ir num ber 
significantly  decreased during th e  A nabaena bloom, whereas la te r on m any 
em pty  shells were found. In  th e  O ctober sam ples th e  v a rian t and  th e  spiral 
form  reached a  higher num ber o f individuals. T heCyclotellameneghiniana was 
very  frequen t in  all sam ples except th e  period o f algal bloom in Septem ber. 
The individuals o f Fragilaria construens floating  in  forms o f ribbon  an d  th e  
fragile Bhizosolenia longiseta reached  th e ir highest frequency from  M ay till 
th e  beginning of A ugust, during th e  algal bloom  th ey  occurred only sporadic
ally. A fter th e  mass appearance o f blue-green algae none o f them  were found 
again.

The Nitzschia acicularis an d  Synedra acus var. angustissima were of 
ra th e r high frequency from  M ay till Ju n e . None o f them  were found during 
Ju ly  and  A ugust, whereas th e ir num ber ab ru p tly  increased b y  October a t  all 
5 places o f sam pling.

Stephanodiscus hantzschii preferring strongly  eutrophic w aters appeared  
in masses a f te r  th e  A nabaena bloom  in  October.

Ohlorophyta

1971 1 2 3 4 6 Keleti-Bozót

13th May 17
25th May 12 15 11 12 14 4
9th  June 28 29 24 23 34 10
23rd June 23 22 22 25 25 6
6th Ju ly 21 22 25 27 27 11
10 th  August 19 18 13 15 14
29th August 15 19 12 14 18
14th Septem ber 13 11 12 11 15
12th October 21 19 22 15 23
21st Oct. 19 18 22 16 15

The 56 species o f green algae found in  th e  sam ples can be d ivided in to  
3 groups according to  their frequency, sim ilarly as th e  diatom s:

1. Those occurring in  all sam ples an d  showing often  a  high num ber of 
individuals, e.g. Coelastrum microporum, Pediastrum  species, Scenedesmus 
quadricauda an d  its  v arian ts  and  forms, Tetraedron species. These were no t 
influenced by  th e  A nabaena bloom.

2. Those influenced strongly  by  th e  blue algal bloom , th e ir num ber 
o f individuals decreased to  be sporadic during A u g u st—Septem ber. Their 
num ber is higher before and  a fte r th e  algal bloom, e.g. Scenedesmus spinosus, 
Tetrastrum staurogeniaeforme, Treubaria triappendiculata.

3. Two subgroups can be distinguished: a)  Significant num ber of in 
dividuals during M ay - J u n e  —Ju ly , i.e. before th e  A nabaena bloom, e.g. 
Ankistrodesmus lacustris, Chodatella ciliata, Oocystis solitaria, Staurastrum
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furcigerum  and  S. paradoxum. b) H igher num ber of individuals appear just 
during and  a f te r  th e  A nabaena bloom, e.g. Golenkinia radiata, M icradinium  
pusillum.

M ycophyta

1971 1 2 3 4 5 Keleti-Bozót

10th August 
29th August

1
l

14th September 
21st October 1

1
l

The Plandomyces békefii was o f higher frequency before an d  a f te r  the  
A nabaena bloom  in  th e  p lank ton  of th e  pond.

The to ta l num ber of algal species in  th e  pond an d  th e  canal shows the  
following d is trib u tio n :

1971 1 2 3 4 5 Keleti-Bozót

13 th  May 30
25th May 27 28 18 17 24 9
9th June 48 45 36 38 50 15
23rd June 47 40 37 46 46 7
6 th  Ju ly 39 42 49 51 50 20
10th August 33 31 22 29 28 1
29th August 22 32 19 28 37
14th Sept. 20 23 26 22 30
12th Oct. 43 36 39 26 33
21st Oct. 35 30 40 30 32

13th May 25th May
C yanophyta 5% C yanophyta 10%
Chrysophyta 15% Euglenophyta 4%
Chlorophyta 80% C hrysophyta 26%

100% Chlorophyta 60%
100%

9th June 23rd June
C yanophyta 15% C yanophyta 12%
Euglenophyta 5% Euglenophyta 8%
P yrro p h y ta 1% Chrysophyta 20%
Chrysophyta 19% Chlorophyta 60%
Chlorophyta 60% 100%

100%

9th Ju ly
C yanophyta 12%
Euglenophyta 5%
P y rrophy ta 3%
Chrysophyta 20%
Chlorophyta 60%

100%

The percentual d istribu tion  o f th e  algal phy la according to  th e ir num ber 
of individuals in  th e  pond No. 1 on th e  basis o f th e  sam ples of M ay—October, 
was as follows:
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10th A ugust
C y an o p h y ta 30%
E u g len o p h y ta 2%
P y rro p h y ta 2%
C h ry so p h y ta 25%
C hlo rophy ta 40%
M ycophy ta  

14th S ep tem ber

1%
100%

C y an o p h y ta 60%
E u g len o p h y ta 3%
P y rro p h y ta 3%
C h ry so p h y ta 10%
C hlo rophy ta 23%
M ycophy ta 1%

100%

12th  O ctober
C y an o p h y ta 20%
E u g len o p h y ta 6%
P y rro p h y ta 5%
C h ry so p h y ta 35%
C h lo rophy ta 35%

100%

29 th  A ugust
C y an o p h y ta 50%
P y rro p h y ta 5%
C h ry so p h y ta 14%
C h lo rophy ta 30%
M ycophy ta 1%

100%

21st O ctober
C y an o p h y ta 20%
E u g len o p h y ta 5%
P y rro p h y ta 4%
C h ry so p h y ta 30%
C h lo ro p h y ta 40%
M ycophy ta 1%

100%

4. The change of biomass and percentual composition of the zooplankton during 
the periods of investigations

a)  R o ta to ria  p lank ton
The average volum e of 9 predom inating  R o ta to ria  species was calculated 

by  m ultiplication o f m easures of leng th , w id th  an d  thickness.

B rachionus calyciflorus 
B rachionus diversicornis 
A nuraeopsis fissá  
E piphanes m acrourus 
B rachionus angularis 
В . calyciflorus amphiceros 
Proalides tentaculatus 
P edalia m ira  
A sp lanchna  sieboldi

10 688 986 p 3 
3 696 491 p 3 

138 727 p 3 
2 153 005 p 3
1 213 946 p 3
2 997 164 p 3 

131 604 p 3 
943 622 p 3

100 737 294 p 3

Considering the  volum e values determ ined b y  Se b e s t y é n , th e  average 
value o f th e  volum e of one R o ta to ria  individual (except A splanchna) am ounts 
to  1 622 444 p3. Including th e  A splanchna, th is value would be above 7 m il
lions which is wholly unreal. Therefore, we used th e  form er value for th e  cal
culations o f the  biomass.

The R o ta to ria  biom ass shows various d istribu tion  w ith in  th e  tra n s 
versal section bo th  in space and  tim e (Tables V I I I  and  I X ). The lowest value 
were always ob tained  a t  th e  inflow except in a few cases (6th Ju ly , 29th A ugust 
an d  12th October).

13th May:  The predom inant species are identical bo th  qualita tively  and  
in qu an tita tiv e  ra tes a t  th e  places o f sam pling No. 2 —5. A t po in t No. 1, 
Conochilus unicornis was su b stitu ted  by  Brachionus quadridentatus. P redo
m inant species: Keratella cochlearis, Pompholyx sulcata, Keratella tecta, Cono
chilus unicornis, Brachionus angularis, Brachionus quadridentatus.
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TABLE V III

The distribu tion  o f the B otatoria biom ass ( g/m3)  in  pond  N o . 1 in  1971

Date of sampling
Points of sampling *

1 2 3 4 6

13th May 0.400 1.019 1.173 1.055 0.832
25th May 1.537 3.682 3.169 3.432 3.179

9th June 0.270 0.295 0.410 0.280 0.338
23th June 0.165 0.166 0.253 0.209 0.231

6th  Ju ly 0.534 0.469 0.491 0.342 0.317
10th Aug 0.372 0.507 0.460 0.303 0.776
29th Aug 1.598 0.928 1.112 0.837 0.741
14th Sept 0.830 1.025 0.886 1.046 1.120
12th Oct 0.393 0.407 0.417 0.350 0.196
21st Oct 0.165 0.233 0.183 0.170 0.194

TABLE IX

Changes o f the quantitative section o f pond N o . 1 during  in  1971 
(in d iv id u a ls  per litre)

Date of sampling

Points of sampling 13. 25. 9. 23. 6. 10. 29. 14. 12. 21.
У. V. VI. VI. VII. VIH. T i l l . IX . X. X.

l . 2408 9 241 1624 991 3209 2237 9610 4991 2361 990
2. 6127 22 143 1776 998 2818 3050 5580 6167 2450 1403
3. 7055 19 115 2464 1524 2953 2767 6685 5331 2508 1099
4. 6344 20 638 1684 1260 2056 1823 5031 6288 2106 1022
5. 5004 19 119 2034 1392 1908

■
4664 4457 6737 1181 1167

25th May:  The p redom inant species are identical on all th e  5 places 
of sam pling. Their qu an tita tiv e  d istribu tion  shows identical ra tes on points 
No. 2 —5 and  differs only on No. 1. P redom inan t species: Pompholyx sulcata, 
Brachionus diversicornis, Keratella tecta, Brachionus calyciflorus dorcas, Kera- 
tella quadrata.

The horizontal d istribu tion  of th e  p redom inant species was roughly 
uniform  on th e  whole area o f th e  pond  in  those tw o tim es of sam pling.

19th June: Only tw o p redom inant species are common in all places of 
sam pling (Keratella tecta, Pompholyx sulcata). F u rth e r p redom inant species: 
Filina longiseta, Brachionus angularis, Brachionus quadridentatus, Brachionus 
diversicornis, Keratella quadrata.

23rd June: F our of th e  5 p redom inan t species appeared  a t  all 5 points 
o f sam pling. The q u an tita tiv e  ra tes o f th e  predom inant species, however, 
strongly  varied. P redom inan t species: Keratella tecta, Pompholyx sulcata, 
Brachionus angularis, Polyarihra vulgaris, Filina longiseta, Keratella cochlearis, 
Brachionus calyciflorus dorcas, Trichocerca pusilla.

6th July: Polyarthra vulgaris and  Pompholyx sulcata occurred in  the  
highest ra tes a t  points No. 1, 2 and  3, whereas a t  No. 4 and  5, Keratella tecta
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an d  Brachionus angularis represen ted  th e  largest mass. The p redom inant 
species were q ualita tively  iden tical on places No. 3, 4 and  5, however, th e ir 
ra tes were d ifferent to  each other. P redom inan t species: Pompholyx sulcata, 
Polyarthra vulgaris, Keratella tecta, Brachionus angularis, Filinia longiseta, 
Keratella cochlearis. The las t one was represented by  its  subspecies, K. c.macra- 
cantha on places No. 1 and  2. A p art from  th e  p redom inant species listed  above, 
th e  Brachionus budapestinensis also appeared. A t po in t No. 2, Keratella quadrata 
predom inated  in stead  o f K. cochlearis.

10th August: Am ong th e  predom inating species, th e  f irs t place was 
occupied b y  Filina longiseta a t  all sam pling points, its  num ber of individuals 
varied  betw een 1073— 1846 per litre. A p art from  it, 5 species were found 
occurring a t  least a t  4 poin ts in  p redom inant quantities: Brachionus calyci- 
florus amphiceros, Keratella tecta, Anuraeopsis fissá, Proalides tentaculatus, 
Polyarthra vulgaris. F rom  th e  last tw o th e  form er and  la tte r  were absent a t  
poin ts No. 2 an d  1, respectively. O ther p redom inant species: Trichocerca 
pusilla in  places No. 1, 2, 4 and  5; Brachionus calyciflorus anuraeiformis a t 
points No. 2, 4 an d  5; Brachionus angularis a t  poin ts No. 4 and  5; Brachionus 
budapestinensis a t  po in t No. 2; Pedalia mira a t  No. 3; a  Bdelloidea sp. and  
Asplanchna sieboldi a t  No. 5.

29th August: The highest num ber of individuals was yielded b y  Epi- 
phanes macrourus (2034—2599 per litre) a t  points No. 2 —5. The num ber o f 
p redom inant species am ounts to  8 (Epiphanes macrourus, Polyarthra vulgaris, 
Anuraeopsis fissá, Keratella tecta, Filinia longiseta, Keratella cochlearis, Pedalia 
mira, Proalides tentaculatus). Five of them  occurred a t  all 5 points of sam pling, 
tw o o f them  (Keratella cochlearis and  Proalides tentaculatus) were absen t from  
points No. 4, and  1, and  so was Pedalia mira from  No. 1 and  2. On th is  basis 
th e  pond can be regarded as uniform  in th e  period of investigation. W ide 
qu an tita tiv e  differences occurred, however, ju s t in th is period (the to ta l 
num ber o f individuals per litre  was alm ost tw ice as high a t  po in t No. 1 th an  
a t  th e  others).

14th September: Am ong th e  p redom inant species, th e  q u an tita tiv e  ra tes 
of Anuraeopsis fissá and  Keratella tecta were nearly  identical a t  th e  sam pling 
po in t of th e  transversal section. The num ber o f p redom inant species was 10 
(Anuraeopsis fissá, Keratella tecta, Polyarthra vulgaris, Filinia longiseta, E pi
phanes macrourus, Keratella cochlearis, Brachionus calyciflorus amphiceros, 
Brachionus angularis, Chromogaster ovális, Proalides tentaculatus); 6 w ere 
common a t  all points o f sam pling, Brachionus calyciflorus amphiceros was 
absent a t  po in t No. 2, and  so was Brachionus angularis a t  No. 1 an d  3. Chrom o
gaster and  Proalides were present in  a  dom inant q u an tity  only a t  po in t No. 5.

12th October: The num ber of p redom inating species decreased to  5, an d  
to  3 a t  po in t No. 1. The transversal section can be regarded as uniform  from  
th e  view po in t of th e  com position o f th e  qualita tive  R o ta to ria  p lankton . P re 
dom inant species: Polyarthra vulgaris, Brachionus angularis, Brachionus calyci
florus amphiceros, Keratella tecta, Keratella cochlearis.

21st October: The num ber of predom inating species was 3 and  2 a t  p o in t 
No. 1. As regards th e  qualita tive  com position of R o ta to ria  p lankton , th e  5 
sam pling po in t were identical. The qu an tita tiv e  relationships were balanced. 
P redom inan t species: Brachionus angularis, Brachionus calyciflorus amphi
ceros, Polyarthra vulgaris.

The num ber of species encountered during th e  whole investigation was 62.
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1. A sp la n ckn a  am phora  W e s t e r n
2. A sp lanchna  brightwelli G osse
3. A sp lanchna  girodi d e  Gu e r n e
4. A sp lanchna  sieboldi (Le y d ig )
5. A n m a eo p s is  fissá  (Go sse)
6. Bdelloidea  sp.
7. B rachionus angularis  G osse
8. B rachionus budapestinensis  D ad  ay
9. B rachionus calyciflorus calyciflorus P a llas

10. B rachionus calyciflorus anuraeiform is  B r e h m
11. B rachionus calyciflorus amphiceros (E h r b g )
12. B rachionus calyciflorus dorcas B r e h m
13. B rachionus calyciflorus dorcas sp inosa  (W ie r z e js k i)
14. B rachionus diversicornis diversicornis  (D a d a y )
15. B rachionus leydigi Coh n
16. B rachionus p lica tilis  Mü l l e r
17. B rachionus rubens E h r e n b e r g
18. B rachionus quadridentatus H er m a n n
19. B rachionus quadridentatus ancylognathus Schm arda
20. B rachionus quadridentatus brevispinus  E h r e n b e r g
21. B rachionus quadridentatus cluniorbicularis Sk o r ik o v
22. B rachionus quadridentatus rectangularis (Lu c k s )
23. B rachionus quadridentatus rhenanus  (L a u ter b o r n )
24. Cephalodella gibba (E h r b g )
25. Chromogaster ovális (B e r g e n d a l )
26. Colurella adriatica  (E h r b g )
27. Colurella colurus (E h r b g )
28. Colurella obtusa (G o sse)
29. Colurella obtusa aperta  H a n e r
30. Collotheca sp.
31. Conochilus un icorn is  R o u sselet
32. E uch lan is deflexa  (G o sse)
33. E uch lan is d ilatata luclcsiana  H a u e r
34. E piphanes m acrourus B a r ro is  & D ad ay
35. F il in ia  longiseta  (E h r e n b e r g )
36. K eratella  cochlearis G osse
37. K eratella  cochlearis macracantha  L a u ter b o r n
38. K eratella  cochlearis m acracantha m icracantha  L a u ter b o r n
39. K eratella  tecta G osse
40. K eratella  quadrata  Mü l l e r
41. Lecane bulla  G osse
42. Lecane closterocerca Sch m erd a
43. Lecane ham ata  Sto k es
44. Lecane lunaris  (E h r b g )
45. Lecane stenroosi M e is s n e r
46. Lepadella ovális Mü l l e r
47. Lepadella patella  Mü l l e r
48. Lophocaris sá lp ina  (E h r b g )
49. M onom m ata  longiseta  Mü l l e r
50. M y til in a  m ucronata  Mü l l e r
51. P edalia  m ir  a  H u d so n
52. P la ty ia s  quadricornis (E h r e n b e r g )
53. P hilod ina  sp.
54. P olyarthra  vulgaris Ca r l in
55. P om pholyx  sulcata  H u d so n
56. Proalides tentaculatus d e  B ea uch am p
57. Proales sp.
58. Rotatoria  sp.
59. Trichocerca d ixon-nutta lli J e n n in g s
60. Trichocerca p u silla  J e n n in g s
61. Trichocerca styla ta  G osse
62. Trichotria  pocillum  Mü l ler
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Considering the  whole period of investigations, we m ay s ta te  th e  follow
ing.

1. The characteristic species o f th e  open w ater p lank ton  such as Kera- 
tella cochlearis, Pompholyx sulcata, Keratella tecta, Keratella quadrata p redom in
ating  a t  th e  beginning of May, com pletely d isappear by  A ugust, and  are no t 
found in  significant quan tities even la ter.

2. The appearance o f Pompholyx sulcata in  th e  w ater indicates a tem 
p era tu re  o f ab o u t 20° C an d  contam ination. I ts  disappearance b y  A ugust 
cannot be explained b y  th e  change in  tem p era tu re  b u t can be connected only 
w ith  th e  increase o f pollution. This is also proved  b y  th e  occurrence of th is 
species in  L ake B alaton  (it is absen t in  th e  K eszthely  B ay, Zánkai an d  P ony i, 
1970; 1972).

3. Filinia longiseta is o f a cold stenotherm ic character in  L ake B alaton , 
whereas in  th e  pond investigated  it  grows b e tte r  a t  higher tem peratures.

b)  C rustacean p lank ton
The changes o f th e  C rustacean biom ass show a uniform  p a tte rn  in  th e  

pond. T he developm ent of Cladocera m ass results in a  m axim um  a t  th e  early

T A B L E  X

Q uantitative changes o f biom ass o f the Crustacea-planlcton in  the transversal section 
o f pond  N o . 1 ( the values are i n  g /m 3)  in  1971

Date of sampling Groups of crabs
Points of sampling

1 . 2. 3. 4. 5. KB

Cladocera 0.092 0.060 0.140 0.088 0.098
13 th  May Copepoda 0.129 0.220 0.494 0.215 0.179 —

Total Crustacea 0.221 0.280 0.634 0.303 0.277 —

Cladocera 0.252 1.266 0.870 0.630 0.860 —

25 th  May Copepoda 0.320 0.340 0.423 0.562 0.354 —

T otal Crustacea 0.572 1.606 1.293 1.192 1.214 —

Cladocera 4.466 4.450 5.066 3.140 1.910 0.674
9th  June Copepoda 0.579 0.453 0.497 0.845 0.293 0.229

T otal Crustacea 5.045 4.903 5.563 3.985 2.203 0.903
Cladocera 2.130 1.684 3.526 4.244 3.956 0.164

23rd June Copepoda 0.212 0.439 0.442 0.577 0.599 0.041
T otal Crustacea 2.342 2.123 3.968 4.821 4.545 0.205
Cladocera 0.400 4.110 1.730 2.097 1.140 0.166

6 th  Ju ly Copepoda 0.221 0.472 0.437 0.105 0.343 0.021
Total Crustacea 0.621 4.582 2.167 2.202 1.483 0.187
Cladocera 0.060 0.064 0.036 0.054 0.010 —

10th Aug Copepoda 0.189 0.283 0.323 0.291 0.314 —

Total Crustacea 0.249 0.347 0.359 0.345 0.324 —

Cladocera 0.024 0.030 0.026 0.001 0.010 —

29th  Aug Copepoda 0.280 0.184 0.164 0.098 0.084 —

Total Crustacea 0.304 0.214 0.190 0.099 0.094 —

Cladocera 0.006 0.006 0.016 0.010 0.004 —

14th Sept Copepoda 0.121 0.116 0.112 0.117 0.040 —

Total Crustacea 0.127 0.122 0.128 0.127 0.044 —

Cladocera 0.006 0.002 — — — —

12th Oct Copepoda 0.026 0.045 0.065 0.036 0.045 —

Total Crustacea 0.032 0.047 0.065 0.036 0.045 —

Cladocera 0.014 0.004 0.006 0.002 0.008 —

21st Oct Copepoda 0.094 0.043 0.079 0.090 0.058 —

Total Crustacea 0.108 0.047 0.085 0.092 0.066 —

17
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sum m er (about 4 g per m 3) and  ab ru p tly  decreases b y  A ugust. L a te r on its  
am oun t is m inim al (F ig. 2, Table X ) .  The Copepoda biom ass is m uch lower 
(0.2—0.5 g per m 3) during spring an d  early  sum m er seasons th a n  th a t  of 
Cladocera, however, from  A ugust when th e  biomass of Cladocera is insignificant, 
th a t  o f Copepoda is considerable.

g/m3

F ig . 2. T he change o f  b iom ass o f C ladocera an d  C opepoda in  th e  w hole sec tion  o f  in 
vestiga tion . x —x—x  C ladocera; о—о—о C opepoda

The Cladocera biom ass consists practically  of Bosmina longirostris and  
Chydorus sphaericus (Table I X ) .  T he ra re  occurrence of Daphnia hyalina 
(and generally th e  species o f Daphnia)  is connected w ith  th e  fact th a t  these 
anim als possessing a  fine filtering ap p a ra tu s  hard ly  a t  all, or can no t live 
in  w aters rich  in  corpuscular organic substances (moorish w aters). Their 
filtering ap p ara tu s  becomes clogged an d  consequently th ey  die.

T he biom ass o f Copepoda is com posed essentially o f Acanthocyclops 
vernalis and  Cyclops vicinus (Table X I ).  B o th  species possess a  high ecological 
tolerance. The form er is expressis verbis carnivorous (feeds on sm all larvae 
o f w ater insects an d  worms), whereas th e  la tte r  lives on th e  sm aller m em bers 
o f th e  p lank ton  (algae, R o ta to ria ) as well as on o ther p lan t fragm ents.

D uring th e  investigations 18 Cladocera, 6 O stracoda and  7 Copepoda 
species, varieties an d  form s were identified  (Table X I I ) .
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T he occurrence o f Crustacea species in  pond  N o . 1 and in  the canal K eleti-B ozót
in  1971

TABLE X II

Species
Pond No. 1

Keleti-Bozót
plankton mud

Cladocera
Bosmina longirostris f. cornuta + + +
Bosmina longirostris f. curvirostris +
Chydorus sphaericus + + +
Pleuroxus trigonellus +
Macrotrix laticornis +
Ilyocryptus sordidus +
Ilyocryptus agilis + +
Scapholeberis kingi +

Cladocera
Ceriodaphnia pulchella +
Daphnia hyalina var. lacustris +
Simocephalus vetulus + +
M oina rectirostris +
Alona guttata +
Alona rectangula + +
Alona affinis + + +
Alona quadrangularis + + +
Leydigia leydigii + + +
Leydigia acanthocercoides + +

Ostracoda
Lymnocythere inopinata +
Cyclocypris laevis + + +
Cypridopsis vidua +
Cyclocypris ovum +
Cypria ophtalmica + +
Darwinula stevensoni +

Copepoda
Macrocyclops albidus +
Cyclops vicinus +
Acanthocyclops vernalis +
Thermocyclops crassus +
Paracyclops fimbriatus + +
Eucyclops serrulatus +
Nitocra hibemica +

5. Changes of the dissolved 0 2 in  the transversal section of pond No. 1

The m easurem ents o f oxygen concentrations carried o u t 10 tim es (Fig.  3) 
revealed th a t  th e  values were more or less d ifferent a t  th e  po in ts o f sam pling 
a t  th e  sam e tim e. As a  rule, higher values were ob tained  in  th e  cen tral regions 
while near th e  shore th ey  were lower. T he oxygen concentration o f po in t No. 1 
(a t th e  inflow) showed significant differences 3 tim es (23rd Ju n e , 29th A ugust 
an d  15th Septem ber) as com pared to  th e  o ther place near th e  shore, i.e. No. 5.
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02mg/l

Fig. 3. The quantities of the oxygen dissolved in  the  w ater a t  th e  places of sam pling
of pond No. 1

The values were 9, 10 an d  6 a t  po in t No. 1, respectively, whereas a t  th e  o ther 
place 21, 20 and  12 m g/litre, i.e. ju st tw ice as high. The difference is presum ably 
due to  th e  effect o f th e  inflowing sewage-water.

The d a ta  o f Fig. 3 indicate th a t  th e  oxygen concentration of th e  w ater 
is o f decreasing tendency  from  M ay till Septem ber an d  it  increases again 
only from  October. A t th e  beginning o f May, th e  average 0 2 concentration 
was 36 m g/litre, whereas a t  th e  end o f M ay and  in  Ju n e  it am ounted  to  19 — 22 
mg/1. D uring Ju ly , A ugust and  Septem ber, th e  average value varied  between 
10—15 mg/1. I t  increased again to  reach th e  early  sum m er value during 
October.

On th e  6 th  Ju ly  an d  29th A ugust th e  oxygen con ten t analyzed  th ro u g h 
ou t a day  (24 hr). I t  was found th a t  in th e  middle o f the  pond  (point No. 3) 
th e  oxygen supply  was sufficient for th e  fishes even in  th e  “ critical” period 
of early  m orning, however, a t  th e  po in t o f inflow i t  is so low in A ugust (1 
mg/1) to  be insufficient for them  (Fig.  4).  F urtherm ore , th e  oxygen supply 
is b e tte r  generally in  th e  m iddle o f th e  pond  th a n  near th e  shore. Sim ilar 
observations were m ade in o ther fish-ponds by  H a n n a n  an d  A n d e r s o n  
(1971).
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02mg/l

Fig. 4. T he  q u a n ti ta t iv e  change o f oxygen  d issolved in  th e  w a te r  d u rin g  24 h r  a t  tw o  
p o in ts  (No. 1 a n d  3) o f  po n d  N o. 1

6. Some reasons for the changes in  biomasses of the more important groups of 
plankton

A ccording to  our investigations, th e  bacteria , algae, R o ta to ria , C rustacea 
rep resen t th e  groups of g reatest im portance influencing th e  p lanktonic biom ass 
to  th e  h ighest ex ten t. The d a ta  regarding th e  biom ass o f those groups are 
sum m arized  in  Table X I I I .

In  th e  beginning o f May, th e  biom ass is com posed in  a nearly  identical 
p ro p o rtio n  o f th e  algae (B.5 g per m 3) an d  bac teria  (2.2 g per m 3), followed 
b y  R o ta to r ia  (0.89) and  las t comes th e  C rustacea p lank ton  (0.32). U pon th e  
influence o f th e  re la tively  high algal an d  bac teria l biomasses, m ainly the  
R o ta to r ia  showing a  quick propagation  increase am ong th e  m em bers of th e  
zooplankton , th en  i t  is followed b y  a  large increase o f C rustacea (Bosmina) 
p lan k to n . P resum ably , th e  algal an d  bac teria l biom asses fu rth e r decrease on 
th e  effect of zooplanktonic biomasses.

T he organic substances arriv ing w ith  th e  sewage-w ater in  an  increasing 
q u an tity  from  the  beginning of Ju ly , induced an extensive A nabaena bloom. 
On its  effect th e  bac teriop lank ton  as well as th e  R o ta to ria  and  C rustacea 
biom asses were reduced ( Fig. 5, Table X I I I ) .  The A nabaena biom ass reached 
its  m axim um  in th e  m iddle of Septem ber. B etw een Ju ly  an d  Septem ber, only 
th e  R o ta to r ia  biom ass is considerable, ap a rt from  th e  algal mass, th e  form er 
d isplayed a  m axim um  a t  th e  end  o f A ugust (1 g per m 3). The bac teria l mass 
becomes significant only a f te r  th e  decrease of algae. The Crustacea biom ass 
com pletely lost its  significance from  A ugust owing to  th e  algal bloom. Signi
fican t differences appeared  betw een th e  points of sam pling as regards th e  b io 
m ass of th e  to ta l p lank ton  (bacteria, algae, R o ta to ria  an d  Crustacea) from  
J u ly  w hen  th e  loading w ith  sewage-w ater increased (Table X I I I ,  Fig.  6).  
The re la tiv e ly  lowest biom ass value was found during th e  whole period  of
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TABLE X III
Quantitative changes of the total planktonic biomass in  pond N o. 1 during 1971

( g dry weight I m 3)

Date Groups of organism
Points o f  R am p lin g

Average1. 2. 3. 4. 6.

13. У. Bacteria 2.20 2.10 1.80 2.40 2.30 2.16
Algae 4.70 2.90 3.70 4.20 2.00 3.50R otatoria 0.40 1.02 1.17 1.05 0.83 0.89
Crustacea 0.22 0.28 0.63 0.30 0.28 0.34

25. V. Bacteria
Algae — — __ _
R otatoria 1.54 3.68 3.17 3.43 3.18 3.00
Crustacea 0.57 1.61 1.29 1.19 1.21 1.17

9. VI. Bacteria 0.80 0.60 0.80 0.70 1.10 0.80
Algae 1.40 1.60 2.00 1.30 1.60 1.58
R otatoria 0.27 0.29 0.41 0.28 0.34 0.32
Crustacea 5.04 4.90 5.56 3.98 2.20 4.33

23. VI. Bacteria 4.20 3.60 2.80 2.20 2.40 3.04
Algae 3.10 5.70 4.60 5.30 4.90 4.92R otatoria 0.16 0.17 0.25 0.21 0.23 0.20
Crustacea 2.34 2.12 3.97 4.82 4.54 3.55

6. V II. Bacteria 0.05 0.07 0.09 0.10 0.10 0.08
Algae 22.80 29.40 30.70 26.80 25.90 27.12
R otatoria 0.53 0.47 0.49 0.34 0.32 0.43
Crustacea 0.62 4.58 2.17 2.20 1.48 2.21

10. V III. Bacteria 0.80 0.20 0.20 0.20 0.20 0.32
Algae 23.20 30.10 30.10 24.30 27.80 27.10
R otatoria 0.37 0.51 0.46 0.30 0.78 0.48
Crustacea 0.25 0.35 0.36 0.34 0.32 0.32

29. V III. B acteria 0.50 0.40 0.30 0.30 0.60 0.42
Algae 33.60 27.20 26.10 33.00 37.10 31.40
R otatoria 1.60 0.93 1.11 0.84 0.74 1.04
Crustacea 0.30 0.21 0.19 0.10 0.09 0.17

14. IX . Bacteria 2.70 2.50 2.10 1.80 2.90 2.40
Algae 15.60 41.10 39.40 36.50 40.60 34.64
R otatoria 0.83 1.02 0.89 1.05 1.12 0.98
Crustacea 0.13 0.12 0.13 0.13 0.04 0.11

12. X. Bacteria 4.10 3.90 4.20 4.30 4.10 4.12
Algae 7.50 7.50 1.10 0.50 2.30 3.78
R otatoria 0.39 0.41 0.42 0.35 0.20 0.35
Crustacea 0.03 0.05 0.06 0.04 0.04 0.04

21. X . Bacteria 4.80 4.70 4.60 5.00 4.20 4.66
Algae 1.70 5.20 2.90 8.70 6.90 5.08
R otatoria 0.16 0.23 0.18 0.17 0.19 0.19
Crustacea 0.11 0.05 0.08 0.09 0.07 0.08
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д/т3

Fig. 5. T he changes in  th e  b iom ass o f th e  m o s t im p o rta n t p lan k to n ic  g roups a t  a ll
th e  p o in ts  o f th e  p o n d  N o. 1. о—• B ac te r ia ; о— .— .—о A lgae; о---------- о R o ta to ria ;

о — — о C ru stacea

investigations a t  po in t No. 1 (at th e  inflow) and  th e  highest a t  po in t No. 2. 
The averages are as follows:

P o in t N o. 1 
P o in t N o. 2 
P o in t N o. 3 
P o in t N o. 4 
P o in t N o. 6

14.96 g /m 3 
19.18 g /m 3 
18.05 g /m 3 
17.82 g /m 3 
18.62 g /m 3

The differences in p lanktonic com position as well as o f biom ass values 
m ust be looked for in  th e  q u an tity  an d  quality  of th e  sewage-water. The 
insignificant role o f C rustacea p lank ton  during sum m er and  th e  lower biom ass 
value near th e  inflow m ay  ind icate  th e  in let of a considerable am oun t o f 
detergents in to  th e  system . T he p ractically  com plete absence o f D aphnia 
species as well as th e  secondary role o f Cladocera during th e  sum m er season 
involves a lim ited  tran sp o rta tio n  o f th e  increased algal biom ass along th e  
food chain. These questions will be discussed la te r in  connection w ith  fish 
production.

7. Investigations on the benthos in  the transversal section of pond No. 1

a) D etailed  chemical analyses o f an  average sam ple. The m ud sam ple 
tak en  betw een poin ts No. 1 an d  2, i.e. near th e  shore is be classified to  be an
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Fig. 6. T he u p p e r  cu rves 1 — 6 show  th e  b iom ass changes o f  algae a n d  b ac te ria , th e  low er 
ones those  o f  th e  to ta l  zo o p lan k to n  a t  th e  five  p o in ts  d u rin g  th e  w hole period  o f  in v e s ti

ga tions

organic m ud (Tables X I V  an d  X V ).  I t  proved to  be of ra th e r inhom ogeneous 
com position during th e  analyses.

I ts  reaction was neu tra l, although contained 22,4 percent C aC 03. This 
originates m ainly in  fragm ented  shells o f mussels and  snails.

In  th e  m ud sa tu ra te d  up  to  th e  level o f flow  (K A num ber: 170), 0.11 
percent w ater-soluble salts were m easured, indicating a  tendency  to  salt- 
accum ulation.

The com pact fractions contained more F e3+, S O |+ an d  S i0 2 th a n  th e  
d isin tegrated  one.

The fraction  o f th e  m ud sedim entable b y  boiling (percentage o f th e  
particles of less th an  0.02 mm) was low, 16.03 percent, indicating a re la tive ly  
high am ount of non-hum ificated  organic m a tte r in  th e  m ud, contrad icting  th e  
results ob tained  by  hum id decom position an d  burning.

Among th e  in terchangeable cations of th e  m ud, Ca2+ predom inated , 
however, th e  am oun t o f Mg2+ was alm ost th e  sam e, while th a t  o f N a + and  
K + was re la tive ly  low.



266

TABLE XIV

The results of investigations of the mud-samples taken near the shore 
(between the points of sampling Nos. 1—2)  of the pond of Fonyód (1971)

Reaction: 7.10 pH  
K A (H 20 )
T otal am ount of water-soluble salts 
C aC03
Sluiceable fraction 
Fe3+ in  the disintegrated fraction 
Fe3+ in  the compact fraction 
H um us by  hum id decomposition 
Organic substance by  burning 
P 2Os soluble in  aqua regia 
K 20  soluble in  aqua regia 
T otal N
E asily  soluble P 20 5-(A1-P) 
M oderately soluble P 20 5-(A1-P) 
H ard ly  soluble P 20 5-(A1-P)
Binding of phosphorous 
E asily  soluble K 20-(A1-K)
S O |— in th e  disintegrated fraction 
S O |_ in th e  compact fraction 
S i0 2 in  th e  disintegrated fraction 
S i0 2 in  th e  compact fraction 
P 20 5 in  the disintegrated fraction 
P 20 5 in th e  compact fraction

170
0 .11%

22.40%
16.03%
41.94 m g/100 g 

1358.90 m g/100 g 
23.20%
66.42%

192.00 m g/100 g
235.00 m g/100 g
900.00 m g /l0 0  g

52.00 m g/100 g  
39.10 m g/100 g
13.00 m g/100 g 
90.00%
21.00 m g/100 g 

134.43 m g/100 g
3696.79 m g/100 g  

12.50 m g/100 g  
104.06 m g/100 g
180.00 m g/100 g
150.00 m g/100 g

The exchangeable cations of th e  m ud:

mg/100 g
Ca2+ 1010.00
Mg2+ 541.04
N a+ 34.75
K +  26.50

T he w ate r-ex trac t analyses o f th e  m ud are only inform ative results, 
since th e y  give p relim inary  prognosis to  a  certain  ex ten t to  th e  secondary 
quality  of th e  w ater, an d  allows us to  calculate th e  order o f m agnitude o f d is
solution of th e  m ud com ponents during th e  refilling o f th e  fish-pond.

T he large 0 2-consum ption of th e  w ate r-ex trac t is considerable in  th is  
respect. The am oun ts o f inorganic nitrogen, P O f-  an d  F e3+ are rem arkable 
in  th e  aqueous ex tracts . In  a  m ud-w ater o f 1 : 5 ex trac t 455.6 mg/1 salts were 
dissolved.

The chemical ty p e  o f th e  aqueous ex trac t is characterized b y  Ca-hydro- 
carbonate.

The m ud is rich  in  N  and  phosphorous an d  contains sm all am ounts 
of K 20  soluble in  aqua regia, as th e  m orassy soils do in  general. As com pared 
to  th e  soluble P 20 5, even th e  soluble K 20  is inconsiderable. The am ount of 
P 20 5 soluble only in  aqua regia is nearly  identical w ith  th e  P 20 5 con ten t of 
th e  com pact an d  hum ificated  fractions (even th e  d isin tegrated  fraction  
contains a  considerable am oun t of P 20 6). Tw enty-seven percent o f th e  P 20 5 
soluble in  aq u a  regia is easy to  dissolve. Using a  continuous dissolution, th e  
second results in 39.10, th e  th ird  in 13.00 mg P 2Os per 100 g. Therefore, more 
th a n  a h a lf of th e  P 20 5 soluble in  aqua  regia can be dissolved to  different 
degrees (easily, m oderately  and  hardly).
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The data of analysis of the water extract of the mud 
prepared using a water : mud rate of 5 : 1 (1971)

TABLE XV

Reaction: 7.30 pH  

0 2-consumption
mgßf200 g mud

(0.01 n  K M n04) 56.98
T otal degree of hardness 12.01
Soluble sulphide 4.87
Calculated H 2S 0.98
A lkalinity L° 2.73

Na+ 40.09
K + 6.3
Ca2+ 37.5
Mg2 + 29.5
Fe3+ 1.7
NH+ 3.0

HCO3 166.6
c i - 11.3
s o j - 128.3
P O f- 0.8
SiO2“ 17.8
n o 2 6.6
NOj 5.3

Sum of cations 118.9
Sum of anions 336.7
Cations and anions together 455.6

D uring th e  labo ra to ry  experim ents o f dunging th e  applied  am oun t of 
P 20 5 (10 m g/100 g) was bound to  90 percent, th e  binding, however, was weak, 
i t  was easy to  liberate, observed during  th e  continuous dissolution o f th e  
dunged m ud. The bound P 20 5 was given back  during th e  second or th ird  
dissolution. Therefore, th e  m ud sam ples o f F onyód contain  considerable 
am ounts of N , P 20 5, F e3+ and  SO f- . Large 0 2 consum ption and  P 20 5 as well 
as N  am ounts can be precalcu lated  during  refilling.

b) Q uan tity  an d  quality  of th e  ben th ic  organism s. According to  th e ir 
sites th ey  can be d ivided in to  3 groups: m acro-, micro- an d  m eiobenthos. 
The term  m acrobenthos involves th e  Chironom ida-Tubifex, th e  m eiobenthos 
th e  N em atoda-Cladocera-Copepoda, while th e  m icrobenthos includes th e  algae 
and  unicellular anim als. W e call th e  m acrobenthos above 2 mm , th e  m eio
benthos betw een 2 an d  0.1 mm.

M acrobenthos
The points of transversal section investigated  proved to  be very  poor 

in m acrobenthic organisms. Only near th e  inflow (No. 1) have we found a  few 
Tubifex sam ples. The alm ost com plete absence of th e  m acrobenthos can be 
explained by  th e  ac tiv ity  o f carps searching for these organisms.

M eiobenthos
Only th e  N em atoda showed a higher frequency in th is group, whereas 

th e  o ther organism s occurred only sporadically  (Table X V I ) .
I t  deserves special in te rest th a t  th e  N em atoda were alm ost w ithou t 

exception juvenile forms. This obviously indicates th a t  th e  fish have optim al
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TABLE XVI
The occurrence oj the members of meiobenthos in  the transversal section of the pond

Place of sampling No. 1. Place of sampling No. 2.

13. 9. 6. 29. 12. 13. 9. 6. 29. 12.
Y. VI. VII. VIII. X. Y. YI. VII. vm. X.

N em atoda 367 17 114 17 47 17 19 2 8 64
Oligochaeta — — — — — 33 — 3 — —

Cladocera — — — — — — — 8 3 3
Ostracoda 17 17 3 — — 17 — — 3 _
Copepoda
D iptera

50 33 14 17 8 — — 5 — —

Total 434 67 131 34 55 67 — 35 34 67

accers to  th e  ben th ic  organism s. On th is  basis one can clearly explain the  
sporadic occurrence o f the  organism s larger in  size th a n  th e  N em atoda (Clado- 
cera, Copepoda, O ligochaeta, D iptera). This peculiar phenom enon can only be 
explained by  th e  fact th a t  th e  toxic substances (e.g. detergents) of th e  inflow 
are fixed  b y  th e  m ud surface o f po in t No. 1. Therefore, Cladocera being re la 
tiv e ly  sensitive to  environm ental effects, im m ediately die.

One can point out the interesting occurrence of the mud-living Clado
cera. Whereas these animals are absent in the mud near the inflow, their num
ber increases towards the other side of the pond.

H ydracarina  and  T ard igrada organism s occur sporadically in  th e  benthos.
Biomass values were only calculated  for th e  more frequen t N em atoda 

(Table X V I I ) .  The d a ta  indicate th a t  th e  largest biom ass value was yielded 
b y  po in t No. 1, i.e. th e  inflow region during th e  whole period of investigation.

TABLE X V II

Changes of Nematoda biomass in  pond N o. 1 ( mg/mг)  during 1971

Points of 
sampling

Dates of sampling
Average

13. V. 9. VI. 6. VTL 29. Y in . 12. X.

l . 6.0 0.3 2.0 0.3 0.8 1.8
2. 0.3 — 0.3 0.5 1.1 0.5
3. 0.5 0.3 0 .1 0.5 0.1 0.3
4. 0.3 0.8 0.1 0.3 0.1 0.3
5. 2.2 0.5 0.3 0.1 0.5 0.7

The reason is th a t  th is group is less sensitive to  environm ental changes th an  
th e  Cladocera, and  there  are  m any species am ong them  preferring th e  medium  
of high organic content. Considering th e  fact th a t  ap a rt from  th e  spring and  
early  sum m er seasons, th e  zooplanktonic biom ass plays only a  secondary role 
beside th e  phy top lank ton , th e  m em bers of th e  m eiobenthos m ay be o f higher 
im portance in th e  n u tritio n  of fish th an  i t  had  been assum ed before th e  in 
vestigations.
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investigated in  1971. (V a lu e s  are given in  individuals!dm 2, rounded o f figures)

Place of sampling No. 3. Place of sampling No. 4. Place of sampling No. 5.

13. 9. 6. 29. 12. 13. 9. 6. 29. 12. 13. 9. 6. 29. 12.
V. VI. VII. Y in . X. Y. YI. VII. VIII. X. V. VI. VII. VIH. X.

33 17 5 30 3 17 50 8 17 5 133 33 19 5 36
— — 3 — 3 33 — 11 — — 33 — 3 5 —

17 5 — — — 33 8 — — — 117 150 3 —

50 83 5 3 _ 17 _ 19 8 11 17 50 5 _ _
17 17 3 — 3

117 150 18 33 6 67 83 46 25 16 183 21 7 185 13 39

I t  should be no ted  th a t  th e  m ud o f th e  pond  is inclined to  form  hydrogen 
sulphide affecting th e  q u an tita tiv e  relations of certain  benth ic organisms. 
This question will be tre a ted  in m ore detail la te r in  connection w ith  th e  de
struction  of fish.

8. Investigations on the growth of the fish population

a)  E valua tion  o f th e  p ro d u c tiv ity  of ponds on th e  basis o f param eters 
of production.

Only th e  d a ta  of highest significance will be tre a ted  from  th e  volum inous 
tables ( X V I I I  and  X I X ,  a -\-b )  in  order to  characterize th e  ponds.

Pond  No. 1 (Table X X , Fig. 7):
The production o f th e  pond showed significant differences depending 

on the  am ount of fish recovered as well as on th e  m orta lity  during 1964—1971.
Considering th e  to ta l am ount o f fish recovered (106 — 286 q), th e  production 

forms a variable p a r t o f th e  average biom ass, nam ely 8.59 — 67.42 percent, 
re la ted  to  th e  n a tu ra l loss. D uring 1971, th is  ra te  m uch surpassed th e  results 
of th e  earlier years, am ounting to  204.6 percent. The fishes in troduced  were 
m ainly carp an d  tench, whereas in  M ay 1971 sheat-fish  as well as fry  of w hite and  
sp o tty  grass-carps were also in troduced. The n a tu ra l loss of carp was significant 
a t  th e  first-sum m er individuals, 37 — 61 percent, while in  th e  case o f older 
ones, i t  am ounted  to  only 15—20.4 percent. The n a tu ra l p roduction of th e  pond 
varied  betw een 36—150.2 kg /cadastral acre (in 1971 107.7 kg) achieved by  
consuming 1.4—2.6 kg food per 1 kg fish flesh. Considering th e  num ber of 
in troduced  fishes, th is  seems to  be a b e tte r  efficiency of th e  food th a n  in  the  
o ther ponds (see Tables X V I I I a n d X I X b ) . The pre-sedim ented sewage-water 
d ilu ted  w ith  th a t  o f th e  K eleti-B ozót gets in  d irectly  in to  pond No. 1. The 
quality  and  daily  am ount is n o t y e t known, however, i t  m ay significantly  
affect th e  n a tu ra l p roduction and  th e  param eters seem to  indicate even higher 
productions. The carp an d  o ther fishes cu ltu red  in th a t  pond  to lera te  th e  load
ing w ith  sewage-water, as far as we are inform ed, mass destruction  o f fishes 
has n o t been observed because of th e  sewage-w ater inflow. Considering th a t  
th e  pond has a bo ttom  o f boggy charac ter an d  is rich in phy top lank ton , the  
in troduction  o f grass-eating species during 1971 was a  fair bid  for th e  fu ture.
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TA BLE X IX /b
Recovery sta tistics o f fish  during  1964— 1971 from

A В

Planted material

Carp Other fishes Total Total

kg

196 4 l 88 2  53 7 1122 3 65 9 10 632
2 132 6 3 3 0 2 7 4 6 60 4 2 0  4 3 0
3 142 10  55 9 4 7 9 11 0 3 8 15 4 5 6

t o ta l: 36 6 19  4 2 6 187 5 21  301 4 6  518

196 5 1 88 2  86 0 _ 2  86 0 2 2  2 1 4
2 132 9 3 6 4 8 3 9 10 2 0 3 6 0 2 7
3 142 6 660 5 33 7 193 5 2 3 4

t o ta l: 3 66 18 88 4 137 2 2 0  2 5 6 33  4 7 5

196 6 1 88 10 60 0 __ 10 60 0 2 8  55 6
2 132 19 91 5 613 20  52 8 3 9  323
3 142 16 4 8 0 — 16 4 8 0 2 2  149

to ta l: 3 66 4 6  99 5 613 4 7  60 8 90  0 2 8

196 7 1 88 9  2 0 0 1123 10 323 2 4  397
2 132 14  0 0 0 9 97 14 997 18 703
3 142 13 68 0 2 1 0 0 15 780 2 9  720

t o ta l: 366 36  8 8 0 4 2 2 0 41 100 72 82 0

196 8 1 88 9 693 103 6 10 729 16 971
2 132 13 4 6 7 305 7 16 52 4 19 34 3
3 142 16 581 150 6 18 08 7 18 852

to ta l: 36 6 39  741 5 5 9 9 45  34 0 55 166

19 6 9 1 75 10 4 0 0 _ 10 4 0 0 16 85 3
2 84 8 5 9 4 34 8 8 942 2 2  912
3 90 2  9 58 — 2 958 1 241

t o ta l: 2 4 9 21 952 3 4 8 22  3 00 41 0 0 6

19 7 0 1 75 7 79 4 _ 7 7 94 11 561
2 84 13 0 6 0 305 13 365 2 9  64 7
3 90 9 01 3 67 5 9 688 12 2 8 0

t o t a l : 2 4 9 2 9  867 98 0 30 847 53 4 8 8

1971 1 75 10 0 0 6 10 82 7

w =  W h ite  g rass-carp ; sp  =  S p o tty  g rass-carp ; sh  =  Sheat-fish ; * =  1-sum m er-old

P o n d  No. 2 (Table X X I )
This pond had  had  an  area o f 132 cadastral acres betw een 1964 and  1969, 

th en  i t  was restric ted  to  84 cad. acres. The num ber of in troduced  fishes as well 
as th e  am ounts recovered were higher excepting th e  years of 1965 and  1967, 
th a n  in  the  previous pond. The percentual value of th e  loss am ounted  to  4.1 — 
44.2 a t  th e  first-sum m er fishes, whereas a t  th e  older ones it  was m uch higher,
6.5 — 64.9 percent. The pond offered an  outstand ing  production in  1965, when 
th e  in troduced  am oun t o f fishes was 60 q and  in sp ite of th e  high m ortality , 
i t  increased to  120 q b y  th e  end of th e  year involving a  production o f 169.3 
percen t achieved b y  a food consum ption o f 3.51 kg/1 kg fish flesh. The n a tu ra l
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the fish-ponds o f Zardavár

Increase of the pond per cad. acre Number of missing carps from 
the initial stock in percentage

Consumed food 
in maize value 

kg
From carp Total At 1-summer-old 

ones At older ones
Amount of food 
per 1 kg fish 

flesh, kg
production of 

the pond per cad. 
acre in kg

kg kg

120 57 2 6  011 2 .4 4 36
— 155 — 4 5 50  35 5 2 .4 6 46
— 106 — 77 16 107 1 .0 4 74
— 127 57 63 92 4 7 3 1 .9 0 55

2 2 8 2 22 37 _ 31 4 7 5 1.41 1 5 0 .2
41 44 — 6 4 .9 2 1  2 9 2 3 .51 —

2 9 37 9 7 .3 — 9 45 3 1 .6 0 1 7 .8
66 91 8 6 .8 6 4 .9 62  2 2 0 1 .8 6 4 2 .9

3 1 8 3 24 60 8 .9 60  0 4 6 2 .1 0 1 2 9 .5
2 8 6 2 9 0 4 .1 — 74  790 1 .9 0 132
153 159 7 1 .8 6 0 .5 4 9  30 4 2 .2 2 5 6 .7
2 4 2 24 6 5 9 .9 3 7 .8 1 8 4  140 2 .0 4 1 0 2 .2

2 8 2 2 7 7 5 6 .2 _ 55  4 2 5 2 .2 7 8 2 .8
132 137 — 3 0 41  93 9 2 .2 4 42
20 3 2 0 9 4 5 .9 — 61 2 9 4 2 .0 6 76
19 5 199 4 9 30 158  65 8 2 .1 8 6 7 .7

191 192 6 0 .9 2 0 .4 39  789 2 .3 4 63
135 142 — 4 0 .5 50  461 2 .6 1 3 6 .2
141 133 — — 66  09 6 3 .6 5 —

151 151 6 0 .9 2 4 .5 1 5 6  34 6 2 .8 3 2 8 .7

— 2 2 4 5 0 .9 _ 31 176 1 .8 _
— 2 7 2 — 6 .5 4 2  0 4 4 1 .8 —

13 13 — 7 .9 12 2 2 8 9 .9 —

— — — — 85 4 4 8 —

147 15 4 _ 15 30  0 3 4 2 .6 39
332 35 3 4 4 .2 — 57  8 62 1 .9 156
1 25 136 — 2 9 .2 4 0  87 8 3 .3 —

2 0 2 2 1 5 4 4 .2 2 3 .5 1 2 8  77 4 2 .4 6 6 .7

2 9 5 4 4 .7 *
5 ,3  w  

2 6 ,4  sp . 
4 0 ,3  s h .

4 9  25 3 2 .2 2 1 0 7 .7

production of th e  pond was 36.2— 156 percent, its  average biom ass production 
varied  betw een 32.33—169.3 percent.

P ond  No. 3 (Table X X I I )
I t  is o f lower p lan ting  th a n  th a t  o f No. 2. (except 1967), having an  area 

of 142 cadastral acres betw een 1964—1969 and  90 cad. acres from  1969. The 
values of m orta lity  were high, nevertheless th e  am ounts of produced fish 
w idely varied: 42—455 q. The production, accordingly, am ounted  to  53.1 — 
238.4 percent. The am ount of food consum ed flu c tu a ted  betw een 1.04—9.9 kg
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Fig. 7. T he d a ta  o f  fish  p ro d u c tio n  in  p o n d  N o. 1 o f  Z a rd a v á r  d u rin g  1964—71. 
a  =  m a te r ia l p la n te d ; b  =  recovered  m a te ria l; c  =  p ro d u c tio n

T A B L E  X X

The productivity of pond N o. 1 of Zardavár (Fonyód) during 1964— 71
(without wild fish)

Year
Area

of the pond 
cad. acre

The amount 
of planted 

matter 
kg

Total
increase per 
1 cad. acre 

kg

Rate of missing fish from 
the initial stock 

in percentage
Total

recovery
kg

Production of the biomass

A В kg %

1964 88 10 632 120 57 14 291 3 659 34.4
1965 88 22 214 222 37 — 25 074 2 860 12.87
1966 88 28 556 324 60 8.9 39 156 10 600 37.12
1967 88 24 397 277 56.2 — 34 720 10 323 42.31
1968 88 16 971 192 60.9 20.4 27 700 10 729 63.22
1969 75 16 853 224 50.9 — 18 300 1 447 8.59
1970 75 11 561 154 — 15 19 355 7 794 67.42
1971 75 10 827 295 44.7 — 32 978 22 151 204.59

N o te : R a te  o f m issing fish  fro m  th e  in itia l s to ck  in  percen tag e , A  =  one-sum m er- 
old, В  =  a t  o lder ones

per 1 kg fish  flesh representing a high value. D uring th e  years of 1965—66 
an d  1969 th is  pond  was o f th e  lowest level of p lan ting  am ong th e  three, how
ever, i t  offered th e  highest re la tive p roduction  in 1965 a n d  1969, corresponding 
to  an  increase o f w eight of 30 — 72 q. N evertheless, th e  production  depends 
on th e  in tense  feeding. D uring seven years betw een 1964—70, th e  survived 
po rtion  o f th e  in troduced  fish-m ass produced an  increase in  w eight o f abou t 
30—181 q .
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TABLE X X I
The productivity of pond No. 2 of Zardavár (Fonyód) during 1964 — 71

(without wild fish)

Year
Area

of the pond 
cad. acre

The
amount of 

planted 
matter 

kg

Total
increase per 
1 cad. acre 

kg

Rate of missing fish from 
the initial stock 

in percentage
Total

recovery
kg

Production of the biomass

A В kg %

1964 136 20 430 155 45 27 034 6 604 32.33
1965 136 6 027 44 — 64.9 16 230 10 203 169.29
1966 136 39 323 290 4.1 — 59 851 20 528 52.20
1967 136 18 703 137 — 30 33 700 14 997 80.18
1968 136 19 343 142 — 40.5 35 867 16 524 85.43
1969 84 22 912 272 — 6.5 31 854 8 942 39.05
1970 84 29 647 353 44.2 — 43 012 13 365 45.08

TABLE X X II

The productivity of pond No. 3 of Zardavár (Fonyód) during 1964— 71 
( without wild fish )

Year
Area

of the pond 
cad. acre

The 
amount 

of planted 
matter 

kg

Total
increase per 
1 cad. acre 

kg

Rate of missing fish from 
the initial stock 

in percentage Total
recovery

kg

Production of the biomass

A В kg %

1964 142 15 456 106 77 26 494 11 038 71.42
1965 142 5 234 37 97.3 — 12 427 7 193 137.43
1966 142' 22 149 159 71.8 60.5 38 629 16 480 74.41
1967 142 29 720 209 45.9 — 45 500 15 780 53.10
1968 142 18 852 133 — — 36 939 18 087 95.94
1969 90 1 241 13 — 7.9 4 199 2 958 238.36
1970 90 12 280 136 — 29.2 21 968 9 688 78.79

TABLE X X II I

The productivity of ponds Nos. 1 — 3 of Zardavár (Fonyód) during 1964 — 71
( without wild fish)

Year
Area

of the pond 
cad. acre

The 
amount 

of planted 
matter 

kg

Total
increase per 
1 cad. acre 

kg

Rate of missing fish from 
the initial stock 

in percentage
Total

recovery
kg

Production of the biomass

A В kg %

1964 366 46 518 127 57 63 67 819 21 301 45.79
1965 366 33 475 91 86.8 64.9 53 731 20 256 60.51
1966 366 90 028 246 59.9 37.8 137 636 47 608 52.88
1967 366 72 820 199 49 30 113 920 41 100 56.44
1968 366 55 166 151 60.9 24.5 100 506 45 340 82.19
1969 249 41 006 — — — 63 306 22 300 54.38
1970 249 53 488 215 44.2 23.5 84 335 30 847 57.67
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General evaluation o f ponds Nos. 1—3 (Table X X I I I )

The sum m arized area of th e  ponds was 366 cad. acres u n til 1968, th en  
249 from  1969. The am ounts p lan ted  varied  between 335—900 q. The increase 
o f w eight was 91—246 kg per cad. acre. E xcep t 1964, th e  m orta lity  was higher 
a t  th e  first-sum m er carp (44.2—86.8 percent) th a n  a t  th e  older ones (23.5— 
64.9 percent). The to ta l am oun t o f fish caught was betw een 633—1376 q 
including a  to ta l biom ass production o f 202—467 q, i.e. 52.9—60.5 percent 
showing extrem e values of 45.8—82.2 percent. I t  can be regarded in  general 
th a t  th e  ponds tak en  either collectively or even individually  are of m edium  
fish-production as com pared to  o ther ponds. However, i t  seems to  be likely 
th a t  perhaps by  an  increased sewage-water consum ption an d  b y  m ass p la n t
a tio n  o f lower num ber o f species m ainly o f grass-carps, th e  production can 
be increased up  to  80—100 percent in  each pond or even above th a t.  F or th is 
reason one has to  know m ore ab o u t th e  connections betw een sewage-water 
loadings an d  fish-production, since only a  few d a ta  are  know n a t  p resent 
concerning th is problem . The jo in t effect o f duck-cultivation an d  sewage- 
w ater consum ption should also be cleared up  in pond No. 1, firs t of all, in order 
to  increase th e  production  o f th e  grass-eating species.

b) Investigations on th e  grow th o f carp in  pond No. 1.
D uring 1971 altogether 679 tw o-sum m er-old an d  263 fry-carps were in 

vestigated  in  order to  estabilsh th e  ra te  o f grow th (Table X X I V ).  A lthough 
th e  perform ance of sam plings could n o t always be carried out, sufficient am ount 
o f d a ta  have been obtained  during Ju n e , Septem ber an d  N ovem ber in  pond  
No. 1 regarding th e  grow th o f carps (Table X X I V ) .  The results prove th a t  in

TA BLE X X IV
The fish-material studied in  pond N o. 1 of Zardavár 

with a view to the rate of growth (1971)

June Sept. Nov. Total (pc)

Carp 2-summer-old 103 280 296 679
Carp 1-summer-old 42 107 114 263
W hite grass-carp — 26 37 63
Tench — 35 35 70
Crucian carp — 48 31 79

Total: 145 496 513 1154

spite o f th e  large am ount o f food consum ed in  th is  pond, carps grow relatively  
slowly an d  ra th e r unevenly. This concerns b o th  th e  body leng th  an d  w eight 
and  th e  slow grow th is reflected  by  th e  low or m edium  results of production 
m entioned above. The grow th o f length  o f th e  second-sum m er carps rem ains 
fa r below th e  a tta in ab le  values and  even th e  ra te  of grow th o f th e  fry  is u n 
satisfactory  (Fig.  8).  A  sim ilar conclusion is gained when investigating the  
coefficients o f equations calculated  for th e  allom etric connections of th e  body 
w eight and  length. The value of regression coefficient b  changes seasonaly 
(2.4—2.6), i t  has never reached th e  value o f 3.0, i.e. th e  body  m ass (the so- 
called specific weight) o f th e  fish is significantly lower th an  th e  average achieved 
in  o ther fish-ponds ( Fig. 9).
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F ig . 8. T he increase o f  b o d y  len g th  an d  w eigh t o f carp  in  p o n d  N o. 1 o f  Z ard av ár. 
a  =  increase o f  s ta n d a rd  len g th  o f  tw o-sum m er-o ld  carp ; b  =  increase o f  b o d y  
w eigh t o f  tw o-sum m er-o ld  carp ; c =  increase o f  s ta n d a rd  len g th  o f  ca rp  f ry ; 

d  =  increase o f  bo d y  w eigh t o f  carp  fry

go wo no no wo wo wo wo no ж то zoo
standard length (mm)

F ig . 9. The ra tio  o f body  w eigh t an d  le n g th  o f  c a rp  d u rin g  th e  period  o f in v es tig a tio n  
(pond N o. 1). W  =  bo d y  w eigh t in  dkg ; L c =  s ta n d a rd  len g th  in  m m

18*
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The coefficient o f body-w eight increase varied  between Gw =  1 .39 - 2.46 
a t  th e  second-sum m er carps during th e  period of investigations, w hereas th e  
sam e regarding body  length  was Gx =  0.26 showing a  m uch slower increase 
(Table X X V ).  The ra te  of grow th of th e  fry  significantly  surpasses th e  above 
values (Gw =  2.58; Gx =  0.91).

The condition o f th e  carps changes according to  season, i t  seems to  decline 
b y  th e  end of th e  year. The values of CP were 3.2367—4.6654 in Ju n e  (average 
4.2010), 3.0440—*4.9202 in Septem ber (average 3.814) and  2.666—5.370 in 
N ovem ber (average 3.956). The extrem e values display g reat differences 
am ong th e  fishes o f th e  sam e age. Beside those num erical values, th e  po
pu lation  cannot be regarded as uniform  a ttr ib u tab le  to  n u tritio n a l and  eco
logical connections.

TABLE XXV
The rates o f m ortality and survival o f fish-species as well as the growth 

coefficients o f body weight and length in  pond  N o . 1 (1971 )

1 - 0» e. s A

Carp 2-summer-old — 1.1912 2.4642 0.2652 30.42 69.58
fry — 2.5756 0.9062 — —

Tench — 3.7002 1.3054 — 2.47 97.53
W hite grass-carp —0.1069 5.9994 — 89.58 10.42
Spotty  grass-carp —0.9082 3.2325 — 40.25 59.75
Sheat-fish — 1.0780 4.6614 — 33.96 66.04

Z =  in s tan tan eo u s  to ta l  coefficient o f  m o r ta lity  (R ic k e r , 1958), Gw a n d  G, =  
coefficients o f g ro w th  o f  w eigh t an d  leng th , respective ly , (Ch a pm a n , 1968; T e s c h , 1968), 
S =  su rv iv a l r a te  in  pe rcen tag e , A  =  to ta l  an n u a l m o r ta lity  in  p e rcen tag e  (in o u r case, 
invo lves 0.6 y ea r) .

The value o f th e  ac tu a l to ta l m orta lity  is high a t  th e  tw o-sum m er-old 
carps (Z =  —1.1912), th e  loss was 69.6 percent during a  period o f 6 m onths 
accordingly th e  survival ra te  was only 30.4 percent. The calculated values o f 
m orta lity  an d  survival differ m ore or less from  th e  real values, since th ey  
describe m athem atically  a  change betw een an  in itia l ( t0) and  a  final (tx) p o in t 
of tim e, i.e. th ey  express th e  tim e dependence of a logarithm ic decrease in 
th e  num ber of individuals. The seasonal variations of th e  values cannot be 
followed, since th e  exact determ ination  of th e  num ber o f individuals is pos
sible only on th e  basis of d a ta  o f p lan ting  and  recovery because o f th e  large 
area of th e  ponds an d  th e  insufficient technical facilities.

D a ta  regarding th e  grow th of carps allow us to  draw  th e  conclusion th a t  
th is  species m ay p lay  only a  secondary role in th e  w aste stabilization ponds 
o f Fonyód, if  th e  increase of fish production is in tended  a t  a  higher consum p
tio n  o f sewage-water.

c) O bservations on the  grow th of o ther fishes

A p art from  th e  carps, w hite an d  sp o tty  grass-carps as well as shea t 
fish were in troduced  in to  pond No. 1 in  1971. A t th e  sam e tim e, m ainly tench, 
a  sm aller num ber o f pike-perch and  pike were fished representing th e  n a tu ra l 
production  o f th e  pond. The crucian carp was th e  m ost significant am ong th e
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wild fishes, nevertheless, i t  plays no role in th e  sta tis tic . A part from  th e  carps, 
observations were carried ou t to  stu d y  th e  grow th o f tench, th e  crucian carp, 
th e  w hite and  sp o tty  grass-carps and  p a rtly  o f sheat fish. The resu lts are 
sum m arized briefly  as follows:

Tench: B oth  th e  body  and  length  increased m ore in tensely  th an  in th e  
case of carps ( Fig. 10) according to  th e  relationships calculated for th e  allo- 
m etric grow th a t  first- and  second-sum m er as well as fry  individuals. T he allo- 
m etric exponent significantly  differs from  3.0. As against th e  carp, th is  species 
is o f continuous grow th during th e  whole period of investigations, th u s a t  th e  
end o f au tum n, from  Septem ber till N ovem ber, th e  body length  increased 
ab o u t 2 —2.5 cm and  th e  body weight ab o u t w ith  one th ird . T he ac tua l coeffi
cient o f th e  increase of body  w eight is o f re la tively  low value (Gw =  1.3054). 
The m orta lity  is high (97 percent), accordingly, th e  survival ra te  is only 
2.47 percent.

F ig . 10. T he  allom etric  re la tio n sh ip  o f  b o d y  w eigh t a n d  len g th  o f  te n c h  (see fo r o th e r
ex p lan a tio n s  F ig . 9 )



278

Crucian carp; I t  is considered to  be a junk-fish in  fish-ponds, since i t  is 
a  food-com petitor of carps an d  other useful fishes. I t  gets in to  th e  pond  w ith 
th e  filling-w ater an d  because o f its  ex trao rd inary  prolification an d  intense 
food-consum ption i t  m ay have a considerable effect on th e  grow th of carps. 
Two groups o f size occurred in  pond No. 1 (first-sum m er-old and  fry) w ith  a size- 
difference o f 6 —7 cm (Table X X V I ) .  The equation  calculated  for th e  con
nection o f body-w eight an d  length  indicates th a t  th e  increase in  body size 
com pared to  th e  o ther species, best approaches th e  isom etric value (b =  
=  2.954) (Fig.  11).

T A B L E  X X V I
The average values o f body sizes o f fish  investigated during the period  

o f investigation in  1971

June September November

Lc Lt w L0 Lt w Lc Lt W

Carp 2 -summer-o ld 130 161 9 .3 15 4 189 1 4 .2 153 190 14 .0
fry 82 103 2 .4 11 8 144 6 .2 145 180 1 2 .5

129 161 8 .7
W hite grass-carp — — — 25 3 30 5 3 1 .9 — — —

Tench — — — 175 2 1 0 1 3 .0 149 180 9 .3
199 2 3 5 2 0 .3
2 9 3 34 8 5 3 .3

Crucian carp — — — 115 142 5 .0 163 2 0 3 1 5 .4
109 136 5 .2

L c =  s ta n d a rd  len g th  in  m m ; L t =  to ta l  bo d y  len g th  in  m m ; W  =  body  w e ig h t 
in  dkg.

T ig . 11. T he a llom etric  re la tio n sh ip  o f  b o d y  w eigh t a n d  len g th  o f  c ruc ian  carp  (see
fo r o th e r  ex p lan a tio n s  F ig . 9 )



T A B L E  X V II I

Planting statistics o f fish  into the ponds of Fonyód-Zardavár (1964—1971)

A В 0 D

Carp Tench Sheat-fish Pike-perch White amur White grass-carp Spotty grass-carp
Planted togethe 

kg
Mature female 2-summer-old 1-sum mer-old Pry Breeding Pry Breeding Pry Breeding Pry Pry

pc kg pc kg pc kg pc kg PC kg pc kg pc kg pc kg pc kg pc kg pc kg

1 9 6 4 1 88 2 5 0 8 .0 71 35 4 17 6  0 0 0 1 4 0 8 7 4  000 2  1 8 3 1122 5 0 6 7
8 4 0 2 .9

2 136 4 9 6 1 1 .0 — — 6 6  10 0 7 111 — — — 180 — — 1 7 6 0 2 7 4 — — — — — — — — — — 7 5 6 5
3 142 5 0 0 7 .4 2 3 4 762 9 4  2 0 0 7 60 8 — — — — — — 1 9 0 0 29 9 — — — — — — •— — — — 8  6 6 9

to ta l: 36 6 30 5 1116 3 3 6  3 0 0 16  127 7 4  000 2  1 8 3 — 1302 — 3 6 6 0 573 — — — — — — — — — — 21 301

1965 1 88 795 4.0 _ _ _ _ 70 000 2 860 _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ 2 860
2 136 316 20.0 350 960 41 750 8 404 — — — — 1272 747 — — 430 92 — — — — — — — — 10 203
3 142 2250 2 63 533 — — 330 000 6 600 — -- — — 2500 60 — — — — — — — — — — 7 193

to tal: 366 413 1493 41 750 8 404 400 000 9 460 — — 1272 747 2500 60 430 92 — — — — — — — — 20 256

1966 1 88 2270 2.8 *
114 50.0 — — 10 000 5 000 200 000 5 600 — — — — — — — — — — — — — — — — 10 600

2 136 154 11.4
255 54.0 — — 34 750 17 537 20 920 2 378 — 96 531 249 480 40 280 200 570 28 — — — — — — 20 528

3 142 535 2.8
500 20.6 — — 70 300 14 480 76 000 2 000 — — — — — — — — — — — — — — — — 16 480

to tal: 366 115 050 37 017 296 920 9 978 — 96 531 249 480 40 280 200 570 28 — — — — — — 47 608

1967 1 88 2270 2.8 1500 3600 _ _ 200 000 5 600 _ 1123 _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 323
2 136 316 32.0 — — 43 000 14 000 — — — 590 265 177 — — 425 230 — — — — — — — — 14 997
3 142 3500 2.0 1500 4100 — — 498 940 9 580 — 2100 — — — — — — — — • — — — -— — . — 15 780

total: 366 3000 7700 43 000 14 000 698 940 15 180 — 3813 265 177 — — 425 230 — — — — — — — — 41 100

1968 1 88 3200 2.8
100 13.0 105 443 8 800 1 150 281 600 8 100 — 1036 — — — — — — — — — — — — — — 10 729

2 136 880 10.0 500 2400 119 900 11 067 -- ' — — 1481 — — 1100 230 — — — — 802 1346 — — — — 16 524
3 142 535 15.0 1305 5423 75 950 11 158 — — — 1278 — — 1100 228 — — — — — — — — — — 18 087

total: 366 1910 8266 204 650 23 375 281 600 8 100 — 3795 — — 2200 458 — — — — 802 1346 — — — — 45 340

1969 1 75 2893 4.6 _ _ _ _ 217 030 10 070 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 070
2 84 431 24.0 — — 36 200 8 594 — — — 124 277 166 — — 66 34 — — — — — — — — 8 942
3 90 9 829 3288 — — — — — — — — — — — -- ' — — — — — — — — 3 288

total: 249 829 3288 36 200 8 594 217 030 10 070 — 124 277 166 - — 66 34 — — — — — — — — 22 300

1970 1 75 _ _ 32 795 7 794 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 794
2 84 — — 441 215 353 600 12 845 — 242 — — 1045 63 — — — — — — — — — — 13 365
3 90 — — 43 254 9 013 — — — 675 — — — — — — — — — — — — — — 9 688

total: 249 — — 76 490 17 022 353 600 12 845 — 917 — — 1045 63 — — — — — — — — — - 30 847

1971 1 75 4500 3.5 _ _ _' _ 288 500 10 006 _ _ 1800 120 _ _ _ _ _ _ _ _ 30 000 380 20 000 321 10 827
2 84 550 21.0 — — 46 110 9 779 — — — — 1650 990 — — — — — — — — — — — — 10 769
3 90 4500 1.5 — — 9 000 1 041 342 300 4 335 50 000 2080 — — — — — — — — 3000 28 — — — — 8 084

total: 249 — — 55 100 10 820 630 800 14 941 50 000 2080 3450 1110 — — — — — — 3000 28 30 000 380 20 000 321 29 680

A =  n u m b e r o f  ponds; В  =  a re a  o f  th e  pond  in  cad . acres; 0  =  p la n te d  p e r  cad. a c re ; D  =  average w e ig h t in  dkg.





TABLE X IX /a

Recovery statistics of f i s h  during  1964— 1971 from, the fish -ponds o f Zardavár

A В

Carp Recovered material Tench Sheat-fish Pike-perch

W hite amur

Pike
Crucian

carp Others
Total 

(without 
wild fish)Class I/b 

1.5—2 kg
Class I I  

1—1.5 kg
Class I I I  
0.6—1 kg

Class IV 
below 0.6 kg Mature female Breeding of 

2—summer-old
Fry Total

above below Mat. fern, and 
for selling

Breeding 
m ature f. 
and fry

mat. fern, and fry Above and below 
1 kg10 dkg

PP bg pc kg pc bg pc kg pc kg pc kg pc kg kg kg kg pc kg pc kg pc kg pc bg pc kg kg kg kg

1964 l 88 284 349 150 602 30 556 10 735 11 731 643 803 90 21 4050 1093 _ 14 291
2 132 — — 8 223 8 799 14 289 11 044 9 943 5129 — — — —. — — 24 972 — 108 — — 1232 1196 — — — — 1410 758 — — 27 034
3 142 1 538 2 925 8 225 9 965 7 101 6 126 137 67 72 333 9 460 3 471 6 650 1194 24 081 — 338 — — 909 672 — — — — 4370 1403 — — 26 494

total: 366 1 538 2 925 16 732 19 158 21 390 17 170 10 080 5196 222 935 40 016 14 206 6 650 1194 60 784 643 1249 — — 2141 1868 90 21 — — 9830 3254 — — 67 819

1965 1 88 730 930 1 450 1 070 510 310 __ __ 44 090 22 160 6 550 750 24 910 __ 96 __ __ 500 48 210 20 __ __ __ — 100 350 25 074
2 132 249 302 7 452 8 759 6 960 5 074 — — 197 643 660 377 — — 14 778 210 — 500 824 315 141 280 200 — — — 200 — — 16 230
3 142 — — 5 354 6 232 2 170 1 640 — — 129 747 — — 14 370 1618 10 994 430 — 121 139 — — 360 8 — — — 775 — — 12 427

total: 366 249 302 13 536 15 921 10 580 7 784 510 310 326 1390 44 750 22 537 20 920 2378 50 622 640 96 621 981 815 189 850 228 — — — 975

ОО

350 53 731

1966 1 88 5 482 10 387 2 315 3 233 1 310 1 036 _ __ __ __ 80 000 24 000 __ __ 38 656 300 200 __ __ __ __ __ __ __ __ __ __ __ __ 39 156
2 132 6 060 11 925 21 300 31 059 9 450 8 520 — — — — 18 000 7 398 — — 58 902 120 — 300 424 400 252 250 137 — — — 16 100 50 59 851
3 142 2 193 3 439 13 188 15 592 10 782 8 593 1 550 734 — — 21 392 9 828 — — 38 186 — —  . — — — — — — — — — 443 13 — 38 629

total: 366 13 735 25 751 36 803 59 884 21 542 18 149 1 550 734 — — 119 392 41 226 — — 135 784 420 200 300 424 400 252 250 137 — — — 459 113 50 137 636

1967 1 88 490 784 1 771 2 245 755 755 88 46 1300 3350 84 440 26 830 __ __ 34 010 __ 710 __ __ __ __ __ __ __ __ — __ — 889 34 720
2 132 1 000 1 800 10 000 14 000 15 000 14 400 — — — — 4 000 1 800 — — 32 000 992 200 200 300 — — 220 200 — — 10 8 — — 33 700
3 142 __ — — — — — — — 1200 3500 27 000 39 000 — — 42 500 1500 1500 — — — — — — — — — — — — 45 500

total: 366 1 490 2 584 11 771 16 245 15 755 15 155 88 46 2500 6850 358 440 67 630 — — 108 510 2492 2410 200 300 — — 220 200 — — 10 8 — 889 113 920

1968** 1 88 7 000 5 000 _ _ _ __ 80 500 11 000 21 000 __ __ 26 500 400 800 __ __ __ __ __ __ __ __ __ __ __ __ 27 700
2 132 235 268 8 620 5 831 — — — — 366 1565 62 460 23 144 100 000 1006 31 814 --- . 1030 11 27 288 135 20 25 733 2821 38 15 — — 35 867
3 142 — — — — — — — — 668 1583 103 140 35 135 — — 36 718 — — — — 340 212 10 9 — — — — — 516 36 939

total: 366 235 268 15 620 10 831 — — — —- 1114 3648 275 600 79 279 100 000 1006 95 032 400 1830 11 27 628 347 30 34 733 2821 38 15 — 516 100 506

1969 _ _ _ _ _ __ __ __ 73 200 18 300 __ __ 18 300 __ __ __ __ __ __ __ __ __ __ __ — — — 18 300
1 75 359 382 320 251 — — — — 89 298 32 800 7 883 — — 8 814 — — 120 87 — — — — — — 100 52 — 760 8 953
2 84 14 204 18 677 10 090 8 317 — — — — — — 9 536 3 783 — — 30 777 — — 250 401 — — 150 63 — — 348 613 229 — 31 854
3 90 127 576 — — 554 2074 441 215 22 700 706 3 571 — 152 — — — — — — — — 1070 476 — 12 4 199

total: 249 14 690 19 635 10 410 8 568 — — — — 643 2342 115 977 30 181 22 700 706 61 462 — 152 370 488 — — 150 63 — —■ 1518 1141 229 772 63 306

1970 1 75 3 016 3531 15 697 10 786 9 170 3 962 _ __ _ __ __ __ 23 100 549 18 828 __ 180 1 6 __ __' 629 290 ___ ___ 60 51 ___ ____ 19 355
2 84 ___ ___ — ___ ---' — — — — — 197 240 41 014 — — 41 014 • --- 802 — — 806 635 100m 124m — — 540 437 1012 — 43 012
3 90 490 578 11 524 8 663 18 610 7 745 — — ---- — — — 167 200 3328 20 314 — 1407 — — 17 32 1379 207 — — 8 8 — — 21 968

total: 249 3 506 4 109 27 221 19 449 27 780 11 707 — — — — 197 240 41 014 190 300 3877 80 156 — 2389 1 6 823 667 2108 621 — — 608 496 1012 — 84 335

1971 1 75 159 400 19 053 19 053 7860 628 24 9 1050 720 730 70 28 420w 7254 350 60 32 978
12 720SP 5148

N o te s :  ** =  e s tim a te d  values; w  =  w h ite  g rass-carp ; Sp. =  s p o t ty  g rass-carp , b reed ing ; m  =  m a tu re  fem ale fo r se llin g  (see p ike-perch  in  1970)
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W hite and  sp o tty  grass-carp: th e ir grow th could n o t be followed by  
m eans of sam plings because of th e ir m otility , only th e  d a ta  o f p lan ting  and  
recovery could be used. G rass-eating fishes were firs t in troduced  in  pond  No. 1 
in  1971 an d  th is  action proved to  be o f surprisingly successful result. Con
sidering th e  very  high value of th e  coefficient of th e  body-w eight increase 
(Gw =  5.9994) o f th e  grass-carp, surpassing b y  far all o ther fish species, i t  
can be regarded as th e  m ost suitable for th e  given circum stances. A p art from  
its quick grow th, even th e  low ra te  o f m orta lity  (10.4 percent) is advantageous, 
th e  survival is 89.6 percent. I t  reached a body w eight o f ab o u t 8 —10-times 
higher th an  th e  average w eight a t  p lan ting  b y  th e  end of th e  f irs t year, an d  the  
body length  of 4 —5 cm increased to  27—32 cm. There was no observation a t  
our disposal regarding th e  behaviour of th is  species in  sewage-w ater ponds, 
thus, fu rth e r investigation is needed to  determ ine th e  num ber o f individuals 
o f m axim al planting.

The sp o tty  grass-carp proved to  be also of successfully p lan tab le  an d  
quickly increasing species, a lthough it  does n o t th e  form er in an y  respect. 
The coefficient o f increase in  body w eight was Gw =  3.2325, th e  ra te  of m or
ta lity  was abou t 60 percent, accordingly th e  survival was only 40 percent.

Sheat fish: The coefficient indicating th e  grow th of body w eight (Gw =  
=  4.6614) was betw een those of th e  tw o grass-eating species, however, its  
m orta lity  was higher (66 percent). F rom  th e  flesh-production po in t of view 
in w aste-stabilization ponds th is species is insignificant.

d) The reasons for th e  high m orta lity  of fishes in  th e  pond o f Z ardavár

Am ong th e  d a ta  of pond No. 1 investigated  in  more details, th e  high, 
yearly  changing ra tes of m orta lity  o f p lan ted  carps, firs t of all of fry  are espe
cially conspicuous. Because o f its im portance, th is  problem  should be m ore 
thoroughly  analyzed.

On th e  basis o f hom e lite rary  d a ta  (Vámos e t ah , 1963) i t  is known th a t  
th e  mass destruction  o f fish was observed in th e  ponds having an acidic, boggy 
bo ttom  extrem ely  rich in organic substances. H ydrogensulphide can easily 
be form ed in  those w aters during th e  sum m er season. This com pound is n o t 
form ed from  th e  pro tein  decom position b u t as a  resu lt of ac tiv ity  of su lphate- 
reducing bac teria  in  th e  m ud. The in itia l po in t o f th e  process is th e  fe rm ent
ation  of th e  p lan t residues (cellulose) in th e  m ud, offering th e  hydrogen and  
th e  organic substances for th e  reduction  processes transform ing th e  su lphate 
ion in to  hydrogensulphide.

The H 2S in the  w ater forms ferrous-sulphide (FeS) as long as th e  w ater 
contains dissolved iron, and  in th e  form  of a b lack  deposit i t  is sedim ented a t  
th e  bo ttom . I f  th e  w ater layer above th e  m ud contains 0 2, th e  FeS will be 
oxidized (rost-brown colour). W hat is more, under oxidative circum stances 
there  exist th e  possibility th a t  th e  H 2S could be transform ed in to  un toxic 
elem entary  sulphur.

I f  anaerobic conditions prevail a t  th e  bo ttom , th e  redox-level increases 
from  th e  m ud in to  th e  w ater. In  such cases th e  am ount of m olecular hydrogen 
represents one o f th e  m ain factors o f th e  intense ac tiv ity  of th e  su lphate- 
reducing bacteria.

I f  th e  prolonged w arm  w eather is followed ab ru p tly  b y  a  cool period, 
the oxygen con ten t of th e  cool w ater increases in pressing down th e  redox-
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level. As a consequence, th e  reductive layer having been so far anaerobic, a b 
ru p tly  becomes aerobic an d  quick processes of oxidation will s ta r t  resulting  
in  th e  form ation of sulphuric acid which liberates H 2S.

The form ation of H 2S is usually  accom panied by  algal bloom, m ainly 
b y  a  blue-green alga due to  increased resp iration  induced b y  H 2S, as a  con
sequence o f which their specific w eight decreases an d  th ey  will rize to  the  su r
face.

The chemical analyses of m ud an d  w ater o f pond  No. 1 prove (the ex
trem ely  high organic substance-, iron- an d  su lphate-conten t of th e  m ud, the  
periodically  occurring oxygen-shortage a t  th e  m ud-surface) th a t  th e  m ud 
an d  w ater o f th a t  pond  are inclined to  form  H 2S, since all th e  factors of su l
phate-reduction  are present together. These facts can explain even th e  high 
m o rta lity  o f fishes.

G en era l d iscu ss io n

W hen evaluating th e  results, i t  should be borne in  m ind th a t  th ey  were 
ob ta ined  only during one year. The relations and  phenom ena observed cannot 
be applied  w ithou t an y  fu rth e r restric tions to  o ther seem ingly identical 
aqueous biotopes.

P o n d  No. 1 analyzed in  details represents a  bio tope rich  in  organic 
substances, n itrogen and  phosphorous, having a  boggy bottom . The investig
ation  o f th e  p lanktonic biom ass indicates th a t  during th e  sum m er season 
when th e  loading w ith  sewage-w ater is o f the  highest ra te , th e  biom ass of 
blue-green algae predom inates (A nabaena bloom). In  spite of th e  good N  and  
P  supplies, th e  w ater of th e  pond is poor in  n a tu ra l fish-food (Chironomida, 
Tubifex, C rustacea p lankton , etc.) because of th e  reductive processes tak ing  
place a t  th e  w ater-m ud interface and  th e  boggy m ud of d isadvantageous 
s truc tu re .

On th e  basis of param eters o f production  of several years, th e  grow th 
and  production  of carps in  pond  No. 1 was lower th a n  even th e  values ob tained  
in  th e  fish-ponds of m edium  production. The ra te  o f m orta lity  o f carps es
pecially o f th e  fry  was very  high, although i t  varied  annually . T h a t ra te  was 
m uch lower in case of second-sum m er carps, however, nevertheless th e  value 
o f 15 — 20 percent represents a considerably loss. The high m orta lity  can 
probab ly  be explained by  th e  locally form ed hydrogensulphide. Nam ely, H 2S 
induced a  m ass destruction  of fish in  th a t  pond during th e  early  sixties. Certain 
am oun t o f detergents m ay also get in  in to  th e  pond  an d  cause destruction. 
The reasons o f th e  slow developm ent of carps can be searched m ainly in the  
poor bo ttom -fauna an d  zooplankton.

The grass-carp f irs t p lan ted  in 1971 showed th e  highest p roduc tiv ity  
on th e  basis o f b o th  th e  ra te  of grow th an d  th e  low m ortality . The quick 
grow th can be explained n o t only b y  th e  large am ount of phy top lank ton  and  
its  consum ption b u t also b y  th e  u tilization o f th e  boggy b o ttom  an d  its  fauna 
(m eiobenthos) being useless or inaccessible for th e  o ther fish species (carp, 

■tench). The observations o f soviet researchers prove th a t  th e  grass-carp 
develops extrem ely  well in ponds of boggy b o ttom  where there  is no firm  
flora. The in testina l con ten t of fish included p ea t occasionally up  to  80 per
cent. Using a m ixed p lan ta tion , th e  ra te  of feeding of th e  carp indicates no
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considerable consum ption o f carp-feed by  th e  grass-carps. On th e  basis o f 
th a t  observation, it  seems to  be likely th a t  th e  grass-carps p lan ted  in to  pond 
No. 1 were feeding to  a considerable ex ten t on p ea t and  its  fauna ap a rt from  
th e  phytoplankton . H om e experiences proved th a t  in  the  ponds where a nearly  
optim al p lan ta tion  of grass-eating fishes was applied, th e  increase of p roduc
tion could be reached w ithou t any  essential increase of dunging and  feeding, 
i.e. firs t of all th e  n a tu ra l production increased. The n a tu ra l p roduction of 
carps based m ainly on th e  pro tein  o f zooplankton does no t lim it th e  p lan ta tion  
w ith  grass-eating fishes even when considering economical points o f views. 
A p art from  th e  poorness of th e  pond investigated  in  proteins of anim al origin, 
th e  condition is of special significance th a t  th e  m ass-production o f p h y to 
p lank ton  representing th e  m ain food for th e  grass-eating fishes is g reatly  en- 
chanced by  th e  duck-cultivation an d  post-purification o f sewage-waters 
carried  ou t in  th e  pond. Considering th a t  under such conditions th e  carp 
produces flesh only according to  th e  ra te  of feeding, i t  is in a  disadvantageous 
position as against to  th e  grass-eating fish, therefore, its  m aintenance in  th a t  
pond  is uneconomic. One of th e  aim s o f our investigations was even the  selection 
o f th e  suitable species of fish. On th e  basis o f our observations an d  th e  d a ta  
o f p roduction we are convinced th a t  for th e  u tiliza tion  of sewage-waters in 
fish-ponds, th e  w hite grass-carp are th e  m ost suitable. Beside th e  d isadvan
tageous m orphom etric and  soil-characters of th e  pond, th e  role of th e  grass
eating  fishes is underlined b y  th e  fac t th a t  th ey  need no anim al proteins ex
cep t in th e  firs t several m onths of th e ir life and  even during th a t  period hardy  
or no t a t  all, therefore, th ey  do n o t load the  n a tu ra l ab ility  of th e  pond  for 
carp-production. In  th e  case of th e  white grass-carp, th e  ab ility  of th e  pond  
to  produce algal p lank ton  can be in tensified  alm ost w ithout lim itation  even 
beside duck-cultivation  an d  supply  w ith  sewage-w ater of suitable m ixture, 
as long as it  does lead no t to  th e  worsening o f th e  w ater quality  and  to  th e  
lowering of th e  oxygen-supply. The relationships o f th e  op tim al density  of 
population and  th e  load  w ith  sewage-water, representing th e  keyproblem s 
of th e  post-purification o f sewage-waters by  fish-ponds, will be stud ied  in 
experim ental w aste-stabilization ponds during th e  following years (and a 
final evaluation will be given only on th e  basis of those fu tu re  experim ents).

Sum m ary

1. The d istribu tion  o f th e  to ta l p lanktonic biom ass is uneven in  th e  tra n s 
versal section of pond  No. 1, nam ely it  is abou t 4 —7 percent lower in th e  v icin ity  
o f th e  inflow of sewage-w ater th a n  a t  o ther places.

2. The zooplankton plays a secondary role in  th e  p lanktonic com m unity 
during  th e  w arm -w ater period as com pared to  th e  algal biomass.

3. The alm ost com plete absence o f D aphnia species as well as th e  se 
condary  role of th e  o ther Cladocera during th e  sum m er season indicate a 
lim ited transfer o f th e  algal biom ass increased b y  th e  sewage-w ater along 
th e  food-chain.

4. On th e  basis of th e  bacterial biomass, pond  No. 1 can be classified 
to  be of high p roductiv ity  an d  m edium  loading.

5. The boggy soil o f th e  pond is rich  in  organic substances (N, P 20 5) 
iron and  sulphate ions. There exist a danger of th e  form ation of H 2S because 
o f th e  0 2-shortage a t th e  m ud-surface during sum m er.
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6. The d a ta  o f production  of th e  ponds tes tify  th a t  carp-production 
is generally high and  ap a rt from  th e  vary ing  m orta lity , i t  depends on th e  
q u an tity  and  quality  o f th e  fishes p lan ted  as well as on th e  feeding. P ond  No. 1 
b u t th e  o ther tw o also are qualified to  be of m edium  or low productiv ity .

7. The ra te  of grow th of d ifferent fishes varied  in pond No. 1; th e  increase 
o f body w eight an d  length  of carp lagged th a t  o f o ther fishes. I ts  m orta lity  
was high, survival ra te  was low.

8. The slow grow th o f carp can be explained b y  th e  poorness of th e  
n a tu ra l food o f anim al origin.

9. The w hite an d  sp o tty  grass-carps consum ing algae an d  sm all ben th ic 
anim als displayed in tense grow th, showed a  lower m o rta lity  and  th e  best 
ad ap ta tio n  to  th e  given circum stances.
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L IM N O L Ó G IA I V IZ SG Á L A T O K  E G Y  B A L A TO N  M E L L E T T I 
S Z E N N Y V IZ E S  H A L A ST Ó B A N  I.

Főnyi Jenő, B iró Péter, Oláh János, P .-Zánkai Nóra, Tamás Gizella,
Csekei Tibor, K iss  György, M orvái Tibor és Bancsi István

ö s s z e fo g la lá s

1. A  te lje s  p la n k to n  b iom assza m egoszlása az 1. sz. tó  ke resz tm e tsze téb en  egye
n e tlen , a  szennyv ízbeöm lését kö rü lvevő  v íz te rü le ten  4 — 7 % -kai k isebb , m in t egyéb 
helyeken .

2. A  p la n k to n  tá rsu lá sb a n  m eleg v íz ide jén  a  zo o p lank ton  a lá ren d e lt szerepet 
já tsz ik  az alga-b iom asszához képest.

3. D aphnia  fa jok  sz in te  te lje s  h ián y a , v a la m in t a  tö b b i C ladocera a lá ren d e lt 
szerepe a  n y á ri időszakban , a z t je len ti, hogy  a  szennyvíz  á lta l m egem elt a lga-b iom asszá
n a k  a  to v á b b ju tá s a  a  táp lá lék lán c  m e n té n  k o rlá to zo tt.

4. A  b a k te r io p la n k to n  b iom asszája  a la p já n  az 1. sz. tó  n ag y  p ro d u k tív itá sú , 
közepesen  te rh e lt ta v a k  közé so ro lható .

5. A  tó  tőzeg  ta la ja  szerves an y ag b an  (N , P 20 . ) ,  vas- és szu lfá tio n b an  gazdag. 
N y á ro n  az iszap  felszínén fellépő 0 2 h iá n y  m ia t t  a  kénh id rogén  képződésének  veszélye 
fennáll.
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6. A  h a la s ta v a k  te rm e lési a d a ta i  a rró l tan ú sk o d n ak , hogy  a  p o n ty -p ro d u k c ió  
á lta lá b a n  m ag as és vá ltozó  m o r ta litá s  m e lle tt  m in d en k o r a  te le p í te t t  h a la n y a g  m en n y i
ségétől, m inőségétő l, v a la m in t a  ta k a rm á n y o z á s tó l függ. A z 1. sz. — de a  k é t  m ás ik  tó  
is — közepes v ag y  a lacsony  p ro d u k tív itá sú  tó n a k  m inősül.

7. A z 1. sz. szennyvízőxidációs tó b a n  az  egyes h a lfa jo k  növekedési sebessége 
e lté rő , a  p o n ty  tes thossz  és te s tsú ly g y a rap o d ása  e g y a rá n t e lm arad  egyéb  h a la s ta v i a d a 
to k tó l. M o rta litá sa  m agas , é le tb en  m ara d á s i százaléka  alacsony .

8. A  p o n ty  lassú  növekedésének  o k a  a  te rm észe tes , á lla ti  e re d e tű  tá p lá lé k  sze
génysége.

9. A  feh é r és p e tty e s  b u sa  m in t az  a lgák  és ap ró  iszap lakó  á lla to k  fogyasztó i 
in te n z ív  növésű , a lac so n y ab b  m o rta litá sú , az  a d o tt  kö rü lm ényekhez  leg jo b b an  a lk a l
m azkodó  fa jok .
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The investigations on L ake B alaton  having been recom m enced since 
1965, have estim ated  th e  horizontal d istribu tion  of R o ta to ria  p lank ton  over 
th e  whole lake (P .- Z á n k a i  and  K e r t é s z , 1967; P .- Z á n k a i  and  P o n y i , 1970; 
1971; 1972), an d  on th e  o ther hand, th ey  were connected to  th e  form er works 
{Se b e s t y é n , e t ah, 1951; S e b e s t y é n , 1953) concerning th e  qu an tita tiv e  an d  
qualita tive  relationships of th e  R o ta to ria  in th e  open w ater in  fro n t o f T ihany.

The presen t paper was in tended  a t  describing th e  changes o f R o ta to ria  
biom ass on th e  basis o f com parisons w ith  th e  form er investigations based 
on  th e  d a ta  o f population  density  ob tained  during 1965 — 67.

Methods

The volum e-values determ ined b y  S e b e s t y é n  (1958) were used for our 
calculations, nam ely those o f th e  “ form s o f w arm  w ate r” according to  th e  
possibilities, since th e  sam ples were collected from  M ay to  Novem ber in  each 
year. The specific w eight of th e  anim als was tak en  for u n ity  an d  th e  biom ass 
was expressed in  mg w et w eight/m 3.

D uring 1966 — 67, th ree parallel sam plings were m ade, therefore, th e  
values of th e  num ber o f individuals per lite r ob tained  during th e  evaluation  
o f  th e  samples, were averaged when calculating th e  biomass. F o r com parisons, 
th e  d a ta  of S e b e s t y é n  (1958) concerning th e  m onths from  M ay till Novem ber 
were also averaged an d  expressed in  th e  sam e u n it of m easure.

According to  our previous investigations (P .- Z á n k a i  and  K e r t é s z , 
1967; P . - Z á n k a i  and  P o n y i , 1970; 1971; 1972), th e  lake can be divided in to  
tw o areas considering th e  qualita tive  and  qu an tita tiv e  relations o f R o ta to ria , 
nam ely th e  south-eastern  p a rt, i.e. th e  K eszthely  B ay  and  its  surrounding 
(segments “M” and  “K ” ), as well as th e  north -eastern  basin to  th e  line of 
Ságpuszta—B alatonszem es (segments “ G” , “A ” an d  “ E ” ). The d a ta  o f po 
pulation  density  o f segm ents “M” and  “K ” were averaged and  th e  biom ass 
values calculated from  them  were com pared w ith  th e  averages of segm ents 
“ G ” , “A ” and  “ E ” . This way, th e  changes of R o ta to ria  biomass are trea ted  
in  view of th e  two m ain areas o f L ake B alaton.
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R e su lts

The biom ass o f Keratella cochlearis showed a m axim um  in A ugust of 
all th ree  years in  th e  area “M -|- K ” (Table I .) .  In  th e  o ther p a r t  of th e  lake 
(“ G - f  A  - f  E ” ), th e  density  of population increased tw ice during bo th  1966 
an d  1967, th e  values of M ay were four or nearly  five tim es higher th a n  those 
o f A ugust, respectively. D uring th e  sam e tim e, th e  south-w estern p a r t  of the  
lake displayed only a  single mass developm ent. In  1965, very  high density  
o f individuals as well as values of biom ass were found in  th e  K eszthely  B ay 
an d  its  surrounding, w hich in  absence o f parallel sam plings is assum ed to  be 
a  resu lt of collecting from  shoals. The d istribu tion  of th is species can be re 
garded as uniform  over th e  en tire  lake during th e  years o f investigations.

T A B L E  I

Q uantitative d istribu tion  o f K eratella  cochlearis along five  
transversal sections o f L ake  B alaton  

(w  =  1.22  • 10~ A m g fresh)

Date
i/m3

Collecting place
Biomass (fresh) 

mg/m*

M  + К G + A  +  E M  +  К в  +  A  +  E

1965, VI. 1 000 20 700 0.1 2.5
V II. 2 100 8 500 0.2 1.0
V III. 168 000 27 500 20.5 3.3
IX . 20 000 40 300 2.4 4.9
X. 2 500 35 000 0.3 4.3

average: 38 720 26 400 4.7 3.2

1966, V. 13 000 149 000 1.6 18.2
VI. 25 300 309 000 3.1 3.8
V II. 58 200 39 800 7.1 4.8
V III. 61 000 36 100 7.4 4.4
IX . 16 000 19 400 1.9 2.4
X. 23 200 25 700 2.8 3.1
X I. 3 100 16 000 0.4 1.9

average: 28 542 44 271 3.4 5.5

1967, V. 21 000 130 000 2.6 15.9
VI. 21 000 28 000 2.6 3.4
V II. 29 200 16 200 3.5 1.9
V III. 60 500 33 600 7.4 4.1
IX . 4 800 6 900 0.6 0.8
X. 1 800 18 100 0.2 2.2

average: 23 050 38 800 2.8 4.7

average of three years 23 189 36 823 3.6 4.4

The species Keratella cochlearis tecta was form erly considered to  be an  
au tu m n al form  in L ake B alaton  on th e  basis of its  occurrence (S e b e s t y é n , 
1958). However, i t  displayed a  characteristic sum m er developm ent during 
th e  th ree  years, th e  values of biom ass were th e  highest in  Ju ly  an d  m ainly in 
A ugust (Table I I ) .  The density  o f population  increased only once during the  
th ree  years overall th e  lake, th e  ra te s  o f which and  th e  biomasses were different
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TABLE II
Q u an tita tive  d is tr ib u tio n  o f K e ra te lla  cocKLearis tecta along

five  tran sversa l sections o f L a k e  B a la ton
(w  =  1 .31  ■ 10  ~4 m g fresh )

Date
i/m3

Collecting place
Biomass (fresh) 

mg/m3

M  +  К G +  A  +  E M  +  К G +  A  +  E

1965, VI. 0 1 700 0 0.2
V II. 1 100 14 000 0.1 1.8
V III. 83 000 330 000 10.9 4.3
IX . 3 100 12 500 0.4 1.6

average: 20 040 13 860 2.6 1.7

1966, V. 0 5 400 0 0.8
VI. 7 800 15 000 1.0 2.0
V II. 101 000 48 700 13.3 6.4
V III. 199 000 31 900 26.0 4.2
IX . 6 100 9 300 0.8 1.2
X. 14 000 9 300 1.8 1.2
X I. 2 100 5 500 0.3 0.7

average: 47 142 17 871 6.1 2.3

1967, V. 0 3 100 0 0.4
VI. 11 000 18 000 1.4 2.4
V II. 23 000 12 300 3.0 1.6
V III. 43 300 21 700 5.7 2.8
IX . 7 800 8 900 1.0 1.2
X. 3 100 7 200 0.4 0.9

average: 14 700 18 866 1.9 1.5

average of three years 27 294 14 532 3.5 1.8

on th e  tw o areas of th e  lake. The very  low biom ass values o f th e  south-w estern 
p a r t characterized b y  tw o segm ents, observed in  Ju ly , increased to  th e ir high 
m ultiple b y  Ju ly  an d  A ugust, th en  decreased again nearly  to  th e  form er values 
b y  Septem ber. The increase of biom ass was o f m uch lower ra te  in  th e  o ther 
region of the  lake, during th e  las t year of investigation no m axim um  appeared, 
th e  mass was uniform ly d is trib u ted  during th e  period o f Ju n e  —Septem ber. 
Com paring th e  yearly  averages, large differences betw een th e  tw o areas of 
w ater were found only in  1966. This results in tw ice as high biom ass in the  
K eszthely B ay  and  its  surroundings when com paring th e  averages of th ree  
years.

The population  density  of Keratella quadrata was higher in  th e  n o rth 
eastern  areas o f w ater (“G -J- A +  E ” ) during th e  spring an d  au tu m n  of all 
the  th ree years (May, Ju n e  in 1965; October, Novem ber) th an  in the  K eszthely  
B ay  and  its  surrounding (Table I I I ) .  Considerable masses of th is  species 
appeared ju s t during th e  spring an d  au tu m n  m onths on th is p a r t  of th e  lake. 
This resu lt supports th e  finding o f S e b e s t y é n  (1958) who regards th is  species 
an  early  spring form  on th e  basis o f collections across segm ent “A ” , as well 
as th e  occurrence of population m axim a. However, during th e  sum m er periods 
(e.g. Ju ly  —Septem ber of 1966 an d  1967), th e  biom ass of th e  species was 
2 — 24 tim es higher in  segm ents “M +  K ” , th an  in the  o ther regions. T he
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TABLE I I I
Q u a n tita tive  d is tr ib u tio n  o f K e ra te lla  qu adra ta  along five

tran sversa l sections o f L ake B a la to n
(w  =  6 .61  • 1 0 ~1 m g fresh )

Date
i/m3

Collecting place
Biomass (fresh) 

mg/m8

M  +  К G + A  + E M  +  К G +  A  +  E

1965, VI. 510 1 300 0.3 0.9
V II. 2 100 1 100 2.2 0.7
V III. 18 000 0 11.9 0
IX . 7 500 1 300 5.0 0.8
X. 510 1 100 0.3 0.7

a v era g e : 5 724 960 3.9 0.7

1966, V. 1 600 4 500 1.1 3.0
VI. 50 700 2 100 33.5 1.3
V II. 16 700 2 100 11.0 1.3
V III. 25 700 4 000 17.0 2.7
IX . 24 000 2 300 15.9 1.5
X. 16 700 7 400 11.0 4.9
X I. 810 4 300 0.5 2.8

a v e r a g e : 19 458 3 814 12.8 2.5

1967, V. 21 000 57 000 13.9 37.7
VI. 9 100 3 100 5.9 2.0
V II. 9 500 4 300 6.3 2.8
V III. 18 000 2 400 11.9 1.6
IX . 6 300 410 4.2 0.3
X. 510 2 300 0.3 1.5

a v era g e : 10 735 12 101 7.1 7.6

a v e r a g e  o f  th r e e  y e a r s 11 969 2 812 7.9 3.4

average values of th ree  years showed a m ore th a n  double difference betw een 
th e  tw o areas o f w ater in favour of th e  K eszthely  B ay  and  its  surrounding.

The biom ass o f Polyarhtra vulgaris strongly  varied  during th e  th ree  
years following each other on b o th  areas o f w ater (Table I V ) .  A  certain  re 
gu larity  was only observed over th e  en tire  lake during all th ree  years, in  so far 
as th e  population  increased during th e  au tum n. A p art from  th a t, th e  values 
o f biom ass were high in Ju n e  in  th e  K eszthely  B ay  an d  its surrounding, as 
well as in  M ay an d  A ugust in th e  north -eastern  p a rt. The form er investigations 
in  segm ent “A ” (S e b e s t y é n , 1953) ind icated  th e  m onths J u ly —A ugust as 
well as May, D ecem ber and  Septem ber when th is species reached th e  highest 
num bers per liter. Com paring th e  yearly  averages o f biom ass values found 
in th e  tw o areas o f th e  lake reveals th a t  th is  species occurs in larger mass in 
segm ents “ G —E ” . The difference is som etim es sm all (1966) b u t i t  can even 
reach a  double level.

The biom ass o f Pompholyx sulcata showed th e  largest difference between 
th e  tw o areas, since it  was negligible in  th e  K eszthely  B ay  and  its  surrounding, 
whereas even 20 m g/m 3 occurred in o ther regions (Table V ). I t  is a charac
teristic  species of sum m er developm ent, its  m axim al masses occur during Ju ly
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TABLE IV
Q u an tita tive  d is tr ib u tio n  o f P o lya rth ra  vu lg a ris  along five

tran sversa l sections of L ake B a la to n
( w  — 3 .83  • 1 0 ~ l  m g fresh )

Date

i/ms
Collecting place

Biomass (fresh) 
mg/m3

M  +  К в  +  А  +  Е M  +  К G +  A  +  E

1965, VI. 1 000 3 300 0.4 1.3
V II. 0 0 0 0
V III. 0 0 0 0
IX . 49 000 35 700 18.8 13.7
X. 49 000 172 000 18.8 65.9

average: 19 800 42 200 7.6 16.2

1966, V. 21 000 91 900 7.7 35.2
VI. 23 800 5 700 9.1 2.2
V II. 3 200 29 000 1.2 11.1
V III. 9 500 52 100 3.6 21.0
IX . 36 000 25 900 13.8 9.9
X. 75 700 11 300 29.0 43.2
X I. 6 400 12 900 2.4 7.3

average: 25 085 48 114 9.5 18.5

1967, V. 23 000 29 000 8.8 11.1
VI. 31 000 18 000 11.9 6.9
V II. 2 800 22 100 1.1 8.5
V III. 9 100 64 000 3.4 24.5
IX . 5 800 31 200 2.2 11.9
X . 51 500 43 400 19.7 16.6

average: 20 533 34 616 7.8 13.2

average of three years 21 806 41 643 8.3 16.0

tn d  A ugust. I ts  d istrib u tio n  was uniform  in segm ents “G -  E ” during all th e  
ahree years on th e  basis o f com parisons of th e  yearly  average biom ass values.

B oth  th e  density  of individuals and  th e  biom ass of Kellicottia longispina 
are uniform ly low in b o th  p arts  of th e  lake. I ts  highest mass appears in  M ay 
in  accordance w ith  form er lite rary  d a ta  (S e b e s t y é n , 1953; 1958) .The yearly  
averages show no significant differences betw een th e  tw o areas, whereas th e  
com parisons of th e  years revealed sm all differences only.

Discussion

D uring th e  th ree  years o f investigations, th e  Polyarthra vulgaris occupied 
th e  firs t place am ong th e  R o ta to ria  of th e  open w ater of th e  lake as regards 
biom ass values. I t  was followed b y  Keratella quadrata and  Pompholyx sulcata 
(Tables I I I ,  I V  an d  V),  i.p. th e  m ass is form ed by  a  species o f m edium  volum e 
b u t high density  as well as b y  an  o ther one of large volum e an d  re la tively  
of lower num ber of individuals. According to  form er investigations (S e b e s 
t y é n , 1958), Polyarthra an d  Pompholyx showed th e  highest biom ass values 
even during o ther years in  th e  north -eastern  basin  o f th e  lake.

19



TABLE V
Q u a n tita tive  d is tr ib u tio n  o f P o m p h o lyx  su lca ta  along five

tran sversa l sections of L ake  B a la to n
(w  =  3.11  • 1 0 - i  m g fresh )

Date
i/ms

Collecting place
Biomass (fresh) 

mg/m8

M  +  К 0  +  A  +  E M  +  К G +  A  +  E

1965, VI. 0 7 300 0 2.3
V II. 0 67 000 0 20.8
V III. 0 35 500 0 11.0
IX . 0 38 300 0 11.9
X. 0 12 500 0 3.9

average: 0 32 120 0 9.9

1966, V. 210 47 000 0.1 14.6
VI. 17 000 56 000 5.3 17.4
V II. 700 54 100 0.2 16.8
V III. 0 64 500 0 20.1
IX . 0 17 000 0 5.3
X. 830 7 300 0 2.3
X I. 0 810 0 0.2

average: 2 677 35 244 0.8 10.9

1967, V. 3 000 25 100 0.9 7.8
VI. 2 000 36 000 0.6 11.2
V II. 1 500 69 000 0.5 21.4
V III. 0 30 300 0 9.4
IX . 0 17 700 0 5.5
X. 0 14.300 0 4.4

average: 1 083 32 066 0.3 9.9

average of three years 626 33 143 0.4 16.2

However, Keratella quadrata has never been o f such a  high density . Since 
a t  each th ree  points of each th ree  segm ents nearly  uniform  num ber o f ind iv i
duals per liter were obtained, one can exclude th e  possibility of collecting 
from  shoals, an d  one has to  accept th e  wide propagation  of th is  species over 
th e  en tire  area o f w ater.

System atic q u an tita tiv e  investigations of R o ta to ria  p lank ton  involved 
only th e  open w ater area in  fro n t of T ihany  (segment “A ” ) before 1965. 
According to  our results hav ing  been ob ta ined  so far, th is  segm ent represents 
well th e  area of th e  whole north -eastern  basin, an d  on th e  o ther hand, its 
R o ta to ria  fauna is sim ilar to  th a t  o f th e  line S ágpuszta—Balatonszem es 
(segm ent “G ” ) b o th  qualita tively  an d  quan tita tively . Therefore, one can con
clude on th e  basis of changes appearing in  segm ent “A ” th a t  sim ilar phenom ena 
also occur in  th e  larger p a r t  of th e  open w ater o f th e  lake (“ G -j- A  - f  E ” ).

In  order to  be able to  com pare th e  recent biom ass d a ta  w ith  th e  form er 
ones, th e  values o f segm ent “A ” were separated  from  th e  o ther tw o segm ents 
belonging to  th e  no rth -eastern  basin. A nalyzing th e  changes o f biom ass of 
certain  species presen t in  th e  p lank ton  w ith  higher num ber of individuals 
(Table VI ) ,  one can establish  th a t  th e  m ass of Keratella cochlear is increased 
as com pared to  th a t  of years 1936—49, it  rem ained practically  unchangedfrom
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TABLE VI
C h a n g e s  o f  R o t i f e r a  b io m a s s  i n  th e  w a te r - a r e a  i n  f r o n t  o f  th e  B io lo g ic a l  I n s t i t u t e

(transversal section “A ”)

Year Keratella
cochlearis

Keratella 
c. tecta

Keratella
quadrata

Polyarthra
vulgaris

Pompholyx
sulcata

Kellicottia
longispina

Trichocerca
pusilla

Total
biomass
mg/m3

1936 l . i 0.3 0.7 1.5 2.5 0.4 0 6.5
1937 1.0 0.4 1.3 2.3 3.1 0.6 0 8.7
1938 2.2 0.4 2.0 1.5 4.3 1.7 0 12.1
1947 0.8 3.5 1.3 17.6 4.0 0.4 1.4 29.0
1949* 0.8 1.0 0.7 2.7 1.5 1.3 0.4 8.4
1951 6.3 6.1 1.3 15.3 9.6 0.2 2.1 40.9
1965** 2.4 1.1 0.3 5.4 13.2 0 0 22.4
1966 6.0 2.2 1.5 19.5 11.7 0.6 0.5 42.0
1967 4.3 1.3 8.0 10.2 9.8 1.4 0.5 35.5

* a n  u n u s u a l  su b s id e n c e  o f  th e  o p e n  w a te r  d u r in g  t h a t  t im e  
** r e la t iv e ly  few  sa m p lin g s

1951. A sim ilar p a tte rn  was shown even by  Pompholyx sulcata. The biom ass 
o f Keratella c. tecta increased un til 1951 and  s ta rted  to  decrease only during 
recent years, whereas th a t  o f Keratella quadrata was practically  unchanged 
from  th e  firs t year of investigation, ap a rt from  th e  higher value of 1967 which 
however, could no t be eva lua ted  because of th e  absence o f fu rth e r investig
ations. The Polyarthra from  th e  1940s, th e  Kellicottia during th e  whole period 
of investigations occur in  th e  R o ta to ria  p lank ton  w ith  a  nearly  constan t mass. 
Trichocerca pusilla  could be collected in  alm ost identical masses since its  
propagation to  th e  open w ater (S e b e s t y é n , 1953; 1958).

The to ta l biom ass o f R o ta to ria  continuously increased u n til 1951 in 
segm ent “A ” representing th e  larger p a r t  of th e  lake. Since th a t  tim e a  stagn 
ation  has appeared  instead  of a  fu rth e r increase, th e  reason is unknow n. H ow 
ever, d ifferent hypotheses can be outlined (cf. P o n y i  an d  P .-Z á n k a i , 1972, 
p p .  1 3 6 -1 3 7 ).

Summ ary

Among th e  m ost frequen t ro tifers of th e  lake th ree  species (Polyarthra 
vulgaris, Keratella quadrata and  Pompholyx sulcata) represen t th e  highest 
biom ass values.

On th e  basis o f average biom asses of years 1965, 1966 an d  1967, Poly
arthra vulgaris is of th e  highest im portance showing a  value o f 8.3 an d  14.1 
m g/m 3 in th e  K eszthely  B ay  and  its  surrounding as well as in th e  o ther p a rts  
of th e  lake. Keratella quadrata and  Pompholyx sulcata display different d is tri
b u tion  o f biom ass in th e  tw o areas: th e  form er occurred in  7.9 m g/m 3 in th e  
sam ples tak en  from  th e  K eszthely  B ay  an d  its  surrounding (segments “M-j- 
K ” ), th e  la tte r  in  0.4 m g/m 3. In  th e  segm ents representing ab o u t tw o th irds 
o f th e  lake (segments “ G -f- A  +  E ” ), th e  form er showed 3.5 while th e  la tte r  
10.3 m g/m 3 biom ass value.

In  th e  larger p a r t  o f th e  open w ater (segments “G +  A +  E ” ), th e  to ta l 
biom ass o f th e  R o ta to ria  gradually  increased till th e  1950s from  6.5 up  to  
40.9 mg/m3, th en  it  rem ained a t  nearly  identical level u n til 1967 (38.7 m g/m 3).

19*
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K E R E K E S F É R G E K  (ROTATORIA) BIOMASSZÁJA A BALATONBAN 
P . - Z á n k a i  N ó r a  és P o n y i  J e n ő

összefoglalás

A  tó  leggyakoribb  kerekesférgei közül b iom assza é r té k e t te k in tv e  3 fa j ( P o ly a r t l i r a  
v u lg a r is ,  K e r a t e l la  q u a d r a ta ,  P o m p h o ly x  s u lc a ta )  a  legjelen tősebb .

1965, 1966 és 1967 évek  á tlag o s b iom asszája  a la p já n  a  leg fon tosabb  a  P o ly a r t h r a  
v u lg a r is ,  m elynek  é rték e  a  K eszthely i-öbö l és kö rn y ék én  8,3, a  tö b b i részen  14,1 m g /m 3 
v o lt. A  K e r a t e l la  q u a d r a ta  és a  P o m p h o ly x  s u lc a ta  b iom asszá jának  m egoszlása a  tó  k é t 
v íz te rü le tén  e lté rő ; az  e lőbbi fa j b iom asszája  a  K eszthely i-öbö l és k ö rn y ék én  v e t t  m in 
tá k b a n  (M +  К  te rü le t)  7,9 m g /m 3, az  u tó b b ié  0,4 m g/m 3 vo lt. A  tó  k b . k é th a rm a d  részé t 
rep rezen tá ló  G  -f- A  -|- E  sze lvényeken  a  P o m p h o ly x  biom assza  é rték e  10,3 m g /m 3, a  
K e r a t e l l a  q u a d r a ta - é  3,5 m g /m 3 vo lt.

A  tó  n y íltv izén ek  n ag y o b b ik  részén  (G -f- A  +  E  szelvények) az 1930-as év ek tő l 
kezdődően  a  kerekesférgek  összes b iom asszája  az  1950-es évekig  fokoza to san  em elk ed e tt 
6,5 m g /m 3-ről 40,9 m g /m 3-ig, m a jd  e ttő l  kezdve 1967-ig közel azonos sz in ten  m a ra d t 
(38,7 m g /m 3).



CHRONICLE

T he new  fo u r-y ea r’s resea rch  p la n  s ta r te d  in  1972 in  o u r In s t i tu te  w hich  is th e  
co n tin u a tio n  o f  th e  earlie r ex p erim en ta l w ork. T he in v es tig a tio n s follow  th e  m a in  to p ics  
o f  research  o f  th e  H u n g a ria n  A cadem y  o f  Sciences co rresponding  to  th e  th em es “ B io 
reg u la tio n ” and  “ B iosphere” . A ccord ing ly  research  o n  th e  ' ‘R egulation o f the physiological 
processes” carried  o u t in  th e  D epartm ent o f E xperim enta l Zoology focussed a tte n tio n  
on  th e  neu ro h u m o ra l reg u la tio n s in  th e  in v e r te b ra te  an im als , w hile in  th e  D epartm ent 
o f H ydrobiology, hydrob io log ical p rob lem s o f  L ake B a la to n  a n d  i ts  c a tc h m en t a rea  w ere 
s tud ied .

R e su lts  o f th e  w ork  perfo rm ed  b y  th e  m em bers o f  th e  tw o  D e p a rtm e n ts  w ere 
pub lished  p a r t ly  in  A n n á l. B io l. T ih a n y  40, a n d  p a r t ly  in  various H u n g a ria n  a n d  foreign 
jo u rn a ls  (See A n n á l. B io l. T ih a n y , 1973, 40, p . 301). T he lis t o f  sc ien tific  lec tu res  he ld  in  
1972 b y  th e  sc ien tific  s ta f f  o f th e  In s t i tu te  is pub lished  in  A n n á l. B io l. T ih a n y , 40, p p . 
302 — 303.

In  th e  sessions o f  th e  G enera l M eeting o f th e  H u n g a rian  A cadem y o f  Sciences 
in  1972 D r. J ános S a l á n k i, D irec to r o f th e  In s ti tu te ,  D r. K a ta lin  S.-R ózsa, D r. I m re  
Zs .-Nagy  an d  D r. E l e m é r  L ábos senior sc ien tific  resea rch  w orkers w ere aw ard ed  th e  
A cadem y P rize  fo r estab lish ing  a n d  develop ing  in  H u n g a ry  inv es tig a tio n s on  in v e r te b ra te  
neurobio logy  in  th e  D e p a rtm e n t o f  E x p e rim e n ta l Zoology. N eurobiological in v es tig a tio n s 
w ere s ta r te d  in  1962, w hen  th e  p re sen t D irec to r o f  th e  In s ti tu te  w as a p p o in ted  th e m  to  
be D irec to r o f th e  In s ti tu te  a n d  a t  th e  sam e tim e  th e  h ead  o f th e  D e p a rtm e n t o f  E x p e r i
m e n ta l Zoology. D r. J ános Sa l á n k i w on h is  degree o f  can d id a te  o f  B iological Sciences 
(P h . D .) in  M oscow in  th e  la b o ra to ry  h ead ed  b y  academ ician  H . S. K oshtoyants p ro 
m in en t rep re sen ta tiv e  o f  th e  school o f S ov ie t co m p ara tiv e  physio logy , th e n  in  1970 
he w on th e  degree o f  D o c to r o f  B iological Sciences in  H u n g a ry . D r. K a t a l in  S .-R ózsa 
w as also th e  follow er o f  P ro fesso r H . S. K oshto ya nts an d  she w on  th e  degree 
o f C and idate  o f  B iological Sciences in  M oscow in  1961. D r. I m re  Zs .-Nag y  an d  D r. E l e m é r  
L ábos fin ished  U n iv e rs ity  M edical School in  D ebrecen  in  1961, th e  fo rm er fro m  1963, 
th e  la t te r  be tw een  1962 —1970 w ere in v es tig a tin g  in v e r te b ra te  neurob io logy  a t  T ihany . 
D r. I .  Zs .-Na g y  w on his C and ida te  degree o f B iological Sciences in  1967 a n d  D r. E . L ábos 
th e  sam e in  1969 o n  th e  basis o f th e  in v es tig a tio n s carried  o u t in  ou r In s ti tu te .  T he sc ien 
tific  pub lica tions o f th e  P rize  w inners can  be found  in  th e  volum es o f  A n n á l. B io l. T ih a n y  
pub lished  be tw een  1963 — 1972, an d  in  th e  o th e r  sc ien tific  jo u rn a ls  lis ted  in  th e  above 
volum es.

D r. J en ő  P onyt, h ead  o f th e  D e p a rtm e n t o f  H ydrob io logy  on  th e  com p e titio n  
fo r th e  “P rize  o f R esea rch  w o rk ” conducted  b y  th e  G enera l S ec re ta ry  o f th e  H u n g a rian  
A cadem y  o f Sciences w on th e  P rize  o n  th e  basis o f  h is  w ork  e n title d  “ In v es tig a tio n s  on  
c ru s tacean  a n d  m olluscan  rem ain s in  th e  u p p e r sed im en ta ry  lay e r o f  L ak e  B a la to n ” . 
T he P rize  w inner p ap e r w as pub lished  in  38 th  volum e o f  A n n á l. B io l. T ih a n y .

D uring  1972 th e  follow ing m em bers o f th e  sc ien tific  s ta f f  rece ived  th e  t i t le  o f 
U n iv e rs ity  D o c to r o r w on  th e  can d id a te  degree o f  B iological Sciences:

1. O n th e  20 th  o f  A pril, I stván  K iss  on  th e  basis o f  h is w ork  “ D ifferen t form s 
o f  th e  g en era tio n  o f  rh y th m  an d  ty p e s  o f  th e  chem ical se n s itiv ity  o f th e  g ian t 
neurones iden tif ied  in  CNS o f L ym naea  stagna lis” ob ta in ed  a  t i tle  o f  U n iv e rs ity  
D octo r a s  th e  D e p a rtm e n t o f C om para tive  P hysio logy  o f  th e  E ö tv ö s  L o rán d  
U n iv e rs ity , B u d ap est.
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2. O n th e  16 th  o f  O ctober, T ib  o n  K is s  ob ta in ed  h is U n iv e rs ity  D octo rsh ip  on  th e  
basis o f h is w ork  “M icroelectrophysiological a n d  m orpholog ical in ves tiga tions 
on  th e  snail h e a r t  m uscle  cells” a t  th e  D e p a rtm e n t o f  C om parative  Physio logy  
o f th e  E ö tv ö s  L o rán d  U n iv e rs ity , B u d ap est.
3. O n th e  27 th  o f N ovem ber, D r. J ános Olá h  w on th e  degree o f  C an d id a te  o f  
B iological Sciences w ith  h is d isse rta tio n : “The m ass an d  p ro d u c tio n  o f th e  p la n k 
to n  o f  m icroorgan ism s an d  th e  tro fio  cond ition  in  L ake o f B a la to n ” .
The In s titu te ’s perm anent s ta ff  is 64 persons, com prising  18 sc ien tific  research  

w orkers, 14 tech n ica l a ss is tan ts , 6 ad m in is tra tiv e  a n d  16 o th e r  w orkers.
T he follow ing changes to o k  p lace  in  th e  sc ien tific  s ta f f  o f th e  In s ti tu te :  on  th e  1st 

o f  M ay, I stv án  K is s , on  th e  1st o f  O ctober, K áro ly  E l e k e s  an d  T ib o r  K is s  w ere 
a p p o in ted  sc ien tific  research  w orkers to  th e  D e p a rtm e n t o f  E x p e rim e n ta l Zoology. 
O n th e  1st o f  Sep tem ber, J ános N em csók  biologist w as a p p o in ted  scho la r a ss is tan t 
sc ien tific  w orker to  th e  D e p a rtm e n t o f E x p e rim en ta l Zoology an d  a t  th e  sam e tim e  
J u d it  N .-H orváth  biologist w as a p p o in ted  a ss is ta n t sc ien tific  resea rch  w orker to  th e  
D e p a rtm e n t o f  H ydrob io logy .

In la n d  scientific connections

T he In s t i tu te  h a d  in lan d  connections w ith  severa l sc ien tific  In s ti tu te s  o f  th e  A ca
dem y  a n d  U n iv e rs ity  D ep a rtm en ts , rea lized  b y  coopera tions an d  consu lta tions.

T he follow ing H u n g a ria n  sc ien tis ts  w orked  in  o u r In s ti tu te  as v is iting  research  
w orkers in  1972: P ro f. E . B m ó , B iochem ical In s ti tu te  o f th e  E ö tv ö s  L o rán d  U n iv e rs ity , 
B u d ap est; P ro f. Gy . В от, D e p a rtm e n t o f  M edical C hem istry  o f U n iv e rs ity  M edical 
School, D ebrecen; P ro f. B . Cs il l ik , D e p a rtm e n t o f A na to m y , H isto logy  a n d  E m brio logy  
o f U n iv e rs ity  M edical School, Szeged; D r. G. Cz e g l é d y - J a n k ó , O K I, B u d ap est; P ro f.
O. F e h é r , Physio log ica l D e p a rtm e n t o f  Jó z se f A tti la  U n iv e rs ity , Szeged; D r. F . J ó lesz , 
K an d ó  K á lm á n  H ig h er T echn ical School o f E lec tric a l In d u s try , B u d ap est; D r. E . K n y i- 
H Á R, D e p a rtm e n t o f A na to m y , H isto logy  an d  E m brio logy  o f  U n iv e rs ity  M edical School, 
Szeged; P ro f. M. N e m e s s u r i, In s t i tu te  o f  Sports, B u d ap est; D r. A . P u p p i , C en tra l 
L a b o ra to ry  o f  Z ootechnic  o f th e  B iophysic  In s ti tu te  o f  P O T E , Pécs.

S im ilarly  to  th e  prev ious y ea rs  D r. J .  Sa l á n k i, D irec to r o f th e  In s t i tu te  held  
lec tu res  a t  th e  D e p a rtm e n t o f  C om para tive  P hysio logy  o f  E ö tv ö s  L o rán d  U n iv e rs ity , 
B u d ap es t for studen ts-b io log ists , w hich  w as e n ti tle d  “E x c ita tio n  a t  m em b ran e  lev e l” .

S im ilarly  to  th e  p rev ious y ears , in  1972, severa l u n iv e rs ity  s tu d e n ts  perfo rm ed  
here  th e  ex p erim en ta l p a r t  o f  th e ir  theses su b m itte d  fo r ce rtif ica tio n  a t  th e  U n iv e rs ity , 
I n  th e  sum m er perio d  e ig h t u n iv e rs ity  s tu d e n ts  jo ined  th e  ex p e rim en ta l w ork  o f  th e  
In s ti tu te . D r. Zs .-N agy  I m r é n é , T óth  Va l é r ia  a ss is tan t, w ho w as correspond ing  s tu d e n t 
a t  th e  te a c h e r’s tra in in g  course in  bio logy an d  ch em istry  a t  th e  K o ssu th  L ajo s U n i
v e rs ity , D ebrecen  be tw een  1966— 1972 p e rfo rm ed  h e r th es is  su b m itted  fo r ce rtif ica tio n  
a t  th e  Zoological D e p a rtm e n t o f  th e  In s ti tu te .

A m ong th e  sc ien tific  w orkers o f  th e  In s ti tu te  D r. I . Zs .-Na g y  sen ior sc ien tific  
resea rch  w orker sp en t one w eek  as a n  in land  s tu d y  to u r  in  th e  D e p a rtm e n t o f P a tho log ica l 
A n a to m y  o f  P O T E , Pécs.

Scien tific  connections w ith  foreign In s titu te s  and research workers

I n  1972 w ith in  th e  fram e-w ork  o f a n  official ag reem en t m u tu a l w ork  w as done 
w ith  th e  C zechoslovakian  A cadem y  o f Sciences on: “L ig h t a n d  e lec tronm icroscopic  
s tru c tu re s  o f  neu ro h aem al o rgan  o f in sec ts” a n d  on  “ Q u a n tita tiv e  ana ly s is o f th e  nerve  
processes o f in v e r te b ra te s” . The f i rs t  them e w as in v es tig a ted  jo in tly  w ith  th e  In s ti tu te  
o f  E n to m o lo g y  (P rague), th e  second w ith  th e  In s t i tu te  o f  P hysio logy  (P rague). To s tu d y  
th e  second them e D r. T . J .  Sk v a r il  engineer v is ited  our In s ti tu te  in  th e  fram e o f a  s tu d y  
to u r .

T r a v e l s  a b r o a d

1. D r. P . B ir ó , scien tific  research  w orker fin ished  h is fo u r-m o n th  s tu d y  to u r  
o n  th e  30 th  o f  A pril, sp en t in  th e  In s ti tu te  o f  F re sh w a te r B iology in  B orok  (Soviet U nion).

2. D r. B . E n t z , senior scien tific  research  w orker, h as co n tinued  h is w ork  as a  
U N E SC O  e x p e rt in  UAR.

3. T . K is s  a ss is ta n t sc ien tific  research  w orker in  J u n e  sp en t tw o  w eeks in  th e  
Physio log ica l In s t i tu te  o f  th e  U k ra in ian  A cadem y o f Sciences a t  K iev  (Soviet U nion).



295

4. I lo n a  B.-M u sk ó  a ss is ta n t sc ien tific  research  w orker w as w ork ing  in  th e  D e p a r t
m e n t o f  In se c t P hysio logy  o f th e  In s ti tu te  o f E n to m o lo g y  o f  th e  C zechoslovakian  A ca
dem y  o f  Sciences (P rague) be tw een  th e  9 th  an d  28 th  o f O ctober.

5. D r. J .  Olá h  sc ien tific  w orker a tte n d e d  a  S ym posion  on  “D e tr i tu s  a n d  its  
ecological ro le in  a q u a tic  ecosystem s” organized  b y  IB P -U N E S C O  b e tw een  th e  23rd 
a n d  2 7 th  o f  M ay in  P a llan za  (I ta ly ) .

6. D r. K a t a lin  S.-R ózsa senior sc ien tific  resea rch  w orker an d  D r. J .  Sa lá n k i 
D irec to r o f th e  In s t i tu te  w ere in v ited  to  deliver lec tu res a t  th e  Zoological D e p a rtm e n t 
o f  th e  B asel U n iv e rs ity , B asel (Sw itzerland); th e n  D r. K . S .-R ózsa w as on  a  s tu d y  to u r  
in  th e  Zoological D e p a rtm e n t o f  th e  J e n a  U n iv e rs ity , J e n a  (G D R ) be tw een  th e  1st an d  
19th  o f  Ju n e , su b seq u en tly , she a tte n d e d  th e  m e th o d ica l course held  b y  IC R O -E M B O  
in  th e  to p ic  o f  B iophysic  o f  th e  m em b ran es in  B ern  (Sw itzerland) be tw een  th e  12 th  an d  
29 th  o f  Sep tem ber.

7. D r. J .  Sa l á n k i, D irec to r o f  th e  In s ti tu te ,  D r. K . S .-R ózsa senior sc ien tific  
research  w orker, I .  Va r a n k a  sc ien tific  w orker, T . K is s  a ss is ta n t sc ien tific  research  
w orker, I . V adász scho lar sc ien tific  w orker a n d  M. V éró  elec tron ic  engineer a tte n d e d  
th e  In te rn a tio n a l C ongress o f  B iophysics he ld  in  M oscow (Soviet U nion) be tw een  th e  
4 th  an d  14th  o f  A ugust. D r. J .  Sa l á n k i to o k  p a r t  in  th e  w ork  o f th e  M eeting o f  CO M E
CON ex p e rts  in  th e  fram e  o f  coopera tion  on  th e  B iophysics o f  M em branes held  in  R e in 
h a rd sb ru n n  (G D R ) be tw een  th e  28 th  a n d  31st o f  M ay.

8. M. V ér ó  elec tron ic  engineer v is ited  th e  L ab o ra to ry  o f N eu rocyberne tics  o f 
th e  P hysio log ical I n s t i tu te  o f  th e  C zechoslovakian  A cadem y o f Sciences (P rague) an d  
Physio log ica l In s ti tu te  o f  th e  S lovak ian  A cadem y  o f  Sciences (B ra tis lava) b e tw een  th e  
2nd an d  21st o f  O ctober.

9. D r. N óra  P .-Z á n k a i a n d  D r. S. H e r o d e k  sc ien tific  research  w orkers w ere 
in v ited  to  v is it th e  E colog ical In s ti tu te  o f  th e  P o lish  A cadem y  in  Sciences in  W arsaw  
b e tw een  th e  11th  a n d  18 th  o f  D ecem ber.

T he follow ing sc ien tific  resea rch  w orkers v is ited  th e  In s ti tu te  o r sp en t longer 
periods o f  tim e  here  d u rin g  1972:

D r. U . B a s il e , D e p a rtm e n t o f  C o nstruc tion  o f  th e  B iological A p p a ra tu s  a t  th e  
U n iv e rs ity  o f  M ilano, M ilano, I ta ly ;  D r. S. B e r n o t , D e p a rtm e n t o f  N euro logy  a t  th e  
U n iv e rs ity  o f  W ü rzb u rg  (G F R ); D r. L . B o l is , P hysio log ical D e p a rtm e n t o f  th e  U n i
v e rs ity  o f R om e, I ta ly ;  D r. B r y l in s k i, In s t i tu te  o f  H ydrob io logy , O lsz tyn -P o lska , 
P o lan d ; D r. T . P . Cir u l is , In s t i tu te  o f E v o lu tio n a ry  P hysio logy  an d  B iochem istry , 
L en ing rad , Soviet U n ion ; D r. A . Ce n ta m o r e , In s t i tu te  o f  G enetics, R om e, I ta ly ;  D r. 
C. L . D e e l d e r , Fisheries L ab o ra to ry , I jm u id en , H o llan d ; D r. T . K ita g a w a , U n iv e rs ity  
M edical School, N isim aehi, G onado  C ity , J a p a n ;  D r. D . L a b ic , In s t i tu te  o f  M olecular 
P a th o lo g y , P a ris , F ran ce ; D r. R . S. L e e u w in , P harm aco log ica l D e p a rtm e n t o f  th e  
A m ste rd am  U n iv e rs ity , A m ste rd am , H o llan d ; D r. M. MacK a y , L ondon  U n iv e rs ity , 
L ondon , U K ; D r, P . Ma r k k a n e n , B iochem ical L a b o ra to ry  o f  th e  R esea rch  C entre  o f 
F in lan d , H elsink i, F in lan d ; D r. L . Ma r to n , In s t i tu te  an d  M useum  o f H is to ry  an d  
T echnology, W ash in g to n , U SA ; D r. R . N or d m a n n , B iochem ical D e p a rtm e n t o f  U n i
v e rs ity  M edical School, P a ris , F ran ce ; D r. A . B . N o v ik o f f , A lb e rt E in s te in  College o f 
M edicine, N ew  Y ork , U SA ; D r. В . М. Ok u ja w a , In s t i tu te  o f  C linical an d  E x p e rim e n ta l 
N euro logy , Tbilisi, S ov ie t U n ion ; D r. С. C. R o ss , U n iv e rs ity  o f  S o u th  C arolina, S p a rtam - 
su rg , U SA ; D r. J .  J .  Sa w t e l l , B e th a n y  College, B e th a n y , U SA ; D r. L . Se v e u s , L K B -A B , 
B rom m a, Sw eden; D r. G. T atttermann, D e p a rtm e n t o f  Zoology o f th e  U n iv e rs ity  o f 
In n sb ru ck , A u stria ; D r. H . U d e , Zoological D e p a rtm e n t o f  th e  J e n a  U n iv e rs ity , Je n a , 
G D R ; D r. H . V o l k m er , P hysio log ical D e p a rtm e n t o f th e  Je,na U n iv e rs ity , Je n a , G D R ; 
D r. H . J .  Se e w a l d , P hysio log ical D e p a rtm e n t o f  th e  J e n a  U n iv e rs ity , Je n a , G D R ; 
D r. K . W ie c k o w s k i, In s ti tu te  o f  G eography  o f th e  Po lish  A cadem y o f  Sciences, W arsaw , 
P o land .

M e e t i n g s

In  1972 th e  follow ing m eetings w ere held  a t  th e  In s ti tu te :
1. W in te r  School in  th e  fie ld  o f nu c lea r physics o rganized  b y  th e  C en tra l R esea rch  

In s t i tu te  o f  P hysics o f th e  H u n g a ria n  A cadem y  o f  Sciences fro m  th e  24 th  to  2 8 th  o f 
J a n u a ry  (25 p a rtic ip an ts) .

2. T he m ee tin g  o f  th e  S ection  o f  B iom echanics o f th e  Physio log ical T ra in ing  
Scien tific  C ouncil dealing  w ith  th e  “A u to m atism  o f th e  h u m a n  m o v em en ts”  b e tw een  
th e  4 th  an d  6 th  o f  M ay (40 p a rtic ip an ts) .
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3. M eeting o f  th e  C om m ittee  o f  w a te r p ro tec tio n  in  L ake  o f B a la to n  on  th e  30 th  
o f  M ay w ith  60 p a rtic ip a n ts .

4. Sym posium  on  th e  m echan ism s o f  n eu ro v eg e ta tiv e  tran sm issio n  betw een  
19th  an d  24 th  o f  J u n e  (52 p a rtic ip an ts) .

6. S um m er course fo r th e  pup ils  o f  secondary  schools w ith  b iological specialization  
w as organ ized  b y  th e  B iological D e p a rtm e n t o f  th e  H u n g a ria n  A cadem y  o f  Sciences 
b e tw een  th e  2 7 th  a n d  30 th  o f  J u n e  (27 p a rtic ip an ts) .

6. T he IV th  In te rn a tio n a l C o n tin u a tio n  Course o f H ydrob io logy  be tw een  th e  10th 
a n d  17th  o f  J u ly  (20 p a rtic ip an ts) .

7. F ir s t  conference o n  th e  p ro p ertie s  o f  m em b ran es be tw een  th e  4 th  a n d  6 th  
o f  S ep tem ber (25 p a rtic ip an ts) .

8. T he course o n  th e  to p ic  o f th e  “R eg u la tio n  o f  cell d iv ision” h e ld  b y  th e  M orpho
logical a n d  C ytological C om m ittee  be tw een  th e  13th  a n d  16 th  o f  S ep tem ber (50 p a r t i 
c ipan ts).

9. T he “H ydrob io log ica l d a y s” w ere organ ized  b y  th e  H u n g a ria n  H ydrob io log ica l 
S ociety  an d  th e  H ydrob io log ical D e p a rtm e n t o f  th e  In s t i tu te  be tw een  th e  5 th  an d  7th  
o f  O ctober (50 p a rtic ip an ts) .

10. Course on  th e  to p ic  “ D evelopm ent o f th e  IV th  gen era tio n s co m p u te r sy s te m ” 
w as organ ized  b y  th e  1st D e p a rtm e n t o f  th e  N a tu ra l  Sciences o f th e  H u n g a ria n  A cadem y 
o f  Sciences be tw een  th e  30 th  o f  N ovem ber a n d  15 th  o f D ecem ber (53 p a rtie p a n ts ) .

Im provem ent o f research facilities

T he e q u ip m en t p a rk  w as com pleted  in  1972 am ong  o th e rs  b y  N E -230 . x -y  R e 
corder; 4 -channel pen-recorder, K U T E SZ -146; ta p e  p u n ch  P erfom on-30; ta p e  re ad e r 
R eadm an-1000 ; 4 -channel F M /D R  d a ta  reco rd e r T EA C , R -200; P re p a ra tiv e  cen trifuge 
K -24 , G D R ; S ubm abine  P h o to m e te r , M odel-310, GM, In s tr .  C orp. U SA ; in d u s tria l 
p e rm a n e n t p H -m e te r, M M G-M OSION. T he m o d ern iza tio n  o f  th e  aq u ariu m -ro o m  w as 
fin ished  an d  as a  re su lt th e  th e rm o re g u la tio n  o f  th e  aq u a riu m  w as com pleted  (5 —30° C).

A  tw o-channe l d a ta  reco rd e r w as m ad e  in  o u r w orkshop.

L ibrary

A t th e  end  o f  th e  y e a r th e  In s t i tu te ’s L ib ra ry  com prised  45483 volum es: book  =  
4853 u n its , jo u rn a ls  =  30 326 u n its  an d  re p r in ts  =  10 304 u n its . T he In s t i tu te ’s Y ear 
B ook  — A n n á l. B io l. T ih a n y  — Vol. 39 (1972) w as sen t to  645 In s ti tu te s  an d  p riv a te  
persons all over th e  w orld . I n  exchange th e  L ib ra ry  received  a b o u t 346 d iffe ren t jo u rn a ls  
a n d  p u b lica tions.

M iscellaneous

O ur In s ti tu te  p a rtic ip a te d  in  th e  In te rn a tio n a l F a ir  h e ld  in  B u d a p e s t in  M ay, 
1972. I n  th e  P av illio n  o f  th e  H u n g a ria n  A cadem y  o f Sciences o u r research  p ro g ram  w as 
m ad e  p u b lic  a n d  th e  eq u ip m en ts  co n stru c ted  a t  th e  In s ti tu te  w ere exh ib ited .



KRÓNIKA

Az In té z e tb e n  1972-ben in d u lt az ú j négyéves k u ta tá s i  te rv , m ely  közve tlen  
fo ly ta tá sá t képezi a  k o ráb b an  fo ly ta to tt  v izsgá la toknak . A  k u ta tá so k  csa tlakoznak  az 
M TA k u ta tá s i fő irányához „B io regu lác ió” , ill. „B ioszfé ra” tém ak ö rö k b en . E n n e k  m eg
felelően a  K ísérletes Á lla tta n i Osztály m u n k á ja  az „É letfolyam atok szabályozása" c. 
fő fe lad a to n  be lü l a  neu rohum orá lis  szabályozás tö rvényszerűségeinek  tan u lm án y o zásá ra  
irá n y u lt gerinc te len  á lla to k o n , m íg  a  H idrobiológiái Osztály a  B a la to n  és v ízg y ű jtő  te r ü 
le te inek  h id rob io lóg iái v iz sg á la tá t fo ly ta tta .

A  k é t  o sz tá ly  tu d o m án y o s tev ék en y ség é t tü k röző  ta n u lm á n y o k  részben  az A n n á l. 
B io i. T ih a n y  40. k ö te téb en , részben  m ás  h aza i és kü lfö ld i fo ly ó ira to k b an  k e rü lte k  p u b li
k á lás ra  (1. A n n á l. B io i. T ih a n y , 1973, 40, 301). A z 1972-ben t a r to t t  tu d o m án y o s  előadások  
jegyzéke az A n n á l. B io i. T ih a n y  40. k ö te tén ek  302—303 o lda lén  k e rü l felsorolásra.

Az M TA 1972. év i közgyűlésén D r. Salán  k i J ános in téze ti igazgató , v a la m in t 
D r. S .-R ózsa K a t a l in , D r. Zs .-N agy  I m be  és D r. L ábos E l e m é b  tu d o m án y o s  fő m u n k a 
tá rsa k  A kadém ia i D íj-ban  részesü ltek  a  K ísérle tes Á lla tta n i O sztá lyon  folyó G erinctelen  
N eurobiológiai k u ta tá s i  irá n y z a t h a z á n k b a n  tö r té n t  k ife jlesz téséért, ille tve  az ab b a n  
való ré szv é te lé rt. A z In té z e tb e n  1962 ó ta  fo lynak  neurobio lóg iai k u ta tá so k , am ik o r az 
In té z e t jelenlegi igazg a tó ja  az In té z e t élére k e rü lt és egyben  a  K ísérle te s Á lla tta n i O sztá ly  
vezető je  le t t .  D r. Sa l á n k i J án os a  szov je t összehasonlító  é le tta n  ism ert képviselő jének , 
H . Sz. K osthoyants ak ad ém ik u sn ak  In téze téb en , M oszkvában  k a n d id á lt 1969-ben, 
m a jd  1970-ben a  biológiai tu d o m á n y o k  d o k to ra  fo k o za to t M agyarországon  szerezte  m eg. 
D r. S .-R ózsa K a ta lin  ug y an csak  K ostho ya nts professzor ta n í tv á n y a  v o lt és 1961-ben 
v éd te  m eg  k a n d id á tu s i d isszertác ió já t, M oszkvában . D r. Z s .-N agy  I m be  és D r. L ábos 
E l e m é b  a  D ebrecen i O rvostudom ány i E g y e tem en  végeztek  1961-ben, az  e lőbbi 1963 ó ta , 
az  u tó b b i 1962 — 1970 években  v e t t  ré sz t a  T ih an y b an  k ia la k íto tt gerinc te len  n eu ro 
biológiai k u ta tá sb a n . Zs .-Nag y  I m be  1967-ben, L ábos E l e m é b  1969-ben v éd te  m eg  
k an d id á tu s i d isszertác ió já t az  In té z e tb e n  fo ly ta to tt  v izsgá la tok  e redm ényekén t. A  d íja 
z o tta k  tu d o m án y o s m u n k á i m e g ta lá lh a tó k  az A n n á l. B ioi. T ih a n y  1963 —1972 években  
m eg je len t kö te te ib en , ille tve  az ezekben  felsorolt, m ás  fo lyó ira tokban .

D r. P o n y i J en ő  a  H id robio lóg iái O sztá ly  vezető je  a  M TA fő titk á ra  á lta l K u ta tá s i  
D íjra  k iír t  p á ly á z a to n  „A  B a la to n  felső ü ledékré tegébő l szárm azó rá k  (C rustacea) és 
p u h a te s tű  (M ollusca) m a ra d v á n y o k  v iz sg á la ta” c. p á ly a m u n k á ja  d íjazásb an  részesü lt 
A  d íja z o tt m u n k a  az A n n á l. B io i. T ih a n y  38. k ö te té b e n  (1971) k e rü lt p u b lik á lá s ra '

Az év  fo lyam án  az a láb b i k u ta tó k  szerez tek  egyetem i d o k to ri c ím et, ille tve  
k an d id á tu s i fo k o z a to t:

1. K iss  I stván  1972. áp rilis  20-án „A  ritm u sg en erá lá s  kü lönböző fo rm ái és a  
kém iai érzékenység típ u sa i L ym naea  stagnalis  k ö zp o n ti idegrendszerében  id e n ti
f ik á lh a tó  óriás n eu ro n o k o n ” c. tém ak ö rb ő l B u d ap esten  az É L T É  Ö sszehasonlító  
É le t ta n i In té z e té b e n  egye tem i d o k to ri c ím et szerze tt.
2. K is s  T ib o b  1972. o k tó b er 16-án „M ikroelektrofizio lógiai v izsgála tok  éticsiga  
sz ív izom rostja in” c. értekezésével B u d ap esten  az E L T E  Ö sszehasonlító  É le t ta n i 
In té z e té b e n  egyetem i d o k to ri c ím et n y e rt.
3. Olá h  J ános 1972. n ovem ber 27-én m egvéd te  „A  m ikrob iá lis  p la n k to n  m eny- 
nyisége, p ro d u ck ió ja  és a  tro fik u s  á lla p o t a  B a la to n b a n ” c. k a n d id á tu s i é r te 
kezését.
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A z  Intézet személyi állománya 54 fő, m ely  a  következőképpen  o sz lo tt m eg: k u ta tó  
18, k u ta tá s i  segéderő 14, ad m in isz tra tív  6, egyéb 16.

A z In té z e t k u ta tó i á llo m án y áb an  az a láb b i vá ltozások  tö r té n te k : K is s  I stván  
tu d o m án y o s  segódm unkatá rs  1972. m á ju s  1-től, E l e k e s  K á r o ly  és K is s  T ib o r  tu d o 
m án y o s  seg éd m u n k a tá rsak  1972. o k tó b er 1-től tu d o m án y o s  m u n k a tá rs i k inevezést 
k a p ta k . 1972. szep tem ber 1-én N em csók  J ános biológus g y ak o rn o k k én t a  K ísérle tes 
Á lla tta n i O sztá ly ra , N .-H orváth  J u d it  biológus pedig  seg éd m u n k a tá rsk én t a  H id ro 
biológiái O sz tá ly ra  k a p o tt  k inevezést.

I

Belföldi tudományos kapcsolatok
-,jp.

\

A z In té z e t  szám os egye tem i és ak adém ia i in té z e tte l t a r to t t  fen n  kap cso la to t, 
m ely  k o n k ré t e g y ü ttm ű k ö d és  v ag y  konzu ltác ió  fo rm á já b an  rea lizá ló d o tt.

H aza i k u ta tó k  közül az a láb b iak  do lgoz tak  In té z e tü n k b e n  1972-ben:
P ro f. B író  E n d r e , E L T E  B iokém iai In téze te , B u d ap est; P ro f. В о т  Gy ö r g y , 

D O T E  O rvosvegy tan i In té z e t, D ebrecen; P ro f. Cs il l ik  B er ta la n , SZO TE A n ató m ia i 
In té z e t, Szeged; D r. Cz e g l é d i- J an kó  Gé z a , O K I B u d ap est; P ro f. F e h é r  Ottó , JA T E  
Á lla tta n i In té z e t, Szeged; D r. J ólesz F e r e n c , K andó  K álm án  V illam osipari M űszaki 
Fő isko la ; B u d ap est; D r. K n y ih á r  E r z s é b e t , SZO TE A n a tó m ia i In té z e t, Szeged; 
P ro f. N e m e s s u r i M ih á l y , T estneve lési Főiskola, B u d ap est; D r. P u p p i  A n d r á s , P O T E  
B iofizikai In té z e t K ö zp o n ti Z oo techn ikai L ab o ra tó riu m , Pécs.

D r. S a l á n k i  J á n o s  in té ze ti igazgató  ez évben  is speciálko llég ium ot t a r to t t  az 
E L T E  biológia szakos h a llg a tó in ak  „E lem i in g e rü le t” cím m el.

K o ráb b i évekhez hason lóan  1972-ben tö b b  egyetem i h a llg a tó  k é sz íte tte  p á ly a 
m u n k á já n a k  k ísérle tes ré szé t In téze tü n k b en . A  n y á ri h ó n ap o k b an  8 egye tem i h a llg a tó  
kap cso ló d o tt be az In té z e t m u n k á já b a . Az In té z e tb e n  k é sz íte tte  egyetem i szakdolgoza
t á t  D r. Z s .-N a g y  I m r é n é , T ó t h  V a l é r ia  asszisztens, ak i a  D ebreceni K o ssu th  L a jo s  
T u d o m án y eg y etem en  biológ ia-kém ia ta n á r i  szak  levelező h a llg a tó ja  v o lt 1966 — 1972
k ö zö tt.

A z In té z e t k u ta tó i  közül D r. Zs .-Nag y  I m re  tu d o m án y o s  fő m u n k a tá rs , a  P O T E  
K ó rb o n c tan i In té z e té b e n  tö l tö t t  egy  h e te t  belfö ld i tan u lm á n y ú to n .

K ülfö ld i tudományos kapcsolatok

A z egyezm ényes té m á k  k e re te in  be lü l 1972-ben a  C sehszlovák T udom ányos A k a 
dém iáv a l fo ly t közös m u n k a  „R o v a ro k  neurohaem ális szerveinek  fén y  és e lek tro n m ik 
roszkópos szerkezete” , v a lam in t „G erincte lenek  idegi fo ly am a ta in ak  k v a n ti ta t ív  a n a lí
zise” c. tém akörbő l. A z előbbi té m a  az E n tom o lóg ia i In té z e tte l  (P rága), az  u tó b b i aF izio- 
lógiai In té z e tte l  (P rága) közösen  fo ly t. A  m áso d ik  té m a  k ido lgozására  D r. T . J .  Sk v a r il  
m é rn ö k  ta n u lm á n y ú tra  In té z e tü n k b e  lá to g a to tt.

A z In té z e t k u ta tó i közü l az  a láb b iak  u ta z ta k  kü lfö ld re :
1. D r. B ír ó  P é t e r  tu d o m án y o s  m u n k a tá rs  áp rilis  30-án fejezte  be négyhónapos 

ta n u lm á n y ú t já t  a  B elv izek  B iológiai P ro b lém á i-t k u ta tó  In té z e tb e n , B o ro k b an  (Szov
je tu n ió ).

2. D r. E ntz  B é l a  tu d o m án y o s  fő m u n k a tá rs  fo ly ta t ta  m u n k á já t m in t U N ESC O  
szak értő  az E g y e sü lt A rab  K öztá rsaság b an .

3. K is s  T ib o r  tu d o m án y o s  seg éd m u n k a tá rs  jú liu sb an  k é t h e te t  tö l tö t t  az U k rá n  
T u dom ányos A kadém ia  É le t ta n i In téze téb en , K iev b en  (Szovjetunió).

4. B.-M u sk ó  I lo na  tu d o m án y o s  seg éd m u n k a tá rs  o k tó b er 9 — 28 k ö zö tt a  C seh
sz lovák  T udom ányos A kad ém ia  E n tom o lóg ia i In té z e té n e k  R ovarfiz io lóg ia i O sz tá lyán  
(P rága) do lgozo tt.

6. D r. Olá h  J ános tu d o m án y o s  m u n k a tá rs  ré sz t v e t t  az IB P -U N E S C O  á lta l 
sze rv eze tt szim pózium on  „ D e tr i tu s  an d  its  ecological role in  a q u a tic  ecosystem s” té m á 
ból m á ju s  23 — 27 k ö z ö tt P a lla n z á b a n  (O laszország).

6. D r. S .-R ózsa K a ta lin  tu d o m án y o s  fő m u n k a tá rs  és D r. Sa l á n k i J ános in té 
ze ti igazga tó  m eg h ív ásra  e lő ad á s t t a r to t ta k  a  B aseli E g y e te m  Z oológiái In té z e té b e n  
(Svájc) feb ru á r 27 —m árc iu s 6 k ö zö tt, D r. S .-R ózsa K a ta lin  jú n iu s 1 — 14 k ö zö tt ta n u l
m á n y ú to n  v o lt a  J é n a i E g y e tem  Zoológiái In té z e té b e n  (N D K ), és ré sz t v e t t  az IC R O - 
Ё М В О  szervezésében  ren d eze tt m e to d ik a i ku rzu so n  M em brán  B io fiz ika  tá rg y k ö rb ő l 
szep tem b e r 12 — 29 k ö zö tt, B e rn b en  (Svájc).
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7. D r. Sa l á n k i J ános in té ze ti igazgató , S .-R ózsa K a t a lin  tu d o m án y o s  fő m u n 
k a tá rs , K is s  T ib o r  tu d o m án y o s  seg éd m u n k atá rs , V adász I stván  kö zp o n ti g y ak o rn o k  
és V ér ó  M ih á l y  vezető  m érn ö k  ré sz t v e tte k  a  N em zetközi B iofizikai K ongresszuson , 
M oszkvában  au gusz tu s  4 —14 k ö z ö tt (Szovjetunió). Sa l á n k i J ános m á ju s  28 — 31 k ö zö tt 
K G ST  szak értő i tan ác sk o záso n  v e t t  ré sz t a  M em brán  B iofizikai E g y ü ttm ű k ö d é s  k e re 
te in  belü l R e in h a rd sb ru n n b a n  (N D K ).

8. V ér ó  Mih á l y  vezető  m érn ö k  a  C sehszlovák T u dom ányos A kadém ia  P rá g a i 
F iziológiai In té z e té n e k  N euro  k ib e rn e tik a i L a b o ra tó riu m á t (P rága) és a  Szlovák T u d o 
m ányos A kadém ia  F izio lógiai In té z e té t  (B ra tis lava) lá to g a tta  m eg  o k tó b e r 2 — 21 k ö zö tt.

9. D r. P .-Z á n k a i N óra  és D r. I I e r o d e k  Sá n d o r  tu d o m án y o s  k u ta tó k  decem ber 
11 és decem ber 18 k ö z ö tt m eg h ív ásra  a  L engyel T udom ányos A kad ém ia  E ko lóg ia i I n té 
z e té t (Varsó) lá to g a ttá k  m eg.

Az a lá b b i kü lfö ld i k u ta tó k  te t te k  lá to g a tá s t v ag y  tö l tö t te k  hosszabb  id ő t az 
In té z e tb e n :

D r. U . B a sile  M ilánói E g y e tem  B io lóg iai-K észülékeket E lő á llító  részlege, O lasz
ország; D r. S. B er n o t  a  W ü rzb u rg i E g y e tem  N euro lóg iai R észle te , N S Z K ; D r. L . B olis 
R ó m a i E g y e tem  É le t ta n i In téze te , R ó m a , O laszország; D . N . B r y l in s k i H idro lóg ia i 
In té z e t  O lsz tyn-P o lska , L engyelország ; D r. T . P . Cirttlis, E volúciós É le t ta n i  és B io 
kém iai In té z e t, L en ing rád , SZU ; D r. A . Cen t a m o r e , G enetika i In té z e t, R ó m a , O lasz
ország; D r. C. L . D e e l d e r , H alá sza ti L ab o ra tó riu m , I jm u id en , H o llan d ia ; D r. T . K it a 
ga w a , O rv o stu d o m án y i E g y e tem , N isim achi, G onado C ity , J a p á n ; D r. D . L a b ic , M ole
k u lá ris  P a th o ló g ia i In té z e t, P árizs , F ran c iao rszág ; D r. R . S. L e e u w in , A m ste rd am i 
E g y e tem  F arm ak o ló g ia i In té z e te , A m ste rd am , H o llan d ia ; D r. M. MacK a y , L ondon i 
E g y e tem , L ondon , A nglia; D r. P . Ma r k k a n e n , F in n o rszág i K u ta tó k ö z p o n t B iokém iai 
L ab o ra tó riu m a , H elsink i, F inno rszág ; D r. L . Ma r to n , T ö rtén e lm i és T echnológiai 
M úzeum , W ash in g to n , U SA ; D r. R . N or d m a n n , O rvosegyetem  B iokém iai In té z e te , 
P árizs , F ranc iao rszág ; D r. A . B . N o v ik o f f , A lb e rt E in s te in rő l e ln ev e ze tt O rvos K o llé 
gium , B ronx -N ew  Y ork , U SA ; D r. B . M. Ok u ja w a , K lin ik a i és K ísérle te s N euro lóg iai 
In té z e t , Tbiliszi, SZU ; D r. C. C. R o ss , D él-K aro lina i E g y e tem , S p artam su rg , U SA ; 
D r. J .  J .  Sa w t e l l , B e th a n i K ollég ium , B e th a n y , U SA ; D r. L . Sev eits, L K B -A B  B rom - 
m a , Svédország; D r. G. T a u ter m a n n , In n sb ru ck i E g y e tem  Zoológiái In té z e te , In n s 
b ruck , A u sz tria ; D r. H . Ü d e , Jé n a i E g y e tem  Zoológiái In téze te , J é n a , N D K ; D r. H . 
V o lk m er , Jé n a i E g y e te m  É le t ta n i In téze te , Jé n a , N D K ; D r. H . J .  Se e w a l d , Jé n a i 
E g y e tem  É le t ta n i In té z e t, J é n a , N D K ; D r. K . W ie c k o w s k i, L engyel T udom ányos 
A kad ém ia  F ö ld ra jz i In téze te , V arsó , L engyelország.

Rendezvények

1972-ben az a láb b i ren dezvények re  k e rü lt sor az In téze tb en :
1. Téli isko la  a  m ag fiz ika  tá rg y k ö réb ő l az M TA K ö zp o n ti F iz ik a i K u ta tó in té z e 

té n e k  rendezésében  ja n u á r  24—28 k ö zö tt, 26 rész tvevővel.
2. A  T estneve lési T udom ányos T anács M ozgásbiológiai S zekció jának  ülése „A z 

em b eri m ozgás a u to m a tik á ja ” tém áb ó l m á ju s  4 — 6 k ö zö tt, 40 rész tvevővel.
3. B a la to n i V ízvédelm i B izo ttság  ülése m á ju s  30-án 30 rész tvevővel.
4. N e u ro v eg e ta tív  transzm issz iós M echanizm usok  Szim pózium a 52 fő ré szv é te 

lével, jú n iu s  19 — 24 kö zö tt.
5. K özépisko lás d iák o k  n y á r i ta n fo ly a m a  jú n iu s  27 — 30 k ö zö tt, 27 fő ré szv é te 

lével, az M TA I I .  F ő o sz tá ly án ak  rendezésében.
6. IV . N em zetközi H id rob io lóg iá i T ovábbképző  T an fo lyam  jú liu s  10 —17 k ö zö tt, 

20 rész tvevővel.
7. E lső  k e rek asz ta l konferencia  m em brano lóg ia i tá rg y k ö rb ő l szep tem b er 4 —6 

k ö z ö tt, 26 fő részvéte lével.
8. „A  se jto sz tó d ás  szabá lyozása” c. tan fo ly am  a  M orfológiai és C itológiai B iz o t t

ság  rendezésében  szep tem b er 13 — 16 k ö zö tt, 60 rész tvevővel.
9. H id rob io lógus N ap o k  o k tó b er 6 — 7 k ö zö tt 50 fő részvéte lével, a  M agyar H id ro 

biológiái T á rsaság  és az In té z e t H id rob io lóg iá i O sz tá ly án ak  rendezésében.
10. „ IV . generációs szám ítógéprendszerek  fe jlesz tése” c. ta n fo ly a m  az M TA  T e r

m észe ttu d o m án y i I .  F ő o sz tá ly  rendezésében  53 fő részvéte lével, n ovem ber 30 — decem 
b e r  1 k ö zö tt.
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K u ta tá s i jeltételek fejlődése

1972-ben v á sá ro lt je len tő sebb  m űszerek , k u ta tá s i  eszközök:
N E -230 . X -Y  R eco rd e r; K U T E SZ -146  4 -csa to rnás kom penzográf; Perfom on-30 . Perfo- 
rá to r ;  R eadm om -1000 lyukszalago lvasó ; TEA C , R -200 , 4-sávos F M /D R  m ágneses a d a t
rögzítő ; K -23 (N D K ) P re p a ra tív  cen trifuga ; M O D EL-310, Subm abine  P h o to m e te r (GM. 
In s tr .  C orp. U SA ); M M G-M OSIO N  ip a ri fo ly am ato s pH -m érő . B efe jező d ö tt az a k v á 
riu m szo b a  korszerűsítése , m e ly n ek  e red m én y ek én t az  ak v á riu m o k  hőszabályozása  
(6 — 30 C°) m ego ldást n y e rt.

A z In té z e tb e n  k észü lt k u ta tá s i  eszköz: F M /D R  2-sávos F M /D R  m ágneses a d a t
rögzítő .

K ö n yv tá r

A z évvégi összesítés a la p já n  az In té z e t  K ö n y v tá rá n a k  á llo m án y a  45 483 egység. 
E b b ő l k ö n y v : 4853 db , fo ly ó ira t: 30 326 k ö te t  és kü lö n len y o m at: 10 304 db .

A z In té z e ti  É v k ö n y v  — A n n á l. B io i. T ih a n y  — 39. k ö te té t  645 cím re k ü ld tü k  
m eg , m e ly é rt cserébe 346 k ia d v á n y  é rk eze tt.

Egyebek

In té z e tü n k  ré sz t v e t t  az  1972 m á ju sá b a n  m eg ren d eze tt B u d a p e s ti N em zetközi 
V ásáron . A z M TA k iá llítá s i p a v ilo n já b a n  ism e rte tte  az In té z e t  k u ta tá s i  te rü le té t  és 
a  k u ta tá so k h o z  az In té z e tb e n  k ife jle sz te tt m űszereket.
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	Hiripi László: Pharmacological investigations on the regulation mechanisms of the periodic activity of the fresh water mussel (Anodonta cygnea L.) = A periodikus aktivitás szabályozási mechanizmusának farmakológiai vizsgálata tavi kagylón (Anodonta cygnea L.)��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Kiss István  - Salánki János: The role of ionoc environment in the potential generation of the giant neurones of Lymnaea stagnalis L. = Az ionmiliő szerepe Lymnaea stagnalis L. óriás neuronjainak potenciál generálásában����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Kiss István  - Vadász István: The effects of local anaesthetics on the activity generation and chemical sensitivity of giant neurones = Helyi érzéstelenítők hatása az óriás neuronok aktivitásgenerálására és kémiai érzékenységére�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	B. Muskó Ilona  - Zs. Nagy Imre  - Deák György: Fluorescence microscopy and microspectrofluorimetry of the monoamines in the brain of Locusta migratoria migratorioides R. F. (Insecta, Orthoptera) with special regard to the protocerebrum = A Locusta migratoria migratorioides R. F. (Insecta, Orthoptera) agya monoamin tartalmának fluoreszcens mikroszkópos és mikrospektrofluorimetriás vizsgálata különös tekintettel a protocerebrumra�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	S. Rózsa Katalin  - Salánki János: Responses of central neurones to the stimulation of heart chemoreceptors in the snail, Helix pomatia L. = Központi idegrendszeri neuronok válaszreakciói a szív kemoreceptorainak ingerlésére Helix pomatián������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Véró Mihály: Horizontal puller for the preparation of glass microelectrodes = Horizontális húzókészülék üvegmikroelektrodák készítéséhez�����������������������������������������������������������������������������������������������������������������������������������������������
	Véró Mihály: Multichannel analyzer classifying circuit for the determination of action potential intervals and durations = Áramkör sokcsatornás analizátorhoz akcióspotenciálok intervallumainak és szélességeinek értékelésére��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Zs. Nagy Imre: The distribution of cytosomes in the non nervous tissue of Anodonta cygnea L. (Mollusca, Pelecypoda) = Citoszómák extraneuronális előfordulása az Anodonta cygnea L. (Mollusca, Pelecypoda) különböző szöveteiben���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

	2. HIDROBIOLÓGIA�����������������������
	Bíró Kálmán: Nematodes of Lake Balaton IV.: Seasonal qualitative and quantitative changes = A Balaton nematodái IV.: A fauna évszakos változása������������������������������������������������������������������������������������������������������������������������������������������������������
	Bíró Péter: The food of pike-perch (Lucioperca lucioperca L.) in Lake Balaton = A fogassüllő (Lucioperca lucioperca L.) tápláléka a Balatonban�����������������������������������������������������������������������������������������������������������������������������������������������������
	Frankó András  - Ponyi Jenő: Seasonal change of the organic carbon content of Lake Balaton during 1972 = A szerves szén mennyiségének évszakos változása a Balatonban 1972-ben�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Herodek Sándor: Incorporation of 1-14C stearic acid and 1-14C linolenic acid into the liver lipids of the carp (Cyprinus carpio L.) = Az 1-14C sztearinsav és 1-14C linolénsav beépülése a ponty (Cyprinus carpio L.) májának lipidjeibe�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Herodek Sándor  - Oláh János: Primary production in the frozen Lake Balaton = Elsődleges termelés a Balaton jege alatt�����������������������������������������������������������������������������������������������������������������������������
	Herodek Sándor  - Tamás Gizella: The primary production of phytoplankton in the Lake Balaton April-September 1972 = A Balaton fitoplanktonjának elsődleges termelése 1972. április-szeptemberében��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Oláh János: Bacterial gradient at the sediment-water inerface of shallow lakes = Baktérium gradiensek a sekély tavak víz-üledék határán����������������������������������������������������������������������������������������������������������������������������������������������
	Ponyi Jenő  - Bíró Péter  - Oláh János  - P. Zánkai Nóra: Limnological investigations of a fish-pond supplied with sewage-water in the vicinity of Lake Balaton I. = Limnológiai vizsgálatok egy Balaton melletti szennyvizes halastóban I.��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ponyi Jenő  - P. Zánkai Nóra: The biomass of Rotatoria in Lake Balaton = Kerekesféreg (Rotatoria) biomasszája a Balatonban���������������������������������������������������������������������������������������������������������������������������������

	Oldalszámok������������������
	_1���������
	_2���������
	1��������
	2��������
	3��������
	4��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	95���������
	96���������
	97���������
	98���������
	99���������
	100����������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	175����������
	176����������
	177����������
	178����������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	197����������
	198����������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������
	221����������
	222����������
	223����������
	224����������
	225����������
	226����������
	227����������
	228����������
	229����������
	230����������
	231����������
	232����������
	233����������
	234����������
	235����������
	236����������
	237����������
	238����������
	239����������
	240����������
	241����������
	242����������
	243����������
	244����������
	245����������
	246����������
	247����������
	248����������
	249����������
	250����������
	251����������
	252����������
	253����������
	254����������
	255����������
	256����������
	257����������
	258����������
	259����������
	260����������
	261����������
	262����������
	263����������
	264����������
	265����������
	266����������
	267����������
	268����������
	269����������
	270����������
	271����������
	272����������
	273����������
	274����������
	275����������
	276����������
	277����������
	278����������
	278_1������������
	278_2������������
	278_3������������
	278_4������������
	278_5������������
	279����������
	280����������
	281����������
	282����������
	283����������
	284����������
	285����������
	286����������
	287����������
	288����������
	289����������
	290����������
	291����������
	292����������
	293����������
	294����������
	295����������
	296����������
	297����������
	298����������
	299����������
	300����������
	301����������
	302����������
	303����������
	304����������
	305����������
	306����������
	307����������
	308����������
	309����������
	310����������


