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øîñò³ äîñë³äæåíèõ âîäîéì º ïîçèòèâíèì. Íàéá³ëüø ïðîäóêòèâíèìè ó ñèñòåì³ Ãî-
ð³õîâàòñüêèõ òà Êèòà¿âñüêèõ ñòàâê³â âèÿâèëèñü ïåðøèé òà îñòàíí³é ñòàâêè, òîä³
ÿê ó âíóòð³øíüîêàñêàäíèõ ñòàâêàõ âåëè÷èíà âàëîâî¿ ïåðâèííî¿ ïðîäóêö³¿ áóëà çíà÷-
íî ìåíøîþ. Ñåðåä Ä³äîð³âñüêèõ ñòàâê³â íàéá³ëüøîþ ïðîäóêòèâí³ñòþ õàðàêòåðèçó-
âàâñÿ îñòàíí³é ñòàâîê, òîä³ ÿê ó ñòàâêó ¹ 3 äåñòðóêö³éí³ ïðîöåñè ïåðåâàæàëè íàä
ïðîäóêö³éíèìè, ùî º ñâ³ä÷åííÿì ãåòåðîòðîôíîãî õàðàêòåðó ôóíêö³îíóâàííÿ éîãî
åêîñèñòåìè. Ï³äâèùåíèé ïîçèòèâíèé á³îòè÷íèé áàëàíñ ó á³ëüøîñò³ äîñë³äæóâàíèõ
âîäîéì âêàçóº íà òå, ùî âîíè çáàãà÷óþòüñÿ á³îãåííèìè åëåìåíòàìè çàâäÿêè ¿õ íàä-
õîäæåííþ ççîâí³. Íàáëèæåííÿ âåëè÷èíè A/R äî 1, ùî ñïîñòåð³ãàºòüñÿ ó äåÿêèõ ñòàâ-
êàõ äîñë³äæóâàíèõ ñèñòåì, º ñâ³ä÷åííÿì ³íòåíñèô³êàö³¿ ïðîöåñ³â ñàìîî÷èùåííÿ. Âè-
ÿâëåí³ çì³íè â ïðîäóêö³éíèõ ïðîöåñàõ äîñë³äæóâàíèõ ñòàâê³â ò³ñíî ïîâ’ÿçàí³ ç ê³ëü-
ê³ñòþ ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ó òîâù³ âîäè, ùî ï³äòâåðäæåíî ðåçóëüòàòàìè
êîðåëÿö³éíîãî àíàë³çó.

Êëþ÷îâ³ ñëîâà: ïðîäóêö³ÿ, äåñòðóêö³ÿ, íåîðãàí³÷í³ òà îðãàí³÷í³ ðå÷îâèíè, ô³òî-
ïëàíêòîí, ï³ãìåíòè, á³îòè÷íèé áàëàíñ, ñàìîî÷èùåííÿ, ñòàâêè, Íàö³îíàëüíèé ïðè-
ðîäíèé ïàðê «Ãîëîñ³¿âñüêèé».

Îñîáëèâà óâàãà äî Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó «Ãîëîñ³¿âñüêèé»
(ÍÏÏ «Ãîëîñ³¿âñüêèé») çóìîâëåíà éîãî âèíÿòêîâîþ âàæëèâ³ñòþ, îñê³ëü-
êè â³í ç îäíîãî áîêó, º ÷àñòèíîþ íàâêîëèøíüîãî ñåðåäîâèùà äëÿ ìåø-
êàíö³â ì. Êèºâà, à ç äðóãîãî — çàçíàº ñèëüíîãî àíòðîïîãåííîãî íàâàíòà-
æåííÿ, ÷åðåç òå ùî çíàõîäèòüñÿ â ìåæàõ ìåãàïîë³ñà. Íà òåðèòîð³¿ ïàðêó
íàÿâíà ö³ëà íèçêà âîäîéì, á³ëüø³ñòü ç ÿêèõ ðîçòàøîâàíà íåïîäàë³ê áàãà-
òîïîâåðõîâèõ æèòëîâèõ áóäèíê³â, àâòîìîá³ëüíèõ äîð³ã ³ çàçíàº ïîñèëå-
íîãî ðåêðåàö³éíîãî íàâàíòàæåííÿ. Òîìó íàëåæíî¿ óâàãè ïîòðåáóþòü ÿê
îö³íêà çàãàëüíîãî ñòàíó éîãî âîäíèõ åêîñèñòåì, òàê ³ îñîáëèâîñò³ ôóíê-
ö³îíóâàííÿ ¿õíüî¿ àâòîòðîôíî¿ ëàíêè, â ïåðøó ÷åðãó ô³òîïëàíêòîíó. Äî-
ðå÷íî çàçíà÷èòè, ùî öå åêîëîã³÷íå óãðóïîâàííÿ âîäîðîñòåé, íà â³äì³íó
â³ä ô³òîåï³ô³òîíó âîäîéì ïàðêó [14, 15], äîòåïåð º ìåíø âèâ÷åíèì.

Äîñë³äæåííÿ ïåðâèííî¿ ïðîäóêö³¿ ïëàíêòîíó ñòàâê³â ÍÏÏ «Ãîëîñ³¿â-
ñüêèé» íà ñüîãîäí³ º âàæëèâèì íå ò³ëüêè äëÿ ï³çíàííÿ á³îëîã³÷íî¿ ïðî-
äóêòèâíîñò³ öèõ óí³êàëüíèõ âîäîéì, àëå é äëÿ ç’ÿñóâàííÿ ¿õíüî¿ çäàòíîñò³
äî á³îëîã³÷íîãî ñàìîî÷èùåííÿ, à òàêîæ ç ïîãëÿäó ïðîãíîçóâàííÿ ìîæëè-
âèõ íàñë³äê³â ³íòåíñèô³êàö³¿ àíòðîïîãåííîãî íàâàíòàæåííÿ.

Â³äîìî, ùî ñòàí ÿê ìàëèõ, òàê ³ âåëèêèõ âîäîéì çíà÷íîþ ì³ðîþ çàëå-
æèòü â³ä õ³ì³÷íîãî ñêëàäó âîäè, ³, â ïåðøó ÷åðãó, â³ä êîíöåíòðàö³¿ á³îãåí-
íèõ åëåìåíò³â. Áóäü-ÿê³ çì³íè ¿õíüîãî ðåæèìó ñóïðîâîäæóþòüñÿ çì³íàìè
ð³âíÿ á³îïðîäóêòèâíîñò³ âîäîéì, ïîðóøåííÿì ñò³éêîñò³ òðîô³÷íèõ çâ’ÿç-
ê³â ³ ñï³ââ³äíîøåííÿ ïðîäóêö³éíî-äåñòðóêö³éíèõ ïðîöåñ³â [4—6, 16, 17,
21].

Âñòàíîâëåíî, ùî ³íòåíñèâí³ñòü ïðîöåñ³â íîâîóòâîðåííÿ îðãàí³÷íèõ
ðå÷îâèí çíà÷íîþ ì³ðîþ çàëåæèòü â³ä ê³ëüêîñò³ òà ñêëàäó ðîñëèííèõ ï³ã-
ìåíò³â ó êë³òèíàõ âîäîðîñòåé [1], òîìó âèçíà÷åííÿ âì³ñòó õëîðîô³ëó à â
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ïëàíêòîí³ ñëóæèòü îäí³ºþ ç íåîáõ³äíèõ ñêëàäîâèõ äîñë³äæåííÿ á³îëî-
ã³÷íî¿ ïðîäóêòèâíîñò³ âîäîéì.

Îòæå, ìåòîþ ðîáîòè áóëî ç’ÿñóâàííÿ îñîáëèâîñòåé ïåðåá³ãó ïðî-
äóêö³éíî-äåñòðóêö³éíèõ ïðîöåñ³â òà çì³í ê³ëüêîñò³ ðîñëèííèõ ï³ãìåíò³â
ó ïëàíêòîí³ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé», ÿê³ çàçíàþòü àíòðîïîãåííîãî
çàáðóäíåííÿ òà çíà÷íîãî ðåêðåàö³éíîãî íàâàíòàæåííÿ.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêòîì äîñë³äæåíü ñëóãóâàëè Ãîð³õîâàòñüê³ (íà ð. Ãîð³õîâàòêà),
Ä³äîð³âñüê³ (íà Ä³äîð³âñüêîìó ñòðóìêó) ³ Êèòà¿âñüê³ (íà Êèòà¿âñüêîìó
ñòðóìêó) ñèñòåìè ñòàâê³â, ùî ðîçòàøîâàí³ ó ï³âí³÷í³é ÷àñòèí³ ÍÏÏ «Ãî-
ëîñ³¿âñüêèé», 50o22'47''N 30o30'21''E. Êîæíà ñèñòåìà ÿâëÿº ñîáîþ êàñêàä ³ç
÷îòèðüîõ øòó÷íî ñòâîðåíèõ ³ ç’ºäíàíèõ ì³æ ñîáîþ âîäîéì çàãàëüíîþ
ïëîùåþ â³äïîâ³äíî 5,0, 10,3 ³ 4,3 ãà [13]. Êàðòó-ñõåìó âîäîéì ïàðêó íàâå-
äåíî ó ðîáîò³ [2].

Ñïîñòåðåæåííÿ çà ïåðâèííîþ ïðîäóêö³ºþ ³ äåñòðóêö³ºþ îðãàí³÷íèõ
ðå÷îâèí ïðîâîäèëè çà äîïîìîãîþ ìåòîäó ñêëÿíîê ó êèñíåâ³é ìîäèô³êàö³¿
[10] çà óìîâ ¿õíüîãî ³íêóáóâàííÿ â ïîâåðõíåâèõ ãîðèçîíòàõ âîäè ïðîòÿ-
ãîì 24 ãîä ó äâîõ ïîâòîðíîñòÿõ. Ïðîáè ô³òîïëàíêòîíó â³äáèðàëè çà äîïî-
ìîãîþ áàòîìåòðà Ðóòíåðà. Êàìåðàëüíå îïðàöþâàííÿ àëüãîëîã³÷íîãî ìà-
òåð³àëó ïðîâåäåíî ç âèêîðèñòàííÿì çàãàëüíîïðèéíÿòèõ ìåòîäèê [9].
Âì³ñò õëîðîô³ëó à òà çàãàëüíó ê³ëüê³ñòü êàðîòèíî¿ä³â âèçíà÷àëè ñïåêòðî-
ôîòîìåòðè÷íèì ìåòîäîì â àöåòîíîâèõ åêñòðàêòàõ ³ ðîçðàõîâóâàëè çà
â³äïîâ³äíèìè ôîðìóëàìè [12, 20].

Êîíöåíòðàö³þ íåîðãàí³÷íèõ ñïîëóê àçîòó ³ ôîñôîðó âèçíà÷àëè êîëî-
ðèìåòðè÷íèì ìåòîäîì, õëîðèä³â — ìåòîäîì Ìîðà, à ñóëüôàò³â — îá’ºì-
íèì ìåòîäîì [8].

Ñòàòèñòè÷íå îïðàöþâàííÿ îòðèìàíèõ äàíèõ ïðîâåäåíî çà äîïîìî-
ãîþ ïðîãðàìè MS Excel 2010.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Õàðàêòåðèñòèêà äîñë³äæóâàíèõ ñòàâê³â çà ã³äðîõ³ì³÷íèìè ïîêàçíè-
êàìè. Çàãàëüíîâ³äîìî, ùî ñïîëóêàì àçîòó ³ ôîñôîðó íàëåæèòü ïðîâ³äíà
ðîëü ó æèòòºä³ÿëüíîñò³ á³îòè âîäîéì. Â³ä ¿õíüîãî âì³ñòó çàëåæèòü ð³âåíü
òðîôíîñò³ ³ ïðîäóêòèâíîñò³ âîäíèõ åêîñèñòåì. Ñåðåä íåîðãàí³÷íèõ ôîðì
àçîòó íàéá³ëüøå çíà÷åííÿ ó ïð³ñíîâîäíèõ åêîñèñòåìàõ ìàþòü ³îíè àìî-
í³þ ³ í³òðàò-³îíè, ó ìåíø³é ì³ð³ — í³òðèò-³îíè. Ðåçóëüòàòè ïðîâåäåíèõ
äîñë³äæåíü çàñâ³ä÷èëè, ùî êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ó ñòàâêàõ ïàð-
êó áóëà íåâèñîêîþ. Òàê, ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â âîíà çíàõîäèëàñü ó
ìåæàõ 0,14—0,21 ìã N/äì3, â Ä³äîð³âñüêèõ ñòàâêàõ êîëèâàëàñü â³ä 0,04 äî
0,17 ìã N/äì3, à â Êèòà¿âñüêèõ ñòàâêàõ ñòàíîâèëà 0,23—0,32 ìã N/äì3

(ðèñ. 1).
Äîñë³äæóâàí³ ñòàâêè ìàëî â³äð³çíÿëèñü ³ çà âì³ñòîì í³òðèòíîãî àçîòó.

Òàê, éîãî êîíöåíòðàö³ÿ â Ãîð³õîâàòñüêèõ ñòàâêàõ áóëà â ìåæàõ 0,002—
0,007 ìã N/äì3, â Ä³äîð³âñüêèõ ñòàâêàõ êîëèâàëàñü â³ä 0,007 äî
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0,012 ìã N/äì3, à â Êèòà¿âñüêèõ ñòàâêàõ ñòàíîâèëà 0,002—0,005 ìã N/äì3

(äèâ. ðèñ. 1).
Âàðòî çàçíà÷èòè, ùî êîíöåíòðàö³ÿ í³òðàòíîãî àçîòó ó âîäîéìàõ ïàð-

êó â äîñë³äæóâàíèé ïåð³îä çíàõîäèëàñü íà ìåæ³ àíàë³òè÷íîãî íóëÿ íåçà-
ëåæíî â³ä ì³ñöü â³äáîðó ïðîá âîäè.

Íàéâèùó êîíöåíòðàö³þ íåîðãàí³÷íîãî ôîñôîðó çàðåºñòðîâàíî ó Ãî-
ð³õîâàòñüêèõ ñòàâêàõ, äå âîíà êîëèâàëàñü â ìåæàõ 0,154—0,220 ìã/äì3. Äî-
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Ðèñ. 1. Êîíöåíòðàö³ÿ àìîí³éíîãî (à, â, ä) òà í³òðèòíîãî (á, ã, å) àçîòó ó âîä³ Ãîð³õî-
âàòñüêèõ (à, á), Ä³äîð³âñüêèõ (â, ã) ³ Êèòà¿âñüêèõ (ä, å) ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»



ñèòü ïîä³áíèìè âåëè÷èíàìè âì³ñòó öüîãî åëåìåíòó õàðàêòåðèçóâàëèñü ³
Êèòà¿âñüê³ ñòàâêè — 0,160—0,190 ìã/äì3. Íàòîì³ñòü êîíöåíòðàö³ÿ íåîð-
ãàí³÷íîãî ôîñôîðó ó âîä³ Ä³äîð³âñüêèõ ñòàâê³â áóëà ïîì³òíî ìåíøîþ —
0,063—0,107 ìã/äì3 (ðèñ. 2).

Îäíèìè ç âàæëèâèõ ïîêàçíèê³â ÿêîñò³ ïðèðîäíî¿ âîäè º âì³ñò õëî-
ðèä- òà ñóëüôàò-³îí³â. Ñë³ä çàóâàæèòè, ùî õî÷à õëîðèäè ³ ñóëüôàòè º îä-
íèìè ç îñíîâíèõ êîìïîíåíò³â ñîëüîâîãî ñêëàäó âîäè, ïðîòå ¿õí³é ï³äâè-
ùåíèé âì³ñò ìîæå ñâ³ä÷èòè ïðî çàáðóäíåííÿ ïðèðîäíèõ âîäíèõ îá’ºêò³â
ñò³÷íèìè âîäàìè (ãîñïîäàðñüêî-ïîáóòîâèìè àáî ïðîìèñëîâèìè). Ï³ä ÷àñ
äîñë³äæåíü íàéâèùîþ êîíöåíòðàö³ºþ õëîðèä³â õàðàêòåðèçóâàëèñü Ãî-
ð³õîâàòñüê³ ñòàâêè (132,2—248,6 ìã/äì3), òîä³ ÿê â Ä³äîð³âñüêèõ ³ Êè-
òà¿âñüêèõ ñòàâêàõ âîíà áóëà çíà÷íî íèæ÷îþ — â³äïîâ³äíî 22,8—
53,2 ìã/äì3 ³ 40,3—49,2 ìã/äì3 (ðèñ. 3). Âàæëèâî çàçíà÷èòè, ùî íà â³äì³íó
â³ä õëîðèä-³îí³â, äîñë³äæóâàí³ âîäîéìè ìåíøå â³äð³çíÿëèñÿ çà âì³ñòîì
ñóëüôàò-³îí³â. Òàê, ó Ãîð³õîâàòñüêèõ ñòàâêàõ ¿õíÿ êîíöåíòðàö³ÿ çíàõîäè-
ëàñü ó ìåæàõ 26,4—88,8 ìã/äì3, ó Ä³äîð³âñüêèõ âîíà ñòàíîâèëà 45,6—
79,2 ìã/äì3, à ó Êèòà¿âñüêèõ ñòàâêàõ êîëèâàëàñü â³ä 36,0 äî 45,6 ìã/äì3

(äèâ. ðèñ. 3).
Ï³ãìåíòè ô³òîïëàíêòîíó. Ïðè âèâ÷åíí³ ïåðâèííî¿ ïðîäóêö³¿ ïîðÿä

³ç âèì³ðþâàííÿì øâèäêîñò³ ôîòîñèíòåçó çíà÷íà óâàãà ïðèä³ëÿºòüñÿ âèç-
íà÷åííþ âì³ñòó ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ó ïëàíêòîí³. Çà êîíöåíò-
ðàö³ºþ õëîðîô³ëó à ìîæíà îö³íèòè á³îìàñó ô³òîïëàíêòîíó ³ éîãî ïðî-
äóêö³þ, îñê³ëüêè öåé ï³ãìåíò º íåâ³ä’ºìíèì åëåìåíòîì óñ³õ ðîñëèííèõ
îðãàí³çì³â ³ â³äïîâ³äàº çà íîâîóòâîðåííÿ îðãàí³÷íèõ ðå÷îâèí ïðè ôîòî-
ñèíòåç³. Âèçíà÷åííÿ âì³ñòó õëîðîô³ëó à â ïëàíêòîí³ íà ñüîãîäí³ ñëóæèòü
îäíèì ³ç íåîáõ³äíèõ ñêëàäîâèõ äîñë³äæåííÿ á³îëîã³÷íî¿ ïðîäóêòèâíîñò³
âîäîéì. Öåé ìåòîä îòðèìàâ âèçíàííÿ ³ ïðè îö³íö³ ñòóïåíÿ åâòðîô³êàö³¿
òà ³íòåíñèâíîñò³ ñàìîî÷èùåííÿ çàáðóäíåíèõ âîä.

Ðåçóëüòàòè ïðîâåäåíèõ ñïîñòåðåæåíü çàñâ³ä÷èëè, ùî ï³ãìåíòí³ ïî-
êàçíèêè â äîñë³äæóâàíèõ âîäîéìàõ çàçíàâàëè çíà÷íèõ êîëèâàíü. Òàê,
êîíöåíòðàö³ÿ õëîðîô³ëó à â Ãîð³õîâàòñüêèõ ñòàâêàõ çì³íþâàëàñü â³ä 36,3
äî 137,7 ìêã/äì3 (ðèñ. 4). Ïðè öüîìó íàéá³ëüøèé âì³ñò çåëåíîãî ï³ãìåíòó
çàðåºñòðîâàíî â ñòàâêó ¹ 1.

Êîíöåíòðàö³ÿ îñíîâíîãî ôîòîñèíòåòè÷íîãî ï³ãìåíòó ó Ä³äîð³âñüêèõ
òà Êèòà¿âñüêèõ ñòàâêàõ áóëà ïîì³òíîþ ìåíøîþ, àëå òàêîæ çàçíàâàëà êî-
ëèâàíü. Òàê, ó Ä³äîð³âñüêèõ ñòàâêàõ âîíà çì³íþâàëàñü â³ä 15,2 äî
66,8 ìêã/äì3, à â Êèòà¿âñüêèõ ñòàâêàõ — â³ä 17,6 äî 38,5 ìêã/äì3 (äèâ. ðèñ.
4).

Âàæëèâî çàçíà÷èòè, ùî â óñ³õ òðüîõ äîñë³äæóâàíèõ ñèñòåìàõ ñòàâê³â
ñïîñòåð³ãàëàñü îäíà é òà ñàìà çàêîíîì³ðí³ñòü — ïîñòóïîâå çíèæåííÿ êîí-
öåíòðàö³¿ õëîðîô³ëó à â³ä ïåðøîãî äî òðåòüîãî ñòàâêà òà ïîì³òíå ¿¿ ï³äâè-
ùåííÿ ó ñòàâêó ¹ 4. Éìîâ³ðíî, ùî òàêà äèíàì³êà âì³ñòó çåëåíîãî ï³ãìåíòó
îáóìîâëåíà îñîáëèâîñòÿìè ðîçâèòêó â íèõ ïëàíêòîííèõ âîäîðîñòåé.

Ï³ä ÷àñ äîñë³äæåíü ô³òîïëàíêòîí Ãîð³õîâàòñüêèõ ñòàâê³â áóâ ïðåä-
ñòàâëåíèé 27 âèäàìè. Ïîêàçíèêè ê³ëüê³ñíîãî ðîçâèòêó âîäîðîñòåé ó òîâ-

7

Ïðîäóêö³éíî-äåñòðóêö³éí³ õàðàêòåðèñòèêè ô³òîïëàíêòîíó

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(3)



ù³ âîäè ñòàíîâèëè: ÷èñåëüí³ñòü — 2208— 7130 òèñ. êë/äì3, à á³îìàñà —
1,582—5,212 ìã/äì3.

Ó ïëàíêòîí³ Ä³äîð³âñüêèõ ñòàâê³â áóëî âèÿâëåíî 35 âèä³â âîäîðîñòåé.
Îñíîâó ¿õ âèäîâîãî áàãàòñòâà, ÿê ³ â ïîïåðåäíüîìó âèïàäêó, ñêëàäàëè
ïðåäñòàâíèêè â³ää³ëó Chlorophyta (42,8%). Ùîäî ÷èñåëüíîñò³ ô³òîïëàíê-
òîíó, òî ó çàçíà÷åíèõ âîäîéìàõ âîíà çì³íþâàëàñÿ â³ä 1890 äî
92 336 òèñ. êë/äì3, à á³îìàñà çíàõîäèëàñü â ìåæàõ 2,499—8,867 ìã/äì3.

Â Êèòà¿âñüêèõ ñòàâêàõ ó òîâù³ âîäè çíàéäåíî 30 âèä³â âîäîðîñòåé.
Ïðè öüîìó â³ää³ëè Chlorophyta ³ Bacillariophyta õàðàêòåðèçóâàëèñü îäíà-
êîâîþ ÷àñòêîþ ó ¿õíüîìó âèäîâîìó áàãàòñòâ³ — 36,7 %. Ïîêàçíèêè ê³ëü-
ê³ñíîãî ðîçâèòêó ô³òîïëàíêòîíó áóëè íàñòóïíèìè: ÷èñåëüí³ñòü —
20 364—32 692 òèñ. êë/äì3, à á³îìàñà — 2,732—7,386 ìã/äì3.

Ï³ä ÷àñ ã³äðîá³îëîã³÷íèõ ñïîñòåðåæåíü á³ëüø ïîâíó ³íôîðìàö³þ ïðî
ñòàí âîäîéì òà ïåðåá³ã â íèõ ïðîäóêö³éíèõ ïðîöåñ³â ìîæíà îòðèìàòè
øëÿõîì çàëó÷åííÿ ìåòîä³â âèçíà÷åííÿ çàãàëüíèõ êàðîòèíî¿ä³â, îñê³ëüêè
â³äíîñíèé âì³ñò öèõ ï³ãìåíò³â ó ïëàíêòîí³ â³ääçåðêàëþº â ïåâí³é ì³ð³ é
ô³ç³îëîã³÷íèé ñòàí ô³òîïëàíêòîíó. Òàê, ïðîòÿãîì ïåð³îäó äîñë³äæåíü
âì³ñò êàðîòèíî¿ä³â ó Ãîð³õîâàòñüêèõ ñòàâêàõ ñòàíîâèâ 17,1—
63,1 ìêãSPU/äì3, ó Ä³äîð³âñüêèõ ñòàâêàõ â³í êîëèâàâñÿ â ìåæàõ 7,8—
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Ðèñ. 2. Êîíöåíòðàö³ÿ íåîðãàí³÷íîãî ôîñôîðó ó âîä³ Ãîð³õîâàòñüêèõ (à), Ä³äîð³âñüêèõ
(á) ³ Êèòà¿âñüêèõ (â) ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»



31,1 ìêãSPU/äì3, à â Êèòà¿âñüêèõ ñòàâêàõ çì³íþâàâñÿ â³ä 16,2 äî
27,5 ìêãSPU/äì3 (äèâ. ðèñ. 4). Âàðòî çâåðíóòè óâàãó íà ïîä³áí³ñòü äè-
íàì³êè âì³ñòó æîâòèõ ï³ãìåíò³â ³ çì³í êîíöåíòðàö³¿ õëîðîô³ëó à — ïîñòó-
ïîâå çíèæåííÿ êîíöåíòðàö³¿ äîñë³äæóâàíèõ ï³ãìåíò³â â³ä ïåðøîãî äî
òðåòüîãî ñòàâêà òà ïîì³òíå ¿¿ ï³äâèùåííÿ ó ñòàâêó ¹ 4.

Â³äîìî [3], ùî ñï³ââ³äíîøåííÿ âì³ñòó çàãàëüíèõ êàðîòèíî¿ä³â äî êîí-
öåíòðàö³¿ õëîðîô³ëó à (Ñê/Ñõë) ìîæå ñëóãóâàòè ïîêàçíèêîì ô³ç³îëîã³÷íî-
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Ðèñ. 3. Êîíöåíòðàö³ÿ õëîðèä³â (à, â, ä) ³ ñóëüôàò³â (á, ã, å) ó âîä³ Ãîð³õîâàòñüêèõ (à, á),
Ä³äîð³âñüêèõ (â, ã) ³ Êèòà¿âñüêèõ (ä, å) ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»



ãî ñòàíó êë³òèí ô³òîïëàíêòîíó, îñê³ëüêè êàðîòèíî¿äè á³ëüø ñòàá³ëüíèé

êîìïîíåíò ï³ãìåíòíî¿ ñèñòåìè, í³æ õëîðîô³ë à. Òîìó ïðè ñòàð³íí³ ïîïó-
ëÿö³é ïëàíêòîííèõ âîäîðîñòåé, àáî æ çà íåñïðèÿòëèâîãî âïëèâó ÷èí-
íèê³â íàâêîëèøíüîãî ñåðåäîâèùà, ÿê³ ñïðè÷èíÿþòü äåñòðóêö³þ õëîðî-

ô³ëó à, âåëè÷èíà ñï³ââ³äíîøåííÿ Ñê/Ñõë çá³ëüøóºòüñÿ. Çàçâè÷àé éîãî âå-
ëè÷èíà çà ð³çíèõ óìîâ êîëèâàºòüñÿ â øèðîêèõ ìåæàõ, îäíàê ñåðåäíº çíà-
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Ðèñ. 4. Êîíöåíòðàö³ÿ õëîðîô³ëó à (à, â, ä) ³ êàðîòèíî¿ä³â (á, ã, å) ó âîä³ Ãîð³õîâàòñüêèõ
(à, á), Ä³äîð³âñüêèõ (â, ã) ³ Êèòà¿âñüêèõ (ä, å) ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»



÷åííÿ äëÿ ìîðñüêîãî ³ ïð³ñíîâîäíîãî ô³òîïëàíêòîíó â îñíîâíîìó çíàõî-
äèòüñÿ â ä³àïàçîí³ 0,28—0,40 [1].

Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî âåëè÷èíà ñï³ââ³äíîøåííÿ
Ñê/Ñõë ï³ä ÷àñ ñïîñòåðåæåíü çà ðîçâèòêîì ô³òîïëàíêòîíó ó âîäîéìàõ
ÍÏÏ «Ãîëîñ³¿âñüêèé» áóëà íàéá³ëüøîþ ó Êèòà¿âñüêèõ ñòàâêàõ, äå âîíà
êîëèâàëàñü â ìåæàõ 0,63—0,93 (ðèñ. 5). Ùîäî ³íøèõ ñèñòåì äîñë³äæóâà-
íèõ âîäîéì, òî âñòàíîâëåíî, ùî ó Ä³äîð³âñüêèõ ñòàâêàõ âåëè÷èíà ñï³â-
â³äíîøåííÿ Ñê/Ñõë çì³íþâàëàñÿ â³ä 0,40 äî 0,81 ³ áóëà íàéá³ëüøîþ ó ñòàâêó
¹ 4, à â Ãîð³õîâàòñüêèõ ñòàâêàõ âîíà áóëà ïðàêòè÷íî îäíàêîâîþ ³ ñòàíî-
âèëà 0,43—0,47 (äèâ. ðèñ. 5).

Âîäíî÷àñ ³ç ñï³ââ³äíîøåííÿì Ñê/Ñõë äîñë³äíèêè äîñèòü ÷àñòî ðîçðà-
õîâóþòü ï³ãìåíòíèé ³íäåêñ (Å430/Å665), çàïðîïîíîâàíèé Ìàðãàëåôôîì [18,
19], â ÿêîñò³ ïîêàçíèêà ï³ãìåíòíîãî ñêëàäó óãðóïîâàíü ïëàíêòîííèõ âî-
äîðîñòåé. Ñï³ââ³äíîøåííÿ Å430/Å665, íà â³äì³íó â³ä ñï³ââ³äíîøåííÿ
Ñêàð/Ñõë, â³ääçåðêàëþº ê³ëüê³ñíå ñï³ââ³äíîøåííÿ ì³æ çàãàëüíèìè êàðîòè-
íî¿äàìè+õëîðîô³ë à òà õëîðîô³ëîì à. Äëÿ íîðìàëüíî ôóíêö³îíóþ÷îãî
ô³òîïëàíêòîíó çàçíà÷åíèé ³íäåêñ çàçâè÷àé äîð³âíþº 1,15—4,00 [1].

Çã³äíî äàíèõ ñïîñòåðåæåíü âåëè÷èíà ñï³ââ³äíîøåííÿ Å430/Å665 êîëè-
âàëàñü â íàñòóïíèõ ìåæàõ: ó Ãîð³õîâàòñüêèõ ñòàâêàõ — 2,23—3,03, ó Ä³äî-
ð³âñüêèõ ñòàâêàõ — 2,47—2,76 ³ ó Êèòà¿âñüêèõ ñòàâêàõ — 2,92—4,00 (äèâ.
ðèñ. 5). ßê áà÷èìî, õàðàêòåð çì³í ï³ãìåíòíîãî ³íäåêñó äîñèòü äîáðå óçãîä-
æóºòüñÿ ç äèíàì³êîþ ñï³ââ³äíîøåííÿ Ñê/Ñõë (r = 0,79, n = 24, p�0,05).
Ï³äâèùåí³ çíà÷åííÿ Å430/Å665 ³ Ñê/Ñõë ñâ³ä÷àòü ïðî çì³íè ó ô³ç³îëîã³÷íîìó
ñòàí³ ô³òîïëàíêòîíó, éìîâ³ðíî, çà ðàõóíîê âàãîì³øîãî âïëèâó çàáðóäíþ-
âàëüíèõ ðå÷îâèí.

Ïðîäóêö³éíî-äåñòðóêö³éí³ ïðîöåñè. Ðîçðàõóíêè âàëîâî¿ ïåðâèííî¿
ïðîäóêö³¿ (À) ïîêàçàëè, ùî íîâîóòâîðåííÿ îðãàí³÷íèõ ðå÷îâèí âíàñë³äîê
æèòòºä³ÿëüíîñò³ ô³òîïëàíêòîíó â³äáóâàëîñü â óñ³õ äîñë³äæåíèõ âîäîé-
ìàõ. Ïðîòå âîíè äåùî â³äð³çíÿëèñü çà ³íòåíñèâí³ñòþ ïåðåá³ãó ôîòîñèíòå-
òè÷íèõ ïðîöåñ³â ó òîâù³ âîäè. Òàê, ó Ãîð³õîâàòñüêèõ ñòàâêàõ âåëè÷èíè
ïåðâèííî¿ ïðîäóêö³¿ êîëèâàëèñü â³ä 6,4 äî 17,3 ìã Î2/äì3·äîáó. Íàéá³ëüø
ïðîäóêòèâíèìè â äîñë³äæóâàí³é ñèñòåì³ âîäîéì âèÿâèëèñÿ ïåðøèé òà
îñòàíí³é ñòàâêè, â³äïîâ³äíî 17,3 òà 16,6 ìã Î2/äì3·äîáó (ðèñ. 6). Òàêèé
ä³àïàçîí êîëèâàíü âåëè÷èí ïåðâèííî¿ ïðîäóêö³¿, î÷åâèäíî, ïîâ’ÿçàíèé ç³
ñïåöèô³êîþ ðîçâèòêó ô³òîïëàíêòîíó çà ÷èñåëüí³ñòþ ³ á³îìàñîþ ÿêîãî
äîñë³äæóâàí³ ñòàâêè ïîì³òíî â³äð³çíÿëèñü. Çîêðåìà, íàéá³ëüø³ âåëè÷èíè
á³îìàñè ïëàíêòîííèõ âîäîðîñòåé áóëè ïðèòàìàíí³ ñòàâêàì ¹ 1 ³ 4: â³ä-
ïîâ³äíî — 5,212 ³ 4,101 ìã/äì3.

Ïðàêòè÷íî òàêèìè ñàìèìè îñîáëèâîñòÿìè ïåðåá³ãó ïðîäóêö³éíèõ
ïðîöåñ³â ó ïëàíêòîí³ õàðàêòåðèçóâàëèñü ³ Êèòà¿âñüê³ ñòàâêè: øâèäê³ñòü
íîâîóòâîðåííÿ îðãàí³÷íèõ ðå÷îâèí áóëà íàéá³ëüøîþ â ïåðøîìó ³ îñòàí-
íüîìó ñòàâêó ³ ñòàíîâèëà â³äïîâ³äíî 8,9 òà 7,6 ìã Î2/äì3·äîáó (äèâ. ðèñ. 6).
Ùîäî ³íøèõ âîäîéì äîñë³äæóâàíî¿ ñèñòåìè, òî çàçíà÷åíèé ïîêàçíèê ó
íèõ çíàõîäèâñÿ â ìåæàõ 5,2—5,7 ìã Î2/äì3·äîáó. Äî òîãî æ, ÿê ³ ó âèùåçãà-
äàíîìó êàñêàä³ âîäîéì, íàéâèùèìè çíà÷åííÿìè á³îìàñè õàðàêòåðèçóâà-
ëèñü ñòàâêè ¹ 1 ³ 4 — â³äïîâ³äíî 7,386 òà 4,031 ìã/äì3.
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Ðîçãëÿäàþ÷è ïåðåá³ã ôîòîñèíòåòè÷íèõ ïðîöåñ³â ó òîâù³ âîäè Ä³äî-
ð³âñüêèõ ñòàâê³â âàðòî â³äì³òèòè, ùî ³íòåíñèâí³ñòü ñèíòåçó îðãàí³÷íèõ
ðå÷îâèí áóëà íàéíèæ÷îþ ó ñòàâêó ¹ 3 (2,0 ìã Î2/äì3·äîáó), à íàéá³ëüøîþ
(12,6 ìã Î2/äì3·äîáó) — ó ñòàâêó ¹ 4 (äèâ. ðèñ. 6), äå áóëà çàðåºñòðîâàíà ³
íàéá³ëüøà á³îìàñà ô³òîïëàíêòîíó (8,867 ìã/äì3). Ïðè öüîìó âåëè÷èíè
âàëîâî¿ ïåðâèííî¿ ïðîäóêö³¿ â ïåðøèõ äâîõ ñòàâêàõ áóëè íà ð³âí³ 6,5 ³
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Ðèñ. 5. Ñï³ââ³äíîøåííÿ Cê/Ñõë (à, â, ä) òà ï³ãìåíòíèé ³íäåêñ Å430/Å665 (á, ã, å) äëÿ ô³òîï-
ëàíêòîíó Ãîð³õîâàòñüêèõ (à, á), Ä³äîð³âñüêèõ (â, ã) ³ Êèòà¿âñüêèõ (ä, å) ñòàâê³â ÍÏÏ
«Ãîëîñ³¿âñüêèé»



6,7 ìã Î2/äì3·äîáó, ùî óçãîäæóºòüñÿ ç äàíèìè Â.². Ùåðáàêà [11], îòðèìà-
íèìè â ë³òí³é ïåð³îä 2004 ð. äëÿ ñòàâêà ¹ 1.

Íå âèêëèêàº ñóìí³âó, ùî çàçíà÷åí³ çì³íè â ïðîäóêö³éíèõ ïðîöåñàõ
äîñë³äæóâàíèõ âîäîéì ò³ñíî ïîâ’ÿçàí³ ç ê³ëüê³ñòþ ôîòîñèíòåòè÷íèõ ï³ã-
ìåíò³â. Òàê, ïðîâåäåíèé êîðåëÿö³éíèé àíàë³ç çàëåæíîñò³ âåëè÷èí âàëî-
âî¿ ïåðâèííî¿ ïðîäóêö³¿ â³ä êîíöåíòðàö³¿ õëîðîô³ëó à ³ çàãàëüíèõ êàðîòè-
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Ðèñ. 6. Ïåðâèííà ïðîäóêö³ÿ ô³òîïëàíêòîíó (À), äåñòðóêö³ÿ îðãàí³÷íèõ ðå÷îâèí (R)
òà ¿õíº ñï³ââ³äíîøåííÿ (A/R) ó Ãîð³õîâàòñüêèõ (à, á), Ä³äîð³âñüêèõ (â, ã) ³ Êèòà¿âñüêèõ
(ä, å) ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé»



íî¿ä³â ï³äòâåðäèâ íàÿâí³ñòü ò³ñíîãî çâ’ÿçêó ç âèñîêèì êîåô³ö³ºíòîì êîðå-
ëÿö³¿ (â³äïîâ³äíî r = 0,80 i r = 0,89, n = 24, p�0,05). Âîäíî÷àñ, ó äîñë³äæóâà-
íèõ åêîñèñòåìàõ íå áóëî âèÿâëåíî äîñòîâ³ðíîãî çâ’ÿçêó ì³æ øâèäê³ñòþ
óòâîðåííÿ îðãàí³÷íèõ ðå÷îâèí â îäèíèö³ îá’ºìó âîäè òà âì³ñòîì íåîð-
ãàí³÷íîãî àçîòó ³ ôîñôîðó.

Ó ã³äðîá³îëîã³÷íèõ äîñë³äæåííÿõ ïîðÿä ç ïåðâèííîþ ïðîäóêö³ºþ äî-
ñèòü âàæëèâîþ º îö³íêà øâèäêîñò³ ñïîæèâàííÿ ô³òîïëàíêòîíîì êèñíþ
(R), ÿêèé âèêîðèñòîâóºòüñÿ äëÿ äåñòðóêö³¿ îðãàí³÷íèõ ðå÷îâèí â ïðîöåñ³
äèõàííÿ âîäîðîñòåé. Âèçíà÷åííÿ öüîãî ïàðàìåòðà â äîñë³äæóâàíèõ âîäî-
éìàõ ïîêàçàëî, ùî øâèäê³ñòü ðîçêëàäó îðãàí³÷íèõ ðå÷îâèí â ïëàíêòîí³
Ãîð³õîâàòñüêèõ ñòàâê³â êîëèâàëàñü â³ä 4,4 äî 8,2 ìã Î2/äì3·äîáó (äèâ. ðèñ.
6). Ïðè öüîìó ¿¿ ìàêñèìàëüíå çíà÷åííÿ áóëî õàðàêòåðíèì äëÿ ñòàâêà ¹ 1.

Îö³íêà øâèäêîñò³ ñïîæèâàííÿ êèñíþ â ïðîöåñ³ ðîçêëàäó îðãàí³÷íèõ
ðå÷îâèí â ïëàíêòîí³ Êèòà¿âñüêèõ ñòàâê³â ïîêàçàëà, ùî ¿¿ âåëè÷èíè çíàõî-
äèëèñü â ä³àïàçîí³ 4,0—8,2 ìã Î2/äì3·äîáó. Ïðè öüîìó, ÿê ³ â ïîïåðåäíüî-
ìó âèïàäêó, íàéá³ëüøèì çíà÷åííÿì õàðàêòåðèçóâàâñÿ ñòàâîê ¹ 1 (äèâ.
ðèñ. 6).

Âèçíà÷åííÿ îñîáëèâîñòåé ïåðåá³ãó äåñòðóêö³éíèõ ïðîöåñ³â â Ä³äî-
ð³âñüêèõ ñòàâêàõ çàñâ³ä÷èëî, ùî ðîçêëàä îðãàí³÷íèõ ðå÷îâèí â íèõ â³äáó-
âàâñÿ ç ìåíøîþ ³íòåíñèâí³ñòþ. Òàê, íàéìåíøà âåëè÷èíà ñïîæèâàííÿ
êèñíþ òóò ñòàíîâèëà 2,6 ìã Î2/äì3·äîáó (ñòàâîê ¹ 3), à íàéá³ëüøà —
6,1 ìã Î2/äì3·äîáó ³ áóëà õàðàêòåðíîþ äëÿ ñòàâêà ¹ 4 (äèâ. ðèñ. 6).

Äåñòðóêö³ÿ îðãàí³÷íèõ ðå÷îâèí ó äîñë³äæóâàíèõ âîäíèõ åêîñèñòåìàõ
ò³ñíî ïîâ’ÿçàíà ç ïåðâèííîþ ïðîäóêö³ºþ (r = 0,70, n = 24, p�0,05). Öå
ñâ³ä÷èòü ïðî âèñîêó øâèäê³ñòü âêëþ÷åííÿ íîâîóòâîðåíèõ îðãàí³÷íèõ ðå-
÷îâèí â á³îòè÷íèé êðóãîîá³ã.

Ïðè âèâ÷åíí³ á³îëîã³÷íî¿ ïðîäóêòèâíîñò³ âîäîéì, ÿê ³ ìåõàí³çì³â
ôîðìóâàííÿ ÿêîñò³ âîäè, íåîáõ³äíî ïåðø çà âñå çíàòè ñï³ââ³äíîøåííÿ
øâèäêîñòåé àâòîòðîôíèõ (ôîòîñèíòåòè÷íèõ) ³ ãåòåðîòðîôíèõ (äèõàëü-
íèõ) ïðîöåñ³â. ²äåàëüíî çáàëàíñîâàíà âîäíà åêîñèñòåìà ïîâèííà õàðàêòå-
ðèçóâàòèñü ð³âí³ñòþ ïðîöåñ³â ñèíòåçó ³ äåñòðóêö³¿ îðãàí³÷íèõ ðå÷îâèí.
Ïðîòå â³äîìî [1], ùî â îë³ãîòðîôíèõ âîäîéìàõ áàëàíñ îðãàí³÷íèõ ðå÷î-
âèí äîñèòü ÷àñòî â³ä’ºìíèé, òîáòî A/R<1. Â åâòðîôíèõ âîäîéìàõ ñï³â-
â³äíîøåííÿ A/R çàçâè÷àé á³ëÿ 1 àáî òðîõè á³ëüøå. ßêùî ñï³ââ³äíîøåííÿ
A/R<1, òî öå îçíà÷àº, ùî ó á³îòè÷íèõ ïðîöåñàõ çíà÷íó ó÷àñòü ïðèéìàþòü
àëîõòîíí³ îðãàí³÷í³ ðå÷îâèíè, â ïëàíêòîí³ çðîñòàº ÷àñòêà áàêòåð³é ³ ¿õíÿ
ïðîäóêö³ÿ ñòàº ïðàêòè÷íî îäíàêîâîþ ç ïðîäóêö³ºþ ô³òîïëàíêòîíó.

Àíàë³ç ñï³ââ³äíîøåííÿ øâèäêîñòåé ïðîäóêö³¿ ³ äåñòðóêö³¿ îðãàí³÷íèõ
ðå÷îâèí ó Ãîð³õîâàòñüêèõ ñòàâêàõ ïîêàçàâ, ùî â íèõ ñïîñòåð³ãàºòüñÿ ïî-
çèòèâíèé á³îòè÷íèé áàëàíñ, à âåëè÷èíà A/R áóëà íàéá³ëüøîþ ó ñòàâêó
¹ 4 ³ äîð³âíþâàëà 2,8 (äèâ. ðèñ. 6). Äåùî ìåíøîþ áóëà âîíà ó ñòàâêó ¹ 1
(2,1) òà ñòàâêó ¹ 2 (1,9) ³ çíà÷íî íèæ÷îþ (1,1) ó ñòàâêó ¹ 3. Â³äîìî [1], ùî
ïîçèòèâíèé á³îòè÷íèé áàëàíñ ìîæëèâèé ò³ëüêè ó òîìó âèïàäêó, êîëè
á³îãåíí³ åëåìåíòè íàäõîäÿòü ó âîäîéìè ççîâí³ â ì³íåðàëüí³é ôîðì³.

Ñåðåä îñîáëèâîñòåé ïåðåá³ãó ïðîäóêö³éíî-äåñòðóêö³éíèõ ïðîöåñ³â ó
Êèòà¿âñüêèõ ñòàâêàõ ñë³ä ï³äêðåñëèòè, ùî ñï³ââ³äíîøåííÿ A/R â íèõ ïå-
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ðåâàæíî çíàõîäèëîñü â ìåæàõ 1,0—1,3 ³ ëèøå â ñòàâêó ¹ 4 âîíî äîñÿãàëî
çíà÷åíü 1,7 (äèâ. ðèñ. 6). Ç ë³òåðàòóðíèõ äæåðåë [1] â³äîìî, ùî êîëè A/R ≈
1, òî öå ñâ³ä÷èòü ïðî òå, ùî ñò³ê ç âîäîçá³ðíî¿ ïëîù³ íå â³ä³ãðàº ³ñòîòíî¿
ðîë³ â á³îïðîäóêòèâíîñò³ âîäîéì, à ê³ëüê³ñòü á³îãåííèõ åëåìåíò³â, ÿêà
àñèì³ëþºòüñÿ ô³òîïëàíêòîíîì, ïðàêòè÷íî åêâ³âàëåíòíà ¿õí³é ê³ëüêîñò³,
ÿêà âèâ³ëüíÿºòüñÿ â ïðîöåñ³ ì³íåðàë³çàö³¿ ïðîäóêò³â ôîòîñèíòåçó ïëàíê-
òîíó. Òîáòî åëåìåíòè ì³íåðàëüíîãî æèâëåííÿ â îñíîâíîìó àâòîõòîíí³.

Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî á³ëüø³ñòü Ä³äîð³âñüêèõ ñòàâê³â
òåæ ìîæóòü áóòè ïðèêëàäîì âîäîéì ç ïîçèòèâíèì áàëàíñîì îðãàí³÷íèõ
ðå÷îâèí (äèâ. ðèñ. 6). Âèêëþ÷åííÿ ñòàíîâèâ ëèøå ñòàâîê ¹ 3, äå âåëè÷èíà
ñï³ââ³äíîøåííÿ A/R äîð³âíþâàëà 0,8. Öå ñâ³ä÷èòü ïðî ãåòåðîòðîôíèé õà-
ðàêòåð ôóíêö³îíóâàííÿ éîãî åêîñèñòåìè. Âíàñë³äîê àêòèâíîãî ñïîæè-
âàííÿ êèñíþ íà äåñòðóêö³þ àëîõòîííèõ îðãàí³÷íèõ ðå÷îâèí òóò â³äáóâà-
ëîñü ïîì³òíå çíèæåííÿ éîãî êîíöåíòðàö³¿ (äî 4,2 ìã/äì3).

Â³äîìî, ùî ñï³ââ³äíîøåííÿ ïðîäóêö³¿ (A) ³ äåñòðóêö³¿ (R) âèêîðèñòî-
âóºòüñÿ äëÿ îö³íêè ñòóïåíÿ çàáðóäíåííÿ âîäîéì [1, 7]. ßêùî ñï³ââ³äíî-
øåííÿ A/R<1, òî öå îçíà÷àº, ùî ó á³îòè÷íèõ ïðîöåñàõ âîäîéì çá³ëü-
øóºòüñÿ ÷àñòêà áàêòåð³é ³ àêòèâ³çóþòüñÿ ãåòåðîòðîôí³ ïðîöåñè, òîáòî
çá³ëüøóºòüñÿ øâèäê³ñòü îêèñíþâàëüíî¿ ì³íåðàë³çàö³¿ àáî äåñòðóêö³¿ îð-
ãàí³÷íèõ ðå÷îâèí â ïðîöåñ³ äèõàííÿ áàêòåð³î- ³ ô³òîïëàíêòîíó. Êîëè
ñï³ââ³äíîøåííÿ íàáëèæàºòüñÿ äî 1, ùî ñïîñòåð³ãàëîñü ó Êèòà¿âñüêèõ
ñòàâêàõ ¹ 1 ³ 2, à òàêîæ ó Ãîð³õîâàòñüêîìó ñòàâêó ¹ 3 ³ Ä³äîð³âñüêîìó
ñòàâêó ¹ 2, òî öå º ñâ³ä÷åííÿì çá³ëüøåííÿ ÷àñòêè îðãàí³÷íèõ ðå÷îâèí, ÿê³
ï³ääàþòüñÿ á³îëîã³÷íîìó îêèñíåííþ çà ðàõóíîê ï³äâèùåííÿ ð³âíÿ ìåòà-
áîë³çìó ãåòåðîòðîô³â, ùî ³ ñïðè÷èíÿº ³íòåíñèô³êàö³þ ïðîöåñ³â ñàìîî÷è-
ùåííÿ.

Ï³äâèùåíèé ïîçèòèâíèé áàëàíñ ïðîäóêö³éíî-äåñòðóêö³éíèõ ïðîöå-
ñ³â ó íèæí³õ ñòàâêàõ êîæíî¿ ç äîñë³äæóâàíèõ ñèñòåì âîäîéì ñâ³ä÷èòü ïðî
òå, ùî âîíè çáàãà÷óþòüñÿ á³îãåííèìè åëåìåíòàìè ÷åðåç íàäõîäæåííÿ ¿õ
ççîâí³. Öå ñïðèÿº ïîñèëåííþ ïðîäóêö³¿ ïëàíêòîííèõ âîäîðîñòåé, ÿê³
ïåð³îäè÷íî â³äìèðàþòü ³ ðîçêëàäàþòüñÿ. Íàñë³äêîì çàçíà÷åíîãî º â³äñòà-
âàííÿ äåñòðóêö³¿ â³ä ïðîäóêö³¿ é, â³äïîâ³äíî, çíèæåííÿ ³íòåíñèâíîñò³
ïðîöåñ³â ñàìîî÷èùåííÿ.

Âèñíîâêè

Ïðîâåäåí³ äîñë³äæåííÿ äîâåëè, ùî çàãàëîì áàëàíñ ïðîäóêö³éíî-äå-
ñòðóêö³éíèõ ïðîöåñ³â ó á³ëüøîñò³ âîäîéì ÍÏÏ «Ãîëîñ³¿âñüêèé» º ïîçè-
òèâíèì, ùî ñâ³ä÷èòü ïðî ïðèð³ñò âì³ñòó îðãàí³÷íèõ ðå÷îâèí. Íàéá³ëüø
ïðîäóêòèâíèìè ó ñèñòåì³ Ãîð³õîâàòñüêèõ òà Êèòà¿âñüêèõ ñòàâê³â âèÿâè-
ëèñÿ ïåðøèé òà îñòàíí³é ñòàâêè, òîä³ ÿê ó âíóòð³øíüîêàñêàäíèõ ñòàâêàõ
âåëè÷èíà âàëîâî¿ ïåðâèííî¿ ïðîäóêö³¿ áóëà çíà÷íî ìåíøîþ. Ñåðåä Ä³äî-
ð³âñüêèõ ñòàâê³â íàéá³ëüøîþ âåëè÷èíîþ öüîãî ïîêàçíèêà õàðàêòåðèçó-
âàâñÿ ñòàâîê ¹ 4. Ï³äâèùåíèé ïîçèòèâíèé á³îòè÷íèé áàëàíñ ó çàçíà÷å-
íèõ ñòàâêàõ êîæíî¿ ³ç äîñë³äæóâàíèõ ñèñòåì âîäîéì ñâ³ä÷èòü ïðî òå, ùî
âîíè çáàãà÷óþòüñÿ á³îãåííèìè åëåìåíòàìè çàâäÿêè ¿õ íàäõîäæåííþ
ççîâí³.
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Äåñòðóêö³éí³ ïðîöåñè ïåðåâàæàëè íàä ïðîäóêö³éíèìè ëèøå ó Ä³äî-
ð³âñüêîìó ñòàâêó ¹ 3. Öå ñâ³ä÷èòü ïðî ãåòåðîòðîôíèé õàðàêòåð ôóíê-
ö³îíóâàííÿ éîãî åêîñèñòåìè. Âíàñë³äîê àêòèâíîãî ñïîæèâàííÿ êèñíþ íà
äåñòðóêö³þ àëîõòîííèõ îðãàí³÷íèõ ðå÷îâèí òóò â³äáóâàëîñÿ ïîì³òíå çíè-
æåííÿ éîãî êîíöåíòðàö³¿.

Íàáëèæåííÿ A/R äî 1, ùî ñïîñòåð³ãàºòüñÿ ó äåÿêèõ ñòàâêàõ äîñë³äæó-
âàíèõ ñèñòåì, º ïîêàçíèêîì çá³ëüøåííÿ ÷àñòêè îðãàí³÷íèõ ðå÷îâèí, ÿê³
ï³ääàþòüñÿ á³îëîã³÷íîìó îêèñíåííþ âíàñë³äîê àêòèâ³çàö³¿ ãåòåðîòðîô-
íèõ ïðîöåñ³â, ùî ñïðèÿº ³íòåíñèô³êàö³¿ ïðîöåñ³â ñàìîî÷èùåííÿ.

Âèÿâëåí³ çì³íè â ïðîäóêö³éíèõ ïðîöåñàõ äîñë³äæóâàíèõ âîäîéì ò³ñ-
íî ïîâ’ÿçàí³ ç ê³ëüê³ñòþ ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ô³òîïëàíêòîíó, ùî
ï³äòâåðäæóþòü ðåçóëüòàòè êîðåëÿö³éíîãî àíàë³çó.
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PHYTOPLANKTON PRODUCTION AND DECOMPOSITION CHARACTERISTICS
IN WATER BODIES OF THE «GOLOSIYIVSKY» NATIONAL NATURE PARK

(UKRAINE)

For the first time, a comparative study of the production and decomposition processes
in plankton of the ponds of the «Golosiyivsky» National Nature Park (Ukraine), which are
subjected to increased anthropogenic load to being located in the territory of megalopolis
(Kyiv), was performed. It has been shown that in general the biotic balance in most of the
studied water bodies is positive as evidenced by the increase in the content of organic com-
pounds. The first and last ponds in the system of Gorikhovatka and Kytayevo ponds were
the most productive, while in the intracascade ponds the amount of the total primary pro-
duction was much lower. Among the Didorivka ponds, the last pond was characterized by
the highest productivity, while in pond N 3 the processes of decomposition prevailed over
the processes of production, which is evidence of the heterotrophic pattern of its ecosystem
functioning. The increased positive biotic balance in most of the studied water bodies indi-
cated that they are enriched with nutrients due to external inputs. The approach of the A/R
value to 1 observed in some ponds of the studied systems is evidence of the intensification
of self-purification processes. The identified changes in the production processes of the
studied ponds are closely related to the amount of photosynthetic pigments in the water co-
lumn, which is confirmed by the results of the correlation analysis.

Keywords: production, decomposition, inorganic and organic compounds, phytoplank-
ton, pigments, biotic balance, self-purification processes, ponds, the «Golosiyivsky» National
Nature Park.
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Ð²ÇÍÎÌÀÍ²ÒÍ²ÑÒÜ ÂÎÄÎÐÎÑÒÅÉ ÏËÀÍÊÒÎÍÓ
ÂÇÄÎÂÆ ÃÐÀÄ²ªÍÒÀ ÂÈÑÎÒÈ Â ÏÐ²ÑÍÎÂÎÄÍÈÕ

ÅÊÎÑÈÑÒÅÌÀÕ ÐÅÃ²ÎÍÓ ÊÕÓÌÁÓ, ÍÅÏÀË

Ðîçóì³ííÿ ð³çíîìàí³òíîñò³ òà ñêëàäó óãðóïîâàíü âîäîðîñòåé ó ð³çíèõ ãðàä³ºí-
òàõ âèñîòè òà ôàêòîð³â, ùî íà íèõ âïëèâàþòü, ìîæå äàòè ö³ííó ³íôîðìàö³þ ïðî
åêîëîã³÷í³ ïðîöåñè, ÿê³ âèçíà÷àþòü ôóíêö³îíóâàííÿ öèõ åêîñèñòåì. Ìåòîþ äîñ-
ë³äæåííÿ áóëî âñòàíîâèòè ð³çíîìàí³òí³ñòü ³ ñêëàä âîäîðîñòåé ó ðåã³îí³ Êõóìáó â
Íåïàë³ òà îö³íèòè ¿õí³é çâ’ÿçîê ³ç çì³ííèìè ñåðåäîâèùà âçäîâæ ãðàä³ºíòà âèñîòè.
Àëüãîëîã³÷íèé ìàòåð³àë áóëî ç³áðàíî ó 13 îçåðàõ òà ð³÷êàõ íà âèñîò³ â³ä 2700 ì äî
5000 ì ³ ïðîàíàë³çîâàíî â³äíîñíèé âïëèâ ð³çíèõ ôàêòîð³â íàâêîëèøíüîãî ñåðåäîâèùà
(âèñîòè, òåìïåðàòóðè, âì³ñòó ñïîëóê àçîòó ³ ôîñôîðó, êîíöåíòðàö³¿ ðîç÷èíåíîãî
êèñíþ, çàãàëüíî¿ ì³íåðàë³çàö³¿ òà åëåêòðîïðîâ³äíîñò³) íà âèäîâå áàãàòñòâî âîäîðî-
ñòåé. Çàãàëîì áóëî çàðåºñòðîâàíî 56 âèä³â âîäîðîñòåé ³ç øåñòè êëàñ³â. Ñåðåä íèõ Ba-
cillariophyceae áóëè íàéïîøèðåí³øèìè. Âèäîâå áàãàòñòâî âîäîðîñòåé ÿê çá³ëüøóâà-

Ö è ò ó â à í í ÿ: Ã³ì³ðå Í.Ï., Øðåñòà Í., Íàç Ñ., Ðàé Ø.Ê., Ã³ì³ðå Ï., Øðåñòà Ñ.,
Äæà Ï.Ê. Ð³çíîìàí³òí³ñòü âîäîðîñòåé ïëàíêòîíó âçäîâæ ãðàä³ºíòà âèñîòè â ïð³ñíî-
âîäíèõ åêîñèñòåìàõ ðåã³îíó Êõóìáó, Íåïàë. Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 3. Ñ. 19—
40.
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ëîñü, òàê ³ çìåíøóâàëîñü ï³ä âïëèâîì ð³çíèõ ô³çèêî-õ³ì³÷íèõ ôàêòîð³â. Äëÿ äîñ-
ë³äæóâàíîãî ðåã³îíó õàðàêòåðíîþ âèÿâèëàñü çàãàëüíà òåíäåíö³ÿ äî çðîñòàííÿ âèäî-
âîãî áàãàòñòâà âîäîðîñòåé ³ç çá³ëüøåííÿì âèñîòè. Öå ÿâèùå ìîæíà ïîÿñíèòè çà-
ëåæíèì â³ä âèñîòè ï³äâèùåííÿì çàãàëüíî¿ ì³íåðàë³çàö³¿, à òàêîæ âèùèì âì³ñòîì
ñïîëóê àçîòó òà ôîñôîðó, çóìîâëåíèì àêòèâ³çàö³ºþ ëþäñüêî¿ ä³ÿëüíîñò³. Ç óñ³õ
çì³ííèõ âì³ñò ñïîëóê ôîñôîðó ìàâ íàéñèëüí³øèé âïëèâ íà âèäîâå áàãàòñòâî âîäîðî-
ñòåé, ùî âêàçóº íà òå, ùî öåé ÷èííèê º íàéâàæëèâ³øèì, ÿêèé âïëèâàº íà ôîðìóâàííÿ
ÿêîñò³ âîäè. Çá³ëüøåííÿ âì³ñòó ñïîëóê ôîñôîðó òà ïîäàëüøå çðîñòàííÿ âèäîâîãî áà-
ãàòñòâà âîäîðîñòåé ó öèõ âèñîêîã³ðíèõ ïð³ñíîâîäíèõ îçåðàõ ³ ð³÷êàõ âêàçóº íà ïî-
ã³ðøåííÿ ÿêîñò³ âîäè ó âîäîéìàõ Ã³ìàëà¿â. Îñê³ëüêè êë³ìàòè÷í³ çì³íè òà çðîñòàííÿ
³íòåíñèâíîñò³ òóðèçìó âæå ï³äâèùóþòü âðàçëèâ³ñòü ðåã³îíó Êõóìáó, îòðèìàí³ äàí³
ï³äêðåñëþþòü âàæëèâ³ñòü ðåãóëÿðíîãî ìîí³òîðèíãó äîñë³äæóâàíîãî ðåã³îíó.

Êëþ÷îâ³ ñëîâà: ð³çíîìàí³òí³ñòü âîäîðîñòåé, ä³àòîìîâ³, ðåã³îí Êõóìáó, ô³çè-
êî-õ³ì³÷í³ âëàñòèâîñò³ âîäè, Íàö³îíàëüíèé ïàðê «Ñàãàðìàòõà», Íåïàë.

Introduction

Algae are found almost in any habitat as they have unique adaptive capaci-
ties to survive in varying environmental conditions. Algae are primary produ-
cers and have the ability to absorb different organic and inorganic pollutants,
including heavy metals, from the water. They play an important role in aquatic
ecosystems by cycling nutrients and producing oxygen, which can help with
natural water purification. They are also commonly used as bioindicators of
water quality because of their sensitivity to environmental changes such as nut-
rient levels and pollution [41]. While algae can indicate the ecological health of
aquatic systems, excessive growth, frequently caused by nutrient pollution, can
result in harmful algal blooms that degrade water quality and disrupt aquatic
populations.

Algal richness has been found to be correlated with a variety of environ-
mental factors including altitude [20], pH and alkalinity [27], anthropogenic
activities [38], ionic content [30], and land use pattern [2, 6]. An unimodal pat-
tern of phytoplankton abundance, i.e., the higher the elevation, the greater the
algal abundance has been found [17]. Other studies have further shown that the
community structure of algae is also related to elevation [17]. However, anot-
her point of view [5] suggests that there is a difference in the linear and unimo-
dal patterns of algal abundance, arguing that other factors could have played a
much larger role than elevation. It is thought [12] that altitude alone is not a
good indicator of algal species richness; instead, conductivity and the nutrient
concentrations, depth, and area all play a role in determining species richness.
There is now a growing consensus on the role of climate, topography, and ant-
hropogenic activities in explaining the significant difference in algal diversity
across localities.

The Sagarmatha National Park (SNP) and its surrounding buffer zone, col-
lectively known as the Khumbu region (Figure 1), is located between 27o30'19''
and 27o06'45'' N latitude and 86o30'53'' to 86�99'08'' E longitude. The park lies
on the southern slope of the Sagarmatha (Mt. Everest) in the northeastern regi-
on of Nepal and covers an area of 1.148 square kilometers. It is characterized by
rugged topography, with altitudes ranging from 2.845 meters at the Jorsalle to
8.848 meters at the summit of Mt. Everest. Approximately 80 % of the precipi-
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tation falls during the monsoon season, which lasts from June to September.
The average minimum temperature recorded is in January (-7.7 oC), while the
maximum recorded temperature is in August (16.2 oC). The SNP’s two major
lake systems are the Imja and Gokyo. The major four rivers that drain the
Khumbu region from the north to the south are Dudhkoshi, Lobuche, Imja,
and Bhotekoshi. The Dudhkoshi River originates from the Ngozumpa glacier
and the Gokyo lake system. The Imja River flows from Lake Imja and glaciers,
while the Lobuche River flows from the Khumbu glacier. The Imja River is for-
med when the Lobuche and Imja rivers meet below the Dingboche. There the
Imja River joins the Dudhkoshi River below Phortse and is renamed the Dudh-
koshi River. The Bhotekhoshi River originates in Tibet and meets the Dudh-
koshi River at Larjadobhan. These major rivers also give birth to several tribu-
taries along their course.

Construction activities, substratum eradication, deforestation, forest fires,
and haphazard utilization of river water all have an impact on water quality, its
volume, phytoplankton diversity loss, and ecological balance in water bodies
[5, 25, 37]. This is a common global trend and is particularly high in regions
with high human activities. An increasing number of tourists in the SNP, for
example, has already altered its land cover pattern, trail, and overall environ-
ment [32]. The impact of tourism and overall anthropogenic pressure is part-
icularly increasing in areas surrounding Lake Gokyo in the SNP. Hotels disc-
harge their wastes directly or indirectly into the lake, increasing its pollution.
Because the physiochemical properties of the water can determine pollution le-
vel in water bodies, understanding the nutrient content in water bodies is criti-
cal for assessing their health status [13, 31, 35]. Although several studies in re-
cent years have explored the diversity of algae in lowland rivers and lakes, the
exploration of algal diversity in high altitude rivers and lakes in Nepal and their
association with different environmental factors has not yet to be made. There-
fore, the goal of this study was to evaluate the distribution pattern of algae in
the lake and river clusters of the Khumbu region along an elevation gradient,
and also to determine the association between algal diversity and the physical
and chemical characteristics of water bodies.

Material and Methods1

Sample collection. The samplings sites were mostly selected along the trek-
king routes from the Lukla to the Everest base camp, including Lake Gokyo, the
Imja River and the Thame spring. Algal samples were collected from different
corners of lakes and different sides of rivers between 9:00 to 12:00 am. Totally
thirteen samples were collected from different water sources, including stag-
nant waters and running waters. Algal samples were collected by dipping plas-
tic bottles (250 ml capacity) in water sources and preserved with formalin (with
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the final concentration of 4 %) immediately after collection. The identification
of species was made with the help of a Leica binocular microscope and consul-
ting relevant monographs e.g. [3, 9, 40, 46].

Physiochemical parameters of the water. Water temperature, pH, total dis-
solved solids (TDS), and conductivity were measured on site with the help of an
electric kit multi-parameter probe (HANNA, HI9812-5), while dissolved oxy-
gen (DO) was determined with the help of a meter (Ecosense ODO 200). The
measurements were made during May — June.

Water samples for chemical analysis were collected from the water bodies
in 125 ml acid-rinsed polythene bottles. In this case, three drops of concentra-
ted nitric acid were used to adjust the pH of the samples below 2 (acidic medi-
um) to preserve them. The samples were brought to Kathmandu and analyzed
in the Ecology laboratory of the Central Department of Botany of the Tribhu-
van University, Kathmandu. Nitrogen and phosphorus content in the lake wa-
ter samples were measured using a spectrophotometer based on the colorimet-
ric method following [43].

Data analyses. Correlation analysis was performed to identify the linear re-
lationship among the variables representing different physical and chemical
parameters of the water in the sampled sites. The Pearson’s correlation coeffici-
ent was used to measure the strength of the relationship between variables. The
correlation analysis was made using the «cor.test» function in R version 4.2.1.
Because samples were collected from different water sources (e.g., lake, river
and spring), we compared if total algal richness and the physiochemical pro-
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Fig 1. Map showing 13 sampling sites in the Sagarmatha National Park and surrounding
buffer zone (the Khumbu region)



perties varied among water sources. We calculated the mean values of each va-
riable and compared them using one-way ANOVA followed by Tukey’s HSD
post-hoc test. These analyses were performed using «aov» and «TukeyHSD»
functions in the R package «stats».

In order to capture the non-linear relationship (if any), generalized additi-
ve models (GAMs) were built to assess the variation in physical and chemical
properties of water along an elevation gradient. Natural cubic splines with
three degrees of freedom were used in the GAM model to allow for flexible mo-
deling of the relationship between the variables. The underlying idea was to as-
sess how the physical and chemical properties of water change along an elevati-
on gradient. The GAM lines were plotted using «geom_smooth» function in
the R package «ggplot2» with y ~ splines::ns(x,3) as the plotting formula.

To determine the impact of various physical and chemical properties of the
water on algal diversity, we first combined data from all sites and conducted
regression analysis with algal richness as the dependent variable and physical
and chemical properties of water as independent variables, one at a time. The
regression analysis was performed using the negative binomial generalized li-
near model. These models were built using the «glm.nb» function available in
the R package «MASS». The R2 value in these regressions was calculated using
the following formula:

1 100−








×

Residual deviance

Null deviance
.

We also assessed the relationship between algal richness and various phy-
sical and chemical properties of the water using generalized additive models to
capture more complex relationships not captured by a simpler linear model. Fi-
nally, we used random forest modeling to perform a multivariate regression.
Random forest is a strong ensemble learning algorithm that is commonly used
in predictive modeling and machine learning tasks. It is recognized for its flexi-
bility, robustness, and efficiency in handling varied datasets. By computing va-
riable significance, it provides the relative contribution of each input variable
to the model’s predictive performance. Random forest modeling was perfor-
med using the ‘randomForest’ function in the R package ‘randomForest’.

Results

Species composition of alage. In total, 56 species belonging to six classes
(Bacillariophyceae, Zygnematophyceae, Cyanophyceae, Chlorophyceae, Tre-
bouxiophyceae and Euglenophyceae) were recorded across different sampling
sites situated at altitudes ranging from 2777 to 5007 m (Table 1). Bacillariophy-
ceae were found to be the dominant class in the Khumbu region. There were 21
species from Bacillariophyceae, 17 species from Zygnematophyceae, 9 species
from Cyanophyceae, 6 species from Chlorophyceae, 2 species from Trebou-
xiophyceae and 1 species from Euglenophyceae (Table 1). The class Bacillari-
ophyceae covered 37.5 % of the total algal distribution, followed by Zygnema-
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Table 1
Algal species found at different locations in the Khumbu region

SN Taxa Sampling sites Altitudinal
range (m)

Habitat

Cyanophyceae

1 Anabaena sp. 8, between 2
to 3

3400—4700 Running water

2 Gloeocapsa aeruginosa Kützing between 10 to
13

4300 Stagnant water

3 Merismopedia glauca (Ehren-
berg) Kützing

7, 10, 4, bet-
ween 11 to 13

3700—4300 Stagnant as well
as running water

4 Oscillatoria subbrevis Schmidle 4 4600 Moist rocks in
sloppy region

5 Phormidium cf. insigne
Anagnostidis

between 1 to 2 4700 Running water

6 Phormidium schroeteri
(Hansgirg) Anagnostidis

10 4900 Stagnant water

7 Phormidium sp. 3 4660 Outlet of Lake
Gokyo I

8 Planktothrix agardhii
(Gomont) Anagnostidis &
Komárek

9, 10 2700—4900 Stagnant water

9 Stigonema mamillosum
Agardh ex Bornet et Flahault

12 5000 Outlet of Lake
Imja

Bacillariophyceae

10 Cocconeis placentula var.
euglypta (Ehrenberg) Cleve

7 3700 Small pond edge
of the Bhotekos-
hi River

11 Craticula perrotettii Grunow 5, 6, 7, 13 3700—4300 Running as well
as stagnant water

12 Cymbella cymbiformis Agardh between 2 to
3, 13

4300—4700 Stagnant as well
as running water

13 Cymbella lanceolata Agardh 7, 10 , 13 3700—4600 Running water

14 Denticula sp. between 2 to 3 4700 Running water

15 Didymosphenia geminata
(Lyngbye) Schmidt

between 10 to
13, 8

3400—4300 Running water

16 Eunotia lunaris (Ehrenberg)
Grunow

13 4300 Stagnant water at
edge of the Lo-
buche River

17 Eunotia monodon var. alpina
(Kützing) Grunow

5 4300 Running water

18 Fragilaria crotonensis Kitton 10, 13, 6 3700—4600 Running water
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SN Taxa Sampling sites Altitudinal
range (m)

Habitat

19 Fragilaria vaucheriae
(Kützing) Petersen

9, between 10
to 13, 2 to 3

2700—4700 Running water

20 Frustulia rhomboides (Ehren-
berg) De Toni

5 4300 Running water

21 Gomphonema sphaerophorum
Ehrenberg

between 2 to
3, 6, 7

3700—4700 Running water

22 Hannaea arcus (Ehrenberg)
Patrick

7, 10, between
1 to 2, 2 to 3

3600—4700 Slow running
water

23 Meridion circulare (Greville)
Agardh

13 4300 Stagnant water at
edge of the Lo-
buche River

24 Odontidium mesodon (Ehren-
berg) Kützing

7, 9, 11,6, bet-
ween 1 to 2, 2
to 3

2700—4770 Running water

25 Pinnularia brauniana (Gru-
now) Studnicka

8 3400 Running water

26 Pinnularia viridis (Nitzsch)
Ehrenberg

6, 8, 10, 13 3400—4900 Running as well
as stagnant water

27 Stauroneis phoenicenteron
(Nitzsch) Ehrenberg

6 3700 Running water

28 Surirella didyma Kützing 9, between 10
to 13

2700—4300 Stagnant water

29 Tabellaria flocculosa (Roth)
Kützing

5, 7, 13 3700—4300 Running water

30 Ulnaria ulna (Nitzsch)
Compère

between 1 to
2, 2 to 3, 11

4300—4700 Stagnant as well
as running water

Zygnematophyceae

31 Actinotaenium cf. subglobosum
(Nordstedt) Teiling

9 2700 Stagnant water at
edge of the Dud-
hkoshi River

32 Closterium acerosum Ehren-
berg ex Ralfs

between 1 to
2, 2 to 3, 7, 8,
13

3400-4700 Running water

33 Cosmarium awadhense Prasad
et Mehrotra

1, 7 3700—4660 Stagnant water

34 Cosmarium cf. sublatereunda-
tum West et West

9 2700 Stagnant water
with rocky habi-
tat

35 Cosmarium subspeciosum
Nordstedt

5, 13 4300 Stagnant as well
as running

Table 1 (continued)
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SN Taxa Sampling sites Altitudinal
range (m)

Habitat

36 Cylindrocystis brebissonii
(Ralfs) De Bary

5 4300 Running water

37 Cylindrocystis sp. 8 3400 Running water

38 Euastrum coralloides var. tri-
gibberum Lagerheim

5 4300 Running water

39 Euastrum oblongum Greville
ex Ralfs

13 4300 Stagnant water

40 Hyalotheca dissiliens Brébisson
ex Ralfs

13 4300 Stagnant water

41 Mougeotia sp. 4, 5, 13 betwe-
en 2 to 3

4300—4700 Moist steep
rocks, stagnant
as well as run-
ning water

42 Netrium digitus (Brébisson ex
Ralfs) Itzigsohn & Rothe

5 4300 Running water

43 Penium cylindrus Brébisson ex
Ralfs

13 4300 Stagnant water

44 Spirogyra cf. amplectens Skuja 1, 4, 8, 9 2700—4660 Rocky sloppy re-
gion, running as
well as stagnant
water

45 Staurastrum sp. 5, 8, 9, betwe-
en 2 to 3, 10 to
13

2700—4700 Running as well
as stagnant water

46 Staurodesmus mordax var.
nudus (Turner) Compère

4 4600 Moist sloppy
rocks

47 Zygnema sp. 4, 10, between
1 to 2

4700—4900 Moist rocky ha-
bitat as well as
running water

Trebouxiophyceae

48 Botryococcus cf. braunii
Kützing

between 10 to
13

4300 Stagnant water

49 Chlorella vulgaris Beijerinck between 2 to 3 4650 Slow running
water

Chlorophyceae

50 Bulbochaete sp. 3 4660 From outlet of
Lake Gokyo I

51 Desmodesmus communis (He-
gewald) Hegewald

4, 13 4300—4600 Sloppy moist
rocky region and
running water

Table 1 (continued)



tophyceae (30.4 %), Cyanophyceae (16.0 %), Chlorophyceae (10.7 %), Trebou-
xiophyceae (3.6 %), and Euglenophyceae (1.8 %).

Correlation among different physiochemical properties of the water. Bivari-
ate correlations showed high congruence among the variables representing
physiochemical water parameters. For example, nitrogen content had a negati-
ve relationship with pH, phosphorus content, dissolved oxygen, and tempera-
ture, and a positive relationship with total dissolved solids and conductivity
(Figure 2). Total dissolved solids and conductivity had the highest correlation
coefficient (r = 0.93) followed by that between phosphorus content and pH (r =
0.73).

Variation in algal richness and physiochemical properties of the water across
three ecosystems. The ANOVA and Tukey’s HSD tests revealed no significant
differences (p>0.05) in the mean values of algal richness and other physioche-
mical properties of the water across three ecosystems (Figure 3).

Variation in physiochemical properties of water across elevation. The result
of generalized additive model showed that the total nitrogen, total phosphorus,
total dissolved solids and conductivity increased with increasing elevation,
while temperature and dissolved oxygen decreased with increasing elevation
(Figure 4). While some variables showed near linear relationship (dissolved
oxygen), most other variables exhibited a hump-shaped or non-linear relation-
ship.

Influence of elevation and physiochemical properties of the water on algal
richness. Along an elevation gradient, the highest number of algal species was
recorded from Lake Gokyo I (4661 m), whereas in the Imja River (4165 m),
only one species of Cyanophyceae was recorded (Table 2). The algal diversity
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SN Taxa Sampling sites Altitudinal
range (m)

Habitat

52 Oedogonium sp. between 10 to
13, 3

4300—4660 Stagnant water

53 Pediastrum duplex Meyen between 10 to
13

4300 Stagnant water

54 Sphaerocystis schroeteri
Chodat

between 10 to
13

4300 Stagnant water

55 Tetradesmus obliquus (Turpin)
Wynne

8, 11, 13 3400—4300 Running water,

stagnant water

Euglenophyceae

56 Phacus sp. 8 3400 Running water

Note. 1 — Lake Gokyo III; 2 — Lake Gokyo II; 3 — Lake Gokyo I; 4 — the Ngozumpa glaci-
er; 5 — the Luza River; 6 — the Thame Spring; 7 — the Bhotekoshi River; 8 — the Namche
Spring; 9 — the Dudhkoshi River; 10 — the Lobuche River; 11 — the Lower Lobuche River;
12 — the Imja River; 13 — the Pheriche spring.

Table 1 (continued)



showed a hump-shaped relationship with the elevation (Figure 5), with species
richness peaking at around 4500 m, after which the algal diversity decreased.
Species richness exhibited both increasing and decreasing trends in relation to
various physiochemical properties of the water. For example, species richness
increased with the increasing value of total phosphorus and pH. Both total dis-
solved solids and conductivity displayed a bimodal pattern, exhibiting fluctua-
tions where algal diversity initially decreased, then increased, and subsequently
decreased again (Figure 5).

The total phosphorus content explained the highest variation in species
richness (R2 = 22.63 %) followed by pH (R2 = 10.20 %), elevation (R2 = 7.29 %),
total dissolved solids (R2 = 7.21 %), dissolved oxygen (R2 = 6.49 %), temperature
(R2 = 4.88 %) and conductivity (R2 = 3.34 %) (Table 3). The random forest mo-
del likewise identified total phosphorus as the variable possessing the greatest
predictive power (Figure 6), aligning with the findings of the generalized linear
model.

Discussion

Diversity of algal species in the Khumbu region. Totally 56 algal species
from the water bodies (6 rivers, 3 lakes, 3 springs and 1 glacier) of the Khumbu
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Fig 2. Correlation among the variables representing different physical and chemical pro-
perties of the water. Significant correlations are indicated with an asterisk (*), where the
number of asterisks denotes varying levels of significance. *** p<0.001, * p<0.05



region belonging to 6 classes (Bacillariophyceae, Zygnematophyceae, Cyanop-
hyceae, Chlorophyceae, Trebouxiophyceae, and Euglenophyceae) were found
during the period of investigations. The differences in the number of identified
algae could be related to their growth and affected by competition between dif-
ferent algal groups, predation in the food chain, the level of pollution, and the
flow characteristics of the water [39]. The significant differences in phytoplan-
kton community structure with different nutrient states in water bodies direct-
ly reflect varying water quality status [16]. For example, the phytoplankton spe-
cies belonging to Cyanophyceae and Chlorophyceae are good indicators of en-
vironmental change as they can detect the direct entry of domestic sewage, ag-
ricultural pollution, municipal waste, and effluents of organic waste from ani-
mals and human beings [22]. Similarly, the dominance of populations from the
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Fig 3. Boxplot showing differences in algal richness and physiochemical parameters of wa-
ter across lake, river and spring of the Khumbu region. Mean values are represented by dia-
monds. The ANOVA and Tukey’s HSD tests revealed no significant differences (p>0.05) in
the mean values among three types of water ecosystems



Bacillariophyceae class can indicate eutrophic conditions in reservoirs, as some
species thrive in nutrient-rich environments and are sensitive to changes in
water quality [36]. However, not all diatoms are associated with eutrophicati-
on, and their presence does not necessarily indicate a reservoir’s trophic status
[24]. For instance, the presence of Fragilaria vaucheriae is indicative of eutrop-
hic conditions, whereas Hannaea arcus is associated with oligotrophic envi-
ronments [44]. Eutrophication is a complex process influenced by a variety of
factors, including nutrient levels, temperature, light, etc. As a result, while dia-
toms are important bioindicators, their role should be interpreted in light of
the larger ecological and environmental context.

Physiochemical properties of water along an elevation gradient. As indica-
ted by our data, the temperature is primarily altitude-dependent as we obser-
ved that the temperature of surface water decreased linearly with increasing
elevation up to 4000 m after which the temperature reaches an asymptote and
decreases again after 4700 m. This is plausible because the air temperature is
strongly related to altitude and decreases as altitude increases in mountain are-
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Fig 4. Variation in physical and chemical properties
of water along an elevation gradient. The solid lines
are regression lines fitted using generalized additive
models with natural cubic splines and three degrees
of freedom
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as [34]. This is a common global trend and has been reported by a number of

other studies [17]. The decrease in dissolved oxygen along with the rise in ele-

vation might be due to the decrease in atmospheric pressure as we move

upward. It has been found [1] that the concentration of total dissolved solids

decreased with altitude which is in contrast to our observation. This disparity

may be due to differences in location and uneven human pressures between the

two study areas. Another research [53] also discovered that the concentration

of dissolved solids decreased with increasing altitude due to an unequal distri-

bution of rock type along altitude. A negative correlation was established bet-

ween altitude and other physical parameters from the Sagarmatha National

Park, a positive correlation — between altitude and pH, and a near-neutral cor-
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Fig 5. Relationship between algal species richness and different physical and chemical pro-
perties of water. The solid lines are regression lines fitted using generalized additive models
with natural cubic splines and three degrees of freedom



relation — between altitude and conductivity [33]. In contrast, our data sho-
wed that as altitude increased, so did total dissolved solids and conductivity.
This could be due to the presence of more anions and cations, as well as the hig-
her concentration of degradable matter dissolved in the water. This might also
explain why algal richness increased as we moved upward.

Correlation among physical and chemical properties of the water. Dissolved
oxygen showed a positive correlation with total dissolved solids and a negative
correlation with phosphorus, nitrogen, pH, temperature, and conductivity.
Consistent with [21], we found a negative correlation of pH with the dissolved
oxygen. The pH was negatively correlated with the phosphorus content and
this relationship was also reported in [7]. The pH affects the concentration of
orthophosphate in the aquaponics nutrient solution. The increase in pH lowers
the overall concentration of orthophosphate as high pH influences the formati-
on of insoluble calcium phosphate that precipitates from the solution. The
temperature has an opposing effect on the concentration of dissolved oxygen in
a water body. The higher the temperature, the lower the concentration of dis-
solved oxygen [48] and our findings clearly support this relationship. Total dis-
solved solids and conductivity were very strongly correlated with each other (r
= 0.93) and such significant association has also been reported in [28]. Conduc-
tivity is a useful indicator of total dissolved solids. Water’s electrical conducti-
vity is provided by dissolved ions of various metallic and organic salts. The rate
of dissociation of salt and organic matter increases with temperature [18]. Ho-
wever, it has also been argued that the relationship between conductivity and
total dissolved solids is not directly linear as it depends on the strength and acti-
vity of the dissolved ions [15].

Algal diversity along an elevation gradient. In general, the algal richness in-
creased with rising elevation. This could be due to multiple factors. However,
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Table 3
Explanatory power (R2, %) of elevation and other water-related parameters for the

algal diversity in the lake and river cluster of the Sagarmatha National Park evaluated
by negative binomial generalized linear model

Variables R-square (%) Coefficient p-value

Elevation 7.29 0.0002 0.28

Total nitrogen (NO3

− ) 0.34 -0.0541 0.81

Total phosphorus (PO4

3− ) 22.62 1.1202 0.04

pH 10.20 0.4486 0.24

Dissolved oxygen 6.49 -0.2281 0.34

Total dissolved solids 7.21 17.2277 0.29

Conductivity 3.34 8.762 0.47

Temperature 4.88 -0.1188 0.38

Note. Statistically significant (p<0.05) variable is shown in bold font face.



the increase in total nitrogen and phosphorus content along an elevation gradi-
ent (see Figure 3) offers a more plausible explanation because both nitrogen
and phosphorus have been shown to cause an overgrowth of algae in a relative-
ly short period of time, also known as algal blooming. Our finding is in contrast
to several previous studies, which have shown a decrease in algal diversity with
increasing elevation. For example, the algal species diversity was relatively high
at the lowest and the middle elevation [42]. Similarly, in another study [52], it
has been shown that the overall phytoplankton abundance in the Lhasa River
decreased with increasing elevation. It has been also reported [50] that the algal
biomass in the glacier region decreased as the altitude increased. Studies have
suggested that the aquatic vegetation is impacted by altitude only occasionally
and usually on a wide geographical or altitudinal scale [26]. It has been found
[23] that altitude was the strongest predictor of species richness among all the
environmental factors examined. Aquatic ecosystems at high altitudes have ex-
treme environments in which physical stressors associated with ice and snow
(winter cover, scouring, and avalanche) and severe climate are limiting factors
for the distribution of aquatic plants. However, contrasting finding of algal dis-
tribution observed in our study reveals that the algal communities have well
fostered in high-altitude lakes and rivers in the Khumbu region, suggesting that
the pollution level in high-altitude water bodies is higher than the anticipated
scenario. This could be the result of increased deposition of phosphorus and
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Fig 6. Variable importance plot showing increase in node purity (MeanDecreaseGini) of
the random forest model. Variables are arranged in order from highest to lowest predictive
capacity



nitrogen in the lakes and rivers likely due to excessive human activities in the
Khumbu region.

Does physiochemical properties of the water influence algal diversity? Our
findings show that pH, temperature, dissolved oxygen and phosphorus content
are the key factors affecting phytoplankton abundance, which is consistent
with studies showing that the growth and reproduction of phytoplankton are
affected by various environmental factors [45, 51]. The elevation gradient is
one of the main gradients, and it reflects the change in all environmental fac-
tors with increasing altitude [8]. The physical and chemical properties of water
are the two main aspects that directly affect the growth and reproduction of
phytoplankton [17]. Similarly, water temperature is one of the most important
physical factors influencing the phytoplankton community because it directly
controls lake ecosystems while also indirectly influencing physical and chemi-
cal parameters of the water [14]. Although solar radiation is higher in higher
elevations than in lower elevations, low temperatures become the primary con-
straint for vegetation growth in higher elevations [47]. Different pH values of
water lead to the growth of different algal species. Phosphorus is the easiest and
most readily available nutrient for algae at pH 6—7. The pH of water ranged
between 6 and 7 in 11 out of 13 sampling sites, indicating that the pH of water
in our study sites is suitable for algal growth [10]. High levels of phosphorus in
water bodies accelerate the growth of algae and other aquatic plants. Therefore,
phosphate levels also indicate the eutrophic condition of a fresh water body
and determine its pollution level [49]. Phosphorus content is an important wa-
ter parameter because it contributes significantly to water quality degradation
[19]. It is also known as the key nutrient for algal growth, as well as the cause of
eutrophication and toxic algal blooms in lakes and rivers [4, 11].

We acknowledge that, in addition to the factors that were analyzed in the
current study, other natural factors such as flash floods, avalanches, landslides,
and soil disintegration or soil erosion and man-made factors such as the const-
ruction of highways and expressways, eradication of substratum, cutting down
of forests, forest fires, farming practices, substantial sedimentation, and open
utilization of river water could potentially determine the abundance of phytop-
lankton in water bodies [29, 37]. As comparisons of algal richness and water
properties revealed no significant differences among three types of ecosystems,
our judgement of combining them together for statistical analyses is fully justi-
fied. Although planktonic algae are usually much more diverse and abundant
in lakes compared to running water such as rivers, springs or glacier, we did not
find such differences in our study region. Therefore, our findings are not biased
by the selection of different ecosystems along an elevation gradient.

Conclusion

Totally 56 species of algae from the water bodies (6 rivers, 3 lakes, 3 springs
and 1 glacier) of the Khumbu region belonging to 6 classes (Bacillariophyceae,
Zygnematophyceae, Cyanophyceae, Chlorophyceae, Trebouxiophyceae and
Euglenophyceae) were found during the period of investigations. The domi-
nance of algal populations from the class Bacillariophyceae (37.5 % of the total
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number of species) across all sampling sites suggests the potential for eutrophic

conditions in water bodies in the Khumbu region. However, while certain dia-

tom species are known as indicators of nutrient-rich environments, their ove-

rall dominance does not conclusively determine eutrophication because some

species are associated with oligotrophic conditions. A comprehensive evaluati-

on of species composition, along with supporting environmental data such as

nutrient levels, oxygen concentrations, and water clarity, is essential to accura-

tely assess the trophic status of these water bodies. An interesting elevation-de-

pendent increase in phosphorus and nitrogen content, as well as total dissolved

solids, observed in our study further indicates high pollution levels in high-alti-

tude water bodies. Our study also revealed a significant association between

phosphorus content in the water and algal species richness, which is a clear in-

dication that the increased levels of phosphorus in water bodies accelerate algal

bloom. Except for the Imja River, which occurs at an elevation of 5007 m, all the

water bodies in the Khumbu region below 5000 m have abundant algal species,

indicating increased pollution levels. This is a worrying scenario because the

Khumbu region is a popular tourist destination and is one of the most visited

places in Nepal. Consuming such contaminated water (mostly indirectly beca-

use villages and settlements in the Khumbu region obtain their water directly

from open water sources) may thus not only pose a serious health risk to tou-

rists, but may also have a long-term impact on the local people and economy.

Retrospectively, increased human activity as a result of a thriving tourism in-

dustry in the Khumbu region has significantly contributed to increased polluti-

on levels in water bodies. With climate change and increased tourism already

increasing the vulnerability of the Khumbu region, our findings highlight the

need of constantly monitoring the environment therein.
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DIVERSITY OF PLANKTON ALGAE ALONG AN ELEVATION GRADIENT IN THE
FRESHWATER ECOSYSTEMS OF THE KHUMBU REGION, NEPAL

Understanding the diversity and composition of algal communities across different
elevation gradients and factors affecting these patterns can provide valuable insights into
the ecological processes that shape these ecosystems. In this study, we aimed to investigate
the diversity and composition of algae in the Khumbu region of Nepal and assess their rela-
tionship with environmental variables along an elevation gradient. We collected algal sam-
ples from 13 lakes and rivers ranging in elevation from 2700 m to 5000 m and analyzed the
relative influence of various environmental factors on algal richness, including altitude,
temperature, nitrogen and phosphorus content, dissolved oxygen concentration, total dis-
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solved solids content, and conductivity. A total of 56 species from six classes were recorded
from various sampling sites, with Bacillariophyceae being the most abundant (20 species).
Species richness exhibited both increasing and decreasing trends in relation to various phy-
siochemical properties of the water. The region exhibited a general trend of rising algal ric-
hness with increasing elevation. This phenomenon can be attributed to the elevation-de-
pendent rise in total dissolved solids, along with higher nitrogen and phosphorus levels, ca-
used by intensified human activity. Of all the variables, phosphorus content had the stron-
gest effect on algal richness, indicating that phosphorus is the most significant predictor of
water quality. The increase in phosphorus content and subsequent algal richness in these
high-altitude fresh water lakes and rivers points to the deterioration in water quality in the
Himalayan reservoirs. With climate change and rising tourism already increasing the vul-
nerability of the Khumbu region, our findings underline the importance of regularly moni-
toring the ecosystem therein.

Keywords: algal diversity, diatoms, the Khumbu region, physiochemical properties of
the water, the Sagarmatha National Park, Nepal.
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ÍÓÒÐ²ß (MYOCASTOR COYPUS) Ó ÂÎÄÎÉÌÀÕ
ÓÊÐÀ¯ÍÈ: ÔÎÐÌÓÂÀÍÍß ÄÈÊÈÕ ÏÎÏÓËßÖ²É

ÒÀ ¯ÕÍª Ì²ÑÖÅ Â Ã²ËÜÄ²¯ ÍÀÏ²ÂÂÎÄßÍÈÕ
ÃÐÈÇÓÍ²Â-Ô²ÒÎÔÀÃ²Â1

Ðîçãëÿíóòî îñîáëèâîñò³ ôîðìóâàííÿ ïðèðîäíèõ ïîïóëÿö³é íóòð³¿ â Óêðà¿í³ —
÷óæîð³äíîãî âèäó ã³äðîô³ëüíèõ ãðèçóí³â, ùîäî ÿêîãî çä³éñíþâàëèñÿ ÷èñëåíí³ ñïðîáè
³íòðîäóêö³é ó âîäîéìàõ Óêðà¿íè ç ïî÷àòêó 1930-õ ðîê³â. Íàâåäåíî äåòàëüí³ â³äî-
ìîñò³ ïðî òåìïè íàòóðàë³çàö³¿ ³ ñó÷àñíèé ñòàí ïîïóëÿö³é íóòð³¿ â Óêðà¿í³. Ïðàêòè-
êó ³íòðîäóêö³é çàêëàäåíî íà ï³âäí³ Óêðà¿íè, â Õåðñîíñüê³é ³ ñóì³æíèõ îáëàñòÿõ, ïåðå-
äóñ³ì íà íèæíüîìó Äí³ïð³, äå îäíî÷àñíî ïðîâîäèëèñü óñï³øí³ åêñïåðèìåíòè ç ³íòðî-
äóêö³ºþ îíäàòðè. Íàäàë³, ï³ñëÿ ïî÷àòêó ïåð³îäó ïîõîëîäàííÿ ïðàêòèêà óòðèìàíü
ö³ëêîì ïåðåéøëà ó ñèñòåìó çâ³ðîôåðì, äå çàñòîñîâóâàëè êë³òêîâå óòðèìàííÿ. Îäíî-
÷àñíî ñôîðìóâàëèñÿ ÷èñëåíí³ îñåðåäêè ïðèâàòíîãî óòðèìàííÿ ïî âñ³õ îáëàñòÿõ
êðà¿íè, êîëè òâàðèí óòðèìóâàëè ó êë³òêàõ, ïðîòå íåð³äêî ìàëî ì³ñöå ³ íàï³ââ³ëüíå
óòðèìàííÿ ó ìàëèõ ñòàâêàõ-êîïàíêàõ. Öåé ïåð³îä, ùî àêòèâíî òðèâàâ äî ê³íöÿ
1990-õ ðîê³â, äàâ ïðèêëàäè ÷èñëåííèõ âòå÷ òâàðèí ó ïðèðîäó, ùî éøëî íà òë³ ñïà-
äàííÿ ïîïèòó íà õóòðî ³ ì’ÿñî. Òàê³ ì³ñöÿ óòðèìàííÿ ³ âòå÷ ñòàëè îñåðåäêàìè ôîð-

Ö è ò ó â à í í ÿ: Ëàçàðºâ Ä.Î., Çàãîðîäíþê ².Â., ªìåëüÿíîâ ².Ã. Íóòð³ÿ (Myocastor
coypus) ó âîäîéìàõ Óêðà¿íè: ôîðìóâàííÿ äèêèõ ïîïóëÿö³é òà ¿õ ì³ñöå â ã³ëüä³¿ íàï³â-
âîäÿíèõ ãðèçóí³â-ô³òîôàã³â. Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 3. Ñ. 41—62.
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1 Äîñë³äæåííÿ ïðîâåäåíî çà ðîçä³ëîì «Äîñë³äæåííÿ çì³í á³îòè â óìîâàõ çì³í
êë³ìàòó, ïðèðîäîêîðèñòóâàííÿ òà âîºííèõ ä³é íà ïðèêëàä³ âèä³â-³íòðîäóöåíò³â ç³
ñêëàäó òåð³îôàóíè ñõ³äíî¿ ÷àñòèíè Óêðà¿íè» íàóêîâî¿ òåìè Íàö³îíàëüíîãî íàóêî-
âî-ïðèðîäíè÷îãî ìóçåþ ÍÀÍ Óêðà¿íè.



ìóâàííÿ ì³êðîïîïóëÿö³é, ÿê³ ìàëè âêðàé íåñòàá³ëüíó ñòðóêòóðó ³ ÷àñòî çíèêàëè ÷å-
ðåç ñêëàäí³ óìîâè çèì³âë³, ùî íå ðàç â³äì³÷åíî â äàíèõ çà 1980—1990-ò³ ðîêè. Ïðîòå ç
2000-õ ðîê³â ïî÷àëîñÿ ñòð³ìêå çðîñòàííÿ ê³ëüêîñò³ ðåºñòðàö³é âèäó â ïðèðîä³, ùî äå-
òàëüíî ïðîñòåæåíî é îïèñàíî. Ëîêàëüí³ ì³êðîïîïóëÿö³¿ ñòàëè ôîðìóâàòè á³ëüø
ñêëàäíó ìåòàïîïóëÿö³éíó ñòðóêòóðó, ùî ñòàëà êîìïåíñàö³éíèì ìåõàí³çìîì ëîêà-
ëüíèõ çíèêíåíü. Çîêðåìà ÷èñëåíí³ ñòàá³ëüí³ îñåðåäêè ñôîðìóâàëèñÿ ïîðÿä ç ëþäñüêè-
ìè ïîñåëåííÿìè ó ð³çíèõ êóòî÷êàõ êðà¿íè: ó áàñåéí³ Äí³ïðà, ïîíèçç³ Äí³ñòðà — â
ì³ñöÿõ âòå÷ àáî íàâìèñíèõ âèïóñê³â òâàðèí. Àâòîðñüêà áàçà äàíèõ âêëþ÷àº 77 çà-
ïèñ³â ùîäî ðåºñòðàö³¿ ì³ñöåçíàõîäæåíü ï³ñëÿ 2000 ð. Çàãàëüíà ïîòî÷íà ÷èñåëüí³ñòü
ìîæå áóòè îö³íåíà ó ê³ëüêà òèñÿ÷ îñîáèí, ùî âæå á³ëüøå ÷èñåëüíîñò³ ³íøèõ âè-
ä³â-³íòðîäóöåíò³â, äàâíî ïîñòàâëåíèõ íà îáë³ê ó ñèñòåì³ äåðæàâíî¿ ñòàòèñòèêè
«2-òï (ìèñëèâñòâî)». Ïîäàëüø³ ïðîöåñè ãëîáàëüíîãî ïîòåïë³ííÿ, ñóòòºâîãî ïîì’ÿê-
øåííÿ çèì, à òàêîæ çìåíøåííÿ àíòðîïîãåííîãî ïðåñà íà ïðèðîäí³ ðåñóðñè ó âîäî-
éìàõ ÷åðåç åêîíîì³÷í³ ÷èííèêè òà çàõîäè áåçïåêè ó çâ’ÿçêó ç âîºííèì ñòàíîì ñòâî-
ðþþòü óìîâè äëÿ ïîäàëüøîãî çðîñòàííÿ ïîïóëÿö³¿ âèäó â Óêðà¿í³. Ôàêòè÷íî âèä ìàº
áóòè âèçíàíèé íåâ³ä’ºìíèì êîìïîíåíòîì ì³ñöåâèõ ôàóí³ñòè÷íèõ óãðóïîâàíü, ùî äî-
òåïåð íå áóëî îäíîçíà÷íî çðîáëåíî.

Êëþ÷îâ³ ñëîâà: íóòð³ÿ, íàòóðàë³çàö³ÿ, åêîìîðôîëîã³ÿ, êë³ìàòè÷í³ çì³íè,
Óêðà¿íà.

Íóòð³ÿ áîëîòÿíà — Myocastor coypus (Molina, 1782) — âèä-³íòðîäó-
öåíò ññàâö³â, ìàëî ïðèñòîñîâàíèé äî ïðèðîäíèõ óìîâ Óêðà¿íè. Íà ïî÷àò-
êó òà â ñåðåäèí³ ÕÕ ñò. â Óêðà¿í³ ïðîâîäèëè ðîçñåëåííÿ öüîãî âèäó, îäíàê
åôåêòèâí³øèì ç ãîñïîäàðñüêî¿ òî÷êè çîðó âèÿâèëîñÿ éîãî íàï³ââ³ëüíå
óòðèìàííÿ, ùî ïðàêòèêóâàëè ó ïîíèççÿõ Äí³ïðà [36]. Ïðîòÿãîì îñòàíí³õ
äâîõ-òðüîõ äåñÿòèë³òü ç’ÿâèëèñÿ ÷èñëåíí³ ïîâ³äîìëåííÿ ïðî çíàõ³äêè
ïðåäñòàâíèê³â öüîãî âèäó â ïðèðîäíèõ óìîâàõ áàãàòüîõ ðåã³îí³â Óêðà¿íè,
çîêðåìà é ç ôàêòàìè ðîçìíîæåííÿ òà ö³ëîð³÷íîãî ïðîæèâàííÿ â ïðèðîä³.
Íàñàìïåðåä öå ÿâèùå ìîæå áóòè ïîâ’ÿçàíå ç ïîòåïë³ííÿì êë³ìàòó — çðî-
ñòàííÿì òåìïåðàòóðè, ñêîðî÷åííÿì ñí³ãîâîãî ³ ìîðîçíîãî ïåð³îä³â [25,
38]. Äî òîãî æ ðîçñåëåííÿ ÷óæîð³äíèõ âèä³â çóìîâëåíî é âïëèâàìè â³éíè,
ùî âåäóòü äî ðóéíàö³¿ ïðèðîäíèõ êîìïëåêñ³â òà ïîòðàïëÿííÿ ó ïðèðîäíå
ñåðåäîâèùå òâàðèí, ÿê³ óòðèìóâàëèñÿ â íåâîë³ [15, 16].

Çì³íè êë³ìàòó â óìîâàõ ïîì³ðíîãî ïîÿñó òà â³äïîâ³äíî¿ ïðèðîäíî¿ çî-
íàëüíîñò³ ñïðè÷èíÿþòü çíà÷í³ çì³íè ìåæ ïðèðîäíèõ çîí, ùî âïëèâàº íà
óìîâè ³ñíóâàííÿ âñ³õ îðãàí³çì³â. Öå ñòîñóºòüñÿ íå ò³ëüêè ì³ñöåâî¿ á³îòè,
àëå é âèä³â-âñåëåíö³â, ïîøèðåííÿ ÿêèõ íåð³äêî ñòðèìóâàëè ñàìå êë³ìà-
òè÷í³ óìîâè. Âîäíî÷àñ òàê³ òðàíñôîðìàö³¿ ìîæóòü áóòè íåñïðèÿòëèâèìè
äëÿ àáîðèãåííèõ âèä³â, ùî âåñòèìå äî çì³í ðÿñíîòè òèõ é ³íøèõ, à ³íòðî-
äóöåíòè ìîæóòü îòðèìàòè ïåðåâàãè, ÿê³ ñïðèÿòèìóòü çðîñòàííþ ÷èñåëü-
íîñò³ ¿õí³õ ïîïóëÿö³é ³ ðîë³ â ïðèðîäíèõ êîìïëåêñàõ.

Óâàãà äî ôîðìóâàííÿ ïðèðîäíèõ ïîïóëÿö³é íóòð³¿ ó âîäîéìàõ Óê-
ðà¿íè çóìîâëåíà òèì, ùî ö³ òâàðèíè º âåëèêèìè íàï³ââîäÿíèìè ô³òîôà-
ãàìè ³ ïîòåíö³éíî êîíêóðóþòü ç òàêèìè ì³ñöåâèìè âèäàìè, ÿê áîáåð
ð³÷êîâèé (Castor fiber), îíäàòðà (Ondatra zibethicus), ùóð âîäÿíèé (Arvico-
la amphibius). Òîìó ïðîöåñè íàòóðàë³çàö³¿ âàæëèâî ðîçãëÿíóòè â êîí-
òåêñò³ âáóäîâè âèäó â ñòðóêòóðó ì³ñöåâèõ ôàóí³ñòè÷íèõ óãðóïîâàíü çàãà-
ëîì ³ â³äïîâ³äíî¿ ã³ëüä³¿ íàï³ââîäÿíèõ ãðèçóí³â-ô³òîôàã³â çîêðåìà.
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Ìåòà ö³º¿ ðîáîòè — àíàë³ç âèïàäê³â âèæèâàííÿ âèäó â ïðèðîä³ ï³ñëÿ
âèïóñê³â àáî âòå÷ ç êóëüòóðè, çàêîíîì³ðíîñòåé ôîðìóâàííÿ ïðèðîäíèõ
ïîïóëÿö³é íóòð³¿ ó âîäîéìàõ Óêðà¿íè, ïåðñïåêòèâ ïîøèðåííÿ öüîãî âèäó
òà éîãî âïëèâó íà àáîðèãåííó ôàóíó.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü2

Àâòîðàìè âèêîðèñòàíî ï’ÿòü òèï³â äæåðåë äàíèõ, âàæëèâèõ äëÿ îð-
ãàí³çàö³¿ ñèñòåìè ìîí³òîðèíãó, â³äïîâ³äíî äî ðàí³øå ðîçðîáëåíîãî àëãî-
ðèòìó [56]: ïðÿì³ äàí³ òåðåíîâèõ äîñë³äæåíü; OSINT-ïîøóê (íà îñíîâ³
ïîâ³äîìëåíü â ìåðåæàõ, ïåðåë³÷åíèõ äàë³); àíàë³ç íàóêîâî¿ ë³òåðàòóðè;
äàí³ ìèñëèâñüêî¿ ñòàòèñòèêè çà ôîðìîþ «2-òï (ìèñëèâñòâî)» (Äåðæàâíà
ñëóæáà ñòàòèñòèêè Óêðà¿íè); îïèòóâàííÿ êîëåã (ïåðåäóñ³ì ìèñëèâñòâîç-
íàâö³â, ìèñëèâö³â, ë³ñ³âíèê³â, ³íøèõ ïðèðîäîêîðèñòóâà÷³â, êîëåã ç óñòà-
íîâ ïðèðîäíî-çàïîâ³äíîãî ôîíäó, àìàòîð³â).

Ó âñ³õ âèïàäêàõ ðîáîòè ç äàíèìè, îòðèìàíèìè ç â³äêðèòèõ äæåðåë,
ïðîâîäèëàñü ¿õíÿ âåðèô³êàö³ÿ: íà îñíîâ³ ôîòî- òà â³äåîìàòåð³àë³â, îïèñ³â
òâàðèí, äîäàòêîâèõ îáãîâîðåíü, óðàõóâàííÿ ïîïåðåäíüîãî äîñâ³äó àâòîðà
çíàõ³äêè, ñï³âñòàâëåííÿ ç ³íøèìè ï³äòâåðäæåíèìè äàíèìè. Äåÿê³ äàí³ îò-
ðèìàíî øëÿõîì àíàë³çó êîëåêö³é ïðèðîäíè÷èõ ìóçå¿â.

Ó ñòàòèñòè÷íèõ ïîêàçíèêàõ, îòðèìàíèõ ó Äåðæàâí³é ñëóæá³ ñòàòè-
ñòèêè Óêðà¿íè, äàí³ ïðî ÷èñåëüí³ñòü íóòð³¿ íàâîäÿòüñÿ äîñèòü ôðàãìåí-
òàðíî, ïðîòå âîíè òàêîæ âàæëèâ³. Òàê, ó 2002 ð. çàðåºñòðîâàíî 35 îñîáèí ó
Äîíåöüê³é îáë., ó 2005 ð. — 6 îñîáèí ó ÀÐ Êðèì, ó 2007 ð. — 15 îñîáèí ó
×åðí³âåöüê³é îáë., ó 2009 ð. — 31 îñîáèíà ó Æèòîìèðñüê³é îáë.

Ç ìåòîþ îö³íêè ïîøèðåííÿ íóòð³¿ äàí³ ïðî ¿¿ çíàõ³äêè íàâåäåíî ó
ôîðìàò³ êàäàñòð³â, ç óâàãîþ äî çàïèñ³â îñòàíí³õ 20 ðîê³â. Äëÿ êîæíîãî çà-
ïèñó çàçíà÷åíî ì³ñöå çíàõ³äêè (îáëàñòü, ðàéîí, íàñåëåíèé ïóíêò), äàòó,
äåòàë³ çíàõ³äêè (ê³ëüê³ñòü îñîáèí, á³îòîï), ïîñèëàííÿ íà àâòîðà ñïîñòåðå-
æåííÿ àáî äæåðåëî. Äëÿ ïîçíà÷åííÿ õàðàêòåðèñòèêè äæåðåëà âèêîðèñòî-
âóâàëè ñêîðî÷åííÿ, ïðèéíÿò³ ó ïîïåðåäí³é ïðàö³ àâòîð³â [56]:

SN (social networks) — äëÿ ñîö³àëüíèõ ìåðåæ (ó ò. ÷. SN-FB — Face-
book; SN-INat — INaturalist; SN-UkrBIN — Ukrainian Biodiversity Informa-
tion Network); MM (mass media) — ïîâ³äîìëåííÿ ó ÇÌ² (ç â³äïîâ³äíèì
ð³âíåì âåðèô³êàö³¿); PC (personal communication) — äëÿ îñîáèñòèõ ïî-
â³äîìëåíü (ó ò. ÷. PC-N — íàòóðàë³ñòè; PC-B — á³îëîãè); ÍÏÏ — íàö³îíà-
ëüíèé ïðèðîäíèé ïàðê, ÏÇ — ïðèðîäíèé çàïîâ³äíèê.

Â³äîì³ çíàõ³äêè çãðóïîâàíî ó ÷îòèðè áëîêè: 1) çàõ³äí³, 2) öåíòðàëüí³,
3) ñõ³äí³, 4) ï³âäåíí³ îáëàñò³ Óêðà¿íè. Çíàõ³äêè ðîçä³ëåíî íà òðè ãðóïè çà
òðèâàë³ñòþ ³ñíóâàííÿ ïîñåëåíü: (1) êîðîòêîòðèâàë³ (ïîîäèíîê³ çíàõ³äêè,
äå òâàðèí â³äì³÷àëè íå á³ëüøå ê³ëüêîõ ðàç³â ïðîòÿãîì îäíîãî ñåçîíó òà
¿õíÿ ïîäàëüøà äîëÿ çàëèøèëàñÿ íåâ³äîìîþ); (2) ì³ñöÿ òðèâàëîãî ³ñíóâàí-
íÿ (ì³ñöÿ, äå òâàðèí ñïîñòåð³ãàëè ïðîòÿãîì ê³ëüêîõ ñåçîí³â, íóòð³¿ óñ-
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2 Äÿêóºìî âñ³ì çãàäàíèì ó òåêñò³ êîëåãàì çà ïîâ³äîìëåííÿ ïðî çíàõ³äêè âèäó, à
òàêîæ Â. Êîðåíþêó, Í. Ñì³ðíîâó òà Ò. Òóðåéñüê³é çà íàäàí³ â êîðèñòóâàííÿ ôîòî.
Íàøà ïîäÿêà ïðîô. Î.Î. Ïðîòàñîâó çà êîðèñí³ çàóâàæåííÿ ùîäî çì³ñòó ðóêîïèñó òà
âèñëîâëåíèõ ³äåé.



ï³øíî ïåðåæèëè çèìó òà çàô³êñîâàíî ôàêòè ðîçìíîæåííÿ); (3) ì³ñöÿ
ôîðìóâàííÿ ñòàá³ëüíèõ ëîêàëüíèõ ïîïóëÿö³é.

Ðåçóëüòàòè äîñë³äæåíü

Çàãàëüíà õàðàêòåðèñòèêà âèäó. Myocastor coypus (Molina, 1782) —
âèä ññàâö³â ³ç ðîäèíè Echimyidae ðÿäó Muriformes (Rodentia auct.). Ðàí³øå
â³äíîñèëè äî ðîäó Myopotamus ðîäèíè Capromyidae [23, 39 òà ³í.], çãî-
äîì — äî ðîäó Myocastor ðîäèíè Myocastoridae [24, 26], à îñòàíí³ì ÷à-
ñîì — äî ðîäèíè Echimyidae [18, 45]. Íóòð³þ íå ðàç çãàäóâàëè ó ïåðåë³êàõ
ôàóíè [íàïð., 23, 24], ïðîòå ç ïðèì³òêàìè ïðî â³äñóòí³ñòü ñòàá³ëüíèõ ïîñå-
ëåíü. Áåç ïðèì³òîê ïðî âèïàäêîâ³ âòå÷³ âèä âíåñåíî ó ñïèñêè ôàóíè
ò³ëüêè 2012 ð. [17].

Çà âèíÿòêîì âèïàäêîâèõ âò³êà÷³â ³ç êóëüòóðè, ùî íå ôîðìóþòü ëîêà-
ëüíèõ äèêèõ ïîïóëÿö³é, òîáòî âèä³â ãðóïè «ìàðã³íàëè» (ï³äãðóïà AS1c),
âñ³ îá’ºêòè öüîãî äîñë³äæåííÿ â³äíîñÿòüñÿ äî ãðóïè «³íòðîäóöåíòè»
(AS3), ùî âêëþ÷àº òðè ï³äãðóïè [çà 13]: AS3a — øòó÷íî ³íòðîäóêîâàíèé
[êîëèñü] àáîðèãåííèé âèä; AS3b — óìèñíî ³íòðîäóêîâàíèé çàâ³äîìî ÷ó-
æîð³äíèé âèä; AS3c — ³íòðîäóöåíò àáî âò³êà÷ ç êóëüòóðè ç øèðîêîþ åêñ-
ïàíñ³ºþ.

Ñòîñîâíî ñèòóàö³¿ ç öèì âèäîì â Óêðà¿í³ ìîæíà ãîâîðèòè ïðî çíà-
÷èì³ñòü âñ³õ øåñòè ìîæëèâèõ âàð³àíò³â éîãî ïîÿâè â ïðèðîäíèõ ì³ñöåç-
íàõîäæåííÿõ (òàáë. 1). Îñíîâíèé ñòàòóñ (çà çàçíà÷åíèì êëàñèô³êàòî-
ðîì) — AS1ñ, òîáòî àäâåíòèâíèé âèä ïåðøîãî êëàñó («âèïàäêîâà ïðè-
ñóòí³ñòü, ïðîòå ç ïîòåíö³àëîì äî ôîðìóâàííÿ ëîêàëüíèõ ïîïóëÿö³é») ç
ï³äêëàñó «ñ» («âò³êà÷ ç êóëüòóðè, ñïîðàäè÷íå ðîçìíîæåííÿ, çäè÷àâ³ë³
ñâ³éñüê³»).

²ñòîð³ÿ ³íòðîäóêö³é â Óêðà¿í³. Ïåðø³ ³íòðîäóêö³¿ íóòð³¿ â ïðèðîäíå
ñåðåäîâèùå â Óêðà¿íè â³äáóëèñÿ íà Íèæíüîìó Äí³ïð³ íà ïî÷àòêó 1930-õ
ðîê³â [21]. Çãîäîì äî öüîãî æ ðåã³îíó íóòð³þ çàâîçèëè ó 1948 ð. ç ìåòîþ
íàï³ââ³ëüíîãî ðîçâåäåííÿ, ùî âèÿâèëîñÿ äîñèòü ïðîäóêòèâíèì [22]. Ó
ïåðøèõ îãëÿäàõ öåé âèä (ÿêèé ïîçíà÷àëè ÿê Myopotamus coypus [23:
ñ. 194]), íàâîäèëè äëÿ Íèæíüîäí³ïðîâñüêîãî îíäàòðîâîãî ãîñïîäàðñòâà,
äå éîãî óòðèìóâàëè ó íàï³ââ³ëüíîìó ñòàí³ ç 1949 ð. [39: ñ. 162]. Çãîäîì,
ïðîòÿãîì 1950—1953 ðð. íóòð³ºâ³ ôåðìè áóëî ñòâîðåíî â íèçö³ ³íøèõ
ðåã³îí³â, çîêðåìà íà Ëüâ³âùèí³ (â Ãîðîäîêñüêîìó òà Ñîêàëüñüêîìó ðàéî-
íàõ), íà Âîëèí³ (Îëèêñüêèé òà Ðîæàíñüêèé ðàéîíè) òà íà Ð³âíåíùèí³
(Äóáåíñüêà ôåðìà) [39: ñ. 163].

Âíàñë³äîê çàõîä³â ç ³íòðîäóêö³¿ íóòð³¿ â ÑÐÑÐ àðåàë ¿¿ â³ëüíîãî ïîøè-
ðåííÿ áóâ îêðåñëåíèé Ïðèàçîâ’ÿì òà Ïðè÷îðíîìîð’ÿì [32]. Ó ñõ³äíîìó
Ïðèàçîâ’¿, çîêðåìà â Êóáàíñüêèõ ïëàâíÿõ, ÷èñåëüí³ñòü íóòð³¿ çðîñòàëà â
ïåð³îäè òåïëèõ çèì. Òàê, ï³ñëÿ ìàñîâî¿ çàãèáåë³ òâàðèí ó ñóâîðó çèìó
1953—1954 ðð. [22] ó íàñòóïí³ 1957—1961 ðð. ÷èñåëüí³ñòü íóòð³é òàì çðîñ-
ëà äî 1876 îñîáèí [1]. Ó ò³ æ ðîêè ïî÷àëè âäàâàòèñÿ äî ïðàêòèêè íàï³â-
â³ëüíîãî óòðèìàííÿ [32, 41].

Ó Êðèìó ñòàá³ëüí³ ïîïóëÿö³¿ íóòð³¿ äåÿêèé ÷àñ ³ñíóâàëè íà Ñèâàøàõ
[3]. Öå áóëî çàïî÷àòêîâàíî çàâåçåííÿì òâàðèí ó 1950-õ ðîêàõ äëÿ êë³òêî-
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âîãî ðîçâåäåííÿ, ïðîòå ÷àñò³ âòå÷³ íóòð³é ïðèçâåëè äî ôîðìóâàííÿ åôåê-
òó íàòóðàë³çàö³¿: ç 1980-õ ðîê³â â³ä ìèñëèâö³â íàäõîäèëè ðåãóëÿðí³ ïî-
â³äîìëåííÿ ïðî ìåøêàííÿ íóòð³é íà îïð³ñíåíèõ âîäîéìàõ òà çàáîëî÷å-
íèõ ì³ñöåâîñòÿõ Ñèâàøà [6]. Íàñïðàâä³, ÿê â³äì³÷åíî â öèòîâàí³é ïðàö³,
òàê³ ïîïóëÿö³¿ íå áóëè æèòòºçäàòíèìè ³ íåâåëèê³ ïîñåëåííÿ, ùî âèíèêàëè
âíàñë³äîê âòå÷, òðèìàëèñÿ íå á³ëüøå ê³ëüêîõ ðîê³â.

Òèì÷àñîâ³ ïîñåëåííÿ â ð³çí³ ïåð³îäè ³ñíóâàëè ó çàïëàâ³ ð. Ñ³âåðñüêèé
Äîíåöü [30], ð. Ãðóçüêèé ªëàí÷èê [40], ó Ïðèàçîâ’¿ (íà ð. Áåðäà, Ìîëî÷íà,
Îá³òî÷íà), â Îäåñüê³é îáë. (íà ð³÷êàõ Êó÷óðãàí, Ñàðàòà, Êîãèëüíèê, Êó-
ÿëüíèöüêîìó ëèìàí³), à òàêîæ íà ³íøèõ âîäîéìàõ ï³âäåííèõ îáëàñòåé
Óêðà¿íè. Ï³ñëÿ ñêîðî÷åííÿ ïîãîë³â’ÿ íóòð³¿ ó ïðèâàòíèõ ãîñïîäàðñòâàõ,
ùî ñòàëîñÿ íà ïî÷àòêó ÕÕ² ñò., ñïîñòåð³ãàëîñü ³ çíèêíåííÿ öèõ òâàðèí ó
ïðèðîäíèõ óìîâàõ [3].
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Òàáëèöÿ 1
Îñîáëèâîñò³ òà âàð³àíòè ³íòðîäóêö³¿ íóòð³¿ â Óêðà¿í³ (ñïîñîáè

³íòðîäóêö³¿ — çà [56])

Ñïîñîáè ³íòðîäóêö³¿ Ïðèêëàäè ç öèì òà ³íøèìè âèäàìè ×àñòîòà

Óìèñí³ âñåëåííÿ 1
(ïðîãðàìè çáàãà÷åííÿ
ìèñëèâñüêèõ óã³äü)

Ïëàíîâ³ ³íòðîäóêö³¿, ïî÷èíàþ÷è ç
1930-õ ðîê³â, ïåðåäóñ³ì íà Íèæíüîìó
Äí³ïð³

Ñïî÷àòêó ³íòåí-
ñèâíî, òåïåð
â³äñóòí³

Óìèñí³ âñåëåííÿ 2
(íåñèñòåìí³ âñåëåííÿ)

Íàï³ââ³ëüíå óòðèìàííÿ á³ëÿ âîäîéì
— ³ â ÷àñòèí³ âèïàäê³â ó íàï³ââ³ëüíî-
ìó ñòàí³ — îíäàòðè ³ íóòð³¿ (íàïð.
íóòð³ºâå ãîñïîäàðñòâî â Îëåê-
ñàíäð³âö³ íà Äîíå÷÷èí³)

Ðåãóëÿðí³, àëå íå
÷àñò³

Âòå÷³ ç êóëüòóðè Ðåãóëÿðí³ âòå÷³ íóòð³é â ð³çíèõ
ðåã³îíàõ ç ôîðìóâàííÿì ìàëèõ ëî-
êàëüíèõ ãðóï (äèâ. äàë³)

Ðåãóëÿðí³, ÷àñò³

Åêñïàíñ³¿ ç ì³ñöü
³íòðîäóêö³¿ ÷è âòå÷³ ó
â³ääàëåíèõ ðåã³îíàõ

ª ëîêàëüí³ ïåðåñåëåííÿ ïîçà ì³ñöÿìè
âòå÷, íà Âîðñêë³, â ãèðë³ ð. Äåñíè, ó
âåðõ³â’ÿõ ð. Âîâ÷î¿*

Ì³í³ìàëüí³, àëå
òðàïëÿþòüñÿ

Òî÷êîâ³ íàï³ââ³ëüí³
óòðèìàííÿ ç
ïîñò³éíîþ á³îòåõí³ºþ

Ï³äòðèìêà ïîïóëÿö³é âò³êà÷³â â îêðå-
ìèõ ñòàâêîâèõ ãîñïîäàðñòâàõ, çîêðå-
ìà íà Ëüâ³âùèí³

Ðåãóëÿðí³, àëå íå
÷àñò³

Âèïóñêè íà âîëþ ïðè
ðóéíàö³¿ ñèñòåìè óò-
ðèìàííÿ

Ñïðîâîêîâàí³ âîºííèìè ä³ÿìè ñïóñ-
òîøåííÿ ïðèâàòíèõ ñàäèá,
ðîçïë³äíèê³â òà çâ³ðèíö³â â çîíàõ àê-
òèâíèõ áàòàë³é òà ðóéíàö³¿ ì³ñöü óò-
ðèìàííÿ àáî ³íôðàñòðóêòóðè ç åâà-
êóàö³ºþ ãîñïîäàð³â [15]; ÷èñëåíí³ âè-
ïàäêè â çîíàõ áîéîâèõ ä³é

Çàãàëîì íå ÷àñò³,
ïðîòå â óìîâàõ
â³éíè ïîñò³éíî

* Íà ê³ëüêà äåñÿòèë³òü ðàí³øå àíàëîã³÷íîþ áóëà ïîÿâà îíäàòðè íà çàõîä³ Óêðà¿íè (ç
ì³ñöü ³íòðîäóêö³¿ ó Ïîëüù³) òà ïîÿâà â³çîíà (Neogale vison) íà Êè¿âñüêîìó âîäîñõî-
âèù³ (ç ì³ñöü ñòèõ³éíî¿ ³íòðîäóêö³¿ â Á³ëîðóñ³) [33]. Ôîðìàëüíî îáèäâà âèäè º ³íòðî-
äóöåíòàìè òà âò³êà÷àìè ç êóëüòóðè, ïðîòå â áàãàòüîõ ì³ñöÿõ ç’ÿâèëèñÿ âíàñë³äîê
³íâàç³é ç ñóì³æíèõ ðàéîí³â [56].



Îãëÿä çíàõ³äîê ³ ïîøèðåííÿ. Îñòàíí³ìè ðîêàìè ç’ÿâèëîñü áàãàòî ïî-

â³äîìëåíü ç ð³çíèõ êóòî÷ê³â Óêðà¿íè ïðî çíàõ³äêè íóòð³¿ ó ïðèðîäíèõ

óìîâàõ òà ïðî ôàêòè ïåðåáóâàííÿ òâàðèí ó ð³çíèõ á³îòîïàõ, ùî çàñâ³ä÷óº

ÿâí³ çì³íè ó ïðèðîä³ ³ çíà÷íå ïîøèðåííÿ âèäó â ïðèðîäíèõ åêîñèñòåìàõ

óñ³õ ïðèðîäíèõ çîí Óêðà¿íè [9 òà ³í.]. Çíà÷íîþ ì³ðîþ öüîìó ñïðèÿëî

ê³ëüêà ôàêòîð³â: ïîòåïë³ííÿ êë³ìàòó, ñïàä ïîïèòó íà õóòðî, çàíåïàä çâ³ðî-

ôåðì òîùî.
Ó çàõ³äíèõ îáëàñòÿõ Óêðà¿íè ì³ñöÿ ïîñò³éíîãî ³ñíóâàííÿ íóòð³é òà

á³ëüø³ñòü ïîîäèíîêèõ ¿õ çíàõ³äîê çîñåðåäæåí³ íåïîäàë³ê â³ä ëþäñüêèõ

ïîñåëåíü, â óðáàí³ñòè÷íèõ ì³ñöåçíàõîäæåííÿõ òà â ì³ñöÿõ ðåêðåàö³¿, ÷èì

ïîÿñíþºòüñÿ íåð³âíîì³ðí³ñòü ðîçïîä³ëó ì³ñöåçíàõîäæåíü âèäó â öüîìó

ðåã³îí³ (ðèñ. 1). ²íôîðìàö³þ ïðî çíàõ³äêè óçàãàëüíåíî ó êàäàñòð³:

Ïîîäèíîê³ çíàõ³äêè ó çàõ³äíèõ îáëàñòÿõ Óêðà¿íè:
• Õìåëüíèöüêà îáë., ïä. îêîëèö³ ì. Õìåëüíèöüêèé, 20.09.2018, n = 1, (Â. Äåìöóí:
SN-FB); • ²âàíî-Ôðàíê³âñüêà îáë., ì. ßðåì÷å, 12.10.2021, n = 1, øòó÷íèé ñòàâîê
(². Øèÿí: SN-FB); • ²âàíî-Ôðàíê³âñüêà îáë., ì. Êîñ³â, 17.02.2024, 5 íóòð³é íà ñòàâ-
êó â çèìîâèé ÷àñ, ç ï³äãîä³âëåþ, ïîðó÷ ç êðèæíÿìè (A. Hushul: SN-FB); • ×åð-
í³âåöüêà îáë., Íîâîñåëèöüêèé ð-í, ñ. Áîÿíè, 1.10.2022, 48.305377, 26.121576
(². Ñê³ëüñüêèé: PC-B); • Ëüâ³âñüêà îáë., ì. Ñòåáíèê, 10.08.2022, n = 1 (Õ. Ñëþñàð-
÷óê: SN-FB); • ×åðí³âåöüêà îáë., Êåëüìåíåöüêèé ð-í, 24.05.2022, 48.520338,
26.790666, n = 2 (äîðîñëà ³ ìîëîäà îñîáèíè), òâàðèíè âèêîðèñòîâóâàëè ÿê ñõîâè-
ùå íîðó â áåðåç³ ð. Ñóðøà (pannota: SN-INat); • Ð³âíåíñüêà îáë., ñ. Êðóãëå,
50.619354, 26.342552, n = 1, 1.10.2022. (Î. Ãàâðèëþê: SN-INat); • Âîëèíñüêà îáë.,
ì. Âîëîäèìèð, 30.12.2019 (MM: ²íòåðíåò âèäàííÿ «ÁÓÃ»); • Çàêàðïàòñüêà îáë.,
ì. Âèíîãðàä³â, âóë. ×êàëîâà, 19.12.2024, âòå÷à íóòð³¿ (Ì. Øòåöü-Ãåâêàí: SN-FB).

Ì³ñöÿ òðèâàëîãî ³ñíóâàííÿ âèäó íà çàõîä³ Óêðà¿íè:
• Ëüâ³âñüêà îáë., ñ. Ùèðåöü, 49.647256, 23.859956, 23.03.2023, 5 îñîáèí, ó ò.÷. 4 juv.
(À. Àôòàíàñ: SN-FB); • Ëüâ³âñüêà îáë., Ùèðåöüêå âäñõ., 10 êì ï³âäåíí³øå
ì. Ëüâ³â, ð. Ùèðêà, 49.741225, 23.942480, 30.09.2022, n = 2, ñïîñòåðåæåííÿ ïðîòÿ-
ãîì òðüîõ ðîê³â (Â. Êîðåíþê: PC); • ²âàíî-Ôðàíê³âñüêà îáë., ñ. Êðèõ³âö³, êàíàë íà
òåðèòîð³¿ ÆÊ «Êàëèíîâà ñëîáîäà» (ðèñ. 2, ã), 2018—2021 ðð., ïîñåëåííÿ ðåºñòðó-
âàëîñÿ íåîäíîðàçîâî çà âêàçàí³ ðîêè, áëèçüêî 30 îñ. ð³çíîãî â³êó òà êîëüîð³â, ¿õ
ï³äãîäîâóþòü ì³ñöåâ³ ìåøêàíö³ (Í. Ñì³ðíîâ: PC-B); • ×åðí³âåöüêà îáë., Âèæíè-
öüêèé ð-í, îçåðà â îêîë. ñ. Áàíèë³â, 30.02.2021, n = 30 (äîðîñë³ ³ ìîëîä³), âèïó-
ùåí³ ó 2018—2019 ðð., ï³äãîäîâóþòü ëþäè (². Ñê³ëüñüêèé: PC-B), íà îñíîâ³ ïåðñ.
ïîâ³ä. Í. Êèðè÷åíêî); • ×åðí³âåöüêà îáë., ñ. Áàíèë³â, 48.375622, 25.355628,
24.10.2020, íà ÷àñ ñïîñòåðåæåííÿ ïîñåëåííÿ ³ñíóâàëî áëèçüêî 10 ðîê³â, ï³äãîäî-
âóâàëèñÿ ðåçèäåíòàìè (². Ñê³ëüñüêèé: PC-B); • ²âàíî-Ôðàíê³âñüêà îáë., ÍÏÏ
«Ãóöóëüùèíà», ïîñò³éíî ó âîäíî-áîëîòíèõ óã³ääÿõ, íå÷èñëåííèé (Ë³òîïèñ ïðè-
ðîäè ÍÏÏ «Ãóöóëüùèíà» çà 2008—2022 ðð.); • ²âàíî-Ôðàíê³âñüêà îáë., ñ. Ñëîáî-
äà Ð³âíÿíñüêà, òâàðèí âèïóñòèëè ìèñëèâö³ ó 2019 ð., ÷èñåëüí³ñòü áóëà 200 îñî-
áèí, ñòàíîì íà 2023 ð. çàëèøèëîñÿ áëèçüêî 50 îñ. ÷åðåç âèëó÷åííÿ íà ì’ÿñî
(MM: âèäàííÿ gk-press.if.ua, 13.07.2023); • ì. Ð³âíå, ïàðê Îñòâèöÿ, íóòð³¿ ðîçìíî-
æóþòüñÿ, ëþäè ï³äãîäîâóþòü ¿õ òà óòåïëþþòü ¿õí³ óêðèòòÿ (íèçêà ïîâ³äîìëåíü
2023—2025 ðð. íà youtube-êàíàë³ «Îñòâèöÿ» òà ñòîð³íö³ ïàðêó â Facebook); • ²âà-
íî-Ôðàíê³âñüêà îáë., ì. ²âàíî-Ôðàíê³âñüê, îñ³íü 2020, n = 1, æèâå â ì³ñüêîìó
îçåð³ (Í. Ìàãìåò: SN-FB), òàì ñàìî, 28.12.2020, n = 3 (Þ. Ïîñïºëîâ: SN-FB); òàì
ñàìî ïðîòÿãîì 2023—2024 ðð. (SN); • Õìåëüíèöüêà îáë., ñ. Ï³ëüíèé Îëåêñèíåöü,
49.200048, 26.724697, âåðõ³â’ÿ ð. Óøèöÿ, ñòàâîê, ïîñò³éíî ðåºñòðóâàëè 1—3 â³ëü-
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íîæèâó÷³ íóòð³¿, ùî º âò³êà÷àìè ç ïðèâàòíî¿ ôåðìè íà áåðåç³ ñòàâêà, â ïåð³îä
2000—2021 ðð.; äîëÿ ïîñåëåííÿ ï³ñëÿ 2022 ð. íåâ³äîìà (Ì. Äðåáåò: PC-B).

Ó öåíòðàëüíèõ îáëàñòÿõ Óêðà¿íè á³ëüø³ñòü çíàõ³äîê íóòð³¿ çîñåðåä-
æåíà ó áàñåéí³ Äí³ïðà, çäåá³ëüøîãî â áåçïîñåðåäí³é áëèçüêîñò³ äî ñàìîãî
ðóñëà ð. Äí³ïðî òà ç âèñîêîþ êîíöåíòðàö³ºþ â îêîëèöÿõ Êèºâà. Òàêà ïðè-
óðî÷åí³ñòü ö³º¿ ñåð³¿ çíàõ³äîê (äèâ. ïåðåë³ê), ç îäíîãî áîêó, ï³äêðåñëþº
çíà÷óù³ñòü ð³÷êîâèõ ìåðåæ ó ïîøèðåíí³ âèäó, à ç ³íøîãî — çóìîâëåíà
ðîëëþ ëþäèíè â òàêèõ óìèñíèõ ÷è íåóìèñíèõ ³íòðîäóêö³ÿõ òà ïîäàëüøî-
ìó âèæèâàíí³ ³íòðîäóöåíò³â.

Ïîîäèíîê³ çíàõ³äêè íóòð³¿ ó öåíòðàëüíèõ îáëàñòÿõ Óêðà¿íè:
• Êè¿âñüêà îáë., ñ. Õîòèí³âêà, íàï³ââ³ëüíå óòðèìàííÿ ê³ëüêîõ íóòð³é ó ð³÷ö³ á³ëÿ
ïðèâàòíî¿ ñàäèáè (ïðèáëèçíî äî 2019 ð.), äå áóëî çàô³êñîâàíî êîíòàêò ç â³ëüíî-
æèâó÷èìè íóòð³ÿìè (Â. Ãðèöåíêî: PC-B); • ãèðëî Äåñíè, 2,5 êì â³ä ñ. Âèãóð³âùè-
íà, íóòð³¿ òðèìàëèñÿ íà çàòîö³ Äí³ïðà, äå æèëà ñ³ì’ÿ áîáð³â, æîâòåíü, ð³ê íå â³äî-
ìèé (áëèçüêî 2005—2010 ðð. Ì. Êëºñòîâ: PC-B); • Êè¿â, ïðîòîêè á³ëÿ Òðîºùèíè,
ë³òî 1995 ð. (ïîâ³äîìëåííÿ À. Ñàãàéäàêà [34]); • Êè¿â, Òðîºùèíñüêà çàïëàâà,
2019 ð. (ïîâ³äîìëåííÿ Î. Ïðè÷åïè [34]); • Êè¿â, Ãîëîñ³¿âñüêèé ð-í, 14.10.2023,
n = 1, òâàðèíà îáëàøòóâàëà â³äêðèòå ãí³çäî íà øòó÷íèõ ã³äðîòåõí³÷íèõ ñïîðóäàõ
ñòàâêà (Ì. Ïåðâàê: SN-FB); • Êè¿â, Ïóùà Âîäèöÿ, 6.11.2017, äâ³ ñàìèö³, ùî âòåêëè
ç ì³ñöÿ ðîçâåäåííÿ äî îçåðà (Ë. Êëîöêî: SN-FB); • Êè¿âñüêà îáë., ïîáëèçó ì. Êè¿â,
íåïîäàë³ê Áîðòíè÷³â, 50,3464979, 30,6615178, 1.07.2024 (Ò. Ðàäà: SN-FB); • Êè¿â-
ñüêà îáë., Âèøãîðîäñüêèé ð-í, ñ. Ñóõîëó÷÷ÿ, 04.11.2018, n = 2 (Ò. Òóðåéñüêà:
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Ðèñ. 1. Ïîøèðåííÿ íóòð³¿ íà îñíîâ³ íàâåäåíèõ ó òåêñò³ çíàõ³äîê; á³ë³ êîëà — ïîîäè-
íîê³ ðåºñòðàö³¿, òåìí³ — ðåãóëÿðí³ çóñòð³÷³; êâàäðàòè — ì³ñöÿ ôîðìóâàííÿ ñòà-
á³ëüíèõ ëîêàëüíèõ ïîïóëÿö³é. Çàëèâêè ð³çíî¿ ³íòåíñèâíîñò³ (çà ãðàä³ºíòîì) — ïðè-
ðîäí³ çîíè ³ ðåã³îíè: ñòåïîâà (íàéñâ³òë³øà), ë³ñîñòåïîâà, Ïîë³ññÿ, Êðèì, Êàðïàòè
(íàéòåìí³øà)



PC-N, ðèñ 2, a); • Êè¿âñüêà îáë., ñ. Îñòàø³â, 2.10.2021, áàçà ºãåð³â, ãóñòà ìåë³îðà-

òèâíà ñèñòåìà íà ð. Ïðèï’ÿòü, ×îðíîáèëüñüêèé çàïîâ³äíèê (Ä. Âèøíåâñüêèé:
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Ðèñ. 2. Ôîòîðåºñòðàö³¿ íóòð³é ó ð³çíèõ ðåã³îíàõ Óêðà¿íè: à — íóòð³ÿ â Ñóõîëó÷÷³,
çàõ³äíà ÷àñòèíà Êè¿âñüêîãî âäñõ., 4.11.2018 (ôîòî Ò. Òóðåéñüêî¿); á — íóòð³ÿ íà Ùè-
ðåöüêîìó âäñõ., Ëüâ³âñüêà îáë., 30.09.2022 (ôîòî Â. Êîðåíþêà); â — íóòð³¿ íà ñòàâêó â
Êîñîâ³ â çèìîâèé ÷àñ (17.02.2024), ç ï³äãîä³âëåþ (ñòîï-êàäð ç â³äåî ó Facebook â³ä êî-
ðèñòóâà÷à Andriy Hushul); ã — òâàðèíè, ùî æèâóòü â êàíàë³ íà òåðèòîð³¿ ÆÊ «Êàëè-
íîâà ñëîáîäà», ñ. Êðèõ³âö³, ²âàíî-Ôðàíê³âñüêà îáë., áåðåçåíü 2018 ð. (ôîòî Í. Ñì³ð-
íîâà); ä — íóòð³ÿ, âèÿâëåíà â ïîêèíóòîìó çðóéíîâàíîìó ñåëèù³ (ñòîï-êàäð ç ðåïîð-
òàæó ³íôîðìàãåíö³¿ «NV» 29.05.2023); å — ãðóïà íóòð³é á³ëÿ òåïëèíè íà Çó¿âñüêîìó
âäñõ. (ð. Êðèíêà), ùî íà ñõ³ä â³ä Äîíåöüêà (ñòîï-êàäð ç â³äåî íà ÒÃ-êàíàë³ «Òâàðèí-
íèé ñâ³ò Äîíåöüêîãî êðàþ», 02.2025)



PC-B; MM: «Ñüîãîäí³»); • Êè¿âñüêà îáë., ×îðíîáèëüñüêèé çàïîâ³äíèê, 26.02.2024
(ïîâ³äîìëåííÿ íà ñòîð³íö³ çàïîâ³äíèêà ó Facebook); • ×åðêàñüêà îáë., Òàëü-
í³âñüêèé ð-í, ñ. Êîáðèíîâà Ãðåáëÿ, 15.06.2018, ðó÷íà òâàðèíà, éìîâ³ðíî ïîòðà-
ïèëà â ïðèðîäó ç êóëüòóðè, ê³ëüêà òèæí³â ï³äðÿä æèâèëàñÿ ç ãîðîä³â ñåëÿí (MM:
«Â³ñò³ ×åðêàùèíà»); • Êè¿âñüêà îáë., ñ. Ãðåá³íêè, 3.07.2022, ð. Ïðîòîêà,
49.961496, 30.185469, n = 1 (O. Uhnivenko: SN-INat); • ×åðí³ã³âñüêà îáë., Íîñîâñü-
êèé ð-í, ñ. Âîëîäüêîâà Ä³âèöÿ (äî 2016 ð. «×åðâîí³ Ïàðòèçàíè»), 50.944, 31.789,
n = 1, 25.12.1997 (äàí³ Î. Âîáëåíêà: PC-B); • ×åðêàñüêà îáë., ñ. Ìåõåäîâêà,
49.882464, 32.255762, n = 1, 16.01.2024 (S. Kravchenko: SN-UkrBIN); • Â³ííèöüêà
îáë., ñ. Ñòàâêè, n = 2, ï³äãîäîâóâàëèñÿ ñâ³æèìè îâî÷àìè (². Êó÷åð: SN-FB);
• Â³ííèöüêà îáë., ñ. Ëÿäîâà, 14.08.2020 (Î. Íèêèòþê: SN-FB); • Â³ííèöüêà îáë.,
îêîë. ì. ßìï³ëü, 48.230, 28.278, 16.07.2009, ð. Äí³ñòåð, n = 1 (N. Smirnov: SN-INat);
• Â³ííèöüêà îáë., ñ. Ïîãðåáèùå, Çàâîäñüêèé ñòàâ, 49.493824, 29.264668, n = 1,
10.06.2021 (K. Pogorila: SN-UkrBIN); • Êè¿âñüêà îáë., ñ. Õîò³â, ë³òî 2024 ð., n = 3
(äàí³ ç ñîöìåðåæ); • ×åðêàñüêà îáë., Êàí³âñüêèé ð-í, 28.12.2023, n = 1, áåç äåòàëåé
(Ò. Êðàñîâà: SN-FB).

Ñòàá³ëüí³ ïîïóëÿö³¿ íóòð³¿ ó öåíòðàëüíèõ îáëàñòÿõ Óêðà¿íè:
• Äí³ïðîïåòðîâñüêà îáë., ðàéîí Êðèâîãî Ðîãó, î÷èñí³ ñïîðóäè ì³æ ñåëàìè Êðàñ-
íå ³ Øèðîêå [áàñåéí ð. Êàì’ÿíêà], 1990: âèïóùåíî 4 ïàðè íà íåçàìåðçàþ÷èõ
ñòàâêàõ, «ïðèæèëèñÿ, äàëè ïîòîìñòâî ³ ñòâîðèëè íåâåëèêó ïîïóëÿö³þ, ÿêà,
ñêîð³øå çà âñå, ³ñíóº ³ çàðàç», äî 2000-õ ðîê³â ó öèõ ñòàâêàõ ùîðîêó äîáóâàëè äî
35 íóòð³é, ï³çí³øå ïîïèò íà õóòðî âïàâ (äàí³ Â. Ñòðèãóíîâà, çà: [3: ñ. 81–82 Âîëîõ
2014]).

Ñõ³äí³ îáëàñò³ Óêðà¿íè òàêîæ º àðåíîþ ïîøèðåííÿ ÷óæîð³äíèõ âèä³â
[27], çâ³äñè îïèñàíî ³ 9 íîâèõ çíàõ³äîê íóòð³¿ ó ïðèðîä³ [48]. Ïîøèðåííÿ
íóòð³¿ â öüîìó ðåã³îí³ çóìîâëåíî íèçêîþ ð³çíîìàí³òíèõ ôàêòîð³â: âèñîêà
÷àñòêà çóñòð³÷åé á³ëÿ âåëèêèõ ì³ñò, ³ìîâ³ðíî ÷åðåç âòå÷³ àáî íàâìèñíå âñå-
ëåííÿ (Çàïîð³ææÿ, Äí³ïðî, Ñ³âåðñüêîäîíåöüê, Ïîëòàâà) ç ÿâíîþ ï³ä-
òðèìêîþ òâàðèí (ï³äãîä³âëÿ), ôîðìóâàííÿ ëîêàëüíèõ ïîñåëåíü íà âåëè-
êèõ âîäíèõ ãîñïîäàðñòâàõ ç ôåðìàìè äëÿ ðîçâåäåííÿ íóòð³é (ñ. Îëåê-
ñàíäð³âêà, Äîíåöüêà îáë.), ðåãóëÿðí³ çóñòð³÷³ â ðàéîíàõ çàïîâ³äíèõ îá’ºê-
ò³â, äå çáåðåæåííþ âò³êà÷³â ìîæå ñïðèÿòè çàïîâ³äíèé ðåæèì («Ñòð³ëü-
ö³âñüêèé ñòåï», Ëóãàíñüêà îáë., «Õîìóòîâñüêèé ñòåï» òà «Êðåéäîâà ôëî-
ðà», Äîíåöüêà îáë.).

Â³éíà ñïðè÷èíèëà ÿê ïîòðàïëÿííÿ âèäó ó ïðèðîäíå ñåðåäîâèùå (âè-
ÿâëåííÿ íóòð³é ó ïîêèíóòèõ ñåëèùàõ, â ðàéîíàõ çðóéíîâàíèõ ì³ñò, â
ì³ñöÿõ áîéîâèõ ç³òêíåíü), òàê ³ çíèêíåííÿ íóòð³é ó òèõ ì³ñöåçíàõîäæåí-
íÿõ, äå âîíè ³ñíóâàëè äî ðîñ³éñüêîãî âòîðãíåííÿ. Ïðèêëàäîì º îñóøåííÿ
îç. ×èñòîãî ó ì. Ñ³âåðñüêîäîíåöüêó ÷åðåç íåìîæëèâ³ñòü ï³äòðèìàííÿ
ð³âíÿ âîäè â íüîìó ³, â³äïîâ³äíî, çíèêíåííÿ ñåðåäîâèùà ³ñíóâàííÿ íóòð³¿.
Äåòàëüíèé ïåðåë³ê çíàõ³äîê íàâåäåíî äàë³.

Ïîîäèíîê³ çíàõ³äêè íóòð³¿ íà òåðèòîð³¿ ñõ³äíèõ îáëàñòåé Óêðà¿íè:
• Äîíåöüêà îáë., Õîìóòîâñüêèé ñòåï, ð. Ãðóçüêèé ªëàí÷èê, 1980 ð. [31]; òàì ñàìî,
2002 ð. [40]; • Äîíåöüêà îáë., Êðåéäîâà ôëîðà ÏÇ, 2002 ð. [32]; • Äîíåöüêà îáë.,
ì. Äîíåöüê, âóë. Áàãðàò³îíà, 17.04.2023, n = 1 (MM, [48]); • Ëóãàíñüêà îáë.,
Ñòð³ëüö³âñüêèé ñòåï, ð. ×åðåïàõà, â ðàéîí³ àâòîìîá³ëüíîãî ìîñòó, 2020 ð., n = 1
(àâòîðñüê³ äàí³, [48]); • Õàðê³âñüêà îáë., ì. Õàðê³â, ð. Ñòóäåíîê, 28.08.2021, n = 1
(². Êîçèöüêèé: SN-B, [48]); òàì ñàìî, 02.11.2021, n = 1 (ibid.); • Õàðê³âñüêà îáë.,
Áîãîäóõ³âñüêèé ð-í, ñ. Âàëêè, 2023 ð. âòå÷³ ç ôåðì, áåç äåòàëåé (SN, [48]); • Õàð-
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ê³âñüêà îáë., Êðàñíîãðàäñüêèé ð-í, ñ. Êåãè÷³âêà, 2023 ð., âòå÷³ ç ôåðì, áåç äåòàëåé
(SN, [48]); • Äí³ïðîïåòðîâñüêà îáë., ì. Äí³ïðî, Ìîíàñòèðñüêèé îñòð³â,
12.12.2021, n = 1 (Ä. Âàñèëüºâà: SN-FB); • Äí³ïðîïåòðîâñüêà îáë., ì. Äí³ïðî,
20.12.2023, n = 1 (Ì. Ïåäàøåíêî: SN-FB); • Ïîëòàâñüêà îáë., ì. Ìèðãîðîä, ð. Õî-
ðîë, 49.954782, 33.593342, 8.06.2022, n = 2 (äîðîñëà ³ ìîëîäà îñîáèíè) (mari_g:
SN-INat); • Ñóìñüêà îáë., Ëåáåäèíñüêèé ð-í., 50.63347, 34.287433, n = 1, 5.08.2016
(V. Parkhomenko: SN-INat); • Ïîëòàâñüêà îáë., ì. Ïîëòàâà, âóë. Çåëåíèé Îñòð³â,
49.584613, 34.58493, n = 3, 23.09.2022 (darinz: SN-INat); • Ïîëòàâñüêà îáë., ì. Ïîë-
òàâà, ì³ñüêèé ïàðê, 25.10.2024, n = 4; • Äîíåöüêà îáë., ÐËÏ «Ïîëîâåöüêèé ñòåï»,
[ð. Êàðàòþê], 2024 ð. ³ ðàí³øå (Í. Äîëãîâà, Ò. Êíÿçºâà: ÌÌ); • Äîíåöüêà îáë.,
ð-í Àâä³¿âêè, çàãèáëà òâàðèíà ïîáëèçó ïîçèö³é â³éñüêîâèõ, îñ³íü 2024 ð. (MM);
• Äí³ïðîïåòðîâñüêà îáë., Äí³ïðîâñüêî-Îð³ëüñüêèé ÏÇ, áåðåã Äí³ïðà, 11 êì íèæ-
÷å çà òå÷³ºþ â³ä çàïîâ³äíèêà, îñ³íü 2022 ð. (ïîâ³äîìë. Î. Õðèñòîâà [20]); • Äî-
íåöüêà îáë., ì. Ñëîâ’ÿíñüê, ïàðê Øîâêîâè÷íèé, ðó÷íà íóòð³ÿ, 19.04.2024 (MM:
ãàçåòà «Ñëîâ’ÿíñüê³ â³äîìîñò³»).

Ì³ñöÿ òðèâàëîãî ³ñíóâàííÿ íóòð³¿ íà òåðèòîð³¿ ñõ³äíèõ îáëàñòåé Óêðà¿íè:
• Äí³ïðîïåòðîâñüêà îáë., ì. Äí³ïðî, ð³÷êîâèé ïîðò, 4.11.2022 (Ã. Çàäîðîæíà:
PC-B), òàì ñàìî, òâàðèí ðåºñòðóþòü ê³ëüêà ðîê³â ïîñï³ëü (SN-FB); • Ïîëòàâñüêà
îáë., ì. Ïîëòàâà, ð. Âîðñêëà, 16.12.2021, ïîíàä ð³ê ï³äãîäîâóâàëè ïàðó íóòð³é, ó
ÿêèõ â æîâòí³ 2021 ð. áóâ ïðèïë³ä ç 6 juv. (MM: «²ÐÒ Ïîëòàâà»); • Ëóãàíñüêà îáë.,
Ñòð³ëüö³âñüêèé ñòåï, ð. ×åðåïàõà, 1982 ð., n = 1, òâàðèíó ñïîñòåð³ãàëè âë³òêó ³
âçèìêó, íàâ³òü ï³ñëÿ âñòàíîâëåííÿ ëüîäîâîãî ïîêðèâó (Ë³òîïèñ Ëóãàíñüêîãî
ïðèðîäíîãî çàïîâ³äíèêà çà 1982 ð., [48]); • Äîíåöüêà îáë., c. Îëåêñàíäð³âêà,
1990 ð., ðåºñòðàö³ÿ ðåãóëÿðíèõ çóñòð³÷åé òâàðèí â ïðèðîä³ ÷åðåç âòå÷³ ç ôåðìè
(Î. Ðºçí³ê: PC-B, [48]); • Ëóãàíñüêà îáë., ì. Ñ³âåðñüêîäîíåöüê, Ïàðêîâå îçåðî,
29.01.2021, n = 1, àëüá³íîñ (MM, [48]); • Çàïîð³çüêèé ì³ñüêèé ÿõò-êëóá, 2022 ð.
(ÌÌ); • íóòð³ÿ íà ïîçèö³ÿõ â³éñüêîâèõ, êâ³òåíü 2024 ð., éìîâ³ðíî çàïîð³çüêèé
íàïðÿìîê (ðèñ. 2 ä, SN).

Ñòàá³ëüí³ ïîïóëÿö³¿ íóòð³¿ íà òåðèòîð³¿ ñõ³äíèõ îáëàñòåé Óêðà¿íè:
• Äîíåöüêà îáë., ð. Êðèíêà, Çó¿âñüêå âäñõ., n = 15 (2 ad, 13 juv), ëþòèé 2025 ð.
(MM; ðèñ. 2 å).

Ï³âäåíí³ îáëàñò³ Óêðà¿íè õàðàêòåðèçóþòüñÿ á³ëüø òåïëèì êë³ìàòîì,
à ïðîòÿãîì îñòàíí³õ äåñÿòèë³òü — ìàéæå ïîâíèì çíèêíåííÿì õîëîäíèõ
çèì ³ ñòàá³ëüíîãî ëüîäîñòàâó. Çíà÷íà ÷àñòèíà äàíèõ ïðî ï³âäåíí³ çíàõ³äêè
ñòîñóºòüñÿ Êðèìó — ðåã³îíó ç òåïëèì ïîì³ðíî êîíòèíåíòàëüíèì àáî é
ñóáòðîï³÷íèì êë³ìàòîì, ùî ñïðèÿº çàêð³ïëåííþ âèäó. Íàòîì³ñòü, íà ï³â-
íî÷³ Êðèìó ïîñåëåííÿ íóòð³é ÷àñòî ïðèóðî÷åí³ äî íàñåëåíèõ ïóíêò³â, äå
äëÿ íóòð³é ñïîðóäæóâàëè óêðèòòÿ ç äîùîê òà î÷åðåòó (². ªâñòàô’ºâ, îñîá.
ïîâ³ä.). Ó ðàéîí³ ñ. Ëó÷èñòîãî òà ñ. ²çîá³ëüíîãî çíàõ³äêè íóòð³é ðåºñòðó-
þòü ðåãóëÿðíî, âïðîäîâæ 2021—2024 ðð. (Ñ. Áîãäàíîâè÷: SN-INat). Â³äîì³
òàê³ çíàõ³äêè:

Ïîîäèíîê³ çíàõ³äêè íóòð³é â ï³âäåííèõ ðåã³îíàõ:
• ÀÐ Êðèì, Ñèâàø, îçåðî â îêîë. ñ. ªðìàêîâå, 45.863486, 34.474944, n = 1,
26.06.2020 (Ò. Áºä³ºâ: SN-INat.); • ÀÐ Êðèì, ì. Ñ³ìôåðîïîëü, Êè¿âñüêèé ð-í, [îçå-
ðî, ïí. êðàé], 21.6.2022, n = 1, 44.929066, 34.132356, (ª. Äàâèäåíêî: SN-INat); • ÀÐ
Êðèì, ì. Ñ³ìôåðîïîëü, Êè¿âñüêèé ð-í, [îçåðî, ïä. êðàé], 30.03.2023, n = 1,
44.926713, 34.13116 (ª. Äàâèäåíêî: SN-INat); • ÀÐ Êðèì, Ñàêñüêèé ð-í, ñ. Øîâêî-
âè÷íå, 10.02.2023, n = 2, 45.188659, 33.670966 (Ò. Áºä³ºâ: SN-INat); • ÀÐ Êðèì,
îç. Ñàñèê-Ñèâàø, 45.217045, n = 1, 33.539342, 19.05.2024 (C. Áîãäàíîâè÷:
SN-INat); • Îäåñüêà îáë., Ëèìàíñüêèé ð-í, 46.659336, 31.184729, n = 1, 13.08.2013
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(D. Smirnov: SN-INat); • Õåðñîíñüêà îáë., ðàéîí ñ. Êà¿ðè, îäíà ç äí³ïðîâñüêèõ çà-
òîê, 07.06.2020 (Î. Ãóäà: SN-FB); • Çàïîð³çüêà îáë., Ìåë³òîïîëüñüêèé ð-í, Ïðè-
àçîâñüêèé ÍÏÏ, ð. Âåëèêèé Óòëþê, 46.587811, 35.073128, 2 îñ. (º ôîòî, íà ñí³ãó),
21.01.2021 (Î. Äÿäè÷åâà, îñîá. ïîâ³ä.).

Ì³ñöÿ òðèâàëîãî ³ñíóâàííÿ íóòð³é íà ï³âäí³ Óêðà¿íè:
• ÀÐ Êðèì, ßëòèíñüêèé ð-í, îêîë. ñ. ²çîá³ëüíå, ²çîá³ëüíèöüêå âäñõ. ³ ñòàâêè íèæ-
÷å çà íüîãî, 44.687074, 34.357299; 44.687564, 34.358590; 44.681088, 34.371895;
44.681088, 34.371896 [Êðàñíîðàéñüêå îç.] òà ³í., 2021—2022 ðð. ï’ÿòü ðåºñòðàö³é
(Ñ. Áîãäàíîâè÷: SN-INat).

Ñòàá³ëüí³ ïîïóëÿö³¿ íóòð³¿ íà ï³âäí³ Óêðà¿íè:
• Îäåñüêà îáë., Íèæíüîäí³ñòðîâñüêèé ÍÏÏ, çâè÷àéíèé âèä, äîáðå çèìóº, ðîçì-
íîæóºòüñÿ; âèä óìèñíî âñåëåíî ì³ñöåâèìè ìåøêàíöÿìè (Ì. Ðîæåíêî: PC-B);
• Îäåñüêà îáë., Íèæíüîäí³ñòðîâñüêèé ÍÏÏ, ãèðëà ð³÷îê Äí³ñòåð òà Òóðóí÷óê,
ñòàíîì íà 16.02.2025 áëèçüêî 100 îñîáèí ïðîòÿãîì ê³ëüêîõ ðîê³â ðåºñòðóþòü íà
òåðèòîð³¿ Ïàðêó (ìàñìåä³à); • Ìèêîëà¿âñüêà îáë., â ðàéîí³ ñ. Ìàð’¿âêà íà ð. Ï³â-
äåííèé Áóã, 2022—2024 ðð. (ìîæëèâî, é ðàí³øå) [29]; ïîòî÷íà ÷èñåëüí³ñòü äî
50 îñîáèí (Â. Àðòàìîíîâ: PC-B); • ÀÐ Êðèì, Ñèâàñüêèé çàëèâ, òâàðèí âèïóñêà-
þòü ì³ñöåâ³ ìåøêàíö³, æèâóòü ó ê³ëüêîñò³ â³ä ê³ëüêîõ äåñÿòê³â, ó øòó÷íèõ óêðèò-
òÿõ (ç äîùîê àáî î÷åðåòó) ïîðó÷ ç ëþäñüêèìè ïîñåëåííÿìè (10—20 ì), 2005—
2015 ðð. (². ªâñòàô’ºâ: ÐÑ-Â);

Àíàë³ç íàâåäåíèõ äàíèõ çàñâ³ä÷óº ïîñòóïîâèé, àëå ïîñòóïàëüíèé ðîç-
âèòîê ÿâèùà íàòóðàë³çàö³¿ íóòð³¿ ó âîäîéìàõ Óêðà¿íè. ßêùî íàéïåðø³
â³äîìîñò³ ïðî íóòð³é ñòîñóâàëèñÿ ò³ëüêè ïîîäèíîêèõ ¿õ çíàõ³äîê ó ïðè-
ðîä³, òî â îñòàíí³ 15—20 ðîê³â (à íàäòî â îñòàííº äåñÿòèð³÷÷ÿ) ê³ëüê³ñòü
ì³ñöåçíàõîäæåíü, â ÿêèõ ôîðìóþòüñÿ ñòàá³ëüí³ ëîêàëüí³ ïîïóëÿö³¿ ç òâà-
ðèí, ùî æèâóòü ó ïðèðîäíèõ óìîâàõ ö³ëîð³÷íî ³ â ÷àñòèí³ âèïàäê³â ðîçì-
íîæóþòüñÿ, ñóòòºâî çðîñëà (äèâ. ðîçä³ë «Îáãîâîðåííÿ»). Ïðèêëàäàìè
ñòàá³ëüíèõ ïîñåëåíü â ïðèðîä³ º ÷îòèðè íàâåäåí³ âèùå ì³ñöåçíàõîäæåí-
íÿ, çîñåðåäæåí³ ó ï³âäåííèõ ðåã³îíàõ, ôàêòè÷íî â ìåæàõ ñòåïîâî¿ çîíè: íà
òàêèõ âîäîéìàõ, ÿê Íèæí³é Äí³ñòåð, Ï³âäåííèé Áóã, Ñèâàø òà ð. Êðèíêà
(Çó¿âñüêå âäñõ.).

Òàê, íà Ñèâàø³, çâ³äêè äîíåäàâíà îïèñóâàëè ò³ëüêè ïîîäèíîê³ çíà-
õ³äêè íóòð³é [7], íà ñüîãîäí³ ñôîðìóâàëàñÿ ñòàá³ëüíà ¿õíÿ ïîïóëÿö³ÿ (äèâ.
ïåðåë³ê âèùå). Òâàðèíè òóò ìåøêàþòü ö³ëîð³÷íî, ïðè òîìó äîáðå ïðèñòî-
ñóâàëèñÿ ³ äî ïðèñóòíîñò³ ëþäåé ³ ñâ³éñüêèõ òâàðèí (êà÷êè, ñîáàêè, êîðî-
âè) (². ªâñòàô’ºâ, îñîá. ïîâ³ä.). Ïîä³áíà â³ëüíà ïîïóëÿö³ÿ íà Äí³ñòð³ íà
ñüîãîäí³ äîñÿãëà àáñîëþòíî¿ ÷èñåëüíîñò³ 100 îñîáèí, ùî ñâ³ä÷èòü ïðî
ôîðìóâàííÿ ñò³éêîãî óãðóïîâàííÿ íîâîãî âèäó ññàâö³â ó ïîíèçç³ ö³º¿
ð³÷êè. Òâàðèí íà òåðèòîð³¿ Íèæíüîäí³ñòðîâñüêîãî íàö³îíàëüíîãî ïàðêó
ñïîñòåð³ãàþòü ïðîòÿãîì ê³ëüêîõ ðîê³â (çà ìàòåð³àëàìè ãðóïè öüîãî ÍÏÏ
ó ñîöìåðåæ³ Facebook; Ì. Ðîæåíêî, îñîá. ïîâ³ä.).

Ïîä³áí³ ôàêòè äåìîíñòðóþòü ôîðìóâàííÿ ñòàá³ëüíèõ æèòòºçäàòíèõ
ïîïóëÿö³é âíàñë³äîê ê³ëüêîõ ôàêòîð³â: à) âåëèêèõ ðîçì³ð³â âîäîéì;
á) ðîçâèíåíî¿ ïðèáåðåæíî¿ ðîñëèííîñò³; â) ï³âäåííîãî ðîçòàøóâàííÿ òà-
êèõ ì³ñöåçíàõîäæåíü; ã) ìîæëèâîñò³ ôîðìóâàííÿ âåëèêèõ ìåòàïîïóëÿ-
ö³é. Îñòàííº º îñîáëèâî âàæëèâèì äëÿ âåëèêîðîçì³ðíèõ ãðèçóí³â, íàäòî
íàï³ââîäÿíèõ, îñê³ëüêè âîíè ôîðìóþòü ïîñåëåííÿ ñòð³÷êîâîãî òèïó, ùî
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ïåðâèííî º ðîçð³äæåíèìè, à òîìó ñóòòºâî çàëåæíèìè â³ä îáì³íó îñîáèíà-
ìè. Öüîìó ñïðèÿº òå, ùî òàê³ ïîñåëåííÿ ìîæóòü áóòè ðîçòÿãíóòèìè óç-
äîâæ áåðåãîâèõ ë³í³é íà çíà÷íó â³äñòàíü, çàâäÿêè â³äíîñíî âåëèê³é îä-
íîð³äíîñò³ áåðåã³â âîäîéì.

Ã³ëüä³éíà ñòðóêòóðà. Ïðîöåñ ïîøèðåííÿ íóòð³¿ ïîâ’ÿçàíèé ³ç âõîä-
æåííÿì ïðåäñòàâíèê³â öüîãî âèäó íå ëèøå â åêîñèñòåìó çàãàëîì, à é ó
ñêëàä ïåâíèõ òèï³â ôàóí³ñòè÷íèõ óãðóïîâàíü, â íàøîìó âèïàäêó — íà-
ï³ââîäÿíèõ òâàðèí ³, äî òîãî æ — ó ñêëàä³ â³äïîâ³äíèõ ã³ëüä³é. Ðîçãëÿäàþ-
÷è ã³ëüä³þ ÿê ÷àñòèíó óãðóïîâàííÿ, ÿêà âèçíà÷àºòüñÿ ñõîæèì ñïîñîáîì
êîðìîäîáóâàííÿ [42], íóòð³þ òðåáà âèâ÷àòè ó ñèñòåì³ âçàºìèí (êîíêóðåí-
òíèõ, òîï³÷íèõ òà ³í.) ç ³íøèìè âèäàìè íàï³ââîäÿíèõ òà ã³äðîô³ëüíèõ
ãðèçóí³â-ô³òîôàã³â. Òàêèìè â íàøîìó âèïàäêó º îíäàòðà, ùóð âîäÿíèé òà
áîáåð (òàáë. 2). Ñàìå òàêèé ñêëàä ã³ëüä³¿ ïðèïóñêàâñÿ íàìè ó ïîïåðåäí³õ
ïðàöÿõ [10, 56].

Çàãàëüíîâ³äîìî, ùî âèäè, ÿê³ âõîäÿòü äî ñêëàäó îäí³º¿ ã³ëüä³¿, íå ïåðå-
êðèâàþòüñÿ çà ðîçì³ðíèìè îçíàêàìè, à îòæå, ìîæóòü ñï³â³ñíóâàòè áåç âè-
ñîêîãî ð³âíÿ êîíêóðåíö³¿. Ïðîòå ïðè ñóòòºâîìó ïåðåêðèòò³ åêîìîðôî-
ëîã³÷íèõ îçíàê âèäè ìîæóòü ïåðåõîäèòè ó ñòàòóñ êîíêóðåíò³â çà êîðèñòó-
âàííÿ îêðåìèìè âèäàìè ðåñóðñ³â, âêëþ÷íî ç êîðìîâèìè. Òàêèì ÷èíîì,
íóòð³ÿ â ïðîöåñ³ ïðèñòîñóâàííÿ íåìèíó÷å ïî÷èíàº âçàºìîä³ÿòè ç ³íøèìè
íàï³ââîäÿíèìè ãðèçóíàìè-ô³òîôàãàìè, ³ òîìó âàæëèâî ðîçãëÿíóòè âñþ
öþ ãðóïó, ïî ñóò³ ã³ëüä³þ, ç åêîìîðôîëîã³÷íî¿ òî÷êè çîðó.

Äåòàëüíî ÿâèùå ðîçïîä³ëó òâàðèí ó ã³ëüä³éíèõ ñòðóêòóðàõ îïèñàíå ó
Ì. Á³ãîíà ç³ ñï³âàâò. [42]: âèäè ðîçïîä³ëÿþòüñÿ çà ñâî¿ìè ë³í³éíèìè îçíà-
êàìè, âàæëèâèìè äëÿ êîðìîäîáóâàííÿ, âçäîâæ ãðàä³ºíòà êîðìîâèõ ðå-
ñóðñ³â ç êðîêîì, áëèçüêèì äî ñòàëî¿ Õàò÷³íñîíà [46], ÿêà ñòàíîâèòü 1,26.
Îãëÿä îñíîâíèõ ïîëîæåíü ³ ñóì³æíèõ êîíöåïò³â ïðåäñòàâëåíî íàìè ðà-
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Òàáëèöÿ 2
Ã³ëüä³ÿ íàï³ââîäÿíèõ ãðèçóí³â-ô³òîôàã³â ó ïðîñòîð³ ðîçì³ðíèõ

åêîìîðôîëîã³÷íèõ îçíàê ÷åðåïà

Ðîçì³ðí³ îçíàêè ÷åðåïà, ìì
(çà [12])

Ðàíã 1.
Arvicola

amphibius

Ðàíã 2.
Ondatra

zibethicus

Ðàíã 3.
Myocastor

coypus

Ðàíã 4.
Castor
fiber

CBL êîíäèëîáàçàëüíà äî-
âæèíà ÷åðåïà

36—42 52—67 98—127 97—137

²ÌÇ ïîâíà äîâæèíà çóáíîãî
ðÿäó

23—27 17—25 56—70 83—97

DBM äîâæèíà ðÿäó êóòí³õ
çóá³â

8—10 13—17 25—30 30—35

MAL äîâæèíà ìàíäèáóëè 25—25 30—42 89—96 100—115

MAH âèñîòà ìàíäèáóëè 11—13 27—37 61—73 77—94

dbm äîâæèíà íèæíüîãî
ðÿäó êóòí³õ çóá³â

8—11 13—18 31—33 30—38



í³øå [10]. Ó ö³é ðîáîò³ ìè àíàë³çóºìî ã³ëüä³þ íàï³ââîäÿíèõ ññàâö³â-ô³òî-
ôàã³â, âèêîðèñòîâóþ÷è â ÿêîñò³ ðîçì³ðíèõ åêîìîðôîëîã³÷íèõ îçíàê çàãà-
ëüíó (êîíäèëîáàçàëüíó) äîâæèíó ÷åðåïà òà ê³ëüêà ³íøèõ âèì³ð³â (òàáë. 2).

ßê âèäíî ç öèõ äàíèõ, ìàº ì³ñöå ìàéæå ïîâíà â³äñóòí³ñòü òðàíñãðåñ³¿
ìåòðè÷íèõ îçíàê. Öå äîçâîëÿº ïðèïóñòèòè, ùî íóòð³ÿ, ÿê ³ îíäàòðà (òîáòî
îáèäâà âèäè-³íòðîäóöåíòè), ôàêòè÷íî áåç êîíôë³êò³â (â åêîìîðôîëî-
ã³÷íîìó ñåíñ³) âáóäóâàëàñü â íàÿâíó ñòðóêòóðó ã³ëüä³¿ íàï³ââîäÿíèõ ãðè-
çóí³â-ô³òîôàã³â. Á³ëüøå òîãî, îäèí ç öèõ âèä³â (îíäàòðà) âæå ñôîðìóâàâ
ñò³éê³ ïðèðîäí³ ïîïóëÿö³¿ â çîíàõ ³íòðîäóêö³¿ òà ³ñíóº áåç ï³äòðèìêè ç
áîêó ëþäèíè, äåìîíñòðóþ÷è â ðàçè á³ëüøó ÷èñåëüí³ñòü, í³æ àáîðèãåíí³
âèäè. Ïî ñóò³ íà øëÿõó äî ïîä³áíîãî óñï³õó, ÷îìó íàäçâè÷àéíî ñïðèÿº
ãëîáàëüíå ïîòåïë³ííÿ ³ íå íàáàãàòî ìåíøå — òåõíîãåííå ïîòåïë³ííÿ âî-
äîéì àáî îêðåìèõ ¿õí³õ ä³ëÿíîê, ïåðåáóâàº íóòð³ÿ.

Óñï³øí³ñòü ôîðìóâàííÿ ñòàá³ëüíèõ ïîñåëåíü íóòð³¿ â ïðèðîä³ âèçíà-
÷àºòüñÿ íàÿâí³ñòþ â³ëüíî¿ í³ø³ â ñòðóêòóð³ ã³ëüä³¿ íàï³ââîäÿíèõ ô³òîôàã³â
[9]. Î÷åâèäíî, ùî êîíöåïö³ÿ åêîìîðôîëîã³÷íèõ í³ø ìàº ðîçãëÿäàòèñÿ â
óñüîìó ñïåêòð³ ¿õíüîãî ïåðåêðèâàííÿ, òîáòî íå º ñòàòè÷íîþ ñèñòåìîþ:
âèäè ìîæóòü áóòè àëîïàòðè÷íèìè àáî ìàðã³íàëüíî ñèìïàòðè÷íèìè, äè-
ôåðåíö³þâàòèñÿ íå ò³ëüêè çà òðîô³êîþ, àëå é çà á³îòîïàìè, äîáîâîþ àê-
òèâí³ñòþ òîùî. Îñîáëèâî çíà÷óùèìè º ïðîñòîðîâ³ âçàºìèíè ó åêîëî-
ã³÷íî áëèçüêèõ âèä³â [55].

Ç íàâåäåíèõ ó òàáëèö³ äàíèõ âèäíî, ùî îáèäâà âèäè-³íòðîäóöåíòè —
îíäàòðà ³ íóòð³ÿ — ôàêòè÷íî ïîòðàïèëè ó â³ëüí³ åêîëîã³÷í³ í³ø³, ÿê³
â³äïîâ³äàþòü ïîíÿòòþ åêîí³ø ÿê âàêàíñ³é (çà [28 òà ³í.]). Íàï³ââîäÿí³
êîìïëåêñè õàðàêòåðèçóþòüñÿ âèñîêîþ åêîëîã³÷íîþ ºìí³ñòþ òà åâòðîô-
í³ñòþ, òîìó â äàíîìó âèïàäêó ³íòðîäóêö³ÿ âèä³â âèÿâèëàñÿ óñï³øíîþ ³ êî-
æåí âèä çàéíÿâ â³ëüí³ í³ø³ çã³äíî ç íàÿâíèìè åêîìîðôîëîã³÷íèìè îñîá-
ëèâîñòÿìè ³ áåçêîíôë³êòí³ñòþ ¿õíüîãî âõîäæåííÿ ó ñòðóêòóðó «ñâîº¿»
ã³ëüä³¿.

Ñåðåä ã³ëüä³é, ùî âêëþ÷èëè ³íòðîäóêîâàí³ âèäè ññàâö³â ó ôàóí³ Óê-
ðà¿íè, «àðâ³êîë³äíà ã³ëüä³ÿ» (òåðì³í çàïðîïîíîâàíî ó ïîïåðåäí³é ïðàö³
[56]) º îäí³ºþ ç íàéóñï³øí³øèõ äëÿ ³íòðîäóöåíò³â. Öå çóìîâëåíî çíà÷íî
ìåíøîþ ë³ì³òîâàí³ñòþ (de facto íåîáìåæåí³ñòþ) òðîô³÷íîãî ðåñóðñó, í³æ,
íàïðèêëàä, ó âèïàäêó õèæèõ, êîìàõî¿äíèõ àáî êàæàí³â. Çâ³ñíî, öå âèçíà-
÷àºòüñÿ íå ò³ëüêè ñàìèì ôàêòîì íàëåæíîñò³ äî êîíñóìåíò³â ïåðøîãî ïî-
ðÿäêó. Çîêðåìà, ó âèïàäêó ç ãðèçóíàìè-çåìëåðèÿìè, ùî æèâóòü ó íàäâó-
çüêîìó åêîòîï³ ³ æèâëÿòüñÿ âêðàé îáìåæåíèì ðåñóðñîì, ôàêòè÷íî ºäè-
íèìè íîðìàëüíèì ñòàíîì º âèðàçíà àëîïàòð³ÿ àáî ñï³â³ñíóâàííÿ ò³ëüêè
ðîçì³ðíî íàéá³ëüø â³äì³ííèõ âèä³â (ïî ñóò³ ðîä³â) [25].

Ïîñëàáëåííþ ì³æâèäîâèõ âçàºìèí íàïåâíî ñïðèÿº ³ ð³çíîìàí³òòÿ
òèï³â âîäîéì, âêëþ÷íî ç³ øòó÷íèìè. Äî ïîÿâè äâîõ ³íòðîäóöåíò³â ó
ñêëàä³ «àðâ³êîë³äíî¿» ã³ëüä³¿ ³ñíóâàëè ëèøå äâà àáîðèãåíè — Arvicola am-
phibius òà Castor fiber, ì³æ ÿêèìè áóëà çíà÷íà (ôàêòè÷íî íåçäîëàííà) åêî-
ìîðôîëîã³÷íà äèñòàíö³ÿ. Íóòð³ÿ òðèâàëèé ÷àñ áóëà îáìåæåíà â ïîøè-
ðåíí³ ÷åðåç êë³ìàòè÷íèé ôàêòîð. Ïðîòå êë³ìàòè÷í³ çì³íè â³äêðèëè ìîæ-
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ëèâ³ñòü äëÿ ôîðìóâàííÿ ñòàá³ëüíèõ ïîïóëÿö³é ó âîäîéìàõ Óêðà¿íè, ÷îìó
ñïðèÿëè âñå íîâ³ âòå÷³ òâàðèí ç ì³ñöü ðîçâåäåííÿ.

Îñê³ëüêè ïðèñòîñîâàí³ñòü íóòð³é äî ³ñíóâàííÿ â ïðèðîäíèõ óìîâàõ
Óêðà¿íè, ùî îö³íåíà ÷åðåç ìàëó óñï³øí³ñòü ó ôîðìóâàíí³ ïðèðîäíèõ ïî-
ïóëÿö³é, º âêðàé íèçüêîþ, öåé âèä äîñ³ íå ñòâîðþº çàãðîçè äëÿ ³íøèõ
âèä³â, çîêðåìà é ÷åðåç âåëèê³ åêîìîðôîëîã³÷í³ äèñòàíö³¿ â³ä íèõ [10]. À
âò³ì, ôàêòîðîì îáìåæåííÿ ïîøèðåííÿ íóòð³¿ ìîæå ñòàòè áîáåð, ùî ïðî-
òÿãîì îñòàíí³õ ðîê³â ðîçñåëÿºòüñÿ ïî âñ³õ ð³÷êîâèõ áàñåéíàõ.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Çíà÷íó ÷àñòêó ³íôîðìàö³¿ ïðî çíàõ³äêè íóòð³¿ â ïðèðîä³ îòðèìàíî çà-
âäÿêè â³äêðèòèì äæåðåëàì òà ïðîºêòàì àìàòîðñüêîãî òèïó (GBIF òà
INaturalist). Öå ñâ³ä÷èòü ïðî çðîñòàííÿ ê³ëüêîñò³ çíàõ³äîê âèäó ó âñ³õ
ðåã³îíàõ Óêðà¿íè òà ïîÿñíþº íåìàëó ÷àñòêó äàíèõ, ïîâ’ÿçàíèõ ç óðáà-
í³ñòè÷íèìè ì³ñöåçíàõîäæåííÿìè. Ó äîïîâíåííÿ äî âèùå íàâåäåíîãî
ðîçãëÿíåìî òàê³ òðè ïèòàííÿ: 1) «ïàðàä» çíàõ³äîê ó ñóì³æíèõ êðà¿íàõ ³ â
Óêðà¿í³, 2) ð³çíîìàí³òòÿ á³îòîï³â ³íòðîäóöåíòà, 3) êë³ìàòè÷í³ çì³íè ÿê
ôàêòîð ñïðèÿííÿ ïîøèðåííþ âèäó.

Íàðîñòàííÿ ê³ëüêîñò³ çíàõ³äîê ïî êðà¿íàõ ³ â Óêðà¿í³. Ó Áîëãàð³¿,
ï³ñëÿ 1989 ð., ÷åðåç çàíåïàä êîîïåðàòèâíî¿ ä³ÿëüíîñò³, íóòð³¿, ÿêèõ ðàí³øå
óòðèìóâàëè íà ôåðìàõ, ïî÷àëè ÷àñò³øå ïîòðàïëÿòè ó ïðèðîäíå ñåðåäîâè-
ùå, ³ ÷èñåëüí³ñòü â³ëüíîæèâó÷èõ íóòð³é â ö³é êðà¿í³ ïî÷àëà çðîñòàòè. Ñòà-
íîì íà 2000 ð. ÷èñåëüí³ñòü íóòð³é â Áîëãàð³¿ äîñÿãëà 406 îñîáèí, á³ëüøå
50 % ³ç ÿêèõ ìåøêàëè íà ïðèðîäîîõîðîííèõ òåðèòîð³ÿõ [47]. ² õî÷à ôåðì
³ç ðîçâåäåííÿ íóòð³é ó Áîëãàð³¿ òåïåð íåìàº, ¿õíº ïîøèðåííÿ â ïðèðîä³ çà-
ëåæèòü â³ä ä³ÿëüíîñò³ ëþäèíè. Íóòð³¿ òóò íàñò³ëüêè óñï³øíî íàòóðàë³çó-
âàëèñÿ, ùî óâ³éøëè â òðîô³÷í³ ëàíöþãè, ñòàâøè, çîêðåìà, çäîáè÷÷þ ïóãà-
÷à (Bubo bubo) [49].

Íà ñüîãîäí³ âèä ìåøêàº òàêîæ ó Ðóìóí³¿ â áàñåéí³ Äóíàþ ó ôîðì³ íå-
âåëèêèõ, àëå ñòàá³ëüíèõ ïîïóëÿö³é [50]. Â Óãîðùèí³ íóòð³¿, çã³äíî ç íåùî-
äàâíî îíîâëåíèì ñïèñêîì äèêèõ ññàâö³â [44], ïåðåéøëè ç ãðóïè âèä³â, ùî
ñïîñòåð³ãàëèñÿ çð³äêà, äî ãðóïè âèä³â, ÿêèõ ðåºñòðóþòü ïîñò³éíî. Âèä òóò
äîñèòü øâèäêî ïîøèðèâñÿ, ³ ç 2017 ð. º äîñòîâ³ðí³ äàí³ ïðî ïîïóëÿö³¿
íóòð³é, ùî ðîçìíîæóþòüñÿ [53]. Çà îñòàíí³ìè äàíèìè âèä ïîøèðåíèé íà
çàõîä³ êðà¿íè òà â áàñåéí³ Äóíàþ [43].

Â Óêðà¿í³ åêñïàíñ³¿ íóòð³¿ ç ñóñ³äí³õ êðà¿í íå çàô³êñîâàíî, à îòæå, ¿õíº
ïîøèðåííÿ çàëåæèòü â³ä íàÿâíîñò³ ì³ñöü ³íòðîäóêö³¿, ÿê íåíàâìèñíî¿, òàê
³ óìèñíî¿. Ëîêàëüí³ ïîïóëÿö³¿ íóòð³¿ â Óêðà¿í³ ïîâ’ÿçàí³ ïåðåäóñ³ì ³ç âòå-
÷àìè òâàðèí ç ïðèâàòíèõ ãîñïîäàðñòâ, ð³äøå — ç íàâìèñíèì ðîçñåëåí-
íÿì.

Ïðîòÿãîì 1980—1990-õ ðîê³â áóëè â³äîì³ ò³ëüêè ïîîäèíîê³ çíàõ³äêè
íóòð³¿ ó ïðèðîä³, ïî íàêîïè÷åíèì íàìè çàïèñàì — ëèøå ïî 2—3 ðåºñò-
ðàö³¿ íà ð³ê (ðèñ. 3). Ïîì³òíå çðîñòàííÿ ÷àñòîòè ïîâ³äîìëåíü â³äì³÷åíî ó
2018 ð. (8 çàïèñ³â), ³ â ïîäàëüøîìó ê³ëüê³ñòü ïîâ³äîìëåíü ïðîäîâæóâàëà
çá³ëüøóâàòèñü, äîñÿãøè âåëè÷èí 16—20 çàïèñ³â íà ð³ê ó 2021—2024 ðð.
Íåçíà÷íå óïîâ³ëüíåííÿ ðîñòó ê³ëüêîñò³ ðåºñòðàö³é â îñòàíí³ òðè ðîêè
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ìîæíà ïîÿñíèòè çìåíøåííÿì îáñÿã³â ñïîñòåðåæåíü ó ïðèðîä³ ÷åðåç â³é-
íó.

Ó ì³ðó çðîñòàííÿ ê³ëüêîñò³ çíàõ³äîê ðîñòå ³ ÷àñòêà ì³ñöåçíàõîäæåíü ç
ðåãóëÿðíèìè ðåºñòðàö³ÿìè âèäó. ²äå ôîðìóâàííÿ æèòòºçäàòíèõ ïîïó-
ëÿö³é âèäó ç âëàñíîþ ñèñòåìîþ ñàìîâ³äòâîðåííÿ, ïî ñóò³ áåç ï³äæèâëåííÿ
¿õ íîâèìè âò³êà÷àìè-³íòðîäóöåíòàìè, ³ íà ñüîãîäí³ âæå â³äîìî ïðèíàé-
ìí³ òðè òàê³ ïîïóëÿö³¿, çãàäàí³ âèùå.

Ð³çíîìàí³òòÿ ³ á³îòîïè ³íòðîäóöåíò³â. Íóòð³¿, ÿê ³ á³ëüø³ñòü ÷ó-
æîð³äíèõ âèä³â, íàéá³ëüø ïðîñòî çàñåëÿþòü ïîðóøåí³ òà øòó÷íî ñòâîðåí³
âîäí³ îá’ºêòè, ïðîòå âîíè àêòèâíî çàñåëÿþòü ³ ïðèðîäí³ ì³ñöåçíàõîäæåí-
íÿ, ïåðåäóñ³ì ó çàïëàâàõ. Çíà÷íà ê³ëüê³ñòü ðåºñòðàö³é íóòð³é ïîáëèçó íà-
ñåëåíèõ ïóíêò³â òà ëþäñüêèõ ïîñåëåíü çóìîâëåíà â³äñóòí³ñòþ òèñêó õè-
æàê³â, êîíêóðåíö³¿, íàÿâí³ñòþ äîäàòêîâèõ êîðìîâèõ ðåñóðñ³â òà, çâ³ñíî,
âèñîêîþ ÷àñòîòîþ îáñòåæåííÿ òàêèõ ì³ñöü. Âèæèâàííÿ âèäó â çàïëàâàõ
çóìîâëåíî âèñîêîþ ¿õíüîþ åâòðîôí³ñòþ ³ ïðîäóêòèâí³ñòþ, øèðîêèì
ñïåêòðîì ì³êðîñòàö³é.

Âëàñíå, êëþ÷îâîþ òð³àäîþ, ÿêà âèçíà÷àº óñï³øí³ñòü íàòóðàë³çàö³¿ ÷ó-
æîð³äíèõ âèä³â ññàâö³â ó çàïëàâíèõ êîìïëåêñàõ, º âèñîêèé ñòóï³íü ¿õíüî¿
òðîôíîñò³, ïðèðîäíîñò³ òà íåïåðåðâíîñò³ [14]. Ñàìå òàê³ öåíîçè, íà â³ä-
ì³íó â³ä áàãàòüîõ ñóõîä³ëüíèõ, äåìîíñòðóþòü ëåãê³ñòü âáóäîâóâàííÿ äî
ñêëàäó ¿õíüî¿ ôàóíè ³íòðîäóöåíò³â, çîêðåìà ³ âåëèêîðîçì³ðíèõ ãðèçó-
í³â-ô³òîôàã³â.

Çíà÷íó ÷àñòêó ì³ñöåçíàõîäæåíü ñòàíîâëÿòü øòó÷í³ âîäîéìè — êàíà-
ëè, ñòàâêè, çàòîêè, ñôîðìîâàí³ âíàñë³äîê çàäàìáóâàííÿ âîäîòîê³â òîùî. ²
äóæå ïðèì³òíèì º òå, ùî ïîñåëåííÿ íóòð³¿ ìîçà¿÷í³, íå ôîðìóþòü âåëèêèõ
ïîïóëÿö³é ñòð³÷êîâîãî òèïó, à ïðèóðî÷åí³ äî îêðåìèõ ä³ëÿíîê âîäîéì ç
ÿâíî âèäîçì³íåíèìè óìîâàìè — ÷àñòî öå ïðèëåãë³ äî ãîñïîäàðñüêèõ ÷è
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Ðèñ. 3. Äèíàì³êà çá³ëüøåííÿ ê³ëüêîñò³ ïîâ³äîìëåíü ïðî çíàõ³äêè íóòð³¿ â Óêðà¿í³ ó
ïðèðîäíèõ óìîâàõ çà ïåð³îä ç 2002 ïî 2024 ð. (çà íàâåäåíèì âèùå êàäàñòðîì çíà-
õ³äîê)



ðåêðåàö³éíèõ çîí ä³ëÿíêè áåðåãîâî¿ ë³í³¿, ì³ñöÿ ñêèäó òåïëèõ âîä, âîäî-
éìè-îõîëîäæóâà÷³ òîùî. Òîáòî ìîâà éäå ïðî òî÷êîâ³ ì³ñöåçíàõîäæåííÿ,
àëå ê³ëüê³ñòü ¿õ ðîñòå. ² âàæëèâèì º òå, ùî òàê³ âîäîéìè ìàþòü ÿâíî
çì³ùåíèé ó âèù³ çíà÷åííÿ òåìïåðàòóðíèé ðåæèì [35]. Îñê³ëüêè òåìïåðà-
òóðíèé ôàêòîð º îäíèì ç íàéá³ëüø âàãîìèõ ó æèòò³ âîäîéì, éîãî ðîëü ó
ôîðìóâàíí³ ëîêàëüíèõ ïîïóëÿö³é ³ ðîçøèðåíí³ àðåàëó íóòð³¿ î÷åâèäíà.

Ôàêòîðè ïîøèðåííÿ òà âïëèâ â³éíè. Ïîøèðåííþ íóòð³¿ ó ïðèðîä-
íèõ åêîñèñòåìàõ Óêðà¿íè ìîæóòü ñïðèÿòè ê³ëüêà ôàêòîð³â, ÷àñòêîâî ðîç-
ãëÿíóòèõ àâòîðàìè ðàí³øå [56]. Ïåðøèì ç òàêèõ ôàêòîð³â, ùî âèíèê îä-
ðàçó ï³ñëÿ çàâåçåííÿ öèõ òâàðèí äî Óêðà¿íè íà ïî÷àòêó ÕÕ ñò., ñòàëè âòå÷³
ç ì³ñöü óòðèìàííÿ ¿õ ó íåâîë³. Ñåðåä íàâåäåíèõ âèùå çíàõ³äîê âèäó º íèç-
êà ïîä³áíèõ ïîâ³äîìëåíü, çîêðåìà é ó ðàéîíàõ ðîçì³ùåííÿ ãîñïîäàðñòâ,
ùî ïðàêòèêóþòü íàï³ââ³ëüíå óòðèìàííÿ öüîãî âèäó ãðèçóí³â ó ð³çíèõ
ðåã³îíàõ Óêðà¿íè.

Â óìîâàõ â³éñüêîâèõ ä³é, ÿê³ òðèâàþòü, çíà÷óùèì ôàêòîðîì ñòàëè ïî-
êèäàííÿ ãîñïîäàðÿìè àáî é ðóéíóâàííÿ ãîñïîäàðñòâ, äå óòðèìóâàëè íóò-
ð³é, ùî çàêîíîì³ðíî ñïðè÷èíèëî âòå÷ó òâàðèí ó ïðèðîäó. Ç â³äêðèòèõ
äæåðåë â³äîìî ïðî çíàõ³äêè íóòð³é â çîí³ áîéîâèõ ä³é, çîêðåìà íà òåðè-
òîð³¿ ïîêèíóòèõ ïîñåëåíü; ³íêîëè òàêèõ òâàðèíè ï³äãîäîâóþòü â³éñüêîâ³
(äèâ. ðèñ. 2).

Âíàñë³äîê â³éñüêîâèõ ä³é î÷³êóºòüñÿ çìåíøåííÿ ïîïóëÿö³é ñòåíî-
á³îíò³â [15], çîêðåìà é âèä³â, ùî âõîäÿòü äî îäí³º¿ ç íóòð³ºþ ã³ëüä³¿ (ùóð³â
âîäÿíèõ, îíäàòð, áîáð³â). Ñòàíîì íà çàðàç ÷èñåëüí³ñòü îíäàòðè ñóòòºâî
çìåíøóºòüñÿ â áàãàòüîõ öåíòðàëüíèõ, ï³âäåííèõ òà ñõ³äíèõ ðåã³îíàõ Óê-
ðà¿íè, ³ öåé ïðîöåñ òðèâàº âæå äàâíî [56]. Öå ìîæå ñïðèÿòè âèâ³ëüíåííþ
åêîëîã³÷íîãî ïðîñòîðó äëÿ íóòð³¿ (î÷åâèäíî, ùî ìîëîä³ íóòð³¿ ñóòòºâî ïå-
ðåêðèâàþòüñÿ çà åêîìîðôîëîã³÷íèìè îçíàêàìè ç îíäàòðàìè).

Îäí³ºþ ç ìîäåëåé ïîøèðåííÿ ÷óæîð³äíèõ âèä³â º çìåíøåííÿ ð³âí³â
ïðèñóòíîñò³ òà ðîë³ àáîðèãåííèõ âèä³â, ùî ÷àñòî ñóïðîâîäæóºòüñÿ çá³ëü-
øåííÿì ÷èñåëüíîñò³ åêîëîã³÷íî áëèçüêèõ ÷óæîð³äíèõ âèä³â [56]. Ñåðåä
àáîðèãåííèõ âèä³â, ùî ìîæóòü áóòè âêëþ÷åí³ â îäíó ã³ëüä³þ ç íóòð³ºþ, —
áîáåð, äëÿ ÿêîãî ïîêè ùî íåìàº çàãðîçè çíèæåííÿ ÷èñåëüíîñò³, çà âèíÿò-
êîì îêðåìèõ ðàéîí³â ç ïåðåñèõàþ÷èìè ìàëèìè âîäîòîêàìè.

Ì³æ íàï³ââîäÿíèìè ãðèçóíàìè-ô³òîôàãàìè íå â³äì³÷åíî çíà÷íî¿
êîíêóðåíö³¿ çà êîðìîâ³ ÷è ïðîñòîðîâ³ ðåñóðñè, ÿê öå ìàº ì³ñöå â ³íøèõ
ãðóïàõ, çîêðåìà õèæèõ ññàâö³â, äå ïîÿâà ÷óæîð³äíèõ âèä³â ñïðè÷èíèëà
çìåíøåííÿ ÷èñåëüíîñò³ òà àðåàë³â àáîðèãåííèõ âèä³â. Äåòàëüíî ïîä³áíå
ÿâèùå ðîçãëÿíóòî íà ïðèêëàä³ ìóñòåë³äíî¿ ã³ëüä³¿ ó ñêëàä³ ôàóíè Óêðà¿íè
[11]. Îòæå, â ðàìêàõ òàêî¿ ìîäåë³ ó âèïàäêó ãðèçóí³â-ô³òîôàã³â íå ³ñíóº
ïîì³òíèõ çðóøåíü ó ÷èñåëüíîñò³ àáîðèãåííèõ âèä³â íà êîðèñòü ÷óæî-
ð³äíîãî âèäó, â íàøîìó âèïàäêó — íóòð³¿.

Ç îãëÿäó íà âïëèâè â³éíè íà ôàóíó [15] âàðòî â³äì³òèòè çðîñòàííÿ ÷à-
ñòîòè ïîÿâè çäè÷àâ³ëèõ îñîáèí ç ÷èñëà òèõ, ùî áóëè íà óòðèìàíí³ (äèâ.
ðèñ. 2). Òàê³ òâàðèíè ÷àñòî ëåãêî éäóòü äî ðóê ³ çâèêàþòü äî ï³äãîä³âë³;
¿õíº ïîòðàïëÿííÿ â ïðèðîäó ìîæå áóòè ðåçóëüòàòîì âèìóøåíèõ âèïóñê³â
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(÷åðåç åâàêóàö³þ ãîñïîäàð³â) àáî âòå÷³ òâàðèí âíàñë³äîê ðóéíàö³¿ ðîç-
ïë³äíèê³â â óìîâàõ â³éíè.

Âàæëèâèìè äîäàòêîâèìè ôàêòîðàìè ôîðìóâàííÿ íîâèõ ïîñåëåíü
íóòð³é, ó äîïîâíåííÿ äî ïðèðîäíèõ, ñòàëè òàê³: ïîÿâà ÷èñëåííèõ òåïëèõ
âîäîòîê³â, çíèêíåííÿ ïîïèòó íà õóòðî (íàïåâíî ³ äè÷èíó), òðèâàëà çàáî-
ðîíà ïîëþâàíü òà çíèæåííÿ ãîñïîäàðñüêîãî òà ðåêðåàö³éíîãî íàâàíòà-
æåííÿ íà çàïëàâè ó çâ’ÿçêó ç â³éíîþ.

Êë³ìàòè÷í³ çì³íè ÿê ôàêòîð ñïðèÿííÿ. Î÷åâèäíèì ë³ì³òóþ÷èì ôàê-
òîðîì äëÿ ïîøèðåííÿ íóòð³¿ â íèçö³ êðà¿í áóëè õîëîäí³ çèìè. Êë³ìàòè÷í³
äàí³ ùîäî îñòàíí³õ äåñÿòèë³òü ñâ³ä÷àòü ïðî çíà÷íå ïîòåïë³ííÿ, â³äñóò-
í³ñòü â áàãàòüîõ ðåã³îíàõ ñòàëîãî ñí³ãîâîãî ³ ëüîäîâîãî ïîêðèâó òà ïåðåâà-
æàííÿ òåìïåðàòóð âèùå 0 oÑ. Â ³ñòîð³¿ ôàóíè Óêðà¿íè ïîòåïë³ííÿ ñïîñ-
òåð³ãàºòüñÿ íå âïåðøå. Òàê, äëÿ ïåð³îäó XIX—XXI ñò. òåïëèìè ôàçàìè
áóëè òðè ïåð³îäè — 1830—1850-ò³, 1920—1930-ò³ òà 2000-í³—2020-ò³ ðîêè
[18].

²íòðîäóêö³ÿ íóòð³¿ â Óêðà¿í³ ïî÷àëàñÿ â ïîíèçç³ Äí³ïðà ó ïåð³îä ïî-
òåïë³ííÿ 1930-õ ðîê³â [21], à äëÿ ¿¿ ³íòåíñèô³êàö³¿ òàì ñàìî ïðàêòèêóâàëè
íàï³ââ³ëüíå óòðèìàííÿ [22]. Äàí³ ïðî çíàõ³äêè íóòð³é ï³ñëÿ Äðóãî¿ ñâ³òî-
âî¿ â³éíè òà äî ïî÷àòêó 2000-õ ðîê³â ïîâ’ÿçàí³ ëèøå ³ç âòå÷àìè îêðåìèõ
îñîáèí ç íåâîë³, áåç ôîðìóâàííÿ æèòòºçäàòíèõ ïîïóëÿö³é. Íà çàâàä³ âè-
æèâàííþ â ïðèðîäíèõ óìîâàõ ñòàâàâ ñàìå õîëîäíèé çèìîâèé ïåð³îä,
íàâ³òü ó íàéòåïë³øèõ ðåã³îíàõ, òàêèõ ÿê Ñèâàø [7].

Ïîïðè öå, â íèçö³ âèïàäê³â äîñë³äíèêè â³äì³÷àëè ñò³éê³ñòü íóòð³é äî
çèì ³ ìîðîç³â [39: ñ. 163], îäíàê ò³ëüêè ïðè óòðèìàíí³ íà ôåðìàõ ç íàï³â-
â³ëüíîãî ðîçâåäåííÿ (î÷åâèäíî, ùî òàì ìîãëè áóòè ñêèäè òåïëèõ âîä, ùî
íå â³äì³÷åíî). Òåïåð çèìîâ³ çíàõ³äêè ³ ö³ëîð³÷íå ïåðåáóâàííÿ â³äîìî ÿê
íà ï³âäí³ êðà¿íè, òàê ³ íà ñõîä³ (äèâ. âèùå). Ó â³äíîñíî õîëîäíèõ ðåã³îíàõ
(²âàíî-Ôðàíê³âùèíà, Ïîëòàâùèíà, Äîíå÷÷èíà) âàæëèâèì àñïåêòîì ñòà-
ëî ïîøèðåíå îï³êóíñòâî ç áîêó ëþäåé (ï³äãîä³âëÿ, ñïîðóäæåííÿ øòó÷íèõ
óêðèòò³â), ùî ìîæå ñïðèÿòè íàòóðàë³çàö³¿ âèäó.

Êë³ìàòè÷í³ ãðàä³ºíòè — ³çîòåðìè òà ³çîã³ºòè. Õî÷à îñîáëèâîñò³ ïî-
øèðåííÿ íóòð³¿ çíà÷íîþ ì³ðîþ âèçíà÷àþòüñÿ àíòðîïîãåííèìè ôàêòîðà-
ìè, ðîçòàøóâàííÿ â³äîìèõ çíàõ³äîê íà êàðòàõ ³çîòåðì ïîêàçàëî ê³ëüêà çà-
êîíîì³ðíîñòåé: 1) â³äñóòí³ñòü ðåºñòðàö³é ó çîíàõ çèìîâèõ òåìïåðàòóð
íèæ÷å -8 oÑ (ðèñ. 4, à), 2) â³äñóòí³ñòü ðåºñòðàö³é ó íàéá³ëüø ïîñóøëèâèõ
ðàéîíàõ ç òåìïåðàòóðàìè ëèïíÿ +22—24 oÑ (ðèñ. 4, á) (îñòàííº ñòîñîâíî
Óêðà¿íè ìàéæå íàïåâíî º çá³ãîì ç ìàëîþ ê³ëüê³ñòþ îïàä³â), 3) â³äñóòí³ñòü
ðåºñòðàö³é â ðàéîíàõ ç ê³ëüê³ñòþ îïàä³â íèæ÷å 450 ìì (ðèñ. 4, â).

Òåìí³ êîëà — ðåãóëÿðí³ çóñòð³÷³, á³ë³ — ïîîäèíîê³ çíàõ³äêè àáî äàí³
áåç äåòàëåé, êâàäðàòè — ì³ñöÿ ôîðìóâàííÿ ñòàá³ëüíèõ ïîïóëÿö³é (íà
îñíîâ³ äàíèõ ç ðèñ. 1). Êë³ìàòè÷í³ äàí³ ïðîìàëüîâàí³ â³äïîâ³äíî äî ìàï ó
ïîñ³áíèêó «Ãåîãðàô³ÿ» [4].

Öåé íàá³ð êë³ìàòè÷íèõ ïàðàìåòð³â º âèçíà÷àëüíèì. Ïðîòå íàâ³òü ó
íåñïðèÿòëèâèõ çà âêàçàíèìè óìîâàìè ðàéîíàõ çíàõ³äêè òàêîæ â³äîì³. Öå,
íà íàøó äóìêó, çóìîâëåíî íàÿâí³ñòþ âîäîòîê³â òà âîäîéì ç³ ñòàá³ëüíèì
ã³äðîëîã³÷íèì ðåæèìîì ³ òåïëèìè ñêèäàìè. Âêàçàíèì êîìïëåêñîì êë³ìà-
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òè÷íèõ ôàêòîð³â ìîæå áóòè ïîÿñíåíî ÿê íàÿâí³ñòü ñòàá³ëüíèõ ïîñåëåíü
íóòð³¿ ó ïîíèçç³ Äí³ñòðà, òàê ³ â³äñóòí³ñòü ¿õ ó ïîñóøëèâèõ ðàéîíàõ Õåð-
ñîíùèíè ³ ï³âí³÷íî-çàõ³äíîãî Êðèìó.

Âèñíîâêè

Íà îñíîâ³ âèêëàäåíèõ ìàòåð³àë³â ìîæíà çðîáèòè òàê³ âèñíîâêè ïðî
ñó÷àñíèé ñòàí òà ïåðñïåêòèâè ïîøèðåííÿ âèäó â ïðèðîäíèõ óìîâàõ íà òå-
ðèòîð³¿ Óêðà¿íè.

Íóòð³ÿ äîáðå ïðèñòîñóâàëàñÿ äî ïðèðîäíèõ óìîâ Óêðà¿íè, ÷îìó ç
îãëÿäó íà ïîòåïë³ííÿ ñïðèÿþòü ì’ÿê³ ³ òåïë³ çèìè. Ïîøèðåííÿ íóòð³¿ â
ñâîþ ÷åðãó îáìåæóºòüñÿ ïðîñòîðîâîþ äèôåðåíö³àö³ºþ êë³ìàòè÷íèõ
óìîâ. Òàê, íàéìåíøà ê³ëüê³ñòü ðåºñòðàö³é àáî ¿õ â³äñóòí³ñòü ïîâ’ÿçàíà ç
ðàéîíàìè íàéá³ëüø íèçüêèõ çèìîâèõ òåìïåðàòóð àáî æ ³ç íàéá³ëüø ïî-
ñóøëèâèìè ðàéîíàìè ç íèçüêîþ ê³ëüê³ñòþ îïàä³â òà âèñîêèìè ë³òí³ìè
òåìïåðàòóðàìè, ùî çäåá³ëüøîãî ñòîñóºòüñÿ ñòåïîâî¿ çîíè.

Ïîøèðåííÿ íóòð³¿ çíà÷íîþ ì³ðîþ çóìîâëåíî àíòðîïîãåííèì âïëè-
âîì, êëþ÷îâèì ôàêòîðîì ÿêîãî º íàâìèñíèé âèïóñê àáî âòå÷à òâàðèí ç
ì³ñöü ðîçâåäåííÿ. Íóòð³¿ ìîæóòü ðîçñåëÿòèñÿ ó ïðèðîäíèõ âîäîéìàõ,
ïðîòå ÷àñòî ³ñíóâàííÿ ¿õí³õ ñòàá³ëüíèõ ïîïóëÿö³é ïîâ’ÿçàíî ç îï³êîþ íàä
íèìè ç áîêó ëþäåé, çîêðåìà ç ï³äãîä³âëåþ òà ñïîðóäæåííÿì óêðèòò³â.
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Ðèñ. 4. Çíàõ³äêè íóòð³¿ (òî÷êè àíàëîã³÷í³ ç ðèñ. 1) íà êàðò³ ³çîòåðì òà ³çîã³ºò Óêðà¿íè:
à — ³çîòåðìè ñ³÷íÿ; á — ³çîòåðìè ëèïíÿ; â — ñåðåäíÿ ð³÷íà ê³ëüê³ñòü îïàä³â



Ó íèçö³ âèïàäê³â óìîâè ëàíäøàôòó òà ïðîäóêòèâí³ñòü åêîñèñòåì

ñïðèÿþòü ôîðìóâàííþ ñòàëèõ ïðèðîäíèõ ïîïóëÿö³é íóòð³¿ áåç îï³êè ç

áîêó ëþäèíè. Ç îãëÿäó íà çì³íè êë³ìàòó ³ îáìåæåííÿ ïîëþâàííÿ (íà ÷àñ

âîºííîãî ñòàíó), î÷³êóºòüñÿ ïîäàëüøå çá³ëüøåííÿ ÷èñåëüíîñò³ òà ðîçøè-

ðåííÿ àðåàëó, à, îòæå, ³ çðîñòàííÿ ðîë³ âèäó ó ôóíêö³îíóâàíí³ àêâàòè÷íèõ

êîìïëåêñ³â.
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THE NUTRIA (MYOCASTOR COYPUS) IN WATER BODIES OF UKRAINE:
FORMATION OF WILD POPULATIONS AND THEIR PLACE IN THE GUILD

OF PHYTOPHAGOUS SEMIAQUATIC RODENTS

The article analyses the specifics of the formation of natural populations of the nutria
in Ukraine, which is an alien species of semiaquatic rodents introduced to Ukrainian water
bodies in the early 1930s. Detailed information on the pace of naturalisation and the cur-
rent status of nutria populations in Ukraine is provided. The practice of introductions was
established in the south of Ukraine, in Kherson and adjacent oblasts, primarily in the Lo-
wer Dnipro, where successful experiments with muskrat acclimatisation were simultaneo-
usly carried out. Later, after the beginning of a cold period, the keeping of nutrias was com-
pletely transferred to the system of fur farms, where caged keeping was practiced. At the
same time, numerous private breeding centres were formed in all regions of the country,
where animals were kept in cages, but semi-free breeding in small ponds was also often
practiced. This period, which had lasted until the end of the 1990s, saw numerous occasi-
ons of animal escapes into the wild, which occurred against a background of declining de-
mand for nutria fur and meat. Such places of keeping and escape became centres of emer-
gence of micro-populations, which had extremely unstable structure and often disappea-
red due to difficult wintering conditions, as noted in the reports of colleagues in the 1980s
and 1990s. However, in the 2000s, the number of records of the species in the nature began
to grow rapidly. The local micro-populations began to form a more complex metapopulati-
on structure, which became a compensatory mechanism for local extinctions. In particular,
numerous stable centres have formed near human settlements and in urban ecosystems in
different parts of the country, including the Dnipro basin and the Lower Dniester, particu-
larly in places of escape or inscribed releases. The analysed database includes 77 record lo-
calities of the species dated to the period after the year of 2000. The total current abundance
of the species can be estimated at several thousands of individuals, which is already higher
than the number of other introduced species that have long been registered in the state sta-
tistics system ‘2tp-hunting’. Further processes of global warming, significantly milder win-
ters, and less and less pressure on natural resources in water bodies due to economic factors
and security measures in connection with martial law will create favourable conditions for
further growth of the species’ population in Ukraine. In fact, the species should be recogni-
sed as an indispensable component of local animal communities, which has not been done
unequivocally so far.

Keywords: nutria, naturalisation, ecomorphology, climate change, Ukraine.
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ÄÅÏÐÅÑ²ß ×ÅÐÅÇ ÃÅÍÅÒÈ×ÍÓ ÍÅÑÒÀÁ²ËÜÍ²ÑÒÜ
ÏÎÏÓËßÖI¯ ÄÈÏËÎ¯ÄÍÎ-ÏÎË²ÏËÎ¯ÄÍÎÃÎ

ÊÎÌÏËÅÊÑÓ ÙÈÏ²ÂÎÊ COBITIS ELONGATOIDES —
TAENIA — TANAITICA ð. ²ÐÏ²ÍÜ, ÂÈÊËÈÊÀÍÓ
ÇÀÁÐÓÄÍÅÍÍßÌ ² ÏÎÑÈËÅÍÓ ÍÀÑË²ÄÊÀÌÈ

ÁÎÉÎÂÈÕ Ä²É

Äèïëî¿äíî-ïîë³ïëî¿äíèé êîìïëåêñ ùèï³âîê Cobitis elongatoides — taenia — tanai-
tica º ìîäåëüíèì îá’ºêòîì åâîëþö³éíî-åêîëîã³÷íèõ äîñë³äæåíü. Îñîáëèâó óâàãó ïðè-
âåðòàº ìàñîâà ãåíåòè÷íà íåñòàá³ëüí³ñòü ïîïóëÿö³é Cobitis taenia s. l. ð³÷îê Ïðàâîáå-
ðåæíî¿ Óêðà¿íè, çîêðåìà ð. ²ðï³íü. Ìîí³òîðèíã ãåíåòè÷íî¿ ñòðóêòóðè ëîêàëüíî¿ ïî-
ïóëÿö³¿ ð. ²ðï³íü çä³éñíåíî â ÷îòèðüîõ ïóíêòàõ ñåðåäíüî¿ ÷àñòèíè ð³÷êè ïðîòÿãîì
2001—2024 ðð. Âñòàíîâëåíî öèêë çì³í, ùî ïîâ’ÿçàíèé ç ïðîÿâîì ãåíåòè÷íî¿ íå-
ñòàá³ëüíîñò³ êëîíîâèõ ïîë³ïëî¿ä³â. Ó 2001—2002 ðð. ìàëè ì³ñöå â³äñóòí³ñòü àáî ïî-
îäèíîê³ âèïàäêè àíîìàë³é àëîçèìíèõ ñïåêòð³â íà òë³ âèñîêî¿ ù³ëüíîñò³ ïîïóëÿö³é ³
ïîøèðåíîñò³ ùèï³âîê ïî âñüîìó ðóñëó. Ó 2004—2021 ðð. ñïîñòåð³ãàëàñü ìàñîâ³ñòü
àíîìàë³é, ùî áóëè çàðåºñòðîâàí³ ó 70—96 % îñîáèí. Ïðè öüîìó â³äáóâàëîñü ïîñòóïî-
âå çíèæåííÿ ÷èñåëüíîñò³ òà ôðàãìåíòàö³ÿ ïîïóëÿö³¿ ùèï³âîê ð. ²ðï³íü íà ³çîëÿòè. Ó
2023—2024 ðð. âíàñë³äîê áîéîâèõ ä³é ³ ñòð³ìêîãî çìåíøåííÿ ïðîòî÷íîñò³ ²ðïåíÿ
ñòàëîñÿ çíèêíåííÿ ãåíåòè÷íî çì³íåíèõ îñîáèí, ùî çðåøòîþ ³ ñïðè÷èíèëî îáâàëüíå
çíèæåííÿ ÷èñåëüíîñò³ ùèï³âîê. Îòæå, ãåíåòè÷íà íåñòaá³ëüí³ñòü ó âèïàäêó êëîíî-
âèõ ùèï³âîê º ÷óòëèâèì á³î³íäèêàòîðîì, ÿêèé ñïî÷àòêó ÷³òêî â³äðåàãóâàâ íà ãåíî-
òîêñè÷í³ñòü ñåðåäîâèùà, à ï³ñëÿ ðóéíóâàííÿ ã³äðîòåõí³÷íèõ ñïîðóä, ùî çàáåçïå÷óâà-
ëè ïðîòî÷í³ñòü, â³ä³çâàâñÿ íà ñòð³ìê³ çì³íè åêîñèñòåì.

Êëþ÷îâ³ ñëîâà: ãåíåòè÷íà íåñòàá³ëüí³ñòü, Cobitis, ìóòàö³éí³ñòü ñåðåäîâèùà,
âèìèðàííÿ, ðóéíóâàííÿ åêîñèñòåì, áîéîâ³ ä³¿.
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ïîïóëÿöi¿ äèïëî¿äíî-ïîë³ïëî¿äíîãî êîìïëåêñó ùèï³âîê Cobitis elongatoides — taenia
— tanaitica ð. ²ðï³íü, âèêëèêàíó çàáðóäíåííÿì ³ ïîñèëåíó íàñë³äêàìè áîéîâèõ ä³é.
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Ùèï³âêè ðîäó Cobitis Linnaeus, 1758 çàçâè÷àé º äîñèòü ÷èñåëüíèìè
âèäàìè ºâðîïåéñüêèõ âîäíèõ ñèñòåì, äî òîãî æ äåÿê³ ç íèõ ìàþòü âåëèê³
àðåàëè. À âò³ì, ñòàí ïîïóëÿö³é ºâðîïåéñüêèõ âèä³â âèêëèêàº çàíåïî-
êîºííÿ ³ âîíè ïîòðåáóþòü ñïåö³àëüíî¿ îõîðîíè [11, 19]. Ïðè÷èíàìè ñòàëè
åêîëîã³÷í³ ³ ãåíåòè÷í³ îáñòàâèíè. Ó ïåðøîìó âèïàäêó — öå âðàçëèâ³ñòü
ïðè çì³íàõ ñåðåäîâèùà ³ñíóâàííÿ, ó äðóãîìó — ì³æâèäîâà ã³áðèäèçàö³ÿ,
ÿêà ïðèçâîäèòü äî ïîÿâè ð³çíîìàí³òíèõ êëîíîâèõ ïîë³ïëî¿äíèõ á³îòèï³â.
×èñåëüí³ñòü îñòàíí³õ âíàñë³äîê åôåêòèâíîãî ðîçìíîæåííÿ ïîñòóïîâî
çá³ëüøóºòüñÿ, ³ çãîäîì âîíè ïî÷èíàþòü ïåðåâàæàòè íàä îñîáèíàìè áàòü-
ê³âñüêèõ âèä³â [17, 18].

Äî òîãî æ ùèï³âêè º âäàëîþ ìîäåëëþ åâîëþö³éíî-ãåíåòè÷íèõ äîñ-
ë³äæåíü [10, 12] ³ ³ñòîðèêî-ãåîãðàô³÷íèõ ðåêîíñòðóêö³é [13, 15], à òàêîæ
åôåêòèâíèì îá’ºêòîì åêîëîãî-ãåíåòè÷íîãî ìîí³òîðèíãó [4, 5]. Êëþ÷îâå
ì³ñöå ïðè öüîìó çàéìàþòü êëîíîâ³ òðèïëî¿äíî-òåòðàïëî¿äí³ á³îòèïè, ùî
óòâîðèëèñÿ âíàñë³äîê ã³áðèäèçàö³¿ äóíàéñüêî¿ ùèï³âêè Ñ. elongatoides Ba-
cescu & Mayer, 1969 ç ïðåäñòàâíèêàìè íàäâèäîâîãî öèðêóìïîíòè÷íîãî
íàäâèäîâîãî êîìïëåêñó, ÿêèé çîêðåìà âêëþ÷àº ³ Ñ. taenia Linnaeus, 1758.
Êëîíîâ³ ïîë³ïëî¿äè º ìàéæå âèêëþ÷íî ñàìêàìè, ùî ðîçìíîæóþòüñÿ çà
äîïîìîãîþ ã³íîãåíåçó [16, 21], âèêîðèñòîâóþ÷è äëÿ ïñåâäîãàìíîãî ðîçì-
íîæåííÿ ñàìö³â äèïëî¿äíèõ, ÿê ïðàâèëî, áàòüê³âñüêèõ âèä³â. Äèïëî¿äè òà
ïîë³ïëî¿äè óòâîðþþòü ñï³ëüí³ ïîñåëåííÿ, â ÿêèõ ÷àñò³øå ïåðåâàæàþòü
îñòàíí³ [17, 18].

Ñèòóàö³þ, ùî ñêëàëàñÿ ç ïîïóëÿö³ÿìè ùèï³âîê ð³÷îê ²ðï³íü, Òåòåð³â
òà Çäâèæ ñë³ä ðîçãëÿäàòè ÿê óí³êàëüíèé âèïàäîê âïëèâó íà ïðèðîäíó ïî-
ïóëÿö³þ, ùî ïðèçâ³â äî ìàñîâèõ âèïàäê³â ãåíåòè÷íî¿ íåñòàá³ëüíîñò³ [3—
6]. ² öå íåâèïàäêîâî, àäæå ïðàâîáåðåæí³ ïðèòîêè Äí³ïðà º íàéá³ëüø çà-
áðóäíåíèìè ð³÷êàìè Óêðà¿íè [7]. Ïðè÷îìó îñîáëèâî çíà÷íå àíòðîïîãåí-
íå íàâàíòàæåííÿ ä³ñòàâ áàñåéí ð. ²ðï³íü, ñòàí ÿêîãî çà öèì ïîêàçíèêîì
îö³íþºòüñÿ â³ä íåçàäîâ³ëüíîãî äî êàòàñòðîô³÷íîãî [9].

Ãåíåòè÷í³ äîñë³äæåííÿ ñòðóêòóðè ëîêàëüíî¿ ïîïóëÿö³¿ ùèï³âîê ð. ²ð-
ï³íü, ùî òðèâàëè ïðîòÿãîì 2002—2021 ðð., ïîêàçàëè íàñòóïíó êàðòèíó
[3—5]. Ó 2001 ð. ó âèá³ðö³ ùèï³âîê, ùî áóëà âçÿòà íà òåðèòîð³¿ ì. ²ðï³íü,
ñïîñòåð³ãàëàñü ñòàíäàðòíà äëÿ äèïëî¿äíî-òåòðàïëî¿äíèõ ïîñåëåíü ñèòó-
àö³ÿ. Âîíî ñêëàäàëîñÿ ç äèïëî¿äíèõ îñîáèí Ñ. taenia, ùî ñòàíîâèëè á³ëÿ
òðåòèíè îñîáèí, òðèïëî¿ä³â ç îäíèì C. elongatoides — 2 taenia, C. elongatoi-
des — taenia — tanaitica àáî äâîìà Ñ. 2 elongatoides — tanaitica ãåíîìàìè
äóíàéñüêî¿ ùèï³âêè ³ îäèíè÷íèìè òåòðàïëî¿äàìè C. elongatoides — 2 tae-
nia, Ñ. elongatoides — taenia — 2 tanaitica, Ñ. 3 elongatoides — tanaitica. Ó
2002 ð. ñåðåä îñîáèí á³îòèïó Ñ. 2 elongatoides — tanaitica áóëè âèÿâëåí³
ïîîäèíîê³ âèïàäêè ãåíåòè÷íèõ àíîìàë³é. Âîíè áóëè ïîâ’ÿçàí³ ç ïîÿâîþ â
ñïåêòðàõ ëîêóñó Aat-1 çàì³ñòü ïðîäóêò³â ñòàíäàðòíîãî àëåëþ âëàñòèâîãî
âèäó Ñ. tanaitica çì³íåíîãî ïðîäóêòó ç ìåíøîþ åëåêòðîôîðåòè÷íîþ ìî-
á³ëüí³ñòþ. Âæå ÷åðåç îäíå ïîêîë³ííÿ â 2004 ð. ãåíåòè÷íî çì³íåí³ îñîáèíè
á³îòèïó Ñ. 2 elongatoides — tanaitica ñòàëè ïåðåâàæàòè, ñêëàâøè 71,3 % â³ä
çàãàëüíî¿ ê³ëüêîñò³ äîñë³äæåíèõ îñîáèí, ³ öå ïðè òîìó, ùî â 2001—
2002 ðð. íà öåé á³îòèï ïðèïàäàëî ìåíøå í³æ 20 % îñîáèí. Ó ïîäàëüøîìó
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àíîìàëüí³ îñîáèíè äîñÿãëè ð³âíÿ 90 %. Ðàïòîâ³ñòü ïîÿâè, äèñêðåòíèé õà-
ðàêòåð ì³íëèâîñò³ ³ íåçâîðîòí³ñòü äàþòü ï³äñòàâè ââàæàòè, ùî çì³íè àëî-
çèìíèõ ñïåêòð³â — öå ìóòàö³¿, à íàäçâè÷àéíà øâèäê³ñòü ¿õíüî¿ ïîÿâè âêà-
çóº íà ñèòóàö³þ ãåíåòè÷íî¿ íåñòàá³ëüíîñò³.

Íàéá³ëüø ³ìîâ³ðíîþ ïðè÷èíîþ ìàñîâî¿ ïîÿâè ãåíåòè÷íèõ àíîìàë³é
ñòàëî çàáðóäíåííÿ ð. ²ðï³íü, ùî áóëî ñïðè÷èíåíå ïî÷àòêîì ³íòåíñèâíîãî
âèðîùóâàííÿ òåõí³÷íèõ àãðîêóëüòóð íà íàäçàïëàâíèõ òåðàñàõ íà ïî÷àòêó
ÕÕ² ñò. Öå ïðèçâåëî äî çìèâó â ð³÷êó ó âåëèê³é ê³ëüêîñò³ á³îëîã³÷íî àêòèâ-
íèõ ðå÷îâèí, ïåñòèöèä³â òà ì³íåðàëüíèõ äîáðèâ. ×åðåç òå ùî ð. ²ðï³íü ìàº
åêñòðåìàëüíî çàðåãóëüîâàíå ðóñëî (â ñåðåäíüîìó îäíà äàìáà íà 2 êì) ó ñå-
ðåäí³é òà íèæí³é éîãî ÷àñòèíàõ â³äáóëîñü ¿õíº íàêîïè÷åííÿ, ùî ïðèçâå-
ëî íå ò³ëüêè äî çì³í ó ñêëàä³ á³îòè [4], àëå é äî ãåíåòè÷íî¿ íåñòàá³ëüíîñò³ ó
êëîíîâèõ ùèï³âîê [3] ñàìå íà öèõ ä³ëÿíêàõ ð³÷êè.

Âàæëèâîþ îñîáëèâ³ñòþ ð. ²ðï³íü áóëà ¿¿ øòó÷íà ï³äòðèìêà çà ðàõóíîê
ï³äéîìó âîäè íàñîñíèìè ñòàíö³ÿìè äî ð³âíÿ Êè¿âñüêîãî âîäîñõîâèùà.
Íàâåñí³ 2022 ð. ÷åðåç â³éñüêîâó íåîáõ³äí³ñòü áóëî çä³éñíåíî ï³äðèâ äàìá,
ùî â³äãîðîäæóþòü ²ðï³íü â³ä âîäîñõîâèùà. Âíàñë³äîê çì³íèâñÿ âîäíèé
ðåæèì ð³÷êè [1]. Ïðè öüîìó â³äáóëîñÿ ï³äâèùåííÿ ð³âíÿ âîäè, à â íèæí³é
³ ñåðåäí³é ÷àñòèíàõ çíà÷íî ñïîâ³ëüíèëàñü òå÷³ÿ, ùî ïðèçâåëî äî ïî÷àòêó
ñòð³ìêî¿ òðàíñôîðìàö³¿ åêîñèñòåì, ÿê³ ³ñòîðè÷íî ñêëàëèñÿ.

Ìåòà ðîáîòè ïîëÿãàëà ó âñòàíîâëåíí³ çàêîíîì³ðíîñòåé áàãàòîð³÷íèõ
çì³í ãåíîòèïíîãî ñêëàäó äèïëî¿äíî-ïîë³ïëî¿äíîãî óãðóïîâàííÿ ùèï³âîê
ð. ²ðï³íü ç àêöåíòîì íà êàðäèíàëüí³ çì³íè âîäíîãî ðåæèìó ó â³éñüêîâèé
÷àñ.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Àíàë³ç ãåíåòè÷íî¿ ñòðóêòóðè óãðóïîâàíü ùèï³âîê ïðîâåäåíî íà ñå-
ð³ÿõ âèá³ðîê, ç³áðàíèõ ïðîòÿãîì 7—15 ðîê³â ó ÷îòèðüîõ ïóíêòàõ. ²ðï³íü-1
(â³ä 50.501352, 30.257118 äî 50.510323, 30.258673) — ñåð³ÿ âèá³ðîê 2004—
2010 ðð. íà ì³ëèíàõ ïî ðóñëó ð³÷êè. ²ðï³íü-2 — ñåð³ÿ 2013—2024 ðð. (íåâå-
ëèêà çàòîêà ç ï³ùàíèì äíîì ó òî÷ö³ 50.521508, 30.272824 ³ ïî ðóñëó çà
øëþçîì â³ä 50.522462, 30.271887 ³ äî 50.516533, 30.257988). Á³ëîãîðîäêà-1
(50.397460, 30.216748) — âèá³ðêè ç³áðàí³ ïðîòÿãîì 2010—2024 ðð. ïî ðóñ-
ëó â³äðàçó çà øëþçîì. Ä³ä³âùèíà-1 (50.1509043, 29.774528) — ñåð³ÿ âè-
á³ðîê, ç³áðàíèõ ó 2017—2024 ðð. ïî ðóñëó îäðàçó çà øëþçîì.

Ëîâ ùèï³âîê çä³éñíþâàëè ³õò³îëîã³÷íèì ñà÷êîì äî 1 ì â ä³àìåòð³ ç
â³÷êîì â 1 ñì ó äîçâîëåíèé ïåð³îä. Öåé ñïîñ³á íå ñóïåðå÷èòü á³îåòè÷íèì
íîðìàì òà ïðàâèëàì ðèáàëüñòâà. Ô³êñàö³þ ÷àñó ëîâó ïðîâîäèëè ç 2004 ð.
Öå äîçâîëèëî îö³íþâàòè ù³ëüí³ñòü ïîïóëÿö³é ÿê ê³ëüê³ñòü äîáóòèõ ðèá çà
ãîäèíó ëîâó.

Àëîçèìíèé àíàë³ç âèêîíàíî çà äîïîìîãîþ åëåêòðîôîðåçó â 7,5 %-âî-
ìó ïîë³àêðèëàì³äíîìó ãåë³ òà íåïåðåðâí³é òðèñ-ÅÄÒÀ-áîðàòí³é ðÍ 8,5
ñèñòåì³ áóôåð³â [19]. Îá´ðóíòóâàííÿ íàáîðó ä³àãíîñòè÷íèõ ëîêóñ³â òà
³íòåðïðåòàö³ÿ ¿õíüî¿ ì³íëèâîñò³ áóëè íàâåäåí³ ðàí³øå [3—6]. Ôàêò íàÿâ-
íîñò³ ãåíåòè÷íî¿ íåñòàá³ëüíîñò³ òà ¿¿ ³íòåíñèâí³ñòü âèçíà÷àëè çà ê³ëüê³ñòþ
îñîáèí ç³ çì³íåíèìè ñïåêòðàìè (ðèñ. 1).
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Ðåçóëüòàòè äîñë³äæåíü

Âñüîãî áóëî ³äåíòèô³êîâàíî 10 êëîíîâèõ á³îòèï³â, ãåíîòèïîâó ñòðóê-
òóðó ÿêèõ çà ñêëàäîì åëåêòðîìîðô ïðåäñòàâëåíî ó òàáëèö³ 1, òà îäèí
áàòüê³âñüêèé äèïëî¿äíèé âèä C. taenia. Ïîë³ïëî¿äí³ á³îòèïè ôîðìóþòü
ï’ÿòü ãðóï, ùî ïîä³ëÿþòüñÿ íà äâ³ ï³äãðóïè: ç³ ñòàíäàðòíèìè àëåëÿìè
ïðèòàìàííèìè áàòüê³âñüêèì âèäàì (íîðìàëüí³) òà ç³ çì³íåíèìè åëåêòðî-
ôîðåòè÷íèìè ñïåêòðàìè, ôîðìóâàííÿ ÿêèõ â³äáóëîñü çà ó÷àñòþ ïðî-
äóêò³â àëåë³â, ùî â³äñóòí³ â ãåíîìàõ áàòüê³âñüêèõ âèä³â (àíîìàëüí³).

Ñòðóêòóðà ïîñåëåíü ùèï³âîê ìàº ïåâíó ïðîñòîðîâó íåîäíîçíà÷í³ñòü
³ íåñòàá³ëüíà ó ÷àñ³ (òàáë. 2). Îñîáëèâèé ³íòåðåñ â êîíòåêñò³ äàíî¿ ðîáîòè
âèêëèêàþòü çì³íè, ùî ñòàëèñÿ â ³íòåðâàë³ 2021—2024 ðð. ³ ÿê³ ïîâ’ÿçàí³ ç
âèìèðàííÿì àíîìàëüíèõ îñîáèí. Îñòàíí³ âêëþ÷íî äî 2021 ð. ó ïîïóëÿö³¿
ùèï³âîê ²ðïåíÿ ñòàíîâèëè àáñîëþòíó á³ëüø³ñòü.

Ó ïîïóëÿö³¿ ²ðï³íü-1 ó 2004 ð. ÷àñòêà ãåíåòè÷íî àíîìàëüíèõ ïîë³-
ïëî¿ä³â (EE(E)N-A + EENT-A) ñêëàëà 74,7 % (ðèñ. 2), ñòàíäàðòíèõ ïîë³-
ïëî¿ä³â ãðóïè EN(N)T(T) áóëî 17,1 % òà îñîáèí Ñ. taenia — 8,1 %. Ïðè öüî-
ìó ê³ëüê³ñòü ðèá íà ÷àñ ëîâó áóëî ùîíàéìåíøå 58 îñîáèí. Ïðîòÿãîì
2005—2008 ðð. äîäàâñÿ ùå é á³îòèï ENT-A1, ïðè öüîìó ÷àñòêà ãåíåòè÷íî
çì³íåíèõ îñîáèí ùå çá³ëüøèëàñÿ (67,9—90 %). Ñòàíäàðòí³ ïîë³ïëî¿äè
ãðóïè EN(N)T(T) ñòàíîâèëè ëèøå 0,5—28,6 %, îñîáèíè Ñ. taenia — 3,6—
8,3 %. Ïîêàçíèê ù³ëüíîñò³ ïîïóëÿö³é ìàâ ð³çêå çíèæåííÿ â³ä 28 îñîáèí çà
ãîäèíó ëîâó â 2005 ð. äî 13 ó 2008 ð. Ó 2010 ð. á³ëüø í³æ çà ãîäèíó àêòèâíî-
ãî ëîâó âäàëîñÿ çëîâèòè ëèøå 10 îñîáèí. Âîäíî÷àñ ãåíåòè÷íà ñòðóêòóðà
óãðóïîâàííÿ ïîâåðíóëàñÿ äî ïî÷àòêîâî¿, ùî ìàëà ì³ñöå â 2002 ð. Ãåíåòè÷-
íî çì³íåí³ ïîë³ïëî¿äè îïèíèëèñÿ â ìåíøîñò³, ñêëàâøè ëèøå 10 %, ñòàí-
äàðòí³ ïîë³ïëî¿äè ñòàëè ïåðåâàæàòè íà ð³âí³ 60 % ³ ÷àñòîòà îñîáè Ñ. taenia
îïèíèëàñÿ íà ð³âí³ 30 %. Ó 2013 ð. â öüîìó ì³ñö³ ùèï³âîê âçàãàë³ íå âäàëî-
ñÿ çëîâèòè.
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Ðèñ. 1. Ñïåêòðè àñïàðòàòàì³íîòðàíñôåðàçè, ùî êîäóþòüñÿ ëîêóñîì Aat-1, â ñèòóàö³¿
ìàñîâî¿ ãåíåòè÷íî¿ íåñòàá³ëüíîñò³ â ïîïóëÿö³¿ ²ðï³íü-1: 1 — ïîë³ïëî¿äè ç³ çì³íåíèìè
ñïåêòðàìè á³îòèïó Ñ. 2 (3) elongatoides — tanaitica (EE(E)N-A); 2 — áåêêðîñè á³îòèïó
Ñ. 2 elongatoides — tanaitica ç ñàìöÿìè C. taenia (EENT-A); 3 — ñòàíäàðòíèé òðèï-
ëî¿äíèé á³îòèï ãðóïè EN(N)T(T), 4 — îñîáèíà C. taenia



Â óãðóïîâàíí³ ²ðï³íü-2 ìàº ì³ñöå àíàëîã³÷íà òåíäåíö³ÿ: çíèæåííÿ ÷à-
ñòîò àíîìàëüíèõ á³îòèï³â çá³ãàºòüñÿ ç ïàä³ííÿì ÷èñåëüíîñò³ (äèâ. ðèñ. 2).
Ç 2013 äî 2017 ð. àíîìàëüí³ á³îòèïè ãðóïè EE(E)N-A ÿâíî ïåðåâàæàëè.
¯õíÿ ÷àñòîòà áóëà â ìåæàõ 92,6—93,9 %. Òîä³ ÿê ñòàíäàðòí³ êëîíîâ³ á³îòè-
ïè ãðóïè EN(N)T(T) òà îñîáèíè C. taenia çóñòð³÷àëèñü ó ì³çåðí³é
ê³ëüêîñò³: â³ä 0 äî 6,1 % òà â³ä 0 äî 7,4 % â³äïîâ³äíî. Âîäíî÷àñ ù³ëüí³ñòü
ïîñåëåíü áóëà ïîì³ðíî âèñîêîþ ³ äîñèòü ñòàá³ëüíîþ, ñòàíîâëÿ÷è 27—34
îñîáèí íà ãîäèíó ëîâó. Ó 2021 ð. ÷èñåëüí³ñòü ð³çêî âïàëà ³ çà ãîäèíó âäà-
ëîñÿ çëîâèòè ëèøå ÷îòèðè îñîáèíè, ñåðåä ÿêèõ òðè áóëè ç ãåíåòè÷íèìè
àíîìàë³ÿìè òà îäíà C. taenia. Ó 2024 ð. çà ò³º¿ æ ³íòåíñèâíîñò³ ëîâó ñï³éìà-
ëè äâ³ ùèï³âêè: îäíó ñòàíäàðòíîãî á³îòèïó EE(E)N ³ îäíó îñîáèíó C. tae-
nia.

Óãðóïîâàííþ Á³ëîãîðîäêà âëàñòèâå êðàéíº äîì³íóâàííÿ ãåíåòè÷íî
àíîìàëüíèõ ïîë³ïëî¿ä³â (äèâ. ðèñ. 2). Ç 2010 ïî 2021 ð. ¿õíÿ ÷àñòîòà ñòàíî-
âèëà â³ä 84,8 äî 96,6 %. ×àñòîòà ñòàíäàðòíèõ ïîë³ïëî¿ä³â êîëèâàëàñÿ â ìå-
æàõ 0—12,1 %, à C. taenia 0-4,9 %. Âîäíî÷àñ ù³ëüí³ñòü ïîïóëÿö³é áóëà äî-
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Òàáëèöÿ 1
Íàáîðè åëåêòðîìîðô, çà ÿêèìè ä³àãíîñòóþòüñÿ áàòüê³âñüê³ âèäè, òà á³îòèïè,

ùî ôîðìóþòü ïåâí³ ãðóïè á³îòèï³â

Á³îòèïîâ³ ãðóïè
òà âèäè

Á³îòèïè, ùî ôîðìóþòü
á³îòèïîâ³ ãðóïè

Íàá³ð ä³àãíîñòè÷íèõ
åëåêòðîìîðô

TT C. taenia Aat-1cc, Mdh-1Abb, Ldh-Bab,
Ldh-Bbb

NN C. tanaitica Aat-1cc, Mdh-1Abb, Ldh-Bbb

EE C. elongatoides Aat-1aa, Aat-1ab, Aat-1bb, Mdh-1Aaa,
Ldh-Bb

EN(N)T(T) C. elongatoides —2 (3) taenia,
C. elongatoides — (2) tanaitica
— taenia

Aat-1acc, Mdh-1Aabb, Ldh-Babb,
Ldh-Bb

EE(E)N C. 2 (3) elongatoides —
tanaitica

Aat-1aac, Mdh-1Aaab, Ldh-Bb

EE(E)N-A C. 2 (3) elongatoides —
tanaitica

Aat-1aad, Mdh-1Aaab, Ldh-Bb

ENT-A1 C. elongatoides — tanaitica —
taenia

Aat-1aacd, Mdh-1Aaab, Ldh-Bb

ENT-A2 C. elongatoides — taenia —
tanaitica

Aat-1aacd, Mdh-1Aaab, Ldh-Babb

EETT-A C. 2 elongatoides — taenia —
tanaitica

Aat-1aacd, Mdh-1Aab, Ldh-Bb

R C. elongatoides — taenia —
tanaitica

Aat-1acc, Mdh-1Aaab, Ldh-Bb

Ï ð è ì ³ ò ê à. A — îñîáèíè, ÿêèì âëàñòèâèé àíîìàëüíèé àëåëü Aat-1d, R — ðå-
êîìá³íàíòè.
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ñèòü âèñîêîþ íà ð³âí³
â³ä 24 äî 41 îñîáèíè çà
ãîäèíó ëîâó. Â 2024 ð.,
ïîïðè ðåòåëüí³ñòü
ïðîâåäåíèõ ëîâ³â, íå
âäàëîñÿ çëîâèòè æîä-
íî¿ îñîáèíè, ùî ñâ³ä-
÷èòü ïðî âèðàæåíó äå-
ïðåñ³þ ö³º¿ ïîïóëÿö³¿.

Ó çì³øàí³é äèï-
ëî¿äíî-ïîë³ïëî¿äí³é
ïîïóëÿö³¿ ùèï³âîê Ä³-
ä³âùèíà, ðîçòàøîâà-
í³é âæå íà ìåæ³ ñåðåä-
íüî¿ òà âåðõíüî¿ ÷àñòèí
ð³÷êè, ó ïåð³îä ç 2017
ïî 2021 ð. ñòàá³ëüíî ïå-
ðåâàæàëè ïîë³ïëî¿äí³
ùèï³âêè àíîìàëüíîãî
á³îòèïó ENT-A2, ÷àñ-
òîòà ÿêèõ çàëåæíî â³ä
ðîêó êîëèâàëàñü â³ä 67
äî 80 % (äèâ. ðèñ. 2).
Ñòàíäàðòí³ ïîë³ïëî¿ä-
í³ á³îòèïè EN(N)T(T)
ãðóïè ñòàíîâèëè 17—
24 %, à îñîáèíè C. tae-
nia â³ä 0 äî 17 %. Âî-
äíî÷àñ ù³ëüí³ñòü ïî-
ïóëÿö³¿ â òîé ïåð³îä áó-
ëà äîñòàòíüî âèñîêîþ
â³ä 20 äî 36 îñîáèí çà
ãîäèíó ëîâó. Ó 2023 ð.
åôåêòèâí³ñòü ëîâó âïà-
ëà äî 11 îñîáèí, à ÷àñ-
òîòà ãåíåòè÷íî àíî-
ìàëüíèõ ïîë³ïëî¿ä³â
çìåíøèëàñü ó 3—4 ðà-
çè, ñêëàâøè 20 %. Ïðè
öüîìó ÷àñòîòà ñòàí-
äàðòíèõ á³îòèï³â çðîñ-
ëà äî 56,7 %, à C. taenia
äî 23,3 %. Ó 2024 ð. ðå-
òåëüí³ ëîâè â ñåðåäèí³-
ê³íö³ ÷åðâíÿ äàëè ì³í³-
ìàëüíó îö³íêó ù³ëü-
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íîñò³ íà ð³âí³ 7 îñîáèí íà ãîäèíó ëîâó. Ïðè öüîìó àíîìàëüí³ îñîáèíè âçà-
ãàë³ íå áóëè âèÿâëåí³, ÷àñòêà ñòàíäàðòíèõ ïîë³ïëî¿ä³â äîñÿãëà 86,7 %, äèï-
ëî¿äè ñêëàëè 13,3 %.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Âèïàäîê ìàñîâî¿ ãåíåòè÷íî¿ íåñòàá³ëüíîñò³ â êëîíîâèõ ïîïóëÿö³ÿõ
ùèï³âîê ð. ²ðï³íü íå º ÷èìîñü íåñïîä³âàíèì, àäæå ìóòàãåííå çàáðóäíåííÿ
â³äì³÷åíî â ïîâåðõíåâèõ âîäàõ óñüîãî Äí³ïðà [14]. Äî òîãî æ öÿ ð³÷êà º
îäí³ºþ ç íàéá³ëüø çàðåãóëüîâàíèõ ³ çàáðóäíåíèõ ïðàâîáåðåæíèõ ïðèòîê
Äí³ïðà Öåíòðàëüíî¿ Óêðà¿íè [7, 9], à ä³ëÿíêà â ìåæàõ ì. ²ðï³íü, äå áóëè
ïðîâåäåí³ íàéá³ëüø ìàñøòàáí³ äîñë³äæåííÿ, çà ïîêàçíèêàìè ÿêîñòi âîäè
îö³íþºòüñÿ â³ä çàáðóäíåíî¿ äî äóæå áðóäíî¿ [2].

Ðåçóëüòàòè ìîí³òîðèíãó ïîïóëÿö³¿ ùèï³âîê ð. ²ðï³íü ç 2001 ïî 2024 ð.
ïîêàçóþòü íàñòóïíó åòàïí³ñòü çì³í ãåíåòè÷íî¿ ñòðóêòóðè: â³äñóòí³ñòü ãå-
íåòè÷íî çì³íåíèõ á³îòèï³â → ð³äê³ñí³ âèïàäêè ãåíåòè÷íèõ àíîìàë³é →
ìàñîâ³ñòü àíîìàë³é → ð³äê³ñí³ñòü ãåíåòè÷íèõ àíîìàë³é → â³äñóòí³ñòü ãå-
íåòè÷íî çì³íåíèõ ïîë³ïëî¿ä³â. Òåíäåíö³ÿ ñóïðîâîäæóºòüñÿ ïàä³ííÿì ÷è-
ñåëüíîñò³ ³ ù³ëüíîñò³ ïîïóëÿö³¿. Â 2001—2008 ðð. óãðóïîâàííÿ ùèï³âîê
áóëè â³äíîñíî áàãàòî÷èñåëüíèìè ç âèñîêîþ ù³ëüí³ñòþ. ¯õí³é âèëîâ ìåíø
í³æ çà ÷àñ ëîâó áåç îñîáëèâèõ çóñèëü ñòàíîâèâ ê³ëüêà äåñÿòê³â îñîáèí.
Ïðè öüîìó âîíè çóñòð³÷àëèñÿ ïðàêòè÷íî ïî âñüîìó ðóñëó. Â 2010—
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Ðèñ. 2. ×àñòîòè á³îòèï³â ç àíîìàë³ÿìè (%) ç³ ñòàíäàðòíèìè ïîõèáêàìè òà ù³ëüí³ñòü
ïîïóëÿö³é (p) çà ê³ëüê³ñòþ ñï³éìàíèõ îñîáèí çà ãîäèíó ëîâó ïî ðîêàõ íà ð³çíèõ
ä³ëÿíêàõ ð. ²ðï³íü: à — ²ðï³íü-1; á — ²ðï³íü-2; â — Á³ëîãîðîäêà; ã —Ä³ä³âùèíà



2021 ðð. ïîïóëÿö³ÿ ùèï³âîê ð. ²ðï³íü ïî÷àëà ôðàãìåíòóâàòèñÿ. Â³äíîñíî
ù³ëüí³ óãðóïîâàííÿ çáåðåãëèñÿ ãîëîâíèì ÷èíîì íà ïîñòøëþçîâèõ ä³ëÿí-
êàõ ð³÷êè, äå ùå áóëà ïîñò³éíà òå÷³ÿ. Ïðè öüîìó çá³ð íåîáõ³äíîãî ìà-
òåð³àëó äëÿ ãåíåòè÷íèõ äîñë³äæåíü âæå âèìàãàâ á³ëüøèõ ÷àñîâèõ âèòðàò.
Â 2023—2024 ðð. ï³ñëÿ ðóéíóâàííÿ äàìá, ùî â³ää³ëÿëè ²ðï³íü â³ä Êè¿â-
ñüêîãî âîäîñõîâèùà, ³ óïîâ³ëüíåííÿ òå÷³¿ îñîáëèâî â íèæí³é ³ ñåðåäí³é
÷àñòèíàõ ð³÷êè ùèï³âêè ïîäåêóäè çíèêëè, à ì³ñöÿìè ñòàëè çóñòð³÷àòèñÿ
ëèøå ïîîäèíîêèìè îñîáèíàìè. Âîäíî÷àñ ó 2024 ð. ãåíåòè÷íî çì³íåí³ îñî-
áèíè íå áóëè çíàéäåí³ âçàãàë³, ùî âêàçóº íà çíèêíåííÿ íàéá³ëüø ÷èñëåí-
íî¿ ñêëàäîâî¿ ïîïóëÿö³é ùèï³âîê.

Îòæå íà ïåðøèé ïîãëÿä âèíèêàº ïåâíå ïðîòèð³÷÷ÿ. Ñïî÷àòêó âíàñ-
ë³äîê çàáðóäíåííÿ ìàëà ì³ñöå ìàñîâà çóñòð³÷àëüí³ñòü ñàìå ãåíåòè÷íî àíî-
ìàëüíèõ á³îòèï³â, à íàïðèê³íö³, â ïåð³îä ñòð³ìêî¿ äåôîðìàö³¿ åêîñèñòåì
— ¿õíº ïåðøî÷åðãîâå âèìèðàííÿ, òîáòî íåçðîçóì³ëî âîíè — º íàéá³ëüø
÷è íàéìåíø ïðèñòîñîâàíèìè. Ìîæíà ïðèïóñòèòè ê³ëüêà ïîÿñíåíü ö³º¿
ïàðàäîêñàëüíî¿ ñèòóàö³¿. ²ìîâ³ðíî ïî÷àòêîâ³ ãåíåòè÷í³ çì³íè ìàëè ïåâ-
íèé ñòèìóëþþ÷èé åôåêò, ùî ïîçèòèâíî âïëèâàâ íà æèòòºçäàòí³ñòü. Îä-
íàê ó ðÿä³ ïîêîë³íü îñîáèíè ç ãåíåòè÷íèìè àíîìàë³ÿìè ïîñòóïîâî íàêî-
ïè÷èëè ìóòàö³éíèé òÿãàð, ùî ïðèçâåëî äî çìåíøåííÿ ¿õíüî¿ ïðèñòîñîâà-
íîñò³. � é äðóãå á³ëüø åêîëîã³÷íå ïîÿñíåííÿ. Ñïåðøó, âíàñë³äîê çàëïîâî-
ãî çàáðóäíåííÿ ð³÷êè íà ïî÷àòêó 2000-õ ðîê³â â³äáóëàñü ìàñîâà ïîÿâà ãå-
íåòè÷íî çì³íåíèõ îñîáèí, ïðè öüîìó ñïàëàõó ÷èñåëüíîñò³ ùèï³âîê ÿê òà-
êîãî íå áóëî. Ðåàêö³ÿ íà ð³âí³ åêîñèñòåì òàêîæ ìàëà ì³ñöå, îäíàê öå áóëè
ëèøå íåçíà÷í³ çì³íè, ùî ïðèçâîäèëè ëèøå äî ïîñòóïîâîãî çìåíøåííÿ
÷èñåëüíîñò³ ùèï³âîê. Îñòàòî÷íà äåïðåñ³ÿ íàñòàëà âíàñë³äîê ñòð³ìêî¿
òðàíñôîðìàö³¿ åêîñèñòåì ï³ñëÿ ðóéíóâàííÿ ã³äðîòåõí³÷íèõ ñïîðóä ó
2022 ð. Öå ñòàëî ïðè÷èíîþ çíèùåííÿ ì³ñöü íåðåñòó ³, â³äïîâ³äíî, øâèä-
êîãî çìåíøåííÿ ðîçì³ð³â ïîïóëÿö³¿, ùî îñîáëèâî àêòóàëüíî äëÿ òàêîãî
êîðîòêîöèêë³÷íîãî âèäó ÿê C. taenia. Ïðè÷îìó îáâàëüíå çíèæåííÿ ÷èñå-
ëüíîñò³ â³äáóëîñÿ â ïåðøó ÷åðãó çà ðàõóíîê ãåíåòè÷íî çì³íåíèõ îñîáèí,
ùî âèÿâèëèñü îñîáëèâî âðàçëèâèìè.

Îòæå ïîÿâà ÷è çì³íà çóñòð³÷àëüíîñò³ ãåíåòè÷íî çì³íåíèõ êëîíîâèõ
ùèï³âîê ìîæå ðîçãëÿäàòèñÿ ÿê ä³ºâèé á³î³íäèêàòîð çàáðóäíåííÿ âîäíî¿
ñèñòåìè ãåíîòîêñè÷íèìè ðå÷îâèíàìè. Ïðè÷îìó ôàêò òîãî, ùî ñàìå çíà÷-
íå àíòðîïîãåííå íàâàíòàæåííÿ ñòàëî ïðè÷èíîþ ìàñîâèõ ãåíåòè÷íèõ
àíîìàë³é äîâîäèòü òà îáñòàâèíà, ùî â íèæí³é ³ ñåðåäí³é ÷àñòèí³ ð³÷êè, äå,
âëàñíå, ³ çóñòð³÷àþòüñÿ àíîìàëüí³ ùèï³âêè, ñòàëèñÿ íàéá³ëüø³ çì³íè á³î-
òè. Çîêðåìà çíèêëè âñ³ ø³ñòü âèä³â ïåðë³âíèöåâèõ, âëàñòèâèõ ö³é ð³÷ö³
[4]. Ñë³ä çàçíà÷èòè, ùî ÷óòëèâ³ñòü ãåíåòè÷íîãî á³î³íäèêàòîðà, ùî ìèò-
òºâî â³äðåàãóâàâ íà çì³íè ñåðåäîâèùà, îñîáëèâî ïîì³òíà â ñèòóàö³¿ ç
ð. ²ðï³íü íà ôîí³ íåçì³ííîñò³ òàêîãî ïîêàçíèêà ÿê ïðîñòîðîâèé ðîçïîä³ë
âèä³â ³ âèäîâèé ñêëàä ³õò³îôàóíè, ùî íå çàçíàâ ó ñâî¿é àáîðèãåíí³é ÷àñ-
òèí³ ñóòòºâèõ çì³í àæ äî 2024 ð. [8].
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Âèñíîâêè

Ó íèæí³é ³ ñåðåäí³é ÷àñòèíàõ ð. ²ðï³íü ìàâ ì³ñöå âèïàäîê ìàñîâî¿ ãå-
íåòè÷íî¿ íåñòàá³ëüíîñò³ êëîíîâèõ ïîïóëÿö³é ùèï³âîê Cobitis elongatoides

— taenia — tanaitica, ÿêèé ñòàâñÿ íà ïî÷àòêó 2000-õ ðîê³â ³ çàâåðøèâñÿ â
2024 ð. ï³ñëÿ ðóéíóâàííÿ ã³äðîòåõí³÷íèõ ñïîðóä âíàñë³äîê áîéîâèõ ä³é ³
ñòð³ìêî¿ òðàíñôîðìàö³¿ åêîñèñòåì.

Éîãî ïðè÷èíîþ ñòàëî êðèòè÷íå çàáðóäíåííÿ, à ÷èííèêàìè çàâåð-
øåííÿ — åë³ì³íàö³ÿ ãåíåòè÷íî çì³íåíèõ îñîáèí, ÿê³ äî ïî÷àòêó áîéîâèõ
ä³é ñòàíîâèëè á³ëÿ 90 %, ùî âðåøò³-ðåøò ³ ïðèçâåëî äî îáâàëüíîãî çíè-
æåííÿ ÷èñåëüíîñò³ ïîïóëÿö³¿ ùèï³âêè ð. ²ðï³íü.

Ôàêò ïîÿâè ãåíåòè÷íî çì³íåíèõ êëîíîâèõ ùèï³âîê, à òàêîæ äèíàì³êó
¿õí³õ ÷àñòîò ñë³ä ðîçãëÿäàòè ó ÿêîñò³ ÷óòëèâèõ á³î³íäèêàòîð³â ìóòàãåí-
íîñò³ ñåðåäîâèùà.
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DEPRESSION DUE TO GENETIC INSTABILITY OF THE POPULATION OF
DIPLOID-POLYPLOID COMPLEX OF SPINED LOACH COBITIS ELONGATOIDES
— TAENIA — TANATICA OF THE IRPIN RIVER CAUSED BY POLLUTION AND

ENHANCED BY THE CONSEQUNCES OF HOSTILITIES

The diploid-polyploid complex of spined loach Cobitis elongatoides — taenia — tana-
itica is a model object of evolutionary-ecological studies. The mass genetic instability of
Cobitis taenia s. l. populations attracts special attention in the rivers of the right bank of
Ukraine, in particular in the Irpin River. The monitoring of the genetic structure of the lo-
cal population of this fish in the Irpin River was carried out in four points of the middle re-
aches of the river during 2001—2024. A set of changes associated with the manifestation of
genetic instability of clonal polyploids has been established. In 2001—2002 there were no
or only some cases of anomalies of allozyme spectra against the background of high popu-
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lation density and prevalence of spined loach throughout the riverbed. In 2004—2021 the
mass of anomalies was observed, which were registered in 70—96% of individuals. At the
same time, there was fish numbers gradual decrease and spined loach population fragmen-
tation into isolates. In 2023—2024 as a result of hostilities and a rapid decrease in the flow
rate of the Irpin River, genetically changed individuals disappeared, which ultimately cau-
sed a sharp decrease in the numbers of spined loach. Therefore, genetic instability of clonal
spined loach is a sensitive bioindicator that first clearly responded to the genotoxicity of the
environment and after the destruction of hydraulic constructions that ensured flow, res-
ponded to rapid changes in ecosystems.

Keywords: genetic instability, Cobitis, environment mutability, extinction, destruction
of ecosystems, hostilities.
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òåð³ãàºòüñÿ ÷àñòêîâå óðàæåííÿ ïå÷³íêè çà âåëè÷èíîþ àêòèâíîñò³ ÀñÀÒ òà ÀëÀÒ,
êîåô³ö³ºíòà äå Ð³ò³ñà ïðè ïîã³ðøåíí³ åêîëîã³÷íèõ óìîâ. Â îñíîâíîìó âñ³ äîñë³äæóâàí³
âèäè àêòèâíî âèêîðèñòîâóþòü åíåðãåòè÷í³ ðåñóðñè (ãëþêîçó) çàäëÿ ïðèñòîñóâàííÿ
äî íàÿâíèõ óìîâ ñåðåäîâèùà. Äëÿ ïåðåâàæíî¿ á³ëüøîñò³ äîñë³äæåíèõ ïîêàçíèê³â íàé-
á³ëüøèé êîåô³ö³ºíò âàð³àö³¿ çàô³êñîâàíî ó êàðàñÿ, ïîò³ì — ó êðàñíîï³ðêè òà çíà÷íî
ìåíøèé — ó ïë³òêè òà îêóíÿ.

Êëþ÷îâ³ ñëîâà: îêóíü ð³÷êîâèé, ïë³òêà çâè÷àéíà, êðàñíîï³ðêà çâè÷àéíà, êàðàñü
ñð³áëÿñòèé, êîðòèçîë, òèðîêñèí, òðèéîäòèðîí³í, àêòèâí³ñòü ÀñÀÒ òà ÀëÀÒ,
êîåô³ö³ºíò äå Ð³ò³ñà, ãëþêîçà, ÿê³ñòü âîäè, àäàïòàö³ÿ.

Àíòðîïîãåííèé âïëèâ íà âîäí³ åêîñèñòåìè ñóêóïíî ç³ çì³íàìè ïðè-
ðîäíèõ ÷èííèê³â º îäí³ºþ ç ãîëîâíèõ ïðè÷èí íåçàäîâ³ëüíî¿ ÿêîñò³ âîäè.
Öå âèêëèêàº ³ñòîòí³ çì³íè ó ñåðåäîâèù³ ³ñíóâàííÿ ðèá, çîêðåìà âïëèâàº
íà ¿õíº æèâëåííÿ, ð³ñò, ðîçâèòîê òà â³äòâîðåííÿ, ùî ó ïîäàëüøîìó ìîæå
â³äîáðàæàòèñü íà ñòðóêòóð³ ¿õ óãðóïîâàíü, ïðèçâîäèòè äî çâóæåííÿ àáî
ðîçøèðåííÿ àðåàë³â ðîçïîâñþäæåííÿ [11, 13]. Ð³âåíü çàáðóäíåííÿ ìîæíà
îö³íþâàòè ç âèêîðèñòàííÿì ô³çèêî-õ³ì³÷íèõ ìåòîä³â, àëå âîíè íå çàâæäè
º äîñêîíàëèìè, îñê³ëüêè íå íàäàþòü ïîâíî¿ êàðòèíè ñòàíó âîäíèõ åêîñè-
ñòåì [2, 9]. Á³ëüø ³íôîðìàòèâíèì ìåòîäîì îö³íêè ñòàíó âîäîéì º á³î-
ëîã³÷íèé ìåòîä, òîìó ùî çà éîãî äîïîìîãîþ ìîæíà âèÿâèòè ðåçóëüòàòè
âïëèâó ïåð³îäè÷íîãî ÷è äîâãîòðèâàëîãî çàáðóäíåííÿ [12].

Âðàõîâóþ÷è åêîëîã³÷íó ñòðóêòóðîâàí³ñòü ³õò³îôàóíè, çîêðåìà ïðî-
ñòîðîâèé ðîçïîä³ë ¿¿ ïðåäñòàâíèê³â ó âîäîéì³, à òàêîæ òèï æèâëåííÿ,
á³îëîã³÷íèé ìåòîä äîçâîëÿº âèîêðåìèòè ïåâí³ ä³ëÿíêè, ÿê³ ï³ääàþòüñÿ
íàéá³ëüøîìó âïëèâó àíòðîïîãåííîãî íàâàíòàæåííÿ [6]. ×åðåç íåîäíî-
ð³äí³ñòü ì³æâèäîâèõ óãðóïîâàíü ðèá, à òàêîæ ïðîäóêóâàííÿ íèìè ñïå-
öèô³÷íèõ ðåàêö³é íà çîâí³øí³ ÷èííèêè ìîæíà äîñë³äæóâàòè íå ëèøå
â³äãóê ïåâíîãî âèäó íà çàáðóäíåííÿ, à é âñüîãî ³õò³îöåíîçó.

Â³äîìî, ùî ôåðìåíòàòèâíà ñèñòåìà òà ãîðìîíàëüíå ðåãóëþâàííÿ ìå-
òàáîë³÷íèõ ïðîöåñ³â ó ðèá âàæëèâå çíà÷åííÿ äëÿ çàáåçïå÷åííÿ æèòòºâî
âàæëèâèõ ïðîöåñ³â, ïîâ’ÿçàíèõ ç ðîçâèòêîì ðåàêö³é ñïðîòèâó îðãàí³çìó
äî ì³íëèâîãî ñåðåäîâèùà, çîêðåìà â óìîâàõ õðîí³÷íîãî ñòðåñó, à òàêîæ çà
ðàïòîâèõ çì³í ó ñåðåäîâèù³ ³ñíóâàííÿ [11, 14, 15].

Çà ä³¿ íåñïðèÿòëèâèõ ôàêòîð³â â îðãàí³çì³ ñïîñòåð³ãàºòüñÿ âçàºìîä³ÿ
äâîõ ïðîöåñ³â: ïîøêîäæåííÿ (äåñòðóêö³ÿ) òà çàõèñòó (êîìïåíñàòîðíà
àäàïòàö³ÿ). ¯õíº ñï³ââ³äíîøåííÿ âèçíà÷àº ð³âåíü òîêñè÷íîñò³ ñåðåäîâèùà
[16]. ×àñòî çà òðèâàë³ñòþ ä³¿ íåñïðèÿòëèâîãî ôàêòîðó ðîçð³çíÿþòü òåð-
ì³íîâó ³ äîâãîòðèâàëó àäàïòàö³þ [8]. Òåðì³íîâà àäàïòàö³ÿ ïåðåâàæíî çâî-
äèòüñÿ äî çì³í â åíåðãåòè÷íîìó îáì³í³ ³ äî àêòèâàö³¿ ðåãóëþþ÷èõ éîãî
íåðâîâèõ öåíòð³â, çîêðåìà äî ðîçïàäó ãë³êîãåíó â ïå÷³íö³, ïîñèëåííÿ
àåðîáíîãî ³ àíàåðîáíîãî îêèñëåííÿ, ùî çàáåçïå÷óº óòâîðåííÿ âåëèêî¿
ê³ëüêîñò³ ÀÒÔ, ï³äâèùåííÿ øâèäêîñò³ òêàíèííîãî äèõàííÿ, çá³ëüøåííÿ
ìîá³ë³çàö³¿ ë³ï³ä³â ç ¿õíüîãî äåïî, óïîâ³ëüíåííÿ àíàáîë³÷íèõ ïðîöåñ³â [4,
5].

Äîâãîòðèâàëà àäàïòàö³ÿ ôîðìóºòüñÿ ïîñòóïîâî íà îñíîâ³ áàãàòîðàçî-
âî¿ ðåàë³çàö³¿ òåðì³íîâî¿ àäàïòàö³¿ øëÿõîì ï³äñóìîâóâàííÿ ñë³ä³â ïîâòîð-
íèõ íàâàíòàæåíü. Ïðèíöèïîâîþ îñîáëèâ³ñòþ òàêî¿ àäàïòàö³¿ º òå, ùî

76

Ïîòðîõîâ Î.Ñ., Ç³íüêîâñüêèé Î.Ã., Õóä³ÿø Þ.Ì., Ôåäîðåíêî Ë.Â., Êîôîíîâ Ê.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(3)



âîíà âèíèêàº íå íà îñíîâ³ ãîòîâèõ ô³ç³îëîã³÷íèõ ìåõàí³çì³â, à íà áàç³ çíî-
âó ñôîðìîâàíèõ ïðîãðàì ðåãóëþâàííÿ ô³ç³îëîã³÷íèõ òà á³îõ³ì³÷íèõ ïðî-
öåñ³â [8]. Ó á³ëüøîñò³ äîñë³äæåíü íàñë³äêè àäàïòàö³éíèõ ïðîöåñ³â íå çàâ-
æäè âèâ÷àþòüñÿ â ïîâí³é ì³ð³, îñîáëèâî íà ïîïóëÿö³éíîìó ð³âí³. Òîìó
äîñèòü àêòóàëüíèì çàëèøàºòüñÿ âèâ÷åííÿ ìåõàí³çì³â àäàïòàö³¿ âîäíèõ
îðãàí³çì³â äî çì³íè óìîâ ¿õíüîãî ³ñíóâàííÿ çà äîâãîòðèâàëî¿ ä³¿ íåãàòèâ-
íèõ ôàêòîð³â ñåðåäîâèùà. Êð³ì òîãî, ìàëîâèâ÷åíîþ çàëèøàºòüñÿ âàð³à-
áåëüí³ñòü çì³í ïåâíèõ ïîêàçíèê³â ó ð³çíèõ åêîëîã³÷íèõ ãðóï ðèá, ÿê³ äî-
çâîëÿþòü ¿ì ³ñíóâàòè â óìîâàõ ð³çíîìàí³òíèõ ïðèðîäíèõ òà àíòðîïîãåí-
íèõ ôàêòîð³â ñåðåäîâèùà.

Çíàííÿ öèõ ìåõàí³çì³â ìàº ïåðøî÷åðãîâå ïðàêòè÷íå çíà÷åííÿ äëÿ
ïðîãíîçóâàííÿ ñòàíó êîíêðåòíèõ ïîïóëÿö³é ð³çíèõ âèä³â ðèá çà óìîâ
âïëèâó ïðèðîäíèõ òà àíòðîïîãåííèõ ÷èííèê³â. Ö³ çíàííÿ äîçâîëÿòü ïðî-
àíàë³çóâàòè ïðîöåñè ïðèñòîñóâàííÿ òà âèæèâàííÿ ïåâíèõ âèä³â àáî äî-
ì³íóâàííÿ ³íøèõ, á³ëüø ëàá³ëüíèõ ðèá, ÿê³ çäàòí³ øâèäøå ³ àäåêâàòí³øå
ðåàãóâàòè íà ðàïòîâ³ àáî äîâãîòðèâàë³ çì³íè ó âîäíîìó ñåðåäîâèùå.

Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ îñîáëèâîñòåé ô³ç³îëîãî-á³îõ³ì³÷íèõ
ðåàêö³é ðèá ð³çíèõ åêîëîã³÷íèõ óãðóïóâàíü äî óìîâ îòî÷óþ÷îãî ñåðåäî-
âèùà çà ïîêàçíèêàìè ãîðìîíàëüíîãî ðåàãóâàííÿ òà ³íøèìè õàðàêòåðè-
ñòèêàìè.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâåäåíî ó Ê³ë³éñüêîìó ãèðë³ ð. Äóíàé (ì. Âèëêîâå) ó
÷åðâí³ òà ñåðïí³ 2023 ð. íà ïðèêëàä³ ÷îòèðüîõ âèä³â ðèá: îêóíü ð³÷êîâèé
(Perca fluviatilis Linnaeus, 1758), ïë³òêà çâè÷àéíà (Rutilus rutilus Linnaeus,
1758), êàðàñü ñð³áëÿñòèé (Carassius gibelio, Bloch, 1782) òà êðàñíîï³ðêà
çâè÷àéíà (Scardinius erythrophthalmus, Linnaeus, 1758).

Êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ó âîä³ äîñë³äæóâàíî¿ ä³ëÿíêè íå ïå-
ðåâèùóâàëà 0,04 ìã N/äì3, í³òðèò³â — 0,04, í³òðàò³â — 0,35 ìã N/äì3, ôîñ-
ôîðó ôîñôàò³â — 0,025 ìã Ð/äì3. Òîáòî ïåðåâèùåííÿ íîðì äëÿ âîäîéì çà
öèìè ïîêàçíèêàìè íå ñïîñòåð³ãàëîñü, àëå âîäà õàðàêòåðèçóâàëàñÿ ï³äâè-
ùåíîþ êàëàìóòí³ñòþ.

Çà ë³òåðàòóðíèìè äæåðåëàìè çà âåëè÷èíîþ àêòèâíî¿ ðåàêö³¿ ðÍ âîäà
ó ð. Äóíàé ïåðåâàæíî íåéòðàëüíà, ³íêîëè ñëàáî ëóæíà ïðè âàð³þâàíí³ ïî-
êàçíèêà 6,58—8,15 [3]. Êîíöåíòðàö³ÿ ðîç÷èíåíîãî êèñíþ çíàõîäèëàñü ó
ìåæàõ 5,1—9,0 ìã/äì3. Ïîêàçíèê ÁÑÊ5 ñòàíîâèâ 1,3—5,0 ìã Î2/äì3. Âåëè-
÷èíè ÕÑÊ âàð³þâàëè â ìåæàõ 3,2—66,0 ìã Î/äì3. Ïåð³îäè÷íå ïåðåâèùåí-
íÿ ÃÄÊ çà ïîêàçíèêîì ÕÑÊ áóëî çàô³êñîâàíî ó ðàéîí³ ì. Âèëêîâå. Ì³íå-
ðàë³çàö³ÿ âîäè ïðîòÿãîì ðîêó çíàõîäèëàñü ó ìåæàõ â³ä 0,31 äî 0,61 ã/äì3 ³
íå ïåðåâèùóâàëà âñòàíîâëåí³ ÃÄÊ. Êîíöåíòðàö³ÿ á³ëüøîñò³ òîêñè÷íèõ
õ³ì³÷íèõ ðå÷îâèí ïðîòÿãîì ðîêó íà âñ³õ ïóíêòàõ ³ â óñ³õ ïðîáàõ íå ïåðåâè-
ùóâàëà âñòàíîâëåíèõ ÃÄÊ. Âì³ñò òðèõëîðìåòàíó áóâ âèñîêèì ó ïðîáàõ ó
ì. Âèëêîâå, àëå çàãàëîì ñåðåäí³ çíà÷åííÿ áóëè íèæ÷èìè çà ñåðåäíüîð³÷í³
äîïóñòèì³ êîíöåíòðàö³¿ [3]. Çà äàíèìè [1], êîíöåíòðàö³ÿ íàôòîïðîäóêò³â
ó âîä³ äîñë³äíî¿ ä³ëÿíêè äîñÿãàëà 0,308 ìã/äì3.
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Äëÿ ïðîâåäåííÿ á³îõ³ì³÷íèõ äîñë³äæåíü â³äáèðàëè êðîâ ðèá ³ç ñåðöÿ.
Ïîò³ì øëÿõîì öåíòðèôóãóâàííÿ ïðè 5 òèñ. îáåðò³â çà õâ. ïðîòÿãîì 15 õâ.
â³ää³ëÿëè ïëàçìó. Ïëàçìó êðîâ³ çàìîðîæóâàëè ïðè òåìïåðàòóð³ -18 oÑ.

Âì³ñò êîðòèçîëó ó ïëàçì³ êðîâ³ âèçíà÷àëè, âèêîðèñòîâóþ÷è ³ìóíî-
ôåðìåíòíèé àíàë³çàòîð Rayto RT-2100C ³ êîìåðö³éíèé íàá³ð êîðòèçîë-
²ÔÀ (Õåìà-òåñò). Çàãàëüíèé âì³ñò òèðîêñèíó (Ò4) òà òðèéîäòèðîí³íó (Ò3)
ó ïëàçì³ êðîâ³ âèì³ðþâàëè ³ìóíîôåðìåíòíèì ìåòîäîì ç âèêîðèñòàííÿì
êîìåðö³éíèõ íàáîð³â Ò3-²ÔÀ òà Ò4-²ÔÀ (Õåìà-òåñò). Âì³ñò ãëþêîçè ó
ïëàçì³ êðîâ³ (ììîëü/äì3) âèçíà÷àëè ãëþêîçîîêñèäàçíèì ìåòîäîì çà äî-
ïîìîãîþ íàáîðó ðåàêòèâ³â ãëþêîçà-Ô (Ô³ë³ñ³ò-Ä³àãíîñòèêà) [7].

Àêòèâí³ñòü àñïàðòàòàì³íîòðàíñôåðàçè (ÊÔ 2.6.1.1.) òà àëàí³íàì³íîò-
ðàíñôåðàçè (ÊÔ 2.6.1.2.) âèçíà÷àëè ìåòîäîì Ðàéòìàíà-Ôðåíêåëÿ ³ç çàñòî-
ñóâàííÿì íàáîð³â ðåàêòèâ³â ÀñÀÒ òà ÀëÀÒ (Ô³ë³ñ³ò-Ä³àãíîñòèêà) [7]. Àê-
òèâí³ñòü ôåðìåíò³â ðîçðàõîâàíà â ììîëü/ìë·ãîä. Îòðèìàí³ äàí³ îáðîáëå-
íî ñòàòèñòè÷íî ç âèêîðèñòàííÿì ïðîãðàì Statistica 10, ïðîãðàì Exñel ç ïà-
êåòó Microsoft Office. Äîñòîâ³ðí³ñòü ì³æ äîñë³äæóâàíèìè ãðóïàìè îö³íþ-
âàëè çà äîïîìîãîþ t-êðèòåð³þ Ñòüþäåíòà çà ð³âíÿ éìîâ³ðíîñò³ (ð<0,05).

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

ßê ïîêàçàëè äîñë³äæåííÿ, âì³ñò êîðòèçîëó ó ïëàçì³ êðîâ³ ïðèäîííèõ
ðèá (êàðàñü òà ïë³òêà) ó Ê³ë³éñüêîìó ãèðë³ íà ïî÷àòêó ë³òà äîñÿãàº ìàêñè-
ìàëüíîãî ð³âíÿ (ðèñ. 1, à). Ó ïîâåðõíåâèõ ðèá — êðàñíîï³ðêè òà õèæàêà —
îêóíÿ âì³ñò êîðòèçîëó ³ñòîòíî íèæ÷å. Íàïðèê³íö³ ë³òà éîãî âì³ñò ïåðå-
âàæíî çìåíøóºòüñÿ àáî íå çì³íþºòüñÿ, ÿê ó îêóíÿ. Ïðîòå íåîáõ³äíî çà-
çíà÷èòè çá³ëüøåííÿ âì³ñòó êîðòèçîëó â êðîâ³ êðàñíîï³ðêè. Îäí³ºþ ç ïðè-
÷èí öüîãî ìîæå áóòè ïîã³ðøåííÿ ÿêîñò³ ïîâåðõíåâèõ âîä, ó òîìó ÷èñë³ ÷å-
ðåç ðóéíóâàííÿ ïðèïîðòîâèõ ñïîðóä ì. Ê³ë³ÿ, ÿêå çíàõîäèòüñÿ âèùå çà
òå÷³þ, âíàñë³äîê ðàêåòíèõ àòàê ïðîòÿãîì öüîãî ïåð³îäó. Â ïîâåðõíåâèõ
øàðàõ âîäè ñòâîðþþòüñÿ óìîâè, ÿê³ âèêëèêàþòü ñòðåñîâ³ ðåàêö³¿ ó öüîãî
âèäó ðèá.

Íàéá³ëüøèé êîåô³ö³ºíò âàð³àáåëüíîñò³ âì³ñòó êîðòèçîëó ñåðåä äîñ-
ë³äæåíèõ ðèá ñïîñòåð³ãàºòüñÿ ó êàðàñÿ ñð³áëÿñòîãî, äåùî íèæ÷å öåé ïî-
êàçíèê ó êðàñíîï³ðêè çâè÷àéíî¿ ³ çîâñ³ì â³í íå çì³íþºòüñÿ ó ïë³òêè çâè-
÷àéíî¿ (ðèñ. 1, á). Öå ñâ³ä÷èòü ïðî ñòóï³íü âèäîâî¿ ïîë³âàëåíòíîñò³ ðèá.
Êàðàñü á³ëüø àêòèâíî ðåàãóº íà çì³íè â îòî÷óþ÷îìó ñåðåäîâèù³, í³æ ³íø³
âèäè. Ïë³òêà â³äð³çíÿºòüñÿ ìàëèìè çì³íàìè âàð³àö³é öüîãî ïîêàçíèêà.

Ñë³ä â³äì³òèòè, ùî êîåô³ö³ºíò âàð³àö³¿ âì³ñòó êîðòèçîëó ó êàðàñÿ ç
÷åðâíÿ äî ñåðïíÿ ³ñòîòíî çíèæóºòüñÿ. Ðèáè ïðè çàê³í÷åíí³ âåãåòàòèâíîãî
ñåçîíó âèðîáèëè àäåêâàòíó ñòðàòåã³þ ïðèñòîñóâàííÿ äî îòî÷óþ÷îãî ñåðå-
äîâèùà. Ïðîòèëåæíà çàêîíîì³ðí³ñòü çì³íè öüîãî ïîêàçíèêà ñïîñòåð³-
ãàºòüñÿ ó êðàñíîï³ðêè. Íà òë³ çàãàëüíîãî ï³äâèùåííÿ âì³ñòó êîðòèçîëó ó
ïëàçì³ êðîâ³ ³ñòîòíî çíèæóºòüñÿ âàð³àáåëüí³ñòü öüîãî ïîêàçíèêà. Ðèáè
á³ëüø îäíîìàí³òíî ðåàãóþòü íà çì³íè â îòî÷óþ÷îìó ñåðåäîâèù³. ² õî÷à â
îêóíÿ ñåðåäí³é âì³ñò êîðòèçîëó ïðîòÿãîì äîñë³äæåíü íå çì³íþºòüñÿ, àëå
êîåô³ö³ºíò éîãî âàð³àö³¿ çðîñòàº ó ñåðïí³ ìàéæå ó äâà ðàçè. Ðèáè ïðîäîâ-
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æóþòü çíàõîäèòèñü íà åòàï³ ðîçðîáêè àäåêâàòíî¿ â³äïîâ³ä³ íà ³ñíóþ÷³
óìîâè òà ðîçâèòêó êîìïåíñàòîðíèõ ìåõàí³çì³â.

Âì³ñò ó ïëàçì³ êðîâ³ ðèá òèðîêñèíó, ÿêèé º ðåçåðâîì äëÿ óòâîðåííÿ
òðèéîäòèðîí³íó, ïðîòÿãîì ë³òà çàëèøàâñÿ íà îäíàêîâîìó ð³âí³ (ðèñ. 2, à).
Âèíÿòêîì º çíèæåííÿ éîãî âì³ñòó ó êðîâ³ îêóíÿ. Ïðè çìåíøåíí³ âì³ñòó
òèðîêñèíó óòâîðþºòüñÿ á³ëüøà ê³ëüê³ñòü òðèéîäòèðîí³íó. Öå ñâ³ä÷èòü
ïðî àêòèâ³çàö³þ åíåðãîçàòðàòíèõ ïðîöåñ³â ó îêóíÿ íàïðèê³íö³ ë³òà. Ïðè
öüîìó íàéá³ëüøà çì³íà ó âàð³àáåëüíîñò³ ïîêàçíèêà, ÿêà ³ñòîòíî çðîñòàº ç
÷åðâíÿ äî ñåðïíÿ, òàêîæ ïðèòàìàííà îêóíþ (äèâ. ðèñ. 2, á). Äëÿ êàðàñÿ ³
êðàñíîï³ðêè õàðàêòåðíî çíèæåííÿ êîåô³ö³ºíòà âàð³àö³¿ âì³ñòó òèðîêñèíó
â ïëàçì³ êðîâ³ ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó. À âåëè÷èíà âàð³àáåëü-
íîñò³ âì³ñòó òèðîêñèíó ó ïë³òêè çàëèøàºòüñÿ ñòàá³ëüíîþ ïðîòÿãîì âñüîãî
ë³òà.

ßê ³ äëÿ êîðòèçîëó, òàê ³ äëÿ òðèéîäòèðîí³íó õàðàêòåðíî çá³ëüøåííÿ
¿õíüî¿ êîíöåíòðàö³¿ ó êðîâ³ êðàñíîï³ðêè ó ñåðïí³ (ðèñ. 3, à). Öå çíîâó
ñâ³ä÷èòü ïðî ïîã³ðøåííÿ óìîâ ³ñíóâàííÿ â ïîâåðõíåâèõ øàðàõ âîäè. Äëÿ
³íøèõ âèä³â ðèá, ÿê³ ïåðåâàæíî çíàõîäÿòüñÿ â ïðèäîííèõ øàðàõ âîäè àáî
â òîâù³ âîäè öüîãî ÿâèùà íå ñïîñòåð³ãàºòüñÿ. Çà êîåô³ö³ºíòîì âàð³àö³¿ íà
ïî÷àòêó ë³òà íàéá³ëüø ì³íëèâèì º âì³ñò òðèéîäòèðîí³íó ó êàðàñÿ, ïîò³ì ó
êðàñíîï³ðêè. Öåé ïîêàçíèê ïðàêòè÷íî íå çì³íþºòüñÿ ó îêóíÿ ³ ïë³òêè.
Ïðîòå íàïðèê³íö³ ë³òà âñ³ äîñë³äæóâàí³ âèäè ðèá, îñîáëèâî îêóíü òà
ïë³òêà, ³ñòîòíî çá³ëüøóþòü âàð³àáåëüí³ñòü âì³ñòó òðèéîäòèðîí³íó ÿê íàñ-
ë³äîê ïîøóêó íàéá³ëüø ïðèäàòíèõ ð³âí³â åíåðãåòè÷íîãî îáì³íó ó â³ä-
ïîâ³äü íà ä³þ çì³íåíîãî âîäíîãî ñåðåäîâèùà (ðèñ. 3, á).
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Ðèñ. 1. Âì³ñò êîðòèçîëó â ïëàçì³ êðîâ³ ðèá (à) òà êîåô³ö³ºíò âàð³àö³¿ öüîãî ïîêàçíèêà
(á) ï³ä ÷àñ ïðîâåäåííÿ äîñë³äæåíü, M±m, n = 10. Òóò ³ íà ðèñ. 2—5: 1 — êàðàñü; 2 —
êðàñíîï³ðêà; 3 — îêóíü; 4 — ïë³òêà



Çà ä³¿ ñòðåñîâèõ ÷èííèê³â òà ïðè ïîã³ðøåíí³ ÿêîñò³ âîäè ñóòòºâî
çì³íþºòüñÿ àêòèâí³ñòü ôåðìåíò³â ÀñÀÒ ³ ÀëÀÒ ó êðîâ³ ðèá. Ö³ çì³íè
ñâ³ä÷àòü ïðî óðàæåííÿ ïå÷³íêè àáî êðîâîíîñíî¿ ñèñòåìè ðèá òà ïîâ’ÿçàí³
ç ðîçâèòêîì îêñèäàòèâíîãî ñòðåñó.

Îòðèìàí³ äàí³ ñâ³ä÷àòü, ùî àêòèâí³ñòü ÀëÀÒ ó ïëàçì³ êðîâ³ êàðàñÿ òà
êðàñíîï³ðêè ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó ³ñòîòíî íå çì³íþºòüñÿ (ðèñ.
4, à). Àëå ÿêùî ó êàðàñÿ ñð³áëÿñòîãî öåé ïîêàçíèê ñóòòºâî â³äð³çíÿºòüñÿ ó
ð³çíèõ îñîáèí, êîåô³ö³ºíò âàð³àö³¿ íàéá³ëüøèé ñåðåä âñ³õ äîñë³äæóâàíèõ
âèä³â ðèá, òî ìåæ³ âàð³àö³¿ àêòèâíîñò³ ôåðìåíòó ó êðàñíîï³ðêè íåçíà÷í³
òà ìåíø³ ïîð³âíÿíî ç ³íøèìè âèäàìè (ðèñ. 4, á). Ó õèæîãî âèäó (îêóíü)
â³äì³÷åíî çíèæåííÿ àêòèâíîñò³ ÀëÀÒ, à ó ïðèäîííîãî âèäó (ïë³òêà) — ¿¿
çðîñòàííÿ â ñåðïí³ ïîð³âíÿíî ç ÷åðâíåì. Öå ñâ³ä÷èòü ïðî ïîã³ðøåííÿ
óìîâ âîäíîãî ñåðåäîâèùà äëÿ ðèá àáî îá’ºêò³â ¿õíüîãî æèâëåííÿ. Îñîá-
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Ðèñ. 2. Âì³ñò òèðîêñèíó â ïëàçì³ êðîâ³ ðèá (à) òà êîåô³ö³ºíò âàð³àö³¿ öüîãî ïîêàçíèêà
(á) ï³ä ÷àñ ïðîâåäåííÿ äîñë³äæåíü, M±m, n = 10

Ðèñ. 3. Âì³ñò òðèéîäòèðîí³íó â ïëàçì³ êðîâ³ ðèá (à) òà êîåô³ö³ºíò âàð³àö³¿ öüîãî ïî-
êàçíèêà (á) ï³ä ÷àñ ïðîâåäåííÿ äîñë³äæåíü, M±m, n = 10



ëèâî öå ïîì³òíî äëÿ ïë³òêè, äëÿ ÿêî¿ êîåô³ö³ºíò âàð³àö³¿ ñóòòºâî ï³äâè-

ùóºòüñÿ, ùî ñâ³ä÷èòü ïðî äåÿêå óðàæåííÿ ïå÷³íêè ðèá.
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Ðèñ. 4. Àêòèâí³ñòü ÀëÀÒ (à) òà ÀñÀÒ (â), ñï³ââ³äíîøåííÿ ÀñÀÒ/ÀëÀÒ (êîåô³ö³ºíò äå
Ð³ò³ñà) (ä) ³ ¿õ âàð³àáåëüí³ñòü (â³äïîâ³äíî á, ã, å) ó ïëàçì³ êðîâ³ ðèá ï³ä ÷àñ ïðîâåäåííÿ
äîñë³äæåíü, M±m, n = 10



Çà çì³íàìè àêòèâíîñò³ ÀñÀÒ ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó, ÿê ³ àê-
òèâíîñò³ ÀëÀÒ, ìîæíà çðîáèòè âèñíîâîê, ùî ïå÷³íêà òà êðîâîíîñíà ñèñ-
òåìà êàðàñÿ ³ êðàñíîï³ðêè çàçíàâàëè íåãàòèâíîãî âïëèâó íåçíà÷íîþ ì³-
ðîþ (ðèñ. 4, â). Ó êàðàñÿ öåé ïîêàçíèê õàðàêòåðèçóâàâñÿ á³ëüøîþ âà-
ð³àáåëüí³ñòþ, ùî ï³äòâåðäæóº ð³çíîïëàíîâ³ñòü éîãî ïðèñòîñóâàííÿ äî
óìîâ íàâêîëèøíüîãî ñåðåäîâèùà òà êðàùó çäàòí³ñòü äî àäàïòàö³¿ äî ð³ç-
íîìàí³òíèõ ÷èííèê³â (ðèñ. 4, ã). Äëÿ îêóíÿ òà ïë³òêè õàðàêòåðíå ñóòòºâå
çíèæåííÿ àêòèâíîñò³ ÀñÀÒ ç ÷åðâíÿ äî ñåðïíÿ. Öå áåçïåðå÷íî ñâ³ä÷èòü
ïðî òîêñè÷íå íàâàíòàæåííÿ íà ïå÷³íêó íåñïðèÿòëèâèõ ÷èííèê³â, çîêðå-
ìà ïðè ïîã³ðøåíí³ ÿêîñò³ âîäè òà îïîñåðåäêîâàíî ïîâ’ÿçàíî ç³ çì³íîþ
ÿêîñò³ îá’ºêò³â ¿õíüîãî æèâëåííÿ.

Íà ïîã³ðøåííÿ óìîâ ³ñíóâàííÿ äëÿ ïë³òêè òà îêóíÿ âêàçóº ð³çêå çíè-
æåííÿ êîåô³ö³ºíò³â äå Ð³ò³ñà (ñï³ââ³äíîøåííÿ àêòèâíîñò³ ÀñÀÒ äî ÀëÀÒ)
â ñåðïí³ (ðèñ. 4, ä). Öå ñâ³ä÷èòü ïðî òîêñè÷íå íàâàíòàæåííÿ íà ïå÷³íêó
ðèá òà ¿¿ óðàæåííÿ. Íàéá³ëüøîþ ì³ðîþ öå ñòîñóºòüñÿ ïë³òêè, ó ÿêî¿ âà-
ð³àö³ÿ öüîãî ïîêàçíèêà çðîñòàº ìàéæå â òðè ðàçè (ðèñ. 4, å). Ðèáè íàìàãà-
þòüñÿ ïî ìîæëèâîñò³ êðàùå ïðèñòîñóâàòèñÿ äî ³ñíóþ÷èõ óìîâ ñåðåäîâè-
ùà. Êàðàñü ³ êðàñíîï³ðêà âèÿâëÿþòü ñòàá³ëüí³ñòü ó àêòèâíîñò³ ÀñÀÒ òà
ÀëÀÒ, ÿê ³ â ¿õíüîìó ñï³ââ³äíîøåíí³ çà íàÿâíèõ óìîâ, à îòæå ïå÷³íêà ðèá
ìàëî ñòðàæäàº â³ä íàÿâíèõ íåãàòèâíèõ ÷èííèê³â. Â³ðîã³äíî, öå âèêëèêà-
íî ïåðåâàæàííÿì ó æèâëåíí³ êðàñíîï³ðêè ðîñëèííèõ îðãàí³çì³â, à äëÿ
êàðàñÿ —æèâëåííÿì ô³òî- òà çîîïëàíêòîíîì.

Äëÿ á³ëüøîñò³ ç äîñë³äæóâàíèõ âèä³â ðèá, çà âèíÿòêîì êðàñíîï³ðêè,
â³äì³÷åíî ³ñòîòíå ï³äâèùåííÿ âì³ñòó ãëþêîçè ó ïëàçì³ êðîâ³ â ñåðïí³
ïîð³âíÿíî ç ÷åðâíåì, ÿêå ñïðÿìîâàíå íà ï³äòðèìêó åíåðãåòè÷íîãî áàëàí-
ñó (ðèñ. 5, à). Ïðè÷îìó ïë³òêà âèÿâëÿëà íàéá³ëüøó âàð³àáåëüí³ñòü öüîãî
ïîêàçíèêà, à êàðàñü — íàéìåíøó. Ìîæíà çàçíà÷èòè, ùî äëÿ êàðàñÿ, êðàñ-
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Ðèñ. 5. Âì³ñò ãëþêîçè ó ïëàçì³ êðîâ³ ðèá (à) òà êîåô³ö³ºíò âàð³àö³¿ öüîãî ïîêàçíèêà
(á) ï³ä ÷àñ ïðîâåäåííÿ äîñë³äæåíü, M±m, n = 10



íîï³ðêè òà îêóíÿ êîåô³ö³ºíò âàð³àö³¿ âì³ñòó ãëþêîçè ó êðîâ³ â ñåðïí³
ï³äâèùóºòüñÿ. Öå ñâ³ä÷èòü ïðî àêòèâíèé ïîøóê àäåêâàòíèõ ìåõàí³çì³â
äëÿ êîìïåíñàö³¿ íåãàòèâíîãî âïëèâó îòî÷óþ÷îãî ñåðåäîâèùà.

Ñë³ä ï³äêðåñëèòè, ùî ÷åðåç çíà÷íó òå÷³þ ó ðóñë³ Ê³ë³éñüêîãî ãèðëà ïî-
êàçíèêè ÿêîñò³ âîäè ìîæóòü øâèäêî çì³íþâàòèñü, ùî íå ìîæå íå ïîçíà-
÷èòèñü íà á³îõ³ì³÷íîìó ñòàí³ ðèá. Àëå â áóäü-ÿêîìó âèïàäêó ó ðèá äîâîë³
÷³òêî ñôîðìîâàí³ ìåõàí³çìè ðåãóëþâàííÿ ô³ç³îëîã³÷íèõ òà á³îõ³ì³÷íèõ
ïðîöåñ³â çà ïîã³ðøåííÿ ÿêîñò³ âîäè, ïðî ùî äîâîäèòü çíà÷íà ÷èñåëüí³ñòü
öèõ âèä³â ó äîñë³äæóâàíîìó ðåã³îí³.

Âèñíîâêè

Ïðè ïîã³ðøåíí³ ÿêîñò³ ïîâåðõíåâèõ âîä òà ñòðåñîâèõ îáñòàâèíàõ ó
êðàñíîï³ðêè â³äì³÷àºòüñÿ çá³ëüøåííÿ âì³ñòó êîðòèçîëó òà òðèéîäòèðî-
í³íó ó ïëàçì³ êðîâ³ â³äïîâ³äíî íà 47 òà 16%, ùî ñâ³ä÷èòü ïðî ðîçâèòîê
àäàïòèâíèõ ðåàêö³é ç ïîñèëåíèì åíåðãîñïîæèâàííÿì.

Çà êîåô³ö³ºíòîì âàð³àö³¿ âì³ñòó êîðòèçîëó, òèðîêñèíó òà òðèéîäòè-
ðîí³íó ìîæíà ñòâåðäæóâàòè, ùî êðàùå òà á³ëüø ð³çíîìàí³òíî äî óìîâ ñå-
ðåäîâèùà ïðèñòîñîâóºòüñÿ êàðàñü ñð³áëÿñòèé, ïîò³ì êðàñíîï³ðêà. Ìåíøó
âåëè÷èíó öüîãî ïîêàçíèêà â³äì³÷åíî äëÿ îêóíÿ òà ïë³òêè, ùî âêàçóº íà
ìåíøó ìîæëèâ³ñòü ðèá ïðèñòîñîâóâàòèñÿ äî óìîâ ñåðåäîâèùà.

Áåíòîñî¿äíà ïðèäîííà ïë³òêà ³ õèæèé òà ïåðåâàæíî ïðèäîííèé îêóíü
ðåàãóþòü íà ïîã³ðøåííÿ ÿêîñò³ âîäè îïîñåðåäêîâàíî ÷åðåç îá’ºêòè ¿õíüî-
ãî æèâëåííÿ çíèæåííÿì àêòèâíîñò³ ÀñÀÒ ³ ÀëÀÒ òà êîåô³ö³ºíòà äå Ð³ò³ñà,
ùî âêàçóº íà ÷àñòêîâå óðàæåííÿ ïå÷³íêè.

Íàéá³ëüøó âàð³àáåëüí³ñòü àêòèâíîñò³ ÀñÀÒ òà ÀëÀÒ, êîåô³ö³ºíòà äå
Ð³ò³ñà òàêîæ â³äì³÷åíî äëÿ êàðàñÿ ñð³áëÿñòîãî, äåùî ìåíøó — äëÿ îêóíÿ,
ùå ìåíøó — äëÿ ïë³òêè ³ êðàñíîï³ðêè. Öå ñâ³ä÷èòü ïðî ìåæ³ ìîæëèâîãî
ðîçâèòêó ïðèñòîñóâàëüíèõ ðåàêö³é äî óìîâ ñåðåäîâèùà òà ñòóï³íü ¿õíüî¿
ïîë³âàëåíòíîñò³.

Ïîã³ðøåííÿ ÿêîñò³ âîäíîãî ñåðåäîâèùå áåçïåðå÷íî ïðèçâîäèòü äî
àêòèâíîãî ñïîæèâàííÿ åíåðãåòè÷íèõ ðåñóðñ³â, âì³ñò ãëþêîçè ó ïëàçì³
êðîâ³ çá³ëüøóºòüñÿ. Ïðè öüîìó êàðàñü çà êîåô³ö³ºíòîì âàð³àö³¿ âì³ñòó
ãëþêîçè ó êðîâ³ âèÿâëÿº á³ëüø åíåðãîîùàäí³ ìåõàí³çìè àäàïòàö³¿, à êðàñ-
íîï³ðêó õàðàêòåðèçóº ìàêñèìàëüíèé êîåô³ö³ºíò âàð³àö³¿ (37—40%).

Òàêèì ÷èíîì, äîñë³äæåííÿ á³îõ³ì³÷íîãî ñòàíó ðèá ð³çíèõ åêîëîã³÷-
íèõ ãðóï, çîêðåìà êðàñíîï³ðêè (÷àñòêîâî ðîñëèíî¿äíà — ïîâåðõíåâ³ øà-
ðè âîäè), êàðàñÿ ñð³áëÿñòîãî òà ïë³òêè (âñå¿äí³, áåíòîôàãè — òîâùà âîäè
òà ¿¿ ïðèäîíí³ øàðè) ³ îêóíÿ (àêòèâíèé õèæàê — òîâùà òà ïðèäîíí³
øàðè), äîçâîëÿþòü îö³íèòè ÿê³ñòü âîäè âñ³º¿ âîäîéìè.
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ASSESSMENT OF THE PHYSIOLOGICAL STATE OF FISH IN THE KILIAN
ESTUARY OF THE DANUBE RIVER IN THE SUMMER PERIOD BY BIOCHEMICAL

INDICATORS OF THE BLOOD

Changes in the content of cortisol, triiodothyronine, thyroxine and glucose, the activi-
ty of AST, ALT and their ratio in the blood plasma of perch, roach, rudd and silver crucian
carp from the Kiliya estuary of the Danube in the summer were studied. Hormone content
was determined by enzyme immunoassay, enzyme activity and glucose content by stan-
dard methods. It is shown that studies of the biochemical state of various ecological groups
of fish make it possible to assess the water quality of both surface and bottom water layers of
the entire reservoir. When the quality of surface water deteriorates and under stressful cir-
cumstances, an increase in the content of cortisol and triiodothyronine in the plasma of
rudd is noted. In fish from the bottom layers of water (roach and perch), partial liver dama-
ge is observed according to the activity of AST and ALT, and the Ritis coefficient due to de-
teriorating environmental conditions. Basically, all studied species actively use energy re-
sources (glucose) to adapt to existing environmental conditions. For the vast majority of
the studied indicators, the highest coefficient of variation is observed in crucian carp, then
rudd, and significantly less in roach and perch.

Key words: river perch, common roach, common rudd, silver crucian carp, cortisol, thy-
roxine, triiodothyronine, AST and ALT activity, Ritis coefficient, glucose, water quality,
adaptation.
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ÏÎÂÅÄ²ÍÊÎÂ² ÐÅÀÊÖ²¯ ÂÎÄßÍÈÕ ÁÅÇÕÐÅÁÅÒÍÈÕ
ßÊ ÏÅÐÑÏÅÊÒÈÂÍÈÉ ÊÐÈÒÅÐ²É ÂÈßÂËÅÍÍß

ÒÎÊÑÈ×ÍÎÃÎ ÂÏËÈÂÓ (ÎÃËßÄ)1

Ïðîâåäåíî àíàë³ç ñó÷àñíèõ ï³äõîä³â ùîäî âèêîðèñòàííÿ ïîâåä³íêîâèõ ðåàêö³é
ã³äðîá³îíò³â ÿê òåñò-êðèòåð³þ âñòàíîâëåííÿ òîêñè÷íîñò³ ó ñèñòåìàõ êîíòðîëþ
ÿêîñò³ âîäè òà á³îòåñòóâàíí³. Ïîêàçíèêè, ùî õàðàêòåðèçóþòü çì³íè ¿õíüî¿ ïî-
âåä³íêè, ìàþòü ðÿä ñóòòºâèõ ïåðåâàã ïîð³âíÿíî ç êëàñè÷íèìè ëåòàëüíèìè ³ ñóáëå-
òàëüíèìè òîêñèêîëîã³÷íèìè òåñò-êðèòåð³ÿìè çàâäÿêè êîðîòêîìó òåðì³íó ïðîÿâó
åôåêòó, âèñîê³é ÷óòëèâîñò³, çäàòíîñò³ âèÿâëÿòè íèçüê³ êîíöåíòðàö³¿ òîêñèêàí-
ò³â, íåëåòàëüíîñò³ äëÿ òåñò-îðãàí³çì³â òà ³í. Ðóõîâó àêòèâí³ñòü ã³äðîá³îíò³â
(ðèá, ðàêîïîä³áíèõ) óñï³øíî çàñòîñîâàíî ó ïðàêòèö³ áåçïåðåðâíîãî êîíòðîëþ ÿêîñò³
âîäè — ñèñòåìàõ á³îëîã³÷íîãî ðàííüîãî ïîïåðåäæåííÿ â ðåæèì³ ðåàëüíîãî ÷àñó (re-
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Ïîâåä³íêîâ³ ðåàêö³¿ âîäÿíèõ áåçõðåáåòíèõ ÿê ïåðñïåêòèâíèé êðèòåð³é âèÿâëåííÿ
òîêñè÷íîãî âïëèâó (îãëÿä). Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 3. Ñ. 86—101.

ÂÎÄÍÀ ÒÎÊÑÈÊÎËÎÃ²ß

1 Ðîáîòó âèêîíàíî çà ï³äòðèìêè Íàö³îíàëüíîãî ôîíäó íàóêîâèõ äîñë³äæåíü
Óêðà¿íè — Ïðîºêò 2023.04/0045 «Ðîçðîáêà óí³ô³êîâàíî¿ òåñò-ñèñòåìè äëÿ îö³íêè
òîêñè÷íîñò³ òà ³äåíòèô³êàö³¿ êëàñó çàáðóäíþþ÷èõ ðå÷îâèí, ùî ïîòðàïëÿþòü ó âîäí³
îá’ºêòè âíàñë³äîê âîºííèõ ä³é».
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al-time biological early warning systems, BEWS), ÿê³ âïðîâàäæåíî âîäíèì ìåíåäæìåí-
òîì áàãàòüîõ êðà¿í ñâ³òó.

Ïîêàçàíî, ùî ðóõîâà àêòèâí³ñòü ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ äîñòîâ³ðíî çì³-
íþºòüñÿ ó â³äïîâ³äü íà ïðèñóòí³ñòü ó âîäíîìó ñåðåäîâèù³ øèðîêîãî ñïåêòðà ðå÷îâèí
(ôàðìàöåâòè÷í³ ïðåïàðàòè, òîêñèíè ñèíüîçåëåíèõ âîäîðîñòåé, âàæê³ ìåòàëè, êñå-
íîá³îòèêè òà ³í.). Äîñë³äæåííÿ ïîêàçàëè ìîæëèâ³ñòü çàñòîñóâàííÿ ÿê ïîâåä³íêîâèõ
òåñò-êðèòåð³¿â òàêèõ ïîêàçíèê³â ðóõîâî¿ àêòèâíîñò³ ÿê òðèâàë³ñòü ïëàâàííÿ,
øâèäê³ñòü ïëàâàííÿ, ïîäîëàíà â³äñòàíü, ÷àñòîòà ðóõ³â ê³íö³âêàìè, ê³ëüê³ñòü ïîâî-
ðîò³â, êóò ïîâîðîòó, ÷àñ â³äïî÷èíêó, òðèâàë³ñòü ñïîêîþ òà ³í.

Âèêîðèñòàííÿ øòó÷íîãî ³íòåëåêòó (êîìï’þòåðí³ ìîäåë³ ãëèáîêîãî íàâ÷àííÿ
íà îñíîâ³ øòó÷íèõ íåéðîííèõ ìåðåæ) ïðîïîíóºòüñÿ äëÿ àíàë³çó âåëèêèõ íàáîð³â äà-
íèõ ùîäî ïîâåä³íêè òåñò-îðãàí³çì³â òà âèÿâëåííÿ ïàòåðí³â, ñïåöèô³÷íèõ äî ä³¿ ïåâ-
íèõ òîêñèêàíò³â òà ³äåíòèô³êàö³¿ ÷èííèê³â òîêñè÷íîñò³.

Êëþ÷îâ³ ñëîâà: ïîâåä³íêîâ³ ðåàêö³¿, òåñò-êðèòåð³é, òîêñè÷í³ñòü, á³îòåñòó-
âàííÿ, âîäÿí³ áåçõðåáåòí³.

Àíòðîïîãåííå çàáðóäíåííÿ íàâêîëèøíüîãî ñåðåäîâèùà íîñèòü ãëî-
áàëüíèé õàðàêòåð, à éîãî ïðîÿâè òà âïëèâè ñïîñòåð³ãàþòüñÿ ïîâñþäíî íà
ðåã³îíàëüíîìó òà ëîêàëüíîìó ð³âíÿõ. Êîìïëåêñíèé õ³ì³÷íèé ìîí³òîðèíã
óñ³õ õ³ì³÷íèõ ðå÷îâèí, ÿê³ âèêîðèñòîâóº ëþäñòâî (áëèçüêî 100 òèñÿ÷
õ³ì³÷íèõ ðå÷îâèí âèêîðèñòîâóþòüñÿ ùîäíÿ, à ïîíàä 50 ì³ëüéîí³â õ³ì³÷-
íèõ ðå÷îâèí â³äîì³ òà çàðåºñòðîâàí³, çîêðåìà, ó ðåºñòðàõ Õ³ì³÷íî¿ Ðåôå-
ðàòèâíî¿ Ñëóæáè — Chemical Abstracts Service, CAS) ðàçîì ³ç ïðîäóêòàìè
¿õíüî¿ òðàíñôîðìàö³¿ íåìîæëèâèé, à òàêîæ íå äîñòàòíüî ä³ºâèé ÷åðåç
áðàê äàíèõ ïðî âïëèâ êîæíî¿ ðå÷îâèíè íà æèâèõ ³ñòîò.

Îö³íèòè êîìïëåêñíèé âïëèâ ð³çíîìàí³òíèõ çàáðóäíþâàëüíèõ ðå÷î-
âèí çà ð³âíåì òîêñè÷íîñò³ äîçâîëÿº âèêîðèñòàííÿ ìåòîäîëîã³¿ òà ìåòîä³â
á³îòåñòóâàííÿ: âñòàíîâëåííÿ òîêñè÷íîñò³ äëÿ æèâèõ îðãàí³çì³â ïåâíèõ
ñåðåäîâèùíèõ ìàòðèöü, ÿêå ´ðóíòóºòüñÿ íà ðåºñòðàö³¿ çì³í òîãî ÷è ³íøî-
ãî á³îëîã³÷íîãî ïîêàçíèêà (ô³ç³îëîã³÷íîãî, á³îõ³ì³÷íîãî, öèòîãåíåòè÷íî-
ãî òîùî) àáî âèÿâëåíí³ ñìåðòåëüíî¿ (ëåòàëüíî¿) ä³¿ íà òåñò-îá’ºêòè àáî
òåñò-êóëüòóðè. Ãîëîâí³ ïåðåâàãè öüîãî ï³äõîäó ïîëÿãàþòü ó éîãî â³ä-
íîñí³é ïðîñòîò³ òà äîñòóïíîñò³, â³äñóòíîñò³ ïîòðåáè ó ñêëàäíîìó óñòàòêó-
âàíí³ òà âàðò³ñíèõ ðåàêòèâàõ, âèñîê³é ÷óòëèâîñò³ íàëåæíî ï³ä³áðàíèõ ³ óò-
ðèìóâàíèõ òåñò-îðãàí³çì³â.

Òðàäèö³éí³ òåñòè íà òîêñè÷í³ñòü ïîòðåáóþòü äîñòàòíüî òðèâàëîãî
ïåð³îäó ñïîñòåðåæåíü ó âèïàäêó, êîëè îö³íþþòüñÿ íèçüê³ êîíöåíòðàö³¿
òîêñè÷íèõ ðå÷îâèí, îñê³ëüêè õðîí³÷í³ òåñòè çàçâè÷àé âèêîðèñòîâóþòü çà
êðèòåð³é âïëèâó ñóáëåòàëüí³ åôåêòè (âïëèâ íà ð³ñò, â³äòâîðåííÿ òîùî).
Òîìó îäíèì ³ç âàæëèâèõ çàâäàíü ñó÷àñíî¿ ìåòîäîëîã³¿ á³îòåñòóâàííÿ º
ñêîðî÷åííÿ òðèâàëîñò³ òåñò³â áåç çìåíøåííÿ íàä³éíîñò³ âèÿâëåííÿ íåãà-
òèâíîãî âïëèâó. Îñîáëèâî öå âàæëèâî çà êðèçîâèõ óìîâ, çîêðåìà âîðî-
æèõ çàãàðáíèöüêèõ âîºííèõ ä³é, ïðèêëàäîì ÿêèõ º â³éíà ðô ïðîòè Óê-
ðà¿íè. Îäíèì ³ç ìîæëèâèõ øëÿõ³â ï³äâèùåííÿ øâèäêîñò³ âèÿâëåííÿ òîê-
ñè÷íîãî âïëèâó º âèêîðèñòàííÿ ðóõîâèõ ðåàêö³é òåñò-îðãàí³çì³â ÿê åêñ-
ïðåñ-òåñòó.

Ùå îäíèì âàæëèâèì òà äîòè÷íèì çàâäàííÿì, äå ìîæóòü áóòè âèêî-
ðèñòàí³ ïîâåä³íêîâ³ ðåàêö³¿ ã³äðîá³îíò³â, º ìîí³òîðèíã ÿêîñò³ ïîâåðõíå-
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âèõ âîä òà øâèäêå âèÿâëåííÿ ¿õíüîãî çàáðóäíåííÿ íà îñíîâ³ ðîçðîáêè
á³îëîã³÷íèõ ñèñòåì ðàííüîãî ïîïåðåäæåííÿ â ðåæèì³ ðåàëüíîãî ÷àñó (re-
al-time biological early warning systems, BEWS) ÿê íåâ³ä’ºìíà ñêëàäîâà îõî-
ðîíè çäîðîâ’ÿ ëþäèíè, ï³äòðèìêè ñòàëîãî åêîíîì³÷íîãî ðîçâèòêó òà ïðî-
ãíîçóâàííÿ âïëèâó çàáðóäíþâà÷³â íà âîäí³ åêîñèñòåìè [15].

Ìåòîþ ö³º¿ ðîáîòè ñòàëî óçàãàëüíåííÿ ñó÷àñíèõ óÿâëåíü ïðî çàñòîñó-
âàííÿ ïîâåä³íêîâèõ ðåàêö³é ã³äðîá³îíò³â ÿê òåñò-êðèòåð³þ âñòàíîâëåííÿ
òîêñè÷íîñò³ ó ñèñòåìàõ êîíòðîëþ ÿêîñò³ âîäè òà á³îòåñòóâàíí³.

Ïîâåä³íêîâ³ ðåàêö³¿ ìîæíà ðîçãëÿäàòè ÿê ðåàêö³þ òâàðèí íà âïëèâ
ïåâíîãî çîâí³øíüîãî ïîäðàçíèêà, ÿêà âèÿâëÿºòüñÿ çà äîïîìîãîþ ñïîñòå-
ðåæåííÿ. Êð³ì àá³îòè÷íèõ òà á³îòè÷íèõ ÷èííèê³â, òàêèõ ÿê çì³íè òåìïå-
ðàòóðè, îñâ³òëåííÿ, ïðèñóòí³ñòü õèæàê³â, íàÿâí³ñòü ¿æ³ òîùî, çì³íè ïî-
âåä³íêîâèõ ðåàêö³é ìîæóòü áóòè ïîâ’ÿçàí³ ç àíòðîïîãåííèì âïëèâîì íà
åêîñèñòåìè, âêëþ÷íî ³ç çàáðóäíåííÿì âîäíèõ åêîñèñòåì òîêñè÷íèìè ðå-
÷îâèíàìè. Â³äîìî, ùî ïîâåä³íêà áóäü-ÿêîãî âèäó æèâèõ ³ñòîò º àäàïòèâ-
íîþ, ¿¿ îñîáëèâîñò³, ³íòåíñèâí³ñòü ³ ÷àñ ïðîÿâó ìîæóòü çì³íþâàòèñü â ìå-
æàõ ãåíåòè÷íî çóìîâëåíîãî ä³àïàçîíó òîëåðàíòíîñò³. Îòæå, ïîâåä³íêà º
âàæëèâèì ìåõàí³çìîì ðåàãóâàííÿ òà àäàïòàö³¿ äî çì³í ó íàâêîëèøíüîìó
ñåðåäîâèù³, çîêðåìà äî âïëèâó çàáðóäíþâà÷³â [22].

Âèâ÷åííÿ çì³í ó ïîâåä³íö³, âèêëèêàíèõ âïëèâîì çàáðóäíþâàëüíèõ
ðå÷îâèí, º íåâ³ä’ºìíîþ ÷àñòèíîþ åòîëîã³¿ (á³õåéâ³ðîëîã³¿ — ïîâåä³íêîâî¿
íàóêè), ÿêó çàïðîïîíîâàíî íàçâàòè ïîâåä³íêîâîþ åêîòîêñèêîëîã³ºþ. Ïå-
ðåâàãàìè ïîâåä³íêîâèõ òåñò-êðèòåð³¿â º êîðîòêèé ÷àñ ðåàãóâàííÿ, íå³íâà-
çèâí³ñòü, åêîëîã³÷íà çíà÷óù³ñòü, ìîæëèâ³ñòü àíàë³çó â³äïîâ³ä³ ó ÷àñ³ (ti-
me-to-response, TTR), ùî äîçâîëÿº âèêîðèñòîâóâàòè á³ëüø ÷óòëèâ³ òà
³íôîðìàòèâí³ ïîêàçíèêè ïîð³âíÿíî ç ô³êñîâàíèìè ó ÷àñ³ (ËÊ50) [29].

Äîö³ëüí³ñòü òà ïåðåâàãè âèêîðèñòàííÿ ïîâåä³íêîâèõ ðåàêö³é ÿê ³íñò-
ðóìåíòó äëÿ îö³íêè òîêñè÷íîãî âïëèâó çàáðóäíþâàëüíèõ ðå÷îâèí íà
âîäí³ îðãàí³çìè áóëè ï³äòâåðäæåí³ øëÿõîì ïðîâåäåííÿ êîìïëåêñíîãî
ìåòà-àíàë³çó, ñóòü ÿêîãî ïîëÿãàëà ó ïîð³âíÿíí³ ÷óòëèâîñò³ ³ òðèâàëîñò³
äîñë³äæåíü ïîâåä³íêîâèõ ðåàêö³é ç äîñë³äæåííÿìè, äå òåñò-êðèòåð³ÿìè
áóëè ñìåðòí³ñòü îðãàí³çì³â òà ïîêàçíèêè ðîçâèòêó ³ ðîçìíîæåííÿ [46].
Êîíñòàòóþ÷è áåçñóìí³âíó âàæëèâ³ñòü çàãàëüíîïðèéíÿòèõ ïîêàçíèê³â
äëÿ ïîâíîãî ðîçóì³ííÿ âïëèâó òîêñè÷íèõ ðå÷îâèí íà ã³äðîá³îíò³â íà îð-
ãàí³çìîâîìó ³ ïîïóëÿö³éíîìó ð³âíÿõ, àâòîðè íàãîëîøóþòü íà ö³ííîñò³
ïîâåä³íêîâèõ êðèòåð³¿â, îñê³ëüêè âîíè íàäàþòü çìîãó ó ïîð³âíÿíî êîðîò-
êèé ÷àñ îòðèìàòè äîñòîâ³ðí³ ðåçóëüòàòè çà ÷óòëèâèìè ïîêàçíèêàìè.

Á³îëîã³÷í³ ñèñòåìè ðàííüîãî ïîïåðåäæåííÿ â ðåæèì³ ðåàëüíîãî ÷àñó
(real-time biological early warning systems, BEWS). Òåõíîëîã³÷íèé ïðîãðåñ
ñïðèÿâ àêòèâíîìó ðîçâèòêó àâòîìàòèçîâàíèõ ñèñòåì êîíòðîëþ ïåâíèõ
ô³çèêî-õ³ì³÷íèõ ïîêàçíèê³â âîäè. Àâòîìàòèçîâàí³ òà áàãàòîïàðàìåòðè÷-
í³ ñèñòåìè õ³ì³÷íîãî çîíäóâàííÿ, ÿê³ â ðåæèì³ ðåàëüíîãî ÷àñó çäàòí³
âèì³ðþâàòè òàê³ ñòàíäàðòí³ ïîêàçíèêè ã³äðîõ³ì³÷íîãî ðåæèìó ÿê ðÍ, êà-
ëàìóòí³ñòü, âì³ñò äåÿêèõ àí³îí³â òà êàò³îí³â, ðîç÷èíåíîãî êèñíþ, çàãàëü-
íîãî îðãàí³÷íîãî âóãëåöþ, ñâîãî ÷àñó áóëè ðîçãîðíóò³ â áàãàòüîõ êðà¿íàõ
ªâðîïè, Àç³¿ òà Ñïîëó÷åíèõ Øòàòàõ [15, 32]. Îäíàê ñó÷àñíèé ð³âåíü ðîç-
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âèòêó àíàë³òè÷íèõ ìåòîä³â ãàçîâî¿ ³ ð³äèííî¿ õðîìàòîãðàô³¿ ³ ñïåêòðî-
ìåòð³¿ íå äàº ìîæëèâîñò³ ïîâíîþ ì³ðîþ âèêîíóâàòè êîíòðîëü õ³ì³÷íîãî
ñòàíó ïîâåðõíåâèõ âîä â ðåæèì³ ðåàëüíîãî ÷àñó, íàâ³òü ïîïðè âèñîêó
âàðò³ñòü òà ðåñóðñîºìí³ñòü ïîä³áíîãî ìîí³òîðèíãó [15, 33].

Îäíèì ³ç ïåðñïåêòèâíèõ øëÿõ³â ó öüîìó íàïðÿì³, ÿêèé àêòèâíî ðîç-
âèâàºòüñÿ, º çàñòîñóâàííÿ á³îñåíñîð³â, çîêðåìà âèêîðèñòàííÿ ãåíåòè÷íî
ìîäèô³êîâàíèõ áàêòåð³àëüíèõ êë³òèí ÿê ðîçï³çíàâàëüíîãî åëåìåíòà äëÿ
îïòîåëåêòðîííèõ á³îñåíñîð³â. Ââàæàºòüñÿ, ùî ó ïîºäíàíí³ ç íîâèìè òåõ-
íîëîã³ÿìè ³ ì³í³àòþðíîþ îïòîåëåêòðîí³êîþ ãåíåòè÷íî ìîäèô³êîâàí³
áàêòåð³¿ ìîæóòü âèêîðèñòîâóâàòèñü ó ñèñòåìàõ øâèäêî¿ äåòåêö³¿, äå ðå-
êîìá³íàíòí³ êë³òèíè âèïðîì³íþþòü ôëóîðåñöåíòíå àáî ëþì³íåñöåíòíå
ñâ³òëî ó â³äïîâ³äü íà ïðèñóòí³ñòü ö³ëüîâîãî òîêñèêàíòà [17]. Ïðîòå á³ëü-
ø³ñòü á³îñåíñîð³â âñå ùå îáìåæåí³, ÿê ïðàâèëî, îäíèì ö³ëüîâèì àíàë³òîì,
à òàêîæ íåîáõ³äí³ñòþ çàì³íè ÷óòëèâèõ åëåìåíò³â ï³ñëÿ äåòåêö³¿ àáî á³îîá-
ðîñòàííÿ.

Ùå îäíèì øëÿõîì äîïîâíåííÿ òðàäèö³éíèõ ï³äõîä³â äî îö³íêè ÿêîñ-
ò³ âîäè ñòàëè á³îëîã³÷í³ ñèñòåìè ðàííüîãî ïîïåðåäæåííÿ íà îñíîâ³ ðåºñò-
ðóâàííÿ çì³í ïîâåä³íêîâèõ òà/àáî ô³ç³îëîã³÷íèõ õàðàêòåðèñòèê ÷óòëèâèõ
âîäÿíèõ òâàðèí [31, 32]. Ïåðø³ êîíöåïòóàëüí³ åëåêòðîíí³ BEWS áóëè çà-
ïðîïîíîâàí³ â 70-õ ðîêàõ XX ñò. íà îñíîâ³ òðàíçèñòîðíèõ ñèñòåì òà âèêî-
ðèñòîâóâàëè ïîâåä³íêîâ³ ³ ô³ç³îëîã³÷í³ ðåàêö³¿ ðèá (ëîêîìîö³ÿ, åëåêò-
ðîì³îãðàô³ÿ, çì³íè îá’ºìó ãàçîîáì³íó òà äèõàëüíîãî òèñêó) ÿê òåñò-êðè-
òåð³¿ âèÿâëåííÿ òîêñè÷íîñò³ ïðîìèñëîâèõ ñò³÷íèõ âîä â ðåæèì³ ðåàëüíî-
ãî ÷àñó [15]. Òàê³ ñèñòåìè áóëè çàïðîâàäæåí³ ó áàãàòüîõ êðà¿íàõ ñâ³òó, ïðî-
òå áóëè âèâåäåí³ ç åêñïëóàòàö³¿ ó 80-õ ðîêàõ, ÷åðåç òåõíîëîã³÷íó çàñòà-
ð³ë³ñòü, íåäîñêîíàë³ñòü åëåêòðîííîãî çáîðó äàíèõ, àâòîìàòèçàö³¿ òà âè-
ñîê³ âèòðàòè íà îáñëóãîâóâàííÿ ³ ï³äòðèìêó ¿õíüî¿ áåçïåðåðâíî¿ ðîáîòè
[30]. À âò³ì, â îñòàíí³ ðîêè ñïîñòåð³ãàºòüñÿ ðîçðîáêà íîâîãî ïîêîë³ííÿ
ñèñòåì êîíòðîëþ íà îñíîâ³ ñó÷àñíèõ ï³äõîä³â äî ðåºñòðàö³¿ òà àíàë³çó îò-
ðèìàíèõ äàíèõ.

Çì³íè ïîâåä³íêîâèõ ïàðàìåòð³â âèÿâèëèñÿ ÷óòëèâèì êðèòåð³ºì ñóá-
ëåòàëüíîãî âïëèâó, çäàòíèì ðîçøèðèòè ìîæëèâîñò³ ìîí³òîðèíãó [29, 31,
34]. Ïîâåä³íêîâ³ ðåàêö³¿ òàêèõ îðãàí³çì³â, ÿê ðèáè, ðàêîïîä³áí³ òà ìîëþ-
ñêè, ìîæíà ç äîñòàòíüîþ òî÷í³ñòþ â³äñòåæóâàòè â ðåæèì³ ðåàëüíîãî ÷àñó
çà äîïîìîãîþ ñó÷àñíèõ åëåêòðîííèõ çàñîá³â, ïðè öüîìó òàê³ ðåàêö³¿ ÷àñòî
ïåðåäóþòü ðîçëàäàì ô³ç³îëîã³÷íîãî ñòàíó, ïðîÿâó âàä ó ðîçâèòêó àáî
çìåíøåííþ òåìï³â ðîçìíîæåííÿ [34]. Ïåðåâàãè BEWS, ùî âèêîðèñòîâó-
þòü àíàë³ç ïîâåä³íêîâèõ ðåàêö³é â ðåàëüíîìó ÷àñ³, ïîëÿãàþòü ó ìîæëè-
âîñò³ áåçïåðåðâíîãî ìîí³òîðèíãó òà ðàííüîãî ïîïåðåäæåííÿ ïðî çì³íè
ïàðàìåòð³â ÿêîñò³ âîäè [43]. Âàæëèâî çàçíà÷èòè, ùî òåñò-îðãàí³çìè âèÿâ-
ëÿþòü ³ ïîïåðåäæàþòü ïðî íàÿâí³ñòü õ³ì³÷íèõ ðå÷îâèí, ÿê³ íå âêëþ÷åí³ â
ñòàíäàðòí³ ñõåìè àíàë³òè÷íèõ âèì³ðþâàíü àáî ìàþòü íåïðèéíÿòíî âè-
ñîê³ ìåæ³ âèÿâëåííÿ [43]. Ïîêàçàíî, ùî âèêîðèñòàííÿ ïîâåä³íêîâèõ ðå-
àêö³é óìîæëèâëþº âèçíà÷åííÿ âïëèâó ïåâíèõ òîêñèêàíò³â ó êîíöåíò-
ðàö³ÿõ, áëèçüêèõ äî ïîðîãîâèõ âåëè÷èí ¿õíüîãî àíàë³òè÷íîãî âèÿâëåííÿ
[29].
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Â³äñòåæåííÿ òâàðèí ç âèêîðèñòàííÿì êîìï’þòåðíî¿ îáðîáêè öèôðî-
âèõ â³äåîçàïèñ³â íà ñüîãîäí³ º ïðîâ³äíèì ï³äõîäîì ó âèâ÷åíí³ ïîâåä³íêî-
âèõ ðåàêö³é â åêîòîêñèêîëîã³÷íèõ òà åòîëîã³÷íèõ äîñë³äæåííÿõ, ÿêèé
âêëþ÷àº ê³ëüêà íåçàëåæíèõ åòàï³â: â³äåîçàïèñ, ïðîãðàìíå â³äñòåæåííÿ
òðàºêòîð³¿ ðóõó òâàðèí òà àíàë³ç äàíèõ [15, 35, 36].

Îñíîâí³ ïðîáëåìè ö³º¿ ìåòîäîëîã³¿ ïîâ’ÿçàí³ ç íåîáõ³äí³ñòþ îäíî÷àñ-
íîãî îòðèìàííÿ öèôðîâîãî â³äåîïîòîêó, â³äñòåæåííÿ òâàðèí ³ âèÿâëåííÿ
çíà÷èìèõ çì³í ïîâåä³íêîâèõ ³íäèêàòîð³â âïëèâó (òàêèõ ÿê, íàïðèêëàä,
ñåðåäíÿ øâèäê³ñòü, ïðèñêîðåííÿ, ê³ëüê³ñòü ïîâîðîò³â òîùî) â ðåæèì³ ðå-
àëüíîãî ÷àñó [15]. Êð³ì òîãî, â³äñòåæåííÿ òâàðèí ó á³ëüøîñò³ äîñë³äæåíü
çä³éñíþºòüñÿ ëèøå ó äâîâèì³ðíîìó ïðîñòîð³, ùî íå äîçâîëÿº âèêîðèñòî-
âóâàòè òðèâèì³ðí³ òðàºêòîð³¿ ðóõó. Ââàæàºòüñÿ, ùî òðèâèì³ðíà â³çóà-
ë³çàö³ÿ ìîæå âèÿâèòè íàáàãàòî ñêëàäí³ø³ ïàòåðíè ïîâåä³íêîâèõ ðåàêö³é
ïîð³âíÿíî ç äâîâèì³ðíîþ [6].

Ïåðåâàãè âèêîðèñòàííÿ ðèá ÿê òåñò-îðãàí³çì³â ó ñèñòåìàõ BEWS ïî-
ëÿãàþòü ó â³äíîñí³é ïðîñòîò³ ¿õíüîãî óòðèìàííÿ, äîñòóïíîñò³, ìîæëè-
âîñò³ îáðàòè ìàëîðîçì³ðí³ âèäè òà òðèâàëîìó æèòòºâîìó öèêëó. Ñêëàä-
í³ñòü íåðâîâî¿ ñèñòåìè ðèá äîçâîëÿº ô³êñóâàòè ¿õí³ ñïåöèô³÷í³ ðåàêö³¿ íà
ä³þ á³ëüøîñò³ ïðîìèñëîâèõ çàáðóäíþâà÷³â [28]. Êð³ì ðèá, ã³ëëÿñòîâóñ³
ðàêîïîä³áí³ º ³íøîþ òàêñîíîì³÷íîþ ãðóïîþ, ïðåäñòàâíèêè ÿêî¿ íàé-
÷àñò³øå âèêîðèñòîâóþòüñÿ ç ö³ºþ ìåòîþ [6]. Ïðèêëàäîì óñï³øíî¿ êî-
ìåðö³éíî¿ ðîçðîáêè ó öüîìó íàïðÿìêó º ïîðòàòèâíèé ïðèñòð³é DaphTox
II (DaphniaToximeter II) í³ìåöüêî¿ êîìïàí³¿ bbe Moldaenke [21], ÿêèé âè-
êîðèñòîâóº âèñîêó ÷óòëèâ³ñòü ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ Daphnia mag-
na äî çì³í ÿêîñò³ âîäè [6, 15]. DaphTox II àíàë³çóº ïîâåä³íêó äàôí³é, ÿê³
óòðèìóþòüñÿ ó ñêëÿí³é ïðîòî÷í³é êàìåð³ îá’ºìîì 30 ìë, çà äîïîìîãîþ ãî-
ðèçîíòàëüíî ðîçòàøîâàíî¿ öèôðîâî¿ êàìåðè ç âèñîêîþ ðîçä³ëüíîþ çäàò-
í³ñòþ. Îäíîêàìåðíà ñèñòåìà ìîæå áóòè ìîäåðí³çîâàíà äî äâîêàìåðíî¿, äå
îäíà ç êàìåð ñëóãóâàòèìå íåãàòèâíèì àáî ïîçèòèâíèì êîíòðîëåì.
DaphTox II ìîæå áåçïåðåðâíî â³äñòåæóâàòè ðóõîâó àêòèâí³ñòü äåñÿòè
îñîáèí ïðîòÿãîì á³ëüøå ñåìè ä³á, âèêîðèñòîâóþ÷è ìåòîä êîíòðàñòíîãî
â³äñòåæåííÿ [15, 44]. Äëÿ ðîçðàõóíêó ³íòåãðàëüíîãî ïîâåä³íêîâîãî êðè-
òåð³þ âïëèâó àíàë³çóþòüñÿ òàê³ ïàðàìåòðè, ÿê ñåðåäíÿ øâèäê³ñòü, â³ä-
ñòàíü ì³æ îðãàí³çìàìè, âèñîòà ïëàâàííÿ, ðîçïîä³ë ó êàìåð³, ê³ëüê³ñòü ïî-
âîðîò³â ³ îáåðòàíü [44]. Çàâäÿêè ñâî¿é ÷óòëèâîñò³ òà óñï³øí³é âàë³äàö³¿
öåé ìåòîä òàêîæ øèðîêî âïðîâàäæåíèé äëÿ âèÿâëåííÿ òîêñè÷íèõ ðå÷î-
âèí ó êðà¿íàõ ªâðîïè, ÑØÀ, Êàíàä³, Êîðå¿ òà Êèòà¿ ç ÷èñëåííèì ñïåêòðîì
çàñòîñóâàíü (ìîí³òîðèíã äàìá, òåñòóâàííÿ çâîðîòíèõ ñò³÷íèõ âîä, îö³íêà
ñòàíó âîäíèõ øëÿõ³â, îíëàéí-ìîí³òîðèíã çàá³ðíî¿ ³ ïèòíî¿ âîäè) [15].
Ïðîòå óñï³øíå âèêîðèñòàííÿ ñèñòåì BEWS ïîòðåáóº ³ ðîçóì³ííÿ îáìå-
æåíü, ÿê³ íàêëàäàº öåé ï³äõ³ä (òàáëèöÿ).

Âèêîðèñòàííÿ ïîâåä³íêîâèõ ðåàêö³é ïðåäñòàâíèê³â Ñladocera ó åêî-
òîêñèêîëîã³÷íèõ äîñë³äæåííÿõ. Ïðîâåäåíèé íàìè àíàë³ç ïóáë³êàö³éíî¿
àêòèâíîñò³ ñâ³ä÷èòü ïðî íåçì³ííå çðîñòàííÿ çàö³êàâëåíîñò³ ì³æíàðîäíî¿
íàóêîâî¿ ñï³ëüíîòè ó äîñë³äæåííÿõ ïîâåä³íêîâèõ ðåàêö³é ã³ëëÿñòîâóñèõ
ðàêîïîä³áíèõ çà çì³í åêîëîã³÷íèõ ÷èííèê³â ñåðåäîâèùà. Íà ðèñóíêó 1
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ïðåäñòàâëåíî ðåçóëüòàòè ïîøóêó íàóêîâèõ ïóáë³êàö³é ó ïðîâ³äí³é ì³æíà-
ðîäí³é ðåôåðàòèâí³é áàç³ äàíèõ Web of Science Core Collection (1970—
2025 ðð.) çà çàïèòîì TS=(behavior) AND TS=(daphnia OR cladocera).

Àíàë³ç ñòóïåíÿ çâ’ÿçêó ì³æ êëþ÷îâèìè ñëîâàìè ó öèõ ïóáë³êàö³ÿõ
(2509 çàïèñ³â) ïîêàçóº, ùî âèâ÷åííÿ ïîâåä³íêè ã³ëëÿñòîâóñèõ ðàêîïî-
ä³áíèõ (âóçëè «Cladocera» òà «ïîâåä³íêà») áóëè ïîâ’ÿçàí³ ãîëîâíèì ÷èíîì
ç äâîìà íàïðÿìêàìè äîñë³äæåíü — åêîëîã³÷íèì òà òîêñèêîëîã³÷íèì (ðèñ.
2).

Ïåðøèé âêëþ÷àâ â ñåáå òàê³ ïèòàííÿ ÿê ïîâåä³íêîâ³ ðåàêö³¿ ã³ëëÿñòî-
âóñèõ ðàêîïîä³áíèõ çà çì³íè àá³îòè÷íèõ ³ á³îòè÷íèõ ÷èííèê³â ñåðåäîâè-
ùà, âêëþ÷íî ³ç âçàºìîä³ºþ Cladocera (ÿê êîìïîíåíòè çîîïëàíêòîíó) ç
³íøèìè òðîô³÷íèìè ð³âíÿìè â ñâ³òë³ áàçîâèõ á³îëîã³÷íèõ êîíöåïö³é
(åâîëþö³ÿ, ôåíîòèï³÷íà ïëàñòè÷í³ñòü, â³äá³ð, òðîô³÷í³ ð³âí³). Ìîæíà â³ä-
ì³òèòè, ùî ïðîòÿãîì îñòàíí³õ äâàäöÿòè ðîê³â â³äáóâñÿ ïåâíèé çñóâ çà-
ö³êàâëåíîñò³ ç åêîëîã³÷íèõ àñïåêò³â äî òîêñèêîëîã³÷íèõ. Ïîâåä³íêîâ³ ðå-
àêö³¿ âñå ÷àñò³øå ðîçãëÿäàþòüñÿ ÿê ïåðñïåêòèâíèé ³íñòðóìåíò â åêîòîê-
ñèêîëîã³÷íèõ äîñë³äæåííÿõ äëÿ øâèäêîãî âèçíà÷åííÿ ñóáëåòàëüíî¿ ä³¿
òîêñè÷íèõ ðå÷îâèí ð³çíî¿ ïðèðîäè.
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Òàáëèöÿ
Ïåðåâàãè ³ íåäîë³êè á³îëîã³÷íèõ ñèñòåì ðàííüîãî ïîïåðåäæåííÿ (BEWS) [15]

Ïåðåâàãè Íåäîë³êè

- áåçïåðåðâíå âèì³ðþâàííÿ ïàðàìåòð³â
ÿêîñò³ âîäè â ðåæèì³ ðåàëüíîãî ÷àñó;

- âèñîêà ÷óòëèâ³ñòü çà óìîâ àäåêâàòíîãî
ï³äáîðó òåñò-îðãàí³çì³â ³ òåñò-êðèòåð³¿â
â³äïîâ³äíî äî ñòðàòåã³¿ çàñòîñóâàííÿ;

- îäíî÷àñíèé àíàë³ç áàãàòüîõ ïàðàìåòð³â;

- ìîæëèâ³ñòü äîñÿãíåííÿ âèñîêîãî ð³âíÿ àâ-
òîìàòèçàö³¿;

- ïðîñòîòà åêñïëóàòàö³¿, ì³í³ìàëüíà íå-
îáõ³äí³ñòü ó âòðó÷àíí³ ëþäèíè;

- íåâèñîêà âàðò³ñòü îáñëóãîâóâàííÿ ³ ïîòî÷-
íîãî ðåìîíòó, îñîáëèâî ó ïîð³âíÿíí³ ç³
ñêëàäíèìè ñïåêòðîìåòðè÷íèìè àíàë³òè÷íè-
ìè ñèñòåìàìè;

- ãíó÷ê³ñòü ç òî÷êè çîðó ñòðàòåã³¿ çàñòîñóâàí-
íÿ: ó ðàç³ âèêîðèñòàííÿ òåñò-îðãàí³çì³â ç
òðèâàëèì æèòòºâèì öèêëîì (ðèáè, ìîëþñêè)
ìîæëèâ³ ÿê ëàáîðàòîðí³, òàê ³ ïîëüîâ³
òåõí³÷í³ ð³øåííÿ;

- ìîæëèâ³ñòü æèâëåííÿ â³ä àêóìóëÿòîðíèõ
ïðèñòðî¿â, ùî çàáåçïå÷óº çíà÷íó àâòî-
íîìí³ñòü ï³ä ÷àñ â³äêëþ÷åíü åëåêòðèêè;

- ìîæëèâ³ñòü âèêîðèñòàííÿ äåê³ëüêîõ âèä³â
òåñò-îðãàí³çì³â

- â³äñóòí³ñòü ñïåöèô³÷íîñò³ ñòî-
ñîâíî òèïó çàáðóäíåííÿ òà êîí-
öåíòðàö³¿ çàáðóäíþâàëüíèõ ðå÷î-
âèí;

- íåîáõ³äí³ñòü ïåð³îäè÷íî¿ çàì³íè
òåñò-îðãàí³çì³â â ðàç³ îáìåæåíî¿
òðèâàëîñò³ æèòòÿ (äàôí³¿ — òèæ-
äåíü, ðèáè — äî ÷îòèðüîõ òèæí³â,
ìîëþñêè — äî òðüîõ ì³ñÿö³â);

- ïîð³ã âèÿâëåííÿ íåáåçïåêè âèç-
íà÷àºòüñÿ ÷óòëèâ³ñòþ ³ ÷àñîì
â³äïîâ³ä³ òåñò-îðãàí³çì³â, íà ùî
ìîæå âïëèâàòè íèçêà ÷èííèê³â
(ô³çèêî-õ³ì³÷í³ õàðàêòåðèñòèêè
âîäè, äîñòóïí³ñòü ³ ÿê³ñòü ¿æ³, çà-
õâîðþâàííÿ òà ³í.);

- ïîòðåáà ó ãîä³âë³ òà ñòàíäàðòè-
çàö³¿ ö³º¿ ïðîöåäóðè;

- ÷óòëèâ³ñòü òåñò-îðãàí³çì³â äî àê-
òèâíîãî õëîðó âîäè ó ðàç³ ìîí³òî-
ðèíãó ÿêîñò³ õëîðîâàíî¿ ïèòíî¿
âîäè;

- íåîáõ³äí³ñòü ðîçðîáêè óí³ô³êîâà-
íèõ åòàëîííèõ ñòàíäàðò³â ïðè
äîñë³äæåíí³ ïîâåä³íêîâèõ ðåàêö³é



ßê òåñò-êðèòåð³¿ òîêñè÷íîãî âïëèâó íà äàôí³é çàïðîïîíîâàíî âèêî-
ðèñòîâóâàòè íèçêó ô³ç³îëîã³÷íèõ ïîêàçíèê³â, ÷óòëèâèõ äî ñòðåñîâèõ ð³â-
í³â ÷èííèê³â íàâêîëèøíüîãî ñåðåäîâèùà [6]. Æèâëåííÿ º âàæëèâèì ô³-
ç³îëîã³÷íèì ïîêàçíèêîì Daphnia magna, ïîâ’ÿçàíèì ç åêîëîã³÷íîþ ðîë-
ëþ öèõ îðãàí³çì³â ÿê ô³ëüòðàòîð³â çàâèñåé ç òîâù³ âîäè [38]. Äîñë³äæåí-
íÿ ïîêàçàëè, ùî äàôí³¿ ìîæóòü â³äô³ëüòðîâóâàòè ÷àñòêè ðîçì³ðîì â³ä 1
äî 70 ìêì [55]. Ô³ëüòðàö³ÿ çä³éñíþºòüñÿ çà äîïîìîãîþ ãðóäíèõ ê³íö³âîê
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Ðèñ. 1. Äèíàì³êà ê³ëüêîñò³ ïóáë³êàö³é (1) òà öèòóâàíü (2) ùîäî ïîâåä³íêîâèõ ðåàêö³é
ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ

Ðèñ. 2. Ñòóï³íü çâ’ÿçêó ì³æ êëþ÷îâèìè ñëîâàìè ó ïóáë³êàö³ÿõ, ïðèñâÿ÷åíèõ ïî-
âåä³íêîâèì ðåàêö³ÿì ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ ³ç çàçíà÷åííÿì ñåðåäíüî¿ äàòè
(ð³ê) â³äïîâ³äíèõ ïóáë³êàö³é (íàä ðèñêîþ) ³ ê³ëüêîñò³ öèòóâàíü (ï³ä ðèñêîþ)



(ïðèäàòê³â), ÿê³ òàêîæ â³ä³ãðàþòü âàæëèâó ðîëü ó äèõàíí³. Îñê³ëüêè àê-
òèâí³ñòü ãðóäíèõ ê³íö³âîê ìîæå çì³íþâàòèñÿ ï³ä âïëèâîì ð³çíèõ ñòðåñî-
âèõ ÷èííèê³â, ¿¿ çàïðîïîíîâàíî âèêîðèñòîâóâàëè ÿê ô³ç³îëîã³÷íèé êðè-
òåð³é âïëèâó [5]. Ùå îäíèì ïîêàçíèêîì, ÿêèé ÷óòëèâî ðåàãóº íà âïëèâ
ð³çíîìàí³òíèõ ÷èííèê³â, º ÷àñòîòà ñêîðî÷åíü ñåðöÿ òà ïðîåêòèâíà ïëîùà
ï³ä ÷àñ ñèñòîëè òà ä³àñòîëè [6]. Ìîæëèâ³ñòü âèêîðèñòàííÿ ÿê ³íäèêàòîð³â
ðóõ³â ³íøèõ ÷àñòèí ò³ëà öèõ ïëàíêòîííèõ ðàêîïîä³áíèõ (îêî, ïîñòàá-
äîì³íàëüíèé ê³ãòèê, ìàíäèáóëè) äîñë³äæåíà ìåíøå, ïðîòå ïîêàçàíî, ùî
¿õ çàñòîñóâàííÿ ö³ëêîì ìîæëèâå çàâäÿêè àíàë³çó öèôðîâîãî çîáðàæåííÿ,
îòðèìàíîãî çà äîïîìîãîþ ì³êðîñêîï³÷íî¿ òåõí³êè [6, 37].

Ïëàâàëüíà ïîâåä³íêà — öå øèðîêèé òåðì³í, ùî îõîïëþº ð³çí³ ïðîÿâè
ïëàâàëüíî¿ àêòèâíîñò³. Àíàë³ç ïàðàìåòð³â ðóõó Daphnia magna º íîâèì
ïåðñïåêòèâíèì ìåòîäîëîã³÷íèì ï³äõîäîì â ãàëóç³ åêîëîã³÷íî¿ òîêñèêî-
ëîã³¿ [6, 15, 29, 46, 52, 56, 59].

Âñòàíîâëåíî, ùî ðóõîâ³ ïàðàìåòðè Daphnia magna º ÷óòëèâèì á³î-
ìàðêåðîì âïëèâó õ³ì³÷íèõ ðå÷îâèí ð³çíî¿ ïðèðîäè: ñåðåä ³íøîãî, âàæêèõ
ìåòàë³â [51, 58], ïåñòèöèä³â [8, 10, 14, 23, 26, 39, 53, 61], íåéðîòîêñèí³â
ö³àíîáàêòð³é [9], ôàðìàöåâòè÷íèõ ïðåïàðàò³â, ïðîäóêò³â ïåðñîíàëüíî¿
ã³ã³ºíè, ðå÷îâèí, ùî ïîðóøóþòü ðîáîòó åíäîêðèííî¿ ñèñòåìè [2, 4, 7, 8,
11—13, 24, 41, 49], ïðèðîäíèõ ³ ñèíòåòè÷íèõ áàðâíèê³â [1], íàíî÷àñòîê ³
ì³êðîïëàñòèêó [45, 47, 50].

Ñåðåä ïàðàìåòð³â, ÿê³ øèðîêî âèêîðèñòîâóþòüñÿ äëÿ äîñë³äæåííÿ
ðóõîâî¿ àêòèâíîñò³, º ÷àñ ïëàâàííÿ, øâèäê³ñòü ïëàâàííÿ, ÷àñòîòà ðóõ³â àí-
òåíàìè, ãîðèçîíòàëüíèé ³ âåðòèêàëüíèé ðîçïîä³ë îðãàí³çì³â, ïîäîëàíà
â³äñòàíü, ê³ëüê³ñòü ïîâîðîò³â, êóò ïîâîðîòó, ÷àñ â³äïî÷èíêó, òðèâàë³ñòü
ñïîêîþ, ñêóï÷åííÿ, îáåðòàííÿ òà ³íø³ [6]. Íàâåäåíèé ïåðåë³ê ñâ³ä÷èòü
ïðî òå, ùî äîñë³äæåííÿ ðóõîâî¿ àêòèâíîñò³ Daphnia magna çà ä³¿ çàáðóä-
íþâàëüíèõ ðå÷îâèí íàäàº øèðîêèé ñïåêòð ïîêàçíèê³â, ÿê³ â ³íòåãðîâàíî-
ìó âèãëÿä³ ìîæóòü áóòè ö³ííèì òåñò-êðèòåð³ºì äëÿ îö³íêè âïëèâó òîê-
ñè÷íèõ ðå÷îâèí ó åêîòîêñèêîëîã³÷íîìó àñïåêò³.

Ïîêàçíèê ÷àñó ïëàâàííÿ (òðèâàë³ñòü ïåð³îäó, ïðîòÿãîì ÿêîãî äàôí³ÿ
çáåð³ãàº ðóõëèâ³ñòü) äîñèòü ëåãêî ô³êñóºòüñÿ íåîçáðîºíèì îêîì, òîìó
âæå äîâãèé ÷àñ âèêîðèñòîâóºòüñÿ ïðè âèçíà÷åíí³ òîêñè÷íèõ âëàñòèâî-
ñòåé çàáðóäíþâàëüíèõ ðå÷îâèí ð³çíî¿ õ³ì³÷íî¿ ïðèðîäè (òåñò íà ³ììî-
á³ë³çàö³þ). Âàæëèâî çàçíà÷èòè, ùî âïëèâ äåÿêèõ ôàðìàöåâòè÷íèõ ïðåïà-
ðàò³â, çîêðåìà àãîí³ñò³â äîôàì³íîâèõ ðåöåïòîð³â, òàêîæ ïðèçâîäèòü äî
ñêîðî÷åííÿ òðèâàëîñò³ ïëàâàííÿ [4].

Øâèäê³ñòü ïëàâàííÿ — îäèí ç íàéïîøèðåí³øèõ ïàðàìåòð³â îö³íêè
ïëàâàëüíî¿ ïîâåä³íêè äàôí³é. Ó ïîä³áíèõ äîñë³äæåííÿõ øâèäê³ñòü ðîçã-
ëÿäàþòü ÿê âåêòîðíó âåëè÷èíó, ÿêà õàðàêòåðèçóºòüñÿ ïåâíèì çíà÷åííÿì ³
íàïðÿìêîì. Ðóõ äàôí³é íå º ïîñò³éíèì, âèä³ëÿþòü äâ³ ìîäåë³ ïëàâàëüíî¿
ïîâåä³íêè äàôí³é [48], îïèñàí³ ÿê ñòðèáêîïîä³áíèé òà øâèäêèé íåïåðåð-
âíèé ðóõ. Çàçâè÷àé ïëàâàííÿ äàôí³é õàðàêòåðèçóºòüñÿ ïåð³îäè÷íèìè
«ñòðèáêàìè ³ çàíóðåííÿìè» çàâäÿêè ñèëîâèì ðóõàì äðóãèõ àíòåí, ÿê³ íà-
äàþòü ¿ì øâèäêîãî ïðèñêîðåííÿ, ï³ñëÿ ÷îãî íàñòàº ôàçà çàíóðåííÿ. Ïðè
òàêîìó òèï³ ïëàâàííÿ ïîêàçíèê øâèäêîñò³ çàçâè÷àé íå ïåðåâèùóº
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10 ìì/ñ. ²íøèé òèï ïëàâàííÿ — øâèäêèé íåïåðåðâíèé ðóõ — ïîä³áíèé
äî ñòðèáêîïîä³áíîãî ïëàâàííÿ, àëå áåç ôàçè çàíóðåííÿ, ïðè öüîìó øâèä-
ê³ñòü ïåðåâèùóº 10 ìì/ñ [48]. ßê ïðàâèëî, ïåð³îäè ïðèñêîðåíîãî ðóõó
÷åðãóþòüñÿ ç óïîâ³ëüíåíèìè [6]. ²ç çá³ëüøåííÿì ³íòåíñèâíîñò³ îñâ³òëåí-
íÿ øâèäê³ñòü ðóõó äàôí³é çðîñòàº, ïðîòå äîñë³äæåííÿ ç ïîì³ðíèì ñâ³òëîì
äîçâîëÿþòü êðàùå ðîçð³çíÿòè ³íäèâ³äóàëüí³ ðåàêö³¿ îðãàí³çì³â çà âïëèâó
á³îëîã³÷íî àêòèâíèõ ðå÷îâèí [54]. Âñòàíîâëåíî, ùî øâèäê³ñòü ïëàâàííÿ
çàëåæèòü â³ä ðîçì³ðó îðãàí³çì³â. Äàôí³¿ á³ëüøèõ ðîçì³ð³â ðóõàþòüñÿ
øâèäøå ³ ïðîòÿãîì äîâøèõ ïðîì³æê³â ÷àñó ïîð³âíÿíî ç ìåíøèìè îñîáè-
íàìè [25, 40]. Çàëåæíî â³ä íàïðÿìêó ó òðèâèì³ðíîìó ïðîñòîð³ ìîæíà
ðîçð³çíÿòè øâèäê³ñòü ïëàâàííÿ ïðè ãîðèçîíòàëüíîìó, âèñõ³äíîìó òà
íèçõ³äíîìó ðóñ³ [49]. Öåé ïàðàìåòð áóëî óñï³øíî çàñòîñîâàíî äëÿ òåñòó-
âàííÿ äåÿêèõ ôàðìàöåâòè÷íèõ ïðåïàðàò³â, âêëþ÷íî ç àíòèá³îòèêàìè [11,
49]. Âñòàíîâëåíî ñò³éêèé âçàºìîçâ’ÿçîê ì³æ øâèäê³ñòþ ðóõó ³ àêòèâí³ñòþ
ôåðìåíòó àöåòèëõîë³íåñòåðàçè ó äîñë³äàõ ç ¿¿ ïðÿìèìè ³ íåïðÿìèìè ³í-
ã³á³òîðàìè [53]. Àíàë³ç ë³òåðàòóðè ñâ³ä÷èòü ïðî òå, ùî çà âïëèâó ðå÷îâèí
òîêñè÷íî¿ ä³¿ (âàæê³ ìåòàëè, ïåñòèöèäè) øâèäê³ñòü ïëàâàííÿ äàôí³é ìàº
ñò³éêó òåíäåíö³þ äî çíèæåííÿ, ùî ïîçíà÷àºòüñÿ òàêîæ íà çìåíøåíí³ ïî-
äîëàíî¿ â³äñòàí³ [6]. Âèêëþ÷åííÿ ìîæóòü ñòàíîâèòè ðåàêö³¿ íà ïîì³ðí³
êîíöåíòðàö³¿ òîêñèêàíò³â ó êîðîòêî÷àñîâèõ åêñïîçèö³ÿõ, êîëè îðãàí³çìè
çá³ëüøóþòü ðóõîâó àêòèâí³ñòü äëÿ óíèêíåííÿ øêîäî÷èííî¿ ä³¿.

Â³äì³÷åíî äîñòîâ³ðí³ çì³íè ó â³äñòàí³, ÿêó äîëàþòü ï³ääîñë³äí³ òâàðè-
íè ïðîòÿãîì ïåâíîãî ÷àñó (ïîäîëàíà â³äñòàíü) ï³ä âïëèâîì ð³çíèõ ÷èí-
íèê³â [6]. Íàïðèêëàä, âèÿâëåíî çìåíøåííÿ öüîãî ïîêàçíèêà çà ä³¿ òîê-
ñèí³â ñèíüîçåëåíèõ âîäîðîñòåé òà îïðîì³íåííÿ óëüòðàô³îëåòîì [27, 40].
Âïëèâ äåÿêèõ àíòèá³îòèê³â òàêîæ ïðèçâîäèâ äî çá³ëüøåííÿ ÷àñó, ïðîòÿ-
ãîì ÿêîãî äîñë³äí³ òâàðèíè ïåðåáóâàëè ó ñòàí³ ñïîêîþ [49].

Ùå îäíèì ïàðàìåòðîì ïëàâàëüíî¿ àêòèâíîñò³, ÿêèé óñï³øíî âèêîðè-
ñòîâóºòüñÿ ó òåñòóâàíí³ òîêñè÷íèõ ðå÷îâèí ³ ôàðìàöåâòè÷íèõ ïðåïà-
ðàò³â, º çàãàëüíà ê³ëüê³ñòü ñòðèáê³â çà ïåâíèé ïðîì³æîê ÷àñó, àäæå ñàìå
çàâäÿêè ð³çêèì ïåð³îäè÷íèì ðóõàì àíòåí ïåðåñóâàþòüñÿ ã³ëëÿñòîâóñ³ ðà-
êîïîä³áí³. Âàæëèâîþ îñîáëèâ³ñòþ öüîãî òåñò-êðèòåð³þ º òå, ùî â³í ìåí-
øîþ ì³ðîþ çàëåæèòü â³ä ðîçì³ð³â îñîáèí, ïðè öüîìó ð³çí³ òîêñèêàíòè ìî-
æóòü çì³íþâàòè ÷àñòîòó ñòðèáê³â ïðîòèëåæíèì ÷èíîì [6, 57]. Ïåðñïåê-
òèâíèì òåñò-êðèòåð³ºì ââàæàþòü òàêîæ çì³íè íàïðÿìêó ðóõó äàôí³é.
Âñòàíîâëåíî, ùî ê³ëüê³ñòü ïîâîðîò³â òà êóò ïîâîðîòó çì³íþþòüñÿ íå ò³ëü-
êè ó â³äïîâ³äü íà åêîëîã³÷í³ ÷èííèêè (ê³ëüê³ñòü ¿æ³, íàÿâí³ñòü õèæàê³â
òîùî), àëå º òàêîæ ³íäèêàòîðîì âïëèâó ðå÷îâèí òîêñè÷íî¿ ä³¿ [20, 62].

Îäíèì ç âàæëèâèõ ³ ïåðñïåêòèâíèõ íàïðÿìê³â âèêîðèñòàííÿ ïî-
âåä³íêîâèõ ðåàêö³é ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ ó åêîòîêñèêîëîã³÷íèõ
äîñë³äæåííÿõ º âèÿâëåííÿ ïîä³áíîñò³ çì³í ïàðàìåòð³â ðóõîâî¿ àêòèâíîñò³
çà ä³¿ ïåâíèõ êëàñ³â çàáðóäíþâà÷³â, îñê³ëüêè ðå÷îâèíè ç³ ñï³ëüíèìè ìåòà-
áîë³÷íèìè òà/àáî ñòðóêòóðíèìè ì³øåíÿìè â îðãàí³çì³ âèêëèêàòèìóòü,
³ìîâ³ðíî, ïîä³áí³ ô³ç³îëîã³÷í³ ðåàêö³¿. Ïðîòå ë³òåðàòóðà ç öüîãî ïèòàííÿ
âêðàé îáìåæåíà, à äàí³ ñóïåðå÷ëèâ³. Ó ðîáîò³ [61] ñòâåðäæóºòüñÿ, ùî çà
òàêèìè ïîêàçíèêàìè ðóõó Daphnia magna ÿê çàãàëüíèé ïîäîëàíèé øëÿõ
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òà çì³íè íàïðÿìêó (êóòó) òðàºêòîð³¿ ïëàâàííÿ ìîæíà äîñòîâ³ðíî ðîç-
ð³çíèòè âïëèâ ðå÷îâèí ³íñåêòèöèäíî¿ ä³¿ ç ð³çíèì ìåõàí³çìîì ä³¿, à ñàìå
— ðå÷îâèí-ïðîòîòèï³â ³íñåêòèöèä³â êëàñó íåîí³êîòèíî¿ä³â (ô³çîñòèãì³í,
í³êîòèí) òà ³íñåêòèöèä³â-³íã³á³òîð³â àöåòèëõîë³íåñòåðàçè (õëîðï³ðèôîñ,
³ì³äàêëîïðèä). Äîñë³äæåííÿ ñåðåäíüî¿ øâèäêîñò³ ðóõó D. magna çà ä³¿
øèðøîãî ñïåêòðó ðå÷îâèí — ñïîëóê íàðêîòè÷íî¿ ä³¿ (åòàíîë, ³çîïðîïà-
íîë), ³íã³á³òîð³â àöåòèëõîë³íåñòåðàçè (òðèõëîðôîí, êàðáîôóðàí), àãîí³ñ-
òà ðåöåïòîðà àöåòèëõîë³íó (³ì³äàêëîïðèä), àãîí³ñòà ³ àíòàãîí³ñòà ðåöåï-
òîðà ÃÀÌÊ (àáàìåêòèí ³ ô³ïðîí³ë), ðåãóëÿòîð³â íàòð³ºâèõ êàíàë³â (åñôåí-
âàëåðàò, öèïåðìåòðèí), àëêàëî¿äó (êîôå¿í), ïñèõîòðîïíîãî çàñîáó (ñåðò-
ðàë³í) òà êóïðóìó ñóëüôàòó — íå âèÿâèëè ñïåöèô³÷íèõ ïîâåä³íêîâèõ ïà-
òåðí³â òîêñè÷íî¿ ä³¿ çà öèì ïîêàçíèêîì, õî÷à ñïîñòåð³ãàëèñü ïåâí³ êîí-
öåíòðàö³éí³ ³ ÷àñîâ³ çàëåæíîñò³ [19].

Õî÷à ìîæëèâ³ñòü âèêîðèñòàííÿ áàçîâèõ, óñåðåäíåíèõ ïàðàìåòð³â ðó-
õó ç ìåòîþ äîñòîâ³ðíîãî âèÿâëåííÿ ñòðåñîâîãî ñòàíó ó ã³ëëÿñòîâóñèõ ðà-
êîïîä³áíèõ ó íåñïðèÿòëèâîìó ñåðåäîâèù³ íå âèêëèêàº ñóìí³âó, ³äåí-
òèô³êàö³ÿ ñïåöèô³÷íèõ ÷èííèê³â òîêñè÷íî¿ ä³¿ çà ïîîäèíîêèìè ïàðàìåò-
ðàìè ìàº çíà÷í³ îáìåæåííÿ. Âîíè çóìîâëåí³ òèì, ùî ïðîÿâè ô³ç³îëî-
ã³÷íèõ òà ïîâåä³íêîâèõ åôåêò³â òîêñè÷íîãî âïëèâó ìàþòü äîñèòü ñêëàäí³
êîíöåíòðàö³éíî-÷àñîâ³ âçàºìîçâ’ÿçêè.

²ñíóº äóìêà ïðî òå, ùî âèêîðèñòàííÿ øòó÷íîãî ³íòåëåêòó ìîæå ñòàòè
ö³ííèì ³íñòðóìåíòîì ïðè äîñë³äæåíí³ ïîâåä³íêîâèõ ðåàêö³é ã³äðîá³îí-
ò³â. Äåÿê³ ìîäåë³ ìàøèííîãî íàâ÷àííÿ óñï³øíî âèêîðèñòîâóþòüñÿ äëÿ
âèäàëåííÿ ïåðåøêîä ³ àâòîìàòè÷íîãî â³äí³ìàííÿ ôîíó ïðè àíàë³ç³ òðàºê-
òîð³é ðóõó [16, 42]. Àëå íàéïåðñïåêòèâí³øèì íàïðÿìîì äîñë³äæåíü º âè-
êîðèñòàííÿ øòó÷íèõ íåéðîííèõ ìåðåæ ç ìåòîþ ³äåíòèô³êàö³¿ ðå÷îâèí,
ùî ÷èíÿòü òîêñè÷íó ä³þ. Ã³ëëÿñòîâóñ³ ðàêîïîä³áí³ º äîñèòü âèñîêîîð-
ãàí³çîâàíèìè îðãàí³çìàìè ³ ìàþòü äîñòàòíüî ñêëàäí³ ìåõàí³çìè ô³ç³îëî-
ãî-á³îõ³ì³÷íî¿ ðåàêö³¿ íà ð³çíîìàí³òí³ ïîäðàçíèêè. ¯õíÿ ïîâåä³íêà º
ñêëàäíîþ ñóêóïí³ñòþ ô³ç³îëîãî-á³îõ³ì³÷íèõ ðåàêö³é çà ó÷àñòþ ñåíñîðíî¿,
íåðâîâî¿, ì’ÿçîâî¿ òà ³íøèõ ñèñòåì, òîìó ââàæàºòüñÿ, ùî ö³ îðãàí³çìè ìî-
æóòü âèÿâëÿòè óí³êàëüí³ ïàòåðíè ëîêîìîòîðíèõ òðàºêòîð³é ó â³äïîâ³äü
íà âïëèâ õ³ì³÷íèõ ðå÷îâèí ç ð³çíèì ìåõàí³çìîì òîêñè÷íî¿ ä³¿ [18].

Äëÿ àíàë³çó âåëèêèõ íàáîð³â äàíèõ, äî ÿêèõ ìîæíà â³äíåñòè ³ ÷èñåëü-
íèé îïèñ ðóõîâî¿ àêòèâíîñò³ ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ, îñòàíí³ì ÷àñîì
øèðîêî âèêîðèñòîâóþòüñÿ êîìï’þòåðí³ ìîäåë³ ãëèáîêîãî íàâ÷àííÿ
(deep learning model) íà îñíîâ³ øòó÷íèõ íåéðîííèõ ìåðåæ (artificial neu-
ral network), òðåíóâàííÿ ÿêèõ ïðîõîäèòü íà âåëèêèõ ìàñèâàõ äàíèõ áåç
âòðó÷àííÿ ëþäèíè. ßê ïðàâèëî, òàê³ ìîäåë³ ìàþòü òðè àáî á³ëüøå ð³âí³â
«íåéðîí³â», îá’ºäíàíèõ ïåâíèì ÷èíîì ó ìåðåæ³, ñïðÿìîâàí³ íà ïîøóê õà-
ðàêòåðíèõ ïîñë³äîâíîñòåé ó äàíèõ [3].

Àâòîðè äîñë³äæåííÿ [18] ïðîâåëè ìàøèííèé àíàë³ç âåëèêî¿ ê³ëüêîñò³
ëîêîìîòîðíèõ òðàºêòîð³é Daphnia magna ç âèêîðèñòàííÿì íèçêè ìîäå-
ëåé ãëèáîêîãî íàâ÷àííÿ íà îñíîâ³ êîíâîëþö³éíèõ íåéðîííèõ ìåðåæ, ÿê³
çíàõîäÿòü øèðîêå çàñòîñóâàííÿ äëÿ àíàë³çó â³çóàëüíèõ äàíèõ. Ïðè âèêî-
ðèñòàíí³ ìîäåë³ ResNet50 âäàëîñÿ äîñÿãòè 87,3 %-âî¿ òî÷íîñò³ ïðè ³äåí-

95

Ïîâåä³íêîâ³ ðåàêö³¿ âîäÿíèõ áåçõðåáåòíèõ ÿê ïåðñïåêòèâíèé êðèòåð³é

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(3)



òèô³êàö³¿ ÷èííèê³â òîêñè÷íî¿ ä³¿, ñåðåä ÿêèõ äîñë³äæóâàëîñÿ 117 õ³ì³÷íèõ
ðå÷îâèí ð³çíèõ êëàñ³â (âàæê³ ìåòàëè, ïåñòèöèäè, àíòèï³ðåíè, ïëàñòè-
ô³êàòîðè òà ³í.). Àâòîðè öüîãî äîñë³äæåííÿ ââàæàþòü, ùî ¿ì âäàëîñÿ çà-
ïðîïîíóâàòè íåäîðîãèé, åôåêòèâíèé òà «åêîëîã³÷íî ÷èñòèé» ìåòîä in
vivo ³äåíòèô³êàö³¿ çàáðóäíþâà÷³â âîäè ³ç çàñòîñóâàííÿì ìîäåëåé ãëèáî-
êîãî íàâ÷àííÿ. Ïðîòå, íåçâàæàþ÷è íà áåçñóìí³âíó ïåðñïåêòèâí³ñòü, ìå-
òîä ìàâ ïåâí³ îáìåæåííÿ, îñê³ëüêè âïëèâ íå âñ³õ õ³ì³÷íèõ ðå÷îâèí õàðàê-
òåðèçóºòüñÿ óí³êàëüíèìè ïàòåðíàìè ðóõó D. magna ³ ëîêîìîòîðí³ ðåàêö³¿
ó â³äïîâ³äü íà ä³þ äåÿêèõ ç íèõ áóëè ñõîæèìè. Òàêîæ öåé ìåòîä íå âðàõî-
âóâàâ ñóì³ñíî¿ ä³¿ ê³ëüêîõ õ³ì³÷íèõ ðå÷îâèí [18].

Òàêèì ÷èíîì, ìîäåë³ ãëèáîêîãî ìàøèííîãî íàâ÷àííÿ º ö³ííèì ³íñò-
ðóìåíòîì äëÿ âèÿâëåííÿ òèõ çàêîíîì³ðíîñòåé ó äàíèõ, ùî ïðèõîâàí³ â³ä
ðîçêðèòòÿ çà äîïîìîãîþ òðàäèö³éíèõ àíàë³òè÷íèõ ï³äõîä³â. Çà íàøèì ïå-
ðåêîíàííÿì, ïîºäíàííÿ ìåòîä³â âèÿâëåííÿ îñîáëèâîñòåé ïîâåä³íêîâèõ
ðåàêö³é âîäÿíèõ áåçõðåáåòíèõ ó òîêñè÷íîìó ñåðåäîâèù³ ç ï³äõîäàìè TIE
(Toxicity Identification Evaluation), ñïðÿìîâàíèìè íà ³äåíòèô³êàö³þ ÷èí-
íèêà òîêñè÷íîñò³ øëÿõîì ïðîâåäåííÿ ïåâíèõ ìàí³ïóëÿö³é ç³ çðàçêîì
âîäè [60], ìîæå áóòè âêðàé êîðèñíèì, îñê³ëüêè äîçâîëèòü ñóòòºâî ñêîðî-
òèòè ÷àñ ³ ñïðèÿòèìå ï³äâèùåííþ ÷óòëèâîñò³ ïðè ïðîâåäåíí³ ïîä³áíèõ
äîñë³äæåíü, à òàêîæ äîçâîëèòü óñóíóòè ïåâíó íåâèçíà÷åí³ñòü ïðè ³íòåðï-
ðåòàö³¿ ðóõîâî¿ àêòèâíîñò³ çà âïëèâó ñêëàäíèõ ñóì³øåé çàáðóäíþâàëüíèõ
ðå÷îâèí.

Âèñíîâêè

Çì³íè ó ïîâåä³íö³ òâàðèí, âèêëèêàí³ ä³ºþ íåñïðèÿòëèâèõ ÷èííèê³â
îòî÷óþ÷îãî ñåðåäîâèùà (çîêðåìà — ðå÷îâèíàìè òîêñè÷íî¿ ä³¿), ïðîïî-
íóºòüñÿ çàñòîñîâóâàòè ÿê åôåêòèâí³ òà ÷óòëèâ³ êðèòåð³¿ âñòàíîâëåííÿ
âïëèâó. Âèêîðèñòàííÿ ïàðàìåòð³â ðóõîâî¿ àêòèâíîñò³ äîçâîëÿº ñóòòºâî
ñêîðîòèòè ÷àñ, íåîáõ³äíèé äëÿ âèÿâëåííÿ ãîñòðî¿ òîêñè÷íî¿ ä³¿ õ³ì³÷íèõ
ðå÷îâèí, ñò³÷íèõ ³ ïîâåðõíåâèõ âîä, äîííèõ â³äêëàä³â, à òàêîæ ðåºñòðóâà-
òè âïëèâ íèæ÷èõ êîíöåíòðàö³é òîêñè÷íèõ ðå÷îâèí ïîð³âíÿíî ç³ ñòàíäàð-
òíèìè ëåòàëüíèìè òåñò-êðèòåð³ÿìè (ñìåðòí³ñòü, ³ììîá³ë³çàö³ÿ).

Ðóõîâó àêòèâí³ñòü ã³äðîá³îíò³â (ðèá, ðàêîïîä³áíèõ) óñï³øíî çàñòîñî-
âàíî ó ïðàêòèö³ áåçïåðåðâíîãî êîíòðîëþ ÿêîñò³ âîäè — ñèñòåìàõ á³îëî-
ã³÷íîãî ðàííüîãî ïîïåðåäæåííÿ â ðåæèì³ ðåàëüíîãî ÷àñó (real-time biolo-
gical early warning systems, BEWS), ÿê³ âïðîâàäæåíî âîäíèì ìåíåäæìåí-
òîì áàãàòüîõ êðà¿í ñâ³òó. Ïàðàìåòðè ðóõó ã³äðîá³îíò³â (ðèá òà áåçõðåáåò-
íèõ) âèêîðèñòàíî ó á³îòåñòóâàíí³ òîêñè÷íîñò³ õ³ì³÷íèõ ðå÷îâèí ð³çíî¿
ïðèðîäè, âñòàíîâëåíî îñîáëèâîñò³ çì³í ëîêîìîòîðíî¿ àêòèâíîñò³ ó â³ä-
ïîâ³äü íà òîêñè÷íó ä³þ.

Óñï³øíî ðîçâèâàþòüñÿ ìåòîäè á³îòåñòóâàííÿ ç âèêîðèñòàííÿì ïàðà-
ìåòð³â ðóõó ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ (íàñàìïåðåä, Daphnia magna).
Óìîâè âèçíà÷åííÿ öèõ ïàðàìåòð³â ï³ääàþòüñÿ íîðìóâàííþ òà ñòàíäàðòè-
çàö³¿, à ñàì³ ïàðàìåòðè âèðàæàþòüñÿ ÷èñåëüíèìè ïîêàçíèêàìè, ÿê³ ìî-
æóòü áóòè îáðîáëåí³ çà äîïîìîãîþ çàãàëüíîïðèéíÿòèõ ñòàòèñòè÷íèõ ìå-
òîä³â. Äàí³ ñâ³ä÷àòü ïðî òå, ùî ÿê³ñí³ òà ê³ëüê³ñí³ çì³íè ó ïàðàìåòðàõ ðóõó
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ã³ëëÿñòîâóñèõ ðàêîïîä³áíèõ ìîæóòü áóòè âèêîðèñòàí³ ó ï³äõîäàõ Ò²Å
(îö³íêè ³äåíòèô³êàö³¿ òîêñè÷íîñò³) äëÿ âîäè òà äîííèõ â³äêëàä³â òà ñòàòè
äîäàòêîâîþ äîêàçîâîþ ëàíêîþ ïðè âèÿâëåíí³ ÷èííèê³â òîêñè÷íî¿ ä³¿.

Âèêîðèñòàííÿ øòó÷íîãî ³íòåëåêòó (êîìï’þòåðí³ ìîäåë³ ãëèáîêîãî
íàâ÷àííÿ, øòó÷í³ íåéðîíí³ ìåðåæ³) ïðîïîíóºòüñÿ äëÿ àíàë³çó âåëèêèõ
íàáîð³â äàíèõ ùîäî ïîâåä³íêè òåñò-îðãàí³çì³â òà âèÿâëåííÿ ïàòåðí³â,
ñïåöèô³÷íèõ äî ä³¿ ïåâíèõ òîêñèêàíò³â, òà ³äåíòèô³êàö³¿ ÷èííèê³â òîê-
ñè÷íîñò³.
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BEHAVIORAL RESPONSES OF AQUATIC INVERTEBRATES AS A PROMISING
ENDPOINT FOR THE DETECTION OF TOXIC EFFECTS (REVIEW)

The article analyzes modern approaches in the application of behavioral reactions of
aquatic organisms as endpoints (test criteria) for the evaluation of toxicity in water quality
control systems and biotesting. Changes in the behavior of animals caused by deteriorating
environmental factors (in particular, toxic chemical substances) are proposed to be used as
a criterion of exposure. Applying behavioral responses as endpoints for toxicity identifica-
tion has several significant advantages: short duration, sensitivity, ability to detect low con-
centrations of toxicants, non-lethality for test objects, etc.

The locomotor activity of hydrobionts (fish, crustaceans) has been successfully appli-
ed in continuous water quality monitoring — real-time biological early warning systems
(BEWS), which have been implemented by water management in many countries.

It has been shown that various indicators of the locomotor activity of aquatic orga-
nisms (mainly planktonic crustaceans) change relevantly in response to the presence of
chemicals in the aquatic environment that have a toxic effect (medicines, metabolites of
aquatic organisms, xenobiotics, etc.). Studies have shown the possibility of using the follo-
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wing indicators of locomotor activity as behavioral test criteria: swimming time, swim-
ming speed, distance traveled, frequency of limb movements, number of turns, angle of
turn, duration of quiescence, etc.

The use of artificial intelligence (computer models of deep learning based on artificial
neural networks) is proposed to analyze large data sets on the behavior of test organisms to
identify patterns specific to the action of certain toxicants and to identify toxicity factors.

Keywords: behavioral reactions, endpoints, toxicity, biotesting, aquatic invertebrates.
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ÌÎÐÔÎÁ²ÎËÎÃ²×Í² ÎÑÎÁËÈÂÎÑÒ² ÏË²ÒÊÈ
ÇÂÈ×ÀÉÍÎ¯ (RUTILUS RUTILUS L.) Ó ÂÎÄÎÉÌÀÕ

×ÎÐÍÎÁÈËÜÑÜÊÎ¯ ÇÎÍÈ Â²Ä×ÓÆÅÍÍß1

Ó íàéá³ëüø çàáðóäíåíèõ ðàä³îíóêë³äàìè âîäîéìàõ ×îðíîáèëüñüêî¿ çîíè â³ä÷ó-
æåííÿ äîñë³äæåíî íèçêó ìîðôîëîã³÷íèõ òà á³îëîã³÷íèõ ïîêàçíèê³â ïë³òêè çâè÷àéíî¿,
çì³íè ÿêèõ ìîæóòü ìàòè ïðèñòîñóâàëüíèé õàðàêòåð äî òðèâàëîãî âïëèâó ³îí³çóþ-
÷îãî âèïðîì³íþâàííÿ. Ó ãðàä³ºíò³ ïîòóæíîñò³ ïîãëèíåíî¿ äîçè 4,7—22,3 ìêÃð/ãîä,
ÿêèé áóâ çàðåºñòðîâàíèé óïðîäîâæ äîñë³äæåíü, ó ðèá âîäîéìè-îõîëîäæóâà÷à ×îðíî-
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ÂÎÄÍÀ ÐÀÄ²ÎÅÊÎËÎÃ²ß

1 Ðîáîòó âèêîíàíî çà ï³äòðèìêè Íàö³îíàëüíîãî ôîíäó äîñë³äæåíü Óêðà¿íè
(ïðîºêò ¹ 2023.03/0156), Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè, à òàêîæ ó ñï³âðî-
á³òíèöòâ³ ç Äåðæàâíèì ñïåö³àë³çîâàíèì ï³äïðèºìñòâîì «Åêîöåíòð» Äåðæàâíîãî
àãåíòñòâà Óêðà¿íè ç óïðàâë³ííÿ çîíîþ â³ä÷óæåííÿ.
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áèëüñüêî¿ ÀÅÑ òà îç. Ãëèáîêîãî âñòàíîâëåíî çìåíøåííÿ ñåðåäíüîãî ä³àìåòðó ³êðè-
íîê, íèçüê³ ïîêàçíèêè ãîíàäîñîìàòè÷íîãî ³íäåêñó òà âãîäîâàíîñò³, ðåäóêö³þ ïðî-
ìåí³â ïëàâö³â, à òàêîæ âèíèêíåííÿ äåôîðìàö³é òà íîâîóòâîðåíü ãîíàä ïîð³âíÿíî ç
êîíòðîëüíèìè îñîáèíàìè. Â ³íòåðâàë³ äîç îïðîì³íåííÿ 12,1—22,3 ìêÃð/ãîä ó ðèá
â³äì³÷åíî òàêîæ çíà÷íå ïåðåâàæàííÿ ñàìèöü ó íåðåñòîâîìó ñòàä³ òà ñêîðî÷åííÿ
òåðì³í³â æèòòÿ.

Êëþ÷îâ³ ñëîâà: Rutilus rutilus, âîäîéìè ×îðíîáèëüñüêî¿ çîíè â³ä÷óæåííÿ, ðàä³î-
íóêë³äíå çàáðóäíåííÿ, ïîòóæí³ñòü ïîãëèíåíî¿ äîçè, ìîðôîá³îëîã³÷í³ ïîêàçíèêè.

Ñåðåä ïðåäñòàâíèê³â âîäíèõ åêîñèñòåì ðèáè º îäí³ºþ ç íàéá³ëüø
âðàçëèâèõ òàêñîíîì³÷íèõ ãðóï äî âïëèâó ð³çíèõ òèï³â àíòðîïîãåííîãî
çàáðóäíåííÿ, çîêðåìà ðàä³îàêòèâíèõ ðå÷îâèí, îñê³ëüêè ìàþòü ïîð³âíÿíî
âèñîêó ðàä³àö³éíó ÷óòëèâ³ñòü ³ îòðèìóþòü ï³äâèùåí³ äîçè îïðîì³íåííÿ,
àêòèâíî íàêîïè÷óþ÷è ðàä³îíóêë³äè, à òàêîæ ïðîâîäÿ÷è ïåâíó ÷àñòèíó
æèòòºâîãî öèêëó ïîáëèçó äîííèõ â³äêëàä³â àáî çàíóðþþ÷èñü äî íèõ
óïðîäîâæ ïåð³îäó çèì³âë³ [22, 29, 38, 43, 46]. Ó äîííèõ â³äêëàäàõ á³ëüøîñò³
íåïðîòî÷íèõ âîäíèõ îá’ºêò³â ×îðíîáèëüñüêî¿ çîíè â³ä÷óæåííÿ (×ÇÂ)
ì³ñòèòüñÿ ïîíàä 90 % âñ³õ ðàä³îíóêë³ä³â, ÿê³ íàä³éøëè äî âîäîéì àáî áåç-
ïîñåðåäíüî â ðåçóëüòàò³ â³òðîâîãî ïåðåíîñó òà ç àòìîñôåðíèìè âèïà-
ä³ííÿìè âïðîäîâæ àêòèâíî¿ ôàçè àâàð³¿ íà ×îðíîáèëüñüê³é ÀÅÑ (×ÀÅÑ)
ó 1986 ð., àáî âíàñë³äîê ïðîöåñ³â âòîðèííîãî çàáðóäíåííÿ ðàä³îàêòèâíè-
ìè ðå÷îâèíàìè, ÿê³ ïðîäîâæóþòü íàäõîäèòè, ïåðåâàæíî, ç òåðèòîð³¿ âî-
äîçáîðó — ç ïîâåðõíåâèìè òà ´ðóíòîâèìè âîäàìè, ÷åðåç ã³äðàâë³÷íèé
çâ’ÿçîê ç ³íøèõ á³ëüø çàáðóäíåíèõ âîäîéì òîùî [3, 16, 24, 37]. Òîìó íàé-
âèù³ äîçè îïðîì³íåííÿ îòðèìóþòü âèäè, ÿê³ âåäóòü ïðèäîííèé ñïîñ³á
æèòòÿ [43, 45, 46].

Âàæëèâî çàçíà÷èòè, ùî âïðîäîâæ ïåðøèõ ì³ñÿö³â ï³ñëÿ àâàð³¿ íà
×ÀÅÑ ðèáè ó íàéá³ëüø çàáðóäíåíèõ âîäîéìàõ ×ÇÂ çàçíàëè ðàä³àö³éíîãî
âïëèâó, ïîòóæí³ñòü ÿêîãî áóëà ïîð³âíÿííà ç íàï³âëåòàëüíîþ äîçîþ, âíàñ-
ë³äîê ÷îãî, íå âèêëþ÷åíî, ùî íàéá³ëüø ÷óòëèâ³ äî ä³¿ ³îí³çóþ÷îãî âè-
ïðîì³íþâàííÿ îñîáèíè ìîãëè çàãèíóòè [32, 33, 48, 49]. Ó ïîäàëüøîìó
âíàñë³äîê ðîçïàäó êîðîòêîæèâó÷èõ ðàä³îíóêë³ä³â äîçîâå íàâàíòàæåííÿ
íà ðèá ïîñòóïîâî çìåíøóâàëîñü, àëå íàáóëî õðîí³÷íîãî õàðàêòåðó çàâäÿ-
êè ðàä³îíóêë³äàì ç âåëèêèì ïåð³îäîì íàï³âðîçïàäó (137Cs, 90Sr, òðàíñóðà-
íîâ³ åëåìåíòè), ÿê³ â òåïåð³øí³é ÷àñ º ãîëîâíèìè çàáðóäíþâà÷àìè âîäíèõ
åêîñèñòåì, ïåðåäóñ³ì ó ìåæàõ ×ÇÂ [7, 39, 43, 44].

Ðàä³àö³éí³ åôåêòè ó ïðåäñòàâíèê³â ³õò³îôàóíè ìàþòü ïðîÿâ íà ð³çíèõ
ð³âíÿõ îðãàí³çàö³¿ á³îëîã³÷íèõ ñèñòåì, à ¿õ äîñë³äæåííÿ áóëî ðîçïî÷àòî
ìàéæå â³äðàçó ï³ñëÿ â³äêðèòòÿ ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ òà ÿâè-
ùà ðàä³îàêòèâíîñò³ íàïðèê³íö³ 19-ãî ñòîë³òòÿ. Çãîäîì ö³ äîñë³äæåííÿ íà-
áóëè á³ëüø ³íòåíñèâíîãî õàðàêòåðó ï³ñëÿ ïåðøèõ âèïðîáóâàíü àòîìíî¿
çáðî¿ òà àâàð³é íà ï³äïðèºìñòâàõ ÿäåðíîãî ïàëèâíîãî öèêëó, àëå, ïåðå-
âàæíî, â óìîâàõ ãîñòðîãî ëàáîðàòîðíîãî åêñïåðèìåíòó. Òðèâàëèé âïëèâ
³îí³çóþ÷îãî âèïðîì³íþâàííÿ íà ðèá ïðèðîäíèõ âîäîéì ³, çîêðåìà, ó ×ÇÂ,
íà íàø ïîãëÿä, âèâ÷åíèé íåäîñòàòíüî. ²ñíóº ðÿä äîñë³äæåíü [1, 8, 12,
17—20], âèêîíàíèõ íà á³ëîìó òîâñòîëîáèêó (Hypophthalmichthys molitrix)
ç âîäîéìè-îõîëîäæóâà÷à (ÂÎ) ×ÀÅÑ ó ï³ñëÿàâàð³éíèé ïåð³îä. Àâòîðàìè
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çàðåºñòðîâàíî çá³ëüøåííÿ ê³ëüêîñò³ ðèá ç àíîìàë³ÿìè ðåïðîäóêòèâíî¿
ñèñòåìè, ÿê³ ìàëè ïðîÿâ ó ïîÿâ³ ñòåðèëüíèõ îñîáèí, çì³í³ ìîðôîëîã³¿ ãî-
íàä (àíîìàëüí³ ôîðìè, àñèìåòð³ÿ) òà äåãðàäàö³¿ çíà÷íî¿ ÷àñòèíè ñòàòåâèõ
êë³òèí ïîð³âíÿíî ç êîíòðîëüíèìè îñîáèíàìè. Â³äì³÷åíî ïîã³ðøåííÿ çà-
ãàëüíîãî ñòàíó ãîíàä òà ñòàòåâèõ êë³òèí ñàìö³â òà ñàìèöü ìàòî÷íîãî ñòàäà
â ö³ëîìó. Ó 1989 ð. ê³ëüê³ñòü ïîðóøåíü ñòàíó ñòàòåâèõ çàëîç ó ñàìö³â ñòà-
íîâèëè 25 %, ó 1990 ð. — 33, ó 1991 ð. — 57, à ó 1992 ð. — ìàéæå 100 %. Ó ÂÎ
×ÀÅÑ òàêîæ áóëî çàðåºñòðîâàíî ìîðôîëîã³÷í³ â³äõèëåííÿ ó ãðóäíèõ
ïëàâöÿõ ìîëîä³ ñóäàêà çâè÷àéíîãî ïîêîë³ííÿ 1986 ð., ó ÿêèõ ð³âåíü ôëóê-
òóþ÷î¿ àñèìåòð³¿ ïðîìåí³â çðîñòàâ äî 9,4, ùî ìàéæå â 30 ðàç³â âèùå, í³æ ó
ðèá êîíòðîëüíèõ âîäîéì [1].

Á³ëüø ñó÷àñí³ äîñë³äæåííÿ âèÿâèëè ïåâí³ ïîðóøåííÿ ðåïðîäóêòèâ-
íî¿ ñèñòåìè ó îêóíÿ çâè÷àéíîãî [50, 51], à òàêîæ ÷èñëåíí³ ìîðôîëîã³÷í³
àíîìàë³¿ îñüîâîãî ñêåëåòó ð³çíèõ âèä³â ìîëîä³ ðèá ó íàéá³ëüø çàáðóäíå-
íèõ âîäîéìàõ ×ÇÂ [35]. Ïî÷èíàþ÷è ç 2010-õ ðîê³â âèêîíóþòüñÿ ãåìàòî-
ëîã³÷í³ äîñë³äæåííÿ ïðåäñòàâíèê³â ³õò³îôàóíè âîäîéì ×ÇÂ, çàâäÿêè
ÿêèì áóëî âèÿâëåíî çì³íè ó ëåéêîãðàìàõ, ÷èñëåíí³ ñòðóêòóðí³ ïîðóøåí-
íÿ êë³òèí ÷åðâîíî¿ êðîâ³, à òàêîæ ïîðóøåííÿ, ïîâ’ÿçàí³ ç ïàòîëîã³ºþ
ì³òîòè÷íîãî ïîä³ëó åðèòðîöèò³â ó ïåðèôåðè÷í³é êðîâ³ ð³çíèõ âèä³â ðèá
[13, 14, 41—43, 52, 54, 55]. Ïðîòå, äîñ³ íåäîñòàòíüî âèâ÷åíèì çàëèøàºòüñÿ
ïèòàííÿ ùîäî âïëèâó õðîí³÷íîãî îïðîì³íåííÿ íà çì³íè ìîðôîëîã³÷íèõ
îçíàê, òåìïó ðîñòó òà ïëîäþ÷îñò³ ðèá ó âîäîéìàõ ×ÇÂ.

Îòæå, ìåòîþ ðîáîòè áóëî äîñë³äæåííÿ ìîðôîá³îëîã³÷íèõ îñîáëèâî-
ñòåé ïë³òêè çâè÷àéíî¿ ó âîäîéìàõ ð³çíîãî òèïó òà ç ð³çíèìè ð³âíÿìè
ðàä³îíóêë³äíîãî çàáðóäíåííÿ ó ×ÇÂ òà ñïðîáà ðîçãëÿíóòè ¿õí³ çì³íè â
êîíòåêñò³ ïðèñòîñóâàëüíîãî õàðàêòåðó äî òðèâàëîãî âïëèâó ³îí³çóþ÷îãî
âèïðîì³íþâàííÿ.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ó âîäîéìàõ ×ÇÂ äîñë³äæóâàëè ïë³òêó çâè÷àéíó Rutilus rutilus (Linnae-
us, 1758), ÿêó â³äáèðàëè ó ÂÎ ×ÀÅÑ òà îç. Ãëèáîêîìó ó âåñíÿíî-ë³òí³é
ïåð³îä 2014—2023 ðð. Â ÿêîñò³ êîíòðîëÿ äëÿ ïîð³âíÿííÿ äàíèõ ç ÂÎ
×ÀÅÑ áóëè âèêîðèñòàí³ ìàòåð³àëè ç Êè¿âñüêîãî òà âåðõ³â’ÿ Êàí³âñüêîãî
âîäîñõîâèù, à äëÿ äàíèõ ç îç. Ãëèáîêîãî — ç îç. Ãîðîâà Ñòàðóõà (çàïëàâà
ð. Äåñíè), ç³áðàí³ âïðîäîâæ 2015—2024 ðð. Ðèá ëîâèëè ñòàâíèìè òà ðàì-
êîâèìè ñ³òêàìè ç â³÷êîì 20—50 ìì, ÿê³ âèñòàâëÿëè íà ð³çíèõ ä³ëÿíêàõ àê-
âàòîð³¿ äîñë³äæóâàíèõ âîäîéì. Ìàëüêîâ³ ëîâè ïðîâîäèëè ç âèêîðèñòàí-
íÿì âîëîêóø³ äîâæèíîþ 6 ì, âèñîòîþ 1,5 ì ç â³÷êîì 10 ìì, à òàêîæ ñà÷êà
ä³àìåòðîì 0,35 ì. Ðèá ó ×ÇÂ â³äáèðàëè ó ñï³âðîá³òíèöòâ³ ç ÄÑÏ «Åêî-
öåíòð» ÄÀÇÂ Óêðà¿íè â ðàìêàõ ðåãëàìåíòó ðàä³îåêîëîã³÷íîãî ìîí³òîðèí-
ãó âîäíèõ åêîñèñòåì. Âèá³ðêè ðèá äëÿ êîíòðîëÿ ç Êè¿âñüêîãî òà Êà-
í³âñüêîãî âîäîñõîâèù áóëè íàäàí³ ðèáîîõîðîííèì ïàòðóëåì. Ó çàïëàâ³
ð. Äåñíè ðèá ëîâèëè àìàòîðñüêèìè çíàðÿääÿìè ëîâó. Çàãàëüí³ âèá³ðêè
ïë³òêè ç äîñë³äæåíèõ âîäîéì ñòàíîâèëè: ÂÎ ×ÀÅÑ — 46 åêç.; îç. Ãëèáîêå
— 45 åêç.; Êè¿âñüêå âîäîñõîâèùå — 20 åêç.; âåðõíÿ ÷àñòèíà Êàí³âñüêîãî
âîäîñõîâèùà — 54 åêç.; îç. Ãîðîâà Ñòàðóõà — 35 åêç.
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Âåëè÷èíè ïîòóæíîñò³ ïîãëèíåíî¿ äîçè äëÿ ðèá äîñë³äæåíèõ âîäîéì
çà ðàõóíîê çîâí³øí³õ òà âíóòð³øí³õ äæåðåë ³îí³çóþ÷îãî âèïðîì³íþâàííÿ
âèçíà÷àëè ç âèêîðèñòàííÿì ïðîãðàìíîãî çàáåçïå÷åííÿ ERICA Asses-
sment Tool 2.0 [34]. Äîçè îïðîì³íåííÿ íàâåäåí³ çã³äíî äàíèõ [43, 45, 46].

Ìîðôîìåòðè÷í³ ïðîì³ðè ïðîâîäèëè íà ñâ³æîìó ìàòåð³àë³. Â³ê îñî-
áèí âèçíà÷àëè çà ëóñêîþ çà ñòàíäàðòíîþ ìåòîäèêîþ [10]. Ìîðôîìåòðè÷-
íèé àíàë³ç ðèá çä³éñíþâàëè çà ñõåìîþ äëÿ êîðîïîâèõ ðèá [15]. Âèì³ðþ-
âàííÿ ïðîâîäèëè çà äîïîìîãîþ øòàíãåíöèðêóëÿ ç òî÷í³ñòþ äî 0,1 ìì.
Áóëè äîñë³äæåí³ ïëàñòè÷í³ òà ìåðèñòè÷í³ îçíàêè ïë³òêè: ê³ëüê³ñòü ëóñîê â
á³÷í³é ë³í³¿ (l.l.), íàä á³÷íîþ ë³í³ºþ (Squ1), ï³ä á³÷íîþ ë³í³ºþ (Squ2), íà õâî-
ñòîâîìó ñòåáë³ (Squpl); ñòàíäàðòíà äîâæèíà ò³ëà (l), äîâæèíà òóëóáà (lcor) ³
ðèëà (lr), íàéá³ëüøà òîâùèíà ò³ëà (iH), ä³àìåòð îêà (do), ïîçàî÷íà â³äñòàíü
(po), âèñîòà (ho) ³ øèðèíà ëîáà (io), äîâæèíà âåðõíüî¿ ùåëåïè (mx), íèæ-
íüî¿ ùåëåïè (mn) ³ ãîëîâè (lc); âèñîòà ãîëîâè ÷åðåç ñåðåäèíó îêà (hc) ³ á³ëÿ
ïîòèëèö³ (hc1); íàéá³ëüøà (H) ³ íàéìåíøà âèñîòà ò³ëà (h); â³äñòàí³— àíòå-
äîðñàëüíà (aD), ïîñòäîðñàëüíà (pD), àíòåïåêòðàëüíà (aP), àíòåâåíòðàëü-
íà (aV), àíòåàíàëüíà (aA), ïåêòðîâåíòðàëüíà (PV), âåíòðîàíàëüíà (VA);
äîâæèíè — õâîñòîâîãî ñòåáëà (pl), îñíîâè ñïèííîãî ïëàâöÿ (lD) ³ àíàëü-
íîãî ïëàâöÿ (lA), ãðóäíîãî ïëàâöÿ (lP) ³ ÷åðåâíîãî ïëàâöÿ (lV), âåðõíüî¿
(lC1) ³ íèæíüî¿ ëîïàò³ õâîñòîâîãî ïëàâöÿ (lC2); íàéá³ëüøà âèñîòà ñïèííî-
ãî ïëàâöÿ (hD), íàéá³ëüøà âèñîòà àíàëüíîãî ïëàâöÿ (hA).

Ð³çíèöþ çà ìîðôîìåòðè÷íèìè îçíàêàìè ì³æ âèá³ðêàìè ïë³òêè ç âî-
äîéì ×ÇÂ òà êîíòðîëåì âèçíà÷àëè çà äîïîìîãîþ òåñòó Ìàííà-Ó³òí³. Ïå-
ðåâ³ðêó íà íîðìàëüí³ñòü ðîáèëè çà òåñòîì Øàï³ðî-Ó³ëêà. Äîñë³äæåí³ âè-
á³ðêè ïë³òêè ñòàíîâèëè: ç ÂÎ ×ÀÅÑ — 20 åêç.; ç îç. Ãëèáîêîãî — 28 åêç.; ç
âåðõ³â’ÿ Êàí³âñüêîãî âîäîñõîâèùà — 20 åêç.; ç îç. Ãîðîâà Ñòàðóõà —
21 åêç.

Äëÿ äîñë³äæåííÿ ïëîäþ÷îñò³ ðèá ó ñàìèöü áðàëè íàâàæêó ³êðè ìàñîþ
1 ã ³ç öåíòðàëüíî¿ ÷àñòèíè ãîíàä òà ô³êñóâàëè 4 %-âèì ðîç÷èíîì ôîð-
ìàë³íó äëÿ ïðîâåäåííÿ ïîäàëüøèõ ðîçðàõóíê³â.

Ìîðôîëîã³÷í³ îñîáëèâîñò³ âèá³ðîê ïë³òêè ç ð³çíèõ âîäîéì ×ÇÂ ïî-
ð³âíÿíî ç êîíòðîëåì âèçíà÷àëè ç âèêîðèñòàííÿì êîðåëÿòèâíîãî àíàë³çó
ó ïðîñòîð³ ãîëîâíèõ êîìïîíåíò (ÐÑÀ) çà êîìïëåêñîì ìîðôîëîã³÷íèõ
îçíàê (31 îçíàêà). Ñòàòèñòè÷íó îáðîáêó äàíèõ ïðîâîäèëè â ïðîãðàì³ Past
v.2.17.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Äîñë³äæåí³ âîäí³ îá’ºêòè õàðàêòåðèçóþòüñÿ ð³çíèìè ð³âíÿìè ðàä³î-
íóêë³äíîãî çàáðóäíåííÿ á³îòè÷íèõ ³ àá³îòè÷íèõ êîìïîíåíò³â åêîñèñòåì,
ùî â³äáèâàºòüñÿ íà âåëè÷èíàõ íàêîïè÷åííÿ ðàä³îíóêë³ä³â, çîêðåìà, ó òêà-
íèíàõ ðèá ³ äîííèõ â³äêëàäàõ âîäîéì òà ãîëîâíèì ÷èíîì âïëèâàº íà ôîð-
ìóâàííÿ ïîòóæíîñò³ ïîãëèíåíî¿ äîçè äëÿ ðèá çà ðàõóíîê çîâí³øí³õ ³
âíóòð³øí³õ äæåðåë îïðîì³íåííÿ. Ó òàáëèö³ 1, çà äàíèìè [43, 45, 46], íàâå-
äåíî ä³àïàçîíè ïîòóæíîñò³ ïîãëèíåíî¿ äîçè îïðîì³íåííÿ äëÿ ïë³òêè çâè-
÷àéíî¿ âïðîäîâæ ïåð³îäó ñïîñòåðåæåíü äëÿ äîñë³äæåíèõ âîäîéì.
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Çà á³îëîã³÷íèìè ïîêàçíèêàìè ïë³òêà ç ÂÎ ×ÀÅÑ õàðàêòåðèçóâàëàñÿ
ñòàíäàðòíîþ äîâæèíîþ ò³ëà â³ä 6,6 äî 31,0 ñì òà áóëà â³êîì 1—9 ðîê³â.
Ìîäàëüí³ â³êîâ³ ãðóïè ñêëàäàëèñÿ ç îñîáèí â³êîì 3—4 ðîêè ç äîâæèíîþ
ò³ëà ïåðåâàæíî 10—16 ñì, ïðîòå ó ëîâàõ òðàïëÿëèñÿ 3—5 ð³÷í³ ðèáè ç äî-
âæèíîþ ò³ëà 9—14 ñì òà 18—19 ñì, ùî ñâ³ä÷èòü ïðî íàÿâí³ñòü ó ñòàä³
ïë³òêè îñîáèí ç ð³çíèì òåìïîì ðîñòó. Â³äñóòí³ñòü ïðåñó â³ä ïðîìèñëîâîãî
òà àìàòîðñüêîãî ëîâó íà ïîïóëÿö³þ ïë³òêè ñòâîðèëà óìîâè äëÿ çáåðåæåí-
íÿ ðèá ñòàðøîãî â³êó: ó ëîâàõ òðàïëÿëèñü îñîáèíè äî 28—31 ñì äîâæè-
íîþ, â³êîì 7—9 ðîê³â (ðèñ. 1, à).

Êîíòðîëüíà âèá³ðêà ïë³òêè ç âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõî-
âèùà õàðàêòåðèçóâàëàñÿ äîâæèíîþ ò³ëà 11—28 ñì òà â³êîì 2—9 ðîê³â.
Ìîäàëüí³ â³êîâ³ ãðóïè ïë³òêè ó êîíòðîëüí³é âèáîðö³ ñêëàäàëèñÿ ç îñîáèí
â³êîì 3—5 ðîê³â, ³ç ñòàíäàðòíîþ äîâæèíîþ ò³ëà ïåðåâàæíî 17—22 ñì
(ðèñ. 1, á).

Ïë³òêà ç îç. Ãëèáîêîãî õàðàêòåðèçóâàëàñÿ ñåðåäí³ìè ðîçì³ðàìè ò³ëà,
ÿê³ êîëèâàëèñü ó ìåæàõ 14—21 ñì òà â³êîì 5—6 ðîê³â (ðèñ. 1, â). Çà ïåð³îä
äîñë³äæåíü, ïî÷èíàþ÷è ç 2014 ð. â îç. Ãëèáîêîìó íå áóëî âèëîâëåíî æîä-
íî¿ îñîáèíè ñòàðøå 6 ðîê³â. Çà ðîçì³ðíî-â³êîâèìè ïîêàçíèêàìè ðèá
ïîì³òíî, ùî â îç. Ãëèáîêîìó ìîæóòü áóòè ïðåäñòàâëåí³ ãðóïè îñîáèí ç
ð³çíèìè òåìïàìè ðîñòó: ó ëîâàõ çóñòð³÷àëèñü ãðóïè ðèá â³êîì 3—5 ðîê³â ç
äîâæèíîþ ò³ëà 15—16 ñì òà 17—19 ñì.

Êîíòðîëüíà âèá³ðêà ïë³òêè ç îç. Ãîðîâà Ñòàðóõà õàðàêòåðèçóâàëàñÿ
äîâæèíîþ ò³ëà 12—21 ñì òà â³êîì 2—8 ðîê³â (ðèñ. 1, ã). Ìîäàëüí³ â³êîâ³
ãðóïè ïë³òêè ó êîíòðîëüí³é âèáîðö³ áóëè ïðåäñòàâëåí³ ïåðåâàæíî îñîáè-
íàìè â³êîì 3—5 ðîê³â ³ç ñòàíäàðòíîþ äîâæèíîþ ò³ëà ïåðåâàæíî 15—
17 ñì.

Ñòàòåâèé ðîçïîä³ë ïë³òêè ç ÂÎ ×ÀÅÑ íàáëèæàâñÿ äî1:1,5, â³äïîâ³äíî
ñàìö³â äî ñàìèöü. Â³ê ñàìèöü â ö³ëîìó ñòàíîâèâ 2—9 ðîê³â, â³ê ñàìö³â —
3—7 ðîê³â (ðèñ. 2, à). Ðîçïîä³ë ñòàòåé ç êîíòðîëüíî¿ âîäîéìè íàáëèæàâñÿ
äî 1:2, â³äïîâ³äíî ñàìö³â äî ñàìèöü. Â³ê ñàìèöü â ö³ëîìó ñòàíîâèâ 3—9
ðîê³â, â³ê ñàìö³â — 4—7 ðîê³â (ðèñ. 2, á).

Ðîçïîä³ë ñòàòåé ïë³òêè ç îç. Ãëèáîêîãî íàáëèæàâñÿ äî 1:5,5, â³äïî-
â³äíî ñàìö³â äî ñàìèöü. Â³ê ñàìèöü â ö³ëîìó ñòàíîâèâ 2—6 ðîê³â, â³ê
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Òàáëèöÿ 1
Ä³àïàçîíè òà ñåðåäí³ çíà÷åííÿ ïîòóæíîñò³ ïîãëèíåíî¿ äîçè îïðîì³íåííÿ ïë³òêè

çâè÷àéíî¿ óïðîäîâæ 2014—2023 ðð.

Âîäîéìè Äîçè, ìêÃð/ãîä

Îç. Ãëèáîêå 12,13—22,32 (16,12±1,96)

Âîäîéìà-îõîëîäæóâà÷ ×ÀÅÑ 4,71—5,54 (4,91±0,75)

Êè¿âñüêå âîäîñõîâèùå 0,06—0,13 (0,09±0,025)

Êàí³âñüêå âîäîñõîâèùå 0,06—0,10 (0,07±0,030)

Îç. Ãîðîâà Ñòàðóõà 0,05—0,08 (0,06±0,015)



ñàìö³â — 2—4 ðîêè. Ñë³ä çàçíà÷èòè, ùî ñàìö³â ç äîâæèíîþ ò³ëà á³ëüøå
15 ñì çíàéäåíî íå áóëî (ðèñ. 2, â). Ó êîíòðîë³ ñòàòåâèé ðîçïîä³ë ïë³òêè íà-
áëèæàâñÿ äî 1:1, â³äïîâ³äíî ñàìö³â äî ñàìèöü. Â³ê ñàìèöü â ö³ëîìó ñòàíî-
âèâ 3—7 ðîê³â, â³ê ñàìö³â — 2—8 ðîê³â (ðèñ. 2, ã).

Ãîíàäè ïë³òêè ç âîäîéì ×ÇÂ íàïðèê³íö³ êâ³òíÿ 2018 ð. áóëè íà IV
ñòàä³¿ ðîçâèòêó. Ó ïë³òêè ç ÂÎ ×ÀÅÑ ìàñà ãîíàä ñàìèöü ç äîâæèíîþ ò³ëà
14—19 ñì òà ìàñîþ 50—130 ã êîëèâàëàñü ó ìåæàõ 5,72—15,65 ã (òàáë. 2). Ó
âèá³ðö³ ðèá ïåðåâàæàëè îñîáèíè â³êîì 4+ (Ìî = 4), çà äîâæèíîþ ò³ëà
âèá³ðêà âèÿâèëàñü îäíîð³äíîþ, ïðîòå áóëî âèÿâëåíî çíà÷íå ðîçñ³þâàííÿ
çà ³íäèâ³äóàëüíîþ àáñîëþòíîþ ïëîäþ÷³ñòþ ðèá, ùî ìîãëî âïëèíóòè íà
ìàñó ãîíàä òà ìàñó ò³ëà îñîáèí. Ê³ëüê³ñòü ³êðè â 1 ã êîëèâàëàñü ó ìåæàõ
764—1244 ³êðèíîê. ²íäèâ³äóàëüíà àáñîëþòíà ïëîäþ÷³ñòü ïë³òêè ñòàíîâè-
ëà 4,3—13,6 òèñ. ³êðèíîê. Ñåðåäí³ ðîçì³ðè ³êðèíîê ó âèá³ðö³ ïë³òêè ç ÂÎ
×ÀÅÑ äîð³âíþâàëè 1,05±0,01 ìì.

Ïë³òêà ç îç. Ãëèáîêîãî õàðàêòåðèçóâàëàñü íèçüêèìè ïðèðîñòàìè äî-
âæèíè òà ìàñè ò³ëà ó â³êîâèõ ãðóïàõ 4—5 ðîê³â (äèâ. òàáë. 2). Ìàñà ãîíàä
ñàìèöü ç äîâæèíîþ ò³ëà 14—20 ñì òà ìàñîþ 58—178 ã êîëèâàëàñü ó ìåæàõ
8,04—31,93 ã. Ê³ëüê³ñòü ³êðè â 1 ã ñòàíîâèëà 466—846 ³êðèíîê. ²íäèâ³äóà-
ëüíà àáñîëþòíà ïëîäþ÷³ñòü ïë³òêè ñòàíîâèëà 3,7—24,3 òèñ. ³êðèíîê. Ñå-
ðåäí³ ðîçì³ðè ³êðèíîê ïë³òêè äîð³âíþâàëè 1,3—1,4 ìì â ð³çíèõ â³êîâèõ
ãðóïàõ.

Ó êîíòðîëüí³é âèá³ðö³ ïë³òêè ç Êè¿âñüêîãî âîäîñõîâèùà íàïðèê³íö³
äðóãî¿ äåêàäè êâ³òíÿ 2024 ð. ãîíàäè ïë³òêè áóëè íà IV ñòàä³¿ ðîçâèòêó.
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Ðèñ. 1. Ðîçì³ðíî-â³êîâèé ðîçïîä³ë ïë³òêè ó äîñë³äæåíèõ âîäîéìàõ. Òóò ³ íà ðèñ. 2: à
— ÂÎ ×ÀÅÑ; á — Êàí³âñüêå âîäîñõîâèùå (êîíòðîëü); â — îç. Ãëèáîêå; ã — îç. Ãîðîâà
Ñòàðóõà (êîíòðîëü)



Ìàñà ãîíàä ñàìèöü ç äîâæèíîþ ò³ëà 20—26 ñì òà ìàñîþ 210—330 ã êîëè-
âàëàñü â ìåæàõ 27—60 ã (äèâ. òàáë. 2). Ó âèá³ðö³ ðèá ïåðåâàæàëè îñîáèíè
â³êîì 5+ (Ìî = 5), çà äîâæèíîþ ò³ëà âèá³ðêà âèÿâèëàñü îäíîð³äíîþ, ïðîòå
áóëî âèÿâëåíî çíà÷íå ðîçñ³þâàííÿ çà ³íäèâ³äóàëüíîþ àáñîëþòíîþ ïëî-
äþ÷³ñòþ ðèá òà ìàñîþ ãîíàä ðèá. Ê³ëüê³ñòü ³êðè â 1 ã áóëà â ìåæàõ
542—552 ³êðèíîê. ²íäèâ³äóàëüíà àáñîëþòíà ïëîäþ÷³ñòü ïë³òêè ñòàíîâèëà
15,2—33,3 òèñ. ³êð. Ñåðåäí³ ðîçì³ðè ³êðèíîê ó âèá³ðö³ ïë³òêè ç Êè¿âñüêîãî
âîäîñõîâèùà äîð³âíþâàëè 1,5±0,02 ìì.

Ó âñ³õ âèá³ðêàõ ïë³òêè áóëè çàðåºñòðîâàí³ âèñîê³ ð³âí³ âàð³àö³¿ çà ìà-
ñîþ ãîíàä òà ³íäèâ³äóàëüíîþ àáñîëþòíîþ ïëîäþ÷³ñòþ, ùî â³äáèâàºòüñÿ
íà çíà÷åííÿõ ìàñè ò³ëà îñîáèí â íåðåñòîâèé ïåð³îä. Ó ïë³òêè ç êîíòðîëü-
íî¿ âîäîéìè âàð³àö³ÿ çà ìàñîþ ò³ëà áóëà íà ñåðåäíüîìó ð³âí³.

Ãîíàäîñîìàòè÷íèé ³íäåêñ (ÃÑ²) ñàìèöü ïë³òêè ç ÂÎ ×ÀÅÑ âèÿâèâñÿ
íàéíèæ÷èì (ÃÑ² = 10,06±0,73). Ó âèá³ðêàõ ïë³òêè ç êîíòðîëüíèõ âîäîéì
(Êè¿âñüêå òà âåðõ³â’ÿ Êàí³âñüêîãî âîäîñõîâèùà) öåé ïîêàçíèê áóâ çíà÷íî
á³ëüøèì òà ñòàíîâèâ â³äïîâ³äíî 15,5±0,87 òà 18,37±0,61. Ñàìèö³ ç îç. Ãëè-
áîêîãî ìàëè ãîíàäîñîìàòè÷í³ ³íäåêñè 16,43±1,58 äëÿ ÷îòèðèð³÷íèõ îñî-
áèí òà 18,27±2,78 äëÿ ï’ÿòèð³÷íèõ ðèá.

Âñ³ îñîáèíè ó âèá³ðêàõ ïë³òêè ç ÂÎ ×ÀÅÑ òà îç. Ãëèáîêîãî õàðàêòåðè-
çóâàëèñÿ ñåðåäí³ì íàïîâíåííÿì êèøå÷íèêà (2—3 áàëè) òà æèðí³ñòþ (1—
2 áàëè) ³ íå â³äð³çíÿëèñü çà öèìè ïîêàçíèêàìè â³ä îñîáèí ç êîíòðîëüíèõ
âîäîéì. Â³äì³÷åíî äîñòîâ³ðíó ð³çíèöþ ó êîåô³ö³ºíòàõ âãîäîâàíîñò³ Ôóë-
òîíà äëÿ ïë³òêè ç ÂÎ ×ÀÅÑ (Êô = 1,87±0,03) òà ðèá ç êîíòðîëüíèõ âîäîéì:
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Ðèñ. 2. Ñòàòåâèé ðîçïîä³ë ïë³òêè ó äîñë³äæåíèõ âîäîéìàõ
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Òàáëèöÿ 2
Ïîêàçíèêè ïëîäþ÷îñò³ ñàìèöü ïë³òêè ç âîäîéì ×ÇÂ òà Êè¿âñüêîãî âîäîñõîâèùà

Ïîêàçíèêè M±m lim CV, %

Âîäîéìà-îõîëîäæóâà÷ ×ÀÅÑ, â³ê — 4 ðîêè

Äîâæèíà ò³ëà, ñì 16,5±1,39 15,3—19,0 9,0

Ìàñà ò³ëà, ã 85,32±12,24 64,8—130,88 32,1

Ìàñà ãîíàä, ã 8,77±1,67 5,72—14,35 42,7

Ê³ëüê³ñòü ³êðè, ³êðèíîê/ã 971±83,94 764—1244 19,3

²íäèâ³äóàëüíà àáñîëþòíà ïëîäþ÷³ñòü,
òèñ. ³êðèíîê

8,5±1,64 4,8—13,6 40,3

Ðîçì³ðè ³êðèíîê, ìì 1,05±0,01 0,96—1,3 2,1

Îç. Ãëèáîêå, â³ê — 4 ðîêè

Äîâæèíà ò³ëà, ñì 15,9±0,36 14,0—18,2 7,5

Ìàñà ò³ëà, ã 111,73±14,59 90,55—197,85 41,3

Ìàñà ãîíàä, ã 16,44±1,82 8,04—23,72 35

Ê³ëüê³ñòü ³êðè, ³êðèíîê/ã 620±35,29 466—846 17,1

²íäèâ³äóàëüíà àáñîëþòíà ïëîäþ÷³ñòü,
òèñ. ³êðèíîê

10,5±1,42 3,7—15,4 40,7

Ðîçì³ðè ³êðèíîê, ìì 1,4±0,02 0,9-1,5 4,0

Îç. Ãëèáîêå, â³ê — 5 ðîê³â

Äîâæèíà ò³ëà, ñì 17,7±0,51 14,6—20,0 9,5

Ìàñà ò³ëà, ã 120,96±8,07 90,55—153,54 21,1

Ìàñà ãîíàä, ã 23,46±2,78 11,25—35,58 35,6

Ê³ëüê³ñòü ³êðè, ³êðèíîê/ã 614±31,05 480—762 15,2

²íäèâ³äóàëüíà àáñîëþòíà ïëîäþ÷³ñòü,
òèñ. ³êðèíîê

14,8±2,33 7,2—24,3 47,3

Ðîçì³ðè ³êðèíîê, ìì 1,3±0,06 0,8—1,4 14,1

Êè¿âñüêå âîäîñõîâèùå (êîíòðîëü), â³ê — 5 ðîê³â

Äîâæèíà ò³ëà, ñì 22,6±0,38 20,9—25,6 7,6

Ìàñà ò³ëà, ã 254,17±21,6 211,15—337,42 21,6

Ìàñà ãîíàä, ã 42,48±3,9 27—60,27 41,1

Ê³ëüê³ñòü ³êðè, ³êðèíîê/ã 540±0,99 542—552 8,2

²íäèâ³äóàëüíà àáñîëþòíà ïëîäþ÷³ñòü,
òèñ. ³êðèíîê

23,3±2,17 15,2—33,3 41,6

Ðîçì³ðè ³êðèíîê, ìì 1,5±0,02 1,3—1,7 5,4

Ï ð è ì ³ ò ê à. Öèôðè ó òàáëèö³, âèä³ëåí³ íàï³âæèðíèì øðèôòîì, îçíà÷àþòü çíà÷íèé
ð³âåíü ì³íëèâîñò³ ïîêàçíèêà.



äëÿ Êè¿âñüêîãî âîäîñõîâèùà (Êô = 2,2±0,04) çà ðåçóëüòàòàìè t-òåñòó (t =

-5,15, ð<0,0001, n1 = 17, n2 = 20) òà âåðõ³â’ÿ Êàí³âñüêîãî âîäîñõîâèùà (Êô =

2,07±0,04) çà ðåçóëüòàòàìè t-òåñòó (t = -3,78, ð = 0,0002, n1 = 17, n2 = 25). Äî-
ñòîâ³ðíî¿ ð³çíèö³ ó âãîäîâàíîñò³ ì³æ âèá³ðêàìè ðèá ç îç. Ãëèáîêîãî (Êô =

2,21±0,04) òà êîíòðîëüíî¿ âîäîéìè (Êô = 2,3±0,04) íå âèÿâëåíî (t = -1,51, ð

= 0,1371, n1 = 26, n2 = 21).
Âèá³ðêè ïë³òêè ç ÂÎ ×ÀÅÑ (W = 0,7264, p = 8,3260, n = 20) òà êîíòðîëü-

íî¿ âîäîéìè (W = 0,9368, p = 0,2086, n = 20) õàðàêòåðèçóâàëèñÿ íå íîðìà-

ëüíèì ðîçïîä³ëîì. Âèá³ðêè ïë³òêè ç îç. Ãëèáîêîãî (W = 0,9618, p = 0,3642,

n = 28) òà ñòàðèö³ Äåñíè (W = 0,9663, p = 0,6514, n = 21) òàêîæ áóëè ðîç-
ïîä³ëåí³ íå íîðìàëüíî.

Ïîð³âíÿííÿ ìîðôîëîã³÷íèõ îçíàê âèá³ðîê ïë³òêè ³ç ÂÎ ×ÀÅÑ òà êîí-
òðîëüíî¿ âîäîéìè çà êðèòåð³ºì Ìàííà-Ó³òí³ ïîêàçàëî äîñòîâ³ðíó ð³çíè-
öþ çà 14 ìîðôîëîã³÷íèìè îçíàêàìè (òàáë. 3).

Ïë³òêà ç ÂÎ ×ÀÅÑ õàðàêòåðèçóâàëàñü ìåíøîþ äîâæèíîþ ò³ëà l, êîð-

ïóñó lcor ³ òîâùèíîþ ³Í, VA, à òàêîæ ìåíøîþ po, ho, hc1. Ðÿä ìîðôî-
ëîã³÷íèõ îçíàê ïë³òêè ç ÂÎ ×ÀÅÑ âèÿâèâñÿ äîñòîâ³ðíî á³ëüøèì, çîêðåìà

aP, äîâæèíà õâîñòîâîãî ñòåáëà pl, äîâæèíè ãðóäíîãî ³ ÷åðåâíîãî ïëàâö³â
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Òàáëèöÿ 3
Ìîðôîëîã³÷í³ îñîáëèâîñò³ ïë³òêè ç ÂÎ ×ÀÅÑ òà Êàí³âñüêîãî

âîäîñõîâèùà, Ì±m

Îçíàêè ÂÎ ×ÀÅÑ, n = 20 Êîíòðîëü, n = 20
Êðèòåð³é

Ìàííà-Ó³òí³, U
ð

l, ñì 19,2±1,40 24,6±0,52 80,5 0,0013

ó % â³ä l

lcor 78,1±0,28 79,6±0,41 94 0,0043

iH 13,4±0,23 14,1±0,20 100,5 0,0074

aP 24,8±0,16 23,5±0,25 57 0,0001

pl 19,9±0,21 18,8±0,24 90 0,003

VA 25,0±0,22 26,2±0,35 92 0,0036

lP 18,2±0,21 16,7±0,21 37 <0,0001

lV 17,8±0,20 17,0±0,19 96,5 0,0053

lC1 23,7±0,47 22,0±0,31 97 0,0056

lC2 23,9±0,34 22,2±0,31 84 0,0018

lc 22,9±0,18 21,4±0,19 45 <0,0001

ó % â³ä lc

po 45,4±0,69 47,9±0,37 78 0,0017

ho 14,2±0,79 20,4±0,50 31 <0,0001

hc1 81,8±1,49 88,9±1,07 72,5 0,0010



— lP, lV, äîâæèíà ëîïàòåé õâîñòîâîãî ïëàâöÿ lC1, lC2 òà äîâæèíà ãîëîâè lc.
Òàê³ â³äì³ííîñò³ ìîæóòü áóòè ïîâ’ÿçàí³ ç òèì, ùî ðèáè ç êîíòðîëüíî¿
âèá³ðêè ìàëè âèùèé òåìï ðîñòó.

Âèá³ðêè ïë³òêè ç îçåð Ãëèáîêå òà Ãîðîâà Ñòàðóõà (êîíòðîëü) â³ä-
ð³çíÿëèñü ì³æ ñîáîþ ëèøå çà 7 îçíàêàìè (òàáë. 4). Ïë³òêà ç îç. Ãëèáîêîãî
ìàëà äîñòîâ³ðíî ìåíø³ ïîêàçíèêè íàéìåíøî¿ âèñîòè ò³ëà h, âèñîòè ñïèí-
íîãî hD ³ àíàëüíîãî hA ïëàâö³â, à òàêîæ ïðîïîðö³¿ ãîëîâè — po, ho, hc, mn.
Îñîáèíè ïë³òêè ç îáîõ âîäîéì íàëåæàëè äî îäí³º¿ ðîçì³ðíî-â³êîâî¿ ãðó-
ïè, ïðîòå ïë³òêà ç îç. Ãëèáîêîãî áóëà ïðåäñòàâëåíà ïåðåâàæíî ñàìèöÿìè,
ÿê³ çàçâè÷àé ìàþòü á³ëüø³ í³æ ñàìö³ ðîçì³ðè ò³ëà òà âàãó, îñîáëèâî ó ïå-
ðåäíåðåñòîâèé ïåð³îä. Öå ìîæå ñâ³ä÷èòè ïðî íèæ÷èé òåìï ðîñòó ïë³òêè ç
îç. Ãëèáîêîãî.

Àíàë³ç ìîðôîëîã³÷íèõ îçíàê ó ïðîñòîð³ ãîëîâíèõ êîìïîíåíò (ÐÑÀ)
âèá³ðîê ïë³òêè ç ÂÎ ×ÀÅÑ òà êîíòðîëüíî¿ âîäîéìè ïîêàçàâ íàÿâí³ñòü
ð³çíèö³ ì³æ íèìè çà ïëàñòè÷íèìè îçíàêàìè (ðèñ. 3). Íàéá³ëüøèé âêëàä ó
äèôåðåíö³àö³þ îñîáèí ìàëè ïåðø³ äâ³ ãîëîâí³ êîìïîíåíòè. Íà ÃÊ 1 ïðè-
ïàäàëî 28,4 % âëàñíèõ çíà÷åíü, à íà ÃÊ 2 — 12,4 %.

Çà ÃÊ 1 áóëà â³äì³÷åíà âèñîêà ïîçèòèâíà êîðåëÿö³ÿ çà îçíàêàìè: l (r =
0,8719), ho (r = 0,838), hc1 (r = 0,8115), po (r = 0,7138). Âèñîêà íåãàòèâíà êî-
ðåëÿö³ÿ áóëà â³äì³÷åíà çà lc (r = 0,859) òà aÐ (r = 0,7404). Çà ÃÊ 2 áóëà
â³äì³÷åíà âèñîêà ïîçèòèâíà êîðåëÿö³ÿ çà aA (r = 0,8402), aV (r = 0,736) òà
PV (r = 0,7429) â³äñòàíÿìè òà ñåðåäíÿ êîðåëÿö³ÿ çà H (r = 0,6037) òà aD (r =
0,6413). Åêçåìïëÿðè ïë³òêè ç ÂÎ ×ÀÅÑ çàãàëîì õàðàêòåðèçóâàëèñü ìåí-
øèìè ðîçì³ðàìè ò³ëà: äîâæèíîþ, âèñîòîþ òà òîâùèíîþ.

Àíàë³ç ìîðôîëîã³÷íèõ îçíàê ðèá ó ïðîñòîð³ ãîëîâíèõ êîìïîíåíò
(ÐÑÀ) âèá³ðîê ïë³òêè ç îç. Ãëèáîêîãî òà êîíòðîëüíî¿ âîäîéìè ïîêàçàâ íà-
ÿâí³ñòü íåçíà÷íî¿ ð³çíèö³ ì³æ íèìè çà ðÿäîì ïëàñòè÷íèõ îçíàê (ðèñ. 4).
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Òàáëèöÿ 4
Ìîðôîëîã³÷í³ îñîáëèâîñò³ ïë³òêè ç îçåð Ãëèáîêå òà Ãîðîâà Ñòàðóõà, Ì±m

Îçíàêè
Îç. Ãëèáîêå,

n = 28
Îç. Ãîðîâà Ñòàðóõà,

n = 21
Êðèòåð³é Ìàí-

íà-Ó³òí³, U
ð

l, ñì 16,6±0,32 17,4±0,30 211,5 0,0971

ó % â³ä l

h 9,1±0,09 9,9±0,10 88 <0,0001

hD 20,9±0,36 23,5±0,26 78,5 <0,0001

hA 13,9±0,18 14,8±0,14 109 0,0002

ó % â³ä lc

po 46,4±0,40 47,9±0,34 151 0,0039

ho 17,2±0,81 21,0±0,76 141 0,0021

hc 51,9±0,47 56,4±0,85 85 <0,0001

mn 29,8±0,44 32,6±0,79 143 0,0023



Íàéá³ëüøèé âêëàä ó äèôåðåíö³àö³þ îñîáèí ìàëè ïåðø³ äâ³ ãîëîâí³ êîì-
ïîíåíòè. Íà ÃÊ 1 ïðèïàäàëî 15,4 % âëàñíèõ çíà÷åíü, à íà ÃÊ 2 — 14,3 %. Çà
ÃÊ 1 áóëà â³äì³÷åíà âèñîêà ïîçèòèâíà êîðåëÿö³ÿ çà hD (r = 0,7444), hA (r =
0,7083) òà ñåðåäíÿ êîðåëÿö³ÿ çà h (r = 0,599), hc (r = 0,6748), à òàêîæ ñåðåäíÿ
íåãàòèâíà êîðåëÿö³ÿ çà AV (r = 0,6687). Çà ÃÊ 2 áóëà âèñîêà ïîçèòèâíà êî-
ðåëÿö³ÿ çà l (r = 0,7861) òà ñåðåäíÿ êîðåëÿö³ÿ çà VA (r = 0,6242), H (r =
0,5638), Aa (r = 0,5561) òà hc1 (r = 0,5695). Òàêîæ çà ö³ºþ êîìïîíåíòîþ áóëà
â³äì³÷åíà ñåðåäíÿ íåãàòèâíà êîðåëÿö³ÿ çà îçíàêàìè lc (r = 0,599) òà pl (r =
0,5389). Çàãàëîì îñîáèíè ïë³òêè ç îç. Ãëèáîêîãî âèÿâèëèñü äóæå áëèçüêè-
ìè çà ìîðôîëîã³÷íèìè îçíàêàìè äî êîíòðîëüíî¿ âèá³ðêè.

Â³äîìî, ùî â çîí³ Êè¿âñüêîãî âîäîñõîâèùà ïë³òêà âïåðøå éäå íà íå-
ðåñò ó òðèð³÷íîìó â³ö³, ñï³ââ³äíîøåííÿ ñòàòåé ó íåðåñòîâîìó ñòàä³ ³íîä³
ìîæå ñèëüíî â³äð³çíÿòèñÿ â á³ê ïåðåâàæàííÿ ñàìèöü [5, 23, 25]. Òàê, äëÿ
âåðõíüîãî Äí³ïðà ñï³ââ³äíîøåííÿ ñòàòåé ïë³òêè ñòàíîâèëî 1:3 ñàìö³â äî
ñàìèöü, ó Êè¿âñüêîìó âîäîñõîâèù³ ó ð³çí³ ðîêè 1:1,5 [5, 25]. Çà íîðìàëü-
íèõ óìîâ ñï³ââ³äíîøåííÿ ñòàòåé ó áàãàòüîõ âèä³â ðèá íàáëèæàºòüñÿ äî
1:1, àëå ìîæå çì³íþâàòèñü ó ìåæàõ îäí³º¿ ïîïóëÿö³¿ çàëåæíî â³ä óìîâ ñå-
ðåäîâèùà [30]. Ó âèá³ðêàõ ïë³òêè ç êîíòðîëüíèõ âîäîéì ñï³ââ³äíîøåííÿ
ñòàòåé êîëèâàëîñü ó ìåæàõ 1:1 — 1:2 ñàìö³â äî ñàìèöü, ó ÂÎ ×ÀÅÑ — òà-
êîæ âêëàäàëîñü ó ö³ ìåæ³, à îò ó ïë³òêè ç îç. Ãëèáîêîãî ê³ëüê³ñòü ñàìèöü ó
5,5 ðàç³â ïåðåâèùóâàëà ÷èñåëüí³ñòü ñàìö³â (äèâ. ðèñ. 2, â). Çà íîðìàëüíèõ
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Ðèñ. 3. Ðîçïîä³ë ïë³òêè ç ÂÎ ×ÀÅÑ (1) òà êîíòðîëüíî¿ âîäîéìè (2) ó ïðîñòîð³ ãîëîâ-
íèõ êîìïîíåíò çà êîìïëåêñîì ìîðôîëîã³÷íèõ îçíàê



óìîâ ñàìö³ ïë³òêè åë³ì³íóþòüñÿ ³ç ñòàäà íà 2—3 ðîêè ðàí³øå í³æ ñàìêè,

ùî ïîâ’ÿçàíî ç á³ëüøèìè åíåðãåòè÷íèìè âèòðàòàìè ñàìö³â óïðîäîâæ íå-

ðåñòó [5, 25, 28]. Â îç. Ãëèáîêîìó çóñòð³÷àëèñü ñàìö³ â³êîì 2—4 ðîêè, ïðî-

òå ¿õíÿ ÷èñåëüí³ñòü áóëà äîâîë³ íèçüêîþ.
Çì³íè ïëîäþ÷îñò³ òà ðîçì³ð³â ³êðèíîê ðèá º îäíèì ³ç ÷óòëèâèõ ïîêàç-

íèê³â, ÿêèé äåìîíñòðóº ïðèñòîñóâàííÿ ðèá äî çì³íè óìîâ ñåðåäîâèùà,

çîêðåìà äî ä³¿ íåñïðèÿòëèâèõ ôàêòîð³â (äèâ. òàáë. 2) [26]. Ó ïë³òêè ç ÂÎ

×ÀÅÑ ä³àìåòð ³êðèíîê ñòàíîâèâ 1,05 ìì, òîä³ ÿê ó ðèá ç êîíòðîëüíî¿ âîäî-

éìè (Êè¿âñüêå âîäîñõîâèùå) â³í äîñÿãàâ 1,5 ìì. Â³äîìî, ùî óòâîðåííÿ

á³ëüø äð³áíî¿ ³êðè âèçíà÷àºòüñÿ ìåíøèì âèõ³äíèì ðîçì³ðîì îîöèò³â

ïåð³îäó ïðîòîïëàçìàòè÷íîãî ðîñòó ³ ìåíøîþ çàáåçïå÷åí³ñòþ ãåíåðàòèâ-

íîãî îáì³íó ïëàñòè÷íèìè ³ åíåðãåòè÷íèìè ðåñóðñàìè [28]. Çìåíøåííÿ

ä³àìåòðó ³êðèíîê º ñïîñîáîì ï³äâèùåííÿ ïëîäþ÷îñò³ ðèá â ïîïóëÿö³¿

[26]. Ç ³íøîãî áîêó, ä³àìåòð ³êðèíîê ìîæå âàð³þâàòè ç â³êîì, â³ä ÷îãî çà-

ëåæàòü ðîçì³ðè åìáð³îí³â òà ¿õíº âèæèâàííÿ, à íàéá³ëüøîþ çàâæäè áóäå

³êðà ðèá ñåðåäíüîãî â³êó [6, 9, 21]. ßêùî çàçâè÷àé çìåíøåííÿ ä³àìåòðó

³êðèíîê º ìåõàí³çìîì ï³äâèùåííÿ ïëîäþ÷îñò³ ðèá çà îïòèìàëüíèõ êîð-

ìîâèõ óìîâ, òî ó ïë³òêè ç ÂÎ àáñîëþòíà ³íäèâ³äóàëüíà ïëîäþ÷³ñòü ðèá â

ñåðåäíüîìó â³ö³ íå â³äð³çíÿëàñü â³ä òàêî¿ ç îç. Ãëèáîêîãî òà áóëà íàáàãàòî

íèæ÷îþ â³ä êîíòðîëþ (äèâ. òàáë. 1).
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Ðèñ. 4. Ðîçïîä³ë ïë³òêè ç îç. Ãëèáîêîãî (1) òà êîíòðîëüíî¿ âîäîéìè (2) ó ïðîñòîð³ ãî-
ëîâíèõ êîìïîíåíò çà êîìïëåêñîì ìîðôîëîã³÷íèõ îçíàê



Âàæëèâèì ïîêàçíèêîì äëÿ îö³íêè ô³ç³îëîã³÷íîãî ñòàíó ïðèðîäíèõ
ïîïóëÿö³é ðèá º ³íäåêñ âãîäîâàíîñò³ [31, 53]. ²ñíóþòü â³äîìîñò³ ïðî çíè-
æåííÿ êîåô³ö³ºíòó âãîäîâàíîñò³ ðèá â óìîâàõ õðîí³÷íîãî çàáðóäíåííÿ
âîäîéì òà äîííèõ â³äêëàä³â òîêñè÷íèìè ñïîëóêàìè, ïîâ’ÿçàíå ç îïîñå-
ðåäêîâàíèì âïëèâîì òîêñè÷íèõ ñïîëóê íà ðèá ÷åðåç çìåíøåííÿ ÷èñåëü-
íîñò³ òà á³îëîã³÷íîãî ð³çíîìàí³òòÿ êîðìîâèõ êîìïîíåíò³â ó âîäîéìàõ [4].
Êîåô³ö³ºíòè âãîäîâàíîñò³ ïë³òêè ç âîäîéì ×ÇÂ âèÿâèëèñü äîñòîâ³ðíî
íèæ÷èìè, í³æ ó ðèá ç êîíòðîëþ, õî÷à ïîêàçíèêè íàïîâíåíîñò³ êèøå÷íè-
êà òà æèðíîñò³ ó ðèá ç óñ³õ âîäîéì çíàõîäèëèñü â ìåæàõ íîðìè, ùî îïîñå-
ðåäêîâàíî ñâ³ä÷èòü ïðî ïîä³áí³ íàãóëüí³ óìîâè â íèõ.

Çì³íè ïëîäþ÷îñò³ ò³ñíî ïîâ’ÿçàí³ ç³ øâèäê³ñòþ ðîñòó ðèá òà çàáåçïå-
÷åí³ñòþ êîðìàìè [30]. Çà íàÿâíîñò³ âèñîêî¿ êîðìîâî¿ áàçè çá³ëüøåííÿ
ïëîäþ÷îñò³ ó áàãàòüîõ âèä³â ðèá â³äáóâàºòüñÿ íå âíàñë³äîê çá³ëüøåííÿ
ê³ëüêîñò³ ³êðèíîê ó îñîáèí îäíàêîâî¿ äîâæèíè, à çàâäÿêè á³ëüø øâèäêî-
ìó ðîñòó ³ á³ëüøèì ðîçì³ðàì ðèá â ìåæàõ â³êîâî¿ ãðóïè [2, 11]. Ïë³òêà ç
ÂÎ ìàëà äîñòàòíþ êîðìîâó áàçó òà çàãàëîì õàðàêòåðèçóâàëàñÿ âèùèì
òåìïîì ðîñòó, í³æ ïë³òêà ç îç. Ãëèáîêîãî, ïðîòå ïîêàçíèêè ïëîäþ÷îñò³ ó
ñåðåäí³õ â³êîâèõ ãðóïàõ íàáëèæàëèñÿ äî òàêèõ ó ïë³òêè ç îç. Ãëèáîêîãî
(äèâ. òàáë. 1). Ïë³òêà ç êîíòðîëüíî¿ âîäîéìè (âåðõíÿ ÷àñòèíà Êàí³âñüêîãî
âîäîñõîâèùà) ìàëà âèùèé òåìï ðîñòó (äèâ. òàáë. 2, ðèñ. 3), ùî éìî-
â³ðí³øå ïîÿñíþºòüñÿ êðàùèìè ìîæëèâîñòÿìè äëÿ íàãóëó ðèá. Ïë³òêà ç
îç. Ãëèáîêîãî çà ðîçì³ðàìè â îäíîâ³êîâèõ ãðóïàõ íå â³äð³çíÿëàñÿ â³ä êîí-
òðîëþ, ïðîòå ðèáè ç îç. Ãîðîâà Ñòàðóõà ìàëè á³ëüø³ âèñîòè ñïèííîãî òà
àíàëüíîãî ïëàâö³â, âèñîòó ãîëîâè òà äîâæèíó íèæíüî¿ ùåëåïè (äèâ. òàáë.
3, ðèñ. 4). Ñë³ä çàçíà÷èòè, ùî ïë³òêà ç îç. Ãëèáîêîãî áóëà ïðåäñòàâëåíà ïå-
ðåâàæíî ñàìèöÿìè, à â êîíòðîëüí³é âèá³ðö³ ñï³ââ³äíîøåííÿ ñòàòåé áóëî
1:1. Ç îãëÿäó íà á³ëüø³ ðîçì³ðè ³ âàãó ò³ëà ñàìèöü ïîð³âíÿíî ³ç ñàìöÿìè,
îñîáëèâî ó ïåðåäíåðåñòîâèé ïåð³îä, öå ìîæå ñâ³ä÷èòè ïðî íèæ÷èé òåìï
ðîñòó ïë³òêè â îäíàêîâèõ ðîçì³ðíî-â³êîâèõ ãðóïàõ ç îçåðà ×ÇÂ ïîð³âíÿíî
ç êîíòðîëåì, ùî ïîòðåáóº äîäàòêîâèõ äîñë³äæåíü.

Òàêîæ â³äì³÷åíî íàÿâí³ñòü ìîðôîëîã³÷íèõ àíîìàë³é ðîçâèòêó ïëàâ-
ö³â òà äåôîðìàö³¿, à òàêîæ ðîçâèòîê íîâîóòâîðåíü â ãîíàäàõ ïë³òêè ç ÂÎ
×ÀÅÑ — ó 10,5 % îñîáèí. Ó ïë³òêè ç îç. Ãëèáîêîãî ïîä³áíèõ âàä ðîçâèòêó
â³äì³÷åíî íå áóëî. Â êîíòðîëüíèõ âèá³ðêàõ ðèá ïîä³áíèõ â³äõèëåíü òàêîæ
íå ðåºñòðóâàëè. Ïðîòå çà íàøèìè äàíèìè àíîìàë³¿ ðîçâèòêó ïëàâö³â ó
ïë³òêè ç âåðõ³â’ÿ Êàí³âñüêîãî âîäîñõîâèùà çóñòð³÷àþòüñÿ ó 0,6 % îñîáèí.

Ðîçì³ðíî-ìàñîâ³ ïîêàçíèêè ïë³òêè ç âîäîéì ×ÇÂ õàðàêòåðèçóþòüñÿ
íåîäíîð³äí³ñòþ, â îáîõ âîäîéìàõ ïðèñóòíÿ ÷àñòêà ðèá ç³ ñïîâ³ëüíåíèì
òåìïîì ðîñòó (äèâ. ðèñ. 1 ³ 2), ùî äàº ï³äñòàâó ïðèïóñòèòè íàÿâí³ñòü ó ñòà-
äàõ ïë³òêè öèõ âîäîéì ãðóï ðèá ç ð³çíèì òåìïîì ðîñòó. Ïîÿâó òóãîðîñëèõ
îñîáèí, éìîâ³ðíî ìîæíà ïîÿñíèòè òèì, ùî ï³ä ïîñò³éíîþ ä³ºþ ïîãëèíå-
íèõ äîç îïðîì³íåííÿ îðãàí³çì ðèáè á³ëüøå åíåðã³¿ ñïðÿìîâóº íà ï³äòðè-
ìàííÿ æèòòºä³ÿëüíîñò³, à ð³ñò ïðè öüîìó ñïîâ³ëüíþºòüñÿ. ×åðåç òå, ùî çà-
áðóäíåííÿ ðàä³îíóêë³äàìè âîäîéì ×ÇÂ ìàº íåð³âíîì³ðíèé õàðàêòåð, íå
âñ³ ðèáè îòðèìóþòü îäíàêîâ³ äîçè îïðîì³íåííÿ ïðîòÿãîì æèòòÿ, ùî é
ïðèçâîäèòü äî óòâîðåííÿ ãðóï ç ð³çíèì òåìïîì ðîñòó âñåðåäèí³ ñòàäà.
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Îòæå, ñóêóïí³ñòü òàêèõ ìîðôîá³îëîã³÷íèõ îñîáëèâîñòåé ïë³òêè ç âî-
äîéì ×ÇÂ, ÿê çìåíøåííÿ ä³àìåòðà ³êðèíîê, íèçüêèé ãîíàäîñîìàòè÷íèé
³íäåêñ, íèçüê³ ïîêàçíèêè âãîäîâàíîñò³ òà çíà÷íà ÷àñòêà ìîðôîëîã³÷íèõ
àíîìàë³é ðîçâèòêó ïëàâö³â ³ ãîíàä, à òàêîæ â îêðåìèõ âèïàäêàõ á³ëüø í³æ
ï’ÿòèêðàòíå ïåðåâàæàííÿ ñàìèöü ó íåðåñòîâîìó ñòàä³ ³ íèçüêèé òåìï ðîñ-
òó îñîáèí ìîæóòü áóòè ïðîÿâîì òðèâàëîãî íåñïðèÿòëèâîãî âïëèâó ðàä³à-
ö³éíîãî îïðîì³íåííÿ íà ðèá ó öèõ âîäîéìàõ. Â³äîìî, ùî ïîïóëÿö³¿ ðèá,
ÿê³ çàçíàþòü âïëèâó íåñïðèÿòëèâèõ óìîâ ñåðåäîâèùà, ìàþòü íèçüêèé
òåìï ðîñòó, à ¿õíÿ ÷èñåëüí³ñòü òà òðèâàë³ñòü æèòòÿ îñîáèí ñêîðî÷óþòüñÿ
[47, 27]. Çà òàêèõ óìîâ ðèáè âèòðà÷àþòü á³ëüøó ÷àñòèíó åíåðã³¿ íà ï³äòðè-
ìàííÿ æèòòºä³ÿëüíîñò³ îðãàí³çìó, ùî ïðèçâîäèòü äî ãàëüìóâàííÿ ðîñòó
òà ïîðóøåííÿ ïðîöåñ³â â³äòâîðåííÿ.

Âèñíîâêè

Ïë³òêà ç âîäîéì ×ÇÂ â³äð³çíÿëàñÿ íåîäíîð³äíèì òåìïîì ðîñòó òà íà-
ÿâí³ñòþ òóãîðîñëèõ îñîáèí ó ñòàä³: â îáîõ âîäîéìàõ ó ëîâàõ òðàïëÿëèñÿ
ÿê 3-ð³÷í³ ðèáè ç äîâæèíîþ ò³ëà äî 15—19 ñì, òàê ³ 5-ð³÷í³ îñîáèíè äî-
âæèíîþ 9—14 ñì. Âèá³ðêà ðèá ç îç. Ãëèáîêîãî â³äð³çíÿëàñü çíà÷íèì ïåðå-
âàæàííÿì ñàìèöü ó íåðåñòîâîìó ñòàä³ (ñï³ââ³äíîøåííÿ ñàìö³â äî ñàìèöü
— 1:5,5) òà ñêîðî÷åíèì òåðì³íîì æèòòÿ (4 ³ 6 ðîê³â â³äïîâ³äíî äëÿ ñàìö³â ³
ñàìèöü).

Ïë³òêà ç âîäîéìè-îõîëîäæóâà÷à ×ÀÅÑ õàðàêòåðèçóâàëàñÿ ìåíøèì
ä³àìåòðîì ³êðèíîê â ãîíàäàõ ñàìèöü (1,05±0,01 ìì) ïîð³âíÿíî ç êîíòðî-
ëüíèìè îñîáèíàìè (1,5±0,02 ìì); íèçüêèì ãîíàäîñîìàòè÷íèì ³íäåêñîì
(10,06±0,73) íà â³äì³íó â³ä ðèá äâîõ êîíòðîëüíèõ âèá³ðîê (15,5±0,87 òà
18,37±0,61); íèçüêèìè ïîêàçíèêàìè âãîäîâàíîñò³ çà Ôóëòîíîì (1,87±
0,03) â³äíîñíî êîíòðîëüíî¿ ãðóïè (2,2±0,04); çíà÷íîþ ÷àñòêîþ ìîðôî-
ëîã³÷íèõ àíîìàë³é ðîçâèòêó ïëàâö³â, à òàêîæ âèíèêíåííÿì ð³çíèõ òèï³â
äåôîðìàö³é òà íîâîóòâîðåíü ó ãîíàäàõ (11,0 % óñ³õ âèëîâëåíèõ îñîáèí) íà
â³äì³íó â³ä ðèá ó âîäîéìàõ ç íèçüêèì ôîíîâèì ð³âíåì ðàä³îíóêë³äíîãî
çàáðóäíåííÿ (0,6 %).

Ïîòóæíå ðàä³àö³éíå îïðîì³íåííÿ ïðåäñòàâíèê³â ³õò³îôàóíè íàé-
á³ëüø çàáðóäíåíèõ âîäîéì ×ÇÂ ó ïåð³îä ãîñòðî¿ ôàçè àâàð³¿ íà ×ÀÅÑ òà
ïîäàëüøå õðîí³÷íå îïðîì³íåííÿ ïîð³âíÿíî íèçüêèìè äîçàìè ìîãëè ïðè-
çâåñòè äî ðîçâèòêó ïåâíèõ àäàïòàö³éíèõ ðåàêö³é, ÿê³ ó ïîòî÷íîìó ãðà-
ä³ºíò³ ïîòóæíîñò³ ïîãëèíåíî¿ äîçè 4,7—22,3 ìêÃð/ãîä äëÿ ïë³òêè âîäî-
éìè-îõîëîäæóâà÷à ×ÀÅÑ òà îç. Ãëèáîêîãî ìîãëè ïðèçâåñòè äî ïîÿâè
ãðóï ðèá ç ð³çíèì òåìïîì ðîñòó, à â ³íòåðâàë³ äîç îïðîì³íåííÿ 12,1—
22,3 ìêÃð/ãîä — ñïðè÷èíèòè çíà÷íå ïåðåâàæàííÿ ñàìèöü ó ñòàä³ â
îç. Ãëèáîêîìó òà, éìîâ³ðíî, á³ëüø ðàííº äîçð³âàííÿ îñîáèí, ùî ïîòðåáóº
äîäàòêîâèõ äîñë³äæåíü.
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MORPHOBIOLOGICAL CHARACTERISTICS OF THE COMMON ROACH
(RUTILUS RUTILUS L.) IN WATER BODIES OF THE CHORNOBYL

EXCLUSION ZONE

In the most radionuclide-contaminated water bodies of the Chornobyl exclusion
zone, a number of morphological and biological parameters of the common roach were
studied, the changes of which may have an adaptive nature to long-term radiation exposu-
re. In the gradient of the absorbed dose rate of 4.7—22.3 µGy/h, which was registered du-
ring the period of studies, in fish of the cooling pond of the Chernobyl NPP and Hlyboke
Lake were determined a decrease in the average diameter of the eggs, low indicators of the
gonadosomatic index and fatness, reduction of fin rays, as well as the occurrence of defor-
mations and neoplasms of the gonads compared to control individuals. In the range of ra-
diation dose of 12.1—22.3 µGy/h, a significant predominance of females in the spawning
stock and a reduction in lifetime were also noted in fish.

Key words: Rutilus rutilus, water bodies of the Chornobyl exclusion zone, radionuclide
contamination, absorbed dose rate, morphobiological indicators
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