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Beside the recent comprehensive studies which appeared after the
monograph of Gray “Ciliary movement” (1928) (Rivera 1962, Steigh 1962)
a number of papers dealt with the ciliary activity of Molluscs. Of these the
investigation of the gill cilia of Lamellibranchiata emerges quantitatively. The
epithelium of comparatively large surface and intensive ciliary activity of the
clams which can be conceived also as bioindicator marks with the change of
velocity of movement the changes of physiological and biochemical processes
taking place in tissue and cells spontaneously or induced by agents. Thus e. g.
the effect of the agents influencing the intermediary metabolism (Usuki
1956 a, b, ¢, d) and the heat adaptation conditions (Vernberg, Schlieper
and Schneider 1963, Precht and Christophersen 1965, Lagerspetz
and Ditbitscher 1966) were recorded with the motion activity of gill cilia.
Valuable knowledge was published also onthe mode of action of osmoregulation,
anoxybiosis and other environmental factors (Gray 1928, Schlieper, K owalski
and Erman 1958, Schlieper and Kowalski 1958).

It is a well known fact that after anoxybiotic effects (= AOB Schiieper
et al. 1958) in the tissues an 02debt of such dimensions arises which under
oxybiotic conditions is compensated by the organism with an oxygen consump-
tion surpassing the normal level. In the course of this process also the activity
of the gill cilia is intensified (Schiieper and Kowalski 1958). Since in our
AOB examinations conducted during the winter semester, in the cold water
period (Lukacsovics 1966), the onset of the 0 2 restitution of isolated gills
exhibited a delay, and started 6—24 hours after the AOB, we examined still
in this season the behaviour of the ciliary movement of gills to establish
whether they also show a similar phenomenon in their intensity.

Material and method

For these experiments specimens of 14 cm shell length of Anodonta
cygnea were used. During the winter the animals were stored in Lake Balaton,
under natural conditions. The temperature of the lake in the experimental
period (8th February — 21st March 1966) was+4— 7° C. The temperature
of the water of the animals brought into the aquarium was gradually raised —
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— in 5 days — to 25° C and at the same time ciliary activity was measured
per 5°C. At the time of heat adaptation the water of the mussels was abundantly
aerated.

Oxygen-free water was produced in a vacuum cabinet when the initial
8—8.5 mg/l oxygen content was reduced to a value of 1—1.5 mg/l and then
shortly after placing in the mussels to an amount which could not be demon-
strated. The oxygen content determinations were conducted with the semimicro
method of MaucHA (1947). The evacuated water was closed up with neutral
paraffin oil. Accumulation of metabolic products was diminished with the
daily exchange of freshly evacuated water. 1 liter water was calculated for
1 mussel.

The mussels were kept for 1—3 days under AOB conditions, then taken
out and on the 0., 1st and 2nd day the velocity of the gill-cilia was measured,
but on the 1st and 2nd day after AOB the animals were kept under OB condi-
tions, at 25° C temperature.

Ciliary activity was measured according to ScHLIEPER and KowALSKI
(1958) on the transport performance of the gill-cilia. The excised gills were laid
in PETRI dishes cast with paraffin, fixed with pins, then Balaton water rich
in O, was stratified over them and a celluloid ruler standing on 40 mm long
legs laid across so that it did not touch the gill. Subsequently small 1 sq.mm
aluminium foil pieces were dropped on the lateral surface of the gill near the
line of intersection and the time that passed during the 15 mm distance was
covered has been measured with a stopper. The transport performance was
calculated over into min/mm value. Each average result was obtained from
12—30 individual measurements.

Since in the experimental period the external gill of several mussels may
be full of developing glochidium, the measurements were always carried out
on the interior side of the interior gills.

Results

The experimental temperature of 25° C was obtained from the tempera-
ture of storage (44 — +7° C) with a daily rise of 5° C. During heat adaptation
ciliary activity of the isolated gills was measured at the intermediary tempe-
ratures (Fig. 1). At 10,15 and 20° C with rising temperature the transport
performance of the cilia increased. When taking the value performed at 10° C
as a basis, then at 15° C the measured activity was 21 per cent and at 20° C
74 per cent higher. At 25° C we found a 35 per cent inhibition as compared
with the previous temperature grade that is the value of heat stimulation was
no more than 39 per cent. Upon AOB effects lasting for various periods (2—3
days) on the gill of the fresh water mussel after isolation the following transport
performances were measured (Fig. 2). As compared with the control values
after one day of AOB the intensity of the movement of the gill cilia increased
by 25 per cent, after 2 days by 39 and after 3 days of AOB by 88 per cent.
When after AOB the animals were placed for one day in aerated water, the
measure of hyperventilation did not change in the case of animals kept in
AOB for one or two days, that is they showed the motion velocity that could
be measured immediately after AOB. Only the transport performance of the
gill-cilia of animals that passed 3 days in AOB decreased after 24 hours aeration
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Fig. 1. Ciliary activity of the isolated gills of Anodonta cygnea L. specimens kept at
different temperatures

1. dbra Kilonbdz6 hémérsékleten tartott Anodonta cygnea L. példanyok izolalt kopol-
tytinak a csilléaktivitasa.

Fig. 2. Mechanical activity of the gill cilia of Anodonta cygnea L. specimens kept for
various periods in oxygen deficient and subsequently in water with high oxygen content
Signs: Figure above the fraction-line: time spent in an oxygen-deficient medium, in days
Figure below the fraction-line: time spent in water abundant in oxygen, in days.
C = control
2. 4dbra Kulonb6z6 ideig oxigén-szegény, majd oxigén-das vizben tartott Anodonta
cygnea L. példanyok kopoltyucsilléinak a mechanikus aktivitasa.
Jelzések: Tortjei folotti szam: oxigén-szegény kdzegben eltoltdtt idé napokban.
Tortjei alatti szam: oxigén-dis vizben eltoltétt id6 napokban.
C = kontrol

7 Tihanyi Evkényv
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was substantially below the performance of zero day, but it still exhibited a
surplus value of 22 per cent as compared with the control. After 48 hours of
OB conditions the transport performance was already practically in all three
groups equal with the value of the control.

When the transport velocity values measured immediately after AOB
were compared not with their control but with each other, the statistical
calculations showed the differences to be real (Fig. 2):

1/0—2/0 P < 0.01 D.F. =38  t=4.53
2/0—3/0 P < 0.01 D. F. = 35 t = 8.94

Discussion

The motion activity of the gill-cilia of Lamellibranchiata that is the flow
of the water necessary for respiration and with it the filtration activity is
influenced by many factors. In a natural environment the most general active
agent according to GrAY (1928, cit. ap. BUDDENBROCK 1939) is temperature,
but they are also effectively influenced by the pH conditions and by the
amount of dissolved gases, cations and anions.

With the rise of temperature according to van’t Horr’s law the O,
consumption of the isolated gills of Unio tumidus ZELEBOR increased (Luxka-
csovics and SALANKI 1964) and as measured on the gill of Mytilus edulis
upon heat effect parallel with the increasing O, consumption curve rose
also the ciliary acivity (Gray 1928 pp 88, Fig 68).

From the viewpoint of ecological physiology the fact is not contradictory
that on account of its adaptation to the environment the cilial motorics of
the gills of the fresh water mussel of hicher temperature tolerance rose ex-
ponentially only until 20° C (Fig. 1) and at 25° C already showed decreasing
activity. At the same time on the gills of Mytilus edulis living, as it is well
known, in brack and sea water with lower annual and daily temperature-
fluctuation, exponentially rising cilial activity can be measured up to 35° C.
These can be explained by two factors:

1. The temperature effect above the optimum has an inverse time depend-
ence that is during the short action of pessimum temperature (10 minutes)
the ciliary movement is stimulated, but during a longer high temperature
(e. g. 1 hour) “heat shock” that is blocking effect arises. These results agree
with those of ScHLIEPER et. al. (1958) obtained on Modiolus.

2. The value of temperature resistance, optimum and tolerance changes
seasonally as changes the vital activity, chemical composition ete. (GALTSOFF
1964, KrRUGER 1960, OKAzZAKT and KoBAavAsHI 1929, MircHELL 1915, RUSSEL
1923 and HENsScHEL 1952). We conducted the experiments in the winter, so-
-called ““Cold water” period when the Lamellibranchs, as the poikilothermic
organisms generally, exercise a vital activity of reduced metabolic level.

Although we carried out heat adaptation before the experiments, the
“plafond value” of the heat resistance of Anodonta is lower in the winter sea-
son, that is its temperature tolerance is lesser. Under the conditions of our
experiments the ‘“plafond’ referred to evaluated on ciliary activity may be at
a temperature of about 20° C.



99

As mentioned in the Introduction, the examination of ciliary activity
after AOB was induced by the experimental result gained earlier on Anodonta
gills that on the isolated gill of mussels kept under AOB conditions there was
no restitution demonstrable within a few hours. The consumption of the gill
of mussels kept hypoxially for one day surpassing the oxygen consumption
value of the control could not be measured even after 4 days of aeration. In
the case of 2 days of hypoxia restitution manifested itself only after 24 hours
of aeration and after 3 days of hypoxia the restitution could be measured only
in 48 hours (Lukacsovics 1966). In contrast to the above “time shift’” on
AOB effect the gill cilia immediately responded to the cessation of AOB with
intensive mechanical activity. On the single days of 3 consecutive hypoxial
days the increase of the ciliary movement was 25, 39 and 88 per cent. The order
of increased activity agrees with that published by ScHLIEPER and KowALSKT
(1958) on Mytilus edulis of the North Sea, but the percentual growth values
are much higher in 4nodonta. Hyperventilation subsisted for about 24 hours on
specimens which suffered AOB for 1—2 days. In the specimens kept under
AOB conditions for 3 days, after 24 hours the transport performance diminished
as compared with the 0 hour performance, but even so a substantial hyper-
ventilation (22 per cent) could be measured as compared with the control.

The contradiction of this kind between respiration and ciliary activity
which arose upon AOB effect allows several assumptions of which the following
seems to be most obvious:

The members of the class Lamellibranchiata, as it is well known, have
a higher capacity of adaptation as compared with several classes of the phylum
Mollusca (e. g. Gastropoda, Cephalopoda) since in their natural biotope the
change of the oxygen content can be substantial even daily, either as regards
the conditions of ebb-tide 4 temperature (sea water) or of the dissimilating or
0,-consuming organisms + temperature (fresh-water). In the course of the oxy-
gen impoverishment of the natural water the mussel as a consequence of the given
conditions of its movement is unable to escape and therefore closing its
shells it carries out only movements requiring less energy (BRAND 1946,
SALANKI 1964) shifting to anaerobic energy production (anaerobic glycolysis).
The water enriching itself with oxygen by assimilative activity of the phyto-
plankton or by the phenomenon of high tide exciting the receptors of siphonic
or pallial edge (HERBERS 1914, Lucas 1931, OrLov 1930) opens the carapaces
of the animal and the epithelial cilia of the gill begin to ventilate. It is possible
that the energy necessary for ciliary activity originates still from the energy of
the earlier anaerobic glycolysis. The oxydative enzyme activity of the tissues
of the gill and the tissues of the body start only in the second stage. This process
is ensured by the ciliary activity set on when the O, diffusion of the flowing
water rich in oxygen reaches a considerable value. This may be the explanation
of the ““time contrast’’ between the respiratory and ciliary activity after AOB.
The above considerations should be of course verified by further ecological-
physiological and biochemical analyses.

Summary

Anodonta cygnea specimens were kept for 13 days under anoxybiotic
(AOB) conditions and then after AOB immediately or in 1—2 days, during
which the mussels were kept in water rich in oxygen, the mechanical activity

7*
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(transport performance) of the lateral cilia on the isolated gills was measured,
in February-March 1966 with the metal plate method of SCHLIEPER et al.
(1958). While raising the temperature from that of the natural environment
(+4 — +7°C) gradually to 25° C the activity of the gill cilia was measured
also at every 5° C. The following results were obtained:

1. At temperatures of 10, 15 and 20° C the ciliary activity increased to-
gether with the temperature, but at 25° C already a decreasing activity
could be measured (Fig. 1) the cause of which may be ‘“heat shock’ which
occurs also in other, marine Lamellibranchiata species.

2. On the zero day after each 1—3 day of AOB effect a substantial
increase of transport velocity appeared as compared with the control, in
direct proportion with the period spent in AOB.

3. Upon a one day aeration effect after AOB the mechanical activity
of the cilia generally did not decrease, only in the mussels kept for 3 days
under AOB conditions, but also here the performance was still significantly
higher than in the control (Fig. 2).

4. Upon the effect of 2 days aeration after AOB the transport performance
agreed with the value of the control.

5. It is assumed that the contradiction between the O, hunger of the
gill tissue appearing with a time shift after AOB and the immediately appearing
ciliary transport arises from the more rapid response disposition of the cilia
in contrast to the slower start of the mechanism of the oxidatory enzyme ac-
tivity.

REFERENCES

Branp, TH. (1946): Anaerobiosis in Invertebrates. — Biodynamica, Normandy, Mo.

Gavrsorr, P. S. (1964): “Environmental effects” and ‘‘Respiratory quotient, RQ”
(in “The American Oyster”). — Fish. Bull. 64, 211 —213.

Gray, J. M. A. (1928): Ciliary movement. — Cambridge University Press, p. 88.

HenscHEL, J. (1952): Die Nihrstoffgehalte der Miesmuschel Mytilus edulis und der

Klaffmuschel Mya arenaria in ihren jahreszeitlichen Schwankungen. — Helgol.
Wiss. Meeresunters. 4, 8 —99. ;
Hersers, K. (1914): Entwicklungsgeschichte von Anodonta cellensis SCHROT. — Z.

Wiss. Zool., 108, 1 —174.

KriUGER, F. (1960): Zur Frage der Grossenabhingigkeit des Sauerstoffverbrauchs von
Muytilus edulis. — Helgol. Wiss. Meeresunters., 7, p. 146.

Lacersperz, K. Y. H., I. DuBIirscHER (1966): Temperature acclimation of the ciliary
activity in the gills of Anodonta. — Comp. Biochem. Physiol. 17, 665 —671.

Lucas, A. M. (1931): The distribution of the branchial nerve in Mytilus edulis and its
relation to the problem of nervous control of ciliary activity. — J. Morphol.
Physiol. 51, 195 —203.

Lukacsovics, F., J. SAuANkr (1964): Effect of substances influencing tissue respiration
and of the temperature on the O, comsumption of the gill tissue in Unio tumidus.
— Amnnal. Biol. Tihany. 31, 55 —63.

Lukacsovics, F. (1966): Hypoxial examination of Anodonta cygnea L. on the O,-con-
sumption of gill-tissues and the relation between body dimensions and the
respiration of the gill-tissue. Annal. Biol. Tihany, 33, 79 —94.

MavucHA, R. (1947): Hydrochemische Halbmikro-Feldmethoden. — Arch. f. Hydro-
biologie. 41, 352 —391.

MircHELL, P. H. (1915): Nutrition of oyster: Glycogen formation and storage. — Bull.
Bur. Fish, 35, 154 —155.

Oxkazaxr, K., S. KoBavasar (1929): The seasonal variation of the glycogen content
in the oyster, Ostrea circumpicta Pivs., — Sci. Rep. Tohoku Univ. 4, 183 —191.

‘Orrov, J. (1930): Uber die Innervation des Anodontamantels. — Z. mikr. anat. Forsch.
20, 551 —556.



101

Precur, H., J. CHRISTOPHERSEN (1965): Temperaturadaptation des Cilienepithels
isolierter Kiemenspitzen von Mollusken., — Z. Wiss. Zool. 171, 197 —209.

Rivera, J. A. (1962): Cilia, Ciliated Epithelium, and Ciliary Activity., — Pergamon
Press, London.

Russer, E. S. (1923): Report on the seasonal variation in the chemical constitution
of oysters. — Fish. Invest. London, 2.
SALANKT, J. (1965): Oxygen level as a specific regulator in the rhythmic activity of fresh-
water mussel (Anodonta cygnea L.). — Acta Biol. Hung. 15, 299 —310.
SCHLIEPER, C., R. KowALskI (1958): Ein zellulirer Regulationsmechanismus fiir erhéhte
Kiemenventilation nach Anoxybiose bei Muytilus edulis L., — Kieler Meeres-
forschungen, 14, 42 —47.

ScHLIEPER, C., R. KowaLski, P. Ermax (1958): Beitrag zur 6kologisch-zell-physiolo-
gischen Charakterisierung des borealen Lamellibranchiers Modiolus modiolus L.
— Kieler Meeresforschungen, 14, 3 —10.

SrricH, M. A. (1962): The Biology of Cilia and Flagellata. — Pergamon Press, London.

Usuxkr, I. (1956a): Effects of some inhibitors of anaerobic glycolysis on the ciliary
activity of the oyster gills. — Seci. Rep. Tohoku Univ. (Biol.) 22, 49 —56.

Usukr, 1. (1956b): A comparison of the effects of cyanide and azide on the ciliary activity
of the oyster gill. — Sei. Rep. Tohokw Univ. (Biol.) 22, 137 —142.

Usuxkr, 1. (1956¢): Effects of malonate and 2.4-dinitrophenol on the ciliary activity
of the oyster gill. — Sei. Rep. Tohoku Univ. (Biol.) 22, 143 —148.

Usuxkr, I. (1956d): Glycolytic intermediates in the oyster gills. — Sei. Rep. Tohoku
Univ. (Biol.) 22, 225 —232.

VERNBERG, F. J., C. SCHLIEPER, D. E. SCHNEIDER (1963): The influence of temperature
and salinity on ciliary activity of excised gill tissue of molluses from North
Carolina. — Comp. Biochem. Physiol. 8, 271 —285.

CSILLOAKTIVITAS VIZSGALATOK ANOXYBIOZIS UTAN AZ ANODONTA CYG-
NEA L. 1ZOLALT KOPOLTYUJAN

Gsszefoglalés

Lukacsovies Ferenc

Szerz6 Anodonta cygnea példényokat tartott 1—3 napon keresztiil anoxybiotikus
(AOB) kériilmények kozott, majd AOB utén kozvetlen, vagy 1—2 napon keresztiil
oxigéndus vizben tartott kagylok izoldlt kopoltytin mérte a lateralis csillok mechanikus
aktivitdsdt (transzportteljesitményét), 1966. febr.—médre. honapokban, SCHLIEPER et. al.
(1948) fémlapos moédszerével. A természetes kornyezet hémérsékletérsl (44— -+ 7° C)
fokozatosan 25 °C-ra valé h6mérséklet emelés kozben 5 °C-onkint is megmérte a kopoltyt-
csillék aktivitdsdt. A kévetkez6 eredményeket nyerte:

1. 10, 15 és 20 °C-hémérsékletnél a csillbaktivitds a hémérséklettel egyiitt nétt,
25 °C-nél azonban mér csokkené aktivitds volt mérhet6 (1. dbra), amelynek oka — miés,
tengeri Lamellibranchiata fajokndl is fellelheté6 — ,,hésokk’ lehet.

2. Minden 1—3 nap AOB hatdst kéveté nulladik napon a kontrollal szembeni
jelentds transzportsebesség névekedés jelentkezett éspedig az AOB-ban eltoltott id6
tartamédval egyenes ardnyban.

3. AOB utdni egynapos aerdciés hatdsra dltaldban nem csokkent a csillék mecha-
nikus aktivitdsa, csupan a 3 napot AOB viszonyok kézott tartott kagylékndl, azonban
itt is még szignifikdnsan magasabb volt a teljesitmény mint a kontrolndl. (2. dbra)

4. AOB uténi 2 napos aerdci6é hatdséra a transzportteljesftmény a kontrol értékeé-
vel egyezett.

5. Szerzé feltételezi, hogy a kopoltytszovet AOB utdni idéeltoloddssal jelentkezd
0,-6hsége és az azonnal jelentkez6 csillétranszport kozotti ellentét oka a csillok gyorsabb
reakcidkészségébdl adodik, szemben az oxidéciés enzimtevékenység lassabban beindul6
mechanizmusédval.
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MN3YYEHNE AKTWMBHOCTWN PECHUYEK WM3OJIMPOBAHHBLIX >XABEP
ANODONTA CYGNEA L. MNMOCJIE AHOKCNBUNO3A

®depeHy, Jlykavosny

B3pocnbix 6e33y60K BbidepkuBasiv 1—3 AHA B YC/IOBUSAX OTCYTCTBUS  KUCMOPOZA.
Bcneg 3a aTm 6o cpasy nocrie aHOKCM61o3a, IM60 Mocse BbiepkuBaHns 6e33y60K B TeHeHUM
1—2 [Hein B BOfe, HAacCbILLEHHOW KWCMIOPOAOM, OMPeaens/in MexaHM4ecKyto akTUBHOCTb faTe-
pasibHbIX PEHUYEK W30/IMPOBAHHBLIX Xabep. OnbITbl NPOBOAVMCHL MO MeTogy LUnunepa v gp.
(1958) B (heBpanie — mapTe 1966. TemnepaTypy ectecTBeHHOW cpeabl (+4 — {-7° C) nocTeneHHO
noBbILLian Ao 25°C, aKTUBHOCTb PECHNYEK U3MEPANN Yepes Kadkable 5°C. MonyyeHbl cnegyroLime
pesynbTathbl.

1. Mpwn noBbIweHnn TemnepaTtypbl 40 15 1 20°C aKTUBHOCTb PECHUYEK YCUNMBasach, a
npun 25°C cHWxanacb. 3T0, BO3MOXHO, 00BSACHAETCA TEM/I0BLIM LLOKOM, KakK 3TO W3BECTHO [/14
MOPCKUX [IBYCTBOPYaTbIX.

2. AKTMBHOCTb pecHUYeK y 6e33y60K, BblaepkaHHbIX 1—3 [AHS B YC/OBMSAX OTCYTCTBUSA
KMC/0poZa, MOBbILLEHa, NPUYEM MOBbILLIEHVE MPOMOPLMOHA/IbHO BPEMEHW MPebbIBaHMS B aHOK-
CUOMOTUYECKUX YCIIOBUSIX.

3. PecHuuKy 6e33y60K, BblAgpKaHHbIX B TeueHWe CYTOK Moc/ie aHoKcM6mosa B Bofe,
HaCbILLIEHHOW KMCMOPOAOM, Takoke MPOSIBASN MOBbILLEHHYIO aKTVBHOCTb B CPABHEHWM C KOHT-

0J1IEM.
P 4, PeCHVI'-IKVI 6633y60K BbIAEPXaHHbIX B TEYEHVE [OBYX CYTOK rocsne aHoKcubunosa B
BOAE, HaCbILLI,EHHOI/I KMCopoaom, cosnagaet C KOHTpO]'IbHOVI

5. BbICKa3bIBaeTCA MPEArosioKEHNe, YTO MOBbILLEHNE aKTUBHOCTU PECHUYEK Tloc/e
KMCNOPOAHOro ronogaHud, HacTynarowero BCneacTesne aHOKCMOM0o3a, 00bSACHSETCA UX 6onee
BbICOKOI PEAKTMBHOCTLHO B CpaBHEHUN C CUCTEMOI OKMC/TUTENbHbIX q)epMeHTOB.
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