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ËÎÒÈ×ÍÎ-ËÅÍÒÈ×Í²É Ã²ÄÐÎÅÊÎÑÈÑÒÅÌ²
ÄÅËÜÒÈ ÄÓÍÀÞ: ÄÎÍÍ² ÁÅÇÕÐÅÁÅÒÍ²1

Çàïðîïîíîâàíî âèçíà÷åííÿ äèñêðåòíîñò³ òà êîíòèíóàëüíîñò³ ñòðóêòóðíî-
ôóíêö³îíàëüíèõ õàðàêòåðèñòèê ð³÷êîâèõ ñèñòåì çà äîïîìîãîþ ñòàòèñòè÷íèõ òåñ-
ò³â ìíîæèííîãî ïîð³âíÿííÿ. Çà ðåçóëüòàòàìè áàãàòîð³÷íèõ äîñë³äæåíü ã³äðîëî-
ãî-ã³äðîõ³ì³÷íèõ ïîêàçíèê³â, âèäîâîãî ñêëàäó òà ê³ëüê³ñíèõ õàðàêòåðèñòèê äîííèõ
áåçõðåáåòíèõ ðîçãëÿíóòî ïðîÿâè äèñêðåòíîñò³ òà êîíòèíóàëüíîñò³ ¿õíüîãî ïðî-
ñòîðîâîãî ðîçïîä³ëó â ëîòè÷íî-ëåíòè÷í³é ñèñòåì³ Ê³ë³éñüêî¿ äåëüòè Äóíàþ. Âñòà-
íîâëåíî êîíòèíóàëüí³ñòü ÿê àá³îòè÷íèõ, òàê ³ á³îòè÷íèõ ïîêàçíèê³â, ¿¿ ïîðóøåííÿ
â³äì³÷åíî íà ïåðåäíüîìó êðàþ äåëüòè, â ì³ñöÿõ íåñòàá³ëüíîãî ã³äðîëîã³÷íîãî òà
ã³äðîõ³ì³÷íîãî ðåæèìó. Êëþ÷îâèìè ÷èííèêàìè ôîðìóâàííÿ ñòðóêòóðè äîííèõ áåç-

Ö è ò ó â à í í ÿ: Ëÿøåíêî À.Â., Ùåðáàê Â.²., Ñåìåíþê Í.ª., Çîð³íà-Ñàõàðîâà Ê.ª.
Êîíòèíóàëüí³ñòü ³ äèñêðåòí³ñòü óãðóïîâàíü ã³äðîá³îíò³â ó ëîòè÷íî-ëåíòè÷í³é ã³äðî-
åêîñèñòåì³ äåëüòè Äóíàþ: äîíí³ áåçõðåáåòí³. Ã³äðîá³îë. æóðí. 2024. Ò. 60, ¹ 1.
Ñ. 3—26.

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2024. 60(1) 3

ÇÀÃÀËÜÍÀ Ã²ÄÐÎÁ²ÎËÎÃ²ß

1 Ðîáîòó âèêîíàíî çà ðàõóíîê áþäæåòíî¿ ïðîãðàìè «Ï³äòðèìêà ðîçâèòêó ïð³îðè-
òåòíèõ íàïðÿì³â íàóêîâèõ äîñë³äæåíü (ÊÏÊÂÊ 6541230)».



õðåáåòíèõ âèçíà÷åíî ñîëîí³ñòü âîä òà ïîõîäæåííÿ (øòó÷íå àáî ïðèðîäíå) âîäíèõ
îá’ºêò³â.

Êëþ÷îâ³ ñëîâà: ìíîæèííå ïîð³âíÿííÿ, ïðèðîäí³ òà øòó÷í³ âîäí³ îá’ºêòè, ïî-
ä³áí³ñòü, ñîëîí³ñòü âîä.

Ñüîãîäí³ îðãàí³çàö³þ åêîñèñòåì ð³÷îê îïèñóþòü çà äîïîìîãîþ äå-
ê³ëüêîõ êîíöåïö³é, äâ³ ç ÿêèõ, íà íàø ïîãëÿä, ìîæíà ââàæàòè îñíîâíèìè:
êîíöåïö³þ ð³÷êîâîãî êîíòèíóóìà [40] (ÊÐÊ) òà êîíöåïö³þ äèíàì³êè
ïëÿì/îñåðåäê³â (ÊÄÏ/Î) [39]. Êð³ì òîãî, äëÿ ð³÷îê, ðóñëî ÿêèõ çàçíàëî àí-
òðîïîãåííèõ çì³í, ðîçðîáëåíî êîíöåïö³þ ñåð³éíî¿ íåêîíòèíóàëüíîñò³
[41] òà êîíöåïö³þ êîíòèíóóìó êàñêàäíèõ âîäîñõîâèù [11]. Â³äçíà÷èìî,
ùî ö³ êîíöåïö³¿ ìàëî ñòîñóþòüñÿ äåëüò âåëèêèõ ð³÷îê, äî òîãî æ ¿õíº çà-
ñòîñóâàííÿ ñòîñîâíî á³îòè äåëüòè Äóíàþ íå ïðîâîäèëîñü. Ðàçîì ç òèì,
îñòàííÿ (äåëüòà Äóíàþ) çàâäÿêè çáåðåæåííþ íåäîòîðêàííîñò³ ïðèðîä-
íèõ õàðàêòåðèñòèê, ñêëàäí³é ã³äðîëîã³÷í³é ñòðóêòóð³, ïåðåïëåòåííþ ð³ç-
íîòèïíèõ á³îòîï³â ³ ¿õí³õ á³îöåíîç³â ÿâëÿº ñîáîþ ïîòóæíó ïðèðîäíó ëà-
áîðàòîð³þ. Öå íàäàº óí³êàëüí³ ìîæëèâîñò³ äëÿ âèâ÷åííÿ øèðîêîãî êîëà
ôóíäàìåíòàëüíèõ òà ïðèêëàäíèõ ïèòàíü ñó÷àñíî¿ ã³äðîåêîëîã³¿, â òîìó
÷èñë³ é ìîæëèâîñò³ çàñòîñóâàííÿ ð³÷êîâèõ êîíöåïö³é äëÿ âèçíà÷åííÿ çà-
êîíîì³ðíîñòåé ôóíêö³îíóâàííÿ òà ôîðìóâàííÿ ñòðóêòóðè âîäíèõ åêîñè-
ñòåì äåëüò çàãàëîì òà ¿õí³õ ñêëàäîâèõ (ð³çíîòèïí³ á³îöåíîçè, á³îòè÷í³ óã-
ðóïîâàííÿ òîùî) çîêðåìà.

Çàçíà÷åí³ êîíöåïö³¿ áàçóþòüñÿ íà âèçíà÷åíí³ (ïåðåâàç³) êîíòèíóàëü-
íîñò³ (ÊÐÊ) òà äèñêðåòíîñò³ (ÊÄÏ/Î) ñòîñîâíî ñòðóêòóðíî-ôóíêö³îíàëü-
íèõ õàðàêòåðèñòèê ð³÷êîâèõ åêîñèñòåì, îö³íö³ õàðàêòåðó ¿õí³õ çì³í â³ä
âèòîê³â äî ïîíèççÿ. Äåëüòà Äóíàþ, äðóãà çà âåëè÷èíîþ äåëüòà ªâðîïè, íå-
âåëèêà, â³äíîñíî óñ³º¿ äîâæèíè, ÷àñòèíà ð³÷êè, ñêëàäàºòüñÿ ç áåçë³÷³ ëî-
òè÷íî-ëåíòè÷íèõ ã³äðîåêîñèñòåì, çàáåçïå÷óþ÷è ìîçà¿êó ð³çíîòèïíèõ
á³îòîï³â òà ¿õí³õ á³îöåíîç³â. Ïåâíó ðîëü òóò â³ä³ãðàþòü ³ øòó÷í³ âîäí³
îá’ºêòè (êàíàëè, ºðèêè, çàïðóäè òîùî). Çîêðåìà, öå ³ðèãàö³éíèé êàíàë
Äóíàé — Ñàñèê (ÊÄÑ) òà øòó÷íî ìîäèô³êîâàíèé ó âîäîñõîâèùå íà-
ïðèê³íö³ 70-õ — íà ïî÷àòêó 80-õ ðîê³â ìèíóëîãî ñòîð³÷÷ÿ ìîðñüêèé ëè-
ìàí Ñàñèê. Ñêëàäíà ã³äðîëîã³÷íà ñèñòåìà äåëüòè, ïåðåïëåò³ííÿ âîäîéì ³
âîäîòîê³â, ð³çíîâèäè á³îòîï³â ïîðîäæóþòü âèñîêå ð³çíîìàí³òòÿ á³îëî-
ã³÷íèõ ñèñòåì ð³çíîãî ð³âíÿ îðãàí³çàö³¿. Âèçíà÷åííÿ ¿õíüî¿ ïîáóäîâè, çíà-
÷óùîñò³ á³îòè÷íèõ òà àá³îòè÷íèõ ÷èííèê³â ó ôîðìóâàíí³ ö³ë³ñíîñò³ ³ç çà-
ñòîñóâàííÿì êîíöåïö³é êîíòèíóàëüíîñò³ òà äèñêðåòíîñò³ º îäíèì ç àñ-
ïåêò³â íàøî¿ ðîáîòè. Âëàñíå, öå ïðîäîâæåííÿ äîñë³äæåíü, ñïðÿìîâàíèõ
íà ï³çíàííÿ îðãàí³çàö³¿ á³îòè ð³çíèõ òðîô³÷íèõ ð³âí³â òà åêîëîã³÷íèõ ãðóï
Ê³ë³éñüêî¿ äåëüòè Äóíàþ, à òàêîæ âñòàíîâëåííÿ îá’ºêòèâíîñò³ ³ñíóâàííÿ
¿õí³õ óãðóïîâàíü, âèçíà÷åííÿ ìåæ òà ïåðåõ³äíèõ çîí, âçàºìîçâ’ÿçê³â,
³ºðàðõ³¿ îðãàí³çàö³¿, îñíîâíèõ ÷èííèê³â, ùî ï³äòðèìóþòü (÷è òî, íàâïàêè,
ïîðóøóþòü) ¿õíþ ö³ë³ñí³ñòü [22, 23, 27, 28, 36].

Ó ïîïåðåäí³é ñòàòò³ [35] áóëè ðîçãëÿíóò³ çàêîíîì³ðíîñò³ ôîðìóâàííÿ
êîíòèíóàëüíîñò³ òà äèñêðåòíîñò³ ô³òîïëàíêòîíó â ëîòè÷íî-ëåíòè÷í³é
ã³äðîåêîñèñòåì³ «ðóêàâè Ê³ë³éñüêî¿ äåëüòè Äóíàþ — ÊÄÑ — Ñàñèöüêå âî-
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äîñõîâèùå» â îñ³ííüî-çèìîâèé ïåð³îä. Ìåòà ö³º¿ ðîáîòè: çà àíàë³çîì ðå-
çóëüòàò³â áàãàòîð³÷íèõ äîñë³äæåíü âñòàíîâèòè ïðîÿâè êîíòèíóàëüíîñò³
òà äèñêðåòíîñò³ ïðîñòîðîâîãî ðîçïîä³ëó àá³îòè÷íèõ ïîêàçíèê³â òà á³î-
òè÷íèõ õàðàêòåðèñòèê äîííèõ áåçõðåáåòíèõ â ð³çíîòèïíèõ âîäíèõ åêîñè-
ñòåìàõ Ê³ë³éñüêî¿ äåëüòè Äóíàþ.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

²íôîðìàö³ÿ ïðî õàðàêòåðèñòèêè ñòàíö³é â³äáîðó ïðîá, âîäí³ åêîñè-
ñòåìè, äîñë³äæåí³ âïðîäîâæ 2009—2020 ðð., ÷àñòêîâî íàâåäåíà ðàí³øå
[35]. Â ö³é ðîáîò³ âèêîðèñòàí³ äàí³ çà 2009—2012 ðð. ñïîñòåðåæåíü. Äëÿ
îêðåìèõ ñòàíö³é îáðàí³ ïî òðè ðîêè, äå äîñë³äæåííÿ îõîïëþþòü ö³ëèé âå-
ãåòàö³éíèé ñåçîí (âåñíà, ë³òî, îñ³íü) (òàáë. 1, ðèñ. 1). Ðåçóëüòàòè, îòðèìàí³
íà ê³ëüêîõ ñòàíö³ÿõ ïåâíîãî âîäíîãî îá’ºêòó, îá’ºäíàí³ òà óñåðåäíåí³ â ìå-
æàõ ñåçîíó òà ðîêó äîñë³äæåíü, òîáòî äëÿ àíàë³çó çàëó÷åí³ ñåðåäíüîð³÷í³
âèá³ðêè (ñóêóïíîñò³) çà òðè ðîêè îêðåìèõ õàðàêòåðèñòèê âîäíèõ îá’ºêò³â
ç â³äïîâ³äíîþ ñòàòèñòè÷íîþ îáðîáêîþ.

Àíàë³çóþ÷è ïðîÿâè äèñêðåòíîñò³ òà êîíòèíóàëüíîñò³ ïîêàçíèê³â,
êð³ì çàãàëüíîãî ïóëó ñòàíö³é (äèâ. ðèñ. 1), ìè ïðîâåëè òàêîæ äîñë³äæåííÿ
âçäîâæ ÷îòèðüîõ îêðåìèõ ïîòîê³â ð³÷êîâèõ âîä: 1) â³ä ðóê. Ê³ë³éñüêèé ÷å-
ðåç ÊÄÑ äî Ñàñèöüêîãî âîäîñõîâèùà; 2) ÷åðåç ðóê. Î÷àê³âñüêèé â çàòîêè
Äåëþê³â Êóò òà Ïîòàï³â Êóò; 3) ÷åðåç ðóêàâè Ñòàðîñòàìáóëüñüêèé òà Áèñò-
ðèé â ï³äõ³äíèé êàíàë ãëèáîêîâîäíîãî ñóäíîâîãî õîäó (ÏÊ ÃÑÕ) òà
çàò. Áèñòðèé Êóò; 4) ÷åðåç ðóêàâè Ñòàðîñòàìáóëüñüêèé òà Âîñòî÷íèé äî
çàò. Àíàíüê³í Êóò.

Ïðèéìàþ÷è â³äíîñí³ñòü êîíòèíóàëüíîñò³ òà äèñêðåòíîñò³ ïðîöåñ³â ³
ÿâèù [8, 10, 17, 31], ìè ðîçóì³ºìî êîíòèíóàëüí³ñòü ÿê áåçïåðåðâí³ñòü, àáî
ñï³ëüí³ñòü, ïåâíèõ õàðàêòåðèñòèê â ïðîñòîð³ òà ÷àñ³, à äèñêðåòí³ñòü — ÿê
¿õíþ ïåðåðâí³ñòü, àáî ðîçä³ëüí³ñòü, íåïîä³áí³ñòü, ó âèáðàí³é ì³ð³. Ïðè
öüîìó ì³ðà ñï³ëüíîñò³ íå º çàãàëüíî âèçíàíîþ, çàãàëîì ¿¿ îáèðàº äîñ-
ë³äíèê [31]. Äèñêðåòíèìè ìè ââàæàºìî ïîêàçíèêè, çíà÷åííÿ ÿêèõ äî-
ñòîâ³ðíî â³äð³çíÿþòüñÿ (íà îáðàíîìó ð³âí³), à êîíòèíóàëüíèìè, íàâïàêè,
ò³, ÿê³ äîñòîâ³ðíî¿ ð³çíèö³ íå ìàþòü. Îö³íêà îçíàê äèñêðåòíîñò³ òà êîíòè-
íóàëüíîñò³ ëîòè÷íî-ëåíòè÷íî¿ ã³äðîåêîñèñòåìè óêðà¿íñüêî¿ ÷àñòèíè äå-
ëüòè Ê³ë³éñüêîãî ðóêàâà ïðîâåäåíà çà àá³îòè÷íèìè (ñîëîí³ñòü, ðÍ, òåìïå-
ðàòóðà, êîíöåíòðàö³ÿ êèñíþ ó âîä³) òà á³îòè÷íèìè (ê³ëüê³ñòü âèä³â, ÷è-
ñåëüí³ñòü, á³îìàñà, ³íäåêñ Øåííîíà) ïîêàçíèêàìè, à òàêîæ íà îñíîâ³ àíà-
ë³çó ïîä³áíîñò³ äîì³íóþ÷èõ êîìïëåêñ³â âèä³â.

Âèçíà÷åííÿ ïðèíàëåæíîñò³ ïîêàçíèê³â íà ð³çíèõ ñòàíö³ÿõ äî îäíîãî
êîíòèíóóìó âèêîíàíî çà äîïîìîãîþ ñòàòèñòè÷íèõ òåñò³â ìíîæèííîãî
ïîð³âíÿííÿ. Äëÿ ê³ëüê³ñíèõ ïîêàçíèê³â òà ³íäåêñó Øåííîíà áóâ âèêîðè-
ñòàíèé êðèòåðèé Êðàñêåëà — Óîëë³ñà [18], ÿêèé º áàãàòîâèì³ðíèì óçàãà-
ëüíåííÿì U-êðèòåð³þ Ìàííà — Ó³òí³ [29] ³ ïåðåâ³ðÿº íóëüîâó ã³ïîòåçó
ïîõîäæåííÿ îáðàíèõ âèá³ðîê ³ç ñóêóïíîñòåé ç îäíàêîâèìè çíà÷åííÿìè
ìåä³àíè (àáî, çà óìîâè îäíàêîâîãî òèïó ðîçïîä³ëó âèá³ðîê, ç îäíàêîâèìè
ñåðåäí³ìè çíà÷åííÿìè). ßêùî çàãàëüíèé ð³âåíü çíà÷óùîñò³ p>0,05, òî
âèá³ðêè ïîõîäÿòü ç ñóêóïíîñòåé ç îäíàêîâèìè ñåðåäí³ìè (àáî ìåä³àíàìè)
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³ íå â³äð³çíÿþòüñÿ ì³æ ñîáîþ, ÿêùî p<0,05, òî ç â³ðîã³äí³ñòþ 95,0 % — öå

âèá³ðêè ç ð³çíèõ ñóêóïíîñòåé. Â îñòàííüîìó âèïàäêó äëÿ âèçíà÷åííÿ, ÿê³

ñàìå ç âèá³ðîê â³äð³çíÿþòüñÿ, áóëî ïðîâåäåíî ïîïàðíå ¿õ ïîð³âíÿííÿ çà
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Òàáëèöÿ 1
Ïåðåë³ê âîäíèõ îá’ºêò³â, ñòàíö³é òà ïåð³îä³â äîñë³äæåíü

Òèïè âîäíèõ
îá’ºêò³â

Âîäí³ îá’ºêòè Ñòàíö³¿
Ðîêè

äîñë³äæåíü

Ïðèðîäí³ âîäîòî-
êè (ðóêàâè)

ðóê. Ê³ë³éñüêèé — â ìåæàõ ì. Âèëêîâå 2009—2011

ðóê. Î÷àê³âñüêèé — âèòîê

— ðîçãàëóæåííÿ íà ðóêà-
âè Ïîòàï³âñüêèé ³ Ïðî-
ðâà

2009—2011

ðóê. Ñòàðîñòàìáó-
ëüñüêèé

— âèùå âèòîêó ðóê. Áè-
ñòðèé

— íèæ÷å âèòîêó ðóê. Áè-
ñòðèé

2007—2009

ðóê. Áèñòðèé — âèòîê

— ãèðëî

2009—2011

ðóê. Âîñòî÷íèé — âèòîê

— ãèðëî

2009—2011

Ïðèðîäí³ âîäîéìè
(çàòîêè)

çàò. Áèñòðèé Êóò — â³ä ðóê. Áèñòðèé

— ñåðåäèíà âîäîéìè

2009—2011

çàò. Ïîòàï³â Êóò — âõ³ä â³ä ðóêàâà

— ñåðåäèíà âîäîéìè

2007—2009

çàò. Äåëþê³â Êóò — âõ³ä â³ä ðóêàâà

— ñåðåäèíà âîäîéìè

2009—2011

çàò. Àíàíüê³í Êóò — âõ³ä â³ä ðóêàâà

— ñåðåäèíà âîäîéìè

2009—2011

Ìîäèô³êîâàí³ òà
øòó÷í³ âîäí³
îá’ºêòè

ÏÊ ÃÑÕ — â³ä ðóê. Áèñòðèé

— ñåðåäèíà êàíàëó

— á³ëÿ øïèëÿ äàìáè

2010—2012

ÊÄÑ — â³ä ð. Äóíàé

— ñåðåäèíà êàíàëó

— â³ä Ñàñèöüêîãî âîäî-
ñõîâèùà

2009—2011

Ñàñèöüêå âîäîñõî-
âèùå

— á³ëÿ äàìáè ó ñ. Ïðè-
ìîðñüêå

— á³ëÿ ñåðåäèíè äàìáè

— á³ëÿ äàìáè â ðàéîí³
íàñîñíî¿ ñòàíö³¿ â³äêà÷êè

2009—2011
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Ðèñ. 1. Êàðòà-ñõåìà ðåã³îíó äîñë³äæåíü: ÷îðí³ òî÷êè — ñòàíö³¿ äîñë³äæåíü, ÷îðí³
òðèêóòíèêè — âîäí³ îá’ºêòè (äèâ. òàáë. 1); ñòð³ëêàìè âêàçàíî íàïðÿìêè îñíîâíèõ
ïîòîê³â ð³÷êîâèõ âîä ÷åðåç âîäí³ îá’ºêòè (à — ðóê. Ê³ë³éñüêèé — ðóê. Áèñòðèé — ÏÊ
ÃÑÕ àáî çàò. Áèñòðèé Êóò; á — ðóê. Ê³ë³éñüêèé — ðóê. Î÷àê³âñüêèé — çàò. Ïîòàï³â
Êóò òà çàò. Äåëþê³â Êóò; â — ðóê. Ê³ë³éñüêèé — ðóê. Ñòàðîñòàìáóëüñüêèé — ðóê. Âîñ-
òî÷íèé — çàò. Àíàíüê³í Êóò; ã — ðóê. Ê³ë³éñüêèé — ÊÄÑ — Ñàñèöüêå âîäîñõîâèùå)



òåñòîì Äàííà [14], ÿêèé, íà â³äì³íó â³ä ³íøèõ post-hoc òåñò³â, çáåð³ãàº
îá’ºäíàíó äèñïåðñ³þ, ïåðåäáà÷åíó íóëüîâîþ ã³ïîòåçîþ Êðàñêåëà — Óîë-
ë³ñà. Äëÿ îáìåæåííÿ ìîæëèâîñò³ îòðèìàííÿ ñòàòèñòè÷íî çíà÷óùîãî ðå-
çóëüòàòó ïðè ïåðåâ³ðö³ ê³ëüêîõ ã³ïîòåç áóëà âèêîðèñòàíà ïîïðàâêà Áîí-
ôåððîí³ [12], ÿêà äîð³âíþº â³äíîøåííþ ð³âíÿ çíà÷óùîñò³ äî ê³ëüêîñò³
ã³ïîòåç, ùî ïåðåâ³ðÿþòüñÿ. Ðåçóëüòàòè âèðàæåí³ ÿê ñåðåäíº çíà÷åííÿ òà
ñòàíäàðòíå â³äõèëåííÿ (x±SD) äëÿ ïîêàçíèê³â ê³ëüêîñò³ âèä³â, çàãàëüíî¿
÷èñåëüíîñò³, çàãàëüíî¿ á³îìàñè òà ³íäåêñó Øåííîíà ì³æ âèçíà÷åíèìè ðî-
êàìè äîñë³äæåíü äëÿ êîæíîãî âîäíîãî îá’ºêòó. Âñ³ ñòàòèñòè÷í³ ðîçðàõóí-
êè âèêîíàíí³ â ïàêåò³ àíàë³çó PAST 4.11 [15].

Äëÿ àá³îòè÷íèõ ïîêàçíèê³â âèçíà÷åííÿ ïðèíàëåæíîñò³ äî îäíîãî
êîíòèíóóìó ïðîâîäèëîñü, àíàëîã³÷íî á³îòè÷íèì õàðàêòåðèñòèêàì, çà ñå-
ðåäíüîð³÷íèìè çíà÷åííÿìè ñîëîíîñò³, ðÍ, òåìïåðàòóðè âîäè, êîíöåíò-
ðàö³¿ êèñíþ ó âîä³, ÿê³ áóëè îòðèìàí³ îäíî÷àñíî ç â³äáîðîì ïðîá äîííèõ
áåçõðåáåòíèõ ç âèêîðèñòàííÿì êîíäóêòîìåòðà HANNA HI 9835, ðÍ-ìåò-
ðó ÐÍ-3011 òà îêñèìåòðó ÀÆÀ-101M.

Ïîä³áí³ñòü âèäîâîãî ñêëàäó äîííèõ áåçõðåáåòíèõ âèçíà÷àëè çà ³íäåê-
ñàìè Áðåÿ — Êåðò³ñà [13], ïîäàëüøó êëàñòåðèçàö³þ âîäíèõ îá’ºêò³â ïðî-
âîäèëè çà ìåòîäîì ð³âíîâàæíîãî ì³æãðóïîâîãî ñåðåäíüîãî çâ’ÿçêó
(WPGMA) [38] áåç ñòàíäàðòèçàö³¿ çà ìàòðèöåþ íàÿâíîñò³/â³äñóòíîñò³ âè-
ä³â â ïàêåò³ àíàë³çó á³îëîã³÷íèõ äàíèõ BioDiversity Pro 2.0 [30]. ×èñåëü-
í³ñòü òà á³îìàñó áåçõðåáåòíèõ, à òàêîæ ³íäåêñ Øåííîíà âèçíà÷àëè äëÿ
êîæíî¿ ñòàíö³¿ â ïåâíèé ñåçîí äîñë³äæåíü, ç ïîäàëüøèì óñåðåäíåííÿì çà
êîæåí ð³ê â ìåæàõ âîäíîãî îá’ºêòó. Äëÿ êîæíîãî âèäó áåçõðåáåòíèõ ðîç-
ðàõîâóâàëè êîåô³ö³ºíòè ðN òà ðÂ, äå ð — çóñòð³÷àëüí³ñòü âèäó (%), N —
éîãî ñåðåäíÿ ÷èñåëüí³ñòü, B — ñåðåäíÿ á³îìàñà â ìåæàõ âîäíîãî îá’ºêòó.
Äîì³íóþ÷èé êîìïëåêñ ñêëàäàëè òàêñîíè ç ìàêñèìàëüíèìè çíà÷åííÿìè
pN òà ðÂ.

Ðåçóëüòàòè äîñë³äæåíü

Àá³îòè÷í³ õàðàêòåðèñòèêè. Ä³àïàçîí çì³í òåìïåðàòóðè âîäè â ïå-
ð³îä ñïîñòåðåæåíü â óñ³õ âîäíèõ îá’ºêòàõ ìàëî â³äð³çíÿâñÿ ³ ñòàíîâèâ â
ðóêàâàõ 12,5—28,7 °Ñ, ó âîäîéìàõ — 13,0—31,2 °Ñ òà ó øòó÷íèõ ³ ìî-
äèô³êîâàíèõ âîäíèõ îá’ºêòàõ — 9,0—32,2 °Ñ. Âîäíåâèé ïîêàçíèê ðÍ
âàð³þâàâ â ðóêàâàõ ó ìåæàõ 7,21—8,80, ó âîäîéìàõ — 7,03—9,87 òà â øòó÷-
íèõ ³ ìîäèô³êîâàíèõ âîäíèõ îá’ºêòàõ — â³ä 7,00 äî 9,50. Âì³ñò êèñíþ ó
âîä³ â ðóêàâàõ äåëüòè çì³íþâàâñÿ â³ä 4,67 äî 13,70 ìã/äì3, ó âîäîéìàõ — ó
ìåæàõ 3,40—15,69 ìã/äì3, à â ìîäèô³êîâàíèõ âîäíèõ îá’ºêòàõ — â³ä 6,70
äî 12,00 ìã/äì3. Çà ðåçóëüòàòàìè ìíîæèííîãî ïîð³âíÿííÿ äîñòîâ³ðíî¿
ð³çíèö³ ì³æ ïîêàçíèêàìè òåìïåðàòóðè âîäè, ðÍ òà êîíöåíòðàö³¿ O2 â
ð³çíèõ âîäíèõ îá’ºêòàõ íå âèÿâëåíî (ð>0,05) (òàáë. 2), òîáòî ìîæåìî êîí-
ñòàòóâàòè êîíòèíóàëüí³ñòü ðîçïîâñþäæåííÿ öèõ õàðàêòåðèñòèê â äîñ-
ë³äæóâàí³é àêâàòîð³¿, ÿêó çì³íà òèïó âîäíîãî îá’ºêòó òà ëîòè÷íèõ ³ ëåí-
òè÷íèõ óìîâ íå ïîðóøóâàëà.

Ñîëîí³ñòü âîä çì³íþâàëàñü ó ìåæàõ ã³ïî-îë³ãîãàëèííèõ âîä â ðóêàâàõ
(0,17—0,72 ‰) ³ â çàòîêàõ (0,17—3,05 ‰) äåëüòè òà ã³ïî-ìåçîãàëèííèõ âîä
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(0,17—12,64 ‰) â øòó÷íèõ ³ ìîäèô³êîâàíèõ âîäíèõ îá’ºêòàõ, ìàêñèìàëü-
í³ çíà÷åííÿ çàô³êñîâàí³ â ÏÊ ÃÑÕ. Çà ðåçóëüòàòàìè ìíîæèííîãî ïîð³â-
íÿííÿ âñòàíîâëåíà äîñòîâ³ðíà ð³çíèöÿ ì³æ Ñàñèöüêèì âîäîñõîâèùåì, äå
ñåðåäíüîð³÷í³ çíà÷åííÿ ñîëîíîñò³ âîä â³äïîâ³äàëè îë³ãîãàëèíí³é çîí³ ³
ðóê. Ñòàðîñòàìáóëüñüêèé, ÿêèé õàðàêòåðèçóâàâñÿ ì³í³ìàëüíèìè çíà÷åí-
íÿìè ñîëîíîñò³ âîä, òîáòî â³äì³÷åíî ïîðóøåííÿ êîíòèíóàëüíîñò³ ñîëî-
íîñò³ â àêâàòîð³¿ âîäîñõîâèùà.

Âèäîâèé ñêëàä òà âèäîâå áàãàòñòâî. Çàãàëîì çàðåºñòðîâàíî 148 âè-
ä³â äîííèõ áåçõðåáåòíèõ, ç ÿêèõ íàéá³ëüøå — ïðåäñòàâíèê³â êîìàõ (òàáë.
3). Â ïåðåâàæí³é á³ëüøîñò³ âîäíèõ îá’ºêò³â çà ê³ëüê³ñòþ âèä³â ïåðåâàæàëè
Insecta ³ ëèøå â ðóê. Áèñòðèé — Clitellata, à â Ñàñèöüêîìó âîäîñõîâèù³ —
Malacostraca. Â³ä ³íøèõ âîäîéì òà âîäîòîê³â çà òàêñîíîì³÷íèì ñêëàäîì
â³äð³çíÿëàñü çàò. Àíàíüê³í Êóò, äå áóëè çàðåºñòðîâàí³ ëèøå ïðåäñòàâíèêè
êëàñ³â Clitellata (Oligochaeta ³ Hirudinea) òà Insecta (Chironomidae ³ Cerato-
pogonidae).

Ïîð³âíÿííÿ ä³àïàçîí³â ê³ëüêîñò³ âèä³â â äîñë³äæåíèõ âîäíèõ åêîñè-
ñòåìàõ ïîêàçàëî äîñòîâ³ðíó ð³çíèöþ ì³æ äîííèìè êîìïëåêñàìè ÊÄÑ, äå
â óñ³ ðîêè äîñë³äæåíü çàðåºñòðîâàí³ ¿õí³ íàéá³ëüø³ ïîêàçíèêè, ³
çàò. Àíàíüê³í Êóò, äå âîíè çàâæäè áóëè íàéìåíøèìè (ðèñ. 2). Ä³àïàçîíè
³íøèõ âîäîéì ³ âîäîòîê³â çà ðåçóëüòàòàìè ìíîæèííîãî ïîð³âíÿííÿ ñòà-
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Òàáëèöÿ 2
Ðåçóëüòàòè àíàë³çó ñï³ëüíîñò³ àá³îòè÷íèõ õàðàêòåðèñòèê ð³çíîòèïíèõ âîäíèõ

îá’ºêò³â (õ±SD, òåñò Äàííà, n = 3)

Òèïè âîäíèõ
îá’ºêò³â

Âîäí³ îá’ºêòè t, oC ðÍ O2, ìã/ë
Ñîëîí³ñòü,

‰

Ïðèðîäí³ âî-
äîòîêè (ðó-
êàâè)

Ê³ë³éñüêèé 20,76±0,76a 8,22±0,14a 9,26±1,32a 0,21±0,02ab

Î÷àê³âñüêèé 20,87±2,91a 8,06±0,35a 10,08±0,76a 0,21±0,01ab

Ñòàðîñòàìáó-
ëüñüêèé

20,07±1,92a 8,09±0,62a 8,35±1,82a 0,20±0,00b

Áèñòðèé 19,75±1,79a 7,79±0,15a 9,21±0,72a 0,24±0,06ab

Âîñòî÷íèé 19,82±1,94a 7,79±0,10a 9,89±1,64a 0,25±0,05ab

Ïðèðîäí³ âî-
äîéìè (çàòî-
êè)

Áèñòðèé Êóò 21,56±1,37a 8,07±0,35a 10,90±1,85a 0,75±0,52ab

Ïîòàï³â Êóò 21,03±3,04a 7,97±0,49a 9,90±3,56a 0,48±0,28ab

Äåëþê³â Êóò 21,38±1,85a 7,82±0,14a 8,76±1,19a 0,29±0,08ab

Àíàíüê³í Êóò 18,25±0,35a 7,80±0,44a 7,36±1,43a 0,31±0,07ab

Ìîäèô³êî-
âàí³ òà
øòó÷í³ âîäí³
îá’ºêòè

ÏÊ ÃÑÕ 22,12±2,78a 8,19±0,20a 9,79±1,19a 1,10±0,47ab

ÊÄÑ 20,29±2,66a 7,80±0,27a 9,78±1,01a 0,32±0,10ab

Ñàñèöüêå âî-
äîñõîâèùå

19,70±0,70a 8,35±0,28a 8,84±2,00a 1,02±0,25a

Ï ð è ì ³ ò ê à. Îäíàêîâèìè ë³òåðàìè â ìåæàõ êîæíîãî ïîêàçíèêà ïîçíà÷åí³ âèá³ðêè,
ÿê³ äîñòîâ³ðíî íå â³äð³çíÿþòüñÿ îäíà â³ä îäíî¿ çà ðåçóëüòàòàìè òåñòó Äàííà (ð>0,05).
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òèñòè÷íî íå â³äð³çíÿëèñü, òîáòî çíà÷åííÿ ê³ëüêîñò³ âèä³â ñòàíîâèëè êîí-

òèíóóì ïîêàçíèê³â. Çàçíà÷èìî, ùî ÊÄÑ òà çàò. Àíàíüê³í Êóò — ð³çíî-

òèïí³ âîäí³ îá’ºêòè, â³ääàëåí³ îäèí â³ä îäíîãî òà íå ïîâ’ÿçàí³ îêðåìèìè

âîäíèìè ïîòîêàìè (äèâ. ðèñ. 1).
Íà ðèñóíêó 3 íàâåäåíî ðåçóëüòàòè ïîð³âíÿííÿ ê³ëüêîñò³ âèä³â áåçõðå-

áåòíèõ â äîííèõ óãðóïîâàííÿõ ð³çíèõ âîäíèõ îá’ºêò³â óçäîâæ îêðåìèõ

ïîòîê³â ð³÷êîâèõ âîä (äèâ. ðèñ. 1). Ó á³ëüøîñò³ âèïàäê³â äîñòîâ³ðíî¿

ð³çíèö³ ì³æ ïîêàçíèêàìè íå âèÿâëåíî, â³äì³÷åíî ëèøå ïåâíå ï³äâèùåííÿ

çíà÷åíü â³ä âèõ³äíî¿ ñòàíö³¿ ðóê. Ê³ë³éñüêèé äî ïðèê³íöåâèõ ä³ëÿíîê ïå-

ðåäíüîãî êðàþ äåëüòè, à òàêîæ âñòàíîâëåíà äîñòîâ³ðíà ð³çíèöÿ ì³æ ïî-

êàçíèêàìè, òîáòî ïîðóøåííÿ êîíòèíóàëüíîñò³, íàïðèê³íö³ ïîòîêó 4 â

ðóê. Âîñòî÷íèé òà çàò. Àíàíüê³í Êóò, ÿê³ â óñ³ ïåð³îäè äîñë³äæåíü õàðàêòå-

ðèçóâàëèñü çíà÷íîþ ð³çíèöåþ ó âèäîâîìó áàãàòñòâ³.
Îñîáëèâîñò³ âèäîâî¿ ñòðóêòóðè äîííèõ áåçõðåáåòíèõ çà çóñòð³÷àëü-

í³ñòþ íàâåäåí³ íà ðèñóíêó 4. ²ç 148 çàðåºñòðîâàíèõ âèä³â ø³ñòü çóñòð³÷à-

ëèñü â óñ³õ åêîñèñòåìàõ, ñåðåä íèõ ÷îòèðè âèäè â³äíîñèëèñü äî Oligochae-

ta (Limnodrilus sp., L. claparedianus Ratzel, L. hoffmeisteri Claparède ³ Tubifex

tubifex (Müller)) ³ äâà âèäè — äî Chironomidae (Chironomus sp. i Polypedi-

lum convictum (Walker)). Ïðåäñòàâëåí³ñòü ñï³ëüíèõ âèä³â çì³íþâàëàñü â³ä

9,5 % â Ñàñèöüêîìó âîäîñõîâèù³ ³ ÊÄÑ äî 40,0 % â çàò. Àíàíüê³í Êóò.
Ç óñüîãî âèäîâîãî áàãàòñòâà 48 âèä³â (32,4 %) áóëè çàðåºñòðîâàí³

ò³ëüêè â îêðåìèõ ã³äðîåêîñèñòåìàõ, ñåðåä íèõ Insecta — 19, Malacostraca

— 16, Clitellata — 7, Bivalvia — 3, ³ ïî îäíîìó — Polychaeta, Gastropoda ³

Hydrozoa. Ö³ âèäè íå áóëî çíàéäåíî â ðóêàâàõ Ê³ë³éñüêèé ³ Î÷àê³âñüêèé

òà â çàò. Äåëþê³â Êóò, â ³íøèõ âîäíèõ îá’ºêòàõ ¿õíÿ ïðåäñòàâëåí³ñòü

çì³íþâàëàñü â³ä 5,0 % â ðóê. Áèñòðèé äî 17,0 % â çàò. Ïîòàï³â Êóò (ðèñ. 4).
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Ðèñ. 2. Ïîð³âíÿííÿ ê³ëüêîñò³ âèä³â ó âîäíèõ îá’ºêòàõ ð³çíîãî òèïó: õ±SD, n = 3; îäíà-
êîâèìè ë³òåðàìè ïîçíà÷åí³ âèá³ðêè, ÿê³ äîñòîâ³ðíî íå â³äð³çíÿþòüñÿ îäíà â³ä îäíî¿
çà ðåçóëüòàòàìè òåñòó Äàííà ç ïîïðàâêîþ Áîíôåððîí³ (ð > 0,05)



Àíàë³ç ïîä³áíîñò³ âèäîâîãî ñêëàäó (ðèñ. 5) ïîêàçàâ, ùî âñ³ âîäí³
îá’ºêòè íà ð³âí³ 50,0 % óòâîðþþòü äâà êëàñòåðè: ïåðøèé âêëþ÷àº çàòîêè
Àíàíüê³í Êóò òà Äåëþê³â Êóò, äðóãèé — ðóêàâè äåëüòè, çàò. Áèñòðèé Êóò
òà ìîäèô³êîâàí³ ³ øòó÷í³ âîäí³ îá’ºêòè. Â öüîìó êëàñòåð³ íà ð³âí³ 55,0 %
ìîæíà âèä³ëèòè òðè ãðóïè ïîâ’ÿçàíèõ âîäíèõ îá’ºêò³â: ÏÊ ÃÑÕ — Áèñò-
ðèé Êóò; ÊÄÑ — Ñàñèöüêå âîäîñõîâèùå; ðóêàâè äåëüòè. Îêðåìî â³ä-
ä³ëÿºòüñÿ çàò. Ïîòàï³â Êóò.

Òîáòî ïðè çàãàëüí³é äîâîë³ âèñîê³é ïîä³áíîñò³ âèäîâîãî ñêëàäó (êîí-
òèíóàëüíîñò³ âèäîâîãî ñêëàäó) ìîæíà ñòâåðäæóâàòè ïðî ïåâíèé ñòðóêòó-
ðî ôîðìóþ÷èé âïëèâ íà îðãàí³çàö³þ äîííèõ áåçõðåáåòíèõ ð³çíèõ òèï³â
âîäíèõ îá’ºêò³â: ïð³ñíîâîäí³ çàòîêè, ðóêàâè òà ìîäèô³êîâàí³ ³ øòó÷í³
îá’ºêòè.

Çíà÷åííÿ ³íäåêñó Øåííîíà çì³íþâàëèñü â³ä 1,64 äî 2,75 á³ò/åêç. â ðó-
êàâàõ äåëüòè, â³ä 1,49 äî 3,19 á³ò/åêç. — ó âîäîéìàõ äåëüòè ³ â ìåæàõ
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Ðèñ. 3. Ïîð³âíÿííÿ ê³ëüêîñò³ âèä³â óçäîâæ îêðåìèõ ïîòîê³â ð³÷êîâèõ âîä: ïî îñ³ îð-
äèíàò — ê³ëüê³ñòü âèä³â, õ±SD, n = 3; îäíàêîâèìè ë³òåðàìè ïîçíà÷åí³ âèá³ðêè, ÿê³ äî-
ñòîâ³ðíî íå â³äð³çíÿþòüñÿ îäíà â³ä îäíî¿ çà ðåçóëüòàòàìè òåñòó Äàííà ç ïîïðàâêîþ
Áîíôåððîí³ â ìåæàõ êîæíîãî ïîòîêó (ð>0,05).



1,61—3,00 á³ò/åêç. — ó ìîäèô³êîâàíèõ âîäíèõ îá’ºêòàõ. Ïðîâåäåíèé ïî-

ð³âíÿëüíèé àíàë³ç ïîêàçàâ äîñòîâ³ðíó ð³çíèöþ ì³æ çàò. Áèñòðèé Êóò, äå

çàðåºñòðîâàí³ ìàêñèìóìè ïîêàçíèê³â, òà çàò. Àíàíüê³í Êóò ç ì³í³ìàëüíè-

ìè çíà÷åííÿìè (ðèñ. 6). ²íø³ ïîêàçíèêè ñòàòèñòè÷íî íå â³äð³çíÿëèñü,

òîáòî óòâîðþâàëè çàãàëüíèé êîíòèíóóì, ïîðóøåíèé ó äâîõ ëîêàö³ÿõ.

13

Êîíòèíóàëüí³ñòü ³ äèñêðåòí³ñòü óãðóïîâàíü ã³äðîá³îíò³â

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2024. 60(1)

Ðèñ. 4. Ñòðóêòóðà äîííèõ áåçõðåáåòíèõ çà çóñòð³÷àëüí³ñòþ: ïî îñ³ îðäèíàò — âèäîâå
áàãàòñòâî, %; 1 — âèäè, ÿê³ çíàéäåíî â óñ³õ âîäíèõ îá’ºêòàõ; 2 — âèäè, ÿê³ çíàéäåíî
ëèøå â îäíîìó âîäíîìó îá’ºêò³; 3 — ³íø³ âèäè

Ðèñ. 5. Äåíäðîãðàìà ïîä³áíîñò³ âèäîâîãî ñêëàäó äîííèõ áåçõðåáåòíèõ: ì³ðà â³äñòàí³
Áðåÿ — Êåðò³ñà çà ìåòîäîì ñåðåäíüîãî çâ’ÿçêó; ïî îñ³ àáñöèñ — ïîä³áí³ñòü, %; âåðòè-
êàëüíà øòðèõ ïóíêòèðíà ë³í³ÿ âèçíà÷àº ð³âåíü ïîä³áíîñò³ â 50,0 %; áëîêè ç ïî-
äâ³éíîþ ë³í³ºþ îáìåæóþòü êëàñòåðè âîäíèõ îá’ºêò³â íà ð³âí³ ïîä³áíîñò³ >50,0 %;
áëîêàìè âèä³ëåí³ êëàñòåðè íà ð³âí³ ïîä³áíîñò³ 65,0 %



Íà ðèñóíêó 7 íàâåäåíî ðåçóëüòàòè ïîð³âíÿííÿ ³íäåêñó Øåííîíà
âçäîâæ îêðåìèõ ïîòîê³â ð³÷êîâèõ âîä (äèâ. ðèñ. 1). Äèíàì³êà õàðàêòåðè-
çóâàëàñü íåñóòòºâèìè êîëèâàííÿìè çíà÷åíü, äîñòîâ³ðíî¿ ð³çíèö³ ì³æ ïî-
êàçíèêàìè íå âèÿâëåíî (äèâ. ðèñ. 7, à—ã), òîáòî â óñ³õ âèïàäêàõ çà-
ðåºñòðîâàíà êîíòèíóàëüí³ñòü, íà â³äì³íó â³ä çàãàëüíîãî ìàñèâó äàíèõ, ùî
ìîæå ïîÿñíþâàòèñü ïðèíàëåæí³ñòþ îá’ºêò³â, ùî â³äð³çíÿëèñÿ â ïîïå-
ðåäíüîìó óçàãàëüíåíîìó àíàë³ç³, äî ð³çíèõ ïîòîê³â, òîáòî â³äñóòí³ñòþ
ïðÿìîãî ïîð³âíÿííÿ ïîêàçíèê³â çàòîê Áèñòðèé Êóò òà Àíàíüê³í Êóò.

Ê³ëüê³ñí³ ïîêàçíèêè òà äîì³íóþ÷³ êîìïëåêñè âèä³â. Çíà÷åííÿ çàãàëü-
íî¿ ÷èñåëüíîñò³ çì³íþâàëèñü ó øèðîêîìó ä³àïàçîí³ â ðóêàâàõ òà âîäîòî-
êàõ äåëüòè (ðèñ. 8, òàáë. 4), á³îìàñè — â óñ³õ òèïàõ âîäíèõ îá’ºêò³â.

Çà ÷èñåëüí³ñòþ â ïåðåâàæí³é á³ëüøîñò³ âîäíèõ åêîñèñòåì ïåðåâàæà-
ëè ïðåäñòàâíèêè êëàñó Clitellata (çîêðåìà, Oligochaeta) ³ ëèøå â çàò. Áèñò-
ðèé Êóò äîì³íóâàëè Insecta (Chironomidae) (ðèñ. 8, à). Çàãàëîì êîìàõè
ïðåäñòàâëåí³ á³ëüøå ó çàòîêàõ äåëüòè òà â ÊÄÑ (>20,0 % ÷èñåëüíîñò³) ³
ìåíøå — â ðóêàâàõ òà ÏÊ ÃÑÕ. Ðàêîïîä³áí³ õàðàêòåðèçóþòüñÿ íèçüêîþ
ïðåäñòàâëåí³ñòþ â ïåðåâàæí³é á³ëüøîñò³ âîäîéì òà âîäîòîê³â, ìàêñèìà-
ëüíà ¿õíÿ ÷àñòêà õàðàêòåðíà äëÿ ÏÊ ÃÑÕ (24,7 %), à â ðóêàâàõ Âîñòî÷íèé ³
Ñòàðîñòàìáóëüñüêèé ³ â Ñàñèöüêîìó âîäîñõîâèù³ ¿õíÿ ÷èñåëüí³ñòü ïåðå-
âèùóâàëà 10,0 % â³ä çàãàëüíî¿ ÷èñåëüíîñò³ äîííèõ áåçõðåáåòíèõ. Ìîëþ-
ñêè õàðàêòåðèçóâàëèñü íèçüêèìè ïîêàçíèêàìè: â ðóêàâàõ Ê³ë³éñüêèé,
Î÷àê³âñüêèé ³ Ñòàðîñòàìáóëüñüêèé òà ÊÄÑ ÷èñåëüí³ñòü Gastropoda ñêëà-
äàëà 5,8—13,7 %, à â ³íøèõ âîäíèõ îá’ºêòàõ, ÿê ³ äëÿ Bivalvia, áóëà çíà÷íî
íèæ÷îþ.

Çà á³îìàñîþ â ðóêàâàõ äåëüòè òà â çàò. Ïîòàï³â Êóò ïåðåâàæàëè Gast-
ropoda, à â çàò. Áèñòðèé Êóò, ÊÄÑ òà Ñàñèöüêîìó âîäîñõîâèù³ — Bivalvia,
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Ðèñ. 6. Ïîð³âíÿííÿ ³íäåêñó Øåííîíà ó âîäíèõ îá’ºêòàõ ð³çíîãî òèïó: õ±SD, n = 3; îä-
íàêîâèìè ë³òåðàìè ïîçíà÷åí³ âèá³ðêè, ÿê³ äîñòîâ³ðíî íå â³äð³çíÿþòüñÿ îäíà â³ä îä-
íî¿ çà ðåçóëüòàòàìè òåñòó Äàííà ç ïîïðàâêîþ Áîíôåððîí³ â ìåæàõ êîæíîãî ïîòîêó
(ð>0,05)



îñòàíí³ ñóòòºâîãî ðîçâèòêó äîñÿãàëè ³ â Ê³ë³éñüêîìó ðóêàâ³ (ðèñ. 8, á). Â
çàòîêàõ Äåëþê³â Êóò òà Àíàíüê³í Êóò äîì³íóâàëè Clitellata (çîêðåìà Oli-
gochaeta).

Õî÷à ÷èñåëüí³ñòü ³ á³îìàñà çì³íþâàëèñü ó çíà÷íèõ ìåæàõ, äîñòîâ³ðíî¿
ð³çíèö³ (ð>0,05) ì³æ ¿õí³ìè ïîêàçíèêàìè â ð³çíèõ âîäíèõ îá’ºêòàõ çà ðåçó-
ëüòàòàìè ìíîæèííîãî àíàë³çó íå âèÿâëåíî, òîáòî âñ³ çíà÷åííÿ íàëåæàòü
äî îäí³º¿ âèá³ðêè, îäíîãî êîíòèíóóìó. Äîíí³ óãðóïîâàííÿ âñ³õ ã³äðîåêî-
ñèñòåì õàðàêòåðèçóâàëèñü ñï³ëüíèì äîì³íàíòîì çà ÷èñåëüí³ñòþ (Oligo-
chaeta ð. Limnodrilus), à ðóêàâ³â — ³ çà á³îìàñîþ (Gastropoda Lithoglyphus
naticoides (C. Pfeiffer)). Ó âîäîéìàõ òà ìîäèô³êîâàíèõ âîäíèõ îá’ºêòàõ çà
á³îìàñîþ ïåðåâàæàëè ð³çí³ âèäè ìîëþñê³â, à çà ¿õíüî¿ â³äñóòíîñò³ — Oli-
gochaeta ð. Limnodrilus.

×èñåëüí³ñòü äîííèõ áåçõðåáåòíèõ óçäîâæ îêðåìèõ ïîòîê³â ð³÷êîâèõ
âîä çàãàëîì çíèæóâàëàñü â³ä Ê³ë³éñüêîãî ðóêàâà äî ïðèê³íöåâèõ ä³ëÿíîê
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Ðèñ. 7. Ïîð³âíÿííÿ ³íäåêñó Øåííîíà (H`(N)) âçäîâæ îêðåìèõ ïîòîê³â ð³÷êîâèõ âîä
(äèâ. ðèñ. 1): ïî îñ³ îðäèíàò — á³ò/åêç., õ±SD, n = 3; çà ðåçóëüòàòàìè ïîð³âíÿííÿ
âèá³ðîê äîñòîâ³ðíèõ â³äì³ííîñòåé çà òåñòîì Äàííà ç ïîïðàâêîþ Áîíôåððîí³ íå îò-
ðèìàíî (ð>0,05)



ïåðåäíüîãî êðàþ äåëüòè òà Ñàñèöüêîãî âîäîñõîâèùà (ðèñ. 9), ïåâíå ï³ä-
âèùåííÿ çàðåºñòðîâàíî ëèøå â çàò. Áèñòðèé Êóò (äèâ. ðèñ. 9, a). Ðàçîì ç
òèì, äîñòîâ³ðíà ð³çíèöÿ ïîð³âíþâàíèõ ä³àïàçîí³â çíà÷åíü, òîáòî ïîðó-
øåííÿ êîíòèíóàëüíîñò³, çàô³êñîâàíà âçäîâæ ïîòîêó 4 ì³æ ïî÷àòêîâîþ
(Ê³ë³éñüêèé ðóêàâ) òà ïðèê³íöåâîþ (çàò. Àíàíüê³í Êóò) ëîêàö³ÿìè.

Á³îìàñà äîííèõ áåçõðåáåòíèõ óçäîâæ îêðåìèõ ïîòîê³â ð³÷êîâèõ âîä
çàãàëîì ïîâòîðþâàëà äèíàì³êó ÷èñåëüíîñò³ (ðèñ. 10): ïåâíå ï³äâèùåííÿ
çàðåºñòðîâàíî íà ïðèê³íöåâ³é ä³ëÿíö³ â çàò. Áèñòðèé Êóò, à ïîðóøåííÿ
êîíòèíóàëüíîñò³ â³äì³÷åíî äëÿ ïîòîêó 2 ì³æ ïî÷àòêîâîþ (Ê³ë³éñüêèé ðó-
êàâ) òà ïðèê³íöåâîþ (çàò. Äåëþê³â Êóò) ëîêàö³ÿìè.

Òàêèì ÷èíîì, àíàë³ç çàãàëüíîãî ìàñèâó äàíèõ óñ³õ äîñë³äæåíèõ âî-
äíèõ åêîñèñòåì íå ïîêàçàâ äîñòîâ³ðíèõ â³äì³ííîñòåé ó ðîçïîä³ë³ ñåðåäí³õ
âåëè÷èí ÷èñåëüíîñò³ òà á³îìàñè äîííèõ áåçõðåáåòíèõ ð³çíèõ âîäîéì òà
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Ðèñ. 8. ×èñåëüí³ñòü (à) òà á³îìàñà (á) â ð³çíîòèïíèõ âîäíèõ îá’ºêòàõ: 1 — Gastropoda;
2 — Bivalvia; 3 — Polychaetà; 4 — Clitellata; 5 — Malacostraca; 6 — Insecta; 7 — Nemato-
da



âîäîòîê³â. Ïðîòå ðîçãëÿä ä³ëÿíîê óçäîâæ îêðåìèõ ïîòîê³â âèÿâèâ ïåâí³
â³äì³ííîñò³: çîêðåìà ð³çíèöÿ ì³æ ïî÷àòêîâîþ ëîêàö³ºþ (ïîòóæíèé ðóê.
Ê³ë³éñüêèé) òà ïðèê³íöåâèìè, íàéá³ëüø â³ääàëåíèìè âîäîéìàìè Àíàíü-
ê³í Êóò òà Äåëþê³â Êóò ñïîñòåð³ãàºòüñÿ á³ëüø ÿâíî, äî äîñòîâ³ðíî ð³çíèõ
çíà÷åíü îáîõ ïîêàçíèê³â.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Ñèñòåìàòè÷í³ ã³äðîåêîëîã³÷í³ äîñë³äæåííÿ Ê³ë³éñüêî¿ äåëüòè Äóíàþ
áóëè ðîçïî÷àò³ îäðàçó ï³ñëÿ Äðóãî¿ ñâ³òîâî¿ â³éíè, ³ ç òîãî ÷àñó îòðèìàíî ³
îïóáë³êîâàíî äàí³ ÿê ùîäî àá³îòè÷íèõ, òàê ³ á³îòè÷íèõ õàðàêòåðèñòèê.
Â³äîìîñò³ ñòîñîâíî ã³äðîëîãî-ã³äðîõ³ì³÷íèõ ïîêàçíèê³â óçàãàëüíåí³ ó
íèçö³ ðîá³ò [1—3], çîêðåìà ³ àâòîð³â öüîãî ïîâ³äîìëåííÿ [7, 20, 25, 26, 32].
Ïîêàçàíî øèðîêèé ä³àïàçîí ì³íëèâîñò³ âèçíà÷åíèõ íàìè äëÿ àíàë³çó äè-
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Òàáëèöÿ 4
Ðåçóëüòàòè ìíîæèííîãî àíàë³çó ÷èñåëüíîñò³ ³ á³îìàñè òà äîì³íóþ÷èé êîìïëåêñ

âèä³â äîííèõ áåçõðåáåòíèõ ð³çíîòèïíèõ âîäíèõ îá’ºêò³â
(õ±SD, òåñò Äàííà, n = 3)

Òèïè âîäíèõ
îá’ºêò³â

Âîäí³ îá’ºêòè
×èñåëüí³ñòü,

òèñ. åêç/ì2 Á³îìàñà, ã/ì2 Äîì³íóþ÷èé
êîìïëåêñ âèä³â

Ïðèðîäí³ âîäî-
òîêè (ðóêàâè)

Ê³ë³éñüêèé 29,50±30,68 315,20±187,59 Limnodrilus sp.
+ Lithoglyphus
naticoides

Î÷àê³âñüêèé 12,25±6,99 184,80±76,00

Ñòàðîñòàìáóëü-
ñüêèé

13,57±12,07 250,22±78,08

Áèñòðèé 7,96±5,80 32,19±22,07

Âîñòî÷íèé 6,06±0,10 148,84±119,28

Ïðèðîäí³ âîäî-
éìè (çàòîêè)

Áèñòðèé Êóò 26,22±26,67 267,01±361,97 Limnodrilus sp.
+ Corbicula
fluminea

Ïîòàï³â Êóò 17,81±9,54 106,35±97,10 Limnodrilus sp.
+ Viviparus
viviparus

Äåëþê³â Êóò 5,72±1,52 16,39±16,90 Limnodrilus sp.

Àíàíüê³í Êóò 3,11±1,42 2,37±1,61

Ìîäèô³êîâàí³
òà øòó÷í³ âîäí³
îá’ºêòè

ÏÊ ÃÑÕ 6,46±4,37 28,06±28,50 Limnodrilus sp.

ÊÄÑ 11,58±5,00 250,78±97,72 Limnodrilus sp.
+ Dreissena
polymorpha

Ñàñèöüêå âîäî-
ñõîâèùå

10,51±5,07 51,82±32,70

Ï ð è ì ³ ò ê à. Çà ðåçóëüòàòàìè ïîð³âíÿííÿ âèá³ðîê äîñòîâ³ðíèõ â³äì³ííîñòåé çà òåñ-
òîì Äàííà ç ïîïðàâêîþ Áîíôåððîí³ íå îòðèìàíî (p>0,05).



ñêðåòíîñò³ òà êîíòèíóàëüíîñò³ ïàðàìåòð³â ÿê ó ÷àñ³, òàê ³ ïðîñòîð³. Òàê,

ð³÷êîâèé ïîò³ê â ðàéîí³ ì. Âèëêîâå ìàº øâèäê³ñòü ïåðåâàæíî á³ëÿ 1,0 ì/ñ,

çóìîâëþºòüñÿ âîäí³ñòþ ð³÷êè, ñÿãàþ÷è ìàêñèìàëüíèõ çíà÷åíü â ïåð³îäè

âîäîï³ëëÿ òà ì³í³ìàëüíèõ â ìåæåíü. Çà òàêî¿ øâèäêîñò³ — 3,6 êì íà ãîäè-

íó — âîäà äîñÿãàº ïåðåäíüîãî êðàþ äåëüòè ïðèáëèçíî çà 5 ãîäèí. Â ðóêà-

âàõ âíàñë³äîê âèñîêî¿ òóðáóëåíòíîñò³ ïîòîêó ïîêàçíèêè ïî âñ³é ãëèáèí³

ìàþòü áëèçüê³ çíà÷åííÿ. Çà íàøèìè ñïîñòåðåæåííÿìè òà ³íøèìè ñâ³ä-

÷åííÿìè, ïðîõîäÿ÷è âçäîâæ ðóêàâ³â, âîäà ìîæå çì³íþâàòè çíà÷åííÿ

ñâî¿õ õàðàêòåðèñòèê, çîêðåìà çàñâ³ä÷åíî, ùî â³ä ì. Âèëêîâå äî ×îðíîãî

ìîðÿ âîäà ìîæå çáàãà÷óâàòèñü êèñíåì íà 12,00 % [3].
Òåìïåðàòóðà â äåëüò³ çì³íþºòüñÿ â³ä ì³í³ìàëüíî¿ 1,5 °Ñ âçèìêó äî

á³ëüø í³æ 25 °Ñ â ë³òí³é ïåð³îä [2, 3]. Â çàòîêàõ ïåðåäíüîãî êðàþ äåëüòè ó

íàéñïåêîòí³ø³ äí³ âîäà ìîæå ïðîãð³âàòèñü äî 30 °Ñ ³ á³ëüøå, ïåðåâèùóþ-

÷è íà ê³ëüêà ãðàäóñ³â ïîêàçíèêè â ðóêàâàõ. Çíà÷åííÿ âîäíåâîãî ïîêàçíè-

êà çàãàëîì çì³íþºòüñÿ íåçíà÷íî (6,98—8,23), ñåðåäí³ ïîêàçíèêè ïåðåâàæ-
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Ðèñ. 9. Ïîð³âíÿííÿ ÷èñåëüíîñò³ äîííèõ áåçõðåáåòíèõ óçäîâæ îêðåìèõ ïîòîê³â ð³÷êî-
âèõ âîä: ïî îñ³ îðäèíàò — ÷èñåëüí³ñòü, òèñ. åêç/ì2; õ±SD, n = 3; îäíàêîâèìè ë³òåðàìè
ïîçíà÷åí³ âèá³ðêè, ÿê³ äîñòîâ³ðíî íå â³äð³çíÿþòüñÿ îäíà â³ä îäíî¿ çà ðåçóëüòàòàìè
òåñòó Äàííà ç ïîïðàâêîþ Áîíôåððîí³ â ìåæàõ êîæíîãî ïîòîêó (p>0,05)



íî â³äïîâ³äàþòü íåéòðàëüí³é ðåàêö³¿ âîäè, ðàçîì ç òèì ðÍ ìîæå çðîñòàòè

âíàñë³äîê ôîòîñèíòåòè÷íî¿ ä³ÿëüíîñò³ âîäîðîñòåé, îñîáëèâî â çàòîêàõ

ïåðåäíüîãî êðàþ äåëüòè [3, 7, 25, 26]. Êèñíåâèé ðåæèì çàãàëîì çàäî-

â³ëüíèé, â ðóêàâàõ âì³ñò êèñíþ ïåðåâàæíî çì³íþºòüñÿ â ìåæàõ 4,9—

13,9 ìã Î2/äì3, íàñè÷åí³ñòü — 59—131 %, çàäóõè ïðàêòè÷íî â³äñóòí³ [7,

25]. Â çàòîêàõ ì³í³ìàëüí³ ïîêàçíèêè âì³ñòó êèñíþ ìîæóòü áóòè ñóòòºâî

íèæ÷èìè, âë³òêó ìîæëèâèé ÿê ïåð³îäè÷íèé éîãî äåô³öèò, òàê ³ ñóòòºâå

ïåðåñè÷åííÿ âíàñë³äîê àêòèâíîãî ôîòîñèíòåçó ô³òîïëàíêòîíó. Ñîëî-

í³ñòü â ðóêàâàõ çð³äêà, ëèøå â ïåð³îäè íàãîí³â âîäè ç ìîðÿ, ïåðåâèùóº

ìåæ³ îë³ãîãàëèííî¿ 0,5‰ çîíè, â çàòîêàõ ïåðåäíüîãî êðàþ äåëüòè ïîêàç-

íèê âàð³þº ïåðåâàæíî â ìåæàõ îë³ãî-ìåçîãàëèííèõ âîä, â åêñòðåìàëüíèõ

âèïàäêàõ ñîëîíà âîäà ìîæå ï³äí³ìàòèñü àæ äî ì. Âèëêîâå. Ï³äâèùåííÿ

ñîëîíîñò³ ó íàï³âçàêðèòèõ çàòîêàõ Ïîòàï³â Êóò, Äåëþê³â Êóò òà Àíàíüê³í

Êóò òàêîæ çóìîâëþºòüñÿ çäåá³ëüøîãî íàãîíàìè ç ìîðÿ, ÿê ³ ó á³ëüø â³ä-

êðèòèõ — çàò. Áèñòðèé Êóò òà àêâàòîð³¿ ÏÊ ÃÑÕ, äå âïëèâ ñîëîíèõ âîä
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Ðèñ. 10. Ïîð³âíÿííÿ á³îìàñè äîííèõ áåçõðåáåòíèõ óçäîâæ îêðåìèõ ïîòîê³â ð³÷êîâèõ
âîä: ïî îñ³ îðäèíàò — á³îìàñà, ã/ì2, õ±SD, n = 3; îäíàêîâèìè ë³òåðàìè ïîçíà÷åí³
âèá³ðêè, ÿê³ äîñòîâ³ðíî íå â³äð³çíÿþòüñÿ îäíà â³ä îäíî¿ çà ðåçóëüòàòàìè òåñòó Äàííà
ç ïîïðàâêîþ Áîíôåððîí³ â ìåæàõ êîæíîãî ïîòîêó (p>0,05)



ñóòòºâ³øèé, ìàêñèìàëüí³ çíà÷åííÿ (12,64 ‰) çàô³êñîâàí³ á³ëÿ øïèëÿ
äàìáè íà âèõîä³ â ìîðå [26].

Â Ñàñèöüêîìó âîäîñõîâèù³, çà íàøèìè ñïîñòåðåæåííÿìè, òåìïåðà-
òóðà âîäè ìîæå ïåðåâèùóâàòè 30 °Ñ, ðÍ âíàñë³äîê ôîòîñèíòåòè÷íî¿ àê-
òèâíîñò³ ô³òîïëàíêòîíó êîëèâàºòüñÿ â øèðîêîìó ä³àïàçîí³ ³ íåð³äêî ñÿ-
ãàº âåëè÷èíè 9,0 ³ á³ëüøå, òîáòî âîäà õàðàêòåðèçóºòüñÿ ï³äâèùåíîþ ëóæ-
í³ñòþ. Êèñíåâèé ðåæèì ìàº øèðîêèé ä³àïàçîí çíà÷åíü (ïåðåâàæíî 6,8—
12,0 ìã Î2/äì3), äëÿ âîäîéìè õàðàêòåðí³ ÿê ïåð³îäè÷í³ (çäåá³ëüøîãî ëî-
êàëüí³) çàäóõè, òàê ³ ïåðåñè÷åííÿ âíàñë³äîê ôîòîñèíòåòè÷íî¿ àêòèâíîñò³
âîäîðîñòåé [21, 33]. Ñîëîí³ñòü âîäè âçäîâæ ïîòîêó Ê³ë³éñüê³é ðóêàâ —
ÊÄÑ — Ñàñèöüêå âîäîñõîâèùå ï³äâèùóâàëàñü â³ä ïð³ñíèõ ã³ïîãàëèííèõ
äî ñîëîíóâàòèõ b-ìåçîãàëèííèõ âîä. Çàãàëîì ó ïîíèçç³ âîäîñõîâèùà âîäà
çàçâè÷àé á³ëüø îïð³ñíåíà, í³æ â ñåðåäí³é ÷àñòèí³ òà âåðõ³â’ÿõ, çà íàøèìè
äàíèìè, â îñòàííº äåñÿòèð³÷÷ÿ ñîëîí³ñòü âîäè âîäîñõîâèùà íå ïåðåâè-
ùóº 1,6 ‰, ³íîä³ âêàçóþòü ñîëîí³ñòü äî 4,0 ‰ [20].

Ñïèðàþ÷èñü íà íàâåäåí³ ìàòåð³àëè, ìè òà ³íø³ äîñë³äíèêè çàçâè÷àé
ðîçð³çíÿëè â Ê³ë³éñüê³é äåëüò³ Äóíàþ ð³çíîòèïí³ âîäí³ åêîñèñòåìè â ïåð-
øó ÷åðãó çà ìîðôîìåòðè÷íèìè õàðàêòåðèñòèêàìè òà õàðàêòåðîì (øâèä-
ê³ñòþ) òå÷³¿ (ëîòè÷í³ òà ëåíòè÷í³), ç õàðàêòåðíèì òåìïåðàòóðíèì ³ êèñíå-
âèì ðåæèìîì òà ñîëîí³ñòþ. ÊÄÑ, Ñàñèöüêå âîäîñõîâèùå òà àêâàòîð³þ ÏÊ
ÃÑÕ, çâàæàþ÷è íà ¿õíº øòó÷íå ïîõîäæåííÿ, òàêîæ ðîçãëÿäàëè ÿê îêðåì³
âîäí³ îá’ºêòè. Ïðîòå ïðîâåäåíèé àíàë³ç ñåðåäíüîð³÷íèõ çíà÷åíü àá³îòè÷-
íèõ ïîêàçíèê³â ïîêàçàâ êîíòèíóàëüí³ñòü ¿õíüîãî ðîçïîä³ëó ïî âñ³é äîñ-
ë³äæóâàí³é àêâàòîð³¿, çà âèêëþ÷åííÿì ñîëîíîñò³ â Ñàñèöüêîìó âîäîñõî-
âèù³. À ñàìå, çà ðåçóëüòàòàìè ìíîæèííîãî ïîð³âíÿííÿ äîñòîâ³ðíî¿ ð³ç-
íèö³ ì³æ ñåðåäí³ìè çíà÷åííÿìè òåìïåðàòóðè âîäè, ðÍ òà êîíöåíòðàö³¿ O2

â ð³çíèõ âîäíèõ îá’ºêòàõ íå âèÿâëåíî (ð>0,05) (äèâ. òàáë. 2), òîáòî ìîæå-
ìî êîíñòàòóâàòè êîíòèíóàëüí³ñòü ðîçïîä³ëó öèõ õàðàêòåðèñòèê â äîñ-
ë³äæóâàí³é àêâàòîð³¿, ÿêó çì³íà ëîòè÷íèõ ³ ëåíòè÷íèõ óìîâ íå ïîðóøóâà-
ëà. Çà ðåçóëüòàòàìè ìíîæèííîãî ïîð³âíÿííÿ òàêîæ âñòàíîâëåíà äîñòî-
â³ðíà ð³çíèöÿ ì³æ Ñàñèöüêèì âîäîñõîâèùåì, äå ñåðåäíüîð³÷í³ çíà÷åííÿ
ñîëîíîñò³ âîä áóëè ìàêñèìàëüíèìè ³ â³äïîâ³äàëè îë³ãîãàëèíí³é çîí³, ³
ðóê. Ñòàðîñòàìáóëüñüêèé, ÿêèé õàðàêòåðèçóºòüñÿ ì³í³ìàëüíèì çíà÷åí-
íÿì ñîëîíîñò³ âîä, òîáòî â³äì³÷åíî ïîðóøåííÿ êîíòèíóàëüíîñò³ ñîëî-
íîñò³ ëèøå â àêâàòîð³¿ Ñàñèöüêîãî âîäîñõîâèùà. Âàæëèâî, ùî àíàëîã³÷í³
ðåçóëüòàòè íàâåäåí³ ³ â íàø³é ïîïåðåäí³é ðîáîò³ [35].

Ñïèðàþ÷èñü íà øèðîêî ðîçïîâñþäæåíå ñüîãîäí³ òâåðäæåííÿ ïðî òå,
ùî á³îòîï³÷íå ð³çíîìàí³òòÿ, çîêðåìà óòâîðþâàíå àá³îòè÷íèìè ÷èííèêà-
ìè, çóìîâëþº ð³çíîìàí³òòÿ á³îëîã³÷íå, ÿêå, íàïåâíå, º ïàðàäèãìîþ ñó÷àñ-
íî¿ åêîëîã³¿ [5, 6], ìîæíà î÷³êóâàòè é â³äïîâ³äí³ ïîðóøåííÿ á³îòè÷íèõ õà-
ðàêòåðèñòèê, â ïåðøó ÷åðãó â ì³ñö³ ïîðóøåííÿ êîíòèíóàëüíîñò³ ñîëî-
íîñò³.

Ïîð³âíÿëüíèé àíàë³ç ìàñèâ³â äàíèõ òðüîõ îñíîâíèõ ã³äðîá³îëîã³÷íèõ
õàðàêòåðèñòèê (ê³ëüê³ñòü âèä³â, ÷èñåëüí³ñòü òà á³îìàñà), à òàêîæ êîìïëåê-
ñíîãî ðîçðàõóíêîâîãî ïîêàçíèêà (³íôîðìàö³éíîãî ³íäåêñó Øåííîíà) ÿê
ïî âñ³é äîñë³äæóâàí³é àêâàòîð³¿, òàê ³ âçäîâæ îêðåìèõ ïîòîê³â ð³÷êîâèõ
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âîä çàñâ³ä÷èëè ïåðåâàæàííÿ êîíòèíóàëüíîñò³ ¿õíüîãî ðîçïîä³ëó. Â îñíîâ-
íîìó àíàëîã³÷í³ çàêîíîì³ðíîñò³ îòðèìàí³ ³ äëÿ ô³òîïëàíêòîíó [35].

Äîíí³ áåçõðåáåòí³, ÿê ³ ô³òîïëàíêòîí [35], õàðàêòåðèçóþòüñÿ ïðîñòî-
ðîâèì êîíòèíóóìîì äîì³íóþ÷îãî êîìïëåêñó çà ÷èñåëüí³ñòþ ³ ïåâíîþ ëî-
êàëüíîþ äèñêðåòí³ñòþ — çà á³îìàñîþ. Îòæå, ïðîñòîðîâèé ðîçïîä³ë ê³ëü-
ê³ñíèõ ïîêàçíèê³â ô³òîïëàíêòîíó ³ äîííî¿ ôàóíè ìàº ïåâí³ ñï³ëüí³ çàêî-
íîì³ðíîñò³.

Äëÿ ê³ëüêîñò³ âèä³â íà çàãàëüí³é àêâàòîð³¿ â óñ³õ äîñë³äæåíèõ âîäíèõ
åêîñèñòåìàõ âñòàíîâëåíî äîñòîâ³ðíó ð³çíèöþ ì³æ äîííèìè êîìïëåêñàìè
ÊÄÑ ³ çàò. Àíàíüê³í Êóò (äèâ. ðèñ. 2). Ä³àïàçîíè ³íøèõ âîäíèõ îá’ºêò³â
ñòàòèñòè÷íî íå â³äð³çíÿëèñü, òîáòî çíà÷åííÿ ê³ëüêîñò³ âèä³â ÿâëÿëè êîí-
òèíóóì ïîêàçíèê³â. Çàçíà÷èìî, ùî ÊÄÑ òà çàò. Àíàíüê³í Êóò — ð³çíî-
òèïí³ âîäí³ îá’ºêòè, â³ääàëåí³ îäèí â³ä îäíîãî òà íå ïîâ’ÿçàí³ ñïðÿìîâà-
íèì âîäíèì ïîòîêîì (äèâ. ðèñ. 1). Äëÿ ê³ëüêîñò³ âèä³â óçäîâæ îêðåìèõ
ïîòîê³â ð³÷êîâèõ âîä âñòàíîâëåíî äîñòîâ³ðíó ð³çíèöþ, òîáòî ïîðóøåííÿ
êîíòèíóàëüíîñò³, íàïðèê³íö³ ïîòîêó 4 ì³æ ïîêàçíèêàìè â ðóê. Âîñòî÷íèé
òà çàò. Àíàíüê³í Êóò (äèâ. ðèñ. 3). Çàóâàæèìî, ùî öÿ ïðèê³íöåâà ä³ëÿíêà
ïåðøîþ ï³ääàºòüñÿ âïëèâó ñîëîíèõ âîä, íàáëèæåíà äî ìîðÿ ³ º îäíèì ç
îá’ºêò³â ïåðåäíüîãî êðàþ äåëüòè.

Äëÿ ³íäåêñó Øåííîíà íà âñ³é àêâàòîð³¿ âñòàíîâëåíî äîñòîâ³ðíó ð³çíè-
öþ ì³æ çàòîêàìè Áèñòðèé Êóò òà Àíàíüê³í Êóò. Çàóâàæèìî, ùî öå âîäî-
éìè ïåðåäíüîãî êðàþ äåëüòè, äî òîãî æ çàò. Áèñòðèé Êóò õàðàêòåðè-
çóºòüñÿ íàéá³ëüø âèñîêîþ äèíàì³÷í³ñòþ òà âïëèâîì ñîëîíèõ âîä.

Äëÿ ÷èñåëüíîñò³ òà á³îìàñè â óñ³õ äîñë³äæåíèõ åêîñèñòåìàõ, íåçâàæà-
þ÷è íà çíà÷í³ êîëèâàííÿ ïîêàçíèê³â, íå âèÿâëåíî äîñòîâ³ðíî¿ ð³çíèö³
çíà÷åíü, òîáòî âñ³ âîíè íàëåæàòü äî îäí³º¿ âèá³ðêè, îäíîãî êîíòèíóóìó.
Îäíàê äëÿ ÷èñåëüíîñò³ âñòàíîâëåíî ïîðóøåííÿ êîíòèíóàëüíîñò³ âçäîâæ
ïîòîêó 4 ì³æ ïî÷àòêîâîþ (ðóê. Ê³ë³éñüêèé) òà ïðèê³íöåâîþ (çàò. Àíàíü-
ê³í Êóò) ëîêàö³ÿìè (äèâ. ðèñ. 9), à äëÿ á³îìàñè âñòàíîâëåíî ïîðóøåííÿ
êîíòèíóàëüíîñò³ âçäîâæ ïîòîêó 2 ì³æ ïî÷àòêîâîþ (ðóê. Ê³ë³éñüêèé) òà
ïðèê³íöåâîþ (çàò. Äåëþê³â Êóò) ëîêàö³ÿìè (äèâ. ðèñ. 10).

Äî òîãî æ ðåçóëüòàòè àíàë³çó ïîêàçíèê³â óçäîâæ îêðåìèõ ïîòîê³â
ð³÷êîâèõ âîä, äå çàðåºñòðîâàí³ ïîðóøåííÿ êîíòèíóàëüíîñò³, íàðàç³ 2 òà 4
(äèâ. ðèñ. 3, 9 òà 10), ñâ³ä÷àòü ïðî íàÿâí³ñòü êëèíàëüíî¿ ì³íëèâîñò³, êîëè
íà ñóñ³äí³õ ñòàíö³ÿõ ñïîñòåðåæåíü â³äì³÷àºòüñÿ âèñîêà ïîä³áí³ñòü ïîêàç-
íèê³â, òîáòî ïóëè ¿õí³õ äàíèõ ìàþòü ñï³ëüíå ïîëå, òîä³ ÿê â³ääàëåí³ ëî-
êàö³¿ âèñîêî¿ ñõîæîñò³ ïîêàçíèê³â íå ìàþòü, ¿õí³ ïîëÿ íå ïåðåõðåùóþòü-
ñÿ. Çàóâàæèìî, ùî êëèíàëüíà ì³íëèâ³ñòü — ÿâèùå â åêîëîã³¿ øèðîêî
â³äîìå [4, 5, 9, 16], âèíèêàº êîëè â³äì³ííîñò³ ì³æ ñóì³æíèìè âèá³ðêàìè
íåçíà÷í³, àëå äîáðå âèðàæåí³ ì³æ òèìè, ùî çàéìàþòü â³ääàëåí³ (êðàéí³)
ïîëîæåííÿ.

Ïîä³áíà çàêîíîì³ðí³ñòü ñïîñòåð³ãàëàñü íå ò³ëüêè äëÿ äîííèõ, à ³ äëÿ
ïëàíêòîííèõ îðãàí³çì³â. Òàê, ïðè âèâ÷åíí³ ô³òîïëàíêòîíó âåëèêèõ ïðè-
äóíàéñüêèõ îçåð âñòàíîâëåíî, ùî íàéâèùîþ ïîä³áí³ñòþ õàðàêòåðèçóþòü-
ñÿ ã³äðîëîã³÷íî ïîâ’ÿçàí³ ì³æ ñîáîþ îçåðà (ßëïóã ³ Êóãóðëóé), à íàéíèæ-

21

Êîíòèíóàëüí³ñòü ³ äèñêðåòí³ñòü óãðóïîâàíü ã³äðîá³îíò³â

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2024. 60(1)



÷îþ ïîä³áí³ñòþ — îçåðà, íàéâ³ääàëåí³ø³ ãåîãðàô³÷íî îäíå â³ä îäíîãî (Êà-
ãóë ³ Êèòàé) [37].

Çàãàëîì ìîæíà ñòâåðäæóâàòè ïðî çàãàëüíó ïðîñòîðîâó êîíòèíóàëü-
í³ñòü ðîçïîä³ëó äîñë³äæåíèõ àá³îòè÷íèõ òà á³îòè÷íèõ ïîêàçíèê³â â àêâà-
òîð³ÿõ Ê³ë³éñüêî¿ äåëüòè Äóíàþ. Ïðîÿâè äèñêðåòíîñò³, çàðåºñòðîâàí³, â
ïåðøó ÷åðãó, ó âîäîéìàõ ïåðåäíüîãî êðàþ äåëüòè, â³ðîã³äíî, îáóìîâëåí³
çì³íîþ ïåðåâàæàþ÷èõ ïð³ñíèõ ð³÷êîâèõ âîä íà ìîðñüê³ ñîëîí³.

Òàê³ âèñíîâêè çàãàëîì ï³äòâåðäæóþòüñÿ ³ êëàñòåðíèì àíàë³çîì (äèâ.
ðèñ. 5), ÿêèé ïîêàçàâ âèñîêó ïîä³áí³ñòü âèäîâîãî ñêëàäó äîííèõ áåçõðå-
áåòíèõ äîñë³äæóâàíî¿ àêâàòîð³¿: íà ð³âí³ 50,0 % ñõîæîñò³ âèçíà÷åí³ òðè
êëàñòåðè â³äïîâ³äíî òèïàì âîäíèõ îá’ºêò³â (ïðèðîäí³ ðóêàâè, ïðèðîäí³
çàòîêè òà øòó÷í³ ³ ìîäèô³êîâàí³ âîäí³ îá’ºêòè). Çàóâàæèìî, ùî äâà êëàñ-
òåðè â³äð³çíÿþòüñÿ çà ñîëîí³ñòþ âîä: ïð³ñí³, ïåðåâàæíî ã³ïîãàëèíí³ ð³÷-
êîâ³ ðóêàâè òà ïåðåâàæíî ïð³ñí³, àëå ïåð³îäè÷íî çàòîïëþâàí³ ìîðñüêèìè
âîäàìè, ã³ïî-îë³ãîãàëèíí³ çàòîêè.

Îêðåìî êëàñòåðíèé àíàë³ç âèçíà÷èâ çàò. Ïîòàï³â Êóò, ÿêà çà ñâîºþ
åâîëþö³ºþ, ìîðôîìåòðè÷íèìè, ã³äðîëîã³÷íèìè òà ã³äðîõ³ì³÷íèìè õàðàê-
òåðèñòèêàìè âõîäèòü â îäíó ãðóïó ïð³ñíîâîäíèõ âîäîéì ïåðåäíüîãî
êðàþ äåëüòè ç ³íøèìè äîñë³äæóâàíèìè çàòîêàìè [6, 34]; íàïåâíå, ïèòàí-
íÿ ñõîæîñò³ òà â³äì³ííîñò³ âèäîâîãî ñêëàäó ¿õí³õ äîííèõ áåçõðåáåòíèõ
ïîòðåáóº äîäàòêîâèõ äîñë³äæåíü.

Äî òîãî êëàñòåðíèé àíàë³ç âèçíà÷èâ ïðèðîäíó çàò. Áèñòðèé Êóò â îä-
íîìó êëàñòåð³ ç ìîäèô³êîâàíèìè òà øòó÷íèìè âîäíèìè îá’ºêòàìè, à
íàéá³ëüøó ïîä³áí³ñòü ¿õíüîãî âèäîâîãî ñêëàäó ç ÏÊ ÃÑÕ. Çàçíà÷èìî, ùî
ö³ âîäí³ îá’ºêòè ìàþòü ÷àñòèíó ñï³ëüíî¿ àêâàòîð³¿ (äèâ. ðèñ. 1), îáèäâà
çíàõîäÿòüñÿ ï³ä âïëèâîì ðóê. Áèñòðèé, ÿêèì äî íèõ íàäõîäèòü ïîò³ê
ïð³ñíî¿ âîäè òà çä³éñíþºòüñÿ äðèôò ã³äðîá³îíò³â, äî òîãî æ âîíè óòâîðåí³
ïðèáëèçíî â îäèí ÷àñ, áëèçüêî 20 ðîê³â òîìó [2]. Öå º ÷èííèêàìè, ÿê³
ñïðèÿþòü ñõîæîñò³ ¿õíüîãî âèäîâîãî ñêëàäó. Ðàçîì ç òèì ¿õí³ ð³çí³ àá³î-
òè÷í³ õàðàêòåðèñòèêè (ãëèáèíè, ïåðåâàæàþ÷³ ñóáñòðàòè, ðîçïîä³ë ïîòîêó
òà øâèäê³ñòü òå÷³¿, ïåðåâàæàþ÷à ñîëîí³ñòü òîùî) ôîðìóþòü ñóòòºâî â³ä-
ì³íí³ á³îòîïè ³, ÿê íàñë³äîê, çóìîâëþþòü ïåâí³ â³äì³ííîñò³ âèäîâîãî
ñêëàäó.

Íåîáõ³äíî ï³äêðåñëèòè, ùî ðåçóëüòàòè êëàñòåðíîãî àíàë³çó äîííèõ
áåçõðåáåòíèõ óçãîäæóþòüñÿ ç ðåçóëüòàòàìè àíàëîã³÷íèõ äîñë³äæåíü ô³òî-
ïëàíêòîíó, âèêëàäåíèìè â ïîïåðåäí³é ïóáë³êàö³¿ [35]. Òàê, íà äåíäðîã-
ðàì³ ïîä³áíîñò³ âèäîâîãî ñêëàäó ô³òîïëàíêòîíó ìîäèô³êîâàí³ ³ øòó÷í³
âîäí³ åêîñèñòåìè (ÊÄÑ òà Ñàñèöüêå âîäîñõîâèùå) òàêîæ âèä³ëÿëèñü â
îêðåìèé êëàñòåð ç âèñîêèì ð³âíåì ïîä³áíîñò³. Ð³âåíü ïîä³áíîñò³ ì³æ ïðè-
ðîäíèìè åêîñèñòåìàìè (ðóêàâàìè äåëüòè) òà ìîäèô³êîâàíèìè ³ øòó÷íè-
ìè åêîñèñòåìàìè áóâ íèçüêèì, ùî âêàçóº íà íàÿâí³ñòü ëîêàëüíî¿ äèñêðåò-
íîñò³ [35]. Îòæå, ðåàêö³ÿ ã³äðîá³îíò³â ð³çíèõ òðîô³÷íèõ ð³âí³â (àâòîòðî-
ôè, êîíñóìåíòè) òà åêîëîã³÷íèõ ãðóï (ïëàíêòîí, áåíòîñ) º äîñèòü ïî-
ä³áíîþ, ùî ùå ðàç ï³äêðåñëþº ºäí³ñòü á³îòè â ëîòè÷íî-ëåíòè÷í³é ã³äðîå-
êîñèñòåì³ äåëüòè Äóíàþ. Ïåâíîþ ì³ðîþ ö³º¿ ºäíîñò³ º ¿õí³é êîíòèíóàëü-
íî-äèñêðåòíèé ðîçïîä³ë.
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Â³äïîâ³äàþ÷è íà ïèòàííÿ, ïîñòàâëåíå ó âñòóï³ ðîáîòè, ìîæíà ñòâåðä-
æóâàòè, ùî îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî ñòðóêòóðà åêîñèñòå-
ìè äåëüòè, çîêðåìà äîííà ôàóíà, íåçâàæàþ÷è íà çàãàëüíîâèçíàíå âèñîêå
ð³çíîìàí³òòÿ àá³îòè÷íèõ õàðàêòåðèñòèê, íàñè÷åí³ñòü ð³çíîìàí³òíèìè
á³îòîïàìè òà ìîçà¿÷í³ñòü ¿õíüîãî ðîçòàøóâàííÿ, á³ëüøå â³äïîâ³äàº êîí-
öåïö³¿ ð³÷êîâîãî êîíòèíóóìà, í³æ êîíöåïö³¿ äèíàì³êè ïëÿì/îñåðåäê³â.
Óçàãàëüíþþ÷è ìàòåð³àëè öüîãî ïîâ³äîìëåííÿ, ââàæàºìî âñòàíîâëåíèì
ïåðåâàæàííÿ êîíòèíóàëüíîñò³ ïîêàçíèê³â âèçíà÷åíèõ àá³îòè÷íèõ ³ á³î-
òè÷íèõ õàðàêòåðèñòèê â äîñë³äæóâàí³é àêâàòîð³¿ äåëüòè. Çàóâàæèìî, ùî
ïîðóøåííÿ êîíòèíóàëüíîñò³ çàô³êñîâàí³ â ïåðøó ÷åðãó ó âîäíèõ îá’ºêòàõ
¿¿ ïåðåäíüîãî êðàþ, øèðîê³é ïåðåõ³äí³é çîí³ êîíòàêòó ð³÷êîâèõ òà ìîðñü-
êèõ âîä, åêîòîí³ òèïó ð³÷êà — ìîðå, ç îäíîãî áîêó, òà çîí³ åêîëîã³÷íî¿ íà-
ïðóãè òà êàòàñòðîôè [19, 24, 26, 42] — ç ³íøîãî, ³ òîìó ââàæàþòüñÿ íàìè
äîâîë³ ëîã³÷íèìè.

Âèñíîâêè

Äîñë³äæåííÿ äèñêðåòíîñò³ òà êîíòèíóàëüíîñò³ àá³îòè÷íèõ ³ á³îòè÷-
íèõ ïîêàçíèê³â ð³çíîòèïíèõ âîäíèõ åêîñèñòåì Ê³ë³éñüêî¿ äåëüòè Äóíàþ
(ïðèðîäíèõ âîäîéì ³ âîäîòîê³â, ìîäèô³êîâàíèõ òà øòó÷íèõ âîäíèõ
îá’ºêò³â) ìåòîäàìè ìíîæèííîãî ïîð³âíÿííÿ ïîêàçàëè:

— êîíòèíóàëüí³ñòü ðîçïîä³ëó ïîêàçíèê³â òåìïåðàòóðè, ðÍ òà âì³ñòó
êèñíþ òà äèñêðåòí³ñòü ñîëîíîñò³ âîä, çîêðåìà â àêâàòîð³¿ Ñàñèöüêîãî âî-
äîñõîâèùà;

— ïåðåâàæàííÿ êîíòèíóàëüíîñò³ ðîçïîä³ëó îñíîâíèõ ã³äðîá³îëîã³÷-
íèõ õàðàêòåðèñòèê (ê³ëüê³ñòü âèä³â, ÷èñåëüí³ñòü, á³îìàñà, ³íäåêñ á³îëîã³÷-
íîãî ð³çíîìàí³òòÿ çà Øåííîíîì òà ñêëàä äîì³íóþ÷îãî êîìïëåêñó âèä³â)
ÿê ïî âñ³é äîñë³äæóâàí³é àêâàòîð³¿, òàê ³ âçäîâæ îñíîâíèõ ïîòîê³â ð³÷êî-
âèõ âîä;

— ðàçîì ç òèì, ïîðóøåííÿ êîíòèíóàëüíîñò³ (ëîêàëüíó äèñêðåòí³ñòü)
á³îòè÷íèõ ïîêàçíèê³â çà âñ³ìà ïîêàçíèêàìè çàðåºñòðîâàíî â çàòîêàõ äå-
ëüòè, ÿê³ çíàõîäÿòüñÿ ï³ä ïåð³îäè÷íèì âïëèâîì ñîëîíèõ âîä ìîðÿ.

Çà ðåçóëüòàòàìè ïîä³áíîñò³ âèäîâîãî ñêëàäó êîíòèíóàëüí³ñòü ïðîÿâ-
ëÿºòüñÿ äëÿ (øòó÷íèõ òà ïðèðîäíèõ) âîäîòîê³â (ð³âåíü ïîä³áíîñò³ êëàñ-
òåð³â 50,0 %), à äèñêðåòí³ñòü — äëÿ âîäîéì ïåðåäíüîãî êðàþ äåëüòè.

Òàêèì ÷èíîì, íåçâàæàþ÷è íà çíà÷íå á³îòîï³÷íå ð³çíîìàí³òòÿ òà íà-
ÿâí³ñòü â Ê³ë³éñüê³é äåëüò³ Äóíàþ âîäíèõ îá’ºêò³â ð³çíîãî òèïó, äëÿ ïåðå-
âàæíî¿ á³ëüøîñò³ àá³îòè÷íèõ õàðàêòåðèñòèê òà á³îòè÷íèõ ïîêàçíèê³â
äîííèõ áåçõðåáåòíèõ âñòàíîâëåíî êîíòèíóàëüí³ñòü ¿õíüîãî ðîçïîä³ëó,
ÿêà ëîêàëüíî ïîðóøóºòüñÿ â àêâàòîð³ÿõ ç äèíàì³÷íèì ðåæèìîì ñîëî-
íîñò³ âîä.
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CONTINUITY AND DISCRETENESS OF AQUATIC COMMUNITIES IN
LOTIC-LENTIC ECOSYSTEM OF THE DANUBE DELTA: BOTTOM

INVERTEBRATES

It is proposed to determine the discreteness-continuity of the structural and functio-
nal characteristics of river systems using statistical tests of multiple comparisons. Based on
the results of long-term studies of hydrological and hydrochemical indicators, species
composition, and quantitative characteristics of benthic invertebrates, the manifestations
of discreteness and continuity of their spatial distribution in the lotic-lentic system of the
Kilia Danube Delta were considered. The continuity of both abiotic and biotic indicators
was established, its violation was noted at the front edge of the delta, in places of unstable
hydrological and hydrochemical regimes. The salinity of water and the origin (artificial or
natural) of water bodies have been determined as key factors in the formation of the struc-
ture of benthic invertebrates.
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Ð²×ÍÀ ÄÈÍÀÌ²ÊÀ ÒÀ ÅÊÎËÎÃ²×Í²
ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ Ô²ÒÎÏËÀÍÊÒÎÍÓ Ð. ²ÐÏ²ÍÜ

(ÓÊÐÀ¯ÍÀ) ÄÎ ÏÎ×ÀÒÊÓ ÂÎªÍÍÈÕ Ä²É1

Äîñë³äæåíî ð³÷íó äèíàì³êó òà åêîëîã³÷íó ñòðóêòóðó ô³òîïëàíêòîíó ð. ²ðï³íü
(ïðàâà ïðèòîêà Êè¿âñüêîãî âîäîñõîâèùà) â ðàéîí³ ì. ²ðï³íü (50o31' N, 30o15' E). Âñüîãî
³äåíòèô³êîâàíî 121 âèä âîäîðîñòåé ³ç äåâ’ÿòè â³ää³ë³â. Íàéá³ëüøó ê³ëüê³ñòü âèä³â
âêëþ÷àëè Chlorophyta (57) òà Bacillariophyta (27). Ïðîòÿãîì ðîêó âèäîâèé ñêëàä
ô³òîïëàíêòîíó, à òàêîæ éîãî äîì³íóþ÷èé êîìïëåêñ, çíà÷íî çì³íþâàëèñü, ùî ï³ä-
òâåðäæóºòüñÿ äîñèòü íèçüêèìè çíà÷åííÿìè êîåô³ö³ºíòà ôëîðèñòè÷íî¿ ïîä³áíîñò³
(â ñåðåäíüîìó â³äïîâ³äíî 53 òà 41 %). Ê³ëüê³ñí³ ïîêàçíèêè éîãî ðîçâèòêó òàêîæ çíà÷-
íî âàð³þâàëè. Íàéìåíøó ê³ëüê³ñòü âèä³â (25), ÷èñåëüí³ñòü ³ á³îìàñó ïëàíêòîííèõ âî-
äîðîñòåé (â ñåðåäíüîìó 662 òèñ. êë/äì3 ³ 0,165 ìã/äì3) âèÿâëåíî âçèìêó, à íàéá³ëüøó
ê³ëüê³ñòü âèä³â ñïîñòåð³ãàëè âë³òêó (83). Ïðè öüîìó íàéâèù³ ê³ëüê³ñí³ ïîêàçíèêè
(19480 òèñ. êë/äì3 ³ 5,143 ìã/äì3) çàðåºñòðîâàíî âîñåíè (ó âåðåñí³). Âñòàíîâëåíà äî-
ñòîâ³ðíà ïðÿìà çàëåæí³ñòü ì³æ ê³ëüê³ñíèìè ïîêàçíèêàìè ô³òîïëàíêòîíó ³ òåìïå-
ðàòóðîþ âîäè. Â òîé æå ÷àñ ð³÷íà äèíàì³êà ðîçâèòêó ïëàíêòîííèõ âîäîðîñòåé çàëå-
æàëà íå ò³ëüêè â³ä òåìïåðàòóðè âîäè, à é â³ä ð³âíÿ òðîôíîñò³ äîñë³äæóâàíîãî âîäî-
òîêó. Ïðîâåäåíèé á³î³íäèêàö³éíèé àíàë³ç çàñâ³ä÷èâ, ùî çà òàêèìè ïîêàçíèêàìè ÿê
÷àñòêà âèä³â — ³íäèêàòîð³â òðîô³÷íîãî ñòàíó, òèïó æèâëåííÿ òà îðãàí³÷íîãî çà-
áðóäíåííÿ, à òàêîæ çà á³îìàñîþ ô³òîïëàíêòîíó âîäè äîñë³äæóâàíî¿ ä³ëÿíêè ð. ²ðï³íü
ìîæóòü áóòè îõàðàêòåðèçîâàí³ ÿê åâòðîôí³, ùî ï³äòâåðäæóºòüñÿ ³ äàíèìè ïðÿìèõ
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ÇÀÃÀËÜÍÀ Ã²ÄÐÎÁ²ÎËÎÃ²ß

1Ðîáîòó âèêîíàíî çà ï³äòðèìêè Íàö³îíàëüíîãî ôîíäó äîñë³äæåíü Óêðà¿íè
(ïðîåêò â³ä 01.08.2023 ¹ 187/0077).



ã³äðîõ³ì³÷íèõ âèì³ðþâàíü. Õ³ä ð³÷íî¿ äèíàì³êè ô³òîïëàíêòîíó õàðàêòåðèçóâàâñÿ
ôîðìóâàííÿì ï³êó éîãî ÷èñåëüíîñò³ òà á³îìàñè íà ïî÷àòêó îñåí³, çóìîâëåíîãî ³íòåí-
ñèâíèì ðîçâèòêîì ñèíüîçåëåíèõ âîäîðîñòåé ç äîì³íóâàííÿì Aphanizomenon flos-
aquae (L.) Ralfs, ÿêèé íàëåæèòü äî çáóäíèê³â «öâ³ò³ííÿ» âîäè, ùî º òèïîâèì äëÿ åâò-
ðîôíèõ âîäîéì. Îòðèìàíà ³íôîðìàö³ÿ ùîäî ðîçâèòêó âîäîðîñòåé â ð. ²ðï³íü ó
ïåð³îä, ÿêèé ïåðåäóâàâ ïî÷àòêó âîºííèõ ä³é, ìîæå áóòè âèêîðèñòàíà äëÿ îö³íêè ¿õí³õ
íàñë³äê³â.

Êëþ÷îâ³ ñëîâà: ô³òîïëàíêòîí, ð³÷íà äèíàì³êà, åêîëîã³÷íà ñòðóêòóðà,
õ³ì³÷íèé ñêëàä âîäè, ð. ²ðï³íü.

Ó ñó÷àñíèõ óìîâàõ, êîëè àíòðîïîãåííèé âïëèâ íà âîäí³ îá’ºêòè äîñÿã
ãëîáàëüíèõ ìàñøòàá³â, îñîáëèâî¿ âàãè íàáóëè äîñë³äæåííÿ, ñïðÿìîâàí³
íà îö³íêó åêîëîã³÷íîãî ñòàíó âîäîéì ³ ñòóïåíþ ïîðóøåííÿ ¿õí³õ åêîñè-
ñòåì çà ä³¿ ð³çíèõ ÷èííèê³â (çì³íè ìîðôîìåòðè÷íèõ ³ ã³äðîëîã³÷íèõ ïàðà-
ìåòð³â, çàáðóäíåííÿ íåîðãàí³÷íèìè òà îðãàí³÷íèìè ðå÷îâèíàìè òîùî).
Íà ñüîãîäí³ íàëåæíî¿ óâàãè ïîòðåáóþòü çàãðîçè ³ ðèçèêè ïð³ñíîâîäíèì
åêîñèñòåìàì âíàñë³äîê ïðîâåäåííÿ âîºííèõ ä³é, ÿê³ ñóïðîâîäæóþòüñÿ
ðóéíóâàííÿì ã³äðîòåõí³÷íèõ ñïîðóä ³ çàòîïëåííÿì çíà÷íèõ òåðèòîð³é,
çîêðåìà, ³ íàñåëåíèõ ïóíêò³â [14]. Ïðèêëàäîì ìîæå áóòè øèðîêî â³äîìèé
ôàêò çàòîïëåííÿ äîëèíè ð. ²ðï³íü, ÿêà áåðå ïî÷àòîê â Æèòîìèðñüê³é îá-
ëàñò³ ³ çàê³í÷óºòüñÿ á³ëÿ ñ. Êîçàðîâè÷³ (Êè¿âñüêà îáëàñòü), äå âîäè ð³÷êè
ï³äí³ìàþòüñÿ íàñîñíîþ ñòàíö³ºþ äî ð³âíÿ Êè¿âñüêîãî âîäîñõîâèùà. Â ðå-
çóëüòàò³ ï³äðèâó âîäîñêèäó íà Êîçàðîâèöüê³é äàìá³ áóëà çàòîïëåíà òåðè-
òîð³ÿ ïëîùåþ ïîíàä 2500 ãà [11]. Âàæëèâèì àñïåêòîì åêîëîã³÷íî¿ äðàìè â
äîëèí³ ²ðïåíÿ ñòàëî çàáðóäíåííÿ ð³÷êîâî¿ âîäè âíàñë³äîê íàäõîäæåííÿ â
íå¿ àãðîõ³ì³êàò³â ³ç ìåë³îðàòèâíèõ çåìåëü, à òàêîæ â³äõîä³â æèòòºä³ÿëü-
íîñò³ ³ ãîñïîäàðþâàííÿ ñ³ëüñüêîãî íàñåëåííÿ òà çàëèøê³â ïàëèâà, òåõ-
í³÷íèõ ìàñòèë ³ áîºïðèïàñ³â [11, 13].

Åêîëîã³÷í³ íàñë³äêè çàòîïëåííÿ äîëèíè ð³÷êè ²ðï³íü ìîæíà áóäå
îö³íèòè, ïîð³âíÿâøè àêòóàëüí³ äàí³ ñïîñòåðåæåíü ç îòðèìàíèìè íàïåðå-
äîäí³ øèðîêîìàñøòàáíî¿ àãðåñ³¿ Ðîñ³¿. Òîáòî ìîí³òîðèíã âîäíèõ îá’ºêò³â
º íàéâàæëèâ³øèì åëåìåíòîì ìåíåäæìåíòó íàâ³òü ó ïåð³îä â³éíè.

Äëÿ õàðàêòåðèñòèêè ñòàíó âîäíèõ îá’ºêò³â òà âèÿâëåííÿ çì³í, ÿê³
â³äáóâàþòüñÿ â ¿õí³õ åêîñèñòåìàõ çà ä³¿ ð³çíèõ ÷èííèê³â, äîñèòü âàæëèâèì
º âèá³ð àäåêâàòíèõ ³ íàä³éíèõ ïîêàçíèê³â. Ñåðåä íèõ âàðòî â³äçíà÷èòè âè-
äîâèé ñêëàä òà ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó ã³äðîá³îíò³â ³, â ïåðøó ÷åð-
ãó, ïëàíêòîííèõ âîäîðîñòåé — îñíîâè òðîô³÷íî¿ ëàíêè ð³çíîòèïíèõ âî-
äíèõ îá’ºêò³â. Ô³òîïëàíêòîí äîñèòü ÷óòëèâèé äî çì³í àá³îòè÷íèõ ³ á³î-
òè÷íèõ ÷èííèê³â ñåðåäîâèùà é ÷³òêî ðåàãóº íà ð³çíîá³÷íèé àíòðîïîãåí-
íèé âïëèâ [18, 20, 29]. Öå îáóìîâëþº åôåêòèâí³ñòü éîãî âèêîðèñòàííÿ
äëÿ îö³íêè åêîëîã³÷íîãî ñòàíó âîäíèõ îá’ºêò³â [19, 22, 23].

Ïåðø³ â³äîìîñò³ ùîäî ô³òîïëàíêòîíó ð³÷êè ²ðï³íü ì³ñòÿòüñÿ â ðîáîò³
Ä.Î. Ðàäçèìîâñüêîãî [8], à òàêîæ ó ìîíîãðàô³¿ Â.Â. Ïîë³ùóêà ³ç ñï³âàâòî-
ðàìè [7]. Â ïîäàëüøîìó ïëàíêòîíí³ âîäîðîñò³ ð. ²ðï³íü äîñë³äæóâàëè â
ïåð³îä ç 1989 ïî 1999 ðð. Îñíîâíó óâàãó äîñë³äíèêè ïðèä³ëèëè âèâ÷åííþ
âèäîâîãî ñêëàäó ô³òîïëàíêòîíó, ê³ëüê³ñíèì ïîêàçíèêàì éîãî ðîçâèòêó òà
êîìïëåêñó äîì³íóþ÷èõ âèä³â [3, 4, 5]. Íèçêó êîðåëÿö³éíèõ çàëåæíîñòåé
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âñòàíîâëåíî â ðåçóëüòàò³ äîñë³äæåííÿ äèíàì³êè á³îãåííèõ åëåìåíò³â òà
îðãàí³÷íèõ ðå÷îâèí ó ð. ²ðï³íü ó çâ’ÿçêó ç ðîçâèòêîì ô³òîïëàíêòîíó [2, 36,
37].

Ìåòà ðîáîòè ïîëÿãàëà ó âèâ÷åíí³ ð³÷íî¿ äèíàì³êè ðîçâèòêó ïëàíê-
òîííèõ âîäîðîñòåé â ð. ²ðï³íü òà ¿õ åêîëîã³÷íèõ õàðàêòåðèñòèê ó ïåð³îä,
ùî ïåðåäóâàâ ïî÷àòêó âîºííèõ ä³é, äëÿ îòðèìàííÿ äàíèõ ùîäî îö³íêè
¿õí³õ íàñë³äê³â.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâîäèëè íà ð³÷ö³ ²ðï³íü (ïðàâà ïðèòîêà Êè¿âñüêîãî
âîäîñõîâèùà) â ðàéîí³ ì. ²ðï³íü (50o31' N, 30o15' E). Çã³äíî òèïîëîã³¿ ìà-
ñèâ³â ïîâåðõíåâèõ âîä òà ã³äðîãðàô³÷íîãî ðàéîíóâàííÿ Óêðà¿íè [15] öÿ
ä³ëÿíêà ð³÷êè â³äíîñèòüñÿ äî âåëèêèõ ð³÷îê íà íèçîâèí³, ùî ïðîò³êàþòü â
ñèë³êàòíèõ ïîðîäàõ â ìåæàõ åêîðåã³îíó Ñõ³äí³ ð³âíèíè.

Ïðîáè ô³òîïëàíêòîíó òà âîäè äëÿ õ³ì³÷íîãî àíàë³çó â³äáèðàëè êîæ-
íèé ì³ñÿöü ïðîòÿãîì 2018 ð. (ó äâîõ ïîâòîðíîñòÿõ) çà äîïîìîãîþ áàòî-
ìåòðà Ðóòòíåðà ³ç ïîâåðõíåâîãî øàðó âîäè (15—20 ñì). Àëüãîëîã³÷í³ ïðî-
áè îá’ºìîì 0,5 äì3 ô³êñóâàëè 40 % ðîç÷èíîì ôîðìàëüäåã³äó (³ç ê³íöåâîþ
êîíöåíòðàö³ºþ 4 %) ³ êîíöåíòðóâàëè ìåòîäîì ñåäèìåíòàö³¿. ×èñåëüí³ñòü
âîäîðîñòåé âèçíà÷àëè ìåòîäîì ïðÿìîãî ï³äðàõóíêó â êàìåð³ Íàæîòòà
îá’ºìîì 0,02 ñì3, à á³îìàñó — ñòåðåîìåòðè÷íèì ìåòîäîì [12]. ×èñåëüí³ñòü
âîäîðîñòåé íàâåäåíî â òèñ. êë/äì3, à á³îìàñó — â ìã/äì3. Äî ñêëàäó äî-
ì³íàíò³â â³äíîñèëè âèäè, âíåñîê ÿêèõ äî çàãàëüíî¿ ÷èñåëüíîñò³ òà á³îìàñè
ô³òîïëàíêòîíó ó ïðîá³, ñòàíîâèâ ≥10 %. Âèäîâèé ñêëàä âîäîðîñòåé, çíàé-
äåíèõ ó ð³çí³ ïîðè ðîêó, ïîð³âíþâàëè ç âèêîðèñòàííÿì êîåô³ö³ºíòà ôëî-
ðèñòè÷íî¿ ïîä³áíîñò³ (ÊÔÏ) Ñåðåíñåíà [6]. Åêîëîã³÷í³ õàðàêòåðèñòèêè
âîäîðîñòåé-³íäèêàòîð³â íàâåäåíî çã³äíî [1, 35]. Åêîëîã³÷í³ ãðóïè âèçíà-
÷àëè ç óðàõóâàííÿì ïóáë³êàö³é [17, 25, 27, 28].

Ëàòèíñüê³ íàçâè ³ îáñÿã òàêñîí³â âîäîðîñòåé íàâåäåí³ ó â³äïîâ³äíîñò³
äî êëàñèô³êàö³éíèõ ñèñòåì [31—34].

Êîíöåíòðàö³þ íåîðãàí³÷íèõ ñïîëóê àçîòó ³ ôîñôîðó âèçíà÷àëè êîëî-
ðèìåòðè÷íèì ìåòîäîì, à ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí — çà á³õðîìàò-
íîþ îêèñíþâàí³ñòþ (ÁÎ) [10]. Òðîô³÷íèé ñòàòóñ âîäîòîêó íà äîñë³äæó-
âàí³é ä³ëÿíö³ îö³íþâàëè çã³äíî ìåòîäèêè [9].

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

Ðåçóëüòàòè äîñë³äæåíü

Õàðàêòåðèñòèêà äîñë³äæóâàíî¿ ä³ëÿíêè ð. ²ðï³íü çà ã³äðîõ³ì³÷íèìè
ïîêàçíèêàìè. Ñåðåä áàãàòüîõ àá³îòè÷íèõ êîìïîíåíò³â, ùî îáóìîâëþþòü
åêîëîã³÷íèé ñòàí ïðèðîäíèõ âîäíèõ îá’ºêò³â (ð³÷êè, îçåðà, ñòàâêè òîùî),
îñíîâíèì º âì³ñò îðãàí³÷íèõ òà á³îãåííèõ ðå÷îâèí, ÿê³ íàäõîäÿòü ó âîäî-
éìè ³ âîäîòîêè ç ïîâåðõíåâèì ñòîêîì, àòìîñôåðíèìè îïàäàìè, ïðîìèñ-
ëîâèìè, ãîñïîäàðñüêî-ïîáóòîâàìè òà ñ³ëüñüêîãîñïîäàðñüêèìè ñò³÷íèìè
âîäàìè, à òàêîæ íàêîïè÷óþòüñÿ â íèõ â ðåçóëüòàò³ âíóòð³øíüîâîäîéìíèõ
ïðîöåñ³â.
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Íàéá³ëüø ïîâíî â³ääçåðêàëþº ã³äðîõ³ì³÷íèé ðåæèì áóäü-ÿêèõ âî-
äíèõ îá’ºêò³â ð³âåíü àçîòó ³ ôîñôîðó. Íàäì³ðíå íàäõîäæåííÿ ó âîäíó òîâ-
ùó öèõ åëåìåíò³â º ñâ³ä÷åííÿì á³îãåííîãî çàáðóäíåííÿ àáî òàê çâàíî¿ àí-
òðîïîãåííî¿ åâòðîô³êàö³¿.

Ïðîâåäåí³ ã³äðîõ³ì³÷í³ àíàë³çè çàñâ³ä÷èëè, ùî êîíöåíòðàö³ÿ àìî-
í³éíîãî àçîòó ó âîä³ ð. ²ðï³íü íà äîñë³äæóâàí³é ä³ëÿíö³ ïðîòÿãîì óñüîãî
ïåð³îäó ñïîñòåðåæåíü çíàõîäèëàñÿ â ìåæàõ 0,10—0,90 ìã N/äì3 (òàáë. 1).
Ïðè öüîìó éîãî íàéâèùà ñåðåäíÿ êîíöåíòðàö³ÿ çàðåºñòðîâàíà âçèìêó, à
íàéìåíøà — âë³òêó.

Íàéá³ëüøà êîíöåíòðàö³ÿ í³òðàòíîãî àçîòó ó âîä³ òàêîæ ñïîñòåð³ãàëà-
ñÿ âçèìêó ³ â ñåðåäíüîìó ñòàíîâèëà 1,20 ìã N/äì3, òîä³ ÿê âë³òêó âîíà áóëà
ó äâà ðàçè ìåíøîþ (0,61 ìã N/äì3) (äèâ. òàáë. 1). Òàê³ çì³íè êîíöåíòðàö³¿
í³òðàò-³îí³â, ÿê ³ ³îí³â àìîí³þ, îáóìîâëåí³, ïåðø çà âñå, âíóòð³øíüîâî-
äîéìíèìè ïðîöåñàìè, êîëè ö³ åëåìåíòè íàêîïè÷óþòüñÿ ó âîä³ â õîëîä-
íèé ïåð³îä âíàñë³äîê ì³íåðàë³çàö³¿ îðãàí³÷íèõ ðå÷îâèí. Â òåïëó ïîðó
ðîêó çà ìàêñèìàëüíî¿ àêòèâ³çàö³¿ á³îëîã³÷íèõ ïðîöåñ³â â³äáóâàºòüñÿ çíè-
æåííÿ ¿õíüî¿ ê³ëüêîñò³ âíàñë³äîê àêòèâíîãî ñïîæèâàííÿ âîäîðîñòÿìè
[16, 24].

Êîíöåíòðàö³ÿ í³òðèò³â, ÿê³ º ïðîì³æíèì ïðîäóêòîì ó öèêë³ àçîòî-
âì³ñíèõ ñïîëóê, â ñåðåäíüîìó êîëèâàëàñÿ â³ä 0,015 äî 0,026 ìã N/äì3 (äèâ.
òàáë. 1).

Ñåðåäíÿ êîíöåíòðàö³ÿ íåîðãàí³÷íîãî ôîñôîðó ó âîä³ ð. ²ðï³íü íà
äîñë³äæóâàí³é ä³ëÿíö³ âçèìêó, íàâåñí³ òà âîñåíè çíàõîäèëàñÿ â ìåæàõ
0,043—0,050 ìã/äì3, òîä³ ÿê âë³òêó âîíà ñòàíîâèëà 0,108 ìã/äì3 ç ìàêñèìà-
ëüíèì çíà÷åííÿì (0,195 ìã/äì3) ó ñåðïí³ (äèâ. òàáë. 1). Òàêå ÿâèùå ìîæíà

30

Øåâ÷åíêî Ò.Ô., Êëî÷åíêî Ï.Ä., Ñåðåäà Ò.Ì.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2024. 60(1)

Òàáëèöÿ 1
Õ³ì³÷í³ òà ô³çè÷í³ ïîêàçíèêè âîäè ð. ²ðï³íü

Ïîêàçíèêè
Ñåçîíè

çèìà âåñíà ë³òî îñ³íü

NH4
+ , ìã N/äì3 0 77 0 90

0 82

, ,

,

− 0 10 0 42

0 31

, ,

,

− 0 18 0 23

0 21

, ,

,

− 0 10 0 45

0 31

, ,

,

−

NO2
− , ìã N/äì3 0 012 0 024

0 018

, ,

,

− 0 012 0 018

0 015

, ,

,

− 0 009 0 042

0 025

, ,

,

− 0 014 0 040

0 026

, ,

,

−

NO3
− , ìã N/äì3 0 90 140

120

, ,

,

− 0 65 150

0 77

, ,

,

− 0 40 0 72

0 61

, ,

,

− 0 32 150

0 74

, ,

,

−

Ðíåîðã., ìã/äì3 0 037 0 060

0 045

, ,

,

− 0 010 0 100

0 043

, ,

,

− 0 040 0 195

0 108

, ,

,

− 0 038 0 072

0 050

, ,

,

−

ÁÎ, ìã Î/äì3 19 0 36 0

26 0

, ,

,

− 18 0 52 0

35 4

, ,

,

− 25 0 410

333

, ,

,

− 30 0 40 0

34 7

, ,

,

−

Òåìïåðàòóðà, oÑ 0 1 0 5

0 3

, ,

,

− 4 3 15 9

10 2

, ,

,

− 217 235

22 5

, ,

,

− 0 1 17 5

9 0

, ,

,

−

Ï ð è ì ³ ò ê à. Íàä ðèñêîþ — ãðàíè÷í³ âåëè÷èíè; ï³ä ðèñêîþ — ñåðåäí³ çíà÷åííÿ.



ïîÿñíèòè äâîìà ïðè÷èíàìè — íàäõîäæåííÿì ñïîëóê öüîãî åëåìåíòó ç
âîäîçá³ðíî¿ ïëîù³ ð³÷êîâîãî áàñåéíó àáî ¿õ ïîòðàïëÿííÿì ó âîäó ç àíòðî-
ïîãåííèõ äæåðåë.

Ñåçîííà äèíàì³êà çàãàëüíîãî âì³ñòó îðãàí³÷íèõ ðå÷îâèí, ÿêà îö³-
íþºòüñÿ âåëè÷èíîþ á³õðîìàòíî¿ îêèñíþâàíîñò³ (ÁÎ), õàðàêòåðèçóâàëàñü
íàñòóïíèìè ðèñàìè: ê³ëüê³ñòü çàçíà÷åíèõ õ³ì³÷íèõ ñïîëóê ó âîä³ áóëà
ïîì³òíî á³ëüøîþ ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó, éìîâ³ðíî, çà ðàõóíîê ¿¿
çáàãà÷åííÿ îðãàí³÷íèìè ðå÷îâèíàìè àâòîõòîííîãî ïîõîäæåííÿ (äèâ.
òàáë. 1).

Õàðàêòåðèñòèêà ô³òîïëàíêòîíó äîñë³äæóâàíî¿ ä³ëÿíêè ð. ²ðï³íü.
Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî ô³òîïëàíêòîí ð. ²ðï³íü õàðàêòåðè-
çóºòüñÿ çíà÷íèì âèäîâèì áàãàòñòâîì. Çàãàëîì áóëî çíàéäåíî 121 âèä âî-
äîðîñòåé ç äåâ’ÿòè â³ää³ë³â. Íàéá³ëüøó ê³ëüê³ñòü âèä³â âêëþ÷àëè Chloro-
phyta — 57 òà Bacillariophyta — 27. ¯õíÿ ÷àñòêà ñòàíîâèëà â³äïîâ³äíî 47,1
òà 22,3 % çàãàëüíî¿ ê³ëüêîñò³ âèä³â. Euglenophyta (16 âèä³â) òà Cyanoproka-
ryota (11 âèä³â) çíà÷íî ïîñòóïàëèñÿ ïåðøèì äâîì â³ää³ëàì. ¯õíÿ ÷àñòêà
áóëà íèæ÷îþ — â³äïîâ³äíî 13,2 òà 9,1 %. Â³ää³ëè Dinophyta, Cryptophyta,
Chrysophyta, Xanthophyta òà Charophyta ïðåäñòàâëåí³ 1—3 âèäàìè. ¯õíÿ
÷àñòêà êîëèâàëàñÿ â ìåæàõ â³ä 0,8 äî 2,5 % çàãàëüíî¿ ê³ëüêîñò³ âèä³â (òàáë.
2).

Ñåðåä çåëåíèõ âîäîðîñòåé ïåðåâàæàëè ïðåäñòàâíèêè êëàñó Chloro-
phyceae, ïîðÿäêó Sphaeropleales, ðîäèíè Scenedesmaceae òà ðîä³â Acuto-
desmus (E. Hegew.) P. Tsarenko, Desmodesmus (Chodat) An et al. ³ Scenedes-
mus Meyen.

Îñíîâó âèäîâîãî áàãàòñòâà ä³àòîìîâèõ âîäîðîñòåé ñòàíîâèëè ïðåä-
ñòàâíèêè êëàñó Bacillariophyceae, ïîðÿäê³â Fragilariales, Cymbellales, Navi-
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Òàáëèöÿ 2
Òàêñîíîì³÷íà ñòðóêòóðà ô³òîïëàíêòîíó ð. ²ðï³íü

Â³ää³ëè Êëàñè Ïîðÿäêè Ðîäèíè Ðîäè Âèäè
×àñòêà (%)
çàãàëüíî¿

ê³ëüêîñò³ âèä³â

Cyanoprokaryota 2 3 6 8 11 9,1

Euglenophyta 1 1 1 4 16 13,2

Chrysophyta 1 2 2 2 3 2,5

Xanthophyta 1 2 2 2 2 1,7

Bacillariophyta 3 9 11 18 27 22,3

Dinophyta 1 1 1 1 1 0,8

Cryptophyta 1 1 1 1 3 2,5

Chlorophyta 2 5 11 37 57 47,1

Charophyta 1 1 1 1 1 0,8

Âñüîãî 13 25 36 74 121 100



culales òà Bacillariales, ðîäèí Fragilariaceae, Cymbellaceae, Naviculaceae òà
Bacillariaceae, à òàêîæ ðîä³â Navicula Bory òà Nitzschia Hassal.

Åâãëåíîô³òîâ³ âîäîðîñò³ ïðåäñòàâëåí³ êëàñîì Euglenophyceae, ïîðÿä-
êîì Euglenales òà ðîäèíîþ Euglenaceae, ñåðåä ÿêèõ ïåðåâàæàëè ðîäè Eu-
glena Ehrenb. ³ Trachelomonas Ehrenb.

Ïðåäñòàâíèêè ñèíüîçåëåíèõ âîäîðîñòåé íàëåæàòü äî äâîõ êëàñ³â
Cyanophyceae òà Hormogoniophyceae. Íàéá³ëüøó ê³ëüê³ñòü âèä³â âêëþ÷àâ
ïîðÿäîê Chroococcales, ðîäèíè Merismopediaceae ³ Microcystaceae òà ð³ä
Microcystis K�tz. ex Lemmerm.

Äèíîô³òîâ³, êðèïòîô³òîâ³, çîëîòèñò³, æîâòîçåëåí³ òà õàðîô³òîâ³ âî-
äîðîñò³ âêëþ÷àëè íåçíà÷íó ê³ëüê³ñòü âèä³â. Ñåðåä íèõ âàðòî çàçíà÷èòè
ïðåäñòàâíèê³â ðîä³â Peridiniopsis Lemmerm. (Dinophyta), Cryptomonas Eh-
renb. (Cryptophyta), Kephyrion Pascher (Chrysophyta), Goniochloris Geitler
(Xanthophyta) òà Cosmarium Corda ex Ralfs (Charophyta).

Äî ÷èñëà ïðîâ³äíèõ ðîäèí, ùî ì³ñòÿòü 57,9 % çàãàëüíî¿ ê³ëüêîñò³
âèä³â ïëàíêòîííèõ âîäîðîñòåé ð. ²ðï³íü, âõîäèëè Scenedesmaceae (22
âèäè), Euglenaceae (16), Oocystaceae (8), Fragilariaceae (8), Hydrodictiaceae
(7), Selenastraceae (7) òà Chlorellaceae (5).

Äî ïðîâ³äíèõ ðîä³â, ùî âèçíà÷àþòü îñíîâó âèäîâîãî áàãàòñòâà ô³òî-
ïëàíêòîíó ð. ²ðï³íü (38,9 %), âõîäèëè Desmodesmus (6 âèä³â), Euglena (6),
Trachelomonas (6), Acutodesmus (4), Nitzschia (4), Navicula (3), Tetraedron
K�tz. (3), Tetrastrum Chodat (3), Monoraphidium Kom�rk.-Legn. (3) òà Mic-
rocystis (3).

Â çàëåæíîñò³ â³ä ñåçîíó ðîêó âèäîâèé ñêëàä ïëàíêòîííèõ âîäîðîñòåé
çíà÷íî çì³íþâàâñÿ, ùî ï³äòâåðäæóºòüñÿ äîñèòü íèçüêèìè çíà÷åííÿìè
êîåô³ö³ºíòà ôëîðèñòè÷íî¿ ïîä³áíîñò³ (â ñåðåäíüîìó 53 %). Íàéá³ëüø
ñóòòºâî â³äð³çíÿâñÿ âèäîâèé ñêëàä ô³òîïëàíêòîíó ó çèìîâèé ïåð³îä ïðè
ïîð³âíÿíí³ ç ³íøèìè ñåçîíàìè (ÊÔÏ = 38—48 %). Íàâåñí³ â³í áóâ á³ëüø
ïîä³áíèì äî âèäîâîãî ñêëàäó ë³òíüîãî òà îñ³ííüîãî ô³òîïëàíêòîíó (ÊÔÏ
= 61 òà 58 %, â³äïîâ³äíî) ³ íàéá³ëüø ïîä³áíèì — âë³òêó ïðè ïîð³âíÿíí³ ç
îñ³íí³ì ïåð³îäîì (ÊÔÏ = 71 %).

Ðîçïîä³ë ê³ëüêîñò³ âèä³â ïëàíêòîííèõ âîäîðîñòåé ïðîòÿãîì ðîêó áóâ
äóæå íåð³âíîì³ðíèì (ðèñ. 1). Âçèìêó ê³ëüê³ñòü âèä³â ô³òîïëàíêòîíó çì³-
íþâàëàñü â³ä 12 äî 14 ³ â ñåðåäíüîìó ñòàíîâèëà 13. Íàâåñí³ ê³ëüê³ñòü âèä³â
çíà÷íî çðîñëà (30—39) ³ â ñåðåäíüîìó ñòàíîâèëà 34. Âë³òêó ê³ëüê³ñòü âèä³â
çíàõîäèëàñü â ìåæàõ 37—48 (â ñåðåäíüîìó — 42), à âîñåíè êîëèâàëàñü â³ä
17 äî 46 (â ñåðåäíüîìó — 36) ³ áóëà íàéìåíøîþ ó ëèñòîïàä³. Ó õîëîäíèé
ïåð³îä ðîêó (ç ëèñòîïàäà äî êâ³òíÿ) çà ê³ëüê³ñòþ âèä³â ïåðåâàæàëè ïðåä-
ñòàâíèêè ä³àòîìîâèõ âîäîðîñòåé, ÷àñòêà ÿêèõ ñòàíîâèëà 42,8—55,5 %, à ó
òåïëèé (ç òðàâíÿ äî æîâòíÿ) — çåëåí³ âîäîðîñò³ (50,0—66,5 %) (ðèñ. 2).

Ðîçïîä³ë ÷èñåëüíîñò³ ô³òîïëàíêòîíó ïðîòÿãîì ðîêó òàêîæ áóâ äóæå
íåð³âíîì³ðíèì (äèâ. ðèñ. 1). Íàéíèæ÷³ ïîêàçíèêè ñïîñòåð³ãàëè âçèìêó —
485—775 òèñ. êë/äì3. Íàâåñí³ ÷èñåëüí³ñòü ô³òîïëàíêòîíó áóëà çíà÷íî âè-
ùîþ ³ ïîñòóïîâî çðîñòàëà ³ç áåðåçíÿ (1265 òèñ. êë/äì3) äî òðàâíÿ
(2552 òèñ. êë/äì3). Çíà÷íèé ï³äéîì ÷èñåëüíîñò³ ïëàíêòîííèõ âîäîðîñòåé
ñïîñòåð³ãàëè âë³òêó. Ó ÷åðâí³ ¿¿ çíà÷åííÿ ñòàíîâèëè 6280 òèñ. êë/äì3, ó
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Ðèñ. 1. Âèäîâå áàãàòñòâî (à), ÷èñåëüí³ñòü (á) òà á³îìàñà (â) ô³òîïëàíêòîíó ð. ²ðï³íü
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Ðèñ. 2. Ñòðóêòóðà âèäîâîãî áàãàòñòâà (à), ÷èñåëüíîñò³ (á) òà á³îìàñè (â) ô³òîïëàíêòî-
íó ð. ²ðï³íü: 1 — Cyanoprokaryota, 2 — Bacillariophyta, 3 — Chlorophyta, 4 — Eugleno-
phyta, 5 — Dinophyta, 6 — ³íø³



ëèïí³ — 7992 òèñ. êë/äì3, à ó ñåðïí³ — 6750 òèñ. êë/äì3. Ìàêñèìàëüíó ÷è-
ñåëüí³ñòü ô³òîïëàíêòîíó ñïîñòåð³ãàëè âîñåíè (ó âåðåñí³), êîëè ¿¿ çíà÷åííÿ
äîñÿãàëè 19480 òèñ. êë/äì3. Îñ³íí³é ï³ê ÷èñåëüíîñò³ ô³òîïëàíêòîíó áóâ
çóìîâëåíèé ³íòåíñèâíèì ðîçâèòêîì ñèíüîçåëåíèõ âîäîðîñòåé ç äîì³íó-
âàííÿì Aphanizomenon flos-aquae (L.) Ralfs, ùî íàëåæèòü äî çáóäíèê³â
«öâ³ò³ííÿ» âîäè. Ó æîâòí³ ÷èñåëüí³ñòü ñòàíîâèëà 6090 òèñ. êë/äì3, à ó ëèñ-
òîïàä³ çíà÷íî çìåíøèëàñÿ äî 1285 òèñ. êë/äì3. Ó çèìîâèé ïåð³îä òà íà ïî-
÷àòêó âåñíè ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³ (57,7—81,9 %), à ïî÷èíàþ÷è
³ç òðàâíÿ — çåëåí³ (43,1—68,6 %) (äèâ. ðèñ. 2). Ëèøå ó ëèïí³ òà âåðåñí³
ïðîâ³äíà ðîëü íàëåæàëà ñèíüîçåëåíèì âîäîðîñòÿì (56,2 òà 60,5 %).

Äèíàì³êà á³îìàñè ô³òîïëàíêòîíó ïðîòÿãîì ðîêó áóëà ïîä³áíîþ äî
äèíàì³êè éîãî ÷èñåëüíîñò³. Íàéíèæ÷³ ¿¿ ïîêàçíèêè çàðåºñòðîâàí³ ó çèìî-
âèé ïåð³îä — 0,100—0,250 ìã/äì3 (äèâ. ðèñ. 1). Íàâåñí³ á³îìàñà ô³òîïëàí-
êòîíó áóëà çíà÷íî âèùîþ ³ ïîñòóïîâî çðîñòàëà ³ç áåðåçíÿ (0,597 ìã/äì3)
äî òðàâíÿ (2,094 ìã/äì3). Âë³òêó ¿¿ çíà÷åííÿ ñòàíîâèëè 2,193—
2,300 ìã/äì3. Ìàêñèìàëüíà á³îìàñà ô³òîïëàíêòîíó, çóìîâëåíà ³íòåíñèâ-
íèì ðîçâèòêîì çåëåíèõ (44,1 %) òà ñèíüîçåëåíèõ (20,0 %) âîäîðîñòåé
çàðåºñòðîâàíà âîñåíè (ó âåðåñí³) — 5,143 ìã/äì3. Ïðè öüîìó äîì³íóâàëè
Aphanizomenon flos-aquae, Peridiniopsis quadridens (F. Stein) Bourr., Euglena
caudata H�bner òà Desmodesmus communis (E. Hegew.) E. Hegew. Ó æîâòí³
á³îìàñà ô³òîïëàíêòîíó ñòàíîâèëà 2,040 ìã/äì3 ³ ó ëèñòîïàä³ çíà÷íî çìåí-
øèëàñÿ äî 0,617 ìã/äì3. Ó õîëîäíèé ïåð³îä ðîêó (ç æîâòíÿ äî òðàâíÿ) çà
á³îìàñîþ ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³, ÷àñòêà ÿêèõ ñòàíîâèëà 43,0—
68,6 %, ³ ëèøå âë³òêó òà ó âåðåñí³ — çåëåí³ âîäîðîñò³ (34,0—61,0 %) (äèâ.
ðèñ. 2).

Äîì³íóþ÷èé êîìïëåêñ ô³òîïëàíêòîíó, äî ñêëàäó ÿêîãî âõîäèëî 19
âèä³â âîäîðîñòåé ³ç øåñòè â³ää³ë³â (Cyanoprokaryota, Euglenophyta, Bacil-
lariophyta, Dinophyta, Cryptophyta ³ Chlorophyta), ñóòòºâî çì³íþâàâñÿ
ïðîòÿãîì ðîêó (òàáë. 3). Íàéá³ëüøå â³äð³çíÿâñÿ âèäîâèé ñêëàä äîì³íàíò³â
âçèìêó ïðè éîãî ïîð³âíÿíí³ ³ç âåñíÿíèì, ë³òí³ì òà îñ³íí³ì ïåð³îäîì, à òà-
êîæ íàâåñí³ òà âë³òêó (ÊÔÏ = 22—40 %). Íàâåñí³ ³ âîñåíè, à òàêîæ âë³òêó
òà âîñåíè â³í áóâ äîñèòü ïîä³áíèì (ÊÔÏ = 59 % òà 60 %, â³äïîâ³äíî). Â ñå-
ðåäíüîìó çíà÷åííÿ ÊÔÏ ñòàíîâèëî 41 %.

Ó õîëîäíèé ïåð³îä ðîêó çà ÷èñåëüí³ñòþ äîì³íóâàëè ïåðåâàæíî ä³àòî-
ìîâ³ âîäîðîñò³. ×àñòîòà äîì³íóâàííÿ Stephanodiscus hantzschii Grunow
ñòàíîâèëà 67 %, à Aulacoseira granulata (Ehrenb.) Simonsen — 25 %. Âë³òêó
òà ó âåðåñí³ ³ æîâòí³ äî ñêëàäó äîì³íàíò³â çà ÷èñåëüí³ñòþ âõîäèëè ñèíüî-
çåëåí³ âîäîðîñò³ — Aphanizomenon flos-aquae (÷àñòîòà äîì³íóâàííÿ ñòà-
íîâèëà 42 %), Microcystis aeruginosa (K�tz.) K�tz. (17 %) òà Microcystis pulve-
rea (Wood) Forti emend Elenkin (8 %). Çåëåí³ âîäîðîñò³ äîì³íóâàëè çà ÷è-
ñåëüí³ñòþ â óñ³ ñåçîíè, àëå ñïîðàäè÷íî ëèøå â îêðåì³ ì³ñÿö³ (÷àñòîòà ¿õ
äîì³íóâàííÿ íå ïåðåâèùóâàëà 17 %) (òàáë. 3).

Çà á³îìàñîþ ïðîòÿãîì ìàéæå âñüîãî ðîêó äîì³íóâàëè ä³àòîìîâ³ âîäî-
ðîñò³. ×àñòîòà äîì³íóâàííÿ Stephanodiscus hantzschii ñòàíîâèëà 83 %, Au-
lacoseira granulata — 33 %, à Cymatopleura solea (Br�b.) W. Sm. — 25 %. Ïî-
÷èíàþ÷è ç êâ³òíÿ ³ äî ëèñòîïàäà äî ñêëàäó äîì³íóþ÷îãî êîìïëåêñó âõîäè-
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ëè äèíîô³òîâ³ âîäîðîñò³ — Peridiniopsis quadridens (67 %). Êðèïòîô³òîâ³
âîäîðîñò³ äîì³íóâàëè ó ëþòîìó (Cryptomonas ovata Ehrenb.) ³ áåðåçí³
(Cryptomonas caudata J. Schiller). ×àñòîòà ¿õ äîì³íóâàííÿ áóëà íèçüêîþ —
8 %. Âë³òêó òà ó âåðåñí³ äî ñêëàäó äîì³íàíò³â çà á³îìàñîþ âõîäèëè ñèíüî-
çåëåí³ âîäîðîñò³ — Aphanizomenon flos-aquae (33 %). Åâãëåíîô³òîâ³ âîäî-
ðîñò³ âõîäèëè äî ñêëàäó äîì³íóþ÷îãî êîìïëåêñó ó òðàâí³ (Euglena caudata
³ Trachelomonas volvocina Ehrenb.) òà ó âåðåñí³ (Euglena caudata). ×àñòîòà
¿õ äîì³íóâàííÿ íå ïåðåâèùóâàëà 17 %. Çåëåí³ âîäîðîñò³ äîì³íóâàëè çà
á³îìàñîþ â óñ³ ñåçîíè, àëå ëèøå â îêðåì³ ì³ñÿö³ (÷àñòîòà ¿õ äîì³íóâàííÿ íå
ïåðåâèùóâàëà 25 %) (äèâ. òàáë. 3).

Ïðîâåäåíèé á³î³íäèêàö³éíèé àíàë³ç ïîêàçàâ, ùî ñåðåä çíàéäåíèõ îð-
ãàí³çì³â 118 âèä³â (98 % çàãàëüíî¿ ê³ëüêîñò³) º ³íäèêàòîðàìè óìîâ íàâêî-
ëèøíüîãî ñåðåäîâèùà, à ñàìå: ì³ñöåçðîñòàííÿ — 118 âèä³â, ïðîòî÷íîñò³
òà íàñè÷åííÿ âîäè êèñíåì — 76, òåìïåðàòóðíîãî ðåæèìó — 29, àêòèâíî¿
ðåàêö³¿ ñåðåäîâèùà — 51, ñîëîíîñò³ âîäè — 83, òèïó æèâëåííÿ òà â³äíî-
øåííÿ äî êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê — 18, òðîô³÷íî-
ãî ñòàòóñó âîäîéì — 20, îðãàí³÷íîãî çàáðóäíåííÿ — 99 âèä³â (çà Ð. Ïàíòëå
òà Ã. Áóê) òà 22 âèä³â (çà Ò. Âàòàíàáå).

Íà äîñë³äæóâàí³é ä³ëÿíö³ ð. ²ðï³íü çà ïðèóðî÷åí³ñòþ äî ì³ñöåçðî-
ñòàííÿ ïåðåâàæàëè ïëàíêòîííî-áåíòîñí³ (Acutodesmus acuminatus (La-
gerh.) P. Tsarenko, Crucigeniella irregularis (Wille) P. Tsarenko et D.M. John,
Desmodesmus abundans (Kirchn.) E. Hegew. òà ³í.) òà ïëàíêòîíí³ (Aphanizo-
menon flos-aquae, Microcystis pulverea, Peridiniopsis quadridens òà ³í.) îð-
ãàí³çìè. ¯õíÿ ÷àñòêà ó çàãàëüí³é ê³ëüêîñò³ âèä³â — ³íäèêàòîð³â ì³ñöåçðî-
ñòàííÿ ñòàíîâèëà â³äïîâ³äíî 49,3 òà 34,7 %. ×àñòêà áåíòîñíèõ îðãàí³çì³â
(Amphora ovalis (K�tz.) K�tz., Gomphoneis olivaceum (Horn) Dawes ex
R. Ross et P.A. Sims, Nitzschia vermicularis (K�tz.) Hantzsch òà ³í.) áóëà çíà÷-
íî íèæ÷îþ — 16,0 %.

Ïðåäñòàâíèêè ïîâ³ëüíî òåêó÷èõ âîä ³ç ïîì³ðíèì íàñè÷åííÿì êèñíåì
(Monoraphidium irregulare (G. Sm.) Kom�rk.-Legn., Acutodesmus pectinatus
(Meyen) P. Tsarenko, Desmodesmus intermedius (Chodat) E. Hegew. òà ³í.)
ñóòòºâî ïåðåâàæàëè ñåðåä âèä³â — ³íäèêàòîð³â ïðîòî÷íîñò³ (84,9 %). ×à-
ñòêà ³íäèêàòîð³â ñòîÿ÷èõ âîä ñòàíîâèëà 15,1 %, à ïðåäñòàâíèêè øâèäêî
òåêó÷èõ âîä âçàãàë³ íå áóëè âèÿâëåí³.

Ñåðåä âîäîðîñòåé — ³íäèêàòîð³â òåìïåðàòóðíîãî ðåæèìó ïåðåâàæà-
ëè ïðåäñòàâíèêè ïîì³ðíî òåïëèõ âîä — Navicula cryptocephala K�tz., Nitz-
schia acicularis (K�tz.) W. Sm., Synedra ulna (Nitzsch) Ehrenb. òà ³í. (41,2 %) ³
åâðèòåðìí³ îðãàí³çìè — Phacus caudatus H�bner, Trachelomonas interme-
dia P.A. Dang., Trachelomonas volvocina òà ³í. (41,2 %). ×àñòêà õîëîäîëþá-
íèõ âèä³â ñòàíîâèëà 15,8 %.

Ñåðåä âèä³â — ³íäèêàòîð³â àêòèâíî¿ ðåàêö³¿ ñåðåäîâèùà íàéá³ëüøîþ
ê³ëüê³ñòþ (50,0 %) ïðåäñòàâëåí³ ³íäèôåðåíòè (Coelastrum microporum N�-
geli, Crucigenia tetrapedia (Kirchn.) W. et G.S. West, Acutodesmus obliquus
(Turp.) P. Tsarenko òà ³í.). Ñóòòºâèì áóâ ³ âíåñîê àëêàë³ô³ë³â (38,9 %), ñå-
ðåä ÿêèõ íàé÷àñò³øå çóñòð³÷àëèñü Asterionella formosa Hass., Aulacoseira

38

Øåâ÷åíêî Ò.Ô., Êëî÷åíêî Ï.Ä., Ñåðåäà Ò.Ì.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2024. 60(1)



granulata, Nitzschia acicula-
ris òà ³í. ×àñòêà àëêàë³-
á³îíò³â ñòàíîâèëà 8,3 %, à
àöèäîô³ë³â — 2,8 % (ðèñ. 3).

Ïåðåâàæàþ÷îþ ãðóïîþ
ñåðåä ³íäèêàòîð³â ñîëîíîñ-
ò³ âîäè áóëè ³íäèôåðåíòè
(Microcystis pulverea, Sno-
wella lacustris (Chodat) Ko-
m�rek et Hind�k, Actinast-
rum hantzschii Lagerh. òà
³í.), ÷àñòêà ÿêèõ ñòàíîâèëà
88,1 %. Âíåñîê ãàëîô³ë³â,
ìåçîãàëîá³â òà îë³ãîãàëîá³â
áóâ çíà÷íî íèæ÷èì — â³ä-
ïîâ³äíî 6,8 %, 3,4 % òà 1,7 %.

Ñåðåä ³íäèêàòîð³â òðî-
ô³÷íîãî ð³âíÿ âîä çíàéäåí³
ïðåäñòàâíèêè ìåçîòðîôíèõ, ìåçî-åâòðîôíèõ, åâòðîôíèõ òà ã³ïåðòðîô-
íèõ âîä, à òàêîæ âèäè, ùî çóñòð³÷àþòüñÿ â øèðîêèõ ìåæàõ òðîôíîñò³.
Íàéá³ëüøîþ âèÿâèëàñÿ ÷àñòêà ³íäèêàòîð³â åâòðîôíèõ (Aulacoseira granu-
lata, Nitzschia acicularis òà ³í.) — 50,0 % ³ çíà÷íî ìåíøîþ — ìåçî-åâòðîô-
íèõ (14,3 %), ã³ïåðòðîôíèõ (14,3 %) ³ ìåçîòðîôíèõ (7,2 %) âîä, à òàêîæ
âèä³â, ùî çóñòð³÷àþòüñÿ â øèðîêèõ ìåæàõ òðîôíîñò³ (7,2 %) (ðèñ. 4).

Ñèñòåìà ³íäèêàö³¿ òèïó æèâëåííÿ, ðîçðîáëåíà Ã. Âàí Äàìîì ³ç ñï³âàâ-
òîðàìè [35], áàçóºòüñÿ íà ³íäèêàòîðíèõ âëàñòèâîñòÿõ ä³àòîìîâèõ âîäîðî-
ñòåé, çîêðåìà ¿õíüîãî æèâëåííÿ òà â³äíîøåííÿ äî ê³ëüêîñò³ ó âîä³ àçî-
òîâì³ñíèõ îðãàí³÷íèõ ñïîëóê. Ðåçóëüòàòè ïðîâåäåíîãî àíàë³çó ñâ³ä÷àòü
ïðî òå, ùî ó òîâù³ âîäè äîñë³äæóâàíî¿ ä³ëÿíêè ð. ²ðï³íü íàéá³ëüøîþ
ê³ëüê³ñòþ âèä³â áóëè
ïðåäñòàâëåí³ àâòîòðîôè,
ùî âèòðèìóþòü ï³äâè-
ùåíó êîíöåíòðàö³þ àçî-
òîâì³ñíèõ îðãàí³÷íèõ
ñïîëóê ó âîä³ (76,9 %). Ñå-
ðåä íèõ íàéá³ëüø ÷àñòî
çóñòð³÷àëèñü Aulacoseira
granulata, Aulacoseira ita-
lica (Ehrenb.) Simonsen,
Asterionella formosa òà ³í.
×àñòêà àâòîòðîô³â, ùî
âèòðèìóþòü ëèøå íèçü-
êó êîíöåíòðàö³þ àçîòî-
âì³ñíèõ îðãàí³÷íèõ ñïî-
ëóê ó âîä³ (7,7 %), ôàêóëü-
òàòèâíèõ ãåòåðîòðîô³â,
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Ðèñ. 3. Ðîçïîä³ë âîäîðîñòåé — ³íäèêàòîð³â ðÍ
âîäè: acf — àöèäîô³ëè; ind — ³íäèôåðåíòè; alf —
àëêàë³ô³ëè; alb — àëêàë³á³îíòè

Ðèñ. 4. Ðîçïîä³ë âîäîðîñòåé — ³íäèêàòîð³â ð³âíÿ
òðîôíîñò³ âîä: m — ìåçîòðîôíèõ; m-e — ìåçî-åâ-
òðîôíèõ: å — åâòðîôíèõ; he — ã³ïåðòðîôíèõ; î-å —
îë³ãî-åâòðîôíèõ



ùî ïîòðåáóþòü ïåð³îäè÷íîãî ï³äâèùåííÿ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îð-
ãàí³÷íèõ ñïîëóê (7,7 %), à òàêîæ îáë³ãàòíèõ ãåòåðîòðîô³â, ùî ïîòðåáóþòü
ïîñò³éíîãî ï³äâèùåííÿ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó
âîä³ (7,7 %) áóëà çíà÷íî íèæ÷îþ (ðèñ. 5).

Ó ñèñòåì³ ³íäèêàö³¿ îðãàí³÷íîãî çàáðóäíåííÿ, çàïðîïîíîâàí³é Ò. Âà-
òàíàáå [38], âèäè-³íäèêàòîðè ðîçïîä³ëÿþòüñÿ íà òðè ãðóïè: ñàïðîêñåíè
— ìåøêàíö³ ÷èñòèõ âîä, åâðèñàïðîáè — ìåøêàíö³ ïîì³ðíî çàáðóäíåíèõ
âîä ³ ñàïðîô³ëè — ìåøêàíö³ çàáðóäíåíèõ âîä. Íà äîñë³äæóâàí³é ä³ëÿíö³
ð³÷êè ïåðåâàæàëè åâðèñàïðáè (80,0 %), ïðåäñòàâëåí³, çîêðåìà, Stephano-
discus hantschii, Synedra acus K�tz., Aulacoseira granulata òà ³í. ×àñòêà ñàï-
ðîêñåí³â ñòàíîâèëà 13,3 %, à ñàïðîô³ë³â — 6,7 %.

Ñåðåä ³íäèêàòîð³â îðãàí³÷íîãî çàáðóäíåííÿ (çà ñèñòåìîþ Ð. Ïàíòëå
òà Ã. Áóê) [26] çíàéäåí³ âèäè âîäîðîñòåé, ùî íàëåæàòü äî ÷îòèðüîõ îñíîâ-
íèõ ãðóï: îë³ãîñàïðîá³îíò³â, áåòà-ìåçîñàïðîá³îíò³â, àëüôà-ìåçîñàïðî-
á³îíò³â ³ ïîë³ñàïðîá³îíò³â. Íàéá³ëüøîþ ê³ëüê³ñòþ âèä³â áóëè ïðåäñòàâ-
ëåí³ áåòà-ìåçîñàïðîáí³ îðãàí³çìè — 71,4 %. Ñåðåä íèõ íàé÷àñò³øå çóñò-
ð³÷àëèñü Aphanizomenon flos-aquae, Microcystis aeruginosa, Coelastrum
sphaericum N�geli òà ³í. ×àñòêà îë³ãîñàïðîá³îíò³â ñòàíîâèëà 14,3 %, àëü-
ôà-ìåçîñàïðîá³îíò³â — 8,6 %, à ïîë³ñàïðîá³îíò³â — 5,7 % (ðèñ. 6).

Òàêèì ÷èíîì, ðåçóëüòàòè ïðîâåäåíîãî á³î³íäèêàö³éíîãî àíàë³çó ïî-
êàçàëè, ùî íà äîñë³äæóâàí³é ä³ëÿíö³ ð. ²ðï³íü íàéá³ëüøîþ ê³ëüê³ñòþ âè-
ä³â ïðåäñòàâëåí³ ïëàíêòîííî-áåíòîñí³ òà ïëàíêòîíí³ îðãàí³çìè. Ñåðåä
âèä³â — ³íäèêàòîð³â ïðîòî÷íîñò³ ïåðåâàæàëè ìåøêàíö³ ïîâ³ëüíî òåêó÷èõ
âîä, òåìïåðàòóðíîãî ðåæèìó — ïðåäñòàâíèêè ïîì³ðíî òåïëèõ âîä òà åâ-
ðèòåðìí³ îðãàí³çìè, àêòèâíî¿ ðåàêö³¿ ñåðåäîâèùà òà ñîëîíîñò³ — ³íäèôå-
ðåíòí³ îðãàí³çìè. ²íäèêàòîðè òèïó æèâëåííÿ áóëè ïðåäñòàâëåí³ ïåðå-
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Ðèñ. 5. Ðîçïîä³ë âîäîðîñòåé — ³íäèêàòîð³â òèïó æèâëåííÿ ³ â³äíîøåííÿ äî êîíöåíò-
ðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê (ÀÎÑ): ats — àâòîòðîôè, ÿê³ âèòðèìóþòü
ëèøå íèçüê³ êîíöåíòðàö³¿ ÀÎÑ; ate — àâòîòðîôè, ÿê³ âèòðèìóþòü ï³äâèùåí³ êîí-
öåíòðàö³¿ ÀÎÑ; hne — ôàêóëüòàòèâí³ ãåòåðîòðîôè, ÿêèì íåîáõ³äíå ïåð³îäè÷íå ï³ä-
âèùåííÿ êîíöåíòðàö³¿ ÀÎÑ; hce — îáë³ãàòí³ ãåòåðîòðîôè, ÿêèì íåîáõ³äí³ ïîñò³éíî
ï³äâèùåí³ êîíöåíòðàö³¿ ÀÎÑ



âàæíî àâòîòðîôàìè, ùî âèòðèìóþòü ï³äâèùåíó êîíöåíòðàö³þ àçîòî-
âì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³. Ñåðåä ³íäèêàòîð³â îðãàí³÷íîãî çàáðóä-
íåííÿ äîì³íóâàëè áåòà-ìåçîñàïðîá³îíòè òà åâðèñàïðîáè, à ñåðåä ³íäèêà-
òîð³â òðîô³÷íîãî ð³âíÿ — ìåøêàíö³ åâòðîôíèõ âîä.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Â çàëåæíîñò³ â³ä ñåçîíó ðîêó âèäîâèé ñêëàä ïëàíêòîííèõ âîäîðîñòåé
çíà÷íî çì³íþâàâñÿ, ùî ï³äòâåðäæóºòüñÿ äîñèòü íèçüêèìè çíà÷åííÿìè
êîåô³ö³ºíòà ôëîðèñòè÷íî¿ ïîä³áíîñò³ (â ñåðåäíüîìó 53 %).

Âåãåòàö³þ çåëåíèõ òà ä³àòîìîâèõ âîäîðîñòåé ñïîñòåð³ãàëè ïðîòÿãîì
óñüîãî ðîêó, åâãëåíîô³òîâèõ — òàêîæ ìàéæå óâåñü ð³ê çà âèêëþ÷åííÿì
ñ³÷íÿ òà ëþòîãî. Ïðåäñòàâíèêè Cyanoprokaryota çàðåºñòðîâàí³ âë³òêó òà ó
âåðåñí³ ³ æîâòí³. Äèíîô³òîâ³ âîäîðîñò³ çóñòð³÷àëèñÿ íàâåñí³ (ó êâ³òí³ ³
òðàâí³), à òàêîæ ïðîòÿãîì âñüîãî ë³òíüîãî òà îñ³ííüîãî ïåð³îä³â. Ïðåä-
ñòàâíèêè Cryptophyta çíàéäåí³ â óñ³ ñåçîíè ðîêó, àëå ò³ëüêè â îêðåì³
ì³ñÿö³. Âåãåòàö³þ çîëîòèñòèõ âîäîðîñòåé â³äì³÷àëè ç áåðåçíÿ ïî ÷åðâåíü.
Æîâòîçåëåí³ âîäîðîñò³ òðàïëÿëèñÿ ç êâ³òíÿ ïî ÷åðâåíü, à òàêîæ ó ñåðïí³ ³
âåðåñí³. Charophyta çíàéäåí³ ëèøå ó áåðåçí³.

Ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó ô³òîïëàíêòîíó ïðîòÿãîì ðîêó òàêîæ
çíà÷íî âàð³þâàëè. Íàéìåíøó ê³ëüê³ñòü âèä³â (25), à òàêîæ íàéíèæ÷³ çíà-
÷åííÿ ÷èñåëüíîñò³ òà á³îìàñè (â ñåðåäíüîìó 662 òèñ. êë/äì3 ³ 0,165 ìã/äì3)
ô³òîïëàíêòîíó ðåºñòðóâàëè âçèìêó. Íàâåñí³ ê³ëüê³ñòü âèä³â ïëàíêòîííèõ
âîäîðîñòåé (80), à òàêîæ ¿õíÿ ÷èñåëüí³ñòü ³ á³îìàñà (â ñåðåäíüîìó
1767 òèñ. êë/äì3 ³ 1,180 ìã/äì3) çíà÷íî çðîñëè. Íàéá³ëüøà ê³ëüê³ñòü âèä³â
(83) â³äì³÷åíà â ë³òí³é ïåð³îä, ïðè öüîìó ÷èñåëüí³ñòü ïëàíêòîííèõ âîäî-
ðîñòåé â ñåðåäíüîìó ñòàíîâèëà 7007 òèñ. êë/äì3, à á³îìàñà — 2,239 ìã/äì3.
Âîñåíè ê³ëüê³ñòü âèä³â ïëàíêòîííèõ âîäîðîñòåé çìåíøèëàñü äî 63, ïðîòå
íàéâèù³ çíà÷åííÿ ÷èñåëüíîñò³ ³ á³îìàñè (â ñåðåäíüîìó 8952 òèñ. êë/äì3 ³
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Ðèñ. 6. Ðîçïîä³ë âîäîðîñòåé — ³íäèêàòîð³â îðãàí³÷íîãî çàáðóäíåííÿ (çà Ï. Ïàíòëå ³
Ã. Áóê) ì³æ îñíîâíèìè ãðóïàìè: I — ο-ñàïðîá³îíòè (³íäåêñ ñàïðîáíîñò³ S = 0,5—1,5);
II — β-ìåçîñàïðîá³îíòè (S = 1,5—2,5); III — α-ìåçîñàïðîá³îíòè (S = 2,5—3,5); IV —
ρ-ñàïðîá³îíòè (S = 3,5—4,0)



2,600 ìã/äì3) çàðåºñòðîâàí³ ñàìå â öåé ïåð³îä. Îñ³íí³é ï³ê ÷èñåëüíîñò³
ô³òîïëàíêòîíó áóâ çóìîâëåíèé ³íòåíñèâíèì ðîçâèòêîì ñèíüîçåëåíèõ
âîäîðîñòåé ç äîì³íóâàííÿì Aphanizomenon flos-aquae, ùî íàëåæèòü äî
çáóäíèê³â «öâ³ò³ííÿ» âîäè, à ìàêñèìóì á³îìàñè ô³òîïëàíêòîíó — ³íòåí-
ñèâíèì ðîçâèòêîì çåëåíèõ òà ñèíüîçåëåíèõ âîäîðîñòåé.

Òàêèé õ³ä ð³÷íî¿ äèíàì³êè ô³òîïëàíêòîíó ïîÿñíþºòüñÿ â ïåðøó ÷åðãó
âïëèâîì òåìïåðàòóðè. Òàê, ïðÿìà äîñòîâ³ðíà çàëåæí³ñòü âñòàíîâëåíà
ì³æ òåìïåðàòóðîþ âîäè òà ê³ëüê³ñòþ âèä³â ïëàíêòîííèõ âîäîðîñòåé (r =
0,86, p�0,05, n = 24), ¿õíüîþ ÷èñåëüí³ñòþ (r = 0,63, p�0,05, n = 24) òà á³îìà-
ñîþ (r = 0,70, p�0,05, n = 24).

Â òîé æå ÷àñ ôîðìóâàííÿ ï³êó ÷èñåëüíîñò³ òà á³îìàñè ô³òîïëàíêòîíó
ó âåðåñí³ ïðè çíèæåíí³ òåìïåðàòóðè âîäè äî 17,5oC ïîÿñíþºòüñÿ çðîñòàí-
íÿì òðîôíîñò³ âîäîòîêó. Â ðåçóëüòàò³ ïðîâåäåíîãî á³î³íäèêàö³éíîãî àíà-
ë³çó áóëî âñòàíîâëåíî, ùî ñåðåä âîäîðîñòåé — ³íäèêàòîð³â òðîô³÷íîãî
ñòàòóñó íà äîñë³äæóâàí³é ä³ëÿíö³ ð³÷êè ïåðåâàæàëè ìåøêàíö³ åâòðîôíèõ
âîä, ñåðåä ³íäèêàòîð³â òèïó æèâëåííÿ — àâòîòðîôè, ùî âèòðèìóþòü
ï³äâèùåíó êîíöåíòðàö³þ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³, à ñåðåä
ïîêàçíèê³â îðãàí³÷íîãî çàáðóäíåííÿ — áåòà-ìåçîñàïðîá³îíòè. Âàðòî òà-
êîæ çàçíà÷èòè, ùî âë³òêó òà ó âåðåñí³ á³îìàñà ô³òîïëàíêòîíó âàð³þâàëà
â³ä 2,193 äî 5,143 ìã/äì3, ùî â³äïîâ³äàº åâòðîôíîìó ñòàòóñó âîä [9]. Ïðè
öüîìó äàí³ ïðÿìèõ ã³äðîõ³ì³÷íèõ âèì³ð³â ï³äòâåðäæóþòü, ùî âîäè íà
äîñë³äæóâàí³é ä³ëÿíö³ ð. ²ðï³íü íàëåæàòü äî åâòðîôíîãî òèïó. Òàê, êîí-
öåíòðàö³ÿ àìîí³éíîãî àçîòó âçèìêó, íàâåñí³ ³ âîñåíè â ñåðåäíüîìó çì³íþ-
âàëàñü â³ä 0,31 äî 0,82 ìã N/äì3, ùî â³äïîâ³äàº åâòðîôíîìó ñòàòóñó âîä ³
ò³ëüêè âë³òêó ñòàíîâèëà 0,21 ìã N/äì3 (ìåçîòðîôí³ âîäè). Ñåðåäíÿ êîí-
öåíòðàö³ÿ í³òðèò³â ïðîòÿãîì âñüîãî ðîêó çì³íþâàëàñÿ â³ä 0,015 äî
0,026 ìã N/äì3, ùî òàêîæ â³äïîâ³äàº åâòðîôíîìó ñòàòóñó âîä. Ùå á³ëüø
âèñîêîþ áóëà êîíöåíòðàö³ÿ í³òðàò³â — âë³òêó âîíà â ñåðåäíüîìó ñòàíîâè-
ëà 0,61 ìã N/äì3, ùî â³äïîâ³äàº åâòðîôíîìó ñòàòóñó âîä, íàâåñí³ òà âîñåíè
— 0,77 òà 0,74 ìã N/äì3 (åâïîë³òðîôí³ âîäè), à â çèìîâèé ïåð³îä — 1,20 ìã
N/äì3 (ïîë³òðîôí³ âîäè). Ùîäî êîíöåíòðàö³¿ íåîðãàí³÷íîãî ôîñôîðó, òî
â çèìîâèé ïåð³îä, íàâåñí³ òà âîñåíè âîíà áóëà ïîì³ðíîþ — â ñåðåäíüîìó
0,043—0,050 ìã/äì3 (ìåçîòðîôí³ âîäè), à îò âë³òêó (ó ñåðïí³) â³äáóëîñÿ
çíà÷íå ¿¿ ï³äâèùåííÿ äî 0,195 ìã/äì3 (åâòðîôí³ âîäè), ùî î÷åâèäíî ³ áóëî
ïîøòîâõîì äëÿ ìàñîâîãî ðîçâèòêó ñèíüîçåëåíèõ âîäîðîñòåé — çáóä-
íèê³â «öâ³ò³ííÿ» âîäè. Â³äîìî [21], ùî ðåàêö³ÿ âîäîðîñòåé íà ï³äâèùåííÿ
êîíöåíòðàö³¿ á³îãåííèõ ðå÷îâèí ó âîä³ ñïîñòåð³ãàºòüñÿ äåùî çãîäîì ç äåÿ-
êèì çàï³çíåííÿì. Ïîä³áíèé õ³ä äèíàì³êè ô³òîïëàíêòîíó ñïîñòåð³ãàëè ³ â
³íøèõ åâòðîôíèõ âîäîéìàõ [30].

Âèñíîâêè

Âñüîãî çà ïåð³îä äîñë³äæåíü ó ïëàíêòîí³ ð. ²ðï³íü çíàéäåíî 121 âèä
âîäîðîñòåé ç äåâ’ÿòè â³ää³ë³â. Íàéá³ëüøó ê³ëüê³ñòü âèä³â âêëþ÷àëè Chlo-
rophyta òà Bacillariophyta. Âèäîâèé ñêëàä ïëàíêòîííèõ âîäîðîñòåé, à òà-
êîæ ¿õ äîì³íóþ÷èé êîìïëåêñ ïîì³òíî çì³íþâàëèñü ïðîòÿãîì ðîêó. Ê³ëü-
ê³ñí³ ïîêàçíèêè ðîçâèòêó ô³òîïëàíêòîíó òàêîæ çíà÷íî âàð³þâàëè. Íàé-
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ìåíøó ê³ëüê³ñòü âèä³â, ÷èñåëüí³ñòü ³ á³îìàñó ïëàíêòîííèõ âîäîðîñòåé âè-
ÿâëåíî âçèìêó, à íàéá³ëüøó ê³ëüê³ñòü âèä³â ñïîñòåð³ãàëè âë³òêó. Â òîé æå
÷àñ íàéá³ëüø³ âåëè÷èíè ÷èñåëüíîñò³ ³ á³îìàñè âîäîðîñòåé çàðåºñòðîâàíî
âîñåíè (ó âåðåñí³). Òàêèé õ³ä ð³÷íî¿ äèíàì³êè ô³òîïëàíêòîíó ïîÿñíþºòü-
ñÿ â ïåðøó ÷åðãó âïëèâîì òåìïåðàòóðè. Òàê, ïðÿìà äîñòîâ³ðíà çàëåæí³ñòü
âñòàíîâëåíà ì³æ òà ê³ëüê³ñòþ âèä³â ïëàíêòîííèõ âîäîðîñòåé, ¿õíüîþ ÷è-
ñåëüí³ñòþ ³ á³îìàñîþ òà òåìïåðàòóðîþ âîäè. Ïðîòå, ó ð. ²ðï³íü ð³÷íà äè-
íàì³êà ô³òîïëàíêòîíó çàëåæàëà íå ò³ëüêè â³ä òåìïåðàòóðè âîäè, à é â³ä
ð³âíÿ òðîôíîñò³ âîäîòîêó.

Ðåçóëüòàòè ïðîâåäåíîãî á³î³íäèêàö³éíîãî àíàë³çó çà òàêèìè ïîêàç-
íèêàìè ÿê ÷àñòêà âèä³â — ³íäèêàòîð³â òðîô³÷íîãî ñòàíó, òèïó æèâëåííÿ
òà îðãàí³÷íîãî çàáðóäíåííÿ, à òàêîæ çà á³îìàñîþ ô³òîïëàíêòîíó ñâ³ä÷àòü
ïðî òå, ùî âîäè äîñë³äæóâàíî¿ ä³ëÿíêè ð. ²ðï³íü ìîæóòü áóòè îõàðàêòåðè-
çîâàí³ ÿê åâòðîôí³, ùî ï³äòâåðäæóºòüñÿ ³ äàíèìè ïðÿìèõ ã³äðîõ³ì³÷íèõ
âèì³ðþâàíü çà òàêèìè ïîêàçíèêàìè ÿê êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó,
í³òðèò³â, í³òðàò³â ³ íåîðãàí³÷íîãî ôîñôîðó òà á³õðîìàòíà îêèñíþâàí³ñòü.
Õ³ä ð³÷íî¿ äèíàì³êè ô³òîïëàíêòîíó õàðàêòåðèçóâàâñÿ ôîðìóâàííÿì ï³êó
éîãî ÷èñåëüíîñò³ òà á³îìàñè íà ïî÷àòêó îñåí³, çóìîâëåíîãî ³íòåíñèâíèì
ðîçâèòêîì ñèíüîçåëåíèõ âîäîðîñòåé — çáóäíèê³â «öâ³ò³ííÿ» âîäè, ùî º
òèïîâèì äëÿ åâòðîôíèõ âîäîéì.

²íôîðìàö³ÿ ùîäî ðîçâèòêó ã³äðîá³îíò³â ó ïåð³îä, ÿêèé ïåðåäóâàâ ïî-
÷àòêó âîºííèõ ä³é, ìîæå áóòè âèêîðèñòàíà äëÿ îö³íêè ¿õí³õ íàñë³äê³â òà
ïðèéíÿòòÿ íàóêîâî îá´ðóíòîâàíèõ òà åêîëîã³÷íî åôåêòèâíèõ ð³øåíü òà
çàõîä³â ùîäî çìåíøåííÿ ¿õ íåãàòèâíîãî âïëèâó íà íàâêîëèøíº ñåðåäîâè-
ùå.
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PHYTOPLANKTON ANNUAL DYNAMICS AND ECOLOGICAL
CHARACTERISTICS IN THE IRPIN RIVER (UKRAINE) PRIOR TO HOSTILITIES

Phytoplankton annual dynamics and ecological structure were studied in the Irpin Ri-
ver (the right bank tributary of the Kyiv Reservoir) near the town of Irpin (50o31' N,
30o15' E). On the whole, 121 algal species of nine divisions were identified. Chlorophyta
(57) and Bacillariophyta (27) included the largest number of species. During a year, phy-
toplankton species composition, and also the complex of dominant species, significantly
varied. This is supported by rather low values of the Sorensen coefficient of community si-
milarity (on the average 53 % and 41 %, respectively). The quantitative indices of its deve-
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lopment also significantly varied. The lowest number of species (25), cell numbers, and
biomass of plankton algae (on the average 662 thousand cells/dm3 and 0.165 mg/dm3) were
registered in winter and the largest number of species (83) — in summertime. At the same
time, the highest cell numbers and biomass (19 480 thousand cells/dm3 and 5.143 mg/dm3)
were observed in autumn (in September). Direct significant correlations were established
between phytoplankton quantitative indices and water temperature. However, it has been
found that phytoplankton annual dynamics in the Irpin River depended not only on water
temperature, but also on the trophic status of the watercourse. As a result of the performed
bioindication analysis, it has been found that in terms of such indices as the contribution of
species — indicators of the trophic status, nutrition type, and organic contamination, and
also in terms of phytoplankton biomass, the waters of the studied section of the Irpin River
can be characterized as eutrophic ones, which is supported by the data of direct hydroche-
mical measurements. The pattern of phytoplankton annual dynamics was characterized by
the formation of the peak of its numbers and biomass in early autumn. The maximum qu-
antitative indices of phytoplankton development were conditioned by intensive develop-
ment of blue-green algae with a predominance of Aphanizomenon flos-aquae (L.) Ralfs be-
longing to water bloom forming species. Such pattern of phytoplankton annual dynamics
is typical to eutrophic water bodies. The obtained information on the development of algae
in the Irpin River in the period preceding the beginning of hostilities can be used to assess
their consequences.

Keywords: phytoplankton, annual dynamics, ecological structure, water chemical com-
position, the Irpin River

46

Øåâ÷åíêî Ò.Ô., Êëî÷åíêî Ï.Ä., Ñåðåäà Ò.Ì.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2024. 60(1)



ÓÄÊ [504.73:574.68](282.247.314)

Ò.Â. ÄÂÎÐÅÖÜÊÈÉ, ê. á. í., íàóê. ñï³âðîá.,
²íñòèòóò ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè,

ïðîñï. Âîëîäèìèðà ²âàñþêà, 12, Êè¿â, 04210, Óêðà¿íà
e-mail: d.taras.v@gmail.com

ORCID 0000-0001-6899-1689

ÂÈÊÎÐÈÑÒÀÍÍß ÄÀÍÈÕ ÄÈÑÒÀÍÖ²ÉÍÎÃÎ
ÇÎÍÄÓÂÀÍÍß ÇÅÌË² ÄËß ÎÖ²ÍÊÈ ÍÀÑË²ÄÊ²Â
ÂÈÏÀËÞÂÀÍÍß ÐÎÑËÈÍÍÎÑÒ² ÏËÀÂÍÅÂÈÕ

ÅÊÎÑÈÑÒÅÌ ÍÏÏ «ÍÈÆÍÜÎÄÍ²ÑÒÐÎÂÑÜÊÈÉ»
(ÎÄÅÑÜÊÀ ÎÁËÀÑÒÜ)1

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèçíà÷åííÿ ïëîù âèïàëþâàííÿ òåðèòîð³¿
Íèæíüîäí³ñòðîâñüêîãî íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó, â³äíîâëåííÿ ðîñëèííîñò³
ïëàâíåâèõ åêîñèñòåì òà âèÿâëåííÿ ð³çíèö³ ì³æ íèìè òà ä³ëÿíêàìè, ÿê³ íå ãîð³ëè, ç
âèêîðèñòàííÿì äàíèõ äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³. Îö³íêó âïëèâó âèïàëþâàííÿ
ïðîâîäèëè ç âèêîðèñòàííÿì ñïåêòðàëüíèõ ³íäåêñ³â, ùî â³äîáðàæàþòü îêðåì³ ïîêàç-
íèêè ñòàíó ðîñëèííîñò³: íîðìàë³çîâàíèé â³äíîñíèé ³íäåêñ ðîñëèííîñò³ (Normalized
Difference Vegetation Index — NDVI), ³íäåêñ çåëåíîãî õëîðîô³ëó (Green Chlorophyll In-
dex — GCI), ³íäåêñ ïèòîìî¿ ïëîù³ ëèñòêîâî¿ ïëàñòèíêè (Specific Leaf Area Vegetation
Index — SLAVI), íîðìàë³çîâàíèé äèôåðåíö³éíèé ³íäåêñ âîëîãîñò³ (Normalized Diffe-
rence Moisture Index — NDMI) òà ³íäåêñ âîëîãîñò³éêîñò³ (Moisture stress index —
MSI). Ïðîòÿãîì çèìîâî-âåñíÿíîãî ïåð³îäó 2020 ð. ïîæåæ³ íà òåðèòîð³¿ Íèæíüî-
äí³ñòðîâñüêîãî ÍÏÏ îõîïëþâàëè ìàéæå 4453 ãà (33,1 % ïëîù³ ïëàâíåâèõ åêîñèñòåì).
Íà îñíîâ³ ìåòîäó ³ì³òàö³éíîãî ìîäåëþâàííÿ âèÿâëåíî, ùî ð³çíèöÿ ì³æ ãîð³ëèìè òà
íåãîð³ëèìè ä³ëÿíêàìè ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó ïîñòóïîâî çìåíøóºòüñÿ.
Ìàêñèìàëüíó ð³çíèöþ â³äì³÷åíî íà ïî÷àòîê âåãåòàö³¿ (ÿê³ñòü âèä³ëåííÿ ãðóï —
43,2 %), ùî ñâ³ä÷èòü ïðî ñòâîðåííÿ â³äíîñíî ³íäèâ³äóàëüíèõ åêîëîã³÷íèõ óìîâ äëÿ
ðîçâèòêó ïëàâíåâî¿ ðîñëèííîñò³. Ó âåñíÿíèé ïåð³îä — 20,3 %, ùî çóìîâëåíî ðîçâèò-
êîì åäèô³êàòîðà ðîñëèííèõ êîìïëåêñ³â âîäíî-áîëîòíèõ åêîñèñòåì — Phragmites
australis (Cav.) Trin. ex Steud., ñòåáëà ÿêîãî âèéøëè ç³ ñòàä³¿ ï³êóë³â ³ ðîçâèíóëè ëèñò-
êîâó ïëàñòèíêó. Ë³òí³é ïåð³îä â³äçíà÷àºòüñÿ ïîäàëüøèì çíèæåííÿì ÿêîñò³ âèä³ëåí-
íÿ ãðóï (19,9 %), ùî ïîÿñíþºòüñÿ âèð³âíþâàííÿì åêîëîã³÷íèõ óìîâ ðîçâèòêó ðîñëèí-
íîñò³ âíàñë³äîê ë³òíüî¿ ìåæåí³. Îñ³íí³é ïåð³îä â³äçíà÷àâñÿ ïîñóøëèâèìè óìîâàìè
òà çàê³í÷åííÿì âåãåòàö³éíîãî ïåð³îäó, ùî ïðèçâîäèëî äî ìàéæå ïîâíîãî çíèêíåííÿ
ð³çíèö³ ì³æ ä³ëÿíêàìè (14,5 %). Íà îñíîâ³ àíàë³çó ïîä³áíîñò³ (ANOSIM) âñòàíîâëåíî,
ùî ñòóï³íü â³äì³ííîñò³ ì³æ ãîð³ëèìè ä³ëÿíêàìè íåâåëèêà, ùî ïîâ’ÿçàíî ç ëîêàëüíè-
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ìè óìîâàìè òà ³íòåíñèâí³ñòþ âèïàëþâàííÿ, à òàêîæ ç ê³ëüê³ñòþ ñóõî¿ îðãàí³÷íî¿
ðå÷îâèíè íà îêðåìèõ ïëîùàõ. Âèÿâëåíî, ùî ëèøå ïðè çèìîâîìó (ëþòèé) âèïàëþ-
âàíí³ ñïîñòåð³ãàºòüñÿ ïîñòóïîâå (âïðîäîâæ âåãåòàö³éíîãî ïåð³îäó) çìåíøåííÿ â³ä-
ì³ííîñòåé ïîð³âíÿíî ç êîíòðîëåì. Âïëèâ âåñíÿíîãî (áåðåçåíü, êâ³òåíü) âèïàëþâàííÿ
â³äçíà÷àºòüñÿ çíà÷íîþ âàð³àáåëüí³ñòþ çíà÷åíü ñòóïåíÿ ïîä³áíîñò³ çà ñåçîíàìè.

Êëþ÷îâ³ ñëîâà: Äí³ñòåð, ïëàâíåâ³ åêîñèñòåìè, íåñàíêö³îíîâàíå âèïàëþâàííÿ,
âåãåòàö³éí³ ³íäåêñè, ñåçîííà äèíàì³êà, äèñòàíö³éí³ äîñë³äæåííÿ.

Ïëàâíåâ³ åêîñèñòåìè â óñüîìó ñâ³ò³ çáåð³ãàþòü íåïðîïîðö³éíî âåëèêó
ê³ëüê³ñòü âóãëåöþ â ´ðóíò³, ùî ðîáèòü ¿õ âðàçëèâèìè ï³ä ÷àñ ïîæåæ. Âèïà-
ëþâàííÿ º íàéá³ëüø ðîçïîâñþäæåíèì ³ òàêîæ íàéá³ëüø äèñêóñ³éíèì ìå-
òîäîì ðåãóëþâàííÿ ïëàâíåâèõ åêîñèñòåì, ³ îñîáëèâó íåáåçïåêó ïðåäñòàâ-
ëÿþòü íåñàíêö³îíîâàí³ ï³äïàëè [1—4, 8, 15]. Â óìîâàõ ïîðóøåíîãî ã³äðî-
ëîã³÷íîãî ðåæèìó òåðèòîð³é ïîíèççÿ Äí³ñòðà ï³äïàëè º ïåðåâàæíî ïîçè-
òèâíèì ôàêòîðîì, îñê³ëüêè äîçâîëÿþòü âèëó÷èòè íàäëèøîê ñóõî¿ îð-
ãàí³÷íî¿ ðå÷îâèíè ðîñëèííîñò³ ïëàâí³â, ïîë³ïøèòè êèñíåâèé ðåæèì òà
ñïðèÿþòü êðàùîìó ïðîðîñòàííþ íàñ³ííÿ ³ â³äðîñòàííþ ìîëîäèõ ïàãîí³â.
Âèïàëþâàííÿ øèðîêî çàñòîñîâóºòüñÿ äëÿ óïðàâë³ííÿ ñóêöåñ³ÿìè ïåðå-
çâîëîæåíèõ òåðèòîð³é, ï³äâèùåííÿ ¿õíüî¿ ïðîäóêòèâíîñò³, ðåãóëþâàííÿ
êîðìîâî¿ áàçè âîäíèõ ïòàõ³â [1, 2, 12, 16]. Ãîëîâíèìè íåäîë³êàìè öüîãî
ìåòîäó óïðàâë³ííÿ º ñëàáêèé êîíòðîëü çà øâèäê³ñòþ ðîçïîâñþäæåííÿ
âîãíþ òà çàëåæí³ñòü â³ä ïîãîäíèõ óìîâ.

Ñóïóòíèêîâ³ äàí³ â³ä³ãðàþòü âèêëþ÷íî âàæëèâó ðîëü â îòðèìàíí³
îïåðàòèâíî¿ ³íôîðìàö³¿ äëÿ òî÷íîãî ³ øâèäêîãî êàðòóâàííÿ òåðèòîð³é,
ïîøêîäæåíèõ âîãíåì [13, 16, 18, 22]. Âîíè ìàþòü ôóíäàìåíòàëüíå çíà-
÷åííÿ äëÿ âèÿâëåííÿ âïëèâó âèïàëþâàííÿ íà ðîñëèíí³ñòü, ðîçðàõóíêó
åêîëîã³÷íèõ âòðàò, óòî÷íåííÿ ñòðàòåã³é ïëàíóâàííÿ òà ìîí³òîðèíãó â³ä-
íîâëåííÿ ðîñëèííîñò³. Âèçíà÷åííÿ ïëîù òà ñòóïåíÿ âèïàëþâàííÿ, îö³í-
êà â³äíîâëåííÿ ðîñëèííîñò³ ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó º âàæëèâèì
ïðàêòè÷íèì ³ òåîðåòè÷íèì çàâäàííÿì ó çâ’ÿçêó ç ïîñèëåííÿì àíòðîïî-
ãåííîãî âïëèâó òà ãëîáàëüíèìè êë³ìàòè÷íèìè çì³íàìè, ÿê³ ñóòòºâî âïëè-
âàþòü íà ñòàí òà ôóíêö³îíóâàííÿ ðîñëèííèõ óãðóïîâàíü.

Ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ ïëîù ïîæåæ ïðîòÿãîì çèìîâîãî òà
ðàííüîâåñíÿíîãî ïåð³îäó 2020 ð., âèÿâëåííÿ ñåçîííî¿ äèíàì³êè ãîð³ëèõ ³
íåãîð³ëèõ ä³ëÿíîê ó ìåæàõ Íèæíüîäí³ñòðîâñüêîãî ÍÏÏ íà îñíîâ³ ñïåêò-
ðàëüíèõ ïîêàçíèê³â ñòàíó ðîñëèííîñò³.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Çàâäàííÿì íàøîãî äîñë³äæåííÿ º âèçíà÷åííÿ â³äíîâëåííÿ ä³ëÿíîê
ðîñëèííîñò³ ïëàâíåâèõ åêîñèñòåì Íèæíüîäí³ñòðîâñüêîãî ÍÏÏ ï³ñëÿ çè-
ìîâèõ (ëþòèé) òà âåñíÿíèõ (áåðåçåíü, êâ³òåíü) ïîæåæ ç âèêîðèñòàííÿì
äàíèõ äèñòàíö³éíîãî çîíäóâàííÿ òà ñïåêòðàëüíèõ ³íäåêñ³â. Êîíòðîëåì
âèñòóïàëè 25 äîâ³ëüíî îáðàíèõ íà âñ³é òåðèòîð³¿ ïàðêó ïëàâíåâèõ ä³ëÿ-
íîê, ùî íå ãîð³ëè, çàãàëüíîþ ïëîùåþ 314 ãà (ðèñ. 1).

Âèõ³äíà ³íôîðìàö³ÿ îòðèìàíà ç äàíèõ áàãàòîñïåêòðàëüíèõ êîñì³÷íèõ
çí³ìê³â, çðîáëåíèõ ñóïóòíèêîì «Landsat 8», ÿêèé áóâ ñòâîðåíèé Íàö³îíà-
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ëüíèì óïðàâë³ííÿì ç àåðîíàâòèêè ³ äîñë³äæåííÿ êîñì³÷íîãî ïðîñòîðó
(NASA) ñï³ëüíî ç Ãåîëîã³÷íîþ ñëóæáè ÑØÀ (USGS)
(https://www.usgs.gov/) äëÿ äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³ â ðàìêàõ
ïðîãðàìè Landsat.

Ó ðîáîò³ âèêîðèñòîâóâàëè àðõ³âí³ çîáðàæåííÿ, ÿê³ çðîáëåí³ â ëþòîìó
— æîâòí³ 2020 ð. Çàñòîñîâóâàëè ïðÿìîêóòíó ãåîãðàô³÷íó ñèñòåìó êîîð-
äèíàò EPSG: 32636 — WGS 84 / UTM zone 36N. Äëÿ âñ³õ çîáðàæåíü ïðîâî-
äèëè àòìîñôåðíó êîðåêö³þ ç âèêîðèñòàííÿì ïëàã³íó Semi-Automatic
Classification [7]. Âèêîðèñòîâóâàëè çí³ìêè, ùî ìàþòü íå á³ëüøå 20 %
õìàðíîãî ïîêðèòòÿ, äëÿ ÿêèõ ðîáèëè ìàñêó õìàð.

Âèçíà÷åííÿ ïëîù ïîæåæ ïðîâîäèëè ç âèêîðèñòàííÿì íîðìàë³çîâà-
íîãî êîåô³ö³ºíòó âèïàëþâàííÿ (Normalized Burn Ratio — NBR) [9, 13]. Â³í
º íàéåôåêòèâí³øèì ³íñòðóìåíòîì äëÿ êðàùîãî ðîçóì³ííÿ ìàñøòàá³â ïî-
æåæ³ òà ñòóïåíÿ óøêîäæåííÿ ðîñëèííîñò³. Á³îô³çè÷íîþ ïåðåäóìîâîþ
äëÿ éîãî çàñòîñóâàííÿ º òå, ùî ï³ñëÿ ïîæåæ³ â ³íôðà÷åðâîí³é çîí³ (Near
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Ðèñ. 1. Êàðòà-ñõåìà ðîçòàøóâàííÿ ïëîù ïîæåæ ó çèìîâî-âåñíÿíèé ïåð³îä 2020 ð. íà
òåðèòîð³¿ ïëàâíåâèõ åêîñèñòåì Íèæíüîäí³ñòðîâñüêîãî ÍÏÏ: ä³ëÿíêè, ÿê³ âèïàëþ-
âàëèñü ó F — ëþòîìó, M — áåðåçí³, A — êâ³òí³; K — êîíòðîëüí³ ä³ëÿíêè



Infrared) ñïåêòðó ñïîñòåð³ãàºòüñÿ çíèæåííÿ ñâ³òëîâîãî ïîòîêó, â òîé ÷àñ
ÿê ó êîðîòêîõâèëüîâîìó ³íôðà÷åðâîíîìó ñïåêòð³ (Short Wavelength Inf-
rared 1) ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ çíà÷åíü ïîð³âíÿíî ç ³íøèìè êàíàëà-
ìè. Ôîðìóëà äëÿ ðîçðàõóíêó NBR:

NBR NIR SWIR

NIR SWIR

= −
+

ρ ρ
ρ ρ

1

1

.

Äðóãèì åòàïîì º âèçíà÷åííÿ ð³çíèö³ (�) ì³æ äâîìà çí³ìêàìè — äî ³
ï³ñëÿ ïîæåæ³:

∆NBR NBR NBRpre post= − ,

äå NBRpre — çíà÷åííÿ ³íäåêñó NBR ïåðåä ïîæåæåþ, NBRpost — ï³ñëÿ ïî-
æåæ³.

Îö³íêó âïëèâó âèïàëþâàííÿ íà ðîñëèíí³ñòü ïëàâíåâèõ åêîñèñòåì
ïðîâîäèëè ç âèêîðèñòàííÿì âåãåòàö³éíèõ ³íäåêñ³â, ùî â³äîáðàæàþòü îê-
ðåì³ ïîêàçíèêè ñòàíó ðîñëèííîñò³: íîðìàë³çîâàíèé äèôåðåíö³éíèé ³í-
äåêñ ðîñëèííîñò³ (Normalized Difference Vegetation Index — NDVI) [21],
³íäåêñ çåëåíîãî õëîðîô³ëó (Green Chlorophyll Index — GCI) [10, 11], ³í-
äåêñ ïèòîìî¿ ïëîù³ ëèñòêîâî¿ ïëàñòèíêè (Specific Leaf Area Vegetation In-
dex — SLAVI) [5, 15], íîðìàë³çîâàíèé äèôåðåíö³àëüíèé ³íäåêñ âîëîãîñò³
(Normalized Difference Moisture Index — NDMI) [19] òà ³íäåêñ âîëîãî-
ñò³éêîñò³ (Moisture stress index — MSI) [23].

Îòðèìàí³ ðåçóëüòàòè áóëè ðîçáèò³ íà ÷îòèðè ãðóïè. Ïåðøà (²) ãðóïà
ñôîðìîâàíà äàíèìè çà ëþòèé òà áåðåçåíü ³ âèçíà÷àº âïëèâ âèïàëþâàííÿ
íà ïî÷àòêîâ³ óìîâè ðîçâèòêó ðîñëèííîñò³. Äðóãà (²²) îá’ºäíóº òðè ì³ñÿö³
— áåðåçåíü, êâ³òåíü ³ òðàâåíü — ³ óçàãàëüíþº ðîçâèòîê ðîñëèííîñò³ çà
âåñíÿíèé ïåð³îä. Òðåòÿ (²²²) ïðåäñòàâëåíà ÷åðâíåì, ëèïíåì òà ñåðïíåì
(ë³òí³é ïåð³îä). ×åòâåðòà (²V) — âåðåñíåì òà æîâòíåì (îñ³íí³é ïåð³îä).

Ðîçðàõîâàí³ ³íäåêñè º ³íòåãðàëüíèì ïîêàçíèêîì ôóíêö³îíóâàííÿ
ïëàâíåâèõ åêîñèñòåì ³ çàëåæàòü â³ä óìîâ ì³ñöåçðîñòàíü òà ï³ðîãåííîãî
ôàêòîðó. Âïëèâ âèïàëþâàííÿ íà âçàºìîçâ’ÿçêè ì³æ ³íäåêñàìè âèçíà÷àëè
ç âèêîðèñòàííÿì òåñòó ñóìè ðàíã³â Â³ëêîêñîíà, ìåòîäó ãîëîâíèõ êîìïî-
íåíò, ³ì³òàö³éíîãî ìîäåëþâàííÿ òà àíàë³çó ïîä³áíîñò³ (ANOSIM).

Ìåòîä ãîëîâíèõ êîìïîíåíò øèðîêî çàñòîñîâóºòüñÿ äëÿ îáðîáêè äà-
íèõ ç áàãàòüìà çì³ííèìè, äîçâîëÿº âñòàíîâèòè êîðåëÿö³þ ì³æ íèìè ³
çìåíøèòè ê³ëüê³ñòü äàíèõ ç íàéìåíøîþ âòðàòîþ ³íôîðìàö³¿. Ìîäåëþ-
âàííÿ åêîëîã³÷íî¿ íàïðóãè íà âåãåòàö³éí³ ³íäåêñè çä³éñíþâàëè çà äîïîìî-
ãîþ ìåòîäó Ìîíòå-Êàðëî. Îäíèì ç íàéá³ëüø øèðîêî âèêîðèñòîâóâàíèõ
áàãàòîâèì³ðíèõ ìåòîä³â â åêîëîã³¿ º àíàë³ç ïîä³áíîñò³ (ANOSIM). Â³í çà-
ñòîñîâóºòüñÿ äëÿ ïîð³âíÿííÿ âíóòð³øíüî- òà ì³æãðóïîâî¿ ïîä³áíîñò³ [6]
çà äîïîìîãîþ ì³ðè â³äñòàí³. Ìåòîä çàñíîâàíèé íà ïðîñò³é ³äå¿: ÿêùî òåñ-
òîâàí³ ãðóïè ð³çí³, òî çðàçêè âñåðåäèí³ ãðóï ïîâèíí³ áóòè á³ëüø ñõîæ³ çà
ñêëàäîì, í³æ çðàçêè ç ð³çíèõ ãðóï. Òîìó íóëüîâà ã³ïîòåçà ãîâîðèòü: «ñå-
ðåäíº çíà÷åííÿ ðàíã³â âíóòð³øíüîãðóïîâèõ â³äñòàíåé á³ëüøå àáî äîð³â-
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íþº ñåðåäíüîìó çíà÷åííþ ðàíã³â ì³æãðóïîâèõ â³äñòàíåé». Ñòàòèñòèêà òå-
ñòó ANOSIM çàñíîâàíà íà ð³çíèö³ ñåðåäí³õ ðàíã³â ì³æ ãðóïàìè ³ âñåðåäèí³
ãðóï. Çíà÷åííÿ R ³íòåðïðåòóºòüñÿ ÿê êîåô³ö³ºíò êîðåëÿö³¿, ÿêèé º ì³ðîþ
«ðîçì³ðó åôåêòó». Ñòàòèñòèêà ANOSIM ïîð³âíþº ñåðåäíº çíà÷åííÿ ðàí-
æîâàíèõ â³äì³ííîñòåé ì³æ ãðóïàìè ç ñåðåäí³ì çíà÷åííÿì òà ðàíæîâàíèõ
â³äì³ííîñòåé âñåðåäèí³ ãðóï. Åìï³ðè÷íî âèä³ëÿþòü íàñòóïí³ ãðóïè:
0,75<R<1 — ñèëüíî ðîçð³çíÿþòüñÿ, 0,5<R<0,75 — ðîçð³çíÿþòüñÿ;
0,25<R<0,5 — ð³çí³ ç äåÿêèì ïåðåêðèòòÿì; 0,1<R<0,25 — ñõîæ³ ç äåÿêèìè
â³äì³ííîñòÿìè (àáî âåëèêèé çá³ã); R<0,1 — ñõîæ³.

Äëÿ îòðèìàííÿ òà àíàë³çó ê³ëüê³ñíèõ õàðàêòåðèñòèê çí³ìê³â âèêîðè-
ñòîâóâàëè ïðîãðàìí³ ïðîäóêòè Quantum GIS ³ ñòàòèñòè÷íèé ïàêåò R âåð-
ñ³¿ 3.4.4 [20] ç âèêîðèñòàííÿì á³áë³îòåêè «vegan» [18].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ðåçóëüòàòè îáðîáêè êîñì³÷íèõ çí³ìê³â ïîêàçàëè, ùî â çèìîâî-âåñíÿ-
íèé ïåð³îä 2020 ð. ïëîùà ïîæåæ äîð³âíþâàëà 4453 ãà, àáî 33,1 % çàãàëüíî¿
ïëîù³ ïëàâíåâèõ ñèñòåì (äèâ. ðèñ. 1). Ïëîùà ïàë³â ó ëþòîìó ñêëàäàëà 467
ãà (3,5 %), ó áåðåçí³ — 1230 ãà (9,1 %). Ó êâ³òí³ â³äáóëèñÿ íàéìàñøòàáí³ø³
ïîæåæ³, ¿õíÿ çàãàëüíà ïëîùà ñêëàäàëà 2756 ãà (20,5 %).

Çà ðåçóëüòàòàìè òåñòó ñóìè ðàíã³â Â³ëêîêñîíà âñòàíîâëåíî, ùî çíà-
÷åííÿ �NBR íà ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó ì³æ ä³ëÿíêàìè ç âèïàëþ-
âàííÿì òà êîíòðîëåì ìàëè ñòàòèñòè÷íî çíà÷óùó (ð<0,05) ð³çíèöþ. Öå
îáóìîâëåíî çðîñòàííÿì ïðîñòîðîâèõ â³äì³ííîñòåé ïîð³âíÿíî ç êîíòðî-
ëüíèìè ä³ëÿíêàìè âíàñë³äîê íåð³âíîì³ðíîãî âèïàëþâàííÿ ìåðòâî¿ îð-
ãàí³÷íî¿ ðå÷îâèíè òà ä³¿ ³íøèõ ÷èííèê³â, ïåðåâàæíî íåð³âíîì³ðíîñò³
ï³äòîïëåííÿ òåðèòîð³¿ ÍÏÏ (ðèñ. 2).

Âñòàíîâëåíî, ùî ñåðåäí³ çíà÷åííÿ âåãåòàòèâíèõ ³íäåêñ³â óñ³õ ä³ëÿ-
íîê, ùî ðîçãëÿäàþòüñÿ, äîñèòü áëèçüê³, àëå õàðàêòåðèçóþòüñÿ ñóòòºâèìè
ïîêàçíèêàìè àñèìåòð³¿ òà åêñöåñó. Öå ïîÿñíþºòüñÿ ñóêóïíèì âïëèâîì
÷àñó âèïàëþâàííÿ òà ä³¿ ïîãîäíèõ ôàêòîð³â — â³òðó, îïàä³â. Íà îñíîâ³ ìå-
òîäó ãîëîâíèõ êîìïîíåíò âèÿâëåíî, ùî âçàºìîçâ’ÿçîê âàð³àáåëüíîñò³
çíà÷åíü âåãåòàö³éíèõ ³íäåêñ³â, åêîëîã³÷íèõ óìîâ òà ÷àñó âèïàëþâàííÿ íà
ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó âèçíà÷àºòüñÿ äâîìà ãîëîâíèìè êîìïî-
íåíòàìè, ÿê³ ïîÿñíþþòü 88,7 % çàãàëüíî¿ âàð³àö³¿ äàíèõ (ðèñ. 3, à). Ïåðøà
ãîëîâíà êîìïîíåíòà ïîÿñíþº 50,8 % òà º ³íòåãðàëüíîþ îö³íêîþ âçàºìîä³¿
çíà÷åíü ³íäåêñ³â NDVI, GCI òà SLAVI. Äðóãà êîìïîíåíòà, ñôîðìîâàíà
³íäåêñàìè çâîëîæåííÿ NDMI òà MSI, ïîÿñíþº 37,9 % çàãàëüíî¿ âàð³àáåëü-
íîñò³ äàíèõ.

Ìîäåëþâàííÿ âïëèâó ñóêóïíîñò³ ï³ðîãåííîãî ôàêòîðó òà åêîëîã³÷-
íèõ óìîâ íà äèíàì³êó çíà÷åíü âåãåòàö³éíèõ ³íäåêñ³â ïðîâîäèëîñü ç âèêî-
ðèñòàííÿì ìåòîäó Ìîíòå-Êàðëî. ßê³ñòü âèä³ëåííÿ ãðóï ñòàíîâèëà 43,2 %,
ùî ñâ³ä÷èòü ïðî íå÷³òêó ð³çíèöþ ì³æ íèìè çà ïîêàçíèêàìè âåãåòàö³éíèõ
³íäåêñ³â (äèâ. ðèñ. 3, à).

Íà îñíîâ³ àíàë³çó ïîä³áíîñò³ (ANOSIM) âñòàíîâëåíî, ùî äëÿ äîñë³ä-
íèõ ä³ëÿíîê çíà÷åííÿ R äîð³âíþâàëî 0,4 (p = 1e-04). Öå òàêîæ ñâ³ä÷èòü
ïðî òå, ùî âïëèâ ï³ðîãåííîãî ôàêòîðà ñôîðìóâàâ íà íèõ ð³çí³ óìîâè, ç äå-
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ÿêèì ïåðåêðèòòÿì, ³ ï³äòâåðäæóº ðåçóëüòàòè ìåòîäó Ìîíòå-Êàðëî (ðèñ. 4,
à).

Ì³æãðóïîâèé àíàë³ç îêðåìèõ ä³ëÿíîê íà ïî÷àòîê âåãåòàö³éíîãî ïå-
ð³îäó âèÿâèâ, ùî çà ñòóïåíåì ïîä³áíîñò³ ä³ëÿíêè ìîæíà îá’ºäíàòè â
äåê³ëüêà ãðóï (òàáë. 1).

Ïåðøó, íàéá³ëüø ïîä³áíó ãðóïó ôîðìóþòü ä³ëÿíêè, ùî âèãîðàëè â
ëþòîìó òà áåðåçí³ (äèâ. ðèñ. 3, à). Äðóãà ãðóïà ñòâîðåíà ä³ëÿíêàìè, êîòð³
âèïàëþâàëèñÿ â áåðåçí³ — êâ³òí³ òà ëþòîìó — êâ³òí³. Òðåòÿ, íàéìåíø
ïîä³áíà ãðóïà ñôîðìîâàíà ïàðàìè ç êîíòðîëåì, íàéá³ëüøà ð³çíèöÿ íàÿâ-
íà â êîíòðîë³ — êâ³òí³ (òàáë. 1).

Ïîêàçàíî, ùî íà ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó ð³çí³ ñòðîêè çèìî-
âî-âåñíÿíîãî âèïàëþâàííÿ, çà äàíèìè âåãåòàö³éíèõ ³íäåêñ³â, ôîðìóþòü
â³äíîñíî ³íäèâ³äóàëüí³ åêîëîã³÷í³ óìîâè äëÿ ðîçâèòêó ïëàâíåâî¿ ðîñëèí-
íîñò³. Îäíàê âèÿâëåíà ð³çíèöÿ º íå÷³òêîþ, ùî ìîæå ïîÿñíþâàòèñÿ ñóêóï-
íèì âïëèâîì: ÷àñîì ï³äòîïëåííÿ òåðèòîð³¿, ïðèðîäíèìè óìîâàìè òà ñòó-
ïåíåì âèïàëþâàííÿ ðîñëèííîñò³.

Ïðîòÿãîì âåñíÿíîãî ïåð³îäó â³äì³÷àºòüñÿ çíà÷íà âàð³àö³ÿ ïîêàçíèê³â
âåãåòàö³éíèõ ³íäåêñ³â, îáóìîâëåíèõ ð³çíèì ñòóïåíåì ï³äòîïëåííÿ òà ÷à-
ñîì âèïàëþâàííÿ. ¯õí³é âçàºìîçâ’ÿçîê âèçíà÷àºòüñÿ äâîìà ãîëîâíèìè
êîìïîíåíòàìè, ÿê³ ïîÿñíþþòü 93,5 % çàãàëüíî¿ âàð³àö³¿ äàíèõ (äèâ. ðèñ. 3,
á). Ïåðøà ãîëîâíà êîìïîíåíòà ïîÿñíþº 61,0 % òà º ³íòåãðàëüíîþ îö³íêîþ
âçàºìîä³¿ çíà÷åíü ³íäåêñ³â SLAVI, GCI òà NDVI. Äðóãà êîìïîíåíòà, ñôîð-
ìîâàíà ³íäåêñàìè çâîëîæåííÿ NDMI òà MSI, ïîÿñíþº 32,5 % çàãàëüíî¿
âàð³àáåëüíîñò³ äàíèõ. ßê³ñòü âèä³ëåííÿ ãðóï çíèæóâàëàñü ³ ñòàíîâèëà
20,3 %. Öå ñâ³ä÷èòü ïðî ìàëó ð³çíèöþ ì³æ ä³ëÿíêàìè òà çìåíøåííÿ îïîñå-
ðåäêîâàíîãî âïëèâó ï³ðîãåííîãî ôàêòîðà (äèâ. ðèñ. 3, á).
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Ðèñ. 2. Çì³íà çíà÷åíü �NBR çàëåæíî â³ä ÷àñó âèïàëþâàííÿ òðàâîñòîþ ïëàâíåâèõ
åêîñèñòåì Íèæíüîäí³ñòðîâñüêîãî ÍÏÏ íà ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó



Âèÿâëåíî, ùî äëÿ äîñë³äíèõ ä³ëÿíîê çíà÷åííÿ R äîð³âíþâàëî 0,25 (p
= 1e-04). Öå òàêîæ ï³äòâåðäæóº, ùî âïëèâ ï³ðîãåííîãî ôàêòîðà ñôîðìó-
âàâ ïîä³áí³, ç äåÿêèì ïåðåêðèòòÿì, óìîâè äëÿ ðîçâèòêó ðîñëèííîñò³
ïëàâíåâèõ åêîñèñòåì (ðèñ. 4, á). Ì³æãðóïîâèé àíàë³ç îêðåìèõ ä³ëÿíîê çà
âåñíÿíèé ïåð³îä âèÿâèâ, ùî çà ñòóïåíåì ïîä³áíîñò³ ¿õ ìîæíà îá’ºäíàòè â
äåê³ëüêà ãðóï (òàáë. 1). Ïåðøó, íàéá³ëüø ïîä³áíó ãðóïó ôîðìóþòü ä³ëÿí-
êè, ùî âèãîðàëè â ëþòîìó òà áåðåçí³ (äèâ. ðèñ. 4, á). Äðóãà ãðóïà ñòâîðåíà
ä³ëÿíêàìè, ùî âèïàëþâàëèñÿ â áåðåçí³ — êâ³òí³ òà ëþòîìó — êâ³òí³. Òðå-
òÿ ãðóïà ïðåäñòàâëåíà êîíòðîëüíèìè ä³ëÿíêàìè òà òèìè, ùî âèïàëþâà-
ëèñü ó ëþòîìó. Íàéìåíø ïîä³áíà ãðóïà ñôîðìîâàíà ïàðàìè ç êîíòðîëåì,
ìàêñèìàëüíà ð³çíèöÿ íàÿâíà â ïàðè êîíòðîëü — ëþòèé (äèâ. òàáë. 1).

Ïîêàçàíî, ùî ïðîòÿãîì âåñíÿíîãî ïåð³îäó íà ä³ëÿíêàõ ç ð³çíèìè
ñòðîêàìè çèìîâî-âåñíÿíîãî âèïàëþâàííÿ, çà äàíèìè âåãåòàö³éíèõ ³í-
äåêñ³â, çáåð³ãàþòüñÿ â³äíîñíî ³íäèâ³äóàëüí³ åêîëîã³÷í³ óìîâè ðîçâèòêó
ïëàâíåâî¿ ðîñëèííîñò³. Îäíàê âèÿâëåíà ð³çíèöÿ, ïîð³âíÿíî ç ïî÷àòêîì
âåãåòàö³éíîãî ïåð³îäó, º íå÷³òêîþ, ùî ïîÿñíþºòüñÿ ñóêóïíèì âïëèâîì
ôîðìóâàííÿ ðîñëèííîñò³ çàëåæíî â³ä ëîêàëüíèõ óìîâ òà òðèâàë³ñòþ ï³ä-
òîïëåííÿ òåðèòîð³¿.

Âñòàíîâëåíî, ùî ïðîòÿãîì ë³òíüîãî ïåð³îäó íàÿâíå ìàéæå 2—3-ðàçî-
âå çá³ëüøåííÿ ñåðåäí³õ çíà÷åíü âåãåòàö³éíèõ ³íäåêñ³â òà ñóòòºâå çíèæåí-
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Ðèñ. 3. Ì³æãðóïîâèé àíàë³ç çíà÷åíü âåãåòàö³éíèõ ³íäåêñ³â òà âíåñîê êîæíîãî ôàêòî-
ðà â ïåðø³ äâ³ êîìïîíåíòè íà ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó: à — íà ïî÷àòîê âåãå-
òàö³éíîãî ïåð³îäó; á — âåñíà; â — ë³òî; ã — îñ³íü; 1 — ëþòèé; 2 — áåðåçåíü; 3 —
êâ³òåíü; 4 — êîíòðîëü



íÿ ¿õíüî¿ âàð³àö³¿ ïîð³âíÿíî ç âåñíÿíèìè ïîêàçíèêàìè, ùî îáóìîâëåíî
âèð³âíþâàííÿì åêîëîã³÷íèõ óìîâ ³ñíóâàííÿ ïëàâíåâî¿ ðîñëèííîñò³
Íèæíüîäí³ñòðîâñüêîãî ÍÏÏ [8]. ¯õí³é âçàºìîçâ’ÿçîê íàéá³ëüø ïîâíî
âèçíà÷àºòüñÿ äâîìà ãîëîâíèìè êîìïîíåíòàìè, ÿê³ ïîÿñíþþòü 96,9 % çà-
ãàëüíî¿ âàð³àö³¿ äàíèõ (äèâ. ðèñ. 3, â). Ïåðøà ãîëîâíà êîìïîíåíòà ïîÿñ-
íþº 92,0 % òà º ³íòåãðàëüíîþ îö³íêîþ âçàºìîä³¿ çíà÷åíü âåãåòàö³éíèõ
³íäåêñ³â. Äðóãà êîìïîíåíòà, ñôîðìîâàíà íåîäíîð³äí³ñòþ çâîëîæåííÿ òå-
ðèòîð³¿ (NDMI òà MSI), ïîÿñíþº 4,9 % çàãàëüíî¿ âàð³àáåëüíîñò³ äàíèõ.
ßê³ñòü âèä³ëåííÿ ãðóï ïðîäîâæóº çíèæóâàòèñü (19,9 %) ³ îáóìîâëåíà
í³âåëþâàííÿì ïðèðîäíèõ óìîâ íà âñ³é äîñë³äíî¿ òåðèòîð³¿ òà íåçíà÷íîþ
ð³çíèöþ ì³æ äîñë³äíèìè ä³ëÿíêàìè çà äàíèìè âåãåòàö³éíèõ ³íäåêñ³â.

Ë³òí³é ïåð³îä õàðàêòåðèçóºòüñÿ äîñèòü íåçíà÷íèìè â³äì³ííîñòÿìè
ì³æ ä³ëÿíêàìè. Çíà÷åííÿ R ñêëàäàëî 0,13 (p = 1e-04), ùî âèçíà÷àº ¿õ ÿê
ñõîæ³, ç äåÿêèìè â³äì³ííîñòÿìè. Öå ïîÿñíþºòüñÿ ïîäàëüøèì ðîçâèòêîì
ïëàâíåâî¿ ðîñëèííîñò³ ïðîòÿãîì ë³òí³õ ì³ñÿö³â, ÿêå í³âåëþº âïëèâ ï³ðî-
ãåííîãî ôàêòîðó ³ ôîðìóº ïîä³áí³ óìîâè äëÿ ¿¿ ðîçâèòêó (ðèñ. 4, ã). Ì³æ-
ãðóïîâèé àíàë³ç îêðåìèõ ä³ëÿíîê çà öåé ïåð³îä âèÿâèâ, ùî çà ñòóïåíåì
ïîä³áíîñò³ ä³ëÿíêè ìîæíà îá’ºäíàòè â òðè ãðóïè (äèâ. òàáë. 1). Ïåðøó
(ñõîæ³) ãðóïó ôîðìóþòü ä³ëÿíêè, ùî âèãîðàëè â ëþòîìó, áåðåçí³ òà êâ³òí³
(ëþòèé — áåðåçåíü, ëþòèé — êâ³òåíü) òà êâ³òåíü — êîíòðîëü (äèâ. ðèñ. 4,
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Ðèñ. 4. Ãðàô³êè àíàë³çó ïîä³áíîñò³ (ANOSIM), ùî ïîêàçóº â³äì³íí³ñòü ì³æ ä³ëÿíêàìè
òà âñåðåäèí³ íèõ: dis.rank — çíà÷åííÿ ðàíãó â³äì³ííîñò³ (dissimilarity rank value); bet-
ween — ðàíã â³äñòàí³ ì³æ ä³ëÿíêàìè; à — íà ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó; á — âåñ-
íà; â — ë³òî; ã — îñ³íü



ã). Äðóãà (ïîä³áí³, ç äåÿêèìè â³äì³ííîñòÿìè) ãðóïà ïðåäñòàâëåíà ïàðàìè
ëþòèé — êîíòðîëü òà áåðåçåíü — êâ³òåíü. Òðåòÿ (ð³çí³, ç ïåðåêðèòòÿì)
ãðóïà ñôîðìîâàíà ëèøå îäí³ºþ ïàðîþ: êâ³òåíü — êîíòðîëü (äèâ. òàáë. 1).

Ïîêàçàíî, ùî âïëèâ ð³çíèõ ñòðîê³â âèïàëþâàííÿ ìàéæå ïîâí³ñòþ
í³âåëþºòüñÿ ïðîòÿãîì ë³òíüîãî ïåð³îäó. Âèÿâëåíà ð³çíèöÿ º íå÷³òêîþ ³
ïîÿñíþºòüñÿ íåð³âíîì³ðí³ñòþ ðîçâèòêó ðîñëèííîñò³ ïëàâíåâèõ åêîñè-
ñòåì çàëåæíî â³ä ñòðîêó âèïàëþâàííÿ, ùî âèðàæàºòüñÿ â çíà÷í³é ðîç-
á³æíîñò³ ïîêàçíèê³â àñèìåòð³¿ òà åêñöåñó çíà÷åíü âåãåòàö³éíèõ ³íäåêñ³â.

Ïðîòÿãîì îñ³ííüîãî ïåð³îäó â³äì³÷àºòüñÿ ïîâ³ëüíå çìåíøåííÿ ñå-
ðåäí³õ çíà÷åíü âåãåòàö³éíèõ ³íäåêñ³â òà çá³ëüøåííÿ ïîêàçíèê³â àñèìåòð³¿
òà åêñöåñó, ùî îáóìîâëåíî çì³íîþ ð³âíÿ ï³äòîïëåííÿ ïðîòÿãîì ë³òíüî-
îñ³ííüîãî ïåð³îäó ïëàâíåâèõ åêîñèñòåì Íèæíüîäí³ñòðîâñüêîãî ÍÏÏ [7].
¯õí³é âçàºìîçâ’ÿçîê òàêîæ âèçíà÷àºòüñÿ äâîìà ãîëîâíèìè êîìïîíåíòà-
ìè, ÿê³ ïîÿñíþþòü 96,0 % çàãàëüíî¿ âàð³àö³¿ äàíèõ. Ïåðøà, ãîëîâíà, êîì-
ïîíåíòà ïîÿñíþº 88,8 % òà º ³íòåãðàëüíîþ îö³íêîþ âçàºìîä³¿ çíà÷åíü
³íäåêñ³â SLAVI, GCI òà NDVI. Äðóãà êîìïîíåíòà, ñôîðìîâàíà ³íäåêñàìè
çâîëîæåííÿ (NDMI òà MSI), ïîÿñíþº 7,2 % çàãàëüíî¿ âàð³àáåëüíîñò³ äà-
íèõ. ßê³ñòü âèä³ëåííÿ ãðóï º ì³í³ìàëüíîþ (14,5 %), ùî ñâ³ä÷èòü ïðî ìàé-
æå ïîâíå çíèêíåííÿ â³äì³ííîñòåé ì³æ íèìè (äèâ. ðèñ. 3, ã).
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Òàáëèöÿ 1
Ðåçóëüòàòè ïîð³âíÿííÿ äîñë³äíèõ ä³ëÿíîê ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó

ìåòîäîì ANOSIM

×àñ âèïàëþâàííÿ áåðåçåíü êâ³òåíü êîíòðîëü

Ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó

Ëþòèé 0,05 0,22 0,53

Áåðåçåíü 0,17 0,6

Êâ³òåíü 0,72

Âåñíà

Ëþòèé 0,05 0,13 0,42

Áåðåçåíü 0,18 0,52

Êâ³òåíü 0,22

Ë³òî

Ëþòèé 0,06 0,07 0,1

Áåðåçåíü 0,2 0,03

Êâ³òåíü 0,33

Îñ³íü

Ëþòèé 0,09 0,19 0,3

Áåðåçåíü 0,03 0,12

Êâ³òåíü 0,09



Óñ³ äîñë³äí³ ä³ëÿíêè âèçíà÷àþòüñÿ ÿê ñõîæ³, ç äåÿêèìè â³äì³ííîñòÿ-
ìè (R = 0,13, p = 1e-04). Öå îáóìîâëåíî ïðîäîâæåííÿì ôîðìóâàííÿ
ïîä³áíèõ óìîâ ðîçâèòêó ïëàâíåâî¿ ðîñëèííîñò³, ÿêå í³âåëþº âïëèâ ï³ðî-
ãåííîãî ôàêòîðó (äèâ. ðèñ. 4, ã). Ì³æãðóïîâèé àíàë³ç îêðåìèõ ä³ëÿíîê çà
âåñíÿíèé ïåð³îä âèÿâèâ, ùî çà ñòóïåíåì ïîä³áíîñò³ ä³ëÿíêè ìîæíà îá’ºä-
íàòè â òðè ãðóïè (òàáë. 2). Ïåðøó (ñõîæ³) ãðóïó ôîðìóþòü ä³ëÿíêè, ùî âè-
ãîðàëè â ëþòîìó, áåðåçí³ òà êâ³òí³ (ëþòèé — áåðåçåíü, áåðåçåíü — êâ³-
òåíü), à òàêîæ ïàðà êâ³òåíü — êîíòðîëü (äèâ. ðèñ. 4, ã). Äðóãà (ïîä³áí³, ç
äåÿêèìè â³äì³ííîñòÿìè) ãðóïà ïðåäñòàâëåíà ïàðàìè ëþòèé — êâ³òåíü òà
áåðåçåíü — êîíòðîëü. Òðåòÿ (ð³çí³, ç ïåðåêðèòòÿì) ãðóïà ñôîðìîâàíà
ëèøå îäí³ºþ ïàðîþ: ëþòèé — êîíòðîëü (äèâ. òàáë. 1).

Âèÿâëåíî, ùî ïðîòÿãîì îñ³ííüîãî ïåð³îäó ìàéæå ïîâí³ñòþ çíèêàº
âïëèâ ð³çíèõ ñòðîê³â âèïàëþâàííÿ. Ïåðåâàæíî öå ïîâ’ÿçàíî ç³ çìåíøåí-
íÿì ð³âíÿ îáâîäíåíîñò³ òåðèòîð³¿ òà çàê³í÷åííÿì âåãåòàö³éíîãî ïåð³îäó.

Ðåçóëüòàòè àíàë³çó ïîä³áíîñò³ âåãåòàö³éíèõ ³íäåêñ³â äîñë³äíèõ ä³ëÿ-
íîê ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó äîçâîëèëè âñòàíîâèòè çàêîíîì³ð-
íîñò³ ¿õíüîãî â³äíîâëåííÿ (òàáë. 2).

Ïîêàçàíî, ùî ä³ëÿíêè, ÿê³ âèïàëþâàëèñü äî ïî÷àòêó âåãåòàö³éíîãî
ïåð³îäó (ëþòèé òà áåðåçåíü), õàðàêòåðèçóâàëèñÿ ñõîæèì ðîçâèòêîì ïðî-
òÿãîì óñüîãî ïåð³îäó ñïîñòåðåæåíü (äèâ. òàáë. 2). Âñòàíîâëåíî, ùî ñòó-
ï³íü â³äì³ííîñò³ ì³æ ãîð³ëèìè ä³ëÿíêàìè íåâåëèêà, ùî ïîâ‘ÿçàíî ç ëîêà-
ëüíèìè óìîâàìè ï³äòîïëåííÿ òà ³íòåíñèâí³ñòþ âèïàëþâàííÿ, à òàêîæ
ê³ëüê³ñòþ ñóõî¿ îðãàí³÷íî¿ ðå÷îâèíè íà îêðåìèõ ïëîùàõ. Âèÿâëåíî, ùî
ëèøå ïðè çèìîâîìó (ëþòèé) âèïàëþâàíí³ ñïîñòåð³ãàºòüñÿ ïîñòóïîâå,
âïðîäîâæ âåãåòàö³éíîãî ïåð³îäó, çìåíøåííÿ â³äì³ííîñòåé ïîð³âíÿíî ç
êîíòðîëåì (äèâ. òàáë. 2). Âïëèâ âåñíÿíîãî (áåðåçåíü, êâ³òåíü) âèïàëþâàí-
íÿ â³äçíà÷àºòüñÿ çíà÷íîþ âàð³àáåëüí³ñòþ çíà÷åíü ñòóïåíÿ ïîä³áíîñò³ çà
ñåçîíàìè ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó (äèâ. òàáë. 2).

Âèñíîâêè

Äîñë³äæåííÿ äàíèõ äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³ ïîêàçàëè, ùî
ïðîòÿãîì çèìîâî-âåñíÿíîãî ïåð³îäó 2020 ð. ïîæåæ³ íà òåðèòîð³¿ Íèæ-
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Òàáëèöÿ 2
Ðîçïîä³ë çà ñòóïåíåì ïîä³áíîñò³ ä³ëÿíîê ç ð³çíèìè ñòðîêàìè âèïàëþâàííÿ òà

êîíòðîëåì ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó 2020 ð.

²íòåðâàëè
R

Ëþòèé —
áåðåçåíü

Ëþòèé —
êâ³òåíü

Áåðåçåíü
— êâ³òåíü

Ëþòèé —
êîíòðîëü

Áåðåçåíü
— êîíò-

ðîëü

Êâ³òåíü —
êîíòðîëü

<0,1 I, II, III, IV III IV IV III IV

0,1—0,25 I, II, IV I, II, III III IV II

0,25—0,5 II III

0,5—0,75 I I, II I



íüîäí³ñòðîâñüêîãî ÍÏÏ îõîïëþâàëè ìàéæå 4453 ãà (33,1 % ïëîù³ ïëàâ-
íåâèõ ñèñòåì). Íà ïî÷àòîê âåãåòàö³éíîãî ïåð³îäó ð³çí³ ñòðîêè çèìîâî—
âåñíÿíîãî âèïàëþâàííÿ, çà äàíèìè ñïåêòðàëüíèõ ³íäåêñ³â ïîêàçíèê³â
ñòàíó ðîñëèííîñò³ (NDVI, GCI, SLAVI, NDMI, MSI), ôîðìóþòü â³äíîñíî
³íäèâ³äóàëüí³ åêîëîã³÷í³ óìîâè äëÿ ðîçâèòêó ïëàâíåâî¿ ðîñëèííîñò³. Îä-
íàê âèÿâëåíà ð³çíèöÿ º íå÷³òêîþ (ÿê³ñòü âèä³ëåííÿ ãðóï — 43,2 %), ùî ïî-
ÿñíþºòüñÿ ñóêóïíèì âïëèâîì ï³äòîïëåííÿ òåðèòîð³¿, ïðèðîäíèìè óìî-
âàìè òà ñòóïåíåì âèïàëþâàííÿ ðîñëèííîãî ïîêðèâó. Ïðîòÿãîì âåñíÿíî-
ãî ïåð³îäó çáåð³ãàþòüñÿ â³äíîñíî ³íäèâ³äóàëüí³ åêîëîã³÷í³ óìîâè ðîçâèò-
êó ïëàâíåâî¿ ðîñëèííîñò³. Îäíàê âèÿâëåíà ð³çíèöÿ ñòàº ìåíø íå÷³òêîþ
(20,3 %), ùî îáóìîâëåíî ìàñîâèì ðîçâèòêîì åäèô³êàòîðà ðîñëèííèõ
êîìïëåêñ³â âîäíî-áîëîòíèõ åêîñèñòåì — Phragmites australis, ñòåáëà ÿêî-
ãî âèéøëè ç³ ñòàä³¿ ï³êóë³â ³ ðîçâèíóëè ëèñòêîâó ïëàñòèíêó. Ïðîòÿãîì
ë³òíüîãî ïåð³îäó ð³çíèöÿ ó ðîçâèòêó ðîñëèííîñò³ ïðîäîâæóº çíèæóâà-
òèñü (19,9 %) ³ ïîÿñíþºòüñÿ ïðîñòîðîâîþ íåð³âíîì³ðí³ñòþ åêîëîã³÷íèõ
óìîâ ðîçâèòêó ðîñëèííîñò³. Ôîðìóâàííÿ ïîñóøëèâèõ óìîâ ïðîòÿãîì
îñ³ííüîãî ñåçîíó òà çàê³í÷åííÿ âåãåòàö³éíîãî ïåð³îäó ñïðèÿº ìàéæå ïî-
âíîìó çíèêíåííþ ð³çíèö³ ì³æ ä³ëÿíêàìè (14,5 %), ùî ïîâ’ÿçàíî ç ëîêàëü-
íèìè óìîâàìè òà ³íòåíñèâí³ñòþ âèïàëþâàííÿ, à òàêîæ ³ç çàëèøêàìè ñó-
õî¿ îðãàí³÷íî¿ ðå÷îâèíè íà îêðåìèõ ïëîùàõ. Âèÿâëåíî, ùî ëèøå ïðè çè-
ìîâîìó (ëþòèé) âèïàëþâàíí³ ñïîñòåð³ãàºòüñÿ ïîñòóïîâå (âïðîäîâæ âåãå-
òàö³éíîãî ïåð³îäó) çìåíøåííÿ â³äì³ííîñòåé ïîð³âíÿíî ç êîíòðîëåì.
Âïëèâ âåñíÿíîãî (áåðåçåíü, êâ³òåíü) âèïàëþâàííÿ â³äçíà÷àºòüñÿ çíà÷-
íîþ âàð³àáåëüí³ñòþ çíà÷åíü ñòóïåíÿ ïîä³áíîñò³ çà ñåçîíàìè ïðîòÿãîì âå-
ãåòàö³éíîãî ïåð³îäó.

Ðîçðîáëåíèé àëãîðèòì ìîæå áóòè àäàïòîâàíèé äëÿ ð³çíèõ òèï³â åêî-
ñèñòåì òà âèêîðèñòàíèé äëÿ îòðèìàííÿ á³ëüø ïîâíèõ äàíèõ. Êðàùå ðî-
çóì³ííÿ ìàñøòàá³â ïîæåæ òà äèíàì³êè â³äíîâëåííÿ ðîñëèííîñò³ ìàº âè-
ð³øàëüíå çíà÷åííÿ äëÿ åôåêòèâíîãî óïðàâë³ííÿ öèìè òà ³íøèìè ïëàâíå-
âèìè åêîñèñòåìàìè.
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USE OF REMOTE EARTH SENSING DATA FOR ASSESSMENT OF THE
CONSEQUENCES OF BURNING VEGETATION OF FLOODIAN ECOSYSTEMS OF

THE LOWER DNIESTER NATIONAL NATURE PARK

The aim of our study was to determine the areas of fires, the response of floodplain
ecosystems to burning, and to identify the difference between them and the control using
remote sensing data. The impact of burning was assessed using spectral indices that reflect
certain indicators of ecosystem condition: Normalized Difference Vegetation Index
(NDVI), Green Chlorophyll Index (GCI), Specific Leaf Area Vegetation Index (SLAVI),
Normalized Difference Moisture Index (NDMI) and Moisture stress index (MSI). It was
established that during the winter-spring period of 2020, fires in the territory of the Lower
Dniester NNP covered almost 4453 hectares (33.1 % of the area of floodplain ecosystems).
Based on the method of simulation modeling, it was found that the difference between the
burned areas and the control is gradually decreasing over the course of the vegetation peri-
od. The maximum difference was observed at the beginning of the growing season (the qu-
ality of group selection is 43.2 %), which indicates the creation of relatively individual envi-
ronmental conditions for the development of floodplain vegetation. In the spring, the dif-
ference is 20.3 %, which is due to the development of Phragmites australis, a unifier of plant
complexes of wetland ecosystems, whose stems have developed a leaf blade. The summer
period is characterized by a further decrease in the quality of group selection (19.9 %),
which can be explained by the equalization of ecological conditions for vegetation develop-
ment. The autumn period is characterized by dry conditions and the end of the growing se-
ason, which also contributes to the almost complete disappearance of differences between
the plots (14.5 %). Based on the analysis of similarity (ANOSIM), it was found that the de-
gree of difference between the burned plots is small, which is related to local conditions and
intensity of burning, as well as the amount of dry organic matter in certain areas. It was fo-
und that only during winter (February) burning there is a gradual decrease in differences
during the vegetation season compared to the control. The influence of spring (March, Ap-
ril) burning is marked by significant variability of the degree of similarity by season during
the vegetation period.

Keywords: Dniester, floodplain ecosystems, fires, vegetation indices, seasonal dynamics,
remote sensing.
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ÁÓÐÈÕ ÂÎÄÎÐÎÑÒÅÉ, ×ÅÐÂÎÍÅ ÌÎÐÅ,
ªÃÈÏÅÒ, ÕÓÐÃÀÄÀ1

Ïîêàçàíî, ùî ñóëüôàòîâàí³ ïîë³ñàõàðèäè ç âîäîðîñòåé ìîæóòü ìàòè øèðîêå
çàñòîñóâàííÿ ó ìåäè÷íèõ ö³ëÿõ. Õ³ì³÷íèé ñêëàä òà á³îëîã³÷í³ ôóíêö³¿ ð³çíèõ ïîë³ñàõà-
ðèä³â áóëè âèçíà÷åí³ äëÿ òðüîõ âèä³â áóðèõ âîäîðîñòåé ç ºãèïåòñüêîãî ×åðâîíîãî
ìîðÿ: Dictyopteris polypodioides, Polycladia myrica òà Turbinaria decurrens. Âèÿâëåíî,
ùî âèõ³ä íåî÷èùåíèõ ïîë³ñàõàðèä³â áóâ âèùèì, í³æ âèõ³ä àëüã³íàòó òà ôóêî¿äàíó â
ä³àïàçîí³ â³ä 43,64 äî 61,90 %. Ó D. polypodioides âèÿâëåíî ôóêî¿äàí, ÿêèé ìàº ìàêñèìà-
ëüíèé âì³ñò âóãëåâîä³â — 56, 89 %. Íàéâèùèé âì³ñò ñóëüôàòó (22,44 %) çàðåºñòðîâà-
íî ó ñèðèõ (íåî÷èùåíèõ) ïîë³ñàõàðèäàõ, åêñòðàãîâàíèõ ç P. myrica. Óñ³ ôóíêö³îíàëüí³
ãðóïè äîñë³äæóâàíèõ çðàçê³â áóëè ï³äòâåðäæåí³ ³íôðà÷åðâîíèì ñïåêòðîì Ôóð’º
(FTIR). Äëÿ ê³ëüê³ñíîãî âèçíà÷åííÿ àíòèîêñèäàíòíî¿ àêòèâíîñò³ åêñòðàãîâàíèõ
ïîë³ñàõàðèä³â çàëåæíî â³ä çàñòîñîâàíîãî ìåòîäó, òèïó ïîë³ñàõàðèä³â ³ âèäó âîäîðîñ-
òåé åêñïåðèìåíòàëüíî áóëî ïðîâåäåíî òðè òèïà àíàë³ç³â. Ïðîòèä³àáåòè÷íà àê-
òèâí³ñòü T. decurrens-íåî÷èùåíîãî ïîë³ñàõàðèäó áóëà âèñîêîþ ³ ñòàíîâèëà 85,85 % â
àíàë³ç³ ³ç çàñòîñóâàííÿì α-ãëþêîçèäàçè. Êð³ì òîãî T. decurrens-íåî÷èùåíèé ïîë³ñà-
õàðèä ìàâ íàéâèùó ïðîòè-àðòðèòíó àêòèâí³ñòü (89,89 %). Íàéâèùèì çíà÷åííÿì
àêòèâíîñò³ ïðîòè çàéâî¿ âàãè (95,25 %) õàðàêòåðèçóâàâñÿ T. decurrens-ôóêî¿äàí.
Âèä³ëåí³ åêñòðàêòè ïîë³ñàõàðèä³â ïðîÿâëÿëè ³ ïðîòèáàêòåð³àëüíó àêòèâí³ñòü.
Íàéá³ëüø àêòèâíèé åêñòðàêò T. decurrens-íåî÷èùåíèé ïîë³ñàõàðèä áóâ ïåðåâ³ðåíèé
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íà öèòîòîêñè÷í³ñòü ùîäî êë³òèí ïå÷³íêè ëþäèíè òà âèçíàíèé áåçïå÷íèì. Âñòà-
íîâëåíà çàëåæí³ñòü ì³æ àêòèâí³ñòþ åêñòðàãîâàíèõ ïîë³ñàõàðèä³â òà ¿õí³ì õ³ì³÷-
íèì ñêëàäîì. Á³îëîã³÷íî àêòèâí³ ïðîòåñòîâàí³ ïîë³ñàõàðèäè ìîæóòü áóòè âèêîðè-
ñòàí³ â ìåäè÷íèõ ö³ëÿõ äëÿ ðîçðîáêè íîâîãî òåðàïåâòè÷íîãî âòðó÷àííÿ.

Êëþ÷îâ³ ñëîâà: àëüã³íàò, ôóêî¿äàí, ïðîòèáàêòåð³àëüíèé, ïðîòè-ä³àáåòè÷-
íèé, ïðîòè çàéâî¿ âàãè, Phaeophyceae.

Macroalgae are among the main producers of biomass in marine ecosys-
tems, which also have a variety of bioactive metabolites with useful applications
in the food and pharmaceutical industries [30, 61]. Additionally, they are rege-
nerative, simple to cultivate, non-toxic, and have no negative side effects [33].
Especially, brown algae are widely distributed throughout the tropics, subtro-
pics, and occasionally in temperate marine ecosystems [25].

On focus, sulfated polysaccharides (SPs) are the primary biochemical
structure among the several bioactive chemicals that are pertinent to the algal
taxonomic position. High levels of polysaccharides, which are absent in terrest-
rial plants, are mostly replaced by sulfate in the macroalgal cell wall, which is
what gives it its distinctive appearance. According to phylum, species, various
locations, and harvest time, the chemical composition and diversity of the algal
polysaccharides vary [34, 36].

SPs are complex and diverse anionic macromolecules that can make ap-
proximately 4 to 76 % of the dry weight of macroalgae. In particular, alginate,
laminarin, and fucoidan are only a few examples of the polysaccharides from
brown algae that account for more than 50 % of the total dry weight of the algae
and may even reach 70 % in some species [42].

While alginate is among the most widely used brown seaweed polysaccha-
rides by a variety of industries, it is crucial to identify and study new sources for
obtaining alginate to meet the rising demand for alginate, particularly sodium
alginate, around the world [18]. The extraction process of alginate is based on
the transformation of an insoluble combination of salts of alginic acid into a so-
luble salt (alginate), which is suitable for water extraction. On the other side, fu-
coidans are SPs found in the cell walls of brown seaweed species composed of
fucose as the main monosaccharide, but accompanied by very variable amo-
unts of other monosaccharides like galactose, xylose, mannose, rhamnose,
and/or glucuronic acid [34].

There is a wealth of information available about the bioactivity of fucoi-
dans, including their antiviral, anticoagulant, anticancer, antioxidant, anti-inf-
lammatory, and anti-coagulant properties [34, 64]. Numerous investigations
have sought to explore the structural details of fucoidans, but it has been very
difficult to identify a common characteristic shared by all of the fucoidans that
have been studied to date [57, 64]. Typically, fucoidans are extracted from
brown algae in a multi-step, hot acid process. However, the extraction parame-
ters have a substantial impact on the structural and compositional characteris-
tics of the fucoidan polysaccharides, as well as on their bioactivity [64]. Furt-
hermore, alginate and fucoidan also have beneficial qualities such as biocom-
patibility, non-toxicity, biodegradability, and functional adaptability with dif-
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ferent matrices and substrates [18]. The alginate and fucoidan extracted from
Turbinaria species may be valuable in medical uses due to their antioxidant
and anticancer properties [69].

Generally, a challenge for the use of macroalgae in food and medicine is
that seaweed harvesting is often seasonal so it should be kept and maintained to
provide year-round industrial processes. Information on post-harvest storage
techniques and conditions for algal raw materials, as well as their impact on the
stability and concentration of biologically active chemicals, are crucial step.
According to [50], there are very few studies on the impact of freezing and
long-term storage at low temperatures on the amount of bioactive substances
in algae. However, the effects of cryopreservation allow one to rely on a high
quality and level of these substances while maintaining the original properties
of the material. Regarding the amounts of polysaccharides, amino acids, and
total phenols, air drying and freezing are viable processes that allow for a shelf
life of at least 365 days [48].

Therefore, the aim of the present study was to extract and characterize cru-
de sulfated polysaccharides, crude alginate and fucoidan from three brown sea-
weed species collected from the Egyptian Red Sea, Hurghada and to evaluate
their antioxidant, anti-diabetic, anti-obesity, anti-arthritic, and antimicrobial
activities, and also to determine the cytotoxicity effect of the most active samp-
le.

Material and Methods

Chemicals. All chemicals were purchased from the Sigma-Aldrich Co
(Darmstadt, Germany).

Reference bacterial strains. The bacterial indicator strains (Bacillus subtilis
ATCC 6051, Aeromonas hydrophila ATCC 13037, Pseudomonas aeruginosa
ATCC 9027, P. fluorescens ATCC 13525, Staphylococcus aureus ATCC 25923,
Streptococcus agalactiae ATCC 13813, Vibrio damsela ATCC 33539, V. fluvia-
lis ATCC 33812, Escherichia coli ATCC 8739, and Klebsiella pneumoniae
ATCC 13883) were kindly provided by the Marine Microbiology Department,
the NIOF, Alexandria, Egypt.

Seaweed collection and identification. In front of the National Institute of
Oceanography and Fisheries (NIOF) in the city of Hurghada, the Red Sea,
Egypt, between latitudes 27o17'13''N and longitudes 33o46'21''E, three brown
seaweeds (Dictyopteris polypodioides (De Candolle) J.V. Lamouroux, Polycla-
dia myrica (S.G. Gmelin) Draisma, Ballesteros, F. Roussean & T. Thibaut, and
Turbinaria decurrens Bory) were collected. The collected species were cleaned
with seawater before being transported in an ice tank to the Taxonomy and Bi-
odiversity of Aquatic Biota Laboratory at the NIOF in Alexandria, Egypt for
morphological description and identification in accordance with [3, 51] and
confirmed using the Algae Base website [25]. They were washed with tap and
distilled water, dried in the shade, ground into a powder, and stored at 4oC for
additional analyses.

Seaweed polysaccharides extraction and yield. According to [17], water-so-
luble polysaccharides were isolated. For the extraction of crude alginate, the
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procedure described in [10] was used. Crude fucoidan was extracted by the
method [60], with a few adjustments. The extraction process was carried out
for 12 h at 25°C. The yields of the extracted samples were reported as a percen-
tage of the alga’s initial dry weight (% DW).

Polysaccharides characterization. The total content of carbohydrate, prote-
in, sulfate, and total organic carbon content were determined in all extracted po-
lysaccharide samples. According to [16], the total carbohydrates were calcula-
ted using d-glucose as the reference. The total proteins were identified using
bovine serum albumin (BSA) as the reference protein [43]. As well, barium
chloride-gelatin was used to estimate the sulfate content [40]. The amount of
total organic carbon was measured using the acid/dichromate titration assay
[23]. All the estimated chemical parameters were expressed as a percentage of
the extracted polysaccharides (%). The Fourier Transform Infrared (FTIR)
spectroscopy was carried out using a Perkin Elmer spectrophotometer.

Biological activities of the extracted polysaccharides in vitro. Antioxidant
activities. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity.
The DPPH radical scavenging activity of the SPs methanol extract (100 µg/ml)
was assessed using the technique [67]. The radical scavenging efficiency was
determined using the following formula and measured at 550 nm:

Antioxidant activity
sample blank

control

=
−A A

A

where, Asample is the absorbance of the tested solutions, while Acontrol is the absor-
bance of the control sample, and Ablank is the absorbance of the blank solutions.
The ascorbic acid standard was used to calculate the results and the GraphPad
Prism software was used to determine the LC50 (µg/ml) values, or the concent-
ration of SPs extracts that could scavenge 50 % of DPPH free radical.

Hydrogen peroxide radical scavenging activity. The hydrogen peroxide ra-
dical scavenging test was carried out at 230 nm. Standardization was done
using ascorbic acid [26]. The fraction of SPs that can scavenge free radicals was
determined using the following equation:

Free radical scavenging (Hydrogen peroxide)% =
( )Ac As

Ac

−





×100

where, Ac is the absorbance of control and As — the absorbance of sample.
Total antioxidant activity. Using the method described in [58], the total

antioxidant capacity (TAC) of various extracted SPs (100 µg/ml methanol) was
calculated. The obtained results are expressed in equivalent mg of extract we-
ight (mg AsAE per g SPs) and were calculated using an ascorbic acid standard
curve.

Antidiabetic activity. Inhibition of α-amylase activity. Following a proce-
dure outlined in [27], the inhibition of α-amylase of several SPs extracts was
determined. The non-linear regression curve was used to get the LC50 value
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(µg/ml), or the concentration of extracts or standards that inhibit 50 % of the
enzyme activity. In this case, acarbose was used as standard.

Inhibition ofα-glucosidase activity. The method [15] was used to assess the
α-glucosidase inhibition using acarbose as a standard to detect the absorbance
at 540 nm. Additionally, the non-linear regression curve was used to calculate
the LC50 value (µg/ml).

Anti-obesity pancreatic lipase inhibitory assay. According to the approach
[39], the lipase inhibitory activity of various SPs and Orlistat (a reference drug)
extract was assessed using a Multiplate Reader at 750 nm. The following equati-
on was used to estimate the results:

Inhibitory activity = 1 100−





×As

Ac

where As is the absorbance in the presence of SPs substance and Ac is the absor-
bance of control.

Anti-arthritic activity. The anti-arthritic activity was assessed using the al-
bumin denaturation test and a microplate reader set at 660 nm. As a reference
drug, diclofenac sodium was used to calculate the percentage of protein dena-
turation inhibition:

% Inhibition of protein denaturation = 1
1

2
100−





×A

A

where A1 is the absorbance of control, A2 — the absorbance of test/standard
sample with albumin solution, and the LC50 value was established as the con-
centration to inhibit 50 % of protein denaturation under the assay conditions.

Antibacterial activity. Using the well diffusion method, the antibacterial
efficacy of all examined SPs dissolved in sterile distilled water was evaluated
against ten bacterial pathogens [4]. The diameter of the inhibitory zone around
each well measured in millimeters was used to represent positive results [28].

Cytotoxic evaluation of T. decurrens crude SPs. Preliminarily, the crude SPs
from T. decurrens was initially chosen because it had the highest bioactivity in
the majority of experiments and was tested as a cytotoxic agent. The WISH cells
(Human amnion; normal liver cells) were obtained from the American Type
Culture Collection (ATCC, Rockville, MD). Additionally, the Sigma (St. Louis,
Missouri, USA) supplied the trypan blue dye, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), and dimethyl sulfoxide
(DMSO). Moreover, fetal bovine serum, DMEM, 4-(2-hydroxyethyl)-1-pipe-
razineethanesulfonic acid (HEPES) buffer solution, l-glutamine, gentamicin,
and 0.25 % trypsin-EDTA were purchased from the Lonza.

Cell line propagation. The Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10 % heat-inactivated fetal bovine serum, 1 % l-glutamine,
HEPES buffer, and 50 µg/ml gentamicin was used to propagate the cells. All
cells were sub-cultured twice a week and kept at 37°C in a humidified atmo-
sphere with 5 % CO2.
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Cytotoxicity evaluation using viability assay. For the cytotoxicity experi-
ment, the WISH cells were seeded in 96-well plates at a density of 1x104 cells per
well in 100 µL of cultural media. After 24 h of seeding, fresh medium with va-
rious concentrations of the test sample was introduced. Serial two-fold diluti-
ons of the investigated chemical component were added to confluent cell mo-
nolayers dispensed into 96-well, flat-bottomed microtiter plates (Falcon, NJ,
USA) using a multichannel pipette. The microtiter plates were incubated at
37°C for 24 h in a humidified incubator with 5 % CO2. For each concentration
of the test material, three wells were used. Control cells were cultured with or
without DMSO and without the test sample. The experiment was shown to be
unaffected by the minimal amount of DMSO (a maximum of 0.1 %) contained
in the wells. A colorimetric approach was used to calculate the viable cell yield
after incubation.

Briefly, the Roswell Park Memorial Institute (RPMI) 1640 medium witho-
ut phenol red was added to the 96-well plates in 100 L increments, and 10 L of
the 12 mM MTT stock solution (5 mg of MTT in 1 ml of phosphate-buffered
saline (PBS)) was added to each well, including the untreated controls. After-
wards, the 96-well plates were incubated for 4 h at 37°C with 5 % CO2. After re-
moving an 85 µL aliquot of the media from each well, 50 µL of DMSO was ad-
ded, mixed well with the pipette, and incubated at 37°C for 10 min. The num-
ber of viable cells was then determined by measuring the optical density at 590
nm using a microplate reader (SunRise, TECAN, Inc., USA) according to [24],
and the percentage of viability was calculated as follows:

Viability =
ODt

ODc







×100

where ODt is the mean optical density of wells treated with the SPs samples and
ODc is the mean optical density of untreated cells.

To determine the relation between sample concentrations and surviving
cells is plotted to get the survival curve of the cell line after treatment with T. de-
currens crude SPs. The 50 % inhibitory concentration (LC50), or the dosage nee-
ded to cause toxic effects in 50 % of intact cells, was detected by using Graph-
Pad Prism software (San Diego, CA, USA) [46].

Statistical analysis. Data were reported as the mean and standard deviation
(SD) for all experimental works that were carried out in triplicate (n = 3). To as-
certain their relationship, the Pearson correlation was performed between the
chemical composition of the separated polysaccharides and the bioactivities.

Results and Discussion

Identification of the collected seaweeds. Initially, seaweeds richen with algi-
nate and fucoidan were selected from the Egyptian part of the Red Sea. They
were identified as D. polypodioides, P. myrica and T. decurrens (Figure 1).
Many other researches monitored them in their studies. Several biological acti-
vities were detected in the same species previously [35]. Fucoidan was isolated
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from both Cystoseira barbata and Fucus virsoides [14]. Further, the bioactivity
of alginate from Dictyopteris polypodioides was reported [1].

Yield of extracted algal SPs. The data presented in Table 1 reveal various ra-

tios of different SPs yields from three algal species under investigation in com-

parison to their crudes. The performed investigations showed that the yield of
crude SPs recorded the highest values of all. Its values ranged from 61.90 % to
43.64 % for T. decurrens and P. myrica dry weight, respectively. In this case,
D. polypodioides had 46.97 % as a yield of its dry weight. Additionally, the hig-
hest alginate yield was recorded in T. decurrens (41.90 % DW) followed by
D. polypodioides (36.97 % DW), whereas the lowest percentage was in P. myrica
(33.64 % DW). Moreover, D. polypodioides showed the highest fucoidan value
(22.51 % DW) followed by P. myrica (22.12 %), whereas the lowest value was

observed in T. decurrens (15.37 % DW). This finding confirms that T. decur-
rens was a good source for alginate and D. polypodioides was a good source for
fucoidan. The variation in the yield of algal SPs may be related to the algal spe-
cies and their morphological form [18]. The estimated yield of crude SPs was
higher than that obtained from Sargassum euryphyllum (39.49 %) and S. aqui-

folium (23.13 %), both collected from the same area [29].
Basically, alginate makes up to 40 % of brown algal dry weight and is the

major polysaccharide in the cell wall with species-specific composition [41].
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Fig. 1. General features of the collected algal species

Table 1
Yield of the extracted crude SPs (%) from different algal species

Species
Yield of the different extracted SPs (% DW)

Crude SPs Alginate Fucoidan

D. polypodioides 46.97±2.8 36.97±2.12 22.51±1.24

P. myrica 43.64±9.4 33.64±1.45 22.12±2.23

T. decurrens 61.90±4.10 41.90±1.10 15.37±1.33



The obtained results are less or more similar to [37], which suggests that the al-
ginate yield ranged from 20.19 % to 49.8 % dry weight for Laminaria ochroleu-
ca and Saccorhiza polyschides, respectively. On the other hand, it has been
shown [52] that the total yield of fucoidan isolated from S. polycystum is 4.51 %.
In the Egyptian part of the Red Sea, fucoidan production varied from 9.085 %
in Sargassum linifolium to 13.04 % in Stypopodium schimperi [18].

Characterization of the extracted algal SPs
Chemical composition. The chemical composition of the extracted SPs is

given in Table 2. In some details, the highest total organic carbon (TOC) value
was registered in fucoidan of P. myrica (28.33 %), followed by D. polypodioi-
des-fucoidan (27.64 %), and T. decurrens-alginate (25.01 %). In addition, car-
bohydrate content in all tested SPs ranged from 37.27 % (D. polypodioides-cru-
de SPs) to 56.89 % (D. polypodioides-fucoidan). Generally its values were hig-
her in the case of fucoidan compared to others. Sulfate content showed mode-
rate values with obvious fluctuations. The lowest one was 13.71 %, which was
detected in D. polypodioides-alginate and the highest value — 22.44 % in P. my-
rica-crude SPs. Protein content was characterized by very low values, which
ranged between 0.0001 % (T. decurrens-alginate) and 0.009 % (D. polypodioi-
des-crude SPs).

According to findings from the literature, crude polysaccharides from Sar-
gassum spp. have a comparable ratio of the total carbohydrate content (44.09—
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Table 2
Chemical composition of the extracted SPs from different algal species under

investigation in comparison to their crudes

Species

Parameter, %

Total organic
carbon

Carbohydrate Sulfate Protein

Crude SPs

T. decurrens 17.15 b 43.64a 21.63a 0.003a

P. myrica 21.28a 46.90a 22.44a 0.008a

D. polypodioides 17.29b 37.27b 19.89a 0.009a

Alginate

T. decurrens 25.01a 41.89b 18.97a 0.0001b

P. myrica 23.91a 46.96a 15.98b 0.001a

D. polypodioides 19.32b 43.64a 13.71a 0.003a

Fucoidan

T. decurrens 14.20b 53.69a 20.03a 0.001b

P. myrica 28.33a 55.07a 17.32b 0.001b

D. polypodioides 27.64a 56.89a 15.03b 0.004a

Note. Different letters at the same row mean significant difference at P≤0.05.



57.43 %) and sulfate content (13.58—18.26 %), but no protein was found [29].
Later, it has been found [38] that the polysaccharides extracted from different
brown algal species significantly differed in the total content of carbohydrates
(from 32.15 % in Turbinaria conoides to 59.95 % in Padina minor). The content
of sulfate varied from 9.74 % to 14.22 % depending on algal species. The fucoi-
dan isolated from T. decurrens included 54.86 % of the total sugar, 23.51 % of
sulfate, and 3.4 % of protein [45].

FTIR profile of SPs. For all illustrated FTIR spectra, shown in Figure 2, a
wide peak in the range 3395 to 3470 cm–1 is due to the stretching vibrations of
O-H and a small peak at 2925—2946 cm–1 for the extracted crude SPs and algi-
nates represents the stretching of C-H [17]. For the extracted fucoidan from D.
polypodioides, and T. decurrens this peak does not appear. Sharp peaks were
observed in the range from 1618—1640 cm–1, which were attributed to carbo-
xylate O-C-O asymmetric stretching or can be assigned to the amide groups of
protein or to the carbonyl stretching groups. In general, the FTIR spectrum
shows an intense band at 1594.70 cm–1 reflecting the asymmetrical stretching of
carboxylate (COO-) confirming the high content of uronic acid in the extract
[9]. The peaks appear at 1413—1466 cm–1 for the crude of both P. myrica (SPs
and alginates) and D. polypodioides (SPs, alginate and fucoidan) and indicate
C-H bending vibration of polysaccharide. These bands appeared as broad
bands at 1408—1409 cm–1 for crude SPs and alginate from T. decurrens may be
assigned to C-OH deformation vibration with the contribution of O-C-O sym-
metric stretching vibration of the carboxylate group. Weak and short bands at
1249 cm–1 in crude SPs of P. myrica and D. polypodioides are due to the presen-
ce of sulfated ester groups (S = O). Weak and broad bands at 1070—1090 cm–1

in all samples except T. decurrens-SPs represented the S = O stretch of the sulfa-
ted polysaccharides or the C-N stretching of aromatic amine group. The bands
at 1120—1124 cm–1 of T. decurrens crude SPs and P. myrica alginates are alloca-
ted to C-O groups of polyols of polysaccharides. The spectrum also showed the
most intense band at 1047.07 cm–1 corresponding to the C = O group [21].

Additionally, the spectrum displayed three peaks between 950 and
750 cm–1 providing further evidence of the existence of uronic acid. With the
exception of P. myrica crude SPs, all samples showed weak and broad bands
between 597 and 619 cm–1, which may have been caused by C = C-H stretching
vibration. The FTIR spectra of the alginates produced from L. ochroleuca and S.
polyschides resembled those of commercial alginate [37].

The bands at 1618—1640 cm–1 related to carbonyl (C = O) group in algina-
te. The bands appearing at 1413—1466 cm–1 in the extracted alginates are assig-
ned to carboxyl (COOH) group present in the alginate [59]. The short band at
1249 cm–1 can be assigned to the C-O stretching vibration. Bands at approxi-
mately 1.070—1.090 cm–1 in algal species correspond to mannuronic (M) and
guluronic (G) units, respectively [55]. The bands at 1120—1124 cm–1 in the tes-
ted algae correspond to C-O and C-C-H groups present in mannuronic and
guluronic acids forming the alginate. The bands at 1.070 and 1.090 cm–1 in the
tested algae correspond to S = O and C-C-H groups. Multiple very small peaks
observed in the range of 1070—1124 cm–1 represent the S = O stretch of the sul-
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fated polysaccharides or the C-N stretching of the aromatic amine group [47].
The band around 1.000 cm–1 is attributed to alcohol groups in the alginate. The
bands at 597—619 cm–1 are related to the vibration of the C = C-H stretching
[11].

Biological activity of the tested SPs
Antioxidant activity of the extracted algal SPs. The antioxidant activity of

three algal SPs was estimated with sharp accuracy via three assays. Table 3 reve-
als that the SPs activities detected by the DPPH radical scavenging assay were
very promising compared to ascorbic acid as a known antioxidant substance.
The lowest value (54.2 %) was detected in D. polypodioides-fucoidan, whereas
the highest value (88.71 %) was recorded in T. decurrens-crude SPs. Different
LC50 values were calculated for all treatments. Obviously, the LC50 of most tre-
atments was lower than ascorbic acid’s LC50 (69.25 µg/mL), which confirmed
their strong antioxidant activity and potential to be a radical scavenger agent.

Further, the antioxidant activity was also estimated via the H2O2 radical
scavenging assay. The data presented in Table 3 exhibit the lowest activity
(32.50 %) in the case of alginate from D. polypodioides, whereas the highest ac-
tivity (68.89 %) was detected in the case of P. myrica-alginate. The antioxidant
activity obtained by ascorbic acid (40.25 %) was lower than that of the majority
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Fig. 2. Different FTIR profiles of the extracted polysaccharides from brown algal species
under investigation.



of SPs, which demonstrated the highest H2O2 radical scavenging activity of the-

se SPs.
The LC50 ranged between 60.48 µg/mL for alginate of P. myrica and

83.68 µg/mL for fucoidan of T. decurrens.
Moreover, the antioxidant activity was also estimated by TAC assay (Table

3), with the lowest activity (8.20 mg/g AsA equivalent) in the case of alginate of

P. myrica and the highest activity (18.62 mg/g AsA equivalent) — in the case of

P. myrica-crude SPs. The antioxidant activity conducted using ascorbic acid

(13.25 mg/g AsA equivalent) showed a value lower than most of all algal SPs,

but it was much higher than others. These observed variations in antioxidant

activity of the experimented SPs were related to the assay and type of SPs used.

In general, the highest antioxidant activity was detected in the tested crude SPs
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Table 3
Antioxidant activity of algal SPs (crude SPs, alginate and fucoidan) estimated via

DPPH radical scavenging, TAC and H2O2 radical scavenging assays in comparison to
ascorbic acid as a powerful antioxidant

Polysaccharide
Antioxidant activity

P. myrica D. polypodioides T. decurrens Ascorbic acid

DPPH radical scavenging %

Crude Sps,
LC50 (µg/mL)

72.75b

62.48

69.36c

65.53

88.71a

51.24

69.25

Alginate,
LC50 (µg/mL)

68.19 b

66.66

66.2 b

68.66

72.66 a

62.56

Fucoidan,
LC50 (µg/mL)

60.92 a

74.61

54.2 b

83.86

64.05 a

70.97

H2O2 radical scavenging %

Crude Sps,
LC50 (µg/mL)

67.82 a

61.44

42.50c

ND

53.52 b

83.68

40.25

Alginate,
LC50, (µg/mL)

68.89a

60.48

32.50c

ND

53.50b

81.27

Fucoidan,
LC50 (µg/mL)

66.30a

62.85

41.31c

ND

51.96b

83.68

TAC (mg/g ASA)

Crude SPs 18.62 a 8.94 b 16.61a 13.25

Alginate 8.20 b 6.25 b 15.77 a

Fucoidan 15.72 a 10.29 b 16.87 a

Note. Bold values refer LC50. Small superscript letters refer to significant difference betwe-
en the three extracted seaweed polysaccharides. Different letters at the same row mean sig-
nificant difference at P≤0.05.



compared with crude alginate and fucoidan, which may be due to their compo-
sition and nature.

The antioxidant activity of sulfated polysaccharides from brown algal spe-
cies was estimated by several researchers, and as a result, different values were
obtained depending on the season, type of algae, and location of the collection.
The sodium alginate derived from D. polypodioides showed the highest antioxi-
dant activity with LC50 (20 µg/mL) in the DPPH test [1]. It has been found that
the DPPH assay produced powerful antioxidant effects for the SPs from S.
euryphyllum (59.15 %) and S. aquifolium (65.25 %) compared to ascorbic acid
(67.33 %), whereas the H2O2 radical scavenging activity of the crude SPs from
the two Sargassum species was less effective than that assessed for ascorbic acid
[29]. On the other hand, the highest activity via DPPH (61.2 %), reducing abili-
ty (67.56 %), and the total antioxidant activity (65.3 %) were obtained at 1000
g/mL of fucoidan in evaluating the antioxidant activity of S. polycystum fucoi-
dan using various assays [52].

Antidiabetic activity of the tested algal SPs. The anti-diabetic ability of the
isolated SPs was determined by two effective assays and their data are presented
in Figure 3. Firstly, the α-glycosidase assay scored high activity with the range
of 62.50 % and 85.85 % for D. polypodioides-alginate and T. decurrens-crude
SPs, respectively, whereas acarbose showed activity (63.63 %). The calculated
LC50 of α-glycosidase assay for most treatments (14.0—19.5 µg/mL) except
D. membranacea-alginate (20.5µg/mL) was lower than standard concentration
(19.64 µg/mL).

Secondly,α-amylase assay exhibited rather lower activity values than those
gained by the first assay. In addition, acarbose showed activity (55.45 %) in the
later assay. The estimated LC50 values ofα-amylase of most isolated SPs (16.1—
19.6 µg/mL) exhibited less or more similar behavior of α-glucosidase compa-
red with the value of standard drug 29.84 µg/mL. These findings proved the po-
tential anti-diabetic activity of different extracted SPs.

In the same context, alginates from Laminaria digitata and Undaria pin-
natifida appeared to be strong inhibitors of α-amylase activity with LC50 of
0.075±0.010—0.103±0.017 mg/mL [68]. Overall, this finding shows that algi-
nates are strong α-amylase inhibitors, which may delay the release of glucose
from starches and reduce postprandial hyperglycemia. In addition, it has been
found [54] that fucoidan treatment reduced insulin-induced 2-deoxy-D-[3H]
glucose absorption by up to 51 % compared to control cells.

Anti-obesity pancreatic lipase inhibitory assay of the isolated SPs. For diffe-
rent extracted SPs, anti-obesity activity is illustrated in Figure 4. In particular,
results of such an assay showed the lowest value as 62.81 % in the case of algina-
te of D. polypodioides, whereas the highest value (95.25 %) was detected for
T. decurrens-fucoidan. In addition, Orlistat exhibited moderate activity
(89.35 %) when compared to the algal SPs.

Complementarily, the LC50 ranged from 22.77 µg/mL (T. decurrens-fucoi-
dan) to 79.61 µg/mL (D. polypodioides-alginate), whereas Orlistat had its effect
at 55.96 µg/mL as LC50. However, all the extracted SPs from T. decurrens sho-
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wed the lowest values revealing the potential of these polysaccharides as mole-
cules for anti-obesity applications. Seaweeds are a promising source of an-
ti-obesity agents, especially alginates, fucoidans, fucoxanthin, and phlorotan-
nins [65]. Alginates, in particular, have been demonstrated to have inhibitory
activity against pancreatic lipase and the source and chemical form of the com-
pound may affect the inhibitory activity of the substance. Practically, the inhi-
bition of pancreatic lipase by alginates is substrate specific [12]. The fucoidans
extracted from U. pinnatifida reduced lipid accumulation by stimulating lipo-
lysis and demonstrating their anti-obesity properties [54].

Anti-arthritic activity. The data in Figure 5 illustrate the anti-arthritic acti-
vity of different extracted SPs via a protein denaturation assay. The crude SPs
of T. decurrens showed the highest activity (89.89 %), followed by fucoidan of
T. decurrens (88.25 %) and alginate of T. decurrens (86.32 %). The lowest values
were recorded for all SPs of D. polypodioides, whereas the SPs of P. myrica exhi-
bited moderate values between the two when compared with diclofenac sodi-
um as a standard anti-arthritic agent. The LC50 values of crude SPs of P. myrica
(14.75 µg/mL) were only slightly lower than the LC50 of diclofenac sodium
(15.12 Fg/mL) and other SPs treatments, so these tested polysaccharides have
promising anti-arthritic properties.

It has been proven [2] that fucoidan extracts from U. pinnatifida, L. japoni-
ca, Fucus vesiculosus, Ascophyllum nodosum, and Macrocystis pyrifera have the
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Fig. 3. Antidiabetic activity for different extracted polysaccharides via inhibition ofα-amy-
lase and α-glucosidase activity. Different letters mean significant difference at P ≤ 0.05



anti-inflammatory effects. Fucoidan nanoparticles were confirmed to have an
anti-oxidative and anti-inflammatory impact against the nephropathy of strep-
tozotocin-induced diabetes in rats [66].

Antibacterial activity. Brown seaweed extracts are utilized in aquaculture
feed as preventative and/or therapeutic treatments due to they have antibacte-
rial effect against fish diseases [56]. In particular, the use of brown seaweed ext-
racts encourages immunological system of fish and shrimps [62].

Complementarily to the biological activities determined, the antibacterial
activity of all SPs samples was detected by using the well cut-diffusion techni-
que. The data in Figure 6 and Table 4 suggest that few positive activities were
recorded. The crude SPs of D. polypodioides showed considerable values aga-
inst E. coli ATCC 8739 (22 mm) followed by S. aureus ATCC 25923 (20 mm).
In addition, its fucoidan showed low inhibition activity towards S. agalactiae
ATCC 13813, S. aureus ATCC 25923, V. fluvialis ATCC 33812, and K. pneumo-
niae ATCC 13883. Furthermore, the crude SPs of P. myrica showed moderate
activity towards B. subtilis ATCC 6051 (18 mm), E. coli ATCC 8739 (16 mm),
S. aureus ATCC 25923 (18 mm), and K. pneumoniae ATCC 13883 (18 mm)
and very low activity against A. hydrophila ATCC 13037 (12 mm). The crude
SPs of T. decurrens showed low activity (12 mm) only against B. subtilis ATCC
6051 and K. pneumoniae ATCC 13883. Strangely, the alginate of three seawe-
eds did not show any activity at all against the references tested bacteria. Thus,
the sulfate content of SPs may show how effective they are at fighting bacteria.
It has been found [8] that that highly sulfated polysaccharides have the stron-
gest antimicrobial properties. On the other hand, the antimicrobial activity of
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Fig. 4. Anti-obesity activity for different extracted SPs via pancreatic lipase inhibitory assay
in vitro. Different letters mean significant difference at P ≤ 0.05



the brown algal SPs may be related to the collection season and sites [38]. In re-

lation to this, the antibacterial agent fucoidan, which was isolated from S. poly-

cystum, was investigated for its potential to treat human and animal harmful

microorganisms [53]. The fucoidans from Fucus vesiculosus appeared to have a
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Fig. 5. Anti-arthritic activity for the different extracted SPs in vitro. Different letters mean
significant difference at P ≤ 0.05

Fig. 6. A side of antibacterial activities detected by the most potent algal crude SPs against
bacterial pathogens. Td – T. decurrens, Dp – D. polypodioides, and Pm – P. myrica



significant bacteriostatic effect on the growth of tested bacterial strains and
E. coli was the most susceptible bacterium [6].

Cytotoxic evaluation of T. decurrens crude SPs. As shown in Figure 7, the
cytotoxicity of T. decurrens crude SPs was further evaluated towards normal li-
ver cells due to this extract exhibited more bioactivity than other SPs extracts in
most the estimated activities. Both viability and inhibitory percentages (%)
were determined for detecting the safe concentration, upon which it will be res-
tricted and then forbidden. Specifically, even at 31.25 µg/mL the cells keep their
viability completely. Above such crude SPs concentration, cellular viability
decreased gradually with the increase of SPs concentrations. At 500 µg/mL, the
inhibitory effect against cells (58.24 %) started to be high and then the cells star-
ted to be extensively affected. This finding was consistent with that made by
[5], who found that the crude polysaccharides of Portieria hornemannii and
Spyridia hypnoides were cytotoxic at higher concentrations but promoted cell
growth at lower ones. Generally, according to toxicity grade (Table 5), the tes-
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Table 4
Screening of antibacterial activities (mm) for different algal SPs against human and

fish bacterial pathogens via well cut-diffusion technique

Pathogens

Extract code / Activity (mm)

Alginate Fucoidan Crude SPs

Pm Dp Td Pm Dp Td Pm Dp Td

B. subtilis
ATCC 6051

ND ND ND ND ND ND 18 16 12

E. coli
ATCC 8739

ND ND ND ND ND ND 16 22 ND

S. agalactiae
ATCC 13813

ND ND ND ND 14 ND ND ND ND

S. aureus
ATCC 25923

ND ND ND ND 12 ND 18 20 ND

V. damsela
ATCC 33539

ND ND ND ND ND ND ND 14 ND

V. fluvialis
ATCC 33812

ND ND ND ND 12 ND ND 14 ND

K. pneumoniae
ATCC 13883

ND ND ND ND 12 ND 18 16 12

P. aeruginosa
ATCC 9027

ND ND ND ND ND ND ND ND ND

P. fluorescens
ATCC 13525

ND ND ND ND ND ND ND ND ND

A. hydrophila
ATCC 13037

ND ND ND ND ND ND 12 14 ND

Note. Td — T. decurrens, Dp — D. polypodioides, Pm — P. myrica. ND — not detected.



ted crude SPs is a Grade 1 so it is consistently nontoxic towards healthy human
liver cell and safe for medical uses [20].

Surprisingly, the majority of studies on alginates tended to focus on their
nanocomposites, films, hydrogels, etc. This indicates that there is less informa-
tion than there should be about the biological activities of alginate as a raw po-
lysaccharide. As a result, we view this research as a collective and comprehensi-
ve study of biological evaluation.

Correlation analysis. The correlation analysis proved that there is a strong
correlation between the sulfate content of different isolated polysaccharides
and the estimated biological activities (Table 6). Generally, the biological effici-
ency of algal polysaccharides is affected by a variety of parameters such as type,
purity, structure, molecular weight, and attached groups. The most crucial fac-
tors affecting their biological activities, such as those that affect their capacity to
scavenge free radicals and their antiviral activity, are specifically their sulfate
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Fig. 7. Cytotoxic evaluation of T. decurrens crude SPs by viability and inhibitory % assay

Table 5
Cytotoxicity grade depending on the cell viability percentage of (Feng et al., 2017)

Grade Viability, %

0 0

1 75—99

2 50—74

3 25—49

4 1—24

5 0
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content, location, and monosaccharide composi-
tion [31, 32, 34]. Since it was hypothesized that
the sulfate group would activate the hydrogen
atom of the anomeric carbon, the polysacchari-
de’s capacity to donate hydrogen would increase
[7].

High-sulfated polysaccharides are more ef-
fective at scavenging sulfur than low sulfated po-
lysaccharides [13]. In addition, depending on
their sulfate concentration, the sulfated polysac-
charides could inhibit the lipopolysaccharide-in-
duced inflammatory response in the macrophage
(RAW cells) [63]. It has been found [49] that the
anti-obesity properties of polysaccharides were
related to their sulfate concentration, explaining
that the more sulfated sample derived from fuco-
idan had an anti-adipogenic activity that might
regulate obesity in vivo. On the other hand, pro-
teins represent contaminants during the extracti-
on process and the purifying procedure is a cru-
cial step. The obtained results demonstrate a ne-
gative relationship between the polysaccharide
protein content and all the observed activities.

The correlation of the total organic carbon
and the total carbohydrate content of different
extracted polysaccharides with the estimated bi-
ological activities showed a fluctuation pattern
according to the types of polysaccharides and bi-
ological assays. This observation is in line with
[19].

As shown from Table 6, the antioxidant acti-
vity of the studied extracted polysaccharides was
positively correlated with the anti-diabetic activi-
ty meaning these isolated SPs play a protective
role against diabetes-related oxidative stress and
might be the reason for the major contribution of
the increased level of α-glucosidase and amylase
inhibition. A similar observation, which confir-
med that polysaccharides’ anti-diabetic efficien-
cy was due to their antioxidant capabilities,
which may play a role in maintaining glucose ho-
meostasis was made [44].

According to the present study, there is a
strong correlation between anti-obesity activity
and the antioxidant and anti-diabetic activities of
the tested algae (Table 6). Polysaccharides are
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potent natural antioxidants that may lessen oxidative stress related to diabetes,
obesity, and other disorders, as well as oxidative damage in food [22]. Additio-
nally, antioxidant polysaccharides can be used to treat obesity [65]. Algal SPs

are the primary contributors to antioxidant and anti-arthritic activities and
each assay, although only anti-arthritic of crude and alginate, exhibited a good
correlation with the DPPH and TAC [7].

Conclusion

Due to their vast range of important uses today, seaweeds have drawn a lot
of interest. The brown algae in particular are a practical and significant source
of sulfated polysaccharides. In the present study, the SPs isolated from the

Egyptian seaweeds (Dictyopteris polypodioides, Polycladia myrica, and Turbi-

naria decurrens) inhabiting the Red Sea, contained potent antioxidant, anti-di-
abetic, anti-obesity, anti-arthritic, and antibacterial properties without having

any cytotoxic effects on liver cells. The obtained original data confirm the po-

tential application of these seaweeds as a nutraceutical raw source that can be

safely applied by the food industry and/or other sectors, especially since they
have a wide array of medicinal, biomedical, and commercial applications.
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COMPARISON OF CHEMICAL COMPOSITION AND BIOACTIVITIES OF
VARIOUS POLYSACCHARIDES OF BROWN SEAWEEDS, THE RED SEA,

EGYPT, HURGHADA

Sulfated polysaccharides (SPs) from algae have been shown to be effective in a number
of biological applications. Therefore, the chemical composition and different biological
functions of various SPs were determined for three brown seaweed species from the Egyp-
tian Red Sea: Dictyopteris polypodioides, Polycladia myrica, and Turbinaria decurrens. It
has been found that the yield of crude SPs was higher than that of alginate and fucoidan
with a range of 43.64 % to 61.90 %. Fucoidan, which has the maximum carbohydrate con-
tent of 56.89 %, was found in D. polypodioides. The crude SPs of P. myrica had the greatest
sulfate content of 22.44 %. All functional groups of the examined samples were confirmed
by the Fourier Transform Infrared spectrum (FTIR). Experimentally, three applicable assa-
ys were used to quantify the antioxidant activity of the extracted SPs depending on the met-
hod used, the type of polysaccharides, and algal species. The anti-diabetic activity of T. de-
currens-crude SPs was highly active scoring 85.85 % in the α-glucosidase assay. The an-
ti-obesity activity showed the highest value (95.25 %) for T. decurrens-fucoidan. Besides,
T. decurrens-crude SPs showed the highest anti-arthritic activity (89.89 %). In addition, a
few positive records of antibacterial activity were detected. Furthermore, the most potent
T. decurrens-crude SPs extract was tested for cytotoxicity against human liver cells and fo-
und to be safe. The activity of the isolated SPs and their chemical composition were shown
to be correlated. Conclusively, the bioactivities recorded herein by the tested SPs pose pro-
mising medicinal applications towards developing a new therapeutic intervention.

Keywords: alginate, fucoidan, antibacterial, anti-diabetic, anti-obesity, Phaeophyceae.
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ÎÑÎÁËÈÂÎÑÒ² ÃÎÐÌÎÍÀËÜÍÎÃÎ ÐÅÃÓËÞÂÀÍÍß
ÒÅÌÏ²Â ÐÎÑÒÓ ÒÀ ÃÅÍÅÐÀÒÈÂÍÈÕ ÔÓÍÊÖ²É ÐÈÁ

ÇÀ ÏÎÑÈËÅÍÎÃÎ ÀÍÒÐÎÏÎÃÅÍÍÎÃÎ ÂÏËÈÂÓ

Äîñë³äæåíî õ³ì³÷í³ ïîêàçíèêè âîäè é ïðîäóêö³þ òà äåñòðóêö³þ îðãàí³÷íèõ ðå÷î-
âèí íà ð³çíèõ ä³ëÿíêàõ ð. Ðîñü òà ð. Ïðîòîêà. Â ðàéîí³ ñ. Ãîðîäèùå (ð. Ðîñü) òà
ñ. Ï³ùàíà (ð. Ïðîòîêà) êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ïåðåâèùóâàëà â 2—5 ðàç³â,
í³òðèò³â — ó 1,5—2,5 ðàçè, í³òðàò³â — ìàéæå â 3,0—5,8 ðàç³â êîíòðîëüí³ ïîêàçíè-
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êè (äåíäðîïàðê «Îëåêñàíäð³ÿ», ð. Ðîñü). Íà ä³ëÿíêàõ öèõ ð³÷îê ñïîñòåð³ãàëîñü ³ñòîò-
íå çàáðóäíåííÿ âîäè ïåñòèöèäàìè (õëîðï³ðèôîñîì) ç ïðèëåãëèõ äî âîäîéì òåðè-
òîð³é. Çà íàÿâíîñò³ çáàãà÷åííÿ âîäè á³îãåííèìè ðå÷îâèíàìè ³ñòîòíî çðîñòàþòü
ïðîäóêö³éí³ ïðîöåñè ó âîä³ (ñ. Ï³ùàíà), à ïðè çíà÷í³é êîíöåíòðàö³¿ õëîðï³ðèôîñó
(ñ. Ãîðîäèùå) ïðîäóêö³ÿ îðãàí³÷íèõ ðå÷îâèí çíèæóºòüñÿ ïîð³âíÿíî äî êîíòðîëþ.

Âñòàíîâëåíî, ùî ç ïîã³ðøåííÿì ÿêîñò³ âîäè òà çà íàÿâíîñò³ òîêñè÷íîãî çà-
áðóäíåííÿ âîäîéìè çìåíøóþòüñÿ ðîçì³ðíî-ìàñîâ³ ïîêàçíèêè éîðæà çâè÷àéíîãî, îêó-
íÿ ð³÷êîâîãî òà êðàñíîï³ðêè çâè÷àéíî¿. Öå, â ïåðøó ÷åðãó, ïîâ’ÿçàíî ç³ çíèæåííÿì
âì³ñòó ñîìàòîòðîï³íó ó êðîâ³. Ãîíàäîñîìàòè÷íèé ³íäåêñ ñàìîê îêóíÿ òà êðàñ-
íîï³ðêè ³ç çàáðóäíåíèõ âîäîéì çá³ëüøóâàâñÿ, à ñàìö³â — çìåíøóâàâñÿ ïîð³âíÿíî ç êîí-
òðîëüíèìè âåëè÷èíàìè. Òàêîæ â³äì³÷åíî çðîñòàííÿ â³äíîñíî¿ òà àáñîëþòíî¿ ïëî-
äþ÷îñò³ êðàñíîï³ðêè ç³ çðîñòàííÿì ñòóïåíÿ çàáðóäíåííÿ âîäîéìè. Ç ï³äâèùåííÿì
ïëîäþ÷îñò³ ñàìîê ï³ä ä³ºþ íåñïðèÿòëèâèõ óìîâ çðîñòàº âì³ñò åñòðàä³îëó â êðîâ³.
Äëÿ ñàìö³â îêóíÿ òà êðàñíîï³ðêè õàðàêòåðíî çíèæåííÿ âì³ñòó òåñòîñòåðîíó â
êðîâ³.

Òàêèì ÷èíîì, àäàïòèâíîþ â³äïîâ³ääþ ðèá, ÿêà ñïðÿìîâàíà íà ï³äòðèìêó ïîïó-
ëÿö³¿ òà íà ï³äâèùåííÿ æèòòºñò³éêîñò³ çà òîêñè÷íèõ óìîâ, º çíèæåííÿ ðîçì³ð-
íî-ìàñîâèõ ïîêàçíèê³â, ï³äâèùåííÿ ïëîäþ÷îñò³ ñàìîê. Ö³ ïðîöåñè çàáåçïå÷óþòüñÿ
ãîðìîíàëüíèì ðåãóëþâàííÿì îáì³ííèõ ïðîöåñ³â.

Êëþ÷îâ³ ñëîâà: àãðîïðîìèñëîâ³ ñò³÷í³ âîäè, îêóíü ð³÷êîâèé, êðàñíîï³ðêà çâè÷àé-
íà, éîðæ çâè÷àéíèé, ð³ñò òà ïëîäþ÷³ñòü ðèá, ñîìàòîòðîï³í, òåñòîñòåðîí, åñò-
ðàä³îë.

²íòåíñèâíèé ðîçâèòîê ïðîìèñëîâîñò³ òà àãðàðíèõ ãîñïîäàðñòâ ÷è-
íèòü çíà÷íèé àíòðîïîãåííèé âïëèâ íà âîäí³ ñèñòåìè òà ã³äðîá³îíò³â. Ãî-
ëîâíèì äæåðåëîì íàäõîäæåííÿ â ïðèðîäí³ âîäè òîêñè÷íèõ ðå÷îâèí º
ñò³÷í³ âîäè ïðîìèñëîâèõ ï³äïðèºìñòâ. Ïðîòå ³ñòîòíèé âíåñîê ó çàáðóä-
íåííÿ âîäíîãî ñåðåäîâèùà âíîñÿòü ³ àãðîïðîìèñëîâ³ ï³äïðèºìñòâà ÷åðåç
øèðîêå çàñòîñóâàííÿ ì³íåðàëüíèõ äîáðèâ òà ð³çíîìàí³òíèõ ïåñòèöèä³â ³
ãåðá³öèä³â. Îñîáëèâî íåáåçïå÷íèìè º êîëåêòîðí³ ³ äðåíàæí³ âîäè çðîøó-
âàíèõ ïîë³â, ÿê³ çàáðóäíþþòü ïîâåðõíåâ³ ³ ´ðóíòîâ³ âîäè ñïîëóêàìè àçîòó
òà ôîñôîðó, ïåñòèöèäàìè. Âåëèê³ òâàðèííèöüê³ êîìïëåêñè òàêîæ ³ñòîòíî
çàáðóäíþþòü âîäíå ñåðåäîâèùå ñâî¿ìè íåäîî÷èùåíèìè ñò³÷íèìè âîäà-
ìè. Ñóòòºâèì äæåðåëîì çàáðóäíåíü âîäîéì ³ âîäîòîê³â º é ãîñïîäàðñü-
êî-ïîáóòîâ³ ñò³÷í³ âîäè [7].

Ï³ä âïëèâîì íàäõîäæåííÿ îðãàí³÷íèõ ðå÷îâèí òà êñåíîá³îòèê³â ó âî-
äàõ ð³÷îê òà ³íøèõ âîäíèõ îá’ºêò³â ïîã³ðøóºòüñÿ ô³ç³îëîã³÷íèé ñòàí ôàó-
íè ³ ôëîðè, çíèæóºòüñÿ ¿õíº ðîçìà¿òòÿ.

Îñîáëèâî øê³äëèâèìè º ïåñòèöèäè, ÿê³ çàâäàþòü çíà÷íî¿ øêîäè ã³ä-
ðîá³îíòàì ïðè ïîòðàïëÿíí³ ¿õ ó âîäó âíàñë³äîê îáðîáêè ñ³ëüñüêîãîñïî-
äàðñüêèõ óã³äü ³ ïîäàëüøîãî äîùîâîãî çìèâó ó ïðèëåãë³ âîäîéìè. Öå çó-
ìîâëåíî ¿õíüîþ òîêñè÷í³ñòþ äëÿ îðãàí³çì³â, çäàòí³ñòþ âèêëèêàòè ïî-
á³÷í³ åôåêòè òà ï³ñëÿä³ºþ [3].

Ñó÷àñí³ ïåñòèöèäè — öå ñêëàäí³ îðãàí³÷í³ ñïîëóêè, ùî íàëåæàòü äî
êñåíîá³îòèê³â (÷óæîð³äíèõ äëÿ á³îñôåðè õ³ì³÷íèõ ðå÷îâèí). Á³ëüø³ñòü
öèõ ñïîëóê íå ìàþòü àíàëîã³â ó ïðèðîä³, ³ â³äïîâ³äíî, ìåõàí³çì³â ïðèðîä-
íîãî î÷èùåííÿ ÿê á³îòè, òàê ³ ñèñòåìè çàãàëîì íå ³ñíóº. ¯õíÿ òîêñè÷í³ñòü
íàäçâè÷àéíî âèñîêà, îñê³ëüêè ïðèçâîäèòü äî ïîðóøåííÿ æèòòºä³ÿëü-
íîñò³ ³ çàãèáåë³ îðãàí³çì³â, ìîæå ï³ä³ðâàòè á³îëîã³÷íèé ïîòåíö³àë â³äòâî-
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ðåííÿ ã³äðîá³îíò³â, ïîðóøèòè åêîëîã³÷íó ð³âíîâàãó ó ñèñòåì³ òà ïðèçâåñ-
òè äî ñêîðî÷åííÿ îêðåìèõ ïîïóëÿö³é òà á³îð³çíîìàí³òòÿ â ö³ëîìó [1, 6].

Î÷åâèäíî òå, ùî íåãàòèâíèé âïëèâ íà âîäí³ ñèñòåìè ìàº áàãàòîôàê-
òîðíèé õàðàêòåð. Áàãàòîôàêòîðí³ñòü ïðîöåñó ôîðìóâàííÿ ÿêîñò³ âîäè
îáóìîâëþº ñêëàäí³ñòü éîãî âèâ÷åííÿ. Òàêîæ ïðîáëåìîþ ó äîñë³äæåíí³
öèõ ïðîöåñ³â º íåäîñòàòíÿ îá´ðóíòîâàí³ñòü òåîðåòè÷íèõ òà ìåòîäè÷íèõ
ðîçðîáîê, íåîäíîçíà÷í³ñòü âèêîðèñòàííÿ ³íñòðóìåíòàëüíèõ ìåòîä³â, ùî
óñêëàäíþº ñïðîáè ðîçêðèòòÿ ìåõàí³çì³â ôîðìóâàííÿ ÿêîñò³ âîäè, ÿê³ ìà-
þòü çà ìåòó óäîñêîíàëåííÿ óïðàâë³ííÿ âîäîîõîðîííîþ ä³ÿëüí³ñòþ [4].

Íåð³âíîçíà÷í³ñòü óìîâ ³ ôàêòîð³â âïëèâó íà ôîðìóâàííÿ ÿêîñò³ âî-
äíèõ îá’ºêò³â ñòâîðþº íåîáõ³äí³ñòü ïðîâåäåííÿ äîñë³äæåíü òèõ ÷èííèê³â,
ÿê³ ñïðè÷èíÿþòü íàéá³ëüøèé âïëèâ. Àêòóàëüí³ñòü òàêèõ äîñë³äæåíü îáó-
ìîâëåíà ³íòåíñèâí³ñòþ âèêîðèñòàííÿ âîäíèõ ðåñóðñ³â òà íåîáõ³äí³ñòþ
âèçíà÷åííÿ ïð³îðèòåòíèõ äæåðåë çàáðóäíåííÿ âîäíèõ åêîñèñòåì ç ìåòîþ
ðîçðîáêè êîìïëåêñó ïðèðîäîîõîðîííèõ çàõîä³â [5].

Òàêèì ÷èíîì, íàìè áóëî ïîñòàâëåíî çà ìåòó ïðîâåñòè äîñë³äæåííÿ
âîäíèõ ä³ëÿíîê ç ð³çíèì àíòðîïîãåííèì íàâàíòàæåííÿì äëÿ âèçíà÷åííÿ
ñóì³ñíî¿ ä³¿ íåãàòèâíèõ ÷èííèê³â (íàäì³ðíî¿ êîíöåíòðàö³¿ á³îãåííèõ ðå-
÷îâèí ³ ïåñòèöèä³â) ÿê íà çàãàëüíèé ñòàí âîäîéìè, òàê ³ íà îêðåì³ ãðóïè
ã³äðîá³îíò³â.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äëÿ äîñÿãíåííÿ ïîñòàâëåíî¿ ìåòè íàìè áóëî îáðàíî ä³ëÿíêè âîäîéì,
ðîçòàøîâàí³ ó áåçïîñåðåäí³é áëèçüêîñò³ äî ñ³ëüñüêîãîñïîäàðñüêèõ óã³äü,
äå àêòèâíî âíîñèëèñü ì³íåðàëüí³ äîáðèâà òà çä³éñíþâàëàñü îáðîáêà ç âè-
êîðèñòàííÿì ð³çíîìàí³òíèõ ïåñòèöèä³â. Îáðàí³ âîäîéìè òà âîäîòîêè
â³äð³çíÿþòüñÿ ì³æ ñîáîþ çà ã³äðîåêîëîã³÷íèìè õàðàêòåðèñòèêàìè. Ïåðø
çà âñå ãåîãðàô³÷íî (íàÿâí³ñòþ ÷è â³äñóòí³ñòþ ñ³ëüñüêîãîñïîäàðñüêèõ
óã³äü), ã³äðîëîã³÷íèì ðåæèìîì (íàÿâí³ñòü ÷è â³äñóòí³ñòü çíà÷íî¿ òå÷³¿),
³íòåíñèâí³ñòþ ïîêðèòòÿ âèùèìè âîäíèìè ðîñëèíàìè ïðèáåðåæíî¿ òåðè-
òîð³¿ òà âîäíîãî äçåðêàëà.

Ðàéîíàìè äëÿ äîñë³äæåíü áóëè îáðàí³: Á³ëîöåðê³âñüêå ñåðåäíº âîäî-
ñõîâèùå, âèùå çà òå÷³ºþ ì. Á³ëà Öåðêâà (íà ä³ëÿíö³ â ðàéîí³ äåíäðîïàðêó
«Îëåêñàíäð³ÿ»); ðóñëîâ³ ä³ëÿíêè ð. Ðîñü (ïîáëèçó ñ. Ãîðîäèùå) òà ð. Ïðî-
òîêà (â ðàéîí³ ñ. Ï³ùàíà). Çà óìîâíèé êîíòðîëü áóëî îáðàíî Á³ëîöåð-
ê³âñüêå ñåðåäíº âîäîñõîâèùå (ðèñ. 1).

Ðóñëîâà ä³ëÿíêà ð. Ðîñü (ñ. Ãîðîäèùå) — âçäîâæ ðîçòàøîâàí³ çà-
ïëàâí³ ëóêè òà ïîëÿ ç ïîñ³âàìè ð³çíîìàí³òíèõ àãðîïðîìèñëîâèõ êóëüòóð.
Äîíí³ â³äêëàäè ìóëèñò³, ðîçâèíåíà âèùà âîäíà ðîñëèíí³ñòü.

Á³ëîöåðê³âñüêå ñåðåäíº âîäîñõîâèùå — çàðåãóëüîâàíà ÷àñòèíà
ð. Ðîñü. Íà äîñë³äæóâàí³é ä³ëÿíö³ ïåðåâàæíî çàìóëåíå äíî, â îêðåìèõ ÷à-
ñòèíàõ âêðèòå ðàêîâèíàìè äðåéñåíè òà ï³ñêîì. Âçäîâæ áåðåã³â äîáðå ðîç-
âèíåíà âèùà âîäíà ðîñëèíí³ñòü. Â ðàéîí³ äîñë³äæåíü â³äñóòí³é àãðîïðî-
ìèñëîâèé ñò³ê âîäè.

Ð³÷êà Ïðîòîêà — äîñë³äíà ð³÷êîâà ä³ëÿíêà ðîçòàøîâàíà íåïîäàë³ê ñ.
Ï³ùàíà. Äîíí³ â³äêëàäè ìóëèñò³. Â ì³ñö³ â³äáîðó ïðîá â³äì³÷åíà äîáðå
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ðîçâèíåíà âèùà âîäíà ðîñëèíí³ñòü. Âçäîâæ ð³÷êè ðîçòàøîâàí³ çàïëàâí³
ëóêè òà ïîëÿ ç ïîñ³âàìè ñî¿. Ç ë³âîãî áîêó ðîçòàøîâàí³ ðèáîãîñïîäàðñüê³
ñòàâêè.

Ãîíàäîñîìàòè÷íèé ³íäåêñ (ÃÑ²) ðîçðàõîâóâàëè, âèêîðèñòîâóþ÷è â³ä-
íîøåííÿ ìàñè îðãàí³â äî çàãàëüíî¿ ìàñè ò³ëà [11]. Àáñîëþòíó ïëîäþ÷³ñòü
ðîçðàõîâóâàëè çà ê³ëüê³ñòþ ³êðè íà îäíó ñàìêó, â³äíîñíó — çà ê³ëüê³ñòþ
³êðèíîê íà îäèíèöþ ìàñè ðèáè.

Êðîâ îòðèìóâàëè â³äáîðîì ç ñåðöÿ. Ïîò³ì øëÿõîì 15-õâèëèííîãî
öåíòðèôóãóâàííÿ ïðè 5000 îá/õâ â³ää³ëÿëè ïëàçìó òà çàìîðîæóâàëè ¿¿ çà
òåìïåðàòóð³ -18 oÑ.

Âì³ñò ñîìàòîòðîï³íó, åñòðàä³îëó òà òåñòîñòåðîíó âèçíà÷àëè ó ïëàçì³
êðîâ³ ìåòîäîì ³ìóíîôåðìåíòíîãî àíàë³çó ç âèêîðèñòàííÿì àíàë³çàòîðà
Rayto RT-2100C ³ íàáîð³â äëÿ ëàáîðàòîðíî¿ ä³àãíîñòèêè Calbiotech (USA):
ñîìàòîòðîï³í — Human Growth Hormone (hGH) ELISA, òåñòîñòåðîí —
Testosterone ELISA, åñòðàä³îë — Estradiol ELISA.

Äàí³ îáðîáëÿëè ñòàòèñòè÷íî [14] çà äîïîìîãîþ ïðîãðàì MS Excel ç
ïàêåòà Microsoft 365 òà Statistica 10.0. Äîñòîâ³ðí³ñòü ì³æ äîñë³äæóâàíèìè
ãðóïàìè îö³íþâàëè çà äîïîìîãîþ t-êðèòåð³þ Ñòüþäåíòà çà ð³âíÿ éìî-
â³ðíîñò³ ð<0,05.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Çà ðåçóëüòàòàìè ïðîâåäåíèõ äîñë³äæåíü âñòàíîâëåíî ð³çíèé ñòóï³íü
àíòðîïîãåííîãî òîêñè÷íîãî íàâàíòàæåííÿ íà ð³çí³ ä³ëÿíêè ð. Ðîñü òà
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Ðèñ. 1. Ðàéîíè ïðîâåäåíèõ äîñë³äæåíü: 1 — ðóñëîâà ä³ëÿíêà ð. Ðîñü (ñ. Ãîðîäèùå); 2
— Á³ëîöåðê³âñüêå ñåðåäíº âîäîñõîâèùå, ð. Ðîñü (äåíäðîïàðê «Îëåêñàíäð³ÿ»); 3 —
ð. Ïðîòîêà (ñ. Ï³ùàíà)



ð. Ïðîòîêà. Ïðè÷îìó âåëè÷èíà ðÍ íà äîñë³äæåíèõ ä³ëÿíêàõ ð. Ðîñü òà
ð. Ïðîòîêà êîëèâàëàñü ó ìåæàõ 7,0—7,4. Êîíöåíòðàö³þ ñïîëóê àçîòó ³
ôîñôîðó ó âîä³ äîñë³äíèõ ä³ëÿíîê âîäîéì íàâåäåíî â òàáëèö³ 1.

Ä³ëÿíêó ð. Ðîñü á³ëÿ äåíäðîïàðêó «Îëåêñàíäð³ÿ» ìîæíà ââàæàòè çà
êîíòðîëüíó, îñê³ëüêè àçîòíå çàáðóäíåííÿ íå ïåðåâèùóº íîðìàòèâí³ òà
ôîíîâ³ êîíöåíòðàö³¿ äëÿ öüîãî ðåã³îíó. Õî÷à ñë³ä â³äì³òèòè, ùî âì³ñò
ôîñôîðó áóâ áëèçüêèì äî êîíöåíòðàö³é íà ³íøèõ äâîõ äîñë³äíèõ ä³ëÿí-
êàõ. Öå, î÷åâèäíî, ñâ³ä÷èòü ïðî ïîòðàïëÿííÿ ó âîäîéìó ïîáóòîâî-êîìó-
íàëüíèõ ñòîê³â. Ó á³ëüøîñò³ âèïàäê³â ö³ ñòîêè õàðàêòåðèçóþòüñÿ ï³äâè-
ùåíèì âì³ñòîì ôîñôîðó ÿê êîìïîíåíòó ìèþ÷èõ çàñîá³â òîùî.

Â ðàéîí³ ñ. Ãîðîäèùå ³ ñ. Ï³ùàíà âì³ñò ôîñôîðó ó âîä³ áóâ áëèçüêèé äî
çíà÷åíü ïîêàçíèê³â êîíòðîëüíî¿ ä³ëÿíêè. Êîíöåíòðàö³ÿ àçîòîâì³ñíèõ
ñïîëóê áóëà çíà÷íî âèùå ïîð³âíÿíî ç êîíòðîëüíèìè ïîêàçíèêàìè. Òàê, â
ðàéîí³ ñ. Ãîðîäèùå êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ³ í³òðèò-éîí³â áóëà â
ñåðåäíüîìó â 2 ðàçè, à í³òðàò-éîí³â — ìàéæå â 5,8 ðàçà âèùå ïîð³âíÿíî ç
êîíòðîëåì.

Â ðàéîí³ ñ. Ï³ùàíà ñïîñòåð³ãàëàñü íàéâèùà êîíöåíòðàö³ÿ éîí³â àìî-
í³þ, ÿêà ïåðåâèùóâàëà êîíòðîëüí³ ïîêàçíèêè â ñåðåäíüîìó â 5 ðàç³â. Êîí-
öåíòðàö³ÿ í³òðèò- ³ í³òðàò-éîí³â çá³ëüøóâàëàñü â³äïîâ³äíî â 2 ³ 3 ðàçè
â³äíîñíî êîíòðîëþ.

Ï³äâèùåíèé âì³ñò àçîòèñòèõ ñïîëóê íåîðãàí³÷íîãî àçîòó â ðàéîí³
äîñë³äíèõ ä³ëÿíîê ñ. Ãîðîäèùå ³ ñ. Ï³ùàíà º ñâ³ä÷åííÿì çàáðóäíåííÿ âîäè
ñ³ëüñüêîãîñïîäàðñüêèìè ñòîêàìè. Ö³ ñïîëóêè º ãîëîâíèìè ñêëàäîâèìè
ì³íåðàëüíèõ äîáðèâ, ÿê³ çàñòîñîâóþòüñÿ àãðîïðîìèñëîâèìè ï³äïðèºì-
ñòâàìè òà ôåðìåðñüêèìè ãîñïîäàðñòâàìè. Ñë³ä â³äì³òèòè, ùî ï³äâèùåíà
êîíöåíòðàö³ÿ àìîí³éíîãî ³ í³òðèòíîãî àçîòó ó âîä³ çàçâè÷àé º ïîêàçíè-
êîì â³äíîñíî íåùîäàâíüîãî ¿õíüîãî íàäõîäæåííÿ ó âîäîéìó.

Íàìè áóëî äîñë³äæåíî âì³ñò õëîðï³ðèôîñó ó êîíòðîëüí³é ³ äîñë³äíèõ
âîäîéìàõ. Öåé ³íñåêòèöèä (Î,Î-Äèåòèë-Î-3,5,6-òðèõëîð-2-ï³ðèäèëôîñ-
ôîðîò³îàò, C9H11Cl3NO3PS) øèðîêî âèêîðèñòîâóºòüñÿ ó àãðàðíîìó ñåê-
òîð³. Õëîðï³ðèôîñ — ôîñôîðîðãàí³÷íèé ³íñåêòèöèä øèðîêîãî ñïåêòðó
ä³¿. Çàñòîñîâóºòüñÿ ÿê ³íñåêòèöèä íà çåðíîâèõ, áàâîâíèêó, ïîëüîâèõ, ïëî-
äîâèõ, ãîð³õîïë³äíèõ ³ îâî÷åâèõ êóëüòóðàõ, à òàêîæ íà ãàçîíàõ ³ äåêîðà-
òèâíèõ ðîñëèíàõ [16, 20].
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Òàáëèöÿ 1
Ã³äðîõ³ì³÷í³ ïîêàçíèêè âîäíèõ äîñë³äíèõ ä³ëÿíîê ð. Ðîñü òà ð. Ïðîòîêà

Òî÷êè ëîâó
Í³òðàòè
(NO3

− ),
ìã N/äì3

Í³òðèòè
(NO2

− ),
ìã N/äì3

Àìîí³é
(NH4

+ ),
ìã N/äì3

Ôîñôàòè
(Ð/PO4

3+ ),
ìã P/äì3

ð. Ðîñü, ñ. Ãîðîäèùå 1,83—9,00 0,02—0,09 0,41—1,25 0,39—0,62

ð. Ïðîòîêà, ñ. Ï³ùàíà <0,65—6,33 0,02—0,06 0,85—4,6 0,17—0,53

ð. Ðîñü, Ñåðåäíº Á³ëî-
öåðê³âñüêå âäñõ., äåíäðî-
ïàðê «Îëåêñàíäð³ÿ»

#0,65—1,21 0,01—0,04 0,21—0,67 0,23—0,67



Çàçâè÷àé ïðè âèêîðèñòàíí³ éîãî íà ñ³ëüñüêîãîñïîäàðñüêèõ óã³ääÿõ
ïåâíà ÷àñòèíà ïåñòèöèäó ìîæå ïîòðàïëÿòè ó ïðèëåãë³ âîäîéìè ç³ ñò³÷íè-
ìè ³ ï³äçåìíèìè âîäàìè [8]. Çà òîêñèêîëîã³÷íîþ êëàñèô³êàö³ºþ õëîð-
ï³ðèôîñ íàëåæèòü äî íàäçâè÷àéíî òîêñè÷íèõ ðå÷îâèí. Éîãî òîêñè÷íèé
ïîð³ã äëÿ á³ëüøîñò³ âèä³â òâàðèí, â òîìó ÷èñë³ ³ ã³äðîá³îíò³â, ñòàíîâèòü
0,0002 ìã/äì3. Òîêñè÷í³ñòü õëîðï³ðèôîñó äëÿ ðèá òàêîæ ïîâ’ÿçàíà ç ïðè-
ãí³÷åííÿì àöåòèëõîë³íåñòåðàçè, ÿêà êàòàë³çóº ðîçùåïëåííÿ íåéðîìåä³à-
òîðà àöåòèëõîë³íó íà õîë³í ³ àöåòàò øëÿõîì ôîñôîðèëþâàííÿ. Öÿ ðåàêö³ÿ
íåîáõ³äíà äëÿ äåçàêòèâàö³¿ àöåòèëõîë³íó ³ ïåðåõîäó êë³òèíè-ì³øåí³ â ñòàí
ñïîêîþ (íàïðèêëàä, äëÿ ðîçñëàáëåííÿ ì’ÿçîâî¿ êë³òèíè). Ïðè âçàºìîä³¿
ïåñòèöèäó ç åñòåðàçàìè â³äáóâàºòüñÿ ïðèãí³÷åííÿ ¿õíüî¿ àêòèâíîñò³ â ðå-
çóëüòàò³ êîíêóðåíòíîãî ãàëüìóâàííÿ [17, 20].

Îòðèìàí³ äàí³ ïî êîíöåíòðàö³¿ õëîðï³ðèôîñó ó âîä³ ïîâí³ñòþ ï³ä-
òâåðäæóþòü ðîçïîä³ë ð³çíèõ ä³ëÿíîê ð. Ðîñü òà ð. Ïðîòîêà çà ñòóïåíåì àí-
òðîïîãåííîãî íàâàíòàæåííÿ íà âîäíó åêîñèñòåìó (ðèñ. 2). Êîíöåíòðàö³ÿ
õëîðï³ðèôîñó â ðàéîí³ ñ. Ãîðîäèùå ð. Ðîñü ïåðåâèùóâàëà éîãî êîíöåíò-
ðàö³þ íà êîíòðîëüí³é ä³ëÿíö³ â 56,5 ðàç³â, ó ð. Ïðîòîêà — ó 16 ðàç³â.
Íàäì³ðíî çàñòîñóâàííÿ ïåñòèöèä³â íà ïîëÿõ òà çìèâ ¿õ ó âîäîéìó íåìèíó-
÷å ïðèçâåäå äî ïîã³ðøåííÿ ô³ç³îëîã³÷íîãî ñòàíó ðèá.

Ïåðåâàæíî, ïðè çáàëàíñîâàíîìó êðóãîîá³ãó ðå÷îâèí ó âîäíèõ åêîñè-
ñòåìàõ, íàÿâíà ð³âíîâàãà ì³æ á³îòîþ ³ á³îãåííèìè ðå÷îâèíàìè. Òàê, ³í-
òåíñèâí³ñòü ñèíòåçó ïåðâèííî¿ ïðîäóêö³¿ ô³òîïëàíêòîíîì, â õîä³ ÿêîãî
ñïîæèâàþòüñÿ íåîðãàí³÷í³ ñïîëóêè àçîòó òà ôîñôîðó, çðåøòîþ, ðåãó-
ëþºòüñÿ øâèäê³ñòþ ¿õíüîãî óòâîðåííÿ â ðåçóëüòàò³ äåñòðóêö³¿ òà ì³íå-
ðàë³çàö³¿.

Íåêîíòðîëüîâàíå íàäõîäæåííÿ ó âîäíå ñåðåäîâèùå çíà÷íî¿ ê³ëüêîñ-
ò³ á³îãåííèõ ðå÷îâèí ñïðè÷èíÿº çá³ëüøåííÿ øâèäêîñò³ ïåðâèííîãî ïðî-
äóêóâàííÿ îðãàí³÷íî¿ ðå÷îâèíè, ùî íå âñòèãàº çàñâîþâàòèñü îðãàí³çìàìè
á³ëüø âèñîêèõ òðîô³÷íèõ ð³âí³â [9].

Çà äæåðåëàìè íàäõîäæåííÿ á³îãåí³â ìîæíà âèä³ëèòè òðè òèïè àíòðî-
ïîãåííî¿ åâòðîô³êàö³¿: óðáîãåííó, ÿêà âèíèêàº âíàñë³äîê ñêèäàííÿ íåî-
÷èùåíèõ â³ä ñïîëóê ôîñôîðó òà àçîòó ì³ñüêèõ ñò³÷íèõ âîä; àãðîãåííó,
ïðè÷èíîþ ÿêî¿ º âèìèâàííÿ ´ðóíòîâèìè âîäàìè ³ çëèâàìè ì³íåðàëüíèõ
äîáðèâ ³ç ñ³ëüñüêîãîñïîäàðñüêèõ óã³äü; çîîãåííó âíàñë³äîê çàáðóäíåííÿ
âîäîéì ñòîêàìè òâàðèííèöüêèõ ôåðì [1].

Â íàøîìó âèïàäêó ó âñ³õ äîñë³äæåíèõ âîäîéìàõ ïðîäóêö³éí³ ïðîöåñè
çíà÷íî ïåðåâàæàëè íàä äåñòðóêö³éíèìè. Òàê, íà íàéá³ëüø çàáðóäíåíî¿
ä³ëÿíö³ ð. Ïðîòîêà (ñ. Ï³ùàíà) A/R — êîåô³ö³ºíò äîñÿãàâ 95,5, ùî áóëî
âèêëèêàíî ìàñîâèì ðîçâèòêîì ïåðåâàæíî ñèíüîçåëåíèõ âîäîðîñòåé
(òàáë. 2). Çáàãà÷åííÿ âîäè á³îãåííèìè ñïîëóêàìè ç³ ñòîêàìè ç ïîë³â òà
íàäõîäæåííÿ îðãàí³÷íîãî çàáðóäíåííÿ â³ä ïàñîâèù ðîãàòî¿ õóäîáè âèê-
ëèêàº ³ñòîòíó åâòðîô³êàö³þ, âîäîéìó ìîæíà â³äíåñòè äî ã³ïåðåôòðîôíî¿.
²ñòîòíå íàäõîäæåííÿ äî âîäè ïåñòèöèä³â (ð. Ðîñü, ñ. Ãîðîäèùå) ïðèçâî-
äèòü äî äåÿêîãî çíèæåííÿ ïåðâèííî¿ ïðîäóêö³¿ òà çìåíøåííÿ âåëè÷èíè
A/R—êîåô³ö³ºíòó ïîð³âíÿíî ç óìîâíèì êîíòðîëåì.
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Çà ñòóïåíåì çàáðóäíåííÿ ñòîê³â ç ïðèëåãëèõ àãðàðíèõ òåðèòîð³é òà
ãîñïîäàðñüêî-êîìóíàëüíèõ ñòîê³â äîñë³äæåí³ ä³ëÿíö³ ð³÷îê ìîæíà ðîçòà-
øóâàòè íàñòóïíèì ÷èíîì: ð. Ðîñü (ñ. Ãîðîäèùå) > ð. Ïðîòîêà (ñ. Ï³ùàíà)
> ð. Ðîñü (äåíäðîïàðê «Îëåêñàíäð³ÿ»).

Ñë³ä òàêîæ â³äì³òèòè, ùî çðîñòàííÿ êîíöåíòðàö³é á³îãåííèõ ñïîëóê ³
íàÿâí³ñòü ï³äâèùåíèõ êîíöåíòðàö³é ïåñòèöèä³â ó âîä³ º ïîòåíö³éíîþ çà-
ãðîçîþ äëÿ ðèá, îñê³ëüêè ¿õíÿ ä³ÿ çäàòíà âïëèíóòè íà ðîçì³ðíî-ìàñîâ³ õà-
ðàêòåðèñòèêè òà ðåïðîäóêòèâíó ôóíêö³þ îðãàí³çìó.

Ðîçì³ðíî-ìàñîâ³ ïîêàçíèêè ðèá ç äîñë³äíèõ âîäîéì ïîâí³ñòþ óçãîä-
æóþòüñÿ ç äàíèìè ùîäî çàáðóäíåííÿ âîäîéì. Òàê, íà íàéá³ëüø çàáðóä-
íåí³é äîñë³äí³é ä³ëÿíö³ ð. Ðîñü ïîáëèçó ñ. Ãîðîäèùå çàãàëüíà äîâæèíà ³
ìàñà äîñë³äæåíèõ âèä³â ðèá áóëà â ñåðåäíüîìó ìàéæå ó 1,5—2 ðàçè ìåíøå
ïîð³âíÿíî ç êîíòðîëåì òà ³íøîþ äîñë³äíîþ ä³ëÿíêîþ ð. Ïðîòîêà á³ëÿ
ñ. Ï³ùàíà (òàáë. 3).

Ñë³ä â³äì³òèòè, ùî òðèâàëå ïåðåáóâàííÿ ðèá â óìîâàõ çàáðóäíåííÿ
òàêîæ ìîæå ñïðèÿòè á³ëüø ãëîáàëüíèì çì³íàì ³ íà á³îõ³ì³÷íîìó ð³âí³.

90

Ïîòðîõîâ Î.Ñ., Ç³íüêîâñüêèé Î.Ã., Õóä³ÿø Þ.Ì. òà ³í.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2024. 60(1)

Ðèñ. 2. Êîíöåíòðàö³ÿ õëîðï³ðèôîñó ó âîä³ íà ð³çíèõ ä³ëÿíêàõ ð. Ðîñü òà ð. Ïðîòîêà,
ìã/äì3

Òàáëèöÿ 2
Ïåðâèííà ïðîäóêö³ÿ òà äåñòðóêö³ÿ îðãàí³÷íèõ ðå÷îâèí äîñë³äæåíèõ âîäîéì,

÷åðâåíü 2022 ð.

Âîäîéìè
Âàëîâà ïðî-
äóêö³ÿ (À),

ìã Î2 äì3/ãîä.

×èñòà ïðî-
äóêö³ÿ,

ìã Î2 äì3/ãîä.

Äåñòðóêö³ÿ
(R),

ìã Î2 äì3/ãîä.
A/R

Ð. Ðîñü, ñ. Ãîðîäèùå 0,61 0,57 0,04 15,25

Ð. Ïðîòîêà, ñ. Ï³ùàíà 1,91 1,88 0,02 95,5

Ð. Ðîñü, äåíäðîïàðê
«Îëåêñàíäð³ÿ»

0,24 0,24 0,01 24,0



Â³äîìî, ùî ãîëîâíó ðîëü â ðåãóëÿö³¿ ³íòåíñèâíîñò³ ïåðåá³ãó á³îõ³ì³÷íèõ
ïðîöåñ³â â îðãàí³çì³ â³ä³ãðàþòü ãîðìîíè. Íàìè áóëî âñòàíîâëåíî, ùî
âì³ñò ó êðîâ³ ñîìàòîòðîï³íó, ÿêèé º ðåãóëÿòîðîì ïðîöåñ³â ðîñòó, ³ñòîòíî
çì³íþâàâñÿ çàëåæíî â³ä ñòóïåí³ àíòðîïîãåííîãî íàâàíòàæåííÿ. Òàê, ó
ðèá, ÿê³ ïåðåáóâàëè ó çàáðóäíåíèõ âîäîéìàõ, ð³âåíü ñîìàòîòðîï³íó áóâ
çàâæäè ìåíøèì, í³æ ó ðèá ç êîíòðîëüíî¿ âîäîéìè (ðèñ. 3.). Ïðè öüîìó
çíèæåííÿ ê³ëüêîñò³ ãîðìîíó ñïîñòåð³ãàëîñü ó êðîâ³ âñ³õ äîñë³äæåíèõ âè-
ä³â ðèá. Â³äîìî, ùî çà ä³¿ ïåñòèöèä³â çìåíøóºòüñÿ ð³âåíü ñîìàòîòðîï³íó â
êðîâ³ ðèá [15]. Öå ï³äòâåðäæóºòüñÿ íàøèìè äàíèìè ùîäî âì³ñòó õëîð-
ï³ðèôîñó ó âîä³ ³ ðîçì³ðíî-ìàñîâèìè ïîêàçíèêàìè ðèá ç äîñë³äíèõ âî-
äîéì. Î÷åâèäíî, çíèæåííÿ âì³ñòó ñîìàòîòðîï³íó â êðîâ³ ðèá, âèêëèêàíå
íåãàòèâíîþ ä³ºþ ïåñòèöèäó, ïðèçâîäèëî äî çíèæåííÿ òåìï³â ðîñòó.

Ãîíàäîñîìàòè÷íèé ³íäåêñ ñàìîê îêóíÿ ³ êðàñíîï³ðêè çá³ëüøóâàâñÿ â
çàáðóäíåíèõ âîäîéìàõ ïîð³âíÿíî äî êîíòðîëþ (ðèñ. 4) Ëèøå äëÿ éîðæà
â³äì³÷àëîñü çíèæåííÿ ÃÑ² ñàìîê. Ó ñàìö³â ïîêàçíèêè ³íäåêñó çìåíøóâà-
ëèñü ³ç çðîñòàííÿì çàáðóäíåííÿ âîäè (ðèñ. 5). Îäíàê ó éîðæà çíîâó âèÿâ-
ëÿëàñü ïðîòèëåæíà ³íøèì âèäàì ðèá ä³ÿ ïîã³ðøåííÿ óìîâ ³ñíóâàííÿ, ÃÑ²
ñàìö³â äîð³âíþâàâ êîíòðîëüíèì âåëè÷èíàì.

Î÷åâèäíî, â óìîâàõ íåãàòèâíîãî âïëèâó ïðîöåñè çàáåçïå÷åííÿ æèò-
òºñò³éêîñò³ ðèá âèÿâèëèñü åíåðãîçàòðàòíèìè. Òàêèé ïðîÿâ ìîæå áóòè
êîìïðîì³ñîì ó ïðîöåñàõ ðîçïîä³ëó åíåðã³¿ ì³æ øâèäê³ñòþ ðîñòó òà òîëå-
ðàíòí³ñòþ äî ïåñòèöèä³â [19]. Ê³ëüê³ñòü åíåðã³¿, ÿêó îðãàí³çì ìîæå âèòðà-
òèòè, îáìåæåíà, ³ êîëè îðãàí³çìó ïîòð³áíî ðîçïîä³ëèòè åíåðã³þ íà çà-
õèñí³ ìåõàí³çìè, ìîæóòü âèíèêíóòè êîìïðîì³ñè ç ³íøèìè ïðîöåñàìè,
ùî ïîòðåáóþòü åíåðã³¿, òàêèìè ÿê ð³ñò ³ ïëîäþ÷³ñòü [13]. Âíàñë³äîê öüîãî,
ãåíåðàòèâí³ ïðîöåñè, à ñàìå — ñïåðìàòîãåíåç ñàìö³â, â³ðîã³äíî, ìàëè
íèæ÷å åíåðãîçàáåçïå÷åííÿ, ùî çóìîâèëî çíèæåííÿ ÃÑ² ñàìö³â äîñë³äæå-
íèõ âèä³â ðèá.

Çðîñòàííÿ ãîíàäîñîìàòè÷íîãî ³íäåêñó ó ñàìîê ðèá íà çàáðóäíåíèõ
äîñë³äíèõ ä³ëÿíêàõ ñêîð³ø çà âñå ïîâ’ÿçàíî ç á³ëüøîþ ³íòåíñèâí³ñòþ çà-
êëàäêè íîâèõ ãåíåðàö³é îîöèò³â â ÿñòèêàõ. Òàê, ç ë³òåðàòóðíèõ äæåðåë
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Òàáëèöÿ 3
Ìàñà (ã) / äîâæèíà (ñì) ò³ëà ðèá ç äîñë³äæåíèõ âîäîéì, n = 25—50

Âèäè
Ð. Ðîñü, äåíäðî-

ïàðê «Îëåê-
ñàíäð³ÿ»

Ð. Ðîñü,
ñ. Ãîðîäèùå

Ð. Ïðîòîêà,
ñ. Ï³ùàíà

Éîðæ çâè÷àéíèé Gymno-
cephalus cernua (L).

8 74 0 27

9 5 0 2

, ,

, ,

±
±

6 91 0 86

808 0 3

, ,

,

±
±

7 99 0 55

9 1 0 2

, ,

, ,

±
±

Îêóíü ð³÷êîâèé Perca flu-
viatilis (L.)

3114 4 61

14 3 0 7

, ,

, ,

±
±

14 72 0 71

10 8 0 4

, , *

, , *

±
±

22 41 6 89

12 7 18

, ,

, ,

±
±

Êðàñíîï³ðêà çâè÷àéíà
Scardinius erythrophthal-
mus (L)

17 0 2 28

117 0 5

, ,

, ,

±
±

15 01 324

10 8 0 7

, ,

, ,

±
±

10 31 0 45

8 1 0 3

, , *

, , *

±
±

Ïðèì³òêà. * ð<0,05.



â³äîìî, ùî â óìîâàõ òîêñè÷íîãî çàáðóäíåííÿ âîäè ÷àñòî âåëè÷èíà ïëî-
äþ÷îñò³ çðîñòàº çàäëÿ êîìïåíñàö³¿ çíèæåííÿ âèæèâàííÿ. Öå äîçâîëÿº
ï³äòðèìóâàòè ð³âåíü ÷èñåëüíîñò³ äëÿ íîðìàëüíîãî ³ñíóâàííÿ ïîïóëÿö³¿
[2].

Äîñë³äæåííÿ â³äíîñíî¿ ³ àáñîëþòíî¿ ³íäèâ³äóàëüíî¿ ïëîäþ÷îñò³ êðàñ-
íîï³ðêè ó ïåâí³é ì³ð³ ï³äòâåðäèëè ö³ òâåðäæåííÿ. Òàê, íà íàéá³ëüø çà-
áðóäíåí³é ä³ëÿíö³ ð. Ðîñü á³ëÿ ñ. Ãîðîäèùå â³äíîñíà ³ àáñîëþòíà ³íäèâ³äó-
àëüíà ïëîäþ÷³ñòü êðàñíîï³ðêè áóëà â ñåðåäíüîìó â 1,5 ðàçè âèùå, í³æ ó
êîíòðîëüí³é âîäîéì³ (ðèñ. 6).

92

Ïîòðîõîâ Î.Ñ., Ç³íüêîâñüêèé Î.Ã., Õóä³ÿø Þ.Ì. òà ³í.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2024. 60(1)

Ðèñ. 3. Âì³ñò ñîìàòîòðîï³íó ó êðîâ³ ðèá ç äîñë³äæåíèõ âîäîéì, Ì±m, n = 6—10. Òóò ³
íà ðèñ. 4—8: 1 — ð. Ðîñü, äåíäðîïàðê «Îëåêñàíäð³ÿ»; 2 — ð. Ðîñü, ñ. Ãîðîäèùå; 3 —
ð. Ïðîòîêà, ñ. Ï³ùàíà

Ðèñ. 4. Ãîíàäîñîìàòè÷íèé ³íäåêñ ðèá ç äîñë³äæåíèõ âîäîéì, ñàìêè, Ì±m, n =20



Îêð³ì öüîãî, ð³çí³ âåêòîðè çì³í ÃÑ² òà ïëîäþ÷îñò³ ðèá çà íåñïðèÿò-
ëèâèõ óìîâ ñåðåäîâèùà ìîæíà ïîÿñíèòè êîíöåïö³ºþ ãîðìåçèñó. Ãîðìå-
çèñ — öå ÿâèùå, ïðè ÿêîìó íèçüê³ êîíöåíòðàö³¿ òîêñèêàíòó àáî ð³âí³ íå-
ãàòèâíîãî âïëèâó âèêëèêàþòü îäíó ðåàêö³þ, òîä³ ÿê âèù³ ð³âí³ òà êîíöåí-
òðàö³¿ âèêëèêàþòü ðåàêö³þ â ïðîòèëåæíîìó íàïðÿìêó, â³ä ïîçèòèâíî¿ äî
íåãàòèâíî¿, àáî íàâïàêè. Çàëåæíî â³ä õàðàêòåðó ïàðàìåòðà, íà ÿêèé âïëè-
âàþòü íåãàòèâíî, íàïðÿìîê â³äïîâ³ä³ îðãàí³çìó çì³íþºòüñÿ [18].

Íà ãåíåðàòèâí³ ïðîöåñè ó ðèá ³ñòîòíî âïëèâàþòü ñòàòåâ³ ãîðìîíè —
åñòðàä³îë (æ³íî÷èé) òà òåñòîñòåðîí (÷îëîâ³÷èé). Çà íàøèìè äàíèìè,
âì³ñò åñòðàä³îëó ³ òåñòîñòåðîíó â êðîâ³ ïîâí³ñòþ êîðåëþº ç ãîíàäîñîìà-
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Ðèñ. 5. Ãîíàäîñîìàòè÷íèé ³íäåêñ ðèá ç äîñë³äæåíèõ âîäîéì, ñàìö³, Ì±m, n = 20

Ðèñ. 6. Â³äíîñíà ïëîäþ÷³ñòü (à) òà àáñîëþòíà ³íäèâ³äóàëüíà ïëîäþ÷³ñòü (á) êðàñ-
íîï³ðêè ç äîñë³äæåíèõ âîäîéì, Ì±m, n = 20



òè÷íèìè ³íäåêñàìè äîñë³äíèõ âèä³â ðèá. Òàê, åñòðàä³îë, ÿêèé çàëó÷åíèé ó
ôîðìóâàííÿ ðîçâèòêó îâîöèò³â [10]: ïåðåâàæíî ó âñ³õ äîñë³äæåíèõ âèä³â
ðèá ³ç çàáðóäíåíèõ âîäîéìàõ âì³ñò öüîãî ãîðìîíó ó ïëàçì³ êðîâ³ ï³äâè-
ùóâàâñÿ. Òàê, ó îêóíÿ ïî ì³ð³ çàáðóäíåííÿ âîäè âì³ñò åñòðàä³îëó çá³ëüøó-
âàâñÿ â³ä 20,5 äî 78,8%, ó êðàñíîï³ðêè — â³ä 37,3% çðîñòàâ ó 2,3 ðàçà (ðèñ.
7). Öåé ôàêò ïîÿñíþº ï³äâèùåííÿ ãîíàäîñîìàòè÷íîãî ³íäåêñó ó çàáðóäíå-
íèõ âîäîéìàõ. Ïðîòå, ð³âåíü åñòðàä³îëó ó êðîâ³ éîðæà áóâ äåùî ìåíøèì
(íà 25,4—34,5%) ó çàáðóäíåí³é âîäîéì³, ùî òàêîæ ïîÿñíþº çíèæåííÿ ãî-
íàäîñîìàòè÷íîãî ³íäåêñó.

Íà ïðîòèâàãó åñòðàä³îëó, çì³íè âì³ñòó òåñòîñòåðîíó â ïëàçì³ êðîâ³
ðèá ìàþòü ïðîòèëåæíó çàêîíîì³ðí³ñòü. Ó îêóíÿ ³ êðàñíîï³ðêè ïî ì³ð³ çà-
áðóäíåííÿ âîäîéìè âì³ñò öüîãî ãîðìîíó çíèæóâàâñÿ. Äëÿ éîðæà, íàâïà-
êè, ñïîñòåð³ãàºòüñÿ ï³äâèùåííÿ âì³ñòó òåñòîñòåðîíó â êðîâ³ ïðè çàáðóä-
íåíí³ âîäè ñò³÷íèìè âîäàìè àãðîï³äïðèºìñòâ (ðèñ. 8), ùî, íà ôîí³ çíè-
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Ðèñ. 7. Âì³ñò åñòðàä³îëó â êðîâ³ ðèá ç äîñë³äæåíèõ âîäîéì, Ì±m, n = 6—10

Ðèñ. 8. Âì³ñò òåñòîñòåðîíó â êðîâ³ ðèá ç äîñë³äæåíèõ âîäîéì, Ì±m, n = 6—10



æåííÿ åñòðàä³îëó, ìîæå áóòè ïîâ’ÿçàíå ç ïðèãí³÷åííÿì àðîìàòàçè, âèê-
ëèêàíèì, íàïðèêëàä, íåãàòèâíèì âïëèâîì òîêñèêàíò³â [12]. Öå º âèäîñ-
ïåöèô³÷íîþ ðåàêö³þ ñòàòåâî¿ ñèñòåìè éîðæà òà ãîðìîíàëüíî¿ ¿¿ ðåãóëÿö³¿.

Âèñíîâêè

Çà ðåçóëüòàòàìè äîñë³äæåíü âñòàíîâëåíî ³ñòîòíèé âïëèâ àãðîï³ä-
ïðèºìñòâ íà ÿê³ñòü âîäè ó âîäîéìàõ, ïðèëåãëèõ äî îáðîáëåíèõ ïîë³â. Â
öèõ âîäîéìàõ çíà÷íî ï³äâèùóºòüñÿ êîíöåíòðàö³ÿ éîí³â àìîí³þ òà í³ò-
ðèò³â, à òàêîæ âì³ñò ïåñòèöèä³â (õëîðï³ðèôîñó). Ñóòòºâå ï³äâèùåííÿ
êîíöåíòðàö³¿ àìîí³éíîãî àçîòó ñâ³ä÷èòü ïðî ñâ³æå çàáðóäíåííÿ âîäè ÷å-
ðåç ïîñò³éíå çàñòîñóâàííÿ ì³íåðàëüíèõ äîáðèâ.

Ñóìàðíèé âïëèâ á³îãåííèõ ñïîëóê ³ õëîðï³ðèôîñó ïðèçâîäèòü äî
çá³ëüøåííÿ ïåðâèííî¿ ïðîäóêö³¿ âîäîéìè. Àëå ïðè çíà÷í³é êîíöåíòðàö³¿
õëîðï³ðèôîñó (ð. Ðîñü, ñ. Ãîðîäèùå — 0,0113 ìã/äì3) ïðîäóêö³ÿ îðãàí³÷-
íèõ ðå÷îâèí çíèæóºòüñÿ ïîð³âíÿíî äî êîíòðîëþ.

Ï³ä ä³ºþ ïîã³ðøåííÿ ÿêîñò³ âîäè òà çà íàÿâíîñò³ òîêñè÷íèõ êîíöåíò-
ðàö³é ïåñòèöèä³â çíèæóþòüñÿ òåìïè ðîñòó îêóíÿ ð³÷êîâîãî, êðàñíîï³ðêè
çâè÷àéíî¿ òà éîðæà çâè÷àéíîãî. Ó îêóíÿ òà êðàñíîï³ðêè ³ç çàáðóäíåíèõ
âîäîéì çá³ëüøóâàâñÿ ãîíàäîñîìàòè÷íèé ³íäåêñ ñàìîê, à ñàìö³â — çíèæó-
âàâñÿ ïîð³âíÿíî ç êîíòðîëüíèìè âåëè÷èíàìè. Â³äì³÷åíî çðîñòàííÿ â³ä-
íîñíî¿ òà àáñîëþòíî¿ ïëîäþ÷îñò³ êðàñíîï³ðêè ç ðîñòîì ñòóïåíþ çàáðóä-
íåííÿ âîäîéìè. Ïðîòå íå â³äì³÷àºòüñÿ ³ñòîòíîãî âïëèâó íà ðåïðîäóêòèâ-
íó ñèñòåìó éîðæà.

Çíèæåííÿ âì³ñòó ãîðìîíó ðîñòó â êðîâ³ ðèá ç ïîã³ðøåííÿì ÿêîñò³
âîäè âèêëèêàº çìåíøåííÿ ðîçì³ðíî-ìàñîâèõ ïîêàçíèê³â ðèá. Çá³ëüøåí-
íÿ êîíöåíòðàö³¿ åñòðàä³îëó â êðîâ³ îêóíÿ òà êðàñíîï³ðêè ïðèçâåëî äî çðî-
ñòàííÿ ïëîäþ÷îñò³, ùî º îçíàêàìè àäàïòàö³¿ îðãàí³çìó ðèá äî íåãàòèâíî¿
ä³¿ çàáðóäíåíîãî ñåðåäîâèùà. Ïðè öüîìó çíèæóþòüñÿ åíåðãîçàòðàòè íà
ïðîöåñè ðîñòó çàäëÿ çàáåçïå÷åííÿ çðîñòàþ÷èõ åíåðãîïîòðåá íà ðåïðî-
äóêòèâí³ ïðîöåñè. Äëÿ ñàìö³â á³ëüø õàðàêòåðíèì º çíèæåííÿ âì³ñòó òåñ-
òîñòåðîíó â êðîâ³ íà òë³ çìåíøåííÿ ÃÑ².

Îòðèìàí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî çì³íè âì³ñòó ãîðìîí³â ó êðîâ³ ðèá
ìîæíà âèêîðèñòîâóâàòè äëÿ ìîí³òîðèíãó ÿêîñò³ âîäè âîäíèõ åêîñèñòåì.
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FEATURES OF HORMONAL REGULATION OF GROWTH RATE AND
GENERATIVE FUNCTIONS OF FISH UNDER INCREASED ANTHROPOGENIC

INFLUENCE

The chemical indicators of water, and the production and destruction of organic subs-
tances from different areas on the Ros and Protoka river were studied. In the area with Ho-
rodyshche village (r. Ros) and with Pishchana village (r. Protoka), the concentration of am-
monium nitrogen exceeded 2—5 times, nitrites — 1.5—2.5 times, nitrates — almost
3.0—5.8 times the control indicators (Alexandria dendrological park, r. Ros). In sections of
these rivers, significant water pollution with pesticides (chlorpyrophos) from the territori-
es adjacent to water bodies was observed. In the presence of water enrichment with bioge-
nic substances, production processes in water (Pishchana village) increase significantly,
and with a significant concentration of chlorpyrophos (Horodyshche village), the produc-
tion of organic substances decreases compared to the control.

It has been established that with the deterioration of water quality and in the presence
of toxic pollution of the reservoir, the size-mass indicators of common ruff, river perch and
common rudd decrease. This is primarily due to a decrease in the content of somatotronin
in the blood. The gonadosomatic index of perch and rudd females from polluted water bo-
dies increased, while that of males decreased compared to the control values. Also, an inc-
rease in the relative and absolute fertility of the rudd with an increase in the degree of pollu-
tion of the reservoir was noted. With an increase in the fertility of females under the influ-
ence of unfavorable conditions, the content of estradiol in the blood increases. Male perch
and rudd are characterized by a decrease in the gonadosomatic index against the backgro-
und of a decrease in the content of testosterone in the blood.
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Thus, the adaptive response of fish, which is aimed at maintaining the population and
increasing resilience under toxic conditions, is a decrease in size and mass indicators, and
an increase in the fecundity of females. These processes are provided by hormonal regulati-
on of metabolic processes.

Key words: agro-industrial wastewater, river perch, common ruff, common rudd,
growth and fertility of fish, somatotropin, testosterone, estradiol.
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ÇÎÎÏÅÐÈÔ²ÒÎÍ ÍÀ ÀÍÒÈÎÁÐÎÑÒÀÞ×ÈÕ
ÏÎÊÐÈÒÒßÕ ÒÀ ÇÌ²ÍÈ ÉÎÃÎ ÖÅÍÎÒÈ×ÍÎ¯

ÑÒÐÓÊÒÓÐÈ

Äîñë³äæåíî îñîáëèâîñò³ ôîðìóâàííÿ óãðóïîâàíü çîîïåðèô³òîíó íà åêñïåðèìåí-
òàëüíèõ ñóáñòðàòàõ — ïîêðèòòÿõ ç àíòèîáðîñòàþ÷èìè âëàñòèâîñòÿìè, ðîçðîá-
ëåíèìè íà îñíîâ³ ïðîìèñëîâî¿ àëê³äíî¿ åìàë³ ÏÔ-167, ìîäèô³êîâàíî¿ êàò³îííèìè
á³îöèäàìè 1-äîäåöèëï³ðèäèí³é îëåàòîì òà 1-äîäåöèëï³ðèäèí³é á³ñ(2-åòèëãåêñèë)-
ôîñôàòîì. Åêñïåðèìåíòàëüí³ ñóáñòðàòè áóëî åêñïîíîâàíî â çàòîö³ Êàí³âñüêîãî âî-
äîñõîâèùà (ð. Äí³ïðî). Ïîêàçàíî îñîáëèâîñò³ ñóêöåñ³éíèõ çì³í óãðóïîâàíü ç äîì³íó-
âàííÿì äðåéñåí³ä òà ìîõóâàòîê. Íà â³äì³íó â³ä ïîïåðåäí³õ ðîê³â äîñë³äæåíü, êîëè
òåìïåðàòóðà â ñåðïí³ (íàéâèùèé ðîçâèòîê êîëîí³é ìîõóâàòîê) áóëà íèæ÷îþ, ïåðå-
ðèâàííÿ êîíòèíóàëüíî¿ ñóêöåñ³¿ óãðóïîâàíü ç äîì³íóâàííÿì äðåéñåí³ä çà ðàõóíîê ðîç-
âèòêó ìîõóâàòîê íå â³äáóâàëîñü. Âñòàíîâëåíî äîñèòü âèñîêó àíòèîáðîñòàþ÷ó
çäàòí³ñòü ïîêðèòò³â, ÿê³ ì³ñòèëè 8 ìàñîâèõ â³äñîòê³â êàò³îííèõ á³îöèä³â. Â äàíî-
ìó äîñë³äæåí³ íå âèÿâëåíî çâ’ÿçê³â öåíîòè÷íî¿ ñòðóêòóðè ç õàðàêòåðîì àíòèîáðî-
ñòàþ÷èõ ïîêðèòò³â.

Êëþ÷îâ³ ñëîâà: âîäîñõîâèùå, åêñïåðèìåíòàëüí³ ñóáñòðàòè, àíòèîáðîñòàþ÷³
ïîêðèòòÿ, êàò³îíí³ á³îöèäè, ïåðèô³òîí, öåíîòè÷íà ñòðóêòóðà.

Ö è ò ó â à í í ÿ: Ìîðîçîâñüêà ².Î., Ðîãàëüñüêèé Ñ.Ï., Äæóæà Î.Â., Òàðàñþê Î.Ï.,
Ïðîòàñîâ Î.Î. Çîîïåðèô³òîí íà àíòèîáðîñòàþ÷èõ ïîêðèòòÿõ òà çì³íè éîãî öåíî-
òè÷íî¿ ñòðóêòóðè. Ã³äðîá³îë. æóðí. 2024. Ò. 60. ¹ 1. Ñ. 99—116.
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Îáðîñòàííÿ ã³äðîòåõí³÷íèõ ñïîðóä, òåõíîëîã³÷íîãî îáëàäíàííÿ ñèñ-
òåì îõîëîäæåííÿ òà âîäîïîñòà÷àííÿ, ÿêå ôîðìóºòüñÿ ð³çíèìè ïåðèô³-
òîííèìè îðãàí³çìàìè, çíà÷íîþ ì³ðîþ çíèæóº ¿õí³ åêñïëóàòàö³éí³ õàðàê-
òåðèñòèêè, ñòâîðþº äîäàòêîâå íàâàíòàæåííÿ íà êîíñòðóêö³þ ñïîðóä, à
òàêîæ ñïðè÷èíþº êîðîç³þ ìåòàëó ó âîäíîìó ñåðåäîâèù³ ³, â³äïîâ³äíî, ïå-
ðåä÷àñíå ðóéíóâàííÿ îá’ºêò³â [3, 5, 16, 26, 28].

Çàõîäè ùîäî îáìåæåííÿ îáðîñòàííÿ ïîâèíí³ áóòè ëîêàëüíèìè,
ñïðÿìîâàíèìè ñàìå â òå ì³ñöå, äå âèíèêàþòü á³îëîã³÷í³ ïåðåøêîäè, ìà-
þòü áóòè åêîëîã³÷íèìè ³ íå çàâäàâàòè øêîäè íàâêîëèøíüîìó ñåðåäîâè-
ùó.

Òðàäèö³éíèì ìåòîäîì çàïîá³ãàííÿ îáðîñòàííþ ìåòàëåâèõ ïîâåð-
õîíü º íàíåñåííÿ íà íèõ çàõèñíèõ ïîë³ìåðíèõ ïîêðèòò³â íà îñíîâ³ ìî-
äèô³êîâàíèõ ôàðá, ÿê³ ì³ñòÿòü á³îöèäí³ äîì³øêè — àíòèôîóëÿíòè. Ïåðñ-
ïåêòèâíèì êëàñîì àíòèîáðîñòàþ÷èõ äîì³øîê º êàò³îíí³ á³îöèäè íà îñ-
íîâ³ ñîëåé òåòðààëê³ëàìîí³þ, 1-àëê³ëï³ðèäèí³þ, 1,3-ä³àëê³ë³ì³äàçîë³þ,
N-àëê³ëãóàí³äèí³þ. Òàê³ ñïîëóêè ïðîÿâëÿþòü øèðîêèé ñïåêòð àêòèâíîñ-
ò³ ïðîòè âîäíèõ ì³êðî- ³ ìàêðîîðãàí³çì³â [19, 20, 30] ³ ìàþòü çíà÷íî ìåí-
øó òîêñè÷í³ñòü ïîð³âíÿíî ç îëîâî- òà ì³äüâì³ñíèìè á³îöèäàìè [29]. Ô³-
çèêî-õ³ì³÷í³ âëàñòèâîñò³ êàò³îííèõ á³îöèä³â, çîêðåìà òåìïåðàòóðà òîï-
ëåííÿ, ðîç÷èíí³ñòü ó âîä³ ³ îðãàí³÷íèõ ðîç÷èííèêàõ, ìîæóòü âàð³þâàòè â
øèðîêèõ ìåæàõ ï³äáîðîì â³äïîâ³äíèõ àí³îí³â [24].

Çà äîïîìîãîþ ìåòîäó åêñïåðèìåíòàëüíèõ ñóáñòðàò³â (ÅÑ) ìîæå áóòè
âèâ÷åíà äèíàì³êà ñóêöåñ³éíèõ ïðîöåñ³â â óãðóïîâàííÿõ ã³äðîá³îíò³â, â³ä
þâåí³ëüíèõ ñòàä³é, íà íîâèõ ñóáñòðàòàõ, äî êë³ìàêñíèõ, õàðàêòåðíèõ, òè-
ïîâèõ äëÿ äàíèõ óìîâ [8, 14, 17]. Ñóêöåñ³éí³ ïðîöåñè íà ÅÑ º ïðèéíÿòíîþ
ìîäåëëþ êîíòèíóóìó ó ÷àñ³, òîìó ùî, ÿê ïîêàçàëè ïîïåðåäí³ äîñë³äæåííÿ
[10—12, 22], º äåê³ëüêà âàð³àíò³â ïðîõîäæåííÿ ñóêöåñ³é.

Ìåòîþ ðîáîòè áóëî: âñòàíîâèòè îñîáëèâîñò³ äèíàì³êè óãðóïîâàíü
çîîïåðèô³òîíó íà åêñïåðèìåíòàëüíèõ ñóáñòðàòàõ ç ð³çíèìè âëàñòèâîñòÿ-
ìè, äàòè îö³íêó àíòèîáðîñòàþ÷èõ âëàñòèâîñòåé ïîêðèòò³â ç äîì³øêàìè
êàò³îííèõ á³îöèä³â.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Â ðîáîò³ äîñë³äæåíî äèíàì³êó îáðîñòàííÿ åêñïåðèìåíòàëüíèõ ñóáñò-
ðàò³â ç çàõèñíèì ïîêðèòòÿì íà îñíîâ³ ïðîìèñëîâî¿ àëê³äíî¿ åìàë³ ÏÔ-167
(Òåõíîáóäñåðâ³ñ, Óêðà¿íà), ìîäèô³êîâàíî¿ ã³äðîôîáíèìè êàò³îííèìè
á³îöèäàìè — ñîëÿìè 1-äîäåöèëï³ðèäèí³þ, ÿê³ ì³ñòÿòü ã³äðîôîáí³ àí³îíè
îëåàò ³ á³ñ(2-åòèëãåêñèë)ôîñôàò. Îëåàò- (C12Pyr-îëåàò) ³ á³ñ(2-åòèëãåê-
ñèë)ôîñôàò (C12Pyr-BEHP) àí³îíè ïðîÿâëÿþòü âëàñòèâîñò³ ³íã³á³òîð³â êî-
ðîç³¿ ìåòàë³â ó ïð³ñí³é ³ ñîëîí³é âîä³ [21, 27]. Òàêèì ÷èíîì, êàò³îíí³
á³îöèäè, ÿê³ ì³ñòÿòü âêàçàí³ àí³îíè, ìîæóòü âèêîíóâàòè ôóíêö³¿ á³ôóíê-
ö³îíàëüíèõ ìîäèô³êóþ÷èõ äîì³øîê äëÿ çàõèñíèõ ïîë³ìåðíèõ ïîêðèòò³â.

Á³îöèäíó äîì³øêó äîäàâàëè äî ôàðáè ó ê³ëüêîñò³ 5 ìàñîâèõ â³äñîòê³â ³
ãîìîãåí³çóâàëè çà äîïîìîãîþ çì³øóâà÷à Dispermat® (Í³ìå÷÷èíà). Áóëî
âèêîðèñòàíî åêñïåðèìåíòàëüí³ ñóáñòðàòè ðîçì³ðîì 8×2,5×0,05 ñì, ùî ïî-
ôàðáîâàí³ â äâà øàðè. Çàãàëüíà òîâùèíà ïîêðèòòÿ ñòàíîâèëà 300±
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10 ìêì. Ìàñó íàíåñåíîãî ïîêðèòòÿ âèçíà÷àëè çà ð³çíèöåþ ìàñ ïîôàðáî-
âàíî¿ ³ ÷èñòî¿ ìåòàëåâèõ ïëàñòèí. Ç óðàõóâàííÿì òîãî, ùî âì³ñò ñóõîãî çà-
ëèøêó ôàðáè ñòàíîâèòü 60±10 %, ï³ñëÿ âèñèõàííÿ ïîêðèòòÿ âì³ñò á³îöè-
äó â íüîìó ñòàíîâèâ 8±10 %. Áóëè âèêîðèñòàí³ òàê³ àíòèîáðîñòàþ÷³ ïî-
êðèòòÿ: ÏÔ-167/Ñ12Pyr-ÂÅÍÐ (5 %) — äàë³: «ÂÅÍÐ» (16 øòóê),
ÏÔ-167/Ñ12Pyr-oleate (5 %) — äàë³: «Îëåàò» (16 øòóê). Êð³ì òîãî âèêîðè-
ñòîâóâàëè ñóáñòðàòè, âêðèò³ êîðàáåëüíîþ àëê³äíîþ åìàëëþ ÏÔ-167
(«Åìàëü») — 16 øòóê òà ñóáñòðàòè ç ïîë³ìåðíîãî ìàòåð³àëó — â³í³ïëàñòó
(«Â³í») — 16 øòóê. Éîãî ìè ðîçãëÿäàºìî ÿê ³íåðòíèé ñóáñòðàò, òîìó
ïîð³âíÿííÿ åôåêòèâíîñò³ ïîêðèòò³â ïðîâîäèëè â³äíîñíî íüîãî («êîíò-
ðîëü»).

Äîñë³äæåííÿ ïðîâîäèëè ïðîòÿãîì 2019—2020 ðð. â îäí³é ³ç çàòîê
Êàí³âñüêîãî âîäîñõîâèùà íèæ÷å çà òå÷³ºþ â³ä ì. Êè¿â. Ñóáñòðàòè áóëè âè-
ñòàâëåí³ 25 ÷åðâíÿ 2019 ð. íà äâîõ ñòåíäàõ. Òåìïåðàòóðà âîäè ïðè ïîñòà-
íîâö³ áóëà 28,5oÑ, ïðîçîð³ñòü âîäè — 1,5 ì. Ï³ñëÿ åêñïîçèö³¿ 143 ä³á
(15.11.2019 ð.) ³ îñòàííüî¿ çéîìêè ïðîá îäèí ñòåíä áóëî çíÿòî, à äðóãèé
ñòåíä ç ÷îòèðìà ïëàñòèíàìè ç ïîêðèòòÿìè: «ÂÅÍÐ», «Îëåàò», «Åìàëü», à
òàêîæ ç ÷îòèðìà ñóáñòðàòàìè «Â³í» áóëî ïåðåâåçåíî äî áàñåéíó â àêâà-
êîìïëåêñ ²íñòèòóòó ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè, äå â³í ïåðåáóâàâ ç îð-
ãàí³çìàìè äî âåñíè 2020 ð. Ï³ñëÿ ö³º¿ åêñïîçèö³¿ â áàñåéí³, 4.06.2020 ð.
ñòåíä áóâ çíîâó çàíóðåíèé ó âîäó íà ò³é ñàì³é ñòàíö³¿ (òàêèì ÷èíîì, åêñ-
ïîçèö³ÿ ñóáñòðàò³â áóëà 345(0), òîáòî 345 ä³á ç ïî÷àòêó ïåðøîãî åêñïîíó-
âàííÿ ³ 0 — ç äðóãîãî), òåìïåðàòóðà âîäè — 15,0oÑ, ïðîçîð³ñòü — 2,9 ì.

Áóëî ïðîâåäåíî äåê³ëüêà â³çóàëüíèõ îö³íîê ³íòåíñèâíîñò³ îáðîñòàí-
íÿ áåç â³äáîðó ïðîá (56, 372(27), 407(62), 453(127) ä³á) òà ç â³äáîðîì ïðîá
(35, 78, 120, 143, 470(161) ä³á ïî òðè ïëàñòèíè êîæíîãî òèïó ñóáñòðàòó). Ç
êîæíèì â³äáîðîì ïðîá ê³ëüê³ñòü ñóáñòðàò³â íà ñòåíäàõ çìåíøóâàëàñü íà
òðè, ÷åðåç öå îïèñ ñóáñòðàò³â ïðîâîäèëè ñïî÷àòêó íà 16 ïëàñòèíàõ, ïîò³ì
íà 13, 10, 7 òà 4. Äîäàòêîâî áóëî âñòàíîâëåíî 12 ÷èñòèõ ïëàñòèí ç â³í³ïëàñ-
òîì (äàë³ «Â³í 2020»).

Ñë³ä â³äì³òèòè, ùî ñìåðòí³ñòü äðåéñåíè â àêâàêîìïëåêñ³ âèÿâèëàñü
äîñòàòíüî âèñîêîþ, â ïåðåíåñåíèõ ñóáñòðàòàõ çàëèøèëèñü ïîîäèíîê³
îñîáèíè, àëå çàëèøêè á³ñóñíèõ íèòîê òà ïðèêð³ïëåí³ ìóøë³ çàëèøèëèñü
íà ñóáñòðàò³.

Ñòåíäè äëÿ åêñïîíóâàííÿ ïëàñòèí â ð³çí³ ïåð³îäè äîñë³äæåííÿ ÿâëÿ-
ëè ñîáîþ ïðîñòó ðàìî÷íó êîíñòðóêö³þ, ùî çàíóðþâàëè íà ãëèáèíó 1,5 ì ç
âåðòèêàëüíîþ îð³ºíòàö³ºþ ïëîùèí ÅÑ. Îãëÿä ñòåíä³â, â³äá³ð ÅÑ ïðîâî-
äèëè ïðè êîðîòêî÷àñíîìó ï³äíÿòò³ ñòåíä³â ç âîäè.

Îö³íêó ³íòåíñèâíîñò³ îáðîñòàííÿ ÅÑ ïðîâîäèëè ïðè â³çóàëüíèõ îã-
ëÿäàõ ïðè çíÿòò³ ñóáñòðàò³â (ç îáîõ áîê³â ñòåíäó), à òàêîæ ïðè àíàë³ç³ ôî-
òîãðàô³é. Äëÿ îö³íêè ³íòåíñèâíîñò³ ðîçâèòêó îáðîñòàííÿ íà ÅÑ çàñòîñî-
âóâàëè 5-áàëüíó øêàëó [22]: 1 áàë — îêðåì³ îðãàí³çìè; 2 — íåç³ìêíóòå,
ïëÿìèñòå îáðîñòàííÿ, îêðåì³ êîëîí³¿, ïîêðèòòÿ 10—20 %; 3 — îäíîøà-
ðîâ³ êîëîí³¿, îäíîÿðóñí³ ïîñåëåííÿ, ïîêðèòòÿ á³ëüø 50 ³ ìåíøå 100 %; 4 —
ìàñèâí³ êîëîí³¿, áàãàòîÿðóñí³ ïîñåëåííÿ íà ïëîù³ äî 100 % ñóáñòðàòó; 5 —
ñóö³ëüíå òðèâèì³ðíå ìàñèâíå îáðîñòàííÿ, 100 % ïîêðèòòÿ ñóáñòðàòó. Çà-
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ñòîñîâóâàëè ö³ë³ ³ äðîáîâ³ âåëè÷èíè îö³íîê: íàïðèêëàä, ïðè äóæå ñëàáêî-
ìó îáðîñòàíí³ — 0,5 áàëà. Äëÿ â³äáîðó ïðîá ïðîâîäèëè çéîìêó êîæíî¿
ïëàñòèíè â îêðåìó ºìê³ñòü.

Îö³íêó äèíàì³êè ³íòåíñèâíîñò³ îáðîñòàííÿ íà êîæíîìó ïîêðèòò³
ïîð³âíÿíî ç â³í³ïëàñòîì ïðîâîäèëè çà ïåð³îä ç 2019—2020 ðð., äå ³íòåí-
ñèâí³ñòü îáðîñòàííÿ, îö³íåíà ó áàëàõ, íà â³í³ïëàñò³ áóëà âçÿòà çà 100 %.

Ñòàòèñòè÷íó îáðîáêó äàíèõ ïðîâîäèëè çà äîïîìîãîþ ïàêåòà Micro-
soft Excel äëÿ ðîçðàõóíê³â ñåðåäí³õ çíà÷åíü òà ñòàíäàðòíîãî â³äõèëåííÿ.

Ã³äðîá³îëîã³÷íó ðîçáîðêó ïðîá çîîïåðèô³òîíà ïðîâîäèëè ï³ä ñòåðå-
îì³êðîñêîïîì ÌÁÑ-10. Â òàáëèöÿõ 1 ³ 2 âêàçàíî ñåðåäí³é áàë, ÷èñåëüí³ñòü,
á³îìàñó ± ñòàíäàðòíå â³äõèëåííÿ (σ).

Äëÿ îïèñó òàêñîíîì³÷íîãî áàãàòñòâà áåçõðåáåòíèõ âèêîðèñòîâóâàëè
òåðì³í Í²Ò — íèæ÷èé ³äåíòèô³êîâàíèé òàêñîí [2]. Â ðîçðàõóíêàõ ê³ëü-
ê³ñíèõ ïîêàçíèê³â (÷èñåëüí³ñòü, á³îìàñà, äåñòðóêö³ÿ) ã³äðîá³îíò³â çàñòî-
ñîâóâàëè îðèã³íàëüíèé ïàêåò ïðîãðàì WaCo äëÿ ÏÅÂÌ [6, 23].

Âèä³ëåííÿ óãðóïîâàíü ïðîâîäèëè çà ðîçïîä³ëîì äîì³íàíò³â, ³ âîíè
áóëè íàçâàí³ çà äîì³íóþ÷èì Í²Ò, ùî çàéìàëè 50 % ÷è á³ëüøå ïîêàçíèêà
äåñòðóêö³¿ (R, Äæ/ì2·ãîä).

Äëÿ îö³íêè ïîä³áíîñò³ âèä³ëåíèõ óãðóïîâàíü áóëî çàñòîñîâàíî êëàñ-
òåðíèé àíàë³ç çà ìåòîäîì Áðåÿ-Êåðò³ñà çà äîïîìîãîþ ïðîãðàìè Biodiver-
siti Pro 2.0 [18], ç ïîðîãîì ïîä³áíîñò³ 50%. Òàêîæ äëÿ îö³íêè ïîä³áíîñò³
ñêëàäó óãðóïîâàíü âèêîðèñòîâóâàëè ³íäåêñ Ñåðåíñåíà.

Ñòðóêòóðó äîì³íóâàííÿ â óãðóïîâàííÿõ áóëî äîñë³äæåíî çà äîïîìî-
ãîþ êðèâèõ äîì³íóâàííÿ-ð³çíîìàí³òòÿ [1, 15].

Ðåçóëüòàòè äîñë³äæåíü

Íà ê³íåöü ëèïíÿ (åêñïîçèö³ÿ 35 ä³á) ñóáñòðàòè áóëè ìàéæå ïîçáàâëåí³
îáðîñòàííÿ. Ó 2020 ð., ïðè ïåðø³é çéîìö³ ÅÑ äîì³íóâàëà ìîõóâàòêà, äî
25 % (òàáë. 1).

Äî ïî÷àòêó ñåðïíÿ ó 2019 ð. íà àíòèîáðîñòàþ÷èõ ïîêðèòòÿõ ñïîñ-
òåð³ãàëîñü îáðîñòàííÿ ñóáñòðàò³â êîëîí³ÿìè ìîõóâàòêè 23—50 %, íà
«Â³í» — ìîõóâàòêîþ òà äðåéñåíîþ äî 100 %. Ó 2020 ð. (åêñïîçèö³ÿ 407(62
ä³á)) íà àíòèîáðîñòàþ÷èõ ïîêðèòòÿõ â³äì³÷åíî äîáðå ðîçâèíåí³ êîëîí³¿
ìîõóâàòêè äî 50—90 %, íà «Â³í» — ìîõóâàòêîþ òà äðåéñåíîþ â³ä 20 äî
100 % ïîêðèòòÿ.

Äî ëèñòîïàäó 2019 ð. â³äáóâàâñÿ ðîçâèòîê ïîñåëåíü äðåéñåíè, áàëè
³íòåíñèâíîñò³ îáðîñòàííÿ íà àíòèîáðîñòàþ÷èõ ïîêðèòòÿõ òà íà «Â³í»
âêàçàí³ â òàáëèö³ 1. Ó 2020 ð. (åêñïîçèö³ÿ 470(161) ä³á) íà 75 % ïëàñòèí
â³äì³÷åíî êîëîí³¿ â³äìåðëî¿ ìîõóâàòêè, ïëîùà ñóáñòðàòà, çàéíÿòà íåþ,
ñêëàäàëà äî 70 % ïëàñòèíè. Íà ñóáñòðàòàõ ç àíòèîáðîñòàþ÷èì ïîêðèòòÿì
ïîñåëåííÿ ç äðåéñåíîþ çàéìàëè 20—50 % ñóáñòðàòà. Íà «Â³í» — ïîñåëåí-
íÿ äðåéñåíè (íåâåëèê³ äðóçè) äîñÿãàëè 80 %, áóëà îäíà ïëàñòèíà ç 100 %
ïîêðèòòÿì. Òàêèì ÷èíîì, ñïîñòåð³ãàëèñü ³ñòîòí³ çì³íè â ñêëàä³ äîì³íàí-
ò³â â õîä³ ñóêöåñ³¿, çàãàëüíîãî ãàá³òóñó îáðîñòàííÿ ³ éîãî ìàñèâíîñò³ òà
ðÿñíîñò³ (äèâ. òàáë. 1).
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Äèíàì³êà ³íòåíñèâíîñò³
îáðîñòàííÿ õàðàêòåðèçóâàëà-
ñÿ äîñèòü ð³çêèì ï³äéîìîì íà
ïåðøèõ åòàïàõ ðîçâèòêó îáðî-
ñòàííÿ (ðèñ. 1). Ïðè ÷îìó, ÿê-
ùî â 2019 ð. ìàêñèìóì áóëî äî-
ñÿãíóòî ïðè åêñïîçèö³¿ 56 ä³á,
òî ïðè ïîâòîðí³é åêñïîçèö³¿ ó
2020 ð. öåé ïðîöåñ áóâ á³ëüø
äèíàì³÷íèì, îñîáëèâî íà ñóá-
ñòðàòàõ, ÿê³ áóëî ïåðåíåñåíî ç
áàñåéíó.

Áàëüíà îö³íêà äàº çìîãó
ïðèáëèçíî âèðàçèòè ñàìå ñòó-
ï³íü ðîçâèòêó îáðîñòàííÿ, àëå
íåîáõ³äíî ç’ÿñóâàòè, â ÿêîìó
ñï³ââ³äíîøåíí³ çíàõîäèòüñÿ
áàëüíà îö³íêà ç îö³íêîþ ðÿñ-
íîñò³ (á³îìàñà). ßê âèäíî íà
ðèñóíêó 2, ö³ ïîêàçíèêè ïîâ’ÿ-
çàí³ ïåâíîþ çàëåæí³ñòþ, ïðè
ÿê³é çá³ëüøåííÿ íà 1 áàë ïðè-
áëèçíî äîð³âíþº çá³ëüøåííþ
íà 1 ïîðÿäîê âåëè÷èí á³îìàñè.
Öåé âèñíîâîê ñï³âïàäàº ç îò-
ðèìàíèìè â ïîïåðåäí³ ðîêè
äîñë³äæåíü [22].

Ñë³ä çâåðíóòè óâàãó íà ïî-
ëå òî÷îê (6 % â³ä çàãàëüíî¿
ê³ëüêîñò³ òî÷îê), ÿêå ïîêàçóº
íåâåëèêå çíà÷åííÿ á³îìàñè
ïðè äîñèòü âèñîê³é îö³íö³ ³í-
òåíñèâíîñò³ îáðîñòàííÿ â áà-
ëàõ. Äîñë³äæåííÿ ðÿñíîñò³ ïî-
êàçàëè, ùî ïðè âåëèêîìó «îá-
ðîñò³» (îö³íêà 3-4 áàëà) ó âèã-
ëÿä³ çàëèøê³â êîëîí³é ìîõóâà-
òîê, á³îìàñà æèâèõ îðãàí³çì³â
áóëà íåâåëèêîþ (ïîðÿäêà
10 ã/ì2).

Òàêèì ÷èíîì, ìîæíà çðî-
áèòè âèñíîâîê, ùî äèíàì³êà
ïîêàçíèêà ³íòåíñèâíîñò³ îáðî-
ñòàííÿ (â áàëàõ) àäåêâàòíî â³-
äîáðàæàº äèíàì³êó á³îìàñè.
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Âèä³ëåííÿ óãðóïîâàíü. Íà ï³äñòàâ³ îö³íêè ïîä³áíîñò³ â³äíîñíèõ ïî-
êàçíèê³â äèõàííÿ, íà âñ³õ ïîêðèòòÿõ òà íà ³íåðòíîìó ñóáñòðàò³ áóëî âè-
ä³ëåíî ø³ñòü óãðóïîâàíü. ¯õí³ õàðàêòåðèñòèêè ïðåäñòàâëåí³ â òàáëèö³ 2.

Óãðóïîâàííÿ Dreissena polymorpha (Pallas), íà â³äì³íó â³ä ³íøèõ óãðó-
ïîâàíü, áóëî ñàìèì ðîçïîâñþäæåíèì. Âîíî çóñòð³÷àëîñü 12 ðàç³â ó ð³çíèõ
ñåð³ÿõ åêñïîçèö³é ç 78 äî 470 (161) ä³á (äèâ. òàáë. 2). Ð³çí³ âàð³àíòè óãðóïî-
âàííÿ D. polymorpha ìàëè äåÿê³ îñîáëèâîñò³. Ëèøå äâà âèäè ó ñêëàä³ öèõ
óãðóïîâàíü áóëè â³äì³÷åí³ íà âñ³õ ïîêðèòòÿõ, äî íèõ â³äíîñèëèñü ëè÷èí-
êè âîëîõîêðèëüö³â Ecnomus tenellus (Rambur), Dreissena bugensis (Andr.)
Ö³ óãðóïîâàííÿ çóñòð³÷àëèñÿ ëèøå âîñåíè — ç âåðåñíÿ ïî ëèñòîïàä. Îò-
æå, ìîæíà çðîáèòè âèñíîâîê, ùî äëÿ ôîðìóâàííÿ óãðóïîâàíü D. polymor-
pha ïîòð³áíî á³ëüøå ÷àñó, í³æ äëÿ ³íøèõ.

Óãðóïîâàííÿ Plumatella fungosa (Pallas) áóëî â³äì³÷åíî ò³ëüêè íà ïî-
êðèòò³ «BEHP» ³ çóñòð³÷àëîñü îäèí ðàç â ë³òí³é ïåð³îä. Ëèøå â öüîìó óãðó-
ïîâàíí³ áóëè â³äì³÷åí³ Hydra òà Gastropoda.

Â óãðóïîâàíí³ D. bugensis + D. ðolymorpha, íà â³äì³íó â³ä ³íøèõ óãðó-
ïîâàíü, áóëè â³äì³÷åí³ Nematoda òà Hirudinea.

Íåçâàæàþ÷è íà òå, ùî óãðóïîâàííÿ ç äîì³íóâàííÿì äðåéñåí³ä çóñò-
ð³÷àëèñü íà ð³çíèõ ñóáñòðàòàõ, íà «Â³í» âîíè áóëè ç ñàìîþ âåëèêîþ á³îìà-
ñîþ (äèâ. òàáë. 2).

Ïîð³âíÿííÿ ñêëàäó óãðóïîâàíü çà ³íäåêñîì Ñåðåíñåíà ïîêàçàëî, ùî
óãðóïîâàííÿ ç äîì³íóâàííÿì D. ðolymorpha ³ íàâ³òü D. ðolymorpha + P. fun-
gosa ìàëè çíà÷í³ ïîêàçíèêè ïîä³áíîñò³ — â³ä 0,63 äî 0,88. Äî ö³º¿ ãðóïè äî-
ëó÷àþòüñÿ óãðóïîâàííÿ D. ðolymorpha+D. bugensis, ç êîåô³ö³ºíòîì ïî-
ä³áíîñò³ Ñåðåíñåíà 0,72—0,81, à óãðóïîâàííÿ D. bugensis íå ìàëè çíà÷íî¿
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ïîä³áíîñò³ ç ö³ºþ ãðóïîþ, âîíè ñêëàäàëè îêðåìó ãðóïó ³ íå áóëè ïîâ’ÿçàí³
ç ³íøèìè óãðóïîâàííÿìè çíà÷íèìè çâ’ÿçêàìè ïîä³áíîñò³.

Äèíàì³êà çì³í óãðóïîâàíü íà ð³çíèõ ñóáñòðàòàõ (ñóêöåñ³éí³ çì³íè).
Íà ïîêðèòò³ «BÅHP» íà 35-òó äîáó áóëî óãðóïîâàííÿ ç äîì³íóâàííÿì ìî-
õóâàòêè P. fungosa, ÿêå ç ÷àñîì, íà 78-ìó äîáó çì³íèëîñü óãðóïîâàííÿ
D. ðolymorpha, ÿêå ñïîñòåð³ãàëîñü â ïîäàëüø³ åêñïîçèö³¿ (òàáë. 3).

Íà ïîêðèòòÿõ «Îëåàò» òà «Åìàëü» ìàéæå âñþ åêñïîçèö³þ äîì³íóâàëè
óãðóïîâàííÿ äðåéñåí³ä. Ïðè ïåðø³é åêñïîçèö³¿ áóëî óãðóïîâàííÿ D. bu-
gensis, ÿêå íà íàñòóïíó åêñïîçèö³þ çì³íèëîñü íà óãðóïîâàííÿ D. polymor-
pha + P. fungosa, ³ â ïîäàëüøîìó çì³íèëîñü íà óãðóïîâàííÿ D. polymorpha.

Íà «Â³í» áóëà õàðàêòåðíà ïîâíà â³äñóòí³ñòü óãðóïîâàíü ç äîì³íóâàí-
íÿì ìîõóâàòêè.

Îö³íêà á³îöèäíèõ âëàñòèâîñòåé ïîêðèòò³â. Ð³çíèöÿ çàãàëüíîãî ãà-
á³òóñó îáðîñòàííÿ íà ïîêðèòò³ «Îëåàò» òà «Â³í» áóëà ñóòòºâîþ: íà «Îëå-
àò³» ïîêðèòòÿ ñóáñòðàòó áóëî, çã³äíî òàáëèö³ 1 òà ðèñóíêó 3 à, á, 30—40 %
(2,6 áàëà), íà «Â³í» — 80—100 % (3,7 áàëà).

Äîñë³äæåííÿ ïîêàçàëè, ùî íà ïåðøèé ð³ê åêñïîíóâàííÿ ñóáñòðàò³â íà
ïîêðèòòÿõ òà íà «Åìàë³» ³íòåíñèâí³ñòü îáðîñòàííÿ áóëà íèæ÷îþ, í³æ íà
³íåðòíîìó ñóáñòðàò³ («Â³í»), ùî ìîæå ñâ³ä÷èòè ïðî òå, ùî ïîêðèòòÿ ìàëè
ïåâíó á³îöèäíó ä³þ, ÿêà íå äàâàëà ðîçâèâàòèñü îáðîñòàííþ. Íà íàñòóï-
íèé ð³ê, ïî÷èíàþ÷è ç 407—442 äîáè åêñïîíóâàííÿ ñóáñòðàò³â, îáðîñòàí-
íÿ áóëî á³ëüøèì, í³æ íà «Â³í», àëå ïîò³ì öåé ïîêàçíèê çíèæóâàâñÿ (ðèñ.
4).

Äèíàì³êà ÷èñåëüíîñò³ òà á³îìàñè íà ïîêðèòòÿõ. Â óñ³ çéîìêè åêñïî-
çèö³¿ íà ïîêðèòòÿõ òà íà åìàë³ ÷èñåëüí³ñòü â³äíîñíî «Â³í» áóëà íèæ÷îþ.
Ïî á³îìàñ³ â³äì³÷åíî ïðàêòè÷íî àíàëîã³÷íó êàðòèíó (çà âèêëþ÷åííÿì
îäí³º¿ ïëàñòèíè, íà ÿê³é ñôîðìóâàëàñü âåëèêà êîëîí³ÿ ìîõóâàòêè). Àëå
âæå ïî÷èíàþ÷è ç 78-¿ äîáè ïîêàçíèêè á³îìàñè áóëè íèæ÷èìè: â ñåðåäíüî-
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ìó á³îìàñà íà «ÂÅÍÐ», «Îëåàò³», «Åìàë³» ñêëàäàëà â³äïîâ³äíî 4,8, 6,0 òà
24,2 % â³ä á³îìàñè íà «Â³í».

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Òàêèì ÷èíîì, äîñë³äæåííÿ ïåðèô³òîíó íà åêñïåðèìåíòàëüíèõ ñóáñò-
ðàòàõ â Êàí³âñüêîìó âîäîñõîâèù³, ÿê³ ïðîâîäÿòüñÿ âæå áàãàòî ðîê³â [10,
14, 22, 25] ïîêàçàëè, ùî â³äáóâàþòüñÿ äåÿê³ çì³íè â äîì³íóþ÷èõ êîìïëåê-
ñàõ ïåðèô³òîíó òà ïîêàçíèêàõ ðÿñíîñò³. Áóëî îïèñàíî ø³ñòü òèï³â óãðóïî-
âàíü, ùî ìàëè îäíàêîâèõ äîì³íàíò³â, ÿê³ íà ð³çíèõ ñóáñòðàòàõ òà ïðè
ð³çíèõ åêñïîçèö³ÿõ áóëè ïðåäñòàâëåí³ 20 âàð³àíòàìè. Íà â³äì³íó â³ä ìèíó-
ëèõ ðîê³â, â öüîìó äîñë³äæåíí³ áóëî âèä³ëåíî ëèøå îäèí ðàç óãðóïîâàííÿ
ç äîì³íóâàííÿì ìîõóâàòêè P. fungosa, â òîé ÷àñ ÿê ó 2014—2015 ðð. ìîíî-
äîì³íàíòíå óãðóïîâàííÿ P. fungosa â³äð³çíÿëîñü âåëèêîþ çóñòð³÷àëüí³ñòþ
â ñåð³ÿõ ð³çíèõ åêñïîçèö³é ³ íà ð³çíèõ ïîêðèòòÿõ áóëî â³äì³÷åíî ñ³ì ðàç³â.
Òàêîæ óãðóïîâàííÿ P. fungosa ç ñîäîì³íàíòîì çóñòð³÷àëèñÿ â ïåð³îä äîñ-
ë³äæåíü 2014—2015 ðð. 11 ðàç³â.

Îäíèì ç íàéá³ëüø ðîçïîâñþäæåíèõ ó ÷àñ³ òà íà ð³çíèõ ñóáñòðàòàõ ó
öüîìó äîñë³äæåíí³ áóëî óãðóïîâàííÿ D. polymorpha (äèâ. òàáë. 2). Ò³ëüêè
äëÿ óãðóïîâàíü äðåéñåíè òà ìîõóâàòêè áóëî äîñòàòíüî âèðàæåíå äîì³íó-
âàííÿ.

Ñòðóêòóðà óãðóïîâàíü ïðîàíàë³çîâàíà ó âèãëÿä³ òàê çâàíèõ êðèâèõ
äîì³íóâàííÿ-ð³çíîìàí³òòÿ [1, 15]. Âèÿâëåíî òðè òèïè êðèâèõ äîì³íóâàí-
íÿ-ð³çíîìàí³òòÿ ç ð³çíèì ñòóïåíåì äîì³íàíò³â: 1 òèï — óãðóïîâàííÿ
P. fungosa, â ìåíøîìó ñòóïåí³ D. polymorpha; 2 òèï — ñîäîì³íàíòíèé
D. bugensis + D. polymorpha; 3 òèï — ³íø³ óãðóïîâàííÿ, â ÿêèõ äîì³íóâàí-
íÿ áóëî ïðàêòè÷íî íå âèðàæåíèì.

Àíàë³ç Í²Ò-ð³çíîìàí³òòÿ (äèâ. òàáë. 2) ïîêàçàâ, ùî ³ñíóº âèðàæåíà
òåíäåíö³ÿ çíèæåííÿ ð³çíîìàí³òòÿ ç ðîñòîì ÷àñó åêñïîçèö³¿, ÿêà ïîâ’ÿçàíà
ç ðîçâèòêîì îäí³º¿ äîì³íàíòíî¿ ôîðìè (D. polymorpha ÷è P. fungosa). Ïî-
êàçíèêè çíà÷åíü Í²Ò ð³çíîìàí³òòÿ çà ÷èñåëüí³ñòþ äëÿ âñ³õ óãðóïîâàíü
áóëè â ä³àïàçîí³ 1,5—3,5 á³ò/åêç (â ñåðåäíüîìó — 2,3 á³ò), â òîé ÷àñ ÿê
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Òàáëèöÿ 3
Äèíàì³êà óãðóïîâàíü çà ïåð³îä äîñë³äæåíü 2019—2020 ðð.

Ñóáñòðàòè
Åêñïîçèö³ÿ

35 78 120 143 470(161)

«ÂÅÍÐ» P . fungosa D. polymorpha D. polymor-
pha

D. polymor-
pha

D. polymorpha

«Îëåàò» D. bugensis D. polymorpha
+ P. fungosa

D. polymor-
pha

D. polymor-
pha

D. polymorpha
+ D. bugensis

«Åìàëü» D. bugensis D. polymorpha
+ P. fungosa

D. polymor-
pha

D. polymor-
pha

D. polymorpha

«Â³í» D. bugensis D. polymorpha D. polymor-
pha

D. polymor-
pha

D. bugensis +
D. polymorpha



ð³çíîìàí³òòÿ çà á³îìàñîþ áóëî â³äïîâ³äíî 0,1—1,7 (0,6) á³ò/ã, òîáòî äî-
ì³íóâàííÿ çà á³îìàñîþ áóëî á³ëüø çíà÷íèì, òîáòî âèð³âíåíí³ñòü ìåí-
øîþ. Âçàºìîçâ’ÿçîê ì³æ ïîêàçíèêàìè ð³çíîìàí³òòÿ (çà ÷èñåëüí³ñòþ òà
á³îìàñîþ) áóâ äîñèòü ñëàáêèì äëÿ HN — ÍÂ (R2 = 0,199; r = 0,45) òà HN — ÍR

(R2 = 0,187; r = 0,43). Â òîé æå ÷àñ, âçàºìîçâ’ÿçîê ì³æ ÍÂ òà ÍR áóâ çíà÷íî
ò³ñí³øèì: R2 = 0,579; r = 0,76).

ßê â³äîìî [4, 7, 8, 13], äðåéñåí³äè óòâîðþþòü ñêëàäí³ óãðóïîâàííÿ
ð³çíîãî òèïó, ç ÿêèõ íàéá³ëüø ðÿñíèìè áóëè óãðóïîâàííÿ ç ðîçâèíóòîþ
ïðîñòîðîâîþ ñòðóêòóðîþ, óãðóïîâàííÿ êîíñîðòèâíîãî òèïó. Óãðóïîâàí-
íÿ òèïó ïåðâèííî-àãðåãîâàíîãî äîì³íàíòà [8, 9], òîáòî ïîñåëåííÿ äðåéñå-
íè, îñîáëèâî íà «Â³í», áóëè ó âèãëÿä³ ù³ëüíèõ ù³òîê. Ïî ë³òåðàòóðíèì äà-
íèì [8], ä³àïàçîí á³îìàñè â óãðóïîâàííÿõ òàêîãî òèïó º â³ä 100 äî
1000 ã/ì2, à â íàøîìó äîñë³äæåíí³ ä³àïàçîí á³îìàñè áóâ â³ä 895,6 äî
21 345,9 ã/ì2. Ä³àïàçîí âèäîâîãî ð³çíîìàí³òòÿ, çà ë³òåðàòóðíèìè äàíèìè,
áóâ â³ä 0,1 äî 1 á³ò/ã, à â íàøîìó äîñë³äæåíí³ — â³ä 0,4 äî 1 á³ò/ã (äèâ. òàáë.
2). Îêð³ì òîãî â ïîïåðåäí³õ äîñë³äæåííÿõ ïåðèô³òîíó áóëî âèä³ëåíî
äåê³ëüêà óãðóïîâàíü ç äîì³íóâàííÿì ìîõóâàòîê [8]. Ó Ðèá³íñüêîìó âîäî-
ñõîâèù³ òàêîæ çóñòð³÷àëèñü êîëîí³¿ ìîõóâàòîê, â ÿêèõ ïîñåëÿëèñÿ ìîëþ-
ñêè: â öèõ êîëîí³ÿõ, ìàñîþ ïîðÿäêà 10 ã, «áóëî â³äì³÷åíî äî 200 åêçåìï-
ëÿð³â äðåéñåíè ðîçì³ðîì â³ä 0,2 äî 10 ìì» (öèò. ïî [4], ñ. 187).
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Ðèñ. 3. Çàãàëüíèé âèãëÿä ñóáñòðàò³â: à — ïîêðèòòÿ «Îëåàò»; á — «Â³í» íà 470(161)
äîáó (12.11.2020)



Â 2020 ð., ÿê ïî áàëüíèì îö³íêàì, òàê ³ ïî îö³íö³ á³îìàñè, ïðè îñòàíí³é
åêñïîçèö³¿ íà âñ³õ ñóáñòðàòàõ á³îìàñà áóëà âèùîþ, í³æ ó 2019 ð. (äèâ. òàáë.
1, ðèñ.1). Ìîæíà ïðèïóñòèòè äâ³ ã³ïîòåçè. Â 2020 ð. áóëè á³ëüø ñïðèÿòëèâ³
óìîâè äëÿ ðîçâèòêó âñ³õ âèä³â ïåðèô³òîíó, òîìó éîãî ðîçâèòîê éøîâ
á³ëüø ³íòåíñèâíî. Îäíàê ïðè ïîð³âíÿíí³ äèíàì³êè ðîçâèòêó îáðîñòàííÿ
íà «Â³í» ñåð³¿ 2019—2020 ðð. òà íîâî¿ ñåð³¿, äå «Â³í» áóâ âèñòàâëåíèé ç
íóëÿ ó 2020 ð. (äèâ. ðèñ. 2), áóëî â³äì³÷åíî, ùî íà «Â³í» ó 2019 ³ 2020 ðð. äè-
íàì³êà ðîçâèòêó çîîïåðèô³òîíó áóëà äîñòàòíüî ñõîæîþ. Îêð³ì òîãî, íà
á³ëüø ñèëüíó ³íòåíñèâí³ñòü îáðîñòàííÿ ï³ñëÿ äðóãî¿ ïîñòàíîâêè ñóáñò-
ðàò³â ìîãëî âïëèíóòè òå, ùî íà íèõ çàëèøèëàñÿ íåâåëèêà ê³ëüê³ñòü æèâî¿
äðåéñåíè òà áàãàòî çàëèøê³â á³ñóñà, ìóøåëü, òîáòî ïîâåðõíÿ ñóáñòðàòó
áóëà ñèëüíî ìîäèô³êîâàíà ïîïåðåäí³ì îáðîñòàííÿì. Ö³ ôàêòîðè ñòâîðè-
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Ðèñ. 4. Ïîð³âíÿííÿ ³íòåíñèâíîñò³ îáðîñòàííÿ ñóáñòðàò³â ç àíòèîáðîñòàþ÷èì ïî-
êðèòòÿì òà «Â³í»: à — ïîêðèòòÿ «BEHP»; á — ïîêðèòòÿ «Îëåàò»; â — «Åìàëü» ç ³íòåí-
ñèâí³ñòþ îáðîñòàííÿ íà «Â³í» ó 2019—2020 ðð.



ëè ñïðèÿòëèâ³ óìîâè äëÿ ðîçâèòêó çîîïåðèô³òîíó. Ìîæëèâî, ï³ñëÿ äâî-
ð³÷íî¿ åêñïîçèö³¿ ñóáñòðàò³â ïîêðèòòÿ íà ñóáñòðàòàõ «BEHP» òà «Îëåàò»
ñóòòºâî çíèçèëè ñâîþ á³îöèäí³ñòü.

Ùîäî õàðàêòåðó êîíòèíóàëüíîñò³ ñóêöåñ³éíîãî ïðîöåñó òðåáà çàçíà-
÷èòè, ùî ïåðåðèâàííÿ ñóêöåñ³¿ óãðóïîâàííÿ ç äîì³íóâàííÿì äðåéñåíè íå
â³äáóëîñÿ â äàíîìó äîñë³äæåíí³, ÿê öå áóëî â ìèíóë³ ðîêè [10, 14]. Ìîõó-
âàòêà áóëà âèÿâëåíà â ìàë³é ê³ëüêîñò³, íå ñòâîðþâàëà ìàñèâí³ êîëîí³¿ ³ íå
ïåðåøêîäæàëà ïîñòóïîâîìó ðîçâèòêó äðåéñåíîâèõ óãðóïîâàíü. Ìîæíà
ïðèïóñòèòè, ùî öå â³äáóëîñÿ òîìó, ùî âë³òêó 2019—2020 ðð. òåìïåðàòóðà
âîäè áóëà äåùî íèæ÷îþ, í³æ ó ïîïåðåäí³ ðîêè: òàê, òåìïåðàòóðà ó ñåðïí³
2014 ð. áóëà 27,0oÑ, à ó 2019 ð. — 23,0oÑ òà ó 2020 ð. — 25,3oÑ.

Áàëüíà îö³íêà âðàõîâóº ³íòåíñèâí³ñòü «îáðîñòó» ³ êîðåëþº ç ïîêàçíè-
êàìè á³îìàñè (äèâ. ðèñ. 2). Ìîæíà çðîáèòè âèñíîâîê, ùî ö³ äâà ìåòîäè
îö³íêè ðÿñíîòè îáðîñòàííÿ äëÿ ïîäàëüøî¿ îö³íêè á³îöèäíîñò³ äîïîâíþ-
þòü îäèí îäíîãî.

Âèñíîâêè

Äîñë³äæåííÿ öåíîòè÷íî¿ ñòðóêòóðè òà õàðàêòåðó óãðóïîâàíü ïîêàçà-
ëè, ùî â³äñóòíÿ ïðèóðî÷åí³ñòü äî ïåâíèõ ñóáñòðàò³â ÿêîãîñü îêðåìîãî óã-
ðóïîâàííÿ ÷è ãðóïè îäíîéìåííèõ óãðóïîâàíü, çà âèíÿòêîì óãðóïîâàííÿ
P. fungosa, ùî ñôîðìóâàëîñü ò³ëüêè íà ïîêðèòò³ «ÂÅÍÐ».

Ïîïåðåäí³ äîñë³äæåííÿ òàêîæ ïîêàçàëè â³äñóòí³ñòü çâ’ÿçêó ðîçâèòêó
îêðåìèõ óãðóïîâàíü ç òèì ÷è ³íøèì ñóáñòðàòîì. Öåíîòè÷íà ñòðóêòóðà
ïåðèô³òîíó, ñàìå ïðè òàêèõ äîì³íóþ÷èõ ôîðìàõ òà òàêîìó ñêëàä³ óãðóïî-
âàíü, íå ìîæå áóòè â ïîâí³é ì³ð³ âèêîðèñòàíà ÿê ïîêàçíèê á³îöèäíîñò³.

Ìîæíà çðîáèòè âèñíîâîê, ùî ïîêðèòòÿ «ÂÅÍÐ» òà «Îëåàò» çàñëóãî-
âóþòü óâàãè äëÿ ïîäàëüøîãî äîñë³äæåííÿ òà ðîçðîáîê â ÿêîñò³ åôåêòèâ-
íîãî íåîáðîñòàþ÷îãî ïîêðèòòÿ.
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ZOOPERIPHYTON ON ANTI-FOULING COATINGS AND CHANGES IN ITS
COENOTIC STRUCTURE

The features of the formation of zooperiphyton communities on experimental subst-
rates — protective coatings with antifouling properties, based on industrial alkyd enamel
PF-167 modified by cationic biocides 1-dodecylpyridine oleate and 1-dodecylpyridinium
bis(2-ethylhexyl) phosphate in the bay of the Kanevsky reservoir (Dnieper river) have been
researched. Some features of successional changes in the Zebra mussel and Bryozoans
communities are discussed. In contrast to previous years, when the temperature in August
(high development of bryozoan colonies) was lower, there was no interruption of the conti-
nual succession of communities with Dreissenid dominance due to the development of
bryozoans. A high antifouling activity of protective coatings, which contained 8 mass per-
cent of cationic biocides, was established. In this study, no connections between the coeno-
tic structure and the nature of antifouling coatings were found.

Keywords: reservoir, experimental substrates, antifouling ñoatings, cationic biocides,
periphyton, coenotic structure.
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