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KORNYEZETI TENYEZOK HATASA
A TAVI KAGYLO ENDOGEN RITMUSARA

SALANKI JANOS

A kagyl6k mint viszonylag nagyméretii és tomeg(i sz{irGszervezetek, fon-
tos tagjai a vizi 6koszisztémanak, és miikodésiik jelentds a viztisztitds szem-
pontjabél. Elettani sajitossigaik szoros osszefiiggésben vannak a zar6izmok
és a sarokpant funkciéjaval, ami a héjak zérisa és nyitésa, illetve a ritmikus
héjmozgas biztositasa. Vizsgalataink igazoltdk, hogy a ritmus kozpontilag
szabélyozott, endogén természet(i, minthogy a héjzarist és nyitést vezérls
kozponti idegaktivitdsi mintédzat generdldsa izolalt ganglionokban is végbe-
megy [11]. Ugyancsak kézpontilag szabdlyozott — felteheten a szerotoninerg
és catecholaminerg rendszer révén — az aktivitds periodicitdsa, ami tobb 6éras
(néha tobb napos) aktivitdsi és ugyancsak tébb 6rds nyugalmi periédusok
rendszeres ismétlGdésébdl all [7]. Az allat anyageseréje, de a viztisztitas is
ardnyos az aktivitds idétartaméaval, minthogy a vizszlirés, s igy a téplalkozés
és O, felvétel is sziinetel a nyugalmi periédusban, amikor a kagyl6héjak szoro-
san zartak [9]. Ezért minden tényezs, ami a periodikus aktivitast befolyésolja,
hatéssal van nemcsak a kagylok fejlédésére, de azok filtracids, viztisztité
miikddésére és a vizi okoszisztéméra is.

A ritmikus és periodikus aktivitds kozponti meghatérozottsiga nem
jelenti a szabélyozé rendszer kiilsé hatésoktél valé teljes fiiggetlenségét.
Részben laboratériumi, részben természetes viszonyok kozott tartott allatok
aktivitdsat heteken, hénapokon 4t folyamatosan regisztrilva elemezni tud-
tuk a napszakossig, az oxigén-ellatottsdg, a hémérséklet valamint kiilonboz8
ionok és vegyiiletek hatasat a kagylok élettevékenységére, és kovetkeztetése-
ket vonhattunk le az aktivitds-szabélyozds lehetséges utjaira is.

Az aktivitsregisztralds elve az, hogy a két kagyléhéj egyméshoz viszo-
nyitott 4llapotat, illetve annak megvéaltozésat kiiré rendszer segitségével fel-
rajzoljuk, lassti papirsebesség mellett. Egyik eljardsunk szerint [6] az egyik
héj rogzitve van, s a mésik héj elmozduldsa mechanikus rendszerfi kiir6t
miikodtet. A masik eljards [16] induktiv attenudtor elv alapjan, szabadon
mozgd allat héjmozgisit elektronikus egység korbeiktatdsaval rajzolja fel.
A regisztratumokb6l mindkét esetben leolvashaté a héjak zart vagy nyitott
allapota, ami a nyugalomra, illetve aktivitdsra jellemz8, és leolvashaté az aktiv
periédusban a gyors, ritmikus kontrakeci6k szama (1. dbra).
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Napszakos ritmus

Az éllatok viselkedésének napszakos valtozasa éaltaldnosan ismert, s
gyakori, hogy a napszakossig konstans koriilmények kozott is fenmmarad
hosszabb-rovidebb ideig [15]. Szabadon mozgd Anodonta aktivitdsdnak tobb
hetes folyamatos regisztralasaval bizonyos napszakosségot sikeriilt kimutatni
az allat élettevékenységében (2. dbra). Kideriilt, hogy az allatok aktivitdsa
az éjszakai érdakban fokozott a nappalhoz képest, azonban ez a megoszls
csak statisztikus [14], minthogy aktiv periédusok nappal is el6fordulnak, és
nyugalom is gyakran regisztralhaté éjszaka. Az aktivitas napszakos ingadozdsa
valbszintileg a fényhatéassal fiigg ossze, amint ezt Pecten esetében kozvetlen
laboratériumi kisérletekben is demonstraltuk [4]. A megvilagitottsag szerepe
kozvetlen is lehet, nevezetesen a viz oxigéntelitettségének fotoszintézistol fiiggd
napszakos ingadozasa is befolyasolhatja a kagyléaktivitast, de mint szabalyozé
tényezdG, ugyanigy széba johet a viz napszakos h6mérsékletingadozésa is.

Oxigénhiany hatasa

Elégtelen oxigénellatottsag jelentGsen befolyésolja a kagylok aktivité-
sat 3, 5]. Megvaltozik a periodicitas jellege: az aktivitdsi szakaszok jelent&sen
megrovidiilnek, mig a nyugalmi periédusok gyakoribbéd valnak és meghosz-
szabbodnak (3. dbra). Az allatok hetekig elviselik az oxigénhidnyos kiérnyeze-
tet, aktivitdsuk azonban a kontroll */,—?/s-ére redukalddik, s6t néha napokig
tarté nyugalom jellemzi az allatot, ha oxigéntél elzarva tartjuk. Oxigéndis
viz addsakor a tartés nyugalomban levd kagylé korabbi aktivitdsi mintézata
igen gyorsan helyreallitédik, ami bizonyitja, hogy az 4allat életfontos szervei
az oxigénhiany alatt nem karosodtak.

Homérsékletvaltozas hatasa

Amikor Gszi periédusban, a Balaton fokozatos lehfilése idején vizsgaltuk
a téba helyezett kagylok miikodését, mar tapasztaltuk a hémérséklet aktivi-
téast befolyasolé hatdsat: a viz 20 °C-rél 11 °C-ra tortént lehiilése sordn az akti-
vitds osszidGtartalma a napi 18 érardl 11 érara csokkent [14]. Laboratériumi
kisérletekben azt talaltuk, hogy a vizh8mérséklet gyors megvaltoztatasa
—akar melegités, akar hiités — atmenetileg megnoveli a ritmikus miikodés
frekvenciajat [10]. Fokozatos, lassi hdmérsékletviltozas esetén a hiités a rit-
mikus héjmozgéas frekvencidjanak csokkenését, a viz melegitése pedig annak
novelését eredményezi. Ugyanakkor az aktiv periédusok id6tartama meg-
hosszabbodott, ha a vizet 24 6ra alatt 20 °C-rél 5 °C-ra hiitottitk. Hasonlé
sebességli és mértéki hémérsékletemelés az aktiv periédusok idStartamét
csokkentette [10]. Ezeket a hatdsokat 5—20 °C kozotti tartomanyban figyel-
tilk meg, 2—4 °C kozotti h6mérsékleten az éllatok az id§ nagy részében zart
allapotban vannak [8] (4. dbra).

Nehézfémsok hatasa

Jellegzetes, az O, hidAnyra emlékezteté hatds lép fel a kagylék aktivitas
mintazataban egyes nehézfémsdk, igy higany- és kadmiumtartalmt vegyiiletek
vizbe adasakor. 10-¢ g/ml Hg szignifikdnsan csokkenti az aktiv periddusok
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id6tartamat mar az anyag vizbe adasatdl kezdve, mely hatéds idében elmélyiil,
ami valészinfileg Hg akkumulaciéval fiigg 6ssze [2, 5]. A hatds SH-csoportok
blokkolasaval és oxido-redukcios enzimek karositasival lehet kapcsolatos,
minthogy az aktivitas gatlasa kivédhetd SH-tartalma vegyiilet (cystein) adé-
saval [2]. Nem minden nehézfémsoé gatolja az aktivitast, igy a 7Zn és a PB s6i
1073 g/ml koncentraciéban is hatastalannak bizonyultak akut kisérletben [12].
Lehetséges, hogy tartés alkalmazasuk és akkumuldciojuk esetén ezek is befo-
lydsolnak a kagyl6k filtraciés miikodését.

Peszticidek és mas novényvédoszerek hatasa

A kagylok aktivitasanak oxigénhianyra és egyes nehézfémsok adasara
bekovetkez§ valtozasa felvetette annak lehet&ségét, hogy ezek az allatok teszt-
objektumként alkalmazhaték vizszennyezGdések bioldgiai hatasinak megité-
lésében [5]. Ebben az aspektusban vizsgaltuk néhany névényvéddszer befolya-
sat is az aktivitdsra. Azt talaltuk, hogy a szerves foszforsavszarmazék inszekti-
cidek koziil a phorate hatéanyagi Thimet 8 - 1074 g/l-es koncentraciéban
eredményezi az aktiv periédusok 509%,-os megrovidiilését (5. dbra), ugyan-
akkor a phosphamidon hatéanyagt Dimecron-50 alig befolyéasolja az aktivitast
10~1 g/l-es koncentraci6 alatti toménységben.

A lindén tartalma Hungaria L—7 inszekticid 4 x 104 g/l-es koncentracio-
ban, a paraquate hatéanyagi Gramoxon herbicid pedig 10~2 g/l toménység-
ben okoz akut kisérletben 509%,-0s aktivitdsgatlast [13]. Ezek a hatdsosnak
bizonyult koncentraciok igen magasak, aligha fordulhatnak el él§vizekben.
Ezért az a megallapitas tiinik jogosnak, hogy egyes méreganyagokhoz a kagy-
16k érzékenységi kiiszobe magas, ami nagyfoki tlirGképességre utal. Ez eset-
ben is felmeriil azonban az a kérdés, hogy vajon tartds, tébb hetes vagy hona-
pos behatés esetén, akar subtoxikus effektusok kumulalédasa, akar az anya-
gok akkumulédci6ja nem vezet-e a kagylok élettani miikodésének, igy a sziirg-
tevékenységnek a gatlasahoz is.

A kornyezeti tényezok aktivitisra valé hatisainak mechanizmusa

A viz kozvetitésével érkezé behatasok periférids receptorokkal, egyes
effektor szervekkel vagy kozvetleniil a kézponti szabalyczé rendszerrel jut-
hatnak kapcsolatba, s ezek kozremiikodésével valthatjak ki az dllat viselkedé-
sének megvaltozdsat. Eredményeink arra utalnak, hogy elsGdlegesen a légz6-
rendszer az, melynek karositasa az aktivitas csokkenéséhez vezet. Mind a koz-
vetlen oxigénhidny, mind a nehézfémsék és a h6mérsékletvaltozas is befolyés-
sal vannak a kiils6 gdzcserére vagy a szovetlégzés enzimjeire. A kivaltott reak-
cib, az aktivitdscsokkenéds csokkenti az 4allat energiaigényét, ily médon ade-
quat vélasznak tekinthetd az oxigénellatottsag romlisara. A kagylok téli idd-
szakban észlelt tartés nyugalmi éllapota ugyancsak azt mutatja, hogy a héjak
Osszezardsa a kedvez6tlen feltételekhez val6 alkalmazkodas moédja. Vizsgéla-
taink sordn tartés oxigénhidnyban, valamint egyes, aktivitdscsokkenést els-
idéz6 kémiai anyagok hatdsara az idegrendszerben is viltozasokat mutattunk
ki, nevezetesen, csokkent a paraldehyd-fuchsin pozitiv anyag mennyisége [1].
Ez az anyag ultrastrukturalisan sajatos, lipidtartalmu, intraneuronalis képz6d-
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ménynek bizonyult, és lebomlasa osszefiiggésben lehet az anoxiis koriilmé-
nyekkel [19]. Vizsgalataink annak lehetdségét is felvetették, hogy ezen anyag-
nak szerepe lehet anoxia alatt az idegrendszer m{ikod8képességének fenntarté-
sédban [17, 18]. Masrészr6l a monoaminmetabolizmus az, amin keresztiil a koz-
ponti szabalyozas mechanizmusénak befoly4soldsa megvalésulhat. (Erre vonat-
koz6 eredményeinket kiilon fejezetben adjuk kozre; 61—175 oldal).

A peszticidek és mas novényvédsszerek, tovabba toxikus anyagok eltérd
specifikus mechanizmusokat kéarosithatnak, de végs6 soron ugyancsak az
aktivitdsszabdlyozast ellaté rendszer miikodését befolydsoljak. Jellegzetes,
hogy kagylénal a héjak dllapotdnak regisztraldsival az egész dllat életmiikodé-
sérdl képet kaphatunk, s ezt mint médszert is igen elénydsnek tartjuk kiilon-
boz6 anyagok hatdsdnak vizsgalatdban.

Eredményeink alapjin a kagylékat tobb szempontbél is fontosnak itél-
jik a vizi 0koszisztémak tanulméanyozasdban. Egyrészt a kagylok indikator-
szervezetként alkalmazhaték egyes szubletdlis, de életfolyamatokat kérosité
hatasok kimutatdsara. Masrészt, a kiilonboz8 vizben oldott anyagok felvétele,
akkumulacidja révén a kéarosité hatésokat csokkenthetik, bar elpusztuldsuk-
kor az akkumuldlt anyagok ismét a vizbe juthatnak. Tovabbé, bizonyos
anyagokhoz val6 nagyfokt tlir6képességiik miatt részesei maradhatnak er8sen
szennyezett vizek élgvilaganak, viztisztité miikodésiik révén hozzéjarulhatnak
azok ontisztuldsahoz, és esetleg felhasznalhaték elszennyez8dott vizek biold-
giai helyreallitdsdban is.

EFFECT OF ENVIRONMENTAL FACTORS ON THE
ENDOGENOUS RHYTHM OF THE FRESH WATER MUSSEL
(Anodonta cygnea L.)

JANOS SALANKT

Mussels as filter feeding organisms of comparatively large size occurring
in a considerable number in waters are important members of the ecosystem
since their filtering activity is significant in the cleaning of water. Their physio-
logical properties are in close correlation with the function of the adductor
muscles and the ligament, assuring the opening and closing of the shells,
resulting thereby in the rhythmic movements of valves. The central regulation
of the rhythm and its endogenous nature was proved by showing that the
generation of the central neuronal pattern regulating the opening and closing
of the shells is present in the isolated ganglia, too [11]. The periodicity of the
activity comprising the systematic alteration of active and rest periods, both
lasting for several hours or even days, was found to be also centrally regulated,
possibly through serotoninergic and catecholaminergic systems [7]. The meta-
bolism of the animals and the rate of water cleaning are proportional to the
time of the activity, since filtering, feeding and the uptake of O, cease at rest,
i.e. when the shells are tightly closed [9]. For this very reason, all the factors
disturbing periodical activity, simultaneously affect not only the metabolism
of the mussels, but also their filtering and water cleaning ability, and conse-
quently the life of the whole ecosystem is influenced.
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The centrally determined character of the rhythmic and periodic activity
does not mean a complete independence of the regulatory system from the
environmental factors. The continuous registration of the activity of the
animals during several weeks or months both under laboratory and natural
conditions gave the possibility to analyze the daily distribution of activity,
the effects of O, supply, temperature, different ions and substances on the life
processes of mussels. In considering these we could draw some conclusions
about the possible ways of the regulation of periodicity. The method of registra-
tion of the activity is based upon the recording of the relative position of the
two shells and its changes on a slowly turning actograph. According to our
first method [6] one of the shells of the mussel is fixed, while the movement
of the other is transferred directly to the mechanical writing equipment.
By the aid of the second method [16] the movements of the shells of a free
moving animal are registered using an oscillator system with an electronic
device. On the curves the open or closed state of the shells, representing activity
or rest of the animal can be determined, and in the active periods the number
of the fast, rhythmic contractions can also be counted (Fig. 1).

Daily rhythmicity

Daily changes are generally known in the behaviour of the animals and
very often a daily rhythm can be maintained for shorter or longer periods
even in constant conditions [15]. Registering for several weeks the activity of
free-moving Anodonta revealed some daily rhythmicity in the life processes
of the animal (Fig. 2). It was found that the activity of the animals was higher
at night than in day-time. However, this distribution was ascertained only by
statistical methods, since active periods appeared also in the day-time and
rest was often observed at night [14]. The daily fluctuation of activity depends
in all probability on the effect of the light as it was proved for Pecten in direct
laboratory experiments [4]. The role of the light might be indirect too, since
the saturation of the water with O, depending on daily oscillations of the
photosynthesis can also affect the activity of the mussels, and as a regulatory
factor, the daily changes in the temperature of the water must also be taken
into account.

Effect of oxygen

Insufficient supply of O, significantly influenced the activity of the
mussels [3, 5]. The character of periodicity changed: the active periods shor-
tened, while the rest periods became prolonged and appeared more frequently
(Fig. 3). The animals tolerated a shortage of oxygen for weeks, simultaneously,
their activity decreased to !/,—/5 part of the control value, and sometimes in
the absence of oxygen they showed rest periods for several days. Adding
fresh water saturated with oxygen, the active, filtering behaviour was restored
immediately proving, that the vital organs of the animals were not damaged
even during a prolonged period of lacking oxygen.
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Effect of changes in temperature

Studying the activity of the mussels placed into Lake Balaton in autumn,
during a gradual cooling of the water, the effect of the temperature was recor-
ded: in the course of the decrease of water temperature from 20 °Cto 11 °C
the time of the total activity per day decreased from 18 hours to 11 hours [14].
Laboratory experiments showed that rapid changes in water temperature,
either cooling or warming, caused a transient increase in the frequency of the
rhythmic activity [10]. In the case of gradual changes in the temperature,
cooling led to a decrease in the frequency of the rhythmic movements of the
shells, while warming caused an increase in it. At the same time, the duration
of the active periods became prolonged, when the water was cooled from
20 °Cto 5°C within 24 hours. Increase in the temperature with the same
value and rate decreased the duration of the active periods [10]. The above
effects were observed within the range of 5—20 °C, while at temperature 2—4 °C
animals were mainly closed [8] (Fig. 4).

Effect of heavy metals

A characteristic effect, similar to the one observed in the lack of oxygen,
was observed in the pattern of the activity of mussels when heavy metals,
namely mercury or cadmium salts were added to the water. Mercury at a
concentration of 10-6 g/ml significantly decreased the duration of active
periods immediately after adding it to the water, then its effect became even
more intensive, probably due to its accumulation [2, 5]. Its effect may be
related to the blocking of the SH-groups and to the damage of the enzymes
of oxidation-reduction reactions, because the inhibition of the activity could
be eliminated by adding substances having SH-groups in their structures (e.g.
cysteine) [2]. Not every heavy metal salts were able to cause inhibition in
the activity, thus Zn and Pb salts proved to be ineffective in laboratory
experiments even at a concentration of 10~3g/ml [12]. Probably in long-last-
ing application and accumulation these latter salts would also influence the
filtering of the mussels.

Effects of pesticides and other plant-protecting agents

The changes observed as an answer to the application of salts of heavy
metals or to the lack of oxygen suggested the possibility to use these animals
as test-object in the analysis of the biological effects of water pollutants [5].
In this regard the effect of various plant-protecting agents was studied on
the activity. It was found that the insecticide thimet (its active compound is
phorate, a phosphoric acid ester derivative) at a concentration of 8 x 10-4 ¢g/1
decreased the duration of the active periods by 50 per cent (Fig. 5), while
dimecron-50 (containing phosphamidon as acting compound) was ineffective
at concentrations lower than 10_1g¢/1 The insecticide Hungéria L—7, contain-
ing lindan, at a concentration of 4x 10~4 ¢g/1 and the herbicide Gramoxon
(paraquate) at a concentration of 10~3 g/1 caused 50% inhibition of the activ-
ity in laboratory experiments [13]. The effective concentrations of these
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substances were found to be too high as to occur in natural waters. For this
reason it was established that the threshold of the sensitivity and the tolerance
of the mussels to various poisonous drugs are high. However, in this case the
question also arises, whether or not a long-term effect of several weeks or
months could influence physiological processes, e.g. filtering activity of the
mussels, due to the summation of the effects or the accumulation of the drugs.

Mechanism of the effect of environmental factors on the activity

The substances solved in water come in contact with the peripheral
receptors through various effector organs or directly through the central
regulatory system, and by influencing the function of these structures they
evoke the modification of the behaviour of the animal. Our results showed
that first of all a damage of the respiratory system leads to the decrease of the
animal’s activity. The external respiration or the enzymes of the tissue respira-
tion were effected by the absence of oxygen, salts of heavy metals and by
changes in temperature. Since the evoked reaction, the decrease in activity,
led to a fall in energy utilization it can be regarded as an adequate answer to
the shortage of the oxygen supply. The long-lasting rest of the mussels occurring
in winter also shows that the closing of theshells is the mode of accommodation
to unfavourable conditions. In the course of our experiments, under the
influence of a prolonged oxygen shortage and in the presence of certain chemical
substances depressing activity, we discovered morphological changes in the
nervous system, namely the quantity of paraldehyde-fuchsin positive matter
decreased [1]. Electron-microscopically this substance proved to be a specific
lipid-like intraneuronal structure (so-called cytosom) the disintegration of
which may be in connection with axonic conditions [19]. The investigations
raised also the possibility that this substance might play a role in maintaining
the functions of the nervous system during axonia [17, 18]. On the other hand
it is the metabolism of the monoamines through which the effects on the
central regulatory mechanism can be realized. (Regarding this latter, our
results are summarized elsewhere: pp. 61 —75.)

Pesticides, other plant-protecting agents and toxic substances can
damage various specific mechanisms, but ultimately they influence the
function of the system involved in the regulation of the activity. As far as
the mussels are concerned by registering the position of the shells we get
information about the life processes of the animal as a whole independently
from the agents resulting in the change of living processes, consequently, this
method can be very useful for studying the effect of various drugs on mussels.

On the basis of our results mussels can be regarded very important
animals in studying the pollution of water ecosystems. First, the mussels can
be used as indicator organisms for detecting sublethal effects which, however,
damage life processes. On the other hand, mussels can decrease the toxic
effect of substances solved in water through uptake and accumulation, although
these substances, may again be transmitted back to water following the death
of the animals. Furthermore, mussels, showing high tolerance to several sub-
stances, may survive in rather polluted waters, can contribute to water clean-
ing and they may even be used for the biological restoration of polluted waters.
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BO3fIEfiCTBHfl «<PAKTOPOB OKPy>KAK)IHEH CPEflbl HA
BHJJOrEHHbIfi PHTM BE33YBKH (ANODONTA CYGNEA L.)

fIHOIU LLIAJIAHKM

Be33y6KH, Kan (JjHAbTpyromHe opranH3Mbi OTHOcmreAbHO Bojibuioro pa3Mepa
H Maccbl, HBAHIOTCH B3>KHbIM MJieHOM BOfIHOH SKOCHCTeMbl, H HX fleBTejibHOCTb
HMeeT cymecTBeHHoe 3HaMeHne ¢ tohkh 3peHHH ohhctkh boam. Hx <|)H3HonorH-
MeCKHe OCOQeHHOCTH HaXOAHTCH B TeCHOII CBH3H C (JjyHKpHeH 3anHpaTeJlbHbIX
Mbimp h jiHraiHeHTOB, oRecne”HBaroipHx 3aKpbiTHe h OTKpbirae cTBopoK, hah me
pHTMHMeCKHe ABHmeHHH CTBOpOK.

nojiyBeHHbie HaMH AaHHbie noATBepAHAH, mto phtm pempanbHo perynnpyeM,
3HAoreHHOH npnpoAbi, TaK Kan reHepapHH peHTpanbHoro naTTepHa HepBHOU
aKTHBHOCTH, ynpaBAHK>maH OTKpblTHeM H 3aKpblTHeM CTBopoK, npOHCXOAHT H B
H30JIHpOB3HHbIX raHTAHHX [11 ]. EiepHOAHMHOCTb 3KTH3HOCTH, KOTOpaH COCTOHT H3
CHCTeMaTHUeCKHX nOBTOpeHHH nepHOAOB 3KTHBHOCTH H nOKOH, npOAOJimaromHXCH
6t HecKOJibKHx MacoB AO HecKOJibKHx AHeii, T3KM<e pempanbHO peryAHpyeTcn —
no Bceii BepoHTHOCTH cepoTOHMHepranecKHMH n KaTexonaMHHeprHnecKHMH
cucTeMaMH [7]. OOMen BemecTB jkhbothoto, h, cneAOBaTenbHO, onnmenne boam
nponoppHOHaabHbi BpeMeHH 3kthbhocth, tsk ksk (JmnbTpapHH boam, a takhm
06pa30M nmaHHe h norAomeHHe KHCAopoAa npeicpamaroTCH b nepnoA noKon,
KorAa cTBopKH 6e33y6KH TecHO cwaThbi [9]. no 3toh npHHHHe Bee (JtaKTopbi, koto-
pbie bahhiot Ha nepHOAHHecKyro aKTHBHOCTb, bahhiot He TOAbKO Ha pa3BHTHe
6e33y60K, HO H3MeHHK)T HX CnOCOOHOCTb K (})HAbTpapHH H OHHipeHHIO BOADI, T. e.
BJIHHH3T Ha SKOCHCTeMy BpejlOM.

UeHTpaiibHaH AeTepMHHHpoBaHHOCTb puTMunecKOH h nepHOAHHecKOH aK-
thbhocth He 03HanaeT nojiHyro He3aBHCHMOCTb peryjiHTopHOH chctcmm ot BHew-
hhx (JjaKTopoB. HenpepbiBHan perHCTpapHH 3kthbhocth >hbothmx b Aafopa-
TOpHbIX H eCTeCTBeHHbIX yCAOBHHX B TeneHHe HeCKOAbKHX HeAeAb H MecnpeB
AaAa B03MO0>KHOCTb npOaHaJIH3HpOBaTb BAHHHHe CyTOHHbIX H3MeHeHHH, CHaOme-
HHH KHCAOpOAOM, TeMnepaTypbl, pa3HMX HOHOB H BemecTB Ha >KH3HeAefITeAbHOCTh
6e33y60K, h mo>ho 6mao AeliaTh bmboam o B03MO0>KHbix nyTjix peryaapHn aK-
THBHOCTH.

npHHUHN perHCTpapHH 3kthbhocth 6e33y6KH 3aKAronaeTCfl b tom, hto NpH
noMomH aKTorpa<Jd)a npn MeAJieHHOM ABHmeHHH RByMarn perncTpHpyeTCfl othoch-
TeAbHoe noAomeHHe ARyx CTBopoK, BepHee H3MeHeHHH b hx coctohhhh. CorAacHO
nepBOMy HarneMy MeTOAy [6] OAHa CTBopica 6e33yOKH mecTKO npHKpenAeHa, a
ABHmeHHe BTopon ctbopkh npHBOAHT b AencTBHe MexHHHecKHIi nHiuymHH npn-
60op. JipyrHM MeTOAOM [16] perHCTpnpyeTCH nonomeHHe ctbopok cboSoaho abh-
mymHXCH >KHBOTHbIX npH nOMOIHH CO0TBeTCTByroiUHX3AeKTpOHIH)IX yCTpOHCTB. Ha
O0CHOB3HHH COn0CT3BAeHHH KpHBbIX B OOOHX CAyH3HX MO>KHO CyAHTb 0 33KpblTOM
HAH OTKpbITOM COCTOHHHH CTBOpOK, yKa3blBaroilJHX Ha akKTHBHOCTb HAH nOKOH, a
TaKWe MO)KHO nOACHHTaTb HHCAO RbICTpblX, pHTMHHeCKHX KOHTpaKTyp BO BpeMH
nepHOAOB 3KTHBHOCTH (PiC. 1).

CyTOMHblii pHTM

CyTOHHbie H3MeHeHHH b noBeAeHHH >hbothmx 06meH3BecTHbi, h nacTO sth
G/TOHHbie pHTMbl COxpaHHK)TCH H npH nOCTOHHHbIX yCAOBHHX B TeneHHe HeKOTO-
poro BpeMeHH [15]. Flpn HenpepbiBHOH peracTpauHH 3kthbhocth cbodoaho
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fIBHwymelcH 6e33y6KH 6bilJia oonapyweHa neKOTopan cyxoMnaH nepHOAHHHOCTbD
B >KH3HeaeHTejloHOCTH WHBOTHOrO (PUC. 2). BblJIO BMHCHeHO, HTO aKTHBHOCTb
>KHBOTHbIX HOHbK) yBeAHHHBaeTCH no CpaBHeHHK) C AHeBHOIl 3KTHBHOCTbK), HO 3T0
pa3aelieHHe hbahctch TOJIbKO cTaTHcranecKHM, t. k. aKTHBHbie nepHoau HacTy-
naioT h AHeM, h Hao6opoT, HOHbio Tanwe HabaioaaeTCH noKoft [14]. CyTOHHoe
KoaeRaHHe 3kthbhocth no Bceii BeponmocTH cbh33ho ¢ BO3AeiicTBHeM CBeTa, Kan
3T0 6buio aoK33aHO B AaRopaTopHbix ycAOBHHx fllin Pecten [4], Bahhhhc CBeTa
MO>KeT ObITh HKOCBeHHbIM, T. K CyTOHHOe KOJieRaHHe HaCbimeHHOCTH BOflbl KHC.no-
POAOM, 3aBHCHiyee OT<])0TCCHHTe3a, TOWO MO>KeT BAHHTh Ha aKk THBHOCTb 6e33yOKH,
KpoMe Toro MO>KeT HMeTb 3HanenHe, KaK peryjinpyroinHH tjjaKkTop, cyronnoe
KOlJiebaHHe TeMnepaTypbi boam.

Bahhhhc HeaocTaTKa KHcaopoaa

HeaocTaTOK b CHa6>KeHHH KHCJiopoaoM cymecTBenno bjthhct Ha akTHBHOCTb
6e33y60K [3, 5]. 143MeHHeTCH xapaKTep nepHOAHHHOCTH: nepnoAH 3kthbhocth
3HanHTeAbHO yKopanHBaioTCH, @ nepnoAbi noKOH ct3HO0bhtch 60Aee AAHTenbHbIMH n
nacTbiMH (Puc. 3). >KHBOTHbie ciiocoshm nepeHecra KHcnopoAHyio HeAOCTaTon-
HOCTb B TeneHHe HeCKOAbKHX HeaeAb, OAHaKO HX aKTHBHOCTb CHHJIKaeTCH Ha
1/4 — 1/5 KOHTpoAbHoro 3HaneHHH, nah >Ke HacTynaeT NepnoA noKOH, npoAOA-
>KaioiAHHCH HecKOAbKO AHeii b 6ecKHcnopoAHOH cpeae. an noAane boam, ofora-
meHHOH KHCAOpOAOM, HCX0AH3H aKTHBHOCTb 6e33y60K, HaxOAHBUIHXCH B npO-
AOA>KHTeAbHOM noKoe, BoccTanaBAHBaeTCH 0bicTpo, hto yKa3MBaeT Ha to, hto
>KH3HeHH0-Ba>KHbie OpraHbl WHBOTHOrO B nepHOA KHCAOPOAHOH HeAOCTaTOHHOCTH
He HapymaAHCD.

Bahhhhc H3MeHeHHH TeitinepaTypbi

OceHbio npn oxAa>KAeHHH boam 03epa BaAaTOH npn H3yneHHH AeHTenbHOCTH
6e33y6oK, HaxoAHmnxcH b 03epe, smao 0TMeNeHO bahhhhc TeMnepaTypbi Ha hx
aKTHBHOCTh: npn cHH>KeHHH TeMnepaTypbi boam ot +20 °C ao +11 °C cpeAHHH
AAHTeADHOCTh 3KTHBHOCTH 6e33yO0K CHHHOAaCh C 18 H3ODB A0 11 H3Q0B [14].
B AabdopaTopHbix ycnoBHHXx Rbierpoe H3MeHeHHe TeiwnepaTypbi boam — He33BHCH-
Mo ot eé noBbimeHHH hanh noHH>KeHHH — npHBeAO h BpelVeHHOMy yBeAHNneHHio
reCTOTM pHTMHHECKOH 3KTHBHOCTH [10]. UpH  nOCTeneHHOM, MCAAHHOM H3MCH:e-
hhh TeMnepaTypbi, oxjta>KAeHHe Bbi3biBaAD noHH>KeHHe nacTOTbi phtmhhcckhx
ABKeHHH cTBopoK, a HarpeBaHHe boam — yBeAHneHHe nacTOTbi nocAeAHHX.
B TO >ke BpelVH, npOACAVWHTeALHOCTh 3KTHBHMVIX nepHOAOB yBeAHHHB3AaCh, ecAH
BOAa3a 24 naca oxAawaaAach ¢ +20°Cao +5 °C.YBeAHqeHHeTeMnepaTypM boam
CTaKOH >Ke CKOQpOCTbK) H HHTEHCHBHOCTDIO npHBeAO K GHHKeHHKS BpelViEHH aKTHB-
Hbix nepHOAOB [10]. Bbime H3AO>KeHHbie H3iweHeHHH 6man 3aperHCTpHpOBaHbi npn
TeMnepaType b npeaenax ot +5°C ao +20 °C, a npn TeMnepaType +2 °C— (-4 °C
>KHBOTHaie B OOAbmeii naCTH HaXQAHAHCH B 33KpMTOM QOCTOHHH [8] (Puc. 4.).

BAHHHHe THIKeAbIX MeT3AAOB
XapaKTepHbiH, HanoMHHaiomHH bahhhhc HeaocTaTKa KHCAopoaa, 3(})(eKT

perHCTpnpoBaACH npn H3yneHHH 3kthbhocth 6e33y50K nocae npHMeHeHHH TH>Ke-
AMX MeT3AAOB, T3KHX KaK pTyTb H K3AMHH. PTyTb B KOHIjeHTpaiJHH 10“@r/AU

9*
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JOCTOBEPHO CHW)KAET MPOAOJKUTEIBHOCT AKTUBHBIX IEPHUOAO0B, HauMHas ¢
MOMeHTa JI06aBiIeHus K BOJie, 3aTeM eé 3(deKT aeiicTBUS yriay0iisieTcs, BepoOSITHO B
CBsA3H ¢ e€ akKymynsuumeit [2, 5]. dddexr feiicTBusi pTyTH 00yCI0BIEH 0I0KUPO-
BaHueM SH-rpynm u HapylleHMeM OKHUCJIMTeIbHO-BOCCTAHOBUTENILHBIX (epmeH-
TOB, T. K. YTHETCHHE aKTUBHOCTHA CHM)KAETCS IOJ BJIMASTHUEM BEIIECTB, COJEepyKa-
mux SH-rpynmnsl (uucrenna) [2]. He Bce TsKesble MeTasuIbl ObIIN CIIOCOOHBI CHE-
YKaTb aKTUBHOCTD 033y 00K, TaK, Hanpumep coyu Zn 1 Pb 6bu1n HeadheKTUBHBIMU
Jaxe npu KoHueHTpauuu 1073r/mi1 B XpoHUYecKUX 9KcrepumenTax [12]. OnHako
BO3MO)KHO, UTO 9TH IOCJIE/(HUE BellecTBa MOIJIN Obl TOYKe BULOM3MEHSTh (PUIIbTPa-
IIMOHHYI0O aKTUBHOCTb 0e33y00K NPU JIUTEIbHOM UX allUIMKAMU U HAKOTIJIEHUH.

BiavsiHMe NECTHLMAOB M JAPYTHX CPEACTB JJIsA 3aLUUThl PacTeHH#

Vsmenenne akTUBHOCTH 0e33y00K B OTBET Ha HEJOCTATOK KHCJIOPOAA M Ha
HEeKOTOPbIE METaJljIbl M COJIM TSDKEJBIX MeTajul0B BBIABUHYJIO BO3MOYKHOCTH
HCITI0JIb30BaHMsI 3TUX JKUBOTHBIX B KauyecTBe TeCT-00beKTa JJIst OLeHKHA OUO0JIOrH-
YECKHUX BO3JIEHCTBUM 3arpsisHeHust BOIbl [5]. B 9Tom acnexre OblI0 U3yYEeHO BIIUS-
HHME HEKOTOPBIX CPEJCTB IS 3aIUThl PACTeHUH Ha aKTHUBHOCTb 0e33yOku. Ycra-
HOBJIEHO, YTO M3 HMHCEKTULHUIOB, SABJISIOIMXCA NPOU3BOIAHBIMUA OpPraHUYeCKUX
($ochOpHBIX KUCIIOT, TAMET B KOHLeHTpauu 8 10—4 r/mi1 cHU)KaeT BpeMsi aKTHB-
HBIX TIepuoj10B Ha 509, (Puc. 5), Torna Kak iumexkpoH-50, obnanaomuit pochamu-
JIOHHBIM BO3/IEHCTBHEM, OKa3bIBaeT HE3HAUNTEIbHOE BIIMsIHME HAa aKTUBHOCTH 0e3-
3y0KM fakKe B KOHUEHTpanusx Bbiule 10—1 r/mi.

Mucexruuuy  Xynrapus JI-7, copepykamuit JMHAAH, B KOHI[EHTPALUU
4>10—*r/mi1, a repOULU TPAMOKCOH, ¢ TTapaKBATHBIM AKTUBHBIM HAa4yajloM, B KOH-
nenrpauun 10-3r/n, BeisbiBamu 509, yruereHHe AKTHBHOCTH B OCTPBIX OIBITAX
[13]. KoHUeHTpauuu 3TUX BeIlecTB OKa3bIBAIOTCS 3(D(HEKTUBHBIMHU, KOIJA OHU
BBICOKH, YTO BpsiA JM HaOJIIOfAeTcsl B MPUPOAHBIX YCI0BUAX. [109TOMY MOYKHO
CUUTATh, YTO NOPOT UYBCTBUTEJILHOCTH 0€33y00K K HEKOTOPHIM SIIaM 0YeHb BBICOK,
T. €. UX BBIHOCJIMBOCTb 0Y€Hb BBICOKAsl. OJHAKO, B 9TOM CJlyyae TO)Ke BO3HHKAET
BOIIPOC, He BEJIET JIM K YTHETeHUI0 YKU3HEHHBIX NPOIECCOB, B TOM YUCIIE U (UITh-
TPAaUMOHHON aKTUBHOCTH 0e33y00K, B pe3yJibTaTe CyMMAalUU MOAIIOPOTOBBIX TOK-
CHYECKUX I(P(GEKTOB MM HAKOIUUIEHMST BEIECTB JUIMTeNbHOE IPUMEHEeHUEe ITUX
BELIECTB B T€UEHUE HECKOJIbKUX HEJeJIb U MEeCsLEeB.

Mexanu3m 3(dexrTa aAeicTBUA (PAKTOPOB OKPY)KalLled Cpelbl HA AKTUBHOCTb

BosjieilcTBHs, OKaspiBaeMble OKPY)KAIOLleid YKUBOTHOE BOIOI, CBSI3aHbI C
nepudepuyecKUMA  PeLeNTOpaMu, ONpe/esleHHbIMA  9((eKTOPHBIME  OpraHamu
WA HeroCPeACTBEHHO LEHTPAJIbHON peryisiTopHOi CHCTEMOH, M MpHU YUaCTUH
OTHUX IOCJICIHAX HACTYIIAeT COOTBETCTBEHHOE U3MEHEHHE B II0OBEACHUU YKUBOTHBIX.
Hammm aHubie yKasslBaJId Ha TO, YTO NIPEXKIIe BCero HapylieHue OpraHoB AbIXaHUs
OTBETCTBEHHO 32 CHMYKEHUE aKTUBHOCTU. HeocTaTOK KUCI0POAA, COTH TSYKEIbIX
METaJJIOB U USMEHEHUS B TeMIlepaType BUIOM3MEHSIOT U BHEIUHUHA 00MeH ra3oB U
9H3MMOB TKaHEBOI'0 JbIXaHWsl. Bbi3BaHHAsl peakuus, T. €. CHU)KeHUe aKTUBHOCTH,
SIBJISIETCS aJieKBAaTHBIM OTBETOM Ha YXYJILeHHe CHa0KeHUsI KUCIOPOIOM, TAK KaK
OHa yMeHbLIaeT MOTPeOHOCTL B KHCIOpofe. COCTOSIHME MPOAOJIKUTENBLHOTO
MOKOs1, Ha0Joaemoe 31UMOif, YKasbiBaeT TaK )K€ Ha TO, YTO 3aKPBITUE CTBOPOK
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sIBJIsIeTCs1 TNpHUcrocobienneM K He0JaronpUaTHBIM ycaoBUAM. B xoje Hammx
HCCIIeJIOBAaHMI IPH HENOCTATKE KUCJIOPOAA U C NPUMEHEHHUEM BELIeCTB, BbI3bIBA-
IOIMX CHIKEHHE aKTUBHOCTH, Ol 00Hapy KeHbl M3MEeHeHHs ¥ B HEPBHOIi CUCTe-
Me, @ MIMEHHO: KOJIMUeCTBO MaTepuasa, OKPaIeHHOT0 MOJIOYKUTEILHO Tapabie-
rua-gycunHom, ymenbmanoch [1]. 9To BemecTBO 0Ka3asoCh yJbTPACTPYKTYPHO
CBO€0OPAsHbIM, JIMNULONOA00HEIM, BHYTPUKIJIETOYHBIM 00pas0OBaHHEM, pacmaj
KOTOPOT'0 BepOSITHO CBsI3aH C KUCIO0POAHLIM rojopanuem [19]. Hamu uccnemosa-
HHS1 1aJ11 BO3MOYKHOCTD TIPEII0JI0)KUTD, YTO BElleCTBO 9TO UTPAeT POJib B COXpaHe-
HAM QYHKIAKM HEPBHOH CHCTEMBI IPH KHUCJI0pOoHOM rostofanuu [17, 18]. C apyroit
CTOPOHBI, IIOCPEACTBOM 00MEHA BelleCTB MOHOAMUHOB MOYKET OCYILEeCTBIISIThCS BO3-
JielicTBME Ha MeXaHM3MbI LIeHTPaJIbHON perynsauuu. JlaHHble, CB3aHHBIE C POJIBIO
00MeHa BelecTB MOHOAMUHOB B PEryJISIIUA aKTUBHOCTU 0e33y00K, U3JI0MEHbI B
JpyToii riase; cM. cTp. 61-—75.

[TecTHL¥/IBI ¥ APYTHE BEIECTBA U151 SAIUTBI PACTEHHI, a TAK)Ke TOKCHUYeCKue
BEIeCTBA MOTYT BJIMSATL HA pasHble CHelU(puuecKue MeXaHU3MbI, HO B KOHEYHOM
CyeTe BCe OHM BUIOM3MEHSIOT JESATEJbHOCTb CHCTEMBI, 00ecreunBarLeil peryis-
IMI0 aKTUBHOCTH. XapaKTepHLIM sIBJIsSIETCS1 TO, 4T0 ¥ 0e33y060oK perucrpamus co-
CTOSIHMST CTBOPOK AaeT MH(POPMALMIO 0 BCeil YKU3HEHHOH esITeIbHOCTH YKUBOTHOTO,
MOYTOMY 9TOT METOJ MMeeT MHOTO NPEMMyIIeCTB B M3yYCHHH BIIMSIHUS pasHbIX
BelIeCTB.

Ha ocHOBaHMHU ITOJTyUYeHHBIX JAHHBIX, 0€33y0KH MOI'YT CUMTATbCSI BA)KHLIMU
OpraHu3MaMy B U3yYeHUU BOJHOMI sKocucTeMbI. C OJHON CTOPOHBI OHU MOTYT OBITH
NpUMeHeHbl KaK MHAMKATOPHBIE OPTaHU3MBI JUIs1 OTpefesieHus] HeJleTalbHbIX, HO
HapyLIaIMX YKU3HEeHHbIe TIPOLIeCChl, BO3/lelicTBHIA. C IpyToil CTOPOHLI, 61aroxaps
AKKYMYJISILMM U TIPHEMy pasHBIX BeleCTB M3 BOJALI B OpraHusm 0e33y0o0K, oHH
YMEHBIIAKT TOKCUUYECKOe JIeiiCTBUE STUX BELIeCTB, XOTsI M0cje UX rubeu HaKoI-
JIeHHbIe BellecTBa MonafaiT ondaTh B BoAy. Kpome Toro, 61arogapst UxX BbICOKOH
BBIHOCJTMBOCTH K Pa3/IMUHBIMA BEIIECTBAMM, OHM OCTAHYTCS YYACTHUKAaMU U OUO-
TOTIA BBICOKO 3arPSISBHEHHBIX BOJI, ¥ B OTHOLICHMM OYHUIIEHUST BOJBI KX MOYKHO TAKHM
06pasom MCTONb30BATh U B GHOJIOTHYECKOM BOCCTAHOBJICHUU 3arPSISHEHHBIX BOJL.
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1. 4bra. Szabadon mozgé Anodonta cygnea L. ritmikus és periodikus aktivitadsa
Fig. 1. Rhythmic and periodic activity of a free moving Anodonta cygnea L.
Puc. 7. PuTMHuecKaH h nepHOflmecKafl 3Kthbhoctl>bobsoiiho fIBHjKymelicji Anodonta cygnea L.

2. dabra. Tavi kagylé aktivitasdnak napszakossadga. Ordinata: egymaéast kdvet6 napok;
Abscissa: id6jelzés 0—24 6raig; KihGzott vonal: aktivitas
Fig. 2. Daily rhythm of the activity of mussels. Ordinate: consecutive days; Abscissa:
time from 0 to 24 hours; Thick lines mark active periods
Puc. 2. CyTOBHbIH pHTM 3KTHBHOCTH Oe33yOKH.

qjﬂgHJﬂTa OTRE0K ErviH iveky
Ad : 0—24
TO(.)C UCCaJI gac

nriimmnTrawTrirriTanrrmiiniBmTijAiinnwmii

60 min

3. adbra. Oxigénhidny hatasa a tavi kagyl6 aktivitasara
Fig. 3. Effect of the lack of oxygen on the activity of Anodonta cygnea L.
Puc. 3. Bjihhnhc HegocraTKa KHCliopona Ha aKTHBHOCTb 6eaayOKH
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4. abra. Tavi kagyl6é aktivitdsdnak alakuldsa télen, jég alatt és lassti felmelegedéskor

Fig. 4. Activity of Anodonta cygnea L. in winter under ice and during slow warming of
the water

Puc. 4. UsmeHeHnHe akTHBHOCTH 0e33y0KH 3HMOH IOJT JILJIOM H IPH MEJICHHOM HarpeBaHHH

5. dbra. Thimet (inszekticid) és hat6anyaga, a phorate hatésa az aktiv periédusok id6-
tartamdra. Ordindta: az aktiv periédusok dtlaghossza a kontroll 9,-dban. Abscissa: az
anyag koncentréciéja g/liter-ben
Fig. 5. Effect of thimet (insecticide) and its acting compound (phorate) on the duration
of the active periods in the per cent of the control. Ordinate: mean duration of active
periods. Abscissa: concentration of the drug in g/l
Puc. 5. Bausinue THMeTa (MHCEKTHIHM) M €ro aKTHBHOro Havasa (dopara) Ha IpoOR0/DKUTEIb-
HOCTb aKTHBHBIX II€PHOI0B. OpAMHATa: CPENHss MPOJOJDKUTEIbHOCTh aKTHBHBIX NEPHOJOB B
NPOIIEHTAX M0 OTHOLIEHHIO K KOHTPOJI0. AGCHHCCA: KOHLEHTPALHS BENECTB B I/
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