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STUDIES ON THE ELECTRIC EXCITABILITY 
OF THE ADDUCTOR MUSCLE OF GLOCHIDIA
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R eceived : 19th  F e b ru a ry , 1964.

In previous works (Lábos, Salánki 1963, Lábos, Salánki and S.-Rózsa 
1964) the rhythmic motor activity of fresh-water mussels ( Anodonta cygnea L.) 
being in their early ontogenetic stage was investigated. The animals were in 
the veliger phase of individual development preceding their release into open 
water. Their rhythmic motor activity consists of contraction and relaxing of 
larval adductor muscle. The fibres of adductor are parallel to the longitudinal 
axis of the animal and adhere to the middle fields of the two half valves. Their 
length is about 200 y, and their thickness 5—15 у (Fig. 1). I t  was found that 
the rate of rhythmic action of the adductor may be increased both considerably 
and lastingly by potassium chloride and tryptamine. I t is a much debated 
question if these effects and the spontaneous rhythmic activity itself are 
indicative of the properties of the muscle fibres or they are due to the rhythmic 
action of nerve elements. The problem of motor innervation has not as yet 
been solved morphologically, and the only thing we are in knowledge of is that 
the ganglions are in the initial stage of differentiation (Hekbers 1914).

This present work deals with the electric excitability of glochidia. The 
findings of Rushton and Lapicque (Rushton 1930, Lapicque 1931) show 
that the parameters of excitability as threshold voltage and chronaxic are 
mainly dependent on the conditions of excitation. Namely, as it was pointed 
out by Rushton the direction of the electric field is not indifferent with regard 
to the efficacy of excitation current (Rushton 1930). Rushton performed his 
studies on the sartorius of adult specimens of Rana temporaries. He discovered 
that an electric current passing at right angles to the direction of fibres was 
considerably less efficacious than those passing parallel with it. His findings 
confirm that similar regularities exist also in connection with the nerves 
(Rushton 1927). His stimulatory experiments were made in liquid medium. 
This method was successfully employed in investigating the excitability of 
glochidia. In these present studies an attempt is made to investigate if the 
parameters of excitability of embryonal nerve fibres of mussel and their 
dependency on the direction of electric field follow similar regularities as the 
sartorius and the nerves of onto- and phylogeneticallv more developed adult 
specimens of frog.

Nerve and muscle fibres of different excitability and direction were 
successfully distinguished by Rushton by the usual method of excitation in
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the nerve-muscle complex of frog. Possibility for this distinction was afforded 
by the observation that the responses of tissues of two ^different types to 
stimuli of perpendicular direction was small, whereas optimum excitation was 
produced by stimuli of longitudinal direction. Thus tissues of diverse direction 
may get optimally excited by electric fields of different direction. The relation 
between duration of stimulus and threshold potential of nerve-muscle complex 
may be illustrated graphically by a composite curve.

The direction of the fibres of adductor in the glochidia is longitudinal. 
The existence of motor nerve fibres has not been established as yet. Nevertheless 
if there are such fibres their direction should differ from that of the muscle 
fibres, because the primitive colonies of ganglia are situated laterally from the 
muscle fibres.

Material and methods

T h e ex p er im en ts  w ere p erform ed  on  th e  g lo c h id ia  o f  fresh -w ater  m u sse l 
( Anodonta cygnea L .). T h e g lo c h id ia  w ere rem o v ed  from  th e  lam ellae  o f  th e  
g ill o f  th e  p aren t a n d  w ere r in sed  in  tw ice  f ilte r e d  fresh  B a la to n -w a ter . T h ere­
a fte r  th e  g lo ch id ia  w ere p u t in to  a PETBi-dish co n ta in in g  lik ew ise  B a la to n -  
w ater. T h e PETRi-dish w as p la ced  on  th e  o b je c tiv e  ta b le  o f  a  Ze is s  p ro file -  
p rojector. T h e s t im u la tin g  e lec tro d es w ere d ip p ed  in to  th e  f lu id  a n d  th e ir  
p o s it io n  w as f ix e d .

Ag-AgCl electrodes were also used in these investigations. Except for 
preventing polarization and limiting the degree of excitation by the insulating 
effect of AgCl layer, these electrodes had no distoring influence on the effects 
produced.

The tips of the two electrodes were at a 5 mm distance from each other. 
The diameter of the connectives were 0.2 mm, with spherical ends of 1 mm 
diameter. Only one half of the sphere was left free, its other hemipshere which 
was dipped into the fluid was insulated. Under these conditions the resistance 
of the fluid measured between the electrodes was 20—40 kß. Square impulses 
were applied for excitation.

The position and direction of the animal investigated could be adjusted 
by two manipulators situated at right angles to each other. These manipulators 
could be turned round above the objective table of the profileprojector. The 
animal was placed at 1.5 mm distance beneath the plane of the electrodes. 
(In the followings this will be dismissed). The factors determining the spatial 
relation between electrodes and glochidia are illustrated in Fig. 2. The center 
of the rectangular system of coordinates drawn in the plane of a glochidium 
coincides with the middle point of the distance between the two electrodes. 
The line connecting the two electrodes is the ordinate and the abscissa is set 
at right angles to its middle point. The glochidium has a central position, if 
its middle point coincides with the center of the system of coordinates. The 
bisecting point of transverse axis the contact line of the two valves andlongi- 
tudinal axis (the line passing through the tips of shell) constitutes the center 
of the glochidium. The 99-angle between the longitudinal axis of the animal 
and the ordinate is also an important factor. The glochidium is asymmetric 
to its longitudinal axis, thus at 99 =  90° its narrower part always faces to posi­
tive direction.
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In the course of excitation sufficient time was allowed for restitution. 
Threshold excitation was determined by increasing stimuli gradually. The 
value of 99-angle was adjusted after every measurement with an accuracy of
0.5°.
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F ig . 2. T he  p o sitio n  o f  g loch id ium  on  a  h o rizo n ta l p la in , an d  th e  sp a tia l re la tio n  betw een 
g loch id ia  an d  th e  s t im u la tin g  e lec trodes

A  — th e  axes o f th e  h o rizo n ta l sy s tem  o f  coo rd inates , th e  p osition  an d  th e  d im ensions 
o f  e lec trodes; a  — A g o r Ag.AgCl, b  — in su la tion  

В  — sp a tia l p o sitio n  o f g loch id ia: a t  1,5 m m  b e n e a th  th e  p lan e  o f electrodes; square- 
im p u lses  o f r m s e c  d u ra tio n  an d  V  v o ltage  w ere ta k e n  on  th e  electrodes; g  — glochidium  
2. ábra. A  g loch id ium  helyze te  a  v ízsz in tes síkon és a  g loch id ium ok és ingerlő  e lek tródok

té rb e li v iszonya
A  — a  v ízszin tes k o o rd in á ta  rendszer tengelyei az  e lek tródok  he lyze te  és m ére te i; a  — 

A g v ag y  A g-A gC l, b  — szigetelés
В  — a  g loch id ium  té rb e li he lyze te : az e lek tródok  s ík ja  a la t t  1,5 m m -re; az  e lek tródok ra  
г  m sec id ő ta r ta m ú  és V  feszü ltségű  négyszög im pulzusokat v iszünk ; g  — glochid ium

R e s u l t s

When placing an unarranged group of glochidia into the electric field 
and single impulses of constant duration are taken on the electrodes, divergent 
values of threshold voltages will be obtained. Threshold voltage is greatly 
influenced not only by the spatial relation between animal and electrodes but 
also by the orientation of the animal itself (99-angle). In Fig. 3 an unarranged 
group of glochidia is illustrated. The electrodes are indicated by semicircular 
arches. Values of threshold voltages at impulses of 5 msec duration are indi­
cated by the figures beside the animals. Threshold voltages varied between
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2—24 V. The minimum voltage necessary to produce contraction in the ad­
ductor of glochidium at an impulse of given duration may greatly vary depend­
ing on the position of the glochidium. The purposes of subsequent measurements 
is to examine methodically the excitability of individual gloehidia of central 
position in the function of 95-angle, further to determine the threshold of the 
single animals situated in longitudinal direction (95 =  0 °) in various places of 
the electric field.

F ig . 3. U n arran g ed  group  o f  g loeh id ia  be tw een  th e  electrodes. T he figu res beside th e  
g loeh id ia  ind ica te  th resh o ld  vo ltages p ro d u ced  b y  im pulses o f  5 m sec d u ra tio n . T he 

values o f th resh o ld  vo ltages v aried  betw een  3 —24 V
3. ábra. R en d eze tlen  g loch id ium halm az az e lek tró d ák  k ö zö tt. A  gloch id ium ok m ellé í r t  
szám ok 5 m sec-es im pu lzusokkal tö r té n ő  ingerlés ese tén  a  küszöb feszü ltséget je len tik .

L á th a tó , hogy  3 V -tó l 2 4 V -o t m eghaladó  küszöb  e g y a rá n t e lőfordul

1. T h resh old  v o lta g e  o f  g lo eh id ia  o f  righ t an d  lo n g itu d in a l d irection  in  
cen tra l p o sitio n .

Threshold voltages of gloehidia of central position and of orientations of 
cp =  0° and cp =  90° were studied at impulses of 5 msec duration. Threshold 
values were much greater in transversal than longitudinal direction. In longi­
tudinal direction, i.e. at 99 — 0° the value of threshold voltage was 3,51 T: 0.2 
V under the given experimental conditions. The data refer to 50 specimens of 
animals originating from five populations.

These investigations do not furnish exact data on the average value of 
transversal threshold, because transversal threshold of great many animals 
surpassed the upper limit of the voltage (24 V) of the stimulator.
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2. Dependency of threshold voltage on the direction of the longitudinal 
axis of glochidium of central position.

In this run threshold excitation was determined as follows. The glochi­
dium was removed from its longitudinal position by turning it round at equal 
arches. The duration of excitation impulses was 5 msec. At a turn from 0 ° to 
60—65° threshold voltage became approximately doubled. I t  increased more 
rapidly by increasing the angle and at about 70—80° it was higher than 24 V. 
The changes of threshold of a single glochidium at a complete turn is given in 
Fig. 4.
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F ig . 4. D ependency  o f th re sh o ld  v o ltage  on  th e  у -angle a t  im pu lses o f  co n s ta n t d u ra tio n  
(5 m s). On th e  abscissa th e  <p angle, on  th e  o rd in a te  th e  V<p th resh o ld  vo ltage  is g iven.

T he p o in ts  in d ica te  th e  d a ta  o f  a  single g lochidium  
4. ábra. A  küszöbfeszü ltség  függése a  <p-szög n ag y ság á tó l á llandó  (6 m s) im pulzusszélesség 
esetén . A bszcisszán o rien tác iós szög, o rd in á tá n  Vtp küszöbfeszüítség . A  p o n to k  egyetlen

gloch id ium  a d a ta i t  je len tik

Because lateral parts of the animal during this turn round get to regions 
where the strength of electric field is smaller, it is suggested that this difference 
in electric field might be responsible for the above changes in threshold. For 
elucidating this problem threshold voltage determinations were made when 
moving the animals either in the direction of abscissa or of the ordinate. During 
these investigations the direction of glochidium was longitudinal, i.e. (p — 0 °.

3. Changes in threshold voltage by changing the position of a glochidium 
of longitudinal direction.

Threshold voltage measurements were performed on glochidium of longi­
tudinal direction at different points (at 1.5 mm distances) of the abscissa. The 
averages of ten serial measurements are presented in Fig. 5. The increase in 
threshold voltage may be represented graphically by a parabole. At a 5 mm
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distance from the center threshold voltage was about 1 0  V. The suggestion 
that perhaps the decrease in strength of field in lateral direction may be respon­
sible for the increases in threshold voltage during rotation has to be rejected 
namely, as it is also evidenced by the graphs, every portion of the animal 
located centrally was nearer to the center than 0.5 mm.

When moving the glochidium of longitudinal direction along the ordinate 
the changes registered in the critical zone of rotation are similarly negligible.

Thus it is extremely likely that the deviations produced by rotation are 
related primarily to changes in angle between muscle fibres of glochidium and 
strength of field.
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F ig . 5. D ifferences in  th resho ld  v o ltage  w hen  m ov ing  th e  g loch id ium  along  th e  abscissa; 
<p — 0° (g lochidium  o f  lo n g itu d in a l d irec tion ). O n th e  abscissa  th e  p o in ts  o f  X -ax is , 
on  th e  o rd in a te  th resh o ld  v o ltage  a re  illu s tra te d ; r  =  5 m sec, d is tan ce  betw een  th e  e lec t­
rodes is 6 m m . T he g rap h  illu s tra te s  th e  averages o f  re su lts  o b ta in ed  on  te n  an im als

sep a ra te ly
5. ábra, A  g loch id ium  küszöbfeszü ltségének  v á lto zása  az X -ten g e ly  m en tén  e lm ozd ítva; 
<p =  0° (hosszan ti h e ly ze tű  g lochidium ). A bszcisszán  az  X -ten g e ly  p o n tja i, o rd in á tá n  a  
küszöbfeszü ltség ; <p — 5 m sec, az  e lek tró d o k  k ö z ö tt i  táv o lság  5 m m . A  görbe 10 á lla t

á tla g á t m u ta t ja

4. Deviations in threshold voltage of glochidium of central position 
induced by impulses of different durations.

I t has been established in the foregoings that the thresholds of glochidia 
at impulses of constant duration are subject to changes depending on the
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transversal or longitudinal direction of the animals. In the next experimental 
run the relationship between threshold voltage and duration of impulses is 
investigated at three different directions (<p =  0°, 45° and 65°). Duration of 
impulses varied between 200 ysec and 120 msec. The results of ten animals 
obtained are presented in Fig. 6. At every direction investigated a fast and a 
slow decrease in threshold voltage was observable between 2 0 0  ysec — 1 msec 
and 1 — 120 msec respectively. The slope of curves obtained by increasing the

F ig . 6. T hresho ld  v o ltag e -d u ra tio n  re la tio n . A bscissa: d u ra tio n  o f s t im u la tin g  im pulses 
in  m sec. O rd in a te : va lues o f th resh o ld  vo ltages a t  d iffe ren t ip-angles an d  a t  im pulses o f  
d iffe ren t d u ra tio n s  (V<p(r)) expressed in  V. S em ilogarithm ic illu s tra tio n . T he in v es tig a ted

d irec tions w ere: <p — 0°, 45°, 65°
T he  ex p erim en ta l p o in ts  in d ica te  averages o f  m easu rem en ts  perfo rm ed  on  10 d iffe ren t

an im als
6. ábra. K üszöb feszü ltség—id ő ta r ta m  összefüggése. A bszcissza: az  ingerim pu lzus ta r ta m a  
m sec-ban . O rd in á ta : a  küszöbfeszü ltség  é rték e i kü lönböző  у -szögek és im pulzusszélesség 
e se tében  (Vq>{r)) V o ltb an . F é llo g a ritm ik u s áb rázo lás. A  v izsgált irán y o k  cp =  0°, 45°, 65°. 

M inden p o n t 10 á lla to n  v ég ze tt m érések  á tla g á t je len ti

у-angle passes along gradually higher values. The curve is more off centered 
between 0°—45° than between 45°—65°, though the difference in the case of 
the later is only 2 0 °. Secondary changes in the slope of curves may also occur 
which is indicative of their composite character.

The value of chronaxie is 0.7—1.5 msec (1 msec in average).

Discussion

It may be established on basis of foregoings that the degree of excitation 
produced with a pair of electrodes in liquid medium is mainly influenced by 
the spatial relations between glochidia and electrodes. Especially two factors 
proved to be responsible for the changes in threshold voltage in excitation 
experiments run under constant conditions and at impulses of equal duration.

I ■ '
•» T ihany i Évkönyv
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The one is the position of the animal in the electric field, the other the angle 
between electric strength of field and muscle fibres.

The importance of the first factor is indicated by increases in threshold 
values obtained when moving the glochidium of given direction off from 
the electrodes along the abscissa. This is obviously due to external causes. 
Namely, there is a decrease in the density of line of forces in lateral direction.

The importance of the other factor was detected when the glochidium 
placed in a central region of relatively constant strength of field was turned 
round. The dependency of threshold voltage on 99-angle seems to be appro­
achable mathematically by a discontinuous circular function. Studying in 
detail the relation between line of forces and excitability, it was suggested by 
R ushton (1927, 1930), that the inefficacy of transversal excitation is presu­
mably due that only electric components running parallel with the direction 
of muscle fibres and nerves are stimulating. This was also expressed by him 
mathematically as: V,, =  V0/cos 99, where V„ and V0 are threshold voltages 
in case the angle is 99 or 0° respectively under otherwise equal conditions. 
The results reported here are in agreement in general with the theory formu­
lated by Rushton, i.e. excitation is considerably less efficaceous in trans­
versal direction, and it is optimal when produced by stimuli parallel with the 
direction of the fibres.

I t should be noted, however, that neither R ushton’s investigations,, 
nor these present studies could explain the nature of this phenomenon. I t is 
assumed that the relation between the dimensions of various fibres may also 
be helpful in explaining the results. Namely, the decrease in voltage at constant 
strength of field and at equal specific resistance is greater in longitudinal than 
in the shorter transversal section. Fall in voltage is mainly influenced also by 
the value of specific impedance, which may be direction dependent. Thus,, 
the actual fall in voltage in a given section of muscle fibre is determined 
mainly by these two factors. The changes of specific resistance, however, may 
originate from the fine differences existing between longitunidal and trans­
versal structures.

Thus on basis of foregoings it is regarded unnecessary to suggest the 
presence of motor nerve fibres of special direction in order to explain the 
direction-dependency of excitability.

Nevertheless, the question arises wether further inferences may be drawn 
on basis of these results concerning the presence of motor innervation. In Fig. 6 
the graphs representing threshold voltage show secondary changes in slope. 
These graphs were drawn on the basis of measurements performed on ten 
animals. Similar properties were reflected by measurements on the single 
individual. It was assumed by W. A. H. R ushton (1930) on basis of similar 
differences that there may motor nerves be present in the muscle fibres. This 
assumption is, however, confronted by the fact, that the average value of 
chronaxie is approximately constant: 1, that is 1—0..92 at angles of 0°, 45° 
and 65°. It was observed by R ushton that nerve elements were highly exci­
table (y-exoitability), whereas muscle elements displayed low excitability 
(а-excitability), which corresponds to small and great chronaxie respectively. 
On the present occasion, however, no considerable differences in chronaxie 
were observed by changing the angle. It is suggested that if the secondary 
changes in slope are due to the presence of nerve elements, then they would be 
isochronous with the excited muscle fibres at 99 =  0°. In that case the differen­
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ces in chronaxie at the above angles would be negligible, and the differences 
in the direction of hypothetical nerve elements should also be small or strongly 
deviating respectively, for the secondary changes of slope are unimportant. 
I t is also presumably that only muscle fibres were excited at every angle 
applied. In that latter case the secondary changes in slope, as illustrated in 
Fig. 6, may be considered only as experimental errors.

The reciprocal cosinus relation between transversal and longitudina 
excitability as established by Rttshton applies, apart from certain little

F ig. 7. A — a relation in  agreem ent w ith  figure 4: dependency of V ,̂ threshold voltage 
on 93-angle, represented in  a polar system  of coordinates. The values o f  V? are m arked on 
th e  sides of 99-angles. The relation  is approxim ately  linear, e — curve deviating  by  93-angle 

(V^/cos 93) from  f-line set a t  righ t angles on the abscissa. В explanatory  figure 
7. ábra. A — a  4. ábrának  megfelelő összefüggés: а  У,, küszöbfeszültség függése a 99 

szögtől, polárkoordinátarendszerben ábrázolva. A  93-szögek szárára m értük rá  a 
értékeket. A z összefüggést közel lineárisnak tek in tjük  (e), m ely 8 -szöggel eltér az absz­

cisszára merőleges f-egyenestől (V0/cos 93). В — m agyarázó áb ra

deviations, also for the relation presented in Fig. 4. Fig. 7fA illustrates the 
results of threshold voltage measurements performed on ten glochidia each. 
The glochidia of central position were turned round and were excited at impul­
ses of 5 msec duration. The results are illustrated in a polar system of coordi 
nates. On the side of <p angle the corresponding value of threshold voltage (V99) 
is marked off. The values should have taken place along the /-line in agreement

3
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to the correlation as determined by R ushton (V̂  — V0/cos <p). Newertheless 
on every occasion V <  V0/cos <p. Consequently the points obtained took place 
along the e-curve, which on basis of simple trigonometric considerations may 
be expressed as (see Fig. 7\B)

У cos 3 
cos (<p — 3)

where 3 is the angle between the /-line obtained by R ushton and the e-line 
obtained in these experiments. The actual value of this angle may be expressed 
mathematically as

У n/2 
V0

=  cotg 3

In case 3 =  0° then the relation according to R u s h t o n  is obtained. It is 
assumable on basis of this 3 angle that there may be in the glochidium excitable 
structures present, which are deviating from the direction of the longitudinal 
axis of the animal (these may be either muscle fibres of deviating direction or 
nerve elements). I t is also presumable that the deviations from R u s h t o n ’s rule 
may originate in the differences of electric structures in the external medium 
and muscle fibres, which produce a break in strength of forces along the con­
tact line of the two substances and further in the fact that the experimental 
animal was placed under the plane of the electrodes. In view of these and other 
questions discussed so far it is considered important to investigate further 
the limits of the validity of R u s h t o n ’s ru le  and the problem of a hypothetical 
motor innervation.

Summary

In this work the electric excitability of the adductor of glochidia of fresh­
water mussel ( Anodonta cygnea L.) was investigated. The reciprocal cosinus 
relation between excitability and direction of electric field as established by 
R u s h t o n , holds true approximately also in these experiments. The threshold 
obtained at impulses of 5 msec duration running parallel with muscle fibres 
was 3.5 V. Threshold voltage is approximately doubled and the transversal 
threshold becomes very high when increasing the angle to 60°—65°. Up to 65° 
chronaxie was about constant i.e. 1 msec. The possibility of a hypothetical 
motor innervation is discussed on basis of secondary changes in the relation 
between threshold voltage and duration, and of other results deviating from 
the findings of R u s h t o n .
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E L E K T R O M O S  IN G E R L É K E N Y S É G  V IZSGÁ LA TA  
A N  Ö D Ö N T  A -L Á R V Á K  (G L O C H ID IU M O K ) ZÁ R Ó IZM Á N

Lábos E lem ér 

Összefoglalás
T av i kagy ló  (A nodonta  cygnea  L .) g loch id ium ainak  záró izm át fo lyadékon  keresz tü l, 

e lek trom osan  ingerelve a z t  ta lá ltu k , hogy  az ingerlékenység  és e lek trom os té r  irá n y a  
k ö zö tt a  RuSHTON-féle rec ip rok  cosinus összefüggés közelítő leg  fennáll. A z izom rostokkal 
p árhuzam os ingerlés so rán  ta lá l t  küszöb, 5 m sec in g e r id ő ta rta m  m e lle tt 3,5 V . A  k ü szö b ­
feszültség  60 — 65°-ig kb . kétszeresére  nő , a  h a rán tk ü szö b  igen m agas. A  ch ronax ia  65°-ig 
közel á llandó , 1 m sec. A  k üszöb feszü ltség -ingeridő tartam  összefüggés m ásod lagos 
m eredekségváltozása i és a  RuSHTON-összefüggéstől való  k isfokú e ltérések  a lap ján  ta g la l­
tu k  a  m oto ros beidegzés je len lé tének  kérdését.

ИССЛЕДОВАНИЕ Э Л ЕК ТРИ ЧЕСК О Й  ВОЗБУДИМ ОСТИ 
НА ЗА П И РА ТЕЛ ЬН О Й  М Ы Ш ЦЕ Л И ЧИ Н О К  (ГЛО Х И ДИ ЕВ ) Б Е З З У Б К И

Э. Ладош

Раздраж ая электрическим током запирательную  мышцу глохидиев беззубки через 
жидкость, было установлено, что обратная косинусная зависимость Раштона меж ду воз­
будимость и направлением электрического пространства приблизительно остается в силе. 
Пороговым напряжением оказалось 3,5 V если раздражение происходит паралеллно 
мышечными волокнами и при продолжительности импульса в 5 мсек. Пороговое напряж е­
ние между 60—65° увеличивается примерно вдвое, и поперечный порог очень высокий. 
Х ронаксия до 65° почти постоянна и равняется 1 мсек. На основе вторичного изменения 
кривизны в зависимости продолжительности импульса и порогового напряж ения и прини­
мая во внимании небольшое отклонение от закона Раштона обсуждается вопрос о наличии 
моторной иннервации эмбриональной запирательной мышцы.
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F új. 1. P h o to  o f  th e  la rv a  o f A nodonta  cygnea  (glochidium )
1 =  la rv a l a d d u c to r; 2 =  la te ra l c av ity ; 3 =  m esoderm  b an d ; 4 =  shell; 5 =  to o th  of 

shell; 6 =  la rv a l m a n tle ; 7 =  p rim o rd iu m  o f  th e  foo t; 8 =  in te s tin a l sac 
A ccording to  K . H e r b e r s  (1913) th e  p rim itiv e  ganglion colonies develop in  th e  region 

o f in te s tin a l sac an d  th e  p rim o rd iu m  o f th e  foo t

1. ábra. A nodonta  lá rv a  (glochidium ) képe
1 =  a lá rvális  a d d u k to r  izom rostja i; 2 =  o ldalsó gödör; 3 =  m ezoderm a csík; 4 =  hé j;

о =  héjfog; 6 =  lá rvá lis  köpeny ; 7 =  láb d u d o r; 8 =  en toderm azsák  
A p rim itív  gang lion telepek  K . H e r b e b s  (1913) szerin t az en to d erm a  zsák és láb d u d o r

tá já n  fejlődnek
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