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Âîçìîæíûå ïóòè òðàíñôîðìàöèè ïîïóëÿöèîííûõ ñèñòåì Pelophylax esculentus cîmpleõ (Ranidae,
Anura, Amphibia). Êðàâ÷åíêî Ì. À., Øàáàíîâ Ä. À. – Pelophylax esculentus êîìïëåêñ âêëþ÷àåò äâà
ðîäèòåëüñêèõ âèäà: Pelophylax lessonae (Camerano, 1882) è Pelophylax ridibundus (Pallas, 1771)), à
òàêæå èõ ãèáðèä – Pelophylax esculentus (Linnaeus, 1758). Ýòà ãðóïïà ñïîñîáíà ôîðìèðîâàòü
ìíîãîêîìïîíåíòíûå ïîïóëÿöèîííûå ñèñòåìû ðàçëè÷íîãî ñîñòàâà, êîòîðûå ñóùåñòâóþò
áëàãîäàðÿ ãåìèêëîíàëüíîìó íàñëåäîâàíèþ, õàðàêòåðíîìó äëÿ äèïëîèäíûõ è òðèïëîèäíûõ
ãèáðèäíûõ ëÿãóøåê. Òàêèå ïîïóëÿöèîííûå ñèñòåìû ìîãóò èçìåíÿòüñÿ âî âðåìåíè. Â ðàáîòå
ïðåäñòàâëåíà ñõåìà âîçìîæíûõ ïóòåé èõ òðàíñôîðìàöèè, êîòîðàÿ ìîæåò áûòü îñíîâàíèåì äëÿ
ãåíåàëîãè÷åñêîé êëàññèôèêàöèè ïîïóëÿöèîííûõ ñèñòåì.

Êëþ÷åâûå  ñ ëîâ à: Pelophylax esculentus (Rana esculenta), ãåìèêëîíàëüíîå íàñëåäîâàíèå,
òðàíñôîðìàöèè ïîïóëÿöèîííûõ ñèñòåì.

Possible Ways of Transformation of Population Systems of Pelophylax esculentus complex (Ranidae,
Anura, Amphibia). Kravchenko M. A., Shabanov D. A. – Pelophylax esculentus complex includes two
parental species: (Pelophylax lessonae (Camerano, 1882) and Pelophylax ridibundus (Pallas, 1771)) and
their hybrid – Pelophylax esculentus (Linnaeus, 1758). This group has a peculiar ability to form
multicomponent population systems of various composition, existing due to the hemiclonal inheritance
typical of diploid and triploid hybrid frogs. These population systems can undergo transformation in
time. We present a scheme of possible ways of their transformation, which might become a basis of
their genealogical classification.

Ke y  wo r d s: Pelophylax esculentus (Rana esculenta), hemiclonal inheritance, transformation of
population systems.

Â ñîñòàâ êîìïëåêñà ñðåäíååâðîïåéñêèõ çåëåíûõ ëÿãóøåê, Pelophylax esculen-
tus complex, âõîäÿò ïðóäîâàÿ (Pelophylax lessonae (Camerano, 1882), ñòàðîå
íàçâàíèå — Rana lessonae) è îçåðíàÿ (Pelophylax ridibundus (Pallas, 1771) = Rana
ridibunda) ëÿãóøêè, à òàêæå èõ ãèáðèä* — ñúåäîáíàÿ ëÿãóøêà (Pelophylax esculen-
tus (Linnaeus, 1758) = Rana esculenta). Âñå ýòè òðè ôîðìû ñïîñîáíû íàñåëÿòü
îäíè ìåñòîîáèòàíèÿ è ñîâìåñòíî ðàçìíîæàòüñÿ, îáðàçîâûâàÿ ñìåøàííûå
ïîïóëÿöèîííûå ñèñòåìû (äàëåå — ÏÑ). Îäíîé èç ïðè÷èí ñóùåñòâîâàíèÿ òàêèõ
ÏÑ ÿâëÿåòñÿ ãåìèêëîíàëüíîå (êëîíàëüíîå äëÿ îòäåëüíûõ ãåíîìîâ) íàñëåäîâàíèå
ó ãèáðèäíûõ ëÿãóøåê. Â õîäå ãàìåòîãåíåçà ó ãèáðèäîâ îäíè èç ðîäèòåëüñêèõ
ãåíîìîâ ìîãóò ýëèìèíèðîâàòüñÿ, à äðóãèå (êëîíàëüíûå) — ïåðåõîäèòü â ãàìåòû
áåç ðåêîìáèíàöèè.

ÏÑ P. esculentus complex îáîçíà÷àþò çàãëàâíûìè áóêâàìè íàçâàíèé ôîðì,
êîòîðûå èõ ôîðìèðóþò (Uzzel, Berger, 1975; Ëàäà, 1995). Íàïðèìåð, âûäåëÿþò
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* Â äàííîì ñëó÷àå òåðìèíîì «ãèáðèä» îáîçíà÷àåòñÿ ýâîëþöèîííî-òàêñîíîìè÷åñêàÿ åäèíèöà
âèäîâîãî ðàíãà, èìåþùàÿ íàó÷íîå íàçâàíèå Pelophylax esculentus (Dubois, 1991, 1998; íî ñì. Frost,
2006.) – Ïðèì. ðåäàêöèè.



L-, R-, E-, L-R-, L-E-, R-E-, è R-E-L-òèïû ïîïóëÿöèé è ÏÑ. Ýòà êëàññèôèêà-
öèÿ íå èñ÷åðïûâàåò ðàçíîîáðàçèå èçâåñòíûõ ÏÑ çåëåíûõ ëÿãóøåê. Òàê, â ñîñòàâ
íåêîòîðûõ òàêèõ ñèñòåì ìîãóò âõîäèòü òðèïëîèäíûå îñîáè; â òàêîì ñëó÷àå, ÏÑ
èç äè- è òðèïëîèäíûõ ãèáðèäîâ ìîæíî îòíåñòè ê Et-òèïó. Â íåêîòîðûõ ÏÑ
ãèáðèäíûå ëÿãóøêè ìîãóò áûòü ïðåäñòàâëåíû òîëüêî îäíèì ïîëîì. Òàê, R-Em-
òèï ÏÑ ñîîòâåòñòâóåò ñìåøàííîé ñèñòåìå èç P. ridibundus è ñàìöîâ P. esculentus
(m – male – ñàìåö), à R-Ef-òèï — àíàëîãè÷íîé ñèñòåìå, â êîòîðîé P. esculentus
ïðåäñòàâëåíû ëèøü ñàìêàìè (f – female – ñàìêà) (Ëàäà, 1995).

Îñîáåííîñòüþ P. esculentus complex ÿâëÿåòñÿ âûñîêîå ðàçíîîáðàçèå èõ ÏÑ
äàæå â ïðåäåëàõ îòíîñèòåëüíî îãðàíè÷åííûõ òåððèòîðèé. Íàïðèìåð, â
Õàðüêîâñêîé îáë. çàðåãèñòðèðîâàíû (À. Â. Êîðøóíîâ, óñòí. ñîîáù.) ñèñòåìû R-,
L-, R-E-, R-Et-, R-Em- è R-E-L-òèïîâ (è îñòàåòñÿ äèñêóññèîííûì
ñóùåñòâîâàíèå ñèñòåì E-òèïà). Ñëåäóåò îòìåòèòü, ÷òî ïîäàâëÿþùàÿ ÷àñòü ýòîãî
ðåãèîíà íàõîäèòñÿ çà ïðåäåëàìè àðåàëà P. lessonae, è äëÿ ýòîé îáëàñòè â öåëîì
õàðàêòåðíû ñèñòåìû R-E-òèïà. Íåîæèäàííîé íàõîäêîé ñòàëî îáíàðóæåíèå â
ýòîì ðåãèîíå çíà÷èòåëüíîé äîëè òðèïëîèäîâ ñðåäè ãèáðèäíûõ ëÿãóøåê (Borkin
et al., 2004).

Çàìå÷àòåëüíûì ñâîéñòâîì ÏÑ P. esculentus complex ÿâëÿåòñÿ èõ ñïîñîáíîñòü
ê òðàíñôîðìàöèè, êîòîðàÿ îòìå÷åíà â ðÿäå ðàáîò è âûòåêàåò èç òåîðåòè÷åñêèõ
ïðåäñòàâëåíèé î ïðèðîäå òàêèõ ñèñòåì (Holenweg Peter, Reyer, 2002; Vorburger,
Reyer, 2003; Ìåææåðèí è äð., 2005). Îäíèì èç ïðèìåðîâ òàêèõ ïðåîáðàçîâàíèé
ìîæåò áûòü ñóäüáà ÏÑ Èñüêîâà ïðóäà â îêð. áèîñòàíöèè Õàðüêîâñêîãî
óíèâåðñèòåòà, ïîäðîáíî ðàññìîòðåííàÿ â äðóãîé ïóáëèêàöèè (Øàáàíîâ è äð.,
2006). Ýòî îçíà÷àåò, ÷òî ÏÑ çåëåíûõ ëÿãóøåê ñëåäóåò ðàññìàòðèâàòü íå òîëüêî â
ñòàòèêå, íî è â äèíàìèêå. Ìû ïðåäëîæèëè âîçìîæíóþ ñõåìó ïðåîáðàçîâàíèÿ
òàêèõ ÏÑ, ó÷èòûâàþùóþ ñïåöèôèêó ïåðåäà÷è êëîíàëüíûõ ãåíîìîâ (Øàáàíîâ è
äð., 2006; Ì. À. Êðàâ÷åíêî, óñòí. ñîîáù.). Â íàñòîÿùåé ðàáîòå ìû ïðåäñòàâëÿåì
ðàñøèðåííûé è óñîâåðøåíñòâîâàííûé âàðèàíò ýòîé ñõåìû (ðèñ. 1).

Îñíîâíûì ìåòîäîì äàííîé ðàáîòû ÿâëÿåòñÿ òåîðåòè÷åñêèé àíàëèç
ëèòåðàòóðíûõ è îðèãèíàëüíûõ äàííûõ î ðàçíîîáðàçèè ïîïóëÿöèîííûõ ñèñòåì
çåëåíûõ ëÿãóøåê ñ ó÷åòîì ïðåäñòàâëåíèé î çàêîíîìåðíîñòÿõ ãåìèêëîíàëüíîãî
íàñëåäîâàíèÿ, õàðàêòåðíîãî äëÿ ãèáðèäíûõ îñîáåé.

Îòïðàâíîé òî÷êîé â ïðåîáðàçîâàíèè ÏÑ ìîæíî ñ÷èòàòü ÷èñòóþ ïîïóëÿöèþ
ðîäèòåëüñêîãî âèäà. Ðàññìàòðèâàÿ âîçìîæíîñòü âñåëåíèÿ â íåå ëÿãóøåê ñ èíûìè
ãåíîòèïàìè, ìîæíî âûäåëèòü òðè âåðîÿòíûõ ïóòè ïðåîáðàçîâàíèÿ ýòîé ÏÑ. Åñëè
â èñõîäíóþ ïîïóëÿöèþ ðîäèòåëüñêîãî âèäà ïîïàäóò îñîáè èíîãî ðîäèòåëüñêîãî
âèäà, è îáðàçîâàíèå ãèáðèäîâ ìåæäó íèìè ïî êàêèì-ëèáî ïðè÷èíàì îêàæåòñÿ
íåâîçìîæíûì, ýòè äâà âèäà ìîãóò îñòàòüñÿ â îäíîì ìåñòîîáèòàíèè â òîì
ñîîòíîøåíèè, êîòîðîå áóäåò îïðåäåëÿòüñÿ èõ êîíêóðåíòîñïîñîáíîñòüþ â äàííûõ
óñëîâèÿõ. Âîçâðàò ê ñîñòîÿíèþ îäíîâèäîâîé ïîïóëÿöèè âîçìîæåí ïðè
êîíêóðåíòíîì âûòåñíåíèè îäíîãî âèäà äðóãèì. Åñëè æå â èñõîäíóþ ÏÑ ïîïàäóò
ãèáðèäíûå îñîáè èëè îñîáè äðóãîãî ðîäèòåëüñêîãî âèäà, ñêðåùèâàíèå ñ
êîòîðûìè ïðèâåäåò ê îáðàçîâàíèþ ãèáðèäîâ, òî ñóäüáà òàêîé ÏÑ îïðåäåëèòñÿ
òåì, êàêèå ãåíîìû áóäóò ïåðåäàâàòüñÿ êëîíàëüíî. Åñëè êëîíàëüíûì îêàæåòñÿ
êîíñïåöèôè÷íûé ðîäèòåëüñêîìó ãåíîì, óæå â ñëåäóþùåì ïîêîëåíèè ñèñòåìà
âåðíåòñÿ â íà÷àëüíîå ñîñòîÿíèå. Åñëè êëîíàëüíûé ãåíîì îêàæåòñÿ
ãåòåðîñïåöèôè÷íûì, òî ÏÑ íà÷íåò òðàíñôîðìèðîâàòüñÿ. Ñîîòíîøåíèå îñîáåé
ðîäèòåëüñêîãî âèäà è ãèáðèäîâ îò ïîêîëåíèÿ ê ïîêîëåíèþ áóäåò èçìåíÿòüñÿ. Èç
òðåõ òèïîâ ñêðåùèâàíèÿ, âîçìîæíûõ â òàêîé ñèñòåìå, äâà (ðîäèòåëüñêèé âèä –
ðîäèòåëüñêèé âèä è ãèáðèä – ãèáðèä) íå ìåíÿþò ñîîòíîøåíèå îñíîâíûõ ôîðì
â ÏÑ, à òðåòüå (ðîäèòåëüñêèé âèä – ãèáðèä) ïðèâîäèò ê âîçðàñòàíèþ äîëè
ãèáðèäîâ. Â ñêðåùèâàíèÿõ îñîáåé ðîäèòåëüñêîãî âèäà è ãèáðèäîâ ñ
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ãåòåðîñïåöèôè÷íûìè ãàìåòàìè (RR õ R(L) R(L), à òàêæå LL õ L(R)
L(R)) â ïîòîìñòâå ïðèñóòñòâóþò òîëüêî ãèáðèäû. Ýòî ïðèâåäåò ê âîçðàñòàíèþ
äîëè ãèáðèäîâ â ñîñòàâå ðàññìàòðèâàåìîé ÏÑ.

Òî, ÷åì çàêîí÷àòñÿ òàêèå èçìåíåíèÿ, çàâèñèò îò íåñêîëüêèõ ôàêòîðîâ.
Ïåðâûì èç íèõ ÿâëÿåòñÿ âîçìîæíîñòü âûæèâàíèÿ îñîáåé èíîãî ðîäèòåëüñêîãî
âèäà, êîòîðûå âûùåïëÿþòñÿ ïðè ñêðåùèâàíèè ãèáðèäîâ, ò. í. «ãèáðèäîëèçå»
(Plo�tner, 2005): R(L) õ R(L) LL è L(R) õ L(R) RR. Åñëè ýòè îñîáè
æèçíåñïîñîáíû, òî ñèñòåìà ïåðåõîäèò ê L-E-R-òèïó ÏÑ. Îäíàêî çà÷àñòóþ
îñîáè, íåñóùèå äâà îäèíàêîâûõ êëîíàëüíûõ ãåíîìà, îêàçûâàþòñÿ íåæèçíåñïî-
ñîáíûìè. Ýòîò ýôôåêò ðàññìàòðèâàþò êàê ñëåäñòâèå òàê íàçûâàåìîãî «õðàïî-
âèêà Ìþëëåðà» — íàêîïëåíèÿ íåáëàãîïðèÿòíûõ ìóòàöèé â ãåíîìàõ, êîòîðûå
ïåðåäàþòñÿ áåç ðåêîìáèíàöèè (Õåäðèê, 2003).

Åñëè æèçíåñïîñîáíîñòü ãèáðèäîâ è îñîáåé ðîäèòåëüñêîãî âèäà ñðàâíèìà,
òðàíñôîðìàöèÿ ÏÑ R-E- èëè L-E-òèïà ìîæåò ïðèâåñòè ê ïîëíîìó âûòåñíåíèþ
ðîäèòåëüñêèõ îñîáåé. Ïðè óñëîâèè íåæèçíåñïîñîáíîñòè ïîòîìñòâà îò ñêðåùè-
âàíèÿ ãèáðèäîâ ýòî îçíà÷àåò ãèáåëü ÏÑ. Îíà ìîæåò ñîõðàíèòüñÿ â íåñêîëüêèõ
ñëó÷àÿõ.

Âî-ïåðâûõ, åñëè ãèáðèäû îáëàäàþò ìåíüøåé ïî ñðàâíåíèþ ñ îñîáÿìè
ðîäèòåëüñêîãî âèäà æèçíåñïîñîáíîñòüþ. Â ýòîì ñëó÷àå ïðåèìóùåñòâî ãèáðèäîâ
â âîñïðîèçâîäñòâå ìîæåò áûòü ñêîìïåíñèðîâàíî îòáîðîì â ïîëüçó ðîäèòåëüñêîãî
âèäà. Ñîîòíîøåíèå äâóõ ôîðì â òàêîé ÏÑ áóäåò îïðåäåëÿòüñÿ áàëàíñîì äâóõ
ïðîöåññîâ, ìåíÿþùèõ åãî â ïðîòèâîïîëîæíûõ íàïðàâëåíèÿõ.

Âî-âòîðûõ, ïðè ïîÿâëåíèè â ÏÑ èç ðîäèòåëüñêîãî âèäà è ãåòåðîñïåöè-
ôè÷íûõ åìó ãèáðèäîâ ãèáðèäíûõ îñîáåé ñ èíûì ãàìåòîãåíåçîì òàêàÿ ÏÑ ìîæåò
ïåðåéòè â ñòàáèëüíîå ñîñòîÿíèå. Òàê, äëÿ ÏÑ èç RR, R(L) è L(R) (à òàêæå LL,
L(R) è R(L)) äîëæíû ñóùåñòâîâàòü ñòàáèëüíûå ñîîòíîøåíèÿ íàçâàííûõ ôîðì,
ïðè êîòîðûõ ñîñòàâ êàæäîãî ñëåäóþùåãî ïîêîëåíèÿ îêàçûâàåòñÿ èäåíòè÷åí
ïðåäûäóùåìó. Òàêîå ñòàáèëüíîå ñîñòîÿíèå ìîæåò áûòü äîñòèãíóòî ïðè âñåëåíèè
â ÏÑ êàê äèïëîèäíûõ, òàê è, âåðîÿòíî, òðèïëîèäíûõ ãèáðèäîâ. Èíòåðåñíî, ÷òî
âñåëåíèå ãèáðèäîâ ñ êîíñïåöèôè÷íûìè ðîäèòåëüñêîìó âèäó ãàìåòàìè â ïîïóëÿ-
öèþ ðîäèòåëüñêîãî âèäà íå ïðèâåäåò íè ê êàêèì èçìåíåíèÿì. Íàïðîòèâ, â
ñèñòåìå èç ðîäèòåëüñêîãî âèäà è ãèáðèäîâ ñ ãåòåðîñïåöèôè÷íûìè åìó ãàìåòàìè
âñåëåíèå òàêèõ îñîáåé ìîæåò ïðèâåñòè ê ïåðåõîäó ÏÑ â ñòàáèëüíîå ñîñòîÿíèå.
Òàêàÿ ðàçíèöà â ðåàêöèè ÏÑ íà îäíî è òî æå âîçäåéñòâèå – ñëåäñòâèå ÷àñòîò-
íîçàâèñèìîãî îòáîðà.

Â-òðåòüèõ, ãèáåëü ðàññìîòðåííîé ÏÑ ìîæåò ïðåäîòâðàòèòü ïîñòîÿííûé
ïðèòîê ìèãðàíòîâ, íàáëþäàþùèéñÿ ìåæäó ðàçëè÷íûìè ëîêàëüíûìè ïîïóëÿ-
öèÿìè â ñîñòàâå ìåòàïîïóëÿöèé P. esculentus complex. Ðåçóëüòàòîì ìîæåò áûòü
âîçíèêíîâåíèå çàâèñèìîé îò ìèãðàíòîâ ÏÑ, ñîñòîÿùåé èç ãèáðèäîâ ñ
îäèíàêîâîé ôîðìîé ãàìåòîãåíåçà. Òàêèå ÏÑ îïèñàíû êàê äëÿ R-E- (Øàáàíîâ è
äð., 2006), òàê è äëÿ L-E-ñèñòåì (Ìåææåðèí è äð., 2005).

Íàêîíåö, ñëåäóåò äîáàâèòü, ÷òî ïîòåðè îñîáåé ðîäèòåëüñêîãî âèäà â ÏÑ,
âêëþ÷àþùèõ ãèáðèäîâ ñ ðàçëè÷íûì ãàìåòîãåíåçîì, ìîãóò ïðèâîäèòü ê âîçíèê-
íîâåíèþ «÷èñòîãî» E- èëè Et- (ïðè íàëè÷èè òðèïëîèäîâ) òèïà ÏÑ. Âñåëåíèå â
ÏÑ îïðåäåëåííûõ ôîðì ëÿãóøåê èëè èõ ïîòåðÿ â ñèëó ðàçëè÷íûõ ïðè÷èí ìîæåò
îáåñïå÷èòü è èíûå, êðîìå ðàññìîòðåííûõ, òðàíñôîðìàöèè ÏÑ P. esculentus com-
plex â ïðåäåëàõ óêàçàííîé ñõåìû.

Ðàññìàòðèâàÿ ïîêàçàííûå íà ðèñóíêå 1 òèïû ÏÑ, ìû ìîæåì óñòàíîâèòü, ÷òî
îíè îòëè÷àþòñÿ ïî õàðàêòåðó ñâîåé óñòîé÷èâîñòè. Òàê, ÏÑ ðîäèòåëüñêîãî âèäà
íàõîäèòñÿ â ñîñòîÿíèè íåóñòîé÷èâîãî ðàâíîâåñèÿ – îíà ìîæåò âîñïðîèçâîäèòüñÿ
â òå÷åíèå äëèòåëüíîãî âðåìåíè, íî âñåëåíèå â íåå äàæå îäíîé ãèáðèäíîé îñîáè
ñ ãåòåðîñïåöèôè÷íûìè ãàìåòàìè ìîæåò çàïóñòèòü ïðîöåññ åå íåîáðàòèìûõ
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òðàíñôîðìàöèé â ïåðåõîäíîé ñèñòåìå R-E- èëè L-E-òèïà. Ñîñòàâ ÏÑ L-R-òèïà,
à òàêæå R-E- è L-E-òèïîâ ñ ïîíèæåííîé æèçíåñïîñîáíîñòüþ ãèáðèäîâ îòðàæàåò
áàëàíñ ïðîòèâîíàïðàâëåííûõ ïðîöåññîâ åå èçìåíåíèÿ. Çàâèñèìûå îò ìèãðàíòîâ
ñèñòåìû ñ êðèòè÷íî íèçêîé ðåïðîäóêòèâíîé ÷èñëåííîñòüþ íàõîäÿòñÿ â
ñîñòîÿíèè äåãðàäàöèè, à ÏÑ, âêëþ÷àþùèå ðàçëè÷íûå ôîðìû ãèáðèäîâ, êîòîðûå
îòëè÷àþòñÿ ïî õàðàêòåðó ãàìåòîãåíåçà, ìîãóò áûòü ïî-íàñòîÿùåìó ñòàáèëüíûìè. 

Íåîáõîäèìî ïîä÷åðêíóòü, ÷òî â ïðåäñòàâëåííîé íà ðèñóíêå 1 íå îòðàæåíû
ñëåäóþùèå ïÿòü ôàêòîðîâ, ñóùåñòâåííûõ ñ òî÷êè çðåíèÿ òðàíñôîðìàöèè ÏÑ
P. esculentus complex.

1. Ïðè÷èíû âîçíèêíîâåíèÿ â ÏÑ â òîé èëè èíîé ôîðìû ôîðìå ãèáðèäíûõ
ëÿãóøåê. Àâòîðàì íå èçâåñòíî óäîâëåòâîðèòåëüíîå îáúÿñíåíèå ïðè÷èí òîãî,
êàêîé ãåíîì ïðè ñêðåùèâàíèè ðîäèòåëüñêèõ âèäîâ ñòàíîâèòñÿ êëîíàëüíûì.
Ñóùåñòâóþùèå ãèïîòåçû (áîëüøàÿ ñêëîííîñòü ê êëîíàëüíîé ïåðåäà÷å ãåíîìà
îäíîãî èç ðîäèòåëüñêèõ âèäîâ; êëîíàëüíàÿ ïåðåäà÷à òîãî ãåíîìà, êîòîðûé
ïðèíàäëåæèò ìàòåðèíñêîé îñîáè è ò. ä.) íå ìîãóò îáúÿñíèòü íàáëþäàåìóþ
ñîâîêóïíîñòü ôàêòîâ. Âîçíèêíîâåíèå òîé èëè èíîé ôîðìû ãèáðèäîâ â
ïîêàçàííîé íà ðèñóíêå 1 ìîæåò áûòü ðåçóëüòàòîì ñêðåùèâàíèÿ ðîäèòåëüñêèõ
âèäîâ, ìèãðàöèè ñîîòâåòñòâóþùèõ îñîáåé èç èíûõ ëîêàëüíûõ ïîïóëÿöèé èëè
(ãèïîòåòè÷åñêè) èçìåíåíèÿ õàðàêòåðà êëîíàëüíîãî ãåíîìà â õîäå âîñïðîèçâîä-
ñòâà ãèáðèäîâ.

2. Ðàçëè÷èå ìóæñêèõ è æåíñêèõ êëîíàëüíûõ ãåíîìîâ. Ó ëÿãóøåê ãåòåðîãà-
ìåòíûì ïîëîì ÿâëÿåòñÿ ìóæñêîé, è ïîýòîìó ìóæñêèå êëîíàëüíûå ãåíîìû ó
äèïëîèäíûõ ëÿãóøåê ìîãóò íåñòè òîëüêî ñàìöû, à æåíñêèå – êàê ñàìêè, òàê è
ñàìöû. Åñëè â ãåíîôîíäå ÏÑ âñå êëîíàëüíûå ãåíîìû ÿâëÿþòñÿ ìóæñêèìè,
ñëåäóåò îæèäàòü, ÷òî ãèáðèäíûå îñîáè â íåé áóäóò ïðåäñòàâëåíû ëèøü ñàìöàìè.
Íàëè÷èå ÏÑ, ãäå âñå ãèáðèäû ÿâëÿþòñÿ ñàìêàìè, íå ìîæåò áûòü âûçâàíî
àíàëîãè÷íîé ïðè÷èíîé è òðåáóåò îñîáîãî îáúÿñíåíèÿ. 

3. Âîçìîæíîñòü íåïîëíîé êëîíàëüíîé ïåðåäà÷è ãåíîìîâ ñ âîçíèêíîâåíèåì
ðåêîìáèíàíòíûõ îñîáåé (Ìåææåðèí è äð., 2005). Ïðè ñêðåùèâàíèè ðåêîìáè-
íàíòíûõ ãèáðèäîâ ñ îñîáÿìè ðîäèòåëüñêèõ âèäîâ âîçíèêàåò âîçìîæíîñòü ïåðå-
äà÷è ãåíåòè÷åñêîé èíôîðìàöèè ÷åðåç âèäîâîé áàðüåð. Ýòîò ìåõàíèçì, íàðÿäó ñ
ðàçëè÷íûìè ôîðìàìè ýâîëþöèè êëîíàëüíûõ ãåíîìîâ, äîëæåí ïðèâîäèòü ê
óâåëè÷åíèþ ðàçíîîáðàçèÿ êëîíàëüíûõ ãåíîìîâ, ïåðåäàþùèõñÿ âíóòðè ÏÑ.

4. Ñóùåñòâîâàíèå ãèáðèäîâ, ïðîèçâîäÿùèõ ñìåñü ãàìåò P. lessonae è P. ridi-
bundus â îïðåäåëåííîì, ñïåöèôè÷íîì äëÿ îñîáè ñîîòíîøåíèè (Áîðêèí è äð.,
2005).

5. Îòëè÷èÿ îñîáåé äâóõ ðîäèòåëüñêèõ âèäîâ ïî ïàðàìåòðàì, âëèÿþùèì íà
âîñïðîèçâîäñòâî ÏÑ. Ïîêàçàííàÿ íà ðèñóíêå 1 ñõåìà ñèììåòðè÷íà, õîòÿ â ðÿäó
P. lessonae – P. esculentus – P. ridibundus óâåëè÷èâàåòñÿ ñðåäíèé ðàçìåð ïîëîâî-
çðåëûõ îñîáåé, ðàñòåò ïðèâëåêàòåëüíîñòü ñàìîê è ñíèæàåòñÿ àãðåññèâíîñòü ñàì-
öîâ ïðè ñïàðèâàíèè. Ñëåäñòâèåì ýòîé àñèììåòðèè ÿâëÿåòñÿ ðàçëè÷íàÿ äèíàìèêà
ïðåîáðàçîâàíèé è ðàçëè÷íûå ðàâíîâåñíûå ÷àñòîòû ðàçíûõ ôîðì ëÿãóøåê â
áàëàíñèðóþùèõ è ñòàáèëüíûõ ÏÑ.

Ñ òî÷êè çðåíèÿ àâòîðîâ, ïðèâåäåííàÿ ãèïîòåòè÷åñêàÿ ñõåìà íóæäàåòñÿ â åå
ïðîâåðêå êàê â õîäå äîëãîñðî÷íûõ ïîëåâûõ íàáëþäåíèé è ïðîâåäåíèÿ ñêðåùè-
âàíèÿ è âûðàùèâàíèÿ ëÿãóøåê â ýêñïåðèìåíòàëüíûõ óñëîâèÿõ, òàê è â õîäå
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ.

Àâòîðû âûðàæàþò èñêðåííþþ áëàãîäàðíîñòü À. È. Çèíåíêî, À. Â. Êîðøóíîâó, Ã. À. Ìàçåïå è
Ñ. Þ. Ìîðîçîâó-Ëåîíîâó çà ñîâìåñòíûå ïîëåâûå èññëåäîâàíèÿ, Ë. À. Àòðàìåíòîâîé, Ë. ß. Áîðêèíó,
Ã. À. Ëàäå è Ñ. Í. Ëèòâèí÷óêó çà öåííóþ êðèòèêó è îáñóæäåíèå ðåçóëüòàòîâ, à òàêæå
Ì. Â. Âëàäèìèðîâîé, Ã. Í. Æîëòêåâè÷ó è À. À. Ëóöèêó çà ïîìîùü â ôîðìàëèçàöèè ïðåäñòàâëåíèé î
ïîïóëÿöèîííûõ ñèñòåìàõ ëÿãóøåê è çà ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå èõ òðàíñôîðìàöèé.
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ãèáðèäîãåííîãî êîìïëåêñà çåëåíûõ ëÿãóøåê Rana esculenta (Anura, Ranidae) íà òåððèòîðèè
Óêðàèíû // Ìàòåð³àëè Ïåðøî¿ êîíô. Óêðà¿íñüêîãî ãåðïåòîë. ò-âà. – Ê. : Çîîìóçåé ÍÍÏÌ
ÍÀÍÓ, 2005. – Ñ. 110–144.

Õåäðèê Ô. Ãåíåòèêà ïîïóëÿöèé. Ì. : Òåõíîñôåðà, 2003. – 592 ñ.
Øàáàíîâ Ä. À., Çèíåíêî À. È., Êîðøóíîâ À. Â. è äð. Èçó÷åíèå ïîïóëÿöèîííûõ ñèñòåì çåëåíûõ ëÿãóøåê

(Rana esculenta complex) â Õàðüêîâñêîé îáëàñòè: èñòîðèÿ, ñîâðåìåííîå ñîñòîÿíèå è
ïåðñïåêòèâû // Â³ñí. ÕÍÓ ³ì. Â. Í. Êàðàç³íà. Ñåð. Á³îëîã³ÿ. – 2006. – Âèï. 3 (¹ 729). –
Ñ. 208–220.

Borkin L. J., Korshunov A. V., Lada G. A. et al. Mass occurrence of polyploid green frogs (Rana esculenta
complex) in Eastern Ukraine // Russian Journal of Herpetology. – 2004. – 11, N 3. – P. 194–213.

Holenweg Peter A.-K., Reyer H.-U., Abt Tietje G. Species and sex ratio differences in mixed populations of
hybridogenetic water frogs: the influence of pond features // Ecoscience. – 2002. – 9. – P. 1–11.

Plo�tner J. Die westpala �arktichen Wasserfro�sche. – Bielefeld : Laurenti, 2005. – 161 s.
Uzzell T. M., Berger L. Electrophoretic phenotypes of Rana ridibunda, Rana lessonae and their hybridogenic

associate Rana esculenta // Proc. Acad. Nat. Sci. Phila. – 1975. – 127. – P. 13–24.
Vorburger C., Reyer H.-U. A genetic mechanism of species replacement in European waterfrogs? //

Conservation Genetics. – 2003 – 4. – P. 141–155.

20 Ì. À. Êðàâ÷åíêî, Ä. À. Øàáàíîâ



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


