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ÎÖÅÍÊÀ ÎÏËÎÄÎÒÂÎÐßÞÙÅÉ ÑÏÎÑÎÁÍÎÑÒÈ
ÑÏÅÐÌÀÒÎÇÎÈÄÎÂ È ÑËÓ×ÀÉ ÃÅÐÌÀÔÐÎÄÈÒÈÇÌÀ

Ó ÎÇÅÐÍÎÉ ËßÃÓØÊÈ
(PELOPHYLAX RIDIBUNDUS, PALLAS, 1771) Â ÓÑËÎÂÈßÕ

ÀÍÒÐÎÏÎÃÅÍÍÎ-ÈÇÌÅÍÅÍÍÛÕ ËÀÍÄØÀÔÒÎÂ

Å. À. Áàéòèìèðîâà, Â. Ë. Âåðøèíèí
Èíñòèòóò ýêîëîãèè ðàñòåíèé è æèâîòíûõ ÓðÎ ÐÀÍ

(Åêàòåðèíáóðã)

THE ASSESSMENT OF IMPREGNATING SPERMATOZOID
CAPACITY AND INCIDENT OF HERMAPHRODITISM

IN MARSH FROG (PELOPHYLAX RIDIBUNDUS, PALLAS, 1771)
IN ANTHROPOGENICALLY MODIFIED LANDSCAPES

E. A. Baytimirova, V. L. Vershinin
Institute of Plant & Animal ecology, Russian Academy of Science,

Ural division (Ekaterinburg)

An assessment of impregnating spermatozoid capacity and
histological examination of the testes in order to detect the lake
frog oocytes in anthropogenically-modified landscapes. Males have
the smallest size of the sperm heads in populations from the most
transformed areas. Presence of oocytes in the tissue of the herma-
phrodite’s testis were revealed.

Ïðîâåäåíà îöåíêà îïëîäîòâîðÿþùåé ñïîñîáíîñòè ñïåðìà-
òîçîèäîâ è ãèñòîëîãè÷åñêîå èññëåäîâàíèå ñåìåííèêîâ íà ïðåä-
ìåò íàëè÷èÿ îîöèòîâ ó îçåðíîé ëÿãóøêè â ïîïóëÿöèÿõ àíòðîïî-
ãåííî-ìîäèôèöèðîâàííûõ ëàíäøàôòîâ. Íàèìåíüøèé ðàçìåð
ãîëîâîê ñïåðìàòîçîèäîâ îòìå÷åí ó ñàìöîâ èç ïîïóëÿöèé íàèáî-
ëåå òðàíñôîðìèðîâàííûõ òåððèòîðèé. Îòìå÷åíî íàëè÷èå îîöè-
òîâ â òêàíÿõ ñåìåííèêîâ ãåðìàôðîäèòíîé îñîáè.

Â ïîñëåäíåå âðåìÿ â ëèòåðàòóðå áîëüøîå âíèìàíèå óäåëÿåòñÿ
âëèÿíèþ íà àìôèáèé âåùåñòâ, âûçûâàþùèõ ýíäîêðèííûé äèñáà-
ëàíñ (ýíäîêðèííûõ äèçðàïòîðîâ – endocrine disruptors). Ñïîñîá-
íîñòü ñâÿçûâàòüñÿ ñ ðåöåïòîðàìè ñòåðîèäíûõ ãîðìîíîâ îáóñëîâëå-
íà ñòðóêòóðíûì ñõîäñòâîì ðÿäà ïîëëþòàíòîâ (ïåñòèöèäîâ, ãåðáèöè-
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äîâ, ïîëèõëîðèðîâàííûõ áèôåíèëîâ è ïð.) ñ ôåíîëàìè [Íèêèòèí,
2008]. Èõ âîçäåéñòâèå ìîæåò ïðèâîäèòü ê îòêëîíåíèÿì â ãîðìî-
íàëüíîé ðåãóëÿöèè ðåïðîäóêòèâíîé ôóíêöèè è ïîÿâëåíèþ èíòåð-
ñåêñóàëüíûõ îñîáåé, õàðàêòåðèçóþùèõñÿ îäíîâðåìåííûì ïðèñóò-
ñòâèåì æåíñêèõ è ìóæñêèõ ïðèçíàêîâ.

Ïðèìåðíî ñ ñåðåäèíû ïðîøëîãî âåêà ñòàëî íàáëþäàòüñÿ ñîêðà-
ùåíèå ÷èñëåííîñòè ïîïóëÿöèé ìíîãèõ âèäîâ àìôèáèé. Ýòî ÿâëå-
íèå ìíîãèå àâòîðû ñâÿçûâàëè ñ íàðóøåíèåì ïîëîâîãî ðàçâèòèÿ,
âûçâàííûì äåéñòâèåì ãîðìîíàëüíûõ äèçðàïòîðîâ. Èíòåðåñ ê ïîÿâ-
ëåíèþ èíòåðñåêñóàëüíûõ îñîáåé ñðåäè ëÿãóøåê çíà÷èòåëüíî âîç-
ðîñ ïîñëå ïóáëèêàöèé î íåíîðìàëüíîì ñåêñóàëüíîì ðàçâèòèè, ñâÿ-
çàííîì ñ âîçäåéñòâèåì ñåëüñêîõîçÿéñòâåííûõ ãåðáèöèäîâ, òàêèõ
êàê àòðàçèí [Hayes et al., 2003; McDaniel et al., 2008; Hecker et al.,
2004; Murphy et al., 2006; Smith et al., 2005; Du Preez et al., 2009;
Reeder et al., 1998]. Ïðè ýòîì â ëèòåðàòóðå ïðåîáëàäàþò äàííûå
î ïðèñóòñòâèè îîöèòîâ â òêàíè ñåìåííèêà. Íåêîòîðûìè àâòîðàìè
áûëî ïîêàçàíî, ÷òî ÷àñòîòà âñòðå÷àåìîñòè îîöèòîâ â ñåìåííèêàõ
àìôèáèé â ãîðîäñêèõ ðàéîíàõ çíà÷èòåëüíî âûøå ïî ñðàâíåíèþ
ñ ñåëüñêîõîçÿéñòâåííûìè è ðàéîíàìè áåç àíòðîïîãåííîé íàãðóçêè
[Skelly et al., 2010].

Òåì íå ìåíåå â íàñòîÿùåå âðåìÿ èíòåðïðåòàöèÿ ðåçóëüòàòîâ
èññëåäîâàíèé ïî äåéñòâèþ íà àìôèáèé ýíäîêðèííûõ äåñòðóêòî-
ðîâ çàòðóäíÿåòñÿ èç-çà íåäîñòàòî÷íîé èçó÷åííîñòè âíóòðè- è ìåæ-
âèäîâûõ èçìåíåíèé â ïîëîâîé äèôôåðåíöèàöèè, òåìïîâ ðàçâèòèÿ,
êîëåáàíèÿ óðîâíåé çàãðÿçíèòåëåé è îòñóòñòâèÿ ñòàíäàðòèçèðîâàí-
íûõ ýêñïåðèìåíòîâ äëÿ öåëåé ñðàâíåíèÿ. Êðîìå òîãî, ó íåêîòîðûõ
âèäîâ àìôèáèé áûëî ïîêàçàíî íå çàâèñÿùåå îò çàãðÿçíåíèé ïåðå-
îïðåäåëåíèå ïîëà [Storrs-Mendez and Semlitsch, 2010]. Óñòàíîâëåíèå
ñâÿçè ìåæäó èíòåðñåêñóàëüíîñòüþ è ïëîäîâèòîñòüþ ïîëîâîçðåëûõ
ëÿãóøåê, íåñîìíåííî, íóæäàåòñÿ â äîïîëíèòåëüíûõ èññëåäîâàíèÿõ.

Ïðè÷èíîé ïðîâåäåíèÿ äàííîãî àíàëèçà ïîñëóæèëà ïîèìêà
â 2012 ã. íà òåððèòîðèè ÖÏÊèÎ â Åêàòåðèíáóðãå îñîáè îçåðíîé ëÿ-
ãóøêè (Pelophylax ridibundus, Pallas, 1771), êîòîðàÿ èìåëà âòîðè÷-
íûå ïîëîâûå ïðèçíàêè ñàìöà (áðà÷íûå ìîçîëè). Ïðè âñêðûòèè áûëè
îáíàðóæåíû ïðèçíàêè ãåðìàôðîäèòèçìà: îäíîâðåìåííîå ïðèñóò-
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ñòâèå ñåìåííèêîâ è ÿè÷íèêîâ. Ïîñêîëüêó ðàíåå ïîäîáíûå îñîáè
â âûáîðêàõ íå îòìå÷àëèñü, áûëà ïðîâåäåíà îöåíêà îïëîäîòâîðÿþ-
ùåé ñïîñîáíîñòè ñïåðìàòîçîèäîâ è ãèñòîëîãè÷åñêîå èçó÷åíèå ñå-
ìåííèêîâ ñ öåëüþ îáíàðóæåíèÿ îîöèòîâ ó îçåðíîé ëÿãóøêè â óñ-
ëîâèÿõ àíòðîïîãåííî-èçìåíåííûõ ëàíäøàôòîâ.

Ìàòåðèàë è ìåòîäû
Äåãåíåðàòèâíûå ïðîöåññû â ñåìåííûõ êàíàëüöàõ ìîãóò ïðè-

âåñòè ê ôîðìèðîâàíèþ ïàòîëîãè÷åñêèõ è àòèïè÷íûõ ïîëèìîðô-
íûõ ñïåðìàòîçîèäîâ, êîòîðûå íå ñïîñîáíû ó÷àñòâîâàòü â îïëîäî-
òâîðåíèè. Îäíèì èç îñíîâíûõ ïîêàçàòåëåé îïëîäîòâîðÿþùåé ñïî-
ñîáíîñòè ñïåðìàòîçîèäîâ ÿâëÿåòñÿ ðàçìåð ãîëîâêè. Âàðèàáåëüíîñòü
ñïåðìàòîçîèäîâ ïî âåëè÷èíå ãîëîâêè ñâÿçàíà ñ ðàçëè÷íûì ñîäåð-
æàíèåì â íèõ ÄÍÊ, à òàêæå ñ îñîáåííîñòÿìè êîíäåíñàöèè è óïà-
êîâêè õðîìàòèíà, îïðåäåëÿþùèìè ñòåïåíü çðåëîñòè ñïåðìàòîçîè-
äîâ [Ìàìèíà, Æèãàëüñêèé, 2006].

Â ðàáîòå ïðîâåäåíî èçó÷åíèå êîëè÷åñòâà àíîìàëüíûõ ñïåðìà-
òîçîèäîâ îçåðíîé ëÿãóøêè â 1 ìì2 ìàçêîâîãî ïðåïàðàòà ñåìåííèêà
è èçìåðåíèå ïëîùàäåé ãîëîâîê ñïåðìàòîçîèäîâ. Íà ñåðèéíûõ ñðå-
çàõ ñåìåííèêîâ æèâîòíûõ ïðîâåäåíî èññëåäîâàíèå îòíîñèòåëüíî
ïðèñóòñòâèÿ îîöèòîâ â òêàíè ñåìåííèêîâ.

Â ðàáîòå èññëåäîâàëèñü ïîëîâîçðåëûå ñàìöû îçåðíîé ëÿãóø-
êè (òàáëèöà), îòëîâëåííûå â äâóõ ìåñòîîáèòàíèÿõ íà òåððèòîðèè
Åêàòåðèíáóðãà ñ ðàçíûì óðîâíåì àíòðîïîãåííîé íàãðóçêè. Â ñîîò-
âåòñòâèè ñ âûðàáîòàííîé ðàíåå òèïèçàöèåé [Âåðøèíèí è äð., 2006]
ðàéîí ÖÏÊèÎ áûë îòíåñåí ê çîíå ìàëîýòàæíîé çàñòðîéêè, ëåñî-
ïàðê Êàëèíîâñêèå ðàçðåçû – ê ëåñîïàðêîâîé çîíå. Â ãðàäèåíòå óðáà-
íèçàöèè îòìå÷åíî óâåëè÷åíèå îáùåé ìèíåðàëèçàöèè, ñîäåðæàíèÿ
õëîðèä- è ñóëüôàò-èîíîâ, ïîâûøåíèå ýâòðîôèêàöèè âîäîåìîâ, èç-
ìåíåíèå pH ñðåäû ñ êèñëîé íà íåéòðàëüíóþ [Âåðøèíèí è äð., 2006].
Âîäà â ð. Ìàëàÿ Êóøâà, êîòîðàÿ ïðîòåêàåò ïî òåððèòîðèè  Íèæíåãî
Òàãèëà, õàðàêòåðèçóåòñÿ ñïåöèôè÷åñêèì çàãðÿçíåíèåì (ïðåâûøåíèå
ÏÄÊ ïî íåôòåïðîäóêòàì â 12 ðàç, ïî ôåíîëàì – äî 5 ðàç, ïî ìàð-
ãàíöó – â 3 ðàçà) è îòíîñèòñÿ ê ÷ðåçâû÷àéíî ãðÿçíûì. Ïîñòóïàþ-
ùèå â ðåêó íàãðåòûå ñòî÷íûå âîäû ôîðìèðóþò òåïëîâîå çàãðÿçíå-
íèå ðåêè.
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Ðåçóëüòàòû è îáñóæäåíèå
Ñòàòèñòè÷åñêèé àíàëèç ïîëó÷åííûõ äàííûõ ïî êîëè÷åñòâó

àíîìàëüíûõ (èçìåíåííàÿ ôîðìà ãîëîâêè) ñïåðìàòîçîèäîâ â 1 ìì2

ìàçêîâîãî ïðåïàðàòà ñåìåííèêà â çàâèñèìîñòè îò óðîâíÿ àíòðî-
ïîãåííîé íàãðóçêè íå âûÿâèë çíà÷èìûõ ðàçëè÷èé (Kruskal Wallis
Test, p > 0,05). Â öåëîì êîëè÷åñòâî àíîìàëüíûõ ñïåðìàòîçîèäîâ
ó æèâîòíûõ íå ïðåâûøàåò 7 % â ëåñîïàðêå, 3 % â ÖÏÊèÎ è 4 %
â îêðåñòíîñòÿõ ð. Ì. Êóøâà.

Ïðè ìîðôîìåòðè÷åñêîì èññëåäîâàíèè ñïåðìàòîçîèäîâ îçåð-
íîé ëÿãóøêè íàìè óñòàíîâëåíî, ÷òî ðàçìåð ãîëîâêè ñïåðìàòîçîè-
äà âàðüèðóåò îò 20,1 äî 68,1 ìêì2. Ïðè àíàëèçå èçìåí÷èâîñòè ïëî-
ùàäè ãîëîâêè ñïåðìàòîçîèäîâ ó îçåðíîé ëÿãóøêè áûë èñïîëüçî-
âàí îäíîôàêòîðíûé äèñïåðñèîííûé àíàëèç. Ïîêàçàíî, ÷òî ãîëîâêè
ñïåðìàòîçîèäîâ ó îçåðíûõ ëÿãóøåê, íàñåëÿþùèõ ëåñîïàðê, ñòà-
òèñòè÷åñêè çíà÷èìî áîëüøå â ñðàâíåíèè ñ ëÿãóøêàìè äðóãèõ èçó-
÷àåìûõ ðàéîíîâ. Ñðåäíèå çíà÷åíèÿ ïëîùàäè ãîëîâêè ñïåðìà-
òîçîèäà â ÖÏÊèÎ, ëåñîïàðêå Êàëèíîâñêèå ðàçðåçû, îêðåñòíîñòÿõ
ð. Ì. Êóøâà ñîñòàâèëè ñîîòâåòñòâåííî (ñðåäíåå ± îøèáêà ñðåäíå-
ãî): 38,31 ± 0,44 / 39,01 ± 0,31 / 40,51 ± 0,73 (F (2, 514) = 4,25, p = 0,01).
Íàèìåíüøàÿ ïëîùàäü ãîëîâîê, òàêèì îáðàçîì, îòìå÷åíà â ðàéîíå
ïîèìêè ãåðìàôðîäèòíîé îñîáè – â ÖÏÊèÎ.

Äåãåíåðàòèâíûå èçìåíåíèÿ â ãåðìèíàòèâíîì îòäåëå ñåìåí-
íèêà âûçûâàþò ýëèìèíàöèþ è äåãåíåðàöèþ õðîìîñîì, â ðåçóëüòà-
òå ÷åãî îáðàçóþòñÿ ñïåðìàòîçîèäû ñ íåäîñòàòî÷íûì ñîäåðæàíè-
åì õðîìàòèíà (ñ ìàëûì ðàçìåðîì ãîëîâêè) [Ìàìèíà, Æèãàëüñêèé,

ÖÏÊèÎ, Åêàòåðèíáóðã

ÖÏÊèÎ, Åêàòåðèíáóðã

Ëåñîïàðê Êàëèíîâñêèå
ðàçðåçû, Åêàòåðèíáóðã

Ð. Ìàëàÿ Êóøâà,
Íèæíèé Òàãèë

Èññëåäóåìûé ìàòåðèàë

Äàòà îòëîâà Êîëè÷åñòâî, øò.Ìåñòî îòëîâà

29.08.2009 ã.

03.07.2012 ã.

30.07.2009 ã.

04.09.2009 ã.

6

10

6

5
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2006]. Ïðè÷èíîé ïîÿâëåíèÿ ïîäîáíûõ ñïåðìàòîçîèäîâ ìîãóò áûòü
íàðóøåíèÿ äåëåíèÿ ñïåðìàòîöèòîâ â ñåìåííèêå, êîòîðûå ïðèâî-
äÿò ê îáðàçîâàíèþ ìíîãîÿäåðíûõ êëåòîê. Ìîæíî ñäåëàòü ïðåäïîëî-
æåíèå, ÷òî ñàìöû îçåðíûõ ëÿãóøåê, îáèòàþùèå â ÖÏÊèÎ, îáëàäà-
þò íàèìåíüøåé îïëîäîòâîðÿþùåé ñïîñîáíîñòüþ ñïåðìàòîçîèäîâ.

Ïðè èçó÷åíèè ãèñòîëîãè÷åñêîé ñòðóêòóðû ñåìåííèêîâ æèâîò-
íûõ îîöèòû áûëè îáíàðóæåíû òîëüêî â òêàíè ñåìåííèêà ãåðìà-
ôðîäèòà (ðèñóíîê). Ïðè ýòîì îîöèòû áûëè âèäíû íà ñðåçàõ òîëüêî
â âåðõíåé ÷àñòè ñåìåííèêà. Íàðÿäó ñ ïðèñóòñòâèåì îîöèòîâ â ýòîé
÷àñòè îðãàíà îòñóòñòâîâàëè ñåìåííûå êàíàëüöû, ñîäåðæàùèå ñïåð-
ìàòîçîèäû. Íà ñðåäèííûõ ñðåçàõ îðãàíà ïðèñóòñòâèÿ îîöèòîâ â òêà-
íè ñåìåííèêà íå íàáëþäàëîñü. Ñåìåííûå êàíàëüöû ñîäåðæàëè âñå
òèïû êëåòîê, âêëþ÷àÿ ñïåðìàòîçîèäû. Â òêàíè äðóãèõ ïîëîâîçðå-
ëûõ ñàìöîâ, îòëîâëåííûõ íà òåððèòîðèè ÖÏÊèÎ, îîöèòîâ îáíàðó-
æåíî íå áûëî.

Ïîïåðå÷íûé ñðåç ñåìåííèêà îçåðíîé ëÿãóøêè (ãåðìàôðîäèò) óâ. × 100:
à – âåðõíÿÿ ÷àñòü îðãàíà, â ñåìåííûõ êàíàëüöàõ ïîìèìî êëåòîê ñïåðìàòîãåííîãî
ýïèòåëèÿ ïðèñóòñòâóþò îîöèòû; á – ñðåäèííûé ñðåç îðãàíà, ñåìåííûå êàíàëüöû

ñîäåðæàò âñå òèïû êëåòîê, âêëþ÷àÿ ñïåðìàòîçîèäû

à á
100 μm 100 μm

Ïîëó÷åííûå äàííûå ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè èçó÷åíèÿ
âëèÿíèÿ àòðàçèíà íà ãîíàäû íåïîëîâîçðåëûõ ëåîïàðäîâûõ ëÿãó-
øåê (Rana pipiens Schreber, 1782) íà òåððèòîðèè ÑØÀ. Àâòîðàìè
áûëî ïîêàçàíî íåðàâíîìåðíîå ðàçâèòèå ãîíàä, ïðè êîòîðîì ÷àñòü
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îðãàíà äàæå âíåøíå ñõîäíà ïî ñòðîåíèþ ñ ÿè÷íèêîì. Äðóãàÿ ÷àñòü
â ñâîåì ñòðîåíèè íàðÿäó ñ ñåìåííûìè êàíàëüöàìè ñîäåðæèò îîöè-
òû [Hayes et al, 2003].

Ó÷èòûâàÿ òî, ÷òî ïîëîâîå ðàçâèòèå ðåãóëèðóåòñÿ íå òîëüêî ãå-
íåòè÷åñêèìè, íî è ãîðìîíàëüíûìè ôàêòîðàìè, ïðè÷èíîé ïîÿâëå-
íèÿ ãåðìàôðîäèòíîé îñîáè îçåðíîé ëÿãóøêè íà òåððèòîðèè Åêàòå-
ðèíáóðãà, âåðîÿòíî, ñòàëî âëèÿíèå âíåøíèõ àíòðîïîãåííûõ ôàê-
òîðîâ: ïðèñóòñòâèå ãîðìîíàëüíûõ äåñòðóêòîðîâ â âîäîåìå.

Ðåçóëüòàòû íàøåãî èññëåäîâàíèÿ, íåñîìíåííî, ñëåäóåò ñ÷èòàòü
ïðåäâàðèòåëüíûìè. Íî îíè äèêòóþò íåîáõîäèìîñòü ïðîäîëæåíèÿ
ïðîâåäåíèÿ ïîëåâûõ èññëåäîâàíèé ïî èçó÷åíèþ âîçäåéñòâèÿ êîìï-
ëåêñà ôàêòîðîâ àíòðîïîãåííîé äåñòàáèëèçàöèè ñðåäû, âêëþ÷àÿ âîç-
ìîæíîå âëèÿíèå ãîðìîíàëüíûõ äåñòðóêòîðîâ íà àìôèáèé. Íà äàí-
íîì ýòàïå èññëåäîâàíèÿ ìû ìîæåì âûñêàçàòü îïðåäåëåííûå ïðåä-
ïîëîæåíèÿ. Â çàâèñèìîñòè îò óðîâíÿ àíòðîïîãåííîé íàãðóçêè êî-
ëè÷åñòâî àíîìàëüíûõ ñïåðìàòîçîèäîâ (èçìåíåííàÿ ôîðìà ãîëîâêè)
ó îçåðíîé ëÿãóøêè èçìåíÿåòñÿ íåçíà÷èòåëüíî. Ðàçìåð ãîëîâîê ñïåð-
ìàòîçîèäîâ ó îçåðíîé ëÿãóøêè, âåðîÿòíî, ìîæíî îòíåñòè ê äîñòà-
òî÷íî ÷óâñòâèòåëüíûì ê íåáëàãîïðèÿòíîìó âîçäåéñòâèþ ïàðàìåò-
ðàì. Ïðè÷èíà ïîÿâëåíèÿ ãåðìàôðîäèòíîé îñîáè îçåðíîé ëÿãóøêè
íà òåððèòîðèè ÖÏÊèÎ, âåðîÿòíî, ñâÿçàíà ñ äåéñòâèåì óðáàíèçà-
öèè è òðåáóåò ïðîâåäåíèÿ äîïîëíèòåëüíûõ èññëåäîâàíèé.

Áèáëèîãðàôè÷åñêèå ññûëêè
Âåðøèíèí Â. Ë., Ñåðåäþê Ñ. Ä., ×åðíîóñîâà Í. Ô., Òîëêà÷åâ Î. Â.,

Ñèëñ Å. À., 2006. Ïóòè àäàïòàöèîãåíåçà íàçåìíîé ôàóíû ê óñëîâèÿì
òåõíîãåííûõ ëàíäøàôòîâ. Åêàòåðèíáóðã : ÓðÎ ÐÀÍ, Áàíê êóëüòóðíîé
èíôîðìàöèè. 182 ñ.

Ìàìèíà Â. Ï., Æèãàëüñêèé Î. À., 2006. Îöåíêà îïëîäîòâîðÿþùåé
ñïîñîáíîñòè ñïåðìàòîçîèäîâ ó ðûæåé ïîëåâêè (Clethrionomys glareolus)
íà ðàçíûõ ôàçàõ äèíàìèêè ÷èñëåííîñòè // Óñïåõè ñîâðåìåííîé áèîëî-
ãèè. Ò. 126, ¹ 4. Ñ. 413–420.

Íèêèòèí À. È., 2008. Âðåäíûå ôàêòîðû ñðåäû è ðåïðîäóêòèâíàÿ
ñèñòåìà ÷åëîâåêà. ÑÏá. : ÝËÁÈ-ÑÏá. 237ñ.

Du Preez L. H., Kunene N., Hanner R., Giesy J. P., Solomon K. R.,
Hosmer A., Van der Kraak G. J., 2009. Population-specific incidence of tes-



12

ticular ovarian follicles in Xenopus laevis from South Africa: A potential issue
in endocrine testing // Aquatic Toxicology. Nr 95. P. 10–16.

Hayes T., Haston K., Tsui M., Hoang A., Haeffele C., Vonk A., 2003.
Atrazine-induced hermaphroditism at 0.1 ppb in American leopard frogs
(Rana pipiens): Laboratory and field evidence // Environmental Health
Perspectives. Vol. 111. P. 568–575.

Hecker M., Giesy J. P., Jones P. D., Jooste A. M., Carr J. A., Solo-
mon K. R., Smith E. E., Van Der Kraak G., Kendall R. J., du Preez., 2004.
Plasma sex steroid concentrations and gonadal aromatase activities in African
clawed frogs (Xenopus laevis) from South Africa // Environmental Toxicology
and Chemistry. Nr 23. P. 1996–2007.

McDaniel T. V., Martin P. A., Struger J., Sherry J., Marvin C. H., McMas-
ter M. E., Clarence S., Tetreault G., 2008. Potential endocrine disruption
of sexual development in free ranging male northern leopard frogs (Rana
pipiens) and green frogs (Rana clamitans) from areas of intensive row crop
agriculture // Aquatic Toxicology. Nr 88. P. 230–242.

Murphy M. B., Hecker M., Coady K. K., Tompsett A. R., Higley E. B.,
Jones P. D., Du Preez L. H., Solomon K. R., Carr J. A., Smith E. E., Ken-
dall R. J., Van Der Kraak G., Giesy J. P., 2006. Plasma steroid hormone
concentrations, aromatase activities and GSI in ranid frogs collected from
agricultural and non-agricultural sites in Michigan (USA) // Aquatic Toxico-
logy. Nr 77. P. 153–166.

Reeder A. L., Foley G. L., Nichols D. K., Hansen L. G., Wikoff B., Faeh S.,
Eisold J., Wheeler M. B., Warner R., Murphy J. E., Beasley V. R., 1998. Forms
and prevalence of intersexuality and effects of environmental contaminants
on sexuality in cricket frogs (Acris crepitans) // Environmental Health
Perspectives. Nr 106. P. 261–266.

Skelly D. K., Susan R. Bolden & Kirstin B. Dion, 2010. Intersex Frogs
Concentrated in Suburban and Urban Landscapes // EcoHealth. Vol. 7.I.3.
P. 374–379.

Smith E. E., Du Preez L. H., Gentles A., Solomon K. R., Tandler B.,
Carr J. A., Van der Kraak G. L., Kendall R. J., Giesy J. P., Gross T. S., 2005.
Assessment of laryngeal muscle and testicular cell types in Xenopus laevis
(Anura Pipidae) inhabiting maize and non-maize growing areas of South
Africa // African J. of Herpetology. Nr 54. P. 69–76.

Storrs-Mendez S. I., Semlitsch R. D., 2010. Intersex Gonads in Frogs:
Understanding the Time Course of Natural Development and Role of Endo-
crine Disruptors // J. of Experimental Zoology Part B-Molecular and Deve-
lopmental Evolution. 314B. P. 57–66.



13

ÌÀÑÑÎÂÛÅ ÀÍÎÌÀËÈÈ ÇÀÄÍÈÕ ÊÎÍÅ×ÍÎÑÒÅÉ
Ó ÇÅËÅÍÛÕ ËßÃÓØÅÊ

(PELOPHYLAX ESCULENTUS COMPLEX)
Â ÏÐÈÄÍÅÑÒÐÎÂÜÅ:

ÏÐÎÁËÅÌÀ ÔÀÊÒÎÐÎÂ È ÁÈÎÈÍÄÈÊÀÖÈÈ

Î. Ñ. Áåçìàí-Ìîñåéêî1, Ë. ß. Áîðêèí1,
Þ. Ì. Ðîçàíîâ2, Ñ. Í. Ëèòâèí÷óê2

1 Çîîëîãè÷åñêèé èíñòèòóò ÐÀÍ (Ñàíêò-Ïåòåðáóðã)
2 Èíñòèòóò öèòîëîãèè ÐÀÍ (Ñàíêò-Ïåòåðáóðã)

MASS HINDLIMB DEFORMITIES OF GREEN FROGS
(PELOPHYLAX ESCULENTUS COMPLEX)

IN PRIDNESTROVIE:
CAUSES AND BIOINDICATION

O. S. Bezman-Moseyko1, L. J. Borkin1,
J. M. Rosanov2, S. N. Litvinchuk2

1 Zoological institute, Russian Academy of Sciences (St. Petersburg)
2 Institute of cytology, Russian Academy of Sciences (St. Petersburg)

Mass hindlimb abnormalities (above 60 %) were found in two
localities with syntopic Pelophylax ridibundus and hybridoge-
nous P. esculentus in Pridnestrovie. Individually, frogs can have
1–7 anomalies in P. ridibundus and 2–4 in P. esculentus. Some diffe-
rences in variety of deformities and their frequencies were observed
between both species and both localities. Importantly, water bodies
inhabited by green frogs with mass abnormalities were characterized
by absence of chemical pollution and any significant human impact.

Ìàññîâûå àíîìàëèè çàäíèõ êîíå÷íîñòåé (ñâûøå 60 %) áûëè
îòìå÷åíû ó ñèíòîïè÷åñêèõ Pelophylax ridibundus è ãèáðèä-
íûõ P. esculentus â äâóõ ëîêàëèòåòàõ â Ïðèäíåñòðîâüå. Îñîáü
P. ridibundus ìîæåò íåñòè 1–7 àíîìàëèé, à P. esculentus – 2–4.
Äëÿ îáîèõ âèäîâ è ëîêàëèòåòîâ îòìå÷åíû ðàçëè÷èÿ â âàðèàí-
òàõ àíîìàëèé è èõ ÷àñòîòàõ. Âàæíî îòìåòèòü, ÷òî âîäîåìû,
íàñåëåííûå çåëåíûìè ëÿãóøêàìè ñ ìàññîâûìè àíîìàëèÿìè, õà-
ðàêòåðèçîâàëèñü îòñóòñòâèåì õèìè÷åñêîãî çàãðÿçíåíèÿ è êà-
êîãî-ëèáî ñóùåñòâåííîãî àíòðîïîãåííîãî âîçäåéñòâèÿ.
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Â 2007–2012 ãã. â õîäå ôàóíèñòè÷åñêèõ èññëåäîâàíèé íà ëåâîáå-
ðåæüå ð. Äíåñòð â ãðàíèöàõ Ïðèäíåñòðîâñêîé Ìîëäàâñêîé Ðåñïóá-
ëèêè â áîëåå ÷åì 30 âîäîåìàõ áûëî îáñëåäîâàíî îêîëî 12 000 îñî-
áåé áåñõâîñòûõ àìôèáèé 9 âèäîâ. Â äâóõ ïóíêòàõ íà ñåâåðå Ïðè-
äíåñòðîâüÿ ó çåëåíûõ ëÿãóøåê (Pelophylax esculentus complex) áûëà
âûÿâëåíà ìàññîâàÿ âñòðå÷àåìîñòü àíîìàëüíûõ îñîáåé.

Â óðî÷èùå Áóãîðíÿ Êàìåíñêîãî ðàéîíà (47°55′24″N, 29°09′36″E)
â 2007 ã. îòëîâëåíî 447 îñîáåé, â 2008–2011 ãã. – åùå 113. Ïîìèìî
çåëåíûõ ëÿãóøåê, â ýòîì âîäîåìå îáèòàþò è íåðåñòÿòñÿ åùå 5 âè-
äîâ áåñõâîñòûõ àìôèáèé (Bufo bufo, Hyla arborea, Bombina bombina,
Rana dalmatina, R. temporaria), îäíàêî íèêàêèõ àíîìàëèé ó íèõ
çàìå÷åíî íå áûëî. Âòîðàÿ ïîïóëÿöèÿ íàéäåíà â îêðåñòíîñòÿõ ñåëà
Ïëîòü Ðûáíèöêîãî ðàéîíà (47°58′07″N, 28°51′35″E). Âîäîåì áûë îá-
ñëåäîâàí â 2011 è 2012 ãã. Ó äðóãèõ áåñõâîñòûõ àìôèáèé (B. viridis,
H. arborea, B. bombina, R. dalmatina, P. fuscus) àíîìàëèè îáíàðóæå-
íû íå áûëè.

Âèäîâóþ ïðèíàäëåæíîñòü çåëåíûõ ëÿãóøåê îïðåäåëÿëè êàê
â ïîëåâûõ óñëîâèÿõ (ïî âíåøíèì ïðèçíàêàì), òàê è ìåòîäîì ïðî-
òî÷íîé ÄÍÊ-öèòîìåòðèè (ññûëêà). Îáå èçó÷åííûå ïîïóëÿöèè îò-
íîñÿòñÿ ê ñìåøàííîé ñèñòåìå, ãäå âñòðå÷àþòñÿ äâà âèäà: ãèáðèä-
íûé P. esculentus è P. ridibundus (R–E òèï). Âñå öèòîìåòðè÷åñêè
èçó÷åííûå îñîáè P. esculentus áûëè äèïëîèäíûìè ãèáðèäàìè. Èç-
ìåðåíèå êîëè÷åñòâà ÿäåðíîé ÄÍÊ íå âûÿâèëî ðàçëè÷èé ìåæäó íîð-
ìàëüíûìè è àíîìàëüíûìè îñîáÿìè.

Ïåðâè÷íàÿ èäåíòèôèêàöèÿ àíîìàëèé ïðîâîäèëàñü â ìåñòå íà-
áëþäåíèé. ×àñòü îñîáåé áûëà çàôèêñèðîâàíà â 70 % ðàñòâîðå ýòè-
ëîâîãî ñïèðòà è çàòåì ïîäâåðãíóòà ðåíòãåíîëîãè÷åñêîìó îáñëåäî-
âàíèþ ñ ïîìîùüþ àïïàðàòà CNB2 (æåñòêîå îáëó÷åíèå). Áîëüøàÿ
÷àñòü èññëåäîâàííûõ îñîáåé áûëè íåïîëîâîçðåëûìè. Êîëè÷åñò-
âåííàÿ îáðàáîòêà äàííûõ ïî àíîìàëèÿì ïðîâåäåíà â ñîîòâåòñòâèè
ñ íàøèìè ïðåäëîæåíèÿìè [Áîðêèí è äð., 2012].

Â îáîèõ âîäîåìàõ áûë ïðîâåäåí õèìè÷åñêèé àíàëèç âîäû. Âñå
ïîêàçàòåëè îêàçàëèñü íå âûøå íîðìàòèâîâ, óñòàíîâëåííûõ ÑàíÏèÍ
2.1.4.559-96 «Ïèòüåâàÿ âîäà. Ãèãèåíè÷åñêèå òðåáîâàíèÿ ê êà÷åñòâó
öåíòðàëüíûõ ñèñòåì ïèòüåâîãî âîäîñíàáæåíèÿ. Êîíòðîëü êà÷åñòâà».
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Âñòðå÷àåìîñòü àíîìàëüíûõ îñîáåé (Pas) â ïîïóëÿöèè Áóãîðíÿ
â 2007 ã. ñîñòàâèëà 75 % ó P. ridibundus (n = 235) è 62 % ó P. esculentus
(n = 212), â ïîïóëÿöèè Ïëîòü â 2011 ã. 61 % (n = 46) è 62 % (n = 16)
ñîîòâåòñòâåííî.

Îáíàðóæåííûå àíîìàëèè çàòðàãèâàëè ëèøü çàäíèå êîíå÷íîñòè
ëÿãóøåê è áûëè ñâÿçàíû ñ îòñóòñòâèåì îòäåëüíûõ ýëåìåíòîâ, èõ
ïîëíûì èëè ÷àñòè÷íûì ñðàñòàíèåì, óêîðî÷åíèåì, óòîëùåíèåì ëè-
áî äðóãîé äåôîðìàöèåé. Ëèøü â íåìíîãèõ ñëó÷àÿõ íàáëþäàëîñü óâå-
ëè÷åíèå ÷èñëà îòäåëüíûõ ýëåìåíòîâ êîíå÷íîñòè. Ïðîÿâëåíèå àíî-
ìàëèé ÷àùå èìåëî àñèììåòðè÷íûé, ÷åì ñèììåòðè÷íûé õàðàêòåð –
â ïîïóëÿöèè èç Áóãîðíè ó P. ridibundus àíîìàëèè òîëüêî ïðàâîé ëà-
ïû îòìå÷åíû ó 45 % àìôèáèé, òîëüêî ëåâîé – ó 54 % è â 9 % ñëó÷àåâ
àíîìàëèè îáíàðóæåíû íà îáåèõ êîíå÷íîñòÿõ; äëÿ P. esculentus ýòè
ïîêàçàòåëè ñîñòàâèëè 41 %, 59 % è 29 % ñîîòâåòñòâåííî; â ñ. Ïëîòü
ñîîòâåòñòâåííî – ó P. ridibundus – 29 %, 68 % è 3 %, ó P. esculentus –
80 %, 20 % è 0 %.

Îáíàðóæåííûå àíîìàëèè ìû ðàçäåëèëè íà ñëåäóþùèå 10 òè-
ïîâ: áèôóðêàöèÿ, áðàõèìåëèÿ, äåôîðìàöèÿ, äóïëèêàöèÿ, èñêðèâ-
ëåíèå, êëèíîäàêòèëèÿ, ïîëèäàêòèëèÿ, ñèíäàêòèëèÿ, ýêòðîäàêòèëèÿ,
ýêòðîìåëèÿ. Ýòè êàòåãîðèè àíîìàëèé â öåëîì ñîâïàäàþò ñ ïðåäëî-
æåííûìè â ëèòåðàòóðå [Borkin, Pikulik, 1986; Tyler, 1989, ð. 165–168;
Lannoo, 2008]. Âàðèàíòû àíîìàëèé, çàðåãèñòðèðîâàííûå íàìè ó çå-
ëåíûõ ëÿãóøåê â Ïðèäíåñòðîâüå, áûëè íàéäåíû è ó ðàçíûõ âèäîâ
õâîñòàòûõ è áåñõâîñòûõ àìôèáèé â äðóãèõ ðåãèîíàõ [Lannoo, 2008],
÷òî óêàçûâàåò íà íåñïåöèôè÷íîñòü ýòèõ îòêëîíåíèé â ñòðîåíèè.

Ïàðöèàëüíàÿ âñòðå÷àåìîñòü îòäåëüíûõ êàòåãîðèé àíîìàëèé
(Ap, %) â ïîïóëÿöèè Áóãîðíÿ âàðüèðîâàëà â ïðåäåëàõ 5–66 %
ó P. ridibundus è 10–52 % ó P. esculentus, â ïîïóëÿöèè Ïëîòü 9–54 %
è 6–50 % ñîîòâåòñòâåííî.

Îòíîñèòåëüíàÿ âñòðå÷àåìîñòü ðàçëè÷íûõ àíîìàëèé ñîñòàâëÿëà
â ïîïóëÿöèè Áóãîðíÿ 6–88 % (Ars) è 2–21 % (Ara) ó îçåðíîé ëÿãóøêè
è 16–83 % (Ars) è 4–22 % (Ara) ó ñúåäîáíîé ëÿãóøêè. Â äðóãîé ïî-
ïóëÿöèè (Ïëîòü) ýòè ïîêàçàòåëè áûëè 14–89 % (Ars) è 5–29 (Ara)
ó P. ridibundus è 10–80 % (Ars) è 5–40 % (Ara) ó P. esculentus.
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Ñïåêòð àíîìàëèé â öåëîì îêàçàëñÿ ñõîäåí êàê ó îçåðíîé, òàê
è ó ñúåäîáíîé ëÿãóøåê. Òàê, â îáåèõ ïîïóëÿöèÿõ âûñîêà ÷àñòîòà
ýêòðîäàêòèëèè (Ap = 41–66 %) è äåôîðìàöèè (31–48 %). Îäíàêî
â Áóãîðíå ïîëèäàêòèëèÿ íå áûëà îáíàðóæåíà ó P. esculentus, à åå
âñòðå÷àåìîñòü ó P. ridibundus ñîñòàâèëà ëèøü 5 %. Â ñ. Ïëîòü, íà-
îáîðîò, â 6 % äàííàÿ àíîìàëèÿ íàáëþäàëàñü ó P. esculentus è îò-
ñóòñòâîâàëà ó îçåðíîé ëÿãóøêè. Â ýòîé æå ïîïóëÿöèè ó ñúåäîáíîé
ëÿãóøêè íå âûÿâëåíû áðàõèäàêòèëèÿ è ñèíäàêòèëèÿ, õàðàêòåðíûå
äëÿ P. ridibundus (Ap = 9 è 17 %).

Õîòÿ âñåãî âûÿâëåíî 10 ðàçíûõ êàòåãîðèé àíîìàëèé, ó îñîáåé
â Áóãîðíå ìîæåò âñòðå÷àòüñÿ îò 1 äî 7 àíîìàëèé îäíîâðåìåííî
ó P. ridibundus è îò 2 äî 4 – ó P. esculentus, à â ñ. Ïëîòü 1–5 è 2–3
ñîîòâåòñòâåííî. Èíäèâèäóàëüíûé ñïåêòð àíîìàëèé (Sai) áûë ðàâåí
â Áóãîðíå 4,1 ó P. ridibundus è 3,7 ó P. esculentus, â ïîïóëÿöèè
Ïëîòü 3,1 è 2,0 ñîîòâåòñòâåííî. Èíäåêñ Æèâîòîâñêîãî (Sap) â Áóãîð-
íå ñîñòàâèë 8,35 ó P. ridibundus è 7,49 ó P. esculentus, â ïîïóëÿöèè
Ïëîòü 7,14 è 5,93 ñîîòâåòñòâåííî.

Íàøè äàííûå ïîêàçûâàþò, ÷òî àíîìàëèè çàäíèõ êîíå÷íîñòåé
âûðàæåíû ïðåèìóùåñòâåííî ó ñåãîëåòîê èëè íåïîëîâîçðåëûõ ëÿ-
ãóøåê. Ñðåäè âçðîñëûõ ëÿãóøåê çà âåñü ïåðèîä èçó÷åíèÿ îáîèõ
âîäîåìîâ àíîìàëèè áûëè çàðåãèñòðèðîâàíû òîëüêî ó òðåõ ñàìöîâ
P. esculentus èç Áóãîðíè.

Íàø ìîíèòîðèíã ïîïóëÿöèè â Áóãîðíå â òå÷åíèå 4 ëåò ïîêà-
çàë, ÷òî ìàññîâûå àíîìàëèè â ñòðîåíèè çàäíèõ êîíå÷íîñòåé (áîëåå
60 %) ó îáîèõ âèäîâ çåëåíûõ ëÿãóøåê ñëó÷èëèñü çäåñü ëèøü â 2007 ã.,
à ïîçæå îòìå÷àëèñü ëèøü åäèíè÷íûå ñëó÷àè. Àíàëîãè÷íûå ñëó÷àè
çàìåòíîãî ñíèæåíèÿ ÷èñëà îñîáåé ñ äåôîðìàöèÿìè ñ òå÷åíèåì âðå-
ìåíè îòìå÷åíû è â äðóãèõ ðåãèîíàõ [íàïð.: Rostand, 1959; Flyaks,
Borkin, 2004; Íåêðàñîâà è äð., 2007]. Òàêèì îáðàçîì, àíîìàëüíûå
îñîáè ìîãóò âíåçàïíî â ìàññå ïîÿâëÿòüñÿ è èñ÷åçàòü èëè, íàîáî-
ðîò, ïðîÿâëÿòüñÿ â òå÷åíèå äëèòåëüíîãî âðåìåíè. Ïðè÷èíû ýòîãî
íåèçâåñòíû. Âîçìîæíî, îíè ñâÿçàíû ñ ðàçíûì âëèÿíèåì àíîìàëèé
íà æèçíåñïîñîáíîñòü îñîáåé, à òàêæå ñ ðàçîâûì èëè åæåãîäíî ïîâ-
òîðÿþùèìñÿ äåéñòâèåì ôàêòîðà, âûçûâàþùåãî ýòè àíîìàëèè.
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Â ëèòåðàòóðå îáñóæäàåòñÿ ìíîæåñòâî ïðè÷èí, êîòîðûå ìîãóò
îáóñëîâèòü ïîÿâëåíèå ìàññîâûõ àíîìàëèé ó àìôèáèé â ïðèðîäå
[íàïð.: Dubois, 1979; Tyler, 1989; Flyaks, Borkin, 2004; Lannoo, 2008].
Åùå áîëüøåå êîëè÷åñòâî ôàêòîðîâ, âûçûâàþùèõ òå èëè èíûå îò-
êëîíåíèÿ, âûÿâëåíî â ìíîãî÷èñëåííûõ ýêñïåðèìåíòàõ. Íàðóøåíèÿ
â ðàçâèòèè êîíå÷íîñòåé ìîãóò áûòü âûçâàíû íàñëåäñòâåííûìè
ôàêòîðàìè (ìóòàöèè, õðîìîñîìíûå ïîâðåæäåíèÿ), ìåæâèäîâîé
ãèáðèäèçàöèåé, âîçäåéñòâèåì õèùíèêîâ, âèðóñàìè, çàðàæåíèåì ïà-
ðàçèòàìè, ýêñòðåìàëüíîé ïëîòíîñòüþ ãîëîâàñòèêîâ, íàðóøåíèÿìè
â ïèòàíèè, ãîðìîíàëüíûì äèñáàëàíñîì, ìîðôîãåíåçîì â óñëîâèÿõ
ýêñòðåìàëüíûõ òåìïåðàòóð, óëüòðàôèîëåòîâûì îáëó÷åíèåì, çàêèñ-
ëåíèåì âîäîåìîâ, çàãðÿçíåíèåì âîäîåìîâ ðàäèîàêòèâíûìè îòõî-
äàìè, òÿæåëûìè ìåòàëëàìè, ïåñòèöèäàìè è óäîáðåíèÿìè, âëèÿ-
íèåì îçîíà, âîçäåéñòâèåì ìàãíèòíîãî ïîëÿ, îáèòàíèåì íà êðàþ
àðåàëà è äð.

Èç âñåõ âûøåïåðå÷èñëåííûõ ïðè÷èí íàèáîëåå âåðîÿòíûìè
â íàøåì ñëó÷àå ïðåäñòàâëÿþòñÿ íàñëåäñòâåííûå ôàêòîðû èëè çà-
ðàæåíèå âèðóñàìè. Îäíàêî íè ïîäòâåðäèòü, íè îïðîâåðãíóòü ýòîãî
ìû ïîêà íå ìîæåì. Äåéñòâèå îñòàëüíûõ ôàêòîðîâ, âêëþ÷àÿ ðàç-
ëè÷íîãî ðîäà çàãðÿçåíèÿ, íàìè íå îáíàðóæåíî.

Ñèòóàöèÿ â Ïðèäíåñòðîâüå èíòåðåñíà òåì, ÷òî âûñîêàÿ äîëÿ
àíîìàëüíûõ îñîáåé áûëà íàéäåíà ñðàçó ó äâóõ áëèçêîðîäñòâåííûõ
âèäîâ çåëåíûõ ëÿãóøåê â îáîèõ âîäîåìàõ. Ïîëàãàþò [Ouellet et al.,
1997, ð. 100], ÷òî îäíîâðåìåííàÿ âñòðå÷àåìîñòü îäèíàêîâûõ àíî-
ìàëèé ó áîëåå ÷åì îäíîãî âèäà àìôèáèé â îäíîì è òîì æå âîäîåìå
ãîâîðèò î äåéñòâèè ýêçîãåííîãî ôàêòîðà. Ñ÷èòàåòñÿ òàêæå, ÷òî åñëè
ðàíüøå àíîìàëèè çàòðàãèâàëè â âîäîåìå ëèøü îäèí èç âèäîâ, òî
â ïîñëåäíèå äåñÿòèëåòèÿ ðåãèñòðèðóåòñÿ âñå áîëüøå ñëó÷àåâ èõ
ïðîÿâëåíèÿ ó ñèíòîïè÷íûõ âèäîâ [Gardiner, Hoppe, 1999, ð. 207].

Îäíàêî â íàøåì ñëó÷àå îáà âèäà çåëåíûõ ëÿãóøåê îáðàçóþò
ñìåøàííóþ ïîïóëÿöèîííóþ ñèñòåìó R–E òèïà, â êîòîðîé îñîáè
ìîãóò ñêðåùèâàòüñÿ êàê â ïðåäåëàõ ñâîåãî âèäà, òàê è ñ îñîáÿìè
äðóãîãî, ïðè÷åì ãèáðèäíûå îñîáè P. esculentus â äàííîì ñëó÷àå
ïåðåäàþò òîëüêî ãåíîì îäíîãî èç ðîäèòåëüñêèõ âèäîâ – P. lessonae.
Ïîýòîìó åñëè èìååòñÿ íåêèé ãåíåòè÷åñêèé ôàêòîð, âûçûâàþùèé
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àíîìàëèè, êîòîðûé ìîæåò ïåðåäàâàòüñÿ îò îäíîãî âèäà ê äðóãîìó,
òî, èñõîäÿ èç ñîñòàâà âèäîâ è îñîáåííîñòåé íàñëåäîâàíèÿ ó P. es-
culentus, îí ìîæåò ëîêàëèçîâàòüñÿ òîëüêî â ãåíîìå P. ridibundus.
Â òàêîì ñëó÷àå ïåðåäà÷à ýòîãî ôàêòîðà äîëæíà èäòè â íàïðàâëå-
íèè îò P. ridibundus ê P. esculentus.

Íàøè äàííûå çàñòàâëÿþò ñ îñòîðîæíîñòüþ îòíîñèòüñÿ ê èñ-
ïîëüçîâàíèþ àíîìàëèé àìôèáèé â êà÷åñòâå áèîèíäèêàöèè çàãðÿç-
íåíèÿ ñðåäû, òàê êàê ìàññîâûå íàðóøåíèÿ â ñòðîåíèè çàäíèõ êî-
íå÷íîñòåé ó çåëåíûõ ëÿãóøåê áûëè çàðåãèñòðèðîâàíû â âîäîåìàõ,
ãäå íå áûëî îòìå÷åíî ÿâíîãî àíòðîïîãåííîãî âîçäåéñòâèÿ.

Áèáëèîãðàôè÷åñêèå ññûëêè
Áîðêèí Ë. ß., Áåçìàí-Ìîñåéêî Î. Ñ., Ëèòâèí÷óê Ñ. Í., 2012. Îöåíêà

âñòðå÷àåìîñòè àíîìàëèé â ïðèðîäíûõ ïîïóëÿöèÿõ (íà ïðèìåðå àìôè-
áèé) // Òð. Çîîë. èí-òà ÐÀÍ. ÑÏá. Ò. 316, ¹ 4. Ñ. 324–343.

Íåêðàñîâà Î. Ä., Ìåææåðèí Ñ. Â., Ìîðîçîâ-Ëåîíîâ Ñ. Þ., Ñûò-
íèê Þ. Ì., 2007. Ñëó÷àé ìàññîâîé ïîëèìåëèè ó îçåðíûõ ëÿãóøåê (Rana
ridibunda Pall., 1771) Êèåâà // Íàóêîâèé â³ñíèê Óæãîðîäñüêîãî óí³âåð-
ñèòåòó. Âèï. 21. Ñ. 92–95. (Ñåð. Á³îëîã³ÿ).

Borkin L. J., Pikulik M. M., 1986. The occurrence of polymely and poly-
dactyly in natural populations of anurans of the USSR // Amphibia-Reptilia.
Leiden. Vol. 7, Nr 3. P. 205–216.

Dubois A., 1979. Anomalies and mutations in natural populations
of the Rana «esculenta» complex (Amphibia, Anura) // Mitteilungen aus
dem Zoologischen Museum in Berlin. Bd. 55, H. 1. S. 59–87.

Flyaks N. L., Borkin L. J., 2004. Morphological abnormalities and heavy
metal concentrations in anurans of contaminated areas, eastern Ukraine //
Applied Herpetology. Leiden. Vol. 1. P. 229–264.

Gardiner D. M., Hoppe D. M., 1999. Environmentally induced limb
malformations in mink frogs (Rana septentrionalis) // J. of Experimental
Zoology. Vol. 284. P. 207–216.

Lannoo M., 2008. Malformed Frogs. The Collapse of Aquatic Ecosystems.
Berkeley ; Los Angeles ; London : University of California Press. 270 p.

Ouellet M., Bonin J., Rodrigue J., DesGranges J.-L., Lair S., 1997.
Hindlimb deformities (ectromelia, ectrodactyly) in free-living anurans from
agricultural habitats // J. of Wildlife Diseases. Vol. 33, Nr 1. P. 95–104.



19

Rostand J., 1959. L’anomalie P chez la grenouille verte (Rana esculen-
ta L.) // Bulletin Biolologique de la France et de la Belgique. Paris. T. 93, 1er
trimestre, fasc. 1. P. 7–15.

Tyler M. J., 1989. Australian Frogs. Viking O’Neil, Penguin Books Austra-
lia Ltd, Ringwood. 220 p.

ÀÍÎÌÀËÈÈ Ó ÑÅÃÎËÅÒÎÊ ÎÁÛÊÍÎÂÅÍÍÎÃÎ ÒÐÈÒÎÍÀ
(LISSOTRITON VULGARIS L., 1758)
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ANOMALIES IN JUVENILES OF SMOOTH NEWT
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IN URBAN AREA

D. L. Berzin
Ural Federal University (Ekaterinburg)

This work is a methodological analysis of the possibility of using
morphological abnormalities in common newt’s populations for
environmenthal health assessment.

Íàñòîÿùàÿ ðàáîòà ïðåäñòàâëÿåò ñîáîé ìåòîäîëîãè÷åñ-
êèé àíàëèç âîçìîæíîñòè èñïîëüçîâàíèÿ ìîðôîëîãè÷åñêèõ àíî-
ìàëèé â ïîïóëÿöèÿõ îáûêíîâåííîãî òðèòîíà äëÿ îöåíêè çäîðî-
âüÿ îêðóæàþùåé ñðåäû.

Ìàòåðèàë è ìåòîäû
Â îñíîâå äàííîãî èññëåäîâàíèÿ ëåæàò ñáîðû ñåãîëåòîê è âçðîñ-

ëûõ îñîáåé îáûêíîâåííîãî òðèòîíà Lissotriton vulgaris L. Â. Ë. Âåð-
øèíèíà è Ä. Ë. Áåðçèíà (2010–2013) íà òåððèòîðèè åñòåñòâåííûõ
è àíòðîïîãåííûõ ëàíäøàôòîâ Óðàëà. Îñíîâíàÿ ÷àñòü ìàòåðèàëà ñî-
áðàíà íà òåððèòîðèè Åêàòåðèíáóðãñêîé ãîðîäñêîé àãëîìåðàöèè.
Æèâîòíûå ñîáðàíû â ìåñòîîáèòàíèÿõ ñ ðàçíûì óðîâíåì óðáàíè-
çàöèè, â ñîîòâåòñòâèè ñ ëàíäøàôòíîé òèïèçàöèåé [Âåðøèíèí,
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1980]: II – çîíà ìíîãîýòàæíîé çàñòðîéêè, III – çîíà ìàëîýòàæíîé çà-
ñòðîéêè, IV – ëåñîïàðêîâàÿ çîíà, Ê – çàãîðîäíûé ëåñ. Îòëîâ æèâîò-
íûõ ïðîâîäèëñÿ âðó÷íóþ â âîäíûõ è íàçåìíûõ ìåñòîîáèòàíèÿõ,
ñåãîëåòêè îòëàâëèâàëèñü âñêîðå ïîñëå çàâåðøåíèÿ ìåòàìîðôîçà.
Ãèäðîõèìè÷åñêèå àíàëèçû âûïîëíåíû â ëàáîðàòîðèè ôèçèêî-õè-
ìè÷åñêèõ ìåòîäîâ àíàëèçà Óðàëüñêîãî ãîñóäàðñòâåííîãî ãîðíîãî
óíèâåðñèòåòà.

Ðåçóëüòàòû è îáñóæäåíèå
Ñðåäè äðóãèõ ïîçâîíî÷íûõ æèâîòíûõ çåìíîâîäíûå îáëàäàþò

íàèáîëüøåé ÷óâñòâèòåëüíîñòüþ ê çàãðÿçíåíèÿì, òàê êàê âñå ýòàïû
ðàçâèòèÿ ïðîòåêàþò âíå îðãàíèçìà ñàìêè [Áîëüøàêîâ è äð., 2001].
Êîæà àìôèáèé – ÷óâñòâèòåëüíûé îðãàí, òàê êàê ÷åðåç íåå îñóùåñòâ-
ëÿåòñÿ äûõàíèå æèâîòíîãî, ïîýòîìó Caudata ÷óâñòâèòåëüíû ê ðàç-
ëè÷íûì çàãðÿçíÿþùèì âåùåñòâàì (íåôòåïðîäóêòû, ñâèíåö), êîòî-
ðûå ðàñòâîðåíû â âîäå. Õèìèêàòû, çàãðÿçíåíèå òÿæåëûìè ìåòàë-
ëàìè è ïðîñòî ñóùåñòâåííûå íàðóøåíèÿ õèìè÷åñêîãî ôîíà ñðåäû
ïðèâîäÿò ê óâåëè÷åíèþ äîëè ìîðôîëîãè÷åñêèõ àíîìàëèé ó òðèòî-
íîâ [Âåðøèíèí, 2007]. Êîíöåíòðàöèÿ çåìíîâîäíûìè, â òîì ÷èñëå
è òðèòîíàìè, ïîëëþòàíòîâ ïîçâîëÿåò îáíàðóæèòü çàãðÿçíåíèå äî òî-
ãî, êàê îíî îêàæåòñÿ çíà÷èòåëüíûì [Áîëüøàêîâ è äð., 2001]. Ó îáûê-
íîâåííîãî òðèòîíà, êðîìå åùå áîëüøåé ïî ñðàâíåíèþ ñ óãëîçóáà-
ìè äîëè àíîìàëèé êîíå÷íîñòåé, èìååòñÿ òàêîé ñïåöèôè÷åñêèé êîì-
ïîíåíò, êàê êîæíûå íîâîîáðàçîâàíèÿ, êîòîðûå îòðàæàþò óðîâåíü
çàãðÿçíåííîñòè ñðåäû êàíöåðîãåíàìè [Breedis, 1952; Dumont et al.,
1979] è èñïîëüçóþòñÿ êàê ñïåöèàëüíûé «òðèòîíîâûé òåñò» [Ïëèññ,
Õóäîëåé, 1979]. Â ñâÿçè ñ ýòèì òðèòîíîâ èñïîëüçóþò êàê èíäèêàòîð
ñîñòîÿíèÿ îêðóæàþùåé ñðåäû.

Èñïîëüçîâàíèå òðèòîíîâ äëÿ îöåíêè êà÷åñòâà ïðèðîäíîé ñðå-
äû ïîçâîëÿåò ñäåëàòü òî, ÷òî íå ïîä ñèëó èçìåðèòåëüíûì ïðèáîðàì:
ñ èõ ïîìîùüþ îïðåäåëÿþò íå êîíöåíòðàöèþ òîãî èëè èíîãî çàãðÿç-
íèòåëÿ, à äàþò îáùóþ îöåíêó êà÷åñòâà ïðèðîäíîé ñðåäû, åå ïðè-
ãîäíîñòè äëÿ æèâûõ ñóùåñòâ, â òîì ÷èñëå äëÿ ÷åëîâåêà [Èâàíîâ,
2010]. Îáûêíîâåííûé òðèòîí â ñèëó ñâîèõ áèîëîãè÷åñêèõ îñîáåí-
íîñòåé – âåñüìà óäîáíûé îáúåêò äëÿ îöåíêè ñîñòîÿíèÿ ýêîñèñòåì
(êàê íàçåìíûõ, òàê è âîäíûõ). Åãî øèðîêîå ðàñïðîñòðàíåíèå, ìîð-



21

ôîëîãè÷åñêèé ïîëèìîðôèçì, ñïîñîáíîñòü àêêóìóëèðîâàòü ïîëëþ-
òàíòû, òÿæåëûå ìåòàëëû, ðàäèîíóêëèäû, âîçìîæíîñòü èñïîëüçîâà-
íèÿ ýòîãî âèäà â óñëîâèÿõ ëàáîðàòîðíîãî ýêñïåðèìåíòà, õîðîøàÿ
èçó÷åííîñòü áèîëîãèè è ýêîëîãèè ïîçâîëÿþò èñïîëüçîâàòü äàííîå
æèâîòíîå â êà÷åñòâå áèîèíäèêàòîðà [Ïÿñòîëîâà è äð., 1996].

Îäíîé èç êà÷åñòâåííûõ õàðàêòåðèñòèê ìîðôîëîãè÷åñêîé ñïå-
öèôèêè ïîïóëÿöèé àìôèáèé ÿâëÿåòñÿ íàëè÷èå äåâèàíòíûõ ôîðì,
à òàêæå èõ âñòðå÷àåìîñòü. Àíàëèç ÷àñòîò ìîðôîëîãè÷åñêèõ àíîìà-
ëèé L. vulgaris ïîêàçàë, ÷òî èìååòñÿ òåíäåíöèÿ ê óâåëè÷åíèþ èõ
ñóììàðíîé âñòðå÷àåìîñòè ó ñåãîëåòîê è âçðîñëûõ æèâîòíûõ â ïî-
ïóëÿöèÿõ, íàñåëÿþùèõ óðáàíèçèðîâàííûå òåððèòîðèè. Íàïðèìåð,
ó ñåãîëåòîê â çîíå II íàáëþäàåòñÿ äîâîëüíî âûñîêàÿ ÷àñòîòà âñòðå-
÷àåìîñòè ìîðôîëîãè÷åñêèõ àíîìàëèé. Ïðè èññëåäîâàíèè æèâîòíûõ
(n = 113) èç çîíû II áûëî îáíàðóæåíî 6,2 % àíîìàëèé, â çîíå III
(n = 86) – 1,1 %, â çîíå IV (n = 119) – 9,2 %. Â ïðèðîäíûõ ïîïóëÿ-
öèÿõ (n = 7) íå áûëî îáíàðóæåíî äåâèàíòíûõ ôîðì. Ó âçðîñëûõ
L. vulgaris â çîíå II íàáëþäàåòñÿ áîëåå âûñîêàÿ ÷àñòîòà âñòðå÷àåìîñ-
òè ìîðôîëîãè÷åñêèõ àíîìàëèé ïî ñðàâíåíèþ ñ ñåãîëåòêàìè. Ïðè èñ-
ñëåäîâàíèè æèâîòíûõ (n = 179) èç çîíû II áûëî îáíàðóæåíî 8,9 %
àíîìàëèé, â çîíå III (n = 103) – 15,5 %, â çîíå IV (n = 99) – 13,1 %,
â ïðèðîäíûõ ïîïóëÿöèÿõ (n = 19) – 5,2 %.

Íàèáîëüøåå êîëè÷åñòâî âàðèàíòîâ àíîìàëèé ó ñåãîëåòîê L. vul-
garis âñòðå÷àåòñÿ â çîíå ìíîãîýòàæíîé çàñòðîéêè. Ó ñåãîëåòîê
L. vulgaris âñòðå÷àþòñÿ: îòåêè, îëèãîäàêòèëèÿ (ìåíüøåå ÷èñëî ïàëü-
öåâ), ýêòðîìåëèÿ (óêîðî÷åííûå èëè îòñóòñòâóþùèå îòäåëû êîíå÷-
íîñòè), àíîìàëèè îñåâîãî ñêåëåòà, ýêòðîäàêòèëèÿ (îòñóòñòâèå ÷àñ-
òè ýëåìåíòîâ â ñòðîåíèè ïàëüöåâ). ×àùå âñåãî ó ñåãîëåòîê èìåþòñÿ
ñëåäóþùèå äåâèàíòíûå ôîðìû: ýêòðîýäàêòèëèÿ è îëèãîäàêòèëèÿ.

Ó âçðîñëûõ îñîáåé L. vulgaris âñòðå÷àåòñÿ ñëåäóþùèé ñïåêòð
àíîìàëèé: òàóìåëèÿ (ñèëüíîå èçìåíåíèå ïëàíà ñòðîåíèÿ êîíå÷íîñ-
òè), ïîëèäàêòèëèÿ (íàëè÷èå äîïîëíèòåëüíûõ ïàëüöåâ), îëèãîäàê-
òèëèÿ (ìåíüøåå ÷èñëî ïàëüöåâ), êëèíîäàêòèëèÿ (ðàçâåòâëåíèå ïàëü-
öåâ), ýêòðîýäàêòèëèÿ (îòñóòñòâèå ÷àñòè ýëåìåíòîâ â ñòðîåíèè ïàëü-
öåâ), ýêòðîìåëèÿ (óêîðî÷åííûå èëè îòñóòñòâóþùèå îòäåëû êîíå÷-
íîñòè), áðàõèìåëèÿ (ñèììåòðè÷íûå óêîðî÷åííûå êîíå÷íîñòè),
íîâîîáðàçîâàíèÿ, àíîìàëèè îñåâîãî ñêåëåòà, à òàêæå ïèãìåíòíûå
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îòêëîíåíèÿ. Íàèáîëåå ÷àñòî âñòðå÷àþòñÿ ñëåäóþùèå äåâèàöèè: îòå-
êè, êëèíîäàêòèëèÿ, ïîëèäàêòèëèÿ, àíîìàëèè ñêåëåòà, ÷òî ñâÿçàíî
ñ àíîìàëüíîé ðåãåíåðàöèåé.

Âûñîêàÿ äîëÿ âàðèàíòîâ àíîìàëèé ó âçðîñëûõ îñîáåé îáûêíî-
âåííîãî òðèòîíà, âåðîÿòíî, îáóñëîâëåíà íå òîëüêî îòêëîíåíèÿìè
â õîäå îíòîãåíåçà â óñëîâèÿõ àíòðîïîãåííîé òðàíñôîðìàöèè ñðå-
äû, íî òàêæå ñâÿçàíà ñ ÿâëåíèåì àíîìàëüíîé ðåãåíåðàöèè â óñëî-
âèÿõ çàãðÿçíåíèÿ ñðåäû îáèòàíèÿ [Âåðøèíèí, 1997].

Ìåíüøàÿ âñòðå÷àåìîñòü è ðàçíîîáðàçèå àíîìàëèé ó ñåãîëåòîê
L. vulgaris â ñðàâíåíèè ñ ïîëîâîçðåëûìè æèâîòíûìè îáóñëîâëåíû,
ïî-âèäèìîìó, âûñîêîé ñìåðòíîñòüþ âàðèàíòîâ, õàðàêòåðèçóþùèõñÿ
îòêëîíåíèÿìè â ôîðìîîáðàçîâàòåëüíîé ïîòåíöèè.

Â öåëîì äëÿ îáûêíîâåííîãî òðèòîíà ÷èñëî âàðèàíòîâ àíîìàëèé
è èõ âñòðå÷àåìîñòü èìåþò òåíäåíöèþ ê íàêîïëåíèþ ñ âîçðàñòîì
(ðèñóíîê).

×èñëî âàðèàíòîâ àíîìàëèé  L. vulgaris â ãðàäèåíòå óðáàíèçàöèè
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Âåðîÿòíî, âûñîêèå êîíöåíòðàöèè ïîëëþòàíòîâ â âîäîåìàõ óð-
áàíèçèðîâàííûõ òåððèòîðèé ñïîñîáñòâóþò óâåëè÷åíèþ ÷àñòîòû
îòêëîíåíèé ðàçâèòèÿ è àíîìàëüíîé ðåãåíåðàöèè. Òàê, øèðîêèé
ñïåêòð âàðèàíòîâ è âûñîêèé ïðîöåíò àíîìàëèé õàðàêòåðåí äëÿ æè-
âîòíûõ, îáèòàþùèõ â ìåñòîîáèòàíèÿõ ñ âûñîêîé ìèíåðàëèçàöèåé
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ïîâåðõíîñòíûõ âîä, ÿâëÿþùåéñÿ èíòåãðàëüíûì ïîêàçàòåëåì çà-
ãðÿçíåíèÿ (òàáëèöà).

II ìíîãîýòàæíîé çàñòðîéêè

III ìàëîýòàæíîé çàñòðîéêè

IV ëåñîïàðêîâàÿ çîíà

K ïðèãîðîäíûé ëåñ

Èçìåíåíèå ìèíåðàëèçàöèè íåðåñòîâûõ âîäîåìîâ
â ãðàäèåíòå óðáàíèçàöèè

Çîíà N (êîëè÷åñòâî ïðîá)Ìèíåðàëèçàöèÿ, ìã/ë

547,9 ± 39,2

234,3 ± 30

134,4 ± 25

109 ± 40,7

13

22

32
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Âîçìîæíî, âñòðå÷àåìîñòü àíîìàëèé ó îáûêíîâåííîãî òðèòîíà
çàâèñèò òàêæå îò êèñëîòíîñòè âîäîåìîâ. L. vulgaris ïðåäïî÷èòàåò
âîäîåìû ñ íåéòðàëüíûì èëè ñëåãêà ùåëî÷íûì pH [Âåðøèíèí è
äð., 2006]. Îí îòìå÷åí â ïðóäàõ ñ pH 6,0–9,0, íî íå âñòðå÷àåòñÿ
ïðè pH < 6,0, õîòÿ îòäåëüíûå æèâîòíûå îáíàðóæåíû è ïðè pH 5,8.
Ïðè çíà÷åíèÿõ pH < 3,9 îáûêíîâåííûå òðèòîíû ïîëíîñòüþ îòñóò-
ñòâóþò. Âîçìîæíî, â âîäîåìàõ ñ ïðåäåëüíûì óðîâíåì pH äëÿ äàí-
íîãî âèäà íàáëþäàåòñÿ áîëüøåå êîëè÷åñòâî äåâèàíòíûõ ôîðì.
Â çîíå II pH îêîëî 8,0, ÷òî áëèçêî ê êðèòè÷åñêîìó çíà÷åíèþ äëÿ äàí-
íîãî âèäà.

Â ðåçóëüòàòå äàííîãî èññëåäîâàíèÿ óäàëîñü óñòàíîâèòü, ÷òî øè-
ðèíà ñïåêòðà è ÷àñòîòà ìîðôîëîãè÷åñêèõ àíîìàëèé ðàñòóò íà óð-
áàíèçèðîâàííîé òåððèòîðèè êàê ó ñåãîëåòîê, òàê è ó âçðîñëûõ æè-
âîòíûõ, ÷òî îïðåäåëÿåòñÿ êàê ðîñòîì îòêëîíåíèé ðàçâèòèÿ, òàê è
àíîìàëüíîé ðåãåíåðàöèåé â óñëîâèÿõ çàãðÿçíåíèÿ è àíòðîïîãåííîé
äåñòàáèëèçàöèè ñðåäû.

Ìåíüøàÿ âñòðå÷àåìîñòü è íåáîëüøîå ðàçíîîáðàçèå àíîìàëèé
ó ñåãîëåòîê L. vulgaris â ñðàâíåíèè ñ ïîëîâîçðåëûìè æèâîòíûìè
îáóñëîâëåíû, ïî-âèäèìîìó, âûñîêîé ñìåðòíîñòüþ âàðèàíòîâ, õàðàê-
òåðèçóþùèõñÿ îòêëîíåíèÿìè â ôîðìîîáðàçîâàòåëüíîé ïîòåíöèè.
Âûñîêàÿ äîëÿ âàðèàíòîâ àíîìàëèé ó âçðîñëûõ îñîáåé îáûêíîâåí-
íîãî òðèòîíà, â ñðàâíåíèè ñ ñåãîëåòêàìè, ìîæåò áûòü âûçâàíà àíî-
ìàëüíîé ðåãåíåðàöèåé â óñëîâèÿõ çàãðÿçíåíèÿ.
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Â ÏÐÈÐÎÄÍÛÕ ÏÎÏÓËßÖÈßÕ ÀÌÔÈÁÈÉ:
×ÒÎ ÌÛ ÈÇÓ×ÀÅÌ È ÊÀÊ ÎÖÅÍÈÂÀÅÌ?

Ë. ß. Áîðêèí
Çîîëîãè÷åñêèé èíñòèòóò ÐÀÍ (Ñàíêò-Ïåòåðáóðã)

MORPHOLOGICAL ABNORMALITIES
IN NATURAL POPULATIONS OF AMPHIBIANS:

WHAT DO WE STUDY AND HOW DO WE MEASURE?
L. J. Borkin

Zoological institute, Russian Academy of Sciences (St. Petersburg)

Some problems of studies of morphological deformities in
natural populations of amphibians are discussed. The frequency
of malformed animals equal to 5 % of a sample is suggested for
the separation between the background and mass occurrence.
The distribution of deformity records across species and higher
taxonomic groups of amphibians as well as across geographical
regions is surveyed. The frequency of malformed animals is higher
in aquatic rather than in semiaquatic or terrestrial species. Shared
occurrence of deformities in some syntopic species is mentioned.
Sampling, statistical methods, unification of terminology, and
identification of deformities in cases of so called syndromes are also
considered.

Îáñóæäàþòñÿ ïðîáëåìû èçó÷åíèÿ ìîðôîëîãè÷åñêèõ àíî-
ìàëèé â ïðèðîäíûõ ïîïóëÿöèÿõ àìôèáèé. Äëÿ ðàçäåëåíèÿ ôîíî-
âûõ è ìàññîâûõ àíîìàëèé ïðåäëàãàåòñÿ 5 % óðîâåíü âñòðå÷àå-
ìîñòè àíîìàëüíûõ îñîáåé â âûáîðêå äëÿ óñëîâíîãî ðàçäåëåíèÿ
íà ôîíîâûå è ìàññîâûå. Àíàëèçèðóåòñÿ èíôîðìàöèÿ î ðàñïðîñò-
ðàíåíèè àíîìàëèé ó ðàçíûõ âèäîâ àìôèáèé è áîëåå êðóïíûõ
òàêñîíîìè÷åñêèõ êàòåãîðèé, à òàêæå â ðàçëè÷íûõ ãåîãðàôè-
÷åñêèõ îáëàñòÿõ. ×àñòîòà àíîìàëèé ó âîäíûõ âèäîâ âûøå
â ñðàâíåíèè ïîëóâîäíûìè è íàçåìíûìè. Ñðàâíèâàåòñÿ âñòðå-
÷àåìîñòü àíîìàëèé ó ñèíòîïè÷åñêèõ âèäîâ. Òàêæå îáñóæäà-
þòñÿ îòáîð ïðîá, ñòàòèñòè÷åñêèå ìåòîäû, óíèôèêàöèÿ òåð-
ìèíîëîãèè è èäåíòèôèêàöèÿ àíîìàëèé â ñëó÷àÿõ òàê íàçûâàå-
ìûõ ñèíäðîìîâ.
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Â Åâðîïå ñâåäåíèÿ î íàõîäêàõ «ìîíñòðîâ» ñðåäè àìôèáèé ïî-
ÿâèëèñü åùå â ïåðâîé ïîëîâèíå XVIII â. Â Ðîññèè ïåðâûé ñëó÷àé
àíîìàëèè (ïîëèäàêòèëèÿ) áûë îïèñàí Í. À. Õîëîäêîâñêèì (1896)
ó äâóõ îñîáåé çåëåíûõ ëÿãóøåê Rana esculenta (= Pelophylax ridibun-
dus), ïîéìàííûõ À. À. Ñèëàíòüåâûì â Õðåíîâñêîì áîðó Âîðîíåæ-
ñêîé ãóáåðíèè. Â XIX è ïåðâîé ïîëîâèíå XX â. ðÿä ó÷åíûõ ïðèäà-
âàëè «óðîäñòâàì» âàæíîå çíà÷åíèå, ðàññìàòðèâàÿ èõ êàê ïðîÿâëå-
íèå îñîáîãî ìåõàíèçìà ýâîëþöèè îðãàíèçìîâ.

Íà÷èíàÿ ñ ñåðåäèíû ïðîøëîãî âåêà ÷èñëî çàðåãèñòðèðîâàííûõ
ñëó÷àåâ àíîìàëèé â ïðèðîäíûõ ïîïóëÿöèÿõ àìôèáèé ðåçêî âîçðîñ-
ëî, à ñàìî ýòî ÿâëåíèå ïðèâëåêëî ê ñåáå ïîâûøåííîå âíèìàíèå ó÷å-
íûõ è âûçâàëî ñèëüíóþ îçàáî÷åííîñòü íàñåëåíèÿ, îñîáåííî â Ñå-
âåðíîé Àìåðèêå, â êîíòåêñòå êà÷åñòâà ñðåäû. Ïðèçíàêîì ïîñëåäíèõ
50–60 ëåò ñòàëà òàêæå ìàññîâàÿ âñòðå÷àåìîñòü àíîìàëüíûõ îñî-
áåé, ÷åãî íå áûëî ðàíåå [Lannoo, 2008; p. 126]. Â ÑÑÑÐ ïåðâûé ñëó-
÷àé ìàññîâûõ àíîìàëèé (ïîëèìåëèÿ è äð.) áûë îáíàðóæåí â 1947 ã.
ó îçåðíîé ëÿãóøêè Pelophylax ridibundus â îêðåñòíîñòÿõ Àëìà-Àòû,
Êàçàõñòàí [Âîéòêåâè÷, 1948]. Îí èçó÷àëñÿ çàòåì â òå÷åíèå 15 ëåò
[Woitkewitch, 1962, p. 754].

Íåðåäêî ðàçëè÷àþò äâå ãðóïïû îòêëîíåíèé â ñòðîåíèè: à) ñâÿ-
çàííûå ñ íàðóøåíèåì ìîðôîãåíåçà; á) òðàâìàòè÷åñêèå. Îäíàêî
íà ïðàêòèêå îáîñîáèòü äâå êàòåãîðèè «íåòèïè÷íîé ìîðôîëîãèè»
ïîä÷àñ âåñüìà òðóäíî, îñîáåííî â ïîëåâûõ óñëîâèÿõ, êîãäà àíîìà-
ëèè ÷àùå âñåãî ðåãèñòðèðóþòñÿ â õîäå áåãëîãî âíåøíåãî îñìîòðà
ïîéìàííûõ îñîáåé. Ïîýòîìó ìíîãèå àâòîðû ïîä àíîìàëèåé ïîíè-
ìàþò ëþáîå îòêëîíåíèå îò íîðìû, íåçàâèñèìî îò ïðè÷èíû, åãî âû-
çâàâøåé. Íàðóøåíèÿ ìîãóò çàòðàãèâàòü ñàìûå ðàçíûå ÷àñòè è îðãà-
íû òåëà àìôèáèé, êàê âíåøíèå, òàê è âíóòðåííèå. Â êà÷åñòâå ïðèìå-
ðà ìîæíî ïðèâåñòè ìàññîâóþ âñòðå÷àåìîñòü ó ñåâåðîàìåðèêàíñêèõ
ëåîïàðäîâûõ ëÿãóøåê îïóõîëåé ïî÷êè, êîòîðàÿ âûçûâàåòñÿ âèðó-
ñîì Ëþêå [McKinnell, 1973]. Ýòîò æå âèðóñ ìîæåò èíäóöèðîâàòü
õîíäðîñàðêîìû ó àìôèáèé [Mizgireuv et al., 1984].

Ïîñêîëüêó òåîðåòè÷åñêè àíîìàëèè ìîãóò ïîÿâëÿòüñÿ â ëþáîé
ïîïóëÿöèè, íå çàòðîíóòîé àíòðîïîãåííûì âîçäåéñòâèåì, òî âàæíî
îöåíèòü óðîâåíü òàêîé ôîíîâîé âñòðå÷àåìîñòè, ÷òîáû îòäåëèòü åå
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îò ìàññîâîé. Â êà÷åñòâå óñëîâíîãî ïîðîãà ïðåäëàãàëèñü ñëåäóþùèå
çíà÷åíèÿ: 1 % [Borkin, Pikulik, 1986], 2 % [e. g., Puky, Fodor, 2002;
D’Amen et al., 2006] è 5 % [e. g., Áîðêèí è äð., 2012]. Ïðè ÷àñòîòå
ìåíüøå ýòèõ çíà÷åíèé àíîìàëèè îòíîñèëèñü ê ôîíîâûì, à âûøå –
ê ìàññîâûì [ïðèìåðû ñì.: Áîðêèí è äð., 2012]. Îäíàêî äàæå â çàïî-
âåäíèêàõ ñèòóàöèÿ ìîæåò áûòü ðàçëè÷íîé. Òàê, â ÑØÀ â 1997 ã.
àíîìàëüíûå Anura áûëè îáíàðóæåíû â 29 èç 38 îõðàíÿåìûõ òåððè-
òîðèé. Ïðè ýòîì ÷àñòîòà â 1 % áûëà âûÿâëåíà â 10 çàïîâåäíèêàõ,
îò 1 äî 2 % – â 11 è îò 2 äî 5 % – òàêæå â 11, à îò 5,5 äî 9,9 % –
â 4 îõðàíÿåìûõ òåððèòîðèÿõ [Converse et al., 2000]. Â 1990-å ãã.
áûëà çàìå÷åíà òåíäåíöèÿ ê ÿâíîìó ïîâûøåíèþ âñòðå÷àåìîñòè ôî-
íîâûõ àíîìàëèé – áîëåå 2 % [Johnson et al., 2003]. Ïîýòîìó áûëî
ðåêîìåíäîâàíî îáðàùàòü îñîáîå âíèìàíèå íà ñëó÷àè, êîãäà ÷àñòîòà
àíîìàëüíûõ àìôèáèé â ïîïóëÿöèè äîñòèãàåò 10 %, ïîñêîëüêó ýòî,
ïî ìíåíèþ àâòîðîâ, óêàçûâàåò íà íàëè÷èå ôàêòîðîâ ñðåäû, âûçû-
âàþùèõ àíîìàëèè [Fodor, Puky, 2002]. Ðåêîðäíûå çíà÷åíèÿ ìàññî-
âûõ àíîìàëèé áûëè âûÿâëåíû ó ñåãîëåòîê íîðêîâîé ëÿãóøêè (Rana
septentrionalis, íûíå ðîä Lithobates) â øòàòå Ìèííåñîòà, ÑØÀ –
äî 80 % [Gardiner, Hoppe, 1999], ó çåëåíûõ ëÿãóøåê êîìïëåêñà Rana
esculenta (íûíå ðîä Pelophylax) âî Ôðàíöèè – äî 77 % [Rostand,
1959] è ó êðàñíîáðþõîé æåðëÿíêè Bombina bombina â Âåíãðèè –
äî 71 % [Puky, Fodor, 2002].

Ñðàâíèòåëüíûé àíàëèç äàííûõ ïîêàçûâàåò, ÷òî àíîìàëèè îáíà-
ðóæèâàþòñÿ íå ó âñåõ âèäîâ àìôèáèé. Áîëåå òîãî, èõ âñòðå÷àåìîñòü
ó áåñõâîñòûõ àìôèáèé ÿâíî âûøå, ÷åì ó õâîñòàòûõ. Òàê, ðàçëè÷-
íûå àíîìàëèè áûëè îáíàðóæåíû ó 67 âèäîâ Anura â 159 ìåñòàõ è
òîëüêî ó 26 âèäîâ Caudata â 43 ìåñòàõ. Â ôàóíå ÑØÀ àíîìàëüíûå
îñîáè çàðåãèñòðèðîâàíû ó 50 % (52 èç 105) âèäîâ áåñõâîñòûõ àìôè-
áèé, òîãäà êàê ó õâîñòàòûõ àìôèáèé ëèøü ó 10 % (18 èç 188) âèäîâ
[Lannoo, 2008]. Âîçíèêàåò âîïðîñ: ÷åì âûçâàíà òàêàÿ ðàçíèöà ìåæ-
äó äâóìÿ îòðÿäàìè àìôèáèé?

Â êàæäîì èç îòðÿäîâ àíîìàëüíûå îñîáè íàéäåíû òàêæå íå ó âñåõ
âèäîâ è ðîäîâ [Ibid.]. Íàïðèìåð, â ôàóíå Anura ÑØÀ îíè îòìå÷å-
íû â ñåìåéñòâå Ascaphidae ó Ascaphus (1 èç 2 âèäîâ), ñðåäè Bufonidae
ó Bufo (10 èç 23), ñðåäè Hylidae ó Acris (2 èç 2), Hyla (7 èç 10),
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Osteopilus (1 èç 1) è Pseudacris (8 èç 14), â ñåìåéñòâå Microhylidae
ó Gastrophryne (2 èç 2), ñðåäè Scaphiopodidae ó Scaphiopus (2 èç 3)
è Spea (1 èç 4), è, íàêîíåö, ñðåäè Ranidae ó «Rana» sensu lato (17
èç 31 âèäà). Ó õâîñòàòûõ àìôèáèé àíîìàëèè îáíàðóæåíû â ñåìåé-
ñòâå Ambystomatidae ó Ambystoma (8 èç 17), â ñåìåéñòâå Plethodon-
tidae â ðîäàõ Desmognathus (1 èç 19), Eurycea (2 èç 27) è Plethodon
(5 èç 54), à òàêæå â ñåìåéñòâå Salamandridae ñðåäè òðèòîíîâ Noto-
phthalmus (1 èç 3) è Taricha (2 èç 3).

Àíàëîãè÷íàÿ êàðòèíà ïðîñìàòðèâàåòñÿ è ïðè àíàëèçå ôàóíû
áûâøåãî ÑÑÑÐ. Ñëó÷àè ìàññîâûõ àíîìàëèé âûÿâëåíû ó 4 èç 12 âè-
äîâ õâîñòàòûõ àìôèáèé (33 %): Salamandrella keyserlingii, Lissotriton
vulgaris, Triturus cristatus è Triturus dobrogicus. Ñðåäè áåñõâîñòûõ
àìôèáèé ÷èñëî âèäîâ ñ àíîìàëèÿìè ñîñòàâëÿåò 43 % (15 èç 35 âè-
äîâ), â òîì ÷èñëå ñ ìàññîâûìè – 11 âèäîâ (Bombina bombina, Bufo
bufo, Bufo gargarizans, Bufo viridis, Pelophylax esculentus, Pelophylax
lessonae, Pelophylax ridibundus, Rana amurensis, Rana pirica, Rana
arvalis è Rana temporaria). Â ïðåäåëàõ ôîíîâîé âñòðå÷àåìîñòè íàõî-
äÿòñÿ àíîìàëüíûå îñîáè ó åùå 4 âèäîâ (Pelobates vespertinus, Bufo
turanensis, Hyla japonica è Hyla orientalis). Ïî÷åìó àíîìàëèè èçâåñò-
íû íå ó âñåõ âèäîâ, ðîäîâ è äàæå ñåìåéñòâ? Ñâÿçàíî ëè ýòî ñ íåäî-
ñòàòêîì ñâåäåíèé èëè áèîëîãè÷åñêèìè îñîáåííîñòÿìè òàêñîíîâ?

Ãåîãðàôè÷åñêîå ðàñïðåäåëåíèå ìàññîâûõ àíîìàëèé òàêæå î÷åíü
íåîäíîðîäíî. Ïîäàâëÿþùåå ÷èñëî ñëó÷àåâ çàðåãèñòðèðîâàíî â óìå-
ðåííûõ øèðîòàõ ñåâåðíîãî ïîëóøàðèÿ. Â Åâðîïå ýòî ñëåäóþùèå
ñòðàíû: Âåëèêîáðèòàíèÿ, Ôðàíöèÿ, Èñïàíèÿ, Èòàëèÿ, Íèäåðëàí-
äû, Ãåðìàíèÿ, Âåíãðèÿ, ×åðíîãîðèÿ, Áåëàðóñü, Óêðàèíà, Ìîëäàâèÿ,
Ðîññèÿ. Â Àçèè: Ðîññèÿ (Ñèáèðü è Äàëüíèé Âîñòîê), Êàçàõñòàí, Ìîí-
ãîëèÿ, ßïîíèÿ. Â Àôðèêå: Ìàðîêêî [Garcia-Muñoz et al., 2010] è
Òóíèñ [Ben Hassine et al., 2011]. Ñåâåðíàÿ Àìåðèêà (ÑØÀ, Êàíàäà)
èçîáèëóåò ïðèìåðàìè ìàññîâûõ àíîìàëèé ó àìôèáèé. Â þæíîì
ïîëóøàðèè îíè õîðîøî äîêóìåíòèðîâàíû â Àâñòðàëèè [Tyler, 1989],
íî â Þæíîé Àìåðèêå èçâåñòíû òîëüêî â Àðãåíòèíå [Peltzer et al.,
2011]. Òàêîé ãåîãðàôè÷åñêèé äèñáàëàíñ ìîæíî îáúÿñíèòü íåñêîëü-
êèìè ïðè÷èíàìè. Âî-ïåðâûõ, Åâðîïà, Ñåâåðíàÿ Àìåðèêà è Àâñòðà-
ëèÿ îòíîñÿòñÿ ê íàèáîëåå õîðîøî èçó÷åííûì òåððèòîðèÿì. Âî-âòî-
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ðûõ, ýòî ðåãèîíû ñ íàèáîëüøèì òåõíîãåííûì âîçäåéñòâèåì ÷åëî-
âåêà è, ñîîòâåòñòâåííî, çàãðÿçíåíèåì ñðåäû. Â-òðåòüèõ, â óìåðåí-
íûõ øèðîòàõ êëèìàò ãîðàçäî ìåíåå ñòàáèëåí, â îòëè÷èå îò òðîïè-
êîâ, ÷òî ìîæåò âëèÿòü íà àìôèáèé. Òåì íå ìåíåå âîïðîñ, äåéñòâè-
òåëüíî ëè àíîìàëüíûå àìôèáèè ÷àùå âñòðå÷àþòñÿ â óìåðåííûõ
øèðîòàõ, à åñëè äà, òî ïî÷åìó, òðåáóåò ñâîåãî òùàòåëüíîãî èçó÷å-
íèÿ, îñîáåííî â þæíûõ ñòðàíàõ. Íàïðèìåð, â ßïîíèè, ãäå àíòðî-
ïîãåííûé ïðåññ íà ïðèðîäó âåñüìà ñèëüíûé, à ãåðïåòîôàóíà õîðî-
øî èçó÷åíà, òàêîé øèðîêîé êàðòèíû âñòðå÷àåìîñòè àíîìàëèé, êàê
â ÑØÀ, íåò.

Èìååòñÿ îïðåäåëåííàÿ ñâÿçü ìåæäó îáðàçîì æèçíè è íàðóøå-
íèÿìè â ñòðîåíèè. Íàïðèìåð, â ÑØÀ è Êàíàäå ÷àùå âñåãî àíîìàëè-
ÿì ïîäâåðæåíû âîäíûå àìôèáèè (Rana clamitans, Rana septentrio-
nalis), òîãäà êàê ó íàçåìíûõ âèäîâ, íàïðèìåð ó ëåñíîé ëÿãóøêè
(Rana sylvatica), îíè çíà÷èòåëüíî ðåæå; ëåîïàðäîâàÿ ëÿãóøêà (Rana
pipiens) ñ ïðîìåæóòî÷íîé ýêîëîãèåé ïî âñòðå÷àåìîñòè àíîìàëèé
íàõîäèòñÿ ìåæäó íèìè [Gardiner et al., 2003]. Ñåé÷àñ ýòè âèäû îò-
íîñÿò ê ðîäó Lithobates Fitzinger, 1843. Ñõîäíóþ òåíäåíöèþ ìîæíî
ïðîñëåäèòü è â åâðîïåéñêîé ôàóíå, ãäå ìàññîâûå àíîìàëèè ÷àùå
âñåãî è/èëè ñ íàèáîëüøåé ÷àñòîòîé ñîîáùàþòñÿ äëÿ âîäíûõ ëÿãó-
øåê (Pelophylax) èëè æåðëÿíîê è â ìåíüøåé ñòåïåíè – äëÿ ãðóïïû
íàçåìíûõ áóðûõ ëÿãóøåê (ñîáñòâåííî Rana) èëè, íàïðèìåð, äëÿ æàá
[ñì. òàêæå: Flyaks, Borkin, 2004]. Çåëåíûå ëÿãóøêè êîìïëåêñà Pelo-
phylax esculentus âîîáùå ÿâëÿþòñÿ ðåêîðäñìåíàìè ïî ÷èñëó ïóá-
ëèêàöèé è âñòðå÷àåìîñòè àíîìàëèé.

Èíòåðåñíà òàêæå ïðîáëåìà íåîäíîðîäíîé âñòðå÷àåìîñòè àíî-
ìàëèé âíóòðè àðåàëà âèäà. Èçâåñòíî ìíîãî ñëó÷àåâ, êîãäà â ìàññå
îíè áûëè îòìå÷åíû ó êàêîãî-ëèáî âèäà â îäíîì èëè íåñêîëüêèõ
ðåãèîíàõ, à â äðóãèõ íåò èëè âîîáùå òîëüêî â îäíîì ìåñòå. Íàïðè-
ìåð, ó ñèáèðñêîé ëÿãóøêè (Rana amurensis) ìàññîâûå àíîìàëèè íàé-
äåíû ïî êðàÿì åå îãðîìíîãî àðåàëà – íà îñòðîâå Ñàõàëèí [Áàñàðó-
êèí, 1984; Mizgireuv et al., 1984] è â Êóðãàíñêîé îáëàñòè [Ãóðâè÷,
2013]. Ó ìîíãîëüñêîé æàáû (Bufo raddei), íåñìîòðÿ íà åå òàêæå îá-
øèðíûé àðåàë, ìàññîâûå àíîìàëèè (ýêòðîìåëèÿ â ðàçíîé ôîðìå)
èçâåñòíû òîëüêî â îäíîé ïîïóëÿöèè íà âîñòîêå Ìîíãîëèè [Áîðêèí
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è äð., 2011]. Òåì íå ìåíåå, åñëè âèä «ñêëîíåí» ê àíîìàëèÿì, òî îíè
îáíàðóæèâàþòñÿ íà ðàçíûõ ó÷àñòêàõ åãî àðåàëà. Õîðîøèì ïðèìå-
ðîì ìîæåò ñëóæèòü îçåðíàÿ ëÿãóøêà (Pelophylax ridibundus).

Ëþáîïûòíîé è íå äî êîíöà ïîíÿòíîé ïðîáëåìîé ñëåäóåò ñ÷è-
òàòü ïðîÿâëåíèå àíîìàëèé ó òàê íàçûâàåìûõ ñèíòîïè÷íûõ âèäîâ
àìôèáèé, ò. å. æèâóùèõ â îäíîì è òîì æå âîäîåìå (áèîòîïå). Íàïðè-
ìåð, íà ð. Òàðà â ×åðíîãîðèè ìàññîâûå àíîìàëèè îáíàðóæèëèñü
òîëüêî ó Rana graeca, à Bufo bufo spinosus è Bombina variegata áûëè
íîðìàëüíûìè [Dubois, 1974]. Ñ äðóãîé ñòîðîíû, â Êàíàäå (Êâåáåê,
âîäîåì VE32) ýêòðîìåëèÿ è ýêòðîäàêòèëèÿ áûëè âûðàæåíû ó ìå-
òàìîðôèçèðóþùèõ îñîáåé Rana clamitans, Rana pipiens è Bufo
americanus [Quellet et al. 1997, p. 97]. Â Ïðèäíåñòðîâüå ìàññîâûå
àíîìàëèè çàäíèõ êîíå÷íîñòåé çàòðîíóëè îáà âèäà çåëåíûõ ëÿãó-
øåê, îáèòàþùèõ ñîâìåñòíî [Áåçìàí-Ìîñåéêî è äð., 2013]. Òåì íå
ìåíåå âîïðîñ, ïî÷åìó â ñëó÷àå ñèíòîïèè àíîìàëèè âñòðå÷àþòñÿ
íå ó âñåõ âèäîâ, îñòàåòñÿ îòêðûòûì.

Â ïîñëåäíèå ãîäû â íàøåé ñòðàíå áûëè ïðåäëîæåíû íîâûå
ìåòîäû êîëè÷åñòâåííîé îáðàáîòêè äàííûõ ïî àíîìàëèÿì ó àìôè-
áèé [Ñïèðèíà, 2009; Íåóñòðîåâà, Âåðøèíèí, 2011; Íåóñòðîåâà,
2012; Áîðêèí è äð., 2012]. Ýòè ïîêàçàòåëè ìîæíî ðàçäåëèòü íà òðè
ãðóïïû: à) âñòðå÷àåìîñòü àíîìàëüíûõ îñîáåé (Pas); á) âñòðå÷àå-
ìîñòü ñàìèõ àíîìàëèé (A); â) ñïåêòð ðàçíîîáðàçèÿ àíîìàëèé (S).
Ïîñêîëüêó ýòîò âîïðîñ äîñòàòî÷íî äåòàëüíî ðàññìîòðåí Ë. ß. Áîð-
êèíûì ñ ñîàâòîðàìè (2012), êîòîðûå ðàçðàáîòàëè ñâîþ ñèñòåìó
ïàðàìåòðîâ, òî çäåñü ÿ åãî êàñàòüñÿ íå áóäó. Îòìå÷ó ëèøü, ÷òî ïà-
ðàìåòð ñ îäèíàêîâûì íàçâàíèåì «ñðåäíåå ÷èñëî àíîìàëèé íà îñîáü»
áûë ââåäåí íåçàâèñèìî â Åêàòåðèíáóðãå [Íåóñòðîåâà, Âåðøèíèí,
2011; Íåóñòðîåâà, 2012] è Ñàíêò-Ïåòåðáóðãå [Áîðêèí è äð., 2012],
îäíàêî ñ ðàçíûì ìåòîäîì ïîäñ÷åòà. Â ïåðâîì ñëó÷àå êîëè÷åñòâî
âàðèàíòîâ àíîìàëèé íàäî äåëèòü íà îáùåå ÷èñëî îñîáåé â âûáîðêå
(ò. å. ñ àíîìàëèÿìè è áåç íèõ), à âî âòîðîì, – òîëüêî íà ÷èñëî îñîáåé
ñ àíîìàëèÿìè. Äëÿ èçáåæàíèÿ ïóòàíèöû ÿ ïðåäëàãàþ âàðèàíòû
äàííîãî ïàðàìåòðà íàçûâàòü óðàëüñêèì è íåâñêèì ñîîòâåòñòâåííî.

Ïîëàãàþò, ÷òî ðàçíîîáðàçèå àíîìàëèé – áîëåå îáúåêòèâíûé
ïîêàçàòåëü, ÷åì âñòðå÷àåìîñòü. Èõ ñïåêòð èíòåðåñåí ñàì ïî ñåáå,
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à òàêæå ìîæåò èñïîëüçîâàòüñÿ äëÿ ñðàâíèòåëüíûõ öåëåé (ïîïó-
ëÿöèè, âèäû, âîçäåéñòâèå ðàçëè÷íûõ ôàêòîðîâ è ò. ä.). Íàïðèìåð,
â Ñðåäíåì Ïîâîëæüå ó P. ridibundus áûëî âûÿâëåíî 13, ó Bufo
bufo – 5, à ó Rana arvalis è Bombina bombina ïî 2 òèïà àíîìàëèé
[Ôàéçóëèí, ×èõëÿåâ, 2006]. Âàæíî òàêæå ðàçëè÷àòü àíàëèç ðàçíîîá-
ðàçèÿ àíîìàëèé íà èíäèâèäóàëüíîì è ïîïóëÿöèîííîì óðîâíÿõ [Áîð-
êèí è äð., 2012, ñ. 333]. Ñîïîñòàâëåíèå ñïåêòðîâ ìîæíî ïðîèçâî-
äèòü ñ ïîìîùüþ èíäåêñà Ìîðèñèòû, ïðåäëàãàåìîãî óðàëüöàìè, èëè
×åêàíîâñêîãî – Ñ¸ðåíñåíà (íàø ïîäõîä).

Íåñîìíåííî, âàæíîé ïðîáëåìîé ÿâëÿåòñÿ òàê íàçûâàåìàÿ ñî÷å-
òàííîñòü àíîìàëèé. Äåéñòâèòåëüíî, åñëè ó îñîáåé âñòðå÷àåòñÿ áî-
ëåå îäíîé àíîìàëèè, òî ñóùåñòâóåò ëè êàêàÿ-ëèáî ñâÿçü ìåæäó ýòè-
ìè àíîìàëèÿìè èëè èõ êîìáèíèðîâàíèå èìååò ñëó÷àéíûé õàðàêòåð?
×èñòî ñòàòèñòè÷åñêè ýòî ìîæíî îöåíèâàòü ñ ïîìîùüþ êîýôôèöèåí-
òîâ âçàèìíîé ñîïðÿæåííîñòè. Îäíàêî åùå áîëüøèé èíòåðåñ äîë-
æåí ïðåäñòàâëÿòü áèîëîãè÷åñêèé ñìûñë òàêîé ñî÷åòàííîñòè. Â ýòîì
îòíîøåíèè ïîëåçåí ìåòîä ñïåêòðîâ Å. Å. Êîâàëåíêî [1996à; 1996á],
êîòîðûé â âèäå òàáëèöû (ðåøåòêè) ïîçâîëÿåò ñîïîñòàâëÿòü ïîòåí-
öèàëüíûé è ðåàëüíûé ñïåêòðû, à òàêæå âûÿâëÿòü ñî÷åòàííûå àíî-
ìàëèè è âîçìîæíûå ñèíäðîìû. Ïîëó÷àåìûé ïðè çàïîëíåíèè òàáëè-
öû ðèñóíîê ñïåêòðà áóäåò óêàçûâàòü íà õàðàêòåð ñâÿçè ìåæäó àíî-
ìàëèÿìè. Íàïðèìåð, ìîçàè÷íîå ðàñïðåäåëåíèå çàïîëíåííûõ ÿ÷ååê
ñêîðåå âñåãî ñîîòâåòñòâóåò ñëó÷àéíîìó (íåçàâèñèìîìó) êîìáèíèðî-
âàíèþ íàðóøåíèé â ñòðîåíèè.

Ïîëíîöåííûé êîëè÷åñòâåííûé àíàëèç âñòðå÷àåìîñòè àíîìàëü-
íûõ îñîáåé, ñàìèõ àíîìàëèé è èõ ñïåêòðà íåâîçìîæåí áåç àäåêâàò-
íîãî ñáîðà ìàòåðèàëà â ïîëå. Ïîëàãàþò, ÷òî ìèíèìàëüíàÿ âûáîðêà
íå ìîæåò áûòü ìåíåå 25 îñîáåé ñ îäíîãî ìåñòà, ëó÷øå èìåòü 50,
à â îïòèìóìå 100, îñîáåííî â òåõ ñëó÷àÿõ, êîãäà ÷àñòîòà àíîìàëü-
íûõ îñîáåé ïðåâûøàåò 10 % [Fodor, Puky, 2002]. Åñòåñòâåííî, ÷åì
áîëüøå âûáîðêà, òåì íàäåæíåå áóäóò ñòàòèñòè÷åñêèå âûâîäû. Ïî-
ýòîìó ìû ñîâåòóåì äëÿ îáû÷íûõ, ìàññîâûõ âèäîâ îáñëåäîâàòü â ïî-
ïóëÿöèè íå ìåíåå 100 îñîáåé, ÷òî íå ñëîæíî â ñëó÷àå ëè÷èíîê èëè
ñåãîëåòîê [Áîðêèí è äð., 2012]. Ðåêîìåíäóþò òàêæå ïðîèçâîäèòü
îòëîâ â ïåðèîä ìàññîâîé àêòèâíîñòè âèäà ñ ó÷åòîì ñåçîíà, âðå-
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ìåíè ñóòîê è ñòàäèè ðàçâèòèÿ, íàïðèìåð â ïåðèîä ðàçìíîæåíèÿ
äëÿ âçðîñëûõ èëè â ïåðèîä ìèãðàöèè (ðàññåëåíèÿ) äëÿ ñåãîëåòîê.
Òàê êàê ÷èñëåííîñòü îñîáåé òàêæå ìîæåò ñëóæèòü ïîêàçàòåëåì ñî-
ñòîÿíèÿ ïîïóëÿöèè, òî æåëàòåëüíî îöåíèâàòü åå íà ïëîùàäè íå
ìåíåå 400 ì2 èëè íà 200 ì áåðåãîâîé ëèíèè âäîëü ðåêè. Ïîëåçíî
òàêæå çàïèñûâàòü äîïîëíèòåëüíûå ñâåäåíèÿ, êàñàþùèåñÿ âîäîåìà
(òèï, êîîðäèíàòû, ðàçìåðû, ðàñòèòåëüíîñòü, ïîãîäà, äðóãèå àìôè-
áèè, õèùíèêè è ïàðàçèòû) è ñàìèõ îáñëåäóåìûõ àìôèáèé. Äëÿ îá-
ëåã÷åíèÿ òàêèõ çàïèñåé áûëà äàæå ðàçðàáîòàíà ñïåöèàëüíàÿ àíêå-
òà [Fodor, Puky, 2002, ð. 40]. Ïðè îáíàðóæåíèè àíîìàëèé î÷åíü âàæ-
íî ïðè âîçìîæíîñòè ïîâòîðíî îáñëåäîâàòü ïîïóëÿöèþ â ðàçíûå
ñåçîíû è ãîäû.

Âî ìíîãèõ ðàáîòàõ áûëî ïîêàçàíî, ÷òî ÷èñëî àíîìàëüíûõ îñî-
áåé ïàäàåò ñ âîçðàñòîì (íî íå âñåãäà), ÷òî, ïî-âèäèìîìó, ñâÿçàíî
ñ èõ ïîíèæåííîé âûæèâàåìîñòüþ. Ïîýòîìó î÷åíü âàæíî óêàçû-
âàòü ñòàäèþ ðàçâèòèÿ. Äëÿ óäîáñòâà ðàáîòû â ïîëåâûõ óñëîâèÿõ
äëÿ áåñõâîñòûõ àìôèáèé ìîæíî èñïîëüçîâàòü ÷åòûðå ãëàâíûõ ñòà-
äèè [Dubois, 1974; Áîðêèí è äð., 2012]: 1) ãîëîâàñòèêè ñ äâóìÿ êî-
íå÷íîñòÿìè; 2) ãîëîâàñòèêè ñ ÷åòûðüìÿ êîíå÷íîñòÿìè, ìåòàìîðôîç;
3) ñåãîëåòêè, juv.; 4) îñîáè ïîñëå ïåðâîé çèìîâêè, ò. å. íåïîëîâîç-
ðåëûå, sad. è ïîëîâîçðåëûå, ad. Åñòåñòâåííî, ÷òî íåëüçÿ ñðàâíè-
âàòü ÷àñòîòó àíîìàëüíûõ ãîëîâàñòèêîâ â îäíîé ïîïóëÿöèè ñ àíî-
ìàëüíûìè âçðîñëûìè â äðóãîé.

Îñòðîé ïðîáëåìîé ÿâëÿåòñÿ ñêîðåéøàÿ óíèôèêàöèÿ òåðìèíîâ,
èñïîëüçóåìûõ äëÿ îáîçíà÷åíèÿ àíîìàëèé. Ê ñîæàëåíèþ, â ëèòå-
ðàòóðå èìååòñÿ çàìåòíûé ðàçíîáîé, êîãäà îäíè è òå æå òåðìèíû
óïîòðåáëÿþòñÿ äëÿ ðàçíûõ àíîìàëèé è, íàîáîðîò, ðàçíûå òåðìèíû
äëÿ îäèíàêîâûõ [Áîðêèí è äð., 2012]. Ñîâåðøåííî ÿñíî, ÷òî íåîáõî-
äèìî ðàçðàáîòàòü «ïîëåâîé îïðåäåëèòåëü àíîìàëèé» [Meteyer, 2000]
äëÿ èõ ïðåäâàðèòåëüíîé ðåãèñòðàöèè íà ìåñòå ðàáîòû íà îñíîâå
âíåøíåãî âèäà. Íå ìåíåå âàæíà áîëåå äåòàëüíàÿ êëàññèôèêàöèÿ
íà îñíîâå àíàòîìèè ñ ïîìîùüþ èçãîòîâëåíèÿ ñêåëåòîâ, ðåíòãåíî-
ãðàôèè, ïðîñâåòëåíèÿ ìÿãêèõ òêàíåé è äðóãèõ ìåòîäîâ, ïîçâîëÿþ-
ùèõ îáíàðóæèâàòü âíåøíå íå âûðàæåííûå àíîìàëèè [ñì.: Dubois,
1974; Borkin, Pikulik, 1986; Gardiner, Hoppe, 1999].
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Ñóùíîñòíàÿ èäåíòèôèêàöèÿ àíîìàëèé – òàêæå íå ïðîñòàÿ çà-
äà÷à. Êàê âûäåëÿòü îòäåëüíûå èõ êàòåãîðèè? Íàïðèìåð, ñ÷èòàòü
ëè ðàçíîå ÷èñëî ïàëüöåâ (èëè êîíå÷íîñòåé) â ñëó÷àå ïîëèäàêòè-
ëèè (èëè ïîëèìåëèè) ðàçíûìè àíîìàëèÿìè èëè æå îòíîñèòü ê îä-
íîé êàòåãîðèè ñ ðàçíîé ñòåïåíüþ ýêñïðåññèâíîñòè. Î÷åíü ñëîæíû
äëÿ èäåíòèôèêàöèè è ïîñëåäóþùåãî îáñ÷åòà òàê íàçûâàåìûå ïîëè-
ìîðôíûå ñèíäðîìû, îòðàæàþùèåñÿ â ðàçíûõ ÷àñòÿõ ñêåëåòà [Dubois,
1974; Êîâàëåíêî, 2000; Áîðêèí è äð., 2012]. ×òî â òàêîì ñëó÷àå ñ÷è-
òàòü çà åäèíèöó ó÷åòà (àíîìàëèþ): âåñü ñèíäðîì èëè åãî îòäåëüíûå
ïðîÿâëåíèÿ? Øèðîêî èçâåñòíûì ïðèìåðîì ñëóæèò àíîìàëèÿ P
[Rostand, 1971; A. Dubois, 2013].
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ÏÀÐÀÇÈÒÀÐÍÛÅ ÈÍÂÀÇÈÈ
ÊÀÊ ÏÎÒÅÍÖÈÀËÜÍÛÉ ÈÑÒÎ×ÍÈÊ
ÑÊÅËÅÒÍÛÕ ÀÍÎÌÀËÈÉ ÀÌÔÈÁÈÉ

À. Â. Áóðàêîâà, Â. Ë. Âåðøèíèí
Èíñòèòóò ýêîëîãèè ðàñòåíèé è æèâîòíûõ ÓðÎ ÐÀÍ (Åêàòåðèíáóðã)

PARASITIC INFESTATION AS A POTENTIAL SOURCE
OF SKELETAL ANOMALIES IN AMPHIBIANS

À. V. Burakova, V. L. Vershinin
Institute of Plant & Animal ecology, Russian Academy of Science,

Ural division (Ekaterinburg)

The possibility of parasite’s infestation influence on amphibian
skeletal morphology, were evaluated using of infestation parameters.
Parasitic cyst’s localisation and infestation parameters were analized
in the Urals and South-Eastern Trans-Urals regions in populations
of 4 Anura species. The largest variability in cysts localization were
mentioned in P. ridibundus. In R. arvalis populations an increase
of infestations parameters were found along with urbanization
gradient. The most frequent variants of cyst localization in the
specimens from forest-park and low story building area are along
the spine and in the cavity of the body. Due this the biggestt frequency
of deviations in skeleton morphology were found in populations
from these areas.

Íà îñíîâå ïîêàçàòåëåé èíâàçèðîâàííîñòè îöåíèâàåòñÿ
âîçìîæíîñòü âëèÿíèÿ ïàðàçèòàðíîé èíâàçèè íà ñêåëåòíóþ
ìîðôîëîãèþ àìôèáèé. Àíàëèçèðóåòñÿ ëîêàëèçàöèÿ öèñò ïà-
ðàçèòîâ è èíâàçèðîâàííîñòü â ïîïóëÿöèÿõ 4 âèäîâ áåñõâîñòûõ
àìôèáèé Óðàëà è Þãî-Âîñòî÷íîãî Çàóðàëüÿ. Íàèáîëüøàÿ âà-
ðèàòèâíîñòü â ëîêàëèçàöèè öèñò îòìå÷åíà äëÿ P. ridibundus.
Â ïîïóëÿöèÿõ R. arvalis îòìå÷åíî óñèëåíèå ïîêàçàòåëåé èíâàçè-
ðîâàííîñòè â ãðàäèåíòå óðáàíèçàöèè. Íàèáîëåå ðàñïðîñòðà-
íåííûå âàðèàíòû ëîêàëèçàöèè öèñò ó îñîáåé èç ëåñîïàðêîâîé
çîíû è çîíû ìàëîýòàæíîé çàñòðîéêè – âäîëü ïîçâîíî÷íèêà
è â ïîëîñòè òåëà, ÷òî îáóñëîâëèâàåò íàèáîëüøóþ ÷àñòîòó ñêå-
ëåòíûõ àíîìàëèé â ïîïóëÿöèÿõ ýòèõ çîí.
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Ñðåäîâàÿ êîìïîíåíòà íàðÿäó ñ åñòåñòâåííûìè ïðè÷èíàìè îêà-
çûâàåò çíà÷èòåëüíîå âëèÿíèå íà õîä îíòîãåíåçà è, êàê ñëåäñòâèå,
íà ìîðôîãåíåç àìôèáèé. Çíà÷èòåëüíàÿ ÷àñòü èññëåäîâàíèé â ýòîé
îáëàñòè ïîñâÿùåíà èçó÷åíèþ èçìåí÷èâîñòè ñêåëåòà, âûçâàííîé
äåéñòâèåì ðàçëè÷íîãî ðîäà çàãðÿçíåíèé [Âåðøèíèí, 1989; Çàìàëåò-
äèíîâ, 2003; Ñïèðèíà, 2009; Íåóñòðîåâà, Âåðøèíèí, 2011; Bionda,
2012].

Ïàðàçèòàðíûå ñèñòåìû èãðàþò çíà÷èòåëüíóþ ðîëü â ôîðìèðî-
âàíèè ìîðôîîáëèêà àìôèáèé. Âîçìîæíîñòü âëèÿíèÿ ïàðàçèòàðíîé
èíâàçèè íà ìîðôîëîãèþ ñêåëåòà áûëà îòðàæåíà â ðàáîòàõ çàðó-
áåæíûõ èññëåäîâàòåëåé, òàêèõ êàê S. K. Sessions è S. B. Ruth (1990),
P. T. J. Johnson et al. (1999, 2002), J. M. Kiesecker (2002), R. S. Rajaka-
runa et al. (2008). Â Ðîññèè, â ÷àñòíîñòè äëÿ Ïàëåàðêòèêè, òàêàÿ ðà-
áîòà áûëà ïðîâåäåíà âïåðâûå Â. Ë. Âåðøèíèíûì è Í. Ñ. Íåóñòðîå-
âîé íà ñåãîëåòêàõ R. arvalis [Íåóñòðîåâà, Âåðøèíèí, 2011]. Â ñâÿçè
ñ ýòèì öåëüþ ðàáîòû ÿâëÿåòñÿ àíàëèç çàðàæåííîñòè æèâîòíûõ öèñ-
òàìè íà òåððèòîðèè Óðàëà è Þãî-Âîñòî÷íîãî Çàóðàëüÿ.

Ìàòåðèàë è ìåòîäû
Îáúåêòàìè èññëåäîâàíèÿ ÿâëÿëèñü: îñòðîìîðäàÿ ëÿãóøêà (Rana

arvalis Nilsson, 1842); òðàâÿíàÿ ëÿãóøêà (Rana temporaria Linnaeus,
1758); ñèáèðñêàÿ ëÿãóøêà (Rana amurensis Boulenger, 1886); îçåðíàÿ
ëÿãóøêà (Pelophylax ridibundus Pallas, 1771). Ñáîð ìàòåðèàëà ïðîèç-
âåäåí â ïåðèîä ñ 2010 ïî 2013 ãîä íà òåððèòîðèÿõ Êóðãàíñêîé, Îðåí-
áóðãñêîé, ×åëÿáèíñêîé è Ñâåðäëîâñêîé îáëàñòåé. Â ðàáîòå áûëè
èñïîëüçîâàíû äàííûå ïî Åêàòåðèíáóðãó, ëþáåçíî ïðåäîñòàâëåí-
íûå Â. Ë. Âåðøèíèíûì è Í. Ñ. Íåóñòðîåâîé.

Èññëåäîâàíèå âûïîëíåíî ìåòîäîì ïîëíîãî ãåëüìèíòîëîãè÷åñ-
êîãî âñêðûòèÿ [Èâàøêèí è äð., 1971]. Âñåãî îáðàáîòàíî: R. arvalis –
1118 ýêç.; R. temporaria – 268; R. amurensis – 160; P. ridibundus –
201 ýêç. Âèäîâóþ ïðèíàäëåæíîñòü ãåëüìèíòîâ óñòàíàâëèâàëè ïî îï-
ðåäåëèòåëþ Ê. Ì. Ðûæèêîâà ñ ñîàâòîðàìè (1980) è Â. Å. Ñóäàðèêî-
âà ñ ñîàâòîðàìè (2002). Â êà÷åñòâå îñíîâíûõ õàðàêòåðèñòèê èíâà-
çèðîâàííîñòè èñïîëüçîâàëèñü ñëåäóþùèå ïîêàçàòåëè: ýêñòåíñèâ-
íîñòü è èíòåíñèâíîñòü èíâàçèè, èíäåêñ îáèëèÿ ïàðàçèòîâ.
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Ïðîâåäåí àíàëèç çàðàæåííîñòè R. arvalis öèñòàìè òðåìàòîä
â ãðàäèåíòå óðáàíèçàöèè (íà ïðèìåðå Åêàòåðèíáóðãà). Â ðàáîòå èñ-
ïîëüçîâàëàñü òèïèçàöèÿ, ðàçðàáîòàííàÿ Â. Ë. Âåðøèíèíûì äëÿ óð-
áàíèçèðîâàííûõ òåððèòîðèé [Âåðøèíèí, 1983].

Ðåçóëüòàòû è îáñóæäåíèå
Èññëåäóåìûå âèäû æèâîòíûõ áûëè èíâàçèðîâàíû öèñòàìè,

êîòîðûå õàðàêòåðèçîâàëèñü îïðåäåëåííîé ëîêàëèçàöèåé â îðãàíèç-
ìå õîçÿèíà. Îáíàðóæåíû öèñòû: íà æåëóäêå, êèøå÷íèêå, ñåðäöå,
ïîä êîæåé (â ìûøöàõ), â õâîñòîâîé ïî÷êå, âäîëü ïîçâîíî÷íîãî ñòîë-
áà è â ïîëîñòè òåëà, à òàêæå â ïå÷åíè, ïî÷êàõ, íà ëåãêèõ è áðûæåé-
êå. Íàèáîëüøèì ðàçíîîáðàçèåì ïî ëîêàëèçàöèè öèñò õàðàêòåðèçó-
åòñÿ P. ridibundus ñ Þæíîãî Óðàëà. Òîëüêî ó R. arvalis íà Ñðåäíåì
Óðàëå îáíàðóæåíî ñêîïëåíèå öèñò â õâîñòîâîé ïî÷êå.

Íå âåñü ñïåêòð ëîêàëèçàöèé öèñò ìîæåò îêàçûâàòü âëèÿíèå
íà ìîðôîãåíåç àìôèáèé. Ïî äàííûì Â. Ë. Âåðøèíèíà è Í. Ñ. Íåóñò-
ðîåâîé (2011) ëîêàëèçàöèÿ öèñò â ðàéîíå îñåâîãî ïîñòêðàíèàëüíîãî
ñêåëåòà (ïîçâîíî÷íèêà è óðîñòèëÿ) â ñî÷åòàíèè ñ àíòðîïîãåííîé
òðàíñôîðìàöèåé ìåñòîîáèòàíèé èíäóöèðóþò àíîìàëèè ýòèõ ñòðóê-
òóð. Â ñâÿçè ñ òåì, ÷òî ïðèñóòñòâèå öèñò â çîíàõ àêòèâíîãî ìîðôî-
ãåíåçà ñïîñîáñòâóåò ôîðìèðîâàíèþ äåâèàíòíûõ ôîðì ñêåëåòà, áûëà
èçó÷åíà âñòðå÷àåìîñòü ðàçëè÷íûõ âàðèàíòîâ ëîêàëèçàöèè öèñò
(âäîëü ïîçâîíî÷íîãî ñòîëáà, â õâîñòîâîé ïî÷êå è â ïîëîñòè òåëà)
äëÿ òðåõ àáîðèãåííûõ âèäîâ àìôèáèé: R. arvalis, R. temporaria,
R. amurensis.

Èíâàçèðîâàííîñòü öèñòàìè òðåìàòîä ñ ëîêàëèçàöèåé âäîëü ïî-
çâîíî÷íîãî ñòîëáà è â ïîëîñòè òåëà çíà÷èìî âûøå (t = 6,04, p < 0,001;
t = 17,48, p < 0,001 è t = 13,79, p < 0,001; t = 11,29, p < 0,001)
ó R. arvalis ñî Ñðåäíåãî Óðàëà â ñðàâíåíèè ñ Þæíûì Óðàëîì è
Þãî-Âîñòî÷íûì Çàóðàëüåì (ðèñ. 1, à).

Èíäåêñ îáèëèÿ ñ äàííûìè òèïàìè ëîêàëèçàöèè òàêæå çíà÷è-
ìî âûøå ó R. arvalis ñî Ñðåäíåãî Óðàëà (t = 7,2, p < 0,001; t = 7,3,
p < 0,001 è t = 4,1, p < 0,001; t = 3,55, p < 0,001) (ðèñ. 1, á).

Èññëåäîâàíèÿìè Â. Ë. Âåðøèíèíà è Í. Ñ. Íåóñòðîåâîé (2011)
ïîêàçàíî, ÷òî ñàìûé øèðîêèé ñïåêòð àíîìàëèé îòìå÷åí ó R. arvalis,
ãäå ïîëîâèíà îòêëîíåíèé ñâÿçàíà ñ îñåâûì ñêåëåòîì. Îñíîâíîå
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âíèìàíèå íà äàííîì ýòàïå ðàáîòû áûëî óäåëåíî R. arvalis êàê íàè-
áîëåå ýâðèòîïíîìó, øèðîêî ðàñïðîñòðàíåííîìó âèäó, ñ âûñîêîé
÷àñòîòîé è íàèáîëüøèì ÷èñëîì âàðèàíòîâ ñêåëåòíûõ îòêëîíåíèé
ñðåäè ìåñòíûõ âèäîâ çåìíîâîäíûõ.

Ïîêàçàòåëè ïàðàçèòàðíîé èíâàçèè äëÿ æèâîòíûõ ñ ëîêàëèçàöè-
åé öèñò âäîëü ïîçâîíî÷íîãî ñòîëáà è â ïîëîñòè òåëà çíà÷èìî áîëü-
øå â çîíå ìàëîýòàæíîé çàñòðîéêè (t = 3,91, p < 0,001; t = 3,21, p < 0,01;

Ðèñ. 1. Ýêñòåíñèâíîñòü èíâàçèè (à) è èíäåêñ îáèëèÿ (á)
äëÿ èññëåäóåìûõ âèäîâ àìôèáèé ñ ëîêàëèçàöèåé öèñò â ïîëîñòè,

õâîñòîâîé ïî÷êå è âäîëü ïîçâîíî÷íèêà
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t = 5,98, p < 0,001 è t = 4,9, p < 0,001; t = 4,97, p < 0,001; t = 5,85,
p < 0,01 ñîîòâåòñòâåííî) è â ëåñîïàðêîâîé çîíå (t = 4,34, p < 0,001).
Çàðàæåííîñòü íà îäíó îñîáü õîçÿèíà (èíòåíñèâíîñòü èíâàçèè) äëÿ æè-
âîòíûõ ñ ëîêàëèçàöèåé öèñò â õâîñòîâîé ïî÷êå äîñòîâåðíî âûøå
(t = 14,9, p < 0,05) â III çîíå (ñì. òàáëèöó).

Ïðèìå÷àíèå: II – çîíà ìíîãîýòàæíîé çàñòðîéêè; III – çîíà ìàëîýòàæíîé çà-
ñòðîéêè; IV – ëåñîïàðêîâàÿ çîíà; K – çàãîðîäíàÿ òåððèòîðèÿ; n – îáúåì âûáîðêè;
Ý. È – ýêñòåíñèâíîñòü èíâàçèè, %; È. È – èíòåíñèâíîñòü èíâàçèè, ýêç./îñîáü;
È. Î – èíäåêñ îáèëèÿ, ýêç.; 1 – çíà÷èìî âûøå â ñðàâíåíèè ñ çîíîé II; 2 – çíà÷èìî
âûøå â ñðàâíåíèè ñ çîíîé III; 3 – çíà÷èìî âûøå â ñðàâíåíèè ñ çîíîé IV; 4 –
çíà÷èìî âûøå â ñðàâíåíèè ñ çîíîé K; ••••• – p < 0,01; ♦♦♦♦♦ – p < 0,001; * – p < 0,05.

Ïîêàçàòåëè ïàðàçèòàðíîé èíâàçèè öèñòàìè ñ ëîêàëèçàöèåé â ïîëîñòè,
âäîëü ïîçâîíî÷íèêà è â õâîñòîâîé ïî÷êå ó R. arvalis

â çîíàõ ñ ðàçíûì óðîâíåì óðáàíèçàöèè

K
n = 244
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È. È /
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14,5 ± 4,1
(1–50)
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7,78 ± 1,21

23,47 ± 6,53
(1–112)

1,82 ± 0,63

15,64 ± 1,35 4♦♦♦♦♦

21,96 ± 4,19
(1–143)

3,43 ± 0,77

25,38 ± 2,691♦♦♦♦♦3•••••4♦♦♦♦♦
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(2–186)

10,76 ± 2,443•••••4♦♦♦♦♦
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 Â çîíàõ ñ ðàçíûì óðîâíåì óðáàíèçàöèè îòìå÷åíî èçìåíåíèå
ñîîòíîøåíèÿ öèñò ñ ðàçíîé ëîêàëèçàöèåé â îðãàíèçìå õîçÿèíà. Äîëÿ
æèâîòíûõ ñ ëîêàëèçàöèåé öèñò â ïîëîñòè òåëà ìàêñèìàëüíà â çîíå
ìàëîýòàæíîé çàñòðîéêè. Äîëÿ æèâîòíûõ ñ ëîêàëèçàöèåé öèñò âäîëü
ïîçâîíî÷íîãî ñòîëáà è â õâîñòîâîé ïî÷êå, íàïðîòèâ, âûøå ó æèâîò-
íûõ íà çàãîðîäíîé òåððèòîðèè. Óñòàíîâëåíî, ÷òî â ëåñîïàðêîâîé çî-
íå ãîðîäñêîé àãëîìåðàöèè ïðàêòè÷åñêè â ðàâíîé ñòåïåíè ó R. arvalis
îáíàðóæèâàþòñÿ æèâîòíûå ñ öèñòàìè â ïîëîñòè è âäîëü ïîçâîíî÷-
íîãî ñòîëáà (ðèñ. 2, à). Ïîêàçàíî, ÷òî íàèáîëüøèå ÷àñòîòû âñòðå-
÷àåìîñòè ñêåëåòíûõ àíîìàëèé îòìå÷åíû äëÿ çîíû ìàëîýòàæíîé çà-
ñòðîéêè è ëåñîïàðêîâîé çîíû, ãäå àíîìàëèè ïîçâîíêîâ è óðîñòèëÿ
çàíèìàþò áîëüøóþ äîëþ (ðèñ. 2, á) [Âåðøèíèí, Íåóñòðîåâà, 2011].

Òàêèì îáðàçîì, â óñëîâèÿõ ñî÷åòàíèÿ èíâàçèðîâàííîñòè öèñ-
òàìè òðåìàòîä ñ èçìåíåíèåì õèìèçìà ñðåäû, ýâòðîôèêàöèåé è ñìå-
íîé òåìïåðàòóðíîãî ðåæèìà ìåñòîîáèòàíèé ðàñòåò âåðîÿòíîñòü ïî-
ÿâëåíèÿ äåâèàíòíûõ ôîðì ñêåëåòà â ðàéîíàõ ïðèñóòñòâèÿ öèñò.

Çàêëþ÷åíèå
Íàèáîëüøèì ðàçíîîáðàçèåì ëîêàëèçàöèè öèñò îòëè÷àåòñÿ

P. ridibundus ñ Þæíîãî Óðàëà. Ïîêàçàòåëè ïàðàçèòàðíîé èíâàçèè
ìàêñèìàëüíû â ëåñîïàðêîâîé çîíå è çîíå ìàëîýòàæíîé çàñòðîéêè,
ãäå íàðÿäó ñ àíòðîïîãåííîé òðàíñôîðìàöèåé íàëè÷åñòâóþò äîñòà-
òî÷íî ïîëíûå ïàðàçèòàðíûå ñèñòåìû. Íàèáîëüøàÿ çàðàæåííîñòü
æèâîòíûõ ñ ëîêàëèçàöèåé öèñò âäîëü ïîçâîíî÷íèêà è â ïîëîñòè
îòìå÷åíà â ëåñîïàðêîâîé çîíå è çîíå ìàëîýòàæíîé çàñòðîéêè, ãäå
êàê ðàç îòìå÷åíà âûñîêàÿ ÷àñòîòà àíîìàëèé îñåâîãî ñêåëåòà. Èçâåñò-
íî, ÷òî â ïîïóëÿöèÿõ ñ âûñîêîé ñòåïåíüþ èíâàçèðîâàííîñòè àìôè-
áèé öèñòàìè òðåìàòîäû Holostephanus volgensis ñóùåñòâåííî ðàñ-
òåò âåðîÿòíîñòü ôîðìèðîâàíèÿ äåâèàíòíûõ ñêåëåòíûõ ôîðì [Âåð-
øèíèí, Íåóñòðîåâà, 2011].

Àâòîðû âûðàæàþò áëàãîäàðíîñòü êàíä. áèîë. íàóê Í. Ñ. Íå-
óñòðîåâîé çà ïðåäîñòàâëåííûå äàííûå, à òàêæå êàíä. áèîë. íàóê
Ñ. Ä. Âåðøèíèíîé, êàíä. áèîë. íàóê Å. À. Áàéòèìèðîâîé, Â. Â. Ñàï-
ðîíîâó è Ì. Å. Ãðåáåííèêîâó çà ïîìîùü â ñáîðå ãåðïåòîëîãè÷åñêî-
ãî ìàòåðèàëà.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ïðîåêòà ¹ 13-4-ÍÏ-408.
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Ðèñ. 2. à – ñîòíîøåíèå öèñò ñ ëîêàëèçàöèåé â ïîëîñòè, õâîñòîâîé ïî÷êå è
âäîëü ïîçâîíî÷íèêà R. arvalis â çîíàõ ñ ðàçíîé àíòðîïîãåííîé íàãðóçêîé;

á – äîëÿ àíîìàëüíûõ æèâîòíûõ ñ öèñòàìè â ãðàäèåíòå óðáàíèçàöèè
(ïî äàííûì Â. Ë. Âåðøèíèíà è Í. Ñ. Íåóñòðîåâîé). II – çîíà ìíîãîýòàæ-
íîé çàñòðîéêè; III – çîíà ìàëîýòàæíîé çàñòðîéêè; IV – ëåñîïàðêîâàÿ çîíà;

K – çàãîðîäíàÿ òåððèòîðèÿ
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Èíñòèòóò ýêîëîãèè ðàñòåíèé è æèâîòíûõ ÓðÎ ÐÀÍ (Åêàòåðèíáóðã),

Óðàëüñêèé ôåäåðàëüíûé óíèâåðñèòåò (Åêàòåðèíáóðã)

TERATS AS A «MIRROR OF EVOLUTION»

V. L. Vershinin
Institute of Plant & Animal ecology, Russian Academy of Science,

Ural division (Ekaterinburg), Ural Federal University (Ekaterinburg)

The work represents the review, author’s data and his original
point of view on the problem of evolutionary significance of am-
phibian anomalies and possibility to use them for environmental
quality assessment. The author suppose that spectrum of abnorma-
lities can be used for understanding of the main directions of mor-
phological evolution canalization because of global block principle
of biological systems organization and hereditary basement.

Ñòàòüÿ ïðåäñòàâëÿåò ñîáîé îáçîð àâòîðñêèõ äàííûõ è åãî
òî÷êè çðåíèÿ íà ïðîáëåìû ýâîëþöèîííîãî çíà÷åíèÿ àíîìàëèé
è âîçìîæíîñòè èõ èñïîëüçîâàíèÿ äëÿ îöåíêè êà÷åñòâà ñðåäû.
Àâòîð ïîëàãàåò, ÷òî ñïåêòð àíîìàëèé ìîæåò áûòü èñïîëü-
çîâàí äëÿ ïîíèìàíèÿ îñíîâíûõ íàïðàâëåíèé êàíàëèçàöèè ìîð-
ôîëîãè÷åñêîé ýâîëþöèè â ñîîòâåòñòâèè ñ âñåîáùèì ïðèíöè-
ïîì áëî÷íîé îðãàíèçàöèè áèîëîãè÷åñêèõ ñèñòåì è íàñëåäñòâåí-
íîé îñíîâû.

Ýâîëþöèîííûé ïðîöåññ ïðåîáðàçóåò çàìêíóòûå ãåíåòè÷åñêèå
ñèñòåìû (âèäû), ïðèâîäÿ ê íîâîé íîðìå ÷åðåç ðàñøàòûâàíèå è äå-
ñòàáèëèçàöèþ ïðåæíèõ ñâÿçåé ñèñòåìû [Øèøêèí, 1988]. Ìîìåíò
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äåñòàáèëèçàöèè, âûðàæàþùèéñÿ â ðîñòå äîëè óêëîíÿþùèõñÿ
îò ïðåæíåé íîðìû âàðèàíòîâ, âåñüìà èíôîðìàòèâåí è ïðèâëåêàòå-
ëåí. Îäíàêî êðàéíèå (äåâèàíòíûå) âàðèàíòû íåðåäêî îêàçûâàþòñÿ
îáîéäåííûìè âíèìàíèåì èññëåäîâàòåëåé, à â ðÿäå ñëó÷àåâ äàæå
ñîçíàòåëüíî îòáðîøåííûìè [Ìàéð, 1971]. Íåðåäêî âñå èçó÷åíèå
ìîðôîëîãè÷åñêèõ ïðèçíàêîâ êîíöåíòðèðóåòñÿ íà ìîäàëüíûõ êëàñ-
ñàõ êðèâîé íîðìàëüíîãî ðàñïðåäåëåíèÿ, â òî âðåìÿ êàê îíè âìåñòå
ñ êðàéíèìè çíà÷åíèÿìè ÿâëÿþòñÿ ÷ëåíàìè îäíîãî ìíîæåñòâà [Âåð-
øèíèí, 2009].

Àíîìàëèè ïðèçíàêîâ ïðîÿâëÿþòñÿ ñòîëü æå çàêîíîìåðíî, êàê
è íîðìà. Îïðåäåëåííûé äèàïàçîí îòêëîíåíèé îò íîðìû, êàê íà óðîâ-
íå ïðèçíàêà, òàê è íà óðîâíå èõ êîìáèíàöèé, – åñòü ôóíêöèÿ ñïî-
ñîáà ìîðôîãåíåçà. Ýòî ïîòåíöèàëüíûå âîçìîæíîñòè âèäà, êîòîðûå
ñóùåñòâóþò äî òåõ ïîð, ïîêà ñóùåñòâóåò è îïðåäåëåííûé ñïîñîá
ðàçâèòèÿ [Êîâàëåíêî, 2003]. Èçó÷åíèå ðåäêèõ, íåîáû÷íûõ âàðèàí-
òîâ – «òåðàòîâ» – ìîæåò ïîìî÷ü ðàñêðûòü ñòåïåíü ôèëîãåíåòè÷åñ-
êîé áëèçîñòè òàêñîíîìè÷åñêèõ ãðóïï è ïðèéòè ê ïîíèìàíèþ çà-
êîíîìåðíîñòåé è ìåõàíèçìîâ ìîðôîëîãè÷åñêîé ýâîëþöèè [Êîâà-
ëåíêî, 2003; ×åðäàíöåâ, 2003], à òàêæå ïðèíöèïîâ ìîðôîãåíåçà.
Èìåííî ïåëîðèè ëüíÿíêè íàâåëè Ëèíííåÿ â 1776 ã. íà ìûñëü î âîç-
ìîæíîñòè ïîÿâëåíèÿ íîâûõ âèäîâ.

Èçó÷åíèå àíîìàëèé â ñòðîåíèè ðàñòåíèé ñïîñîáñòâîâàëî ïîÿâ-
ëåíèþ êíèãè Â. Ãåòå «Ìåòàìîðôîç ðàñòåíèé» [Goethe, 1790] ñ èçëî-
æåíèåì ãèïîòåçû î ïðîèñõîæäåíèè îðãàíîâ âûñøèõ ðàñòåíèé. Æîô-
ôðóà Ñåíò-Èëåð [Saint-Hilaire, 1822] èñïîëüçîâàë ñâåäåíèÿ ïî òåðà-
òîëîãèè äëÿ ïîäêðåïëåíèÿ ñâîèõ òðàíñôîðìèñòñêèõ âçãëÿäîâ.

Ïîíÿòèå îïòèìóìà (íîðìû) èìååò ôóíäàìåíòàëüíîå çíà÷åíèå,
êîãäà ðå÷ü èäåò î íåîáõîäèìîñòè ðàñïîçíàâàíèÿ íåáëàãîïðèÿòíî-
ãî ñîñòîÿíèÿ èëè æå íåáëàãîïðèÿòíîãî ïðîöåññà [Àëòóõîâ, 2003].
Â óñëîâèÿõ óâåëè÷åíèÿ ãåíåòè÷åñêîé îòÿãîùåííîñòè ïîïóëÿöèè
óðîâåíü íàñëåäñòâåííîé ãåòåðîãåííîñòè ïîïóëÿöèè çà ñ÷åò ðîñòà
äîëè ðåäêèõ ãåíîòèïîâ áóäåò íàðàñòàòü, ÷òî ïðèâåäåò ê ñíèæåíèþ
åå ïðèñïîñîáëåííîñòè.

Îòìå÷åíî, ÷òî äåâèàíòíûå èëè àíîìàëüíûå ôîðìû îäíèõ âè-
äîâ âñòðå÷àþòñÿ ó áëèçêèõ âèäîâ òîãî æå òàêñîíà â êà÷åñòâå íîð-
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ìû [Oster et al., 1988]. Ó ãåíåòè÷åñêè áëèçêèõ ôîðì – âèäîâ îäíîãî
ðîäà – ìîãóò áûòü ãîìîëîãè÷íûå ãåíû, ïðîÿâëÿþùèå îäèíàêîâóþ
èçìåí÷èâîñòü [Âàâèëîâ, 1967]. Êðîìå òîãî, â ñîîòâåòñòâèè ñ çàêî-
íîì ãîìîëîãè÷åñêèõ ðÿäîâ â áëèçêèõ òàêñîíàõ ìíîãèå ïðèçíàêè
ïðîÿâëÿþòñÿ ïàðàëëåëüíî. Èññëåäîâàíèå ãîìîëîãè÷åñêèõ ðÿäîâ
ïîêàçûâàåò, ÷òî îíè íàèáîëåå îò÷åòëèâî ïðîñëåæèâàþòñÿ íà óðîâ-
íå ðîäîâ [Ðîçàíîâ, 1973]. Ãîìîëîãè÷åñêèå ðÿäû – îòðàæåíèå áëî÷-
íîãî ìîäóëüíîãî ïðèíöèïà ñòðóêòóðû áèîëîãè÷åñêèõ ñèñòåì,
ïîäðàçóìåâàþùåãî, ÷òî ýâîëþöèîííûå ïðåîáðàçîâàíèÿ îäíîèìåí-
íûõ ñòðóêòóð ñâÿçàíû ñ ïåðåðàñïðåäåëåíèåì ôóíêöèîíàëüíûõ
áëîêîâ áëèçêèõ èëè èäåíòè÷íûõ ó ðàçëè÷íûõ îðãàíèçìîâ [Óãî-
ëåâ, 1990].

Ðàçëè÷èÿ â ñïåêòðàõ è ÷àñòîòàõ äåâèàíòíûõ ôîðì ñâÿçàíû ñ îñî-
áåííîñòÿìè ðåïðîäóêòèâíîé ñòðàòåãèè êîíêðåòíûõ âèäîâ, èõ ôè-
ëîãåíåòè÷åñêèìè è öåíîãåíåòè÷åñêèìè îñîáåííîñòÿìè [Vorobyeva,
Hinchliffe, 1996], à òàêæå ðàçíèöåé ìåæäó ïîòåíöèàëüíûì è ðåàëè-
çîâàííûì ñïåêòðàìè â êîíêðåòíûõ óñëîâèÿõ ñðåäû.

Èçìåí÷èâîñòü ìîðôîëîãè÷åñêè äåâèàíòíûõ ôîðì èìååò îïðå-
äåëåííûå çàêîíîìåðíîñòè, ïîä÷èíÿþùèåñÿ ïðèíöèïó áëî÷íîñòè
áèîëîãè÷åñêèõ ñòðóêòóð è èõ ïðåîáðàçîâàíèÿ (ïîëèìåðèçàöèÿ, äè-
âåðãåíöèÿ, îëèãîìåðèçàöèÿ, ðåäóêöèÿ, íîâîîáðàçîâàíèå) [Äîãåëü,
1954; Ñåâåðöîâ, 1939]. Â ýòèõ çàêîíîìåðíîñòÿõ ïðîñëåæèâàåòñÿ ïà-
ðàëëåëèçì ñ îñîáåííîñòÿìè ïðåîáðàçîâàíèé íà ãåíåòèêî-ìîëåêó-
ëÿðíîì óðîâíå. Òàê, Ñóñóìó Îíî [Ohno, 1970] ãîâîðèò îá ýâîëþ-
öèè ïóòåì ãåííûõ äóïëèêàöèé.

Ìîæíî ñêàçàòü, ÷òî çàêîíîìåðíîñòè ôîðìèðîâàíèÿ ìîðôîçîâ
è ýâîëþöèîííûõ ïðåîáðàçîâàíèé îáëàäàþò «åäèíîé ëîãèêîé», òàê
êàê è òå è äðóãèå áàçèðóþòñÿ íà îäíîé ìàòåðèàëüíîé îñíîâå, îïðå-
äåëåííûì îáðàçîì èõ êàíàëèçèðóþùåé, ïîñêîëüêó â ñîîòâåòñòâèè
ñ ïðèíöèïîì áëî÷íîñòè âñå íûíå ñóùåå âîçíèêëî çà ñ÷åò êîìáèíà-
òîðèêè èñõîäíî âîçíèêøåãî íåáîëüøîãî ÷èñëà íåêèõ èíâàðèàíò-
íûõ äîìåíîâ, êîòîðûå äàëåå êîìáèíèðîâàëèñü â ðàçíûõ ñî÷åòàíèÿõ
[Èíãå-Âå÷òîìîâ, 2004]. Ýâîëþöèÿ äåéñòâóåò ïóòåì «ïåðåëèöîâêè
ñòàðîãî» [Jacob, 1977], òàê êàê åå âîçìîæíîñòè ëåæàò â ïðåäåëàõ áèî-
õèìè÷åñêèõ îñîáåííîñòåé âèäà [Òèìîôååâ-Ðåñîâñêèé è äð., 1973].
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Àìôèáèè ïî ñâîèì àíàòîìè÷åñêèì îñîáåííîñòÿì ÿâëÿþòñÿ
ïðîòîòèïîì âñåõ íàçåìíûõ ïîçâîíî÷íûõ. Ïðè ýòîì îíè èìåþò ãî-
ëîå ÿéöî, ðàçâèâàþùååñÿ â îòêðûòîé ñðåäå. Ó õâîñòàòûõ çåìíîâîä-
íûõ ñïîñîáíîñòü ê ðåãåíåðàöèè ñîõðàíÿåòñÿ â òå÷åíèå âñåé æèçíè
è ðåãóëèðóåòñÿ òåìè æå êëþ÷åâûìè ðåãóëÿòîðíûìè áåëêàìè (îáà
ïðîöåññà ðåãóëèðóþòñÿ îäíèìè è òåìè æå ãåííî-ðåãóëÿòîðíûìè
êàñêàäàìè – Wnt/beta-catenin è BMP), êîòîðûå óïðàâëÿþò ðàçâèòè-
åì êîíå÷íîñòåé ó ýìáðèîíà [Kawakami et. al., 2006]. Îòíîñèòåëü-
íûå ñðîêè ðàçëè÷íûõ ïðîöåññîâ íåðåäêî ìîæíî èçìåíÿòü íàçàâè-
ñèìî äðóã îò äðóãà, íå âûçûâàÿ ðåçêèõ íàðóøåíèé êàíàëèçàöèè
îòäåëüíûõ ïðîöåññîâ, íî òåì íå ìåíåå ýòî ìîæåò ïðèâåñòè â êî-
íå÷íîì èòîãå ê çíà÷èòåëüíûì èçìåíåíèÿì ìîðôîëîãèè [Alberch,
1981]. Ôóíêöèîíàëüíàÿ äåçèíòåãðàöèÿ ìîðôîãåíåçà êîíå÷íîñòåé
ó ïðåäñòàâèòåëåé äâóõ òàêñîíîâ õâîñòàòûõ àìôèáèé â óñëîâèÿõ
óðáàíèçàöèè è çàãðÿçíåíèÿ ñðåäû âèäîñïåöèôè÷íà è ðàçíîíàïðàâ-
ëåííà. Òàê, äëÿ îáûêíîâåííîãî òðèòîíà õàðàêòåðíà ïîëèìåðèçà-
öèÿ äèñòàëüíûõ ýëåìåíòîâ êîíå÷íîñòåé (ïîÿâëåíèå ïîëè- è êëèíî-
äàêòèëèè), ÷òî, ïî-âèäèìîìó, ñâÿçàíî ñ àíîìàëüíîé ðåãåíåðàöèåé
â óñëîâèÿõ çàãðÿçíåíèÿ. Ó ñèáèðñêîãî óãëîçóáà îòìå÷åíà îëèãîìåðè-
çàöèÿ êàðïàëüíûõ è ìåòàêàðïàëüíûõ îòäåëîâ, âûðàæàþùàÿñÿ â ñèí-
è îëèãîäàêòèëèè [Âåðøèíèí, 2012].

Ñëîæíîñòü òðàêòîâêè íàáëþäàåìûõ ÿâëåíèé è îòñóòñòâèå åäè-
íîé ðàçâèòîé ìåòîäîëîãèè ÿâëÿþòñÿ ïðè÷èíîé ïðåäñòàâëåíèé î òîì,
÷òî íåëüçÿ îäíîçíà÷íî ñ÷èòàòü àìôèáèé áîëåå ýôôåêòèâíûìè, ÷åì
äðóãèå òàêñîíû, äëÿ îöåíêè ñîñòîÿíèÿ áèîðàçíîîáðàçèÿ èëè êà÷åñò-
âà ñðåäû îáèòàíèÿ [Beebee, Griffiths, 2005]. Òåì íå ìåíåå, íåñìîò-
ðÿ íà ðàçëè÷íûå òî÷êè çðåíèÿ, ïðèðîäíûå ïîïóëÿöèè àìôèáèé
ïðåäñòàâëÿþò ñîáîé ÷óâñòâèòåëüíûå èíäèêàòîðû êîìïëåêñíîãî èç-
ìåíåíèÿ ñðåäû, îêàçûâàþùåãî âëèÿíèå íà ðåïðîäóêòèâíóþ ñèñòå-
ìó, âûæèâàåìîñòü, ñòàáèëüíîñòü ðàçâèòèÿ, ãåíåòè÷åñêóþ ñòðóêòó-
ðó, ýêîñèñòåìíûå è êîýâîëþöèîííûå ñâÿçè.

Ðåàëüíàÿ êàðòèíà ÷àñòîò è ñïåêòðîâ àíîìàëèé â ïîïóëÿöèÿõ
çåìíîâîäíûõ ôîðìèðóåòñÿ êàê ðåçóëüòèðóþùàÿ êîìïëåêñíîãî âçàè-
ìîäåéñòâèÿ ãåíåòè÷åñêîé ñïåöèôèêè ôóíêöèîíàëüíûõ îñîáåííî-
ñòåé ïðîãðàììû ðàçâèòèÿ ñ óñëîâèÿìè îêðóæàþùåé ñðåäû, ñáàëàí-
ñèðîâàííàÿ ðåãóëÿòîðíûìè ìåõàíèçìàìè.
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Ïîñêîëüêó ñïåêòð è ÷àñòîòà âñòðå÷àåìîñòè ìîðôîëîãè÷åñêèõ
àíîìàëèé â ïîïóëÿöèÿõ çåìíîâîäíûõ – ïðîäóêò âçàèìîäåéñòâèÿ
îíòîãåíåçà è ñðåäû, â êîòîðîé îí ïðîòåêàåò [Gilbert, 2000; Stocum,
2000], êðîìå ïîëíûõ çíàíèé î âîçìîæíûõ âàðèàíòàõ ïðèçíàêà [Êî-
âàëåíêî, 2003] âàæíî çíàòü ñîîòíîøåíèå ïîòåíöèàëüíîãî è ðåàëèçî-
âàííîãî ñïåêòðîâ äåâèàöèé êàê ðåçóëüòàòà äåéñòâèÿ ñâîåîáðàçíîãî
«ýêîëîãè÷åñêîãî ñèòà» [Íåóñòðîåâà, Âåðøèíèí, 2011]. Ñ. Ô. Ãèëáåðò
îöåíèâàåò òåðàòîãåíåç êàê âàæíóþ îáëàñòü âçàèìîäåéñòâèÿ ñðåäû
è ðàçâèòèÿ [Gilbert, 2001], íàçûâàÿ ïðè ýòîì òðåìàòîä ñðåäè òðåõ
âàæíåéøèõ òåðàòîãåíîâ. Òàê, ñèíåðãåòè÷åñêîå äåéñòâèå ïîëëþòàí-
òîâ è èíöèñòèðîâàííûõ ìåòàöåðêàðèé òðåìàòîä ïðèâîäèò ê ñíè-
æåíèþ ñòàáèëüíîñòü îíòîãåíåçà îñòðîìîðäîé ëÿãóøêè â 3,26 ðàçà
[Âåðøèíèí, Íåóñòðîåâà, 2011].

Ñõîäñòâà è ðàçëè÷èÿ â ñïåêòðàõ äåâèàíòíûõ ôîðì ó áëèçêèõ
âèäîâ è òàêñîíîâ, à òàêæå èõ ÷àñòîòå è ñòåïåíè âûðàæåííîñòè (ïåíå-
òðàíòíîñòè è ýêñïðåññèâíîñòè) ìîãóò õàðàêòåðèçîâàòü íîðìó ðå-
àêöèè, âàðèàáåëüíîñòü ôîðìîîáðàçîâàòåëüíîé ïîòåíöèè, à òàêæå
ñòåïåíü òîëåðàíòíîñòè ìîðôîãåíåçà ê äåñòàáèëèçàöèè ñðåäû. Õà-
ðàêòåð îòâåòà ìîðôîãåíåòè÷åñêîé ñèñòåìû âèäà íà ïîïóëÿöèîí-
íîì óðîâíå ìîæåò îïðåäåëèòü åãî ñóäüáó [Âåðøèíèí, 2007] ïðè äè-
íàìè÷íûõ (àíòðîïîãåííûõ) ôëóêòóàöèÿõ ñðåäû è â óñëîâèÿõ ãëî-
áàëüíûõ èçìåíåíèé.

Òàêèì îáðàçîì, ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû:
1. Èçìåí÷èâîñòü ìîðôîëîãè÷åñêè äåâèàíòíûõ ôîðì èìååò îï-

ðåäåëåííûå çàêîíîìåðíîñòè, ïîä÷èíÿþùèåñÿ ïðèíöèïó áëî÷íîñ-
òè áèîëîãè÷åñêèõ ñòðóêòóð è ëîãèêå èõ ïðåîáðàçîâàíèÿ.

2. Â áëèçêèõ òàêñîíàõ âàðèàíòû àíîìàëüíûõ ôîðì ïðîÿâëÿþò-
ñÿ ïàðàëëåëüíî â ñîîòâåòñòâèè ñ çàêîíîì ãîìîëîãè÷åñêèõ ðÿäîâ è
ôèëîãåíåòè÷åñêîé áëèçîñòüþ ôîðìîîáðàçîâàòåëüíûõ ïîòåíöèé.

3. Àíîìàëèè ìîãóò áûòü èñïîëüçîâàíû äëÿ ðàñøèðåíèÿ ïðåä-
ñòàâëåíèé îá ýâîëþöèè òîé èëè èíîé ñòðóêòóðû.

4. Ðàçëè÷èÿ äåôèíèòèâíûõ ñïåêòðîâ äåâèàöèé âî ìíîãîì ñâÿ-
çàíû ñ âàðèàíòàìè ðåïðîäóêòèâíîé ñòðàòåãèè âèäîâ, óðîâíåì (âîñ-
ïðîèçâîäñòâà) âûæèâàåìîñòè ïîòîìñòâà è ðåçóëüòàòîì ïðîõîæäå-
íèÿ ïîòåíöèàëüíîãî ñïåêòðà àíîìàëèé ÷åðåç «ýêîëîãè÷åñêîå ñèòî»
îïðåäåëåííîé ñðåäû.
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5. Ãåòåðîõðîíèè êàê îòêëîíåíèÿ îíòîãåíåçà, ìåíåå âëèÿþùèå
íà âûæèâàåìîñòü îñîáåé, ñîñòàâëÿþò çíà÷èòåëüíóþ äîëþ äåôè-
íèòèâíîãî ñïåêòðà àíîìàëèé.

6. Àíîìàëèè ìîãóò ñëóæèòü èíäèêàòîðîì òàêèõ íåãàòèâíûõ èç-
ìåíåíèé, êàê èíáðèäèíãîâàÿ äåïðåññèÿ, à òàêæå íàðóøåíèé â êî-
ýâîëþöèîííîé ñèñòåìå ïàðàçèò – õîçÿèí.
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ÄÅÂÈÀÖÈÈ Â ÔÎËÈÄÎÇÅ ÓÐÀËÜÑÊÈÕ ÏÎÏÓËßÖÈÉ
ÏÐÛÒÊÎÉ ßÙÅÐÈÖÛ

(LACERTA AGILIS LINNAEUS, 1758)

Ä. È. Ãàëèöûí
Óðàëüñêèé ôåäåðàëüíûé óíèâåðñèòåò (Åêàòåðèíáóðã)

SAND LIZARD (LACERTA AGILIS LINNAEUS, 1758)
PHOLIDOSIS DEVIATIONS

IN THE URALS POPULATIONS

D. I. Galitsyn
Ural Federal University (Ekaterinburg)

The sand lizard pholidosis spectra including some deviant
forms are considered in this paper. The spectra of pholidosis variants
in populations on the small territory of the widespread species as
well as local micropopulations specific of the lizards were noticed.

Â ñòàòüå îïèñûâàåòñÿ ñïåêòð âàðèàöèé ôîëèäîçà ïðûò-
êîé ÿùåðèöû, â òîì ÷èñëå íåñêîëüêî äåâèàíòíûõ ôîðì. Îòìå-
÷àåòñÿ áîëüøîå ðàçíîîáðàçèå âàðèàíòîâ ùèòêîâàíèÿ íà íå-
áîëüøîì ñïëîøíîì ó÷àñòêå àðåàëà, à òàêæå ñïåöèôèêà ëîêàëü-
íîãî ïîñåëåíèÿ æèâîòíûõ â ôðàãìåíòèðîâàííîì ëàíäøàôòå.
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Ôåíîìåíîëîãèÿ àíîìàëèé è ïàòîëîãèé ìîæåò è äîëæíà ðàññìàò-
ðèâàòüñÿ íåîäíîçíà÷íî. Ìîæíî ãîâîðèòü êàê î ôîíîâûõ äåâèàíò-
íûõ ôîðìàõ, âñåãäà íàëè÷åñòâóþùèõ â ïîïóëÿöèÿõ, òàê è î åäèíè÷-
íûõ ÿâëåíèÿõ, êîòîðûå ìîãóò âëèÿòü è âëèÿþò íà æèçíåñïîñîá-
íîñòü è áèîòè÷åñêèé ïîòåíöèàë èíäèâèäóóìà â äàííûõ óñëîâèÿõ.
Êðîìå òîãî, ïîÿâëåíèå îïðåäåëåííûõ îòêëîíåíèé ìîæíî ðàññìàò-
ðèâàòü êàê ïðîÿâëåíèå ëîêàëüíîãî ðàçíîîáðàçèÿ ôîðì, ìàðêèðóþ-
ùåãî îïðåäåëåííûå ïîïóëÿöèè èëè ãåîãðàôè÷åñêèå îáëàñòè. Ñ ýòèõ
ïîçèöèé ïîïóëÿöèè âïîëíå ìîãóò îáëàäàòü ñâîåé «äåâèàíòíîé
ñïåöèôèêîé».

Èñòîðè÷åñêè ïðåäñòàâëåíèÿ î ðàçíîãî ðîäà äåâèàöèÿõ ó æè-
âûõ îðãàíèçìîâ ôîðìèðîâàëèñü íà÷èíàÿ ñ ìîðôîëîãè÷åñêîãî óðîâ-
íÿ. Îáùåèçâåñòíî, ÷òî, ñ îäíîé ñòîðîíû, ìîðôîëîãèÿ ÿâëÿåòñÿ âè-
äîñïåöèôè÷íîé, à ñ äðóãîé, ìîæåò áûòü î÷åíü èçìåí÷èâà â çàâèñè-
ìîñòè îò ðÿäà ôàêòîðîâ. Îñîáåííî ýòî êàñàåòñÿ øèðîêîàðåàëüíûõ
ýâðèòîïíûõ âèäîâ ñ ýêîëîãè÷åñêè ðàçíîðîäíûìè âíóòðèâèäîâû-
ìè ãðóïïàìè ðàçíîãî èåðàðõè÷åñêîãî óðîâíÿ. Ïðûòêàÿ ÿùåðèöà –
îäèí èç òàêèõ ïðèìåðîâ. Ýòîò âèä ÿâëÿåòñÿ âàæíûì êîìïîíåíòîì
ïðèðîäíûõ è àíòðîïîãåííî ïðåîáðàçîâàííûõ áèîöåíîçîâ ëåñî-
ñòåïíîé è ñòåïíîé çîíû. Ìíîãîîáðàçèå äàííûõ ïî ñòðóêòóðå âèäà
è ðàçíûõ ãðóïï ïðûòêîé ÿùåðèöû è â òî æå âðåìÿ ñëàáàÿ èçó÷åí-
íîñòü óðàëüñêèõ ïîïóëÿöèé ïîçâîëÿþò ðàññìàòðèâàòü èçìåí÷èâîñòü
â ðåãèîíàëüíîì àñïåêòå, âûäåëÿÿ íåêîòîðûå ñïåöèôè÷íûå ïàðà-
ìåòðû è âàðèàíòû. Èññëåäîâàíèé, ñâÿçàííûõ ñ ïîäîáíûìè îñîáåí-
íîñòÿìè ôîëèäîçà ïðûòêîé ÿùåðèöû, â Óðàëüñêîì ðåãèîíå ðàíåå
íå ïðîâîäèëîñü.

Èçâåñòíî, ÷òî èçìåí÷èâîñòü ðÿäà ïðèçíàêîâ ôîëèäîçà ìîæåò
áûòü èñïîëüçîâàíà êàê â òàêñîíîìè÷åñêèõ öåëÿõ [Äàðåâñêèé, 1976;
ßáëîêîâ, 1985; Peters 1960; Peters, 1959], òàê è äëÿ ìåæïîïóëÿöè-
îííûõ ñðàâíåíèé: â ðÿäå ðàáîò ïî èçìåí÷èâîñòè è ïîïóëÿöèîííîé
áèîëîãèè ðåïòèëèé îñîáåííîñòè ôîëèäîçà èñïîëüçóþòñÿ êàê íàäåæ-
íûå ïîêàçàòåëè ãåíîòèïè÷åñêîãî ñîñòàâà ïîïóëÿöèé [Peters 1960;
Peters, 1959; ßáëîêîâ 1981]. Àíàëèçèðóþòñÿ òàêæå ñïåêòðû è çàêî-
íîìåðíîñòè âàðèàáåëüíîñòè ýòèõ ïðèçíàêîâ [Êîðíåé÷óê, 2005].
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Öåëü äàííîé ðàáîòû – íà îñíîâàíèè ñîâîêóïíîñòè âàðèàíòîâ
ôîëèäîçà âûÿâèòü èõ äåâèàíòíûå ôîðìû â ïðèðîäíûõ ïîïóëÿöèÿõ
ïðûòêîé ÿùåðèöû íà ñåâåðíîé ãðàíèöå åå ðàñïðîñòðàíåíèÿ â Óðàëü-
ñêîì ðåãèîíå.

Â èññëåäîâàíèå áûëè âêëþ÷åíû âûáîðêè ïðûòêîé ÿùåðèöû
èç ïîïóëÿöèé, íàñåëÿþùèõ çàïàäíûé è âîñòî÷íûé ìàêðîñêëîíû
Ñðåäíåãî Óðàëà. Ãåîãðàôè÷åñêè ýòî ãðóïïèðîâêè æèâîòíûõ, íàñå-
ëÿþùèå òåððèòîðèþ Êðàñíîóôèìñêîé ëåñîñòåïè, à òàêæå òåõíîãåí-
íîòðàíñôîðìèðîâàííûå ó÷àñòêè Êàìåíñêîãî è Áåëîÿðñêîãî ðàéî-
íîâ Ñâåðäëîâñêîé îáëàñòè. Îáùèé îáúåì èçó÷åííûõ æèâîòíûõ –
312 îñîáåé. Èç íèõ âçðîñëûõ (ad.) 233, íåïîëîâîçðåëûõ (s. ad.) 52
è ñåãîëåòîê 27 (juv.).

Ïðîàíàëèçèðîâàíû âàðèàíòû ìåæíîñîâûõ (internasale) è ëîá-
íîíîñîâûõ (praefrontale) ùèòêîâ, ôîðìà è ñîñòàâíûå ÷àñòè ëîá-
íûõ (frontale), ëîáíîòåìåííûõ (frontoparietale), òåìåííûõ (parie-
tale), ìåæòåìåííûõ (interparietale) è çàòûëî÷íûõ (occipitale) ùèò-
êîâ ó æèâîòíûõ âñåõ âîçðàñòíûõ ãðóïï.

Íà îñíîâàíèè ýòèõ äàííûõ âûäåëåíû ñïåêòðû è ÷àñòîòû âàðè-
àíòîâ ôîëèäîçà. Ñðàâíåíèå ñïåêòðîâ ìåæäó òåððèòîðèàëüíûìè
ãðóïïàìè ïðîâåäåíî ñ ïîìîùüþ ìîäèôèöèðîâàííîãî èíäåêñà Ìî-
ðèñèòû [Hurlbert, 1978]. Òàêæå áûë âûïîëíåí êëàñòåðíûé àíàëèç
(ñ ó÷åòîì îáîáùåííîãî Åâêëèäîâà ðàññòîÿíèÿ) äëÿ îöåíêè äèñòàí-
öèðîâàííîñòè äàííûõ ãðóïï ïî âñòðå÷àåìîñòè ôîðì ôîëèäîçà.

Â õîäå àíàëèçà ìåðèñòè÷åñêèõ ïðèçíàêîâ áûëà ñôîðìèðîâàíà
ñõåìà âàðèàíòîâ ôîëèäîçà ãîëîâû ïðûòêîé ÿùåðèöû äëÿ èçó÷àå-
ìûõ ëîêàëèòåòîâ. Äàííûé ïîäõîä ïîçâîëèë ïðîâåñòè äåòàëüíóþ
èõ äèàãíîñòèêó, ðåçóëüòàòîì êîòîðîé ÿâèëàñü ñõåìà èç 34 âàðèàí-
òîâ ôîëèäîçà ïî 6 êàòåãîðèÿì (ðèñ. 1).

Êàòåãîðèè áûëè âûäåëåíû â ñîîòâåòñòâèè ñ íàçâàíèÿìè ùèò-
êîâ, ôîðìó è ñîñòàâíûå ÷àñòè êîòîðûõ îòìå÷àëè.

Ñðàâíèòåëüíûé àíàëèç ïåðåêðûâàíèÿ ñïåêòðîâ ôîëèäîçà ãîëî-
âû ïî èíäåêñó Ìîðèñèòû ïîêàçàë ñõîäñòâî ñïåêòðîâ ó æèâîòíûõ
Êðàñíîóôèìñêîé ëåñîñòåïè è Áåëîÿðñêîãî ðàéîíà (ðèñ. 2). Äèàïàçîí
âñòðå÷àåìîñòè ýòèõ âàðèàíòîâ è èõ êîìáèíàöèé áûë äîâîëüíî øè-
ðîê, îäíàêî äàæå ìèíèìàëüíàÿ ÷àñòîòà íå îïóñêàëàñü íèæå 6,8 %.
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Ðèñ. 1. Ñõåìà âàðèàíòîâ ôîëèäîçà L. agilis èçó÷àåìûõ ïîïóëÿöèé

Ðèñ. 2. Äèñòàíöèðîâàííîñòü ãðóïï L. agilis ïî çíà÷åíèÿì
ìîäèôèöèðîâàííîãî èíäåêñà Ìîðèñèòû
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Ïîìèìî ýòèõ âàðèàíòîâ òàêæå âñòðå÷àëèñü íåñêîëüêî åäèíè÷íûõ
ôîðì ôîëèäîçà, êîòîðûå áûëè ÿâíî îòëè÷íû îò âñåõ ïðî÷èõ. Äëÿ ýòèõ
ôîðì áûëî õàðàêòåðíî ñëèÿíèå ñìåæíûõ ùèòêîâ, äðîáëåíèå èëè
ðåäóêöèÿ ùèòêîâ è èõ êîìáèíàöèè, ÷òî ïðèâîäèëî ê õîðîøî çàìåò-
íîé àñèììåòðèè ùèòêîâàíèÿ ïèëåóñà. Âñòðå÷àëèñü ñëåäóþùèå âà-
ðèàíòû (ðèñ. 3).

Â îáùåé ñëîæíîñòè áûëî îòìå÷åíî 7 ñëó÷àåâ âñòðå÷àåìîñòè
ýòèõ ôîðì. Âñå îíè áûëè âñòðå÷åíû îäíîêðàòíî, çà èñêëþ÷åíèåì
2-é, îòìå÷åííîé 3 ðàçà. Íîñèòåëÿìè äàííûõ ôîðì ïðåèìóùåñòâåí-
íî áûëè ïîëîâîçðåëûå ñàìöû ÿùåðèö Êàìåíñêîãî ðàéîíà (5 ñëó-

Ðèñ. 3. Äåâèàíòíûå ôîðìû ôîëèäîçà L. agilis â äàííûõ ïîïóëÿöèÿõ:
1 – ñëèÿíèå parietale è occipitale; 2 – ñëèÿíèå frontale è îäíîãî èç ïàðû fronto-
parietale; 3 – ðåäóêöèÿ interparietale, ïðè êîòîðîé òåìåííûå ùèòêè ñîïðèêàñà-
þòñÿ; 4 – äåëåíèå frontale è ÷àñòè÷íîå ñëèÿíèå åãî ñ frontoparietale; 5 – ñëèÿíèå

frontoparietale ñ parietale è ðåäóêöèÿ occipitale

1 2 3

4 5
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÷àåâ èç 7), â ìåíüøåé ñòåïåíè – Êðàñíîóôèìñêîé ëåñîñòåïè (2 ñàì-
êè). Ó æèâîòíûõ Áåëîÿðñêîãî ðàéîíà ïîäîáíûõ âàðèàíòîâ íå îò-
ìå÷åíî.

Ñðàâíèòåëüíûé àíàëèç âàðèàíòîâ ôîëèäîçà ñ ïîìîùüþ êëàñ-
òåðíîãî àíàëèçà ñ ó÷åòîì êà÷åñòâåííûõ õàðàêòåðèñòèê âûÿâèë ñïå-
öèôèêó æèâîòíûõ Êàìåíñêîãî ðàéîíà (ðèñ. 4), ÷òî äàåò îñíîâàíèå
ãîâîðèòü î äèñòàíöèðîâàííîñòè L. agilis èç Êàìåíñêîãî ðàéîíà îò äðó-
ãèõ ñðàâíèâàåìûõ ïîïóëÿöèé.

Ðèñ. 4. Äèñòàíöèðîâàííîñòü âûáîðîê L. agilis
ïî äàííûì âàðèàíòàì ôîëèäîçà
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Âîçìîæíî, ïîëó÷åííûé ðåçóëüòàò îïðåäåëÿåòñÿ ëîêàëüíîé ñïå-
öèôèêîé äàííîé ïîïóëÿöèè, ñâÿçàííîé ñî ñïåöèôèêîé ìåñòîîáè-
òàíèÿ. Áîëüøàÿ ÷àñòü äàííîé ïîïóëÿöèè íàñåëÿåò ôðàãìåíòèðîâàí-
íûé ëàíäøàôò óðáàíèçèðîâàííîé òåððèòîðèè – çîíó ìíîãîýòàæíîé
çàñòðîéêè Êàìåíñêà-Óðàëüñêîãî. Âñòðå÷àåìîñòü îïèñàííûõ ôîðì
ôîëèäîçà óðàëüñêèõ ïîïóëÿöèé L. agilis âûðàæåíà â ðàçíîé ñòåïå-
íè è, âåðîÿòíî, ìîæåò áûòü ñîïðÿæåíà ñî ñïåöèôèêîé ïðîñòðàíñò-
âåííîé ñòðóêòóðû è ëîêàëüíûõ óñëîâèé ìåñòîîáèòàíèé.

Òàêèì îáðàçîì, ìîæíî çàêëþ÷èòü, ÷òî ãåîãðàôè÷åñêàÿ è ëàíä-
øàôòíî-ýêîëîãè÷åñêàÿ ñïåöèôèêà ïîïóëÿöèé îòðàæàåòñÿ êàê íà ñïå-
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öèôèêå ñïåêòðîâ ôîëèäîçà, òàê è íà ñîâîêóïíîñòè ìîðôîëîãè÷åñ-
êèõ ïðèçíàêîâ L. agilis äàííûõ òåððèòîðèé. Ïîäõîä, îñíîâàííûé
íà àíàëèçå îñîáåííîñòåé ôîëèäîçà ïî ðàçðàáîòàííîé ñõåìå ñ ó÷å-
òîì ðàçíîîáðàçèÿ âàðèàíòîâ ôîëèäîçà, â òîì ÷èñëå ðÿäà äåâèàíò-
íûõ, ïîçâîëÿåò ïîëó÷èòü áîëåå ãëóáîêóþ è ñëîæíóþ êàðòèíó íà íå-
áîëüøèõ ñïëîøíûõ ó÷àñòêàõ àðåàëà, íà îãðàíè÷åííûõ òåððèòîðè-
ÿõ ñ âûñîêîé ïëîòíîñòüþ íàñåëåíèÿ.
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PATHOLOGY OF THE SMALL BOWEL
OF STEPPE RACER (EREMIAS ARGUTA)

AT HELMINTHIASES

S. V. Ganschuk1, T. N. Sivkova2

1 Perm State Humanitary Pedagogical University
2 Perm State Agricultural Academy

It is known that parasitic worms are an integral part of the
natural ecosystem, performing a complex regulatory function.
The aim of our study was to investigate the pathological changes
that occur in the tissues of lizards exposed to parasites. In histo-
logical specimens of small intestine we observed cross sections
of nematodes. The bodies of parasites with vaguely expressed organ
structure and rounded formations of a small size, were surrounded
by a wide strip of acellular eosinophilic mass; in the central parts
there was a single rounded basophilic inclusion. On this basis
we can assume that there is a formation of fibrosis, a protection
against the parasite. Intestinal nematode parasitism in the studied
lizards causes building of a xenoparasite barrier. The formation
of the xenoparasite barrier is due to the adaptation of a parasitic
agent and the host.

Èçó÷åíèå ïàòîìîðôîëîãè÷åñêèõ èçìåíåíèé â îðãàíèçìå
õîçÿåâ ïîä äåéñòâèåì ãåëüìèíòîâ ÿâëÿåòñÿ îäíèì èç àêòóàëü-
íûõ âîïðîñîâ, èçó÷àåìûõ ñîâðåìåííîé ïàðàçèòîëîãèåé. Îñîáîå
âíèìàíèå óäåëÿåòñÿ ïðîáëåìå èññëåäîâàíèÿ ôóíêöèîíèðîâàíèÿ
êñåíî-ïàðàçèòàðíîãî áàðüåðà, à òàêæå àäàïòèâíûõ èçìåíå-
íèé â òêàíÿõ õîçÿèíà. Äàííûé âîïðîñ â ïåðâóþ î÷åðåäü ïðèâëå-
êàåò âíèìàíèå ñïåöèàëèñòîâ â îáëàñòè ìåäèöèíû è âåòåðè-
íàðèè, â òî âðåìÿ êàê èçó÷åíèå âçàèìîîòíîøåíèé ïàðàçèòà
è õîçÿèíà â äèêîé ïðèðîäå ÿâíî îñâåùåíî íåäîñòàòî÷íî. Òåì íå
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ìåíåå èçâåñòíî, ÷òî ãåëüìèíòû ÿâëÿþòñÿ íåîòúåìëåìîé
÷àñòüþ ïðèðîäíûõ ýêîñèñòåì, âûïîëíÿÿ â íèõ ñëîæíóþ ðåãóëè-
ðóþùóþ ôóíêöèþ. Öåëüþ íàøåãî èññëåäîâàíèÿ ñòàëî âûÿâëå-
íèå ïàòîëîãè÷åñêèõ èçìåíåíèé, âîçíèêàþùèõ â òêàíÿõ ÿùåðèö
ïîä âîçäåéñòâèåì ïàðàçèòîâ.

Ìàòåðèàëû è ìåòîäû
Ðàçíîöâåòíûõ ÿùóðîê Eremias arguta Pallas, 1773 (n = 50) îòëàâ-

ëèâàëè â Àñòðàõàíñêîé îáëàñòè â âåñåííåå âðåìÿ. Èññëåäîâàíèå
ïðîâîäèëîñü ñ ïîìîùüþ íåïîëíîãî ãåëüìèíòîëîãè÷åñêîãî âñêðû-
òèÿ. Ñîáðàííûõ ãåëüìèíòîâ îïðåäåëÿëè ïî Â. Ï. Øàðïèëî (1976).
Îïðåäåëÿëè ýêñòåíñèâíîñòü (ÝÈ) è èíòåíñèâíîñòü (ÈÈ) èíâàçèè.

Êóñî÷êè êèøå÷íèêà äëèíîé ïðèìåðíî 1 ñì ôèêñèðîâàëè â 10 %-
íîì íåéòðàëüíîì ôîðìàëèíå, ïîñëå ÷åãî îáðàáàòûâàëè ïî îáùåïðè-
íÿòîé ãèñòîëîãè÷åñêîé ìåòîäèêå. Ìàòåðèàë çàëèâàëè â ïàðàôèí,
ãîòîâèëè ñðåçû òîëùèíîé 5–6 ìêì, êîòîðûå âïîñëåäñòâèè îêðà-
øèâàëè ãåìàòîêñèëèíîì-ýîçèíîì, à òàêæå ïî âàí Ãèçîí. Ïðîñìîòð
ãîòîâûõ ïðåïàðàòîâ ïðîèçâîäèëè ñ ïîìîùüþ ìèêðîñêîïà ôèðìû
«Leica» è «Zeiss» ïðè óâåëè÷åíèè îêóëÿðà × 10, ñ îáúåêòèâàìè ×4;
× 40 è ×100 ñ ïîäðîáíûì îïèñàíèåì èìåþùåéñÿ ìîðôîëîãè÷åñ-
êîé êàðòèíû. Îöåíèâàëè äèñöèðêóëÿòîðíûå, äèñòðîôè÷åñêèå, ñêëå-
ðîïëàñòè÷åñêèå, âîñïàëèòåëüíûå, ãèïåðïëàñòè÷åñêèå, ðåãåíåðàòîð-
íûå ïðîöåññû â îðãàíå. Íàèáîëåå èíòåðåñíûå è ïîêàçàòåëüíûå
ôðàãìåíòû ìèêðîïðåïàðàòîâ ôîòîãðàôèðîâàëè.

Ðåçóëüòàòû è îáñóæäåíèå
Îáíàðóæåíî 5 âèäîâ ãåëüìèíòîâ, îòíîñÿùèõñÿ ê äâóì ñèñòåìà-

òè÷åñêèì ãðóïïàì: Cestoda – 1 âèä è Nematoda – 4 âèäà. Èç íèõ
4 âèäà ÿâëÿþòñÿ îáû÷íûìè è øèðîêî ðàñïðîñòðàíåííûìè ïàðàçè-
òàìè ÿùóðîê è 1 âèä (Agamospirura macracanthis Sharpilo, 1963) –
ðåäêî âñòðå÷àþùèéñÿ è, ïî-âèäèìîìó, ëîêàëüíî ðàñïðîñòðàíåííûé
ïàðàçèò ïðåñìûêàþùèõñÿ.

Oochoristica tuberculata (Rud., 1819) – ïàðàçèò êèøå÷íèêà. Îá-
íàðóæåí íàìè â æåëóäêå è êèøå÷íèêå. Îäèí èç ñàìûõ îáû÷íûõ
ïàðàçèòîâ ÿùåðèö. Âñòðå÷àåìîñòü ýòîãî ïàðàçèòà ó ðàçíîöâåòíîé
ÿùóðêè 30,2 ± 7,01% ÈÈ – 8,85 ± 4,06.
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Spauligodon pseudoeremiasi – ïàðàçèò ïðÿìîé êèøêè è êëîàêè.
Âñòðå÷àåìîñòü ýòîãî ïàðàçèòà ó ðàçíîöâåòíîé ÿùóðêè 18,6 ± 5,93 %,
ÈÈ – 2,4 ± 0,56.

Abbreviata abbreviatà (Rud., 1819) – ïàðàçèòèðóåò â æåëóäêå, îá-
íàðóæåíà íàìè â ðîòîâîé ïîëîñòè, ïèùåâîäå è æåëóäêå. Îáû÷íûé
ïàðàçèò ÿùåðèö, ýêñòåíñèâíîñòü èíâàçèè ó ðàçíîöâåòíîé ÿùóðêè
13,95 ± 5,28 %, ÈÈ – 14,0 ± 6,54.

Thubunaea schukurovi Annaev, 1973. Ðåäêî âñòðå÷àþùèéñÿ è,
ïî-âèäèìîìó, ëîêàëüíî ðàñïðîñòðàíåííûé ïàðàçèò ÿùåðèö [Øàð-
ïèëî, 1976]. Õîòÿ â äàííîì èññëåäîâàíèè ýòî ñàìûé ìíîãî÷èñëåí-
íûé âèä ïàðàçèòà, ÝÈ ñîñòàâèëà 74,4 ± 6,65 %, ÈÈ – 23,6 ± 5,63.

Agamospirura macracanthis Sharpilo, 1963. Ïàðàçèò ëîêàëèçóåò-
ñÿ â ñòåíêàõ æåëóäêà è êèøå÷íèêà. Âñòðå÷åíî 3 ýêç. ó îäíîé ÿùóð-
êè. Ðåäêî âñòðå÷àþùèéñÿ, ëîêàëüíî ðàñïðîñòðàíåííûé ïàðàçèò ïðå-
ñìûêàþùèõñÿ.

Ïðè ìèêðîñêîïè÷åñêîì èññëåäîâàíèè îêðàøåííûõ ãèñòîëîãè-
÷åñêèõ ïðåïàðàòîâ òîíêîãî êèøå÷íèêà ìû óñòàíîâèëè, ÷òî ñòåíêà
îðãàíà áûëà ñîõðàíåíà. Êèøå÷íûå âîðñèíêè ó ÿùóðîê îêàçàëèñü
òîíêèìè, ñòðîìà âîðñèíîê íàõîäèëàñü â ñîñòîÿíèè îòåêà. Íà áîëü-
øèíñòâå ïðåïàðàòîâ îò èíôèöèðîâàííûõ ÿùóðîê ïðîñëåæèâàåòñÿ
ðàñïðîñòðàíåííàÿ äåñêâàìàöèÿ è äåçîðãàíèçàöèÿ ýïèòåëèàëüíûõ
êëåòîê â ïðîñâåò îðãàíà ñ îáíàæåíèåì áàçàëüíîé ìåìáðàíû (ðèñ. 1),
÷òî ÿâëÿåòñÿ îòêëîíåíèåì îò íîðìû. Íà åå ïîâåðõíîñòè – ãðóïïû
ñëóùåííûõ êëåòîê, ìàññû ñëèçè, èçìåíåííûå ïèùåâûå ÷àñòè÷êè.
Â ñëèçèñòîé îáîëî÷êå õîðîøî ïðîñìàòðèâàëèñü áîêàëîâèäíûå êëåò-
êè. Íà óðîâíå ïîäñëèçèñòîãî ñëîÿ áûë âûðàæåí îòåê (ðèñ. 2), à òàê-
æå îáíàðóæåíû íåáîëüøèå ïî ïðîòÿæåííîñòè ëèìôîïëàçìîöèòàð-
íûå èíôèëüòðàòû.

Ìûøå÷íàÿ îáîëî÷êà êèøå÷íèêà òîíêàÿ, äâóõñëîéíàÿ, ìèîöè-
òû â íåé ðàñïîëîæåíû ðûõëî. Ìåæìûøå÷íûå ãàíãëèè â 75,0 % ñëó-
÷àåâ íàõîäèëèñü â ñîñòîÿíèè äèñòðîôèè. Ñåðîçíàÿ îáîëî÷êà óìå-
ðåííî îòå÷íà. Ñîñóäû åå ïîëíîêðîâíû, îñîáåííî âåíû, ñòåíêè èõ
òîíêèå, â ïðîñâåòàõ âèäíû íåáîëüøèå ãðóïïû ýðèòðîöèòîâ.

Â ðÿäå ñëó÷àåâ â ïðîñâåòå òîíêîãî êèøå÷íèêà íà ãèñòîëîãè-
÷åñêèõ ïðåïàðàòàõ áûëè îáíàðóæåíû ïîïåðå÷íûå ñðåçû íåìàòîä.
Òåëà ïàðàçèòîâ ñ íåîò÷åòëèâî âûðàæåííîé îðãàííîé ñòðóêòóðîé,
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à òàêæå îêðóãëûå îáðàçîâàíèÿ ìàëûõ ðàçìåðîâ, îêðóæåííûå øè-
ðîêîé ïîëîñêîé áåñêëåòî÷íîé ýîçèíîôèëüíîé ìàññû, â öåíòðàëü-
íûõ îòäåëàõ – îêðóãëîå îäèíî÷íîå áàçîôèëüíîå âêëþ÷åíèå.

Ðèñ. 1. Äåñêâàìàöèÿ ýïèòåëèàëüíûõ êëåòîê. Îêðàñêà
ãåìàòîêñèëèíîì-ýîçèíîì. Óâåëè÷åíèå 1× 40:

1 – ýïèòåëèé; 2 – ïîïåðå÷íûé ñðåç íåìàòîäû

2

1

Ðèñ. 2. Îòåê ñòðîìû âîðñèíêè. Îêðàñêà ãåìàòîêñèëèíîì-ýîçèíîì.
Óâåëè÷åíèå 10× 10
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Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî íàëè-
÷èå â êèøå÷íèêå ÿùåðèö ïàðàçèòèðóþùèõ íåìàòîä âåäåò ê ôîðìè-
ðîâàíèþ ôèáðîçà. Òàêèì îáðàçîì, îòâåòíàÿ àäàïòèâíàÿ çàùèòíàÿ
ðåàêöèÿ âûðàæàåòñÿ â ñîçäàíèè êñåíîïàðàçèòàðíîãî áàðüåðà, ôîð-
ìèðîâàíèå êîòîðîãî îáóñëîâëåíî êîàäàïòèâíûì âçàèìîäåéñòâèåì
ïàðàçèòà è õîçÿèíà.

Áèáëèîãðàôè÷åñêèå ññûëêè
Øàðïèëî Ï. Â., 1976. Ïàðàçèòè÷åñêèå ÷åðâè ïðåñìûêàþùèõñÿ ôàó-

íû ÑÑÑÐ. Êèåâ : Íàóêîâà äóìêà. 287 ñ.

ÂÑÒÐÅ×ÀÅÌÎÑÒÜ ÀÍÎÌÀËÈÉ ÔÎËÈÄÎÇÀ
ÐÎÃÎÂÎÃÎÂÛÕ ÙÈÒÊÎÂ ÏÀÍÖÈÐß

TESTUDO GRAECA NIKOLSKII
ÍÀ ÇÀÏÀÄÍÎÌ ÊÀÂÊÀÇÅ

À. Í. Ãíåòíåâà1, Ì. Â. Ïåñòîâ2, À. À. Ëåáåäèíñêèé1

1 ÍÍÃÓ èì. Í. È. Ëîáà÷åâñêîãî (Íèæíèé Íîâãîðîä)
2 Îáùåñòâî îõðàíû àìôèáèé è ðåïòèëèé ïðè ýêîöåíòðå «Äðîíò»

(Íèæíèé Íîâãîðîä)

THE OCCURRENCE OF PHOLIDOSIS DEVIATIONS
OF THE SHELLS’ CORNEOUS MAILS AMONG

TESTUDO GRAECA NICOLSKII
ON WESTERN CAUCASUS

À. N. Gnetneva1, M. V. Pestov2, A. A. Lebedinskii1

1 Nizhniy Novgorod State University (Nizhniy Novgorod)
2The Nizhniy Novgorod society for protection of amphibians and reptiles

under ecocenter «Dront» (Nizhniy Novgorod)

The obtained data of 3 territorial groups from various parts
of an area of the Testudo graeca nicolskii, showed lack of reliable
distinctions by frequency of occurrence of shells’ pholidosis devia-
tions and probable dependence between high percent of occurrence
of young abnormal individuals and survival of their individuals.
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Äàííûå ïî 3 òåððèòîðèàëüíûì ãðóïïèðîâêàì èç ðàçëè÷íûõ
÷àñòåé àðåàëà Testudo graeca nicolskii ïîêàçûâàþò îòñóòñòâèå
çíà÷èìûõ ðàçëè÷èé â ÷àñòîòå îòêëîíåíèé ôîëèîçà ïàíöèðÿ
è âîçìîæíóþ çàâèñèìîñòü ìåæäó âûñîêîé âñòðå÷àåìîñòüþ
àíîìàëüíûõ ìîëîäûõ îñîáåé è èõ âûæèâàåìîñòüþ.

Ââåäåíèå
Äëÿ ÷åðåïàõ (â òîì ÷èñëå Testudo graeca nikolskii Chkhikvadze

et Tuniyev, 1986) õàðàêòåðíî íàëè÷èå îïðåäåëåííîé ìîçàèêè ùèòêîâ
ïàíöèðÿ, êîòîðàÿ îáëàäàåò âûñîêîé ýâîëþöèîííîé ñòàáèëüíîñòüþ
[×åðåïàíîâ, 2005]. Óæå ó äðåâíåéøèõ ïðåäñòàâèòåëåé îòðÿäà Testu-
dines îòìå÷àåòñÿ òèïè÷íûé ðèñóíîê ùèòêîâàíèÿ (ôîëèäîçà), ëèøü
äåòàëÿìè îòëè÷àþùèéñÿ îò òàêîâîãî ó ñîâðåìåííûõ ôîðì. Âìåñòå
ñ òåì çàìå÷åíî, ÷òî èíäèâèäóàëüíàÿ èçìåí÷èâîñòü ôîëèäîçà ÷åðå-
ïàõ èìååò øèðîêèå ïðåäåëû, ïðè÷åì êàê ïî ÷èñëó âàðèàíòîâ óêëî-
íåíèÿ îò íîðìû, òàê è ïî èõ âñòðå÷àåìîñòè [Ibid]. Âðîæäåííûìè
àíîìàëèÿìè ôîëèäîçà íàçûâàåòñÿ èçìåíåíèå ñòàíäàðòíîãî êîëè÷å-
ñòâà, âçàèìíîãî ðàñïîëîæåíèÿ è ïðîïîðöèé îòäåëüíûõ ùèòêîâ [Ïåñ-
òîâ è äð., 2009]. Ïðè ýòîì íåîáõîäèìî îòìåòèòü, ÷òî ïîäîáíûå îò-
êëîíåíèÿ ìîãóò çàòðàãèâàòü êàê îäèí, òàê è íåñêîëüêî ùèòêîâ [Êàð-
ìûøåâ, 2005]. Â ìîíîãðàôèè Ã. Î. ×åðåïàíîâà (2005) èçìåí÷èâîñòü
ôîëèäîçà ïîäðàçäåëÿåòñÿ íà ïÿòü îñíîâíûõ òèïîâ: íåîáû÷íàÿ ôîð-
ìà èëè ðàçìåð ùèòêîâ ïðè íîðìàëüíîì èõ êîëè÷åñòâå; íàëè÷èå äî-
ïîëíèòåëüíûõ ùèòêîâ; îòñóòñòâèå îäíîãî èëè íåñêîëüêèõ ùèòêîâ;
íåïîëíîå ðàçäåëåíèå ùèòêà; íåïîëíîå ñëèÿíèå íåñêîëüêèõ ùèò-
êîâ. Â ïðîâåäåííîì èññëåäîâàíèè ïðîöåíò âñòðå÷àåìîñòè àíîìà-
ëèé ðàññ÷èòûâàëñÿ ñîãëàñíî äàííîé êëàññèôèêàöèè.

Ìàòåðèàëû è ìåòîäû
Ìàòåðèàë äëÿ íàñòîÿùåé ðàáîòû áûë ñîáðàí â 2011–2013 ãã.

â òðåõ ðàçëè÷íûõ ëîêàëèòåòàõ: íà òåððèòîðèè ÃÏÇ «Óòðèø», ðàñ-
ïîëîæåííîãî ìåæäó Àíàïîé è Íîâîðîññèéñêîì (íà ñåâåðî-çàïàä-
íîé ãðàíèöå àðåàëà ïîäâèäà); â îêðåñòíîñòÿõ Ãåëåíäæèêà è íà Ïè-
öóíäà-Ìþññåðñêîé âîçâûøåííîñòè â Ðåñïóáëèêå Àáõàçèÿ (íà þãî-
âîñòî÷íîé ãðàíèöå àðåàëà). Òåððèòîðèÿ îò Àíàïû äî Ãåëåíäæèêà
ïðîòÿæåííîñòüþ îêîëî 60 êì âåñüìà îäíîðîäíà ïî ñâîèì ïðèðîä-
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íûì óñëîâèÿì è îòíîñèòåëüíî ðàâíîìåðíî çàñåëåíà ÷åðåïàõàìè.
Òåððèòîðèàëüíàÿ ãðóïïèðîâêà ÷åðåïàõ èç Àáõàçèè, âåðîÿòíî, ÿâëÿ-
åòñÿ èçîëèðîâàííîé [Ïåñòîâ è äð., 2009].

Äëÿ âûÿâëåíèÿ àíîìàëèé ôîëèäîçà ðîãîâîãî ïàíöèðÿ ÷åðåïàõ
[×åðåïàíîâ, 2005] àíàëèçèðîâàëèñü òðè âûáîðêè ïî 111, 57 è 31
îñîáåé ñîîòâåòñòâåííî. Ñòàòèñòè÷åñêàÿ îáðàáîòêà äàííûõ ïðîâîäè-
ëàñü ñ ïîìîùüþ ïðîãðàììû STATISTICA V 10.0. Äëÿ îöåíêè ðàç-
ëè÷èé ìåæäó òðåìÿ âûáîðêàìè áûë èñïîëüçîâàí êðèòåðèé ϕ* Ôè-
øåðà è êðèòåðèé u, ðàññ÷èòûâàåìûé ñ ïîìîùüþ ïîêàçàòåëÿ âíóòðè-
ïîïóëÿöèîííîãî ðàçíîîáðàçèÿ μ è äîëè ðåäêèõ ìîðô h [Æèâîòîâ-
ñêèé, 1980]. Äëÿ ñîïîñòàâëåíèÿ ïî ñïåêòðó àíîìàëèé ïðèìåíÿëñÿ
èíäåêñ ñõîäñòâà ×åêàíîâñêîãî – Ñåðåíñåíà. Â õîäå èññëåäîâàíèé
áûëè ðàññ÷èòàíû òàêæå ÷àñòîòà âñòðå÷àåìîñòè íåêîòîðûõ òèïîâ
àíîìàëèé, ñðåäíåå ÷èñëî àíîìàëèé íà îäíó îñîáü [Áîðêèí è äð.,
2012].

Ðåçóëüòàòû è îáñóæäåíèå
Ïðè àíàëèçå äàííûõ áûë óñòàíîâëåí îòíîñèòåëüíî âûñîêèé

ïðîöåíò âñòðå÷àåìîñòè îñîáåé ñ àíîìàëèÿìè ôîëèäîçà ðîãîâîãî
ïàíöèðÿ âî âñåõ âûáîðêàõ (òàáë. 1). Ñòàòèñòè÷åñêàÿ îáðàáîòêà ïî-
êàçàëà, ÷òî ðàçëè÷èÿ ïî äàííîìó êðèòåðèþ íå ÿâëÿþòñÿ äîñòî-
âåðíûìè. Â òî æå âðåìÿ íàèìåíüøàÿ ÷àñòîòà àíîìàëèé îòìå÷åíà
â âûáîðêå èç Àáõàçèè, ÷òî ñîãëàñóåòñÿ ñ ðàíåå îïóáëèêîâàííûìè
äàííûìè [Ïåñòîâ è äð, 2009].

Ò à á ë è ö à  1
×àñòîòà âñòðå÷àåìîñòè àíîìàëüíûõ ÷åðåïàõ

îò îáùåãî ÷èñëà îñîáåé

Ãåëåíäæèê

ÃÏÇ «Óòðèø»

Àáõàçèÿ

Íàëè÷èå àíîìàëèé Îòñóòñòâèå àíîìàëèé

Àáñ. % Àáñ. %
Ðåãèîí N

111

57

31

38

23

7

35

40

22

73

34

24

65

60

78
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Îñîáûé èíòåðåñ äëÿ èçó÷åíèÿ ïðèðîäû èçìåí÷èâîñòè ôîëèäî-
çà ïàíöèðÿ âûçûâàþò ðåçóëüòàòû ñðàâíåíèÿ âñòðå÷àåìîñòè àíîìà-
ëèé âçðîñëûõ è íåïîëîâîçðåëûõ îñîáåé. Ýòî ñâÿçàíî ñ òåì, ÷òî ïðè-
÷èíà âîçíèêíîâåíèÿ ïîäîáíûõ íàðóøåíèé äî ñèõ ïîð íåèçâåñòíà.
Âåðîÿòíî, íà âûÿâëåíèå èçìåí÷èâîñòè â ùèòêîâàíèè ïàíöèðÿ ìî-
ãóò îêàçûâàòü âîçäåéñòâèå íåáëàãîïðèÿòíûå âíåøíèå ôàêòîðû,
èëè æå ýòî ôåíîòèïè÷åñêîå ïðîÿâëåíèå âàðèàáåëüíîñòè ãåíîòèïà
[Áðóøêî, Êóáûêèí, 1980; Êàðìûøåâ, 2005]. Íà ïîïóëÿöèÿõ ìíî-
ãèõ àìôèáèé óæå áûëè ïðîâåäåíû ìíîãî÷èñëåííûå èññëåäîâàíèÿ
àíîìàëüíîãî ñòðîåíèÿ ñêåëåòà. Áûëî âûÿñíåíî, ÷òî ïðîöåíò ëåòàëü-
íîñòè íà ëè÷èíî÷íîé ñòàäèè äîñòàòî÷íî âûñîê è äàëåêî íå âñå îñî-
áè äîæèâàþò äî ïîëîâîçðåëîñòè [Áîðêèí è äð., 2012]. Äëÿ ÷åðåïàõ
ïîäîáíîé çàêîíîìåðíîñòè äî íàñòîÿùåãî âðåìåíè íå âûÿâëåíî, ïî-
ýòîìó äëÿ ðåøåíèÿ äàííîãî âîïðîñà íåîáõîäèìî ïðîâåäåíèå äåòàëü-
íîãî èçó÷åíèÿ âëèÿíèÿ àíîìàëèé íà âûæèâàåìîñòü ðàçíîâîçðàñò-
íûõ îñîáåé.

Â òàáë. 2 ïðèâåäåíà äîëÿ âñòðå÷àåìîñòè àíîìàëüíûõ îñîáåé
îò îáùåãî ÷èñëà ïîëîâîçðåëûõ è ìîëîäûõ ÷åðåïàõ. Íåñìîòðÿ íà òî,
÷òî ñðåäè íåïîëîâîçðåëûõ ÷åðåïàõ ïðîöåíò èçìåí÷èâîñòè ôîëèäî-
çà çíà÷èòåëüíî âûøå âî âñåõ âûáîðêàõ, äîñòîâåðíûå ðàçëè÷èÿ ìåæ-
äó ìîëîäûìè è ïîëîâîçðåëûìè îñîáÿìè óñòàíîâëåíû ëèøü äëÿ ÷å-
ðåïàõ ñ Óòðèøà. Âåðîÿòíî, ýòî ñâÿçàíî ñ íåäîñòàòî÷íûì îáúåìîì
âûáîðêè èëè ñ íåäîñòàòî÷íîé «÷óâñòâèòåëüíîñòüþ» ðàññ÷èòàííûõ
êðèòåðèåâ ê àíàëèçèðóåìûì êîëè÷åñòâåííûì äàííûì. Äîñòîâåð-
íûå ðàçëè÷èÿ ïî âñòðå÷àåìîñòè àíîìàëèé ó ñàìöîâ è ñàìîê òàêæå
îòñóòñòâóþò.

Äëÿ îöåíêè ðàçíîîáðàçèÿ àíîìàëèé â ïîïóëÿöèè áûë ðàññ÷è-
òàí îáùèé ñïåêòð àíîìàëèé [Áîðêèí è äð., 2012]. Èññëåäîâàííûå
ãðóïïèðîâêè èìåþò àíàëîãè÷íûé íàáîð è ÷àñòîòó âñòðå÷àåìîñòè
âàðèàíòîâ èçìåí÷èâîñòè ðîãîâûõ ùèòêîâ ïàíöèðÿ, ïîýòîìó íèæå
ïðèâåäåíû ñðåäíèå ïðîöåíòû (îò îáùåãî ÷èñëà àíîìàëèé) òðåõ âû-
áîðîê. Ïëàñòðîí (15 %) ìåíüøå ïîäâåðæåí èçìåí÷èâîñòè ùèòêî-
âàíèÿ, ÷åì êàðàïàêñ (60–70 %). Äëÿ âåðòåáðàëüíûõ è êîñòàëüíûõ
ùèòêîâ õàðàêòåðíî íàëè÷èå äîïîëíèòåëüíûõ ýëåìåíòîâ (34 %).
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Â êîëè÷åñòâå íà îäèí ìåíüøå èëè áîëüøå íîðìû ìîãóò âñòðå÷àòü-
ñÿ ìàðãèíàëüíûå ùèòêè (13 %). Ó ÷àñòè îñîáåé íàáëþäàåòñÿ ðàç-
äåëåíèå àíàëüíîãî ùèòêà êàðàïàêñà ïðîäîëüíîé áîðîçäîé (20 %).
Ó ÷åðåïàõ èç Àáõàçèè ïîäîáíàÿ àíîìàëèÿ íå âûÿâëåíà. Èíòåðåñ-
íûì îòêëîíåíèåì ÿâëÿåòñÿ ïîëíîå èëè ÷àñòè÷íîå îòñóòñòâèå, èëè íå-
ïðàâèëüíàÿ ôîðìà àïèêàëüíîãî ùèòêà (19 %). Ó äâóõ îñîáåé â Ãå-
ëåíäæèêå áûëî îáíàðóæåíî ðàçäâîåíèå èíãóàëüíîãî ùèòêà (5 %).
Îòìå÷åíû òàêæå àíîìàëèè, ñâÿçàííûå ñ íåîáû÷íîé ôîðìîé èëè
ðàçìåðîì ùèòêîâ (13 %).

Äëÿ áîëåå ïîëíîé îöåíêè âñòðå÷àåìîñòè àíîìàëèé â õîäå èñ-
ñëåäîâàíèÿ áûëè ðàññ÷èòàíû Sai – ñðåäíåå ÷èñëî àíîìàëèé íà îñîáü
[Áîðêèí è äð., 2012]; μ – ïîêàçàòåëü âíóòðèïîïóëÿöèîííîãî ðàçíî-
îáðàçèÿ, ñðåäíåå ÷èñëî ìîðô â âûáîðêå; h – äîëÿ ðåäêèõ ìîðô [Æè-
âîòîâñêèé, 1980]. Ðåçóëüòàòû ïðåäñòàâëåíû â òàáë. 3.

Ò à á ë è ö à  2
Äîëÿ âñòðå÷àåìîñòè àíîìàëüíûõ ÷åðåïàõ

ñ ó÷åòîì ïîëîâîçðàñòíîé ñòðóêòóðû

Ðåãèîí

Âîçðàñò

N ñ àíîìàëèÿìè

% àíîìàëüíûõ
îñîáåé

juv/subad

15

34

Ãåëåíäæèê
(N = 111)

ÃÏÇ «Óòðèø»
(N = 57)

Àáõàçèÿ
(N = 31)

ad

18

27

ad

15

29

juv/subad

4

67

juv/subad

2

40

ad

4

15

1,12 ± 0,06

1,26 ± 0,11

1,17 ± 0,18

Ò à á ë è ö à  3
Íåêîòîðûå ïîêàçàòåëè,

îïèñûâàþùèå âñòðå÷àåìîñòü àíîìàëèé

SaiÐåãèîí m μ H

Ãåëåíäæèê

ÃÏÇ «Óòðèø»

Àáõàçèÿ

5

4

4

3,35 ± 0,22

3,17 ± 0,21

2,79 ± 0,33

0,33 ± 0,04

0,21 ± 0,05

0,30 ± 0,08

Ïðèìå÷àíèå: m – êîëè÷åñòâî îáíàðóæåííûõ âàðèàíòîâ àíîìàëèé.
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Èç äàííûõ òàáë. 3 ñëåäóåò, ÷òî âûáîðêè îáëàäàþò áëèçêèìè
ïî âåëè÷èíå ïîêàçàòåëÿìè âíóòðèïîïóëÿöèîííîãî ðàçíîîáðàçèÿ.
Ïðè÷èíîé ñëóæàò àíàëîãè÷íûå ÷àñòîòû âñòðå÷àåìîñòè àíîìàëèé
â âûáîðêàõ. ×àñòîòû ìîðô óòðèøñêèõ ÷åðåïàõ ðàñïðåäåëåíû áî-
ëåå ðàâíîìåðíî, ÷åì â îñòàëüíûõ ãðóïïèðîâêàõ. Äîëÿ ðåäêèõ ìîðô
â âûáîðêàõ îòíîñèòåëüíî íèçêàÿ. Ïðè ñðàâíåíèè òðåõ ãðóïïèðî-
âîê ïî ñðåäíåìó ÷èñëó àíîìàëèé íà îñîáü áûëî óñòàíîâëåíî, ÷òî
ïîêàçàòåëè ñõîäíû ïî çíà÷åíèÿì.

Â êà÷åñòâå èíäåêñà ñõîäñòâà ìåæäó ãðóïïèðîâêàìè áûë èñ-
ïîëüçîâàí èíäåêñ ×åêàíîâñêîãî – Ñåðåíñåíà (Ks), îïðåäåëÿþùèé
áëèçîñòü âûáîðîê ïî ñïåêòðó ðàçíîîáðàçèÿ [Áîãîëþáîâ è äð., 2012].
Ó ãåëåíäæèêñêèõ è óòðèøñêèõ ÷åðåïàõ èíäåêñ ñõîäñòâà ñîñòàâèë
93 %, ò. å. âûáîðêè î÷åíü áëèçêè äðóã äðóãó ïî ñïåêòðó ïðåäñòàâ-
ëåííûõ àíîìàëèé âñëåäñòâèå íåçíà÷èòåëüíîé òåððèòîðèàëüíîé óäà-
ëåííîñòè (îêîëî 50 êì) è îòñóòñòâèÿ íåïðåîäîëèìûõ ïðåãðàä. Ñà-
ìûé íèçêèé èíäåêñ ñõîäñòâà – ó àáõàçñêèõ è ãåëåíäæèêñêèõ ÷åðå-
ïàõ (67 %). Îäíàêî è â ýòîì ñëó÷àå ïðîöåíò ñõîäñòâà ïðåâûøàåò
50 %. Èíäåêñ ×åêàíîâñêîãî – Ñåðåíñåíà ó ãðóïïèðîâîê èç ÃÏÇ «Óò-
ðèø» è Àáõàçèè çàíèìàåò ïðîìåæóòî÷íîå çíà÷åíèå (73 %).

Âûâîäû
1. Èññëåäîâàííûå âûáîðêè ïðèíàäëåæàò ê îäíîé ãåíåðàëüíîé

ñîâîêóïíîñòè ïî êðèòåðèþ ÷àñòîòû âñòðå÷àåìîñòè àíîìàëèé ôî-
ëèäîçà, íåñìîòðÿ íà èõ âåðîÿòíóþ ïðèíàäëåæíîñòü ê ðàçëè÷íûì
ïîïóëÿöèÿì. Ýòî ïîäòâåðæäàåòñÿ ïðèñóòñòâèåì â ãðóïïèðîâêàõ
ïðàêòè÷åñêè âñåõ âàðèàíòîâ èçìåí÷èâîñòè (μ ïðèíèìàåò àíàëîãè÷-
íûå çíà÷åíèÿ), ñõîäñòâîì âûáîðîê ïî ñïåêòðó ðàçíîîáðàçèÿ àíî-
ìàëèé è ñðåäíèì ÷èñëîì îòêëîíåíèé íà îñîáü, êîòîðîå íåçíà÷è-
òåëüíî îòëè÷àåòñÿ âî âñåõ âûáîðêàõ.

2. Ñóùåñòâåííîå, õîòÿ è íå âñåãäà äîñòîâåðíîå, ïðåîáëàäàíèå
÷àñòîòû âñòðå÷àåìîñòè íåïîëîâîçðåëûõ ÷åðåïàõ ñ àíîìàëèÿìè ôî-
ëèäîçà ïî ñðàâíåíèþ ñî âçðîñëûìè, âåðîÿòíî, ñâèäåòåëüñòâóåò
î ñíèæåíèè âûæèâàåìîñòè (æèçíåñïîñîáíîñòè) àíîìàëüíûõ îñî-
áåé íà ðàííèõ ñòàäèÿõ îíòîãåíåçà.
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Áëàãîäàðíîñòè
Àâòîðû âûðàæàþò áëàãîäàðíîñòü ðóêîâîäñòâó «Ñàôàðè-ïàðêà»

è ÃÏÇ «Óòðèø» çà âîçìîæíîñòü ïðîâåäåíèÿ èññëåäîâàíèé íà èõ
òåððèòîðèè, à òàêæå äîêòîðó áèîëîãè÷åñêèõ íàóê Ã. Î. ×åðåïàíîâó
çà ïîìîùü â èçó÷åíèè ïðîáëåìû èçìåí÷èâîñòè ôîëèäîçà ïàíöèðÿ
÷åðåïàõ.
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ÎÖÅÍÊÀ ÂÑÒÐÅ×ÀÅÌÎÑÒÈ ÀÑÈÌÌÅÒÐÈÈ
ÔÎËÈÄÎÇÀ ÃÎËÎÂÛ Ó ÎÁÛÊÍÎÂÅÍÍÎÃÎ

(NATRIX NATRIX LINNAEUS, 1758) È ÂÎÄßÍÎÃÎ
(NATRIX TESSELLATA LAURENTI, 1768) ÓÆÅÉ
Â ÀÍÒÐÎÏÎÃÅÍÍÎ-ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÛÕ

È ÅÑÒÅÑÒÂÅÍÍÛÕ ËÀÍÄØÀÔÒÀÕ
ÂÎËÃÎÃÐÀÄÑÊÎÉ ÎÁËÀÑÒÈ

Ä. À. Ãîðäååâ1, Í. È. Ïðèëèïêî2, Ñ. Ê. Ïðèëèïêî2

1 Âîëãîãðàäñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò
 2 Âîëãîãðàäñêèé ãîñóäàðñòâåííûé ñîöèàëüíî-ïåäàãîãè÷åñêèé óíèâåðñèòåò

ASSESSMENT OF OCCURRENCE OF ASYMMETRY
OF FOLIDOZ OF THE HEAD AT ORDINARY

(NATRIX NATRIX LINNAEUS, 1758) AND WATER
(NATRIX TESSELLATA LAURENTI, 1768) UZHEY
IN ANTHROPOGENE-MODIFIED AND NATURAL

LANDSCAPES OF THE VOLGOGRAD REGION

D. A. Gordeyev1, N. I. Prilipko2, S. K. Prilipko2

1 Volgograd State University
2 Volgograd State Social and Pedagogical University

The real work represents the analysis of frequency of occurrence
of asymmetry of bilateral structures of a scaly cover of ordinary and water
ears in the territory of the Volgograd region in the anthropogene-
modified and natural landscapes, based on original these authors.
Manifestation of asymmetry of a folidoz of the head of these types
most possibly in number of labial, supralabial and temporal guards.
Close indicators of coefficients of asymmetry of different types of the
sort Natrix tells about similarity of microclimatic conditions and
influence of factors of destabilization of ontogenetic development.

Íàñòîÿùàÿ ðàáîòà ïðåäñòàâëÿåò ñîáîé àíàëèç ÷àñòîòû
âñòðå÷àåìîñòè àñèììåòðèè áèëàòåðàëüíûõ ñòðóêòóð ÷åøóé-
÷àòîãî ïîêðîâà îáûêíîâåííîãî è âîäÿíîãî óæåé íà òåððèòî-
ðèè Âîëãîãðàäñêîé îáëàñòè â àíòðîïîãåííî-ìîäèôèöèðîâàí-
íûõ è åñòåñòâåííûõ ëàíäøàôòàõ, îñíîâàííûé íà îðèãèíàëü-
íûõ äàííûõ àâòîðîâ.
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Â æèâûõ îðãàíèçìàõ êàê áèîëîãè÷åñêèõ ñèñòåìàõ îòðàæàþòñÿ
âñå ïðîöåññû, ïðîòåêàþùèå â ýêîñèñòåìàõ. Â õîäå ýâîëþöèè ó îðãà-
íèçìîâ ñôîðìèðîâàëàñü ñëîæíàÿ ñèñòåìà áóôåðíûõ ãîìåîñòàòè÷åñ-
êèõ ìåõàíèçìîâ ïðèñïîñîáëåíèÿ ê óñëîâèÿì îáèòàíèÿ. Ïðè íåáëà-
ãîïðèÿòíûõ âîçäåéñòâèÿõ ýòè ìåõàíèçìû ìîãóò áûòü ïîâðåæäåíû,
÷òî ïðèâîäèò ê íàðóøåíèþ ðàçâèòèÿ. Äëÿ îáúåêòèâíîãî çàêëþ÷å-
íèÿ î êà÷åñòâå ñðåäû íåîáõîäèìà èíòåãðàëüíàÿ õàðàêòåðèñòèêà åå
ñîñòîÿíèÿ. Âîçìîæíîñòü ïîëó÷èòü òàêóþ õàðàêòåðèñòèêó ñðåäû,
îáúåäèíÿþùåé ðàçëè÷íûå ýêîëîãè÷åñêèå ôàêòîðû, ïîçâîëÿþò áèî-
ëîãè÷åñêèå ìåòîäû, ïîñêîëüêó èìåííî æèâûå îðãàíèçìû íåñóò íàè-
áîëüøåå êîëè÷åñòâî èíôîðìàöèè îá îêðóæàþùåé èõ ñðåäå îáèòà-
íèÿ. Äëÿ õàðàêòåðèñòèêè êà÷åñòâà ñðåäû, íåáëàãîïðèÿòíûõ âîçäåé-
ñòâèé ôàêòîðîâ íåñîìíåííûé èíòåðåñ ïðåäñòàâëÿåò èñïîëüçîâàíèå
ìåòîäà ôëóêòóèðóþùåé àñèììåòðèè, êîòîðàÿ ÿâëÿåòñÿ ñëåäñòâèåì
íåñîâåðøåíñòâà îíòîãåíåòè÷åñêèõ ïðîöåññîâ [Çàõàðîâ, 1987]. Â íà-
ñòîÿùåå âðåìÿ èçó÷åíèå ïðîöåññîâ äåñòàáèëèçàöèè ðàçâèòèÿ ÿâëÿ-
åòñÿ øèðîêî ðàñïðîñòðàíåííûì [Âåðøèíèí, 1983, 1997; Æäîêîâà,
2003; Ñìèðíîâ, 2009; è äð.] è àêòóàëüíûì â ñâÿçè ñ èíòåíñèâíûì
èñïîëüçîâàíèåì ÷åëîâåêîì îêðóæàþùåé ñðåäû.

Â ñâÿçè ñ ýòèì öåëüþ íàøåãî èññëåäîâàíèÿ ñòàëî èçó÷åíèå
àñèììåòðèè ôîëèäîçà áèëàòåðàëüíûõ ñòðóêòóð ãîëîâû îáûêíîâåí-
íîãî (Natrix natrix Linnaeus, 1758) è âîäÿíîãî (Natrix tessellata Lau-
renti, 1768) óæåé â ïîïóëÿöèÿõ àíòðîïîãåííî-ìîäèôèöèðîâàííûõ
è åñòåñòâåííûõ ëàíäøàôòîâ Âîëãîãðàäñêîé îáëàñòè.

Ìàòåðèàë è ìåòîäû
Îñíîâîé äëÿ äàííîé ðàáîòû ïîñëóæèëè ïîëåâûå èññëåäîâà-

íèÿ è ñáîðû, ïðîâåäåííûå íà òåððèòîðèè Âîëãîãðàäñêîé îáëàñòè
â ïåðèîä 2008–2011 ãã. Äëÿ îöåíêè ñòàáèëüíîñòè ðàçâèòèÿ îíòîãå-
íåòè÷åñêèõ ïðîöåññîâ ïðîàíàëèçèðîâàíû 8 òèïîâ ùèòêîâ, ðàñïî-
ëîæåííûõ íà ãîëîâå çìåè áèëàòåðàëüíî: âåðõíåãóáíûå, íèæíåãóá-
íûå, âèñî÷íûå I è II ðÿä, ïðåäãëàçíè÷íûå, çàãëàçíè÷íûå, íàäãëàç-
íè÷íûå è ñêóëîâûå. Àíàëèç ìîðôîëîãè÷åñêèõ ïðèçíàêîâ ïðîâåäåí
íà 87 îñîáÿõ, èç êîòîðûõ 29 – âîäÿíîé óæ, 58 – îáûêíîâåííûé óæ.
Ìàòåìàòè÷åñêàÿ îáðàáîòêà äàííûõ ïðîâåäåíà â ñðåäå Statistica 6.1,
Microsoft Excel.
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Ðåçóëüòàòû è îáñóæäåíèå
Èçó÷åíèå îñîáåííîñòåé ìîðôîëîãèè îáûêíîâåííîãî óæà ïðî-

èçâîäèëè â 2 áèîòîïàõ: Âîëãî-Àõòóáèíñêàÿ ïîéìà (åðèê Ñóäîìîé-
êè) è íà òåððèòîðèè Âîëãîãðàäà (ñèñòåìà îçåð îêîëî çàâîäà «Âòîð-
÷åðìåò»), à âîäÿíîãî óæà – â 3: îêðåñòíîñòè ñòàíèöû Òðåõîñòðîâ-
ñêàÿ (ð. Äîí), óñòüå ð. Áîëüøàÿ Ãîëóáàÿ, Âîëãî-Àõòóáèíñêàÿ ïîéìà
(åðèê Êàøèðñêèé). Óêàçàííûå áèîòîïû ðàçëè÷àþòñÿ ïðèðîäíî-êëè-
ìàòè÷åñêèìè óñëîâèÿìè è ñòåïåíüþ àíòðîïîãåííîé íàãðóçêè. Â ÷àñò-
íîñòè, íàèáîëüøàÿ ðåêðåàöèîííàÿ íàãðóçêà ïðèõîäèòñÿ íà ïåðâûé
(åð. Ñóäîìîéêè), âòîðîé (ã. Âîëãîãðàä), òðåòèé (ñò. Òðåõîñòðîâñêàÿ,
ð. Äîí), òîãäà êàê ïîñëåäíèå äâà (óñòüå ð. Á. Ãîëóáàÿ è åð. Êàøèð-
ñêèé) îòíîñèòåëüíî áëàãîïðèÿòíû. Íàèâûñøàÿ ñòåïåíü çàãðÿçíåíèÿ
ïîëëþòàíòàìè ïðèõîäèòñÿ íà âòîðîé áèîòîï (ã. Âîëãîãðàä) â ñâÿçè
ñ íàõîæäåíèåì â ïðîìûøëåííîé çîíå, â íåïîñðåäñòâåííîé áëèçîñ-
òè ê çàâîäó «Âòîð÷åðìåò».

Àíàëèç ìàòåðèàëà ïîêàçàë, ÷òî àñèììåòðèÿ ôîëèäîçà ãîëîâû
îáûêíîâåííîãî è âîäÿíîãî óæåé õàðàêòåðíà äëÿ âñåõ ðàññìîòðåí-
íûõ ïðèçíàêîâ çà èñêëþ÷åíèåì ñêóëîâûõ ùèòêîâ âîäÿíîãî óæà.
Ñêóëîâûå ùèòêè îòíîñèòåëüíî ñòàáèëüíû, ó áîëüøèíñòâà îñîáåé
îáîèõ âèäîâ îòìå÷åíà êîìáèíàöèÿ 1/1 (ñïðàâà/ñëåâà), àñèììåòðèÿ
äàííîãî ïîêàçàòåëÿ îòìå÷åíà íàìè ëèøü âî âòîðîì (N. natrix) áèî-
òîïå ó 7,5 %. Ó îáûêíîâåííîãî óæà íàèáîëåå ïîäâåðæåíû àñèì-
ìåòðèè íèæíåãóáíûå ùèòêè: â ïåðâîì áèîòîïå àíîìàëèÿ ïðèçíà-
êà îòìå÷åíà ó 33,3 % îòëîâëåííûõ çìåé, âî âòîðîì – ó 40,0 %. Âû-
ñîêà âñòðå÷àåìîñòü àñèììåòðèè ñðåäè âåðõíåãóáíûõ (22,2 % â ïåð-
âîì áèîòîïå; 27,5 % âî âòîðîì) è âèñî÷íûõ ùèòêîâ II ðÿä (33,3 %
â ïåðâîì è 20,0 % âî âòîðîì áèîòîïå). Àñèììåòðèè ïðåäãëàçíè÷-
íûõ è çàãëàçíè÷íûõ ùèòêîâ íå âûÿâëåíî.

Íàïðàâëåííîñòü äåñòàáèëèçèðóþùåãî ôàêòîðà íà ôîðìèðîâà-
íèå ÷åøóé÷àòîãî ïîêðîâà âîäÿíîãî óæà íåñêîëüêî îòëè÷àåòñÿ: â çà-
âèñèìîñòè îò áèîòîïà äîìèíèðóþùèé àñèììåòðè÷íûé ïðèçíàê
â âûáîðêå ìîæåò ìåíÿòüñÿ. Òàê, 28,6 % è 57,1 % ðåïòèëèé â âû-
áîðêå (òðåòèé è ÷åòâåðòûé áèîòîïû ñîîòâåòñòâåííî) ñîäåðæàò
àñèììåòðè÷íîå êîëè÷åñòâî âèñî÷íûõ ùèòêîâ I ðÿäà, òîãäà êàê
äëÿ N. tessellata, îáèòàþùèõ â óñòüå ð. Á. Ãîëóáàÿ (ïÿòûé áèîòîï),
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àíîìàëèÿ ðàçâèòèÿ ïî äàííîìó ïðèçíàêó âñòðå÷àåòñÿ â 13,3 % ñëó-
÷àåâ. Çäåñü íàèáîëåå âåëèêà âåðîÿòíîñòü îáíàðóæåíèÿ àñèììåò-
ðèè âåðõíåãóáíûõ ùèòêîâ (40,0 %). Îòíîñèòåëüíî ñòàáèëüíûìè
ïðèçíàêàìè â èçó÷àåìûõ áèîòîïàõ äëÿ âîäÿíîãî óæà ÿâëÿþòñÿ
ïðåäãëàçíè÷íûå, íàäãëàçíè÷íûå è ñêóëîâûå ùèòêè, àñèììåòðèè
äëÿ êîòîðûõ íàìè íå âûÿâëåíî, çà èñêëþ÷åíèåì çàãëàçíè÷íûõ
ùèòêîâ â ïîïóëÿöèè åðèêà Êàøèðñêèé (14,3 %).

Àñèììåòðèþ ïî òîìó èëè èíîìó ïðèçíàêó (òàáëèöà) èìåþò
70,1 % îòëîâëåííûõ íàìè îñîáåé. Íàèáîëåå ÷àñòî àñèììåòðèÿ ôî-
ëèäîçà ïðîÿâëÿåòñÿ ó âîäÿíîãî óæà, äîëÿ îñîáåé ñ ïðîÿâëåíèåì
äåñòàáèëèçàöèè ðàçâèòèÿ êîòîðîãî ñîñòàâëÿåò 71,4–85,7 % îò îá-
ùåé âûáîðêè, òîãäà êàê äëÿ îáûêíîâåííîãî óæà îíà íåñêîëüêî íè-
æå (55,6–70,0 %). Èç äâóõ îáñëåäîâàííûõ ìåñòîîáèòàíèé N. natrix
àíîìàëèè ðàçâèòèÿ íàèáîëåå ïîäâåðæåí âòîðîé áèîòîï, ÷òî, âåðîÿò-
íî, ñâÿçàíî ñ áîëüøèì çàãðÿçíåíèåì ñðåäû îáèòàíèÿ. Èç òðåõ ðàñ-
ñìîòðåííûõ áèîòîïîâ N. tessellata äîëÿ àñèììåòðè÷íûõ îñîáåé
ïðåîáëàäàåò íà åð. Êàøèðñêèé (85,7 %), ïðè÷èíó ÷åãî íà íàøåì
ìàòåðèàëå âûÿâèòü çàòðóäíèòåëüíî, íåîáõîäèìî áîëåå äåòàëüíîå
èññëåäîâàíèå ìèêðîêëèìàòè÷åñêèõ óñëîâèé è ñòåïåíè çàãðÿçíåí-
íîñòè ñðåäû.

Î÷åíü áëèçêè êîýôôèöèåíòû àñèììåòðèè ùèòêîâàíèÿ ãîëî-
âû îáûêíîâåííîãî è âîäÿíîãî óæåé â âûáîðêàõ èç Âîëãî-Àõòóáèí-
ñêîé ïîéìû (åð. Ñóäîìîéêè è åð. Êàøèðñêèé) è îçåð â îêðåñòíîñ-
òÿõ Âòîð÷åðìåòà, à òàêæå â òðåòüåì è ïÿòîì áèîòîïàõ. Äàííûé ôàêò,
âåðîÿòíî, ìîæíî îáúÿñíèòü ñõîæåñòüþ óñëîâèé îáèòàíèÿ â áèîòî-
ïàõ ¹ 1, 2 è 4, à òàêæå 3 è 5, ïîñêîëüêó ïåðâàÿ ãðóïïà îòíîñèòñÿ
ê Âîëæñêîìó áàññåéíó, à âòîðàÿ – ê Äîíñêîìó. Àíàëèç äàííûõ ñ ïî-
ìîùüþ ìåòîäîâ íåïàðàìåòðè÷åñêîé ñòàòèñòèêè (U-êðèòåðèé Ìàí-
íà – Óèòíè, ðàíãîâûé äèñïåðñèîííûé àíàëèç Êðàñêåëà – Óîëëèñà)
íå âûÿâèë çàâèñèìîñòè êîýôôèöèåíòà àñèììåòðèè îò ìåñòîîáèòà-
íèÿ, ÷òî, âåðîÿòíî, ñâÿçàíî ñ íåäîñòàòî÷íîé âûáîðêîé.

Òàêèì îáðàçîì, íàèáîëåå âåðîÿòíî ïðîÿâëåíèå àñèììåòðèè ÷å-
øóé÷àòîãî ïîêðîâà áèëàòåðàëüíûõ ñòðóêòóð ó âîäÿíîãî è îáûêíî-
âåííîãî óæåé åñòåñòâåííûõ è àíòðîïîãåííî-ìîäèôèöèðîâàííûõ
ëàíäøàôòîâ â êîëè÷åñòâå âåðõíåãóáíûõ, íèæíåãóáíûõ è âèñî÷-
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íûõ ùèòêîâ II ðÿäà. Áëèçêèå ïîêàçàòåëè êîýôôèöèåíòîâ àñèììåò-
ðèè ðàçíûõ âèäîâ ðîäà Natrix, âåðîÿòíî, ãîâîðÿò î ñõîäñòâå ìèêðî-
áèîòîïè÷åñêèõ óñëîâèé è âëèÿíèè ôàêòîðîâ äåñòàáèëèçàöèè îí-
òîãåíåòè÷åñêîãî ðàçâèòèÿ.
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Àñèììåòðèÿ áèëàòåðàëüíûõ ïðèçíàêîâ ôîëèäîçà
ãîëîâû îáûêíîâåííîãî è âîäÿíîãî óæåé Âîëãîãðàäñêîé îáëàñòè

Âèä
Êîýôôèöèåíò
àñèììåòðèè

(M ± m)

Êîëè÷åñòâî
îñîáåé

ñ àñèììåòðèåé

n %

Âûáîðêà
(n)Áèîòîï

N. natrix

N. tessellata

Ñóììà

åð. Ñóäîìîéêè

ã. Âîëãîãðàä

ð. Äîí
(ñò. Òðåõîñòðîâñêàÿ)

åð. Êàøèðñêèé

óñòüå ð. Á. Ãîëóáàÿ

0,023 ± 0,0057

0,022 ± 0,0038

0,010 ± 0,0034

0,024 ± 0,0073

0,010 ± 0,0019

–

18

40

7

7

15

87

10

28

5

6

12

61

55,6

70,0

71,4

85,7

80,0

70,1
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ÈÇÌÅÍ×ÈÂÎÑÒÜ ÑÊÅËÅÒÀ È ÀÍÎÌÀËÈÈ ÑÅÃÎËÅÒÎÊ
ÑÈÁÈÐÑÊÎÉ ËßÃÓØÊÈ (RANA AMURENSIS)

À. Í. Ãóðâè÷
Óðàëüñêèé ôåäåðàëüíûé óíèâåðñèòåò

Èíñòèòóò ýêîëîãèè ðàñòåíèé è æèâîòíûõ ÓðÎ ÐÀÍ (Åêàòåðèíáóðã)

VARIABILITY OF A SKELETON AND ANOMALIES
OF JUVENILIES SIBERIAN FROG (RANA AMURENSIS)

A. N. Gurvich
Ural Federal University

Institute of Plant & Animal Ecology, Russian Academy of Science,
Ural DIVISION (Ekaterinburg)

The work represents analysis of deviations in skeleton variability
of siberian frog – Rana amurensis juveniles. It was found that
anomalies of axial skeleton predominate in sample under inve-
stigation. These results are differing from other three frog’s species
inhabiting Middle Urals by spectrum and frequency.

Â ðàáîòå ïðåñòàâëåí àíàëèç âàðèàíòîâ ñêåëåòíûõ àíîìà-
ëèé ñåãîëåòîê ñèáèðñêîé ëÿãóøêè – Rana amurensis. Óñòàíîâëå-
íî, ÷òî â èññëåäóåìîé âûáîðêå ïðåîáëàäàþò àíîìàëèè îñåâî-
ãî ñêåëåòà. Ïîëó÷åííûå ðåçóëüòàòû îòëè÷àþòñÿ ïî ñïåêòðó
è ÷àñòîòå îò äàííûõ ïî òðåì äðóãèì âèäàì ëÿãóøåê, íàñåëÿþ-
ùèõ Ñðåäíèé Óðàë.

Ôîðìèðîâàíèå äåâèàíòíûõ ôîðì ó çåìíîâîäíûõ îáóñëîâëåíî
âûñîêîé çàâèñèìîñòüþ ðàçâèòèÿ çåìíîâîäíûõ îò âíåøíèõ ôàêòî-
ðîâ ñðåäû. Ïðè÷èíû âîçíèêíîâåíèÿ àíîìàëèé ðàçëè÷íû (èíáðè-
äèíã, ìóòàöèîííûå ïðîöåññû, ïàðàçèòàðíûå èíâàçèè, êîìïëåêñíîå
çàãðÿçíåíèå ñðåäû è ïð.) [Âåðøèíèí, Íåóñòðîåâà, 2011; Çàðèïîâà,
2010]. Ìíîãèìè àâòîðàìè îòìå÷àåòñÿ âîçìîæíîñòü èñïîëüçîâàíèÿ
ñïåöèôèêè îíòîãåíåçà çåìíîâîäíûõ äëÿ îöåíêè ñîñòîÿíèÿ îêðó-
æàþùåé ñðåäû [Osborn et al., 1981; Ïÿñòîëîâà, Òðóáåöêàÿ, 1990].
Ñïåêòð è ÷àñòîòà àíîìàëèé íàèáîëåå àäåêâàòíî îòðàæàþò ñòàáèëü-
íîñòü ðàçâèòèÿ àìôèáèé [Âåðøèíèí, 1997]. Ê íàñòîÿùåìó âðåìå-
íè âûïîëíåí ðÿä èññëåäîâàíèé, êàñàþùèõñÿ ñïåêòðà è âñòðå÷àå-
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ìîñòè âíåøíèõ àíîìàëèé ðÿäà ïðåäñòàâèòåëåé ñåìåéñòâà Ranidae
[Çàìàëåòäèíîâ, 2003; Ôàéçóëèí, 2011] â åâðîïåéñêîé ÷àñòè èõ àðåà-
ëîâ. Åùå ìåíüøå èíôîðìàöèè ïîëó÷åíî ïî ñêåëåòíûì îòêëîíåíè-
ÿì â ïðèðîäíûõ ïîïóëÿöèÿõ çåìíîâîäíûõ [Íåóñòðîåâà, Âåðøèíèí,
2011]. Ñèáèðñêàÿ ëÿãóøêà Rana amurensis Boulenger, 1886 – âèä
ñ èñêëþ÷èòåëüíî àçèàòñêèì ðàñïðîñòðàíåíèåì – â ýòîì îòíîøåíèè
èçó÷åí ñëàáî [Âåðøèíèí, 2007]. Ïîýòîìó èçó÷åíèå ñêåëåòíûõ àíî-
ìàëèé ñèáèðñêîé ëÿãóøêè ïðåäñòàâëÿåòñÿ âàæíûì è àêòóàëüíûì.

Öåëü íàøåãî èññëåäîâàíèÿ – ïðîàíàëèçèðîâàòü ñïåêòð è ÷àñ-
òîòó ñêåëåòíûõ àíîìàëèé ñèáèðñêîé ëÿãóøêè è ïðîâåñòè ñðàâíè-
òåëüíûé àíàëèç ñ èìåþùèìèñÿ äàííûìè ïî äðóãèì ïðåäñòàâèòå-
ëÿì ñåìåéñòâà Ranidae.

Ìàòåðèàë è ìåòîäû
Ïðîàíàëèçèðîâàíà âûáîðêà ñåãîëåòîê ñèáèðñêîé ëÿãóøêè, ñî-

áðàííûõ â 2013 ã. íà òåððèòîðèè Êóðãàíñêîé îáëàñòè (ïîñ. Êîøå-
ëåâî è îç. Êóðòàí). Ïðîñâåòëåíèå ìÿãêèõ òêàíåé âûïîëíåíî ïî ìå-
òîäó Dawson [Dawson, 1926]. Îáùèé îáúåì ìàòåðèàëà ñîñòàâèë
71 îñîáü. Â ñðàâíèòåëüíîì àíàëèçå èñïîëüçîâàíû äàííûå ïî ñïåêò-
ðàì è âñòðå÷àåìîñòè àíîìàëèé òðåõ âèäîâ ñåãîëåòîê èç ðàáîò
Â. Ë. Âåðøèíèíà è Í. Ñ. Íåóñòðîåâîé (2011). Ïåðåêðûâàíèå ñïåêò-
ðîâ îöåíèâàëîñü ñ ïîìîùüþ ìîäèôèöèðîâàííîãî èíäåêñà Ìîðè-
ñèòû [Hurlbert, 1978].

Ðåçóëüòàòû è îáñóæäåíèå
Ïîëó÷åíû äàííûå î ñïåêòðå äåâèàíòíûõ ìîðôîëîãè÷åñêèõ ôîðì

ñêåëåòà ñåãîëåòîê ñèáèðñêîé ëÿãóøêè. Âûÿâëåíî 4 âàðèàíòà àíîìà-
ëèé: àñèììåòðèÿ òåëà ïîçâîíêà, àñèììåòðèÿ ïîïåðå÷íûõ îòðîñò-
êîâ ïîçâîíêà, ýêòðîìåëèÿ, ýêòðîäàêòèëèÿ. Ñóììàðíàÿ ÷àñòîòà àíî-
ìàëüíûõ îñîáåé â íîâîé ãåíåðàöèè R. amurensis ñîñòàâèëà 38 %,
à âñòðå÷àåìîñòü àíîìàëèé – 44 %. Ñðàâíåíèå ñïåêòðîâ äåâèàíò-
íûõ ôîðì ñêåëåòà ïîêàçàëî, ÷òî, â îòëè÷èå îò òðåõ èçó÷åííûõ âè-
äîâ (òàáë. 1), ó R. amurensis ïðåîáëàäàåò àñèììåòðèÿ ïîçâîíêà –
33,8 %, â îòëè÷èå îò îñòàëüíûõ, ó êîòîðûõ íàèáîëåå ðàñïðîñòðàíå-
íû ðàçðûâû òåë ïîçâîíêîâ.
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Ôðàãìåíòàöèÿ ïîçâîíêà

Íàðóøåíèå ïðè÷ëåíåíèÿ òàçà
ê ïîçâîíî÷íèêó

Ñëèÿíèå ïîçâîíêîâ

Îòêëîíåíèÿ
â ñòðîåíèè óðîñòèëÿ

Íåïîëíîå îêîñòåíåíèå ïîçâîíêà

Ýêòðîìåëèÿ

Áðàõèìåëèÿ

Âûïàäåíèå ôàëàíãè

Ýêòðîäàêòèëèÿ

Êëèíîäàêòèëèÿ

Îëèãîäàêòèëèÿ

Óòîëùåíèå ôàëàíã ñòîïû

Àñèììåòðèÿ äëèíû ñòîïû

Àñèììåòðèÿ òîëùèíû ôàëàíã
êèñòè

Àñèììåòðèÿ ïðîïîðöèé áåäðà

Àñèììåòðèÿ äèàìåòðà êîñòåé
êîíå÷íîñòåé

Ò à á ë è ö à  1
Âñòðå÷àåìîñòü ñêåëåòíûõ äåâèàöèé, %

Âàðèàíò îòêëîíåíèÿ
R. amurensisP. ridibundusR. temporariaR. arvalis

Âèä

0

0,20

18,27

15,32

1,20

0,79

0,20

0,39

4,91

0,20

0,39

0

0,20

0,79

0,20

0,20

0,20

0,20

0,39

0

0

0,73

1,09

7,27

5,82

0,36

0

0

0

1,09

0

0,36

0,36

0

0,73

0

0,73

0,36

0

0,36

0,36

0,36

0

0

17,35

14,29

3,40

0,34

0,34

0,34

0,34

0

0,68

0

0

1,02

1,02

0,68

0,34

0

0

0

0

0

0

0

33,80

7,04

0

0

0

0

0

1,41

0

0

1,41

0

0

0

0

0

0

0



78

Äëÿ ñåãîëåòîê îñòðîìîðäîé ëÿãóøêè íà òðåòüåì ìåñòå ïî âñòðå-
÷àåìîñòè íàõîäÿòñÿ îòêëîíåíèÿ â ñòðîåíèè óðîñòèëÿ (4,08 %), òðà-
âÿíîé – ìàíäèáóëÿðíàÿ ãèïîïëàçèÿ, ýêòðîäàêòèëèÿ è äåôîðìàöèÿ
êîñòåé êîíå÷íîñòåé (ïî 0,89 %), îçåðíîé – êëèíîäàêòèëèÿ (2,88 %)
[Íåóñòðîåâà, Âåðøèíèí, 2011]. Ó ñèáèðñêîé ëÿãóøêè íà âòîðîì
ìåñòå ïî âñòðå÷àåìîñòè íàõîäèòñÿ àñèììåòðèÿ ïîïåðå÷íûõ îòðîñò-
êîâ ïîçâîíêà (7,04 %), à íà òðåòüåì – ýêòðîìåëèÿ è ýêòðîäàêòèëèÿ –
ïî 1,4 %.

Â èññëåäîâàííîé âûáîðêå îáíàðóæåíû ñî÷åòàííûå àíîìàëèè,
äîëÿ êîòîðûõ ñîñòàâèëà 5,63 %. Ïðåîáëàäàþùåé ñî÷åòàííîé àíî-
ìàëèåé ÿâëÿåòñÿ àñèììåòðèÿ ïîçâîíêà è àñèììåòðèÿ ïîïåðå÷íûõ
îòðîñòêîâ ïîçâîíêà (3 îñîáè). Òàêæå áûëà îáíàðóæåíà îñîáü ñ ñî÷å-
òàíèåì ýêòðîäàêòèëèè è ýêòðîìåëèè. Íàèáîëåå ðàñïðîñòðàíåííû-
ìè âàðèàíòàìè ñêåëåòíûõ îòêëîíåíèé ó ñèáèðñêîé ëÿãóøêè ÿâëÿ-
þòñÿ àíîìàëèè òåë ïîçâîíêîâ è èõ ïîïåðå÷íûõ îòðîñòêîâ.

Áîëüøèíñòâî àíîìàëèé ñèáèðñêîé ëÿãóøêè çàòðàãèâàåò îñå-
âîé ñêåëåò (40,84 % àíîìàëèé), ÷òî ñõîäíî ñ òîïîãðàôèåé ñêåëåò-
íûõ àíîìàëèé ó îñòðîìîðäîé – 41,48 % è îçåðíîé ëÿãóøåê – 36,4 %
[Ibidem]. Äîëÿ àíîìàëèé ïåðèôåðè÷åñêîãî ñêåëåòà ó ñèáèðñêîé ëÿ-
ãóøêè íåçíà÷èòåëüíà – 2,8 %). Èíâàçèðîâàííîñòè ïîëîñòè òåëà
R. amurensis öèñòàìè òðåìàòîä íå îòìå÷åíî.

Ñðàâíèòåëüíûé àíàëèç ïîëó÷åííûõ äàííûõ ñ ðåçóëüòàòàìè
ðàáîò Í. Ñ. Íåóñòðîåâîé è Â. Ë. Âåðøèíèíà (2011) ïîçâîëèë ðàñ-
ñ÷èòàòü ñòåïåíü ïåðåêðûâàíèÿ ñïåêòðîâ ñêåëåòíûõ äåâèàöèé
äëÿ 4 âèäîâ (òàáë. 2). Óñòàíîâëåíî, ÷òî ñïåêòð ñêåëåòíûõ îòêëî-
íåíèé ñèáèðñêîé ëÿãóøêè íà 59,3 % ïåðåêðûâàåòñÿ ñ îçåðíîé è
íà 58,9 % – ñ îñòðîìîðäîé.

Î ê î í ÷ à í è å  ò à á ë.  1

Âàðèàíò îòêëîíåíèÿ
R. amurensisP. ridibundusR. temporariaR. arvalis

Âèä

Èñêðèâëåíèå ôàëàíã

Äåôîðìàöèÿ êîñòåé êîíå÷íîñòåé

0

0,59

0,36

1,45

0

0

0

0
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P. ridibundus

R. arvalis

R. temporaria

R. amurensis

Ò à á ë è ö à  2
Ïåðåêðûâàíèå ñïåêòðà àíîìàëèé ñèáèðñêîé ëÿãóøêè

ñ òðåìÿ âèäàìè ñåìåéñòâà Ranidae (ïî èíäåêñó Ìîðèñèòû)

R. amurensisP. ridibundus R. temporariaR. arvalisÂèä

59,3 % 58,9 % 31,1 %

Ïåðåêðûâàíèå ñ òðàâÿíîé ëÿãóøêîé ñîñòàâèëî 31,1 %, ÷òî ñâÿ-
çàíî ñ òîïîãðàôè÷åñêîé ëîêàëèçàöèè ñêåëåòíûõ àíîìàëèé ó îçåð-
íîé, îñòðîìîðäîé è ñèáèðñêîé ëÿãóøåê – ïðåîáëàäàþò îòêëîíåíèÿ
îñåâîãî ñêåëåòà.

Òàêèì îáðàçîì, íà äàííîì ýòàïå èññëåäîâàíèé âûÿâëåíî 4 âà-
ðèàíòà àíîìàëèé ñêåëåòà ñèáèðñêîé ëÿãóøêè: àñèììåòðèÿ òåëà ïî-
çâîíêà, àñèììåòðèÿ ïîïåðå÷íûõ îòðîñòêîâ ïîçâîíêà, ýêòðîìåëèÿ
è ýêòðîäàêòèëèÿ. Îáùàÿ âñòðå÷àåìîñòü æèâîòíûõ ñ àíîìàëèÿìè
ñîñòàâèëà 38 %. Íàèáîëåå ÷àñòî ó ñèáèðñêîé ëÿãóøêè âñòðå÷àåòñÿ
àñèììåòðèÿ òåëà ïîçâîíêà – 33,8 %. Áîëüøèíñòâî àíîìàëèé ñèáèð-
ñêîé ëÿãóøêè çàòðàãèâàþò îñåâîé ñêåëåò (40,84 %), ÷òî ñîâïàäàåò
ïî ëîêàëèçàöèè ñ îñòðîìîðäîé è îçåðíîé ëÿãóøêàìè. Àíîìàëèè
ïåðèôåðè÷åñêîãî ñêåëåòà ñîñòàâèëè íåçíà÷èòåëüíóþ äîëþ (2,8 %).
Ñòåïåíü ïåðåêðûâàíèÿ ñïåêòðîâ ñêåëåòíûõ àíîìàëèé ñåãîëåòîê
ñðàâíèâàåìûõ âèäîâ ïîêàçàëà âûñîêîå ñõîäñòâî ñïåêòðîâ ñèáèð-
ñêîé ñ îñòðîìîðäîé (58,9 %) è îçåðíîé (59,3 %) ëÿãóøêàìè.
Ïåðåêðûâàíèå ñî ñïåêòðîì àíîìàëèé òðàâÿíîé ëÿãóøêè ñîñòàâëÿ-
åò 31,1 %.

Áèáëèîãðàôè÷åñêèå ññûëêè
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ÀÍÎÌÀËÈÈ ÀÌÔÈÁÈÉ Â ÓÑËÎÂÈßÕ ÈÌÈÒÀÖÈÈ
ÍÅÔÒßÍÎÃÎ ÇÀÃÐßÇÍÅÍÈß

Ì. Í. Äàíèëîâà
Óðàëüñêèé ôåäåðàëüíûé óíèâåðñèòåò (Åêàòåðèíáóðã)

AMPHIBIAN ANOMALIES UNDER CONDITION
OF OIL POLLUTION IMITATION

M. N. Danilova
Ural Federal University (Ekaterinburg)

The matter of this article are anomalies of Rana arvalis Nilss.,
Rana temporaria L. and Bombina orientalis Boul. revealed in
experiments where imitated different degrees of oil pollution in water
environment of tadpoles. Visible morphological deviations included
hydropsy, skeletal deformations, black eyes and abnormalities of hind
limbs flexibility. All anomalies were sporadic. Evidences of special
negative oil effect were not found.

Ïðåäñòàâëåííàÿ ñòàòüÿ ïîñâÿùåíà îïèñàíèþ àíîìàëèé
ó Rana arvalis Nilss., Rana temporaria L. è Bombina orientalis
Boul., âûÿâëåííûõ â õîäå ýêñïåðèìåíòîâ, èìèòèðîâàâøèõ ðàç-
ëè÷íûå ñïîñîáû íåôòÿíîãî çàãðÿçíåíèÿ âîäîåìîâ, ãäå ðàçâèâà-
þòñÿ ëè÷èíêè àìôèáèé. Âíåøíèå ìîðôîëîãè÷åñêèå îòêëîíå-
íèÿ âêëþ÷àëè ãèäðîïñèþ, äåôîðìàöèè ñêåëåòà, äåïèãìåíòàöèþ
ðàäóæèíû è íàðóøåíèÿ ãèáêîñòè çàäíèõ êîíå÷íîñòåé. Âñå àíî-
ìàëèè áûëè ñïîðàäè÷åñêèìè. Ñïåöèôè÷åñêîãî âëèÿíèÿ íåôòè
íå âûÿâëåíî.

Ìàòåðèàë è ìåòîäû
Ýêñïåðèìåíòû ïðîâîäèëèñü â 1984–1988 ãã. íà áàçå ëàáîðàòî-

ðèè ýêîëîãè÷åñêîãî ìîíèòîðèíãà ÈÝÐèÆ ÓðÎ ÐÀÍ.
Îáúåêòàìè ýêñïåðèìåíòà áûëè ãîëîâàñòèêè îñòðîìîðäîé ëÿ-

ãóøêè Rana arvalis Nilss., òðàâÿíîé ëÿãóøêè Rana temporaria L.
èç ïðèðîäíûõ êëàäîê, äîáûòûõ â íåçàãðÿçíåííûõ ìåñòàõ Ñâåðä-
ëîâñêîé è ×åëÿáèíñêîé îáëàñòåé, è äàëüíåâîñòî÷íîé æåðëÿíêè
Bombina orientalis Boul. èç èêðû, ïîëó÷åííîé â ëàáîðàòîðíûõ óñ-
ëîâèÿõ.
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Ðåçóëüòàòû è îáñóæäåíèå
Â õîäå êóëüòèâàöèè ëè÷èíîê ýêñïåðèìåíòàëüíûõ è êîíòðîëü-

íûõ ãðóïï ó ðÿäà îñîáåé îáíàðóæèâàëèñü àíîìàëèè ñòðîåíèÿ òåëà.
Äåâèàöèè ñòàíîâèëèñü îñîáåííî çàìåòíûìè ïåðåä ìåòàìîðôîçîì
è âî âðåìÿ íåãî, è òÿæåñòü èõ ìîãëà âëèÿòü íà ñìåðòíîñòü âî âðåìÿ
ïðåâðàùåíèÿ.

Äàííûå î íàëè÷èè îòêëîíåíèé ó îñîáåé, ïðîõîäèâøèõ ïðåâðà-
ùåíèå, èç ðàçíûõ ýêñïåðèìåíòîâ ïðèâåäåíû â òàáëèöå.

Íàèáîëåå ÷àñòîé àíîìàëèåé ïî÷òè âî âñåõ ýêñïåðèìåíòàõ áûëà
ãèäðîïñèÿ (ïîëîñòè òåëà, ìåæ÷åëþñòíîãî ïðîñòðàíñòâà, çàäíèõ êî-
íå÷íîñòåé), íàáëþäàâøàÿñÿ äàæå ó æèâîòíûõ èç êîíòðîëüíûõ ãðóïï
è ïðèâîäèâøàÿ ê ãèáåëè áîëüøèíñòâà îñîáåé. Íåêîòîðûå âñå æå
âûæèâàëè è ïðîõîäèëè ïðåâðàùåíèå, âîçìîæíî, áëàãîäàðÿ èíäè-
âèäóàëüíûì ñïîñîáíîñòÿì âîññòàíàâëèâàòü íåñáàëàíñèðîâàííûé
ðîñò.

Äîâîëüíî õàðàêòåðíîé àíîìàëèåé áûëî èñêðèâëåíèå îñåâîãî
ñêåëåòà. Íàáëþäàëèñü èñêðèâëåíèÿ â õâîñòîâîì è êðåñòöîâîì îò-
äåëàõ ïîçâîíî÷íèêà. Â 1985 ã. îáëàäàòåëè ýòèõ àíîìàëèé ïîãèáëè
â õîäå ìåòàìîðôîçà, â 1988 ã. – âûæèëè.

Ãèäðîïñèÿ
çàäíèõ êîíå÷íîñòåé

Ãèäðîïñèÿ
ïîëîñòè òåëà

Ãèäðîïñèÿ
ìåæ÷åëþñòíîãî
ïðîñòðàíñòâà

Àíîìàëèè ìåòàìîðôèçèðóþùèõ àìôèáèé â ýêñïåðèìåíòå
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Ï ð î ä î ë æ å í è å  ò à á ë.  1

Òèï aíîìàëèèÂèä Ãîä
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Òèï aíîìàëèèÂèä Ãîä
Äîçà

íåôòè,
ìë/ë

Óñëîâèÿ
ýêñïåðè-

ìåíòà

Äîëÿ
ïðîøåäøèõ
ìåòàìîðôîç,

%

Äîëÿ äî-
æèâøèõ äî

ìåòàìîðôîçà,
%

7,7

0

0

0

7,1

0

0

0

0

10

10

0

0

0

0

0

0
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3,9

15,4
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Ãèäðîïñèÿ
ïîëîñòè òåëà

Ãèäðîïñèÿ
ìåæ÷åëþñòíîãî
ïðîñòðàíñòâà
Èñêðèâëåíèå
â êðåñòöîâîé îáëàñòè

Ãèäðîïñèÿ
ïîëîñòè òåëà
Èñêðèâëåíèå
â êðåñòöîâîé îáëàñòè
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Òèï aíîìàëèèÂèä Ãîä
Äîçà

íåôòè,
ìë/ë

Óñëîâèÿ
ýêñïåðè-

ìåíòà

Äîëÿ
ïðîøåäøèõ
ìåòàìîðôîç,

%

Äîëÿ äî-
æèâøèõ äî

ìåòàìîðôîçà,
%

0

0

6,7

0

0

0

8,3

0

0

0

6,7

0

0

0

0

0

0,050

0,500

0,000

0,005

0,050

0,000

0,050

0,500

Ãèäðîïñèÿ
ìåæ÷åëþñòíîãî
ïðîñòðàíñòâà

Ãèäðîïñèÿ
ïîëîñòè òåëà

0

1988R. à. ã–
íñ

1988R. à. ãï
íñ

Ïðèìå÷àíèÿ: R. a. – îñòðîìîðäàÿ ëÿãóøêà; R. t. – òðàâÿíàÿ ëÿãóøêà; B. o. –
äàëüíåâîñòî÷íàÿ æåðëÿíêà; ã– – ãðóíò îòñóòñòâóåò; ãï – ãðóíò–ïåñîê; íñ – íåôòü
ñâåæàÿ; íâ – íåôòü âûâåòðåííàÿ; Ìåñòà äîáû÷è êëàäîê R. arvalis è R. temporaria:
1984, 1986 ãã. – îêðåñòíîñòè ä. Ìåðêèòàñèõà (Ñâåðäëîâñêàÿ îáë.); 1985 – Íîâî-
ñâåðäëîâñêàÿ ÒÝÖ (îêðåñòíîñòè ã. Ñâåðäëîâñêà); 1987 – îêðåñòíîñòè ä. Òàâàòóé
(Ñâåðäëîâñêàÿ îáë.); 1988 – îêðåñòíîñòè îç. Óôèìñêîå (×åëÿáèíñêàÿ îáë.).

Â îäíîì èç ýêñïåðèìåíòîâ 1985 ã. áûëè âûÿâëåíû îñîáè ñ äå-
ïèãìåíòàöèåé ðàäóæíîé îáîëî÷êè ëåâîãî ãëàçà. Óñïåøíîìó ìåòà-
ìîðôîçó ýòîò äåôåêò íå ïîìåøàë.

Â 1988 ã. ïîìèìî ãèäðîïñèè è èñêðèâëåíèÿ îñåâîãî ñêåëåòà
áûëè îòìå÷åíû ñëó÷àè ðèãèäíîñòè çàäíèõ êîíå÷íîñòåé â ôîðìå
ðóññêîé áóêâû Ï â ñî÷åòàíèè ñ óêîðî÷åííîé ãîëåíüþ, íå ìåøàâ-
øèå áëàãîïîëó÷íîìó ìåòàìîðôîçó.

Àíîìàëèè ñòðîåíèÿ îáíàðóæèâàëèñü è ó îñîáåé, âîîáùå íå
ó÷àñòâîâàâøèõ â ýêñïåðèìåíòàõ. Â 1986 ã. ó îäíîãî ïðåäñòàâèòåëÿ
B.orientalis áûëà îòìå÷åíà ïîëíàÿ äâîéíàÿ ïåðåäíÿÿ ïðàâàÿ êîíå÷-
íîñòü. Â 1988 ã. çàôèêñèðîâàíû äâà ñëó÷àÿ ðèãèäíîñòè çàäíèõ êî-
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íå÷íîñòåé ó ãîëîâàñòèêîâ R. arvalis: âäîëü îñè òåëà è «øïàãàò» –
æèâîòíûå ïîãèáëè â õîäå ìåòàìîðôîçà.

Îòêëîíåíèÿ â ñòðîåíèè àìôèáèé ìîãóò âîçíèêàòü êàê â ðå-
çóëüòàòå âíåøíèõ âëèÿíèé, òàê è âñëåäñòâèå òîãî, ÷òî ãåíåòè÷åñ-
êàÿ ïðîãðàììà íå ñïðàâëÿåòñÿ ñ óïðàâëåíèåì ïðîöåññàìè ðîñòà
[Gollman et al., 1984]. Â ïðèðîäíûõ ïîïóëÿöèÿõ àìôèáèé äîëÿ àíî-
ìàëüíûõ îñîáåé êîëåáëåòñÿ îò 0,12 % äî 71 % [Áîðêèí è äð., 2012].

Ó òðàâÿíîé ëÿãóøêè íàðóøåíèÿ îñåâîãî ñêåëåòà ñîñòàâëÿþò
â ñðåäíåì 16–17 %, à â ýêñòðåìàëüíûõ óñëîâèÿõ (ïîâûøåííàÿ ïëîò-
íîñòü) èõ ÷èñëî äîõîäèò äî 35 % [Êîâàëåíêî, 1985; Íåóñòðîåâà,
Âåðøèíèí, 2011]. Ïîÿâëåíèå ðàçëè÷íûõ óðîäñòâ ó ãîëîâàñòèêîâ
ìîæåò áûòü âûçâàíî è åñòåñòâåííûìè ïðè÷èíàìè, íàïðèìåð, íàðó-
øåíèÿìè îïëîäîòâîðåíèÿ ÿéöà [Òåðåíòüåâ, 1950], ãåíåòè÷åñêèìè
îñîáåííîñòÿìè êëàäêè [Gollman et al., 1984; Flindt, 1985]. Îòêëîíå-
íèÿ â ñòðîåíèè âûçûâàþòñÿ è äåéñòâèåì ïîëëþòàíòîâ [Rostnad,
1958; Gelnarova, 1987; Àãèëüîí, 2012; Áîðêèí è äð., 2012]. Ïîä äåé-
ñòâèåì õèìè÷åñêèõ âåùåñòâ ìîæåò ïîÿâëÿòüñÿ ðèãèäíîñòü (íåñãè-
áàåìîñòü) çàäíèõ êîíå÷íîñòåé â îáëàñòè êîëåííîãî èëè ãîëåíî-
ñòîïíîãî ñóñòàâîâ [Rostnad, 1958].

Çàêëþ÷åíèå
Ïîÿâëåíèå àíîìàëèé ó ãîëîâàñòèêîâ áûëî ñïîðàäè÷åñêèì, íå

ïðåâûøàâøèì ïðèðîäíûõ íîðì è íàáëþäàëîñü íå òîëüêî ó ýêñïå-
ðèìåíòàëüíûõ îñîáåé. Àíàëèç îáíàðóæåííûõ äåôåêòîâ ñòðîåíèÿ
íå ïîçâîëÿåò ñ óâåðåííîñòüþ óòâåðæäàòü, ÷òî âñå îíè âûçâàíû âëèÿ-
íèåì íåôòè, ïîñêîëüêó ÷àñòü èõ ìîæåò èìåòü íàñëåäñòâåííóþ ïðè-
ðîäó (ìåòàìîðôè÷åñêàÿ ãèäðîïñèÿ, äåïèãìåíòàöèÿ ðàäóæèíû ãëàç).
Âîçìîæíî, ÷òî ýôôåêò îñîáåííîñòåé êëàäêè áûë áîëåå ñèëüíûì,
÷åì äåéñòâèå äîç çàãðÿçíèòåëÿ.
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ANOMALIES IN NATURAL POPULATIONS
OF AMPHIBIANS:

A GENERAL SURVEY AND METHODOLOGICAL
RECOMMENDATIONS FOR STUDY
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Museum National d’Histoire Naturelle, Systematique & Evolution,

Paris, France

The article presents a methodological review and analysis
of the occurrence and nature of the anomalies in populations
of amphibians. possible methodical and methodological approaches
of researches in this direction were discusses.

Ñòàòüÿ ïðåäñòàâëÿåò ñîáîé ìåòîäîëîãè÷åñêèé îáçîð è
àíàëèç âñòðå÷àåìîñòè â ïðèðîäå àíîìàëèé â ïîïóëÿöèÿõ àì-
ôèáèé. Îáñóæäàþòñÿ âîçìîæíûå ìåòîäè÷åñêèå è ìåòîäî-
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..



88

ëîãè÷åñêèå ïîäõîäû ïðè ïðîâåäåíèè èññëåäîâàíèé â äàííîì íà-
ïðàâëåíèè.

Monsters and anomalies
The term «monster» comes from the Latin name monstrum, from

the Latin verb monstro, monstrare, «to show». A monster is something
that one shows, because it is unusual, strange or frightening. The term
conveys a wide variety of meanings.

Anomalies and monstrosities have long interested humans, since
the antiquity. Of course, the interest was greatest for human «monsters»:
albinos, twin monsters, synophthalms, etc. They were often interpreted
as punitions or messages from the gods, maledictions, consequences
of transgression of human laws (e. g., incest), of traumatic events in
the life of the mother, of developmental troubles or so-called «atavism».

Who says «monster» also says «non-monster» or «normal». But
what is «normal» in biology? Biology has now left its «essentialistic»
stage behind. Organisms and species are no more viewed has expressing
an «essence», but as resulting from a permanent process of evolution.
And evolution is possible only because there exists within each species
and population a variability, a polymorphism. According to this point
of view, «deviants» from the norm should not be considered as «mon-
sters», but as an expression of the natural variability of organisms.

Variation in natural populations
The progress in studies of anomalies followed several steps: (1) des-

cription of isolated cases (considered anecdotal), inventory and clas-
sification of anomalies; (2) search for anomalies in natural populations;
(3) search for the causes of anomalies, in particular through the produc-
tion of abnormal individuals by biologists.

The work of inventorying and describing monsters was the purpose
of descriptive teratology, a discipline which developed in the 19th and
20th centuries.

The search for the causes of anomalies resulted in the distinction
between two main categories of causes of anomalies: (1) genetic causes
(genotypic anomalies), such as exceptional genetic mutations or compo-



89

site organisms (hybrids); (2) non-genetic causes (phenotypic or epigene-
tic anomalies), resulting from traumatisms during development, physi-
co-chemical aggressions (e. g., by pesticides or radiations), biological
aggressions (e. g., by hormones or viruses), parasitism, or composite
organisms (chimeras). But the distinction between the two categories
is sometimes not straightforward. For example, some violent aggressions
(mostly by radiations or by some chemicals) may entail mutations in
the DNA of organisms submitted to them, but the result will be different
according to the cells concerned: mutations in somatic cells may induce
anomalies, but these are not transmissible to the offspring, whereas
mutations in gametes or their primordial cells will be transmitted
to the offspring, which will have very different consequences on the
populations concerned. In the first case we will speak of «teratogenic
factors», and in the second one of «mutagenic factors», although in both
cases the distal cause was the same, a violent aggression on the DNA
of the cells, and both often occur together.

Qualitative variation results in the regular appearance within popu-
lations or species of rare phenotypes (albinos, polydactyls, cyclops, etc.),
whereas quantitative variation in measurable or countable characters
results from the existence in each population and for each character
of a curve of variation which often follows a «normal» law (the Gauss
bell curve), with some «extreme» individuals appearing very deviant.

Terms are important in science and a few words about termino-
logy are in order here. Among the various terms that have been used
to describe «monsters», some are preferable. The terms monstrosities
and monsters should be avoided as they carry the teleological notion
of «mistake of nature». The terms deformities and malformations carry
the notion of «form» and are too restrictive, because they exclude variants
in coloration, developmental chronology or sex characters. The terms
mutations and mutants carry the notion of genetic transmission and
are therefore not appropriate for phenotypic anomalies. The terms ano-
malies, abnormals or deviants are to be preferred because they are
the most neuter and general, being just descriptive and carrying the
notion of «normality» (which also implies the recognition of some
individuals as «normal»).
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Intraspecific variation within populations or species, mostly due
to genetic causes (although these are usually also moderated by
epigenetic factors), is called polymorphism (a misleading term also,
as it seems to refer only to form, although it can also concern other
characters such as coloration). Each population displays an internal
variability, so where should be placed the barrier between polymorphism
and rare mutation? The reply is simple: there is no such barrier; this is
only a matter of convention. Population biologists usually admit that an
allele present at a frequency below 1 % in a population is not considered
as polymorphism but as an exceptional anomaly or mutation, which is
not maintained over generations in the population but can occur again
at each generation. But in fact, in most studies of natural populations,
the samples studied are usually too low (below 100 specimens) for
allowing to ascertain such a rate, so the convention has moved to 5 %
for purely practical, not theoretical, reasons. However, some natural
anomalies (such as the anomaly P in European green frogs), due to
aggressions to which the animals were submitted, can be present, in
some populations and some years, in high proportion (up to 70 %). The
same «anomaly» that may be present in less than 1 % of the individuals
in one population may be present in 20 % of the specimens in another
population. Therefore the separation between «anomaly» and «poly-
morphism» results from an arbitrary convention.

Studies of anomalies in amphibians
Amphibians are a privileged material for the study of anomalies.

They are vertebrates (like mammals and man), of a good size (neither
too small not too large), which usually occur in large populations, usually
have a high fertility, and lay large and easily accessible eggs and embryos.
They have therefore been used, since the end of the 19th century, in innu-
merable studies which have followed all the way from descriptive em-
bryology to evo-devo, through experimental embryology and develop-
mental genetics.

The descriptive embryology of amphibians has allowed under-
standing in all their details the processes of gametogenesis, fertilisation,
and the main stages of embryological development.
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The experimental embryology and teratology of amphibians deve-
loped with the idea that producing monsters and studying them would
allow to understand the processes of ontogeny. An anomaly derives often
from a «mistake» in development, so that understanding this mistake
may help us to analyse the «normal» development. Experimental tera-
tology therefore developed as the science of «producing and understan-
ding monsters». For this purpose it made use of a wide variety of techni-
ques, including grafts, chimeras, hybridization, transfer of a nucleus
from a cell to an ovum, injections, etc.

The relationships between anomalies and evolution, although very
interesting, have been less explored, probably because for a long time
the specialists of the two questions had different cultures and little
contacts, but this is now changing. It is striking to note that, what is an
anomaly in one species, genus or family, will be the norm in another
group. For example, the blue coloration of body, which occurs as excep-
tional phenotypes in Eurasian ranids and hylids, is the norm in some
tropical species, e. g. of dendrobatids. Translucent belly, which results
from rare pigmentary mutations in all groups of amphibians, has been
«fixed» as the norm in some groups like the centrolenids. Ectrodactyly
(absence of digits), which is a rare mutation in many amphibian species,
has been «fixed» as the norm in some species, e. g. Brachycephalus
tridactylus.

Of particular interest are the developmental anomalies usually called
heterochrony but that should rather be called aneuchrony (abnormal
chronology of development) because aneuchrony can be either hetero-
chronic (with dissociation between traits, like in neoteny or paedoge-
nesis) or homochronic (with a simple synchronic acceleration or slow-
down of the tempo of development of all characters). Rare anomalies
involving aneuchrony include adult anurans having kept their larval tail
or coiled intestine, or one arm still below the skin. More common are
the cases of reproduction of specimens having kept their branchiae and
many other larval characters, but the gonads of which have become
functional, a phenomenon which has become «fixed» in some popula-
tions, species or groups of Urodela but which does not exist in Anura.

Pigmentary anomalies (albinism, white frogs; melanism, black frogs;
flavism, yellow frogs; «caeruleism», blue frogs; translucent skin; etc.),
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which on the whole are rather frequent in amphibian populations, are
due to the absence of some pigmentary cells or of some pigments in the
skin or iris of amphibians. They are usually caused by simple (mono-
genic) genetic determinisms, but external (virus) or internal (hormonal)
factors can also interfere with pigmentation. A phenotype which is quite
common in many populations of amphibians is that of the «black eyes»,
due to the absence of iridiophores in the iris, and usually caused by
a single recessive mutation.

Another large and diversified category of anomalies touches the struc-
ture and characteristics of limbs and digits. Rather common in natural
populations are the polydactyly (supernumerary digits), ectrodactyly
(missing digits), syndactyly (fused digits) and clinodactyly (bent digits),
but others do exist. All these anomalies can have both genetic (mutations)
and various non-genetic proximal causes. In contrast, the anomalies con-
cerning the whole limbs, such as polymely (supernumerary limbs) or
ectromely (missing limbs), rarely have genetic causes, being usually
due to various kinds of aggression on the organisms.

Anomalies as warning signals
For a long time, the study of amphibian anomalies has been the matter

of rather few studies, because it appeared «anecdotal» and of little interest
to many biologists. In the recent decades however, the attention has been
called on several cases of mass anomalies in natural populations of
amphibians, and anomalies have become to be seen as warning signals
regarding the «health» of amphibian populations, and by way of conse-
quence, as indicators of environmental health and potential human ha-
zards. This is justified, in view of the fact that, during the successive
phases of their life cycle, amphibians, whose naked skin makes them
particularly sensitive to some aggressions, occupy several habitats where
they can be in contact with various pollutants and other perturbating
factors. For this purpose, it is of prime importance to distinguish between
the various causes of anomalies, and above all between genetic and
epigenetic anomalies. Such distinctions are important for prospective
evaluation of the fate of the populations concerned: somatic mutations
caused by teratogenetic factors will not be transmitted to the offspring,
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whereas gametic mutations caused by mutagenic factors will or may be so,
sometimes through complex mechanisms. After a long period of lack of
interest, amphibian anomalies have suddenly arisen high level of media
attention, perhaps too much, because some of the researchers interested
in these mass anomalies lacked the necessary background to interpret
correctly the facts. A number of studies published in the recent years on
these questions contain some methodological flaws, such as absence of
distinction between a correlation and a cause, between genetic and non-
genetic anomalies, between teratogenic and mutagenic factors, etc. It is
therefore appropriate to provide a few warning words in this respect.

Methodological recommendations and warnings
for the study of anomalies in natural populations
of amphibians
Field survey
(1) Study as many localities as possible in an area (not only those

where abnormals were found).
(2) Study all amphibian species in each locality (not only the «target»

species).
(3) Always practice random sampling (do not look specially for ab-

normals).
(4) Study numbers of specimens as large as possible (at least 100 if

possible, preferably above 1000). Night survey by teams of researchers
are more efficient in this respect.

(5) Note everything: the number of individuals of each stage and
sex examined; all phenotypic anomalies, including «tiny» anomalies
and apparently «accidental» ones (wounds); make detailed descriptions,
photographs, sketches, etc.

(6) Keep alive and bring to the laboratory all «interesting» specimens.
(7) Release all others on spot of capture only after having examined

them all (which requires equipment for stocking specimens alive in good
conditions for a while in the field).

(8) Survey the same locality regularly, over years or decades if pos-
sible, to obtain data on the trends of prevalence and nature of anomalies
over long periods.
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Search for the causes of the anomalies
Detailed phenotypic study of all abnormals
(1) Harmony (result of spontaneous development, not of wounds).
(2) Particularities of the phenotype (which may be specific of some

syndromes).
(3) Bilaterality and symmetry (which usually eliminates the possibi-

lity of a random cause such as wounding by predator).
(4) Gradients of severity: postero-anterior, axial-postaxial, proximo-

distal (specific of some syndromes).
(5) Anomalies associated in syndromes (variability within syn-

drome).
(6) Detailed phenotypic study of all abnormals.
(7) Association of anomalies that do not constitute a syndrome, in in-

dividuals and in populations.
(8) Similar anomalies in sympatric species.
Cautions in phenotypic study: (a) beware of phenocopies; (b) a cor-

relation is not a cause; (c) beware of statistics: probabilities may be mis-
leading; (d) a cause must be demonstrated (e. g., by reproducing an
anomaly in controlled laboratory conditions) before being accepted as
responsible for the phenotypes and phenomena observed.

Breeding and crossings
Breeding of abnormal individuals in captivity can be very informa-

tive. For example, some abnormal colorations tend to change with time,
sometimes over years.

Crossings should use artificial fertilisation. They should be done
between abnormals, between abnormals and normals, and between nor-
mals. Following standard methodological procedures in crossing studies,
the gametes of each individual should be divided into several samples
and these samples used in several crosses, including controls (involving
only normal individuals). As many mutations are recessive, in many
cases clarification of the genetic cause of an anomaly will require back-
cross of the offspring among themselves or with the parents, therefore
facilities for long-term breeding of amphibians.

Cautions in crossings: (a) beware of phenocopies: both in pig-
mentary anomalies (albinism, melanism, etc.) and in digital anomalies
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(polydactyly, ectrodactyly, etc.), similar anomalies may result from
different mutations or from other causes; (b) beware of variability and
incomplete expression (variation in penetrance).

Experimental parthenogenesis and gynogenesis
Experimental parthenogenesis and gynogenesis, associated with tech-

niques duplicating the number of chromosomes before the start of deve-
lopment, allow to obtain diploid offspring homozygous for all alleles,
and therefore to discover, in one generation only, recessive alleles that
may be responsible for some anomalies.

Cautions in parthenogenesis and gynogenesis: the ploidy of the off-
spring should be checked (by cytogenetic or other methods) in order to
ascertain that these specimens are indeed diploid.

Regeneration experiments
Carried out in tadpoles of Anura, or in Urodela at all stages of life,

they may allow to show that the factor responsible for a digit or limb
anomaly is no more active in an individual, and therefore was not a ge-
netic factor: for example, a polydactylous limb may regenerate normal.
Such experiments should be carried out on a single side of body in spe-
cimens showing a bilateral limb anomaly.

Caution in regeneration experiments: beware of hyperregenera-
tion, a common phenomenon in amphibians after amputation.

Survey of potential external factors in the habitat
The following list of factors potentially involved in anomalies

in amphibian populations is in no way restrictive: sunlight; temperature;
oxygen; pH; radioactivity; chemicals; fertilizers; hormones; viruses;
bacteria; parasites; predators… Of course, they cannot (and should not)
be studied in all localities, but if there are clues for possible unusual
particularities in the water or aspect of the habitat they should be explored
in detail.

Caution in survey of external factors: (a) a correlation is not a cause;
(b) beware of statistics: probabilities may be misleading; (c) a cause
must be demonstrated (e. g., by reproducing an anomaly in controlled
laboratory conditions) before being accepted as responsible for the phe-
notypes and phenomena observed.
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Conclusion
In amphibians, anomalies observable by external survey are very

diverse and may touch many parts of the organism (limbs, head, body).
But, like in all animals, the development of amphibians is very con-
strained at each stage by the ontogenetic stages already covered. After
a given stage in development, the number of possibilities offered to an
embryo is limited. After the stage blastula, an embryo roughly has
the «choice» only between gastrulation, exogastrulation, or degenere-
scence and death. The same applies, with varying degrees of freedom,
at all stages of development and for all organs: a hand can have four
fingers (normal number in most amphibian species), three fingers (ectro-
dactyly), five fingers (polydactyly), but certainly not 30 fingers. The onto-
genetic possibilities being limited, similar phenotypes can result from
different causes (phenocopies). Therefore, except in rare cases, the mere
examination of the phenotype is not sufficient to establish the cause
of an anomaly. This word of caution (beware of phenocopies), as well
as a few others (a correlation is not a cause; probabilities may be mis-
leading; a cause must be demonstrated; etc.) must be kept in mind for
studies aiming at ascertaining the causes of anomalies in natural po-
pulations of amphibians, with potential consequences the fate of these
populations as well as on the environment as a whole.

THE ANOMALY P IN PALAEARCTIC GREEN FROGS
OF THE GENUS PELOPHYLAX (RANIDAE)

A. Dubois
Museum National d’Histoire Naturelle, Systematique & Evolution,

Paris, France

An aritcle describing history and specific of anomaly P
syndrome. So called «anomaly P» first discovered by Jean Rostand.
He found that polydactyly was just a mild form of a complex syndrome
which included much more severe anomalies, such as very high
numbers of toes and fingers, brachymely or oedemas in the inguinal
region. He gave the name of «anomaly P» to this syndrome and
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started to study its particularities and to try to understand its
determinism. The anomaly P was found or suspected to occur in
many other populations of green frogs (Pelophylax) of the Palearc-
tic region. Rostand supposed that the anomaly P related with an
infectious agent, which could be a teratogenic virus. The hypothesis
agrees with the data published so far, but this factor has not yet been
isolated. The syndrome involves facts of abnormal cellular
multiplication and tissue differentiation and growth.

Ñòàòüÿ îïèñûâàåò èñòîðèþ è ñïåöèôèêó àíîìàëèè P.
Òàê íàçûâàåìóþ àíîìàëèþ Ð âïåðâûå îáíàðóæèë Æàí Ðîñòàí.
Îí óñòàíîâèë, ÷òî ïîëèäàêòèëèÿ – ýòî ëåãêàÿ ôîðìà ñëîæ-
íîãî ñèíäðîìà, êîòîðûé âêëþ÷àåò áîëåå ñëîæíûå îòêëîíå-
íèÿ: î÷åíü âûñîêîå ÷èñëî ïàëüöåâ êîíå÷íîñòåé, áðàõèìåëèþ
è îòåêè ïàõîâîé îáëàñòè. Îí äàë íàçâàíèå ýòîìó ñèíäðîìó:
«àíîìàëèÿ Ð». Àíîìàëèÿ P, êàê ïðåäïîëàãàåòñÿ, âñòðå÷àåòñÿ
â ïîïóëÿöèÿõ ðÿäà âèäîâ ïàëåàðêòè÷åñêèõ çåëåíûõ ëÿãóøåê
(ðîäà Pelophylax). Ðîñòàí ïîëàãàë, ÷òî àíîìàëèÿ P ñâÿçàíà
ñ èíôåêöèîííûì àãåíòîì, êîòîðûé ìîæåò áûòü òåðàòîãåí-
íûì âèðóñîì. Ñèíäðîì âêëþ÷àåò â ñåáÿ ôåíîìåí àíîìàëüíîé êëå-
òî÷íîé ïðîëèôåðàöèè, äèôôåðåíöèðîâêè è òêàíåâîãî ðîñòà.

Discovery of the anomaly P
The discovery of the anomaly P is an interesting and informative

chapter of the history of science, which shows that research, if left to
the freedom of researchers and not prisoner of «programs» imposed
from above or outside, can lead to unexpected discoveries. The French
biologist Jean Rostand (1894–1977) was interested in the phenomena
of «reproduction by females alone», i. e., parthenogenesis. He used frogs
to try to obtain embryos from unfertilized eggs. He first repeated Eugene
Bataillon’s (1864–1953) experiences on traumatic parthenogenesis, in which
the egg is triggered to start its development by a small glass needle, but
this technique is very heavy to use, because only a small proportion of eggs
develop successfully. Rostand then used a much more efficient technique,
that of gynogenesis, in which the egg’s development is induced by an
inactivated (irradiated) sperm, whose genetic material does not enter
the egg and does not participate in the development. Such unfertilized
eggs develop harmoniously only if the second polar body resulting from

´
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the meiosis is reincorporated into the egg to make it diploid before
the start of the divisions. The embryo then turns out to be homozygous
for all its alleles (except for de novo mutations). Rostand then observed
that a high proportion of the imagos (just metamorphosed froglets) that
resulted from gynogenesis were showing pigmentary (such as albinism)
or morphological (such as polydactyly) anomalies. This was the result
of having rendered homozygous some rare recessive genes which seldom
express themselves in natural populations, because they rarely happen
to be homozygous. Rostand then was then the first to realise that gyno-
genesis was a technique allowing to explore the genetic heritage of
individuals in frogs, and he started building a discipline which was then
new, the «genetics of batrachians». This prompted him to go out of his
laboratory and to start exploring natural populations of amphibians, with
the help of many correspondents from all over France. He then discove-
red many natural pigmentary and morphological anomalies in several
common species. He made crossings involving these abnormals and was
then able to show that some of these anomalies, such as «black eyes»
in green frogs or polydactyly in the common toad, were determined by
recessive or dominant mutations.

In this process, he discovered a new kind of polydactyly in green
frogs (now the genus Pelophylax), touching sometimes only the hind
limbs but sometimes also the fore limbs, which was quite common
in some populations. When he studied the tadpoles in these populations,
he realised that polydactyly was just a mild form of a complex syndrome
which included much more severe anomalies, such as very high numbers
of toes and fingers, brachymely or oedemas in the inguinal region.
He gave the name of «anomaly P» to this syndrome and started to study
its particularities and to try to understand its determinism. This work
occupied much of his time in the last years of his life, but he was not able
to bring it to its conclusion, and today the mystery of the anomaly P
is still unsolved, because no laboratory yet decided to devote the appro-
priate means to trying to solve it.

The anomaly P syndrome
The mildest form of the anomaly is polydactyly (presence of super-

numerary digits). This polydactyly shows a postero-anterior gradient:
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in all abnormal specimens, the hind limbs are touched by polydactyly
(from 6 to 9 toes), whereas the fore limbs are touched only when poly-
dactyly on hind limbs is strong (more than 6 toes). Other morphological
peculiarities of this syndrome include a good, although not always
perfect, bilateral symmetry: i. e., the number of additional digits is always
roughly the same on both sides, with sometimes one more toe or finger
on one side, but never an excess of several digits on one side (e. g., 6–7,
7–7 or 7–8 toes, but never 6–8). The first additional toe is usually longer
than the «first» normal toe, which gives the feet of these frogs a very
special aspect, quite different from that of usual polydactyly in other
amphibian species. But this polydactyly is only the weakest form of
a very polymorphic syndrome, which can take much more severe forms
in tadpoles, including stronger polydactyly (up to 15 toes), polymely
(presence of small supernumerary hind limbs), brachymely (shortened
limbs), and various types of bony excrescences and tumors, especially
in the inguinal region. These severe manifestations of the syndrome
have an impact on the survival of the individuals: most affected tadpoles
die during or just after metamorphosis, mostly from internal haemorr-
hages due to mechanical problems caused by their supernumerary or
malformed bones, so that only the mildest forms of the syndrome (simple
polydactyly) are present in the adults.

Frequency in populations and ecological impact
The anomaly P may touch a very high proportion of the larvae in a

population, but most of them do not survive metamorphosis, which
explains why the rate of anomalies is much higher in tadpoles than in
adults.

At the scale of a whole population, the anomaly shows a strong
variability over time, being very frequent some years and very rare or
absent in other years, with a possible return after several years of absence.
Observed variations in frequency of anomaly P range from 0 to 80 %
in tadpoles and from 2,6 to 14,5 % in adults, from 1949 to 1967 in
the Tråvignon population from Brittany, and from 14 to 70 % in tadpoles,
from 1961 to 1970 in the Lingå population from Indre. The frequency
of the most severe forms, lethal at metamorphosis, is also variable from
year to year (e. g., from 26,9 to 47,1 % in Tråvignon from 1952 to 1958),

´

´

´
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but is not higher when the frequency of abnormal specimens is higher.
The frequency of the anomaly is also different, within the same year, at
different dates, and seems to grow when the temperature in the ponds
gets higher.

First discovered by Rostand in a Brittany pond, the anomaly P was
found or suspected to occur in many other populations of green frogs
of the Palearctic region. The complete syndrome in adults and larvae
was observed in several regions of France, in the Netherlands and Mo-
rocco. Mass polydactyly, or polydactyly which on morphological grounds
closely resembles that of anomaly P, was reported from various other
regions of France and from Austria, Belarus, Germany, Switzerland and
European Turkey. Finally, isolated cases of polydactyly, possibly also
belonging in anomaly P, were reported from France, Germany, Greece,
the Netherlands, Poland and Russia.

The search for the cause
All crossings between specimens affected by anomaly P produced

only normal offspring, even if both parents were polydactylous, some
of them severely.

In a crucial series of experiments, Rostand showed that amputation,
in young tadpoles, of the distal part of a hind limb touched by anomaly
P, was followed by regeneration of a normal limb, which demonstrated
that the teratogenic factor, whatever it may have been, had stopped being
active at the time of regeneration. Such a result, associated with those
of the crossings, strongly suggested that the anomaly was caused by an
exogenous teratogenic factor having a precocious and temporary action
on the limbs of tadpoles. As many such factors could be suspected, Ro-
stand carried out varied experiments in the hope of reproducing artifi-
cially, in the laboratory, polydactyly and the other anomalies observed
in the anomaly P syndrome. However, he did not succeed in reproducing
such anomalies by the action of various chemicals, by raising eggs and
larvae in brackish water or in water taken in the ponds where the anomaly
was present, by the action of various physical shocks including thermal
shocks, long exposure to high or low temperature or to sun, dehydration,
etc., or in provoking overmaturity of egg before fertilization.
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Artificial radioactivity linked either to civil or military human activi-
ties can be dismissed as the possible cause of anomaly P, as isolated
cases of the latter have been reported since the beginning of the 19th

century, and mass occurrence of polydactyly clearly now referable to
anomaly P has been known since before the Second World War (1937).

All these observations led Rostand to think that the anomaly P was
not due to a chemical or physical agent, and to favour the hypothesis
of an infectious agent, which could be a teratogenic virus, and which
would be active between hatching and the appearance of the hind limb
buds.

At the end of his research activity, Rostand reported a series of expe-
riments realised first in the field and then in the laboratory. Tadpoles
raised in large cages directly submerged in a pond where the anomaly P
was present, and with fishes (tenches and eels) collected in this pond,
showed severe anomalies belonging to the anomaly P syndrome, whereas
tadpoles in cages without fishes did not show any anomaly. The sensitive
period for the induction of anomalies in such conditions turned out to
be limited to the first days of free larval life. Finally, Rostand reported
having obtained highly abnormal specimens in the laboratory, by feeding
just hatched tadpoles with intestinal contents of fishes from the pond,
which suggested that the factor responsible for the anomaly P seems to
be present in the digestive tract of such fishes. The hypothesis that it
could be a teratogenic virus agrees with the data published so far, but
this factor has not yet been isolated.

On several occasions, rather heavy experimental protocols, invol-
ving the comparison of control tadpoles with tadpoles fed with fish
intestinal contents, either intact or submitted to ebullition, freezing, fil-
tration or chromatographic fragmentation, did not give any results, so
prudence is in order, in particular since the last works of Rostand were
made in collaboration with an unreliable «amateur» lacking scientific
training and now known to have made methodological mistakes, if not
deliberate frauds, in the protocol of some works.

As of today, the teratological virus appears the best hypothesis to
account for the various observations summarized above, but it is still
not demonstrated. If it proved true, and if this virus could be isolated,
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it would provide research with a very powerful teratogenic factor, which
could throw some lights on problems of cell proliferation and differen-
tiation, with possible impacts on research on cancers and other patho-
logies that imply uncontrolled cell multiplication.

Ecological significance
Whatever its causes, anomaly P is an important phenomenon for

the populations of green frogs where it occurs, as it reduces the survival
of frogs. Before metamorphosis, the survival of strongly abnormal larvae
does not seem to be affected, and artificial or spontaneous prolongation
of the larval condition allows to keep these specimens alive very long,
up to one year and a half. However, even in protected conditions in cap-
tivity, specimens exhibiting the most severe forms of the anomaly (with
brachymely and various supernumerary bony formations) all die within
the first weeks after metamorphosis, merely because of the internal
injuries caused by the bony excrescences in the hind limbs. Thus, for pu-
rely mechanical reasons, the anomaly in its severe forms is totally lethal
at metamorphosis or just after, and only the frogs showing the benign
form of the anomaly (simple polydactyly) do survive. Since the frequency
of the severe forms often reaches 40 or 50 % of the abnormal specimens,
which in turn may represent up to 80 % of the tadpoles of a population,
in some cases about 40 % of the tadpoles of a given pond may die at
metamorphosis. Such a mortality rate, especially if repeated for several
years, might have a significant impact on the dynamics of these natural
populations. However, until now no study has been devoted to this
question.

Species affected
Most of the observations on the anomaly P summarised above were

done before the discovery that Palearctic green frogs consist of several
«normal species» and of several kleptons, i. e., particular species derived
from hybridization between two «normal species» but with a particular
meiosis that allows the maintenance of «first generation hybrids» over
many generations. Therefore it is currently unknown which of these
species and kleptons are touched by the anomaly, but the distribution
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of the latter is large enough to be sure that it concerns at least several
taxa, if not all European green frogs, currently placed in the genus (or
subgenus of Rana) Pelophylax. Currently, 20 species and 3 kleptons
are recognized by taxonomists in this genus, among which 9 species
and 3 kleptons occur in Europe and northern Africa. From the distributio-
nal data on anomaly P, at least the species Pelophylax lessonae,
P. ridibundus, P. perezi and P. saharicus, and the kleptons P. kl. esculentus
and P. kl. grafi, appear to be affected by the anomaly, but possibly other
taxa might also be involved in some cases.

No report of anomalies clearly belonging to anomaly P in other groups
of frogs traditionally referred to the genus Rana but now placed in several
subgenera or genera has been published so far. In particularly, this
syndrome is unknown in Palearctic brown frogs (genus Rana s. str.) and
in North American green frogs, now placed in the genus or subgenus
Lithobates. Anyway, the data available now are enough to state that
anomaly P is not species-specific and can touch several taxa in the Pelo-
phylax group. Almost everything remains to be done to answer the following
questions: (1) are some of the taxa of Pelophylax more sensitive than
others to the anomaly P, and are some of them immune from it?; (2) more
specifically, in the mixed populations involving two or more distinct taxa
of Pelophylax, does the anomaly P touch them indiscriminately, or not?;
(3) does the sensitivity to the anomaly P depend in any way on the special
kind of meiosis that occurs in kleptons?

These questions make sense especially as no hard data exist to
document the fact that amphibian species of groups other than the genus
Pelophylax can be touched by the anomaly P, even in the habitats where
this anomaly is present in green frogs.

Similar anomalies
Various kinds of anomalies have been described so far in natural

populations of many amphibian species. Most of them were found only
in isolated individuals. In a rather limited number of cases, evidence
has been gathered regarding the rates in populations and/or the causes
of anomalies. Two major categories of causes exist for anomalies: genetic
and non-genetic. Genetic anomalies due to spontaneous mutations are
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usually observed at low (a few percents) or very low (a few per thousands)
rates in populations. Non-genetic anomalies may have very diverse
causes, and in some cases may occur at very high rates. Some of these
epigenetic causes, e. g., pesticides or parasitism, have been elucidated,
but in a few cases the causes, although shown or supposed to be non-
genetic, are still mysterious and in this respect remind anomaly P. Few
of them have been studied as thoroughly as anomaly P, but, for a solution
of the latter problem, re-examination of these few cases might prove
rewarding, although some of them might later be found to have very
different kinds of causes. A review of the cases of mass anomalies so
far reported in amphibian populations, which have certainly or probably
non-genetic causes and which remind anomaly P in some respect, will
be provided elsewhere.

Conclusion
The variability, and hence the unpredictability, of the appearance,

frequency, and severity of the anomaly P in a given pond and at a given
spot is a serious handicap for the study of its causes. In the world of
contemporary research, where obtaining rapidly publishable results is
a constraint for obtaining funding for research, this difficulty is a major
one for pursuing such studies. Much still remains to be known about
anomaly P: its cause, its geographic distribution, exactly which taxa are
affected and why, what is the impact of this syndrome on frog popula-
tions, etc. This problem attracted the attention mainly of a single bio-
logist, Jean Rostand, in the years 1950–1970, but no studies are appa-
rently under way nowadays, in any laboratory or European country, to
elucidate these questions. This is surprising and even shocking, especially
in view of the strong interest raised in the recent years by amphibian
anomalies in conservation biology. Given the fact that this syndrome
involves facts of abnormal cellular multiplication and tissue differen-
tiation and growth, its understanding might throw interesting or important
lights on some developmental biology problems. It might also have
unexpected implications in conservation biology. More attention should
certainly be paid to this unsolved problem by the international scientific
community.
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ÌÀÒÅÐÈÀËÛ ÏÎ ÂÑÒÐÅ×ÀÅÌÎÑÒÈ
ÌÎÐÔÎËÎÃÈ×ÅÑÊÈÕ ÀÍÎÌÀËÈÉ

Â ÏÐÈÐÎÄÍÛÕ ÏÎÏÓËßÖÈßÕ
ÁÅÑÕÂÎÑÒÛÕ ÀÌÔÈÁÈÉ

ÍÀ ÒÅÐÐÈÒÎÐÈÈ ÐÅÑÏÓÁËÈÊÈ ÒÀÒÀÐÑÒÀÍ

Ð. È. Çàìàëåòäèíîâ
Êàçàíñêèé (Ïðèâîëæñêèé) ôåäåðàëüíûé óíèâåðñèòåò

MATERIALS ON THE OCCURRENCE
MORPHOLOGICAL ABNORMALITES

IN NATURAL PJPULATIONS
OF ANURANS IN TATARSTAN RESPUBLIC

R. I. Zamaletdinov  
Kazan (Volga region) Federal University

This paper is an initial report on the distribution of mor-
phological abnormalities in natural populations of anurans
in the territory of the Republic of Tatarstan. Existence of three types
of anomalies observed in natural populations on the basis of exa-
mination 643 individuals of five species of anurans. 

Íàñòîÿùàÿ ðàáîòà ïðåäñòàâëÿåò ñîáîé ïåðâè÷íîå ñîîá-
ùåíèå î ðàñïðîñòðàíåíèè ìîðôîëîãè÷åñêèõ àíîìàëèé â ïðè-
ðîäíûõ ïîïóëÿöèÿõ áåñõâîñòûõ àìôèáèé íà òåððèòîðèè Ðåñ-
ïóáëèêè Òàòàðñòàí. Íà îñíîâàíèè îáñëåäîâàíèÿ 643 æèâîòíûõ
ïÿòè âèäîâ áåñõâîñòûõ àìôèáèé âûÿâëåíî íàëè÷èå â ïðèðîä-
íûõ ïîïóëÿöèÿõ òðåõ òèïîâ àíîìàëèé.

Òåðàòîëîãè÷åñêèå ÿâëåíèÿ â æèâîòíîì ìèðå – îáúåêò èññëåäî-
âàíèÿ ñ äðåâíèõ âðåìåí. Àíîìàëèè, èëè êðàéíèå âàðèàíòû ðàçâè-
òèÿ, êàê âñÿêîå îòêëîíåíèå îò íîðìàëüíîãî ñòðîåíèÿ, âìåñòå ñ íîð-
ìîé ñîñòàâëÿþò ñïåêòð èíäèâèäóàëüíîé èçìåí÷èâîñòè ñòðóêòóðû,
èëè, êàê òåïåðü íàçûâàþò, «ïðîñòðàíñòâî âîçìîæíîñòåé».

Â íàñòîÿùåå âðåìÿ ìîðôîëîãè÷åñêèå àíîìàëèè îòìå÷åíû ó çíà-
÷èòåëüíîãî ÷èñëà âèäîâ æèâîòíûõ. Ñðåäè íàçåìíûõ ïîçâîíî÷íûõ
áîëüøîé èíòåðåñ âûçûâàåò èçó÷åíèå àíîìàëèé ó àìôèáèé. Ñóùåñò-
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âóåò íåñêîëüêî ïðåäïîëîæåíèé î ïðè÷èíàõ âîçíèêíîâåíèÿ ìîðôî-
ëîãè÷åñêèõ àíîìàëèé ó çåìíîâîäíûõ [Áîðêèí è äð., 2012], îäíàêî
åäèíîäóøíîãî ìíåíèÿ ñðåäè ñïåöèàëèñòîâ íà ýòîò ñ÷åò íåò.

Ïî ìíåíèþ Ì. À. Øèøêèíà (1984), íà îñíîâàíèè äàííûõ î âñòðå-
÷àåìîñòè àíîìàëèé ìîæíî ñäåëàòü âûâîä, ÷òî íà ñàìîì äåëå â êàæ-
äîé èññëåäîâàííîé âûáîðêå îäèíàêîâûõ àíîìàëèé ìû èìååì ëèøü
÷àñòü çâåíüåâ íåïðåðûâíîé ãðàäàöèè ãåíîòèïîâ, ðàçëè÷àþùèõñÿ
ïî ñòåïåíè óñòîé÷èâîñòè â ðåàëèçàöèè àíîìàëèé â ïîòîìñòâå
îò 0 äî 100 % â äàííîì äèàïàçîíå óñëîâèé. Î÷åâèäíî, ìû èìååì
äåëî ñ ïîèñêàìè ãðàíèö, êîòîðûõ íåò â ïðèðîäå.

Ñðåäè ìíîæåñòâà ïóáëèêàöèé îá àíîìàëèÿõ àìôèáèé çíà÷è-
òåëüíàÿ äîëÿ ïðèíàäëåæèò ðàáîòàì, ïîñâÿùåííûì àíàëèçó âñòðå-
÷àåìîñòè îñîáåé ñ àíîìàëèÿìè â ïðèðîäíûõ ïîïóëÿöèÿõ. Èìåííî
òàêîãî ðîäà ðàáîòû äàþò îáùåå ïðåäñòàâëåíèå î òîì, êàêîé ìîæåò
áûòü èçìåí÷èâîñòü ìîðôîëîãè÷åñêèõ ïðèçíàêîâ â åñòåñòâåííûõ
óñëîâèÿõ îáèòàíèÿ.

Ðàíåå íàìè áûëè îïèñàíû îñîáåííîñòè ðàñïðîñòðàíåíèÿ ìîð-
ôîëîãè÷åñêèõ àíîìàëèé â óñëîâèÿõ ã. Êàçàíè [Çàìàëåòäèíîâ, 2003;
Çàìàëåòäèíîâ, Õàéðóòäèíîâ, 2005]. Íàñòîÿùàÿ ñòàòüÿ ïîñâÿùåíà
îáçîðó âñòðå÷àåìîñòè ìîðôîëîãè÷åñêèõ àíîìàëèé áåñõâîñòûõ àì-
ôèáèé â ïðèðîäíûõ ïîïóëÿöèÿõ, íå ïîäâåðæåííûõ àíòðîïîãåííî-
ìó âîçäåéñòâèþ íà òåððèòîðèè ÐÒ.

Ìàòåðèàë è ìåòîäû
Ìàòåðèàë áûë ñîáðàí â òå÷åíèå êîìïëåêñíûõ ïîëåâûõ èññëå-

äîâàíèé â 2000–2011 ãã. íà òåððèòîðèè ðàçëè÷íûõ ïðèðîäíî-òåð-
ðèòîðèàëüíûõ êîìïëåêñîâ (ðèñóíîê). Â îáùåé ñëîæíîñòè íàìè
áûëî ñîáðàíî 643 îñîáè ïÿòè âèäîâ áåñõâîñòûõ àìôèáèé: Bufo bufo
(Linnaeus, 1758) – 21 (âçðîñëûå îñîáè), Pseudepidalea viridis (Lauren-
ti, 1768) – 85 (27 âçðîñëûõ îñîáåé è 58 ñåãîëåòîê), Pelophylax ridi-
bundus (Pallas, 1771) – 260 (71 âçðîñëûõ è 189 ñåãîëåòîê), Pelophylax
lessonae (Camerano, 1882) – 110 (âçðîñëûå îñîáè), Rana arvalis (Nils-
son, 1842) – 167 (85 âçðîñëûõ è 82 ñåãîëåòêà). Íàìè áûëî âûÿâëå-
íî 3 òèïà ìîðôîëîãè÷åñêèõ àíîìàëèé ïî êëàññèôèêàöèè Î. Ä. Íåê-
ðàñîâîé (2008): L4. A. Ýêòðîäàêòèëèÿ (Ectrodactyly): îòñóòñòâèå íå-
êîòîðûõ öåëûõ ïàëüöåâ, àíîìàëèè â âèäå êëåøíè; L5 B. Ïîëèôà-
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ëàíãèÿ (Polyphalangy): ÷àñòè÷íîå äóáëèðîâàíèå ôàëàíã ïàëüöåâ
(àñèììåòðè÷íîå è ñèììåòðè÷íîå ïðîÿâëåíèå); H8. A. Àíîôòàëìèÿ
(Anophthalmia): íåäîñòàþùèé ãëàç. Èç âñåõ îñîáåé, ó êîòîðûõ áûëè
îáíàðóæåíû êàêèå-ëèáî àíîìàëèè, íàìè íè ðàçó íå áûëè îòìå÷å-
íû ñî÷åòàíèÿ êðàéíèõ âàðèàíòîâ ðàçâèòèÿ.

Â êà÷åñòâå ïîêàçàòåëåé ïðè îöåíêå ÷àñòîòû àíîìàëèé â ïðåäå-
ëàõ îäíîé ïîïóëÿöèè ìû îöåíèâàëè ïîêàçàòåëü âñòðå÷àåìîñòè îñî-
áåé ñ àíîìàëèÿìè Pas. Äàííûé ïîêàçàòåëü ìû ðàññ÷èòûâàëè êàê
äîëþ îñîáåé ñ êîíêðåòíîé àíîìàëèåé îò âñåõ îñîáåé â âûáîðêå.
Äëÿ ÷èñòîòû ìû îòäåëüíî îöåíèâàëè äàííûå ïî ñåãîëåòêàì è âçðîñ-
ëûì îñîáÿì.

Âàæíåéøèì àñïåêòîì â èçó÷åíèè ìîðôîëîãè÷åñêèõ àíîìàëèé
ó àìôèáèé â ïðèðîäíûõ ïîïóëÿöèÿõ ÿâëÿåòñÿ îöåíêà ÷àñòîòû ñïåêò-
ðîâ èëè âàðèàíòîâ îòêëîíåíèÿ îò íîðìû. Ïîäîáíûé ïîäõîä ñïðà-

Êàðòà-ñõåìà Ðåñïóáëèêè Òàòàðñòàí.
Óñëîâíûå îáîçíà÷åíèÿ: I–V – îáîçíà÷åíèÿ ïðèðîäíî-òåððèòîðèàëüíûõ êîìïëåê-
ñîâ; I – Ïðåäâîëæüå; II – Çàïàäíîå Ïðåäêàìüå; III – Âîñòî÷íîå Ïðåäêàìüå; IV –
Çàïàäíîå Çàêàìüå; V – Âîñòî÷íîå Çàêàìüå. Ìåñòà ñáîðà ìàòåðèàëà: 1. Ðàèôñêèé
ó÷àñòîê ÂÊÃÏÇ (Çåëåíîäîëüñêèé ð-í); 2. Çàêàçíèê Äîëãàÿ ïîëÿíà (Òåòþøñêèé ð-
í); 3. Çàêàçíèê «Êè÷êå-Òàí» (Àãðûçñêèé ð-í); 4. Îêðåñòíîñòè ã. Áóëãàð (Ñïàñ-
ñêèé ð-í); 5. Ñàðàëèíñêèé ó÷àñòîê ÂÊÃÏÁÇ (Ëàèøåâñêèé ð-í); 6. ÃÊÏÇ ×óëïàí

(Âûñîêîãîðñêèé ð-í); 7. Óðî÷èùå ×åêàí (Àçíàêàåâñêèé ð-í)

7

3
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âåäëèâ ïðè íàëè÷èè çíà÷èòåëüíîãî ÷èñëà âûÿâëåííûõ àíîìàëèé.
Â íàøåì ñëó÷àå íå óäàëîñü ïðèìåíèòü íè îäèí èç ñòàòèñòè÷åñêèõ
ïðèåìîâ, êîòîðûå èñïîëüçóþòñÿ â àíàëîãè÷íîãî ðîäà ðàáîòàõ.
Â ýòîé ñâÿçè ìû ñî÷ëè âîçìîæíûì îöåíèòü òîëüêî êîëè÷åñòâî àíî-
ìàëèé, êîòîðûå áûëè îòìå÷åíû ó ðàçëè÷íûõ âèäîâ (òàáë. 1).

B. bufo (ad) Ïîëèôàëàíãèÿ ñèììåòðè÷íàÿ

Ps. viridis (ad) Ýêòðîäàêòèëèÿ àñèììåòðè÷íàÿ

Ps. viridis (juv) Ïîëèôàëàíãèÿ àñèììåòðè÷íàÿ

Ps. viridis (juv) Ïîëèôàëàíãèÿ ñèììåòðè÷íàÿ

P. ridibundus (ad) Ïîëèôàëàíãèÿ àñèììåòðè÷íàÿ

P. ridibundus (juv) Ïîëèôàëàíãèÿ àñèììåòðè÷íàÿ

P. ridibundus (juv) Ïîëèôàëàíãèÿ ñèììåòðè÷íàÿ

P. lessonae (ad) Ïîëèôàëàíãèÿ àñèììåòðè÷íàÿ

P. lessonae (ad) Ïîëèôàëàíãèÿ ñèììåòðè÷íàÿ

P. lessonae (ad) Àíòîôòàëìèÿ

R. arvalis (ad) Ïîëèôàëàíãèÿ àñèììåòðè÷íàÿ

R. arvalis (ad) Ýêòðîäàêòèëèÿ àñèììåòðè÷íàÿ

R. arvalis (juv) Ïîëèôàëàíãèÿ àñèììåòðè÷íàÿ

R. arvalis (juv) Ïîëèôàëàíãèÿ ñèììåòðè÷íàÿ

R. arvalis (juv) Ýêòðîäàêòèëèÿ àñèììåòðè÷íàÿ

Ò à á ë è ö à  1
Ðàçíîîáðàçèå ìîðôîëîãè÷åñêèõ àíîìàëèé

â ïðèðîäíûõ ïîïóëÿöèÿõ áåñõâîñòûõ àìôèáèé
íà òåððèòîðèè Ðåñïóáëèêè Òàòàðñòàí

Âèä Òèï àíîìàëèè

Íàèìåíüøåå ÷èñëî àíîìàëèé íàìè áûëî âûÿâëåíî ó ñåðîé æà-
áû – 1. Áîëåå øèðîêèé ñïåêòð àíîìàëèé áûë çàôèêñèðîâàí ó çå-
ëåíîé æàáû – íàìè áûë âûÿâëåí îäèí âàðèàíò ó âçðîñëûõ îñîáåé
è äâà – ó ñåãîëåòîê.
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Ïðèìå÷àòåëüíûì ìîìåíòîì, íà íàø âçãëÿä, ÿâëÿåòñÿ òî, ÷òî
ó îçåðíîé ëÿãóøêè íàìè áûë âûÿâëåí òîëüêî îäèí òèï àíîìàëèé –
ïîëèôàëàíãèÿ. Íåîáõîäèìî îòìåòèòü, ÷òî ñèììåòðè÷íîå ïðîÿâëå-
íèå áûëî îòìå÷åíî èñêëþ÷èòåëüíî ó ñåãîëåòîê.

Ó ïðóäîâîé ëÿãóøêè íàìè îáíàðóæåíî äâà òèïà àíîìàëèé
(áûëè âûÿâëåíû àñèììåòðè÷íûé è ñèììåòðè÷íûé âàðèàíò ïîëè-
ôàëàíãèè). Íåîáõîäèìî îòìåòèòü, ÷òî âñå âàðèàíòû áûëè îòìå÷å-
íû ó âçðîñëûõ îñîáåé.

Íàèáîëåå ïîêàçàòåëüíàÿ êàðòèíà íàìè îáíàðóæåíà â ïîïóëÿ-
öèÿõ îñòðîìîðäîé ëÿãóøêè. Ìû âûÿâèëè äâà òèïà àíîìàëèé ó ýòî-
ãî âèäà. Íåîáõîäèìî îòìåòèòü, ÷òî àñèììåòðè÷íàÿ ýêòðîäàêòèëèÿ
è àñèììåòðè÷íàÿ ïîëèôàëàíãèÿ îòìå÷åíû êàê ó âçðîñëûõ îñîáåé,
òàê è ó ñåãîëåòîê.

Â òàáë. 2 ïðåäñòàâëåíû äàííûå ïî âñòðå÷àåìîñòè àíîìàëèé.

Ïîëèôàëàíãèÿ

Ïîëèôàëàíãèÿ

Ýêòðîäàêòèëèÿ

Ïîëèôàëàíãèÿ

Ýêòðîäàêòèëèÿ

Ïîëèôàëàíãèÿ

Àíòîôòàëìèÿ

Ýêòðîäàêòèëèÿ

Ïîëèôàëàíãèÿ

Ïîëèôàëàíãèÿ

Ò à á ë è ö à  2
Ïîêàçàòåëü âñòðå÷àåìîñòè Pas ìîðôîëîãè÷åñêèõ àíîìàëèé

â ïðèðîäíûõ ïîïóëÿöèÿõ áåñõâîñòûõ àìôèáèé
íà òåððèòîðèè Ðåñïóáëèêè Òàòàðñòàí

Ðàèôà

Ðàèôà

Ðàèôà

Ðàèôà

Äîëãàÿ Ïîëÿíà

Äîëãàÿ Ïîëÿíà

Äîëãàÿ Ïîëÿíà

B. bufo (ad)

R. arvalis (ad)

R. arvalis (juv)

P. lessonae (ad)

Ps. viridis (ad)

Ps. viridis (juv)

P. ridibundus (juv)

21

68

82

78

27

31

64

0

2,94

1,47

2,44

1,22

2,56

1,28

3,7

16,1

59,4

4,76

0

0

1,22

0

1,28

0

0

6,45

14,1

Ìåñòîîáèòàíèå

Pas
ñèììåò-
ðè÷íûõ
âàðè-
àíòîâ

Pas
àñèììåò-
ðè÷íûõ
âàðè-
àíòîâ

Òèï àíîìàëèè
Îáúåì
âûáîð-
êè, n

Âèä
(âîçðàñòíàÿ ãðóïïà)
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Íàèáîëåå ìàññîâîé àíîìàëèåé, êîòîðàÿ áûëà îòìå÷åíà ó âñåõ
èññëåäîâàííûõ âèäîâ, ÿâëÿåòñÿ ïîëèôàëàíãèÿ. Çà èñêëþ÷åíèåì
îäíîãî ñëó÷àÿ, âñå îñòàëüíûå ñëó÷àè ïîëèôàëàíãèè áûëè îòìå÷å-
íû íà çàäíèõ êîíå÷íîñòÿõ. Ïðîÿâëåíèåì ïîëèôàëàíãèè ÿâëÿëîñü
óäâîåíèå äèñòàëüíîé ôàëàíãè ïåðâîãî ïàëüöà. Ïðåèìóùåñòâåííî
áûëè îòìå÷åíû àñèììåòðè÷íûå ïðîÿâëåíèÿ.

Åäèíñòâåííûì èñêëþ÷åíèåì èç îáùåãî ïðàâèëà ñòàë ñëó÷àé
ïîëèôàëàíãèè ó ñåðîé æàáû B. bufo. Òîëüêî ó ýòîãî âèäà áûëî îò-
ìå÷åíî ñèììåòðè÷íîå ïðîÿâëåíèå ïîëèôàëàíãèè íà ïåðåäíèõ êî-
íå÷íîñòÿõ.

Ñóùåñòâåííûì ìîìåíòîì òàêæå ÿâëÿåòñÿ òî, ÷òî ñóììàðíàÿ
÷àñòîòà âñòðå÷àåìîñòè ïîëèôàëàíãèè â ïðèðîäíûõ ïîïóëÿöèÿõ
îêàçàëàñü â ðÿäå ñëó÷àåâ âûøå, ÷åì â óñëîâèÿõ óðáàíèçàöèè ñðåäû
îáèòàíèÿ. Íàèáîëåå ïîêàçàòåëüíûì â äàííîì ñëó÷àå ÿâëÿåòñÿ âû-
áîðêà ñåãîëåòîê îçåðíîé ëÿãóøêè P. ridibundus, ñîáðàííûõ íà òåð-
ðèòîðèè çàêàçíèêà Äîëãàÿ ïîëÿíà. Âñòðå÷àåìîñòü àñèììåòðè÷íî-
ãî ïðîÿâëåíèÿ ïîëèôàëàíãèè äîñòèãàåò 59,4 %. Â ëèòåðàòóðå îòìå-
÷àþòñÿ áîëåå âûñîêèå ÷àñòîòû âñòðå÷àåìîñòè àíîìàëèé. Âåðîÿòíî,
çäåñü ìû ìîæåì óæå ãîâîðèòü î ìàññîâûõ àíîìàëèÿõ [Êîâàëåíêî,
2000].

Î ê î í ÷ à í è å  ò à á ë.  2

Ìåñòîîáèòàíèå

Pas
ñèììåò-
ðè÷íûõ
âàðè-
àíòîâ

Pas
àñèììåò-
ðè÷íûõ
âàðè-
àíòîâ

Òèï àíîìàëèè
Îáúåì
âûáîð-
êè, n

Âèä
(âîçðàñòíàÿ ãðóïïà)

Êè÷êå-Òàí

Áîëãàðû

Áîëãàðû

Áîëãàðû

Ñàðàëû

×óëïàí

×åêàí

P. ridibundus (juv)

P. ridibundus (ad)

P. ridibundus (juv)

Ps. viridis (juv)

R. arvalis (ad)

P. lessonae (ad)

P. ridibundus (ad)

58

42

67

27

17

32

29

Ïîëèôàëàíãèÿ

Ïîëèôàëàíãèÿ

Ïîëèôàëàíãèÿ

Ïîëèôàëàíãèÿ

Ïîëèôàëàíãèÿ

Àíòîôòàëìèÿ

Ïîëèôàëàíãèÿ

1,72

2,38

4,48

3,7

5,88

3,13

3,45

0

0

1,49

0

0

0

0
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Ýêòðîäàêòèëèÿ íàìè áûëà îòìå÷åíà ó çåëåíîé æàáû Ps. viridis
è îñòðîìîðäîé ëÿãóøêè R. arvalis. Âî âñåõ ñëó÷àÿõ íàìè îáíàðóæå-
íû àñèììåòðè÷íûå âàðèàíòû íà çàäíèõ êîíå÷íîñòÿõ. Ñóììàðíîå
ïðîÿâëåíèå äàííîé àíîìàëèè íå ïðåâûøàëî 3,7 %. Ýòî ñîîòâåòñò-
âóåò ïîíÿòèþ ôîíîâîé âñòðå÷àåìîñòè [Áîðêèí è äð., 2012].

Àíòîôòàëìèÿ áûëà îòìå÷åíà òîëüêî ó ïðóäîâîé ëÿãóøêè
P. lessonae. Ïðèìå÷àòåëüíî, ÷òî äàííàÿ àíîìàëèÿ îòìå÷åíà èñêëþ-
÷èòåëüíî ó âçðîñëûõ îñîáåé. Âñòðå÷àåìîñòü íå ïðåâûøàëà 3,13 %.

Ïîëó÷åííûå íàìè ðåçóëüòàòû ìû ðàññìàòðèâàåì èñêëþ÷èòåëü-
íî â êà÷åñòâå ïåðâè÷íîé èíôîðìàöèè ïî âñòðå÷àåìîñòè àíîìàëèé
â ïðèðîäíûõ ïîïóëÿöèÿõ â ïðåäåëàõ Ðåñïóáëèêè Òàòàðñòàí.
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Î ÂÀÐÈÀÍÒÀÕ Â ÑÒÐÎÅÍÈÈ ÊÎÍÅ×ÍÎÑÒÅÉ
Â ÏÎÏÓËßÖÈßÕ ÑÈÁÈÐÑÊÎÃÎ ÓÃËÎÇÓÁÀ

(SALAMANDRELLA KEYSERLINGII DYBOWSKY, 1870,
AMPHIBIA, HYNOBIIDAE)

Ä. Â. Çìååâà
Èíñòèòóò ýêîëîãèè ðàñòåíèé è æèâîòíûõ ÓðÎ ÐÀÍ (Åêàòåðèíáóðã)

VARIANTS OF ANATOMY STRUCTURE
IN SIBERIAN SALAMANDER POPULATIONS

(SALAMANDRELLA KEYSERLINGII DYBOWSKY, 1870,
AMPHIBIA, HYNOBIIDAE)

D. V. Zmeeva
Institute of Plant & Animal Ecology, Russian Academy of Science,

Ural division (Ekaterinburg)

Were analyzed variants of the structure of Siberian salamander
juvenile’s limbs from natural populations. It was found that share
of individuals with structure deviated from standart is 79,2 %.
It was mentioned variants with polymerization and oligomerization
of the constituent elements. Polimerization is more frequent variant.
To clarify the concepts of normal limb structure of Siberian sala-
mander is needed more researches.

Àíàëèçèðóþòñÿ âàðèàíòû ñòðîåíèÿ êîíå÷íîñòåé ñåãîëå-
òîê ñèáèðñêîãî óãëîçóáà èç ïðèðîäíûõ ïîïóëÿöèé. Óñòàíîâëå-
íî, ÷òî äîëÿ îñîáåé ñ âàðèàíòàìè ñòðîåíèÿ, îòêëîíÿþùèìèñÿ
îò ñòàíäàðòíûõ, ñîñòàâèëà 79,2 %. Îòìå÷åíû êàê ïîëèìåðè-
çàöèÿ, òàê è îëèãîìåðèçàöèÿ ñîñòàâëÿþùèõ ýëåìåíòîâ. ×àùå
âñòðå÷àþòñÿ âàðèàíòû ñ ïîëèìåðèçàöèåé. Òðåáóåòñÿ ïðîâå-
äåíèå äîïîëíèòåëüíûõ èññëåäîâàíèé äëÿ óòî÷íåíèÿ ïðåäñòàâ-
ëåíèé î íîðìå ñòðîåíèÿ êîíå÷íîñòåé ñèáèðñêîãî óãëîçóáà.

Ñèáèðñêèé óãëîçóá îòíîñèòñÿ ê ÷èñëó íàèáîëåå ïðèìèòèâíûõ
ïðåäñòàâèòåëåé íèçøèõ íàçåìíûõ ïîçâîíî÷íûõ, ÿâëÿåòñÿ ïðè ýòîì
ìîíîôèëåòè÷åñêîé âåòâüþ [Ïîÿðêîâ, 2010]. Îäíàêî èìåÿ òàêèå «íå-
ñîâåðøåííûå» ïðèçíàêè, âèä çàíèìàåò ñàìûé øèðîêèé àðåàë ñðå-
äè çåìíîâîäíûõ, ÷òî ãîâîðèò î åãî ýêîëîãè÷åñêîé ïëàñòè÷íîñòè
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[Áåðìàí, 2002]. Ñåãîäíÿ â ñåìåéñòâå Hynobiidae íàñ÷èòûâàþò îêî-
ëî 50 âèäîâ, îáúåäèíÿåìûõ â 8–10 ðîäîâ, òàêèì îáðàçîì, ýòî òðåòüå
ïî âèäîâîìó áîãàòñòâó ñåìåéñòâî õâîñòàòûõ [Frost, 2009].

Ñóùåñòâóåò ïðåäïîëîæåíèå î åãî áëèçîñòè ê èñòîêàì ïðîèñõîæ-
äåíèÿ öåëîãî ðÿäà ãðóïï, à èìåííî: ê ñòåãîöåôàëàì è ñàðêîïòåðè-
ãèåâûì ðûáàì. Ñ ïîçèöèé ýâîëþöèîííîé ìîðôîëîãèè S. keyserlingii
ÿâëÿåòñÿ óíèêàëüíîé ìîäåëüþ äëÿ âûÿñíåíèÿ ðÿäà çàêîíîìåðíîñ-
òåé ôîðìèðîâàíèÿ çåìíîâîäíûõ è òåòðàïîä â öåëîì [Vorobyeva,
1998]. Äîñòîâåðíî óãëîçóáû èçâåñòíû íà÷èíàÿ ñ ìèîöåíà-ïëèîöåíà
Êàçàõñòàíà è Åâðîïû. Â Ñèáèðè îñòàòêè ñèáèðñêîãî óãëîçóáà íàéäå-
íû ïîêà ëèøü â ãîëîöåíîâûõ îòëîæåíèÿõ [Õîçàöêèé, 1982; ×õèêâàä-
çå,1984]. Îäíàêî íåäàâíèå íàõîäêè êðèïòîáðàíõîèäíûõ àìôèáèé
èç þðû è ðàííåãî ìåëà ñåâåðíîãî Êèòàÿ äåìîíñòðèðóþò çíà÷è-
òåëüíîå ñõîäñòâî ñ ðåöåíòíûìè Hynobiidae, ÷òî ïðåäïîëàãàåò äëè-
òåëüíóþ èñòîðèþ ýâîëþöèè ñåìåéñòâà Hynobiidae. Öåíòðîì äèôôå-
ðåíöèàöèè ñàìîãî ñåìåéñòâà Hynobiidae ñ÷èòàþòñÿ ãîðû öåíòðàëü-
íîãî Êèòàÿ [Fei, Ye, 1984].

S. keyserlingii âõîäèò â ñåìåéñòâî, êîòîðîå ñîñòàâëÿåò ãðóïïó
áàçîâûõ òàêñîíîâ õâîñòàòûõ àìôèáèé [Shubin, Wake, 1996]. Ïðè-
âåäåì îñíîâíûå õàðàêòåðíûå ÷åðòû óãëîçóáà:

1) ïðîêñèìîäèñòàëüíàÿ äèôôåðåíöèàöèÿ ïðåàêñèàëüíîé, ìå-
äèàëüíîé è ïîñòàêñèàëüíîé âåòâåé âñëåäñòâèå ðàííåãî îáðàçîâà-
íèÿ ìåçåíõèìíîé ìàññû ó áèôóðêàöèè çåéãîïîäèÿ;

2) ïåðâîíà÷àëüíàÿ ñâÿçü ìåäèàëüíîé âåòâè ñ ïîñòàêñèàëüíîé
â îáëàñòè èíòåðìåäèàëüíîé êîíäåíñàöèè;

3) ðàíåå îáðàçîâàíèå èíòåðìåäèàëüíîé êîíäåíñàöèè â áëèç-
êîì êîíòàêòå ñ óëüíàðíîé (ôèáóëÿðíîé) êîíäåíñàöèåé;

4) äîìèíèðîâàíèå çàäíåé èëè ïîñòàêñèàëüíîé âåòâè (óëüíàð-
íîé-ôèáóëÿðíîé) íà ðàííåì ðàçâèòèè êîíå÷íîñòè;

5) îòíîñèòåëüíî ïîçäíåå ôîðìèðîâàíèå basale commune, êîòî-
ðàÿ âîçíèêàåò ãëàâíûì îáðàçîì êàê íåáîëüøàÿ äèñòàëüíàÿ-2 êîí-
äåíñàöèÿ â îñíîâàíèè âòîðîãî ïàëüöà è ïîçäíåå ñëèâàþùàÿñÿ ñ äèñ-
òàëüíîé-1 êîíäåíñàöèåé;

6) ñëèÿíèå ñêåëåòíûõ ýëåìåíòîâ ïðåäïî÷òèòåëüíî â ïðîäîëü-
íîì, ÷åì â ïîïåðå÷íîì íàïðàâëåíèè; îáû÷íî îáüåäèíåíèå ìåäèàëü-
íûõ ýëåìåíòîâ ñ ïîñòàêñèàëüíûìè, ÷åì ñ ïðåàêñèàëüíûìè;
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7) â 75 % ñëèÿíèå intermedium ñ ulnare;
8) íàëè÷èå äâóõ öåíòðàëüíûõ ýëåìåíòîâ â ñòàíäàðòíîé ìîð-

ôîëîãèè;
9) íàëè÷èå õîðîøî ðàçâèòîãî äîëãîâðåìåííîãî ýïèäåðìàëüíî-

ãî ïëàâíè÷êà ìåæäó ïåðâûì è âòîðûì ïàëüöàìè, èñïîëüçóþùåãî-
ñÿ â áàëàíñèðîâêå è ëîêîìîöèè ëè÷èíêè êàê öåíîãåíåòè÷åñêàÿ
àäàïòàöèÿ [Vorobyeva, 1996].

Öåëüþ äàííîé ðàáîòû ÿâëÿëîñü èçó÷åíèå âàðèàáåëüíîñòè â ñòðîå-
íèè êîíå÷íîñòåé ñåãîëåòîê ñèáèðñêîãî óãëîçóáà ïðèðîäíûõ ïîïó-
ëÿöèé. Â ñâÿçè ñ ïîñòàâëåííîé öåëüþ íåîáõîäèìî áûëî ðåøèòü
ñëåäóþùèå çàäà÷è:

1. Îñâîèòü ìåòîäèêó ïðîñâåòëåíèÿ ìÿãêèõ òêàíåé ïî ìåòîäó
Äîóñîíà è îêðàøèâàíèå ñêåëåòà ñ ïîìîùüþ áèíàðíîãî êðàñèòåëÿ.

2. Èññëåäîâàòü ôåíîòèïè÷åñêèå îñîáåííîñòè ñòðîåíèÿ àóòîïî-
äèÿ ðÿäà ïîïóëÿöèé, ôîðìèðóþùåãîñÿ â óñëîâèÿõ àíòðîïîãåííîãî
âîçäåéñòâèÿ è, â ÷àñòíîñòè, êàê ýëåìåíò ñêåëåòà ñóùåñòâåííî çàâè-
ñèìîãî êàê îò âíåøíèõ, òàê è îò âíóòðåííèõ ôàêòîðîâ.

3. Ñðàâíèòü íàøè äàííûå ñ ëèòåðàòóðíûìè, ïîëó÷åííûìè â ëà-
áîðàòîðíûõ óñëîâèÿõ.

Ìàòåðèàë è ìåòîäû
Èññëåäîâàíèå âûïîëíåíî íà ñåãîëåòêàõ Salamandrella keyser-

lingii, íàñåëÿþùèõ ñëåäóþùèå ëåñîïàðêè: Øàðòàøñêèé, Êàëèíîâ-
ñêèé, Þãî-Çàïàäíûé. Îáúåì âûáîðêè ñîñòàâèë 82 îñîáè. Îáåñöâå-
÷èâàíèå ìÿãêèõ òêàíåé ïðîèçâîäèëîñü ïî ìåòîäó Äîóñîíà (1926)
è ñ ïîìîùüþ ïðèìåíåíèÿ áèíàðíîãî êðàñèòåëÿ. Ïðåïàðàòû ïðî-
ñìîòðåíû íà ìèêðîñêîïå Nikon Eclipse 80i, ôîòîãðàôèè ñäåëàíû
ïðè ïîìîùè ôîòîêàìåðû BenQ DC C640.

Ðåçóëüòàòû è îáñóæäåíèå
Äîëÿ îñîáåé ñî ñòàíäàðòíîé ìîðôîëîãèåé êîíå÷íîñòåé ñîñòà-

âèëà 20,7 %, ñîîòâåòñòâåííî äîëÿ îñîáåé ñ àíîìàëüíûì áàçèïîäè-
óìîì – 79,3 % (òàáëèöà). Òàêèì îáðàçîì, áûë ïîñòàâëåí âîïðîñ:
ñóùåñòâóåò ëè òàêîå ïîíÿòèå, êàê ñòàíäàðòíîå (íîðìàëüíîå) ñòðîå-
íèå áàçèïîäèóìà êîíå÷íîñòåé ó ñèáèðñêîãî óãëîçóáà?
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Êîâàëåíêî (2003) â ñâîåé ðàáîòå ïî ýôôåêòó íîðìû, îïðåäåëÿ-
åò ýòî ïîíÿòèå êàê íàèáîëåå ÷àñòî âñòðå÷àþùååñÿ ñòðîåíèå è êîì-
áèíàöèþ ýëåìåíòîâ ñêåëåòà. Îäíàêî â äàííîì ñëó÷àå ìû ñ÷èòàåì,
÷òî ïðèìåíÿòü òàêîå ïîíÿòèå íå ñîâñåì öåëåñîîáðàçíî, ñêîðåå âñå-
ãî, åãî ìîæíî ðàññìàòðèâàòü êàê îäèí èç âàðèàíòîâ ñòðîåíèÿ, êîòî-
ðîå â îíòîãåíåçå âîçíèêàåò ïåðâûì êàê îäíà èç ñòàäèé ðàçâèòèÿ
àêñèàëüíîé, ìåäèàëüíîé è ïîñòàêñèàëüíîé âåòâåé. Ó ñåãîëåòîê ðàñ-
ïîëîæåíèå, êîëè÷åñòâî äîáàâî÷íûõ ýëåìåíòîâ, ñëèÿíèå êîñòåé ÿâ-
ëÿþòñÿ ðåçóëüòàòîì ãàðìîíè÷åñêîãî ðàçâèòèÿ â õîäå ìîðôîãåíåçà.
Êîëè÷åñòâî âàðèàíòîâ ñòðîåíèÿ êîíå÷íîñòåé: 37. Íà ïåðåäíèõ ëà-
ïàõ 15 âàðèàíòîâ ñòðîåíèÿ, íà çàäíèõ – 23. Â ëàáîðàòîðíûõ óñëî-
âèÿõ 11 âàðèàíòîâ íà ïåðåäíèõ êîíå÷íîñòÿõ è 16 íà çàäíèõ.

Ïåðåäíÿÿ ïðàâàÿ

Ëåâàÿ ïåðåäíÿÿ

Ïðàâàÿ çàäíÿÿ

Ëåâàÿ çàäíÿÿ

Êîëè÷åñòâî àíîìàëèé â êîíå÷íîñòÿõ

Êîíå÷íîñòü Ñî÷åòàííûå
àíîìàëèè, %

×èñëî àíîìàëüíûõ
êîíå÷íîñòåé, %

Ñòàíäàðòíàÿ
ìîðôîëîãèÿ, %

7,3

65,8

63,4

67,0

42,6

34,1

36,5

32,9

9,7

8,5

12,1

6,0

Ïðè ñðàâíåíèè, â îáùåì, ïåðåäíèõ è çàäíèõ êîíå÷íîñòåé ïî ñòàí-
äàðòíîé ìîðôîëîãèè ïîëó÷åíû ñëåäóþùèå äàííûå: ïåðåäíèå íîãè –
42,6 %, çàäíèå – 46,3 %. Ó âçðîñëûõ óãëîçóáîâ íàáëþäàåòñÿ îáðàò-
íàÿ ñèòóàöèÿ: íà ïåðåäíèõ êîíå÷íîñòÿõ âñòðå÷àåìîñòü àíîìàëèé ãî-
ðàçäî âûøå, ÷åì íà çàäíèõ, âñëåäñòâèå ðåãåíåðàöèè ïîñëå êàêèõ-
ëèáî ìåõàíè÷åñêèõ ïîâðåæäåíèé. Íàëè÷èå àíîìàëüíîé ðåãåíåðà-
öèè, ñâÿçàííîé ñ òðàâìàìè â áðà÷íûé ïåðèîä ëèáî íàïàäåíèåì
õèùíèêîâ, çíà÷èòåëüíî èçìåíÿåò êàðòèíó âñòðå÷àåìîñòè àíîìàëèé,
ñëîæèâøóþñÿ â ïðîöåññå îíòîãåíåçà [Âåðøèíèí, 1990]. Â äàííîì
ñëó÷àå íàøè äàííûå ïîçâîëÿþò ñóäèòü î ðåàëüíîé ñèòóàöèè â ñòðîå-
íèè êîíå÷íîñòåé åùå íå â ïîëîâîçðåëûé ïåðèîä (ñì. ðèñóíîê).

Ïðè ñðàâíåíèè ïðàâûõ è ëåâûõ êîíå÷íîñòåé ìîæíî âûäâèíóòü
ïðåäïîëîæåíèå î íàèáîëåå ÷àñòî èñïîëüçóåìûõ â ëîêîìîöèè êî-
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íå÷íîñòåé, ëèáî î íàëè÷èè íàïðàâëåííîé àñèììåòðèè. Â äàííîì
ñëó÷àå â ïðàâîé ïåðåäíåé êîíå÷íîñòè âûÿâëåí íàèáîëüøèé ïðî-
öåíò àíîìàëèé (42,6 %) è äîñòàòî÷íî âûñîêèé ïðîöåíò ñî÷åòàí-
íûõ àíîìàëèé (9,7 %). Òàêæå íà ïðàâîé çàäíåé íîãå êîëè÷åñòâî

Â öåíòðå: ñòàíäàðòíàÿ ìîðôîëîãèÿ êîíå÷íîñòè.
Îáîçíà÷åíèÿ: R – os radius; T – os tibia; U – os ulna; F – os fibula; r – radiale; t –
tibiale; i – intermedium; u – ulnare; f – fibulare; c1 – centralia 1; ñ2 – centralia 2; ñ3 –
 ñentralia 3; bc – basale commune (d1 + d2); d3, d4 – distale carpale/distale tarsale
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àíîìàëèé – 36,5 %, ñî÷åòàííûõ àíîìàëèé 12,1 %. Ìîæíî âûäâè-
íóòü ïðåäïîëîæåíèå, ÷òî «ïðàâøè» ñðåäè óãëîçóáîâ âñòðå÷àþòñÿ
÷àùå, ÷åì «ëåâøè». Òàêæå âîçíèêàåò âîïðîñ: íàëè÷èå ñî÷åòàííûõ
àíîìàëèé – ñëó÷àéíîñòü èëè çàêîíîìåðíîñòü? Â íàøåì èññëåäîâà-
íèè êîìáèíàöèè ðàçëè÷íûõ ìàëüôîðìàöèé âñåãäà áûëè ðàçíûå.

Çàêëþ÷åíèå
1. Äîëÿ îñîáåé ñ îòêëîíåíèÿìè îò ìîðôîëîãèè êîíå÷íîñòåé,

ñ÷èòàâøåéñÿ ñòàíäàðòíîé, ñîñòàâèëà 79,2 %. Òàêèì îáðàçîì, ïðåä-
ñòàâëåíèå î íîðìå ñòðîåíèÿ êîíå÷íîñòåé ñèáèðñêîãî óãëîçóáà íóæ-
äàåòñÿ â óòî÷íåíèè.

2. Â âûáîðêàõ ñåãîëåòîê èç ïðèðîäíûõ ïîïóëÿöèé îòìå÷åíî
ãîðàçäî áîëüøåå ÷èñëî âàðèàíòîâ ñòðîåíèÿ, íåæåëè â ëàáîðàòîð-
íûõ. Äëÿ ïåðåäíèõ êîíå÷íîñòåé âûÿâëåíî 15 âàðèàíòîâ ñòðîåíèÿ
áàçèïîäèóìà, äëÿ çàäíèõ – 23. Êàðòèíà äåâèàíòíûõ ôîðì ñòðîåíèÿ
êîíå÷íîñòåé âçðîñëûõ îñîáåé îòëè÷àåòñÿ ïî ïðè÷èíå âîçðàñòíûõ
ðàçëè÷èé, à òàêæå íàëè÷èÿ àíîìàëüíîé ðåãåíåðàöèè.

3. Ïîëèìåðèçàöèÿ ýëåìåíòîâ âûðàæåíà ãîðàçäî ÷àùå, ÷åì ñëè-
ÿíèå èëè îòñóòñòâèå ýëåìåíòîâ, ÷òî ïîääåðæèâàåò ãèïîòåçó î òîì,
÷òî óãëîçóáû äîñòàòî÷íî áëèçêè ïî ñòðîåíèþ êîíå÷íîñòåé ê ñòåãî-
öåôàëàì è ñàðêîïòåðèãèåâûì ðûáàì.
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3 Mozyr State Pedagogical University Named After I. P. Shamyakin

In the paper it is reported about an interesting discovery –
a juvenile snake with two heads. The author discusses the problem
of this anomaly origin and compares with other researcher’s data on
different groups of animals. The question of such phenomena causes
in the nature is discussed.

Â ðàáîòå ñîîáùàåòñÿ îá èíòåðåñíîé íàõîäêå – ìîëîäîé
çìåå ñ äâóìÿ ãîëîâàìè. Àâòîð îáñóæäàåò ïðîáëåìó âîçíèêíî-
âåíèÿ òàêîé àíîìàëèè è ñðàâíèâàåò ñ äàííûìè äðóãèõ èññëå-
äîâàòåëåé íà ðàçíûõ ãðóïïàõ æèâîòíûõ. Îáñóæäàåòñÿ âîïðîñ
î ïðè÷èíàõ âîçíèêíîâåíèÿ òàêèõ ÿâëåíèé â ïðèðîäå.

Â êîíöå èþëÿ 2013 ã. â ýêñïåðèìåíòàëüíîì ñåðïåíòàðèè íà áàçå
ðåñïóáëèêàíñêîãî çàêàçíèêà «Âûãîíîùàíñêèé» Èâàöåâè÷ñêîãî ðàé-
îíà Áðåñòñêîé îáëàñòè (Áåëàðóñü) îäíà èç ñàìîê ãàäþêè îáûêíî-
âåííîé ïðèíåñëà ïîòîìñòâî, ñðåäè êîòîðîãî îêàçàëàñü ãàäþêà ñ äâó-
ìÿ ãîëîâàìè (ðèñóíîê). Ïðè íàáëþäåíèÿõ çà ïîâåäåíèåì îñîáè âû-
ÿñíèëîñü, ÷òî îäíà ãîëîâà áûëà äîìèíèðóþùåé. Ðîæäåíèå òàêîé
çìåè òðóäíîîáúÿñíèìî, ïîýòîìó çàèíòåðåñîâàëî ìåñòíûõ ãåðïåòî-
ëîãîâ. Ìû ðåøèëè ïðîâåñòè àíàëèç ïðîÿâëåíèÿ ýôôåêòà «ñèàì-
ñêèõ áëèçíåöîâ» ñðåäè æèâîòíûõ è, â ÷àñòíîñòè, çìåé.

Ïðîâåäåì êðàòêèé àíàëèç ïðîáëåìû ýôôåêòà «ñèàìñêèõ áëèç-
íåöîâ» â æèâîòíîì ìèðå ñ ïîñëåäóþùèì àíàëèçîì êîíêðåòíîãî
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ñëó÷àÿ. Ïåðâîå óïîìèíàíèå î ñèàìñêèõ áëèçíåöàõ â Åâðîïå îòíî-
ñèòñÿ ê Àðìåíèè 945 ã., õîòÿ íûíåøíåå íàçâàíèå ýòîãî ôåíîìåíà
ïîÿâèëîñü òîëüêî â 1911 ã. áëàãîäàðÿ çíàìåíèòûì áðàòüÿì Áàíêå-
ðàì – ×àíãó è Ýíãó (ýòè èìåíà â ïåðåâîäå ñ òàéñêîãî ÿçûêà îçíà÷à-
þò «ïðàâûé» è «ëåâûé»). Ðîäèëèñü îíè 11 ìàÿ 1811 ã. â Ñèàìå
(íûíå Òàèëàíä). Òåëà èõ áûëè ñîåäèíåíû â îáëàñòè ãðóäèíû êî-
ðîòêîé òðóá÷àòîé õðÿùåâîé ñâÿçêîé, íî ñïàéêà îêàçàëàñü ãèáêîé,
òàê ÷òî ïîñòåïåííî îíè íàó÷èëèñü ñèäåòü, à ê 12 ãîäàì è õîäèòü.
Êîãäà áëèçíåöû ñòàëè âçðîñëûìè, äëèíà ýòîé ñâÿçêè äîñòèãëà 10 ñì,
à øèðèíà – ïðèìåðíî 20 ñì.

«Ñèàìñêèå áëèçíåöû» – î÷åíü ðåäêàÿ àíîìàëèÿ, âñòðå÷àþùà-
ÿñÿ íå òîëüêî ñðåäè ëþäåé, íî è ó äðóãèõ ãðóïï ïîçâîíî÷íûõ. Íà-
êîïëåíî äîñòàòî÷íî áîëüøîå êîëè÷åñòâî èíôîðìàöèè î âñòðå÷àå-
ìîñòè ñèàìñêèõ áëèçíåöîâ êàê ñðåäè ìëåêîïèòàþùèõ (ãðûçóíû;
êîøà÷üè: äèêèå è äîìàøíèå; ñîáà÷üè – ÷àùå äîìàøíèå; êîïûòíûå
è äð.), òàê è ñðåäè ïòèö, ïðåñìûêàþùèõñÿ (÷åðåïàõè, çìåè è äðó-
ãèå ÷åøóé÷àòûå) è ðûá [Áàëàáàíîâ, 2012; Ëåðóà, 2011].

Íàèáîëåå ïîëíî ýôôåêò «ñèàìñêèõ áëèçíåöîâ» èçó÷åí ó ÷åëî-
âåêà è â íàøåì ìàòåðèàëå ìû áóäåì ïîëüçîâàòüñÿ êëàññèôèêàöèåé

Äâóõãîëîâàÿ ãàäþêà â ìîìåíò ïåðâîé ëèíüêè
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âèäîâ áëèçíåöîâ è òåðìèíîëîãèåé, ðàçðàáîòàííîé íà ïðèìåðå ÷å-
ëîâåêà, êîòîðàÿ ïðèâåäåíà íèæå.

Âûäåëÿþò íåñêîëüêî âàðèàíòîâ ñðàñòàíèÿ áëèçíåöîâ [Âèêè-
ïåíäèÿ]:

1. Òîðàêîïàãè (thoracopagus) – ñðàñòàíèå òåë â îáëàñòè ãðóä-
íîé êëåòêè. Â ñëó÷àå îáùåãî ñåðäöà ïåðñïåêòèâû íà äîëãóþ æèçíü
êàê â ñëó÷àå õèðóðãè÷åñêîãî ðàçäåëåíèÿ, òàê è áåç íåãî î÷åíü íåâå-
ëèêè. Òàêîé òèï ñðàñòàíèÿ íàáëþäàåòñÿ â 35–40 %.

2. Îìôàëîïàãè (omphalopagus) – ñðàñòàíèå â íèæíåé ÷àñòè ãðóä-
íîé êëåòêè. Ñåðäöå íå çàòðîíóòî, íî áëèçíåöû ÷àñòî èìåþò îáùóþ
ïå÷åíü, ïèùåâàðèòåëüíûé òðàêò, äèàôðàãìó è äðóãèå îðãàíû. Òà-
êîé òèï ñðàñòàíèÿ ó 34 % ñèàìñêèõ áëèçíåöîâ.

3. Êñèôîïàãè (xiphopagous) – ñðàñòàíèå õðÿùåé ãðóäíîé êëåòêè.
4. Èëèîïàãè (iliopagus) – ñðàñòàíèå â ïîäâçäîøíûõ îáëàñòÿõ,

ñïèíîé ê ñïèíå, âêëþ÷àÿ ÿãîäèöû. Òàêîé òèï ñðàñòàíèÿ ó 19 % ñè-
àìñêèõ áëèçíåöîâ.

5. Öåôàëîïàãè (cephalopagus) èìåþò ñðîñøèåñÿ ãîëîâû, òóëî-
âèùà æå ðàçäåëåíû. Â öåëîì òàêèå áëèçíåöû íå ñïîñîáíû âûæèòü,
èìåÿ íåêîòîðûå ïîâðåæäåíèÿ ìîçãà.

6. Öåôàëîòîðàêîïàãè (cephalothoracopagus) – ñðàñòàíèå ãîëîâà-
ìè è òóëîâèùàìè. Òàêèå áëèçíåöû íå ñïîñîáíû âûæèòü çà ðåäêè-
ìè èñêëþ÷åíèÿìè. Èíîãäà èñïîëüçóþòñÿ òåðìèíû ýôîëîòîðàêîïà-
ãè (epholothoracopagus) èëè êðàíèîòîðàêîïàãè (craniothoracopagus).

7. Êðàíèîïàãè (craniopagus) – ñðîñøèåñÿ ÷åðåïàìè, íî èìåþ-
ùèå ðàçäåëüíûå òóëîâèùà (2 % ñëó÷àåâ).

8. Ïàðàçèòàðíûå êðàíèîïàãè – äâå ñðîñøèåñÿ ãîëîâû ñ îäíèì
òóëîâèùåì.

9. Äèöåôàëû (dicephalus) – äâå ãîëîâû, îäíî òóëîâèùå è äâå,
òðè èëè ÷åòûðå ðóêè (äèöåôàë äèáðàõèóñ, òðèáðàõèóñ è òåòðàáðà-
õèóñ ñîîòâåòñòâåííî).

10. Èøèîïàãè (ischiopagus) – ïåðåäíåå ñîåäèíåíèå íèæíèõ ÷àñ-
òåé òåëà è ñî ñðîñøèìèñÿ ïîçâîíî÷íèêàìè, ðàçâåðíóòûìè íà 180 °
äðóã ê äðóãó. Òàêîé òèï ñðàñòàíèÿ ó 6 % ñèàìñêèõ áëèçíåöîâ. Êàê
âàðèàíò – ïîçâîíî÷íèêè íå ñîåäèíåíû, îäíàêî îáà òàçà ôîðìèðó-
þò îäíî áîëüøîå êîëüöî, âêëþ÷àþùåå äâà êðåñòöà è äâà ëîáêîâûõ
ñèìôèçà.
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11. Èøèî-îìôàëîïàãè (ischio-omphalopagus) – íàèáîëåå õîðî-
øî èçâåñòíûé òèï ñðàñòàíèÿ. Áëèçíåöû ñîåäèíåíû ïîçâîíî÷íèêà-
ìè, ñðîñøèìèñÿ â ôîðìå áóêâû Y. Îáû÷íî áëèçíåöû èìåþò ÷åòû-
ðå ðóêè è äâå èëè òðè íîãè. Òàêîé âàðèàíò ñðàñòàíèÿ íå ìîæåò áûòü
ðàçäåëåí, ïîñêîëüêó ó áëèçíåöîâ ÷àùå âñåãî îáùàÿ ðåïðîäóêòèâ-
íàÿ è âûäåëèòåëüíàÿ ñèñòåìû.

12. Ïàðàïàãè (parapagus) – ñðàñòàíèå áîêàìè, èíîãäà ñåðäöå òàê-
æå çàòðîíóòî. Òàêîé òèï ñðàñòàíèÿ ó 5 % ñèàìñêèõ áëèçíåöîâ.

13. Äèïðîçîï (diprozopus) – îäíà ãîëîâà ñ äâóìÿ ëèöàìè, ðàñïî-
ëîæåííûìè áîê î áîê.

14. Ïèãîïàãè (piropagus) – ñðîñøèåñÿ â îáëàñòè êðåñòöà.
15. Òðèöåôàëû (tricephalus) – ðåä÷àéøèé ñëó÷àé ñðîñøèõñÿ áëèç-

íåöîâ, ïðè êîòîðîì ïðîèñõîäèò íå äâîéíîå, à òðîéíîå ñðàùåíèå.
Îáû÷íî òðè áëèçíåöà èìåþò îäèí òîðñ è òðè ãîëîâû.

Èíîãäà îäèí èç áëèçíåöîâ ïðåêðàùàåò ïðàâèëüíî ðàçâèâàòüñÿ,
ïàðàçèòèðóÿ íà íîðìàëüíî ðàçâèâàþùåìñÿ âòîðîì îðãàíèçìå.

Çàêëþ÷åíèå
Ðåçþìèðóÿ âûøåèçëîæåííîå, ìîæíî ñäåëàòü ñëåäóþùèå âû-

âîäû:
1. Ýôôåêò «ñèàìñêèõ áëèçíåöîâ» ïðîÿâëÿåòñÿ â ðàçëè÷íûõ

êëàññàõ ïîçâîíî÷íûõ æèâîòíûõ. Ïîêà ìû íå ðàñïîëàãàåì èíôîð-
ìàöèåé ëèøü î çåìíîâîäíûõ.

2. Ïðè÷èíû ïîÿâëåíèÿ òàêèõ áëèçíåöîâ äî ñèõ ïîð òî÷íî íå
óñòàíîâëåíû, êàê è â íàøåì ñëó÷àå. Èìåþùèåñÿ ôàêòû íå ïîçâî-
ëÿþò äàòü îäíîçíà÷íûé îòâåò.

3. Çàôèêñèðîâàííûé íàìè ôàêò ðîæäåíèÿ è ïîñëåäóþùåé æèç-
íè äâóõãîëîâîé ãàäþêè êëàññèôèöèðóåòñÿ êàê î÷åíü ðåäêîå, íî
íå óíèêàëüíîå ÿâëåíèå â ïðèðîäå, òàê êàê èìåííî ïîäîáíûå âàðè-
àíòû ñðàñòàíèÿ çàôèêñèðîâàíû è ó äðóãèõ çìåé. Â êîíêðåòíîì ñëó-
÷àå ñòàëêèâàåìñÿ ñ ïðîÿâëåíèåì äèöåôàëîâ.
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ON THE STUDY OF MORPHOLOGICAL ANOMALIES
IN ANURAN AMPHIBIANS ON THE TERRITORY

OF THE KALUGA REGION

V. A. Korzikov1, S. K. Alekseev2

1 Kaluga Tsiolkovsky State University
2 Kaluga Society of a Nature Research

The paper gives data on the occurrence of morphological
anomalies in four types of anuran amphibians on the territory
of the Kaluga region. The following anomalies are detected:
Polymelia, Pigment lacking, Oligodactyly, Macrophthalmia, Cur-
ved Jaw.

Ïðèâîäÿòñÿ äàííûå î âñòðå÷àåìîñòè ìîðôîëîãè÷åñêèõ
àíîìàëèé ÷åòûðåõ âèäîâ áåñõâîñòûõ àìôèáèé äëÿ òåððèòîðèè
Êàëóæñêîé îáëàñòè. Îáíàðóæåííûå àíîìàëèè: ïîëèìåëèÿ,
àëüáèíèçì, îëèãîäàêòèëèÿ, ìàêðîôòàëìèÿ, êðèâàÿ ÷åëþñòü.

Â ïîñëåäíèå ãîäû èíòåðåñ ê èçó÷åíèþ àíîìàëèé ó àìôèáèé
âîçðàñòàåò. Ïîÿâèëîñü áîëüøîå êîëè÷åñòâî èññëåäîâàíèé, â êîòî-
ðûõ ðàññìàòðèâàþò àñïåêòû âñòðå÷àåìîñòè àíîìàëèé ðàçíûõ êà-
òåãîðèé [Íåêðàñîâà, 2008; Ìèêèòèíåö, 2008].
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Öåëü äàííîé ðàáîòû – îáîáùèòü äàííûå ïî àíîìàëèÿì áåñõâîñ-
òûõ àìôèáèé Êàëóæñêîé îáëàñòè.

Ìàòåðèàë è ìåòîäû
Ó÷åòû çåìíîâîäíûõ ïðîâîäèëèñü â 2008–2011 ãã. â Êàëóãå, íà-

öèîíàëüíîì ïàðêå «Óãðà» è íà Ñåâåðíîì ó÷àñòêå çàïîâåäíèêà «Êà-
ëóæñêèå çàñåêè» ñ ïðèëåãàþùèìè òåððèòîðèÿìè. Ó÷åòû ïðîâîäè-
ëèñü ëîâ÷èìè êàíàâêàìè è òðàíñåêòàìè âäîëü áåðåãà. Íàçâàíèå
àíîìàëèé äàíî ïî êëàññèôèêàöèè, ïðåäëîæåííîé Î. Ä. Íåêðàñî-
âîé (2008), çà èñêëþ÷åíèåì ìàêðîôòàëìèè.

Ðåçóëüòàòû è îáñóæäåíèå
Ïîëèìåëèÿ (Polymelia) îòìå÷åíà â àâãóñòå 2008 ã. â Êàëóãå,

ìèêðîðàéîí Òóðûíèíñêèå Äâîðèêè, â ïðóäó ó ñåãîëåòêè îçåðíîé
ëÿãóøêè – Pelophylax ridibundus (Pallas, 1771). Âûðàæåíà ðàçâèòè-
åì äîïîëíèòåëüíîé çàäíåé íîãè (ðèñ.1). Ïî Âîëæñêîìó áàññåéíó
èçâåñòíû åäèíè÷íûå íàõîäêè [Ôàéçóëèí, 2011; Çàìàëåòäèíîâ, 2003;
Borkin, Pikulik, 1986].

Ðèñ. 1. Ñåãîëåòîê îçåðíîé ëÿãóøêè ñ ïîëèìåëèåé

Àëüáèíèçì (Pigment lacking, translucent) îòìå÷åí â èþëå 2008 ã.
íà ñåâåðíîì ó÷àñòêå çàïîâåäíèêà «Êàëóæñêèå çàñåêè», â ïðóäó ñîñ-
íÿêà-çåëåíîìîøíèêà ó ñåãîëåòêà ïðóäîâîé ëÿãóøêè – Pelophylax
lessonae (Camerano, 1882)) â âèäå ÷àñòè÷íîãî àëüáèíèçìà. Âûðà-
æåí ñâåòëî-æåëòîé îêðàñêîé áîëüøåé ÷àñòè ãîëîâû îäíîé îñîáè
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(ðèñ. 2), ÷òî ñîñòàâèëî 0,48 % îò âñåõ ó÷òåííûõ ïðóäîâûõ ëÿãó-
øåê. Íàõîäêè àëüáèíîñîâ ñðåäè çåëåíûõ ëÿãóøåê êðàéíå ðåäêè.
Òàê, äàííûìè Ã. À. Ëàäû è äðóãèõ (2008) ñðåäè 192 îñîáåé ïðóäî-
âîé ëÿãóøêè áûëî îòìå÷åíî ëèøü 4 ýêç. àëüáèíîñà çà äâà ãîäà íà-
áëþäåíèé.

Ðèñ. 2. Ñåãîëåòîê-àëüáèíîñ ïðóäîâîé ëÿãóøêè

Îëèãîäàêòèëèÿ (Oligodactyly) îòìå÷åíà â ñåíòÿáðå 2009 ã. íà cå-
âåðíîì ó÷àñòêå çàïîâåäíèêà «Êàëóæñêèå çàñåêè» â ñîñíÿêe-çåëå-
íîìîøíèêå ó ïîëîâîçðåëîé òðàâÿíîé ëÿãóøêè (Rana temporaria
Linnaeus, 1758) ðàçìåðîì 66 ìì. Àíîìàëèÿ âûðàæåíà îòñóòñòâèåì
ïåðâîãî ïàëüöà çàäíåé ïðàâîé íîãè ó îäíîé ëÿãóøêè, ÷òî ñîñòàâè-
ëî 0,03 % âûáîðêè ýòîãî âèäà â ÃÏÇ «Êàëóæñêèå çàñåêè» çà 2009,
2011 ãã.

Ìàêðîôòàëìèÿ (Macrophthalmia) îáíàðóæåíà ó ñåðîé æàáû –
Bufo bufo (Linnaeus, 1758) â ñåíòÿáðå 2011 ã. íà cåâåðíîì ó÷àñòêå
çàïîâåäíèêà «Êàëóæñêèå çàñåêè» â øèðîêîëèñòâåííîì ëåñó (n = 1,
0,05 %). Âûðàæåíà ãèïåðòðîôèðîâàííûì ïðàâûì ãëàçîì (ðèñ. 3).

Êðèâàÿ ÷åëþñòü (Curved jaw) îáíàðóæåíà ó ðÿäà ýêçåìïëÿðîâ
ñåðîé æàáû – Bufo bufo (Linnaeus, 1758) â ñåíòÿáðå-íîÿáðå 2009,
2011 ãã. íà cåâåðíîì ó÷àñòêå çàïîâåäíèêà «Êàëóæñêèå çàñåêè» â øè-
ðîêîëèñòâåííîì ëåñó. Âûðàæåíà èñêðèâëåíèåì è óïëîùåíèåì âåðõ-
íåé ÷åëþñòè (ðèñ. 4). Â 2010 ã. èõ ÷èñëî ñîñòàâèëî 5 ýêç., â 2011 –
1 ýêç., ÷òî ñîñòàâèëî 0,44 % è 0,12 % ñîîòâåòñòâåííî îò âûáîðêè
ýòîãî âèäà â ÃÏÇ «Êàëóæñêèå çàñåêè» çà 2009, 2011 ãã. Ñëåäóåò îò-
ìåòèòü, ÷òî èç äåâÿòè èññëåäîâàííûõ áèîòîïîâ íà òåððèòîðèè ÃÏÇ
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«Êàëóæñêèå çàñåêè» äàííàÿ àíîìàëèÿ îòìå÷àëàñü òîëüêî â îäíîì –
øèðîêîëèñòâåííîì – ëåñó.

Îáùåå ÷èñëî îáíàðóæåííûõ àíîìàëèé – ïÿòü, ÷åòûðå èç êîòî-
ðûõ íîñÿò åäèíè÷íûé õàðàêòåð. Êëàññèôèêàöèÿ Î. Íåêðàñîâîé (2003)
ìîæåò áûòü äîïîëíåíà îäíîé èç îáíàðóæåííûõ àâòîðàìè àíîìà-
ëèé – ìàêðîôòàëìèåé.
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Amount of animals with anomalies in wild populations of tailed
amphibians, as a rule, are higher as compare with anurans. This
phenomenon could be named as «the paradoxes of high amount
of morphological abnormalities in tailed amphibians». The aim
of the present paper was to study the paradoxes on the example
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of two newt species inhabiting north-western Russia. The amount
of malformed animals in Lissotriton vulgaris (2,6 %) was two time
higher as compared with Triturus cristatus (1,3 %). The number
of adults with anomalies (7,5 and 9,0  % in T. cristatus and  L. vul-
garis, respectively) was much higher when in larvae (0 and 0,6 %).
All mentioned malformations were on limbs only. Perhaps, an amount
of anomalies in newts increased during life as a result of abnormal
regeneration. The proposal is supported by strong correlation
between number of animals with anomalies and amount of newts
with injuries.

Âñòðå÷àåìîñòü æèâîòíûõ ñ àíîìàëèÿìè â ïðèðîäíûõ
ïîïóëÿöèÿõ õâîñòàòûõ çåìíîâîäíûõ, êàê ïðàâèëî, âûøå, â ñðàâ-
íåíèè ñ áåñõâîñòûìè. Ýòî ÿâëåíèå ìîæíî íàçâàòü «ïàðàäîê-
ñîì áîëüøîãî êîëè÷åñòâà ìîðôîëîãè÷åñêèõ àíîìàëèé ó õâîñ-
òàòûõ àìôèáèé». Öåëüþ íàñòîÿùåé ðàáîòû áûëî èçó÷åíèå
ýòîãî ïàðàäîêñà íà ïðèìåðå äâóõ âèäîâ òðèòîíîâ, íàñåëÿþ-
ùèõ ñåâåðî-çàïàä Ðîññèè. Âñòðå÷àåìîñòü àíîìàëüíûõ îñîáåé
ó Lissotriton vulgaris (2,6 %) áûëà â äâà ðàçà âûøå, ïî ñðàâíå-
íèþ ñ Triturus cristatus (1,3 %). Äîëÿ âçðîñëûõ ñ àíîìàëèÿìè
(7,5 è 9,0 % â T. cristatus è L. vulgaris ñîîòâåòñòâåííî) áûëà
çíà÷èòåëüíî âûøå, ÷åì ó ëè÷èíîê (0 è 0,6 %). Âñå óïîìÿíóòûå
àíîìàëèè îòìå÷åíû òîëüêî íà êîíå÷íîñòÿõ. Âîçìîæíî, ÷àñ-
òîòà àíîìàëèé ó òðèòîíîâ óâåëè÷èâàåòñÿ â òå÷åíèå æèçíè
â ðåçóëüòàòå àíîìàëüíîé ðåãåíåðàöèè. Äàííîå ïðåäïîëîæå-
íèå ïîäòâåðæäàåòñÿ ñóùåñòâåííîé êîððåëÿöèåé ìåæäó ÷àñ-
òîòîé æèâîòíûõ ñ àíîìàëèÿìè è âñòðå÷àåìîñòüþ òðèòî-
íîâ ñ òðàâìàìè.

Êàê ïðàâèëî, â ïðèðîäíûõ ïîïóëÿöèÿõ êîëè÷åñòâî îñîáåé
ñ àíîìàëèÿìè êîíå÷íîñòåé ó õâîñòàòûõ àìôèáèé çíà÷èòåëüíî áîëü-
øå, ÷åì ó áåñõâîñòûõ àìôèáèé. Äàííîå ÿâëåíèå ìîæåò áûòü íàçâà-
íî «ïàðàäîêñîì ïîâûøåííîãî êîëè÷åñòâà àíîìàëèé ó õâîñòàòûõ
àìôèáèé». Öåëüþ ðàáîòû áûëî èçó÷åíèå äàííîãî ïàðàäîêñà íà ïðè-
ìåðå äâóõ âèäîâ òðèòîíîâ, íàñåëÿþùèõ ñåâåðî-çàïàä Ðîññèè. Îá-
ùåå êîëè÷åñòâî îñîáåé ñ àíîìàëèÿìè ó Lissotriton vulgaris áûëî
â 2 ðàçà âûøå (2,6 %), ÷åì ó Triturus cristatus (1,3 %). Âñòðå÷àå-
ìîñòü àíîìàëèé ó âçðîñëûõ îñîáåé îêàçàëàñü çíà÷èòåëüíî âûøå
(7,5 è 9,0 % T. cristatus è L. vulgaris ñîîòâåòñòâåííî), ÷åì ó ëè÷èíîê
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(0 è 0,6 %). Âñå îòìå÷åííûå àíîìàëèè áûëè òîëüêî íà êîíå÷íîñ-
òÿõ. Âåðîÿòíî, ó òðèòîíîâ âîññòàíîâëåíèå óòðà÷åííûõ êîíå÷íîñ-
òåé â òå÷åíèå âñåé æèçíè âåäåò ê óâåëè÷åíèþ êîëè÷åñòâà èõ îò-
êëîíåíèé çà ñ÷åò àíîìàëüíîé ðåãåíåðàöèè. Â ïîëüçó ýòîãî ïðåäïî-
ëîæåíèÿ ãîâîðèò ñèëüíàÿ êîððåëÿöèîííàÿ ñâÿçü ìåæäó ÷èñëîì
îñîáåé ñ àíîìàëèÿìè è êîëè÷åñòâîì îñîáåé ñ ïîâðåæäåíèÿìè êî-
íå÷íîñòåé.

Ñîâðåìåííûå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî êîëè÷åñòâî ìîð-
ôîëîãè÷åñêèõ àíîìàëèé (äåôåêòû â ñòðîåíèè ãîëîâû, îñåâîãî
ñêåëåòà, òàçà è êîíå÷íîñòåé, à òàêæå êîæíûå àíîìàëèè è îïóõîëè)
â ïîñëåäíèå ãîäû óâåëè÷èâàåòñÿ âî ìíîãèõ ïîïóëÿöèÿõ àìôèáèé
[Blaustein, Johnston, 2003], ÷àñòî ïðåâûøàÿ 5 %-é ïîðîã ôîíîâîé
âñòðå÷àåìîñòè àíîìàëèé. Êðîìå òîãî, îòìå÷åíî, ÷òî ó àìôèáèé,
ðåçêî ñîêðàùàþùèõ ñâîþ ÷èñëåííîñòü [Requero et al., 2010; Burg-
meier et al., 2011], âñòðå÷àåìîñòü ìîðôîëîãè÷åñêèõ àíîìàëèé óâå-
ëè÷èâàåòñÿ (áîëåå 50 %), êàê, íàïðèìåð, â ïðèðîäíûõ ïîïóëÿöèÿõ
Cryptobranchus alleganiensis (Daudin, 1803) èëè Ambystoma mexica-
num (Shaw & Nodder, 1798). Ïîýòîìó ñ÷èòàåòñÿ âàæíûì ïðîâîäèòü
ìîíèòîðèíã êîëè÷åñòâà àíîìàëèé êàê êðèòåðèÿ, îòðàæàþùåãî êà-
÷åñòâî îêðóæàþùåé ñðåäû è ñîñòîÿíèå çäîðîâüÿ ïîïóëÿöèè [Burg-
meier et al., 2011; Áîðêèí è äð., 2012].

Ñðàâíèòåëüíûé àíàëèç âñòðå÷àåìîñòè ìîðôîëîãè÷åñêèõ àíî-
ìàëèé â ðàçëè÷íûõ ãðóïïàõ àìôèáèé ïîêàçàë, ÷òî, êàê ïðàâèëî,
â ïðèðîäíûõ ïîïóëÿöèÿõ êîëè÷åñòâî îñîáåé ñ àíîìàëèÿìè ó õâîñòà-
òûõ àìôèáèé çíà÷èòåëüíî áîëüøå, ÷åì ó áåñõâîñòûõ (ðèñ. 1). Ýòî
ÿâëåíèå ìîæåò áûòü íàçâàíî «ïàðàäîêñîì ïîâûøåííîãî êîëè÷åñò-
âà àíîìàëèé ó õâîñòàòûõ àìôèáèé».

Ïîâûøåííàÿ âñòðå÷àåìîñòü àíîìàëèé ó õâîñòàòûõ àìôèáèé
áûëà âûÿâëåíà íå òîëüêî â ïðèðîäíûõ ïîïóëÿöèÿõ, íî è ó ëàáî-
ðàòîðíûõ æèâîòíûõ. Òàê, ïðè èçó÷åíèè ïîòîìñòâà Pleurodeles waltl
(Michahelles, 1830), ïîëó÷åííîãî ïðè âûðàùèâàíèè â íåâîëå [Dour-
non et al., 1998], áûëî âûÿâëåíî çíà÷èòåëüíîå êîëè÷åñòâî îñîáåé
ñ àíîìàëèÿìè (7,1 % ïðè 20 °Ñ).

Öåëüþ äàííîé ðàáîòû áûëî èçó÷åíèå ïàðàäîêñà ïîâûøåííîãî
êîëè÷åñòâà àíîìàëèé ó õâîñòàòûõ àìôèáèé íà ïðèìåðå äâóõ âèäîâ
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òðèòîíîâ – Triturus cristatus (Laurenti, 1768) è Lissotriton vulgaris
(Linnaeus, 1758), íàñåëÿþùèõ ñåâåðî-çàïàä Ðîññèè.

Â õîäå èññëåäîâàíèÿ áûëè èçó÷åíû 233 îñîáè ãðåáåí÷àòîãî òðè-
òîíà è 466 îñîáåé îáûêíîâåííîãî òðèòîíà, ñîáðàííûõ ï. Åëèçàâåòè-
íî Ãàò÷èíñêîãî ðàéîíà Ëåíèíãðàäñêîé îáëàñòè Ðîññèè (N 59°29,519′
E29°45,041′, 121 ì í. ó. ì.) â âîäîåìàõ íà ìåñòå çàáðîøåííîãî êàðüå-
ðà è åãî îêðåñòíîñòÿõ.

Ó T. cristatus îáùåå êîëè÷åñòâî îñîáåé ñ àíîìàëèÿìè ñîñòàâè-
ëî 1,3 % (òàáëèöà).

Àíîìàëèè êîæè, ÷åðåïà è îñåâîãî ñêåëåòà íå îòìå÷åíû. Ñðåäè
àíîìàëèé êîíå÷íîñòåé íàèáîëåå ÷àñòî (1,3 %) âñòðå÷àëàñü ïîëèôà-
ëàíãèÿ (ò. å. ðàçäâîåíèå ôàëàíã ïàëüöåâ). Àìåëèÿ (îòñóòñòâèå êîíå÷-

Ðèñ. 1. Ôîíîâàÿ âñòðå÷àåìîñòü îñîáåé ñ àíîìàëèÿìè â ïðèðîäíûõ
ïîïóëÿöèÿõ àìôèáèé [Fukui et al., 1996; Johnson et al., 2001, 2006;
Diego-Rasilla et al., 2007; Williams et al., 2008; Áîðêèí è äð., 2012]
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íîñòåé) è ýêòðîäàêòèëèÿ (îòñóòñòâèå ïàëüöåâ) âñòðå÷àëèñü íåñêîëü-
êî ðåæå (0,4 è 0,8 % ñîîòâåòñòâåííî). Äîëÿ îñîáåé, ó êîòîðûõ áûëè
íàéäåíû ïîâðåæäåíèÿ êîíå÷íîñòåé (îòñóòñòâóþùèå, óêîðî÷åííûå
èëè ðåãåíåðèðóþùèå ïàëüöû è ëàïû), ñîñòàâèëà 7,3 %. Ðÿäîì èñ-
ñëåäîâàòåëåé [íàïð.: Johnson et al., 2006; Burgmeier et al., 2011] òà-
êèå ïîâðåæäåíèÿ ðàíåå òàêæå áûëè îòíåñåíû ê àíîìàëèÿì.

Îáùåå êîëè÷åñòâî îñîáåé ñ àíîìàëèÿìè ó L. vulgaris áûëî
â äâà ðàçà âûøå, ÷åì ó ãðåáåí÷àòîãî òðèòîíà, è ñîñòàâëÿëî 2,6 %
(òàáëèöà). Ðàçíîîáðàçèå àíîìàëèé ó ýòîãî âèäà òàêæå îêàçàëîñü âû-
øå (îáùèé ñïåêòð àíîìàëèé: 8 ïðîòèâ 3). Êàê è ó ïåðâîãî âèäà,
àíîìàëèè êîæè, ÷åðåïà è îñåâîãî ñêåëåòà ó îáûêíîâåííîãî òðèòî-
íà íå áûëè îòìå÷åíû. Íàèáîëåå ÷àñòî (0,6 %) âñòðå÷àëèñü ýêòðî-
è êëèíîäàñòèëèÿ (èñêðèâëåíèå ïàëüöåâ), â òî âðåìÿ êàê àìåëèÿ,
ïîëèìåëèÿ (äèõîòîìèÿ êîíå÷íîñòåé), ïîëèôàëàíãèÿ, ïîëèäàêòè-
ëèÿ (äîïîëíèòåëüíûå ïàëüöû), ñèíäàêòèëèÿ (ñðîñøèåñÿ ïàëüöû)
è óòîëùåíèå ôàëàíã ïàëüöåâ âñòðå÷àëèñü ðåæå. Îáùåå êîëè÷åñòâî
îñîáåé ñ ïîâðåæäåíèÿìè êîíå÷íîñòåé ñîñòàâëÿëî 7,9 % è áûëî
ïðèìåðíî òàêèì æå, êàê ó ãðåáåí÷àòîãî òðèòîíà.

Àíîìàëèè ó T. cristatus íà ñåâåðî-çàïàäå Ðîññèè âñòðå÷àþòñÿ
íåñêîëüêî ðåæå, ÷åì ó ýòîãî âèäà èç äðóãèõ ðåãèîíîâ (5,1–9,5 %)
[ñì.: Ëèòâèí÷óê è Áîðêèí, 2009], òîãäà êàê ó L. vulgaris ñåâåðî-çà-
ïàäà Ðîññèè âñòðå÷àåìîñòü àíîìàëèé íå âûõîäèëà çà ïðåäåëû ôî-
íîâîé èçìåí÷èâîñòè, îòìå÷åííîé äëÿ ýòîãî âèäà â äðóãèõ ðåãèî-
íàõ (0,8–7,8 %) [Ëèòâèí÷óê è Áîðêèí, 2009; Áîðêèí è äð., 2012].
Ñîïîñòàâëåíèå ñïåêòðîâ àíîìàëèé ó T. cristatus è L. vulgaris ñ ñå-
âåðî-çàïàäà Ðîññèè ñ òàêîâûìè èç äðóãèõ ðåãèîíîâ íå âûÿâèëî
çíà÷èòåëüíûõ ðàçëè÷èé.

Ñîïîñòàâëåíèå âñòðå÷àåìîñòè àíîìàëèé, îòìå÷åííûõ ó ëè÷è-
íîê è âçðîñëûõ îñîáåé T. cristatus ñ ñåâåðî-çàïàäà Ðîññèè (òàáëè-
öà), ïîêàçàëî ðåçêèå ðàçëè÷èÿ ìåæäó íèìè. Òàê, ó ëè÷èíîê ýòîãî
âèäà àíîìàëèè âîîáùå íå áûëè îòìå÷åíû, òîãäà êàê ó âçðîñëûõ
òðèòîíîâ îíè áûëè íåðåäêè (7,5 %). Òàêàÿ æå êàðòèíà íàáëþäà-
ëàñü è ó L. vulgaris (0,6 è 9,0 % ñîîòâåòñòâåííî).

Êàê è â ñëó÷àå ñ àíîìàëèÿìè, âñòðå÷àåìîñòü îñîáåé ñ ïîâðåæäå-
íèÿìè êîíå÷íîñòåé ó îáîèõ âèäîâ áûëà çíà÷èòåëüíî âûøå ó âçðîñ-
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ëûõ æèâîòíûõ (15,0 % ó T. cristatus è 13,5 % ó L. vulgaris), ÷åì ó ëè-
÷èíîê (5,7 % ó T. cristatus è 7,1 % ó L. vulgaris).

×åì ìîæíî îáúÿñíèòü ðåçêèå ðàçëè÷èÿ âî âñòðå÷àåìîñòè àíî-
ìàëèé ó âçðîñëûõ îñîáåé è ëè÷èíîê? Êàê ïðàâèëî, ðàññìàòðèâà-
þòñÿ ñëåäóþùèå ôàêòîðû, âëèÿþùèå íà óâåëè÷åíèå êîëè÷åñòâà
àíîìàëèé ó àìôèáèé: óëüòðàôèîëåòîâîå è ðàäèàöèîííîå îáëó÷å-
íèå, èçìåíåíèå ìàãíèòíîãî ïîëÿ, ïîâûøåííûå òåìïåðàòóðû, õèìè-
÷åñêîå çàãðÿçíåíèå, çàðàæåíèå òðåìàòîäàìè è âèðóñàìè, èíáðèäèíã,
ãèáðèäèçàöèÿ, íàëè÷èå ðûá è ôèçè÷åñêèõ ïîâðåæäåíèé ñ ïîñëå-
äóþùåé íåïðàâèëüíîé ðåãåíåðàöèåé êîíå÷íîñòåé [Arntzen, Wallis,
1991; Asashima et al., 1991; Vershinin, 1995; Dournon et al., 1998;
Williams et al., 2008]. Â ñëó÷àå ñ òðèòîíàìè èç ï. Åëèçàâåòèíî, âå-
ðîÿòíåå âñåãî, èìåííî ïîñëåäíèé ôàêòîð ïîâëèÿë íà ðàçëè÷èÿ
ìåæäó âçðîñëûìè îñîáÿìè è ëè÷èíêàìè. Â ïîëüçó äàííîãî ïðåä-
ïîëîæåíèÿ ìîæåò ãîâîðèòü ñèëüíàÿ ñâÿçü (r = 0,83) ìåæäó âñòðå÷àå-
ìîñòüþ îñîáåé ñ àíîìàëèÿìè è êîëè÷åñòâîì îñîáåé ñ ïîâðåæäå-
íèÿìè êîíå÷íîñòåé â ïðèðîäíûõ ïîïóëÿöèÿõ òðåõ âèäîâ òðèòîíîâ,
íàñåëÿþùèõ Âîñòî÷íóþ Åâðîïó (ðèñ. 2).

Ðèñ. 2. Âçàèìîñâÿçü ìåæäó âñòðå÷àåìîñòüþ îñîáåé ñ àíîìàëèÿìè
è êîëè÷åñòâîì îñîáåé ñ ïîâðåæäåíèÿìè êîíå÷íîñòåé

â ïðèðîäíûõ ïîïóëÿöèÿõ õâîñòàòûõ àìôèáèé èç Âîñòî÷íîé Åâðîïû
[Ëèòâèí÷óê è Áîðêèí, 2009; ñîáñòâåííûå äàííûå]
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Òàêèì îáðàçîì, ñóùåñòâîâàíèå ïàðàäîêñà ïîâûøåííîãî êîëè-
÷åñòâà àíîìàëèé îïðåäåëÿåòñÿ îñîáåííîñòÿìè ïîâåäåíèÿ (ïîâû-
øåííàÿ àãðåññèâíîñòü) è âûñîêîé ðåãåíåðàöèîííîé ñïîñîáíîñòüþ
õâîñòàòûõ àìôèáèé. Îíè ìîãóò ìíîãîêðàòíî âîññòàíàâëèâàòü ñâîè
óòðà÷åííûå êîíå÷íîñòè, íàðàùèâàÿ êîëè÷åñòâî èõ àíîìàëèé â òå-
÷åíèå æèçíè çà ñ÷åò íåïðàâèëüíîé ðåãåíåðàöèè. Áåñõâîñòûå àì-
ôèáèè, êàê ïðàâèëî, íå ñïîñîáíû íàíîñèòü äðóã äðóãó ñåðüåçíûå
ïîâðåæäåíèÿ êîíå÷íîñòåé è èìåþò êðàéíå íèçêóþ ðåãåíåðàöèîí-
íóþ ñïîñîáíîñòü. Âàæíî òàêæå îòìåòèòü, ÷òî ïîâûøåííîå ÷èñëî
àíîìàëèé ó õâîñòàòûõ àìôèáèé íåðåäêî ðåãèñòðèðóåòñÿ çà ñ÷åò
íåïðàâèëüíîãî ïîäñ÷åòà, òàê êàê â ÷èñëî àíîìàëèé âêëþ÷àþòñÿ è
ìåõàíè÷åñêèå ïîâðåæäåíèÿ êîíå÷íîñòåé, êîòîðûõ, êàê ïðàâèëî, çíà-
÷èòåëüíî áîëüøå ó õâîñòàòûõ àìôèáèé, ÷åì ó áåñõâîñòûõ.

Îöåíèâàÿ âëèÿíèå ôàêòîðîâ âíåøíåé ñðåäû íà ïîÿâëåíèå ðàç-
ëè÷íûõ àíîìàëèé ó õâîñòàòûõ àìôèáèé, êðîìå, íàïðèìåð, ìóòàãåí-
íûõ è òåðàòîãåííûõ ôàêòîðîâ, äîïîëíèòåëüíî äîëæíû ó÷èòûâàòü-
ñÿ è òàêèå ôàêòîðû, êàê ïðåññ õèùíèêîâ, ïëîòíîñòü ïîïóëÿöèè,
ñòåïåíü àãðåññèâíîñòè îñîáåé ñâîåãî âèäà è íàëè÷èå ñèíòîïè÷åñ-
êèõ âèäîâ õâîñòàòûõ àìôèáèé.

ß èñêðåííå ïðèçíàòåëåí ôîíäó ÐÔÔÈ (¹ 12-04-01277) çà ÷àñ-
òè÷íóþ ïîääåðæêó èññëåäîâàíèÿ è Ë. ß. Áîðêèíó çà ñòèìóëèðóþ-
ùèå áåñåäû è îáñóæäåíèå ïàðàäîêñà ïîâûøåííîãî êîëè÷åñòâà àíî-
ìàëèé ó õâîñòàòûõ àìôèáèé, à òàêæå Þ. Ñ. Ëèòâèí÷óê çà ïîìîùü
â ïîëåâûõ èññëåäîâàíèÿõ è îáðàáîòêå ìàòåðèàëà.
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ÃÅÎÃÐÀÔÈß ÂÑÒÐÅ×ÀÅÌÎÑÒÈ
ÌÎÐÔÎËÎÃÈ×ÅÑÊÈÕ ÀÍÎÌÀËÈÉ

Â ÏÎÏÓËßÖÈßÕ ÁÅÑÕÂÎÑÒÛÕ ÀÌÔÈÁÈÉ
ÑÒÅÏÍÎÉ ÇÎÍÛ ÓÊÐÀÈÍÛ

Ã. È. Ìèêèòèíåö
Ïðèàçîâñêèé íàöèîíàëüíûé ïðèðîäíûé ïàðê (Ìåëèòîïîëü)

GEOGRAPHY OCCURRENCE OF IN POPULATIONS
MORPHOLOGICAL ABNORMALITIES ANURA

OF STEPPE ZONE UKRAINE

G. I. Mikitinez
Priazovsky National Park (Melitopol)

This paper examined some patterns of geographic distribution
of external morphological abnormalities in populations of anurans
in different regions of the steppe zone of Ukraine. External mor-
phological abnormalities were examined in 10 anurans (140 samples,
3910 specimens). Among them, abnormalities were found in 3,6 %
individuals. The highest percentage of abnormal animals found
in the southern region. Keywords: Anura, morphological anomalies,
southern Ukraine.

Â ñòàòüå ðàññìîòðåíû íåêîòîðûå çàêîíîìåðíîñòè ãåî-
ãðàôè÷åñêîãî ðàñïðåäåëåíèÿ âíåøíèõ ìîðôîëîãè÷åñêèõ àíîìà-
ëèé â ïîïóëÿöèÿõ áåñõâîñòûõ àìôèáèé â ðàçëè÷íûõ ðåãèîíàõ
ñòåïíîé çîíû Óêðàèíû. Âíåøíèå ìîðôîëîãè÷åñêèå àíîìàëèè
áûëè ðàññìîòðåíû ó 10 âèäîâ áåñõâîñòûõ (140 âûáîðîê,
3910 ýêç.) Èç íèõ àíîìàëèè áûëè îáíàðóæåíû ó 3,6 % èíäèâè-
äóóìîâ. Ñàìûé âûñîêèé ïðîöåíò àíîìàëüíûõ æèâîòíûõ íàé-
äåí â þæíîì ðåãèîíå.

Õàðàêòåð ïðîÿâëåíèÿ è ÷àñòîòà âñòðå÷àåìîñòè ìîðôîëîãè÷åñ-
êèõ àíîìàëèé ó çåìíîâîäíûõ äîñòàòî÷íî èíòåíñèâíî èçó÷àåòñÿ êàê
íà òåððèòîðèè Óêðàèíû, òàê è íà äðóãèõ ó÷àñòêàõ àðåàëà [Âåðøè-
íèí, 1999; Êóðòÿê, 2005; Íåêðàñîâà è äð., 2007; Flyaks, Borkin, 2004;
Ôàéçóëèí, 2011; Áîðêèí è äð., 2012]. ×àñòî ïðè÷èíîé ýòîãî ÿâëÿåò-
ñÿ òîò ôàêò, ÷òî óðîâåíü òðàíñôîðìàöèè è çàãðÿçíåííîñòè ýêîñèñ-
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òåì ìîæíî îöåíèòü ïî ðîñòó ìîðôîëîãè÷åñêèõ àíîìàëèé [Âåðøè-
íèí, 1999; Flyaks, Borkin, 2004]. Þã Óêðàèíû êàê ïîòåíöèàëüíàÿ
òåððèòîðèÿ ïîâûøåííîãî àíòðîïîãåííîãî ðèñêà îñòàåòñÿ âíå âíè-
ìàíèÿ èññëåäîâàòåëåé. Îñíîâíûå òèïû âñòðå÷àþùèõñÿ àíîìàëèé
ó ðàçíûõ âèäîâ àìôèáèé ýòîãî ðåãèîíà ðàññìîòðåíû íàìè ðàíåå
[Ìèêèòèíåö, 2012].

Öåëüþ äàííîé ðàáîòû ÿâèëñÿ àíàëèç çàêîíîìåðíîñòè ãåîãðà-
ôè÷åñêîãî ðàñïðåäåëåíèÿ âíåøíèõ ìîðôîëîãè÷åñêèõ àíîìàëèé
â ïîïóëÿöèÿõ áåñõâîñòûõ àìôèáèé â ðàçíûõ ðåãèîíàõ ñòåïíîé çîíû
Óêðàèíû.

Ðàáîòà îñíîâàíà íà ðåçóëüòàòàõ ìîðôîëîãè÷åñêîé îáðàáîòêè
ñáîðîâ 2006–2013 ãã. Âñåãî îáðàáîòàíî 3910 îñîáåé èç 192 âûáîðîê
10 âèäîâ áåñõâîñòûõ àìôèáèé: 1735 îñîáåé Pelophylax ridibundus
(Pallas, 1771), 361 Pelophylax esculentus (Linnaeus, 1758), 21 Pelophylax
lessonae, (Camerano, 1882), 33 Rana arvalis (Nilsson, 1842), 353 Bom-
bina bombina (Linnaeus,1761), 432 Hyla orientalis (Linnaeus, 1758),
204 Pelobates fuscus (Laurenti, 1768), 213 Pelobates vespertinus
(Pallas, 1771), 462 Bufo viridis (Laurenti, 1776), 96 Bufo bufo (Linnaeus,
1758). Àíîìàëèè îöåíèâàëèñü âèçóàëüíî, ñîãëàñíî êëàññèôèêàöèé
Â. Ë. Âåðøèíèíà (1999) è Î. Ä. Íåêðàñîâîé (2008), ñ íåêîòîðûìè
äîïîëíåíèÿìè.

Â öåëîì ïî ñòåïíîé çîíå â âûáîðêàõ àìôèáèé âûÿâëåíî
140 îñîáåé (3,6 %) ñ àíîìàëèÿìè èç 81 âûáîðêè. Äîëÿ àíîìàëü-
íûõ æèâîòíûõ â îòäåëüíûõ âûáîðêàõ ïîêàçàíà íà êàðòå (ðèñóíîê).
Äëÿ âûÿâëåíèÿ õàðàêòåðà ðàñïðîñòðàíåíèÿ, ñ ó÷åòîì áîëüøîãî êî-
ëè÷åñòâà ìàòåðèàëà è ñïåöèôèêè òåððèòîðèè èññëåäîâàíèÿ öåëåñî-
îáðàçíî áûëî ðàçäåëèòü èññëåäóåìûå âûáîðêè ïî ãåîãðàôè÷åñêèì
ðåãèîíàì íà âîñòî÷íûé, çàïàäíûé, öåíòðàëüíûé è þæíûé. Äîëÿ
àíîìàëèé ó ðàçíûõ âèäîâ ïî ðåãèîíàì ïðåäñòàâëåíà â òàáëèöå.

Â âîñòî÷íîì ðåãèîíå, êîòîðûé âêëþ÷àåò âûáîðêè àìôèáèé
èç Ëóãàíñêîé, Äîíåöêîé è þæíîé ÷àñòè Õàðüêîâñêîé îáëàñòåé,
âûÿâëåíî 14 îñîáåé ñ àíîìàëèÿìè, êîòîðûå ñîñòàâèëè 2,8 % âñåõ
èçó÷åííûõ æèâîòíûõ.

Íàèáîëåå âûñîêàÿ äîëÿ îñîáåé ñ àíîìàëèÿìè ó Ð. vespertinus
îòìå÷åíà ó  7 îñîáåé: 2 ñ ýêòðîìåëèåé, ïî îäíîé ñ áðàõèäàêòèëèåé,
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×àñòîòà âñòðå÷àåìîñòè àìôèáèé ñ àíîìàëèÿìè
â âûáîðêàõ ñòåïíîé çîíû Óêðàèíû
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ýêòðîäàêòèëèåé, ïîëèôàëàíãèåé, àíîìàëèåé îêðàñêè è êîìáèíè-
ðîâàííîé ïîëèäàêòèëèåé è áðàõèäàêòèëèåé. Ó Ð. fuscus âûÿâëåíà
ñàìêà ñ áðàõèäàêòèëèåé; ó B. viridis Äîíåöêîé îáë. – ñàìêà ñ áðà-
õèäàêòèëèåé. Ó P. ridibundus âûÿâèëè ñàìêó ñ áðàõèäàêòèëèåé
â Ëóãàíñêîé îáë. è ñàìöà ñ ýêòðîìåëèåé â Õàðüêîâñêîé îáë., òàì
æå îáíàðóæåíî 2 ñàìöà P. esculentus ñ îëèãîäàêòèëèåé è ýêòðîìå-
ëèåé è ñàìåö P. lessonae ñ ýêòðîìåëèåé.

Öåíòðàëüíûé ðåãèîí âêëþ÷àåò âûáîðêè èç Äíåïðîïåòðîâñêîé
è þãà Êèðîâîãðàäñêîé îáëàñòåé, õàðàêòåðèçóåòñÿ ðàçíîîáðàçèåì
èññëåäîâàííûõ âèäîâ. Ïðàêòè÷åñêè ó âñåõ, çà èñêëþ÷åíèåì P. escu-
lentus, áûëè îòìå÷åíû îñîáè ñ àíîìàëèÿìè, êîòîðûå â öåëîì ñî-
ñòàâèëè 2,5 % âñåõ èññëåäîâàííûõ çäåñü àìôèáèé.

Íàèáîëüøåå êîëè÷åñòâî àíîìàëèé âûÿâëåíî ó Ð. fuscus Äíåï-
ðîïåòðîâñêîé îáë.: 2 ñ áðàõèäàêòèëèåé, 1 ñ êîæíîé àíîìàëèåé îê-
ðàñêè, 2 ñ äåôîðìàöèåé êîñòåé (èñêðèâëåíèå ïîñëåäíèõ ôàëàíã âñåõ
ïàëüöåâ íà ñòîïàõ). Òàì æå ó H. orientalis áûëî çàðåãèñòðèðîâàíî
2 ñàìöà ñ áðàõèäàêòèëèåé è îäèí ñ äåôîðìàöèåé êîñòè (óòîëùå-
íèå îñíîâàíèÿ ñòîïû); ó B. bombina íàéäåíà îñîáü ñî ñìåøàííîé
îëèãîäàêòèëèåé è ïîëèôàëàíãèåé; ó P. ridibundus – ñàìêà ñ êëèíî-
äàêòèëèåé. Â Êèðîâîãðàäñêîé îáë. ó B. bufo îáíàðóæåíû 3 ñàìöà
ñ áðàõèäàêòèëèåé, ñàìêà R. arvalis ñ àíîìàëèåé ãëàçà è ñàìåö ñ áðà-
õèäàêòèëèåé, ñàìêà P. lessonae ñ ýêòîðîìåëèåé.

Â Çàïàäíîì ðåãèîíå, êîòîðûé âêëþ÷àåò âûáîðêè Îäåññêîé è
Íèêîëàåâñêîé îáëàñòåé, âûÿâèëè 28 îñîáåé ñ àíîìàëèÿìè, êîòîðûå
ñîñòàâèëè 3,9 % âñåõ èçó÷åííûõ æèâîòíûõ. Íàèáîëüøåå êîëè÷å-
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ñòâî àíîìàëèé âûÿâëåíî çäåñü ó P. ridibundus: 18 îñîáåé ñ ðàçíîòèï-
íûìè àíîìàëèÿìè: 10 ñ áðàõèäàêòèëèåé, èíîãäà â ñìåøàííûõ âà-
ðèàíòàõ ñ ñèíäàêòèëèåé èëè ïîëèôàëàíãèåé, 1 ñèíäàêòèëèÿ, 1 àìå-
ëèÿ, 3 îëèãîäàêòèëèè, 1 ýêòðîìåëèÿ, 2 ñàìöà ñ àíîìàëèÿìè ðåçîíà-
òîðîâ, ó P. esculentus – 1 ñàìåö ñ áðàõèäàêòèëèåé è 1 áåç ðåçîíà-
òîðîâ. Ó ñàìöîâ B. viridis îáíàðóæèëè ïî îäíîìó ñ ýêòðîäàêòèëèåé
(êëåøíÿ), ýêòðîìåëèåé, áðàõèäàêòèëèåé è êîìáèíèðîâàííîé ýêòðî-
ìèëèåé è îëèãîäàêòèëèåé; îäíó ñàìêó B. bufo ñ àíîìàëèåé ïàëü-
öåâ; 2 ñàìöîâ B. bombina èç Îäåññêîé îáëàñòè ñ ýêòðîìåëèåé (êóëü-
òè) è îäíîãî ñ «÷åðíûì ãëàçîì». Áåç àíîìàëèé îêàçàëèñü âûáîðêè
H. orientalis.

Ê Þæíîìó ðåãèîíó áûëè îòíåñåíû âûáîðêè èç Õåðñîíñêîé,
Çàïîðîæñêîé îáëàñòåé è ñòåïíîé ÷àñòè Àâòîíîìíîé Ðåñïóáëèêè
Êðûì. Â öåëîì ïî þãó îáðàáîòàíî íàèáîëüøåå êîëè÷åñòâî ìàòåðèà-
ëà, ñ àíîìàëèÿìè âûÿâëåíà 81 îñîáü, ñîñòàâëÿþùàÿ 4 % âñåõ èñ-
ñëåäîâàííûõ çäåñü àìôèáèé. Íàèáîëüøåå êîëè÷åñòâî îñîáåé ñ
àíîìàëèÿìè âûÿâèëè ó P. ridibundus: 12 îñîáåé ñ áðàõèäàêòèëèåé
è 7 ñî ñìåøàííîé áðàõèäàêòèëèåé ñ ïîëèôàëàíãèåé èëè ñ îëèãîäàê-
òèëèåé, ñèíäàêòèëèåé, êëèíîäàêòèëèåé, ïîëèôàëàíãèåé ñ ïîëèäàê-
òèëèåé èëè ñèíäàêòèëèåé, 5 ñ îëèãîäàêòèëèåé, 4 ñ ïîëèôàëàíãèåé,
3 ñ äåôîðìàöèÿìè êîñòè, 3 ñ àíîìàëèÿìè îêðàñêè, 2 ñ ýêòðîäàêòè-
ëèåé, 1 ñ àìåëèåé, 1 ñ ïîëèìåëèåé, 1 ñ êëèíîäàêòèëèåé, 2 îñîáè
ñ àíîìàëèÿìè ðåçîíàòîðîâ, 1 ñ ýêòðîìåëèåé, 1 ñ òåìíûì ãëàçîì.
Ó B. viridis ñ áðàõèäàêòèëèåé 8 îñîáåé, 3 ñ ýêòðîìåëèåé, 3 ñ äåôîð-
ìàöèÿìè êîñòè, 3 ñ òåìíûì ãëàçîì, 2 ñ îëèãîäàêòèëèåé, 2 ñ àíîìà-
ëèÿìè îêðàñêè è 1 ñ àìåëèåé, 2 êîìáèíèðîâàííûå: áðàõèäàêòèëèÿ
ñ ñèíäàêòèëèåé è ñ ïîëèôàëàíãèåé. P. esculentus 3 îñîáè ñ äåôåê-
òàìè ðåçîíàòîðîâ, 1 ñ äåôîðìàöèåé êîñòè, 1 ñ ïîëèôàëàíãèåé, åùå
îäíà ñìåøàííàÿ ïîëèôàëàíãèÿ ñ ïîëèäàêòèëèåé è ñèíäàêòèëèåé.
Ó B. bombina 3 îñîáè ñ áðàõèäàêòèëèåé, 1 ñ ýêòðîìåëèåé è ïî îä-
íîé ñìåøàííîé ïîëèäàêòèëèåé è ïîëèôàëàíãèåé. Ìåíüøå âñåãî
àíîìàëèé ó H. orientalis – 2 îñîáè ñ ýêòðîìèëèåé è Ð. vespertinus –
îäíà ñ áðàõèäàêòèëèåé, ó Ð. fuscus àíîìàëèé íå îáíàðóæåíî.

Ìàññîâûå ñëó÷àè àíîìàëèé â ïîïóëÿöèÿõ àìôèáèé ñòåïíîé
çîíû íå çàôèêñèðîâàíû, îäíàêî ïî ëèòåðàòóðíûì äàííûì îïèñà-
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íû äëÿ êîìïëåêñà çåëåíûõ ëÿãóøåê òåððèòîðèè Çàêàðïàòüÿ [Êóð-
òÿê, 2005] è Êèåâà [Íåêðàñîâà è äð., 2002]. Íåêîòîðûå åäèíè÷íûå
ñëó÷àè àíîìàëèé îïèñàíû ó çåëåíûõ ëÿãóøåê [Íåêðàñîâà, 2002;
Ñóðÿäíà, 2005; Ìèêèòèíåöü è äð., 2007] è ó çåëåíûõ æàá [Ïèñà-
íåöü, 2007]. Î÷åíü ïîäðîáíîå èññëåäîâàíèå àíîìàëèé êðàñíîáðþ-
õîé æåðëÿíêè, çåëåíûõ æàá è îçåðíûõ ëÿãóøåê èç Äíåïðîïåòðîâ-
ñêîé îáëàñòè âûÿâèëî âûñîêèé ïðîöåíò àíîìàëèé ó ýòèõ âèäîâ è
çàâèñèìîñòü ÷àñòîòû àíîìàëèé îò çàãðÿçíåíèÿ âîäîåìîâ [Flyaks,
Borkin, 2004].

Ðåçóëüòàòû íàøåãî èññëåäîâàíèÿ ïîçâîëèëè óñòàíîâèòü, ÷òî
íàèáîëüøàÿ ÷àñòîòà âñòðå÷àåìîñòè àíîìàëèé è èõ ðàçíîîáðàçèå
õàðàêòåðíî äëÿ Þæíîãî ðåãèîíà. Òèïû àíîìàëèé â öåëîì ïîâòîðÿ-
þòñÿ ïî âñåì ðåãèîíàì, íàèáîëåå ðàñïðîñòðàíåííîé ÿâëÿåòñÿ áðà-
õèäàêòèëèÿ. Ñëåäóåò ïîä÷åðêíóòü, ÷òî íåâûñîêàÿ äîëÿ àíîìàëèé
â îòäåëüíûõ âûáîðêàõ ïî âñåì ðåãèîíàì ñâèäåòåëüñòâóåò îá èõ ôî-
íîâîì õàðàêòåðå [Êîâàëåíêî, 2000; Áîðêèí è äð., 2012].

Íà äàííîì ýòàïå åùå ðàíî ãîâîðèòü î êàêîé-ëèáî çàêîíîìåð-
íîñòè ïðîÿâëåíèÿ àíîìàëèé ïî ðåãèîíàì, ïîñêîëüêó àíàëèçèðóå-
ìûå âûáîðêè çà÷àñòóþ áûëè ïðåäñòàâëåíû ðàçíûì êîëè÷åñòâîì
ìàòåðèàëà è íå âñåãäà èìåëàñü âîçìîæíîñòü ïðîàíàëèçèðîâàòü
âåñü âèäîâîé ñîñòàâ îïðåäåëåííîé òåððèòîðèè. Äàííûé àñïåêò
÷ðåçâû÷àéíî âàæåí, ïîñêîëüêó âåðîÿòíîñòü âûÿâëåíèÿ àíîìàëèé
â ïðèðîäíûõ ïîïóëÿöèÿõ ïðÿìî çàâèñèò îò êîëè÷åñòâà è êà÷åñòâà
îáðàáîòàííîãî ìàòåðèàëà.

Àâòîð âûðàæàåò ïðèçíàòåëüíîñòü êîëëåãàì îòäåëà ãåðïåòîëî-
ãèè: Ñ. Â. Áîéêî, Î. Í. Ìàíóèëîâîé, Â. Ñ. Ìèêèòåíåö, Þ. Â. Êàð-
ìûøåâó çà ó÷àñòèå â ýêñïåäèöèîííûõ âûåçäàõ è ñáîð ìàòåðèàëà,
îñîáóþ áëàãîäàðíîñòü – çà ïîìîùü ïðè ïîäãîòîâêå äàííîé ðàáîòû
Í. Í. Ñóðÿäíîé. Èñêðåííþþ ïðèçíàòåëüíîñòü – ñâîåìó íàó÷íîìó
ðóêîâîäèòåëþ Å. Ì. Ïèñàíöó.

Ðàáîòà ÷àñòè÷íî âûïîëíåíà â ðàìêàõ íàó÷íîé òåìû (¹ 0107V003350)
îòäåëà ãåðïåòîëîãèè ÍÈÈ áèîðàçíîîáðàçèÿ ÌÃÏÓ èì. Á. Õìåëü-
íèöêîãî.
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ÍÅÊÎÒÎÐÛÅ ÀÑÏÅÊÒÛ ÀÍÎÌÀËÜÍÛÕ ÏÐÎßÂËÅÍÈÉ
Â ÎÊÐÀÑÊÅ Ó ÀÌÔÈÁÈÉ

Î. Ä. Íåêðàñîâà
Èíñòèòóò çîîëîãèè èì. È. È. Øìàëüãàóçåíà ÍÀÍ Óêðàèíû (Êèåâ)

SOME ASPECTS OF ANOMALY’S MANIFESTATION
IN AMPHIBIAN COLORATION

Î. D. Nekrasova
Shmalgausen Institute of Zoology NAS (Kiev)

Cases of abnormal coloration of the body of amphibians
(from albinism to mosaic albinism and blue color in frogs  Pelophylax
esculentus complex) as well as probable causes of its manifestation
are described.

Îïèñàíû ñëó÷àè àíîìàëüíîé îêðàñêè òåëà çåìíîâîäíûõ
(îò àëüáèíèçìà äî ìîçàè÷íîãî àëüáèíèçìà è ñèíåé îêðàñêè ëÿ-
ãóøêè Pelophylax esculentus complex), òàêæå îáñóæäàþòñÿ âå-
ðîÿòíûå ïðè÷èíû åå ïðîÿâëåíèÿ.

Ñðåäè âñåõ èçâåñòíûõ àíîìàëèé ó àìôèáèé îêðàñêà è ðèñóíîê
òåëà çàíèìàþò îñîáîå ìåñòî. Îíè îòíîñÿòñÿ ê ðàçðÿäó àíîìàëèé,
ñâÿçàííûõ ñ êîæíûìè ïîêðîâàìè àìôèáèé – Skin malformation
(S11) [Íåêðàñîâà, 2008]. Îêðàñêà ó ëÿãóøåê îáóñëîâëåíà õðîìà-
òîôîðàìè, ïèãìåíòñîäåðæàùèìè è ñâåòîîòðàæàþùèìè êëåòêàìè.
Â äåðìàëüíîì ñëîå êîæè àìôèáèé îáû÷íî ïðèñóòñòâóþò õðîìàòî-
ôîðû òðåõ îñíîâíûõ òèïîâ (âîçìîæíû è äîïîëíèòåëüíûå ýëåìåí-
òû), ïðè÷åì îíè èìåþò ñïåöèôè÷åñêóþ ëîêàëèçàöèþ [Òåðåíòüåâ,
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1950; Áðèòòîí, 1986; è äð.]. Áûñòðûå èçìåíåíèÿ îêðàñêè îñóùåñòâ-
ëÿþòñÿ áëàãîäàðÿ èçìåíåíèÿì âêëàäà, âíîñèìîãî â åå ôîðìèðî-
âàíèå êëåòêàìè ðàçíûõ òèïîâ, ñîñòàâëÿþùèìè ôóíêöèîíàëüíóþ
åäèíèöó è åäèíóþ ñèñòåìó [Áðèòòîí, 1986]. Êñàíòîôîðû èëè ýðèò-
ðîôîðû (æåëòûé èëè êðàñíîâàòûé ïèãìåíò – ñâåòîôèëüòð), ðàñïî-
ëîæåíû ñâåðõó, èðèäîôîðû (ìåòàëëè÷åñêèé, ãîëóáîâàòûé çà ñ÷åò
äèôðàêöèè ïàäàþùåãî ñâåòà íà ãðàíÿõ ãóàíèíîâûõ ïëàñòèí) – íå-
ïîñðåäñòâåííî ïîä íèìè, à äåðìàëüíûå ìåëàíîôîðû (êîðè÷íåâûé,
÷åðíûé ïèãìåíò) ôîðìèðóþò áàçàëüíûé ñëîé. Êàê ïðàâèëî, ÷èñëî
êëåòîê ýòèõ òðåõ îñíîâíûõ òèïîâ ðàçëè÷íî è èõ êîìáèíàöèÿ ôîð-
ìèðóåò çåëåíóþ îêðàñêó òåëà ó ëÿãóøåê. Âîçìîæíû àíîìàëèè è íà-
ðóøåíèÿ ïðè ñèíòåçå èëè áëîêèðîâêå ðàáîòû õðîìàòîôîðîâ ðàç-
íûõ òèïîâ, ÷òî ïðèâîäèò ê ïîÿâëåíèþ ðàçíîãî òèïà îêðàñà, â òîì
÷èñëå è àíîìàëüíîãî.

Òàêèì îáðàçîì, íàðóøåíèÿ, ñâÿçàííûå ñ ìåëàíîôîðàìè, ïðèâî-
äÿò ê îòñóòñòâèþ èëè íåäîñòàòêó ìåëàíèíà (amelanistic), ÷òî ìî-
æåò ïðîÿâëÿòüñÿ â âèäå àíîìàëüíîé îêðàñêè – áåëîâàòîé (ïîëíûé
àëüáèíèçì), æåëòîâàòîé èëè ðîçîâàòîé (ìîíîòèïíûé èëè ïîëè-
òèïíûé â ïåðå÷èñëåííûõ êîìáèíàöèÿõ – íåïîëíûé, ìîçàè÷íûé
àëüáèíèçì). Â çàâèñèìîñòè îò ñòåïåíè îòñóòñòâèÿ èëè íàðóøåíèÿ
ïèãìåíòàöèè âûäåëÿþò: ïîëíûé èëè ÷àñòè÷íûé àëüáèíèçì; ëåé-
öèçì – áåëîâàòàÿ îêðàñêà, íî ãëàçà îáû÷íî íîðìàëüíûå èëè ÷åðíûå;
êñàíòèçì – æåëòàÿ ïèãìåíòàöèÿ; ýðèòðèçì – êðàñíàÿ èëè îðàíæå-
âàÿ ïèãìåíòàöèÿ è äð. Åñëè æå èñêëþ÷àåòñÿ âëèÿíèå êñàíòîôîð
(ýðèòðîôîð) ïðè íîðìàëüíîì ïðîÿâëåíèè è ðàáîòå äðóãèõ õðîìà-
òîôîðîâ, òî ëÿãóøêè îêðàøåíû â ãîëóáîé öâåò.

Îäíàêî âîçìîæíû ìîçàè÷íûå èëè êîìáèíèðîâàííûå âàðèàí-
òû, íàèáîëåå ÷àñòî âñòðå÷àþùèåñÿ â ñåëåêöèè òåððàðèóìíûõ ýê-
çîòîâ, êàê ïðàâèëî, ãåíåòè÷åñêè îáóñëîâëåííûå. Íàïðèìåð, ýêñïå-
ðèìåíòàëüíî áûëî óñòàíîâëåíî íà ëåîïàðäîâîé ëÿãóøêå Rana
pipiens, ÷òî ãåíåòè÷åñêàÿ ïðèðîäà ó àëüáèíîñîâ ìîæåò áûòü ðàçíàÿ
[Browder, 2005]. Ñðåäè âñåõ èçâåñòíûõ ñëó÷àåâ, ñâÿçàííûõ ñ àíî-
ìàëüíûìè ïðîÿâëåíèÿìè ïèãìåíòàöèè êîæíûõ ïîêðîâîâ ó àìôè-
áèé, â ëèòåðàòóðå íàèáîëåå ÷àñòî îïèñàíû àëüáèíîñû [Brannon,
2006; Browder, 2005; Federighi, 1938; Smallcombe, 1949; è äð.]: Rana
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pipiens, Bufo a. àmericanus, Melanophryniscus montevidensis, Rana
catesbeiana, Rana boylii, Rana temporaria, Rana boylii, Leptodac-
tylus ocellatus, Odontophrynus occidentalis, Phrynohyas mesophaea,
Tomopterna cryptotis, Elachistocleis carvalhoi, Lithobates palmipes.

×àùå âñåãî íàáëþäàþòñÿ àíîìàëüíûå âàðèàíòû îêðàñêè ó ïðåä-
ñòàâèòåëåé êîìïëåêñà çåëåíûõ ëÿãóøåê (Pelophylax esculentus com-
plex). Òàê, ðåäêèå öâåòîâûå âàðèàíòû ó ëÿãóøåê Óêðàèíû èçâåñò-
íû åùå ñ íà÷àëà ÕÕ â. Â 1913 ã. íà òåððèòîðèè Êèåâà, â ðàçëèâå
Äíåïðà, áûë íàéäåí àëüáèíîñ ãîäîâèê Rana esculenta (òàêñîíîìè-
÷åñêèé ñòàòóñ íå èçâåñòåí) ïåðñèêîâî-æåëòîãî öâåòà [Øàðëåìàíú,
1917]. Ïîäîáíûé ýêçåìïëÿð (ñåãîëåòêà) áûë íàéäåí îñåíüþ 1999 ã.
â ñ. ßäóòû (×åðíèãîâñêàÿ îáë.): çîëîòèñòî-æåëòîãî öâåòà áåç êàêî-
ãî-ëèáî ðèñóíêà, òàêñîíîìè÷åñêèé ñòàòóñ íåóòîí÷åí – èëè ãèáðèä,
èëè ïðóäîâàÿ ëÿãóøêà [Ñóðÿäíà, 2001]. Òàêæå â îêðåñòíîñòÿõ Óæãî-
ðîäa áûëî íàéäåíî 2 ýêç. îçåðíîé ëÿãóøêè – ôîí òåëà îáåèõ îñîáåé
ÿðêî çîëîòèñòî-æåëòûé, ïðèñóòñòâóåò ðèñóíîê [Êóðòÿê, Êðóëüêî,
2007]. Â Ðîññèè áûë íàéäåí ñåãîëåòêà ïðóäîâîé ëÿãóøêè ñâåòëî-
æåëòîãî öâåòà â Ìîñêîâñêîé îáë., Äîìîäåäîâñêèé ð-í, îêð. ï. Âî-
ñòðÿêîâî [Êóçüìèí, 1999]. Ñîîáùàåòñÿ îá àëüáèíèçìå (íåïîëíîì)
ó ïðóäîâîé ëÿãóøêè â Õîïåðñêîì ãîñóäàðñòâåííîì çàïîâåäíèêå
(Íîâîõîïåðñêèé ð-í, Âîðîíåæñêàÿ îáë.) [Ëàäà è äð., 2008]. Â 2006–
2007 ãã. 4 ýêç. (îäèí âçðîñëûé ñàìåö è òðè ãîäîâèêà) áûëè ïîéìà-
íû â îç. Óëüÿíîâñêîå áëèç ñ. Âàðâàðèíî. Âñå îíè áûëè íåïîëíûìè
àëüáèíîñàìè: èìåëè íåçíà÷èòåëüíóþ òåìíóþ ïèãìåíòàöèþ íà äîð-
ñàëüíîé ñòîðîíå è òåìíûå ãëàçà (ëåéöèçì). Äîëÿ ýòèõ àëüáèíîñîâ
ñîñòàâëÿëà 2,08 % ñðåäè ïðóäîâûõ ëÿãóøåê Pelophylax lessonae
(Camerano, 1882) è 0,95 % ñðåäè îñîáåé âñåõ òðåõ âèäîâ çåëåíûõ
ëÿãóøåê [Ëàäà è äð., 2008].

Ïðè ïðèæèçíåííîì èçó÷åíèè êîìïëåêñà çåëåíûõ ëÿãóøåê Pelo-
phylax esculentus complex íàìè íà ïðîòÿæåíèè 18 ëåò (1996–2013)
íàáëþäàëîñü àíîìàëüíîå ïðîÿâëåíèå ôîíîâîé îêðàñêè äîðñàëüíîé
÷àñòè òåëà – îò ãîëóáîãî äî ñèíåãî öâåòà. Ýòîò òèï îêðàñêè âñòðå-
÷àåòñÿ î÷åíü ðåäêî è ñ âîçðàñòîì íå ïðîïàäàåò. Íàìè òàêîå àíîìàëü-
íîå ïðîÿâëåíèå îêðàñêè áûëî çàðåãèñòðèðîâàíî â ÷åòûðåõ ïîïó-
ëÿöèÿõ. Òàê, â 2001 ã. áûë íàéäåí ïîëîâîçðåëûé ñàìåö îçåðíîé
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ëÿãóøêè Pelophylax ridibundus (Pallas, 1771) äëèíîé òåëà 73 ìì,
îí èìåë ãîëóáóþ îêðàñêó ñïèíû, çàäíÿÿ ÷àñòü òåëà è êîíå÷íîñòåé
áûëè çåëåíîãî öâåòà. Äèàïàçîí èçìåíåíèé óêàçàííîãî âûøå öâåòà
ëÿãóøêè çàâèñåë îò òåìïåðàòóðíîãî ðåæèìà è âàðüèðîâàë îò ñâåòëî-
ãîëóáîãî ïðè íàãðåâå íà ñîëíöå äî òåìíî-ñèíåãî ïðè îõëàæäåíèè
äî +5 °Ñ. Ïî äàííûì ýëåêòðîôîðåçà ýòîò ýêçåìïëÿð èìåë ãîìîçèãîò-
íûé àëëåëü ïî ëîêóñó Ldh-B – Rf/Rf [Íåêðàñîâà, 2002]. Ïðè ñîäåð-
æàíèè ïîéìàííîãî ýêçåìïëÿðà îçåðíîé ëÿãóøêè áîëåå ïîëóãîäà
â àêâàòåððàðèóìå ëàáîðàòîðèè Èíñòèòóòà çîîëîãèè íèêàêèõ èçìå-
íåíèé îêðàñêè íå íàáëþäàëîñü. Â 2000 ã. áèðþçîâûé öâåòîâîé âàðè-
àíò íàáëþäàëñÿ ó ïðóäîâîé ëÿãóøêè, íàéäåííîé íà ð. Óäàé (ñ. Äó-
õîâî, Ëóáåíñêèé ð-í, Ïîëòàâñêàÿ îáë., n = 27 ýêç.). Êîæà áûëà ïî-
âðåæäåíà, è, âèäèìî, ïðè÷èíîé ýòîãî áûëè àãåíòû áèîëîãè÷åñêîé
ïðèðîäû. Â êîíöå èþëÿ 2005 ã. òàêæå íà ýòîé ðå÷êå (ï. Ãóðáèíöû,
Ïèðÿòèíñêèé ð-í, Ïîëòàâñêàÿ îáë., êîëë. Ðåä÷óê Ï.) áûëà íàéäåíà
ãîëóáàÿ ïðóäîâàÿ ëÿãóøêà ñ õàðàêòåðíûì äëÿ ýòîãî âèäà ðèñóíêîì
(äîðñî-ìåäèàëüíîé ïîëîñîé, 5–6 ÷åðíûìè äîðñàëüíûìè ïÿòíàìè)
è êîðè÷íåâûìè êîíå÷íîñòÿìè. Íî ñàìûì óíèêàëüíûì ñëó÷àåì
áûëà íàõîäêà â ïîïóëÿöèîííîé ñèñòåìå çåëåíûõ ëÿãóøåê REL-òèïà
(âñå ïðåäñòàâèòåëè êîìïëåêñà), íàéäåííûõ â ï. Çãóðîâêà (ßãîòèí-
ñêèé ð-í, Êèåâñêàÿ îáë.) â âåñåííå-îñåííèé ïåðèîä 2010–2011 ãã.,
ãäå ëÿãóøåê, èìåþùèõ ÷àñòè÷íî (ìîçàè÷íî) ãîëóáîé îêðàñ äîð-
ñàëüíîé ñòîðîíû òåëà, âñòðå÷àëîñü äî 16,7 % (n = 60 ýêç.), ïðè ýòîì
ïðèñóòñòâîâàë âèäîñïåöèôè÷íûé ðèñóíîê, êàê è â ïðåäûäóùèõ
ñëó÷àÿõ. Ïðè÷åì ãîëóáîé îêðàñ íàáëþäàëñÿ ó âñåõ òðåõ ïðåäñòàâè-
òåëåé êîìïëåêñà çåëåíûõ ëÿãóøåê: ïðóäîâîé, îçåðíîé è èõ ãèáðè-
äà. Íåîáõîäèìî îòìåòèòü, ÷òî áèðþçîâî-çåëåíûé îòòåíîê äîðñàëü-
íîé ÷àñòè òåëà íàèáîëåå ÷àñòî âñòðå÷àåòñÿ ó ãèáðèäîâ P. kl. escu-
lentus (Linnaeus, 1758) Êèåâñêîé îáëàñòè (íàïðèìåð, ï. Êîçèíêà,
2001 ã.) â çàâèñèìîñòè îò òåìïåðàòóðíîãî ðåæèìà, íî ýòîò îòòåíîê
íèêîãäà ïîëíîñòüþ íå ïåðåõîäèò â ãîëóáîé öâåò. Îäíàêî õèìè÷åñ-
êèå âåùåñòâà è äðóãèå àãåíòû, ïîïàäàþùèå â âîäó ïðè çàãðÿçíå-
íèè, ìîãóò òàêæå âî âðåìÿ ìîðôîãåíåçà àìôèáèé âëèÿòü íà ðàáîòó
õðîìàòîôîð è ïðîâîöèðîâàòü èçìåíåíèÿ îêðàñêè, òàê êàê êîæíûå
ïîêðîâû ó àìôèáèé î÷åíü ÷óâñòâèòåëüíû ê ñîñòàâó âîäû.
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Òàêèì îáðàçîì, ïîäîáíûå àíîìàëüíûå ïðîÿâëåíèÿ, âîçìîæíî,
îáúÿñíÿþòñÿ âîçäåéñòâèåì ðàçëè÷íûõ ôàêòîðîâ – ôèçè÷åñêèõ, õè-
ìè÷åñêèõ è áèîëîãè÷åñêèõ, áåçóñëîâíî, ñâÿçàííûõ ñ ñîñòîÿíèåì
âîäíî-áîëîòíûõ áèîòîïîâ. À ñîñòîÿíèå ïîïóëÿöèé àìôèáèé è èõ
ìîðôîëîãè÷åñêèå ïîêàçàòåëè ìîæíî èñïîëüçîâàòü äëÿ áèîèíäèêà-
öèè îêðóæàþùåé ñðåäû è ïðîãíîçèðîâàòü âîçìîæíûå åå èçìåíå-
íèÿ [Íåêðàñîâà, 2007; 2013].
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DIVERSITY AND FREQUENCY
OF AMPHIBIAN ANOMALIES IN SEMI-NATURAL

AND ANTHROPOGENIC HABITATS
IN THE CARPATHIAN BASIN

M. Puky
MTA Centre For EcologicaL Research, Danube Research Institute

(God, Hungary)

Amphibian anomalies have been reported for a long time,
with the first description dating back to the eighteenth century,
when Vallisneri described an individual with five legs in Italy (1733).
In recent times mass deformities have been the focus of herpe-
tological research in the Northern Hemisphere for various reasons
(pollution: see e. g. Flyaks, Borkin, 2004, parasite infection: see
e. g. Johnson, Hartson, 2009, urban effects: see e. g. Vershinin, 1989).

Àíîìàëèè àìôèáèé îòìå÷àþòñÿ èññëåäîâàòåëÿìè â òå-
÷åíèå ïðîäîëæèòåëüíîãî ïåðèîäà âðåìåíè – ïåðâûå óïîìèíà-
íèÿ îòíîñÿòñÿ ê XVIII â., êîãäà Vallisneri îïèñàë îñîáü ñ ïÿòüþ
íîãàìè â Èòàëèè (1733). Â ïîñëåäíåå âðåìÿ ìàññîâûå àíîìàëèè
íàõîäÿòñÿ â öåíòðå âíèìàíèÿ ãåðïåòîëîãè÷åñêèõ èññëåäîâà-
íèé â ñåâåðíîì ïîëóøàðèè ïî ðàçëè÷íûì ïðè÷èíàì (çàãðÿçíå-

..
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íèå: ñì., íàïð., Flyaks, Borkin, 2004; ïàðàçèòàðíàÿ èíôåêöèÿ:
Johnson, Hartson, 2009; âëèÿíèå óðáàíèçàöèè: Vershinin, 1989) .

Recording amphibian anomalies started with describing specimens
with large additive body parts (i. e. legs) in the Carpathian Basin. The first
note was published in 1910 by Måhely describing a Hyla arborea indi-
vidual with five legs. It was followed by a more detailed paper on a Pelo-
phylax (Rana) esculentus specimen by Dely five decades later (1960), who
suggested it was the result of unsuccessful predation during the tadpole
phase.

Individual observations on amphibian anomalies have become
more frequent from the 1990s. As there was no such methodological
description, a survey protocol based on 12 years of field experience was
also developed [Fodor, Puky, 2002]. In contrast to only one deformity
type recorded from two individuals of two species previously, 13 defor-
mity types were described in 13 taxa and mass events were also detected
and analysed from 1994. In recent years professional observations are
even complemented by citizen science participants in this field. In the
«Watch, create, improve» Carpathian Basin Amphibian and Reptile Photo
Data Collection System [Toth, Puky, 2012], for example, an anopthalmic
Pelobates fuscus was recorded from Slovakia (Figure).

Approximately 80 % of all deformities described occurred along
the Rivers Danube, Ipoly and Tisza [Puky, Fodor, 2002].

The detailed study of amphibian anomalies has also become more
intensive from the end of the 1990s in the Carpathian Basin. A very
recent example is the work of Mester et al. (2013), who investigated
the health status of amphibians in a highly protected semi-natural area,
the Egyek-Pusztakocs marsh system, in the Hortobagy National Park,
Hungary. They investigated over 5,200 individuals and found a low
frequency of anomalies (18 cases in total). Anomalies occured in three
strongly water-bound taxa, the P. esculentus complex, Bombina bombi-
na and Triturus dobrogicus, while they could not find anomalies in
another six species [Mester et al., 2013]. Ectromely was present in 60 %
of the cases mainly in juvenile anurans (Bombina bombina, Pelophylax
esculentus complex). Among deformed newts (Triturus dobrogicus) one
with a duplicated tail was caught, which is a very rare morphological
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anomaly [Henle et al., 2012]. Because in all other cases limb or tail
reductions were recognised, the observed anomalies may be caused by
predators, such as birds or fish, which can be abundant in the Egyek-
Pusztakocs marsh system.

Similar results were also found in Romania, where a Pelobates fus-
cus population breeding in a mosaic of permanent and temporary ponds
and puddles was investigated near Cluj-Napoca for three years [Szekely,
Nemes, 2003]. Out of 244 individuals, three toads presented polypha-
langy, 8 toads were missing 10 toes, and three were missing the lower
portion of their arms. Apart from these observations, two male toads
presented anophthalmia, which sums up in an anomaly frequency well
below 10 %.

From the early 1990s the frequency of amphibian anomalies was
often well above the 2 % background value worldwide, frequently
reaching 10–30 % in the 1990s and 2000s with occasional findings up to
69–80 % due to e. g. severe pesticide pollution, urban effects, etc. [Du-
bois, 1979; Quellet et al., 1997; Vershinin, 1989].

Pelobates fuscus with a missing eye from Lucenec, Slovakia,
data collected through the «Watch, create, improve» Carpathian Basin

Amphibian and Reptile Photo Data Collection System (Photo: Peter Kalmar)´ ´

´
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Mass anomalies (up to a frequency of 71 %) also occurred in the
Carpathian Basin. In the Gemenc floodplain of the Danube, Hungary,
the frequency was over 3 % in several species over several years. In two
cases the length and weight of juveniles showing anomalies were also
significantly shorter and lighter (p < 0,01) than those of healthy indivi-
duals [Puky, 2006] in the floodplain. Such events were only recorded
when the Danube flooded the area, which emphasises the importance
of the water in the process.

Since the 1990s amphibian anomalies have been recognised more
frequently in the Carpathian Basin than previously. This phenomenon
stresses the importance of further studies, especially on floodplains.
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TAIL LOSS AND ANOMALY IN ZOOTOCA VIVIPARA
AND LACERTA AGILIS IN HUNGARY

M. Puky1, S. Z. Faggyas2, B. Mester3, P. Biro4, E. Acs1
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An article concerned with tail’s morphological anomaly that
was founded between L. agilis from different regions of Hungary.
No anomalies in Z. vivipara sampled were found.
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Ñòàòüÿ ïîñâÿùåíà ìîðôîëîãè÷åñêîé àíîìàëèè õâîñòà, îá-
íàðóæåííîé ñðåäè âûáîðîê L. agilis èç ðàçíûõ ðåãèîíîâ Âåíã-
ðèè. Íè îäíîé àíîìàëèè ñðåäè âûáîðîê Z. vivipara íå îòìå÷åíî.

The study and conservation of ecological, morphological and genetic
diversity of key organisms both in biodiversity hotspots and human
influenced landscape is an important task at the beginning of the 21st

century. The Eurasian common lizard, Zootoca vivipara (Lichtenstein,
1823), is the lizard with the largest distribution area on Earth [Schmidtler,
Bohme, 2011] with several subspecies/clades, some with extremely large,
others with more limited distribution areas. Its investigation dates back
to the 1920s in Hungary [Fejervary, 1923], where several Z. vivipara
clades exist in different parts of the country. The study of their karyology
and phylogenetic relationships started in the 2000s [Odierna et al., 2004;
Surget-Groba et al., 2006] together with its conservation implications
[Puky et al., 2004], which is supplemented by further and more detailed
genetic, morphological and ecological investigations in recent years.
As part of the study, the health status of the investigated individuals is
checked. Besides Zootoca vivipara, Lacerta agilis inhabiting the same
sites were also investigated morphologically. This article summarises
results related with tail regeneration and anomalies.

In 2011–2013 Zootoca vivipara and Lacerta agilis was sampled
in different regions of Hungary. Samples were collected from eight loca-
tions. Over a hundred individuals were examined. Individuals with additi-
ve anomalies were X-rayed.

Reptile anomalies are known for long especially that of the tail as
many lizards are able to voluntarily shed their tails as a strategy to escape
predation including both species studied and this process can lead
to different anomalies. In the present study tail loss was recorded with
a frequency over 26 % with Z. vivipara but no anomalies were found.
A very similar frequency was found with L. agilis. One Lacerta agilis
individual also showed a tail anomaly (figure). It was an adult female
with a 6,83 cm body and 5,85 cm tail length and a 7,15 g weight. In the
middle section of the tail (2,64 cm from its base) a 0,54 cm outgrowth
was present. No bony structure was found in the outgrowth. On the basis
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of digital X-ray investigations it may be related to a previous shed
of the tail and its improper regeneration.

Lacerta agilis with an improper regeneration of the tail from Îkîrdi-làp.
Kiskîrîs, Hungary (Photo: Miklîs Puky)
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ÇÅËÅÍÛÕ ËßÃÓØÅÊ (PELOPHYLAX FITZINGER, 1843)
Ñ ÑÅÂÅÐÎ-ÂÎÑÒÎÊÀ ÀÐÅÀËÎÂ

À. Î. Ñâèíèí
Êàçàíñêèé (Ïðèâîëæñêèé) ôåäåðàëüíûé óíèâåðñèòåò

THE OCCURRENCE OF MORPHOLOGICAL ANOMALIES
IN GREEN FROGS POPULATION SYSTEMS

(PELOPHYLAX FITZINGER, 1843)
FROM THE NORTH-EASTERN PART OF THE AREAS

A. O. Svinin
Kazan (Volga Region) Federal University

In 2007–2013, a total of 754 specimens were investigated
from 15 localities situated in Mari El Republic and southern part
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of Kirovskaya Province (north-eastern part of the Pelophylax areas).
We observed 4 types of morphological anomalies among specimens
of marsh frog (polyphalangy, asymmetric and symmetric cases of
polydactyly, brachidactyly), and 4 types of morphological anomalies
among specimens of pool frog (polyphalangy, asymmetric and
symmetric cases of polydactyly and depigmentation of iris). Abnormal
specimens weren’t found among hybrids. The occurrence of abnormal
adult specimens in population systems was 1,75–7,7%. Morpho-
logical anomalies were found in population systems of 3 types
(R-, L- and REL-) from 5 localities.

Â 2007–2013 ãã. áûëè îáñëåäîâàíû 754 îñîáè èç 15 ëîêà-
ëèòåòîâ Ðåñïóáëèêè Ìàðèé Ýë è þæíîé ÷àñòè Êèðîâñêîé îá-
ëàñòè (ñåâåðî-âîñòî÷íàÿ ÷àñòü àðåàëà Pelophylax). Íàìè îò-
ìå÷åíû 4 âàðèàíòà ìîðôîëîãè÷åñêèõ àíîìàëèé ó îñîáåé îçåð-
íîé ëÿãóøêè (ïîëèôàëàíãèÿ, àñèììåòðè÷íûå è ñèììåòðè÷íûå
ñëó÷àè ïîëèäàêòèëèÿ, áðàõèäàêòèëèÿ) è 4 âàðèàíòà ìîðôîëî-
ãè÷åñêèõ àíîìàëèé ó îñîáåé ïðóäîâîé ëÿãóøêè (ïîëèôàëàíãèÿ,
àñèììåòðè÷íûå è ñèììåòðè÷íûå ñëó÷àè ïîëèäàêòèëèÿ è äåïèã-
ìåíòàöèÿ ðàäóæíîé îáîëî÷êè). Àíîìàëüíûå îñîáè íå áûëè îò-
ìå÷åíû ñðåäè ãèáðèäîâ. Âñòðå÷àåìîñòü àíîìàëüíûõ âçðîñëûõ
îñîáåé â ïîïóëÿöèîííûõ ñèñòåìàõ ñîñòàâèëà 1,75–7,7 %. Ìîð-
ôîëîãè÷åñêèå àíîìàëèè áûëè îáíàðóæåíû â ïîïóëÿöèîííûõ
ñèñòåìàõ 3 òèïîâ (R-, L- è REL-) èç 5 íàñåëåííûõ ïóíêòîâ.

Áîëüøèíñòâî èññëåäîâàíèé ïî ìîðôîëîãè÷åñêèì àíîìàëèÿì
ó çåëåíûõ ëÿãóøåê (Pelophylax Fitzinger, 1843), ïðîâåäåííûõ íà òåð-
ðèòîðèè Ñðåäíåãî Ïîâîëæüÿ, íå âêëþ÷àëè ãèáðèäíûõ Pelophylax
esculentus [Çàêñ, 2008; Ñïèðèíà, 2007; 2009; Ôàéçóëèí, 2012] ëèáî
â íèõ ðàññìàòðèâàëàñü îáúåäèíåííàÿ âûáîðêà ñ ðîäèòåëüñêèìè âè-
äàìè [Çàìàëåòäèíîâ, 2003], ïîýòîìó ïðåäñòàâëÿåòñÿ èíòåðåñíûì
ñðàâíåíèå âñòðå÷àåìîñòè ìîðôîëîãè÷åñêèõ àíîìàëèé ó ãèáðèäîâ
è ðîäèòåëüñêèõ âèäîâ, îáèòàþùèõ ñèíòîïè÷íî.

Öåëüþ íàñòîÿùåé ðàáîòû áûëî îïðåäåëåíèå âñòðå÷àåìîñòè àíî-
ìàëèé â ïîïóëÿöèîííûõ ñèñòåìàõ çåëåíûõ ëÿãóøåê. Äëÿ îñóùåñòâ-
ëåíèÿ öåëè áûëè ïîñòàâëåíû çàäà÷è: âûÿâèòü êîëè÷åñòâåííûå ïî-
êàçàòåëè âñòðå÷àåìîñòè àíîìàëèé äëÿ ãåìèêëîíàëüíûõ ïîïóëÿöè-
îííûõ ñèñòåì (ÃÏÑ) è ðàçíûõ òèïîâ ìåñòîîáèòàíèé.
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Èññëåäîâàíèÿ áûëè ïðîâåäåíû â 2007–2013 ãã. â Ðåñïóáëèêå
Ìàðèé Ýë è íà þãå Êèðîâñêîé îáëàñòè, îòíîñÿùèõñÿ ê ñåâåðî-âîñ-
òî÷íîé ãðàíèöå àðåàëîâ èññëåäóåìûõ âèäîâ. Âñåãî èçó÷åíî 754 îñî-
áè çåëåíûõ ëÿãóøåê èç 15 ëîêàëèòåòîâ. Âñå ìåñòîîáèòàíèÿ áûëè
ðàçäåëåíû íà äâå ãðóïïû: 1) òåððèòîðèè, íàõîäÿùèåñÿ â ïîñåëêå
èëè èõ ÷åðòå (11 ëîêàëèòåòîâ); 2) òåððèòîðèè â ÷åðòå è îêðåñòíîñòÿõ
Éîøêàð-Îëû (4 ëîêàëèòåòà).

Èçó÷åíî 7 ïîïóëÿöèîííûõ ñèñòåì R-òèïà: ï. Âåðõíèé Óøíóð
(4 ad., 20 juv.), ï. Ðîíãà (13 juv.), ï. Ñîâåòñêèé (13 ad.), ï. Ìàëîå Øà-
ðûãèíî (75 ad.), ëåñîïàðê «Ñîñíîâàÿ ðîùà» (64 ad.), ìèêðîðàéîí
«×èõàéäàðîâî» (75 ad., 10 juv.) è ïðóä çà ìèêðîðàéîíîì «Òàðõàíî-
âî» (18 ad.) â ÷åðòå Éîøêàð-Îëû; 3 ÷èñòûå ïîïóëÿöèîííûå ñèñòå-
ìû L-òèïà: ï. Êó÷êè (10 ad., 25 juv.), ìèêðîðàéîí «Çàðå÷íûé»  Éîø-
êàð-Îëû (25 ad.), ï. Ëàâðîâêà (10 ad.); 3 ïîïóëÿöèîííûå ñèñòåìû
LE-òèïà: ï. Êóãóâàí (155 ad. P. lessonae, 29 ad. P. esculentus), ï. Îø-
ëàìó÷àø (10 ad. P. lessonae, 6 ad. P. esculentus), ï. Êðàñíîîêòÿáðü-
ñêèé (12 ad. P. lessonae, 8 ad. P. esculentus); 2 ïîïóëÿöèîííûå ñèñòå-
ìû REL-òèïà: ï. Øóøåð (10 ad. P. ridibundus, 13 ad. P. esculentus
è 57 ad. P. lessonae) è ï. ×åðìûøåâî (31 ad., 29 juv. P. ridibundus,
19 ad. P. esculentus è 13 ad. P. lessonae).

Òàêñîíîìè÷åñêàÿ ïðèíàäëåæíîñòü ÷àñòè îñîáåé (22 % P. lesso-
nae, 55 % P. esculentus è 17 % P. ridibundus) áûëà îïðåäåëåíà ñ ïî-
ìîùüþ ïðîòî÷íîé ÄÍÊ-öèòîìåòðèè Ñ. Í. Ëèòâèí÷óêîì è Þ. Ì. Ðî-
çàíîâûì (Èíñòèòóò öèòîëîãèè ÐÀÍ, Ñàíêò-Ïåòåðáóðã), â îñòàëüíûõ
ñëó÷àÿõ îïðåäåëåíèå ïðîâîäèëîñü ïî ìîðôîëîãè÷åñêèì ïðèçíàêàì.

Òèï àíîìàëèè óñòàíàâëèâàëñÿ ïî êëàññèôèêàöèè Î. Ä. Íåêðà-
ñîâîé [Íåêðàñîâà, 2008]. Â êà÷åñòâå êîëè÷åñòâåííûõ ïîêàçàòåëåé
áûëè èñïîëüçîâàíû ïàðàìåòðû, îáñóæäàåìûå â ñòàòüå Ë. ß. Áîðêèíà
è ñîàâòîðîâ [Áîðêèí è äð., 2013]: ïðîöåíò àíîìàëüíûõ îñîáåé (Pas),
âñòðå÷àåìîñòü òèïîâ àíîìàëèé (Ap), èíäèâèäóàëüíûé (Sai) è îáùèé
(Sap) ñïåêòð àíîìàëèé.

Ìîðôîëîãè÷åñêèå àíîìàëèè áûëè íàéäåíû â 5 ìåñòîîáèòà-
íèÿõ: â ìèêðîðàéîíàõ «×èõàéäàðîâî» è «Çàðå÷íûé» Éîøêàð-Îëû,
îêðåñòíîñòÿõ ï. Êó÷êè, ï. Øóøåð è ï. ×åðìûøåâî. Íà òåððèòîðèè
ïîñåëêîâ àíîìàëèè îáíàðóæåíû â 3 èç 11 ìåñòîîáèòàíèé, â ÷åðòå
ãîðîäà àíîìàëèè îòìå÷åíû â 2 ìåñòîîáèòàíèÿõ èç 4.
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Â ìèêðîðàéîíå «×èõàéäàðîâî» ó âçðîñëûõ îñîáåé îçåðíîé ëÿ-
ãóøêè îáíàðóæåíû 2 ýêç. ñ àñèììåòðè÷íîé ïîëèôàëàíãèåé íà I
è V ïàëüöàõ çàäíåé è íà III ïàëüöå ïåðåäíåé êîíå÷íîñòåé, 1 îñîáü
ñ áðàõèäàêòèëèåé íà ëåâîé ïåðåäíåé êîíå÷íîñòè (Pas = 5,3 %);
ó äâóõ ñåãîëåòîê íàéäåíû àñèììåòðè÷íàÿ ïîëèôàëàíãèÿ (I ïàëåö)
è ñèììåòðè÷íàÿ ïîëèäàêòèëèÿ (I ïàëåö) íà çàäíèõ êîíå÷íîñòÿõ
(Pas = 20,0 %).

Ó ïðóäîâîé ëÿãóøêè â ìèêðîðàéîíå «Çàðå÷íûé» Éîøêàð-Îëû
îòìå÷åíû ñèììåòðè÷íûé è àñèììåòðè÷íûé ñëó÷àè ïîëèäàêòèëèè
íà I ïàëüöå çàäíèõ êîíå÷íîñòåé (Pas äëÿ âçðîñëûõ = 7,4 %). Â îêðåñò-
íîñòÿõ ï. Êó÷êè (ïóíêò óòèëèçàöèè òâåðäûõ áûòîâûõ îòõîäîâ)
ó ñåãîëåòîê ýòîãî æå âèäà âñòðå÷åíû àñèììåòðè÷íàÿ ïîëèäàêòè-
ëèÿ (I ïàëåö) è îòñóòñòâèå ðàäóæíîé îáîëî÷êè ãëàç (Pas äëÿ ñåãîëå-
òîê = 8,0 %).

Â ï. Øóøåð (çàïîâåäíèê «Áîëüøàÿ Êîêøàãà») âñòðå÷åíà îäíà
àíîìàëüíàÿ îñîáü ïðóäîâîé ëÿãóøêè (Pas äëÿ ïðóäîâîé ëÿãóøêè =
1,75 %), íåñóùàÿ äâå àíîìàëèè (Sai = 2; ñèììåòðè÷íàÿ ïîëèäàêòè-
ëèÿ, àñèììåòðè÷íàÿ ïîëèôàëàíãèÿ); äâå ñèììåòðè÷íûå ïîëèäàêòè-
ëèè (I ïàëåö çàäíèõ êîíå÷íîñòåé) âñòðå÷åíû ó îáîèõ ðîäèòåëüñêèõ
âèäîâ â ×åðìûøåâñêîì âîäîõðàíèëèùå (Pas äëÿ îçåðíîé = 3,2 %;
Pas äëÿ ïðóäîâîé = 7,7 %).

Òàêèì îáðàçîì, êàê äëÿ îçåðíîé ëÿãóøêè, òàê è äëÿ ïðóäîâîé
îòìå÷åíû ÷åòûðå òèïà àíîìàëèé (Sap = 4), îäíàêî èõ ñïåêòðû ðàçëè-
÷àþòñÿ: òîëüêî äëÿ ïðóäîâîé õàðàêòåðíî îòñóòñòâèå ðàäóæíîé îáî-
ëî÷êè ãëàçà, à äëÿ îçåðíîé – áðàõèäàêòèëèÿ. Âñå îáñëåäîâàííûå
íàìè ãèáðèäû P. esculentus íå èìåëè ìîðôîëîãè÷åñêèõ àíîìàëèé.

Ìîðôîëîãè÷åñêèå àíîìàëèè áûëè îòìå÷åíû â òðåõ òèïàõ ÃÏÑ:
÷èñòûå ñèñòåìû R- è L-òèïà è ñìåøàííûå ïîïóëÿöèîííûå ñèñòå-
ìû REL-òèïà. Ïðè ýòîì:

1) ìîðôîëîãè÷åñêèå àíîìàëèè íàéäåíû â ÷èñòûõ ïîïóëÿöèÿõ
ðîäèòåëüñêèõ âèäîâ, íàñåëÿþùèõ ìåñòîîáèòàíèÿ âòîðîé ãðóïïû
(è ä. Êó÷êè ïåðâîé ãðóïïû);

2) ÃÏÑ REL-òèïà, â êîòîðûõ îòìå÷åíû àíîìàëüíûå îñîáè, íàñå-
ëÿëè ìåñòîîáèòàíèÿ, îòíîñÿùèåñÿ ê ïåðâîé ãðóïïå;
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3) áîëüøèíñòâî àíîìàëèé, îòìå÷åííûõ â ÃÏÑ REL-òèïà, áûëè
îòíåñåíû ê ñèììåòðè÷íîé ïîëèäàêòèëèè.

Ïîÿâëåíèå àíîìàëüíûõ îñîáåé â ÷èñòûõ ÃÏÑ (R- è L-òèïà) ìî-
æåò áûòü ñâÿçàíî ñ óâåëè÷èâàþùèìñÿ ê ÷åðòå ãîðîäà âëèÿíèåì àíò-
ðîïîãåííûõ ôàêòîðîâ, ñðåäè êîòîðûõ ìîæíî îòìåòèòü õèìè÷åñêîå
çàãðÿçíåíèå ñðåäû (ñáðîñ â âîäîåìû ïðîìûøëåííûõ è áûòîâûõ
îòõîäîâ). Íàáëþäàåìûå àíîìàëèè â ñìåøàííûõ ïîïóëÿöèîííûõ
ñèñòåìàõ REL-òèïà ìîãóò áûòü ñâÿçàíû ñ óñèëèâàþùåéñÿ êîíêó-
ðåíöèåé çà ðåñóðñû è äàâëåíèåì îòáîðà, âûçâàííûìè ïîÿâëåíè-
åì òðåòüåãî ñèíòîïè÷íîãî âèäà, ñíèæåíèåì ÷èñëåííîñòè ðîäèòåëü-
ñêèõ âèäîâ çà ñ÷åò ãèáðèäîãåíåçà è âîçðàñòàíèåì âåðîÿòíîñòè èí-
áðèäèíãà.
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ÀÍÀËÈÇ ÒÊÀÍÅÉ ÃÎËÎÂÀÑÒÈÊÎÂ

ÒÐÀÂßÍÎÉ ËßÃÓØÊÈ (RANA TEMPORARIA L.),
ÐÀÇÂÈÂÀÂØÈÕÑß Â ÓÑËÎÂÈßÕ

ÈÌÈÒÀÖÈÈ ÇÀÃÐßÇÍÅÍÈß ÑÂÈÍÖÎÌ È ÆÅËÅÇÎÌ

Å. À. Ñåâåðöîâà, Ä. Ð. Àãèëüîí-Ãóòèåððåñ,
À. È. Íèêèôîðîâà, À. À. Êîðìèëèöèí

Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ì. Â. Ëîìîíîñîâà

SPECTROCHEMICAL AND HISTOCHEMICAL
ANALYSIS OF COMMON FROG (RANA TEMPORARIA L.)

TADPOLES TISSUES, DEVELOPED UNDER EFFECT
OF LED AND IRON POLLUTION IMMITATION

E. A. Severtsova, D. R. Agilon-Gutierrez,
A. I. Nikiforov, A. A. Kormilitsin

Moscow State University named after M. V. Lomonosov

A series of experiments was set to simulate water pollution and
lead containing alloys containing iron and development in such
circumstances tadpoles grass frog Rana temporaria L. tadpoles
Spectrochemical tissue analysis revealed a tendency to accumulate
iron and lead. Histochemical analysis showed a positive reaction
to the presence of compounds of iron in the liver and intestine
tadpoles. As histochemical and spectrochemical methods showed
that the main source of income of the metal ions in the body nutritio-
nal tadpoles . In tadpoles no effective mechanism for removal
of metal ions, but there is a mechanism for mitigating the damaging
effect – accumulation in specific cells, macrophages.

Áûëà ïîñòàâëåíà ñåðèÿ ýêñïåðèìåíòîâ ïî èìèòàöèè çà-
ãðÿçíåíèÿ âîäîåìà ñâèíåöñîäåðæàùèìè è æåëåçîñîäåðæàùè-
ìè ñïëàâàìè è ðàçâèòèþ â òàêèõ óñëîâèÿõ ãîëîâàñòèêîâ òðà-
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âÿíîé ëÿãóøêè Rana temporaria L. Ñïåêòðîõèìè÷åñêèé àíàëèç
òêàíåé ãîëîâàñòèêîâ âûÿâèë òåíäåíöèþ ê àêêóìóëÿöèè æåëåçà
è ñâèíöà. Ãèñòîõèìè÷åñêèé àíàëèç ïîêàçàë ïîëîæèòåëüíóþ ðå-
àêöèþ íà íàëè÷èå ñîåäèíåíèé æåëåçà â ïå÷åíè è êèøå÷íèêå ãî-
ëîâàñòèêîâ. Êàê ãèñòîõèìè÷åñêèé, òàê è ñïåêòðîõèìè÷åñêèé
ìåòîäû ïîêàçàëè, ÷òî îñíîâíîé èñòî÷íèê ïîñòóïëåíèÿ èîíîâ
ìåòàëëîâ â îðãàíèçì ãîëîâàñòèêîâ àëèìåíòàðíûé. Ó ãîëîâàñ-
òèêîâ íåò ýôôåêòèâíîãî ìåõàíèçìà âûâåäåíèÿ èîíîâ ìåòàë-
ëîâ, íî åñòü ìåõàíèçì, ñìÿã÷àþùèé ïîðàæàþùåå äåéñòâèå, –
íàêîïëåíèå â ñïåöèôè÷åñêèõ êëåòêàõ-ìàêðîôàãàõ.

Èçó÷åíèå âëèÿíèÿ èîíîâ òÿæåëûõ ìåòàëëîâ íà ðàçâèòèå àìôè-
áèé ïðîâîäèòñÿ â íàñòîÿùåå âðåìÿ äîâîëüíî øèðîêî. Ñâÿçàíî ýòî
ñ ïîïóëÿðíîñòüþ ïîèñêà ìåòîäîâ áèîèíäèêàöèè ïîëëþòàíòîâ ðàç-
íîé õèìè÷åñêîé ïðèðîäû. Îäíàêî áîëüøèíñòâî èññëåäîâàíèé ïî-
ñâÿùåíî èçó÷åíèþ âëèÿíèÿ ðàñòâîðèìûõ ñîåäèíåíèé äàííûõ ìå-
òàëëîâ íà àìôèáèé. Òåì íå ìåíåå çàãðÿçíåíèå âîäîåìîâ, êàê ïðàâè-
ëî, õàðàêòåðèçóåòñÿ íå ñòîëüêî çàãðÿçíåíèåì ðàñòâîðèìûõ ñîëåé,
ñêîëüêî íàëè÷èåì â âîäîåìàõ ìåòàëëè÷åñêèõ êîíñòðóêöèé. Ëè÷è-
íî÷íûå ñòàäèè ðàçâèòèÿ àìôèáèé ÿâëÿþòñÿ ýâðèôàãàìè, ïèòàþùè-
ìèñÿ ñîñêðåáûâàíèåì áàêòåðèàëüíîãî íàðîñòà ñ ïîâåðõíîñòè ïîä-
âîäíûõ ÷àñòåé ðàñòåíèé, äîííûõ îñàäêîâ è ò. ä. Îñîáåííîñòè èõ
ïîâåäåíèÿ íå èñêëþ÷àþò âîçìîæíîñòè ñîñêðåáûâàíèÿ ãîëîâàñòèêà-
ìè ñ ïîâåðõíîñòè ìåòàëëñîäåðæàùèõ êîíñòðóêöèé. Îñíîâûâàÿñü
íà ýòèõ ïðåäïîëîæåíèÿõ, íàìè áûëà ïîñòàâëåíà ñåðèÿ ýêñïåðèìåí-
òîâ ïî èìèòàöèè çàãðÿçíåíèÿ âîäîåìà ñâèíåöñîäåðæàùèìè è æåëå-
çîñîäåðæàùèìè ñïëàâàìè è ðàçâèòèþ â òàêèõ óñëîâèÿõ ãîëîâàñòè-
êîâ òðàâÿíîé ëÿãóøêè Rana temporaria L. Â êà÷åñòâå èñòî÷íèêîâ
èîíîâ ñâèíöà è æåëåçà áûëè âûáðàíû, ñîîòâåòñòâåííî, ñâèíöîâàÿ
äðîáü è æåëåçíûå ãâîçäè. Ïàðàëëåëüíî íàìè ïîñòàâëåíû êîíòðîëü-
íûå åìêîñòè, ðàçâèòèå ãîëîâàñòèêîâ â êîòîðûõ ïðîõîäèëî â âîäå
áåç ìåòàëëîêîíñòðóêöèé. Îíè áûëè ïîìåùåíû â åìêîñòè ñ âîäîé
èç ïðèðîäíûõ âîäîåìîâ, â êîòîðûõ è ïðîõîäèëî ðàçâèòèå ãîëîâàñ-
òèêîâ äî 39-é è äî 43-é ñòàäèé ðàçâèòèÿ. Ïîñëå äîñòèæåíèÿ ýòèõ
ñòàäèé ãîëîâàñòèêîâ ôèêñèðîâàëè â 10 % ðàñòâîðå ôîðìàëüäåãèäà
äëÿ ïîñëåäóþùèõ ãèñòîëîãè÷åñêèõ (ïàòîìîðôîëîãè÷åñêèõ) èññëå-
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äîâàíèé îðãàíîâ ãîëîâàñòèêîâ è äëÿ ñïåêòðîõèìè÷åñêîãî àíàëèçà
òêàíåé æèâîòíûõ.

Â íà÷àëå ýêñïåðèìåíòà è ïîñëå åãî îêîí÷àíèÿ áûë ïðîâåäåí
õèìè÷åñêèé àíàëèç âîäû, ïîêàçàâøèé, ÷òî ñîäåðæàíèå èîíîâ ñâèí-
öà èëè æåëåçà â âîäå ýêñïåðèìåíòàëüíûõ ãðóïï ôàêòè÷åñêè íå èç-
ìåíèëîñü. Íàïðîòèâ, ñïåêòðîõèìè÷åñêèé àíàëèç òêàíåé ãîëîâàñ-
òèêîâ âûÿâèë òåíäåíöèþ ê àêêóìóëÿöèè æåëåçà è ñâèíöà. Ïÿòè-
êðàòíûå ðàçëè÷èÿ â óðîâíå ñîäåðæàíèÿ èîíîâ æåëåçà â òêàíÿõ òåëà
ãîëîâàñòèêîâ íàáëþäàþòñÿ íà 39-é ñòàäèè ðàçâèòèÿ R. temporaria
êîíòðîëÿ è ýêñïåðèìåíòà. Â òî æå âðåìÿ àíàëèç äðóãèõ òêàíåé ãî-
ëîâàñòèêîâ âûÿâèë íåðàâíîìåðíîå íàêîïëåíèå àíàëèçèðóåìûõ ýëå-
ìåíòîâ â ðàçíûõ ñèñòåìàõ îðãàíèçìà. Íàèáîëåå âûñîêèå ïîêàçàòå-
ëè ñîäåðæàíèÿ æåëåçà è ñâèíöà õàðàêòåðíû äëÿ êèøå÷íèêà ãîëî-
âàñòèêîâ. Êîíöåíòðàöèÿ ñâèíöà â êèøå÷íèêå ìîæåò ïðåâûøàòü
òàêîâóþ â òåëå ãîëîâàñòèêà â 13,15 ðàç äëÿ 43-é ñòàäèè ðàçâèòèÿ
ãîëîâàñòèêîâ òðàâÿíîé ëÿãóøêè. Ðàçëè÷èÿ â êîíöåíòðàöèè èîíîâ
æåëåçà â êèøå÷íèêå è â òêàíÿõ òåëà íå ìåíåå ñóùåñòâåííû è ïðå-
âûøàþò â 11,42 ðàç ó R. temporaria. Êîíöåíòðàöèÿ æåëåçà â ïå÷å-
íè òðàâÿíîé ëÿãóøêè áûëà â 5,86 ðàçà âûøå, ÷åì â òêàíÿõ òåëà, íî
â 1,94 ðàçà ìåíüøå, ÷åì â êèøå÷íèêå. Ñîäåðæàíèå ñâèíöà â ïå÷åíè
òðàâÿíîé ëÿãóøêè â 2,31 ðàçà âûøå, ÷åì â òêàíÿõ òåëà, íî â 5,68 ðàç
ìåíüøå, ÷åì â êèøå÷íèêå. Òàêèì îáðàçîì, íàáëþäàåòñÿ àêêóìóëÿ-
öèÿ èîíîâ è æåëåçà, è ñâèíöà â òêàíÿõ ãîëîâàñòèêîâ. Ïî-âèäèìîìó,
îñíîâíîé ïóòü ïîñòóïëåíèÿ èîíîâ â òåëî ãîëîâàñòèêîâ – ïåðîðàëü-
íûé. Îá ýòîì ñâèäåòåëüñòâóþò è ðåçóëüòàòû âèçóàëüíîãî îñìîòðà
ãîëîâàñòèêîâ, ïîêàçàâøåãî, ÷òî êèøå÷íèê ãîëîâàñòèêîâ ïîëîí ÷àñ-
òè÷êàìè ìåòàëëîâ ðæàâî-ðûæåãî öâåòà ó ãîëîâàñòèêîâ, ÷üå ðàçâè-
òèå ïðîõîäèëî â àêâàðèóìàõ, ñîäåðæàùèõ æåëåçíûå ãâîçäè, è ñå-
ðåáðèñòî-ñâèíöîâîãî – ïðè ðàçâèòèè â àêâàðèóìå ñî ñâèíöîâûìè
øàðèêàìè. Äðóãîé âîçìîæíûé ïóòü ïîñòóïëåíèÿ èîíîâ ìåòàëëîâ
â îðãàíèçì ãîëîâàñòèêà – ÷åðåç æàáðû, ñêîðåå âñåãî, ÿâëÿåòñÿ ìà-
ëîâåðîÿòíûì. Ñ îäíîé ñòîðîíû, ÷àñòè÷êè ìåòàëëîâ ìîãëè ïîïàñòü
íà æàáðû ïðè ôèëüòðàöèè âîäû ÷åðåç ðîòîãëîòêó, à ñ äðóãîé – ðå-
çóëüòàòû ñïåêòðîõèìè÷åñêîãî àíàëèçà ïîêàçûâàþò, ÷òî ðàçëè÷èÿ
â ñîäåðæàíèè èññëåäóåìûõ èîíîâ â æàáðàõ êîíòðîëüíîé è ýêñïå-
ðèìåíòàëüíîé ãðóïï íåçíà÷èìû.
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Ãèñòîõèìè÷åñêèé àíàëèç îðãàíîâ è òêàíåé æèâîòíûõ êîíòðîëü-
íîé è ýêñïåðèìåíòàëüíûõ ãðóïï áûë íàïðàâëåí íà îïðåäåëåíèå
ìåñò èõ äåïîíèðîâàíèÿ â îðãàíèçìå ãîëîâàñòèêîâ. Ñîãëàñíî èññëå-
äîâàíèþ ïîëîæèòåëüíóþ ðåàêöèþ íà íàëè÷èå ñîåäèíåíèé æåëåçà
äåìîíñòðèðóþò ïðåïàðàòû ïå÷åíè è êèøå÷íèêà ãîëîâàñòèêîâ. Äåïî-
çèòû æåëåçà â ïå÷åíè ãîëîâàñòèêîâ êàê êîíòðîëüíîé, òàê è ýêñïå-
ðèìåíòàëüíûõ ãðóïï âûÿâëÿþòñÿ â àññîöèàöèè ñ êëåòêàìè, ñîäåð-
æàâøèìè ÷åðíî-áóðûé ïèãìåíò. Íàèáîëåå âåðîÿòíûìè êàíäèäàòà-
ìè íà ðîëü êëåòîê, àêêóìóëèðóþùèõ ñîåäèíåíèÿ æåëåçà, ÿâëÿþòñÿ
ìåëàíèí-ñîäåðæàùèå ìàêðîôàãè, èëè êóïôåðîâû êëåòêè ïå÷åíè.
Â ïå÷åíè îíè ôóíêöèîíèðóþò êàê ìàêðîôàãè, à òàêæå ñïîñîáíû
ê àêêóìóëÿöèè æåëåçà â ñîñòàâå ãåìîñåäåðèíà è ôåððèòèíà. Â îò-
ëè÷èå îò ïèãìåíòñîäåðæàùèõ êëåòîê, ãåïàòîöèòû, èìåþùèå êàíî-
íè÷åñêóþ ìîðôîëîãèþ âêëþ÷åíèé æåëåçà, âûÿâëÿåìûõ ãèñòîõè-
ìè÷åñêè, â öèòîïëàçìå íå ñîäåðæàò. Îêðàøèâàíèå íà æåëåçî õà-
ðàêòåðíî äëÿ îòäåëüíûõ ó÷àñòêîâ òîíêîãî êèøå÷íèêà êàê ýêñïåðè-
ìåíòàëüíîé, òàê è êîíòðîëüíîé ãðóïï ãîëîâàñòèêîâ. Îäíàêî áîëåå
èíòåíñèâíûé õàðàêòåð îêðàøèâàíèÿ ñòåíêè êèøå÷íèêà ó îïûòíûõ
æèâîòíûõ óêàçûâàåò íà ïîâûøåííîå ïîãëîùåíèå æåëåçà â óñëî-
âèÿõ ýêñïåðèìåíòà. Òàêèå ó÷àñòêè âêëþ÷åíèÿ æåëåçà â ñòåíêå êè-
øå÷íèêà ìîãóò áûòü ïðîäîëæèòåëüíû, â íåêîòîðûõ ñëó÷àÿõ ìîæ-
íî îáíàðóæèòü íåïðåðûâíûå ëèíèè, ÷òî ñâèäåòåëüñòâóåò îá èí-
òåíñèâíîì ïîãëîùåíèè ýêçîãåííîãî æåëåçà èç ñîäåðæèìîãî êèøå÷-
íèêà ãîëîâàñòèêîâ ýêñïåðèìåíòàëüíîé ãðóïïû. Ïîëîæèòåëüíàÿ
ðåàêöèÿ íà íàëè÷èå ñîåäèíåíèé æåëåçà àññîöèèðîâàíà ñ àïèêàëü-
íîé, îáðàùåííîé ê ïðîñâåòó êèøå÷íèêà ïîâåðõíîñòüþ ýíòåðîöèòîâ.

Òàêèì îáðàçîì, è ãèñòîõèìè÷åñêèé è ñïåêòðîõèìè÷åñêèé ìå-
òîäû ïîêàçûâàþò, ÷òî îñíîâíîé èñòî÷íèê ïîñòóïëåíèÿ èîíîâ ìå-
òàëëîâ â îðãàíèçì ãîëîâàñòèêîâ àëèìåíòàðíûé. Ó ãîëîâàñòèêîâ íåò
ýôôåêòèâíîãî ìåõàíèçìà âûâåäåíèÿ èîíîâ ìåòàëëîâ, íî åñòü ìå-
õàíèçì, ñìÿã÷àþùèé ïîðàæàþùåå äåéñòâèå – íàêîïëåíèå â ñïåöè-
ôè÷åñêèõ êëåòêàõ-ìàêðîôàãàõ. Ïðè ýêñòðàïîëÿöèè ðåçóëüòàòîâ
äàííîãî ýêñïåðèìåíòà íà ïðèðîäíûå óñëîâèÿ íàäî ó÷èòûâàòü, ÷òî
ðàñïðîñòðàíåíèå ìåòàëëîâ, äåïîíèðîâàííûõ â òåëå ãîëîâàñòèêîâ,
ïî ïèùåâîé öåïè îãðàíè÷åíî. Îñíîâíûå õèùíèêè, óíè÷òîæàþùèå
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ãîëîâàñòèêîâ – ýòî ëè÷èíêè Ditistidae è Aeshnidae, êîòîðûå ìåòà-
ìîðôèçèðóþò è, ñëåäîâàòåëüíî, âûíîñÿò êàêóþ-òî ÷àñòü ìåòàëëîâ
èç âîäîåìîâ. Âûíîñÿò ñâîþ ÷àñòü è ìåòàìîðôèçèðîâàâøèå ãîëîâà-
ñòèêè. Îäíàêî åäâà ëè ýòîò âûíîñ èãðàåò çàìåòíóþ ðîëü â êðóãîâî-
ðîòå âåùåñòâ.

Î ÌÎÐÔÎËÎÃÈ×ÅÑÊÈÕ ÀÍÎÌÀËÈßÕ
Ó ÒÐÈÒÎÍÎÂ ÐÎÄÀ LISSOTRITON

(SALAMANDRIDAE, CAUDATA) ÍÀ ÇÀÏÀÄÅ ÓÊÐÀÈÍÛ

Í. À. Ñìèðíîâ
Íàöèîíàëüíûé íàó÷íî-ïðèðîäîâåä÷åñêèé ìóçåé ÍÀÍ Óêðàèíû (Êèåâ)

×åðíîâèöêèé îáëàñòíîé êðàåâåä÷åñêèé ìóçåé

ABOUT THE MORPHOLOGICAL ABNORMALITIES
IN NEWTS OF THE GENUS LISSOTRITON

(SALAMANDRIDAE, CAUDATA) IN WESTERN UKRAINE

N. A. Smirnov
National Museum of Natural History NAS of Ukraine (Kyiv)

Chernivtsi Regional Museum

The results of investigation of morphological abnormalities
in newts Lissotriton montandoni (964 specimens) and L. vulgaris
(340 specimens) from Western Ukraine are presented. It is found
that percentage of specimens with abnormalities reach on the average
4,98 % for L. montandoni and 5,59 % for L. vulgaris.

Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ìîðôîëîãè÷åñ-
êèõ àíîìàëèé ó òðèòîíîâ Lissotriton montandoni (964 ýêç.)
è L. vulgaris (340 ýêç.) ñ Çàïàäíîé Óêðàèíû. Óñòàíîâëåíî, ÷òî
ïðîöåíò îñîáåé ñ àíîìàëèÿìè äîñòèãàåò â ñðåäíåì 4,98 %
ó L. montandoni è 5,59 % ó L. vulgaris.

Íà çàïàäå Óêðàèíû êàðïàòñêèé, Lissotriton montandoni (Boulen-
ger, 1880), è îáûêíîâåííûé, L. vulgaris (Linnaeus, 1758), òðèòîíû ÿâ-
ëÿþòñÿ îäíèìè èç íàèáîëåå ìíîãî÷èñëåííûõ è øèðîêî ðàñïðîñòðà-
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íåííûõ âèäîâ àìôèáèé (ïåðâûé – â ãîðàõ, âòîðîé – íà ðàâíèíå).
Îíè íàñåëÿþò ðàçíîîáðàçíûå áèîòîïû ñ ðàçëè÷íîé ñòåïåíüþ àíòðî-
ïîãåííîé íàãðóçêè (îò ïðèðîäíûõ äî óðáàíèçèðîâàííûõ è/èëè ïîä-
âåðãàþùèõñÿ ñèëüíîé àíòðîïîãåííîé òðàíñôîðìàöèè), ÷òî äåëàåò
èõ ïåðñïåêòèâíûìè îáúåêòàìè äëÿ áèîèíäèêàöèè ñîñòîÿíèÿ ñðå-
äû (â ÷àñòíîñòè, ïî âñòðå÷àåìîñòè è ðàçíîîáðàçèþ ìîðôîëîãè÷åñ-
êèõ àíîìàëèé). Îäíàêî â ëèòåðàòóðå èìåþòñÿ ëèøü âåñüìà îòðûâî÷-
íûå ñâåäåíèÿ î ìîðôîëîãè÷åñêèõ äåâèàöèÿõ â ïîïóëÿöèÿõ ýòèõ äâóõ
âèäîâ çåìíîâîäíûõ íà òåððèòîðèè Óêðàèíû. Â ñâÿçè ñ ýòèì öåëü
íàøåé ðàáîòû – äàòü îáùåå îïèñàíèå âíåøíèõ ìîðôîëîãè÷åñêèõ
àíîìàëèé ó ðàññìàòðèâàåìûõ âèäîâ.

Ìàòåðèàë ñîáðàí àâòîðîì âî âðåìÿ ïîëåâûõ èññëåäîâàíèé
â 2003–2013 ãã., à òàêæå ïðè èçó÷åíèè ôîíäîâûõ êîëëåêöèé çîîëî-
ãè÷åñêèõ ìóçååâ Íàöèîíàëüíîãî íàó÷íî-ïðèðîäîâåä÷åñêîãî ìóçåÿ
ÍÀÍ Óêðàèíû (ÇÌ ÍÍÏÌ) è Ëüâîâñêîãî íàöèîíàëüíîãî óíèâåð-
ñèòåòà èì. È. Ôðàíêî (ÇÌ ËÍÓ); äîïîëíèòåëüíî èñïîëüçîâàíû äàí-
íûå èç ëèòåðàòóðíûõ èñòî÷íèêîâ. Â îáùåé ñëîæíîñòè íà ïðåäìåò
íàëè÷èÿ âíåøíèõ ìîðôîëîãè÷åñêèõ àíîìàëèé àâòîðîì ïðîñìîòðå-
íî 1304 ýêç. òðèòîíîâ (L. montandoni – 964, L. vulgaris – 340) èç Çà-
êàðïàòñêîé, Èâàíî-Ôðàíêîâñêîé, Ëüâîâñêîé è ×åðíîâèöêîé îáëàñ-
òåé Óêðàèíû.

Ñîãëàñíî ïîëó÷åííûì ðåçóëüòàòàì âñòðå÷àåìîñòü îñîáåé ñ ìîð-
ôîëîãè÷åñêèìè äåâèàöèÿìè â îáúåäèíåííûõ âûáîðêàõ êàðïàòñêî-
ãî è îáûêíîâåííîãî òðèòîíîâ ñîñòàâèëà 4,98 % (48 îñîáåé) è 5,59 %
(19 îñîáåé) ñîîòâåòñòâåííî (òàáëèöà).

ã. ßðåì÷å,
Èâàíî-Ôðàíêîâñêàÿ îáë.

ïãò. Âîðîõòà, òàì æå

Êîëè÷åñòâî îñîáåé òðèòîíîâ ñ âíåøíèìè àíîìàëèÿìè
(ó÷òåíû âûáîðêè ñâûøå 30 ýêç.)

nas

30

88

Àíîìàëèè
à á â ã ä å æ ç è ê

Âûáîðêà n

L. montandoni

2

6

–

–

–

–

–

1

–

2

–

–

2

1

–

–

–

2

–

–

–

–
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L. vulgaris

Î ê î í ÷ à í è å  ò à á ë è ö û

nas

53

325

31

42

39

38

127

964

Àíîìàëèè
à á â ã ä å æ ç è ê

Âûáîðêà n

ñ. Âåðõíèé ßñåíîâ,
Âåðõîâèíñêèé ð-í, òàì æå

ñ. Çåëåíîå, òàì æå

ñ. Êðàñíèê, òàì æå

ñ. Îñìîëîäà,
Ðîæíÿòîâñêèé ð-í, òàì æå

óð. Ñòåáíèê,
îêð. ïãò. Áåðåãîìåò,
Âèæíèöêèé ð-í,
×åðíîâèöêàÿ îáë.

ïåðåâàë Øóðäèí, òàì æå

ñ. Ëóìøîðû,
Ïåðå÷èíñêèé ð-í,
Çàêàðïàòñêàÿ îáë.

Îáîáùåííàÿ âûáîðêà

ïãò. Äåëÿòèí,
Íàäâîðíÿíñêèé ð-í,
Èâàíî-Ôðàíêîâñêàÿ îáë.

ñ. Øèïèíöû,
Êèöìàíñêèé ð-í,
×åðíîâèöêàÿ îáë.

ã. Ñòîðîæèíåö, òàì æå

Îáîáùåííàÿ âûáîðêà

1

16

2

2

2

6

2

48

–

–

–

–

–

–

–

1

–

1

–

–

–

–

–

1

–

–

–

–

–

–

–

1

–

3

–

–

–

1

–

11

–

–

–

–

1

–

–

1

–

3

2

–

–

3

1

14

–

4

–

2

1

2

–

10

1

3

–

–

–

–

–

6

–

2

–

–

–

–

1

3

–

–

–

–

–

–

–

–

65

35

70

340

3

4

2

19

–

–

–

–

–

–

–

–

–

–

–

–

1

2

–

6

–

–

–

2

1

2

–

7

1

–

1

2

–

–

–

2

–

–

–

–

Ïðèìå÷àíèå: n – ÷èñëî èçó÷åííûõ îñîáåé; nas – ÷èñëî îñîáåé ñ àíîìàëèÿìè;
à – àíîìàëèè îêðàñêè; á – àìåëèÿ; â – ýêòðîìåëèÿ; ã – áðàíõèäàêòèëèÿ; ä – äèõî-
òîìèÿ êîíå÷íîñòè; å – ýêòðîäàêòèëèÿ; æ – ïîëèäàêòèëèÿ; ç – ñèíäàêòèëèÿ; è –
äîïîëíèòåëüíûå âûðîñòû íà ïàëüöàõ; ê – äèõîòîìèÿ êîí÷èêà õâîñòà.

–

–

1

1
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Íàøè ðåçóëüòàòû ïî L. vulgaris áëèçêè ê äàííûì äðóãèõ èññëå-
äîâàòåëåé (5,1 %), ïîëó÷åííûì äëÿ òåððèòîðèè Çàêàðïàòüÿ [Ëèò-
âèí÷óê, Áîðêèí, 2009]. Ñðåäè àíîìàëèé ó L. montandoni çàðåãèñòðè-
ðîâàíû (â ïîðÿäêå óìåíüøåíèÿ ÷àñòîòû âñòðå÷àåìîñòè): ýêòðîäàê-
òèëèÿ (îòñóòñòâèå ïàëüöåâ), áðàíõèäàêòèëèÿ (óêîðî÷åííûå ïàëüöû),
ïîëèäàêòèëèÿ (äóáëèðîâàíèå öåëûõ ïàëüöåâ), ñèíäàêòèëèÿ (ñðàñòà-
íèå ïàëüöåâ), äîïîëíèòåëüíûå âûðîñòû íà ïàëüöàõ, àìåëèÿ (îòñóò-
ñòâèå êîíå÷íîñòè), ýêòðîìåëèÿ (îòñóòñòâèå ÷àñòè êîíå÷íîñòè), äèõî-
òîìèÿ êîíå÷íîñòè (ïîÿâëåíèå äîïîëíèòåëüíîé êèñòè), àíîìàëüíàÿ
îêðàñêà; ó L. vulgaris: ýêòðîäàêòèëèÿ, áðàíõèäàêòèëèÿ, äèõîòîìèÿ
êîíå÷íîñòè, ïîëèäàêòèëèÿ, ñèíäàêòèëèÿ, äèõîòîìèÿ êîí÷èêà õâîñòà.

Àíîìàëèè îêðàñêè. Càìêà êàðïàòñêîãî òðèòîíà ñ æåëòî-êðåìî-
âîé îêðàñêîé êîæè è êðàñíûìè ãëàçàìè (íåìîçàè÷íûé ôëàâèñò è ïîë-
íûé àëüáèíîñ ïî êëàññèôèêàöèè Ñ. Í. Ëèòâèí÷óêà è Ë. ß. Áîðêèíà
(2009)) ðàíåå îòëîâëåíà â îêðåñòíîñòÿõ ñ. Êàëüíîå Ñêîëåâñêîãî ð-íà
Ëüâîâñêîé îáëàñòè [Ãðèí÷èøèí, 2007]. Óêàçàííàÿ îñîáü – åäèíñò-
âåííàÿ èç âûáîðêè (1,29 %; n = 77) èìåëà íåòèïè÷íóþ îêðàñêó (õðà-
íèòñÿ â êîëëåêöèè ÇÌ ËÍÓ, ¹ çõ-ç 338). Äîïîëíèòåëüíî óêàçàíî,
÷òî ýòî åäèíñòâåííûé ñëó÷àé ñðåäè ïðèáëèçèòåëüíî 1200 îñîáåé
êàðïàòñêèõ òðèòîíîâ (~0,08 %), êîòîðûõ öèòèðîâàííûé àâòîð íà-
áëþäàë íà ïðîòÿæåíèè 1989–2004 ãã. Åùå îäíà âçðîñëàÿ ñàìêà êàð-
ïàòñêîãî òðèòîíà ñâåòëî-æåëòîãî öâåòà (íåìîçàè÷íûé ôëàâèñò) îá-
íàðóæåíà íàìè â îêðåñòíîñòÿõ ñ. ßáëóíèöà ßðåì÷àíñêîãî ãîðîä-
ñêîãî ñîâåòà Èâàíî-Ôðàíêîâñêîé îáë. [Òàì æå]. Ýòà îñîáü îêàçàëàñü
åäèíñòâåííîé èç áîëåå ÷åì 2500 îñîáåé âèäà (~0,04 %), êîòîðûõ
ìû íàáëþäàëè â 2003–2013 ãã. Âïîñëåäñòâèè ìîëîäîé ñàìåö L. mon-
tandoni (L. = 31,5 ìì, L.cd. = 29,3 ìì) íåòèïè÷íîé îêðàñêè (ñâåòëî-
æåëòîãî öâåòà, ñ ðîçîâûìè ãëàçàìè – íåìîçàè÷íûé ôëàâèñò è ïîë-
íûé àëüáèíîñ) îáíàðóæåí íàìè ïðè èçó÷åíèè ôîíäîâûõ êîëëåêöèé
ÇÌ ÍÍÏÌ (¹ 1520, ñ. Ìàéäàí, Ñêîëåâñêèé ð-í, Ëüâîâñêàÿ îáë.).
Îñòàëüíûå îñîáè èç âûáîðêè (n = 14) èìåëè îáû÷íûé ðèñóíîê è
îêðàñêó, êàê è äðóãèå ïðîñìîòðåííûå íàìè òðèòîíû ýòîãî âèäà
èç ôîíäîâ ÇÌ ÍÍÏÌ (n = 860). Èòàê, â íàñòîÿùåå âðåìÿ èçâåñòíî
âñåãî òðè îñîáè L. montandoni íåòèïè÷íîé îêðàñêè, ÷òî ñîñòàâëÿåò
ïðèáëèçèòåëüíî 0,07 % îò îáùåé âûáîðêè (îêîëî 4560 ýêç.).
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Àìåëèÿ. Çàðåãèñòðèðîâàí åäèíñòâåííûé ñëó÷àé îòñóòñòâèÿ ëå-
âîé ïåðåäíåé êîíå÷íîñòè ó ïîëîâîçðåëîãî ñàìöà êàðïàòñêîãî òðè-
òîíà èç ñ. Çåëåíîå Âåðõîâèíñêîãî ð-íà Èâàíî-Ôðàíêîâñêîé îáë.
(ÇÌ ÍÍÏÌ, ¹ 461). Ýòî ñîñòàâëÿåò 0,31 % îò ëîêàëüíîé (n = 325)
è 0,10 % îò ñóììàðíîé âûáîðêè.

Ýêòðîìåëèÿ. Îòñóòñòâèå êèñòè íà ïðàâîé çàäíåé êîíå÷íîñòè
îòìå÷åíî ó ñàìöà êàðïàòñêîãî òðèòîíà èç ïãò. Âîðîõòà Èâàíî-Ôðàí-
êîâñêîé îáë. (ÇÌ ÍÍÏÌ, ¹ 1104), ÷òî ñîîòâåòñòâóåò 1,14 % îò ëî-
êàëüíîé (n = 88) è 0,10 % îò ñóììàðíîé âûáîðîê.

Áðàíõèäàêòèëèÿ. Îäíà èç íàèáîëåå ÷àñòî âñòðå÷àþùèõñÿ
àíîìàëèé: îáíàðóæåíà ó 11 îñîáåé L. montandoni èç 7 âûáîðîê è 6
L. vulgaris èç 5 âûáîðîê (1,14 % è 1,77 % îò îáúåäèíåííûõ âèäî-
âûõ âûáîðîê ñîîòâåòñòâåííî). Âñòðå÷àåìîñòü â ëîêàëüíûõ âûáîð-
êàõ (ïðè n > 30) ñîñòàâèëà 0,92–2,63 % äëÿ êàðïàòñêîãî òðèòîíà è
1,54–5,71 % – äëÿ îáûêíîâåííîãî (ñì. òàáëèöó).

Äèõîòîìèÿ êîíå÷íîñòè. Çàðåãèñòðèðîâàí îäèí ñëó÷àé (0,10 %
îò ñóììàðíîé âûáîðêè) ïîÿâëåíèÿ äîïîëíèòåëüíîé êèñòè íà ïðà-
âîé çàäíåé êîíå÷íîñòè ó ïîëîâîçðåëîãî ñàìöà êàðïàòñêîãî òðèòîíà
èç óð. Ñòåáíèê (îêð. ïãò. Áåðåãîìåò Âèæíèöêîãî ð-íà ×åðíîâèöêîé
îáë.) è äâà ñëó÷àÿ (0,59 % îò îáîáùåííîé âûáîðêè) ó îáûêíîâåí-
íîãî òðèòîíà: âçðîñëûé ñàìåö, ïðàâàÿ ïåðåäíÿÿ êîíå÷íîñòü (ïàðê
«Æîâòíåâûé», ã. ×åðíîâöû; n = 10) [Ñì³ðíîâ òà ³í., 2008]; ïîëîâîçðå-
ëàÿ ñàìêà, ëîêàëèçàöèÿ òà æå (ÇÌ ÍÍÏÌ ¹ 2113, Âèííèêîâñêîå
ë-âî, îêð. ã. Ëüâîâà, n = 16).

Ýêòðîäàêòèëèÿ. Ýòî íàèáîëåå ÷àñòî âñòðå÷àþùàÿñÿ àíîìà-
ëèÿ, êîòîðàÿ îáíàðóæåíà ó 2,06 % L. vulgaris (7 îñîáåé èç 6 âûáîðîê)
è 1,45 % L. montandoni (14 îñîáåé èç 8 âûáîðîê). Âñòðå÷àåìîñòü
â ëîêàëüíûõ âûáîðêàõ (ïðè n > 30) ñîñòàâëÿåò ñîîòâåòñòâåííî
1,54–5,71 % è 0,79–7,90 % (ñì. òàáëèöó). Ïî äàííûì Ñ. Í. Ëèòâèí÷ó-
êà è Ë. ß. Áîðêèíà (2009) ó îáûêíîâåííûõ òðèòîíîâ èç Çàêàðïàòüÿ
ýêòðîäàêòèëèÿ âñòðå÷àåòñÿ ó 2,97 % îñîáåé (7 èç 236).

Ïîëèäàêòèëèÿ. Äëÿ L. montandoni ýòà äåâèàöèÿ ðàíåå îáíàðó-
æåíà Î. Â. Ôåäîíþê (2008) íà òåððèòîðèè íàöèîíàëüíîãî ïðèðîä-
íîãî ïàðêà «Ñêîëåâñêèå Áåñêèäû» (ñâåäåíèÿ îá îáùåì ðàçìåðå âû-
áîðêè îòñóòñòâóþò). Íàìè îòìå÷åíà ó 1,04 % êàðïàòñêèõ òðèòîíîâ
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(10 îñîáåé èç 5 âûáîðîê) è 0,59 % îáûêíîâåííûõ òðèòîíîâ (2 îñî-
áè èç 2 âûáîðîê). Áëèçêèå ðåçóëüòàòû ïîëó÷åíû Ñ. Í. Ëèòâèí÷óêîì
è Ë. ß. Áîðêèíûì (2009) – îíè îáíàðóæèëè óêàçàííóþ àíîìàëèþ
ó îäíîãî èç 236 (0,42 %) èçó÷åííûõ èìè îáûêíîâåííûõ òðèòîíîâ
ñ òåððèòîðèè Çàêàðïàòüÿ.

Ñèíäàêòèëèÿ. Âñòðå÷àåòñÿ ïðàêòè÷åñêè ñ îäèíàêîâîé ÷àñòîòîé
ó îáîèõ èçó÷åííûõ âèäîâ (çàðåãèñòðèðîâàíà ó 0,62 % L. montando-
ni – 6 îñîáåé èç 3 âûáîðîê è 0,59 % L. vulgaris – 2 îñîáè èç 2 âûáî-
ðîê). Ðàíåå ýòà àíîìàëèÿ îòìå÷åíà ó îáûêíîâåííûõ òðèòîíîâ èç Çà-
êàðïàòüÿ (3 îñîáè èç 236 èëè 1,27%) [Ëèòâèí÷óê, Áîðêèí, 2009].

Äîïîëíèòåëüíûå âûðîñòû íà ïàëüöàõ. Îáíàðóæåíû ó 0,31 %
êàðïàòñêèõ òðèòîíîâ (3 îñîáè èç 2 âûáîðîê).

Äèõîòîìèÿ êîí÷èêà õâîñòà. Ðàçäâîåíèå êîí÷èêà õâîñòà îòìå÷å-
íî ó îäíîãî ñàìöà èç ã. Ñòîðîæèíåö ×åðíîâèöêîé îáë. (ÇÌ ÍÍÏÌ,
¹ 448). Ýòà àíîìàëèÿ ñîñòàâèëà 0,29 % îò îáúåäèíåííîé è 1,43 %
îò ëîêàëüíîé (n = 70) âûáîðêè.

Òàêèì îáðàçîì, ó òðèòîíîâ ðîäà Lissotriton íà çàïàäå Óêðàèíû
îáíàðóæåíî 10 âàðèàíòîâ ìîðôîëîãè÷åñêèõ àíîìàëèé (L. montando-
ni – 9 è L. vulgaris – 6). Íàèáîëåå ÷àñòî ó îáîèõ âèäîâ âñòðå÷àþòñÿ
ýêòðîäàêòèëèÿ è áðàíõèäàêòèëèÿ, à ó êàðïàòñêîãî òðèòîíà åùå è
ïîëèäàêòèëèÿ; îñòàëüíûå àíîìàëèè ïðåäñòàâëåíû åäèíè÷íûìè ñëó-
÷àÿìè. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ñäåëàòü ïðåäâàðèòåëü-
íûé âûâîä, ÷òî «ôîíîâàÿ» âñòðå÷àåìîñòü àíîìàëèé â çàïàäíîóêðà-
èíñêèõ ïîïóëÿöèÿõ êàðïàòñêîãî òðèòîíà ñîñòàâëÿåò 1,58–6,82 %,
à îáûêíîâåííîãî – 2,86–4,62 %, ÷òî âïîëíå ñîãëàñóåòñÿ ñ ëèòåðà-
òóðíûìè äàííûìè ïî äðóãèì âèäàì õâîñòàòûõ àìôèáèé Åâðîïû
[ñì.: Ëèòâèí÷óê, Áîðêèí, 2009]. Ðÿä àíîìàëèé (â òîì ÷èñëå àìå-
ëèÿ, ýêòðîìåëèÿ, äèõîòîìèÿ êîíå÷íîñòè, ñèíäàêòèëèÿ è äð.) âïåð-
âûå çàðåãèñòðèðîâàíû ó êàðïàòñêîãî òðèòîíà â õîäå ïðîâåäåíèÿ
íàñòîÿùåãî èññëåäîâàíèÿ.
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ANALYSIS OF MORPHOLOGICAL ABNORMALITIES
UNDER ANTHROPOGENIC TRANSFORMATION

OF HABITATS TAILLESS AMPHIBIANS

A. I. Fayzulin
Institute of Ecology of the Volga River Basin Russian Academy of Science

(Tolyatti)

On the territory of the Middle Volga region in the 4th lake
frog populations are marked morphological abnormalities of 10 types
of the external structure: polydactyly, polimeliya, ectromelia,
ectrodactyly, absence of eyelids, eyes, the aberrations of pigmentation
of the iris. We assessed the diversity of abnormalities in the para-
meters ¼ and phenotypic diversity h. Found to increase to 1,65 times,
the diversity index of the spectrum of anomalies (μ ± Sμ) in high
antropopressii (2,50 ± 0,021), compared to controls (1,49 ± 0,004).

Íà òåððèòîðèè Ñðåäíåãî Ïîâîëæüÿ â 4 ïîïóëÿöèÿõ îçåð-
íîé ëÿãóøêè îòìå÷åíû ìîðôîëîãè÷åñêèå àíîìàëèè 10 òèïîâ
âíåøíèõ ñòðóêòóð: ïîëèäàêòèëèÿ, ïîëèìåëèÿ, ýêòðîìåëèÿ,
ýêòðîäàêòèëèÿ, îòñóòñòâèå âåê, ãëàç, àáåððàöèè ïèãìåíòà-
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öèè ðàäóæíîé îáîëî÷êè. Îöåíèâàëè ðàçíîîáðàçèå àíîìàëèé
ñ ïîìîùüþ ïîêàçàòåëÿ μ è ïàðàìåòðà ôåíîòèïè÷åñêîãî ðàç-
íîîáðàçèÿ h. Îòìå÷åíî óâåëè÷åíèå â 1,65 ðàçà èíäåêñà ðàç-
íîîáðàçèÿ ñïåêòðà àíîìàëèé (μ ± Sμ) â ñëó÷àå âûñîêîé àíò-
ðîïîïðåññèè (2,50 ± 0,021) â ñðàâíåíèè ñ êîíòðîëüíîé ãðóïïîé
(1,49 ± 0,004).

Âîçíèêíîâåíèå àíîìàëèé ó çåìíîâîäíûõ ñâÿçàíî ñî ìíîãèìè
íåçàâèñèìûìè è âçàèìîäåéñòâóþùèìè ôàêòîðàìè. Îòêëîíåíèÿ
â ñòðîåíèè âûçûâàþò ìóòàöèè è âçàèìîäåéñòâèÿ ãåíîâ, õèìè÷åñ-
êèå òåðàòîãåíû, à òàêæå ïîâðåæäåíèÿ õèùíèêîâ è ìåòàöåðêàðèé òðå-
ìàòîä, âûçûâàþùèõ àíîìàëüíûå ðåãåíåðàöèè êîíå÷íîñòåé [Dubois,
1979; Guex et al., 2001] è íàðóøåíèÿ ìîðôîãåíåçà ïîçâîíî÷íèêà
[Âåðøèíèí, Íåóñòðîåâà, 2011]. Â óñëîâèÿõ âûñîêîé àíòðîïîãåí-
íîé íàãðóçêè îòìå÷àåòñÿ ïîâûøåíèå ðàçíîîáðàçèÿ è îáùåé ÷àñòî-
òû àáåððàöèé ó àìôèáèé [Âåðøèíèí, 1997; 1989; Flax, Borkin, 1997;
Machado, Schluter, 2010]. Â Åâðîïåéñêîé ÷àñòè Ðîññèè íàèáîëüøèì
ðàçíîîáðàçèåì àíîìàëèé õàðàêòåðèçóåòñÿ îçåðíàÿ ëÿãóøêà Pelophy-
lax ridibundus [Ôàéçóëèí, ×èõëÿåâ, 2006; Faizulin et al., 2003].

Öåëü íàøåãî èññëåäîâàíèÿ – ïðîàíàëèçèðîâàòü ñîñòàâ, âñòðå-
÷àåìîñòü è ðàçíîîáðàçèå ìîðôîëîãè÷åñêèõ àíîìàëèé â ïîïóëÿöè-
ÿõ îçåðíîé ëÿãóøêè èç ðàçëè÷íûõ ïî ñòåïåíè àíòðîïîãåííîãî âîç-
äåéñòâèÿ ìåñòîîáèòàíèé â óñëîâèÿõ Ñðåäíåãî Ïîâîëæüÿ.

Ìàòåðèàë è ìåòîäû
Óðîâåíü àíòðîïîãåííîé íàãðóçêè ó÷èòûâàëè ïî óðîâíþ íàðó-

øåíèÿ ìîðôîãåíåòè÷åñêîãî ãîìåîñòàçà [×óáèíèøâèëè, 1998]. Äà-
ëåå íàìè âûäåëåíû äëÿ èññëåäîâàíèÿ ñëåäóþùèå ëîêàëèòåòû, êî-
òîðûå ðàñïðåäåëåíû ñ ó÷åòîì âîçðàñòàíèÿ àíòðîïîãåííîé íàãðóçêè:
I. «Áðóñÿíû» – âîäîåìû çàïàäíîé ïðèòåððàñíîé ÷àñòè Ìîðäîâåí-
ñêîé ïîéìû, èçîëèðîâàííîé îò Ñàðàòîâñêîãî âîäîõðàíèëèùà, 200–
500 ì þæíåå ñ. Áðóñÿíû (Njuv = 98; Nad = 70); II. – «Ìîðäîâî» – âîñ-
òî÷íàÿ öåíòðàëüíî-ïîéìåííàÿ, çàíèìàåò áîëüøóþ ÷àñòü ïîéìû:
Êîëüöîâñêóþ âîëîæêó, ìåæãðèâíûå îçåðà ïðèðóñëîâîé ÷àñòè ïîé-
ìû â 200–400 ì þæíåå ïîñ. Ìîðäîâî (Njuv = 79; Nad = 21); III. – «Êîëü-
öîâî» – ïðóä îðîñèòåëüíîé ñèñòåìû, ó âîñòî÷íîé îêðàèíû ñ. Êîëü-

..
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öîâî (Njuv = 70; Nad = 14); IV. – «Âàñèëüåâñêèå îñòðîâà» – ïðèáðåæíî-
ãî ìåëüêîâîäüÿ Âàñèëüåâñêèõ îñòðîâîâ Ñàðàòîâñêîãî âîäîõðàíè-
ëèùà (Njuv = 38; Nad = 27). Äëÿ àêâàòîðèè ó Âàñèëüåâñêèõ îñòðîâîâ
â Ñàðàòîâñêîì âîäîõðàíèëèùå (2–2,5 êì íèæå óñòüÿ ð. ×àïàåâêè)
îòìå÷åíî ïðåâûøåíèå ÏÄÊ (çäåñü è äàëåå ÏÄÊ óêàçàíû äëÿ âîäîå-
ìîâ ðûáîõîçÿéñòâåííîãî íàçíà÷åíèÿ): â 1995–1996 ãã. äëÿ ëåãêî-
îêèñëÿåìûõ îðãàíè÷åñêèõ âåùåñòâ â 2–3 ðàçà, ôåíîëîâ – â 3–5 ðàç,
ôîñôîðà – â 3–9 ðàç; â 1997 ã. äëÿ ìàðãàíöà – â 11 ðàç [Ñåëåçíåâ
è äð., 1998].

Õàðàêòåðèñòèêà âñòðå÷àåìîñòè è ðàçíîîáðàçèÿ àíîìàëèé ïðè-
âåäåíà ïî îòäåëüíûì ïîêàçàòåëÿì, ïðåäëîæåííûì Ë. ß. Áîðêèíûì
è ñîàâòîðàìè (2012). Êëàññèôèêàöèÿ òèïîâ àíîìàëèé ïðîâåäåíà
ñ ó÷åòîì ñèììåòðèè èõ ïðîÿâëåíèÿ. Â êà÷åñòâå ïîêàçàòåëÿ ðàçíîîá-
ðàçèÿ àíîìàëèé íàìè âûáðàí ïîêàçàòåëü ôåíîòèïè÷åñêîãî ðàçíîîá-
ðàçèÿ μ è äîëÿ ðåäêèõ ôåíîòèïîâ h [Æèâîòîâñêèé, 1982]. Îáû÷íî
â ïîïóëÿöèè â êà÷åñòâå íîðìàëüíîãî ôåíîòèïà, ðàññìàòðèâàåòñÿ
äîìèíèðóþùèé òèï ñòðîåíèÿ, áåç âèäèìûõ îòêëîíåíèé (93–99 %)
(p1). Îñòàëüíûå îñîáè ñ âèäèìûìè îòêëîíåíèÿìè, âîçíèêàþùèìè
íà ýìáðèîíàëüíîé è ëè÷èíî÷íîé ñòàäèÿõ ðàçâèòèÿ, ìîðôîëîãè-
÷åñêèìè àíîìàëèÿìè âêëþ÷åíû â ãðóïïû òèïîâ ñ íåíîðìàëüíûì
ñòðîåíèåì (p2 + ... pm–1), ãäå m – ÷èñëî âàðèàíòîâ ôåíîòèïà, âêëþ-
÷àÿ è îñîáåé áåç îòêëîíåíèé (àíàëèçèðóåòñÿ âåñü ðÿä ôåíîòèïîâ,
à íå òîëüêî àíîìàëüíûå). Òàêèì îáðàçîì, äàííûå ïîêàçàòåëè îöåíè-
âàþò îäíîâðåìåííî ÷àñòîòó âñòðå÷àåìîñòè è ðàçíîîáðàçèå àíîìà-
ëèé â âûáîðêå.

Ðåçóëüòàòû è îáñóæäåíèå
Â ðàéîíå èññëåäîâàíèÿ íàìè îáíàðóæåíî 10 òèïîâ ìîðôîëîãè-

÷åñêèõ îòêëîíåíèé (òàáëèöà):
1. Ïîëèìåëèÿ – ðàçâèòèå äîïîëíèòåëüíûõ êîíå÷íîñòåé. Îòìå-

÷åíà â ôîðìå ðàçâèòèÿ îäíîãî è äâóõ äîïîëíèòåëüíûõ êîíå÷íîñ-
òåé. Îäíèì èç ôàêòîðîâ, âûçûâàþùèõ ïîëèìåëèþ (ìàññîâóþ), ÿâ-
ëÿåòñÿ çàðàæåíèå ïîÿñà êîíå÷íîñòåé ìåòàöåðêàðèÿìè òðåìàòîä
[Guex et al., 2001]. Îäíàêî ïî íàøèì äàííûì [Ôàéçóëèí, ×èõëÿåâ,
2006] öèñòû òðåìàòîä â çîíå ðàçâèòèÿ äîïîëíèòåëüíûõ êîíå÷íîñ-
òåé íå îáíàðóæåíû.
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2. Ýêòðîìåëèÿ – íåäîðàçâèòèå êîíå÷íîñòåé ïðîÿâëÿåòñÿ àñèì-
ìåòðè÷íî.

3. Ñèììåòðè÷íàÿ ïîëèäàêòèëèÿ. Ïðè ðàññìîòðåíèè ïðîÿâëåíèÿ
àáåððàöèé áèëàòåðàëüíûõ ïðèçíàêîâ ñèììåòðè÷íûå íàðóøåíèÿ äî-
ìèíèðóþò ïðè ðàçâèòèè äîáàâî÷íûõ ïàëüöåâ — ðàçâèòèå 5-ãî äî-
ïîëíèòåëüíîãî ïàëüöà íà ïåðåäíèõ, 6–7-ãî íà çàäíèõ êîíå÷íîñòÿõ.
Îòìå÷åí ñëó÷àé ñèììåòðè÷íîé ïîëèäàêòèëèè ñ ðàçâèòèåì äîïîëíè-
òåëüíûõ ïàëüöåâ íà âñåõ êîíå÷íîñòÿõ â ïîïóëÿöèè îçåðíîé ëÿãóø-
êè, îáèòàþùåé íà òåððèòîðèè Ìîðäîâåíñêîé ïîéìû Ñàðàòîâñêîãî
âîäîõðàíèëèùà (îêð. ïîñ. Ìîðäîâî, Ñàìàðñêîé îáëàñòè). Â äàí-
íîì ãåîãðàôè÷åñêîì ïóíêòå ñèììåòðè÷íàÿ ïîëèäàêòèëèÿ ÿâëÿåòñÿ
ìàññîâîé àíîìàëèé, êîòîðàÿ îòìå÷àëàñü â 1997 ã. (n = 8; 5,93 ± 2,03;
N = 135).

4. Íåñèììåòðè÷íàÿ ïîëèäàêòèëèÿ. Â ïåðèîä èññëåäîâàíèÿ îò-
ìå÷åíà òîëüêî â ðàéîíå êîíòðîëÿ – ïîïóëÿöèè «Áðóñÿíû». Â 1996–
1997 ãã. ðåãèñòðèðîâàëèñü â ïîéìåííûõ âîäîåìàõ Ìîðäîâåíñêîé
ïîéìû.

5. Ýêòðîäàêòèëèÿ – íåäîðàçâèòèå ïàëüöåâ. Ó îçåðíîé ëÿãóøêè
îòìå÷åíà êàê íà ïåðåäíèõ êîíå÷íîñòÿõ â ïîïóëÿöèè «Áðóñÿíû», òàê
è íà çàäíèõ êîíå÷íîñòÿõ â ïîïóëÿöèè «Âàñèëüåâñêèå îñòðîâà».

6. Áðàõèäàêòèëèÿ – óêîðî÷åííàÿ äëèíà ïàëüöåâ. Îòìå÷åíà
âî âñåõ ïîïóëÿöèÿõ, êðîìå «Êîëüöîâî».

7. Êëèíîäàêòèëèÿ – èñêðèâëåííûå ïàëüöû. Ðåäêàÿ àíîìàëèÿ, îò-
ìå÷åíà åäèíè÷íî â ïîïóëÿöèè «Ìîðäîâî».

8. Îòñóòñòâèå (íåäîðàçâèòèå) ïÿòî÷íîãî áóãðà. Îòìå÷åíî òîëüêî
ó îçåðíîé ëÿãóøêè â ïîïóëÿöèè «Êîëüöîâî».

9. Öèêëîïèÿ – îòñóòñòâèå ãëàç è àíîìàëèè – ñèììåòðè÷íîå îò-
ñóòñòâèå âåê (n = 1; 0,06 ± 0,06 %) è íåñèììåòðè÷íîå ãëàç (íåäîðàç-
âèòèå), îòìå÷åíû òîëüêî ó ìåòàìîðôèçèðóþùèõ ñåãîëåòêîâ.

10. Îòñóòñòâèå çðà÷êà. Ðåäêàÿ àíîìàëèÿ, îòìå÷åííàÿ â Âîëæ-
ñêîì áàññåéíå òîëüêî ó îçåðíîé ëÿãóøêè [Ôàéçóëèí, 2011].

Íàìè ðàññìîòðåíû ñëåäóþùèå ïîêàçàòåëè: ðàñïðåäåëåíèå ìîð-
ôîëîãè÷åñêèõ àíîìàëèé è îáùàÿ âñòðå÷àåìîñòü îñîáåé ñ àíîìàëèÿ-
ìè Pas (ñì. òàáëèöó).
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–

1/2,63±2,60

1/2,63±2,60

–

–

–

–

1/2,63±2,60

3/7,15±4,37

35/92,11±4,37

1,45±0,26

0,63

ÏîëèìåëèÿA/Ç

ÝêòðîìåëèÿA/Ç

ÏîëèäàêòèëèÿS/Ç

ÏîëèäàêòèëèÿA/Ç

ÝêòðîäàêòèëèÿA/Ï

ÁðàõèäàêòèëèÿA/Ï

Îòñóòñòâèå ãëàçA

Îòñóòñòâèå
çðà÷êàA

Pas, %

Îñîáè
áåç àíîìàëèé

μ

H

–

–

–

1/1,02 ± 1,01

1/1,02 ± 1,01

1/1,02 ± 1,01

–

–

3/3,06±1,74

97/96,94±1,74

1,29 ± 0,17

0,68

–

–

1/1,27 ± 1,26

–

–

1/1,27 ± 1,26

–

–

2/2,54 ± 1,77

77/97,46 ± 1,77

1,21 ± 0,19

0,59

2/2,86 ± 1,99

–

–

–

–

–

2/2,86 ± 1,99

1/1,43 ± 1,42

5/7,89 ± 3,08

65/92,85 ± 3,08

1,42 ± 0,19

0,64

Ðàñïðåäåëåíèå ìîðôîëîãè÷åñêèõ àíîìàëèé
â ðàéîíå óñòüÿ ð. ×àïàåâêè

Âàñèëüåâñêèå
î-âàÊîëüöîâîÌîðäîâîÁðóñÿíûÒèï

àíîìàëèè
n/P ± Sp n/P ± Sp n/P ± Sp n/P ± Sp

juv. – ñåãîëåòêè

sad. + ad. – ïîëóâçðîñëûå, âçðîñëûå

ÝêòðîäàêòèëèÿA/Ç

ÁðàõèäàêòèëèÿA/Ç

ÊëèíîäàêòèëèÿA/Ç

Îòñóòñòâèå
ïÿòî÷íîãî áóãðàA

Pas, %

Îñîáè
áåç àíîìàëèé

μ ± Sμ

H

–

–

–

–

–

70/100 ± 0,00

1 ± 0,2

0

–

–

1/4,76 ± 4,65

–

1/4,76 ± 4,65

20/95,24 ± 4,65

1,19 ± 0,36

0,4

–

–

–

1/7,14 ± 6,88

1/7,4 ± 6,88

13/92,86 ± 6,88

1,2 ± 0,44

0,38

1/3,7±3,63

1/3,7±3,63

–

–

2/7,14±5,04

25/92,6±5,04

1,35±0,31

0,55
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Èç òàáëèöû âèäíî, ÷òî íàèáîëåå âûñîêàÿ ÷àñòîòà àíîìàëèé îò-
ìå÷åíà â ïîïóëÿöèè «Âàñèëüåâñêèå îñòðîâà» â óñëîâèÿõ âûñîêîé
àíòðîïîãåííîé íàãðóçêè. Òàêæå âûñîêèé óðîâåíü âñòðå÷àåìîñòè àáåð-
ðàöèé – îêîëî 7 % – íàáëþäàåòñÿ â óñëîâèÿõ ñðåäíåé àíòðîïîïðåñ-
ñèè â âûáîðêå èç ïðóäà ó ñ. Êîëüöîâî. Ðàçëè÷èÿ ïî ÷àñòîòå âñòðå÷àå-
ìîñòè àíîìàëèé íå ÿâëÿþòñÿ ñòàòèñòè÷åñêè äîñòîâåðíûìè. Ðàñ-
ïðåäåëåíèå îáùåé ÷àñòîòû âñòðå÷àåìîñòè àáåððàöèé è èçìåíåíèÿ
âåëè÷èíû ôëóêòóèðóþùåé àñèììåòðèè çàìåòíî îòëè÷àþòñÿ, ÷òî
íå ïîçâîëÿåò îöåíèâàòü ñîñòîÿíèå ïîïóëÿöèè ïî äàííîìó ïàðàìåò-
ðó. Íî îáùàÿ òåíäåíöèÿ ïîâûøåíèÿ âñòðå÷àåìîñòè àíîìàëèé ñ ðîñ-
òîì àíòðîïîãåííîé íàãðóçêè, îòìå÷åííàÿ äðóãèìè èññëåäîâàòåëÿ-
ìè [Âåðøèíèí, Íåóñòðîåâà, 2011; Flax, Borkin, 1997], ñîõðàíÿåòñÿ.

Èç äàííûõ òàáëèöû âèäíî, ÷òî â óñëîâèÿõ âûñîêîé àíòðîïîïðåñ-
ñèè âûøå ðàçíîîáðàçèå àíîìàëèé, ÷åì â óñëîâèÿõ ñðåäíåé è íèç-
êîé àíòðîïîïðåññèè. Ñðåäè ñåãîëåòêîâ âûñîêî ðàçíîîáðàçèå óðîäñòâ
â ïðóäó â îêðåñòíîñòÿõ ñ. Êîëüöîâî, ãäå ëè÷èíî÷íîå ðàçâèòèå ïðî-
õîäèò â «ýêñòðåìàëüíûõ» óñëîâèÿõ – âûñîêîé ïëîòíîñòè (âîäîåì
ñèëüíî ïåðåñûõàåò ê íà÷àëó ìåòàìîðôîçà, óðîâåíü âîäû ïàäàåò
íà 0,5–0,8 ì) è ðåçêèõ ïåðåïàäàõ òåìïåðàòóðû, â îòëè÷èå îò ïîé-
ìåííûõ áîëåå êðóïíûõ âîäîåìîâ, ãäå âîäîõðàíèëèùå è ðàñòèòåëü-
íîñòü ôîðìèðóþò áëàãîïðèÿòíûå ìèêðîêëèìàòè÷åñêèå óñëîâèÿ.
Äîñòàòî÷íî ðåäêàÿ âñòðå÷àåìîñòü îñîáåé ñ àíîìàëèÿìè ñðåäè ïðî-
øåäøèõ ìåòàìîðôîç îñîáåé ñâÿçàíà ñ íèçêîé æèçíåñïîñîáíîñòüþ
îñîáåé [Guex et al., 2001].

Î ê î í ÷ à í è å  ò à á ë è ö û
Âàñèëüåâñêèå

î-âàÊîëüöîâîÌîðäîâîÁðóñÿíûÒèï
àíîìàëèè

n/P ± Sp n/P ± Sp n/P ± Sp n/P ± Sp

juv. +sad. + ad. – ïî âñåé âûáîðêå

Pas, %

μ

H

1,79 ± 1,1

1,49 ± 0,25

0,626

3,00 ± 1,6

1,65 ± 0,32

0,587

7,14 ± 2,8

2,22 ± 0,34

0,556

Ïðèìå÷àíèå: À – àñèììåòðè÷íîå ïðîÿâëåíèå àíîìàëèé; S – ñèììåòðè÷íîå
ïðîÿâëåíèå àíîìàëèé; Ç – çàäíèõ êîíå÷íîñòåé; Ï – ïåðåäíèõ êîíå÷íîñòåé.

7,69 ± 3,2

2,50 ± 0,38

0,583
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Òàêèì îáðàçîì, â óñëîâèÿõ àíòðîïîãåííîé òðàíñôîðìàöèè
â ðàéîíå èññëåäîâàíèÿ ïðîèñõîäèò óâåëè÷åíèå îáùåé ÷àñòîòû
âñòðå÷àåìîñòè àíîìàëèé è ðàçíîîáðàçèÿ. Ïî îïóáëèêîâàííûì äàí-
íûì òåíäåíöèÿ óâåëè÷åíèÿ ðàçíîîáðàçèÿ òèïîâ àíîìàëèé ñ ïîâû-
øåíèåì àíòðîïîãåííîé íàãðóçêè îòìå÷àåòñÿ äëÿ ãîðîäñêèõ òåððè-
òîðèé Åêàòåðèíáóðãà [Âåðøèíèí, 1997], à òàêæå â ïðîìûøëåííûõ
ðàéîíàõ âîñòî÷íîé Óêðàèíû [Flax, Borkin, 1997]. Ñïåêòð âûÿâëåí-
íûõ àíîìàëèé â ðàçëè÷íûõ ëîêàëèòåòàõ ðàéîíà èññëåäîâàíèÿ ñó-
ùåñòâåííî îòëè÷àåòñÿ. Ïðîÿâëåíèå ìàññîâûõ àíîìàëèé – ñèììåò-
ðè÷íîé ïîëèäàêòèëèè â ðàéîíå èññëåäîâàíèÿ – íå ñâÿçàíî ñ àíòðî-
ïîãåííûì âîçäåéñòâèåì, ÷òî ñîãëàñóåòñÿ ñ ëèòåðàòóðíûìè äàííûìè
[Áîðêèí è äð., 2012].
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In the laboratory, we were able to observe two types of mal-
formations: aplasia and duplication. Last anomaly proved fatal
for infants.
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Â ëàáîðàòîðíûõ óñëîâèÿõ óäàëîñü ïðîíàáëþäàòü äâà òèïà
óðîäñòâ: àïëàçèþ è òåðàòîïàãèþ. Ïîñëåäíÿÿ òåðàòîìîðôà
îêàçàëàñü ôàòàëüíîé äëÿ íîâîðîæäåííûõ.

Íåìàëûé èíòåðåñ äëÿ ìîðôîëîãèè è áèîëîãèè þâåíèëüíûõ
îñîáåé ðåïòèëèé ïðåäñòàâëÿþò ñîáîé òåðàòîëîãè÷åñêèå ÿâëåíèÿ
(âðîæäåííûå óðîäñòâà) â ñâÿçè ñ èõ ðåäêîñòüþ.

Ñáîð ìàòåðèàëà ïðîâîäèëñÿ â ÃÊÏÇ «Ñïàññêèé» ñ ìàÿ ïî èþëü
2012–2013 ãã. Áûëî îòîáðàíî è ïîìåùåíî â ëàáîðàòîðíûå óñëîâèÿ
19 áåðåìåííûõ ñàìîê ñòåïíîé ãàäþêè Áàøêèðîâà (Vipera (Pelias)
renardii bashkirovi Garanin et al., 2004). Èç 163 íîâîðîæäåííûõ äå-
òåíûøåé íàáëþäàëè ëèøü äâà òåðàòîëîãè÷åñêèõ ÿâëåíèÿ.

Â ïåðâîì ñëó÷àå íàáëþäàëè àïëàçèþ (îòñóòñòâèå) ëåâîãî ãëà-
çà (ðèñ. 1).

Ðèñ. 1. Àïëàçèÿ ëåâîãî ãëàçà. Âèä ñâåðõó è ñëåâà

Ïîäîáíûå ñëó÷àè â ëèòåðàòóðíûõ èñòî÷íèêàõ íå ïðèâîäÿòñÿ.
Ëåâûå íàäãëàçíè÷íûé è îêîëîãëàçíè÷íûå ùèòêè çàíèìàëè âñå îñ-
âîáîäèâøååñÿ ïðîñòðàíñòâî, èç-çà ÷åãî ñîîòâåòñòâóþùàÿ ñòîðîíà
ãîëîâû âûãëÿäåëà äåôîðìèðîâàííîé. Ñðåäè ïîòîìñòâà ñàìêè äå-
òåíûø áûë ñàìûì ìàëåíüêèì (L = 148 ìì), îäíàêî ïî äëèíå òåëà
ñðåäè âñåõ íîâîðîæäåííûõ âïèñûâàëñÿ â ïðåäåëû Lmin–max= 137–178.
Ñàìêà ñîäåðæàëàñü â ëàáîðàòîðèè íà÷èíàÿ ñ ìàÿ 2012 ã. äî ðîäîâ.
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Âñå åå äåòåíûøè ðîäèëèñü æèâûìè, áûëè àêòèâíûìè è ïèòàëèñü,
è äðóãèõ îòêëîíåíèé ñðåäè ïîòîìñòâà çàìå÷åíî íå áûëî. Â îñòàëü-
íîì äåòåíûø âíåøíå âûãëÿäåë íîðìàëüíî è áûë àêòèâíûì. Åãî
âûïóñòèëè âìåñòå ñ îñòàëüíûìè íîâîðîæäåííûìè â ìåñòå ïîèìêè
ñàìêè.

26 èþëÿ 2012 ã. ìû íàáëþäàëè ðîæäåíèå ñèàìñêèõ áëèçíåöîâ
(ðèñ. 2, 3), êîòîðûõ ñíà÷àëà ïðèíÿëè çà äåòåíûøåé, èäóùèõ îäíî-
âðåìåííî. Ïðè ðîäàõ îíè øëè ãîëîâàìè âïåðåä, óæå ðàçîðâàâ ÿé-
öåâóþ îáîëî÷êó, è àêòèâíî èçâèâàÿñü. Òîëüêî êîãäà áëèçíåöû ðî-
äèëèñü, áûëî çàìå÷åíî, ÷òî ó íèõ îáùàÿ ÿéöåâàÿ îáîëî÷êà, è îíè
ñðîñëèñü ìåæäó ñîáîé áðþøíûìè ùèòêàìè. Ñðàñòàíèå øëî íà÷è-
íàÿ, ïðèìåðíî, ñî âòîðîé òðåòè òåëà (ðèñ. 4) è çàêàí÷èâàëîñü íå äî-
õîäÿ äî êëîàêè (ðèñ. 5). Â ÷àñòè òåëà, ãäå øëî ñðàñòàíèå, ïîçâîíî÷-
íèê áûë ñèëüíî èñêðèâëåí (ñì. ðèñ. 3) (òåëà îáîèõ äåòåíûøåé çàêðó-
÷èâàëèñü â ñïèðàëü ïîä óãëàìè). Õîðîøî ïîäâèæíûìè îñòàâàëèñü
ëèøü ïåðåäíÿÿ ÷àñòü òåëà è õâîñòû (ñì. ðèñ. 2). Èç-çà òàêîãî ñðàñòà-
íèÿ îäèí èç áëèçíåöîâ âñå âðåìÿ áûë âûíóæäåí íàõîäèòüñÿ ââåðõ
áðþõîì. Èç-çà ýòîãî ïåðåäâèãàòüñÿ îíè íå ìîãëè, è âñå âðåìÿ íàõî-
äèëèñü íà îäíîì è òîì æå ìåñòå. Òàêæå äåòåíûøè íå ñìîãëè ïîë-
íîñòüþ ñáðîñèòü ÿéöåâóþ îáîëî÷êó, à òàêæå íîðìàëüíî ïîëèíÿòü.
Ó íèõ áûëè îáùèå ïóïîâèíà è æåëòîê, ò. å. îíè áûëè èäåíòè÷íû-
ìè (ìîíîçèãîòíûìè) áëèçíåöàìè [Wallach, 2007]. Îíè ïîãèáëè ÷å-
ðåç íåäåëþ ïîñëå ðîæäåíèÿ. Âåñ îáîèõ äåòåíûøåé âìåñòå ñîñòàâ-
ëÿë 3 ã, ÷òî ÿâëÿåòñÿ ñðåäíèì ïîêàçàòåëåì äëÿ îäíîãî çìååíûøà ñðå-
äè íîâîðîæäåííûõ. Äëèíà ãîëîâû áëèçíåöîâ (Lc1 = 9,6, Lc2 = 10,0)
òàêæå áûëà ìåíüøå, ÷åì ó îñòàëüíûõ äåòåíûøåé (Lcmin – max =
= 10,4–13,3), äëèíà õâîñòà (Lcd = 17,0) âïèñûâàëàñü â îáùèå ïðå-
äåëû (Lcd = 14,0–25,0). Ðîäèâøàÿ èõ ñàìêà áûëà ïîéìàíà íàìè
â èþëå, è, ïîìèìî áëèçíåöîâ, ó íåå ðîäèëîñü ïÿòü æèâûõ è îäèí
ìåðòâûé äåòåíûø.

Ïîñëåäíåå ÿâëåíèå, êîãäà ðàçâèâàþòñÿ äâà ïî÷òè ñàìîñòîÿòåëü-
íûõ îðãàíèçìà, ëèøü ÷àñòè÷íî ñîåäèíåííûõ äðóã ñ äðóãîì, íîñèò
íàçâàíèå ïîëíàÿ äóïëèêàöèÿ (òåðàòîïàãèÿ) è ó ðåïòèëèé, â òîì ÷èñëå
ó çìåé, íàáëþäàåòñÿ ñðàâíèòåëüíî ðåäêî [Õîçàöêèé, 1991].
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Ðèñ. 2. Ñèàìñêèå áëèçíåöû

Ðèñ. 3. Ñèàìñêèå áëèçíåöû ïîñëå ñìåðòè
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Ðèñ. 4. Íà÷àëî ñðàñòàíèÿ
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ANOMALIES IN NATURAL POPULATIONS
OF AMPHIBIANS

OVERVIEW, PATTERNS AND CAUSES,
METHODOLOGICAL RECOMMENDATION

K. Henle
UFZ – Helmholtz Center for Environmental Research,

Department of Conservation Biology (Leipzig, Germany)

The article represent analytic review on types and frequencies
of amphibian anomalies in more than 2000 natural populations.
The review has shown that there are neither standards in the way
anomalies are assessed in the field, nor for the way they are scored
or reported, which considerably hampers our ability to compare
studies. To evaluate temporal trends, and to reveal underlying causes
is a field and laboratory experiments that should be designed to test
the effect(s) of hypothesized causes of abnormalities.

Ñòàòüÿ ïðåäñòàâëÿåò àíàëèòè÷åñêèé îáçîð î òèïàõ è ÷àñ-
òîòàõ àíîìàëèé àìôèáèé â áîëåå ÷åì 2 òûñ. ïðèðîäíûõ ïî-
ïóëÿöèé. Îáçîð ñâèäåòåëüñòâóåò, ÷òî íå ñóùåñòâóåò ñòàí-
äàðòíûõ ñïîñîáîâ îöåíêè àíîìàëèé â åñòåñòâåííûõ óñëîâèÿõ,
÷òî çíà÷èòåëüíî çàòðóäíÿåò íàøè âîçìîæíîñòè â ïðîâåäåíèè
ñðàâíèòåëüíûõ èññëåäîâàíèé. Äëÿ îöåíêè âðåìåííûõ òåíäåí-
öèé è âûÿâëåíèÿ îñíîâíûõ ïðè÷èí íåîáõîäèìû ïîëåâûå è ëàáî-
ðàòîðíûå ýêñïåðèìåíòû, êîòîðûå äîëæíû áûòü ðàçðàáîòà-
íû äëÿ ïðîâåðêè ãèïîòåòè÷åñêèõ ïðè÷èí îòêëîíåíèé.

Amphibian anomalies have attracted human curiosity for centuries
[e. g., Vallisneri 1706, Geoffroy Saint-Hilaire, 1832–1836; Taruffi, 1881–
1886]. Amphibian anomalies also played a pivotal role in the emerging
of the science of developmental biology, aiming at understanding
morphogenesis [e. g., Hertwig, 1892; Brandt 1924] and they still have
this function today [e. g., Kovalenko & Kovalenko 1996; Nye et al. 2003].
Increased environmental awareness, the global decline in amphibians
[e. g., Henle & Streit 1990; Alford et al., 2001], and the recent rediscovery
in North America of populations exhibiting mass anomalies [Burkhart
et al., 2000; Lannoo, 2008; Helgen, 2012] have prompted renewed
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interest in amphibian anomalies as potential indicators for environmental
perturbations [e. g., Tyler, 1989; Mizgireuv et al., 1984; Souder, 2002;
Vershinin, 2002].

Not surprisingly, the literature on amphibian anomalies is enormous.
A considerable number of reviews of amphibian anomalies has been
published, the first comprehensive one more than a century ago [Taruffi,
1881–1886]. Most reviews focus on narrow topics [Ouellet, 2000] and,
with few exceptions (noticeably Rostand 1971), do not discuss to any
extent the potential and limits to infer causes from observed patterns
of anomalies. Many factors have been shown to cause developmental
anomalies in amphibians [Rostand, 1971; Tyler, 1989; Ouellet, 2000;
Henle et al., 2014a], but considerable controversy about the causes for
observed anomalies in natural populations remains [e. g. Lannoo, 2008;
Sessions, 2009; Helgen, 2012]. Linking cause to pattern is crucial for
the use of amphibian anomalies as an indicator of the nature of an envi-
ronmental perturbation that has occurred in the habitat.

The goal of this contribution is to provide a short overview on ano-
malies in natural populations of amphibians at a global level and parti-
cularly for Russia and the Commonwealth States. I will introduce some
of the controversies that arose about the causes of malformation hotspots
and discuss potentials and limits of inferring cause from patterns of
anomalies. Finally, I will make some methodological recommendations
for the study of anomalies in natural populations that allow better com-
parison among studies and that may help elucidate causes for observed
anomalies. This publication is an extended summary of parts of a com-
prehensive review to be published elsewhere [Henle et al., 2014b].

Methods
My overview is based on a collation of 2780 publications collected

during the last 30 years that mention abnormal amphibians in natural
populations. I extracted relevant information into a database. Often, it is
difficult to decide whether a particular phenotype is part of the normal
variation, e. g. the high variability in digits of Salamandrella keyserlingii
[Borkin, 1999] or should be regarded as abnormal (in most species) as this
differs among taxa (Henle & Dubois in prep.). I tallied only those forms
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as anomalies that were called abnormal by the respective author(s). I inclu-
ded injuries as it is often difficult to differentiate them from teratogenic
anomalies (reviewed by [Henle et al., 2014b]).

If a publication contained information on several species, I regarded
each species as a separate case. The same applied for several populations
of a species, provided sample sizes and anomalies were tallied separately
for each population. Otherwise, the data were regarded as one «population».
If authors provided data for concrete populations and across sites, I used
only data for concrete populations. To allow comparison with Ouellet
(2000), I summed data across years and authors for the same population,
if the data did not overlap. Otherwise, and in case of unclear overlap
(which was the case in several recent North American publications),
I used only the data of the most recent publication.

To explore the potential and limitations of inferring cause form
patterns of anomalies I reviewed patterns of anomalies obtained
in experimental studies from 986 publications. For more information
on the methods applied, please consult the extensive reviews of Henle
et al. (2014, a, b).

Results and discussion
As of September 2013, the database covers 2239 natural populations

for which anomalies have been reported. Most cases involve only one
or two individuals (65 % of 1886 cases with data) and background rates
are usually around or well below 1 %. Likewise, the vast majority (88 %
of 2049 cases with data) involved only one or two types of anomalies.
Only four cases from single populations comprise more than 15 types
of anomalies. The highest number (32) was exhibited by a population
of the green toad (Bufo viridis) in Roβwag, Germany, and most likely
due to illegally deposited radioactive material [Henle et al., 2014a].

For Russia and the Commonwealth States, I obtained data for 82
populations in which the number of abnormal individuals was tallied.
Of these 45 % apply to cases in which only 1–2 individuals were affected
(Fig. 1), which is significantly less than for the global dataset (χ2 = 13;
α < 0,001). I further obtained data from 99 populations, in which
the number of different types of anomalies was tallied. Of these,
63 involved at most two types of anomalies (Fig. 2).
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Again, in Russia and the Commonwealth States a significantly
larger percentage of published cases involve a larger number of types
of anomalies (χ2 = 47; α < 0,001). There are several mutually not
exclusive potential explanations for these differences: a) fewer naturalists
and naturalist journals in Russia that publish anectodal observations
on single animals; b) detailed studies are published in journals that are
more easily accessible outside Russia; or c) lower water pollution stan-
dards combined with a scientific interest in using amphibians as environ-
mental indicators [Pliss & Khudolei, 1979; Vershinin, 2002].

Fig. 1. Histogram of the number of affected abnormal individuals reported
from Russia and Commonwealth States

Fig. 2. Histogram of the number of different types of anomalies reported
from Russia and Commonwealth States
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Hotspots of anomalies are known from all continents but especially
from North America, Europe, and Asia. In Russia and the Commonwealth
States hotspots are known from areas contaminated by sewage or industrial
effluents in the Dnepropetrovsk Province, eastern Ukraine [Flax & Borkin,
2004] and from Sakhalin Island [Mizgireuv et al., 1984]. In both cases,
the level of organic contamination correlated with the frequencies of
anomalies. In 1993, an accident at the Siberian Chemical Combinate in
Seversk (Tomsk) created another hotspot affecting S. keyserlingii and
Rana arvalis through irradiation [Kuranova, 2003]. In Belorussia,
Borkin & Piculik (1986) reported a case of mass polydactyly in Pelophylax
lessonae that may be a further case of anomaly P. Finally, Woitkewitsch
(1965) discovered an enigmatic hotspot in Kazakhstan that affected only
P. ridibundus but not syntopic ranid species. In all affected individuals
the right hind leg was duplicated and other anomalies were rare. The cause
for this hotspot remains unresolved.

The evaluation of the experimental literature showed that, contrary
to some previous beliefs [e.g. Meteyer et al., 2000; Ouellet 2000],
no single type of anomaly is diagnostic for a particular factor, as all types
of anomalies can be caused by two or several factors. However, colour
anomalies usually, but not always have a genetic basis (reviewed by [Henle
et al., 2014b]). Also, the pattern of anomalies induced differs among
factors and can be used as indicator for the potential cause(s). For example,
a population of Bufo viridis from a quarry in Germany exhibited 32 dif-
ferent types of anomalies [Henle et al., 2014a]. Only mutagenic chemi-
cals or radioactivity can cause the range of anomalies observed. Whereas
no trace of mutagenic chemicals at elevated concentrations could be
found, a high level of radioactivity was found in a deposit of earth.

My extensive review of the literature has shown that there are
neither standards in the way anomalies are assessed in the field, nor for
the way they are scored or reported, which considerably hampers our
ability to compare studies, to evaluate temporal trends, and to reveal
underlying causes. For example, Levinskaya & Barinova (1978) provided
only the percentage of immature Rana amurensis affected by discharge
of a cellulose factory (37,5 %) but not sample sizes. However, it is a huge
difference whether sample size was 10 or 1000.
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In order to draw reliable conclusions about the distribution, frequ-
ency, and cause of a given anomaly in a population, data must be gathered
at all stages of the study, both in the field and in the laboratory. The field
survey protocol should consist in examining carefully all specimens of
all ages of all amphibian species collected in the studied population,
not only those showing gross anomalies. This will allow having data on
the frequency of anomalies, on their distribution among sexes and age
classes, and on their variation in time and space. If elevated frequencies
of abnormal individuals are discovered, sites should be examined for
the presence and association of potential causes of the observed anoma-
lies with the patterns observed in the field. Field and laboratory experi-
ments should be designed to test the effect(s) of hypothesized causes.
Dubois & Henle (2014) provide further detailed recommendations for
the assessment of individuals in the field and in the laboratory and Lunde
& Johnson (2012) guidelines for designing surveys for anomalies in the
field. I strongly recommend to follow these guidelines in order to produce
more robust and more comparable data on anomalies in future studies.
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