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Introduction

An ever increasing number of workers are dealing also in Hungary with
the nervous system of the fresh water mussel (ABRAHAM and MINKER 1959,
Nacy 1962, BARANYI and SALANKI 1962, SALANKT and LABos 1964, SALANKI
1964, PEcst and SALANKI 1964, Zs. Nacy 1964, GuBiczA and Zs. NAGY 1964).
Inspite of this our morphological an:d physiological knowledge must be still
regarded as insufficient.

Physiological examination of .he fresh water mussel requires a more
exact description of the structure o! the nervous system. The objective of the
present study is to supply data to the morphology of the ganglions of the fresh
water mussel with special regard to their dimensions.

Material and method

Experimental animal was Anodonta cygnea L. originating from the back
water of the Rébca river. Mussels of various size collected from similar bio-
topes were subjected to examination. Length and width of the ggl. cerebrale,
ggl. pedale and ggl. viscerale (Fig. 1) were examined in small, medium and
large size mussels. The ganglions of a total of 120 Anodonta were measured
with microocularmeter.

The nervous elements of the ganglia were rendered suitable to micro-
scopic examinations by two impregnation methods. The modified Casarn I.
method (GuBicza, Zs. Nacy 1964) was employed to indicate the cells, while
RoweLL’s (1963) silver nitrate lutidine proceeding was found the best to
demonstrate nerve fibres and glia. The length of the neurons was measured in
the ganglions of the small and large mussels. In each ganglion the mean length
of 250 to 3000 cells were taken. Measurement was carried out with microocular-
meter at 650 X magnification.

The number of ganglions and glia nuclei have been determined in an
indirect way. In the 10 to 12 u thick sections (in 5 to 6 sections per ganglion)
the neurons were counted, the mean of a section multiplied with the number
of sections and divided by two. The latter proved to be necessary out of the
following consideration. The neurons of Anodonta cygnea L. are generally 20
in size so that each cell occurs in two, less frequently in three successive sec-
tions. The small size cells get into the plane of two or one section. It is to be
noted that the sections generally contained the same number of neurons and.
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in the series section the first and last ones contained the cellular cortical part
while mainly neuropile came into the middle part of a large surface.

Fig 1 — 1. abra
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The glia nuclei found in a section were multiplied with the number of
sections but not divided by two because their length was 5 to 6 1 and their

width no more than 4/r.
Results

The first part of our investigation consisted of a comparison of the length

and width data of the ganglions of mussels of different size.
The ganglions of the small, medium and large mussels (Table 1) are

of different size (Table 2).
Table 1

Length, width and tickness of the mussels examined

Denomination Length Width Thickness
mm mm mm
Small mussels.....cccoevenan. 100 50 40
Medium mussels. 140 75 60
Large mussels.......coene 180 90 75
Table 2

Length and width dimensions in mm of the ganglions of small,
medium and large mussels

o ggl. cerebrale ggl. pedale ggl. viscerale
Denomination
length width length width length width
Small mussels....ccoeveveivennnne 2.15 1.08 0.98 2.00 1.32 2.48
+0.20 +0.12 +0.13 +0.15 +0.07 +0.08
Medium mussels.....ccoeeinennns 2.88 1.32 1.14 2.28 1.80 3.40
+0.28 +0.12 +0.13 +0.15 +0.17 +0.23
Large musselS.....nieenns 3.28 1.42 1.36 2.50 2.04 3.88

+0.20 +0.15 +0.10 +0.11 +0.08 +0.14



According to the data of T'able 2 the ganglia of the small-size mussels
are smaller than those of the larger ones.

In the general histological description of fresh water mussel ganglions
(Gusicza and Zs. Nacy 1965) we pointed to the fact that the dimension of
length of the neurons depends on the size of the experimental animal. In various
ganglions of the small and large mussel the so called great neurons are of differ-
ent dimensions (T'able 3)

Table 3

Average data of the length of large size neurons in the ganglions
of small and large mussels*

ggl. cerebrale ggl. pedale ggl. viscerale
mean length mean ! length mean length

@ w w w w ©
Smallstuagel . .. o1 - oo 30 (36) 34 (45) 42 (47)
Large musgel . .....oeve.ion 40 (47) 45 (55) 52 (63)

* Those neurons were regarded as large size cells which attained 709, of the longi-
tudinal dimension of the largest cell; e.g. when the largest cell was 63 u long, those over
44 p length wore qualified as large size cells.

The data in bracket designate the length of the largest neuron found in
measuring.

Two important statements can be made in connection with analysis
of the dimensions of neurons.

1. Dimensions of the cells depend on those of the mussel.

2. In the various ganglions the cell dimensions are different (smallest
in the ggl. cerebrale, largest can be found in the ggl. viscerale).

On the basis of what was said up to now, a comparison of the longitudinal
dimensions of the mussel, the ganglions and the neurons reveals both in large
and small mussels that the neurons have grown slower.

Longitudinal dimension of small mussels (100 mm long) and of their
ganglions and neurons was taken for 100%,. In this case the ganglions of the
809%, larger mussels are larger by 40 to 50 per cent while the average length
of so called large neurons is 25 to 33 per cent larger (Fig. 2).

Also the glia nuclei in the ganglions of mussels of different size were
measured but no differences found. In the ggl. cerebrale, ggl. pedale and ggl.
viscerale of both the small and large mussels 5 to 6 u long and 3 to 4 x wide
glia nuclei occur.

We also determined, in an indirect way, the number of neurons and glia
nuclei in the various ganglions (7'able 4).

Table 4

Number of neurons and glia nuclei in the ganglions of Anodonta cygnea L.

ggl. cerebrale ’ ggl. pedale | ggl. viscerale

NOUuronsg, .. «iisiavs 30—35,000 units 65—170,000 units 70—175,000 units
glia nuclei ....... 5— 7,000 units 25—30,000 units 16—18,000 units
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There are most neurons in the ggl. viscerale, while the number of glia
nuclei is highest in the ggl. pedale.

The distribution of neurons according to size is varying in the different
ganglions. The so-called large cells are generally few. These constitute 0.5 to

Fig 2 — 2. abra

Nagy kagylok gangiionjainak es idegsejtjeinek méretaranya,
akis kagylok 100%-os adataihoz viszonyitva.
lillll Kagylék hossza /-bon
O  Ganglionokhossza %ban
i= /degsej/hossza %-ban
Q Kiskagy/é
b Nagy kagy/6

1.0 per cent of the total cell stock. Most large size neurons are found in the
ggl. viscerale (about 1 per cent) and least in the ggl. cerebrale (about 0.4 per
cent). The overwhelming majority of the cell stock are small size (8 to 16/z).

Discussion

In the telometrically growing young Anodonta cygnea mussels of 10 cm
the ganglions are small and the neurons are smaller than in the older mussels
of 28 cm.

The ganglions of the 80 per cent longer mussels are larger by 50 per cent,
the neurons by 30 per cent. The dimensions of the glia nuclei are unchanged



in the various ganglions of small and large mussels. From the data it also
appeared that ggl. viscerale showed the most intensive growth. The nerve cells
of largest size (motoric cells) also occurred in this ganglion in a high number.
Also by the cell number determined in an indirect way the ggl. viscerale
excels. The more complicated morphological structure of the ggl. viscerale has
b(]ien relit_erred to already in comiection with the general histological description
of ganglia.

d 'Ighe role of the single ganglions played in the reflex activity is not
clarified so far. The posterior adductor of the fresh water mussel is innervated
according to Pawlow (1885) by the appendages of the motoric cells of the ggl.
viscerale and these fibres are involved in tonic contraction. The impulses bring-
ing forth relaxation arise from the ggl. cerebale. According to Drew (1908) in
the Ensis species the movement of the foot is coordinated by the ggl. cereb-
rale and ggl. pedale together. Frankel later (1927) found that the adaptive
character of the digging movement of the Ensis species discontinues when
the ggl. cerebrale is removed. According to the statement of Woortmann
(1926) in the movement of the feet and in the activity of bissus glands in
Mytilus edulis the ggl. pedale is greatly involved.

According to the investigation of Saranki (1963) the serotonine
and antiserotonine substances applied to the ggl. cerebrale of the fresh
water mussel change the character of the periodic activity. From the
data of a number of physiological examinations it could not yet be precisely
established which ganglion has the most important role in the reflex activity
of the mussel. Probably the problem does not even arise in this form. So much
is certain that the ggl. viscerale of Anodonta cygnea contains the most diversified
nerve elements. This is also proved by the fact that recently several illustrious
nerve morphologists (Abraham 1963, Bullock 1961, Sugawara 1964) sub-
jected to investigation this ganglion of interesting from the morphological
point of view.

Summary

1 The ganglia of the small (100 mm long) Anodonta cygnea L. have smaller
dimensions than the large (180 mm long) mussels.

2. The neurons of the small size mussels are smaller than those of the
larger ones.

3. Largest nerve cells occur in the ganglion viscerale; they constitute
0.5 to 1.0 per cent of the cell stock.

4. The glia nuclei are of the same size in 'the ganglia of small and large
mussels.

5. The number of neurons is lowest in the ggl. cerebrale, highest in the
ggl. viscerale.

6. Most glia nuclei are found in the ggl. pedale.
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TESTNAGYSAG, GANGLIONOK ES AZ IDEGSEJTEK MERETENEK RELACIOJA
AZ EDESVIiZI KAGYLONAL (ANODONTA CYGNEA L))

dsszefoglalas
Gubicza Andrés

A szerz6 vizsgalta a kiulonb6z6 nagysadgl Anodonta cygnea L. idegdlcainak és
idegsejteinek méreteit. Kozvetett Gton meghatédrozta a ggl. cerebrale, ggl. peddle és ggl.
viscerale idegsejt és gliamag szam at.

Az adatokbél megallapithaté, hogy a kis (100 mm hosszt) kagylék ganglionjai
és idegsejtjei kisebbek mint a nagy (180 mm hosszu) kagyloké.

Legkisebb sejtek a ggl. cerebraleban, legnagyobbak a ggl. visceraleban vannak.

A gliamagok a kis és nagy kagylok idegducaiban egyforma méretliek.

Az idegsejtek szdma dldconként valtoz6. Legtdbb sejt a ggl. visceraleban, legke-
vesebb a ggl. cerebraleban van.

A glia magok szama legtobb a ggl. pedaléban.



B3AMMOOTHOLWUEHNE PA3BMEPOB HEPBHbIX K/JETOK, TAHITVEB WU
TE/NA BE33YBKW (Anodonta cygnea L.)

A. lNybuua

1. Pasmepbl raHrnveB 6e33y6ku manoro pocta (gavHoii 100 MM) HuXe YeMm y 6e33ybKu
6onblworo pocta (aAMHHOK 180 MMm).

2. HepBHble KneTkn y 6e33y6KM Manoro pocta TOXe MeHbLuMe, 4yeM Yy 6e33y6Ku 60/1b-
Loro pocra.

3. Camble KpyHMble HEPBHble KNETKU O06HApPY>XMBaKTCA B BUCLEPAbHOM raHriuu,
OHWM cocTaBnAwT 0,5—1% Bcero KneTo4yHOro cocrasa.

4. fAppa rnun MMerT OAMHaKOBbIe pasMepbl KakK y MasblX TakK Uy 60/bLUNX 6e33y60K.

5. MeHblle BCeX HEPBHbIX KNeTOK 0OHapyXXunBaeTca B LepebpasibHOM raHrivmn, n 6ob-
e BCEX — B BUCLepasibHOM.

6. Uucno agep rnmm camoe BbICOKOE B MefasibHOM TaHr NN,
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