
ÎÏÛÒ ÂÛÐÀÙÈÂÀÍÈß ÁÓÐÎÉ ÂÎÄÎÐÎÑËÈ
COSTARIA COSTATA (COSTARIACEAE, PHAEOPHYCEAE)

Â ÏÐÈÌÎÐÜÅ

© Ò. Í. Êðóïíîâà

Òèõîîêåàíñêèé íàó÷íî-èññëåäîâàòåëüñêèé ðûáîõîçÿéñòâåííûé öåíòð
(ÔÃÁÍÓ «ÒÈÍÐÎ-Öåíòð»), ã. Âëàäèâîñòîê

E-mail: krupnova@tinro.ru

Â ñâÿçè ñ íàìåòèâøåéñÿ â ïîñëåäíèå äåñÿòèëåòèÿ òåíäåíöèåé ê ñíèæåíèþ çàïàñîâ
áóðûõ âîäîðîñëåé â ïðèáðåæüå Ïðèìîðüÿ, è â ÷àñòíîñòè ïåðñïåêòèâíîé äëÿ ïðîìûñ-
ëà áóðîé âîäîðîñëè êîñòàðèè ðåáðèñòîé Costaria costata (Ag.) Saund., ïðåäñòàâëÿåòñÿ
âåñüìà àêòóàëüíîé ðàçðàáîòêà ìåòîäîâ åå êóëüòèâèðîâàíèÿ. Èññëåäîâàëèñü îñîáåí-
íîñòè ñïîðîíîøåíèÿ C. costata, âûÿâëåíû ñðîêè çàêëàäêè ñïîðîíîñíîé òêàíè, ïåðèîä
åå ìàêñèìàëüíîãî ðàçâèòèÿ, ñðîêè âûõîäà çîîñïîð è ïîÿâëåíèÿ þâåíèëüíûõ ïðîðîñò-
êîâ. Íà îñíîâå ñåðèè ýêñïåðèìåíòàëüíûõ ðàáîò ïî îñïîðèâàíèþ ñóáñòðàòîâ çîî-
ñïîðàìè C. costata â ðàçíîå âðåìÿ è àíàëèçà ðîñòà ñïîðîôèòîâ íà ïëàíòàöèÿõ ðàçðàáî-
òàíû îñíîâíûå áèîíîðìàòèâû åå êóëüòèâèðîâàíèÿ. Ïîëó÷åííûå äàííûå ïî áèîëîãèè
C. costata è ìàòåðèàëû ýêñïåðèìåíòîâ ïî âûðàùèâàíèþ íà ïîäâåñíûõ ïëàíòàöèÿõ ìî-
ãóò áûòü èñïîëüçîâàíû äëÿ áèîëîãè÷åñêîãî îáîñíîâàíèÿ êóëüòèâèðîâàíèÿ ýòîé âîäî-
ðîñëè â ïðîìûøëåííûõ ìàñøòàáàõ.

Ê ë þ ÷ å â û å ñ ë î â à: áóðàÿ âîäîðîñëü Costaria costata, ñïîðîíîñíàÿ òêàíü, çîî-
ñïîðû, ñïîðîôèòû, òåìïåðàòóðà âîäû, çàïàñ, êóëüòèâèðîâàíèå.

Â ïîñëåäíèå ãîäû â ïðèáðåæüå Ïðèìîðüÿ íàáëþäàåòñÿ òåíäåíöèÿ ê ñíèæå-
íèþ çàïàñîâ áóðûõ âîäîðîñëåé, ÷òî îáóñëîâëåíî ðàçëè÷íûìè ïðè÷èíàìè,
ãëàâíîé èç êîòîðûõ ÿâëÿåòñÿ ÷ðåçìåðíûé ïðîìûñåë â ãîäû ñ íåáëàãîïðèÿòíû-
ìè óñëîâèÿìè äëÿ ðàçâèòèÿ âîäîðîñëåé. Íà íåêîòîðûõ ó÷àñòêàõ ïðèáðåæüÿ
ìàòî÷íûå ñëîåâèùà ìàêðîôèòîâ îòñóòñòâóþò èëè íàõîäÿòñÿ â ðàçðåæåííîì
ñîñòîÿíèè, ÷òî ïðåïÿòñòâóåò ïîëíîöåííîìó âîññòàíîâëåíèþ çàïàñîâ. Â ñâÿçè
ñ ýòèì ïðåäñòàâëÿåòñÿ àêòóàëüíîé ðàçðàáîòêà áèîòåõíîëîãèé êóëüòèâèðîâà-
íèÿ íà ïîäâåñíûõ èëè äîííûõ ïëàíòàöèÿõ, ñïîñîáñòâóþùèõ ñîõðàíåíèþ è åñ-
òåñòâåííîìó âîññòàíîâëåíèþ ïîëåé âîäîðîñëåé â òðàäèöèîííûõ ìåñòàõ èõ
ïðîèçðàñòàíèÿ,

Ïðè ââåäåíèè â êóëüòóðó âîäîðîñëåé îáû÷íî ðóêîâîäñòâóþòñÿ òàêèìè
òðåáîâàíèÿìè, êàê êîìïîíåíòíûé ñîñòàâ ñëîåâèù, íåçíà÷èòåëüíûå åñòåñòâåí-
íûå ðåñóðñû èëè èõ íåñòàáèëüíîñòü, èçó÷åííîñòü áèîëîãèè, à òàêæå âîçìîæ-
íîñòü âèäà ïîääàâàòüñÿ êóëüòèâèðîâàíèþ. Âñåì ýòèì ïîëîæåíèÿì îòâå÷àåò
áóðàÿ âîäîðîñëü êîñòàðèÿ ðåáðèñòàÿ (ðèñ. 1).
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Ðèñ. 1. Costaria costata,
âûðàùåííàÿ íà ïîäâåñ-
íîé ïëàíòàöèè â þæíîì

Ïðèìîðüå.

Fig. 1. Cultivated Costa-
ria costata from hanging
plantation of South Pri-

morye.

Ðèñ. 2. Ïåðôîðàöèè è ñåò÷àòûé ðåëüåô íà ïëàñòèíå Costaria costata.

Fig. 2. Perforations and reticular relief on the Costaria costata lamina.



Êîñòàðèÿ ðåáðèñòàÿ Costaria costata (Ag.) Saund. äî íåäàâíåãî âðåìåíè îò-
íîñèëàñü ê ñåìåéñòâó ëàìèíàðèåâûõ (Laminariaceae). Â ðåçóëüòàòå ñðàâíè-
òåëüíîãî ìîëåêóëÿðíî-ãåíåòè÷åñêîãî àíàëèçà ðîä Costaria âìåñòå ñ ðîäàìè
Agarum, Dictyoneurum è Thalassiophyllum áûë âûäåëåí â îòäåëüíîå ñåìåéñòâî
Costariaceae [1], äëÿ êîòîðîãî õàðàêòåðíî íàëè÷èå íà ïëàñòèíàõ ïåðôîðàöèé è
ñåò÷àòîãî ðåëüåôà â âèäå âûïóêëîñòåé è âïàäèí (ðèñ. 1, 2).

C. costata — áîðåàëüíûé òèõîîêåàíñêèé âèä, åãî àðåàë îõâàòûâàåò ó÷àñòêè
â ñåâåðíîé ÷àñòè Àçèàòñêîãî è Àìåðèêàíñêîãî ïðèáðåæèé Òèõîãî îêåàíà.
Ó ðîññèéñêèõ áåðåãîâ ýòà âîäîðîñëü ðàñïðîñòðàíåíà îò þæíûõ ãðàíèö Ïðèìî-
ðüÿ äî çàë. ×èõà÷åâà [2, 3], ïðîèçðàñòàåò îíà òàêæå ó áåðåãîâ î-âà Ñàõàëèí è
âäîëü Êóðèëüñêèõ îñòðîâîâ [4—7]. Ó áåðåãîâ Ñåâåðíîé Àìåðèêè C. costata
âñòðå÷àåòñÿ îò Àëåóòñêèõ îñòðîâîâ äî ïîáåðåæüÿ Þæíîé Êàëèôîðíèè [8, 9].
Þæíàÿ ãðàíèöà åå àðåàëà â ßïîíñêîì ìîðå ïðîõîäèò ó âîñòî÷íîãî ïîáåðåæüÿ
Êîðåéñêîãî ï-îâà [10—12]. Íà òèõîîêåàíñêîì ïîáåðåæüå ßïîíèè îíà ðàñïðî-
ñòðàíåíà ó áåðåãîâ Õîíñþ è Õîêêàéäî [13, 14] (ðèñ. 3). Â ïðèáðåæüå Ïðèìîðüÿ
C. costata ïðîèçðàñòàåò ñîâìåñòíî ñ ëàìèíàðèåé, â ïðèðîäíûõ óñëîâèÿõ îíà íå
äîìèíèðóåò, îäíàêî ïîñòîÿííî ñîïóòñòâóåò ëàìèíàðèè êàê â ïðèðîäíûõ ïîñå-
ëåíèÿõ, òàê è íà ïðîìûøëåííûõ ïëàíòàöèÿõ. Ñëîåâèùà C. costata ñëóæàò êîð-
ìîì ôèòîôàãàì, â ïåðâóþ î÷åðåäü ñåðîìó (Strongylocentrotus intermedius) è
÷åðíîìó (S. nudus) ìîðñêèì åæàì, à òàêæå áðþõîíîãîìó ìîëëþñêó (Epheria
turrita).

C. costata èìååò ãåòåðîìîðôíûé öèêë ðàçâèòèÿ, â êîòîðîì ìèêðîñêîïè-
÷åñêèé ãàìåòîôèò ñìåíÿåòñÿ êðóïíûì ñïîðîôèòîì. Æèçíåííûé öèêë çàâåðøà-
åòñÿ çà îäèí ãîä, ÷òî ïðèâëåêàòåëüíî äëÿ êóëüòèâèðîâàíèÿ ñ òî÷êè çðåíèÿ íå-
áîëüøèõ çàòðàò.

C. costata õàðàêòåðèçóåòñÿ âûñîêèì ñîäåðæàíèåì ïîëåçíûõ âåùåñòâ è ìî-
æåò ñëóæèòü íàðàâíå ñ ëàìèíàðèåé èñòî÷íèêîì èõ ïîëó÷åíèÿ. Àëüãèíàòû (ñî-
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Ðèñ. 3. Àðåàë Costaria costata.

Fig. 3. Costaria costata areal.



ëè àëüãèíîâîé êèñëîòû) èñïîëüçóþòñÿ âî ìíîãèõ îáëàñòÿõ ïðîìûøëåííîñòè,
îñîáåííî â òåêñòèëüíîé, ìûëîâàðåííîé, ïðè ïðîèçâîäñòâå ïëàñòìàññ. Áëàãî-
äàðÿ óíèêàëüíîé ñïîñîáíîñòè ïîãëîùàòü 200—300-êðàòíûå îáúåìû âîäû ñ
îáðàçîâàíèåì âÿçêèõ ðàñòâîðîâ àëüãèíàòû íàøëè øèðîêîå ïðèìåíåíèå â ïè-
ùåâîé ïðîìûøëåííîñòè è ìåäèöèíå [15]. Ìàííèò èñïîëüçóþò â ïèùåâîé ïðî-
ìûøëåííîñòè, ìåäèöèíå, ïàðôþìåðèè è ìíîãèõ äðóãèõ îáëàñòÿõ. Ñîäåðæà-
íèå ýòèõ âåùåñòâ â ðàñòåíèÿõ ìîæåò èçìåíÿòüñÿ â çàâèñèìîñòè îò ñåçîíà è ìå-
ñòà îáèòàíèÿ, íî âñåãäà îñòàåòñÿ âûñîêèì. Ïî èõ êîëè÷åñòâåííîìó ñîñòàâó
C. costata íå óñòóïàåò îñíîâíîìó ïðîìûñëîâîìó âèäó âîäîðîñëåé — ëàìèíà-
ðèè ÿïîíñêîé. Â ñëîåâèùàõ ëàìèíàðèè ñîäåðæàíèå àëüãèíîâîé êèñëîòû âàðü-
èðóåò â ïðåäåëàõ 22—37 % (ê ñóõîé ìàññå âîäîðîñëåé) è ìàííèòà —
16—18 %, à â ñëîåâèùàõ êîñòàðèè ðåáðèñòîé — 21—38 è 11—17 % ñîîòâåòñò-
âåííî [16].

Â ñòðàíàõ Àçèàòñêî-Òèõîîêåàíñêîãî ðåãèîíà (ßïîíèÿ, ÊÍÄÐ, Þæíàÿ Êî-
ðåÿ è Êèòàé) C. costata óñïåøíî êóëüòèâèðóþò â ïðîìûøëåííûõ ìàñøòàáàõ.
Ïðîâåäåííûå â ïðèáðåæüå Ïðèìîðüÿ èññëåäîâàíèÿ ïî èçó÷åíèþ ñïîðîíîøå-
íèÿ, âûÿâëåíèþ îïòèìàëüíûõ ñðîêîâ îñïîðèâàíèÿ è ìàòåðèàëû ýêñïåðèìåí-
òîâ ïî âûðàùèâàíèþ C. costata íà ïëàíòàöèÿõ ìîãóò ïðåäñòàâëÿòü áèîëîãè÷å-
ñêóþ îñíîâó äëÿ êóëüòèâèðîâàíèÿ ýòîãî âèäà â íàøåé ñòðàíå.

Öåëü ðàáîòû — èçó÷åíèå ñïîðîíîøåíèÿ, âûÿâëåíèå îïòèìàëüíûõ ñðî-
êîâ îñïîðèâàíèÿ è ýêñïåðèìåíòàëüíîå âûðàùèâàíèå ñëîåâèù C. costata
íà ïëàíòàöèÿõ â Ïðèìîðüå.

ÌÀÒÅÐÈÀË È ÌÅÒÎÄÛ

Ñáîð ìàòåðèàëà äëÿ èçó÷åíèÿ ñïîðîíîøåíèÿ C. costata, îïðåäåëåíèÿ îïòè-
ìàëüíîãî ïåðèîäà äëÿ îñïîðèâàíèÿ ñóáñòðàòîâ, à òàêæå ýêñïåðèìåíòàëüíîå
âûðàùèâàíèå âîäîðîñëè íà ïëàíòàöèÿõ ïðîâîäèëè â 1982 è 1983 ãã. â âîäàõ
ñåâåðíîãî (áóõòà Âåñåëàÿ) è â 2010—2014 ãã. — â âîäàõ þæíîãî Ïðèìîðüÿ
(áóõòà Ðèôîâàÿ). Èíòåíñèâíîñòü ñïîðîíîøåíèÿ èçó÷àëè ìåòîäîì îïðåäåëåíèÿ
êîýôôèöèåíòà ïîêðûòèÿ (K) ñëîåâèù ñïîðîíîñíîé òêàíüþ, âû÷èñëÿåìîãî êàê
îòíîøåíèå ñïîðîíîñíîé ïëîùàäè âñåõ ñëîåâèù â âûáîðêå ê èõ îáùåé ïëîùà-
äè. Îòáîð ïðîá äëÿ îöåíêè ñïîðîíîøåíèÿ ïðîâîäèëè ïî âîçìîæíîñòè êàæäûå
10 äíåé ñ àïðåëÿ ïî àâãóñò åæåãîäíî. Èññëåäîâàëè ðàñòåíèÿ ñ ïëàíòàöèè è èç
ïðèðîäíûõ ñîîáùåñòâ. Îäíà âûáîðêà ñîñòàâëÿëà íå ìåíåå 30 ñëîåâèù. Âñåãî
äëÿ èçó÷åíèÿ ñïîðîíîøåíèÿ èçìåðåíî îêîëî 1000 ðàñòåíèé C. costata, äëÿ èçó-
÷åíèÿ ðîñòîâûõ õàðàêòåðèñòèê ïðè êóëüòèâèðîâàíèè íà ïëàíòàöèè — 3600 ýê-
çåìïëÿðîâ. Ðàçâèòèå ñïîðîíîñíîé òêàíè èçó÷àëè òàêæå è íà ïîïåðå÷íûõ ñðå-
çàõ, âûïîëíåííûõ âðó÷íóþ è íà ìèêðîòîìå 38 FX-802A (Coper Electronics Co.,
Ltd., ßïîíèÿ) ñ ïðèìåíåíèåì ãåëü-ôèêñàöèè; ôîòîãðàôèè ñäåëàíû ôîòîàïïà-
ðàòîì FX-35DX (Nikon, ßïîíèÿ). Îñïîðèâàíèå ñóáñòðàòîâ çîîñïîðàìè C. cos-
tata ïðîâîäèëè â ñîîòâåòñòâèè ñ ìåòîäèêîé, ïðèíÿòîé äëÿ ëàìèíàðèè [17, 18].
Ñóáñòðàòîì äëÿ ýêñïåðèìåíòàëüíîãî âûðàùèâàíèÿ ðàññàäû ñëóæèëè ïîâîä-
öû, âûïîëíåííûå èç ñåòî÷íèêà äèàìåòðîì 8 ìì è äëèíîé 5 ì.

Òåìïåðàòóðó âîäû èçìåðÿëè èíñòðóìåíòàëüíûì ìåòîäîì ïî âîçìîæ-
íîñòè åæåäíåâíî íà ïîâåðõíîñòè è ó äíà, òàêæå èñïîëüçîâàëè äàííûå ïî
òåìïåðàòóðå âîäû, ïîëó÷åííûå ñî ñïóòíèêîâ Terra è Aqua, îñíàùåííûõ ñêà-
íåðîì MODIS [19].
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ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Çàïàñû C. costata, ðàñïðåäåëåíèå ïî ãëóáèíàì,
âñòðå÷àåìîñòü â ïðèáðåæüå Ïðèìîðüÿ

Çàïàñû ïðîìûñëîâûõ âîäîðîñëåé è òðàâ âäîëü âñåãî ïðèáðåæüÿ Ïðèìîðüÿ
íà÷àëè èññëåäîâàòü ñ 30-õ ãîäîâ ÕÕ âåêà. Îäíàêî äëÿ C. costata èìåþòñÿ äàí-
íûå òîëüêî äëÿ íåêîòîðûõ ó÷àñòêîâ, ãëàâíûì îáðàçîì äëÿ ðàéîíîâ îò ì. Ïîâî-
ðîòíîãî äî ì. Ãðîçíîãî è îò çàëèâà Îëüãè äî ì. Áåëêèíà. Ïî äàííûì àðõèâíûõ
îò÷åòîâ ÒÈÍÐÎ, íà ó÷àñòêå ì. Ïîâîðîòíûé — ì. Ãðîçíûé çàïàñû C. costata
âñåãäà èìåëè îòíîñèòåëüíî ñòàáèëüíûé íèçêèé óðîâåíü, çà èñêëþ÷åíèåì 1977
è 2005 ãã. (ðèñ. 4). Â ïîñëåäíèå ãîäû ïðîèñõîäèëî ñìåùåíèå çîíû ïðîèçðàñòà-
íèÿ C. costata íà ìåëêîâîäüå — íà ãëóáèíû 0—5 ì, ÷òî âûçâàëî èçìåëü÷àíèå
ñëîåâèù è, ñëåäîâàòåëüíî, ñîêðàùåíèå çàïàñîâ (ðèñ. 5). Òàêæå íàáëþäàåòñÿ
ðàçðåæèâàíèå ïîñåëåíèé C. costata: ïîëÿ ñ ïðîåêòèâíûì ïîêðûòèåì (ÏÏ)
60—100 % ïðàêòè÷åñêè íå âñòðå÷àþòñÿ, ïîëÿ ñ ÏÏ 30—60 % âñòðå÷àþòñÿ ðåä-
êî, îñíîâó ïîñåëåíèé ñîñòàâëÿþò ïîëÿ ñ ÏÏ äî 30 % (ðèñ. 6). Â ñâÿçè ñ íåáîëü-
øèìè ïðèðîäíûìè çàïàñàìè C. costata, èõ íåñòàáèëüíîñòüþ, à òàêæå ñìåùå-
íèåì çàðîñëåé íà ìåëêîâîäüå öåëåñîîáðàçíî óäåëèòü îñîáîå âíèìàíèå ðàçðà-
áîòêå áèîòåõíîëîãèè êóëüòèâèðîâàíèÿ ýòîãî öåííîãî âèäà.

Ñïîðîíîøåíèå C. costata â ïðèáðåæüå þæíîãî Ïðèìîðüÿ

Òåõíîëîãèÿ êóëüòèâèðîâàíèÿ âîäîðîñëåé ñòðîèòñÿ íà çíàíèÿõ îá îñîáåí-
íîñòÿõ ðàçìíîæåíèÿ, êîòîðûå íåîáõîäèìû äëÿ îïðåäåëåíèÿ îïòèìàëüíûõ
ñðîêîâ îñïîðèâàíèÿ ñóáñòðàòîâ, ðåãóëèðîâàíèÿ ñðîêîâ ïîÿâëåíèÿ ðàññàäû è
ïîëó÷åíèÿ óðîæàÿ ñ çàäàííûìè òîâàðíûìè êà÷åñòâàìè.
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Ðèñ. 4. Çàïàñû Costaria costata íà ó÷àñòêå îò ìûñà Ïîâîðîòíûé äî ìûñà Ãðîçíûé.

Ïî ãîðèçîíòàëè — ãîäû; ïî âåðòèêàëè — çàïàñ, ò.

Fig. 4. Costaria costata stock on the territory from Cape Povorotnyi to Cape Groznyi.

X-axis — years; y-axis — stock, ton.



Ïåðâûì ýòàïîì ÿâëÿåòñÿ èçó÷åíèå ñðîêîâ ñïîðîíîøåíèÿ äëÿ ðàéîíîâ
ïðåäïîëàãàåìîãî êóëüòèâèðîâàíèÿ. Â ñâÿçè ñ ýòèì áûëî ïðîâåäåíî èçó÷åíèå
ðàçâèòèÿ ñïîðîíîñíîé òêàíè C. costata â ïðèáðåæüå Ïðèìîðüÿ. Äëÿ þæíîãî
Ïðèìîðüÿ â íà÷àëå ìàÿ ñïîðîíîñíàÿ òêàíü ó áîëüøèíñòâà ñëîåâèù îòñóòñòâî-
âàëà, â íà÷àëå èþíÿ ïðîèçîøëà åå çàêëàäêà ó 90 % ñëîåâèù. Ê ñåðåäèíå èþíÿ
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Ðèñ. 5. Ðàñïðåäåëåíèå Costaria costata ïî ãëóáèíàì â ïðèáðåæüå Ïðèìîðüÿ.

Ïî ãîðèçîíòàëè — ãîäû; ïî âåðòèêàëè — ÷àñòîòà âñòðå÷àåìîñòè, %.

Fig. 5. Depth distribution of Costaria costata in coastal zone of Primorye.

X-axis — years; y-axis — frequency, %.

Ðèñ. 6. ×àñòîòà âñòðå÷àåìîñòè ïîëåé Costaria costata ñ ðàçëè÷íûì ÏÏ ñóáñòðàòà â ïðè-
áðåæüå Ïðèìîðüÿ â ïåðèîä 2005—2010 ãã.

Ïî âåðòèêàëè — ãîäû; ïî ãîðèçîíòàëè — ÷àñòîòà âñòðå÷àåìîñòè, %.

Fig. 6. Frequency of Costaria costata fields with different projective cover in coastal zone of
Primorye from 2005 to 2010.

X-axis — years; y-axis — frequency, %.



44.2 % ñëîåâèù C. costata èìåëè õîðîøî ðàçâèòóþ ñïîðîíîñíóþ òêàíü, ó
41.3 % ñëîåâèù îíà áûëà â âèäå íåáîëüøèõ ïÿòåí è ëèøü ó 14.4 % îíà åùå íå
íà÷àëà ðàçâèâàòüñÿ. Â öåëîì êîýôôèöèåíò ïîêðûòèÿ (K) ñïîðîíîñíîé òêàíüþ
áûë ðàâåí 0.13.

Ïîÿâëÿþùàÿñÿ ñïîðîíîñíàÿ òêàíü âûãëÿäèò êàê áîëåå òåìíûå ó÷àñòêè íà
òàëëîìàõ è ëîêàëèçóåòñÿ â èõ óãëóáëåíèÿõ, ðàçðàñòàÿñü ïî ìåðå ðàçâèòèÿ è
ñëèâàÿñü â îäíî ïÿòíî. Èíîãäà âñòðå÷àåòñÿ ðàçâèòèå òêàíè â âèäå ïîëîñ âäîëü
ïëàñòèíû. Â îñíîâíîì ðàçâèòèå ñïîðîíîñíîé òêàíè âñåãäà íà÷èíàåòñÿ ñ îñíî-
âàíèÿ òàëëîìà.

Â ñåðåäèíå èþíÿ ñïîðîíîñíàÿ òêàíü óæå ñîñòîèò èç ñîçðåâøèõ ñïîðàíãèåâ
è ïàðàôèç (ðèñ. 7). Íà ñðåçàõ ñïîðàíãèè è ïàðàôèçû ðàçëè÷àþòñÿ ïî ðàçìåðó è
ôîðìå. Ñïîðàíãèè óäëèíåííî-îâàëüíîé ôîðìû ñ îêðóãëûìè øàïî÷êàìè. Ïà-
ðàôèçû âîçâûøàþòñÿ íàä ñïîðàíãèÿìè, ïîñêîëüêó îíè äëèííåå; ñëèçèñòûå
øàïî÷êè òðàïåöèåâèäíîé ôîðìû. Ðàçìåðû ñïîðàíãèåâ áåç ñëèçèñòîé øàïî÷êè
60.9—67.5 ìêì, äëèíà ñëèçèñòîé øàïî÷êè 11.1 ìêì. Ðàçìåðû ïàðàôèç áåç ñëè-
çèñòîé øàïî÷êè 71.9—82.6 ìêì, äëèíà ñëèçèñòîé øàïî÷êè — 13.2 ìêì. Ó ëà-
ìèíàðèè ÿïîíñêîé, ÿâëÿþùåéñÿ ðîäñòâåííûì âèäîì êîñòàðèè ðåáðèñòîé, äëè-
íà çðåëûõ ñïîðàíãèåâ è ïàðàôèç íåñêîëüêî áîëüøå è ðàâíà áåç ñëèçèñòûõ øà-
ïî÷åê 70.4 è 100.8 ìêì ñîîòâåòñòâåííî [20].

Â èþëå êîëè÷åñòâî C. costata ñ õîðîøî ðàçâèòîé ñïîðîíîñíîé òêàíüþ óâå-
ëè÷èëîñü äî 74.8 %, ñëîåâèù áåç ñïîðîíîñíîé òêàíè áûëî äî 7.4 %, îñòàëüíûå
ýêçåìïëÿðû èìåëè ñïîðîíîñíóþ òêàíü â âèäå íåçíà÷èòåëüíûõ ðàçðîçíåííûõ
ïÿòåí è ïîëîñ. Â öåëîì K óâåëè÷èëñÿ äî 0.31. Â èþëå íà ïîïåðå÷íûõ ñðåçàõ
áûëè âèäíû çðåëûå ñïîðàíãèè, â íåêîòîðûõ ñëó÷àÿõ íàáëþäàëñÿ âûõîä ñïîðî-
âîé ìàññû, ÷òî ãîâîðèò î íà÷àâøåìñÿ ïðîöåññå âûõîäà çðåëûõ çîîñïîð. Â àâ-
ãóñòå íà÷èíàåòñÿ àêòèâíûé ïðîöåññ ðàçðóøåíèÿ ñëîåâèù C. costata, â òîì ÷èñ-
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Ðèñ. 7. Ñïîðîíîñíàÿ òêàíü Costaria costata â èþíå 2010 ã. (óâ. � 620).

1 — ñïîðàíãèè, 2 — ïàðàôèçû.

Fig. 7. Costaria costata sporiferous tissue in June 2010 (magnification � 620).

1 — sporangium, 2 — paraphysis.



ëå è ñïîðîíîñíîé òêàíè. Íà ôîòîãðàôèè âèäíû çðåëûå, ñ çîîñïîðàìè è óæå
âûïóñòèâøèå èõ ñïîðàíãèè (ðèñ. 8).

Â àâãóñòå óæå âñå ýêçåìïëÿðû C. costata èìåþò ñïîðîíîñíóþ òêàíü. C. cos-
tata â ïðèðîäå èìååò áîëåå âûñîêóþ ñòåïåíü ðàçâèòèÿ ñïîðîíîñíîé òêàíè ïî
ñðàâíåíèþ ñ ïëàíòàöèîííîé: ê êîíöó èþëÿ ó ïðèðîäíîé C. costata K ðàâåí
0.51, à ó C. costata ñ ïëàíòàöèé — 0.44 (ðèñ. 9).
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Ðèñ. 8. Çðåëûå ñïîðàíãèè Costaria costata â èþëå—àâãóñòå 2010 ã. (óâ. � 620).

Fig. 8. Mature sporangium of Costaria costata in July—August 2010 (magnification� 620).

Ðèñ. 9. Ðàçâèòèå ñïîðîíîñíîé òêàíè Costaria costata â 2010 ã.

1 — ïðèðîäíàÿ, 2 — êóëüòèâèðóåìàÿ. Ïî ãîðèçîíòàëè — âðåìÿ, ïî âåðòèêàëè — êîýôôèöèåíò
ïîêðûòèÿ (K).

Fig. 9. Development of Costaria costata sporiferous tissue in 2010.

1 — natural Costaria, 2 — cultured Costaria. X-axis — time, y-axis — coefficient of coverage (K).



Ýêñïåðèìåíòàëüíîå îñïîðèâàíèå ñóáñòðàòîâ, õàðàêòåðèñòèêà ðîñòà
ñïîðîôèòîâ íà ïëàíòàöèè

Ïðè ïðîâåäåíèè ýêñïåðèìåíòà ïî îñïîðèâàíèþ ñóáñòðàòà óñòàíîâëåíî,
÷òî âûõîä çîîñïîð ïðè ñòèìóëÿöèè ñëîåâèù áîëåå èíòåíñèâåí â íà÷àëå èþëÿ,
÷åì â àâãóñòå. Â èþëå çîîñïîðû âûõîäÿò ïðè ìåíüøåì âðåìåíè ñòèìóëÿöèè è
â áîëüøåì êîëè÷åñòâå. Îñåäàíèå çîîñïîð ãðóïïîâîå, ïî 15—30 øòóê è áîëåå â
ãðóïïå. Òàêîé ãðóïïîâîé ñïîñîá îñåäàíèÿ õàðàêòåðåí è äëÿ ëàìèíàðèè, ÷òî
ñïîñîáñòâóåò óñïåøíîìó îïëîäîòâîðåíèþ è ïîëó÷åíèþ æèçíåñòîéêîé ðàññà-
äû ïðè êóëüòèâèðîâàíèè [18, 21].

Äëÿ äîñòèæåíèÿ ìàññîâîãî âûõîäà çîîñïîð ïðè ïðîìûøëåííîì ïðîâåäå-
íèè îñïîðèâàíèÿ ñóáñòðàòîâ íåîáõîäèìî óñòàíîâèòü ïðîäîëæèòåëüíîñòü ñòè-
ìóëèðîâàíèÿ ìàòî÷íûõ ñëîåâèù. Íàøè èññëåäîâàíèÿ ïîêàçàëè, ÷òî îïòèìàëü-
íûì âðåìåíåì ñòèìóëèðîâàíèÿ ÿâëÿåòñÿ 2—3 ÷ (òàáë. 1). Ïðîäîëæèòåëüíîñòü
ñòèìóëèðîâàíèÿ ìàòî÷íûõ ñëîåâèù C. costata äëÿ ïîëó÷åíèÿ ìàññîâîãî âûõî-
äà çîîñïîð ãîðàçäî êîðî÷å òàêîâîé ó ëàìèíàðèè ÿïîíñêîé, ÷òî ñâÿçàíî, ñêîðåå
âñåãî, ñ áîëåå òîíêèìè ñëîåâèùàìè C. costata (òàáë. 1).

Çíàíèå îïòèìàëüíîãî ñðîêà îñïîðèâàíèÿ ñóáñòðàòîâ çîîñïîðàìè âîäîðîñ-
ëåé äëÿ ïðîìûøëåííîãî êóëüòèâèðîâàíèÿ ÿâëÿåòñÿ çàëîãîì çàêëàäêè õîðîøå-
ãî óðîæàÿ. Äëÿ îïðåäåëåíèÿ ýòîãî ïåðèîäà ïðîâîäèëîñü îñïîðèâàíèå ñóáñòðà-
òîâ çîîñïîðàìè C. costata â ðàçíûå ñðîêè åå ñïîðîíîøåíèÿ. Îòìå÷åíî, ÷òî
îñïîðèâàíèå, ïðîâåäåííîå â íà÷àëå èþëÿ, ïîçâîëèëî ïîëó÷èòü íå òîëüêî áî-
ëåå èíòåíñèâíûé âûõîä çîîñïîð, íî è ðàññàäó â áîëåå ðàííèå ñðîêè — óæå ê
íà÷àëó îêòÿáðÿ. Îñïîðèâàíèå, ïðîâåäåííîå â êîíöå ìàÿ è â êîíöå àâãóñòà, íå
äàëî ïðîðîñòêîâ (òàáë. 2).

369

Ò À Á Ë È Ö À 1

Êîëè÷åñòâî çîîñïîð, âûõîäÿùèõ èç ìàòî÷íûõ ñëîåâèù ïðè ðàçëè÷íîé
ïðîäîëæèòåëüíîñòè ñòèìóëèðîâàíèÿ (áóõòà Ðèôîâàÿ, þæíîå Ïðèìîðüå,

10 èþëÿ 2013 ã.)

Table 1. Quantity of zoospores from spawning thallomes in varying length
of stimulation period (Rifovaya bay, South Primorye, July 10, 2013)

Ïðîäîëæèòåëüíîñòü
ñòèìóëèðîâàíèÿ ìàòî÷íûõ

ñëîåâèù (÷àñû)
Length of spawning thallomes

stimulation period (hour)

Êîëè÷åñòâî çîîñïîð â ïîëå çðåíèÿ ìèêðîñêîïà
ïðè óâåëè÷åíèè �120 (øò.)

Quantity of zoospores per field of view (magnification �120) (item)

Costaria costata Laminaria japonica

1 0 0
2 30 0
3 50 0
4 Åä. 0
5 0 0
6 0 20
7 0 30
8 0 50
9 0 500

10 0 200

Ï ð è ì å ÷ à í è å. Åä. — åäèíè÷íûå.

N o t e. Åä. — single.



Äàííûå òàáë. 2 ñâèäåòåëüñòâóþò, ÷òî îïòèìàëüíûì ïåðèîäîì îñïîðèâàíèÿ
ñóáñòðàòîâ äëÿ êóëüòèâèðîâàíèÿ C. costata ÿâëÿåòñÿ âðåìÿ ñ êîíöà èþíÿ äî ñå-
ðåäèíû èþëÿ. ×åì ðàíüøå è îáèëüíåå ïîÿâëÿåòñÿ ðàññàäà, òåì ïðîäîëæèòåëü-
íåå ñðîê åå âåãåòàöèè è òåì áîëüøå âîçìîæíîñòè ó âçðîñëûõ ñëîåâèù C. costa-
ta äîñòè÷ü âûñîêèõ òîâàðíûõ êà÷åñòâ äî îêîí÷àíèÿ æèçíåííîãî öèêëà. Òàê,
îïòèìàëüíûõ ðàçìåðíî-ìàññîâûõ ïîêàçàòåëåé äîñòèãëè ýêçåìïëÿðû, âûðà-
ùåííûå èç çîîñïîð, îñåâøèõ íà ñóáñòðàò 10 èþëÿ 2011 ã. è äàâøèõ ïðîðîñòêè
óæå â íà÷àëå îêòÿáðÿ ýòîãî æå ãîäà. Ê êîíöó èþëÿ 2012 ã. ýòè ðàñòåíèÿ äîñòèã-
ëè ìàêñèìàëüíûõ ðàçìåðíî-ìàññîâûõ õàðàêòåðèñòèê — èõ ñðåäíÿÿ äëèíà ñî-
ñòàâèëà 90.0 (75.0—115.0) ñì. Â òî æå âðåìÿ äëèíà ðàñòåíèé, âûðàùåííûõ
èç çîîñïîð, îñåäàíèå êîòîðûõ áûëî ïðîâåäåíî 20 èþëÿ 2011 ã. è 5 àâãóñòà
2010 ã., ñîñòàâëÿëà â èþëå 2012 ã. 77.0 (min 43.5, max 95.0) ñì è â èþëå 2011ã.
60.0 (min 23.4, max 85.0) ñì ñîîòâåòñòâåííî (ðèñ. 10).

Â þæíîì Ïðèìîðüå â ïåðâîì âàðèàíòå âûðàùèâàíèÿ ïðîðåæèâàíèå è ïå-
ðåñàäêà ðàñòåíèé íå ïðîâîäèëèñü. Âûæèâàåìîñòü â ïåðèîä îò ìèêðîñêîïè÷å-
ñêîé ðàññàäû äî òîâàðíûõ ðàñòåíèé ñîñòàâèëà îêîëî 5 %. Èç 2000 ýêçåìïëÿ-
ðîâ ìîëîäîé ðàññàäû, ïîÿâèâøåéñÿ íà îäíîì ïîâîäöå-ñóáñòðàòå â îêòÿáðå
2011 ã., ê ìàðòó 2012 ã. â ðåçóëüòàòå ýëèìèíàöèè îñòàëîñü 500 ýêçåìïëÿðîâ è ê
èþëþ ýòîãî æå ãîäà èç íèõ ñîõðàíèëîñü 110 âçðîñëûõ ðàñòåíèé ñî ñðåäíåé
ìàññîé 220.0 (min 180.5, max 250.6) ã. Â ñêó÷åííîì ñîñòîÿíèè ðàñòåíèÿ íå äî-
ñòèãàþò áîëüøèõ ðàçìåðîâ. Ïðè íîðìàòèâå 2400 ïîâîäöîâ íà îäèí ãåêòàð óðî-
æàé èç òàêèõ ðàñòåíèé ñîñòàâèò 58 ò/ãà. Ñîäåðæàíèå ñóõèõ âåùåñòâ â òîâàð-
íûõ ñëîåâèùàõ ýòîãî îïûòà ñîñòàâëÿëî îêîëî 6.0 (min 4.8, max 7.2) %.

Ñ öåëüþ ñîçäàíèÿ îïòèìàëüíûõ óñëîâèé äëÿ ðîñòà âî âòîðîì âàðèàíòå âû-
ðàùèâàíèÿ â ìàðòå áûëî ïðîâåäåíî ïðîðåæèâàíèå ìîëîäûõ ñïîðîôèòîâ äî
200 ýêçåìïëÿðîâ íà îäíîì ïîâîäöå. Ê èþëþ ïëîòíîñòü ïîñåëåíèÿ ñîêðàòèëàñü
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Êàëåíäàðíûå ñðîêè îñïîðèâàíèÿ è âðåìÿ ïîÿâëåíèÿ ðàññàäû
Costaria costata â áóõòå Ðèôîâàÿ (þæíîå Ïðèìîðüå) â ðàçíûå ãîäû

Table 2. Calendar dates of zoospores sedimentation and time
of Costaria costata seedlings emergence in Rifovaya bay

(South Primorye) in different years

Äàòà îñïîðèâàíèÿ
Date of zoospores

sedimentation

Âðåìÿ ïîÿâëåíèÿ
ðàññàäû

Time of seedling
emergence

Êîëè÷åñòâî ýêçåìïëÿðîâ
íà 1 ì ïîâîäöà

Quantity of individuals
per 1 m of rope

25 ìàÿ 2011 ã.
May 25, 2011

0 0

20 èþíÿ 2011 ã.
June 20, 2011

Íà÷àëî íîÿáðÿ
Beginning of November

50—70

10 èþëÿ 2011 ã.
July 10, 2011

Íà÷àëî îêòÿáðÿ
Beginning of October

300—500

20 èþëÿ 2011 ã.
July 20, 2011

Êîíåö îêòÿáðÿ
End of October

100—120

5 àâãóñòà 2010 ã.
August 5, 2010

Ñåðåäèíà äåêàáðÿ
Middle of December

Åäèíè÷íî
Single

20 àâãóñòà 2014 ã.
August 20, 2014

0 0



äî 70 ýêçåìïëÿðîâ, íî ìàññà ñëîåâèù äîñòèãëà 400.0 (min 120.5, max 510.0) ã.
Ñîäåðæàíèå ñóõèõ âåùåñòâ ó ýòèõ ðàñòåíèé âîçðîñëî äî 12.0 (min 5.8, max
14.2) %. Òàêèì îáðàçîì, ïðîðåæèâàíèå ìîæåò íå òîëüêî óâåëè÷èòü óðîæàé-
íîñòü äî 67 ò/ãà, íî è ïîâûñèòü òîâàðíûå êà÷åñòâà âîäîðîñëåé.

Íàáëþäåíèÿ çà äèíàìèêîé ðàçâèòèÿ êóëüòèâèðóåìîé íà ïîäâåñíîé ïëàíòà-
öèè C. costata â ñåâåðíîì Ïðèìîðüå (áóõòà Âåñåëàÿ) ïîêàçàëè, ÷òî çàêîíîìåð-
íîñòè åå ðîñòà àíàëîãè÷åíû òàêîâûì â þæíîì Ïðèìîðüå. Ïðè ýòîì äëèíà è
ìàññà ñëîåâèù C. costata èç ñåâåðíîãî ðàéîíà ïðåâûøàþò ýòè ïîêàçàòåëè ó ýê-
çåìïëÿðîâ èç þæíîãî ðàéîíà. Ñðîê äîñòèæåíèÿ ìàêñèìàëüíûõ çíà÷åíèé ìàñ-
ñû è äëèíû íà ñåâåðå ïðèõîäèòñÿ íà êîíåö èþëÿ—íà÷àëî àâãóñòà ñî çíà÷åíèÿ-
ìè 400.0 (min 352.8, max 566.0) ã è 120 (min 55.0, max 182.8) ñì â íåïðîðåæåí-
íûõ è 700.0 (min 482.5, max 1020.0) ã è 150.0 (min 85.2, max 194.6) ñì â
ïðîðåæåííûõ ïîñàäêàõ. Ïðîãíîçèðóåìàÿ óðîæàéíîñòü ïðè ýòîì ñîñòàâëÿåò 88
è 98 ò/ãà ñîîòâåòñòâåííî. Áîëåå âûñîêèå ðàçìåðíî-âåñîâûå ïîêàçàòåëè C. cos-
tata çäåñü äîñòèãàþòñÿ áëàãîäàðÿ áîëåå íèçêèì çíà÷åíèÿì òåìïåðàòóðû âîäû,
íå ïðåâûøàþùåé ëåòîì 14—16 °C, ïî ñðàâíåíèþ ñî çíà÷åíèÿìè â þæíîì
ðàéîíå, äîõîäÿùèìè äî 22—24 °C. C. costata ÿâëÿåòñÿ õîëîäîëþáèâûì âè-
äîì, ïîýòîìó â ñåâåðíîì Ïðèìîðüå óñëîâèÿ áîëåå áëàãîïðèÿòíû äëÿ ðîñòà íå
òîëüêî ñïîðîôèòîâ, íî è îñîáåííî äëÿ ðàçâèòèÿ ìèêðîñêîïè÷åñêèõ ñòàäèé —
ãàìåòîôèòîâ. Äëÿ ïîñëåäíèõ ýêñïåðèìåíòàëüíî áûëî ïîêàçàíî, ÷òî òåìïåðà-
òóðà âîäû ñî çíà÷åíèÿìè îêîëî 10 °C ÿâëÿåòñÿ áîëåå áëàãîïðèÿòíîé ïî ñðàâ-
íåíèþ ñ 20 °C, íåñìîòðÿ íà òî ÷òî âûæèâàíèå èíîãäà îòìå÷àåòñÿ è ïðè òåìïå-
ðàòóðå âîäû â 26—27 °C [22]. Ýòèì îáúÿñíÿåòñÿ îòñóòñòâèå C. costata â ïðè-
ðîäíûõ óñëîâèÿõ ó áåðåãîâ Êèòàÿ, ïîñêîëüêó ëåòîì òàì âîäà ìîæåò
ïðîãðåâàòüñÿ äî ëåòàëüíûõ äëÿ íåå çíà÷åíèé. Îäíàêî èç çîîñïîð ìàòî÷íûõ
ñëîåâèù, çàâåçåííûõ íà ñåâåð Êèòàÿ èç Êîðåè, áûëè ïîëó÷åíû îòíîñèòåëüíî
óðîæàéíûå ïîêîëåíèÿ ñ ïðîäóêöèåé îêîëî 30 ò/ãà [23], ÷òî çíà÷èòåëüíî íèæå
óðîæàÿ, ðàññ÷èòàííîãî äëÿ ïëàíòàöèé â þæíîé è ñåâåðíîé ÷àñòÿõ ïðèáðåæüÿ
Ïðèìîðüÿ.
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Ðèñ. 10. Ðîñò ðàññàäû èç çîîñïîð, îñåâøèõ íà ñóáñòðàòû â ðàçíîå âðåìÿ.

Äàòû îñïîðèâàíèÿ: 1 — 10.07.2011, 2 — 20.07.2011, 3 — 05.08.2010. Ïî ãîðèçîíòàëè — âðåìÿ, ïî
âåðòèêàëè — äëèíà (ñì).

Fig. 10. Growth of seedling from zoospores settled on substrate at different times.

Date of seeding: 1 — 10.07.2011, 2 — 20.07.2011, 3 — 05.08.2010. X-axis — time sporophyte growth,
y-axis — length (cm).



ÂÛÂÎÄÛ

Ïðîâåäåííûå íà ïëàíòàöèÿõ â ïðèáðåæüå Ïðèìîðüÿ èññëåäîâàíèÿ ïî
èçó÷åíèþ ñïîðîíîøåíèÿ, âûÿâëåíèþ îïòèìàëüíûõ ñðîêîâ îñïîðèâàíèÿ è ìà-
òåðèàëû ýêñïåðèìåíòîâ ïî âûðàùèâàíèþ óðîæàÿ áóðîé âîäîðîñëè Êîñòàðèè
ðåáðèñòîé Costaria costata (Ag.) Saund. ïîçâîëèëè ñäåëàòü ñëåäóþùèå âû-
âîäû.

1. Îñïîðèâàíèå ñóáñòðàòîâ äëÿ êóëüòèâèðîâàíèÿ C. costata ïðåäïî÷òèòåëü-
íåå ïðîâîäèòü â íà÷àëå èþëÿ, ÷òî ïîçâîëÿåò ïîëó÷àòü ðàññàäó óæå â îêòÿáðå
òåêóùåãî ãîäà è äàåò âîçìîæíîñòü ñïîðîôèòàì äîñòèãàòü òîâàðíûõ ðàçìåð-
íî-ìàññîâûõ ïîêàçàòåëåé ê ñåðåäèíå èþëÿ—àâãóñòó ñëåäóþùåãî ãîäà.

2. Ñòèìóëèðîâàíèå ìàòî÷íûõ ñëîåâèù C. costata äëÿ ïîëó÷åíèÿ ìàññîâîãî
âûõîäà çîîñïîð íåîáõîäèìî ïðîâîäèòü â òå÷åíèå 2—3 ÷.

3. Ïðîãíîçèðóåìàÿ óðîæàéíîñòü C. costata ñîñòàâëÿåò îò 50 äî 100 ò/ãà â
çàâèñèìîñòè îò ðàéîíà êóëüòèâèðîâàíèÿ è ïëîòíîñòè ïîñàäîê.

4. Ïðîâåäåííûå èññëåäîâàíèÿ âîçìîæíîñòè âûðàùèâàíèÿ áóðîé âîäîðîñ-
ëè C. costata íà ïëàíòàöèÿõ â ïðèáðåæüå Ïðèìîðüÿ ïîêàçàëè, ÷òî âèä ëåãêî
ïîääàåòñÿ êóëüòèâèðîâàíèþ è ìîæåò äàâàòü õîðîøèé óðîæàé.
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S U M M A R Y

A tendency to decreasing field stock of large-size kelps, including perspective
for industry Costaria costata (Ag.) Saund., is recently observed in coastal waters of
the North-West Pacific. In view of this, elaboration of cultivation methods of the al-
gae is vital. The characteristics of sporogenesis, periods of sporiferous tissue initia-
tion and it maximum development, periods of zoospores outlet from sporiferous tis-
sue and seedling emergence of C. costata were determined. As a result of experi-
ments set by artificial sedimentation of zoospores on the substrate at different times
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of year and analysis of sporophytes growth on hanging plantations, the basic biolo-
gical standards for cultivation of this algae were worked out. The obtained experi-
mental and biological data should be considered as a basis for C. costata industrial
cultivation.

K e y w o r d s: Costaria costata, sporiferous tissue, zoospores, sporophytes,
temperature of water, stock, cultivation.

REFERENCES

1. L a n e C. E., M a y e s C., D r u e h l L. D., S a u n d e r s G. W. A multi-gene molecular
investigation of the kelp (Laminariales, Phaeophyceae) supports substantial taxonomic
re-organization // J. Phycol. 2006. Vol. 42. P. 493—512.

2. S u k h o v e e v a M. V. Algae of South Kuril shallow water sublittoral // Research
of fish biology and commercial oceanography. TINRO. 1972a. N 7 (3). P. 88—99.
(In Russian)

3. K u z m i n a E. A. Distribution and state of commercial algae stock in Japan sea (ca-
pe Povorotnyi—cape Yuzhnyi) // Arkhiv TINRO. 1977. N 15725. P. 1—28. (In Rus-
sian)

4. G a y l G. I. Promyslovye vodorosli Sakhalina i Kurilskoy gryady [Commercial algae of
Sakhalin and Kuril ridge]. Vladivostok, 1949. 67 p. (In Russian)

5. S u k h o v e e v a M. V. Distribution of macrophyte at the certain areas of Peter the Gre-
at Bay // Izvestiya TINRO. 1972b. Vol. 81. P. 209—214. (In Russian)

6. P e t r o v Yu. E. Laminariales and fucales algae in the seas of the SSSR // Rastitelnye
resursy. 1973. Vol. 9, N 1. P. 123—127. (In Russian)

7. E v s e e v a N. V. The state of coenotic growths and resources of food brown algae in
coastal waters of the Minor Kuril islands chain // Rastitelnye resursy. 1997. Vol. 33,
N 4. P. 98—105. (In Russian)

8. D r u e h l L. D. The Pattern of Laminariales distribution in the northeast Pacific // Phy-
cologia. 1970. Vol. 9, N 3/4. P. 237—247.

9. L i n d s t r o m S. C. An annotated bibliography of benthic marine algae of Alaska //
Alaska Dept. of Fish. and Game Tecchn. 1977. N 31. P. 1—172.

10. K o h C. H., S h i n H. C. Growth and size distribution of some large brown algae in
Ohori, east coast of Korea // Hydrobiologia. 1990. N 204. P. 225—231.

11. S u n g M i n B o o, W o o k J a e L e e, I I K i H w a n g, Y e o n - S h i m K e u m, J u n g
H y u n O a k, G a Y o u n C h o. Algal flora of Koreae. Marine Brown Algae II. Natio-
nal institute of biological resources ministry of environment. 2010. 203 p.

12. S u n g M i n B o o, Y o n g D e o k K o. Marine Plants from Korea. Marine and Extreme
Genome Research Center Program. 2012. 233 p.

13. S a n b o n s u g a Y., H a s e g a w a Y. Studies on Laminariales in culture. Contribution of
the Hokkaido // Reg. Fish. Res. Lab. 1967. N 32. P. 41—48.

14. Y o s h i d T. Marine algae of Japan. Tokyo, 1998. 1222 p.
15. B a r a s h k o v G. K. Sravnitelnaya biokhimiya vodorosley [Comparative biochemistry

of algae]. Moscow, 1972. 336 p. (In Russian)
16. A m i n i n a N. M., P o d k o r y t o v a A. V. Seasonal dynamics in chemical composition

of Laminaria japonica Aresch. cultivated in near-shore waters of Primorsky Krai //
Rastitelnye resursy. 1992. Vol. 28, N 1. P. 137—140. (In Russian)

17. K r u p n o v a T. N. Instruktsiya po vyrashchivaniyu laminarii japonskoy v dvukhgodi-
chnom tsykle [Description on cultivation of Laminaria japonica in biennial cycle]. Vla-
divostok, 1984. 51 p. (In Russian)

18. K r u p n o v a T. N. Instruktsiya po kultivirovaniyu i vosstanovleniyu poley laminarii
[Description on cultivation and restoration of Laminaria bed]. Vladivostok, 2008. 34 p.
(In Russian)

374



19. T s y p y s h e v a I. L., K r u p n o v a T. N. Satellite remote sensing possibility for the
determination of the brown inhabiting conditions // Sovremennye problemy di-
statsionnogo zondirovania Zemli iz kosmosa. 2012. Vol. 8, N 4. P. 263—273. (In Rus-
sian)

20. K r u p n o v a (M o i s e e n k o) T. N. Development of reproductive tissue and dynamics
of sporogenesis of Laminaria japonica in near-shore waters of Primorsky Krai // Trudy
VNIRO. 1979. Vol. CXXXVIII. P. 59—67. (In Russian)

21. K r u p n o v a T. N. Biology, areal, cultivation and reproduction of brown algae // Fuco-
idans — sulfated polysaccharides of brown algae. Structure, enzymatic transformation
and biological property. Vladivostok. 2014. P. 10—34. (In Russian)

22. D i e c k I. T. Temperature tolerance and survival in darkness of kelp gametophytes (La-
minariales, Phaeophyta): ecological and biogeographical implications // Mar. Ecol.
Prog. Ser. 1993. Vol. 100. P. 253—264.

23. F u G a n g, L i u J i d o n g, W a n g G a o g e, Y a o J i a n t i n g, W a n g X i u l i a n g, D u -
a n D e l i n. Early development of Costaria costata (C. Agardh) Saunders and cultivati-
on trials // Chin. J. Oceanol. Limn. 2010. Vol. 28, N 4. P. 731—737.

Ðàñò. ðåñóðñû, âûï. 3, 2016

ÎÑÎÁÅÍÍÎÑÒÈ ÏÐÎÐÀÑÒÀÍÈß ÑÅÌßÍ LOBELIA DORTMANNA

(LOBELIACEAE) Â ÓÑËÎÂÈßÕ ÝÊÑÏÅÐÈÌÅÍÒÀ
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Â ðàáîòå ïðèâîäÿòñÿ ðåçóëüòàòû ýêñïåðèìåíòîâ ïî ïðîðàùèâàíèþ ñåìÿí Lobelia
dortmanna L. Èññëåäîâàíû óñëîâèÿ ïðîðàñòàíèÿ ñåìÿí L. dortmanna, à òàêæå ñåìåí-
íàÿ ïðîäóêòèâíîñòü è íà÷àëüíûå ýòàïû îíòîãåíåçà ðàñòåíèé â ëàáîðàòîðíûõ óñëîâè-
ÿõ. Â îïûòàõ èñïîëüçîâàëè ñåìåíà L. dortmanna ñ ðàçíûìè ñðîêîì è óñëîâèÿìè õðàíå-
íèÿ. Ïîêàçàíî, ÷òî ñåìåííàÿ ïðîäóêòèâíîñòü L. dortmanna äëÿ ðàñòåíèé ñ 3—6 êîðî-
áî÷êàìè ñîñòàâëÿåò 1416.7 ± 536.7 øò. Ýêñïåðèìåíòû ïîêàçàëè áûñòðóþ ïîòåðþ
âñõîæåñòè ïðè õðàíåíèè ñåìÿí â ñóõîì ñîñòîÿíèè.

Ê ë þ ÷ å â û å ñ ë î â à: Lobelia dortmanna, äèññåìèíàöèÿ, ñåìåííàÿ ïðîäóêòèâ-
íîñòü, ïðîðàñòàíèå.

Ëîáåëèÿ Äîðòìàíà Lobelia dortmanna L. — âîäíîå ðåäêîå ðàñòåíèå, çàíå-
ñåííîå â Êðàñíóþ êíèãó ÐÔ [1], ñ÷èòàåòñÿ èíäèêàòîðîì îëèãîòðîôíûõ îçåð.
Îëèãîòðîôíûå âîäîåìû îòëè÷àþòñÿ áîëüøîé ãëóáèíîé, âûñîêîé ïðîçðà÷íî-
ñòüþ âîäû (ïî äèñêó Ñåêêè � 4—20 ì) è ïðèñóòñòâèåì êèñëîðîäà âî âñåé òîë-
ùå âîäû â òå÷åíèå âñåãî ãîäà. Ýòè âîäîåìû çàíèìàþò ãëóáîêèå òåêòîíè÷åñêèå
è ýðîçèîííûå âïàäèíû ñî ñëàáî âûðàæåííîé ëèòîðàëüíîé çîíîé. Äîííûå îò-
ëîæåíèÿ áåäíû îðãàíè÷åñêèì âåùåñòâîì. Â îçåðàõ òàêîãî òèïà æèçíü âîäíûõ
ðàñòåíèé îãðàíè÷åíà íåäîñòàòêîì áèîãåííûõ ñîåäèíåíèé è íèçêîé òåìïåðàòó-
ðîé âîäû, íåäîñòàòî÷íîé ëèòîðàëüíîé çîíîé [1, 2].
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