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ÎÁ ÀÂÒÎÐÅ ÝÒÎÉ ÊÍÈÃÈ

Ãîâîðÿò, ÷òî òàëàíòëèâûé ÷åëîâåê — ýòî òîò, êòî ëåãêî äåëàåò òî, ÷òî äðóãèì êàæåòñÿ î÷åíü
òðóäíûì, à ãåíèàëüíûé — òîò, êòî äåëàåò òî, ÷òî äðóãèì êàæåòñÿ íåâîçìîæíûì. Àâòîð ýòîé êíèãè —
Êèðèëë Àíäðååâè÷ Ìèêðþêîâ — ñäåëàë íåâîçìîæíîå: â 30 ëåò îí ñòàë îñíîâàòåëåì íîâîãî íàïðàâëå-
íèÿ ïðîòîçîîëîãè÷åñêîé íàóêè è îòêðûë íîâûå ïóòè â èçó÷åíèè îãðîìíîé ãðóïïû ïðîñòåéøèõ îðãà-
íèçìîâ, îáúåäèíÿåìûõ ïîä îáùèì íàçâàíèåì ñîëíå÷íèêè. Òåïåðü, ïîñëå ðàáîò Ê.À.Ìèêðþêîâà, ýòà
ãðóïïó ïåðåñòàíóò ñòûäëèâî çàäâèãàòü íà çàäâîðêè çîîëîãè÷åñêèõ ðóêîâîäñòâ, óìàë÷èâàòü î íåé â
êóðñàõ ëåêöèé. Èäåè Ê.À.Ìèêðþêîâà â ïîñòðîåíèè ñèñòåìû ïðîñòåéøèõ ñòàíóò ìàãèñòðàëüíûìè ïóòÿ-
ìè â èçó÷åíèè ýòîé ãðóïïû ïðèìèòèâíûõ îðãàíèçìîâ. Òðóäíî ïðåäñòàâèòü, ÷òî âñå ýòî áûëî ñäåëàíî
ñîâñåì ìîëîäûì ÷åëîâåêîì, æèçíü êîòîðîãî îáîðâàëàñü â âîçðàñòå 30 ëåò.

Ê.À.Ìèêðþêîâ ðîäèëñÿ â 1969 ã. â ã. Þæíî-Ñàõàëèíñêå, âûðîñ â Ìîñêâå, è åùå øêîëüíèêîì ñòàë
çàíèìàòüñÿ â øêîëüíîì çîîëîãè÷åñêîì êðóæêå ïðè êàôåäðå çîîëîãèè áåñïîçâîíî÷íûõ Ìîñêîâñêîãî
ãîñóäàðñòâåííîãî óíèâåðñèòåòà. Èìåííî òàì, â øêîëüíîì çîîëîãè÷åñêîì êðóæêå, îí óâëåêñÿ èçó÷åíè-
åì ïðîñòåéøèõ ïîä ðóêîâîäñòâîì çàìå÷àòåëüíîãî ïðåïîäàâàòåëÿ Î.È.×èáèñîâîé. Óæå òîãäà ýòîò ìàëü-
÷èê â ñêðîìíîì øêîëüíîì ïèäæà÷êå ïîðàæàë âñåõ ñâîèìè ãëóáîêèìè çíàíèÿìè è ýíòóçèàçìîì.

Ïîñëå îêîí÷àíèÿ ñðåäíåé øêîëû Ê.À.Ìèêðþêîâ ïîñòóïèë íà áèîëîãè÷åñêèé ôàêóëüòåò ÌÃÓ è ñ
ïåðâîãî êóðñà ñòàë çàíèìàòüñÿ íàó÷íîé ðàáîòîé íà êàôåäðå çîîëîãèè áåñïîçâîíî÷íûõ ïîä ðóêîâîä-
ñòâîì Â.Ä.Êàëëèíèêîâîé. Èññëåäîâàíèÿ, âûïîëíåííûå Ê.À.Ìèêðþêîâûì â ñòóäåí÷åñêèå ãîäû, áûëè
ïîñâÿùåíû èçó÷åíèþ ñâîáîäíîæèâóùèõ àìåá è ïðåäñòàâëÿëè ñîáîé ïîëíîöåííûå íàó÷íûå ðàáîòû,
ïðèíàäëåæàùèå ïåðó çðåëîãî èññëåäîâàòåëÿ. Âîîáùå, äëÿ Ê.À.Ìèêðþêîâà áûëî õàðàêòåðíî, ÷òî â
î÷åíü þíîì âîçðàñòå, îí ðàáîòàë íàä êðóïíûìè ïðîáëåìàìè ñèñòåìàòèêè è ôèëîãåíèè ïðîñòåéøèõ,
ïðîÿâëÿÿ ïðè ýòîì çíàíèÿ è íàâûêè âûäàþùåãîñÿ èññëåäîâàòåëÿ. Ê ïÿòîìó êóðñó âñåì ñòàëî ÿñíî, ÷òî
â Ðîññèè ïîÿâèëñÿ íîâûé êðóïíûé ñïåöèàëèñò ïî ïðîñòåéøèì, êîòîðîìó ïî ïëå÷ó ðåøàòü ñàìûå
òðóäíûå çàäà÷è â ïðîòîçîîëîãèè.

Ïîñëå áëåñòÿùåé çàùèòû äèïëîìíîé ðàáîòû Ê.À.Ìèêðþêîâ áûë ïðèíÿò â àñïèðàíòóðó ïðè êà-
ôåäðå çîîëîãèè áåñïîçâîíî÷íûõ, ïî îêîí÷àíèè êîòîðîé  ðàáîòàë íà êàôåäðå â äîëæíîñòè àññèñòåíòà
è íàó÷íîãî ñîòðóäíèêà. Â êà÷åñòâå òåìû ñâîé àñïèðàíòñêîé ðàáîòû îí âûáðàë îäíó èç ñàìûõ òàèí-
ñòâåííûõ ãðóïï ïðîñòåéøèõ îðãàíèçìîâ — òàê íàçûâàåìûõ ñîëíå÷íèêîâ.  Îí ìíîãî åçäèë ïî ñòðàíå,
ñîáèðàÿ ýòèõ çàãàäî÷íûõ ïðîñòåéøèõ,  èçó÷àë èõ ìîðôîëîãèþ, óëüòðàñòðóêòóðó è ðàçâèòèå, èñïîëüçóÿ
íîâåéøèå ìåòîäû ïðîòèñòîëîãèè.  Â 1994 ã. îí áëåñòÿùå çàùèòèë êàíäèäàòñêóþ äèññåðòàöèþ, à â 2000 ã.
— äîêòîðñêóþ. Âñå ýòî îí äåëàë â òå ñàìûå äåâÿíîñòûå ãîäû ÕÕ âåêà, êîòîðûå ñ÷èòàþòñÿ êðèçèñíûìè
äëÿ ðîññèéñêîé íàóêè.  Â  ýòè  ãîäû Ê.À.Ìèêðþêîâ îïóáëèêîâàë áîëåå 50 ðàáîò â ñàìûõ ïðåñòèæíûõ
ìåæäóíàðîäíûõ è îòå÷åñòâåííûõ æóðíàëàõ è áûñòðî ñòàë èçâåñòåí âî âñåì ìèðå. Íå äîñòèãøåãî 30 ëåò
èññëåäîâàòåëÿ ïðèãëàøàþò íà ìåæäóíàðîäíûå êîíãðåññû, îí âûñòóïàåò êàê ïðèçíàííûé âñåìè ýêñ-
ïåðò ïî ñîëíå÷íèêàì â ìèðîâûõ öåíòðàõ ïðîòîçîîëîãèè.

Ê.À.Ìèêðþêîâ áûë ïðèðîæäåííûé ïðåïîäàâàòåëü. Åãî ëþáèëè ñòóäåíòû, è óæå â þíûå ãîäû îí
÷èòàë ëåêöèè íå êàê àñïèðàíò, à êàê ïðîôåññîð.

Ê.À.Ìèêðþêîâ áûë ïðåêðàñíî âîñïèòàí. Îí áûë âåæëèâ, òàêòè÷åí, î÷åíü äîáð, íåæíî ëþáèë
ñâîèõ ðîäíûõ. Îí òîíêî ÷óâñòâîâàë êðàñîòó æèâîãî, ëþáèë ïðèðîäó, âåñåííèé ëåñ. Âíåçàïíàÿ òðàãè-
÷åñêàÿ ñìåðòü çàñòèãëà åãî 29 àïðåëÿ 2000 ã., ÷åðåç íåñêîëüêî íåäåëü ïîñëå óñïåøíîé çàùèòû äîêòîð-
ñêîé äèññåðòàöèè. Îí óøåë îò íàñ âåñíîé âî âðåìÿ ïîåçäêè íà ïðèðîäó íà çàðå ñâîåé þíîé æèçíè. Åãî
âêëàä â íàóêó íèêîãäà íå ïîòåðÿåò ñâîåãî çíà÷åíèÿ, à âñå, êòî çíàë åãî ëè÷íî, íèêîãäà íå çàáóäóò
ýòîãî ñâåòëîãî ÷åëîâåêà.

Çàâåäóþùèé êàôåäðîé çîîëîãèè áåñïîçâîíî÷íûõ Áèîôàêà ÌÃÓ
÷ëåí-êîððåñïîíäåíò ÐÀÍ ïðîôåññîð Â.Â. Ìàëàõîâ
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Êèðèëë Ìèêðþêîâ  ÿâëÿëñÿ ÿð÷àéøèì ïðåäñòàâèòåëåì ìîñêîâñêîé øêîëû ïðîòèñòîëîãîâ è åäèí-
ñòâåííûì îòå÷åñòâåííûì ñïåöèàëèñòîì ïî ñîëíå÷íèêàì êàê âíåøíå ñõîäíîé ãðóïïå îäíîêëåòî÷íûõ,
èìåþùèõ ðàäèàëüíûå àêñîïîäèè. Îí ñâîáîäíî îðèåíòèðîâàëñÿ â óëüòðàñòðóêòóðå è ãåíîñèñòåìàòèêå
ïðîòèñòîâ è çíàë î ñîëíå÷íèêàõ áóêâàëüíî âñå: îò èñòîðèè îïèñàíèÿ òàêñîíà äî åãî óëüòðàñòðóêòóðû,
ñâîáîäíî âëàäåÿ ìåòîäàìè ýëåêòðîííîé ìèêðîñêîïèè. Êðîìå ñîëíå÷íèêîâ Êèðèëë Ìèêðþêîâ èññëå-
äîâàë è äðóãèå ãðóïïû ïðîòèñòîâ, êîòîðûå èìåþò ñ íèìè ðîäñòâåííûå ñâÿçè. Â ðåçóëüòàòå èì ïîêàçà-
íû âîçìîæíûå ïóòè ïðîèñõîæäåíèÿ öåíòðîõåëèäíûõ ñîëíå÷íèêîâ îò ãèìíîôðèèäíûõ ôèëîçíûõ àìåá,
à äåñìîòîðàöèäíûõ ñîëíå÷íèêîâ îò öåðêîìîíàä. Îí ïëîäîòâîðíî ñîòðóäíè÷àë ñ êîëëåãàìè è îïóáëè-
êîâàë ñ íèìè ðÿä âûäàþùèõñÿ ðàáîò â ñàìûõ ïðåñòèæíûõ çàðóáåæíûõ æóðíàëàõ. Åãî ðàáîòû ïî ìàê-
ðîñèñòåìå ñîëíå÷íèêîâ, îáúåäèíÿþùåé îêîëî äåñÿòè êðóïíûõ ÷àñòî íåðîäñòâåííûõ òàêñîíîâ, íîñè-
ëè ôóíäàìåíòàëüíûé õàðàêòåð. Êèðèëë óìåë äåëàòü êðóïíûå îáîáùåíèÿ, ðàáîòàë ñòîëü èíòåíñèâíî,
÷òî ïîñòîÿííî îïåðåæàë â ñâîèõ ôèëîãåíåòè÷åñêèõ èäåÿõ çàðóáåæíûõ êîëëåã. Âñåãî çà íåñêîëüêî ëåò
èì áûëà ïåðåðàáîòàíà ñèñòåìà âñåõ èçâåñòíûõ ãðóïï è âèäîâ ñîëíå÷íèêîâ è ñõîäíûõ ñ íèìè îðãàíèç-
ìîâ. Â ðåçóëüòàòå èì îïèñàíû íîâûå òèïû ïðîòèñòîâ, êëàññû, ðîäû è âèäû ñîëíå÷íèêîâ è äðóãèõ
ñàðêîäîâûõ. Îí áûë ïîëîí ñàìûõ íåîæèäàííûõ èäåé, êîòîðûå ïðèâëåêàþò ñâîåé ïðîñòîòîé è îðèãè-
íàëüíîñòüþ è îòâå÷àþò áûñòðî ðàçâèâàþùåéñÿ ôèëîãåíåòèêè ïðîòèñòîâ. Êèðèëë óäà÷íî ñî÷åòàë òåî-
ðåòè÷åñêèå ðàçðàáîòêè è ïðàêòè÷åñêóþ ðàáîòó áèîëîãà-ïîëåâèêà, ó÷àñòíèêà íåñêîëüêèõ ýêñïåäèöèé
íà âîäîåìû Åâðîïåéñêîé ÷àñòè Ðîññèè (Áåëîå è ×åðíîå ìîðÿ), þãà Óêðàèíû è Ýñòîíèè, à òàêæå
Àâñòðàëèè.

Êàæäûé èññëåäîâàòåëü, êîòîðûé ñîïðèêàñàëñÿ ñ Êèðèëëîì, â òîì ÷èñëå è ÿ, çàðàæàëñÿ îò íåãî
ýíòóçèàçìîì è ëþáîâüþ ê èçó÷åíèþ îäíîêëåòî÷íûõ æèâîòíûõ. Äîáðûé è îòçûâ÷èâûé ÷åëîâåê è ýíåð-
ãè÷íûé èññëåäîâàòåëü ïðèðîäû — íàñòîÿùèé íàòóðàëèñò, îí ïðîèçâîäèë âïå÷àòëåíèå ÷åëîâåêà, âñå-
öåëî ïîñâÿòèâøåãî ñåáÿ íàóêå.

                                                             ä.á.í. À.Ï.  Ìûëüíèêîâ (ÈÁÂÂ ÐÀÍ)
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ÏÐÅÄÈÑËÎÂÈÅ ÀÂÒÎÐÀ

Â ñîâðåìåííûõ ôàóíèñòè÷åñêèõ è ýêîëîãè÷åñêèõ ðàáîòàõ, êàñàþùèõñÿ êàê îòäåëüíûõ ãðóïï îäíî-
êëåòî÷íûõ îðãàíèçìîâ, òàê è ïðîòîçîéíûõ ñîîáùåñòâ ïëàíêòîíà è áåíòîñà (êàê ìîðñêîãî, òàê è
ïðåñíîâîäíîãî) â öåëîì, ïîäàâëÿþùèì áîëüøèíñòâîì èññëåäîâàòåëåé ïîñòîÿííî óïóñêàåòñÿ èç âíè-
ìàíèÿ îäíà èç âåñüìà íåìàëîâàæíûõ ãðóïï, ïðåäñòàâèòåëè êîòîðîé ïðèñóòñòâóþò ïî÷òè âî âñåõ îñ-
íîâíûõ áèîòîïàõ, ãäå, ïî ñâèäåòåëüñòâó ðÿäà âèäíûõ ýêîëîãîâ, èãðàþò ðîëü êîíñóìåíòîâ âûñøåãî
ïîðÿäêà â ñîîáùåñòâàõ ìèêðîáåíòîñà è ïðîòîçîîïëàíêòîíà (Arndt, 1993). Ýòîé ãðóïïîé ÿâëÿþòñÿ
Ñîëíå÷íèêè (Heliozoa) – îãðîìíûé ïîëèôèëåòè÷åñêèé êëàñòåð èç 8 ãðóïï õèùíûõ àìåáîèäíûõ (èíîãäà
îäíîâðåìåííî îáëàäàþùèõ è æãóòèêàìè) îäíîêëåòî÷íûõ, îáúåäèíÿåìûõ íàëè÷èåì ìîùíîé ðàäèàëü-
íîé ñèñòåìû èç ðàñõîäÿùèõñÿ îò âñåãî òåëà ëó÷åé/ùóïàëåö, ñíàáæåííûõ ñòðåêàòåëüíûìè îðãàíåëëà-
ìè äëÿ çàÿêîðèâàíèÿ è äîñòàâêè ðàçëè÷íûõ âèäîâ ìåëêîé ïîäâèæíîé äîáû÷è (âîäîðîñëè, æãóòèêî-
íîñöû, ìåëêèå èíôóçîðèè, ëè÷èíêè Metazoa èëè äàæå ñàìè ìåëêèå ìíîãîêëåòî÷íûå, êàê-òî: íåìàòî-
äû, êîëîâðàòêè èëè ãàñòðîòðèõè). Íåñìîòðÿ íà î÷åâèäíûé ïîëèôèëåòè÷åñêèé õàðàêòåð òàêñîíà, ïðåä-
ñòàâèòåëè êîòîðîãî ïðèîáðåëè ñõîäíûé âíåøíèé îáëèê áëàãîäàðÿ îáùíîñòè çàíèìàåìîé ýêîëîãè÷åñ-
êîé íèøè, äàæå â ñàìûõ ïîñëåäíèõ ñèñòåìàõ ýóêàðèîò Ñîëíå÷íèêè ïî-ïðåæíåìó çàíèìàþò êðàéíå
âûñîêèé ðàíã òèïà Heliozoa, â ñâÿçè ñ ÷åì áåç èõ îáñóæäåíèÿ, ñ îäíîé ñòîðîíû, íåâîçìîæíî ðåøå-
íèå ôèëîãåíåòè÷åñêèõ çàäà÷, ñâÿçàííûõ ñ ïîñòðîåíèåì áîëåå ñîâåðøåííûõ ñèñòåì ïðîòèñòîâ, à ñ
äðóãîé ñòîðîíû, íåëüçÿ îáõîäèòü òàêñîí ñòîëü âûñîêîãî ðàíãà ïðè ðåøåíèè ôàóíèñòè÷åñêèõ è ýêîëî-
ãè÷åñêèõ ïðîáëåì.

Centroheliozoa – êðóïíåéøèé òàêñîí Ñîëíå÷íèêîâ, ñîñòàâëÿþùèé 80% èõ ñîñòàâà, îäíàêî â ñâÿçè
ñ ïîëèôèëåòè÷åñêèì õàðàêòåðîì “ñîëíå÷íèêîâ”, ïðåäñòàâëÿåò ñåé÷àñ ñîáîé ãðóïïó íåÿñíîãî ïîëî-
æåíèÿ â ñèñòåìå ïðîòèñòîâ. Öåíòðîõåëèäû ÿâëÿþòñÿ íåïðåìåííûì êîìïîíåíòîì ìèêðîáåíòîñà ìîðñ-
êèõ è ïðåñíîâîäíûõ ýêîñèñòåì, îäèí èëè äâà ðàçà â ãîä íà êðàòêèé ïåðèîä (ñîîòâåòñòâóþùèé ñïàäó
÷èñëåííîñòè íàíîïëàíêòîíà) ïîÿâëÿÿñü òàêæå â ñîîáùåñòâàõ ïëàíêòîíà, ãäå, êàê è â îñíîâíûõ áèî-
òîïàõ, èãðàþò ðîëü ìàëîïîäâèæíûõ õèùíèêîâ. Áóäó÷è ïîêðûòûìè íàðóæíûìè îáîëî÷êàìè èç êðåì-
íåôèöèðîâàííûõ ÷åøóåê è ñïèêóë, öåíòðîõåëèäû ïðåäñòàâëÿþò ñóùåñòâåííóþ ïðîáëåìó äëÿ èäåíòè-
ôèêàöèè âèäîâîé ïðèíàäëåæíîñòè â ïîëåâûõ óñëîâèÿõ è òðåáóþò îñîáûõ ìåòîäèê èññëåäîâàíèÿ; îä-
íàêî ÷àùå âñåãî ýòè îðãàíèçìû óñêîëüçàþò èç ïîëÿ çðåíèÿ êàê èññëåäîâàòåëåé áåíòîñà, òàê è ïëàíê-
òîíîëîãîâ áëàãîäàðÿ ñâîèì ìåëêèì ðàçìåðàì (â ñðåäíåì 10–25 ìêì), â ñâÿçè ñ ÷åì äëÿ èõ îáíàðóæå-
íèÿ íåîáõîäèìà ñïåöèàëüíàÿ ðàáîòà. Âîïðîñ î ôèëîãåíåòè÷åñêîì ïîëîæåíèè Centroheliozoa (ðàâíî
êàê è îñòàëüíûõ ëàìåëëèêðèñòàòíûõ òàêñîíîâ, òàêèõ êàê Çåëåíûå ðàñòåíèÿ, Ìíîãîêëåòî÷íûå æèâîò-
íûå, Âûñøèå ãðèáû è ðÿä äðóãèõ ãðóïï), îáëàäàþùèõ ïëàñòèí÷àòûìè êðèñòàìè â ìèòîõîíäðèÿõ,
ñòîèò â íàñòîÿùèé ìîìåíò îñîáåííî îñòðî â ñâÿçè ñ ÷àñòî îáñóæäàþùåéñÿ âàëèäíîñòüþ ïðèíöèïà
êîíñåðâàòèâíîñòè ôîðìû êðèñò ìèòîõîíäðèé, èñïîëüçóåìîãî â ôèëîãåíåòè÷åñêèõ ïîñòðîåíèÿõ ñðåäè
íèçøèõ ýóêàðèîò.

Â íàñòîÿùèé ìîìåíò ñèñòåìó öåíòðîõåëèä, âêëþ÷àþùóþ 15 ðîäîâ, îòíîñÿùèõñÿ ê òðåì ñåìåé-
ñòâàì, ìîæíî ñ÷èòàòü îêîí÷àòåëüíî ðàçðàáîòàííîé, ðàâíî êàê è òàêñîíîìè÷åñêèå ïîäõîäû ê ãðóïïå,
ïîçâîëÿþùèå ÷åòêî ðàçëè÷àòü 81 âèä, âõîäÿùèé â åå ñîñòàâ. Äàëüíåéøåå èçó÷åíèå ôàóíû öåíòðîõå-
ëèä, â îñîáåííîñòè åå ìîðñêîé ñîñòàâëÿþùåé, ìîæåò äîáàâèòü ê ýòîìó ñïèñêó åùå íåêîòîðîå ÷èñëî
âèäîâ, êîòîðûì áóäåò íàéäåíî ìåñòî â óæå ñóùåñòâóþùèõ òàêñîíàõ áåç êàêîé-ëèáî êàðäèíàëüíîé
ïåðåñòðîéêè ñèñòåìû íàäâèäîâûõ ãðóïïèðîâîê, à äàëüíåéøèå ôàóíèñòè÷åñêèå èññëåäîâàíèÿ ïîìîãóò
çàïîëíèòü áåëûå ïÿòíà íà áèîãåîãðàôè÷åñêîé êàðòå ìèðà è ñêîïèòü äîñòàòî÷íûé ìàòåðèàë äëÿ îòâåòà
íà ïîñòàâëåííûé â ýòîé ðàáîòå âîïðîñ î êîñìîïîëèòè÷åñêîì õàðàêòåðå ðàñïðåäåëåíèÿ öåíòðîõåëèä è
åäèíñòâå ïðåñíîâîäíîé è ìîðñêîé ôàóíû ýòèõ îðãàíèçìîâ. Ðàçëè÷íûå àñïåêòû ìîðôîëîãèè è óëüòðà-
ñòðóêòóðû öåíòðîõåëèä èçó÷åíû íà äàííûé ìîìåíò âåñüìà ïîëíî è ðàâíîìåðíî ó âûñøèõ è íèçøèõ
ïðåäñòàâèòåëåé, òàê ÷òî ó íàñ íåò îñíîâàíèÿ ñ÷èòàòü, ÷òî äàëüíåéøåå èçó÷åíèå èõ òîíêîãî ñòðîåíèÿ
ñìîæåò äàòü áîëåå îïðåäåëåííûé îòâåò íà âîïðîñ î ïîëîæåíèè öåíòðîõåëèä â îáùåé ñèñòåìå ïðîòè-
ñòîâ. Âåðîÿòíî, ýòîò âîïðîñ íå ñìîæåò áûòü ðåøåí áåç ïðèâëå÷åíèÿ ïðèìåíÿåìûõ â ôèëîãåíåòè÷åñêèõ
èññëåäîâàíèÿõ ìîëåêóëÿðíî-áèîëîãè÷åñêèõ ìåòîäîâ ñðàâíåíèÿ ïîñëåäîâàòåëüíîñòåé ãåíîâ ðèáîñî-
ìàëüíîé ÐÍÊ èëè äðóãèõ ìåòîäèê. Òàêèì îáðàçîì, îáîáùåíèå âñåãî èìåþùåãîñÿ íà äàííûé ìîìåíò
ìàòåðèàëà ïî ñòîëü îáøèðíîé, ýâðèáèîíòíîé è âàæíîé â ýêîëîãè÷åñêîì è ôèëîãåíåòè÷åñêîì àñïåê-
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òàõ ãðóïïå, êàê öåíòðîõåëèäíûå ñîëíå÷íèêè, íå ÿâëÿåòñÿ â íàñòîÿùèé ìîìåíò ïðåæäåâðåìåííûì.
Â íàñòîÿùåé ðàáîòå âíèìàíèþ ÷èòàòåëÿ ïðåäëàãàåòñÿ êàê ìàòåðèàë ñîáðàííûé è ïîëó÷åííûé

àâòîðîì, òàê è îáîáùåííûé èì èç ëèòåðàòóðû íà÷èíàÿ ñ ñåðåäèíû ïðîøëîãî âåêà (ñ ìîìåíòà îïèñà-
íèÿ ïåðâîé öåíòðîõåëèäû, Acanthocystis turfacea Carter, 1863) äî íàøèõ äíåé. ×èòàòåëü ñìîæåò íàéòè â
êíèãå ïîäêðåïëåííóþ ðèñóíêàìè è ìèêðîôîòîãðàôèÿìè ïîëíóþ ñâîäêó ïî óëüòðàñòðóêòóðå, áèîëî-
ãèè è ôàóíå öåíòðîõåëèä, äèàãíîçû âñåõ îïèñàííûõ íà äàííûé ìîìåíò ñåìåéñòâ, ðîäîâ è âèäîâ,
ìåòîäèêè ñáîðà è êëþ÷è äëÿ îïðåäåëåíèÿ, ñâåäåíèÿ î ãåîãðàôè÷åñêîì ðàñïðîñòðàíåíèè âñåõ öåíòðî-
õåëèä, à òàêæå îçíàêîìèòüñÿ ñ òî÷êîé çðåíèÿ àâòîðà î ïîëîæåíèè öåíòðîõåëèä â îáùåé ñèñòåìå
ïðîòèñòîâ. Äàííûå ïî ôàóíå öåíòðîõåëèä Ðîññèè è ÑÑÑÐ ñîáðàíû â òàáëèöó 1.

Àâòîð êðàéíå ïðèçíàòåëåí ñâîåìó êîëëåãå ä.á.í. À.Ï. Ìûëüíèêîâó (ÈÁÂÂ èì. È.Ä. Ïàïàíèíà ÐÀÍ),
ê ïîìîùè è öåííûì ñîâåòàì êîòîðîãî íåîäíîêðàòíî îáðàùàëñÿ â ïðîöåññå èññëåäîâàíèÿ, êîëëåãàì
ïî êàôåäðå Çîîëîãèè è ñðàâíèòåëüíîé àíàòîìèè áåñïîçâîíî÷íûõ è Áåëîìîðñêîé áèîñòàíöèè ÌÃÓ
(ä.á.í. À.Á. Öåòëèíó, ê.á.í. Ì.Â. Ñàôîíîâó, ê.á.í. Ã.À. Êîëáàñîâó, Ä.Ã. Æàäàíó è äð.) çà íåîöåíèìóþ
ïîìîùü â ñáîðå ìàòåðèàëà ïî ìîðñêèì ñîëíå÷íèêàì â õîäå ëåãêîâîäîëàçíûõ ïîãðóæåíèé, à òàêæå
ðóêîâîäñòâó è ñîòðóäíèêàì Ìåæôàêóëüòåòñêîé ëàáîðàòîðèè ýëåêòðîííîé ìèêðîñêîïèè, íà áàçå êî-
òîðîé îáðàáîòàíà áîëüøàÿ ÷àñòü ñîáðàííîãî ìàòåðèàëà.

ä.á.í. Ê. À. Ìèêðþêîâ
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ÂÂÅÄÅÍÈÅ

Òåðìèí “ñîëíå÷íèêè” (‘heliozoa’) áûë âïåðâûå ïðåäëîæåí Ãåêêåëåì (Haeckel, 1866) â îòíîøå-
íèè ñôåðè÷åñêèõ ïðîñòåéøèõ ñ ðàñõîäÿùèìèñÿ ëó÷èñòûìè ïñåâäîïîäèÿìè. Èçíà÷àëüíî ýòîò òåðìèí
èñïîëüçîâàëñÿ â îòíîøåíèè âñåõ “ñîëíå÷íûõ æèâîòíûõ”, âêëþ÷àÿ òàêæå è ðàäèîëÿðèé. Îäíàêî èçó÷å-
íèå ñòðîåíèÿ ýòèõ îðãàíèçìîâ ñðàçó æå ïîêàçàëî íåîáõîäèìîñòü ðàçäåëåíèÿ ñîëíå÷íèêîâ è ðàäèîëÿ-
ðèé. Ïîä ñîëíå÷íèêàìè ìû ñåé÷àñ ïîíèìàåì íåêèé ïîëèôèëåòè÷åñêèé íàáîð ãðóïï ïðîòèñòîâ, âûäå-
ëÿþùèõñÿ íàëè÷èåì óïðóãèõ ëó÷åé, ðàñõîäÿùèõñÿ îò ñôåðè÷åñêîãî êëåòî÷íîãî òåëà. Â îòëè÷èå îò
ðàäèîëÿðèé, èìåþùèõ ñõîäíóþ ôîðìó òåëà, ñîëíå÷íèêè íå èìåþò âíóòðèêëåòî÷íîãî ìèíåðàëüíîãî
ñêåëåòà è öåíòðàëüíîé êàïñóëû. Èõ ëó÷è (àêñîïîäèè) ïîääåðæèâàþòñÿ èçíóòðè ãåîìåòðè÷åñêè ïðà-
âèëüíî óëîæåííûìè ïó÷êàìè ìèêðîòðóáî÷åê (àêñîíåìàìè). Öèòîïëàçìà, ïîêðûâàþùàÿ àêñîíåìû,
ñîäåðæèò çíà÷èòåëüíîå êîëè÷åñòâî ñòðåêàòåëüíûõ îðãàíåëë (ýêñòðóñîì), èñïîëüçóåìûõ ïðè çàÿêîðè-
âàíèè äîáû÷è. Ìèêðîòðóáî÷êè àêñîíåì áåðóò íà÷àëî ó ïðåäñòàâèòåëåé ðàçëè÷íûõ ãðóïï ñîëíå÷íèêîâ
ëèáî îò ÿäåðíîé îáîëî÷êè (ðèñ. 1, À–Ã), ëèáî îò êàêîé-ëèáî èíîé öåíòðàëüíîé ñòðóêòóðû, òîãäà êàê
ÿäðî ñòàíîâèòñÿ ýêñöåíòðè÷åñêèì (ðèñ. 1, Ä–Æ). Åñëè îðãàíèçóþùàÿ àêñîíåìíûå ìèêðîòðóáî÷êè
ñòðóêòóðà ïðåäñòàâëÿåò ñîáîé àìîðôíûé ñãóñòîê ôèáðî-ãðàíóëÿðíîãî ýëåêòðîííî-ïëîòíîãî ìàòåðèà-
ëà (ïðè íàáëþäåíèè ñ èñïîëüçîâàíèåì òðàíñìèññèîííîé ýëåêòðîííîé ìèêðîñêîïèè (ÒÝÌ)), òî â
îòíîøåíèè íåå îáû÷íî èñïîëüçóåòñÿ òåðìèí “àêñîïëàñò”; åñëè æå äàííûé öåíòð îðãàíèçàöèè ìèêðî-
òðóáî÷åê (ÖÎÌÒ) ïðåäñòàâëÿåò òðåõ÷àñòíûé äèñê, ñîåäèíÿþùèé ýëåêòðîííî-ïëîòíûå öåíòðîñôåðû
(ðèñ. 1, Æ), òî îí èìåíóåòñÿ “öåíòðîïëàñò”. Ëó÷è ìîãóò âòÿãèâàòüñÿ è âûòÿãèâàòüñÿ, ïîðîé äîñòàòî÷íî
áûñòðî, ïóòåì ïîëèìåðèçàöèè è äåïîëèìåðèçàöèè ìèêðîòðóáî÷åê.

Êàê ìû âèäèì ïî äàòå îñíîâàíèÿ òàêñîíà Ñîëíå÷íèêè, îí ÿâëÿåòñÿ ðîâåñíèêîì òàêèõ ãðóïï, êàê
öàðñòâà Animalia, Fungi, Plantae è Protista, òàêæå îñíîâàííûõ Ãåêêåëåì (Haeckel, 1866), õîòÿ ïåðâûå
ñâåäåíèÿ î íàõîäêå ñîëíå÷íèêà ïðèâîäÿòñÿ Æîáëî (Joblot, 1718) íà ïîëòîðà âåêà ðàíüøå. Áîëüøèí-
ñòâî ïîñëåäíèõ ñèñòåì Ïðîñòåéøèõ (Êðûëîâ è äð., 1980; Levine et al., 1980; Lee et al., 1985; Hausmann
& Hülsmann, 1996), Ïðîòèñòîâ (Êàðïîâ, 1990; Cavalier-Smith, 1993, 1996/1997, 1998; Cavalier-Smith &
Chao, 1996/1997; Corliss, 1994; Êóñàêèí, Äðîçäîâ, 1998) è Ïðîòîêòèñòîâ (Margulis et al., 1990) ðàñ-
ñìàòðèâàþò ñîëíå÷íèêîâ (èëè õîòÿ áû áîëüøóþ èõ ÷àñòü) â êà÷åñòâå íåêîåãî òàêñîíà. Îäíàêî ðàáîòû
ïîñëåäíèõ ëåò ãîâîðÿò  â ïîëüçó ïîëèôèëåòè÷åñêîé ïðèðîäû ñîëíå÷íèêîâ, îñíîâûâàÿñü íà áîëüøèõ
ðàçëè÷èÿõ ìåæäó ïðåäñòàâèòåëÿìè îòíîñèìûõ ê íèì ãðóïï ïî öåëîìó ðÿäó óëüòðàñòðóêòóðíûõ ïàðà-
ìåòðîâ, îáû÷íî èñïîëüçóåìûõ â ïîñòðîåíèè ìàêðîñèñòåìû Ïðîòèñòîâ (Patterson, 1994; Cavalier-Smith
& Chao, 1996; Mikrjukov, 2000 a, b; Ìèêðþêîâ, 1998 à, 2000) (ðèñ. 1). Ìû äåéñòâèòåëüíî ïîëàãàåì, ÷òî
áîëüøèíñòâî ãðóïï ñîëíå÷íèêîâ îáúåäèíÿþòñÿ ëèøü ñõîäíûì âíåøíèì îáëèêîì (òî åñòü ñôåðè÷åñ-
êèì òåëîì ñ ðàñõîäÿùèìèñÿ ëó÷àìè, íåñóùèìè ãðàíóëû), ñôîðìèðîâàâøèìñÿ ïîä âîçäåéñòâèåì çà-
íèìàåìîé èìè îáùåé ýêîëîãè÷åñêîé íèøè ïàññèâíîãî áåíòîñíîãî õèùíèêà (Ìèêðþêîâ, 1998 à,
2000), îõâàòûâàþùåãî áîëüøîé îáúåì âîäû â ñóááåíòè÷åñêîì ñëîå ñâîèì îáøèðíûì ëîâ÷èì àïïàðà-
òîì, ïðåäñòàâëåííûì ñèñòåìîé  ãðàíóëîàêñîïîäèé. Ýòè àêñîïîäèè íåñóò ãðàíóëû – ýêñòðóñîìû - äëÿ
èììîáèëèçàöèè è ïðèêðåïëåíèÿ äîáû÷è, â îòëè÷èå îò ýóàêñîïîäèé  ðàäèîëÿðèé, êîòîðûå íå íåñóò
ãðàíóë è ñëóæàò äëÿ ïàðåíèÿ â òîëùå âîäû (Mikrjukov, 2001) (ðèñ. 2). Ìû ñ÷èòàåì, ÷òî ýòè äâà òèïà
ïñåâäîïîäèé âîçíèêëè  íåçàâèñèìî â ðàçëè÷íûõ åñòåñòâåííûõ òàêñîíîìè÷åñêèõ ãðóïïàõ àêñîïîäèàëü-
íûõ ïðîòèñòîâ (ò.å. ñîëíå÷íèêîâ è ðàäèîëÿðèé), êàê ýòî ïîëàãàþò Øóëüìàí è Ðåøåòíÿê (1980, 1981),
è ñëóæàò â êà÷åñòâå ðàäèàëüíîãî ëîâ÷åãî àïïàðàòà äëÿ ñáîðà ïèùè ó ìàëîïîäâèæíûõ áåíòîñíûõ õèù-
íèêîâ (ãðàíóëîàêñîïîäèè ñîëíå÷íèêîâ), èëè êàê ðàäèàëüíûé àïïàðàò äëÿ ïîääåðæàíèÿ ïëàíêòîííûõ
îðãàíèçìîâ â òîëùå âîäû (ýóàêñîïîäèè ðàäèîëÿðèé).

Â íàñòîÿùåå âðåìÿ ðàññìàòðèâàþòñÿ ÷åòûðå õîðîøî î÷åð÷åííûõ òèïà îðãàíèçàöèè ñîëíå÷íèêîâ
(sensu Mikrjukov et al., 2002); ýòî àêòèíîôðèèäû (Actinophryida Hartmann, 1913 [ðèñ. 1, À]), öåíòðîõå-
ëèäû (Centrohelida Kühn, 1926 [ðèñ. 1, Æ]), äåñìîòîðàöèäû (Desmothoracida Hertwig et Lesser, 1874 [ðèñ.
1, Ã]) è ãèìíîñôåðèäû (Gymnosphaerida Poche, 1913 [ðèñ. 1, Ä]). Îäíàêî, ñëåäóÿ îïðåäåëåíèþ ñîëíå÷-
íèêîâ êàê ñôåðè÷åñêè ñèììåòðè÷íûõ ñàðêîäîâûõ ñ ðàäèàëüíî ðàñõîäÿùèìèñÿ ïñåâäîïîäèÿìè, íåñó-
ùèìè ãðàíóëû (ò.å. Heliozoa sensu lato), íàì íåîáõîäèìî òàêæå ðàññìàòðèâàòü íåñêîëüêî ãðóïï æãóòè-
êîâûõ ïðîòèñòîâ, òàêèõ êàê äèìîðôèäíûå (Dimorphida Siemensma, 1991 [Ðèñ. 1, Å]), öèëèîôðèèäíûå
(Ciliophryida Febvre-Chevalier, 1985 [ðèñ. 1, Á]) è ïåäèíåëëèäíûå õåëèîôëàãåëëÿòû (Pedinellales
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Ðèñ. 2. Ýó- è ãðàíóëîàêñîïîäèàëüíûå ïðîòèñòû. À – öåíòðîõåëèäíûé ñîëíå÷íèê
Acantocystis turfacea;  Á – òàêñîïîäèàëüíàÿ ðàäèîëÿðèÿ Sticholonche zanclea (ïî: Hollande & Enjumet, 1954)

Zimmermann et al., 1984 [ðèñ. 1, Â]); ïðåäñòàâèòåëè ýòèõ ãðóïï òàêæå èìåþò ñòðåêàòåëüíûå îðãàíåëëû
íà àêñîïîäèÿõ è îäèí èëè 2–4 æãóòèêà, âñëåäñòâèå ÷åãî â ñîâðåìåííûõ ñèñòåìàõ ïðîòèñòîâ êëàññèôè-
öèðóþòñÿ âìåñòå ñî æãóòèêîâûìè òàêñîíàìè (Lee et al., 1999). Ìû òàêæå ñêëîííû ðàññìàòðèâàòü â
ñîñòàâå ñîëíå÷íèêîâ (â íåòàêñîíîìè÷åñêîì ñìûñëå) åùå îäèí òðàäèöèîííûé òàêñîí ýòîé ãðóïïû –
ðîòîñôåðèä (Rotosphaerida Rainer, 1968 [ðèñ. 1, Ç]). Íåñìîòðÿ íà èñêëþ÷èòåëüíî ñõîäíûé âíåøíèé
îáëèê ñ öåíòðîõåëèäàìè è îáðàç æèçíè ñ ñîëíå÷íèêàìè âîîáùå, èçó÷åíèå óëüòðàñòðóêòóðû ïðåäñòà-
âèòåëÿ ðîòîñôåðèä ïîêàçàëî (Patterson, 1985) îòñóòñòâèå ó íåãî àêñîïëàñòà, àêñîíåì, ýêñòðóñîì,
âñëåäñòâèå ÷åãî ðîòîñôåðèäû áûëè ïåðåíåñåíû â ñîñòàâ ôèëîçíûõ àìåá (Page, 1987, 1991). Îäíàêî ìû
íå ñ÷èòàåì íóæíûì ðàññìàòðèâàòü â êà÷åñòâå ñîëíå÷íèêîâ òàêñîïîäèä (Taxopodida Fol, 1883) ñ äâóìÿ
âèäàìè ðîäà Sticholonche Hertwig, 1899 (ðèñ. 2). Íåñìîòðÿ íà îòñóòñòâèå ó íèõ öåíòðàëüíîé êàïñóëû è
íàðóæíûé õàðàêòåð ìèíåðàëüíîãî ñêåëåòà (Cachon, Cachon, 1978), ýòè ïëàíêòîííûå ïðîòèñòû èñ-
ïîëüçóþò ñâîé ñâîåîáðàçíûé ãðåáóùèé ýóàêñîïîäèàëüíûé àïïàðàò â öåëÿõ ïàðåíèÿ è àêòèâíîãî ïåðå-
ìåùåíèÿ â òîëùå âîäû (Takahashi, Ling, 1980), âñëåäñòâèå ÷åãî ÿâëÿþòñÿ ñâîåîáðàçíûìè ðàäèîëÿðè-
ÿìè [òî åñòü ïðåäñòàâèòåëÿìè äðóãîé ýêîëîãè÷åñêîé (íå òàêñîíîìè÷åñêîé) ãðóïïû àêñîïîäèàëüíûõ
ñàðêîäîâûõ (Zettler et al., 1997)].

Ïðèâåäåì êðàòêèå õàðàêòåðèñòèêè ïåðå÷èñëåííûõ âûøå øåñòè òàêñîíîâ ñîëíå÷íèêîâ è ðîòîñôå-
ðèä, îñòàíîâèâøèñü â äàëüíåéøåì ëèøü íà êðóïíåéøåì òàêñîíå ãðóïïû – öåíòðîõåëèäàõ
(Centroheliozoa):

I. Actinophryida Hartmann, 1913 (ðèñ. 1, À)
Ñîëíå÷íèêè ñ îäíèì öåíòðàëüíûì ÿäðîì (ðîä Actinophrys) èëè íåñêîëüêèìè ìåëêèìè ÿäðàìè,

ðàñïîëîæåííûìè íà ïåðèôåðèè öåíòðàëüíîé ÷àñòè êëåòêè (ðîä Actinosphaerium). Àêñîíåìû áåðóò íà-
÷àëî îò ÿäåðíîé îáîëî÷êè â ïåðâîì ñëó÷àå, èëè ðàçëè÷íûì îáðàçîì â ïåðèôåðè÷åñêîé çîíå öèòîïëàç-
ìû – âî âòîðîì; íà ïîïåðå÷íîì ñðåçå âûãëÿäÿò â âèäå âëîæåííûõ äðóã â äðóãà äâóõ ñïèðàëåé. Êðèñòû
ìèòîõîíäðèé ïóçûðåâèäíûå, òðóá÷àòûå, ìàòðèêñ â ìèòîõîíäðèÿõ òåìíûé. Äâà òèïà ýêñòðóñîì:  áîëåå
êðóïíûå ãðàíóëû ñ ãîìîãåííûì ñîäåðæèìûì è áîëåå ìåëêèå – ñ ãðàíóëÿðíûì. Êðåìíèåâûå ÷åøóéêè
îáðàçóþòñÿ òîëüêî ïðè èíöèñòèðîâàíèè. Àóòîãàìè÷åñêèé ïîëîâîé ïðîöåññ â öèñòå; ãàìåòû àìåáîèä-
íûå.
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II. Ciliophryida Febvre-Chevalier, 1985 (ðèñ. 1, Á)
Ñôåðè÷åñêè ñèììåòðè÷íûå ãåòåðîêîíòíûå æãóòèêîíîñöû ñ îäíèì àïèêàëüíûì æãóòèêîì, îáðàì-

ëåííûì äâóìÿ ðÿäàìè òðåõ÷àñòíûõ òðóá÷àòûõ ìàñòèãîíåì. Áåçæãóòèêîâàÿ êèíåòîñîìà ñîñòàâëÿåò îêî-
ëî ïîëîâèíû äëèíû àêñèàëüíîé è ïî÷òè ïàðàëëåëüíà ïîñëåäíåé. Àêñîïîäèè ðàñõîäÿòñÿ âî âñåõ íà-
ïðàâëåíèÿõ; èõ àêñîíåìû, ïðåäñòàâëåííûå òðèàäàìè äâóõâàëåíòíûõ ìèêðîòðóáî÷åê, áåðóò íà÷àëî îò
ÿäåðíîé îáîëî÷êè. Êðèñòû ìèòîõîíäðèé êîðîòêèå, òðóá÷àòûå; ìàòðèêñ â ìèòîõîíäðèÿõ òåìíûé. Äâà
òèïà ýêñòðóñîì: ñ ãîìîãåííûì îñìèîôèëüíûì è ãåòåðîãåííûì ìèêðîãðàíóëÿðíûì ñîäåðæèìûì. Ïî-
ëîâîé ïðîöåññ íå îòìå÷åí.

III. Pedinellales Zimmermann et al., 1984 (ðèñ. 1, Â)
Ãåòåðîêîíòíûå æãóòèêîíîñöû, íåñóùèå îäèí ïåðåäíèé æãóòèê, îáðàìëåííûé îäíèì èëè äâóìÿ

ðÿäàìè òðåõ÷àñòíûõ òðóá÷àòûõ ìàñòèãîíåì. Âòîðàÿ êèíåòîñîìà íå äàåò æãóòà è îðèåíòèðîâàíà ïî÷òè
ïàðàëëåëüíî ïåðâîé,  ñîñòàâëÿÿ îêîëî ïîëîâèíû åå äëèíû. Ãåòåðîòðîôíûå è ìèêñîòðîôíûå ïðåäñòà-
âèòåëè îáðàçóþò àêñîïîäèè (ùóïàëüöà), â áîëüøèíñòâå ñëó÷àåâ äëÿ ïèòàíèÿ ôèëüòðàöèåé è ñåäèìåí-
òàöèåé. Îò ÿäåðíîé îáîëî÷êè âåí÷èêàìè áåðóò íà÷àëî àêñîíåìû, äàþùèå ðàçëè÷íîå êîëè÷åñòâî àêñî-
ïîäèé; àêñîíåìû ïðåäñòàâëåíû òðèàäàìè äâóõâàëåíòíûõ ìèêðîòðóáî÷åê. Êðèñòû ìèòîõîíäðèé òðóá-
÷àòûå. Ïðåäñòàâèòåëè ñåìåéñòâ Pedinellaceae è Actinomonadidae èìåþò íà çàäíåì ïîëþñå êëåòêè ñî-
êðàòèìûé ïðèêðåïèòåëüíûé ñòåáåëåê, â êîòîðûé çàõîäèò îäíà èëè íåñêîëüêî òðèàä ìèêðîòðóáî÷åê è
ñîêðàòèòåëüíûé ìåìáðàííûé ýëåìåíò. Ýêñòðóñîìû òèïà îñìèîôèëüíûõ ãðàíóë áëèçêè êî âòîðîìó
òèïó ýêñòðóñîì àêòèíîôðèèä. Ïðåäñòàâèòåëè ñåìåéñòâà Apedinellaceae èìåþò ðåòèêóëÿðíûå îðãàíè-
÷åñêèå ÷åøóéêè, à Apedinella radians – åùå øåñòü ðàäèàëüíûõ ñïèêóë. Èçâåñòíû öèñòû ñ òðåõñëîéíîé
îáîëî÷êîé, ñîäåðæàùåé íå êðåìíèé, à æåëåçî. Ïîëîâîé ïðîöåññ íå îòìå÷åí.

IV. Desmothoracida Hertwig et Lesser, 1874 (ðèñ. 1, Ã)
Ñîëíå÷íèêè, çàêëþ÷åííûå â ìàññèâíóþ îðãàíè÷åñêóþ êàïñóëó, íåïëîòíî îáëåãàþùóþ òåëî, ñêâîçü

îòâåðñòèÿ â êîòîðîé íàðóæó âûõîäÿò àêñîïîäèè. Îäíî öåíòðàëüíîå ÿäðî. Àêñîíåìû áåðóò íà÷àëî îò
ÿäåðíîé îáîëî÷êè; ìèêðîòðóáî÷êè  â íèõ íå îáðàçóþò åäèíîé êîíñòðóêöèè è ëåæàò íåóïîðÿäî÷åííî.
Êðèñòû  ìèòîõîíäðèé  òðóá÷àòûå. Ýêñòðóñîìû òèïà êèíåòîöèñò ñ êîíöåíòðè÷åñêîé ñòðóêòóðîé. Êàïñó-
ëà îáû÷íî èìååò ïîëûé íåêëåòî÷íûé ñòåáåëåê. Èçâåñòåí ñëîæíûé æèçíåííûé öèêë, â õîäå êîòîðîãî
ïðîèñõîäèò ÷åðåäîâàíèå ïèòàþùåéñÿ ñîëíå÷íèêîâîé ñòàäèè, ðàññåëèòåëüíîé ôëàãåëëÿòíîé (îäíî-
èëè äâóæãóòèêîâîé) è ñòàäèè öèñòû, â îáîëî÷êå êîòîðîé îòñóòñòâóþò êðåìíèåâûå ýëåìåíòû. Ïîëîâîé
ïðîöåññ íå èçâåñòåí; ðàçìíîæåíèå áèíàðíûì äåëåíèåì íà ñòàäèè ñîëíå÷íèêà, â õîäå ÷åãî îäèí èç
ïîòîìêîâ îñòàåòñÿ â ìàòåðèíñêîé êàïñóëå,  à âòîðîé ïîêèäàåò åãî â âèäå æãóòèêîâîé çîîñïîðû.

V. Gymnosphaerida Poche, 1913 (ðèñ. 1, Ä)
Ñîëíå÷íèêè, àêñîíåìû êîòîðûõ áåðóò íà÷àëî îò öåíòðàëüíîãî èëè ñóáöåíòðàëüíîãî àêñîïëàñòà,

ïðåäñòàâëåííîãî îáðàçîâàííîé ìèêðîôèáðèëëÿðíîé èëè ìèêðîãðàíóëÿðíîé ñóáñòàíöèåé ñôåðîé,
ëèøåííîé öåíòðàëüíîé ãðàíóëû.  Îäíî ýêñöåíòðè÷åñêîå ÿäðî èëè ìíîãî ìåëêèõ ÿäåð. Íà ïîïåðå÷íûõ
ñðåçàõ  àêñîíåìû âûãëÿäÿò â âèäå ðåøåòîê èç ñîñòûêîâàííûõ øåñòèóãîëüíèêîâ, îáðàçîâàííûõ òðåõâà-
ëåíòíûìè ìèêðîòðóáî÷êàìè. Êðèñòû ìèòîõîíäðèé òðóá÷àòûå. Gymnosphaera è Hedraiophrys rousei ïðåä-
ñòàâëÿþò ñîáîé ñâîáîäíîïëàâàþùèå îðãàíèçìû, òîãäà êàê òåëî Actinocoryne ïîäðàçäåëÿåòñÿ íà ãîëîâ-
êó ñ àêñîïîäèÿìè è àêñîïëàñòîì, ñîêðàòèìûé öèòîïëàçìàòè÷åñêèé ñòåáåëåê è ïîäîøâó, â êîòîðîé
íàõîäÿòñÿ ÿäðà. Â ñòåáåëüêå ïðîõîäèò ìîùíûé ïó÷îê ìèêðîòðóáî÷åê, òàêæå íà÷èíàþùèéñÿ îò àêñîï-
ëàñòà. Hedraiophrys èìååò òàíãåíòàëüíûå îðãàíè÷åñêèå ñïèêóëû. Íåñêîëüêî òèïîâ ýêñòðóñîì: íà àêñî-
ïîäèÿõ ðàñïîëàãàþòñÿ ìóêîöèñòû, îáðàçóþùèåñÿ â ýíäîïëàçìàòè÷åñêîì ðåòèêóëóìå (ÝÏÐ), à íà îñ-
íîâàíèè – êèíåòîöèñòû. Èçâåñòåí ïîëîâîé ïðîöåññ ñ îáðàçîâàíèåì äâóæãóòèêîâûõ ãàìåò. Ó ñèäÿ÷èõ
ôîðì èçâåñòíî äâà òèïà ðàñïðîñòðàíåíèÿ: (1) ñîêðàùåíèå âñåãî îðãàíèçìà â îêðóãëóþ êëåòêó, êîòî-
ðàÿ îáðàçóåò íåñêîëüêî äåñÿòêîâ áîëåå òîëñòûõ è êîðîòêèõ ïñåâäîïîäèé, ñëóæàùèõ ôëîòèðîâàíèþ;
(2) ïëàçìàòîìèÿ – ïðîäóöèðîâàíèå îñíîâàíèåì áîëüøîãî êîëè÷åñòâà ìåëêèõ àìåáîèäíûõ êëåòîê,
òàêæå ñïîñîáíûõ ê ôëîòèðîâàíèþ (òàêèå ìåëêèå êëåòêè ìîãóò äåëèòüñÿ).
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VI. Dimorphida Siemensma, 1991 (ðèñ. 1, Å)
Õåëèîôëàãåëëÿòû, íåñóùèå äâà (ðîä Dimorpha) èëè ÷åòûðå (ðîä Tetradimorpha) ïåðåäíèõ æãóòèêà,

áåðóùèõ íà÷àëî îò îðòîãîíàëüíî îðèåíòèðîâàííûõ óäëèíåííûõ êèíåòîñîì, ñâÿçàííûõ ôèáðèëëÿð-
íûì ìàòåðèàëîì ñ àêñîïëàñòîì; ìàñòèãîíåì íåò. Àêñîíåìû áåðóò íà÷àëî îò ñìåùåííîãî êïåðåäè
ôèáðèëëÿðíîãî àêñîïëàñòà; íà ïîïåðå÷íîì ñðåçå àêñîíåìû Dimorpha ïðåäñòàâëåíû ðåøåòêîé èç ëå-
æàùèõ ðÿäàìè â øàõìàòíîì  ïîðÿäêå ÷åòûðåõâàëåíòíûõ ìèêðîòðóáî÷åê; àêñîíåìû Tetradimorpha –
áåñïîðÿäî÷íî ëåæàùèìè ìèêðîòðóáî÷êàìè. Àêñîïëàñò Dimorpha elegans ðàñïîëàãàåòñÿ â êàðìàíîâèä-
íîì âïÿ÷èâàíèè ÿäðà, òàê ÷òî àêñîíåìû ðàñõîäÿòñÿ îò íåãî ïî êàíàëàì â ÿäðå. Ýêñòðóñîìû òèïà
êèíåòîöèñò ñ êîíöåíòðè÷åñêîé ñòðóêòóðîé. Ïîëîâîé ïðîöåññ íå èçâåñòåí.

VII. Rotosphaerida Rainer, 1968 (ðèñ. 1, Ç)
Ñôåðè÷åñêèå ñîëíå÷íèêî-ïîäîáíûå àìåáîèäíûå îðãàíèçìû, ëèøåííûå öåíòðîïëàñòà, àêñîíåì è

ýêñòðóñîì (ïñåâäîïîäèè íå íåñóò ãðàíóë). Ôèëîïîäèè ëó÷èñòûå, èíîãäà âåòâÿùèåñÿ (ñåì. Nucleariidae).
ßäðî îäíî, ýêñöåíòðè÷åñêîå (ñåì. Pompholyxophryidae) èëè öåíòðàëüíîå (ñåì. Nucleariidae). Êðèñòû
ìèòîõîíäðèé äèñêîâèäíûå. Ïðåäñòàâèòåëè Pompholyxophryidae îêðóæåíû ïåðèïëàñòîì, ïðåäñòàâëåí-
íûì ýíäîãåííûìè êðåìíèåâûìè òàíãåíòàëüíûìè ÷åøóéêàìè è (÷àñòî) ðàäèàëüíûìè ñïèêóëàìè; òàí-
ãåíòàëüíûå êîìïîíåíòû ïåðèïëàñòà ïåðôîðèðîâàíû ìèêðîñêîïè÷åñêèìè ãåêñàãîíàëüíûìè ïîðàìè.
Ïîëîâîé ïðîöåññ íå îòìå÷åí.

Ñîëíå÷íèêè ÷àùå âñåãî îáíàðóæèâàþòñÿ â áåíòîñå ïðåñíîâîäíûõ è (ìåíåå ÷àñòî) ìîðñêèõ èëè
ïî÷âåííûõ ýêîñèñòåì, õîòÿ âîçìîæíû è ñëó÷àè îáíàðóæåíèÿ èõ â ïëàíêòîíå. Îíè ÿâëÿþòñÿ ïàññèâíû-
ìè õèùíèêàìè, ïèùà êîòîðûõ çàÿêîðèâàåòñÿ ýêñòðóñîìàìè è äîñòàâëÿåòñÿ ê êëåòî÷íîìó òåëó çà ñ÷åò
âòÿãèâàþùèõñÿ ëó÷åé. Ñîëíå÷íèêè âàðüèðóþò â ðàçìåðàõ îò 5 äî ñâûøå 500 ìêì. Â áîëüøèíñòâå ñâîåì
ýòî ãîëûå îðãàíèçìû, íî ìîãóò áûòü ïîêðûòû ïåðèïëàñòîì èç îðãàíè÷åñêèõ èëè ìèíåðàëüíûõ ÷åøóåê
è/èëè ñïèêóë èëè ïåðôîðèðîâàííîé îðãàíè÷åñêîé êàïñóëîé.

Ñîëíå÷íèêè âñåÿäíû (Tilney, Porter, 1965; Batko, Hassan, 1988; Mikrjukov, 2001; è äð.); çàÿêîðåí-
íàÿ ñòðåêàòåëüíûìè îðãàíåëëàìè æåðòâà äîñòàâëÿåòñÿ ñîêðàùàþùåéñÿ àêñîïîäèåé ê ïîâåðõíîñòè
òåëà, ãäå îáðàçóåòñÿ ïèùåâàðèòåëüíàÿ âàêóîëü. Êðîìå òîãî, ñòåáåëüêîâûå ñîëíå÷íèêè ñîâìåùàþò
õèùíè÷åñòâî ñ ñåäèìåíòàöèåé, à õåëèîôëàãåëëÿòû – ñ ôèëüòðàöèåé, ñîçäàâàÿ òîê âîäû ñêâîçü àêñî-
ïîäèè áèåíèåì æãóòèêà ïî îñîáîé òðàåêòîðèè, íå âûçûâàþùåé ïåðåìåùåíèÿ êëåòêè (Sleigh, 1964)
[ñòåáåëüêîâûå õåëèîôëàãåëëÿòû – ïåäèíåëëèäû ïîïîëíÿþò ñâîé ðàöèîí êàê ôèëüòðàöèåé, òàê è
ñåäèìåíòàöèåé], ÷åìó òàêæå ñïîñîáñòâóåò ðàäèàëüíàÿ ñèììåòðèÿ òåëà (Mikrjukov, 2001). Íàêîíåö,
ñòåáåëüêîâûå ïåäèíåëëèäíûå õåëèîôëàãåëëÿòû Pedinella hexacostata è Pseudopedinella tricostata (à òàêæå
ïðåäñòàâèòåëè ïëîõî îïèñàííûõ ðîäîâ Cyrthophorana è Palatinella) èìåþò, íàðÿäó ñ âåí÷èêîì ãðàíó-
ëîàêñîïîäèé, òàêæå îäèí, òðè èëè øåñòü õëîðîïëàñòîâ, òî åñòü ÿâëÿþòñÿ ìèêñîòðîôàìè (Âûñîöêèé,
1887; Pascher, 1911; Ðîóõèÿéíåí, 1966). Òàêèì îáðàçîì, ìû ìîæåì îïðåäåëèòü ñîëíå÷íèêîâ êàê “àìå-
áîèäíûõ ïðîòèñòîâ, ëèøåííûõ âíóòðèêëåòî÷íîãî ìèíåðàëüíîãî ñêåëåòà è öåíòðàëüíîé êàïñóëû, ñ
îäíèì òèïîì ÿäåð è ðàñõîäÿùèìèñÿ (îò âñåãî òåëà èëè âåí÷èêàìè) ãðàíóëîàêñîïîäèÿìè”.

Îáùèå âîïðîñû ìíîãîîáðàçèÿ è áèîëîãèè Ñîëíå÷íèêîâ ðàññìîòðåíû â ìîíîãðàôèÿõ Ðàéíåðà
(Rainer, 1968) è Ñèåìåíñìû (Siemensma, 1991), à òàêæå â îáøèðíûõ ñâîäêàõ Ôåáâðå-Øåâàëüå (Febvre-
Chevalier, 1985, 1990), Ìèêðþêîâà (1998 à, 2000) è Ìèêðþêîâà ñ ñîàâò. (Mikrjukov et al., 2002).
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I. ÎÁÙÀß ×ÀÑÒÜ

Ãëàâà 1.
CENTROHELIOZOA – ÌÀÊÐÎÒÀÊÑÎÍ  ÏÐÎÒÈÑÒÎÂ

Öåíòðîõåëèäíûå ñîëíå÷íèêè, èëè öåíòðîõåëèäû (Centrohelida Kühn, 1926) – êðóïíåéøèé òàêñîí
ñîëíå÷íèêîâ, â íàñòîÿùèé ìîìåíò íàñ÷èòûâàþùèé áîëåå 80% îðãàíèçìîâ, îáúåäèíÿåìûõ ýòèì íà-
çâàíèåì. Èçíà÷àëüíî òåðìèí áûë ïðåäëîæåí Êþíîì (Kühn, 1926) è ïîääåðæèâàëñÿ àâòîðàìè áîëåå
ïîçäíèõ ñèñòåì ñîëíå÷íèêîâ  (Tregouboff, 1953; Kudo, 1954; è äð.) äëÿ ðàçäåëåíèÿ ñîëíå÷íèêîâ ñ
öåíòðàëüíûì ÿäðîì (Actinophryida Hartmann, 1913) è ñîëíå÷íèêîâ, ãåîìåòðè÷åñêèé öåíòð êëåòêè
êîòîðûõ çàíÿò äèñêðåòíîé îò ÿäðà îðãàíåëëîé (àêñîïëàñòîì èëè öåíòðîïëàñòîì), îò êîòîðîé áåðóò
íà÷àëî àêñèàëüíûå ôèëàìåíòû àêñîïîäèé (àêñîíåìû), òîãäà êàê ÿäðî ñìåùàåòñÿ íà ïåðèôåðèþ è
ñòàíîâèòñÿ ýêñöåíòðè÷åñêèì. Â ðàçíîå âðåìÿ â ñîñòàâ öåíòðîõåëèä âõîäèëè ðàçëè÷íûå òàêñîíû
ñîëíå÷íèêîâ, ñàðêîäîâûõ è õåëèîôëàãåëëÿò, êàê-òî: ãèìíîñôåðèäíûå ñîëíå÷íèêè (Gymnosphaerida
Poche, 1913), äèìîðôèäíûå õåëèîôëàãåëëÿòû (Dimorphida Siemensma, 1991) è ðîòîñôåðèäíûå ôèëîç-
íûå àìåáû (Rotosphaerida Rainer, 1968); ïîñëåäíèå íå èìåþò àêñîïëàñòà, îäíàêî èõ êðàéíå ñõîäíûé
âíåøíèé îáëèê îïðåäåëÿåò áëèçêàÿ ñòðóêòóðà êðåìíåôèöèðîâàííîãî ïåðèïëàñòà è ýêñöåíòðè÷åñêîå
ïîëîæåíèå ÿäðà (ðèñ. 1, Ç). Ãèìíîñôåðèäíûå ñîëíå÷íèêè, îòëè÷àþùèåñÿ îò öåíòðîõåëèä ïî âñåì
îñíîâíûì ïàðàìåòðàì, õàðàêòåðèçóþùèì ïîëîæåíèå ãðóïïû â ñèñòåìå ýóêàðèîò (òðóá÷àòàÿ ôîðìà
êðèñò ìèòîõîíäðèé, íàëè÷èå ïîëîâîãî ïðîöåññà ñ äâóæãóòèêîâûìè ãàìåòàìè, ñòðîåíèå ñòðåêàòåëü-
íûõ îðãàíåëë, èíòåðôàçíûõ ÖÎÌÒîâ, àêñîíåì è ïð.), òðàäèöèîííî ñîõðàíÿþòñÿ â ñîñòàâå öåíòðîõå-
ëèä äàæå â ñàìûõ ïîñëåäíèõ ñâîäêàõ è ìîíîãðàôèÿõ ïî ñîëíå÷íèêàì (Rainer, 1968; Febvre-Chevalier,
1985; Siemensma, 1991). Äëÿ òîãî ÷òîáû ÷åòêî ðàçäåëèòü èñòèííûõ öåíòðîõåëèä, îòëè÷àþùèõñÿ óäè-

Ðèñ. 3. Choanocystis aculeata: À – ñõåìà  ñòðîåíèÿ  êëåòêè  Ch. aculeata; Á – ïîïåðå÷íûé ñðåç àêñîíåìû; Â – ñõåìà
ñòðîåíèÿ êèíåòîöèñòû

àêí – àêñîíåìà; ä – äèêòèîñîìû; ê – êèíåòîöèñòû; êî – êîæóõ êèíåòîöèñòû; êí – êîíóñîâèäíàÿ ÷àñòü êèíåòîöè-
ñòû; ì – ìèòîõîíäðèè; ïâ – ïèùåâàðèòåëüíàÿ âàêóîëü; ðñ – ðàäèàëüíàÿ ñïèêóëà; ñâ – ñîêðàòèòåëüíàÿ âàêóîëü; ò÷ –
òàíãåíòàëüíàÿ ÷åøóéêà; ö – öåíòðîïëàñò; ø – øàðîâèäíàÿ ÷àñòü êèíåòîöèñòû
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âèòåëüíûì êîíñåðâàòèçìîì ÷åðò òîíêîãî ñòðîåíèÿ â ïðåäåëàõ ãðóïïû, îò ïîâåðõíîñòíî ñõîäíûõ ñ
íèìè òàêñîíîâ ñîëíå÷íèêîâ, òàêèõ êàê óæå óïîìÿíóòûå âûøå ãèìíîñôåðèäû è äèìîðôèäû, Äþð-
ðøìèäò è Ïýòòåðñîí (Dürrschmidt & Patterson, 1987 a) ïðåäëàãàþò òåðìèí Centroheliozoa, óïîòðåáëÿ-
þùèéñÿ â áîëåå ïîçäíèõ ðàáîòàõ îáû÷íî â ñìûñëå Centrohelida sensu stricto.

Òàêèì îáðàçîì, Centroheliozoa êàê ãðóïïà ïðåäñòàâëÿþò ñîáîé àìåáîèäíûå îðãàíèçìû ñ ðàâíî-
ìåðíî ðàñõîäÿùèìèñÿ îò âñåãî òåëà ïðÿìûìè, íåâåòâÿùèìèñÿ àêñîïîäèÿìè, óñåÿííûìè ñâåòîïðå-
ëîìëÿþùèìè ãðàíóëàìè – ýêñòðóñîìàìè. ×åðòû óëüòðàòîíêîé îðãàíèçàöèè öåíòðîõåëèäíîãî ñîë-
íå÷íèêà Choanocystis aculeata îáîáùåíû íà ðèñ. 3. Àêñîíåìû àêñîïîäèé áåðóò íà÷àëî îò ñëîæíî
óñòðîåííîé îðãàíåëëû – öåíòðîïëàñòà, â öåíòðå êîòîðîãî ëåæèò òðåõ÷àñòíûé ýëåêòðîííî-ïëîòíûé
äèñê, îêðóæåííûé áîëåå ýëåêòðîííî-ïëîòíîé ñôåðîé (ðèñ. 3, À). ßäðî ñ êðóïíûì öåíòðàëüíûì
ÿäðûøêîì  ðàñïîëàãàåòñÿ ýêñöåíòðè÷íî. Àêñîíåìû ñëîæåíû èç ÷åòûðåõâàëåíòíûõ ìèêðîòðóáî÷åê è
íà ïîïåðå÷íûõ ñðåçàõ âûãëÿäÿò êàê ðåøåòêè èç ÷åðåäóþùèõñÿ ôèãóð øåñòèóãîëüíèêîâ è ðàâíîáåä-
ðåííûõ òðåóãîëüíèêîâ (ðèñ. 3, Á). Êðèñòû ìèòîõîíäðèé ïëàñòèí÷àòûå, ëåíòîâèäíûå. Ýêñòðóñîìû òèïà
ñëîæíûõ äâó÷àñòíûõ êèíåòîöèñò, ñîñòîÿùèõ èç øàðîâèäíîé áàçàëüíîé ÷àñòè è êîíóñîâèäíîé äèñ-
òàëüíîé è âîçíèêàþùèõ â ÝÏÐ (ðèñ. 3, Â). Ïîëîâîé ïðîöåññ íå îòìå÷åí. Ýòî åäèíñòâåííûé òàêñîí
ñîëíå÷íèêîâ ñ ïëàñòèí÷àòûìè êðèñòàìè.

Öåíòðîõåëèäû íå îáðàçóþò çîîñïîð èëè êàêèõ-ëèáî äðóãèõ æãóòèêîâûõ êëåòîê. Îäíàêî Øàó-
äèíí (Schaudinn, 1896 b) îïèñûâàåò ïðîäóöèðîâàíèå äâóæãóòèêîâûõ êëåòîê  öåíòðîõåëèäîé
Choanocystis aculeata (ðèñ. 6, Ê). Íåñìîòðÿ íà òî, ÷òî äàííîå ÿâëåíèå áîëåå íå îòìå÷àëîñü àâòîðàìè,
êîãäà-ëèáî ðàáîòàâøèìè ñ öåíòðîõåëèäàìè è ñîäåðæàùèìè èõ â êóëüòóðå, ó÷èòûâàÿ òùàòåëüíîñòü
èññëåäîâàíèé, õàðàêòåðíóþ äëÿ ðàáîò Øàóäèííà, ìû äîëæíû îòíîñèòüñÿ ê ýòîé íàõîäêå ñ äîëæíûì
âíèìàíèåì.

Â íàñòîÿùèé ìîìåíò îïèñàí 81 âàëèäíûé âèä Centroheliozoa (ñì. Ñèñòåìàòè÷åñêóþ ÷àñòü), îòíî-
ñÿùèõñÿ ê òðåì ñåìåéñòâàì. Ïðåäñòàâèòåëè ñåìåéñòâà Heterophryidae èìåþò ãîëóþ êëåòî÷íóþ ïîâåð-
õíîñòü èëè îêðóæåíû ñëèçèñòûì êîæóõîì, îò êîòîðîãî ìîãóò áðàòü íà÷àëî ðàäèàëüíûå èëè òàíãåí-
òàëüíûå ñïèêóëû. Ïðåäñòàâèòåëè ñåìåéñòâ Raphidiophryidae è Acanthocystidae îêðóæåíû îáîëî÷êîé
(ïåðèïëàñòîì), ñîñòîÿùåé èç ýíäîãåííûõ êðåìíèåâûõ ÷åøóåê. Ñòðóêòóðà ñêåëåòà ïîäðîáíî ðàññìîò-
ðåíà â ðàçäåëå “Íàðóæíûé ñêåëåò”.

Ïîëîæåíèå öåíòðîõåëèä â îáùåé ñèñòåìå ïðîòèñòîâ îñòàåòñÿ ïîëíîé çàãàäêîé, íåñìîòðÿ íà
äîñòàòî÷íî îïðåäåëåííîå ìåñòî, çàíèìàåìîå â íåé îñòàëüíûìè òàêñîíàìè ñîëíå÷íèêîâ (Ìèêðþêîâ,
1999 á, 2000; Mikrjukov, 2000 a, b; Mikrjukov & Patterson, 2001). Ïëàñòèí÷àòàÿ ôîðìà êðèñò è îòñóòñòâèå
æãóòèêîâîé ñòàäèè â æèçíåííîì öèêëå äåëàþò öåíòðîõåëèä ãðóïïîé incertae sedis â ñèñòåìå îäíî-
êëåòî÷íûõ îðãàíèçìîâ, íåñìîòðÿ íà äîñêîíàëüíóþ èçó÷åííîñòü óëüòðàñòðóêòóðû ýòèõ îðãàíèçìîâ
(ñì. ãëàâó 5).
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Ãëàâà 2.
ÁÈÎËÎÃÈß ÖÅÍÒÐÎÕÅËÈÄÍÛÕ ÑÎËÍÅ×ÍÈÊÎÂ

-. 1. Ýêîëîãèÿ
Ìíîãèå ñîâðåìåííûå è áîëåå ðàííèå àâòîðû (Calkins, 1902; Tregouboff, 1953; Cachon et al., 1973;

Øóëüìàí, Ðåøåòíÿê, 1980, 1981) áûëè ñêëîííû ðàññìàòðèâàòü ñîëíå÷íèêîâ (êàê è ðàäèîëÿðèé) êàê
ãðóïïó (èëè êëàñòåð ãðóïï) àìåáîèäíûõ îðãàíèçìîâ, ñôîðìèðîâàâøóþñÿ â ïðîöåññå àäàïòàöèè åå
ïðåäñòàâèòåëåé ê ïëàíêòîííîìó îáðàçó æèçíè. Âñëåäñòâèå ýòîãî è ïîÿâëåíèå ðàäèàëüíîé ñèñòåìû
àêñîïîäèé ðàññìàòðèâàëîñü êàê âîçíèêíîâåíèå ìåõàíèçìà ôëîòèðîâàíèÿ â òîëùå âîäû. Áóäó÷è
ñîâåðøåííî ñïðàâåäëèâîé â îòíîøåíèè ðàäèîëÿðèé, äàííàÿ òî÷êà çðåíèÿ ëèøü îòðàæàåò ìàëóþ
èçó÷åííîñòü ñîëíå÷íèêîâ. Ïîÿâëåíèå ñôåðè÷åñêîé ñèììåòðèè è àêñîïîäèàëüíîé ñèñòåìû ó íèõ
ñëåäóåò ñâÿçûâàòü ñ âîçíèêíîâåíèåì è ñîâåðøåíñòâîâàíèåì ëîâ÷åãî àïïàðàòà ôàãîòðîôíîãî ïèòà-
íèÿ â óñëîâèÿõ ìàëîïîäâèæíîãî õèùíè÷åñòâà (Ìèêðþêîâ, 1998 à, 2000). Ìû ìîæåì ïðåäñòàâèòü ðÿä
äîêàçàòåëüñòâ â ïîëüçó äàííîãî òåçèñà.

Âî-ïåðâûõ, â îòëè÷èå îò ïëàíêòîííûõ îðãàíèçìîâ – ðàäèîëÿðèé, àêñîïîäèè ñîëíå÷íèêîâ óñåÿíû
“ïðåëîìëÿþùèìè ãðàíóëàìè” – ñòðåêàòåëüíûìè îðãàíåëëàìè. Ñëåäîâàòåëüíî, èõ ïåðâàÿ ðîëü – äîáû-
÷à ïèùè. Âî-âòîðûõ, áîëüøèíñòâî òàêñîíîâ ñîëíå÷íèêîâ (è öåíòðîõåëèäû â èõ ÷èñëå) âêëþ÷àåò
ñòåáåëüêîâûå ôîðìû; îäíàêî  ñëåäóåò îòìåòèòü, ÷òî ìèêðîòðóáî÷êîâàÿ ðåøåòêà â àêñîïîäèÿõ ñòåáåëü-
êîâîé öåíòðîõåëèäû Heterophrys minutus    óñòðîåíà íà ìíîãî ïîðÿäêîâ ñëîæíåå, ÷åì ó äðóãèõ, ñâîáîä-
íîïëàâàþùèõ ïðåäñòàâèòåëåé ðîäà Heterophrys (ðèñ. 4). Ýòîò ôàêò, êîíå÷íî, ÿðêî ñâèäåòåëüñòâóåò î òîì,
÷òî àêñîïîäèàëüíûé àïïàðàò ó íåïîäâèæíûõ ôîðì íå îñëàáëÿåòñÿ, à íàîáîðîò, ÷ðåçâû÷àéíî óñèëèâàåò-
ñÿ. Íàêîíåö, â-òðåòüèõ, âîçíèêíîâåíèå ðàäèàëüíûõ ôîðì ñ ðàñõîäÿùèìèñÿ ëó÷àìè – ùóïàëüöàìè
õîðîøî èçâåñòíî íàì â òàêñîíàõ, ïåðåøåäøèõ ê ìàëîïîäâèæíîìó õèùíè÷åñòâó, èç ïðèìåðîâ ñðåäè
Metazoa è äðóãèõ ïðîòèñòîâ, òàêèõ, íàïðèìåð, êàê ñóêòîðèè (Ìèêðþêîâ, 1997 à; Äîâãàëü, 2000); òàêîâ
îáëèê êèøå÷íîïîëîñòíûõ, ìøàíîê, èãëîêîæèõ è ïð.  (Áåêëåìèøåâ, 1964). Îäíàêî íàøå óòâåðæäåíèå îá
îñíîâíîé – ïèùåñîáèðàþùåé – ôóíêöèè àêñîïîäèé ñîëíå÷íèêîâ âîâñå íå èñêëþ÷àåò èõ èñïîëüçî-
âàíèå â äðóãèõ öåëÿõ, òàêèõ êàê  ïàðåíèå, äâèæåíèå, ìåæêëåòî÷íûå êîíòàêòû (ñì. íèæå).

Ââèäó çíà÷èòåëüíîãî âíåøíåãî ñõîäñòâà ñîëíå÷íèêîâ è ðàäèîëÿðèé ïåðâûå â òå÷åíèå äîëãîãî
âðåìåíè ðàññìàòðèâàëèñü êàê ïëàíêòîííûå êîìïîíåíòû ïðåñíîâîäíûõ ýêîñèñòåì (Cachon et al., 1973;
Cachon & Cachon, 1982; Øóëüìàí, Ðåøåòíÿê, 1980, 1981). Îäíàêî íàøè ñîáñòâåííûå äàííûå î ðåãóëÿð-
íûõ íàõîäêàõ öåíòðîõåëèä ëèáî â ïðèïîâåðõíîñòíîì ñëîå áåíòîñíûõ ñåäèìåíòîâ, ëèáî â ïðîáàõ,
ñîäåðæàùèõ “ñìûâû” ñ âîäíûõ ìàêðîôèòîâ (Mikrjukov, 1993 a, b, 1994 a; Ìèêðþêîâ, 1994, 1995 á, 1999 a;
Mikrjukov & Croome, 1998; Mikrjukov & Patterson, 2002) ïîäòâåðæäàþòñÿ ìíîãî÷èñëåííûìè ðåçóëüòà-
òàìè ðàáîò äðóãèõ àâòîðîâ, êîãäà-ëèáî çàíèìàâøèõñÿ èçó÷åíèåì ôàóíû öåíòðîõåëèä  (Nicholls, 1983;
Nicholls & Dürrschmidt, 1985; Dürrschmidt, 1985, 1987 a, b; Siemensma & Roijackers, 1988 a, b; Vigna, 1988). Ýòî
çàñòàâëÿåò íàñ ñ÷èòàòü öåíòðîõåëèäíûõ ñîëíå÷íèêîâ ãðóïïîé ïàññèâíûõ (ìàëîïîäâèæíûõ) áåíòîñ-
íûõ õèùíèêîâ ñ ïèùåäîáûâàþùèì àïïàðàòîì, ïðåäñòàâëåííûì ìîùíîé ðàäèàëüíîé ñåòüþ ãðàíóëî-
àêñîïîäèé, ïàðàëèçóþùåé è ïðèêëåèâàþùåé áîëüøîé ñïåêòð ìåëêîé ïîäâèæíîé äîáû÷è â äîñòàòî÷íî
áîëüøîì îáúåìå âîäû. È äåéñòâèòåëüíî, èíòåðñòèöèàëüíîå ïðîñòðàíñòâî ìåæäó ÷àñòè÷êàìè ïåñêà èëè
ãðàâèÿ, èëè âíóòðè ïðèïîâåðõíîñòíîãî ñëîÿ ñåäèìåíòîâ àêêóìóëèðóåò áîãàòûé çàïàñ àäñîðáèðîâàííîé
îðãàíèêè, áàêòåðèé, äèàòîìîâûõ, ìåëêèõ ãåòåðîòðîôíûõ æãóòèêîíîñöåâ, èíôóçîðèé è äðóãèõ îðãàíèç-
ìîâ, ÷àñòî èñïîëüçóåìûõ â ïèùó öåíòðîõåëèäàìè, âñëåäñòâèå ÷åãî ïîñëåäíèå åäâà ëè ìîãëè áû íå
ïðèæèòüñÿ â óñëîâèÿõ ìèêðîáåíòîñà. Êëàññè÷åñêîå èññëåäîâàíèå ïðîòèñòîôàóíû ìîðñêèõ ñåäèìåíòîâ,
ïðîâåäåííîå Ïýòòåðñîíîì, Ëàðñåíîì è Êîðëèññîì (Patterson et al., 1989) óêàçûâàåò, ÷òî ñèäÿ÷èå îðãà-
íèçìû ðåäêè, íî íå îòñóòñòâóþò â ýòîì áèîòîïå (ýòè àâòîðû ïðèâîäÿò ñïèñîê âèäîâ, âêëþ÷àþùèé
êðóãîðåñíè÷íûõ èíôóçîðèé, ñóêòîðèé, ñòåáåëüêîâûõ âîðîòíè÷êîâûõ æãóòèêîíîñöåâ è îäèí âèä ñèäÿ-
÷åé ýâãëåíîâîé âîäîðîñëè). Òàêèì îáðàçîì, ìû ìîæåì ñïðàâåäëèâî äîáàâèòü ê ýòîìó ñïèñêó òàêæå
öåíòðîõåëèä è äðóãèõ ñîëíå÷íèêîâ, òàê êàê îíè ÿâëÿþòñÿ êëàññè÷åñêèìè ìåçîïîðàëüíûìè îðãàíèç-
ìàìè (íåñìîòðÿ íà ìàëûé äèàìåòð êëåòî÷íîãî òåëà, áîëüøîé îáúåì çàíèìàåò ðàäèàëüíàÿ ñèñòåìà
ãðàíóëîàêñîïîäèé), âõîäÿùèìè â ñîñòàâ ìèêðîáåíòîñà (Mikrjukov, 1999 b, 2001).

Èòàê, öåíòðîõåëèäíûå ñîëíå÷íèêè  ÿâëÿþòñÿ òèïè÷íûì êîìïîíåíòîì ìèêðîáåíòîñà, êàê ïðåñíî-
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Ðèñ. 4. Ñõåìû ñòðîåíèÿ  Heterophrys marina (À) è  Heterophrys minutus (Á).  Âíèçó ïîêàçàíà ñòðóêòóðà àêñîíåì. (Á – ïî:
Mikrjukov, 1996 a)

âîäíîãî, òàê è ìîðñêîãî. Îñíîâíûìè áèîòîïàìè èõ ÿâëÿþòñÿ ëèáî èíòåðñòèöèàëüíîå ïðîñòðàíñòâî â
âåðõíåì ñëîå ñåäèìåíòîâ, ëèáî ñîîáùåñòâà îáðàñòàíèé âîäíûõ ìàêðîôèòîâ. Â ëàáîðàòîðíûõ êóëüòó-
ðàõ öåíòðîõåëèäû îáû÷íî ëèáî ïåðåêàòûâàþòñÿ ïî äíó ÷àøêè Ïåòðè, âûïóñêàÿ è âòÿãèâàÿ àêñîïî-
äèè, ëèáî ïðèêðåïëÿþòñÿ èìè êî äíó ïðè ïîìîùè ñòðåêàòåëüíûõ îðãàíåëë.

Òåì íå ìåíåå, ðÿä èññëåäîâàòåëåé ñ îïðåäåëåííîñòüþ ñîîáùàþò î íàõîäêàõ öåíòðîõåëèä êàê â
ìîðñêîì (Ostenfeld, 1904; Îñòðîóìîâ, 1917; Croome et al., 1987), òàê è â ïðåñíîâîäíîì (Takahashi, 1959;
Croome, 1986, 1987 b; Arndt, 1993) ïëàíêòîíå. Îäíàêî êëàññè÷åñêàÿ ñâîäêà Ôåí÷åëà (Fenchel, 1988)
ïîëíîñòüþ èãíîðèðóåò  ïðèñóòñòâèå êàêèõ-ëèáî ñîëíå÷íèêîâ â ìîðñêîì ïëàíêòîíå è èõ çíà÷åíèå â
ñëîæèâøèõñÿ â íåì òðîôè÷åñêèõ öåïÿõ. Ñ äðóãîé ñòîðîíû Àðíäò (Arndt, 1993) ãîâîðèò î âàæíîé
ðîëè  ñîëíå÷íèêîâ (â åãî âèäîâûõ ñïèñêàõ ïðåâàëèðóþò öåíòðîõåëèäû) êàê êîíñóìåíòîâ âûñøåãî
ïîðÿäêà â òðîôè÷åñêèõ öåïÿõ îçåðíîãî (ïðåñíîâîäíîãî) ïðîòîçîîïëàíêòîíà. Òàêèì îáðàçîì, ñëî-
æèâøååñÿ ïðîòèâîðå÷èå, ðàâíî êàê è âîïðîñ î ñóùåñòâîâàíèè ïëàíêòîííîé ôàçû â æèçíè öåíòðîõå-
ëèäíûõ ñîëíå÷íèêîâ (è ñîëíå÷íèêîâ âîîáùå) ïðåäñòàâëÿþòñÿ íàì êðàéíå âàæíûìè è äîëæíû
áûòü çäåñü äåòàëüíî ðàññìîòðåíû.

Ñ íàøåé òî÷êè çðåíèÿ öåíòðîõåëèäû, êàê è áîëüøèíñòâî ñîëíå÷íèêîâ è  ïðî÷èõ ñèäÿ÷èõ èëè
ìàëîïîäâèæíûõ îðãàíèçìîâ, äîëæíû èìåòü ïîäâèæíóþ ñòàäèþ/ôàçó äëÿ ðàññåëåíèÿ. Íàèáîëåå ïðî-
ñòî ýòîò âîïðîñ ðåøàåòñÿ ó ñèäÿ÷èõ öåíòðîõåëèä (Heterophrys minutus è Polyplacocystis arborescens),
êîòîðûå ñïîñîáíû ñàìîñòîÿòåëüíî èëè ïîä âîçäåéñòâèåì âíåøíèõ ôàêòîðîâ îòêðåïëÿòüñÿ îò ñâîèõ
ñëèçèñòûõ ñòåáåëüêîâ, ïîñëå ÷åãî íåêîòîðîå âðåìÿ ôëîòèðîâàòü â ïðèáðåæíîì  ïëàíêòîíå (Ìèêðþ-
êîâ, 1994) è âíîâü îñåäàòü, îáðàçóÿ äëèííóþ ñòåáåëåê-ôîðìèðóþùóþ ïñåâäîïîäèþ, ýêñêðåòèðóþ-
ùóþ ñëèçèñòûé ìàòåðèàë äëÿ áóäóùåãî ñòåáåëüêà (Febvre-Chevalier & Febvre, 1984).

Â îáñóæäàåìîì àñïåêòå îñîáûé èíòåðåñ ïðåäñòàâëÿþò áåññòåáåëüêîâûå öåíòðîõåëèäû. Â ïåðèîäû
ìàêñèìàëüíîé ÷èñëåííîñòè â èõ åñòåñòâåííûõ áåíòîñíûõ áèîòîïàõ ýòè îðãàíèçìû ïîäíèìàþòñÿ â
ïëàíêòîí è ôëîòèðóþò â íåì â öåëÿõ ðàññåëåíèÿ. Ýòî ÿâëåíèå â öåëîì ñîîòâåòñòâóåò îáðàçîâàíèþ
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ïëàíêòîííûõ ôëîòèðóþùèõ ôîðì ó àìåá, òàêæå áåíòîñíûõ õèùíèêîâ. Òàêèì îáðàçîì, íà êàêîé-òî
êðàòêèé ïåðèîä ýó- è ãðàíóëîàêñîïîäèàëüíûå ñàðêîäîâûå âñòðå÷àþòñÿ â ìîðñêîì ïëàíêòîíå, îäíàêî
ýòî ñîñóùåñòâîâàíèå êðàéíå íåïðîäîëæèòåëüíî ââèäó êðàòêîâðåìåííîñòè ïëàíêòîííîé ôàçû â æèçíè
ñîëíå÷íèêîâ. Àíàëîãè÷íûå ÿâëåíèÿ ïîêàçàíû òàêæå äëÿ àêòèíîôðèèäíûõ ñîëíå÷íèêîâ (Ñîâèíñêèé,
1902; Golemanski, 1976) è ðîòîñôåðèä; ïðîäîëæèòåëüíîñòü ïëàíêòîííîé ôàçû â æèçíè ïîñëåäíèõ,
âèäèìî, áîëåå ïðîäîëæèòåëüíà, î ÷åì ñâèäåòåëüñòâóþò èõ áîëåå ÷àñòûå íàõîäêè â ïëàíêòîíå (Thomsen,
1978, 1979; Croome, 1987 a, c; Croome et al., 1987).

Íàøó òî÷êó çðåíèÿ î ïðåâàëèðîâàíèè áåíòîñíîé ôàçû â æèçíè öåíòðîõåëèä ìîæåò ïîäòâåðäèòü
íåäàâíî îêîí÷åííîå íàìè (Ìèêðþêîâ, íåîïóáë.) èññëåäîâàíèå áèîëîãèè Acanthocystis wiasemskii,
îáíàðóæåííîãî è îïèñàííîãî Îñòðîóìîâûì (1917) â ïëàíêòîíå Êàðàäàãñêîé áóõòû ×åðíîãî ìîðÿ â
òå÷åíèå ïîëóòîðà ëåòíèõ ìåñÿöåâ (ñ íà÷àëà èþíÿ äî ñåðåäèíû èþëÿ). Âíå ïðåäåëîâ ýòîãî âðåìåíè
Îñòðîóìîâó íå óäàëîñü îáíàðóæèòü äàííûé îðãàíèçì, ÷òî îí ïðèïèñûâàë èçìåíåíèþ òåìïåðàòóðû
âîäû. Íàì óäàëîñü ïîäòâåðäèòü íàõîäêè Îñòðîóìîâà â ïëàíêòîíå Êàðàäàãñêîé áóõòû â óêàçàííûé
ýòèì àâòîðîì ïåðèîä. Îäíàêî äàííûé âèä îáíàðóæèâàëñÿ íàìè â áåíòîñíûõ ïðîáàõ (âûòÿæêàõ èç
ãðàâèÿ) èç òîé æå áóõòû  ñ ìàÿ ïî äåêàáðü, òî åñòü â òå÷åíèå âñåãî ïåðèîäà, êîãäà ñîáèðàëèñü ïðîáû.

Ñàëüáðåõòåð è Àðíäò (Salbrechter & Arndt, 1994) ñîîáùàþò, ÷òî ìàêñèìàëüíîå êîëè÷åñòâî ñîë-
íå÷íèêîâ (ñðåäè êîòîðûõ ïðåâàëèðóþò öåíòðîõåëèäû) â îäíîì èç îçåð â Àâñòðèè íàáëþäàåòñÿ â
ìàðòå (ò.å. ñîîòâåòñòâóåò íà÷àëó ñïàäà ÷èñëåííîñòè íàíîïëàíêòîíà, êîíñóìåíòàìè êîòîðîãî îíè ÿâëÿ-
þòñÿ), îäíàêî èõ áèîìàññà íå ïðåâûøàåò 2% îò îáùåé áèîìàññû ïðîòîçîîïëàíêòîíà äàæå â ïåðèîäû
ïèêà ÷èñëåííîñòè. Ïîýòîìó ìû íå ñîãëàñíû ñ òî÷êîé çðåíèÿ Àðíäòà ñ ñîàâòîðàìè (Arndt, 1993;
Mathes & Arndt, 1994; Salbrechter & Arndt, 1994) è íå ñ÷èòàåì, ÷òî ïëàíêòîííàÿ ôàçà â æèçíè
öåíòðîõåëèä (è ñîëíå÷íèêîâ âîîáùå) èãðàåò êàêóþ-ëèáî ñóùåñòâåííóþ ðîëü  â ïèùåâûõ öåïÿõ
ïðîòîçîîïëàíêòîíà â ñâÿçè ñ êðàòêîé ïðîäîëæèòåëüíîñòüþ ýòîé ôàçû è ìàëîé ÷èñëåííîñòüþ ñîë-
íå÷íèêîâ â ïðèðîäíûõ áèîòîïàõ â öåëîì.

Ýíåðãèÿ, ïîïàäàþùàÿ â âîäíóþ ýêîñèñòåìó, ôèêñèðóåòñÿ ôîòîñèíòåçîì âîäîðîñëåé è ðàçëîæå-
íèåì îðãàíè÷åñêîãî äåòðèòà áàêòåðèÿìè. Òàêèì îáðàçîì, çíà÷åíèå ãåòåðîòðîôíûõ ïðîòèñòîâ çàêëþ-
÷àåòñÿ â òîì, ÷òî îíè ÿâëÿþòñÿ íåïîñðåäñòâåííûìè êîíñóìåíòàìè êàê îäíîêëåòî÷íûõ âîäîðîñëåé,
òàê è áàêòåðèé (Patterson et al., 1989). Íàøè ýêñïåðèìåíòû â ÷àøêàõ Ïåòðè ñ íàêîïèòåëüíûìè
êóëüòóðàìè ìîðñêîãî è ïðåñíîâîäíîãî äåòðèòà, ñîäåðæàùèìè öåíòðîõåëèä  Heterophrys marina â
ïåðâîì ñëó÷àå è Chlamydaster sterni – âî âòîðîì (ñ äîáàâëåíèåì áàêòåðèè Enterobacter aerogenes â
êà÷åñòâå ïèùåâîãî îáúåêòà), ïîêàçàëè, ÷òî ïåðâîé íàáëþäàåòñÿ âñïûøêà ÷èñëåííîñòè ãåòåðîòðîôíûõ
æãóòèêîíîñöåâ, óòèëèçèðóþùèõ îðãàíèêó è áàêòåðèè; ÷åðåç íåñêîëüêî äíåé ïðîèñõîäèò ïîãëîùå-
íèå áîëüøèíñòâà æãóòèêîíîñöåâ ðåñíè÷íûìè èíôóçîðèÿìè è îòìå÷àåòñÿ âñïûøêà ÷èñëåííîñòè
ïîñëåäíèõ; è, íàêîíåö, ïî ìåðå ñïàäà ÷èñëåííîñòè öèëèàò (âñëåäñòâèå  çíà÷èòåëüíîãî óìåíüøåíèÿ
êîëè÷åñòâà îðãàíè÷åñêîãî âåùåñòâà, áàêòåðèé è ìåëêèõ ãåòåðîòðîôíûõ æãóòèêîíîñöåâ), îíè çàìåùà-
þòñÿ ñîëíå÷íèêàìè è ñóêòîðèÿìè, äàþùèìè áîëüøóþ âñïûøêó ÷èñëåííîñòè, â õîäå êîòîðîé ìíîãèå
ñîëíå÷íèêè ÷àñòî ïàðÿò â âåðõíèõ ñëîÿõ ÷àøêè Ïåòðè, èëëþñòðèðóÿ “âûõîä â ïëàíêòîí”. Ñàëüáðåõ-
òåð è Àðíäò (Salbrechter & Arndt, 1994) ñîîáùàþò î ñõîäíîé îáùåé ïîñëåäîâàòåëüíîñòè ñîáûòèé â
äèíàìèêå îçåðíîãî ïðîòîçîîïëàíêòîíà, óêàçûâàÿ, ÷òî ïèê ÷èñëåííîñòè ñîëíå÷íèêîâ (öåíòðîõåëèä è
Actinophrys sol) ñîîòâåòñòâóåò ñïàäó òàêîâîãî ó ðåñíè÷íûõ èíôóçîðèé è ïðîèñõîäèò â ìàðòå (Àâñò-
ðèÿ). Íàì ïðåäñòàâëÿåòñÿ, ÷òî öèëèàòû (êàê áîëåå àêòèâíûå õèùíèêè) îáû÷íî ïîääåðæèâàþò ÷èñ-
ëåííîñòü öåíòðîõåëèä (è ñîëíå÷íèêîâ âîîáùå) â åñòåñòâåííûõ áåíòîñíûõ è ïëàíêòîííûõ áèîòîïàõ,
âîçäåéñòâóÿ íà èõ êîëè÷åñòâî ïóòåì êîíòðîëÿ áèîìàññû èõ îáùåé äîáû÷è – ãåòåðîòðîôíûõ æãóòè-
êîíîñöåâ è âîäîðîñëåé. Ïîýòîìó âñïûøêè ÷èñëåííîñòè öåíòðîõåëèä êàê â åñòåñòâåííûõ, òàê è â
ýêñïåðèìåíòàëüíûõ óñëîâèÿõ ñîîòâåòñòâóþò ñïàäó ÷èñëåííîñòè öèëèàò.

Áîëüøèíñòâî öåíòðîõåëèä ïðåäñòàâëÿþò ñîáîé îäèíî÷íûå ñâîáîäíîïëàâàþùèå êëåòêè. Îäíàêî
ðÿä âèäîâ, ïðåèìóùåñòâåííî îòíîñÿùèõñÿ ê ðîäàì Sphaerastrum Greeff, 1873 è Raphidiophrys Archer, 1867,
ñïîñîáåí ôîðìèðîâàòü êîëîíèè èç 5–6 êëåòîê (èíîãäà äî 20), îñîáè â êîòîðûõ ñîåäèíåíû öèòîïëàç-
ìàòè÷åñêèìè ìîñòèêàìè (Greeff, 1873; Hertwig & Lesser, 1874; Siemensma & Roijackers, 1988 b), èëè
ïñåâäîêîëîíèè, îñîáè â êîòîðûõ îêðóæåíû îáùèì ñëèçèñòûì êîæóõîì. Êîëîíèè ìîãóò ôîðìèðîâàòü-
ñÿ è ñòåáåëüêîâûìè âèäàìè ïðè îñåäàíèè ôëîòèðóþùåé îñîáè íà êîëîíèþ òîãî æå îðãàíèçìà â
êà÷åñòâå ñóáñòðàòà; òàêèå ñëó÷àè îòìå÷åíû ó îáîèõ âèäîâ ñòåáåëüêîâûõ öåíòðîõåëèä –  Heterophrys
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minutus (Mikrjukov, 1996 a) è Polyplacocystis arborescens (Jones, 1974).
Íàøè èññëåäîâàíèÿ (Ìèêðþêîâ, 1995 â; Mikrjukov, 2001) ðàñïðåäåëåíèÿ ñîëíå÷íèêîâ ïî ãîðè-

çîíòàì è ãðóíòàì ñóáëèòîðàëè ïðîëèâà Âåëèêàÿ Ñàëìà  Êàíäàëàêøñêîãî çàëèâà Áåëîãî ìîðÿ â
îêðåñòíîñòÿõ Áåëîìîðñêîé áèîëîãè÷åñêîé ñòàíöèè ÌÃÓ èì. Í.À.Ïåðöîâà ïîêàçàëè, ÷òî êàê â ðàçìå-
ùåíèè âèäîâ öåíòðîõåëèä, òàê è ïðåäñòàâèòåëåé îñòàëüíûõ (ìåíåå ìíîãî÷èñëåííûõ â íàõîäêàõ)
ãðóïï ñîëíå÷íèêîâ ïðèñóòñòâóåò îïðåäåëåííàÿ çàêîíîìåðíîñòü (ðèñ. 5). Òàê, â âûòÿæêàõ èç ïåñêà è
ãðàâèÿ â ïðèáðåæíîì áèîòîïå íà âåðõíåé ñóáëèòîðàëè (äî 3–5 ì), ïîêðûòîé ñãóñòêàìè íèò÷àòûõ
âîäîðîñëåé, íåèçìåííî ïðèñóòñòâîâàëè öåíòðîõåëèäû Heterophrys marina è Choanocystis kareliensis, à
òàêæå ñîëíå÷íèêîïîäîáíàÿ ôèëîçíàÿ àìåáà íåÿñíîãî ñèñòåìàòè÷åñêîãî ïîëîæåíèÿ, Lithocolla globosa,
îêðóæåííàÿ íåïðîçðà÷íûì êîæóõîì èç ïåñ÷èíîê. Öåíêîâñêèé (1881) îòìå÷àåò  òàêæå äâà ñòåáåëü-
êîâûõ âèäà, ïðèêðåïëåííûõ ê íèò÷àòûì âîäîðîñëÿì – äåñìîòîðàöèäíîãî ñîëíå÷íèêà Cienkowskya
mereschkowskyi è ñîëíå÷íèêà íåÿñíîé òàêñîíîìè÷åñêîé ïðèíàäëåæíîñòè Servetia borealis. Äâà ñëåäó-
þùèõ ãîðèçîíòà ñóáëèòîðàëè (çäåñü è íà áîëåå ãëóáîêèõ òî÷êàõ ñáîðà ïðîáû ñîáèðàëèñü èñêëþ÷è-
òåëüíî ïðè ïîìîùè òåõíèêè ëåãêîâîäîëàçíûõ ïîãðóæåíèé), ïðåäñòàâëåííûå çàðîñëÿìè áóðûõ (3–10
ì) è êðàñíûõ (8–20 ì) âîäîðîñëåé, äåìîíñòðèðóþò íàì â ñìûâàõ ñ òàëîìîâ âîäîðîñëåé ïî÷òè
èñêëþ÷èòåëüíî ñòåáåëüêîâûå ôîðìû ñîëíå÷íèêîâ, ñðåäè êîòîðûõ ïðåâàëèðîâàëè ñòåáåëüêîâûå öåí-

Ðèñ. 5. Ðàñïðåäåëåíèå ñîëíå÷íèêîâ ïî ãîðèçîíòàì ñóáëèòîðàëè.
À – Heterophrys marina (ïî: Hertwig & Lesser, 1874); Á – Choanocystis kareliensis (ïî: Ìèêðþêîâ, 1994) ; Â – Lithocolla

globosa (ïî: Schulze, 1874); Ã – Cienkowskya mereschkowskyi (ïî: Öåíêîâñêèé, 1881); Ä – Servetia borealis (ïî: Mereschkowsky,
1877); Å – Heterophrys minutus (ïî: Mikrjukov, 2001); Æ – Polyplacocystis arborescens (ïî: Mikrjukov, 2001); Ç – Hedriocystis
zhadani (ïî: Mikrjukov, 2000 a); È – Wagnerella borealis (ïî: Zuelzer, 1909); Ê – Choanocystis pelagica; Ë – Actinophrys marina
(syn. tauryanini) (ïî: Ìèêðþêîâ, 1996); Ì – Acanthocystis saphonovi (ïî: Ìèêðþêîâ, 1994 à); Í – Elaeorhanis tauryanini
(ïî: Mikrjukov, 1999 a); Î – Rabdiaster pertzovi (ïî: Mikrjukov, 1999 a)
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òðîõåëèäû  Heterophrys minutus è Polyplacocystis arborescens, à òàêæå ïðèñóòñòâîâàëè äåñìîòîðàöèäíûé
ñîëíå÷íèê Hedriocystis zhadani è ãèìíîñôåðèäíûé ñîëíå÷íèê  Wagnerella borealis. Â ïðîáàõ ñî ñìû-
âàìè ñî ñëåäóþùåãî áèîòîïà (18–25 ì), ïðåäñòàâëåííîãî çàðîñëÿìè ãóáîê (ÿâëÿþùèõ ñîáîé áîãàòûé
ñóáñòðàò äëÿ îñåäàþùåé îðãàíèêè è îáèòàíèÿ áàêòåðèé, äèàòîìîâûõ, à òàêæå ìåëêîé ïîäâèæíîé
äîáû÷è), íàðÿäó ñ ïåðå÷èñëåííûìè âûøå ñòåáåëüêîâûìè ôîðìàìè, ïðèñóòñòâîâàëè òàêæå äâà áåññòå-
áåëüêîâûõ âèäà – öåíòðîõåëèäà  Acanthocystis saphonovi è àêòèíîôðèèäíûé ñîëíå÷íèê Actinophrys
tauryanini. Íàêîíåö, îáèòàòåëè íàèáîëåå ãëóáîêî ðàñïîëîæåííîãî áèîòîïà, â êîòîðîì áûëè îáíàðóæå-
íû ñîëíå÷íèêè (èë íà ãëóáèíå 25–35 ì, ïîêðûâàþùèé ñëîé áèòûõ ðàêîâèíîê ìîëëþñêîâ – ò. í.
“ðàêóøà”), áûëè èñêëþ÷èòåëüíî áåññòåáåëüêîâûìè ôîðìàìè ðàçëè÷íîé òàêñîíîìè÷åñêîé ïðèíàä-
ëåæíîñòè, ñðåäè êîòîðûõ äîìèíèðîâàëè öåíòðîõåëèäû Acanthocystis saphonovi è Choanocystis pelagica,
ðîòîñôåðèäû Elaeorhanis tauryanini è Rabdiaster pertzovi, à òàêæå àêòèíîôðèèäíûé ñîëíå÷íèê Actinophrys
tauryanini. Òàêèì îáðàçîì, ïîñëåäíèé áèîòîï ïðåäñòàâèë íàì íàèáîëüøåå ðàçíîîáðàçèå íåïðèêðåï-
ëåííûõ ôîðì, òîãäà êàê â îáðàñòàíèÿõ ìàêðîôèòîâ è ãóáîê îáû÷íû ñòåáåëüêîâûå ñîëíå÷íèêè.

Ó öåíòðîõåëèä îïèñàí ïðîöåññ îáðàçîâàíèÿ öèñò ñ ôîðìèðîâàíèåì áîëåå ïëîòíîãî, ïîäñòèëàþ-
ùåãî èçíóòðè ïåðèïëàñò ñëîÿ ÷åøóåê â öèñòíîé ñòåíêå (Schaudinn, 1896 b; Dürrschmidt & Patterson,
1987 a). Îäíàêî â îáåèõ óêàçàííûõ ðàáîòàõ öèñòû áûëè îïèñàíû â óñëîâèÿõ ýêñïåðèìåíòà â
ëàáîðàòîðíûõ êóëüòóðàõ. Ïðîâåäåííûå íàìè (Êðóì, Ìèêðþêîâ, 2000) èññëåäîâàíèÿ âèäîâîãî ñî-
ñòàâà öåíòðîõåëèä â çèìíèé ïåðèîä ïóòåì âñêðûòèÿ ëåäÿíîãî ïîêðîâà íà áîëîòèñòûõ âîäîåìàõ
ïîêàçàëè, ÷òî ýòè îðãàíèçìû, êàê è ïðåäñòàâèòåëè áîëüøèíñòâà äðóãèõ òàêñîíîâ ñîëíå÷íèêîâ,
ñóùåñòâóþò â âåãåòàòèâíîé ôàçå è â çàìåðçàþùèõ âîäîåìàõ. Ñðåäè âàæíûõ îñîáåííîñòåé èññëåäî-
âàííîãî ìàòåðèàëà ñëåäóåò îòìåòèòü êðàéíå ìåëêèå ðàçìåðû îðãàíèçìîâ, â íåñêîëüêî ðàç óñòóïàþ-
ùèå òàêîâûì â äðóãèå ïåðèîäû ãîäà.

Òàêèì îáðàçîì, ìû çàêëþ÷àåì, (1) ÷òî êàê ñòåáåëüêîâûå, òàê è áåññòåáåëüêîâûå öåíòðîõåëèäíûå
ñîëíå÷íèêè ÿâëÿþòñÿ âàæíûìè êîìïîíåíòàìè â òðîôè÷åñêèõ öåïÿõ ìèêðîáåíòîñà è â îáðàñòàíèÿõ
âîäíûõ ìàêðîôèòîâ; (2) ÷òî ïðîäîëæèòåëüíîñòü áåíòîñíîé ôàçû â æèçíè öåíòðîõåëèä ìíîãîêðàò-
íî ïðåâàëèðóåò íàä ïðîòÿæåííîñòüþ èõ ïðåáûâàíèÿ â ïëàíêòîíå, êàê â ïðåñíîâîäíîì, òàê è â

Ðèñ. 6. Ìèòîç ó Choanocystis aculeatà.
À — ñòðóêòóðà êëåòêè (ïî: Hertwig & Lesser, 1874); Á-Ã — ñòàäèè ìèòîçà; Ä-Æ — ïî÷êîâàíèå êëåòêè; Ç — îòäåëèâ-

øàÿñÿ ïî÷êà; È — àìåáîèäíàÿ îòïî÷êîâàâøàÿñÿ êëåòêà, Ê — äâóæãóòèêîâàÿ çîîñïîðà
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ìîðñêîì, è ÷òî êðàòêîâðåìåííîå ïîÿâëåíèå ýòèõ îðãàíèçìîâ â ïëàíêòîíå ñîîòâåòñòâóåò âñïûøêàì
÷èñëåííîñòè â èõ åñòåñòâåííûõ áåíòîñíûõ áèîòîïàõ; (3) ÷òî öåíòðîõåëèäû (êàê è äðóãèå ñîëíå÷íè-
êè) ðàçäåëÿþò íèøó êîíñóìåíòîâ âûñøåãî ïîðÿäêà â òðîôè÷åñêèõ öåïÿõ ìèêðîáåíòîñà ñ ðåñíè÷-
íûìè èíôóçîðèÿìè è ñóêòîðèÿìè.

-. 2. Ïèòàíèå
Èòàê, öåíòðîõåëèäíûå ñîëíå÷íèêè ÿâëÿþòñÿ ïàññèâíûìè õèùíèêàìè. Îíè ïèòàþòñÿ ðàçëè÷íû-

ìè ìèêðîîðãàíèçìàìè, òàêèìè êàê áàêòåðèè, äðóãèå ïðîòèñòû, ëè÷èíêè áåñïîçâîíî÷íûõ èëè ñàìè
ìåëêèå áåñïîçâîíî÷íûå, òàêèå êàê íåìàòîäû, êîëîâðàòêè èëè ãàñòðîòðèõè. Îäíàêî âåäóùóþ ðîëü â
èõ ïèùåâîì ðàöèîíå èãðàþò äèàòîìîâûå âîäîðîñëè, èíôóçîðèè è ìåëêèå æãóòèêîíîñöû. Ñòðåêà-
òåëüíûå îðãàíåëëû, ðàñïîëîæåííûå ïîä ìåìáðàíîé àêñîïîäèè, èãðàþò âåäóùóþ ðîëü â çàõâàòå äî-
áû÷è. Åñëè àêñîïîäèè öåíòðîõåëèäû êàñàåòñÿ àêòèâíàÿ äîáû÷à, îíà ìãíîâåííî èììîáèëèçèðóåòñÿ è
ïðèëèïàåò ê ñëèçèñòîìó êîæóõó àêñîïîäèè, âûçûâàÿ ñîêðàùåíèå ïîñëåäíåé; ôîðìèðóåòñÿ ïó÷îê èç
ñëèïøèõñÿ àêñîïîäèé, íàïðàâëÿþùèõñÿ ê êëåòî÷íîìó òåëó (Bardele, 1969, 1976; Troyer, 1975). Â îòëè-
÷èå îò ýòîãî, âûñòðåëèâàíèå ñòðåêàòåëüíûõ îðãàíåëë àêòèíîôðèèäíûõ ñîëíå÷íèêîâ ëèøü ïðèêëåè-
âàåò äîáû÷ó, êîòîðàÿ ïðîäîëæàåò äâèãàòüñÿ, äàæå íàõîäÿñü â ïèùåâàðèòåëüíîé âàêóîëè (Patterson &
Hausmann, 1981; Suzaki et al., 1980 a; Grebecki & Hausmann, 1993). Ïèùåâàðèòåëüíàÿ âàêóîëü ìîæåò
ñôîðìèðîâàòüñÿ åùå â ïó÷êå àêñîïîäèé äî äîñòèæåíèÿ èì ïëàçìàòè÷åñêîé ìåìáðàíû. Ìåäëåííî
äâèæóùàÿñÿ äîáû÷à ìîæåò áûòü çàÿêîðåíà îäíîé àêñîïîäèåé, êîòîðàÿ íà÷èíàåò âòÿãèâàòüñÿ ïî
íàïðàâëåíèþ ê òåëó, òîãäà êàê â åå íàïðàâëåíèè íà÷èíàåò âûäâèãàòüñÿ âîðîíêîâèäíàÿ ãèàëîïîäèÿ
(Nicholls, 1983).

-. 3. Öèñòû
Ñðåäè öåíòðîõåëèä òîíêîå ñòðîåíèå öèñò è ïðîöåññ èíöèñòèðîâàíèÿ èçó÷åíû òîëüêî ó

Polyplacocystis ambigua (Dürrschmidt & Patterson, 1987 a). Èíöèñòèðîâàíèå íà÷èíàåòñÿ ñ ïîÿâëåíèÿ
òÿæåëûõ öèñòíûõ ÷åøóåê, ïîäïèðàþùèõ ïðîòîïëàñò. Äèêòèîñîìû ìèãðèðóþò íà ïåðèôåðèþ êëåòêè
è âêëþ÷àþòñÿ â ñèíòåç îðãàíè÷åñêèõ ñëîåâ öèñòíîé ñòåíêè; ïîñëå ýòîãî îíè âîçâðàùàþòñÿ è
çàíèìàþò ìåñòî âîêðóã öåíòðàëüíî ëåæàùåãî ÿäðà â çðåëîé öèñòå. Ñòåíêà çðåëîé öèñòû íàñ÷èòûâàåò
øåñòü ñëîåâ. Ñàìûé íàðóæíûé ïðåäñòàâëåí ñîõðàíèâøèìñÿ ïåðèïëàñòîì òðîôè÷åñêîé îñîáè; çà íèì
ñëåäóåò ñëîé öèñòíûõ ÷åøóåê, òåïåðü ïîäíÿòûõ îò ïëàçìàòè÷åñêîé ìåìáðàíû ÷åòûðüìÿ îðãàíè÷åñ-
êèìè ñëîÿìè, èç êîòîðûõ íàèáîëåå âíåøíèé ñèëüíî ãðàíóëÿðíûé. Öåíòðîïëàñò â çðåëîé öèñòå íå
íàáëþäàåòñÿ. Ýêñöèñòèðîâàíèå íå èññëåäîâàíî.

-. 4. Ìèòîç
Ìû ðàñïîëàãàåì ïî ìèòîçó  öåíòðîõåëèä òîëüêî ñâåòî-ìèêðîñêîïè÷åñêèìè äàííûìè. Îí èçó-

÷àëñÿ Øàóäèííîì (Schaudinn, 1896 b [ðèñ. 6]) ó Choanocystis aculeata, Äîáåëëåì (Dobell, 1917) ó
Oxnerella maritima, è Âèëüíåâûì (Villenueve, 1937) ó Polyplacocystis arborescens. Ñîãëàñíî íàèáîëåå
îáñòîÿòåëüíîìó îïèñàíèþ Äîáåëëÿ, êëåòî÷íîìó äåëåíèþ ïðåäøåñòâóåò äóïëèêàöèÿ öåíòðîïëàñòà.
Çàòåì ÿäðî ìèãðèðóåò â öåíòð òåëà, ñòàíîâÿñü ìåæäó äâóìÿ äî÷åðíèìè öåíòðîïëàñòàìè, êîòîðûå
íà÷èíàþò èãðàòü ðîëü ìèòîòè÷åñêèõ ÖÎÌÒîâ, ãåíåðèðóÿ ôîðìèðîâàíèå âåðåòåíà. ßäåðíàÿ îáîëî÷-
êà ïåðôîðèðóåòñÿ íà ïîëþñàõ ëèøü ïîñëå îáðàçîâàíèÿ ìåòàôàçíîé ïëàñòèíêè è ñåãðåãàöèè õðî-
ìàòèä. Öåíòðîïëàñòû íàáóõàþò, çàòåì èçãèáàþòñÿ ïîëóìåñÿöåì, çàìûêàþòñÿ â îêðóæíîñòü, è íàêî-
íåö, ïðåäñòàâëÿþò ñîáîé ëèøü òåìíóþ, õîðîøî ïðîêðàøèâàåìóþ öåíòðàëüíóþ ãðàíóëó. Òàêèì
îáðàçîì, â ñëó÷àå öåíòðîõåëèä ìû âèäèì ïîëóçàêðûòûé îðòîìèòîç ñîãëàñíî êëàññèôèêàöèè Ðàé-
êîâà (Ðàéêîâ, 1978, 1986; Raikov, 1994).

-. 5. Àãàìíûå ñëèÿíèÿ
Ó öåíòðîõåëèäíûõ ñîëíå÷íèêîâ ïîëîâîé ïðîöåññ íå îïèñàí. Àãàìíûå ñëèÿíèÿ òðîôè÷åñêèõ

îñîáåé èçðåäêà îòìå÷àþòñÿ ó öåíòðîõåëèä, õîòÿ çíà÷èòåëüíî ÷àùå îíè ïðîèñõîäÿò ó àêòèíîôðèèä è
Ciliophrys (Tregouboff, 1953; Rainer, 1968). Ñëèÿíèÿ ÷àùå ïðîèñõîäÿò âî âðåìÿ ñîâìåñòíîãî ïåðåâàðè-
âàíèÿ íåñêîëüêèìè êëåòêàìè îäíîé êðóïíîé äîáû÷è, íî ìîãóò èìåòü ìåñòî è ïðè äðóãèõ îáñòîÿ-
òåëüñòâàõ. Ðàçäåëåíèå êëåòîê, ñëèâøèõñÿ â õîäå “ñîâìåñòíîãî ïåðåâàðèâàíèÿ”, íå ñîïðîâîæäàåòñÿ
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ÿäåðíûìè äåëåíèÿìè èëè ñëèÿíèÿìè.

Ãëàâà 3.
ÌÎÐÔÎËÎÃÈ×ÅÑÊÈÉ Î×ÅÐÊ

Öåíòðîõåëèäû, êàê è ñîëíå÷íèêè âîîáùå, ÿâëÿþòñÿ òèïè÷íûìè ýóêàðèîòè÷åñêèìè îðãàíèçìàìè
ñ ïîëíûì íàáîðîì îðãàíåëë, ïðèñóùèõ ýóêàðèîòè÷åñêèì êëåòêàì, êàê-òî: ÿäðî, àïïàðàò Ãîëüäæè,
ýíäîïëàçìàòè÷åñêàÿ ñåòü, ìèòîõîíäðèè è ïð. Îäíàêî îáùèé ïëàí ñòðîåíèÿ êëåòêè äåìîíñòðèðóåò
ñðåäè ñîëíå÷íèêîâ êðàéíåå ìíîãîîáðàçèå. Èçó÷åíèå óëüòðàñòðóêòóðû ïîêàçàëî, ÷òî êàæäûé  èç ñåìè
ìàêðîòàêñîíîâ ñîëíå÷íèêîâ, îáùóþ õàðàêòåðèñòèêó êîòîðûõ ìû îáñóäèëè âî Ââåäåíèè,  îòëè÷àåòñÿ
îò îñòàëüíûõ óíèêàëüíûì ïëàíîì ñòðîåíèÿ êëåòêè, ïðèñóùèì òîëüêî ýòîé ãðóïïå. Òàê, Ôåáâðå-
Øåâàëüå (Febvre-Chevalier, 1982) è Áðóæåðîëü (Brugerolle, 1985) âûäåëÿþò ïÿòü îñíîâíûõ ìîðôîëî-
ãè÷åñêèõ ÷åðò, õàðàêòåðèçóþùèõ “ëèöî” êàæäîé ãðóïïû ñîëíå÷íèêîâ. Ýòî:

1. Ñòðóêòóðà è ëîêàëèçàöèÿ öåíòðà îðãàíèçàöèè ìèêðîòðóáî÷åê àêñîïîäèé (àêñîïîäèàëüíîãî ÖÎÌ-
Òà);

2. Ãåîìåòðè÷åñêèé õàðàêòåð óêëàäêè ìèêðîòðóáî÷åê â àêñîíåìû àêñîïîäèé;
3. Ôîðìà êðèñò ìèòîõîíäðèé;
4. Òèï ñòðåêàòåëüíûõ îðãàíåëë (ýêñòðóñîì);
5. Ïðèñóòñòâèå è òèï íàðóæíîãî ñêåëåòà.
Êðîìå òîãî, ìàêðîòàêñîíû ñîëíå÷íèêîâ ðàçëè÷àþòñÿ ìåæäó ñîáîé è ïî ðÿäó äðóãèõ ïðèçíàêîâ,

ñòîëü æå âàæíûõ äëÿ äðóãèõ ýóêàðèîò, íî ïðèñóòñòâóþùèõ íå ó âñåõ ñîëíå÷íèêîâ, à èìåííî: íàëè-
÷èå æãóòèêîâ, ñòåáåëüêîâ èëè ïëàñòèä. Ðàññìîòðèì çäåñü õàðàêòåðíûå ÷åðòû òîíêîãî ñòðîåíèÿ öåíò-
ðîõåëèä ñîãëàñíî ïîðÿäêó,
ïðåäëîæåííîìó âûøå.

-. 1. Ìîðôîëîãèÿ
öåíòðîïëàñòîâ – öåíòðîâ
îðãàíèçàöèè ìèêðîòðóáî÷åê
àêñîïîäèé (àêñîïîäèàëüíûõ
ÖÎÌÒîâ)

ÖÎÌÒû âñåãäà îáðàçîâà-
íû ýëåêòðîííî-ïëîòíûì ìà-
òåðèàëîì, êîòîðûé ÷àùå âñåãî
íå èìååò íèêàêîé âèäèìîé
ñóáñòðóêòóðû (Pickett-Heaps,
1969; Brinkley, 1985); îíè èíè-
öèèðóþò ñáîðêó ìèêðîòðóáî-
÷åê è îïðåäåëÿþò èõ ïîëîæå-
íèå â êëåòêå. Â êëåòêàõ ñîë-
íå÷íèêîâ ìîæåò ïðèñóòñòâî-

Ðèñ. 7. Öåíòðîïëàñò è àêñîïëàñ-
òû. À –  ñòðóêòóðà öåíòðîïëàñòà öåò-
ðîõåëèä; Á –  ñòðóêòóðà àêñîïëàñòà
ãèìíîñôåðèä; Â,  Ã– ïîëîæåíèå
ÿäðà îòíîñèòåëüíî àêñîïëàñòà: Â –
àêñîïëàñò, îêðóæåííûé ÿäðîì; Ã –
ýêñöåíòðè÷åñêîå ïîëîæåíèå ÿäðà
îòíîñèòåëüíî àêñîïëàñòà (Ðèñ.  Â, Ã
– ïî: Brugerolle & Mignot, 1984).
à – àêñîïëàñò; ìñ – ìåæàêñîíåì-
íàÿ ñóáñòàíöèÿ; ö – öåíòðîïëàñò;
öã – öåíòðàëüíàÿ ãðàíóëà; ÿ – ÿäðî;
ez – exclusion zone
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âàòü äî òðåõ ðàçëè÷íûõ ÖÎÌÒîâ, âûïîëíÿþùèõ ðàçíûå ôóíêöèè (Mignot & Brugerolle, 1991): (1)
ÖÎÌÒ, êîíòðîëèðóþùèé ðàçâèòèå èíòåðôàçíûõ ìèêðîòðóáî÷åê, ò.å. ìèêðîòðóáî÷åê àêñîïîäèé; (2)
âòîðîé ÖÎÌÒ – ôîðìèðîâàíèå ìèòîòè÷åñêîãî âåðåòåíà; (3) òðåòèé ÖÎÌÒ – ÖÎÌÒ æãóòèêîâîãî
àïïàðàòà (ó æãóòèêîâûõ êëåòîê, ò.å. õåëèîôëàãåëëÿò). Îäíàêî áîëüøèíñòâî ñîëíå÷íèêîâ ëèøåíî
æãóòèêîâ, à ÖÎÌÒ ìèòîòè÷åñêîãî âåðåòåíà ïîÿâëÿåòñÿ òîëüêî â ìåòàôàçå èëè ìîæåò ñîâìåùàòüñÿ ñ
èíòåðôàçíûì, è, ñëåäîâàòåëüíî, â òàêèõ êëåòêàõ ïðèñóòñòâóåò òîëüêî îäèí ÖÎÌÒ, îïðåäåëÿþùèé
ðàçâèòèå ìèêðîòðóáî÷åê àêñîíåì àêñîïîäèé. Ïîñëåäíèé âàðèàíò ìû âèäèì è â ñëó÷àå öåíòðîõåëèä.
Èíòåðåñíî, ÷òî õîòÿ àêñîïëàñòû è öåíòðîïëàñòû ñîëíå÷íèêîâ ãåíåðèðóþò ðàçâèòèå ñëîæíûõ àêñî-
íåìíûõ ðåøåòîê ìèêðîòðóáî÷åê è ëèøåíû öåíòðèîëåé, îíè äåìîíñòðèðóþò îáùèå èììóíîõèìè÷åñ-
êèå õàðàêòåðèñòèêè ñ öåíòðîñîìàëüíûì ìàòðèêñîì äðóãèõ ïðîòèñòîâ è ïîçâîíî÷íûõ (Klewer et al.,
1997).

Öåíòðîïëàñò öåíòðîõåëèä âïåðâûå áûë îïèñàí êàê îñîáàÿ êëåòî÷íàÿ îðãàíåëëà Äîáåëëåì (Dobell,
1917) ó Oxnerella maritima êàê “ïðîçðà÷íàÿ ñôåðà ñ ÷åòêî ïðîêðàøèâàþùåéñÿ ãðàíóëîé â öåíòðå,
äàþùàÿ íà÷àëî îñåâûì ôèëàìåíòàì àêñîïîäèé”. Òîíêîìó ñòðîåíèþ öåíòðîïëàñòà (ðèñ. 3, À; 7, À)
öåíòðîõåëèä ïîñâÿùåí îãðîìíûé ñïåêòð ðàáîò (Kormos, 1971; Tilney, 1971; Bardele, 1969, 1973, 1975,
1977 a, b; Davidson, 1972; Rieder, 1979, 1980; Febvre-Chevalier & Febvre, 1984; Dürrschmidt & Patterson,
1987 a, b). Ýòà îðãàíåëëà âêëþ÷àåò öåíòðàëüíûé ýëåêòðîííî-ïëîòíûé òðåõ÷àñòíûé äèñê, çàæàòûé
ìåæäó äâóìÿ îòëè÷àþùèìèñÿ ïî ïëîòíîñòè ïîëóñôåðàìè. Çà ýòîé ñòðóêòóðîé òåïåðü ñîõðàíÿåòñÿ
íàçâàíèå “öåíòðàëüíîé  ãðàíóëû” è îíà îêðóæåíà ïðîçðà÷íîé “exclusion zone” è ìåíåå ïðîçðà÷íûì
íàðóæíûì  “êîðòåêñîì”, èç êîòîðîãî áåðóò íà÷àëî àêñèàëüíûå ôèëàìåíòû àêñîïîäèé. “Exclusion
zone” îáðàçîâàíà ôèáðèëëÿðíîé ñåòüþ, ñâÿçûâàþùåé öåíòðàëüíóþ ãðàíóëó ñ îñíîâàíèÿìè àêñîíåì.
Ïîñëåäíèå îáû÷íî òåñíî ñâÿçàíû ïëîòíûì ìàòåðèàëîì êîðòåêñà öåíòðîïëàñòà.

Êàê ýòî ñëåäóåò îòìåòèòü èç ðèñ. 1, äâå äðóãèõ ãðóïïû ñîëíå÷íèêîâ – ãèìíîñôåðèäû è äèìîð-
ôèäíûå õåëèîôëàãåëëÿòû – èìåþò íåñðàâíèìî áîëåå ïðîñòî óñòðîåííûé öåíòðàëüíûé èëè ñóáöåí-
òðàëüíûé ÖÎÌÒ, îáû÷íî èìåíóåìûé àêñîïëàñòîì (Hollande & Enjumet, 1954; Febvre-Chevalier, 1973
b). Àêñîïëàñòû ïðåäñòàâèòåëåé ýòèõ ãðóïï äëÿ ñðàâíåíèÿ ïðèâåäåíû íà ðèñ. 7, Á–Ã; îíè ïðåäñòàâëå-
íû ñôåðîé áåç öåíòðàëüíîé ãðàíóëû è ìîãóò áûòü ïîäðàçäåëåíû íà äâà ðåãèîíà: (1) öåíòðàëüíóþ
“exclusion zone”, ñîñòîÿùóþ èç ìèêðîôèáðèëëÿðíîãî è ìèêðîãðàíóëÿðíîãî ìàòåðèàëà, è (2) “ìå-
æàêñîíåìíóþ ñóáñòàíöèþ” (ìîðôîëîãè÷åñêè ñõîäíóþ ñ exclusion zone), ãäå áåðóò íà÷àëî îñíîâàíèÿ
àêñîïîäèé (Febvre-Chevalier, 1973 a, b, 1975, 1980; Jones, 1975, 1976; Brugerolle & Mignot, 1983, 1984 a, b;
Mignot & Brugerolle, 1991).

-. 2. Ñòðîåíèå è ôóíêöèè àêñîïîäèàëüíîãî àïïàðàòà
Ñóùåñòâóþò äâå îñíîâíûå ôóíêöèè àêñîïîäèàëüíîãî àïïàðàòà ó ñîëíå÷íèêîâ: (1) ñáîð ïèùè è

äîñòàâêà åå â êëåòî÷íîå òåëî, (2) ôëîòèðîâàíèå â òîëùå âîäû. Êðîìå òîãî, àêñîïîäèè ìîãóò ïðèíè-
ìàòü ó÷àñòèå â ðàçëè÷íûõ ôîðìàõ êëåòî÷íîé ïîäâèæíîñòè, ìåæêëåòî÷íûõ êîíòàêòîâ è êîíòàêòîâ
êëåòêè ñ ñóáñòðàòîì (Bovee, 1960; Watters, 1968; Ockleford, 1974; Suzaki et al., 1980 b; Shigenaka et al.,
1989; Grebecki & Hausmann, 1992; è äð.). Àêñîïîäèè îòëè÷àþòñÿ îò äðóãèõ òèïîâ ïñåâäîïîäèé
íàëè÷èåì öåíòðàëüíîãî îñåâîãî êàðêàñà èç ìèêðîòðóáî÷åê, ñâÿçàííûõ ïðîòåèíîâûìè ñâÿçêàìè â
õàðàêòåðíûå ðåøåòêè – àêñîíåìû. Àêñîíåìû îêðóæåíû öèòîïëàçìîé, íàõîäÿùåéñÿ â ïîñòîÿííîì
äâèæåíèè: öåíòðîñòðåìèòåëüíîì íà ïåðèôåðèè è öåíòðîáåæíîì â öåíòðå àêñîïîäèè; ýòà ÷àñòü
öèòîïëàçìû íàçûâàåòñÿ “ðåîïëàçìîé”. Ïîä ïëàçìàëåììîé àêñîïîäèé ëåæàò ìíîãî÷èñëåííûå ñòðåêà-
òåëüíûå îðãàíåëëû, ñëóæàùèå èììîáèëèçàöèè è ïðèêðåïëåíèþ æåðòâû. Â àêñîïîäèÿõ ïîäàâëÿþùå-
ãî ÷èñëà ãðóïï ñîëíå÷íèêîâ è ðàäèîëÿðèé ìèêðîòðóáî÷êè ñâÿçàíû ñïåöèàëüíûìè ôèáðèëëàìè
(ñâÿçêàìè, èëè ìîñòèêàìè ñâÿçåé), âñëåäñòâèå ÷åãî ôîðìèðóåòñÿ êðàéíå ñëîæíàÿ ðåøåòêà, ñïåöèôè÷-
íàÿ äëÿ êàæäîãî èç ìàêðîòàêñîíîâ. Â ñîîòâåòñòâèè ñ êîëè÷åñòâîì ñâÿçîê êàæäîé ìèêðîòðóáî÷êè ñ
ñîñåäíèìè, ìèêðîòðóáî÷êè ðàçëè÷àþòñÿ âàëåíòíîñòüþ: áûâàþò äâóõ-, òðåõ-, ... è äî ñåìèâàëåíòíûõ
âêëþ÷èòåëüíî. Áîëåå òîãî, ñâÿçè áûâàþò ïðîñòûå è äâîéíûå, êîðîòêèå è äëèííûå, è ìîãóò ðàñïîëà-
ãàòüñÿ ïîä ðàçíûìè óãëàìè äðóã ê äðóãó (Cachon et al., 1973; Øóëüìàí, Ðåøåòíÿê, 1980, 1981). Âñå ýòè
ïðèçíàêè îïðåäåëÿþò ÷ðåçâû÷àéíîå ìíîãîîáðàçèå ñòðîåíèÿ àêñîíåì.

Àêñîïîäèè ñïîñîáíû ê áûñòðûì ñîêðàùåíèÿì è ìåäëåííîìó âòÿãèâàíèþ. Áûñòðîå ñîêðàùåíèå
îáû÷íî ñëåäóåò ïîñëå ïðèêðåïëåíèÿ äîáû÷è ê àêñîïîäèè, èëè åñëè ñîëíå÷íèê ïîòðåâîæåí. Ñîêðàòè-
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ìîñòü àêñîïîäèé íàèáîëåå õîðîøî èçó÷åíà íà àêòèíîôðèèäíûõ ñîëíå÷íèêàõ ðîäà Actinosphaerium
Stein, 1857 (Roth et al., 1970; Matsuoka & Shigenaka, 1985; Matsuoka et al., 1985; Ando & Shigenaka, 1989;
Shigenaka et al., 1982, 1989; Sugiyama et al., 1992). Ïðîöåññ ðàçáîðêè ìèêðîòðóáî÷åê â õîäå ñîêðàùåíèÿ
è òðàíñïîðò àêñîïîäèàëüíîãî ìàòåðèàëà (ìèêðîòðóáî÷êè, ìåìáðàííûå ïóçûðüêè, ýêñòðóñîìû) â
êëåòî÷íîå òåëî è åãî çàïàñàíèå òàì îïèñàíû òàêæå ó öåíòðîõåëèäíûõ ñîëíå÷íèêîâ Heterophrys
marina (Bardele, 1973, 1976) è Polyplacocystis coerulea (Kinoshita et al., 1995).

Àêñîíåìû íåêîòîðûõ ïðåäñòàâèòåëåé öåíòðîõåëèä óñòðîåíû êðàéíå ïðîñòî. Òàê ó Chlamydaster
spp. è íåêîòîðûõ øòàììîâ Heterophrys marina îíè ïðåäñòàâëåíû ëèøü øåñòüþ ìèêðîòðóáî÷êàìè,
îáðàçóþùèìè ïðàâèëüíûé øåñòèóãîëüíèê (Bardele, 1975, 1977 a, b; Davidson, 1976; Dürrschmidt &
Patterson, 1987 b). Ýòè øåñòü ìèêðîòðóáî÷åê ïðåäñòàâëÿþò ñîáîé öåíòðàëüíûé ýëåìåíò â àêñîíåìàõ
îñòàëüíûõ Centroheliozoa, ÿâëÿÿñü èõ ñòðóêòóðíîé îñíîâîé. Îñòàëüíûå öåíòðîõåëèäû èìåþò ðàçëè÷-
íîå ÷èñëî ìèêðîòðóáî÷åê â àêñîíåìàõ (ýòî áîëüøå çàâèñèò îò ðàçìåðà îðãàíèçìà, íåæåëè îò åãî
ñèñòåìàòè÷åñêîé ïðèíàäëåæíîñòè), ñãðóïïèðîâàííûõ âîêðóã öåíòðàëüíîãî øåñòèóãîëüíèêà. Ìèêðî-
òðóáî÷êè ãåêñàãîíà áåðóò íà÷àëî îò öåíòðîïëàñòà, òîãäà êàê îñòàëüíûå ïðèñîåäèíÿþòñÿ ê íèì â
êîðòèêàëüíîì ñëîå öèòîïëàçìû (Bardele, 1977 a , b; Rieder, 1979; Febvre-Chevalier & Febvre, 1984;
Dürrschmidt & Patterson, 1987 a). Íà ïîïåðå÷íûõ ñðåçàõ òàêèå àêñîíåìû ïðåäñòàâëåíû ñëîæíûìè
ðåøåòêàìè èç ÷åðåäóþùèõñÿ øåñòèóãîëüíèêîâ è ðàâíîáåäðåííûõ òðåóãîëüíèêîâ. Òàêàÿ óêëàäêà
îïðåäåëÿåòñÿ ÷åòûðåõâàëåíòíûìè ìèêðîòðóáî÷êàìè, ñâÿçêè ìåæäó êîòîðûìè ëåæàò ïîä óãëàìè 120°
è 60°.

Äðóãîé èíòåðåñíûé ïðèìåð óêëàäêè 4-õ âàëåíòíûõ ìèêðîòðóáî÷åê â àêñîíåìíóþ ðåøåòêó ÿâëÿþò
ñîáîé àêñîíåìû äèìîðôèäíîé õåëèîôëàãåëëÿòû Dimorpha elegans. Â îòëè÷èå îò öåíòðîõåëèä, àêñîíå-
ìû D. elegans îáðàçóþò ðåøåòêó èç îäèíàêîâûõ êâàäðàòîâ. Òàêàÿ óêëàäêà ìîæåò âîçíèêàòü â òîì
ñëó÷àå, åñëè ïàðàëëåëüíûå ðÿäû ìèêðîòðóáî÷åê ñâÿçàíû äèàãîíàëüíûìè ìîñòèêàìè (ò.å. ëåæàùèìè
ïîä ïðÿìûì óãëîì äðóã ê äðóãó) ñ ÷åòûðüìÿ ñîñåäíèìè ìèêðîòðóáî÷êàìè (Brugerolle & Mignot, 1983,
1984 a, b).

-. 3. Ìèòîõîíäðèè
Öåíòðîõåëèäíûå ñîëíå÷íèêè èìåþò ÷åòêèå ëàìåëëÿðíûå (ëåíòîâèäíûå) êðèñòû (Dürrschmidt &

Patterson, 1987 b) â îòëè÷èå îò îñòàëüíûõ ìàêðîòàêñîíîâ ñîëíå÷íèêîâ, èìåþùèõ ðàçëè÷íûå âàðèà-
öèè òðóá÷àòûõ êðèñò, è ðîòîñôåðèä, èìåþùèõ äèñêîâèäíûå êðèñòû ñ ñóæåííûì â ñòåáåëåê îñíîâà-
íèåì (ðèñ. 1, Æ, Ç).

-. 4. Ñòðåêàòåëüíûå îðãàíåëëû
Ñòðåêàòåëüíûå îðãàíåëëû, èëè ýêñòðóñîìû ïðåäñòàâëÿþò ñîáîé îêðóæåííûå ìåìáðàíîé ñòðóêòó-

ðû, ëîêàëèçîâàííûå â êîðòèêàëüíîé öèòîïëàçìå èëè íà ïñåâäîïîäèÿõ ìíîãèõ ïðîòèñòîâ. Èõ íàèáî-
ëåå îáùåé îñîáåííîñòüþ ÿâëÿåòñÿ ñïîñîáíîñòü ê âûáðàñûâàíèþ ñâîåãî ñîäåðæèìîãî â îòâåò íà
âîçäåéñòâèå áîëüøîãî ñïåêòðà âíåøíèõ ñòèìóëîâ (ìåõàíè÷åñêèõ, õèìè÷åñêèõ, ýëåêòðè÷åñêèõ). Â
íàñòîÿùåå âðåìÿ èçâåñòíî 10–12 îñíîâíûõ òèïîâ ñòðåêàòåëüíûõ îðãàíåëë (Hovasse & Mignot, 1975;
Hausmann, 1978; Ìûëüíèêîâ, 1988; Mikrjukov, 1995), ïðåèìóùåñòâåííî ñðåäè öèëèàò è æãóòèêîíîñöåâ.
Íåñìîòðÿ íà òî, ÷òî ÷åòêàÿ êîððåëÿöèÿ ìåæäó òèïîì ñòðåêàòåëüíûõ îðãàíåëë è äðóãèìè âàæíåéøè-
ìè òàêñîíîìè÷åñêèìè ïðèçíàêàìè íå íàáëþäàåòñÿ, ñòðîåíèå ýêñòðóñîì ñ÷èòàåòñÿ ÷åðòîé âàæíîé è
êîíñåðâàòèâíîé. Ó ñîëíå÷íèêîâ ýêñòðóñîìû ñëóæàò â ïåðâóþ î÷åðåäü äëÿ äîáû÷è ïèùè è ðàñïîëà-
ãàþòñÿ ïðåèìóùåñòâåííî ïîä ïëàçìàëåììîé àêñîïîäèé (ïîä ñâåòîâûì ìèêðîñêîïîì âèäíû êàê
ïðåëîìëÿþùèå ñâåò ãðàíóëû), à òàêæå îáèëüíû â êîðòèêàëüíîì ñëîå öèòîïëàçìû.

Öåíòðîõåëèäíûì ñîëíå÷íèêàì ïðèñóù îäèí èç íàèáîëåå ñëîæíûõ òèïîâ ñòðåêàòåëüíûõ îðãàíåëë –
íàñòîÿùèå êèíåòîöèñòû. Òåðìèí “êèíåòîöèñòà” áûë ïðåäëîæåí Õàóñìàííîì (Hausmann, 1978) â îòíî-
øåíèè ñëîæíûõ ïîëÿðèçîâàííûõ îðãàíåëë, ñîñòîÿùèõ èç öåíòðàëüíîãî àêñèàëüíîãî ýëåìåíòà, îêðóæåí-
íîãî ïëîòíûì êîæóõîì (ðèñ. 3, Â). Êèíåòîöèñòû öåíòðîõåëèä äåòàëüíî èçó÷àëèñü ìíîãèìè àâòîðàìè
(Hovasse, 1965; Bardele, 1969, 1975, 1976; Davidson, 1976; Troyer, 1975; Dürrschmidt & Patterson, 1987 a, b;
Ìèêðþêîâ, 1995 à). Îíè õàðàêòåðèçóþòñÿ ïëîòíûì “øàð+êîíóñ” àêñèàëüíûì ýëåìåíòîì, êîòîðûé ÿâëÿ-
åòñÿ îäíîé èç âàæíåéøèõ òàêñîíîìè÷åñêèõ ÷åðò öåíòðîõåëèä. Ìàòåðèàë êîæóõà, âåðîÿòíî, èãðàåò ðîëü
òîëêàòåëÿ àêñèàëüíîãî ýëåìåíòà ïðè âûñòðåëèâàíèè îðãàíåëëû. Êîæóõ ÷àñòî âèäåí â ðàçðóøåííîì âèäå
ïîçàäè âûñòðåëèâøåãî “øàð+êîíóñ” ýëåìåíòà. Ìåñòà çàêðåïëåíèÿ êèíåòîöèñò â ïëàçìàòè÷åñêîé ìåìá-
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ðàíå èíêðóñòèðîâàíû ñëîæíî óëîæåííûìè ÷àñòèöàìè, ôîðìèðóþùèìè “ïðèêðåïèòåëüíûé ó÷àñòîê”
(Bardele, 1976;  Davidson, 1976), êîòîðûé ÿâëÿåòñÿ î÷åíü ñòàáèëüíîé, íåòåêó÷åé çîíîé ìåìáðàíû. Áàðäåëå
(Bardele, 1976) ïîëàãàåò, ÷òî îí ñëóæèò äëÿ ïðåäîòâðàùåíèÿ âûñòðåëèâàíèÿ îðãàíåëëû áåç äîëæíîãî
ñòèìóëà. Âîçíèêíîâåíèå êèíåòîöèñò öåíòðîõåëèä ñâÿçàíî ñ íàèáîëåå öåíòðàëüíûìè âåçèêóëàìè ÝÏÐ, â
ðàéîíå êîòîðûõ íàáëþäàåòñÿ áîëüøîå êîëè÷åñòâî ïðåêèíåòîöèñò íà ñàìûõ ðàííèõ ñòàäèÿõ ðàçâèòèÿ
(Ìèêðþêîâ, 1995 a).

Ñëîæíûå êèíåòîöèñòû ñ êîíöåíòðè÷åñêîé ïîïåðå÷íîé ñòðóêòóðîé îòìå÷åíû òàêæå ó äèìîðôèä-
íûõ õåëèîôëàãåëëÿò è äåñìîòîðàöèä; ýòè îðãàíåëëû äîñòàòî÷íî ñõîæè äðóã ñ äðóãîì, íî íèñêîëüêî
íå ïîõîæè íà êèíåòîöèñòû öåíòðîõåëèä è íå èìåþò õàðàêòåðíîé “øàð+êîíóñ” ñòðóêòóðû àêñèàëü-
íîãî ýëåìåíòà (Bardele, 1972; Brugerolle, 1985; Brugerolle & Mignot, 1983, 1984 a, b). Â îòëè÷èå îò
êèíåòîöèñò öåíòðîõåëèä, êèíåòîöèñòû äèìîðôèä âîçíèêàþò â àïïàðàòå Ãîëüäæè (Brugerolle & Mignot,
1984 b). ×åòâåðòîé ãðóïïîé ñîëíå÷íèêîâ, îáëàäàþùåé êèíåòîöèñòàìè, ÿâëÿþòñÿ ãèìíîñôåðèäû, ñðåäè
êîòîðûõ êèíåòîöèñòû îòìå÷åíû â àìåáîèäíîì îñíîâàíèè íåêîòîðûõ îñîáåé Actinocoryne contractilis;
èõ àêñèàëüíûé ýëåìåíò ïðåäñòàâëÿåò ñîáîé ñòðåëó ñ ïåðèîäè÷åñêîé èñ÷åð÷åííîñòüþ, ïîãðóæåííóþ â
÷àøó ýëåêòðîííî-ïëîòíîãî ìàòåðèàëà. Îäíàêî êðîìå êèíåòîöèñò, òå æå ñàìûå èíäèâèäóóìû ãèìíîñ-
ôåðèä îáëàäàþò è äðóãèìè òèïàìè ñòðåêàòåëüíûõ îðãàíåëë, êëàññèôèöèðóåìûõ êàê ìóêîöèñòû
(Febvre-Chevalier, 1973 a, 1975, 1980; Jones, 1976).  Ïîêàçàíî, ÷òî ìóêîöèñòû ãèìíîñôåðèä âîçíèêàþò â
ýíäîïëàçìàòè÷åñêîì ðåòèêóëóìå (Febvre-Chevalier, 1980).

-. 5. Íàðóæíûé ñêåëåò
Ñòðîåíèå è ñîñòàâ íàðóæíîãî êëåòî÷íîãî ñêåëåòà öåíòðîõåëèä ñòîëü æå âàðèàáåëüíû, ñêîëü

êîíñåðâàòèâíû â ñâîåé ìîðôîëîãèè ðàçëè÷íûå ïðèçíàêè óëüòðàñòðóêòóðû ýòèõ îðãàíèçìîâ. Âñëåä-
ñòâèå ýòîãî èìåííî ñòðóêòóðà ñêåëåòà  îïðåäåëÿåò ìíîãîîáðàçèå öåíòðîõåëèä è íà íåå â ïåðâóþ
î÷åðåäü îïèðàþòñÿ â òàêñîíîìè÷åñêîé ðàáîòå ñ ýòîé ãðóïïîé.

-. 5.1. Ñåìåéñòâî Heterophryidae Poche, 1913
Ñðåäè öåíòðîõåëèä òîëüêî åäèíñòâåííûé ïðåäñòàâèòåëü ðîäà Oxnerella Dobell, 1917  (ðèñ. 11, À)

èìååò ãîëóþ êëåòî÷íóþ ïîâåðõíîñòü, òî åñòü ëèøåí ìîðôîëîãè÷åñêè âûðàæåííîãî íàðóæíîãî ñêå-
ëåòà (Dobell, 1917). Óæå äëÿ ñëåäóþùåãî ðîäà – Chlamydaster Rainer, 1968 – õàðàêòåðåí ñëèçèñòûé
êîæóõ, îêðóæàþùèé òåëî, êîòîðûé ìîæåò èìåòü ðîâíóþ (ðèñ. 11, Á) èëè  íåðîâíóþ (ðèñ. 11, Â)
ïîâåðõíîñòü.

Îðãàíèçìû ñ îðãàíè÷åñêèìè ñïèêóëàìè, èñõîäÿùèìè èç ïîäîáíîãî ñëèçèñòîãî êîæóõà è ðàíåå
îòíîñèìûå ê ðîäó Heterophrys Archer, 1869, îêàçàëèñü ãåòåðîãåííûìè ïî ñòðîåíèþ ñêåëåòà. Íàøè
èññëåäîâàíèÿ åãî ñòðóêòóðû (Mikrjukov, 1993 a, 1996 a) ïîêàçàëè, ÷òî áîëüøèíñòâî ïðåäñòàâèòåëåé,
îòíîñèìûõ ê ýòîìó ðîäó (òèïîâîé âèä H. myriopoda, H. marina, H. minutus, à òàêæå H. simplex
(Schaudinn, 1897) Siemensma, 1991, íèêîãäà ñî âðåìåíè ïåðâîé íàõîäêè Øàóäèííà íå îáíàðóæèâàâ-
øèéñÿ) èìåþò ðàäèàëüíî îðèåíòèðîâàííûå îðãàíè÷åñêèå ñïèêóëû (ðèñ. 13; 14). Ïÿòûé æå âèä ðîäà
– ïðåñíîâîäíûé H. fockii (Archer, 1869) West, 1901 (ðèñ. 12), êàê îêàçàëîñü, íåñåò òàíãåíòàëüíî-
îðèåíòèðîâàííûå îðãàíè÷åñêèå ñïèêóëû (ðèñ. 12, Ã), ÷åì â êîðíå îòëè÷àåòñÿ îò îñòàëüíûõ èññëåäî-
âàííûõ âèäîâ; â ñâÿçè ñ ÷åì íàìè áûëî ïðåäëîæåíî ðàññìàòðèâàòü H. fockii â ñîñòàâå íåêîãäà
âûäåëåííîãî äëÿ íåãî Ãðýôîì, ïåðåäèàãíîñöèðîâàííîãî, ìîíîòèïè÷åñêîãî ðîäà Sphaerastrum Greeff,
1873.

Àíàëèç îðèãèíàëüíûõ ðèñóíêîâ Öåíêîâñêîãî (1881), îïèñàâøåãî íåîáû÷íîãî ìîðñêîãî ñòåáåëü-
êîâîãî ñîëíå÷íèêà, âïîñëåäñòâèè èìåíóåìîãî Cienkowskya Schaudinn, 1896 è òðàäèöèîííî ðàññìàò-
ðèâàåìîãî â ñîñòàâå öåíòðîõåëèä ñåìåéñòâà Heterophryidae (Febvre-Chevalier, 1985; Dürrschmidt &
Patterson, 1987 a; Siemensma, 1991), ïîêàçàë, ÷òî ýòîò îðãàíèçì íåïëîòíî îêðóæåí ñèäÿùåé íà êîðîò-
êîì ñòåáåëüêå íåêëåòî÷íîé êàïñóëîé è íå èìååò íèêàêèõ öåíòðîõåëèäíûõ ÷åðò, âèäèìî ÿâëÿÿñü
äåñìîòîðàöèäíûì ñîëíå÷íèêîì (Mikrjukov, 1996 a, 2000 a; Mikrjukov et al., 2002); âñå ïîñëåäóþùèå
íàõîäêè ïðåäñòàâèòåëåé Cienkowskya – C. meresckowskyi (Villenueve, 1937; Febvre-Chevalier & Febvre,
1984; Ìèêðþêîâ, 1994) èëè Ñ. arborescens (Jones, 1974) – îøèáî÷íî îòíîñÿòñÿ àâòîðàìè ê ðàçëè÷-
íûì ñòåáåëüêîâûì ìîðñêèì öåíòðîõåëèäàì è íå èìåþò îòíîøåíèÿ ê îðèãèíàëüíîìó ìàòåðèàëó
Öåíêîâñêîãî (1881). Ïîýòîìó ðîä Cienkowskya Schaudinn, 1896 áûë èñêëþ÷åí íàìè èç ñîñòàâà öåíò-
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Ðèñ. 8. Âîçìîæíûé âàðèàíò ýâîëþöèîííûõ ïðåîáðàçîâàíèé íàðóæíûõ êðåìíèåâûõ ñêåëåòíûõ ýëåìåíòîâ öåíòðîõå-
ëèä:

À – ÷åøóéêà Polyplacocystis ambigua ñ ðåäóöèðîâàííûìè îáåèìè ñòåðíàìè; Á – ÷åøóéêà P. ambigua, ó êîòîðîé
ðåäóöèðîâàíà òîëüêî îäíà ñòåðíà; Â – ãèïîòåòè÷åñêàÿ ÷åøóéêà àêàíòîöèñòèäû ñ ðåäóöèðîâàííûìè îáåèìè ñòåðíàìè. Íà
÷åøóéêàõ  Polyplacocystis è Raphidiophrys: 1– öåíòð ÷åøóéêè, 2 – ñòåðíà, 3 – ïëàñòèíà ÷åøóéêè ñ ðàäèàëüíûìè ñêëàäêà-
ìè, 4 – ïîëàÿ ìàðãèíàëüíàÿ êàéìà, 5 – âíóòðåííÿÿ ðàäèàëüíàÿ ñåïòà,  6, 7 – íèæíÿÿ è âåðõíÿÿ ïëàñòèíû ÷åøóéêè (ïî:
Patterson & Dürrschmidt, 1986 a; Siemensma & Roijackers, 1988 b; Siemensma, 1991; Mikrjukov & Patterson, 2002)

ðîõåëèä (Mikrjukov, 1996 a).
Òàêèì îáðàçîì, ïðåäñòàâèòåëè ÷åòûðåõ ðîäîâ: Oxnerella Dobell, 1917, Chlamydaster Rainer, 1968,

Sphaerastrum Greeff, 1873 è Heterophrys Archer, 1869 – íå èìåþùèå êðåìíèåâûõ ýëåìåíòîâ â ïîêðîâàõ,
ðàññìàòðèâàþòñÿ íàìè â ñîñòàâå íàèáîëåå ïðèìèòèâíîãî ñåìåéñòâà öåíòðîõåëèä – Heterophryidae
Poche, 1913 (Mikrjukov, 1996 a).

Îñòàëüíûå öåíòðîõåëèäû îêðóæåíû îáîëî÷êàìè (ïåðèïëàñòàìè), ïðåäñòàâëåííûìè êðåìíèåâû-
ìè ÷åøóéêàìè è/èëè ñïèêóëàìè.

-. 5.2.  Ñåìåéñòâî Raphidiophryidae Mikrjukov, 1996
Âòîðîå ñåìåéñòâî – Raphidiophryidae – ïðåäñòàâëåíî öåíòðîõåëèäàìè ñ ïåðèïëàñòàìè èç òàíãåí-
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òàëüíûõ êðåìíèåâûõ  ïëàñòèí÷àòûõ ÷åøóåê ðàçëè÷íîé ìîðôîëîãèè èëè íåêîòîðûõ èõ ìîäèôèêà-
öèé (ñì.: Mikrjukov, 1996 b). Åùå íåäàâíî (Rainer, 1968; Siemensma, 1991) âñå îòíîñèìûå â äàííûé
ìîìåíò ê ýòîìó ñåìåéñòâó öåíòðîõåëèäû ðàññìàòðèâàëèñü â ñîñòàâå îäíîãî, êðàéíå îáøèðíîãî ðîäà
Raphidiophrys Archer, 1867. Îäíàêî èíòåíñèâíîå èçó÷åíèå ñòðóêòóðû èõ ïåðèïëàñòîâ ïðè ïîìîùè
ñêàíèðóþùåé è òðàíñìèññèîííîé ýëåêòðîííîé ìèêðîñêîïèè ïîêàçàëî ãåòåðîãåííîñòü ðîäà.

Íåäàâíî îïèñàííûé íàìè (Mikrjukov, 1994 b, 1996 b) ïåðèïëàñò Raphidiophrys marina íåñîìíåííî
ïðèìèòèâíåå òàêîâîãî ó îñòàëüíûõ ïðåäñòàâèòåëåé Raphidiophrys sensu lato. Åãî ñïëîøíûå ñòåðæíå-
âèäíûå ñïèêóëû – “÷åøóéêè” – òàíãåíòàëüíî îðèåíòèðîâàíû è ìîãëè âîçíèêíóòü â ýâîëþöèè
öåíòðîõåëèä ïóòåì êðåìíåôèêàöèè òàíãåíòàëüíûõ îðãàíè÷åñêèõ ñïèêóë Sphaerastrum (ñì. âûøå). Ìû
ðàññìàòðèâàåì R. marina êàê ïðåäñòàâèòåëÿ ìîíîòèïè÷åñêîãî ðîäà Parasphaerastrum Mikrjukov, 1996
(ðèñ. 15, À).

Ïåðèïëàñòû åùå øåñòè ïðåäñòàâèòåëåé Raphidiophrys ïðåäñòàâëåíû ïðîñòûìè êðåìíåôèöèðîâàí-
íûìè ïëàñòèíàìè, çàêðó÷èâàþùèìèñÿ ïî ïåðèôåðèè â ïîëóþ ìàðãèíàëüíóþ êàéìó; ïðè÷åì äâà
âèäà (R. ambigua è R. symmetrica) èìåþò ñêëàä÷àòóþ (ðåòèêóëÿðíóþ) íàðóæíóþ ïîâåðõíîñòü ïëàñ-
òèíû (ðèñ. 16, Å, Ä) òîãäà êàê ÷åòûðå îñòàëüíûõ âèäà (R. pallida, R. bruni, R. coerulea è R. pedunculata)
– ãëàäêóþ (ðèñ. 16, À–Ã). Ñòðóêòóðà è ôîðìèðîâàíèå ÷åøóåê èçó÷àëîñü ó R. ambigua (Patterson &
Dürrschmidt, 1986 a, b). Êàæäàÿ ÷åøóéêà (ðèñ. 8) ñîñòîèò èç äâóõ ñèììåòðè÷íûõ àêñèàëüíûõ ñòåðæíåé
– ñòåðí (2), ðàñõîäÿùèõñÿ îò “öåíòðà îðãàíèçàöèè” (1), ñîáñòâåííî ïëàñòèíû (3) ñ ðàäèàëüíîé
ñèñòåìîé ðåáåð/ñêëàäîê, à òàêæå ïîëîé êàéìû (4), îêðóæàþùåé ÷åøóéêó. Ñêëàä÷àòûé (ðåòèêóëÿð-
íûé) òèï ôàêòóðû íàðóæíîé ïîâåðõíîñòè ÷åøóéêè îïðåäåëÿåòñÿ íàëè÷èåì äàííûõ ñêëàäîê/ðåáåð,
òîãäà êàê ãëàäêèé òèï – èõ âåðîÿòíîé ðåäóêöèåé. Ìû  ðàññìàòðèâàåì óïîìÿíóòûå øåñòü âèäîâ,
÷åøóéêè êîòîðûõ îáðàçîâàíû ïðîñòûìè (îäèíàðíûìè) ïëàñòèíàìè, îêðóæåííûìè ïîëîé ìàðãè-
íàëüíîé êàéìîé è èìåþùèìè ãëàäêóþ èëè ðåòèêóëÿðíóþ ôàêòóðó âíåøíåé ïîâåðõíîñòè, êàê ïðåä-
ñòàâèòåëåé ðîäà Polyplacocystis Mikrjukov, 1996 .

Ïåðèïëàñòû åùå øåñòè âèäîâ Raphidiophrys ïðåäñòàâëåíû ñëîæíûìè ÷åøóéêàìè, êîòîðûå îáðà-
çîâàíû äâóìÿ ïàðàëëåëüíûìè ïëàñòèíàìè, ñîåäèíåííûìè âíóòðåííèìè ðàäèàëüíûìè ñåïòàìè, è
òàêæå ñêðó÷èâàþòñÿ íà ïåðèôåðèè â ïîëóþ ìàðãèíàëüíóþ êàéìó (íà ÑÝÌ ñåïòû âèäíû êàê
ðàäèàëüíûå ðåáðà) (ðèñ. 8; 17). Ýòî òèïîâîé âèä ðîäà – R. viridis Archer, 1867, à òàêæå R. capitata
Siemensma et Roijackers, 1988 , R. elegans Hertwig et Lesser, 1874, R. intermedia Penard, 1904, R. minuta
Nicholls et Dürschmidt, 1985 è R. ovalis (Dürrschmidt, 1985) Siemensma et Roijackers, 1988. Òàêèå
÷åøóéêè ìîãëè âîçíèêíóòü èç ÷åøóåê òèïà Polyplacocystis ambigua, ïðè÷åì âîçíèêíîâåíèå ñåïò (5)
ìîæíî ñâÿçûâàòü ñ ðàäèàëüíîé ñèñòåìîé ðåáåð/ñêëàäîê ó ïîñëåäíåãî, à âåðõíþþ ïëàñòèíó (7)
ñ÷èòàòü íîâîîáðàçîâàíèåì (ðèñ. 8). Ýòè øåñòü âèäîâ ìû ñîõðàíÿåì â ïåðåäèàãíîñöèðîâàííîì ðîäå
Raphidiophrys Siemensma et Roijackers, 1988  sensu nova, ïîñêîëüêó îïèñàííóþ ìîðôîëîãèþ ÷åøóåê
èìååò è òèïîâîé âèä ðîäà Raphidiophrys – R. viridis (Siemensma & Roijackers, 1988 b; Mikrjukov &
Patterson, 2002).

Îáñóæäàÿ öåíòðîõåëèä òîëüêî ñ òàíãåíòàëüíûìè êðåìíèåâûìè ýëåìåíòàìè â ïîêðîâàõ
(Raphidiophrys sensu lato), ìû íå ìîæåì íå îáðàòèòü âíèìàíèå íà ïðàêòè÷åñêè ïîëíóþ èäåíòè÷íîñòü
÷åøóåê âèäîâ Polyplacocystis ñ ðåòèêóëÿðíîé ôàêòóðîé ïîâåðõíîñòè ó òàêîâûõ ñ òðåòüèì òèïîì
ýëåìåíòîâ ïåðèïëàñòà – ïëàñòèí÷àòûìè ÷åøóéêàìè íåêîòîðûõ âèäîâ ðîäà Raphidocystis Penard, 1904
(ñì.: Rees et al. 1980; Nicholls & Dürrschmidt, 1985; Mikrjukov, 1993 b, 1996 b). Ïîñëåäíèé ðîä èìååò
òàêæå äâà äðóãèõ òèïà ïåðèïëàñòíûõ ýëåìåíòîâ – ðàäèàëüíûå ñïèêóëû ïèïåòêî- è âîðîíêîâèäíîé
ôîðìû (ðèñ. 18). Ïðè÷åì âîðîíêîâèäíûå ÷åøóéêè îêðóæåíû òàêîé æå ìàðãèíàëüíîé ïîëîé êàéìîé
è èìåþò ðåòèêóëÿðíóþ ôàêòóðó ïîâåðõíîñòè, êàê è ïëàñòèí÷àòûå ÷åøóéêè. Â ñâîåé ðàáîòå Ïýòòåð-
ñîí è Äþððøìèäò (Patterson & Dürrschmidt, 1986 a) ðàññìàòðèâàþò áîëüøîé ñïåêòð óðîäñòâ â
ðàçâèòèè ïëàñòèí÷àòûõ ÷åøóåê Raphidiophrys ambigua. Â ýòîì àñïåêòå âîðîíêîâèäíûå ÷åøóéêè ïðåä-
ñòàâëÿþòñÿ ïðîèçâîäíûìè òàêèõ âèäîèçìåíåííûõ ÷åøóåê ñ ðåäóöèðîâàííûìè îáåèìè ñòåðíàìè è
çàãëóáëåííûì “öåíòðîì îðãàíèçàöèè” (ðèñ. 8, À). Ïèïåòêîâèäíûå ÷åøóéêè ìîãëè áûòü ïðîäóêòîì
èõ äàëüíåéøåé ýâîëþöèè. Ñîáñòâåííî æå ïëàñòèí÷àòûå ÷åøóéêè îñòàþòñÿ â íåáîëüøîì êîëè÷åñòâå
â íàèáîëåå ãëóáîêèõ ñëîÿõ ïåðèïëàñòà, îñóùåñòâëÿÿ  ìåõàíè÷åñêóþ è, îò÷àñòè, õèìè÷åñêóþ çàùèòó
ïðîòîïëàñòà (Manton, 1986; Anderson, 1994). Ïîÿâëåíèå æå â ïåðèïëàñòå ðàäèàëüíûõ ýëåìåíòîâ â âèäå
âîðîíêîâèäíûõ (ñðåäíèå ñëîè) è, â îñîáåííîñòè, äëèííûõ òðóáêî- èëè ïèïåòêîâèäíûõ ñïèêóë
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íåñîìíåííî ñâÿçàíî ñ ðàäèàëüíîé àêñîïîäèàëüíîé ñèñòåìîé, êîòîðîé íåîáõîäèìî èìåòü áîëüøóþ
îïîðó íà ñâîåì ïðîòÿæåíèè. Íåñîìíåííî, ÷òî ðîä Raphidocystis ÿâëÿåòñÿ òàêæå (êàê è Raphidiophrys)
áëèçêèì è íåïîñðåäñòâåííûì ïîòîìêîì ïðåäñòàâèòåëåé ðîäà Polyplacocystis.

Òàêèì îáðàçîì, ìû ïîëàãàåì, ÷òî ðîäû Parasphaerastrum, Polyplacocystis è Raphidiophrys, íåñóùèå
èñêëþ÷èòåëüíî òàíãåíòàëüíûå, ñòåðæíåâèäíûå èëè ïëàñòèí÷àòûå (ñêðó÷åííûå ïî ïåðèôåðèè â øè-
ðîêóþ ïîëóþ êàéìó) êðåìíèåâûå ýëåìåíòû â ïåðèïëàñòå, ïðåäñòàâëÿþò ñîáîé îòäåëüíóþ ñòóïåíü â
ýâîëþöèè öåíòðîõåëèä. Ìû òàêæå âèäèì, ÷òî öåíòðîõåëèäû ñ ðàäèàëüíûìè êðåìíèåâûìè ýëåìåíòà-
ìè â ïåðèïëàñòàõ íå ÿâëÿþòñÿ ìîíîôèëåòè÷åñêèìè, ïîñêîëüêó ðîä Raphidocystis, âèäèìî, áåðåò íà÷à-
ëî îò ðîäà Polyplacocystis íåçàâèñèìî îò îòõîæäåíèÿ ýâîëþöèîííîé ëèíèè Pterocystis � Raineriophrys
� Choanocystis � Acanthocystis, è, ñëåäîâàòåëüíî, íå ïðèíàäëåæèò ê ñåìåéñòâó Acanthocystidae. Ïîýòî-
ìó ìû ðàññìàòðèâàåì ÷åòûðå îáñóæäàâøèåñÿ ðîäà öåíòðîõåëèä â ñîñòàâå îòäåëüíîãî ñåìåéñòâà
Raphidiophryidae Mikrjukov, 1996 ñ òèïîâûì ðîäîì Raphidiophrys Archer, 1867, îïðåäåëèâ åãî ñëåäóþ-
ùèì äèàãíîçîì: “Öåíòðîõåëèäíûå ñîëíå÷íèêè, ïåðèïëàñò êîòîðûõ ïðåäñòàâëåí ýíäîãåííûìè êðåì-
íèåâûìè ýëåìåíòàìè; âíóòðåííèå (òàíãåíòàëüíûå) ýëåìåíòû ïðåäñòàâëåíû ëèáî ñòåðæíåâèäíûìè
ñïèêóëàìè, ëèáî ïëàñòèíàìè, ñêðó÷èâàþùèìèñÿ ïî ïåðèôåðèè â ïîëóþ ìàðãèíàëüíóþ êàéìó; ðàäè-
àëüíûå ýëåìåíòû (åñëè èìåþòñÿ) âñåãäà ðàäèàëüíî-ñèììåòðè÷íû, ëèøåíû öåíòðàëüíîé ñòåðíû/
ñòâîëà, èìåþò òðóá÷àòóþ, ïèïåòêî- èëè âîðîíêîâèäíóþ ôîðìó è  çàíèìàþò íàðóæíûå ñëîè ïåðèï-
ëàñòà”.

-.5.3. Ñåìåéñòâî Acanthocystidae Claus, 1874
Òðåòüå, íàèáîëåå  êðóïíîå ñåìåéñòâî öåíòðîõåëèä – Acanthocystidae –  ðàíåå âêëþ÷àëî ëèøü

îäèí îáøèðíûé ðîä Acanthocystis  Carter, 1863, ïðåäñòàâèòåëè êîòîðîãî èìåëè ïåðèïëàñò ñ âíóòðåííè-
ìè ñëîÿìè, îáðàçîâàííûìè  òàíãåíòàëüíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè, è íàðóæíûìè – ïðåäñòàâ-
ëåííûìè ðàäèàëüíûìè ñïèêóëàìè (Rainer, 1968). Âîëíà ýëåêòðîííî-ìèêðîñêîïè÷åñêèõ èññëåäîâà-
íèé, êîñíóâøàÿñÿ òàêñîíîìèè ãðóïïû (Petersen & Hansen, 1960; Nicholls, 1983; Dürrschmidt, 1985, 1987
a, b;  Croome, 1986, 1987 b; Croome et al., 1987; Ìèêðþêîâ, 1994, 1995 à, á, 1997 á, 1999 à; Mikrjukov, 1994
b; Mikrjukov & Patterson, 2002), ïðèâåëà ê âûäåëåíèþ íîâûõ òàêñîíîìè÷åñêèõ ïðèçíàêîâ, à òàêæå
óäâîåíèþ èëè äàæå óòðîåíèþ êîëè÷åñòâà èçâåñòíûõ âèäîâ ñåìåéñòâà. Íàêîïëåííûå äàííûå áûëè
ïðîàíàëèçèðîâàíû Ñèåìåíñìà è Ðîéæàêåðñîì (Siemensma & Roijackers, 1988 à), êîòîðûå ïðîèçâåëè
ðåâèçèþ ðîäà. Â õîäå ýòîé ðåâèçèè âèäû, ñïèêóëû êîòîðûõ áûëè îáðàçîâàíû îêðóãëîé áàçàëüíîé
ïëàñòèíêîé ñ îòõîäÿùèì ïî öåíòðó ñòâîëîì, êàê ó òèïîâîãî âèäà A. turfacea Carter, 1863, áûëè
îñòàâëåíû â ðîäå Acanthocystis; âèäû, ñïèêóëû êîòîðûõ îáðàçîâàíû ñåðäöåâèäíîé áàçàëüíîé ïëàñ-
òèíêîé ñ ýêñöåíòðè÷íî îòõîäÿùèì ñòâîëîì, áûëè ïåðåíåñåíû â ðîä Choanocystis Penard, 1904; âèäû,
ñïèêóëû êîòîðûõ èìåþò ìåìáðàííîå îñíîâàíèå, òÿíóùååñÿ íà íåêîòîðîì ïðîòÿæåíèè âäîëü ñòâîëà
â âèäå ëàòåðàëüíûõ êðûëüåâ, áûëè ñîáðàíû â íîâûé ðîä Pterocystis Siemensma et Roijackers, 1988; è,
íàêîíåö, òðè âèäà, íàðóæíûå ñëîè ïåðèïëàñòà êîòîðûõ îáðàçîâàíû âîðîíêîîáðàçíûìè ýëåìåíòàìè,
íå èìåþùèìè ñòâîëà, áûëè ïîçäíåå (Siemensma, 1991) ïåðåíåñåíû â ðîä Raphidocystis. Îäíàêî ñèñòå-
ìà ìåæâèäîâûõ ðàçëè÷èé ó ïðåäñòàâèòåëåé ýòèõ ðîäîâ âî ìíîãèõ ñëó÷àÿõ âûãëÿäèò íå÷åòêîé, à ðîä
Pterocystis, íàñ÷èòûâàþùèé íûíå 22 âèäà, ïðåäñòàâëÿåòñÿ íàì ãåòåðîãåííûì.

Âîçìîæíàÿ ôèëîãåíåòè÷åñêàÿ ñõåìà öåíòðîõåëèä ñ êðåìíèåâûìè ýëåìåíòàìè â ïåðèïëàñòå, ò.å.
îòíîñÿùèõñÿ ê ñåìåéñòâàì Raphidiophryidae è Acanthocystidae, ïðåäñòàâëåíà íà ðèñ. 8. Â îñíîâå ôèëî-
ãåíåòè÷åñêîãî äðåâà, íà íàø âçãëÿä, äîëæåí ñòîÿòü ðîä Parasphaerastrum, ïåðèïëàñò êîòîðîãî îáðàçî-
âàí ñïëîøíûìè ñòåðæíåâèäíûìè òàíãåíòàëüíûìè ñïèêóëàìè. Òàêèå ýëåìåíòû ìîãëè âîçíèêíóòü â
õîäå êðåìíèôèêàöèè îðãàíè÷åñêèõ òàíãåíòàëüíûõ ñïèêóë ðîäà Sphaerastrum ñåìåéñòâà Heterophryidae.
Äàëüíåéøåå íàïðàâëåíèå ýâîëþöèè ýëåìåíòîâ ïåðèïëàñòà îò÷àñòè ìîæíî ïðåäïîëîæèòü íà îñíîâà-
íèè àíàëèçà ïðîöåññà ôîðìèðîâàíèÿ ÷åøóåê Polyplacocystis ambigua, èññëåäîâàííîãî Ïýòòåðñîíîì è
Äþððøìèäò (Patterson & Dürrschmidt, 1986 a).  Èç èõ ðàáîòû ñëåäóåò, ÷òî ôîðìèðîâàíèå ÷åøóéêè
íà÷èíàåòñÿ ñ îáðàçîâàíèÿ äâóõ îñåâûõ ñòåðæíåé – ñòåðí; íà èõ îñíîâå îáðàçóåòñÿ ðàçâåòâëåííûé
ðàäèàëüíûé ïëåêñóñ èç êðåìíèåâûõ âîëîêîí, êîòîðûé ëîæèòñÿ â îñíîâó áóäóùåé ïëàñòèíû ÷åøóé-
êè è ðàçëè÷èì íà íåé â âèäå ñèñòåìû ðàäèàëüíûõ ðåáåð è ñêëàäîê; â ïîñëåäíþþ î÷åðåäü ôîðìèðó-
åòñÿ õàðàêòåðíàÿ äëÿ âñåõ ðàôèäèîôðèèä (êðîìå Parasphaerastrum) ïîëàÿ ìàðãèíàëüíàÿ êàéìà, îáðà-
çîâàííàÿ çàêðó÷åííûìè êðàÿìè ÷åøóéêè. Òàêèì îáðàçîì, ÷åøóéêà Polyplacocystis ñëàãàåòñÿ èç  äâóõ
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îñåâûõ ñòåðæíåé – ñòåðí (2), ïëàñòèíû (3), ðàäèàëüíûõ ðåáåð è ìàðãèíàëüíîé êàéìû (4) (ðèñ. 8).
Â  óïîìèíàâøåéñÿ ðàáîòå Ïýòòåðñîíà è Äþððøìèäò ïðèâåäåí çíà÷èòåëüíûé ñïåêòð óðîäñòâ,

íàáëþäàâøèéñÿ èìè ïðè ôîðìèðîâàíèè ÷åøóåê P. ambigua; ÷åøóéêè, ñ îòñóòñòâóþùèìè îáåèìè
ñòåðíàìè (ðèñ. 8, A) êðàéíå ñõîäíû ñ âîðîíêîâèäíûìè ÷åøóéêàìè Raphidocystis tubifera, ó êîòîðûõ
äàæå ñîõðàíÿåòñÿ ïîëàÿ ìàðãèíàëüíàÿ êàéìà è ðåòèêóëÿðíàÿ ôàêòóðà ïîâåðõíîñòè, ïðåäñòàâëÿþùàÿ
ñîáîé îñòàòîê ðàäèàëüíûõ ðåáåð è ñêëàäîê. Îñíîâíîé îòëè÷èòåëüíîé ÷åðòîé àêàíòîöèñòèä ÿâëÿåòñÿ
ðåäóêöèÿ ïîëîé ìàðãèíàëüíîé êàéìû íà âíóòðåííèõ ýëåìåíòàõ ïåðèïëàñòà, èìåíóåìûõ ïëàñòèí÷à-
òûìè ÷åøóéêàìè. Êðîìå òîãî, äëÿ âñåõ ïðåäñòàâèòåëåé ñåìåéñòâà õàðàêòåðíà ïîñëîéíàÿ äèôôåðåí-
öèðîâêà ïåðèïëàñòà, âíóòðåííèå ñëîè êîòîðîãî çàíèìàþò ïëàñòèí÷àòûå ÷åøóéêè, òîãäà êàê íàðóæ-
íûå äåìîíñòðèðóþò êðàéíåå ìíîãîîáðàçèå. Âîçíèêíîâåíèå íàðóæíûõ ýëåìåíòîâ ïåðèïëàñòà àêàíòî-
öèñòèä ìû ñâÿçûâàåì ñ  ðåäóêöèåé òîëüêî îäíîé èç ñòåðí, â òî âðåìÿ êàê âòîðàÿ èãðàåò ðîëü ñòâîëà
– öåíòðàëüíîãî ñòåðæíÿ ÷åøóéêè (ðèñ. 8, Á). ×åøóéêè P. ambigua ñ îäíîé ðåäóöèðîâàííîé ñòåðíîé
íàáëþäàëèñü Ïýòòåðñîíîì è Äþððøìèäò: îíè áèëàòåðàëüíî-ñèììåòðè÷íû è, â öåëîì, íàïîìèíàþò
÷åøóéêè íàèáîëåå êðóïíîãî ðîäà àêàíòîöèñòèä – Pterocystis, ñòâîë ñïèêóë ïðåäñòàâèòåëåé êîòîðîãî
îáðàìëåí ìåìáðàíîâèäíûìè êðûëüÿìè. Ñëåäóåò îáðàòèòü îñîáîå âíèìàíèå è íà òî, ÷òî ïîëîâèíà
âèäîâ ýòîãî ðîäà íåñåò íà êðûëüÿõ ðåáðà, à òèïîâîé âèä ðîäà – P. pteracantha – åùå è ïîëóþ êàéìó
ïî êðàÿì êðûëüåâ. Òàêèì îáðàçîì, â õîäå ðåäóêöèè îäíîé  ñòåðíû ÷åøóéêà ñòàíîâèòñÿ áèëàòåðàëü-
íî-ñèììåòðè÷íîé, åäèíñòâåííàÿ ñòåðíà ÷åøóéêè ïðåâðàùàåòñÿ â ñòâîë ñïèêóëû, à íåñóùàÿ ðàäèàëü-
íûå ñêëàäêè ïëàñòèíà – â îðíàìåíòèðîâàííûå ðåáðàìè ìåìáðàíîâèäíûå êðûëüÿ.

Òàêèì îáðàçîì, ñîãëàñíî íàøèì ïðåäñòàâëåíèÿì îá ýâîëþöèè öåíòðîõåëèä ñ êðåìíèåâûìè ïå-
ðèïëàñòàìè (ñì.: Mikrjukov, 1996 b; Ìèêðþêîâ, 1997 á), èõ ïåðèïëàñòû äèôôåðåíöèðóþòñÿ íà êîì-
ïàêòíûé âíóòðåííèé ñëîé îòíîñèòåëüíî áåñôàêòóðíûõ ïëàñòèí÷àòûõ ÷åøóåê è íàðóæíûé ñëîé
áîëåå-ìåíåå ðàäèàëüíî îðèåíòèðîâàííûõ ñïèêóë, õàðàêòåðèçóþùèõñÿ óòðàòîé îäíîé èëè äâóõ ñòåðí.
Âíóòðåííèå ÷åøóéêè ñëóæàò çàùèòå ïðîòîïëàñòà è îáðàçóþò áàðüåð, ðàñïîëîæåííûé âïëîòíóþ ê
ïëàçìàòè÷åñêîé ìåìáðàíå. Ðàäèàëüíûå ñïèêóëû ïîääåðæèâàþò àêñîïîäèè è ìîãóò èãðàòü âñïîìîãà-
òåëüíóþ ðîëü âî ôëîòèðîâàíèè. Ïåðåõîä îò ïåðèïëàñòîâ ñ îäíèì òèïîì òàíãåíòàëüíûõ ÷åøóåê,
îêðóæåííûõ øèðîêîé ïîëîé ìàðãèíàëüíîé êàéìîé (Raphidiophryidae), ê ñèñòåìå èç êîìïàêòíûõ
áåñôàêòóðíûõ ïëàñòèí÷àòûõ ÷åøóåê è íàðóæíîìó ñëîþ ðàäèàëüíûõ ñïèêóë ìàðêèðóåò ïåðåõîä ê
ñëåäóþùåìó ñåìåéñòâó –  Acanthocystidae (ñì.: Ìèêðþêîâ, 1997 á; Mikrjukov & Patterson, 2002).

Èñõîäÿ èç ýòèõ ñîîáðàæåíèé, íàèáîëåå ïðèìèòèâíîå ïîëîæåíèå ñðåäè äðóãèõ àêàíòîöèñòèä,
íåñîìíåííî, äîëæåí çàíèìàòü òîëüêî ÷òî îïèñàííûé ðîä Heteroraphidiophrys Mikrjukov et Patterson,
2002. Îí êîìáèíèðóåò õàðàêòåðèñòèêè îáîèõ ñåìåéñòâ, ïîñêîëüêó êîìïàêòíûé âíóòðåííèé ñëîé åãî
ïåðèïëàñòà ïðåäñòàâëåí áåñôàêòóðíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè (ïðèçíàê àêàíòîöèñòèä), òîãäà
êàê íàðóæíûé ñëîé – øèðîêèìè ïëàñòèí÷àòûìè ÷åøóéêàìè ñ ïîëîé ìàðãèíàëüíîé êàéìîé (ïðè-
çíàê ðàôèäèîôðèèä) (ðèñ. 15, Á).

Òðè âèäà àêàíòîöèñòèä èìåþò âîðîíêîîáðàçíûå íàðóæíûå ýëåìåíòû ïåðèïëàñòà, âîîáùå ëèøåí-
íûå ñòåðíû (ñòâîëà), âèäèìî, ðåäóöèðîâàâøåéñÿ (ðèñ. 8, Â), è íàïîìèíàþò ýòèì âîðîíêîâèäíûå
÷åøóéêè Raphidocystis. Ñèåìåíñìà (Siemensma, 1991) ïåðåíåñ ýòè òðè âèäà â ðîä Raphidocystis íà
îñíîâàíèè âíåøíåãî ñõîäñòâà ÷åøóåê ýòèõ âèäîâ ñî âòîðûì (âîðîíêîîáðàçíûì) òèïîì ñïèêóë
Raphidocystis. Îäíàêî â õîäå ðåâèçèè ýòîãî ðîäà (Mikrjukov, 1996 b) ìû áûëè ñêëîííû âåðíóòü ýòè
òðè âèäà îáðàòíî â ñåìåéñòâî Acanthocystidae, òàê êàê èõ ïëàñòèí÷àòûå ÷åøóéêè ëèøåíû ïîëîé
ìàðãèíàëüíîé êàéìû (õàðàêòåðíîé ÷åðòû ðàôèäèîôðèèä) è ó íèõ îòñóòñòâóåò âòîðîé òèï ñïèêóë.
Ìû ñîçäàåì â ñîñòàâå ñåìåéñòâà Acanthocystidae ðîä Pseudoraphidocystis Ìèêðþêîâ, 1997 , âêëþ÷àþ-
ùèé ýòè òðè âèäà (ðèñ. 19).

Ñëåäóåò îòìåòèòü, ÷òî ìíîãîîáðàçèå ôîðì íàðóæíûõ ÷åøóåê, èëè ñïèêóë, ó ïðåäñòàâèòåëåé
íàèáîëåå êðóïíîãî ðîäà Pterocystis (ðèñ. 21) äåìîíñòðèðóåò ðàçëè÷íûå ïîïûòêè ïåðåõîäà ñïèêóë
îò òàíãåíòàëüíîé ê ðàäèàëüíîé îðèåíòàöèè. Äëÿ äàëüíåéøåé ýâîëþöèè ðîäà õàðàêòåðíû ðåäóêöèÿ
êàéìû, ðàçâèòèå ñòâîëà, ðåäóêöèÿ êðûëüåâ. Ïëàñòèí÷àòûå ÷åøóéêè (âíóòðåííèå ýëåìåíòû ïåðèï-
ëàñòà) ïðàêòè÷åñêè íå ìåíÿþòñÿ îò âèäà ê âèäó è ñîõðàíÿþò àêñèàëüíîå óòîëùåíèå – ñòåðíû (ó
íåêîòîðûõ âèäîâ îò ñòåðí ðàñõîäÿòñÿ ðåáðà). Íåñîìíåííî, ÷òî èìåííî ýòè ýëåìåíòû ïåðèïëàñòà
èãðàþò çàùèòíóþ ðîëü äëÿ ïðîòîïëàñòà (Manton, 1986; Anderson, 1994). Ýâîëþöèîííûå èçìåíåíèÿ
êàñàþòñÿ òîëüêî ðàäèàëüíûõ ýëåìåíòîâ – ñïèêóë. Èç áàçàëüíîãî è ðóäèìåíòîâ ëàòåðàëüíûõ êðû-
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ëüåâ ïîñòåïåííî îôîðìëÿåòñÿ áàçàëüíàÿ ïëàñòèíêà, îò îäíîãî èç êðàåâ êîòîðîé îòõîäèò ñòâîë.
Òàêàÿ ïëàñòèíêà óæå ïîÿâëÿåòñÿ ó ðÿäà âèäîâ Raineriophris – P. echinata è P. scaposa (ðèñ. 22, Æ, Ç),
êîòîðûå îäíàêî èìåþò åùå è ëàòåðàëüíûå êðûëüÿ. Çàâåðøåíèå ïðîöåññà èõ ðåäóêöèè âåäåò ê
âîçíèêíîâåíèþ ðîäà Choanocystis Penard, 1904, äëÿ êîòîðîãî õàðàêòåðíî íàëè÷èå ó ñïèêóë ñòâîëà,
îòõîäÿùåãî ýêñöåíòðè÷íî îò ñåðäöåâèäíîé áàçàëüíîé ïëàñòèíêè (ðèñ. 8). Ó áîëüøèíñòâà âèäîâ
ðîäà Acanthocystis Carter, 1863 ñïèêóëû ïðèîáðåòàþò ðàäèàëüíóþ ñèììåòðèþ; èõ áàçàëüíàÿ ïëàñ-
òèíêà îêðóãëàÿ (ðèñ. 8). Îäíàêî, ñïèêóëû ìíîãèõ ïðåäñòàâèòåëåé Pterocystis ðàçëè÷àþòñÿ ìåæäó
ñîáîé íàñòîëüêî,  ÷òî ýòè âèäû òðóäíî ðàññìàòðèâàòü â ñîñòàâå îäíîãî ðîäà.

Òàê, 4 âèäà Pterocystis èìåþò óïëîùåííûå èëè ñëåãêà âîãíóòûå (ïàðóñîîáðàçíûå) íàðóæíûå
÷åøóéêè, èìåþùèå òàíãåíòàëüíóþ îðèåíòàöèþ, òîãäà êàê ñòåðíà âèäíà ëèøü êàê ñëàáîå âïÿ÷èâàíèå
ñ îäíîé èç ñòîðîí ÷åøóéêè (ðèñ. 8; 20). Ìû ðàññìàòðèâàåì ýòè 4 âèäà êàê ïðåäñòàâèòåëåé ðîäà
Pseudoraphidiophrys Mikrjukov, 1997 .

Äàëåå, 8 âèäîâ Pterocystis èìåþò ñïèêóëû ñ ÷åòêî âûðàæåííûì ñòâîëîì, â  îñíîâàíèè êîòîðîãî
ëåæèò ïåðïåíäèêóëÿðíîå åìó è ëàòåðàëüíûì êðûëüÿì áàçàëüíîå êðûëî, ÿâëÿþùååñÿ îñíîâàíèåì
ñïèêóëû (ðèñ. 8; 22). Ìû ðàññìàòðèâàåì ýòè 8 âèäîâ êàê ïðåäñòàâèòåëåé ðîäà Raineriophrys Mikrjukov
2001.

Îñòàëüíûå 10 âèäîâ ðîäà Pterocystis èìåþò ìåìáðàííîå îñíîâàíèå, ÷åòêî íå äèôôåðåíöèðîâàí-
íîå íà ëàòåðàëüíûå è áàçàëüíîå êðûëüÿ, è áàçàëüíîå êðûëî (åñëè âûðàæåíî) íå ïåðïåíäèêóëÿðíî
ñòâîëó è  ëàòåðàëüíûì êðûëüÿì è íå îáðàçóåò îñíîâàíèÿ ñïèêóëû (ðèñ. 8; 21). Ìû ðàññìàòðèâàåì ýòè
10 âèäîâ êàê ïðåäñòàâèòåëåé ñîáñòâåííî ðîäà Pterocystis Siemensma et Roijackers, 1988, ïîñêîëüêó
òàêîé òèï îðãàíèçàöèè ñïèêóë ïðèñóù è òèïîâîìó âèäó ðîäà – P. pteracantha (Siemensma, 1981)
Siemensma et Roijackers, 1988.

Äâà îñòàëüíûõ, äîâîëüíî îáøèðíûõ ðîäà ñåìåéñòâà: Choanocystis è Acanthocystis ðàçëè÷àþòñÿ
ôîðìîé áàçàëüíûõ ïëàñòèíîê ñïèêóë è ìåñòîì îòõîæäåíèÿ îò íèõ ñòâîëà: ñåðäöåâèäíûå áàçàëüíûå
ïëàñòèíêè ñ ýêñöåíòðè÷íî îòõîäÿùèì ñòâîëîì â ïåðâîì ñëó÷àå è îêðóãëûå áàçàëüíûå ïëàñòèíêè ñ
îòõîäÿùèì ïî öåíòðó ñòâîëîì – âî âòîðîì. Îáà ðîäà âûãëÿäÿò ìîðôîëîãè÷åñêè äîñòàòî÷íî ãîìîãåí-
íûìè. Îäíàêî, ÷òî ïðèìå÷àòåëüíî, â êàæäîì èç íèõ ìû ìîæåì âûäåëèòü ïî 4 ñõîäíûõ ìîðôîëîãè-
÷åñêèõ òèïà, êîòîðûì ìîæíî ïðèäàòü ðàíã íàäâèäîâ (ðèñ. 23–27):

1. Íàäâèäû C. (pelagica) è A. (wiasemskii) îáúåäèíÿþò âèäû, ñïèêóëû êîòîðûõ èìåþò çàîñòðåí-
íûå èëè òóïûå âåðõóøêè (ðèñ. 23, Ç–Ê; 24).

2. Íàäâèäû C. (lepidula) è A. (penardi) îáúåäèíÿþò âèäû, âåðõóøêè ñïèêóë êîòîðûõ óñå÷åíû ïîä
ïðÿìûì óãëîì è  (â áîëüøèíñòâå ñëó÷àåâ) íåñóò ìàðãèíàëüíóþ êàéìó èç ìåëêèõ çóá÷èêîâ (ðèñ. 23, À–Æ;
25).

3. Íàäâèäû Ñ. (malyutini) è A. (pectinata) îáúåäèíÿþò âèäû, âåðõóøêè ñïèêóë êîòîðûõ ðàñïàäà-
þòñÿ íà òðè èëè áîëåå ìîùíûå ôóðêè (ðèñ. 23, Ì; 26).

4. Íàäâèäû C. (bicornioides) è A. (turfacea) îáúåäèíÿþò âèäû, âåðõóøêè êîòîðûõ îäíî- èëè
ìíîãîêðàòíî äèõîòîìè÷åñêè âåòâÿòñÿ (ðèñ. 23, Ë; 27).

Òàêèì îáðàçîì, ìû ðàññìàòðèâàåì ñåìü îáñóæäàâøèõñÿ âûøå ðîäîâ öåíòðîõåëèä â ñîñòàâå ñå-
ìåéñòâà Acanthocystidae Claus, 1874 ñ òèïîâûì ðîäîì Acanthocystis Carter, 1863, îïðåäåëèâ åãî ñëåäóþ-
ùèì äèàãíîçîì: “Öåíòðîõåëèäíûå ñîëíå÷íèêè, ïåðèïëàñò êîòîðûõ ïðåäñòàâëåí ýíäîãåííûìè êðåì-
íèåâûìè ýëåìåíòàìè; âíóòðåííèå (òàíãåíòàëüíûå) ýëåìåíòû – òàíãåíòàëüíûìè ïëàñòèí÷àòûìè
÷åøóéêàìè, ëèøåííûìè ïîëîé ìàðãèíàëüíîé êàéìû, à íàðóæíûå – òàíãåíòàëüíûìè ïëàñòèíàìè ñ
õîðîøî âûðàæåííîé öåíòðàëüíîé ñòåðíîé, âîðîíêîâèäíûìè îáðàçîâàíüÿìè, ëèøåííûìè öåíòðàëü-
íîé ñòåðíû, èëè (÷àùå) ðàäèàëüíî îðèåíòèðîâàííûìè ðàäèàëüíî- èëè áèëàòåðàëüíî-ñèììåòðè÷íû-
ìè ñïèêóëàìè ñ õîðîøî âûðàæåííîé ñòåðíîé – ñòâîëîì.

Âèäîâîå ìíîãîîáðàçèå, äèàãíîçû ðîäîâ è âèäîâ è êëþ÷è äëÿ èõ îïðåäåëåíèÿ ïðèâîäÿòñÿ â
ñèñòåìàòè÷åñêîé ÷àñòè êíèãè.

-. 6. Ñòåáåëüêè
Äâà âèäà öåíòðîõåëèä – Heterophrys minutus è Polyplacocystis arborescens –  èìåþò íåêëåòî÷íûé

ñòåáåëåê, ïðåäñòàâëåííûé ñêëåðîïðîòåèíîâîé òðóáêîé, ïðèêðåïëÿþùåéñÿ ê ñóáñòðàòó íåáîëüøèì
ðàñøèðåííûì îñíîâàíèåì. Îáðàçîâàíèå ñòåáåëüêà èçó÷åíî ó H. minutus (Febvre-Chevalier & Febvre,
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1984). Ýòîò ïðîöåññ âêëþ÷àåò îáèëüíûé ýêçîöèòîç ãðàíóë, äâèãàþùèõñÿ âäîëü ìèêðîòðóáî÷êîâûõ
ïó÷êîâ â ñïåöèàëüíîé, âðåìåííîé ñòåáåëåê-ôîðìèðóþùåé ïñåâäîïîäèè, íàïðàâëåííîé ê ñóáñòðàòó. Ó
P. arborescens ñòåáåëåê èíêðóñòèðîâàí îñîáûìè óäëèíåííûìè òàíãåíòàëüíûìè ÷åøóéêàìè (Ìèê-
ðþêîâ, 1994, Mikrjukov, 2001).

-. 7. Õëîðîïëàñòû
Ñðåäè îðãàíèçìîâ, ðàññìàòðèâàåìûõ íàìè âî Ââåäåíèè êàê ñîëíå÷íèêè,  ïëàñòèäû îáëèãàòíî

ïðèñóòñòâóþò òîëüêî ó ïðåäñòàâèòåëåé ðÿäà ðîäîâ ïåäèíåëëèäíûõ õåëèîôëàãåëëÿò, à èìåííî ó Pedinella
Âûñîöêèé, 1887, Pseudopedinella Carter, 1937 è ïëîõî èçó÷åííûõ Cyrthophorana Starnd, 1929 è Palatinella
Lauterborn, 1899. Áåñöâåòíûå ïðåäñòàâèòåëè ïåäèíåëëèä íå èìåþò ðóäèìåíòîâ õëîðîïëàñòîâ. Ðîäû
Cyrtophorana è Palatinella èìåþò îäèí ëîïàñòåâèäíûé õëîðîïëàñò (Lauterborn, 1899; Pascher, 1911), õîòÿ
ýòè äàííûå íóæäàþòñÿ â ïîäòâåðæäåíèè. Pseudopedinella tricostata èìååò òðè, òîãäà êàê îñòàëüíûå
âèäû Pseudopedinella è Pedinella èìåþò øåñòü èäåíòè÷íûõ ïðèñòåíî÷íûõ õëîðîïëàñòîâ. Õëîðîïëàñòû
âñåõ èçó÷åííûõ âèäîâ îêðóæåíû ÷åòûðüìÿ ìåìáðàíàìè è èìåþò ïî òðè òèëàêîèäà íà ëàìåëëó.

Ïðèñóòñòâèå õëîðîïëàñòîâ, ñèëüíî âàðüèðóþùèõ ïî ñâîåìó ðàçìåðó è êîëè÷åñòâó äàæå ìåæäó
îñîáÿìè îäíîãî âèäà, ÷àñòî îïèñûâàåòñÿ ó ìíîãèõ ïðåñíîâîäíûõ âèäîâ ñîëíå÷íèêîâ. Îäíàêî äåòàëü-
íîå èçó÷åíèå ýòîãî âîïðîñà Ïýòòåðñîíîì è Äþððøìèäò (Patterson & Dürrschmidt, 1987) ïîêàçàëî, ÷òî
ýòè õëîðîïëàñòû ÿâëÿþòñÿ ôóíêöèîíàëüíî èíòàêòíûìè è ïîëó÷åíû ñîëíå÷íèêàìè îò ðàçíûõ âèäîâ
âîäîðîñëåé. “Ïëàñòèäîïëàçìà” ýòèõ õëîðîïëàñòîâ îêðóæåíà äâóìÿ èëè òðåìÿ ìåìáðàíàìè; â ïîñëå-
äíåì ñëó÷àå âíåøíåé ìåìáðàíîé õëîðîïëàñò îêðóæàåò ñàì ñîëíå÷íèê. Ê ïîäîáíîìó ñèìáèîçó ñïî-
ñîáíû òîëüêî íåêîòîðûå âèäû âîäîðîñëåé, è îí êðàéíå êðàòêîæèâóùèé. Ýòî ïðèìåð òàê íàçûâàåìî-
ãî “ñëó÷àéíîãî” ñèìáèîçà. Êàê íè ñòðàííî, õëîðîïëàñòû íèêîãäà íå îáíàðóæèâàëèñü íàìè ó öåíòðî-
õåëèä, îòìå÷åííûõ  â Áåëîì ìîðå è ïðèíàäëåæàùèõ ê òåì æå ðîäàì è ãðóïïàì âèäîâ, ÷òî è ïðåñíî-
âîäíûå, äëÿ êîòîðûõ õàðàêòåðíû ìíîãî÷èñëåííûå “çîîõëîðåëëû” (Mikrjukov, 2001).

Òàêèì îáðàçîì, çà èñêëþ÷åíèåì íåêîòîðûõ ïåäèíåëëèä, ñîëíå÷íèêè íå ñîäåðæàò íîðìàëüíî
ôóíêöèîíèðóþùèõ õëîðîïëàñòîâ, êàê îáÿçàòåëüíûé êîìïîíåíò êëåòîê.
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Ãëàâà 4.
ÔÀÓÍÀ È ÁÈÎÃÅÎÃÐÀÔÈß ÖÅÍÒÐÎÕÅËÈÄ

-. 1. Èçó÷åííîñòü ìèðîâîé ôàóíû öåíòðîõåëèäíûõ ñîëíå÷íèêîâ
Ïðè èçó÷åíèè ôàóíû òåõ èëè èíûõ âîäîåìîâ ñîëíå÷íèêè îáû÷íî íå ïîïàäàþò â ïîëå çðåíèÿ íè

èññëåäîâàòåëåé áåíòîñà, íè ïëàíêòîíîëîãîâ, ÷òî ñâÿçàíî êàê ñ èõ êðàéíå ìàëûìè ðàçìåðàìè (è
ïðàêòè÷åñêè íåâîçìîæíûì îáíàðóæåíèåì â ôèêñèðîâàííîì ìàòåðèàëå, êîãäà àêñîïîäèè âòÿíóòû),
òàê è ñ ðåäêèì ïðèñóòñòâèåì èõ â ïëàíêòîíå, ïîñêîëüêó ýòè îðãàíèçìû âåäóò ïðåèìóùåñòâåííî
áåíòîñíûé (èíòåðñòèöèàëüíûé) îáðàç æèçíè. Òàêèì îáðàçîì, ïîèñê ñîëíå÷íèêîâ â ïðèðîäíûõ áèî-
òîïàõ ÿâëÿåòñÿ ïðåäìåòîì ñïåöèàëüíûõ èññëåäîâàíèé, òîãäà êàê ñëó÷àéíûå íàõîäêè, êàê ïðàâèëî,
âûïàäàþò íå íà ñïåöèàëèñòîâ è íå ñïîñîáíû ñîçäàòü ôàóíèñòè÷åñêîé êàðòèíû.

Íàèáîëåå êðóïíûå ïðåñíîâîäíûå öåíòðîõåëèäû – Acanthocystis turfacea è A. penardi – ïðåâûøàþò
ðàçìåð 50 ìêì, ïîýòîìó õîðîøî ðàçëè÷èìû è îïðåäåëÿþòñÿ ïîä ñâåòîâûì ìèêðîñêîïîì; ýòè ñîëíå÷-
íèêè îòìå÷àëèñü â ïðåñíûõ âîäàõ âñåõ êîíòèíåíòîâ. ×òî æå êàñàåòñÿ áîëüøåé ÷àñòè îñòàëüíûõ öåíòðî-
õåëèä, ÷èñëî âèäîâ êîòîðûõ ñåé÷àñ äîñòèãëî 81 (ñì. Ñèñòåìàòè÷åñêóþ ÷àñòü), òî èõ ñðåäíèé ðàçìåð
îáû÷íî íå ïðåâûøàåò  10–25 ìêì, à òåëî ïîêðûòî ñëîåì êðåìíèåâûõ ýëåìåíòîâ âèäîñïåöèôè÷íîé
ôîðìû. Îïðåäåëåíèå òî÷íîé ìîðôîëîãèè êðåìíèåâûõ ýëåìåíòîâ, ñîñòàâëÿþùèõ îáîëî÷êè (ïåðèïëà-
ñòû) áîëüøèíñòâà âèäîâ öåíòðîõåëèä, ÿâëÿåòñÿ âàæíåéøèì ïðèçíàêîì â èõ âèäîâîé è ðîäîâîé äèàã-
íîñòèêå è ïðàêòè÷åñêè íåâîçìîæíî áåç èñïîëüçîâàíèÿ ìåòîäîâ ñêàíèðóþùåé èëè òðàíñìèññèîííîé
ýëåêòðîííîé ìèêðîñêîïèè (Roijackers, 1988). ×òî æå êàñàåòñÿ “ñòàðûõ” âèäîâ, îïèñàííûõ äî ïîÿâëå-
íèÿ ýëåêòðîííîé ìèêðîñêîïèè (Archer, 1869; Hertwig & Lesser, 1874; Schulze, 1874; Greeff, 1869, 1873;
Penard, 1890, 1904, è äð.), òî ñîïîñòàâëåíèå èõ ñ “íîâûìè” âèäàìè, äåòàëüíî îïèñàííûìè ïðè
ïîìîùè ýëåêòðîííîé ìèêðîñêîïèè, êðàéíå çàòðóäíèòåëüíî, ïîñêîëüêó îïèñàíèþ êàæäîãî “ñòàðîãî”
âèäà òåïåðü ñîîòâåòñòâóåò íåñêîëüêî “íîâûõ”, òàê êàê ìíîãèå ìîðôîëîãè÷åñêèå ïðèçíàêè, õîðîøî
èäåíòèôèöèðóåìûå ïðè ïîìîùè ÝÌ, ïðîñòî íåðàçëè÷èìû íà óðîâíå ñâåòîâîé ìèêðîñêîïèè. Çà ïîñ-
ëåäíåå 30-ëåòèå ñ âíåäðåíèåì ýëåêòðîííîé ìèêðîñêîïèè ÷èñëî âèäîâ ñîëíå÷íèêîâ âîçðîñëî áîëåå,
÷åì âòðîå (àíàëîãè÷íàÿ ñèòóàöèÿ íàáëþäàåòñÿ è â äðóãèõ òàêñîíàõ, îêðóæåííûõ êðåìíèåâûìè ïåðèï-
ëàñòàìè, òàêèõ, êàê íåêîòîðûå ãðóïïû çîëîòèñòûõ âîäîðîñëåé èëè ãåòåðîòðîôíûõ æãóòèêîíîñöåâ).
Òàêèì îáðàçîì, ôàóíà öåíòðîõåëèä â áîëüøèíñòâå ðåãèîíîâ ìèðà, ãäå íå ïðîâîäèëîñü åå ñèñòåìàòè-
÷åñêîå èçó÷åíèå, è ñåé÷àñ ïðåäñòàâëÿåò ñîáîé áåëîå ïÿòíî íà ôîíå èçó÷åííîñòè îñòàëüíûõ ãðóïï
îðãàíèçìîâ.

Ìèðîâàÿ ôàóíà öåíòðîõåëèä èçó÷åíà êðàéíå íåðàâíîìåðíî. Ñïåöèàëüíîå èçó÷åíèå ïðåñíîâîäíîé
ôàóíû ñîëíå÷íèêîâ ïðîâîäèëîñü â ñåâåðíîé Åâðîïå (Siemensma & Roijackers, 1988 a, b), âîñòî÷íîé
Åâðîïå (Mikrjukov, 1993 a, b; Ìèêðþêîâ, 1994, 1995 á, â, 1999 à), Êàíàäå (Nicholls, 1983; Nicholls &
Dürrschmidt, 1985), ×èëè, Øðè-Ëàíêà è Íîâîé Çåëàíäèè (Dürrschmidt, 1985, 1987 a, b), Àðãåíòèíå
(Vigna, 1988; Vigna & Alberio, 1993), ßïîíèè (Takahashi, 1959, 1981) è Àâñòðàëèè (Croome, 1986, 1987 a,
b, c; Mikrjukov & Croome, 1998; Mikrjukov & Patterson, 2002). Ñëåäóåò îòìåòèòü, ÷òî íàèáîëåå áîãàòûì
öåíòðîõåëèäàìè ïðåñíîâîäíûì áèîòîïîì ÿâëÿþòñÿ ñôàãíóìîâûå áîëîòà. Â öåëîì, ñîïîñòàâëåíèå èìåþ-
ùèõñÿ äàííûõ äàåò íàì äîñòàòî÷íî ñòðàííóþ êàðòèíó, à èìåííî: íåêîòîðûå âèäû (èõ íåìíîãî) áûëè
îòìå÷åíû ïðàêòè÷åñêè âî âñåõ òî÷êàõ èññëåäîâàíèÿ ïî âñåìó ñâåòó, òîãäà êàê ìíîæåñòâî îïèñàííûõ
âèäîâ, îòëè÷àþùèõñÿ îò ýòèõ (âñåñâåòíî ðàñïðîñòðàíåííûõ, “îñíîâíûõ”) òîé èëè èíîé õàðàêòåðíîé
ìîðôîëîãè÷åñêîé äåòàëüþ, îòìå÷àëèñü â êàêîì-íèáóäü îäíîì îçåðå, à ïîðîé è â îäíîì ýêçåìïëÿðå; ïðè
ýòîì íàèáîëåå áëèçêèé ê äàííîé âàðèàöèè “îñíîâíîé” âèä, êàê ïðàâèëî, âñåãäà îòìå÷àëñÿ â äàííîì
ðåãèîíå, íî íà äðóãèõ òî÷êàõ ñáîðà. Îäíàêî äàííûå òî÷êè ñáîðà áûëè ìåñòàìè íàïðàâëåííîãî èíòåíñèâ-
íîãî èçó÷åíèÿ ôàóíû öåíòðîõåëèä, êîòîðîå ïðîâîäèëîñü ëèøü â åùå êðàéíå íåçíà÷èòåëüíîì ÷èñëå
ðàéîíîâ (êàê, íàïðèìåð, ðàéîíû ðàáîò Dürrschmidt (1985, 1987 a, b) â ×èëè, Ìàëàéçèè, Øðè-Ëàíêà è
Íîâîé Çåëàíäèè). Òàêèì îáðàçîì, ìû èìååì äåëî íå ñ íåðàâíîìåðíîñòüþ â ðàñïðåäåëåíèè âèäîâ (èç
êîòîðîãî ïðîèñòåêàåò  ýíäåìèçì), à ñ íåðàâíîìåðíîñòüþ â èññëåäîâàíèÿõ.

Â íàøåé íåäàâíåé ðàáîòå (Ìèêðþêîâ, 1997 á) ìû ïîïûòàëèñü ñãðóïïèðîâàòü ýòè “ìèìîëåòíûå”
âèäû âîêðóã “îñíîâíûõ”, òî åñòü õîðîøî óñòîÿâøèõñÿ è ÷àñòî îòìå÷àåìûõ. Ìû èìåëè ðåçóëüòàòîì òî,
÷òî êðóïíåéøèå ðîäû Acanthocystis è Choanocystis ðàçáèëèñü íà ãðóïïû âèäîâ, êîòîðûì ìû ïðèäàëè ðàíã
íàäâèäîâ (ñì. âûøå). Îäíàêî âîçìîæíî, ÷òî êàê ðàç ýòè íàäâèäû è ÿâëÿþòñÿ âèäàìè, òîãäà êàê íàõîäêè,
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íûíå ïðèíèìàåìûå íàìè çà âèäû, ïðåäñòàâëÿþò ñîáîé èçîëèðîâàííûå ôîðìû, íåñêîëüêî âèäîèçìå-
íèâøèåñÿ â óñëîâèÿõ èçîëÿöèè (öåíòðîõåëèäû ÿâëÿþòñÿ àãàìíûìè îðãàíèçìàìè, òàê ÷òî êàæäàÿ êëåòêà
ïðåäñòàâëÿåò ñîáîé ÷èñòóþ ëèíèþ). Âîçìîæíî, ÷òî ýòà òî÷êà çðåíèÿ áëèçêà ê ãèïîòåçå, â ïîñëåäíåå
âðåìÿ àêòèâíî ðàçâèâàåìîé Ä.Æ. Ïýòòåðñîíîì (Lee & Patterson, 1998; Patterson, 1999), ðàáîòàþùèì ñ
ãåòåðîòðîôíûìè æãóòèêîíîñöàìè, òàêæå â ïîäàâëÿþùåì ÷èñëå àãàìíûìè îðãàíèçìàìè. Ñîãëàñíî ýòîé
ãèïîòåçå ñóùåñòâóåò äîñòàòî÷íî íåáîëüøîå ÷èñëî “ìîðôîâèäîâ” àãàìíûõ ãåòåðîòðîôíûõ æãóòèêîíîñ-
öåâ, è èìåííî îíè èìåþò âñåñâåòíîå ðàñïðîñòðàíåíèå. Òàêèì îáðàçîì, ìû äîëæíû ïîä÷åðêíóòü, ÷òî íà
íàñòîÿùèé ìîìåíò â îòíîøåíèè öåíòðîõåëèä ýòîò âîïðîñ åùå êðàéíå äàëåê îò ðàçðåøåíèÿ.

Ìîðñêàÿ ôàóíà ñîëíå÷íèêîâ èçó÷åíà íåñðàâíèìî õóæå ïðåñíîâîäíîé. Íàì èçâåñòíà îáøèðíàÿ,
õîðîøî âûïîëíåííàÿ ñâåòî-ìèêðîñêîïè÷åñêàÿ ðàáîòà Äæîóíñà (Jones, 1974) ïî ïðîòèñòîôàóíå îäíî-
ãî èç îïðåñíåííûõ çàëèâîâ ïîáåðåæüÿ Àëàáàìû. Îòðûâî÷íûå ðàáîòû Âîðñ (Vørs, 1993 a, b), Òîíã
(Tong, 1994; Tong et al., 1997) ïðèâíîñÿò â îáùóþ êîïèëêó ïî îäíîìó–äâóì âèäàì. Ðàáîòû Âîðñ ïî
Êàòòåãàòó (Vørs, 1992 a) è Ôèíñêîìó çàëèâó (Vørs, 1992 b) âûïîëíåíû â óñëîâèÿõ ñîëîíîâàòîâîäíûõ
áèîòîïîâ è ñîîáùàþò î íàõîäêàõ ñàìûõ òðàäèöèîííûõ ïðåñíîâîäíûõ âèäîâ. Ðåçóëüòàòîâ íàøèõ ñîá-
ñòâåííûõ èññëåäîâàíèé, êîòîðûå îáíàðóæèëè 9 âèäîâ öåíòðîõåëèä â Áåëîì ìîðå, 6 – â ×åðíîì, 4 –
â Òàñìàíîâîì è 6 – â ìîðñêèõ àêâàðèóìàõ (èç íèõ 5 íîâûõ âèäîâ è 1 íîâûé ðîä), äîñòàòî÷íî ëèøü äëÿ
ïðåäâàðèòåëüíûõ âûâîäîâ î ñòàòóñå ìîðñêîé ôàóíû öåíòðîõåëèä è ñòåïåíè åå îòãðàíè÷åííîñòè îò
ïðåñíîâîäíîé. Îíè áóäóò ðàññìîòðåíû íàìè ÷óòü íèæå.

Ïî÷âåííûå áèîòîïû ìàëî çàñåëåíû ñîëíå÷íèêàìè, âåðîÿòíî, èç-çà  íåïîñòîÿííîãî ïðèñóòñòâèÿ
âëàãè. Öåíòðîõåëèäû â ïî÷âåííûõ áèîòîïàõ íå îòìå÷àëèñü.

33 âèäà öåíòðîõåëèä, èçâåñòíûõ äëÿ ôàóíû Ðîññèè è ÑÑÑÐ, ñîáðàíû â òàáëèöå, ãäå òàêæå óêàçà-
íû ìåñòà èõ íàõîäîê è èñòî÷íèê èíôîðìàöèè.

ÖÅÍÒÐÎÕÅËÈÄÛ, ÎÒÌÅ×ÀÂØÈÅÑß Â ÐÎÑÑÈÈ È ÑÑÑÐ

� �������	
������ 
�����
� 

������������ 
  
�
  	������ 

  ����� ����� ������ ����
���
� 
       � ������� 

 
1 
 
 
2 
 
 
3 
 
4 
 
 
5 
 
6 
 
7 
 
8 
9 
10 
 
11 
12 
 
13 
14 
 
 
 
15 
 
 
 

Chlamydaster 
C. sterni 
 
Sphaerastrum 
S. fockii 
 
Heterophrys 
H. myriopoda 
 
H. marina 
 
 
H. minutus 
Parasphaerastrum 
P. marina 
Polyplacocystis 
P. bruni 
 
P. coerulea 
P. pallida 
P. arborescens 
Raphidiophrys 
R. elegans 
R. intermedia 
Raphidocystis 
R. lemani 
R. tubifera 
 
 
Raineriophrys 
R. erinaceoides 
 
 
 

 
      �����.  
      	��. (24‰) 
 
      �����. 
          � 
 
      �����.  
          �  
      �����. 
      	��. (18‰) 
      	��. (27‰) 
      	��. (27‰) 
      
      	��. (27‰) 
 
      �����. 
      	��. (27‰) 
      �����. 
      �����. 
      	��. (27‰) 
 
      �����.      
      �����. 
 
      �����. 
      �����. 
          � 
          � 
 
      �����. 
          � 
          � 
      ���. (6‰) 

 
����� !��������. ���. 
����� 	��� 
 
"#��� $����
� 
���������� ������ü 
 
���������� ������ü 
"#��� $����
� 
"#��� $����
� 
%����� 	��� 
�����  	��� 
�����  	��� 
 
�����  	��� 
 
&��	��
� '��� 
%����� 	��� 
"#��� $����
� 
*���������� ������. 
����� 	��� 
 
*������� &����
� 
*������� &����
� 
 
*���������� ������. 
"#��� $����
� 
*������� &����
� 
+������ü��� ,���
� 
 
"#��� $����
� 
+������ü��� ,���
� 
&��	��
� '��� 
����� 	��� 

 
�
��-���, 1995 � 
Mikrjukov,   2001 
 
Mikrjukov, 1993 a 
Mikrjukov, 1993 b 
 
Roskin, 1929 
Mikrjukov, 1993 b 
�
��-���, 1994 
�
��-���, 1999 � 
�
��-���, 1994 
Mikrjukov, 1996 a 
 
�
��-���, 1994 
 
�
��-���, 1999 � 
�
��-���, 1999 � 
Mikrjukov, 1993 a 
Zykoff, 1902 
�
��-���, 1994 
 
+�������
�, 1881 
Mikrjukov, 2001 
 
Mikrjukov, 1993 b 
Mikrjukov, 1993 a 
Mikrjukov, 2001 
Mikrjukov, 1993 b 
 
Mikrjukov, 1993 a 
Mikrjukov, 1993 b 
�
��-���, 1999 � 
Mikrjukov, 2001 



34

-. 2. Î åäèíñòâå ìîðñêîé è ïðåñíîâîäíîé ôàóíû öåíòðîõåëèä; ÿâëåíèå êîñìîïîëèòèçìà â èõ
ãåîãðàôè÷åñêîì ðàñïðîñòðàíåíèè

Äîñòàòî÷íî ïîëíàÿ ñâîäêà ôàóíèñòè÷åñêèõ ðàáîò ïî ïðåñíîâîäíûì öåíòðîõåëèäàì ïðåäñòàâëåíà
â ìîíîãðàôèè Ñèåìåíñìà (Siemensma, 1991). Îäíàêî çàêîíîìåðíîñòè ãåîãðàôè÷åñêîãî ðàñïðîñòðàíå-
íèÿ ñîëíå÷íèêîâ, è â ïåðâóþ î÷åðåäü, èõ êðóïíåéøåãî òàêñîíà – öåíòðîõåëèä, ñîñòàâëÿþùåãî 80%
âèäîâîãî ðàçíîîáðàçèÿ, îáñóæäàëèñü â ëèòåðàòóðå êðàéíå ìàëî. Òåì íå ìåíåå, áîëüøîé èíòåðåñ äëÿ
ôàóíèñòè÷åñêèõ è òàêñîíîìè÷åñêèõ ðàáîò, ïîñâÿùåííûõ ñîëíå÷íèêàì, äîëæíû ïðåäñòàâëÿòü âîïðî-
ñû î âñåñâåòíîì ðàñïðîñòðàíåíèè ìíîãèõ âèäîâ, à òàêæå î òîì, ïðåäñòàâëåíû ëè ìîðñêèå è ïðåñíî-
âîäíûå ñîëíå÷íèêè äâóìÿ ðàçëè÷íûìè êîìïëåêñàìè âèäîâ èëè ôàóíà ñîëíå÷íèêîâ ÿâëÿåòñÿ åäèíîé.
Îòâåò íà âòîðîé âîïðîñ ìîæåò îäíîâðåìåííî ñëóæèòü îáúÿñíåíèåì äëÿ ïåðâîãî, òàê êàê, èíà÷å
ãîâîðÿ, îí äîëæåí äàòü îòâåò, ÿâëÿåòñÿ ëè ìîðñêàÿ ñðåäà ïðåãðàäîé äëÿ ðàñïðîñòðàíåíèÿ ïðåñíîâîä-
íîé ôàóíû ñîëíå÷íèêîâ, èëè îíè ìîãóò ñâîáîäíî ðàññåëÿòüñÿ ñêâîçü ìîðñêèå âîäû. Â ïîñëåäíåì
ñëó÷àå (åñëè ìîðå íå ïðåäñòàâëÿåò ñîáîé ãðàíèöû äëÿ ðàñïðîñòðàíåíèÿ ïðåñíîâîäíûõ âèäîâ) ìû
èìååì îáúÿñíåíèå âñåñâåòíîãî (êîñìîïîëèòè÷åñêîãî) ðàñïðîñòðàíåíèÿ âèäîâ, øèðîêî èçâåñòíûõ èç
ïðåñíûõ âîä. Ê ñîæàëåíèþ, êðàéíå íåäîñòàòî÷íàÿ ñòåïåíü èçó÷åííîñòè ìîðñêèõ ñîëíå÷íèêîâ ïîçâî-
ëÿåò íàì äåëàòü ëèøü êðàéíå ïðåäâàðèòåëüíûå âûâîäû.

Â íàøèõ áîëåå ðàííèõ ðàáîòàõ (Mikrjukov, 1994 b) ìû, íà îñíîâàíèè àíàëèçà äîñòàòî÷íî ñêóäíûõ
ëèòåðàòóðíûõ äàííûõ ïî ìîðñêèì ñîëíå÷íèêàì è ñîáñòâåííîãî ìàòåðèàëà, ïîëàãàëè, ÷òî ìîðñêàÿ
ôàóíà ïðåäñòàâëåíà îòäåëüíûì êîìïëåêñîì âèäîâ, ïî÷òè íå ïåðåñåêàþùèìñÿ ñ ïðåñíîâîäíîé ôàó-
íîé. Â ÷àñòíîñòè, èçó÷åíèå ôàóíû ñîëíå÷íèêîâ Áåëîãî ìîðÿ (S~24–27 :) ïîêàçàëî, ÷òî èç äåâÿòè
îòìå÷åííûõ íàìè âèäîâ ëèøü îäèí – Chlamydaster sterni – èçâåñòåí èç ïðåñíûõ âîä (Ìèêðþêîâ, 1994;
1995 à). Îäíàêî Äæîóíñ (Jones, 1974), èçó÷àâøèé ïðîòèñòîôàóíó îäíîãî èç îïðåñíåííûõ çàëèâîâ
ïîáåðåæüÿ Àëàáàìû (S~20 :), íàðÿäó ñ íåêîòîðûìè íîâûìè è òðàäèöèîííûìè ìîðñêèìè âèäàìè,
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îòìå÷àåò è íåñêîëüêî ïðåñíîâîäíûõ. Äàëåå, ðàáîòà Êðóìà ñ ñîàâò. (Croome et al., 1987) ñîîáùàåò î
íàõîäêå äâóõ èñòèííî ïðåñíîâîäíûõ âèäîâ (Choanocystis perpusilla è Acanthocystis turfacea) èç îêåàíè÷åñ-
êèõ âîä Àíòàðêòèêè (S~35 :). Ðàáîòà Òîíã (Tong, 1994) ïî Ëà-Ìàíøó (S~29 :) îòìå÷àåò äâà ïðåñíî-
âîäíûõ âèäà (Pterocystis anapoda è Raphidocystis tubifera), ïðè÷åì ïîñëåäíèé èçâåñòåí êàê îäèí èç íàè-
áîëåå ðàñïðîñòðàíåííûõ è òðàäèöèîííûõ ïðåñíîâîäíûõ âèäîâ. Íàêîíåö, ðàáîòà Âîðñ (Vørs, 1992 à)
ïî ïðîòèñòîôàóíå ñîëîíîâàòûõ âîä Ôèíñêîãî çàëèâà (S~6 :) ïðèâîäèò ÷èñòî ïðåñíîâîäíûé ñïèñîê
âèäîâ, â êîòîðîì ïðèñóòñòâóåò ëèøü îäèí ìîðñêîé âèä – Heterophrys marina.

Â îáñóæäàåìîì âûøå êîíòåêñòå îñîáûé èíòåðåñ ïðåäñòàâëÿþò äàííûå íàøåé íåäàâíåé ðàáîòû
(Ìèêðþêîâ, 1999 à) ïî ñîëîíîâàòîâîäíîé ÷åðíîìîðñêîé ôàóíå. Èç øåñòè îòìå÷åííûõ íàìè â ìîðå
âèäîâ ÷åòûðå áûëè èçâåñòíû ðàíåå ëèáî èñêëþ÷èòåëüíî (Choanocystis rotoairense, Acanthocystis clavata,
Acanthocystis astrakhanensis), ëèáî ïðåèìóùåñòâåííî (Polyplacocystis bruni) èç ïðåñíûõ âîä, ïðè÷åì P.
bruni îòìå÷åí íàìè è â ïðåñíûõ âîäàõ, è â ìîðå. ×òî êàñàåòñÿ H. marina, òî ýòîò íàèáîëåå ðàñïðîñòðà-
íåííûé â ìîðñêèõ è ñîëîíîâàòûõ âîäàõ ñîëíå÷íèê ïåðèîäè÷åñêè òàêæå îòìå÷àåòñÿ â ïðåñíûõ âîäàõ,
õîòÿ îáû÷íî íåïðàâèëüíî èäåíòèôèöèðîâàëñÿ ðàííèìè àâòîðàìè èëè îïèñûâàëñÿ èìè êàê íîâûé âèä
(Mikrjukov, 1996 à). Òàêèì îáðàçîì, ìû äîëæíû ñäåëàòü âûâîä, ÷òî ñîëîíîâàòîâîäíàÿ ÷åðíîìîðñêàÿ
ôàóíà ñîëíå÷íèêîâ (íà äàííîì ýòàïå èçó÷åíèÿ) ïðåäñòàâëåíà âèäàìè ëèáî èñêëþ÷èòåëüíî ïðåñíî-
âîäíûìè, ëèáî õîðîøî èçâåñòíûìè èç ïðåñíûõ âîä.

Àíàëèç ôàóíèñòè÷åñêîé ëèòåðàòóðû ÿâíî ïîêàçûâàåò, ÷òî çíà÷èòåëüíîå ÷èñëî âèäîâ ñîëíå÷íèêîâ
èçâåñòíî ïî âñåìó çåìíîìó øàðó, òî åñòü èõ ðàñïðîñòðàíåíèå íå ïðèóðî÷åíî ê êàêîìó-ëèáî î÷åð÷åí-
íîìó ðåãèîíó, êëèìàòè÷åñêîé çîíå èëè äàæå êîíòèíåíòó. (×òîáû íå âñòóïàòü â ïðîòèâîðå÷èå ñ äàííû-
ìè, èçëîæåííûìè â ïðåäûäóùåì ðàçäåëå, íåîáõîäèìî ïîÿñíèòü, ÷òî íàøè ðàññóæäåíèÿ êàñàþòñÿ
èìåííî òåõ “îñíîâíûõ” âèäîâ, êîòîðûå èìåþò âñåñâåòíîå ðàñïðîñòðàíåíèå, à íå îòìå÷àëèñü åäèíîæ-
äû â êàêîé-ëèáî òî÷êå èññëåäîâàíèé; ýòî, â ïåðâóþ î÷åðåäü, öåíòðîõåëèäû Acanthocystis turfacea, A.
penardi, A. pectinata, Choanocystis aculeata, Raineriophrys erinaceoides, Raphidocystis tubifera, Raphidiophrys
elegans, R. intermedia, Polyplacocystis coerulea). Ïðè ýòîì áîëüøèíñòâî âèäîâ öåíòðîõåëèä èçâåñòíî èç
ïðåñíûõ âîä, òî åñòü òî÷êè èõ îáíàðóæåíèÿ ðàçäåëåíû ìåæäó ñîáîé îêåàíàìè. Òå âèäû, êîòîðûå
èçâåñòíû è â ìîðñêèõ âîäàõ, â áîëüøèíñòâå ñëó÷àåâ òàêæå èìåþò âñåñâåòíîå ðàñïðîñòðàíåíèå â ïðå-
ñíûõ âîäàõ. ßðêèì ïðèìåðîì ìîæåò ñëóæèòü òèïîâîé âèä ðîäà Raphidiophrys – R. viridis Archer, 1869,
èçâåñòíûé íà íàñòîÿùèé ìîìåíò ïî äâóì äîñòîâåðíûì íàõîäêàì, ïîäòâåðæäåííûì ýëåêòðîííî-ìèê-
ðîñêîïè÷åñêèìè äàííûìè – â ñåâåðíîé Åâðîïå (Siemensma & Roijackers, 1988 b) è â òðîïè÷åñêîé
Àâñòðàëèè (Mikrjukov & Patterson, 2002); ïðè÷åì ìàòåðèàë, ïðåäñòàâëÿþùèé ïîñëåäíþþ íàõîäêó,
íàñòîëüêî èäåíòè÷åí åâðîïåéñêîìó, ÷òî òî÷íî ñîâïàäàåò äàæå ïåðèîä èñ÷åð÷åííîñòè ÷åøóåê ðàäè-
àëüíûìè ðåáðàìè/ñåïòàìè – ïðèçíàê, ÷àñòî èñïîëüçóåìûé â òàêñîíîìèè Raphidiophrys.

Âîïðîñ î êîñìîïîëèòè÷åñêîì ðàñïðîñòðàíåíèè ðÿäà ãðóïï (ïðåèìóùåñòâåííî àãàìíûõ) ïðîòèñ-
òîâ â ïîñëåäíåå âðåìÿ àêòèâíî îáñóæäàåòñÿ ïðîòèñòîëîãàìè (Ekebom et al., 1996; Patterson et al., 1993;
Patterson & Simpson, 1996; Lee & Patterson, 1998). Îñíîâíûì îáúåêòîì ýòèõ èññëåäîâàíèé ÿâëÿþòñÿ
ãåòåðîòðîôíûå æãóòèêîíîñöû, äëÿ ðàçíûõ òàêñîíîâ êîòîðûõ ïîêàçàíî àáñîëþòíîå îòñóòñòâèå ýíäå-
ìèçìà. Îäíàêî ýòè ðåçóëüòàòû íàõîäÿòñÿ â ïîëíîì ïðîòèâîðå÷èè ñ ðàáîòàìè ïî ðàñïðîñòðàíåíèþ
ðàçëè÷íûõ ãðóïï ìèêðîâîäîðîñëåé, â òîì ÷èñëå è æãóòèêîâûõ, äëÿ êîòîðûõ, íàîáîðîò, ïîêàçàíî
íàëè÷èå ÷åòêîãî ýíäåìèçìà (Kristiansen, 1996; Tyler, 1996; Peterfi & Momeu, 1996). Òåì íå ìåíåå, â
íàøåé ðàáîòå (Mikrjukov & Patterson, 2002), îáîáùàþùåé ñîâðåìåííûå äàííûå ïî ôàóíå ñîëíå÷íè-
êîâ Àâñòðàëèè, ïîêàçàíî, ÷òî â ïðåñíûõ âîäàõ ýòîãî êîíòèíåíòà èç 30 îáíàðóæåííûõ âèäîâ íå îòìå-
÷åíî íè îäíîãî ýíäåìè÷íîãî ïðåäñòàâèòåëÿ ýòîé ãðóïïû è âïåðâûå ñòàâèòñÿ âîïðîñ î êîñìîïîëèòè-
÷åñêîì ðàñïðîñòðàíåíèè ñîëíå÷íèêîâ.

Òàêèì îáðàçîì, ïîäâîäÿ îáùèé èòîã íàøèì ðàññóæäåíèÿì è àíàëèçó äàííûõ íàñòîÿùåé ðàáîòû,
ìû äîëæíû ñäåëàòü äâà ñëåäóþùèõ âûâîäà: 1) èìåþùèåñÿ íà íàñòîÿùèé ìîìåíò äàííûå ïî ôàóíå
öåíòðîõåëèä ïîçâîëÿþò íàì ñ óâåðåííîñòüþ ïîëàãàòü, ÷òî â ðàñïðîñòðàíåíèè ïðåñíîâîäíûõ öåíòðî-
õåëèä îòñóòñòâóåò ýíäåìèçì è èìååò ìåñòî êîñìîïîëèòè÷åñêîå (âñåñâåòíîå) ðàñïðîñòðàíåíèå; 2) âå-
ðîÿòíî, êîñìîïîëèòè÷åñêîå ðàñïðîñòðàíåíèå ïðåñíîâîäíûõ öåíòðîõåëèä îáóñëîâëåíî îòñóòñòâèåì
ïðåãðàäû äëÿ èõ ðàññåëåíèÿ â  âîäå ñ îêåàíè÷åñêîé ñîëåíîñòüþ, òî åñòü, âèäèìî, íå ñóùåñòâóåò
ðàçëè÷èé ìåæäó ìîðñêîé è ïðåñíîâîäíîé ôàóíîé öåíòðîõåëèäíûõ ñîëíå÷íèêîâ.
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Ãëàâà 5.
ÔÈËÎÃÅÍÈß ÖÅÍÒÐÎÕÅËÈÄ È ÈÕ ÏÎËÎÆÅÍÈÅ

Â ÑÈÑÒÅÌÅ ÏÐÎÒÈÑÒÎÂ

Êàê ýòî íè ïàðàäîêñàëüíî, õîòÿ îò÷àñòè è îáúÿñíÿåòñÿ òåì, ÷òî äîñêîíàëüíîå èçó÷åíèå àìåáîèä-
íûõ îðãàíèçìîâ ëèøü èëëþñòðèðóåò èõ êîëîññàëüíîå ìíîãîîáðàçèå, ìàëî ãîâîðÿ íàì îá èõ ìåñòå â
îáùåé ñèñòåìå, î êîòîðîì ìû ìîæåì ñóäèòü ëèøü ïî ñëó÷àéíûì, êîñâåííûì ïðèçíàêàì, íî ïîëîæå-
íèå öåíòðîõåëèä íà âåòâÿõ ôèëîãåíåòè÷åñêîãî äðåâà íèçøèõ ýóêàðèîò ïðåäñòàâëÿåòñÿ íàèáîëåå íåî-
ïðåäåëåííûì ñðåäè âñåõ äðóãèõ òàêñîíîâ, ñîñòàâëÿþùèõ ñîëíå÷íèêîâ. Íåñìîòðÿ íà òùàòåëüíîå è
èíòåíñèâíîå èçó÷åíèå èõ óëüòðàñòðóêòóðû è áèîëîãèè (Kormos, 1971; Bardele, 1975, 1977 a, b; Rieder,
1979; Febvre-Chevalier & Febvre, 1984; Patterson & Dürrschmidt, 1986 a, b, 1987; Dürrschmidt & Patterson,
1987 a, b; Kinoshita et al., 1995; Ìèêðþêîâ, 1995 a; è äð.), à òàêæå êëåòî÷íîãî äåëåíèÿ – îòêðûòîãî
îðòîìèòîçà ñ öåíòðîïëàñòàìè íà ïîëþñàõ (Schaudinn, 1896 b; Dobell, 1917; Villenueve, 1937), ìû
ïðàêòè÷åñêè íè÷åãî íå ìîæåì ñêàçàòü î ôèëîãåíèè öåíòðîõåëèä íà îñíîâàíèè äàííûõ óëüòðàñòðóêòó-
ðû, è åäâà ëè ñëåäóåò îæèäàòü êàêèõ-ëèáî îòêðûòèé â äàëüíåéøåì åå èññëåäîâàíèè â òåõ æå íàïðàâ-
ëåíèÿõ. Æãóòèêîâûõ êëåòîê öåíòðîõåëèäû, âèäèìî, íå ïðîäóöèðóþò (Øàóäèíí ñîîáùàåò î ïðîäóöè-
ðîâàíèè äâóæãóòèêîâûõ êëåòîê Choanocystis aculeata, ÷òî íå ïîäòâåðæäåíî äàëüíåéøèìè èññëåäîâàíè-
ÿìè öåíòðîõåëèä).

Ðèñ. 9. Ôèëîãåíèÿ ýóêàðèîò ñ óêàçàíèåì ïîëîæåíèÿ ãðóïï ñîëíå÷íèêîâ (ïî: Ìèêðþêîâ, 1999 á); òàêñîíû ñîëíå÷íè-
êîâ, ñîáðàííûå â ÷åòûðå íåðîäñòâåííûõ êëàñòåðà, âûäåëåíû çàãëàâíûìè áóêâàìè.
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Öåíòðîõåëèäû – ëàìåëëèêðèñòàòíûé òàêñîí ïðîòèñòîâ ñ ÷åòêèìè ëåíòîâèäíûìè  êðèñòàìè â
ìèòîõîíäðèÿõ, ÷òî ðåçêî âûäåëÿåò èõ èç ñðåäû îñòàëüíûõ àìåáîèäíûõ ïðîòèñòîâ, ÿâëÿþùèõñÿ (çà
èñêëþ÷åíèåì ïðîòåîìèêñèä) ëèáî òóáóëî- (â òîì ÷èñëå âñå îñòàëüíûå ñîëíå÷íèêè), ëèáî äèñêîêðè-
ñòàòíûìè (ðîòîñôåðèäû) ôîðìàìè íà îñíîâàíèè ïðèíöèïà êîíñåðâàòèâíîñòè ôîðìû êðèñò ìèòîõîí-
äðèé Òýéëîðà (Taylor, 1976), êîòîðîãî ñ îïðåäåëåííûìè ïîïðàâêàìè (ñì.: Ñåðàâèí, 1993; Ìèêðþ-
êîâ, 1999 á) ïðèäåðæèâàþòñÿ ìíîãèå âèäíûå ïðîòèñòîëîãè (O’Kelly, 1993; Cavalier-Smith, 1993;
Patterson, 1994, è äð.). Ìîëåêóëÿðíî-ôèëîãåíåòè÷åñêèå èññëåäîâàíèÿ Êàâàëüå-Ñìèòà ñ ñîàâòîðàìè
(Cavalier-Smith & Chao, 1996; Cavalier-Smith et al., 1996) ñóùåñòâåííî ïîäêîððåêòèðîâàëè ïðèíöèï
Òýéëîðà, ïîäòâåðäèâ ðàííåå îòâåòâëåíèå  äèñêîêðèñòàòíûõ ïðîòèñòîâ îò îáùåãî ñòâîëà íèçøèõ ýóêà-
ðèîò (Cavalier-Smith, 1993), óêàçàâ, îäíàêî, íà íåçàâèñèìîå ïðîèñõîæäåíèå íàèáîëåå êðóïíûõ ëàìåë-
ëèêðèñòàòíûõ òàêñîíîâ Opisthokonta (Metazoa + Fungi), Plantae è Cryptista îò òóáóëîêðèñòàòíûõ ôîðì.
Ýòî îòêðûòèå äåëàåò äâà îñòàëüíûõ êðóïíûõ ëàìåëëèêðèñòàòíûõ òàêñîíà (òî åñòü Centrohelida è
Proteomyxida), ïî êîòîðûì ìîëåêóëÿðíî-ôèëîãåíåòè÷åñêèå èññëåäîâàíèÿ íå ïðîâîäèëèñü, ãðóïïàìè,
êàê áû “âèñÿùèìè â âîçäóõå” â ðàìêàõ îáùåé ñèñòåìû: ìû íå âèäèì íè îäíîãî èç òàêñîíîâ òóáóëîê-
ðèñòàò (èëè äàæå äèñêîêðèñòàò), êîòîðûé áû äåìîíñòðèðîâàë ÷åðòû íåñîìíåííîãî ñõîäñòâà ñ öåíò-
ðîõåëèäàìè (ðèñ. 9).

Îñîáî àêòóàëüíûì ââèäó ñêàçàííîãî ÿâëÿåòñÿ íåäàâíåå îòêðûòèå è îïèñàíèå íîâîãî òàêñîíà àìå-
áî-ôëàãåëëÿò – ëàìåëëèêðèñòàòíîãî êëàññà Gymnophrea Mikrjukov et Mylnikov, 1998, êîòîðûé äåìîí-
ñòðèðóåò ðÿä íåñîìíåííûõ îáùèõ ÷åðò ìîðôîëîãèè ñ öåíòðîõåëèäàìè (Mikrjukov & Mylnikov, 1995,
1997, 1998), êàê-òî (ðèñ. 10): (1) áëèçêàÿ ê ëåíòîâèäíîé ôîðìà êðèñò ìèòîõîíäðèé, (2) íàëè÷èå
ñëîæíåéøèõ ñòðåêàòåëüíûõ îðãàíåëë ñ êîíöåíòðè÷åñêîé ïîïåðå÷íîé ñòðóêòóðîé, ôîðìèðóþùèõñÿ â
êîíòàêòå ñ âåçèêóëàìè ýíäîïëàçìàòè÷åñêîãî ðåòèêóëóìà (Ìèêðþêîâ, 1995 à), (3) ïñåâäîïîäèè ïðåä-
ñòàâèòåëåé îáåèõ ãðóïï èìåþò êàðêàñ èç íåñêîëüêèõ ìèêðîòðóáî÷åê (ó íèçøèõ öåíòðîõåëèä èõ âñåãî
6); ðåçêî âûäåëÿåò ãèìíîôðèèä ëèøü èõ ïî÷òè óíèêàëüíûé òèï êëåòî÷íîãî äåëåíèÿ – çàêðûòûé
ïëåâðîìèòîç ñ âíåÿäåðíûì âåðåòåíîì, íàèáîëåå ñõîæèé ñ òàêîâûì ó Parabasalia (Ìèêðþêîâ, 1998 á).
Òåì íå ìåíåå, ìû ñ÷èòàåì, ÷òî ýòè äâå ãðóïïû íåñîìíåííî áëèçêè (Mikrjukov & Mylnikov, 1997,

Ðèñ. 10. Ñðàâíåíèå Chlamydaster sterni è Gymnophrys cometa.
À – àìåáî-ôëàãåëëÿòíàÿ ôîðìà Gymnophrys cometa  (ïî: Mikrjukov & Mylnikov, 1998); Á – Chlamydaster sterni (ïî:

Ìèêðþêîâ, 1995 à): àã – àïïàðàò Ãîëüäæè; æ – ðåäóöèðîâàííûå æãóòèêè àìåáî-ôëàãåëëÿòíîé ñòàäèè; ê – êèíåòîöèñòà;
ì – ìèòîõîíäðèÿ; ìò – ìèêðîòîêñèöèñòà; ìòá – ìèêðîòðóáî÷êè;  ïê – ïðåêèíåòîöèñòà; ïìò – ïðåìèêðîòîêñèöèñòà; ö
– öåíòðîïëàñò.
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1998), è ãèìíîôðèèäû, äàþùèå äâóæãóòèêîâûå çîîñïîðû, âåðîÿòíî, ðîäñòâåííû ãèïîòåòè÷åñêîìó
äâóæãóòèêîâîìó ïðåäêó öåíòðîõåëèä (âñïîìíèì î íàõîäêå Øàóäèííà?!). Îäíàêî ýòî êðàñèâîå ïðåäïî-
ëîæåíèå î ðîäñòâå öåíòðîõåëèä è ãèìíîôðèèä íè÷åãî íå ãîâîðèò íàì î ïîëîæåíèè îáåèõ ãðóïï â
ñèñòåìå â öåëîì. Âèäèìî, íåçàâåðøåííûé ðÿä ïîïûòîê Êàâàëüå-Ñìèòà (Cavalier-Smith, 1997, 1998)
îïðåäåëèòü òàêñîíîìè÷åñêîå ïîëîæåíèå Gymnophrys ìîëåêóëÿðíî-ôèëîãåíåòè÷åñêèìè ìåòîäàìè äàë
ïðîòèâîðå÷èâûå ðåçóëüòàòû, ñîãëàñíî êîòîðûì äàííûé àâòîð â ïåðâîì ñëó÷àå ðàññìàòðèâàåò ãèìíîô-
ðèèä êàê ãðóïïó, ñåñòðèíñêóþ ïî îòíîøåíèþ ê Spongomonadida Hibberd, 1983, âî âòîðîì – âêëþ÷àåò
èõ â ñîñòàâ íîâîãî ïîäòèïà ðèçîïîä Monadofilosa Cavalier-Smith, 1997 íàðÿäó ñî ñïîíãîìîíàäàìè,
öåðêîìîíàäàìè è ýóãëèôèäàìè; ó íàñ íåò ìîðôîëîãè÷åñêèõ îñíîâàíèé äîâåðÿòü íè òîìó, íè äðóãîìó
âûâîäó.

Òàêèì îáðàçîì, âîïðîñ î ïîëîæåíèè öåíòðîõåëèä â ñèñòåìå ïðîòèñòîâ îñòàåòñÿ îòêðûòûì. Âåðî-
ÿòíî, ìíîãîå ìîãëè áû íàì ñêàçàòü ìîëåêóëÿðíî-ôèëîãåíåòè÷åñêèå èññëåäîâàíèÿ íà îñíîâå ñðàâíå-
íèÿ ïîñëåäîâàòåëüíîñòåé ãåíà 18S ðÐÍÊ, íî îíè ïðîâåäåíû ñðåäè ñîëíå÷íèêîâ ëèøü íà Ciliophrys è
ïåäèíåëëèäàõ (Cavalier-Smith et al., 1995; Cavalier-Smith & Chao, 1996). Íà äàííûé ìîìåíò ìû ñêëîí-
íû ðàññìàòðèâàòü öåíòðîõåëèä â ðàìêàõ îáîñîáëåííîãî ìàêðîòàêñîíà âûñîêîãî ðàíãà – ðàçäåëà
Centroheliozoa Dürrschmidt et Patterson, 1987, stat. n., âêëþ÷àþùåãî êëàññû Centrohelea Cavalier-Smith,
1993 è Gymnophrea Mikrjukov et Mylnikov, 1997 êàê ñóáòàêñîíû åäèíñòâåííîãî îäíîèìåííîãî òèïà
Centroheliozoa, êîòîðûé ìû ìîæåì î÷åðòèòü ñëåäóþùèì äèàãíîçîì: “Àêñî- èëè ðåòèêóëîïîäèàëüíûå
àìåáîèäíûå ïðîòèñòû ñ ëåíòîâèäíûìè ïëàñòèí÷àòûìè êðèñòàìè ìèòîõîíäðèé; ñòðåêàòåëüíûå îðãà-
íåëëû ñ ïîïåðå÷íîé êîíöåíòðè÷åñêîé ñòðóêòóðîé (êèíåòîöèñòû èëè ìèêðîòîêñèöèñòû) âîçíèêàþò â
ÝÏÐ. Âîçìîæíî ïðîäóöèðîâàíèå äâóæãóòèêîâûõ çîîñïîð”.

Ñëåäóåò òàêæå îòìåòèòü, ÷òî íàèáîëåå íåîïðåäåëåííîé ñðåäè âñåõ ïðîòèñòîâ â íàñòîÿùåå âðåìÿ
ïðåäñòàâëÿåòñÿ òàêñîíîìè÷åñêàÿ ïðèíàäëåæíîñòü ìíîãî÷èñëåííûõ òàêñîíîâ, ðàíåå îòíîñèìûõ ê ñàð-
êîäîâûì, â îñîáåííîñòè òåõ èç íèõ, êîòîðûå íå èìåþò â ñâîåì æèçíåííîì öèêëå æãóòèêîâîé ñòàäèè,
áîëåå áîãàòîé óëüòðàñòðóêòóðíûìè ïðèçíàêàìè áëàãîäàðÿ æãóòèêîâîìó àïïàðàòó. Âñå ïîñëåäíèå ñèñ-
òåìû Ïðîòèñòîâ ðàññìàòðèâàþò ïðåèìóùåñòâåííî ìíîãîîáðàçèå æãóòèêîâûõ ôîðì, îñíîâûâàÿñü íà
èõ ìîðôîëîãèè, ëèáî ñðàâíèâàþò òîëüêî ïîñëåäîâàòåëüíîñòè ãåíà 18S ðÐÍÊ (Cavalier-Smith, 1998,
2000). Òàêñîíû æå ñàðêîäîâûõ, íåñìîòðÿ íà î÷åâèäíóþ ïîëèôèëåòè÷íîñòü ïîñëåäíèõ è ìíîãîêðàòíîå
âîçíèêíîâåíèå àìåáîèäíûõ ÷åðò íà äðåâå ýóêàðèîò, ïðîäîëæàþò â öåëîì ñîõðàíÿòüñÿ âî âñåõ ýòèõ
ñèñòåìàõ âîåäèíî, è èõ àâòîðû íå îáðàùàþò âíèìàíèå íà ðàçíèöó â ïëàíàõ ñòðîåíèÿ è ðàçëè÷èÿ â òåõ
ïàðàìåòðàõ, íà êîòîðûõ ñòðîèòñÿ ñèñòåìà æãóòèêîâûõ ôîðì. Ïîýòîìó âîïðîñ î ïîëîæåíèè öåíòðîõå-
ëèä, êàê è îñòàëüíûõ ñîëíå÷íèêîâ, â îáùåé ñèñòåìå ïðîòèñòîâ ìîæåò áûòü ðåøåí ëèøü ïîñëå êàðäè-
íàëüíîé ðåâèçèè ñèñòåìû ñàðêîäîâûõ.
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Ãëàâà 6.
ÌÅÒÎÄÛ ÑÁÎÐÀ È ÎÏÐÅÄÅËÅÍÈß  ÖÅÍÒÐÎÕÅËÈÄ.

ÏÎÄÃÎÒÎÂÊÀ Ê ÈÑÑËÅÄÎÂÀÍÈÞ ÏÅÐÈÏËÀÑÒÀ
ÍÀ ÝËÅÊÒÐÎÍÍÎÌ ÌÈÊÐÎÑÊÎÏÅ

Â âîäîåìàõ öåíòðîõåëèäû íàñåëÿþò ïðåèìóùåñòâåííî ïðèïîâåðõíîñòíûé ñëîé äîííîãî îñàäêà è
çàðîñëè âîäíûõ ìàêðîôèòîâ, ãäå îíè ïðèñóòñòâóþò â îáðàñòàíèÿõ. Â ñâÿçè ñ ýòèì íàèáîëåå ýôôåêòèâíû-
ìè ñïîñîáàìè ñáîðà ïðîá, ñ áîëüøîé äîëåé âåðîÿòíîñòè ñîäåðæàùèõ öåíòðîõåëèä, ÿâëÿåòñÿ ëèáî (1)
âçìó÷èâàíèå ïðèïîâåðõíîñòíîãî ñëîÿ îñàäêà è ñáîð åãî ðó÷íîé ïëàíêòîííîé ñåòüþ (ñà÷êîì), ëèáî (2)
ïîëó÷åíèå ñìûâîâ ñ âîäíûõ ìàêðîôèòîâ ïóòåì ïðîìûâêè ñîáðàííûõ âðó÷íóþ ðàñòåíèé â ïîëîñòè ñà÷-
êà, èëè (3) èíòåíñèâíîãî “ïðîêàøèâàíèÿ” ñà÷êîì çàðîñëåé äâèæåíèÿìè â ïðÿìîì è îáðàòíîì íàïðàâ-
ëåíèè â òå÷åíèå ìèíóòû – äâóõ. Ìîðñêèå ïðîáû ñ ãëóáèíû ìåíåå 3 ìåòðîâ (ïîÿñ íèò÷àòûõ âîäîðîñëåé)
ñîáèðàëèñü íàìè   ñà÷êîì ñ ëîäêè; ïðîáû ñ ãëóáèíû áîëåå 3–4 ìåòðîâ – â õîäå ëåãêîâîäîëàçíûõ
ïîãðóæåíèé ðó÷íîé ïëàíêòîííîé ñåòüþ ñ êîðîòêîé ðóêîÿòêîé. Ìû íå ðåêîìåíäóåì èñïîëüçîâàòü äëÿ
ñà÷êà ãàç ñ ÿ÷ååé äèàìåòðîì ìåíåå 30 ìêì, òàê êàê áîëåå ïëîòíûé ãàç áóäåò íåïðåìåííî çàáèâàòüñÿ
äåòðèòîì. Âíåçàïíî  ïîòðåâîæåííûå òîêàìè âîäû è äâèæåíèåì îêðóæàþùèõ ïðåäìåòîâ ñîëíå÷íèêè
îáû÷íî ðåçêî ñîêðàùàþò ñâîè ïñåâäîïîäèè è îêàçûâàþòñÿ ïðèëèïøèìè ê ÷àñòèöàì äåòðèòà, ïðåâîñõî-
äÿùèì èõ ïî ðàçìåðàì. Â ðåçóëüòàòå ýòîãî îíè èçáåãàþò âûìûâàíèÿ ÷åðåç ïîðû áîëüøèå ïî  äèàìåòðó,
÷åì èõ êëåòêè.

Ôèêñèðîâàòü ïðîáû íåýôôåêòèâíî. Â ýòîì ñëó÷àå âîçíèêàþò áîëüøèå òðóäíîñòè â îòëè÷åíèè ñîë-
íå÷íèêîâ, â ôèêñèðîâàííîì ñîñòîÿíèè ïîëíîñòüþ âòÿãèâàþùèõ àêñîïîäèè è ïðåäñòàâëÿþùèõ ñîáîé
ñôåðè÷åñêèå êîìî÷êè, îò ïðî÷èõ æèâîòíûõ è ðàñòèòåëüíûõ îáúåêòîâ è îêðóãëûõ ÷àñòèö äåòðèòà. Ïðî-
áû óäîáíî ñîáèðàòü â ãåðìåòè÷åñêè çàêðûâàþùèåñÿ åìêîñòè îáúåìîì 0,8–1,0 ëèòðà ñ øèðîêèì ãîð-
ëîì è ïðîñìàòðèâàòü â òå÷åíèå 2–5 ÷àñîâ ïîñëå ñáîðà, ïðåäâàðèòåëüíî äàâ èì 15–20 ìèí. îòñòîÿòüñÿ
ïîñëå ïåðåíîñêè. Íåîáõîäèìàÿ äëÿ ïðîñìîòðà ÷àñòü ìàòåðèàëà ïðîáû îòñàñûâàåòñÿ èç îáùåãî ñîñóäà
ïðè ïîìîùè ñòåêëÿííîé òðóáêè è ïåðåíîñèòñÿ â ÷àøêó Ïåòðè. Ïðè íåîáõîäèìîñòè áîëåå äëèòåëüíîé
òðàíñïîðòèðîâêè ðåêîìåíäóåòñÿ ñîáèðàòü ïðîáû â åìêîñòè îáúåìîì íå áîëåå 100 ìë òàê, ÷òîáû
êîëè÷åñòâî æèäêîñòè â ïîñóäå íå ïðåâûøàëî ïîëîâèíû îáúåìà, à êîëè÷åñòâî îðãàíèêè è îñàäêà – íå
áîëåå 1/10. Ñîáðàííûå òàêèì îáðàçîì ïðîáû ìîãóò  òðàíñïîðòèðîâàòüñÿ ñðîêîì äî íåäåëè ïðè èçáåæà-
íèè èõ ïåðåãðåâà. Ïðîáû óäîáíî ïðîñìàòðèâàòü ïîä ñâåòîâûì ìèêðîñêîïîì â ÷àøêàõ Ïåòðè ïðè óâå-
ëè÷åíèè 10 % 10. ×àøêà Ïåòðè ïðèâîäèòñÿ â äâèæåíèå ïðåïàðàòîâîäèòåëåì ìèêðîñêîïà, ïðè ïîìîùè
êîòîðîãî îáúåêòèâ ðàâíîìåðíî (áåç ðûâêîâ, âûçûâàþùèõ ñîòðÿñåíèå îñàäêà è âòÿãèâàíèå àêñîïîäèé
ñîëíå÷íèêàìè) ïðîâîäèòñÿ îò êðàÿ äî êðàÿ ÷àøêè, ïîñëå ÷åãî ïîñëåäíÿÿ ñìåùàåòñÿ âèíòîì ïðåïàðà-
òîâîäèòåëÿ íà îäíî ïîëå çðåíèÿ â ïåðïåíäèêóëÿðíîì íàïðàâëåíèè, è ïðîñìîòð ïðîäîëæàåòñÿ.

Óäîáíåå ïðîâåñòè èçìåðåíèÿ äèàìåòðà êëåòêè íà îáíàðóæåííûõ æèâûõ ñîëíå÷íèêàõ íåïîñðåä-
ñòâåííî â ÷àøêå Ïåòðè. Äàëåå æèâûå êëåòêè îòñàñûâàþòñÿ òîíêî îòòÿíóòîé íà îãíå ïèïåòêîé è ïåðå-
ñàæèâàþòñÿ íà ïðåäìåòíîå ñòåêëî â êàïëþ 4%-ãî ôîðìàëèíà. Ôèêñàöèÿ äëèòñÿ íå áîëåå 5 ìèí. Ïîñëå
ýòîãî ïðîèñõîäèò îòìûâêà ïðåïàðàòà äèñòèëëèðîâàííîé âîäîé îò êðèñòàëëîâ ôîðìàëèíà. Âîäà íàíî-
ñèòñÿ íà ïðåïàðàò ïèïåòêîé è îòñàñûâàåòñÿ ôèëüòðîâàëüíîé áóìàãîé. ×àñòî óäîáíåå íà 20 ñåêóíä
ïîìåñòèòü âñå ïðåäìåòíîå ñòåêëî â ÷àøêó Ïåòðè ñ äèñòèëëèðîâàííîé âîäîé, êîòîðóþ, ïî âîçìîæíî-
ñòè, óáðàòü ïîñëå ýòîãî îòðåçêàìè ôèëüòðîâàëüíîé áóìàãè, íå çàäåâàÿ ìåñòà, ãäå íàõîäèòñÿ ëîïíóâ-
øèé ïåðèïëàñò ñîëíå÷íèêà. Ïîñëå îêîí÷àòåëüíîãî âûñûõàíèÿ âëàãè ïðèãîòîâëåííûé ïðåïàðàò ïîìå-
ùàåòñÿ ïîä ñâåòîâîé ìèêðîñêîï, è äåòàëè ñòðîåíèÿ êîìïîíåíòîâ ïåðèïëàñòà (ôîðìà è ñòðóêòóðà
ïëàñòèí÷àòûõ ÷åøóåê è ñïèêóë), íåîáõîäèìûå äëÿ èäåíòèôèêàöèè îðãàíèçìà, ëåãêî ïðîñìàòðèâàþò-
ñÿ ïðè óâåëè÷åíèÿõ 10 % 10 è 40 % 10 áåç îïòè÷åñêèõ ïîìåõ, ñîçäàâàåìûõ ïðîòîïëàñòîì íà æèâûõ è
ôèêñèðîâàííûõ êëåòêàõ öåíòðîõåëèä.

Ìåæâèäîâûå ðàçëè÷èÿ âî ìíîãèõ ñëó÷àÿõ ìîãóò áûòü íàäåæíî óñòàíîâëåíû ëèøü ïðè ïîìîùè
ýëåêòðîííîãî ìèêðîñêîïà. Ïðè íåîáõîäèìîñòè èññëåäîâàíèÿ ñòðóêòóðû ïåðèïëàñòà öåíòðîõåëèäíîãî
ñîëíå÷íèêà ïðè ïîìîùè ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà ðåêîìåíäóåòñÿ ïîñëå 5-ìèíóòíîé
ôèêñàöèè â ôîðìàëèíå ïåðåíåñòè êëåòêó â íåáîëüøîé îáúåì äèñòèëëèðîâàííîé âîäû ñ öåëüþ îòìûâ-
êè îò ôèêñàòîðà (äëÿ ýòîãî óäîáíî èñïîëüçîâàòü ïðåäìåòíûå ñòåêëà ñ ëóíêîé èëè ïðîñòî êàïëè âîäû
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íà ÷èñòîé ïîâåðõíîñòè ïðåäìåòíîãî ñòåêëà). Îïåðàöèÿ ïîâòîðÿåòñÿ 3–5 ðàç. Ïîñëå ýòîãî êëåòêó ñ
ìèíèìàëüíûì êîëè÷åñòâîì æèäêîñòè ïåðåíîñÿò íà ðàñïîëîæåííûé íà äðóãîì ïðåäìåòíîì ñòåêëå
íåáîëüøîé îñêîëîê ïîêðîâíîãî ñòåêëà, íà êîòîðîì îíà âûñóøèâàåòñÿ. Íåîáõîäèìîå äîñóøèâàíèå
óäîáíî ïðîâåñòè â òå÷åíèå 20 ìèí. ïîä íàñòîëüíîé ëàìïîé. Ïîñëå âûñûõàíèÿ îñêîëîê ïîêðîâíîãî
ñòåêëà ñ âûñóøåííûì íà íåì îáúåêòîì íàêëåèâàåòñÿ ïðè ïîìîùè ñïåöèàëüíîé íàêëåéêè íà ïðåäìåò-
íûé ñòîëèê äëÿ èçó÷åíèÿ â ñêàíèðóþùåì ýëåêòðîííîì ìèêðîñêîïå. Íà îäèí ñòîëèê ìîæåò áûòü
íàêëååíî áîëüøîå êîëè÷åñòâî êóñî÷êîâ ïîêðîâíûõ ñòåêîë ñ îáúåêòàìè.

Äëÿ èññëåäîâàíèÿ ñòðóêòóðû ïåðèïëàñòà ïðè ïîìîùè òðàíñìèññèîííîãî ýëåêòðîííîãî ìèêðîñêîïà
çàôèêñèðîâàííûå è îòìûòûå (ñì. âûøå) êëåòêè ïåðåíîñÿòñÿ â íåáîëüøîì êîëè÷åñòâå äèñòèëëèðîâàí-
íîé âîäû íà  áëåíäó èëè ñåòî÷êó, ïîêðûòûå ôîðìâàðîâîé ïëåíêîé è âûñóøèâàþòñÿ. Â òàêîì âèäå
ïðåïàðàò ìîæåò èñïîëüçîâàòüñÿ äëÿ äàëüíåéøåãî èññëåäîâàíèÿ â ÒÝÌ èëè äëèòåëüíîå âðåìÿ õðàíèòüñÿ.
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II. CÈÑÒÅÌÀÒÈ×ÅÑÊÀß  ×ÀÑÒÜ

ÊËÀÑÑ  CENTROHELEA  CAVALIER-SMITH, 1993

Äèàãíîç. Ñîëíå÷íèêè ñ àêñîíåìàìè, áåðóùèìè íà÷àëî îò “öåíòðîïëàñòà”, ïðåäñòàâëåííîãî òðåõ÷àñ-
òíûì äèñêîì, çàæàòûì ìåæäó äâóìÿ ïîëóñôåðàìè ïëîòíîãî ìàòåðèàëà. ßäðî ýêñöåíòðè÷åñêîå. Ðåøåòêè
ìèêðîòðóáî÷åê â àêñîíåìàõ îáðàçîâàíû ÷åðåäóþùèìèñÿ øåñòèóãîëüíèêàìè è ðàâíîáåäðåííûìè òðåó-
ãîëüíèêàìè. Êðèñòû ìèòîõîíäðèé ïëàñòèí÷àòûå, ëåíòîâèäíûå. Ñòðåêàòåëüíûå îðãàíåëëû – ñëîæíî óñò-
ðîåííûå êèíåòîöèñòû, âêëþ÷àþùèå “øàð–è–êîíóñ” ñòðóêòóðó è ðàçâèâàþùèåñÿ â ýíäîïëàçìàòè÷åñêîì
ðåòèêóëóìå. Íåêîòîðûå âèäû èìåþò ñëèçèñòûé ñòåáåëåê. Èçâåñòíû öèñòû ñ äîïîëíèòåëüíûìè êðåìíåçåì-
íûìè öèñòíûìè ÷åøóéêàìè. Ðàçìíîæåíèå áèíàðíûì äåëåíèåì.

Ñîñòàâ: Åäèíñòâåííûé îòðÿä Centrohelida Kühn, 1926

ÎÒÐßÄ CENTROHELIDA  KÜHN, 1926
C äèàãíîçîì êëàññà
Ñîñòàâ: Òðè ñåìåéñòâà, îáúåäèíÿþùèå 15 ðîäîâ è 81 âèä
Òèïîâîå ñåìåéñòâî: Acanthocystidae Claus, 1874

ÊËÞ× ÄËß ÑÅÌÅÉÑÒÂ ÎÒÐßÄÀ CENTROHELIDA:
1. Îðãàíèçìû íå èìåþò íèêàêèõ êðåìíèåâûõ ýëåìåíòîâ â îáîëî÷êàõ ........................Heterophryidae
1' Îðãàíèçìû îêðóæåíû êëåòî÷íûìè îáîëî÷êàìè – ïåðèïëàñòàìè, ïðåäñòàâëåííûìè
    êðåìíèåâûìè ÷åøóéêàìè ................................................................................................................... 2
2. Ïåðèïëàñò ïðåäñòàâëåí òàíãåíòàëüíûìè ñòåðæíåâèäíûìè ñïèêóëàìè èëè ïëàñòèíàìè,
    îêðóæåííûìè ïîëîé ìàðãèíàëüíîé êàéìîé .......................................................... Raphidiophryidae
2' Âíóòðåííèå ñëîè ïåðèïëàñòà âñåãäà çàíÿòû òàíãåíòàëüíûìè ïëàñòèíàìè áåç ïîëîé
    ìàðãèíàëüíîé êàéìû....................................................................................................Acanthocystidae

Ñåìåéñòâî 1. HETEROPHRYIDAE Poche, 1913
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè ñ ãîëîé êëåòî÷íîé ïîâåðõíîñòüþ èëè (áîëåå ÷àñòî) îêðó-

æåííûå ñëèçèñòûì êîæóõîì, ñ êîòîðûì ìîãóò áûòü ñâÿçàíû ìíîãî÷èñëåííûå òàíãåíòàëüíûå èëè
ðàäèàëüíûå îðãàíè÷åñêèå ñïèêóëû.

Ñîñòàâ: 4 ðîäà
Òèïîâîé ðîä: Heterophrys Archer, 1869

ÊËÞ× ÄËß ÐÎÄÎÂ ÑÅÌÅÉÑÒÂÀ  HETEROPHRYIDAE:
1. Îðãàíèçìû ñ ãîëîé êëåòî÷íîé ïîâåðõíîñòüþ ......................................................................Oxnerella
1’ Êëåòî÷íàÿ ïîâåðõíîñòü îêðóæåíà ñëèçèñòûì êîæóõîì, ñ êîòîðûì ìîãóò áûòü ñâÿçàíû
    îðãàíè÷åñêèå ñïèêóëû ........................................................................................................................ 2
2. Îðãàíè÷åñêèõ ñïèêóë íåò ................................................................................................. Chlamydaster
2’ Îðãàíè÷åñêèå ñïèêóëû ïðèñóòñòâóþò ............................................................................................... 3
3. Ñïèêóëû òàíãåíòàëüíûå ....................................................................................................Sphaerastrum
3’ Ñïèêóëû ðàäèàëüíûå .......................................................................................................... Heterophrys

Ðîä 1. Oxnerella Dobell, 1917 (ðèñ. 11)
Äèàãíîç. Öåíòðîõåëèäû ñ ãîëîé êëåòî÷íîé ïîâåðõíîñòüþ. Öèòîïëàçìà ãðàíóëèðîâàíà, âàêóîëèçè-

ðîâàíà, íå äèôôåðåíöèðîâàíà íà ýíäî- è ýêòîïëàçìó.
Ñîñòàâ: Ìîíîòèïè÷åñêèé
Òèïîâîé âèä: O. maritima Dobell, 1917

1 (1). O. maritima Dobell, 1917 (ðèñ. 11, À)
Äèàãíîç. Òåëî êëåòêè îêðóãëîå, ãîëîå, 10–20 ìêì â äèàìåòðå; ÿäðî ýêñöåíòðè÷åñêîå, îêðóãëîå,
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îêîëî 5 ìêì, ñ ýíäîñîìîé îêîëî 2 ìêì â äèàìåòðå; ìíîæåñòâî àêñîïîäèé ðàñõîäèòñÿ îò öåíòðàëüíîé
ãðàíóëû.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Ïëèìóò (Dobell, 1917), ïîáåðåæüå Àëàáàìû, ÑØÀ (Jones, 1974), þæíîå ïîáå-

ðåæüå Ôðàíöèè (Klewer et al., 1997).

Ðîä 2. Chlamydaster Rainer, 1968 (ðèñ. 11)
Äèàãíîç. Öåíòðîõåëèäû, îêðóæåííûå òîëüêî ñëèçèñòûì êîæóõîì; êàêèå-ëèáî äèñêðåòíûå ýëåìåí-

òû â èõ îáîëî÷êå (÷åøóéêè èëè ñïèêóëû) îòñóòñòâóþò.
Ñîñòàâ: Äâà âèäà
Òèïîâîé âèä: C. sterni Rainer, 1968

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  CHLAMYDASTER:
1. Îêðóæàþùèé êëåòêó ñëèçèñòûé êîæóõ ñ ðîâíûìè êðàÿìè ................................................. C. sterni
1’ Ñëèçèñòûé êîæóõ áàõðîì÷àòûé ........................................................................................ C. laciniatus

1 (2). C. sterni Rainer, 1968 (ðèñ. 11, Á)
Basionym: Astrodisculus radians Greeff, 1869 sensu Stern, 1924
Äèàãíîç. Òåëî êëåòêè 12–25 ìêì â äèàìåòðå, ñ ãëàäêèì ñëèçèñòûì êîæóõîì 8 ìêì òîëùèíîé;

àêñîïîäèè ïðèáëèçèòåëüíî 40 ìêì äëèíîé, òîíêèå, ñ ìíîãî÷èñëåííûìè êèíåòîöèñòàìè ïî âñåé
äëèíå; ÿäðî îâàëüíîå 4–5 ìêì â äèàìåòðå, ñ ýíäîñîìîé 3 ìêì â äèàìåòðå; íåñêîëüêî  ñëàáî ïóëüñèðó-
þùèõ ñîêðàòèòåëüíûõ âàêóîëåé 10–15 ìêì â äèàìåòðå ïðè íàïîëíåíèè.

Ïðåñíûå, ðåäêî ñîëîíîâàòûå âîäû
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Greeff, 1869; Stern, 1924; Rainer, 1968), Íèäåðëàíäû (Siemensma,

1981), Ðîññèÿ (Ìèêðþêîâ, 1995 a); â ñîëîíîâàòûõ âîäàõ: Áåëîå ìîðå (S=22:: Ìèêðþêîâ, 1995 à).

2 (3). C. laciniatus (Penard, 1904) Rainer, 1968 (ðèñ. 11, Â)
Basionym: Astrodisculus laciniatus Penard, 1904
Syn.: C. fimbriatus Dürrschmidt et Patterson, 1987
Äèàãíîç. Òåëî êëåòêè ñ áàõðîì÷àòûì ñëèçèñòûì êîæóõîì 14–42 ìêì â äèàìåòðå; áîëüøîå ÷èñëî

axp, ïðîíèçûâàþùèõ êîæóõ. Ýêòîïëàçìà ãðàíóëèðîâàíà. ßäðî ñ áîëüøèì ÿäðûøêîì. Îäèíî÷íàÿ ñî-
êðàòèòåëüíàÿ âàêóîëü.

Ïðåñíîâîäíûé

Ðèñ. 11. Âèäû ñåìåéñòâà Heterophryidae:
À – Oxnerella maritima (ïî: Dobell, 1917); Á – Chlamydaster sterni (ïî: Rainer, 1968); Â – Chlamydaster  laciniatus (ïî:

Siemensma, 1991)



43

Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968; Dürrschmidt & Patterson,
1987 b),  Íèäåðëàíäû (Siemensma, 1981), Àíãëèÿ (Dürrschmidt  & Patterson, 1987 b).

Ðîä 3. Sphaerastrum Greeff, 1873 (ðèñ. 12)
Äèàãíîç. Öåíòðîõåëèäû, êëåòî÷íîå òåëî êîòîðûõ ïîêðûòî ñëèçèñòûì êîæóõîì è òîëñòûì ñëîåì

òàíãåíòàëüíûõ îðãàíè÷åñêèõ ñïèêóë.
Ñîñòàâ: Ìîíîòèïè÷åñêèé
Òèïîâîé âèä: S. fockii (Archer, 1869) West, 1901

1 (4). S. fockii (Archer, 1869) West, 1901 (ðèñ. 12)
Basionym: Heterophrys fockii Archer, 1869
Syn.: S. conglobatum Greeff, 1873
Äèàãíîç. Êëåòêè 18–30 ìêì â äèàìåòðå, îêðóæåíû ïëîòíûì ñëèçèñòûì êîæóõîì,  îêîëî 6 ìêì

òîëùèíîé. Ñïèêóëû îðèåíòèðîâàíû òàíãåíòàëüíî èëè ñóáòàíãåíòàëüíî, 30–40 ìêì â äëèíó, òîíêèå,
ðàâíîìåðíîé òîëùèíû, ñóæàþùèåñÿ ê îñòðûì âåðõóøêàì. ×àñòî îáðàçóåò êîëîíèàëüíûå ôîðìû, âêëþ-
÷àþùèå 10–12 îñîáåé, ñîåäèíåííûõ öèòîïëàçìàòè÷åñêèìè ìîñòèêàìè; ñëèçèñòûé êîæóõ è ñïèêóëû
ðàñïðîñòðàíÿþòñÿ â ýòîì ñëó÷àå íà âñþ êîëîíèþ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Greeff, 1873), Àíãëèÿ (Archer, 1869; West, 1901), Ýñòîíèÿ (Jacobson,

1928; Mikrjukov, 1993 a), Ðîññèÿ (Mikrjukov, 1993 b).

Ðîä 4. Heterophrys Archer, 1869 (ðèñ. 13, 14)
Basionym: Microsol Dons, 1918
Äèàãíîç. Öåíòðîõåëèäû, îêðóæåííûå ñëèçèñòûì êîæóõîì, ÷àñòî âûãëÿäÿùèì ãðàíóëÿðíûì; îò

íåãî ðàñõîäèòñÿ ìíîæåñòâî ðàäèàëüíûõ ñïèêóë. Îäèí èç âèäîâ èìååò ñëèçèñòûé ñòåáåëåê.
Ñîñòàâ: 4 âèäà
Òèïîâîé âèä: H. myriopoda Archer, 1869

Ðèñ. 12. Sphaerastrum fockii. À – îáùèé âèä (ïî: Archer, 1869); Á – êîëîíèÿ, ñîñòîÿùàÿ èç îñîáåé, ñâÿçàííûõ öèòîï-
ëàçìàòè÷åñêèìè ìîñòèêàìè; Â – îòäåëüíàÿ îñîáü êîëîíèè; Ã– ôðàãìåíò ïåðèïëàñòà (âèäíû òàíãåíòàëüíî îðèåíòèðî-
âàííûå ñïèêóëû)
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ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  HETEROPHRYS:
1. Êëåòî÷íîå òåëî íàõîäèòñÿ íà âåðõóøêå äëèííîãî ñëèçèñòîãî ñòåáåëüêà ....................... H. minutus
1’ Ñëèçèñòûé ñòåáåëåê îòñóòñòâóåò ........................................................................................................ 2
2. Ðàäèàëüíûå ñïèêóëû ñ øåðîõîâàòîé ïîâåðõíîñòüþ .......................................................... H. simplex
2’ Ðàäèàëüíûå ñïèêóëû ñ ãëàäêîé ïîâåðõíîñòüþ ................................................................................ 3
3. Äëèíà ñïèêóë ïðèìåðíî ðàâíà ïîëîâèíå äèàìåòðà êëåòî÷íîãî òåëà, îíè ñóæàþòñÿ îò
   îñíîâàíèÿ ê îñòðîé âåðõóøêå .......................................................................................... H. myriopoda
3’ Äëèíà ñïèêóë ïðèìåðíî ðàâíà äèàìåòðó êëåòî÷íîãî  òåëà, îíè ðàâíîìåðíîé òîëùèíû
    è ñ îñòðûìè âåðõóøêàìè...................................................................................................... H. marina

1 (5). H. myriopoda Archer, 1869 (ðèñ. 13, À, Á)
Basionym:Acanthocystis tennuispina Zacharias, 1894
Syn.: H. viridis Roskin, 1929
Äèàãíîç. Êëåòêè 35–70 ìêì â äèàìåòðå, îêðóæåíû ñëèçèñòûì êîæóõîì. Ñïèêóëû ðàäèàëüíî îðèåí-

òèðîâàíû, ìíîãî÷èñëåííû, ïî äëèíå ïðèìåðíî ðàâíû ïîëîâèíå äèàìåòðà êëåòêè, çàìåòíî ñóæàþòñÿ
îò îñíîâàíèÿ ê îñòðûì âåðõóøêàì. ×àñòî èìåþò âîäîðîñëåé-ýíäîñèìáèîíòîâ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Àíãëèÿ (Archer, 1869), Ãåðìàíèÿ (Greeff, 1873; [êàê Acanthocystis tennuispina]

Zacharias, 1894; Rainer, 1968), Íèäåðëàíäû (Siemensma, 1981), Øâåöèÿ (Siemensma, 1991),  Ðîññèÿ
([êàê ó H. viridis] Roskin, 1929), Ýñòîíèÿ (Mikrjukov, 1993 à, 1996 a).

Ðèñ. 13. Âèäû ðîäà Heterophrys:
À, Á – H. myriopoda. À – îáùèé âèä (ïî: Archer, 1869);   Á – ñòðóêòóðà ïåðèïëàñòà. Â, Ã– H. marina. Â – îáùèé âèä

êëåòêè (ïî: Hertwig & Lesser, 1874); Ã – ñòðóêòóðà ïåðèïëàñòà (ïî: Mikrjukov, 1996 a)



45

2 (6). H. marina Hertwig et Lesser, 1874 (ðèñ. 13, Â, Ã)
Syn.: H. spinifera Hertwig et Lesser, 1874; H. radiata West, 1901; H. pusilla Zacharias, 1902; H. glabrescens

Penard, 1904; H. elati Bardele, 1975; H. multipoda Bardele, 1975; H. magna Bardele, 1977
Äèàãíîç. Êëåòêè 9–45 ìêì â äèàìåòðå, îêðóæåíû ñëèçèñòûì êîæóõîì ðàçëè÷íîé òîëùèíû. Ðàäè-

àëüíî  îðèåíòèðîâàííûå ñïèêóëû èìåþò ðàâíîìåðíóþ òîëùèíó è ðåçêî çàîñòðÿþòñÿ ê îñòðûì âåð-
õóøêàì; èõ äëèíà ïðèìåðíî ðàâíà äèàìåòðó êëåò÷àòîãî òåëà. ×àñòî èìåþò âîäîðîñëåé-ñèìáèîíòîâ.

Ìîðñêèå, ðåæå ïðåñíîâîäíûå âèäû
Ðàñïðîñòðàíåíèå: Ñåâåðíîå ìîðå (Hertwig & Lesser, 1874; Wohlfarth-Bottermann & Krüger, 1954),

Àòëàíòè÷åñêîå ïîáåðåæüå Ñåâåðíîé Àìåðèêè (Davidson, 1972;  Bardele, 1975) è Àðêòè÷åñêîé Êàíàäû
(Vørs, 1993 a), Ñðåäèçåìíîìîðñêîå ïîáåðåæüå Ôðàíöèè è Èçðàèëÿ (Bardele, 1975), Áåëîå ìîðå (Ìèê-
ðþêîâ, 1994), ×åðíîå ìîðå (Ìèêðþêîâ, 1999 à), Êðàñíîå ìîðå (Bardele, 1975), Êàòòåãàò (22:) è
Ôèíñêèé çàëèâ (6:) (Vørs, 1992 a, b); â ïðåñíûõ âîäàõ: Ãåðìàíèÿ  (Hertwig & Lesser, 1874; Zacharias,
1902), Ýñòîíèÿ (Jacobson, 1928; Mikrjukov, 1996 à), Àâñòðàëèÿ (Mikrjukov & Croome, 1998). Àóòýêîëî-
ãè÷åñêîå èññëåäîâàíèå: Tobiesen (1991).

3 (7). H. minutus (Walton, 1905) comb. n. Mikrjukov, 2001 (ðèñ. 14, À)
Basionym: Actinolophus minutus Walton, 1905
Syn.: Microsol borealis Dons, 1918; H. febvre-chevalierae Mikrjukov, 1996
Äèàãíîç. Êëåòêè 10–20 ìêì â äèàìåòðå, îêðóæåíû òîíêèì ñëèçèñòûì êîæóõîì è ðàñïîëàãàþòñÿ íà

âåðøèíå ñëèçèñòîãî ñòåáåëüêà. Ðàäèàëüíî îðèåíòèðîâàííûå ñïèêóëû ðàñõîäÿòñÿ  îò  ñëèçèñòîãî  êîæó-
õà è âåðõíåé ÷àñòè ñòåáåëüêà. Ñïèêóëû ðàâíîìåðíîé òîëùèíû, ðåçêî ñóæàþòñÿ ê îñòðûì âåðõóøêàì;
èõ äëèíà ïðèìåðíî ðàâíà äèàìåòðó êëåòî÷íîãî òåëà.

Ìîðñêèå, ðåäêî ïðåñíûå âîäû

Ðèñ. 14. Âèäû ðîäà Heterophrys. À – H. minutus (ïî: Mikrjukov, 1996 a, 2001); Á – H. simplex (ïî: Siemensma, 1991)
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Ðàñïðîñòðàíåíèå: Ñåâåðíîå ìîðå (Dons, 1918), Áåëîå ìîðå ([êàê Cienkowskya mereschkowskyi] Ìèê-
ðþêîâ, 1994), þæíîå ïîáåðåæüå Ôðàíöèè ([êàê Cienkowskya mereschkowskyi] Febvre-Chevalier & Febvre,
1984); â ïðåñíûõ âîäàõ: Êîêîñîâàÿ ðåêà, ÑØÀ (Walton, 1905).

4 (8). H. simplex (Schaudinn, 1897) Siemensma, 1991 (ðèñ. 14, Á)
Basionym: Acanthocystis simplex Schaudinn, 1897
Syn.: Acanthocystis klepica Huitfeld-Kaas, 1906
Äèàãíîç. Êëåòêè 15–22 ìêì â äèàìåòðå ñî ñëèçèñòûì êîæóõîì. Îêðóæåíû îáîëî÷êîé ñ îò÷åòëèâû-

ìè äëèííûìè, ïðÿìûìè, çàîñòðåííûìè ñïèêóëàìè ñ øåðîõîâàòîé ìîðùèíèñòîé ïîâåðõíîñòüþ.
Ïðåñíîâîäíûé è ìîðñêîé
Ðàñïðîñòðàíåíèå:  Âîñòî÷íàÿ Àôðèêà (Schaudinn, 1897), ïëàíêòîí Íîðâåæñêîãî ìîðÿ ([êàê A.

klepica] Huitfeld-Kaas, 1906).

Ñåìåéñòâî 2. RAPHIDIOPHRYIDAE   Mikrjukov, 1996
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè ñ íàðóæíîé êëåòî÷íîé îáîëî÷êîé (ïåðèïëàñòîì), ïðåä-

ñòàâëåííîé ýíäîãåííûìè êðåìíèåâûìè ýëåìåíòàìè. Ïîñëåäíèå îáû÷íî ïðåäñòàâëÿþò ñîáîé òàíãåí-
òàëüíûå ñòåðæíåâèäíûå ñïèêóëû èëè ïëàñòèí÷àòûå ÷åøóéêè, îêðóæåííûå øèðîêîé ïîëîé ìàðãè-
íàëüíîé êàéìîé. Ðàäèàëüíûå ýëåìåíòû (åñëè èìåþòñÿ) âñåãäà ðàäèàëüíî-ñèììåòðè÷íû, ëèøåíû öåí-
òðàëüíîé ñòåðíû/ñòâîëà è èìåþò òðóá÷àòóþ, ïèïåòêî- èëè âîðîíêîâèäíóþ ôîðìó; îíè çàíèìàþò
íàðóæíûå ñëîè ïåðèïëàñòà, òîãäà êàê òàíãåíòàëüíûå – ñîáðàíû âî âíóòðåííèõ ðåãèîíàõ.

Ñîñòàâ: ×åòûðå ðîäà
Òèïîâîé ðîä: Raphidiophrys Archer, 1867

ÊËÞ× ÄËß ÐÎÄÎÂ ÑÅÌÅÉÑÒÂÀ  RAPHIDIOPHRYIDAE:
1. Ïåðèïëàñò ïðåäñòàâëåí ñïëîøíûìè ñòåðæíåâèäíûìè òàíãåíòàëüíûìè ñïèêóëàìè
.......................................................................................................................................... Parasphaerastrum
1’Ïåðèïëàñò ïðåäñòàâëåí òàíãåíòàëüíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè è ìîæåò
   ñîäåðæàòü òàêæå ðàäèàëüíûå ýëåìåíòû (åñëè òàíãåíòàëüíûå ýëåìåíòû âåðåòåíîâèäíûå,
   òî îíè ñêðó÷åííûå, à íå ñïëîøíûå) ................................................................................................. 2
2. Ïåðèïëàñò ïðåäñòàâëåí òîëüêî òàíãåíòàëüíûìè ýëåìåíòàìè ......................................................... 3
2’ Â ïåðèïëàñòå ïðèñóòñòâóþò âîðîíêîâèäíûå è òðóáî-  èëè ïèïåòêîâèäíûå ðàäèàëüíûå
    ýëåìåíòû ............................................................................................................................Raphidocystis
3. Ïëàñòèí÷àòûå ÷åøóéêè èìåþò ðåòèêóëÿðíóþ èëè ãëàäêóþ ôàêòóðó âíåøíåé
    ïîâåðõíîñòè è èìåþò âèä âåðåòåíîâèäíûõ, ñòåðæíåâèäíûõ èëè ïëàñòèí÷àòûõ ÷åøóåê,
    îêðóæåííûõ ïîëîé ìàðãèíàëüíîé êàéìîé....................................................................Polyplacocystis
3’ Ïëàñòèí÷àòûå ÷åøóéêè îáðàçîâàíû äâóìÿ ïëàñòèíàìè, ñîåäèíåííûìè âíóòðåííèìè
    ðàäèàëüíûìè ñåïòàìè, êîòîðûå âèäíû êàê ðàäèàëüíûå ñêëàäêè èëè ðåáðà ............Raphidiophrys

Ðîä 5. Parasphaerastrum Mikrjukov, 1996 (ðèñ. 15)
Äèàãíîç. Öåíòðîõåëèäû, ïåðèïëàñò êîòîðûõ ïðåäñòàâëåí îäíèì òèïîì êðåìíèåâûõ ýëåìåíòîâ: ñïëîø-

íûìè ñòåðæíåâèäíûìè òàíãåíòàëüíûìè ñïèêóëàìè. Ðàäèàëüíûå ýëåìåíòû îòñóòñòâóþò.
Ñîñòàâ: Ìîíîòèïè÷åñêèé
Òèïîâîé âèä: P. marina (Ostenfeld, 1904) Mikrjukov, 1996

1 (9). P. marina (Ostenfeld, 1904) Mikrjukov, 1996  (ðèñ. 15, À)
Basionym: Raphidiophrys marina Ostenfeld, 1904
Äèàãíîç. Êëåòêè òåëà 25–40 ìêì â äèàìåòðå. Ïåðèïëàñò ïðåäñòàâëåí äëèííûìè (25–35 ìêì) òîí-

êèìè (0,5–0,65 ìêì) òàíãåíòàëüíûìè ñïèêóëàìè îäíîðîäíîé òîëùèíû, ñëåãêà ñóæàþùèìèñÿ ê òó-
ïîé âåðõóøêå; öåíòðàëüíîãî ðàñøèðåíèÿ íåò; ðàçâåðíóòûå ÷åøóéêè íå íàáëþäàëèñü.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Ñåâåðíîå ìîðå, çàïàäíàÿ ÷àñòü Èðëàíäñêîãî  ìîðÿ (Ostenfeld, 1904), Áåëîå ìîðå

(Ìèêðþêîâ, 1994), âîäû Àíòàðêòèêè (Elbr�chter, pers. comm.).
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Ðîä 6. Polyplacocystis Mikrjukov, 1996 (ðèñ. 16)
Basionym: Raphidiophrysopsis Valkanov, 1970
Äèàãíîç. Öåíòðîõåëèäû, ïåðèïëàñò êîòîðûõ ïðåäñòàâëåí îäíèì òèïîì êðåìíèåâûõ ýëåìåíòîâ: âå-

ðåòåíîâèäíûìè èëè ïëàñòèí÷àòûìè òàíãåíòàëüíûìè ÷åøóéêàìè. Ïîñëåäíèå èìåþò ðåòèêóëÿðíóþ èëè
ãëàäêóþ ôàêòóðó íàðóæíîé ïîâåðõíîñòè è îêðóæåíû øèðîêîé ïîëîé ìàðãèíàëüíîé êàéìîé. Ðàäèàëü-
íûå ýëåìåíòû îòñóòñòâóþò. Îäèí âèä èìååò ñëèçèñòûé ñòåáåëåê, óêðåïëåííûé óäëèíåííûìè ÷åøóé-
êàìè.

Ñîñòàâ: Øåñòü âèäîâ
Òèïîâîé âèä: P. symmetrica (Penard, 1904) Mikrjukov, 1996

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ POLYPLACOCYSTIS:
1. Âñå ÷åøóéêè âåðåòåíîâèäíîé ôîðìû, ðàñøèðÿþòñÿ â öåíòðàëüíîé ÷àñòè ..................... P. pallida
1’ ×åøóéêè ïðåèìóùåñòâåííî ïëàñòèí÷àòûå, ðåæå ñòåðæíåâèäíûå ................................................ 2
2.  Äèñòàëüíàÿ ñòîðîíà ÷åøóéêè èìååò ðåòèêóëÿðíóþ ôàêòóðó ......................................................... 3
2’ Äèñòàëüíàÿ ñòîðîíà ÷åøóéêè ãëàäêàÿ .............................................................................................. 4
3. Ñ òðåìÿ òèïàìè ÷åøóåê: âåðåòåíîâèäíûìè, íàâèêóëîèäíûìè
    è øèðîêî îâàëüíûìè ........................................................................................................... P. ambigua
3’ Âñå ÷åøóéêè îäíîé ôîðìû: øèðîêî ýëëèïòè÷åñêèå ................................................... P. symmetrica
4. Êëåòêè íåïðèêðåïëåííûå, ñ ðàçëè÷íîé ôîðìîé ÷åøóåê ............................................................... 5
4’ Êëåòêè èìåþò ñëèçèñòûé ñòåáåëåê, óêðåïëåííûé óäëèíåííûìè ñòåðæíåâèäíûìè
     ÷åøóéêàìè ....................................................................................................................... P. arborescens
5. ×åøóéêè ýëëèïòè÷åñêèå....................................................................................................... P. coerulea
5’ ×åøóéêè ïàëî÷êî- èëè ñòåðæíåâèäíûå, ñ ñèëüíî âûãíóòîé ìàðãèíàëüíîé êàéìîé è
    îêðóãëûìè ïîëþñàìè ................................................................................................................ P. bruni

1 (10). Ð. bruni (Penard, 1903) Mikrjukov, 1999  (ðèñ. 16, À)
Basionym: Raphidiophrys bruni Penard, 1903
Syn.: Raphidocystis infestans Wetzel, 1925; R. neapolitana Bardele, 1981

Ðèñ. 15. À – Parasphaerastrum marina (îáùèé âèä è òàíãåíòàëüíàÿ ÷åøóéêà) (ïî: Mikrjukov, 1996 b); Á – Heteroraphidiophrys
australis (îáùèé âèä, âíóòðåííÿÿ è íàðóæíàÿ ÷åøóéêè åãî ïåðèïëàñòà) (Mikrjukov & Patterson, 2002)
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Ðèñ. 16. Âèäû ðîäà Polyplacocystis. À – P. bruni (îáùèé âèä, òèïû òàíãåíòàëüíûõ ÷åøóåê); Á – P. coerulea; Â – P. pallida;
Ã – P. arborescens (îáùèé âèä, êîðîòêàÿ ÷åøóéêà êëåòî÷íîãî òåëà è äëèííàÿ ÷åøóéêà ñòåáåëüêà); Ä – P. symmetrica; Å –
P. ambigua; Á, Â, Ä, Å – òèïû ÷åøóåê (À, Á – ïî: Siemensma, 1991; Â, Ä, Å – ïî: Siemensma & Roijackers, 1988; Ã – ïî:
Mikrjukov, 2001)

Äèàãíîç. Ïåðèïëàñò 12–30 ìêì â äèàìåòðå, ïðåäñòàâëåí îäíèì òèïîì òàíãåíòàëüíûõ ÷åøóåê ñ ãëàä-
êîé äèñòàëüíîé ïîâåðõíîñòüþ. ×åøóéêè ðàçëè÷íîé äëèíû, ïàëî÷êî- èëè ñòåðæíåâèäíûå, ñ íåñêîëüêî
ðàñøèðåííûìè îêðóãëûìè âåðõóøêàìè è ñèëüíî âûâåðíóòîé ìàðãèíàëüíîé êàéìîé.

Ýâðèãàëèííûé
Ðàñïðîñòðàíåíèå: â ïðåñíûõ âîäàõ: Øïèöáåðãåí (Penard, 1903), Ãåðìàíèÿ ([êàê R. infestans] Wetzel,

1925), Íèäåðëàíäû (Siemensma, 1981), Èòàëèÿ ([êàê R. neapolitana] Bardele, cit. acc.: Margulis, 1981),
Êðûì (Ìèêðþêîâ, 1999 à); â ñîëîíîâàòûõ âîäàõ: ïîáåðåæüå Àëàáàìû ([êàê R. infestans] Jones, 1974),
×åðíîå ìîðå (S~ 18:: Ìèêðþêîâ, 1999 a); â ìîðñêèõ âîäàõ: Òàñìàíîâî ìîðå (Mikrjukov & Patterson,
2002).

2 (11).  Ð.  coerulea (Penard, 1904) Mikrjukov et Croome, 1998 (ðèñ. 16, Á)
Basionym: Raphidiophrys coerulea Penard, 1904
Syn.: Raphidiophrys marginata Siemensma, 1981; R. contractilis Kinoshita, et al., 1995; Raphidiophrysopsis

sessilis Valkanov, 1970
Äèàãíîç. Âèä ðîäà Polyplacocystis ñ ïåðèïëàñòîì 10–50 ìêì â äèàìåòðå, ïðåäñòàâëåííûì îäíèì

òèïîì ýëëèïòè÷åñêèõ ÷åøóåê ñ ãëàäêîé äèñòàëüíîé ïîâåðõíîñòüþ. Ôîðìà ÷åøóåê (îòíîøåíèå äëèíû
è øèðèíû) è òîëùèíà ïåðèïëàñòà ñèëüíî âàðüèðóåò â çàâèñèìîñòè îò ìåñòà ñáîðà ìàòåðèàëà.

Ýâðèãàëèííûé
Ðàñïðîñòðàíåíèå: â ïðåñíûõ âîäàõ: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968), Íèäåð-

ëàíäû ([÷àñòè÷íî êàê R. marginata] Siemensma, 1981; Siemensma & Roijackers, 1988 b), Ýñòîíèÿ ([êàê
R. marginata]  Mikrjukov, 1993 a), Êàíàäà, ×èëè, Íîâàÿ Çåëàíäèÿ, Øðè-Ëàíêà ([êàê R. marginata]
Nicholls & Dürrschmidt, 1985), Queensland, Àâñòðàëèÿ (Mikrjukov & Patterson, 2002), þæíàÿ Àâñòðà-
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ëèÿ (Mikrjukov & Croome, 1998); â ñîëîíîâàòûõ âîäàõ: ïîáåðåæüå Àëàáàìû (Jones, 1974), Ôèíñêèé
çàëèâ Áàëòèéñêîãî ìîðÿ (S~ 6:: [êàê R. marginata] Vørs, 1992 b), ßïîíèÿ ([êàê R. contractilis] Kinoshita
et al., 1995); â ìîðñêèõ âîäàõ: Ñðåäèçåìíîå ìîðå ([êàê R. marina] Bardele, cit. acc.: Margulis, 1981),
ìîðñêèå àêâàðèóìû â Ìîñêâå: (S~ 35:: [êàê R. marginata] Mikrjukov, 1994 b).

3 (12).  P. pallida (Schulze, 1874) Mikrjukov, 1996  (ðèñ. 16, Â)
Basionym: Raphidiophrys pallida Schulze, 1874
Äèàãíîç. Êëåòêè 60–140 ìêì â äèàìåòðå. Ïåðèïëàñò ïðåäñòàâëåí äëèííûìè è òîíêèìè âåðåòåíî-

âèäíûìè ÷åøóéêàìè, 8–36 % 0,7–1,2 ìêì, ñóæàþùèìèñÿ â òðóá÷àòûå îêîí÷àíèÿ, 0,6 ìêì â äèàìåò-
ðå, ñ îñòðî çàêàí÷èâàþùèìèñÿ ïîëþñàìè. ×åøóéêè èìåþò ñèëüíî çàãíóòûå êðàÿ, ôîðìèðóþùèå
óçêóþ ùåëü, 0,4 % 2,6–3,2 ìêì. Âñòðå÷àþòñÿ îòêðûòûå ÷åøóéêè, èìåþùèå ñèëüíî âäàâëåííûå êðàÿ.
Âñå ÷åøóéêè ãëàäêèå è ëèøåíû ðåòèêóëÿðíîé ôàêòóðû, öåíòðàëüíàÿ ÷àñòü ÷åøóåê ÷àñòî ðàñøèðåíà
âïëîòü äî 1,2 ìêì.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Schulze, 1874; Rainer, 1968; Dürrschmidt & Patterson, 1987 a), Øâåé-

öàðèÿ (Penard, 1904), Àíãëèÿ (West, 1901), Øîòëàíäèÿ (Brown, 1911), Íèäåðëàíäû (Hoogenraad & De
Groot, 1940; Siemensma, 1981; Siemensma & Roijackers, 1988 b), Ðîññèÿ (Zykoff, 1902; Mikrjukov, 1993
b), Ôèíëÿíäèÿ (Levander, 1894), Âåíãðèÿ (Kormos, 1971), ×èëè, Øðè-Ëàíêà (Nicholls & Dürrschmidt,
1985), Àâñòðàëèÿ (Schewiakoff, 1893; Croome, 1987 b).

4 (13).  P. arborescens (Mikrjukov, 1994)  Mikrjukov, 2001  (ðèñ. 16, Ã)
Basionym: Raphidiophrys pedunculata Mikrjukov, 1994
Syn.: Cienkowskya arborescens Jones, 1974; Polyplacocystis pedunculata Mikrjukov, 1996
Äèàãíîç. Òåëî êëåòêè ñ ÷åøóéêàìè 40–50 ìêì â äèàìåòðå, ðàñïîëîæåíî íà âåðõóøêå ñëèçèñòîãî

ñòåáåëüêà, âòðîå ïðåâûøàþùåãî äèàìåòð ïåðèïëàñòà. Êëåòî÷íîå òåëî è ñòåáåëåê ïîêðûòû ñëîåì òàí-
ãåíòàëüíûõ ÷åøóåê. ×åøóéêè, ïîêðûâàþùèå êëåòî÷íîå òåëî è îñíîâàíèå ñòåáåëüêà, óäëèíåííî-îâàëü-
íûå, ïðÿìûå, 7,5–9,0 % 0,8–1,2 ìêì, îêðóæåíû ïîëîé ãëàäêîé êàéìîé ìîíîòîííîé  òîëùèíû  0,35–
0,40 ìêì. ×åøóéêè, ïîêðûâàþùèå ñðåäíþþ ÷àñòü ñòåáåëüêà, âäâîå ïðåâûøàþò äëèíó ÷åøóåê, ïîêðû-
âàþùèõ òåëî (îêîëî 17 ìêì),  îäíàêî  èõ  øèðèíà  è òîëùèíà êàéìû îñòàþòñÿ ïðåæíèìè.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Ñðåäèçåìíîå ìîðå ([êàê  Cienkowskya mereschkowskyi] Villenueve, 1937), ïîáåðå-

æüå Àëàáàìû ([êàê C. mereschkowskyi è Ñ. arborescens] Jones, 1974), Áåëîå ìîðå S~ 27:: (Ìèêðþêîâ,
1994; Mikrjukov, 2001).

5 (14). P. symmetrica (Penard, 1904) Mikrjukov, 1996  (ðèñ. 16, Ä)
Basionym: Raphidiophrys symmetrica Penard, 1904
Äèàãíîç. Ïåðèïëàñò, 14–27 ìêì â äèàìåòðå, ïðåäñòàâëåí îäíèì òèïîì ÷åøóåê ñ ðåòèêóëÿðíîé

ôàêòóðîé äèñòàëüíîé ïîâåðõíîñòè, 4–11 % 2–3 ìêì. Ïðè ÑÝÌ-íàáëþäåíèÿõ íà ïîâåðõíîñòè ÷åøóåê
îáíàðóæèâàþòñÿ îòâåðñòèÿ. Ðåòèêóëÿðíàÿ ñòðóêòóðà îáóñëîâëèâàåòñÿ âòîðè÷íûì ñëîåì íà ïîâåðõíîñ-
òè  ïëàñòèí, òîãäà  êàê îòâåðñòèÿ óêàçûâàþò íà îòñóòñòâèå â íåêîòîðûõ ìåñòàõ ïåðâè÷íîãî ñëîÿ. Ôîðìà
÷åøóåê îò îâàëüíîé äî óäëèíåííîé. ×åøóéêè î÷åíü ïîõîæè  íà ïëàñòèí÷àòûå ÷åøóéêè P. ambigua è
Raphidocystis tubifera. Îäíàêî Ð. symmetrica ëèøåí äðóãèõ òèïîâ ÷åøóåê, â îòëè÷èå îò ýòèõ äâóõ âèäîâ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968), Íèäåðëàíäû (Siemensma,

1981; Siemensma & Roijackers, 1988 b), Êàíàäà (Nicholls & Dürrschmidt, 1985), Àðãåíòèíà (Vigna, 1988),
Àâñòðàëèÿ (Croome, 1987 b), ßïîíèÿ ([êàê diatom sp. ¹ 3] Takahashi, 1959).

6 (15). P. ambigua (Penard, 1904) Mikrjukov, 1996  (ðèñ. 16, Å)
Basionym: Raphidiophrys ambigua Penard, 1904
Äèàãíîç. Ïåðèïëàñò 20–50 ìêì â äèàìåòðå, ïðåäñòàâëåí òðåìÿ òèïàìè ÷åøóåê. ×åøóéêè ñ ðåòèêó-

ëÿðíîé ôàêòóðîé äèñòàëüíîé ïîâåðõíîñòè. Õîðîøî çàìåòíî ñêîïëåíèå äëèííûõ âåðåòåíîâèäíûõ ÷å-
øóåê ó îñíîâàíèé àêñîïîäèé. ×åøóéêè: 1) äëèííûå, óçêèå, âåðåòåíîâèäíûå, ñ îñòðî îêàí÷èâàþùè-
ìèñÿ âåðõóøêàìè, 0,4–0,7 % 10–15 ìêì; 2) óçêî ýëëèïñîèäíûå èëè íàâèêóëîèäíûå, 1,5–2,5 % 6–10



50

ìêì; 3) øèðîêî ýëëèïòè÷åñêèå èëè îâàëüíûå, ñ îêðóãëûìè ïîëÿìè, 3–4 % 4,5–6 ìêì. Âñå âèäû
÷åøóåê îêðóæåíû ÷åòêîé ïîëîé ìàðãèíàëüíîé êàéìîé, êîòîðàÿ ìîæåò áûòü ãëàäêîé èëè ñëåãêà ðåá-
ðèñòîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Bardele, 1976, 1977 b; Rieder, 1979), Íè-

äåðëàíäû (Siemensma, 1981), Êàíàäà, ×èëè, Íîâàÿ Çåëàíäèÿ, Øðè-Ëàíêà (Nicholls & Dürrshmidt,
1985), Àðãåíòèíà (Vigna, 1988), ßïîíèÿ (Takahashi, 1959).

Ðîä 7. Raphidiophrys Archer, 1867 (ðèñ. 17)
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè, îêðóæåííûå ïåðèïëàñòîì, ïðåäñòàâëåííûì íåïëîòíûì ñëîåì

óïëîùåííûõ òàíãåíòàëüíûõ êðåìíèåâûõ ýëåìåíòîâ (÷åøóåê), îêðóæåííûõ øèðîêîé ïîëîé ìàðãè-
íàëüíîé êàéìîé. Ñïèêóë íåò. ×åøóéêè  ðàçìåùåíû  ïðåèìóùåñòâåííî  â òàíãåíòàëüíîì ïîðÿäêå ïî
âñåé ïîâåðõíîñòè òåëà è ñîñòîÿò èç âåðõíåé è íèæíåé ïëàñòèí, ñîåäèíåííûõ âíóòðåííèìè ðàäèàëü-
íûìè ñåïòàìè, ïðè ÑÝÌ-íàáëþäåíèè âûãëÿäÿùèìè êàê ïåðèîäè÷åñêàÿ ðàäèàëüíàÿ ðåáðèñòîñòü.

Ñîñòàâ: Øåñòü âèäîâ
Òèïîâîé âèä: R. viridis Archer, 1867

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ RAPHIDIOPHRYS:
1. ×åøóéêè ïîêðûòû ðÿäàìè ïàïèëë, íàèáîëüøèõ ðàçìåðîâ äîñòèãàþùèõ íà ïåðèôåðèè;
    ôîðìà ÷åøóåê îò óäëèíåííûõ äî ñòåðæíåâèäíûõ, ñ ñèëüíî çàãíóòûìè êðàÿìè,
    îáðàçóþùèìè óçêóþ ùåëü ...................................................................................................... R. viridis
1’ ×åøóéêè ïëàñòèí÷àòûå, ïàïèëë íà ÷åøóéêàõ íåò ......................................................................... 2
2. Çàãíóòûå êðàÿ ÷åøóåê ôîðìèðóþò ìàðãèíàëüíóþ êàéìó; ðàäèàëüíûå ðåáðà îäíîãî
    òèïà  ðàñõîäÿòñÿ îò ìåäèàëüíîé îñè ÷åøóéêè ................................................................................. 3
2’ Êðàÿ ÷åøóåê íå îáðàçóþò ìàðãèíàëüíîé êàéìû; ÷åøóéêè îêðóãëûå èëè øèðîêî
    ÿéöåâèäíûå; äâà òèïà ðàäèàëüíûõ ðåáåð (êîðîòêèå è äëèííûå) ðàñõîäÿòñÿ îò öåíòðà
    ÷åøóéêè .................................................................................................................................. R.  minuta
3. ×åøóéêè îâàëüíûå, ñ çàîñòðåííûìè óçêèìè êðàÿìè, ñèëüíî óòîí÷àþòñÿ âäîëü ñåïò,
    îòíîøåíèå äëèíû ê øèðèíå ÷åøóéêè (Ä/Ø-îòíîøåíèå) ðàâíî 1,4–2,3. ....................... R. ovalis
3’ ×åøóéêè âäîëü ñåïò íå óòîí÷àþòñÿ, ìàðãèíàëüíàÿ êàéìà õîðîøî âûðàæåíà ............................ 4
4. ×åøóéêè ýëëèïòè÷åñêèå, óäëèíåííûå, 6–14 % 2–4 ìêì, Ä/Ø-îòíîøåíèå = 3,0–5,4;
    íà ïîïåðå÷íîì ñå÷åíèè èìåþò ôîðìó ïîëóìåñÿöà ...........................................................R. capitata
4’ Ä/Ø-îòíîøåíèå ìåíüøå 3 ................................................................................................................ 5
5. ×åøóéêè îáû÷íî îêðóãëûå èëè øèðîêî îâàëüíûå; 6,2–8,6 % 4,4–6,5 ìêì, Ä/Ø-
    îòíîøåíèå = 1,1–1,4 (ðåäêî äî 2) ........................................................................................ R. elegans
5’ ×åøóéêè óäëèíåííî-ýëëèïòè÷åñêèå, ïëîñêèå, 7,2–12,7 % 3,1–4,8 ìêì, Ä/Ø-îòíîøåíèå
    = 1,7–2,3 .............................................................................................................................R. intermedia

1 (16). R. viridis  Archer, 1867 (ðèñ. 17, À, Á)
Syn.: R. glomerata Penard, 1901
Äèàãíîç. Îäèíî÷íûå, ÷àùå êîëîíèàëüíûå îðãàíèçìû. Òåëî êëåòêè îêîëî 50 ìêì â äèàìåòðå (30–80

ìêì â êîëîíèè), îêðóæåíî ïåðèïëàñòîì, ïðåäñòàâëåííûì îäíèì òèïîì ÷åøóåê. ×åøóéêè äëèííûå,
ñòåðæíåâèäíûå ñ ñèëüíî çàãíóòûìè êðàÿìè, îáðàçóþùèìè óçêóþ ùåëü, êàê ó P. pallida, 15–37 % 1 ìêì.
Ñíàðóæè ÷åøóéêè ïîêðûòû ðÿäàìè ïàïèëë; íà ïîëþñàõ ïàïèëëû 0,1 ìêì â äëèíó, ê öåíòðó – êîðî÷å.
Ïëîòíîñòü ñåïò âäîëü êðàÿ 50–60 íà 10 ìêì êàéìû ÷åøóéêè.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Èðëàíäèÿ (Archer, 1867), Øâåéöàðèÿ ([êàê R. glomerata] Penard, 1901),  Íèäåðëàíäû

(Siemensma, 1981; Siemensma & Roijackers, 1988 b), Qeensland, Àâñòðàëèÿ (Mikrjukov & Patterson, 2002).

2 (17). R. capitata Siemensma et Roijackers, 1988  (ðèñ. 17, Â)
Äèàãíîç. Îäèíî÷íûå, ðåæå êîëîíèàëüíûå îðãàíèçìû. Ïåðèïëàñò 25–50 ìêì â äèàìåòðå; ïðåäñòàâ-

ëåí îäíèì òèïîì ÷åøóåê. ×åøóéêè ýëëèïòè÷åñêèå, óäëèíåííûå, ñ îêðóãëûìè êðàÿìè; ïëàñòèíû
÷åøóåê ñõîäÿòñÿ ïîä îñòðûì óãëîì è ñèëüíî çàêðó÷åíû; êðàÿ èíîãäà ïîêðûòû òîíêîé ëàìåëëîé. Ðàç-
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Ðèñ. 17. Âèäû ðîäà Raphidiophrys. À, Á – R. viridis, À – êîëîíèàëüíàÿ ôîðìà, Á – ñòåðæíåâèäíàÿ ÷åøóéêà; Â – R. capitata;
Ã – R. elegans; Ä – R. intermedia; Å – R. minuta; Æ – R. ovalis (Â-Æ – òèïû ÷åøóåê); (À-Æ – ïî: Siemensma, 1991)

ìåðû: 6–14 % 2–4 ìêì; Ä/Ø-îòíîøåíèå = 3,0–5,4; ñ âíóòðåííèìè ðàäèàëüíûìè  ñåïòàìè, ÷èñëî
êîòîðûõ âàðüèðóåò îò 30 äî 60–70 íà 10 ìêì êàéìû ÷åøóéêè. Íà ïîïåðå÷íîì ñå÷åíèè ÷åøóéêè èìåþò
ôîðìó ïîëóìåñÿöà.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåöèÿ, Íèäåðëàíäû (Siemensma & Roijackers, 1988 b), Êàíàäà, ×èëè ([êàê R.

elegans]  Nicholls & Dürrschmidt, 1985), Queensland, Àâñòðàëèÿ (Mikrjukov & Patterson, 2002).

3 (18). R. elegans Hertwig et Lesser, 1874 (ðèñ. 17, Ã)
Syn.: R. orbicularis Nicholls et Dürrschmidt, 1985
Äèàãíîç. Îäèíî÷íûå èëè êîëîíèàëüíûå îðãàíèçìû. Òåëî êëåòêè 17–67 ìêì, îêðóæåíî òîëñòûì (äî

30 ìêì) ïåðèïëàñòîì, ïðåäñòàâëåííûì îäíèì òèïîì ÷åøóåê. ×åøóéêè ïî÷òè îêðóãëûå èëè øèðîêî
îâàëüíûå, èíîãäà óäëèíåííûå; ìíîãî àáåððàíòíûõ. Ðàçìåðû: 6,2–8,6 % 4,4–6,5 ìêì; Ä/Ø-îòíîøåíèå
= 1,1–1,4 (èíîãäà äî 2,0). ×åøóéêè îðíàìåíòèðîâàíû âíóòðåííèìè ðàäèàëüíûìè ñåïòàìè, ïî 30–60
íà 10 ìêì êàéìû ÷åøóéêè. Êðàÿ ÷åøóåê ñèëüíî çàãíóòû êíèçó.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Hertwig & Lesser, 1874; Rainer, 1968), Øâåéöàðèÿ (Penard, 1904),

Ôðàíöèÿ (Hovasse, 1965; Brugerolle & Mignot, 1984 a), Íèäåðëàíäû (Hoogenraad & De Groot, 1940;
Siemensma & Roijackers, 1988 b), Àíãëèÿ (Wailes, 1921), ñåâåð Ðîññèè (Öåíêîâñêèé, 1881; Mikrjukov,
2001), Êàíàäà ([êàê R. orbicularis] Nicholls, cit. acc.: Nicholls & Dürrschmidt, 1985), Ïàðàãâàé (von Daday,
1905), Àâñòðàëèÿ (Croome, 1987 b).
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4 (19). R. intermedia Penard, 1904 (ðèñ. 17, Ä)
Äèàãíîç. Òåëî êëåòêè 30–60 ìêì â äèàìåòðå, îêðóæåíî ïåðèïëàñòîì, ïðåäñòàâëåííûì îäíèì  òè-

ïîì ÷åøóåê. ×åøóéêè óäëèíåííî-ýëëèïòè÷åñêèå, èíîãäà ÿéöåâèäíûå èëè òðåóãîëüíûå, ñ øèðîêî
îêðóãëûìè ïîëÿìè, 7,2–12,7 % 3,1–4,8  ìêì;  Ä/Ø-îòíîøåíèå = 1,7–2,3. ×åøóéêè øèðîêî âîãíóòû,  ñ
øèðîêî ðàññòàâëåííûìè ðàäèàëüíûìè ðåáðàìè (30–40 íà 10 ìêì êàéìû ÷åøóéêè). Êàéìà ÷åøóåê
ìîíîòîííîé òîëùèíû.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968), Íèäåðëàíäû (Siemensma,

1981; Siemensma & Roijackers, 1988 b), Êàðåëèÿ (Mikrjukov, 2001), Ýñòîíèÿ (Jacobson, 1928), Êàíàäà,
×èëè, Íîâàÿ Çåëàíäèÿ, Ìàëàéçèÿ (Nicholls & Dürrschmidt, 1985), Àðãåíòèíà (Vigna, 1988), Àâñòðàëèÿ
(Croome, 1987 b).

5 (20). R. minuta Nicholls et Dürrschmidt, 1985 (ðèñ. 17, Å)
Äèàãíîç. Òåëî êëåòêè 10–15 ìêì; îêðóæåíî ïåðèïëàñòîì 2–5 ìêì òîëùèíîé (ñ çàìåòíûì ñêîïëå-

íèåì ÷åøóåê âäîëü àêñîïîäèé äî 50 ìêì äëèíîé), ïðåäñòàâëåííûì îäíèì òèïîì ÷åøóåê. ×åøóéêè îò
îêðóãëûõ äî îêðóãëî-ÿéöåâèäíûõ, 2–6 ìêì â äèàìåòðå; îðíàìåíòèðîâàíû äëèííûìè è êîðîòêèìè
âîëíèñòûìè ðàäèàëüíûìè ðåáðàìè: äëèííûå ðåáðà â 2–4 ðàçà äëèííåå êîðîòêèõ è òÿíóòñÿ îò êðàÿ ê
öåíòðó;  îêðóæàþùàÿ ÷åøóéêó êàéìà ðåäóöèðîâàíà.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Êàíàäà (Nicholls & Dürrschmidt, 1985), Àâñòðàëèÿ (Croome, 1987 b).

6 (21). R. ovalis (Nicholls et Dürrschmidt, 1985) Siemensma et Roijackers, 1988 (ðèñ. 17, Æ)
Basionym: Raphidiophrys orbicularis ssp. ovalis Nicholls et Dürrschmidt, 1985
Äèàãíîç. Ïåðèïëàñò 20 ìêì â äèàìåòðå, ïðåäñòàâëåí îäíèì òèïîì ÷åøóåê. ×åøóéêè îâàëüíûå, ñ

çàãíóòûìè,  çàîñòðåííûìè óçêèìè êðàÿìè, 6,4–12,7 % 3,0–6,4 ìêì; Ä/Ø-îòíîøåíèå = 1,4–2,3; ÷èñëî
ñåïò âàðüèðóåò îò 65 äî 80  íà 10 ìêì êàéìû ÷åøóéêè. ×åøóéêè ñèëüíî óòîí÷àþòñÿ âäîëü ñåïò. Âåðõíèå
ïëàñòèíû ÷åøóåê î÷åíü õðóïêèå.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íèäåðëàíäû ([êàê R. intermedia] Siemensma, 1981; Siemensma & Roijackers, 1988

b), ×èëè, Íîâàÿ Çåëàíäèÿ (Nicholls & Dürrschmidt, 1985), âîçìîæíî, ßïîíèÿ ([êàê diatom. sp. ¹ 1]
Takahashi, 1959).

Ðîä 8. Raphidocystis Penard, 1904 (ðèñ. 18)
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè, îêðóæåííûå ïåðèïëàñòîì, ïðåäñòàâëåííûì òðåìÿ òèïàìè

êðåìíèåâûõ ýëåìåíòîâ: (1) ïðÿìûìè òðóáî- èëè ïèïåòêîâèäíûìè ðàäèàëüíûìè ýëåìåíòàìè, (2)
áîëåå ìåëêèìè âîðîíêîâèäíûìè ðàäèàëüíûìè ýëåìåíòàìè è (3) ýëëèïòè÷åñêèìè è ñóáïðÿìîóãîëü-
íûìè ïëàñòèí÷àòûìè ÷åøóéêàìè, îêðóæåííûìè ïîëîé ìàðãèíàëüíîé êàéìîé. Èõ äèñòàëüíàÿ ïîâåð-
õíîñòü ìîæåò áûòü ðåòèêóëèðîâàííîé èëè ãëàäêîé.

Ñîñòàâ: Òðè âèäà
Òèïîâîé âèä: R. lemani (Penard, 1891) Penard, 1904

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  RAPHIDOCYSTIS:
1. Äëèííûå ñïèêóëû òðóáîâèäíûå, ëèøü ñëåãêà ðàñøèðÿþùèåñÿ íà âåðõóøêàõ ............... R. lemani
1’ Äëèííûå ñïèêóëû ïèïåòêîâèäíûå, ñ ðàñøèðÿþùèìñÿ ðàñòðóáîì .............................................. 2
2. Ïîâåðõíîñòü ïëàñòèí÷àòûõ ÷åøóåê è êîðîòêèõ âîðîíêîâèäíûõ ñïèêóë
     ðåòèêóëÿðíàÿ ..................................................................................................................... R. tubifera
2’ Ïîâåðõíîñòü ïëàñòèí÷àòûõ ÷åøóåê è êîðîòêèõ âîðîíêîâèäíûõ ðàäèàëüíûõ ýëåìåíòîâ
    ãëàäêàÿ ...................................................................................................................................... R. glabra

1 (22). R. lemani (Penard, 1891) Penard, 1904 (ðèñ. 18, À, Á)
Basionym: Acanthocystis lemani Penard, 1891
Syn.: Heterophrys pavessii Garbini, 1898
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Äèàãíîç. Ïåðèïëàñò 22–25 ìêì â äèàìåòðå. Äëèííûå ðàäèàëüíûå ýëåìåíòû òðóáîâèäíûå, 17–24
ìêì äëèíîé è îêîëî 0,37 ìêì øèðèíîé â îñíîâàíèè, íåñêîëüêî ðàñøèðÿþùèåñÿ ê  àïèêàëüíîìó
êîíöó äî 0,8–1,0 ìêì. Êîðîòêèå ðàäèàëüíûå ýëåìåíòû ÷àøå- èëè âîðîíêîâèäíûå, 2,1–2,6 ìêì äëè-
íîé, 2,5 ìêì â äèàìåòðå, äèñòàëüíàÿ ÷àñòü îêðóæåíà ãëàäêîé ìàðãèíàëüíîé êàéìîé 0,2 ìêì øèðèíîé.
Ïëàñòèí÷àòûå ÷åøóéêè êðàéíå íåìíîãî÷èñëåííû, îêîëî 5,0 % 2,2 ìêì, ñ ðåòèêóëÿðíîé àïèêàëüíîé
ïîâåðõíîñòüþ; îêðóæåíû ãëàäêîé êàéìîé 0,3 ìêì øèðèíîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1891), Èòàëèÿ ([êàê H. pavessii] Garbini, 1898), Ðîññèÿ

(Mikrjukov, 1993 b).

2 (23). R. glabra Nicholls et Dürrschmidt, 1985 (ðèñ. 18, Â)
Äèàãíîç. Ïåðèïëàñò 40–50 ìêì â äèàìåòðå. Äëèííûå ðàäèàëüíûå ýëåìåíòû 10–15 ìêì, ãëàäêèå è

òðóá÷àòûå,  ñóæàþùèåñÿ ïîñòåïåííî îò ïðîêñèìàëüíîãî  êîíöà ê íåáîëüøîìó ïëàñòèí÷àòîìó îñíîâà-
íèþ (0,8 ìêì â äèàìåòðå); òðóá÷àòàÿ ÷àñòü 1,4–2,1 ìêì â äèàìåòðå. Êîðîòêèå ðàäèàëüíûå ýëåìåíòû –
èãîëü÷àòûå, îêîëî 4,6 ìêì â äëèíó, áåç ïîâåðõíîñòíîé ôàêòóðû; îòêðûòûå êîíöû îêðóãëûå (1,5 ìêì
â äèàìåòðå), îêðóæåíû ÷åòêîé êàéìîé; ðåçêî ñóæàþòñÿ â äëèííûå òðóáêè, èìåþùèå ñõîäíûå ñ äëèí-
íûìè ñïèêóëàìè áàçàëüíûå ïëàñòèíêè. Ïëàñòèí÷àòûå ÷åøóéêè 6–7 % 3–3,5 ìêì, ïëîñêèå, îêðóæåíû
øèðîêîé ïåðèôåðè÷åñêîé êàéìîé ñ ãëàäêîé íàðóæíîé ïîâåðõíîñòüþ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè, Êàíàäà (Nicholls & Dürrschmidt, 1985).

3 (24). R. tubifera Penard, 1904 (ðèñ. 18, Ã)
Äèàãíîç. Ïåðèïëàñò 10–27 ìêì â äèàìåòðå. Äëèííûå ðàäèàëüíûå ýëåìåíòû ïèïåòêîâèäíûå, 15–27

ìêì äëèíîé. Êîðîòêèå ðàäèàëüíûå ýëåìåíòû âîðîíêîâèäíûå, 2,5–4,5 ìêì â äëèíó è îêîëî 2,8 ìêì â
äèàìåòðå. Ïëàñòèí÷àòûå ÷åøóéêè îâàëüíûå, 5,0–7,9 % 2,5–3,2 ìêì, ñ øèðîêîé ìàðãèíàëüíîé êàéìîé
è ðåòèêóëÿðíîé âíåøíåé ïîâåðõíîñòüþ.

Ïðåñíûå, ðåäêî ìîðñêèå âîäû
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968), Âåëèêîáðèòàíèÿ (Wailes,

1939), Íèäåðëàíäû (Siemensma, 1981), Ðîññèÿ (Mikrjukov, 1993 b), Êàðåëèÿ (Mikrjukov, 2001), Ýñòî-
íèÿ (Mikrjukov, 1993 a), Êàíàäà (Rees et al., 1980), ×èëè, Ìàëàéçèÿ, Íîâàÿ Çåëàíäèÿ, Øðè-Ëàíêà
(Nicholls & Dürrschmidt, 1985), Àðãåíòèíà (Vigna & Alberio, 1993), ßïîíèÿ (Takahashi, 1959), Àâñòðàëèÿ
(Croome, 1986); â ìîðñêèõ âîäàõ: Ëà-Ìàíø (Tong, 1994).

Ñåìåéñòâî 3. ACANTHOCYSTIDAE Claus, 1874
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè, ïåðèïëàñò êîòîðûõ äèôôåðåíöèðîâàí íà íàðóæíûå è âíóòðåí-

íèå ýíäîãåííûå êðåìíèåâûå ýëåìåíòû. Âíóòðåííèå ýëåìåíòû èìåþò âèä òàíãåíòàëüíûõ ïëàñòèí÷àòûõ
÷åøóåê, ëèøåííûõ ïîëîé ìàðãèíàëüíîé êàéìû, à íàðóæíûå – òàíãåíòàëüíûõ ïëàñòèí ñ õîðîøî âûðà-
æåííîé öåíòðàëüíîé ñòåðíîé (èíîãäà âîãíóòûõ ó îñíîâàíèÿ) èëè îáåèìè ñòåðíàìè è âîðîíêîâèäíûõ
îáðàçîâàíèé, ëèøåííûõ öåíòðàëüíîé ñòåðíû, èëè (÷àùå) ðàäèàëüíî îðèåíòèðîâàííûõ ðàäèàëüíî- èëè
áèëàòåðàëüíî-ñèììåòðè÷íûõ ñïèêóë ñ õîðîøî âûðàæåííîé ñòåðíîé – ñòâîëîì.

Ñîñòàâ: 7 ðîäîâ
Òèïîâîé ðîä: Acanthocystis Carter, 1863

ÊËÞ× ÄËß ÐÎÄÎÂ ÑÅÌÅÉÑÒÂÀ  ACANTHOCYSTIDAE:
1. Ñòåðíà (ñòâîë) íàðóæíûõ ýëåìåíòîâ ïåðèïëàñòà ïîëíîñòüþ ðåäóöèðîâàíà; èõ öåíòð
    óãëóáëåí, çà ñ÷åò ÷åãî ÷åøóéêà ïðèîáðåòàåò ðàäèàëüíóþ îðèåíòàöèþ è
    âîðîíêîîáðàçíóþ ôîðìó ......................................................................................... Pseudoraphidocystis
1’ Ñòåðíà (ñòâîë) èìååòñÿ ...................................................................................................................... 2
2. Âñå ýëåìåíòû ïåðèïëàñòà ïðåäñòàâëåíû òàíãåíòàëüíûìè ïëàñòèíàìè ......................................... 3
2’ Íàðóæíûå ÷åøóéêè ïåðèïëàñòà îðèåíòèðîâàíû ðàäèàëüíî èëè ñóáðàäèàëüíî .......................... 4
3. Íàðóæíûé ñëîé ïåðèïëàñòà ïðåäñòàâëåí áåñôàêòóðíûìè ïëàñòèíàìè, îêðóæåííûìè
    øèðîêîé ïîëîé ìàðãèíàëüíîé êàéìîé .................................................................Heteroraphidiophrys
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3’ Íàðóæíûå ÷åøóéêè èìåþò âèä ïëàñòèí îêðóãëîé, îâàëüíîé èëè ïàðóñîâèäíîé ôîðìû,
    ëèøåííû ïîëîé ìàðãèíàëüíîé êàéìû, ñî ñòåðíîé è ìåìáðàíîâèäíûìè êðûëüÿìè,
    îðíàìåíòèðîâàííûìè ðàäèàëüíûìè ðåáðàìè, ðàñõîäÿùèìèñÿ îò ñòåðíû ..... Pseudoraphidiophrys
4. Ðàäèàëüíûå ÷åøóéêè áèëàòåðàëüíî-ñèììåòðè÷íû, ñîñòîÿò èç ñòåðíû (còâîëà) è
    ìåìáðàííîãî îñíîâàíèÿ, îáðàçóþùåãî äâà ëàòåðàëüíûõ êðûëà, òÿíóùèõñÿ íà
     îïðåäåëåííîì ðàññòîÿíèè âäîëü ñòåðíû .......................................................................................... 5
4’ Ðàäèàëüíûå ÷åøóéêè (ñïèêóëû) ñîñòîÿò èç ñòâîëà, ëèøåííîãî ëàòåðàëüíûõ êðûëüåâ è
    áàçàëüíîé ïëàñòèíêè ........................................................................................................................... 6
5. Äèôôåðåíöèðîâêà ìåìáðàííîãî îñíîâàíèÿ ðàäèàëüíûõ ÷åøóåê íà áàçàëüíîå è
   ëàòåðàëüíûå êðûëüÿ íå÷åòêàÿ, áàçàëüíîå êðûëî íå îáðàçóåò  îñíîâàíèÿ ñïèêóëû,
   ïåðïåíäèêóëÿðíîãî ê ñòâîëó è ëàòåðàëüíûì êðûëüÿì ...................................................... Pterocystis
5’ Ðàäèàëüíûå ÷åøóéêè èìåþò ÷åòêî âûðàæåííîå áàçàëüíîå êðûëî, ïåðïåíäèêóëÿðíîå ê
    ñòâîëó è ëàòåðàëüíûì êðûëüÿì è îáðàçóþùåå îñíîâàíèå ñïèêóëû ........................... Raineriophrys
6. Áàçàëüíûå ïëàñòèíêè ñïèêóë ñåðäöåâèäíîé ôîðìû; ñòâîëû îòõîäÿò îò íèõ
    ýêñöåíòðè÷íî ......................................................................................................................Choanocystis
6’ Áàçàëüíûå ïëàñòèíêè îêðóãëîé èëè ñëåãêà íåïðàâèëüíîé ôîðìû; ñòâîëû îòõîäÿò îò èõ
    öåíòðîâ ............................................................................................................................... Acanthocystis

Ðîä 9. Heteroraphidiophrys Mikrjukov et Patterson, 2002 (ðèñ. 15)
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè ñ äâóìÿ òèïàìè òàíãåíòàëüíûõ êðåìíèåâûõ ýëåìåíòîâ â

ïåðèïëàñòå; âíóòðåííèå – ïëàñòèí÷àòûå ÷åøóéêè ñ ïîëîé çàãíóòîé ìàðãèíàëüíîé êàéìîé, íî ñ àêñè-
àëüíûì ðåáðîì, è  íàðóæíûå – ïëàñòèí÷àòûå ÷åøóéêè ñ ãîðàçäî áîëåå øèðîêîé ïîëîé ìàðãèíàëüíîé
êàéìîé, îáðàçîâàííîé çàãíóòûìè êðàÿìè ÷åøóéêè.

Ðèñ. 18. Âèäû ðîäà Raphidocystis. À, Á – R. lemani. À – îáùèé âèä, ðàäèàëüíûå ýëåìåíòû è ïëàñòèí÷àòàÿ ÷åøóéêà; Á –
ñòðóêòóðà ïåðèïëàñòà; Â – R. glabra (äëèííûå è êîðîòêèå ðàäèàëüíûå ýëåìåíòû è ïëàñòèí÷àòàÿ ÷åøóéêà); Ã – R. tubifera (ðàäèàëü-
íûå ýëåìåíòû è ïëàñòèí÷àòàÿ ÷åøóéêà);  (À, Â, Ã – ïî: Siemensma, 1991; Á – ïî: Gabrini, 1898 [êàê Heterophrys pavessii])
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Ñîñòàâ: Ìîíîòèïè÷åñêèé
Òèïîâîé âèä: H. australis Mikrjukov et Patterson, 2002

1 (25). H. australis Mikrjukov et Patterson, 2002 (ðèñ. 15, Á)
Äèàãíîç. Âèä ðîäà Heteroraphidiophrys  ñ äèàìåòðîì òåëà 20–22 ìêì è äâóõñëîéíûì ïåðèïëàñòîì,

3–4 ìêì òîëùèíîé. ×åøóéêè âíóòðåííåãî ñëîÿ ñèëüíî âàðüèðóþò ïî ôîðìå îò îâàëüíûõ äî ëåíòîâèä-
íûõ (â ïðåäåëàõ îäíîãî ïåðèïëàñòà), 3,0–7,4 % 1,5–2,0 (â ñðåäíåì, 5,3 % 1,8) ìêì, Ä/Ø-îòíîøåíèå =
2,7–5,0 (â ñðåäíåì, 3,3).

Íàðóæíûå ÷åøóéêè êðóïíåå, îâàëüíûå, èçðåäêà íåïðàâèëüíîé ôîðìû, 5,0–5,5 % 3,0–3,7 (â ñðåä-
íåì, 5,3 % 3,4) ìêì, Ä/Ø-îòíîøåíèå = 1,5–1,7 (â ñðåäíåì, 1,6), ñ ãëàäêîé äèñòàëüíîé ïîâåðõíîñ-
òüþ, îêðóæåíû òîíêîé ïîëîé ìàðãèíàëüíîé êàéìîé ïîñòîÿííîé òîëùèíû.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Òàñìàíîâî ìîðå (Mikrjukov & Patterson, 2002).

Ðîä 10. Pseudoraphidocystis Mikrjukov, 1997 (ðèñ. 19)
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè, ïåðèïëàñò êîòîðûõ îáðàçîâàí äâóìÿ òèïàìè ýíäîãåííûõ

êðåìíåâèäíûõ ýëåìåíòîâ: òàíãåíòàëüíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè, ëèøåííûìè ïîëîé ìàðãè-
íàëüíîé êàéìû, è ðàäèàëüíûìè âîðîíêîâèäíûìè ýëåìåíòàìè, ëèøåííûìè îñåâîãî ñòåðæíÿ (ñòâîëà
èëè ñòåðí).

Ñîñòàâ: 3 âèäà
Òèïîâîé âèä: P. glutinosa (Penard, 1904) Mikrjukov, 1997

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  PSEUDORAPHIDOCYSTIS:
1. Ðàäèàëüíûå ÷åøóéêè ðàäèàëüíî-ñèììåòðè÷íûå, íå íåñóò ðåáåð .................................. P. glutinosa
1’ Ïîâåðõíîñòü ðàäèàëüíûõ ÷åøóåê íåñåò ðàäèàëüíûå ðåáðà ............................................................. 2
2. Ðàäèàëüíûå ÷åøóéêè èìåþò ñòåáëåâèäíîå áàçàëüíîå âûïÿ÷èâàíèå .............................................. 3
2’ Ñòåáëåâèäíîãî âûïÿ÷èâàíèÿ ó ðàäèàëüíûõ ÷åøóåê íåò ................ P. flabellata ssp. novae-zelandiae
3. Ðåáðà ðåãóëÿðíî ðàñïîëîæåíû, ñîñòîÿò èç 3–4 ìåëêèõ ðåáåð, ðàñõîäÿòñÿ îò âåðõíåãî
    êîíöà ñòåáåëüêà ê íàðóæíîìó êðàþ ÷åøóéêè ..............................................P. flabellata ssp. flabellata

Ðèñ. 19. Âèäû ðîäà Pseudoraphidocystis. À – P. glutinosa (îáùèé âèä, ðàäèàëüíàÿ è ïëàñòèí÷àòàÿ ÷åøóéêè); Á – P.
flabellata (âíóòðåííÿÿ è íàðóæíàÿ ÷åøóéêè ïåðèïëàñòà); Â – P. umbraculiformis (âíóòðåííÿÿ (ïëàñòèí÷àòàÿ) è íàðóæíàÿ
(ðàäèàëüíàÿ) ÷åøóéêè);  (âñå ðèñóíêè äàíû ïî: Siemensma, 1991)
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3’ Ðàäèàëüíûå ÷åøóéêè çîíòîâèäíûå; ðåáðà òîíêèå, îðíàìåíòèðóþò ïåðèôåðèþ çîíòà è
    çàòóìàíèâàþòñÿ ê öåíòðó ......................................................................................... P. umbraculiformis

1 (26). P. glutinosa (Penard, 1904) Mikrjukov, 1997  (ðèñ. 19, À)
Basionym: Raphidocystis glutinosa Penard, 1904
Syn.: Acanthocystis rasilis Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 10–20 ìêì â äèàìåòðå, ïðåäñòàâëåí äâóìÿ òèïàìè ÷åøóåê. Ïåðèïëàñò ïëîõî

óïàêîâàí. Íàðóæíûå (ðàäèàëüíûå) ÷åøóéêè 3,0–4,0  ìêì â äèàìåòðå, áåñôàêòóðíûå, ïî÷òè âîðîíêî-
èëè ÷àøå÷êîâèäíûå; îòêðûòûå êîíöû îêðóãëûå, 2,6–3,0 ìêì â äèàìåòðå,  îêðóæåíû óçêîé êàéìîé;
ðåçêî ñóæàþòñÿ â áàçàëüíûõ ÷àñòÿõ â òðóáêó 1,5 ìêì â äèàìåòðå ñ íåáîëüøèì ãîëîâ÷àòûì îñíîâàíèåì.

Âíóòðåííèå ïëàñòèí÷àòûå ÷åøóéêè 3,0–3,3 % 1,7–2,0 ìêì,  áåñôàêòóðíûå, ñ óçêîé ïåðèôåðè÷åñ-
êîé êàéìîé è ñëàáî ðàçâèòûì àêñèàëüíûì óòîëùåíèåì.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968), Íèäåðëàíäû (Siemensma,

1981), Íîâàÿ Çåëàíäèÿ ([êàê A. rasilis] Dürrschmidt, 1987 b).

2 (27). P. flabellata ssp. flabellata  (Dürrschmidt, 1987)  Mikrjukov, 1997  (ðèñ. 19, Á)
Basionym: Acanthocystis flabellata Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 10–15 ìêì â äèàìåòðå, ïðåäñòàâëåí äâóìÿ òèïàìè ÷åøóåê. Íàðóæíûå ÷åøóéêè

ðàäèàëüíî ñèììåòðè÷íû, 3,6 ìêì â äèàìåòðå, 2,7 ìêì äëèíîé, ñ ðåãóëÿðíî ðàñïîëîæåííûìè ðàäè-
àëüíûìè ðåáðàìè,  ñîñòîÿùèìè èç 3–4 ìåëêèõ ðåáåð, îáðàçóÿ êîðîòêîå ñòåáëåâèäíîå áàçàëüíîå âûïÿ-
÷èâàíèå è ðàñõîäÿòñÿ ê íàðóæíîìó êðàþ ÷åøóéêè;  ñòåáåëåê êîðîòêèé, 0,5 ìêì äëèíîé, ãëàäêèé,
öèëèíäðè÷åñêèé.

Âíóòðåííèå ïëàñòèí÷àòûå ÷åøóéêè 1,2–2,0 % 0,7–1,1 ìêì, ÿéöåâèäíûå èëè ýëëèïòè÷åñêèå, ñ
íåñêîëüêî ïðèïîäíÿòûì àêñèàëüíûì óòîëùåíèåì; ïåðèôåðèÿ ÷åøóåê íåñåò âûãíóòóþ êàéìó.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Êàíàäà (Nicholls, öèò. ïî: Dürrschmidt, 1987 b), Ãåðìàíèÿ, ×èëè, Íîâàÿ Çåëàí-

äèÿ (Dürrschmidt, 1987 b).

P. flabellata ssp. novae-zelandiae Dürrschmidt, 1987.
Basionym: Acanthocystis flabellata novae-zelandiae Dürrschmidt, 1987.
Äèàãíîç. Ïåðèïëàñò 10–15 ìêì â äèàìåòðå. Íàðóæíûå (ðàäèàëüíûå) ÷åøóéêè 3,8 ìêì â äèàìåòðå,

3,0 ìêì â äëèíó, ÷àøåâèäíûå, ëèøåííûå ñòåðæíåâèäíîãî áàçàëüíîãî âûïÿ÷èâàíèÿ. Âíóòðåííèå ïëà-
ñòèí÷àòûå ÷åøóéêè 1,2–2,0 % 0,7–1,1 ìêì. Îòëè÷àþòñÿ îò ssp. flabellata êóáêîâèäíûìè ñïèêóëàìè,
ëèøåííûìè ãëàäêîãî ñòåáëåâèäíîãî áàçàëüíîãî âûïÿ÷èâàíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íîâàÿ Çåëàíäèÿ (Dürrschmidt, 1987 b), ßïîíèÿ ([êàê sp. ¹17] Takahashi, 1959).

3 (28). P. umbraculiformis (Dürrschmidt, 1987)  Mikrjukov, 1997  (ðèñ. 19, Â)
Basionym: Acanthocystis umbraculiformis Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 15–25 ìêì â äèàìåòðå, ïðåäñòàâëåí äâóìÿ òèïàìè ÷åøóåê. Íàðóæíûå (ðàäèàëü-

íûå) ÷åøóéêè çîíòîâèäíûå, 2,4 ìêì â äèàìåòðå, ñ êîðîòêèì ñòåáåëüêîì, 0,6 ìêì äëèíîé; òîíêèå
ðàäèàëüíûå ðåáðà îðíàìåíòèðóþò ïåðåôåðèþ çîíòà è çàòóìàíèâàþòñÿ ê öåíòðó.

Âíóòðåííèå ïëàñòèí÷àòûå ÷åøóéêè îêîëî 1,5 % 0,8 ìêì, ýëëèïòè÷åñêèå, èíîãäà ñëåãêà èçîãíó-
òûå, ãëàäêèå, ñ ïëîõî âûðàæåííûì àêñèàëüíûì óòîëùåíèåì.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ, ×èëè (Dürrschmidt, 1987 b),  ßïîíèÿ ([êàê sp. ¹ 9] Takahashi, 1959).

Ðîä 11. Pseudoraphidiophrys Mikrjukov, 1997 (ðèñ. 20)
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè, ïåðèïëàñò êîòîðûõ îáðàçîâàí äâóìÿ òèïàìè òàíãåíòàëüíûõ

èëè ñóáòàíãåíòàëüíûõ ýíäîãåííûõ êðåìíèåâûõ ýëåìåíòîâ:  âíóòðåííèé ñëîé – òèïè÷íûìè äëÿ ñåìåé-
ñòâà ïëàñòèí÷àòûìè ÷åøóéêàìè, ëèøåííûìè ïîëîé ìàðãèíàëüíîé êàéìû, à íàðóæíûé – ïëàñòèíàìè
ñ îäíîé ÷åòêîé ñòåðíîé, îðíàìåíòèðîâàííûìè ðàäèàëüíûìè ðåáðàìè.
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Ñîñòàâ: 4 âèäà
Òèïîâîé âèä: P. formosa (Dürrschmidt, 1985) Mikrjukov, 1997

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  PSEUDORAPHIDIOPHRYS:
1. Íàðóæíûå ÷åøóéêè ïàðóñîâèäíîé ôîðìû; êðûëüÿ îáðàçóþò ñòåáëåâèäíîå âïÿ÷èâàíèå
    âîêðóã ïðîêñèìàëüíîãî êîíöà ñòåðíû ............................................................................. P. veliformis
1’ Íàðóæíûå ÷åøóéêè îêðóãëîé, ÿéöåâèäíîé èëè îâàëüíîé ôîðìû ............................................... 2
2. Íàðóæíûå ÷åøóéêè ÷åòêî ðàçäåëåíû íà áåñôàêòóðíóþ ìàðãèíàëüíóþ ÷àñòü è
    ðåáðèñòóþ öåíòðàëüíóþ ...................................................................................................... P. discoidea
2’ Áåñôàêòóðíàÿ ìàðãèíàëüíàÿ ÷àñòü íå âûðàæåíà.............................................................................. 3
3. Íàðóæíûå ÷åøóéêè ÿéöåâèäíûå, 1,2–1,7 % 1,07 ìêì ...........................................................P. ovata
3’ Íàðóæíûå ÷åøóéêè îêðóãëûå èëè øèðîêî îâàëüíûå, 3,1–3,5 ìêì â äèàìåòðå ............ P. formosa

1 (29). P. formosa (Dürrschmidt, 1985) Mikrjukov, 1997  (ðèñ. 20, À, Á)
Basionym: Acanthocystis formosa Dürrschmidt, 1985
Äèàãíîç. Ïåðèïëàñò 10–15 ìêì â äèàìåòðå, ïðåäñòàâëåí äâóìÿ òèïàìè òàíãåíòàëüíûõ ÷åøóåê. Íà-

ðóæíûå  ÷åøóéêè ïî÷òè îêðóãëûå èëè îâàëüíûå, 3,1–3,5 ìêì â äèàìåòðå, ñ ðåãóëÿðíî ðàçìåùåííûìè
òîíêèìè ðåáðàìè, ðàñõîäÿùèìèñÿ îò ñòåðíû ðàäèàëüíî ê êðàÿì; ñòåðíà ðóäèìåíòàðíà, ïðèñóòñòâóåò
â âèäå óòîëùåííîé òåìíîé ëèíèè; ïðîñòðàíñòâî, îêðóæàþùåå ïðîêñèìàëüíóþ ÷àñòü ñòåðíû, âîãíóòî;
áàçàëüíîå è ëàòåðàëüíûå êðûëüÿ ñîåäèíÿþòñÿ â ïî÷òè îêðóãëûå ÷åøóéêè.

Âíóòðåííèå ïëàñòèí÷àòûå ÷åøóéêè 1,2–1,5 % 0,9–1,0 ìêì, ýëëèïñîèäíûå èëè ñëåãêà àñèììåòðè÷-
íûå, òîíêèå, ñ öåíòðàëüíûì âäàâëèâàíèåì; âûâåðíóòûå ñóáìàðãèíàëüíûå ÷àñòè ñî ñëåãêà âûãíóòîé
êàéìîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1985), Àâñòðàëèÿ (Croome, 1987 b).

Ðèñ. 20. Âèäû ðîäà Pseudoraphidiophrys. À, Á – P. formosa (ñòðóêòóðà êëåòêè è òèïû òàíãåíòàëüíûõ ÷åøóåê); Â – P.
discoidea; Ã – P. ovata; Ä – P. veliformis (íà ðèñ. Â, Ã, Ä ïðåäñòàâëåíû òèïû òàíãåíòàëüíûõ ÷åøóåê ïåðèïëàñòà);  (ðèñ. À,
Á, Â – ïî: Dürrschmidt, 1985; ðèñ. Ã, Ä – ïî: Dürrschmidt, 1987; ðåâèçèÿ ðîäà ïðîâåäåíà â ñòàòüå Ìèêðþêîâà, 1997 á)
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2 (30). P. discoidea (Dürrschmidt, 1985) Mikrjukov, 1997  (ðèñ. 20, Â)
Basionym: Acanthocystis discoidea Dürrschmidt, 1985
Äèàãíîç. Ïåðèïëàñò 10–15 ìêì â äèàìåòðå, ïðåäñòàâëåí äâóìÿ òèïàìè òàíãåíòàëüíûõ ÷åøóåê. Íàðóæ-

íûå  ÷åøóéêè 3,4–4,1 ìêì â äèàìåòðå, îêðóãëûå èëè îêðóãëî-îâàëüíûå; ðàçäåëåíû íà áåñôàêòóðíóþ
ìàðãèíàëüíóþ ÷àñòü è ðåáðèñòóþ öåíòðàëüíóþ; ñòåðíà ïðîÿâëÿåòñÿ òîëüêî êàê òåìíàÿ öåíòðàëüíàÿ
ëèíèÿ, îò êîòîðîé ê âíóòðåííåìó êðàþ òåìíîé ïîëîñû ðàäèàëüíî ðàñõîäÿòñÿ ðåáðà; ñëàáîå âäàâëèâàíèå
íà îäíîì èç  êîíöîâ ñòåðíû ìîæíî ðàññìàòðèâàòü êàê ìàðêåð áàçàëüíîãî êîíöà.

Âíóòðåííèå ïëàñòèí÷àòûå ÷åøóéêè ìàëû, 1,1 % 0,6–0,75 ìêì, îâàëüíûå è òîíêèå, öåíòðàëüíûé
ãðåáåíü ñëåãêà ïðèïîäíÿò íàä íåáîëüøèìè ïîëÿìè.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1985).

3 (31). P. ovata (Dürrschmidt, 1987) Mikrjukov, 1997  (ðèñ. 20, Ã)
Basionym: Acanthocystis ovata Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 5–10 ìêì â äèàìåòðå, ïðåäñòàâëåí äâóìÿ òèïàìè òàíãåíòàëüíûõ ÷åøóåê. Íà-

ðóæíûå  ÷åøóéêè 1,2–1,7 % 1,07 ìêì, ÿéöåâèäíûå, ñ òîíêèìè ðåãóëÿðíî ðàñïîëîæåííûìè ðåáðàìè,
ðàñõîäÿùèìèñÿ îò ñòåðíû ê íàðóæíîé êàéìå; ñòåðíà ñëàáî ðàçâèòà è çàìåòíà òîëüêî êàê òåìíàÿ
ëèíèÿ; ïðîñòðàíñòâî âîêðóã ñòåðíû  ñëåãêà âîãíóòî; áàçàëüíîå è ëàòåðàëüíûå êðûëüÿ ôîðìèðóþò
îâàëüíóþ ôîðìó ÷åøóåê.

Âíóòðåííèå  ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, 1,5 % 0,6 ìêì, áåñôàêòóðíûå, çà èñêëþ÷åíè-
åì óçêîé êàéìû è öåíòðàëüíîãî óòîëùåíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1987 b).

4 (32). P. veliformis (Dürrschmidt, 1987) Mikrjukov, 1997  (ðèñ. 20, Ä)
Basionym: Acanthocystis veliformis Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 10–20 ìêì â äèàìåòðå, ïðåäñòàâëåí äâóìÿ òèïàìè òàíãåíòàëüíûõ ÷åøóåê. Íà-

ðóæíûå  ÷åøóéêè ïàðóñîâèäíûå; ñòåðíà ðåäóöèðîâàíà äî êîðîòêîãî ïîëîãîãî ðåáðà; ëàòåðàëüíûå
êðûëüÿ òÿíóòñÿ ïî âñåé äëèíå ñòåðíû, äîñòèãàÿ ìàêñèìàëüíîé øèðèíû â íèæíåé òðåòè ÷åøóéêè;
îòñþäà, ê ïðîêñèìàëüíîìó êîíöó, îíè áëèçêî ñõîäÿòñÿ ñ áàçàëüíûì êðûëîì, ôîðìèðóÿ êîðîòêèé
áåñôàêòóðíûé ñòåáåëåê, èíîãäà ïðåäñòàâëåííûé â âèäå âîãíóòîãî âïÿ÷èâàíèÿ âîêðóã ïðîêñèìàëüíîãî
êîíöà ñòåðíû; ëàòåðàëüíûå êðûëüÿ îðíàìåíòèðîâàíû òîíêèìè ðåáðàìè, ïåðïåíäèêóëÿðíî èëè êîñî
ðàñõîäÿùèìèñÿ îò ñòâîëà ê íàðóæíîìó êðàþ.

Âíóòðåííèå ïëàñòèí÷àòûå ÷åøóéêè ìåëêèå, 0,9–1,3 % 0,6–0,8 ìêì,  ÿéöåâèäíûå èëè,  áîëåå ðåä-
êî, ýëëèïòè÷åñêèå; áåñôàêòóðíû, çà èñêëþ÷åíèåì àêñèàëüíîãî óòîëùåíèÿ, êîòîðîå ñëåãêà ïðèïîä-
íÿòî íà íåáîëüøîì ïðîñòðàíñòâå, ñ óçêîé ïåðèôåðè÷åñêîé êàéìîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Êàíàäà, ×èëè (Dürrschmidt, 1987 b).

Ðîä 12. Pterocystis Siemensma et Roijackers, 1988 (ðèñ. 21)
Äèàãíîç.  Öåíòðîõåëèäíûå  ñîëíå÷íèêè,  ïåðèïëàñò êîòîðûõ îáðàçîâàí äâóìÿ òèïàìè ýíäîãåííûõ

êðåìíèåâûõ ýëåìåíòîâ: òàíãåíòàëüíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè è ðàäèàëüíûìè (èëè ñóáðàäèàëü-
íûìè) ñïèêóëàìè. Ïîñëåäíèå ñîñòîÿò èç ñòâîëà è ìåìáðàííîãî îñíîâàíèÿ,  íà íåêîòîðîì ðàññòîÿíèè
òÿíóùåãîñÿ âäîëü ñòâîëà è ÷àñòî ó îñíîâàíèÿ ñïèêóëû  îáðàçóþùåãî ñòåáåëåê. Ìåìáðàííîå îñíîâàíèå
÷åòêî íå äèôôåðåíöèðîâàíî íà áàçàëüíîå è ëàòåðàëüíûå êðûëüÿ.

Ñîñòàâ: 10 âèäîâ
Òèïîâîé âèä: P. pteracantha (Siemensma, 1981) Siemensma et Roijackers, 1988

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ PTEROCYSTIS:
1. Ñòåðíà (ñòâîë) ðàäèàëüíûõ ÷åøóåê èçîãíóòà â ïðîêñèìàëüíîé ÷àñòè è îáðàçóåò
    ñòåáëåâèäíîå âûïÿ÷èâàíèå (ñòåáåëåê); ñàìè ÷åøóéêè ëèñòî-, ïåðî- èëè âîðîíêîâèäíîé
    ôîðìû ................................................................................................................................................... 2
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Ðèñ. 21. Âèäû ðîäà Pterocystis. À – P. pteracantha (îáùèé âèä êëåòêè, ïëàñòèí÷àòàÿ ÷åøóéêà è ñïèêóëà ïåðèïëàñòà);
Á – P. striata; Â – P. tropica; Ã – P. pyriformis;  Ä – P. paliformis; Å – P. foliacea;  Æ – P. pulchra; Ç – P. plumosa; È – P. pinnata;
Ê – P. anapoda (íà ðèñ. Á – Ê ïðåäñòàâëåíû ïëàñòèí÷àòûå ÷åøóéêè è ðàäèàëüíûå ñïèêóëû ïåðèïëàñòà); (ðèñ. Â, Ã, Ä, Å,
Æ, Ç – ïî: Siemensma, 1991; ðèñ. À, Á, È, Ê – ïî: Siemensma & Roijackers, 1988 a)

1’ Ñòåáåëåê íå îáðàçóåòñÿ ....................................................................................................................... 4
2. Íàðóæíûå ÷åøóéêè ëèñòîâèäíûå; ëàòåðàëüíûå êðûëüÿ ðåçêî ñóæàþòñÿ ó
    ïðîêñèìàëüíîãî êîíöà, ôîðìèðóÿ êîìïàêòíûé ñòåáåëåê ................................................ P. foliacea
2’ Íàðóæíûå ÷åøóéêè âîðîíêî- èëè ïåðîâèäíûå .............................................................................. 3
3. Íàðóæíûå ÷åøóéêè âîðîíêî- èëè ÷àøåâèäíûå ..................................................................P. pulchra
3’ Íàðóæíûå ÷åøóéêè ïåðîâèäíûå, èìåþò äëèííóþ êðûëîâèäíóþ äèñòàëüíóþ
    ÷àñòü ....................................................................................................................................... P. plumosa
4. Ñïèêóëû ñîñòîÿò èç ñòâîëà, êðåïÿùåãîñÿ ê ìåìáðàííîìó îñíîâàíèþ;
    äèôôåðåíöèðîâêà îñíîâàíèÿ íà áàçàëüíîå è ëàòåðàëüíûå êðûëüÿ íå âûðàæåíà........................ 5
4’ Ìåìáðàíîâèäíîå îñíîâàíèå ñòâîëà âîãíóòî è â íåì ìîæíî ðàçëè÷èòü áàçàëüíîå è
    ëàòåðàëüíûå êðûëüÿ ............................................................................................................................ 8
5. Ïëàñòèí÷àòûå ÷åøóéêè áåñôàêòóðíû, çà èñêëþ÷åíèåì àêñèàëüíîãî  óòîëùåíèÿ....................... 6
5’ Ïëàñòèí÷àòûå ÷åøóéêè íåñóò âûðàæåííóþ ðåáðèñòóþ êàéìó ...................................................... 7
6. Ñòâîë èìååò ïëîñêîå ìåìáðàíîâèäíîå îñíîâàíèå (íàïîìèíàþùåå ñëåä “óòèíîé
    ëàïû”), ëàòåðàëüíûå êðûëüÿ íå òÿíóòñÿ âäîëü ñòâîëà ñïèêóëû; âåðõóøêè ñïèêóë
    óñå÷åííûå .............................................................................................................................. P. anapoda
6’ Îñíîâàíèå ñòâîëà èçîãíóòî è êðåïèòñÿ ê øèðîêîé ìåìáðàíå, ôîðìèðóÿ êîâøåâèäíóþ
    ñòðóêòóðó; ìåìáðàíà îáðàçóåò äâà ëàòåðàëüíûõ êðûëà, òÿíóùèõñÿ âäîëü ñòâîëà è
    îêàí÷èâàþùèõñÿ ñóáàïèêàëüíî; ñòâîë çàîñòðÿåòñÿ ê òóïîé âåðõóøêå ........................... P. pinnata
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7. Ñòâîë ñóæàåòñÿ ê óñå÷åííîé âåðõóøêå; áàçàëüíàÿ ÷àñòü ñòâîëà âûòÿíóòà â îâàëüíóþ
    ìåìáðàíó, îðíàìåíòèðîâàííóþ ðåáðàìè; îñíîâàíèå ñòâîëà ïîâåðíóòî íàçàä ............P. pteracantha
7’ Âåðõóøêè ñïèêóë òóïûå; ñòâîë ñóæàåòñÿ ê îñíîâàíèþ;  ïðîêñèìàëüíàÿ ÷àñòü ñòâîëà
    íåñåò ÿéöåâèäíóþ ìåìáðàíó ñ óòîëùåííîé ìàðãèíàëüíîé êàéìîé è ðàäèàëüíûìè
    ðåáðàìè ..................................................................................................................................... P. striata
8. Ëàòåðàëüíûå  êðûëüÿ  ïëàâíî  ñóæàþòñÿ  ê âåðõóøêå ñòâîëà; îñíîâàíèå ñòâîëà
    êîâøåâèäíî âîãíóòî è îáðàçóåò ãðóøåâèäíóþ ñòðóêòóðó; äèñòàëüíàÿ ÷àñòü ñòâîëà  áåç
    ëàòåðàëüíûõ êðûëüåâ .......................................................................................................... P. pyriformis
8’ Ëàòåðàëüíûå êðûëüÿ áîëåå ñëîæíîé ôîðìû .................................................................................... 9
9. Ñïèêóëû ëîïàòîâèäíûå; ëàòåðàëüíûå êðûëüÿ ðåçêî ñóæàþòñÿ â àïèêàëüíîé ÷åòâåðòè,
    îêàí÷èâàÿñü ñóáàïèêàëüíî; ñòâîë ñ òóïîé âåðõóøêîé; êðûëüÿ íå íåñóò ðåáåð .......... P. paliformis
9’ Ëàòåðàëüíûå êðûëüÿ áàçàëüíî ïðÿìîóãîëüíûå, ðåçêî ñóæàþòñÿ íà ñåðåäèíå ñòâîëà è
    îêàí÷èâàþòñÿ ñóáàïèêàëüíî; âåðõóøêà ñòâîëà îñòðàÿ; ëàòåðàëüíûå êðûëüÿ
    îðíàìåíòèðîâàíû ðåáðàìè .................................................................................................... P. tropica

1 (33). P. pteracantha (Siemensma, 1981) Siemensma et Roijackers, 1988  (ðèñ. 21, À)
Basionym: Acanthocystis pteracantha Siemensma, 1981
Äèàãíîç. Êëåòêè 8–15 ìêì â äèàìåòðå; îäèí òèï ñïèêóë â ïåðèïëàñòå. Ñïèêóëû 2,5–9,4 ìêì â

äëèíó; ñòâîë 0,26 ìêì â äèàìåòðå, ñëåãêà ñóæàåòñÿ ê âåðõóøêå; âåðõóøêà óñå÷åííàÿ; áàçàëüíàÿ ÷àñòü
ñòâîëà âûòÿãèâàåòñÿ â îâàëüíóþ èëè ïðàêòè÷åñêè îêðóãëóþ ìåìáðàíó, 3,0–3,5 % 2,4–3,5 ìêì, îðíà-
ìåíòèðîâàííóþ 50–80 ðàäèàëüíûìè ðåáðàìè, ðàñõîäÿùèìèñÿ îò ñòâîëà; îñíîâàíèå ñòâîëà ïîâåðíóòî
íàçàä, ôîðìèðóÿ âìÿòèíó.

Ïëàñòèí÷àòûå ÷åøóéêè 3,6–5,0 % 2,5–2,8 ìêì, îò óäëèíåííûõ äî ýëëèïòè÷åñêèõ; îêðóæåíû òîë-
ñòîé êàéìîé, 0,1 ìêì; ñ îáøèðíîé âäàâëåííîé  öåíòðàëüíîé çîíîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íèäåðëàíäû (Siemensma, 1981; Siemensma & Roijackers, 1988 a).

2 (34). P. striata (Nicholls, 1983) Dürrschmidt 1987  (ðèñ. 21, Á)
Basionym: Acanthocystis striata Nicholls, 1983
Äèàãíîç. Ôèêñèðîâàííûå êëåòêè 7–10 ìêì â äèàìåòðå; îäèí òèï ñïèêóë â ïåðèïëàñòå. Ñïèêóëû

ïîëûå, 3–7 ìêì â äëèíó, 0,12–0,20 ìêì â äèàìåòðå, ñóæàþùèåñÿ ê òóïûì âåðõóøêàì; ïðîêñèìàëüíàÿ
÷àñòü íåñåò ÿéöåâèäíóþ ìåìáðàíó ñ ïåðèôåðè÷åñêîé  óòîëùåííîé êàéìîé – 0,02 ìêì øèðèíîé;
ïîâåðõíîñòü ìåìáðàíû ïåðåñå÷åíà 20–40 ðàäèàëüíûìè ðåáðàìè (0,02 ìêì øèðèíîé), ñîåäèíÿþùèìè
êðàé ìåìáðàíû ñ ïðîêñèìàëüíîé ïîëîâèíîé ñòâîëà; îñíîâàíèå ñòâîëà èçîãíóòî,  ÷òî ïðèâîäèò ê
âìÿòèþ ìåìáðàíû, ôîðìèðóþùåé ëîæêîâèäíóþ ñòðóêòóðó.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, îêîëî 1,4 % 2,2 ìêì,  ñ ìåäèàëüíûì òðóá÷àòûì óòîëùåíè-
åì íà 2/3 äëèíû ÷åøóéêè, 0,07 ìêì  øèðèíîé;  èõ  êðàÿ îáðàìëåíû øèðîêîé óòîëùåííîé èëè èçîãíó-
òîé êàéìîé, ïðèìåðíî íà 1/2 øèðèíû ÷åøóéêè è îðíàìåíòèðîâàíû ðàäèàëüíî  ðàñïîëîæåííûìè
ðåáðàìè 0,02 ìêì øèðèíîé; ñõîäíûå ðåáðà ñîåäèíÿþò ìåäèàëüíîå óòîëùåíèå è êàéìó.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ, ×èëè, Íîâàÿ Çåëàíäèÿ (Dürrschmidt, 1987 b), Êàíàäà (Niñholls, 1983),

Àâñòðàëèÿ (Croome, 1986).

3 (35). P. tropica (Dürrschmidt, 1987) Siemensma, 1991 (ðèñ. 21, Â)
Basionym: Acanthocystis tropica Dürrschmidt, 1987
Syn.: A. tropica ssp. paucistriata Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 20–30 ìêì â äèàìåòðå; îäèí òèï ñïèêóë. Ñïèêóëû 4–7 ìêì â äëèíó, ñîãíóòû â

ïðîêñèìàëüíîé ÷àñòè; ñòâîë 0,19 ìêì â äèàìåòðå, ïîëûé, ðåçêî ñóæàþùèéñÿ ê âåðõóøêå; ëàòåðàëüíûå
êðûëüÿ ïðîêñèìàëüíî ïðÿìîóãîëüíûå, çàòåì ðåçêî ñóæàþòñÿ è îêàí÷èâàþòñÿ ñóáàïèêàëüíî; ïîïåðå÷íûå
ðåáðà ðàçâèòû ïðåèìóùåñòâåííî â ïðîêñèìàëüíîé ÷àñòè ëàòåðàëüíûõ êðûëüåâ è íà áàçàëüíîì êðûëå.

Ïëàñòèí÷àòûå ÷åøóéêè 2,1–2,7 % 1,2–1,5 ìêì, ýëëèïòè÷åñêèå, îðíàìåíòèðîâàíû ÷åòêèìè ðàäè-
àëüíûìè ðåáðàìè è íåçíà÷èòåëüíî âûðàæåííûì ìåäèàëüíûì óòîëùåíèåì.
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Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè, Øðè-Ëàíêà (Dürrschmidt, 1987 b).

4 (36). P. pyriformis (Dürrschmidt, 1987) Siemensma, 1991 (ðèñ. 21, Ã)
Basionym: Acanthocystis pyriformis Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 8–15 ìêì â äèàìåòðå, ñ îäíèì òèïîì ñïèêóë. Ñïèêóëû ïî÷òè ãðóøåâèäíûå,

1,5–2,0 â äëèíó; ñòâîë 1,4 ìêì â äëèíó, 0,06 ìêì â äèàìåòðå, ïîëûé, äèñòàëüíàÿ ÷àñòü áåç êðûëüåâ è
ñóæàåòñÿ ê òóïîé âåðõóøêå; áàçàëüíîå è ëàòåðàëüíûå  êðûëüÿ ôîðìèðóþò  ãðóøåâèäíóþ  ñòðóêòóðó;
êðûëüÿ ãëàäêèå, èõ êðàÿ íåìíîãî çàãíóòû âíóòðü; ïðîñòðàíñòâî âîêðóã îñíîâàíèÿ ñòâîëà êîâøåâèäíî
âîãíóòî.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå  èëè ÿéöåâèäíûå, îêîëî 1,4–1,6 ìêì, ñ óçêîé ïåðèôåðè÷åñ-
êîé êàéìîé è öåíòðàëüíûì âûïÿ÷èâàíèåì, èíîãäà ðàçâèòûì êàê öåíòðàëüíîå óòîëùåíèå.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè, Íîâàÿ Çåëàíäèÿ (Dürrschmidt, 1987 b).

5 (37). P. paliformis (Dürrschmidt, 1987) Siemensma, 1991 (ðèñ. 21, Ä)
Basionym: Acanthocystis paliformis Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 8–15 ìêì â äèàìåòðå, ñ îäíèì òèïîì ñïèêóë. Ñïèêóëû îêîëî 4.5 ìêì äëèíîé,

2,3 ìêì øèðèíîé, ïî÷òè ëîïàòîâèäíûå; ñòâîë ðåäóöèðîâàí äî êîðîòêîãî ïîëîãîãî ãðåáíÿ ðàçëè÷íîé
øèðèíû, îêàí÷èâàåòñÿ äèñòàëüíî òóïîé âåðõóøêîé; áàçàëüíîå è ëàòåðàëüíûå êðûëüÿ óçêî îêàéìëåíû
è, ñîåäèíÿÿñü, ôîðìèðóþò ëîïàòîâèäíóþ ôîðìó ñïèêóëû; êðûëüÿ èäóò ïî÷òè ïàðàëëåëüíî ïî îáå
ñòîðîíû ñòâîëà, à çàòåì ðåçêî ñóæàþòñÿ è îêàí÷èâàþòñÿ ñóáàïèêàëüíî; ïðîñòðàíñòâî ó îñíîâàíèÿ
ñòâîëà âîãíóòî â ïîëîñòü.

Ïëàñòèí÷àòûå ÷åøóéêè 2,5 % 1,5 ìêì, ýëëèïñîèäíûå èëè ÿéöåâèäíûå, òîíêèå è óçêî îêàéìëåí-
íûå; öåíòðàëüíîå óòîëùåíèå ðóäèìåíòàðíî ðàçâèòî è ïðèïîäíÿòî íà íåáîëüøîì ïîëå.

Ïðåñíûå, ðåæå ñîëîíîâàòûå âîäû
Ðàñïðîñòðàíåíèå: ×èëè, Íîâàÿ Çåëàíäèÿ (Dürrschmidt, 1987 b), ñîëîíîâàòûå âîäû: Ôèíñêèé çàëèâ

Áàëòèéñêîãî ìîðÿ (6:: Vørs, 1992 b).

6 (38). P. foliacea (Dürrschmidt, 1985) Siemensma, 1991 (ðèñ. 21, Å)
Basionym: Acanthocystis foliacea Dürrschmidt, 1985
Syn.: A. foliacea ssp. elongata Dürrschmidt, 1987; A. foliacea ssp. truncata Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò ìàë (èíîãäà ðåäóöèðóåòñÿ!!!), 10–20 ìêì â äèàìåòðå; ñ îäíèì òèïîì ñïèêóë.

Ñïèêóëû 2,2–6,9 ìêì â äëèíó, ëèñòîâèäíûå; ñòâîë ðåäóöèðîâàí äî óçêîãî ãðåáíÿ, íà ÒÝÌ âûãëÿäèò
â âèäå òåìíîé ëèíèè ìåæäó äâóìÿ øèðîêèìè ëàòåðàëüíûìè êðûëüÿìè,  ðàçâèâàþùèìèñÿ âäîëü âñåãî
ñòâîëà è çàîñòðÿþùèìèñÿ  äèñòàëüíî  â  íåáîëüøèå âåðõóøêè ó òåðìèíàëüíîé ÷àñòè ñòâîëà; îíè
ðàñøèðÿþòñÿ ê ïðîêñèìàëüíîìó êîíöó,  íî íà íåáîëüøîì ðàññòîÿíèè îò íåãî ðåçêî ñóæàþòñÿ, ôîð-
ìèðóÿ êîìïàêòíûé ñòåáåëåê; áîëåå-ìåíåå ãîðèçîíòàëüíîå âûòÿãèâàíèå íàïðîòèâ ñòâîëà ìîæåò áûòü
ðàññìîòðåíî êàê áàçàëüíîå êðûëî; êðûëüÿ áåñôàêòóðíûå è ãëàäêèå, óçêî îêàéìëåííûå;  ñïèêóëû
÷àñòî ìåíüøå, ÷åì èõ ïëàñòèí÷àòûå ÷åøóéêè.

Ïëàñòèí÷àòûå ÷åøóéêè 2,5–3,1 % 1,8–2,0 ìêì, ýëëèïñîèäíûå, èíîãäà ñëåãêà èçîãíóòûå èëè ñ
ìåäèàëüíîé ïåðåòÿæêîé, òîíêèå è óçêî îêàéìëåííûå; öåíòðàëüíîå óòîëùåíèå âèäíî èíîãäà ëèøü â
âèäå òîíêîé êàéìû.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íèäåðëàíäû (Siemensma, 1991), ×èëè, Íîâàÿ Çåëàíäèÿ, Øðè-Ëàíêà (Dürrschmidt,

1985, 1987 b), ßïîíèÿ ([êàê sp. ¹¹ 15, 16] Takahashi, 1959), Àâñòðàëèÿ (Croome, 1987 b).

7 (39). P. pulchra (Dürrschmidt, 1985) Siemensma, 1991 (ðèñ. 21, Æ)
Basionym: Acanthocystis pulchra Dürrschmidt, 1985
Äèàãíîç. Ïåðèïëàñò 20–30 ìêì â äèàìåòðå, ñ îäíèì òèïîì ñïèêóë. Ñïèêóëû äîâîëüíî ìíîãî÷èñëåí-

íû, 3,0–4,0 ìêì â äëèíó è ìàêñèìàëüíî 3,1–3,8 ìêì â øèðèíó, âîðîíêîâèäíûå èëè ÷àøå÷êîâèäíûå;
ñòâîë ðåäóöèðîâàí äî óçêîãî òåìíîãî ãðåáíÿ, âîçìîæíî ïîëîãî, òàê êàê íå èìååò ïëîòíîãî ñîäåðæèìî-
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ãî; ëàòåðàëüíûå êðûëüÿ òÿíóòñÿ âäîëü âñåé äëèíû ñòâîëà, äîñòèãàÿ ìàêñèìàëüíîé øèðèíû íà ñåðåäèíå;
îòñþäà ê ïðîêñèìàëüíîìó êîíöó îíè áëèçêî ñõîäÿòñÿ ñ áàçàëüíûì êðûëîì, è, íåñêîëüêî ñóæàÿñü,
ôîðìèðóþò  áåñôàêòóðíûé ïîëûé ñòåáåëåê, êîòîðûé ìîæåò áûòü äëèííûì è òîíêèì èëè êîðîòêèì è
ïåíüêîâèäíûì;  äèñòàëüíàÿ ÷àñòü  ñïèêóëû  ðàçëè÷íîé äëèíû; îáû÷íî ôðîíòàëüíàÿ ÷àñòü êîðî÷å è
íåñêîëüêî èçîãíóòà íàðóæó, òûëüíàÿ ÷àñòü ïðÿìåå,  äîñòèãàÿ ìàêñèìàëüíîé äëèíû îêîëî äèñòàëüíîãî
êîíöà ñòâîëà; ëàòåðàëüíûå êðûëüÿ îðíàìåíòèðîâàíû òîíêèìè ðåáðàìè, ðàñõîäÿùèìèñÿ îò ñòâîëà.

Ïëàñòèí÷àòûå ÷åøóéêè 3,0–3,3 % 1,7–2,0 ìêì, îò ÿéöåâèäíûõ äî ýëëèïñîèäíûõ, èíîãäà àñèììåò-
ðè÷íûå; òîíêèå è ñëàáî âîãíóòû â öåíòðàëüíîé ÷àñòè, îêàéìëåíû ñëàáî âûãíóòîé êàéìîé;  áåñôàê-
òóðíû, öåíòðàëüíûé ãðåáåíü âûãëÿäèò òîëüêî êàê òåìíàÿ ëèíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1985), Íîâàÿ Çåëàíäèÿ (Dürrschmidt, 1987 b).

8 (40). P. plumosa (Dürrschmidt, 1987 ) Siemensma, 1991 (ðèñ. 21, Ç)
Basionym: Acanthocystis plumosa Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 20–30 ìêì â äèàìåòðå, ñ îäíèì òèïîì ñïèêóë. Ñïèêóëû 7–12 ìêì äëèíîé,

ïåðîâèäíûå; ñòâîë 0,01 ìêì â äèàìåòðå, öèëèíäðè÷åñêèé, ïîëûé, ñ òóïîé èëè ðåçêî óñå÷åííîé
âåðõóøêîé; ëàòåðàëüíûå êðûëüÿ òÿíóòñÿ íà äâå òðåòè äëèíû ñòâîëà, äîñòèãàÿ ìàêñèìàëüíîé øèðèíû
â åãî íèæíåé ÷àñòè; îòñþäà, ïî  íàïðàâëåíèþ ê ïðîêñèìàëüíîìó êîíöó, îíè áëèçêî ñõîäÿòñÿ ñ
áàçàëüíûì êðûëîì è, ïîñëå çíà÷èòåëüíîãî ñóæåíèÿ, ôîðìèðóþò  áåñôàêòóðíûé ñòåáåëåê; áàçàëüíàÿ
÷àñòü ñòåáåëüêà ñòîïîîáðàçíàÿ; ëàòåðàëüíûå êðûëüÿ îðíàìåíòèðîâàíû òîíêèìè ðåáðàìè, ïåðïåíäè-
êóëÿðíî èëè êîñî ðàñõîäÿùèìèñÿ  îò  ñòâîëà ê íàðóæíîìó êîíöó.

Ïëàñòèí÷àòûå ÷åøóéêè 3,0–3,7 % 1,9–2,1 ìêì, ÿéöåâèäíûå èëè ýëëèïòè÷åñêèå, èíîãäà àñèììåò-
ðè÷íûå, òîíêèå, ñ ãëóáîêî âîãíóòîé öåíòðàëüíîé ÷àñòüþ, ñ óçêîé êàéìîé; àêñèàëüíîå óòîëùåíèå
ñëåãêà ïðèïîäíÿòî ïî íàïðàâëåíèþ ê ìåíüøåìó êîíöó ÷åøóéêè.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1987 b).

9 (41). P. pinnata (Nicholls, 1983) Siemensma et Roijackers, 1988  (ðèñ. 21, È)
Basionym: Acanthocystis pinnata Nicholls, 1983
Äèàãíîç. Ôèêñèðîâàííûå êëåòêè 5–10 ìêì â äèàìåòðå; â ïåðèïëàñòå îäèí òèï ñïèêóë. Ñïèêóëû 3,5–

6,0 ìêì äëèíîé, ïîëûå, 0,13–0,20 ìêì â äèàìåòðå (â ñåðåäèíå), ñóæàþòñÿ ê òóïî îêàí÷èâàþùåéñÿ
âåðõóøêå; îñíîâàíèå êðåïèòñÿ ê øèðîêîé ìåìáðàíå, îáðàçóþùåé äâå ëàòåðàëüíûõ ëîïàñòè, çàîñòðÿþ-
ùèåñÿ äèñòàëüíî âäîëü ñòâîëà, à çàòåì îêàí÷èâàþùèåñÿ ñóáàïèêàëüíî; îñíîâàíèå ñòâîëà èçîãíóòî,
ñîçäàâàÿ âìÿòîñòü â ìåìáðàíå è êîâøåîáðàçíóþ ñòðóêòóðó â îñíîâàíèè ñïèêóëû.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, 1,3–1,7 % 2–2,5 ìêì, êàæäàÿ ñ õîðîøî âûðàæåííûì ðåá-
ðîì (0,1–0,2 % 1–1,4 ìêì), ñóæàþùèìñÿ ê îáîèì êîíöàì è çàíèìàþùèì ìåäèàëüíóþ ïîëîâèíó–äâå
òðåòè ïðîäîëüíîé îñè ÷åøóéêè.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåöèÿ (Siemensma & Roijackers, 1988 a), Êàíàäà (Nicholls, 1983), ×èëè, Íîâàÿ

Çåëàíäèÿ, Ìàëàéçèÿ (Dürrschmidt, 1987 b).

10 (42). P. anapoda Siemensma et Roijackers, 1988  (ðèñ. 21, Ê)
Äèàãíîç. Òåëî êëåòêè 12 ìêì â äèàìåòðå; îäèí òèï ñïèêóë â ïåðèïëàñòå. Ñïèêóëû 6,5–10,6 ìêì

äëèíîé; ñòâîë 0,21–0,26 ìêì â äèàìåòðå, öèëèíäðè÷åñêèé, ïîëûé, ñ òóïîé âåðõóøêîé; ïðîêñèìàëü-
íàÿ ÷àñòü ñèëüíî èçîãíóòà; ñòâîë èìååò ìåìáðàííîå îñíîâàíèå, ðàçäåëåííîå íà äâà êðûëà; îñíîâàíèå
2,4–3,0 % 1,6–2,5 ìêì; åãî òðàïåöèåâèäíàÿ ôîðìà íàïîìèíàåò ñëåä «óòèíîé ëàïû»; ëàòåðàëüíûå êðû-
ëüÿ èìåþò ñëåãêà çàãíóòóþ ïîëîñó, ðàñøèðÿþùóþñÿ äèñòàëüíî; âåðõíÿÿ ïîâåðõíîñòü áàçàëüíîé ìåì-
áðàíû ãëàäêàÿ, íèæíÿÿ èìååò ñëàáî âûðàæåííûå ðàäèàëüíûå ðåáðà; ìåìáðàíû íåêîòîðûõ ñïèêóë
èìåþò ñëàáî ðàçâèòîå áàçàëüíîå âäàâëèâàíèå.

Ïëàñòèí÷àòûå ÷åøóéêè 3,8–4,1 % 1,8–2,8 ìêì, øèðîêî ýëëèïòè÷åñêèå èëè îâàëüíûå, èìåþò öåí-
òðàëüíîå âäàâëèâàíèå ñ îäíèì ïðîäîëüíûì ãðåáíåì èëè íåñêîëüêèìè ðàäèàëüíûìè; ïîâåðõíîñòü
ïëàñòèí÷àòûõ ÷åøóåê ãëàäêàÿ, ñ íåáîëüøîé ìàðãèíàëüíîé êàéìîé.
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Ïðåñíûå è ìîðñêèå âîäû
Ðàñïðîñòðàíåíèå: ïðåñíûå âîäû: Íèäåðëàíäû (Siemensma & Roijackers, 1988 a), ìîðñêèå âîäû: Ëà-

Ìàíø (Tong, 1994).

Ðîä 13. Raineriophrys  nom. n. Mikrjukov, 2001 (ðèñ. 22)
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè, ïåðèïëàñò êîòîðûõ îáðàçîâàí äâóìÿ òèïàìè ýíäîãåííûõ

êðåìíèåâûõ ýëåìåíòîâ: òàíãåíòàëüíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè è ðàäèàëüíûìè (èëè ñóáðàäèàëü-
íûìè) ñïèêóëàìè. Ïîñëåäíèå ñîñòîÿò èç ÷åòêî âûðàæåííîãî ñòâîëà ñ òÿíóùèìèñÿ íà íåêîòîðîì
ïðîòÿæåíèè âäîëü íåãî ëàòåðàëüíûìè êðûëüÿìè, à òàêæå ïåðïåíäèêóëÿðíîãî åìó áàçàëüíîãî êðûëà,
îáðàçóþùåãî îñíîâàíèå ñïèêóëû.

Ñîñòàâ: 8 âèäîâ
Òèïîâîé âèä: R. erinaceoides (Petersen et Hansen, 1960) Mikrjukov, 2001

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  RAINERIOPHRYS:
1. Áàçàëüíîå êðûëî îáðàçóåò ñåðäöåâèäíîå îñíîâàíèå ñïèêóëû ........................................................ 2
1’ Ñïèêóëû èíûå ..................................................................................................................................... 3
2. Ñòâîë ñèëüíî èçîãíóò â ïðîêñèìàëüíîé ÷àñòè; âäîëü âñåé åãî äëèíû òÿíóòñÿ äâà
    ëàòåðàëüíûõ êðûëà, îðíàìåíòèðîâàííûõ íåáîëüøèì êîëè÷åñòâîì ìåëêèõ
   çóá÷èêîâ.................................................................................................................................. R. echinata

Ðèñ. 22. Âèäû ðîäà Raineriophrys. À – R. erinaceoides (ñòðóêòóðà êëåòêè, ïëàñòèí÷àòàÿ ÷åøóéêà è ñïèêóëà); Á – R.
kilianii;  Â – R. pteromorphos;  Ã –  R. latimarginalis;  Ä  –  R. raineri;  Å –  R. fortesca;  Æ  –   R. scaposa;  Ç – R. echinata (íà ðèñ.
Á – Ç ïîêàçàíû ïëàñòèí÷àòûå ÷åøóéêè è ñïèêóëû ïåðèïëàñòà);  (ðèñ. À – Ç – ïî: Siemensma, 1991). Íîâîå íàçâàíèå ðîäà
Raineriophrys ïðåäëîæåíî â ñòàòüå Mikrjukov, 2001 âìåñòî ðîäà Raineria
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2’ Ñòâîë ïðÿìîé; ëàòåðàëüíûå êðûëüÿ ìîíîòîííî ñóæàþòñÿ âäîëü ñòâîëà è ëèøåíû
    çóá÷èêîâ .................................................................................................................................. R. scaposa
3. Ëàòåðàëüíûå êðûëüÿ òÿíóòñÿ âäîëü ñòâîëà íå ìåíüøå, ÷åì íà åãî áàçàëüíóþ òðåòü ................... 4
3’ Ëàòåðàëüíûå êðûëüÿ ðàçâèòû òîëüêî â ïðîêñèìàëüíîé ÷àñòè ñïèêóëû, ãäå âìåñòå ñ
    áàçàëüíûì êðûëîì îíè îáðàçóþò òðåóãîëüíóþ èëè êîâøåâèäíóþ ïîëîñòü ................................. 6
4. Ëàòåðàëüíûå êðûëüÿ, ìîíîòîííî ñóæàÿñü, òÿíóòñÿ ïî âñåé äëèíå ñòâîëà; ñòâîë óñå÷åí;
    áàçàëüíîå êðûëî ïðÿìîóãîëüíîå ..................................................................................R. pteromorphos
4’ Ëàòåðàëüíûå êðûëüÿ çàìåòíî íå äîñòèãàþò âåðõóøêè ñïèêóëû.................................................... 5
5. Ñòâîë íà äâå òðåòè íåñåò ëàòåðàëüíûå êðûëüÿ, ðàñïîëîæåííûå V-îáðàçíî ê ñòâîëó è
    áàçàëüíîìó êðûëó; âåðõóøêè ñïèêóë ðåçêî óñå÷åíû ......................................................... R. kilianii
5’ Ëàòåðàëüíûå êðûëüÿ òÿíóòñÿ íà áàçàëüíóþ òðåòü ñòâîëà; âåðõóøêè ñïèêóë
    îñòðûå .............................................................................................................................. R. erinaceoides
6. Ñïèêóëû âäâîå áîëüøå äèàìåòðà êëåòêè; áàçàëüíîå êðûëî èìååò çàìåòíóþ
    ðåáðèñòîñòü; ñòâîë îêàí÷èâàåòñÿ òóïî 3–10 ìàðãèíàëüíûìè çóáöàìè.................... R. fortesca
6’ Áàçàëüíîå êðûëî íå íåñåò ðåáåð ....................................................................................................... 7
7. Ñòâîë îêàí÷èâàåòñÿ òóïîé âåðõóøêîé ñ äâóìÿ çóáöàìè; òðåóãîëüíàÿ ïîëîñòü â
    îñíîâàíèè ñïèêóë ÷àñòî ðåäóöèðóåòñÿ â óçêóþ ùåëü; ïëàñòèí÷àòûå ÷åøóéêè áåç
    ðåáðèñòîé êàéìû .....................................................................................................................R. raineri
7’ Ñïèêóëû ëîæêîâèäíîé ôîðìû; ñòâîë ðåçêî óñå÷åí; ïëàñòèí÷àòûå ÷åøóéêè èìåþò
     ðàçâèòóþ ðåáðèñòóþ êàéìó, îêðóæàþùóþ öåíòðàëüíîå âïÿ÷èâàíèå .................... R. latimarginalis

1 (43). R. erinaceoides (Petersen et Hansen, 1960) comb. n. Mikrjukov, 2001  (ðèñ. 22, À)
Basionym: Acanthocystis erinaceoides Petersen et Hansen, 1960
Äèàãíîç. Êëåòêè 23,5 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí îäíèì òèïîì ñïèêóë. Ñïèêóëû 6,3–

9,4 ìêì â äëèíó, ñëåãêà èçîãíóòû è ñóæàþòñÿ ê îñòðîé âåðõóøêå; îñíîâàíèå ïðåäñòàâëåíî áàçàëüíûì
êðûëîì, 1,7 % 0,7–1,1 ìêì, ðàñïîëîæåííûì ïîä ïðÿìûì óãëîì ê ñòâîëó, è äâóìÿ V-îáðàçíî òÿíóùè-
ìèñÿ ëàòåðàëüíûìè êðûëüÿìè, íå äîñòèãàþùèìè ïîëîâèíû äëèíû ñòâîëà.

Ïëàñòèí÷àòûå ÷åøóéêè ÿéöåâèäíûå, 4,2–5,6 % 2,1–2,5 ìêì, ñ àêñèàëüíûì ãðåáíåì.
Ïðåñíûå è ñîëîíîâàòûå âîäû
Ðàñïðîñòðàíåíèå: Äàíèÿ (Petersen & Hansen, 1960), Ãåðìàíèÿ (Bardele, 1976, 1977 b), Íèäåðëàíäû

(Siemensma, 1981), Öåíòðàëüíàÿ Ðîññèÿ (Mikrjukov, 1993 b), Êðûì (Ìèêðþêîâ, 1999 à), Ýñòîíèÿ
(Mikrjukov, 1993 a), Êàíàäà (Nicholls, 1983), ×èëè, Øðè-Ëàíêà (Dürrschmidt, 1985, 1987 b), Àâñòðà-
ëèÿ (Croome, 1986); â ñîëîíîâàòûõ âîäàõ: Ôèíñêèé çàëèâ Áàëòèéñêîãî ìîðÿ (6:: Vørs, 1992 b), Ìóð-
ìàíñêàÿ îáëàñòü (îçåðî, 6:: Mikrjukov, 2001).

2 (44). R. kilianii (Dürrschmidt, 1987) comb. n. (ðèñ. 22, Á)
Basionym: Acanthocystis kilianii Dürrschmidt, 1987
Äèàãíîç. Êëåòêè îêîëî 14 ìêì â äèàìåòðå; â ïåðèïëàñòå îäèí òèï ñïèêóë. Ñïèêóëû 5–10 ìêì â

äëèíó, çàìåòíî èçîãíóòû â ïðîêñèìàëüíîé ÷åòâåðòè äëèíû; ñòâîë ïîëûé, 0,23 ìêì â äèàìåòðå, ðåçêî
óñå÷åí ïîä ïðÿìûì óãëîì, â áàçàëüíîé ÷àñòè îáðàçóåò ëîïàòîâèäíóþ ñòðóêòóðó áëàãîäàðÿ êðûëüÿì;
äâà ëàòåðàëüíûõ êðûëà ðàñïîëîæåíû V-îáðàçíî ïî îòíîøåíèþ ê ñòâîëó è áàçàëüíîìó êðûëó, íàõîäÿ-
ùåìóñÿ ìåæäó âåíòðàëüíûìè ÷àñòÿìè ëàòåðàëüíûõ êðûëüåâ; ëàòåðàëüíûå êðûëüÿ èìåþò äëèíó  4,8–
8,0 ìêì è çàíèìàþò äâå òðåòè äëèíû ñòâîëà, ñóæàÿñü ê äèñòàëüíîìó êîíöó.

Ïëàñòèí÷àòûå ÷åøóéêè ÿéöåâèäíûå èëè ýëëèïòè÷åñêèå, 2,6–4,3 % 2,1–3,2 ìêì, áåñôàêòóðíûå, çà
èñêëþ÷åíèåì àêñèàëüíîãî óòîëùåíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íèäåðëàíäû, Øâåöèÿ (Siemensma & Roijackers, 1988 a), ×èëè (Dürrschmidt, 1987

b), Àâñòðàëèÿ (Croome, 1987 b; Mikrjukov & Patterson, 2002).

3 (45). R. pteromorphos (Dürrschmidt, 1987) comb. n. (ðèñ. 22, Â)
Basionym: Acanthocystis pteromorphos Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 10–20 ìêì â äèàìåòðå, ñ îäíèì òèïîì ñïèêóë. Ñïèêóëû 2–2,5 ìêì äëèíîé;
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ñòâîë 0,09 ìêì â äèàìåòðå, ñëåãêà èçîãíóò è ïîëûé; âåðõóøêà ðåçêî óñå÷åíà ïîä ïðÿìûì óãëîì;
ëàòåðàëüíûå êðûëüÿ, äî 0,4 ìêì øèðèíîé, ðàñïîëîæåíû ïîä óãëîì 1800, ñóæàþòñÿ äèñòàëüíî è îêàí-
÷èâàþòñÿ ñóáàïèêàëüíî; ãîðèçîíòàëüíî íàïðàâëåííûå ðåáðà íåðåãóëÿðíû; áàçàëüíîå êðûëî ïðÿìîó-
ãîëüíîå è ãëàäêîå.

Ïëàñòèí÷àòûå ÷åøóéêè îêîëî 2,1 % 1,2 ìêì, ýëëèïòè÷åñêèå, áåñôàêòóðíûå, çà èñêëþ÷åíèåì ñëà-
áî âûðàæåííîãî  àêñèàëüíîãî óòîëùåíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1987 b).

4 (46). R. latimarginalis (Dürrschmidt, 1987) comb. n. (ðèñ. 22, Ã)
Basionym: Acanthocystis latimarginalis Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 25 ìêì â äèàìåòðå ñ îäíèì òèïîì ñïèêóë. Ñïèêóëû 3–4 ìêì â äëèíó, ëîæêî-

âèäíûå; ñòâîë 0,1 ìêì  â äèàìåòðå, öèëèíäðè÷åñêèé, íå ñóæàþùèéñÿ, àïèêàëüíî ìåëêî çàçóáðåí èëè
ðåçêî óñå÷åí; ïðîêñèìàëüíî íåñåò äâà ëàòåðàëüíûõ êðûëà ïî÷òè V-îáðàçíî ê îñíîâíîé îñè ñòâîëà, è
áàçàëüíîå êðûëî, êîòîðîå ðàñïîëîæåíî ìåæäó âåíòðàëüíûìè êðàÿìè ëàòåðàëüíûõ êðûëüåâ; ïðîêñè-
ìàëüíàÿ ÷àñòü ñòâîëà ñëåãêà âûãíóòà.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå èëè ÿéöåâèäíûå, 2–2,5 % 1,3–1,6 ìêì, îêðóæåíû øèðî-
êîé ðàäèàëüíî èñ÷åð÷åííîé êàéìîé, êîòîðàÿ äîñòèãàåò ìàêñèìàëüíîé òîëùèíû ó âíóòðåííåãî êðàÿ
÷åøóéêè.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øðè-Ëàíêà, Ìàëàéçèÿ (Dürrschmidt, 1987 b).

5 (47). R. raineri (Siemensma et Roijackers, 1988) comb. n. (ðèñ. 22, Ä)
Basionym: Pterocystis raineri Siemensma et Roijackers, 1988
Äèàãíîç. Êëåòêè 12 ìêì â äèàìåòðå; ñ îäíèì òèïîì ñïèêóë â ïåðèïëàñòå. Ñïèêóëû 3,5–7,1 ìêì

äëèíîé; ñòâîë öèëèíäðè÷åñêèé, ïðÿìîé èëè èçîãíóòûé, ñëåãêà çàîñòðÿþùèéñÿ ê òóïîé âåðõóøêå,
íåñóùåé äâà çóáöà; áàçàëüíàÿ ÷àñòü ñòâîëà èçîãíóòà è êðåïèòñÿ ê áîëåå-ìåíåå îêðóãëîé áàçàëüíîé
ïëàñòèíêå, 0,43–0,86 ìêì â äèàìåòðå; ëàòåðàëüíî áàçàëüíàÿ ïëàñòèíêà ñîåäèíåíà ñ ïðîêñèìàëüíîé
÷àñòüþ ñòâîëà äâóìÿ êðûëüÿìè, òàê ÷òî èíîãäà îáðàçóåòñÿ òðåóãîëüíàÿ ïîëîñòü, ÷àñòî ðåäóöèðóþùà-
ÿñÿ â óçêóþ ùåëü.

Ïëàñòèí÷àòûå ÷åøóéêè îâàëüíûå èëè ñëåãêà óäëèíåííûå, 2,3–2,8 % 1,3–1,8 ìêì, òîíêèå è ïëîñ-
êèå; öåíòðàëüíàÿ ÷àñòü îáðàçóåò ïðîäîëüíûé æåëîáîê, îêîëî 0,08 ìêì øèðèíîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íèäåðëàíäû (Siemensma & Roijackers, 1988 a).

6 (48). R. fortesca (Nicholls, 1983) comb. n. (ðèñ. 22, Å)
Basionym: Acanthocystis fortesca Nicholls, 1983
Syn.: A. pantopodeoides Nicholls, 1983; A. cuneiformis Dürrschmidt, 1985
Äèàãíîç. Êëåòêè 9–15 ìêì â äèàìåòðå; îäèí òèï ñïèêóë â ïåðèïëàñòå. Ñïèêóëû îòíîñèòåëüíî

äëèííûå, 7,5–24  ìêì; ñòâîë 0,15–0,40 ìêì â äèàìåòðå, ïîëûé è öèëèíäðè÷åñêèé, îêàí÷èâàåòñÿ
òóïî, ñ 3–10 ìàðãèíàëüíûìè çóáöàìè ðàçíîãî ðàçìåðà; ïðîêñèìàëüíûå êîíöû êðåïÿòñÿ ê øèðîêîé
òîíêîé ìåìáðàíå ÿéöåâèäíîé ôîðìû, îðíàìåíòèðîâàííîé 13–22 âîëíîîáðàçíûìè ñóáïàðàëëåëüíû-
ìè ðåáðàìè; îñíîâàíèå ñòâîëà èçîãíóòî â öåíòðàëüíîé ÷àñòè ìåìáðàíû, îáðàçóÿ  êîâøåâèäíîå âäàâ-
ëèâàíèå.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå 2,2–4,7 % 1,1–3,0 ìêì, áåñôàêòóðíûå, çà èñêëþ÷åíèåì
ìàðãèíàëüíîé êàéìû è ñëàáî âûðàæåííîãî ìåäèàëüíîãî óòîëùåíèÿ.

Ïðåñíûå, ðåæå ñîëîíîâàòûå âîäû
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Dürrschmidt, 1985), Íèäåðëàíäû (Siemensma, 1991), Ðîññèÿ (Mikrjukov,

1993 b), Êàíàäà (Nicholls, 1983), ×èëè (Dürrschmidt, 1985), Àðãåíòèíà ([êàê A. pantopodeoides] Vigna,
1988), ßïîíèÿ ([êàê sp. ¹ 14] Takahashi, 1959), Àâñòðàëèÿ (Croome, 1986); â ñîëîíîâàòûõ âîäàõ:
Ôèíñêèé çàëèâ Áàëòèéñêîãî ìîðÿ (6 :: Vørs, 1992 b).
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7 (49). R. scaposa (Dürrschmidt, 1987) comb. n. (ðèñ. 22, Æ)
Basionym: Acanthocystis scaposa Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò îêîëî 10 ìêì â äèàìåòðå, ñ îäíèì òèïîì ñïèêóë. Ñïèêóëû 1,1–7,2  ìêì

äëèíîé; ñòâîë óçêèé, íå òðóá÷àòûé, ñóæàþùèéñÿ ê òóïîé âåðõóøêå; äâà ëàòåðàëüíûõ êðûëà îêîëî
0,08 ìêì øèðèíîé òÿíóòñÿ îò áàçàëüíîé ïëàñòèíû âäîëü âñåé äëèíû ñòâîëà, ïîñòåïåííî ñóæàþòñÿ ê
äèñòàëüíîìó êîíöó ñòâîëà; áàçàëüíàÿ ïëàñòèíêà ñåðäöåâèäíàÿ, îêðóæåíà óçêîé ïåðèôåðè÷åñêîé êàé-
ìîé.

Ïëàñòèí÷àòûå ÷åøóéêè 1,2–1,5 % 0,6–0,8 ìêì, áåñôàêòóðíûå, çà èñêëþ÷åíèåì ñëàáî ðàçâèòîãî
îñåâîãî óòîëùåíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè, Øðè-Ëàíêà (Dürrschmidt, 1987 à).

8 (50). R. echinata (Rainer, 1968) comb. n. (ðèñ. 22, Ç)
Basionym: Acanthocystis echinata Rainer, 1968
Äèàãíîç. Ïåðèïëàñò, 14–31 ìêì â äèàìåòðå, ïðåäñòàâëåí îäíèì òèïîì ñïèêóë. Ñïèêóëû 20–30 ìêì

â äëèíó, èõ ñòâîë ñèëüíî èçîãíóò, ñóáöåíòðè÷íî ïðèñîåäèíåí ê áîëåå-ìåíåå ñåðäöåâèäíîé ìåìáðàíå;
ê áàçàëüíîé ÷àñòè ñòâîëà êðåïÿòñÿ äâà íåáîëüøèõ òðåóãîëüíûõ ëàòåðàëüíûõ êðûëà; îáà êðûëà òÿíóòñÿ
âäîëü âñåé äëèíû ñòâîëà â âèäå óçêèõ ïîëîñ, îðíàìåíòèðîâàííûõ íåáîëüøèì êîëè÷åñòâîì îñòðûõ
çóá÷èêîâ.

Ïëàñòèí÷àòûå ÷åøóéêè óäëèíåííî îâàëüíûå, 4,7–8,0 % 2,2–3,0 ìêì; âåðõíÿÿ ïîâåðõíîñòü ñëåãêà
âûïóêëàÿ, íèæíÿÿ – âîãíóòàÿ, ñ ïðîäîëüíûì ñòåðæíåâèäíûì âûïÿ÷èâàíèåì; ïîâåðõíîñòü ãëàäêàÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Rainer, 1968), Íèäåðëàíäû (Siemensma, 1981; Siemensma & Roijackers,

1988 a).

Ðîä 14. Choanocystis Penard, 1904 (ðèñ. 23)
Äèàãíîç. Öåíòðîõåëèäíûå ñîëíå÷íèêè, ïåðèïëàñò êîòîðûõ ïðåäñòàâëåí äâóìÿ òèïàìè ýíäîãåííûõ

êðåìíèåâûõ ýëåìåíòîâ: òàíãåíòàëüíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè è ðàäèàëüíûìè ñïèêóëàìè; ñïè-
êóëû öèëèíäðè÷åñêèå, ñèäÿò áîëåå-ìåíåå ýêñöåíòðè÷íî â îñíîâàíèè âûåìêè èëè íàäðåçà ñåðäöåâèä-
íîé áàçàëüíîé ïëàñòèíêè.

Ñîñòàâ: 13 âèäîâ
Òèïîâîé âèä: C. lepidula Penard, 1904

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  CHOANOCYSTIS:
1. Ñïèêóëû îêàí÷èâàþòñÿ îñòðîé âåðõóøêîé ................................................................. C. (pelagica) 2
1’ Ñïèêóëû îêàí÷èâàþòñÿ èíà÷å ...........................................................................................................  4
2. Ñòâîëû ñïèêóë èçîãíóòû ê áàçàëüíûì ïëàñòèíêàì .......................................................... C. pelagica
2’ Ñòâîëû ñïèêóë ïðÿìûå è èçîãíóòû îò áàçàëüíûõ ïëàñòèíîê ......................................................... 3
3. Ñòâîëû ñïèêóë ïðÿìûå, ðåæå èçîãíóòû îò áàçàëüíûõ ïëàñòèíîê;  ïëàñòèí÷àòûå
    ÷åøóéêè ãàíòåëåâèäíûå, ñ ñèëüíîé ìåäèàëüíîé ïåðåòÿæêîé .....................................C. kareliensis
3’ Ñòâîëû ñïèêóë ïðÿìûå; ïëàñòèí÷àòûå ÷åøóéêè èçîãíóòû, ñî ñòåðæíåâèäíûì
    àêñèàëüíûì óòîëùåíèåì .........................................................................................................C. ebelii
4. Âåðõóøêè ñïèêóë óñå÷åíû ïîä ïðÿìûì óãëîì .......................................................... C. (lepidula)   5
4’ Âåðõóøêè ñïèêóë ðàçâåòâëåííûå ..................................................................................................... 13
5. Âåðõóøêè ñïèêóë íåñóò êàéìó èç  íåêîòîðîãî  êîëè÷åñòâà  ìàðãèíàëüíûõ  çóáöîâ ..................... 7
5’ Ìàðãèíàëüíûå çóáöû íà âåðõóøêàõ ñïèêóë îòñóòñòâóþò ............................................................... 6
6. Ñòâîëû ñïèêóë íå ñóæàþòñÿ; êðàÿ áàçàëüíûõ ïëàñòèíîê  çàãíóòû êâåðõó; ïëàñòèí÷àòûå
    ÷åøóéêè ñ àêñèàëüíûì ðåáðîì .......................................................................................... C. lepidula
6’ Ñòâîëû ñïèêóë ñóæàþòñÿ ê âåðõóøêàì; êðàÿ áàçàëüíûõ ïëàñòèíîê ïðÿìûå;
    ïëàñòèí÷àòûå ÷åøóéêè áåñôàêòóðíûå ................................................................................ C.  rossica
7. Ïðîêñèìàëüíûå ÷àñòè ñòâîëîâ ñïèêóë íåñóò ìíîãî÷èñëåííûå ïðîêñèìàëüíûå âûðîñòû
    è ïàïèëëû ............................................................................................................................................. 8
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Ðèñ. 23. Âèäû ðîäà Choanocystis. À – C. lepidula (ñòðîåíèå êëåòêè, ïëàñòèí÷àòàÿ ÷åøóéêà è ñïèêóëà); Á – C. rossica; Â
– C. perpusilla; Ã – C. rotoairense; Ä – C. rhytidos; Å – C. aculeata; Æ – C. pantopoda; Ç – C. ebelii; È – C. pelagica; Ê –  C.
kareliensis; Ë – C. bicornioides; Ì – C. malyutini; Í – C. rotundata (íà ðèñ. Á – Í ïîêàçàíû âàðèàíòû ïëàñòèí÷àòûõ ÷åøóåê
è ñïèêóë ïåðèïëàñòà);  (ðèñ. À, Â, Ä, Å, Æ, Í – ïî: Siemensma, 1991; ðèñ. Ã – ïî: Dürrschmidt, 1987; ðèñ. Á, Ë, Ì – ïî:
Ìèêðþêîâ, 1995 á; ðèñ. È, Ê – ïî: Ìèêðþêîâ, 1994 à; ðèñ. Ç – ïî: Ìèêðþêîâ, 1997 á)

7’ Âûðîñòû è ïàïèëëû îòñóòñòâóþò ...................................................................................................... 9
8. Ñïèêóëû êîðî÷å äèàìåòðà òåëà, çàìåòíî ñóæàþòñÿ .......................................................... C. aculeata
8’ Ñïèêóëû ïî÷òè âäâîå ïðåâûøàþò äèàìåòð òåëà, íå ñóæàþòñÿ ................................... C. pantopoda
9. Âåðõóøêè ñïèêóë íåñóò 12–20 ìåëêèõ çóá÷èêîâ ............................................................. C. rotundata
9’ Çóá÷èêîâ íà âåðõóøêàõ ñïèêóë íå áîëüøå øåñòè .......................................................................... 10
10. Âåðõóøêè ñïèêóë íåñóò 2–4 (îáû÷íî 4) ìàðãèíàëüíûõ çóáöà, ñëåãêà ñóæàþòñÿ;
     ïëàñòèí÷àòûå ÷åøóéêè îðíàìåíòèðîâàíû ðàäèàëüíûìè ñêëàäêàìè..............................C. rhytidos
10’ Ðàäèàëüíûå ñêëàäêè íà ïëàñòèí÷àòûõ ÷åøóéêàõ îòñóòñòâóþò .................................................... 11
11. Êðàÿ áàçàëüíûõ ïëàñòèíîê ñïèêóë çàãíóòû ââåðõ; ñïèêóëû íå ñóæàþòñÿ, èõ âåðõóøêà
      íåñåò ÷åòûðå ìàðãèíàëüíûõ çóáöà; ïëàñòèí÷àòûå ÷åøóéêè îðíàìåíòèðîâàíû
      çàìåòíûì àêñèàëüíûì ðåáðîì....................................................................................... C. rotoairense
11’ Êðàÿ áàçàëüíûõ ïëàñòèíîê ïðÿìûå; ïëàñòèí÷àòûå ÷åøóéêè áåñôàêòóðíû .............................. 12
12. Ñïèêóëû ïî÷òè âäâîå ïðåâûøàþò äèàìåòð òåëà, ñëåãêà ñóæàþòñÿ; èõ âåðõóøêà íåñåò
      4–6 ìàðãèíàëüíûõ çóáöîâ ............................................................................................... Ñ. pantopoda
12’ Ñïèêóëû çàìåòíî ñóæàþòñÿ è êîðî÷å äèàìåòðà òåëà; èõ âåðõóøêè íåñóò 1–4 (îáû÷íî
      2) ìàðãèíàëüíûõ çóáöà .................................................................................................... C. perpusilla
13. Âåðõóøêè ñïèêóë âåòâÿòñÿ äèõîòîìè÷åñêè ..............................................................C. (bicornioides)
13’ Ñïèêóëû ðàñïàäàþòñÿ íà âåðõóøêå íà òðè ìîùíûõ ðîãà (ôóðêè) íåðàâíîé äëèíû
................................................................................................................................................Ñ. (malyutini)
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I. C. (lepidula)  Mikrjukov, 1997
Äèàãíîç. Âèäû ðîäà Choanocystis ñ óñå÷åííûìè âåðõóøêàìè ñïèêóë, îáû÷íî íåñóùèìè ìàðãèíàëü-

íûå çóáöû.
Ñîñòàâ: 8 âèäîâ

1 (51). C. lepidula (Penard, 1904) Siemensma et Roijackers, 1988  (ðèñ. 23, À)
Äèàãíîç. Êëåòêè 10–14 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îä-

íèì òèïîì ñïèêóë. Ñïèêóëû 7,1–9,5 ìêì äëèíîé, öèëèíäðè÷åñêèå, 0,22 ìêì â äèàìåòðå, ñ óñå÷åííîé
âåðõóøêîé, ëèøåííîé êàêèõ-ëèáî ìàðãèíàëüíûõ çóáöîâ; ñòâîë ïðîêñèìàëüíî íàêëîíåí, ñèäèò â îñ-
íîâàíèè âûåìêè áàçàëüíîé ïëàñòèíêè; ïîñëåäíÿÿ 1,7–1,8 ìêì â äèàìåòðå è èìååò çàãíóòûå ââåðõ
êðàÿ, 0,1 ìêì â âûñîòó, âûòÿíóòûå íà íåêîòîðîì ðàññòîÿíèè âäîëü ñòâîëà.

Ïëàñòèí÷àòûå ÷åøóéêè 4,2–5,2 % 2,3  ìêì, îâàëüíûå èëè óäëèíåííûå, ñ öåíòðàëüíûì âäàâëèâà-
íèåì; öåíòðàëüíîå ïðîñòðàíñòâî îðíàìåíòèðîâàíî íåðåãóëÿðíî ðàñïîëîæåííûìè ãðàíóëàìè; èìååòñÿ
óçêîå ïðîäîëüíîå ðåáðî.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968), Ãîëëàíäèÿ (Siemensma,

1981; Siemensma & Roijackers, 1988 a).

2 (52). C. rossica Mikrjukov, 1995 comb. n. (ðèñ. 23, Á)
Basionym: C. lepidula ssp. rossica Mikrjukov, 1995
Äèàãíîç. Êëåòêè 14–26 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îä-

íèì òèïîì ñïèêóë. Ñïèêóëû 3–7 ìêì â äëèíó; ñòâîëû ïîëûå, öèëèíäðè÷åñêèå, â ñðåäíåì 0,5 ìêì â
äèàìåòðå ó îñíîâàíèÿ, ñóæàþùèåñÿ ïîñòåïåííî âäîëü âñåé äëèíû â íàïðàâëåíèè óñå÷åííûõ âåðõó-
øåê, íå íåñóùèõ ìàðãèíàëüíûõ çóáöîâ; áàçàëüíûå ïëàñòèíêè ñåðäöåâèäíûå, ñ ïðÿìûìè êðàÿìè.

Ïëàñòèí÷àòûå ÷åøóéêè îò ýëëèïòè÷åñêèõ äî óäëèíåííûõ, â ñðåäíåì 3,0 % 1,7 ìêì, îáû÷íî ñ
áîëåå èëè ìåíåå õîðîøî âûðàæåííûìè ìåäèàëüíûìè ïåðåòÿæêàìè; ÷åøóéêè ïëîñêèå, áåñôàêòóðíûå.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ñàðàòîâñêîå âîäîõðàíèëèùå ([êàê C. rotundata] Mikrjukov, 1993 b), Ýñòîíèÿ

(Ìèêðþêîâ, 1995 á).

3 (53). Ñ. perpusilla (Petersen et Hansen, 1960) Siemensma, 1991 (ðèñ. 23, Â)
Basionym: Acanthocystis perpusilla Petersen et Hansen, 1960
Syn.: Acanthocystis cordiformis  ssp. parvula Dürrschmidt, 1987
Äèàãíîç. Êëåòêè 7–9 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì

òèïîì ñïèêóë. Ñïèêóëû 2–4,5 ìêì äëèíîé; ñòâîë êîðîòêèé ïðÿìîé, öèëèíäðè÷åñêèé, îêîëî 0,9 ìêì
â äèàìåòðå, ñ äâóìÿ (èíîãäà 3–4) çóá÷èêàìè íà  âåðõóøêàõ.

Ïëàñòèí÷àòûå ÷åøóéêè îâàëüíûå, 2,5 % 1,7 ìêì, áåñôàêòóðíûå.
Ïðåñíûå, ñîëîíîâàòûå è ìîðñêèå âîäû
Ðàñïðîñòðàíåíèå: Äàíèÿ (Petersen & Hansen, 1960), Íèäåðëàíäû (Siemensma, 1981), Êàíàäà ([êàê

A. myriospina] Nicholls, 1983), ×èëè (Dürrschmidt, 1985), Øðè-Ëàíêà ([êàê A. cordiformis ssp. parvula]
Dürrschmidt, 1987 a); â ìîðñêèõ è ñîëîíîâàòûõ âîäàõ: ìîðñêîé ïëàíêòîí Àíòàðêòèêè (S= 35:: Croome
et  al., 1987), Ôèíñêèé çàëèâ Áàëòèéñêîãî ìîðÿ (S�6:: Vørs, 1992 b), ñåâåðíàÿ Àòëàíòèêà (ñåäèìåíòû
íà ãëóáèíå 20 ì; S�35 :: Patterson et al., 1993).

4 (54). C. rotoairense (Dürrschmidt, 1987) Mikrjukov, 1995  (ðèñ. 23, Ã)
Basionym: Acanthocystis rotundata ssp. rotoairense Dürrschmidt, 1987
Syn.: Choanocystis perpusilla ssp. heterospina Mikrjukov, 1993
Äèàãíîç. Ïåðèïëàñò 38–50 ìêì â äèàìåòðå (êëåòêè 10–15 ìêì), ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷å-

øóéêàìè è îäíèì èëè äâóìÿ ðàçìåðíûìè òèïàìè ñïèêóë. Ñïèêóëû 14–18 ìêì äëèíîé, ñ íå- ñóæàþ-
ùèìñÿ öèëèíäðè÷åñêèì ñòâîëîì, îêàí÷èâàþùèìñÿ óñå÷åííîé âåðõóøêîé, íåñóùåé ÷åòûðå ìàðãè-
íàëüíûõ çóáöà. Íåêîòîðûå èçîëÿòû äåìîíñòðèðóþò ñïèêóëû äâóõ ðàçìåðîâ, äëèííûå âäâîå ïðåâîñõî-
äÿò ïî äëèíå êîðîòêèå.
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Ïëàñòèí÷àòûå ÷åøóéêè 4,5–5,0 % 2,5–3,0 ìêì, îâàëüíûå, áåñôàêòóðíûå.
Ïðåñíûå, ñîëîíîâàòûå è ìîðñêèå âîäû
Ðàñïðîñòðàíåíèå: Íîâàÿ Çåëàíäèÿ (Dürrschmidt, 1987 a), Êàðåëèÿ (Ìèêðþêîâ, 1995 á; Mikrjukov,

2001), Ýñòîíèÿ ([êàê Acanthocystis sp.] Jacobson, 1928; [êàê Ñ. perpusilla ssp. heterospina] Mikrjukov, 1993
a); â ìîðñêèõ è ñîëîíîâàòûõ âîäàõ: Áàëòèéñêîå ìîðå (S�6:: Vørs, 1992 b; S�10:: Ìûëüíèêîâ, ïåðñ.
ñîîáù.), ×åðíîå ìîðå (S�18:: Ìèêðþêîâ,1995 á, 1999 a), îêåàíè÷åñêèå âîäû Àíòàðêòèêè (S= 35 ::
Tong et al., 1997; Elbr�chter, pers. com.).

5 (55). C. rhytidos (Dürrschmidt, 1987) Siemensma, 1991 (ðèñ. 23, Ä)
Basionym: Acanthocystis rhytidos Dürrschmidt, 1987
Syn.: Acanthocystis  granulata Dürrschmidt, 1987; A. pertusa Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 35–40  ìêì â äèàìåòðå (êëåòêè 10–15 ìêì), ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷å-

øóéêàìè è îäíèì òèïîì ñïèêóë. Ñïèêóëû 9–12 ìêì äëèíîé; ñòâîëû 0,19 ìêì â äèàìåòðå, öèëèíäðè-
÷åñêèå, ñëåãêà ñóæàþùèåñÿ;  èõ äèñòàëüíûå êîíöû óñå÷åíû è íåñóò 2–4 òîíêèõ çóáöà; áàçàëüíûå
ïëàñòèíêè  ñåðäöåâèäíûå, 1,3 ìêì â äèàìåòðå.

Ïëàñòèí÷àòûå ÷åøóéêè 3,8–4,0 % 2,2–2,6 ìêì,  ýëëèïòè÷åñêèå èëè ãðóøåâèäíûå; îðíàìåíòèðîâà-
íû ðàäèàëüíî ðàñïîëîæåííûìè ðàçâåòâëÿþùèìèñÿ áîðîçäàìè ðàçëè÷íîé äëèíû; àêñèàëüíîå óòîëùå-
íèå è ìàðãèíàëüíàÿ êàéìà ãëàäêèå.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè, Øðè-Ëàíêà, Íîâàÿ Çåëàíäèÿ (Dürrschmidt, 1987 a), Àâñòðàëèÿ (Êðóì,

Ìèêðþêîâ, 2000).

6 (56). C. aculeata (Hertwig et Lesser, 1874) Siemensma et Roijackers, 1988 (ðèñ. 23, Å)
Basionym: Acanthocystis aculeata Hertwig et Lesser, 1874
Syn.: Acanthocystis serrata Nicholls, 1983
Äèàãíîç. Ïåðèïëàñò 23–60 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì òè-

ïîì ñïèêóë. Ñïèêóëû 3,5–15 ìêì äëèíîé, ïîëûå, ñëåãêà íàêëîíåííûå èëè ïðÿìûå, íåçíà÷èòåëüíî
çàîñòðÿþòñÿ ê âåðõóøêå, êîòîðàÿ îðíàìåíòèðîâàíà 5–11 ïðîñòûìè èëè ðàçäâîåííûìè çóáöàìè; ïðî-
êñèìàëüíàÿ ÷àñòü ñòâîëà ìîæåò íåñòè íåñêîëüêî èëè ìíîãî âûðîñòîâ, áîëåå-ìåíåå ïàëüöåâèäíûõ,
èíîãäà ðàçäâîåííûõ; ñïèêóëû ñèäÿò ýêñöåíòðè÷íî, ðåäêî öåíòðàëüíî, â îñíîâàíèè áîëåå-ìåíåå ãëó-
áîêîãî âûðåçà ñåðäöåâèäíîé áàçàëüíîé ïëàñòèíêè; ïîñëåäíÿÿ 2,0–3,2 ìêì â äèàìåòðå; âî ìíîãèõ
ñëó÷àÿõ îñòðèÿ âûðåçîâ ïîêðûâàþò äðóã äðóãà.

Ïëàñòèí÷àòûå ÷åøóéêè 3,8–12,9 ìêì â äëèíó è êðàéíå ðàçëè÷íû ïî ôîðìå (îò ñòåðæíåâèäíûõ äî
ãðóøåâèäíûõ, â îðèãèíàëüíîì äèàãíîçå îíè óäëèíåííûå è âûòÿíóòûå).

Ïðåñíûå, ðåæå ìîðñêèå âîäû
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Hertwig & Lesser, 1874; Schaudinn, 1896 b; Schulz, 1961; Bardele, 1977

a), Øâåéöàðèÿ (Penard, 1889, 1901, 1904), Íèäåðëàíäû (Hoogenraad &  De Groot, 1935; Siemensma,
1981), Øâåöèÿ  (Siemensma & Roijackers, 1988 a), Öåíòðàëüíàÿ Ðîññèÿ, Êàðåëèÿ (Mikrjukov, 1993 b,
2001), Ýñòîíèÿ (Jacobson, 1928; Mikrjukov, 1993 a), Êàíàäà (Nicholls, 1983), ×èëè (Thomasson, 1963;
Dürrschmidt, 1985), Àðãåíòèíà  (Thomasson, 1963; Vigna, 1988), Ìàëàéçèÿ (Schewiakoff, 1893), Àâñòðà-
ëèÿ (Croome, 1986); â ìîðñêèõ è ñîëîíîâàòûõ âîäàõ: Áàëòèéñêîå ìîðå (S=10:: Ìûëüíèêîâ, ïåðñ. cîîáù.;
Gamburger, 1913), Êàòòåãàò (S= 22:: Vørs, 1992 a), Ñðåäèçåìíîå ìîðå ([êàê Acanthocystis sp.] Golemanski,
1976), ïîáåðåæüå Àëàáàìû (S= 20:: Jones, 1974).

7 (57). C. pantopoda (Penard, 1904) Siemensma, 1991  (ðèñ. 23, Æ)
Basionym: Acanthocystis pantopoda Penard, 1904
Syn.: Acanthocystis cordiformis Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 60–70 ìêì â äèàìåòðå,  ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè  è îäíèì

òèïîì ñïèêóë. Ñïèêóëû ïðÿìûå èëè ñëåãêà èçîãíóòûå, 25–30 ìêì äëèíîé, ñëåãêà ñóæàþùèåñÿ  ê
çóá÷àòîìó êðàþ ñ 4–6 òðåóãîëüíûìè çóáöàìè; ñòâîë öèëèíäðè÷åñêèé, ïîëûé, ñòîðîíû íåðåãóëÿðíî
óòîëùåíû (äî 0,5 ìêì), îñíîâàíèå èíîãäà ñ êðåìíèåâûìè âûðîñòàìè; îñíîâàíèå ýêñöåíòðè÷íî ñèäèò
íà ñåðäöåâèäíîé áàçàëüíîé ïëàñòèíêå, 0,5 ìêì â äèàìåòðå.
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Ïëàñòèí÷àòûå ÷åøóéêè áåñôàêòóðíûå, óäëèíåííî ýëëèïòè÷åñêèå, ñ ÷åòêîé ìåäèàëüíîé ïåðåòÿæ-
êîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1904), Ãåðìàíèÿ (Rainer, 1968), Íèäåðëàíäû (Siemensma,

1981), Êàðåëèÿ (Ìèêðþêîâ, 1995 á; Mikrjukov, 2001), ×èëè, Øðè-Ëàíêà, Íîâàÿ Çåëàíäèÿ ([÷àñòè÷íî
êàê A. cordiformis] Dürrschmidt, 1987 a).

8 (58). C. rotundata (Nicholls, 1983) Dürrschmidt, 1987  (ðèñ. 23, Í)
Basionym: Acanthocystis rotundata Nicholls, 1983
Äèàãíîç. Ïåðèïëàñò 16–34 ìêì (êëåòêè 10 ìêì) â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêà-

ìè è îäíèì òèïîì ñïèêóë. Ñïèêóëû 3–12 ìêì äëèíîé, îáû÷íî ñëåãêà èçîãíóòû â ïðîêñèìàëüíîé 1/4–
1/2 èõ äëèíû; ñòâîë ïîëûé, 0,12–0,2 ìêì â äèàìåòðå, ñèäèò ýêñöåíòðè÷íî â îñíîâàíèè âûåìêè
ÿéöåâèäíîé èëè îêðóãëîé áàçàëüíîé ïëàñòèíêè;  ïîñëåäíÿÿ 1–1,3 ìêì â äèàìåòðå, ñ ìàðãèíàëüíîé
êàéìîé; âåðõóøêà ñòâîëà óñå÷åíà ïîä ïðÿìûì óãëîì, íå ñóæàåòñÿ, íåñåò 12–20 ìåëêèõ çàêðóãëåííûõ
çóáöîâ îêîëî 0,015 ìêì âûñîòîé.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, 2,5–3,5 % 1,5–2,5 ìêì, áåñôàêòóðíû, çà èñêëþ÷åíèåì
öåíòðàëüíîãî ãðåáíÿ, çàíèìàþùåãî äâå òðåòè äëèíû ÷åøóéêè ñ ìàêñèìàëüíûì âîçâûøåíèåì â öåí-
òðàëüíîé ÷àñòè äî 0,15 ìêì.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Êàíàäà (Nicholls, 1983), ×èëè, Ìàëàéçèÿ, Øðè-Ëàíêà, Íîâàÿ Çåëàíäèÿ

(Dürrschmidt, 1987 a).

II. C. (pelagica) Mikrjukov, 1997
Äèàãíîç. Âèäû ðîäà Choanocystis ñ îñòðî èëè òóïî îêàí÷èâàþùèìèñÿ âåðõóøêàìè ñïèêóë.
Ñîñòàâ: 3 âèäà

9 (59). C. ebelii (Wujek et Elsner, 1992) Mikrjukov, 1997  (ðèñ. 23, Ç)
Basionym: Pterocystis ebelii Wujek et Elsner, 1992
Äèàãíîç. Ïåðèïëàñò 20–45 ìêì â äèàìåòðå; ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì òèïîì

ñïèêóë. Ñïèêóëû 9,7–14,1 ìêì äëèíîé; ñòâîëû ïîëûå, 0,3–0,6 ìêì â äèàìåòðå ó îñíîâàíèÿ è ñóæàþò-
ñÿ äî 0,2–0,35 ìêì ïîä îñòðîé âåðõóøêîé; áåðóò íà÷àëî îò ñåðäöåâèäíûõ áàçàëüíûõ ïëàñòèíîê 2,4–5,6
ìêì â äèàìåòðå; ïîñëåäíèå îêðóæåíû òîëñòîé ìàðãèíàëüíîé êàéìîé è îðíàìåíòèðîâàíû 25–60 ðàäè-
àëüíûìè ðåáðàìè îêîëî 0,05 ìêì òîëùèíîé, êîòîðûå èíîãäà ìîãóò âåòâèòüñÿ; íà ðåáðàõ ìîæåò ïîìå-
ùàòüñÿ   äî 8 ìåëêèõ ïàïèëë.

Ïëàñòèí÷àòûå ÷åøóéêè èçîãíóòû, 7,2–8,5 % 1,5–1,8 ìêì, èõ ìåäèàëüíàÿ ÷àñòü ñèëüíî óòîëùåíà è
îðíàìåíòèðîâàíà ñóáïàðàëëåëüíûìè ðåáðàìè.

Ïðåñíûå è ìîðñêèå âîäû
Ðàñïðîñòðàíåíèå: Èíäèÿ (Wujek & Elsner, 1992), ìîðñêîé ëåä Àíòàðêòèêè: ([êàê Acanthocystis sp.]

Takahashi, 1981 b).

10 (60). C. pelagica (Ostenfeld, 1904) Mikrjukov, 1994 (ðèñ. 23, È)
Basionym: Acanthocystis pelagica Ostenfeld, 1904
Äèàãíîç. Êëåòêè 25–40 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îä-

íèì òèïîì ñïèêóë. Äëèíà ñïèêóë îêîëî 7 ìêì; ñòâîë ïîëûé, îêîëî 0,4 ìêì â äèàìåòðå, íåñêîëüêî
èçîãíóòûé ê áàçàëüíîé ïëàñòèíêå, ðåçêî ñóæàåòñÿ ê îñòðîé âåðõóøêå; áàçàëüíûå ïëàñòèíêè ñåðäöå-
âèäíûå, 1,5–1,8 ìêì â äèàìåòðå, ïîêðûòû ìíîãî÷èñëåííûìè ìåëêèìè ãðàíóëàìè.

Ïëàñòèí÷àòûå ÷åøóéêè 4,0–5,0 % 2,0–2,5 ìêì, óäëèíåííûå, ñ õîðîøî âûðàæåííîé ìåäèàëüíîé ïåðå-
òÿæêîé äî 1,7–2,0 ìêì øèðèíîé, áåñôàêòóðíûå, îêðóæåíû òîíêîé âûãíóòîé ìàðãèíàëüíîé êàéìîé.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Ñåâåðíîå ìîðå (Ostenfeld, 1904), Áåëîå ìîðå (S�27:: Ìèêðþêîâ, 1994); äîïîë-

íèòåëüíûé äèàãíîç äàí ïî ýêçåìïëÿðàì, èçîëèðîâàííûì èç ìîðñêîãî àêâàðèóìà â Ìîñêâå (Mikrjukov,
1994 b).
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11 (61). C. kareliensis  Mikrjukov, 1994 (ðèñ. 23, Ê)
Äèàãíîç. Êëåòêè 20–23 ìêì â äèàìåòðå. Â ïåðèïëàñòå ïðèñóòñòâóþò ïëàñòèí÷àòûå ÷åøóéêè è îäèí

òèï ñïèêóë. Ñïèêóëû ïðÿìûå (ðåæå èçîãíóòû îò áàçàëüíîé ïëàñòèíêè), 6,0–7,6 ìêì äëèíîé, ñ ñåðä-
öåâèäíîé áàçàëüíîé ïëàñòèíêîé, 1,2–1,35 ìêì â äèàìåòðå; ñòâîë öèëèíäðè÷åñêèé, 0,3 ìêì â äèàìåò-
ðå, ðåçêî ñóæàåòñÿ ê îñòðîé âåðõóøêå.

Ïëàñòèí÷àòûå ÷åøóéêè ãàíòåëåâèäíîé ôîðìû, 3,3–3,7 ìêì äëèíîé, ñ ñèëüíîé öåíòðàëüíîé ïå-
ðåòÿæêîé 0,6–0,7 ìêì øèðèíîé;  îêðóæåíû òîíêîé ìàðãèíàëüíîé êàéìîé è â öåíòðàëüíîé ÷àñòè
íåñóò ìíîãî÷èñëåííûå ìåëêèå ïàïèëëû.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Áåëîå ìîðå ( S�24–27:: Ìèêðþêîâ, 1994).

III. C. (bicornioides) Mikrjukov, 1997
Äèàãíîç. Âèäû ðîäà Choanocystis ñ äèõîòîìè÷åñêè âåòâÿùèìèñÿ âåðõóøêàìè ñïèêóë.
Ñîñòàâ: Ìîíîòèïè÷åñêèé

12 (62). C. bicornioides Mikrjukov, 1995  (ðèñ. 23, Ë)
Äèàãíîç. Êëåòêè 18–20 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îä-

íèì òèïîì ñïèêóë. Ñïèêóëû áèëàòåðàëüíî-ñèììåòðè÷íûå, ñ ïðÿìûì  ñòâîëîì äëèíîé îêîëî 2,2 ìêì;
øèðîêî ðàçäâîåíû; âåòâè (ôóðêè), â ñâîþ î÷åðåäü,  äèõîòîìè÷åñêè ðàçâåòâëÿþòñÿ.

Ïëàñòèí÷àòûå ÷åøóéêè áåñôàêòóðíûå, îâàëüíûå, ñî ñëàáî âûðàæåííîé ìåäèàëüíîé ïåðåòÿæêîé.
Ñîëîíîâàòîâîäíûé
Ðàñïðîñòðàíåíèå: ×åðíîå ìîðå (S�18:: Ìèêðþêîâ, 1995 á).

IV. C. (malyutini) Mikrjukov, 1997
Äèàãíîç. Âèäû ðîäà Choanocystis ñ âåðõóøêàìè ñïèêóë, ðàñïàäàþùèìèñÿ íà íåñêîëüêî (áîëåå äâóõ)

ôóðîê.
Ñîñòàâ: Ìîíîòèïè÷åñêèé

13 (63). C. malyutini Mikrjukov, 1995  (ðèñ. 23, Ì)
Äèàãíîç. Êëåòêè îêîëî 20 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è

îäíèì òèïîì ñïèêóë. Ñòâîë ñïèêóë ïðÿìîé, öèëèíäðè÷åñêèé, îêîëî 2,5 ìêì äëèíîé, ðàñïàäàåòñÿ íà
âåðõóøêå íà 3 íåðàâíûõ ëó÷à (ôóðêè) 1,0–2,5 ìêì äëèíîé; ñòâîë è ôóðêè îðíàìåíòèðîâàíû íåðåãó-
ëÿðíî ðàñïîëîæåííûìè ìåëêèìè ïàïèëëàìè.

Ïëàñòèí÷àòûå ÷åøóéêè øèðîêî ýëëèïòè÷åñêèå, ñî ñëàáî âûðàæåííûì àêñèàëüíûì óòîëùåíèåì â
öåíòðå è êîíöåíòðè÷åñêèìè ðÿäàìè ìåëêèõ ïàïèëë.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Ìîðñêèå àêâàðèóìû â Ìîñêâå (S=35:: Mikrjukov, 1994 â).

Ðîä 15. Acanthocystis Carter, 1863 (ðèñ. 24—27)
Äèàãíîç. Öåíòðîõåëèäíûå  ñîëíå÷íèêè ñ äâóìÿ òèïàìè êðåìíèåâûõ ýíäîãåííûõ ýëåìåíòîâ â ïå-

ðèïëàñòå: òàíãåíòàëüíûìè ïëàñòèí÷àòûìè ÷åøóéêàìè è  ðàäèàëüíûìè  èãîëü÷àòûìè ñïèêóëàìè; ñïè-
êóëû öèëèíäðè÷åñêèå, ïðèêðåïëåíû ê öåíòðàëüíîé ÷àñòè ðàäèàëüíî-ñèììåòðè÷íûõ áàçàëüíûõ ïëàñ-
òèíîê.

Ñîñòàâ: 18 âèäîâ
Òèïîâîé âèä: A. turfacea Carter, 1863

ÊËÞ× ÄËß ÂÈÄÎÂ ÐÎÄÀ  ACANTHOCYSTIS:
1. Ñïèêóëû îêàí÷èâàþòñÿ îñòðûìè âåðõóøêàìè ........................................................ A. (wiasemskii) 2
1’ Ñïèêóëû îêàí÷èâàþòñÿ èíà÷å ........................................................................................................... 4
2. Ñïèêóëû îäèíàêîâîé äëèíû; èõ ñòâîëû ìîíîòîííîé òîëùèíû, ðåçêî ñóæàþòñÿ ê
    îñòðûì âåðõóøêàì .............................................................................................................A. wiasemskii
2’ Ñòâîëû ñïèêóë ìîíîòîííî ñóæàþòñÿ ê òóïûì âåðõóøêàì ............................................................ 3
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3. Ñòâîëû ñïèêóë ïðÿìûå èëè ñëåãêà èçîãíóòûå; äëèíà ñïèêóë äî 10 ìêì; èõ áàçàëüíûå
    ïëàñòèíêè îêîëî 0,4 ìêì øèðèíîé ...................................................................................... A. clavata
3’ Ñïèêóëû áåñïîðÿäî÷íî íàêëîíåíû ê îñíîâàíèþ, öåíòðàëüíî èëè (÷àùå) ýêñöåíòðè÷íî
    ñèäÿò íà áàçàëüíûõ ïëàñòèíêàõ; ñïèêóëû â ñðåäíåì âäâîå êîðî÷å, ÷åì ó ïðåäûäóùåãî
    âèäà (4,6–5,3 ìêì), à áàçàëüíûå ïëàñòèíêè – âäâîå øèðå (îêîëî 0,7 ìêì)................. A. spinifera
4. Âåðõóøêè âñåõ ñïèêóë óñå÷åíû ïîä ïðÿìûì óãëîì è íåñóò ðàçëè÷íîå êîëè÷åñòâî
    ìàðãèíàëüíûõ çóáöîâ .......................................................................................................A. (penardi) 5
4’ Âñå èëè ÷àñòü ñïèêóë ñ ðàçâåòâëåííûìè âåðõóøêàìè ................................................................... 10
5. Ñòâîëû ñïèêóë ñóæàþòñÿ ïî íàïðàâëåíèþ ê âåðõóøêàì, íåñóùèì òðè çàîñòðåííûõ,
    èíîãäà ñëåãêà ðàçäâîåííûõ çóáöà ................................................................................... A. myriospina
5’ Ñïèêóëû ìîíîòîííîé òîëùèíû èëè ñî ñëåãêà ðàñøèðåííûìè âåðõóøêàìè, íåñóùèìè
    “ïëàìÿ” èç ìåëêèõ çóáöîâ .................................................................................................................. 6
6. Äâà òèïà íå ðàñøèðÿþùèõñÿ ê âåðõóøêàì ñïèêóë, íåñóùèõ íà âåðõóøêàõ ïî 8–12
    ìàðãèíàëüíûõ çóáöîâ; èìååòñÿ ïîëíûé ñïåêòð ïðîìåæóòî÷íûõ äëèí è äèàìåòðîâ
    ñïèêóë ..................................................................................................................................... A. penardi
6’ Îäèí òèï ñïèêóë .................................................................................................................................. 7
7. Ñòâîëû ñïèêóë ìîíîòîííîé òîëùèíû ............................................................................................... 8
7’ Ñïèêóëû ñëåãêà ðàñøèðÿþòñÿ ê âåðõóøêå; èõ âåðõóøêè íåñóò 12–15 òóïûõ çóá÷èêîâ .............. 9
8. Âåðõóøêè ñïèêóë íåñóò ÷åòûðå îñòðûõ âåòî÷êè èëè çóáöà ........................................ A. quadrifurca
8’ Âåðõóøêè ñïèêóë íåñóò ïÿòü îñòðûõ çóáöîâ ....................................................................... A. taurica
9. Ïî âñåé äëèíå ñïèêóëû òÿíåòñÿ ñïèðàëüíî çàêðó÷åííîå ðåáðî ñ ìíîãî÷èñëåííûìè
    ìåëêèìè çóá÷èêàìè; ïëàñòèí÷àòûå ÷åøóéêè áîáîâèäíîé ôîðìû ............................... A. saphonovi
9’ Ñïèðàëüíîå ðåáðî íà ñïèêóëàõ îòñóòñòâóåò; ïëàñòèí÷àòûå ÷åøóéêè
    ýëëèïòè÷åñêèå .......................................................................................................................... A. tubata
10. Âåðõóøêè ñïèêóë ðàñïàäàþòñÿ íà òðè è áîëåå ëó÷åé (ôóðîê) ............................. A. (pectinata) 11
10’ Âåðõóøêè ñïèêóë âåòâÿòñÿ äèõîòîìè÷åñêè ............................................................. A. (turfacea) 15
11. Âåðõóøêè ñïèêóë ðàñòðîåíû; çàîñòðåííûå ôóðêè ñâÿçàíû â áàçàëüíîé ÷àñòè
      “ïëàìåíåì” è íåñóò ïî 1–4 ìåëêèõ çóáöà .................................................................... A. takahashii
11’ Ñïèêóëû îêàí÷èâàþòñÿ èíà÷å ........................................................................................................ 12
12. Ñïèêóëû ÷åòêî ðàñïàäàþòñÿ íà äâà ðàçìåðíûõ êëàññà; ñïèêóë ïðîìåæóòî÷íîé äëèíû
      íåò ....................................................................................................................................................... 13
12’ Ñóùåñòâóþò äâà êðàéíèõ ðàçìåðíûõ ñîñòîÿíèÿ ñïèêóë, ñîåäèíåííûõ ïîëíûì
      ñïåêòðîì ïðîìåæóòî÷íûõ ôîðì ...................................................................................................... 14
13. Êîðîòêèå ñïèêóëû èìåþò ÷àøåâèäíûå âåðõóøêè ñ 6–8 îñòðûìè çóáöàìè, ñîåäèíåííûìè
      òîíêîé ìåìáðàíîé; äëèííûå ñïèêóëû íåìíîãî÷èñëåííû, ñ 2–3 êîðîòêèìè
      çóáöàìè ............................................................................................................................... A. pectinata
13’ Êîðîòêèå ñïèêóëû ñ ñèëüíî ðàñøèðåííîé âåðõóøêîé, íåñóùåé ÷åòûðå äëèííûõ
      àïèêàëüíûõ çóáöà; äëèííûå ñïèêóëû ñî ñëåãêà ðàñøèðÿþùèìèñÿ ñòâîëàìè è ÷åòûðüìÿ
      êîðîòêèìè àïèêàëüíûìè çóáöàìè; ïëàñòèí÷àòûå ÷åøóéêè áåñôàêòóðíû ............... A. valdiviense
14. Êîðîòêèå ñïèêóëû èìåþò âîðîíêîâèäíûå âåðõóøêè ñ 6–8 ãðåáíÿìè,
      îêàí÷èâàþùèìèñÿ çóáöàìè; äëèííûå ñïèêóëû ìîíîòîííîé òîëùèíû ñî ñëåãêà
      ðàñøèðåííûì äèñòàëüíûì êîíöîì, íåñóùèì äèñòàëüíóþ êàéìó; ïëàñòèí÷àòûå
      ÷åøóéêè ñ ãëàäêîé ïîâåðõíîñòüþ ............................................................................... A. polymorpha
14’ Âåðõóøêà ñïèêóë  îáû÷íî ñ øåñòüþ  âåòî÷êàìè, ñîåäèíåííûìè “ïåðåïîíêîé”;
      ïëàñòèí÷àòûå ÷åøóéêè ñ ìåäèàëüíûì óòîëùåíèåì è õîðîøî âûðàæåííûìè
      ðàäèàëüíûìè ðåáðàìè ........................................................................................................ A. nichollsi
15. Ñïèêóëû îäíîãî òèïà ....................................................................................................................... 16
15’ Äâà òèïà ñïèêóë: êîðîòêèå è äëèííûå; ìîãóò ïðèñóòñòâîâàòü òàêæå ñïèêóëû
      ïðîìåæóòî÷íîé äëèíû ..................................................................................................................... 17
16. Íà âíóòðåííèõ ñòîðîíàõ ôóðîê ïî 2–4 îñòðûõ çóáöà ......................................................  A. cornuta
16’ Âíóòðåííèå ñòîðîíû ôóðîê áåç çóáöîâ ..................................................................A. astrakhanensis
17. Ñïèêóëû ïðîìåæóòî÷íîé äëèíû îòñóòñòâóþò; äëèííûå ñïèêóëû ñ îäíèì çóáöîì íà
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     âíóòðåííåé ïîâåðõíîñòè ôóðîê; êîðîòêèå – ñ çóáöàìè íà ôóðêàõ èëè âòîðè÷íîé
      áèôóðêàöèåé......................................................................................................................... A. bicornis
17’ Èìåþòñÿ ìíîãî÷èñëåííûå ñïèêóëû ïðîìåæóòî÷íîé äëèíû; âñå ñïèêóëû èìåþò
      âòîðè÷íóþ áèôóðêàöèþ èëè ïî äâà ìåëêèõ çóáöà íà âåðõóøêàõ ôóðîê .......................A. turfacea

I. A. (wiasemskii) Mikrjukov, 1997 (ðèñ. 24)
Äèàãíîç. Âèäû ðîäà Acanthocystis, ñïèêóëû êîòîðûõ îêàí÷èâàþòñÿ çàîñòðåííûìè èëè òóïûìè âåð-

õóøêàìè.
Ñîñòàâ: Òðè âèäà

1 (64). A. wiasemskii Ostroumoff, 1917 (ðèñ. 24, À)
Äèàãíîç. Êëåòêè 25–30 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îä-

íèì òèïîì ñïèêóë. Ñïèêóëû ãâîçäåâèäíîé ôîðìû, îäèíàêîâîé äëèíû, 12–15 ìêì; ñòâîë ïðÿìîé,
ïîëûé, 0,6 ìêì â äèàìåòðå, ìîíîòîííîé òîëùèíû,  ðåçêî ñóæàåòñÿ íà àïèêàëüíîì êîíöå  ê  îñòðîé
âåðõóøêå;  áàçàëüíàÿ ïëàñòèíêà îêðóãëàÿ, îêîëî 2,5 ìêì â äèàìåòðå.

Ïëàñòèí÷àòûå ÷åøóéêè áîáîâèäíîé ôîðìû, îêîëî 4,5 % 3,5 ìêì, ñ ìåëêî ãðàíóëèðîâàííîé àïè-
êàëüíîé ïîâåðõíîñòüþ.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: ×åðíîìîðñêîå ïîáåðåæüå Êðûìà (S~18:: Îñòðîóìîâ, 1917), Òàñìàíîâî ìîðå

(S=35:: Mikrjukov & Patterson, 2002); äîïîëíèòåëüíûé äèàãíîç äàí ïî ýêçåìïëÿðàì, èçîëèðîâàííûì
èç ìîðñêîãî àêâàðèóìà â Ìîñêâå (S=35:: Mikrjukov, 1994 b).

2 (65). A. clavata Dürrschmidt, 1987  (ðèñ. 24, Á)
Äèàãíîç. Ïåðèïëàñò 25–30 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì òè-

ïîì ñïèêóë. Ñïèêóëû äî 10 ìêì äëèíîé, ïðÿìûå èëè ñëåãêà èçîãíóòûå, ñ îêðóãëîé áàçàëüíîé ïëàñ-
òèíêîé 0,4 ìêì â äèàìåòðå; ñòâîë ïðåèìóùåñòâåííî ñïëîøíîé, ñëåãêà ñóæàþùèéñÿ ê òîíêîé, íî
îêðóãëîé âåðõóøêå.

Ðèñ. 24.  Âèäû ðîäà Acanthocystis.  À – A. wiasemskii (îáùèé âèä êëåòêè, ïëàñòèí÷àòàÿ ÷åøóéêà è ñïèêóëà ïåðèïëàñòà);
Á – A. clavata; Â – A. spinifera (íà ðèñ. Á è Â ïðèâåäåíû ïëàñòèí÷àòûå ÷åøóéêè è ñïèêóëû);  (ðèñ. À – ïî: Îñòðîóìîâ, 1917;
ðèñ. Á è Â – ïî: Siemensma, 1991)
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Ðèñ. 25. Âèäû ðîäà Acanthocystis. À, Á – A. penardi (ñòðóêòóðà êëåòêè, ïëàñòèí÷àòàÿ ÷åøóéêà è ñïèêóëà ïåðèïëàñòà); Â
– A. tubata; Ã – A. myriospina; Ä – A. quadrifurca; Å – A. taurica; Æ – A. saphonovi (íà ðèñ. Â – Æ ïðèâåäåíû òèïû
ïëàñòèí÷àòûõ ÷åøóåê è ñïèêóë);  (ðèñ. À – Ä – ïî Siemensma, 1991; ðèñ. Å – ïî: Ìèêðþêîâó, 1997 á; ðèñ. Æ – ïî:
Ìèêðþêîâó, 1994 à)

Ïëàñòèí÷àòûå ÷åøóéêè îêîëî 1,3 % 0,77 ìêì, ýëëèïòè÷åñêèå è ñëåãêà èçîãíóòûå èëè ÿéöåâèäíûå,
òîíêèå è  áåñôàêòóðíûå, çà èñêëþ÷åíèåì ñëàáî âûðàæåííîãî öåíòðàëüíîãî óòîëùåíèÿ.

Ïðåñíûå è ñîëîíîâàòûå âîäû
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1987 a), ×åðíîìîðñêîå ïîáåðåæüå Êðûìà (S~18:: Ìèêðþ-

êîâ, 1999 à).

3 (66). A. spinifera Greeff, 1869 sensu Siemensma et Roijackers, 1988  (ðèñ. 24, Â)
Äèàãíîç. Ïåðèïëàñò 27–30 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè  ÷åøóéêàìè  è  îäíèì

òèïîì ñïèêóë. Ñïèêóëû 4,6–5,3 ìêì äëèíîé, íåìíîãî÷èñëåííûå è äîâîëüíî  òîíêèå, öèëèíäðè÷åñ-
êèå, áåñïîðÿäî÷íî íàêëîíåííûå, ñèäÿò íà îêðóãëûõ áàçàëüíûõ ïëàñòèíêàõ öåíòðàëüíî èëè, îáû÷íî,
ñëåãêà ýêñöåíòðè÷íî; ê âåðõóøêå ñëåãêà çàîñòðÿþòñÿ; âåðõóøêà îêîëî 0,07 ìêì â äèàìåòðå, íåñåò 2–
3 òóïûõ çóáöà; áàçàëüíûå ïëàñòèíêè 0,7 ìêì â äèàìåòðå.

Ïëàñòèí÷àòûå ÷åøóéêè èìåþò ÷åòêî âîãíóòûå êðàÿ; òîíêèå, ïëîñêèå, ñëåãêà îâàëüíûå, 3,4–4,4 %
1,7–2,6 ìêì; ïîâåðõíîñòü ãëàäêàÿ.

Ñîëîíîâàòûå âîäû
Ðàñïðîñòðàíåíèå: Ñîëîíîâàòûå âîäû þæíîãî ïîáåðåæüÿ Øâåöèè (Siemensma & Roijackers, 1988 a).

II. A. (penardi) Mikrjukov, 1997 (ðèñ. 25)
Äèàãíîç. Âèäû ðîäà Acanthocystis, ñïèêóëû êîòîðûõ îêàí÷èâàþòñÿ óñå÷åííîé ïîä ïðÿìûì óãëîì

âåðõóøêîé, íåñóùåé íåêîòîðîå êîëè÷åñòâî ìàðãèíàëüíûõ çóáöîâ.
Cîñòàâ: Øåñòü âèäîâ
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4 (67). A. penardi Wailes, 1925 (ðèñ. 25, À, Á)
Syn.: A. heterospina Nicholls, 1983;  A. dresscheri Siemensma et Roijackers, 1988
Äèàãíîç. Êëåòêè 9–125 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è äâóõ-

, ðåæå îäíîðàçìåðíûì òèïîì ñïèêóë. Ñïèêóëû 6–25 ìêì äëèíîé, ðàçëè÷àþòñÿ ðàçìåðîì è ñîñòàâîì
ïîëîãî öèëèíäðè÷åñêîãî ñòâîëà, ñèäÿùåãî íà îêðóãëîé áàçàëüíîé ïëàñòèíêå 1–3,5 ìêì â äèàìåòðå;
ñòâîë ìåíüøèõ – îêîëî 0,25 ìêì â äèàìåòðå è îêîëî 15 ìêì äëèíîé; áîëüøèõ – îêîëî 0,5 ìêì â
äèàìåòðå è îêîëî 25 ìêì äëèíîé; îáà òèïà ñïèêóë íåñóò íà ñâîåé âåðõóøêå ðÿä èç 8–12 õîðîøî
âûðàæåííûõ ìàðãèíàëüíûõ çóáöîâ; èìååòñÿ  ïîëíûé ñïåêòð ñïèêóë ïðîìåæóòî÷íîãî ðàçìåðà.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, 2,2–3,6 % 3,1–5,7 ìêì, ÷àùå áåñôàêòóðíûå, çà èñêëþ÷å-
íèåì  ìàðãèíàëüíîé êàéìû, èíîãäà ñëàáî âûðàæåííîé èëè îòñóòñòâóþùåé; àêñèàëüíîå óòîëùåíèå
ìîæåò áûòü ñèëüíî âûðàæåíî è èìåòü ãðåáíåâèäíóþ ôîðìó.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Rainer, 1968), Íèäåðëàíäû ([÷àñòè÷íî êàê A. dresscheri] Siemensma,

1981; Siemensma & Roijackers, 1988 a), Øâåéöàðèÿ (Penard, 1904), Öåíòðàëüíàÿ Ðîññèÿ è Êàðåëèÿ
(Mikrjukov, 1993 b, 2001), Ýñòîíèÿ (Mikrjukov, 1993 a), Êàíàäà (Wailes, 1925; [êàê A. heterospina]
Nicholls, 1983), ×èëè (Dürrschmidt, 1987 a), Ìàëàéçèÿ (Dürrschmidt & Croome, 1985).

5 (68). A. tubata Dürrschmidt, 1987  (ðèñ. 25, Â)
Äèàãíîç. Ïåðèïëàñò îêîëî 25 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì

òèïîì ñïèêóë. Ñïèêóëû 6–11 ìêì äëèíîé è 0,23 ìêì â äèàìåòðå â íàèáîëåå óçêîé òî÷êå; ñòâîë
öèëèíäðè÷åñêèé, ïîñòåïåííî óòîëùàþùèéñÿ ê äèñòàëüíîìó êîíöó; âåðõóøêà 0,4 ìêì â äèàìåòðå,
ïîêðûòà òîíêèì êðåìíèåâûì ñëîåì;  êðóã èç 12  êîíè÷åñêèõ çóáöîâ îêðóæàåò àïèêàëüíûé êðàé;
îñíîâàíèå ñòâîëà ïîääåðæèâàåòñÿ îêðóãëîé,  öåíòðàëüíî âîãíóòîé áàçàëüíîé ïëàñòèíêîé 1,2 ìêì â
äèàìåòðå, îêðóæåííîé  ïåðèôåðè÷åñêîé êàéìîé.

 Ïëàñòèí÷àòûå ÷åøóéêè îâàëüíûå èëè ýëëèïòè÷åñêèå, 2,9–3,7 % 2,2 ìêì, áåñôàêòóðíûå, çà èñ-
êëþ÷åíèåì àêñèàëüíîãî óòîëùåíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íîâàÿ Çåëàíäèÿ, ×èëè (Dürrschmidt, 1987 a).

6 (69). A. myriospina Penard, 1890 sensu Dürrschmidt, 1985 (ðèñ. 25, Ã)
Syn.: A. trifurca Nicholls, 1983
Äèàãíîç. Ïåðèïëàñò 10–45 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì òè-

ïîì ñïèêóë. Ñïèêóëû òîíêèå, áåñïîðÿäî÷íî ðàñïîëîæåííûå, ìíîãî÷èñëåííûå, 2,5–16 ìêì â äëèíó;
ñòâîë äëèííûé, òðóá÷àòûé, ñëåãêà ñóæàþùèéñÿ ê ðàñòðîåííîé âåðõóøêå; áàçàëüíûå ïëàñòèíêè 0,5–
0,7 ìêì â îñíîâàíèè.

Ïëàñòèí÷àòûå ÷åøóéêè 2,7–3,5 % 1,5–2,2 ìêì, îò ÿéöåâèäíûõ äî ýëëèïñîèäíûõ, èíîãäà ñ íåÿñ-
íûì öåíòðàëüíûì ãðåáíåì.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íèäåðëàíäû (Roijackers,  öèò. ïî: Siemensma, 1991), Êðûì (Ìèêðþêîâ, 1999 à),

Êàíàäà ([êàê A. trifurca] Nicholls, 1983), ×èëè  (Dürrschmidt, 1985), Àâñòðàëèÿ (Croome, 1986).

7 (70). A. quadrifurca Nicholls, 1983 (ðèñ. 25, Ä)
Syn.: A. clathrata Dürrschmidt, 1985; A. penardi  ssp. pusilla Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 20–30 ìêì â äèàìåòðå,  ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì

òèïîì ñïèêóë. Ñïèêóëû ñ ïðÿìûì èëè ñëåãêà ñîãíóòûì ñòâîëîì, 5–10 ìêì äëèíîé è 0,05–0,15 ìêì
òîëùèíîé, ñèäÿùèì íà îêðóãëîé áàçàëüíîé ïëàñòèíêå 0,8–1,2 ìêì â äèàìåòðå â ôîðìå ìåëêîé âû-
âåðíóòîé ÷àøè; âåðõóøêà  ðàçâåòâëÿåòñÿ íà ÷åòûðå îñòðûõ âåòî÷êè 0,1–0,2 ìêì äëèíîé.

Ïëàñòèí÷àòûå ÷åøóéêè 1,2–2,0 % 1,8–3,5 ìêì, ñîñòîÿò èç óäëèíåííîé öåíòðàëüíî ðàñïîëîæåííîé
ìåìáðàíû ñ óòîëùåííûì àêñèàëüíûì ãðåáíåì è ìàðãèíàëüíîé êàéìîé, 0,8 ìêì øèðèíîé, ñâÿçàííîé
ñ öåíòðàëüíîé ìåìáðàíîé 20–30 ðåáðàìè, êîòîðûå èíîãäà ðàçâåòâëÿþòñÿ; öåíòðàëüíîå ïðîñòðàíñòâî
è êàéìà áåñôàêòóðíû.

Ïðåñíîâîäíûé
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Ðàñïðîñòðàíåíèå: Êàíàäà (Nicholls, 1983), ×èëè ([êàê A. clathrata] Dürrschmidt, 1985; [êàê A. penardi
ssp. pusilla] Dürrschmidt, 1987 a).

8 (71). A. taurica Mikrjukov, 1997  (ðèñ. 25, Å)
Äèàãíîç. Êëåòêè îêîëî 25 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è

îäíèì òèïîì ñïèêóë. Ñïèêóëû ïðÿìûå, ïðèìåðíî îäèíàêîâîé äëèíû, îêîëî 4,2 ìêì; ñòâîë íå ñóæà-
þùèéñÿ; âåðõóøêà íåñåò ïÿòü îñòðûõ îòîãíóòûõ çóáöîâ.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, îêîëî 5,2 % 2,2 ìêì, áåñôàêòóðíûå, àêñèàëüíîå óòîëùå-
íèå ñëàáî âûðàæåíî.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Êðûìñêèå ãîðû (Ìèêðþêîâ, 1997 á).

9 (72). A. saphonovi Mikrjukov, 1994 (ðèñ. 25, Æ)
Äèàãíîç. Ïåðèïëàñò îêîëî 50 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì

òèïîì ñïèêóë. Ñïèêóëû  ðàçëè÷íîé äëèíû, ïðÿìûå, 6,5–10,2 ìêì äëèíîé; ñòâîë öèëèíäðè÷åñêèé,
0,4–0,6 ìêì â äèàìåòðå, ñî ñïèðàëüíî íàêðó÷åííûì ðåáðîì, íåñóùèì ïî ñâîåé äëèíå ìåëêèå çóá÷è-
êè è òÿíóùèìñÿ îò  îñíîâàíèÿ  ê âåðõóøêå; áàçàëüíàÿ ïëàñòèíêà îêðóãëàÿ, 2,0–2,7 ìêì â äèàìåòðå;
âåðõóøêè íåñêîëüêî ðàñøèðåíû è íåñóò 10–15 ìåëêèõ  çóá÷èêîâ.

Ïëàñòèí÷àòûå ÷åøóéêè áåñôàêòóðíûå, áîáîâèäíîé ôîðìû, 4,3–4,7 % 3,1 ìêì; îêðóæåíû òîíêîé
ìàðãèíàëüíîé êàéìîé.

Ìîðñêîé
Ðàñïðîñòðàíåíèå: Áåëîå ìîðå (Ìèêðþêîâ, 1994; Mikrjukov, 2001).

III.  A. (pectinata) Mikrjukov, 1997 (ðèñ. 26)
Äèàãíîç. Âèäû ðîäà Acanthocystis, âåðõóøêè ñïèêóë êîòîðûõ ðàñïàäàþòñÿ íà òðè è áîëåå ìîùíûå

ôóðêè.
Ñîñòàâ: Ïÿòü âèäîâ

10 (73). A. pectinata Penard, 1889 (ðèñ. 26, À, Á)
Syn.: A. radiosa Roskin, 1929; A. pectinata ssp. ceylanica Dürrschmidt, 1987; A. pectinata ssp. malayensis

Dürrschmidt, 1987
Äèàãíîç. Ïåðèïëàñò 15–20 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è äâóìÿ òèïà-

ìè ñïèêóë. Ìíîãî÷èñëåííûå êîðîòêèå ñïèêóëû îäèíàêîâîé äëèíû: 2,1–3,1 ìêì, öèëèíäðè÷åñêèå,
ïîëûå è  ïðÿìûå, 0,25  ìêì â äèàìåòðå;  âåðõóøêà ÷àøåâèäíàÿ, 0,8–1,4 ìêì â äèàìåòðå è èìååò 4–6
äëèííûõ îñòðûõ çóáöîâ, ñâÿçàííûõ òîíêîé ìåìáðàíîé; áàçàëüíûå ïëàñòèíêè 0,43–1,2 ìêì â äèàìåò-
ðå, êîíè÷åñêèå, îêðóãëûå. Äëèííûå ñïèêóëû íåìíîãî÷èñëåííû, 6,0–10,2 ìêì äëèíîé, ñ âåðõóøêîé,
îêàí÷èâàþùåéñÿ 2–3 êîðîòêèìè çóáöàìè. Ñïèêóëû, ïðîìåæóòî÷íûå ìåæäó êîðîòêèìè è äëèííûìè,
îòñóòñòâóþò.

Ïëàñòèí÷àòûå ÷åøóéêè 1,6–2,5 % 1,3–1,6 ìêì, óäëèíåííûå èëè ñëåãêà îâàëüíûå, ñ íåñêîëüêî
âûãíóòûìè êðàÿìè; èìåþò øèðîêóþ ïîëîñó, îðíàìåíòèðîâàííóþ ìåëêèìè ãðàíóëàìè, ñîáðàííûìè â
áîëåå èëè ìåíåå êîíöåíòðè÷åñêèå èëè ðàäèàëüíûå ðÿäû.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Øâåéöàðèÿ (Penard, 1889), Ãåðìàíèÿ (Rainer, 1968), Íèäåðëàíäû (Siemensma,

1981; Siemensma & Roijackers, 1988 a), Øâåöèÿ (Siemensma  & Roijackers, 1988 a), Öåíòðàëüíàÿ Ðîññèÿ
è Êàðåëèÿ (Roskin, 1929;  Mikrjukov, 1993 b, 2001), Ýñòîíèÿ (Mikrjukov, 1993 a), Àâñòðàëèÿ (Croome,
1986), ×èëè, Íîâàÿ Çåëàíäèÿ, Ìàëàéçèÿ, Øðè-Ëàíêà (Dürrschmidt, 1987 a).

11 (74). A. nichollsi Siemensma et Roijackers, 1988  (ðèñ. 26, Â)
Äèàãíîç. Êëåòêè 10–23 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îä-

íèì òèïîì ñïèêóë. Ñïèêóëû ïðÿìûå èëè ñëåãêà èçîãíóòûå, 2–12 ìêì äëèíîé â ìåäèàëüíîé ÷àñòè;
ñòâîë ïîëûé, 0,2–0,3 ìêì â äèàìåòðå; âåðõóøêà ðàçäåëÿåòñÿ  îáû÷íî íà øåñòü âåòî÷åê, ñîåäèíåííûõ
“ïåðåïîíêîé” ñ äèñòàëüíîé ÷àñòüþ èãëû;  “ïåðåïîíêà” ëó÷øå âûðàæåíà ó êîðîòêèõ èãë (2–4 ìêì);
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øèðèíà äèñòàëüíîé ÷àñòè “ïåðåïîíêè” – äî 1,5 ìêì; îñíîâàíèå ñïèêóë – â âèäå ìåëêîé âûâåðíóòîé
÷àøè, 0,6–0,9 ìêì â äèàìåòðå.

Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, 1,5–2,2 % 2,5–3,8 ìêì; ïåðèôåðèÿ ñ óòîëùåííîé êàéìîé
0,02–0,04 ìêì øèðèíîé; îðíàìåíòàöèÿ ïëàñòèí÷àòûõ ÷åøóåê ñîñòîèò èç ìåäèàëüíîãî  óòîëùåíèÿ èëè
ãðåáíÿ, ïðîäîëüíî îðèåíòèðîâàííîãî, è õîðîøî âûðàæåííûõ ðàäèàëüíûõ ðåáåð, 0,1–0,2 ìêì äëèíîé
è 0,05 ìêì øèðèíîé, ðàñïîëîæåííûõ ïîñåðåäèíå ìåæäó ãðåáíåì è êàéìîé.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Êàíàäà ([êàê A. pectinata] Nicholls, 1983).

12 (75). A. polymorpha Dürrschmidt, 1985 (ðèñ. 26, Ã)
Äèàãíîç. Ïåðèïëàñò 50–100 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è äâóìÿ

òèïàìè ñïèêóë. Êëåòêè âñåãäà ñ ôîòîòðîôíûìè ñèìáèîíòàìè. Ñïèêóëû ñ òðóá÷àòûìè ñòâîëàìè è
îêðóãëûìè áàçàëüíûìè ïëàñòèíêàìè; ïîñëåäíèå èìåþò âåíòðàëüíîå âïÿ÷èâàíèå è ñëåãêà îêàéìëåí-
íûå êðàÿ. Äëèííûå ñïèêóëû 15–30 ìêì â äëèíó, èìåþò íå ñóæàþùèéñÿ ñòâîë, ñëåãêà ðàñøèðåííûå
äèñòàëüíûå êîíöû è äèñòàëüíóþ êàéìó. Êîðîòêèå ñïèêóëû – â äâà ðàçà êîðî÷å äëèííûõ, 5–10 ìêì,
äèñòàëüíûå êîíöû èìåþò âîðîíêîâèäíóþ ôîðìó, îáðàçóåìóþ ñèëüíî ðàñøèðÿþùèìñÿ ñòâîëàìè;
èìåþòñÿ 5–8 ïðîäîëüíûõ ãðåáíåé, êàæäûé îêàí÷èâàåòñÿ íåáîëüøèì çóáöîì; äëèíà ýòèõ ñïèêóë íà-
ñòîëüêî âàðüèðóåòñÿ, ÷òî âîçìîæíî ïîëíîå îòñóòñòâèå ñòâîëà è ïðèêðåïëåíèå  âîðîíêîâèäíîãî  îñíî-
âàíèÿ íåïîñðåäñòâåííî ê áàçàëüíîé ïëàñòèíêå. Èìåþòñÿ ñïèêóëû ïðîìåæóòî÷íûõ ðàçìåðîâ.

Ïëàñòèí÷àòûå ÷åøóéêè ñîáðàíû â îäèí èëè íåñêîëüêî êîìïàêòíûõ ñëîåâ, 4–5,5 % 2,1–3,3 ìêì,
ýëëèïñîèäíûå èëè ÿéöåâèäíûå, îáû÷íî ñ ìåäèàëüíîé ïåðåòÿæêîé;  íàáëþäàëèñü àñèììåòðè÷íûå èëè
òðåóãîëüíûå; îäíîðîäíû ïî òîëùèíå, âåíòðàëüíàÿ è äîðñàëüíàÿ ïîâåðõíîñòè ãëàäêèå.

Ðèñ. 26. Âèäû ðîäà Acanthocystis, À, Á – A. pectinata (ñòðîåíèå êëåòêè, ïëàñòèí÷àòàÿ ÷åøóéêà è äâà òèïà ñïèêóë
ïåðèïëàñòà); Â – A. nichollsi; Ã – A. polymorpha; Ä – A. takahashii; Å – A. valdiviense (íà ðèñ. Â–Å ïîêàçàíû òèïû ñïèêóë è
ïëàñòèí÷àòûå ÷åøóéêè ïåðèïëàñòà);  (ðèñ. À–Å – ïî: Siemensma, 1991)
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Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1985).

13 (76). A. takahashii Dürrschmidt, 1987  (ðèñ. 26, Ä)
Äèàãíîç. Ïåðèïëàñò 20–30 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì òè-

ïîì ñïèêóë. Ñïèêóëû 2,5–10 ìêì äëèíîé, ñîñòîÿò èç áàçàëüíîé ïëàñòèíêè, ñòâîëà è òðåõâåòâèñòîé
âåðõóøêè. Ñòâîë 0,19 ìêì â äèàìåòðå, öèëèíäðè÷åñêèé, ïîëûé, ïðèêðåïëåí ê îêðóãëîé áàçàëüíîé
ïëàñòèíêå, 0,5–0,8 ìêì â äèàìåòðå, îêðóæåííîé óçêîé ìàðãèíàëüíîé êàéìîé; âåðõóøêà  ðàñòðàèâàåò-
ñÿ; âåòâè ñâÿçàíû “ïëàìåíåì” â äèñòàëüíîé ÷àñòè ñòâîëà, çàîñòðåííûå, íåñóò 1–4 ìåëêèõ  çóáöà;
ñïèêóëû àïèêàëüíî ñáëèæåíû.

Ïëàñòèí÷àòûå ÷åøóéêè 2,5–3,2 % 1,5–1,8 ìêì; ýëëèïòè÷åñêèå èëè ãðóøåâèäíûå; áåñôàêòóðíûå,
çà èñêëþ÷åíèåì ìàðãèíàëüíîé êàéìû è öåíòðàëüíîãî óòîëùåíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íèäåðëàíäû (Roijackers, öèò. ïî: Siemensma, 1991), Øðè-Ëàíêà (Dürrschmidt,

1987 a),  Êàíàäà (Nicholls, öèò. ïî: Dürrschmidt, 1987 a), ßïîíèÿ ([êàê sp. ¹ 7] Takahashi, 1959).

14 (77). A. valdiviense Dürrschmidt, 1987  (ðèñ. 26, Å)
Äèàãíîç. Ïåðèïëàñò 20–25 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è äâóìÿ òèïà-

ìè ñïèêóë. Ñïèêóëû ñ ïðÿìûì òðóá÷àòûì ñòâîëîì (0,17 ìêì â äèàìåòðå), îêðóãëîé áàçàëüíîé ïëàñ-
òèíêîé (0,58 ìêì â äèàìåòðå) è ÷åòûðüìÿ àïèêàëüíûìè çóáöàìè;  áàçàëüíàÿ ïëàñòèíêà öåíòðàëüíî
âîãíóòà, ñ óçêîé ìàðãèíàëüíîé  êàéìîé. Äëèííûå ñïèêóëû 5–7 ìêì äëèíîé, ñî ñëåãêà ðàñøèðåííûì
ñòâîëîì è êîðîòêèìè çóáöàìè; êîðîòêèå ñïèêóëû ñîñòàâëÿþò ïîëîâèíó äëèíû ïåðâûõ (2,6 ìêì), ñ
ñèëüíî ðàñøèðåííûìè äèñòàëüíûìè êîíöàìè è äëèííûìè àïèêàëüíûìè çóáöàìè.

Ïëàñòèí÷àòûå ÷åøóéêè 1,2–1,8 % 1,0–1,5 ìêì; ýëëèïòè÷åñêèå èëè îâàëüíûå, ïåðèôåðèÿ ñ íåáîëü-
øîé óòîëùåííîé êàéìîé; öåíòðàëüíîå óòîëùåíèå ñëàáî âûðàæåíî è ïîðîé àñèììåòðè÷íî ðàñïîëîæå-
íî â öåíòðå; òîíêèå è áåñôàêòóðíûå.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè (Dürrschmidt, 1987 a), ßïîíèÿ ([êàê  sp. ¹ 6] Takahashi, 1959).

IV. A. (turfacea) Mikrjukov, 1997 (ðèñ. 27)
Äèàãíîç. Âèäû ðîäà Acanthocystis, âåðõóøêè ñïèêóë êîòîðûõ îäíî- èëè ìíîãîêðàòíî äèõîòîìè÷åñ-

êè âåòâÿòñÿ.
Ñîñòàâ: ×åòûðå âèäà

15 (78). A. turfacea Carter, 1863 (ðèñ. 27, À, Á)
Syn.: (?) Trichoda chaetophora Schrank, 1803; Actinophrys viridis Ehrenberg, 1833; Acanthocystis pallida

Greeff, 1865; Acanthocystis viridis Grenacher, 1869
Äèàãíîç. Ðàçìåð êëåòîê 10–150 ìêì â äèàìåòðå. Ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè

è äâóìÿ òèïàìè ñïèêóë: êîðîòêèìè (8–12 ìêì äëèíîé), ñî ñëàáîé áèôóðêàöèåé âòîðîãî ïîðÿäêà
íàðÿäó ñ çàìåòíîé áèôóðêàöèåé ïåðâîãî ïîðÿäêà; è äëèííûìè (45–65 ìêì), ñëàáî ðàçâåòâëåííûìè,
ñ çóá÷èêàìè íà ðàçâåòâëåííûõ îêîí÷àíèÿõ. Èìåþòñÿ ìíîãî÷èñëåííûå ñïèêóëû ïðîìåæóòî÷íîé äëè-
íû (25–35 ìêì) ñ ïðîìåæóòî÷íîé ñòåïåíüþ áèôóðêàöèè. Ñïèêóëû ïîëûå è ñèäÿò íà îêðóãëîì äèñêå
2,3–4,5 ìêì â äèàìåòðå.

Ïëàñòèí÷àòûå ÷åøóéêè 3,5–5,5 % 8–12  ìêì, óäëèíåííî ýëëèïñîèäíûå, èíîãäà ñëåãêà èçîãíóòûå;
áåñôàêòóðíûå, çà èñêëþ÷åíèåì ñëàáî âûðàæåííîãî àêñèàëüíîãî óòîëùåíèÿ; áåç ìàðãèíàëüíîé êàéìû.

Ïðåñíîâîäíûé, èíîãäà îòìå÷àåòñÿ â ìîðñêèõ è ñîëîíîâàòûõ âîäàõ
Ðàñïðîñòðàíåíèå: Ãåðìàíèÿ (Ehrenberg, 1833; [êàê A. viridis] Grenacher, 1869; [êàê A. pallida] Greeff,

1869; Hertwig & Lesser, 1874; Penard, 1890; Zacharias, 1894, 1903; Schaudinn, 1896 b; Schulz, 1961),
Àíãëèÿ (Carter, 1863; Archer, 1869; Cash & Wailes,  1921), Èðëàíäèÿ (Cash & Wailes,1921), Ôðàíöèÿ
(Brugerolle & Mignot, 1984 a), Øâåéöàðèÿ (Imhoff, 1866;  Penard, 1901; Heuscher, 1917), Ëèõòåíøòåéí
(Bardele, 1977 a), Èòàëèÿ ([÷àñòè÷íî êàê A. viridis] Imhoff, 1866), Íèäåðëàíäû (Hoogenraad & De Groot,
1935, 1940; Siemensma, 1981), Ôèíëÿíäèÿ (Levander, 1900), Øâåöèÿ (Thomasson, 1951; Siemensma,
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Ðèñ. 27. Âèäû ðîäà  Acanthocystis. À, Á – A. turfacea (À – ñòðîåíèå êëåòêè, Á – òèïû ñïèêóë è ïëàñòèí÷àòàÿ ÷åøóéêà
ïåðèïëàñòà); Â – A. astrakhanensis; Ã – A. cornuta; Ä – A. bicornis (íà ðèñ. Â–Ã ïðèâåäåíû ïëàñòèí÷àòûå ÷åøóéêè è ñïèêóëû
ïåðèïëàñòà;  (ðèñ. À, Á, Ã, Ä – ïî: Siemensma, 1991; ðèñ. Â – ïî: Mikrjukov, 1993 b)

1991), Öåíòðàëüíàÿ Ðîññèÿ è Êàðåëèÿ (Mikrjukov, 1993 b, 2001), Êðûì (Ìèêðþêîâ, 1999 à), ÑØÀ
(Leidy, 1879), ×èëè (Dürrschmidt, 1985), Êàíàäà (Nicholls, 1983 à), Àðãåíòèíà (Carbonell, 1937; Vigna,
1988), Èíäèÿ (Schaudinn, 1896 a), Àâñòðàëèÿ (Croome, 1986; Mikrjukov & Patterson, 2002); â ìîðñêèõ è
ñîëîíîâàòûõ âîäàõ: Ôèíñêèé çàëèâ Áàëòèéñêîãî ìîðÿ (S~6:: Vørs, 1992 b), Êàòòåãàò (S~22:: Vørs, 1992
a), Àíòàðêòèêà (S=35:: Croome et al., 1987).

16 (79). A. astrakhanensis Mikrjukov, 1993  (ðèñ. 27, Â)
Äèàãíîç. Êëåòêè îêîëî 30 ìêì â äèàìåòðå; ïåðèïëàñò ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è

îäíèì òèïîì ñïèêóë. Ñïèêóëû äëèííûå, ïðÿìûå, 8–10 ìêì; ñòâîë öèëèíäðè÷åñêèé, îäèíàêîâîé
òîëùèíû, îêîëî 0,3 ìêì; âåðõóøêà ðàçäâîåíà íà äâå ñóæàþùèåñÿ ê òóïûì îêîí÷àíèÿì ôóðêè, 0,5
ìêì äëèíîé.

Ïëàñòèí÷àòûå ÷åøóéêè îâàëüíîé ôîðìû, 3,0–3,2 % 1,6 ìêì, ñ çàìåòíûì àêñèàëüíûì ðåáðîì.
Ïðåñíûå è ñîëîíîâàòûå âîäû
Ðàñïðîñòðàíåíèå: Ðîññèÿ, äåëüòà Âîëãè (Mikrjukov, 1993 b), ×åðíîìîðñêîå ïîáåðåæüå Êðûìà (S~18::

Ìèêðþêîâ, 1999 à).

17 (80). A. cornuta Dürrschmidt, 1987  (ðèñ. 27, Ã)
Äèàãíîç. Ïåðèïëàñò 15–20 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è îäíèì òè-

ïîì ñïèêóë. Ñïèêóëû 3,2–4,4 ìêì äëèíîé; ñîñòîÿò èç áàçàëüíîé ïëàñòèíêè, ñòâîëà è ðàçâåòâëåííîé
âåðõóøêè; ñòâîë 0,1 ìêì â äèàìåòðå, ïîëûé è öèëèíäðè÷åñêèé;  áàçàëüíàÿ ïëàñòèíêà îêðóãëàÿ, îêîëî
0,5 ìêì â äèàìåòðå; âåðõóøêè äèâåðãåíòíî ðàçäåëÿþòñÿ íà 2 îñòðûå âåòâè 1 ìêì äëèíîé; âíóòðåííèé
êðàé êàæäîé âåòâè ñ 2–4 îñòðûìè çóáöàìè, íàðóæíûé êðàé ãëàäêèé.
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Ïëàñòèí÷àòûå ÷åøóéêè ýëëèïòè÷åñêèå, 2,3–3,0 % 1,5–1,9 ìêì, ñ íåáîëüøîé ïåðèôåðè÷åñêîé
êàéìîé; îðíàìåíòàöèÿ ñîñòîèò èç àêñèàëüíîãî óòîëùåíèÿ è ñëàáî ðàçâèòûõ ðàäèàëüíûõ ñêëàäîê.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: ×èëè, Íîâàÿ Çåëàíäèÿ, Êàíàäà (Dürrschmidt, 1987 a), Àâñòðàëèÿ (Croome, 1987 b).

18 (81). A. bicornis Dürrschmidt, 1987  (ðèñ. 27, Ä)
Äèàãíîç. Ïåðèïëàñò 15–25 ìêì â äèàìåòðå, ïðåäñòàâëåí ïëàñòèí÷àòûìè ÷åøóéêàìè è äâóìÿ òèïà-

ìè ñïèêóë. Ñïèêóëû ñîñòîÿò èç áàçàëüíîé ïëàñòèíêè, ñòâîëà è ðàçâåòâëåííîé âåðõóøêè. Ñòâîë óçêèé,
öèëèíäðè÷åñêèé, 0,12 ìêì â äèàìåòðå. Áàçàëüíûå ïëàñòèíêè 0,6–0,8 ìêì â äèàìåòðå, îêðóãëûå, ñî
ñëåãêà ïðèïîäíÿòûìè êðàÿìè. Äëèííûå ñïèêóëû 4–5 ìêì äëèíîé, ñ çóáöîì  íà âíóòðåííåé ïîâåðõíî-
ñòè ôóðîê (0,7 ìêì äëèíîé); äèñòàëüíûå êîíöû îêàíòîâàíû. Êîðîòêèå ñïèêóëû 2,0–3,2 ìêì äëèíîé,
øèðîêî ðàçäâîåííûå íà âåðõóøêå, îáû÷íî ñ 1–2  çóáöàìè ðàçëè÷íîé äëèíû; ôóðêè âòîðè÷íî ðàçäâà-
èâàþòñÿ íà âåòâè ðàçëè÷íîé äëèíû.

Ïëàñòèí÷àòûå ÷åøóéêè 2,7 % 1,6 ìêì, ýëëèïòè÷åñêèå, èíîãäà ñëåãêà èçîãíóòûå, áåç ôàêòóðû çà
èñêëþ÷åíèåì îñåâîãî óòîëùåíèÿ.

Ïðåñíîâîäíûé
Ðàñïðîñòðàíåíèå: Íîâàÿ Çåëàíäèÿ, ×èëè, Øðè-Ëàíêà (Dürrschmidt, 1987 a).
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SUMMARY

Centrohelid heliozoa, or centrohelids (Centrohelida Kühn, 1926) is the most extensive heliozoan
group including now about 80% of organisms united in a polyphyletic taxon Heliozoa. The term “Centrohelid-
ia” was firstly proposed by Kühn (1926) and maintained by authors of later systems of heliozoa (Tregouboff,
1953; Kudo, 1954, et al.) for separation of heliozoa with the central nucleus (Actinophryida Hartmann, 1913)
and those in which the geometrical centre of the cell is occupied by another organelle (centroplast or
axoplast)  giving rise to axial filaments of axopodia whilst the nucleus/nuclei is displaced towards the periphery
of the cell and becomes eccentric (Fig. 1, Ä—Æ). During its history, the taxon Centrohelida included various
groups of heliozoa, other sarcodines and helioflagellates such as gymnosphaerid heliozoa (Gymnosphaerida
Poche, 1913), dimorphid helioflagellates (Dimorphida Siemensma, 1991), some heliozoa of uncertain position
(genera Wagnerella Mereschkowsky, 1878 and Actinolophus Schulze, 1874) and rotosphaerid filose amoebae
(Rotosphaerida Rainer, 1968). The latter lack the centroplast in the cell, axonemes and extrusomes in pseudopodia,
but have a close appearance and structure of a silicificated external skeleton (the periplast)  and the eccentric
position of the nucleus (Fig.  1, Ç), and thus superficially strongly resemble higher centrohelids. Gymno-
sphaerid heliozoa (genera Gymnosphaera Sassaki, 1894, Hedraiophrys Febvre-Chevalier, 1975 and Actinocoryne
Febvre-Chevalier, 1980) differ from centrohelids in all characters determining the position of the group in
the general system of lower eukaryotes (tubular shape of mitochondrial cristae, a sexual process with isogamic
biflagellated gametes, a structure of extrusive organelles, axonemes and the axoplast, etc. [Fig. 1, Ä]) are
traditionally remained inside the centrohelids even in the most recent reviews of heliozoa by Rainer (1968)
and Febvre-Chevalier (1985, 1990). The term “Centrohelids” is proposed by Patterson & Dürrschmidt, 1987a
for clear separation of true centrohelids (which are characterized by a surprised conservatism of the cell
structure inside the group [Fig. 3]) from other taxa mentioned above; in later works this term was used to
designate Centrohelida sensu stricto.

Thus we can define Centrohelids as a group of amoeboid organisms with straight, not branching arms
radiating uniformly from the whole body surface; these arms called “axopodia” possess numerous refractive
granules - extrusomes abundant also in the cortical cytoplasm. The general fine structure of a centroheliozoon,
Choanocystis aculeata, is summarized in Fig. 3; some features of the ultrastructural organization of Heterophrys
marina are shown in plates 1 and 2. The axopodial axonemes originate from a very complex central organelle -
the centroplast composed of an electron dense trilamellar disk sandwiched between two more electron opaque
hemispheres. The nucleus with the large central nucleolus is eccentric and is placed adjacent to the cortical
cytoplasm. Axonemes are composed of tetravalent microtubules, which are assembled by protein bridges/links
into complex lattices comprised of alternate hexagons and equilateral triangles (Fig. 3). Very complex extrusive
organelles called by Hausmann (1978)  as “kinetocysts” are bipartite and composed of a distal “cone”-part and
proximal “ball”-part; these extrusomes are originated in vesicles of the rough endoplasmic reticulum (Ìèêðþêîâ,
1995 a; Mikrjukov, 1995) (plate 2). Centrohelids reproduce by binary fission only; the type of the nuclear
division is an open orthomitosis with sister centroplasts at poles of the spindle (Fig. 6). Centrohelids is the only
lamellicristate group of heliozoa; they have clear long, ribbon-like cristae in mitochondria (Fig. 1, Æ).

Centrohelids do not produce zoospores or any other flagellated cells [although Schaudinn (1896 b)
described biflagellated cells formed by the centroheliozoon, Choanocystis aculeata (Fig. 6, Ê). Despite of this
phenomenon was not ever been recorded by later scientists dealt with Centrohelids we must take into account
an uncommon carefulness characteristic of the most of works performed by Schaudinn.

81 valid species of Centrohelids (see: Key to Centrohelid Genera and Species) belonging to 15 genera and
three families are known now. The members of Heterophryidae Poche, 1913 may have a naked cell surface or
be surrounded by a mucous coat often connected with a system of tangential or radial organic spicules. Species
belonging to Raphidiophryidae Mikrjukov, 1996 and Acanthocystidae Claus, 1874 are surrounded by enve-
lopes comprised of endogenous siliceous scales and/or  spicules and called  “periplasts”.

Centrohelids act a role of important consumers in both freshwater and marine microbenthic communities.
Heliozoa are of the same importance also in marine and lake plankton food webs during their temporary
existence in plankton (usually during a month twice a year).

Freshwater and marine Centrohelids are not separated in two groups of species. Oceanic water does not
represent a boundary for spreading of species which are common in freshwater habitats. This determines a
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worldwide (cosmopolitan) distribution of heliozoa in fresh waters of all continents (Ìèêðþêîâ, 1999 a).
However a tolerance of species to salinity factor varies strongly among heliozoa, and only a few of them prefer
marine habitat to freshwater conditions. However marine fauna of heliozoa is studied very unsatisfactory.

The position of Centrohelids in the general system of protists remains to be absolutely unclear in spite of
a rather definite places occupying in it by the other heliozoan taxa (Ìèêðþêîâ, 1999 á, 2000; Mikrjukov,
2000 a, b; Mikrjukov & Patterson, 2002; Fig. 9). Lamellate shape of cristae and the absence of flagellate cells
(which have more significant ultrastructural characters) in the life cycle make the position of Centrohelids in
the system of unicellular organisms to be uncertain despite of a thorough degree of our knowledge on the fine
structure of these organisms. Considering any related groups for Centrohelids among organisms with flat
mitochondrial cristae they may be possibly related to a recently described group Gymnophrea (Mikrjukov &
Mylnikov, 1998). The similarity of these groups is based on following (Fig. 10): i. lamellar (similar to ribbon-
like) shape of mitochondrial cristae; ii. existence of complex extrusive organelles originating in the EPR and
having a concentric transverse structure; iii. presence of a supporting bundle of several microtubules in pseudo-
pods. So extensive, traditional and well-studied group of unicellular organisms as Centrohelids remains still in
the position of “incertae sedis” in the system of Protista. The hypothesis about close relationshi of Gymnophry-
ids with Centrohelids does not make more clear the position of these two groups in the system as a whole. We
consider centrohelids as a separate phylum Centroheliozoa Dürrschmidt et Patterson, 1987, comb. n. which
includes classes Centrohelea Cavalier-Smith, 1993 and Gymnophrea Mikrjukov et Mylnikov, 1997.
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KEY TO CENTROHELID GENERA AND SPECIES

CLASS CENTROHELEA CAVALIER-SMITH, 1993

Diagnosis: Heliozoa with axonemes terminating at the >centroplast? represented by a tripartite disc, sandwiched
between two hemispheres of a more electron dense material. The nucleus is eccentric.  Microtubular lattices in axonemes
are formed by an alternating hexagons and isosceles triangles. The mitochondrial cristae are plate-like or ribbon-like. The
extrusive organelles are complex arranged kinetocysts, including a >ball-and-cone? structure, and are developed in
endoplasmic reticulum. Some specimens have a mucous stalk. The cysts with additional amorphous siliceous scales are
known. Reproduction is by a binary fission.

Composition: A single order Centrohelida Kühn, 1926

ORDER CENTROHELIDA  KÜHN, 1926
With the diagnosis of the class
Type-family: Three families uniting 15 genera and 81 species
Composition: Acanthocystidae Claus, 1874

KEY FOR FAMILIES OF ORDER CENTROHELIDA:
1. Cells without siliceous elements in the envelops ......................................................................... Heterophryidae
1' Cells are surrounded by cell envelopes � the periplasts, represented by siliceous scales ................................... 2
2. The periplast is formed by tangential rod-shaped spicules or plates, surrounded by
    the hollow marginal rim ............................................................................................................ Raphidiophryidae
2' Internal layers of the periplast are always occupied by tangential plates without a hollow
    marginal rim ................................................................................................................................ Acanthocystidae

Family 1. HETEROPHRYIDAE Poche, 1913
Diagnosis: Centrohelid heliozoa with a naked cell surface or (more often) surrounded by a mucous coat, which can

be ornamented by numerous tangential or radial organic spicules.
Composition: Four genera
Type-genus: Heterophrys Archer, 1869

KEY FOR GENERA OF FAMILY HETEROPHRUIDAE:
1. Cells with a naked surface .................................................................................................................... Oxnerella
1' Cell surface is surrounded by a mucous coat, which can be ornamented by organic
    spicules ............................................................................................................................................................... 2
2. Organic spicules are absent ............................................................................................................. Chlamydaster
2' Organic spicules are present ................................................................................................................................ 3
3. Spicules are tangential .................................................................................................................... Sphaerastrum
3' Spicules are radial ............................................................................................................................. Heterophrys

Genus 1.  Oxnerella Dobell, 1917 (Fig. 11)
Diagnosis: Centrohelids with a naked cell surface. Cytoplasm is granular, vacuolated, not differentiated into endo-

and ectoplasm.
Composition:Monotypic
 Type-species: O. maritima Dobell, 1917

1 (1).  O. maritima Dobell, 1917 (Fig. 11, J)
Diagnosis: The cell body is rounded, naked, 10�20 	m in diameter; nucleus is eccentric, rounded, about 5 	m with

a large endosome about 2 	m in diameter; numerous axopodia radiate from a centroplast.
Habitat: Marine
Occurrence: Plymouth, England (Dobell, 1917), the coast of Alabama, USA (Jones, 1974), the southern coast of

France (Klewer et al., 1997).
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Genus 2. Chlamydaster Rainer, 1968 (Fig. 11)
Diagnosis: Centroheliozoa, surrounded by only a mucous coat; any discrete elements in their envelopes (spicules

or scales) are absent.
Composition: Two species
Type-species: C. sterni Rainer, 1968

KEY TO SPECIES OF GENUS CHLAMYDASTER:
1. Mucous coat, surrounding the cell, is compact ....................................................................................... C. sterni
1' Mucous coat is fimbriate ................................................................................................................... C. laciniatus

1 (2). C. sterni Rainer, 1968 (Fig. 11, �)
Basionym: Astrodisculus radians Greeff, 869 sensu Stern, 1924
Diagnosis: The cell body is 12�25 	m in diameter with a smooth mucous coat about 8 	m in thickness. Axopodia

are about 40 	m long, thin with numerous granules along all length. Nucleus is oval, 4�5 	m in diameter, with endosome
about 3 	m in diameter. Several slightly working contractile vacuoles, each 10�15 	m in diameter at filling.

Habitat: Fresh and brackish water
Occurrence: in fresh waters: Germany (Greeff, 1869; Stern, 1924; Rainer, 1968), the Netherlands (Siemensma,

1981), Russia (�
��-���, 1995 a); in the White Sea: (S~24:: �
��-���, 1995 a).

2 (3). C. laciniatus (Penard, 1904) Rainer, 1968 (Fig. 11, ;)
Basionym: Astrodisculus laciniatus Penard, 1904
Syn.: Chlamydaster fimbriatus Dürrschmidt et Patterson, 1987
Diagnosis: The cell body is about 30 Xm (up to 42 Xm) in diameter with a fimbriate mucous coat. Ectoplasm is

granular. Nucleus with large nucleolus. Single contractile vacuole.
Habitat: Freshwater
Occurrence: Switzerland (Penard, 1904), England and Germany ([as C. fimbriatus] Dürrschmidt & Patterson,

1987 b), Germany (Rainer, 1968), the Netherlands (Siemensma, 1981).

Genus 3. Sphaerastrum Greeff, 1873 (Fig. 12)
Diagnosis: Centrohelids with the cell body covered by a mucous coat and a thick layer of mainly tangential organic

spicules.
Composition: Monotypic
Type-species: S. fockii (Archer, 1869) West, 1901

1 (4). S. fockii (Archer, 1869) West, 1901 (Fig. 12)
Basionym: Heterophrys fockii Archer, 1869
Syn.: Sphaerastrum conglobatum Greeff, 1873
Diagnosis: Cells, 18�30 	m in diameter, are surrounded by a dense mucous coat about 6 	m thick. Spicules are

tangential or subtangential, about 30�40 	m long, thin, of equal width, and are tapered towards acute apexes. Cells
requently form colonies of 10�12 specimens, connected by cytoplasmic bridges; in this case a mucous coat and spicules
are arranged through out the colony.

Habitat: Freshwater
Occurrence: England (Archer, 1869; West, 1901), Germany (Greeff, 1873), Switzerland (Penard, 1904), Estonia

(Jacobson, 1928; Mikrjukov, 1993 a), middle Russia (Mikrjukov, 1993 b).

Genus 4. Heterophrys Archer, 1869 (Figs. 13; 14)
Syn.: Microsol Dons, 1918
Diagnosis: Centrohelids with the cell body covered by a mucous coat, frequently look granular; a lot of radial

organic spicules radiate from it. One species has a mucous stalk.
Composition: Four species
Type-species: H. myriopoda Archer, 1869
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KEY TO SPECIES OF GENUS HETEROPHRYS:
1. Cell body is on a top of a long mucous stalk ....................................................................................... H. minutus
1' Mucous stalk is absent ........................................................................................................................................ 2
2. Radial spicules with rough surface ...................................................................................................... H. simplex
2' Radial spicules with smooth surface ................................................................................................................... 3
3. The length of spicules is approximately equal to a half of a cell body diameter; spicules
    are tapered from a base towards  an acute apex .............................................................................. H. myriopoda
3' The length of spicules is approximately equal to a diameter of the cell body; spicules
    are of  equal thickness and with acute apexes ....................................................................................... H. marina

1 (5). H. myriopoda Archer, 1869 (Fig. 13, J, �)
Syn.: Acanthocystis tennuispina  Zacharias, 1894; Heterophrys viridis Roskin, 1929
Diagnosis: Cells are 35�70 	m in diameter with a mucous coat. Spicules radially oriented, numerous, their lengths

are approximately equal to a half of the cell diameter, abruptly taper from the base towards acute apexes. Cytoplasm is
often with algal symbionts.

Diagnosis emended by Mikrjukov, 1996 a.
Habitat: Freshwater
Occurrence: England (Archer, 1869), Germany (Greeff, 1873; [as Acanthocystis tennuispina] Zacharias, 1894;

Rainer, 1968), the Netherlands (Siemensma, 1981), Sweden (Siemensma, 1991), Russia ([as H. viridis] Roskin, 1929),
Estonia (Mikrjukov, 1993 a, 1996 a).

2 (6). H. marina Hertwig et Lesser, 1874 (Fig. 13, ;, ^)
Syn.: H. spinifera Hertwig et Lesser, 1874; H. radiata West, 1901; H. pusilla Zacharias, 1902; H. glabrescens

Penard, 1904; H. elati Bardele, 1975; H. multipoda Bardele, 1975; H. magna Bardele, 1977
Diagnosis:  Cells are 9�45 	m in diameter with a mucous coat of a various thickness. Radially oriented spicules

have equal thickness and abruptly taper to acute apexes; their length is approximately equal to the diameter of the cell.
Some specimens often possess algal symbionts.

Habitat: Euryhaline
Occurrence: in marine and  brackish waters: the Northern Sea (Hertwig & Lesser, 1874; Wohlfarth-Bottermann &

Krüger, 1954), Atlantic coast of N. America (Davidson, 1972; Bardele, 1975; Vørs, 1993 b), the Mediterranean coast
of France and Israel ([partly as H. multipoda and H. magna] Bardele, 1975, 1977 b), the Baltic sea, Kattegat and Gulf
of Finland (Vørs, 1992 a, b), the White Sea  (�
��-���, 1994 a), the Black Sea (�
��-���, 1999 a), the Red Sea
([partly as H. elati] Bardele, 1975). In fresh waters: Germany ([as H. spinifera] Hertwig & Lesser, 1874; [as H. pusilla]
Zacharias, 1902), England ([as H. radiata] West, 1901), Switzerland ([as H. glabrescens] Penard, 1904), Estonia ([as
H. glabrescens] Jacobson, 1928; Mikrjukov, 1996 a), Australia (Mikrjukov & Croom, 1998).

3 (7). H. minutus (Walton, 1905 comb. n.) Mikrjukov, 2001 (Fig. 14, J)
Basionym: Actinolophus minutus Walton, 1905
Syn.: Microsol borealis Dons, 1918; H. febvre-chevalierae Mikrjukov, 1996
Diagnosis: Cells, 10�25 	m in diameter with a thin mucous coat, are placed on a top of a mucous stalk.  Radially

oriented spicules originate from a mucous coat and the upper part of a stalk. Spicules are of equal thickness, are abruptly
tapered towards acute apexes, their length is approximately equal to a diameter of the cell body.

Habitat: Marine, occasionally freshwater
Occurrence: The Northern Sea ([as Microsol borealis] Dons, 1918), Mediterranean coast of France ([as Cienkowskya

mereschkowskyi] Febvre-Chevalier & Febvre, 1984), the White Sea ([as C. mereschkowskyi] �
��-���, 1994); in
fresh waters: the Kokosing River, USA (Walton, 1905).

4 (8). H. simplex (Schaudinn, 1897) Siemensma, 1991 (Fig. 14, �)
Basionym: Acanthocystis simplex Schaudinn, 1897
Syn.: Acanthocystis klepica Huitfeld-Kaas, 1906
Diagnosis: Cells, 15�22 	m in diameter with a mucous coat, are surrounded by the envelope of distinct, long,

straight, pointed spicules with the rough plicate surface.
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Habitat: Freshwater and marine
Occurrence: Eastern Africa (Schaudinn, 1897), plankton of the Norwegian Sea ([as A. klepica] Huitfeld-Kaas,

1906).

Family 2. RAPHIDIOPHRYIDAE Mikrjukov, 1996
Diagnosis: Centrohelids with external cell envelopes (periplasts), represented by endogenous siliceous elements.

Latter are usually represented by tangential rod-like spicules or plate-scales surrounded by a broad hollow marginal rim.
Radial elements (if present) are always radially symmetrical, lack a central sternum/shaft and are tubular, trumpet- or
funnel-shaped; they occupy the external layers of the periplast, while tangential scales are located in more internal ones.

Composition: Four genera
Type-genus: Raphidiophrys Archer, 1867

KEY FOR GENERA OF FAMILY RAPHIDIOPHYIDAE:
1. Periplast is formed by compact rod-shaped tangential spicules ............................................. Parasphaerastrum
1' Periplast is formed by tangential plate-scales and can have also radial elements (if
    tangential elements are spindle-like, they are twisted but not compact) ............................................................. 2
2. Periplast is formed by only tangential elements .................................................................................................. 3
2' Funnel- and tube- or trumpet-shaped radial elements are present in the periplast .......................... Raphidocystis
3. Plate-scales have a reticular or smooth texture of the external surface, look like spindle-,
    rod- or plate-like scales and are surrounded by a hollow marginal rim ....................................... Polyplacocystis
3' Plate-scales are formed by two plates, connected by internal radial septae, which look
    like radial folds or ribs ...................................................................................................................Raphidiophrys

Genus 5. Parasphaerastrum Mikrjukov, 1996 (Fig. 15)
Diagnosis: Centrohelids with the periplast represented by one type of siliceous elements: compact, rod-like tangential

spicules. Radial elements are absent.
Composition: Monotypic
Type-species: P. marina (Ostenfeld, 1904) Mikrjukov, 1996

1 (9). P. marina (Ostenfeld, 1904) Mikrjukov, 1996 (Fig. 15, J)
Basionym: Raphidiophrys marina Ostenfeld, 1904
Diagnosis: Cells are 25�40 	m in diameter. Periplast is represented by long (25�35 	m) and thin (0.50�0.65 	m)

tangential spicules of equal thickness with the exception of a narrowing towards rounded apexes; the central broadening
of spicules is absent; unfolded scales were not observed.

Habitat: Marine
Occurrence: The Northern Sea (Ostenfeld, 1904), the White Sea (S~ 23:: �
��-���, 1994), Antarctic waters

(Elbrachter, pers. comm.).

Genus 6. Polyplacocystis Mikrjukov, 1996 (Fig. 16)
Syn.: Raphidiophrysopsis Valkanov, 1970
Diagnosis: Centrohelids with the periplast represented by one type of siliceous elements:  spindle-like or plate-like

tangential scales. Radial elements are absent. Scales have a reticular or smooth texture of upper surface and are surrounded
by a broad hollow marginal rim. One species has a mucous stalk, which is supported by elongated scales.

Composition: Six species
Type-species: P. symmetrica (Penard, 1904) Mikrjukov, 1996

KEY TO SPECIES OF GENUS POLYPLACOCYSTIS:
1. All scales are spindle-shaped, broadened in the central part ................................................................. P. pallida
1' Scales are mainly plate-like, rare rod-like ........................................................................................................... 2
2.The external surface of scales has a reticular texture ........................................................................................... 3
2' The external surface of scales is smooth ............................................................................................................. 4
3. With three shapes of scales: spindle-like, naviculoid and broadly oval .............................................. P. ambigua
3' All scales of similar shape: broadly elliptical ................................................................................. P. symmetrica
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4. Cells have a mucous stalk, supported by elongated rod-shaped scales ........................................ P. arborescenss
4|Unattached cells with various shapes of scales ................................................................................................... 5
5.  Scales are elliptical ............................................................................................................................ P. coerulea
5' Scales are stick- or rod-like with a strongly curved marginal rim and rounded poles ..............................P. bruni

1 (10). P. bruni (Penard, 1903) Mikrjukov, 1999 (Fig. 16, J)
Basionym: Raphidiophrys bruni Penard, 1903
Syn.: Raphidocystis infestans Wetzel, 1925; R. neapolitana Bardele, 1981
Diagnosis: Periplast is 12�30 	m in diameter; one type of tangential scales with smooth external surface. Scales

are of various length, stick- or rod-like with several widened rounded apexes and a strongly unscrewed marginal rim.
Habitat: Fresh, brackish and marine waters.
Occurrence: In fresh waters: Spitsbergen (Penard, 1903), Germany ([as R. infestans] Wetzel, 1925), the Netherlands

(Siemensma, 1981), Italy ([as R. neapolitana] Bardele, cit. acc.: Margulis, 1981), Crimea (�
��-���, 1999 a). In
brackish waters: the coast of Alabama, USA ([as R. infestans] Jones, 1974), the Black Sea (S~18:: �
��-���, 1999
�). In marine waters: the Tasmanian Sea (Mikrjukov & Patterson, 2002).

2 (11). P. coerulea (Penard, 1904) Mikrjukov et Croome, 1998 (Fig. 16, �)
Basionym: Raphidiophrys coerulea Penard, 1904
Syn.: R. marginata Siemensma, 1981; R. contractilis Kinoshita et al., 1995; Raphidiophrysopsis sessilis Valkanov, 1970
Diagnosis: The species of the genus Polyplacocystis with the periplast of 10�50 	m in diameter and one type of

elliptical scales with a smooth external surface. The shape of scales (length/breadth-ratio) and thickness of the periplast
greatly varies depending on the site of sampling.

Habitat: Fresh, brackish and marine waters
Occurrence: In fresh waters: Switzerland (Penard, 1904), Germany (Rainer, 1968), the Netherlands ([partly as R.

marginata] Siemensma, 1981; Siemensma & Roijackers, 1988 b), Estonia ([as R. marginata] Mikrjukov, 1993 a), Canada,
Chile, New Zealand, Sri-Lanka ([as R. marginata] Nicholls & Dürrschmidt, 1985), south Australia (Mikrjukov & Croome,
1998),Queensland, Australia (Mikrjukov & Patterson, 2002). In brackish waters: the coast of Alabama, USA (Jones,
1974), Gulf of Finland ([as R. marginata], S~6:: Vørs, 1992 b), Japan ([as R. contractilis] Kinoshita et al, 1995). In
marine waters: the Mediterranean Sea ([as R. marina] Bardele, cit. acc.: Margulis, 1981), marine aquaria ([as R. marginata],
S~35:: Mikrjukov, 1994 b).

3 (12). P. pallida (Schulze, 1874) Mikrjukov, 1996 (Fig. 16, ;)
Basionym: Raphidiophrys pallida Schulze, 1874
Diagnosis: Periplast is 60�140 	m in diameter with one type of long and thin spindle-like scales, 8�36 % 0.7�1.2

	m, tapering to tubular ends, 0.6 	m in diameter. Scales have the greatly declinate margins, 0.4 % 2.6�3.2 	m, forming
a narrow slit. Open scales with strongly pressed margins. All scales are smooth and without the reticular texture. Central
parts of scales are often broadened up to 1.2 	m.

Habitat: Freshwater, widespread
Occurrence: Germany (Schulze, 1874; Rainer, 1968; Dürrschmidt & Patterson, 1987 a), Switzerland (Penard,

1904), England (West, 1901), Scotland (Brown, 1911),  the Netherlands (Hoogenraad & De Groot, 1940; Siemensma,
1981; Siemensma & Roijackers, 1988 b), Russia (Zykoff, 1902; Mikrjukov, 1993 b), Finland (Levander, 1894), Hungary
(Kormos, 1971), Chile, Sri-Lanka (Nicholls & Dürrschmidt, 1985),  Australia (Schewiakoff, 1893; Croome, 1987 b).

4 (13). P. arborescens (Mikrjukov, 1994) Mikrjukov, 2001 (Fig. 16, ^)
Basionym:  Raphidiophrys pedunculata Mikrjukov, 1994
Syn.: Cienkowskya arborescens Jones, 1974; Polyplacocystis pedunculata Mikrjukov, 1996
Diagnosis: The cell body, 40�50 	m in diameter, is placed on the top of the mucous stalk, which is three times

longer then the cell diameter. Both the cell body and the stalk are covered with the layer of tangential scales. The scales,
covering the cell body and the stalk base, are elongately oval, straight, 7.5�9.0 % 0.8�1.2 	m and surrounded by a
hollow smooth rim of  a equal thickness, 0.35�0.40 	m. The scales, covering the middle part of the stalk, twice longer
then scales, which cover the cell (about 17 	m), however the width and thickness of their rim are constant.

Habitat: Marine
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Occurrence: France coast of the Mediterranean Sea ([as Cienkowskya mereschkowskyi] Villenueve, 1937), the
coast of Alabama, USA ([as C. mereschkowskyi and C. arborescens] Jones, 1974), the White Sea (27:: �
��-���,
1994; Mikrjukov, 2001).

5 (14). P. symmetrica (Penard, 1904) Mikrjukov, 1996 (Fig. 16, �)
Basionym: Raphidiophrys symmetrica Penard, 1904
Diagnosis: Periplast, 14�27 	m in diameter, is composed of one type of scales with reticular external surface, 4�11

% 2�3 	m. Scale surface has reticular structure. The last is caused by a secondary layer on the surface of plates, while
holes show the absence in some places  the primary layer. Scales vary from elongate to oval. Scales are very similar to
plate-scales P. ambiga and Raphidocystis tubifera. However, other types of scales in P. symmetrica are absent in contrast
to these two species.

Habitat: Freshwater
Occurrence: Switzerland (Penard, 1904), Germany (Rainer, 1968), the Netherlands (Siemensma, 1981; Siemensma

& Roijackers, 1988 b), Canada (Nicholls & Dürrschmidt, 1985), Argentina (Vigna, 1988), Australia (Croome, 1987 b),
probably Japan ([as diatom sp. N3] Takahashi, 1959).

6 (15). P. ambigua (Penard, 1904) Mikrjukov, 1996 (Fig. 16, �)
Basionym: Raphidiophrys ambigua Penard, 1904
Diagnosis: Periplast is 20�50 	m in diameter; three types of scales with a reticular external texture of the distal surface.

The clump of spindle-like scales is well visible around bases of axopodia. Scales: 1) long, narrow, spindle-like with acute
apexes, 0.4�0.7 % 10�15 	m; 2) narrow ellipsoidal or naviculoid, 1.5�2.5 % 6�10 	m; 3) broadly elliptical or oval with
rounded poles, 3�4 % 4.5�6.0 	m. All shapes of scales have a broad marginal rim, which can be smooth or slightly ribbed.

Habitat: Freshwater
Occurrence: Switzerland (Penard, 1904), Germany (Bardele, 1976, 1977 b; Rieder, 1979), the Netherlands

(Siemensma, 1981; Siemensma & Roijackers, 1988 b), Canada, Chile, New Zealand, Sri-Lanka (Nicholls & Dürrschmidt,
1985), Argentina (Vigna, 1988),  Japan (Takahashi, 1959).

Genus 7. Raphidiophrys Archer, 1867 (Fig. 17)
Diagnosis: Centrohelids with the periplast which formed from incompact layer of flattened tangential siliceous

elements (scales), surrounded by a broad hollow marginal rim. Radial elements are absent. Scales are located mainly
tangentially on all surface of the body and consist of upper and lower plates, connected by internal radial septae, which
at SEM-observation are visible as periodic radial striation or ribs.

Composition: Six species
Type-species: R. viridis Archer, 1867

KEY TO SPECIES OF GENUS RAPHIDIOPHRYS:
1. Scales are covered by rows of papillae, reaching greatest dimensions on the periphery;
     the shape of scales is from elongated to rod-like with strongly inflected margins
    forming a narrow slit ...............................................................................................................................R. viridis
1' Scales are plate-like, papillae are absent ............................................................................................................. 2
2. Scale edges do not form a marginal rim; scales are rounded or broadly ovoid; two types
     of radial ribs (long and short) are radiated from the scale centre .........................................................R. minuta
2' Inflected margins of the scales form a marginal rim; radial ribs of one type are
     radiated from the medial axis of the scale .......................................................................................................... 3
3. The width of the scale not decreases along septae; a marginal rim is well
    developed ................................................................................................................................................ R. ovalis
3' The width of the scale noticeably decreases along septae; scales are oval with narrow
     pointed edges; the relation of length to breadth of scales (L/B-ratio) varies from 1.4 to
    up to 2.3 .............................................................................................................................................................. 4
4.  Scales are elliptical, elongated, 6�14 % 2�4 	m with L/B-ratio of 3.0�5.4; on a
     cross section have a form of crescent .................................................................................................R. capitata
4' L/B-ratio less than 3 ............................................................................................................................................ 5
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5. Scales are usually from rounded to broadly oval, 6.2�8.6 % 4.4�6.5 	m with L/B-
    ratio of 1.1�1.4 (rarely up to 2.0) ........................................................................................................ R. elegans
5' Scales are elongately elliptical, flat, 7.2�12.7 % 3.1�4.8 	m with L/B-ratio of 1.7�2.3
   (on the average 2.0) ......................................................................................................................... R. intermedia

1 (16). R. viridis Archer, 1867 (Fig. 17, J, �)
Syn.: R. glomerata Penard, 1901
Diagnosis: Solitary, more often colonial forms. Cells about 50 	m in diameter (30�80 	m in colony), are surrounded

by the periplast with one type of scales. Scales are long, rod-like with greatly declinate margins, forming a narrow slit
like in P. pallida, 15�37 % 1	m. Outside scales are covered with rows of short papillae; papillae on poles about 0.1 	m
high, becoming smaller towards the centre. The number of septae vary from 50 to 60 on 10 	m of the scale rim.

Habitat: Freshwater
Occurrence: Ireland (Archer, 1867), Switzerland ([as R. glomereta] Penard, 1901), the Netherlands (Siemensma,

1981; Siemensma & Roijackers, 1988 b), Queensland, Australia (Mikrjukov & Patterson, 2002).

2 (17). R. capitata Siemensma et Roijackers, 1988 (Fig. 17, ;)
Diagnosis: Solitary, rare colonial forms. Periplast is 25�50 	m in diameter, with one type of elliptical or elongated scales

with rounded, often capitate poles; scale plates are linked under an acute angle and are greatly twisted; poles sometimes are
covered by a thin lamella; scale sizes: 6�14 % 2�4 	m with a L/B-ratio of 3.0�5.4 and with internal radial septae, number of
which along the border vary from 30 to 60�70 per 10 	m. The scales on a cross-section have a form of crescent.

Habitat: Freshwater
Occurrence: Sweden, the Netherlands (Siemensma & Roijackers, 1988 b), Canada, Chile ([as R. elegans] Nicholls

& Dürrschmidt, 1985), Queensland, Australia (Mikrjukov & Patterson, 2002).

3 (18). R. elegans Hertwig et Lesser, 1874 (Fig. 17, ^)
Syn.: R. orbicularis Nicholls et Dürrschmidt, 1985
Diagnosis: Solitary or colonial forms. Cells, 17�67 	m in diameter, are surrounded by the thick periplast (up to 30

	m thick) with one type of spherical or broadly oval, sometimes oblong scales; a lot of scales are aberrated. Dimensions:
6.2�8.6 % 4.4�6.5 	m with L/B-ratio of 1.1�1.4 (sometimes up to 2.0). The scales are ornamented with internal radial
septae till 30�60 on 10 	m of the scale rim. Scale edges are greatly declinate down.

Habitat: Freshwater
Occurrence: Germany (Hertwig & Lesser, 1874; Rainer, 1968), Switzerland (Penard, 1904), France (Hovasse,

1965; Brugerolle & Mignot, 1984 a), the Netherlands (Hoogenraad & De Groot, 1940; Siemensma & Roijackers, 1988
b), England  (Wailes, 1921), Northern Russia (Cienkowski, 1881; Mikrjukov, 2001), Canada ([as R. orbicularis] Nicholls,
cit. acc.: Nicholls & Dürrschmidt, 1985), Paraguay (von Daday, 1905), Australia (Croome, 1987 b).

4 (19). R. intermedia Penard, 1904 (Fig. 17, �)
Diagnosis: Cells are 30�60 	m in diameter with one type of scales in the periplast. Scales are elongately elliptical

(sometimes ovoid or triangular) with broadly rounded poles, 7.2�12.7 % 3.1�4.8 	m with L/B-ratio of 1.7�2.3. Scales are
broadly concave with widely located radial ribs (about 30�40 on 10 	m of the scale rim). The rim is of very uniform thickness.

Habitat: Freshwater
Occurrence: Switzerland (Penard, 1904), Germany (Rainer, 1968), the Netherlands (Siemensma, 1981; Siemensma

& Roijackers, 1988 b), Karelia (Mikrjukov, 2001), Estonia (Jacobson, 1928), Canada, Chile, New Zealand, Malaysia
(Nicholls & Dürrschmidt, 1985), Argentina (Vigna, 1988), Australia (Croome, 1987 b).

5 (20). R. minuta Nicholls et Dürrschmidt, 1985 (Fig. 17, �)
Diagnosis: Cells, 10�15 	m in diameter, are surrounded by the periplast 2�5 	m thick (with an appreciable clump

of scales along axopodia up to 50 	m long) with one type of scales. Scales are from rounded to roundly ovoid, 2�6 	m
in diameter; they are ornamented with long and short wavy radial ribs; the long ribs are in 2�4 times longer then short
ones and extend from the scale margin to its center. The marginal rim is reduced.

Habitat: Freshwater
Occurrence: Canada (Nicholls, cit. acc.: Nicholls & Dürrschmidt, 1985), Australia (Croome, 1987 b).
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6 (21). R. ovalis (Nicholls et Dürrschmidt, 1985) Siemensma et Roijackers, 1988 (Fig. 17, �)
Basionym: R. orbicularis ssp. ovalis Nicholls et Dürrschmidt, 1985
Diagnosis: Periplast is about 20 	m in diameter with one type of scales. Scales are oval with declinate pointed narrow

edges. The scale size: 6.4�12.7 % 3.0�6.4 	m with L/B-ratio of 1.4�2.3; number of septae vary from 65 to 80 on 10 	m of
the scale rim. The width of scale strongly decreases towards the periphery. Upper plates of scales are very fragile.

Habitat: Freshwater
Occurrence: The Netherlands ([as R. intermedia] Siemensma, 1981; Siemensma & Roijackers, 1988 b), Chile, New

Zealand (Dürrschmidt, cit. acc.: Nicholls & Dürrschmidt, 1985), probably Japan ([as diatom sp No 1] Takahashi, 1959).

Genus 8. Raphidocystis Penard, 1904 (Fig. 18)
Diagnosis: Centrohelids with the periplast which has three types of siliceous elements: 1) straight, tube- or trumpet-

shaped radial ones; 2) smaller funnel-shaped radial ones; and 3) elliptical or subrectangular tangential plate-scales
surrounded by a broad hollow marginal rim; their external surface can be reticular or smooth.

Composition: Three species
Type-species: R. lemani (Penard, 1891) Penard, 1904

KEY TO SPECIES OF GENUS RAPHIDOCYSTIS:
1. Spicules are long, tubular with slightly broadened apexes .................................................................... R. lemani
1' Spicules are long, trumpet-shaped with broad apical ends ................................................................................. 2
2. The surface of plate-scales and short funnel-shaped spicules is reticular ............................................ R. tubifera
2' The surface of plate-scales and short funnel-shaped spicules is smooth ................................................ R. glabra

1 (22). R. lemani (Penard, 1891) Penard, 1904 (Fig. 18, J, �)
Basionym: Acanthocystis lemani Penard, 1891
Syn.: Heterophrys pavessii  Garbini, 1898
Diagnosis: Periplast is 22�25 	m in diameter. The long radial elements are tubular, 17�24 	m long and about 0.37

	m wide at the base, slightly widened towards the apical end up to 0.8�1.0 	m. The short radial elements are cup- or
funnel-shaped, 2.1�2.6 	m long, 2.5 	m in diameter; their distal parts are surrounded by the smooth marginal rim of 0.2
	m wide.

Plate-scales are rare, about 5.0 % 2.2 	m, with a reticular external surface and surrounded by a smooth rim of 0.3 	m wide.
Habitat: Freshwater
Occurrence: Switzerland (Penard, 1891), Italy ([as H. pavessii] Gabrini, 1898), Russia (Mikrjukov, 1993 b).

2 (23). R. glabra Nicholls et Dürrschmidt, 1985 (Fig. 18, ;)
Diagnosis: Cells (with scales) are 40�50 	m in diameter. The periplast has three types of scales. The long radial

scales, 10�15 	m long, are smooth and tubular, tapering gradually from the proximal end to the small plate-like base
(0.8 	m in diameter); the tubular part is 1.4�2.1 	m in diameter. The short radial scales are needle-shaped, about 4.6 	m
long and without any external texture; apical ends are rounded (1.5 	m in diameter) and surrounded by a distinct rim.
These scales are abruptly tapered in long tubes, which have base-plates similar to the long scales.

Plate-scales, 6�7 % 3�3.5 	m, are flat, surrounded by a broad peripheral rim, with a smooth external surface.
Habitat: Freshwater
Occurrence: Chile, Canada (Dürrschmidt, cit. acc.: Nicholls & Dürrschmidt, 1985).

3 (24). R. tubifera Penard, 1904 (Fig. 18, ^)
Diagnosis: Periplast is 10�27 	m in diameter. The long radial elements are trumpet-shaped, 15�27 	m long. The

short radial elements are funnel-shaped, 2.5�4.5 	m long and about 2.8 	m in diameter.
Plate-scales are oval, 5.0�7.9 % 2.5�3.2 	m, with a broad marginal rim and a reticular external surface.
Habitat: Freshwater, occasionally in marine waters
Occurrence: Switzerland (Penard, 1904), Germany (Rainer, 1968), England (Wailes, 1939), the Netherlands

(Siemensma, 1981), central Russia (Mikrjukov, 1993 b), Karelia (Mikrjukov, 2001), Estonia (Mikrjukov, 1993 a), Canada
(Rees et al., 1980), Chile, Malaysia, New Zealand (Nicholls & Dürrschmidt, 1985), Australia (Croome, 1986), Argentina
(Vigna & Alberio, 1993), probably, Japan (Takahashi, 1959). In marine waters: English Channel (Tong, 1994).
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Family 3.  ACANTHOCYSTIDAE Claus, 1874
Diagnosis: Centrohelid heliozoa, the periplast of which is differentiated on external and internal siliceous endogenous

elements. Internal elements are represented by tangential plate-scales lacking a hollow marginal rim; external elements
of the periplast are represented by: (i) tangential plates with well developed central sternum (sometimes concave at a
base) or both sternae; (ii) funnel-shaped radial elements lacking a central sternum; or more often (iii) radially oriented
radially or bilaterally symmetrical spicules with a well developed sternum as a shaft.

Composition: Seven genera
Type-genus: Acanthocystis Carter, 1863

KEY FOR GENERA OF FAMILY ACANTHOCYSTIDAE:
1. The sternum (shaft) of external elements of the periplast is completely reduced; its centre is
     deepened, therefore the scale has a radial orientation and a funnel-like form .................... Pseudoraphidocystis
1' The sternum (shaft) is present ............................................................................................................................. 2
2. All elements of the periplast are represented by tangential plates ...................................................................... 3
2' External scales of the periplast are oriented radially or subradially .................................................................... 4
3. The external layer of the periplast is represented by patternless plates surrounded by a
    broad hollow marginal rim .................................................................................................. Heteroraphidiophrys
3' The external scales of the periplast look like plates of a  rounded or oval form or
     reminiscent of a sail form, lack a hollow marginal rim, with the sternum and
     membranous wings, ornamented with radial ribs radiating from the sternum ...................... Pseudoraphidiophrys
4. Radial scales are bilaterally symmetrical, consist of a sternum (shaft) and a membranous base
    forming two lateral wings, extending on a certain distance along the sternum ................................................... 5
4' Radial scales (spicules) consist of the shaft lacking lateral wings, and a base-plate ........................................... 6
5. The differentiation of the membranous base of radial scales on the basal and lateral wings is indistinctly;
     the basal wing does not form the spicule base, perpendicular to the shaft and  lateral wings ............Pterocystis
5' Radial scales have a distinctly developed basal wing, perpendicular to the shaft and
    lateral wings and forming the spicule base .................................................................................... Raineriophrys
6. Base-plates of spicules have heart-shaped shape; the shaft goes from them
     eccentrically ....................................................................................................................................Choanocystis
6' Base-plates are rounded or a slightly irregular form; the shaft goes from
     their centers .................................................................................................................................... Acanthocystis

Genus 9. Heteroraphidiophrys Mikrjukov et Patterson, 2002 (Fig. 15)
Diagnosis: Centroheliozoa with a periplast comprised of two types of siliceous plate scales: internal plate-scales

without a hollow, inflexed marginal rim but with an axial rib; and external plate-scales with a rather broad hollow
marginal rim formed by inflexed scale edges.

Composition: Monotypic
Type-species: H. australis Mikrjukov et Patterson, 2002

1 (25). H. australis Mikrjukov et Patterson, 2002 (Fig. 15, �)
Diagnosis: The species of the genus Heteroraphidiophrys with the diameter of the body 20�22 Xm and the two-

layer periplast, 3�4 Xm thick. Scales of the internal layer strongly vary in the shape from oval up to ribbon-like inside
of the same periplast, 3.0�7.4 % 1.5�2.0 (in the average, 5.3�1.8) 	m with L/B-ratio of 2.7�5.0 (in the average, 3.3).

External scales are larger, oval, occasionally of an irregular shape, 5.0�5.5 % 3.0�3.7 (on average, 5.3�3.4) 	m with L/B-
ratio of 1.5�1.7 (on average, 1.6) and smooth external surface, surrounded by a thin hollow marginal rim of constant thickness.

Habitat: Marine
Occurrence: The Tasmanian Sea (Mikrjukov & Patterson, 2002).

Genus 10. Pseudoraphidocystis Mikrjukov, 1997 (Fig. 19)
Diagnosis: Centrohelid heliozoa with two types of endogenous siliceous elements in the periplast: tangential plate-

scales without a hollow marginal rim and radial funnel-shaped elements without axial rod (shaft or sternum).
Composition: Three species
Type-species: P. glutinosa (Penard, 1904) Mikrjukov, 1997
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KEY TO SPECIES OF GENUS PSEUDORAPHIDOCYSTIS:
1. Radial elements are radially symmetrical, without ribs .................................................................... P. glutinosa.
1' The surface of radial elements with radial ribs ................................................................................................... 2
2. Radial elements with a stalk-like basal protrusion .............................................................................................. 3
2' Radial elements are without a stalk-like protrusion ......................................... P. flabellata ssp. novae-zelandiae
3. Ribs are regularly located, consist of 3�4 fine ribs and radiate from the top end
    of the stalk towards the external edge of the scale ..................................................... P. flabellata ssp. flabellata
3' Radial scales have an umbrella-shaped form; radial ribs are thin, they are visible only
    on a  periphery of an >umbrella?, but are disappeared to its centre ........................................ P. umbraculiformis

1 (26). P. glutinosa (Penard, 1904) Mikrjukov, 1997 (Fig. 19, J)
Basionym: Raphidocystis glutinosa Penard, 1904
Syn.: Acanthocystis rasilis Dürrschmidt, 1987
Diagnosis: Periplast is 10�20 	m in diameter with two types of elements (scales). The periplast is poorly packed.

External radial scales, 3.0�4.0 	m in diameter, are patternless, funnel- or cup-shaped; their opened ends are almost
rounded, 2.6�3.0 	m in diameter, surrounded by the narrow rim, they sharply narrowed, being transformed in a tube 1.5
	m in a diameter with a small capitate base.

Internal plate-scales, 3.0�3.3 % 1.7�2.0 	m, are patternless, have a narrow peripheral rim and a weakly developed
axial thickening.

Habitat: Freshwater
Occurrence: Switzerland (Penard, 1904), Germany (Rainer, 1968), the Netherlands (Siemensma, 1981), New

Zealand ([as A. rasilis] Dürrschmidt, 1987 b).

2 (27). P. flabellata  ssp. flabellata (Dürrschmidt, 1987) Mikrjukov, 1997 (Fig. 19, �)
Basionym: Acanthocystis flabellata Dürrschmidt, 1987
Diagnosis: Periplast is 10�15 	m in diameter with two types of elements (scales). External scales are radially

symmetrical, 3.6 	m in diameter, 2.7 	m long, with regularly located radial ribs, consisting of 3�4 smaller ribs; they
radiate from the upper end of the stalk to the external edge of a scale. The stalk is short, 0.5 	m long, smooth,
cylindrical.

Internal plate-scales are 1.2�2.0 % 0.7�1.1 	m, ovoid or elliptical, with the little bit raised axial thickening; the
periphery of scales is surrounded by the narrow curved rim.

Habitat: Freshwater
Occurrence: Canada (Nicholls, cit. acc.: Dürrschmidt, 1987 b), Germany, Chile, New Zeland (Dürrschmidt, 1987 b).

P. flabellata ssp. novae-zelandiae Dürrschmidt, 1987
Basionym: Acanthocystis flabellata novae-zelandiae Dürrschmidt, 1987
Diagnosis: Periplast is 10�15 	m in diameter. External (radial) scales, 3.8 	m in diameter, 3.0 	m long, are cup-

shaped without stalk-like basal protrusion. Internal plate-scales are 1.2�2.0 % 0.7�1.1 	m.
Differs from ssp. flabellata by bowl-shaped spicules lacking the smooth stalk-like basal protrusion.
Habitat: Freshwater
Occurrence: New Zealand (Dürrschmidt, 1987 b), Japan ([as sp. No17] Takahashi, 1959).

3 (28). P. umbraculiformis (Dürrschmidt, 1987) Mikrjukov, 1997 (Fig. 19, ;)
Basionym: Acanthocystis umbraculiformis Dürrschmidt, 1987
Diagnosis: Periplast is 15�25 	m in diameter with two types of elements (scales). External (radial) scales are

umbrella-shaped, 2.4 	m in diameter, with a short stalk, 0.6 	m long; the periphery of an umbrella are ornamented with
delicate radial ribs, which disappear towards its centre.

Internal plate-scales, 1.5 % 0.8 	m, are elliptical, sometimes slightly curved and smooth with a poorly developed
axial thickening.

Habitat: Freshwater
Occurrence: Germany, Chile (Dürrschmidt, 1987 b), Japan ([as sp. No 9] Takahashi, 1959).
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Genus 11.  Pseudoraphidiophrys Mikrjukov, 1997 (Fig. 20)
Diagnosis: Centrohelid heliozoa with two types of tangential or subtangential endogenous siliceous elements in the

periplast, both without a broad hollow marginal rim. The internal layer is represented by plate-scales typical for the
family, while the external one � by plates with one clear sternum and is ornamented with radial ribs.

Composition: Four species
Type-species: P. formosa (Dürrschmidt, 1985) Mikrjukov, 1997

KEY TO SPECIES OF GENUS PSEUDORAPHIDIOPHRYS:
1. External scales are veliform; wings of a scale form a stalk-like protrusion around the
     proximal end of the sternum ............................................................................................................ P. veliformis
1'  External scales are rounded, ovoid or oval ........................................................................................................ 2
2. External scales are sharply divided into a patternless marginal part and a ribbed central part .......... P. discoidea
2'  A patternless marginal part is not developed ..................................................................................................... 3
3.  External scales are ovoid, 1.2�1.7 % 1.07 	m ......................................................................................... P. ovata
3. External scales are rounded or broadly oval, 3.1�3.5 	m long ............................................................ P. formosa

1 (29). P. formosa (Dürrschmidt, 1985) Mikrjukov, 1997 (Fig. 20, J, �,)
Basionym: Acanthocystis formosa Dürrschmidt, 1985
Diagnosis: Periplast is 5�15 	m in diameter with two types of tangential elements (scales). External scales are

almost circular or oval, 3.1�3.5 	m in diameter, with regularly located thin ribs, which radiate radially from the sternum
towards the periphery; the sternum is rudimentary and is visible as a thickened dark line; the area, surrounding the
proximal part of the sternum, is concave; the lateral wings and the basal wing form the nearly circular scale form.

Internal plate-scales are 1.2�1.5 % 0.9�1.0 	m, ellipsoidal or slightly asymmetrical, thin with a central depression;
upturned submarginal parts have a slightly inflexed rim.

Habitat: Freshwater
Occurrence: Chile (Dürrschmidt, 1985), Australia (Croome, 1987 b).

2 (30). P. discoidea (Dürrschmidt, 1985)  Mikrjukov, 1997 (Fig. 20, ;)
Basionym: Acanthocystis discoidea Dürrschmidt, 1985
Diagnosis: Periplast is 10�15 	m in diameter with two types of tangential elements (scales). External scales, 3.4�

4.1 	m in diameter, are almost circular or roundly oval. They are divided into a patternless marginal part and a ribbed
central one; the sternum is visible only as a dark central line, from which ribs radially radiate to the inner margin of the
dark band. A slight depression on one end of the sternum can be considered as the marker of the basal end.

Internal plate-scales are small, 1.1 % 0.6�0.75 	m, oval and thin; the central ridge is slightly raised above the small poles.
Habitat: Freshwater
Occurrence: Chile (Dürrschmidt, 1985).

3 (31). P. ovata (Dürrschmidt, 1987) Mikrjukov, 1997 (Fig. 20, ^)
Basionym: Acanthocystis ovata Dürrschmidt, 1997
Diagnosis: Periplast is very small, 5�10 	m in diameter, with two types of tangential scales. External scales are

ovoid, 1.2�1.7 % 1.07 	m with delicate, regularly located ribs. These radiate from the sternum towards the outer margin;
the sternum is weakly developed and is visible only as a dark line; the area around the sternum is slightly concave; the
lateral wings and the basal wing form the oval form of scales.

Plate-scales are elliptical, 1.5 % 0.6 	m, patternless, except for a narrow rim and an axial thickening.
Habitat: Freshwater
Occurrence: Chile (Dürrschmidt, 1987 b).

3 (32). P. veliformis (Dürrschmidt, 1987) Mikrjukov, 1997 (Fig. 20, �)
Basionym: Acanthocystis veliformis Dürrschmidt, 1987
Diagnosis:  Periplast is 10�20 	m in diameter with two types of tangential elements (scales). External scales

resemble a sail; their sternum is reduced up to a short hollow rib; the lateral wings extend along all length of the shaft,
reaching the maximum breadth in the lower third of the scale; from here, towards the proximal end, they closely are
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converged with the basal wing, forming a short patternless stalk, which sometimes is visible only as a concave depression
around the proximal sternum end; the lateral wings are ornamented with thin ribs, radiating perpendicularly or obliquely
from the shaft towards the outer margin.

Internal plate-scales are small, ovoid or, more rarely, elliptical, 0.9�1.3 % 0.6�0.8 	m, patternless, except for a
narrow peripheral rim and an axial thickening, which is slightly raised on a small area.

Habitat: Freshwater
Occurrence: Canada, Chile (Dürrschmidt, 1987 b).

Genus 12. Pterocystis Siemensma et Roijackers, 1988 (Fig. 21)
Diagnosis:  Centrohelid heliozoa with two types of endogenous siliceous elements in the periplast: tangential plate-

scales and radial (or subradial) spicules. Spicules form an external jacket and consist of a shaft and a membranous base,
which extends along shaft on a certain distance and frequently forms the stalk near the spicule base; a membranous base
lacks clear differentiation on the lateral and basal wings.

Composition: Ten species
Type-species: P. pteracantha (Siemensma, 1981) Siemensma et Roijackers, 1988

KEY TO SPECIES OF GENUS PTEROCYSTIS:
1. A sternum (shaft) of radial scales (spicules) is curved at its proximal part and forms a
     stalk-like protrusion (a stalk); spicules are leaf-, feather- or funnel-shape ........................................................ 2
1' A stalk not forms ................................................................................................................................................. 4
2. External scales are leaf-shaped; their membranous lateral wings sharply taper at the
     proximal part, forming a compact stalk .............................................................................................. P. foliacea
2'  External scales are feather- or funnel-like .......................................................................................................... 3
3. External scales are funnel- or cup-like .................................................................................................. P. pulchra
3'  External scales are feather-like and have a long wing-like distal part ................................................ P. plumosa
4. Spicules consist of a shaft, attached to the membranous base; any differentiation of the
     base on the lateral wings and the basal wing is not developed .......................................................................... 5
4'  The membranous base of the shaft is concave and on it is possible to distinguish the
     lateral wings and the basal wing ........................................................................................................................ 8
5.  Plate-scales are patternless, except for an axial thickening ............................................................................... 6
5'  Plate-scales have a well-developed ribbed rim .................................................................................................. 7
6.  A shaft has a flat membranous base resembling a track of a duckfoot; lateral wings
     are no formed; the shaft apex is cut off .............................................................................................. P. anapoda
6'  A shaft base is curved and attaches to a broad membrane forming a  dipper-like
     structure; the membrane forms two lateral wings, which extend along the shaft and
     terminate subapically; a shaft tapers towards the blunt apex ............................................................... P. pinnata
7. A shaft tapers towards the cut off apex; the basal part of the shaft is extended into an
    oval membrane ornamented with ribs, the shaft base bends backward ......................................... P.  pteracantha
7' Apices of spicules are blunt; the shaft tapers towards the base; the proximal part of the
     shaft possesses an ovoid membrane with a thick marginal rim and radial ribs ...................................... P. striata
8. Lateral wings taper gradually towards the top of the shaft; its membranous base is
    concave  and forms a pear-shaped structure; the distal part of shaft without lateral
    wings ................................................................................................................................................. P. pyriformis
8'  Lateral wings are of more complex shapes ........................................................................................................ 9
9. Spicules are spade-shaped; lateral wings taper sharply in the apical quarter of the shaft,
    terminating subapically; the shaft with a blunt apex; wings without ribs .......................................... P. paliformis
9' Lateral wings are rectangular in the basal part, but then taper sharply at the middle of
    the shaft and terminate subapically; the shaft with a sharp apex; lateral wings are
    ornamented with ribs .............................................................................................................................. P. tropica

1 (33). P. pteracantha (Siemensma, 1981) Siemensma et Roijackers, 1988   (Fig. 21, J)
Basionym: Acanthocystis pteracantha Siemensma, 1981
Diagnosis: Cells are 8�15 	m in diameter with one type of spicules in the periplast. Spicules are 2.5�9.4 	m long;
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the shaft is 0.26 	m in diameter, slightly tapers towards the cut off apex; the basal part of a shaft is extended into an oval
or almost circular membrane, 3.0�3.5 % 2.4�2.5 	m, ornamented with 50�80 radial ribs, radiating from the shaft; the
shaft base bends backward, forming a depression.

Plate-scales are 3.6�5.0 % 2.5�2.8 	m, from oblong to elliptical, surrounded by a thick rim, 0.1 	m, and with a large
depressed central area.

Habitat: Freshwater
Occurrence: The Netherlands (Siemensma. 1981; Siemensma & Roijackers, 1988 a).

2 (34). P. striata (Nicholls, 1983) Dürrschmidt, 1987  (Fig. 21, �)
Basionym: Acanthocystis striata Nicholls, 1983
Diagnosis: Fixed cells are 7�10 	m in diameter with one type of spicules in the periplast. Spicules are hollow, 3�

7 	m long and 0.12�0.2 	m in diameter, are tapered towards a blunt apex; the proximal part of spicules bear an ovoid-
shaped membrane with a peripherally thickened rim (about 0.02 	m wide); the surface of the membrane is crossed by
20�40 radial ribs (0.02 	m wide), connecting the margin of the membrane with the proximal half of the shaft; the base
of a shaft is curved, that makes the depression in the membrane, forming a spoon-like structure.

Elliptical plate-scales are about 1.4 % 2.2 	m with a medial tubular thickening on two thirds of the length of a scale
(0.07 	m wide); edges of the scale are surrounded by a broad thickened or curved rim, ca. a half of the scale width, and
are ornamented with radially located ribs, 0.02 	m wide; the similar ribs connect the medial thickening and the rim.

Habitat: Freshwater
Occurrence: Germany, Chile, New Zealand (Dürrschmidt, 1987 b), Canada (Nicholls, 1983), Australia (Croome, 1986).

3 (35). P. tropica (Dürrschmidt, 1987) Siemensma, 1991 (Fig. 21, ;)
Basionym: Acanthocystis tropica Dürrschmidt, 1987
Syn.: A. tropica ssp. paucistriata Dürrschmidt, 1987
Diagnosis: Periplast is 20�30 	m in diameter with one type of spicules. Spicules are 4�7 	m long, curved in their

proximal part; the shaft is hollow, 0.19 	m in diameter, is abruptly tapered towards an apex; lateral wings are proximally
rectangular but then abruptly narrow and terminate subapically; cross ribs are developed mainly on the proximal part of
lateral wings and on the basal wing.

Plate-scales are 2.1�2.7 % 1.2�1.5 	m, elliptical, ornamented with distinct radial ribs and have a poorly developed
medial thickening.

Habitat: Freshwater
Occurrence: Chile, Sri-Lanka (Dürrschmidt, 1987 b).

4 (36). P. pyriformis (Dürrschmidt, 1987) Siemensma, 1991 (Fig. 21, ^)
Basionym: Acanthocystis pyriformis Dürrschmidt, 1987
Diagnosis: Periplast is 8�15 	m in diameter with one type of spicules. Spicules are 1.5�2.0 	m long, almost pear-

shaped; the shaft is hollow, 1.4 	m long and 0.06 	m in diameter, the distal part without wings and is tapered to the blunt
apex; the lateral wings and the basal wing form the pear-like structure; wings are smooth, their edge is slightly curved
inside; the area around the shaft base is concave by a dipper-like way.

Plate-scales are elliptical or ovoid, about 1.4 % 1.6 	m, with a narrow peripheral rim and a central protrusion,
sometimes developed as a central thickening.

Habitat: Freshwater
Occurrence: Chile, New Zealand (Dürrschmidt, 1987 b).

5 (37). P. paliformis (Dürrschmidt, 1987) Siemensma, 1991 (Fig. 21, �)
Basionym: Acanthocystis paliformis Dürrschmidt, 1987
Diagnosis: Periplast is 8�15 	m in diameter with one type of spicules. Spicules are about 4.5 	m long, 2.3 	m

wide, almost spade-like; the shaft is reduced up to a short and hollow ridge of varying breadth, terminating distally by
a blunt apex; lateral wings and the basal wing are narrowly rimmed and, after connecting, form the spade-like spicule
form; the wings extend almost in parallel on either side of the shaft, but then abruptly taper and terminate subapically;
the space around the shaft base is concave in a concavity.

Plate-scales are ellipsoidal or ovoid, 2.5 % 1.5 	m, thin and narrowly rimmed; the central thickening is vestigially
developed and is slightly raised above the small pole of the scale.
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Habitat: Fresh, occasionally brackish waters
Occurrence: Chile, New Zealand (Dürrschmidt, 1987 b), Gulf of Finland (S~ 6:: Vørs, 1992 b).

6 (38). P. foliacea (Dürrschmidt, 1985) Siemensma, 1991 (Fig. 21, �)
Basionym: Acanthocystis foliacea Dürrschmidt, 1985
Syn.: A. foliacea ssp. elongata Dürrschmidt, 1987; A. foliacea ssp. truncata Dürrschmidt, 1987
Diagnosis: Periplast is 10�20 	m in diameter with one type of spicules. Spicules are 2.2�6.9 	m long, leaf-shaped; the

shaft is reduced to a narrow ridge, in TEM appears as a dark line between two broad lateral wings, extending along all shaft
and tapering distally into a small tip at the terminal part of the shaft; they broaden towards the proximal end, but at a short
distance from there abruptly narrow, forming a compact stalk; the more or less horizontal extension opposite the shaft may
be considered as a modified basal wing; wings are patternless, smooth with narrowly rimmed margins; spicules are often
smaller than their plate-scales.

Plate-scales are ellipsoid, 2.5�3.1 % 1.8�2.0 	m, sometimes slightly curved or with a medial constriction, thin and
narrowly rimmed; the central thickening is visible sometimes only as a thin rim.

Habitat: Freshwater
Occurrence: The Netherlands (Siemensma, 1991), Chile, New Zealand, Sri-Lanka (Dürrschmidt, 1985, 1987 b),

Japan ([as sp. NN 15, 16] Takahashi, 1959), Australia (Croome, 1987 b).

7 (39). P. pulchra (Dürrschmidt, 1985) Siemensma, 1991 (Fig. 21, �)
Basionym: Acanthocystis pulchra Dürrschmidt, 1985
Diagnosis: Periplast is 20�30 	m in diameter with one type of spicules. Spicules are rather numerous, 3.0�4.0 	m

long and maximum 3.1�3.8 	m wide, funnel- or cup-like; the shaft is reduced to a dark narrow ridge, which probably is
hollow because of its less dense contents; lateral wings extend along all the length of the shaft, reaching a maximum
breadth in the middle; from here, towards the proximal end, they closely converge with the basal wing and, after
considerable narrowing, form a patternless hollow stalk, which can be long and slender or short and stump-like; the
distal part of the spicule of various length; commonly the front part is shorter and slightly curved outwards; the rear part
is straighter, reaching a maximum length near the distal end of the shaft; the lateral wings are ornamented with thin ribs,
radiating from the shaft.

Plate-scales are 3.0�3.3 % 1.7�2.0 	m, from ovoid to ellipsoidal, sometimes asymmetrical, thin, patternless, with
concave middle parts and surrounded by a slightly inflected rim; the central ridge is observed only as more dark line.

Habitat: Freshwater
Occurrence: Chile (Dürschmidt, 1985), New Zealand (Dürrschmidt, 1987 b).

8 (40). P. plumosa (Dürrschmidt, 1987) Siemensma, 1991 (Fig. 21, �)
Basionym: Acanthocystis plumosa Dürrschmidt, 1987
Diagnosis: Periplast is 20�30 	m in diameter with one type of spicules. Spicules 7�12 	m long, feather- like; the shaft

is hollow, cylindrical, 0.01 	m in diameter with a blunt or abruptly cut off apex; lateral wings extend along two thirds of the
length of the shaft, reaching maximum breadth in its lower part; from here, towards the proximal end, they closely converge
with the basal wing and after narrowing, form a patternless stalk; the basal part of the stalk is foot-shaped; lateral wings are
ornamented with thin ribs, which radiate from the shaft towards the outer margin transversally or obliquely.

Plate-scales are ovoid or elliptical, 3.0�3.7 % 1.9�2.1 	m, sometimes asymmetrical, thin with a deeply concave middle
part and a narrow rim; the axial thickening is slightly raised towards the smaller end of the scale.

Habitat: Freshwater
Occurrence: Chile (Dürrschmidt, 1987 b).

9 (41). P. pinnata (Nicholls, 1983) Siemensma et Roijackers, 1988 (Fig. 21, �)
Basionym: Acanthocystis pinnata Nicholls, 1983
Diagnosis: Periplast is 5�10 	m in diameter with one type of spicules. Spicules 3.5�6 	m long, 0.13�0.2 	m in

diameter (in the average part), hollow, are tapered to the abruptly terminated apex; the base is attached to a broad
membrane, forming two lateral lobes, which taper distally along the shaft and then terminate subapically; the shaft base
is curved, creating a depression in a membrane and a dipper-like structure in the spicule base.

Plate-scales are elliptical, 1.3�1.7 % 2�2.5 	m, each with a well-developed rib (0.1�0.2 % 1�1.4 	m), narrowing by
both ends and occupying from one-half to two thirds of the length of the long axis of the scale.
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Habitat: Freshwater
Occurrence: Sweden (Siemensma & Roijackers, 1988 a), Canada (Nicholls, 1983), Chile, New Zealand, Malaysia

(Dürrschmidt, 1987 b).

10 (42). P. anapoda Siemensma et Roijackers, 1988 (Fig. 21, &)
Diagnosis: Cells are about 12 	m in diameter with one type of spicules in the periplast. Spicules are 6.5�10.0 	m

long; the shaft, 0.21�0.26 	m in diameter, is cylindrical, hollow with a blunt apex; the proximal part of the shaft is
strongly curved; the shaft has a membranous base, divided into two wings; the base is 2.4�3.0 % 1.6�2.5 	m; its
trapezoid shape resembles a track of a duck foot; lateral wings show a slightly convoluted marginal region, which
becomes distally broader; the upper surface of the basal membrane is smooth, the lower one has the slightly developed
radial ribs; membranes of some spicules have a poorly developed basal depression.

Plate-scales are broadly elliptical or oval, 3.8�4.1 % 1.8�2.8 	m; there is a central depression with one longitudinal
rib and several radial ribs; a surface is smooth with the small marginal rim.

Habitat: Freshwater, occasionally marine
Occurrence: The Netherlands (Siemensma & Roijackers, 1988 a), English Channel (S~29:: Tong, 1994).

Genus 13. Raineriophrys Mikrjukov, 2001 (Fig. 22)
Diagnosis: Centrohelid heliozoa with two types of endogenous siliceous elements in the periplast: tangential plate-

scales and radial (or subradial) spicules. Spicules form an external jacket and consist of the distinctly developed shaft
with lateral wings, extending along the shaft on some distance, and the basal wing, that lies perpendicularly to the shaft
and forms the spicule base.

Composition: Eight species
Type-species: R. erinaceoides (Petersen et Hansen, 1960) Mikrjukov, 2001

KEY TO SPECIES OF  GENUS RAINERIOPHRYS:
1. The basal wing forms the heart-shaped spicule base .......................................................................................... 2
1' Spicules others .................................................................................................................................................... 3
2. The shaft is strongly curved in its proximal part; two lateral wings, ornamented with a
    small  number of fine teeth, extending along all its length ................................................................. R. echinata
2' The shaft is straight; lateral wings gradually taper along the shaft and have not teeth ........................ R. scaposa
3. Lateral wings extend along the basal part of the shaft not less, than on its basal third ....................................... 4
3' Lateral wings are developed only in the proximal part of the spicule, where, together
    with the basal wing, they form a  triangular or dipper-shaped cavity ................................................................. 6
4. Lateral wings gradually taper and extend along all the shaft length; the shaft is
    truncated; the  basal wing is rectangular .................................................................................... R. pteromorphos
4' Lateral wings markedly do not reach the spicule apex ........................................................................................ 5
5. Lateral wings are located in a V-like shape relative the shaft and the basal wing,
    occupying two thirds of the shaft length; the spicule apex is sharply truncated ................................... R. kilianii
5' Lateral wings extend on the basal third of the shaft; spicule apices are pointed .......................... R. erinaceoides
6. Spicules are twice longer than the cell diameter; the basal wing is distinctly ribbed;
     the shaft terminates bluntly with 3�10 marginal teeth ........................................................................ R. fortesca
6' The basal wing without ribs ................................................................................................................................ 7
7. The shaft terminates by the obtuse apex with two teeth; the triangular cavity at the base of the spicule
     is frequently reduced and forms the narrow crack; plate-scales without the ribbed rim ....................... R. raineri
7' Spicules are spoon-shaped; the shaft is sharply truncated; plate-scales with a developed
     ribbed rim, which surrounds the central depression .................................................................. R. latimarginalis

1 (43). R. erinaceoides (Petersen et Hansen, 1960) Mikrjukov, 2001 (Fig. 22, J)
Basionym: Acanthocystis erinaceoides Petersen et Hansen, 1960
Diagnosis: Cells are about 23.5 	m in diameter with one type of spicules in the periplast. Spicules, 6.3�9.4 	m long, are

slightly curved, tapered towards a sharp apex; their base is represented by the basal wing, 1.7 % 0.7�1.1 	m, located at direct
angle to the shaft and two lateral wings, which extend by V-like shape along the shaft, not reaching the half of its length.

Plate-scales are ovoid, 4.2�5.6 % 2.1�2.5 	m, with an axial ridge.
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Habitat: Fresh, occasionally brackish waters
Occurrence: Denmark (Petersen & Hansen, 1960), Germany (Bardele, 1976, 1977 b), the Netherlands (Siemensma,

1981), middle Russia (Mikrjukov, 1993 b), Estonia (Mikrjukov, 1993 a), Crimea (�
��-���, 1999 a), Canada (Nicholls,
1983), Chile, Sri-Lanka (Dürrschmidt, 1985, 1987 b), Australia (Croome, 1986). In brackish waters: Gulf of Finland (S~6::
Vørs, 1992 b), Karelian coast of the White Sea (S~6:: Mikrjukov, 2001).

2 (44). R. kilianii (Dürrschmidt, 1987) comb. n. (Fig. 22, �)
Basionym: Acanthocystis kilianii Dürrschmidt, 1987
Diagnosis: Cells are about 14 	m in diameter with one type of spicules in the periplast. Spicules are noticeably

curved in the proximal quarter of their length, 5�10 	m long; the shaft is hollow, 0.23 	m thick, abruptly cut off at the
direct angle, in basal part forms a spade-like structure caused by wings; two lateral wings are located in a V-like shape
relative to the shaft and the basal wing, the last is located between ventral edges of lateral wings; lateral wings, 4.8�8.0
	m long, occupy two thirds of the shaft length and are tapered in the distal direction.

Plate-scales are ovoid or elliptical, 2.6�4.3 % 2.1�3.2 	m, patternless, except for an axial thickening.
Habitat: Freshwater
Occurrence: The Netherlands, Sweden (Siemensma & Roijackers, 1988 a), Chile (Dürrschmidt, 1987 b), Australia

(Croome, 1987 b; Mikrjukov & Patterson, 2002).

3 (45). R. pteromorphos (Dürrschmidt, 1987) comb. n. (Fig. 22, ;)
Basionym: Acanthocystis pteromorphos Dürrschmidt, 1987
Diagnosis: Periplast is 10�20 	m in diameter with one type of spicules. Spicules are 2�2.5 	m long; the shaft is

hollow, slightly curved, 0.09 	m in diameter; the apex is abruptly cut off at a direct angle; lateral wings, up to 0.4 	m
broad, are located at an angle of 180o, tapered distally and terminated subapically; horizontally directed ribs are present
irregularly; the basal wing is rectangular and smooth.

Plate-scales, about 2.1 % 1.2 	m, are elliptical, patternless, except for a poorly developed axial thickening.
Habitat: Freshwater
Occurrence: Chile (Dürrschmidt, 1987 b).

4 (46). R. latimarginalis (Dürrschmidt, 1987) comb. n. (Fig. 22, ^)
Basionym: Acanthocystis latimarginalis Dürrschmidt, 1987
Diagnosis: Periplast is about 25 	m in diameter with one type of spicules. Spicules 3�4 	m long, spoon-shaped; the

shaft, 0.1 	m thick, cylindrical, does not taper, apically crenulate or abruptly cut off; the shaft proximally carries two
lateral wings in almost of V-like shape relative to the main axis of the shaft and the basal wing, which is located between
ventral edges of lateral wings; the proximal shaft end is slightly curved outwards.

Plate-scales are elliptical or ovoid, 2�2.5 % 1.3�1.6 	m, surrounded by a broad radially striated rim, which reaches
a maximum thickness near the inner edge of scales.

Habitat: Freshwater
Occurrence: Sri-Lanka, Malaysia (Dürrschmidt, 1987 b).

5 (47). R. raineri (Siemensma et Roijackers, 1988) comb. n. (Fig. 22, �)
Basionym: Pterocystis raineri Siemensma et Roijackers, 1988
Diagnosis: Cells are about 12 	m in diameter with one type of spicules in the periplast. Spicules are 3.5�7.1 	m long; the

shaft is cylindrical, straight or curved, slightly tapers towards the blunt apex, which bears two teeth; the basal part of the shaft
is curved and is attached to more or less circular base-plate, 0.43�0.86 	m in diameter; laterally this plate is connected to the
proximal part of the shaft by means of two wings, forming a triangular hollow which frequently reduced up to a small slit.

Plate-scales are oval or slightly oblong, 2.3�2.8 % 1.3�1.8 	m, thin and flat; the central part forms a longitudinal
groove about 0.08 	m broad.

Habitat: Freshwater
Occurrence: The Netherlands (Siemensma & Roijackers, 1988 a).

6 (48). R. fortesca (Nicholls, 1983) comb. n. (Fig. 22, �)
Basionym: Acanthocystis fortesca Nicholls, 1983
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Syn.: Acanthocystis pantopodeoides Nicholls, 1983; A. cuneiformis Dürrschmidt, 1985
Diagnosis: Cells are 9�15 	m in diameter with one type of spicules in the periplast. Spicules are relatively long,

7.5�24 	m; the shaft is hollow, cylindrical, 0.15�0.40 	m in diameter, terminates bluntly, with 3�10 marginal teeth of
unequal size; the proximal ends are attached to a broad thin ovoid membrane, ornamented with 13�22 wavy subparallel
ribs; the base of the shaft is bent in the middle of the membrane, forming a dipper-like depression.

Plate-scales are elliptical, 2.2�4.7 % 1.1�3.0 	m, patternless, except for a marginal rim and a poorly developed
medial thickening.

Habitat: Fresh, occasionally brackish waters.
Occurrence: Germany (Dürrschmidt, 1985), the Netherlands (Siemensma, 1991), middle Russia (Mikrjukov, 1993 b),

Canada (Nicholls, 1983), Chile ([as A. cuneiformis] Dürrschmidt, 1985), Argentina ([as A. pantopodeoides] Vigna, 1988),
Japan ([as sp. N14  Takahashi, 1959), Australia (Croome, 1986). In brackish waters: Gulf of Finland (S~6:: Vørs, 1992 b).

7 (49). R. scaposa (Dürrschmidt, 1987) comb n. (Fig. 22, �)
Basionym: Acanthocystis scaposa Dürrschmidt, 1987
Diagnosis: Periplast is about 10 	m in diameter with one type of spicules. Spicules are 1.9 (1.1)�2.3 (7.2) 	m long;

the shaft is narrow, non tubular and tapers towards a blunt apex; lateral wings (about 0.08 Xm wide) are located on the
one side of the shaft; they have the largest width above the base-plate and then are tapered gradually to the distal end of
the shaft; the base-plate is heart-shaped, about 0.5 	m in diameter, is surrounded by a narrow peripheral rim.

Plate-scale are 1.2�1.5 % 0.6�0.8 	m, patternless, except for a poorly developed axial thickening.
Habitat: Freshwater
Occurrence: Chile, Sri-Lanka (Dürrschmidt, 1987 a).

8 (50). R. echinata (Rainer, 1968) comb. n. (Fig. 22, �)
Basionym: Acanthocystis echinata Rainer, 1968
Diagnosis: Periplast is 14�31 	m in diameter with one type of spicules. Spicules are 20�30 Xm long. The shaft of

spicules is strongly curved, subcentrally attached to the more or less heart-shaped membrane; two small triangular
wings are attached laterally to the basal part of the shaft; they extend along all the length of the shaft as narrow bands,
ornamented with a small number of sharply pointed teeth.

Plate-scales are elongate oval, 4.7�8.0 % 2.2�3.0 	m; the upper surface is slightly convex, the lower one is concave
and with a longitudinal rod-like protrusion; the surface is smooth.

Habitat: Freshwater
Occurrence: Germany (Rainer, 1968), the Netherlands (Siemensma, 1981; Siemensma & Roijackers, 1988 a).

Genus 14. Choanocystis Penard, 1904 (Fig. 23)
Diagnosis: Centrohelid heliozoa with two types of endogenous siliceous elements in the periplast: tangential plate-

scales and radial spicules. Spicules with the cylindrical shaft are attached more or less eccentrically in the base of the
groove or the incision of the heart-shaped base-plate.

Composition: 13 species
Type-species: C. lepidula Penard, 1904

KEY TO SPECIES OF GENUS CHOANOCYSTIS:
1. Spicules terminate by a pointed apex ............................................................................................ C. (pelagica) 2
1' Spicules terminate differently ............................................................................................................................. 4
2. Spicule shafts are curved towards base-plates .................................................................................... C. pelagica
2' Spicule shafts are straight and curved from base-plates ...................................................................................... 3
3. Spicule shafts are straight, less often curved from base-plates; plate-scales are dumb-
    bell-shaped with a strongly medial constriction .............................................................................. C. kareliensis
3' Spicule shafts are straight; plate-scales are curved, with a rod-like axial thickening .............................. C. ebelii
4. Spicule apices are cut off at a direct angle ..................................................................................... C. (lepidula) 5
4' Spicule apices branch ........................................................................................................................................ 13
5. Spicule apices bear rims with some number of marginal teeth ........................................................................... 7
5' Spicule apices without marginal teeth ................................................................................................................. 6
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6. Spicule shafts not taper towards an apex; edges of base-plates are curved upwards;
    plate-scales  with an axial rib .............................................................................................................. C. lepidula
6' Spicule shafts taper towards an apex; edges of base-plates are straight; plate-scales are
     patternless ............................................................................................................................................ C. rossica
7. Proximal parts of spicule shafts bear numerous proximal protrusions and papillae ........................................... 8
7' Protrusions and papillae are absent ..................................................................................................................... 9
8. Spicules are shorter than a body diameter and markedly taper ........................................................... C. aculeata
8' Spicules almost twice exceed a body diameter, not taper ............................................................... C. pantopoda
9. Spicule apices bear 12�20 small teeth .............................................................................................. C. rotundata
9' Number of teeth on the apex are equal or less than six ..................................................................................... 10
10. Spicule apices slightly taper and bear 2�4 (usually 4) marginal teeth; plate-scales are
      ornamented with radial folds ............................................................................................................ C. rhytidos
10' Plate-scales without radial folds ...................................................................................................................... 11
11. Edges of base-plates of spicules are curved upwards; spicules not taper; their apices
      bear four marginal teeth; plate-scales are ornamented with distinct axial ribs ............................ C. rotoairense
11' Edges of base-plates are straight; plate-scales are patternless ........................................................................ 12
12. Spicules slightly taper and almost twice exceed a body diameter; an apex bears 4�6
      marginal teeth ................................................................................................................................ C. pantopoda
12' Spicules slightly taper and shorter than a body diameter; their apex bears 1�4 (usually
     2)  marginal teeth ............................................................................................................................ C. perpusilla
13. Spicule apices dichotomously branch ...................................................................................... C. (bicornioides)
13' The shaft of spicules branch at the apex into three powerful horns (furcae)
     of unequal length ............................................................................................................................ C. (malyutini)

I. C. (lepidula) Mikrjukov, 1997
Diagnosis: Includes those species of Choanocystis, whose spicule apices are truncated at the direct angle and (in

the majority of cases) possess the marginal rim of small teeth.
Composition: Eight species

1 (51). C. lepidula (Penard, 1904), Siemensma et Roijakers, 1988 (Fig. 23, J)
Diagnosis: Cells are 10�14 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are

7.1�9.5 	m long, cylindrical, 0.22 	m in diameter, have a cut off apex; the shaft is proximally curved and seats in the
base of the invagination of the base-plate; the last is 1.7�1.8 	m in diameter and is surrounded by the rim with the
upwards bent edges about 0.1 	m thick and extends on the short distance along the shaft.

Plate-scales are 4.2�5.2 % 2.3 	m, from oval to oblong, with a central depression; the central area is ornamented
with irregularly located granules; there is a narrow longitudinal rib.

Habitat: Freshwater
Occurrence: Switzerland (Penard, 1904), Germany (Rainer, 1968), the Netherlands (Siemensma, 1981; Siemensma

& Roijackers, 1988 a).

2 (52). C. rossica (Mikrjukov, 1995) comb. n. (Fig. 23, �)
Basionym: C. lepidula ssp. rossica Mikrjukov, 1995
Diagnosis: Cells are 14�26 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are 3�

7 	m long; the shaft is hollow, cylindrical, in the average, 0.5 	m thick in the base, is tapered in the direction of a cut off
apex, which lacks marginal teeth; the base-plates is heart-shaped with straight edges.

Plate-scales are from elliptical to elongated, in the average, 3.0 % 1.7 	m, flat, patternless, sometimes with more or
less well-developed medial constriction.

Habitat: Freshwater
Occurrence: Middle Russia ([as C. rotundata] Mikrjukov, 1993 b), Estonia (�
��-���, 1995 �).

3 (53). C.  perpusilla (Petersen et Hansen, 1960) Siemensma, 1991 (Fig. 23, ;)
Basionym: Acanthocystis perpusilla Petersen et Hansen, 1960
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Syn.: Acanthocystis cordiformis ssp. parvula Dürrschmidt, 1987
Diagnosis: Cells are 7�9 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are 2�4.5

	m long; the shaft is straight, cylindrical, about 0.9 	m in diameter, with two (occasionally 3�4) marginal teeth on the apex.
Plate-scales are oval, 2.5 % 1.7 	m, patternless.
Habitat: Fresh, occasionally brackish or marine waters
Occurrence: Denmark (Petersen & Hansen, 1960), the Netherlands (Siemensma, 1981), Canada ([as A. myriospina]

Nicholls, 1983), Chile (Dürrschmidt, 1985), Sri-Lanka ([as A. cordiformis ssp. parvula] Dürrschmidt, 1987 a). In
brackish and marine waters: Gulf of Finland (S~6:: Vørs, 1992 b), plankton of Antarctic waters (S~36:: Croome et.
al., 1987), Mid North  Atlantic (sediments at 20 m depth; S~35:: Patterson et al., 1993).

4 (54). C. rotoairense (Dürrschmidt, 1987) Mikrjukov, 1995 (Fig. 23, ^)
Basionym: Acanthocystis rotundata ssp. rotoairense Dürrschmidt, 1987
Syn.: Choanocystis perpusilla ssp. heterospina Mikrjukov, 1993
Diagnosis: Periplast is 38�50 	m (cells 10�15 	m) in diameter with plate-scales and one or two types of spicules.

Spicules are 14�18 	m long, with the not tapering cylindrical shaft, terminating in a cut off apex bearing four marginal
teeth. Some isolates demonstrate the spicules of two sizes; the long spicules are twice longer the short ones.

Plate-scales are oval, 4.5�5.0 % 2.5�3.0 	m, patternless.
Habitat: Freshwater, occasionally brackish and marine waters
Occurrence: Karelia (�
��-���, 1995 �; Mikrjukov, 2001), Estonia ([as Acanthocystis sp.] Jacobson, 1928; [as

C. perpusilla ssp. heterospina] Mikrjukov, 1993 a), New Zealand (Dürrschmidt, 1987 a). In brackish and marine waters:
the Black Sea (S~18:: �
��-���, 1995 �, 1999 �), the Baltic Sea (S~6:: Vørs, 1992 b; S~10:: Mylnikov, pers.
comm.), Antarctic waters ([as C. perpusilla], S~35:: Tong et al., 1997; Elbr�chter, pers. comm.).

5 (55). C. rhytidos (Dürrschmidt, 1987) Siemensma, 1991 (Fig. 23, �)
Basionym: Acanthocystis rhytidos Dürrschmidt, 1987
Syn.: Acanthocystis granulata Dürrschmidt, 1987; A. pertusa Dürrschmidt, 1987
Diagnosis: Periplast is 35�40 	m (cells 10�15 	m) in diameter with plate-scales and one type of spicules. Spicules

are straight, cylindrical, 9�12 	m long and 0.19 	m in diameter, with the slightly tapering shaft, terminating by the cut
off apex, which bears usually four (occasionally 2�3) thin teeth; the base-plate is heart-shaped, 1.3 	m in diameter.

Plate-scales are elliptical or pear-shaped, 3.8�4.0 % 2.2�2.6 	m, ornamented with radially arranged branched furrows
of various length; the area of the axial thickening and a marginal rim are smooth.

Habitat: Freshwater
Occurrence: Chile, Sri-Lanka, New Zealand (Dürrschmidt, 1987 a), Australia (&��	, �
��-���, 2000).

6 (56). C. aculeata (Hertwig et Lesser, 1874) Siemensma et Roijackers, 1988 (Fig. 23, �)
Basionym: Acanthocystis aculeata Hertwig et Lesser, 1874
Syn.:  Acanthocystis serrata Nicholls, 1983
Diagnosis: Periplast is 23-60 	m in diameter with plate-scales and one type of spicules. Spicules are hollow, 3.5�

15 	m long, straight or slightly bent, slightly taper to the apex, ornamented with 5�11 ordinary or furcated teeth; the
proximal part of the shaft can bear a few or much more nodules, which are more or less digitate, sometimes forked; the
spicules are set eccentrically, less commonly centrally, in the base of more or less deep incision of the heart-shaped
base-plate, 2.0�3.2 	m in diameter; in many cases the edges of the incision overlap each other.

Plate-scales are 3.8�12.9 	m long and very variable in the shape; they are elongated in the original description.
Habitat: Freshwater, occasionally brackish water, rarely marine
Occurrence: Germany (Hertwig & Lesser, 1874; Schaudinn, 1896 b; Schulz, 1961;  Bardele, 1977 a), Switzerland

(Penard, 1889, 1901, 1904), the Netherlands (Hoogenraad & De  Groot, 1935; Siemensma, 1981), Sweden (Siemensma &
Roijackers, 1988 a), middle Russia (Mikrjukov, 1993 b), Karelia (Mikrjukov, 2001), Estonia (Jacobson, 1928; Mikrjukov,
1993 a), Canada ([as A. serrata] Nicholls, 1983), Chile (Thomasson, 1963; Dürrschmidt, 1985), Argentina (Thomasson,
1963; Vigna, 1988), Malaysia (Schewiakoff, 1893), Australia (Croome, 1986). In brackish waters: the Baltic Sea (Gamburger,
1913; S~10:: Mylnikov, pers. comm.), the coast of Alabama, USA (S= 20:: Jones, 1974), plankton of the Kattegat
(S~22:: Vørs, 1992 a), plankton of the Mediterranean Sea ([as Acanthocystis sp.] Golemanski, 1976).
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7 (57). C. pantopoda (Penard, 1904) Siemensma, 1991 (Fig. 23, �)
Basionym: Acanthocystis pantopoda Penard, 1904
Syn.: Acanthocystis cordiformis Dürrschmidt, 1987
Diagnosis: Periplast is 60�70 	m in diameter with plate-scales and one type of spicules. Spicules are straight or

slightly curved, 25�35 	m long, slightly tapered towards the distal cut off end with four or six triangular teeth; the shaft
is hollow, cylindrical; its sides are irregularly broadened (up to 0.5 	m); the base sometimes possesses siliceous nodules
and is seated eccentrically on the heart-shaped base-plate of 0.5 	m in diameter.

Plate-scales are elongately elliptical, patternless, except for the clear medial thickening.
Habitat: Freshwater
Occurrence: Switzerland (Penard, 1904), Germany (Rainer, 1968), the Netherlands (Siemensma, 1981), Karelia

(�
��-���, 1995 �; Mikrjukov, 2001), Chile, Sri-Lanka, New Zealand ([partly as A. cordiformis] Dürrschmidt, 1987 a).

8 (58). C. rotundata (Nicholls, 1983) Dürrschmidt, 1987 (Fig. 23, )
Basionym: Acanthocystis rotundata Nicholls, 1983
Diagnosis: Periplast is 16�34 	m (cells about 10 	m) in diameter with plate-scales and one type of spicules.

Spicules are 3�12 	m long, usually slightly curved in their proximal one quarter to one-half of their length; the shaft is
hollow, 0.12�0.2 	m in diameter, is seated eccentrically at the base of the cleft in the ovoid or rounded base-plate, 1�1.3
	m in diameter and with a marginal rim; the apex of the shaft is cut off at direct angle, is not tapered and carries 12�20
fine marginal rounded teeth about 0.015 	m high.

Plate-scales are elliptical, 2.5�3.5 % 1.5�2.5 	m, patternless, except for an axial ridge, occupy about two thirds of
the length of the scale; with a maximum rise of about 0.15 	m in the middle.

Habitat: Freshwater
Occurrence: Canada (Nicholls, 1983), Chile, Malaysia, Sri-Lanka, New Zealand (Dürrschmidt, 1987 a).

II. C. (pelagica) Mikrjukov, 1997
Diagnosis: Includes those species of Choanocystis, whose spicules have pointed or obtuse apices.
Composition: Three species

9 (59). C. ebelii (Wujek et Elsner, 1992) Mikrjukov, 1997 (Fig. 23, �)
Basionym: Pterocystis ebelii Wujek et Elsner, 1992
Diagnosis: Periplast is 20�45 	m in diameter with plate-scales and one type of spicules. Spicules are 9.7�14.1 	m

long; the shaft is hollow, 0.3�0.6 	m thick at the base and tapers up to 0.2�0.35 	m below an acute apex; the shaft
originates from the heart-like base-plate, 2.4�5.6 	m in diameter; the base-plate is surrounded by a marginal rim and is
ornamented with 25�60 radial ribs about 0.05 	m wide, which can sometimes branch; small papillae, up to eight, are
irregularly located on ribs.

Plate-scales are curved, 7.2�8.5 % 1.5�1.8 	m, their medial part is strongly thickened and is ornamented with
subparallel ribs.

Habitat: Freshwater, occasionally marine
Occurrence: India (Wujek & Elsner, 1992),  marine ice in Antarctica ([as  Acanthocystis sp.] Takahashi, 1981 b).

10 (60). C. pelagica (Ostenfeld, 1904) Mikrjukov, 1994 (Fig. 23, �)
Basionym: Acanthocystis pelagica Ostenfeld, 1904
Diagnosis: Cells are 25�40 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are about

7 	m long; the shaft is hollow, cylindrical, about 0.4 	m in diameter, slightly is curved towards the heart-shaped base-plate,
1.5�1.8 	m in diameter, and abruptly tapered towards the pointed apex; the base-plate is covered by numerous fine granules.

Plate-scales are 4.0�5.0 % 2.0�2.5 	m, with a well-developed medial constriction, up to 1.7�2.0 	m wide, patternless,
surrounded by a thin curved marginal rim.

Habitat: Marine
Occurrence: The Northern Sea (Ostenfeld, 1904), the White Sea (S~27:: �
��-���, 1994).

11 (61). C. kareliensis Mikrjukov, 1994 (Fig. 23, &)
Diagnosis: Cells are 20�23 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are

straight, 6.0�7.6 	m long (rare are curved from the heart-like base-plate, which is 1.2�1.35 	m in diameter), the shaft is
cylindrical, 0.3 	m in diameter, with a pointed apex.
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Plate-scales are dumb-bell-shape, 3.3�3.7 	m long, with a strongly developed medial constriction, 0.6�0.7 	m
wide, surrounded by a thin marginal rim, carry numerous fine papillae in the central area.

Habitat: Marine
Occurrence: The White Sea (S~ 24�27:: �
��-���, 1994).

III.  C. (bicornioides) Mikrjukov, 1997
Diagnosis: Includes those species of Choanocystis, whose apices dichotomously branch one or more times.
Composition: Monotypic

12 (62). C. bicornioides Mikrjukov, 1995 (Fig. 23, �)
Diagnosis: Cells are 18�20 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are

bilaterally symmetrical with a straight shaft about 2.2 	m long and a broadly bifurcated apex; furcae branch dichotomously.
Plate-scales are oval, patternless, with a faintly developed medial constriction.
Habitat: Brackishwater
Occurrence: The Black Sea (S~ 18:: �
��-���, 1995 �).

IV. C. (malyutini) Mikrjukov, 1997
Diagnosis: Includes those species of Choanocystis, whose spicule apices split into three or more stout furcae.
Composition: Monotypic

13 (63). C. malyutini Mikrjukov, 1995 (Fig. 23, �)
Diagnosis: Cells are about 20 	m in diameter with plate-scales and one type of spicules in the periplast. The shaft

of spicules is straight, cylindrical, about 2.5 	m long, split at the apex into three unequal furcae, 1.0�2.5 	m long; the
shaft and the furcae are ornamented with irregularly located small papillae.

Plate-scales are broadly elliptical with a faintly developed axial thickening in the centre and with concentric rows
of small papillae.

Habitat: Marine
Occurrence: Described from marine aquaria in Moscow [S~35:: Mikrjukov, 1994 b).

Genus 15. Acanthocystis Carter, 1863 (Fig. 24–27)
Diagnosis: Centrohelid heliozoa with two types of endogenous siliceous elements in the periplast: tangential plate-

scales and radial nail-shaped spicules. Spicules with the cylindrical shaft, attached to the central part of a radially
symmetrical base-plate.

Composition: 18 species
Type-species: A. turfacea Carter, 1863

KEY TO SPECIES OF GENUS ACANTHOCYSTIS:
1.  Spicules terminate by pointed apices ........................................................................................ A. (wiasemskii) 2
1'  Spicules terminate differently ............................................................................................................................ 4
2.  Spicules of identical length; their shafts of uniform thickness, are abruptly tapered
     towards pointed apices ................................................................................................................... A. wiasemskii
2'  Spicule shafts are gradually tapered towards obtuse apices ............................................................................... 3
3.  Spicule shafts are straight or slightly curved; spicules up to 10 	m long; base-plates
     approximately 0.4 	m in diameter ....................................................................................................... A. clavata
3'  Spicules are irregularly curved and set on base-plates centrally or (more frequently)
     eccentrically; spicules on average twice shorter than in previous species (4.6�5.3 	m),
     and the base-plate is twice wider (approximately 0.7 	m) ................................................................A. spinifera
4.  Apices of all spicules are truncated at direct angle and bear different number of
     marginal teeth ................................................................................................................................. A. (penardi) 5
4'  All or some spicules with the branched apices ................................................................................................. 10
5.  Spicule shafts are tapered towards apices that bear three pointed, sometimes slightly
     bifurcated teeth .............................................................................................................................. A. myriospina
5'  Spicules of uniform thickness or with slightly extended apices which bear a >flame?
     of small teeth ...................................................................................................................................................... 6
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6.  Spicules (usually of two types) do not broaden to apices that bear 8�12 marginal teeth;
      there are the whole spectrum of intermediate lengths and diameters of spicules .............................. A. penardi
6'  Spicules of one type ........................................................................................................................................... 7
7.  Spicule shafts of uniform thickness ................................................................................................................... 8
7'  Spicules are slightly expanded towards apices which bear 12�15 obtuse teeth ................................................. 9
8.  Spicule apices bear four pointed branch or teeth .......................................................................... A. quadrifurca
8'  Spicule apices bear five pointed teeth .................................................................................................. A. taurica
9.  Spirally twisted rib with numerous small teeth extends along almost all spicule length;
     plate-scales are bean-shaped ........................................................................................................... A. saphonovi
9'   Spicules without the spiral rib; plate-scales are elliptical .................................................................... A. tubata
10. Spicule apices are split into three or more rays (furcae) .......................................................... A. (pectinata) 11
10' Spicule apices dichotomously branch ........................................................................................ A. (turfacea) 15
11. Spicule apices are split into three furcae; pointed furcae are connected in basal part
      by a >flame? and each bear 1�4 small teeth ................................................................................... A. takahashii
11' Spicules terminate differently .......................................................................................................................... 12
12. Spicules are distinctly divided into two classes on the size; spicules of intermediate
      lengths are absent ............................................................................................................................................ 13
12' Two extreme sizes of spicules exist, interconnected by a complete spectrum of
       intermediate forms ......................................................................................................................................... 14
13. The short spicules have cup-shaped apices with 6�8 pointed teeth, connected by the thin
       membrane; the long spicules are sparse with 2�3 short teeth ......................................................... A. pectinata
13' The short spicules with strongly expanded apex bear four long apical teeth; the long spicules are
       with slightly expanding shafts and four short apical teeth; plate-scales are patternless ....................... A. valdiviense
14. The short spicules have funnel-shaped apices with 6�8 ridges, terminating by teeth;
      the long spicules are of uniform thickness with slightly expanded distal ends bearing
       a distal rim; plate-scales with a smooth surface ......................................................................... A. polymorpha
14' Spicule apices are usually with six branches connected by a >web?; plate-scales are with
      a medial thickening and well-developed radial ribs .......................................................................... A. nichollsi
15. Spicules of two types: short and long; spicules of intermediate lengths can also be present .......................... 17
15' Spicules of one type ........................................................................................................................................ 16
16. Internal sides of furcae bear 2�4 pointed teeth .................................................................................. A. cornuta
16' Internal sides of furcae without teeth ...................................................................................... A. astrakhanensis
17. Spicules of intermediate lengths are absent; the long spicules with one tooth on an internal
       surface of furcae; the short spicules with teeth on furcae or secondary bifurcation ......................... A. bicornis
17' Numerous spicules of intermediate lengths are present; all spicules have secondary
       bifurcation or two small teeth on each the apex of furcae ............................................................... A. turfacea

I. A. (wiasemskii) Mikrjukov, 1997 (Fig. 24)
Diagnosis: Includes those species of Acanthocystis, whose spicules have pointed or obtuse apices.
Composition: Three species

1 (64). A. wiasemskii Ostroumoff, 1917 (Fig. 24, J)
Diagnosis: Cells are 25-30 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are

of the equal length, 12�15 	m, nail-shaped; the shaft is hollow, straight, 0.6 	m in diameter, of monotonous thickness,
abruptly tapers on the apical end towards the pointed apex; the base-plate is rounded, about 2.5 	m in diameter.

Plate-scales are about 4.0�5.0 % 2.0�2.5 	m, bean-shaped, with a fine granular apical surface.
Habitat: Marine waters
Occurrence: The Crimea coast of the Black sea (S~18:: Ostroumoff, 1917), the Tasmanian Sea (S~ 35::

Mikrjukov & Patterson, 2002), marine aquaria in Moscow (S~35:: Mikrjukov, 1994 b).

2 (65). A. clavata Dürrschmidt, 1987 (Fig. 24, �)
Diagnosis: Periplast is 25�30 	m in diameter with plate-scales and one type of spicules. Spicules are up to 10 	m
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long, straight or slightly curved, with the rounded base-plate 0.4 	m in diameter; the shaft is mainly solid, slightly tapers
towards a thin, but rounded apex.

Plate-scales are elliptical and slightly curved or ovoid, 1.3 % 0.77 	m, thin and patternless, except for a faintly
developed central thickening.

Habitat: Fresh and brackish waters
Occurrence: Chile (Dürrschmidt, 1987 a), the Black Sea (S~18:: �
��-���, 1999 �).

3 (66). A. spinifera Greeff, 1869 sensu Siemensma et Roijakers, 1988 (Fig. 24, ;)
Diagnosis: Cells are 27�30 	m  in diameter with plate-scales and one type of spicules in the periplast. Spicules are

4.6�5.3 	m long, not numerous and rather fine, cylindrical, irregularly curved and set on round base-plates centrally or,
more often, slightly eccentrically; spicules are slightly tapered towards apices; the last about 0.07 	m in diameter, bear
2�3 small obtuse teeth; base-plates 0.7 	m in diameter.

Plate-scales are 3.4�4.4 % 1.7�2.6 	m, have distinctly concave edges, thin, flat, slightly oval; their surface is smooth.
Habitat: Brackishwater
Occurrence: The coast of Sweden (Siemensma & Roijackers, 1988 a).

II. A. (penardi) Mikrjukov, 1997  (Fig. 25)
Diagnosis: Includes those species of Acanthocystis, whose spicule apices are truncated at a direct angle and bear

some amount of small marginal teeth.
Composition: Six species

4 (67). A. penardi Wailes, 1925 (Fig. 25, J, �)
Syn.: A. heterospina Nicholls, 1983; A. dresscheri Siemensma et Roijackers, 1988
Diagnosis: The diameter of the periplast is variable, 9�125 (usually about 30) 	m, with plate-scales and two or

(less often) one size of spicules. Two types of spicules differ by their length and the diameter of hollow cylindrical
shafts, which are seated on circular base-plates, 1�3.5 	m in diameter; the shaft of the short spicules is about 0.25 	m
thick and about 15 	m long; the shaft of the long spicules is about 0.5 	m thick and up to 25 	m long. Both types of
spicules carry at their apices a row from 8 to 12 well-developed marginal teeth; there are the whole spectrum of intermediate
lengths and diameters of the spicules.

Plate-scales are elliptical, 2.2�3.6 % 3.1�5.7 	m, more often patternless, except for the marginal rim, which sometimes
is faintly developed or is absent at all; the axial thickening may be strongly developed and have the form of the ridge.

Habitat: Freshwater
Occurrence: Germany (Rainer, 1968), the Netherlands ([partly as A. dresscheri] Siemensma & Roijackers, 1988

a), middle and northern Russia (Mikrjukov, 1993 b, 2001), Estonia (Mikrjukov, 1993 a), Canada ([as A. heterospina]
Nicholls, 1983), Chile (Dürrschmidt, 1987 a), Malaysia (Dürrschmidt & Croome, 1985).

5 (68). A. tubata Dürrschmidt, 1987 (Fig. 25, ;)
Diagnosis: Periplast is about 25 	m in diameter with plate-scales and one type of spicules. Spicules are 6�11 	m

long and 0.23 	m wide in the narrowest point; the shaft is cylindrical, gradually broadens towards the distal end; the
apex, 0.4 	m in diameter, is covered by a thin siliceous layer; a circle from 12 conical teeth surrounds the apical margin;
the base of the shaft is supported by the rounded centrally-concave base-plate of 1.2 	m in diameter, surrounded by the
peripheral rim.

Plate-scales are oval or elliptical, 2.9�3.7 % 2.2 	m, patternless, except for an axial thickening.
Habitat: Freshwater
Occurrence: Chile, New Zealand (Dürrschmidt, 1987 a).

6 (69). A. myriospina Penard, 1890 sensu Dürrschmidt, 1985 (Fig. 25, ^)
Syn.: A. trifurca Nicholls, 1983
Diagnosis: Periplast is 10�45 	m in diameter with plate-scales and one type of spicules. Spicules are thin, irregularly

located, numerous, 2.5�16 	m long; the shaft is long, tubular, slightly tapering towards a trifurcate apex; the base-plate
0.5�0.7 	m in diameter near the base.

Plate-scales are from ovoid to ellipsoidal, 2.7�3.5 % 1.5�2.2 	m, sometimes with an unclear central ridge.
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Habitat: Freshwater
Occurrence: The Netherlands (Roijackers, cit. acc.: Siemensma, 1991), Crimea  (�
��-���, 1999 �), Canada

([as A. trifurca] Nicholls, 1983), Chile (Dürrschmidt, 1985), Australia (Croome, 1986).

7 (70). A. quadrifurca Nicholls, 1983 (Fig. 25, �)
Syn.: A. clathrata Dürrschmidt, 1985; A. penardi ssp. pusilla Dürrschmidt, 1987
Diagnosis: Periplast is 20�30 	m in diameter with plate-scales and one type of spicules. Spicules are with a straight

or slightly curved shaft, 5�10 	m long and 0.05�0.15 	m in diameter; the shaft is seated on the rounded base-plate in the
form of a shallow inverted cup 0.8�1.2 	m in diameter; the apex is split into four short (0.1�0.2 	m long) sharp furcae.

Plate-scales are from elliptical to oblong, 1.2�2.0 % 1.8�3.5 	m, consist of an oblong centrally-located membrane
with the thickened axial ridge and the marginal rim, 0.8 	m wide, connected to the central membrane by 20�30 radial
ribs, the last sometimes branch; the central area and the rim are patternless.

Habitat: Freshwater
Occurrence: Canada (Nicholls, 1983), Chile ([as A. clathrata and A. penardi ssp. pusilla] Dürrschmidt, 1985,

1987 a).

8 (71). A. taurica Mikrjukov, 1997 (Fig. 25, �)
Diagnosis: Cells are about 25 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules

are straight, of nearly equal length, 4.2 	m; the shaft is not tapered; the apex bears five pointed curved teeth.
Plate-scales are elliptical, about 5.2 % 2.2 	m, patternless, with a faintly developed axial thickening.
Habitat: Freshwater
Occurrence: Crimea mountains (�
��-���, 1997 �).

9 (72). A. saphonovi Mikrjukov, 1994 (Fig. 25, �)
Diagnosis: Periplast is about 50 	m in diameter with plate-scales and one type of spicules. Spicules are of various

length; straight, 6.5�10.2 	m long; the shaft is cylindrical, 0.4�0.6 	m in diameter; about all the shaft length extends the
spirally twisted rib, carrying numerous small teeth and extending from the base-plate to the apex; a shaft terminates by
a slightly broadened cut off apex bearing 10�15 sharp marginal teeth; the base-plate is rounded, 2.0�2.7 	m in diameter.

Plate-scales are bean-shaped, 4.3�4.7 % 3.1 	m, patternless, surrounded by a thin marginal rim.
Habitat: Marine
Occurrence: The White Sea (�
��-���, 1994).

III. A. (pectinata)  Mikrjukov, 1997  (Fig. 26)
Diagnosis: Includes those species of Acanthocystis, whose spicule apices split into three or more stout furcae.
Composition: Five species

10 (73). A. pectinata Penard, 1889 (Fig. 26, J, �)
Syn.: A. radiosa Roskin, 1929; A. pectinata ssp. ceylanica Dürrschmidt, 1987; A. pectinata ssp. malayensis

Dürrschmidt, 1987
Diagnosis: Periplast is 15�20 	m in diameter with plate-scales and two types of spicules (long and short). The all

short spicules are of identical length, 2.1�3.1 	m, hollow, cylindrical and straight, 0.25 	m thick; the apex is cup-
shaped, 0.8�1.4 	m in diameter and has 4�6 long sharp teeth, connected by a thin membrane; the base-plate, 0.43�1.2
	m in diameter, is conical, circular. The long spicules are not numerous, 6.0�10.2 	m long, with the apex, terminating
by 2�3 short teeth. The spicules of intermediate length between short and long spicules are absent.

Plate-scales are 1.6�2.5 % 1.3�1.6 	m, elongated or slightly oval, with weakly concave margins, have a broad band
ornamented with a small granules, arranged in more or less concentric or radial rows.

Habitat: Freshwater
Occurrence: Switzerland (Penard, 1889), Germany (Rainer, 1968), the Netherlands (Siemensma, 1981; Siemensma

& Roijackers, 1988 a), Sweden (Siemensma & Roijackers, 1988 a), middle Russia ([as A. radiosa] Roskin, 1929;
Mikrjukov, 1993 b), Karelia (Mikrjukov, 2001), Estonia (Mikrjukov, 1993 a), Australia (Croome, 1986), Chile, New
Zealand, Malaysia, Sri-Lanka (Dürrschmidt, 1987 a).
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11 (74). A. nichollsi Siemensma et Roijackers, 1988 (Fig. 26, ;)
Diagnosis: Cells are 10�23 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules are

straight or slightly curved, 2�12 	m long; the shaft is hollow, 0.2�0.3 	m in diameter; the apex is split into six furcae
connected by the membrane with the distal part of the shaft; the membrane is more developed at the short spicules (2�
4 	m long); the width of the distal part of the membrane up to 1.5 	m; the base of the spicule are in the form of a shallow
inverted cup, 0.6�0.9 	m in diameter.

Plate-scales are 1.5�2.2 % 2.5�3.8 	m; the periphery are usually with a thickened rim, 0.02�0.04 	m wide; the
plate-scale ornamentation consist of a medial thickening or ridge, oriented longitudinally, and a well-developed radial
ribs, 0.1�0.2 	m long and up to 0.05 	m wide, the last are located on middle between the ridge and the rim of the scale.

Habitat: Freshwater
Occurrence: Canada ([as A. pectinata] Nicholls, 1983).

12 (75). A. polymorpha Dürrschmidt, 1985 (Fig. 26, ^)
Diagnosis: Periplast is 50�100 	m in diameter with plate-scales and two types of spicules (long and short). All

cells are always with photosynthetic symbionts. Spicules are with a tubular shaft and the rounded base-plate; the base-
plate possess a ventral protrusion and slightly rimmed margins. The long spicules, 15�30 	m long, have the non-
tapering shaft, slightly broadened distal ends and a distal rim. The short spicules usually are twice shorter the long ones,
5�10 	m, their distal ends have a funnel-like form, caused by the considerably broadening shaft; there are 5�8 longitudinal
ridges, each of which terminates by a small tooth; the length of these spicules so varies, that sometimes shaft is absent
at all and funnel-like distal ends are directly attached to base-plates. There are spicules of intermediate sizes.

Plate-scales are assembled in one or several compact layers, 4�5.5 % 2.1�3.3 	m, ellipsoidal or ovoid, commonly
with the medial constriction, of uniform thickness; dorsal and ventral surfaces are smooth; asymmetric and triangular
plate-scales also were observed.

Habitat: Freshwater
Occurrence: Chile (Dürrschmidt, 1985).

13 (76). A. takahashii Dürrschmidt, 1987 (Fig. 26, �)
Diagnosis: Periplast is 20�30 	m in diameter with plate-scales and one type of spicules. Spicules, 2.5�10 	m long,

consist of the base-plate, the shaft and the trifurcate apex; the shaft, 0.19 	m thick, is hollow, cylindrical, attached to the
circular base-plate, 0.5�0.8 	m in diameter, surrounded by a narrow marginal rim; the apex is split into three diverging
arms, which are interconnected by a flaring in the distal part of the shaft; arms are pointed, with 1�4 small teeth.
Spicules are apically closed.

Plate-scales are elliptical or pear-shaped, 2.5�3.2 % 1.5�1.8 	m, patternless, except for a marginal rim and an axial
thickening.

Habitat: Feshwater
Occurrence: The Netherlands (Roijackers, cit. acc.: Siemensma, 1991), Sri-Lanka (Dürrschmidt, 1987 a), Canada

(Nicholls, cit. acc.: Dürrschmidt, 1987 a), Japan ([as sp. No 7] Takahashi, 1959).

14 (77). A. valdiviense Dürrschmidt, 1987 (Fig. 26, �)
Diagnosis: Periplast is 20�25 	m in diameter with plate-scales and two types of spicules. Spicules are all with the

tubular straight shaft (0.17 	m in diameter), the round base-plate (0.58 	m in diameter) and apically always with four
teeth; the base-plate is centrally concave with a narrow marginal rim. The long spicules are 5�7 	m long, with the
slightly expanded shaft and short teeth; length of the short spicules is half of length of long ones (about 2.6 	m), with the
strongly expanded distal ends and long apical teeth.

Plate-scales are elliptical or oval, 1.2�1.8 % 1.0�1.5 	m, thin and patternless; the periphery is with a small thickened
rim; the axial thickening is weakly developed and sometimes asymmetrically located in the centre.

Habitat: Freshwater
Occurrence: Chile (Dürrschmidt, 1987 a), Japan ([as sp. No 6] Takahashi, 1959).

IV. A. (turfacea) Mikrjukov, 1997 (Fig. 27)
Diagnosis: Includes those species of Acanthocystis, whose spicule apices dichotomously branch one or more times.
Composition: Four species
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15 (78). A. turfacea Carter, 1863 (Fig. 27, J, �)
Syn.: Trichoda chaetophora Schrank, 1803; Actinophrys viridis Ehrenberg, 1833; Acanthocystis pallida Greeff,

1865; Acanthocystis viridis Grenacher, 1869
Diagnosis: Cells are 10�150 	m in diameter with plate-scales and two types of spicules (long and short) in the

periplast. The short spicules (8�12 	m long) are with a faint bifurcation of the second order and an appreciable bifurcation
of the first order; the long spicules (45�65 	m long) are with a weak bifurcation and with two (occasionally 3�4)
denticles at apices of furcae. There are numerous spicules of intermediate length (25�35 	m) and of degree of bifurcation.
Spicules are hollow and seated on a rounded disk 2.3�4.5 	m in diameter.

Plate-scales are elongately ellipsoidal, 3.5�5.5 % 8�12 	m, sometimes slightly curved, patternless, except for a
faintly developed axial thickening; a marginal rim is absent.

Habitat: Freshwater, but occasionally in brackish and marine waters
Occurrence: Germany ([as A. viridis] Grenacher, 1869; [as A. pallida] Greeff, 1869; Hertwig & Lesser, 1874;

Penard, 1890; Zacharias, 1894, 1903; Schaudinn, 1896 b; Schulz, 1961), England (Carter, 1863; Archer, 1869; Cash &
Wailes, 1921), Ireland (Cash & Wailes, 1921), France (Brugerolle & Mignot, 1984 a), Switzerland (Imhoff, 1866;
Penard, 1901; Heuscher, 1917), Italy ([partly as A. viridis] Imhoff, 1866), the Netherlands (Hoogenraad & De Groot,
1935, 1940; Siemensma, 1981), Finland (Levander, 1900), Sweden (Thomasson, 1951; Siemensma, 1991), Russia
(Mikrjukov, 1993 b), Crimea (�
��-���, 1999 �), Karelia (Mikrjukov, 2001), USA (Leidy, 1879), Canada (Nicholls,
1983), Chile (Dürrschmidt, 1985), Argentina (Carbonell, 1937; Vigna, 1988), India (Schaudinn, 1896 a), Australia
(Croome, 1986; Mikrjukov & Patterson, 2002). In brackish and marine waters: Gulf of Finland (S~6:: Vørs, 1992 b),
plankton of Kattegat (S~22:: Vørs, 1992 a), antarctic plankton (S~35:: Croome et al., 1987).

16 (79). A. astrakhanensis Mikrjukov, 1993 (Fig. 27, ;)
Diagnosis: Cells are about 30 	m in diameter with plate-scales and one type of spicules in the periplast. Spicules

are straight, 8�10 	m long; the shaft is cylindrical, about 0.3 	m in diameter, of uniform thickness; the apex is divided
into two furcae, about 0.5 	m long, tapering towards obtuse ends without secondary bifurcation.

Plate-scales are oval, 3.0�3.2 % 1.6 	m with a clear axial rib.
Habitat: Fresh and brackish waters
Occurrence: Volga outfall (Mikrjukov, 1993 b), the Black Sea, Crimea coast (S~ 18:: �
��-���, 1999 �).

17 (80).  A. cornuta Dürrschmidt, 1987 (Fig. 27, ^)
Diagnosis: Periplast is 15�20 	m in diameter with plate-scales and one type of spicules. Spicules, 3.2�4.4 	m long,

consist of the base-plate, the shaft and the forked apex; the shaft is hollow, cylindrical, 0.1 	m thick; the base-plate is
circular, about 0.5 	m in diameter; the apex furcated with two sharp branches, 1 	m long; an inner edge of each branch
with 2�4 sharp teeth; an outer edge is smooth.

Plate-scales are elliptical, 2.3�3.0 % 1.5�1.9 Xm, with a small peripheral rim; the ornamentation consist of an axial
thickening and weakly-developed radial folds.

Habitat: Freshwater
Occurrence: Chile, New Zealand, Canada (Dürrschmidt, 1987 a), Australia (Croome, 1987 b).

18 (81). A. bicornis Dürrschmidt, 1987 (Fig. 27, �)
Diagnosis: Periplast is 15�25 	m in diameter with plate-scales and two types of spicules (long and short). Spicules

consist of the shaft, the base-plate and the furcate apex; the shaft is narrow, cylindrical, 0.12 	m in diameter; the base-
plate, 0.6�0.8 	m in diameter, is circular, with a slightly upturned edges. The long spicules, 4�5 	m long, with a tooth
on the inner surface of furcae (0.7 	m long); distal ends are rimmed; the short spicules, 2.0�3.2 	m long, with a
broadened fork on the apex, usually with one or two teeth of various length on the inner edge of each branch; furcae are
secondarily bifurcated on the branches of various length.

Plate-scales are elliptical, 2.7 % 1.6 	m, sometimes slightly curved, patternless, except for an axial thickening.
Habitat: Freshwater
Occurrence: New Zealand, Chile, Sri-Lanka (Dürrschmidt, 1987 a).
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ÓÊÀÇÀÒÅËÜ ËÀÒÈÍÑÊÈÕ ÍÀÇÂÀÍÈÉ

Acanthocystidae 5, 6, 15, 26, 27, 28, 29, 30,
         41, 53, 81, 83,91,126

Acanthocystis 6, 8, 26, 27, 28, 29, 30, 32, 34,
53, 54, 71, 73, 74, 77, 79, 91,
103, 129

— aculeata   69, 101
— astrakhanensis   34, 35, 72, 79, 104,

                                      108, 132
— bicornis   73, 79,80, 104, 108
— clathrata   75, 106
— clavata   34, 35, 72, 73, 103, 104, 129
— cordiformis   69, 102
— cordiformis ssp. parvula   68, 101
— cornuta   72, 79, 108
— cuneiformis   65, 99
— discoidea   58, 93
— dresscheri   75, 105
 — echinata   66, 99
— erinaceoides   64, 97
—  flabellata   56, 92
—  flabellata novae-zelandiae   56, 92
—  foliacea   61, 96
 —  foliacea ssp. elongata   61, 96
— foliacea ssp. truncata   61,96
—  formosa   57, 93
—  fortesca   65, 98
— granulata   69, 101
— heterospina  75, 105
— kilianii   64, 98
— klepica   46, 85
— latimarginalis   65, 98
— lemani   52, 90
— myriospina   34, 68, 72, 74, 75, 103,

    105, 131
— nichollsi   72, 76, 77, 104, 107
— ovata   58, 93
— paliformis   61, 95
— pallida   78, 108
—  pantopoda  69, 102
— pantopodeoides   65, 99
—  pectinata   30, 34, 35, 72, 76, 77, 104, 106
—  pectinata ssp. ceylanica   77, 106
— pectinata ssp. malayensis   77, 106
— pelagica  70, 102
—  penardi   30, 32, 34, 35, 72, 74, 75,

        103, 104, 105, 130
— penardi ssp. pusilla    75, 106
—  perpusilla    68, 100
— pertusa   69, 101
—  pinnata   62, 96
—  plumosa     62, 96
— polymorpha   72, 77, 104
—  pteracantha   60, 94
—  pteromorphos    64, 98
—  pulchra    61. 96
— pyriformis   61, 95
— quadrifurca   72, 74, 75, 104, 106
— radiosa   76, 106
— rasilis   56, 92
—  rhytidos    69, 101

— rotundata   70, 102
— rotundata ssp. rotoairense   68, 101
— saphonovi   19, 20, 34, 72, 74, 76,

             104, 106, 130
— scaposa   66, 99
—  serrata   69, 101
— simplex   46, 85
— spinifera   72, 73, 74, 105
— striata    60, 95
— takahashii   72, 77, 78, 107
— taurica   34, 72, 74, 76, 106, 131
— tennuispina    44, 85
— trifurca    75, 105
— tropica   60, 95
— tropica ssp. paucistriata   60, 95
— tubata   72, 74, 75, 105
— turfacea   8, 11, 28, 30, 32, 34, 35, 71,
                  72, 73, 78, 79, 103, 104, 108
— umbraculiformis   56, 92
— valdiviense   72, 77, 78, 104, 107
— veliformis   58, 93
— viridis   78, 108
— wiasemskii   18, 30, 34, 71, 73, 103,
                         104, 129

Actinocoryne   10, 12, 81
— contractilis   25

Actinolophus   81
— minutus   45, 85

Actinomonadidae   12
Actinophryida   9, 10, 11, 14, 81
Actinophrys   10, 11

— sol   18
— tauryanini   19, 20
— viridis   78, 108

Actinosphaerium   11, 23
Animalia   9
Apedinellaceae    12
Apedinella radians   12
Astrodisculus

— laciniatus   42, 84
— radians    42, 84

Centrohelea   8, 41, 82, 83
Centrohelida   9, 10, 14, 15, 37, 41, 81, 83
Centroheliozoa   5, 7, 11, 14, 15, 24, 38, 82
Chlamydaster   5, 24, 25, 33, 41, 42, 83, 84

—  fimbriatus   42, 84
— laciniatus   42, 84
— sterni   18, 33, 34, 37, 42, 84

Choanocystis   6, 26, 27, 28, 29, 30, 32, 34,
                      54, 66, 67, 68, 70, 71, 91, 99,
                       100, 102, 103, 126

— aculeata    14, 15, 20, 21, 34, 35, 36,
                     67, 69, 81 100, 101
— bicornioides   30, 34, 67, 71, 100, 103,
                            128
— ebelii    66, 67, 70, 99, 102
— kareliensis   19, 34,66, 67, 71, 99, 102,
                          127
— lepidula    30, 66, 67, 68, 99, 100
— lepidula  ssp. rossica  68, 100

— malyutini  30,34, 67, 71, 100, 103, 128
— pantopoda   34, 67, 69, 100, 102
— pelagica   19, 20, 34, 66, 67, 70, 99,
                      102, 127
— perpusilla   35, 67, 68, 100
— perpusilla  ssp. heterospina   68, 101
— rhytidos    67, 69, 100, 101
— rossica   34, 66, 67, 68, 100, 127
— rotoairense  34, 35, 67, 68, 100, 101,
                         126
— rotundata   67, 70, 100, 102

Cienkowskya    25
—  arborescens   25, 49, 87, 88
—  mereschkowsyki 19, 25, 46, 49, 87, 88

Ciliophryida   9, 10,12
Ciliophrys   10, 21, 38
Cryptista    37
Cyrthophorana   13, 30
Desmothoracida  9, 10, 12
Dimorpha   13

—  elegans    13, 24
Dimorphida    9, 10, 13, 14, 81
Elaeorhanis tauryanini   19, 20
Enterobacter aerogenes  18
Fungi    9, 37
Gymnophrea   37, 38, 82
Gymnophrys   38

— cometa   37
Gymnosphaera   12, 81
Gymnosphaerida   9, 10, 12, 14, 81
Hedraiophrys   10, 12, 81

—  rousei   12
Hedriocystis zhadani   19
Heliozoa    7, 9, 81, 83
Heterophryidae   5, 15, 25, 28, 41, 42, 81, 83,
                            119
Heterophrys   5, 16, 25, 33, 41, 43, 44, 83,
                     83, 84, 85, 119, 120

— elati    45, 85
— febvrechevalierae   45, 85
—  fockii  25, 43, 84
— glabrescens   45, 85
— magna   45, 85
— marina   17, 18, 19, 24, 25, 33, 35, 44,
                   45, 81, 85, 120
— minutus   16, 17, 19, 25, 30, 33, 44,
                    45, 85, 119
— multipoda  45, 85
— myriopoda  25, 33, 43, 44, 84, 85, 120
—  pavessii    52, 54, 90
—   pusilla   45, 85
—   radiata   45, 85
— simplex   25, 44, 45, 46, 85
— spinifera   45, 85
—  viridis    44, 85

Heteroraphidiophrys   6, 26, 29, 53, 54, 55,
                                    91, 126

—  australis    47, 55, 91, 126
Lithocolla globosa    19
Metazoa    7, 16, 37
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Microsol   43, 84
— borealis   45, 85

Monadofilosa   38
Nucleariidae   13
Opisthokonta    37
Oxnerella   5, 25, 41, 83

— maritima   21, 23, 41, 42, 83
Palatinella   13, 30
Parabasalia   37
Parasphaerastrum   6, 26, 27, 28, 33, 46, 86,
                                 120

— marina    33, 46, 47, 86, 120
Pedinella     10, 30

— hexacostata     13
Pedinellaceae   12
Pedinellales   9, 10, 12
Plantae   9, 37
Polyplacocystis    6, 26, 27, 28, 33, 46, 47,
                            48,  86, 87, 121

— ambigua   21, 26, 27, 28, 29, 47, 48,
                     49,  86, 88
— arborescens    17, 18, 19, 21, 30, 33,
                           47, 48, 49, 87
— bruni   33, 35, 47, 48, 87, 122
— coerulea   24, 33, 35, 47, 48, 87, 121
— pallida  33, 47, 48, 49, 50, 86, 87, 89,
                  121
— pedunculata  49, 87, 122
— symmetrica   47, 48, 49, 86, 88

Pompholyxophryidae  13
Proteomyxida  37
Protista   9, 82
Pseydopedinella   30

—  tricostata   13, 30
Pseudoraphidocystis   6, 26, 29, 53, 55, 91,
                                     92

 — flabellata    55
 — flabellata  ssp. flabellata  55, 56, 92
 — flabellata  ssp. novae-zelandiae  55,
                                                        56, 92

 — glutinosa  55, 56, 91, 92
 — umbraculiformis  55, 56, 92

Pseudoraphidiophrys   6, 26, 29, 54, 57, 58,
                                     91, 93

 — discoidea   57, 58, 93
— formosa   57, 93
— ovata    57, 58, 93
— veliformis   57, 58, 93

Pterocystis  6, 26, 27, 28, 29, 30, 54,  58, 59,
                   91, 94

 — anapoda   35, 59, 62, 94, 97
 — ebelii   70, 102
 — foliacea   59, 61, 94, 96
 — paliformis   59, 60, 61, 94, 95
— pinnata  59, 62, 94, 96
— plumosa  59, 62, 94, 96
— pteracantha  29, 30, 58, 59, 60, 94
— pulchra     59, 61, 94,96
—  pyriformis   59, 60, 61, 94, 95
—  raineri   65, 98
—  striata    59, 60, 94, 95
—  tropica   59, 60, 94, 95

Rabdiaster  10
—  pertzovi  19, 20

Raineria   63
Raineriophrys 6, 26, 27, 29, 30, 34, 54,  63,
                        91, 97

—  echinata   29, 63, 64, 66, 97, 99
— erinaceoides   34, 35, 63, 64, 97
— fortesca  34, 63, 64, 65, 97, 98
—  kilianii   63, 64, 97, 98
— latimarginalis   63, 64, 65, 97, 98
— pteromorphos   63, 64, 97, 98
— raineri  63, 64, 65, 97, 98
— scaposa  29, 63, 64, 66, 97, 99

Raphidiophryidae   5, 6, 15, 26, 28, 29, 41,
                              46, 81, 83, 86, 120
Raphidiophrys   6, 18, 26, 27, 28, 33, 35, 46,
                        50, 51, 86, 88, 123

—  ambigua  27, 49, 88
— brunii    27, 47, 87

— capitata   27, 50, 51, 88, 89, 123
— coerulea  27, 48, 87
—  contractilis  48, 87
— elegans  27, 33, 35, 50, 51, 88, 89, 124
— glomerata  50, 89
— intermedia   27, 33, 35, 50, 51, 52, 89,
                          124
— marginata  48, 87
— marina   27, 46, 86
—  minuta   27, 50, 51, 52, 88, 89
— neapolitana   47, 87
 — orbicularis   51, 89
 — orbicularis ssp. ovalis   52, 89
—  ovalis    27, 50, 51, 52, 88, 89
— pallida   27, 49, 87
 — pedunculata   27, 49, 87
 — symmetrica   27, 49, 88
— viridis  27, 35, 50, 51, 88, 89, 123

Raphidiophrysopsis   47, 86
— sessilis   48, 87

Raphidocystis   6, 26, 27, 28, 29, 33, 46,  52,
                         54, 90, 125

—  glabra   52, 53, 54, 90
—  glutinosa   56, 92
—  infestans   47, 87
—  lemani   33, 52, 54, 90, 125
—  tubifera  28, 33, 35, 49, 52, 53, 54,
                    88, 90, 125

Rotosphaerida  10, 11, 13, 14, 81
Servetia borealis   18
Sphaerastrum   5, 18, 25, 28, 33, 41, 43, 83,
                         84, 119

— conglobatum   43, 84
—  fockii  33, 43, 84, 119

Spongomonadida  38
Sticholonche   11

—  zanclea  11
Taxopodida  11
Tetradimorpha   10, 13
Trichoda chaetophora   78, 108
Wagnerella borealis   19, 20
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ÏÐÈËÎÆÅÍÈÅ

ÀÒËÀÑ ÔÎÒÎÃÐÀÔÈÉ ÐßÄÀ ÏÐÅÄÑÒÀÂÈÒÅËÅÉ
ÖÅÍÒÐÎÕÅËÈÄÍÛÕ ÑÎËÍÅ×ÍÈÊÎÂ

(âûñóøåííûå ïðåïàðàòû, ÑÝÌ)

Ôîòî 1. À, Á – ðîä Sphaerastrum  Greeff, 1873. Sphaerastrum fockii (Archer, 1869) West, 1901. À – íàðóæíàÿ
îáîëî÷êà èç òàíãåíòàëüíûõ ñïèêóë, Á – åå ôðàãìåíò. Â, Ã – ðîä Heterophrys Archer, 1869. Heterophrys minutus
(Walton, 1905) Mikrjukov, 2000. Â – íàðóæíàÿ îáîëî÷êà, Ã –  ôðàãìåíò îáîëî÷êè è áàçàëüíîé ÷àñòè ñòåáåëü-
êà. Ìàñøòàá (ìêì): À, Â – 10; Á, Ã – 1.

Íàðóæíûå îáîëî÷êè ïðåäñòàâèòåëåé ñåìåéñòâà  Heterophryidae  Poche, 1913
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Ôîòî 2. Ðîä Heterophrys Archer, 1869. À, Á – Heterophrys myriopoda  Archer, 1869.
 À – íàðóæíàÿ îáîëî÷êà èç êîðîòêèõ ðàäèàëüíûõ ñïèêóë. Á – åå ôðàãìåíò. Â, Ã – Heterophrys marina

Hertwig et Lesser, 1874. Â – íàðóæíàÿ îáîëî÷êà ýêçåìïëÿðà èç Áåëîãî ìîðÿ (S=24:), Ã – åå ôðàãìåíò.
Ìàñøòàá (ìêì): À, Â – 10; Á, Ã – 1.

Ôîòî 3. Ðîä Parasphaerastrum Mikrjukov, 1996. Parasphaerastrum marina (Ockleford, 1904) Mikrjukov, 1996.
À – öåëûé ïåðèïëàñò èç ìîðñêîãî àêâàðèóìà ( S=35:), Á – ôðàãìåíò. Ìàñøòàá (ìêì): À – 10; Á – 1.

Ïåðèïëàñòû ïðåäñòàâèòåëåé ñåìåéñòâà Raphidiophryidae  Mikrjukov, 1996
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Ôîòî 4. À, Á – Polyplacocystis pallida (Schulze, 1874) Mikrjukov, 1996. À – öåëûé ïåðèïëàñò, Á – ôðàãìåíò.
Â, Ã – Polyplacocystis coerulea (Penard, 1904) Mikrjukov et Croome, 1998. Â – öåëûé ïåðèïëàñò, Ã – îòäåëüíûå
÷åøóéêè. Ìàñøòàá (ìêì): À, Â – 10; Á, Ã – 1.

 Ðîä Polyplacocystis  Mikrjukov, 1996
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Ôîòî 5. À–Ã – Polyplacocystis bruni (Penard, 1903) Mikrjukov, 1999, ïðåñíîâîäíûé (À, Á) è ìîðñêîé (Â,
Ã). À, Â – öåëûå ïåðèïëàñòû. Á, Ã – îòäåëüíûå ÷åøóéêè. Ä–Æ – Polyplacocystis pedunculata (Mikrjukov, 1994,
1996). Ä – öåëûé ïåðèïëàñò, Å – ÷åøóéêè êëåòî÷íîãî òåëà, Æ – ÷åøóéêè ñòåáåëüêà. Ìàñøòàá (ìêì): À, Â,
Ä – 10; Á, Ã, Å, Æ – 1.
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Ôîòî 6. À, Á – Raphidiophrys capitata Siemensma et Roijackers, 1988.  À – öåëûé ïåðèïëàñò, Á – îòäåëüíûå
÷åøóéêè. Â–Ä – Raphidiophrys viridis Archer, 1867 (òèïîâîé âèä ðîäà). Â – öåëûé ïåðèïëàñò, Ã – îòäåëüíûå
÷åøóéêè, Ä – ôðàãìåíò ÷åøóéêè, èëëþñòðèðóþùèé ïîïåðå÷íóþ ðåáðèñòîñòü. Ìàñøòàá (ìêì): À, Â – 10; Á,
Ã, Ä – 1.

Ðîä Raphidiophrys Archer, 1867
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Ôîòî 7. À, Á – Raphidiophrys elegans Hertwig et Lesser, 1874. À – öåëûé ïåðèïëàñò, Á – îòäåëüíûå
÷åøóéêè. Â–Ä – Raphidiophrys intermedia Penard, 1904. Â – öåëûé ïåðèïëàñò, íîðìàëüíàÿ (Ã) è àáåððàíòíàÿ
(Ä) ÷åøóéêè. Ìàñøòàá (ìêì): À, Â – 10; Á, Ã, Ä – 1.
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Ôîòî 8. À, Á – Raphidocystis lemani (Penard, 1901) Penard, 1904  (òèïîâîé âèä ðîäà). À – äëèííûå (òðóáêî-
âèäíûå) ñïèêóëû, Á – âîðîíêîâèäíûå è ïëàñòèí÷àòûå ÷åøóéêè. Â, Ã – Raphidocystis tubifera Penard, 1904.
Â – öåëûé ïåðèïëàñò, Ã – ôðàãìåíò. Ìàñøòàá (ìêì): Â – 10; îñòàëüíûå – 1.

Ðîä Raphidiocystis Penard, 1904
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Ôîòî 9. Ðîä Heteroraphidiophrys Mikrjukov et Patterson, 2002. Heteroraphidiophrys australis Mikrjukov et Patterson,
2002: À – öåëûé ïåðèïëàñò, Á, Â – äâà òèïà ÷åøóåê. Ìàñøòàá (ìêì): À – 10; Á, Â – 1.

Ôîòî 10. Choanocystis rotoairense (Dürrschmidt, 1987) Mikrjukov, 1995. À – öåëûé ïåðèïëàñò, Á – ïëàñòèí-
÷àòàÿ ÷åøóéêà, Â – ñïèêóëû. Ìàñøòàá (ìêì): À – 10; Á, Â – 1.

Ïåðèïëàñòû ïðåäñòàâèòåëåé ñåìåéñòâà Acanthocystidae Claus, 1874

Ðîä Choanocystis Penard, 1904
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Ôîòî 11. Choanocystis rossica Mikrjukov, 1995, ñomb. n. À – öåëûé ïåðèïëàñò, Á – ñïèêóëû, Â – îñíîâàíèå
ñïèêóë è ÷åøóéêè. Ìàñøòàá (ìêì): À – 10; Á, Â –1.

Ôîòî 12. À, Á – Choanocystis pelagica (Ostenfeld, 1904) Mikrjukov, 1994. À – öåëûé ïåðèïëàñò, Á – ôðàã-
ìåíò. Â, Ã –  Choanocystis kareliensis Mikrjukov, 1994. Â – öåëûé ïåðèïëàñò, Ã – ïëàñòèí÷àòûå ÷åøóéêè.
Ìàñøòàá (ìêì): À, Â – 10; Á, Ã – 1.
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Ôîòî 13. À, Á – Choanocystis bicornioides Mikrjukov, 1995. À – öåëûé ïåðèïëàñò,
Á – ñïèêóëû è ïëàñòèí÷àòûå ÷åøóéêè. Â, Ã –  Choanocystis malyutini Mikrjukov et Sharova, 1995.

Â – öåëûé ïåðèïëàñò, Ã – ñïèêóëû è ïëàñòèí÷àòûå ÷åøóéêè. Ìàñøòàá (ìêì): À, Â – 10; Á, Ã – 1.
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Ôîòî 14. À–Ã – Acanthocystis wiasemskii Ostroumoff, 1917. À – ôîòîãðàôèÿ æèâîãî îðãàíèçìà (ÑÌ), Á –
öåëûé ïåðèïëàñò, Â – ñïèêóëû, Ã – ïëàñòèí÷àòûå ÷åøóéêè. Ä, Å – Acanthocystis clavata Dürrschmidt, 1987. Ä
– öåëûé ïåðèïëàñò, Å – ôðàãìåíò. Ìàñøòàá (ìêì): À – 15, Á – 20, Â – 5, Ã – 2, Ä – 10, Å – 1.

Ðîä Acanthocystis Carter, 1863
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Ôîòî 15. À–Â – Acanthocystis penardi Wailes, 1925. À – öåëûé ïåðèïëàñò, ôðàãìåíò ñ äëèííûìè (Á) è
êîðîòêèìè (Â) ñïèêóëàìè. Ã–Å – Acanthocystis  saphonovi Mikrjukov, 1994. Ã – öåëûé ïåðèïëàñò, Ä – ñåðäöå-
âèäíûå ïëàñòèí÷àòûå ÷åøóéêè, Å – ñïèêóëû. Ìàñøòàá (ìêì): À, Ã – 10; Á, Â, Ä, Å – 1.
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Ôîòî 16. À, Á – Acanthocystis myriospina  Penard, 1890 sensu Dürrschmidt, 1985. À – öåëûé ïåðèïëàñò, Á –
ôðàãìåíò. Â, Ã – Acanthocystis taurica Mikrjukov, 1997. Â – öåëûé ïåðèïëàñò, Ã – ñïèêóëû. Ìàñøòàá (ìêì): À,
Â – 10; Á, Ã –  1.



Ôîòî 17. À, Á –  Acanthocystis astrakhanensis Mikrjukov, 1993. À – öåëûé ïåðèïëàñò, Á – ðàçäâîåííûå âåðõóø-
êè ñïèêóë. Ìàñøòàá (ìêì): À – 10; Á – 1.

Ãîâîðÿò, ÷òî òàëàíòëèâûé ÷åëîâåê — ýòî òîò, êòî ëåã-
êî äåëàåò òî, ÷òî äðóãèì êàæåòñÿ î÷åíü òðóäíûì, à ãåíè-
àëüíûé — òîò, êòî äåëàåò òî, ÷òî äðóãèì êàæåòñÿ íåâîç-
ìîæíûì. Àâòîð ýòîé êíèãè — Êèðèëë Àíäðååâè÷ Ìèê-
ðþêîâ — ñäåëàë íåâîçìîæíîå: â 30 ëåò îí ñòàë îñíîâàòå-
ëåì íîâîãî íàïðàâëåíèÿ ïðîòîçîîëîãè÷åñêîé íàóêè.

Ê.À.Ìèêðþêîâ ðîäèëñÿ â 1969 ã. â ã. Þæíî-Ñà-
õàëèíñêå, âûðîñ â Ìîñêâå, è åùå øêîëüíèêîì ñòàë çà-
íèìàòüñÿ â øêîëüíîì çîîëîãè÷åñêîì êðóæêå ïðè êàôåä-
ðå çîîëîãèè áåñïîçâîíî÷íûõ Ìîñêîâñêîãî ãîñóäàð-
ñòâåííîãî óíèâåðñèòåòà. Ïîñëå îêîí÷àíèÿ ñðåäíåé øêî-
ëû Ê.À.Ìèêðþêîâ ïîñòóïèë íà áèîëîãè÷åñêèé ôàêóëü-
òåò ÌÃÓ è ñ ïåðâîãî êóðñà ñòàë çàíèìàòüñÿ íàó÷íîé ðà-
áîòîé íà êàôåäðå çîîëîãèè áåñïîçâîíî÷íûõ. Â 1994 ã. îí
áëåñòÿùå çàùèòèë êàíäèäàòñêóþ äèññåðòàöèþ, à â 2000
ãîäó — äîêòîðñêóþ. Âñå ýòî îí äåëàë â òå ñàìûå äåâÿíî-

ñòûå ãîäû ÕÕ âåêà, êîòîðûå ñ÷èòàþòñÿ êðèçèñíûìè äëÿ ðîññèéñêîé íàóêè.  Â  ýòè  ãîäû
Ê.À.Ìèêðþêîâ îïóáëèêîâàë áîëåå 50 ðàáîò â ñàìûõ ïðåñòèæíûõ ìåæäóíàðîäíûõ è îòå-
÷åñòâåííûõ æóðíàëàõ è áûñòðî ñòàë èçâåñòåí âî âñåì ìèðå. Íå äîñòèãøåãî 30 ëåò èññëå-
äîâàòåëÿ ïðèãëàøàþò íà ìåæäóíàðîäíûå êîíãðåññû, îí âûñòóïàåò êàê ïðèçíàííûé âñå-
ìè ýêñïåðò ïî ñîëíå÷íèêàì â ìèðîâûõ öåíòðàõ ïðîòîçîîëîãèè.

Ê.À.Ìèêðþêîâ áûë ïðèðîæäåííûé ïðåïîäàâàòåëü. Åãî ëþáèëè ñòóäåíòû, è óæå â þíûå
ãîäû îí ÷èòàë ëåêöèè íå êàê àñïèðàíò, à êàê ïðîôåññîð.

Âíåçàïíàÿ òðàãè÷åñêàÿ ñìåðòü çàñòèãëà åãî 29 àïðåëÿ 2000 ã. Îí óøåë îò íàñ âåñíîé âî
âðåìÿ ïîåçäêè íà ïðèðîäó íà çàðå ñâîåé þíîé æèçíè. Åãî âêëàä â íàóêó íèêîãäà íå ïîòåðÿåò
ñâîåãî çíà÷åíèÿ, à âñå, êòî çíàë åãî ëè÷íî, íèêîãäà íå çàáóäóò ýòîãî ñâåòëîãî ÷åëîâåêà.


