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A BALATON ICHTHYOLOGIAI KUTATASANAK
UJABB EREDMENYEI ES PERSPEKTIVAI

BIRO PETER

A Balaton tudoményos tanulmanyozisinak mar a szazadforduls 6ta
szerves részét képezte a té halalloményanak, a kiilonboz6 halfajok élettevé-
kenységének vizsgilata. Az 1950-es években elkezdett autokoldogiai, majd az
1960-as évektdl folyd synokologiai tanulmanyok célja a taplalékhalozatokban
résztvevd kiilonbozs szervezetek mennyiségi viszonyainak, trofikus kapesola-
tainak és a t6 anyag- és energia-forgalmaban vald részesedésitknek a megisme-
rése volt. Az 1965-ben lezajlott nagyméretdi halpusztulast kovetfen — az
okozott karon tal — a t6 bioldgiai allapotanak szembeting megvaltozasa kap-
csan jelentkez tudomanyos és tarsadalmi igény siirgetGen hatott e szakteriilet
fokozott, okoldgiai szemléleti miivelésére.

Jelen osszefoglalé — épitve az el6zményekre — az elmult évtized téma
szerint csoportositott Gjabb halbioldgiai eredményeinek bemutatésira, azok
értékelésére és a szakteriilet perspektiviainak korvonalazasara torekszik.

Faunakutatas

Az 1930-as években lezajlott faunavaltozast kovetd idszaktol kezdve
a betelepitett egzotikumok vagy spontan megjelent pontusi elemek novekvo
szama ellenére alig taldlunk faunisztikai felvételt, amely a tavat benépesits
halallomany fajosszetételbeli valtozasait kovetné nyomon.

1970-ben a Hévizi-téban és lefolyéjaban 15 halfaj jelenlétét mutattuk
ki; koztitk az 1938 tdjan meghonositott szunyogirté fogaspontyrol (Gambusia
affinis BAIRD et GirarD) kideriilt, hogy a G. affinis ssp. holbrooki GIRARD
alfaja él a toban és lefolyéjaban.

A Balatonban és vizgy{ijt6jében kordbban 42 halfaj el¢fordulasarsl tud-
tunk [17]. 1972-ig a faunalista 6t G taggal b&viilt; a ma ismert fajok szdma
47. 1970-ben a Neogobius fluviatilis PALL. ponto-kaspikus elterjedésti géb
© megjelenését és gyors térfoglalasat észleltiik a Balatonban [6, 10]. 1971-ben
a Fony6d melletti Zardavari-tavakbdl keriilt tavunkba a Pseudorasbora parva
(SCHLEGEL) mint a novényevd haszonhalakkal behurcolt nemkivanatos ide-
gen elem [4].

A val6jadban faunakutatdsnak mindsiil§ parazitologiai vizsgdlatok soran
ismereteink a balatoni halak — mint gazdadllatok — Trematodes, Cestodes,
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Nematoidea, Acanthocephala stb. é16sk6d&irél nagymértékben béviiltek. Tobb,
a Balaton faunéjara 0j faj leirdsa és faunalistaba vétele is megtortént [26, 27,
28, 29, 30, 32]. Tanulményoztdk a balatoni halak él6skod6 Copepoda-rékjait
[84], és felmérték a vagédurbines (Gymnocephalus cernua L.) féregfertzott-
ségét [33].

Taplalék- és taplaléklanc-vizsgalatok

A tavi esucsragadozé fogassiill6hoz (Stizostedion lucioperca L.) vezetd
taplaléklane fontos tagja a vagédurbines (Gymnocephalus cernua 1..) Gyomor-.
és béltartalom analizisekkel kimutattak [33], hogy ennek taplalékaban tal-
nyomérészt iszap- és bevonatlaké Cladocerak, Cyclops-, valamint Diptera-
fajok (zommel Chironomidéak) fordulnak els. Tolg [36] adataihoz képest az
Amphipodék taplalékbeli aranya csokkent, a Dipteraké viszont megkétszere-
z6dott, mely valtozés a t6 eutrofizdlédésara utalhat. A bélféreg-fertézottség
és a taplalék mindségének teriileti, illetve szezondlis kiilonbségei a novekedéssel
szoros kapesolatot mutattak.

ToLna és WoyNAROVICH kordbbi tanulmanyaibél tudjuk, hogy a balatoni
siilld4llomany ,,alultaplalt”, fejlédésének korai szakaszaban téplaléklanca hid-
nyos, méretfokozatossig-megszakadast mutat, melynek kovetkezményét lassi
és egyenl6tlen novekedésével lehetett lemérni. Az azéta eltelt id8szak valto-
zégainak rogzitése céljabdl fogassiill6-ivadékon végzett gyomortartalom-ana-
lizisek [35] rairdnyitottdk a figyelmet a hindros és hinidrmentes téteriiletek
eltérg taplalékkészletére. Megallapitottdk, hogy a hindrosokban (Bozsai-6bol,
Balatonakali) a mingségileg és mennyiségileg egyarant gazdagabb makrofau-
nat fogyaszto siilldivadék ragadozdsra val6 attérése kedvez6bb koriilmények
mellett, kordbban megtorténik, szemben a hindrmentes vizteriileteken é18
ivadékkal. Részben ez is magyardzata lehet az ivadék korében tapasztalt
szétnovésnek [7].

Ot éven 4t, kozel otezer gyomortartalom elemzésével tisztazni lehetett a
300500 g stulyt fogassiills taplalékforgalmazésat. 1965 utdn a balatoni fogas-
siills téplalkozdsaban és tapldlékédnak osszetételében bekovetkezett mdédosu-
lasok irdnyat és mélységét sikeriilt feltdrni, tovabb4, a taplilékfogyasztisra
megbizhaté mennyiségi adatokat nyerni [2, 8, 16]. Megallapithat6 volt, hogy
a taplalékot mintegy tiz halfaj képezi; dominal a kiisz (Alburnus alburnus L.),
vagddurbines (Gymnocephalus cernua L.) és a siill§ (Stizostedion lucioperca Li.)
sajat ivadéka. A fogassiills altal korabban nem fogyasztott 6t Gjabb halfaj
is elSkeriilt a gyomrokbél. Ezek kozott a Neogobius fluviatilis PALL. novekvd
ardnyszama jellemz§ volt.

A 3 évesnél idGsebb fogassiilld a Balatonban teststlyanak kb. 19;-at
kitevs téplalékot fogyaszt el naponta. A 3—9 éves, haldszhaté méretii allo-
mény aktiv anyagcseréjének becsiilt energia-igénye szerint az elfogyasztott
taplalék 649, -a légzésre, 15—169,-a his, és csupin 1,5%-a ivartermékek
képzésére hasznosul [11, 12].

Az 1965-6s halpusztulds a tédplaléklancmenti peszticid-akkumulaciéra is
felhivta a figyelmet. Vékonyréteg kromatografiaval kiilonboz6 halak egyes
szoveteibdl kimutatott maradék-komponensek kozott legnagyobb mennyiség-
ben a DDT és bomlédsterméke a DDE, gamma-HCH és egy ismeretlen kompo-
nens volt taldlhaté. A szervek, illetve szovetek koziil a zsirszovet raktérozta
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a legtobb peszticid-maradékot, majd a m4j, ikra és a has kovetkezett [1].
Ujabb balatoni halpusztulds (1975) peszticid- és nehézfémbejutés, illetve
akkumuléci6 fiziolégiai hatdsmechanizmusainak és patholégiai kovetkezmé-
nyeinek fokozott tanulményozésat indokoljak. Halpusztuldasok oknyomoza-
séra elkezd8dott biotesztek (bioassay) spektruménak bévitése vizmin8ség-
védelmi szempontbdl is nélkiilozhetetlen.

Téplalékhalézatmenti interspecifikus kompeticié kérdése az angolna
(Anguilla anguillae 1..) telepitések kapcsan meriilt fel. Kiilonb6z8 méretii és
kort, parti, illetve nyiltvizi teriiletekrdl gyijtott angolndk tédpesatorna-tartal-
méanak elemzése bizonyitotta, hogy a parti 6vben és a t6 nyiltvizi régidin a
téaplalékbazis élesen elkiiloniil [9]. Parti 6vben a bevonatlaké allatok koziil
kiilonboz6 réakok (Asellus, Dicerogammarus spp., Corophiwm, Limnomysis)
jelentik a f6 téaplalékot, ezzel szemben a partvonaltél 1000 —1500 m-re a nyilt
vizben gyakorlatilag nincs jelentségiik. Szerepiiket a tekintélyes biomasszét
képvisels Chironomus ex gr. plumosus larva és bab alakjai veszik at, mellettiik
a puhatestliek (Lithoglyphus, Dreissena) és a halak részardnya is n§ az angol-
nak téplalékdban (1. dbra). Az angolna-produkecié f6leg a Keszthelyi-6bol
nyilt vizében az iszapfalé Chironomidék révén, donté mértékben a t6 szerves
tormelékben gazdag iszapjan alapul. Ez tobbek kozott a fogassiill§ felé vezet8
téplalékhalozat egyik kiinduldsa is. ErthetGen a halivadék fejlédése szempont-
jabol a parti 6v taplilékkészlete dontd jelentSséggel bir. Biotikus és abiotikus
tényezGk Osszmunkajanak eredGjeként megfigyelhetd taplalékbeli szegénye-
désre tobb jel is utal, ezért a parti 6v kompetitiv halfajokkal torténd talnépe-
sitése kedvezdGtlen trofikus kapcsolatokat idézhet eld.

A Balaton rohamos eutrofizdlédisa novényevd halak sziméra kedvezs
taplalkozési feltételeket biztosit. A téban meghonositott fehér busa (Hypo-
phthalmichthys molitriz VAL.) béltartalom-analizise sordn (30—50 ¢m méret-
csoport) azt allapitottdk meg, hogy kb. egyéves koraig fotaplalékat jelentd
fitoplankton mellett kb. 300 g teststly folott mar jelentss mértékben fogyasztja
a zooplankton-tagokat is (Rotatoria, Crustacea) (PoNyI szdbeli kozlése).

A téaplalékhalézat menti anyagforgalom részletesebb megismeréséhez
alapvets adatokkal jarultak hozza a balatoni halak zsirsav-osszetételének géz-
kromatografids vizsgalatai. Kimutattdk, hogy a halak zsirsavosszetétele
nagyban hasonlit a rdkfajokéhoz, ami arra utal, hogy a halak zsfrsavainak
zome a Crustacea planktonbdl szarmazik [23, 25]. Néhany adrenerg gatlészer
zsirmozgdsitéasra kifejtett hatdsdnak tovabbi kisérletes vizsgélataval valé-
szinfisiteni lehetett, hogy catecholaminok ugyanazon az adenyl cyclase-CAMP-
rendszeren keresztiil csokkentik a halak zsirszovetének szabad zsirsavterme-
lését, amelyen keresztiil az eml@sokben ugyanezt a folyamatot stimuldljdk
[20]. Tanulményozva a zsirsavak dinamikéajat a ,.fitoplankton — crustacea
plankton — hal” tépldlkozési lancolatban, megéllapitottak, hogy a linol és
a linolénsav megoszlasa névényevs planktonrdkok és planktonevs halak zsir-
jaban hasonlé a fitoplanktonban talalt értékekhez [21, 22].

Az eddig feltart taplalkozasi kapesolatok a Balaton mennyiségileg mind-
mdig ismeretlen természetes taplalékkészletének miel6bbi felmérését siirgetik.
A kiilénboz6 energiaszinteken torténé anyag- és energia-dramlas, illetve akku-
muldcié sokkal intenzivebb tanulményozasira van sziikség ahhoz, hogy a
fokoz6d6 kiornyezeti artalmaknak kitett balatoni 6koszisztémat trofikus vonat-
kozésaiban mennyiségileg modellezhessiik, s a kiilonboz6 halpopuldciék szere-
pét (niche) korvonalazhassuk.

11%
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Populiciodinamika

A balatoni halpopuldciék dinamikéjanak megismerésében hidnypétléak
azok az 1968 —76 években végzett tanulmdnyok, amelyek kiilonboz6 halfajok
allomanystrukturajanak, novekedésének, mortalitdsanak, atlagos biomassza-
janak és éves produkcié-ratdjanak konkrét, részletekre terjeds ismeretét ered-
ményezték, lehetéséget nydjtva az alapvetd populaciéparaméterek kvantita-
tiv lefrasdhoz.

1965 utén a balatoni vagédurbines (Gymnocephalus cernua L.) népessége
szembetiinGen csokkent a Balatonban. 1969—70-ben kiilonbozd vizteriiletek-
r6l gytijtott példanyok pikkelyeinek vizsgalata alapjan megallapithaté volt,
hogy novekedésiik a Balatonban egyéb eurdpai vizekhez képest lasst, a negye-
dik életévig kozel azonos novekedési konstanssal jellemezhets. Az allomany
zomét kitevé egy- és haroméves példanyok éves mortalitasi rataja 909,
folotti [5]. Novekedésiikben parazita-hatasok is érvényesiilnek [33].

A fogassiills szamara fontos taplalékot jelentd kiisz (Alburnus alburnus
L.) allomanya is csokkent az utébbi néhény év soran. Ezernél tobb példiny
vizsgalata alapjan az allomany méret szerinti strukturija tavasszal binodélis,
amely nyari kompenzalédas utdn aszimmetrikussa valik. Az allomény dontd
tobbségét egy- és kétéves példanyok alkotjak. Pikkelyévgylirlikbdl vissza-
szamitott torzshosszak alapjan a balatoni kiisz novekedése eurdpai viszonylat-
ban lassi. Korabbi balatoni adatokhoz képest lassibb névekedése valdszinfi-
leg a zooplankton és a té parti ove taplalékbeli elszegényedésének kovetkez-
ménye, illetve mas halakkal szembeni kompeticié eredménye lehet. Az 1—5
éves kortak alkotta populdcié éves mortalitasa 749 -0s, produkcié aranyuk
(P/B) magas, kb. 729, [13].

A Neogobius fluviatilis PALL. balatoni névekedését ardanylag gyorsnak
talaltuk [10].

A fogassillls (Stizostedion lucioperca L.) novekedésvizsgalatanak ered-
ményei arra utalnak, hogy egyes fejlettségi stadiumaban nem taldl kielégitd
méret{i és mennyiségli taplalékot a Balatonban. Az alultdplaltsdgnak tudhatd
be, hogy a fogassiillG-ivadék a ragadozasra vald attérés idején, amikor a test-
méretek kompenzalddasa tapasztalhaté az allomanysiiriségtsl fiiggd és méret-
szelektiv mortalitds miatt, altaldban lassan né. Az egyedi novekedés alapjan
az els6nyaras populacié harom csoportra kiilonithets [7]. Az ivadék produk-
ci6ja aranylag magas (P/B = 1789), atlagos havi pusztuldsa ugyancsak magas
(899%). Az attelelt, ragadozésra attért ivadék tavaszi biomasszdja ala-
csony [11, 12].

Idésebb példanyok az 1 kg-os testsilyt az 6todik életéviik betsltése utan
érik csak el [3]. A halaszatilag hasznosithaté dlloményrész (3—9 évesek) éves
mortalitasa atlagosan 65%, biomasszdja 6—13 kg/ha kozotti. Becsiilt dllo-
manvsurusege a téban tiz-husz példiny hektdranként. Atlagos blomassaa]a—
nak éves produkcidja 509;-0s, az ivari produkeié ennek kb. 109,-at éri el.
Kimutathaté volt, hogy a planktonalgak altal termelt szervesanyagnak kb.
0,0659%,-a alakul 4t siill6hissa, tehat a hosszi és gyakori megszakadasokkal
jellemezhets taplaléklanc mentén az energiaveszteség igen nagy. A kapott
populacié-paraméterek lehetéséget nytjtottak arra, hogy a fogassiill popula-
cidin keresztiil folyé energia-transzforméciét egyensilyi egyenlettel irjuk le

[11] (2. dbra).
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A dévérkeszegrsl (Abramis brama L.) kideriilt, hogy eurépai viszonylat-
ban is gyorsan nové populdcidja népesiti be a Balatont. A korabbi adatokhoz
mért gyorsabb testhossz- és testsulygyarapodasa nyilvanvalé kovetkezménye
az eutrofizdléddsnak és a nyiltvizi zoobenthos mennyiségi novekedésének.
A 317 évesekbdl allé allomanyrész éves mortalitdsa 629,-nak, produkeié-

ratdja (P/B) kb. 739,-nak bizonyult [19]. Megfigyelhets volt, hogy a Ligula
intestinalis plerocerkoidokkal fert6zott dévérkeszeg novekedése kiillonosen elsd
ot életéve soran elmarad az egészséges peldanvoketol [24].

A 311 éves ragadozd 6nok (Aspius aspius L.) teriiletileg eltérs, altala-
ban intenziv novekedése vizminGségbeli kiilonbségekkel okolhaté. Eves mor-
talitdsuk 489, produkei6 ratajuk viszonylag alacsony, kb. 299 [18].

Szorvanyos megfigyelések a fehér busa (H ypophtkalmwhthys molitriz
VaL.) extrém gyors novekedésérsl tantiskodnak a Balatonban.

Alloméanykihasznilas-vizsgalatok, hozambecslés

1965 utén a fogassiill§ és dévérkeszeg alloméanyénak struktura-valtozasa
intenziv kihasznaldsra utalt. Vizsgalatok folytak a haldszati tevékenység
populécié-dinamikat befolydsolé hatdsdnak megismerése céljabél a populicio-
paraméterek, fogdsstatisztikai, illetve a haldszati tevékenységre vonatkozo
egyéb adatok egyiittes értékelésével. A tavi 6koszisztéméban 6nallé rendszer-
ként modellezhetd halpopulaciok ,,modulalé csomépontjainak’ ismeretében e
természetes szabdlyozdsu rendszerek részben mesterséges szabalyozastva ala-
kithatok. A haldllomény védelme és a nagyiizemi haldszat optlmahzélésa célja-
bél sziikségszer(i oly stratégia kimunkéldsa, amelynek révén az allomany-
kihasznalds az optimdlis tartés tobblethozam irdnydban megbizhatéan vél-
toztathatd. A haldszati tevékenység, igy a Balaton haladlloményédnak konkrét,
biolbgiai termelokepessegehez igazithaté, amelynek jelent&sége a rohamos kor-
nyezet- és élgvilagbeli valtozasok miatt a balatoni okoszisztéma optlmahs
iizeme Szempont]abol rendkiviil nagy.

Osszeg;eskent megdallapithaté, hogy a t6 kiilonboz8 részein fogott siills
és keszeg mennyisége eltérs, részardnyuk viszont az Osszefogasban eléggé
alland6. Beverton és Holt, illetve Ricker-féle , dinamikus készlet modell”
alkalmazéasédval nyert hozam izo-gorbék alapjan a vizsgalt két halfaj populé-
ciéja kiegyenstlyozott hozamokra és produkeiéra képes, mely tény tavunk
sekély habitusdnak egyik lényeges limnoldgiai jellemzdje lehet. A maximéalis
tartés hozam a siillénél 9—12, a dévérkeszegnél 9—13 éves kor kozé esik [14,
15] (3. dbra ). Fogasprognoézisként kimutathaté, hogy a halaszat jelenlegi inten-
zitdsdnak pl. felére csokkentése kovetkeztében a kiilonboz8 koresoportok
hozama a jelenleginek 509%,-ot elérd értékével csokkenhet. Ugyanakkor — féleg
a fiatalabb korosztalyokban — az egységnyi id§ alatt lehalaszhaté biomassza
a jelenlegit 1009 -kal meghaladé mértékben novekedhet. E vizsgalatok tantd-
sdga szerint a taplalékhalézat egyes szintjein felhalmozédd, tobblethozam-
ként hasznosithaté energia mennyiségi megismerése a természeti készletek
kihasznalasi stratégidjdhoz és az okoszisztéma védelméhez egyarant nélkiiloz-
hetetlen. Bizonyos ismérveiben teljes rendszernek tekinthet§ okoszisztéma
diverzitasanak, stabilitdsdnak és rugalmassdgéanak (resilience) kutatdsa a t6
biolégiai torténéseinek globdlis ismeretéhez els6rendii fontossdggal bir. A hal-
hozamok és az eutrofizacios folyamatok ok-okozati kapcesolatainak felmérése
elkovetkezs vizsgalatok feladata.
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RECENT RESULTS OF ICHTHYOLOGICAL RESEARCH
OF LAKE BALATON AND ITS PERSPECTIVES

PETER BIRO

Studies on fish stock and vital functions of different fish species inhabit-
ing the lake, already formed an integral part of the scientific exploration of
Lake Balaton since the turn of this century. The aim of autecological studies
started during the 1950s and that of synecological ones in course since the
1960s was to clear up the quantitative relationships of various organisms taking
part in the foodweb, as well as their trophic connections and participation in
the material and energy flow of the lake. Following the mass fish kill in 1965,
beyond the caused loss, the scientific and public demand arisen in connection
with the apparent changes in biological conditions of the lake have had a
pressing effect on the studies of this field in ecological aspects.

Based on previous publications this review is aspired to present and
evaluate recent results achieved in various subjects of ichthyology du 'ing the
last decade, as well as to outline the perspectives of this field.

Faunistics

In spite of the increasing number of introduced exotics or spontaneously
appearing Ponto-Caspian elements, faunistic records showing the alterations
in the species composition of the fish fauna inhabiting the lake can hardy be
found since that time following certain changes in the fauna took place during
the 1930s.

In 1970, the presence of 15 fish species in Lake Héviz and its outlet have
been detected. Among them the mosquito fish (Gambusia affinis saira et
cirara), acclimatized in 1938, was taxonomically revised as G. affinis ssp.
holbroolCi 6 irara (8irs, Unpubl.).

Earlier the presence of 42 fish species was known in Lake Balaton and
its drainage system [17]. Until 1972, five new elements enriched the fish fauna
and the number of species presently known is 47. In 1970, the appearance and
rapid spreading of Neogobius fluviatilis » a11as, @ Ponto-Caspian goby in
Lake Balaton, being its most western occurrence in centralEurope was observed
te. 10]. In 1971, Pseudorashora parva (scniege1) as an undesirable, passively
introduced exotic with Chinese grass-carps got into our lake from the nearby
fish-ponds of Zardavar in the district of Fonyod [4],

Our knowledge on Trematodes, Cestodes, Nematoidea, Acanthocephala,
etc., parasites of Balaton fish as host animals, became more detailed during
the parasitological investigations actually qualified as faunistics. Some new
species for the fauna of Lake Balaton were described and listed [26, 27, 28, 29,
30, 32]. The parasitic copepods were studied [34] and the contamination by
internal parasitic worms of ruffe (Gymnocephalus cernua L.) was estimated [33].

Food and food-chain studies

The ruffe (Gymnocephalus cernua L.) is stated to be an important member
involved the food-chain leading to pike-perch (Stizostedion lucioperca L.), the
top-predator of the lake. Analyses of stomach and intestinal contents [33]
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showed that mostly mud-living and epiphytic Cladocerans, Cyclops spp., as
well as Diptera species (chiefly Chironomids) occur in their food. As compared
to ToLa’s data [36], the ratio of Amphipods in the food decreased, conversely
that of Diptera doubled, which change may indicate the eutrophication of the
lake. Spatial and seasonal differences observed in the contamination by internal
parasitic worms and in the quality of food showed a close relationship with

the rate of growth.
It is well known from earlier studies of TorLe¢ and WoyNArRovIicH that

the pike-perch stock of Lake Balaton is ‘“‘underfed”. Its food-chain is incom-
plete showing interruptions during the early stages of development of which
consequence could be demonstrated by slow and uneven growth. To register
the changes within the period since that time on, stomach-content analyses
of pike-perch fry drew attention to the different food-supplies of reed-grass
stands and that of lake areas uncolonized by macrophytes [35]. It has been
established that pike-perch fry feeding on quantitatively and qualitatively
richer macrofauna of the reed-grass stands can turn to predation earlier and
under favourable circumstances contrary to those inhabiting uncovered water
areas. Partly it can be an explanation for the “unbalanced growth” experienced
in fry [7].

The food-turnover of pike-perches having 300—500 g body weight have
been estimated by analyses of some five thousand stomach contents carried
out over five years. Direction and depth of modifications took place after 1965
in the food-composition of Balaton pike-perch were cleared up, and in addition,
reliable quantitative data concerning the food consumption were obtained
[2, 8, 16]. It could be established that the food consisted of about 10 fish
species with the dominance of bleak (Alburnus alburnus L.), ruffe (Gymno-
cephalus cernua L.) and the own fry of pike-perch. Five fish species registered
for the first time enriched the food of pike-perch. Among them the increasing
ratio of Neogobius fluviatilis PALL. was characteristic.

The daily food consumed reaches as a rule 1 per cent of the body weight
of a 3-year-old and older pike-perch. About 64 per cent of the energy of food
annually consumed by the 3—9-year-old catchable stock was utilized for
respiration. About 15 to 16 per cent of it was used for production of flesh
(growth), and only 1.5 per cent of it was used annually for reproduction accord-
ing to the assessed energy requirement of active metabolism of the stock [11, 12].

The mass fishkill in 1965 also drew our attention to the accumulation
of pesticides along the food-chain. Among the residue components detected
in various fish tissues by thin-layer chromatography, the highest amounts
were represented by DDT and its decomposition substances, DDE, gamma-
HCH, and an unknown factor. Among the organs and tissues, respectively,
fatty tissues have accumulated the highest amount of pesticide residues,
followed by the liver, eggs and meat [1].

Recent fishkill in Lake Balaton (1975) accounts for studies to a greater
extent on physiological action-mechanisms and pathological effects of pesti-
cides, as well as heavy-metals getting into the lake. The extension of spectrum
of biotests (bioassay) started for pragmatism of fishkills is also indispensable
from the point of water-quality protection.

The question of interspecific competition along the food-web has arisen
in connection with regular stockings of eel (Anguilla anguilla L.). Analyses
of gut contents of eels of various size and age collected at the littoral zone
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and open water areas showed that there is a sharp difference between the
main food of the eels living in the littoral zone and those inhabiting the open
water areas [9]. In the littoral zone among the epiphytic animals various
crustaceans (Asellus, Dicerogammarus spp., Corophium, Limnomysis) constitute
the main food, whereas they have no practical importance in the open water
(1—1.5 km off shore).

They are replaced by larvae and pupae of Chironomus ex gr. plumosus
L. representing a significant biomass, and besides these the ratio of molluscs
(Lithoglyphus, Dreissena ) and fish are also increased in the food of eels (Fig. 1).
Eel production especially at the open water of Keszthely Bay is decisively
based on mud of high organic detritus content by the mud-consuming Chiro-
nomids. Among others it is also one of the starting points of the food-web
leading to pike-perch. Actually the food-supply in the littoral-zone has a
decisive importance in respect of the development of fish fry. Food pauperiza-
tion of this region has been indicated by some signs induced by overall results
of biotic and abiotic effects. Consequently, the overstocking of the littoral zone
with competitive species may result in the formation of unfavourable trophic
relations.

The rapid eutrophication of Lake Balaton ensures favourable feeding
conditions for grass-carps. During the analyses of gut contents of 30—50 cm
sized white grass-carps (Hypophthalmichthys molitriz VA1.), acclimatized in
the lake, it has been established that besides phytoplankton, the main food
item up to one-year-old stage, they also consume zooplankton (Rotatoria,
Crustacea) in a significant extentabove 300 g body weight (PoNY1, pers. comm.).

Gas chromatographic analyses on fatty-acid composition of Balaton
fishes contributed to a more detailed understanding of the material transport
along the food-web. It was demonstrated that the fatty-acid composition of
planktonic crustaceans is greatly similar to those of fishes suggesting that the
bulk of the fats in fishes originates in the crustacean plankton [23, 25]. Accord-
ing to further experimental studies carried out on the effects of some adrenergic
blocking agent on the mobilization of fatty acids it was supposed that catechol-
amines trigger their effect on the free fatty acid production in adipose tissues
of fishes through the same adenyl cyclase-CAMP system by which they stimu-
late the lipolysis and glycogenolysis in mammals [20]. Studying the dynamics
of fatty acids in the “phytoplankton — crustacean plankton — fish” food-
chain it has been found that the distribution of linoleic and linolenic acids in
the fatty acids of herbivore planktonic crustaceans and that of plankton-feed-
ing fish is very similar to those values found in phytoplankton [21, 22].

The trophic relations explored so far press for the earliest possible
estimation of the natural food-supply of Lake Balaton that quantitatively
has been unknown as yet.

For modelling the trophic aspects of the ecosystem of Lake Balaton
suffering ever increasing environmental damages, moreover, to characterize
the niche of various fish populations, a more intensive investigation of the
pathways of material- and energy flow as well as their accumulation through
the successive trophic levels would be necessary.
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Population dynamics

To the better understanding of population dynamics of fish inhabiting
Lake Balaton, studies carried out during the years 1968 —1976 are of great
importance. These resulted in the better knowledge of population structure,
growth, mortality, average biomass and rate of annual production of several
fish species making the quantitative description of some basic population
parameters possible.

Following the year 1965, the population number of ruffe (Gymnocephalus
cernua L.) has drastically decreased in Lake Balaton. According to scalimetric
measurements carried out on specimens collected at various water areas of
Lake Balaton during 1969—1970, it was shown that their rate of growth is
slow as compared to those observed in other waters of Europe. Ruffes in Lake
Balaton have nearly the same growth constant during their first 4 years of
life. Annual mortality of one- to three-year-old specimens, consisting the over-
whelming majority of the population, surpasses 90 per cent [5]. Parasitic
effects are also influencing their growth [33].

The population size of bleak (Alburnus alburnus L.), the main prey-fish
for pike-perch, has also decreased during the last couple of years. According
to observations carried out on more than one thousand specimens, the size-
structure of the population showed in spring a bimodal distribution which
after a summer compensation was transformed to asymmetrical. The bulk
of the stock is consisted of one- and two-year-old specimens. On the basis of
standard lengths back-calculated from the annuli of scales, the growth of
bleak in Lake Balaton is slow even in European relations. As compared to
previously published data its slower growth may be the probable result of the
pauperism in zooplankton and that of the littoral food-supply, as well as inter-
specific competition. Annual mortality of the population consisted of 1—5-

vear-old fish is about 74 per cent and the rate of production (P/B) is high,
about 72 per cent, respectively [13].

The growth of Neogobius fluviatilis PALL. in Lake Balaton was found to
be relatively fast [10].

The results of growth investigations carried out on pike-perches (Stizo-
stedion lucioperca 1..) indicate that in certain stages of development they are
unable to find enough food of suitable size and quantity. The generally slow
growth of pike-perch fry during its change to predation, when the growth
compensation due to density dependent and size-selective mortality was
observed, is attributable to undernourishment. Pike-perch fry in Lake Balaton
may be grouped on the basis of their individual growths — possibly depending
on food habit — into three size groups [7]. Rate of production is relatively high
(P/B = 178 per cent) and their average monthly mortality is also rather high
(89 per cent). The average biomass of fry which survived and turned to preda-
tion (aged two-summer-old) is low [11, 12].

Sexually mature pike-perch in Lake Balaton usually attained 1 kg body
weight after the fifth year of their life [3]. Annual mortality for the part of
population exploited by commercial fisheries (age-groups 3- to 9-4-) was 65
per cent and the biomass varied between 6 and 13 kg/ha, respectively. Their
estimated population density was 10—20 pike-perch/ha. Annual production
of the mean biomass is 50 per cent, and the gonad production reaches about
10 per cent of this total. It can be shown that about 0.065 per cent of organic
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matter produced by plankton algae was transformed to pike-perch flesh
and gonads.

Accordingly, there is a great energy loss along the extended and dis-
continuous food-chain. The estimated population parameters made the de-
scription of the balanced equation of energy flow through the pike-perch popula-
tion possible [11] (Fig. 2).

It has been observed that, even in European relations, a relatively fast
growing bream (Abramis brama L.) population inhabits Lake Balaton. As com-
pared to earlier data the faster growth is an evident result of eutrophication
and that of quantitative increase of zoobenthos in the open waters. For the
part of population consisted of 3—7-year-old individuals, the annual mortality
was 62 per cent and the rate of production (P/B) proved to be about 73 per
cent [19]. It also could be observed that breams invaded with plerocercoids
of Ligula intestinalis especially during their first five years of life stunt in
growth as compared to the sound specimens [24].

The spatially different, but usually intensive growth of 3—11-year-old
asps (Aspius aspius L.) can be explained by differences in water quality.
Annual mortality is 48 per cent and their rate of production is low, about 29
per cent, respectively [18].

Sporadic observations attest an extreme fast growth of white grass-
carp (Hypophthalmichthys molilriz VAL.) in Lake Balaton.

Observations on the exploitation of fish stocks:
yield-per-recruit estimates

Alterations in population structures of pike-perch and bream after 1965
referred to an intensive exploitation. In order to estimate the effects of com-
mercial fisheries influencing the population dynamics the basic population
parameters, recorded commercial landings and data on fishing effort were
studied. Based on these data, fish population models independent within the
iake ecosystem itself can be constructed. Knowing their “inflection points”
these naturally regulated systems partly can be transformed into semi-artificial
ones that are more or less available to be regulated by man. To protect the
fish fauna of Lake Balaton and to optimalize its exploitation by commercial
fisheries an elaboration of such a strategy is needed according to which the
exploitation of the pike-perch and bream stocks can be modified towards the
maximum sustainable yield or optimum surplus yield. Thus the fishing activ-
ity becomes adjustable to the concrete productive potential of the fish stocks
of Lake Balaton. These studies would have extreme significance because of
biotic and environmental changes concerning the optimal functioning of
the ecosystem.

Summarizing the results obtained, it can be established that the amounts
of pike-perch and bream caught at different areas of the lake are considerably
different, however, their proportion in the total annual catch is basically
constant. Based on the yield-isopleth curves determined according to the
“dynamic pool model”’ described by BEVERTON and HoLt, and by RICKER, it
has been found that these fish species in Lake Balaton can produce moderate
yield-to-man. This fact incarnates one of the most peculiar and limnological
characteristics for the shallow habit of our lake. The maximum yield-per-
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recruit at first capture (MSY) in pike-perch should occur between ages 9 and
12, while that of in bream between ages 9 and 13 years [14, 15] (Fig. 3). For
purposes of catch prognosis it can be shown that when reducing the current
fishing intensity to its half the yield-per recruits in various age-groups are
likely to decrease even by 50 per cent of their present value. Simultaneously,
the increment of biomass proportional to catch per unit effort especially in
younger generations may surpass 100 per cent of its present level. According
to lessons drawn from these investigations the quantitative estimation of
pathway of energy flow along the food-web, as well as its accumulation at
various trophic levels that might become a harvestable resource to give surplus
yield-to-man seems to have been indispensable both in the development of
optimal exploitation strategies of natural resources and the protection of the
ecosystem. To the global understanding of biological activity of the lake, the
knowledge of the ecosystem in some properties as a whole is of outstanding
significance. These main indices are the diversity, stability and resilience. The
estimation of causal relationships between the fish yields and the processes of
eutrophication should be an object of future investigations.

MEPCINEKTUBbI U HOBENIIUE PE3YJIbTATbI UXTUOJIOTHUECKUX
UCCJIIEAOBAHUN 03EPA BAJIATOH

INETEP BUPO

ViceneoBaHust )KU3HeesITeIbHOCTH PA3HBIX BUJI0B PI0, peIOHOI momy isiuu
elle B Hayajie Hallero CToJIeTUsl OPraHMyecKu CTalu COCTABHOM YacTbi0 HayyHOIo
usyyenus 03. banaron. Lenblo HauaBmmxcst B 50-X rogax aBTIKOJOTUUECKUX, A B
60-X rojax BBEJIGHHBIX CbIHIKOJOTMYECKMX MCC/Ief0BaHui ObUl0 M3ydyeHue KoJin-
YeCcTBEHHOI'0 B3aMMOOTHOILEHHS] MeM(y Ppas3IMUHbLIMU OpraHu3MaMy, y4yacTBy-
ONIMMHA B IMUIIEBLIX LEMNAX, UX TPO(bI/I‘-[eC}(HX CBH3e]7[, a Tarx)Ke BbIsICHEHUE YyUaCTH s
9TUX OPraHU3MOB B 00MeHe BellecTB 1 aHepruu. B 1965-om roay B o3epe 1oru6iio
MHOTO pPbiObI, yT0 06paThyio Ha cebsi cepbE3HOE BHUMaHME U BBISIBUJIO BUJUMbIE
OuosIoruUecKe U3MeHeHus, IPoOUCXosiMe B BanaToHe. 310 1 MOBIKAIO HaA pas-
BUTHE 9TON CrenuanbHoi 0071acT B 9KOJOTMYECKOro MOAX0/a.

Jlanuasi paboTa BKJI0YaeT B cebs1 onucaHue pe3ysibTaToOB HOBEHIIMX UXTHO-
JIOTUYECKHUX MCCIIel0BAaHMIt, TPOBOAMMBIX B IOC/IE/IHEM JIeCATUIIETUH, OlleHUBAET UX
¥ Hameyaer TepCreKTUBbl PA3BUTHS 3TOM crieliMasnbHoil o6nacTu HayKu.

HccnenoBanue ¢ayHbl

B 30-x ropax B pribHO# (ayHe 03epa NpoU30ILINA 3HAYNTE IbHbIE U3MEHEHHU ST«
Bcenunuch HOBbIE BU/IbI PbI0 MM CIIOHTAHHO MOSIBUJIUCH 3/1eCh MOHTUUECKUE BU/IbI.
OnHako omucaHusi usMeHsiouleiics ppiOHOM (ayHel B 9TOT MepuoJ BPeMeHH He
obnapy»xeHo. B 1970-om ropy onucanu 15 BU10B puib, )KUBYLIMX B XIBU3CKOM 03€pe
M ero BOJOCTOKe. BoisicHunuch cBefienust o rambysun (Gambusia affinis BATRD
et GIRARD), mocenuslieiicss B 1938-om rogy, ycTaHOBJeHO, 4TO B JeHCTBUTEJIb-
HOCTH NOABUL (G. affinis spp. holbrooki GIRARD) YKUBET B 03epe ¥ B €r0 CTOKE.
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N

Pauee B 03. BanaTton u ero Bopoc6opHoit miomaan onucanu 42 Buga poid
[17]. Do 1972 ropa onmcaHpl MsiTh HOBBIX BMJ0B, TAKMM 00pa3oM B HacToOsiiiee
BpeMmsi u3BecTHO 47 BUJIOB PbIO, HKUBYIUX B 03epe. B 1970-om rogy nosiBusicst u
3aHs1 00JIbLLION apeast B 03epe MOHTOKACTIUIACKUI BUJL, ObIYOK-T1eCOUHUK N eogobius
fluviatilis PaLL. [6, 10].B 1971-om rogy u3 npyjoB c. 3apiaBap 3aBe3jii BMecTe
C pacTUTEJbHOSAHBIMU peIOaMK COPHYIO PLIOKY Pseudorasbora parva [4].

B xoze nmapasuToslOFMuecKUX UCCiefl0BaHMit, KaKk OHOM U3 Gopm uccieno-
BaHUH (ayHbl, MHOT0€ CTAJI0 U3BECTHBIM 0 ITapa3uTax pbid, Takux Kax Trematodes,
Cestodes, Nematoidea, Acanthocephala u 1. 1. MHOr1Me mapa3uThl ONUCAHBI BIep-
Boie [26, 27, 28, 29, 30, 31, 32]. [1poBesenbl ucciiefoBaHUs MapasuTHPYIOIKAX
BUJI0B Komernof [34], a Takyke M 3apa)KeHHOCTb Mapa3uramu epiua (Gymnocephalus
cernua 1.) [33].

W3yuerue nMUILM B NMULIEBOH Lenu

Ba)KHbIM 4JIeHOM B IULLEBO# Lenu, uayliei 110 Bo3pacrarouei, st XMIHUKa
cynaka (Stizostedion lucioperca) sisnsiercsi epit (Gymmnocephalus cernua). Tlpu
M3y4eHUH COMIePYKUMOT0 MHULEeBAPUTENILHOTO TPaKTa eplia ycraHoBuau [33], uro
camoif BAYKHOI muueil uist Hero siBJISIIOTCS YKUBYIIME HA JiHe 03epa KJajiolepsl,
UMKJIOTICHI M JIMYMHKK JBYXKPBIJIBIX HACeKOMbIX (ryaBHbIM 006padom, Chirono-
midae). ITo cpaBHenuo ¢ 60-mu rogamu B nuie epiia kojauuectBo Amphipoda
YMeHbLINJIOCh, @ KOJIMUeCTBO XMPOHOMUJL YBEJIMUMIIOCH B iBa pa3a. MsmeHeHue B
MUILEBOM CIIEKTPE MOYKeT YKa3blBaTh Ha 9BTPodu3aluio o3epa. CyiiecTByeT TecHas
CBSI3b M@Ky POCTOM eplia B pasjMyHbIX YacTAX 03epa M IMOPayKEHHOCTHIO
KHULIEUHBIMU TTAPA3UTAMK, & TAK)Ke MeKLY KaueCcTBOM IMHILU, KOTOPOe U3MeHsIeTCs]
N0 ce30HaM U MecTaM oOUTaHUSA.

N3 pannux paboT U3BeCTHO, UTO MOMYJIALMS CYAaKa (HU3KO HAKOPMJIEHHASD).
B HavasIbHBIX CTAfMAX PAa3BUTHUS €ro MUILEBOI Lenn umeeTcst Mpobest. ITo MOYKHO
NPOCTIeUTh 10 MeUIEHHOMY ¥ HEPOBHOMY POCTy cyjaxa. MccienoBaHusi, npose-
JieHHBIe ¢ Tex nop [35], o0paTuiy BHUMAHME HA Pa3HYIO0 MUIIEBYIO 00eCeyeHHOCTD
B TUHOBBIX ¥ 0€CTMHOBBIX YacTsX 03epa. ABTOP JaHHOMN CTaTbU yKa3biBaeT Ha To,
YTO B THHOBBIX YaCTSX 03epa Mepexoj MOJIOAM CyjaKa Ha XHIIHBbIA 00pa3 yKU3HU
NPOUCXOAUT OBbICTpee, TaK KAK OH IUTATCs MMEIoIeicsl 3[ieCh KauecTBEHHO U
KOJIMUeCTBEHHO D0raToit Bupamu makpogayHoii. Mojiofb, yKuByas B 6eCTHHOBBIX
4acTAX BOJ0eMa, I03/iHee MepexoinT K XUIHUUeCTBY. OTUacTH 9T0 MOYKET MOCJIy-
JKUTb 00bSICHEHUEM TMPUUYMHBL POCTA MOJIOJM.

[Tpy u3yvyeHuu 5 ThICSAY HKeJYAKOB cyaaxkos, Becom 300—500 r., onucain
00MeH MUTATebHBIX BEIECTB. Y/1al0Ch PErUCTPUpPOBaTh U3MeHeHus [1] B nura-
HUM ¥ IUILEBOM CIIEKTpe CyaaKa, poucxojasiue mnocie 1965 r. [lajiee onpeesniu
KOJINYeCTBEHHBIE TIOKa3arTesiu nuTanusa cyjaaxa [2, 8, 16]. Ha ocnoBanuu pesyiib-
TATOB 9TUX MCCJIEOBAHUI YCTAaHOBUJIM, UTO MUILY cyjaka cocrasisiorT 10 pas-
JIMYHBIX BUJOB pbi. [JOMMHUPYIOT B IHLIE CyaKa Ceaylolye: YKiles, epil U UX
MOJIOHSIK. B oKenyke cynaxka 00Hapy)Kuiu 5 HOBbIX BHUAOB pbib. Cpeau HUX
Neogobius fluviatilis PALL. umeeT 00/blloe 3HAYeHHe B IIMLIEBOM CIIEKTpe
cynaka. Cynax, »KuByuuii B 03. Bajarton, crapiie Bo3pacTa Tpex JIET eXKeAHeBHO
npuHumaer nuuy B pasmepe 194 or Beca coberBentoro tesa. [IpombiciioBbie cTafa
cynaka B Bo3pacte 3—9 JieT pacxonyiot 64%, Bceii aHepruu Ha apixanue, 15—16%,
— Ha npupocr Tena u Bcero 1,59, — na reneparuBueiit o6men [11, 12].

I'n6enb puid B 1965-0m ropy obparuiia BHUMaHue Ha aKKYMYJIALMIO T1eCTH-
IU0B B NUILeBoi 1enu. C MOMOLIbI0 MeTOAA TOHKOCJIOMHONW Xpomarorpaduu U3
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TKaHell pasHbIX BUAOB pbl0 BbljeeHo Oosbwoe konuvyecTso NIT u ero pacnaja
I IE u y-HCH. Camoe BeicOKOe cOJiepyKaHye NecTULHUA0B OblJIO B YKUPOBOU TKAHU,
3arem B nevyeHu, nxpe u B msice [1]. Camas nocieansist ru6esnb puid B 03. Basaron
(1975 rox) obocHOBRIBaeT HEOOXOUMOCTL Hosiee dhHEKTUBHOrO U3yUeHUsT TOCTY-
IJIEHUST M AKKYMYJISALUK TTECTULM0B ¥ TSDKEJIbIX METAJIJIOB, MeXaHU3MOB UX Jiei-
CTBUSI U TATOJIOIMUECKUX MocieacTBuil. Hauany npoBoguTbest 6MOTECTUPOBAHUS
C LeJIbI0 BbIsIBJIEHUs] MPUYMHBI TUOesn peidbl. PacuiupeHue crexTpa aTux uccie-
JIOBAHMI HEOOXOAMMO TaK)Ke ¢ TOUKU 3PeHUsI COXPaHEeHHsT KauecTBa BOJIBI.

[Tpu MHTPOAYUMPOBAHUK yIpPs B 03. BaysaroH BO3HMK BOMPOC O BO3MOIK-
HOCTH MEXBUAOBONH MUILEBOH KOHKYpPEHUMH. AHAJIU3UPOBAJIM IUILEBORH TpaxT
yrpeil pasHoro pasmepa u Bospacra, OTJOBJIEHHBIX B IIPUOPE)KHOIN U B OTKPBITOI
JacTy o3epa. AHaju3 I0Kasaj, YTo IMHUILA B OTKPBLITOH U B NMPUOPEeKHON yacTu
BojloeMa cTporo pasnauyaercs [9]. B npubpe)xknoii 3oHe nuuieil yrpsi riiaBHbM
obpasom cayxar paxu Asellus, Dicerogammarus spp., Corophiwm, Limnomysis.
Torna kaxk Ha paccrostiuu ot Gepera Ha 1000—1500 M. Kax MuILa OHK He UMEIOT
3HaueHus. B aToit yacTu 03epa NuLIb MUILA YIPS COCTOUT U3 JTMUMHOK XUPOHOMMLL
(Chironomus ex gr. plumosus), MOAMOCKOB (Lithoglyphus, Dreissena) n poi6
(Puc. 7). B Kectxeiickom GacceiiHe NpOAYKUMIO YIPsl AAIOT TJIaBHBIM 00pasom
XUPOHOMHUJIBI, TPOAYKLUSA KOTOPBIX BBICOKAs B CBSI3M € 0OraTbiM COJEpyKaHieM B
ujle OpraHMyecKux BerlecTB. Meykay IMpoYyuM, IOc/ieHUe SBISIOTCS OTHUM U3
UCTOUHUKOB THUILEBOH Lienu, uayliei B HanpaBieHnn K cyaaxky. O6ecrneyeHHOCTD
nuuieil npubpesHoit 30HbI ¢ TOUKU 3PEHUST POCTA MOJIOAU PBIO MMeeT MepBoCTereH-
Hoe 3HaueHue. B pesysnbrare AeHcTBUS OMOTUUECKUX U a0MOTHUYECKUX (PAKTOPOB
obecrieyeHHOCTL NHUIei B 03epe ymeHbliaercst. [10aTomy yroTHeHHas nmocajaKa
KOHKMPUPYIOIMX B IMILE BUA0B PbI0 MOYKeT NPUBECTH K HebJIaronpusiTHbIM
TPOPUUECKUM YCIIOBUSIM.

[TuieBbie yca0BUs PAaCTUTENbHOSAHBIX PblO 03epa BasnaToH OKa3blBAKOTCS
0JIarONpUSATHHIMKM B CBSI3M ¢ OBICTPOIl 9BTpOhUKalmeil o3epa. Mayuenue kuiieu-
HOT'0 TpaxKTa MHTPOAVLUPOBAHHOIO B 03epo Oesioro Tojcronodbuxa (Hypophthal-
michthys molitrix VAL.), mnokasano, 4yro ocodu (mmuHoit 30 —50 cm.) 10 oji-
HOJIETHEr0 BO3pacTa MUTAKTCA (PUTOIIAHKTOHOM, a ocobu, Becom Oosiee 300 r.,
yrKe B 3HAUMTeJIbHOM KoJiuecTBe nmoegarnT 1 300raHkToH (Rotatoria, Crustacea)
(TTonn — yerHoe coobiieHNe).

M3yueHue cocTaBa yKUPHBIX KUCJIOT € MOMOIIbI0 MeTO/Ia Ia30BOi Xpomaro-
rpapun y pei6 Banatona najiio BO3MOYKHOCTb 00Jiee TOYHO OMPENEIUTH MOTOK
BEIeCTB B MMUILEBBIX LeNsX. Y CTAHOBUJIM, YTO COCTAB YKUPHBIX KUCJIOT PbI0 0UeHb
NOX0)K 11a TAaKOBOH y PAuKOBOr0 IJIAHKTOHA. DTO YKa3biBaeT Ha TO, YTO PbIOLI
JKUPHBIE KUCJIOTBI I0JIy4alOT B OCHOBHOM M3 pPAuyKOBOr0 IUIAHKTOHA [23, 25].
Mayuanu peiicTBre HEKOTOPBIX aJiPEHOTEHHBIX TOPMO3SIIMX BEIIECTB HAa MOOUIIH-
3auuio YKUPoB. [10 9TUM aHHBIM YCTAHOBUIIN, UTO KATEX0JAMUHbI, Uepe3 CUCTeMy
adenyl cyclase —CAMP, ymeHbLIAIOT NPOU3BOJICTBO CBOOOAHBIX YKUPHBIX KUCJIOT B
YKUPOBBIX TKaHSIX. OJHAKO Y MJIEKOMUTAIOIIMUX KaTeXO0JaMUHbI CTUMYJIMPYIOT Te
»ke npouecesl [20]. Mcenenys JMHAMUKY YKUPHBIX KHCJIOT, B NUILEBOH Lenu
(UTOMIAHKTOH-PAYKOBbIH MJ1aHKTOH-PBIOBI, CAeJIANA BBIBOJ 0 TOM, YTO paclpeje-
JigHHe JIMHOJIEBOH M JINHOJIEHOBOH KUCJI0T B Y)KUPAX GUILTPYIOIMX PAYKOB U pbil,
MUTAOMMXCS MIAHKTOHOM, MTOX0)Ke Ha 3HAYEHUsI, [10JIyUeHHble Y (UTOIUIaHKTOHA
{21, ~221.

M3BecTHble ceifuac Tpoduueckue CBA3U TPeOYIOT HeMeUIEHHOI0 KOJIMYecT-
BEHHOTO OIpejiesieHust obecrneyeHHoCTH numei 03. Basnaron. Heo6xoaumo TarKe
WHTEHCHBHOE M3yuUeHHe Ha PAa3HbIX IHEPTeTHYECKUX YPOBHAX IOTOKA BEILECTB U
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3Heprnn c pejibio odecneneHHH bo3mo>hocth MOAgjiHpoBaHHH SKOCHCTebi Eajia-
TOHa B TpO(J)HUeCKOM OTHOUieHHH. Tai<HMO06pa30M CTaHOBHTCfl BO3MO)KHbIM OnH-
caHHe poJiH pa3liHMHMX pbilHbix nonyjiapHH b 3KOCHCTeMe 03. BajiaTOH.

JAHHaMHKa pbiéHbix nonyjiHUH i

PaRoThbi, npoBOfIHMbie b 1968—76 rr., nocBHipeHbi ycTpaHeHHio He™ocTaT-
KOB B n03H3HHH AHHaMHKH pblOHbIX nOnyjIHIJHH 03. BajiaTOH. 3tH paOOThbl BKILI0-
naioT H3ygeHHe cocTaBa nonyijiflpHH, pocTa, CMepraocTH, cpeaHefé OHOMacchi h
HopMbi toahhhoh npoAyKpHH. C noMombio Bbirne yKa3aHHbix HCClieAOBaHHIi CTajio
BO3MO>KHbiM KOJiHuecTBeHHoe onncaHHe napaMeTpoB nonyjinpHH.

nocjie 1965 roAa MHCJenHOCTb epma b 03. BajiaTOH (Gymnocephalus
cernua L.) pe3K0 yMeHbiuHJiach. no H3yueHHOIi b 1969—70 rr. nernye, codpaH-
hoh ¢ ocodeii H3 pa3JingHbix wacTel BOAceivia, mo>ho 6hjio ycTaHOBHTb, hto eprn b
03. BajiaTOH pacTeT iweAlieHHee no cpaBHeHHio ¢ ApyruMH eBponeiicKHMH bo-
AceMaMH. flo 4-x jieraero B03pacTa pocT xapaKTepn3yeTcn hachthhhbimh koh-
cTaHTaMH pocTa. roAOBan HopMa cMepTHOcray 1—3x-JieTHHx ocoden cocTaBjineT
CBbime 90% [5], Ha pocT epuia bjihhiot h napa3HTHnecKHe ashctbhh [33],

B noclieAHne toah yMeHbuinnach h HHclieHHOCTh YKJieH (Alburnus albur-
nus L.), KOTopan hbjihctch mimen ajih cyAana. HccjieAOBaHne thchuh ocoéeii NO-
Ka3ajin, hto CTpyicrypa pa3MepoB yKlJieH BecHoii OHMOAalibHan, & nocne jieraeH
KOMrieHCapHH OHa CT3HOBHTCH aCHMMeTpHHHOII. nonyjlHIJHH yKJieH B OCHOBHOM
COCT3HT H3 1— 2-X JieTHHX 0CO06eii. NO 0OOpaTHOMy BbIHHCJieHHIO pocTa ¢ NO-
Mombio nemyHHbix KOlJiep nojiymuiH pe3yjibTaT, corjiacHO KOTopoiwy yicien b 03.
BajiaTOH pacTeT TaK>Ke MeAlieHHee no cpaBHeHHio ¢ eBponeiicKHMH BOAoéMaMH.
npHHHHOH MeAlJieHHoro pocTa MO>KeT cjiy>KHTb yiweHbineHHe KOJinnecTBa nmim b
npn6pe>KHOH30He, npejKAe Bcero 3oonjiaHKTOHa, a Taxwe nnmeBan KOHKypeHpmi
Apyrnx bhaob pbié¢. CMepTHOCTb 1— 5-JieTHHx nonyjinpHH cocTaBjmeT 74%, npo-

noppHH npoAyKU,HH (P/B) BbicoKan, okojio 72% [13].

Poct (Neogobius fluviatilis Par1.) b 03. BanaTOH OTHOCHTejibHO 6bicTpbin
[10], 143yneHHe pocTa mojioah cyAaxa yKa3biBaeT Ha AedHAHT hhujh no pa3Mepy
h KOJiHnecTBy b OTAejibHbix CT3AHHX pa3BHTHH. PlpH nepexoAe MAIOAH CyAaKa
Ha XHHHoIH 00pa3 >KH3HH HaGIHOA2eTCH MeAlieHHbIH POCT. B 3TO BpeMH npOHC-
xoaht KOMneHcapHH pa3MepoB Tejia. no pocTy OAHOJieTHicio MOJIOAb mojkho pa3Ae-
jiHTb na Tpn rpynnbi [7], PIpopAyKUHH mojioah OTHOCHTejibHO BbicoKan (P/B =
= 178%). BbicoKan TaioKe MecminaH CMepTHOCTb mojioah (89%). BeceHHHH
OHOMacca 3HMyiomeH mojioah, nepemeAiiieH Ha xhihhhh 06pa3 >kh3hh, — hh3K3h
[11, 12

CTapuine ocosh AOcraraioT Beca 1 Kr jinuib nocjie 5-Jieraero BO3pacTa [3].
roAOBan CMepTHOCTb npoMbicjioBoro CTaAa (3—9 JieT) b cpeAHeM cocTaBJineT 65%.
a BHOMacca 6— 13 Kr/ra, njioraocTb hx cocTaBJineT 10—20 ocoOeH/ra. PipoAyK-
HHH cpeAHeii OHOMacchi cocTaBliaeT 50%, npnneM reHepaTHBHan npoByKUHH
AOCTHraeT 10% stoto 3HaneHHH.

YcTaHOBHUJin, hto Bcero jiHuib 0,065% opraHHnecKoro BemecTBa, npn3BOAH-
Moro BOAopocjiHMH, nepexoAHT b mhco cyAaio. 3to 3H3hht, uté b iihiucboh
penn, HAymeii k cyAaxy, HVeioTCH 6ojibuiHe noTepn SHeprHH. 3HaHHe napaMeTpoB
nonyjiHUHH AaeT BO3MO>KHOCTb onHcaTb SHepro-TpanaliopMapHH, HAymne uepe3
nonyjinpHH cyAaxa, C noMoipwo 6ajiaHCHoro paBeHCTBa fll], (Tue. 2).
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Monynsiyust newa (Abramis brama L.) B 03. Banaton pacter ObicTpee Mo
CPaBHEHHMIO C JPYTMMH eBPONEHCKUMHU 03epamu. BHICTPEI poCT Beca U pasmepoB
SIBJISIETCS] TIPSIMBIM CJIEJICTBMEM 3BTPOGU3ALMU U KOJMUUECTBEHHOI'O yBeJUUEHUS
3000eHTOCa OTKPBITON yacTh Bojoema. ["'0J0Bast CMEPTHOCTb 3—7-JIETHUX JIellei

cocraBnsier 62%,, a Hopma npoaykuun (P/B) cocraBisier npubausutensio 73%,
[19]. Pocr nema, nopajkeHHoro rieponeproufamu nenrena (Ligula intestinalis),
0co0eHHO B BO3pacTe MepBbIX D JIeT, 0TCTaeT 0T POcTa 3A0POBbIX ocobeil [24].

Pocr 3—11-nerHux »epexoB (A4spius aspius 1..) — UHTEHCUBHBIA 1 3aBUCUT
0T mecta 00MTaHMsl, TOUHee OT KauecTBa BOJBI. ['ojoBasi cmepTHOCTb — 489,
HOPMa TPOLYKIMK OTHOCUTENILHO HU3Kast — 0KoJ0 29%, [18].

Enunnynble HabuoeHus 32 pocToM 0e10T0 TOJICTOJI00MKA YKa3blBalOT Ha
0cobeHHO OBICTPHINA POCT 3TOr0 BUja B 03. banaToH.

U3yyeHne MCNONb30BaHHA PHIOHBIX pecypcoB

Mamenenusi mocie 1965 ropa OLeHKH YPOYKaHOCTH B CTPYKTypax CTaja
Cy/laKa U Jlella YKas3blBAlOT HA UX WHTEHCUBHOE HCII0JIb30BaHUe. IIpoBoaunuch
HCCIIElOBAHNUST C 1[eJIbI0 BBISICHEHUST BJIMSHUS NPOMBICTIOBOrO JEHCTBUST HA JMHA-
MUKy nonynsiuid. [Tpu 3ToM OlleHHBANM IapameTpsl MONYJISALUA U CTaTUCTUKY
yJ10BOB. B aKocucreme 03ep pbiOHbIE TOMYJISALUH, Y KOTOPBIX BOSMOYKHO MOJEJIMPO-
BaHMe CAMOCTOSITENIbHO CUCTEMBI, YACTUYHO MOYKHO NIPe0dpasoBaTh B UCKY CCTBEH-
HO-peryJiupylomyto cucremy. st 9T0ro He0OXOMMMO 3HAHHME MOJYJISILIMOHHBIX
y3JI0B puIOHON monyusuun. HeoOxoaumo BeIpaboTaTh TAKyI0 CTPATEruio, IpH
KOTOPOU BeJTMUMHA PHIOHOTO MPOMBICTIA YBEJINYUBAETCA B CTOPOHY ONTHMaIbHOIO
UCI0JIb30BaHUS PBIOHBIX pecypcoB. Taxkum 00pasom, BOSMOYKHO peryJMpoBaHHe
MpPOMBICIIA 10 TPOAYKLMOHHBIM CrI0cOOHOCTAM phIO 03. Ganaron, KOTOpoe UMeer
00s1bLIIOE 3HAUEHUE B CBSI3U C OBICTPHIM M3MEHEHMEM )KMBOTHOI'0 MMpa o3epa, a
TAKOKe ¢ LeJIbI0 ONTHMAaJbHOM paboTel 9KOCKCTeMbl 03. Banarom.

B 3akiiroueHne MO)KHO CKa3aThb, YTO YJIOBBI CYJaKa M Jiela B Pas3JIMUYHBIX
yacTsix Basarona pasHele, OfIHAKO y4YacTUe 3TUX BHA0B B 0011eM yJi0Be J0BOJILHO
MOCTOSIHHO. Ha OCHOBAHUM M30-KPUBBLIX, NMOJYYEHHBIX 0 (IMHAMUUYECKOMY MO-
nento 3anacay (Busepron, I'ont, PUKKep), MO)KHO CKa3daTb, YTO U3yuaemble II0-
NyJsSUUKA ABYX BUJOB PBIO CIOCOOHBI HA IOCTOSIHHYIO YPOYKalHOCTb M IPOAYK-
TUBHOCTb. ITO MOYKHO NPHUHATH KaK BOSMOYKHYIO JIMHEHHO JIOTHUECKYI0 XapaK-
TEPUCTUKY MEJIKOBOXHOI0 03epa BanaroH. MakcumasibHast ypoyKaitHocTh Habiro-
faetcsi y cynaxa B Bogpacre 9—12 ner [14], ay nema — 9—13 ner [15], (Puc. 3).
B nporHose yioBOB JI0Ka3aHO, YTO CHIDKEHUE JAHHON MHTeHCHMBHOCTH MPOMBICIIA
B JiBa pasa NPUBEJIET K TOMY, YTO YPOIKAHHOCTh Pa3HBIX BO3PACTHLIX IPYIIT MOYKET
CHU3UThLCS Ha 509,. Torga Kak, 0C00eHHO Y MJIQAIUX BO3PACTHBIX TpyIl, 01o-
macca, motpaveHHasi 3a eJMHUIY BPeMeHH, CMOYKeT yBeluuuBarthes 00jee, uem
Ha 1009%. 13 pe3ybTaToB Bhille YKa3aHHBIX CCJIEI0BAHMIA BUJIHO, UTO YCTAHOBJIE-
HUe BEJIMUUHBI AKKYMYJIUPYIOLlel SHePIrUU Ha OT/eJIbHBEIX TPOPUUECKUX YPOBHSX
He00XOMMO C TOUKM 3PeHHsI 3alUThl 9KOCUCTEMBI 03epa. [TepBocTeneHHoe 3Hayve-
HHe HMeeT M3yueHHe PACXOXKJeHUsI CTa0MILHOCTU U YIPYTOCTH SKOCUCTEMBI JIsT
r7106anbHOr0 1M03HaHUs OGMOJIOTMYeCKUX JAeHCTBUM, MPOUCXOASALIMX B 03€pe.

3ajaua nocaefyoUMUX UCCIeJ0BaH)HA COCTOUT B UBMEPEHUU CBSI3U TIPUUUHBL
¥ CJIE[ICTBUSA, MEXLY YPOyKaiHOCTBIO pbI0 U 9BTPOQUKALIMOHHBIMU IIPOL{ECCAMH.
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1. abra. A Balaton littoralis zénajat (1—4) ésnyilt vizét (5) benépesité angolndk (Anguilla

anguilla L.) taplalékspektruma. A.a. — Asellus aquaticus: Am. — Amphipoda sp.; C.p.
— Chironomus ex gr. plumosus; C.c. — Corophium curvispinum f. devium; L.b. — Lim-
nomysis benedeni; Tr. — Trichoptera sp.; M — Mollusca; F — halfajok; 0 — egyéb
maradvany
Fig. 1. Food spectrum of eels (Anguilla anguilla L.) inhabiting the littoral zone (1—4)
and open water areas (5) of Lake Balaton. .4.«. — Asellus aquaticus; Am. — Amphipoda
sp.; C.p. — Chironomus ex gr. plumosus; C.c. — Corophium curvispinum f. devium; L. b.
— Limnomysis benedeni; Tr. — Trichoptera sp.: M — Mollusca; F — fish; 0 — other
remnants

Puc. 7. CneKTp nirraHHfl yrpji (Anguilla anguilla L.) b jiHTopajibHOIii 30He 03epa BajiaTOH

(1—4) h b OTKphiTOH wacTH BOfloeiwa (5). A.a. — Asellus aquaticus; Am. — Amphipoda sp.;

C.p. — Chironomus ex gr. plumosus; C.c. — Corophium curvispinum;L.b. — Limnomysis
benedeni; Tr. — Trichoptera sp.; M — Mollusca; F — pbiBbi; 0 — npoHHe 0CT3TKH
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I energy

Input transformation
Br+C Y+Bm + Be +(Fe+U)+Re

16+3200 cal rrr2year-"  200+266+50 + 640 +2060

"Output™

2. &bra. A 3—9 éves balatoni fogassull6 (Stizostedion lucioperca L.) populéacié energia-

transzformélasanak sémaja és egyensulyi egyenlete (cal/m2év). B — a fogassill6-populéa-

ci6 pillanatnyilag alland6 allapotd biomasszaja; P — produkci6; C — taplalékfogyasztas;

Br — utdnpoétlas biomasszéja; Y — hozam; Re — légzés; Fe + U — kivalasztasi ter-
mékek; Bm — elpusztult halak biomasszaja

Fig. 2. The scheme and its balanced equation of energy transformation by the 3—9-year-

old pike-perch (Stizostedion lucioperca L.) population in Lake Balaton (cal/m2year).

B — average biomass of pike-perch population instantaneously being in steady state;

P — production; C — food consumption; Br — biomass of recruitment; Y — yield;

Re — respiration; Fe -j-U — excreted materials (feces and urine); Bm — biomass of
mortality

Puc. 2. Cxeiwa 3HeproTpaHC<j)opMaiiHH nonyjiflpHH cy~aica (Stizostedion lucioperca L.) (h ero

GaJiancoBoe paiiencTBO (cal/M2rop;). B — noeroflHHafl Snoiwacca b aaiiHUH momcht nonyayuiuH
cygaira; P — npoayKUHji; 0 — niimcBoh pannon; B, — OHOwacca nonojinenHU; Y — ypo-
waHHOCTDb; Re — /u,ixanHe; Fe + U — (jieirajiHH; Bm — OHOiwacca noraRumx pud

12*
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INSTANTANEOUS HSHING MORTALITY (F)

3. abra. Haromdimenzi6és hozam izo-g6rbék a Balatonban legnagyobb alloméannyal rendel-
kez6 dévérkeszegre (Abramis brama L.). A kontGrvonalak a kifogéasra kertlé, adott
életkord dévérkeszeg atlagstlyanak valtozasat mutatjak a haldszat intenzitasanak fiigg-
vényében. P-pont az allomanykihasznalas jelenlegi szintjét jelzi; M SY — a maximalis
tartés hozam locusa; OPT — optimum
Fig. 3. Yield-isopleths for bream (Abramis brama L.) having the greatest population
in Lake Balaton. The contours show the variations in mean weight of the catchable
breams of given ages in the function of fishing intensity. Point P indicates the present
level of exploitation of the bream stock;! M SY — locus of maximum sustainable yield;
OPT — the point of optimum fishing

Puc. 3. TpngnMeH3HOHHbie n30-K pnBbie B cjiygae caiworo MHoromiClieHHoro Buga » 03, EanaTOH

(Abramis brama Y.). KoHTypHbie jinhhh noKa3biBaiOT CBH3b mokav cpegHHM BecoM BbuiOBjieH-

Horo Jiema gaHHOro B03pacTa h HHTeHCHBHOCTbio hpoMbicjia. P — Hcnojifa30BaHne nonyjiBgHH »
saHHbift MOVEHT; M SY —aoicyc gjiHTejibHoii ypoaoiiuocTH; OPT — orrmMyiw
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