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Under natural circumstances the larvae of the freshwater mussel Ano-
donta cygnea L. leave the gill of the parent in spring. The larvae (glochidia)
lying on the bottom have a rhythmical movement. This rhythmic activity can
be observed as early as in the autumn on glochidia artificially removed from
the lamellae of the gill of the parent. The clashlng and opening of the valves
of these larvae is operated by a rhythmic alternation of contraction and relax-
ing of the adductor muscle.

It was found in our previous studies (Kosaroyants and SALANKI 1958,
SALANKI 1960) on adult mussels that their rhythmic and periodic activity can
be essentially influenced by different substances, especially K+ and other ions.
This effect manifests itself partly in the change of frequency in the rhythmic
activity of adductor muscle partly in more frequent occurrence of lasting,
tonic concentration. Nevertheless, the nature of both rhythmic action and
periodic activity and the modes of their regulation as well are unknown and
much debated problems. As considerable data may be obtained by investigations
carried out in the course of ontogeny, it was suggested to study the rhythmic
action of the adductor of glochidia. The first task was to clear the importance
of factors which, according to our previous observations, are capable of in-
fluencing the rhythmic action and periodic activity in adult animals. Experi-
mental results obtained upon the application of alkali metals and alkaline
earth metals are reported in this paper.

Material and methods

The glochidia used in the experiments were obtained from adult speci-
mens of the freshwater mussel, dnodonta cygnea L. They are to be found from
October to March in a quantity of many thousands among the lamellae of
the gill of-the parent. The mussels were collected in autumn and were kept
in streamlng water, in darkness at low temperature until the removal of
glochidia.

The glochidia are imbedded into mucous material, from which they were
released by dispersing in tap water. The glochidia isolated in this manner with
the help of fine pipettes were selectively allotted into groups of 25 each and
were placed into the cavity of plexi vessels of 0.25 ml content. The glochidia
freshly prepared in tap water showed reduced rhythmic activity.
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A measure for the rhythmic activity was offered by the number of con-
tractions observed during units of time in these groups of 25. As the size of the
open glochidia was about 500 x 300 u, the observations were performed under
stereoscopic microscope. The initial part of the experiment served as self-
control namely, previous to the addition of the experimental solution, the
activity of glochidia was registered in the groups of 25 for five minutes. After
this pretreatment period the number of rhythmic contractions was recorded
for 10 —30 minutes depending on the degree of the effect. The number of con-
tractions per minute was registered. Each substance® was tested by 4—10
parallel groups of larvae (100—250 glochidia). The values graphed in the figures
are given in terms of hundred animals in order to facilitate comparison. The
experiments were carried out at room temperature 18—20° C, illuminated
by the lamp of the microscope used.

The results are presented in a system of co-ordinates the axes of which
are as follows; abscisse: time in minutes (five minutes self-control before
0 point, and 10—30 minutes long examinations), ordinate: action/min. Thus
these graphs illustrate the frequency changes of rhythmic movement. The
single actions generally consist-of fast (sometimes slow) contraction and of
fast or slow relaxing. Relaxing did not occur on every occasion.

In the course of these studies special care was taken to use larvae only
which did not suffer injury during dispersion and also which remained in open
state during the time of grouping.

For experimental media 1 x 107*—2 x 10~ M solutions of KCI, NaCl,
CaCl,, MgCl,, LiCl, CsCl and RbCI dissolved in tap water were used. In order
to examine the nature of solvent preliminary experiments were performed with
lymph, physiological salt solution for Anodonta (MArRCzZYNSKI, 1959) and with
distilled water.

Results

Upon the evidence of preliminary experiments, no considerable differ-
ences exist in the activity of glochidia when using either tap water or distilled
water for dispersion and in subsequent observation. Neither the lymph ob-
tained from the heart of adult animals nor the physiological salt solution for
Anodonta proved suitable media for our purposes.The basic activity for hundred
glochidia was less than twenty per minute in general. The differences between
the values below twenty obtained in the single groups are negligible and are
obviously attributable to the fact that the glochidia were not exactly in the
same phase of larval development. Upon removing the liquid medium from
the glochidia one part of the larvae closed after complete pipetting off, when
restoring, however, the original solution they reopened and no increase in
activity was observable. These findings suggest that the initial increase in
actlwtv lasting for some minutes after the application of experimental solu-
tions is a response to the special substance used.

The effect of KCI on the rhythmic activity of glochidia

Experiments with KCI produced a considerable and lasting increase in
activity depending on concentration at the end of which the glochidia closed.
In case lower concentrations were used only increase in activity occurred,
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which lasted over 30 minutes. The application of higher concentrations, how-
ever, gave rise not only to more pronounced increase in activity but also to
the tonic contraction of gradually increasing number of glochidia until finally
all experimental animals closed. Parallel with the increase in number of closing
the activity values decrease, and when all animals are closed it falls to zero.

Relias

min

Fig. 1. The effect of different concentrations of KCl on the rhythmic activity of
- glochidia

Ordinate: the activity of 100 glochidia within one minute r—nnl_n)’ abscissa: time in minutes.

Pretreatment period before zero point, on the right from the ordinate the minutes after
the addition of KCl. The mode of illustration is the same in every figure ;

1. dbra.. KCl kiilonb$z6 koncentriacidinak hatdsa a glochidiumok [ritmikus aktivitdsdra

a
min
ordindtétél balra a kontrollvizsgdlat ideje, az ordindtdtél jobbra a KCl hozzdaddsa
utdni percek. Az dbrdzolds médja minden tovdbbi dbrdn ugyanilyen

1. puc. [eiicTeue paswbix konuentpaupit KCl Ba pWIMHUECKYI0 aKTHBHOCTB IJIOXMMA.

opauHat: aktusHecTh 100 ryoxuamnit B 1 munyT (a/mun). atcuuce: Bpemsi B MunyTax. Haseso

OT OpAMHATA BUKO EPEMST KCHTPCJEFBX CDBITCB, @ FANPAEO — MUHYTHI IIOCJIE IIPUOaBICHNST
XJNOPUCTOTO Kanusi. CncccO neCOpa)kennsl Ha ECeX CCTAJNEHBLIX PHCYHKAX TaKOH-)Ke

Ordinédta: 100 glochidium aktivitdsa 1 perc a]att( ), abszcissza: id6 percekben. Az

The results obtained are presented in Fig. 1. The smallest lasting increase
in activity was observed in general at 1 X 102—5 X 10~* M concentrations
of KCI. Asregards this threshold concentration, the differences existing between
the single populations are small, and in certain cases increase in activity was
noted even below 10~* M concentration. '

In Fig. 1 the effect of KCl solutionsof 7.5 X 1074 M, 1 X 10-3,2 x 10~3
Mand 5 x 1073 M concentrations on glochidium populations of approximately

4
4
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equal sensitivity are given. It is seen that on the effect of 7.5 x 10 :; M KClI
a pronounced increase in activity (about five times greater than in the control
group) ensues. This rate remains constant throughout the period of investig-
ation (30 min). The increase in activity yielded by 1 x 10—3 M KCI is more
considerable (cca. 10—15 times greater) and was observed also throughout the
30 minutes long period of investigation. A characteristic change takes place
when 2 x 10—8 M KClis used, namely the initial increase in activity is followed
after some minutes by a decrease in activity to the level of control. This low
activity rate lasts for about thirty minutes, and in the end no rhythmic con-
tractions are observable. This decrease in activity is due to the permanent
tonic contraction of gradually increasing number of glochidia until finally all
of them get into closed state. Closing starts already in the 2nd-4th minute and
in the thirtieth minute nearly 50 per cent of glochldla are closed. A greater
initial increase in activity is yielded by applying higher KCl concentrations.
Nevertheless, in that case a rapid closing of glochidia occurred and the rhythmic
activity fell to zero within some minutes. Consequently when using 5 x 1073 M
KC1 solution no rhythmic activity was observed at all in the tenth minute —
as it is seen in Fig. 1 — because all animals are in closed condition.

These findings suggest that the rhythmic action of the adductor muscle
of larvae and their lasting tonic contraction resulting in the tight closing of
the two valves is a concentration dependent in the case of KCI. The concentr-
ation values able to produce within ten minutes increased activity together
with a subsequent closing of larvae falls between 1 x 10=3 Mand 5 x 1023 M,
nevertheless, some glodndla may close for longer-shorter period also at con-
centrations as low as 1 % 10—3 M. Closing taking place upon the application
of 5 x 107 M KCl is very lasting and though this is substituted after 1—2
hours by the subsequent relaxing of adductor muscle, there is no more rhythmic
activity to be observed and the glochidia are not able to close again.

The effect of NaCl, CaCl, and MgCl,

Since from among the ions being involved in fundamental stimulatory
processes not only K+ but also Nat, Cat+ and Mg*+ are of 1mportance,
experiments were run to investigate the effect produced by the chlorides of
these ions too. In the case of these substances considerable greater concent-
rations (by one order of magnitude higher) were necessary to produce measur-
able changes in the rhythmic activity of glochidia than in case of KCl. Even
the modes of their effect differ considerably from that of KCI.

In the case of NaCl 7.5 x 102 M concentration produced striking
increase in activity. Other consentrations as 1 X 107* M and 2 X 107 M
were also tested. Lasting increase in activity could not be produced with NaCl,
and the yielded effect ended within ten minutes. As it is seen in Fig. 2 an
activity of about 30/minute was found in the groups of 100 glochidia upon
the application of 7.5 % 10~2 M NaCl during seven minutes, after which it fell
back to the level of control. During this period no tonic contraction of adductor
muscle was observable and all glochidia were in open condition after the pass-
ing of 10 minutes. A more considerable increase in activity was observed in
the first minutes subsequent to the application of higher concentrations of
NaCl: 1 x 107t Mand 2 X 10~ M, but the rhythmic action did not last even



\ 49

in this case over ten minutes. It is most striking that during the first minutes
nearly 40—50 per cent of glochidia closed, however, in the case of 1 X 10-* M
concentration their gradual opening was observable and, after a period of
5 minutes, only about 10—15 per cent of them were shut. Nevertheless, this
fact did not produce an increase in thythmic activity during this period. A more
lasting tonic contraction of adductor muscle was produced by higher concent-
ration of NaCl. Accordingly, upon the application of 2 x 10~ M solutions
70—75 per cent of glochidia are closed even in the tenth minute, and the
rhythmic activity observed is small.

NaCl

1g. 2. The effect of NaCl on the rhythmic activity of glochidia. Mode of. illustration
as in Fig. 1
2. dbra. NaCl hatdsa a glochidiumok ritmikus aktivitdsdra, Abrizolds médja ugyanaz,
mint az 1. dbrdan

2. puc. Bimsinue NaCl na purmuueckyio akTHEHOCThL ri1oxuanii. Crocod usoGparkeHust TaKoii-
JKe Kak Ha 1. pucynre

In the course of investigations performed with NaCl only an initial rise
but no lasting increase in activity could be observed. The application of higher
concentrations resulted in the closing of glochidia, resp. the relaxing of the
adductor muscle, after which rhythmic activity was no more observable and
the glochidia could not be induced to further contractions even by very con-
centrated KCI solution.

In Fig. 3 activity values produced by MgCl, are graphed. The 7
% 10=2 M solution of this substance proved to be the threshold concentratlon
Maximum rate of activity was yielded by 5 x 10=2 M solution. In the first
1—2 minutes of examination considerable activity values were observed and
later on the frequency of rhythmic contractions fell rapidly to the original
value. This 5 x 102 M concentration produced also the most lasting increase
in activity which, however, fell to the level of control at the end of the tenth
minute. Thus, it is characteristic of MgCl, that, after a decrease in activity,
there still exists an activity on threshold level, i.e. the rhythmic activity of
larval adductor muscle is not damaged by this substance.

Upon the application of lower concentrations of MgCl, (7.5 x 10=3 M,
1 x 1072 M) all glochidia remain open. On the effect of solutions of 2 x and

4 Tibanyi Evkényv
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5 X 1072 M concentrations a considerable number of them rapidly close
(about 10 resp. 80 per cent) then after 20 —40 seconds the glochidia open again
and display rhythmic action.

In the experiments performed with CaCl, (Fig. 4) noticeable increa se
in activity was produced by 1 x 1071 M concentration. This increased activity,

-
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Fig. 3. The effect of MgCl, on the rhythmic activity of glochidia
3. dbra. MgCl, hatdsa a glochidiumok ritmikus aktivitédséra
3. puc. Bnusnue MgCl, Ha PUTMHYECKYIO aKTHBHOCTB TJIOXH/IHIA

Fig. 4. The effect of CaCl, on the rhythmic activity of glochidia
4. dbra. CaCl, hatdsa a glochidiumok ritmikus aktivitdsdra
4. puc. Bausinne CaCl, Ha PUTMHMYECKYI0 AKTUBHOCTH IJIOXHAMI
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however, did not last longer than for some minutes and, after a gradual
decrease, sank very soon to the level of control. Maximum activity rates do not
occur in the first minute of observation but only in the third-sixth minute
upon the addition of CaCl,, as has been observed already when using threshold
concentration, but even more upon the application of 1.25 x 1071, 1.5 x 101
and 2 X 10~ M solutions. Thus a period of some minutes preceeds the activity
increasing effect of CaCl,. This increased activity lasts for 1—3 minutes and is
very conspicuous in the case of higher concentrations. It is remarkable that
the difference between threshold concentration and the concentration values
yielding maximum rate in activity is small. It is worth noting that, in the case
of higher activity values the duration of this increased activity is shorter, for
instance when using 2 X 10! M solution it ends within four minutes. After
this period of increased activity 50—70 per cent of glochidia are closed and
even those remaining open do not display considerable rhythmic activity.
There is an occasional closing and opening of single glochidia still observable
which points to the fact that the adductor muscle has not lost its functioning
capacity in opposition to previous observations made in connection with
MgCl,.

Thus, unlike the effect of KCl, CaCl, could not produce lasting increase
in activity of glochidia similar to NaCl and MgCl,.

. The effect of LiCl, CsCl and RbCl

Considering the place of the following metals as lithium, caesium and
rubidium in the periodic system in relation to kalium it was suggested to
investigate the effect of these ions on the rhythmic activity of glochidia. Tt was
also purported by these investigations to learn if the effect of K involved in
the production of lasting increase in activity is strictly or only to a less degree
specific, namely whether this effect could also be produced by similar ions.

It was found in the course of investigations that a relatively lasting
increase in activity (lasting for 15—20 minutes) can be produced with the
application of LiCl and CsCl, these two chlorides of the three monovalent ions,
whereas with RbCl authors failed to produce the same effect.

In case of LiCl (Fig. 5) 1 X 102 M concentration yielded noticeable
increase in activity lasting for about 10 minutes and of value a of 30/min.
A more concentrated solution (5 X 10=2 M), however, produced a more con-
siderable effect. The activity lasted for 10 minutes and the glochidia were open
to the end of the period of investigation. Upon increasing-the concentration
of this substance the initial rise in activity may reach a higher, even values
of some hundred, on the other hand the duration of the effect is considerable
shorter, and falls within about 6 minutes to the level of control. The decrease
in activity observed at higher concentrations of LiCl is due to the closing
of gradually increasing number of glochidia. Thus upon the application of
1 X 100t M solution 70—80 out of 100 glochidia are closed in the tenth
minute of observation.

CsCl solution has given rise to activity increase already at a concentration
as low as 1 X 1073 M. The 5 X 1073 M concentration yielded an average
activity of 30/min. lasting even over 10 minutes. On this occasion about 25 per
cent of glochidia closed in the first ten minutes and practically all of them were
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