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ÀÁ²ÎÒÈ×ÍÈÕ ×ÈÍÍÈÊ²Â ÒÀ Á²ÎËÎÃ²×Í²

ÌÅÕÀÍ²ÇÌÈ ÔÎÐÌÓÂÀÍÍß (ÎÃËßÄ)1

Â îãëÿä³ óçàãàëüíåíî ñó÷àñí³ óÿâëåííÿ ïðî ðîëü àá³îòè÷íèõ ÷èííèê³â ó âèíèê-
íåíí³ ÿâèùà «öâ³ò³ííÿ» âîäè ó ïð³ñíîâîäíèõ åêîñèñòåìàõ. Ïðåäñòàâëåíî ïîð³âíÿëü-
íèé àíàë³ç ñâ³òîâèõ òåíäåíö³é ³ îñîáëèâîñòåé ôîðìóâàííÿ öüîãî ÿâèùà ó âîäîéìàõ
Óêðà¿íè, çîêðåìà, ó âîäîñõîâèùàõ Äí³ïðîâñüêîãî êàñêàäó. Âñòàíîâëåíî ïîçèòèâíó
êîðåëÿö³þ ì³æ ãëîáàëüíèìè çì³íàìè êë³ìàòó (ï³äâèùåííÿ òåìïåðàòóðè ïîâ³òðÿ òà
ïîäàëüøå ïðîãð³âàííÿ âîäè) ³ çðîñòàííÿì á³îìàñè ö³àíîáàêòåð³é. Öå ï³äêðåñëþº âèç-
íà÷àëüíó ðîëü êë³ìàòè÷íîãî ÷èííèêà ó çá³ëüøåíí³ ³íòåíñèâíîñò³ «öâ³ò³ííÿ» âîäè ó
ñó÷àñíèé ïåð³îä. Ïîêàçàíî, ùî ã³äðîëîã³÷í³ ÷èííèêè âèçíà÷àþòü ðîçâèòîê ö³àíîáàê-
òåð³é ÿê øëÿõîì ïðÿìîãî âïëèâó (çì³íà øâèäêîñò³ òå÷³¿, ïåðåì³øóâàííÿ, êîëèâàííÿ
ð³âíÿ âîäè), òàê ³ îïîñåðåäêîâàíî (âîäîîáì³í, ñòðàòèô³êàö³ÿ, ðîçïîä³ë á³îãåííèõ åëå-
ìåíò³â òà ñîíÿ÷íî¿ ðàä³àö³¿), çóìîâëþþ÷è ³íã³áóþ÷èé àáî ñòèìóëþþ÷èé åôåêò.
Âñòàíîâëåíî, ùî ñåðåä á³îãåííèõ åëåìåíò³â àìîí³éíèé àçîò â³ä³ãðàº âàæëèâó ðîëü â
³íòåíñèô³êàö³¿ ðîçâèòêó ïåâíèõ âèä³â ö³àíîáàêòåð³é ó âåëèêèõ âîäîñõîâèùàõ Óê-
ðà¿íè, à òàêîæ ó âîäîéìàõ ³íøèõ êðà¿í ñâ³òó. Âîäíî÷àñ ðîëü ñï³ââ³äíîøåííÿ ì³æ àçî-
òîì ³ ôîñôîðîì ó öèõ ïðîöåñàõ äîñ³ çàëèøàºòüñÿ ñêëàäíèì ³ äèñêóñ³éíèì ïèòàííÿì.
Îñîáëèâó óâàãó â ðîáîò³ ïðèä³ëåíî àíàë³çó á³îëîã³÷íèõ ìåõàí³çì³â, ùî çóìîâëþþòü
òðèâàë³ñòü ïðîöåñ³â «öâ³ò³ííÿ» âîäè. Ç’ÿñîâàíî, ùî ö³àíîáàêòåð³¿ ìàþòü êîìïëåêñ
ìîðôîô³ç³îëîã³÷íèõ àäàïòàö³é, ÿê³ äîçâîëÿþòü ¿ì ôóíêö³îíóâàòè íàâ³òü çà óìîâ
äåô³öèòó íåîðãàí³÷íîãî àçîòó ³ ôîñôîðó, îáìåæåíî¿ ñîíÿ÷íî¿ ðàä³àö³¿, à òàêîæ íèçü-
êî¿ êîíöåíòðàö³¿ â³ëüíîãî CO2. Öå çàáåçïå÷óº ñò³éê³ñòü òà òðèâàëó âåãåòàö³þ ¿õí³õ
ïîïóëÿö³é. Âçàºìîçâ’ÿçîê áàãàòüîõ ÷èííèê³â, ÿê³ çóìîâëþþòü «öâ³ò³ííÿ» âîäè,
óñêëàäíþº ¿õíº ÷³òêå ðîçìåæóâàííÿ ³ ï³äêðåñëþº íåîáõ³äí³ñòü ïîäàëüøèõ êîìïëåêñ-
íèõ äîñë³äæåíü äëÿ âèÿâëåííÿ ìåõàí³çì³â, ùî ëåæàòü â îñíîâ³ öüîãî ÿâèùà.

Êëþ÷îâ³ ñëîâà: «öâ³ò³ííÿ» âîäè, ö³àíîáàêòåð³¿, àá³îòè÷í³ ÷èííèêè, á³îëîã³÷í³
ìåõàí³çìè, ïð³ñíîâîäí³ åêîñèñòåìè, âîäîñõîâèùà Äí³ïðîâñüêîãî êàñêàäó.

Ö³àíîáàêòåð³¿ (Cyanobacteria, Cyanophyta, Cyanobacteriophyta, Cya-
noprokaryota) º îäí³ºþ ç íàéá³ëüø åâîëþö³éíî äàâí³õ, òàêñîíîì³÷íî ð³ç-
íîìàí³òíèõ ³ åêîëîã³÷íî çíà÷óùèõ ãðóï ôîòîñèíòåçóþ÷èõ îðãàí³çì³â [18,
54, 57]. Çà ñó÷àñíèìè äàíèìè [28], â³ää³ë (ô³ëóì) Cyanobacteria íàë³÷óº ïî-
íàä 4660 âèä³â. Ó âîäíèõ åêîñèñòåìàõ ö³ ôîòîñèíòåçóþ÷³ ïðîêàð³îòè â³ä³-
ãðàþòü çíà÷íó ðîëü ó ôîðìóâàíí³ ïëàíêòîííèõ, áåíòîñíèõ òà åï³ô³òíèõ
óãðóïîâàíü, ôóíêö³îíóþ÷è ÿê ïåðâèíí³ ïðîäóöåíòè [5, 10, 47, 49, 50, 52].
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äîãîâîðîì ¹ 23.07/0394 â³ä 02.03.2026.



Âîäíî÷àñ çà ïåâíèõ óìîâ íàâêîëèøíüîãî ñåðåäîâèùà ³íòåíñèâíèé ðîç-
âèòîê îêðåìèõ âèä³â ïëàíêòîííèõ ö³àíîáàêòåð³é ïðèçâîäèòü äî âèíèê-
íåííÿ øê³äëèâîãî «öâ³ò³ííÿ» âîäè (harmful algal blooms — HABs). Òàêå
ÿâèùå õàðàêòåðèçóºòüñÿ íàêîïè÷åííÿì á³îìàñè ö³àíîáàêòåð³é ó òîâù³
âîäè äî ð³âí³â, ùî çóìîâëþþòü ôîðìóâàííÿ òîêñè÷íèõ àáî ³íøèõ åêî-
ëîã³÷íî íåáåçïå÷íèõ óìîâ.

Îäíèì ³ç íàéíåáåçïå÷í³øèõ íàñë³äê³â «öâ³ò³ííÿ» âîäè º çäàòí³ñòü
ö³àíîáàêòåð³é ïðîäóêóâàòè òà âèä³ëÿòè ó íàâêîëèøíº ñåðåäîâèùå øèðî-
êèé ñïåêòð òîêñè÷íèõ âòîðèííèõ ìåòàáîë³ò³â — ö³àíîòîêñèí³â, ñòâîðþþ-
÷è çàãðîçè äëÿ ÿêîñò³ âîäè, ôóíêö³îíóâàííÿ ã³äðîåêîñèñòåì, à òàêîæ çäî-
ðîâ’ÿ ëþäèíè [53, 54]. Ó ôîðìóâàíí³ «öâ³ò³ííÿ» âîäè áåðóòü ó÷àñòü îä-
íîêë³òèíí³ òà êîëîí³àëüí³ ö³àíîáàêòåð³¿ ç ð³çíèì òèïîì ìîðôîëîã³÷íî¿
ñòðóêòóðè: êîêî¿äí³ (âèäè ðîä³â Microcystis, Woronichinia, Synechococcus),
à òàêîæ íèò÷àñò³ (âèäè ðîä³â Aphanizomenon, Dolichospermum (ðàí³øå
Anabaena), Nodularia, Planktothrix, Raphidiopsis (ðàí³øå Cylindrospermop-
sis), Pseudanabaena). «Öâ³ò³ííÿ» âîäè ñïîñòåð³ãàºòüñÿ ÿê ó ïð³ñíîâîäíèõ,
òàê ³ â ñîëîíóâàòîâîäíèõ âîäîéìàõ [53, 57].

Íèçêà äîñë³äæåíü ñâ³ä÷èòü [16, 32, 53, 57, 60], ùî òðèâàë³ñòü ³ ÷àñòîòà
«öâ³ò³ííÿ» âîäè âíàñë³äîê ìàñîâîãî ðîçâèòêó ö³àíîáàêòåð³é çðîñòàþòü ó
ãëîáàëüíîìó ìàñøòàá³, ïðè öüîìó íàéâèùó ³íòåíñèâí³ñòü öüîãî ÿâèùà
çàðåºñòðîâàíî ó ïð³ñíîâîäíèõ îçåðàõ ³ âîäîñõîâèùàõ. Çà äàíèìè [60],
ïðîòÿãîì îñòàíí³õ 20 ðîê³â «öâ³ò³ííÿ» âîäè ñïîñòåð³ãàëîñÿ ó êîæíîìó
äðóãîìó ç 1965 äîñë³äæåíèõ âåëèêèõ âîäîñõîâèù ³ îçåð (ïëîùåþ ïîíàä
50 êì2) ó ñâ³ò³. Äîì³íóþ÷èìè ö³àíîáàêòåð³ÿìè, àñîö³éîâàíèìè ç ôîðìó-
âàííÿì «öâ³ò³ííÿ» âîäè, íàé÷àñò³øå º âèäè ðîä³â Microcystis, Dolichosper-
mum, Aphanizomenon òà Raphidiopsis [24, 54].

Ìåòîþ öüîãî îãëÿäó áóëî óçàãàëüíèòè ñó÷àñí³ óÿâëåííÿ ïðî âïëèâ
àá³îòè÷íèõ ÷èííèê³â íà «öâ³ò³ííÿ» âîäè âíàñë³äîê ìàñîâîãî ðîçâèòêó
ö³àíîáàêòåð³é ó ïð³ñíîâîäíèõ âîäîéìàõ, ïðîâåñòè ïîð³âíÿëüíèé àíàë³ç
ñâ³òîâèõ òåíäåíö³é ³ îñîáëèâîñòåé, ïðèòàìàííèõ âîäîéìàì Óêðà¿íè, çîê-
ðåìà âîäîñõîâèùàì Äí³ïðîâñüêîãî êàñêàäó, äå ìàñîâèé ðîçâèòîê ö³àíî-
áàêòåð³é ó ë³òí³é ïåð³îä º ðåãóëÿðíèì ÿâèùåì, à òàêîæ çä³éñíèòè àíàë³ç
êëþ÷îâèõ á³îëîã³÷íèõ ìåõàí³çì³â, ùî çóìîâëþþòü âèíèêíåííÿ òà âïëè-
âàþòü íà òðèâàë³ñòü «öâ³ò³ííÿ» âîäè.

Àá³îòè÷í³ ÷èííèêè, ùî çóìîâëþþòü âèíèêíåííÿ òà âïëèâàþòü
íà òðèâàë³ñòü «öâ³ò³ííÿ» âîäè

Êë³ìàòè÷í³ çì³íè. Êë³ìàòè÷í³ çì³íè ââàæàþòüñÿ îäí³ºþ ç îñíîâíèõ
ïðè÷èí ³íòåíñèô³êàö³¿ «öâ³ò³ííÿ» âîäè, çóìîâëåíîãî ìàñîâèì ðîçâèòêîì
ö³àíîáàêòåð³é, â ñó÷àñíèé ïåð³îä [22, 32, 33, 35, 41—43, 45, 65]. Âïëèâ ãëî-
áàëüíèõ êë³ìàòè÷íèõ çì³í ïðîÿâëÿºòüñÿ íàñàìïåðåä ó ï³äâèùåíí³ òåìïå-
ðàòóðè ïîâ³òðÿ ³ â³äïîâ³äíîìó ï³äâèùåíí³ òåìïåðàòóðè âîäè ó âîäíèõ
åêîñèñòåìàõ. Çðîñòàííÿ ê³ëüê³ñíîãî ðîçâèòêó ö³àíîáàêòåð³é çà óìîâ ï³ä-
âèùåííÿ òåìïåðàòóðè âîäè çàðåºñòðîâàíî ó âîäîéìàõ Ô³íëÿíä³¿ [45],
Í³äåðëàíä³â [33], Àâñòð³¿ [46], Êèòàþ òà ÑØÀ [41]. Ïîêàçàíî [33], ùî ðîç-
âèòîê ö³àíîáàêòåð³é â îç. Íü³âå (Í³äåðëàíäè) ÷³òêî êîðåëþâàâ ç ë³òí³ìè
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òåìïåðàòóðàìè âîäè ³ á³ëüø í³æ 80 % ì³æð³÷íî¿ âàð³àö³¿ ÷àñòêè ö³àíîáàê-
òåð³é ïîÿñíþâàëîñü ë³òí³ìè òåìïåðàòóðàìè â ë³í³éí³é ìîäåë³. Ìåòîäîì
ìàòåìàòè÷íîãî ìîäåëþâàííÿ áóëî âñòàíîâëåíî, ùî ï³äâèùåííÿ òåìïåðà-
òóðè âîäè â îç. Áàñåíòóåéò (Âåëèêà Áðèòàí³ÿ) ïðèçâîäèòü äî á³ëüø ðàííü-
îãî ïî÷àòêó «öâ³ò³ííÿ» âîäè ³ äî çá³ëüøåííÿ ìàêñèìàëüíî¿ ÷àñòêè ö³àíî-
áàêòåð³é (íà 7,6 % íà êîæåí 1 o ï³äâèùåííÿ) [22]. Àíàë³ç ðåçóëüòàò³â
äîñë³äæåíü 143 îçåð âçäîâæ øèðîòíî¿ òðàíñåêòè â³ä ñóáàðêòè÷íî¿ ªâðî-
ïè äî ï³âäåííî¿ ÷àñòèíè Ï³âäåííî¿ Àìåðèêè ïîêàçàâ, ùî ïîòåïë³ííÿ
êë³ìàòó íå ïðèçâîäèòü äî çá³ëüøåííÿ çàãàëüíî¿ á³îìàñè ô³òîïëàíêòîíó,
ïðîòå ÷àñòêà á³îìàñè ö³àíîáàêòåð³é ð³çêî çðîñòàº ç ï³äâèùåííÿì òåìïå-
ðàòóðè [35].

Çà äàíèìè Öåíòðàëüíî¿ ãåîô³çè÷íî¿ îáñåðâàòîð³¿ ³ì. Áîðèñà Ñðåç-
íåâñüêîãî [4] â îñòàíí³ äåñÿòèë³òòÿ â Óêðà¿í³ ñïîñòåð³ãàºòüñÿ ÷³òêà òåí-
äåíö³ÿ äî çðîñòàííÿ òåìïåðàòóðè ïîâ³òðÿ ÿê â ñåðåäíüîìó çà ð³ê, òàê ³
ïðîòÿãîì ë³òíüî-îñ³ííüîãî ïåð³îäó, âèçíà÷àëüíîãî äëÿ ðîçâèòêó ô³òîï-
ëàíêòîíó. Çîêðåìà, â ì. Êèºâ³ ïðîòÿãîì 2016—2025 ðð. ñåðåäíÿ ð³÷íà òåì-
ïåðàòóðà ïîâ³òðÿ ñòàá³ëüíî ïåðåâèùóâàëà íîâó êë³ìàòè÷íó íîðìó (9 oÑ çà
ïåð³îä 1991—2020 ðð.), à ó 2024 ð. ñïîñòåð³ãàâñÿ ðåêîðä — 11,4 oÑ. Ñåðåäí³
òåìïåðàòóðè ëèïíÿ ³ ñåðïíÿ çà îñòàíí³ 10 ðîê³â ïåðåâàæíî áóëè âèùèìè
íà 1—4 o çà â³äïîâ³äí³ ì³ñÿ÷í³ íîðìè, ñÿãàþ÷è 24,6 oÑ ó 2020 ³ 2021 ðð. Êð³ì
òîãî, ë³òí³ ì³ñÿö³ äåäàë³ ÷àñò³øå ñóïðîâîäæóþòüñÿ òðèâàëèìè ïåð³îäàìè,
êîëè äåííà òåìïåðàòóðà ïîâ³òðÿ ïåðåâèùóº 30—35 oC. Ñïîñòåð³ãàºòüñÿ
òàêîæ ³ çá³ëüøåííÿ òðèâàëîñò³ ïåð³îäó ç òåìïåðàòóðîþ âèùå 20 oÑ — â ñå-
ðåäíüîìó â³í ñòàíîâèòü 90 äí³â. Ìàêñèìàëüí³ çíà÷åííÿ òåìïåðàòóðè âîäè
(ïîíàä 25 oÑ) ñïîñòåð³ãàþòüñÿ â ëèïí³ ³ ñåðïí³. Àáñîëþòíèé ìàêñèìóì
(29 oÑ) íà ã/ñ Êè¿â çàô³êñîâàíî 16 ëèïíÿ 2024 ð. [4]. Òàêå ï³äâèùåííÿ òåì-
ïåðàòóðè âîäè çá³ëüøóº òðèâàë³ñòü âåãåòàö³éíîãî ïåð³îäó, à àíîìàëüíî
âèñîê³ òåìïåðàòóðè âë³òêó ñïðèÿþòü äîì³íóâàííþ ö³àíîáàêòåð³é ó ô³òî-
ïëàíêòîí³ òà ¿õ íàäì³ðíîìó ðîçâèòêó [50], çîêðåìà ó Êè¿âñüêîìó òà Êà-
í³âñüêîìó âîäîñõîâèùàõ (Óêðà¿íà), äëÿ ÿêèõ áóëà âñòàíîâëåíà äîñòî-
â³ðíà ïîçèòèâíà êîðåëÿö³ÿ ì³æ òåìïåðàòóðîþ âîäè òà á³îìàñîþ ö³àíî-
áàêòåð³é [49].

Îïîñåðåäêîâàíèé âïëèâ êë³ìàòè÷íèõ çì³í íà òåðì³÷íèé ðåæèì äí³ï-
ðîâñüêèõ âîäîñõîâèù ïðîÿâëÿºòüñÿ ÷åðåç çì³íè ñòîêó âîäè. Àíàë³ç ð³ç-
íèöåâèõ ³íòåãðàëüíèõ êðèâèõ ñåðåäíüîãî ð³÷íîãî ñòîêó ð³÷îê áàñåéí³â
Ñåðåäíüîãî ³ Íèæíüîãî Äí³ïðà [6] ñâ³ä÷èòü, ùî ç 2006 ð. ñïîñòåð³ãàºòüñÿ
ìàëîâîäíà ôàçà ñòîêó, ùî çóìîâëþº çíà÷íå çìåíøåííÿ ïðîòî÷íîñò³ âî-
äîñõîâèù ³ ïîêðàùåííÿ óìîâ äëÿ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿.

Ã³äðîëîã³÷íèé ðåæèì ³ ã³äðîäèíàì³÷í³ ÷èííèêè. Íà â³äì³íó â³ä ïðè-
ðîäíèõ âîäîéì, âîäîñõîâèùà õàðàêòåðèçóþòüñÿ çì³íåíèì, àíòðîïîãåííî
çóìîâëåíèì ã³äðîëîã³÷íèì ðåæèìîì. Çîêðåìà, çíèæåííÿ øâèäêîñò³ òå-
÷³¿, çá³ëüøåííÿ ÷àñó âîäîîáì³íó òà ôîðìóâàííÿ ñòðàòèô³êàö³¿ ñòâîðþþòü
ñïðèÿòëèâ³ óìîâè äëÿ ðîçâèòêó ö³àíîáàêòåð³é [5, 10, 15, 19, 23, 39, 56]. Òà-
êèé âïëèâ çä³éñíþºòüñÿ ïåðåâàæíî òðüîìà îñíîâíèìè øëÿõàìè: íèçüêà
øâèäê³ñòü ïîòîêó (òå÷³¿) ñïðèÿº ðîçâèòêó ö³àíîáàêòåð³é; êîëèâàííÿ ð³â-
íÿ âîäè ï³äâèùóþòü ¿õíþ ïðîäóêòèâí³ñòü ³ ñòèìóëþþòü ìåòàáîë³çì; ïî-
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ì³ðíà òóðáóëåíòí³ñòü âîäè çá³ëüøóº ïîãëèíàííÿ ïîæèâíèõ ðå÷îâèí êë³-
òèíàìè [29, 48, 54, 66].

Ñòîêîâ³ òà â³òðîâ³ òå÷³¿. Íàéá³ëüø ðåïðåçåíòàòèâíèì ïîêàçíèêîì
ã³äðîäèíàì³÷íèõ óìîâ º øâèäê³ñòü òå÷³¿, ÿêà ó âîäîñõîâèùàõ çóìîâëåíà
ðåãóëüîâàíèì ñòîêîì ð³÷êè òà ä³ºþ â³òðó íà âîäíó ïîâåðõíþ. Öåé ÷èííèê
÷àñòî º îáìåæóâàëüíèì äëÿ ðîçâèòêó ö³àíîáàêòåð³é, ùî ï³äòâåðäæóºòüñÿ
ïåðåâàæíîþ â³äñóòí³ñòþ ÿâèùà «öâ³ò³ííÿ» âîäè ó ð³÷êàõ Óêðà¿íè, çîêðå-
ìà â Äí³ïð³ íà éîãî âåðõí³é òà ñåðåäí³é ä³ëÿíêàõ äî çàðåãóëþâàííÿ [14]. Ó
òîé ïåð³îä ó Äí³ïð³ øâèäê³ñòü ïîòîêó ñòàíîâèëà â ñåðåäíüîìó 30—
100 ñì/ñ çàëåæíî â³ä ëîêàëüíèõ óìîâ. Ï³ñëÿ ñòâîðåííÿ âîäîñõîâèù øâèä-
ê³ñòü ñòîêîâèõ òå÷³é â êàñêàä³ çìåíøèëàñü â ñåðåäíüîìó äî 1,5— 7,0 ñì/ñ.
Ó áàãàòîâîäí³ ðîêè ô³êñóþòüñÿ á³ëüø³ øâèäêîñò³ ïîòîêó (2,7—11,7 ñì/ñ),
ó ìàëîâîäí³ — ìåíø³ (1,0—4,7 ñì/ñ) [3].

Êð³ì ð³÷íî¿, ñïîñòåð³ãàºòüñÿ ³ ñåçîííà çì³íà ïîêàçíèêà. Òàê, íàéâèùà
øâèäê³ñòü òå÷³¿ ó âîäîñõîâèùàõ Äí³ïðîâñüêîãî êàñêàäó â³äì³÷àºòüñÿ íà-
âåñí³ é ìîæå ñòàíîâèòè ïîíàä 20—25 ñì/ñ, àëå â äàíèé ïåð³îä ðîçâèòîê
ö³àíîáàêòåð³é ðåãóëþºòüñÿ á³ëüøå òåìïåðàòóðíèì ÷èííèêîì. Âïëèâ çà-
ðåãóëþâàííÿ, çîêðåìà íà Êè¿âñüêîìó âîäîñõîâèù³, ï³äòâåðäæóºòüñÿ ïî-
ñòóïîâèì çðîñòàííÿì á³îìàñè ö³àíîáàêòåð³é ïðè çíèæåíí³ øâèäêîñò³
òå÷³¿ çà ïîçäîâæí³ì ïðîô³ëåì â³ä âåðõ³â’ÿ äî íèæíüî¿ ÷àñòèíè ç ìàêñèìó-
ìîì ó ïðèãðåáëåâ³é ä³ëÿíö³ [49].

Âïëèâ øâèäêîñò³ ïîòîêó íà ðîçâèòîê îäíîãî ç îñíîâíèõ çáóäíèê³â
«öâ³ò³ííÿ» âîäè Microcystis aeruginosa (K�tz.) K�tz. ï³äòâåðäæåíèé òàêîæ
ðåçóëüòàòàìè åêñïåðèìåíòàëüíèõ äîñë³äæåíü [55]. Ïðè øâèäêîñò³ ïîòî-
êó 47 ñì/ñ ñïîñòåð³ãàþòüñÿ çì³íè â ìîðôîëîã³¿ êë³òèí ³ ïîðóøåííÿ ìåòà-
áîë³çìó àêòèâíèõ ôîðì êèñíþ, à îïòèìàëüíà øâèäê³ñòü òå÷³¿ ñòàíîâèòü
äî 24 ñì/ñ. Ö³ ðåçóëüòàòè ï³äòâåðäæóþòü íàÿâí³ñòü îïòèìàëüíèõ ã³äðîäè-
íàì³÷íèõ óìîâ äëÿ ðîçâèòêó ö³àíîáàêòåð³é ó âîäîñõîâèùàõ Äí³ïðà.

Êð³ì ñòîêîâèõ òå÷³é íà ðîçâèòîê ô³òîïëàíêòîíó ó âåëèêèõ âîäîñõî-
âèùàõ òà îçåðàõ âïëèâàº â³òåð [2, 27]. Øâèäê³ñòü â³òðîâèõ òå÷³é â ïîâåðõ-
íåâèõ øàðàõ âîäè, äå ñêîíöåíòðîâàí³ ö³àíîáàêòåð³¿, ïåðåâàæíî ñòàíîâèòü
0,4—7,0 % øâèäêîñò³ â³òðó íàä ïîâåðõíåþ âîäè [3, 12]. ¯õ âèíèêíåííÿ íà-
êëàäàºòüñÿ íà ³ñíóþ÷³ ñòîêîâ³ òå÷³¿, ï³äñèëþþ÷³ àáî òðàíñôîðìóþ÷è îñ-
òàíí³, ùî çóìîâëþº çàãàëüíó öèðêóëÿö³þ âîä.

Âïëèâ â³òðó ì³íëèâèé ÿê çà ñèëîþ, òàê ³ çà íàïðÿìêîì, ùî ñïðè÷èíÿº
ïðîñòîðîâî-÷àñîâó çì³íí³ñòü óìîâ, ìîçà¿÷í³ñòü ðîçïîä³ëó ô³òîïëàíêòîíó
ïî àêâàòîð³¿ âîäîéì ³ ëîêàëüíå íàêîïè÷åííÿ éîãî á³îìàñè. Òàê³ òåíäåíö³¿
â³äì³÷åí³ äîñë³äíèêàìè íà äí³ïðîâñüêèõ âîäîñõîâèùàõ [2, 8, 12], âîäî-
ñõîâèù³ Ñàñèê [19] òà âîäîéìàõ-îõîëîäæóâà÷àõ àòîìíèõ ñòàíö³é â Óê-
ðà¿í³ [11]. Á³ëüø òîãî íà Êðåìåí÷óöüêîìó òà Êàõîâñüêîìó âîäîñõîâèùàõ
â ïåðø³ äåñÿòèë³òòÿ ï³ñëÿ ¿õ ñòâîðåííÿ ³ â ïîäàëüøîìó ñïîñòåð³ãàëèñü
«ïëÿìè» ö³àíîáàêòåð³é, ùî ÿâëÿëè ñîáîþ àãðåãîâàí³ ñêóï÷åííÿ ç á³îìà-
ñîþ 10—40 êã/ì3 ³ äðåéôóâàëè çà íàïðÿìîì ä³¿ â³òðó ³ òå÷³ºþ [1].

Òóðáóëåíòíå ïåðåì³øóâàííÿ. Âïëèâ â³òðó íà âîäíó ïîâåðõíþ ïðîÿâ-
ëÿºòüñÿ íå ò³ëüêè ó ôîðìóâàíí³ òå÷³é, à é ó ïåðåì³øóâàíí³ âîäíèõ ìàñ ³
çáóðåíí³ õâèëü. Âñòàíîâëåíî [27], ùî ïðè íèçüê³é øâèäêîñò³ â³òðó (äî
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3 ì/ñ) ôîðìóþòüñÿ ñòàá³ëüí³ âåðòèêàëüí³ ïîòîêè, ÿê³ ñïðèÿþòü ï³äéîìó
êë³òèí ³ íàêîïè÷åííþ á³îìàñè ö³àíîáàêòåð³é ó âåðõíüîìó øàð³ âîäè. Ïðè
ñèëüíîìó â³òð³ ç³ øâèäê³ñòþ â³ä 6 ì/ñ ³íòåíñèâíå ïåðåì³øóâàííÿ ðóéíóº
àãðåãàö³¿ òà ïðèãí³÷óº «öâ³ò³ííÿ» âîäè. Ñõîæ³ âèñíîâêè çðîáëåíî ³ ïðè
äîñë³äæåíí³ óìîâ Êðåìåí÷óöüêîãî âîäîñõîâèùà [8, 12], äå ïðè îñëàá-
ëåíí³ â³òðó äî 3 ì/ñ ïåðåâàæàþ÷èì ÷èííèêîì ðîçâèòêó ö³àíîáàêòåð³é
ñòàâàëè ñòîêîâ³ òå÷³¿ ³ òóðáóëåíòíå ïåðåì³øóâàííÿ, ùî çóìîâëþâàëî äè-
íàì³êó á³îìàñè íà îêðåìèõ ä³ëÿíêàõ.

Ïîì³ðíà òóðáóëåíòí³ñòü ñòèìóëþº ðîçâèòîê ÿâèùà «öâ³ò³ííÿ» âîäè
ïåðåâàæíî øëÿõîì ñïðèÿííÿ ïîãëèíàííþ ïîæèâíèõ ðå÷îâèí òà åíåðãå-
òè÷íîìó îáì³íó, îñîáëèâî â ì³ëêîâîäí³é ïðèáåðåæí³é çîí³ [48, 63, 66], à
íàäì³ðíà — îáìåæóº ðîçâèòîê ö³àíîáàêòåð³é øëÿõîì ðóéíóâàííÿ êë³òèí
òà ïåðåøêîäæàííÿ óòâîðåííþ êîëîí³é [34, 37].

Äåí³âåëÿö³¿ ð³âíÿ âîäè. Êîëèâàííÿ ð³âíÿ âîäè, ñïðè÷èíåí³ ðîáîòîþ
ã³äðîåëåêòðîñòàíö³é, çì³íþþòü øâèäê³ñòü òå÷³¿, ñòðóêòóðó âîäíî¿ ìàñè òà
âåðòèêàëüíå ïåðåì³øóâàííÿ [5, 10, 12, 13, 15]. Öå, ç³ ñâîãî áîêó, âïëèâàº íà
äîñòóïí³ñòü ñîíÿ÷íî¿ ðàä³àö³¿ ³ ïîæèâíèõ ðå÷îâèí òà ðîçïîä³ë ô³òîïëàíê-
òîíó, ùî ìîæå ÿê ñòèìóëþâàòè, òàê ³ ïðèãí³÷óâàòè «öâ³ò³ííÿ» âîäè çàëåæ-
íî â³ä êîíêðåòíèõ óìîâ. Íàïðèêëàä, äëÿ ì³ëêîâîäü äí³ïðîâñüêèõ âîäî-
ñõîâèù ³ çàïëàâíèõ âîäîéì, ÿê³ ã³äðîëîã³÷íî ïîâ’ÿçàí³ ç îñíîâíîþ àêâà-
òîð³ºþ, ñàìå ñïåöèô³êà ð³âíåâîãî ðåæèìó çóìîâëþº õàðàêòåð ¿õ çàðîñòàí-
íÿ ìàêðîô³òàìè [9], à íàÿâí³ñòü ïåð³îäè÷íî çàòîïëþâàíèõ àáî â³äîêðåì-
ëþâàíèõ ä³ëÿíîê ñïðèÿº óòâîðåííþ «ðåçåðâàò³â» ö³àíîáàêòåð³é, ÿê³ ìî-
æóòü çáåð³ãàòèñÿ ó òîâù³ ï³ñêó [1]. Âîäíî÷àñ ðåçóëüòàòè äîñë³äæåííÿ [36]
ïîêàçàëè, ùî íà âîäîñõîâèù³ â Êèòà¿ ïðè çíèæåíí³ ð³âíÿ âîäè íà 2,02—
4,33 ì ñåðåäíÿ øâèäê³ñòü ïîòîêó çá³ëüøèëàñÿ íà 68 % ïîð³âíÿíî ç ïîïå-
ðåäí³ì ïîêàçíèêîì. Ïðè öüîìó ñåðåäíÿ êîíöåíòðàö³ÿ çàãàëüíîãî ôîñôî-
ðó òà àçîòó çíèçèëàñÿ äî 20 % ³ á³îìàñà ö³àíîáàêòåð³é ð³çêî ñêîðîòèëàñÿ.
Òàêîæ ñïîñòåð³ãàëîñü çíà÷íå çá³ëüøåííÿ ð³çíîìàí³òíîñò³ ö³àíîáàêòåð³é
òà ïîì³òíå çìåíøåííÿ ù³ëüíîñò³ ¿õí³õ êë³òèí.

Âîäîîáì³í. Îäíèì ³ç êëþ÷îâèõ ã³äðîëîã³÷íèõ ïîêàçíèê³â º ÷àñ (ïå-
ð³îä) âîäîîáì³íó, ùî âðàõîâóº ñï³ââ³äíîøåííÿ ³ ðåæèì êîìïîíåíò³â âî-
äíîãî áàëàíñó òà ã³äðîìîðôîëîã³÷í³ îñîáëèâîñò³. Çàçâè÷àé ó âîäîñõîâè-
ùàõ â³í çíà÷íî á³ëüøèé, í³æ ó ð³÷êàõ, ùî ñïðèÿº íàêîïè÷åííþ ïîæèâíèõ
ðå÷îâèí ³ ô³òîïëàíêòîíó. Òðèâàëèé çàñò³é âîäè äîçâîëÿº êë³òèíàì âèä³â-
çáóäíèê³â «öâ³ò³ííÿ» âîäè ïðîõîäèòè ïîâíèé öèêë ðîçâèòêó. Îñòàíí³ì
÷àñîì íà òåðèòîð³¿ Óêðà¿íè çðîñòàº ê³ëüê³ñòü âîäíèõ îá’ºêò³â, äå ñïîñ-
òåð³ãàºòüñÿ «öâ³ò³ííÿ» âîäè, ùî çîêðåìà ïîâ’ÿçàíî ç ïîäîâæåííÿì ïå-
ð³îäó âîäîîáì³íó. Öå ÿâèùå ñòàº õàðàêòåðíèì íå ëèøå äëÿ àíòðîïîãåííî
çì³íåíèõ âîäîéì, àëå ³ äëÿ ïðèðîäíèõ ïîë³ñüêèõ îçåð [7].

Ó ðîáîò³ [14] çàçíà÷åíî, ùî äî 1960-õ ðîê³â ó öåíòðàëüí³é ÷àñòèí³
Óêðà¿íè âë³òêó 10-äîáîâèé ïåð³îä âîäîîáì³íó áóâ ìåæåþ óòâîðåííÿ «öâ³-
ò³ííÿ» âîäè. Ó äí³ïðîâñüêèõ âîäîñõîâèùàõ ïåð³îä âîäîîáì³íó çàëåæèòü
â³ä âîäíîñò³ ðîêó òà ðåæèìó ðîáîòè ã³äðîåëåêòðîñòàíö³é ³ ñêëàäàº â³ä 11
(Êàì’ÿíñüêå âîäîñõîâèùå ó áàãàòîâîäíèé ð³ê) äî 224 ä³á (Êàõîâñüêå âîäî-
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ñõîâèùå ó ìàëîâîäíèé ð³ê). Ñåðåäíüîð³÷íèé ïåð³îä âîäîîáì³íó ñòàíî-
âèòü 36 ä³á äëÿ Êè¿âñüêîãî âîäîñõîâèùà òà 20 ä³á äëÿ Êàí³âñüêîãî.

Çíà÷åííÿ ïîêàçíèêà çì³íþºòüñÿ ³ çà ñåçîíàìè — íàïðèêëàä, íàâåñí³
íàéá³ëüø ïðîòî÷íèì ó êàñêàä³ ñòàº Êàí³âñüêå âîäîñõîâèùå [12]. Ö³ çíà-
÷åííÿ â³äïîâ³äàþòü ñõîæèì çà ðîçì³ðàì ³íøèì âîäîñõîâèùàì ñâ³òó, òà-
êèì ÿê Òðè óùåëèíè (Êèòàé), òîä³ ÿê ó íàéá³ëüøèõ âîäîñõîâèùàõ îçåðíî-
ãî òèïó, òàêèõ ÿê Êàð³áà (íà êîðäîí³ ì³æ Çàìá³ºþ òà Ç³ìáàáâå) àáî Âîëüòà
(Ãàíà), ÷àñ âîäîîáì³íó äîñÿãàº ê³ëüêîõ ðîê³â, ùî ñïðèÿº ôîðìóâàííþ
ñòàá³ëüíî ñòðàòèô³êîâàíèõ åêîñèñòåì ç âèñîêîþ éìîâ³ðí³ñòþ ðîçâèòêó
«öâ³ò³ííÿ» âîäè. Íàïðèêëàä, ó âîäîñõîâèù³ Êàð³áà â îñòàíí³ äåñÿòèë³òòÿ
ïåð³îä âîäîîáì³íó çá³ëüøèâñÿ ç 3,7 äî 5,7 ðîê³â âíàñë³äîê çìåíøåííÿ ñòî-
êó ð. Çàìáåç³. Öå ñïðè÷èíèëî äîì³íóâàííÿ ö³àíîáàêòåð³é ó ñêëàä³ ô³òî-
ïëàíêòîíó, ùî ïðèçâåëî äî ñêîðî÷åííÿ ÷èñåëüíîñò³ åíòîìîñòðàêîâîãî
çîîïëàíêòîíó ³, ÿê ðåçóëüòàò, äî çãàñàííÿ ðèáíîãî ïðîìèñëó Limnothrissa
miodon [38].

Îòæå, ã³äðîäèíàì³÷í³ ÷èííèêè ïðÿìî òà îïîñåðåäêîâàíî âïëèâàþòü
íà ðîçâèòîê ô³òîïëàíêòîíó òà «öâ³ò³ííÿ» âîäè, à ìîæëèâ³ñòü ðåãóëþâàí-
íÿ ã³äðîëîã³÷íîãî ðåæèìó ³ âïðîâàäæåííÿ åêîëîã³÷íèõ ñòðàòåã³é åêñïëóà-
òàö³¿ ã³äðîåëåêòðîñòàíö³é [12, 13, 54, 55] íà ñüîãîäí³ çàëèøàþòüñÿ íàé-
á³ëüø éìîâ³ðíèìè òà ä³ºâèìè ìåòîäàìè ðåãóëþâàííÿ ÿâèùà «öâ³ò³ííÿ»
âîäè ó âåëèêèõ âîäîñõîâèùàõ.

Á³îãåííå íàâàíòàæåííÿ. ²íøèì âàæëèâèì ÷èííèêîì, ÿêèé ñïðèÿº
«öâ³ò³ííþ» âîäè ö³àíîáàêòåð³ÿìè, º àíòðîïîãåííå åâòðîôóâàííÿ [43, 56].
Íàäëèøîê ñïîëóê àçîòó (N) òà ôîñôîðó (P) ââàæàºòüñÿ îäí³ºþ ç îñíîâíèõ
ïðè÷èí øèðîêîãî ïîøèðåííÿ öüîãî ÿâèùà â ³íäóñòð³àëüíî ðîçâèíåíèõ
êðà¿íàõ òà ãóñòîíàñåëåíèõ ðåã³îíàõ.

Ðåçóëüòàòè êîðåëÿö³éíîãî òà ðåãðåñ³éíîãî àíàë³çó ïîêàçàëè, ùî íà
ñüîãîäí³ îäíèì ³ç íàéâàæëèâ³øèõ ÷èííèê³â äëÿ âåãåòàö³¿ ïëàíêòîííèõ
ö³àíîáàêòåð³é â Êè¿âñüêîìó âîäîñõîâèù³ º âì³ñò àìîí³éíîãî àçîòó [49],
íà â³äì³íó â³ä 1965—1969 ðð., êîëè îñíîâíèì ë³ì³òóþ÷èì ÷èííèêîì áóâ
âì³ñò íåîðãàí³÷íîãî ôîñôîðó [8, 49]. Ö³êàâî, ùî ñàìå àìîí³éí³é ôîðì³
àçîòó â³ääàþòü ïåðåâàãó âèäè ç ðîä³â Dolichospermum, Microcystis [21, 67].

Òàêîæ âñòàíîâëåíî [16], ùî äîñòîâ³ðíà ïîçèòèâíà êîðåëÿö³ÿ ì³æ
êîíöåíòðàö³ÿìè íåîðãàí³÷íîãî ôîñôîðó ³ á³îìàñîþ ö³àíîáàêòåð³é â äí³ï-
ðîâñüêèõ âîäîñõîâèùàõ ñïîñòåð³ãàºòüñÿ â ä³àïàçîí³ â³ä «ñë³äîâèõ» êîí-
öåíòðàö³é äî ïîðîãîâî¿ âåëè÷èíè 0,05 ìã/äì3, ÿêà â³äïîâ³äàº «ïåðåòèíó
Ðåäô³ëäà», òîáòî îïòèìàëüíîìó ñï³ââ³äíîøåííþ ì³æ íåîðãàí³÷íèìè
ôîðìàìè àçîòó òà ôîñôîðó (16 N : 1 P), à çà á³ëüøèõ êîíöåíòðàö³é ôîñôî-
ðó äîñòîâ³ðíî¿ êîðåëÿö³¿ íå çàðåºñòðîâàíî.

Âïëèâ ñï³ââ³äíîøåííÿ N:P íà ðîçâèòîê ö³àíîáàêòåð³é ³ ÿâèùå «öâ³-
ò³ííÿ» âîäè º äîñèòü ñêëàäíèì ïèòàííÿì. Òàê, àíàë³ç çàëåæíîñò³ ì³æ
á³îìàñîþ ö³àíîáàêòåð³é ³ ñï³ââ³äíîøåííÿì N:P â îçåðàõ Ï³âäåííî¿ Àìå-
ðèêè ïîêàçàâ â³äñóòí³ñòü êîðåëÿö³éíîãî çâ’ÿçêó ì³æ öèìè ïîêàçíèêàìè,
íàâ³òü êîëè îêðåìî àíàë³çóâàëàñü ÷àñòêà àçîòô³êñóþ÷èõ ö³àíîáàêòåð³é.
Àâòîðàìè çðîáëåíî âèñíîâîê, ùî ñï³ââ³äíîøåííÿ àçîòó ³ ôîñôîðó íå çàâ-
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æäè ñâ³ä÷èòü ïðî ë³ì³òóâàííÿ çà àçîòîì, îñîáëèâî êîëè îáèäâà á³îãåííèõ
åëåìåíòè çíàõîäÿòüñÿ â íàäëèøêó [35].

Âàæëèâîþ ïðîáëåìîþ ïðè àíàë³ç³ ïîëüîâèõ äàíèõ º ñêëàäí³ñòü âèÿâ-
ëåííÿ ïðè÷èííî-íàñë³äêîâèõ çâ’ÿçê³â [35]. Çîêðåìà öå ñòîñóºòüñÿ òëóìà-
÷åííÿ êîðåëÿö³éíîãî çâ’ÿçêó ì³æ çàãàëüíîþ êîíöåíòðàö³ºþ á³îãåííèõ
åëåìåíò³â òà á³îìàñîþ ö³àíîáàêòåð³é. Êð³ì òîãî, ó á³ëüø òåïëèõ ³ ñòðà-
òèô³êîâàíèõ âîäàõ çá³ëüøóºòüñÿ àêòèâí³ñòü ãåòåðîòðîôíèõ áàêòåð³é ³
çíèæóºòüñÿ ãàçîîáì³í ó ïðèäîííèõ øàðàõ, à â³äòàê ïîñèëþºòüñÿ ã³ïîêñ³ÿ.
Âíàñë³äîê öüîãî çíèæóºòüñÿ ðÍ òà ç äîííèõ â³äêëàä³â âèâ³ëüíÿºòüñÿ ôîñ-
ôîð, ç³ ñâîãî áîêó ñïðèÿþ÷è ðîçâèòêó ö³àíîáàêòåð³é [43].

Ùå îäíà ïðîáëåìà ó âèâ÷åíí³ åêîëîã³÷íèõ ïåðåäóìîâ «öâ³ò³ííÿ» âîäè
ïîëÿãàº â òîìó, ùî òåìïåðàòóðà âîäè ³ âì³ñò á³îãåííèõ åëåìåíò³â ÷èíÿòü
êîìïëåêñíèé ñèíåðã³÷íèé âïëèâ íà ðîçâèòîê ö³àíîáàêòåð³é ³ ðîçä³ëèòè
íàñë³äêè ä³¿ öèõ äâîõ ÷èííèê³â äîñèòü ñêëàäíî [35]. Ó á³ëüøîñò³ äîñ-
ë³äæåíü çàãàëüíîþ òåíäåíö³ºþ º çá³ëüøåííÿ á³îìàñè ö³àíîáàêòåð³é
òà/àáî ¿õíüîãî äîì³íóâàííÿ ïðè ï³äâèùåíí³ òåìïåðàòóðè âîäè. Ïðîòå
ñèëà öüîãî â³äãóêó ñóòòºâî çàëåæèòü â³ä á³îãåííîãî ðåñóðñó, òîáòî òðî-
ô³÷íîãî ñòàòóñó âîäíî¿ åêîñèñòåìè [22]. Òàê, ðåãðåñ³éíèé àíàë³ç íà îñíîâ³
äàíèõ, îòðèìàíèõ íà ð³çíîòèïíèõ ì³ëêîâîäíèõ îçåðàõ ñâ³òó, ïîêàçàâ, ùî
ïðè âêëþ÷åíí³ òåìïåðàòóðè ÿê ôàêòîðíî¿ çì³ííî¿ äî ðåãðåñ³éíî¿ ìîäåë³
çðîñòàëà äèñïåðñ³ÿ á³îìàñè ö³àíîáàêòåð³é, ïîÿñíþâàíà êîíöåíòðàö³ºþ
á³îãåííèõ åëåìåíò³â [35].

Îòæå, ðîçâèòîê ö³àíîáàêòåð³é òà ÿâèùå «öâ³ò³ííÿ» âîäè ïîâ’ÿçàí³ ³ç
ñóêóïí³ñòþ ÷èííèê³â, ÿê³ âêëþ÷àþòü êë³ìàòè÷í³ çì³íè, ã³äðîëîã³÷íèé ðå-
æèì, âì³ñò á³îãåííèõ åëåìåíò³â, ñîíÿ÷íó ðàä³àö³þ ó âîäí³é òîâù³. Äåÿê³ ç
öèõ ÷èííèê³â âçàºìíî êîðåëþþòü, òîìó âèîêðåìèòè ¿õ âïëèâ äîñèòü
ñêëàäíî, ³ öå ïîòðåáóº ïîäàëüøèõ äîñë³äæåíü.

Á³îëîã³÷í³ ìåõàí³çìè, ùî çóìîâëþþòü âèíèêíåííÿ òà
âïëèâàþòü íà òðèâàë³ñòü «öâ³ò³ííÿ» âîäè

Òåìïåðàòóðíèé îïòèìóì ðîñòó. Ï³äâèùåííÿ òåìïåðàòóðè âïëèâàº
íà ìåòàáîë³çì, á³îìàñó òà âèäîâèé ñêëàä ô³òîïëàíêòîíó [49, 50]. Ó íèçö³
ðîá³ò ïîâ³äîìëÿºòüñÿ, ùî ö³àíîáàêòåð³¿ ìàþòü âèùèé òåìïåðàòóðíèé îï-
òèìóì ïîð³âíÿíî ç ³íøèìè â³ää³ëàìè âîäîðîñòåé [17, 22, 33, 35, 41, 42].
Ïîëüîâ³ äîñë³äæåííÿ ñâ³ä÷àòü [32, 65], ùî á³îìàñà ö³àíîáàêòåð³é ïî÷èíàº
çðîñòàòè çà òåìïåðàòóðè 11—15 oC, äîñÿãàº ìàêñèìóìó ïðè 20—30 oC ³ çà-
ëèøàºòüñÿ íà íèçüêîìó ð³âí³ ï³ñëÿ çíèæåííÿ òåìïåðàòóðè âîäè íèæ÷å
6 oC. Ïîä³áí³ çàêîíîì³ðíîñò³ ï³äòâåðäæåíî â ìîäåëüíèõ åêñïåðèìåíòàõ,
äå â³äíîâëåííÿ åêñïðåñ³¿ ãåí³â, ôîòîñèíòåçó òà ðîñòó êë³òèí Microcystis
â³äáóâàëîñü çà 11—14 oC ³ ñóòòºâî ïîñèëþâàëîñü ï³ñëÿ ï³äâèùåííÿ òåìïå-
ðàòóðè ïîíàä 20 oC [65]. Îïòèìàëüíèé òåìïåðàòóðíèé ä³àïàçîí äëÿ âèä³â
ðîäó Microcystis ñòàíîâèòü 25—30 oC, ñàìå çà òàêèõ óìîâ â³äáóâàºòüñÿ ¿õ
äîì³íóâàííÿ ó ô³òîïëàíêòîí³. Ïîêàçàíî [32], ùî ï³äâèùåííÿ òåìïåðàòó-
ðè ñïðèÿëî äîì³íóâàííþ Microcystis sp. íàä íèò÷àñòèìè âèäàìè Dolicho-
spermum sp. òà Aphanizomenon sp. ó âåëèêèõ îçåðàõ Êèòàþ (Òàéõó, ×àîõó
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òà Äÿíü÷³) [32]. Òàêà òåíäåíö³ÿ ï³äêðåñëþº âèðàæåí³ ì³æâèäîâ³ â³äì³í-
íîñò³ ó ðåàêö³¿ íà âïëèâ òåìïåðàòóðíîãî ÷èííèêà.

Ðåãóëþâàííÿ ïëàâó÷îñò³. Ö³àíîáàêòåð³¿ ìàþòü øèðîêèé ñïåêòð ìîð-
ôîô³ç³îëîã³÷íèõ àäàïòàö³é, ÿê³ çàáåçïå÷óþòü ¿ì äîì³íóþ÷ó ðîëü ó âîäíèõ
åêîñèñòåìàõ, ùî çàçíàþòü ïðèðîäíèõ òà àíòðîïîãåííèõ òðàíñôîðìàö³é.
Ñåðåä àäàïòèâíèõ ñòðàòåã³é öèõ îðãàí³çì³â ðåãóëþâàííÿ ïëàâó÷îñò³ ââà-
æàºòüñÿ îäíèì ³ç êëþ÷îâèõ ÷èííèê³â ôîðìóâàííÿ òà ï³äòðèìàííÿ «öâ³-
ò³ííÿ» âîäè [44, 45, 54, 61, 63]. Ïîêàçàíî, ùî ìàñîâèé ðîçâèòîê ö³àíîáàê-
òåð³é ëèøå ÷àñòêîâî çóìîâëåíèé øâèäêîþ ïðîë³ôåðàö³ºþ êë³òèí, ³ ÷àñòî
â³í º ðåçóëüòàòîì ¿õíüî¿ âåðòèêàëüíî¿ ì³ãðàö³¿ ïðîòÿãîì êîðîòêèõ ïðî-
ì³æê³â ÷àñó [61, 63]. Öåé ìåõàí³çì çàáåçïå÷óºòüñÿ çàâäÿêè íàÿâíîñò³ ãàçî-
âèõ âåçèêóë (âàêóîëåé) — ïîðîæíèñòèõ âîäîíåïðîíèêíèõ á³ëêîâèõ
ñòðóêòóð, ê³ëüê³ñòü ÿêèõ ó êë³òèíàõ äåÿêèõ âèä³â-çáóäíèê³â «öâ³ò³ííÿ»
âîäè ìîæå ñÿãàòè ê³ëüêîõ òèñÿ÷ [54]. Òàêà îñîáëèâ³ñòü äàº çìîãó ö³àíî-
áàêòåð³ÿì ðåãóëþâàòè âëàñíå ïîëîæåííÿ ó òîâù³ âîäè çàëåæíî â³ä òåìïå-
ðàòóðè, ð³âíÿ îñâ³òëåííÿ òà äîñòóïíîñò³ á³îãåííèõ ðå÷îâèí.

Â³äïîâ³äíî äî çàêîíó Ñòîêñà øâèäê³ñòü âåðòèêàëüíîãî ïåðåì³ùåííÿ
ìàëèõ îðãàí³çì³â (çîêðåìà, ì³êðîâîäîðîñòåé) îáåðíåíî ïðîïîðö³éíà
â’ÿçêîñò³ âîäè. Âèñîêà òåìïåðàòóðà ïðèçâîäèòü äî çíèæåííÿ â’ÿçêîñò³
âîäè, à îòæå ³ äî çìåíøåííÿ îïîðó âîäè äî âåðòèêàëüíî¿ ì³ãðàö³¿ ô³òî-
ïëàíêòîíó. Öå ñïðèÿº âåðòèêàëüíèì ì³ãðàö³ÿì ö³àíîáàêòåð³é äëÿ îïòè-
ìàëüíîãî âèêîðèñòàííÿ ñîíÿ÷íî¿ ðàä³àö³¿ ³ á³îãåííèõ åëåìåíò³â. Ïðè öüî-
ìó, «âàæ÷³» ä³àòîìîâ³ âîäîðîñò³ øâèäøå îñ³äàþòü íà äíî [42].

Ó âîäîéìàõ ç âèñîêèì ð³âíåì êàëàìóòíîñò³ îñíîâíèì ÷èííèêîì,
ÿêèé ë³ì³òóº ðîçâèòîê ô³òîïëàíêòîíó, º ñâ³òëîâà åíåðã³ÿ. Çà òàêèõ óìîâ
ö³àíîáàêòåð³¿, ÿê³ óòâîðþþòü ïë³âêè íà ïîâåðõí³ âîäè, ìàþòü êîíêóðåíò-
íó ïåðåâàãó íàä âèäàìè ô³òîïëàíêòîíó ç á³ëüøîþ ïèòîìîþ âàãîþ [33].

Ìåõàí³çìè êîíöåíòðóâàííÿ âóãëåöþ. Ó åâòðîôíèõ âîäàõ ö³àíîáàê-
òåð³¿ õàðàêòåðèçóþòüñÿ âèñîêîþ ³íòåíñèâí³ñòþ ôîòîñèíòåçó, ùî çóìîâ-
ëþº ¿õíþ çíà÷íó ïîòðåáó â äèîêñèä³ âóãëåöþ (CO2). Âîäíî÷àñ ç³ çðîñòàí-
íÿì ³íòåíñèâíîñò³ ôîòîñèíòåçó ï³äâèùóºòüñÿ ³ ð³âåíü pH âîäè. Çà óìîâ
ï³äâèùåíîãî pH (>9) âì³ñò â³ëüíîãî CO2 ó âîäíîìó ñåðåäîâèù³ ð³çêî çíè-
æóºòüñÿ (äî <1% â³ä çàãàëüíîãî íåîðãàí³÷íîãî âóãëåöþ), òîä³ ÿê äîì³íóþ-
÷îþ ôîðìîþ âóãëåöþ ñòàº á³êàðáîíàò (HCO3

–), ùî ìîæå îáìåæóâàòè ôî-
òîñèíòåç ³ ð³ñò ô³òîïëàíêòîíó [58]. Ó â³äïîâ³äü íà äåô³öèò â³ëüíîãî CO2

ö³àíîáàêòåð³¿, ÿê ³ ³íø³ âîäí³ ôîòîàâòîòðîôè, âèêîðèñòîâóþòü ìåõàí³çìè
êîíöåíòðóâàííÿ âóãëåöþ [40, 58]. Ó ìåæàõ öèõ ìåõàí³çì³â HCO3

–, ÿêèé íå
çäàòíèé äî ïàñèâíî¿ äèôóç³¿ ÷åðåç êë³òèíí³ ìåìáðàíè, òðàíñïîðòóºòüñÿ çà
äîïîìîãîþ ñèñòåì àêòèâíîãî ïåðåíåñåííÿ ³ çàáåçïå÷óº ï³äòðèìàííÿ ôî-
òîñèíòåçó. Ìåõàí³çìè êîíöåíòðóâàííÿ âóãëåöþ ö³àíîáàêòåð³é â³äð³çíÿþ-
òüñÿ â³ä àíàëîã³÷íèõ ñèñòåì ³íøèõ òàêñîí³â çäàòí³ñòþ ôóíêö³îíóâàòè çà
âèñîêèõ ãðàä³ºíò³â êîíöåíòðàö³¿ (ñï³ââ³äíîøåííÿ «çîâí³øí³é C : âíóò-
ð³øí³é C») ³ ïîâ’ÿçàí³ ç â³äíîñíî íèçüêîþ ñïåöèô³÷í³ñòþ ôåðìåíòó Ðó-
á³ñêî [40].

Ìåõàí³çìè ô³êñàö³¿ òà àñèì³ëÿö³ÿ àçîòó. Ùå îäí³ºþ ìîðôîô³ç³î-
ëîã³÷íîþ îñîáëèâ³ñòþ áàãàòüîõ âèä³â ö³àíîáàêòåð³é º çäàòí³ñòü ô³êñóâàòè

11

«Öâ³ò³ííÿ» âîäè ó âîäîñõîâèùàõ

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2026. 62(4)



àòìîñôåðíèé àçîò (N2), òàê³ ì³êðîîðãàí³çìè íàçèâàþòü ä³àçîòðîôàìè
(àáî àçîòô³êñóþ÷èìè). Ïðåäñòàâíèêè òîêñèãåííèõ ðîä³â Dolichospermum,
Aphanizomenon ³ Raphidiopsis, íàïðèêëàä, çäàòí³ ïåðåòâîðþâàòè ìîëåêó-
ëÿðíèé àçîò ó á³îëîã³÷íî äîñòóïí³ ôîðìè, ùî çàáåçïå÷óº ¿ì êîíêóðåíòí³
ïåðåâàãè â óìîâàõ îáìåæåííÿ íåîðãàí³÷íèõ ôîðì àçîòó, îñîáëèâî â ë³ò-
í³é ïåð³îä, êîëè ³íòåíñèâí³ñòü ðîçâèòêó ô³òîïëàíêòîíó äîñÿãàº ï³êó [25,
31]. Öåé ïðîöåñ çä³éñíþºòüñÿ çà ó÷àñòþ ñïåö³àë³çîâàíèõ êë³òèí — ãåòåðî-
öèñò, ùî óòâîðþþòüñÿ ó â³äïîâ³äü íà çíèæåííÿ äîñòóïíîñò³ íåîðãàí³÷íèõ
ñïîëóê àçîòó ó âîäíîìó ñåðåäîâèù³ [30]. Õî÷à çàãàëîì ââàæàºòüñÿ, ùî
ô³êñàö³ÿ N2 çìåíøóº ðîëü àçîòó ÿê ë³ì³òóþ÷îãî ÷èííèêà â ³íòåíñèô³êàö³¿
ïðîöåñó «öâ³ò³ííÿ» âîäè, äåÿê³ äîñë³äæåííÿ ïîêàçóþòü, ùî âèñîêà ïîòðå-
áà öüîãî ìåõàí³çìó â ìåòàáîë³÷í³é åíåðã³¿ ñóòòºâî îáìåæóº éîãî åôåê-
òèâí³ñòü [26]. Êð³ì òîãî, òàê³ òîêñèãåíí³ ðîäè, ÿê Microcystis òà Planktoth-
rix, íà â³äì³íó â³ä ä³àçîòðîô³â, íå çäàòí³ äî ô³êñàö³¿ N2. ¯õí³é ð³ñò ³ á³îñèí-
òåç òîêñèí³â ïåðåâàæíî çàëåæàòü â³ä àëîõòîííîãî íàäõîäæåííÿ ñïîëóê
íåîðãàí³÷íîãî àçîòó [44]. Âîäíî÷àñ ïðîäåìîíñòðîâàíî, ùî çà îáìåæåíî¿
äîñòóïíîñò³ àëîõòîííîãî àçîòó íàïðèê³íö³ ë³òà, ó çâ’ÿçêó ³ç ³íòåíñèâíèì
ðîçâèòêîì ô³òîïëàíêòîíó Microcystis sp. îòðèìóº êîíêóðåíòíó ïåðåâàãó
íàä ä³àòîìîâèìè âîäîðîñòÿìè çàâäÿêè çäàòíîñò³ äî åôåêòèâíî¿ àñèì³ëÿ-
ö³¿ ðåãåíåðîâàíîãî àìîí³þ (àâòîõòîííîãî àçîòó) [21, 25]. Öå çóìîâëþº íå-
îáõ³äí³ñòü ïîäàëüøîãî âèâ÷åííÿ ìåõàí³çì³â, ÿê³ äîçâîëÿþòü ö³àíîáàê-
òåð³ÿì ï³äòðèìóâàòè ð³ñò òà åôåêòèâíî êîíêóðóâàòè â óìîâàõ äåô³öèòó
àëîõòîííîãî íåîðãàí³÷íîãî àçîòó.

Ìåõàí³çìè àêóìóëÿö³¿ ôîñôîðó. Ôîñôîð º êëþ÷îâèì ë³ì³òóþ÷èì á³î-
ãåííèì åëåìåíòîì ó á³ëüøîñò³ âîäíèõ åêîñèñòåì ³ â³ä³ãðàº âèð³øàëüíó
ðîëü ó ôîðìóâàíí³ òà ñóêöåñ³¿ ô³òîïëàíêòîíó [54, 62]. Îáìåæåíà á³îäîñ-
òóïí³ñòü ôîñôîðó âïëèâàº íà øâèäê³ñòü ðîñòó ì³êðîîðãàí³çì³â, ïðîòå
ö³àíîáàêòåð³¿ çäàòí³ çáåð³ãàòè ôóíêö³îíàëüíó àêòèâí³ñòü çà óìîâ éîãî
äåô³öèòó. Áóëî ïîêàçàíî, ùî çáóäíèêè «öâ³ò³ííÿ» âîäè Microcystis aerugi-
nosa (K�tz.) K�tz. òà Raphidiopsis raciborskii (Wo�oszy�ska) Aguilera et al.
ìîæóòü âèòðèìóâàòè äåô³öèò á³îäîñòóïíîãî ôîñôîðó ó âîäíîìó ñåðåäî-
âèù³ ïðîòÿãîì òðèâàëîãî ÷àñó [26, 62]. Íà ñüîãîäí³ çàïðîïîíîâàíî ê³ëüêà
ìåõàí³çì³â äëÿ ïîÿñíåííÿ öüîãî ÿâèùà [51, 54, 59]. Â óìîâàõ íàäëèøêó íå-
îðãàí³÷íîãî ôîñôîðó ¿õí³ êë³òèíè àêòèâíî ïîãëèíàþòü îðòîôîñôàò ³ çáå-
ð³ãàþòü éîãî ó âèãëÿä³ ãðàíóë ïîë³ôîñôàòó (PolyP). Ïðèì³òíî, ùî ïðåä-
ñòàâíèêè ðîäó Microcystis äåìîíñòðóþòü çíà÷íî âèùó çäàòí³ñòü äî ñèíòå-
çó PolyP, í³æ ³íø³ âèäè ô³òîïëàíêòîíó [26, 59, 54]. Êð³ì òîãî, ïîçàêë³òèíí³
ïîë³ìåðí³ ðå÷îâèíè êîëîí³àëüíèõ ôîðì Microcystis ðîçãëÿäàþòüñÿ ÿê äî-
äàòêîâèé ïóë ôîñôîðó [51]. Âèñîêèìè ïîêàçíèêàìè àêóìóëÿö³¿ ôîñôàò³â
õàðàêòåðèçóºòüñÿ òàêîæ R. raciborskii. Çäàòí³ñòü ö³àíîáàêòåð³é äî âíóò-
ð³øíüîêë³òèííîãî äåïîíóâàííÿ òà âèêîðèñòàííÿ ïîçàêë³òèííîãî ïóëó
ôîñôîðó ñïðèÿº ¿õíüîìó òðèâàëîìó äîì³íóâàííþ. Ç îãëÿäó íà ìàñø-
òàáí³ñòü ³ òðèâàë³ñòü öèõ ïðîöåñ³â, âèíèêàº íåîáõ³äí³ñòü ó ïîäàëüøèõ
äîñë³äæåííÿõ âïëèâó «öâ³ò³ííÿ» âîäè âíàñë³äîê ìàñîâîãî ðîçâèòêó
ö³àíîáàêòåð³é íà ñòðóêòóðó òà ôóíêö³îíóâàííÿ óãðóïîâàíü ³íøèõ ã³äðî-
á³îíò³â.
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Âèñíîâêè

Ìàñîâèé ðîçâèòîê ïëàíêòîííèõ ö³àíîáàêòåð³é ó ïð³ñíîâîäíèõ åêî-
ñèñòåìàõ º ñêëàäíèì ïðîöåñîì, çóìîâëåíèì âïëèâîì ð³çíîìàí³òíèõ àá³î-
òè÷íèõ ÷èííèê³â ñåðåäîâèùà òà âíóòð³øí³õ á³îòè÷íèõ ìåõàí³çì³â. Íà
îñíîâ³ àíàë³çó íàóêîâî¿ ë³òåðàòóðè âèÿâëåíî ïîçèòèâíó êîðåëÿö³þ ì³æ
ãëîáàëüíèìè çì³íàìè êë³ìàòó (íàñàìïåðåä ï³äâèùåííÿì òåìïåðàòóðè
ïîâ³òðÿ òà ïîäàëüøèì ïðîãð³âàííÿì âîäè) ³ çðîñòàííÿì á³îìàñè ö³àíî-
áàêòåð³é. Òàêà òåíäåíö³ÿ ï³äêðåñëþº âèçíà÷àëüíó ðîëü êë³ìàòè÷íèõ ÷èí-
íèê³â ó çá³ëüøåíí³ ³íòåíñèâíîñò³ «öâ³ò³ííÿ» âîäè â ñó÷àñíèé ïåð³îä. Ðà-
çîì ç òèì, ðåàêö³ÿ ö³àíîáàêòåð³é íà âïëèâ òåìïåðàòóðíîãî ðåæèìó ìàº
ñóòòºâ³ ì³æâèäîâ³ â³äì³ííîñò³, ùî íåîáõ³äíî âðàõîâóâàòè ïðè ïðîãíîçó-
âàíí³ òà êîíòðîë³ ñïàëàõ³â «öâ³ò³ííÿ» âîäè, ñïðè÷èíåíèõ ð³çíèìè âèäàìè
ö³àíîáàêòåð³é.

Âñòàíîâëåíî, ùî ã³äðîëîã³÷í³ ÷èííèêè âïëèâàþòü íà ðîçâèòîê ö³àíî-
áàêòåð³é ÿê áåçïîñåðåäíüî (÷åðåç çì³íó øâèäêîñò³ òå÷³¿, ïåðåì³øóâàííÿ
òà êîëèâàííÿ ð³âíÿ âîäè), òàê ³ îïîñåðåäêîâàíî (çì³íþþ÷è âîäîîáì³í,
ñòðàòèô³êàö³þ, ðîçïîä³ë á³îãåííèõ åëåìåíò³â òà ñîíÿ÷íî¿ ðàä³àö³¿). ¯õíÿ
ä³ÿ ìîæå ìàòè ð³çíå ñïðÿìóâàííÿ: çà ïîì³ðíî¿ ³íòåíñèâíîñò³ (çîêðåìà
ñëàáêîãî â³òðó) âîíè ìîæóòü ñòèìóëþâàòè ðîçâèòîê ïëàíêòîííèõ ö³àíî-
áàêòåð³é, òîä³ ÿê çà âèñîêî¿ ³íòåíñèâíîñò³ — ïðèãí³÷óâàòè éîãî.

Ñåðåä á³îãåííèõ åëåìåíò³â â³äçíà÷åíî âàæëèâó ðîëü àìîí³éíîãî àçî-
òó ó âèíèêíåíí³ «öâ³ò³ííÿ» âîäè âíàñë³äîê ìàñîâîãî ðîçâèòêó ö³àíîáàê-
òåð³é, ³ öÿ òåíäåíö³ÿ º õàðàêòåðíîþ ÿê äëÿ âîäîéì Óêðà¿íè, òàê ³ äëÿ âî-
äîéì ³íøèõ êðà¿í ñâ³òó. Âîäíî÷àñ ðîëü ñï³ââ³äíîøåííÿ ì³æ àçîòîì ³ ôîñ-
ôîðîì ó öèõ ïðîöåñàõ äîñ³ çàëèøàºòüñÿ ñêëàäíèì ³ äèñêóñ³éíèì ïèòàí-
íÿì.

Ç’ÿñîâàíî, ùî ö³àíîáàêòåð³¿ ìàþòü øèðîêèé ñïåêòð ìîðôîô³ç³îëî-
ã³÷íèõ àäàïòàö³é, ÿê³ çàáåçïå÷óþòü ¿ì äîì³íóâàííÿ ó ã³äðîåêîñèñòåìàõ,
ùî çàçíàþòü ïðèðîäíèõ òà àíòðîïîãåííèõ òðàíñôîðìàö³é. Ðåãóëþâàííÿ
ïëàâó÷îñò³, ìåõàí³çìè êîíöåíòðóâàííÿ âóãëåöþ, ô³êñàö³¿ òà àñèì³ëÿö³¿
àçîòó, à òàêîæ àêóìóëÿö³¿ íåîðãàí³÷íîãî ôîñôîðó º îäíèìè ³ç êëþ÷îâèõ
àäàïòèâíèõ ôóíêö³é, ùî çàáåçïå÷óþòü ôîðìóâàííÿ òà ï³äòðèìàííÿ øê³ä-
ëèâîãî «öâ³ò³ííÿ» âîäè ó ïð³ñíîâîäíèõ åêîñèñòåìàõ.

Îñê³ëüêè ÷èííèêè, ùî çóìîâëþþòü ìàñîâèé ðîçâèòîê ö³àíîáàêòåð³é,
º âçàºìîïîâ’ÿçàíèìè, ¿õíº ÷³òêå ðîçìåæóâàííÿ óñêëàäíåíå, ùî ï³äêðåñ-
ëþº íåîáõ³äí³ñòü ïîäàëüøèõ êîìïëåêñíèõ äîñë³äæåíü ìåõàí³çì³â öüîãî
ÿâèùà.
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WATER BLOOM IN RESERVOIRS: THE ROLE OF ABIOTIC FACTORS AND
BIOLOGICAL MECHANISMS OF FORMATION (A REVIEW)

In this review, current perspectives on the role of abiotic factors in the occurrence of
cyanobacterial blooms in freshwater ecosystems are summarized. A comparative analysis
of global trends and the peculiairities of the formation of this phenomenon in water bodies
of Ukraine, in particular in the reservoirs of the Dnieper cascade, is presented. A positive
correlation has been established between global climate change (increased air temperature
and subsequent water warming) and the growth of cyanobacterial biomass, highlighting
the decisive role of the climatic factor in the rising intensity of these processes in the mo-
dern period. It has been demonstrated that hydrodynamic factors determine the develop-
ment of cyanobacteria through both direct mechanisms (changes in flow velocity, mixing,
water level fluctuations) and indirect ones (water exchange, stratification, distribution of
nutrients and solar radiation), resulting in either inhibitory or stimulatory effects. The sig-
nificant role of ammonium nitrogen among nutrients in intensifying cyanobacterial deve-
lopment has been identified in the large reservoirs of Ukraine, as well as in water bodies
worldwide. At the same time, the role of the nitrogen-to-phosphorus ratio in these proces-
ses remains a complex and controversial issue. Special attention is given to the analysis of
biological mechanisms that determine the persistence of harmful water blooms. It has been
established that cyanobacteria possess a set of morphophysiological adaptations that enab-
le them to function even under conditions of inorganic nitrogen and phosphorus deficien-
cy, limited light availability, and low concentrations of free CO2. This ensures population
stability and prolonged growth. The interrelationship of many factors that cause water blo-
oms makes it difficult to clearly distinguish them and emphasizes the need for further com-
prehensive research to identify the mechanisms of this phenomenon.

Key words: water bloom, cyanobacteria, abiotic factors, biological mechanisms, fresh-
water ecosystems, reservoirs of the Dnipro cascade.
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ÖÅÍÎËÎÃ²×ÍÈÉ ÀÍÀË²Ç Ô²ÒÎÅÏ²Ô²ÒÎÍÓ
ÂÎÄÎÉÌ ÇÀÏÎÂ²ÄÍÈÕ ÒÅÐÈÒÎÐ²É ÌÅÃÀÏÎË²ÑÓ

Ñòðóêòóðó óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó äîñë³äæóâàëè ó Ä³äîð³âñüêèõ
ñòàâêàõ Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó «Ãîëîñ³¿âñüêèé» ìåòîäîì Áðàóí-Áëàíêå. Â
ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âñòàíîâëåíî, ùî óãðóïîâàííÿ âîäîðîñòåé åï³-
ô³òîíó, ùî ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ â óñ³õ ÷îòèðüîõ Ä³äîð³âñüêèõ
ñòàâêàõ, âõîäÿòü äî ñêëàäó òîãî æ ñîþçó Cymbello tumidae-Cymbellion cistulae, à â
éîãî ìåæàõ äî ò³º¿ æ àñîö³àö³¿ Cocconeo placentulae-Naviculetum viridulae, îïèñàíèõ
âïåðøå äëÿ Ãîð³õîâàòñüêèõ ñòàâê³â, àëå äî ð³çíèõ ñóáàñîö³àö³é — Epithemietosum ad-
natae â Ä³äîð³âñüêèõ ñòàâêàõ ³ Melosiretosum variantis â Ãîð³õîâàòñüêèõ ñòàâêàõ (¹ 2,
3 ³ 4). Àíàë³ç åêîëîã³÷íèõ õàðàêòåðèñòèê ä³àãíîñòè÷íèõ òàêñîí³â âèä³ëåíèõ ñóáà-
ñîö³àö³é, à òàêîæ ðåçóëüòàòè ïðÿìèõ ã³äðîõ³ì³÷íèõ âèì³ðþâàíü, à ñàìå ìåíøà êîí-
öåíòðàö³ÿ íåîðãàí³÷íèõ ñïîëóê àçîòó ³ ôîñôîðó, à òàêîæ íåòîêñè÷íèõ îðãàí³÷íèõ
ðå÷îâèí ó âîä³ Ä³äîð³âñüêèõ ñòàâê³â ñâ³ä÷àòü ïðî ¿õ íèæ÷èé òðîô³÷íèé ð³âåíü ó
ïîð³âíÿíí³ ç Ãîð³õîâàòñüêèìè ñòàâêàìè, à ìåíøà êîíöåíòðàö³ÿ íàôòîïðîäóêò³â,
àí³îííèõ ñèíòåòè÷íèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ³ âàæêèõ ìåòàë³â — ïðî íèæ-
÷èé ñòóï³íü ¿õ çàáðóäíåííÿ. Çì³íè ó ñòðóêòóð³ óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó, ùî
ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ ó Ä³äîð³âñüêèõ ñòàâêàõ, â ïåðøó ÷åðãó, çó-
ìîâëåí³ çíèæåííÿì òðîô³÷íîãî ð³âíÿ âîäîéì òà çìåíøåííÿì ³íòåíñèâíîñò³ ¿õ çà-
áðóäíåííÿ òîêñè÷íèìè ðå÷îâèíàìè.

Êëþ÷îâ³ ñëîâà: âîäîðîñò³ åï³ô³òîíó, óãðóïîâàííÿ, ìåòîä Áðàóí-Áëàíêå, õ³ì³÷-
íèé ñêëàä âîäè, òðîô³÷íèé ñòàòóñ, àíòðîïîãåííå çàáðóäíåííÿ, Ä³äîð³âñüê³ ñòàâêè,
Íàö³îíàëüíèé ïðèðîäíèé ïàðê «Ãîëîñ³¿âñüêèé».

Ö è ò ó â à í í ÿ: Øåâ÷åíêî Ò.Ô., Êëî÷åíêî Ï.Ä., Õàð÷åíêî Ã.Â. Öåíîëîã³÷íèé àíàë³ç
ô³òîåï³ô³òîíó âîäîéì çàïîâ³äíèõ òåðèòîð³é ìåãàïîë³ñó. Ã³äðîá³îë. æóðí. 2026. Ò. 62,
¹ 4. Ñ. 19—36.
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Íà ñüîãîäí³ äëÿ õàðàêòåðèñòèêè òà îö³íêè åêîëîã³÷íîãî ñòàíó âîäíèõ
îá’ºêò³â ó çâ’ÿçêó ç ãëîáàëüíèì âïëèâîì íà íèõ àíòðîïîãåííîãî ÷èííèêà
âñå ÷àñò³øå é øèðøå çàñòîñîâóþòü óãðóïîâàííÿ ã³äðîá³îíò³â. Öå îáóìîâ-
ëåíî òèì, ùî ñòðóêòóðí³ òà ê³ëüê³ñí³ ïîêàçíèêè óãðóïîâàíü ã³äðîá³îíò³â
á³ëüø ÷óòëèâ³ äî çì³í êîìïëåêñó åêîëîã³÷íèõ ÷èííèê³â òà ìàþòü á³ëüøó
³íäèêàòîðíó ö³íí³ñòü, í³æ îêðåì³ âèäè [14]. Âèêîðèñòàííÿ óãðóïîâàíü
ã³äðîá³îíò³â òà ¿õí³õ ñòðóêòóðíèõ åëåìåíò³â â ÿêîñò³ ñèíá³î³íäèêàòîð³â
äîçâîëÿº òàêîæ äèôåðåíö³þâàòè ïîðóøåííÿ, ÿê³ âèíèêàþòü çà ïåâíèõ
âïëèâ³â, ùî äàº ìîæëèâ³ñòü âèä³ëèòè îñíîâí³ ç íèõ òà ðîçðîáèòè ä³ºâ³ çà-
õîäè ùîäî ïîë³ïøåííÿ åêîëîã³÷íîãî ñòàíó âîäíèõ îá’ºêò³â.

Ç îãëÿäó íà öå âêðàé âàæëèâèì ³ íåîáõ³äíèì çàâäàííÿì ñó÷àñíî¿
ã³äðîåêîëîã³¿ º âèä³ëåííÿ òà îïèñ óãðóïîâàíü âîäîðîñòåé, ÿê³ º ïåðâèí-
íîþ ëàíêîþ òðîô³÷íî¿ ï³ðàì³äè ð³çíîòèïíèõ âîäíèõ îá’ºêò³â. Ö³ îðãà-
í³çìè äîñèòü ÷óòëèâî ³ øâèäêî ðåàãóþòü íà àíòðîïîãåííå íàâàíòàæåííÿ
[1]. Òóò îñîáëèâî¿ óâàãè çàñëóãîâóþòü âîäîðîñò³ åï³ô³òîíó, ÿê³ ðîçâèâàþ-
òüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ ð³çíèõ åêîëîã³÷íèõ ãðóï [9]. Âîíè âåäóòü
ïðèêð³ïëåíèé ñïîñ³á ³ñíóâàííÿ òà â³äîáðàæàþòü ïîòî÷íèé ñòàí âîäíîãî
ñåðåäîâèùà, à òîìó ìîæóòü âèñòóïàòè íàä³éíèìè ³íäèêàòîðàìè ïåðåáó-
äîâ ó âîäíèõ åêîñèñòåìàõ [10, 11]. Âàðòî çàçíà÷èòè, ùî â öüîìó â³äíî-
øåíí³ âæå çä³éñíåí³ ïåâí³ íàïðàöþâàííÿ, çîêðåìà, é óêðà¿íñüêèìè äîñ-
ë³äíèêàìè. Òàê, çàñòîñóâàííÿ ìåòîäó Áðàóí-Áëàíêå, ÿêèé øèðîêî âèêî-
ðèñòîâóºòüñÿ ïðè öåíîëîã³÷íèõ äîñë³äæåííÿõ, äàëî ìîæëèâ³ñòü îïèñàòè
óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ùî ðîçâèâàþòüñÿ â îáðîñòàíí³ âè-
ùèõ âîäíèõ ðîñëèí îçåð ì. Êèºâà [17, 20], ñòàâê³â äåíäðîïàðêó «Îëåê-
ñàíäð³ÿ» (ì. Á³ëà Öåðêâà) [21], Ãîð³õîâàòñüêèõ ñòàâê³â Íàö³îíàëüíîãî
ïðèðîäíîãî ïàðêó «Ãîëîñ³¿âñüêèé» (ì. Êè¿â) [19] òà Êàí³âñüêîãî âîäîñõî-
âèùà [18], à òàêîæ çåëåíèõ íèò÷àñòèõ âîäîðîñòåé ó âîäîñõîâèùàõ Äí³ï-
ðîâñüêîãî êàñêàäó [15]. Çàçíà÷åíèé ìåòîä òàêîæ áóâ âèêîðèñòàíèé äëÿ
õàðàêòåðèñòèêè óãðóïîâàíü ïåðèô³òîííèõ âîäîðîñòåé ³íøèõ ñóáñòðàò³â
[13, 16].

Íàö³îíàëüíèé ïðèðîäíèé ïàðê «Ãîëîñ³¿âñüêèé» (ÍÏÏ «Ãîëîñ³¿â-
ñüêèé») — ºäèíèé â Óêðà¿í³ íàö³îíàëüíèé ïðèðîäíèé ïàðê, ùî çíàõîäè-
òüñÿ â ìåæàõ ìåãàïîë³ñó. Â³í ñòâîðåíèé ó 2007 ð. ç ìåòîþ çáåðåæåííÿ,
â³äòâîðåííÿ òà ðàö³îíàëüíîãî âèêîðèñòàííÿ îñîáëèâî ö³ííèõ ïðèðîäíèõ
êîìïëåêñ³â òà îá’ºêò³â ï³âí³÷íî¿ ÷àñòèíè Ë³ñîñòåïó, à òàêîæ äëÿ ïîë³ï-
øåííÿ åêîëîã³÷íîãî ñòàíó ì. Êèºâà. Íà òåðèòîð³¿ ïàðêó çíàõîäèòüñÿ ö³ëà
íèçêà âîäîéì. Á³ëüø³ñòü ³ç íèõ ðîçòàøîâàíà íåïîäàë³ê ð³çíèõ îá’ºêò³â
³íôðàñòðóêòóðè ìåãàïîë³ñó ³ çàçíàº ïîñèëåíîãî ðåêðåàö³éíîãî íàâàíòà-
æåííÿ. Öå îáóìîâëþº íåîáõ³äí³ñòü ïðîâåäåííÿ äîñë³äæåíü äëÿ âèÿâëåí-
íÿ ³íôîðìàòèâíèõ ñèíá³î³íäèêàòîð³â ñòàíó âîäíèõ åêîñèñòåì âèùåçàç-
íà÷åíîãî îá’ºêòó ïðèðîäíî-çàïîâ³äíîãî ôîíäó Óêðà¿íè.

Ìåòîþ ðîáîòè áóëî äîñë³äæåííÿ ñòðóêòóðè óãðóïîâàíü âîäîðîñòåé,
ùî ðîçâèâàþòüñÿ â îáðîñòàíí³ âèùèõ âîäíèõ ðîñëèí ó âîäîéìàõ Ä³äî-
ð³âñüêîãî êàñêàäó ÍÏÏ «Ãîëîñ³¿âñüêèé», òà êëàñèô³êàö³ÿ âèä³ëåíèõ óãðó-
ïîâàíü.
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Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâîäèëè ó ëèïí³ 2019, 2021 ³ 2022 ðð. íà òåðèòîð³¿
Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó (ÍÏÏ) «Ãîëîñ³¿âñüêèé» (50o22'47'' N,
30o30'21'' E) ó êàñêàä³ Ä³äîð³âñüêèõ ñòàâê³â, ÿê³ âêëþ÷àþòü ÷îòèðè âîäî-
éìè. ¯õíÿ çàãàëüíà ïëîùà ñòàíîâèòü 10,3 òèñ. ì2 [12]. Ãëèáèíà ñòàâê³â êî-
ëèâàºòüñÿ â³ä 0,5—1,0 ì äî 2,5—3,0 ì. Æèâëåííÿ âîäîéì çä³éñíþºòüñÿ çà
ðàõóíîê Ä³äîð³âñüêîãî ñòðóìêà, äæåðåëüíî¿ âîäè òà àòìîñôåðíèõ îïàä³â.
Êàðòó-ñõåìó âîäîéì ïàðêó íàâåäåíî ó ðîáîò³ [8].

Äîñë³äæóâàí³ ñòàâêè â³äð³çíÿþòüñÿ çà ñòóïåíåì çàðîñòàííÿ ¿õíüî¿ àê-
âàòîð³¿ âèùèìè âîäíèìè ðîñëèíàìè. Òàê, äëÿ ñòàâêà ¹ 1 (ïëîùà
2,8 òèñ. ì2) õàðàêòåðíèì º ñëàáêå çàðîñòàííÿ âîäíîãî äçåðêàëà âèùèìè
âîäíèìè ðîñëèíàìè (1—2 %). Âîíè ïðåäñòàâëåí³ ïåðåâàæíî Typha latifo-
lia L. ³ Phragmites australis (Cav.) Trin. ex Steud. Âàðòî çàçíà÷èòè, ùî
ðîçð³äæåí³ óãðóïîâàííÿ Ph. australis çóñòð³÷àþòüñÿ ÿê ó âåðõí³é ÷àñòèí³
âîäîéìè, òàê ³ á³ëÿ îáîõ ¿¿ áåðåã³â, òîä³ ÿê T. latifolia — ò³ëüêè á³ëÿ ïðàâîãî
áåðåãà. Îñîáëèâ³ñòþ ðîñëèííîãî ïîêðèâó ñòàâêà ¹ 1 º â³äñóòí³ñòü çàíóðå-
íèõ ðîñëèí.

Äëÿ ñòàâêà ¹ 2 (ïëîùà 1,0 òèñ. ì2) õàðàêòåðíîþ ðèñîþ º äîñèòü
ïîì³òíà ä³ëÿíêà, ùî çàðîñëà Typha angustifolia L. Âîíà ïðîñòÿãàºòüñÿ
âçäîâæ âåðõíüî¿ ÷àñòèíè ë³âîãî áåðåãà âîäîéìè. Ph. australis òóò ïðåä-
ñòàâëåíèé íåâåëèêèìè ðîçð³äæåíèìè çàðîñòÿìè íà íèæí³é ÷àñòèí³ ë³âî-
ãî áåðåãà òà á³ëÿ äàìáè — çë³âà ³ ñïðàâà â³ä âîäîñêèäíîãî êîëîäÿçÿ. Âàðòî
òàêîæ â³äì³òèòè íàÿâí³ñòü á³ëÿ ë³âîãî áåðåãà âîäîéìè íà ä³ëÿíö³, ùî
ðîçä³ëÿº çàðîñò³ T. angustifolia ³ Ph. australis, îêðåìèõ êóðòèí Glyceria ma-
xima (C. Hartm.) Holmb. Ñåðåä çàíóðåíèõ ðîñëèí òóò çàðåºñòðîâàí³ íåâå-
ëèê³ óãðóïîâàííÿ Ceratophyllum demersum L. ³ Myriophillum spicatum L.
Ïëîùà çàðîñòàííÿ âîäíîãî äçåðêàëà ñòàâêà ¹ 2 ãåëîô³òàìè ñòàíîâèòü
5—7 % óñ³º¿ àêâàòîð³¿.

Âçäîâæ á³ëüøî¿ ÷àñòèíè ë³âîãî áåðåãà ñòàâêà ¹ 3 (ïëîùà 2,9 òèñ. ì2)
íàÿâíà çàáîëî÷åíà ä³ëÿíêà, ÿêà çàðîñëà âèùèìè âîäÿíèìè ðîñëèíàìè
(ïåðåâàæíî T. angustifolia). Ïëîùà çàçíà÷åíî¿ ä³ëÿíêè º äîñèòü ³ñòîòíîþ ³
ñòàíîâèòü ìàéæå 30 % âîäíîãî äçåðêàëà ñòàâêà. Íåâåëèê³ êóðòèíè T. an-
gustifolia ìîæíà òàêîæ çóñòð³òè ÿê ó âåðõí³é ÷àñòèí³ çàçíà÷åíî¿ âîäîéìè,
òàê ³ á³ëÿ äàìáè ïîáëèçó âîäîñêèäíîãî êîëîäÿçÿ áëèæ÷å äî ë³âîãî áåðåãà.
Ñàìå òóò áóëè â³äì³÷åí³ ³ îêðåì³ óãðóïîâàííÿ C. demersum. Ðîçð³äæåí³ òà
íåâåëèê³ çà ïëîùåþ çàðîñò³ Ph. australis áóëè çàðåºñòðîâàí³ á³ëÿ ïðàâîãî
áåðåãà ñòàâêà òà íà ä³ëÿíö³ á³ëÿ äàìáè, ùî ðîçä³ëÿº ñòàâêè ¹ 3 ³ 4. Ó
âåðõí³é ÷àñòèí³ âîäîéìè â³äì³÷åíèé ³ óêîð³íåíèé ç ïëàâàþ÷èì íà ïî-
âåðõí³ ëèñòÿì ã³äðîô³ò Trapa natans L.

Õàðàêòåðíîþ îñîáëèâ³ñòþ ðîñëèííîãî ïîêðèâó ñòàâêà ¹ 4 (íàéá³ëü-
øîãî ó êàñêàä³ ç ïëîùåþ 3,6 òèñ. ì2) º íàÿâí³ñòü âçäîâæ äâîõ òðåòèí éîãî
ïðàâîãî áåðåãà ãóñòèõ çàðîñòåé Ph. australis, ùî óòâîðþþòü ñìóãó øèðè-
íîþ 3—4 ì. Ó âåðõí³é ÷àñòèí³ âîäîéìè, à òàêîæ â îêðåìèõ ì³ñöÿõ á³ëÿ
ë³âîãî áåðåãà ðîçêèäàíî êóðòèíè T. angustifolia, ì³æ ÿêèìè çóñòð³÷àþòüñÿ
ðîçð³äæåí³ óãðóïîâàííÿ C. demersum. Á³ëÿ ïðàâîãî áåðåãà ñòàâêà ñïîñ-
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òåð³ãàþòüñÿ òàêîæ îêðåì³ êóðòèíè G. maxima òà Scirpus sylvaticus L. Ïëî-
ùà çàðîñòàííÿ âîäíîãî äçåðêàëà ãåëîô³òàìè ñòàíîâèòü áëèçüêî 5 % óñ³º¿
àêâàòîð³¿.

Ïðîáè ô³òîåï³ô³òîíó â³äáèðàëè ç ïîâ³òðÿíî-âîäíèõ ðîñëèí: î÷åðåòó
çâè÷àéíîãî (Phragmites australis (Cav.) Trin. ex Steud.), ðîãîçó âóçüêîëè-
ñòîãî (Typha angustifolia L.), ðîãîçó øèðîêîëèñòîãî (Typha latifolia L.), êî-
ìèøà ë³ñîâîãî (Scirpus sylvaticus L.) òà ëåïåøíÿêà âåëèêîãî (Glyceria maxi-
ma (C. Hartm.) Holmb.), âèêîðèñòîâóþ÷è çàãàëüíîïðèéíÿò³ ó ïðàêòèö³
ã³äðîá³îëîã³÷íèõ äîñë³äæåíü ìåòîäè [3, 7]. ×àñòèíó ïðîá ïðîäèâëÿëèñÿ ó
æèâîìó ñòàí³, à ³íø³ (îá’ºìîì 50 ñì3) ô³êñóâàëè 40 %-íèì ðîç÷èíîì ôîð-
ìàëüäåã³äó (³ç ê³íöåâîþ êîíöåíòðàö³ºþ 4 %). ×èñåëüí³ñòü ô³òîåï³ô³òîíó
âèçíà÷àëè íà ðàõóíêîâ³é ïëàò³âö³ ó êðàïë³ îá’ºìîì 0,1 ñì3, â³ä³áðàíî¿ çà
äîïîìîãîþ øòåìïåëü-ï³ïåòêè. ×èñåëüí³ñòü òà á³îìàñó âîäîðîñòåé åï³-
ô³òîíó ðîçðàõîâóâàëè íà 1 ã ïîâ³òðÿíî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó ³
âèðàæàëè â³äïîâ³äíî ó ìëí. êë/ã ³ â ìã/ã.

Ëàòèíñüê³ íàçâè ³ îáñÿã òàêñîí³â âîäîðîñòåé íàâåäåí³ ó â³äïîâ³äíîñò³
äî êëàñèô³êàö³éíèõ ñèñòåì [22—25]. Åêîëîã³÷í³ õàðàêòåðèñòèêè âîäîðîñ-
òåé-³íäèêàòîð³â íàâåäåí³ çã³äíî [1, 2, 26].

Äëÿ îö³íêè ðÿñíîñò³ âèä³â âèêîðèñòîâóâàëè ìîäèô³êîâàíó øêàëó
Áðàóí-Áëàíêå, äå 1 — âèïàäêîâèé âèä (<1 % çàãàëüíî¿ ÷èñåëüíîñò³); 2 —
ñóïóòí³é âèä (1—5 %); 3 — ñóáäîì³íàíò (>5—10 %); 4 — ñîäîì³íàíò ³ 5 —
äîì³íàíò (>10 % çàãàëüíî¿ ÷èñåëüíîñò³). Òðàïëÿííÿ êîæíîãî âèäó ðîçðà-
õîâóâàëè çà ôîðìóëîþ: Ñ = n/N·100 %, äå Ñ — íàÿâí³ñòü âèäó â ïåâíîìó
áëîö³ îïèñ³â, n — ê³ëüê³ñòü ïðîá ó äàíîìó áëîö³ îïèñ³â, äå çóñòð³âñÿ âèä,
N — çàãàëüíà ê³ëüê³ñòü ïðîá ó äàíîìó áëîö³ îïèñ³â. Ïðè îö³íö³ òðàïëÿííÿ
âèä³â áóëè ïðèéíÿò³ íàñòóïí³ êëàñè ïîñò³éíîñò³: I — òðàïëÿííÿ âèäó
1—20 %, II — 21—40 %, III — 41—60 %, IV — 61—80 %, V — 81—100 %. Óã-
ðóïîâàííÿ âîäîðîñòåé êëàñèô³êóâàëè, âèêîðèñòîâóþ÷è ìåòîä Áðàóí-
Áëàíêå. Äàí³ îïðàöüîâóâàëè òðàäèö³éíèì ìåòîäîì ô³òîöåíîëîã³÷íèõ
òàáëèöü, ÿê³ âèêîðèñòîâóþòüñÿ ïðè åêîëîãî-ôëîðèñòè÷íèõ äîñë³äæåí-
íÿõ [4, 5]. Âñüîãî â îñíîâó ðîáîòè ïîêëàäåíî 15 îïèñ³â. Íàéìåíóâàííÿ
ñèíòàêñîí³â íàâåäåíî ó â³äïîâ³äíîñò³ äî «Ì³æíàðîäíîãî êîäåêñó ô³òî-
ñîö³îëîã³÷íî¿ íîìåíêëàòóðè» [27].

Êîíöåíòðàö³þ íåîðãàí³÷íèõ ñïîëóê àçîòó ³ ôîñôîðó âèçíà÷àëè êîëî-
ðèìåòðè÷íèì ìåòîäîì, õëîðèä³â — ìåòîäîì Ìîðà, ñóëüôàò³â — îá’ºì-
íèì ìåòîäîì, à ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí — çà ïåðìàíãàíàòíîþ òà
á³õðîìàòíîþ îêèñíþâàí³ñòþ (â³äïîâ³äíî ÏÎ ³ ÁÎ) [6]. Âåëè÷èíó ðÍ âè-
ì³ðþâàëè çà äîïîìîãîþ ïðèëàäó ðÍ-150 ÌÈ.

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

Ðåçóëüòàòè äîñë³äæåíü

Õàðàêòåðèñòèêà äîñë³äæóâàíèõ ñòàâê³â çà ã³äðîõ³ì³÷íèìè ïîêàçíè-
êàìè. Ñåðåä áàãàòüîõ ÷èííèê³â, ÿê³ îáóìîâëþþòü ÿê³ñòü âîäè ïðèðîäíèõ ³
øòó÷íèõ âîäîéì, îäíèì ³ç îñíîâíèõ º âì³ñò îðãàí³÷íèõ ³ á³îãåííèõ ðå÷î-
âèí. Âîíè íàêîïè÷óþòüñÿ ó âîäîéìàõ âíàñë³äîê çìèâó ç âîäîçá³ðíî¿ ïëî-

22

Øåâ÷åíêî Ò.Ô., Êëî÷åíêî Ï.Ä., Õàð÷åíêî Ã.Â.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2026. 62(4)



ù³, à òàêîæ çà ðàõóíîê àòìîñôåðíèõ îïàä³â òà âíàñë³äîê ïåðåá³ãó âíóò-
ð³øíüîâîäîéìíèõ ïðîöåñ³â. Ñóòòºâèé âíåñîê ó ôîðìóâàííÿ õ³ì³÷íîãî
ñêëàäó âîäè ìîæóòü âíîñèòè ³ ð³çíîìàí³òí³ ñò³÷í³ âîäè.

Äëÿ ôóíêö³îíóâàííÿ áóäü-ÿêî¿ âîäîéìè íàéâàæëèâ³øèìè á³îãåííè-
ìè åëåìåíòàìè º àçîò ³ ôîñôîð. Îòðèìàí³ äàí³ ñâ³ä÷àòü, ùî Ä³äîð³âñüê³
ñòàâêè ÍÏÏ «Ãîëîñ³¿âñüêèé» â³äð³çíÿëèñü çà âì³ñòîì íåîðãàí³÷íèõ ñïî-
ëóê àçîòó. Òàê, ó ñòàâêàõ ¹ 1 ³ 2 ñåðåäíÿ êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó
ñòàíîâèëà â³äïîâ³äíî 0,132 òà 0,139 ìã/äì3, à ó ñòàâêàõ ¹ 3 ³ 4 — 0,098 ³
0,060 ìã/äì3. Ìåíø ïîì³òíîþ áóëà ð³çíèöÿ ó ê³ëüêîñò³ í³òðèòíîãî àçîòó
— éîãî ñåðåäíÿ êîíöåíòðàö³ÿ ó äîñë³äæåíèõ ñòàâêàõ çíàõîäèëàñü â ìåæàõ
0,004—0,008 ìã N/äì3. Ùîäî í³òðàòíîãî àçîòó, òî éîãî ñåðåäíÿ êîíöåíò-
ðàö³ÿ êîëèâàëàñü â³ä 0,020 äî 0,077 ìã N/äì3 ³, íà â³äì³íó â³ä àìîí³éíîãî
àçîòó, áóëà íàéá³ëüøîþ ó ñòàâêó ¹ 4. Â ö³ëîìó æ âàðòî çàçíà÷èòè, ùî ñå-
ðåäíÿ êîíöåíòðàö³ÿ çàãàëüíîãî íåîðãàí³÷íîãî àçîòó áóëà íàéá³ëüøîþ ó
ñòàâêó ¹ 2 (òàáë. 1).

Äîñèòü ïîä³áíèì äî Níåîðã ó äîñë³äæóâàíèõ âîäîéìàõ áóâ ³ ðîçïîä³ë
íåîðãàí³÷íîãî ôîñôîðó. Òàê, íàéá³ëüø³ ñåðåäí³ çíà÷åííÿ öüîãî ïîêàçíè-
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Òàáëèöÿ 1
Ã³äðîõ³ì³÷íà õàðàêòåðèñòèêà Ä³äîð³âñüêèõ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»

Ïîêàçíèêè
Ñòàâêè

¹ 1 ¹ 2 ¹ 3 ¹ 4

NH4
+ , ìã N/äì3 0 035 1190

0 132

, ,

,

− 0 078 0 210

0 139

, ,

,

− 0 035 0 140

0 098

, ,

,

− 0 020 0 120

0 060

, ,

,

−

NO2
− , ìã N/äì3 0 003 0 012

0 006

, ,

,

− 0 005 0 010

0 008

, ,

,

− 0 002 0 009

0 005

, ,

,

− 0 002 0 007

0 004

, ,

,

−

NO3
− , ìã N/äì3 0 010 0 040

0 029

, ,

,

− 0 010 0 060

0 038

, ,

,

− 0 010 0 040

0 020

, ,

,

− 0 010 0 180

0 077

, ,

,

−

Níåîðã, ìã/äì3 0 076 0 233

0 167

, ,

,

− 0 130 0 275

0 199

, ,

,

− 0 048 0 182

0 123

, ,

,

− 0 033 0 227

0 141

, ,

,

−

Ðíåîðã, ìã/äì3 0 022 0 063

0 037

, ,

,

− 0 032 0 108

0 068

, ,

,

− 0 018 0 097

0 053

, ,

,

− 0 013 0 066

0 035

, ,

,

−

Cl–, ìã/äì3 28 8 332

310

, ,

,

− 34 6 42 1

38 4

, ,

,

− 38 6 510

44 8

, ,

,

− 36 3 532

44 8

, ,

,

−

SO4
2− , ìã/äì3 23 0 45 6

34 3

, ,

,

− 47 0 57 6

52 3

, ,

,

− 50 0 62 4

56 2

, ,

,

− 533 79 2

66 3

, ,

,

−

ÏÎ, ìã Î/äì3 9 56 10 80

10 18

, ,

,

− 1160 13 60

12 60

, ,

,

− 9 20 10 80

10 00

, ,

,

− 9 28 10 80

10 04

, ,

,

−

ÁÎ, ìã Î/äì3 16 0 26 0

210

, ,

,

− 24 0 34 0

29 0

, ,

,

− 20 0 27 0

235

, ,

,

− 20 0 28 0

24 0

, ,

,

−

ðÍ 8,31 8,09 8,01 8,27

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



êà áóëè õàðàêòåðí³ òåæ äëÿ ñòàâêà ¹ 2, à íàéìåíø³ — äëÿ ñòàâêà ¹ 4 (äèâ.
òàáë. 1).

Êîíöåíòðàö³ÿ õëîðèä³â òà ñóëüôàò³â ó âîäîéìàõ òàêîæ ñëóãóº âàæëè-
âèì ïîêàçíèêîì ÿêîñò³ âîäè, îñîáëèâî ç îãëÿäó íà òå, ùî ï³äâèùåíèé
âì³ñò öèõ íåîðãàí³÷íèõ ñïîëóê ìîæå ñâ³ä÷èòè ïðî çàáðóäíåííÿ âîäîéì
ãîñïîäàðñüêèìè ñò³÷íèìè âîäàìè. Ï³ä ÷àñ ïðîâåäåíèõ äîñë³äæåíü íàéâè-
ùîþ ñåðåäíüîþ êîíöåíòðàö³ºþ õëîðèä³â õàðàêòåðèçóâàëèñü ñòàâêè ¹ 3 ³
4 — 44,8 ìã/äì3, òîä³ ÿê ó ñòàâêó ¹ 2 âîíà ñòàíîâèëà 38,4 ìã/äì3, à ó ñòàâêó
¹ 1 — 31,0 ìã/äì3 (äèâ. òàáë. 1).

Ùîäî ñóëüôàò-³îí³â, òî ¿õíÿ ñåðåäíÿ êîíöåíòðàö³ÿ òåæ áóëà íàé-
á³ëüøîþ ó ñòàâêó ¹ 4, à íàéìåíøîþ — ó ñòàâêó ¹ 1 (â³äïîâ³äíî 66,3 ³
34,3 ìã/äì3) (äèâ. òàáë. 1).

Â³äîìî, ùî êîíöåíòðàö³ÿ ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ñïîëóê ó âî-
ä³ îö³íþºòüñÿ çà âåëè÷èíîþ òàê çâàíî¿ ïåðìàíãàíàòíî¿ îêèñíþâàíîñò³. Ó
äîñë³äæåíèõ âîäîéìàõ âîíà áóëà ìàéæå îäíàêîâîþ ó ñòàâêàõ ¹ 1, 3 ³ 4 ³
çíàõîäèëàñü â ìåæàõ 10,00—10,18 ìã Î/äì3. Íåçíà÷íå ï³äâèùåííÿ öèõ
çíà÷åíü áóëî çàðåºñòðîâàíî ó ñòàâêó ¹ 2 — 12,60 ìã Î/äì3 (äèâ. òàáë. 1).

Àíàë³ç âåëè÷èí á³õðîìàòíî¿ îêèñíþâàíîñò³, ÿê³ õàðàêòåðèçóþòü çàãà-
ëüíèé âì³ñò ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí, ïîêàçàâ, ùî âîíè òåæ áóëè
íàéá³ëüøèìè ó ñòàâêó ¹ 2 (29,0 ìã Î/äì3) ³ ïðàêòè÷íî îäíàêîâèìè â
³íøèõ ñòàâêàõ — 21,0, 23,5 ³ 24,0 ìã Î/äì3, â³äïîâ³äíî ó ñòàâêàõ ¹ 1, 3 ³ 4
(äèâ. òàáë. 1).

Ùîäî âåëè÷èíè ðÍ âîäè, òî ó äîñë³äæåíèõ âîäíèõ îá’ºêòàõ ¿¿ ñåðåäí³
çíà÷åííÿ çíàõîäèëèñü ó ìåæàõ 8,01—8,31 (äèâ. òàáë. 1).

Íàéá³ëüøà êîíöåíòðàö³ÿ íàôòîïðîäóêò³â ñåðåä âîäîéì Ä³äîð³âñüêî-
ãî êàñêàäó çàðåºñòðîâàíà ó ñòàâêó ¹ 1 (0,062 ìã/äì3), òîä³ ÿê â ³íøèõ ñòàâ-
êàõ âîíà çíàõîäèëàñÿ â ìåæàõ 0,049—0,052 ìã/äì3 [8].

Ä³äîð³âñüê³ ñòàâêè òàêîæ õàðàêòåðèçóâàëèñÿ ïåâíèìè â³äì³ííîñòÿìè
ùîäî âì³ñòó ó ¿õí³é âîä³ àí³îííèõ ñèíòåòè÷íèõ ïîâåðõíåâî-àêòèâíèõ ðå-
÷îâèí. Òàê, íàéá³ëüøó êîíöåíòðàö³þ çàçíà÷åíèõ òîêñèêàíò³â âèçíà÷åíî ó
âîä³ ñòàâêà ¹ 3 — 0,096 ìã/äì3, òîä³ ÿê â ³íøèõ ñòàâêàõ âîíà áóëà äåùî
ìåíøîþ — 0,080—0,088 ìã/äì3 [8].

Ñóäÿ÷è ç ë³òåðàòóðíèõ äàíèõ [8], êîíöåíòðàö³ÿ ðîç÷èíåíî¿ ôîðìè
çàë³çà ó âîä³ Ä³äîð³âñüêèõ ñòàâê³â çíàõîäèëàñü â ìåæàõ 18—77 ìêã/äì3.
Àâòîðè çàçíà÷àþòü, ùî íàéá³ëüøîþ ê³ëüê³ñòþ öüîãî ìåòàëó õàðàêòåðèçó-
âàâñÿ ñòàâîê ¹ 2.

Ó âîäîéìàõ Ä³äîð³âñüêîãî êàñêàäó âèÿâëåíî òàêîæ Mnðîç÷. Éîãî ê³ëü-
ê³ñòü ïðè öüîìó áóëà íàéâèùîþ ó ñòàâêó ¹ 1, à â ö³ëîìó êîëèâàëàñü â³ä 36
äî 75 ìêã/äì3

.

Âîäà Ä³äîð³âñüêèõ ñòàâê³â õàðàêòåðèçóâàëàñü çíà÷íî ìåíøîþ êîí-
öåíòðàö³ºþ ðîç÷èíåíî¿ ôîðìè ì³ä³ ³ öèíêó ïîð³âíÿíî ç âèùåçãàäàíèìè
ìåòàëàìè. Òàê, äëÿ ì³ä³ âîíà ñòàíîâèëà 18,1—25,4 ìêã/äì3, à äëÿ öèíêó —
16—23 ìêã/äì3.

Ùîäî ñâèíöþ, í³êåëþ ³ êîáàëüòó, òî ó äîñë³äæóâàíèõ âîäîéìàõ ¿õí³
êîíöåíòðàö³¿ ñòàíîâèëè: 3,4—6,8, 1,5—3,3 ³ 1,4—1,9 ìêã/äì3, â³äïîâ³äíî
[8].
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Õàðàêòåðèñòèêà ô³òîåï³ô³òîíó äîñë³äæóâàíèõ ñòàâê³â. Âèêîðè-
ñòàííÿ åêîëîãî-ôëîðèñòè÷íîãî ìåòîäó äàëî çìîãó âèä³ëèòè äåê³ëüêà òè-
ï³â óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó (ñèíòàêñîí³â), ùî âåãåòóþòü ó Ä³äî-
ð³âñüêèõ ñòàâêàõ (òàáë. 2). Íèæ÷å íàâåäåíî ¿õíþ õàðàêòåðèñòèêó. Ïðîâå-
äåí³ äîñë³äæåííÿ äàëè çìîãó âèä³ëèòè ñîþç, ÿêèé âêëþ÷àº óãðóïîâàííÿ
âîäîðîñòåé åï³ô³òîíó, ÿê³ ðîçâèâàþòüñÿ â îáðîñòàíí³ ïîâ³òðÿíî-âîäíèõ
ðîñëèí ó Ä³äîð³âñüêèõ ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé», ó ñêëàä³ ÿêîãî âè-
ä³ëåíî àñîö³àö³þ òà ñóáàñîö³àö³þ.

Ñîþç Cymbello tumidae-Cymbellion cistulae (îïèñè 1—15, òàáë. 3).
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Òàáëèöÿ 2
Îãëÿäîâà òàáëèöÿ ñèíòàêñîí³â ô³òîåï³ô³òîíó Ä³äîð³âñüêèõ ñòàâê³â

Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó «Ãîëîñ³¿âñüêèé»

Ê³ëüê³ñòü îïèñ³â 15

Ä³àãíîñòè÷í³ òàêñîíè ñîþçó Cymbello tumidae-Cymbellion cistulae

Encyonema caespitosum K�tz. V5

Cymbella tumida (Br�b.) Van Heurck IV5

Cymbella cistula (A. Hempel in A. Hempel et Ehrenb.) Kirchn. IV5

Gomphonema truncatum Ehrenb. IV5

Synedra ulna (Nitzsch) Ehrenb. IV5

Gomphonema gracile Ehrenb. III5

Planothidium lanceolata (Br�b. in K�tz.) Round et Bukht. III5

Navicula veneta K�tz. III2

Gomphonema augur Ehrenb. III3

Ä³àãíîñòè÷í³ òàêñîíè àñîö³àö³¿ Cocconeo placentulae-Naviculetum viridulae

Cocconeis placentula Ehrenb. V5

Navicula viridula K�tz. III5

Navicula viridula K�tz. var. rostellata (K�tz.) Cleve III3

Synedra acus K�tz. II3

Ä³àãíîñòè÷í³ òàêñîíè ñóáàñîö³àö³¿ Epithemietosum adnatae

Epithemia adnata (K�tz.) Br�b. V5

Gomphonema acuminatum Ehrenb. var. coronatum (Ehrenb.) Rabenh. IV3

Amphora veneta K�tz. IV5

Amphora pediculus (K�tz.) Grunow IV5

Epithemia sorex K�tz. IV5

Epithemia turgida (Ehrenb.) K�tz. III3

Ï ð è ì ³ ò ê à. Ðèìñüêèìè öèôðàìè ïîçíà÷åí³ êëàñè ïîñò³éíîñò³. Íàäðÿäêîâ³ ³íäåêñè
âêàçóþòü ìàêñèìàëüíèé áàë ðÿñíîñò³ âèäó.
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Åêîëîã³÷í³ óìîâè. Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ÿê³ íàëåæàòü
äî äàíîãî ñîþçó, çíàéäåí³ â óñ³õ ÷îòèðüîõ Ä³äîð³âñüêèõ ñòàâêàõ ÍÏÏ «Ãî-
ëîñ³¿âñüêèé». Cåðåäíÿ êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ó öèõ âîäîéìàõ
çì³íþâàëàñü â³ä 0,060 äî 0,139 ìã N/äì3, í³òðèò³â — â³ä 0,004 äî
0,008 ìã N/äì3, í³òðàò³â — â³ä 0,020 äî 0,077 ìã N/äì3, à çàãàëüíîãî íåîð-
ãàí³÷íîãî àçîòó — â³ä 0,123 äî 0,199 ìã N/äì3. Ñåðåäíÿ êîíöåíòðàö³ÿ íå-
îðãàí³÷íîãî ôîñôîðó ñòàíîâèëà 0,035—0,068 ìã/äì3, õëîðèä³â —
31,0—44,8 ìã/äì3 òà ñóëüôàò³â — 34,3—66,3 ìã/äì3. Êîíöåíòðàö³ÿ îð-
ãàí³÷íèõ ðå÷îâèí â ñåðåäíüîìó ñòàíîâèëà: çà ÏÎ — 10,00—
12,60 ìã Î/äì3, à çà ÁÎ — 21,0— 29,0 ìã Î/äì3) (äèâ. òàáë. 1).

Ñòðóêòóðà óãðóïîâàíü. Âèäîâå áàãàòñòâî óãðóïîâàíü âîäîðîñòåé, ùî
ðîçâèâàþòüñÿ íà ïîâ³òðÿíî-âîäíèõ ðîñëèíàõ ó Ä³äîð³âñüêèõ ñòàâêàõ äî-
ñèòü âèñîêå. Çíàéäåíî 90 âèä³â âîäîðîñòåé, ïðåäñòàâëåíèõ 92 âíóòð³ø-
íüîâèäîâèìè òàêñîíàìè (âêëþ÷àþ÷è ò³, ùî ì³ñòÿòü íîìåíêëàòóðíèé òèï
âèäó) ç øåñòè â³ää³ë³â. Íàéá³ëüø ð³çíîìàí³òí³ Bacillariophyta — 50 âèä³â
(55,6 % çàãàëüíî¿ ê³ëüêîñò³ âèä³â) ³ Chlorophyta — 26 âèä³â (31,2 %). Âíåñîê
Euglenophyta (4 âèäè), Charophyta (3 âèäè), Cyanoprokaryota (3 âèäè) òà
Dinophyta (2 âèäè) áóâ çíà÷íî íèæ÷èì ³ â ñóì³ ñòàíîâèâ 13,2 %. Ñåðåäíÿ
ê³ëüê³ñòü âèä³â â îêðåìèõ óãðóïîâàííÿõ íåâèñîêà — 24.

Ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó åï³ô³òíèõ âîäîðîñòåé äàíî¿ ñóáàñî-
ö³àö³¿ íà ïîâ³òðÿíî-âîäíèõ ðîñëèíàõ Ä³äîð³âñüêèõ ñòàâê³â äîñèòü âèñîê³:
ñåðåäí³ çíà÷åííÿ ÷èñåëüíîñò³ ³ á³îìàñè ñòàíîâèëè â³äïîâ³äíî 0,743 ìëí.
êë/ã ³ 1,15 ìã/ã ïîâ³òðÿíî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó. Çà ÷èñåëüí³ñòþ
íàé÷àñò³øå ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³, ¿õí³é âíåñîê ó çàãàëüíó ÷è-
ñåëüí³ñòü ô³òîåï³ô³òîíó â ñåðåäíüîìó ñòàíîâèâ 82,7 %. Çåëåí³ âîäîðîñò³
äîì³íóâàëè ëèøå çð³äêà, ¿õíÿ ÷àñòêà â çàãàëüí³é ÷èñåëüíîñò³ â ñåðåäíüîìó
ñòàíîâèëà 73,2%. Çà á³îìàñîþ ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³ (94,8%).

Äî ñêëàäó äîì³íàíò³â âõîäèëè Cymbella tumida (Bréb.) Van Heurck,
Cymbella cistula (A. Hempel in A. Hempel et Ehrenb.) Kirchn., Gomphonema
truncatum Ehrenb., Synedra ulna (Nitzsch) Ehrenb., Encyonema caespitosum
Kütz., Gomphonema gracile Ehrenb., Planothidium lanceolata (Bréb. in Kütz.)
Round et Bukht., Cocconeis placentula Ehrenb., Navicula viridula Kütz., Epi-
themia adnata (Kütz.) Breb., Epithemia sorex Kütz., Amphora pediculus (Kütz.)
Grunow, Amphora veneta Kütz.

Åêîëîã³÷í³ õàðàêòåðèñòèêè ä³àãíîñòè÷íèõ òàêñîí³â. Óñ³ ä³àãíî-
ñòè÷í³ òàêñîíè äàíîãî ñîþçó º ³íäèêàòîðàìè óìîâ íàâêîëèøíüîãî ñåðå-
äîâèùà. Çà ïðèóðî÷åí³ñòþ äî ì³ñöåçðîñòàííÿ çíàéäåí³ ëèøå áåíòîñí³ îð-
ãàí³çìè. Ñåðåä âèä³â — ³íäèêàòîð³â pH ñåðåäîâèùà íàéá³ëüøîþ ê³ëü-
ê³ñòþ ïðåäñòàâëåí³ àëêàë³ô³ëè (88 %). Ñåðåä ³íäèêàòîð³â ñîëîíîñò³ âîäè
ïåðåâàæàëè ³íäèôåðåíòí³ îðãàí³çìè (83 %). Ñåðåä ïîêàçíèê³â òðîô³÷íîãî
ð³âíÿ íàéá³ëüøèì áóâ âíåñîê ïðåäñòàâíèê³â ìåçî-åâòðîôíèõ (38 %) ³ åâò-
ðîôíèõ (38 %) âîä. Ñåðåä âèä³â — ³íäèêàòîð³â îðãàí³÷íîãî çàáðóäíåííÿ
íàéá³ëüøîþ ê³ëüê³ñòþ ïðåäñòàâëåí³ áåòà-ìåçîñàïðîáí³ îðãàí³çìè (45 %).
Âíåñîê α-ìåçîñàïðîá³îíò³â ñòàíîâèâ 22 %, îë³ãî-ñàïðîá³îíò³â — 22 % ³
α-µåçî-ρ-càïðîá³îíò³â — 11 %. Ïî â³äíîøåííþ äî òèïó æèâëåííÿ òà
ê³ëüêîñò³ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³ íàéá³ëüøîþ ê³ëüê³ñòþ
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âèä³â ïðåäñòàâëåí³ àâòîòðîôè, ÿê³ âèòðèìóþòü ëèøå íèçüê³ êîíöåíòðàö³¿
àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê (71 %). Äðóãå ì³ñöå íàëåæàëî àâòîòðî-
ôàì, ÿê³ âèòðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ
ñïîëóê ó âîä³ (29 %) (òàáë. 4).

Ä³àãíîñòè÷í³ òàêñîíè: Encyonema caespitosum K�tz., Cymbella tumida
(Br�b.) Van Heurck, Cymbella cistula (A. Hempel in A. Hempel et Ehrenb.)
Kirchn., Gomphonema truncatum Ehrenb., Synedra ulna (Nitzsch) Ehrenb.,
Gomphonema gracile Ehrenb., Planothidium lanceolata (Br�b. in K�tz.) Round
et Bukht., Navicula veneta K�tz., Gomphonema augur Ehrenb.

Íîìåíêëàòóðíèé òèï: îïèñ 5, òàáë. 3, Ä³äîð³âñüêèé ñòàâîê ¹ 2, â îá-
ðîñòàíí³ ðîãîçà âóçüêîëèñòîãî Typha angustifolia L.
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Òàáëèöÿ 4
Åêîëîã³÷í³ õàðàêòåðèñòèêè ä³àãíîñòè÷íèõ òàêñîí³â âîäîðîñòåé åï³ô³òîíó

Ä³äîð³âñüêèõ ñòàâê³â

Âèäè H pH Hb N S Tr

Encyonema caespitosum K�tz. B α oe

Cymbella tumida (Br�b.) Van Heurck B alf i ats ο me

Cymbella cistula (A. Hempel in A. Hempel et Eh-
renb.) Kirchn.

B alf ats β e

Gomphonema truncatum Ehrenb. B alf ats β me

Synedra ulna (Nitzsch) Ehrenb. B alf i β

Gomphonema gracile Ehrenb. B ind i ats ο m

Planothidium lanceolata (Br�b. in K�tz.) Round et
Bukht.

B alf i ate α e

Navicula veneta K�tz. B alf hl ate α-p e

Gomphonema augur Ehrenb. B alf i ats β me

Cocconeis placentula Ehrenb. B alf i ate β e

Navicula viridula K�tz. B alf i ate α e

Navicula viridula K�tz. var. rostellata (K�tz.) Cleve B alf ³ ate β e

Synedra acus K�tz. P-B alb β

Epithemia adnata (K�tz.) Br�b. B alb i ats β m-e

Gomphonema acuminatum Ehrenb. var. coronatum
(Ehrenb.) Rabenh.

B ind i β

Amphora pediculus (K�tz.) Grunow B alf i ate β e

Amphora veneta K�tz. B alb i ate α-p e

Epithemia sorex K�tz. B alb i ats β e

Epithemia turgida (Ehrenb.) K�tz. B alb i ats β m-e

Ï ð è ì ³ ò ê à. H — ì³ñöåçðîñòàííÿ, Hb — â³äíîøåííÿ äî ñîëîíîñò³ âîäè, N — â³äíî-
øåííÿ äî êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê, S — ñàïðîáí³ñòü, Òr —
òðîôí³ñòü [1, 2, 26].



Àñîö³àö³ÿ Cocconeo placentulae-Naviculetum viridulae (îïèñè 1—15,
òàáë. 3).

Åêîëîã³÷í³ óìîâè. Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ÿê³ íàëåæàòü
äî äàíî¿ àñîö³àö³¿, çíàéäåí³ â óñ³õ ÷îòèðüîõ Ä³äîð³âñüêèõ ñòàâêàõ.

Åêîëîã³÷í³ õàðàêòåðèñòèêè ä³àãíîñòè÷íèõ òàêñîí³â. Óñ³ ÷îòèðè
ä³àãíîñòè÷í³ òàêñîíè äàíî¿ àñîö³àö³¿ º ³íäèêàòîðàìè óìîâ íàâêîëèøíüî-
ãî ñåðåäîâèùà (äèâ. òàáë. 4). Çà ïðèóðî÷åí³ñòþ äî ì³ñöåçðîñòàííÿ âîíè
íàëåæàòü ïåðåâàæíî äî áåíòîñíèõ îðãàí³çì³â (75%). Ëèøå Synedra acus
K�tz. �³äíîñèòüñÿ äî ïëàíêòîííî-áåíòîñíèõ îðãàí³çì³â. Ïî â³äíîøåííþ
äî pH ä³àãíîñòè÷í³ òàêñîíè äàíî¿ àñîö³àö³¿ º ïåðåâàæíî àëêàë³ô³ëàìè
(75 %) ³ ëèøå Synedra acus íàëåæèòü äî àëêàë³á³îíò³â. Ñåðåä ³íäèêàòîð³â
ñîëîíîñò³ âîäè çíàéäåí³ ëèøå ³íäèôåðåíòí³ îðãàí³çìè. Ä³àãíîñòè÷í³ òàê-
ñîíè äàíî¿ àñîö³àö³¿ òàêîæ º ³íäèêàòîðàìè çàáðóäíåííÿ âîäè îðãàí³÷íè-
ìè ðå÷îâèíàìè. Á³ëüø³ñòü ç íèõ (75 %) íàëåæèòü äî β-ìåçîñàïðîá³îíò³â, ³
ëèøå Navicula viridula — äî α-ìåçîñàïðîá³îíò³â. Ñåðåä ïîêàçíèê³â òðî-
ô³÷íîãî ð³âíÿ âîäîéì çíàéäåí³ ëèøå ïðåäñòàâíèêè åâòðîôíèõ âîä. Ïî
â³äíîøåííþ äî òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïî-
ëóê ó âîä³ çíàéäåí³ ëèøå îðãàí³çìè, ÿê³ íàëåæàòü äî àâòîòðîô³â, ÿê³ âèò-
ðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³.

Ä³àãíîñòè÷í³ òàêñîíè: Cocconeis placentula Ehrenb., Navicula viridula
(K�tz.) Ehrenb., Navicula viridula K�tz. var. rostellata (K�tz.) Cleve, Synedra
acus K�tz.

Íîìåíêëàòóðíèé òèï: îïèñ 4, òàáë. 3, Ä³äîð³âñüêèé ñòàâîê ¹ 2, â îá-
ðîñòàíí³ ëåïåøíÿêà âåëèêîãî Glyceria maxima.

Ñóáàñîö³àö³ÿ Epithemietosum adnatae subass. nova (îïèñè 1—15,
òàáë. 3).

Åêîëîã³÷í³ óìîâè. Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ÿê³ íàëåæàòü
äî äàíî¿ ñóáàñîö³àö³¿, çíàéäåí³ â óñ³õ ÷îòèðüîõ Ä³äîð³âñüêèõ ñòàâêàõ.

Åêîëîã³÷í³ õàðàêòåðèñòèêè ä³àãíîñòè÷íèõ òàêñîí³â. Óñ³ ø³ñòü ä³àã-
íîñòè÷íèõ òàêñîí³â äàíî¿ ñóáàñîö³àö³¿ º ³íäèêàòîðàìè óìîâ íàâêîëèø-
íüîãî ñåðåäîâèùà (äèâ. òàáë. 4). Çà ïðèóðî÷åí³ñòþ äî ì³ñöåçðîñòàííÿ
âîíè â³äíîñÿòüñÿ äî áåíòîñíèõ îðãàí³çì³â. Ïî â³äíîøåííþ äî pH ïåðåâà-
æàþòü àëêàë³á³îíòè (67%). Gomphonema acuminatum var. coronatum º
³íäèôåðåíòíèì îðãàí³çìîì, à Amphora pediculus â³äíîñèòüñÿ äî àëêà-
ë³ô³ë³â. Ñåðåä ³íäèêàòîð³â ñîëîíîñò³ âîäè çíàéäåí³ ëèøå ³íäèôåðåíòí³
îðãàí³çìè. Ä³àãíîñòè÷í³ òàêñîíè äàíî¿ ñóáàñîö³àö³¿ òàêîæ º ³íäèêàòîðàìè
çàáðóäíåííÿ âîäè îðãàí³÷íèìè ðå÷îâèíàìè. Âñ³ âîíè íàëåæàòü äî β-ìå-

çîñàïðîá³îíò³â (83 %) ³ ëèøå Amphora veneta — äî α-ìåçî-ρ-ñàïðîá³îíò³â

(17 %). Ñåðåä ïîêàçíèê³â òðîô³÷íîãî ð³âíÿ âîäîéì çíàéäåí³ ïðåäñòàâíè-
êè åâòðîôíèõ (60%) òà ìåçî-åâòðîôíèõ âîä (40%). Ïî â³äíîøåííþ äî
òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³ íàé-
á³ëüøîþ ê³ëüê³ñòþ âèä³â ïðåäñòàâëåí³ àâòîòðîôè, ÿê³ âèòðèìóþòü ëèøå
íèçüê³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê (60 %). Äðóãå ì³ñöå
íàëåæàëî àâòîòðîôàì, ÿê³ âèòðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòî-
âì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³ (40 %) (äèâ. òàáë. 4).
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Ä³àãíîñòè÷í³ òàêñîíè: Epithemia adnata (K�tz.) Br�b., Gomphonema
acuminatum Ehrenb. var. coronatum (Ehrenb.) Rabenh., Amphora veneta
K�tz., Amphora pediculus (K�tz.) Grunow, Epithemia sorex K�tz., Epithemia
turgida (Ehrenb.) K�tz.

Íîìåíêëàòóðíèé òèï: îïèñ 2, òàáë. 3, Ä³äîð³âñüêèé ñòàâîê ¹ 1, â îá-
ðîñòàíí³ ðîãîçó øèðîêîëèñòîãî Typha latifolia.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü ïîêàçàëè, ùî óãðóïîâàííÿ âîäî-
ðîñòåé åï³ô³òîíó, ùî ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ â óñ³õ ÷î-
òèðüîõ Ä³äîð³âñüêèõ ñòàâêàõ (ÿê ³ ó Ãîð³õîâàòñüêèõ ñòàâêàõ, ðîçòàøîâà-
íèõ ó ÍÏÏ «Ãîëîñ³¿âñüêèé») [19], âõîäÿòü äî ñêëàäó ñîþçó Cymbello tumi-
dae-Cymbellion cistulae. Öåé ñèíòàêñîí ä³àãíîñòóºòüñÿ âèäàìè ä³àòîìîâèõ
âîäîðîñòåé ðîä³â Encyonema K�tz., Cymbella C. Agardh, Gomphonema
(C. Agardh) Ehrenb., Synedra Ehrenb., Navicula Bory òà Planothidium Round
et Bukht. Çà ñâî¿ìè åêîëîã³÷íèìè õàðàêòåðèñòèêàìè — öå áåíòîñí³ îð-
ãàí³çìè, ïåðåâàæíî àëêàë³ô³ëè ïî â³äíîøåííþ äî pH, ³íäèôåðåíòí³ îð-
ãàí³çìè ïî â³äíîøåííþ äî ñîëîíîñò³ âîäè, ïðåäñòàâíèêè ïåðåâàæíî ìå-
çî-åâòðîôíèõ òà åâòðîôíèõ âîä, ïåðåâàæíîβ-ìåçîñàïðá³îíòè òà àâòîòðî-
ôè, ÿê³ âèòðèìóþòü ëèøå íèçüê³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ
ñïîëóê.

Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, çíàéäåí³ ó Ä³äîð³âñüêèõ ñòàâêàõ,
â ìåæàõ âèä³ëåíîãî ñîþçó â³äíîñÿòüñÿ äî àñîö³àö³¿ Cocconeo placentu-
lae-Naviculetum viridulae, îïèñàíî¿ äëÿ 2-ãî, 3-ãî ³ 4-ãî Ãîð³õîâàòñüêèõ
ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» [19]. Ñï³ëüíèìè ä³àãíîñòè÷íèìè òàêñîíà-
ìè äàíî¿ àñîö³àö³¿ â îáîõ ñèñòåìàõ ñòàâê³â º Cocconeis placentula Ehrenb.,
Navicula viridula K�tz. òà Synedra acus K�tz.

Ïðîòå º ³ â³äì³ííîñò³. Ó Ãîð³õîâàòñüêèõ ñòàâêàõ äî ñêëàäó ä³àãíîñòè÷-
íèõ òàêñîí³â àñîö³àö³¿ Cocconeo placentulae-Naviculetum viridulae âõîäè-
ëè òàêîæ Melosira varians C. Agardh ³ Ñlosterium leiblenii (K�tz.) ex Ralfs,
÷àñòîòà òðàïëÿííÿ ÿêèõ ó Ä³äîð³âñüêèõ ñòàâêàõ áóëà íèçüêîþ. Öå äàº
ï³äñòàâè âèä³ëèòè â ìåæàõ äàíî¿ àñîö³àö³¿ îêðåìèé ñèíòàêñîí — ñóáà-
ñîö³àö³þ Melosiretosum variantis, ä³àãíîñòè÷íèìè âèäàìè ÿêî¿ º Melosira
varians ³ Ñlosterium leiblenii. Óãðóïîâàííÿ âîäîðîñòåé äàíî¿ ñóáàñîö³àö³¿
çóñòð³÷àþòüñÿ ó 2-ìó, 3-ìó ³ 4-ìó Ãîð³õîâàòñüêèõ ñòàâêàõ.

Â òîé æå ÷àñ ó Ä³äîð³âñüêèõ ñòàâêàõ ç âèñîêîþ ÷àñòîòîþ çóñòð³÷àëèñü
âèäè ðîä³â Epithemia Br�b. (E. adnata, E. sorex òà E. turgida) òà Amphora Eh-
renb. (A. veneta i A. pediculus), à òàêîæ Gomphonema acuminatum Ehrenb.
var. coronatum (Ehrenb.) Rabenh., ÷àñòîòà òðàïëÿííÿ ÿêèõ ó Ãîð³õîâàòñü-
êèõ ñòàâêàõ áóëà íèçüêîþ, ùî äàëî ï³äñòàâè âèä³ëèòè ö³ óãðóïîâàííÿ â
ìåæàõ äàíî¿ àñîö³àö³¿ â îêðåìèé ñèíòàêñîí — ñóáàñîö³àö³þ Epithemieto-
sum adnatae.

Âàðòî çàçíà÷èòè, ùî âèä³ëåí³ ñóáàñîö³àö³¿ â³äð³çíÿþòüñÿ íå ò³ëüêè çà
ñêëàäîì ä³àãíîñòè÷íèõ òàêñîí³â, à é çà ¿õí³ìè åêîëîã³÷íèìè õàðàêòåðè-
ñòèêàìè. Òàê, ó Ãîð³õîâàòñüêèõ ñòàâêàõ ä³àãíîñòè÷í³ òàêñîíè ñóáàñîö³àö³¿
Melosiretosum variantis (Melosira varians ³ Ñlosterium leiblenii) â³äíîñÿòüñÿ
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äî α-µåçîñàïðîá³îíò³â ³ º ïðåäñòàâíèêàìè åâòðîôíèõ âîä, à Melosira vari-
ans ïî â³äíîøåííþ äî òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ îðãà-
í³÷íèõ ñïîëóê ó âîä³ íàëåæèòü äî ôàêóëüòàòèâíî ãåòåðîòðîôíèõ îð-
ãàí³çì³â, ÿêèì íåîáõ³äíå ïåð³îäè÷íå ï³äâèùåííÿ êîíöåíòðàö³¿ àçîòî-
âì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³.

Â òîé æå ÷àñ ó Ä³äîð³âñüêèõ ñòàâêàõ ä³àãíîñòè÷í³ òàêñîíè ñóáà-
ñîö³àö³¿ Epithemietosum adnatae íàëåæàòü ïåðåâàæíî äîβ-ìåçîñàïðîá³îí-
ò³â (83 %). Ñåðåä ïîêàçíèê³â òðîô³÷íîãî ð³âíÿ âîäîéì çíàéäåí³ ïðåäñòàâ-
íèêè åâòðîôíèõ (60%) òà ìåçî-åâòðîôíèõ âîä (40%). Ïî â³äíîøåííþ äî
òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³ íàé-
á³ëüøîþ ê³ëüê³ñòþ âèä³â ïðåäñòàâëåí³ àâòîòðîôè, ÿê³ âèòðèìóþòü ëèøå
íèçüê³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê (60 %). Äðóãå ì³ñöå
íàëåæèòü àâòîòðîôàì, ÿê³ âèòðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòî-
âì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³ (40 %).

Àíàë³ç åêîëîã³÷íèõ õàðàêòåðèñòèê ä³àãíîñòè÷íèõ òàêñîí³â âèä³ëåíèõ
ñóáàñîö³àö³é ñâ³ä÷èòü ïðî íèæ÷èé òðîô³÷íèé ð³âåíü Ä³äîð³âñüêèõ ñòàâ-
ê³â ó ïîð³âíÿíí³ ç Ãîð³õîâàòñüêèìè ñòàâêàìè.

Òàêèé æå âèñíîâîê ìîæíà çðîáèòè ³ â ðåçóëüòàò³ ïîð³âíÿëüíîãî àíà-
ë³çó õ³ì³÷íîãî ñêëàäó âîäè ó Ãîð³õîâàòñüêèõ ³ Ä³äîð³âñüêèõ ñòàâêàõ. Âñòà-
íîâëåíî, ùî Ä³äîð³âñüê³ ñòàâêè õàðàêòåðèçóâàëèñÿ íèæ÷îþ êîíöåíòðà-
ö³ºþ íåîðãàí³÷íèõ òà îðãàí³÷íèõ ðå÷îâèí ïîð³âíÿíî ç Ãîð³õîâàòñüêèìè
ñòàâêàìè [19]. Òàê, ñåðåäíÿ êîíöåíòðàö³ÿ çàãàëüíîãî íåîðãàí³÷íîþ àçîòó
áóëà íèæ÷îþ â 1,2 ðàçà, çîêðåìà, NH4

+ — â 1,5 ðàçà, çàãàëüíîãî íåîð-
ãàí³÷íîãî ôîñôîðó — ó 2,8 ðàçà, õëîðèä³â — ó 3,8 ðàçà, íåòîêñè÷íèõ îð-
ãàí³÷íèõ ðå÷îâèí (çà ÁÎ) — ó 2,1 ðàçà. Íàáàãàòî íèæ÷îþ áóëà ³ êîíöåíò-
ðàö³ÿ çàáðóäíþþ÷èõ ðå÷îâèí: íàôòîïðîäóêò³â — ó 1,5 ðàçè, àí³îííèõ
ñèíòåòè÷íèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí — 1,1 ðàçà ³ âàæêèõ ìåòàë³â,
çîêðåìà ì³ä³ — ó 2,2 ðàçà, öèíêó — ó 2,9 ðàçà, çàë³çà — ó 1,4 ðàçà, ìàíãàíó
— ó 1,4 ðàçà ³ ñâèíöþ — ó 1,1 ðàçà [8].

Òàêèì ÷èíîì, ìåíøà êîíöåíòðàö³ÿ íåîðãàí³÷íèõ ñïîëóê àçîòó ³ ôîñ-
ôîðó, à òàêîæ íåòîêñè÷íèõ îðãàí³÷íèõ ðå÷îâèí ó âîä³ Ä³äîð³âñêèõ ñòàâ-
ê³â ìîæå ñâ³ä÷èòè ïðî íèæ÷èé ð³âåíü ¿õ òðîôíîñò³ ïîð³âíÿíî ç Ãîð³õî-
âàòñüêèìè ñòàâêàìè, à íèæ÷à êîíöåíòðàö³ÿ íàôòîïðîäóêò³â, àí³îííèõ
ñèíòåòè÷íèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ³ âàæêèõ ìåòàë³â — ïðî íèæ-
÷ó ³íòåíñèâí³ñòü ¿õ çàáðóäíåííÿ.

Çàêëþ÷åííÿ

Â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âñòàíîâëåíî, ùî óãðóïîâàííÿ
âîäîðîñòåé åï³ô³òîíó, ùî ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ â óñ³õ
÷îòèðüîõ Ä³äîð³âñüêèõ ñòàâêàõ, âõîäÿòü äî ñêëàäó ñîþçó Cymbello tumi-
dae-Cymbellion cistulae, àñîö³àö³¿ Cocconeo placentulae-Naviculetum viri-
dulae òà ñóáàñîö³àö³¿ Epithemietosum adnatae.

Ñèíòàêñîíîì³ÿ óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó, âèä³ëåíèõ ó Ä³äî-
ð³âñüêèõ ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé», ìàº íàñòóïíèé âèãëÿä:

Cîþç Cymbello tumidae-Cymbellion cistulae
Àñ. Cocconeo placentulae-Naviculetum viridulae
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Ñóáàñ. Epithemietosum adnatae subass. nova
Ó ïîð³âíÿíí³ ç Ãîð³õîâàòñüêèìè ñòàâêàìè ÍÏÏ «Ãîëîñ³¿âñüêèé» óã-

ðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ùî ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñ-
ëèíàõ â Ä³äîð³âñüêèõ ñòàâêàõ, âõîäÿòü äî ñêëàäó òîãî æ ñîþçó, à â éîãî ìå-
æàõ äî ò³º¿ æ àñîö³àö³¿, îïèñàíèõ âïåðøå äëÿ Ãîð³õîâàòñüêèõ ñòàâê³â, àëå
äî ð³çíèõ ñóáàñîö³àö³é — Epithemietosum adnatae â Ä³äîð³âñüêèõ ñòàâêàõ ³
Melosiretosum variantis â Ãîð³õîâàòñüêèõ ñòàâêàõ (¹ 2, 3 ³ 4). Âèä³ëåí³ ñó-
áàñîö³àö³¿ â³äð³çíÿþòüñÿ íå ò³ëüêè çà ñêëàäîì ä³àãíîñòè÷íèõ òàêñîí³â, à é
çà ¿õí³ìè åêîëîã³÷íèìè õàðàêòåðèñòèêàìè.

Àíàë³ç åêîëîã³÷íèõ õàðàêòåðèñòèê ä³àãíîñòè÷íèõ òàêñîí³â âèä³ëåíèõ
ñóáàñîö³àö³é, à òàêîæ ðåçóëüòàòè ïðÿìèõ ã³äðîõ³ì³÷íèõ âèì³ðþâàíü, à
ñàìå ìåíøà êîíöåíòðàö³ÿ íåîðãàí³÷íèõ ñïîëóê àçîòó ³ ôîñôîðó, à òàêîæ
íåòîêñè÷íèõ îðãàí³÷íèõ ðå÷îâèí ó âîä³ Ä³äîð³âñüêèõ ñòàâê³â ñâ³ä÷àòü
ïðî ¿õ íèæ÷èé òðîô³÷íèé ð³âåíü ó ïîð³âíÿíí³ ç Ãîð³õîâàòñüêèìè ñòàâêà-
ìè, à ìåíøà êîíöåíòðàö³ÿ íàôòîïðîäóêò³â, àí³îííèõ ñèíòåòè÷íèõ ïîâåð-
õíåâî-àêòèâíèõ ðå÷îâèí ³ âàæêèõ ìåòàë³â — ïðî íèæ÷èé ð³âåíü ¿õ çà-
áðóäíåííÿ.

Òàêèì ÷èíîì, ìîæíà ñòâåðäæóâàòè, ùî çì³íè ó ñòðóêòóð³ óãðóïîâàíü
âîäîðîñòåé åï³ô³òîíó, ùî ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ ó
Ä³äîð³âñüêèõ ñòàâêàõ, â ïåðøó ÷åðãó, çóìîâëåí³ çíèæåííÿì òðîô³÷íîãî
ð³âíÿ âîäîéì òà çìåíøåííÿì ³íòåíñèâíîñò³ ¿õ çàáðóäíåííÿ íàôòîïðîäóê-
òàìè, àí³îííèìè ñèíòåòè÷íèìè ïîâåðõíåâî-àêòèâíèìè ðå÷îâèíàìè ³
âàæêèìè ìåòàëàìè.
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CENOLOGICAL ANALYSIS OF PHYTOEPIPHYTON OF WATER BODIES OF THE
MEGAPOLIS RESERVED TERRITORIES

The structure of epiphyton algae communities was studied in the Didorivka ponds of
the Golosiyivsky National Nature Park using the Braun-Blanquet method. As a result of the
performed investigations, it has been found that the communities of epiphyton algae oc-
curring on higher aquatic plants in all four Didorivka ponds can be assigned to the same
union Cymbello tumidae-Cymbellion cistulae and to the same association Cocconeo pla-
centulae-Naviculetum viridulae described for the first time for the Gorikhovatka ponds of
the Golosiyivsky National Nature Park, but to different subassociations — Epithemieto-
sum adnatae in the Didorivka ponds and Melosiretosum variantis in the Gorikhovatka
ponds (N 2, 3, and 4). Analysis of the ecological characteristics of diagnostic taxa of the su-
bassociations, as well as the results of direct hydrochemical measurements, namely the lo-
wer concentration of inorganic nitrogen and phosphorus compounds and non-toxic orga-
nic substances in the water of the Didorivka ponds, indicate their lower trophic level com-
pared to the Gorikhovatka ponds, and a lower concentration of petroleum products, anio-
nic synthetic surfactants, and heavy metals indicates a lower intensity of their pollution.
Changes in the structure of epiphyton algae communities occurring on higher aquatic
plants in the Didorivka ponds are primarily due to a decrease in the trophic level of water
bodies and a decrease in the intensity of their pollution by toxic substances.

Keywords: epiphyton algae, communities, the Braun-Blanquet method, water chemical
composition, trophic status, anthropogenic pollution, the Didorivka ponds, the Golosiyivsky
National Nature Park.
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ÇÎÎÏÅÐÈÔ²ÒÎÍ Ó ÃÅÒÅÐÎÃÅÍÍÈÕ ÓÌÎÂÀÕ
ÒÅÕÍÎÃÅÍÍÈÕ ÒÀ ÏÐÈÐÎÄÍÈÕ Á²ÎÒÎÏ²Â Ó

ÂÎÄÎÉÌ²-ÎÕÎËÎÄÆÓÂÀ×²
ÅÍÅÐÃÅÒÈ×ÍÎ¯ ÑÒÀÍÖ²¯

Íàâåäåíî ðåçóëüòàòè äîñë³äæåíü çîîïåðèô³òîíó íà òåõíîãåííèõ òà ïðèðîäíèõ
ñóáñòðàòàõ ïî ïåðèìåòðó âîäîéìè-îõîëîäæóâà÷à åíåðãåòè÷íî¿ ñòàíö³¿. Çíàéäåíî
24 íèæ÷èõ ³äåíòèô³êîâàíèõ òàêñîíè (Í²Ò) áåçõðåáåòíèõ, á³ëüø³ñòü ç ÿêèõ áóëè ðóõ-
ëèâèìè ôîðìàìè. Àíàë³ç ïîä³áíîñò³ ñêëàäó çîîïåðèô³òîíó ïîêàçàâ, ùî â äîñèòü îä-
íîð³äíèõ çà ÿê³ñòþ ñóáñòðàòó á³îòîïàõ (áåòîííå îáëèöþâàííÿ ãðåáë³) ïîä³áí³ñòü
ì³æ íàñåëåííÿì áåçõðåáåòíèõ íà ñòàíö³ÿõ áóëà ìåíøîþ, í³æ â ë³òîðàëüí³é çîí³, äå
ïåðèô³òîí áóâ ëîêàë³çîâàíèé ÿê íà ïðèðîäíîìó ðîñëèííîìó, òàê ³ íà àíòðîïîãåííèõ
ñóáñòðàòàõ. Çàêîíîì³ðíî¿ çì³íè ðÿñíîñò³ íà ð³çíèõ ñóáñòðàòàõ íå áóëî âèÿâëåíî,
íàéá³ëüøà á³îìàñà áóëà â³äì³÷åíà ÿê íà òåõíîãåííèõ (97 ã/ì2), òàê ³ íà ïðèðîäíèõ
ñóáñòðàòàõ (77 ã/ì2). Çðîáëåíî âèñíîâîê, ùî äëÿ çîîïåðèô³òîíó äàíî¿ òåõí³÷íî¿ âî-
äîéìè, á³îòîïè ÿêî¿ â ïåðøîìó íàáëèæåíí³ ìîæóòü áóòè ïðåäñòàâëåí³ äâîìà òèïà-
ìè: áåòîííå îáëèöþâàííÿ ãðåáë³ òà ë³òîðàë³, ùî çàðîñëà ãåëîô³òàìè (ðîã³ç òà î÷å-
ðåò), ïðèòàìàííà ìîçà¿÷íà ñòðóêòóðà, ÿêà º á³ëüø ñêëàäíîþ í³æ ìàêðîñòðóêòóðà
á³îòîï³â.

Êëþ÷îâ³ ñëîâà: çîîïåðèô³òîí, âîäîéìà-îõîëîäæóâà÷, åíåðãåòè÷íà ñòàíö³ÿ,
åêîëîã³÷íèé êîíòèíóóì, á³îòîïè ïåðèô³òîíó.

Ïåðèô³òîí, ÿê ñïåöèô³÷íà åêîòîï³÷íà ãðóïà ã³äðîá³îíò³â, â³ä³ãðàº
âàæëèâó ³ ð³çíîìàí³òíó ðîëü ó âîäíèõ åêîñèñòåìàõ. Äî éîãî óãðóïîâàíü
âõîäÿòü ÿê ïðèêð³ïëåí³, òàê ³ ðóõëèâ³ ôîðìè. Îðãàí³çìè ïåðèô³òîíó íàñå-
ëÿþòü ïðàêòè÷íî âñ³ òâåðä³ ñóáñòðàòè, ùî ïîòðàïëÿþòü ó âîäó [5, 11, 15].
Óãðóïîâàííÿ ïåðèô³òîíó âïëèâàþòü íà âàæëèâ³ ïîêàçíèêè âîäíîãî ñåðå-
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äîâèùà [12, 13]. ²ñíóº êîíöåïö³ÿ ùîäî ôîðìóâàííÿ ïåðèô³òîííèõ óãðó-
ïîâàíü âèêëþ÷íî ì³êðîôîðìàìè [15], àëå ñë³ä çàçíà÷èòè, ùî âñ³ óãðóïî-
âàííÿ ïåðèô³òîíó íà ïåðøèõ åòàïàõ ôîðìóþòüñÿ âíàñë³äîê êîëîí³çàö³¿
ñóáñòðàò³â ì³êðîôîðìàìè (âîäîðîñò³, þâåí³ëüí³ ñòàä³¿ îêðåìèõ áåçõðå-
áåòíèõ òà ¿õí³ ëè÷èíêè, ôëîòîáëàñòè ìîõóâàòîê, ãåìóëè ãóáîê òà ³í.). Äàë³
â³äáóâàºòüñÿ ¿õ ð³ñò òà íàêîïè÷åííÿ á³îìàñè äî ïåâíîãî, ÷àñîì äóæå çíà÷-
íîãî ð³âíÿ. Ïåðèô³òîí ó òåõí³÷íèõ âîäîéìàõ ìàº õàðàêòåðíó ïðîñòîðîâó
íåîäíîð³äí³ñòü (àáî, íàâïàêè — îäíîð³äí³ñòü), ïîâ’ÿçàíó ç ðîçïîä³ëîì ³
ÿê³ñòþ òâåðäèõ ñóáñòðàò³â, ÿê ïðèðîäíèõ (ìàêðîô³òè, çàëèøêè äåðåâ,
ìóøë³ ìîëþñê³â), òàê ³ òåõíîãåííèõ (òåõí³÷í³ ñïîðóäè, îáëèöþâàííÿ äàìá
òîùî) [1]. Ó âîäîéìàõ-îõîëîäæóâà÷àõ º âåëèêà ê³ëüê³ñòü òâåðäèõ ñóáñò-
ðàò³â ó âèãëÿä³ îáëèöþâàíü áåðåãîóêð³ïëåííÿ, äàìá, ñïîðóä âîäîçàáîðó
òà âîäîâèïóñêó. Îñîáëèâ³ñòþ á³îòîï³â, ó ÿêèõ ðîçâèâàþòüñÿ îðãàí³çìè
ïåðèô³òîíó, º ¿õíÿ ïðîñòîðîâà ñêëàäí³ñòü. Çà ñâî¿ìè õàðàêòåðèñòèêàìè
òåõíîãåíí³ òà ïðèðîäí³ á³îòîïè çíà÷íîþ ì³ðîþ ðîçð³çíÿþòüñÿ. Áåòîíí³
îáëèöþâàííÿ áåðåãîóêð³ïëåííÿ, äàìá òà ã³äðîñïîðóä ÿâëÿþòü ñîáîþ äî-
ñèòü ð³âí³ ïîâåðõí³ íà âåëèêèõ ïëîùàõ, òîä³ ÿê êàì’ÿí³ â³äñèïàííÿ õàðàê-
òåðèçóþòüñÿ âåëèêîþ á³îòîï³÷íîþ ñêëàäí³ñòþ [4, 9]. Âîäí³ ìàêðîô³òè ìà-
þòü äîñèòü ñêëàäíó ñòðóêòóðó ñâîº¿ ïîâåðõí³, ùî çàñåëÿºòüñÿ îðãàí³çìà-
ìè ïåðèô³òîíó [8]. Äî òîãî æ ó çàðîñòÿõ ìàêðîô³ò³â öÿ ïåðâèííà ñêëàä-
í³ñòü ñóáñòðàòó ùå ï³äâèùóºòüñÿ ÷åðåç ïðîñòîðîâó ñêëàäí³ñòü ñàìèõ çà-
ðîñòåé. Îòæå, ìîæíà âèñëîâèòè ã³ïîòåçó, ùî ïåðèô³òîí íà îäíîð³äíèõ
òåõíîãåííèõ ñóáñòðàòàõ ìîæå ñóòòºâî â³äð³çíÿòèñü â³ä ïåðèô³òîíó â ë³òî-
ðàëüí³é çîí³ ç ìàêðîô³òàìè.

Äîñë³äæåííÿ, ïðîâåäåí³ íà äàí³é âîäîéì³-îõîëîäæóâà÷³ ó ïîïåðåäí³
ðîêè [7, 9], ïîêàçàëè, ùî íà àíòðîïîãåííèõ ñóáñòðàòàõ (áåòîíí³ îáëèöþ-
âàííÿ ãðåáë³ òà óêîñ³â ï³äâ³äíîãî êàíàëó) íà ìàëèõ ãëèáèíàõ, äî 0,5 ì, óã-
ðóïîâàííÿ çîîïåðèô³òîíó ìàëè äîñèòü îäíîð³äíèé õàðàêòåð, ïåðåâàæàëè
ðóõëèâ³ ôîðìè [7]. Ï³ñëÿ âñåëåííÿ ó âîäîéìó Dreissena polymorpha (Pallas,
1771) [6, 7] ñôîðìóâàëà ðÿñí³ óãðóïîâàííÿ, ùî ìàëè äîñèòü âåëèêó á³îìà-
ñó íà òåõí³÷íèõ ñïîðóäàõ (ãðåáëÿ, óêîñè ï³äâ³äíîãî êàíàëó) íà ãëèáèíàõ
á³ëüøå 3 ì. Äîñë³äæåííÿì ñàìå óãðóïîâàíü äðåéñåíè, ÿê ôàêòîðà á³îïå-
ðåøêîä, ïðèä³ëÿëàñü íàéá³ëüøà óâàãà, òîä³ ÿê åï³ô³òîí — ïåðèô³òîí íà
âèùèõ âîäíèõ ðîñëèíàõ, òà åï³õîëîí — îáðîñòàííÿ áåòîíó, ìåòàëó òà
³íøèõ àíòðîïîãåííèõ ñóáñòðàò³â, ó ïðèáåðåææ³ íà ìàëèõ ãëèáèíàõ âèâ-
÷àëèñü ñïîðàäè÷íî. Íà äîñèòü îäíîð³äíîìó áåòîííîìó ñóáñòðàò³ ôîðìó-
âàëèñü äîñèòü êîíòèíóàëüí³ óãðóïîâàííÿ. Ìîæíà áóëî î÷³êóâàòè, ùî ³ íà
ìàëèõ ãëèáèíàõ íà òàêîìó æ ñóáñòðàò³, íà â³äì³íó â³ä íåîäíîð³äíèõ á³î-
òîï³â íà ë³òîðàë³, áóäóòü ôîðìóâàòèñÿ îäíîð³äí³ á³îòè÷í³ óãðóïîâàííÿ,
òîáòî áóäå ïåâíà â³äïîâ³äí³ñòü á³îòè÷íèõ ïîêàçíèê³â êîíòèíóàëüíîñò³
á³îòîï³â.

Ìåòà äàíî¿ ðîáîòè ïîëÿãàëà ó ç’ÿñóâàíí³ îñîáëèâîñòåé ïðîñòîðîâî¿
ñòðóêòóðè ïåðèô³òîííèõ óãðóïîâàíü áåçõðåáåòíèõ â óìîâàõ ð³çíî¿ á³î-
òîï³÷íî¿ ãåòåðîãåííîñò³ íà ïðèáåðåæíèõ ì³ëêîâîäíèõ ä³ëÿíêàõ âîäîéìè-
îõîëîäæóâà÷à åíåðãåòè÷íî¿ ñòàíö³¿.
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Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïåðèô³òîíó ïðîâîäèëè íà îäí³é ç âîäîéì-îõîëîäæó-
âà÷³â (ÂÎ) åíåðãåòè÷íî¿ ñòàíö³¿ ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ Óêðà¿íè. Ïëî-
ùà ÂÎ ñòàíîâèòü áëèçüêî 20 êì2 [9]. Ó âåðåñí³ 2021 ð. áóëî äîñë³äæåíî
çîîïåðèô³òîí ó ïðèáåðåæí³é àêâàòîð³¿ ïî âñüîìó ïåðèìåòðó ÂÎ. Ïðîáè
â³äáèðàëè ó òåõíîãåííèõ á³îòîïàõ — ãðåáëÿ (ñóáñòðàò — áåòîí), äàìáà
ð. Ãíèëèé Ð³ã (ñóáñòðàò — êàì³ííÿ), ïëàâàþ÷³ ïîíòîíè (ñóáñòðàò — ìåòàë)
òà â ïðèðîäíèõ á³îòîïàõ (ñóáñòðàò — âèù³ âîäí³ ðîñëèíè).

Ïðîáè â³äáèðàëè íà ñòàíö³ÿõ ó íàïðÿìêó â³ä ñõ³äíîãî êðàþ ãðåáë³ äî ¿¿
çàõ³äíîãî êðàþ, à äàë³ ïî ïåðèìåòðó âîäîéìè ïî âñ³é ë³òîðàëüí³é çîí³ äî
ï³âäåííîãî ³ ñõ³äíîãî ðàéîí³â, à ïîò³ì äî ñõ³äíîãî êðàþ ãðåáë³. Âèì³ðþ-
âàííÿ â³äñòàí³ ì³æ ñòàíö³ÿìè íà ìàïàõ Google ïðîâîäèëè â³ä ïî÷àòêó
ãðåáë³. Äîâæèíà áåðåãîâî¿ ë³í³¿ ñòàíîâèëà 26 êì, ïðè öüîìó, áëèçüêî 7 êì
áåðåãîâî¿ ñìóãè ó ï³âí³÷í³é ÷àñòèí³ — öå ãðåáëÿ, îáëèöüîâàíà áåòîíîì, íà
ðåøò³ áåðåãîâî¿ ñìóãè ïåðåâàæàëè ì³ëêîâîäí³ ä³ëÿíêè ç çàðîñòÿìè âèùèõ
âîäíèõ ðîñëèí (Phragmites australis (Cav.) Trin. ex Steud. òà Typha angusti-
folia L.). Â³äá³ð ã³äðîá³îëîã³÷íèõ ïðîá ïðîâîäèëè øêðåáêîì ³ç ñóáñòðàò³â:
áåòîí, êàì³ííÿ, ìåòàë. Òàêîæ â³äáèðàëè ïðîáè ç ïîâåðõí³ ñòåáåë âèùèõ
âîäíèõ ðîñëèí (ôðàãìåíòè ñòåáåë î÷åðåòó òà ðîãîçó ô³êñóâàëè ðàçîì ç îð-
ãàí³çìàìè ïåðèô³òîíó) ç ãëèáèíè 0—0,4 ì. Óñ³ ïðîáè ô³êñóâàëè 4 %-íèì
ðîç÷èíîì ôîðìàëüäåã³äó. Ê³ëüê³ñí³ ïîêàçíèêè ïåðåðàõîâóâàëè íà 1 ì2

ñóáñòðàòó [2]. Çàãàëîì ïî ïåðèìåòðó ÂÎ áóëî îáñòåæåíî 10 ñòàíö³é, íà
ñòàíö³ÿõ 4 òà 8 áóëî äîñë³äæåíî äâà ð³çíèõ ñóáñòðàòè (òàáë. 1).

Ïðè îïèñ³ òàêñîíîì³÷íîãî ñêëàäó âèêîðèñòîâóâàëè òåðì³í Í²Ò —
íèæ÷èé ³äåíòèô³êîâàíèé òàêñîí. Ïîä³áí³ñòü òàêñîíîì³÷íîãî ñêëàäó îö³-
íþâàëè çà êîåô³ö³ºíòîì Ñåðåíñåíà òà çà ìåòîäîì Ñì³ðíîâà [3]. Çíà÷åííÿ
êîåô³ö³ºíòà ïîä³áíîñò³ Ñåðåíñåíà 0,7 ³ á³ëüøå ââàæàëè çíà÷óùèìè, 0,5—
0,6 — ñåðåäí³ìè, 0,3—0,4 — íèçüêèìè.

Âèä³ëåííÿ óãðóïîâàíü ïðîâîäèëè çà ñêëàäîì äîì³íóþ÷îãî êîìïëåêñó
ç óðàõóâàííÿì òîãî, ùî ïîêàçíèê äèõàííÿ Äæ/ì2·ãîä äëÿ îäíîãî ÷è ãðóïè
äîì³íóþ÷èõ âèä³â ìàâ 50 àáî á³ëüøå â³äñîòê³â. Ñåðåäí³ ïîêàçíèêè íàâå-
äåí³ ç óðàõóâàííÿì ñòàíäàðòíîãî â³äõèëåííÿ.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Òàêñîíîì³÷íå áàãàòñòâî ïåðèô³òîíó ì³ëêîâîäü ñêëàäàëî 24 Í²Ò ç 10
ãðóï. Ùîäî õàðàêòåðèñòèêè ðóõëèâîãî òà ñåäåíòàðíîãî ñïîñîáó æèòòÿ
çíàéäåí³ îðãàí³çìè ìîæóòü áóòè ðîçä³ëåí³ íà äâ³ ãðóïè: äâà âèäè äðåé-
ñåí³ä — D. polymorpha òà D. bugensis (Andrusov, 1897) òà ã³äðè â³äíåñåíî äî
ñåäåíòàðíèõ ôîðì, ³íø³ (21 Í²Ò àáî 87 % â³ä çàãàëüíîãî ñïèñêó Í²Ò) — äî
ðóõëèâèõ ôîðì.

Ê³ëüê³ñòü Í²Ò íà ñòàíö³¿ êîëèâàëàñÿ â³ä äâîõ íà ï³âäåííîìó â³äêðèòî-
ìó ì³ëêîâîää³ (ñò. 6, ñóáñòðàò — ðîã³ç) äî 12 íà çàõ³äíîìó â³äêðèòîìó
ì³ëêîâîää³ (ñò. 5, ñóáñòðàò — î÷åðåò), ïèòîìå áàãàòñòâî Í²Ò íà ð³çíèõ ñóá-
ñòðàòàõ ñêëàäàëî 7 Í²Ò/ñòàíö³þ. ×³òêèõ çàêîíîì³ðíèõ çì³í ê³ëüêîñò³ Í²Ò
ïî ñòàíö³ÿõ (ðîçòàøîâàí³ ïî õîäó â³äáîðó ïðîá òà âèì³ðþâàííÿ â³äñòà-
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íåé), ïî ðàéîíàõ ÷è ñóáñòðàòàõ íå âèÿâëåíî (ðèñ. 1), ïðîòå, çà âèíÿòêîì

ñò. 5, ìîæíà âêàçàòè íà òåíäåíö³þ çíèæåííÿ áàãàòñòâà â³ä ñò. 1 òà 2 äî ñò. 6

(ï³âí³÷íèé ðàéîí), à ïîò³ì éîãî ï³äâèùåííÿ.
Îö³íêà òàêñîíîì³÷íî¿ ïîä³áíîñò³. Àíàë³ç ìàòðèö³ ïîêàçàâ íåâåëèêó

ïîä³áí³ñòü ì³æ âñ³ìà ñòàíö³ÿìè, â ñåðåäíüîìó êîåô³ö³ºíò Ñåðåíñåíà ïî

âñ³é ìàòðèö³ ñêëàäàâ 0,41±0,03. Äëÿ á³ëüøîñò³ ñòàíö³é ê³ëüê³ñòü çâ’ÿçê³â

áóëà äîñèòü íåâåëèêà (ðèñ. 2). Âèñîê³ çíà÷åííÿ êîåô³ö³ºíòà ïîä³áíîñò³

(0,70—0,75, â ñåðåäíüîìó 0,72±0,03) â³äì³÷åíî ò³ëüêè ì³æ òðüîìà ïàðàìè

ñòàíö³é (4.1—7; 5—8.1; 3—8.1). Ñåðåäí³ çíà÷åííÿ (0,60±0,06) â³äì³÷åíî

ì³æ ÷îòèðìà ïàðàìè ñòàíö³é (1—2; 2—3; 3—9; 4.2—7). Ì³æ òðüîìà ïàðà-

ìè ñòàíö³é: 2—6; 3—4.1; 4.2—10 â³äì³÷åíî ñëàáê³ çâ’ÿçêè (â ñåðåäíüîìó
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Òàáëèöÿ 1
Õàðàêòåðèñòèêà ñòàíö³é äîñë³äæåííÿ çîîïåðèô³òîíó âîäîéìè-îõîëîäæóâà÷à

Ñòàíö³¿
¹

ñòàíö³¿

Â³äñòàíü ïî
áåðåãó â³ä ïî-
÷àòêó ãðåáë³,

êì

Ãëèáèíà,
ì

Òåìïåðà-
òóðà, oÑ

Cóáñòðàòè,
îñîáëèâîñò³

á³îòîï³â

Ãðåáëÿ, íàñîñíà
ñòàíö³ÿ ï³äêà÷êè
âîäè äî ÂÎ

1 1,0 0—0,16 25,8 Âåðòèêàëüíà
ñò³íà
òåõí³÷íî¿ ñïî-
ðóäè, áåòîí

Ãðåáëÿ, ñåðåäèíà 2 3,8 0,1—0,2 25,2 Áåòîí, óê³ñ
ãðåáë³

Ãðåáëÿ, çàõ³äíà ÷à-
ñòèíà

3 6,0 0,1—0,2 24,9 Áåòîí, óê³ñ

Çàõ³äíå â³äêðèòå
ì³ëêîâîääÿ

4.1 7,8 0,4 24,6 Î÷åðåò

4.2 0,4 24,6 Ðîã³ç

Çàõ³äíå â³äêðèòå
ì³ëêîâîääÿ

5 12,1 0,2 27,8 Î÷åðåò

Ï³âäåííå â³äêðèòå
ì³ëêîâîääÿ

6 16,3 0,2 26,6 Ðîã³ç

Äàìáà ð. Ãíèëèé
Ð³ã ç áîêó ÂÎ

7 17,0 0,1—0,2 24,6 Êàì³ííÿ

Ï³âäåííå â³äêðèòå
ì³ëêîâîääÿ

8.1 18,6 0,1—0,15 27,8 Êàì³ííÿ

8.2 0,4 27,8 Î÷åðåò

Âèõ³ä ñêèäíîãî êà-
íàëó

9 21,2 0—0,13 25,4 Ìåòàë

Ñõ³äíå â³äêðèòå
ì³ëêîâîääÿ

10 25,2 0,2 26,4 Î÷åðåò



0,41±0,10). Îòæå, ìîæíà ñòâåðäæóâàòè, ùî çà ïîä³áí³ñòþ ñêëàäó çîîïå-
ðèô³òîí áóâ äàëåêèé â³ä êîíòèíóóìó ïåðøîãî ðîäó [17].

×àñòîòà òðàïëÿííÿ îêðåìèõ Í²Ò. Ç íàéá³ëüøîþ ÷àñòîòîþ (á³ëüøå
60 %) òðàïëÿëèñü òðè Í²Ò: Nais pardalis Piguet, 1906 — 92 %, Cricotopus

s³lvestris Fabricius, 1794 — 85 % òà Rheotanytarsus exiguus (Johannsen, 1905)
— 62 %. ×àñòêà ³íøèõ âèä³â ñòàíîâèëà 87 % â³ä ¿õíüî¿ çàãàëüíî¿ ê³ëüêîñò³,
òîáòî ñêëàä ïåðèô³òîíó ìàâ ïåâíó îðèã³íàëüí³ñòü íà îêðåìèõ ñòàíö³ÿõ.

Àíàë³ç ïîä³áíîñò³ ñêëàäó ïåðèô³òîíó çà ìåòîäîì òàêñîíîì³÷íîãî àíà-
ë³çó Ñì³ðíîâà ïîêàçàâ, ùî íàéá³ëüøèìè çíà÷åííÿìè îðèã³íàëüíîñò³ (tõõ

ùî º á³ëüøå 100) õàðàêòåðèçóâàâñÿ ïåðèô³òîí íà ñò. 10 (ñõ³äíå â³äêðèòå
ì³ëêîâîääÿ, tõõ = 222), íà ñò. 5 (çàõ³äíå â³äêðèòå ì³ëêîâîääÿ, tõõ = 163) òà íà
ñò. 2 (ñåðåäèíà ãðåáë³, tõõ = 123). Íà öèõ ñòàíö³ÿõ ó ñêëàä³ ïåðèô³òîíó áóëè
â³äì³÷åí³ ð³äê³ñí³ âèäè, ÿê³ âïëèâàëè íà îðèã³íàëüí³ñòü. Òàê, íà ñò. 2
â³äì³÷åíî îäèí îðèã³íàëüíèé âèä (Polypedilum convictum (Walker, 1856)),
íà ñò. 5 — äâà âèäè (Corophium robustum G.O. Sars, 1895, Endochironomus

tendens (Fabricius, 1775)), íà ñò. 10 — äâà Í²Ò (Tanytarsus gregarius Kieffer,
1909, Glossiphonia sp. Johnson, 1816), ùî çóñòð³÷àëèñÿ ëèøå íà öèõ ñòàí-
ö³ÿõ. Ùå äâ³ ñòàíö³¿ (ñò. 1 ³ 5) ìàëè ñåðåäíþ îðèã³íàëüí³ñòü (â³äïîâ³äíî tõõ

= 97 ³ tõõ = 99). Íàéìåíø îðèã³íàëüíèì áóâ çîîïåðèô³òîí íà ñò. 4.1 (tõõ = 42)
(ðèñ. 3).

Ïîêàçíèêè ðÿñíîñò³ ïåðèô³òîíó. Ðîçïîä³ë ÷èñåëüíîñò³ ³ á³îìàñè íà
ñòàíö³ÿõ áóâ äîñèòü ìîçà¿÷íèì. Ì³í³ìàëüíà ÷èñåëüí³ñòü (0,59 òèñ. åêç/ì2)
ñïîñòåð³ãàëàñü íà î÷åðåò³ íà çàõ³äíîìó ì³ëêîâîää³ íà ñò. 4.1, ìàêñèìàëüíà
(65,00 òèñ. åêç/ì2) — íà êàì³íí³ ó ï³âäåííîìó ðàéîí³ íà ñò. 7. Á³îìàñà êîëè-
âàëàñü â³ä 0,4 ã/ì2 (çàõ³äíå ì³ëêîâîääÿ, î÷åðåò) äî 96,5 ã/ì2 (ãðåáëÿ, íàñîñ-
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Ðèñ. 1. Ðîçïîä³ë Í²Ò-áàãàòñòâà çîîïåðèô³òîíó íà ñòàíö³ÿõ ÂÎ (ñóáñòðàòè: Áò — áå-
òîí; Î÷ — î÷åðåò; Ðã — ðîã³ç; Êì — êàì³ííÿ; Ìò — ìåòàë). Ðîçòàøóâàííÿ òà ïîçíà÷-
êè ñòàíö³é íàâåäåí³ ó òàáëèö³ 1



íà ñòàíö³ÿ ï³äêà÷êè, áåòîí). Íàéá³ëüøà á³îìàñà íà ñò. 1 áóëà çóìîâëåíà
íàÿâí³ñòþ äðåéñåí³ä.

Ðîçïîä³ë ê³ëüê³ñíèõ ïîêàçíèê³â çîîïåðèô³òîíó ïðèáåðåæíèõ ñòàíö³é
íà ð³çí³é â³äñòàí³ â³ä ïî÷àòêó ãðåáë³ ïîêàçàâ, ùî ÷èñåëüí³ñòü çíèæóâàëàñü
â³ä ñò. 1 äî ñò. 4 (â³äñòàíü îñòàííüî¿ â³ä ïî÷àòêó ãðåáë³ — 7,8 êì), ç ïîäàëü-
øèì çðîñòàííÿì íà äåÿêèõ ñòàíö³ÿõ ïî ïåðèìåòðó âîäîéìè, à ïîò³ì çíè-
æóâàëàñü ï³ñëÿ ñò. 8 (ï³ñëÿ 20 êì áåðåãîâî¿ ë³í³¿). Ðîçïîä³ë á³îìàñè â çàãà-
ëüíèõ ðèñàõ áóâ ïîä³áíèì, çà âèêëþ÷åííÿì ñò. 1, äå çíà÷íà á³îìàñà ðåºñò-
ðóâàëàñü ÷åðåç íàÿâí³ñòü äðåéñåíè (ðèñ. 4).

Ùîäî åêîìîðôíîãî ñêëàäó çîîïåðèô³òîíó çà ðÿñí³ñòþ, ñë³ä â³äì³òèòè,
ùî íà á³ëüøîñò³ ñòàíö³é ïåðåâàæàëè ðóõëèâ³ ôîðìè: íà øåñòè ñòàíö³ÿõ
¿õíÿ ÷àñòêà ñòàíîâèëà 100 % çàãàëüíî¿ á³îìàñè, à íà òðüîõ ñòàíö³ÿõ —
89—99 %. Íà òðüîõ ñòàíö³ÿõ çà á³îìàñîþ ïåðåâàæàëè ñåäåíòàðí³ ôîðìè (â
îñíîâíîìó äðåéñåí³äè), ïðè÷îìó ¿õíº äîì³íóâàííÿ â öüîìó âèïàäêó áóëî
äîñèòü âèñîêå (äî 97 %).

Îñîáëèâîñò³ ñêëàäó òà ðÿñíîñò³ ïåðèô³òîíó íà îêðåìèõ ñóáñòðà-
òàõ. Ïðè ïîð³âíÿíí³ ê³ëüê³ñíèõ ïîêàçíèê³â çàëåæíî â³ä ñóáñòðàòó (ðèñ.
5) íàéá³ëüøà ÷èñåëüí³ñòü ïåðèô³òîíó áóëà çàðåºñòðîâàíà íà êàì’ÿíîìó
ñóáñòðàò³ — 49,7±21,6 òèñ. åêç/ì2. Â òðè ðàçè íèæ÷èìè áóëè ñåðåäí³ ïîêàç-
íèêè ÷èñåëüíîñò³ íà áåòîí³ — 14,6±10,0 òèñ. åêç/ì2, â ÷îòèðè ðàçè ìåí-
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Ðèñ. 2. Ãðàô ïîä³áíîñò³ ñêëàäó çîîïåðèô³òîíó çà êîåô³ö³ºíòîì Ñåðåíñåíà ó ÂÎ (çíà-
÷åííÿ ³íäåêñó: æèðí³ ë³í³¿ — 0,70—0,75; òîíê³ — 0,55—0,66; ïóíêòèð — 0,30—0,47).
Ïî÷àòîê ãðåáë³ — òî÷êà â³äë³êó âèì³ðþâàííÿ äîâæèíè áåðåãîâî¿ ë³í³¿. Öèôðàìè ïî-
çíà÷åíî ñòàíö³¿ â³äáîðó ïðîá. Ðîçòàøóâàííÿ òà ïîçíà÷êè ñòàíö³é íàâåäåíî ó òàá-
ëèö³ 1



øîþ áóëà ÷èñåëüí³ñòü íà ðîãîç³ (11,5±8,4 òèñ. åêç/ì2). Íàéíèæ÷îþ áóëà
÷èñåëüí³ñòü íà î÷åðåò³ — 8,5±12,6 òèñ. åêç/ì2 òà íà ìåòàë³ (4,31 òèñ. åêç/ì2).

Ðîçïîä³ë á³îìàñè â³äáóâàâñÿ çà òèìè ñàìèìè çàêîíîì³ðíîñòÿìè, ùî ³
÷èñåëüíîñò³. Ñåðåäíÿ á³îìàñà ïåðèô³òîíó áóëà íàéâèùîþ íà êàì’ÿíîìó
ñóáñòðàò³ (48,1±53,3 ã/ì2) ³ òðîõè íèæ÷îþ íà áåòîííîìó ñóáñòðàò³ (34,2±
54,0 ã/ì2). Íà âèùèõ âîäíèõ ðîñëèíàõ (î÷åðåò, ðîã³ç) ñåðåäíÿ á³îìàñà áóëà
â³äïîâ³äíî 19,7±38,1 ã/ì2 òà 6,7±7,8 ã/ì2. Íà ìåòàë³ á³îìàñà ñòàíîâèëà
1,1 ã/ì2. Ñë³ä â³äì³òèòè, ùî íàéá³ëüø³ çíà÷åííÿ á³îìàñè (76,8, 85,8 ³
96,6 ã/ì2) áóëî â³äì³÷åíî â³äïîâ³äíî íà î÷åðåò³, êàì³íí³ ³ áåòîí³, òîáòî ÿê
íà àíòðîïîãåííîìó, òàê ³ íà ïðèðîäíèõ ñóáñòðàòàõ.

Ç ïðåäñòàâëåíèõ äàíèõ (äèâ. ðèñ. 5) ìîæíà çðîáèòè òàêå óçàãàëüíåí-
íÿ: íàéá³ëüø³ ê³ëüê³ñí³ ïîêàçíèêè ïåðèô³òîíó ðåºñòðóâàëè íà ñóáñòðàòàõ
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Ðèñ. 3. Îðèã³íàëüí³ñòü (tõõ) ñêëàäó çîîïåðèô³òîíó (çà ìåòîäîì Ñì³ðíîâà) íà îêðåìèõ
ñòàíö³ÿõ ÂÎ

Ðèñ. 4. Ðîçïîä³ë á³îìàñè çîîïåðèô³òîíó íà ñòàíö³ÿõ ïî ïåðèìåòðó ÂÎ



òåõíîãåííîãî ïîõîäæåííÿ (êàì³íü, áåòîí), ðàçîì ç òèì ³ íàéìåíø³ ïîêàç-
íèêè ïåðèô³òîíó — òàêîæ, à ñàìå: íà ìåòàëåâîìó ñóáñòðàò³. Ùîäî ïðè-
ðîäíîãî ñóáñòðàòó (î÷åðåò, ðîã³ç), òî íàéìåíø³ ïîêàçíèêè ÷èñåëüíîñò³
â³äì³÷åíî íà î÷åðåò³, ïðîòå âàðòî çàóâàæèòè, ùî íà öüîìó ñóáñòðàò³ íà
ñò. 5 â ðåçóëüòàò³ äîì³íóâàííÿ äðåéñåíè á³îìàñà áóëà äîñèòü âèñîêîþ
(76,8 ã/ì2).

Öåíîòè÷íà ñòðóêòóðà çîîïåðèô³òîíó. Íà ï³äñòàâ³ ïîä³áíîñò³ äî-
ì³íóþ÷èõ âèä³â ÷è äîì³íóþ÷èõ êîìïëåêñ³â áóëî âèä³ëåíî ñ³ì óãðóïîâàíü.
¯õí³ õàðàêòåðèñòèêè ïðåäñòàâëåí³ â òàáëèö³ 2.

Ùîäî çàãàëüíèõ õàðàêòåðèñòèê óãðóïîâàíü, òî íàéá³ëüø³ çíà÷åííÿ
÷èñåëüíîñò³, á³îìàñè òà ïîêàçíèêà äèõàííÿ áóëè â óãðóïîâàííÿõ 1, 5 ³ 7,
ùî ïîâ’ÿçàíî ç ïðèñóòí³ñòþ ìîëþñê³â D. polymorpha òà D. bugensis.

Ñë³ä â³äì³òèòè, ùî ïðè íåâåëèêîìó Í²Ò áàãàòñòâ³ (â³ä 2 äî 15 Í²Ò) íà
ïîêàçíèêè ð³çíîìàí³òòÿ î÷åâèäíî âïëèâàº âèð³âíåí³ñòü ïðåäñòàâëåíîñò³
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Ðèñ. 5. Ðîçïîä³ë ÷èñåëüíîñò³ (à) òà á³îìàñè (á) çîîïåðèô³òîíó íà ð³çíèõ ñóáñòðàòàõ
ÂÎ (ðèñêàìè â³äì³÷åíî ñòàíäàðòíó ïîõèáêó)
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îêðåìèõ âèä³â òà ãðóï. Àëå ïî ð³çíîìàí³òíîñò³, ùî ðîçðàõîâàíà çà ÷è-
ñåëüí³ñòþ, âèîêðåìëþºòüñÿ óãðóïîâàííÿ P. lauterborni (6), äå ïîêàçíèê
ð³çíîìàí³òòÿ áóâ çóìîâëåíèé ñàìå íèçüêèì áàãàòñòâîì Í²Ò — âñüîãî 2
(òîìó Í’ìàõ = 1 á³ò). Äëÿ ³íøèõ óãðóïîâàíü õàðàêòåðí³ äîñèòü âèñîê³ ïî-
êàçíèêè ð³çíîìàí³òòÿ, ùî â³äîáðàæàº â³äíîñíî âåëèêó âèð³âíåí³ñòü ïðåä-
ñòàâëåíîñò³ Í²Ò, òîáòî â³äñóòí³ñòü çíà÷íîãî äîì³íóâàííÿ.

Äâà óãðóïîâàííÿ (1 òà 7) ³ç ñîäîì³íàíòîì D. bugensis áóëè â³äì³÷åí³ íà
áåòîííîìó òà êàì’ÿíîìó ñóáñòðàòàõ íà ñòàíö³ÿõ 1 òà 7 (äèâ. òàáë. 2). Ö³ óã-
ðóïîâàííÿ õàðàêòåðèçóâàëèñü îäíàêîâîþ ê³ëüê³ñòþ Í²Ò, îäíàê ð³çíèìè
ê³ëüê³ñíèìè ïîêàçíèêàìè (÷èñåëüí³ñòü íà ñò. 7 áóëà â 2,5 ðàçà á³ëüøîþ,
í³æ íà ñò. 1). Òàêà âåëèêà ÷èñåëüí³ñòü áóëà çóìîâëåíà ðîçâèòêîì ìàëîùå-
òèíêîâèõ ÷åðâ³â Nais sp. Íà ñò. 1 çà ÷èñåëüí³ñòþ äîì³íóâàëè C. s³lvestris
(42,3 %) òà Nais sp. (17,9 %), çà á³îìàñîþ — D. bugensis (55,9 %). Íà ñò. 7 çà
÷èñåëüí³ñòþ äîì³íóâàëè Nais sp. (58,7 %), çà á³îìàñîþ — D. bugensis
(80,2 %).

Äðóãå (Nais sp.) òà òðåòº (C. s³lvestris + G. glaucus) óãðóïîâàííÿ áóëè
íàéïîøèðåí³øèìè, âîíè çóñòð³÷àëèñü â³äïîâ³äíî íà ÷îòèðüîõ òà òðüîõ
ñòàíö³ÿõ (äèâ. òàáë. 2). Ö³ óãðóïîâàííÿ â³äì³÷åíî íà ð³çíèõ ñóáñòðàòàõ.
×èñåëüí³ñòü ó äðóãîìó óãðóïîâàíí³ áóëà á³ëüøîþ, í³æ ó òðåòüîìó. Ó äðó-
ãîìó óãðóïîâàíí³ çà ÷èñåëüí³ñòþ òà á³îìàñîþ äîì³íóâàëè Nais sp. (â³ä-
ïîâ³äíî 70,4 % òà 69,7 %), ó òðåòüîìó — çà ÷èñåëüí³ñòþ äîì³íóâàëè Nais sp.
(52,5 %), à çà á³îìàñîþ ëè÷èíêè õ³ðîíîì³ä Glyptotendipes glaucus (Meigen,
1818) — 32,8% òà C. s³lvestris (27,1 %).

×åòâåðòå òà øîñòå óãðóïîâàííÿ áóëè â³äì³÷åí³ íà ðîãîç³ ³ õàðàêòåðè-
çóâàëèñÿ íàéìåíøîþ ê³ëüê³ñòþ Í²Ò (ñ³ì òà äâà, â³äïîâ³äíî). Ó ÷åòâåðòîìó
óãðóïîâàíí³ çà ÷èñåëüí³ñòþ äîì³íóâàëè Nais sp., Ephemeroptera sp., Ecno-
mus tenellus (Rambur, 1842), C. s³lvestris (ïî 14,3 %), çà á³îìàñîþ — E. tenel-
lus (41,2 %) òà G. glaucus (29,0 %). Ó øîñòîìó óãðóïîâàíí³ çà ÷èñåëüí³ñòþ
äîì³íóâàëè Nais sp. (60 %), çà á³îìàñîþ — ëè÷èíêè õ³ðîíîì³ä Paratanytar-
sus lauterborni (Kieffer, 1909) (65,3 %).

Ï’ÿòå óãðóïîâàííÿ çóñòð³÷àëîñÿ íà î÷åðåò³, çà ÷èñåëüí³ñòþ òóò äî-
ì³íóâàëè Nais sp. (31 %) òà C. s³lvestris (21,1 %), çà á³îìàñîþ — D. polymor-
pha (85,1 %).

Ñüîìå óãðóïîâàííÿ áóëî â³äì³÷åíî íà êàì³íí³, çà ÷èñåëüí³ñòþ äî-
ì³íóâàëè Nais sp. (58,7 %), çà á³îìàñîþ — D. bugensis (68,7 %).

Ñë³ä çàçíà÷èòè, ùî ç 24 Í²Ò, ÿê³ áóëî çàðåºñòðîâàíî â çîîïåðèô³òîí³,
ìàéæå ïîëîâèíà (10 Í²Ò) âõîäèëà â äîì³íóþ÷³ êîìïëåêñè. Òàê³ âèäè ÿê
C. s³lvestris çóñòð³÷àëèñü òðè÷³, D. polymorpha, D. bugensis, Limnochirono-
mus nervosus (Staeger), E. tenellus — äâ³÷³. Öå âêàçóº íà ïåâíó ìîçà¿÷í³ñòü
ðîçïîä³ëó òèõ ÷è ³íøèõ âèä³â, ùî é îáóìîâèëî äîñèòü ñòðîêàòó öåíîòè÷-
íó ñòðóêòóðó âñüîãî çîîïåðèô³òîíó.

Âàæëèâî â³äì³òèòè, ùî òàêà ìîçà¿÷íà ñòðóêòóðà óãðóïîâàíü õàðàêòåð-
íà ñàìå äëÿ íåâåëèêèõ ãëèáèí ó äàí³é âîäîéì³. ßê áóëî âæå â³äì³÷åíî, íà
òåõíîãåííèõ ñóáñòðàòàõ íà ãëèáèíàõ â³ä 3 ì ³ á³ëüøå ôîðìóâàëèñÿ äóæå
îäíîð³äí³ óãðóïîâàííÿ. Òàê, íà îñíîâ³ äîñë³äæåíü, â òîìó ÷èñë³ ³ âîäîëàç-
íîãî îáñòåæåííÿ, áóëî ïîêàçàíî [6, 9, 16], ùî íà ãëèáèíàõ 3—7 ì íà áåòîí-
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íîìó ñóáñòðàò³ ãðåáë³, â ï³äâ³äíîìó êàíàë³, à òàêîæ íà áåòîí³ ôîðìóâàëîñÿ
îäíå äîñèòü îäíîð³äíå óãðóïîâàííÿ ç àáñîëþòíèì äîì³íàíòîì D. poly-
morpha, ç á³îìàñîþ á³ëüøå 10 êã/ì2. Â ïåð³îä äî âñåëåííÿ äðåéñåíè ó âîäî-
éìó íå áóëî â³äì³÷åíî áàãàòî óãðóïîâàíü ïåðèô³òîíó ç ñåäåíòàðíèìè âè-
äàìè ó äîì³íóþ÷èõ êîìïëåêñàõ, çà âèêëþ÷åííÿì äåÿêèõ ç íåâåëèêèì
äîì³íóâàííÿì ãóáêè Spongilla lacustris (Linnaeus, 1759). Òàê, ó 1998 ð. áóëî
âèîêðåìëåíî ø³ñòü óãðóïîâàíü, ó 1999 ð. — ï’ÿòü, â äîì³íóþ÷³ êîìïëåêñè
â îñíîâíîìó âõîäèëè ëè÷èíêè õ³ðîíîì³ä òà ðàêîïîä³áí³ [7].

Îòæå, äëÿ çîîïåðèô³òîíó òåõí³÷íî¿ âîäîéìè, äå á³îòîï³÷íà ñòðóêòóðà
äîñèòü ñêëàäíà, âêëþ÷àº ÿê á³îòîïè òåõíîãåíí³, òàê ³ ïðèðîäí³, ôîðìóþ-
òüñÿ óãðóïîâàííÿ, ñêëàä ³ ðîçïîä³ë ÿêèõ (òðåáà ï³äêðåñëèòè — íà ìàëèõ
ãëèáèíàõ) íå â³äïîâ³äàº áåçïîñåðåäíüî êàðòèí³ êîíòèíóàëüíî-äèñêðåò-
íîãî ðîçïîä³ëó á³îòîï³â.

Åêîëîã³÷íèé êîíòèíóóì º ïîíÿòòÿì áàãàòîàñïåêòíèì [7, 17]. Îäíèì ç
àñïåêò³â º ³ºðàðõ³÷íà ïðèðîäà åêîëîã³÷íîãî êîíòèíóóìà, êîíòèíóàëüí³ñòü
÷è äèñêðåòí³ñòü íå º àáñîëþòíèìè ïîíÿòòÿìè. Á³îòîïè ïåðèô³òîíó â
äàí³é âîäîéì³, â ñåíñ³ ¿õíüî¿ êîíòèíóàëüíî-äèñêðåòíî¿ ñòðóêòóðè, ìîæíà
ðîçãëÿäàòè â ïåâí³é ³ºðàðõ³÷í³é ñõåì³. Ïðèíàéìí³ ìîæíà âèêîðèñòàòè
òðè ð³âí³. Íà ïåðøîìó ð³âí³ ìîæíà ðîçãëÿäàòè âñ³ á³îòîïè, âñ³ ñóáñòðàòè â
ïðèáåðåæí³é ñìóç³ ÿê êîíòèíóóì: âñå öå òâåðä³ ïîâåðõí³ äëÿ ïîñåëåííÿ
îðãàí³çì³â ïåðèô³òîíó. Íà äðóãîìó ð³âí³ ìîæíà âèîêðåìèòè äâà ñóáêîí-
òèíóóìà: áåòîíí³ óêð³ïëåííÿ ãðåáë³ òà ïåðèô³òàëü ë³òîðàëüíî¿ çîíè âîäî-
éìè. Íà òðåòüîìó ð³âí³ ñë³ä âçÿòè äî óâàãè âñå ð³çíîìàí³òòÿ òèï³â ñóáñò-
ðàòó. Ð³çíîìàí³òòÿ ÷è, íàâïàêè, îäíîð³äí³ñòü á³îòè÷íèõ óãðóïîâàíü º ïî-
â’ÿçàíîþ ç ö³ºþ ³ºðàðõ³÷íîþ ñòðóêòóðîþ ñåðåäîâèùà.

Íà ïåðøîìó ð³âí³ á³îòîï³÷íî¿ êîíòèíóàëüíîñò³ çàãàëüí³ á³îòè÷í³ õà-
ðàêòåðèñòèêè áóëè äîñèòü ïîä³áíèìè: ïåðèô³òîí ïðàêòè÷íî ïî âñ³é áåðå-
ãîâ³é ñìóç³ ñêëàäàâñÿ ç ðóõëèâèõ ôîðì (ëè÷èíêè êîìàõ, ìàëîùåòèíêîâ³
÷åðâè) ç íåâåëèêîþ ïðèñóòí³ñòþ ñåäåíòàðíèõ ôîðì (ìîëþñêè-äðåéñå-
í³äè). Íàïåâíî, ìîæíà ñòâåðäæóâàòè, ùî òàêà ñòðóêòóðà õàðàêòåðíà äëÿ
çîîïåðèô³òîíó íà ìàëèõ ãëèáèíàõ â ð³çíèõ âîäîéìàõ [14]. Ïîêàçíèêè
ðÿñíîñò³ òàêîæ íå âêàçóâàëè íà ñóòòºâî âèðàæåíèé äèñêîíòèíóóì, òàê, ÿê
öå â³äáóâàëîñÿ, çà äàíèìè ïîïåðåäí³õ äîñë³äæåíü, ïî âåêòîðó ãëèáèíè íà
ãðåáë³ ïðè çíà÷íîìó ðîçâèòêó ïîñåëåíü äðåéñåí³ä.

Íà äðóãîìó ð³âí³ êîíòèíóàëüíîñò³ íå â³äì³÷åíî á³îòè÷íîãî â³äãóêó íà
õàðàêòåð á³îòîï³â: çà ñâî¿ì ñêëàäîì çîîïåðèô³òîí íà ãðåáë³ áóâ ìåíø
ïîä³áíèì íà îêðåìèõ ñòàíö³ÿõ, í³æ ç³ ñòàíö³ÿìè íà ë³òîðàë³ (äèâ. ðèñ. 2).

Ùîäî òðåòüîãî ð³âíÿ, òî òóò òàêîæ íå áóëî ïðÿìî¿ â³äïîâ³äíîñò³ á³î-
òè÷íîãî â³äãóêó íà êîíòèíóàëüíî-äèñêðåòíó ñòðóêòóðó á³îòîï³â. Ç îãëÿäó
íà öå ìîæíà áóëî á î÷³êóâàòè, ùî îðèã³íàëüí³ âèäîâ³ êîìïëåêñè, óãðóïî-
âàííÿ áóäóòü «ïðèâ’ÿçàí³» äî òèïó òà õàðàêòåðó ñóáñòðàòó. Íàïðèêëàä, óã-
ðóïîâàííÿ ç äîì³íóâàííÿì äðåéñåí³ä ìîãëè áóòè õàðàêòåðí³ äëÿ á³ëüø
ñòàá³ëüíîãî ñóáñòðàòó — áåòîíó, àëå æ ïðèêð³ïëåí³ ìîëþñêè âõîäèëè ³ äî
óãðóïîâàíü, ïîâ’ÿçàíèõ ç ðîñëèííèì ñóáñòðàòîì.
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Çàêëþ÷åííÿ
Çîîïåðèô³òîí ó âîäîéì³ íà ìàëèõ ãëèáèíàõ õàðàêòåðèçóâàâñÿ ïåðå-

âàæàííÿì ðóõëèâèõ ôîðì ³ íåçíà÷íèì òàêñîíîì³÷íèì áàãàòñòâîì.
Ã³ïîòåçà ùîäî ìîæëèâî¿ â³äïîâ³äíîñò³ ñòðóêòóðè ïåðèô³òîíó äî,

ïðèíàéìí³, äâîõ òèï³â á³îòîï³â — äîñèòü îäíîð³äíîãî áåòîííîãî ñóáñòðà-
òó ãðåáë³ òà ð³çíîìàí³òíèõ á³îòîï³â íà ë³òîðàë³, íå ï³äòâåðäèëàñü. Ïî
âñüîìó ïåðèìåòðó âîäîéìè ñòðóêòóðà ïåðèô³òîíó áóëà äîâîë³ ìîçà¿÷íîþ,
ñòðîêàòîþ.

À âò³ì, âñòàíîâëåíî ³ñíóâàííÿ â äàíèõ óìîâàõ ñåìè öåíîòè÷íèõ êîì-
ïëåêñ³â áåçõðåáåòíèõ, õî÷à ìàëîéìîâ³ðíî, ùî âîíè, çà âèêëþ÷åííÿì óã-
ðóïîâàííÿ D. bugensis + D. ðolymorpha, ìàþòü äîâãîñòðîêîâèé õàðàêòåð.
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ZOOPERIPHYTON IN HETEROGENEOUS CONDITIONS OF TECHNOGENIC
AND NATURAL BIOTOPES IN THE POWER PLANT COOLING POND

The zooperiphyton on artificial and natural substrates within the shoreline of the coo-
ling pond of a nuclear power plant was studied. Twenty-four lower identified taxa (LIT)
were recorded, most of which were represented by mobile forms. An analysis of the simila-
rity of the zooperiphyton composition showed that in a fairly homogeneous environment
(concrete substrate on the dam), it is less similar to each other than the periphyton on the
littoral (natural plant substrate). Regular changes in abundance on different substrates
were not found: zooperiphyton with the highest biomass (almost 100 g/m2) observed on
both man-made and natural substrates. It has been established that for zooperiphyton of a
technical reservoir, where the biotopic structure is quite complex due to the presence of
both significant areas of solid anthropogenic substrate and many natural substrates, zoope-
riphyton communities are formed, the composition and distribution of which do not cor-
respond to biotopic continuity-discreteness.

Keywords: zooperiphyton, cooling pond, power plant, ecological continuum, biotopes of
periphyton.
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Ì²ÊÐÎÔ²ÒÎÁÅÍÒÎÑ ²ÑÏÀÍÑÜÊÎÃÎ ÏÐÈÁÅÐÅÆÆß
ÑÅÐÅÄÇÅÌÍÎÃÎ ÌÎÐß

Óçàãàëüíåíî ðåçóëüòàòè äîñë³äæåíü âèäîâîãî ñêëàäó ì³êðîô³òîáåíòîñó ³ñïàíñü-
êîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ ïðîòÿãîì 2024—2025 ðð. Çà ðåçóëüòàòàìè
îïðàöþâàííÿ 55 ïðîá ³äåíòèô³êîâàíî 73 âèäè ì³êðîâîäîðîñòåé, ÿê³ íàëåæàòü äî 43
ðîä³â, 32 ðîäèí, 19 ïîðÿäê³â, 5 êëàñ³â, 3 â³ää³ë³â, 2 öàðñòâ òà 2 äîìåí³â. Äî ïðîâ³äíèõ
ðîä³â íàëåæàëè Navicula Bory, Licmophora C. Agardh, Amphora Ehrenb. ex Kütz., Nitzsc-
hia Hassall, Cocconeis Ehrenb., Diploneis Ehrenb., Pleurosigma W. Sm., Achnanthes Bory,
Halamphora (Cleve) Levkov, Oscillatoria Vaucher ex Gomont òà Tabularia (Kütz.)
D.M. Williams et Round. Ó ì³êðîô³òîáåíòîñ³ ðàéîíó äîñë³äæåíü ïåðåâàæàëè ãåòåðî-
êîíòîô³òîâ³ âîäîðîñò³ (61 âèä). Âèÿâëåíî ñ³ì âèä³â âîäîðîñòåé (Amphora spectabilis
W. Greg., Biremis ridicula (Giffen) D.G. Mann, Hantzschia marina (Donkin) Grunow, Ka-
rayevia amoena (Hust.) Bukht., Planothidium dispar (Cleve) A. Witkowski, Pleurosigma ni-
cobaricum Grunow, Pinnularia quadratarea (A.W.F. Schmidt) Cleve) — ð³äê³ñíèõ äëÿ àê-
âàòîð³¿ Ñåðåäçåìíîãî ìîðÿ. Âñòàíîâëåíî á³îòîï³÷íó ïðèóðî÷åí³ñòü âèÿâëåíèõ âîäî-
ðîñòåé òà ¿õ ðîçïîä³ë. Çà ì³ñöåçðîñòàííÿì 11 âèä³â âîäîðîñòåé íàëåæàëè äî ïëàíê-
òîííèõ, 31 — äî ïåðèô³òîííèõ ³ 31 — äî áåíòîñíèõ îðãàí³çì³â. Ñåðåä âèä³â — ³íäèêà-
òîð³â ñîëîíîñò³ âîäè ïåðåâàæàëè ïîë³ãàëîáè, ðÍ ñåðåäîâèùà — àëêàë³ô³ëè, îðãà-
í³÷íîãî çàáðóäíåííÿ — β-ìåçîñàïðîá³îíòè. ²íäåêñ ñàïðîáíîñò³ ñòàíîâèâ 1,84, ùî äî-
çâîëÿº â³äíåñòè àêâàòîð³þ ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ äî â-ìåçîñàï-
ðîáíî¿ çîíè. Çà ãåîãðàô³÷íîþ ïðèóðî÷åí³ñòþ ì³êðîô³òîáåíòîñ äîñë³äæóâàíîãî ðå-
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ã³îíó Ñåðåäçåìíîãî ìîðÿ ïðåäñòàâëåíèé ïåðåâàæíî êîñìîïîë³òàìè (48 âèä³â) òà áî-
ðåàëüíèìè âèäàìè (15) ç àðêòî-áîðåàëüíèìè (4), áîðåàëüíî-íîòàëüíèìè (4) òà áîðå-
àëüíî-òðîï³÷íèìè (2) åëåìåíòàìè.

Êëþ÷îâ³ ñëîâà: ì³êðîô³òîáåíòîñ, òàêñîíîì³÷íà ñòðóêòóðà, åêîëîã³÷íèé
ñïåêòð, ³ñïàíñüêå ïðèáåðåææÿ, Ñåðåäçåìíå ìîðå.

Ñåðåäçåìíå ìîðå — öå íàéá³ëüøå ì³æêîíòèíåíòàëüíå ìîðå Àòëàí-

òè÷íîãî îêåàíó. Ç òî÷êè çîðó ãåîãðàô³¿ âîíî çíàõîäèòüñÿ ì³æ äâîìà ìàòå-

ðèêàìè: ªâðàç³ºþ ³ Àôðèêîþ òà òðüîìà ÷àñòèíàìè ñâ³òó: ªâðîïîþ, Àç³ºþ

òà Àôðèêîþ. Äî éîãî ñêëàäó âõîäÿòü 11 ìîð³â: Àäð³àòè÷íå, Àëüáîðàí, Áà-

ëåàðñüêå, Åãåéñüêå, ²îí³÷íå, Ê³ïðñüêå, Êðèòñüêå, Ëåâàíò³éñüêå, Ë³â³éñüêå,

Ë³ãóð³éñüêå ³ Ò³ððåíñüêå ìîðÿ. Äî áàñåéíó Ñåðåäçåìíîãî ìîðÿ íàëåæàòü

òàêîæ Ìàðìóðîâå, Àçîâñüêå òà ×îðíå ìîðÿ. Ç Àòëàíòè÷íèì îêåàíîì

âîíî ç’ºäíóºòüñÿ Ã³áðàëòàðñüêîþ ïðîòîêîþ, ç Ìàðìóðîâèì — Áîñôîðîì,

ç ×åðâîíèì ìîðåì — Ñóåöüêèì êàíàëîì. Íàéá³ëüø³ îñòðîâè: Áàëåàðñüê³,

Ê³ïð, Êîðñèêà, Êðèò, Ñàðäèí³ÿ òà Ñèöèë³ÿ. Ñó÷àñíå Ñåðåäçåìíå ìîðå º

ðåë³êòîì äàâíüîãî îêåàíó Òåò³ñ.
Ðîçì³ðè Ñåðåäçåìíîãî ìîðÿ âðàæàþòü: äîâæèíà — 3700 êì, øèðèíà

— 1600 êì, äîâæèíà áåðåãîâî¿ ë³í³¿ — 46 òèñ. êì, ïëîùà ïîâåðõí³ —

2,5 ìëí êì2, îá’ºì âîäè — 3839 òèñ. êì3, ñåðåäíÿ ãëèáèíà — 1541 ì,

íàéá³ëüøà ãëèáèíà — 5121 ì. Ïðèïëèâè ñòàíîâëÿòü 1 ì. Ïðîçîð³ñòü âîäè

äîñÿãàº 50—60 ì, êîë³ð — ³íòåíñèâíî ñèí³é. Òåìïåðàòóðà âîäè ñòàíîâèëà

12,6—28,4 oÑ, ñîëîí³ñòü — 38,4—38,7 ‰. Êë³ìàò ìîðÿ ñóáòðîï³÷íèé ç ì’ÿ-

êîþ âîëîãîþ çèìîþ òà ñóõèì ñïåêîòíèì ë³òîì.
Â îñòàíí³é ÷àñ ñïîñòåð³ãàºòüñÿ çíà÷íå çàáðóäíåííÿ ìîðÿ. Çà äàíèìè

ÎÎÍ ó Ñåðåäçåìíå ìîðå ùîð³÷íî ïîòðàïëÿþòü 650 ìëí. ò ñò³÷íèõ âîä,

200 òèñ. ò ïëàñòèêó, 129 ò ì³íåðàëüíèõ îë³é, 6 ò ðòóò³, 3,8 ò ñâèíöþ.
Ë³òåðàòóðí³ äàí³ ùîäî âîäîðîñòåé Ñåðåäçåìíîãî ìîðÿ íåáàãàòî÷èñ-

ëåíí³. Ç åêîëîã³÷íèõ ãðóï öèõ ðîñëèííèõ îðãàí³çì³â íàðàç³ íàéêðàùå âèâ-

÷åíî ô³òîïëàíêòîí. Çà îñòàíí³ìè â³äîìîñòÿìè ó éîãî ñêëàä³ ³äåíòèô³êî-

âàíî 251 âèä âîäîðîñòåé [17], â Àäð³àòè÷íîìó ìîð³ — 209 [12]. Çà äàíèìè

[32] ô³òîïëàíêòîí Àäð³àòè÷íîãî ìîðÿ ïðåäñòàâëåíèé 824 âèäàìè ì³êðîñ-

êîï³÷íèõ âîäîðîñòåé, ç ÿêèõ 503 âèäè íàëåæàòü äî â³ää³ëó Bacillariophyta,

219 — Peridinea, 98 — Chrysophyta, 2 — Cryptophyta ³ ïî îäíîìó âèäó — äî

Raphidophyta ³ Chlorophyta. Ñïèñîê âèä³â âîäîðîñòåé ×îðíîãî ìîðÿ [7]

ì³ñòèòü 231 âèä ä³àòîìåé õàðàêòåðíèõ äëÿ Ñåðåäçåìíîãî ìîðÿ. Ó ìîíî-

ãðàô³¿ [34] íàâåäåíî 140 âèä³â ä³àòîìåé ïðèòàìàííèõ ì³êðîô³òîáåíòîñó

öüîãî ìîðÿ. Ðåçóëüòàòè äîñë³äæåíü ìîðñüêèõ ì³êðîñêîï³÷íèõ âîäîðîñ-

òåé äåÿêèõ ìîð³â ³ îêåàí³â ïðåäñòàâëåí³ òàêîæ ó ðîáîòàõ [4—6, 13, 18—27,

33].
Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ òàêñîíîì³÷íî¿ ñòðóêòóðè òà åêîëî-

ã³÷íîãî ñïåêòðó ì³êðîô³òîáåíòîñó ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíî-

ãî ìîðÿ.
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Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ìàòåð³àëîì ñëóãóâàëè ïðîáè ì³êðîô³òîáåíòîñó, ÿê³ áóëè â³ä³áðàí³ ç
26 ëèñòîïàäà 2024 ð. ïî 28 ëèïíÿ 2025 ð. íà íàñòóïíèõ ñòàíö³ÿõ ïðèáåðåæ-
æÿ ²ñïàí³¿: á³ëÿ ì. Ìàëàãà, ì. Ôóåíõ³ðîëà, ì. Òàð³ôà òà ì. Òîððåâ’ºõà. Àëü-
ãîëîã³÷íèé ìàòåð³àë â³äáèðàëè ç âîäîðîñòåé-ìàêðîô³ò³â (Ceramium virga-
tum Roth, Cladophora albida (Nees) K�tz., C. vagabunda (L.) C. Hoek, Coralli-
na mediterranea Aresch., Dictyota dichotoma (Hudson) I.V. Lamouroux, Rhi-
zoclonium riparium (Roth) Harvey, Ulva clathrata (Roth) C. Agardh, U. lactu-
ca L., U. prolifera O.F. M�ller òà ³í.), êàìåí³â, áåòîííèõ ñïîðóä, ì³ä³é (Myti-
lus galloprovincialis Lamarck) òà ï³ùàíèõ ³ ìóëèñòèõ ´ðóíò³â. Â³äá³ð ïðîá
çä³éñíþâàëè çà çàãàëüíîïðèéíÿòèìè ìåòîäèêàìè [3, 4, 6]. Óñüîãî áóëî
ç³áðàíî òà îïðàöüîâàíî 55 ïðîá.

Âèäîâèé ñêëàä âîäîðîñòåé âèâ÷àëè çà äîïîìîãîþ ñâ³òëîâîãî ì³êðîñ-
êîïó XSP-104 (10 õ 10; 10 õ 40; 10 õ100). Ä³àòîìîâ³ âîäîðîñò³ ï³ääàâàëè
ñïåö³àëüí³é îáðîáö³ — ñïàëþâàííþ îðãàí³÷íî¿ ðå÷îâèíè çà äîïîìîãîþ
50%-ãî ðîç÷èíó ïåðåêèñó âîäíþ. Ï³ñëÿ öüîãî ãîòóâàëè ïîñò³éí³ ïðåïàðà-
òè çà ìåòîäèêîþ, íàâåäåíîþ ó â³äïîâ³äí³é íàóêîâ³é ë³òåðàòóð³ [3, 6].

Âîäîðîñò³ âèçíà÷àëè ç âèêîðèñòàííÿì â³ò÷èçíÿíèõ [2, 4, 6, 8—11, 13]
òà çàðóá³æíèõ [12, 14—17, 28—31, 34] ë³òåðàòóðíèõ äæåðåë. Åêîëîã³÷í³
õàðàêòåðèñòèêè âîäîðîñòåé-³íäèêàòîð³â íàâåäåí³ çã³äíî [1].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü ó ì³êðîô³òîáåíòîñ³ ³ñïàíñüêîãî
ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ áóëî çíàéäåíî òà ³äåíòèô³êîâàíî 73
âèäè ì³êðîñêîï³÷íèõ âîäîðîñòåé, ÿê³ íàëåæàòü äî 43 ðîä³â, 32 ðîäèí, 19
ïîðÿäê³â, 5 êëàñ³â, 3 â³ää³ë³â, 2 öàðñòâ òà 2 äîìåí³â (òàáë. 1, 2).

Ó ñïèñêó ì³êðîñêîï³÷íèõ âîäîðîñòåé ³ñïàíñüêîãî ïðèáåðåææÿ Ñå-
ðåäçåìíîãî ìîðÿ ïðåäñòàâíèêè äîìåíó Eukaryota (62 âèäè) ïåðåâàæàëè
íàä Prokaryota (11 âèä³â). Íàéá³ëüøèì âèäîâèì áàãàòñòâîì õàðàêòåðèçó-
âàëîñü öàðñòâî Chromista (62 âèäè), òîä³ ÿê öàðñòâî Bacteria íàðàõîâóâàëî
ëèøå 11 âèä³â (òàáë. 2).

Õàðàêòåðíîþ ðèñîþ âèäîâîãî áàãàòñòâà ì³êðîô³òîáåíòîñó äîñë³äæó-
âàíîãî ðåã³îíó Ñåðåäçåìíîãî ìîðÿ áóëî äîì³íóâàííÿ ãåòåðîêîíòîô³òî-
âèõ (Heterokontophyta) âîäîðîñòåé (61 âèä). ²íø³ â³ää³ëè ïðåäñòàâëåí³
çíà÷íî ìåíøîþ ê³ëüê³ñòþ âèä³â, à ñàìå: Cyanobacteria — 11 ³ Dinoflagellata
— 1. Çà âèäîâèì áàãàòñòâîì ïîì³òíî âèä³ëÿâñÿ êëàñ Bacillariophyceae,
ÿêèé íàðàõîâóâàâ 56 âèä³â. Äðóãå ì³ñöå íàëåæàëî êëàñó Cyanophyceae —
11 âèä³â. ²íø³ êëàñè ó âèäîâîìó â³äíîøåíí³ áóëè çíà÷íî á³äí³øèìè (Me-
diophyceae — 3, Coscinodiscophyceae — 2 ³ Dinophyceae — 1 âèä) ³ âàæëè-
âî¿ ðîë³ ó ì³êðîô³òîáåíòîñ³ íå â³ä³ãðàâàëè.

Îñíîâó âèäîâîãî áàãàòñòâà ì³êðîô³òîáåíòîñó ôîðìóâàëè ïîðÿäêè
Naviculales (22 âèäè), Licmophorales (8), Achnanthales (8), Oscillatoriales
(7), Bacillariales (6) ³ Cymbellales (4 âèäè).

Äî ïðîâ³äíèõ ðîäèí íàëåæàëè Naviculaceae (8 âèä³â), Bacillariaceae
(6), Licmophoraceae (5), Catenulaceae (4), Oscillatoriaceae (4), Cocconeida-

52

Ãåðàñèìþê Â.Ï., Ãåðàñèìþê Í.Â., Øèøêî Â.Ï.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2026. 62(4)



53

Ì³êðîô³òîáåíòîñ ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2026. 62(4)

Ò
à

áë
è

ö
ÿ

1
Â

è
ä

î
â

è
é

ñê
ë

àä
ì

³ê
ð

î
ô

³ò
î

á
åí

òî
ñó

³ñ
ï

àí
ñü

ê
î

ãî
ï

ð
è

á
åð

åæ
æ

ÿ
Ñ

åð
åä

çå
ì

í
î

ãî
ì

î
ð

ÿ

Ò
àê

ñî
í

è

Å
ê

î
ë

î
ã³

÷
í

³
õà

ð
àê

òå
ð

è
ñò

è
ê

è
Ã

åî
ãð

àô
³÷

í
à

ï
ð

è
óð

î
-

÷
åí

³ñ
òü

ï
ð

è
óð

î
÷

åí
³ñ

òü
ä

î
ì

³ñ
ö

å-
çð

î
ñò

àí
í

ÿ

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ñî
ë

î
í

î
ñò

³
âî

ä
è

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ð
Í

â³
ä

í
î

ø
åí

í
ÿ

ä
î

î
ð

ãà
í

³÷
í

î
ãî

çà
á

ð
óä

í
åí

í
ÿ

Ä
î

ì
åí

(=
³ì

ï
åð

³ÿ
)

P
ro

k
ar

yo
ta

Ö
àð

ñò
âî

B
ac

te
ri

a

Â
³ä

ä
³ë

C
ya

n
o

b
ac

te
ri

a
(=

C
ya

n
o

b
ac

te
ri

o
ta

,C
ya

n
o

p
h

yt
a,

C
ya

n
o

p
h

yc
o

ta
,C

ya
n

o
p

ro
k

ar
yo

ta
)

Ê
ë

àñ
C

ya
n

o
p

h
yc

ea
e

Ï
î

ð
ÿ

ä
î

ê
O

sc
il

la
to

ri
al

es

L
yn

gb
ya

co
n

fe
rv

oi
d

es
C

.A
ga

rd
h

ex
G

o
m

o
n

t
ï

ð
ì

ã
àë

ê
—

ê

L
.l

u
te

a
G

o
m

o
n

t
ï

ð
ì

ã
àë

ê
—

ê

M
ic

ro
co

le
u

s
a

m
oe

n
ys

(G
o

m
o

n
t)

St
ru

n
ec

k
y,

K
o

m
�
re

k
et

J.
R

.
Jo

h
an

se
n

ï
ð

ãë
àë

ê
—

ê

O
sc

il
la

to
ri

a
bo

n
n

em
a

is
on

ii
P

.
C

ro
u

an
et

H
.C

ro
u

an
ex

G
o

m
o

n
t

ï
ð

ï
ã

àë
ê

—
ê

O
.m

a
rg

a
ri

ti
fe

ra
K
�

tz
.e

x
G

o
m

o
n

t
ï

ð
ì

ã
àë

ê
—

ê

P
h

or
m

id
iu

m
a

m
bi

gu
u

m
G

o
m

o
n

t
ï

ð
ì

ã
àë

ê
—

ê

P
h

.n
ig

ro
vi

ri
d

is
(T

h
w

ai
te

s
ex

G
o

m
o

n
t)

A
n

ag
n

.e
t

K
o

m
�
re

k
ï

ð
ï

ã
àë

ê
—

ê

Ï
î

ð
ÿ

ä
î

ê
C

h
ro

o
co

cc
al

es

C
h

ro
oc

oc
cu

s
tu

rg
id

u
s

(K
ü

tz
.)

N
�
ge

li
ï

ë
ãë

àë
ê

ο
ê



54

Ãåðàñèìþê Â.Ï., Ãåðàñèìþê Í.Â., Øèøêî Â.Ï.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2026. 62(4)

Ò
àê

ñî
í

è

Å
ê

î
ë

î
ã³

÷
í

³
õà

ð
àê

òå
ð

è
ñò

è
ê

è
Ã

åî
ãð

àô
³÷

í
à

ï
ð

è
óð

î
-

÷
åí

³ñ
òü

ï
ð

è
óð

î
÷

åí
³ñ

òü
ä

î
ì

³ñ
ö

å-
çð

î
ñò

àí
í

ÿ

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ñî
ë

î
í

î
ñò

³
âî

ä
è

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ð
Í

â³
ä

í
î

ø
åí

í
ÿ

ä
î

î
ð

ãà
í

³÷
í

î
ãî

çà
á

ð
óä

í
åí

í
ÿ

C
h

ro
oc

oc
co

ps
is

a
m

et
h

ys
te

a
(R

o
se

n
vi

n
ge

)
G

ei
tl

er
ï

ë
ãë

àë
ê

—
á

Ï
î

ð
ÿ

ä
î

ê
N

o
st

o
ca

le
s

C
a

lo
th

ri
x

co
n

fe
rv

ic
ol

a
C

.A
ga

rd
h

ex
B

o
rn

et
et

F
la

h
au

lt
ï

ð
ï

ã
àë

ê
—

ê

C
.s

co
pu

lo
ru

m
C

.A
ga

rd
h

ex
B

o
rn

et
et

F
la

h
au

lt
ï

ð
ï

ã
àë

ê
—

ê

Ä
î

ì
åí

(=
³ì

ï
åð

³ÿ
)

E
u

k
ar

yo
ta

Ö
àð

ñò
âî

C
h

ro
m

is
ta

Â
³ä

ä
³ë

H
et

er
o

k
o

n
to

p
h

yt
a

Ê
ë

àñ
C

o
sc

in
o

d
is

co
p

h
yc

ea
e

Ï
î

ð
ÿ

ä
î

ê
M

el
o

si
ra

le
s

M
el

os
ir

a
m

on
il

if
or

m
is

(O
.M

�
ll

.)
Ñ

.A
ga

rd
h

ï
ë

ì
ã

àë
ê

α
ê

Ï
î

ð
ÿ

ä
î

ê
P

ar
al

ia
le

s

P
a

ra
li

a
su

lc
a

ta
(E

h
re

n
b

.)
C

le
ve

ï
ë

ï
ã

àë
ê

α
ê

Ê
ë

àñ
M

ed
io

p
h

yc
ea

e

Ï
î

ð
ÿ

ä
î

ê
E

u
p

o
d

is
ca

le
s

O
d

on
te

ll
a

a
u

ri
ta

(L
yn

gb
.)

C
.A

ga
rd

h
ï

ë
ï

ã
àë

ê
—

ê

Ï
î

ð
ÿ

ä
î

ê
T

h
al

as
si

o
si

ra
le

s

Ï
ðî

äî
âæ

åí
í

ÿ
ò

à
áë

.1



55

Ì³êðîô³òîáåíòîñ ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2026. 62(4)

Ò
àê

ñî
í

è

Å
ê

î
ë

î
ã³

÷
í

³
õà

ð
àê

òå
ð

è
ñò

è
ê

è
Ã

åî
ãð

àô
³÷

í
à

ï
ð

è
óð

î
-

÷
åí

³ñ
òü

ï
ð

è
óð

î
÷

åí
³ñ

òü
ä

î
ì

³ñ
ö

å-
çð

î
ñò

àí
í

ÿ

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ñî
ë

î
í

î
ñò

³
âî

ä
è

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ð
Í

â³
ä

í
î

ø
åí

í
ÿ

ä
î

î
ð

ãà
í

³÷
í

î
ãî

çà
á

ð
óä

í
åí

í
ÿ

T
h

a
la

ss
io

si
ra

m
ed

it
er

ra
n

ea
(S

ch
r�

d
er

)
H

as
le

ï
ë

ï
ã

àë
ê

—
ê

Ï
î

ð
ÿ

ä
î

ê
A

rd
is

so
n

ea
le

s

Ñ
li

m
a

co
sp

h
en

ia
m

on
il

ig
er

a
(E

h
re

n
b

.)
E

h
re

n
b

.
á

í
ï

ã
àë

ê
—

á
-ò

Ê
ë

àñ
B

ac
il

la
ri

o
p

h
yc

ea
e

Ï
î

ð
ÿ

ä
î

ê
L

ic
m

o
p

h
o

ra
le

s

L
ic

m
op

h
or

a
a

bb
re

vi
a

ta
C

.
A

ga
rd

h
ï

ð
ï

ã
àë

ê
—

ê

L
.c

om
m

u
n

is
(H

ei
b

.)
G

ru
n

o
w

ï
ð

ï
ã

àë
ê

—
à-

á

L
.d

a
lm

a
ti

ca
(K

�
tz

.)
G

ru
n

o
w

ï
ð

ï
ã

àë
ê

—
á

L
.e

h
re

n
be

rg
ii

(K
�

tz
.)

G
ru

n
o

w
ï

ð
ï

ã
àë

ê
β

ê

L
.g

ra
ci

li
s

(E
h

re
n

b
.)

G
ru

n
o

w
ï

ð
ï

ã
àë

ê
—

ê

T
a

bu
ll

a
ri

a
fa

sc
ic

u
la

ta
(C

.A
ga

rd
h

)
W

il
l.

et
R

o
u

n
d

ï
ð

ì
ã

àë
ê

α
ê

T
.t

a
bu

la
ta

(Ñ
.A

ga
rd

h
)

Sn
o

ei
js

ï
ð

ì
ã

àë
ê

α
ê

U
ln

a
ri

a
u

ln
a

(N
it

zs
ch

)
C

o
m

p
er

e
ï

ð
³

àë
ê

χ-
α

ê

Ï
î

ð
ÿ

ä
î

ê
R

h
ab

d
o

n
em

at
al

es

G
ra

m
m

a
to

ph
or

a
m

a
ri

n
a

(L
yn

gb
.)

K
�

tz
.

ï
ð

ï
ã

àë
ê

—
ê

Ï
î

ð
ÿ

ä
î

ê
St

ri
at

el
la

le
s

Ï
ðî

äî
âæ

åí
í

ÿ
ò

à
áë

.1



56

Ãåðàñèìþê Â.Ï., Ãåðàñèìþê Í.Â., Øèøêî Â.Ï.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2026. 62(4)

Ò
àê

ñî
í

è

Å
ê

î
ë

î
ã³

÷
í

³
õà

ð
àê

òå
ð

è
ñò

è
ê

è
Ã

åî
ãð

àô
³÷

í
à

ï
ð

è
óð

î
-

÷
åí

³ñ
òü

ï
ð

è
óð

î
÷

åí
³ñ

òü
ä

î
ì

³ñ
ö

å-
çð

î
ñò

àí
í

ÿ

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ñî
ë

î
í

î
ñò

³
âî

ä
è

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ð
Í

â³
ä

í
î

ø
åí

í
ÿ

ä
î

î
ð

ãà
í

³÷
í

î
ãî

çà
á

ð
óä

í
åí

í
ÿ

St
ri

a
te

ll
a

u
n

ip
u

n
ct

a
ta

(L
yn

gb
.)

C
.A

ga
rd

h
ï

ë
ï

ã
àë

ê
—

ê

Ï
î

ð
ÿ

ä
î

ê
T

h
al

as
si

o
n

em
at

al
es

T
h

a
la

ss
io

n
em

a
n

it
zs

ch
io

id
es

(G
ru

n
o

w
)

M
er

es
ch

k
.

ï
ë

ï
ã

àë
ê

—
ê

Ï
î

ð
ÿ

ä
î

ê
L

yr
el

la
le

s

P
et

ro
n

ei
s

h
u

m
er

os
a

(B
re

b
.e

x
W

.S
m

.)
St

ic
k

le
et

D
.G

.M
an

n
á

í
ï

ã
àë

ê
—

á
-í

Ï
î

ð
ÿ

ä
î

ê
C

ym
b

el
la

le
s

B
re

bi
ss

on
ia

la
n

ce
ol

a
ta

(C
.A

ga
rd

h
)

R
.K

.M
ah

o
n

ey
et

R
ei

m
er

ï
ð

ì
ã

àë
ê

β
à-

á

C
ym

be
ll

a
h

el
ve

ti
ca

K
�

tz
.

ï
ð

i
aë

ê
ο

á

R
h

oi
co

sp
h

en
ia

a
bb

re
vi

a
ta

(C
.A

ga
rt

h
)

L
an

ge
-B

er
t.

ï
ð

ãë
àë

ê
β

ê

St
a

u
ro

ph
or

a
d

u
bi

ta
bi

li
s

(H
u

st
.)

C
la

ve
ro

et
H

er
m

an
d

ez
-

M
ar

in
e

ï
ð

ì
ã

àë
ê

—
á

-í

Ï
î

ð
ÿ

ä
î

ê
A

ch
n

an
th

al
es

A
ch

n
a

n
th

es
a

d
n

a
ta

B
o

ry
ï

ð
ï

ã
àë

ê
β

ê

A
.b

re
vi

pe
s

Ñ
.A

ga
rd

h
va

r.
in

te
rm

ed
ia

(K
�

tz
.)

C
le

ve
ï

ð
ï

ã
aë

ê
β

ê

C
oc

co
n

ei
s

ño
st

a
ta

W
.G

re
g.

ï
ð

ï
ã

àë
ê

—
ê

C
.e

u
gl

yp
ta

E
h

re
n

b
.

ï
ð

ãë
aë

ê
β

á

Ï
ðî

äî
âæ

åí
í

ÿ
ò

à
áë

.1



57

Ì³êðîô³òîáåíòîñ ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2026. 62(4)

Ò
àê

ñî
í

è

Å
ê

î
ë

î
ã³

÷
í

³
õà

ð
àê

òå
ð

è
ñò

è
ê

è
Ã

åî
ãð

àô
³÷

í
à

ï
ð

è
óð

î
-

÷
åí

³ñ
òü

ï
ð

è
óð

î
÷

åí
³ñ

òü
ä

î
ì

³ñ
ö

å-
çð

î
ñò

àí
í

ÿ

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ñî
ë

î
í

î
ñò

³
âî

ä
è

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ð
Í

â³
ä

í
î

ø
åí

í
ÿ

ä
î

î
ð

ãà
í

³÷
í

î
ãî

çà
á

ð
óä

í
åí

í
ÿ

C
.s

cu
te

ll
u

m
E

h
re

n
b

.
ï

ð
ï

ã
àë

ê
—

ê

K
a

ra
ye

vi
a

a
m

oe
n

a
(H

u
st

.)
B

u
k

h
t.

ï
ð

ì
ã

àë
ê

—
á

P
la

n
ot

h
id

iu
m

d
el

ic
a

tu
lu

m
(K

�
tz

.)
R

o
u

n
d

et
B

u
k

h
t.

ï
ð

ãë
àë

ê
β

ê

P
.d

is
pa

r
(C

le
ve

)
A

.W
it

k
o

w
sk

i
ï

ð
ãë

àë
ê

β
á

Ï
î

ð
ÿ

ä
î

ê
N

av
ic

u
la

le
s

B
er

ke
le

ya
ru

ti
la

n
s

(T
re

n
t.

)
G

ru
n

o
w

ï
ð

ï
ã

aë
ê

—
á

B
ir

em
is

ri
d

ic
u

la
(G

if
fe

n
)

D
.G

.M
an

n
á

í
ï

ã
àë

ê
—

á
-í

C
a

lo
n

ei
s

li
be

r
(W

.S
m

.)
C

le
ve

á
í

ï
ã

aë
ê

—
ê

D
ip

lo
n

ei
s

ch
er

so
n

en
si

s
(G

ru
n

o
w

)
C

le
ve

á
í

ï
ã

àë
ê

—
á

-ò

D
.c

of
fe

a
ef

or
m

u
s

(A
.W

.F
.S

ch
m

id
t)

C
le

ve
á

í
ï

ã
àë

ê
—

ê

D
.s

m
it

h
ii

(B
re

b
.)

C
le

ve
á

í
ï

ã
àë

ê
β

ê

H
a

la
m

ph
or

a
co

ff
ea

ef
or

m
is

(C
.A

ga
rd

h
)

L
ev

k
o

v
á

í
ì

ã
àë

ê
α

ê

H
.c

ym
bi

fe
ra

(W
.

G
re

g.
)

L
ev

k
o

v
á

í
ï

ã
àë

ê
—

ê

H
ip

po
d

on
ta

ca
pi

ta
ta

(E
h

re
n

b
.)

L
an

ge
-B

er
t,

M
et

ze
lt

in
et

A
.W

it
k

o
w

sk
i

á
í

i
aë

ê
β

á

N
a

vi
cu

la
ca

pi
ta

to
ra

d
ia

ta
G

er
m

ai
n

á
í

ãë
àë

ê
—

ê

Ï
ðî

äî
âæ

åí
í

ÿ
ò

à
áë

.1



58

Ãåðàñèìþê Â.Ï., Ãåðàñèìþê Í.Â., Øèøêî Â.Ï.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2026. 62(4)

Ò
àê

ñî
í

è

Å
ê

î
ë

î
ã³

÷
í

³
õà

ð
àê

òå
ð

è
ñò

è
ê

è
Ã

åî
ãð

àô
³÷

í
à

ï
ð

è
óð

î
-

÷
åí

³ñ
òü

ï
ð

è
óð

î
÷

åí
³ñ

òü
ä

î
ì

³ñ
ö

å-
çð

î
ñò

àí
í

ÿ

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ñî
ë

î
í

î
ñò

³
âî

ä
è

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ð
Í

â³
ä

í
î

ø
åí

í
ÿ

ä
î

î
ð

ãà
í

³÷
í

î
ãî

çà
á

ð
óä

í
åí

í
ÿ

N
.c

ry
pt

oc
ep

h
a

la
K
�

tz
.

á
í

ãë
aë

ê
α

ê

N
.d

ig
it

or
a

d
ia

ta
(W

.G
re

g.
)

R
al

fs
á

í
ì

ã
àë

ê
—

ê

N
.d

ir
ec

ta
(W

.S
m

.)
R

al
fs

á
í

ï
ã

àë
ê

—
a-

á

N
.m

en
is

cu
s

Sc
h

u
m

an
n

á
í

ì
ã

àë
ê

—
á

N
.p

a
lp

eb
ra

li
s

B
r�

b
.

á
í

ï
ã

aë
ê

—
á

N
.p

er
eg

ri
n

a
(E

h
re

n
b

.)
K
�

tz
.

á
í

i
aë

ê
—

á

P
in

n
u

la
ri

a
qu

a
d

ra
ta

re
a

(A
.W

.F
.S

ch
m

id
t)

C
le

ve
á

í
ï

ã
àë

ê
—

a-
á

P
la

gi
ot

ro
pi

s
le

pi
d

op
te

ra
(W

.G
re

g.
)

P
o

u
li

n
et

C
ar

d
in

al
á

í
ï

ã
àë

ê
ο

á

P
le

u
ro

si
gm

a
a

n
gu

la
tu

m
(J

.T
.Q

u
ek

et
t)

W
.S

m
.

á
í

ï
ã

àë
ê

—
ê

P
.e

lo
n

ga
tu

m
W

.
Sm

.
á

í
ï

ã
àë

ê
β

á
-í

P
.n

ic
ob

a
ri

cu
m

G
ru

n
o

w
á

í
ï

ã
àë

ê
—

ê

T
ra

ch
yn

ei
s

a
sp

er
a

(E
h

re
n

b
.)

C
le

ve
á

í
ï

ã
aë

ê
—

ê

Ï
î

ð
ÿ

ä
î

ê
T

h
al

as
si

o
p

h
ys

al
es

A
m

ph
or

a
a

n
gu

st
a

W
.G

re
g.

á
í

ï
ã

àë
ê

—
ê

A
.a

rc
u

s
W

.G
re

g.
á

í
ï

ã
àë

ê
—

á

A
.p

ro
te

u
s

W
.G

re
g.

á
í

ï
ã

àë
ê

β
ê

Ï
ðî

äî
âæ

åí
í

ÿ
ò

à
áë

.1



59

Ì³êðîô³òîáåíòîñ ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2026. 62(4)

Ò
àê

ñî
í

è

Å
ê

î
ë

î
ã³

÷
í

³
õà

ð
àê

òå
ð

è
ñò

è
ê

è
Ã

åî
ãð

àô
³÷

í
à

ï
ð

è
óð

î
-

÷
åí

³ñ
òü

ï
ð

è
óð

î
÷

åí
³ñ

òü
ä

î
ì

³ñ
ö

å-
çð

î
ñò

àí
í

ÿ

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ñî
ë

î
í

î
ñò

³
âî

ä
è

â³
ä

í
î

ø
åí

í
ÿ

ä
î

ð
Í

â³
ä

í
î

ø
åí

í
ÿ

ä
î

î
ð

ãà
í

³÷
í

î
ãî

çà
á

ð
óä

í
åí

í
ÿ

A
.s

pe
ct

a
bi

li
s

W
.G

re
g.

á
í

ï
ã

àë
ê

—
ê

Ï
î

ð
ÿ

ä
î

ê
B

ac
il

la
ri

al
es

C
yl

in
d

ro
th

ec
a

cl
os

te
ri

u
m

(E
h

re
n

b
.)

R
ei

m
an

n
et

J.
C

.L
ew

is
ï

ë
ì

ã
aë

ê
β

ê

H
a

n
tz

sc
h

ia
m

a
ri

n
a

(D
o

n
k

in
)

G
ru

n
o

w
á

í
ï

ã
àë

ê
—

ê

N
it

zs
ch

ia
fr

u
st

u
lu

m
(K

�
tz

.)
G

ru
n

o
w

á
í

ãë
àë

ê
β

ê

N
it

zs
ch

ia
la

n
ce

ol
a

ta
W

.
Sm

.
á

í
ì

ã
aë

ê
β

ê

N
.l

on
gi

ss
im

a
(B

r�
b

.e
x

K
�

tz
.)

G
ru

n
o

w
ï

ë
ì

ã
aë

ê
—

á

N
.o

bt
u

sa
W

.S
m

.
á

í
ì

ã
³

β
á

Â
³ä

ä
³ë

D
in

o
fl

ag
el

la
ta

(D
³n

o
p

h
yt

a,
P

er
id

in
ea

)

Ê
ë

àñ
D

in
o

p
h

yc
ea

e

Ï
î

ð
ÿ

ä
î

ê
G

o
n

ya
u

la
ca

le
s

T
ri

po
x

fu
rc

a
(E

h
re

n
b

.)
F

.G
�

m
ez

ï
ë

ï
ã

aë
ê

—
ê

Ï
ð

è
ì

³ò
ê

à.
ï

ë
—

ï
ë

àí
ê

òî
í

í
è

é
;ï

ð
—

ï
åð

è
ô

³ò
î

í
í

è
é

;á
í

—
á

åí
òî

ñí
è

é
;ì

ã
—

ì
åç

î
ãà

ë
î

á
;ï

ã
—

ï
î

ë
³ã

àë
î

á
;ã

ë
—

ãà
ë

î
ô

³ë
;i

—
³í

ä
è

ô
åð

åí
ò;

aë
ê

—
àë

ê
àë

³ô
³ë

; α
—

àë
üô

àì
åç

î
ñà

ï
ð

î
á

³î
í

ò;
β

—
á

åò
àì

åç
î

ñà
ï

ð
î

á
³î

í
ò;

o
—

î
ë

³ã
î

ñà
ï

ð
î

á
³î

í
ò;

ê
—

ê
î

ñì
î

ï
î

ë
³ò

;á
—

á
î

ð
åà

ë
üí

è
é

;à
-á

—
àð

ê
òî

-á
î

ð
åà

ë
ü-

í
è

é
,á

-í
—

á
î

ð
åà

ë
üí

î
-í

î
òà

ë
üí

è
é

,á
-ò

—
á

î
ð

åà
ë

üí
î

-ò
ð

î
ï

³÷
í

è
é

;«
—

»
—

ñà
ï

ð
î

á
í

³ñ
òü

í
å

âñ
òà

í
î

âë
åí

à.

Ï
ðî

äî
âæ

åí
í

ÿ
ò

à
áë

.1



ceae (3), Diploneidaceae (3), Ulnariaceae (3), Microcoleaceae (3) òà Pleurosig-
mataceae (3 âèäè) (òàáë. 3).

Çà ê³ëüê³ñòþ âèä³â ïåðåâàæàëè ðîäè Navicula Bory (7 âèä³â), Licmo-
phora C. Agardh (5), Amphora Ehrenb. ex K�tz. (4), Nitzschia Hassall (4), Coc-
coneis Ehrenb. (3), Diploneis Ehrenb. (3), Pleurosigma W. Sm. (3), Achnanthes

Bory (2), Halamphora (Cleve) Levkov (2), Oscillatoria Vaucher ex Gomont (2)
³ Tabularia (K�tz.) D.M. Williams et Round (2 âèäè).

Ì³êðîôîòîãðàô³¿ íàéá³ëüø õàðàêòåðíèõ âèä³â ì³êðîô³òîáåíòîñó ³ñ-
ïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ ïðåäñòàâëåí³ íà ðèñóíêó.
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Òàáëèöÿ 2
Òàêñîíîì³÷íà ñòðóêòóðà ì³êðîô³òîáåíòîñó ³ñïàíñüêîãî ïðèáåðåææÿ

Ñåðåäçåìíîãî ìîðÿ

Òàêñîíè Ê³ëüê³ñòü

äîìåí³â öàðñòâ â³ää³ë³â êëàñ³â
ïî-

ðÿäê³â
ðî-
äèí

ðîä³â âèä³â

Prokaryota Bacteria Cyanobacteria 1 3 4 7 11

Eukaryota Chromista Heterokonto-

phyta

3 15 27 35 61

Dinoflagellata 1 1 1 1 1

2 2 3 5 19 32 43 73

Òàáëèöÿ 3
Ïðîâ³äí³ ðîäèíè ì³êðîô³òîáåíòîñó ³ñïàíñüêîãî ïðèáåðåææÿ

Ñåðåäçåìíîãî ìîðÿ

Ðîäèíè
Ê³ëüê³ñòü âèä³â

îäèíèö³ %

Naviculaceae 8 11,0

Bacillariaceae 6 8,2

Licmophoraceae 5 6,9

Catenulaceae 4 5,5

Oscillatoriaceae 4 5,5

Cocconeidaceae 3 4,1

Diploneidaceae 3 4,1

Ulnariaceae 3 4,1

Microcoleaceae 3 4,1

Pleurosigmataceae 3 4,1

Çàãàëîì 42 57,6



Ñåðåä ³äåíòèô³êîâàíèõ áåíòîñíèõ âîäîðîñòåé âèÿâëåí³ âèäè ä³àòî-

ìåé ð³äê³ñí³ äëÿ äàíîãî ðåã³îíó äîñë³äæåíü. Äî íèõ íàëåæàëè Amphora

spectabilis, Biremis ridicula, Hantzschia marina, Karayevia amoena, Planothi-

dium dispar, Pleurosigma nicobaricum ³ Pinnularia quadratarea.
Çà ð³âíåì ìîðôîëîã³÷íî¿ îðãàí³çàö³¿ çíàéäåí³ ì³êðîñêîï³÷í³ âîäî-

ðîñò³ º îäíîêë³òèííèìè (36 âèä³â), êîëîí³àëüíèìè (28) òà áàãàòîêë³òèí-

íèìè (9) îðãàí³çìàìè. Õàðàêòåðíîþ ðèñîþ ä³àòîìåé º âèä³ëåííÿ ñëèçó, çà

äîïîìîãîþ ÿêîãî îêðåì³ êë³òèíè ç’ºäíóþòüñÿ ó êîëîí³¿ ð³çíîìàí³òíèõ

ôîðì. Òàê³ âèäè ÿê Achanthes adnata, Berkeleya rutilans, Melosira monillifor-

mis, Odontella aurita, Thalassiosira mediterranea, Tabularia tabulata, Rhoi-

cosphenia abbreviata, Thalassionema nitzschioides, Grammatophora marina

óòâîðþþòü êîëîí³¿ íèò÷àñòî¿, â³ÿëîïîä³áíî¿, òðóá÷àñòî¿ òà ñòð³÷êîïîä³á-

íî¿ ôîðì. Çà ìîðôîëîã³÷íîþ äèôåðåíö³àö³ºþ ñëàí³ àáî ôîðìîþ òàëîìó
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Ðèñóíîê: 1 — Cymbella helvetica Kütz.: ñòóëêà; 2 — Cocconeis scutellum Ehrenb.: áåçøîâ-
íà ñòóëêà; 3 — Hippodonta capitata (Ehrenb.) Lange-Bert, Metzeltin et A. Witkowski:
ñòóëêà; 4 — Pleurosigma elongatum W. Sm.: öåíòðàëüíà ÷àñòèíà ñòóëêè; 5 — Navicula
palpebralis Breb. ex W. Sm.: ñòóëêà; 6 — Hantzschia marina (Donkin) Grunow: ñòóëêà
(ÑÌ, çá³ëüøåííÿ ì³êðîñêîïó 10×100)



òðàïëÿëèñÿ êîêî¿äí³ (61 âèä), íèò÷àñò³ (9), ïàëüìåëî¿äí³ (2) òà ìîíàäí³ (1)

ôîðìè.
Çà ì³ñöåì çðîñòàííÿ ñåðåä çíàéäåíèõ âîäîðîñòåé ïåðåâàæàëè áåí-

òîñí³ îðãàí³çìè (62), òîä³ ÿê ïëàíêòîíí³ íàðàõîâóâàëè ëèøå 11 âèä³â. Äî

ñêëàäó áåíòîñíèõ âõîäèëè ÿê äîíí³ ôîðìè (31 âèä), òàê ³ îðãàí³çìè îáðîñ-

òàíü ð³çíèõ ñóáñòðàò³â (31 âèä).
Â³äíîñíî òèïó ñóáñòðàòó ðîçïîä³ë ì³êðîñêîï³÷íèõ âîäîðîñòåé íà ³ñ-

ïàíñüêîìó ïðèáåðåææ³ Ñåðåäçåìíîãî ìîðÿ áóâ íàñòóïíèì: â îáðîñòàíí³

êàì³ííÿ çíàéäåíî 47 âèä³â, âîäîðîñòåé-ìàêðîô³ò³â — 13, áåòîííèõ ñïî-

ðóä — 10, ì³ä³é — 10, íà ï³ùàíèõ ´ðóíòàõ — 28, íà ìóëèñòèõ ãðóíòàõ — 38

âèä³â.
Ïî â³äíîøåííþ äî ñîëîíîñò³ âîäè ìîðñüê³ (ïîë³ãàëîáí³) îðãàí³çìè

(42 âèäè) ïåðåâàæàëè íàä ñîëîíóâàòîâîäíèìè (17) òà ïð³ñíîâîäíèìè (14)

ôîðìàìè. Ñåðåä îñòàíí³õ ãàëîô³ëè íàðàõîâóâàëè 10 âèä³â, à ³íäèôåðåíòè

— 4 âèäè (òàáë. 4).
Ïî â³äíîøåííþ äî ðÍ âîäíîãî ñåðåäîâèùà ïåðåâàæàëè àëêàë³ô³ëè

(72 âèäè). Ñåðåä ³íäèôåðåíò³â çíàéäåíî ò³ëüêè îäèí âèä, òîä³ ÿê àöè-

äîô³ëè íå áóëè âèÿâëåí³ âçàãàë³.
Ïðîòÿãîì ïåð³îäó äîñë³äæåíü âèÿâëåíî 26 âèä³â — ³íäèêàòîð³â îð-

ãàí³÷íîãî çàáðóäíåííÿ âîäè. Ñåðåä íèõ 16 âèä³â íàëåæàëè äî β-ìåçîñàï-

ðîá³îíò³â, 6 — α-ìåçîñàïðîá³îíò³â, 3 — îë³ãîñàïðîá³îíò³â ³ 1 âèä — äî

χ-α-ìåçîñàïðîáîíò³â. Ñàïðîáíèé ³íäåêñ ñòàíîâèâ 1,84, ùî äîçâîëÿº â³ä-

íåñòè àêâàòîð³þ ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ äî β-ìåçî-

ñàïðîáíî¿ çîíè.
Çà ãåîãðàô³÷íîþ ïðèóðî÷åí³ñòþ ì³êðîô³òîáåíòîñ äîñë³äæóâàíîãî ðå-

ã³îíó Ñåðåäçåìíîãî ìîðÿ áóâ ïðåäñòàâëåíèé êîñìîïîë³òàìè (48 âèä³â) òà

áîðåàëüíèìè âèäàìè (15) ç àðêòî-áîðåàëüíèìè (4), áîðåàëüíî-íîòàëüíè-

ìè (4) òà áîðåàëüíî-òðîï³÷íèìè (2) åëåìåíòàìè.
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Òàáëèöÿ 4
Ðîçïîä³ë âèä³â ì³êðîô³òîáåíòîñó ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ

ïî â³äíîøåííþ äî ñîëîíîñò³ âîäè

²íäèêàòîðè ñîëîíîñò³
Ê³ëüê³ñòü âèä³â

îäèíèö³ %

Ïîë³ãàëîáè 42 57,5

Ìåçîãàëîáè 17 23,3

Îë³ãîãàëîáè:

ãàëîô³ëè 10 13,7

³íäèôåðåíòè 4 5,4

Çàãàëîì 73 100



Çàêëþ÷åííÿ

Ó ðåçóëüòàò³ äîñë³äæåíü ì³êðîô³òîáåíòîñó ³ñïàíñüêîãî ïðèáåðåææÿ

Ñåðåäçåìíîãî ìîðÿ ïðîòÿãîì 2024—2025 ðð. ³äåíòèô³êîâàíî 73 âèäè âî-

äîðîñòåé, ÿê³ íàëåæàòü äî 43 ðîä³â, 32 ðîäèí, 19 ïîðÿäê³â, 5 êëàñ³â, 3

â³ää³ë³â, 2 öàðñòâ òà 2 äîìåí³â. Îñíîâó âèäîâîãî áàãàòñòâà ì³êðîô³òîáåíò-

ñó ñòàíîâèëè ïðåäñòàâíèêè â³ää³ëó Heterokontophyta (61 âèä), Cyanobac-

teria íàðàõîâóâàëè 11 âèä³â, à Dinoflagellata — 1 âèä. Âèÿâëåíî 7 âèä³â âî-

äîðîñòåé (Amphora spectabilis, Biremis ridicula, Hantzschia marina, Karaye-

via amoena, Planothidium dispar, Pleurosigma nicobaricum, Pinnularia quad-

ratarea) ð³äê³ñíèõ äëÿ àêâàòîð³¿ Ñåðåäçåìíîãî ìîðÿ.
Çà ì³ñöåçðîñòàííÿ 11 âèä³â âîäîðîñòåé íàëåæàëè äî ïëàíêòîííèõ,

31 — äî ïåðèô³òîííèõ ³ 31 — äî áåíòîñíèõ îðãàí³çì³â
Ñåðåä âèä³â — ³íäèêàòîð³â ñîëîíîñò³ âîäè ïåðåâàæàëè ïîë³ãàëîáè,

ðÍ ñåðåäîâèùà — àëêàë³ô³ëè, îðãàí³÷íîãî çàáðóäíåííÿ — β-ìåçîñàï-

ðîá³îíòè. ²äíäåêñ ñàïðîáíîñò³ ñòàíîâèâ 1,84, ùî äîçâîëÿº â³äíåñòè àêâà-

òîð³þ ³ñïàíñüêîãî ïðèáåðåææÿ Ñåðåäçåìíîãî ìîðÿ äî â-ìåçîñàïðîáíî¿

çîíè.
Çà ãåîãðàô³÷íîþ ïðèóðî÷åí³ñòþ ì³êðîô³òîáåíòîñ äîñë³äæóâàíîãî ðå-

ã³îíó Ñåðåäçåìíîãî ìîðÿ ïðåäñòàâëåíèé ïåðåâàæíî êîñìîïîë³òàìè

(48 âèä³â) òà áîðåàëüíèìè âèäàìè (15) ç áîðåàëüíî-íîòàëüíèìè (4) òà áî-

ðåàëüíî-òðîï³÷íèìè (2) åëåìåíòàìè.
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MICROPHYTOBENTOS OF THE MEDITERRANEAN SEA NEAR THE COAST
OF SPAIN

The results of research (2024—2025) on the species composition of the microphyto-
benthos of the Spanish coast of the Mediterranean Sea are summarized. The original study
of 55 samples revealed 73 species of microscopic algae belonging to 43 genera, 32 families,
19 orders, 5 classes, 3 divisions, 2 kingdoms, and 2 domains. The leading genera included
Navicula Bory (7 species), Licmophora C. Agardh (5), Amphora Ehrenb. ex K�tz. (4), Nitzs-
chia Hassall (4), Cocconeis Ehrenb. (3), Diploneis Ehrenb. (3), Pleurosigma W. Sm. (3), Ach-
nanthes Bory (2), Halamphora (Cleve) Levkov (2), Oscillatoria Vaucher ex Gomont (2) and
Tabularia (K�tz.) D.M. Williams et Round (2). The study area is characterized by the pre-
dominance of heterokontophyte algae (61 species). Totally seven species (Amphora specta-
bilis W. Greg., Biremis ridicula (Giffen) D.G. Mann, Hantzschia marina (Donkin) Grunow,
Karayevia amoena (Hust.) Bukht., Planothidium dispar (Cleve) A. Witkowski, Pleurosig-
ma nicobaricum Grunow, and Pinnularia quadratarea (A.W.F. Schmidt) Cleve) of rare al-
gae for the Mediterranean Sea were noted. The biotopic timing of the revealed composition
of algae and their distribution was established — 11 taxa belonged to planktonic, 31 to pe-
riphyton and 31 to benthic organisms. The algal flora of the Spanish coast was marine, al-
kaliphilic and mesosaprobic. According to the relation to halo, the majority (42 species) of
algae were related to polyhalob, and a smaller number (31) were related to mesohalob (17)
and oligohalob (14). Regarding the attitude of microphytes to the hydrogen index (pH) of
water, alkaliphiles dominated (72 species), indifferents were represented by 1 species.
26 indicator species of organic water pollution were identified. According to the relation to
water saprobity, the dominant groups were β-mesosaprobes (16 species) and α-mesosap-
robes (6), other groups were few. The saprobic index of the detected algae of the Spanish
Mediterranean coast was 1.84, which characterizes it as a β-mesosaprobic water body. The
biogeographic specificity of the species composition of the detected algae is noted, repre-
sented by cosmopolitan (48 species) and boreal (15) groups with arcto-boreal (4), bore-
al-notal (4) and boreal-tropical (2) elements.

Keywords: microphytobenthos, taxonomic structure, ecological spectrum, the Spanish
coast, the Mediterranean Sea.
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ÏÐÎÑÒÎÐÎÂ² ÎÑÎÁËÈÂÎÑÒ² ÂÇÀªÌÎÄ²¯
ÏÎÏÓËßÖ²É ÐÀÏÀÍÈ RAPANA VENOSA

(VALENCIENNES, 1846) ÒÀ Ì²Ä²¯ MYTILUS
GALLOPROVINCIALIS (LAMARCK, 1819) Ó

Ï²ÂÍ²×ÍÎ-ÇÀÕ²ÄÍ²É ×ÀÑÒÈÍ² ×ÎÐÍÎÃÎ ÌÎÐß

Ï³ä ÷àñ äîñë³äæåííÿ âèÿâëåí³ ïðîñòîðîâ³ îñîáëèâîñò³ âçàºìîä³¿ ïîïóëÿö³é ³íâà-
çèâíîãî ìîëþñêà ðàïàíè Rapana venosa (Valenciennes, 1846) òà ì³ä³¿ Mytilus gallopro-
vincialis (Lamarck, 1819) ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ â 2020—2024 ðð. Çà
äîïîìîãîþ òðàëîâèõ ³ âîäîëàçíèõ çéîìîê îö³íåíî ÷èñåëüí³ñòü, á³îìàñó òà ñòðóê-
òóðí³ õàðàêòåðèñòèêè ïîïóëÿö³é íà êîíòèíåíòàëüíîìó øåëüô³ Óêðà¿íè. Çéîìêè
îáë³êîâèì á³ìòðàëîì ïîêàçàëè, ùî ðàïàíà äîì³íóº íà ì³ëêîâîää³ (5—15 ì) ç ï³ùàíè-
ìè òà ÷åðåïàøêîâèìè ´ðóíòàìè (á³îìàñà äî 21—29 ã/ì2), òîä³ ÿê ì³ä³ÿ ôîðìóº
ù³ëüí³ ïîñåëåííÿ íà ñåðåäí³õ ãëèáèíàõ (15—25 ì, á³îìàñà 9—17 ã/ì2). Çà äîïîìîãîþ âî-
äîëàçíèõ çéîìîê ³ç çàñòîñóâàííÿì áåíòîñíî¿ ðàìêè âèÿâëåíî, ùî íà îêðåìèõ ä³ëÿí-
êàõ ç òâåðäèìè ñóáñòðàòàìè á³îìàñà ì³ä³¿ ìîæå ñêëàäàòè äî 54 êã/ì2. Íåãàòèâíà êî-
ðåëÿö³ÿ ì³æ á³îìàñîþ âèä³â (ρ= -0,245, p = 0,0018) ï³äòâåðäæóº õèæàöüêèé òèñê ðàïà-
íè. Ïðèäîííà ã³ïîêñ³ÿ, àíòðîïîãåíí³ ôàêòîðè (åâòðîô³êàö³ÿ, äàìï³íã) òà òèï ñóá-
ñòðàòó ñóòòºâî âïëèâàþòü íà ðîçïîä³ë ìîëþñê³â, çíèæóþ÷è ÷èñåëüí³ñòü ì³ä³é.
Ïðîñòîðîâà ñåãðåãàö³ÿ âèä³â, âèêëèêàíà åêîëîã³÷íèìè ôàêòîðàìè ÷àñòêîâî îáìåæóº
õèæàöüêèé âïëèâ ðàïàíè íà îêðåìèõ ä³ëÿíêàõ øåëüôó. Ðåêîìåíäóºòüñÿ ïîñèëåííÿ
ïðîìèñëó ðàïàíè, ñòâîðåííÿ øòó÷íèõ ðèô³â ³ ðîçâèòîê àêâàêóëüòóðè ì³ä³é äëÿ
â³äíîâëåííÿ åêîñèñòåìíîãî áàëàíñó.

Êëþ÷îâ³ ñëîâà: ðàïàíà, ì³ä³ÿ, ï³âí³÷íî-çàõ³äíà ÷àñòèíà ×îðíîãî ìîðÿ, ÷è-
ñåëüí³ñòü, á³îìàñà, õèæàöüêèé òèñê.
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Äâîñòóëêîâèé ìîëþñê ì³ä³ÿ Mytilus galloprovincialis (Lamarck, 1819) º
êëþ÷îâèì êîìïîíåíòîì åêîñèñòåìè ×îðíîãî ìîðÿ, âèêîíóþ÷è âàæëèâ³
åêîëîã³÷í³ ôóíêö³¿ òà ìàþ÷è çíà÷íèé ïðîìèñëîâèé ïîòåíö³àë. Ìàñîâ³ ïî-
ñåëåííÿ ì³ä³é âïëèâàþòü íà ñòðóêòóðó äîííèõ óãðóïîâàíü, çàáåçïå÷óþ÷è
ñóáñòðàò äëÿ îðãàí³çì³â-îáðîñòà÷³â ³ óêðèòòÿ äëÿ ð³çíèõ âèä³â ã³äðîá³îí-
ò³â [2, 17, 18, 37]. ßê ô³ëüòðàòîðè, ì³ä³¿ ñïðèÿþòü á³îô³ëüòðàö³¿, î÷èùåííþ
ìîðñüêî¿ âîäè â³ä ñóñïåíç³é ³ ìåë³îðàö³¿ ñåðåäîâèùà, ñåðåä ³íøîãî ³ íà
øòó÷íèõ ñóáñòðàòàõ, òàêèõ ÿê ã³äðîòåõí³÷í³ ñïîðóäè [20, 21]. Âèñîêà õàð-
÷îâà ö³íí³ñòü, çíà÷íèé ðåïðîäóêòèâíèé ïîòåíö³àë ³ äîñòóïíà êîðìîâà
áàçà ðîáëÿòü ì³ä³þ ïåðñïåêòèâíèì îá’ºêòîì äëÿ ïðîìèñëó òà àêâàêóëüòó-
ðè, îñîáëèâî â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ (ÏÇ×Ì), äå øè-
ðîêèé êîíòèíåíòàëüíèé øåëüô ³ âèñîêà á³îïðîäóêòèâí³ñòü ïðèáåðåæíèõ
âîä ñòâîðþþòü îïòèìàëüí³ óìîâè äëÿ ¿¿ ³ñíóâàííÿ. Ïðîòå ç 1970-õ ðîê³â ó
ÏÇ×Ì ñïîñòåð³ãàºòüñÿ çíèæåííÿ ÷èñåëüíîñò³ ì³ä³éíèõ ïîñåëåíü ÷åðåç
êîìïëåêñ ÷èííèê³â, çîêðåìà ÷åðåç ðåãóëÿðíå âèíèêíåííÿ çîí ïðèäîííî¿
ã³ïîêñ³¿, çóìîâëåíå âåðòèêàëüíèì ãðàä³ºíòîì ñîëîíîñò³ òà ù³ëüíîñò³ âîäè
[4, 7, 8, 11]. Àíòðîïîãåíí³ ôàêòîðè, òàê³ ÿê çàðåãóëþâàííÿ ð³÷êîâîãî ñòî-
êó, åâòðîô³êàö³ÿ òà äàìï³íã, ïîñèëþþòü ö³ ïðîöåñè. Âíàñë³äîê ìàñîâèõ
çàìîð³â ó 1960-õ—1990-õ ðð. ïëîù³ ì³ä³éíèõ ïîë³â ñêîðîòèëèñÿ ç 20 äî
10 òèñ. êì2, á³îìàñà çìåíøèëàñÿ ç 8—12 äî 5—6 ìëí. ò, à ïðîìèñëîâèé çà-
ïàñ ñêîðîòèâñÿ âøåñòåðî [3, 5, 11, 23]. Ùå îäíèì ñóòòºâèì ôàêòîðîì äå-
ãðàäàö³¿ ïîïóëÿö³é ì³ä³¿ ñòàëî âñåëåííÿ ³íâàçèâíîãî õèæîãî ìîëþñêà ðà-
ïàíè Rapana venosa (Valenciennes, 1846), âèÿâëåíîãî â ×îðíîìó ìîð³ â
1947 ð. [6, 8, 15, 23]. Íàòèâíèé àðåàë öüîãî âèäó îõîïëþº ßïîíñüêå, Æîâ-
òå, Áîõàéñüêå òà Ñõ³äíî-Êèòàéñüêå ìîðÿ [25, 38]. Çàâäÿêè òîëåðàíòíîñò³
äî êîëèâàíü òåìïåðàòóðè, ñîëîíîñò³ òà âì³ñòó êèñíþ, à òàêîæ ÷åðåç â³ä-
ñóòí³ñòü ïðèðîäíèõ õèæàê³â, ðàïàíà ñòàëà óñï³øíèì ³íâàçèâíèì âèäîì ó
×îðíîìó ìîð³ [15, 22, 26, 39]. Ç 2010 ð. âîíà ìàñîâî ô³êñóºòüñÿ â ðîç-
ïð³ñíåíèõ âîäàõ ÏÇ×Ì, çîêðåìà â ïåðåäãèðëîâèõ ä³ëÿíêàõ ð³÷îê Äóíàé,
Äí³ïðî òà Äí³ñòåð, ÷îãî ðàí³øå íå ñïîñòåð³ãàëîñü [23]. Íà òë³ ñêîðî÷åííÿ
óëîâ³â ïðîìèñëîâèõ ðèá ðàïàíà ñòàëà êëþ÷îâèì îá’ºêòîì ïðîìèñëó,
ñêëàäàþ÷è äî 70 % âèäîáóòêó âîäíèõ á³îðåñóðñ³â Óêðà¿íè â ×îðíîìó ìîð³
[19, 23]. Õàð÷îâà ïëàñòè÷í³ñòü ðàïàíè çàáåçïå÷óº ¿¿ çíà÷íèé âïëèâ íà ïî-
ïóëÿö³¿ äâîñòóëêîâèõ ìîëþñê³â, çîêðåìà ì³ä³é [33]. Äîñë³äæåííÿ õàð÷î-
âî¿ ïîâåä³íêè R. venosa ïîêàçàëè çàëåæí³ñòü ³íòåíñèâíîñò³ æèâëåííÿ â³ä
ñòàò³, ðîçì³ðó òà ìîðôîëîã³÷íèõ îñîáëèâîñòåé æåðòâ [6, 31, 34, 36]. Ïðîòå
âïëèâ ðàïàíè íà ñòðóêòóðó ïðèðîäíèõ ïîñåëåíü ì³ä³é çàëèøàºòüñÿ íåäî-
ñòàòíüî âèâ÷åíèì. Ìåòîþ öüîãî äîñë³äæåííÿ º îö³íêà ïðîñòîðîâî¿ ñòðóê-
òóðè ïîïóëÿö³é ðàïàíè òà ì³ä³¿ â ÏÇ×Ì, à òàêîæ àíàë³ç âçàºìîçâ’ÿçê³â
ì³æ ¿õíüîþ ÷èñåëüí³ñòþ, á³îìàñîþ òà ñòðóêòóðíèìè õàðàêòåðèñòèêàìè.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïîïóëÿö³é ðàïàíè òà ì³ä³¿ ïðîâîäèëè ó 2020—2024 ðð. ó
ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ íà êîíòèíåíòàëüíîìó øåëüô³
Óêðà¿íè, îáìåæåíîìó ìîðñüêèì êîðäîíîì ³ç Ðóìóí³ºþ íà ï³âäí³ òà îñíî-
âîþ Òåíäð³âñüêî¿ êîñè — íà ï³âí³÷íîìó ñõîä³ (çàõ³äí³øå ìåðèä³àíó
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32.00o ñõ. ä.). Çá³ð ìàòåð³àë³â çä³éñíþâàëè ó ìåæàõ íàóêîâî-äîñë³äíèõ
ïðîãðàì ÄÏ «Îäåñüêèé öåíòð Ï³âäåííîãî íàóêîâî-äîñë³äíîãî ³íñòèòóòó
ìîðñüêîãî ðèáíîãî ãîñïîäàðñòâà òà îêåàíîãðàô³¿» ³ ôóíäàìåíòàëüíèõ òåì
²íñòèòóòó ìîðñüêî¿ á³îëîã³¿ ÍÀÍ Óêðà¿íè.

Äëÿ îö³íêè á³îìàñè, ÷èñåëüíîñò³ òà á³îëîã³÷íèõ õàðàêòåðèñòèê ìî-
ëþñê³â çàñòîñîâóâàëè òðàëîâ³ òà âîäîëàçí³ çéîìêè1. Á³îìàñó ³ ÷èñåëüí³ñòü
ìîëþñê³â, â³ä³áðàíèõ çà äîïîìîãîþ òðàëîâèõ çéîìîê, ðîçðàõîâóâàëè íà
1 ì2 ïëîù³ äíà. Õàðàêòåðèñòèêè ì³ä³é, â³ä³áðàíèõ çà äîïîìîãîþ âîäîëàç-
íîãî ñïîðÿäæåííÿ, âèçíà÷àëè íà 1 ì2 çàðåºñòðîâàíîãî ïîñåëåííÿ. Òðà-
ëîâ³ çéîìêè ïðîâîäèëè ó 2020—2021 ðð. (îñ³íü 2020 ð., âåñíà òà îñ³íü
2021 ð.) ó ìåæàõ ïðîãðàìè Rapa Whelk Survey ïðîåêòó BlackSea4Fish ï³ä
åã³äîþ Ãåíåðàëüíî¿ êîì³ñ³¿ ç ðèáàëüñòâà ó Ñåðåäçåìíîìó ìîð³
(GFCM-FAO). Âèêîðèñòîâóâàëè á³ìòðàë (ãîðèçîíòàëüíå ðîçêðèòòÿ
300 ñì, ðîçì³ð â³÷êà 35 ìì), ñêîíñòðóéîâàíèé çà ðåêîìåíäàö³ÿìè [24].
Òðàëåííÿ âèêîíóâàëè íà ñòàíäàðòíèõ 48 ñòàíö³ÿõ, ðîçïîä³ëåíèõ çà òðüî-
ìà ñòðàòàìè ãëèáèí: 5—15 ì (18 ñòàíö³é), 15—25 ì (19 ñòàíö³é) òà 25—
35 ì (11 ñòàíö³é) (ðèñ. 1).

Ñòàíö³¿ ðîçì³ùóâàëè ð³âíîì³ðíî, ç âèùîþ ù³ëüí³ñòþ íà ì³ëêîâîää³
(5—25 ì), îñê³ëüêè, çà äàíèìè ðèáàëîê, ÷èñåëüí³ñòü ðàïàíè íà öèõ ãëèáè-
íàõ áóëà âèùîþ, í³æ íà á³ëüø ãëèáîêèõ. Íà ä³ëÿíêàõ ç íàéá³ëüø ìàñîâè-
ìè ñêóï÷åííÿìè ðàïàíè, çîêðåìà â àêâàòîð³¿, ïðèëåãë³é äî Òåíäð³âñüêî¿
êîñè, íà Îäåñüê³é òà Äí³ñòðîâñüê³é áàíêàõ, à òàêîæ ó ïðèáåðåæí³é çîí³ â³ä
ñ. Ëåáåä³âêè äî ãèðëà Äóíàþ, ï³ä ÷àñ êîæíî¿ çéîìêè äîäàòêîâî âèêîíóâà-
ëè ïî ï’ÿòü äîäàòêîâèõ ñòàíö³é äëÿ äåòàëüí³øîãî êàðòîãðàôóâàííÿ ñêóï-
÷åíü öüîãî ìîëþñêà. Êîæíå òðàëåííÿ òðèâàëî 30 õâ ç³ øâèäê³ñòþ 1,5—
2 âóçëè. Ðîáîòè âèêîíóâàëè ëèøå â ñâ³òëó ïîðó äîáè. Çàãàëîì âèêîíàíî
159 òðàëåíü. Êîåô³ö³ºíò óëîâèñòîñò³ á³ìòðàëà ââàæàëè ð³âíèì 1. Ïðèäîí-
íó òåìïåðàòóðó âèì³ðþâàëè ëîãåðîì HOBO MX2201.

Âîäîëàçí³ îáñòåæåííÿ ïðîâîäèëè ó 2021 ð. ó ðàéîí³ Îäåñüêî¿ áàíêè
(46o31'07.5''N 31o11'19.6''E) òà ó 2021 ³ 2024 ðð. — â ðàéîí³ Îäåñüêî¿ çàòîêè
(Á³îñòàíö³ÿ ÎÍÓ, 46o26'22.3''N 30o46'27.2''E) íà ãëèáèíàõ 6—8 ì. Çàñòîñî-
âóâàëè ìåòîä òðàíñåêò íà ïëîùàõ 50—150 ì2 (2021 ð.) òà 50—85 ì2

(2024 ð.). Ïðîáè ì³ä³é â³äáèðàëè áåíòîñíîþ ðàìêîþ (0,01 ì2), îö³íþþ÷è
ïîêðèòòÿ äíà, ðåëüºô, òèï ´ðóíòó, ñï³ââ³äíîøåííÿ æèâèõ ³ ìåðòâèõ ìî-
ëþñê³â, íàÿâí³ñòü ìàêðîô³ò³â òà êîðìîâèõ îá’ºêò³â ðàïàíè. Äëÿ àíàë³çó ç
âîäîëàçíèõ çéîìîê âèì³ðþâàëè âñ³õ ç³áðàíèõ îñîáèí ìîëþñê³â îáîõ âè-
ä³â.

Ó âñ³õ â³ä³áðàíèõ ç äîííèõ ïðèáåðåæíèõ ïîñåëåíü ì³ä³é øòàíãåíöèð-
êóëåì ç òî÷í³ñòþ äî 0,1 ìì âèì³ðþâàëè äîâæèíó ñòóëîê (L, ìì), âèñîòó
(H), òîâùèíó äâîõ ñòóëîê (Â), îö³íþâàëè õàðàêòåðèñòèêè ìàñè ìóøë³ (W)
ç òî÷í³ñòþ äî 0,01 ã çà äîïîìîãîþ âàã Axis AD500: çàãàëüíó ìàñó ìîëþñêà
â ñòóëö³ (W, ã), ñèðó (Ww, ã) ³ ñóõó (Wd, ã) ìàñó ¿õí³õ ì’ÿêèõ òêàíèí, à òà-
êîæ ìàñó ñòóëîê (Wst, ã). Ðåçóëüòàòè âèì³ðþâàíü ìàñè ³ ðîçì³ð³â ì³ä³é
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1 Àâòîðè âèñëîâëþþòü ùèðó âäÿ÷í³ñòü ñâî¿ì êîëåãàì, Î.Ì. Êóðàê³í³é — çà äîïî-
ìîãó â îïðàöþâàíí³ ïðîá ìîëþñê³â, À.Ï. Êóðàê³íó — çà â³äá³ð ìîðñüêèõ çðàçê³â.



ñëóæèëè îñíîâîþ äëÿ âèçíà÷åííÿ ñï³ââ³äíîøåíü ì³æ ¿õí³ìè ë³í³éíèìè ³
âàãîâèìè ïîêàçíèêàìè: Y = a + Lb, äå Y — îäíà ç õàðàêòåðèñòèê ìàñè
ìóøë³ ìîëþñêà (W, Ww, Wd, Wst); L — äîâæèíà ìóøë³ ìîëþñêà, B — òîâ-
ùèíà, Í — âèñîòà ìóøë³; a ³ b — àëîìåòðè÷í³ êîåô³ö³ºíòè, ÿê³ âèçíà÷àþ-
òüñÿ çà åìï³ðè÷íèìè äàíèìè. Â³äì³ííîñò³ îäíîéìåííèõ çàëåæíîñòåé, îò-
ðèìàí³ äëÿ ïîñåëåíü ì³ä³¿ ç ð³çíèõ ðàéîí³â, ââàæàëè çíà÷óùèìè, ÿêùî
ïîð³âíþâàí³ ë³í³¿ ðåãðåñ³¿ ðîçð³çíÿëèñÿ êóòîì íàõèëó àáî îäíà ç íèõ çíà-
÷èìî ïåðåâèùóâàëà ³íøó ïðè ð³âí³ äîâ³ð÷î¿ éìîâ³ðíîñò³ íå ìåíøå 95 %.

Äëÿ ðàïàíè ðîçðàõîâóâàëè ìàñèâí³ñòü ìóøë³ (Ì/Í) [1] òà êîåô³ö³ºíò
âãîäîâàíîñò³ (Êâãîä = 100 · Ì1/Í3, äå Ì1 — çàãàëüíà ìàñà ðàïàíè, Í — âèñî-
òà ìóøë³, ñì). Ñòàòü âèçíà÷àëè çà êîïóëÿòèâíèì îðãàíîì àáî êîëüîðîì
ãîíàä [12, 14]. Â³ê ðàïàíè âèçíà÷àëè çà ìåòîäîì Â.Ä. ×óõ÷³íà [13], ï³äðà-
õîâóþ÷è íåðåñòîâ³ ì³òêè, ùî óòâîðþþòüñÿ íà ïîâåðõí³ ìóøë³ ÷åðåç óïî-
â³ëüíåííÿ ðîñòó ìîëþñêà. Îñê³ëüêè ïåðøèé íåðåñò ó ðàïàíè â³äáóâàºòüñÿ
íà òðåòüîìó ðîö³ æèòòÿ, çàãàëüíèé â³ê ðîçðàõîâóâàëè çà ôîðìóëîþ n+2,
äå n — ê³ëüê³ñòü íåðåñòîâèõ ì³òîê. Ïðè öüîìó âðàõîâóâàëè ìîðôîëîã³÷í³
îñîáëèâîñò³ ìóøåëü, ùî âïëèâàþòü íà òî÷í³ñòü âèçíà÷åííÿ â³êó, âñòàíîâ-
ëåí³ â íàøèõ ïîïåðåäí³õ äîñë³äæåííÿõ [23].

Äàí³ îáðîáëÿëè â Microsoft Excel 2016, Statgraphics Plus 5.0, Statistica
2010 òà RStudio. Íîðìàëüí³ñòü ðîçïîä³ëó ïåðåâ³ðÿëè êðèòåð³ºì Øàï³ðî —
Ó¿ëêà. Äëÿ îö³íêè çâ’ÿçêó ì³æ á³îìàñîþ ðàïàíè òà ì³ä³¿ çàñòîñîâóâàëè
êîåô³ö³ºíò Ñï³ðìåíà [35]. Çàëåæí³ñòü ìîäåëþâàëè çà äîïîìîãîþ óçàãàëü-
íåíî¿ ë³í³éíî¿ ìîäåë³ (GLM) ç ãàììà-ðîçïîä³ëîì òà ëîãàðèôì³÷íîþ
ôóíêö³ºþ çâ’ÿçêó äëÿ ïðîá ç íåíóëüîâèìè çíà÷åííÿìè á³îìàñè ì³ä³¿ (n =
64). Ôîðìóëà ìîäåë³: á³îìàñà ì³ä³¿ ~ á³îìàñà ðàïàíè + factor (ñòðàòà) + fac-
tor (Survey), äå factor (ñòðàòà) — êàòåãîð³àëüíèé ôàêòîð ãëèáèííèõ ñòðàò
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Ðèñ. 1. Ñõåìà ðîçòàøóâàííÿ ïîñò³éíèõ ñòàíö³é îáë³êîâèõ òðàëîâèõ çéîìîê ðàïàíè ó
âîäàõ Óêðà¿íè â 2020—2021 ðð.



(1: 5—15 ì; 2: 15—25 ì; 3: 25—35 ì), à factor (Survey) — êàòåãîð³àëüíèé
ôàêòîð ïåð³îä³â çéîìêè (òðè çéîìêè). Ìóëüòèêîë³íåàðí³ñòü ïðåäèêòîð³â
îö³íþâàëè çà äîïîìîãîþ êîåô³ö³ºíòà ³íôëÿö³¿ äèñïåðñ³¿ (VIF); óñ³ çíà÷åí-
íÿ VIF áóëè íèæ÷èìè çà 2,5, ùî ñâ³ä÷èòü ïðî â³äñóòí³ñòü çíà÷óùî¿ ìóëü-
òèêîë³íåàðíîñò³. ßê³ñòü ìîäåë³ îö³íþâàëè çà êðèòåð³ºì Àêàéêå (AIC)
[16]. Ñòàòèñòè÷íó çíà÷óù³ñòü îö³íþâàëè ïðè p < 0.05.Ïðîñòîðîâó àâòîêî-
ðåëÿö³þ îö³íþâàëè ãëîáàëüíèì ³íäåêñîì Moran’s I (999 ïåðåñòàíîâîê,
ìåòîä Ìîíòå-Êàðëî) [28, 29, 30] ç âèêîðèñòàííÿì ìàòðèö³ ïðîñòîðîâèõ
âàã íà îñíîâ³ k = 6 íàéáëèæ÷èõ ñóñ³ä³â (k-nearest neighbors).

Ïîð³âíÿííÿ âèá³ðîê ïðîâîäèëè çà t-êðèòåð³ºì Ñòüþäåíòà (íîðìàëü-
íèé ðîçïîä³ë) àáî U-êðèòåð³ºì Ìàííà — Ó¿òí³ (íåíîðìàëüíèé ðîçïîä³ë).
Ñòàòèñòè÷íó çíà÷óù³ñòü îö³íþâàëè ïðè p<0,05, ÿê³ñòü ìîäåëåé — çà êðè-
òåð³ºì Àêàéêå [16]. Çàãàëîì ç³áðàíî 159 ïðîá ç òðàëîâèõ çéîìîê òà ïðîáè
ç òðüîõ âîäîëàçíèõ ñòàíö³é. Äëÿ âèçíà÷åííÿ ðîçì³ðíî-ìàñîâî¿, ñòàòåâî¿
òà â³êîâî¿ ñòðóêòóðè ðàïàíè áóëî îáñòåæåíî 148 îñîáèí, ðîçì³ðíî-ìàñî-
âî¿ ñòðóêòóðè ì³ä³¿ — 130 îñîáèí.

Ðåçóëüòàòè äîñë³äæåíü

Ï³ä ÷àñ îáë³êîâèõ çéîìîê ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ
áóëî äîñë³äæåíî ðîçïîä³ë ÷èñåëüíîñò³ òà á³îìàñè ðàïàíè R. venosa òà ì³ä³¿
M. galloprovincialis çà ð³çíèìè ä³àïàçîíàìè ãëèáèí. Ðîçïîä³ë ìîëþñê³â çà-
ëåæàâ â³ä ãëèáèíè, òèïó äîííîãî ñóáñòðàòó, ñåçîííèõ óìîâ òà åêîëîã³÷íèõ
ôàêòîð³â, çîêðåìà òåìïåðàòóðè ïðèäîííîãî øàðó (8—20 oC) ³, â äåÿêèõ
âèïàäêàõ, ÿâèù ïðèäîííî¿ ã³ïîêñ³¿. Ðàïàíà áóëà íàéïîøèðåí³øîþ íà
ì³ëêîâîäíèõ ä³ëÿíêàõ (5—15 ì), îñîáëèâî íà ï³ùàíèõ ³ ÷åðåïàøêîâèõ
´ðóíòàõ, äå ¿¿ ÷àñòîòà çóñòð³÷àëüíîñò³ ñÿãàëà 79—100 %, à á³îìàñà äîñÿãàëà
âèñîêèõ çíà÷åíü (äî 21—29 ã/ì2 ó ðàéîíàõ Äí³ñòðîâñüêî¿ áàíêè, Òåíä-
ð³âñüêî¿ êîñè òà â³ä ãèðëà Äí³ñòðîâñüêîãî ëèìàíó äî Äóíàþ). Íà ñåðåäí³õ
ãëèáèíàõ (15—25 ì) ÷àñòîòà çóñòð³÷àëüíîñò³ çíèæóâàëàñÿ äî 65—91 %, à
á³îìàñà áóëà ïîì³ðíîþ (ðèñ. 2).

Íà ãëèáîêîâîäíèõ ä³ëÿíêàõ (25—35 ì) ðàïàíà çóñòð³÷àëàñÿ íå÷àñòî
àáî áóëà â³äñóòíÿ, îñîáëèâî íà çàìóëåíèõ ñóáñòðàòàõ, äå ¿¿ á³îìàñà íå ïå-
ðåâèùóâàëà 10 ã/ì2. Íàéâèù³ ïîêàçíèêè ÷èñåëüíîñò³ òà á³îìàñè ðàïàíè
çàô³êñîâàíî âîñåíè 2020 ð., ç ìàêñèìàëüíèì çàïàñîì äî 72,7 òèñ. ò, òîä³ ÿê
ó ÷åðâí³ 2021 ð. çàïàñ çíèçèâñÿ äî 29 òèñ. ò (òàáë. 1). Ãîëîâíîþ ïðè÷èíîþ
çìåíøåííÿ çàïàñó áóëî çíèæåííÿ óëîâèñòîñò³ á³ìòðàëà ÷åðåç òå, ùî á³ëü-
øà ÷àñòêà îñîáèí ðàïàíè ùå íå âèéøëà íà ïîâåðõíþ ´ðóíòó ï³ñëÿ çèì³âë³
âíàñë³äîê íèçüêèõ òåìïåðàòóð ïðèäîííîãî øàðó âîäè. Òàêîæ â öåé ÷àñ â
óëîâàõ ñïîñòåð³ãàëàñü âåëèêà ê³ëüê³ñòü íèò÷àñòèõ âîäîðîñòåé, ùî ñêóï÷ó-
þ÷èñü íà íèæí³é ï³äáîð³ çíàðÿääÿ óñêëàäíþâàëè îáëîâ. Âîñåíè 2021 ð.
çàïàñ ÷àñòêîâî çá³ëüøèâñÿ äî 43 òèñ. ò.

Ì³ä³ÿ ôîðìóâàëà íàéù³ëüí³ø³ ïîñåëåííÿ íà ãëèáèíàõ 15—25 ì, äå ¿¿
á³îìàñà äîñÿãàëà 9—17 ã/ì2, à ÷àñòîòà çóñòð³÷àëüíîñò³ êîëèâàëàñÿ â³ä 32 äî
50 %. Íà ì³ëêîâîää³ (5—15 ì) ïîêàçíèêè áóëè íèæ÷èìè, à íà ãëèáîêîâîä-
íèõ ä³ëÿíêàõ (25—35 ì) ÷èñåëüí³ñòü ³ á³îìàñà ì³ä³¿ áóëè ì³í³ìàëüíèìè,
õî÷à ÷àñòîòà çóñòð³÷àëüíîñò³ ³íîä³ ñÿãàëà 55 %. Ìàêñèìàëüíèé çàïàñ ì³ä³¿
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(äî 146 òèñ. ò) çàðåºñòðîâàíî âîñåíè 2021 ð. íà ñåðåäí³õ ãëèáèíàõ, òîä³ ÿê ó
÷åðâí³ 2021 ð. â³í áóâ íàéíèæ÷èì (áëèçüêî 104 òèñ. ò) (äèâ. òàáë. 1).
Íàéù³ëüí³ø³ ïîñåëåííÿ ì³ä³¿ ñïîñòåð³ãàëèñÿ â íàéá³ëüø ïðîäóêòèâíèõ
ðàéîíàõ øåëüôó çáàãà÷åíèõ á³îãåíàìè, ÿê³ âèíîñÿòüñÿ ð³÷êîâèì ñòîêîì
— ïîáëèçó ãèðë Äóíàþ, Äí³ñòðîâñüêîãî òà Äí³ïðîâñüêî-Áóçüêîãî ëè-
ìàí³â (ðèñ. 3).

Âèÿâëåíî, ùî íà ðîçïîä³ë ìîëþñê³â ñóòòºâî âïëèâàëè åêîëîã³÷í³ óìî-
âè. Ïðèäîííà ã³ïîêñ³ÿ, îñîáëèâî âèðàæåíà âîñåíè 2020 ð. íà ãëèáèíàõ
15—25 ì (68 % ñòàíö³é), ïðèçâîäèëà äî ìàñîâî¿ çàãèáåë³ ì³ä³é, òîä³ ÿê ðà-
ïàíà äåìîíñòðóâàëà á³ëüøó ñò³éê³ñòü äî öèõ óìîâ. Ó çîíàõ ã³ïîêñ³¿ â óëî-
âàõ ì³ä³¿ ïåðåâàæàëè çäåá³ëüøîãî äð³áí³ îñîáèíè äîâæèíîþ 15—20 ìì.
Á³ëüø³ ìîëþñêè áóëè àáî ìåðòâèìè, àáî ëèøå ¿õí³ âåëèê³ ïîðîæí³ ñòóëêè.

Êîðåëÿö³éíèé àíàë³ç çà äîïîìîãîþ êîåô³ö³ºíòà Ñï³ðìåíà âèÿâèâ íå-
ãàòèâíó çàëåæí³ñòü ì³æ á³îìàñîþ ðàïàíè òà ì³ä³¿ äëÿ âñ³õ ïðîá (n = 159,
ρ = -0,245, p = 0,0018), ùî âêàçóº íà ñòàòèñòè÷íî çíà÷óùèé çâ’ÿçîê, ÿêèé

ï³äòâåðäæóº õèæàöüêèé âïëèâ ðàïàíè íà ì³ä³þ. Äëÿ íåíóëüîâèõ ïðîá, äå
îáèäâà âèäè áóëè ïðèñóòí³ (n = 43), êîðåëÿö³ÿ âèÿâèëàñÿ ñëàáêîþ ïîçè-
òèâíîþ, àëå íåçíà÷óùîþ (ρ = 0,269, p = 0,0807), ùî ìîæå áóòè çóìîâëåíî

íåäîñòàòíüîþ âèá³ðêîþ àáî âïëèâîì åêîëîã³÷íèõ ôàêòîð³â, ùî íå áóëè
âðàõîâàí³ ìîäåëëþ. Àíàë³ç çà ñòðàòàìè ãëèáèí ïîêàçàâ çíà÷óùó íåãàòèâ-
íó êîðåëÿö³þ íà ì³ëêîâîää³ (5—15 ì, n = 60, ρ = -0,336, p = 0,0087) òà ñå-

ðåäí³õ ãëèáèíàõ (15—25 ì, n = 66,ρ = -0,339, p = 0,0054), ùî â³äîáðàæàº ñè-

ëüíèé õèæàöüêèé òèñê ðàïàíè â öèõ çîíàõ. Íà ãëèáîêîâîäí³é ñòðàò³
(25—35 ì, n = 33) êîðåëÿö³ÿ áóëà ñëàáêîþ ïîçèòèâíîþ òà íåçíà÷óùîþ
(ρ = 0,078, p = 0,6674), ùî ïîÿñíþºòüñÿ íèçüêîþ ÷èñåëüí³ñòþ ðàïàíè ÷å-

ðåç íåñïðèÿòëèâ³ óìîâè, òàê³ ÿê ìóëèñò³ ´ðóíòè òà íèçüêà òåìïåðàòóðà
ïðèäîííîãî øàðó. Íàéñèëüí³øà íåãàòèâíà êîðåëÿö³ÿ ñïîñòåð³ãàëàñÿ â
æîâòí³ 2021 ð. (n = 53, ρ = -0,430, p = 0,0013), à ó æîâòí³ 2020 ð. (ρ = -0,225,
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Ðèñ. 2. ×àñòîòà çóñòð³÷àëüíîñò³ ðàïàíè (I) ³ ì³ä³¿ (II) â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îð-
íîãî ìîðÿ â 2020—2021 ðð.
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p = 0,1046) òà ÷åðâí³ 2021 ð. (ρ = -0,137, p = 0,3281) çâ’ÿçîê áóâ ñëàáøèì.

Ðåãðåñ³éíèé àíàë³ç ³ç âèêîðèñòàííÿì óçàãàëüíåíî¿ ë³í³éíî¿ ìîäåë³ (GLM)
ç ãàììà-ðîçïîä³ëîì äëÿ íåíóëüîâèõ çíà÷åíü á³îìàñè ì³ä³¿ (n = 64) ïîêà-
çàâ, ùî á³îìàñà ðàïàíè íå ìàº ñòàòèñòè÷íî çíà÷óùîãî âïëèâó íà á³îìàñó
ì³ä³¿ (p = 0,966). Ãëèáèíà (ñòðàòà 2: p = 0,114; ñòðàòà 3: p = 0,096) òà ïåð³îä
çéîìêè (çéîìêà 2: p = 0,862; çéîìêà 3: p = 0,467) òàêîæ íå âèÿâèëèñÿ çíà-
÷óùèìè. Öå ïîÿñíþºòüñÿ íàñàìïåðåä ïðîñòîðîâîþ ñåãðåãàö³ºþ ïîñåëåíü
îáîõ âèä³â ìîëþñê³â (äèâ. ðèñ. 3). Ïðîñòîðîâèé àíàë³ç çà äîïîìîãîþ
êîåô³ö³ºíòà Moran’s I âèÿâèâ çíà÷íó ïîçèòèâíó àâòîêîðåëÿö³þ â ðîç-
ïîä³ë³ á³îìàñè ðàïàíè äëÿ âñ³õ ïðîá (n = 159, Moran’s I = 0,190, p =
7,44e-07), ùî ï³äòâåðäæóº ¿¿ êëàñòåðèçàö³þ, ïåðåâàæíî íà ì³ëêîâîäíèõ
ä³ëÿíêàõ (5—15 ì), äå óìîâè (íàïðèêëàä, ì’ÿêèé ´ðóíò ³ âèùà òåìïåðàòó-
ðà) º ñïðèÿòëèâèìè äëÿ ðàïàíè. Äëÿ ì³ä³¿ àâòîêîðåëÿö³ÿ áóëà ñëàáøîþ,
àëå çíà÷óùîþ (Moran’s I = 0,098, p = 0,0018), âêàçóþ÷è íà êëàñòåðèçàö³þ
íà ñåðåäí³õ ãëèáèíàõ (15—25 ì), äå õèæàöüêèé òèñê ðàïàíè çíèæóºòüñÿ
÷åðåç åêîëîã³÷í³ îáìåæåííÿ, çîêðåìà ù³ëüíèé ÷åðåïàøêîâèé ´ðóíò íà
ïåâíèõ ä³ëÿíêàõ, äå ðàïàíà íå ìîæå çàêîïóâàòèñÿ ïðè ñåçîííîìó îõîëîä-
æåíí³ âîäè. Äëÿ íåíóëüîâèõ ïðîá (n = 43) àâòîêîðåëÿö³ÿ áóëà íåçíà÷ó-
ùîþ ÿê äëÿ ðàïàíè (Moran’s I = 0,038, p = 0,1833), òàê ³ äëÿ ì³ä³¿ (Moran’s
I = -0,020, p = 0,4788), ùî, éìîâ³ðíî, ïîâ’ÿçàíî ç ìàëîþ âèá³ðêîþ. Àíàë³ç
çà ñòðàòàìè ïîêàçàâ çíà÷íó àâòîêîðåëÿö³þ äëÿ ðàïàíè íà ì³ëêîâîää³
(5—15 ì, Moran’s I = 0,211, p = 0,0002) òà ãëèáîêîâîäí³é ñòðàò³ (25—35 ì,
Moran’s I = 0,215, p = 0,0007), àëå íåãàòèâíó òà íåçíà÷óùó â ñòðàò³ 15—25 ì
(Moran’s I = -0,047, p = 0,7041), äå äîì³íóº ì³ä³ÿ. Äëÿ ì³ä³¿ àâòîêîðåëÿö³ÿ
áóëà çíà÷óùîþ ëèøå â ñòðàò³ 15—25 ì (Moran’s I = 0,094, p = 0,0187). Çà
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Ðèñ. 3. Ðîçïîä³ë á³îìàñè ðàïàíè òà ì³ä³¿ â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ â
2020—2021 ðð.



çéîìêàìè çíà÷íà àâòîêîðåëÿö³ÿ äëÿ ðàïàíè ñïîñòåð³ãàëàñÿ â æîâòí³
2021 ð., ùî ï³äòâåðäæóº ñåçîííå çðîñòàííÿ ¿¿ ïîïóëÿö³¿ âîñåíè, òîä³ ÿê äëÿ
ì³ä³¿ àâòîêîðåëÿö³ÿ çàëèøàëàñÿ íåçíà÷óùîþ (p>0,3).

Äëÿ á³ëüø äåòàëüíîãî àíàë³çó îñîáëèâîñòåé õèæàöüêîãî âïëèâó ðà-
ïàíè íà ïîïóëÿö³þ ì³ä³¿ áóëè âèêîðèñòàí³ äàí³, îòðèìàí³ ï³ä ÷àñ ï³äâîä-
íèõ çéîìîê, ïðîâåäåíèõ â ðàéîí³ Îäåñüêî¿ áàíêè (46o31'07.5''N
31o11'19.6''E) ó 2021 ð. òà Á³îñòàíö³¿ ÎÍÓ (46o26'22.3''N 30o46'27.2''E) ó 2021
òà 2024 ðð. Öå äîçâîëèëî îö³íèòè ÷èñåëüí³ñòü, á³îìàñó òà ñòðóêòóðí³ õà-
ðàêòåðèñòèêè ïîïóëÿö³é îáîõ âèä³â íà ì³ëêîâîäíèõ ä³ëÿíêàõ (ãëèáèíè
6—8 ì). Ó 2021 ð. ÷èñåëüí³ñòü ì³ä³é ó ðàéîí³ Á³îñòàíö³¿ ÎÍÓ ñòàíîâèëà
933 åêç/ì2, á³îìàñà — 21,3 êã/ì2, òîä³ ÿê íà Îäåñüê³é áàíö³ ö³ ïîêàçíèêè
äîñÿãàëè 1400 åêç/ì2 òà 8,6 êã/ì2 â³äïîâ³äíî. Ñòàòèñòè÷íî çíà÷óùèìè
â³äì³ííîñòÿìè º ñåðåäí³ çíà÷åííÿ çàãàëüíî¿ ìàñè ìîëþñêà, ìàñè ìóøë³,
ì’ÿêîãî ò³ëà òà éîãî ñóõîãî çàëèøêó â àíàë³çîâàíèõ ïîñåëåííÿõ ì³ä³¿
(òàáë. 2).

Ó 2024 ð. â ðàéîí³ Á³îñòàíö³¿ ÷èñåëüí³ñòü çðîñëà äî 1900 åêç/ì2, à
á³îìàñà — äî 54,4 êã/ì2, ùî ïîâ’ÿçàíî ç³ çá³ëüøåííÿì ñåðåäíüî¿ ìàñè ìî-
ëþñê³â (ç 26,27±2,05 ã ó 2021 ð. äî 35,03±1,65 ã ó 2024 ð.; F = 28,23, p<0,0001)
çàâäÿêè ïðèñóòíîñò³ ó ïîñåëåíí³ á³ëüøèõ îñîáèí. Ñåðåäíÿ äîâæèíà ñòó-
ëîê ì³ä³é ó 2021 ð. ñòàíîâèëà 60,81±2,44 ìì (Á³îñòàíö³ÿ) òà 41,59±0,69 ìì
(Îäåñüêà áàíêà). Ä³àïàçîí äîâæèíè âàð³þâàâ â³ä 10,4 äî 79,0 ìì íà
Á³îñòàíö³¿ òà â³ä 32,4 äî 54,2 ìì — íà Îäåñüê³é áàíö³. Ìîäàëüí³ êëàñè
ì³ä³é çà äîâæèíîþ ñêëàäàëè 60—70 ìì (Á³îñòàíö³ÿ, 42,86 %) òà 40—50 ìì
(Îäåñüêà áàíêà, 61,90 %) (òàáë. 3). Ó 2024 ð. â ðàéîí³ Á³îñòàíö³¿ ìîäàëüíèé
êëàñ çì³ñòèâñÿ äî 70—80 ìì (36,67 %), à ÷àñòêà îñîáèí ïðîìèñëîâîãî
ðîçì³ðó (>40 ìì) çìåíøèëàñÿ ç 96,4 % ó 2021 ð. äî 81,7 %, òîä³ ÿê ÷àñòêà
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Òàáëèöÿ 2

Ïîêàçíèêè

Ðàéîíè

Á³îñòàíö³ÿ
Îäåñüêà áàíêà

2024 ð. 2021 ð.

Lñåðåä. 60,08±3,00 60,81±2,44 41,59±0,69

Lì³í-ìàêñ 7,10—89,90 10,40—79,00 32,40—54,20

W, ã 35,03±1,65 26,27±2,05 6,13±0,32

Wst, ã 18,27±0,87 10,65±0,87 2,52±0,13

Ww, ã 5,40±0,52 4,83±0,37 1,23±0,06

Wd, ã 0,93 ± 0,09 0,75 ±0,07 0,19 ±0,01

B, êã/ì2 54,38 21,27 8,60

N, åêç/ì2 1900 933 1400

Ï ð è ì ³ ò ê à. L — äîâæèíà ñòóëêè, ìì; W — ñåðåäíÿ çàãàëüíà ìàñà ìîëþñêà; Wst —
ñåðåäíÿ ìàñà ìóøë³; Ww — ñèðà ìàñà ì’ÿêèõ òêàíèí; Wd — ñóõà ìàñà ì’ÿêèõ òêàíèí;
B — á³îìàñà; N — ÷èñåëüí³ñòü.



ìîëîä³ (<20 ìì) çðîñëà äî 15 % (ïðîòè 3,6 % ó 2021 ð.). Äèñïåðñ³éíèé
àíàë³ç íå âèÿâèâ çíà÷óùèõ â³äì³ííîñòåé ó ñï³ââ³äíîøåíí³ âèñîòè, òîâ-
ùèíè òà äîâæèíè ñòóëîê ì³æ ðàéîíàìè. Âîäíî÷àñ ðåãðåñ³éíèé àíàë³ç çà-
ëåæíîñò³ ìàñè ñòóëîê (Wst) â³ä ñï³ââ³äíîøåííÿ âèñîòè äî òîâùèíè (H/B)
âèÿâèâ çíà÷óù³ â³äì³ííîñò³ ì³æ ðàéîíàìè (F = 190,26, p < 0,0001 äëÿ íåçà-
ëåæíî¿ çì³ííî¿; F = 15,92, p = 0,0002 äëÿ êóòà íàõèëó):

Wst = 4,565 + 1,458 H/B (Îäåñüêà áàíêà);

Wst = 42,952 + 23,949 (Á³îñòàíö³ÿ).

×èñåëüí³ñòü ðàïàíè âàð³þâàëà â³ä 0,26 åêç/ì2 (Îäåñüêà áàíêà, 2021) äî
0,38 åêç/ì2 (Á³îñòàíö³ÿ, 2021), à á³îìàñà — â³ä 24,9 ã/ì2 äî 38,7 ã/ì2 â³ä-
ïîâ³äíî. Ó 2024 ð. â ðàéîí³ Á³îñòàíö³¿ á³îìàñà çíèçèëàñÿ ÷åðåç çìåíøåííÿ
ñåðåäíüî¿ ìàñè ìîëþñê³â (ç 98,51±6,0 ã ó ñàìö³â ³ 105,08±8,81 ã ó ñàìîê ó
2021 ð. äî 94,31±6,9 ã ³ 70,95±3,64 ã ó 2024 ð.; F = 10,38, p = 0,0020 äëÿ çàãàëü-
íî¿ ìàñè).

Ñòàòåâà ñòðóêòóðà â ðàéîí³ Á³îñòàíö³¿ ó 2021 ð. áóëà çáàëàíñîâàíîþ
(ñï³ââ³äíîøåííÿ ñàìö³â äî ñàìîê 1:1), òîä³ ÿê íà Îäåñüê³é áàíö³ ïåðåâà-
æàëè ñàìö³ (2:1). Ó 2024 ð. íà Á³îñòàíö³¿ ñïîñòåð³ãàëîñÿ äîì³íóâàííÿ ñà-
ìîê 1,29:1 (40:31). Âèñîòà ìóøåëü ðàïàíè â 2021 ð. âàð³þâàëà â³ä 65,0 äî
87,0 ìì (Îäåñüêà áàíêà) òà â³ä 72,9 äî 106,8 ìì (Á³îñòàíö³ÿ), ç ìîäàëüíèì
êëàñîì 70—80 ìì (65—77 %) äëÿ îáîõ ðàéîí³â. Ó 2024 ð. ìîäàëüíèé êëàñ
íà Á³îñòàíö³¿ çì³ñòèâñÿ äî 70—90 ìì (73,68 %). ×àñòêà îñîáèí ïðîìèñëî-
âîãî ðîçì³ðó (>50 ìì) ñòàíîâèëà 100 % ó âñ³õ âèá³ðêàõ. Êîåô³ö³ºíò âãîäî-
âàíîñò³ (Êâãîä) áóâ âèùèì íà Îäåñüê³é áàíö³ (18,41±0,46 äëÿ ñàìö³â, 18,89±
0,52 äëÿ ñàìîê) ïîð³âíÿíî ç Á³îñòàíö³ºþ (15,27±0,54 ³ 16,71±0,43 ó 2021 ð.;
F = 19,47, p = 0,0001 äëÿ ñàìö³â; F = 10,48, p = 0,0029 äëÿ ñàìîê). Ìàñèâí³ñòü
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Òàáëèöÿ 3
Ðîçïîä³ë ÷èñåëüíîñò³ ì³ä³é (%) ïî ðîçì³ðíèõ ãðóïàõ â ðàéîí³ â³äáîðó ðàïàí ó

ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ â 2021—2024 ðð.

Ðîçì³ðí³ ãðóïè
ì³ä³é, ìì

Îäåñüêà áàíêà Á³îñòàíö³ÿ ÎÍÓ

2021 ð. 2021 ð. 2024 ð.

0—10 0 0 3,33

10—20 0 3,57 11,67

20—30 0 0 3,33

30—40 35,71 0 0

50—60 2,38 25,00 11,67

60—70 0 42,86 21,67

70—80 0 17,86 36,67

80—90 0 0 10,0

Âñüîãî, åêç 42 28 60



ìóøåëü (Ì2/Í) âàð³þâàëà â³ä 0,66 äî 0,74, ç³ çíà÷óùèìè â³äì³ííîñòÿìè
ëèøå äëÿ ñàìîê ì³æ ðàéîíàìè (F = 3,31, p = 0,0790). Â³êîâà ñòðóêòóðà ïî-
êàçàëà á³ëüøó ð³çíîìàí³òí³ñòü íà Á³îñòàíö³¿ (ìàêñèìàëüíèé â³ê: 7 ðîê³â
äëÿ ñàìö³â, 8 ðîê³â äëÿ ñàìîê) ïîð³âíÿíî ç Îäåñüêîþ áàíêîþ (6 ðîê³â äëÿ
îáîõ ñòàòåé).

Îòæå, ðîçïîä³ë ³ ñòðóêòóðí³ õàðàêòåðèñòèêè îáîõ âèä³â çàëåæàëè â³ä
òèïó ñóáñòðàòó (êàì’ÿíèñòèé íà Á³îñòàíö³¿, ì³ä³éíà ù³òêà íà Îäåñüê³é
áàíö³). Çì³íè â ÷èñåëüíîñò³ òà ðîçì³ðí³é ñòðóêòóð³ ì³ä³é âïëèâàëè íà
ðîçì³ðíî-ìàñîâó, â³êîâó òà ñòàòåâó ñòðóêòóðó ðàïàíè, çîêðåìà çìåíøåí-
íÿ ÷àñòêè ñòàðøèõ â³êîâèõ ãðóï ³ çðîñòàííÿ ÷àñòêè ñàìö³â ó ðàéîíàõ ç îá-
ìåæåíîþ êîðìîâîþ áàçîþ (Îäåñüêà áàíêà).

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Òðàëîâ³ òà âîäîëàçí³ çéîìêè, ïðîâåäåí³ ó 2020—2024 ðð., âèÿâèëè
îñîáëèâîñò³ ðîçïîä³ëó îáîõ âèä³â çàëåæíî â³ä ãëèáèíè, òèïó ñóáñòðàòó òà
åêîëîã³÷íèõ óìîâ, à òàêîæ ï³äòâåðäèëè õèæàöüêèé âïëèâ ðàïàíè íà ì³ä³¿.
Ðåçóëüòàòè äîñë³äæåíü âêàçóþòü íà íåãàòèâíó êîðåëÿö³þ ì³æ á³îìàñîþ
ðàïàíè ³ ì³ä³¿, ùî ñâ³ä÷èòü ïðî õèæàöüêèé òèñê, îñîáëèâî âèðàæåíèé íà
ì³ëêîâîäíèõ ä³ëÿíêàõ (5—15 ì). Âèÿâëåíî, ùî ïðîñòîðîâèé ðîçïîä³ë ïî-
ïóëÿö³é ðàïàíè ³ ì³ä³¿ ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ çíà÷íîþ
ì³ðîþ âèçíà÷àºòüñÿ ãëèáèíîþ, òèïîì äîííîãî ñóáñòðàòó òà òåìïåðàòó-
ðîþ ïðèäîííîãî øàðó. Ðåçóëüòàòè òðàëîâèõ çéîìîê, ïðîâåäåíèõ ó 2020—
2021 ðð., ïîêàçàëè, ùî ðàïàíà äîì³íóâàëà íà ì³ëêîâîäíèõ ä³ëÿíêàõ (5—
15 ì), äå ¿¿ ÷àñòîòà çóñòð³÷àëüíîñò³ ñòàíîâèëà 79—100 %, à á³îìàñà âà-
ð³þâàëà â³ä 21 äî 29 ã/ì2. Íàéâèù³ ïîêàçíèêè çàô³êñîâàíî íà ï³ùàíèõ ³
ðèõëèõ ÷åðåïàøêîâèõ ´ðóíòàõ ó ðàéîíàõ Äí³ñòðîâñüêî¿ áàíêè òà Òåíä-
ð³âñüêî¿ êîñè, äå óìîâè ñïðèÿþòü àêòèâíîìó æèâëåííþ òà ðîçìíîæåííþ
ðàïàíè. Ì³ä³ÿ, íàâïàêè, ôîðìóâàëà íàéù³ëüí³ø³ ïîñåëåííÿ íà ãëèáèíàõ
15—25 ì, ç á³îìàñîþ 9—17 ã/ì2 ³ ÷àñòîòîþ çóñòð³÷àëüíîñò³ 32—50 %, ïåðå-
âàæíî íà òâåðäèõ ÷åðåïàøêîâèõ ´ðóíòàõ. Íà ãëèáîêîâîäíèõ ä³ëÿíêàõ
(25—35 ì) ÷èñåëüí³ñòü ³ á³îìàñà îáîõ âèä³â çíà÷íî çíèæóâàëàñü ÷åðåç ïå-
ðåâàæàííÿ çàìóëåíèõ ´ðóíò³â ³ çíèæåííÿ òåìïåðàòóðè äî 8—14 oC, ùî âî-
÷åâèäü îáìåæóº ¿õíþ æèòòºä³ÿëüí³ñòü. Ö³ ñïîñòåðåæåííÿ óçãîäæóþòüñÿ ç
ë³òåðàòóðíèìè äàíèìè: ðàïàíà äåìîíñòðóº âèñîêó òîëåðàíòí³ñòü äî øè-
ðîêîãî ä³àïàçîíó òåìïåðàòóðè (6—28oC) ³ ñîëîíîñò³ (10—35 ‰), ùî äî-
çâîëÿº ¿é àäàïòóâàòèñÿ äî çì³ííèõ óìîâ ÏÇ×Ì [25, 26, 39]. Â òîé ÷àñ ÿê
ì³ä³ÿ, íàâïàêè, º ÷óòëèâîþ äî åêîëîã³÷íîãî ñòðåñó, çîêðåìà äî ã³ïîêñ³¿ òà
íèçüêî¿ òåìïåðàòóðè [4, 10]. Íà ñüîãîäí³ êëþ÷îâèì ôàêòîðîì, ùî âïëè-
âàº íà ðîçïîä³ë ì³ä³é â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ, º ïðè-
äîííà ã³ïîêñ³ÿ, ÿêà áóëà îñîáëèâî âèðàæåíîþ âîñåíè 2020 ð., îõîïèâøè
68 % ñòàíö³é íà ãëèáèíàõ 15—25 ì. Öå ÿâèùå ñïðè÷èíèëî ìàñîâó çàãè-
áåëü ì³ä³é, òîä³ ÿê ðàïàíà âèÿâèëà âèùó ñò³éê³ñòü çàâäÿêè çäàòíîñò³ çàêî-
ïóâàòèñü ó ì’ÿê³ ´ðóíòè òà çíèæóâàòè ìåòàáîë³çì ó íåñïðèÿòëèâèõ óìîâàõ
[15, 22, 23]. Â³äîìî, ùî àíòðîïîãåííèé âïëèâ, çîêðåìà åâòðîô³êàö³ÿ à òà-
êîæ äàìï³íã ´ðóíòó ï³ä ÷àñ äíîïîãëèáëþâàëüíèõ ðîá³ò ³ áóä³âíèöòâà
ïîðò³â, çíà÷íî ïîñèëþº éìîâ³ðí³ñòü âèíèêíåííÿ ã³ïîêñ³éíèõ çîí. Çà äà-
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íèìè ×îðíîìîðñüêî-Àçîâñüêîãî óïðàâë³ííÿ ìîðñüêèõ øëÿõ³â, ç 1963 ð. â
ÏÇ×Ì ùîð³÷íî çàõîðîíþâàëè áëèçüêî 5 ìëí. ì3 ´ðóíòó, ùî ïðèçâîäèëî
äî åêðàíóâàííÿ ñîíÿ÷íîãî ñâ³òëà, çìåíøåííÿ ôîòîñèíòåçó ìàêðîô³ò³â ³,
â³äïîâ³äíî, çíèæåííÿ àåðàö³¿ ïðèäîííîãî øàðó [10, 11]. Ó 1960—1990-õ
ðîêàõ ðåãóëÿðíå âèíèêíåííÿ ã³ïîêñ³éíèõ çîí ñïðè÷èíèëî ñêîðî÷åííÿ
ïëîù³ ïðîìèñëîâèõ ïîñåëåíü ì³ä³é ç 9 äî 2,6 òèñ. êì2, à ¿õíüî¿ á³îìàñè — ó
6 ðàç³â.

Àíàëîã³÷íà äåãðàäàö³ÿ ñïîñòåð³ãàëàñÿ â á³îöåíîç³ ôàçåîë³íè Modiolu-
la phaseolina (R.A. Philippi, 1844), äå ïëîù³ ïîñåëåíü ñêîðîòèëèñÿ ç 24 äî
16 òèñ. êì2, à á³îìàñà — ç 6 äî 0,5 ìëí. ò. Çàìîðè òàêîæ íåãàòèâíî âïëèíó-
ëè íà äîííó ³õò³îôàóíó, çîêðåìà íà áè÷êîâèõ ðèá (Gobiidae) [10]. Åêî-
ëîã³÷í³ ïåðåâàãè ðàïàíè, òàê³ ÿê á³ëüøà òîëåðàíòí³ñòü äî ã³ïîêñ³¿ òà çäàò-
í³ñòü çàêîïóâàòèñÿ â ì’ÿê³ ´ðóíòè, çàáåçïå÷óþòü ¿é êîíêóðåíòíó ïåðåâàãó
íàä ì³ä³ÿìè â óìîâàõ äåãðàäàö³¿ ñåðåäîâèùà. Âîäíî÷àñ ù³ëüí³ ïîñåëåííÿ
ì³ä³é íà ÷åðåïàøêîâèõ ñóáñòðàòàõ ñåðåäí³õ ãëèáèí ÷àñòêîâî îáìåæóþòü
õèæàöüêèé òèñê ðàïàíè ÷åðåç ¿¿ ìåíøó àêòèâí³ñòü íà òâåðäèõ ïîâåðõíÿõ,
îñê³ëüêè âîíà íå ìîæå çàêîïóâàòèñü â ´ðóíò äëÿ ïåðå÷³êóâàííÿ íåñïðèÿò-
ëèâèõ óìîâ. Ïðîñòîðîâà ñåãðåãàö³ÿ, âèÿâëåíà â äîñë³äæåíí³, â³äîáðàæàº
ñêëàäíó âçàºìîä³þ åêîëîã³÷íèõ ôàêòîð³â, ÿê³ íåîáõ³äíî âðàõîâóâàòè ïðè
óïðàâë³íí³ ïîïóëÿö³ÿìè. Íàïðèêëàä, çìåíøåííÿ äàìï³íãó òà ðåãóëþâàí-
íÿ äíîïîãëèáëþâàëüíèõ ðîá³ò ìîæóòü ñïðèÿòè â³äíîâëåííþ ì³ä³éíèõ
ïîñåëåíü íà îêðåìèõ ä³ëÿíêàõ ìîðÿ ³ çíèæåííþ ÷àñòîòè âèíèêíåííÿ çîí
ã³ïîêñ³¿, ùî ìàòèìå ïîçèòèâíèé âïëèâ íà åêîñèñòåìó ÏÇ×Ì.

Êîðåëÿö³éíèé àíàë³ç çà êîåô³ö³ºíòîì Ñï³ðìåíà âèÿâèâ ñëàáêó íåãà-
òèâíó çàëåæí³ñòü ì³æ á³îìàñîþ ðàïàíè òà ì³ä³¿ ó ÏÇ×Ì, ùî ï³äòâåðäæóº
õèæàöüêèé òèñê ðàïàíè, îñîáëèâî âèðàæåíèé íà ì³ëêîâîää³ (5—15 ì) òà
ñåðåäí³õ ãëèáèíàõ (15—25). Ö³ ðåçóëüòàòè óçãîäæóþòüñÿ ç ë³òåðàòóðíèìè
äàíèìè ïðî õàð÷îâó ïîâåä³íêó ðàïàíè, äå çàçíà÷åíî, ùî R. venosa â³ääàº
ïåðåâàãó äâîñòóëêîâèì ìîëþñêàì, çîêðåìà ì³ä³ÿì, ÷åðåç ¿õíþ âèñîêó ïî-
æèâíó ö³íí³ñòü ³ ëåãêó äîñòóïí³ñòü [9, 32, 33]. Äëÿ ÏÇ×Ì âñòàíîâëåíî, ùî
³íòåíñèâí³ñòü õèæàöòâà çàëåæèòü â³ä ñòàò³ òà ðîçì³ðó ðàïàíè, ïðè÷îìó
á³ëüø³ ñàìêè ñïîæèâàþòü á³ëüøå ì³ä³é [6], ùî ï³äòâåðäæóº ñåçîííå ïîñè-
ëåííÿ òèñêó âîñåíè, êîëè ðàïàíà àêòèâíî õàð÷óºòüñÿ ïåðåä çèì³âëåþ.

Âîäîëàçí³ çéîìêè 2021 ³ 2024 ðð. ó ðàéîíàõ Îäåñüêî¿ áàíêè òà Á³î-
ñòàíö³¿ ÎÍÓ íà ì³ëêîâîää³ (6—8 ì) äîçâîëèëè îö³íèòè ïîïóëÿö³éí³ õà-
ðàêòåðèñòèêè ì³ä³¿ ³ ðàïàíè, çîñåðåäèâøèñü íà âïëèâ³ òèïó ñóáñòðàòó òà
òðîô³÷íèõ óìîâ äëÿ õèæàêà. Ó 2021 ð. ÷èñåëüí³ñòü ì³ä³é â ðàéîí³ Á³î-
ñòàíö³¿ áóëà íèæ÷îþ, í³æ íà Îäåñüê³é áàíö³, àëå äî 2024 ð. âîíà çíà÷íî
çðîñëà, ñóïðîâîäæóþ÷èñü çá³ëüøåííÿì á³îìàñè ÷åðåç á³ëüøó ñåðåäíþ
ìàñó ìîëþñê³â âíàñë³äîê ïðèñóòíîñò³ îñîáèí ðîçì³ðíîãî êëàñó 80—
90 ìì, ÿê³ ðàí³øå íå áóëè çàô³êñîâàí³. Â ðàéîí³ Á³îñòàíö³¿ ïåðåâàæàëè
á³ëüø³ îñîáèíè ç ìîäàëüíèì êëàñîì ñåðåäíüîãî òà âåëèêîãî ðîçì³ðó, òîä³
ÿê íà Îäåñüê³é áàíö³ äîì³íóâàëè äð³áí³ø³ ìîëþñêè, éìîâ³ðíî ÷åðåç ³í-
òåíñèâíå õèæàöòâî ðàïàíè. Çàðåºñòðîâàíå â ðàéîí³ á³îñòàíö³¿ â 2024 ð.
çá³ëüøåííÿ ÷àñòêè ìîëîäèõ îñîáèí ì³ä³é ñâ³ä÷èòü ïðî àêòèâíå ïîïîâ-
íåííÿ ïîïóëÿö³¿, ìîæëèâî, ÷åðåç ïîêðàùåííÿ åêîëîã³÷íèõ óìîâ àáî çíè-
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æåííÿ õèæàöüêîãî òèñêó. ×èñåëüí³ñòü ðàïàíè çàëèøàëàñÿ íåâèñîêîþ â
îáîõ ðàéîíàõ, àëå ¿¿ çàãàëüíà á³îìàñà â ðàéîí³ Á³îñòàíö³¿ çíèçèëàñÿ äî
2024 ð. ÷åðåç çìåíøåííÿ ñåðåäíüî¿ ìàñè ìîëþñê³â. Ñòàòåâà ñòðóêòóðà ðà-
ïàíè çì³íèëàñÿ: íà Á³îñòàíö³¿ ç ð³âíîãî ñï³ââ³äíîøåííÿ ñàìö³â ³ ñàìîê ó
2021 ð. äî 2024 ð. ïî÷àëè äîì³íóâàòè ñàìêè, òîä³ ÿê íà Îäåñüê³é áàíö³ ïå-
ðåâàæàëè ñàìö³. Âãîäîâàí³ñòü ðàïàíè áóëà âèùîþ íà Îäåñüê³é áàíö³ â³ðî-
ã³äíî çàâäÿêè ù³ëüíèì ì³ä³éíèì ïîñåëåííÿì, ÿê³ çàáåçïå÷óâàëè äîñòàò-
íþ êîðìîâó áàçó, îñîáëèâî ïðèñóòí³ñòü ì³ä³é äîâæèíîþ 30-40 ìì, ÿê³ º
îñíîâíèì ðîçì³ðîì â æèâëåíí³ ðàïàíè [36]. Øèðøèé â³êîâèé ä³àïàçîí
ðàïàíè â ðàéîí³ Á³îñòàíö³¿ (äî âîñüìè ðîê³â ïîð³âíÿíî ç ø³ñòüìà íà
Îäåñüê³é áàíö³), ìîæå áóòè ïîâ’ÿçàíèé ç ìåíøèì ïðîìèñëîâèì òèñêîì.
Ö³ ðåçóëüòàòè ï³äêðåñëþþòü íåîáõ³äí³ñòü óðàõóâàííÿ ðÿäó ³íøèõ ôàê-
òîð³â, ùî âïëèâàþòü íà òðîô³÷í³ óìîâè ïðè ïðîãíîçóâàíí³ äèíàì³êè ïî-
ïóëÿö³é ³ ðîçðîáö³ çàõîä³â äëÿ ¿õíüîãî óïðàâë³ííÿ.

Î÷åâèäíî, ùî ç ìåòîþ ïîêðàùåííÿ çàãàëüíîãî ñòàíó åêîñèñòåìè ï³â-
í³÷íî-çàõ³äíî¿ ÷àñòèíè ×îðíîãî ìîðÿ â³äíîâëåííÿ ÷èñåëüíîñò³ ïîñåëåíü
ìîëþñê³â-ô³ëüòðàòîð³â, çîêðåìà ì³ä³é, º âêðàé âàæëèâèì çàâäàííÿì. Îñ-
ê³ëüêè òåïåð ïîïóëÿö³ÿ ì³ä³¿ M. galloprovincialis â ÏÇ×Ì ïåðåáóâàº ó âðàç-
ëèâîìó ñòàí³ ÷åðåç ïîºäíàííÿ åêîëîã³÷íèõ ñòðåñîâèõ ôàêòîð³â (ðåãóëÿð-
íå âèíèêíåííÿ çîí ïðèäîííî¿ ã³ïîêñ³¿, õèæàöüêèé ïðåñèíã ç áîêó ðàïàíè,
àíòðîïîãåííå çàáðóäíåííÿ, äàìï³íã ´ðóíòó, êîìïëåêñíèé âïëèâ âîºííèõ
ä³é â Óêðà¿í³ òà ³í.), ñë³ä ïðîâîäèòè ðÿä çàõîä³â ñïðÿìîâàíèõ íà ¿õ çìåí-
øåííÿ. Çîêðåìà, ç ìåòîþ êîíòðîëþ ÷èñåëüíîñò³ ðàïàíè äîö³ëüíî çá³ëü-
øèòè ¿¿ ïðîìèñëîâèé âèëîâ. Ñòâîðåííÿ øòó÷íèõ ðèô³â ñïðèÿòèìå â³ä-
íîâëåííþ ì³ä³éíèõ ïîñåëåíü, ïîêðàùóþ÷è ¿õíþ ñò³éê³ñòü äî ã³ïîêñ³¿ òà
øòîðìîâî¿ àêòèâíîñò³. Ðîçâèòîê àêâàêóëüòóðè ì³ä³é, àäàïòîâàíî¿ äî íè-
çüêèõ çèìîâèõ òåìïåðàòóð (ìîæëèâå çàìåðçàííÿ ìîðÿ), âèñîêî¿ òóðáó-
ëåíòíîñò³ íà ì³ëêîâîää³ òà õèæàöòâà ðàïàíè òàêîæ ìîæå âèñòóïèòè âàæ-
ëèâèì ôàêòîðîì äëÿ çáåðåæåííÿ åêîñèñòåìíîãî áàëàíñó òà ñòàëîãî âèêî-
ðèñòàííÿ á³îðåñóðñ³â ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ.

Âèñíîâêè

Âèÿâëåíî íåãàòèâíó êîðåëÿö³þ ì³æ á³îìàñîþ ðàïàíè òà ì³ä³¿ íà ì³ë-
êîâîäíèõ (5—15 ì,ρ = -0,336, p = 0,0087) ³ ñåðåäí³õ (15—25 ì,ρ = -0,339, p =

0,0054) ãëèáèíàõ ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ, ùî ñâ³ä÷èòü
ïðî çíà÷íèé õèæàöüêèé òèñê ðàïàíè.

Çà äîïîìîãîþ îáë³êîâèõ çéîìîê á³ìòðàëîì âñòàíîâëåíî, ùî ðàïàíà
äîì³íóº íà ì³ëêîâîäíèõ ä³ëÿíêàõ (5—15 ì) ç ï³ùàíèìè òà ÷åðåïàøêîâè-
ìè ´ðóíòàìè, òîä³ ÿê ì³ä³ÿ íà òàêèõ ñóáñòðàòàõ ôîðìóº íàéù³ëüí³ø³ ïîñå-
ëåííÿ íà ñåðåäí³õ ãëèáèíàõ (15—25 ì) ç òâåðäèìè ñóáñòðàòàìè. Ï³ä ÷àñ
âîäîëàçíèõ çéîìîê áóëî âèÿâëåíî, ùî íà òâåðäèõ êàì’ÿíèõ ñóáñòðàòàõ íà
ãëèáèíàõ äî 5 ì âñå ùå çáåð³ãàþòüñÿ ù³ëüí³ ïîñåëåííÿ ì³ä³é ç âèñîêèì
ð³âíåì á³îìàñè (äî 54 êã/ì2).

Ïðèäîííà ã³ïîêñ³ÿ, ïîñèëåíà àíòðîïîãåííèìè ôàêòîðàìè, òàêèìè ÿê
åâòðîô³êàö³ÿ òà äàìï³íã, ñóòòºâî çíèæóº ÷èñåëüí³ñòü ³ á³îìàñó ì³ä³é, òîä³
ÿê ðàïàíà äåìîíñòðóº á³ëüøó ñò³éê³ñòü äî öèõ óìîâ, ùî ï³äêðåñëþº íå-
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îáõ³äí³ñòü çàõîä³â äëÿ çìåíøåííÿ àíòðîïîãåííîãî âïëèâó òà â³äíîâëåííÿ
ì³ä³éíèõ ïîñåëåíü ÷åðåç ñòâîðåííÿ øòó÷íèõ ðèô³â ³ ðîçâèòîê àêâàêóëü-
òóðè. Âîäíî÷àñ ñë³ä çá³ëüøèòè ïðîìèñëîâèé âèëîâ ðàïàíè çàäëÿ çíèæåí-
íÿ òèñêó íà ïîïóëÿö³þ ì³ä³é.
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SPATIAL FEATURES OF THE INTERACTION BETWEEN POPULATIONS OF RAPA
WHELK RAPANA VENOSA (VALENCIENNES, 1846) AND MEDITERRANEAN

MUSSEL MYTILUS GALLOPROVINCIALIS (LAMARCK, 1819) IN THE
NORTH-WESTERN BLACK SEA

The study revealed spatial patterns in the interaction between populations of the inva-
sive gastropod Rapana venosa (Valenciennes, 1846) and the Mediterranean mussel Mytilus
galloprovincialis (Lamarck, 1819) in the north-western Black Sea during 2020—2024.
Using trawl and diving surveys, population abundance, biomass, and structural characte-
ristics were assessed on the Ukrainian continental shelf. Beam-trawl surveys showed that
rapa whelk dominates shallow waters (5—15 m) with sandy and shell substrates (biomass
up to 21—29 g/m2), while mussels form dense settlements at mid-depths (15—25 m, bio-
mass 9—17 g/m2). Diving surveys using a benthic frame revealed that on isolated hard-sub-
strate sites, mussel biomass can reach 54,000 kg/m2. A negative correlation between species
biomass (ρ = -0.245, p = 0.0018) confirms predatory pressure from rapa whelk. Near-bot-

tom hypoxia, anthropogenic factors (eutrophication, dumping), and substrate type signifi-
cantly influence mollusk distribution, reducing mussel abundance. Spatial segregation dri-
ven by ecological factors partially limits rapa whelk predation on certain shelf areas. To res-
tore ecosystem balance, intensified rapa whelk fishery, creation of artificial reefs, and deve-
lopment of mussel aquaculture are recommended.

Key words: rapa whelk, Mediterranean mussel, north-western part of the Black Sea,
abundance, biomass, predatory pressure.
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(BACILLARIOPHYTA) ÒÀ ¯¯ ÏÎÒÅÍÖ²ÉÍÎ¯

Ö²ÍÍÎÑÒ² ßÊ ÕÀÐ×ÎÂÎÃÎ ÐÅÑÓÐÑÓ

Çä³éñíåíî îö³íêó âì³ñòó ïðîìèñëîâî-ö³ííèõ ñïîëóê ó á³îìàñ³ ä³àòîìîâî¿ âîäî-
ðîñò³ Phaeodactylum tricornutum Bohlin, âèðîùåíî¿ â ëàáîðàòîðíîìó ôîòîá³îðåàê-
òîð³ çàêðèòîãî òèïó. Â³äì³÷åíî âèñîêèé âì³ñò á³ëêà (42,33 ìã/ã ñóõî¿ ðå÷îâèíè),
àì³íîêèñëîò (262,5 ìêÌ/ã ñóõî¿ ðå÷îâèíè), çîêðåìà íåçàì³ííèõ (56,4 ìêÌ/ã ñóõî¿ ðå-
÷îâèíè), õëîðîô³ëó à (7,64 ìã/ã ñóõî¿ ðå÷îâèíè), êàðîòèíî¿ä³â (4,42 ìã/ã ñóõî¿ ðå÷îâè-
íè), ôóêîêñàíòèíó (3,08 ìã/ã ñóõî¿ ðå÷îâèíè), ñóëüôîõ³íîâîçèëä³àöèëãë³öåðîëó
(ÑÕÄÃ) (5,17 ìã/ã ñóõî¿ ðå÷îâèíè) òà àöèëêàðí³òèí³â (1,77 ìêÌ/ã ñóõî¿ ðå÷îâèíè).
Ph. tricornutum º ïåðñïåêòèâíèì îá’ºêòîì äëÿ îòðèìàííÿ â ïðîìèñëîâèõ ìàñøòà-
áàõ ïîâíîö³ííîãî á³ëêà, ÑÕÄÃ ç ï³äâèùåíèì âì³ñòîì îìåãà-3 æèðíèõ êèñëîò, ôóêîê-
ñàíòèíó òà õëîðîô³ëó à.

Êëþ÷îâ³ ñëîâà: ì³êðîâîäîðîñò³, Phaeodactylum tricornutum, á³îòåõíîëîã³ÿ,
àì³íîêèñëîòè, á³ëîê, õëîðîô³ë, ôóêîêñàíòèí, êàðîòèíî¿äè, ÑÕÄÃ, àöèëêàðí³òèíè.

Âïðîäîâæ îñòàíí³õ ðîê³â ñïîñòåð³ãàºòüñÿ ñò³éêà òåíäåíö³ÿ çá³ëüøåí-
íÿ ïîïèòó íà ì³êðîâîäîðîñò³ òà ïðîäóêòè ¿õíüî¿ ïåðåðîáêè, ÿêà çóìîâëå-
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íà íåîáõ³äí³ñòþ ïîäîëàííÿ êðèçîâèõ ÿâèù ó ñôåð³ ãëîáàëüíî¿ ïðîäîâî-
ëü÷î¿ áåçïåêè, ïîâ’ÿçàíèõ ç äåô³öèòîì òðàäèö³éíèõ õàð÷îâèõ ðåñóðñ³â òà
çì³íîþ ñïîæèâ÷èõ ïð³îðèòåò³â ëþäèíè ó á³ê ôóíêö³îíàëüíîãî òà íóò-
ðèö³îëîã³÷íî çáàëàíñîâàíîãî õàð÷óâàííÿ. Ì³êðîñêîï³÷í³ âîäîðîñò³ º áà-
ãàòèì äæåðåëîì ð³çíèõ ñïîëóê, ñåðåä íèõ óí³êàëüíèõ ìåòàáîë³ò³â [13, 22,
28, 41, 42], ùî ìàþòü âåëèêèé êîìåðö³éíèé ïîïèò ÿê ö³íí³ ³íãðåä³ºíòè äëÿ
õàð÷îâî¿, ôàðìàöåâòè÷íî¿, íóòðèöåâòè÷íî¿ òà ìåäè÷íî¿ ãàëóçåé [23, 48,
51].

Âèðîùóâàííÿ âîäîðîñòåé â ïðîìèñëîâèõ ìàñøòàáàõ äëÿ îòðèìàííÿ
÷èñòî¿ á³îìàñè äëÿ õàð÷îâî¿ ïðîìèñëîâîñò³ çä³éñíþþòü ó çàêðèòèõ ôî-
òîá³îðåàêòîðàõ, ùî äîçâîëÿº çá³ëüøèòè ïðîäóêòèâí³ñòü ³ âèõ³ä ïåâíèõ
ïðîìèñëîâî-ö³ííèõ ñïîëóê [26, 34, 38] òà óíèêíóòè çàáðóäíåííÿ ñóïóò-
í³ìè âèäàìè âîäîðîñòåé, ÿê³ ìîæóòü ì³ñòèòè ô³òîòîêñèíè, ãåïàòîòîêñè-
íè, íàïðèêëàä ì³êðîöèñòèíè àáî íåéðîòîêñèíè, íàñàìïåðåä àíàòîêñèí-à
[20], ³íøèìè ì³êðîîðãàí³çìàìè ÷è òîêñè÷íèìè äîì³øêàìè [21, 44]. Âèêî-
ðèñòàííÿ ôîòîá³îðåàêòîð³â òàêîæ ñïðèÿº åêîíîìíîìó âèêîðèñòàííþ
øòó÷íîãî ñâ³òëà, ÿêå º äîðîãèì ðåñóðñîì, ùî çíèæóº ñîá³âàðò³ñòü îòðè-
ìàíî¿ ïðîäóêö³¿ [26, 38].

Ïîøóê ïåðñïåêòèâíèõ âèä³â ì³êðîâîäîðîñòåé, ÿê³ äîçâîëÿòü îòðèìó-
âàòè âåëèê³ îá’ºìè á³îìàñè òà êîìåðö³éíî-ö³ííèõ ñïîëóê, º íåîáõ³äíîþ
óìîâîþ äëÿ ïðîìèñëîâîãî âèðîáíèöòâà. Îñê³ëüêè á³îëîã³÷íå ð³çíîìà-
í³òòÿ ì³êðîâîäîðîñòåé íàðàõîâóº á³ëüøå 50 000 âèä³â [40], àêòóàëüíèì º
ïèòàííÿ ï³äáîðó âèä³â, ÿê³ áóäóòü ïðîñòèìè â êóëüòèâóâàíí³ òà â³äïî-
â³äàòè ïîòðåáàì ð³çíèõ ãàëóçåé.

Ö³êàâèìè â öüîìó ïëàí³ º ä³àòîìîâ³ âîäîðîñò³, íàñàìïåðåä Phaeodac-
tylum tricornutum Bohlin — óí³êàëüíà ìîðñüêà âîäîð³ñòü, á³îìàñà ÿêî¿
ìîæå ì³ñòèòè 30—60 % á³ëêà ç ïîâíèì íàáîðîì àì³íîêèñëîò, æèðí³ êèñ-
ëîòè (âêëþ÷íî ç 3-îìåãà), ï³ãìåíòè (ôóêîêñàíòèí, õëîðîô³ë à òà ñ, áå-
òà-êàðîòèí, êñàíòîô³ëè (ä³àäèíîêñàíòèí, ä³àòîêñàíòèí), íàòóðàëüí³ áàð-
âíèêè (çîëîòèñòî-êîðè÷íåâîãî àáî îëèâêîâîãî â³äò³íêó). ª äàí³, ùî âì³ñò
ôóêîêñàíòèíó ó ö³º¿ ä³àòîìå¿ â 10 ðàç³â á³ëüøèé, í³æ ó áóðèõ ìàêðîâîäî-
ðîñòåé, âîíà òàêîæ ñèíòåçóº åéêîçàïåíòàºíîâó êèñëîòó, ÿêà º àëüòåðíàòè-
âîþ ðèá’ÿ÷îìó æèðó ó âåãàíñüêîìó õàð÷óâàíí³ òà ìàº ïîâíèé ñêëàä á³ëêà,
âêëþ÷íî ç óñ³ìà íåçàì³ííèìè àì³íîêèñëîòàìè [10, 56]. Íà ñüîãîäí³ Ph. tri-
cornutum ðåòåëüíî âèâ÷àþòü ÿê ìîæëèâå äæåðåëî ôóêîêñàíòèíó äëÿ îò-
ðèìàííÿ áàðâíèêà òà ³íøèõ ñïîëóê õàð÷îâîãî ïðèçíà÷åííÿ.

Öåé âèä âæå ïðîéøîâ ðåòåëüíó ïåðåâ³ðêó íà áåçïå÷í³ñòü ªâðîïåéñü-
êèì àãåíòñòâîì ç áåçïåêè õàð÷îâèõ ïðîäóêò³â (EFSA) ³ îòðèìàâ ñòàòóñ
«Novel Food» (íîâèé õàð÷îâèé ïðîäóêò) òà â Àìåðèö³ îòðèìàâ ñòàòóñ
GRAS (Generally Recognized as Safe) â³ä FDA, ùî äîçâîëÿº éîãî âèêîðè-
ñòàííÿ ÿê ³íãðåä³ºíòà â ïðîäóêòàõ õàð÷óâàííÿ òà íàïîÿõ. Åêñòðàêò ôóêî-
êñàíòèíó ç Ph. tricornutum, ÿêèé âèðîáëÿº ³çðà¿ëüñüêà êîìïàí³ÿ Algatech
ï³ä áðåíäîì FucoVital º ïåðøèì ó ñâ³ò³, ùî îòðèìàâ ñõâàëåííÿ FDA ÿê
áåçïå÷íèé ³íãðåä³ºíò. Ó áëèçüêîìó ìàéáóòíüîìó ïåðåäáà÷àºòüñÿ âèêîðè-
ñòàííÿ Ph. tricornutum â ñèðàõ, éîãóðòàõ, õë³áîáóëî÷íèõ âèðîáàõ òà äèòÿ-
÷îìó õàð÷óâàíí³ [46]. Ò³ëüêè â ªâðîï³ öþ âîäîð³ñòü âæå âèðîùóþòü ïðè-
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íàéìí³ â³ñ³ì êîìïàí³é, äîñÿãàþ÷è ð³÷íîãî âèðîáíèöòâà äî 4 ò ñóõî¿ á³î-
ìàñè [3].

Íà â³äì³íó â³ä áàãàòüîõ ³íøèõ âîäîðîñòåé, ÿê³ ðîñòóòü ó â³äêðèòèõ áà-
ñåéíàõ, Ph. tricornutum ÷àñò³øå âèðîùóþòü ó çàêðèòèõ ôîòîá³îðåàêòîðàõ.
Óí³êàëüíà çäàòí³ñòü Ph. tricornutum ïîëÿãàº â òîìó, ùî ¿¿ ìîæíà âèðîùó-
âàòè íàâ³òü ó ïîâí³é òåìðÿâ³ â çàêðèòèõ ôåðìåíòåðàõ (ÿê äð³æäæ³), äîäà-
þ÷è ãëþêîçó àáî ãë³öåðèí, ùî äîçâîëÿº îòðèìóâàòè âåëèêó ê³ëüê³ñòü
á³îìàñè íåçàëåæíî â³ä ïîãîäè. Öå òàêîæ îäíà ç íåáàãàòüîõ ä³àòîìåé, ÿêà
ìîæå æèòè áåç êðåìí³ºâîãî ïàíöèðà, ùî çíà÷íî ïîëåãøóº ïðîöåñ åêñò-
ðàêö³¿ êîðèñíèõ ðå÷îâèí. Îòæå, Ph. tricornutum ìàº çíà÷íèé ïîòåíö³àë
äëÿ ìàñøòàáíîãî ïðîìèñëîâîãî êóëüòèâóâàííÿ [4, 9, 46, 55].

Ìåòîþ ðîáîòè áóëà îö³íêà âì³ñòó ö³ííèõ äëÿ õàð÷óâàííÿ ëþäèíè
ñïîëóê, à ñàìå — á³ëêà, àì³íîêèñëîò, àöèëêàðí³òèí³â, ñóëüôîõ³íîâîçèë-
ä³àöèëãë³öåðîëó (ÑÕÄÃ) òà ï³ãìåíò³â (õëîðîô³ë³â a òà ñ, êàðîòèíî¿ä³â, ôó-
êîêñàíòèíó) ó ä³àòîìîâî¿ âîäîðîñò³ Ph. tricornutum, âèðîùåíî¿ ó ôî-
òîá³îðåàêòîð³ çàêðèòîãî òèïó.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêòîì äîñë³äæåíü ñëóãóâàëà ä³àòîìîâà âîäîð³ñòü Phaeodactylum
tricornutum Bohlin ç êîëåêö³¿ â³ää³ëó á³îòåõíîëîã³¿ ²íñòèòóòó ïåðåðîáêè
çåðíà (ì. Íóòåòàëü, Í³ìå÷÷èíà). Öå ìîðñüêà âîäîð³ñòü, ùî õàðàêòåðè-
çóºòüñÿ øâèäêèì ðîñòîì ³ çäàòí³ñòþ íàêîïè÷óâàòè ö³íí³ ìåòàáîë³òè, ÿê³
âàæêî îòðèìàòè ç ³íøèõ ðîñëèí (êàðîòèíî¿äè, ôóêîêñàíòèí, îìåãà-3
æèðí³ êèñëîòè, íåçàì³íí³ àì³íîêèñëîòè).

Phaeodactylum tricornutum — öå óí³êàëüíà âîäîð³ñòü, ÿêà â ïðèðîä-
íèõ óìîâàõ ìîæå ³ñíóâàòè â òðüîõ îñíîâíèõ ìîðôîòèïàõ: âåðåòåíîïî-
ä³áíîìó, îâàëüíîìó òà òðèïðîìåíåâîìó [25]. Îâàëüíèé ìîðôîòèï º ïåðå-
âàæíî áåíòîñíèì, íà â³äì³íó â³ä âåðåòåíîïîä³áíèõ òà òðèïðîìåíåâèõ
êë³òèí, ÿê³ õàðàêòåðí³ äëÿ ïëàíêòîííèõ ôîðì öüîãî âèäó [49, 50]. Ââàæà-
þòü, ùî ïîë³ìîðô³çì ñïðèÿº ïëàñòè÷íîñò³ òà ïðèñòîñóâàííþ Ph. tricornu-
tum äî ð³çíèõ óìîâ ³ñíóâàííÿ [8, 15, 45]. Âåðåòåíîïîä³áíèé ìîðôîòèï ïî-
øèðåíèé â ïðèðîäíèõ âîäàõ òà êóëüòóðàõ in vitro [12], òðèïðîìåíåâ³
êë³òèíè íàäàþòü ïåðåâàãó ëóæíîìó ñåðåäîâèùó [6], à îâàëüí³ êðàùå ðîñ-
òóòü â íåñïðèÿòëèâèõ óìîâàõ [11]. ª äàí³ [17, 45], ùî îâàëüí³ êë³òèíè ñèí-
òåçóþòü á³ëüøó ê³ëüê³ñòü á³ëê³â òà ï³ãìåíò³â ïîð³âíÿíî ç âåðåòåíîïî-
ä³áíèìè, òîä³ ÿê ó á³îìàñ³ âåðåòåíîïîä³áíèõ êë³òèí íàêîïè÷óþòüñÿ íà-
ñàìïåðåä ë³ï³äè òà âóãëåâîäè. Öå ìîæå ìàòè çíà÷åííÿ ïðè ïðîìèñëîâîìó
âèðîùóâàíí³ ö³º¿ âîäîðîñò³ äëÿ çá³ëüøåííÿ â á³îìàñ³ ïåâíèõ ìåòàáîë³ò³â
ç óðàõóâàííÿì ïîïèòó íà íèõ.

Êóëüòóðó îâàëüíèõ êë³òèí P. tricornutum âèðîùóâàëè â çàêðèòîìó ëà-
áîðàòîðíîìó ôîòîá³îðåàêòîð³ îá’ºìîì 100 äì3. Æèâèëüíèì ñåðåäîâè-
ùåì äëÿ êóëüòèâóâàííÿ âîäîðîñòåé áóëî ñåðåäîâèùå Ïðîâàñîë³ [1].

Ì³êðîâîäîð³ñòü âèðîùóâàëè çà òåìïåðàòóðè 20—24 oC, âèñîê³é ³í-
òåíñèâíîñò³ ÷åðâîíîãî (~ 750 ìêìîëü êâàíò³â ì2/ñ) òà íèçüê³é ³íòåíñèâ-
íîñò³ ñèíüîãî ñâ³òëà (~ 100 ìêìîëü êâàíò³â ì2/ñ) â ðåæèì³ 15 ãîä ñâ³òëà òà
9 ãîä òåìðÿâè çà ðÍ = 7,5. Á³îìàñó äëÿ äîñë³äæåííÿ â³äáèðàëè íà 14-é äåíü
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ï³ñëÿ ïî÷àòêó êóëüòèâóâàííÿ (íà åêñïîíåíö³éí³é ôàç³ ðîñòó), äàë³ ¿¿ íàíî-
ñèëè òîíêèì øàðîì íà ïîë³åòèëåí òà âèñóøóâàëè òåïëèì ïîâ³òðÿì âïðî-
äîâæ 3—4 ãîä ïðè òåìïåðàòóð³ íå âèùå 60 oC (íå äîïóñêàþ÷è ïîòðàïëÿí-
íÿ ïðÿìèõ ñîíÿ÷íèõ ïðîìåí³â) äî ïîâ³òðÿíî-ñóõîãî ñòàíó.

Âì³ñò á³ëêà âèçíà÷àëè êîëîðèìåòðè÷íèì á³óðåòîâèì ìåòîäîì [19].
Âåñü ìàòåð³àë ùî çàëèøèâñÿ íà ô³ëüòð³ ç íàâàæêè ïîâ³òðÿíî-ñóõî¿ á³îìà-
ñè âîäîðîñòåé (0,1 ã) ï³ñëÿ ïðîöåäóðè â³äìèâàííÿ àöåòîíîì, ïåðåíîñèëè
â ïðîá³ðêó ³ äîäàâàëè 4 ñì3 2,5 %-âî¿ òðèõëîðîöòîâî¿ êèñëîòè. Ï³ñëÿ öåíò-
ðèôóãóâàííÿ âïðîäîâæ 5 õâ ïðè 5000 îá/õâ ñóïåðíàòàíò âèäàëÿëè ³ âñþ
ïðîöåäóðó ïîâòîðþâàëè. Ïîò³ì àíàëîã³÷íó ïðîöåäóðó ïðîâîäèëè ç âèêî-
ðèñòàííÿì 5 ñì3 äèñòèëüîâàíî¿ âîäè, äîäàâàëè 5 ñì3 0,05 í NaOH â ïðî-
á³ðêó, äå ì³ñòèâñÿ ñóõèé ìàòåð³àë, ³ öåíòðèôóãóâàëè. Ïî çàê³í÷åíí³ öåíò-
ðèôóãóâàííÿ â³äáèðàëè 3 ñì3 ðîç÷èíó ç âåðõíüî¿ ôðàêö³¿ ³ çì³øóâàëè ç
0,5 ñì3 á³óðåòîâîãî ðåàêòèâó (20 ã NaOH ðîç÷èíÿëè â 0,5 äì3 âîäè, äîäàâà-
ëè 22 ã KNaC4H4O6·4H2O, 7,5 ã CuSO4 òà 12,5 ã KI). Îïòè÷íó ù³ëüí³ñòü
âèì³ðþâàëè ïðè äîâæèí³ õâèë³ 550 íì íà ñïåêòðîôîòîìåòð³ Shimadzu
UV-1800.

Âì³ñò àì³íîêèñëîò òà àöèëêàðí³òèí³â âèçíà÷àëè ìåòîäîì òàíäåìíî¿
ìàñ-ñïåêòðîìåòð³¿ [32] çà äîïîìîãîþ ìàñ-ñïåêòðîìåòðà AB Sciex 2000 ç
àâòîñàìïëåðîì Ultimate 3000 (Dionex). Äëÿ àíàë³çó âèêîðèñòîâóâàëè
äèñê ä³àìåòðîì 3 ìì. Äî êîæíî¿ ïðîáè (20 ìì3 åêñòðàêòó) äîäàâàëè âíóò-
ð³øí³é ñòàíäàðò (ñóì³ø ì³÷åíèõ äåéòåð³ºì àì³íîêèñëîò (àáî àöèëêàð-
í³òèí³â) ç â³äîìèìè êîíöåíòðàö³ÿìè) â ê³ëüêîñò³ 200 ìì3 íà çðàçîê. Ï³ñëÿ
³íêóáàö³¿ ç âíóòð³øí³ì ñòàíäàðòîì çðàçêè âèñóøóâàëè òà ïðîâîäèëè äå-
ðèâàòèçàö³þ çà äîïîìîãîþ 3 í ðîç÷èíó áóòàíîë/HCl. Ï³ñëÿ âèñóøóâàííÿ
çðàçêè ðîç÷èíÿëè â ðåêîíñòèòóö³éíîìó áóôåð³ òà çàâàíòàæóâàëè â àâòî-
ñàìëåð Ultimate 3000.

Äëÿ ðîçðàõóíêó ê³ëüêîñò³ àì³íîêèñëîò (àöèëêàðí³òèí³â) ó äîñë³äíîìó
çðàçêó ïîïåðåäíüî íà êîëîíêó àâòîìàòè÷íîãî àíàë³çàòîðà íàíîñèëè ñòàí-
äàðòíó ñóì³ø ç â³äîìîþ êîíöåíòðàö³ºþ êîæíî¿ àì³íîêèñëîòè (àöèëêàð-
í³òèíó). Íà õðîìàòîãðàì³ ðîçðàõîâóâàëè ïëîùó ï³êó àì³íîêèñëîòè (àöèë-
êàðí³òèíó). Ê³ëüê³ñòü ì³êðîìîëåé äëÿ êîæíî¿ àì³íîêèñëîòè (àöèëêàð-
í³òèíó) (Õ1) ó äîñë³äæóâàíîìó ðîç÷èí³ âèðàõîâóâàëè çà ôîðìóëîþ: Õ1 =
S1/S0, äå S1 — ïëîùà ï³êó àì³íîêèñëîòè (àöèëêàðí³òèíó) â äîñë³äæóâàíîìó
çðàçêó; S0 — ïëîùà ï³êó ö³º¿ àì³íîêèñëîòè (àöèëêàðí³òèíó) â ðîç÷èí³
ñòàíäàðòíî¿ ñóì³ø³ àì³íîêèñëîò (àöèëêàðí³òèí³â), ùî â³äïîâ³äàº 1 ìêìî-
ëþ êîæíî¿ àì³íîêèñëîòè (àöèëêàðí³òèíó).

Ê³ëüê³ñòü àì³íîêèñëîò (àöèëêàðí³òèí³â) â ì³ë³ãðàìàõ îòðèìóâàëè
ìíîæåííÿì ê³ëüêîñò³ ì³êðîìîëåé ïåâíî¿ àì³íîêèñëîòè (àöèëêàðí³òèíó)
íà â³äïîâ³äíó ¿é (éîìó) ìîëåêóëÿðíó ìàñó. ßê³ñíèé ñêëàä ñóì³ø³ àì³íî-
êèñëîò (àöèëêàðí³òèí³â) âèçíà÷àëè ïîð³âíÿííÿì õðîìàòîãðàìè äîñë³ä-
íîãî çðàçêà ç³ ñòàíäàðòíîþ ñóì³øøþ àì³íîêèñëîò (àöèëêàðí³òèí³â) [36].

Äëÿ âèçíà÷åííÿ ñóëüôîë³ï³äó äî àöåòîíîâîãî ô³ëüòðàòó äîäàâàëè
1 ñì3 ðîç÷èíó ãåêñàí/áåíçîëó (4:1), 2 ñì3 âîäè òà öåíòðèôóãóâàëè ïðè
5000 îá/õâ ïðîòÿãîì 5 õâ çà ê³ìíàòíî¿ òåìïåðàòóðè. Ï³ñëÿ öåíòðèôóãó-
âàííÿ äî 1 ñì3, â³ä³áðàíîãî ç íèæíüî¿ ôðàêö³¿, äîäàâàëè 1 ñì3 0,01 %-âîãî
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àçóðó (â ðîç÷èí³ àöåòîíó) òà 2 ñì3 áåíçîëó ³ çíîâó öåíòðèôóãóâàëè ïðè
5000 îá/õâ ïðîòÿãîì 5 õâ çà ê³ìíàòíî¿ òåìïåðàòóðè. Ï³ñëÿ öåíòðèôóãó-
âàííÿ ðîç÷èí ç âåðõíüî¿ ôðàêö³¿ â³äáèðàëè ó êþâåòó òà âèì³ðþâàëè îï-
òè÷íó ù³ëüí³ñòü ïðè 610 íì. Ðîçðàõóíîê ñóëüôîë³ï³äó ïðîâîäèëè çà äîïî-
ìîãîþ ñòàíäàðòíî¿ êðèâî¿ çà äîäåöèëñóëüôàòîì íàòð³þ ó â³äïîâ³äíîñò³ äî
ìåòîäó Ê³íà [27].

Äëÿ âèçíà÷åííÿ âì³ñòó õëîðîô³ëó à, õëîðîô³ëó c òà êàðîòèíî¿ä³â íà-
âàæêó ïîâ³òðÿíî-ñóõî¿ á³îìàñè âîäîðîñòåé (0,1 ã) ãîìîãåí³çóâàëè ç 0,5 ã
ñêëÿíîãî ïîðîøêó òà 0,5 ã áåçâîäíîãî Na2SO4. Ãîìîãåíàò ïåðåíîñèëè â
ñêëÿíó êîëîíêó ç ô³ëüòðîì, äîäàâàëè 3 ñì3 90 %-âîãî àöåòîíó ³ ô³ëüòðóâà-
ëè. Åêñòðàêò ï³ãìåíò³â àíàë³çóâàëè íà ñïåêòðîôîòîìåòð³ Shimadzu
UV-1800 çà äîâæèíè õâèëü 665, 645, 630 òà 480 íì. Ê³ëüê³ñíèé âì³ñò õëî-
ðîô³ë³â à òà ñ ³ êàðîòèíî¿ä³â ðîçðàõîâóâàëè çà â³äïîâ³äíèìè ôîðìóëàìè
[47]:

Ñà = (11,6·D665 – 1,31·D645 – 0,14·D630)v/l·V,

Ñc = (55·D630 – 4,64·D665 – 16,3·D645)v/l·V,

Ñêàð = 10·D480 v/l·V,

äå: D — îïòè÷íà ãóñòèíà åêñòðàêòó ï³ãìåíò³â çà â³äïîâ³äíî¿ äîâæèíè
õâèë³, v — îá’ºì àöåòîíó (ñì3), l — òîâùèíà êþâåòè (cì), V — îá’ºì âè-
òÿæêè (ñì3).

Eêñòðàêö³þ ôóêñîêñàíòèíó çä³éñíþâàëè ç 5 ñì3 öåíòðèôóãîâàíî¿ êó-
ëüòóðàëüíî¿ á³îìàñè, ÿêó ïåðåä åêñòðàêö³ºþ ë³îô³ë³çóâàëè. Âèñóøåíó á³î-
ìàñó çì³øóâàëè ç³ 100 %-âèì åòàíîëîì ó ñï³ââ³äíîøåíí³ 1:4 ìã:ñì3 òà ³íêó-
áóâàëè ïðè 60 oC ïðîòÿãîì 1 ãîä â òåìðÿâ³, ùîá çàïîá³ãòè ôîòîäåãðàäàö³¿
ï³ãìåíòó. Ï³ñëÿ ³íêóáàö³¿ ñóì³ø öåíòðèôóãóâàëè ïðè 4000 îá/õâ ïðîòÿãîì
10 õâ ³ çáèðàëè ñóïåðíàòàíò, ùî ì³ñòèâ ôóêîêñàíòèí. Âì³ñò ôóêîêñàíòèíó
âèçíà÷àëè ñïåêòðîôîòîìåòðè÷íî çà äîïîìîãîþ ñïåêòðîôîòîìåòðà Shi-
madzu UV-1800 çà äîâæèíè õâèëü 445 íì (ìàêñèìàëüíå ïîãëèíàííÿ äëÿ
ôóêîêñàíòèíó) òà 663 íì (äëÿ âðàõóâàííÿ ³íòåðôåðåíö³¿ õëîðîô³ëó). Êîí-
öåíòðàö³þ ôóêîêñàíòèíó ðîçðàõîâóâàëè çà ð³âíÿííÿì [52]:

Ñôóê = (6,39·D445–5,18·D663).

Ïåðåðàõóíîê âì³ñòó êîæíî¿ äîñë³äæóâàíî¿ ðå÷îâèíè (á³ëêà, àì³íî-
êèñëîòè, àöèëêàðí³òèíó, ñóëüôîë³ï³äó, ï³ãìåíòà) íà 1 ã ñóõî¿ ðå÷îâèíè
çä³éñíþâàëè çà ôîðìóëîþ: À = CV/P·1000, äå: À — âì³ñò ðå÷îâèíè, ìã/ã
àáî ìêÌ/ã ñóõî¿ ðå÷îâèíè; Ñ — êîíöåíòðàö³ÿ ðå÷îâèíè, ìã/äì3 àáî
ìêÌ/äì3; V — îá’ºì âèòÿæêè ðå÷îâèíè, ñì3; Ð — íàâàæêà ðîñëèííîãî ìà-
òåð³àëó, ìã.

Âèçíà÷åííÿ ³çîëåéöèíó, ë³çèíó òà òðåîí³íó íå ïðîâîäèëè, îñê³ëüêè ö³
àì³íîêèñëîòè çà íàâåäåíîþ ìåòîäèêîþ íå ³äåíòèô³êóâàëèñÿ.
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Ñòàòèñòè÷íó îáðîáêó ðåçóëüòàò³â äîñë³äæåíü çä³éñíþâàëè çà äîïî-
ìîãîþ ïðîãðàìè Microsoft Office Excel ³ç çàñòîñóâàííÿì t-êðèòåð³þ Ñòüþ-
äåíòà. Âîíè ââàæàëèñÿ äîñòîâ³ðíèìè çà ð³âíÿ çíà÷óùîñò³ p � 0,05. Ê³ëü-
ê³ñòü ïîâòîð³â áóëà íå ìåíøà òðüîõ.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Á³îõ³ì³÷íèé àíàë³ç ïîâ³òðÿíî-ñóõî¿ á³îìàñè Ph. tricornutum äîçâîëèâ
âèÿâèòè â í³é äåÿê³ ïðîìèñëîâî-ö³íí³ ñïîëóêè (ðèñ. 1).

Ïðèðîäí³ ï³ãìåíòè, òàê³ ÿê õëîðîô³ëè òà êàðîòèíî¿äè, º îäíèìè ç
íàéá³ëüø çàòðåáóâàíèõ ³ ö³ííèõ ìåòàáîë³ò³â, ùî ñèíòåçóþòüñÿ âîäîðîñ-
òÿìè. ¯õ øèðîêî âèêîðèñòîâóþòü ó õàð÷îâ³é, êîñìåòè÷í³é òà ôàðìàöåâ-
òè÷í³é ïðîìèñëîâîñò³. Ï³ãìåíòè âæèâàþòü â ¿æó ÿê á³îëîã³÷íó äîáàâêó,
ùî ìàº àíòèîêñèäàíòí³, ïðîòèçàïàëüí³, ïðîòèìóòàãåíí³ òà ïðîòèì³êðîá-
í³ âëàñòèâîñò³ [16].

Êàðîòèíî¿äè, òàê³ ÿê ôóêîêñàíòèí, ëþòå¿í, áåòà-êàðîòèí, ë³êîï³í òà
àñòàêñàíòèí, çäåá³ëüøîãî âèêîðèñòîâóþòüñÿ ÿê ä³ºòè÷í³ äîáàâêè, õàð÷îâ³
ôîðòèô³êàòîðè òà íàòóðàëüí³ áàðâíèêè äëÿ ðèáíèõ, ì’ÿñíèõ, ìàêàðîííèõ
òà êîíäèòåðñüêèõ âèðîá³â ³ íàïî¿â [43], îñê³ëüêè íîâå ïîêîë³ííÿ ñïîæè-
âà÷³â â³ääàº ïåðåâàãó íàòóðàëüíèì ïðîäóêòàì, ùî ïîâ’ÿçàíî ç³ çá³ëüøåí-
íÿì àëåðã³÷íèõ ðåàêö³é òà ïðîáëåì ³ç çäîðîâ’ÿì.

Ôóêîêñàíòèí àêòèâíî âèêîðèñòîâóþòü ó ñïîðòèâíèõ õàð÷îâèõ äî-
áàâêàõ, îñê³ëüêè â³í ñïðèÿº ñïàëþâàííþ æèðó â æèðîâèõ êë³òèíàõ [29].
Ïîçèòèâíèé âïëèâ ôóêîêñàíòèíó íà çäîðîâ’ÿ ëþäèíè [5, 33] ïîâ’ÿçàíèé ç
òèì, ùî â³í ïåðåøêîäæàº ïåðåá³ãó ïðîöåñ³â çàïàëåííÿ [24], çàïîá³ãàº
îæèð³ííþ [18], ä³àáåòó [58] òà éìîâ³ðíî çíèæóº ðèçèê âèíèêíåííÿ ðàêî-
âèõ êë³òèí [31].

Âì³ñò õëîðîô³ëó a ó ïîâ³òðÿíî-ñóõ³é á³îìàñ³ îâàëüíèõ êë³òèí Ph. tri-
cornutum äîð³âíþâàâ 7,64 ìã/ã ñóõî¿ ðå÷îâèíè, õëîðîô³ëó ñ — 3,52 ìã/ã ñó-
õî¿ ðå÷îâèíè, çàãàëüíèé âì³ñò êàðîòèíî¿ä³â ñòàíîâèâ 4,42 ìã/ã ñóõî¿ ðå÷î-
âèíè, à ôóêîêñàíòèíó — 3,08 ìã/ã ñóõî¿ ðå÷îâèíè.

Âì³ñò ï³ãìåíò³â ó ä³àòîìîâèõ âîäîðîñòåé äóæå çàëåæèòü â³ä îñâ³òëåí-
íÿ òà òåìïåðàòóðè. Òàê, ïðè ãàðíîìó îñâ³òëåíí³ ³ îïòèìàëüí³é òåìïåðà-
òóð³ ïåðåâàæàº õëîðîô³ë a, à ó ðàç³ çíèæåííÿ ³íòåíñèâíîñò³ îñâ³òëåííÿ
çá³ëüøóºòüñÿ âì³ñò õëîðîô³ëó ñ òà êàðîòèíî¿ä³â, çîêðåìà ôóêîêñàíòèíó.
Öå ïîâ’ÿçàíî ç ïðèñòîñóâàííÿì öèõ âîäîðîñòåé äî ³ñíóâàííÿ íà ãëèáèí³,
îñê³ëüêè äîçâîëÿº åôåêòèâí³øå âëîâëþâàòè ñëàáêå ñèíº òà çåëåíå ñâ³òëî,
ÿêå êðàùå, í³æ ÷åðâîíå, ïðîíèêàº âãëèá âîäîéìè êð³çü òîâùó âîäè [53]. Â
íàøèõ äîñë³äæåííÿõ ïðè ôîòîòðîôíîìó âèðîùóâàíí³ âîäîðîñòåé áóëî
çàñòîñîâàíî ÷åðâîíå ñâ³òëî âèñîêî¿ ³íòåíñèâíîñò³ (~ 750 ìêìîëü êâàí-
ò³â ì2/ñ) òà ñèíº ñâ³òëî íèçüêî¿ ³íòåíñèâíîñò³ (~ 100 ìêìîëü êâàíò³â ì2/ñ),
òîìó âì³ñò õëîðîô³ëó a áóâ çíà÷íî âèùèì, í³æ õëîðîô³ëó ñ òà ôóêîêñàí-
òèíó. ²ñíóþòü ë³òåðàòóðí³ â³äîìîñò³ [14, 37] ïðî òå, ùî çà ïðàâèëüíî
ï³ä³áðàíèõ óìîâ êóëüòèâóâàííÿ âì³ñò ôóêîêñàíòèíó ó Ph. tricornutum
ìîæå ñÿãàòè 25 ìã/ã ñóõî¿ ðå÷îâèíè. Îòæå, º çíà÷íèé ïîòåíö³àë äëÿ îòðè-
ìàííÿ ö³º¿ êîìåðö³éíî-ö³ííî¿ ðå÷îâèíè á³îòåõíîëîã³÷íèì øëÿõîì.
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Âì³ñò á³ëêà ó Ph. tricornutum äîð³âíþâàâ 42,33 ìã/ã. Òàêèé âì³ñò º äî-
ñèòü âèñîêèì äëÿ âîäîðîñòåé ³ çàñâ³ä÷óº íàÿâí³ñòü ó öüîãî âèäó çíà÷íîãî
ïîòåíö³àëó äëÿ îòðèìàííÿ õàð÷îâîãî á³ëêà. Âàæëèâîþ õàðàêòåðèñòèêîþ
õàð÷îâîãî á³ëêà º éîãî ïîâíîö³íí³ñòü, ÿêà çàëåæèòü â³ä ñêëàäó òà âì³ñòó
àì³íîêèñëîò, íàñàìïåðåä íåçàì³ííèõ. Â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³ä-
æåíü ó á³îìàñ³ Ph. tricornutum áóëî âèÿâëåíî 17 àì³íîêèñëîò, 5 ç ÿêèõ º
íåçàì³ííèìè (âàë³í, ëåéöèí, ìåò³îí³í, òðèïòîôàí òà ôåí³ëàëàí³í)
(ðèñ. 2).

Ñóìàðíèé âì³ñò âèçíà÷åíèõ àì³íîêèñëîò äîð³âíþâàâ 262,5 ìêÌ/ã ñó-
õî¿ ðå÷îâèíè. Íàéâèùèì âì³ñòîì õàðàêòåðèçóâàëèñÿ àñïàðàã³íîâà òà ãëó-
òàì³íîâà êèñëîòè (â³äïîâ³äíî 50,8 òà 49,6 ìêÌ/ã ñóõî¿ ðå÷îâèíè), äîñèòü
âèñîêèì áóâ âì³ñò âàë³íó (28,8) òà ïðîë³íó (24,8), äåùî íèæ÷èì — àëàí³íó
(18,8), îðí³òèíó (17,7), ìåò³îí³íó (16,4) òà ãë³öèíó (13,7). Âì³ñò ³íøèõ
àì³íîêèñëîò íå ïåðåâèùóâàâ 10 ìêÌ/ã ñóõî¿ ðå÷îâèíè. Ñóìàðíèé âì³ñò
íåçàì³ííèõ àì³íîêèñëîò ñòàíîâèâ 56,4 ìêÌ/ã ñóõî¿ ðå÷îâèíè. Íåçàì³íí³
àì³íîêèñëîòè ñêëàäàëè 22 % â³ä çàãàëüíîãî âì³ñòó âèçíà÷åíèõ àì³íîêèñ-
ëîò. ¯õí³é âì³ñò ñòàíîâèâ: âàë³íó — 28,8, ìåò³îí³íó — 16,4, ôåí³ëàëàí³íó ³
ëåéöèíó — ïî 4,2, òðèïòîôàíó — 2,8 ìêÌ/ã ñóõî¿ ðå÷îâèíè.

Â á³îìàñ³ Ph. tricornutum âì³ñò á³ëüøå 10 ìêÌ/ã ñóõî¿ ðå÷îâèíè ìàëè
â³ñ³ì àì³íîêèñëîò, à ñàìå: àñïàðàã³íîâà ³ ãëóòàì³íîâà, âàë³í, ïðîë³í, àëà-
í³í, îðí³òèí, ìåò³îí³í òà ãë³öèí. Ðàçîì âîíè ñêëàäàëè 220,6 ìêÌ/ã ñóõî¿
ðå÷îâèíè, àáî 84 % â³ä çàãàëüíîãî âì³ñòó âñ³õ àì³íîêèñëîò.

Ó ä³àòîìîâèõ ì³êðîâîäîðîñòÿõ ïðèñóòí³ ð³çí³ òèïè ë³ï³ä³â: æèðí³
êèñëîòè, ïîëÿðí³ ³ íåïîëÿðí³ ë³ï³äè, òðèàöèëãë³öåðèäè, ñòåðî¿äè òà îê-
ñèë³ï³íè. Êë³òèííà ìåìáðàíà ä³àòîìîâèõ âîäîðîñòåé íà 15—25 % ñêëà-
äàºòüñÿ ç æèðíèõ êèñëîò. Äëÿ ä³àòîìîâèõ âîäîðîñòåé õàðàêòåðí³ íàñè-
÷åí³ òà íåíàñè÷åí³ êèñëîòè: ³ç íàñè÷åíèõ — ì³ðèñòèíîâà (Ñ14:0) ³ ïàëü-
ì³òèíîâà (Ñ16:0) êèñëîòè, à ³ç íåíàñè÷åíèõ: ìîíîíåíàñè÷åíà êèñëîòà —
ïàëüì³òîëå¿íîâà (Ñ16:1) òà ïîë³íåíàñè÷åí³ — àëüôà-ë³íîëåíîâà (Ñ18:3),
åéêîçàïåíòàºíîâà (Ñ20:5) ³ äîêîçàãåêñàºíîâà (Ñ22:6), ÿê³ íàëåæàòü äî ãðó-
ïè îìåãà-3 æèðíèõ êèñëîò, òà àðàõ³äîíîâà (Ñ20:4) ³ ãàììà-ë³íîëåíîâà
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Ðèñ. 1. Âì³ñò ïðîìèñëîâî-ö³ííèõ ñïîëóê ó êë³òèíàõ âîäîðîñò³ Phaeodactylum tricor-
nutum



(Ñ18:3) êèñëîòè, ÿê³ íàëåæàòü äî îìåãà-6 æèðíèõ êèñëîò [30]. Ïîë³íåíà-
ñè÷åí³ æèðí³ êèñëîòè çà îñòàíí³ ðîêè íàáóëè ïîïóëÿðíîñò³ çàâäÿêè ñâî¿é
ðîë³ á³îëîã³÷íî-àêòèâíèõ ðå÷îâèí òà âàæëèâèõ õàð÷îâèõ ³íãðåä³ºíò³â, ÿê³
ñïðèÿþòü çì³öíåííþ çäîðîâ’ÿ ëþäèíè. Ïðè çíèæåíí³ òåìïåðàòóðè ä³àòî-
ìå¿ ñèíòåçóþòü á³ëüøå ïîë³íåíàñè÷åíèõ æèðíèõ êèñëîò, íàñàìïåðåä åé-
êîçàïåíòàºíîâî¿. ×åðâîíå ñâ³òëî ñòèìóëþº íàêîïè÷åííÿ åéêîçàïåí-
òàºíîâî¿ êèñëîòè, òîä³ ÿê ñèíº ñâ³òëî ñïðèÿº ñèíòåçó çàãàëüíèõ ë³ï³ä³â òà
íàñè÷åíèõ æèðíèõ êèñëîò [53]. Îòæå, åôåêòèâíèì ñïîñîáîì çá³ëüøåííÿ
ê³ëüêîñò³ ïåâíèõ æèðíèõ êèñëîò ó ä³àòîìîâèõ âîäîðîñòåé º ñòâîðåííÿ
êîíòðîëüîâàíîãî ñòðåñó.

Ä³àòîìå¿ òàêîæ ìàþòü óí³êàëüíó îñîáëèâ³ñòü — ìåìáðàííó ïåðåáóäî-
âó. Ï³ä ÷àñ àçîòíîãî ãîëîäóâàííÿ âîíè íå ëèøå ñèíòåçóþòü íîâ³ æèðè, à é
«ðîçáèðàþòü» õëîðîïëàñòè, ïåðåòâîðþþ÷è ìåìáðàíí³ ë³ï³äè (ìîíîãà-
ëàêòîçèëä³àöèëãë³öåðîë, ä³ãàëàêòîçèëä³àöèëãë³öåðîë) íà çàïàñí³ æèðè
(òðèàöèëãë³öåðîëè) ë³ï³äíèõ êðàïëèí [39].

Îñîáëèâèì êëàñîì ìåìáðàííèõ ë³ï³ä³â, ÿê³ çàì³ñòü çàëèøêó ôîñôîð-
íî¿ êèñëîòè (ÿê ó ôîñôîë³ï³ä³â) ì³ñòÿòü ñóëüôîãðóïó, º ñóëüôîë³ï³äè.
Íàéïîøèðåí³øèì ïðåäñòàâíèêîì º ñóëüôîõ³íîâîçèëä³àöèëãë³öåðîë
(ÑÕÄÃ) — óí³êàëüíèé ñóëüôîë³ï³ä, ÿêèé çàâäÿêè ñâî¿é ñòðóêòóð³ (ïîºä-
íàííþ ñóëüôîâàíîãî öóêðó òà çàëèøê³â æèðíèõ êèñëîò) ìàº øèðîêèé
ñïåêòð á³îëîã³÷íî¿ àêòèâíîñò³.

Âèñîêà êîíöåíòðàö³ÿ ÑÕÄÃ º îäí³ºþ ç ïðè÷èí, ÷îìó ä³àòîìîâ³ âîäî-
ðîñò³ ââàæàþòüñÿ ö³ííîþ ñèðîâèíîþ äëÿ ôàðìàêîëîã³¿, àäæå ñàìå öåé
ë³ï³ä â ïîºäíàíí³ ç æèðíèìè êèñëîòàìè â³äïîâ³äàº çà àíòèâ³ðóñí³ òà ïðî-
òèïóõëèíí³ âëàñòèâîñò³ åêñòðàêò³â [2]. Ó ñòðóêòóð³ ÑÕÄÃ ä³àòîìîâèõ âî-
äîðîñòåé ÷àñòî ì³ñòèòüñÿ åéêîçàïåíòàºíîâà êèñëîòà [57], òîìó ñïîæèâàí-
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Ðèñ. 2. Âì³ñò àì³íîêèñëîò â êë³òèíàõ âîäîðîñò³ Phaeodactylum tricornutum: 5Îõî-Ðro
— 5-îêñîïðîë³í; Ala — àëàí³í; Arg — àðã³í³í; Asp — àñïàðàã³íîâà êèñëîòà; Cit — öèò-
ðóë³í; Glu — ãëóòàì³íîâà êèñëîòà; Gly — ãë³öèí; His — ã³ñòèäèí; Leu — ëåéöèí; Met
— ìåò³îí³í; Orn — îðí³òèí; Phe — ôåí³ëàëàí³í; Pro — ïðîë³í; Ser — ñåðèí; Trp —
òðèïòîôàí; Tyr — òèðîçèí; Val — âàë³í



íÿ òàêèõ ñóëüôîë³ï³ä³â ïîêðàùóº çàñâîþâàí³ñòü îìåãà-3 æèðíèõ êèñëîò
ïîð³âíÿíî ç³ çâè÷àéíèìè æèðàìè. Îñíîâíîþ ïåðåøêîäîþ äëÿ øèðîêîãî
âèêîðèñòàííÿ ö³º¿ ñïîëóêè º ñêëàäí³ñòü ¿¿ îòðèìàííÿ â ÷èñòîìó âèãëÿä³.
Î÷èùåííÿ ÑÕÄÃ â³ä ³íøèõ ë³ï³ä³â (ôîñôîë³ï³ä³â òà ãàëàêòîë³ï³ä³â) º äî-
ðîãîâàðò³ñíèì ïðîöåñîì, ùî ïîòðåáóº âèêîðèñòàííÿ âèñîêîåôåêòèâíî¿
ð³äèííî¿ õðîìàòîãðàô³¿.

Îñíîâíèì äæåðåëîì äëÿ ïðîìèñëîâîãî îòðèìàííÿ ÑÕÄÃ º ìîðñüê³
ì³êðîâîäîðîñò³ òà ö³àíîáàêòåð³¿. Ä³àòîìîâ³ âîäîðîñò³ âèð³çíÿþòüñÿ ñåðåä
óñ³õ ôîòîñèíòåçóþ÷èõ îðãàí³çì³â àíîìàëüíî âèñîêèì âì³ñòîì ÑÕÄÃ (5—
10 ìã/ã ñóõî¿ ðå÷îâèíè, àáî â³äïîâ³äíî 5—10 % â³ä çàãàëüíîãî âì³ñòó
ë³ï³ä³â). Ó Ph. tricornutum öåé ñóëüôîë³ï³ä º îäíèì ³ç äîì³íóþ÷èõ êîìïî-
íåíò³â ìåìáðàí õëîðîïëàñò³â ³ ñêëàäàº 25—35 % [57].

Íàìè áóëî âèçíà÷åíî âì³ñò ÑÕÄÃ â á³îìàñ³ Ph. tricornutum çà ôîòî-
òðîôíîãî êóëüòèâóâàííÿ, ÿêèé äîð³âíþâàâ 5,17 ìã/ã ñóõî¿ ðå÷îâèíè. Îñ-
ê³ëüêè âì³ñò ÑÕÄÃ íå º ñòàëèì ³ ñèëüíî çàëåæèòü â³ä çîâí³øí³õ ÷èííèê³â,
òàêèõ ÿê âì³ñò ó ñåðåäîâèù³ ôîñôîðó òà àçîòó, àáî ³íòåíñèâíîñò³ (çà íèçü-
êî¿ ³íòåíñèâíîñò³ âì³ñò çá³ëüøóºòüñÿ) òà ñïåêòðàëüíîãî ñêëàäó ñâ³òëà,
éîãî ìîæíà ðåãóëþâàòè ï³ä ÷àñ ïðîìèñëîâîãî îòðèìàííÿ.

Àöèëêàðí³òèíè º âàæëèâèìè ñïîëóêàìè â ë³ï³äíîìó ìåòàáîë³çì³ êë³-
òèíè, ÿê³ çàä³ÿí³ â ïðîöåñ³ áåòà-îêèñíåííÿ æèðíèõ êèñëîò, ùî çä³é-
ñíþºòüñÿ â ì³òîõîíäð³ÿõ. Äîâãîëàíöþãîâ³ æèðí³ êèñëîòè ñàìîñò³éíî íå
ìîæóòü ïðîíèêíóòè êð³çü âíóòð³øíþ ìåìáðàíó ì³òîõîíäð³é, ¿õíº òðàíñ-
ïîðòóâàííÿ â³äáóâàºòüñÿ çà äîïîìîãîþ êàðí³òèíîâîãî ïóëó ÷åðåç óòâî-
ðåííÿ àöèëêàðí³òèíó. Æèðíà êèñëîòà ñïî÷àòêó àêòèâóºòüñÿ äî
àöèë-ÊîÀ, ïîò³ì ç’ºäíóºòüñÿ ç êàðí³òèíîì çà äîïîìîãîþ ôåðìåíòó êàð-
í³òèí-òðàíñôåðàçè óòâîðþþ÷è àöèëêàðí³òèí, ÿêèé ëåãêî òðàíñïîðòóºòü-
ñÿ âñåðåäèíó ì³òîõîíäð³¿ ÷åðåç ñïåö³àëüíèé á³ëîê-ïåðåíîñíèê. Âñåðåäèí³
ì³òîõîíäð³¿ ôåðìåíò êàðí³òèí-òðàíñôåðàçà â³ä’ºäíóº æèðíó êèñëîòó
(çíîâó ó âèãëÿä³ àöèë-ÊîÀ), à â³ëüíèé L-êàðí³òèí ïîâåðòàºòüñÿ íàçàä äëÿ
íàñòóïíîãî âèêîðèñòàííÿ. Àöèë-ÊîÀ âñåðåäèí³ ì³òîõîíäð³¿ ï³ä ÷àñ áå-
òà-îêèñíåííÿ óòâîðþº åíåðã³þ ó âèãëÿä³ ÀÒÔ. Îòæå, àöèëêàðí³òèíè º
òðàíñïîðòíîþ ôîðìîþ äîâãîëàíöþãîâèõ æèðíèõ êèñëîò, ùî äîçâîëÿº
êë³òèí³ âèêîðèñòîâóâàòè æèðè ÿê äæåðåëî åíåðã³¿.

ª ïðèïóùåííÿ, ùî ðîñëèíí³ àöèëêàðí³òèíè, íà â³äì³íó â³ä òâàðèí-
íèõ, êð³ì òðàíñïîðòóâàííÿ æèðíèõ êèñëîò äî ì³òîõîíäð³é, òàêîæ ìîæóòü
áóòè çàëó÷åí³ äî òðàíñïîðòóâàííÿ æèðíèõ êèñëîò ñèíòåçîâàíèõ de novo ç
ïëàñòèä äî åíäîïëàçìàòè÷íîãî ðåòèêóëóìó äëÿ ñèíòåçó ñïåöèô³÷íèõ ãë³-
öåðîë³ï³ä³â. Êð³ì òîãî, âîíè ìîæóòü âèêîíóâàòè àíòèîêñèäàíòí³ òà îñ-
ìîë³òè÷í³ ôóíêö³¿ ï³ä ÷àñ ñòðåñó. Òå, ùî ðîñëèíí³ àöèëêàðí³òèíè º çàëó-
÷åíèìè äî ñèíòåçó ³ íàêîïè÷åííÿ ìåìáðàííèõ ³ çàïàñíèõ ë³ï³ä³â â ðîñ-
ëèííèõ êë³òèíàõ, ñóòòºâî â³äð³çíÿº ¿õ â³ä òâàðèííèõ àöèëêàðí³òèí³â, ÿê³
çàä³ÿí³ âèêëþ÷íî â ì³òîõîíäð³àëüíîìó áåòà-îêèñíåíí³ æèðíèõ êèñëîò [7,
35].

Ö³êàâî áóëî ç’ÿñóâàòè ñêëàä òà âèçíà÷èòè âì³ñò àöèëêàðí³òèí³â ó
á³îìàñ³ äîñë³äæóâàíî¿ ä³àòîìîâî¿ ì³êðîâîäîðîñò³. Â ðåçóëüòàò³ ïðîâåäå-
íèõ äîñë³äæåíü ó Ph. tricornutum íàìè áóëî ³äåíòèô³êîâàíî 15 àöèë-
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êàðí³òèí³â (ðèñ. 3). Çàãàëüíèé âì³ñò âèçíà÷åíèõ àöèëêàðí³òèí³â äîð³âíþ-
âàâ 1,77 ìêÌ/ã ñóõî¿ ðå÷îâèíè, ùî çíà÷íî á³ëüøå, í³æ â ³íøèõ ðîñëèííèõ
ïðîäóêòàõ (àâîêàäî, ìîðêâ³, öâ³òí³é êàïóñò³, ö³ëüíîçåðíîâîìó õë³á³), äå
â³í ñòàíîâèòü 0,1—1,0 ìêÌ/ã ñóõî¿ ðå÷îâèíè [7].

Íàéâèùèì âì³ñòîì â á³îìàñ³ Ph. tricornutum õàðàêòåðèçóâàëèñÿ Ñ0 —
â³ëüíèé êàðí³òèí (0,80 ìêÌ/ã ñóõî¿ ðå÷îâèíè), Ñ18:3 —α-ë³íîëåí³ëêàðí³-
òèí (0,30 ìêÌ/ã ñóõî¿ ðå÷îâèíè) òà Ñ2 — àöåòèëêàðí³òèí (0,19 ìêÌ/ã ñó-
õî¿ ðå÷îâèíè). Âì³ñò öèõ òðüîõ àöèëêàðí³òèí³â ñòàíîâèâ 73 %. Âì³ñò 12
³íøèõ àöèëêàðí³òèí³â áóâ çíà÷íî íèæ÷èì (â³ä 0 äî 0,08 ìêÌ/ã ñóõî¿ ðå÷î-
âèíè) ³ çàãàëîì äîð³âíþâàâ 0,48 ìêÌ/ã ñóõî¿ ðå÷îâèíè (27 %). Ñåðåä àöèë-
êàðí³òèí³â, ÿê³ ìàëè ï³äâèùåíèé âì³ñò ó Ph. tricornutum, îñîáëèâî¿ óâàãè
çàñëóãîâóº Ñ18:3 — α-ë³íîëåí³ëêàðí³òèí, ÿêèé º ïåðåíîñíèêîì α-ë³íîëå-
íîâî¿ (Ñ18:3n3) îìåãà-3 ïîë³íåíàñè÷åíî¿ æèðíî¿ êèñëîòè, îäí³º¿ ç äâîõ
àáñîëþòíî íåçàì³ííèõ äëÿ õàð÷óâàííÿ ëþäèíè æèðíèõ êèñëîò [54].

Ö³êàâèì â ïëàí³ âèêîðèñòàííÿ äëÿ âåãàíñüêîãî õàð÷óâàííÿ ëþäèíè
àöèëêàðí³òèíîì, ùî ì³ñòèòüñÿ ó Ph. tricornutum, êð³ì Ñ18:3 — α-ë³íî-
ëåí³ëêàðí³òèíó, ìîæå áóòè Ñ18:2 — α-ëåíîëå¿ëêàðí³òèí, ÿêèé ó ñâîºìó
ñêëàä³ ì³ñòèòü îìåãà-6 ïîë³íåíàñè÷åíó ë³íîëåâó êèñëîòó (Ñ18:2n6), àëå, íà
æàëü, éîãî âì³ñò çà çàñòîñîâàíèõ óìîâ êóëüòèâóâàííÿ äîð³âíþâàâ ëèøå
0,001 ìêÌ/ã ñóõî¿ ðå÷îâèíè. Ìîæëèâî çàâäÿêè ðåãóëÿö³¿ ³ ï³äáîðó ñïðè-
ÿòëèâèõ äëÿ ñèíòåçó æèðíèõ êèñëîò, à â³äïîâ³äíî ³ àöèëêàðí³òèí³â, óìîâ
êóëüòèâóâàííÿ, éîãî âì³ñò ìîæíà çá³ëüøèòè çà óìîâ êåðîâàíîãî á³îñèí-
òåçó. Öå âàæëèâî, ó çâ’ÿçêó ç ïîïèòîì íà ðîñëèíí³ àöèëêàðí³òèíè, ÿê³ âè-
êîðèñòîâóþòü ÿê ñèðîâèíó äëÿ âèðîáíèöòâà âåãàíñüêèõ á³îëîã³÷íî àê-
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Ðèñ. 3. Âì³ñò àöèëêàðí³òèí³â ó êë³òèíàõ âîäîðîñò³ Phaeodactylum tricornutum: C0 —
â³ëüíèé êàðí³òèí; C2 — àöåòèëêàðí³òèí; C3 — ïðîï³îí³ëêàðí³òèí; C4 — áóòèðèë-
êàðí³òèí; C5 — ³çîâàëåðèëêàðí³òèí; C6 — ãåêñàíî¿ëêàðí³òèí; C8 — îêòàíî¿ëêàð-
í³òèí; C10 — äåêàíî¿ëêàðí³òèí; Ñ12 — ëàóðèëêàðí³òèí; Ñ14 — ì³ðèñòèëêàðí³òèí;
C16 — ïàëüì³òî¿ëêàðí³òèí; C18 — ñòåàðèëêàðí³òèí; C18:1 — îëå¿ëêàðí³òèí; C18:2 —
ëåíîëå¿ëêàðí³òèí; Ñ 18:3 — α-ë³íîëåí³ëêàðí³òèí



òèâíèõ äîáàâîê, ñïðÿìîâàíèõ íà åíåðãåòè÷íó ï³äòðèìêó çäîðîâ’ÿ ëþäè-
íè.

Çàêëþ÷åííÿ

Á³îìàñà ä³àòîìîâî¿ ì³êðîâîäîðîñò³ Ph. tricornutum ìîæå áóòè ïî-
òåíö³éíîþ ñèðîâèíîþ äëÿ áàãàòüîõ ãàëóçåé á³îòåõíîëîã³¿ òà äæåðåëîì
øèðîêîãî ñïåêòðó á³îëîã³÷íî ö³ííèõ ñïîëóê äëÿ õàð÷îâî¿ ïðîìèñëîâîñò³.

Çà êóëüòèâóâàííÿ Ph. tricornutum â çàêðèòèõ ôîòîá³îðåàêòîðàõ
îâàëüí³ êë³òèíè âîäîðîñò³ ì³ñòÿòü ö³íí³ ³íãðåä³ºíòè — ôîòîñèíòåòè÷í³
ï³ãìåíòè (êàðîòèíî¿äè — 4,42 ìã/ã ñóõî¿ ðå÷îâèíè, ôóêîêñàíòèí — 3,08,
õëîðîô³ë à — 7,64, õëîðîô³ë ñ — 3,52 ìã/ã), á³ëîê (42,33 ìã/ã ñóõî¿ ðå÷îâè-
íè), àì³íîêèñëîòè (262,5 ìêÌ/ã ñóõî¿ ðå÷îâèíè, ñåðåä íèõ íåçàì³íí³ —
56,4 ìêÌ/ã ñóõî¿ ðå÷îâèíè), ÑÕÄÃ — 5,17 ìã/ã ñóõî¿ ðå÷îâèíè òà àöèë-
êàðí³òèíè — 1,77 ìêÌ/ã ñóõî¿ ðå÷îâèíè.

Çà ôîòîòðîôíîãî âèðîùóâàííÿ Ph. tricornutum â îïòèìàëüíèõ òåìïå-
ðàòóðíèõ óìîâàõ (20—24 oC) ³ç çàñòîñóâàííÿì ³íòåíñèâíîãî ÷åðâîíîãî
ñâ³òëà (~ 750 ìêìîëü êâàíò³â ì2/ñ) òà ñèíüîãî ñâ³òëà íèçüêî¿ ³íòåíñèâíîñò³
(~ 100 ìêìîëü êâàíò³â ì2/ñ) âì³ñò õëîðîô³ëó a áóâ çíà÷íî âèùèì, í³æ õëî-
ðîô³ëó ñ òà ôóêîêñàíòèíó. Çà ïîòðåáè âì³ñò ôóêîêñàíòèíó ìîæíà çá³ëü-
øèòè çà ðàõóíîê çìåíøåííÿ ³íòåíñèâíîñò³ ÷åðâîíîãî òà çá³ëüøåííÿ ³í-
òåíñèâíîñò³ ñèíüîãî ñâ³òëà ³ çàñòîñóâàííÿ åêñòðåìàëüíèõ òåìïåðàòóð.

Ñåðåä 17 ³äåíòèô³êîâàíèõ àì³íîêèñëîò íàéâèùèì âì³ñòîì õàðàêòå-
ðèçóâàëèñÿ àñïàðàã³íîâà ³ ãëþòàì³íîâà êèñëîòè, ïðèáëèçíî âäâ³÷³ íèæ-
÷èì áóâ âì³ñò âàë³íó ³ ïðîë³íó, ùå íèæ÷èì — àëàí³íó, îðí³òèíó, ìåò³îí³íó
òà ãë³öèíó. Ñóìàðíèé âì³ñò ï`ÿòè íåçàì³ííèõ àì³íîêèñëîò (âàë³íó, ìå-
ò³îí³íó, ôåí³ëàëàí³íó, ëåéöèíó òà òðèïòîôàíó) ñòàíîâèâ 22 % â³ä çàãàëü-
íî¿ ìàñè àì³íîêèñëîò.

Â á³îìàñ³ Ph. tricornutum ³äåíòèô³êîâàíî 15 àöèëêàðí³òèí³â, çàãàëü-
íèé âì³ñò ÿêèõ ñòàíîâèâ 1,77 ìêÌ/ã ñóõî¿ ðå÷îâèíè. Âèñîêèì áóâ âì³ñò
òðüîõ àöèëêàðí³òèí³â: Ñ:0 — â³ëüíîãî êàðí³òèíó (0,80 ìêÌ/ã ñóõî¿ ðå÷î-
âèíè), Ñ18:3 — α-ë³íîëåí³ëêàðí³òèíó (0,30 ìêÌ/ã ñóõî¿ ðå÷îâèíè) òà Ñ2:0
— àöåòèëêàðí³òèíó (0,19 ìêÌ/ã ñóõî¿ ðå÷îâèíè).

Âèñîêèé âì³ñò ÑÕÄÃ (5,17 ìêÌ/ã ñóõî¿ ðå÷îâèíè) â á³îìàñ³ Ph. tricor-
nutum, ùî çàâäÿêè ñâî¿é óí³êàëüí³é ñòðóêòóð³ ìàº øèðîêèé ñïåêòð á³î-
ëîã³÷íî¿ àêòèâíîñò³, ï³äâèùóº ¿¿ ïðîìèñëîâó ö³íí³ñòü.

Á³îìàñà Ph. tricornutum º ö³ííîþ äëÿ çäîðîâîãî õàð÷óâàííÿ ëþäèíè,
çîêðåìà âåãàíñüêîãî, îñê³ëüêè ¿¿ âæèâàííÿ ñïðèÿòèìå ïîêðàùåííþ êîã-
í³òèâíèõ ôóíêö³é òà çàãàëüíîãî ñòàíó ëþäèíè çàâäÿêè çìåíøåííþ ïðî-
öåñ³â, ùî ñïðè÷èíÿþòü çàïàëåííÿ, îæèð³ííÿ òà ä³àáåò.
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ASSESSMENT OF THE BIOCHEMICAL COMPOSITION OF THE BIOMASS OF THE
DIATOM ALGA PHAEODACTYLUM TRICORNUTUM TO DETERMINE ITS

POTENTIAL VALUE AS A FOOD RESOURCE

The content of industrially valuable compounds in the biomass of the diatom Phaeo-
dactylum tricornutum Bohlin cultivated in a closed-type laboratory photobioreactor was
assessed. A high content of protein (42.33 mg/g dry matter), amino acids (262.5 µM/g dry
matter), including essential amino acids (56.4 µM/g dry matter), chlorophyll a (7.64 mg/g
dry matter), total carotenoids (4.42 mg/g dry matter), fucoxanthin (3.08 mg/g dry matter),
sulfoquinovosyldiacylglycerols (SQDG) (5.17 mg/g dry matter), and acylcarnitines
(1.77 µM/g dry matter) was observed. Ph. tricornutum is a promising organism for the in-
dustrial-scale production of high-quality protein, SQDG with an increased content of
omega-3 fatty acids, fucoxanthin, and chlorophyll a.

Keywords: microalgae, Phaeodactylum tricornutum, biotechnology, amino acids, pro-
tein, chlorophyll, fucoxanthin, carotenoids, SQDG, acylcarnitines.
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ÏÎÒÅÍÖ²ÀË

Ïðîâåäåíî äîñë³äæåííÿ âèäîâîãî òà á³îõ³ì³÷íîãî ñêëàäó âîäîðîñòåé-ìàêðî-
ô³ò³â ó øòîðìîâèõ âèêèäàõ Îäåñüêî¿ çàòîêè ×îðíîãî ìîðÿ (Óêðà¿íà) òà îö³íåíî
¿õí³é ïîòåíö³àë ÿê ñèðîâèíè äëÿ âèðîáíèöòâà á³îäîáðèâ. Ïîêàçàíî, ùî ó ñåðïí³
2025 ð. íà óçáåðåææ³ çàòîêè íàêîïè÷óâàëîñÿ áëèçüêî 47 ò âîäîðîñòåé, ñåðåä ÿêèõ
äîì³íóâàëè çåëåí³ (ñ³ì âèä³â) òà ÷åðâîí³ âîäîðîñò³ (ø³ñòü), ïðè÷îìó Cladophora vado-
rum (Aresch.) Kütz. òà Ulva flexuosa Wulfen ñòàíîâèëè áëèçüêî 97 % ö³º¿ á³îìàñè. Ó
øòîðìîâèõ âèêèäàõ âîäîðîñòåé çà õ³ì³÷íèì ñêëàäîì ïåðåâàæàëè ïîë³ñàõàðèäè
(41,1 %), çàçíà÷åíî ï³äâèùåíèé âì³ñò êàë³þ (12,0±0,2 ìã/ã) òà ïîì³ðíèé — éîäó
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(17,0±0,8 ìêã/ã), ïðèñóòí³ òðèìåòèëîöòîâà êèñëîòà òà ðÿä àì³íîêèñëîò. Ñïîñ-
òåð³ãàëîñÿ çíà÷íå çàñåëåííÿ ö³º¿ á³îìàñè àåðîáíèìè ìåçîô³ëüíèìè ì³êðîîðãàí³çìàìè
(2,5±0,3)·106 ÊÓÎ/ã) ³ ì³êðîì³öåòàìè (8,0±1,2)×103 ÊÓÎ/ã). Íà òàëîìàõ âîäîðîñòåé
ìîæóòü çàêð³ïëþâàòèñÿ òà óòâîðþâàòè ðîçâèíóò³ á³îïë³âêè øòó÷íî ïðèâíåñåí³
ì³êðîáí³ êîìïëåêñè. Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà òå, ùî øòîðìîâ³ âèêèäè
÷îðíîìîðñüêèõ âîäîðîñòåé ìîæóòü ñëóãóâàòè îñíîâîþ äëÿ ñòâîðåííÿ á³îäîáðèâ ³ç
çàëó÷åííÿì êîðèñíèõ ì³êðîîðãàí³çì³â.

Êëþ÷îâ³ ñëîâà: âîäîðîñò³-ìàêðîô³òè, á³îõ³ì³÷íèé ñêëàä, á³îïë³âêà, ì³êðîîð-
ãàí³çìè, ×îðíå ìîðå.

Øòîðìîâ³ âèêèäè âîäîðîñòåé âèêîðèñòîâóþòü ó ñ³ëüñüêîìó ãîñïî-
äàðñòâ³ ÿê äîáðèâà, â³äíîñíî áàãàò³ íà êàë³é, ôîñôîð òà ³íø³ ì³íåðàëüí³
êîìïîíåíòè [31]. Â åêñòðàêòàõ âîäîðîñòåé ì³ñòÿòüñÿ ïðèðîäí³ ô³òîãîð-
ìîíè, ùî ñòèìóëþþòü ð³ñò ðîñëèí, òàê³ ÿê ³íäîë³ëîöòîâà êèñëîòà, ã³áåðå-
ëîâà êèñëîòà, àáñöèçîâà êèñëîòà òà öèòîê³í³íè [27, 32]. Êð³ì òîãî, â åêñò-
ðàêòàõ ìîðñüêèõ âîäîðîñòåé áóëè ³äåíòèô³êîâàí³ é ³íø³ âàæëèâ³ á³îëî-
ã³÷íî àêòèâí³ ðå÷îâèíè, çîêðåìà ïîë³ñàõàðèäè, ïîë³àì³íè, ôåíîëè, áå-
òà¿íè, ë³ï³äè, á³ëêè, öóêðîâ³ ñïèðòè, àëüã³íàòè òà ëàì³íàðèíè [5].

Ïðåïàðàòè íà îñíîâ³ âîäîðîñòåé ñòàíîâëÿòü áëèçüêî 44 % ºâðîïåéñü-
êîãî ðèíêó á³îñòèìóëÿòîð³â. Ùîð³÷íî ÿê á³îäîáàâêè äî êîðì³â òà á³îñòè-
ìóëÿòîðè âèêîðèñòîâóºòüñÿ ïîíàä 15 ìëí. ò ïðîäóêò³â íà îñíîâ³ ìîðñü-
êèõ âîäîðîñòåé [11]. Åêñòðàêòè âîäîðîñòåé çàñòîñîâóþòü äëÿ ïîçàêîðåíå-
âîãî îáïðèñêóâàííÿ ðîñëèí, îáðîáêè íàñ³ííÿ àáî äëÿ âíåñåííÿ â ´ðóíò,
íàïðèêëàä, ñóì³ñíî ç³ ñòàðòîâèìè äîáðèâàìè çà òåõíîëîã³ºþ «in-furrow»,
ç ìåòîþ ñòèìóëÿö³¿ ðîñòó êîðåíåâî¿ ñèñòåìè, ïîêðàùåííÿ óìîâ æèâëåí-
íÿ, ï³äâèùåííÿ ñòðåñîñò³éêîñò³, óðîæàéíîñò³ òà ÿêîñò³ áàãàòüîõ êóëüòóð
[2, 7, 18, 19, 24].

Âñòàíîâëåíî, ùî åêñòðàêòè ìîðñüêèõ âîäîðîñòåé ï³äâèùóþòü àê-
òèâí³ñòü ôåðìåíò³â, ùî àñèì³ëþþòü àçîò (çîêðåìà, ãëóòàì³íñèíòåòàçíèé
öèêë), îïòèì³çóþòü åêñïðåñ³þ ãåí³â, ÿê³ áåðóòü ó÷àñòü ó ô³êñàö³¿ âóãëåöþ,
ùî ïðèçâîäèòü äî ï³äâèùåííÿ åôåêòèâíîñò³ ôîòîñèíòåçó. Ïîçèòèâíèé
âïëèâ åêñòðàêò³â ìîðñüêèõ âîäîðîñòåé ïðè îáðîáö³ íàñ³ííÿ ïîâ’ÿçóþòü ç
âèñîêèì âì³ñòîì ô³òîãîðìîí³â [8, 24]. Ó ðîñëèí ç ä³ëÿíîê, çáàãà÷åíèõ
á³îìàñîþ âîäîðîñòåé, âèçíà÷àºòüñÿ á³ëüøà ê³ëüê³ñòü ô³òîãîðìîí³â, ïîñè-
ëþºòüñÿ àíòèîêñèäàíòíèé çàõèñò [15].

Âåëèê³ ìàñè øòîðìîâèõ âèêèä³â âîäîðîñòåé, ç îäíîãî áîêó, º ñêëàä-
íèì åêîëîã³÷íèì ñòðåñîâèì ÷èííèêîì, ÿêèé ïðîâîêóº êàñêàä íåãàòèâíèõ
çì³í ó ïðèáåðåæíèõ åêîñèñòåìàõ, ùî ïðîÿâëÿºòüñÿ ó çì³í³ á³îãåîõ³ì³÷íèõ
öèêë³â, óòâîðåíí³ á³îïë³âêè, äåãðàäàö³¿ á³îòîï³â, âòðàò³ á³îð³çíîìàí³òòÿ
òà ïðèçâîäèòü äî ñóòòºâîãî çìåíøåííÿ ðåêðåàö³éíî¿ ïðèâàáëèâîñò³ óçáå-
ðåææÿ [6]. À ç ³íøîãî áîêó, âîíè ìîæóòü áóòè ö³ííèì äæåðåëîì á³îëî-
ã³÷íî àêòèâíèõ ñïîëóê òà á³îìàñè äëÿ ïîòðåá ñ³ëüñüêîãî ãîñïîäàðñòâà
[31]. Âèêîðèñòàííÿ âèñóøåíèõ ïîäð³áíåíèõ âîäîðîñòåé äîçâîëÿº ïîêðà-
ùèòè ñõîæ³ñòü, ð³ñò òà âðîæàéí³ñòü ðîñëèí, ñåðåä ³íøîãî çà ñòðåñîâèõ
óìîâ [15]. Ó ´ðóíò³ çðîñòàº âì³ñò äîñòóïíîãî êàë³þ, ìàãí³þ, ôîñôîðó òà
ê³ëüêîñò³ áàêòåð³é, çäàòíèõ ñòèìóëþâàòè ð³ñò ðîñëèí [10].
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Âèêîðèñòàííÿ âèêèíóòèõ øòîðìîì âîäîðîñòåé ÿê ìîðñüêîãî á³îëî-
ã³÷íîãî ðåñóðñó ìîæå áóòè åêîíîì³÷íî âèã³äíèì ³ ñïðèÿòè ïîêðàùåííþ
åêîëîã³÷íî¿ ñèòóàö³¿ íà ÷îðíîìîðñüêîìó óçáåðåææ³ [29].

Ìåòîþ ðîáîòè áóëî äîñë³äæåííÿ çàïàñ³â, âèäîâîãî ³ á³îõ³ì³÷íîãî
ñêëàäó øòîðìîâèõ âèêèä³â âîäîðîñòåé-ìàêðîô³ò³â Îäåñüêî¿ çàòîêè ×îð-
íîãî ìîðÿ ³ íàäàííÿ ðåêîìåíäàö³é ùîäî ¿õ ìîæëèâîãî ïðàêòè÷íîãî âèêî-
ðèñòàííÿ.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Âèâ÷åííÿ øòîðìîâèõ âèêèä³â ìîðñüêèõ âîäîðîñòåé ïðîâîäèëè â
ïðèáåðåæí³é çîí³ Îäåñüê³é çàòîêè ×îðíîãî ìîðÿ â ñåðïí³ 2025 ð. Äëÿ
öüîãî âèêîðèñòîâóâàëè ìàðøðóòíèé ìåòîä óçäîâæ áåðåãîâî¿ ðåêðåàö³é-
íî¿ çîíè çàòîêè (ðèñ. 1), ïî÷èíàþ÷è â³ä ¿¿ ï³âí³÷íî-ñõ³äíî¿ ÷àñòèíè (ïëÿæ
«Ëóçàí³âêà») äî ï³âäåííî-çàõ³äíî¿ ÷àñòèíè (ïëÿæ «Äà÷à Êîâàëåâñüêîãî»).

Íà êîæí³é ñòàíö³¿ â³äáèðàëè ïî òðè ïðîáè, äëÿ ÷îãî âèêîðèñòîâóâàëè
îáë³êîâó ðàìêó ðîçì³ðîì 25×25 ñì (0,0625 ì2). Á³îìàñó øòîðìîâèõ âè-
êèä³â ðîçðàõîâóâàëè íà êâàäðàòíèé ìåòð áåðåãîâî¿ ïëîù³ âèêèä³â. Â ïî-
äàëüøîìó ö³ äàí³ áóëè âèêîðèñòàí³ äëÿ ðîçðàõóíêó á³îìàñè âîäîðîñòåé,
âèêèíóòèõ íà áåðåã, óçäîâæ áåðåãîâî¿ ë³í³¿ Îäåñüêî¿ çàòîêè.

Â ëàáîðàòîðíèõ óìîâàõ âèäîâèé ñêëàä âîäîðîñòåé øòîðìîâèõ âè-
êèä³â âèçíà÷àëè ï³ä ñâ³òëîâèì ì³êðîñêîïîì Carl Zeiss RF 2 (Í³ìå÷÷èíà),
êîðèñòóþ÷èñü ïîñ³áíèêîì [3]. Âàë³äí³ñòü íàçâ âèä³â âîäîðîñòåé ïåðå-
â³ðÿëè çà â³äîìèì çâåäåííÿì [13]. Òàêîæ âèçíà÷àëè ñï³ââ³äíîøåííÿ âî-
äîðîñòåé ð³çíèõ òàêñîíîì³÷íèõ ãðóï ó ñêëàä³ øòîðìîâèõ âèêèä³â.

Äëÿ äîñë³äæåííÿ á³îõ³ì³÷íîãî ñêëàäó âîäîðîñòåé â³äáèðàëè íàâàæêó
(100 ã) øòîðìîâèõ âèêèä³â. Âì³ñò ïîë³ñàõàðèä³â ( % â³ä ñèðî¿ ìàñè) ó âîäî-
ðîñòÿõ âèçíà÷àëè ìåòîäîì HPLC-õðîìàòîãðàô³¿ [28]. Êð³ì ïîë³ñàõàðèä³â
ó á³îõ³ì³÷íîìó ñêëàä³ âîäîðîñòåé âèÿâëÿëè åëåìåíòè ³ ðå÷îâèíè, êîðèñí³
ç òî÷êè çîðó âèêîðèñòàííÿ á³îìàñè âîäîðîñòåé ÿê äîáðèâ, à ñàìå — éîä,
êàë³é, àçîò, òðèìåòèëîöòîâó êèñëîòó, ë³çèí, òèðîçèí, àðã³í³í, ãëþòàì³íî-
âó êèñëîòó çà ñòàíäàðòíèìè ìåòîäèêàìè [1].

Äëÿ âèçíà÷åííÿ ê³ëüêîñò³ ì³êðîîðãàí³çì³â íàâàæêó 1 ã âîäîðîñòåé
ñóñïåíäóâàëè ó 9 ñì3 ñòåðèëüíîãî ô³ç³îëîã³÷íîãî ðîç÷èíó, ãîòóâàëè äåñÿ-
òèêðàòí³ ðîçâåäåííÿ (äî 10–7). ²ç ïðèãîòîâàíèõ ðîçâåäåíü ïî 0,1 ñì3 ñóñ-
ïåíç³é âèñ³âàëè íà â³äïîâ³äí³ ñåðåäîâèùà. Äëÿ âèçíà÷åííÿ çàãàëüíî¿ ê³ëü-
êîñò³ ìåçîô³ëüíèõ àåðîáíèõ ³ ôàêóëüòàòèâíî-àåðîáíèõ ñïîðîòâ³ðíèõ
áàêòåð³é ïîñ³âè çä³éñíþâàëè íà ïîâåðõíþ æèâèëüíîãî àãàðó (Nutrient
Agar, Biolife Italiana S.r.l., Milan, Italy). Ïðè öüîìó äëÿ âèÿâëåííÿ ñïî-
ðîòâ³ðíèõ áàêòåð³é ñóñïåíç³¿ ì³êðîîðãàí³çì³â (ó ðîçâåäåííÿõ 10–1, 10–2 òà
10–3) ïåðåä ïîñ³âîì ïðîãð³âàëè (90 °Ñ, 10 õâ). Äëÿ âèçíà÷åííÿ ê³ëüêîñò³
ì³êðîì³öåò³â ïîñ³âè çä³éñíþâàëè íà ïîâåðõíþ êàðòîïëÿíî-äåêñòðîçíîãî
àãàðó (70139 Potato Dextrose Agar, NutriSelect® Plus Merck KGaA, Darm-
stadt, Germany). Ïîñ³âè êóëüòèâóâàëè ïðè 25 °Ñ âïðîäîâæ 2 ä³á äëÿ âèÿâ-
ëåííÿ áàêòåð³é ³ 3—7 ä³á — äëÿ âèÿâëåííÿ ì³êðîì³öåò³â, ï³ñëÿ ÷îãî ïðî-
âîäèëè ê³ëüê³ñíèé îáë³ê ì³êðîîðãàí³çì³â ³ âèðàæàëè ó êîëîí³ºóòâîðþþ-
÷èõ îäèíèöÿõ (ÊÓÎ).
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Ðåçóëüòàòè äîñë³äæåíü, ïðîâåäåíèõ ó òðüîõ ïîâòîðíîñòÿõ, ñòàòèñòè÷-
íî îáðàõîâóâàëè ÿê ñåðåäíº çíà÷åííÿ òà ñòàíäàðòíó ïîõèáêó (m±SE) çà
äîïîìîãîþ ïàêåòó ïðèêëàäíèõ ïðîãðàì Excel 2010.

Çäàòí³ñòü ì³êðîîðãàí³çì³â äî àäãåç³¿ íà ïîâåðõí³ âîäîðîñòåé âèâ÷àëè
çã³äíî ìåòîäèêè [16]. Äîñë³äæåííÿ ïðîâîäèëè ç ì³êðîáíèìè êîìïëåêñà-
ìè À1 (Streptomyces ambofaciens ONU 1016, Bacillus subtilis ONU 1125, Tric-
hoderma harzianum LBX-181), À2 (S. ambofaciens ONU 1016, B. subtilis ONU
1125, T. viride LBX-174), À3 (S. ambofaciens ONU 561, B. subtilis ONU 1125,
T. harzianum LBX-181) òà À4 (S. ambofaciens ONU 561, B. subtilis ONU 1125,
T. viride LBX-174), ùî äåìîíñòðóâàëè çíà÷íó àíòàãîí³ñòè÷íó àêòèâí³ñòü
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Ðèñ. 1. Êàðòà-ñõåìà áåðåãîâî¿ ë³í³¿ Îäåñüêî¿ çàòîêè ×îðíîãî ìîðÿ ç çàçíà÷åííÿì
ì³ñöü â³äáîðó ïðîá: 1 — ïëÿæ «Ëóçàí³âêà» (46°33'02''N 30°45'48''E); 2 — ïëÿæ «Ëàíæå-
ðîí» (46°28'24''N 30°45'53''E); 3 — ïëÿæ «Äà÷à Êîâàëåâñüêîãî» (46°22'03''N 30°43'49''E)



ïðîòè ô³òîïàòîãåííèõ ì³êðîîðãàí³çì³â, ïîêðàùóâàëè ð³ñò ³ âðîæàéí³ñòü
çëàêîâèõ êóëüòóð â óìîâàõ in vitro òà in vivo ³ º ïåðñïåêòèâíèìè äëÿ çàñòî-
ñóâàííÿ ÿê ³íîêóëÿíò³â äëÿ á³îäîáðèâ.

Òàëîìè âîäîðîñò³ Ulva linza (L.) J. Agardh íàð³çàëè íà ôðàãìåíòè
ðîçì³ðîì 5×5 ìì ³ ïîçáàâëÿëè íàòèâíî¿ ì³êðîá³îòè øëÿõîì ÓÔ-îïðî-
ì³íåííÿ ç äîâæèíîþ õâèë³ 214 íì ïðîòÿãîì 20 õâ. Íàäàë³ ôðàãìåíòè òà-
ëîì³â ïåðåíîñèëè äî ñòåðèëüíîãî ³ìóíîëîã³÷íîãî ïëàíøåòà ³ äîäàâàëè ïî
1 ñì3 ñóñïåíç³¿ êë³òèí ì³êðîáíîãî êîíñîðö³óìó â êîíöåíòðàö³¿
108 ÊÓÎ/ñì3 ó ñåðåäîâèù³ êóëüòèâóâàííÿ. Âîäîðîñò³ ç ì³êðîîðãàí³çìàìè
ó ïëàíøåòàõ ³íêóáóâàëè 24 ãîä ïðè 37 oÑ. Íàäàë³ ïðîâîäèëè ô³êñàö³þ
ì³êðîîðãàí³çì³â íà ïîâåðõí³ òàëîìó 96 %-âèì åòàíîëîì âïðîäîâæ 15 õâ
òà çàáàðâëþâàëè 1 %-âèì ðîç÷èíîì àêðèäèíîâîãî ïîìàðàí÷åâîãî âïðî-
äîâæ 5 õâ. Çàáàðâëåí³ ôðàãìåíòè âèñóøóâàëè íà ïðåäìåòíîìó ñêë³ òà ïðî-
âîäèëè ñâ³òëîâó ì³êðîñêîï³þ (Carl Zeiss, ×600).

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ôîðìóâàííÿ øòîðìîâèõ âèêèä³â ó ×îðíîìó ìîð³ (íà ïðèêëàä³ Îäåñü-
êî¿ çàòîêè), çã³äíî íàøèõ äîñë³äæåíü, â³äáóâàºòüñÿ â îñíîâíîìó äâ³÷³ íà
ð³ê: íàïðèê³íö³ âåñíè ³ â ñåðåäèí³-íàïðèê³íö³ ë³òà. Âåñíîþ íà óçáåðåææ³
ñêóï÷óºòüñÿ çíà÷íà á³îìàñà ñåçîííî çèìîâèõ âîäîðîñòåé, ÿê³ çàâåðøèëè
ñâîþ âåãåòàö³þ ³ â³äìèðàþòü. Öå ïðåäñòàâíèêè ðîä³â Pyropia J. Agardh, Ce-
ramium Roth, Polysiphonia Greville (Rhodophyta) ³ Ectocarpus Lyngb., Des-
marestia J.V. Lamour., Punctaria Greville, Scytosiphon C. Agardh (Phaeophy-
ta) ç íåâåëèêîþ äîì³øêîþ Chlorophyta (Urospora Aresch., Ulva L., Clado-
phora Kütz., Bryopsis J.V. Lamour., Ulothrix Kütz.) (ðèñ. 2, à).

Öüîìó ïðîöåñó ïåðåäóº çì³íà ïîãîäíèõ óìîâ (ï³äâèùåííÿ òåìïåðà-
òóðè âîäè á³ëüø í³æ 10 °Ñ, çì³íà íàïðÿìêó â³òðó òà éîãî ³íòåíñèâíîñò³ —
ïåðåâàæàþòü øòîðìîâ³ â³òðè). Á³îìàñà â³ä³ðâàíèõ âîäîðîñòåé â îñíîâíî-
ìó çîñåðåäæóºòüñÿ íà ïðèáåðåæíîìó ì³ëêîâîää³ ³ ÷àñòêîâî âèêèäàºòüñÿ
íà áåðåã. Öå, âî÷åâèäü, ïîâ’ÿçàíî ç ïëàñòèí÷àñòîþ ìîðôîëîã³÷íîþ áóäî-
âîþ á³ëüøîñò³ çèìîâî-âåñíÿíèõ âèä³â âîäîðîñòåé. Òàê³ ñëàí³ íå ç÷³ïëþþ-
òüñÿ ³ íå óòâîðþþòü ñïëóòàíó ìàñó. Â³äìåðë³ âîäîðîñò³ ïîäð³áíþþòüñÿ
õâèëÿìè ³ âèêîðèñòîâóþòüñÿ äëÿ æèâëåííÿ äîííèìè äåòðèòîôàãàìè ³ ÷à-
ñòêîâî ´ðóíòîâèìè ìåøêàíöÿìè ïëÿæ³â.

Ë³òí³ øòîðìîâ³ âèêèäè ïðåäñòàâëåí³ â îñíîâíîìó äâîìà äóæå ðîçãà-
ëóæåíèìè âèäàìè çåëåíèõ âîäîðîñòåé (Cladophora vadorum (Aresch.)
Kütz. ³ Ulva flexuosa Wulfen), ÿê³ ³ ôîðìóþòü âàëè òà êóëåïîä³áí³ ñòðóêòó-
ðè, ùî âèêèäàþòüñÿ íà áåðåã, äîáðå òàì çàòðèìóþòüñÿ ³ íàêîïè÷óþòüñÿ
(ðèñ. 2).

Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü øòîðìîâèõ âèêèä³â Îäåñüêî¿ çà-
òîêè ×îðíîãî ìîðÿ â ñåðïí³ 2025 ð. â ¿õíüîìó ñêëàä³ áóëî âèÿâëåíî 13
âèä³â ìîðñüêèõ ìàêðîâîäîðîñòåé (òàáë. 1).

Ïåðåâàæàþ÷îþ ãðóïîþ âîäîðîñòåé ó ñêëàä³ øòîðìîâèõ âèêèä³â, ÿê çà
ê³ëüê³ñòþ âèä³â, òàê ³ çà ìàñîâ³ñòþ, áóëè çåëåí³ âîäîðîñò³. Ñåðåä íèõ
íàéá³ëüø ÷èñëåííèìè, ÿê çàçíà÷åíî âèùå, áóëè Cladophora vadorum ³
Ulva flexuosa. Ïîîäèíîêî çóñòð³÷àëèñÿ íèò÷àñòà çåëåíà âîäîð³ñòü Chaeto-
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morpha aerea òà ïëàñòèí÷àñòà Ulva intestinalis. Íà äðóãîìó ì³ñö³ çà ê³ëü-
ê³ñòþ âèä³â áóëè ÷åðâîí³ âîäîðîñò³, ïðåäñòàâëåí³ â îñíîâíîìó ïîîäèíî-
êèìè åêçåìïëÿðàìè. ×àñò³øå çóñòð³÷àëèñü ëèøå âèäè ðîäó Ceramium.

Âèäîâèé ñêëàä âîäîðîñòåé ë³òí³õ øòîðìîâèõ âèêèä³â Îäåñüêî¿ çàòî-
êè â³äíîñíî íåáàãàòèé, ùî õàðàêòåðíî â ë³òí³é ïåð³îä ³ äëÿ ïðèáåðåæíîãî
ì³ëêîâîääÿ ö³º¿ àêâàòîð³¿ ìîðÿ. Âñòàíîâëåíî, ùî íàéá³ëüøà ê³ëüê³ñòü
âèä³â ó øòîðìîâèõ âèêèäàõ âîäîðîñòåé õàðàêòåðíà äëÿ ðàéîíó ïëÿæó
«Ëóçàí³âêà», à íàéìåíøà — äëÿ ïëÿæó «Äà÷à Êîâàëåâñüêîãî» (äèâ. òàáë.
1). Öå, î÷åâèäíî, º â³äîáðàæåííÿì åêîëîã³÷íèõ óìîâ ì³ñöåçðîñòàíü öèõ
âîäîðîñòåé [4].

Êð³ì âèäîâîãî ñêëàäó øòîðìîâèõ âèêèä³â âîäîðîñòåé òàêîæ îö³íþ-
âàëè á³îìàñó öèõ âèêèä³â òà çàïàñè âîäîðîñòåâî¿ ñèðîâèíè ç óðàõóâàííÿì
ïðîòÿæíîñò³ áåðåãîâî¿ ë³í³¿ Îäåñüêî¿ çàòîêè, äîâæèíè ³ øèðèíè ïîêðèò-
òÿ âèêèäàìè. Íà ïëÿæ³ «Äà÷à Êîâàëåâñüêîãî» ñåðåäíÿ ìàñà ë³òí³õ âèêèä³â
âîäîðîñòåé áóëà íàéìåíøîþ — 1,6±0,3 êã/ì2, íà ïëÿæ³ «Ëàíæåðîí» âîíà
ñòàíîâèëà 9,0±1,2 êã/ì2, à íà ïëÿæ³ «Ëóçàí³âêà» áóëà íàéá³ëüøîþ — 11,2±
1,3 êã/ì2.

Áåðåãîâà ë³í³ÿ Îäåñüêî¿ çàòîêè ñòàíîâèòü á³ëÿ 16 000 ì. Øòîðìîâ³ âè-
êèäè âîäîðîñòåé çóñòð³÷àëèñÿ ïðèáëèçíî íà 20 % ö³º¿ ë³í³¿. Ñåðåäíÿ
á³îìàñà âèêèä³â ïðè ¿õ øèðèí³ ~2 ì ñòàíîâèëà 14,54 êã/ì2 áåðåãîâî¿ ë³í³¿.
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Ðèñ. 2. Âîäîðîñò³-ìàêðîô³òè Îäåñüêî¿ çàòîêè ×îðíîãî ìîðÿ: à — çàãàëüíèé âèãëÿä
âîäîðîñòåâîãî ô³òîöåíîçó (êâ³òåíü 2025 ð.), ÿêèé äî ïî÷àòêó ë³òà ìàéæå ïîâí³ñòþ
â³äìèðàº; á — ï³äâîäí³ ñêóï÷åííÿ çåëåíèõ âîäîðîñòåé; â — ôîðìóâàííÿ âàë³â ç
â³ä³ðâàíèõ çåëåíèõ âîäîðîñòåé, ÿê³ ïîò³ì õâèë³ âèêèäàþòü íà áåðåã; ã — ôîðìóâàííÿ
êóëåïîä³áíèõ ñòðóêòóð ³ç çåëåíèõ âîäîðîñòåé, ÿê³ ìîðå âèêèäàº íà áåðåã (ôîòî
Î. Êîâòóíà)



Îòæå, çàïàñè âîäîðîñòåâî¿ ñèðîâèíè øòîðìîâèõ âèêèä³â â ñåðïí³ 2025 ð.
ñòàíîâèëè: 3200 ì × 14,54 êã = 46 528,0 êã àáî ~47 ò.

Íàìè áóëî ðîçãëÿíóòî øòîðìîâ³ âèêèäè âîäîðîñòåé ×îðíîãî ìîðÿ ç
îãëÿäó íà ìîæëèâ³ñòü ¿õ âèêîðèñòàííÿ â ÿêîñò³ á³îäîáðèâ. Á³îõ³ì³÷íèé
ñêëàä á³îìàñè âîäîðîñòåé ïðåäñòàâëåíî ó òàáëèö³ 2.

Âì³ñò ïîë³ñàõàðèä³â 41,1 % â³ä ñèðî¿ ìàñè ó äîñë³äæåíèõ íàìè çðàçêàõ
º òèïîâèì äëÿ ãðóïè çåëåíèõ âîäîðîñòåé-ìàêðîô³ò³â [22, 30].

Ïîë³ñàõàðèäè âîäîðîñòåé ïîçèòèâíî âïëèâàþòü íà ñõîæ³ñòü ³ ð³ñò
ðîñëèí, çàõèùàþòü â³ä ïàòîãåí³â òà ÷èííèê³â àá³îòè÷íîãî ñòðåñó. Óëüâà-
íè — îñíîâí³ ïîë³ñàõàðèäè çåëåíèõ âîäîðîñòåé — çäàòí³ ñòèìóëþâàòè çà-
õèñí³ ðåàêö³¿ ó ðîñëèí, ïîêðàùóþ÷è ¿õí³é ³ìóí³òåò ïðîòè ïàòîãåí³â òà
ñò³éê³ñòü äî ñòðåñ³â [14].

Âèñîêèé âì³ñò êàë³þ, à òàêîæ íàÿâí³ñòü àì³íîêèñëîò (äèâ. òàáë. 2) ðà-
çîì ç òðèìåòèëîöòîâîþ êèñëîòîþ çóìîâëþþòü á³îñòèìóëÿö³éí³ âëàñòè-
âîñò³ á³îìàñè âîäîðîñòåé, îñê³ëüêè ö³ ñïîëóêè áåðóòü ó÷àñòü ó ñèíòåç³ ãîð-
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Òàáëèöÿ 1
Âèäîâèé ñêëàä âîäîðîñòåé-ìàêðîô³ò³â ó ñêëàä³ øòîðìîâèõ âèêèä³â (Îäåñüêà

çàòîêà, ñåðïåíü 2025 ð.)

¹ Òàêñîíè
Ïëÿæ

«Ëóçàí³âêà»

Ïëÿæ
«Ëàíæå-

ðîí»

Ïëÿæ «Äà÷à
Êîâàëåâñü-

êîãî»

Chlorophyta

1. Chaetomorpha aerea (Dillwyn) Kütz. + — —

2. Cladophora vadorum (Aresch.) Kütz. + + +

3. Cl. vagabunda (L.) Kütz. + + —

4. Ulva compressa L. + — —

5. U. flexuosa Wulfen + + +

6. U. intestinalis L. + + +

7. U. rigida C. Agardh — — +

Rhodophyta

8. Callithamnion corymbosum (W. Sm.)
Lyngb.

+ — —

9. Ceramium arborescens J. Agardh + + —

10. C. deslongchampsii Chauv. ex Duby — + —

11. C. diaphanum (Ligthf.) Roth + + —

12. C. virgatum Roth + + +

13. Polysiphonia elongata (Huds.) Spreng. — + —

Ðàçîì 10 9 5

Ï ð è ì ³ ò ê à. «+» — íàÿâí³ñòü âèäó; «—» — â³äñóòí³ñòü âèäó.



ìîí³â, ìîëåêóëÿðíèõ ñèãíàëüíèõ ñèñòåìàõ, õåëàòóâàíí³ ì³íåðàëüíèõ ðå-
÷îâèí, òàêèì ÷èíîì îïîñåðåäêîâàíî âïëèâàþ÷è íà ð³ñò ³ ñòðåñîñò³éê³ñòü
ðîñëèí [24].

Ïðèñóòí³ñòü éîäó º ³íäèêàòîðîì ìîðñüêîãî ïîõîäæåííÿ á³îìàñè. Ó
íåâåëèêèõ êîíöåíòðàö³ÿõ, âèÿâëåíèõ ó á³îìàñ³ øòîðìîâèõ âèêèä³â, éîä
ñòèìóëþº ð³ñò òà ðîçâèòîê ðîñëèí, à òàêîæ ïîêðàùóº ¿õíþ ñò³éê³ñòü äî
ñòðåñîâèõ ÷èííèê³â [25].

Íàÿâí³ñòü âèñîêèõ òèòð³â ì³êðîîðãàí³çì³â ó á³îìàñ³ øòîðìîâèõ âè-
êèä³â ñâ³ä÷èòü ïðî àêòèâíó êîëîí³çàö³þ ñëàíåé âîäîðîñòåé ì³êðîîðãà-
í³çìàìè (òàáë. 3).

Ïîë³ñàõàðèäè âîäîðîñòåé â³ä³ãðàþòü ðîëü âàæëèâîãî ñåëåêòèâíîãî
÷èííèêà, ÿêèé ñïðèÿº àäãåç³¿ ì³êðîîðãàí³çì³â [20]. Îòæå, âèêîðèñòàííÿ
øòîðìîâèõ âèêèä³â ÿê á³îäîáðèâ ìîæíà â ïåðñïåêòèâ³ ïîºäíóâàòè ç ³íî-
êóëÿö³ºþ êîðèñíèìè ì³êðîîðãàí³çìàìè, ÿê³ áóäóòü àêòèâíî ïðèêð³ïëþ-
âàòèñÿ äî á³îìàñè âîäîðîñòåé.

Ç îãëÿäó íà òå, ùî åôåêòèâí³ñòü á³îïðåïàðàòó çàëåæèòü â³ä ìîæëè-
âîñò³ ì³êðîîðãàí³çì³â ïðèêð³ïëþâàòèñÿ äî íîñ³ÿ, áóëî äîñë³äæåíî çäàò-
í³ñòü äî àäãåç³¿ íà ïîâåðõí³ âîäîðîñò³ U. linza ïðåäñòàâíèê³â êîìïëåêñ³â
À1, À2, À3 ³ À4. Ðåçóëüòàòè äîñë³äæåíü çàñâ³ä÷èëè, ùî ì³êðîîðãàí³çìè
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Òàáëèöÿ 2
Á³îõ³ì³÷íèé ñêëàä á³îìàñè âîäîðîñòåé øòîðìîâèõ âèêèä³â Îäåñüêî¿ çàòîêè

Êîìïîíåíòè ×àñòêà ó çàãàëüí³é ñèð³é ìàñ³ âîäîðîñòåé, %

Ïîë³ñàõàðèäè çàãàëüí³ 41,1±3,4 %

Éîä 17,0±0,8 ìêã/ã

Êàë³é 12,0±0,2 ìã/ã

Àçîò 5,2±0,3 ìã/ã

Òðèìåòèëîöòîâà êèñëîòà 0,017±0,002 %

Ë³çèí 0,013±0,002 %

Òèðîçèí 0,022±0,001 %

Àðã³í³í 0,054±0,003 %

Ãëóòàì³íîâà êèñëîòà 0,066±0,002 %

Òàáëèöÿ 3
Ê³ëüê³ñòü ì³êðîîðãàí³çì³â ó á³îìàñ³ øòîðìîâèõ âèêèä³â

Ì³êðîîðãàí³çìè ÊÓÎ/ã

Ìåçîô³ëüí³ àåðîáí³ áàêòåð³¿ (2,5±0,3)·106

Ôàêóëüòàòèâíî-àåðîáí³ ñïîðîòâ³ðí³ áàêòåð³¿ (1,5±0,1)·104

Ì³êðîì³öåòè (8,0±1,2)·103



óñ³õ êîìïëåêñ³â ïðèêð³ïëþâàëèñÿ äî ïîâåðõí³ òàëîì³â ³ óòâîðþâàëè ðîç-
âèíóò³ á³îïë³âêè (ðèñ. 3).

Ñòóï³íü ôîðìóâàííÿ á³îïë³âîê ÷îòèðìà äîñë³äæåíèìè ì³êðîáíèìè
êîìïëåêñàìè áóâ îäíàêîâèì. Ó á³îïë³âêàõ áóëè ïðèñóòí³ ÷èñëåíí³ ì³êðî-
êîëîí³¿, îòî÷åí³ ñôîðìîâàíèì øàðîì ìàòðèêñó, ùî ñâ³ä÷èëî ïðî çð³ë³ñòü
äîñë³äæåíèõ óòâîðåíü. Çã³äíî äàíèõ ïîïåðåäí³õ äîñë³äíèê³â, ìîðñüê³
ìàêðîâîäîðîñò³ ïðèäàòí³ äëÿ âèêîðèñòàííÿ ÿê ñóáñòðàòè äëÿ ïðèêð³ï-
ëåííÿ òà ñòàá³ë³çàö³¿ êîðèñíèõ ì³êðîîðãàí³çì³â [17]. Çà ðåçóëüòàòàìè íà-
øèõ åêñïåðèìåíò³â óñ³ äîñë³äæåí³ ì³êðîáí³ êîìïëåêñè ìîæíà ðåêîìåíäó-
âàòè äëÿ ³ììîá³ë³çàö³¿ íà âîäîðîñòÿõ.

Ó ë³òåðàòóð³ â³äîì³ ïðèêëàäè ðîçðîáêè á³îäîáðèâ íà îñíîâ³ ìàê-
ðîô³ò³â òà ì³êðîîðãàí³çì³â — ñòèìóëÿòîð³â ðîñòó ðîñëèí. Âñòàíîâëåíî
ä³ºâ³ñòü ³íîêóëÿö³¿ ì³êðîîðãàí³çìàìè âèñóøåíî¿ á³îìàñè ìàêðîô³ò³â [21,
26], îäíàê á³ëüø åôåêòèâíèì ìîæå áóòè âèãîòîâëåííÿ êîìïîñòó ç êîí-
âåðñ³ºþ ì³êðîîðãàí³çìàìè îðãàí³÷íèõ ðå÷îâèí òàëîì³â ó ôîðìè, á³ëüø
äîñòóïí³ äëÿ æèâëåííÿ ðîñëèí. Ïîêàçàíî [26], ùî êîìïîñò ç ìîðñüêèõ âî-
äîðîñòåé òà ðèçîñôåðíèõ áàêòåð³é çíà÷íî ïîì’ÿêøóâàâ íåãàòèâíèé
âïëèâ çàñîëåíîñò³ íà ð³ñò ðîçñàäè òîìàò³â, à âíåñåííÿ áóðèõ âîäîðîñòåé
Sargassum spp. ïðèçâîäèëî äî çíà÷íîãî çá³ëüøåííÿ ê³ëüêîñò³ àðõåé Cre-
narchaeota, ÿê³ â³ä³ãðàþòü âèð³øàëüíó ðîëü ó êðóãîîá³ãó àçîòó, ïîêðàùó-
þòü ðîäþ÷³ñòü ´ðóíòó, ùî çíà÷íî ñòèìóëþº ð³ñò ðîñëèí òà ï³äâèùóº âðî-
æàéí³ñòü ðèñó [21]. Ðåçóëüòàòè äîñë³äæåíü [23] äîâîäÿòü ïîçèòèâíèé
âïëèâ êîðèñíèõ ì³êðîîðãàí³çì³â ó ïîºäíàíí³ ç á³îñòèìóëÿòîðàìè íà îñ-
íîâ³ âîäîðîñòåé íà ð³ñò ³ âðîæàéí³ñòü ïëîä³â òîìàò³â. Ïðè öüîìó â³ä-
ì³÷àºòüñÿ ïîêðàùåííÿ ìîðôîëîã³÷íèõ ïàðàìåòð³â ðîñëèí, äîáðà ïðè-
æèâëþâàí³ñòü, à òàêîæ ñò³éê³ñòü ðîñëèí ïðîòÿãîì óñüîãî âåãåòàö³éíîãî
ïåð³îäó ïîð³âíÿíî ç íå³íîêóëüîâàíèìè ðîñëèíàìè. Ó äîñë³äæåíí³ [9] ïî-
êàçàíî, ùî êîìá³íîâàíå çàñòîñóâàííÿ åêñòðàêò³â äâîõ ìàêðîâîäîðîñòåé
(Fucus spiralis òà Ulva rigida) ³ç ñóñïåíç³ºþ êë³òèí øòàìó Bacillus sp. S48S
çíà÷íî ïîêðàùóº ð³ñò ðîñëèí òà çàñâîºííÿ ïîæèâíèõ ðå÷îâèí ïøåíèöåþ
òà áîáîâèìè ðîñëèíàìè.
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Ðèñ. 3. Á³îïë³âêè ì³êðîáíèõ êîìïëåêñ³â íà òàëîìàõ âîäîðîñò³ U. linza: à — êîìïëåêñ
À1; á — êîìïëåêñ À2; â — êîìïëåêñ À3; ã — êîìïëåêñ À4 (?600); ðîçòàøóâàííÿ
á³îïë³âîê ïîçíà÷åíî ñòð³ëêàìè ³ äóæêàìè



Ìîæëèâ³ øëÿõè âèêîðèñòàííÿ âîäîðîñòåé áåç ó÷àñò³ ì³êðîá³îëîã³÷-
íèõ ïðîöåñ³â îõîïëþþòü âèãîòîâëåííÿ åêñòðàêò³â äëÿ çàìî÷óâàííÿ íà-
ñ³ííÿ òà ôîë³àðíèõ îáðîáîê [19], à òàêîæ íèçüêîêèñíåâèé ï³ðîë³ç ç ìåòîþ
îòðèìàííÿ á³îâóã³ëëÿ äëÿ ïîêðàùåííÿ õàðàêòåðèñòèê ´ðóíòó [12].

Âïðîâàäæåííÿ ïåðåðîáêè øòîðìîâèõ âèêèä³â ó ïðèáåðåæíèõ ãðîìà-
äàõ Óêðà¿íè º âàæëèâèì ç åêîëîã³÷íî¿ òî÷êè çîðó äëÿ ñèñòåìíîãî î÷è-
ùåííÿ óçáåðåææÿ ×îðíîãî ìîðÿ. Êð³ì òîãî, òåõí³êî-åêîíîì³÷í³ àñïåêòè
âèêîðèñòàííÿ á³îìàñè âîäîðîñòåé-ìàêðîô³ò³â äåìîíñòðóþòü âèñîêó ïåð-
ñïåêòèâí³ñòü çàëó÷åííÿ öüîãî ðåñóðñó äî âèðîáíèöòâà á³îäîáðèâ.

Âèñíîâêè

Ïðîâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî øòîðìîâ³ âèêèäè âîäîðîñòåé
Îäåñüêî¿ çàòîêè â ë³òí³é ïåð³îä 2025 ð. ïðåäñòàâëåí³ 13 âèäàìè ç äâîõ
â³ää³ë³â — Chlorophyta (7) ³ Rhodophyta (6). Äîì³íóâàëè çåëåí³ âîäîðîñò³
Cladophora vadorum ³ Ulva flexuosa. ¯õíÿ á³îìàñà ñêëàäàëà ïðèáëèçíî 97 %
â³ä çàãàëüíî¿ á³îìàñè âèêèä³â. Çàãàëüí³ çàïàñè âîäîðîñòåâî¿ ñèðîâèíè ¿õ
øòîðìîâèõ âèêèä³â â ñåðïí³ 2025 ð. â Îäåñüê³é çàòîö³ ñòàíîâèëè áëèçüêî
47 ò.

Äîñë³äæåííÿ á³îõ³ì³÷íîãî ñêëàäó âîäîðîñòåé âèÿâèëè íàÿâí³ñòü â
íèõ 41,1 % çàãàëüíèõ ïîë³ñàõàðèä³â. Âèñîêèé âì³ñò êàë³þ (12,0±0,2 ìã/ã),
íåâèñîêà êîíöåíòðàö³ÿ éîäó (17,0±0,8 ìêã/ã), à òàêîæ íàÿâí³ñòü òðèìåòè-
ëîöòîâî¿ êèñëîòè ³ àì³íîêèñëîò (ãëþòàì³íîâî¿ êèñëîòè, ë³çèíó, òèðîçèíó
òà àðã³í³íó) âêàçóþòü íà ïåðñïåêòèâó çàñòîñóâàííÿ á³îìàñè âîäîðîñòåé ÿê
îñíîâè äëÿ á³îäîáðèâ. Çäàòí³ñòü ï³äòðèìóâàòè âèñîêèé ð³âåíü êîëîí³çà-
ö³¿ ì³êðîîðãàí³çìàìè âêàçóº íà ìîæëèâ³ñòü ³íîêóëÿö³¿ á³îìàñè âîäîðîñ-
òåé êîðèñíèìè áàêòåð³ÿìè ³ ãðèáàìè - ñòèìóëÿòîðàìè ðîñòó ðîñëèí. Íà
òàëîìàõ âîäîðîñòåé ìîæóòü çàêð³ïëþâàòèñÿ øòó÷íî ïðèâíåñåí³ ì³êðîáí³
êîìïëåêñè, ïðèçíà÷åí³ äëÿ âèðîáíèöòâà á³îäîáðèâ. Ïðè öüîìó ì³êðîîð-
ãàí³çìè óñ³õ äîñë³äæåíèõ êîíñîðö³óì³â áóëè çäàòíèìè äî ïðèêð³ïëåííÿ
íà òàëîìàõ âîäîðîñòåé ³ óòâîðåííÿ íà íèõ çð³ëèõ á³îïë³âîê.

Îòæå, âîäîðîñò³ øòîðìîâèõ âèêèä³â ×îðíîãî ìîðÿ º ïåðñïåêòèâíîþ
îñíîâîþ äëÿ ñòâîðåííÿ á³îäîáðèâ, â òîìó ÷èñë³, îòðèìàíèõ ³ç çàñòîñóâàí-
íÿì ì³êðîîðãàí³çì³â. Âïðîâàäæåííÿ òåõíîëîã³é ïåðåðîáêè á³îìàñè âîäî-
ðîñòåé â àãðàðíå âèðîáíèöòâî ìàòèìå ÿê åêîíîì³÷íó äîö³ëüí³ñòü, òàê ³
åêîëîã³÷íó êîðèñòü äëÿ ïðèáåðåæíèõ ãðîìàä.
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STORM EMISSIONS OF THE BLACK SEA ALGAE AND THEIR
BIOTECHNOLOGICAL POTENTIAL

Species composition and biochemical profile of macroalgae in storm emissions of the
Odesa Bay of the Black Sea (Ukraine) were studied, and their potential as raw material for
the production of biofertilizers was assessed. An evaluation of biomass amount showed
that in August 2025 approximately 47 tons of algae accumulated along the bay’s shoreline,
dominated by green (7 species) and red macroalgae (6 species), with Cladophora vadorum
(Aresch.) Kütz. and Ulva flexuosa Wulfen comprising about 97 % of the total biomass.
Biochemical analysis revealed a high content of polysaccharides (41.1 %), elevated potassi-
um level (12.0±0.2 mg/g), a moderate iodine concentration (17.0±0.8 ìg/g), and the pre-
sence of trimethylacetic acid and a number of amino acids, indicating the suitability of this
biomass as a basis for biofertilizers. The algal biomass supported substantial microbial co-
lonization, maintaining up to (2,5±0,3)×106 CFU/g of aerobic mesophilic microorganisms
and (8,0±1,2)×103 CFU/g of micromycetes. Artificially introduced microbial complexes
could attach to seaweed thalli and form well-developed biofilms on them. These findings
suggest that storm emissions Black Sea macroalgae represent a promising resource for the
development of biofertilizers, including those produced using beneficial microorganisms.

Keywords: macrophyte algae, biochemical composition, biofilm, microorganisms,
Black Sea.
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ÏÅÐÅÒÂÎÐÅÍÍß ÌÎÐÑÜÊÈÕ Â²ÄÕÎÄ²Â ÍÀ
ÀÄÑÎÐÁÅÍÒÈ: ÂÈÄÀËÅÍÍß ÁÎÐÓ Ç ÂÎÄÈ ÇÀ
ÄÎÏÎÌÎÃÎÞ ÊÀËÜÖÈÍÎÂÀÍÈÕ ÏÀÍÖÈÐ²Â

ÊÐÀÁ²Â ÒÀ ÐÀÊÎÂÈÍ ÌÎËÞÑÊ²Â1

Íàäì³ðíà ê³ëüê³ñòü áîðó ó âîäíèõ åêîñèñòåìàõ ñòàíîâèòü ïîòåíö³éíó çàãðîçó
äëÿ çäîðîâ’ÿ ëþäèíè. Òîìó ìåòîþ äîñë³äæåííÿ áóëî âèâ÷åííÿ åôåêòèâíîñò³ âèêîðè-
ñòàííÿ êàëüöèíîâàíèõ ïàíöèð³â êðàá³â òà ðàêîâèí êðîâ’ÿíèõ ìîëþñê³â (Tegillarca
granosa (Linnaeus, 1758)) ÿê àäñîðáåíò³â äëÿ âèäàëåííÿ áîðó ç âîäíèõ ðîç÷èí³â. Äëÿ
îö³íêè åôåêòèâíîñò³ àäñîðáåíò³â çà ð³çíèõ óìîâ, òàêèõ ÿê òåìïåðàòóðà êàëüöè-
íàö³¿, ïî÷àòêîâå çíà÷åííÿ pH ðîç÷èíó, ïî÷àòêîâà êîíöåíòðàö³ÿ, ÷àñ êîíòàêòó,
òåìïåðàòóðà àäñîðáö³¿ òà ³îííà ñèëà, áóëî ïðîâåäåíî êîìïëåêñ åêñïåðèìåíò³â.
Çäàòí³ñòü äî àäñîðáö³¿ áîðó ï³äâèùóºòüñÿ ç ï³äâèùåííÿì òåìïåðàòóðè êàëüöè-
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íàö³¿, pH ðîç÷èíó, òåìïåðàòóðîþ òà ïðèñóòí³ñòþ CaCl2 ³ MgCl2. Êð³ì òîãî ³çîòåð-
ìè àäñîðáö³¿ áîðó äîáðå îïèñóþòüñÿ ìîäåëëþ Ëåíãìþðà, òîä³ ÿê ê³íåòèêà àäñîðáö³¿
â³äïîâ³äàº ìîäåë³ ïñåâäî-äðóãîãî ïîðÿäêó. Ìàêñèìàëüíà çäàòí³ñòü êàëüöèíîâàíèõ
ïàíöèð³â êðàá³â òà ðàêîâèí êðîâ’ÿíèõ ìîëþñê³â äî àäñîðáö³¿ áîðó ñòàíîâèëà 23,9 òà
34,1 ìã/äì3, â³äïîâ³äíî. Ñòàí àäñîðáö³éíî¿ ð³âíîâàãè îáîõ àäñîðáåíò³â áóëî îòðèìà-
íî ÷åðåç äåâ’ÿòü ãîäèí. Òåðìîäèíàì³÷í³ ïàðàìåòðè (�S�,�G�,�H�) äîñë³äæóâàëè ï³ä
÷àñ ïðîöåñó àäñîðáö³¿ áîðó. Êàëüöèíîâàí³ ïàíöèð³ êðàá³â òà ðàêîâèíè êðîâ’ÿíèõ ìî-
ëþñê³â òàêîæ äåìîíñòðóþòü âèñîêîåôåêòèâíå âèäàëåííÿ áîðó ç³ ñò³÷íèõ âîä ëîêà-
ëüíî¿ ñèñòåìè âîëîãî¿ äåñóëüôóðèçàö³¿ äèìîâèõ ãàç³â íà ð³âí³ 98,1 òà 99,6 %,
â³äïîâ³äíî. Ïðîâåäåí³ äîñë³äæåííÿ ñâ³ä÷àòü ïðî åêîíîì³÷íó åôåêòèâí³ñòü êàëüöèíî-
âàíèõ ïàíöèð³â êðàá³â òà ðàêîâèí êðîâ’ÿíèõ ìîëþñê³â ÿê åôåêòèâíèõ àäñîðáåíò³â,
ï³äêðåñëþþ÷è ¿õí³é ïîòåíö³àë äëÿ ñòàëîãî âèäàëåííÿ áîðó ï³ä ÷àñ î÷èùåííÿ ñò³÷íèõ
âîä.

Êëþ÷îâ³ ñëîâà: âèäàëåííÿ áîðó, ïàíöèð³ êðàá³â, ðàêîâèíè êðîâ’ÿíèõ ìîëþñê³â,
àäñîðáö³ÿ, ñò³÷í³ âîäè ëîêàëüíî¿ ñèñòåìè âîëîãî¿ äåñóëüôóðèçàö³¿ äèìîâèõ ãàç³â.

Introduction

Boron represents a geochemically significant trace element that is ubiqui-
tously distributed across terrestrial and aquatic compartments of the Earth sys-
tem. Originating from both lithogenic weathering and anthropogenic mobili-
zation, it migrates through rocks, soils, sediments, and natural waters, ultima-
tely integrating into biological tissues across trophic levels [5]. Boron’s dyna-
mic environmental cycling reflects a combination of geological processes, such
as volcanic emissions and crustal leaching, and human-driven activities, inclu-
ding industrial discharge, fertilizer application, and wastewater effluent.

Due to its versatile physicochemical characteristics, boron plays an indis-
pensable role in a wide spectrum of industrial and technological domains. It
serves as a critical additive in glass and ceramic fabrication, semiconductor and
electronic manufacturing, detergent and cosmetic formulations, and agricultu-
ral fertilizers [21]. Within aqueous environments, boron predominantly exists
as boric acid (H3BO3) and borate ions [B(OH)4]–, while under alkaline or con-
centrated conditions, it forms more complex polyborate anions such as
[B3O3(OH)4]–, [B4O5(OH)4]2–, and [B5O6(OH)4]– [20].

Although boron is essential in trace quantities for metabolic and physiolo-
gical functions in plants and microorganisms, its narrow margin between nut-
ritional necessity and toxicity presents a major environmental management
challenge. In irrigated agriculture, minor fluctuations above the tolerance
threshold can suppress photosynthesis, disrupt nutrient uptake, and diminish
crop yields. In humans and animals, chronic exposure through contaminated
water or food has been correlated with cardiovascular, gastrointestinal, and ne-
urotoxic disturbances [23]. This dualistic nature-biological indispensability,
juxtaposed with toxic potential, demands precise monitoring and control of
boron concentrations in environmental and engineered water systems.

Recognizing these risks, international regulatory agencies have imposed
increasingly stringent quality standards. The World Health Organization re-
commends a maximum boron concentration of 2.4 mg L–1 in potable water,
while the European Union, Singapore, South Korea, and Japan enforce more
conservative thresholds of 1.0 mg/L [9]. These limits have intensified the se-
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arch for reliable, scalable, and cost-effective remediation technologies capable
of selectively removing boron from both natural and industrial water matrices.

A variety of physicochemical treatment methods, such as reverse osmosis,
ion exchange, electrocoagulation, electrodialysis, and adsorption, have been
explored for boron mitigation [22]. Among them, adsorption stands out as an
operationally simple, energy-efficient, and environmentally sustainable appro-
ach. Its effectiveness depends largely on the structural and surface chemical
properties of the adsorbent, prompting extensive research into both synthetic
and naturally derived materials. Conventional adsorbents include activated
carbon [11], alumina [13], graphene oxide [7], hydroxides [18], layered double
hydroxides (LDHs) [8], selective resins [12], and metal-organic frameworks
(MOFs) [21]. However, to reduce operational costs and environmental bur-
den, contemporary studies have increasingly shifted toward valorizing bio-
mass-derived sorbents and agricultural or food wastes transformed into functi-
onal materials capable of high boron uptake.

Numerous examples demonstrate the promise of such bio-based adsor-
bents. Powdered banana peels (1.0—3.0 mm) exhibited a maximum sorption
capacity (qmax) of 3.40 mg/g due to abundant hydroxyl, amine, alkane, and car-
boxylic groups contributing to boron complexation [6]. Additionally, modifi-
ed jering seed peels treated with NaOH or FeCl3 displayed qmax values between
0.72 and 0.75 mg/g [1], while pomegranate peel powders modified by HCl or
NaOH achieved slightly higher efficiencies of 0.91—0.97 mg/g [2]. Advanced
biosorbents such as amine-functionalized tannin gels (qmax = 24.3 mg/g [14]),
date seed ash (qmax = 31.7 mg/g [4]), and calcined eggshells (qmax = 32.26 mg/g
[3]) have demonstrated that low-cost waste resources can rival or even outper-
form engineered adsorbents.

This work explores calcined crab shells and calcined blood cockle shells as
novel calcium-based biosorbents for boron removal. Upon calcination, the na-
tural CaCO3 matrix transforms into CaO, generating reactive hydroxyl sites in
aqueous solution that promote boron uptake through surface complexation.
The study systematically examines the effects of calcination temperature, initi-
al pH of the solution, initial concentration, contact time, adsorption tempera-
ture, and ionic strength on boron adsorption performance. Langmuir and pse-
udo-second-order models describe the process well, indicating monolayer che-
misorption governed by active Ca(OH)2 sites. Thermodynamic analyses con-
firm that boron adsorption is spontaneous and endothermic. Notably, calcined
crab shells and calcined blood cockle shells achieved boron removal efficiencies
of 98.1 % and 99.6 % from real wet flue gas desulfurization wastewater, demon-
strating their strong potential for practical deployment. This research high-
lights a sustainable, low-cost pathway for boron remediation using biogenic
calcium materials and advances understanding of Ca(OH)2 and boron binding
mechanisms.

Material and Methods

Two types of marine shells, including crab shells (CS) and blood cockle
shells (BS), were collected from a local seafood market in Da Nang City, Viet-
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nam. Analytical-grade boron standard solution (1000 mg/L) and boric acid
(H3BO3), used for the preparation of boron stock solutions, were obtained from
Kanto Chemical Industry Co., Ltd. (Japan). Hydrochloric acid (HCl), sodium
hydroxide (NaOH), sodium chloride (NaCl), potassium chloride (KCl), calci-
um chloride (CaCl2), and magnesium chloride hexahydrate (MgCl2·6H2O)
were also procured from the same supplier. All reagents were of analytical gra-
de and used without further purification.

The preparation of adsorbents is illustrated in Figure 1. CS and BS were
brushed and thoroughly washed several times with deionized water to remove
impurities. Subsequently, shell samples were dried in an oven at 100 °C for 24 h.
The dried shells were then crushed and screened through a sieve with a size less
than 1.19 mm (16 mesh) to collect the fine particles, which were utilized as ad-
sorbents. Furthermore, the raw CS powder and BS powder were subjected to
the furnace to be calcined at 600 °C for 3 h (CS 600 and BS 600), 700 °C for 2 h
(CS 700 and BS 700), 800 °C for 1 h (CS 800 and BS 800), and 900 °C for 45 min
(CS 900 and BS 900). The calcination conditions were carried out in accordan-
ce with the results of our previous study, with some adjustments [16].

Batch adsorption tests (Fig. 1) were conducted to evaluate the boron remo-
val performance of both raw and calcined shell adsorbents. In each experiment,
0.1 g of adsorbent was added to 100 mL of boric acid solution containing
100 mg/L of boron. The suspensions were agitated in a thermostatic shaker at
25 °C for 24 h under an initial pH of 5.5. Following adsorption, the mixtures
were filtered through 0.45 µm membrane filters, and blank controls were pre-
pared under identical conditions. Boron concentrations in the filtrates were
quantified using a UV-VIS-NIR spectrophotometer (λ = 415 nm) via the Azo-
methine-H method. The boron removal efficiency (H, %) and adsorption capa-
city (qe, mg/g) were calculated using the following equations:

H
C C

C
e= − ×0

0

100, (1)

q
C C

M
Ve

e= − ×0 ,
(2)

where qe is the amount of boron on the surface of the adsorbent (mg/g). Co and
Ce (mg/L) are initial and equilibrium concentrations of boron (mg/L), respecti-
vely. M and V are the adsorbent mass (g) and solution volume (L).

The influence of key operational variables on boron adsorption was syste-
matically evaluated. The initial pH was adjusted across a wide range (2.2—
12.3) to determine its effect on adsorption performance. Boron adsorption
isotherms were obtained at initial concentrations of 5, 10, 20, 50, 70, and
100 mg/L, while kinetic studies were performed at contact times of 0.25, 0.5, 1,
2, 3, 9, 12, and 24 h. Thermodynamic behavior was examined at temperatures
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of 25, 35, 45, and 55°C. To investigate the effect of ionic strength, different elec-
trolytes (NaCl, KCl, CaCl2, and MgCl2) were introduced at varying concentra-
tions: 1.0—4.0 mol/L for Na+, K+, and Ca2+, and 0.5—2.0 mol/L for Mg2+. All ex-
periments were conducted in duplicate to ensure reproducibility.

Results and Discussion

The calcination of crab shells (CS) and blood cockle shells (BS) was perfor-
med at 600 °C for 3 h, 700 °C for 2 h, 800 °C for 1 h, and 900 °C for 45 min to in-
vestigate the influence of temperature on boron adsorption capacity. As shown
in Figure 2, boron uptake increased progressively with calcination temperatu-
re, indicating that thermal activation enhances the surface reactivity of the ma-
terials. The calcined BS consistently exhibited higher adsorption capacity than
CS across all conditions. Specifically, the boron adsorption capacity of the raw
CS and BS was 8.3 mg/g and 10.6 mg/g, respectively, which increased to
24.5 mg/g for CS 900 and 34.4 mg/g for BS 900 after calcination at 900 °C for
45 min. The improvement in performance can be attributed to the thermal de-
composition of calcium carbonate (CaCO3), the dominant mineral phase in se-
ashells, into calcium oxide (CaO) [19]. This transformation increases porosity
and generates reactive -OH surface sites that promote the boron complexation
mechanism.

CaCO3 + heat → CaO + CO2, (3)

CaO + H2O → Ca(OH)2. (4)

Moreover, increasing the calcination temperature enhances the formation
of calcium oxide (CaO), which subsequently hydrates to calcium hydroxide
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Fig. 1. Schematic diagram of adsorbent preparations and adsorption test



(Ca(OH)2) upon contact with water [15]. The presence of calcium oxide contri-

butes to the formation of calcium hydroxide (Ca(OH)2) in aqueous solution.

The hydroxyl groups provided by Ca(OH)2 act as active sites for boron binding,

as adjacent -OH groups can coordinate with borate species to form stable bora-

te complexes [10]. This synergistic transformation from CaCO3 to CaO and

then to Ca(OH)2 significantly contributes to the improved adsorption perfor-

mance of calcined shells. Based on these observations, the samples calcined at

900°C for 45 min, designated as CS 900 and BS 900, exhibited the highest boron

adsorption capacities and were therefore selected for subsequent experiments.
The effect of initial pH on boron removal was examined for CS 900 and

BS 900 under identical experimental conditions. As shown in Figure 3, the ad-

sorption capacity of both materials increased markedly as the pH rose from 2.2

to 12.3, confirming the strong dependence of boron uptake on solution che-

mistry. The pH governs not only the surface charge of the adsorbent but also

the speciation of boron in solution. At pH<6, boron predominantly exists as

molecular boric acid [B(OH)3]0. Between pH 6 and 10, polyborate species such

as [B3O3(OH)4]–, [B4O5(OH)4]2–, and [B5O6(OH)4] – become dominant, while at

pH>10, the monovalent borate ion [B(OH)4] – is the prevailing form [10].

Among these species, [B(OH)4] – exhibits the strongest affinity for surface hyd-

roxyl groups, leading to the formation of stable borate complexes. Consequent-

ly, higher pH levels favor boron adsorption by enhancing electrostatic attracti-

on and complexation between borate ions and reactive Ca(OH)2 sites on the

calcined shell surfaces.
The Langmuir, Freundlich, and Temkin isotherm models were applied in

this study. The Langmuir model assumes that the energies of adsorption on the

surface are homogeneous, and there is no movement of adsorbates across the
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Fig. 2. Effect of calcination temperature on boron adsorption. (Initial concentration of bo-
ron: 100 mg/L, mass of adsorbent: 0.1 g, initial pH solution: 5.5, solution volume: 100 mL,
contact time: 24 h, and temperature: 25 °C)



surface. The Langmuir isotherm model can be expressed mathematically as fol-
lows:

C

q bq q
Ce

e

e= +1 1

max max

, (5)

where qe represents the quantity of adsorbed boron per unit weight of adsor-
bent at equilibrium (mg/g). qmax is the maximum adsorption capacity of the ad-
sorbent (mg/g), Ce is the equilibrium boron concentration (mg/L), and b is the
Langmuir adsorption constant (L/mg adsorbent).

The Freundlich isotherm model is an empirical equation for describing
multilayer adsorption on an irregular surface. This model is provided below by
the following equation:

log log logq K
n

Ce F e= + 1
, (6)

where KF and n are Freundlich adsorption constants involved in relative capa-
city and the intensity of adsorption, respectively.

The Temkin isotherm model suggests that the heat of adsorption from
molecules demonstrates a linear decline as the surface coverage rises. The Tem-
kin isotherm equation can be described as follows:

q
RT

b
A

RT

b
Ce

T

T

T

e= +ln( ) ln( ), (7)
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Fig. 3. Effect of pH on boron adsorption by CS 900 and BS 900. (Initial concentration of bo-
ron: 100 mg/L, mass of adsorbent: 0.1 g, initial pH solution: 2.2—12.3, solution volume:
100 mL, contact time: 24 h, and temperature: 25 °C)



where bT is the Temkin isotherm constant (kJ g/mol2), R is the ideal gas cons-
tant (8.3145 J/mol K), T is thermodynamic temperature (K), and AT is the equi-
librium binding constant (L/g).

The corresponding models are given in Figure 4. The calculated parame-
ters and the results obtained from the fitting of three isotherm models are sum-
marized in Table. The plots of Ce/qe versus Ce, log(qe) versus log(Ce), and qe ver-
sus ln(Ce) for the boron adsorption onto CS 900 and BS 900, derived from the
linear forms of the Langmuir, Freundlich, and Temkin isotherms, are display-
ed in Figure 1. According to Table, R2 value for Langmuir adsorption isotherm
of BS 900 was recorded at 0.9989. In contrast, this value was obtained at 0.9920
and 0.9116 for Freundlich and Temkin models, respectively. A similar finding
was also discovered for CS 900. These results recommend the conclusion that
the Langmuir model is particularly effective in characterization of boron ad-
sorption onto CS 900 and BS 900, indicating that the homogeneity of the adsor-
bent’s surface characteristics plays a crucial role in the adsorption process.

Evaluating adsorption kinetics is essential for understanding the effective-
ness of the adsorption process. The adsorption kinetics of boron onto CS 900
and BS 900 were carried out by pseudo-first order, pseudo-second order, and
intra-particle diffusion models. These models are expressed as follows:

log( ) log
.

q q q
k t

e t e− = −

 


1

2 303
, (8)

1 1 1

2

2q k q qt e e

= + , (9)

q K t Ct = +diff

1 2/ , (10)

where qt is the amount of boron adsorbed at a given time (mg/g), qe is the amo-
unt of boron adsorbed at equilibrium (mg/g adsorbent), k1 (min–1) is the rate
constant of pseudo-first order model, k2 (g mg–1 min–1) is the rate constant of
the pseudo-second order model, Kdiff is the constant of diffusion rate
(mg g-1 min-1/2), and C is intra-particle diffusion constant (mg/g).

The corresponding plots are shown in Figures 2 and 5. Among the tested
models, the pseudo-second-order model exhibited the best fit, with correlation
coefficients of R2 = 0.9990 for CS 900 and R2 = 0.9951 for BS 900. In compari-
son, the pseudo-first-order model yielded R2 values of 0.9930 and 0.9901, while
the intra-particle diffusion model showed lower correlations (R2 = 0.9516 and
R2 = 0.8639). These results indicate that boron adsorption on both calcined
shell adsorbents follows pseudo-second-order model, suggesting a chemisorp-
tion-dominated mechanism involving valence forces or electron sharing bet-
ween boron species and active surface sites. As illustrated in Figure 5, equilibri-
um was achieved after approximately 9 h for both CS 900 and BS 900.
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To comprehend the influence of temperature on the boron adsorption by
CS 900 and BS 900, an investigation into the adsorption thermodynamics was
conducted. A series of parameters, such as temperature T (K), the gas constant
R (8.314 J mol-1 K-1), the distribution coefficient (Ka), Gibbs free energy change
�G � (kJ mol-1), enthalpy change �H � (kJ mol-1), and entropy change �S �

(J mol-1 K-1) could be determined as follows:

∆G RT K a
0 = − ln

(11)

lnK
H

RT

S

R
a = − +∆ ∆0 0

. (12)

The values of �H� and �S� can be determined by the slope and intercept
of the linear fitting of (lnKa) against (1/T). The thermodynamic parameters cal-
culated from the linear equation are presented in Table and Figure 3. The valu-
es of �G� are negative and decline as the temperature rises at various tempera-
tures, suggesting that CS 900 and BS 900 adsorb boron spontaneously, with
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Fig. 4. Isotherm adsorption models of boron removal using CS 900 and BS 900. (Initial
concentration of boron: 5 — 100 mg/L, mass of adsorbent: 0.1 g, initial pH solution: 5.5, so-
lution volume: 100 mL, contact time: 24 h, and temperature: 25 °C)



higher temperatures enhancing the adsorption process. The �H� values of CS
900 and BS 900 are positive, indicating that the adsorption is an endothermic
process. Additionally,�S�>0 implies that the surface disorder of CS 900 and BS
900 will increase throughout the adsorption process.
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Fig. 5. Kinetic adsorption models of boron removal using CS 900 and BS 900. (Initial con-
centration of boron: 100 mg/L, mass of adsorbent: 0.1 g, initial pH solution: 5.5, solution
volume: 100 mL, contact time: 0—24 h, and temperature: 25 °C)

Table
Thermodynamic parameters of the boron adsorption by CS 900 and BS 900

Adsorbent T (K) KL
�G�

(kJ mol-1)
�H�

(kJ mol-1)
�S�

(J mol-1 K-1)
R2

CS 900 298 32.58 -80.71 12.28 70.44 0.9342

308 42.87 -109.77

328 52.24 -142.47

BS 900 298 52.46 -129.98 17.51 91.48 0.9893

308 61.91 -158.54

328 99.02 -270.04



The influence of common ions on boron adsorption was investigated in

the presence of Na+, K+, Ca2+ and Mg2+, representative cations found in seawa-

ter and natural waters. As illustrated in Figure 6, the addition of Na+ and K+

produced only a slight reduction in boron uptake, likely due to minor electros-

tatic shielding effects. In contrast, the presence of divalent cations (Ca2+ and

Mg2+) markedly enhanced the adsorption capacity of both CS 900 and BS 900.

This enhancement can be attributed to the «salting-out» phenomenon and the

generation of surface hydroxyl complexes (Ca(OH)2 and Mg(OH)2), which ser-

ve as active coordination sites for borate binding [17]. The formation of stable

borate complexes strengthens chemisorption interactions, thereby improving

boron removal efficiency. These results confirm that CS 900 and BS 900 are

highly effective adsorbents for boron removal even in saline or mineral-rich

wastewaters containing Ca2+ and Mg2+ ions.
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Fig. 6. Impact of Na+, K+, Ca2+ and Mg2+ on boron adsorption capacity using CS 900 (a) and
BS 900 (b). (Initial concentration of boron: 100 mg/L, mass of adsorbent: 0.1 g, initial pH
solution: 5.5, solution volume: 100 mL, contact time: 24 h, and temperature: 25 °C)



According to the above results, the possible boron adsorption mechanism
is illustrated in Figure 7. The enhanced boron adsorption capacity of CS 900
and BS 900 can be attributed to surface transformations induced by thermal ac-
tivation and subsequent hydration. The conversion of CaCO3 to CaO during
calcination and its partial hydration to Ca(OH)2 in aqueous solution introduce
abundant surface hydroxyl (-OH) that serves as active sites for boron uptake.

The pH-dependent adsorption behavior, where boron removal increases
from acidic to alkaline conditions, indicates that boron species interact strong-
ly with these surface hydroxyl groups. At low pH, boron mainly exists as neut-
ral boric acid [B(OH)3]0, which can weakly associate with surface -OH groups
through hydrogen bonding or ligand exchange. As the pH increases, [B(OH)4] –

becomes the dominant species, leading to stronger electrostatic attraction and
the formation of stable borate complexes between borate ions and hydroxyl
groups on the calcined shell surfaces.

This interpretation is consistent with kinetic data, which show pseudo-se-
cond-order behavior, and with thermodynamic results indicating an endother-
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Fig. 7. The possible boron adsorption mechanism of CS 900 and BS 900



mic and spontaneous reaction. Moreover, the observed enhancement of adsor-
ption in the presence of Ca2+ and Mg2+ supports the involvement of divalent ca-
tions in stabilizing borate-surface complexes. The combined evidence from ki-
netic fitting, pH-dependent behavior, thermodynamic parameters, and ionic
strength effects supports a chemisorption-controlled boron adsorption pro-
cess.

A real wastewater sample was collected from the flue gas desulfurization
(FGD) system of a local coal-fired power plant in Vietnam and used to evaluate
the practical applicability of the proposed adsorbents. The sample was first fil-
tered through 0.45 µm filter paper to remove total suspended solids (TSS). Sub-
sequently, 0.1 g of CS 900 or BS 900 was added to 100 mL of the pretreated was-
tewater, and the suspensions were agitated at 25 °C for 24 h to attain equilibri-
um.

As presented in Figure 8, the boron removal efficiencies of CS 900 and BS
900 reached 98.1 % and 99.6 %, respectively, demonstrating excellent adsorpti-
on performance under realistic conditions. These high efficiencies confirm
that the calcined shell materials maintain strong boron affinity even in complex
industrial wastewater matrices containing multiple ions and potential compe-
ting species.

The findings highlight the substantial potential of these biogenic calci-
um-based adsorbents for cost-effective boron removal from industrial efflu-
ents, particularly in developing countries such as Vietnam, where large volu-
mes of shell waste and the FGD wastewater are generated. The use of locally
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Fig. 8. Boron removal efficiency from the FGD wastewater of coal-fired power plants by CS
900 or BS 900



available shell byproducts not only minimizes treatment costs but also promo-

tes circular resource utilization and environmental sustainability. This appro-

ach offers a practical and scalable solution for integrating low-cost substitutes

into existing wastewater treatment systems in emerging economies.

Conclusion

This study demonstrated that calcined crab shells (CS 900) and calcined

blood cockle shells (BS 900) are highly effective biosorbents for boron removal

from aqueous solutions and real industrial wastewater. The conversion of

CaCO3 to CaO through thermal activation was identified as a key factor enhan-

cing surface reactivity and boron affinity. Boron uptake increased with higher

calcination temperature, alkaline pH, and the presence of Ca2+ and Mg2+ ions,

reflecting the strong contribution of hydroxyl group sites to borate complexati-

on. The adsorption behavior followed the Langmuir isotherm and pseudo-se-

cond-order kinetics, while thermodynamic analyses confirmed a spontaneous

and endothermic process. Remarkably, CS 900 and BS 900 achieved boron re-

moval efficiencies of 98.1% and 99.6%, respectively, when applied to real FGD

wastewater. These findings not only validate the mechanistic basis of CaO-me-

diated boron adsorption but also underscore the feasibility of converting abun-

dant shell waste into functional, low-cost materials for industrial wastewater

treatment. The approach offers a sustainable and circular solution, particularly

suited to developing countries, where resource recovery and cost-effective tec-

hnologies are essential for achieving cleaner production and environmental

protection goals. In addition, the possible regeneration or reuse of boron-loa-

ded adsorbents would be investigated in the future to strengthen the practical

relevance of the study.
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TRANSFORMING MARINE WASTE INTO ADSORBENTS: BORON REMOVAL
FROM WATER VIA CALCINED CRAB AND BLOOD COCKLE SHELLS

The excessive presence of boron in aquatic ecosystems poses potential risks to human
health. Hence, this research aimed to investigate the efficiency of calcined crab shells and
blood cockle shells (Tegillarca granosa (Linnaeus, 1758)) as adsorbents for boron removal
from aqueous solutions. A batch experiment was employed to evaluate the performance of
adsorbents under various conditions, such as calcination temperature, initial pH of the so-
lution, initial concentration, contact time, adsorption temperature and ionic strength. Bo-
ron adsorption capacity is enhanced with higher calcination temperature, pH solution, ad-
sorption temperature, and the presence of CaCl2 and MgCl2. In addition, the boron adsorp-
tion isotherms were described well by the Langmuir model, while adsorption kinetics follo-
wed the pseudo-second-order model. The maximum boron adsorption capacity of calci-
ned crab shells and calcined blood cockle shells was 23.9 and 34.1 mg/L, respectively. The
adsorption equilibrium state of both adsorbents was obtained after 9 h. Thermodynamic
parameters (�S�, �G�, �H�) were investigated during the boron adsorption process. Cal-
cined crab shells and calcined blood cockle shells also exhibit the high-efficiency removal
of boron from wastewater of a local wet flue gas desulfurization system at 98.1 % and 99.6
%, respectively. This work highlights the cost-effective aspect of calcined crab shells and
calcined blood cockle shells as effective adsorbents, stressing their potential for sustainable
approaches in boron removal in wastewater treatment.

Keywords: boron removal, crab shell, blood cockle shell, adsorption, wet flue gas desul-
furization wastewater.
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