
 
 

˞̃ ̆̓̉̒̌́̃ ˗̬̑̒̓̉ 

ˏ˛ˏ˒ˑ ˏ˛ 

ˡ˕˗˛˘˛ː˕˶ˍ 

 

˿͔ͦͨ͟͞Σ нлнм 



 
 

ȹȳȮȨȫȶȭȮȸȫȸ ĂȷȨ. ȰȮȶȮȱ Ȯ ȲȫȸȴȪȮȟñ 

ȵȶȮȶȴȪȳȴ-ȲȦȸȫȲȦȸȮȽȰȮ ȺȦȰȹȱȸȫȸ,  

ȷȰȴȵȟȫ 

 

 

ȷȨȫȸȮȷȱȦȨ ȷ. ȰȶȷȸȮȣ 

 

 

 

ȨȴȨȫȪ Ȩȴ 

ȺȮȰȴȱȴȩȮȟȦ 

 

 
ȷȰȴȵȟȫ, 2021  



 
 

ȮɍɊɆɈɆɝ:  
ȹɓɎɈɋɖɍɎɘɋɘ ĂȷɈ. ȰɎɖɎɑ Ɏ ȲɋɘɔɊɎɭñ Ɉɔ ȷɐɔɕɭɋ 
ȧəɑ. ȩɔɜɋ ȪɋɑɝɋɈ ɇɖ. 9, 1000 ȷɐɔɕɭɋ 
www.ukim@ukim.edu.mk 
 
ȹɖɋɊɓɎɐ ɍɆ ɎɍɊɆɈɆɝɐɆ Ɋɋɭɓɔɗɘ ɓɆ ȹȰȮȲ:  
ɕɖɔɚ. Ɋ-ɖ ȳɎɐɔɑɆ ȟɆɓɐəɑɔɈɗɐɎ, ɖɋɐɘɔɖ 
 
ȹɖɋɊɓɎɐ ɓɆ ɕəɇɑɎɐɆɜɎɭɆɘɆ:  
ȵɖɔɚ. Ɋ-ɖ ȷɈɋɘɎɗɑɆɈ ȰɖɗɘɎɱ  
 
ȶɋɜɋɓɍɋɓɘɎ 

1. ȦɐɆɊɋɒɎɐ ȨɑɆɊɔ ȲɆɘɋɈɗɐɎ 
2. ȵɖɔɚ.Ɋ-ɖ ȭɔɖɎɜɆ ȷɈɎɖɝɋɈ 

 
ȸɋɛɓɎɝɐɆ ɔɇɖɆɇɔɘɐɆ 
ȵɖɔɚ. Ɋ-ɖ ȷɈɋɘɎɗɑɆɈ ȰɖɗɘɎɱ  
 
ȱɋɐɘəɖɆ ɓɆ ɒɆɐɋɊɔɓɗɐɎ ɭɆɍɎɐ: 
Ȳ-ɖ ȷɔɯɆ ȵɔɕɔɗɐɆ 
 

ȷɑɎɐɆ ɓɆ ɐɔɖɎɜɆɘɆ: 
ȨɔɊɋɓ ɜɈɋɘ ɓɆ ȪɔɭɖɆɓɗɐɔɘɔ ȫɍɋɖɔ ɕɖɋɊɎɍɈɎɐɆɓ ɗɔ ɒɆɗɔɈɓɆ ɊɔɒɎɓɆɜɎɭɆ ɓɆ ɗɎɓɔ-ɍɋɑɋɓɎɘɋ 
ɆɑɉɎ ɔɊ ɖɔɊɔɘ Microcystis sp. Ɉɔ 2020 ɉɔɊɎɓɆ (ɚɔɘɔ ȷ. ȰɖɗɘɎɱ) 

 

  
CIP -  ʂʘʪʘʣʦʛʠʟʘʮʠʿʘ ʚʦ ʧʫʙʣʠʢʘʮʠʿʘ 

ʅʘʮʠʦʥʘʣʥʘ ʠ ʫʥʠʚʝʨʟʠʪʝʪʩʢʘ ʙʠʙʣʠʦʪʝʢʘ "ʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠ", ʉʢʦʧʿʝ 

 

582.26/.27  

 

ʂʈʉʊʀɵ, ʉʚʝʪʠʩʣʘʚ ʉ. 

    ɺʦʚʝʜ ʚʦ ʬʠʢʦʣʦʛʠʿʘ [ɽʣʝʢʪʨʦʥʩʢʠ ʠʟʚʦʨ] / ʉʚʝʪʠʩʣʘʚ ʉ. ʂʨʩʪʠ˃. -  ʉʢʦʧʿʝ : 

ʋʥʠʚʝʨʟʠʪʝʪ "ʉʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʿ", 2021 

 

ʅʘʯʠʥ ʥʘ ʧʨʠʩʪʘʧʫʚʘˁʝ (URL):  

http://www.ukim.edu.mk/mk_content.php?meni=53&glavno=41 . -  ʊʝʢʩʪ ʚʦ PDF 

ʬʦʨʤʘʪ, ʩʦʜʨʞʠ 449 ʩʪʨ., ʠʣʫʩʪʨ. -  ʅʘʩʣʦʚ ʧʨʝʟʝʤʝʥ ʦʜ ʝʢʨʘʥʦʪ. -  ʆʧʠʩ ʥʘ 

ʠʟʚʦʨʦʪ ʥʘ ʜʝʥ 09.06.2021. -  ɿʘ ʘʚʪʦʨʦʪ: ʩʪʨ. 449. -  ɹʠʙʣʠʦʛʨʘʬʠʿʘ: ʩʪʨ.  

421- 443  

 

ISBN 978 - 9989 - 43- 462 - 4 

 

COBISS.MK- ID 54104069  

 

 

http://www.ukim.edu.mk/mk_content.php?meni=53&glavno=41


 
 

ȵȶȫȪȩȴȨȴȶ 

ȺɎɐɔɑɔɉɎɭɆ ɋ ɓɆəɐɆ ɍɆ ɆɑɉɎɘɋ. ȦɑɉɎɘɋ ɗɋ ɒɓɔɉə ɖɆɍɓɔɔɇɖɆɍɓɆ ɉɖəɕɆ ɓɆ ɔɖɉɆɓɎɍɒɎ 
ɐɔɎ ɗɋ ɕɖɔɘɋɉɆɆɘ ɈɊɔɑɌ ɜɋɑɆɘɆ ɓɎɍɆ ɓɆ ɋɈɔɑəɘɎɈɓɎ ɚɔɖɒɎ, ɉɑɆɈɓɔ ɔɕɖɋɊɋɑɋɓɎ 
ɐɆɐɔ ɖɆɗɘɋɓɎɭɆ. ȸɎɋ ɗɋ ɇɖɔɭɓɎ Ɏ ɞɎɖɔɐɔ ɖɆɗɕɖɔɗɘɖɆɓɋɘɎ ɓɆ ȭɋɒɭɆɘɆ, ɕɖɋɘɗɘɆɈəɈɆɆɘ 
ɕɖɎɒɆɖɓɎ ɕɖɔɊəɜɋɓɘɎ ɓɆ ɔɖɉɆɓɗɐɆ ɒɆɘɋɖɎɭɆ Ɉɔ ɇɎɔɗɚɋɖɆɘɆ Ɏ ɈɑɎɭɆɆɘ Ɉɖɍ ɓɋɭɍɎɓɆɘɆ 
ɉɑɔɇɆɑɓɆ ɐɔɓɘɖɔɑɆ ɕɖɋɐə ɗɈɔɭɆɘɆ əɑɔɉɆ ɓɆ ɉɑɆɈɓɎ ɎɓɎɜɎɭɆɘɔɖɎ ɓɆ ɕɖɔɒɋɓɎɘɋ Ɉɔ 
ɌɎɈɔɘɓɆɘɆ ɗɖɋɊɎɓɆ. ȷɋɕɆɐ, ɕɔɉɔɑɋɒ ɇɖɔɭ ɔɊ ɓɆɗ, Ɉɔɔɕɞɘɔ, ɓɋ ɋ ɓɎ ɗɈɋɗɋɓ ɍɆ 
ɓɎɈɓɔɘɔ ɕɔɗɘɔɋɯɋ, Ɇ əɞɘɋ ɕɔɒɆɑɐə ɍɆ ɓɎɈɓɆɘɆ ɐɑəɝɓɆ əɑɔɉɆ ɍɆ ɌɎɈɔɘɔɘ ɓɆ ɓɆɞɆɘɆ 
ɕɑɆɓɋɘɆ.   

ȹɝɋɇɓɎɐɔɘ ĂȨɔɈɋɊ Ɉɔ ɚɎɐɔɑɔɉɎɭɆñ ɕɖɈɋɓɗɘɈɋɓɔ ɋ ɓɆɒɋɓɋɘ ɍɆ ɗɘəɊɋɓɘɎɘɋ ɓɆ 
ȮɓɗɘɎɘəɘɔɘ ɍɆ ɇɎɔɑɔɉɎɭɆ ɕɖɎ ȵɖɎɖɔɊɓɔ-ɒɆɘɋɒɆɘɎɝɐɎɔɘ ɚɆɐəɑɘɋɘ ɓɆ ȹɓɎɈɋɖɍɎɘɋɘɔɘ 
ĂȷɈ. ȰɎɖɎɑ Ɏ ȲɋɘɔɊɎɭñ Ɉɔ ȷɐɔɕɭɋ. ȸɋɒɆɘɎɐɆɘɆ ɐɔɭɆ ɋ ɔɇɖɆɇɔɘɋɓɆ ɗɔɔɊɈɋɘɗɘɈəɈɆ ɗɔ 
ɕɔɉɔɑɋɒ ɇɖɔɭ ɕɖɋɊɒɋɘɓɎ ɗɔɊɖɌɎɓɎ ɓɆ ɊɔɊɎɕɑɔɒɗɐɎɘɋ ɗɘəɊɎɎ, ɓɔ ɗɕɔɖɋɊ ɗɈɔɭɔɘ 
ɔɇɋɒ ɓɆ ɎɓɚɔɖɒɆɜɎɎ əɝɋɇɓɎɐɔɘ ɕɖɋɘɗɘɆɈəɈɆ Ɏ ɇɆɍɎɝɓɆ ɑɎɘɋɖɆɘəɖɆ ɍɆ ɗɘəɊɋɓɘɎɘɋ 
ɓɆ ɕɔɗɘɊɎɕɑɔɒɗɐɎɘɋ Ɏ ɊɔɐɘɔɖɗɐɎɘɋ ɗɘəɊɎɎ.  ȷɋɐɆɐɔ ɊɋɐɆ ɕɖɎɒɋɓɆɘɆ ɓɆ ɔɈɔɭ 
əɝɋɇɓɎɐ ɓɋ ɋ ɔɉɖɆɓɎɝɋɓɆ ɗɆɒɔ ɓɆ ɉɔɖɋɓɆɈɋɊɋɓɆɘɆ ɎɓɗɘɎɘəɜɎɭɆ, ɇɎɊɋɭɱɎ ɐɔɖɎɗɓɎ 
ɎɓɚɔɖɒɆɜɎɎ ɍɆ ɔɈɆɆ ɗɕɋɜɎɚɎɝɓɆ ɉɖəɕɆ ɓɆ ɔɖɉɆɓɎɍɒɎ ɒɔɌɆɘ ɊɆ ɕɖɔɓɆɭɊɆɘ ɗɎɘɋ ɐɔɎ 
ɗɆɐɆɆɘ ɊɆ ɉɎ ɕɖɔɞɎɖɆɘ ɗɈɔɎɘɋ ɗɔɍɓɆɓɎɭɆ.  

ȸɔɕɑɆ Ɏ ɎɗɐɖɋɓɆ ɇɑɆɉɔɊɆɖɓɔɗɘ əɕɆɘəɈɆɒ ɐɔɓ ɆɐɆɊɋɒɎɐ ɕɖɔɚ. Ɋ-ɖ ȨɑɆɊɔ ȲɆɘɋɈɗɐɎ Ɏ 
ɕɖɔɚ. Ɋ-ɖ ȭɔɖɎɜɆ ȷɈɎɖɝɋɈ ɍɆ Ɏɗɜɖɕɓɔɘɔ ɆɓɆɑɎɍɎɖɆɯɋ ɓɆ ɘɋɐɗɘɔɘ Ɏ ɇɖɔɭɓɎɘɋ 
ɐɔɖɎɗɓɎ ɗəɉɋɗɘɎɎ ɐɔɎ ɕɖɎɊɔɓɋɗəɈɆɆɘ ɔɈɔɭ ɖɆɐɔɕɎɗ ɊɆ ɭɆ ɊɔɇɎɋ ɗɈɔɭɆɘɆ ɐɔɓɋɝɓɆ 
ɚɔɖɒɆ.  

Ȳ-ɖ ȧɔɖɎɗ ȦɑɋɐɗɔɈɗɐɎ ɒɋɘɔɊɎɝɓɔ Ɏ ɈɓɎɒɆɘɋɑɓɔ ɎɍɈɖɞɎ ɐɔɖɋɐɜɎɭɆ ɓɆ ɕɖɆɈɔɕɎɗɓɎɘɋ 
Ɏ ɉɖɆɒɆɘɎɝɐɎ ɉɖɋɞɐɎ Ɉɔ ɘɋɐɗɘɔɘ. 

 

 

 

ȪɔɑɉɎɘɋ ɉɔɊɎɓɎ, ɕɔɗɈɋɘɋɓɎ Ɉɔ ɕɖɔəɝəɈɆɯɋɘɔ Ɏ ɮəɇɔɈɘɆ ɐɔɓ ɆɑɉɎɘɋ, ɗɋ ɖɋɍəɑɘɆɘ ɓɆ 
ɕɖɋɓɋɗɋɓɆɘɆ ɗɘɖɆɗɘ, ɍɓɆɋɯɋ Ɏ ɇɋɍəɗɑɔɈɓɆɘɆ ɕɔɊɊɖɞɐɆ ɓɆ ɒɔɎɘɋ əɝɎɘɋɑɎ. ȴɈɆɆ 
ɐɓɎɉɆ ɋ ɕɔɗɈɋɘɋɓɆ ɓɆ ɕɖɔɚ. Ɋ-ɖ ȠəɇɎɜɆ ȵɋɘɖɔɈɗɐɆ (1927-2016), ɕɖɔɚ. Ɋ-ɖ ȵɆɓɝɋ 
ȷɘɔɭɆɓɔɈɗɐɎ  (1940-) Ɏ ɕɖɔɚ. Ɋ-ɖ ȟɋɑɋɓɆ ȧɑɆɌɋɓɝɎɱ (1936-).  
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ˏ˛ˏ˒ˑ ˏ˛ ˞˕˞˟˒˙ˍ˟˕˗ˍ 

 

ʇʦʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʞʠʚʠʦʪ ʩʚʝʪ ʥʘ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ ʪʨʘʝ ʧʦʚʝ˃ʝ ʦʜ 3,5 

ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ, ʚʦ ʢʦʿ ʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʩʝ ʩʦʟʜʘʚʘʘ, ʠʩʯʝʟʥʫʚʘʘ ʠ ʩʝ ʦʜʨʞʫʚʘʘ 

ʤʥʦʛʫʙʨʦʿʥʠ ʦʨʛʘʥʩʢʠ ʬʦʨʤʠ ʥʘ ʞʠʚʦʪʦʪ, ʧʨʦʜʦʣʞʫʚʘʿ˃ʠ ʛʦ ʢʦʥʪʠʥʫʠʪʝʪʦʪ ʩⱪ ʜʦ ʜʝʥʝʩ. 

ʋʰʪʝ ʦʜ ʘʥʪʠʯʢʠʪʝ ʬʠʣʦʟʦʬʠ ʠ ʧʨʠʨʦʜʦʥʘʫʯʥʠʮʠ, ʧʘ ʜʫʨʠ ʜʦ 18. ʚʝʢ, ʦʧʰʪʦʧʨʠʬʘʪʝʥʠ 

ʙʝʘ ʤʠʩʣʝˁʘʪʘ ʜʝʢʘ ʚʠʜʦʚʠʪʝ ʩʝ ʩʦʟʜʘʣʝ ʙʝʟ ʦʧʣʦʜʫʚʘˁʝ, ʩʦ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʚʦ ʩʢʦʢʦʚʠ 

(ʥʘ ʧʨʠʤʝʨ, Ăʮʨʚʠ ʥʘʩʪʘʥʫʚʘʘʪ ʦʜ ʨʘʩʧʘʜʥʘʪʠ ʪʝʣʘ ʥʘ ʞʠʚʦʪʥʠ ʠʣʠ ʩʦ ʚʦʣʰʝʙʥʘʪʘ ʤʦ˃ ʥʘ 

ɻʦʩʧʦʜñ). ʅʦ, ʚʝ˃ʝ ʦʜ ʩʨʝʜʠʥʘʪʘ ʥʘ 18. ʚʝʢ ʩʪʘʥʫʚʘ ʿʘʩʥʦ (ʧʨʝʢʫ ʜʦʮʥʠʪʝ ʜʝʣʘ ʥʘ Carl 

Linneaus 1707-1778) ʜʝʢʘ ʧʦʛʦʣʝʤʘʪʘ ʠʣʠ ʧʦʤʘʣʘ ʩʣʠʯʥʦʩʪ ʥʘ ʚʠʜʦʚʠʪʝ ʝ ʚʦ ʜʠʨʝʢʪʥʘ 

ʚʨʩʢʘ ʩʦ ʥʠʚʥʘʪʘ ʩʨʦʜʥʦʩʪ Ăʩʢʘʣʝʩʪʘʪʘñ ʨʘʟʣʠʯʥʦʩʪ ʦʜ ʧʦʝʜʥʦʩʪʘʚʥʠʪʝ ʢʦʥ ʧʦʩʣʦʞʝʥʠʪʝ 

ʚʠʜʦʚʠ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʠ ʜʝʢʘ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʚʠʜʦʚʠʪʝ ʤʦʞʝ ʜʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʟʘʯʝʪʦʢ ʥʘ ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʥʦʚʠ ʚʠʜʦʚʠ. J.B.Lamarck (1744-1829) ʚʦ ʩʚʦʠʪʝ ʜʝʣʘ ʝ ʟʘʯʝʪʥʠʢ 

ʥʘ ʥʘʫʢʘʪʘ ʟʘ ʜʝʩʮʝʥʜʝʥʮʠʿʘʪʘ (ʥʘʫʯʝʥ ʩʪʘʚ ʜʝʢʘ ʚʠʜʦʚʠʪʝ ʧʦʪʝʢʥʫʚʘʘʪ ʝʜʥʠ ʦʜ ʜʨʫʛʠ 

ʩʧʦʨʝʜ ʝʚʦʣʫʪʠʚʥʠʪʝ ʟʘʢʦʥʠʪʦʩʪʠ ʥʘ ʨʘʟʚʠʪʦʢʦʪ), ʘ ʩʦ ʜʝʣʦʪʦ Ăʇʦʪʝʢʣʦ ʥʘ ʚʠʜʦʚʠʪʝñ ʚʦ 

1859 ʛʦʜʠʥʘ, Charles Darwin (1802-1882) ʢʦʥʝʯʥʦ ʛʠ ʚʦʩʧʦʩʪʘʚʫʚʘ ʚʠʩʪʠʥʩʢʠʪʝ ʦʩʥʦʚʠ ʥʘ 

ʝʚʦʣʫʮʠʩʢʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʧʦʤʝʺʫ ʚʠʜʦʚʠʪʝ. 

ɺʠʩʪʠʥʩʢʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʚʠʜʦʚʠʪʝ ʩe ʥʘ̓ʠʨʘʘ ʜʫʨʠ ʠ ʚʦ ʜʝʣʘʪʘ ʥʘ 

ʘʥʪʠʯʢʠʪʝ ʧʨʠʨʦʜʦʥʘʫʯʥʠʮʠ ʩʦ ʤʠʩʣʝˁʘ ʜʝʢʘ ʝ ʧʦʪʨʝʙʥʦ ʘʢʪʠʚʥʦ Ăʧʨʠʣʘʛʦʜʫʚʘˁʝñ ʥʘ 

ʚʠʜʦʚʠʪʝ ʢʦʥ ʩʚʦʿʘʪʘ ʦʢʦʣʠʥʘ, ʜʝʢʘ ʝ ʚʦʟʤʦʞʥʦ ʥʦʚʠ ʦʨʛʘʥʠ ʠ ʜʝʣʦʚʠ ʥʘ ʦʨʛʘʥʠʟʤʠ ʜʘ 

ʥʘʩʪʘʥʘʪ ʧʦʨʘʜʠ Ăʧʦʪʨʝʙʘñ ʠ ʜʝʢʘ ʪʘʢʘ ʩʪʝʢʥʘʪʠʪʝ ʦʩʦʙʠʥʠ ʩʝ ʥʘʩʣʝʜʫʚʘʘʪ, ʦʜʥʦʩʥʦ 

ʧʨʝʥʝʩʫʚʘʘʪ ʥʘ ʧʦʪʦʤʩʪʚʦʪʦ (ʧʨʘʚʝʮ ʚʦ ʥʘʫʢʘʪʘ ʧʦʟʥʘʪ ʢʘʢʦ ʣʘʤʘʨʢʠʟʘʤ). ʉʧʨʦʪʠʚʥʦ ʥʘ 

ʪʦʘ, Darwin ʢʘʢʦ ʮʝʥʪʨʘʣʥʘ ʩʠʣʘ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʮʚʨʩʪʦ ʿʘ ʧʦʩʪʘʚʫʚʘ ʙʦʨʙʘʪʘ ʟʘ ʦʧʩʪʘʥʦʢ 

ʧʦʨʘʜʠ ʧʨʠʨʦʜʥʘʪʘ ʩʝʣʝʢʮʠʿʘ (ʧʨʘʚʝʮ ʧʦʟʥʘʪ ʢʘʢʦ ʜʘʨʚʠʥʠʟʘʤ). ʀ ʜʦʜʝʢʘ ʣʘʤʘʨʢʠʟʤʦʪ ʚʦ 

ʨʘʟʚʦʿʦʪ ʥʘ ʥʘʫʯʥʘʪʘ ʤʠʩʣʘ ʚʦ ʦʩʥʦʚʘ ʦʩʪʘʥʘʣ ʥʝʧʦʪʚʨʜʝʥ, ʪʝʦʨʠʿʘʪʘ ʥʘ ʩʝʣʝʢʮʠʿʘ 

(ʜʘʨʚʠʥʠʟʤʦʪ) ʜʦ ʜʝʥʝʩ ʧʨʝʨʘʩʥʘ ʚʦ ʦʧʰʪʦʧʨʠʬʘʪʝʥʘ ʠ ʧʨʠʥʮʠʧʠʝʣʥʘ ʧʦʪʚʨʜʘ ʥʘ 

ʝʚʦʣʫʮʠʿʘʪʘ. ʇʦʜʦʮʥʘ, ʙʝʘ ʦʪʢʨʠʝʥʠ ʠ ʧʦʪʚʨʜʝʥʠ ʠ ʦʩʪʘʥʘʪʠʪʝ ʬʘʢʪʦʨʠ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ, 

ʢʦʠ ʚʦ ʧʦʯʝʪʦʢʦʪ ʥʝ ʙʝʘ ʜʦʚʦʣʥʦ ʩʫʰʪʠʥʩʢʠ ʧʨʠʬʘʪʝʥʠ, ʢʘʢʚʠ ʰʪʦ ʩʝ: ʛʝʦʛʨʘʬʩʢʘʪʘ 

ʠʟʦʣʘʮʠʿʘ, ʤʫʪʘʮʠʿʘʪʘ ʥʘ ʥʘʩʣʝʜʥʠʪʝ ʬʘʢʪʦʨʠ, ʭʠʙʨʠʜʠʟʘʮʠʿʘʪʘ, ʨʝʢʦʤʙʠʥʘʮʠʿʘʪʘ, 

ʛʝʥʝʪʩʢʘʪʘ ʠʟʦʣʘʮʠʿʘ ʠ ʩʣʠʯʥʦ. ʇʦʨʘʜʠ ʪʦʘ, ʜʝʥʝʩ ʝ ʩʦʟʜʘʜʝʥʘ ʠ ʮʝʣʦʩʥʦ ʧʨʠʬʘʪʝʥʘ 

ʪʘʢʘʥʘʨʝʯʝʥʘʪʘ ʩʠʥʪʝʪʩʢʘ ʪʝʦʨʠʿʘ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ. 

 ɼʦ ʥʝʦʜʘʤʥʘ ʚʢʫʧʥʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʞʠʚʠʦʪ ʠ ʬʦʩʠʣʥʠʦʪ ʩʚʝʪ ʙʝʰʝ ʧʦʜʝʣʝʥʦ 

ʥʘ ʜʚʝ ʮʘʨʩʪʚʘ: ʨʘʩʪʠʪʝʣʥʦ ʠ ʞʠʚʦʪʠʥʩʢʦ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʨʘʩʪʠʪʝʣʥʦʪʦ ʮʘʨʩʪʚʦ ʩʝ 

ʠʟʜʚʦʿʫʚʘʘ ʜʚʝ ʧʦʜʛʨʫʧʠ: ʥʠʞʠ (ʪʘʣʦʬʠʪʥʠ) ʠ ʚʠʰʠ (ʢʦʨʤʦʬʠʪʥʠ) ʨʘʩʪʝʥʠʿʘ, ʩʣʠʯʥʦ ʢʘʢʦ 

ʠ ʢʘʿ ʞʠʚʦʪʥʠʪʝ: ʥʠʞʠ (ʙʝʟʨʙʝʪʥʠ) ʠ ʚʠʰʠ ( ʨʙʝʪʥʠ) ʞʠʚʦʪʥʠ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʥʘʿʥʦʚʠʪʝ 

ʩʦʟʥʘʥʠʿʘ ʦʜ ʢʨʘʿʦʪ ʥʘ 20-ʪʠʦʪ ʚʝʢ ʪʘʢʚʠʦʪ ʩʪʘʚ ʝ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʠʟʤʝʥʝʪ ʩʦ ʧʦʩʪʘʚʫʚʘˁʝ 

ʥʘ ʥʘʿʤʘʣʢʫ 5 ʮʘʨʩʪʚʘ: Monera (Bacteria), Protista, Fungi, Plantae ʠ Animalia.  

ɺʦ Monera ʩʝ ʧʦʤʝʩʪʝʥʠ ʦʨʛʘʥʠʟʤʠʪʝ ʢʦʠ ʚʦ ʮʠʪʦʧʣʘʟʤʘʪʘ ʥʝʤʘʘʪ ʤʦʨʬʦʣʦʰʢʠ 

ʠʟʜʠʬʝʨʝʥʮʠʨʘʥʦ ʿʘʜʨʦ, ʿʘʜʨʝʥʮʝ, ʧʦʚʠʩʦʢʦ ʦʨʛʘʥʠʟʠʨʘʥʠ ʭʨʦʤʦʟʦʤʠ, ʭʠʩʪʦʥʠ, 

ʤʠʪʦʭʦʥʜʨʠʠ, ʧʣʘʩʪʠʜʠ ʠ ʜʨʫʛʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʠ ʦʨʛʘʥʝʣʠ ʪʠʧʠʯʥʠ ʟʘ ʝʫʢʘʨʠʦʪʩʢʘʪʘ 
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ʢʣʝʪʢʘ. ɺʦ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʥʘʤʝʩʪʦ ʮʝʣʫʣʦʟʘ ʠ ʭʠʪʠʥ ʧʦʩʝʜʫʚʘʘʪ ʛʣʠʢʦʧʝʧʪʠʜ ʤʫʨʝʠʥ, ʢʘʿ 

ʥʠʚ ʥʝ ʩʝ ʧʦʟʥʘʪʠ ʤʠʪʦʟʘʪʘ ʠ ʤʝʿʦʟʘʪʘ, ʘ ʧʦʣʦʚʠʦʪ ʧʨʦʮʝʩ, ʜʦʢʦʣʢʫ ʝ ʟʘʩʪʘʧʝʥ, ʤʦʞʝ ʜʘ ʝ 

ʩʘʤʦ ʢʦˁʫʛʘʮʠʿʘ. ɺʦ ʮʠʪʦʧʣʘʟʤʘʪʘ ʧʦʩʝʜʫʚʘʘʪ ʝʜʝʥ ʠʣʠ ʧʦʚʝ˃ʝ ʜʝʣʦʚʠ ʙʦʛʘʪʠ ʩʦ ɼʅʂ ʢʦʠ 

ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʥʫʢʣʝʦʧʣʘʟʤʘ ʠʣʠ ʥʫʢʣʝʦʠʜ. ʉʧʦʨʝʜ ʥʘʿʥʦʚʠʪʝ ʩʦʟʥʘʥʠʿʘ, Monera ʦʧʬʘ˃ʘʘʪ 

ʦʢʦʣʫ 3.600 ʚʠʜʦʚʠ, ʦʜ ʢʦʠ ʦʢʦʣʫ 1.600 ʧʨʠʧʘʺʘ ʥʘ ʤʠʢʦʧʣʘʟʤʠʪʝ, ʙʘʢʪʝʨʠʠʪʝ, ʚʠʨʫʩʠʪʝ ʠ 

ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ, ʜʦʜʝʢʘ ʦʢʦʣʫ 2.000 ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ (ʮʠjʘʥʦʙʘʢʪʝʨʠʠʪʝ).  

ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʧʨʦʢʘʨʠʦʪʘ, ʝʫʢʘʨʠʦʪʘ ʚʦ ʢʣʝʪʢʠʪʝ ʩʦʜʨʞʘʪ ʤʦʨʬʦʣʦʰʢʠ 

ʜʠʬʝʨʝʥʮʠʨʘʥʦ ʿʘʜʨʦ, ʤʠʪʦʭʦʥʜʨʠʠ, ʧʣʘʩʪʠʜʠ ʠ ʜʨʫʛʠ ʦʨʛʘʥʝʣʠ. ʂʣʝʪʦʯʥʠʦʪ ʼʠʜ ʠʤ ʝ ʦʜ 

ʮʝʣʫʣʦʟʘ ʠʣʠ ʭʠʪʠʥ ʠ ʧʦʚʝ˃ʝʪʦ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʧʦʣʦʚʦ, ʯʝʩʪʦ ʩʦ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠʪʝ ʬʘʟʠ. 

ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʛʨʫʧʘʪʘ ʝʫʢʘʨʠʦʪʘ ʧʦʤʝʩʪʝʥʠ ʩʝ ʪʨʠ ʮʘʨʩʪʚʘ: Vegetablia, Micetalia (Fungi) ʠ 

Animalia. ʇʦʩʣʝʜʥʠʪʝ ʧʦʜʘʪʦʮʠ ʝʚʠʥʜʝʪʠʨʘʘʪ ʜʝʢʘ ʜʝʥʝʩ ʩʝ ʧʦʟʥʘʪʠ ʦʢʦʣʫ 350.000 

ʨʝʮʝʥʪʥʠ ʚʠʜʦʚʠ ʨʘʩʪʝʥʠʿʘ, 120.000 ʚʠʜʦʚʠ ʛʘʙʠ ʠ ʦʢʦʣʫ 1.300.000 ʚʠʜʦʚʠ ʞʠʚʦʪʥʠ.  

ʀʩʪʨʘʞʫʚʘˁʘʪʘ, ʩʝʧʘʢ, ʧʦʪʚʨʜʫʚʘʘʪ ʜʝʢʘ ʧʨʦʢʘʨʠʦʪʠʪʝ (Monera) ʝ ʤʥʦʛʫ 

ʧʦʨʘʟʥʦʦʙʨʘʟʥʘ ʛʨʫʧʘ, ʧʦʨʘʜʠ ʰʪʦ ʜʝʥʝʩ ʪʘʘ ʩʝ ʧʦʜʝʣʫʚʘ ʥʘ 2 ʜʦʤʝʥʘ: Bacteria ʠ Archea, 

ʢʦʠ ʧʦʤʝʺʫ ʩʝʙʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ ʠʩʪʘ ʤʝʨʢʘ ʢʘʢʦ ʠ ʩʝʢʦʿʘ ʦʜ ʥʠʚ ʦʜ ʝʫʢʘʨʠʦʪʩʢʠʪʝ 

ʬʦʨʤʠ. ʅʠʪʫ ʝʜʥʘ ʦʜ ʦʚʠʝ ʪʨʠ ʛʨʫʧʠ ʥʝ ʝ ʬʠʣʦʛʝʥʝʪʩʢʠ ʧʨʝʪʭʦʜʥʠʢ ʥʘ ʜʨʫʛʘʪʘ, ʧʦʩʝʜʫʚʘʘʪ 

ʟʘʝʜʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ ʠ ʦʩʦʙʠʥʠ ʢʦʠ ʩʝ ʩʚʦʿʩʪʚʝʥʠ ʩʘʤʦ ʟʘ ʩʝʢʦʿʘ ʦʜ ʥʠʚ. ʅʘʜʚʦʨ 

ʦʜ ʥʘʚʝʜʝʥʘʪʘ ʝʚʦʣʫʮʠʦʥʘ ʰʝʤʘ ʠ ʧʦʥʘʪʘʤʫ ʩʝ ʥʘʦʺʘʘʪ ʚʠʨʫʩʠʪʝ ʩʦ ʦʩʦʙʠʥʠ ʜʘʣʝʢʫ 

ʧʦʨʘʟʣʠʯʥʠ ʦʜ ʩʠʪʝ ʜʨʫʛʠ ʦʨʛʘʥʠʟʤʠ, ʥʦ ʩʦ ʠʩʢʣʫʯʠʪʝʣʥʦ ʛʦʣʝʤʦ ʙʠʦʣʦʰʢʦ ʟʥʘʯʝˁʝ 

(ʩʣʠʢʘ 1), ʢʘʢʦ ʠ ʥʝʢʦʠ ʜʝʥʝʩ ʧʦʟʥʘʪʠ ʛʨʘʥʠʯʥʠ ʬʦʨʤʠ ʥʘ ʞʠʚʦʪ, ʢʘʢʚʠ ʰʪʦ ʩʝ ʧʨʠʦʥʠʪʝ 

ʥʘ ʧʨʠʤʝʨ. 

 

 
ʉʣʠʢʘ 1. ɽʚʦʣʫʮʠʦʥʠ ʛʨʫʧʠ ʥʘ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ.  
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ʇʦʢʨʘʿ ʬʘʢʪʦʪ ʰʪʦ ʧʦʚʝ˃ʝʪʦ ʨʘʩʪʝʥʠʿʘ ʠ ʞʠʚʦʪʥʠ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʥʘʚʝʜʝʥʠʪʝ 

ʦʩʦʙʠʥʠ, ʚʦ ʜʚʝʪʝ ʛʨʫʧʠ ʧʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʩʧʦʨʝʜ ʩʚʦʠʪʝ ʩʚʦʿʩʪʚʘ ʠ 

ʚʘʢʚʠʪʝ ʢʨʠʪʝʨʠʫʤʠ ʥʝ ʙʠ ʤʦʞʝʣʝ ʜʘ ʩʝ ʥʘʚʝʜʘʪ ʥʠʪʫ ʢʘʢʦ ʨʘʩʪʝʥʠʿʘ ʥʠʪʫ ʢʘʢʦ ʞʠʚʦʪʥʠ. 

ʊʘʢʚʠ ʩʝ, ʧʨʝʜ ʩⱪ, ʤʥʦʛʫ ʝʜʥʦʢʣʝʪʦʯʥʠ ʦʨʛʘʥʠʟʤʠ ʠ ʛʘʙʠʪʝ. ʇʦʤʝʺʫ ʝʜʥʦʢʣʝʪʦʯʥʠʪʝ ʬʦʨʤʠ 

ʩʝ ʥʘʦʺʘʘʪ ʘʚʪʦʪʨʦʬʠ ʢʦʠ ʥʝʤʘʘʪ ʢʣʝʪʦʯʝʥ ʼʠʜ ʠ ʘʢʪʠʚʥʦ ʩʝ ʜʚʠʞʘʪ (Gymnodinium palustre, 

Chloroamoeba heteromorpha ʠ ʜʨ.), ʥʦ ʠʤʘ ʠ ʭʝʪʝʨʦʪʨʦʬʠ ʩʦ ʿʘʩʥʦ ʜʠʬʝʨʝʥʮʠʨʘʥ ʢʣʝʪʦʯʝʥ 

ʼʠʜ (ʚʠʜʦʚʠʪʝ ʥʘ ʨʦʜʦʪ Astasia). ʇʦʢʨʘʿ ʪʦʘ, ʤʥʦʛʫ ʝʜʥʦʢʣʝʪʦʯʥʠ ʦʨʛʘʥʠʟʤʠ ʩʝ 

ʤʠʢʩʦʪʨʦʬʥʠ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʦʨʛʘʥʩʢʠʪʝ ʤʘʪʝʨʠʠ ʤʦʞʘʪ ʩʘʤʠʪʝ ʜʘ ʛʠ ʩʦʟʜʘʚʘʘʪ ʠʣʠ ʜʘ ʛʠ 

ʢʦʨʠʩʪʘʪ ʦʜ ʩʨʝʜʠʥʘʪʘ ʚʦ ʢʦʿʘ ʞʠʚʝʘʪ.  

ɺʦ ʩʠʩʪʝʤʦʪ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʦʨʛʘʥʠʟʤʠʪʝ ʥʘ ʜʚʝ ʮʘʨʩʪʚʘ ʧʦʩʝʙʥʦ ʝ 

ʩʦʤʥʠʪʝʣʥʘ ʧʦʣʦʞʙʘʪʘ ʥʘ ʛʘʙʠʪʝ, ʢʦʠ ʩʧʦʨʝʜ ʧʦʨʘʥʝʰʥʠʪʝ ʥʘʟʠʚʠ (Mycophyta, 

Eumycophyta) ʩʝ ʧʦʤʝʩʪʝʥʠ ʚʦ ʛʨʫʧʘʪʘ ʥʘ ʨʘʩʪʝʥʠʿʘ (phyton - ʨʘʩʪʝʥʠʝ). ʅʦ, ʛʘʙʠʪʝ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʩʦ ʥʠʟʘ ʥʘ ʦʩʦʙʠʥʠ ʨʘʟʣʠʯʥʠ ʦʜ ʪʠʝ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ, ʢʘʢʚʠ ʰʪʦ ʩʝ: ʥʘʯʠʥʦʪ 

ʥʘ ʠʩʭʨʘʥʘ, ʩʦʩʪʘʚ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ, ʤʝʭʘʥʠʟʘʤ ʥʘ ʨʝʘʢʮʠʿʘ ʥʘ ʩʚʝʪʣʠʥʘ, ʭʦʨʤʦʥʘʣʝʥ 

ʩʠʩʪʝʤ ʠ ʜʨʫʛʦ. ʂʘʢʦ ʰʪʦ ʝ ʧʦʟʥʘʪʦ, ʛʘʙʠʪʝ ʩʝ ʭʝʪʝʨʦʪʨʦʬʥʠ ʦʨʛʘʥʠʟʤʠ, ʘ ʚʦ ʢʣʝʪʦʯʥʠʦʪ 

ʼʠʜ ʩʦʜʨʞʘʪ ʭʠʪʠʥ (ʦʩʚʝʥ Oomycetes). ʂʘʢʦ ʝʜʠʥʩʪʚʝʥʘ ʠ ʩʧʝʮʠʬʠʯʥʘ ʦʩʦʙʠʥʘ ʥʘ ʛʘʙʠʪʝ 

ʩʝ ʥʘʚʝʜʫʚʘ ʧʦʩʪʦʝˁʝ ʥʘ ʧʦʨʠ ʚʦ ʧʦʧʨʝʯʥʠʪʝ ʼʠʜʦʚʠ ʥʘ ʧʦʚʝ˃ʝʢʣʝʪʦʯʥʠʪʝ ʭʠʬʠ ʢʦʠ, ʦʩʚʝʥ 

ʟʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ, ʩʣʫʞʘʪ ʠ ʟʘ ʤʠʛʨʘʮʠʿʘ ʥʘ ʿʘʜʨʘ. ʇʠʛʤʝʥʪʦʪ ʤʝʣʘʥʠʥ 

ʧʦʟʥʘʪ ʝ ʟʘ ʥʝʢʦʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʞʠʚʦʪʠʥʩʢʦʪʦ ʮʘʨʩʪʚʦ, ʢʘʿ ʨʘʩʪʝʥʠʿʘʪʘ ʥʝ ʝ ʫʪʚʨʜʝʥ, ʥʦ 

ʧʦʟʥʘʪ ʝ ʠ ʟʘ ʥʝʢʦʠ ʚʠʜʦʚʠ ʛʘʙʠ. ʈʘʟʣʠʢʠʪʝ ʧʦʤʝʺʫ ʨʘʩʪʝʥʠʿʘʪʘ ʠ ʛʘʙʠʪʝ, ʧʦʢʨʘʿ 

ʘʚʪʦʪʨʦʬʥʦʩʪʘ, ʩʝ ʿʘʚʫʚʘʘʪ ʠ ʚʦ ʜʝʿʩʪʚʦʪʦ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʤʦʨʬʦ-ʛʝʥʝʪʩʢʠʪʝ ʧʨʦʮʝʩʠ. ʂʘʿ 

ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʝʫʛʣʝʥʠʪʝ ʠ ʭʘʨʠʪʝ ʚʦ ʪʠʝ ʧʨʦʮʝʩʠ ʧʦ ʧʨʘʚʠʣʦ 

ʘʢʪʠʚʝʥ ʝ ʮʨʚʝʥʠʦʪ ʜʝʣ ʥʘ ʩʧʝʢʪʘʨʦʪ ʩʦ ʤʘʢʩʠʤʫʤ ʥʘ 660 nm, ʜʦʜʝʢʘ ʢʘʿ ʛʘʙʠʪʝ ʪʘʢʚʘ 

ʘʢʪʠʚʥʦʩʪ ʠ ʤʦʨʬʦʛʝʥʝʪʩʢʠ ʧʨʦʤʝʥʠ ʧʨʝʜʠʟʚʠʢʫʚʘ ʩʚʝʪʣʠʥʘ ʩʦ ʙʨʘʥʦʚʘ ʜʦʣʞʠʥʘ ʦʜ 320 - 

480 nm. ɺʦ ʮʠʢʣʫʩʦʪ ʥʘ ʨʘʟʚʠʪʦʢ ʢʘʿ ʛʘʙʠʪʝ ʩʝ ʿʘʚʫʚʘʘʪ ʭʘʧʣʦʠʜʥʠʦʪ ʩʪʘʜʠʫʤ ʠ ʩʪʘʜʠʫʤ ʥʘ 

ʜʚʝ ʿʘʜʨʘ (ʜʠʢʘʨʠʦʥ), ʩʤʝʥʘ ʥʘ ʛʝʥʝʨʘʮʠʠ ʧʦʩʪʦʠ ʩʘʤʦ ʢʘʿ ʧʦʧʨʠʤʠʪʠʚʥʠʪʝ ʧʨʝʪʩʪʘʚʠʪʝʣʠ 

ʥʘ ʛʘʙʠʪʝ, ʜʦʜʝʢʘ ʢʘʿ Ăʚʠʰʠʪʝñ ʨʘʩʪʝʥʠʿʘ, ʘ ʧʦʩʝʙʥʦ ʢʘʿ ʘʣʛʠʪʝ, ʪʘʘ ʝ ʯʝʩʪʘ ʧʦʿʘʚʘ.  

ʂʘʢʦ ʰʪʦ ʩʝ ʛʣʝʜʘ, ʛʘʙʠʪʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʧʦ ʮʝʣʘ ʥʠʟʘ ʥʘ ʦʩʦʙʠʥʠ ʦʜ ʨʘʩʪʝʥʠʿʘʪʘ, 

ʦʜ ʝʜʥʘ ʩʪʨʘʥʘ, ʘ ʦʜ ʜʨʫʛʘ, ʧʦʢʘʞʫʚʘʘʪ ʦʩʦʙʠʥʠ ʪʠʧʠʯʥʠ ʟʘ ʞʠʚʦʪʥʠʪʝ, ʢʘʢʚʦ ʰʪʦ ʝ ʥʘ 

ʧʨʠʤʝʨ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʧʠʛʤʝʥʪʦʪ ʤʝʣʘʥʠʥ. ʇʦʢʨʘʿ ʪʦʘ, ʮʠʪʦʭʨʦʤ ʩʠʩʪʝʤʦʪ ʟʘ ʧʨʝʥʦʩ ʥʘ 

ʝʣʝʢʪʨʦʥʠ ʚʦ ʧʨʦʮʝʩʦʪ ʥʘ ʜʠʰʝˁʝ ʢʘʿ ʛʘʙʠʪʝ ʤʥʦʛʫ ʝ ʩʣʠʯʝʥ ʥʘ ʩʠʩʪʝʤʦʪ ʢʘʿ ʧʪʠʮʠʪʝ ʠ 

ʮʠʮʘʯʠʪʝ, ʘ ʩʝ ʨʘʟʣʠʢʫʚʘ ʦʜ ʪʦʿ ʢʘʿ ʨʘʩʪʝʥʠʿʘʪʘ. ɺʦ ʠʩʪʦ ʚʨʝʤʝ, ʛʘʙʠʪʝ ʧʦʩʝʜʫʚʘʘʪ ʠ 

ʦʩʦʙʠʥʠ ʪʠʧʠʯʥʠ ʟʘ ʨʘʩʪʝʥʠʿʘʪʘ, ʢʘʢʚʠ ʰʪʦ ʩʝ ʥʝʦʛʨʘʥʠʯʝʥʠʦʪ ʨʘʩʪ, ʧʦʩʝʜʫʚʘˁʝ ʥʘ 

ʢʣʝʪʦʯʝʥ ʼʠʜ ʠ ʘʧʩʦʨʧʮʠʿʘ ʧʨʝʢʫ ʟʛʦʣʝʤʝʥʘ ʥʘʜʚʦʨʝʰʥʘ ʧʦʚʨʰʠʥʘ. ʀ, ʜʦʢʦʣʢʫ ʥʘ ʩʝʪʦ ʦʚʘ 

ʩʝ ʜʦʜʘʜʝ ʧʦʣʠʬʠʣʝʪʩʢʦʪʦ ʧʦʪʝʢʣʦ ʥʘ ʛʘʙʠʪʝ, ʩʪʘʥʫʚʘ ʤʥʦʛʫ ʿʘʩʥʦ ʟʦʰʪʦ ʪʠʝ ʩʝ 

ʠʟʜʚʦʿʫʚʘʘʪ ʚʦ ʧʦʩʝʙʥʦ ʮʘʨʩʪʚʦ Mycetalia (Fungi), ʢʦʝ ʚʦ ʩʠʩʪʝʤʦʪ ʥʘ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ ʩʝ 

ʥʘʦʺʘ ʧʦʤʝʺʫ Animalia ʠ Vegetablia. 

ɹʠʦʣʦʰʢʘʪʘ ʥʘʫʢʘ ʢʦʿʘ ʿʘ ʠʟʫʯʫʚʘ ʪʘʢʩʦʥʦʤʩʢʘʪʘ ʨʘʟʥʦʦʙʨʘʟʥʦʩʪ ʥʘ ʦʨʛʘʥʠʟʤʠʪʝ ʠ 

ʛʠ ʧʦʿʘʩʥʫʚʘ ʥʠʚʥʠʪʝ ʝʚʦʣʫʪʠʚʥʠ ʠ ʬʠʣʦʛʝʥʝʪʩʢʠ ʦʜʥʦʩʠ ʩʝ ʥʘʨʝʢʫʚʘ ʉʠʩʪʝʤʘʪʠʢʘ. 

ʀʤʘʿ˃ʠ ʛʦ ʧʨʝʜʚʠʜ ʦʛʨʦʤʥʠʦʪ ʙʨʦʿ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʧʦʟʥʘʪʠʪʝ ʨʝʮʝʥʪʥʠ ʚʠʜʦʚʠ, ʥʦ ʠ 
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ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʠʩʯʝʟʥʘʪʠʪʝ ʬʦʨʤʠ ʥʘ ʞʠʚʦʪ, ʝʚʠʜʝʥʪʥʦ ʝ ʜʝʢʘ ʩʠʩʪʝʤʘʪʠʢʘʪʘ ʠʤʘ 

ʝʜʠʥʩʪʚʝʥʘ ʟʘʜʘʯʘ ʜʘ ʛʦ ʝʚʠʜʝʥʪʠʨʘ ʠ ʨʝʛʠʩʪʨʠʨʘ ʩʝʚʢʫʧʥʠʦʪ ʞʠʚ ʩʚʝʪ. ʇʦʨʘʜʠ ʪʦʘ, ʥʫʞʥʦ 

ʩʝ ʥʘʤʝʪʥʫʚʘ ʧʦʪʨʝʙʘʪʘ ʟʘ ʛʨʫʧʠʨʘˁʝ, ʦʜʥʦʩʥʦ ʢʣʘʩʠʬʠʮʠʨʘˁʝ, ʧʨʝʢʫ ʢʦʝ ʩʝ ʧʦʩʪʠʛʥʫʚʘ 

ʧʨʝʛʣʝʜʥʦʩʪ, ʜʦʩʪʘʧʥʦʩʪ ʠ ʨʘʮʠʦʥʘʣʥʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʦʨʤʥʠʦʪ ʙʨʦʿ ʧʦʜʘʪʦʮʠ ʟʘ ʞʠʚʠʪʝ 

ʬʦʨʤʠ. ʇʨʠʨʦʜʥʠʦʪ ʩʠʩʪʝʤ ʥʘ ʢʣʘʩʠʬʠʮʠʨʘˁʝ ʥʘ ʞʠʚʠʪʝ ʬʦʨʤʠ, ʙʘʟʠʨʘʥ, ʧʨʝʜ ʩè, ʥʘ 

ʝʚʦʣʫʮʠʦʥʠʪʝ ʠ ʬʠʣʦʛʝʥʝʪʩʢʠʪʝ ʚʨʩʢʠ, ʥʫʞʥʦ ʧʦʜʨʘʟʙʠʨʘ ʩʝʢʦʿʘ ʬʦʨʤʘ ʜʘ ʜʦʙʠʝ ʩʚʦʿ 

ʥʘʟʠʚ. ɼʝʣʦʪ ʥʘ ʩʠʩʪʝʤʘʪʠʢʘʪʘ ʢʦʿ ʛʠ ʨʘʟʨʘʙʦʪʫʚʘ ʪʝʦʨʝʪʩʢʠʪʝ ʧʨʠʥʮʠʧʠ ʠ ʧʨʘʢʪʠʯʥʠʪʝ 

ʘʧʣʠʢʘʮʠʠ ʧʨʠ ʜʦʜʝʣʫʚʘˁʝʪʦ ʥʘ ʥʘʟʠʚʠʪʝ ʥʘ ʪʘʢʩʦʥʠʪʝ ʩʝ ʥʘʨʝʢʫʚʘ ʥʦʤʝʥʢʣʘʪʫʨʘ. ʉʝʧʘʢ, 

ʬʫʥʜʘʤʝʥʪʘʣʥʘʪʘ ʟʘʜʘʯʘ ʥʘ ʬʠʣʦʛʝʥʝʪʩʢʘʪʘ ʩʠʩʪʝʤʘʪʠʢʘ ʝ ʚʦ ʨʘʩʚʝʪʣʫʚʘˁʝʪʦ ʥʘ 

ʧʨʘʰʘˁʘʪʘ ʟʘ ʧʦʪʝʢʣʦʪʦ ʠ ʧʦʩʪʘʥʦʢʦʪ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʦʩʪʘ ʧʦʤʝʺʫ ʞʠʚʠʪʝ ʬʦʨʤʠ, 

ʧʨʠʯʠʥʠʪʝ ʠ ʟʘʢʦʥʠʪʝ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʜʠʬʝʨʝʥʮʠʨʘˁʝʪʦ ʥʘ ʩʨʦʜʥʠʪʝ ʬʦʨʤʠ ʠ ʩʣʠʯʥʦ. 

ɿʘ ʚʦ ʧʦʪʧʦʣʥʦʩʪ ʜʘ ʿʘ ʠʩʧʦʣʥʠ ʩʚʦʿʘʪʘ ʮʝʣ, ʩʠʩʪʝʤʘʪʠʢʘʪʘ ʥʫʞʥʦ ʤʦʨʘ ʜʘ ʩʪʦʠ ʚʦ ʪʝʩʥʘ 

ʚʨʩʢʘ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʙʠʦʣʦʰʢʠ ʜʠʩʮʠʧʣʠʥʠ, ʢʘʢʚʠ ʰʪʦ ʩʝ: ʝʚʦʣʫʮʠʦʥʘʪʘ ʤʦʨʬʦʣʦʛʠʿʘ, 

ʮʠʪʦʣʦʛʠʿʘ, ʛʝʥʝʪʠʢʘ, ʙʠʦʭʝʤʠʿʘ, ʝʢʦʣʦʛʠʿʘ, ʙʠʦʛʝʦʛʨʘʬʠʿʘ, ʧʘʣʝʦʙʦʪʘʥʠʢʘ ʠ ʤʥʦʛʫ ʜʨʫʛʠ.   

˟ˍ˗˞˛˚˕ ˕ ˟ˍ˗˞˛˚˛˙˞˗˕ ˗ˍ˟˒ː˛˝˕˕ 

ʉʝʢʦʿ ʩʠʩʪʝʤ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ, ʚʦ ʢʦʠ ʩʧʘʺʘ ʠ ʙʠʦʣʦʰʢʠʦʪ, ʝ ʭʠʝʨʘʨʭʠʩʢʠ ʩʠʩʪʝʤ 

ʥʘ ʧʦʜʝʜʠʥʠʮʠ. ɿʘ ʦʟʥʘʯʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʘʪʩʢʠʪʝ ʝʜʠʥʠʮʠ ʦʜ ʢʦʿ ʙʠʣʦ ʨʘʥʛ, ʩʧʦʨʝʜ 

ʄʝʺʫʥʘʨʦʜʥʠʦʪ ʂʦʜʝʢʩ ʥʘ ɹʦʪʘʥʠʯʢʘʪʘ ʅʦʤʝʥʢʣʘʪʫʨʘ, ʫʩʚʦʝʥ ʝ ʪʝʨʤʠʥʦʪ ʪʘʢʩʦʥ. 

ʊʘʢʩʦʥʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʨʝʘʣʝʥ ʠʣʠ ʢʦʥʢʨʝʪʝʥ ʝʥʪʠʪʝʪ ʥʝʟʘʚʠʩʝʥ ʦʜ ʭʠʝʨʘʨʭʠʩʢʠʦʪ ʨʘʥʛ, 

ʦʜʥʦʩʥʦ ʪʦʘ ʝ ʢʦʥʢʨʝʪʝʥ ʚʠʜ (ʥʘ ʧʨ. Acetabularia mediterranea), ʨʝʜ (Dasicladales), ʪʠʧ 

(Chlorophyta) ʠ ʩʣʠʯʥʦ. ʅʘʫʯʥʠʪʝ ʠʤʠˁʘ ʥʘ ʪʘʢʩʦʥʠʪʝ ʩʝ ʣʘʪʠʥʩʢʠ ʠʣʠ ʩʝ ʪʨʝʪʠʨʘʘʪ ʢʘʢʦ 

ʣʘʪʠʥʩʢʠ ʠ ʩʝ ʧʠʰʫʚʘʘʪ ʠ ʥʘʨʝʢʫʚʘʘʪ ʩʧʦʨʝʜ ʧʨʠʥʮʠʧʠʪʝ ʠ ʧʨʘʚʠʣʘʪʘ ʥʘ ʩʧʦʤʝʥʘʪʠʦʪ 

ʢʦʜʝʢʩ.  

ʊʘʢʩʦʥʦʤʩʢʠʪʝ ʠʣʠ ʩʠʩʪʝʤʘʪʩʢʠʪʝ ʢʘʪʝʛʦʨʠʠ, ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʘʧʩʪʨʘʢʪʥʠ ʧʦʠʤʠ ʩʦ ʢʦʠ ʩʝ ʦʟʥʘʯʫʚʘ ʢʦʿ ʙʠʣʦ ʪʘʢʩʦʥ ʠʣʠ ʛʨʫʧʘ ʥʘ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʩʝ ʥʘ 

ʠʩʪʦ ʨʘʤʥʠʰʪʝ ʚʦ ʭʠʿʘʨʘʨʭʠʩʢʠʦʪ ʨʝʜ. ɺʦ ʙʠʦʣʦʰʢʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ 

ʦʩʥʦʚʥʠ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠ ʪʘʢʩʦʥʦʤʩʢʠ ʢʘʪʝʛʦʨʠʠ (ʪʘʙʝʣʘ 1). ʆʩʥʦʚʥʠʪʝ ʪʘʢʩʦʥʦʤʩʢʠ 

ʢʘʪʝʛʦʨʠʠ ʩʝ: ʚʠʜ, ʨʦʜ, ʬʘʤʠʣʠʿʘ, ʨʝʜ, ʢʣʘʩʘ, ʪʠʧ ʠ ʮʘʨʩʪʚʦ. 

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʪʦʘ, ʩʝʢʦʿ ʪʘʢʩʦʥ ʧʨʠʧʘʺʘ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʪʘʢʩʦʥʦʤʩʢʘ ʢʘʪʝʛʦʨʠʿʘ. 

ʊʘʢʩʦʥʦʤʩʢʘʪʘ ʢʘʪʝʛʦʨʠʿʘ ʛʦ ʦʧʨʝʜʝʣʫʚʘ ʤʝʩʪʦʪʦ ʥʘ ʪʘʢʩʦʥʠʪʝ ʚʦ ʭʠʝʨʘʨʭʠʩʢʠʦʪ ʨʝʜ ʥʘ 

ʙʠʦʣʦʰʢʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ, ʜʦʜʝʢʘ ʩʘʤʠʦʪ ʨʝʜ ʝ ʦʜʨʘʟ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ. ʉʧʦʨʝʜ 

ʄʝʺʫʥʘʨʦʜʥʠʦʪ ʢʦʜʝʢʩ ʥʘ ʙʦʪʘʥʠʯʢʘʪʘ ʥʦʤʝʥʢʣʘʪʫʨʘ Ăʩʝʢʦʝ ʨʘʩʪʝʥʠʝ ʧʨʠʧʘʺʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥ ʥʠʟ ʥʘ ʪʘʢʩʦʥʠ ʦʜ ʧʦʩʪʝʧʝʥʦ ʧʦʥʠʟʦʢ ʨʘʥʛ, ʧʦʤʝʺʫ ʢʦʠ ʢʘʢʦ ʦʩʥʦʚʝʥ ʩʝ ʿʘʚʫʚʘ 

ʨʘʥʛʦʪ ʥʘ ʚʠʜñ.  

ɺʠʜ (species) ʠ ʧʦʧʫʣʘʮʠʿʘ - ʧʦʧʫʣʘʮʠʿʘʪʘ (ʢʘʿ ʦʨʛʘʥʠʟʤʠʪʝ ʩʦ ʧʦʣʦʚ ʧʨʦʮʝʩ ʥʘ 

ʨʘʟʤʥʦʞʫʚʘˁʝ) ʝ ʥʘʿʯʝʩʪʦ ʜʝʬʠʥʠʨʘʥʘ ʢʘʢʦ: 

Å ʛʨʫʧʘ ʥʘ ʝʜʠʥʢʠ ʢʦʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʤʦʞʘʪ ʤʝʺʫʩʝʙʥʦ ʜʘ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ, 

Å ʝʜʠʥʢʠʪʝ ʚʦ ʪʘʘ ʛʨʫʧʘ ʩʝ ʧʨʦʩʪʦʨʥʦ ʙʣʠʩʢʫ, ʪʘʢʘ ʰʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝʪʦ ʝ 

ʦʚʦʟʤʦʞʝʥʦ, 
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Å ʧʨʦʜʫʢʪ ʥʘ ʥʠʚʥʦʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝ ʩʝ ʬʝʨʪʠʣʥʠ ʧʦʪʦʤʮʠ. 

ʇʦʧʫʣʘʮʠʿʘʪʘ ʝ ʥʘʿʤʘʣʘʪʘ ʝʚʦʣʫʮʠʦʥʘ ʝʜʠʥʠʮʘ ʚʦ ʧʨʠʨʦʜʘʪʘ. ʇʨʠʨʦʜʥʘʪʘ ʩʝʣʝʢʮʠʿʘ 

ʜʝʣʫʚʘ ʥʘ ʥʠʚʦ ʥʘ ʧʦʧʫʣʘʮʠʿʘʪʘ ʠ ʜʦʚʝʜʫʚʘ ʜʦ ʠʟʤʝʥʘ ʥʘ ʛʝʥʩʢʘʪʘ ʬʨʝʢʬʝʥʮʠʿʘ. ɻʝʥʝʪʩʢʘʪʘ 

ʬʨʝʢʬʝʥʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʥʠ ʠ ʧʦʨʘʜʠ ʩʣʫʯʘʿʥʠ ʧʨʠʨʦʜʥʠ ʬʝʥʦʤʝʥʠ (ʛʝʥʝʪʩʢʠ ʩʢʦʢ), 

ʥʦ ʚʦ ʪʘʢʩʦʥʦʤʠʿʘʪʘ ʥʝ ʝ ʚʦʦʙʠʯʘʝʥʦ ʜʘ ʩʝ ʠʤʝʥʫʚʘʘʪ ʧʦʧʫʣʘʮʠʠʪʝ, ʪʫʢʫ ʝʜʠʥʢʠʪʝ (ʘ ʧʨʝʢʫ 

ʥʠʚ ʠ ʧʦʧʫʣʘʮʠʠʪʝ) ʢʦʠ ʩʝ ʛʨʫʧʠʨʘʘʪ ʚʦ ʚʠʜʦʚʠ. ɺʠʜʦʪ ʝ ʢʘʪʝʛʦʨʠʿʘ ʢʦʿʘ ʥʘʿʝʜʥʦʩʪʘʚʥʦ ʩʝ 

ʦʪʢʨʠʚʘ ʚʦ ʧʨʠʨʦʜʘʪʘ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʦʩʥʦʚʘ ʥʘ ʚʢʫʧʥʘʪʘ ʪʘʢʩʦʥʦʤʠʿʘ.  

 

ʊʘʙʝʣʘ 1. ʆʩʥʦʚʥʠ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠ ʢʘʪʝʛʦʨʠʠ ʚʦ ʪʘʢʩʦʥʦʤʩʢʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ 

ʚʠʜʦʚʠʪʝ.  

ʆʩʥʦʚʥʘ            ʂ  ʘ  ʪ  ʝ  ʛ  ʦ  ʨ ʠ ʿ  ʘ        ɼʦʧʦʣʥʠʪʝʣʥʘ 

 ʅʘʜʮʘʨʩʪʚʦ (Superregnum)       

 ʎʘʨʩʪʚʦ (Regnum)    ʇʦʜʮʘʨʩʪʚʦ (Subregnum) 

  ʊʠʧ (Divisio)     ʇʦʪʪʠʧ (Subdivisio) 

  ʂʣʘʩʘ (Classis)    ʇʦʪʢʣʘʩʘ (Subclassis) 

  ʈʝʜ (Ordo)     ʇʦʜʨʝʜ (Subordo) 

  ʌʘʤʠʣʠʿʘ (Familia)     ʇʦʜʬʘʤʠʣʠʿʘ (Subfamilia) 

        ʊʨʠʙʫʩ (Tribus) 

        ʇʦʜʪʨʠʙʫʩ (Subtribus) 

  ʈʦʜ (Genus)     ʇʦʜʨʦʜ (Subgenus) 

        ʉʝʢʮʠʿʘ (Sectio) 

        ʇʦʜʩʝʢʮʠʿʘ (Subsectio) 

        ʉʝʨʠʿʘ (Series) 

        ʇʦʜʩʝʨʠʿʘ (Subseries) 

  ɺʠʜ (Species)     ʇʦʜʚʠʜ (Subspecies) 

        ɺʘʨʠʝʪʝʪ (Varietas) 

        ʇʦʜʚʘʨʠʝʪʝʪ (Subvarietas) 

        ʌʦʨʤʘ (Forma) 

        ʇʦʜʬʦʨʤʘ (Subforma) 

 

ʐʪʦ ʝ ʚʠʜ? ɺʦ ʥʘʫʢʘʪʘ ʩʝ ʦʜʚʠʚʘ ʦʩʪʨʘ ʧʦʣʝʤʠʢʘ ʦʢʦʣʫ ʦʚʦʿ ʧʨʦʙʣʝʤ, ʧʦʨʘʜʠ ʰʪʦ 

ʧʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʜʝʬʠʥʠʮʠʠ, ʢʘʢʦ: 

1. ɹʠʦʣʦʰʢʘ ʜʝʬʠʥʠʮʠʿʘ ʥʘ ʚʠʜʦʪ (Biological Species Concept - BSC) - ʆʚʘ ʝ ʜʘʣʝʢʫ 

ʥʘʿʧʦʟʥʘʪʠʦʪ ʢʦʥʮʝʧʪ ʥʘ ʚʠʜʦʪ, ʚʦʚʝʜʝʥ ʦʜ ʧʨʦʯʫʝʥʠʦʪ ʟʦʦʣʦʛ Ernst Mayer. ʉʧʦʨʝʜ 

ʥʝʛʦ ʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʜʚʝ ʧʦʧʫʣʘʮʠʠ ʜʘ ʩʦʟʜʘʜʘʪ ʬʝʨʪʠʣʥʦ ʧʦʪʦʤʩʪʚʦ ʝ ʝʜʠʥʩʪʚʝʥ 

ʢʨʠʪʝʨʠʫʤ ʩʧʦʨʝʜ ʢʦʿ ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʣʫʯʠ ʜʘʣʠ ʪʠʝ ʪʨʝʙʘ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʢʘʢʦ ʠʩʪ 

ʚʠʜ ʠʣʠ ʥʝ. ʆʜʥʦʩʥʦ, ʜʦʢʦʣʢʫ ʜʚʝ ʧʦʧʫʣʘʮʠʠ ʥʘ ʝʜʠʥʢʠ ʤʝʺʫʩʝʙʥʦ ʩʦʟʜʘʚʘʘʪ ʬʝʨʪʠʣʥʦ 

ʧʦʪʦʤʩʪʚʦ ʪʨʝʙʘ ʜʘ ʩʝ ʩʤʝʪʘʘʪ ʟʘ ʠʩʪ ʚʠʜ, ʥʦ ʜʦʢʦʣʢʫ ʩʦʟʜʘʚʘʘʪ ʩʪʝʨʠʣʥʦ ʧʦʪʦʤʩʪʚʦ, 

ʠʣʠ ʧʘʢ ʚʦʦʧʰʪʦ ʥʝ ʩʦʟʜʘʚʘʘʪ ʧʦʪʦʤʩʪʚʦ, ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʜʚʘ ʧʦʩʝʙʥʠ ʚʠʜʘ. ʇʦʢʨʘʿ 

ʥʝʛʦʚʘʪʘ ʰʠʨʦʢʘ ʫʧʦʪʨʝʙʘ ʠ ʜʝʥʝʩ ʚʦ ʥʝʢʦʠ ʦʙʣʘʩʪʠ ʥʘ ʟʦʦʣʦʛʠʿʘʪʘ, ʦʚʦʿ ʢʦʥʮʝʧʪ, 

ʩʝʧʘʢ ʝ ʛʣʘʚʥʦ ʦʪʬʨʣʝʥ ʧʦʨʘʜʠ ʩʣʝʜʥʠʪʝ ʢʨʠʪʠʢʠ: 
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Å ʆʚʦʿ ʢʦʥʮʝʧʪ ʛʠ ʤʝʰʘ ʰʝʤʘʪʘ ʠ ʧʨʦʮʝʩʦʪ. ɼʦʢʦʣʢʫ ʧʨʦʮʝʩʦʪ (ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ 

ʧʨʦʮʝʩʦʪ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʧʨʝʯʢʠʪʝ ʧʨʠ ʨʘʟʤʥʦʞʫʚʘˁʝʪʦ - ʩʪʝʨʠʣʠʪʝʪ) ʩʝ ʚʢʣʫʯʠ 

ʚʦ ʜʝʬʠʥʠʮʠʿʘʪʘ ʥʘ ʚʠʜʦʪ, ʪʦʿ ʚʝʨʦʿʘʪʥʦ ˃ʝ ʩʝ ʦʜʥʝʩʫʚʘ ʩʘʤʦ ʥʘ ʦʛʨʘʥʠʯʝʥʘ ʛʨʫʧʘ ʥʘ 

ʦʨʛʘʥʠʟʤʠ; 

Å ɼʝʥʝʩ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʦʚʦʿ ʢʦʥʮʝʧʪ ʝ, ʠʩʪʦ ʪʘʢʘ, ʠ ʥʝʣʦʛʠʯʝʥ! ɿʦʰʪʦ ʤʦʞʥʦʩʪʘ 

ʟʘ ʩʦʟʜʘʚʘˁʝ ʥʘ ʬʝʨʪʠʣʥʦ ʧʦʪʦʤʩʪʚʦ ʙʠ ʙʠʣʘ ʝʜʠʥʩʪʚʝʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʜʘ ʩʝ 

ʦʜʣʫʯʠ ʰʪʦ ʝ ʚʠʜ? ʇʦʤʝʺʫ ʨʘʩʪʝʥʠʿʘʪʘ ʧʦʩʪʦʿʘʪ ʙʨʦʿʥʠ ʧʨʠʤʝʨʠ ʟʘ ʚʠʜʦʚʠ ʢʦʠ ʩʝ 

ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ ʤʦʨʬʦʣʦʛʠʿʘʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʫʚʘˁʝʪʦ, ʙʠʦʣʦʛʠʿʘʪʘ ʥʘ ʨʝʧʨʦʜʫʢʮʠʿʘ, ʘ 

ʝʚʦʣʫʪʠʚʥʦ ʥʝ ʨʘʟʚʠʣʝ ʧʨʝʯʢʠ ʚʦ ʨʘʟʤʥʦʞʫʚʘˁʝʪʦ. ɽʜʝʥ ʦʜ ʪʠʧʠʯʥʠʪʝ ʧʨʠʤʝʨʠ ʩʝ 

ʦʨʭʠʜʝʠʪʝ ʢʦʠ ʥʘʿʯʝʩʪʦ ʩʝ ʤʦʨʬʦʣʦʰʢʠ ʘʜʘʧʪʠʨʘʥʠ ʢʦʥ ʨʘʟʣʠʯʥʠ ʦʧʨʘʰʫʚʘʯʠ, ʥʦ 

ʚʦ ʩʣʫʯʘʿ ʥʘ ʚʝʰʪʘʯʢʦ ʦʧʣʦʜʫʚʘˁʝ ʦʜ ʩʪʨʘʥʘ ʥʘ ʯʦʚʝʢʦʪ, ʩʢʦʨʦ ʩʠʪʝ ʚʠʜʦʚʠ 

ʧʨʦʜʫʮʠʨʘʘʪ ʬʝʨʪʠʣʥʦ ʧʦʪʦʤʩʪʚʦ. ʉʦ ʜʨʫʛʠ ʟʙʦʨʦʚʠ, ʨʘʩʪʝʥʠʿʘʪʘ ʥʝ ʨʘʟʚʠʚʘʘʪ 

ʧʨʝʯʢʠ ʚʦ ʨʘʟʤʥʦʞʫʚʘˁʝʪʦ ʟʘ ʜʘ ʩʝ ʩʪʝʢʥʘʪ ʩʦ ʪʝʨʤʠʥʦʪ ʚʠʜ; 

Å ʆʚʦʿ ʢʦʥʮʝʧʪ ʚʦʦʧʰʪʦ ʥʝ ʝ ʧʨʠʤʝʥʣʠʚ ʟʘ ʬʦʨʤʠʪʝ ʢʦʠ ʥʝ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ 

ʩʦ ʧʦʣʦʚ ʧʨʦʮʝʩ. 

2. ʌʠʣʦʛʝʥʝʪʩʢʘ ʜʝʬʠʥʠʮʠʿʘ ʥʘ ʚʠʜʦʪ (Phylogenetic Species Concept ï PSC) - ʆʚʘ ʝ 

ʚʩʫʰʥʦʩʪ ʛʨʫʧʘ ʥʘ ʩʣʠʯʥʠ ʢʦʥʮʝʧʪʠ, ʩʧʦʨʝʜ ʢʦʠ ʚʠʜʦʪ ʪʨʝʙʘ ʜʘ ʙʠʜʝ ʜʝʬʠʥʠʨʘʥ 

ʩʧʦʨʝʜ ʟʘʝʜʥʠʯʢʠ ʧʨʝʜʦʢ (ʦʜʥʦʩʥʦ ʠʩʪʦʨʠʩʢʠ) ʠ ʧʦʥʝʢʦʛʘʰ ʧʨʝʢʫ ʤʦʞʥʦʩʪ ʟʘ  

ʜʠʿʘʛʥʦʩʪʠʮʠʨʘˁʝ (ʚʠʜʦʚʠʪʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʩʧʦʨʝʜ ʥʝʢʦʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ). ʇʨʝʜʥʦʩʪ ʥʘ ʦʚʦʿ ʢʦʥʮʝʧʪ ʝ ʜʝʢʘ ʠʤʘ ʿʘʩʝʥ ʝʚʦʣʫʪʠʚʝʥ ʧʨʠʦʜ ʠ ʜʝʢʘ 

ʥʝ ʝ ʣʠʤʠʪʠʨʘʥ ʚʦ ʦʜʥʦʩ ʥʘ ʧʦʝʜʠʥʝʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʢʘʢʦ ʩʧʦʩʦʙʥʦʩʪʘ ʜʘ ʩʝ 

ʧʨʦʜʫʮʠʨʘ ʬʝʨʪʠʣʥʦ ʧʦʪʦʤʩʪʚʦ). ʉʝʧʘʢ, ʠ ʦʚʦʿ ʢʦʥʮʝʧʪ ʧʦʢʘʞʫʚʘ ʦʧʨʝʜʝʣʝʥʠ 

ʩʣʘʙʦʩʪʠ:  

¶ ʊʝʞʦʢ ʟʘ ʨʘʙʦʪʘ, ʙʠʜʝʿ˃ʠ ʥʝ ʦʚʦʟʤʦʞʫʚʘ ʨʝʘʣʥʠ ʥʘʩʦʢʠ ʢʘʢʦ ʛʨʘʥʠʮʠʪʝ ʥʘ ʚʠʜʦʪ 

ʪʨʝʙʘ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ. ʏʦʚʝʢʦʪ ʠ ʰʠʤʧʘʥʟʦʪʦ ʠʤʘʘʪ ʟʘʝʜʥʠʯʢʠ ʧʨʝʜʦʢ, ʥʦ ʥʠʝ ʥʝ 

ʛʠ ʩʤʝʪʘʤʝ ʟʘ ʠʩʪ ʚʠʜ; 

¶ ʂʘʢʦ ʠ ʧʨʝʪʭʦʜʥʠʦʪ ʢʦʥʮʝʧʪ, ʦʩʥʦʚʥʘ ʢʨʠʪʠʢʘ ʠ ʟʘ ʦʚʦʿ ʝ ʤʝʰʘˁʝʪʦ ʥʘ ʰʝʤʘʪʘ ʠ 

ʧʨʦʮʝʩʦʪ, ʧʨʠ ʰʪʦ ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ ʩʝ ʨʘʙʦʪʠ ʟʘ ʧʨʦʮʝʩʠ ʚʦ ʦʧʨʝʜʝʣʝʥʘ ʝʚʦʣʫʪʠʚʥʘ 

ʠʩʪʦʨʠʿʘ; 

¶ ɼʝʥʝʩ ʩʪʘʥʫʚʘ ʩ® ʧʦʿʘʩʥʦ ʜʝʢʘ Ăʤʣʘʜʠʪʝñ ʚʠʜʦʚʠ ʥʘʿʯʝʩʪʦ ʥʝ ʛʦ ʠʩʧʦʣʥʫʚʘʘʪ 

ʢʨʠʪʝʨʠʫʤʦʪ ʟʘ ʝʜʠʥʩʪʚʝʥ ʟʘʝʜʥʠʯʢʠ ʧʨʝʜʦʢ, ʬʘʢʪ ʜʦʙʨʦ ʜʦʢʫʤʝʥʪʠʨʘʥ ʧʨʝʢʫ 

ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ ʧʦʧʫʣʘʮʠʦʥʘʪʘ ʛʝʥʝʪʠʢʘ. 

3. ʄʦʨʬʦʣʦʰʢʘ ʜʝʬʠʥʠʮʠʿʘ ʥʘ ʚʠʜʦʪ (Morphological Species Concept - MSC) ʠ 

ɼʝʬʠʥʠʮʠʿʘ ʩʧʦʨʝʜ ʛʝʥʦʪʠʧʩʢʠ ʢʣʘʩʪʝʨʠ (Genotypic Claster Definition - GCD) - ʉʧʦʨʝʜ 

ʦʚʦʿ ʢʦʥʮʝʧʪ ʜʚʝ ʧʦʧʫʣʘʮʠʠ ʩʝ ʪʨʝʪʠʨʘʘʪ ʢʘʢʦ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʜʦʢʦʣʢʫ ʪʠʝ ʩʝ 

Ăʜʠʩʢʦʥʪʠʥʫʠʨʘʥʦ ʠʟʜʚʦʝʥʠ ʩʧʦʨʝʜ ʤʦʨʬʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠñ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ 

ʜʚʘ ʠʣʠ ʧʦʚʝ˃ʝ ʚʠʜʘ ʩʝ ʧʨʝʧʦʟʥʘʚʘʘʪ ʧʨʝʢʫ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠ ʦʩʦʙʠʥʠ ʠ 

ʜʝʢʘ ʛʨʘʥʠʮʘʪʘ ʧʦʤʝʺʫ ʚʠʜʦʚʠʪʝ ʝ ʦʟʥʘʯʝʥʘ ʩʦ ʦʪʩʫʩʪʚʦ ʥʘ ʥʝʢʘʢʚʘ ʢʦʤʙʠʥʘʮʠʿʘ ʥʘ 

ʤʦʨʬʦʣʦʰʢʠʪʝ ʦʩʦʙʠʥʠ ʧʦʤʝʺʫ ʪʠʝ ʚʠʜʦʚʠ. ɼʝʬʠʥʠʮʠʿʘʪʘ ʩʧʦʨʝʜ ʛʝʥʦʪʠʧʩʢʠʪʝ 

ʢʣʘʩʪʝʨʠ ʿʘ ʠʤʘ ʠʩʪʘʪʘ ʜʝʬʠʥʠʮʠʿʘ, ʩʘʤʦ ʰʪʦ ʪʘʘ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪ ʚʦ 
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ʛʝʥʦʪʠʧʩʢʠʪʝ ʚʘʨʠʿʘʮʠʠ. ʆʚʠʝ ʜʚʘ ʢʦʥʮʝʧʪʘ ʩʝ ʟʘʩʥʦʚʘʘʪ ʝʜʠʥʩʪʚʝʥʦ ʥʘ ʤʦʨʬʦʣʦʰʢʘ 

ʰʝʤʘ ʠ ʥʝ ʚʢʣʫʯʫʚʘʘʪ ʥʠʢʘʢʦʚ ʧʨʦʮʝʩ, ʦʜʥʦʩʥʦ ʥʝʤʘʘʪ ʥʠʢʘʢʚʘ ʝʚʦʣʫʪʠʚʥʘ 

ʧʝʨʩʧʝʢʪʠʚʘ, ʰʪʦ ʝ ʠ ʥʠʚʥʘ ʦʩʥʦʚʥʘ ʢʨʠʪʠʢʘ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʥʝʦʧʭʦʜʥʠ ʩʝ 

ʜʦʧʦʣʥʠʪʝʣʥʠ ʢʨʠʪʝʨʠʫʤʠ ʟʘ ʜʘ ʩʝ ʥʘʜʤʠʥʘʪ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʧʦʣʠʤʦʨʬʥʠʪʝ ʚʠʜʦʚʠ (ʥʘ 

ʧʨʠʤʝʨ ʞʝʥʢʠ ʠ ʤʘʞʿʘʮʠ ʩʦ ʨʘʟʣʠʯʥʘ ʤʦʨʬʦʣʦʛʠʿʘ, ʠʣʠ ʨʘʟʣʠʯʥʠ ʧʦ ʤʦʨʬʦʣʦʛʠʿʘ ʬʘʟʠ 

ʚʦ ʞʠʚʦʪʥʠʦʪ ʮʠʢʣʫʩ - ʧʨʦʙʣʝʤ ʪʠʧʠʯʝʥ ʢʘʿ ʘʣʛʠʪʝ, ʠ ʩʣʠʯʥʦ). ɺʦ ʧʨʘʢʩʘ, ʩʝʧʘʢ, ʦʚʘ ʝ 

ʥʘʿʰʠʨʦʢʦ ʢʦʨʠʩʪʝʥʠʦʪ ʢʦʥʮʝʧʪ ʟʘ ʜʝʬʠʥʠʮʠʿʘ ʥʘ ʚʠʜʦʪ ʚʦ ʙʦʪʘʥʠʢʘʪʘ.  

ʉʧʦʨʝʜ ʪʦʘ, ʜʝʥʝʩ ʧʨʠʬʘʪʝʥʘʪʘ ʨʝʘʣʥʘ ʜʝʬʠʥʠʮʠʿʘ ʥʘ ʚʠʜʦʪ ʝ: ʚʠʜ ʝ ʧʦʧʫʣʘʮʠʿʘ ʥʘ 

ʝʜʠʥʢʠ ʢʦʠ ʠʤʘʘʪ ʟʘʝʜʥʠʯʢʠ ʛʝʥʝʪʩʢʠ, ʙʠʦʭʝʤʠʩʢʠ, ʬʠʟʠʦʣʦʰʢʠ ʠ ʤʦʨʬʦʦʰʢʠ 

ʦʩʦʙʠʥʠ, ʘ ʧʨʠ ʪʦʘ ʩʝ ʦʧʨʝʜʝʣʝʥʠ ʧʨʦʩʪʦʨʥʦ, ʛʝʦʛʨʘʬʩʢʠ ʠ ʠʩʪʦʨʠʩʢʠ.  ʇʨʠʪʦʘ, ʚʦ 

ʨʘʤʢʠʪʝ ʥʘ ʧʦʧʫʣʘʮʠʠʪʝ ʥʘ ʝʜʝʥ ʚʠʜ ʧʦʩʪʦʿʘʪ ʧʨʝʦʜʥʠ ʬʦʨʤʠ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʘʜʘʧʪʘʮʠʿʘʪʘ ʥʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʫʩʣʦʚʠ. ʇʦʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ ʥʝʤʘ ʧʨʝʦʜʥʠ ʬʦʨʤʠ.  

ʈʦʜ (genus) - ʩʝʢʦʿ ʚʠʜ ʧʨʠʧʘʺʘ ʢʦʥ ʥʝʢʦʿ ʨʦʜ. ʈʦʜ ʝ ʟʙʠʨʥʘ ʪʘʢʩʦʥʦʤʩʢʘ ʢʘʪʝʛʦʨʠʿʘ 

ʢʦʿʘ ʿʘ ʩʦʯʠʥʫʚʘʘʪ ʚʠʜʦʚʠ ʤʝʺʫʩʦʙʥʦ ʙʣʠʩʢʫ ʧʦʚʨʟʘʥʠ ʩʦ ʩʨʦʜʩʪʚʝʥʠ ʦʜʥʦʩʠ. ʈʦʜʦʪ, ʢʘʢʦ ʠ 

ʚʠʜʦʪ, ʦʜʛʦʚʘʨʘ ʥʘ ʦʜʥʦʩʠʪʝ ʢʦʠ ʨʝʘʣʥʦ ʧʦʩʪʦʿʘʪ ʚʦ ʧʨʠʨʦʜʘʪʘ. ʉʧʦʨʝʜ ʙʨʦʿʦʪ ʥʘ ʚʠʜʦʚʠ 

ʢʦʠ ʚʣʝʛʫʚʘʘʪ ʚʦ ʩʦʩʪʘʚ ʥʘ ʨʦʜʦʪ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ: ʘ) ʧʦʣʠʪʠʧʝʥ ʨʦʜ - ʦʧʬʘ˃ʘ ʧʦʛʦʣʝʤ ʙʨʦʿ 

ʚʠʜʦʚʠ; ʙ) ʦʣʠʛʦʪʠʧʝʥ ʨʦʜ - ʩʦ ʥʝʢʦʣʢʫ ʚʠʜʦʚʠ; ʚ) ʤʦʥʦʪʠʧʝʥ ʨʦʜ - ʩʦ ʩʘʤʦ ʝʜʝʥ ʚʠʜ. 

ʈʦʜʦʪ ʩʝ ʨʘʟʣʠʢʫʚʘ ʦʜ ʦʩʪʘʥʘʪʠʪʝ ʪʘʢʩʦʥʦʤʩʢʠ ʢʘʪʝʛʦʨʠʠ ʦʜ ʧʦʚʠʩʦʢ ʨʘʥʛ ʧʦ ʪʦʘ ʰʪʦ 

ʥʝʛʦʚʠʦʪ ʥʘʟʠʚ ʝ ʩʦʩʪʘʚʝʥ ʜʝʣ ʥʘ ʠʤʝʪʦ ʥʘ ʚʠʜʦʚʠʪʝ ʢʦʠ ʤʫ ʧʨʠʧʘʺʘʘʪ (ʥʘ ʧʨ. Volvox 

globator L., Volvox aureus Ehr., Volvox gigas Pocock ʠ ʪ.ʥ.). ʀʤʝʪʦ ʥʘ ʨʦʜʦʪ ʩʝʢʦʛʘʰ ʩʝ 

ʧʠʰʫʚʘ ʩʦ ʛʦʣʝʤʘ ʙʫʢʚʘ, ʘ ʦʜ ʧʨʠʤʝʨʠʪʝ ʩʝ ʛʣʝʜʘ ʜʝʢʘ ʠʤʠˁʘʪʘ ʥʘ ʚʠʜʦʚʠʪʝ ʩʝ ʙʠʥʘʨʥʠ 

(ʣʘʪ. binarius = ʜʚʦʝʥ), ʦʜʥʦʩʥʦ ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʜʚʘ ʟʙʦʨʘ, ʦʜ ʢʦʠ ʧʨʚʠʦʪ ʝ ʠʤʝʪʦ ʥʘ ʨʦʜʦʪ, 

ʘ ʚʪʦʨʠʦʪ ʝ ʝʧʠʪʝʪ ʢʦʿ ʧʦʙʣʠʩʢʫ ʛʦ ʦʜʣʠʢʫʚʘ ʚʠʜʦʪ. ʆʜ ʩʘʤʦʪʦ ʠʤʝ ʥʘ ʚʠʜʦʪ, ʥʘ ʧʨ. Volvox 

gigas, ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʩʝ ʨʘʙʦʪʠ ʟʘ ʚʠʜ ʯʠʠ ʠʥʜʠʚʠʜʫʠ ʩʝ ʛʦʣʝʤʠ (ʣʘʪ. gigas = 

ʦʛʨʦʤʝʥ), ʰʪʦ ʝ ʦʜʣʠʢʘ ʥʘ ʪʦʿ ʚʠʜ ʩʦ ʢʨʫʧʥʠ ʦʢʦʣʫ (3 mm) ʪʦʧʯʝʩʪʠ ʢʦʣʦʥʠʠ. ʇʦ ʠʤʝʪʦ ʥʘ 

ʚʠʜʦʪ, ʠʣʠ ʦʩʪʘʥʘʪʠʪʝ ʧʦʥʠʩʢʠ ʪʘʢʩʦʥʠ, ʩʝ ʧʠʰʫʚʘ ʠʤʝʪʦ (ʧʨʝʟʠʤʝʪʦ) ʠʣʠ ʥʝʛʦʚʘ 

ʩʢʨʘʪʝʥʠʮʘ ʢʦʝ ʤʫ ʧʨʠʧʘʺʘ ʥʘ ʘʚʪʦʨʦʪ ʢʦʿ ʧʨʚ ʛʦ ʦʧʠʰʘʣ ʠ ʪʘʢʘ ʛʦ ʠʤʝʥʫʚʘʣ ʚʠʜʦʪ. ɺʦ 

ʥʘʰʠʦʪ ʧʨʠʤʝʨ ʩʢʨʘʪʝʥʠʮʘʪʘ L. ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʧʨʦʯʫʝʥʠʦʪ ʰʚʝʜʩʢʠ ʙʦʪʘʥʠʯʘʨ Carl von 

Linné (1707-1778), ʜʦʜʝʢʘ Ehr. ʥʘ ʧʦʟʥʘʪʠʦʪ ʛʝʨʤʘʥʩʢʠ ʧʨʠʨʦʜʦʥʘʫʯʥʠʢ Christian Gottfried 

Ehrenberg (1795-1876). 

ʌʘʤʠʣʠʿʘ (familia) - ʉʨʦʜʥʠʪʝ ʨʦʜʦʚʠ ʩʝ ʛʨʫʧʠʨʘʘʪ ʚʦ ʬʘʤʠʣʠʠ ʢʦʠ ʦʧʬʘ˃ʘʘʪ ʝʜʝʥ 

ʠʣʠ ʧʦʚʝ˃ʝ ʨʦʜʦʚʠ ʢʦʠ ʠʤʘʘʪ ʟʘʝʜʥʠʯʢʦ ʧʦʪʝʢʣʦ ʠ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʦʜ ʦʩʪʘʥʘʪʠʪʝ ʬʘʤʠʣʠʠ. 

ʇʦ ʙʦʪʘʥʠʯʢʦʪʦ ʧʨʘʚʠʣʦ ʥʘʟʠʚʦʪ ʥʘ ʬʘʤʠʣʠʿʘʪʘ ʩʝ ʬʦʨʤʠʨʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ ʥʘʩʪʘʚʢʘʪʘ -

aceae ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʠʤʝʪʦ ʥʘ ʪʠʧʠʯʥʠʦʪ ʨʦʜ ʥʘ ʪʘʘ ʬʘʤʠʣʠʿʘ (ʥʘ ʧʨ. ʬʘʤʠʣʠʿʘʪʘ 

Volvocaceae ʜʦʙʠʣʘ ʥʘʟʠʚ ʩʧʦʨʝʜ ʨʦʜʦʪ Volvox). 

ʈʝʜ (ordo) ʝ ʟʥʘʯʘʿʥʘ ʪʘʢʩʦʥʦʤʩʢʘ ʢʘʪʝʛʦʨʠʿʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʢʦʿʘ ʩʝ ʦʙʝʜʠʥʫʚʘʘʪ 

ʝʜʥʘ ʠʣʠ ʧʦʚʝ˃ʝ ʬʠʣʦʛʝʥʝʪʩʢʠ ʙʣʠʩʢʠ ʬʘʤʠʣʠʠ. ʅʘʟʠʚʦʪ ʥʘ ʨʝʜʦʪ ʩʝ ʜʦʙʠʚʘ ʢʦʛʘ ʥʘ ʠʤʝʪʦ 

ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʨʦʜʦʪ, ʧʦ ʢʦʿ ʝ ʠʤʝʥʫʚʘʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘʪʘ ʬʘʤʠʣʠʿʘ ʩʝ ʜʦʜʘʚʘ 

ʥʘʩʪʘʚʢʘʪʘ ï ales (Volvocales).  
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ʂʣʘʩʘ (classis) ʝ ʪʘʢʩʦʥʦʤʩʢʘ ʢʘʪʝʛʦʨʠʿʘ ʢʦʿʘ ʦʙʝʜʠʥʫʚʘ ʝʜʝʥ ʠʣʠ ʧʦʚʝ˃ʝ ʨʝʜʦʚʠ. 

ʀʤʝʪʦ ʥʘ ʢʣʘʩʘʪʘ, ʧʦ ʧʨʘʚʠʣʦ, ʩʝ ʬʦʨʤʠʨʘ ʩʧʦʨʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʢʦʠ ʛʠ ʠʩʪʘʢʥʫʚʘʘʪ 

ʥʝʢʦʠ ʦʜ ʦʩʥʦʚʥʠʪʝ ʦʩʦʙʠʥʠ, ʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʥʘʩʪʘʚʢʘ ʢʘʿ ʘʣʛʠʪʝ ʝ ï phyceae 

(Volvocophyceae).  

ʂʣʘʩʠʪʝ ʩʝ ʦʙʝʜʠʥʫʚʘʘʪ ʚʦ ʪʠʧʦʚʠ-ʨʘʟʜʝʣʠ (divisio) ʢʦʠ ʤʝʺʫʩʝʙʥʦ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ 

ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʦʩʦʙʠʥʠ ʠ ʚʦ ʦʩʥʦʚʘ ʛʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʦʩʥʦʚʥʠʪʝ ʝʚʦʣʫʪʠʚʥʠ ʣʠʥʠʠ ʥʘ 

ʨʘʟʚʠʪʦʢ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʛʨʫʧʠ ʦʨʛʘʥʠʟʤʠ. ʊʠʧʠʯʥʘ ʥʘʩʪʘʚʢʘ ʟʘ ʨʘʟʜʝʣ ʠʣʠ ʪʠʧ ʢʘʿ 

ʘʣʛʠʪʝ ʝ ï phyta (Chlorophyta).  

ʊʘʢʩʦʥʦʤʠʿʘʪʘ ʥʘ ʘʣʛʠʪʝ ʠʩʪʦʨʠʩʢʠ ʝ ʢʦʤʧʣʠʮʠʨʘʥʘ ʥʘʫʯʥʘ ʟʘʜʘʯʘ ʢʦʿʘ ʠ ʜʝʥʝʩ 

ʧʨʝʜʠʟʚʠʢʫʚʘ ʜʦʩʪʘ ʢʦʥʪʨʘʚʝʨʟʥʠ ʩʪʘʚʦʚʠ. ʆʩʥʦʚʘʪʘ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʩʦ ʨʝʘʣʥʦʪʦ 

ʪʦʣʢʫʚʘˁʝ ʥʘ ʪʘʢʩʦʥʦʤʩʢʘʪʘ ʧʨʠʧʘʜʥʦʩʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ ʩʝʢʘʢʦ ʝ ʛʦʣʝʤʦʪʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʨʝʮʝʥʪʥʠʪʝ ʠ ʬʦʩʠʣʥʠ ʚʠʜʦʚʠ ʘʣʛʠ, ʥʠʚʥʘʪʘ ʥʝʿʘʩʥʘ ʬʠʣʦʛʝʥʝʪʩʢʘ 

ʧʦʚʨʟʘʥʦʩʪ, ʢʘʢʦ ʠ ʥʝʜʦʩʪʠʛ ʥʘ ʝʜʠʥʩʪʚʝʥʘ ʙʘʟʘ ʥʘ ʧʦʜʘʪʦʮʠ ʚʦ ʦʜʥʦʩ ʥʘ ʝʢʦʣʦʛʠʿʘʪʘ, 

ʞʠʚʦʪʥʠʪʝ ʮʠʢʣʫʩʠ ʠ ʤʦʣʝʢʫʣʘʨʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʞʠʚʦʪʥʠʪʝ ʧʨʦʮʝʩʠ ʢʘʿ ʘʣʛʠʪʝ. 

ʉʝʢʚʝʥʮʠʦʥʠʨʘˁʝ ʥʘ ʛʝʥʠʪʝ, ʠʣʠ ʢʦʤʧʘʨʘʮʠʿʘʪʘ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʩʣʠʯʥʦʩʪ, ʝ ʝʜʥʘ ʦʜ 

ʥʘʿʘʢʪʠʚʥʠʪʝ ʥʘʫʯʥʠ ʦʙʣʘʩʪʠ ʚʦ ʤʦʜʝʨʥʘʪʘ ʩʠʩʪʝʤʘʪʠʢʘ ʥʘ ʘʣʛʠʪʝ ʢʦʿʘ ʦʙʝʟʙʝʜʫʚʘ 

ʟʥʘʯʘʿʥʠ ʥʦʚʠ ʩʦʟʥʘʥʠʿʘ ʟʘ ʦʜʥʦʩʠʪʝ ʧʦʤʝʺʫ ʘʣʛʠʪʝ. ʅʦ, ʢʘʢʦ ʢʦʨʝʢʪʥʦ ʟʘʙʝʣʝʞʫʚʘʘʪ 

Manhart ʠ McCourt (1992): Ă ...ʤʦʣʝʢʫʣʘʨʥʠʪʝ ʧʦʜʘʪʦʮʠ ʥʝ ʩʝ ʤʘʛʠʯʥʘ ʘʣʘʪʢʘ ʟʘ ʩʠʪʝ 

ʧʨʦʙʣʝʤʠ ʚʦ ʩʠʩʪʝʤʘʪʠʢʘʪʘ. ʅʝʢʦʠ ʤʦʣʝʢʫʣʘʨʥʠ ʧʦʜʘʪʦʮʠ ʩʝ ʠʥʬʦʨʤʘʪʠʚʥʠ, ʜʦʜʝʢʘ 

ʜʨʫʛʠʪʝ ʚʦʜʘʪ ʚʦ ʧʦʛʨʝʰʥʘ ʥʘʩʦʢʘ. ʊʠʝ ʩʝ ʠʩʧʦʣʥʝʪʠ ʩʦ ʤʥʦʛʫ ʧʨʦʙʣʝʤʠ ʢʘʢʦ ʠ 

ʤʦʨʬʦʣʦʰʢʠʪʝ ʧʦʜʘʪʦʮʠ...ñ.  

ɹʨʦʿʥʠ ʤʦʨʬʦʣʦʰʢʠ ʠ ʜʨʫʛʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʘ ʢʦʨʠʩʪʝʥʠ ʢʘʢʦ ʪʘʢʩʦʥʦʤʩʢʠ 

ʤʘʨʢʝʨʠ ʟʘ ʜʦʩʪʠʛʥʫʚʘˁʝ ʥʘ ʨʝʘʣʥʘʪʘ ʝʚʦʣʫʮʠʦʥʘ ʩʣʠʢʘ ʟʘ ʩʠʩʪʝʤʘʪʠʢʘ ʥʘ ʘʣʛʠʪʝ ʠ ʥʠʚʥʘ 

ʪʘʢʩʦʥʦʤʩʢʘ ʧʦʩʪʘʚʝʥʦʩʪ. ɽʜʥʘ ʦʜ ʢʣʫʯʥʠʪʝ ʛʝʥʝʪʩʢʦ-ʤʦʨʬʦʣʦʰʢʠ ʦʩʦʙʠʥʠ, ʢʦʿʘ ʤʦʞʝʙʠ 

ʠ ʥʘʿʨʝʘʣʥʦ ʛʠ ʧʨʝʪʩʪʘʚʫʚʘ ʨʘʟʣʠʯʥʠʪʝ ʘʣʛʘʣʥʠ ʛʨʫʧʠ, ʝ ʧʦʩʪʦʝˁʝʪʦ ʠ ʛʨʘʜʙʘʪʘ ʥʘ 

ʭʣʦʨʦʧʣʘʩʪʠʪʝ, ʩʧʦʨʝʜ ʢʦʿʘ ʩʠʪʝ ʘʣʛʠ ʩʝ ʧʦʜʝʣʝʥʠ ʚʦ ʯʝʪʠʨʠ ʛʨʫʧʠ: 

1. ʇʨʦʢʘʨʠʦʪʩʢʠ ʘʣʛʠ ï Cyanophyta (ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ) ʩʝ ʧʨʦʢʘʨʠʦʪʩʢʠ ʧʦ ʛʨʘʜʙʘ 

ʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʭʣʦʨʦʧʣʘʩʪʠ; 

2. ɽʫʢʘʨʠʦʪʩʢʠ ʘʣʛʠ ʩʦ ʭʣʦʨʦʧʣʘʩʪʠ ʦʙʚʠʪʢʘʥʠ ʩʦ ʜʚʦʿʥʘ ʤʝʤʙʨʘʥʘ ʤʘʪʠʯʥʘ ʟʘ 

ʭʣʦʨʦʧʣʘʩʪʦʪ ï ʚʦ ʦʚʘʘ ʛʨʫʧʘ ʧʨʠʧʘʺʘʘʪ: Glaucophyta (ʘʣʛʠ ʟʥʘʯʘʿʥʠ ʚʦ 

ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʭʣʦʨʦʧʣʘʩʪʠʪʝ), Rhodophyta (ʮʨʚʝʥʠ ʘʣʛʠ) ʠ Chlorophyta 

(ʟʝʣʝʥʠ ʘʣʛʠ);  

3. ɽʫʢʘʨʠʦʪʩʢʠ ʘʣʛʠ ʢʘʿ ʢʦʠ ʭʣʦʨʦʧʣʘʩʪʦʪ ʝ ʦʙʚʠʪʢʘʥ ʠ ʩʦ ʝʜʥʘ ʤʝʤʙʨʘʥʘ ʦʜ 

ʭʣʦʨʦʧʣʘʩʪʥʠʦʪ ʝʥʜʦʧʣʘʟʤʘʪʠʯʝʥ ʨʝʪʠʢʫʣʫʤ ï ʪʫʢʘ ʩʝ ʧʦʤʝʩʪʝʥʠ Euglenophyta 

(ʝʫʛʣʝʥʠ), Dinophyta (ʦʛʥʝʥʠ ʘʣʛʠ ʠʣʠ ʜʠʥʦʬʣʘʛʝʣʘʪʠ) ʠ Apicompexa 

(ʭʝʪʝʨʦʪʨʦʬʥʠ ʬʣʘʛʝʣʘʪʠ ʩʦ ʙʝʟʙʦʿʥʠ ʧʣʘʩʪʠʜʠ);  

4. ɽʫʢʘʨʠʦʪʩʢʠ ʘʣʛʠ ʢʘʿ ʢʦʠ ʭʣʦʨʦʧʣʘʩʪʦʪ ʝ ʦʙʚʠʪʢʘʥ ʩʦ ʜʚʝ ʤʝʤʙʨʘʥʠ ʦʜ 

ʭʣʦʨʦʧʣʘʩʪʥʠʦʪ ʝʥʜʦʧʣʘʟʤʘʪʠʯʝʥ ʨʝʪʠʢʫʣʫʤ ï ʦʚʘʘ ʛʨʫʧʘ ʦʧʬʘ˃ʘ ʙʨʦʿʥʠ 

ʘʣʛʘʣʥʠ ʬʦʨʤʠ ʢʦʠ ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʪʨʠ ʛʦʣʝʤʠ ʪʠʧʘ: Cryptophyta  (ʢʨʠʧʪʦʬʠʪʥʠ 

ʘʣʛʠ), Heterokontophyta (ʭʝʪʝʨʦʢʦʥʪʥʠ ʘʣʛʠ) ʩʦ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʢʣʘʩʠ ʢʘʢʦ 



9 
 

Chrysophyceae (ʟʣʘʪʥʠ ʘʣʛʠ), Bacillari ophyceae (ʜʠʿʘʪʦʤʝʠ), Xanthophyceae 

(ʞʦʣʪʦ-ʟʝʣʝʥʠ ʘʣʛʠ), Phaeophyceae (ʢʘʬʝʘʚʠ ʘʣʛʠ) ʧʦʤʝʺʫ ʦʩʪʘʥʘʪʠʪʝ, ʠ 

Prymnesiophyta (ʭʘʧʪʦʬʠʪʥʠ ʘʣʛʠ).  

 

ɿʘ ʧʦʪʨʝʙʠʪʝ ʥʘ ʦʚʘʘ ʢʥʠʛʘ ˃ʝ ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥʘ ʢʦʤʙʠʥʠʨʘʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ 

ʛʣʘʚʥʠʪʝ ʛʨʫʧʠ ʘʣʛʠ, ʩʦ ʥʠʚʥʦ ʨʝʣʘʪʠʚʥʦ ʜʝʪʘʣʥʦ ʦʙʿʘʩʥʫʚʘˁʝ. ɼʝʪʘʣʥʦʪʦ ʦʧʠʰʫʚʘˁʝ ʥʘ 

ʩʠʪʝ ʧʦʟʥʘʪʠ ʘʣʛʘʣʥʠ ʪʘʢʩʦʥʦʤʩʢʠ ʢʘʪʝʛʦʨʠʠ ʚʦ ʤʥʦʛʫ ʙʠ ʛʦ ʦʙʨʝʤʝʥʠʣʦ ʦʚʦʿ ʪʝʢʩʪ ʠ ʙʠ ʿʘ 

ʥʘʜʤʠʥʘʣʦ ʥʝʛʦʚʘʪʘ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ.  

ʆʇʐʊʀ ʂɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɸ ɸʃɻʀʊɽ 

ʐʪʦ ʝ ʪʦʘ ʘʣʛʘ? ʅʘʿʛʦʣʝʤʠʦʪ ʜʝʣ ʥʘ ʛʝʥʝʪʩʢʘʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ 

ʠʤ ʧʨʠʧʘʺʘ ʥʘ ʙʘʢʪʝʨʠʠʪʝ ʠ ʘʨʭʝʦʙʘʢʪʝʨʠʠʪʝ, ʜʦʜʝʢʘ ʥʘʿʛʦʣʝʤʠʦʪ ʜʝʣ ʥʘ ʝʫʢʘʨʠʦʪʩʢʘʪʘ 

ʛʝʥʝʪʩʢʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʦʪʧʘʺʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʠ ʘʣʛʠ ʠ ʘʤʝʙʠ, ʧʨʠ ʰʪʦ ʝʜʠʥʩʪʚʝʥʦ 

ʘʣʛʠʪʝ ʩʦʜʨʞʘʪ ʭʣʦʨʦʬʠʣʠ ʠ ʩʝ ʩʧʦʩʦʙʥʠ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ. ʉʧʦʨʝʜ ʪʦʘ, ʘʣʛʠʪʝ, ʢʦʠ ʥʝʢʦʛʘʰ 

ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʘ ʚʦ ʝʜʠʥʩʪʚʝʥʘ ʪʘʢʩʦʥʦʤʩʢʘ ʛʨʫʧʘ, ʜʝʥʝʩ ʩʝ ʩʤʝʪʘʘʪ ʟʘ ʬʠʣʦʛʝʥʝʪʩʢʠ 

ʠʩʢʣʫʯʠʪʝʣʥʦ ʧʦʣʠʬʠʣʝʪʩʢʘ ʛʨʫʧʘ ʥʘ ʦʨʛʘʥʠʟʤʠ. ʊʝʨʤʠʥʦʪ Ăʘʣʛʘñ ʚʦ ʪʦʿ ʩʣʫʯʘʿ ʥʘʿʜʦʙʨʦ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʧʠʰʫʚʘˁʝ ʥʘ ʩʚʦʝʚʠʜʝʥ Ăʞʠʚʦʪʝʥ ʩʪʠʣñ, ʦʜʥʦʩʥʦ ʦʨʛʘʥʠʟʘʤ ʢʦʿ ʥʘʿʯʝʩʪʦ 

ʞʠʚʝʝ ʚʦ ʚʦʜʘ, ʧʦʩʝʜʫʚʘ ʭʣʦʨʦʬʠʣ ʠ ʥʝ ʧʨʠʧʘʺʘ ʢʦʥ ʚʘʩʢʫʣʘʨʥʠʪʝ (ʚʠʰʠʪʝ) ʨʘʩʪʝʥʠʿʘ.  

ɺʦ ʦʩʥʦʚʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʠʢʘʪʘ ʠ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʝʫʢʘʨʠʦʪʠʪʝ ʩʪʦʠ ʢʦʥʮʝʧʪʦʪ ʥʘ 

Ăʝʥʜʦʩʠʤʙʠʦʟʘʪʘñ. ɺʦ ʩʚʦʿʘʪʘ ʥʘʿʦʧʰʪʘ ʬʦʨʤʘ ʦʚʦʿ ʢʦʥʮʝʧʪ ʧʦʜʨʘʟʙʠʨʘ ʜʝʢʘ 

ʝʫʢʘʨʠʦʪʩʢʘʪʘ ʢʣʝʪʢʘ ʩʝ ʬʦʨʤʠʨʘ ʧʨʝʢʫ ʟʘʝʜʥʠʯʢʘʪʘ ʩʦʨʘʙʦʪʢʘ ʥʘ ʧʨʦʢʘʨʠʦʪʩʢʠʪʝ ʧʨʝʜʮʠ. 

ʉʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʦʨʠʛʠʥʘʣʥʠʦʪ ʧʨʦʢʘʨʠʦʪʩʢʠ ʧʨʘʦʨʛʘʥʠʟʘʤ ʙʠ ʤʦʞʝʣʘ ʜʘ ʙʠʜʝ 

ʥʝʢʘʢʚʘ ʬʦʨʤʘ ʥʘ ʘʨʭʝʦʙʘʢʪʝʨʠʿʘ ʢʦʿʘ ʦʧʩʪʦʿʫʚʘʣʘ ʚʦ ʫʩʣʦʚʠ ʥʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʩʠʣʥʦ ʢʠʩʝʣʘ ʩʨʝʜʠʥʘ, ʥʦ ʥʝ ʙʠʣʘ ʚʦ ʩʦʩʪʦʿʙʘ ʜʘ ʚʨʰʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠʣʠ ʝʬʝʢʪʠʚʥʦ ʜʘ ʛʦ 

ʠʩʢʦʨʠʩʪʫʚʘ ʢʠʩʣʦʨʦʜʦʪ. ɺʦ ʪʘʢʚʘ ʢʣʝʪʢʘ-ʜʦʤʘ˃ʠʥ ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʩʝ ʿʘʚʫʚʘʘʪ ʧʦ 

Ăʧʨʦʛʦʣʪʫʚʘˁʝʪʦñ (ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʠʤʙʠʦʪʩʢʘ ʚʨʩʢʘ) ʥʘ ʙʘʢʪʝʨʠʿʘ ʩʧʦʩʦʙʥʘ ʟʘ 

ʨʝʩʧʠʨʘʮʠʿʘ, ʧʦʿʘʚʘ ʟʘ ʢʦʿʘ ʜʝʥʝʩ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʩʝ ʩʣʫʯʠʣʘ ʩʘʤʦ ʝʜʥʘʰ ʚʦ ʪʝʢʦʪ ʥʘ 

ʝʚʦʣʫʮʠʿʘʪʘ. ʇʦʜʦʮʥʘ ʩʝ ʿʘʚʫʚʘ ʠʩʪʠʦʪ ʧʨʦʮʝʩ ʠ ʚʦ ʦʜʥʦʩ ʥʘ ʭʣʦʨʦʧʣʘʩʪʠʪʝ, ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ 

ʧʨʝʢʫ ʩʠʤʙʠʦʪʩʢʘ ʚʨʩʢʘ ʩʦ ʬʦʪʦʩʠʥʪʝʪʩʢʘ ʙʘʢʪʝʨʠʿʘ (ʮʠʿʘʥʦʙʘʢʪʝʨʠʿʘ), ʥʦ ʚʘʢʚʘʪʘ 

ʩʠʤʙʠʦʟʘ ʩʝ ʚʦʩʧʦʩʪʘʚʫʚʘ ʧʦʚʝ˃ʝ ʧʘʪʠ ʚʦ ʪʝʢʦʪ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ (ʟʘ ʨʘʟʣʠʢʘ ʦʜ 

ʤʠʪʦʭʦʥʜʨʠʠʪʝ) ʧʨʠ ʰʪʦ ʥʝʢʦʣʢʫ ʨʘʟʣʠʯʥʠ ʛʨʫʧʠ ʥʘ ʮʠʿʘʥʦʙʘʢʪʝʪʨʠʠ ʙʝʘ ʚʢʣʫʯʝʥʠ ʚʦ 

ʝʥʜʦʩʠʤʙʠʦʟʘʪʘ. ɿʘ ʥʝʢʦʠ ʭʣʦʨʦʧʣʘʩʪʠ (ʢʘʢʦ ʢʘʿ ʛʨʫʧʘʪʘ Chromista) ʩʝ ʩʤʝʪʘ ʜʝʢʘ 

ʥʘʩʪʘʥʘʣʝ ʧʨʝʢʫ ʩʠʤʙʠʦʟʘ ʥʘ ʝʫʢʘʨʠʦʪʩʢʘ ʢʣʝʪʢʘ ʢʦʿʘ ʥʝ ʙʠʣʘ ʩʧʦʩʦʙʥʘ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ ʠ 

ʢʦʿʘ Ăʧʨʦʛʦʣʪʘʣʘñ, ʠʩʪʦ ʪʘʢʘ, ʝʫʢʘʨʠʦʪʩʢʘ ʢʣʝʪʢʘ ʩʧʦʩʦʙʥʘ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ (ʩʝʢʫʥʜʘʨʥʘ 

ʝʥʜʦʩʠʤʙʠʦʟʘ). ʆʚʠʝ ʧʨʦʮʝʩʠ ʿʘʩʥʦ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʢʘʿ ʜʝʥʝʰʥʠʪʝ ʬʦʪʦʩʠʥʪʝʪʩʢʠ 

ʦʨʛʘʥʠʟʤʠ: ʨʘʟʣʠʯʥʠʪʝ ʛʨʫʧʠ ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʭʣʦʨʦʧʣʘʩʪʠ ʢʦʠ ʩʦʜʨʞʘʪ ʨʘʟʣʠʯʥʠ 

ʚʘʨʠʿʘʥʪʠ ʥʘ ʭʣʦʨʦʬʠʣʦʪ ʧʨʝʢʫ ʢʦʠ, ʟʘʝʜʥʦ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʧʠʛʤʝʥʪʠ ʚʦ ʮʠʪʦʧʣʘʟʤʘʪʘ, 

ʜʝʥʝʩ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʨʘʟʣʠʯʥʠʪʝ ʘʣʛʘʣʥʠ ʛʨʫʧʠ.  

 ɸʣʛʠʪʝ ʚʦ ʧʨʠʨʦʜʘʪʘ ʩʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪʘ ʠ ʟʥʘʯʘʿʥʘ ʛʨʫʧʘ ʥʘ ʦʨʛʘʥʠʟʤʠ. 

ʅʠʚʥʘʪʘ ʫʣʦʛʘ ʧʦʩʝʙʥʦ ʜʦʘʺʘ ʜʦ ʠʟʨʘʟ ʚʦ ʦʧʰʪʠʦʪ ʮʠʢʣʫʩ ʥʘ ʢʨʫʞʝˁʝʪʦ ʥʘ ʤʘʪʝʨʠʿʘʪʘ, ʚʦ 
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ʢʦʿ ʪʠʝ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʢʦ ʧʨʠʤʘʨʥʠ ʦʨʛʘʥʩʢʠ ʧʨʦʜʫʮʝʥʪʠ. ʊʝʨʤʠʥʦʪ ʘʣʛʘ ʧʦʪʝʢʥʫʚʘ ʦʜ 

ʣʘʪʠʥʩʢʠʦʪ ʟʙʦʨ alga ʠ ʚʦ ʙʫʢʚʘʣʝʥ ʧʨʝʚʦʜ ʟʥʘʯʠ ôʤʦʨʩʢʘ ʪʨʝʚʘó. ʂʘʢʦ ʙʠʦʣʦʰʢʠ ʪʝʨʤʠʥ, 

ʘʣʛʠʪʝ ʦʧʬʘ˃ʘʘʪ ʧʦʛʦʣʝʤ ʙʨʦʿ ʪʠʧʦʚʠ ʥʘ ʥʠʞʠ ʨʘʩʪʝʥʠʿʘ ʢʦʠ ʚʦ ʩʚʦʠʪʝ ʢʣʝʪʢʠ ʠʤʘʘʪ 

ʭʣʦʨʦʬʠʣ ʠ ʢʦʠ ʩʝ ʪʠʧʠʯʥʠ ʞʠʪʝʣʠ ʥʘ ʚʦʜʥʠʪʝ ʙʠʦʪʦʧʠ, ʠʘʢʦ ʜʦʩʪʘ ʰʠʨʦʢʦ ʩʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʪʠ ʠ ʚʦʥʚʦʜʥʘʪʘ ʩʨʝʜʠʥʘ.  

ɺʦ ʤʦʨʬʦʣʦʰʢʠ ʧʦʛʣʝʜ ʘʣʛʠʪʝ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʩʧʝʮʠʬʠʯʥʦ ʛʨʘʜʝʥʦ ʚʝʛʝʪʘʪʠʚʥʦ 

ʪʝʣʦ ʢʦʝ ʛʦ ʥʘʨʝʢʫʚʘʤʝ thallus. ʊʘʣʫʩʦʪ ʥʘ ʘʣʛʠʪʝ ʝ ʩʦ ʨʘʟʣʠʯʥʘ ʛʦʣʝʤʠʥʘ ʦʜ ʥʝʢʦʣʢʫ 

ʤʠʢʨʦʤʝʪʨʠ ʜʦ ʧʦʚʝ˃ʝ ʜʝʩʝʪʠʥʠ ʤʝʪʨʠ ʠ ʥʘ ʨʘʟʣʠʯʝʥ ʩʪʝʧʝʥ ʤʦʨʬʦʣʦʰʢʠ 

ʠʟʜʠʬʝʨʝʥʮʠʨʘʥ. ʇʦʤʝʺʫ ʘʣʛʠʪʝ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʦʨʛʘʥʠʟʤʠ ʥʘ ʝʜʥʦʢʣʝʪʦʯʥʦ, ʢʘʧʩʘʣʥʦ, 

ʢʦʣʦʥʠʿʘʣʥʦ, ʪʨʠʭʘʣʥʦ, ʩʠʬʦʥʘʣʥʦ, ʩʠʬʦʥʦʢʣʘʜʘʣʥʦ ʠ ʧʘʨʝʥʭʠʤʘʪʠʯʥʦ ʥʠʚʦ ʥʘ 

ʤʦʨʬʦʣʦʰʢʘʪʘ ʦʨʛʘʥʠʟʘʮʠʿʘ. ʊʦʘ ʰʪʦ ʝ ʟʘʝʜʥʠʯʢʦ ʟʘ ʩʠʪʝ ʥʠʚʦʘ ʥʘ ʤʦʨʬʦʣʦʰʢʘʪʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʘʿ ʘʣʛʠʪʝ ʝ ʜʝʢʘ ʥʠʚʥʦʪʦ ʚʝʛʝʪʘʪʠʚʥʦ ʪʝʣʦ, ʠ ʢʦʣʢʫ ʜʘ ʝ ʩʣʦʞʝʥʦ ʧʦ 

ʛʨʘʜʙʘʪʘ, ʥʠʢʦʛʘʰ ʥʝ ʝ ʜʠʬʝʨʝʥʮʠʨʘʥʦ ʥʘ ʢʦʨʝʥ, ʩʪʝʙʣʦ ʠ ʣʠʩʪ.  

ʇʦʨʘʜʠ ʪʦʘ ʰʪʦ ʚʦ ʩʚʦʠʪʝ ʢʣʝʪʢʠ ʠʤʘʘʪ ʭʣʦʨʦʬʠʣ, ʘʣʛʠʪʝ ʩʝ ʩʧʦʩʦʙʥʠ ʟʘ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʦʜʥʦʩʥʦ ʬʦʪʦʘʚʪʦʪʨʦʬʥʦ ʜʘ ʩʝ ʠʩʭʨʘʥʫʚʘʘʪ. ʄʝʺʫʪʦʘ, ʢʦʛʘ ʩʪʘʥʫʚʘ ʟʙʦʨ ʟʘ 

ʥʘʯʠʥʦʪ ʥʘ ʠʩʭʨʘʥʘ ʥʘ ʘʣʛʠʪʝ, ʟʥʘʯʘʿʥʦ ʝ ʜʘ ʩʝ ʥʘʛʣʘʩʠ ʜʝʢʘ ʧʦʤʝʺʫ ʥʠʚ ʩʝ ʥʘʦʺʘʘʪ ʠ 

ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʩʝ ʠʩʭʨʘʥʫʚʘʘʪ ʤʠʢʩʦʪʨʦʬʥʦ (ʘʚʪʦʪʨʦʬʥʦ, ʭʝʪʝʨʦʪʨʦʬʥʦ, 

ʘʥʠʤʘʣʥʦ ʠ ʩʣ.) ʠ ʭʝʪʝʨʦʪʨʦʬʥʦ. ʄʠʢʩʦʪʨʦʬʠʿʘʪʘ ʠ ʭʝʪʝʨʦʪʨʦʬʠʿʘʪʘ ʩʝ ʿʘʚʫʚʘʘʪ ʠʣʠ ʧʨʠ 

ʠʟʤʝʥʝʪʠ ʫʩʣʦʚʠ ʚʦ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠʣʠ ʧʘʢ ʩʝ ʧʦʩʪʦʿʘʥʘ ʦʩʦʙʠʥʘ, ʥʦ ʩʝʢʦʛʘʰ 

ʭʝʪʝʨʦʪʨʦʬʥʦʩʪʘ ʝ ʦʜ ʩʝʢʫʥʜʘʨʝʥ ʢʘʨʘʢʪʝʨ.  

ɸʣʛʠʪʝ ʩʝ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʚʝʛʝʪʘʪʠʚʥʦ, ʙʝʩʧʦʣʦʚʦ (ʩʦ ʩʧʦʨʠ) ʠ 

ʧʦʣʦʚʦ. ɺʦ ʥʠʚʥʠʦʪ ʮʠʢʣʫʩ ʥʘ ʨʘʟʚʠʪʦʢ ʧʦ ʧʨʘʚʠʣʦ ʜʦʤʠʥʠʨʘ ʭʘʧʣʦʠʜʥʘʪʘ (n ʙʨʦʿ ʥʘ 

ʭʨʦʤʦʟʦʤʠ) ʬʘʟʘ.  

ʇʨʚʠʯʥʘʪʘ ʩʨʝʜʠʥʘ ʚʦ ʢʦʿʘ ʘʣʛʠʪʝ ʩʝ ʩʦʟʜʘʣʝ ʠ ʨʘʟʚʠʣʝ ʝ ʚʦʜʘʪʘ. ʀ ʜʝʥʝʩ, 

ʥʘʿʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʘʣʛʠʪʝ ʩʝ ʥʘʦʺʘ ʚʦ ʚʦʜʥʘ ʩʨʝʜʠʥʘ, ʠʘʢʦ ʤʥʦʛʫ ʚʦ ʪʝʢʦʪ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ 

ʩʝ ʧʨʠʣʘʛʦʜʠʣʝ ʟʘ ʞʠʚʦʪ ʥʘʜʚʦʨ ʦʜ ʚʦʜʘʪʘ, ʧʘ ʛʠ ʥʘʦʺʘʤʝ ʚʦ ʧʦʯʚʘʪʘ, ʥʘ ʢʦʨʘʪʘ ʥʘ ʜʨʚʿʘʪʘ, 

ʚʣʘʞʥʠʪʝ ʢʘʨʧʠ, ʛʨʘʜʝʞʝʥ ʤʘʪʝʨʠʿʘʣ (ʮʠʛʣʠ, ʼʠʜʦʚʠ), ʦʜʥʦʩʥʦ ʥʘ ʦʩʚʝʪʣʝʥʠ ʠ ʧʦʚʝ˃ʝ ʠʣʠ 

ʧʦʤʘʣʢʫ ʚʣʘʞʥʠ ʤʝʩʪʘ ʥʘ ʢʦʧʥʦʪʦ.  

ɸʣʛʠʪʝ ʞʠʚʝʘʪ ʩʘʤʦʩʪʦʿʥʦ ʠʣʠ ʚʦ ʟʘʝʜʥʠʮʘ ʩʦ ʜʨʫʛʠ ʨʘʩʪʠʪʝʣʥʠ ʠ ʞʠʚʦʪʠʥʩʢʠ 

ʦʨʛʘʥʠʟʤʠ. ʄʝʺʫʩʝʙʥʠʪʝ ʦʜʥʦʩʠ ʥʘ ʘʣʛʠʪʝ ʠ ʜʨʫʛʠʪʝ ʦʨʛʘʥʠʟʤʠ ʩʦ ʢʦʠ ʪʠʝ ʩʝ ʟʜʨʫʞʫʚʘʘʪ 

ʩʝ ʦʩʪʚʘʨʫʚʘʘʪ ʥʘ ʤʥʦʛʫ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʠ ʚʦ ʨʘʟʣʠʯʥʘ ʤʝʨʢʘ ʩʝ ʩʣʦʞʝʥʠ. ʄʥʦʛʫ ʦʜ 

ʘʣʛʠʪʝ ʩʘʤʦ ʿʘ ʥʘʩʝʣʫʚʘʘʪ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʜʨʫʛʠʪʝ ʨʘʩʪʝʥʠʿʘ ʠʣʠ ʞʠʚʦʪʥʠ, ʜʦʜʝʢʘ ʜʨʫʛʠʪʝ 

ʚʦ ʪʝʢʦʪ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʩʦʟʜʘʣʝ ʤʥʦʛʫ ʩʣʦʞʝʥʠ ʤʝʺʫʩʝʙʥʠ ʦʜʥʦʩʠ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʘʣʛʠʪʝ 

ʠ ʛʘʙʠʪʝ ʚʦ ʣʠʰʘʠʪʝ, ʠʣʠ ʘʣʛʠʪʝ ʠ ʥʝʢʦʠ ʧʦʧʨʠʤʠʪʠʚʥʠ ʞʠʚʦʪʥʠ - ʟʦʦʭʣʦʨʝʣʠ, ʠ ʩʣʠʯʥʦ.  

ɺʦ ʦʜʥʦʩ ʥʘ ʧʦʣʦʞʙʘʪʘ ʥʘ ʘʣʛʠʪʝ ʚʦ ʦʧʰʪʠʦʪ ʩʠʩʪʝʤ ʥʘ ʞʠʚʠʦʪ ʩʚʝʪ ʤʝʺʫ 

ʥʘʫʯʥʠʮʠʪʝ ʚʣʘʜʝʘʪ ʥʝʫʩʦʛʣʘʩʝʥʠ ʩʪʘʚʦʚʠ ʦʢʦʣʫ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʥʝʢʦʠ ʘʢʪʠʚʥʦ 

ʧʦʜʚʠʞʥʠ ʘʣʛʠ. ɹʠʜʝʿ˃ʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʧʨʦʢʘʨʠʦʪʩʢʠ ʦʨʛʘʥʠʟʤʠ ʚʦ ʩʦʚʨʝʤʝʥʘʪʘ 

ʤʠʢʨʦʙʠʦʣʦʰʢʘ ʣʠʪʝʨʘʪʫʨʘ ʪʠʝ ʩʝ ʩʤʝʪʘʘʪ ʟʘ ʙʘʢʪʝʨʠʠ ʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ Cyanobacteria. 

ʅʘʩʧʨʦʪʠ ʪʦʘ, ʧʦʤʝʺʫ ʘʣʛʦʣʦʟʠʪʝ ʚʣʘʜʝʝ ʧʨʘʚʠʣʥʦ ʛʣʝʜʠʰʪʝ ʜʝʢʘ, ʠ ʧʦʢʨʘʿ ʩʚʦʿʘʪʘ 

ʧʨʦʢʘʨʠʦʪʩʢʘ ʛʨʘʜʙʘ, ʪʠʝ ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʘʣʛʠʪʝ ʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ Cyanophyta. 
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ʊʘʙʝʣʘ 2. ʉʦʚʨʝʤʝʥ ʩʠʩʪʝʤ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʘʣʛʠʪʝ.  

Carstvo  Tip  Zabele{k i  

Monera 
Cyanobacteria 

 (~2.000 vidʦʚʠ) 

Sino -zeleni algi  

P
ro

ti
s
ta

 
Euglenophyta 

( ~550 vidʦʚʠ) 

Eugleni  

Cryptophyta  

(~100 vidʦʚʠ) 

Misteriozna grupa so osobini na pove}e carstva 

(hlorofil  ̆ kako kaj `oltoto carstvo, fikobilini 
kako crvenoto, skrob za reze rvna materija i 
membranski proetini kako euglenite)  

Haptophyta  

(~200 vidʦʚʠ) 

Se razlikuvaat od drugite Chromista  spored 

poseduvawe na haptonema i karbonati vo 
kleto~niot yid, a o t sustvo na mastigonema.  

Chlorarachniophyta  

Glaucophyta 

Eukarioti so de finiran nukleus, ednokleto~ni 
flagelati so 2 neednakvi kam{ika koi imaat dva 

reda na ne`ni vlakna. Sodr`at Chl  a, b-karoten, 

zeaksantin i fikoblini. Skrob von hloroplastite 
kako rezervna materija kako kaj crvenite algi.  

C
h

ro
m

is
ta

 

(`
o

lt
o
 c

a
rs

tv
o

)
 

V
k
lu

~
u

v
a

 i
 b

e
z
p

ig
m

e
n

tn
i 
g

ru
p

i
 

O
o

m
y
c
o

ta
, 

H
y
p

h
o

c
h

y
tr

id
io

m
y
c
o

ta
, 

L
a

b
y
ri

n
th

u
lo

m
y
c
o

ta
 

i 

'B
ic

o
s
o

e
c
id

a
'

 

Chrysopohyta  

(~1000 vidʦʚʠ) 

Zlatni algi  

Parmophyta 
Ednokleto~ni, sitni formi bez flagelumi, 
kleto~en yid so silikatni plo~i, verojatno del na 
zlatnite algi.  

Sarcinochrysidophyta Verojatno predoci na Phaeophyta.  

Xanthophyta  

(~600 vidʦʚʠ) 

Zeleno -`olti algi  

Eustigmatophyta 
Ednokleto~ni, kokoidni vidovi so ili bez flagelum 

vo presni vodi ili po~vi ( Eustigmatos)  

Bacillariophyta 

(~10.000 vidʦʚʠ) 

Silikatni algi Ł dijatomei  

Raphidiophyta 
Ednokleto~ni flagelati bez kleto~en yid, 

kam{icite kako kaj Pyrrophyta (Vacuolaria).  

Dictyochophyta 
Silikoflagelati so samo 2 poznati recentni morski 
vida, dominantni kako fosili pred 120 ml.g.  

Phaeophyta  

(~2.000 vidʦʚʠ) 

Kafea vi algi  

Alveolata 

Vklu~uva i grupi na 
organizmi kakov e 
parazitskiot rod 

Plasmodium  

Pyrrophyta  

(~3.000 vidʦʚʠ) 
Ogneni algi  

Rhodoplantae 

(crveno carstvo)  

Rhodophyta  

(~5.000 vidʦʚʠ) 
Crveni algi  

Viridiplantae 

( zeleno carstvo )  

Vklu~uva movovi i 
site vasku larni 

rastenija  

Chlorophyta  

(~10.000 vidʦʚʠ) 
Zeleni algi  
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ɺʦ ʚʨʩʢʘ ʩʦ ʧʦʣʦʞʙʘʪʘ ʥʘ ʥʝʢʦʠ ʝʜʥʦʢʣʝʪʦʯʥʠ ʠ ʢʦʣʦʥʠʿʘʣʥʠ ʘʢʪʠʚʥʦ ʧʦʜʚʠʞʥʠ 

ʘʣʛʠ ʚʦ ʩʠʩʪʝʤʦʪ ʥʘ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ ʥʝʫʩʦʛʣʘʩʝʥʦʩʪʘ ʧʦʩʪʦʠ ʧʦʨʘʜʠ ʥʠʚʥʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʢʘ ʥʝʢʦʠ ʩʝ ʦʜ Ăʨʘʩʪʠʪʝʣʥʦñ, ʘ ʜʨʫʛʠ ʦʜ Ăʞʠʚʦʪʠʥʩʢʦñ ʧʦʪʝʢʣʦ.  

ʀʤʝʥʦ, ʪʘʢʚʠʪʝ ʘʣʛʠ ʘʢʪʠʚʥʦ ʩʝ ʜʚʠʞʘʪ ʩʦ ʧʦʤʦʰ ʥʘ ʣʦʢʦʤʦʪʦʨʝʥ ʘʧʘʨʘʪ, ʠ ʠʤʘʘʪ 

ʭʣʦʨʦʬʠʣ ʦʩʚʝʥ ʥʝʢʦʠ ʠʩʢʣʫʯʦʮʠ ʟʘ ʢʦʠ ʩʝ ʟʥʘʝ ʜʝʢʘ ʜʦʧʦʣʥʠʪʝʣʥʦ ʛʦ ʠʟʛʫʙʠʣʝ. 

ʆʨʛʘʥʠʟʤʠʪʝ, ʥʘ ʚʘʢʚʦ ʥʠʚʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ, ʛʣʘʚʥʦ ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʬʦʪʦʘʚʪʦʪʨʦʬʠ ʢʦʠ 

ʣʝʩʥʦ ʤʦʞʘʪ ʜʘ ʧʨʝʤʠʥʘʪ ʥʘ ʤʠʢʩʦʪʨʦʬʝʥ ʥʘʯʠʥ ʥʘ ʠʩʭʨʘʥʘ, ʜʦʜʝʢʘ ʥʝʢʦʠ ʩʝ ʠ 

ʭʝʪʝʨʦʪʨʦʬʠ. ʅʝʢʦʠ ʦʜ ʦʚʠʝ ʬʦʨʤʠ ʩʝ ʛʠʤʥʦʧʣʘʩʪʠ, ʜʨʫʛʠʪʝ ʥʘ ʩʚʦʿʘʪʘ ʧʦʚʨʰʠʥʘ ʠʤʘʘʪ 

ʧʝʣʠʢʫʣʘ, ʪʝʢʘ ʠʣʠ ʢʣʝʪʦʯʝʥ ʼʠʜ. ɺʘʢʚʠ ʦʩʦʙʠʥʠ ʠʤʘʘʪ ʘʣʛʠʪʝ ʦʜ ʪʠʧʦʚʠʪʝ: Euglenophyta ʠ 

ʥʝʢʦʠ ʧʨʝʪʩʪʘʚʥʠʮʠ ʥʘ Pyrrophyta, Chrysophyta, Xanthophyta ʠ Chlorophyta. ʌʘʢʪ ʝ ʜʝʢʘ 

ʧʦʝʜʠʥʝʯʥʠ ʬʦʨʤʠ ʥʘ ʘʣʛʠ ʦʜ ʦʚʠʝ ʪʠʧʦʚʠ ʠʤʘʘʪ ʩʣʠʯʥʦʩʪʠ ʩʦ ʦʨʛʘʥʠʟʤʠʪʝ ʢʦʠ ʩʝ 

ʚʙʨʦʿʫʚʘʘʪ ʚʦ ʞʠʚʦʪʠʥʩʢʦʪʦ ʮʘʨʩʪʚʦ ʥʘ ʢʣʘʩʘʪʘ Mastigophora (ʣʘʪ. mastigophorus - ʦʥʦʿ 

ʰʪʦ ʥʦʩʠ ʢʘʤʰʠʮʠ), ʥʦ ʥʝ ʙʠ ʤʦʞʝʣʝ ʜʘ ʩʝ ʩʣʦʞʠʤʝ ʜʝʢʘ ʠ ʥʘʙʨʦʝʥʠʪʝ ʛʨʫʧʠ ʦʜ ʘʣʛʠ 

ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʪʘʘ ʢʣʘʩʘ ʚʦ ʢʦʿʘ ʤʥʦʛʫ ʦʜ ʟʦʦʣʦʟʠʪʝ ʛʠ ʧʨʦʫʯʫʚʘʘʪ. ʉʧʦʨʝʜ 

ʧʨʠʥʮʠʧʠʝʣʥʦʪʦ ʘʣʛʦʣʦʰʢʦ ʤʠʩʣʝˁʝ, ʩʣʠʯʥʦʩʪʘ ʥʘ ʦʚʠʝ ʜʚʝ ʛʨʫʧʠ ʦʨʛʘʥʠʟʤʠ ʝ ʧʦʩʣʝʜʠʮʘ 

ʥʘ ʧʘʨʘʣʝʣʥʘʪʘ ʤʦʨʬʦʣʦʰʢʘ ʝʚʦʣʫʮʠʿʘ, ʘ ʥʝ ʥʘ ʩʨʦʜʩʪʚʝʥʠʪʝ ʦʜʥʦʩʠ ʧʦʤʝʺʫ ʥʠʚ. ʇʦʢʨʘʿ 

ʪʦʘ, ʧʨʠ ʪʘʢʚʘʪʘ ʧʦʛʨʝʰʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ, ʦʩʥʦʚʥʠʦʪ ʢʨʠʪʝʨʠʫʤ ʙʠʣʘ ʤʦʨʬʦʣʦʰʢʘʪʘ 

ʛʨʘʜʙʘ ʢʦʿʘ ʝ ʥʦʨʤʘʣʥʦ ʩʣʠʯʥʘ ʢʘʿ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʞʠʚʝʘʪ ʚʦ ʧʦʚʝ˃ʝ ʠʣʠ ʧʦʤʘʣʢʫ ʠʩʪʠ 

ʫʩʣʦʚʠ ʥʘ ʩʨʝʜʠʥʘʪʘ, ʧʦʨʘʜʠ ʰʪʦ ʩʝ ʧʦʪʨʝʙʥʠ ʠ ʜʨʫʛʠ ʢʨʠʪʝʨʠʫʤʠ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʢʘʢʦ 

ʙʠ ʩʝ ʠʟʙʝʛʥʘʣʝ ʤʦʞʥʠʪʝ ʛʨʝʰʢʠ, ʜʦ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʩʣʠʯʥʦʩʪʠʪʝ ʚʦ ʘʜʘʧʪʘʮʠʿʘʪʘ ʥʘ 

ʧʦʪʧʦʣʥʦ ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠʟʤʠ ʢʦʥ ʠʩʪʠ ʞʠʚʦʪʥʠ ʫʩʣʦʚʠ. ɼʦʢʦʣʢʫ ʩʝ ʟʝʤʝ ʧʨʝʜʚʠʜ 

ʝʜʠʥʩʪʚʝʥʠʦʪ ʚʝʨʦʜʦʩʪʦʝʥ ʢʨʠʪʝʨʠʫʤ ʜʝʢʘ ʢʦʿ ʙʠʣʦ ʦʨʛʘʥʠʟʘʤ ʢʦʿ ʧʦʩʝʜʫʚʘ ʭʣʦʨʦʬʠʣ, 

ʠʟʚʝʜʫʚʘ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʘʚʪʦʪʨʦʬʥʦ ʩʝ ʠʩʭʨʘʥʫʚʘ ʧʨʠʧʘʺʘ ʢʦʥ ʨʘʩʪʝʥʠʿʘʪʘ, ʪʦʛʘʰ ʿʘʩʥʦ 

ʧʨʦʠʟʣʝʛʫʚʘ ʜʝʢʘ ʝʜʥʦʢʣʝʪʦʯʥʠʪʝ ʧʦʜʚʠʞʥʠ ʦʨʛʘʥʠʟʤʠ ʩʦ ʪʘʢʚʠ ʩʚʦʿʩʪʚʘ ʩʝ ʨʘʩʪʝʥʠʿʘ.  

ʊʘʢʦʚ ʝ ʩʣʫʯʘʿʦʪ ʩʦ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʧʨʠʤʝʨʠ ʢʦʠ ʚʦ ʟʦʦʣʦʰʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʝ 

ʪʨʝʪʠʨʘʘʪ ʢʘʢʦ ʞʠʚʦʪʥʠ (Volvox, Euglena, Peridinium, Ceratium ʠ ʜʨʫʛʠ). ʐʪʦ ʩʝ ʦʜʥʝʩʫʚʘ 

ʜʦ ʩʦʚʨʝʤʝʥʠʪʝ ʝʜʥʦʢʣʝʪʦʯʥʠ ʧʦʜʚʠʞʥʠ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʩʝ ʥʘʚʝʜʫʚʘʘʪ ʢʘʢʦ ʘʣʛʠ, ʥʦ ʥʝ 

ʧʦʩʝʜʫʚʘʪ ʭʣʦʨʦʬʠʣ (Astasia, Peranema, Hyaliella, Prototheca ʠ ʩʣ.) ʧʦʟʥʘʪʦ ʝ ʜʝʢʘ ʪʠʝ 

ʩʝʢʫʥʜʘʨʥʦ ʧʦʩʪʘʥʘʣʝ ʭʝʪʝʨʦʪʨʦʬʠ.  

ɻʣʘʚʥʦ ʧʦʨʘʜʠ ʩʚʦʝʪʦ ʧʦʣʠʬʠʣʝʪʩʢʦ ʧʦʪʝʢʣʦ, ʘʣʛʠʪʝ ʩʧʦʨʝʜ ʥʘʿʥʦʚʠʪʝ 

ʠʩʪʨʘʞʫʚʘˁʘ ʩʝ ʧʦʤʝʩʪʝʥʠ ʧʦʤʝʺʫ ʨʘʟʣʠʯʥʠʪʝ ʮʘʨʩʪʚʘ ʠ ʯʝʩʪʦ ʜʦʚʝʜʝʥʠ ʚʦ ʙʣʠʩʢʦ 

ʩʨʦʜʩʪʚʦ ʩʦ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʜʦʩʝʛʘ ʩʝ ʩʤʝʪʘʣʝ ʟʘ ʮʝʣʦʩʥʦ ʨʘʟʣʠʯʥʠ ʝʚʦʣʫʪʠʚʥʠ ʧʨʘʚʮʠ. ʅʘ 

ʪʘʙʝʣʘ 2 ʧʨʝʪʩʪʘʚʝʥʠ ʩʝ ʜʝʥʝʰʥʠʪʝ ʪʨʝʥʜʦʚʠ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘʪʘ ʥʘ ʘʣʛʠʪʝ, ʥʦ ʩʦ ʿʘʩʥʘ 

ʥʘʧʦʤʝʥʘ ʜʝʢʘ ʠ ʦʚʦʿ ʩʠʩʪʝʤ ʝ ʩʘʤʦ ʧʨʝʩʝʢ ʥʘ ʜʦʩʝʛʘʰʥʠʪʝ ʥʘʫʯʥʠ ʜʦʩʪʠʛʥʫʚʘˁʘ ʠ ʝ ʩⱪ 

ʫʰʪʝ ʜʘʣʝʢʫ ʦʜ ʨʝʘʣʥʠʪʝ ʬʠʣʦʛʝʥʝʪʩʢʠ ʚʨʩʢʠ ʚʦ ʧʨʠʨʦʜʘʪʘ.  

˕˞ˢ˝ˍ˚ˍ ˚ˍ ˍ˘ː˕˟˒ 

ʉʧʦʨʝʜ ʥʘʯʠʥʦʪ ʥʘ ʠʩʭʨʘʥʘ ʘʣʛʠʪʝ ʩʝ ʬʦʪʦʘʚʪʦʪʨʦʬʥʠ, ʤʠʢʩʦʪʨʦʬʥʠ, ʘ ʤʦʞʘʪ ʜʘ 

ʙʠʜʘʪ ʠ ʭʝʪʝʨʦʪʨʦʬʥʠ. ʉʝʧʘʢ, ʥʘʿʛʦʣʝʤ ʜʝʣ ʧʨʠʧʘʺʘ ʢʦʥ ʬʦʪʦʘʚʪʦʪʨʦʬʥʠʪʝ ʦʨʛʘʥʠʟʤʠ, 

ʦʜʥʦʩʥʦ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʩʝ ʩʧʦʩʦʙʥʠ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ. ʌʦʪʦʩʠʥʪʝʟʘʪʘ ʝ ʩʣʦʞʝʥ ʬʠʟʠʦʣʦʰʢʠ 
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ʉʪʨʫʢʪʫʨʘ ʥʘ ʭʣʦʨʦʬʠʣʦʪ 

ʧʨʦʮʝʩ ʢʦʿ ʩʝ ʩʦʩʪʦʠ ʦʜ ʮʝʣʘ ʥʠʟʘ ʨʝʘʢʮʠʠ ʧʨʝʢʫ ʢʦʠ, ʩʦ ʧʦʤʦʰ ʥʘ ʩʦʥʯʝʚʘʪʘ ʝʥʝʨʛʠʿʘ ʠ 

ʭʣʦʨʦʬʠʣʦʪ, ʦʜ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʠ ʚʦʜʘʪʘ ʩʝ ʩʠʥʪʝʪʠʟʠʨʘʘʪ ʦʨʛʘʥʩʢʠ ʩʦʝʜʠʥʝʥʠʿʘ. ɺʦ 

ʧʨʦʮʝʩʦʪ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʢʘʿ ʘʣʛʠʪʝ, ʥʦ ʠ ʢʘʿ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʩʝ ʦʩʣʦʙʦʜʫʚʘ 

ʝʣʝʤʝʥʪʘʨʝʥ ʢʠʩʣʦʨʦʜ.  

ʇʠʛʤʝʥʪʠ ʠ ʙʦʿʘ ʥʘ ʘʣʛʠʪʝ - ʌʦʪʦʩʠʥʪʝʟʘʪʘ ʩʝ ʦʜʚʠʚʘ ʩʘʤʦ ʚʦ ʧʨʠʩʫʩʪʚʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠ ʧʠʛʤʝʥʪʠ ʧʦʤʝʺʫ ʢʦʠ ʢʘʢʦ ʦʩʥʦʚʥʠ ʩʝ ʿʘʚʫʚʘʘʪ ʭʣʦʨʦʬʠʣʠʪʝ. ʇʦʢʨʘʿ 

ʭʣʦʨʦʬʠʣʠʪʝ, ʘʣʛʠʪʝ ʧʦʩʝʜʫʚʘʘʪ ʠ ʧʠʛʤʝʥʪʠ ʦʜ ʛʨʫʧʠʪʝ ʥʘ ʢʘʨʦʪʠʥʠ, ʢʩʘʥʪʦʬʠʣʠ ʠ 

ʬʠʢʦʙʠʣʠʥʠ (ʙʠʣʠʧʨʦʪʝʠʥʠ). ʂʘʿ ʨʘʩʪʝʥʠʿʘʪʘ ʚʦ ʮʝʣʦʩʪ ʦʪʢʨʠʝʥʠ ʩʝ ʧʝʪ ʚʠʜʘ ʥʘ 

ʭʣʦʨʦʬʠʣʠ ʦʟʥʘʯʝʥʠ ʩʦ ʙʫʢʚʠʪʝ ʘ, b, c, d ʠ ʝ. ʍʣʦʨʦʬʠʣʦʪ ʘ ʩʝ ʥʘʦʺʘ ʢʘʿ ʩʠʪʝ ʘʣʛʠ ʠ 

ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ. ɺʦ ʪʦʿ ʧʦʛʣʝʜ ʢʘʿ ʘʣʛʠʪʝ ʩʝ ʠʟʜʚʦʿʫʚʘ ʪʠʧʦʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʢʘʿ 

ʢʦʠ ʝ ʧʨʠʩʫʪʝʥ ʩʘʤʦ ʭʣʦʨʦʬʠʣʦʪ ʘ, ʜʦʜʝʢʘ ʦʩʪʘʥʘʪʠʪʝ ʪʠʧʦʚʠ ʠʤʘʘʪ ʠ ʥʝʢʦʿ ʜʨʫʛ ʚʠʜ 

ʭʣʦʨʦʬʠʣ: Chl ʘ ʠ b - Euglenophyta, Chlorophyta, Charophyta ʠ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ; Chl ʘ ʠ c ï 

Pyrrophyta, Chrysophyta, Bacillariophyta, Phaeophyta; Chl ʘ ʠ d - Rhodophyta; Chl ʘ ʠ ʝ - 

Chrysophyta, Xanthophyta. 

ʍʣʦʨʦʬʠʣʠʪʝ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ ʩʠʩʪʝʤ ʥʘ ʧʦʨʬʠʨʠʥʩʢʠ 

ʧʨʩʪʝʥʠ ʩʣʠʯʝʥ ʥʘ ʭʝʤʦʛʣʦʙʠʥʦʪ, ʥʦ ʥʘʤʝʩʪʦ ʘʪʦʤ ʥʘ ʞʝʣʝʟʦ ʚʦ 

ʮʝʥʪʘʨʦʪ ʧʦʩʝʜʫʚʘʘʪ ʘʪʦʤ ʥʘ ʤʘʛʥʝʟʠʫʤ (ʩʪʨʫʢʪʫʨʘʪʘ ʧʨʠʢʘʞʘʥʘ 

ʥʘ ʩʣʠʢʘʪʘ ʜʝʩʥʦ). ʍʣʦʨʦʬʠʣʦʪ ʘ ʝ ʧʨʠʤʘʨʝʥ ʬʦʪʦʩʠʥʪʝʪʩʢʠ 

ʧʠʛʤʝʥʪ (ʨʝʮʝʧʪʦʨ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʚʦ ʬʦʪʦʩʠʩʪʝʤ I ʥʘ ʩʚʝʪʣʘʪʘ 

ʨʝʘʢʮʠʿʘ) ʢʘʿ ʩʠʪʝ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʘʣʛʠ ʠ ʟʘʬʘ˃ʘ 0,3-3,0% ʦʜ ʩʫʚʘʪʘ 

ʪʝʞʠʥʘ ʥʘ ʘʣʛʘʪʘ. ʍʣʦʨʦʬʠʣʦʪ ʘ ʝ ʥʝʨʘʩʪʚʦʨʣʠʚ ʚʦ ʚʦʜʘ, ʥʦ 

ʨʘʩʪʚʦʨʣʠʚ ʝ ʚʦ ʘʣʢʦʭʦʣ, ʙʝʥʟʝʥ ʠ ʘʮʝʪʦʥ. ʆʚʦʿ ʧʠʛʤʝʥʪ ʠʤʘ ʜʚʘ 

ʛʣʘʚʥʠ ʧʠʢʘ ʥʘ ʘʧʩʦʨʧʮʠʿʘ in vitro, ʝʜʝʥ ʚʦ ʮʨʚʝʥʠʦʪ ʜʝʣ ʥʘ 

ʩʧʝʢʪʘʨʦʪ ʥʘ 663 nm ʙʨʘʥʦʚʘ ʜʦʣʞʠʥʘ, ʠ ʜʨʫʛ ʥʘ 430 nm.  

 

Kʘʨʦʪʠʥʠʪʝ ʠ ʢʩʘʥʪʦʬʠʣʠʪʝ, ʧʦʟʥʘʪʠ ʧʦʜ ʟʘʝʜʥʠʯʢʦ ʠʤʝ - ʢʘʨʦʪʠʥʦʠʜʠ, ʩʝ 

ʥʘʦʺʘʘʪ ʚʦ ʢʣʝʪʢʠʪʝ ʥʘ ʩʠʪʝ ʘʣʛʠ, ʜʦʜʝʢʘ ʬʠʢʦʙʠʣʠʥʠʪʝ ʩʘʤʦ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ, ʮʨʚʝʥʠʪʝ 

ʠ ʥʝʢʦʠ ʧʨʝʪʩʪʘʚʥʠʮʠ ʥʘ ʦʛʥʝʥʠʪʝ ʘʣʛʠ (ʪʘʙʝʣʘ 3). ɺʦ ʦʜʥʦʩ ʥʘ ʭʣʦʨʦʬʠʣʠʪʝ ʦʚʠʝ 

ʧʠʛʤʝʥʪʠ ʩʝ ʧʦʤʦʰʥʠ, ʙʠʜʝʿ˃ʠ ʠʤʘʘʪ ʬʫʥʢʮʠʿʘ ʘʧʩʦʨʙʠʨʘʥʘʪʘ ʩʚʝʪʣʠʥʘ ʜʘ ʿʘ ʩʧʨʦʚʝʜʘʪ ʜʦ 

ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʘʢʪʠʚʥʠʦʪ ʭʣʦʨʦʬʠʣ ʘ, ʦʜʥʦʩʥʦ ʩʝ ʧʦʩʨʝʜʥʠʮʠ ʚʦ ʬʦʪʦʩʠʥʪʝʟʘʪʘ.  

ɽʜʥʘ ʦʜ ʧʦʟʥʘʯʘʿʥʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʬʦʪʦʩʠʥʪʝʪʩʢʠʪʝ ʧʠʛʤʝʥʪʠ ʝ ʩʚʦʿʦʪ ʤʘʢʩʠʤʫʤ ʥʘ 

ʘʧʩʦʨʧʮʠʿʘ ʜʘ ʛʦ ʠʤʘʘʪ ʚʦ ʨʘʟʣʠʯʥʠʪʝ ʟʦʥʠ ʥʘ ʚʠʜʣʠʚʠʦʪ ʜʝʣ ʥʘ ʩʧʝʢʪʘʨʦʪ. ʊʘʢʘ, 

ʤʘʢʩʠʤʘʣʥʘʪʘ ʘʧʩʦʨʧʮʠʿʘ ʥʘ ʭʣʦʨʦʬʠʣʠʪʝ ʝ ʚʦ ʩʠʥʠʦʪ ʠ ʮʨʚʝʥʠʦʪ ʜʝʣ ʥʘ ʩʧʝʢʪʘʨʦʪ, ʥʘ 

ʢʘʨʦʪʝʥʦʠʜʠʪʝ ʚʦ ʚʠʦʣʝʪʦʚʠʦʪ ʠ ʩʠʥʠʦʪ, ʬʠʢʦʙʠʣʠʥʠʪʝ ʚʦ ʟʝʣʝʥʠʦʪ ʠ ʞʦʣʪʠʦʪ 

(ʬʠʢʦʝʨʠʪʨʠʥ) ʠ ʞʦʣʪʠʦʪ ʠ ʧʦʨʪʦʢʘʣʦʚʠʦʪ (ʬʠʢʦʮʠʿʘʥ). ɿʥʘʯʝˁʝʪʦ ʥʘ ʧʦʤʦʰʥʠʪʝ 

ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʧʠʛʤʝʥʪʠ ʝ ʚʦ ʪʦʘ ʰʪʦ ʩʝ ʩʧʦʩʦʙʥʠ ʜʘ ʘʧʩʦʨʙʠʨʘʘʪ ʩʚʝʪʣʠʥʘ ʦʜ ʦʥʠʝ 

ʙʨʘʥʦʚʠ ʜʦʣʞʠʥʠ ʢʦʠ ʩʝ ʥʝʜʦʩʪʘʧʥʠ ʟʘ ʭʣʦʨʦʬʠʣʠʪʝ, ʠ ʪʘʘ ʝʥʝʨʛʠʿʘ ʜʘ ʿʘ ʧʨʝʬʨʣʘʪ ʥʘ Chl 

ʘ ʢʦʿ ʝ ʝʜʠʥʩʪʚʝʥʦ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʘʢʪʠʚʝʥ. ʊʦʘ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʝʢʘ ʤʥʦʛʫ ʦʜ 

ʬʦʪʦʩʠʥʪʝʪʩʢʠʪʝ ʦʨʛʘʥʠʟʤʠ ʤʦʞʘʪ ʜʘ ʞʠʚʝʘʪ ʚʦ ʩʚʝʪʣʦʩʥʠ ʫʩʣʦʚʠ ʢʘʜʝ ʝ ʥʘʤʘʣʝʥ ʠʣʠ 

ʥʝʜʦʩʪʘʩʫʚʘ ʮʨʚʝʥʠʦʪ ʜʝʣ ʦʜ ʩʧʝʢʪʘʨʦʪ. ʊʦʘ ʩʝ, ʧʨʝʜ ʩⱪ, ʜʣʘʙʠʥʩʢʠʪʝ ʮʨʚʝʥʠ ʘʣʛʠ.  
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ʊʘʙʝʣʘ 3. ɿʘʩʪʘʧʝʥʦʩʪ ʥʘ ʧʠʛʤʝʥʪʠʪʝ ʢʘʿ ʧʦʝʜʠʥʝʯʥʠʪʝ ʪʠʧʦʚʠ ʘʣʛʠ.  
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ˢ̌̏̑̏̉̌̉̕           

a + + + + + + + + + + 
b        + + + 
c  + + + +  ?    
d      +     
e   ?    +    

˗́̑̏̓̆̎̏̉̅̉           

b + + + + + + + + + + 

a  ?  ? ? + ? + + ? 

g         + + 

e ? ?  +   ? +   

j (flavacin) +      +    

likopin         ? + 

˗̒́̎̓̏̉̌̉̕           

Miksoksantin +          
Ehinenon +       + +  
Osciloksantin +          
Zeaksantin +     +  + + + 
Lutein ?  + ? ? + ? ? + + 
Neoksantin     + + ? + + + 
Fukoksantin  ? + + + ?     
Diatoksantin   + +       
Kriptoksantin        +   
Dinoksantin  + +        
Neodinoksantin  +         
Peridinin  +         
Neoperidinin  +         
Neofukoksantin   + + +      
Flavoksantin     +  + + ?  
Violaksantin ?    +  + + + + 
Euglenanon        +   
Anteraksantin        + +  
Astaksantin        + +  
Trolein        + +  
Astacin        + +  
Taraksantin         +  
Auroksantin         +  
Mutatoksantin         +  
Kartaksantin         +  
ˡ̉̋̏̂̉̌̉̎̉           

R-fikoeritrin      +     
B-fikoeritrin ? +    +     
C-fikoeritrin +          
R-fikocijanin  +    +     
Alofikocijanin + +    +     
C-fikocijanin + ?    +     
Cijanoficin +          

˶͔͎͔ͤ͒͊Υ Ҍ - ͨ ͙͎͔ͣͤͭͦͭ ͙͔ͨͪͫͯͭͤΤ Κ ς ͨ ͙͎͔ͣͤͭͦͭ ͍͔ͯͭͪ͒ͤ ͫ͊ͣͦ ͊͟͞ ͔͙͙ͨͦ͒ͤ ͙ͭ͊ͫͦͤ͟ ͤ͊ ͎ͪͯͨ͊ͭ͊ 

 

ɹʦʿʘʪʘ ʥʘ ʘʣʛʠʪʝ ʧʨʠʤʘʨʥʦ ʟʘʚʠʩʠ ʦʜ ʜʦʤʠʥʘʮʠʿʘʪʘ ʥʘ ʧʦʝʜʠʥʠʪʝ ʧʠʛʤʝʥʪʠ ʚʦ 

ʢʣʝʪʢʠʪʝ, ʦʜʥʦʩʥʦ ʜʘʣʠ ʭʣʦʨʦʬʠʣʠʪʝ ʩʝ ʤʘʩʢʠʨʘʥʠ ʠʣʠ ʥʝ, ʩʧʦʨʝʜ ʪʦʘ, ʤʦʞʘʪ ʜʘ ʩʝ ʩʨʝʪʥʘʪ 
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ʞʦʣʪʠ, ʢʘʬʝʘʚʠ, ʮʨʚʝʥʠ, ʩʠʥʦ-ʟʝʣʝʥʠ, ʮʨʥʠ ʠʣʠ ʢʣʝʪʢʠ ʩʦ ʜʨʫʛʘ ʙʦʿʘ. ɺʦ ʜʠʨʝʢʪʥʘ ʚʨʩʢʘ ʩʦ 

ʜʦʤʠʥʘʮʠʿʘʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥ ʚʠʜ ʧʠʛʤʝʥʪ ʩʪʦʠ ʠ ʤʝʩʪʦʪʦ ʢʘʜʝ ʘʣʛʠʪʝ ʞʠʚʝʘʪ. ɼʦʢʦʣʢʫ ʩʝ 

ʪʠʝ ʞʠʪʝʣʠ ʥʘ ʧʦʜʣʘʙʦʢʠʪʝ ʚʦʜʥʠ ʩʣʦʝʚʠ, ʢʘʜʝ ʧʦʛʦʨʥʠʪʝ ʚʦʜʥʠ ʩʣʦʝʚʠ ʧʦʩʪʝʧʝʥʦ ʛʠ 

ʘʧʩʦʨʙʠʨʘʘʪ ʧʦʝʜʠʥʠʪʝ ʙʨʘʥʦʚʠ ʜʦʣʞʠʥʠ ʥʘ ʚʠʜʣʠʚʠʦʪ ʜʝʣ ʦʜ ʩʧʝʢʪʘʨʦʪ, ʣʦʛʠʯʥʦ ʝ ʚʦ 

ʩʚʦʠʪʝ ʢʣʝʪʢʠ ʜʘ ʥʘʪʨʫʧʫʚʘʘʪ ʧʠʛʤʝʥʪʠ ʢʦʠ ˃ʝ ʠʤ ʦʚʦʟʤʦʞʘʪ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚʦ ʪʘʢʚʠ 

ʫʩʣʦʚʠ (ʥʘʿʯʝʩʪʦ ʬʠʢʦʙʠʣʠʥʠ - ʬʦʪʦʩʝʥʟʠʙʠʣʠʟʘʪʦʨʠ), ʧʦʿʘʚʘ ʢʦʿʘ ʩʝ ʥʘʨʝʢʫʚʘ 

ʭʨʦʤʘʪʩʢʘ ʘʜʘʧʪʘʮʠʿʘ.  

ʍʝʪʝʨʦʪʨʦʬʥʦʩʪʘ (hetero-ʜʨʫʛʘ; trofos-ʠʩʭʨʘʥʘ) ʥʘ ʘʣʛʠʪʝ ʝ ʨʝʣʘʪʠʚʥʦ ʨʝʪʢʘ ʧʦʿʘʚʘ 

ʠ ʩʝ ʩʨʝ˃ʘʚʘ ʢʘʿ ʬʦʨʤʠʪʝ ʢʦʠ ʞʠʚʝʘʪ ʩʘʧʨʦʬʠʪʩʢʠ ʠʣʠ ʧʘʨʘʟʠʪʩʢʠ ʠ ʩʝʢʘʢʦ ʝ ʩʝʢʫʥʜʘʨʥʘ 

ʧʦʿʘʚʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʘʣʛʠʪʝ. ɸʚʪʦʪʨʦʬʥʠʪʝ ʘʣʛʠ ʢʦʠ ʠʤʘʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʩʝ ʠʩʭʨʘʥʫʚʘʘʪ ʠ 

ʭʝʪʝʨʦʪʨʦʬʥʦ ʩʝ ʦʟʥʘʯʫʚʘʘʪ ʢʘʢʦ ʤʠʢʩʦʪʨʦʬʠ (mixtum-ʩʤʝʩʘ; trofos-ʠʩʭʨʘʥʘ) ʠ ʩʝ 

ʿʘʚʫʚʘʘʪ ʩʦ ʧʦʚʝ˃ʝ ʪʘʢʩʦʥʠ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ, ʟʝʣʝʥʠʪʝ, ʟʣʘʪʥʠʪʝ ʠ ʩʠʣʠʢʘʪʥʠʪʝ ʘʣʛʠ. ʊʘʘ  

ʥʠʚʥʘ  ʦʩʦʙʠʥʘ  ʜʘ  ʢʦʨʠʩʪʘʪ  ʛʦʪʦʚʠ  ʦʨʛʘʥʩʢʠ  ʠ ʥʝʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ ʦʜ ʩʚʦʿʘʪʘ ʩʨʝʜʠʥʘ ʝ 

ʦʩʥʦʚʘ ʟʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʩʘʤʦʧʨʝʯʠʩʪʫʚʘˁʝ ʥʘ ʦʪʚʦʨʝʥʠʪʝ ʚʦʜʥʠ ʝʢʦʩʠʩʪʝʤʠ, ʥʦ ʠ ʟʘ 

ʙʠʦʣʦʰʢʦʪʦ ʧʨʝʯʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʠʪʝ ʚʦʜʠ.  

ʂʘʪʝʛʦʨʠʠ ʥʘ ʠʩʭʨʘʥʘ ʠ ʥʠʚʥʠ ʦʧʝʨʘʪʠʚʥʠ ʜʝʬʠʥʠʮʠʠ - ʉʠʪʝ ʘʣʛʠ, ʛʣʘʚʥʦ, 

ʢʦʨʠʩʪʘʪ ʩʚʝʪʣʠʥʘ ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʝʥʝʨʛʠʿʘ ʠ CO2 ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʿʘʛʣʝʨʦʜ, ʩʦ ʰʪʦ, ʩʝʢʘʢʦ, 

ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʛʨʫʧʘʪʘ ʥʘ ʬʦʪʦʘʚʪʦʪʨʦʬʥʠ ʦʨʛʘʥʠʟʤʠ. ʅʦ, ʛʨʫʧʘʪʘ ʥʘ ʘʣʛʠ ʢʦʿʘ ʧʨʠʧʘʺʘ 

ʢʦʥ ʤʠʢʩʦʪʨʦʬʠʪʝ, ʘ ʰʪʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʠ ʟʘ ʦʩʪʘʥʘʪʠʪʝ, ʠʤʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʠʤʘˁʝ 

ʥʘ ʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ ʢʦʠ ʠʛʨʘʘʪ ʩʝʢʫʥʜʘʨʥʘ, ʥʦ, ʩʝʧʘʢ, ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʚʦ ʥʠʚʥʠʦʪ 

ʬʦʪʦʤʝʪʘʙʦʣʠʟʘʤ. ɿʘ ʥʝʢʦʣʢʫ ʪʘʢʩʦʥʠ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʝ ʫʪʚʨʜʝʥʦ ʜʝʢʘ ʩʝ 

ʘʫʢʩʦʪʨʦʬʠ (ʤʦʨʘʘʪ ʜʘ ʠʤʘʘʪ ʜʦʧʦʣʥʠʪʝʣʥʘ ʠʩʭʨʘʥʘ ʦʜ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ) ʠ ʪʦʘ ʟʘ 

ʚʠʪʘʤʠʥʦʪ B12. ɺʦ ʪʘʢʚʠ ʩʣʫʯʘʠ, CO2 ʥʠʢʦʛʘʰ ʥʝ ʝ ʝʜʠʥʩʪʚʝʥ ʠʟʚʦʨ ʥʘ ʿʘʛʣʝʨʦʜ, ʠʘʢʦ 

ʦʩʪʘʥʘʪʠʪʝ ʠʟʚʦʨʠ ʟʘ ʢʣʝʪʢʠʪʝ ʥʝ ʩʝ ʪʦʣʢʫ ʤʥʦʛʫ ʟʥʘʯʘʿʥʠ. ʀʩʪʦ ʪʘʢʘ, ʚʝʨʦʿʘʪʥʦ ʝ ʜʝʢʘ 

ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʤʦʞʘʪ ʜʘ ʩʧʨʦʚʝʜʘʪ ʘʩʠʤʠʣʘʮʠʿʘ ʥʘ ʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ ʢʦʿʘ ʝ ʟʘʚʠʩʥʘ 

ʦʜ ʩʚʝʪʣʠʥʘʪʘ, ʢʘʢʚʠ ʩʝ ʘʮʝʪʘʪʠʪʝ ʠ ʘʤʠʥʦʢʠʩʝʣʠʥʠʪʝ. ɼʘʣʠ ʪʦʘ ʛʦ ʥʝʛʠʨʘ ʟʘʢʣʫʯʦʢʦʪ ʜʝʢʘ 

ʪʠʝ ʩʝ ʘʚʪʦʪʨʦʬʠ? ʅʝ, ʜʦʢʦʣʢʫ CO2 ʦʩʪʘʥʫʚʘ ʛʣʘʚʝʥ ʠ ʥʝʟʘʤʝʥʣʠʚ ʠʟʚʦʨ ʥʘ ʢʣʝʪʦʯʥʠʦʪ 

ʿʘʛʣʝʨʦʜ. ʆʨʛʘʥʩʢʠʪʝ ʤʘʪʝʨʠʠ ʢʘʢʦ ʩʫʧʩʪʨʘʪ ʚʣʝʛʫʚʘʘʪ ʚʦ ʢʣʝʪʢʠʪʝ ʚʦ ʦʛʨʘʥʠʯʝʥ ʙʨʦʿ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʙʠʦʩʠʥʪʝʪʩʢʠ ʧʘʪʠʰʪʘ, ʥʘ ʢʦʿ ʥʘʯʠʥ ʛʦ ʩʢʨʘʪʫʚʘʘʪ ʧʘʪʦʪ ʥʘ ʿʘʛʣʝʨʦʜ ʦʜ CO2 

ʜʦ ʢʨʘʿʥʠʪʝ ʧʨʦʜʫʢʪʠ, ʦʩʪʘʚʘʿ˃ʠ ʛʦ ʛʣʘʚʥʠʦʪ ʧʨʦʪʦʢ ʥʘ ʿʘʛʣʝʨʦʜʦʪ ʦʜ CO2 ʜʦ ʜʨʫʛʠʪʝ 

ʤʝʪʘʙʦʣʠʪʠ ʥʘʜʚʦʨ ʦʜ ʬʫʥʢʮʠʿʘ. ʆʨʛʘʥʩʢʠʪʝ ʤʘʪʝʨʠʠ ʩʝ ʠʩʢʦʨʠʩʪʫʚʘʘʪ ʥʘ ʩʣʠʯʝʥ ʥʘʯʠʥ ʠ 

ʦʜ ʭʝʤʦʘʚʪʦʪʨʦʬʥʠʪʝ ʪʠʦʙʘʮʠʣʠ.  

ʉʝʧʘʢ, ʧʦʩʪʦʠ ʠ ʚʪʦʨʘ ʭʨʘʥʠʪʝʣʥʘ ʢʘʪʝʛʦʨʠʿʘ, ʢʦʿʘ ʩʦ ʧʨʘʚʦ ʩʝ ʥʘʨʝʢʫʚʘ 

ʬʦʪʦʭʝʪʝʨʦʪʨʦʬʥʦʩʪ, ʧʦʤʝʺʫ ʬʦʪʦʩʠʥʪʝʪʩʢʠʪʝ ʦʨʛʘʥʠʟʤʠ. ʊʘʘ ʝ ʜʦʤʠʥʘʥʪʥʘ ʢʘʪʝʛʦʨʠʿʘ 

ʧʦʤʝʺʫ ʥʝʩʫʣʬʫʨʥʠʪʝ ʧʫʨʧʫʨʥʠ ʙʘʢʪʝʨʠʠ, ʢʘʿ ʢʦʠ ʦʨʛʘʥʩʢʠʪʝ ʩʫʧʩʪʨʘʪʠ ʦʙʝʟʙʝʜʫʚʘʘʪ 

ʛʣʘʚʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʿʘʛʣʝʨʦʜ, ʜʦʜʝʢʘ CO2 ʘʩʠʤʠʣʘʮʠʿʘʪʘ (ʜʦʢʦʣʢʫ ʚʦʦʧʰʪʦ ʩʝ ʿʘʚʫʚʘ) 

ʠʤʘ ʤʠʥʦʨʥʘ ʫʣʦʛʘ ʚʦ ʦʙʝʟʙʝʜʫʚʘˁʝʪʦ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʿʘʛʣʝʨʦʜ. ʂʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, 

ʜʝʬʠʥʠʮʠʿʘʪʘ ʥʘ ʬʦʪʦʭʝʪʝʨʦʪʨʦʬʥʦʩʪʘ ʜʦʩʝʛʘ ʙʠʣʘ ʪʝʰʢʘ ʜʘ ʩʝ ʧʦʪʚʨʜʠ, ʙʠʜʝʿ˃ʠ ʝ ʩʢʦʨʦ 

ʥʝʚʦʟʤʦʞʥʦ ʜʘ ʩʝ ʜʦʢʘʞʝ ʜʝʢʘ ʨʘʩʪʦʪ ʚʦ ʩʚʝʪʣʦʩʥʠ ʫʩʣʦʚʠ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʿʘʛʣʝʨʦʜʦʪ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ ʦʨʛʘʥʩʢʠ ʩʦʝʜʠʥʝʥʠʿʘ, ʘ ʚʦ ʠʩʪʦ ʚʨʝʤʝ ʝ ʬʫʥʢʮʠʦʥʘʣʝʥ ʠ 



16 
 

ʛʣʘʚʥʠʦʪ CO2 ʧʘʪ. ʉʝʧʘʢ, ʢʘʿ ʩʠʪʝ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʨʘʩʪʝʥʠʿʘ ʢʦʠ ʢʦʨʠʩʪʘʪ ʚʦʜʘ ʢʘʢʦ ʜʦʥʦʨ 

ʥʘ ʝʣʝʢʪʨʦʥʠ, ʘʩʠʤʠʣʘʮʠʿʘʪʘ ʥʘ CO2 ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʝʯʠ ʩʦ ʠʥʭʠʙʠʪʦʨ (DCMU-

ʜʠʭʣʦʨʬʝʥʠʣ-ʜʠʤʝʪʠʣʫʨʝʘ) ʢʦʿ ʿʘ ʙʣʦʢʠʨʘ ʨʘʙʦʪʘʪʘ ʥʘ ʬʦʪʦʩʠʩʪʝʤʦʪ II. ʂʘʿ ʪʠʝ ʦʨʛʘʥʠʟʤʠ, 

ʬʘʢʫʣʪʘʪʠʚʥʘ (ʧʦʚʨʝʤʝʥʘ) ʭʝʪʝʨʦʪʨʦʬʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʢʘʞʝ, ʜʦʢʦʣʢʫ ʩʝ ʫʪʚʨʜʠ ʜʝʢʘ 

ʠʥʭʠʙʠʮʠʿʘʪʘ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʦʜ DCMU ʩʝ ʧʦʥʠʰʪʫʚʘ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ ʦʨʛʘʥʩʢʠ 

ʭʨʘʥʠʪʝʣʥʠ ʤʘʪʝʨʠʠ ʚʦ ʧʦʜʣʦʛʘʪʘ ʚʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʚʝʪʣʦ (ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʢʣʝʪʢʠʪʝ 

ʢʦʨʠʩʪʘʪ ʛʦʪʦʚʠ ʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ ʦʜ ʥʘʜʚʦʨ ʠ ʞʠʚʝʘʪ, ʠʘʢʦ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʝ ʩʧʨʝʯʝʥʘ). 

ʌʦʪʦʩʠʩʠʥʪʝʪʩʢʠ ʘʢʪʠʚʥʠʪʝ ʧʠʛʤʝʥʪʠ ʢʘʿ ʘʣʛʠʪʝ ʬʦʨʤʠʨʘʘʪ ʜʠʩʢʨʝʪʥʠ ʧʠʛʤʝʥʪ-

ʧʨʦʪʝʠʥ ʢʦʤʧʣʝʢʩʠ ʢʦʠ ʬʫʥʢʮʠʦʥʘʣʥʦ ʩʝ ʧʦʜʝʣʝʥʠ ʚʦ ʜʚʝ ʛʨʫʧʠ: 1) ʬʦʪʦʭʝʤʠʩʢʠ 

ʨʝʘʢʪʠʚʝʥ ʮʝʥʪʘʨ ʢʦʿ ʩʦʜʨʞʠ ʭʣʦʨʦʬʠʣ ʘ, ʠ ʢʘʜʝ ʩʚʝʪʣʦʩʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʝ ʢʦʥʚʝʨʪʠʨʘ ʚʦ 

ʭʝʤʠʩʢʘ, ʠ 2) ʢʦʤʧʣʝʢʩʠ ʟʘ ʧʨʠʬʘ˃ʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʢʦʠ ʩʣʫʞʘʪ ʢʘʢʦ óʘʥʪʝʥʠô ʟʘ 

ʩʧʨʦʚʝʜʫʚʘˁʝ ʥʘ ʜʦʩʪʘʧʥʘʪʘ ʩʚʝʪʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ ʜʦ ʨʝʘʢʪʠʚʥʠʦʪ ʮʝʥʪʘʨ. ʂʦʤʧʣʝʢʩʠʪʝ ʟʘ 

ʧʨʠʬʘ˃ʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ (ʩʣʠʢʘ 2) ʢʦʨʠʩʪʘʪ ʨʘʟʣʠʯʥʠ ʧʠʛʤʝʥʪʥʠ ʢʦʤʧʣʝʢʩʠ ʟʘ ʬʘ˃ʘˁʝó 

ʥʘ ʩʚʝʪʣʦʩʥʘʪʘ ʝʥʝʨʛʠʿʘ, ʘ ʩʦʩʪʘʚʝʥʠ ʩʝ ʦʜ ʯʝʪʠʨʠ ʠʟʚʨʪʝʥʠ ʭʝʣʠʢʩʘ ʢʦʠ ʩʝ ʬʦʨʤʠʨʘʘʪ ʚʦ 

ʪʠʣʘʢʦʠʜʠʪʝ ʥʘ ʭʣʦʨʦʧʣʘʩʪʦʪ. ʉʣʠʯʥʦʩʪʘ ʥʘ ʢʦʤʧʣʝʢʩʦʪ ʟʘ ʧʨʠʬʘ˃ʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʢʘʿ 

ʩʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ ʨʘʩʪʝʥʠʿʘ ʝ ʦʩʥʦʚʘ ʟʘ ʤʠʩʣʝˁʝʪʦ ʜʝʢʘ ʭʣʦʨʦʧʣʘʩʪʦʪ ʝ ʬʦʨʤʠʨʘʥ ʧʨʝʢʫ 

ʝʜʠʥʝʯʥʘ ʝʥʜʦʩʠʤʙʠʦʪʩʢʘ ʩʣʫʯʢʘ.  

 

ʉʣʠʢʘ 2. ʆʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘ ʢʦʤʧʣʝʢʩʦʪ ʟʘ ʧʨʠʬʘ-

˃ʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʢʘʿ ʩʠʪʝ 

ʝʫʢʘʨʠʦʪʩʢʠ ʨʘʩʪʝʥʠʿʘ. ʊʨʠ 

ʪʨʘʥʩʤʝʤʙʨʘʥʩʢʠ ʭʝʣʠʢʩʠ ʿʘ 

ʧʨʦʙʠʚʘʘʪ ʤʝʤʙʨʘʥʘʪʘ 

(ʩʧʦʨʝʜ Kuhlbrandt et al., 1994).  
 

 

 

ʂʘʿ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ ʩʝ ʿʘʚʫʚʘʘʪ ʭʣʦʨʦʬʠʣ ʘ/b ʧʨʦʪʝʠʥ ʢʦʤʧʣʝʢʩʠ. 

ʂʘʬʝʘʚʠʪʝ ʠ ʟʣʘʪʥʦ-ʢʘʬʝʘʚʠʪʝ ʘʣʛʘʣʥʠ ʛʨʫʧʠ (ʜʠʿʘʪʦʤʝʠ, ʟʣʘʪʥʠ ʘʣʛʠ, ʜʠʥʦʬʣʘʛʝʣʘʪʠ ʠ 

ʢʘʬʝʘʚʠ ʘʣʛʠ ʢʘʢʦ ʠ ʩʨʦʜʥʠʪʝ ʛʨʫʧʠ) ʧʦʩʝʜʫʚʘʘʪ ʬʫʢʦʢʩʘʥʪʠʥ-ʭʣʦʨʦʬʠʣ ʘ/ʩ ʢʦʤʧʣʝʢʩʠ 

ʢʦʠ ʩʝ ʠʥʪʝʛʨʠʨʘʥ ʜʝʣ ʥʘ ʤʝʤʙʨʘʥʘʪʘ ʥʘ ʪʠʣʘʢʦʠʜʠʪʝ. ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʢʨʠʧʪʦʬʠʪʠʪʝ 

ʠ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʢʦʨʠʩʪʘʪ ʬʠʢʦʙʠʣʠʟʦʤʠ (ʩʣʠʢʘ 3) ʢʘʢʦ ʛʣʘʚʝʥ ʢʦʤʧʣʝʢʩ ʟʘ ʬʘ˃ʘˁʝó ʥʘ 

ʩʚʝʪʣʠʥʘʪʘ.  

ʂʘʨʦʪʝʥʦʠʜʠʪʝ ʩʝ ʞʦʣʪʠ, ʧʦʨʪʦʢʘʣʦʚʠ ʠʣʠ ʮʨʚʝʥʠ ʧʠʛʤʝʥʪʠ, ʢʦʠ ʥʘʿʯʝʩʪʦ ʩʝ  

ʣʦʮʠʨʘʥʠ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʧʣʘʩʪʠʜʠʪʝ, ʥʦ ʧʦʥʝʢʦʛʘʰ ʠ ʥʘʜʚʦʨ ʦʜ ʥʠʚ. ɻʣʘʚʥʦ, 

ʧʨʠʨʦʜʥʠʪʝ ʢʘʨʦʪʝʥʦʠʜʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʜʝʣʝʥʠ ʚʦ ʜʚʝ ʢʣʘʩʠ: ʘ) ʿʘʛʣʝʚʦʜʦʨʦʜʠ ʙʝʟ 

ʢʠʩʣʦʨʦʜ ʠʣʠ ʢʘʨʦʪʝʥʠ, ʠ ʙ) ʥʠʚʥʠʪʝ ʦʢʩʠʜʠʨʘʥʠ ʜʝʨʠʚʘʪʠ ʢʩʘʥʪʦʬʠʣʠ. 

ʅʘʿʨʘʩʧʨʦʩʪʨʘʥʝʪʠʦʪ ʢʘʨʦʪʝʥ ʢʘʿ ʘʣʛʠʪʝ, ʩʝʢʘʢʦ, ʝ ɓ-ʢʘʨʦʪʝʥ. ʇʦʩʪʦʿʘʪ ʙʨʦʿʥʠ ʢʩʘʥʪʦʬʠʣʠ 

ʫʪʚʨʜʝʥʠ ʢʘʿ ʘʣʛʠʪʝ, ʧʨʠ ʰʪʦ ʟʝʣʝʥʠʪʝ ʘʣʛʠ (Chlorophyta) ʧʦʩʝʜʫʚʘʘʪ ʢʩʘʥʪʦʬʠʣʠ 

ʥʘʿʩʣʠʯʥʠ ʜʦ ʪʠʝ ʢʘʿ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ. ʌʫʢʦʢʩʘʥʪʠʥʦʪ ʝ ʦʩʥʦʚʝʥ ʢʩʘʥʪʦʬʠʣ ʢʦʿ ʥʘ ʘʣʛʠʪʝ 



17 
 

ʩʦ ʟʣʘʪʥʦ-ʢʘʬʝʘʚʘ ʙʦʿʘ ʠʤ ʿʘ ʜʘʚʘ ʥʠʚʥʘʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʙʦʿʘ. ʂʘʢʦ ʠ ʭʣʦʨʦʬʠʣʠʪʝ, 

ʢʘʨʦʪʝʥʦʠʜʠʪʝ ʩʝ ʨʘʩʪʚʦʨʣʠʚʠ ʚʦ ʘʣʢʦʭʦʣ, ʙʝʥʟʝʥ ʠ ʘʮʝʪʦʥ, ʥʦ ʩʝ ʥʝʨʘʩʪʚʦʨʣʠʚʠ ʚʦ ʚʦʜʘ.  

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʥʘ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʠ ʢʨʠʧʪʦʬʠʪʠʪʝ ʚʦ ʪʝʢʦʪ ʥʘ 

ʝʚʦʣʫʮʠʿʘʪʘ ʩʪʝʢʥʘʣʝ ʧʝʨʠʬʝʨʥʠ ʘʥʪʝʥʘ ʢʦʤʧʣʝʢʩʠ ʥʘ ʤʝʤʙʨʘʥʠʪʝ ʢʦʠ ʩʦʜʨʞʘʪ 

ʬʠʢʦʙʠʣʠʧʨʦʪʝʠʥʠ ʢʦʠ ʿʘ ʧʨʝʥʝʩʫʚʘʘʪ ʩʚʝʪʣʦʩʥʘʪʘ ʝʥʝʨʛʠʿʘ ʜʦ ʨʝʘʢʮʠʦʥʠʦʪ ʮʝʥʪʘʨ ʥʘ 

ʬʦʪʦʩʠʩʪʝʤ II. ʀʩʪʦ ʢʘʢʦ ʠ ʭʣʦʨʦʬʠʣʠʪʠʝ b/c/d, ʿʘ ʧʨʦʰʠʨʫʚʘʘʪ ʨʘʤʢʘʪʘ ʥʘ ʜʦʩʪʘʧʥʘʪʘ 

ʩʚʝʪʣʦʩʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ. ʇʨʠ ʧʨʦʘʺʘˁʝʪʦ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʥʠʟ ʚʦʜʥʠʦʪ ʩʪʦʣʙ 

ʧʦʩʪʝʧʝʥʦ ʩʝ ʛʫʙʘʪ ʜʝʣʦʚʠ ʦʜ ʩʧʝʢʪʘʨʦʪ ʠ ʪʘʘ ʩʪʘʥʫʚʘ ʩʠʥʦ-ʟʝʣʝʥʘ, ʩʚʝʪʣʠʥʘ ʢʦʿʘ ʤʥʦʛʫ 

ʧʦʜʦʙʨʦ ʿʘ ʘʧʩʦʨʙʠʨʘʘʪ ʙʠʣʠʧʨʦʪʝʠʥʠʪʝ ʦʪʢʦʣʢʫ ʭʣʦʨʦʬʠʣʦʪ ʘ.  

 

ʉʣʠʢʘ 3. ʎʨʪʝʞ ʥʘ ʬʠʢʦʙʠʣʠʟʦʤ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʘʪʘ 

ʘʣʛʘ Synechococcus (ʩʧʦʨʝʜ Grossman et al., 1993).  

 

 

ʌʠʢʦʙʠʣʠʧʨʦʪʝʠʥʠʪʝ ʩʝ ʩʠʥʠ ʠʣʠ 

ʮʨʚʝʥʠ ʧʠʛʤʝʥʪʠ ʨʘʩʪʚʦʨʣʠʚʠ ʚʦ ʚʦʜʘ ʢʦʠ ʩʝ 

ʣʦʮʠʨʘʥʠ ʥʘ ʪʠʣʘʢʦʠʜʠʪʝ (ʢʘʿ Cyanophyta, 

Rhodophyta) ʠʣʠ ʚʦ ʪʠʣʘʢʦʠʜʠʪʝ (Cryptophyta) ʥʘ 

ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʥʘ ʘʣʛʠʪʝ. ʊʠʝ ʩʝ ʦʧʠʰʘʥʠ ʢʘʢʦ 

ʭʨʦʤʦʧʨʦʪʝʠʥʠ (ʦʙʦʝʥʠ ʧʨʦʪʝʠʥʠ) ʢʘʿ ʢʦʠ 

ʧʨʦʩʪʝʪʠʯʥʘʪʘ ʛʨʫʧʘ (ʥʝ ʧʨʦʪʝʠʥʩʢʦʪ ʜʝʣ ʥʘ 

ʤʦʣʝʢʫʣʘʪʘ) ʠʣʠ ʭʨʦʤʦʬʦʨʦʪ ʝ ʪʝʪʨʘ ʧʠʨʦʣʦʚ 

ʧʠʛʤʝʥʪ ʧʦʟʥʘʪ ʢʘʢʦ ʬʠʢʦʙʠʣʠʥ. ʇʨʦʩʪʝʪʠʯʥʘʪʘ 

ʛʨʫʧʘ ʝ ʪʝʩʥʦ ʧʦʚʨʟʘʥʘ ʩʦ ʢʦʚʘʣʝʥʪʥʠ ʚʨʩʢʠ ʟʘ 

ʘʧʦʧʨʦʪʝʠʥʦʪ (ʧʨʦʪʝʠʥʩʢʠʦʪ ʜʝʣ ʥʘ ʤʦʣʝʢʫʣʘʪʘ). 

ʇʦʨʘʜʠ ʥʠʚʥʘʪʘ ʪʝʩʥʘ ʚʨʩʢʘ ʮʝʣʘʪʘ ʤʦʣʝʢʫʣʘ ʩʝ ʥʘʨʝʢʫʚʘ ʬʠʢʦʙʠʣʠʧʨʦʪʝʠʥ. ʋʪʚʨʜʝʥʠ ʩʝ 

ʜʚʘ ʨʘʟʣʠʯʥʠ ʘʧʦʧʨʦʪʝʠʥʠ, a ʠ ɓ, ʢʦʠ ʟʘʝʜʥʦ ʿʘ ʬʦʨʤʠʨʘʘʪ ʦʩʥʦʚʥʘʪʘ ʝʜʠʥʠʮʘ ʥʘ 

ʬʠʢʦʙʠʣʠʧʨʦʪʝʠʥʠʪʝ. ɿʘ a ʠʣʠ ɓ ʘʧʦʧʨʦʪʝʠʥʦʪ ʧʨʠʚʨʟʘʥʠ ʩʝ ʦʙʦʝʥʠʪʝ ʭʨʦʤʦʬʦʨʠ. 

ɻʣʘʚʥʠʦʪ ʩʠʥ ʭʨʦʤʦʬʦʨ ʢʦʿ ʩʝ ʿʘʚʫʚʘ ʢʘʿ ʬʠʢʦʮʠʿʘʥʠʥʦʪ ʠ ʘʣʦʬʠʢʦʮʠʿʘʥʠʥʦʪ ʝ 

ʬʠʢʦʮʠʿʘʥʦʙʠʣʠʥʦʪ, ʜʦʜʝʢʘ ʛʣʘʚʥʠʦʪ ʮʨʚʝʥ ʭʨʦʤʦʬʦʨ ʢʦʿ ʩʝ ʿʘʚʫʚʘ ʢʘʿ ʬʠʢʦʝʨʠʪʨʠʥʦʪ 

ʝ ʬʠʢʦʝʨʠʪʨʦʙʠʣʠʥʦʪ.  

ʆʧʰʪʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʬʠʢʦʙʠʣʠʧʨʦʪʝʠʥʠʪʝ ʩʝ ʙʘʟʠʨʘ ʥʘ ʥʠʚʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ 

ʘʧʩʦʨʧʮʠʿʘ. ʇʦʩʪʦʿʘʪ ʪʨʠ ʪʠʧʘ ʬʠʢʦʝʨʠʪʨʠʥʠ: R ʠ ɺ ʬʠʢʦʝʨʠʪʨʠʥ ʢʘʿ Rhodophyta ʢʘʢʦ ʠ 

ʉ-ʬʠʢʦʝʨʠʪʨʠʥ ʢʘʿ Cyanophyta. ʀʩʪʦ ʪʘʢʘ, ʧʦʩʪʦʿʘʪ ʪʨʠ ʪʠʧʘ ʥʘ ʬʠʢʦʮʠʿʘʥʠʥ: R-

ʬʠʢʦʮʠʿʘʥʠʥ ʢʘʿ Rhodophyta ʠ ʉ-ʬʠʢʦʮʠʿʘʥʠʥ ʠ ʘʣʦʬʠʢʦʮʠʿʘʥʠʥ ʢʘʿ Cyanophyta.  

ɸʣʛʠʪʝ ʢʦʠ ʩʝ ʩʧʦʩʦʙʥʠ ʟʘ ʭʨʦʤʘʪʩʢʘ ʘʜʘʧʪʘʮʠʿʘ ʛʦ ʤʝʥʫʚʘʘʪ ʩʦʩʪʘʚʦʪ ʥʘ 

ʧʠʛʤʝʥʪʠʪʝ ʚʦ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠ ʥʘ ʙʨʘʥʦʚʘ ʜʦʣʞʠʥʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ. ʅʘ ʧʨʠʤʝʨ, ʩʠʥʦ-

ʟʝʣʝʥʘʪʘ ʘʣʛʘ Synechocystis ʚʦ ʫʩʣʦʚʠ ʥʘ ʟʝʣʝʥʘ ʩʚʝʪʣʠʥʘ ʧʨʦʜʫʮʠʨʘ ʬʠʢʦʝʨʠʪʨʠʥ (ʮʨʚʝʥ), 

ʬʠʢʦʮʠʿʘʥʠʥ (ʩʠʥ) ʠ ʘʣʦʬʠʢʦʮʠʿʘʥʠʥ (ʩʠʥʦ-ʟʝʣʝʥ) ʚʦ ʤʦʣʘʨʝʥ ʦʜʥʦʩ ʦʜ 2:2:1. ʂʦʛʘ ʩʝ 

ʥʘʦʺʘ ʚʦ ʫʩʣʦʚʠ ʥʘ ʮʨʚʝʥʘ ʩʚʝʪʣʠʥʘ ʪʦʿ ʦʜʥʦʩ ʝ 0,4:2:1. ʇʘʨʘʣʝʣʥʦ ʥʘ ʪʦʘ ʩʝ ʤʝʥʫʚʘ ʠ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʬʠʢʦʙʠʣʠʟʦʤʦʪ, ʧʨʠ ʰʪʦ ʧʝʨʠʬʝʨʥʠʪʝ ʩʪʘʧʯʠˁʘ ʠʤʘʘʪ ʧʦʚʝ˃ʝ 
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ʉʣʠʢʘ 4. ʎʨʪʝʞ ʥʘ ʫʣʪʨʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʣʝʪʢʘ ʦʜ ʩʠʥʦ-

ʟʝʣʝʥʘ ʘʣʛʘ. (C) ʎʠʿʘʥʦʬʠʮʝʿʩʢʦ ʪʝʣʦ 

(ʛʨʘʥʫʣʠ ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ); (Car) 

ʢʘʨʙʦʢʩʠʟʦʤ (ʧʦʣʠʝʜʘʨʥʦ ʪʝʣʦ); (D) ɼʅʂ 

ʬʠʙʨʠʣʠ; (G) ʛʘʩʥʠ ʚʝʟʠʢʫʣʠ; (P) 

ʧʣʘʟʤʘʣʝʤʘ; (PB) ʧʦʣʠʬʦʩʬʘʪʥʦ ʪʝʣʮʝ; 

(PG) ʛʨʘʥʫʣʠ ʥʘ ʧʦʣʠʛʣʫʢʘʥ; (Py)  

ʬʠʢʦʙʠʣʠʟʦʤʠ; (R) ʨʠʙʦʟʦʤʠ; (S) ʦʙʚʠʚʢʘ; 

(W) ʢʣʝʪʦʯʝʥ ʼʠʜ. 

ʬʠʢʦʝʨʠʪʨʠʥ ʭʝʢʩʘʤʝʨʠ ʚʦ ʫʩʣʦʚʠ ʥʘ ʟʝʣʝʥʘ ʩʚʝʪʣʠʥʘ, ʘ ʧʦʤʘʣʢʫ ʬʠʢʦʮʠʿʘʥʠʥ ʭʝʢʩʘʤʝʨʠ. 

ɹʨʦʿʦʪ ʥʘ ʘʣʦʬʠʢʦʮʠʿʘʥʠʥ ʭʝʢʩʘʤʝʨʠʪʝ ʦʩʪʘʥʫʚʘ ʠʩʪ.  

ː˝ˍˑˎˍ ˚ˍ ˗˘˒˟˗˕˟˒ ˗ˍ˶ ˍ˘ː˕˟˒ 

ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʧʦʤʝʺʫ ʘʣʛʠʪʝ ʧʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʝʜʥʦʢʣʝʪʦʯʥʠ ʬʦʨʤʠ, 

ʿʘʩʥʦ ʝ ʜʝʢʘ ʢʘʿ ʥʠʚ ʦʧʠʩʦʪ ʥʘ ʢʣʝʪʦʯʥʘʪʘ ʛʨʘʜʙʘ ʠ ʦʨʛʘʥʠʟʘʮʠʦʿʘ ʚʦʝʜʥʦ ʝ ʠ ʦʧʠʩ ʥʘ 

ʮʝʣʠʦʪ ʦʨʛʘʥʠʟʘʤ, ʰʪʦ ʥʝ ʝ ʩʣʫʯʘʿ ʢʘʿ ʧʦʚʠʩʦʢʦ ʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʧʦʚʝ˃ʝʢʣʝʪʦʯʥʠ ʘʣʛʠ ʩʦ 

ʧʦʩʣʦʞʝʥʘ ʛʨʘʜʙʘ.  

ʇʦʩʪʦʿʘʪ ʜʚʘ ʦʩʥʦʚʥʠ ʪʠʧʘ ʥʘ ʢʣʝʪʢʠ ʢʘʿ ʘʣʛʠʪʝ - ʧʨʦʢʘʨʠʦʪʩʢʠ ʠ ʝʫʢʘʨʠʦʪʩʢʠ ʪʠʧ 

ʥʘ ʛʨʘʜʙʘ. ʇʨʦʢʘʨʠʦʪʩʢʠʪʝ ʢʣʝʪʢʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʦʨʛʘʥʝʣʠ ʦʙʚʠʪʢʘʥʠ ʩʦ ʤʝʤʙʨʘʥʠ (ʢʘʢʦ 

ʧʣʘʩʪʠʜʠ, ʤʠʪʦʭʦʥʜʨʠʠ, ʿʘʜʨʦ, ɻʦʣ˅ʠʝʚʠ ʪʝʣʮʘ, ʠʣʠ ʢʘʤʰʠʮʠ) ʠ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʿ ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ (ʩʣʠʢʘ 4).  

ʆʩʪʘʥʘʪʠʪʝ ʧʨʝʪʩʪʘʚʥʠʮʠ ʥʘ ʘʣʛʠʪʝ ʩʝ ʝʫʢʘʨʠʦʪʩʢʠ 

ʧʦ ʛʨʘʜʙʘ ʠ ʧʦʩʝʜʫʚʘʘʪ ʦʨʛʘʥʝʣʠ. ɽʫʢʘʨʠʦʪʩʢʘʪʘ ʢʣʝʪʢʘ ʝ 

ʥʘʿʯʝʩʪʦ ʦʧʢʦʣʝʥʘ ʩʦ ʢʣʝʪʦʯʝʥ ʼʠʜ ʩʦʩʪʘʚʝʥ ʦʜ 

ʧʦʣʠʩʘʭʘʨʠʜʠ, ʜʝʣʫʤʥʦ ʧʨʦʜʫʮʠʨʘʥʠ ʠ ʩʝʢʨʝʪʠʨʘʥʠ ʦʜ 

ɻʦʣ˅ʠʝʚʠʪʝ ʪʝʣʮʘ. ʄʝʤʙʨʘʥʘʪʘ ʥʘ ʧʣʘʟʤʘʪʘ (ʧʣʘʟʤʘʣʝʤʘ) ʿʘ 

ʦʙʚʠʪʢʫʚʘ ʮʝʣʦʩʥʦ ʢʣʝʪʢʘʪʘ ʠ ʿʘ ʢʦʥʪʨʦʣʠʨʘ ʨʘʟʤʝʥʘʪʘ ʥʘ 

ʤʘʪʝʨʠʠʪʝ ʚʦ ʧʨʦʪʦʧʣʘʟʤʘʪʘ. ʃʦʢʦʤʦʪʦʨʥʠʪʝ ʦʨʛʘʥʝʣʠ ʠʣʠ 

ʢʘʤʰʠʮʠʪʝ ʿʘ ʧʨʠʜʚʠʞʫʚʘʘʪ ʢʣʝʪʢʘʪʘ ʥʠʟ ʤʝʜʠʫʤʦʪ ʩʦ 

ʩʚʦʠʪʝ ʜʚʠʞʝˁʘ. ʂʘʤʰʠʮʠʪʝ ʩʝ ʦʙʚʠʪʢʘʥʠ ʩʦ 

ʧʣʘʟʤʘʣʝʤʘ ʠ ʧʦʩʝʜʫʚʘʘʪ ʩʧʝʮʠʬʠʯʝʥ ʙʨʦʿ ʠ 

ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʤʠʢʨʦʪʫʙʫʣʠʪʝ. ɱʘʜʨʦʪʦ ʢʦʝ ʛʦ ʩʦʜʨʞʠ 

ʛʝʥʝʪʩʢʠʦʪ ʤʘʪʝʨʠʿʘʣ ʥʘ ʢʣʝʪʢʘʪʘ ʝ ʦʙʚʠʪʢʘʥʦ ʩʦ ʜʚʦʿʥʘ 

ʤʝʤʙʨʘʥʘ ʩʦ ʧʦʨʠ. ɺʦ ʿʘʜʨʦʪʦ ʩʝ ʧʦʩʪʘʚʝʥʠ ʿʘʜʨʝʥʮʝʪʦ, 

ʭʨʦʤʦʟʦʤʠʪʝ, ʠ ʿʘʜʨʦʚ ʤʘʪʨʠʢʩ ʠʣʠ ʢʘʨʠʦʣʠʤʬʘ. 

ʍʣʦʨʦʧʣʘʩʪʠʪʝ ʧʦʩʝʜʫʚʘʘʪ ʤʝʤʙʨʘʥʩʢʠ ʚʨʝ˃ʠʯʢʠ ʢʦʠ ʩʝ 

ʥʘʨʝʢʫʚʘʘʪ ʪʠʣʘʢʦʠʜʠ ʚʦ ʢʦʠ ʩʝ ʩʧʨʦʚʝʜʫʚʘʘʪ 

ʩʚʝʪʣʦʩʥʠʪʝ ʨʝʘʢʮʠʠ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ. ʊʠʣʘʢʦʠʜʠʪʝ ʩʝ ʚʤʝʪʥʘʪʠ ʚʦ ʩʪʨʦʤʘ ʥʘ 

ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʢʘʜʝ ʩʝ ʦʜʚʠʚʘʘʪ ʨʝʘʢʮʠʠʪʝ ʥʘ ʬʠʢʩʘʮʠʿʘ ʥʘ ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ ʚʦ ʪʝʤʥʦ. 

ʍʣʦʨʦʧʣʘʩʪʠʪʝ ʩʝ ʦʙʚʠʪʢʘʥʠ ʩʦ ʜʚʦʿʥʘ ʤʝʤʙʨʘʥʘ. ʇʦʥʝʢʦʛʘʰ ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʧʦʩʝʜʫʚʘʘʪ 

ʛʫʩʪʘ ʧʨʦʪʝʠʥʩʢʘ ʟʦʥʘ ʥʘʨʝʯʝʥʘ ʧʠʨʝʥʦʠʜ, ʢʦʿ ʝ ʤʝʩʪʦ ʟʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʨʝʟʝʨʚʥʠʪʝ 

ʤʘʪʝʨʠʠ. ʄʠʪʦʭʦʥʜʨʠʠʪʝ ʢʦʠ ʩʝ ʦʙʚʠʪʢʘʥʠ ʩʦ ʜʚʦʿʥʘ ʤʝʤʙʨʘʥʘ ʧʦʩʝʜʫʚʘʘʪ 70ɮ ʨʠʙʦʟʦʤʠ 

ʢʘʢʦ ʠ ɼʅʂ ʚʦ ʩʝʙʝ, ʘ ʩʦʜʨʞʘʪ ʠ ʨʝʩʧʠʨʘʪʦʨʝʥ ʘʧʘʨʘʪ. ɻʦʣ˅ʠʝʚʠʪʝ ʪʝʣʮʘ ʫʯʝʩʪʚʫʚʘʘʪ ʚʦ 

ʧʨʦʜʫʢʮʠʿʘʪʘ ʠ ʩʝʢʨʝʮʠʿʘʪʘ ʥʘ ʧʦʣʠʩʘʭʘʨʠʜʠ. ʎʠʪʦʧʣʘʟʤʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʠʩʪʦ ʪʘʢʘ ʩʦʜʨʞʘʪ 

ʛʦʣʝʤʠ 80ɮ ʨʠʙʦʟʦʤʠ ʠ ʣʠʧʠʜʥʠ ʪʝʣʮʘ.  

ʂʘʿ ʥʘʿʧʨʠʤʠʪʠʚʥʠʪʝ ʧʨʝʪʩʪʘʚʥʠʮʠ ʥʘ ʘʣʛʠʪʝ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʣʝʪʢʘʪʘ ʩʝ ʥʘʦʺʘ 

ʪʝʥʢʘ ʤʝʤʙʨʘʥʘ (ʧʣʘʟʤʘʣʝʤʘ) ʩʦ ʦʢʦʣʫ 10 nm ʜʝʙʝʣʠʥʘ (nm - ʥʘʥʦʤʝʪʘʨ = 10
-9

 m). 

ʆʨʛʘʥʠʟʤʠʪʝ ʢʦʠ ʥʘ ʩʚʦʿʘʪʘ ʧʦʚʨʰʠʥʘ ʠʤʘʘʪ ʧʣʘʟʤʘʣʝʤʘ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʛʠʤʥʦʙʣʘʩʪʠ (ʛʨʯ. 

gimnos=ʛʦʣ, plasso=ʩʦʟʜʘʚʘʤ) ʠ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʧʦʩʪʦʿʘʥʘ ʠʟʤʝʥʘ ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʪʝʣʦʪʦ. 
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ʊʘʢʚʠʪʝ ʬʦʨʤʠ ʥʘ ʘʣʛʠ (ʩʣʠʢʘ 6) ʛʠ ʩʨʝ˃ʘʚʘʤʝ ʢʘʿ ʩʣʝʜʥʠʪʝ ʪʠʧʦʚʠ: Pyrrophyta 

(Gymnodinium fuscum), Chrysophyta (Heterochloris mutabilis, Chloroamoeba cheteromorpha, 

Chloroamoeba  radians), Chlorophyta (Pedinomonas minor) ʠ ʜʨʫʛʠ. ʈʝʧʨʦʜʫʢʪʠʚʥʠʪʝ 

ʢʣʝʪʢʠ, ʢʘʢʦ ʟʦʦʩʧʦʨʠʪʝ ʠ ʛʘʤʝʪʠʪʝ ʢʘʿ ʘʣʛʠʪʝ, ʠʩʪʦ ʩʝ ʛʠʤʥʦʙʣʘʩʪʠ.  

 

 

ʉʣʠʢʘ 5. ʎʨʪʝʞ ʥʘ ʢʣʝʪʢʘʪʘ ʥʘ ʟʝʣʝʥʘ ʘʣʛʘ 

Chlamydomonas ʩʦ ʧʨʠʢʘʟ ʥʘ ʦʨʛʘʥʝʣʠʪʝ ʧʨʠʩʫʪʥʠ 

ʚʦ ʝʫʢʘʨʠʦʪʩʢʘ ʢʣʝʪʢʘ ʥʘ ʘʣʛʠʪʝ. (C) ʍʣʦʨʦʧʣʘʩʪ; (CV) 

ʢʦʥʪʨʘʢʪʠʣʥʘ ʚʘʢʫʦʣʘ; (E.R.) ʝʥʜʦʧʣʘʟʤʘʪʠʯʝʥ ʨʝʪʠʢʫʣʫʤ; 

(F) ʢʘʤʰʠʮʠ; (G) ɻʦʣ˅ʠ ʪʝʣʦ; (M) ʤʠʪʦʭʦʥʜʨʠʿʘ; (N) ʿʘʜʨʦ; 

(P) ʧʠʨʝʥʦʠʜ; (S) ʩʢʨʦʙ; (V) ʚʘʢʫʦʣʘ; (W) ʢʣʝʪʦʯʝʥ ʼʠʜ. 

ʄʥʦʛʫ ʦʜ ʧʨʝʪʩʪʘʚʥʠʮʠʪʝ ʥʘ Euglenophyta, 

Dinophytina ʠ Xanthophyta ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʩʚʦʠʪʝ ʢʣʝʪʢʠ ʠʤʘʘʪ ʧʝʣʠʢʫʣʘ - ʝʣʘʩʪʠʯʝʥ 

ʩʣʦʿ ʩʦ ʜʝʙʝʣʠʥʘ 8-25 nm. ɹʠʜʝʿ˃ʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʝʣʠʢʫʣʘʪʘ ʚʘʨʠʨʘ ʤʝʺʫ ʚʠʜʦʚʠʪʝ, ʪʠʝ ʩʦ 

ʧʦʪʝʥʢʘ ʧʝʣʠʢʫʣʘ ʠʤʘʘʪ ʤʦʞʥʦʩʪ ʟʘ ʜʝʣʫʤʥʠ ʠʟʤʝʥʠ ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ (Euglena 

viridis, ʩʣʠʢʘ 6), ʜʦʜʝʢʘ ʦʩʪʘʥʘʪʠʪʝ ʠʤʘʘʪ ʧʦʩʪʦʿʘʥʘ ʢʣʝʪʦʯʥʘ ʬʦʨʤʘ. 

 

 
 

ʉʣʠʢʘ 6. ɸʣʛʠ ʩʦ ʧʣʘʟʤʘʣʝʤʘ ï ʛʠʤʥʦʧʣʘʩʪʠ ʠ ʧʝʣʠʢʫʣʘ ʥʘ ʩʚʦʿʘʪʘ ʧʦʚʨʰʠʥʘ.                             

ɸ - Gymnodinium fuscum, ʛʠʤʥʦʧʣʘʩʪ; ɹ - Euglena viridis, ʧʝʣʠʢʫʣʘ.  

ʅʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʦʜ ʧʦʛʦʣʝʤ ʙʨʦʿ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ Peridinales, ʩʠʪʝ 

Bacillariophyta, ʥʝʢʦʠ Euglenales ʠ ʜʨʫʛʠ ʩʝ ʿʘʚʫʚʘ ʮʚʨʩʪʘ Ăʢʫ˃ʠʯʢʘñ ʠʣʠ ʪʝʢʘ (ʩʣʠʢʘ 7) 

ʥʘʿʯʝʩʪʦ ʦʜ ʮʝʣʫʣʦʟʘ, ʩʠʣʠʮʠʫʤ, ʢʘʨʙʦʥʘʪʠ ʠʣʠ ʜʨʫʛʠ ʤʘʪʝʨʠʠ ʩʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʠʟʛʣʝʜ 

ʟʘ ʩʝʢʦʿ ʧʦʩʝʙʝʥ ʚʠʜ. ʅʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʪʝʢʠʪʝ ʯʝʩʪʦ ʩʝ ʥʘʦʺʘʘʪ ʨʘʟʣʠʯʥʠ ʠʟʨʘʩʪʦʮʠ, 

ʦʨʥʘʤʝʥʪʠ, ʧʦʨʠ ʠ ʢʘʥʘʣʠ ʧʨʝʢʫ ʢʦʠ ʢʣʝʪʢʘʪʘ ʢʦʤʫʥʠʮʠʨʘ ʩʦ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ ʠ ʢʦʠ 

ʩʝ ʛʝʥʝʪʠʯʢʠ ʜʝʪʝʨʤʠʥʠʨʘʥʠ ʦʜʣʠʢʠ, ʟʥʘʯʘʿʥʠ ʟʘ ʜʝʪʝʨʤʠʥʘʮʠʿʘʪʘ ʥʘ ʚʠʜʦʚʠʪʝ.  

 

 
ʉʣʠʢʘ 7. ʊʠʧʦʚʠ ʥʘ ʪʝʢʠ ʢʘʿ ʘʣʛʠʪʝ. ɸ - ʇʦʣʠʩʘʭʘʨʠʜʥʘ ʪʝʢʘ ʢʘʿ Trachelomonas hispida; ɹ ï ʎʝʣʫʣʦʟʥʘ 

ʪʝʢʘ ʢʘʿ Dinobryion divergens; ɺ ï ʉʠʣʠʢʘʪʝʥ ʧʘʥʮʠʨ ʢʘʿ Navicula gregaria.  
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ʉʦ ʫʩʣʦʞʥʫʚʘˁʝ ʥʘ ʢʣʝʪʦʯʥʘʪʘ ʛʨʘʜʙʘ ʩʝ ʿʘʚʫʚʘ ʠ ʚʠʩʪʠʥʩʢʠʦʪ ʢʣʝʪʦʯʝʥ ʼʠʜ. 

ʂʣʝʪʦʯʥʠʦʪ ʼʠʜ ʦʙʝʟʙʝʜʫʚʘ ʩʠʛʫʨʥʘ ʟʘʰʪʠʪʘ ʥʘ ʧʨʦʪʦʧʣʘʩʪʦʪ, ʜʘʚʘ ʧʦʪʨʝʙʥʘ ʮʚʨʩʪʠʥʘ ʥʘ 

ʢʣʝʪʢʘʪʘ, ʘ ʧʨʠʪʦʘ ʝ ʠ ʜʦʚʦʣʥʦ ʝʣʘʩʪʠʯʝʥ ʟʘ ʜʘ ʦʚʦʟʤʦʞʠ ʨʘʩʪ ʥʘ ʢʣʝʪʢʘʪʘ, ʥʦ ʠ 

ʩʝʤʠʧʝʨʤʝʘʙʠʣʝʥ ʟʘ ʜʘ ʦʚʦʟʤʦʞʠ ʨʘʟʤʝʥʘ ʥʘ ʤʘʪʝʨʠʠʪʝ. ɻʨʘʜʙʘʪʘ ʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ 

ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʢʘʿ ʘʣʛʠʪʝ ʩʝ ʤʥʦʛʫ ʨʘʟʣʠʯʥʠ, ʧʨʠ ʰʪʦ ʚʘʨʠʿʘʮʠʠ ʧʦʩʪʦʿʘʪ ʠ ʢʘʿ ʝʜʥʘ ʠʩʪʘ 

ʢʣʝʪʢʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʥʝʿʟʠʥʘʪʘ ʩʪʘʨʦʩʪ, ʩʪʘʜʠʫʤ ʥʘ ʨʘʟʚʠʪʦʢ ʠ ʥʘʜʚʦʨʝʰʥʠʪʝ ʬʘʢʪʦʨʠ. 

ʉʧʦʨʝʜ ʥʘʯʠʥʦʪ ʥʘ ʥʠʚʥʦʪʦ ʩʦʟʜʘʚʘˁʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʨʘʟʚʠʪʦʢʦʪ, ʨʘʟʣʠʢʫʚʘʤʝ 

ʧʨʠʤʘʨʝʥ ʠ ʩʝʢʫʥʜʘʨʝʥ ʢʣʝʪʦʯʝʥ ʼʠʜ. ʇʨʠʤʘʨʝʥ ʼʠʜ ʠʤʘʘʪ ʢʣʝʪʢʠ ʢʦʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ 

ʩʪʘʜʠʫʤ ʥʘ ʜʝʣʙʘ ʠ ʪʦʿ ʩʝ ʥʘʦʺʘ ʥʘʜ ʧʣʘʟʤʘʣʝʤʘʪʘ. ʉʝʢʫʥʜʘʨʥʠʦʪ ʢʣʝʪʦʯʝʥ ʼʠʜ ʩʝ ʬʦʨʤʠʨʘ 

ʧʦʤʝʺʫ ʧʣʘʟʤʘʣʝʤʘʪʘ ʠ ʧʨʠʤʘʨʥʠʦʪ ʼʠʜ ʠ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʟʘ ʢʣʝʪʢʠ ʢʦʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ 

ʩʦʩʪʦʿʙʘ ʥʘ ʤʠʨʫʚʘˁʝ, ʢʘʢʦ ʪʨʘʿʥʠʪʝ ʩʧʦʨʠ. ʀʘʢʦ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʧʦʢʘʞʫʚʘ ʩʪʨʫʢʪʫʨʥʠ 

ʨʘʟʣʠʢʠ ʚʦ ʛʨʘʜʙʘʪʘ ʠ ʩʣʦʝʚʠʪʦʩʪʘ ʢʘʿ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ, ʩʝʧʘʢ, ʟʘ ʘʣʛʠʪʝ ʚʘʞʠ ʧʨʘʚʠʣʦʪʦ 

ʜʝʢʘ ʠʤʘʘʪ ʚʥʘʪʨeʰʥʠ ʮʝʣʫʣʦʟʥʠ, ʘ ʥʘʜʚʦʨʝʰʥʠ ʧʝʢʪʠʥʩʢʠ ʩʣʦʝʚʠ. ʂʣʝʪʦʯʥʠʦʪ ʼʠʜ ʥʘ 

ʧʦʛʦʣʝʤ ʙʨʦʿ ʘʣʛʠ ʩʦʩʪʘʚʝʥ ʝ ʦʜ ʘʤʦʨʬʥʘ ʤʘʪʝʨʠʿʘ ʢʦʿʘ ʩʝ ʥʘʨʝʢʫʚʘ ʩʪʨʦʤʘ ʥʠʟ ʢʦʿʘ 

ʧʨʦʘʺʘʘʪ ʤʠʢʨʦʬʠʙʨʠʣʠ ʨʘʩʧʦʨʝʜʝʥʠ ʥʘ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ (ʩʣʠʢʘ 8). 

 

ʉʣʠʢʘ 8. ʉʪʨʫʢʪʫʨʘ ʠ ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ 

ʧʦʣʠʩʘʭʘʨʠʜʠʪʝ ʚʦ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʥʘ 

ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ. ɸ ï ʘʣʛʠʥʘʪ, ɹ ï ʩʫʣʬʫʨʠʨʘʥ 

ʬʫʢʘʥ, ɺ ï ʩʫʣʬʫʨʠʨʘʥ ʬʫʢʘʥ ʢʘʿ Ectocarpales,                  

ɻ ï ʍʠʧʦʪʝʪʠʯʝʥ ʤʦʜʝʣ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘʪʘ ʥʘ ʢʣʝʪʦʯ-

ʥʠʦʪ ʼʠʜ (ʩʧʦʨʝʜ Michel et al. 2010). 

 
 

 

 ʂʣʝʪʦʯʥʠʪʝ ʼʠʜʦʚʠ ʥʘ ʘʣʛʠʪʝ ʩʝ 

ʛʣʘʚʥʦ ʩʦʩʪʘʚʝʥʠ ʦʜ ʜʚʘ ʜʝʣʘ: (1) ʜʝʣ ʩʦ ʤʠʢʨʦʬʠʙʨʠʣʠ ʢʦʠ ʛʦ ʬʦʨʤʠʨʘʘʪ ʩʢʝʣʝʪʦʪ ʥʘ 

ʼʠʜʦʪ, ʠ (2) ʘʤʦʨʬʥʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʛʦ ʬʦʨʤʠʨʘ ʤʘʪʨʠʢʩʦʪ ʚʦ ʢʦʿ ʩʝ ʚʤʝʪʥʘʪʠ 

ʤʠʢʨʦʬʠʙʨʠʣʠʪʝ. ʅʘʿʯʝʩʪ ʪʠʧ ʥʘ ʤʠʢʨʦʬʠʙʨʠʣʠ ʝ ʮʝʣʫʣʦʟʘʪʘ, ʧʦʣʠʤʝʨ ʦʜ 1,4 ʚʨʟʘʥʠ ɓ-D-

ʛʣʫʢʦʟʘ. ʎʝʣʫʣʦʟʘʪʘ ʝ ʟʘʤʝʥʝʪʘ ʩʦ ʤʘʥʘʥ, ʧʦʣʠʤʝʨ ʦʜ 1,4 ʚʨʟʘʥʠ ɓ-D-ʤʘʥʘʥ, ʢʘʿ ʥʝʢʦʠ 

ʩʠʬʦʥʘʣʥʠ ʟʝʣʝʥʠ ʘʣʛʠ, ʢʘʢʦ ʠ Porphyra ʠ Bangia ʦʜ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʠʣʠ ʩʦ ʬʠʙʨʠʨʘʣʝʥ 

ʢʩʠʣʘʥ.  

 ɸʤʦʨʬʥʘʪʘ ʩʣʫʟʝʩʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʼʠʜʦʪ ʩʝ ʿʘʚʫʚʘ ʚʦ ʥʘʿʛʦʣʝʤʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʿ 

ʢʘʬʝʘʚʠʪʝ ʠ ʮʨʚʝʥʠʪʝ ʘʣʛʠ, ʯʠʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʥʘʿʯʝʩʪʦ ʠ ʢʦʤʝʨʮʠʿʘʣʥʦ ʩʝ ʠʩʢʦʨʠʩʪʫʚʘʘʪ. 

ɸʣʛʠʥʩʢʘʪʘ ʢʠʩʝʣʠʥʘ ʝ ʧʦʣʠʤʝʨ ʩʦʩʪʘʚʝʥ ʦʜ ʨʝʟʫʜʫʠ ʥʘ ɓ-1,4 ʚʨʟʘʥʠ D-ʤʘʥʫʨʦʥʩʢʘ 

ʢʠʩʝʣʠʥʘ ʩʦ ʨʘʟʣʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ L-ʛʫʣʫʨʦʥʩʢʘ ʢʠʩʝʣʠʥʘ. ɸʣʛʠʥʩʢʘʪʘ ʢʠʩʝʣʠʥʘ ʝ 

ʧʨʠʩʫʪʥʘ ʚʦ ʤʝʺʫʢʣʝʪʦʯʥʠʪʝ ʧʨʦʩʪʦʨʠ ʠ ʢʣʝʪʦʯʥʠʪʝ ʼʠʜʦʚʠ ʥʘ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ. 

ʌʫʢʦʠʜʠʥʦʪ, ʠʩʪʦ ʪʘʢʘ, ʩʝ ʿʘʚʫʚʘ ʢʘʿ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ, ʧʦʣʠʤʝʨ ʥʘ a-1,2, a-1,3 ʠ a-1,4 

ʧʦʚʨʟʘʥʠ ʨʝʟʠʜʫʠ ʥʘ L-ʬʫʢʦʟʘʪʘ ʩʫʣʬʫʨʠʨʘʥʘ ʥʘ ʧʦʟʠʮʠʿʘ ʉ-4. ʂʘʿ ʮʨʚʝʥʠʪʝ ʘʣʛʠ 

ʘʤʦʨʬʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʢʣʝʪʦʯʥʠʪʝ ʼʠʜʦʚʠ ʝ ʩʦʩʪʘʚʝʥʘ ʦʜ ʛʘʣʘʢʪʘʥʠ ʠʣʠ ʧʦʣʠʤʝʨʠ ʥʘ 

ʛʘʣʘʢʪʦʟʘʪʘ ʢʦʠ ʩʝ ʥʘʠʟʤʝʥʠʯʥʦ ɓ-1,3 ʠ ɓ-1,4 ʧʦʚʨʟʘʥʠ. ʆʚʠʝ ʛʘʣʘʢʪʘʥʠ ʚʢʣʫʯʫʚʘʘʪ ʘʛʘʨ 

(ʢʦʿ ʝ ʩʦʩʪʘʚʝʥ ʦʜ ʘʛʘʨʦʧʝʢʪʠʥ ʠ ʘʛʘʨʦʟʘ) ʠ ʢʘʨʘʛʝʥʠʥ.  
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ɺʦ ʧʝʨʠʧʣʘʩʪʦʪ ʥʘ ʥʘʿʧʨʠʤʠʪʠʚʥʦ ʛʨʘʜʝʥʘʪʘ ʢʣʝʪʢʘ, ʢʘʢʚʘ ʰʪʦ ʝ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ 

ʘʣʛʠ, ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʥʫʢʣʝʦʧʣʘʟʤʘ ʠ ʭʨʦʤʘʪʦʧʣʘʟʤʘ (ʉʣʠʢʘ 9). ɺʦ ʥʫʢʣʝʦʧʣʘʟʤʘʪʘ ʩʝ 

ʧʨʝʧʦʟʥʘʚʘʘʪ ʭʠʘʣʦʧʣʘʟʤʘ ʠ ʭʨʦʤʘʪʠʥʩʢʠ ʝʣʝʤʝʥʪʠ (ʢʘʢʦ ʘʥʘʣʦʛʥʠ ʪʚʦʨʙʠ ʥʘ ʿʘʜʨʦʪʦ 

ʧʦʨʘʜʠ ʪʦʘ ʰʪʦ ʩʦʜʨʞʘʪ ɼʅʂ. ʇʦʢʨʘʿ ʿʘʜʨʦʪʦ, ʚʦ ʢʣʝʪʢʠʪʝ ʥʘ ʧʨʦʢʘʨʠʦʪʩʢʠʪʝ ʦʨʛʘʥʠʟʤʠ 

ʦʪʩʫʩʪʚʫʚʘʘʪ ʠ ʤʠʪʦʭʦʥʜʨʠʠʪʝ, ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʠ ʜʠʢʪʠʦʟʦʤʠʪʝ. 

 

ʉʣʠʢʘ 9. ʐʝʤʘʪʩʢʠ 

ʧʨʠʢʘʟ ʥʘ ʛʨʘʜʙʘʪʘ 

ʥʘ ʢʣʝʪʢʘ ʦʜ ʩʠʥʦ-

ʟʝʣʝʥʘ ʘʣʛʘ.  

 

 

 

 

 

 

 

 

ʇʨʦʪʦʧʣʘʩʪʦʪ ʥʘ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʚʠʜʦʚʠ ʘʣʛʠ ʤʦʨʬʦʣʦʰʢʠ ʝ ʠʟʜʠʬʠʨʝʥʮʠʨʘʥ ʥʘ 

ʿʘʜʨʦ ʠ ʮʠʪʦʧʣʘʟʤʘ ʚʦ ʢʦʿʘ ʩʝ ʥʘʺʘʘʪ ʩʠʪʝ ʢʣʝʪʦʯʥʠ ʦʨʛʘʥʝʣʠ. ʇʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʘʣʛʠ ʚʦ 

ʢʣʝʪʢʠʪʝ ʠʤʘʘʪ ʧʦ ʝʜʥʦ ʿʘʜʨʦ, ʥʦ ʠʤʘ ʠ ʚʠʜʦʚʠ ʩʦ ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʿʘʜʨʘ (Hydrodiction, 

Cladophora). ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʿʘʜʨʘʪʘ ʝ ʚʘʨʠʿʘʙʠʣʥʘ, ʥʦ ʧʦ ʧʨʘʚʠʣʦ ʧʦʩʠʪʥʠ ʿʘʜʨʘ (1-3 mm) 

ʠʤʘʘʪ ʝʜʥʦʢʣʝʪʦʯʥʠʪʝ ʘʣʛʠ, ʠʘʢʦ ʤʦʞʘʪ ʜʘ ʩʝ ʩʨʝʪʥʘʪ ʠ ʚʠʜʦʚʠ ʩʦ ʜʘʣʝʢʫ ʧʦʛʦʣʝʤʠ ʿʘʜʨʘ 

(10-30 mm). ɽʜʥʘ ʦʜ ʘʣʛʠʪʝ ʩʦ ʥʘʿʛʦʣʝʤʦ ʟʘʙʝʣʝʞʝʥʦ ʿʘʜʨʦ ʝ ʤʦʨʩʢʘʪʘ ʩʠʬʦʥʘʣʥʘ ʘʣʛʘ 

Acetabularia mediterranea ʩʦ ʧʨʝʯʥʠʢ ʥʘ ʿʘʜʨʦʪʦ ʦʜ 1.7 mm. ɺʦ ʧʦʛʣʝʜ ʥʘ ʛʨʘʜʙʘʪʘ, ʿʘʜʨʦʪʦ 

ʛʠ ʠʤʘ ʩʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʝʫʢʘʨʠʦʪʩʢʘ ʬʦʨʤʘ ʩʦ ʜʚʦʿʥʦ ʩʝʣʝʢʪʠʚʥʘ ʧʨʦʧʫʩʪʣʠʚʘ 

ʤʝʤʙʨʘʥʘ, ʥʫʢʣʝʦʧʣʘʟʤʘ, ʿʘʜʨʝʥʮʝ ʠ ʭʨʦʤʘʪʠʥʩʢʠ ʤʘʪʝʨʠʠ.  

ʎʠʪʦʧʣʘʟʤʘʪʘ ʿʘ ʩʦʯʠʥʫʚʘ ʩʪʨʦʤʘ, ʚʦ ʢʦʿʘ ʩʝ ʥʘʦʺʘʘʪ ʦʨʛʘʥʝʣʠʪʝ: ʭʨʦʤʘʪʦʬʦʨʠ, 

ʤʠʪʦʭʦʥʜʨʠʠ, ʜʠʢʪʠʦʟʦʤʠ, ʝʥʜʦʧʣʘʟʤʘʪʦʯʝʥ ʨʝʪʠʢʫʣʫʤ, ʤʠʢʨʦʪʫʙʫʣʠ, ʣʠʟʦʟʦʤʠ, 

ʧʝʨʦʢʩʠʟʦʤʠ, ʩʬʝʨʦʟʦʤʠ ʠ ʜʨʫʛʠ. ɺʦ ʢʣʝʪʢʠʪʝ ʩʦ ʠʥʪʝʥʟʠʚʝʥ ʨʘʩʪ ʯʝʩʪʠ ʩʝ ʠ ʙʨʦʿʥʠ 

ʚʘʢʫʦʣʠ ʢʦʠ ʥʝʨʝʪʢʦ ʩʝ ʩʣʠʚʘʘʪ ʚʦ ʝʜʥʘ ʮʝʥʪʨʘʣʥʘ ʢʨʫʧʥʘ ʚʘʢʫʦʣʘ. ʇʦʩʝʙʝʥ ʪʠʧ ʥʘ 

ʚʘʢʫʦʣʠ ʢʦʠ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʩʘʤʦ ʢʘʿ ʦʜʨʝʜʝʥʠ ʚʠʜʦʚʠ (ʧʦ ʧʨʘʚʠʣʦ ʢʘʿ ʘʢʪʠʚʥʦ ʧʦʜʚʠʞʥʠʪʝ 

ʬʦʨʤʠ) ʩʝ ʧʫʣʩʘʪʠʚʥʠʪʝ ʚʘʢʫʦʣʠ ʢʦʠ ʠʤʘʘʪ ʬʫʥʢʮʠʿʘ ʟʘ ʠʩʬʨʣʫʚʘˁʝ ʥʘ ʚʠʰʦʢʦʪ ʚʦʜʘ ʠ 

ʝʢʩʢʨʝʮʠʿʘ (ʩʣʠʢʘ 10). ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʤʦʜʨʦʟʝʣʝʥʠʪʝ ʘʣʛʠ ʧʦʩʝʜʫʚʘʘʪ ʠ 

ʛʘʩʥʠ ʚʘʢʫʦʣʠ ʠʩʧʦʣʥʝʪʠ ʩʦ ʘʟʦʪ ʠ ʩʤʝʩʪʝʥʠ ʧʦʤʝʺʫ ʮʝʥʪʨʦʧʣʘʟʤʘʪʘ ʠ ʭʨʦʤʘʪʦʧʣʘʟʤʘʪʘ. 

ʊʠʝ ʩʝ ʛʣʘʚʥʦ ʧʨʠʩʫʪʥʠ ʢʘʿ ʧʣʘʥʢʪʦʥʩʢʠʪʝ ʚʠʜʦʚʠ (Anabaena, Microcystis, Rivularia ʠ 

ʜʨʫʛʠ) ʠ ʩʝʢʘʢʦ ʩʝ ʝʜʝʥ ʦʜ ʥʘʯʠʥʠʪʝ ʟʘ ʧʨʠʣʘʛʦʜʫʚʘˁʝ ʥʘ ʧʣʘʥʢʪʦʥʩʢʠʦʪ ʞʠʚʦʪ. ʆʚʠʝ 

ʚʘʢʫʦʣʠ ʩʝ ʧʦʟʘʩʪʘʧʝʥʠ ʧʨʠ ʟʛʦʣʝʤʝʥ ʩʚʝʪʣʦʩʝʥ ʠʥʪʝʥʟʠʪʝʪ, ʩʦ ʰʪʦ ʠʤʘʘʪ ʠ ʫʣʦʛʘ ʥʘ 

ʟʘʰʪʠʪʘ ʦʜ ʧʨʝʢʫʤʝʨʥʘ ʠʥʩʦʣʘʮʠʿʘ.  
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ʉʣʠʢʘ 10. ʐʝʤʘʪʩʢʠ 

ʧʨʠʢʘʟ ʥʘ ʦʜʥʝʩʫʚʘˁʝʪʦ 

ʥʘ ʢʦʥʪʨʘʢʪʠʣʥʘʪʘ 

ʚʘʢʫʦʣʘ ʟʘ ʚʨʝʤʝ ʥʘ 

ʧʦʣʥʝˁʝʪʦ ʠ 

ʧʨʘʟʥʝˁʝʪʦ ʢʘʿ 

Cryptophyta (ʧʨʝʟʝʤʝʥʦ ʦʜ 

Patterson and Hausmann, 

1981).  

ʌʦʪʦʩʠʥʪʝʪʩʢʠʦʪ ʘʧʘʨʘʪ ʢʘʿ ʘʣʛʠʪʝ ʝ ʨʘʟʥʦʚʠʜʝʥ ʠ ʧʦ ʧʨʘʚʠʣʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʧʦ ʬʦʨʤʘʪʘ ʟʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʪʠʧʦʚʠ. ɺʦ ʧʝʨʠʬʝʨʥʠʦʪ ʜʝʣ ʥʘ 

ʮʠʪʦʧʣʘʟʘʤʘʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʣʦʮʠʨʘʥʠ ʩʝ ʚʨʝ˃ʝʩʪʠ ʪʚʦʨʙʠ ʪʠʣʘʢʦʠʜʠ ʚʦ ʯʠʠ 

ʤʝʤʙʨʘʥʠ ʩʝ ʣʦʮʠʨʘʥʠ ʧʠʛʤʝʥʪʠʪʝ ʭʣʦʨʦʬʠʣ ʘ ʠ ʢʘʨʦʪʠʥʦʠʜʠʪʝ, ʜʦʜʝʢʘ ʥʘ ʧʦʚʨʰʠʥʠʪʝ ʥʘ 

ʤʝʤʙʨʘʥʠʪʝ ʩʝ ʣʦʮʠʨʘʥʠ ʜʦʧʦʣʥʠʪʝʣʥʠʪʝ ʧʠʛʤʝʥʪʠ ʦʜ ʛʨʫʧʘʪʘ ʥʘ ʬʠʢʦʙʠʣʠʥʠ, ʠ ʪʦʘ ʚʦ 

ʬʦʨʤʘ ʥʘ ʛʨʘʥʫʣʠ ʥʘʨʝʯʝʥʠ ʬʠʢʦʙʠʣʠʟʦʤʠ. ʊʠʣʘʢʦʠʜʠʪʝ ʩʝ ʧʨʦʩʪʦ ʛʨʘʜʝʥʠ, ʙʝʟ ʦʙʚʠʚʢʠ 

ʢʦʠ ʙʠ ʛʠ ʦʜʚʦʠʣʝ ʦʜ ʮʠʪʦʧʣʘʟʤʘʪʘ ʠ ʩʦ ʪʦʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʟʘʯʝʪʦʮʠ ʥʘ ʚʠʩʪʠʥʩʢʠʪʝ 

ʝʫʢʘʨʠʦʪʩʢʠ ʭʣʦʨʦʧʣʘʩʪʠ.  

ɺʦ ʢʣʝʪʢʠʪʝ ʥʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʘʣʛʠ ʧʦʩʪʘʚʝʥʠ ʩʝ ʚʠʩʪʠʥʩʢʠʪʝ ʦʨʛʘʥʝʣʠ ʨʘʟʣʠʯʥʠ ʧʦ 

ʬʦʨʤʘ ʠ ʙʦʿʘ ʥʘʨʝʯʝʥʠ ʭʣʦʨʦʧʣʘʩʪʠ ʠʣʠ ʭʨʦʤʘʪʦʬʦʨʠ. ɺʦ ʥʠʚ ʩʝ ʩʤʝʩʪʝʥʠ ʧʠʛʤʝʥʪʠʪʝ ʦʜ 

ʛʨʫʧʠʪʝ ʥʘ ʭʣʦʨʦʬʠʣʠ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠʪʝ ʢʘʨʦʪʝʥʦʠʜʠ, ʘ ʧʦʨʝʪʢʦ ʬʠʢʦʙʠʣʠʥʠ. ʌʦʨʤʘʪʘ, 

ʙʨʦʿʦʪ ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʚʦ ʢʣʝʪʢʠʪʝ ʝ ʨʘʟʣʠʯʝʥ ʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʚʦ ʬʦʨʤʘ 

ʥʘ ʧʝʭʘʨ (Chlamidomonas), ʧʨʩʪʝʥʝʩʪʠ (Ulothrix), ʮʠʣʠʥʜʨʠʯʥʠ (Oedogonium), ʣʝʥʪʦʚʠʜʥʠ 

(Spirotaenia), ʩʧʠʨʘʣʥʦ ʠʟʚʠʪʢʘʥʠ (Spirogyra), ʧʣʦʯʝʩʪʠ (Mougetia), ʼʚʝʟʜʦʚʠʜʥʠ 

(Zygnema), ʩʠʪʥʠ ʠ ʙʫʙʨʝʛʦʚʠʜʥʠ (Chara) ʠ ʜʨʫʛʠ. ʅʠʚʥʠʦʪ ʙʨʦʿ ʚʘʨʠʨʘ ʦʜ 1 ʜʦ ʧʨʝʢʫ 300 

ʚʦ ʮʝʥʪʘʨʦʪ ʥʘ ʢʣʝʪʢʘʪʘ ʠʣʠ ʚʝʜʥʘʰ ʧʦʜ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ. 

 ʍʣʦʨʦʧʣʘʩʪʦʪ ʝ ʦʩʥʦʚʝʥ ʪʠʧ ʥʘ ʧʣʘʩʪʠʜ ʢʘʿ ʘʣʛʠʪʝ, ʦʨʛʘʥʝʣʘ ʩʧʦʩʦʙʥʘ ʟʘ 

ʬʦʪʦʩʠʥʪʝʟʘ. ʇʨʦʪʦʧʣʘʩʪʠʜ ʝ ʨʝʜʫʮʠʨʘʥ ʧʣʘʩʪʠʜ ʩʦ ʤʘʣʢʫ ʠʣʠ ʙʝʟ ʪʠʣʘʢʦʠʜʠ. 

ʃʝʫʢʦʧʣʘʩʪ ʠʣʠ ʘʤʠʣʦʧʣʘʩʪ ʝ ʙʝʟʙʦʝʥ ʧʣʘʩʪʠʜ ʢʦʿ ʩʣʫʞʠ ʟʘ ʘʢʫʤʫʣʘʮʠʿʘ ʥʘ ʨʝʟʝʨʚʥʠ 

ʤʘʪʝʨʠʠ.  

 ʂʘʿ ʮʨʚʝʥʠʪʝ ʠ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʭʣʦʨʦʧʣʘʩʪʦʪ ʝ ʦʙʚʠʪʢʘʥ ʩʦ ʜʚʦʿʥʘ ʤʝʤʙʨʘʥʘ ʥʘ 

ʭʣʦʨʦʧʣʘʩʪʥʘʪʘ ʦʙʚʠʚʢʘ (ʩʣʠʢʘ 11ɼ). ʂʘʿ ʜʨʫʛʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ ʘʣʛʠ ʭʣʦʨʦʧʣʘʩʪʥʘʪʘ 

ʦʙʚʠʚʢʘ ʝ ʦʧʢʨʫʞʝʥʘ ʩʦ ʝʜʥʘ ʠʣʠ ʜʚʝ ʤʝʤʙʨʘʥʠ ʥʘ ʭʣʦʨʦʧʣʘʩʪʥʠʦʪ ʝʥʜʦʧʣʘʟʤʘʪʠʯʝʥ 

ʨʝʪʠʢʫʣʫʤ ʢʦʿ ʧʦʩʝʜʫʚʘ ʨʠʙʦʟʦʤʠ ʧʨʠʮʚʨʩʪʝʥʠ ʟʘ ʥʘʜʚʦʨʝʰʥʘʪʘ ʤʝʤʙʨʘʥʘ. 

ʍʣʦʨʦʧʣʘʩʪʥʠʦʪ ʝʥʜʦʧʣʘʟʤʘʪʠʯʝʥ ʨʝʪʠʢʫʣʫʤ (ʭ.ʝ.ʨ.) ʝ ʦʩʪʘʪʦʢ ʦʜ ʤʝʤʙʨʘʥʘʪʘ ʥʘ 

ʭʨʘʥʠʪʝʣʥʘʪʘ ʚʘʢʫʦʣʘ ʠ/ʠʣʠ ʦʜ ʧʣʘʟʤʘʣʝʤʘʪʘ ʚʢʣʫʯʝʥʘ ʚʦ ʧʨʚʘʪʘ ʩʣʫʯʢʘ ʥʘ ʝʥʜʦʩʠʤʙʠʦʟʘ. 

ʂʘʿ ʝʫʛʣʝʥʠʪʝ ʠ ʦʛʥʝʥʠʪʝ ʘʣʛʠ ʧʦʩʪʦʠ ʝʜʥʘ ʤʝʤʙʨʘʥʘ ʥʘ ʭʣʦʨʦʧʣʘʩʪʥʠʦʪ ʭ.ʝ.ʨ. ʢʦʿʘ ʝ 

ʥʘʿʯʝʩʪʦ ʢʦʥʪʠʥʫʠʨʘʥʘ ʩʦ ʥʘʜʚʦʨʝʰʥʘʪʘ ʤʝʤʙʨʘʥʘ ʥʘ ʿʘʜʨʝʥʘʪʘ ʦʙʚʠʚʢʘ, ʧʦʩʝʙʥʦ ʘʢʦ 

ʙʨʦʿʦʪ ʥʘ ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʝ ʤʘʣ.  

 ʆʩʥʦʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʬʦʪʦʩʠʥʪʝʪʩʢʠʦʪ ʘʧʘʨʘʪ ʚʦ ʧʣʘʩʪʠʜʠʪʝ ʩʝ ʩʦʩʪʦʠ ʦʜ ʩʝʨʠʿʘ 

ʥʘ ʩʧʣʝʩʢʘʥʠ ʤʝʤʙʨʘʥʩʢʠ ʚʝʟʠʢʫʣʠ ʥʘʨʝʯʝʥʠ ʪʠʣʘʢʦʠʜʠ ʠʣʠ ʜʠʩʢʦʚʠ, ʠ ʦʢʦʣʥʠʦʪ 
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ʤʘʪʨʠʢʩ ʠʣʠ ʩʪʨʦʤʘ. ʊʠʣʘʢʦʠʜʠʪʝ ʩʦʜʨʞʘʪ ʭʣʦʨʦʬʠʣʠ ʠ ʩʝ ʤʝʩʪʘ ʥʘ ʬʦʪʦʭʝʤʠʩʢʠʪʝ 

ʨʝʘʢʮʠʠ; ʬʠʢʩʘʮʠʿʘʪʘ ʥʘ ʉʆ2 ʩʝ ʩʣʫʯʫʚʘ ʚʦ ʩʪʨʦʤʘʪʘ. ʊʠʣʘʢʦʠʜʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ 

ʩʣʦʙʦʜʥʠ ʤʝʺʫʩʝʙʥʦ ʠʣʠ ʜʘ ʩʝ ʛʨʫʧʠʨʘʘʪ ʚʦ ʪʨʘʢʠ. ʇʠʨʝʥʦʠʜʦʪ ʝ ʜʠʬʝʨʝʥʮʠʨʘʥ ʨʝʛʠʦʥ 

ʚʦ ʭʣʦʨʦʧʣʘʩʪʦʪ ʢʦʿ ʝ ʧʦʛʫʩʪ ʦʜ ʦʢʦʣʥʘʪʘ ʩʪʨʦʤʘ ʠ ʤʦʞʝ ʜʘ ʙʠʜʝ ʠʩʧʨʝʩʝʯʝʥ ʩʦ ʪʠʣʘʢʦʠʜʠ.  

ʇʠʨʝʥʦʠʜ (ʛʨʯ. piren=ʢʦʩʢʠʯʢʘ, eidos=ʠʟʛʣʝʜ) ʝ ʙʝʣʢʦʚʠʥʩʢʘ ʪʚʦʨʙʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ 

ʩʠʪʝ ʚʠʜʦʚʠ ʘʣʛʠ, ʦʩʚʝʥ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ. ʆʢʦʣʫ ʧʠʨʝʥʦʠʜʦʪ ʩʝ ʥʘʦʺʘ ʦʙʚʠʚʢʘ ʢʦʿʘ ʧʦ 

ʭʝʤʠʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ ʩʝ ʨʘʟʣʠʢʫʚʘ ʢʘʿ ʨʘʟʣʠʯʥʠʪʝ ʪʠʧʦʚʠ ʘʣʛʠ. ʊʘʢʘ, ʢʘʿ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʪʘʘ 

ʝ ʦʜ ʩʢʨʦʙ, ʢʘʬʝʘʚʠʪʝ ʣʘʤʠʥʘʨʠʥ, ʮʨʚʝʥʠʪʝ ʬʣʦʨʠʜʝʿʩʢʠ ʩʢʨʦʙ, ʝʫʛʣʝʥʠʪʝ ʧʘʨʘʤʠʣʦʥ. ɿʘ 

Xanthophyta ʥʝ ʝ ʫʪʚʨʜʝʥʘ ʥʠʢʘʢʚʘ ʦʙʚʠʚʢʘ.  

 

ʉʣʠʢʘ 11. ʊʠʧʦʚʠ ʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʢʘʿ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʘʣʛʠ. (a) ʝʜʝʥ 

ʪʠʣʘʢʦʠʜ ʧʦ ʪʨʘʢʘ, ʥʝʤʘ ʝʥʜʦ-ʧʣʘʟʤʘʪʠʯʝʥ ʨʝʪʠʢʫʣʫʤ 

(Rhodo-phyta); (b) ɼʚʘ ʪʠʣʘʢʦʠʜʘ ʧʦ ʪʨʘʢʘ, ʜʚʝ 

ʤʝʤʙʨʘʥʠ ʥʘ ɽ.ʈ. (Cryptophyta); (c) ʊʨʠ ʪʠʣʘʢʦʠʜʠ ʧʦ 

ʪʨʘʢʘ, ʝʜʥʘ ʤʝʤʙʨʘʥʘ ʥʘ ʭʣʦʨʦʧʣʘʩʪʝʥ ɽ.ʈ. (Dinophyta, 

Euglenophyta). (d) ʊʨʠ ʪʠʣʘʢʦʠʜʠ ʧʦ ʪʨʘʢʘ, ʜʚʝ 

ʤʝʤʙʨʘʥʠ ʥʘ ʭʣʦʨʦʧʣʘʩʪʝʥ ɽ.ʈ. (Prymnesiophyta ʠ 

Heterokonto-phyta). (e) ɼʚʘ ʜʦ ʰʝʩʪ ʪʠʣʘʢʦʠʜʠ ʧʦ 

ʪʨʘʢʘ, ʙʝʟ ʭʣʦʨʦʧʣʘʩʪʝʥ ɽ.ʈ. (Chlorophyta). 

 

 

 

ɺʦ ʦʜʥʦʩ ʥʘ ʛʨʘʜʙʘʪʘ ʠ ʬʫʥʢʮʠʿʘʪʘ, 

ʧʠʨʝʥʦʠʜʠʪʝ ʩʝ ʚʦ ʪʝʩʥʘ ʚʨʩʢʘ ʩʦ 

ʭʣʦʨʦʧʣʘʩʪʠʪʝ. ʊʠʝ ʩʝ ʥʘʦʺʘʘʪ ʥʘʿʯʝʩʪʦ ʚʦ 

ʩʘʤʠʪʝ ʭʣʦʨʦʧʣʘʩʪʠ, ʥʦ ʢʘʿ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʩʝ 

ʬʦʨʤʠʨʘʘʪ ʥʘʜʚʦʨ ʦʜ ʥʠʚ. ʇʦ ʬʦʨʤʘʪʘ ʤʦʞʘʪ 

ʜʘ ʩʝ ʪʦʧʯʝʩʪʠ, ʠʟʜʦʣʞʝʥʠ ʠ ʧʦʣʠʝʜʘʨʥʠ, ʩʦ 

ʛʦʣʝʤʠʥʘ ʦʜ 3-15 mm ʢʦʿʘ ʚʦ ʤʥʦʛʫ ʟʘʚʠʩʠ ʦʜ 

ʥʘʜʚʦʨʝʰʥʠʪʝ ʫʩʣʦʚʠ, ʢʘʢʦ ʩʚʝʪʣʠʥʘʪʘ, 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʭʝʤʠʩʢʠʦʪ ʩʦʩʪʘʚ ʥʘ ʚʦʜʘʪʘ ʠ ʩʣʠʯʥʦ. ʅʦʚʠʪʝ ʧʠʨʝʥʦʠʜʠ ʥʘʩʪʘʥʫʚʘʘʪ ʩʦ 

ʜʝʣʙʘ ʠʣʠ ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʥʘ ʩʪʘʨʠʪʝ. ʇʠʨʝʥʦʠʜʦʪ ʝ ʤʝʩʪʦ ʥʘ ʦʜʣʦʞʫʚʘˁʝ ʥʘ ʨʝʟʝʨʚʥʠ 

ʤʘʪʝʨʠʠ ʠ ʩʦʜʨʞʠ ʨʠʙʫʣʦʟʦ-1,5-ʙʠʩʬʦʩʬʘʪ ʢʘʨʙʦʢʩʠʣʘʟʘ/ʦʢʩʠʛʝʥʘʟʘ (RuBisCO), ʝʥʟʠʤ 

ʢʦʿ ʬʠʢʩʠʨʘ ʉʆ2. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʧʠʨʝʥʦʠʜʦʪ ʟʘʚʠʩʠ ʠ ʦʜ ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʨʠʩʫʪʝʥ RuBisCO.  

ʍʣʦʨʦʧʣʘʩʪʠʪʝ ʩʦʜʨʞʘʪ ʠ ʤʘʣʠ (30-100 nm), ʩʬʝʨʠʯʥʠ ʣʠʧʠʜʥʠ ʢʘʧʢʠ ʧʦʤʝʺʫ 

ʪʠʣʘʢʦʠʜʠʪʝ (ʩʣʠʢʘ 11ɺ). ʆʚʠʝ ʣʠʧʠʜʥʠ ʢʘʧʢʠ ʩʣʫʞʘʪ ʢʘʢʦ ʣʠʧʠʜʥʘ ʨʝʟʝʨʚʘ ʚʦ 

ʭʣʦʨʦʧʣʘʩʪʠʪʝ.  

ʇʦʚʝ˃ʝʪʦ ʭʣʦʨʦʧʣʘʩʪʠ ʩʦʜʨʞʘʪ ʠ ʧʨʦʢʘʨʠʦʪʩʢʘ ɼʅʂ ʚʦ ʟʦʥʠʪʝ ʩʦ ʧʦʤʘʣʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ 70ɮ ʨʠʙʦʟʦʤʠ (ʩʣʠʢʘ 11ɸ). ʆʚʘʘ ɼʅʂ ʝ ʝʚʦʣʫʪʠʚʝʥ ʦʩʪʘʪʦʢ ʦʜ ʩʠʥʦ-

ʟʝʣʝʥʘ ʘʣʛʘ ʢʦʿʘ ʙʠʣʘ ʚʢʣʫʯʝʥʘ ʚʦ ʝʥʜʦʩʠʦʤʙʠʦʪʩʢʘ ʚʨʩʢʘ ʢʦʿʘ ʜʦʚʝʜʫʚʘ ʜʦ ʭʣʦʨʦʧʣʘʩʪʠ. 

ʇʦʝʜʠʥʝʯʥʠʪʝ ɼʅʂ ʤʠʢʨʦʬʠʙʨʠʣʠ ʩʝ ʢʨʫʞʥʠ, ʟʘʢʘʯʝʥʠ ʩʝ ʟʘ ʤʝʤʙʨʘʥʘʪʘ ʥʘ ʭʣʦʨʦʧʣʘʩʪʦʪ 

ʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʙʘʟʠʯʥʠ ʧʨʦʪʝʠʥʠ ï ʭʠʩʪʦʥʠ. ʉʧʦʨʝʜ ʨʘʩʧʨʝʜʝʣʙʘʪʘ ʥʘ ɼʅʂ ʚʦ 

ʭʣʦʨʦʧʣʘʩʪʦʪ ʧʦʩʪʦʿʘʪ ʜʚʝ ʛʦʣʝʤʠ ʛʨʫʧʠ ʥʘ ʘʣʛʠ: ʘ) ɼʅʂ ʝ ʨʘʩʬʨʣʝʥʘ ʥʠʟ ʧʣʘʩʪʠʜʦʪ ʚʦ 
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ʉʣʠʢʘ 12. ʉʪʠʛʤʘ ï ʦʯʥʦ ʧʝʪʥʦ ʢʘʿ 

Euglena sp. ʚʦ ʙʣʠʟʠʥʘ ʥʘ 

ʢʘʤʰʠʢʦʪ.  

ʬʦʨʤʘ ʥʘ ʥʫʢʣʝʦʠʜʠ ï ʚʦ ʦʚʘʘ ʛʨʫʧʘ ʩʧʘʺʘʘʪ ʢʨʠʧʪʦʬʠʪʥʠ, ʜʠʥʦʬʠʪʥʠ, ʧʨʠʤʥʝʟʠʦʬʠʪʥʠ, 

ʝʫʩʪʠʛʤʘʪʦʬʠʪʥʠ, ʜʠʥʦʬʠʪʥʠ ʮʨʚʝʥʠ ʠ ʟʝʣʝʥʠ ʘʣʛʠ; ʙ) ɼʅʂ ʩʝ ʥʘʦʺʘ ʚʦ ʬʦʨʤʘ ʥʘ ʧʨʩʪʝʥ 

ʚʝʜʥʘʰ ʧʦʜ ʦʙʚʠʚʢʘʪʘ ʥʘ ʣʘʤʝʣʠʪʝ ï ʚʦ ʦʚʘʘ ʛʨʫʧʘ ʩʝ ʟʣʘʪʥʠʪʝ, ʩʠʣʠʢʘʪʥʠʪʝ, 

ʨʘʬʠʜʠʦʬʠʪʥʠʪʝ ʠ ʟʣʘʪʥʦ-ʞʦʣʪʠʪʝ ʘʣʛʠ. ɽʫʛʣʝʥʠʪʝ ʥʝ ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʥʠʝʜʥʘ ʦʜ ʦʚʠʝ ʛʨʫʧʠ 

ʙʠʜʝʿ˃ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʥʠʚʥʘʪʘ ʭʣʦʨʦʧʣʘʩʪʥʘ ɼʅʂ ʝ ʚʘʨʠʿʘʙʠʣʝʥ.  

ʉʪʠʛʤʘ ʝ ʩʠʪʥʦ ʟʨʥʝʩʪʦ ʪʝʣʮʝ ʩʦ ʮʨʚʝʥʘ ʠʣʠ ʧʦʨʪʦʢʘʣʦʚʘ ʙʦʿʘ ʥʘ ʧʨʝʜʥʠʦʪ ʢʨʘʿ ʢʘʿ 

ʘʢʪʠʚʥʦ ʧʦʜʚʠʞʥʠʪʝ ʘʣʛʠ, ʠʣʠ ʢʘʿ ʪʠʝ ʢʦʠ ʩʝʢʫʥʜʘʨʥʦ ʿʘ ʠʟʛʫʙʠʣʝ ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ 

ʜʚʠʞʝˁʝ. ʂʘʿ ʧʦʝʜʠʥʝʯʥʠʪʝ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ 

ʟʝʣʝʥʠʪʝ, ʟʣʘʪʥʠʪʝ, ʢʘʬʝʘʚʠʪʝ ʠ ʥʝʢʦʠ ʞʦʣʪʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʩʪʠʛʤʘʪʘ ʩʝ ʥʘʦʺʘ ʚʦ 

ʭʣʦʨʦʧʣʘʩʪʦʪ, ʜʦʜʝʢʘ ʢʘʿ ʝʫʛʣʝʥʠʪʝ ʚʦ 

ʙʣʠʟʠʥʘ ʥʘ ʢʘʤʰʠʮʠʪʝ. ʉʪʠʛʤʘʪʘ ʝ ʥʘʿʯʝʩʪʦ 

ʩʦʩʪʘʚʝʥʘ ʦʜ ʪʝʩʥʦ ʧʘʢʫʚʘʥʠ ʢʘʨʦʪʝʥʦʠʜʥʦ-

ʣʠʧʠʜʥʠ ʛʣʦʙʫʣʠ. ʅʝʿʟʠʥʘʪʘ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʿʘ 

ʝ ʧʨʠʝʤ ʠ ʨʝʘʢʮʠʿʘ ʥʘ ʩʚʝʪʣʦʩʥʠ ʜʨʘʟʙʠ. 

ʇʦʜʚʠʞʥʠʪʝ ʘʣʛʠ ʧʦʢʘʞʫʚʘʘʪ ʪʨʠ ʪʠʧʘ ʥʘ 

ʦʜʛʦʚʦʨ ʚʦ ʦʜʥʦʩ ʥʘ ʩʚʝʪʣʠʥʘʪʘ: ʬʦʪʦʪʘʢʩʠʿʘ, 

ʬʦʪʦʬʦʙʠʿʘ ʠ ʣʠʟʛʘˁʝ ʧʦ ʧʦʜʣʦʛʘʪʘ. ʂʘʿ 

ʬʦʪʦʪʘʢʩʠʿʘʪʘ ʧʨʘʚʝʮʦʪ ʥʘ ʜʚʠʞʝˁʝʪʦ ʥʘ 

ʢʣʝʪʢʠʪʝ ʝ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʘʚʝʮʦʪ ʠ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʚʝʪʣʠʥʘʪʘ. ʂʣʝʪʢʪʠʝ ʩʝ ʜʚʠʞʘʪ 

ʢʦʥ ʠʟʚʦʨʦʪ ʥʘ ʩʚʝʪʣʠʥʘ ʚʦ ʧʦʟʠʪʠʚʥʘ ʬʦʪʦʪʘʢʩʠʿʘ ʠʣʠ ʦʜ ʠʟʚʦʨʦʪ ʥʘ ʩʚʝʪʣʠʥʘ ʧʨʠ 

ʥʝʛʘʪʠʚʥʘ ʬʦʪʦʪʘʢʩʠʿʘ. ʇʨʠ ʬʦʪʦʬʦʙʠʿʘʪʘ (ʠʣʠ ʬʦʪʦʰʦʢ) ʩʝ ʤʝʥʫʚʘ ʧʨʘʚʝʮʦʪ ʥʘ 

ʜʚʠʞʝˁʝ ʥʘ ʢʣʝʪʢʠʪʝ ʧʨʝʜʠʟʚʠʢʘʥ ʦʜ ʠʟʤʝʥʘ ʚʦ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʚʝʪʣʠʥʘ ʙʝʟ ʨʘʟʣʠʢʘ ʥʘ 

ʥʝʿʟʠʥʠʦʪ ʧʨʘʚʝʮ. ʂʣʝʪʢʠʪʝ ʟʘʩʪʘʥʫʚʘʘʪ ʩʦ ʧʣʠʚʘˁʝ ʠ ʛʦ ʤʝʥʫʚʘʘʪ ʩʪʠʣʦʪ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 

ʢʘʤʰʠʮʠʪʝ ʚʦ ʩʠʤʝʪʨʠʯʥʠ ʜʚʠʞʝˁʘ ʢʦʥ ʥʘʟʘʜ. ʇʨʠ ʣʠʟʛʘˁʝʪʦ ʧʦ ʧʦʜʣʦʛʘ, ʢʘʤʰʠʮʠʪʝ 

ʧʨʝʩʪʘʥʫʚʘʘʪ ʩʦ ʜʚʠʞʝˁʝ ʠ ʩʝ ʧʨʠʮʚʨʩʪʫʚʘʘʪ ʟʘ ʧʦʜʣʦʛʘʪʘ ʠʣʠ ʟʘ ʟʦʥʘʪʘ ʚʦʜʘ/ʚʦʟʜʫʭ 

(ʥʝʫʩʪʦʥ). ʂʣʝʪʢʠʪʝ ʣʠʟʛʘʘʘʪ ʧʦ ʧʦʚʨʰʠʥʘʪʘ ʩʦ ʝʜʝʥ ʢʘʤʰʠʢ ʢʦʿ ʘʢʪʠʚʥʦ ʿʘ ʚʣʝʯʝ 

ʢʣʝʪʢʘʪʘ, ʘ ʜʨʫʛʠʦʪ ʧʘʩʠʚʥʦ ʛʦ ʩʣʝʜʠ ʜʚʠʞʝˁʝʪʦ. ʃʠʟʛʘˁʝʪʦ ʝ ʯʝʩʪʘ ʧʦʿʘʚʘ ʢʘʿ 

ʦʨʛʘʥʠʟʤʠʪʝ ʢʦʠ ʞʠʚʝʘʪ ʚʦ ʥʝʫʩʪʦʥʦʪ ʠʣʠ ʥʘ ʧʦʯʚʠʪʝ.  

ʆʨʛʘʥʠ ʟʘ ʣʦʢʦʤʦʮʠʿʘ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʢʘʿ ʩʠʪʝ ʘʣʛʠ, ʚʦ ʬʦʨʤʘ ʥʘ ʧʦʜʚʠʞʥʠ 

ʚʝʛʝʪʘʪʠʚʥʠ ʠʣʠ ʨʝʧʨʦʜʫʢʪʠʚʥʠ ʢʣʝʪʢʠ, ʦʩʚʝʥ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʠ ʮʨʚʝʥʠʪʝ ʚʠʜʦʚʠ ʥʘ 

ʘʣʛʠ.  

 ɸʢʪʠʚʥʦ ʧʦʜʚʠʞʥʠʪʝ ʘʣʛʠ ʚʦ ʚʦʜʘʪʘ ʩʝ ʜʚʠʞʘʪ ʠʣʠ ʩʦ ʨʠʟʦʧʦʜʠʠ, ʢʦʠ ʩʝ 

ʥʝʧʦʩʪʦʿʘʥʠ ʦʨʛʘʥʝʣʠ ʟʘ ʜʚʠʞʝˁʝ, ʠʣʠ ʩʦ ʮʠʣʠʠ ʠ ʢʘʤʰʠʮʠ, ʢʘʢʦ ʢʣʝʪʦʯʥʠ ʩʪʨʫʢʪʫʨʠ ʢʦʠ 

ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʮʠʪʦʧʣʘʟʤʘʪʘ. ʎʠʣʠʠʪʝ (ʣʘʪ. cillium = ʪʨʝʧʢa) ʩʝ ʨʘʟʚʠʚʘʘʪ ʚʦ ʛʦʣʝʤ ʙʨʦʿ 

(10 ʜʦ 100), ʢʨʘʪʢʠ ʩʝ (5-10 mm), ʘ ʩʝ ʜʚʠʞʘʪ ʝʥʝʨʛʠʯʥʦ. ɿʘ ʨʘʟʣʠʢʘ ʦʜ ʥʠʚ, ʢʘʤh ʠʮʠʪʝ ʩʝ 

ʦʨʛʘʥʝʣʠ ʟʘ ʜʚʠʞʝˁʝ ʚʦ ʜʘʣʝʢʫ ʧʦʤʘʣ ʙʨʦʿ (1, 2, 4 ʠʣʠ ʨʝʪʢʦ ʧʦʚʝ˃ʝ), ʠʤʘʘʪ ʧʦʛʦʣʝʤʘ 

ʜʦʣʞʠʥʘ (ʥʝʢʦʣʢʫ 10-ʪʠʮʠ mm), ʘ ʩʝ ʜʚʠʞʘʪ ʙʨʘʥʦʚʠʜʥʦ. ʂʘʤʰʠʮʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ 

ʧʦʜʝʜʥʘʢʚʠ ʚʦ ʜʦʣʞʠʥʘ ʠ ʛʨʘʜʙʘ, ʢʘʢʦ ʢʘʿ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʠʣʠ ʤʝʺʫʩʝʙʥʦ ʜʘ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ, 

ʢʘʢʦ ʢʘʿ ʦʛʥʝʥʠʪʝ ʠ ʟʣʘʪʥʠʪʝ ʘʣʛʠ. ʂʘʿ ʬʦʨʤʠʪʝ ʢʘʜʝ ʢʘʤʰʠʮʠʪʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ 
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ʜʦʣʞʠʥʘ ʠ ʛʨʘʜʙʘ, ʧʦʩʪʦʿʘʪ ʠ ʨʘʟʣʠʢʠ ʚʦ ʥʠʚʥʘʪʘ ʬʫʥʢʮʠʿʘ. ʇʦʜʦʣʛʠʦʪ ʢʘʤʰʠʢ ʥʘʿʯʝʩʪʦ ʝ 

ʥʘʩʦʯʝʥ ʥʘʥʘʧʨʝʜ ʠ ʝ ʧʦʚʝ˃ʝ ʧʦʜʚʠʞʝʥ, ʩʦ ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʜʚʠʞʝˁʝ ʥʘ ʢʣʝʪʢʘʪʘ. 

ʇʦʢʫʩʠʦʪ ʢʘʤʰʠʢ ʥʘʿʯʝʩʪʦ ʝ ʩʪʨʘʥʠʯʝʥ ʠ ʠʤʘ ʬʫʥʢʮʠʿʘ ʥʘ ʢʦʨʤʠʣʦ, ʟʘ ʢʦʨʠʛʠʨʘˁʝ ʥʘ 

ʥʘʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝʪʦ. 

 ʂʘʤʰʠʮʠʪʝ ʩʝ ʥʘʿʯʝʩʪʦ ʧʨʦʫʯʫʚʘʥʠ ʢʘʿ ʝʜʥʦʢʣʝʪʦʯʥʘʪʘ ʟʝʣʝʥʘ ʘʣʛʘ Chlamydomonas 

ʧʦʨʘʜʠ ʥʝʿʟʠʥʘʪʘ ʣʝʩʥʘ ʢʫʣʪʠʚʘʮʠʿʘ ʠ ʨʘʙʦʪʘ ʩʦ ʢʘʤʰʠʮʠʪʝ. ʂʘʤʰʠʢʦʪ ʩʝ ʩʦʩʪʦʠ ʦʜ 

ʘʢʩʠʦʥʝʤʘ ʩʦʩʪʘʚʝʥʘ ʦʜ ʜʝʚʝʪ ʧʘʨʦʚʠ ʤʠʢʨʦʪʫʙʫʣʠ ʚʤʝʪʥʘʪʠ ʚʦ ʧʣʘʟʤʝʥʘ ʤʝʤʙʨʘʥʘ (ʩʣʠʢʘ 

13). ʇʨʠ ʚʣʝʟ ʚʦ ʢʣʝʪʢʘʪʘ ʜʚʝʪʝ ʮʝʥʪʨʘʣʥʠ ʤʠʢʨʦʪʫʙʫʣʠ ʟʘʚʨʰʫʚaʘʪ ʥʘ ʝʜʥʘ ʛʫʩʪʘ ʧʣʦʯʘ, 

ʜʦʜʝʢʘ ʜʝʚʝʪʪʝ ʧʝʨʠʬʝʨʥʠ ʧʘʨʦʚʠ ʧʨʦʜʦʣʞʫʚʘʘʪ ʚʦ ʢʣʝʪʢʘʪʘ ʧʨʠ ʰʪʦ ʜʦʙʠʚʘʘʪ 

ʜʦʧʦʣʥʠʪʝʣʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘʘʪ ʚʦ ʪʨʠʧʣʝʪʠ ʤʠʢʨʦʪʫʙʫʣʠ. ʂʘʤʰʠʢʦʪ 

ʧʦʤʠʥʫʚʘ ʥʠʟ ʪʫʥʝʣ ʚʦ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʥʘʨʝʯʝʥ ʦʢʦʣʫʚʨʘʪʥʠʢ ʥʘ ʢʘʤʰʠʢʦʪ.  

 
ʉʣʠʢʘ 13. ʂʘʤʰʠʮʠ ʢʘʿ Chlamydomonas. (a) TEM ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʥʠʟ ʧʨʝʜʥʠʦʪ ʜʝʣ ʥʘ ʢʣʝʪʢʘʪʘ ʥʘ  

Chlamydomonas reinhardtii ʩʦ ʢʣʝʪʦʯʝʥ ʼʠʜ (CW), ʜʚʦʿʥʠ ʤʠʢʨʦʪʫʙʫʣʠ (DM), ʮʝʥʪʨʘʣʝʥ ʧʘʨ ʤʠʢʨʦʪʫʙʫʣʠ 

(CP), ʤʝʤʙʨʘʥʘ ʥʘ ʧʣʘʟʤʘʪʘ (PM), ʟʦʥʘ ʥʘ ʪʨʘʥʟʠʮʠʿʘ (TZ) ʠ ʙʘʟʘʣʥʦ ʪʝʣʦ (BB). (b) ʊʝʥʦʢ ʧʨʝʩʝʢ ʥʠʟ 

ʠʟʦʣʠʨʘʥʘ ʘʢʩʠʦʥʝʤʘ ʥʘ ʢʘʤʰʠʢʦʪ ʙʝʟ ʤʝʤʙʨʘʥʘ ʩʦ ʧʨʠʢʘʟ ʥʘ ʛʣʘʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. (c) ɼʠʿʘʛʨʘʤ ʥʘ ʜʠʥʝʠʥʠ 

ʠ ʩʨʦʜʥʠ ʩʪʨʫʢʪʫʨʠ ʚʜʦʣʞ ɸ ʪʫʙʫʣʘʪʘ ʥʘ ʩʝʢʦʿ ʧʘʨ ʤʠʢʨʦʪʫʙʫʣʠ (ʩʧʦʨʝʜ Mitchell, 2000). 

 ʎʝʥʪʨʘʣʥʠʦʪ ʤʠʢʨʦʪʫʙʫʣʠ ʩʝ ʝʜʠʥʝʯʥʠ ʤʠʢʨʦʪʫʙʫʣʠ ʩʦ 13 ʧʨʦʪʦʬʠʣʘʤʝʥʪʠ, 

ʜʦʜʝʢʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʧʘʨʦʚʠ ʤʠʢʨʦʪʫʙʫʣʠ ʩʝ ʜʫʧʣʠ ʩʦ ɸ ʪʫʙʫʣʘ ʢʦʿʘ ʩʝ ʩʦʩʪʦʠ ʦʜ 13 

ʧʨʦʪʦʬʠʣʘʤʝʥʪʠ ʠ ɹ ʪʫʙʫʣʘ ʢʦʿʘ ʠʤʘ 11 ʧʨʦʪʦʬʠʣʘʤʝʥʪʠ. ʄʠʢʨʦʪʫʙʫʣʠʪʝ ʥʘ ʘʢʩʠʦʥʝʤʘʪʘ 

ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ a ʠ ɓ ʪʫʙʫʣʠʥ ʢʦʠ ʩʦʯʠʥʫʚʘʘʪ 70% ʦʜ ʧʨʦʪʝʠʥʩʢʘʪʘ ʤʘʩʘ ʥʘ ʘʢʩʠʦʥʝʤʘʪʘ. 

ʈʘʜʠʿʘʣʥʠʪʝ ʠʟʨʘʩʪʦʮʠ, ʠʟʛʨʘʜʝʥʠ ʦʜ ʪʝʥʢʘ ʜʨʰʢʘ ʠ ʛʣʘʚʠʯʢʘ, ʩʝ ʧʨʦʪʝʛʘʘʪ ʦʜ ɸ ʪʫʙʫʣʘʪʘ 

ʢʦʥ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʢʘʤʰʠʢʦʪ. ɺʥʘʪʨʝʰʥʠʪʝ ʠ ʥʘʜʚʦʨʝʰʥʠʪʝ ʨʝʜʦʚʠ ʥʘ ʜʠʥʝʠʥ ʩʝ 

ʟʘʮʚʨʩʪʫʚʘʘʪ ʟʘ ɸ ʪʫʙʫʣʘʪʘ ʠ ʩʝ ʧʨʦʪʝʛʘʘʪ ʢʦʥ ɹ ʪʫʙʫʣʘʪʘ ʥʘ ʩʦʩʝʜʥʠʦʪ ʧʘʨ ʤʠʢʨʦʪʫʙʫʣʠ. 

ɼʠʥʝʠʥʦʪ ʝ ʤʝʭʘʥʦʝʥʟʠʤ ʢʦʿ ʭʠʜʨʦʣʠʟʦʨʘ ɸʊʇ ʠ ʩʦ ʜʦʙʠʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʚʦʟʤʦʞʫʚʘ 

ʧʨʠʜʚʠʞʫʚʘˁʝ ʚʜʦʣʞ ɹ ʪʫʙʫʣʘʪʘ ʥʘ ʩʦʩʝʜʥʠʦʪ ʧʘʨ ʤʠʢʨʦʪʫʙʫʣʠ. ʉʦ ʪʦʘ ʩʝ ʩʦʟʜʘʚʘ 

ʠʟʤʝʩʪʫʚʘˁʝ ʥʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʤʠʢʨʦʪʫʙʫʣʠ ʚʦ ʦʜʥʦʩ ʝʜʥʠ ʥʘ ʜʨʫʛʠ, ʰʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘ 

ʩʚʠʪʢʫʚʘˁʝ ʥʘ ʢʘʤʰʠʢʦʪ. ʇʨʦʪʝʠʥʠʪʝ ʥʘʨʝʯʝʥʠ ʢʠʥʝʟʠʥʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʨʦʪʘʮʠʿʘ ʥʘ 

ʮʝʥʪʨʘʣʥʠʦʪ ʧʘʨ ʥʘ ʤʠʢʨʦʪʫʙʫʣʠ ʚʦ ʘʢʩʠʦʥʝʤʘʪʘ. ʂʘʢʦ ʮʝʥʪʨʘʣʥʠʦʪ ʧʘʨ ʤʠʢʨʦʪʫʙʫʣʠ 

ʨʦʪʠʨʘ, ʤʠʢʨʦʪʫʙʫʣʠʪʝ ʚʣʠʿʘʘʪ ʚʨʟ ʧʦʝʜʠʥʝʯʥʠʪʝ ʨʘʜʠʿʘʣʥʠ ʠʟʨʘʩʪʦʮʠ, ʰʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘ 

ʣʠʟʛʘˁʝ ʧʦʤʝʺʫ ʩʦʩʝʜʥʠʪʝ ʜʫʧʣʝʢʩʠ ʥʘ ʤʠʢʨʦʪʫʙʫʣʠ, ʘʩʠʤʝʪʨʠʯʥʦ ʠʟʚʠʪʢʫʚʘˁʝ ʥʘ 

ʢʘʤʰʠʢʦʪ ʠ ʧʨʦʧʘʛʘʮʠʿʘ ʥʘ ʙʨʘʥʦʚʠʜʥʦʪʦ ʜʚʠʞʝˁʝ ʥʘ ʢʘʤʰʠʮʠʪʝ.  
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ʉʣʠʢʘ 14. ʌʦʨʤʘ ʠ ʧʦʣʦʞʙʘ ʥʘ 

ʢʘʤʰʠʮʠʪʝ ʢʘʿ ʧʦʜʚʠʞʥʠʪʝ ʢʣʝʪʢʠ ʥʘ 

ʘʣʛʠʪʝ. A Cryptophyta; ɹ ʧʦʚʝ˃ʝʪʦ 

Heterokontophyta; ɺ Bacillariophyceae;                 

ɻ Prymnesiophyta; ɼ Chlorophyta;                      

ɬ Dinophyta; ɽ Euglenophyta; ɾ Eustigmato-

phyceae; ɿ,ɮ Chlorophyta. 

ʇʨʠ ʦʩʥʦʚʘʪʘ ʥʘ ʩʝʢʦʿ ʢʘʤʰʠʢ ʩʝ ʥʘʦʺʘ ʙʘʟʘʣʥʦ ʪʝʣʦ, ʦʜʥʦʩʥʦ ʢʣʝʪʢʘʪʘ ʠʤʘ ʪʦʣʢʫ 

ʙʘʟʘʣʥʠ ʪʝʣʘ ʢʦʣʢʫ ʠ ʢʘʤʰʠʮʠ. ɹʘʟʘʣʥʠʪʝ ʪʝʣʮʘ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʦʧʨʝʜʝʣʝʥ ʧʨʦʩʪʦʨʝʥ ʦʜʥʦʩ 

ʝʜʥʦ ʢʦʥ ʜʨʫʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦ ʩʦ ʧʦʚʨʟʘʥʠ, ʩʦ ʰʪʦ ʩʝ ʦʙʝʟʙʝʜʫʚʘ ʩʠʥʭʨʦʥʠʟʠʨʘʥʘ ʨʘʙʦʪʘ ʥʘ 

ʢʘʤʰʠʮʠʪʝ. ʆʜ ʙʘʟʘʣʥʠʪʝ ʪʝʣʮʘ ʚʦ ʮʠʪʦʧʣʘʟʤʘʪʘ ʩʝ ʧʨʦʪʝʛʘʘʪ ʨʠʟʦʧʣʘʩʪʠ ʢʦʠ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʥʘ ʤʠʢʨʦʪʫʙʫʣʠ ʠ ʬʠʙʨʠʣʠ ʥʘʩʦʯʝʥʠ ʚʦ ʧʨʘʚʝʮʦʪ ʥʘ ʿʘʜʨʦʪʦ.  

 ʂʘʿ ʛʦʣʝʤ ʙʨʦʿ ʘʣʛʠ, ʚʦ ʙʣʠʟʠʥʘʪʘ ʥʘ ʿʘʜʨʦʪʦ ʩʝ ʥʘʦʺʘ ʦʨʛʘʥʝʣʘ ʩʣʠʯʥʘ ʥʘ ʙʘʟʘʣʥʦʪʦ 

ʪʝʣʮʝ - ʮʝʥʪʨʠʦʣʘ. ʊʘʘ ʝ ʪʠʧʠʯʥʘ ʟʘ ʞʠʚʦʪʠʥʩʢʘʪʘ ʢʣʝʪʢʘ, ʜʦʜʝʢʘ ʢʘʿ ʘʣʛʠʪʝ ʩʝ ʥʘʦʺʘ ʩʘʤʦ 

ʢʘʿ ʦʜʨʝʜʝʥʠʪʝ ʪʠʧʦʚʠ. ʉʧʦʨʝʜ ʝʚʦʣʫʪʠʚʥʠʪʝ ʧʦʜʘʪʦʮʠ ʧʦʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʘʣʛʠʪʝ ʧʦʩʪʝʧʝʥʦ 

ʿʘ ʠʟʛʫʙʠʣʝ ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ ʜʚʠʞʝˁʝ, ʩʠʩʪʝʤʦʪ 

ʢʘʤʰʠʢ-ʿʘʜʨʦ-ʮʝʥʪʨʠʦʣʘ ʠʩʯʝʟʥʫʚʘ, ʰʪʦ 

ʜʦʚʝʜʫʚʘ ʜʦ ʩʦʟʜʘʚʘˁʝ ʥʘ ʪʠʧʠʯʥʘ ʨʘʩʪʠʪʝʣʥʘ 

ʢʣʝʪʢʘ. 

 ʄʝʤʙʨʘʥʘʪʘ ʥʘ ʢʘʤʰʠʮʠʪʝ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʛʦʣʘ, ʙʝʟ ʚʣʘʢʥʝʥʮʘ (ʤʘʩʪʠʛʦʥʝʤʠ) ʥʘ ʩʚʦʿʘʪʘ 

ʧʦʚʨʰʠʥʘ, ʠʣʠ ʤʦʞʘʪ ʜʘ ʠʤʘʘʪ ʚʣʘʢʥʝʥʮʘ ʧʦ 

ʩʚʦʿʘʪʘ ʧʦʚʨʰʠʥʘ. ʇʦʩʪʦʿʘʪ ʜʚʘ ʪʠʧʘ ʥʘ 

ʚʣʘʢʥʝʥʮʘ ʢʘʿ ʢʘʤʰʠʮʠʪʝ: ʘ) ʥʝʪʫʙʫʣʘʨʥʠ 

ʚʣʘʢʥʝʥʮʘ ʠ ʙ) ʪʫʙʫʣʘʨʥʠ ʚʣʘʢʥʝʥʮʘ. ʇʦʢʨʘʿ 

ʚʣʘʢʥʝʥʮʘ, ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʘʤʰʠʮʠʪʝ ʢʘʿ 

ʨʘʟʣʠʯʥʠʪʝ ʘʣʛʘʣʥʠ ʛʨʫʧʠ ʩʝ ʟʘʙʝʣʝʞʫʚʘʘʪ ʠ 

ʣʫʰʧʠ ʩʦ ʨʘʟʣʠʯʥʘ ʛʨʘʜʙʘ.  

 ɸʣʛʘʣʥʠʪʝ ʢʣʝʪʢʠ ʤʦʞʘʪ ʜʘ ʠʤʘʘʪ 

ʨʘʟʣʠʯʥʘ ʧʦʩʪʘʚʝʥʦʩʪ ʥʘ ʢʘʤʰʠʮʠʪʝ (ʩʣʠʢʘ 14). 

ɼʦʢʦʣʢʫ ʢʘʤʰʠʮʠʪʝ ʩʝ ʠʩʪʠ ʧʦ ʜʦʣʞʠʥʘ, ʪʠʝ ʩʝ 

ʥʘʨʝʢʫʚʘʘʪ ʠʟʦʢʦʥʪʥʠ ʢʘʤʰʠʮʠ, ʘ ʜʦʢʦʣʢʫ ʩʝ 

ʨʘʟʣʠʢʫʚʘʘʪ ʧʦ ʜʦʣʞʠʥʘ ʩʝ ʥʘʨʝʯʝʥʠ 

ʘʥʠʟʦʢʦʥʪʥʠ ʢʘʤʰʠʮʠ. ɼʦʢʦʣʢʫ ʢʘʤʰʠʮʠʪʝ ʬʦʨʤʠʨʘʘʪ ʧʨʩʪʝʥ ʥʘ ʝʜʥʠʦʪ ʢʨʘʿ ʥʘ 

ʢʣʝʪʢʘʪʘ ʥʘʨʝʯʝʥʠ ʩʝ ʩʪʝʬʘʥʦʢʦʥʪʥʠ ʢʘʤʰʠʮʠ. ʍʝʪʝʨʦʢʦʥʪʥʠ ʩʝ ʦʨʛʘʥʠʟʤʠʪʝ ʢʦʠ 

ʧʦʩʝʜʫʚʘʘʪ ʚʣʘʢʥʝʩʪ ʠ ʤʘʟʝʥ ʢʘʤʰʠʢ.  

 ʇʦʩʪʦʿʘʪ ʜʚʘ ʪʠʧʘ ʥʘ ʤʠʪʦʭʦʥʜʨʠʠ ʢʘʿ ʘʣʛʠʪʝ (ʩʣʠʢʘ 15). ʄʠʪʦʭʦʥʜʨʠʠ ʩʦ ʨʘʤʥʠ 

ʢʨʠʩʪʠ ʥʘ ʣʘʤʝʣʠʪʝ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʿ ʮʨʚʝʥʠʪʝ ʠ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʝʫʛʣʝʥʠʪʝ ʠ ʢʨʠʧʪʦʬʠʪʠ, 

ʜʦʜʝʢʘ ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʩʦ ʮʝʚʯʝʩʪʠ ʢʨʠʩʪʠ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʿ ʭʝʪʝʨʦʢʦʥʪʥʠʪʝ ʘʣʛʠ ʠ 

ʭʘʧʪʦʬʠʪʠ.  

 

ʉʣʠʢʘ 15. ʎʨʪʝʞ ʥʘ ʜʚʘʪʘ ʪʠʧʘ 

ʤʠʪʦʭʦʥʜʨʠʠ ʢʦʠ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʿ 

ʘʣʛʠʪʝ. (a) ʄʠʪʦʭʦʥʜʨʠʿʘ ʩʦ ʨʘʤʥʠ 

ʢʨʠʩʪʠ ʥʘ ʣʘʤʝʣʠʪʝ; (b) ʄʠʪʦʭʦʥʜʨʠʿʘ 

ʩʦ ʮʝʚʯʝʩʪʠ ʢʨʠʩʪʠ.  

 ɻʣʠʢʦʣʘʪʦʪ, ʛʣʘʚʥʠʦʪ ʩʫʧʩʪʨʘʪ ʥʘ ʬʦʪʦʨʝʩʧʠʨʘʮʠʿʘʪʘ, ʤʦʞʝ ʜʘ ʙʠʜʝ ʨʘʟʛʨʘʜʝʥ ʠʣʠ 

ʧʦ ʧʘʪ ʥʘ ʛʣʠʢʦʣʘʪ ʜʝʭʠʜʨʦʛʝʥʘʟʘ ʚʦ ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʠʣʠ ʩʦ ʧʦʤʦʰ ʥʘ ʛʣʠʢʦʣʘʪ ʦʢʩʠʜʘʟʘ 
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ʚʦ ʧʝʨʦʢʩʠʟʦʤʠʪʝ. ʇʝʨʦʢʩʠʟʦʤʠʪʝ ʩʝ ʦʨʛʘʥʝʣʠ ʧʦʚʨʟʘʥʠ ʟʘ ʤʝʤʙʨʘʥʘʪʘ ʚʦ ʢʦʿʘ ʩʝ ʥʘʦʺʘʘʪ 

ʝʥʟʠʤʠ ʦʢʩʠʜʘʟʠ ʠ ʢʘʪʘʣʘʟʠ ʢʦʠ, ʛʣʘʚʥʦ, ʩʝ ʚʢʣʫʯʝʥʠ ʚʦ ʜʝʛʨʘʜʘʮʠʿʘʪʘ ʥʘ ʚʦʜʦʨʦʜ 

ʧʝʨʦʢʩʠʜ. ɻʣʠʢʦʣʘʪ ʜʝʭʠʜʨʦʛʝʥʘʟʘʪʘ ʩʝ ʿʘʚʫʚʘ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʢʨʠʧʪʦʬʠʪʠ, 

ʝʫʛʣʝʥʠʪʝ, ʢʘʢʦ ʠ ʢʘʿ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʦ ʠʩʢʣʫʯʦʢ ʥʘ ʭʘʨʠʪʝ. ɻʣʠʢʦʣʘʪ ʦʢʩʠʜʘʟʘ ʝ ʧʨʠʩʫʪʥʘ 

ʢʘʿ ʛʣʘʫʢʦʬʠʪʠ, ʮʨʚʝʥʠʪʝ ʠ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ, ʢʘʢʦ ʠ ʢʘʿ ʭʘʨʠʪʝ ʠ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ.  

 ʈʝʟʝʨʚʥʠʪʝ ʤʘʪʝʨʠʠ ʢʘʿ ʘʣʛʠʪʝ ʧʦʜʝʣʝʥʠ ʩʝ ʥʘ: 

¶ ʄʘʪʝʨʠʠ ʩʦ ʚʠʩʦʢʘ ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ:  

1. a-1,4 ʧʦʚʨʟʘʥʠ ʛʣʫʢʘʥʠ 

ʘ) ʌʣʦʨʠʜʝʦʬʠʮʝʿʩʢʠ ʩʢʨʦʙ ï ʦʚʘʘ ʤʘʪʝʨʠʿʘ ʩʝ ʿʘʚʫʚʘ ʢʘʿ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʠ ʝ ʩʣʠʯʥʘ ʥʘ 

ʘʤʠʣʦʧʝʢʪʠʥʦʪ ʥʘ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ. ʉʦ ʿʦʜ ʩʝ ʙʦʠ ʮʨʚʝʥʦ-ʚʠʦʣʝʪʦʚʦ, ʜʦʩʪʘ ʩʣʠʯʝʥ ʧʦ 

ʙʦʿʘ ʥʘ ʞʠʪʦʪʠʥʩʢʠʦʪ ʛʣʠʢʦʛʝʥ. ʌʣʦʨʠʜʝʦʬʠʮʝʩʢʠʦʪ ʩʢʨʦʙ ʩʝ ʿʘʚʫʚʘ ʚʦ ʟʨʥʝʩʪʘ ʬʦʨʤʘ ʩʦ 

ʜʠʤʝʥʟʠʠ ʦʜ 0.5-25 mm ʥʘʜʚʦʨ ʦʜ ʭʣʦʨʦʧʣʘʩʪʠʪʝ, ʰʪʦ ʝ ʨʘʟʣʠʯʥʦ ʦʜ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʢʘʜʝ 

ʩʢʨʦʙʦʪ ʩʝ ʧʨʦʜʫʮʠʨʘ ʚʦ ʭʣʦʨʦʧʣʘʩʪʠʪʝ.  

ʙ) ʄʠʢʩʦʬʠʮʝʩʢʠ ʩʢʨʦʙ ï ʧʨʦʥʘʿʜʝʥ ʝ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʝ ʤʥʦʛʫ ʩʣʠʯʝʥ ʧʦ 

ʩʪʨʫʢʪʫʨʘ ʩʦ ʛʣʠʢʦʛʝʥʦʪ. ʆʚʘʘ ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʛʨʘʥʫʣʠ ʩʦ ʬʦʨʤʘ ʢʦʿʘ 

ʚʘʨʠʨʘ ʧʦʤʝʺʫ ʚʠʜʦʚʠʪʝ, ʦʜ ʩʪʘʧʯʝʩʪʠ ʛʨʘʥʫʣʠ ʩʦ ʜʦʣʞʠʥʘ ʦʜ 25 nm ʜʦ ʠʟʜʣʦʞʝʥʠ ʪʝʣʮʘ 

ʩʦ ʜʦʣʞʠʥʘ ʦʜ 31-67 nm.  

ʚ) ʉʢʨʦʙ ï ʢʘʿ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʢʨʦʙʦʪ ʝ ʩʦʩʪʘʚʝʥ ʦʜ ʘʤʠʣʦʟʘ ʠ ʘʤʠʣʦʧʝʢʪʠʥ. ʉʝ ʿʘʚʫʚʘ ʚʦ 

ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʚʦ ʬʦʨʤʘ ʥʘ ʩʢʨʦʙʥʠ ʛʨʘʥʫʣʠ (ʩʣʠʢʘ 11ɼ). ʂʘʿ ʢʨʠʧʪʦʬʠʪʠ ʩʢʨʦʙʦʪ ʠʤʘ 

ʥʝʚʦʦʙʠʯʘʝʥʦ ʛʦʣʝʤʘ ʩʦʜʨʞʠʥʘ ʥʘ ʘʤʠʣʦʟʘ ʠ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʛʨʘʥʫʣʠ ʧʦʤʝʺʫ ʦʙʚʠʚʢʘʪʘ ʥʘ 

ʭʣʦʨʦʧʣʘʩʪʦʪ ʠ ʭʣʦʨʦʧʣʘʩʪʥʠʦʪ ʝʥʜʦʧʣʘʟʤʘʪʠʯʝʥ ʨʝʪʠʢʫʣʫʤ. ʂʘʿ ʜʠʥʦʬʠʪʘ ʩʢʨʦʙʦʪ ʩʝ 

ʿʘʚʫʚʘ ʚʦ ʮʠʪʦʧʣʘʟʤʘʪʘ ʥʘʜʚʦʨ ʭʣʦʨʦʧʣʘʩʪʦʪ, ʥʦ ʥʝʛʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʝ ʝ ʧʦʟʥʘʪʘ.  

2. ɓ-1,3 ʧʦʚʨʟʘʥʠ ʛʣʫʢʘʥʠ 

ʘ) ʃʘʤʠʥʘʨʠʥ ï ʢʘʿ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ ʣʘʤʠʥʘʨʠʥʦʪ ʝ ʠʟʛʨʘʜʝʥ ʛʣʘʚʥʦ ʦʜ ɓ-1,3 ʧʦʚʨʟʘʥʠ 

ʛʣʫʢʘʥʠ ʢʦʠ ʩʦʜʨʞʘʪ 16 ʪʦ 31 ʨʝʟʠʜʫʘ. ʇʨʠʩʫʩʪʚʦʪʦ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʎ-6 ʚʨʩʢʠ ʧʦʤʝʺʫ 

ʨʝʟʠʜʫʠʪʝ ʿʘ ʦʧʨʝʜʝʣʫʚʘʘʪ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʦʚʦʿ ʧʦʣʠʩʘʭʘʨʠʜ ʚʦ ʩʪʫʜʝʥʘ ʚʦʜʘ: ʧʦʛʦʣʝʤ 

ʙʨʦʿ ʥʘ ʦʚʠʝ ʚʨʩʢʠ ʟʥʘʯʠ ʧʦʛʦʣʝʤʘ ʨʘʩʪʚʦʨʣʠʚʦʩʪ. ʃʘʤʠʥʘʨʠʥʦʪ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʤʘʩʣʝʥʘ 

ʪʝʯʥʦʩʪ ʥʘʜʚʦʨ ʦʜ ʭʣʦʨʦʧʣʘʩʪʦʪ, ʥʘʿʯʝʩʪʦ ʚʦ ʚʝʟʠʢʫʣʠ ʢʦʠ ʛʦ ʦʧʢʦʣʫʚʘʘʪ ʧʠʨʝʥʦʠʜʦʪ.   

ʙ) ʍʨʠʟʦʣʘʤʠʥʘʨʠʥ (ʣʝʫʢʦʟʠʥ) ï ʢʘʿ ʟʣʘʪʥʠʪʝ ʘʣʛʠ, ʧʨʠʤʥʝʟʠʦʬʠʪʠ, ʠ ʩʠʣʠʢʘʪʥʠʪʝ ʘʣʛʠ 

ʭʨʠʟʦʣʘʤʠʥʘʨʠʥʦʪ ʩʝ ʩʦʩʪʦʠ ʦʜ ɓ-1,3 ʧʦʚʨʟʘʥʠ ʨʝʩʠʜʫʠ ʥʘ D-ʛʣʫʢʦʟʘ ʩʦ ʜʚʝ ʛʣʠʢʦʟʠʜʥʠ 

(1-6) ʚʨʩʢʠ ʧʦ ʤʦʣʝʢʫʣʘ. ʍʨʠʟʦʣʘʤʠʥʘʨʠʥʦʪ, ʠʩʪʦ ʪʘʢʘ, ʩʝ ʥʘʦʺʘ ʚʦ ʚʝʟʠʢʫʣʠ ʥʘʜʚʦʨ ʦʜ  

ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʠ ʧʦʩʝʜʫʚʘ ʧʦʚʝ˃ʝ ʨʝʟʠʜʫʠ ʥʘ ʛʣʫʢʦʟʘ ʚʦ ʦʜʥʦʩ ʥʘ ʣʘʤʠʥʘʨʠʥʦʪ.  

ʚ) ʇʘʨʘʤʠʣʦʥ ï ʢʘʿ ʝʫʛʣʝʥʠʪʝ, ʟʣʘʪʥʦ-ʞʦʣʪʠʪʝ ʘʣʛʠ ʠ ʧʨʠʤʥʝʟʠʦʬʠʪʘ ʧʘʨʘʤʠʣʦʥʦʪ ʩʝ 

ʿʘʚʫʚʘ ʢʘʢʦ ʠʥʢʣʫʟʠʠ ʩʦ ʝʜʠʥʝʯʥʘ ʤʝʤʙʨʘʥʘ ʨʘʩʪʚʦʨʣʠʚʠ ʚʦ ʚʦʜʘ ʩʦ ʨʘʟʣʠʯʥʘ ʬʦʨʤʘ ʠ 

ʛʦʣʝʤʠʥʘ ʥʘʜʚʦʨ ʦʜ ʭʣʦʨʦʧʣʘʩʪʠʪʝ. ʇʘʨʘʤʠʣʦʥʦʪ ʝ ʩʦʩʪʘʚʝʥ ʠʩʢʣʫʯʠʚʦ ʦʜ ɓ-1,3 ʧʦʚʨʟʘʥʠ 

ʛʣʫʢʦʟʥʠ ʨʝʟʠʜʫʠ ʩʦ ʛʦʣʝʤʠʥʘ ʥʘ ʤʦʣʝʢʫʣʘʪʘ ʩʣʠʯʥʘ ʢʘʢʦ ʢʘʿ ʭʨʠʟʦʣʘʤʠʥʘʨʠʥʦʪ.  

3. ʌʨʫʢʪʦʟʘʥʠ  

ʂʘʿ Acetabularia ʦʜ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʫʪʚʨʜʝʥʘ ʝ ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ ʩʣʠʯʥʘ ʥʘ ʠʥʫʣʠʥʦʪ ʢʦʿʘ ʩʝ 

ʩʦʩʪʦʠ ʦʜ 1,2 ʧʦʚʨʟʘʥʠ ʬʨʫʢʪʦʟʥʠ ʝʜʠʥʠʮʠ ʢʦʠ ʟʘʚʨʰʫʚʘʘʪ ʩʦ ʛʣʫʢʦʟʥʘ ʪʝʨʤʠʥʘʣʥʘ ʛʨʫʧʘ.  

¶ ʄʘʪʝʨʠʠ ʩʦ ʥʠʩʢʘ ʤʦʣʝʢʫʣʩʢʘ ʤʘʩʘ:  
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1. ʐʝ˃ʝʨʠ  

ɿʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʝʫʛʣʝʥʠʪʝ ʬʦʨʤʠʨʘʘʪ ʩʫʢʨʦʟʘ ʢʘʢʦ ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ. ʊʨʝʭʘʣʦʟʘ ʝ 

ʫʪʚʨʜʝʥʘ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʚʦ ʧʦʤʘʣʘ ʤʝʨʢʘ ʢʘʿ ʮʨʚʝʥʠʪʝ ʘʣʛʠ.  

2. ɻʣʠʢʦʟʠʜʠ 

ɻʣʠʮʝʣʦʨʥʠʪʝ ʛʣʠʢʦʟʠʜʠ, ʬʣʦʨʠʜʦʟʠʜ ʠ ʠʟʦʬʣʦʨʠʜʦʟʠʜ, ʩʝ ʰʠʨʦʢʦ ʟʘʩʪʘʧʝʥʠ ʢʘʿ ʮʨʚʝʥʠʪʝ 

ʘʣʛʠ.  

3. ʇʦʣʠʦʣʠ 

ʄʘʥʠʪʦʣ ʩʝ ʿʘʚʫʚʘ ʢʘʿ ʮʨʚʝʥʠʪʝ ʠ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ, ʘ ʛʦ ʠʤʘ ʠ ʢʘʿ ʧʦʝʜʥʦʩʪʘʚʥʠʪʝ ʟʝʣʝʥʠ 

ʘʣʛʠ ʢʘʜʝ ʿʘ ʟʘʤʝʥʫʚʘ ʩʫʢʨʦʟʘʪʘ ʢʘʢʦ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʧʨʦʜʫʢʪ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʣʦʙʦʜʥʠʦʪ 

ʛʣʠʮʝʨʦʣ ʝ hʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪ ʚʘʞʝʥ ʧʨʦʜʫʢʪ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʢʘʿ ʧʦʚʝ˃ʝʪʦ 

ʟʦʦʢʩʘʥʪʝʣʠ (ʝʥʜʦʩʠʤʙʠʦʪʩʢʠ ʘʣʛʠ ʢʘʿ ʞʠʚʦʪʥʠʪʝ) ʢʘʢʦ ʠ ʤʦʨʩʢʠ Volvocales ʧʦʩʝʙʥʦ 

Dunaliella.  

˙˛˝ˡ˛˘˛˥˗ˍ ˛˝ːˍ˚˕˔ˍˣ˕˶ˍ ˚ˍ ˍ˘ː˕˟˒ 

ʇʦ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʩʚʦʿʦʪ ʪʘʣʫʩ ʘʣʛʠʪʝ ʩʝ ʠʩʪʦ ʪʘʢʘ ʠʩʢʣʫʯʠʪʝʣʥʦ ʭʝʪʝʨʦʛʝʥʠ 

ʦʨʛʘʥʠʟʤʠ ʩʦ ʛʦʣʝʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʉʝʧʘʢ, ʩʧʦʨʝʜ ʛʣʘʚʥʠʪʝ ʝʚʦʣʫʪʠʚʥʠ ʣʠʥʠʠ ʥʘ ʨʘʟʚʠʪʦʢ, 

ʩʠʪʝ ʘʣʛʠ ʩʝ ʛʨʫʧʠʨʘʘʪ ʧʦ ʩʚʦʿʘʪʘ ʤʦʨʬʦʣʦʰʢʘ ʛʨʘʜʙʘ ʚʦ ʥʝʢʦʣʢʫ ʦʩʥʦʚʥʠ ʛʨʫʧʠ: 

ʝʜʥʦʢʣʝʪʦʯʥʠ, ʢʦʣʦʥʠʿʘʣʥʠ, ʢʘʧʩʘʣʥʠ, ʩʠʬʦʥʘʣʥʠ ʠ ʧʦʚʝ˃ʝʢʣʝʪʦʯʥʠ ʬʦʨʤʠ.  

 ɺʦ ʥʘʿʧʨʠʤʠʪʠʚʥʘʪʘ ʤʦʨʬʦʣʦʰʢʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʩʝʢʘʢʦ ʧʨʠʧʘʺʘʘʪ ʝʜʥʦʢʣʝʪʦʯʥʠʪʝ 

ʘʣʛʠ, ʧʦʤʝʺʫ ʢʦʠ ʧʦʚʪʦʨʥʦ ʧʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʝʚʦʣʫʪʠʚʥʠ ʨʘʟʚʦʿʥʠ ʧʨʘʚʮʠ: ʤʦʥʘʜʝʥ, 

ʨʠʟʦʧʦʜʠʿʘʣʝʥ ʠ ʢʦʢʦʠʜʝʥ ʪʠʧ ʥʘ ʛʨʘʜʙʘ. ɽʜʥʦʢʣʝʪʦʯʥʠʪʝ ʬʦʨʤʠ ʥʘ ʘʣʛʠʪʝ ʤʦʞʘʪ ʜʘ ʩʝ 

ʥʘʿʜʘʪ ʚʦ ʩʠʪʝ ʥʘʚʝʜʝʥʠ ʪʠʧʦʚʠ, ʦʩʚʝʥ ʢʘʿ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ ʠ ʭʘʨʠʪʝ. 

 

ʉʣʠʢʘ 16. ɸʣʛʠ ʥʘ ʤʦʥʘʜʥʦ 

ʥʠʚʦ ʥʘ ʛʨʘʜʙʘ. ɸ ï ʉʄ ʥʘ 

ʜʚʝ ʢʣʝʪʢʠ ʦʜ Trachelomonas 

hispida ʩʦ ʿʘʩʥʦ ʚʠʜʣʠʚʠ 

ʢʘʤh ʠʮʠ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʥʘ 

ʢʣʝʪʢʘʪʘ; ɹ ï ʊɽʄ ʤʠʢʨʦʬʦʪʦ-

ʛʨʘʬʠʿʘ ʦʜ Chlamydomonas 

reinhardtii ʩʦ ʜʚʘ ʠʟʦʢʦʥʪʥʠ 

ʢʘʤʰʠʢʘ ʠ ʧʝʨʠʧʣʘʩʪ.  

ɸʣʛʠʪʝ ʩʦ ʤʦʥʘʜʥʘ ʛʨʘʜʙʘ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʘʢʪʠʚʥʦ ʜʚʠʞʝˁʝ, ʙʠʜʝʿ˃ʠ ʥʘʿʯʝʩʪʦ 

ʧʦʩʝʜʫʚʘʘʪ ʝʜʝʥ ʠʣʠ ʧʦʚʝ˃ʝ ʢʘʤʰʠʮʠ. ʅʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʠʤʘʘʪ ʢʣʝʪʦʯʝʥ ʼʠʜ ʠʣʠ 

ʧʝʨʠʧʣʘʩʪ, ʦʜʥʦʩʥʦ ʬʦʨʤʘʪʘ ʥʘ ʢʣʝʪʢʘʪʘ ʤʦʞʝ ʜʘ ʠʤ ʝ ʧʦʩʪʦʿʘʥʘ ʠʣʠ ʜʘ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ 

ʟʘ ʤʝʪʘʙʦʣʠʿʘ. ʇʨʦʪʦʧʣʘʩʪʦʪ ʠʤ ʝ ʜʠʬʝʨʝʥʮʠʨʘʥ ʥʘ ʿʘʜʨʦ, ʮʠʪʦʧʣʘʟʤʘ, ʧʣʘʩʪʠʜʠ ʠ ʜʨʫʛʠ 

ʦʨʛʘʥʝʣʠ, ʘ ʯʝʩʪʠ ʩʝ ʠ ʧʫʣʩʘʪʠʚʥʠʪʝ ʚʘʢʫʦʣʠ, ʩʪʠʛʤʘ ʠ ʨʠʟʦʧʣʘʩʪʠ. ʄʦʥʘʜʥʠʪʝ ʬʦʨʤʠ ʥʘ 

ʘʣʛʠʪʝ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʿ ʧʦʚʝ˃ʝʪʦ ʪʠʧʦʚʠ ʘʣʛʠ, ʘ ʥʘʿʪʠʧʠʯʥʠ ʩʝ ʟʘ ʦʛʥʝʥʠʪʝ ʘʣʛʠ (Ceratium, 

Peridinium), ʝʫʛʣʝʥʠʪʝ (Euglena, Trachelomonas), ʟʣʘʪʥʠʪʝ ʘʣʛʠ (Mallomonas, Ochromonas), 
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ʟʝʣʝʥʠʪʝ ʘʣʛʠ (Chlamydomonas, Dunaliella). ʂʘʿ ʘʣʛʠʪʝ ʥʘ ʧʦʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ, 

ʤʦʥʘʜʥʘʪʘ ʛʨʘʜʙʘ ʩʝ ʩʨʝ˃ʘʚʘ ʢʘʿ ʢʣʝʪʢʠʪʝ ʟʘ ʨʘʟʤʥʦʞʫʚʘˁʝ, ʟʦʦʩʧʦʨʠʪʝ ʠ ʛʘʤʝʪʠʪʝ.  

ʈʠʟʦʧʦʜʠʿʘʣʥʘ ʝʜʥʦʢʣʝʪʦʯʥʘ ʛʨʘʜʙʘ ʠʤʘʘʪ ʘʣʛʠʪʝ ʢʦʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʮʚʨʩʪ 

ʢʣʝʪʦʯʝʥ ʼʠʜ ʠ ʧʦʩʪʦʿʘʥʦ ʿʘ ʤʝʥʫʚʘʘʪ ʬʦʨʤʘʪʘ ʩʦ ʠʩʧʫʰʪʘˁʝ ʥʘ ʧʩʝʚʜʦʧʦʜʠʠ, ʧʨʝʢʫ ʢʦʠ ʩʝ 

ʩʧʦʩʦʙʥʠ ʦʜ ʥʘʜʚʦʨʝʰʥʦʩʪʘ ʜʘ ʩʦʙʠʨʘʘʪ ʠ ʮʚʨʩʪʘ ʭʨʘʥʘ. ɺʘʢʚʘ ʢʣʝʪʦʯʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ 

ʠʤʘʘʪ ʥʝʢʦʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʟʣʘʪʥʠʪʝ ʘʣʛʠ (Chrysoamoeba), ʦʛʥʝʥʠʪʝ ʘʣʛʠ 

(Dinamoebidium), ʟʝʣʝʥʦ-ʞʦʣʪʠʪʝ ʘʣʛʠ (Rhizochloris) ʠ ʜʨʫʛʠ. 

 

ʉʣʠʢʘ 17. A - Chrysoamoeba radians, ʟʣʘʪʥʘ ʘʣʛʘ ʩʦ ʨʠʟʦʧʦʜʠʿʘʣʥʘ ʛʨʘʜʙʘ;                                     

ɹ - Chlorococcum echinozygotum, ʟʝʣʝʥʘ ʘʣʛʘ ʥʘ ʢʦʢʦʠʜʥʦ ʥʠʚʦ ʥʘ ʢʣʝʪʦʯʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ.  

ʂʦʢʦʠʜʥʘ ʢʣʝʪʦʯʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʧʦʩʝʜʫʚʘʘʪ ʤʥʦʛʫ ʚʠʜʦʚʠ ʘʣʛʠ ʦʜ ʨʘʟʣʠʯʥʠʪʝ 

ʪʠʧʦʚʠ. ʂʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʪʘʢʚʘ ʛʨʘʜʙʘ ʠʤʘ Synechococcus, ʢʘʿ ʟʣʘʪʥʠʪʝ Chrysosphera, 

ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʩʠʣʠʢʘʪʥʠʪʝ ʘʣʛʠ (Navicula, Cocconeis), ʟʝʣʝʥʘʪʘ ʘʣʛʘ (Chlorococcum) ʠ 

ʜʨʫʛʠ. ɽʜʥʦʢʣʝʪʦʯʥʠʪʝ ʦʨʛʘʥʠʟʤʠ ʥʘ ʦʚʦʿ ʩʪʝʧʝʥ ʥʘ ʛʨʘʜʙʘ ʥʘʿʯʝʩʪʦ ʠʤʘʘʪ ʜʦʙʨʦ ʠʟʛʨʘʜʝʥ 

ʢʣʝʪʦʯʝʥ ʼʠʜ ʥʘ ʢʦʿ ʩʝ ʿʘʚʫʚʘʘʪ ʨʘʟʣʠʯʥʠ ʠʟʨʘʩʪʦʮʠ. ʅʝ ʧʦʩʝʜʫʚʘʘʪ ʦʨʛʘʥʝʣʠ ʟʘ 

ʧʨʠʜʚʠʞʫʚʘˁʝ, ʥʦ ʥʝʢʦʠ ʦʜ ʥʠʚ ʩʝʧʘʢ ʩʝ ʜʚʠʞʘʪ ʩʦ ʨʘʟʣʠʯʥʠ ʘʜʘʧʪʠʚʥʠ ʤʝʭʘʥʠʟʤʠ, ʢʘʢʦ 

ʨʘʬʘʪʘ ʢʘʿ ʩʠʣʠʢʘʪʥʠʪʝ ʘʣʛʠ. 

 

ʉʣʠʢʘ 18. ɸʣʛʠ ʩʦ ʦʪʚʦʨʝʥ ʪʠʧ ʥʘ 

ʢʦʣʦʥʠʠ. ɸ - Dinobryon pediforme, ʟʣʘʪʥʘ 

ʘʣʛʘ ʩʦ ʤʦʥʘʜʝʥ ʪʠʧ ʥʘ ʛʨʘʜʙʘ ʠ ʢʦʣʦʥʠʠ ʩʦ 

ʨʘʟʣʠʯʝʥ ʙʨʦʿ ʥʘ ʢʣʝʪʢʠ; ɹ - Fragilaria 

crotonensis, ʢʦʢʦʠʜʥʘ ʧʣʘʥʢʪʦʥʩʢʘ 

ʜʠʿʘʪʦʤʝʘ ʩʦ ʢʣʝʪʢʠ ʩʪʨʘʥʠʯʥʦ ʩʧʦʝʥʠ ʚʦ 

ʢʦʣʦʥʠʠ.  

 

 

 

ʂʦʣʦʥʠʠʪʝ ʩʝ ʧʦʛʦʣʝʤʠ ʠʣʠ ʧʦʤʘʣʠ ʛʨʫʧʘʮʠʠ ʥʘ ʧʨʦʤʝʥʣʠʚ ʙʨʦʿ ʥʘ ʢʣʝʪʢʠ ʢʦʠ ʩʝ 

ʤʦʨʬʦʣʦʰʢʠ ʠ ʬʠʟʠʦʣʦʰʢʠ ʩʘʤʦʩʪʦʿʥʠ. ɸʣʛʠʪʝ ʩʦ ʚʘʢʚʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʫʰʪʝ ʩʝ ʥʘʨʝʢʫʚʘʘʪ 

ʦʪʚʦʨʝʥʠ ʢʦʣʦʥʠʠ (ʩʣʠʢʘ 18) ʢʦʠ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ ʝʜʥʦʢʣʝʪʦʯʥʠ ʘʣʛʠ, ʢʦʠ ʧʦ ʜʝʣʙʠʪʝ 

ʦʩʪʘʥʫʚʘʘʪ ʟʘʝʜʥʦ ʚʦ ʥʝʩʪʘʙʠʣʥʠ ʢʣʝʪʦʯʥʠ ʢʦʤʧʣʝʢʩʠ ʩʦ ʨʘʟʣʠʯʥʘ ʬʦʨʤʘ ʠ ʛʦʣʝʤʠʥʘ. ʆʜ 
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ʜʨʫʛʘ ʩʪʨʘʥʘ, ʢʦʣʦʥʠʠʪʝ ʢʘʿ ʢʦʠ ʙʨʦʿʦʪ ʥʘ ʢʣʝʪʢʠʪʝ ʝ ʢʦʥʩʪʘʥʪʝʥ ʠ ʥʝ ʩʝ ʤʝʥʫʚʘ ʜʦ 

ʩʣʝʜʥʘʪʘ ʨʝʧʨʦʜʫʢʮʠʿʘ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʟʘʪʚʦʨʝʥʠ ʢʦʣʦʥʠʠ ʠʣʠ ʮʝʥʦʙʠʠ (ʩʣʠʢʘ 19).  

 

 
ʉʣʠʢʘ 19. ɸʣʛʠ ʩʦ ʟʘʪʚʦʨʝʥ ʪʠʧ ʥʘ ʧʦʜʚʠʞʥʠ ʢʦʣʦʥʠʠ. A ï Gonium pectorale (16 ʢʣʝʪʢʠ);                      

B ï Pandorina morum (16 ʢʣʝʪʢʠ); C ï Eudorina unicocca (32 ʢʣʝʪʢʠ); D ï Volvox carteri (~2.000 ʢʣʝʪʢʠ);               

ɽ ï Volvox tertius (~1.000 ʢʣʝʪʢʠ); F ï Volvox globator (~3.000 ʢʣʝʪʢʠ) (ʩʧʦʨʝʜ Kallmann 2006).  

  

ʉʣʠʢʘ 20. ʅʝʧʦʜʚʠʞʥʠ ʟʘʪʚʦʨʝʥʠ 

ʢʦʣʦʥʠʠ ï ʮʝʥʦʙʠʠ. ɸ ï Coelastrum sp.;                

ɹ ï Pediastrum duplex; ɺ ï Scenedesmus 

longispina; ɻ ï Hydrodyction reticulatum, ʚʦʜʥʘ 

ʤʨʝʞʠʯʢʘ.  

 

 

ɻʨʘʜʙʘʪʘ ʠ ʬʫʥʢʮʠʿʘʪʘ ʥʘ 

ʢʣʝʪʢʠʪʝ ʚʦ ʢʦʣʦʥʠʠʪʝ ʠ ʮʝʥʦʙʠʠʪʝ 

ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʨʘʟʣʠʯʥʠ. ʂʦʣʦʥʠʠʪʝ 

ʠʣʠ ʮʝʥʦʙʠʠʪʝ ʢʦʠ ʛʠ ʠʟʛʨʘʜʫʚʘʘʪ 

ʢʣʝʪʢʠ ʢʦʠ ʚʦ ʤʦʨʬʦʣʦʰʢʠ, 

ʮʠʪʦʣʦʰʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʝʥ ʧʦʛʣʝʜ ʩʝ 

ʠʩʪʠ ʤʝʺʫʩʝʙʝ, ʩʝ ʥʘʨʝʢʫʚʘʘʪ 

ʤʦʥʦʤʦʨʬʥʠ, ʜʦʜʝʢʘ ʢʘʿ ʧʦʣʠʤʦʨʬʥʠʪʝ ʢʦʣʦʥʠ ʠ ʮʝʥʦʙʠʠ ʩʝ ʩʨʝʪʥʫʚʘʘʪ ʢʣʝʪʢʠ ʩʦ 

ʨʘʟʣʠʯʥʘ ʬʦʨʤʘ ʠ ʬʫʥʢʮʠʿʘ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʪʠʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʜʚʠʞʥʠ ʠ 

ʥʝʧʦʜʚʠʞʥʠ, ʧʨʠ ʰʪʦ ʧʦʜʚʠʞʥʠʪʝ ʠʤʘʘʪ ʢʘʤʰʠʮʠ, ʜʘ ʩʝ ʦʙʚʠʪʢʘʥʠ ʩʦ ʩʣʫʟʝʩʪʘ ʦʙʚʠʚʢʘ 

ʠʣʠ ʥʝ. ʇʦ ʬʦʨʤʘʪʘ ʤʦʞʘʪ ʜʘ ʩʝ ʧʣʦʯʝʩʪʠ (Gonium), ʪʦʧʯʝʩʪʠ (Volvox), ʨʘʟʛʨʘʥʝʪʠ 

(Dinobryon) ʠ ʩʣʠʯʥʦ. ʅʝʧʦʜʚʠʞʥʠʪʝ ʢʦʣʦʥʠʠ ʠ ʮʝʥʦʙʠʠ, ʠʩʪʦ ʪʘʢʘ, ʩʝ ʩʠʣʥʦ ʨʘʟʣʠʯʥʠ ʧʦ 

ʬʦʨʤʘ ʠ ʛʦʣʝʤʠʥʘ.  
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ʂʘʧʩʘʣʥʠʦʪ ʪʠʧ ʥʘ ʛʨʘʜʙʘ ʩʝ ʦʜʣʠʢʫʚʘ ʩʦ 

ʥʝʧʦʜʚʠʞʥʠ ʟʙʠʨʦʚʠ ʦʜ ʢʣʝʪʢʠ ʚʦ ʟʘʝʜʥʠʯʢʘ ʩʣʫʟʝʩʪʘ 

ʦʙʚʠʚʢʘ. ʊʘʢʦʚ ʚʠʜ ʥʘ ʤʦʨʬʦʣʦʰʢʘ ʦʨʛʘʥʠʟʘʮʠʿʘ 

ʩʨʝ˃ʘʚʘʤʝ ʢʘʿ ʧʦʚʝ˃ʝ ʪʠʧʦʚʠ ʘʣʛʠ ʢʘʢʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ 

(Gloeothece), ʞʦʣʪʠʪʝ (Hydrurus ï ʩʣʠʢʘ ʜʝʩʥʦ), ʟʝʣʝʥʠʪʝ 

(Tetraspora) ʠ ʜʨʫʛʠ. 

ɸʣʛʠʪʝ ʩʦ ʩʠʬʦʥʘʣʥʘ ʛʨʘʜʙʘ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʚʦ ʤʘʣ 

ʙʨʦʿ ʨʦʜʦʚʠ ʩʘʤʦ ʢʘʿ ʜʚʘ ʪʠʧʘ, ʟʝʣʝʥʦ-ʞʦʣʪʠʪʝ (Vaucheria, 

Botrydium) ʠ ʟʝʣʝʥʠʪʝ (ʤʦʨʩʢʠʪʝ Caulerpa, Halimeda, Acetabularia ʠ ʜʨʫʛʠ) ʘʣʛʠ. ɻʣʘʚʥʘʪʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʚʠʝ ʘʣʛʠ ʝ ʜʝʢʘ ʥʠʚʥʠʦʪ ʪʘʣʫʩ ʝ ʩʝʢʦʛʘʰ ʝʜʥʦʢʣʝʪʦʯʝʥ, ʢʦʣʢʫ ʠ ʜʘ ʝ 

ʤʦʨʬʦʣʦʰʢʠ ʩʣʦʞʝʥ ʠ ʢʨʫʧʝʥ. ʅʘʧʨʝʯʥʠʪʝ ʼʠʜʦʚʠ ʚʦ ʥʝʛʦ ʥʘʩʪʘʥʫʚʘʘʪ ʩʘʤʦ ʧʨʠ ʧʦʚʨʝʜʠ 

ʠʣʠ ʧʨʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʠʪʝ ʦʨʛʘʥʠ, ʥʦ ʥʝ ʠ ʢʘʿ ʩʠʪʝ ʧʨʝʪʩʪʘʚʠʪʝʣʠ. 

ʎʠʪʦʧʣʘʟʤʘʪʘ ʩʝ ʥʘʦʺʘ ʜʦ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʠ ʩʦʜʨʞʠ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʿʘʜʨʘ. ʅʠʚʥʠʦʪ ʪʘʣʫʩ 

ʤʦʞʝ ʜʘ ʙʠʜʝ ʢʦʥʯʝʩʪ, ʚʦ ʬʦʨʤʘ ʥʘ ʤʝʫʨ ʠʣʠ ʜʦʩʪʘ ʩʣʦʞʝʥ - ʢʦʨʤʦʠʜʝʥ, ʧʨʠ ʰʪʦ 

ʤʦʨʬʦʣʦʰʢʠ ʧʦʩʣʦʞʝʥʠʪʝ ʬʦʨʤʠ ʞʠʚʝʘʪ ʚʦ ʤʦʨʩʢʠ ʝʢʦʩʠʩʪʝʤʠ. ɿʘ ʥʠʚʥʦʪʦ ʧʦʪʝʢʣʦ 

ʧʦʩʪʦʿʘʪ ʜʚʝ ʭʠʧʦʪʝʟʠ: ʥʘʩʪʘʥʘʣʝ ʩʦ ʫʧʨʦʩʪʫʚʘˁʝ ʥʘ ʧʦʩʣʦʞʝʥʘʪʘ ʢʦʥʯʝʩʪʘ ʛʨʘʜʙʘ ʠʣʠ 

ʧʨʝʢʫ ʫʩʣʦʞʥʫʚʘˁʝ ʥʘ ʛʨʘʜʙʘʪʘ ʥʘ ʘʣʛʠʪʝ ʩʦ ʢʦʢʦʠʜʝʥ ʪʠʧ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ. 

 

ʉʣʠʢʘ 21. ɸʣʛʠ ʩʦ ʩʠʬʦʥʘʣʥʘ ʛʨʘʜʙʘ. ɸ ï Vaucheria sessilis; ɹ ï Acetabularia acetabulum.  

ʊʨʠʭʘʣʥʘ ʠʣʠ ʢʦʥʯʝʩʪʘ ʛʨʘʜʙʘ ʠʤʘʘʪ ʘʣʛʠʪʝ ʩʦ ʥʘʿʧʨʠʤʠʪʠʚʝʥ ʧʦʚʝ˃ʝʢʣʝʪʦʯʝʥ 

ʪʘʣʫʩ ʢʦʿ ʤʦʞʝ ʜʘ ʙʠʜʝ ʚʦ ʬʦʨʤʘ ʥʘ ʨʘʟʛʨʘʥʝʪ ʠʣʠ ʥʝʨʘʟʛʨʘʥʝʪ, ʩʣʦʙʦʜʝʥ ʠʣʠ ʧʨʠʮʚʨʩʪʝʥ 

ʢʦʥʝʮ. ʊʘʣʫʩʦʪ ʥʘ ʪʨʠʭʘʣʥʠʪʝ ʘʣʛʠ ʛʦ ʠʟʛʨʘʜʫʚʘʘʪ ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʢʣʝʪʢʠ ʨʘʩʧʦʨʝʜʝʥʠ ʚʦ 

ʨʝʜʦʚʠ, ʢʦʠ ʥʘʩʪʘʥʫʚʘʘʪ ʩʦ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʪʨʘʥʩʬʝʨʟʘʣʥʠ ʜʝʣʙʠ. ʊʘʣʫʩʦʪ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʠʟʛʨʘʜʝʥ ʦʜ ʝʜʝʥ ʢʦʥʝʮ, ʠʣʠ ʧʦʚʝ˃ʝ ʢʦʥʮʠ ʩʝ ʟʜʨʫʞʫʚʘʘʪ ʚʦ ʧʦʩʣʦʞʝʥʠ ʩʪʨʫʢʪʫʨʠ ʩʦ 

ʨʘʟʣʠʯʥʘ ʬʦʨʤʘ (Coleochaete). ʂʦʥʯʝʩʪʠ ʥʝʨʘʟʛʨʘʥʝʪʠ ʪʘʣʫʩʠ ʠʤʘʘʪ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

(Oscillatoria, Lyngbya), ʟʣʘʪʥʦ-ʞʦʣʪʠʪʝ ʘʣʛʠ (Tribonema), ʟʝʣʝʥʠʪʝ (Ulothrix, Oedogonium, 

Spirogyra, Zygnema), ʘ ʢʘʿ ʪʠʧʦʚʠʪʝ ʩʦ ʧʦʩʣʦʞʝʥʘ ʛʨʘʜʙʘ ʢʘʢʚʠ ʩʝ ʢʘʬʝʘʚʠʪʝ ʠ ʮʨʚʝʥʠʪʝ 

ʘʣʛʠ, ʧʦʩʪʦʿʘʪ ʛʦʣʝʤ ʙʨʦʿ ʚʠʜʦʚʠ ʩʦ ʢʦʥʯʝʩʪʘ ʬʦʨʤʘ (Ectocarpus, Batrachospermum).  

 

Hydrurus foetidus 
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ʉʣʠʢʘ 22. ɸʣʛʠ ʩʦ ʪʨʠʭʘʣʥʘ ʛʨʘʜʙʘ ʥʘ ʪʘʣʫʩʦʪ. ɸ ï Oscillatoria limosa; ɹ ï Tribonema vulgare.  

 

ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʢʦʥʯʝʩʪʠʪʝ ʪʘʣʫʩʠ ʥʘ ʘʣʛʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠʟʛʨʘʜʝʥʠ ʦʜ ʢʣʝʪʢʠ 

ʢʦʠ ʩʝ ʤʝʺʫʩʝʙʥʦ ʠʩʪʠ - ʭʦʤʦʮʠʪʥʠ ʪʘʣʫʩʠ ʢʘʢʦ ʢʘʿ Oscillatoria, ʠʣʠ ʢʣʝʪʢʠʪʝ ʥʘ ʢʦʥʝʮʦʪ 

ʜʘ ʙʠʜʘʪ ʠʟʜʠʬʝʨʝʥʮʠʨʘʥʠ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʢʣʝʪʢʠ ʩʦ ʧʦʩʝʙʥʘ ʬʫʥʢʮʠʿʘ - ʭʝʪʝʨʦʮʠʪʥʠ 

ʪʘʣʫʩʠ ʢʘʢʦ ʢʘʿ Nostoc. ʅʘʿʨʘʟʚʠʝʥʠʪʝ ʬʦʨʤʠ ʥʘ ʢʦʥʯʝʩʪʠ ʘʣʛʠ ʟʘʧʦʯʥʫʚʘʘʪ 

ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʥʘ ʢʦʥʝʮʦʪ ʥʘ ʙʘʟʘʣʝʥ, ʚʨʚʝʥ, ʮʝʥʪʨʘʣʝʥ ʜʝʣ ʠ ʟʦʥʘ ʟʘ ʨʘʟʤʥʦʞʫʚʘˁʝ ʢʘʢʦ 

ʟʘʯʝʪʦʢ ʥʘ ʧʩʝʫʜʦ-ʧʘʨʝʥʭʠʤʘʪʠʯʥʘʪʘ ʛʨʘʜʙʘ.   

 ʇʦʩʣʦʞʝʥʘʪʘ ʚʘʨʠʿʘʥʪʘ ʥʘ ʢʦʥʯʝʩʪʘʪʘ ʛʨʘʜʙʘ ʧʦʟʥʘʪʘ ʝ ʧʦʜ ʥʘʟʠʚʦʪ 

ʭʝʪʝʨʦʪʨʠʭʘʣʥʘ ʛʨʘʜʙʘ. ʊʘʢʚʠʪʝ ʪʘʣʫʩʠ ʩʝ ʠʟʛʨʘʜʝʥʠ ʦʜ ʜʚʘ ʚʠʜʘ ʥʘ ʢʦʥʮʠ, ʝʜʥʠʪʝ ʢʦʠ ʛʦ 

ʧʨʝʢʨʠʚʘʘʪ ʩʫʧʩʪʨʘʪʦʪ ʧʦʣʟʝʿ˃ʠ ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʦ ʥʝʛʦ (ʩʫʧʩʪʨʘʪʝʥ ʪʘʣʫʩ), ʘ ʜʨʫʛʠʪʝ ʨʘʩʪʘʪ 

ʫʩʧʨʘʚʥʦ ʦʜ ʥʠʚ (ʚʨʚʝʥ ʠʣʠ ʘʧʠʢʘʣʝʥ ʪʘʣʫʩ) ʢʘʢʦ ʢʘʿ ʚʠʜʦʚʠʪʝ ʥʘ ʨʝʜʦʪ Chaetophorales ʦʜ 

ʟʝʣʝʥʠʪʝ ʘʣʛʠ.  

ʇʦʩʝʙʝʥ ʪʠʧ ʥʘ ʩʣʦʞʝʥʘ ʢʦʥʯʝʩʪʘ ʛʨʘʜʙʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʠʬʦʥʦʢʣʘʜʘʣʥʘʪʘ ʛʨʘʜʙʘ 

ʢʦʿʘ ʩʝ ʩʨʝʪʥʫʚʘ ʩʘʤʦ ʢʘʿ ʚʠʜʦʚʠʪʝ ʥʘ ʨʝʜʦʪ Siphonocladales ʦʜ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʘ ʩʝ 

ʦʜʣʠʢʫʚʘ ʩʦ ʧʦʚʝ˃ʝʿʘʜʨʝʥʠ ʩʝʛʤʝʥʪʠ ʢʦʠ ʥʘʩʪʘʥʫʚʘʘʪ ʩʦ ʩʝʛʨʝʛʘʮʠʩʢʘ ʜʝʣʙʘ.  

ʇʩʝʫʜʦ-ʧʘʨʝʥʭʠʤʘʪʠʯʝʥ ʪʘʣʫʩ ʝ ʥʘʿʩʣʦʞʝʥ ʧʦʚʝ˃ʝʢʣʝʪʦʯʝʥ ʪʘʣʫʩ ʢʦʿ ʩʝ ʩʨʝ˃ʘʚʘ ʢʘʿ 

ʘʣʛʠʪʝ ʠ ʥʘʩʪʘʥʫʚʘ ʩʦ ʜʝʣʙʘ ʥʘ ʢʣʝʪʢʠʪʝ ʚʦ ʧʦʚʝ˃ʝ ʨʘʤʥʠʥʠ. ʈʘʩʪʝˁʝʪʦ ʥʘ ʪʘʣʫʩʦʪ 

ʥʘʩʪʘʥʫʚʘ ʩʦ ʜʝʣʙʘ ʥʘ ʩʠʪʝ ʢʣʝʪʢʠ (ʜʠʬʫʟʝʥ ʪʠʧ ʥʘ ʨʘʩʪʝˁʝ) ʠʣʠ ʩʦ ʜʝʣʙʘ ʥʘ ʣʦʢʘʣʠʟʠʨʘʥʠ 

ʤʝʨʠʩʪʝʤʩʢʠ ʢʣʝʪʢʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʣʦʮʠʨʘʥʠ ʘʧʠʢʘʣʥʦ ʠʣʠ ʠʥʪʝʨʢʘʣʘʨʥʦ.  

ʊʘʣʫʩʠʪʝ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʘʣʛʠ ʦʜ ʭʘʨʠʪʝ, ʮʨʚʝʥʠʪʝ ʠ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ ʩʝ ʪʘʢʘ ʩʣʦʞʝʥʦ 

ʠʟʜʠʬʝʨʝʥʮʠʨʘʥʠ ʟʘ ʜʘ ʧʦʪʩʝʪʫʚʘʘʪ ʥʘ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ (ʩʣʠʢʘ 23) ʠ ʥʘ ʥʠʚ ʤʦʞʘʪ ʜʘ ʩʝ 

ʨʘʟʣʠʢʫʚʘʘʪ ʜʝʣʦʚʠ ʢʦʠ ʣʠʯʘʪ ʥʘ ʢʦʨʝʥ - ʨʠʟʦʠʜ, ʩʪʝʙʣʦ - ʢʘʫʣʦʠʜ ʠ ʣʠʩʪ - ʬʠʣʦʠʜ, ʧʦʨʘʜʠ 

ʰʪʦ ʫʰʪʝ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʢʦʨʤʦʠʜʥʠ ʪʘʣʫʩʠ. ʀ ʩʘʤʘʪʘ ʚʥʘʪʨʝʰʥʘ ʛʨʘʜʙʘ ʥʘ ʦʚʦʿ ʪʠʧ ʪʘʣʫʩ ʝ 

ʜʦʩʪʘ ʢʦʤʧʣʝʢʩʥʘ ʧʦʨʘʜʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʢʣʝʪʦʯʥʠ ʛʨʫʧʘʮʠʠ ʩʦ ʦʧʨʝʜʝʣʝʥʘ ʬʠʟʠʦʣʦʰʢʘ 

ʬʫʥʢʮʠʿʘ. ʂʘʿ ʚʠʜʦʚʠʪʝ ʦʜ ʮʨʚʝʥʠʪʝ ʠ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ ʚʦ ʧʝʨʠʬʝʨʥʠʪʝ ʜʝʣʦʚʠ ʥʘ ʪʘʣʫʩʦʪ 

ʩʝ ʨʘʟʚʠʚʘ ʝʧʠʜʝʨʤʦʠʜ ʢʦʿ ʠʤʘ ʟʘʰʪʠʪʥʘ ʬʫʥʢʮʠʿʘ, ʘ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʩʝ ʥʘʦʺʘʘʪ ʢʣʝʪʦʯʥʠ 

ʢʦʤʧʣʝʢʩʠ ʢʦʠ ʠʤʘʘʪ ʤʝʭʘʥʠʯʢʘ, ʩʧʨʦʚʦʜʥʘ ʠ ʫʣʦʛʘ ʥʘ ʩʢʣʘʜʠʨʘˁʝ ʥʘ ʨʝʟʝʨʚʥʠ ʤʘʪʝʨʠʠ. 

ʉʝʧʘʢ, ʠ ʧʦʢʨʘʿ ʪʘʢʚʘʪʘ ʛʨʘʜʙʘ ʘʣʛʠʪʝ ʥʠʢʦʛʘʰ ʥʝ ʜʦʩʪʠʛʥʫʚʘʘʪ ʪʘʢʦʚ ʩʪʝʧʝʥ ʥʘ 

ʭʠʩʪʦʣʦʰʢʘ ʛʨʘʜʙʘ ʢʘʢʦʚ ʧʦʩʝʜʫʚʘʘʪ ʚʠʰʠʪʝ ʠʣʠ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ.  
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ʉʣʠʢʘ 23. ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʠ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʘ ʧʩʝʫʜʦʧʘʨʝʥʭʠʤʘʪʠʯʝʥ ʪʘʣʫʩ ʢʘʿ 

ʢʘʬʝʘʚʘʪʘ ʤʘʢʨʦ ʘʣʛʘ Macrocystis pyrifera.  

 

ɽʚʦʣʫʪʠʚʥʠʦʪ ʨʘʟʚʠʪʦʢ ʥʘ ʪʘʣʫʩʠʪʝ ʥʘ ʘʣʛʠʪʝ ʚʦ ʦʩʥʦʚʘ ʧʦʪʝʢʥʫʚʘ ʦʜ ʤʦʥʘʜʥʠʪʝ 

ʬʦʨʤʠ, ʧʨʠʪhʦ ʠ ʜʝʥʝʩ ʤʥʦʛʫ ʦʜ ʤʦʥʘʜʥʠʪʝ ʚʠʜʦʚʠ ʤʦʞʘʪ ʣʝʩʥʦ ʜʘ ʧʨʝʤʠʥʘʪ ʚʦ 

ʨʠʟʦʧʦʜʠʿʘʣʥʠ ʠʣʠ ʢʦʢʦʠʜʥʠ ʬʦʨʤʠ ʧʨʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʧʘʣʤʝʣʦʠʜʥʘʪʘ ʩʦʩʪʦʿʙʘ. 

ɼʦʢʦʣʢʫ ʿʘ ʧʦʜʨʘʟʙʝʨʝʤʝ ʦʚʘʘ ʦʩʦʙʠʥʘ ʢʘʢʦ ʝʚʦʣʫʪʠʚʝʥ ʥʘʧʨʝʜʦʢ, ʪʦʛʘʰ ʝ ʣʝʩʥʦ ʦʜ 

ʤʦʥʘʜʥʠʪʝ ʬʦʨʤʠ ʜʘ ʛʠ ʠʟʚʝʜʝʤʝ ʠ ʪʨʠʭʘʣʥʠʪʝ (ʢʦʥʯʝʩʪʠʪʝ) ʘʣʛʠ, ʧʨʠ ʰʪʦ ʤʦʥʘʜʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘʿʯʝʩʪʦ ʩʝ ʟʘʜʨʞʫʚʘ ʥʘ ʥʠʚʦ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʠʪʝ ʢʣʝʪʢʠ. ʆʜ ʪʨʠʭʘʣʥʠʪʝ ʧʘʢ, 

ʧʨʝʢʫ ʧʨʝʦʜʥʠʪʝ ʭʝʪʝʨʦʪʨʠʭʘʣʥʠ ʬʦʨʤʠ, ʣʝʩʥʦ ʩʝ ʠʟʚʝʜʫʚʘ ʧʦʩʣʦʞʝʥʠʦʪ ʧʩʝʫʜʦ-

ʧʘʨʝʥʭʠʤʘʪʠʯʝʥ ʪʘʣʫʩ. ʉʦ ʪʦʘ ʩʪʘʥʫʚʘ ʿʘʩʥʦ ʜʝʢʘ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʮʘʨʩʪʚʦʪʦ ʥʘ ʘʣʛʠʪʝ  

ʫʩʣʦʞʥʫʚʘˁʝʪʦ ʥʘ ʛʨʘʜʙʘʪʘ ʚʦ ʪʝʢʦʪ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʩʝ ʦʜʚʠʚʘʣʦ ʩʦ ʧʦʩʪʝʧʝʥʘ ʨʝʜʫʢʮʠʿʘ ʥʘ 

ʧʦʜʚʠʞʥʦʩʪʘ, ʪʘʢʘ ʰʪʦ ʢʘʿ ʬʦʨʤʠʪʝ ʩʦ ʧʦʚʠʩʦʢʘ ʦʨʛʘʥʠʟʘʮʠʿʘ, ʧʦʜʚʠʞʥʠ ʦʩʪʘʥʫʚʘʘʪ ʩʘʤʦ 

ʨʝʧʨʦʜʫʢʪʠʚʥʠʪʝ ʢʣʝʪʢʠ. ʇʨʠʪʦʘ, ʥʘʿʠʥʪʝʨʝʩʥʘ ʝ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʢʘʿ ʢʦʠ 

ʧʦʜʚʠʞʥʦʩʪʘ ʧʦʪʧʦʣʥʦ ʠʩʯʝʟʥʫʚʘ, ʰʪʦ ʝ ʜʦʢʘʟ ʟʘ ʝʚʦʣʫʪʠʚʥʠʦʪ ʧʨʘʚʝʮ ʥʘ ʘʣʛʠʪʝ ʢʦʥ 

ʢʦʧʥʝʥ ʥʘʯʠʥ ʥʘ ʞʠʚʦʪ ʠ ʨʘʟʤʥʦʞʫʚʘˁʝ ʧʦ ʧʘʪ ʥʘ ʚʝʪʝʨ, ʥʘʜʚʦʨ ʦʜ ʚʦʜʥʘʪʘ ʩʨʝʜʠʥʘ. 

ɱʘʩʥʠʦʪ ʤʦʨʬʦʣʦʰʢʠ ʧʘʨʘʣʝʣʠʟʘʤ ʢʘʿ ʨʘʟʣʠʯʥʠʪʝ ʘʣʛʘʣʥʠ ʛʨʫʧʠ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ 

ʚʦ ʠʩʪʠ ʞʠʚʦʪʥʠ ʫʩʣʦʚʠ ʢʦʠ ʚʣʘʜʝʘʪ ʚʦ ʚʦʜʥʘʪʘ ʩʨʝʜʠʥʘ. 

˝ˍ˔˙˚˛˓ˠˏˍ˺˒ ˕ ˣ˕˗˘ˠ˞˕ ˚ˍ ˝ˍ˔ˏ˛˶ ˗ˍ˶ ˍ˘ː˕˟˒ 

ʇʦʢʨʘʿ ʚʝ˃ʝ ʩʧʦʤʝʥʘʪʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʘʣʛʠʪʝ, ʢʘʢʚʠ ʰʪʦ ʩʝ ʩʦʩʪʘʚʦʪ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ 

ʥʘ ʧʠʛʤʝʥʪʠ, ʛʨʘʜʙʘ ʥʘ ʚʝʛʝʪʘʪʠʚʥʦʪʦ ʪʝʣʦ, ʬʦʨʤʘʪʘ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʢʘʤʰʠʮʠʪʝ ʠ ʜʨʫʛʠ 

ʦʩʦʙʠʥʠ, ʦʜ ʛʦʣʝʤʦ ʟʥʘʯʝˁʝ ʟʘ ʥʠʚʥʘʪʘ ʩʠʩʪʝʤʘʪʠʢʘ ʩʝʢʘʢʦ ʝ ʜʦʙʨʦʪʦ ʧʦʟʥʘʚʘˁʝ ʥʘ 

ʥʘʯʠʥʦʪ ʥʘ ʨʘʟʤʥʦʞʫʚʘˁʝʪʦ, ʢʘʢʦ ʠ ʛʨʘʜʙʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʠ ʜʝʣʦʚʠʪʝ ʥʘ ʪʘʣʫʩʦʪ ʢʦʠ ʩʝ ʚʦ 

ʬʫʥʢʮʠʿʘ ʥʘ ʦʚʦʿ ʧʨʦʮʝʩ.  

ɸʣʛʠʪʝ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʚʝʛʝʪʘʪʠʚʥʦ, ʙʝʩʧʦʣʦʚʦ ʠ ʧʦʣʦʚʦ. ɺʝʛʝʪʘʪʠʚʥʦʪʦ 

ʨʘʟʤʥʦʞʫʚʘˁʝ ʚʦ ʦʩʥʦʚʘ ʝ ʝʜʥʘ ʬʦʨʤʘ ʥʘ ʙʝʩʧʦʣʦʚʦʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝ (ʦʜʥʦʩʥʦ ʧʦʜʦʙʘʨ 

ʪʝʨʤʠʥ ʝ ʢʣʦʥʠʨʘˁʝ), ʢʦʝ ʩʝ ʩʧʨʦʚʝʜʫʚʘ ʧʨʝʢʫ ʜʝʣʙʘ ʥʘ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʜʝʣʦʚʠ ʥʘ ʪʘʣʫʩʦʪ 
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(ʠʣʠ ʢʣʝʪʢʠʪʝ). ɹʝʩʧʦʣʦʚʦʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝ (ʧʨʝʢʫ ʩʧʦʨʠ) ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʜʝʣʙʘʪʘ ʥʘ 

ʧʨʦʪʦʧʣʘʩʪʦʪ, ʬʦʨʤʠʨʘˁʝ ʥʘ ʩʧʦʨʠ ʠ ʥʠʚʥʦʪʦ ʠʟʣʝʛʫʚʘˁʝ ʥʘʜʚʦʨ ʦʜ ʢʣʝʪʢʠʪʝ ʚʦ ʢʦʠ 

ʥʘʩʪʘʥʘʣʝ. ʇʦʣʦʚʦʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʩʧʦʿʫʚʘˁʝ ʥʘ ʜʚʝ ʧʦʣʥʠ ʢʣʝʪʢʠ. 

ɺʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʫʚʘˁʝ ʢʘʿ ʘʣʛʠʪʝ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʜʝʣʙʘ ʥʘ ʢʣʝʪʢʠʪʝ, ʩʦ 

ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʥʘ ʪʘʣʫʩʦʪ, ʩʦ ʢʨʪʦʣʠ ʠ ʘʢʠʥʝʪʠ. ʉʦ ʜʝʣʙʘ ʥʘ ʢʣʝʪʢʠʪʝ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ 

ʝʜʥʦʢʣʝʪʦʯʥʠʪʝ ʬʦʨʤʠ, ʘ ʩʦ ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʛʣʘʚʥʦ ʢʦʥʯʝʩʪʠʪʝ ʧʦʚʝ˃ʝʢʣʝʪʦʯʥʠ ʬʦʨʤʠ. 

ʌʨʘʛʤʝʥʪʘʮʠʿʘʪʘ ʚʩʫʰʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ ʦʜʚʦʿʫʚʘˁʝ ʥʘ ʚʝʛʝʪʘʪʠʚʥʠʦʪ ʜʝʣ ʥʘ ʪʘʣʫʩʦʪ ʥʘ 

ʧʦʚʝ˃ʝ ʜʝʣʦʚʠ ʢʦʠ ʩʝ ʩʧʦʩʦʙʥʠ ʜʘ ʿʘ ʨʝʛʝʥʝʨʠʨʘʘʪ ʮʝʣʘʪʘ ʘʣʛʘ. ʈʘʟʜʚʦʿʫʚʘˁʝʪʦ ʥʘ ʪʘʣʫʩʦʪ 

ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʨʝʜʠʟʚʠʢʘʥʦ ʩʦ ʤʝʭʘʥʠʯʢʠ ʜʝʿʩʪʚʘ ʠʣʠ ʩʦ ʚʥʘʪʨʝʰʥʠ ʬʠʟʠʦʣʦʰʢʠ ʧʨʦʮʝʩʠ. 

ʂʘʿ ʭʘʨʠʪʝ ʩʝ ʩʦʟʜʘʚʘʘʪ ʠ ʩʧʝʮʠʿʘʣʥʠ ʦʨʛʘʥʠ ʢʦʠ ʩʣʫʞʘʪ ʩʘʤʦ ʟʘ ʚʝʛʝʪʘʪʠʚʥʦ 

ʨʘʟʤʥʦʞʫʚʘˁʝ ʢʘʢʚʠ ʩʝ ʢʨʪʦʣʠʪʝ (ʩʣʠʢʘ 24). 

 

 
ʉʣʠʢʘ 24. ɺʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʫʚʘˁʝ ʢʘʿ ʘʣʛʠʪʝ. ɸ - ʜʝʣʙʘ ʥʘ ʢʣʝʪʢʘ ʢʘʿ Synechococcus 

aeruginosus, ɹ ï ʘʢʠʥʝʪʠ (ʦʟʥʘʯʝʥʠ ʩʦ ʩʪʨʝʣʢʠ) ʢʘʿ Anabaena planctonica, ɺ - ʼʚʝʟʜʦʚʠʜʥʘ ʢʨʪʦʣʘ ʢʘʿ 

Nitellopsis obtusʘ.  

ʇʦʩʝʙʥʘ ʬʦʨʤʘ ʥʘ ʧʦʚʠʩʦʢʦ ʦʨʛʘʥʠʟʠʨʘʥʦ ʚʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʫʚʘˁʝ 

ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʘʢʠʥʝʪʠʪʝ (ʩʣʠʢʘ 24). ʊʦʘ ʩʝ ʢʣʝʪʢʠ ʙʦʛʘʪʠ ʩʦ ʨʝʟʝʨʚʥʠ ʤʘʪʝʨʠʠ ʠ 

ʦʙʚʠʪʢʘʥʠ ʩʦ ʜʝʙʝʣʠ ʼʠʜʦʚʠ, ʘ ʩʝ ʬʦʨʤʠʨʘʘʪ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ. ɸʢʠʥʝʪʠʪʝ ʠʤʘʘʪ 

ʧʦʩʝʙʥʘ ʫʣʦʛʘ ʚʦ ʧʨʝʞʠʚʫʚʘˁʝʪʦ ʥʘ ʥʝʧʦʚʦʣʥʠʪʝ ʫʩʣʦʚʠ ʠ ʯʝʩʪʠ ʩʝ ʢʘʿ ʢʦʥʯʝʩʪʠʪʝ ʬʦʨʤʠ 

ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʠ ʟʝʣʝʥʠʪʝ ʘʣʛʠ.  

ɹʝʩʧʦʣʦʚʦʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʧʦʜʚʠʞʥʠ ʠʣʠ ʥʝʧʦʜʚʠʞʥʠ ʩʧʦʨʠ. 

ʇʦʜʚʠʞʥʠʪʝ ʩʧʦʨʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʟʦʦʩʧʦʨʠ, ʘ ʥʝʧʦʜʚʠʞʥʠʪʝ ʝʛʟʦʩʧʦʨʠ, ʝʥʜʦʩʧʦʨʠ, 

ʘʧʣʘʥʦʩʧʦʨʠ, ʤʦʥʦʩʧʦʨʠ ʠ ʜʨʫʛʠ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʥʠʚʥʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʦʜʣʠʢʠ. ʉʧʦʨʠʪʝ 

ʥʘʩʪʘʥʫʚʘʘʪ ʚʦ ʢʣʝʪʢʠ ʢʦʠ ʥʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʧʦʩʝʙʥʦ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ, ʠʣʠ ʚʦ 

ʧʦʩʝʙʥʠ ʦʨʛʘʥʠ ï ʩʧʦʨʘʥʛʠʫʤʠ (ʩʣʠʢʘ25). 

ʇʨʝʪʩʪʘʚʠʪʝʣʠʪʝ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ, ʮʨʚʝʥʠʪʝ ʠ ʜʝʣʫʤʥʦ ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ ʩʝ 

ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʝʥʜʦ ʠ ʝʛʟʦʩʧʦʨʠ. ʇʦ ʩʘʤʠʦʪ ʥʠʚʝʥ ʥʘʟʠʚ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ 

ʝʥʜʦʩʧʦʨʠʪʝ ʥʘʩʪʘʥʫʚʘʘʪ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʩʦ ʜʝʣʙʘ ʥʘ ʧʨʦʪʦʧʣʘʩʪʦʪ, ʜʦʜʝʢʘ 

ʝʛʟʦʩʧʦʨʠʪʝ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʢʦ ʠʟʨʘʩʪʦʮʠ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʪʘʣʫʩʦʪ.  
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ʉʣʠʢʘ 25. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʥʘ 

ʨʘʟʣʠʯʥʠ ʧʨʠʤʝʨʠ ʥʘ ʙʝʩʧʦʣʦʚʦ 

ʨʘʟʤʥʦʞʫʚʘˁʝ ʢʘʿ ʘʣʛʠʪʝ.                          

(ʘ)-(ʩ) ʢʣʝʪʦʯʥʘ ʜʝʣʙʘ; (d) ʟʦʦʩʧʦʨʠ,                                  

(ʝ) ʘʧʣʘʥʦʩʧʦʨʠ, (f) ʬʦʨʤʠʨʘˁʝ ʥʘ 

ʘʫʪʦʩʧʦʨʠ,  (g) ʬʦʨʤʠʨʘˁʝ ʥʘ ʘʚʪʦʢʦʣʦʥʠʠ,                        

(h) ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʥʘ ʪʘʣʫʩʦʪ, (i) ʬʦʨʤʠʨʘˁʝ 

ʥʘ ʘʢʠʥʝʪʘ (ʧʨʝʟʝʤʝʥʦ ʦʜ Graham et al. 2016). 

 

 

 

 

 

 

 

ʄʥʦʛʫ ʦʜ ʘʣʛʠʪʝ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʟʦʦʩʧʦʨʠ ʢʦʠ ʩʝ ʬʦʨʤʠʨʘʘʪ ʚʦ ʚʝʛʝʪʘʪʠʚʥʠʪʝ 

ʢʣʝʪʢʠ ʠʣʠ ʚʦ ʧʦʩʝʙʥʠ ʟʦʦʩʧʦʨʘʥʛʠʫʤʠ. ʅʘ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʟʦʦʩʧʦʨʠʪʝ ʧʨʝʪʭʦʜʠ ʜʝʣʙʘ 

ʥʘ ʿʘʜʨʦʪʦ, ʥʘʿʯʝʩʪʦ ʨʝʜʫʢʮʠʩʢʘ ʩʦ ʜʝʣʙʘ ʥʘ ʭʣʦʨʦʧʣʘʩʪʠʪʝ, ʦʨʛʘʥʝʣʠʪʝ ʠ ʮʠʪʦʧʣʘʟʤʘʪʘ, 

ʧʦʨʘʜʠ ʰʪʦ ʪʠʝ ʩʧʦʨʠ ʩʝ ʥʘʨʝʢʫʚʘʪ ʤʝʿʦʩʧʦʨʠ. ɹʨʦʿʦʪ ʥʘ ʟʦʦʩʧʦʨʠʪʝ ʚʦ ʩʧʦʨʘʥʛʠʫʤʠʪʝ 

ʚʘʨʠʨʘ ʦʜ ʝʜʥʘ (Oedogonium, Vaucheria), 100-ʪʠʥʘ (Cladophora), ʜʦ ʧʦʚʝ˃ʝ ʦʜ 20.000 

(Hydrodiction).  

ɿʦʦʩʧʦʨʠʪʝ ʩʝ ʛʠʤʥʦʙʣʘʩʪʠ, ʧʦʜʚʠʞʥʠ ʩʝ ʠ ʧʦʩʝʜʫʚʘʘʪ ʢʘʤʰʠʮʠ (ʩʣʠʢʘ 14), ʯʠʠ 

ʙʨʦʿ, ʛʨʘʜʙʘ ʠ  ʧʦʣʦʞʙʘ ʩʝ ʚʘʞʥʠ ʪʘʢʩʦʥʦʤʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʦ ʥʠʚʥʘʪʘ ʮʠʪʦʧʣʘʟʤʘ ʩʝ 

ʚʠʜʣʠʚʠ ʿʘʜʨʦʪʦ, ʭʣʦʨʦʧʣʘʩʪʠʪʝ, ʩʪʠʛʤʘʪʘ ʠ ʧʫʣʩʘʪʠʚʥʠʪʝ ʚʘʢʫʦʣʠ. ʇʦ ʠʟʣʝʛʫʚʘˁʝʪʦ ʥʘ 

ʟʦʦʩʧʦʨʠʪʝ ʦʜ ʩʧʦʨʘʥʛʠʫʤʠʪʝ, ʦʜ ʥʠʚ ʩʝ ʨʘʟʚʠʚʘʘʪ ʥʦʚʠ ʝʜʠʥʢʠ. 

ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʚʠʜʦʚʠʪʝ ʦʜ ʨʝʜʦʪ Chlorococcales ʠ ʥʝʢʦʠ 

Chrysophyta ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʥʝʧʦʜʚʠʞʥʠ ʘʧʣʘʥʦʩʧʦʨʠ, ʯʠʿ ʢʣʝʪʦʯʝʥ ʼʠʜ ʩʝ ʬʦʨʤʠʨʘ 

ʫʰʪʝ ʚʦ ʩʘʤʘʪʘ ʢʣʝʪʢʘ ʢʘʜʝ ʥʘʩʪʘʥʫʚʘʘʪ.  ʎʨʚʝʥʠʪʝ ʘʣʛʠ ʠ ʨʝʜʦʪ Dictyotales ʦʜ ʢʘʬʝʘʚʠʪʝ 

ʘʣʛʠ ʙʝʩʧʦʣʦʚʦ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʥʝʧʦʜʚʠʞʥʠ ʪʝʪʨʘʩʧʦʨʠ, ʧʨʠ ʰʪʦ ʢʘʿ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʩʝ 

ʩʨʝ˃ʘʚʘʘʪ ʫʰʪʝ ʤʦʥʦʩʧʦʨʠ ʠ  ʙʠʩʧʦʨʠ. ɿʘ ʦʚʠʝ ʚʠʜʦʚʠ ʩʧʦʨʠ, ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʘʧʣʘʥʦʩʧʦʨʠʪʝ, 

ʚʘʞʠ ʜʝʢʘ ʩʝ ʛʠʤʥʦʙʣʘʩʪʠ.  

ʇʦʣʦʚʦʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝ, ʟʘʩʪʘʧʝʥʦ ʢʘʿ ʧʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʘʣʛʠ, ʚʦ ʦʩʥʦʚʘ ʩʝ 

ʩʦʩʪʦʠ ʦʜ ʩʧʦʿʫʚʘˁʝ ʥʘ ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʜʚʝ ʭʘʧʣʦʠʜʥʠ (ʩʦ n ʙʨʦʿ ʭʨʦʤʦʟʦʤʠ) ʩʝʢʩʫʘʣʥʠ 

ʢʣʝʪʢʠ ʢʦʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʛʘʤʝʪʠ. ʈʝʟʫʣʪʘʪ ʥʘ ʥʠʚʥʦʪʦ ʩʧʦʿʫʚʘˁʝ ʝ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʟʠʛʦʪʘ 

ʩʦ ʜʠʧʣʦʠʜʝʥ ʙʨʦʿ ʥʘ ʭʨʦʤʦʟʦʤʠ (2n) ʢʦʿʘ ʨʪʠ ʚʝʜʥʘʰ (ʠʣʠ ʧʦ ʧʝʨʠʦʜ ʥʘ ʤʠʨʫʚʘˁʝ) ʚʦ 

ʥʦʚʘ ʝʜʠʥʢʘ ʠʣʠ ʧʨʝʪʭʦʜʥʦ ʩʦʟʜʘʚʘ ʟʦʦʩʧʦʨʠ. ɻʘʤʝʪʠʪʝ ʛʣʘʚʥʦ ʩʝ ʩʦʟʜʘʚʘʘʪ ʚʦ ʧʦʩʝʙʥʦ 

ʜʠʬʝʨʝʥʮʠʨʘʥʠ ʢʣʝʪʢʠ - ʛʘʤʝʪʘʥʛʠʠ, ʢʦʠ ʩʝ ʥʘʿʯʝʩʪʦ ʝʜʥʦʢʣʝʪʦʯʥʠ, ʦʩʚʝʥ ʢʘʿ ʭʘʨʠʪʝ ʢʘʿ 

ʢʦʠ ʩʝ ʟʘʩʪʘʧʝʥʠ ʧʦʚʝ˃ʝʢʣʝʪʦʯʥʠ ʩʣʦʞʝʥʠ ʦʨʛʘʥʠ ʟʘ ʨʘʟʤʥʦʞʫʚʘˁʝ.  

ʉʧʦʨʝʜ ʚʠʜʦʪ ʥʘ ʛʘʤʝʪʠʪʝ ʧʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʪʠʧʦʚʠ ʥʘ ʧʦʣʦʚʠ ʧʨʦʮʝʩʠ: ʠʟʦʛʘʤʠʿʘ, 

ʭʝʪʝʨʦʛʘʤʠʿʘ, ʦʦʛʘʤʠʿʘ ʠ ʢʦˁʫʛʘʮʠʿʘ (ʩʣʠʢʘ 26). ʀʟʦʛʘʤʠʿʘ ʝ ʧʦʣʦʚ ʧʨʦʮʝʩ ʧʨʠ ʢʦʿ ʩʝ 

ʩʧʦʿʫʚʘʘʪ ʛʘʤʝʪʠ ʢʦʠ ʤʦʨʬʦʣʦʰʢʠ ʥʝ ʤʦʞʘʪ ʜʘ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ, ʥʦ ʠʤʘʘʪ ʬʠʟʠʦʣʦʰʢʠ 
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ʨʘʟʣʠʯʥʠ ʧʦʪʝʥʮʠʿʘʣʠ ʠ ʧʦʨʘʜʠ ʪʦʘ ʩʝ ʦʟʥʘʯʝʥʠ ʩʦ + ʠ -, ʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʠʟʦʛʘʤʝʪʠ. 

ʇʦʤʝʺʫ ʘʣʛʠʪʝ ʢʦʠ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʠʟʦʛʘʤʠʿʘ ʧʦʩʪʦʿʘʪ ʭʦʤʦʪʘʣʫʩʥʠ - ʢʘʿ ʢʦʠ ʩʝ 

ʩʦʝʜʠʥʫʚʘʘʪ ʛʘʤʝʪʠʪʝ ʥʘʩʪʘʥʘʪʠ ʥʘ ʠʩʪ ʪʘʣʫʩ, ʠ ʭʝʪʝʨʦʪʘʣʫʩʥʠ - ʢʘʿ ʢʦʠ ʩʝ ʩʦʝʜʠʥʫʚʘʘʪ 

ʩʘʤʦ ʛʘʤʝʪʠʪʝ ʩʦʟʜʘʜʝʥʠ ʥʘ ʨʘʟʣʠʯʥʠ ʝʜʠʥʢʠ.  

 

ʉʣʠʢʘ 26. ʊʠʧʦʚʠ ʥʘ ʧʦʣʦʚʦ ʨʘʟʤʥʦʞʫʚʘˁʝ ʢʘʿ 

ʘʣʛʠʪʝ. ɸ ï ʠʟʦʛʘʤʠʿʘ ʢʘʿ Chlamydomonas,                             

ɹ ï ʘʥʠʟʦʛʘʤʠʿʘ (ʭʝʪʝʨʦʛʘʤʠʿʘ) ʢʘʿ Ectocarpus,                       

ɺ ï ʬʠʟʠʦʣʦʰʢʘ ʘʥʠʟʦʛʘʤʠʿʘ ʢʘʿ Spirogyra, ɻ ï ʦʦʛʘʤʠʿʘ 

ʢʘʿ Chlamydomonas.  

ʉʣʠʢʘ 27. ɼʠʤʦʨʬʠʟʘʤ ʥʘ ʛʘʤʝʪʠʪʝ ʠ 

ʬʠʣʦʛʝʥʝʪʩʢʠ ʚʨʩʢʠ ʧʦʤʝʺʫ ʚʦʣʚʦʢʘʣʥʠʪʝ 

ʟʝʣʝʥʠ ʘʣʛʠ (ʧʨʝʟʝʤʝʥʦ ʦʜ Geng et al., 2018).  

 

 

ɻʘʤʝʪʠʪʝ ʥʘ ʧʦʚʠʩʦʢʦʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʘʣʛʠ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʥʝ ʩʘʤʦ ʬʠʟʠʦʣʦʰʢʠ, 

ʪʫʢʫ ʠ ʤʦʨʬʦʣʦʰʢʠ. ʇʦʢʨʫʧʥʠʦʪ ʠ ʧʦʤʘʣʢʫ ʧʦʜʚʠʞʥʠʦʪ ʛʘʤʝʪ ʩʝ ʦʟʥʘʯʫʚʘ ʢʘʢʦ ʞʝʥʩʢʠ 

ʠʣʠ ʤʘʢʨʦʛʘʤʝʪ, ʘ ʧʦʩʠʪʥʠʦʪ ʠ ʧʦʜʚʠʞʝʥ ʤʘʰʢʠ ʠʣʠ ʤʠʢʨʦʛʘʤʝʪ. ʊʘʢʚʠʪʝ ʛʘʤʝʪʠ, ʢʦʠ 

ʥʝ ʩʝ ʝʜʥʘʢʚʠ ʧʦ ʛʦʣʝʤʠʥʘ ʠ ʬʦʨʤʘ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʘʥʠʟʦʛʘʤʝʪʠ ʠʣʠ ʭʝʪʝʨʦʛʘʤʝʪʠ. 

ʇʨʦʮʝʩʦʪ ʥʘ ʥʠʚʥʦʪʦ ʩʦʝʜʠʥʫʚʘˁʝ ʩʝ ʥʘʨʝʢʫʚʘ ʭʝʪʝʨʦʛʘʤʠʿʘ.  

ʇʦʥʘʪʘʤʦʰʥʘʪʘ ʝʚʦʣʫʮʠʿʘ ʥʘ ʛʘʤʝʪʠʪʝ ʩʝ ʦʜʚʠʚʘ ʢʦʥ ʩʦʟʜʘʚʘˁʝ ʥʘ ʢʨʫʧʥʘ ʠ 

ʥʝʧʦʜʚʠʞʥʘ ʿʘʿʥʘ ʢʣʝʪʢʘ ʚʦ ʦʦʛʦʥʠʫʤʠʪʝ, ʠ ʩʠʪʥʠ ʧʦʜʚʠʞʥʠ ʩʧʝʨʤʘʪʦʟʦʠʜʠ ʚʦ 

ʘʥʪʝʨʠʜʠʫʤʠʪʝ, ʢʦʠ ʩʝ ʩʦʝʜʠʥʫʚʘʘʪ  ʚʦ ʧʨʦʮʝʩ ʧʦʟʥʘʪ ʢʘʢʦ ʦʦʛʘʤʠʿʘ. ʆʧʣʦʜʫʚʘˁʝʪʦ ʥʘ 

ʿʘʿʥʘʪʘ ʢʣʝʪʢʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʦʦʛʦʥʠʫʤʦʪ, ʘ ʧʦʨʝʪʢʦ ʥʘʜʚʦʨ ʦʜ ʥʝʛʦ, ʥʘʿʯʝʩʪʦ ʚʦ ʚʦʜʥʘ 

ʩʨʝʜʠʥʘ.  

ʄʘʰʢʠʪʝ ʠ ʞʝʥʩʢʠʪʝ ʛʘʤʝʪʠ ʤʦʞʘʪ ʜʘ ʩʝ ʥʘʦʺʘʘʪ ʥʘ ʠʩʪʘ ʝʜʠʥʢʘ, ʧʨʠ ʰʪʦ ʪʘʢʚʠʪʝ 

ʚʠʜʦʚʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʝʜʥʦʜʦʤʥʠ, ʠʣʠ ʤʘʰʢʠʪʝ ʨʝʧʨʦʜʫʢʪʠʚʥʠ ʢʣʝʪʢʠ ʥʘ ʝʜʥʘ, ʘ ʞʝʥʩʢʠʪʝ 

ʥʘ ʜʨʫʛʘ ʝʜʠʥʢʘ, ʚʠʜʦʚʠ ʥʘʨʝʯʝʥʠ ʜʚʦʜʦʤʥʠ.  

ʂʘʿ ʧʨʝʪʩʪʘʚʠʪʝʣʠʪʝ ʥʘ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʦʜ ʢʣʘʩʘʪʘ Conjugatophyceae ʩʝ ʩʨʝʪʥʫʚʘ 

ʧʦʩʝʙʝʥ ʚʠʜ ʥʘ ʧʦʣʦʚ ʧʨʦʮʝʩ ʢʘʜʝ ʠʟʦʛʘʤʝʪʠʪʝ ʥʝʤʘʘʪ ʢʘʤʰʠʮʠ ʠ ʩʝ ʧʨʠʜʚʠʞʫʚʘʘʪ ʩʦ 

ʘʤʝʙʦʚʠʜʥʠ ʜʚʠʞʝˁʘ ʝʜʥʠ ʢʦʥ ʜʨʫʛʠ. ʉʧʦʨʝʜ ʪʦʘ, ʧʨʦʮʝʩʦʪ ʧʨʠ ʢʦʿ ʜʦʘʺʘ ʜʦ ʩʧʦʿʫʚʘˁʝ ʥʘ 
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ʜʚʝ ʤʦʨʬʦʣʦʰʢʠ ʝʜʥʘʢʚʠ ʛʘʤʝʪʠ ʥʘʩʪʘʥʘʪʠ ʦʜ ʮʝʣʘʪʘ ʩʦʜʨʞʠʥʘ ʥʘ ʧʨʦʪʦʧʣʘʩʪʦʪ ʠ ʢʦʠ ʥʝ 

ʧʦʩʝʜʫʚʘʘʪ ʢʘʤʰʠʮʠ ʩʝ ʥʘʨʝʢʫʚʘ ʢʦˁʫʛʘʮʠʿʘ (ʩʣʠʢʘ 28). 

 

ʉʣʠʢʘ 28. ʂʦˁʫʛʘʮʠʿʘ ʢʘʿ Spirogyra sp. ɺʠʜʣʠʚʠ ʩʝ 

ʧʨʦʮʝʩʠʪʝ ʥʘ ʮʝʣʦʩʝʥ ʧʨʝʤʠʥ ʥʘ ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ 

ʦʜ ʝʜʝʥ ʬʠʣʘʤʝʥʪ ʢʦʥ ʜʨʫʛ, ʢʦˁʫʛʘʮʠʩʢʠʪʝ ʤʦʩʪʦʚʠ, ʠ 

ʟʠʛʦʪʠ ʢʦʠ ʩʝ ʬʦʨʤʠʨʘʘʪ ʚʦ ʝʜʝʥ ʦʜ ʬʠʣʘʤʝʥʪʠʪʝ.  

 

 

ʇʦʢʨʘʿ ʦʧʠʰʘʥʠʪʝ ʧʨʦʮʝʩʠ ʥʘ 

ʨʘʟʤʥʦʞʫʚʘˁʝ, ʘʣʛʠʪʝ ʩʦ ʧʦʧʨʠʤʠʪʠʚʥʘ ʛʨʘʜʙʘ 

ʤʦʞʘʪ ʧʦʣʦʚʦ ʜʘ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʠ ʩʦ 

ʭʦʣʦʛʘʤʠʿʘ, ʧʨʦʮʝʩ ʧʨʠ ʢʦʿ ʢʦʤʧʣʝʪʥʦ ʩʝ 

ʩʦʝʜʠʥʫʚʘ ʩʦʜʨʞʠʥʘʪʘ ʥʘ ʜʚʝ ʘʢʪʠʚʥʦ ʧʦʜʚʠʞʥʠ 

ʢʣʝʪʢʠ. ʉʠʣʠʢʘʪʥʠʪʝ ʘʣʛʠ ʤʦʞʘʪ ʜʘ ʚʣʝʟʘʪ ʚʦ 

ʧʨʦʮʝʩ ʥʘ ʘʫʪʦʛʘʤʠʿʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠ, 

ʜʦʜʝʢʘ ʢʘʿ ʥʝʢʦʠ ʭʘʨʠ (Chara crinita) ʩʝ ʩʨʝʪʥʫʚʘ ʜʫʨʠ ʠ ʧʨʦʮʝʩʦʪ ʧʦʟʥʘʪ ʢʘʢʦ 

ʧʘʨʪʝʥʦʛʝʥʝʟʘ, ʢʘʜʝ ʥʝ ʜʦʘʺʘ ʜʦ ʦʧʣʦʜʫʚʘˁʝ, ʪʫʢʫ ʥʦʚʘʪʘ ʝʜʠʥʢʘ ʩʝ ʨʘʟʚʠʚʘ ʦʜ 

ʥʝʦʧʣʦʜʝʥʘ ʿʘʿʥʘ ʢʣʝʪʢʘ.  

ɺʦ ʪʝʢʦʪ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʦʪ ʨʘʟʚʠʪʦʢ, ʩʝʢʦʿʘ ʘʣʛʘ ʧʦʤʠʥʫʚʘ ʥʠʟ ʨʝʜʠʮʘ ʩʫʢʮʝʩʠʚʥʠ 

ʧʨʦʤʝʥʠ, ʢʦʠ ʥʘʿʯʝʩʪʦ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʮʠʢʣʫʩ ʥʘ ʨʘʟʚʠʪʦʢ. ʅʘ ʧʨʠʤʝʨ, ʚʦ ʮʠʢʣʫʩʦʪ ʥʘ 

ʨʘʟʚʠʪʦʢ ʥʘ ʘʣʛʠʪʝ ʢʦʠ ʧʦʣʦʚʦ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ, ʚʦ ʢʘʨʠʦʣʦʰʢʠ ʧʦʛʣʝʜ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ 

ʭʘʧʣʦʠʜʥʘ ʠ ʜʠʧʣʦʠʜʥʘ ʬʘʟʘ ʢʦʠ ʧʨʘʚʠʣʥʦ ʩʝ ʩʤʝʥʫʚʘʘʪ. ʇʨʝʦʜʦʪ ʦʜ ʭʘʧʣʦʠʜʥʘʪʘ ʚʦ 

ʜʠʧʣʦʠʜʥʘʪʘ ʬʘʟʘ ʩʝ ʦʜʚʠʚʘ ʧʨʠ ʦʧʣʦʜʫʚʘˁʝʪʦ, ʜʦʜʝʢʘ ʦʜ ʜʠʧʣʦʠʜʥʘʪʘ ʚʦ ʭʘʧʣʦʠʜʥʘʪʘ 

ʧʨʠ ʤʝʿʦʪʩʢʘʪʘ ʜʝʣʙʘ ʥʘ ʿʘʜʨʦʪʦ, ʢʦʿʘ ʧʨʝʪʭʦʜʠ ʥʘ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʛʘʤʝʪʠʪʝ. ʇʨʘʚʠʣʥʦʪʦ 

ʩʤʝʥʫʚʘˁʝ ʥʘ ʦʚʠʝ ʜʚʝ ʬʘʟʠ ʩʝ ʥʘʨʝʢʫʚʘ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠ ʬʘʟʠ.  

ɺʦ ʮʠʢʣʫʩʦʪ ʥʘ ʨʘʟʚʠʪʦʢ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʚʠʜʦʚʠ ʘʣʛʠ, ʭʘʧʣʦʠʜʥʘʪʘ ʠ ʜʠʧʣʦʠʜʥʘʪʘ 

ʬʘʟʘ ʩʝ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʠ ʦʜʜʘʣʝʯʝʥʠ. ʅʘ ʧʨʠʤʝʨ, ʢʘʿ ʧʦʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ ʟʝʣʝʥʠʪʝ 

ʘʣʛʠ ʧʨʚʘʪʘ ʜʝʣʙʘ ʚʦ ʿʘʜʨʦʪʦ ʥʘ ʟʠʛʦʪʦʪ ʝ ʤʝʿʦʟʘ, ʘ ʧʦ ʥʝʘ ʩʣʝʜʫʚʘ ʫʰʪʝ ʝʜʥʘ ʤʠʪʦʪʠʯʥʘ 

ʜʝʣʙʘ, ʰʪʦ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʩʦʟʜʘʚʘ ʭʘʧʣʦʠʜʥʠ ʟʦʦʩʧʦʨʠ ʦʜ ʢʦʠ ˃ʝ ʩʝ ʜʦʙʠʿʘʪ ʥʦʚʠ 

ʭʘʧʣʦʠʜʥʠ ʝʜʠʥʢʠ. ʅʘ ʪʠʝ ʭʘʧʣʦʥʪʠ ʩʝ ʦʙʨʘʟʫʚʘʘʪ ʛʘʤʝʪʘʥʛʠʠ ʩʦ ʛʘʤʝʪʠ ʩʦ ʯʠʝ 

ʦʧʣʦʜʫʚʘˁʝ ʧʦʚʪʦʨʥʦ ʩʝ ʜʦʙʠʚʘ ʟʠʛʦʪʘ ʦʜ ʢʦʿʘ, ʧʨʝʢʫ ʤʝʿʦʟʘ, ʩʝ ʦʙʨʘʟʫʚʘʘʪ ʭʘʧʣʦʠʜʥʠ 

ʟʦʦʩʧʦʨʠ ʠ ʮʠʢʣʫʩʦʪ ʩʝ ʧʦʚʪʦʨʫʚʘ. ʇʨʝʢʫ ʦʚʦʿ ʮʠʢʣʫʩ ʤʦʞʝʤʝ ʜʘ ʟʘʢʣʫʯʠʤʝ ʜʝʢʘ ʪʘʣʫʩʦʪ 

ʥʘ ʘʣʛʠʪʝ ʩʦ ʦʚʦʿ ʪʠʧ ʥʘ ʨʘʟʤʥʦʞʫʚʘˁʝ ʝ ʭʘʧʣʦʠʜʝʥ ʠ ʜʝʢʘ ʚʦ ʮʝʣʠʦʪ ʮʠʢʣʫʩ ʥʘ ʨʘʟʚʠʪʦʢ 

ʩʘʤʦ ʿʘʜʨʦʪʦ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʜʠʧʣʦʠʜʥʘ ʬʘʟʘ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʿʘʩʥʦ ʝ ʜʝʢʘ ʧʨʦʮʝʩʠʪʝ ʥʘ 

ʩʠʥʛʘʤʠʿʘʪʘ (ʩʧʦʿʫʚʘˁʝ ʥʘ ʧʦʣʦʚʠʪʝ ʢʣʝʪʢʠ) ʠ ʤʝʿʦʟʘʪʘ ʩʝ ʙʣʠʩʢʫ ʝʜʝʥ ʜʦ ʜʨʫʛ, ʩʦ ʰʪʦ 

ʦʚʘʘ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠʪʝ ʬʘʟʠ ʩʝ ʥʘʨʝʢʫʚʘ ʟʠʛʦʪʩʢʘ ʩʤʝʥʘ. ʇʦʢʨʘʿ ʟʠʛʦʪʩʢʘʪʘ, ʢʘʿ ʘʣʛʠʪʝ 

ʥʝʰʪʦ ʧʦʨʝʪʢʦ ʩʝ ʿʘʚʫʚʘ ʠ ʛʘʤʝʪʩʢʘʪʘ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠ ʬʘʟʠ (Fucus, Acetabularia), ʢʘʜʝ 

ʨʝʜʫʢʮʠʩʢʘʪʘ ʜʝʣʙʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʛʘʤʝʪʘʥʛʠʫʤʠʪʝ ʧʨʠ ʬʦʨʤʠʨʘˁʝ ʥʘ ʛʘʤʝʪʠʪʝ. ʇʦ 

ʩʧʦʿʫʚʘˁʝʪʦ ʥʘ ʭʘʧʣʦʠʜʥʠʪʝ ʛʘʤʝʪʠ, ʩʝ ʩʦʟʜʘʚʘ ʜʠʧʣʦʠʜʝʥ ʟʠʛʦʪ ʦʜ ʢʦʿ ʩʝ ʬʦʨʤʠʨʘ ʥʦʚʘ 
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ʜʠʧʣʦʠʜʥʘ ʝʜʠʥʢʘ ʥʘ ʢʦʿʘ ʧʦʚʪʦʨʥʦ ʩʝ ʨʘʟʚʠʚʘʘʪ ʛʘʤʝʪʘʥʛʠʫʤʠ ʩʦ ʭʘʧʣʦʠʜʥʠ ʛʘʤʝʪʠ. ʉʦ 

ʪʦʘ, ʤʝʿʦʟʘʪʘ ʩʝ ʦʜʚʠʚʘ ʥʘ ʜʠʧʣʦʠʜʥʠʦʪ ʪʘʣʫʩ ʥʘ ʘʣʛʘʪʘ, ʘ ʭʘʧʣʦʠʜʥʠ ʩʝ ʩʘʤʦ ʛʘʤʝʪʠʪʝ.  

 

 

 

ʉʣʠʢʘ 29. ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ 

ʥʘ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠ ʬʘʟʠ ʠ 

ʨʘʟʣʠʯʥʠʪʝ ʮʠʢʣʫʩʠ ʥʘ 

ʨʘʟʚʠʪʦʢ ʢʘʿ ʘʣʛʠʪʝ. ɸ ï 

ʟʠʛʦʪʩʢʘ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠ ʬʘʟʠ ʢʘʿ 

Clamydomonas, ɹ ï ʛʘʤʝʪʩʢʘ ʩʤʝʥʘ 

ʥʘ ʿʘʜʨʦʚʠ ʬʘʟʠ ʢʘʿ Fucus, ɺ ï 

ʠʥʪʝʨʤʝʜʠjaʨʥʘ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠ 

ʬʘʟʠ ʢʘʿ Ulva.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʘʢʦ ʧʨʝʦʜʥʘ ʬʘʟʘ ʧʦʤʝʺʫ ʦʚʠʝ ʜʚʘ ʮʠʢʣʫʩʘ ʩʝ ʿʘʚʫʚʘ ʠʥʪʝʨʤʝʜʠʿʘʨʥʘʪʘ ʩʤʝʥʘ ʥʘ 

ʿʘʜʨʦʚʠ ʬʘʟʠ ʧʨʠ ʢʦʿʘ ʦʜ ʟʠʛʦʪʘʪʘ ʩʝ ʨʘʟʚʠʚʘ ʜʠʧʣʦʠʜʝʥ ʪʘʣʫʩ ʥʘ ʢʦʿ ʩʝ ʬʦʨʤʠʨʘʘʪ ʦʨʛʘʥʠ 

ʟʘ ʙʝʩʧʦʣʦʚʦ ʨʘʟʤʥʦʞʫʚʘˁʝ ʠʣʠ ʩʧʦʨʘʥʛʠʫʤʠ ʚʦ ʢʦʠ ʩʝ ʬʦʨʤʠʨʘʘʪ ʭʘʧʣʦʠʜʥʠ ʤʝʿʦʩʧʦʨʠ. 

ʆʜ ʤʝʿʦʩʧʦʨʠʪʝ ʩʝ ʨʘʟʚʠʚʘʘʪ ʭʘʧʣʦʠʜʥʠ ʝʜʠʥʢʠ ʦʜ ʠʩʪʠʦʪ ʚʠʜ ʥʘ ʢʦʠ ʩʝʛʘ ʩʝ ʬʦʨʤʠʨʘʘʪ 

ʛʘʤʝʪʘʥʛʠʫʤʠ ʩʦ ʛʘʤʝʪʠ. ʅʠʚʥʦʪʦ ʩʧʦʿʫʚʘˁʝ ʧʦʚʪʦʨʥʦ ʩʦʟʜʘʚʘ ʟʠʛʦʪʘ, ʘ ʦʜ ʥʝʘ ʥʦʚ 

ʜʠʧʣʦʠʜʝʥ ʪʘʣʫʩ. ɺʠʜʦʚʠʪʝ ʘʣʛʠ ʢʦʠ ʩʝ ʦʜʣʠʢʫʚʘʘʪ ʩʦ ʚʘʢʚʘ ʩʤʝʥʘ ʥʘ ʿʘʜʨʦʚʠ ʬʘʟʠ 

(Laminaria, Ulva) ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʭʘʧʣʦʜʠʧʣʦʥʪʠ, ʧʨʠ ʰʪʦ ʭʘʧʣʦʠʜʥʠʪʝ ʪʘʣʫʩʠ ʢʦʠ 

ʩʦʟʜʘʚʘʘʪ ʛʘʤʝʪʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʛʘʤʝʪʦʬʠʪ, ʘ ʜʠʧʣʦʠʜʥʠʪʝ ʢʦʠ ʩʦʟʜʘʚʘʘʪ ʩʧʦʨʠ 

ʩʧʦʨʦʬʠʪ (ʩʣʠʢʘ 29).  

 ʅʘʠʟʤʝʥʠʯʥʦ ʩʤʝʥʫʚʘˁʝ ʥʘ ʛʘʤʝʪʦʬʠʪʦʪ ʠ ʩʧʦʨʦʬʠʪʦʪ ʚʦ ʮʠʢʣʫʩʦʪ ʥʘ ʨʘʟʚʠʪʦʢ ʥʘ 

ʘʣʛʠʪʝ ʩʝ ʥʘʨʝʢʫʚʘ ʩʤʝʥʘ ʥʘ ʛʝʥʝʨʘʮʠʠ, ʪʝʨʤʠʥ ʢʦʿ ʩʝʧʘʢ ʥʝ ʝ ʮʝʣʦʩʥʦ ʦʧʨʘʚʜʘʥ ʧʦʨʘʜʠ 

ʪʦʘ ʰʪʦ ʛʘʤʝʪʦʬʠʪʦʪ ʠ ʩʧʦʨʦʬʠʪʦʪ ʥʝ ʩʝ ʧʦʩʝʙʥʠ ʛʝʥʝʨʘʮʠʠ ʪʫʢʫ ʩʘʤʦ ʜʚʝ ʤʦʨʬʦʣʦʰʢʠ 

ʬʘʟʠ ʥʘ ʝʜʠʥʩʪʚʝʥ ʮʠʢʣʫʩ ʥʘ ʨʘʟʚʠʪʦʢ. ʇʨʠ ʪʦʘ, ʪʠʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʩʦ ʩʣʠʯʥʘ ʛʨʘʜʙʘ ʠ 
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ʛʦʣʝʤʠʥʘ (ʠʟʦʤʦʨʬʥʘ ʩʤʝʥʘ ʥʘ ʛʝʥʝʨʘʮʠʠó) ʠʣʠ ʜʝʣʫʤʥʦ ʠʣʠ ʮʝʣʦʩʥʦ ʨʘʟʣʠʯʥʠ ʝʜʝʥ ʦʜ 

ʜʨʫʛ (ʭʝʪʝʨʦʤʦʨʬʥʘ ʩʤʝʥʘ ʥʘ ʛʝʥʝʨʘʮʠʠó).  

˜˛˟˒˗˘˛ȟ ˒ˏ˛˘ˠˣ˕˶ˍ ˕ ˡ˕˘˛ː˒˚˕˶ˍ ˚ˍ ˍ˘ː˕˟˒ 

ʇʨʦʫʯʫʚʘˁʝʪʦ ʥʘ ʧʦʪʝʢʣʦʪʦ ʠ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʘʣʛʠʪʝ ʠʤʘ ʠʩʢʣʫʯʠʪʝʣʥʦ ʚʘʞʥʘ 

ʪʝʦʨʠʩʢʘ ʟʘʜʘʯʘ ʚʦ ʨʘʩʚʝʪʣʫʚʘˁʝʪʦ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʧʦʩʪʘʥʦʢʦʪ ʥʘ ʞʠʚʦʪʦʪ ʥʘ ʥʘʰʘʪʘ 

ʧʣʘʥʝʪʘ, ʦʨʛʘʥʩʢʘʪʘ ʠ ʤʦʨʬʦʣʦʰʢʘ ʝʚʦʣʫʮʠʿʘ, ʧʦʿʘʚʘʪʘ ʠ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʧʦʣʦʚʠʦʪ ʧʨʦʮʝʩ, 

ʥʘʯʠʥʦʪ ʥʘ ʠʩʭʨʘʥʘ, ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʠ ʜʨʫʛʠ ʙʘʟʠʯʥʠ ʙʠʦʣʦʰʢʠ ʧʨʘʰʘˁʘ.  

ʉʧʦʨʝʜ ʧʦʜʘʪʦʮʠʪʝ ʜʦʙʠʝʥʠ ʩʦ ʢʦʤʧʣʝʢʩʥʠʪʝ ʧʨʦʫʯʫʚʘˁʘ ʥʘ ʬʦʩʠʣʥʠʪʝ ʠ 

ʩʦʚʨʝʤʝʥʠʪʝ ʬʦʨʤʠ ʥʘ ʞʠʚʦʪ, ʩʦ ʛʦʣʝʤʘ ʩʠʛʫʨʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ 

ʧʨʚʦʙʠʪʥʠʪʝ ʬʦʨʤʠ ʥʘ ʞʠʚʦʪ ʙʠʣʝ ʘʥʘʝʨʦʙʥʠ ʭʝʪʝʨʦʪʨʦʬʥʠ ʦʨʛʘʥʠʟʤʠ ʩʦ ʧʨʦʢʘʨʠʦʪʩʢʘ 

ʛʨʘʜʙʘ ʯʠʠ ʦʩʪʘʪʦʮʠ ʩ¯ ʫʰʪʝ ʥʝ ʩʝ ʧʨʦʥʘʿʜʝʥʠ. ʅʘʿʩʪʘʨʠʪʝ ʬʦʩʠʣʥʠ ʦʩʪʘʪʦʮʠ ʧʨʠʧʘʺʘʘʪ 

ʢʦʥ ʙʘʢʪʝʨʠʠʪʝ ʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʧʨʦʥʘʿʜʝʥʠ ʚʦ ʬʦʩʠʣʥʠʪʝ ʢʘʨʧʠ ʩʪʘʨʠ 3,5 ʤʠʣʠʿʘʨʜʠ 

ʛʦʜʠʥʠ, ʠʘʢʦ ʠʤʘ ʜʦʢʘʟʠ ʜʝʢʘ ʙʠʦʣʦʰʢʘʪʘ ʝʚʦʣʫʮʠʿʘ ʟʘʧʦʯʥʘʣʘ ʧʦʨʘʥʦ, ʧʨʝʜ 4 ï 4,5 

ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ. ʌʦʩʠʣʠʪʝ ʥʘ ʧʨʚʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ ʦʨʛʘʥʠʟʤʠ ʧʨʦʥʘʿʜʝʥʠ ʩʝ ʚʦ ʩʣʦʝʚʠʪʝ 

ʩʪʘʨʠ 1,4-1,2 ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ.  

ɺʦ ʪʦʣʢʫʚʘˁʝʪʦ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʦʨʛʘʥʠʟʤʠ ʦʜ ʧʨʦʢʘʨʠʦʪʩʢʠʪʝ ʩʝ 

ʿʘʚʫʚʘʘʪ ʜʚʝ ʛʣʝʜʠʰʪʘ. ʉʧʦʨʝʜ ʝʜʥʦʪʦ ʛʣʝʜʠʰʪʝ, ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʬʦʨʤʠ ʩʝ ʿʘʚʫʚʘʘʪ ʩʦ 

ʧʦʩʪʝʧʝʥʦ ʫʩʣʦʞʥʫʚʘˁʝ ʥʘ ʛʨʘʜʙʘʪʘ ʥʘ ʧʨʦʢʘʨʠʦʪʩʢʠʪʝ ʦʨʛʘʥʠʟʤʠ, ʧʨʠ ʰʪʦ ʢʘʢʦ ʜʦʢʘʟ ʩʝ 

ʧʦʪʨʝʙʥʠ ʬʦʩʠʣʥʠ ʦʩʪʘʪʦʮʠ ʥʘ ʧʨʝʦʜʥʠʪʝ ʬʦʨʤʠ ʢʦʠ ʜʦ ʜʝʥʝʩ ʥʝ ʩʝ ʧʨʦʥʘʿʜʝʥʠ. ʇʦʨʘʜʠ 

ʪʦʘ, ʜʝʥʝʩ ʚʦ ʥʘʫʢʘʪʘ ʩʝ ʧʦʚʝ˃ʝ ʧʨʠʚʨʟʘʥʠʮʠ ʜʦʙʠʚʘ ʪʝʦʨʠʿʘʪʘ ʥʘ ʩʠʤʙʠʦʛʝʥʝʟʘ ʩʧʦʨʝʜ ʢʦʿʘ 

ʧʨʚʠʪʝ ʞʠʚʠ ʦʨʛʘʥʠʟʤʠ ʙʠʣʝ ʘʤʝʙʦʚʠʜʥʠ, ʘʥʘʝʨʦʙʥʠ ʭʝʪʝʨʦʪʨʦʬʠ. ʉʦ ʥʠʚʥʘ ʝʚʦʣʫʮʠʿʘ ʩʝ 

ʩʦʟʜʘʚʘʘʪ ʧʨʚʠʪʝ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʩʠʥʪʝʪʠʟʠʨʘʘʪ ʧʦʨʬʠʨʠʥ-ʮʠʪʦʭʨʦʤ ʧʨʝʢʫ ʢʦʿ ʝ 

ʦʚʦʟʤʦʞʝʥʘ ʭʝʤʦʩʠʥʪʝʟʘʪʘ, ʦʜʥʦʩʥʦ ʭʝʤʦʘʚʪʨʦʪʨʦʬʥʘʪʘ ʠʩʭʨʘʥʘ. ʇʦʜʦʮʥʘ, ʚʦ ʤʦʣʝʢʫʣʘʪʘ 

ʥʘ ʮʠʪʦʭʨʦʤʦʪ, ʘʪʦʤʦʪ ʥʘ ʞʝʣʝʟʦʪʦ ʩʝ ʟʘʤʝʥʫʚʘ ʩʦ ʤʘʛʥʝʟʠʫʤ ʠ ʩʝ ʿʘʚʫʚʘ ʧʨʚʘʪʘ ʤʦʣʝʢʫʣʘ 

ʥʘ ʭʣʦʨʦʬʠʣ, ʦʜʥʦʩʥʦ ʧʨʚʠʪʝ ʟʘʯʝʪʦʮʠ ʥʘ ʘʚʪʦʪʨʦʬʥʠʪʝ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʚʨʰʘʪ 

ʬʦʪʦʩʠʥʪʝʟʘ. ʇʦʿʘʚʘʪʘ ʥʘ ʧʨʦʮʝʩʦʪ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘ ʝ ʟʥʘʯʘʿʥʘ ʧʨʝʢʨʝʪʥʠʮʘ ʚʦ ʝʚʦʣʫʮʠʿʘʪʘ 

ʙʠʜʝʿ˃ʠ ʥʘ ʪʦʿ ʥʘʯʠʥ, ʧʦʢʨʘʿ ʧʨʦʜʫʢʮʠʿʘ ʥʘ ʧʨʠʤʘʨʥʘ ʙʠʦʤʘʩʘ ʚʦ ʚʦʜʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ, ʩʝ 

ʿʘʚʫʚʘ ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʤʦʣʝʢʫʣʘʨʝʥ ʢʠʩʣʦʨʦʜ ʚʦ ʚʦʜʘʪʘ ʠ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʬʦʨʤʠʨʘˁʝ ʥʘ 

ʫʩʣʦʚʠ ʟʘ ʧʦʿʘʚʘ ʥʘ ʘʝʨʦʙʥʠʪʝ ʦʨʛʘʥʠʟʤʠ.  

ʉʧʦʨʝʜ ʪʝʦʨʠʿʘʪʘ ʥʘ ʩʠʤʙʠʦʛʝʥʝʟʘʪʘ, ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʘʤʝʙʦʚʠʜʥʠʪʝ ʧʨʦʢʘʨʠʦʪʠ 

ʩʦʟʜʘʚʘʘʪ ʩʠʤʙʠʦʟʘ ʩʦ ʘʝʨʦʙʥʠʪʝ ʙʘʢʪʝʨʠʠ ʠ ʪʘʢʘ ʬʦʨʤʠʨʘʘʪ ʟʘʯʝʪʦʮʠ ʥʘ ʤʠʪʦʭʦʥʜʨʠʠ. 

ʉʣʝʜʥʘʪʘ ʬʘʟʘ ʝ ʩʠʤʙʠʦʪʩʢʦ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ʙʘʢʪʝʨʠʩʢʘ ʬʦʨʤʘ ʩʣʠʯʥʘ ʥʘ ʩʧʠʨʦʭʝʪʠʪʝ, 

ʢʦʿʘ ʚʦ ʥʦʚʠʦʪ ʦʨʛʘʥʠʟʘʤ ʜʦʥʝʩʫʚʘ ʿʘʜʨʦ ʠ ʦʨʛʘʥʠ ʟʘ ʜʚʠʞʝˁʝ ʦʜʥʦʩʥʦ ʢʘʤʰʠʮʠ. ʅʘ ʦʚʦʿ 

ʥʘʯʠʥ ʩʝ ʦʙʿʘʩʥʫʚʘ ʧʦʿʘʚʘʪʘ ʥʘ ʧʨʚʠʦʪ ʭʝʪʝʨʦʪʨʦʬʝʥ ʝʫʢʘʨʠʦʪʩʢʠ ʦʨʛʘʥʠʟʘʤ. ʇʦʥʘʪʘʤʫ, 

ʥʝʢʦʠ ʦʜ ʦʚʠʝ ʥʦʚʠ ʬʦʨʤʠ ʚʣʝʛʫʚʘ ʚʦ ʩʠʤʙʠʦʟʘ ʩʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʢʦʠ ʥʦʩʘʪ 

ʪʠʣʘʢʦʠʜʠ ʠʣʠ ʟʘʯʝʪʦʮʠ ʥʘ ʥʦʚʘ ʦʨʛʘʥʝʣʘ - ʧʣʘʩʪʠʜ, ʩʦ ʰʪʦ ʩʝ ʩʦʟʜʘʚʘ ʤʦʞʥʦʩʪ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʥʘ ʧʨʚʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ ʘʚʪʦʪʨʦʬʥʠ ʦʨʛʘʥʠʟʤʠ (ʩʣʠʢʘ 30). 

ʇʨʠʢʘʞʘʥʘ ʥʘ ʦʚʦʿ ʢʫʩ ʥʘʯʠʥ, ʪʝʦʨʠʿʘʪʘ ʥʘ ʩʠʤʙʠʦʛʝʥʝʟʘ, ʚʩʫʰʥʦʩʪ, ʫʢʘʞʫʚʘ ʜʝʢʘ 

ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʢʣʝʪʢʠ ʩʝ ʪʦʣʢʫʚʘ ʢʘʢʦ ʜʦʣʛ ʝʚʦʣʫʪʠʚʝʥ ʧʨʦʮʝʩ ʥʘ ʤʥʦʛʫ 
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ʝʥʜʦʩʠʤʙʠʦʟʠ. ʇʦʨʘʜʠ ʪʦʘ, ʦʚʘʘ ʪʝʦʨʠʿʘ ʫʰʪʝ ʥʦʩʠ ʠʤʝ ʪʝʦʨʠʿʘ ʥʘ ʩʝʨʠʩʢʠ ʝʥʜʦʩʠʤʙʠʦʟʠ. 

ʆʩʥʦʚʘʪʘ ʥʘ ʦʚʘ ʪʝʦʨʠʿʘ ʥʝ ʩʝ ʙʘʟʠʨʘ ʩʘʤʦ ʥʘ ʪʝʦʨʠʩʢʦ-ʥʘʫʯʥʠ ʧʨʝʪʧʦʩʪʘʚʢʠ, ʪʫʢʫ ʠ ʩʝʨʠʿʘ 

ʥʘʫʯʥʠ ʜʦʢʘʟʠ ʟʘ ʬʦʨʤʠʪʝ ʥʘ ʩʠʤʙʠʦʪʩʢʠʪʝ ʦʜʥʦʩʠ ʢʦʠ ʜʝʥʝʩ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʚʦ ʞʠʚʠʦʪ ʩʚʝʪ, 

ʘ ʩʝʢʘʢʦ ʠ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʦʨʛʘʥʝʣʠ ʥʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʢʣʝʪʢʠ 

ʢʦʠ ʧʦʢʘʞʫʚʘʘʪ ʚʠʩʦʢ ʩʪʝʧʝʥ ʥʘ ʘʚʪʦʥʦʤʠʿʘ, ʧʦʩʝʙʥʦ ʚʦ ʦʜʥʦʩ ʥʘ ʥʫʢʣʝʠʥʩʢʠʦʪ ʤʘʪʝʨʠʿʘʣ, 

ʰʪʦ ʫʢʘʞʫʚʘ ʜʝʢʘ ʥʝʢʦʛʘʰ ʙʠʣʝ ʦʜʚʦʝʥʠ ʩʘʤʦʩʪʦʿʥʠ ʦʨʛʘʥʠʟʤʠ.  

 

ʉʣʠʢʘ 30. ʐʝʤʘʪʩʢʠ 

ʧʨʠʢʘʟ ʥʘ ʪʝʦʨʠʿʘʪʘ 

ʥʘ ʧʦʚʝ˃ʝʢʨʘʪʥʘʪʘ 

ʩʠʤʙʠʦʛʝʥʝʟʘ ʚʦ 

ʝʚʦʣʫʮʠʿʘʪʘ ʥʘ 

ʞʠʚʠʦʪ ʩʚʝʪ ʥʘ 

ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ.  

 

 

 

 

 

 

ɺʨʟ ʙʘʟʘ ʥʘ ʜʝʥʝʰʥʠʪʝ ʧʦʟʥʘʚʘˁʘ ʟʘ ʧʦʪʝʢʣʦʪʦ ʥʘ ʘʣʛʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ 

ʦʚʘʘ ʛʨʫʧʘ ʥʘ ʦʨʛʘʥʠʟʤʠ ʚʦʜʠ ʧʦʪʝʢʣʦ ʦʜ ʥʝʢʦʠ ʧʨʦʢʘʨʠʦʪʩʢʠ ʦʨʛʘʥʠʟʤʠ ʩʦ ʭʣʦʨʦʬʠʣ. ʆʜ 

ʥʠʚ ʥʘʿʧʨʚʦ ʩʝ ʠʟʜʚʦʠʣʝ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʢʦʠ ʩʦ ʩʚʦʠʪʝ ʧʨʠʤʠʪʠʚʥʠ ʦʩʦʙʠʥʠ, ʢʘʢʚʠ 

ʰʪʦ ʩʝ: ʦʪʩʫʩʪʚʦ ʥʘ ʧʦʣʦʚʠʦʪ ʧʨʦʮʝʩ ʥʘ ʨʘʟʤʥʦʞʫʚʘˁʝ, ʦʪʩʫʩʪʚʦ ʥʘ ʧʦʜʚʠʞʥʠ ʬʘʟʠ, 

ʧʨʠʩʫʩʪʚʦ ʥʘ ʤʫʨʝʠʥ ʚʦ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʠ ʬʠʢʦʙʠʣʠʥʠ ʢʘʢʦ ʧʠʛʤʝʥʪʠ, ʢʘʢʦ ʠ ʧʦʩʝʜʫʚʘˁʝ 

ʥʘ ʩʘʤʦ ʝʜʝʥ ʭʣʦʨʦʬʠʣ (Chl ʘ) ʠ ʦʪʩʫʩʪʚʦ ʥʘ ʩʪʝʨʦʣʠ, ʿʘ ʧʦʪʚʨʜʫʚʘʘʪ ʥʠʚʥʘʪʘ ʛʦʣʝʤʘ 

ʩʪʘʨʦʩʪ.  

ʇʦʥʘʪʘʤʦʰʥʘʪʘ ʝʚʦʣʫʮʠʿʘ ʥʘ ʘʣʛʠʪʝ ʩʝ ʦʜʚʠʚʘʣʘ ʚʦ ʧʨʘʚʝʮ ʥʘ ʠʟʜʚʦʿʫʚʘˁʝ ʥʘ 

ʧʨʚʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ ʦʨʛʘʥʠʟʤʠ, ʦʜ ʢʦʠ, ʩʧʦʨʝʜ ʤʥʦʛʫ ʘʚʪʦʨʠ, ʥʘʿʨʘʥʦ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ 

ʮʨʚʝʥʠʪʝ ʘʣʛʠ. ʅʠʚʥʦʪʦ ʧʦʪʝʢʣʦ, ʢʦʝ ʠʩʪʦ ʪʘʢʘ ʚʦ ʮʝʣʦʩʪ ʥʝ ʝ ʨʘʟʿʘʩʥʝʪʦ, ʫʢʘʞʫʚʘ ʜʝʢʘ ʩʝ 

ʩʦ ʩʣʠʯʥʘ ʩʪʘʨʦʩʪ ʢʘʢʦ ʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʩʦ ʬʦʩʠʣʥʠ ʦʩʪʘʪʦʮʠ ʦʜ ʧʝʨʠʦʜʦʪ ʥʘ 

ʧʨʝʜʢʘʤʙʨʠʫʤ. ʅʠʚʥʠʪʝ ʘʨʭʘʠʯʥʠ ʦʩʦʙʠʥʠ ʢʘʢʦ ʥʝʜʦʩʪʠʛ ʥʘ ʧʦʜʚʠʞʥʠ ʩʪʘʜʠʫʤʠ, 

ʬʠʢʦʙʠʣʠʥʠ ʢʘʢʦ ʜʦʤʠʥʘʥʪʥʠ ʧʠʛʤʝʥʪʠ, ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ ʬʣʦʨʠʜʝʦʬʠʮʝʿʩʢʠ ʩʢʨʦʙ 

ʩʣʠʯʝʥ ʥʘ ʮʠʿʘʥʦʬʠʮʝʿʩʢʠʦʪ ʩʢʨʦʙ, ʫʢʘʞʫʚʘʘʪ ʥʘ ʩʣʠʯʥʦʩʪʠ ʩʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. ʆʜ 

ʜʨʫʛʘ ʩʪʨʘʥʘ, ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʩʝ ʝʫʢʘʨʠʦʪʠ, ʧʦʣʦʚʦ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʦʦʛʘʤʠʿʘ, ʘ ʧʨʠ ʪʦʘ 

ʠʤʘʘʪ ʠ ʩʣʦʞʝʥʘ ʤʦʨʬʦʣʦʰʢʘ ʛʨʘʜʙʘ. 

ʉʧʦʨʝʜ ʪʦʘ, ʩʣʠʯʥʦʩʪʠʪʝ ʚʦ ʧʠʛʤʝʥʪʠʪʝ ʠ ʬʠʟʠʦʣʦʰʢʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʦʚʠʝ ʜʚʝ 

ʭʝʪʝʨʦʛʝʥʠ ʛʨʫʧʠ ʘʣʛʠ, ʩʝʧʘʢ, ʥʝ ʩʝ ʨʝʟʫʣʪʘʪ ʥʘ ʤʝʺʫʩʝʙʥʘ ʬʠʣʦʛʝʥʝʪʩʢʘ ʧʦʚʨʟʘʥʦʩʪ, ʪʫʢʫ 

ʧʘʨʘʣʝʣʥʘ ʘʜʘʧʪʘʮʠʿʘ ʥʘ ʠʩʪʠ ʫʩʣʦʚʠ ʥʘ ʨʘʟʚʠʪʦʢ, ʧʨʠ ʰʪʦ ʮʨʚʝʥʠʪʝ ʘʣʛʠ ʨʘʥʦ ʩʝ 

ʠʟʜʚʦʿʫʚʘʘʪ ʦʜ ʦʩʥʦʚʥʠʦʪ ʝʚʦʣʫʪʠʚʝʥ ʧʨʘʚʝʮ ʠ ʜʦʩʪʠʛʥʫʚʘʘʪ ʚʠʩʦʢ ʩʪʝʧʝʥ ʥʘ ʨʘʟʚʠʪʦʢ ʠ 

ʩʣʦʞʝʥʘ ʛʨʘʜʙʘ. 
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ʉʣʝʜʥʘʪʘ ʟʥʘʯʘʿʥʘ ʝʚʦʣʫʪʠʚʥʘ ʝʪʘʧʘ ʚʦ ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʘʣʛʠʪʝ ʧʨʝʪʩʪʘʚʫʚʘ 

ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʘʢʪʠʚʥʠ ʤʦʥʘʜʥʠ ʘʣʛʠ, ʪʘʢʘ ʰʪʦ ʦʜ ʢʦʠ ʝʚʦʣʫʮʠʿʘʪʘ 

ʧʦʥʘʪʘʤʫ ʪʝʯʝ ʚʦ ʜʚʘ ʦʩʥʦʚʥʠ ʧʨʘʚʮʠ. ɿʘ ʝʜʥʘ ʛʨʫʧʘ ʥʘ ʘʣʛʠ ʪʠʧʠʯʥʦ ʝ ʜʝʢʘ ʚʦ ʩʚʦʠʪʝ 

ʧʣʘʩʪʠʜʠ ʨʘʟʚʠʚʘʘʪ ʜʚʘ ʦʩʥʦʚʥʠ ʭʣʦʨʦʬʠʣʘ ʘ ʠ c, ʘ ʦʜ ʧʦʤʦʰʥʠʪʝ ʧʠʛʤʝʥʪʠ ʛʣʘʚʥʦ 

ʜʦʤʠʥʠʨʘʘʪ ʢʩʘʥʪʦʬʠʣʠʪʝ, ʧʦʨʘʜʠ ʢʦʠ ʦʚʠʝ ʘʣʛʠ ʠʤʘʘʪ ʢʘʬʝʘʚʘ ʙʦʿʘ (ʟʣʘʪʥʠʪʝ, ʢʘʬʝʘʚʠʪʝ, 

ʦʛʥʝʥʠʪʝ ʠ ʩʠʣʠʢʘʪʥʠʪʝ ʘʣʛʠ). ɺʪʦʨʘʪʘ ʛʨʫʧʘ ʿʘ ʩʦʯʠʥʫʚʘʘʪ ʘʣʛʠʪʝ ʢʘʿ ʢʦʠ ʜʦʤʠʥʠʨʘʘʪ 

ʭʣʦʨʦʬʠʣʠʪʝ ʘ ʠ b  ʠ ʢʦʠ ʩʝ ʧʦʨʘʜʠ ʪʦʘ ʟʝʣʝʥʠ ʧʦ ʙʦʿʘ (ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʝʫʛʣʝʥʠʪʝ ʠ ʭʘʨʠʪʝ). 

ʇʦʤʝʺʫ ʦʚʠʝ ʜʚʝ ʦʩʥʦʚʥʠ ʣʠʥʠʠ ʩʝ ʥʘʦʺʘ ʛʨʫʧʘʪʘ ʥʘ ʞʦʣʪʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʢʦʠ ʩʝʧʘʢ ʩʝ 

ʧʦʙʣʠʩʢʠ ʥʘ ʛʨʫʧʘʪʘ ʘʣʛʠ ʩʦ ʢʘʬʝʘʚʘ ʙʦʿʘ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʩʠʪʝ ʛʨʫʧʠ ʘʣʛʠ ʧʦʩʪʦʿʘʪ ʥʦʚʠ 

ʛʨʫʧʠ ʥʘ ʬʦʨʤʠ ʢʦʠ ʧʦʩʪʘʧʥʦ ʩʝ ʨʘʟʚʠʚʘʘʪ ʩʦ ʩʦʧʩʪʚʝʥʠ ʝʚʦʣʫʪʠʚʥʠ ʧʘʪʠʰʪʘ, ʧʨʠ ʰʪʦ 

ʯʝʩʪʦ ʪʦʿ ʧʨʦʮʝʩ ʩʝ ʦʜʚʠʚʘ ʧʘʨʘʣʝʣʥʦ ʠ ʩʦʟʜʘʚʘ ʩʣʠʯʥʠ ʤʦʨʬʦʣʦʰʢʠ ʬʦʨʤʠ ʧʦʤʝʺʫ ʘʣʛʠʪʝ 

ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʛʨʫʧʠ ʢʦʠ ʬʠʣʦʛʝʥʝʪʩʢʠ ʥʝ ʩʝ ʩʨʦʜʥʠ.  

 

ʉʣʠʢʘ 31. ʌʠʣʦʛʝʥʝʪʩʢʠ ʠ 

ʝʚʦʣʫʪʠʚʥʠ ʦʜʥʦʩʠ ʧʦʤʝʺʫ 

ʘʣʛʠʪʝ.  

 

 

 

ʉʧʦʨʝʜ ʮʝʣʘ ʩʝʨʠʿʘ 

ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʬʠʣʦʛʝʥʝʪʩʢʠ ʤʝʺʫʩʝʙʥʦ ʩʝ 

ʧʦʚʨʟʘʥʠ ʦʛʥʝʥʠʪʝ, 

ʟʣʘʪʥʠʪʝ, ʩʠʣʠʢʘʪʥʠʪʝ ʠ 

ʢʘʬʝʘʚʠʪʝ ʘʣʛʠ, ʧʨʠ ʰʪʦ 

ʚʦ ʥʘʿʙʣʠʩʢʘ ʚʨʩʢʘ ʩʪʦʿʘʪ 

ʟʣʘʪʥʠʪʝ ʠ ʩʠʣʠʢʘʪʥʠʪʝ 

ʘʣʛʠ ʧʦʨʘʜʠ ʠʩʪʠʦʪ ʩʦʩʪʘʚ 

ʥʘ ʭʣʦʨʦʬʠʣʠ, ʢʘʨʦʪʝʥʦʠʜʠ, ʨʝʟʝʨʚʥʠ ʤʘʪʝʨʠʠ (ʭʨʠʟʦʣʘʤʠʥʘʨʠʥ ʠ ʤʘʩʣʘ), ʩʠʣʠʮʠʫʤʦʪ ʚʦ 

ʢʣʝʪʦʯʥʠʪʝ ʼʠʜʦʚʠ ʠ ʦʪʩʫʩʪʚʦ ʥʘ ʮʝʣʫʣʦʟʘ. ʇʨʠʪʦʘ, ʟʣʘʪʥʠʪʝ ʘʣʛʠ ʩʝ ʜʘʣʝʢʫ ʧʦʩʪʘʨʘ ʛʨʫʧʘ 

ʢʦʿʘ ʧʦʪʝʢʥʫʚʘ ʦʜ ɼʝʚʦʥ ʠ ʦʜ ʢʦʿʘ ʚʦ ɱʫʨʘ ʩʝ ʦʜʚʦʿʫʚʘʘʪ ʜʠʿʘʪʦʤʝʠʪʝ ʢʘʢʦ 

ʚʠʩʦʢʦʩʧʝʮʠʿʘʣʠʟʠʨʘʥʘ ʛʨʫʧʘ ʥʘ ʘʣʛʠ ʩʦ ʜʠʧʣʦʠʜʥʦ ʿʘʜʨʦ.  

ɿʝʣʝʥʠʪʝ ʘʣʛʠ, ʝʫʛʣʝʥʠʪʝ ʠ ʭʘʨʠʪʝ ʿʘ ʩʦʯʠʥʫʚʘʘʪ ʚʪʦʨʘʪʘ ʝʚʦʣʫʪʠʚʥʘ ʛʨʫʧʘ 

ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʘʣʛʠ. ʉʠʪʝ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʦʚʠʝ ʛʨʫʧʠ ʠʤʘʘʪ ʭʣʦʨʦʬʠʣ ʘ ʠ b, 

ʝʨʛʦʩʪʝʨʦʣ ʠ ʩʣʠʯʥʠ ʢʘʨʦʪʝʥʦʠʜʠ, ʧʨʠ ʰʪʦ ʿʘʩʥʠ ʩʨʦʜʥʠʯʢʠ ʦʜʥʦʩʠ ʧʦʢʘʞʫʚʘʘʪ ʟʝʣʝʥʠʪʝ 

ʘʣʛʠ ʠ ʭʘʨʠʪʝ ʧʦʩʝʙʥʦ ʚʦ ʩʚʦʠʪʝ ʙʠʦʭʝʤʠʩʢʠ ʩʚʦʿʩʪʚʘ. ʇʦʨʘʜʠ ʪʦʘ, ʧʦʩʪʦʠ ʤʠʩʣʝˁʝ ʜʝʢʘ 

ʭʘʨʠʪʝ ʥʝ ʪʨʝʙʘ ʜʘ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʦʜ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʥʦ ʝʜʠʥʩʪʚʝʥʘʪʘ ʛʨʘʜʙʘ ʥʘ ʥʠʚʥʠʪʝ 

ʨʝʧʨʦʜʫʢʪʠʚʥʠ ʦʨʛʘʥʠ ʠ ʪʘʣʫʩʠ ʿʘʩʥʦ ʫʢʘʞʫʚʘ ʟʘ ʥʠʚʥʘʪʘ ʚʠʩʦʢʘ ʨʘʟʚʠʝʥʦʩʪ ʠ ʧʦʪʝʢʣʦ ʦʜ 

ʚʠʩʦʢʦʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʟʝʣʝʥʠ ʘʣʛʠ.  
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ʌʦʩʠʣʥʠʪʝ ʦʩʪʘʪʦʮʠ ʥʘ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʧʨʦʥʘʿʜʝʥʠ ʩʝ ʚʦ ʩʣʦʝʚʠʪʝ ʥʘ ʉʠʣʫʨ, ʰʪʦ 

ʫʢʘʞʫʚʘ ʥʘ ʥʠʚʥʘʪʘ ʛʦʣʝʤʘ ʩʪʘʨʦʩʪ, ʠ ʥʠʚʥʘʪʘ ʝʚʦʣʫʮʠʿʘ ʩʝ ʦʜʚʠʚʘʣʘ ʚʦ ʨʘʟʣʠʯʥʠ ʧʨʘʚʮʠ, 

ʩʦʟʜʘʚʘʿ˃ʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʢʦʠ ʤʝʺʫʩʝʙʥʦ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ ʤʦʨʬʦʣʦʰʢʘʪʘ 

ʜʠʬʝʨʝʥʮʠʨʘʥʦʩʪ ʠ ʩʣʦʞʝʥʦʩʪ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʦ ʩʚʦʠʪʝ ʙʠʦʭʝʤʠʩʢʠ ʦʩʦʙʠʥʠ ʠ 

ʤʝʪʘʙʦʣʠʟʘʤ, ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʤʥʦʛʫ ʩʣʠʯʥʠ ʩʦ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʧʦʨʘʜʠ ʰʪʦ ʜʝʥʝʩ ʩʝ 

ʩʤʝʪʘ ʜʝʢʘ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ ʚʦʜʘʪ ʧʦʪʝʢʣʦ ʦʜ ʧʦʝʜʠʥʝʯʥʠʪʝ ʨʘʟʛʨʘʥʝʪʠ ʢʦʥʯʝʩʪʠ ʟʝʣʝʥʠ 

ʘʣʛʠ.  

ɿʘ ʝʫʛʣʝʥʠʪʝ ʜʝʥʝʩ ʩʝ ʩʤʝʪʘ ʜʝʢʘ ʜʦʩʪʘ ʨʘʥʦ ʩʝ ʠʟʜʚʦʠʣʝ ʦʜ ʦʩʥʦʚʥʠʦʪ ʝʚʦʣʫʪʠʚʝʥ 

ʧʨʘʚʝʮ ʥʘ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʥʦ ʦʩʪʘʥʘʣʝ ʥʘ ʤʦʥʘʜʥʦ ʥʠʚʦ ʥʘ ʛʨʘʜʙʘ ʠ ʩʦ ʦʩʦʙʠʥʠ ʢʦʠ ʩʝ 

ʩʤʝʪʘʘʪ ʟʘ ʠʩʢʣʫʯʠʪʝʣʥʦ ʘʨʭʘʠʯʥʠ, ʢʘʢʦ ʧʘʨʘʤʠʣʦʥ ʟʘ ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ (ʩʣʠʯʝʥ ʥʘ 

ʛʣʠʢʦʛʝʥʦʪ ʢʘʿ ʞʠʚʦʪʥʠʪʝ), ʠʣʠ ʧʠʛʤʝʥʪʠʪʝ ʘʩʪʘʢʩʘʥʪʠʥ ʠ ʘʩʪʘʮʠʥ ʦʜ ʛʨʫʧʘʪʘ ʥʘ 

ʢʩʘʥʪʦʬʠʣʠʪʝ (ʪʠʧʠʯʥʠ ʠʩʪʦ ʪʘʢʘ ʟʘ ʞʠʚʦʪʥʠʪʝ). ʉʝʧʘʢ, ʜʝʢʘ ʪʠʝ ʩʝ ʨʘʥʦ ʠʟʜʚʦʝʥʘ ʩʣʝʧʘ 

ʛʨʘʥʢʘ ʥʘ ʝʚʦʣʫʮʠʿʘʪʘ ʦʜ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʫʢʘʞʫʚʘ ʧʦʩʪʦʝˁʝʪʦ ʥʘ ʭʣʦʨʦʬʠʣ ʘ ʠ b, ʩʣʠʯʥʠʪʝ 

ʢʩʘʥʪʦʬʠʣʠ ʠ ʝʨʛʦʩʪʝʨʦʣʦʪ ʢʘʢʦ ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ.  

ʂʦʥʝʯʥʦʪʦ ʤʠʩʣʝˁʝ ʟʘ ʩeʚʢʫʧʥʦʪʦ ʧʦʪʝʢʣʦ ʥʘ ʘʣʛʠʪʝ ʚʦ ʥʘʫʢʘʪʘ ʩ¯ ʫʰʪʝ ʥʝ ʝ 

ʜʠʬʝʨʝʥʮʠʨʘʥʦ, ʧʨʝʜ ʩⱪ, ʧʦʨʘʜʠ ʨʘʟʣʠʯʥʠʪʝ ʩʪʘʚʦʚʠ ʦʢʦʣʫ ʥʠʚʥʦʪʦ ʧʦʪʝʢʣʦ. ʇʦʢʨʘʿ 

ʦʧʰʪʦʪʦ ʤʠʩʣʝˁʝ ʜʝʢʘ ʘʣʛʠʪʝ ʠʤʘʘʪ ʤʦʥʦʬʠʣʝʪʩʢʦ ʧʦʪʝʢʣʦ (ʟʘʝʜʥʠʯʢʠ ʧʨʝʜʦʢ ʥʘ ʩʠʪʝ 

ʪʠʧʦʚʠ ʘʣʛʠ), ʧʦʩʪʦʠ ʠ ʤʠʩʣʝˁʝ, ʛʣʘʚʥʦ ʧʦʨʘʜʠ ʚʠʩʦʢʘʪʘ ʨʘʟʥʦʦʙʨʘʟʥʦʩʪ ʥʘ ʨʝʮʝʥʪʥʠʪʝ 

ʬʦʨʤʠ, ʜʝʢʘ ʩʠʪʝ ʝʚʦʣʫʪʠʚʥʠ ʪʠʧʦʚʠ ʥʘ ʘʣʛʠ ʠʤʘʘʪ ʧʦʣʠʬʠʣʝʪʩʢʦ ʧʦʪʝʢʣʦ (ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ 

ʨʘʟʣʠʯʥʠ ʧʨʝʜʮʠ ʩʦ ʧʦʩʝʙʥʘ ʝʚʦʣʫʮʠʿʘ). ɼʚʦʿʙʠ, ʦʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʦʩʪʦʿʘʪ ʠ ʚʦ ʦʜʥʦʩ ʥʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʚʠʪʝ ʘʣʛʘʣʥʠ ʬʦʨʤʠ, ʧʨʠ ʰʪʦ ʧʨʝʦʚʣʘʜʫʚʘʘʪ ʜʚʝ 

ʤʠʩʣʝˁʘ: ʨʠʟʦʧʦʜʠʿʘʣʥʘ ʠʣʠ ʤʦʥʘʜʥʘ.  

ɸʚʪʦʨʦʪ ʥʘ ʦʚʦʿ ʪʝʢʩʪ ʛʦ ʧʦʯʠʪʫʚʘ ʤʠʩʣʝˁʝʪʦ ʜʝʢʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʘʣʛʠ ʠʤʘʘʪ 

ʧʦʣʠʬʠʣʝʪʩʢʦ ʧʦʪʝʢʣʦ ʦʜ ʤʦʥʘʜʥʠʪʝ ʬʦʨʤʠ ʢʦʠ ʜʝʥʝʩ ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʩʦ ʥʘʚʝʜʝʥʠʪʝ 12 

ʪʠʧʦʚʠ (ʪʘʙʝʣʘ 4) ʢʘʢʦ ʧʦʩʝʙʥʠ ʝʚʦʣʫʪʠʚʥʠ ʨʘʟʚʦʿʥʠ ʧʨʘʚʮʠ. ʂʘʢʦ ʝʚʠʜʝʥʪʥʘ ʨʘʟʚʦʿʥʘ 

ʝʚʦʣʫʪʠʚʥʘ ʣʠʥʠʿʘ ʩʝ ʿʘʚʫʚʘ ʦʩʢʘʪʘ: ʤʦʥʘʜʥʠ ʧʨʝʪʮʠ - ʟʝʣʝʥʠ ʘʣʛʠ - ʚʠʰʠ ʨʘʩʪʝʥʠʿʘ, 

ʜʦʜʝʢʘ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʣʠʥʠʠ ʜʝʥʝʩ ʩʝ ʩʣʝʧʠ ʝʚʦʣʫʪʠʚʥʠ ʛʨʘʥʢʠ ʩʦ ʩʦʧʩʪʚʝʥʘ ʝʚʦʣʫʮʠʿʘ ʚʦ 

ʨʘʤʢʠʪʝ ʥʘ ʪʠʧʦʪ. 

 

ʊʘʙʝʣʘ 4. ɻʣʘʚʥʠ ʝʚʦʣʫʪʠʚʥʠ ʧʨʘʚʮʠ (ʪʠʧʦʚʠ) ʥʘ ʘʣʛʠʪʝ ʦʧʬʘʪʝʥʠ ʩʦ ʢʣʘʩʠʬʠʢʘʮʠʿʘʪʘ 

ʧʨʠʢʘʞʘʥʘ ʚʦ ʢʥʠʛʘʪʘ.  

1. Cyanophyta ï ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ 

2. Prochlorophyta ï ʧʨʠʤʠʪʠʚʥʠ ʟʝʣʝʥʠ ʘʣʛʠ 

3. Glaucophyta ï ʛʣʘʫʢʦʬʠʪʥʠ ʘʣʛʠ 

4. Pyrrophyta ï ʦʛʥʝʥʠ ʘʣʛʠ 

5. Chrysophyta ï ʟʣʘʪʥʠ ʘʣʛʠ 

6. Bacillariophyta ï ʩʠʣʠʢʘʪʥʠ ʘʣʛʠ (ʜʠʘʪʦʤʝʠ)  

7. Phaeophyta ï ʢʘʬʝʘʚʠ ʘʣʛʠ  

8. Rhodophyta ï ʮʨʚʝʥʠ ʘʣʛʠ 

9. Xanthophyta ï ʟʝʣʝʥʦ-ʞʦʣʪʠ ʘʣʛʠ 

10. Euglenophyta ï ʝʫʛʣʝʥʠ 

11. Chlorophyta ï ʟʝʣʝʥʠ ʘʣʛʠ 

12. Streptophyta ï ʩʪʨʝʧʪʦʬʠʪʥʠ ʘʣʛʠ 
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ˡ˕˘˛ː˒˚˒˟˞˗˕ ˏ˝˞˗˕ ˜˛˙˒˭ˠ ˍ˘ː˕˟˒ ˕ ˏ˕˥˕˟˒ ɉˏˍ˞˗ˠ˘ˍ˝˚˕Ɋ 

˝ˍ˞˟˒˚˕˶ˍ  

ɺʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ (ʤʦʚʦʚʠ ʠ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ) ʠ ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠʤʘʘʪ 

ʟʘʝʜʥʠʯʢʠ ʧʨʝʜʦʢ. ʇʨʚʠʦʪ ʬʦʩʠʣʝʥ ʥʘʦʜ ʦʜ ʟʝʣʝʥʠʪʝ ʪʝʨʝʩʪʠʯʥʠ ʨʘʩʪʝʥʠʿʘ, ʦʜʥʦʩʥʦ 

ʟʝʣʝʥʠ ʨʘʩʪʝʥʠʿʘ ʘʜʘʧʪʠʨʘʥʠ ʥʘ ʧʝʨʤʘʥʝʥʪʥʘ ʝʢʩʧʦʟʠʮʠʿʘ ʥʘ ʚʦʟʜʫʭ, ʩʝ ʩʧʦʨʠʪʝ ʜʘʪʠʨʘʥʠ 

ʧʨʝʜ ʦʢʦʣʫ 470 ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ. ʆʚʦʿ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʩʝ ʩʦʚʧʘʺʘ ʩʦ ʚʨʝʤʝʪʦ ʢʦʛʘ ʚʦ 

ʘʪʤʦʩʬʝʨʘʪʘ ʝ ʜʝʪʝʢʪʠʨʘʥʦ ʜʦʚʦʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʢʠʩʣʦʨʦʜ ʟʘ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʘˁʝ 

ʥʘ ʨʝʩʧʠʨʘʮʠʿʘʪʘ ʢʘʿ ʬʦʪʦʘʚʪʦʪʨʦʬʥʠʪʝ ʨʘʩʪʝʥʠʿʘ. ɸʥʘʪʦʤʠʿʘʪʘ ʥʘ ʩʧʦʨʠʪʝ ʠ ʥʠʚʥʘʪʘ 

ʭʝʤʠʿʘ, ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʬʦʩʠʣʥʠʪʝ ʦʪʠʩʦʮʠ ʥʘ ʢʫʪʠʢʫʣʘʪʘ, ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʟʘʢʣʫʯʦʢ ʜʝʢʘ 

ʥʘʿʩʪʘʨʠʪʝ ʪʝʨʝʩʪʠʯʥʠ ʨʘʩʪʝʥʠʿʘ ʙʠʣʝ ʩʣʠʯʥʠ ʩʦ ʜʝʥʝʰʥʠʪʝ ʪʘʣʫʩʥʠ Hepaticae (˅ʠʛʝʨʢʠ). 

ɺʦ ʧʝʨʠʦʜʦʪ ʦʜ ʧʨʝʜ 470-350 ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ ʧʨʦʥʘʿʜʝʥʠ ʩʝ ʤʥʦʛʫ ʤʦʨʬʦʣʦʰʢʠ ʧʨʝʦʜʥʠ 

ʬʦʨʤʠ ʧʦʤʝʺʫ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ˅ʠʛʝʨʢʠʪʝ ʠ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ. 

ʊʦʛʘʰ, ʢʘʢʚʘ ʬʦʨʤʘ ʠʤʘʣ ʧʨʝʜʦʢʦʪ ʥʘ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ? ʄʦʜʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘʨʥʘ 

ʩʠʩʪʝʤʘʪʠʢʘ ʛʦ ʧʦʪʢʨʝʧʫʚʘ ʤʠʩʣʝˁʝʪʦ ʜʝʢʘ ʥʘʿʙʣʠʩʢʠʦʪ ʞʠʚ ʩʨʦʜʥʠʢ ʥʘ ʟʝʣʝʥʠʪʝ 

ʪʝʨʝʩʪʠʯʥʠ ʨʘʩʪʝʥʠʿʘ ʝ ʨʦʜʦʪ Coleochaete (ʩʣʠʢʘ 348) ʦʜ ʨʝʜʦʪ Coleochaetales ʥʘ 

ʩʪʨʝʧʪʧʬʠʪʥʠʪʝ ʘʣʛʠ Streptophyta, ʨʝʜ ʢʦʿ ʝ ʚʦ ʙʣʠʩʢʘ ʩʨʦʜʥʦʩʪ ʩʦ ʥʘʿʚʠʩʦʢʦ 

ʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʘʣʛʠ ʦʜ ʨʝʜʦʪ Charales. ʈʦʜʦʪ Coleochaete ʩʦʜʨʞʠ ʧʦʚʝ˃ʝ ʚʠʜʦʚʠ ʢʦʠ 

ʛʣʘʚʥʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ ʧʣʠʪʢʠʪʝ ʚʦʜʠ ʥʘ ʦʣʠʛʦʪʨʦʬʥʠʪʝ ʝʟʝʨʘ, ʥʘʿʯʝʩʪʦ ʥʘ ʧʘʜʥʘʪʠʪʝ 

ʣʠʩʪʦʚʠ ʧʦʪʦʧʝʥʠ ʚʦ ʚʦʜʘʪʘ. Coleochaete ʠʤʘ ʙʨʦʿʥʠ ʟʘʝʜʥʠʯʢʠ ʦʜʣʠʢʠ ʩʦ Charales ʠ 

ʟʝʣʝʥʠʪʝ ʪʝʨʝʩʪʠʯʥʠ ʨʘʩʪʝʥʠʿʘ ʢʦʠ ʦʪʩʪʘʧʫʚʘʘʪ ʦʜ ʦʩʦʙʠʥʠʪʝ ʥʘ ʦʩʪʘʥʘʪʠʪʝ ʟʝʣʝʥʠ ʘʣʛʠ, 

ʢʘʢʦ: 

Å ʇʦʯʝʪʦʢʦʪ ʥʘ ʤʠʪʦʟʘʪʘ ʢʘʿ Coleochaetales, Charales, ʤʦʚʦʚʠʪʝ ʠ ʚʘʩʢʫʣʘʨʥʠʪʝ 

ʨʘʩʪʝʥʠʿʘ ʟʘʧʦʯʥʫʚʘ ʩʦ ʧʦʤʝʩʪʫʚʘˁʝ ʥʘ ʢʨʘʪʢʠʪʝ ʤʠʢʨʦʪʫʙʫʣʠ ʧʦʜ ʘʛʦʣ ʦʜ 90Ü ʚʦ ʦʜʥʦʩ ʥʘ 

ʥʦʚʦʩʦʟʜʘʜʝʥʠʦʪ ʢʣʝʪʦʯʝʥ ʼʠʜ (ʠʣʠ ʬʨʘʛʤʦʙʣʘʩʪ). ʂʘʿ ʦʩʪʘʥʘʪʠʪʝ ʟʝʣʝʥʠ ʘʣʛʠ 

ʤʠʢʨʦʪʫʙʫʣʠʪʝ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʧʘʨʘʣʝʣʥʦ ʢʦʥ ʥʦʚʠʦʪ ʢʣʝʪʦʯʝʥ ʼʠʜ.  

Å Coleochaete ʝ ʚʦ ʦʩʥʦʚʘ ʭʘʧʣʦʠʜʝʥ ʨʦʜ, ʥʦ ʧʦ ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʜʠʧʣʦʠʜʥʠʦʪ ʟʠʛʦʪ, 

ʪʦʿ ʦʩʪʘʥʫʚʘ ʠʟʚʝʩʥʦ ʚʨʝʤʝ ʚʦ ʦʦʛʦʥʠʫʤʦʪ, ʟʘ ʢʦʝ ʚʨʝʤʝ ʛʘʤʝʪʦʬʠʪʦʪ ʬʦʨʤʠʨʘ ʟʘʰʪʠʪʝʥ 

ʩʣʦʿ ʦʜ ʧʩʝʫʜʦ-ʧʘʨʝʥʭʠʤʘʪʠʯʥʦ ʪʢʠʚʦ ʦʢʦʣʫ ʥʝʛʦ. ʇʦʜʦʮʥʘ ʟʠʛʦʪʦʪ ʧʨʝʤʠʥʫʚʘ ʥʠʟ ʤʝʿʦʟʘ 

ʠ ʛʠ ʦʩʣʦʙʦʜʫʚʘ ʩʧʦʨʠʪʝ. ɺʠʩʦʢʦ ʥʠʚʦ ʥʘ ʟʘʰʪʠʪʘ ʥʘ ʟʠʛʦʪʦʪ ʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʿʘ 

Coleochaete ʿʘ ʩʧʦʜʝʣʫʚʘ ʩʦ ʤʦʚʦʚʠʪʝ ʠ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʥʦ ʥʝ ʠ ʩʦ ʦʩʪʘʥʘʪʠʪʝ 

ʟʝʣʝʥʠ ʘʣʛʠ. 

Å ʄʘʪʝʨʠʿʘ ʩʣʠʯʥʘ ʥʘ ʣʠʛʥʠʥʦʪ ʝ ʧʨʦʥʘʿʜʝʥʘ ʚʦ ʪʘʣʫʩʠʪʝ ʥʘ Coleochaete, ʜʦʜʝʢʘ 

ʩʧʦʨʦʧʦʣʝʥʠʥ ʚʦ ʼʠʜʦʪ ʥʘ ʟʠʛʦʪʘʪʘ. ʃʠʛʥʠʥʦʪ ʝ ʛʣʘʚʥʘ ʤʘʪʝʨʠʿʘ ʥʘ ʜʨʚʦʪʦ ʢʘʿ 

ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʘ ʩʧʦʨʦʧʦʣʝʥʠʥʦʪ ʢʘʿ ʤʦʚʦʚʠʪʝ ʠ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ (ʪʦʿ ʛʦ 

ʠʟʛʨʘʜʫʚʘ ʼʠʜʦʪ ʢʘʿ ʧʦʣʝʥʦʪ ʠ ʝ ʛʣʘʚʥʘ ʧʨʠʯʠʥʘ ʟʘ ʜʦʙʨʘʪʘ ʬʦʩʠʣʠʟʘʮʠʿʘ ʥʘ ʧʦʣʝʥʦʚʠʪʝ 

ʟʨʥʘ). ʆʚʠʝ ʤʘʪʝʨʠʠ ʥʝ ʩʝ ʧʨʠʩʫʪʥʠ ʢʘʿ ʦʩʪʘʥʘʪʠʪʝ ʟʝʣʝʥʠ ʘʣʛʠ. 

Å ʂʘʿ ʧʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʟʝʣʝʥʠ ʘʣʛʠ ʝʥʟʠʤʦʪ ʛʣʠʢʦʣʘʪ ʜʝʭʠʜʨʦʛʝʥʘʟʘ ʝ ʧʨʠʩʫʪʝʥ ʠ 

ʘʢʪʠʚʝʥ ʟʘ ʚʨʝʤʝ ʥʘ ʚʦʥ-ʤʠʪʦʭʦʥʜʨʠʩʢʠʦʪ ʜʝʣ ʥʘ ʨʝʩʧʠʨʘʮʠʿʘʪʘ. ʂʘʿ Coleochaetales, 

Charales ʠ ʪʝʨʝʩʪʠʯʥʠʪʝ ʟʝʣʝʥʠ ʨʘʩʪʝʥʠʿʘ ʦʚʦʿ ʝʥʟʠʤ ʛʦ ʟʘʤʝʥʫʚʘ ʛʣʠʢʦʣʘʪ ʦʢʩʠʜʘʟʘʪʘ, ʟʘ 

ʢʦʿ ʝ ʜʦʢʘʞʘʥʦ ʜʝʢʘ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʝʜʥʦʩʪ ʟʘ ʧʦʯʝʪʥʦʪʦ ʥʘʩʝʣʫʚʘˁʝ ʥʘ ʧʦʯʚʘʪʘ. 
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ʉʣʠʢʘ 32. ʌʦʩʠʣʝʥ ʚʠʜ Parka decipiens, 

ʟʘʯʝʪʥʠʢ ʥʘ ʪʝʨʝʩʪʠʯʥʠʪʝ ʨʘʩʪʝʥʠʿʘ 

Å ʂʘʿ Coleochaetales, Charales ʠ ʟʝʣʝʥʠʪʝ ʪʝʨʝʩʪʠʯʥʠ ʨʘʩʪʝʥʠʿʘ ʫʪʚʨʜʝʥ ʝ ʝʥʟʠʤʦʪ 

ʙʘʢʘʨ-ʮʠʥʢ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʘ ʢʦʿ ʛʠ 

ʝʣʠʤʠʥʠʨʘ ʪʦʢʩʠʯʥʠʪʝ ʢʠʩʣʦʨʦʜʥʠ ʨʘʜʠʢʘʣʠ 

ʦʜ ʢʣʝʪʢʠʪʝ, ʰʪʦ ʝ ʿʘʩʥʘ ʧʨʝʜʥʦʩʪ ʟʘ 

ʨʘʩʪʝʥʠʿʘʪʘ ʢʦʠ ʿʘ ʥʘʩʝʣʫʚʘʘʪ ʧʦʯʚʘʪʘ. ʆʚʦʿ 

ʝʥʟʠʤ ʥʝ ʝ ʧʨʠʩʫʪʝʥ ʢʘʿ ʦʩʪʘʥʘʪʠʪʝ ʟʝʣʝʥʠ 

ʘʣʛʠ. 

ɼʘʣʠ ʧʦʩʪʦʠ ʢʘʢʦʚ ʙʠʣ ʬʦʩʠʣ ʩʣʠʯʝʥ ʥʘ 

Coleochaete? ʈʦʜʦʪ Parka (ʩʣʠʢʘ 32), ʢʦʿ ʩʝ 

ʿʘʚʫʚʘ ʧʨʠʙʣʠʞʥʦ ʧʨʝʜ 400 ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ, 

ʠʤʘ ʤʥʦʛʫ ʟʘʝʜʥʠʯʢʠ ʦʩʦʙʠʥʠ ʩʦ ʨʝʮʝʥʪʥʠʦʪ 

ʨʦʜ Coleochaete, ʥʦ, ʠʩʪʦ ʪʘʢʘ, ʠ ʥʝʢʦʠ 

ʨʘʟʣʠʢʠ ʧʨʠʰʪʦ ʜʦ ʜʝʥʝʩ ʥʝ ʝ ʦʪʢʨʠʝʥʘ 

ʢʦʥʪʠʥʫʠʨʘʥʘ ʬʦʩʠʣʥʘ ʩʝʨʠʿʘ ʥʘ ʬʦʨʤʠ 

ʧʦʤʝʺʫ ʦʚʠʝ ʜʚʘ ʨʦʜʘ.  

 

ʊʠʧ CYANOPHYTA (ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ) 

ʆʧʰʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ 

Cyanophyta (Cyanobacteria) ʠʣʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʥʘʿʩʪʘʨʘ ʛʨʫʧʘ ʥʘ 

ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʘʢʪʠʚʥʠ ʦʨʛʘʥʠʟʤʠ ʥʘ ɿʝʤʿʘʪʘ, ʧʘ ʜʫʨʠ ʧʦʩʪʦʿʘʪ ʠ ʦʧʨʘʚʜʘʥʠ ʤʠʩʣʝˁʘ ʟʘ 

ʥʠʚʥʘʪʘ ʧʦʿʘʚʘ ʥʘ ʄʘʨʩ, ʩʦ ʰʪʦ ʩʝ ʧʨʦʜʣʘʙʦʯʫʚʘ ʧʨʘʰʘˁʝʪʦ ʟʘ ʥʠʚʥʦʪʦ ʧʦʪʝʢʣʦ. 

ʆʧʨʝʜʝʣʥʠ ʘʚʪʦʨʠ (Van den Hoek et al., 1995) ʿʘ ʥʘʨʝʢʫʚʘʘʪ ʇʨʦʪʝʨʦʟʦʿʩʢʘʪʘ ʝʨʘ (2.5 

ʤʠʣʠʿʘʨʜʠ - 570 ʤʠʣʠʦʥʠ ʛʦʜʠʥʠ) Ăɽʨʘ ʥʘ ʮʠʿʘʥʦʙʘʢʪʝʨʠʠʪʝñ ʙʠʜʝʿ˃ʠ ʪʠʝ ʩʝ ʥʘʿʟʘʩʪʘʧʝʥʠ 

ʚʦ ʬʦʩʠʣʥʠʪʝ ʩʣʦʝʚʠ ʥʘ ʦʚʘʘ ʠʩʪʦʨʠʩʢʘ ʟʦʥʘ. ʃʘʤʠʥʘʨʥʠʪʝ ʬʦʨʤʘʮʠʠ ʥʘʨʝʯʝʥʠ 

ʩʪʨʦʤʘʪʦʣʠʪʠ, ʢʦʠ ʙʝʘ ʤʥʦʛʫ ʯʝʩʪʠ ʚʦ ʪʦʘ ʚʨʝʤʝ, ʩʦʜʨʞʘʪ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ, ʘ ʜʝʥʝʩ ʩʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʪʠ ʩʘʤʦ ʥʘ ʦʧʨʝʜʝʣʥʠ ʤʝʩʪʘ, ʢʘʢʦ ʚʦ ɿʘʣʠʚʦʪ ʥʘ ɸʿʢʫʣʠʪʝ ʚʦ ɿʘʧʘʜʥʘ 

ɸʚʩʪʨʘʣʠʿʘ, ʙʠʜʝʿ˃ʠ ʥʘʿʯʝʩʪʦ ʩʝ ʫʥʠʰʪʝʥʠ ʧʨʝʢʫ ʠʩʭʨʘʥʘʪʘ ʥʘ ʙʝʟʨʙʝʪʥʠʪʝ ʞʠʚʦʪʥʠ, ʠʣʠ 

ʧʦʯʝʩʪʦ ʠ ʩʦ ʭʫʤʘʥʦʪʦ ʚʣʠʿʘʥʠʝ. ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʠʩʪʦ ʪʘʢʘ ʚʢʣʫʯʝʥʠ ʚʦ 

ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʤʥʦʛʫ ʦʜ ʧʦʯʚʝʥʠʪʝ ʩʣʦʝʚʠ ʢʦʠ ʩʦʜʨʞʘʪ ʜʝʧʦʟʠʪʠ ʙʦʛʘʪʠ ʩʦ ʥʘʬʪʘ.  

ɽʜʥʘ ʦʜ ʧʨʠʯʠʥʠʪʝ ʟʘ ʫʩʧʝʰʥʦʩʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʜʝʥʝʰʥʠ ʫʩʣʦʚʠ ʩʝʢʘʢʦ 

ʝ ʥʠʚʥʘʪʘ ʛʦʣʝʤʘ ʝʚʦʣʫʪʠʚʥʘ ʩʪʘʨʦʩʪ ʢʦʿʘ ʦʚʦʟʤʦʞʫʚʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʠʟʚʦʨʠ ʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ʫʩʣʦʚʠ ʢʦʛʘ ʢʠʩʣʦʨʦʜʦʪ ʩⱪ ʫʰʪʝ ʥʝ ʙʠʣ ʜʦʩʪʘʧʝʥ. ɽʚʦʣʫʪʠʚʥʠʦʪ ʨʘʟʚʦʿ ʥʘ 

ʧʨʦʪʝʠʥʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʠʩʢʦʨʠʩʪʫʚʘʘʪ ʤʝʪʘʣʠ ʧʨʠʜʦʥʝʩʫʚʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʜʘ ʤʦʞʘʪ 

ʜʘ ʪʦʣʝʨʠʨʘʘʪ ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʩʣʦʙʦʜʥʠ ʩʫʣʬʠʜʠ ʚʦ ʫʩʣʦʚʠ ʙʝʟ ʢʠʩʣʦʨʦʜ. ʅʝʢʦʠ 

ʦʜ ʥʠʚ ʤʦʞʘʪ, ʠʩʪʦ ʪʘʢʘ, ʜʘ ʠʩʢʦʨʠʩʪʫʚʘʘʪ H2S ʢʘʢʦ ʜʦʥʦʨ ʥʘ ʚʦʜʦʨʦʜ ʥʘʤʝʩʪʦ ʚʦʜʘʪʘ, 

ʦʩʦʙʠʥʘ ʢʦʿʘ ʥʝ ʧʦʩʪʦʠ ʜʫʨʠ ʠ ʢʘʿ ʪʘʢʚʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ ʘʣʛʠ, ʢʘʢʦ ʜʠʿʘʪʦʤʝʠʪʝ, ʢʦʠ ʤʦʞʘʪ 

ʜʘ ʪʦʣʝʨʠʨʘʘʪ ʨʝʣʘʪʠʚʥʦ ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ H2S.  
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ʉʣʠʢʘ 33. ɻʝʦʪʝʨʤʘʣʝʥ ʠʟʚʦʨ ʚʦ ʅʘʮʠʦʥʘʣʥʠʦʪ ʇʘʨʢ 

Yellowstone ʉɸɼ ʠ Synechococcus (ʤʘʣʘ ʩʣʠʢʘ) 

ʪʝʨʤʦʬʠʣʥʘ ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ.  

 

ɼʨʫʛʘ ʟʥʘʯʘʿʥʘ ʦʩʦʙʠʥʘ ʥʘ ʥʝʢʦʠ ʚʠʜʦʚʠ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʝ ʚʠʩʦʢʘ ʪʦʣʝʨʘʥʮʠʿʘ ʥʘ UV-B ʠ UV-C 

ʟʨʘʯʝˁʝʪʦ, ʠʩʢʣʫʯʠʪʝʣʥʦ ʚʘʞʥʘ ʧʨʠʜʦʙʠʚʢʘ ʚʦ ʨʘʥʠʦʪ 

ʨʘʟʚʠʪʦʢ ʥʘ ʞʠʚʦʪʦʪ ʥʘ ɿʝʤʿʘʪʘ. ʄʘʢʩʠʤʘʣʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʢʦʿʘ ʝ ʧʨʦʥʘʿʜʝʥʘ ʥʝʢʦʿʘ ʩʠʥʦ-ʟʝʣʝʥʘ 

ʘʣʛʘ ʝ 73
ʦ
C, ʥʘʿʯʝʩʪʦ ʚʠʜʦʚʠ ʥʘ ʨʦʜʦʪ Synechococcus 

(ʩʣʠʢʘ 33) ʚʦ ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ ʥʘ ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ. 

ʉʝʧʘʢ, ʠ ʧʦʥʘʪʘʤʫ ʥʝ ʝ ʿʘʩʥʦ ʜʘʣʠ ʦʚʘʘ ʧʦʿʘʚʘ ʥʘ 

ʘʜʘʧʪʘʮʠʿʘ ʥʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ 

ʦʩʪʘʪʦʢ ʦʜ ʧʨʝʜʠʩʪʦʨʠʩʢʘʪʘ ʝʨʘ ʥʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ɿʝʤʿʘʪʘ, ʙʠʜʝʿ˃ʠ ʜʦ ʜʝʥʝʩ ʥʝ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʥʘ ʚʘʢʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦ ʦʩʪʘʥʘʪʠʦʪ 

ʜʝʣ ʥʘ ɿʝʤʿʘʪʘ, ʥʠʪʫ ʧʘʢ ʢʘʢʦ ʩʪʘʙʠʣʥʠ ʨʝʮʝʥʪʥʠ 

ʬʦʨʤʠ ʢʦʠ ʞʠʚʝʘʪ ʥʘ ʧʦʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 73
 ʦ
C. 

ɼʦʣʛʘʪʘ ʘʜʘʧʪʘʮʠʿʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʘ ʫʩʣʦʚʠ ʥʘ ʥʘʤʘʣʝʥ ʠʥʪʝʥʟʠʪʝʪ ʥʘ 

ʩʚʝʪʣʠʥʘ ʠ ʝʬʠʢʘʩʥʘʪʘ ʢʠʥʝʪʠʢʘ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʤʘʪʝʨʠʠ ʦʜ 

ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ (ʭʝʪʝʨʦʪʨʦʬʥʘ ʠʩʭʨʘʥʘ) ʜʦʚʝʜʫʚʘʘʪ ʜʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ 

ʧʠʢʦʧʣʘʥʢʪʦʥʝʨʠ ʜʦʤʠʥʠʨʘʘʪ ʚʦ ʙʠʦʤʘʩʘʪʘ ʠ ʧʨʦʜʫʢʮʠʿʘʪʘ ʥʘ ʯʠʩʪʠʪʝ ʦʢʝʘʥʩʢʠ ʠʣʠ 

ʩʣʘʪʢʦʚʦʜʥʠ ʝʢʦʩʠʩʪʝʤʠ ʩʦ ʦʣʠʛʦʪʨʦʬʝʥ ʢʘʨʘʢʪʝʨ. ʉʝʧʘʢ, ʦʩʪʘʥʫʚʘ ʫʰʪʝ ʜʦʩʪʘ ʜʘ ʩʝ 

ʧʨʦʫʯʠ ʦʢʦʣʫ ʦʚʠʝ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʙʝʘ ʧʨʦʥʘʿʜʝʥʠ ʜʫʨʠ ʚʦ 1980-ʪʠʪʝ ʛʦʜʠʥʠ, ʙʠʜʝʿ˃ʠ 

ʥʠʚʥʘʪʘ ʛʫʩʪʠʥʘ ʥʘ ʧʨʠʤʝʨ ʜʦʩʪʠʛʥʫʚʘ ʥʝʢʦʠ ʦʜ ʥʘʿʚʠʩʦʢʠʪʝ ʧʦʟʥʘʪʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʦʚʠʝ 

ʦʨʛʘʥʠʟʤʠ (8x10
6
 ʢʣʝʪʢʠ ʥʘ mL) ʚʦ ʩʦʣʝʥʠʪʝ ʢʨʘʿʙʨʝʞʥʠ ʝʟʝʨʘ ʥʘ ɸʥʪʘʨʢʪʠʢ, ʜʦʜʝʢʘ 

ʧʦʪʧʦʣʥʦ ʦʪʩʫʩʪʚʫʚʘʘʪ ʠʣʠ ʩʝ ʤʥʦʛʫ ʨʝʪʢʠ ʚʦ ʙʣʠʩʢʠʪʝ ʧʦʣʘʨʥʠ ʦʢʝʘʥʠ.  

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʠʩʪʦ ʪʘʢʘ ʚʘʞʥʠ ʚʦ ʪʝʨʝʩʪʠʯʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ, ʢʘʜʝ ʦʜ ʢʣʫʯʥʦ 

ʟʥʘʯʝˁʝ ʝ ʥʠʚʥʘʪʘ ʪʦʣʝʨʘʥʮʠʿʘ ʢʦʥ ʠʩʫʰʫʚʘˁʝ ʠ ʚʦʜʥʠʦʪ ʩʪʨʝʩ. ʇʦʨʘʜʠ ʪʦʘ, ʦʚʠʝ ʬʦʨʤʠ 

ʥʘʿʯʝʩʪʦ ʠʤʘʘʪ ʢʣʫʯʥʘ ʫʣʦʛʘ ʚʦ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʧʦʚʨʰʠʥʩʢʠʪʝ ʙʠʦʮʝʥʦʟʠ 

ʚʦ ʧʦʣʫʧʫʩʪʠʥʠʪʝ, ʢʘʢʦ ʠ ʟʘ ʬʝʨʪʠʣʥʦʩʪʘ ʥʘ ʟʝʤʿʦʜʝʣʩʢʠʪʝ ʧʦʯʚʠ ʚʦ ʘʨʠʜʥʠʪʝ ʧʦʜʨʘʯʿʘ. ɺʦ 

ʚʠʩʪʠʥʩʢʠʪʝ ʧʫʩʪʠʥʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ (ʥʘʿʯʝʩʪʦ Chroococcidiopsis) ʬʦʨʤʠʨʘʘʪ 

ʤʠʢʨʦʙʥʘ ʟʘʝʜʥʠʮʘ ʥʝʢʦʣʢʫ ʤʠʣʠʤʝʪʨʠ ʧʦʜ ʧʦʚʨʰʠʥʘʪʘ, ʜʦʜʝʢʘ ʚʦ ʩʫʚʠʪʝ ʣʝʜʝʥʠ ʧʫʩʪʠʥʠ 

ʥʘ ɸʥʪʘʨʢʪʠʢ ʫʩʧʝʚʘʘʪ ʜʘ ʦʧʩʪʘʥʘʪ ʥʘ ʩʘʤʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʞʠʚʦʪʦʪ, ʧʨʠ ʰʪʦ ʩʝ ʤʠʩʣʠ ʜʝʢʘ 

ʥʠʚʥʦʪʦ ʛʝʥʝʨʘʮʠʩʢʦ ʚʨʝʤʝ ʚʦ ʪʠʝ ʫʩʣʦʚʠ ʤʦʞʝ ʜʘ ʙʠʜʝ ʙʘʚʥʦ ʠ ʜʦ ʥʝʢʦʣʢʫ ʠʣʿʘʜʥʠʮʠ 

ʛʦʜʠʥʠ (Kozyrovskaya 1990).  

ɿʥʘʯʘʿʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʥʝʢʦʠ ʚʠʜʦʚʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ, ʩʝʢʘʢʦ, ʝ ʬʠʢʩʘʮʠʿʘʪʘ 

ʥʘ ʘʪʤʦʩʬʝʨʩʢʠʦʪ ʘʟʦʪ. ɺʦ ʥʘʿʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ ʯʠʩʪʠʪʝ ʜʦʙʨʦ ʘʝʨʠʨʘʥʠ ʝʢʦʩʠʩʪʝʤʠ, ʦʚʦʿ 

ʧʨʦʮʝʩ ʩʝ ʦʜʚʠʚʘ ʚʦ ʭʝʪʝʨʦʮʠʩʪʠʪʝ (Whitton 1992), ʢʣʝʪʢʠ ʩʦ ʜʚʦʿʥʘ ʤʝʤʙʨʘʥʘ ʢʦʠ 
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ʥʘʿʯʝʩʪʦ ʩʦʜʨʞʘʪ ʛʨʘʥʫʣʘ ʥʘ ʮʠʿʘʥʦʬʠʮʠʥ (ʧʦʣʠʤʝʨ ʦʜ ʜʚʝ ʘʤʠʥʦʢʠʩʝʣʠʥʠ). ʉʘʤʦ ʤʘʣ ʙʨʦʿ 

ʥʘ ʚʠʜʦʚʠ ʢʦʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʭʝʪʝʨʦʮʠʩʪʠ ʠʤʘʘʪ ʤʦʞʥʦʩʪ ʟʘ ʘʟʦʪʦʬʠʢʩʘʮʠʿʘ, ʥʦ ʪʦʿ ʧʨʦʮʝʩ 

ʤʦʞʝ ʜʘ ʩʝ ʦʜʚʠʚʘ ʩʘʤʦ ʚʦ ʘʥʘʝʨʦʙʥʠ ʫʩʣʦʚʠ. ʄʠʢʨʦʬʦʩʠʣʠʪʝ ʢʦʠ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʠ 

ʩʦʜʨʞʘʪ ʭʝʪʝʨʦʮʠʩʪʠ ʿʘʩʥʦ ʫʢʘʞʫʚʘʘʪ ʥʘ ʩʪʘʨʦʩʪʘ ʥʘ ʦʚʦʿ ʧʨʦʮʝʩ ʩʦ ʤʦʞʥʦʩʪ ʜʝʢʘ ʪʦʿ 

ʠʩʭʦʜʥʦ ʩʝ ʿʘʚʫʚʘ ʢʘʿ ʚʠʜʦʚʠʪʝ ʢʦʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʭʝʪʝʨʦʮʠʩʪʠ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʚʦ 

ʣʘʙʦʨʘʪʦʨʠʩʢʠ ʫʩʣʦʚʠ ʩʝ ʿʘʚʫʚʘʘʪ ʥʘʿʯʝʩʪʦ ʧʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʘʟʦʪʥʠʪʝ ʩʦʝʜʠʥʝʥʠʿʘ ʚʦ 

ʧʦʜʣʦʛʠʪʝ. ʆʚʘ ʩʝ ʩʦʚʧʘʺʘ ʩʦ ʤʥʦʛʫʪʝ ʪʝʨʝʥʩʢʠ ʜʦʢʘʟʠ ʜʝʢʘ ʧʦʧʫʣʘʮʠʠʪʝ ʥʘ 

ʘʟʦʪʦʬʠʩʢʠʨʘʯʢʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʨʘʩʪʘʪ ʜʦʢʦʣʢʫ ʘʟʦʪʥʠʪʝ ʩʦʝʜʠʥʝʥʠʿʘ ʚʦ 

ʞʠʚʝʘʣʠʰʪʝʪʦ ʩʪʘʥʫʚʘʘʪ ʣʠʤʠʪʠʨʘʯʢʠ ʬʘʢʪʦʨ ʟʘ ʨʘʩʪʦʪ, ʦʜʥʦʩʥʦ ʩʝ ʥʘʤʘʣʫʚʘʘʪ. ʉʧʦʨʝʜ 

Yoon ʠ Golden (1998) ʜʦʢʘʞʘʥʦ ʝ ʜʝʢʘ ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʝ ʢʦʥʪʨʦʣʠʨʘʥʦ ʩʦ 

ʜʝʿʩʪʚʦʪʦ ʥʘ ʤʘʣ ʧʝʧʪʠʜ ʢʦʿ ʩʝ ʪʨʘʥʩʧʦʨʪʠʨʘ ʥʠʟ ʤʝʤʙʨʘʥʠʪʝ, ʩʣʠʯʥʦ ʢʘʢʦ ʬʠʟʠʦʣʦʰʢʘʪʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʜʨʫʛʠʪʝ ʧʨʦʮʝʩʠ ʚʦ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʢʣʝʪʢʠ. ʉʝʧʘʢ, ʜʦ ʜʝʥʝʩ ʥʝ ʝ ʧʦʟʥʘʪʘ 

ʝʫʢʘʨʠʦʪʩʢʘ ʘʣʛʘ ʬʠʢʩʘʪʦʨ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠʦʪ ʘʟʦʪ, ʧʦʨʘʜʠ ʰʪʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ 

ʥʘʦʺʘʘʪ ʚʦ ʠʩʢʣʫʯʠʪʝʣʥʘ ʧʨʝʜʥʦʩʪ ʚʦ ʫʩʣʦʚʠ ʥʘ ʠʩʯʝʟʥʫʚʘˁʝ ʥʘ ʥʝʦʨʛʘʥʩʢʠʪʝ ʘʟʦʪʥʠ 

ʩʦʝʜʠʥʝʥʠʿʘ ʦʜ ʝʢʦʩʠʩʪʝʤʦʪ. ʅʝʰʪʦ ʩʣʠʯʥʦ ʩʝ ʦʜʚʠʚʘ ʠ ʚʦ ʦʜʥʦʩ ʥʘ ʘʤʦʥʠʿʘʢʦʪ.   

ɻʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʠʩʪʨʘʞʫʚʘˁʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʚʦʜʥʠʪʝ ʠ ʧʦʯʚʝʥʠʪʝ 

ʝʢʦʩʠʩʪʝʤʠ ʫʢʘʞʫʚʘʘʪ ʥʘ ʬʘʢʪʦʪ ʜʝʢʘ ʪʠʝ ʥʘʿʜʦʙʨʦ ʩʝ ʨʘʟʚʠʚʘʘʪ ʚʦ ʫʩʣʦʚʠ ʥʘ ʧʦʚʠʩʦʢʘ ʨʅ 

ʚʨʝʜʥʦʩʪ. ʉʝʧʘʢ, ʧʦʩʪʦʿʘʪ ʠ ʙʨʦʿʥʠ ʜʦʢʘʟʠ ʟʘ ʥʠʚʥʦ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘˁʝ ʥʘ ʧʦʥʠʩʢʠ ʨʅ 

ʚʨʝʜʥʦʩʪʠ ʚʦ ʢʠʩʝʣʘ ʩʨʝʜʠʥʘ, ʢʘʢʦ ʧʣʘʥʢʪʦʥʩʢʠʪʝ ʧʠʢʦ ʬʦʨʤʠ ʜʦ 4.5 (Steinberg et al. 1998), 

ʠʣʠ ʥʝʢʦʣʢʫ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ ʧʨʦʥʘʿʜʝʥʠ ʜʫʨʠ ʠ ʥʘ 4.0. ʆʚʘʘ ʥʠʩʢʘ ʨʅ ʚʨʝʜʥʦʩʪ ʩʝ ʩʤʝʪʘ 

ʟʘ ʥʘʿʥʠʩʢʘ ʜʦʩʪʘʧʥʘ ʟʘ ʞʠʚʦʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ (Ward and Castenholz 2001). ʉʢʦʨʦ 

ʩʠʪʝ ʧʨʦʥʘʿʜʝʥʠ ʬʦʨʤʠ ʥʘ ʥʠʩʢʠ ʨʅ ʚʨʝʜʥʦʩʪʠ ʠʤʘʘʪ ʭʝʪʝʨʦʮʠʪʥʠ ʪʘʣʫʩʠ, ʰʪʦ ʧʦʚʪʦʨʥʦ 

ʿʘ ʥʘʛʣʘʩʫʚʘ ʚʘʞʥʦʩʪʘ ʥʘ ʘʟʦʪʦʬʠʢʩʘʮʠʿʘʪʘ ʠ ʚʦ ʪʘʢʘ ʪʝʰʢʠʪʝ ʫʩʣʦʚʠ ʟʘ ʞʠʚʦʪ. 

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʠʩʪʦ ʪʘʢʘ, ʩʝ ʞʠʪʝʣʠ ʥʘ ʩʪʫʜʝʥʠʪʝ ʧʫʩʪʠʥʠ ʥʘ ɸʥʪʘʨʢʪʠʢ ʠ 

ʜʨʫʛʠʪʝ ʧʦʣʘʨʥʠ ʨʝʛʠʦʥʠ (Vincent 2000). ʉʫʚʠʪʝ ʜʦʣʠʥʠ ʥʘ ɺʠʢʪʦʨʠʠʥʘʪʘ ɿʝʤʿʘ ʥʘ 

ɸʥʪʘʨʢʪʠʢʦʪ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ ʛʦʣʝʤʠ ʧʦʜʨʘʯʿʘ ʥʘ ʢʘʨʧʠ ʠ ʧʦʯʚʠ ʙʝʟ ʩʥʝʞʥʘ ʠʣʠ ʣʝʜʝʥʘ 

ʧʦʢʨʠʚʢʘ, ʥʘʿʚʝʨʦʿʘʪʥʦ ʢʘʢʦ ʥʘʿʝʢʩʪʨʝʤʥʘ ʩʨʝʜʠʥʘ ʥʘ ɿʝʤʿʘʪʘ. ʊʫʢʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ 

ʬʦʨʤʠʨʘʘʪ ʚʦ ʟʘʤʨʟʥʘʪʠʪʝ ʝʟʝʨʘ ʠ ʠʩʪʦʧʝʥʠʪʝ ʧʦʪʦʮʠ ʠ ʨʝʢʠ ʧʨʠ ʢʫʩʠʦʪ ʣʝʪʝʥ ʧʝʨʠʦʜ. 

ʌʠʣʘʤʝʥʪʦʟʥʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʬʦʨʤʠʨʘʘʪ ʧʨʝʚʣʘʢʠ ʧʦ ʢʘʤʝˁʘʪʘ ʥʘ ʜʥʦʪʦ ʥʘ ʦʚʠʝ 

ʚʦʜʥʠ ʞʠʚʝʘʣʠʰʪʘ, ʘ ʧʦʥʝʢʦʛʘʰ ʩʝ ʿʘʚʫʚʘʘʪ ʠ ʚʦ ʚʦʜʥʠʦʪ ʩʪʦʣʙ (Spaulding et al. 1994). ɺʦ 

ʧʦʣʘʨʥʠʪʝ ʨʝʛʠʦʥʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʥʘʩʝʣʫʚʘʘʪ ʢʘʢʦ ʢʨʠʪʧʦʝʥʜʦʣʠʪʠ ʥʘ ʤʝʩʪʘ ʢʘʜʝ 

ʚʦ ʣʝʪʦ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʜʦʩʪʠʛʥʫʚʘʘʪ ʩʘʤʦ ʜʦ 0
ʦ
C, ʘ ʚʦ ʟʠʤʘ ʧʘʺʘʘʪ ʠ ʥʘ -60

ʦ
C.  

ɼʨʫʛ ʪʠʧ ʥʘ ʝʢʩʪʨʝʤʥʦ ʞʠʚʝʘʣʠʰʪʝ ʢʦʝ ʛʦ ʪʦʣʝʨʠʨʘʘʪ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ 

ʭʠʧʝʨʩʦʣʝʥʠʪʝ ʚʦʜʠ ʢʘʜʝ ʩʦʣʝʥʦʩʪʘ ʜʘʣʝʢʫ ʿʘ ʥʘʜʤʠʥʫʚʘ ʤʦʨʩʢʘʪʘ ʚʦʜʘ. ʆʚʜʝ ʧʨʠʧʘʺʘʘʪ 

ʩʦʣʝʥʠʪʝ ʝʟʝʨʘ ʦʧʢʦʣʝʥʠ ʩʦ ʢʨʠʩʪʘʣʥʠ ʜʝʧʦʟʠʪʠ ʥʘ ʩʦʣʠ, ʭʠʧʝʨʩʦʣʝʥʠʪʝ ʤʦʨʩʢʠ ʣʘʛʫʥʠ ʠ 

ʩʦʣʘʨʥʠʪʝ ʙʘʨʠ ʢʦʠ ʠʩʧʘʨʫʚʘʘʪ. ɺʘʢʚʠ ʞʠʚʝʘʣʠʰʪʘ ʥʘʿʯʝʩʪʦ ʥʘʩʝʣʫʚʘ Aphanothece 

halophytica, ʝʜʥʦʢʣʝʪʦʯʥʘ ʩʪʘʧʯʝʩʪʘ ʭʘʣʦʬʠʣʥʘ ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ.  
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ɻʨʘʜʙʘ ʥʘ ʢʣʝʪʢʠʪʝ ʠ ʤʦʨʬʦʣʦʛʠʿʘ ʥʘ ʪʘʣʫʩʦʪ 

ʇʦʨʘʜʠ ʩʚʦʿʘʪʘ ʧʨʦʢʘʨʠʦʪʩʢʘ ʛʨʘʜʙʘ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʚʦ 

ʢʣʝʪʦʯʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʚʦ ʦʜʥʦʩ ʥʘ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʘʣʛʠ. ʅʘ ʩʚʝʪʣʦʩʝʥ ʤʠʢʨʦʩʢʦʧ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʿʘʩʥʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʢʣʝʪʦʯʝʥ ʼʠʜ ʧʦʜ ʢʦʿ ʩʝ ʥʘʦʺʘ ʧʨʦʪʦʧʣʘʩʪʦʪ. 

ɺʦ ʧʨʦʪʦʧʣʘʩʪʦʪ ʤʦʞʘʪ ʜʘ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʧʝʨʠʬʝʨʥʘʪʘ ʭʨʦʤʘʪʦʧʣʘʟʤʘ ʚʦ ʢʦʿʘ ʩʝ 

ʨʘʩʧʦʨʝʜʝʥʠ ʧʠʛʤʝʥʪʠʪʝ ʠ ʮʝʥʪʨʘʣʥʘ ʥʫʢʣʝʦʧʣʘʟʤʘ ʢʦʿʘ ʝ ʙʝʟʙʦʿʥʘ ʠ ʚʦ ʢʦʿʘ ʝ ʩʤʝʩʪʝʥ 

ʥʘʩʣʝʜʥʠʦʪ ʤʘʪʝʨʠʿʘʣ. ɱʘʩʥʘ ʛʨʘʥʠʮʘ ʧʦʤʝʺʫ ʦʚʠʝ ʜʚʝ ʟʦʥʠ ʥʝ ʧʦʩʪʦʠ, ʙʠʜʝʿ˃ʠ ʿʘʜʨʦʚʠʦʪ 

ʝʢʚʠʚʘʣʝʥʪ ʚʦ ʮʝʥʪʨʦʧʣʘʟʤʘʪʘ ʥʠʢʦʛʘʰ ʥʝ ʝ ʦʜʚʦʝʥ ʩʦ ʤʝʤʙʨʘʥʘ, ʘ ʥʝ ʧʦʩʪʦʠ ʥʠʪʫ 

ʿʘʜʨʝʥʮʝ (ʩʣʠʢʘ 34).  

 

 
 

ʉʣʠʢʘ 34. ʊɽʄ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʢʣʝʪʢʘʪʘ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. ʃʝʚʦ ï 

ʧʝʨʠʬʝʨʥʦ ʧʦʩʪʘʚʝʥʠ ʪʠʣʘʢʦʠʜʠ (ʭʨʦʤʘʪʦʧʣʘʟʤʘ), ʧʦʣʠʬʦʩʬʘʪʥʠ ʛʨʘʥʫʣʠ (pb) ʠ ʥʫʢʣʝʠʥʩʢʠ ʥʠʰʢʠ (n) ʚʦ 

ʮʝʥʪʘʨʦʪ ʥʘ ʢʣʝʪʢʘʪʘ (ʥʫʢʣʝʦʧʣʘʟʤʘ). ɼʝʩʥʦ ï ʝʜʥʘ ʦʜ ʤʦʞʥʠʪʝ ʨʩʧʨʝʜʝʣʙʠ ʥʘ ʪʠʣʘʢʦʠʜʠʪʝ ʚʦ ʢʣʝʪʢʘʪʘ.  

 

ɼʝʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʢʣʝʪʢʠʪʝ ʢʦʤʧʣʝʪʥʦ ʝ ʫʪʚʨʜʝʥʘ ʩʦ ʫʧʦʪʨʝʙʘʪʘ ʥʘ 

ʝʣʝʢʪʨʦʥʩʢʠʦʪ ʤʠʢʨʦʩʢʦʧ (ʩʣʠʢʘ 35). ʂʣʝʪʦʯʥʠʦʪ ʼʠʜ ʩʝ ʧʦʢʘʞʘ ʢʘʢʦ ʩʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʥʘ ʩʣʠʯʥʠʪʝ ʪʚʦʨʙʠ ʢʘʿ ʙʘʢʪʝʨʠʠʪʝ, ʧʨʠ ʰʪʦ ʪʦʿ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʧʦʚʝ˃ʝʩʣʦʿʥʘ 

ʪʚʦʨʙʘ ʥʘ ʩʣʦʝʚʠ (L1-L4)  ʢʦʠ ʩʝ ʥʘʜʦʚʨʟʫʚʘʘʪ ʝʜʥʠ ʥʘ ʜʨʫʛʠ ʦʜ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʢʣʝʪʢʘʪʘ 

ʢʦʥ ʥʘʜʚʦʨ. ʉʣʦʿʦʪ L1 ʝ ʚʦ ʜʠʨʝʢʪʥʘ ʚʨʩʢʘ ʩʦ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʘʪʘ ʤʝʤʙʨʘʥʘ, ʩʣʦʿʦʪ L2 ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʪʠʧʠʯʥʘʪʘ ʤʘʪʝʨʠʿʘ ʟʘ ʧʨʦʢʘʨʠʦʪʠʪʝ, ʧʝʧʪʠʜʦʢʣʠʢʘʥ ʤʫʨʝʠʥ, ʢʦʿ 

ʦʚʦʟʤʦʞʫʚʘ ʮʚʨʩʪʠʥʘ ʥʘ ʼʠʜʦʪ, ʜʦʜʝʢʘ L3 ʠ L4 ʚʦ ʛʣʘʚʥʦ ʩʝ ʠʟʛʨʘʜʝʥʠ ʦʜ ʿʘʛʣʝʭʠʜʨʘʪʠ ʠ ʩʝ 

ʝʣʘʩʪʠʯʥʠ. ʂʘʿ ʢʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʠʪʝ ʩʣʦʝʚʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʥʘʜʦʣʞʥʠʪʝ 

ʢʣʝʪʦʯʥʠ ʼʠʜʦʚʠ, ʜʦʜʝʢʘ ʚʦ ʥʘʧʨʝʯʥʠʪʝ ʥʘʚʣʝʛʫʚʘʘʪ ʩʘʤʦ L1 ʠ L2. ʂʘʿ ʭʦʨʤʦʛʦʥʠʿʘʣʥʠʪʝ 

ʬʦʨʤʠ ʚʦ ʩʠʪʝ ʼʠʜʦʚʠ ʩʝ ʥʘʦʺʘʘʪ ʧʦʨʠ ʢʦʠ ʩʣʫʞʘʪ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʧʦʤʝʺʫ ʢʣʝʪʢʠʪʝ ʩʦ 

ʧʣʘʟʤʦʜʝʟʤʠ. ʇʦʥʝʢʦʛʘʰ ʤʝʤʙʨʘʥʘʪʘ ʝ ʦʙʦʝʥʘ ʩʦ ʧʦʩʝʙʥʠ ʤʝʤʙʨʘʥʩʢʠ ʧʠʛʤʝʥʪʠ ʢʘʢʚʠ ʩʝ: 

ʛʣʝʦʢʘʧʩʠʥ, ʬʫʩʢʦʨʦʜʠʥ, ʬʫʩʢʦʭʣʦʨʠʥ ʠ ʩʣʠʯʥʦ. ʅʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʤʥʦʛʫ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ 

ʩʝ ʿʘʚʫʚʘʘʪ ʩʣʫʟʝʩʪʠ ʠʣʠ ʛʘʣʝʨʪʥʠ ʦʙʚʠʚʢʠ ʢʦʠ ʥʘʿʯʝʩʪʦ ʦʙʚʠʚʘʘʪ ʧʦʚʝ˃ʝ ʢʣʝʪʢʠ ʠʣʠ ʢʦʥʮʠ 

ʠ ʩʣʫʞʘʪ ʟʘ ʩʧʨʝʯʫʚʘˁʝ ʥʘ ʠʩʫʰʫʚʘˁʝʪʦ ʠʣʠ ʧʦʤʘʛʘʘʪ ʧʨʠ ʜʚʠʞʝˁʝʪʦ.  
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ʉʣʠʢʘ 35. ʋʣʪʨʘʩʪʨʫʢʪʫʨʘ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ (ɸ), ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ 

ʥʘ ʧʨʝʩʝʢʦʪ ʥʠʟ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʩʦ ʦʟʥʘʯʝʥʠ ʛʦʣʝʤʠʥʠ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʜʝʣʦʚʠ ʦʜ ʼʠʜʦʪ 

(ɹ) ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʝʧʪʠʜʦʛʣʠʢʘʥʦʪ ʤʫʨʝʠʥ ʚʦ ʢʣʝʪʦʯʥʠʪʝ ʼʠʜʦʚʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

(ɺ). LI -LIV ʧʦʝʜʠʥʝʯʥʠʪʝ ʩʣʦʝʚʠ ʚʦ ʼʠʜʦʪ, S ï  ʥʘʜʚʦʨʝʰʝʥ ʩʣʫʟʝʩʪ ʩʣʦʿ, CW ï ʢʣʝʪʦʯʝʥ ʼʠʜ, CM ï ʢʣʝʪʦʯʥʘ 

ʤʝʤʙʨʘʥʘ.  

  

 ɺʣʘʛʘʣʠʰʪʝ (ʢʘʧʩʫʣʘ ʠʣʠ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠ ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʠ) ʩʦʩʪʘʚʝʥʦ ʦʜ 

ʤʫʢʦʟʥʠ ʤʘʪʝʨʠʠ ʠ ʤʘʣʦ ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʫʣʦʟʘ ʯʝʩʪʦ ʩʝ ʧʨʠʩʫʪʥʠ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ 

ʢʣʝʪʢʠʪʝ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. ɺʣʘʛʘʣʠʰʪʘʪʘ ʛʠ ʯʫʚʘʘʪ ʢʣʝʪʢʠʪʝ ʦʜ ʠʩʫʰʫʚʘˁʝ ʠ 

ʘʢʪʠʚʥʦ ʩʝ ʩʢʝʨʝʪʠʪʘʘʪ ʢʘʿ ʢʣʝʪʢʠʪʝ ʢʦʠ ʠʥʪʝʥʟʠʚʥʦ ʨʘʩʪʘʪ. ʇʨʦʜʫʢʮʠʿʘʪʘ ʥʘ ʚʣʘʛʘʣʠʰʪʘ 

ʟʘʚʠʩʠ ʠ ʦʜ ʫʩʣʦʚʠʪʝ ʥʘ ʩʨʝʜʠʥʘʪʘ, ʧʨʠ ʰʪʦ ʥʝʜʦʩʪʠʛ ʦʜ CO2 ʿʘ ʧʨʝʢʠʥʫʚʘ ʧʨʦʜʫʢʮʠʿʘʪʘ ʥʘ 

ʚʣʘʛʘʣʠʰʪʘ. ɺʣʘʛʘʣʠʰʪʘʪʘ ʩʝ ʯʝʩʪʦ ʠ ʦʙʦʝʥʠ, ʛʣʘʚʥʦ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʩʨʝʜʠʥʘʪʘ: ʮʨʚʝʥʠ 

ʢʘʿ ʘʣʛʠʪʝ ʦʜ ʢʠʩʝʣʠ ʧʦʯʚʠ, ʩʠʥʠ ʢʘʿ ʘʣʛʠʪʝ ʦʜ ʙʘʟʥʠ ʧʦʯʚʠ, ʞʦʣʪʠ ʜʦ ʢʘʬʝʘʚʠ ʢʘʿ ʘʣʛʠʪʝ 

ʦʜ ʩʠʣʥʦ ʩʦʣʝʥʠʪʝ ʞʠʚʝʘʣʠʰʪʘ. ɺʣʘʛʘʣʠʰʪʘʪʘ ʩʝ ʥʘʿʧʦʚʝ˃ʝ ʚʦʦʯʣʠʚʠ ʜʦʢʦʣʢʫ ʚʦ 

ʤʠʢʨʦʩʢʦʧʩʢʠʦʪ ʧʨʝʧʘʨʘʪ ʩʝ ʢʘʧʥʝ ʤʘʣʢʫ ʪʫʰ ʢʦʿ ʥʝ ʩʝ ʚʧʠʚʘ ʚʦ ʚʣʘʛʘʣʠʰʪʝʪʦ (ʩʣʠʢʘ 36).  

 

ʉʣʠʢʘ 36. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʥʘ ʬʠʣʘʤʝʥʪ ʦʜ 

Anabaena sp. ʚʦ ʤʠʢʨʦʩʢʦʧʩʢʠ ʧʨʝʧʘʨʘʪ ʩʦ ʪʫʰ. 
ʄʝʪʦʜʘʪʘ ʿʘʩʥʦ ʛʦ ʠʩʪʘʢʥʫʚʘ ʚʣʘʛʘʣʠʰʪʝʪʦ ʦʢʦʣʫ 

ʬʠʣʘʤʝʥʪʦʪ ʥʘ ʘʣʛʘʪʘ.  

 

ʅʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʢʘʿ ʥʝʢʦʠ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʿʘʚʫʚʘʘʪ ʠ ʧʠʣʠ (ʩʣʠʢʘ 36). 

ʇʦʩʪʦʿʘʪ ʜʚʘ ʪʠʧʘ ʥʘ ʧʠʣʠ ʢʘʿ ʝʜʥʦʢʣʝʪʦʯʥʘʪʘ 

ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ Synechocystis: ʘ) ʢʣʝʪʢʘʪʘ ʿʘ 

ʧʨʝʨʢʠʚʘ ʢʦʥʪʠʥʫʠʨʘʥ ʩʣʦʿ ʥʘ ʪʝʥʢʠ ʯʝʪʢʦʚʠʜʥʠ 

ʧʠʣʠ ʩʦ ʜʠʿʘʤʝʪʘʨ ʦʜ 3-4 nm ʠ ʜʦʣʞʠʥʘ ʦʜ 1 mm, ʙ) 

ʢʣʝʪʢʠʪʝ ʧʦʩʝʜʫʚʘʘʪ ʠ ʜʝʙʝʣʠ ʬʣʝʢʩʠʙʠʣʥʠ ʧʠʣʠ 
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ʉʣʠʢʘ 38. ʎʨʪʝʞ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʦʜʣʠʢʠ ʥʘ ʢʣʝʪʢʘ ʦʜ 

ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ. (C) ʎʠʿʘʥʦʬʠʮʝʩʢʠ ʛʨʘʥʫʣʠ; (Car) ʢʘʨʙʦ-

ʢʩʠʟʦʤ; (D) ɼʅʂ ʬʠʙʨʠʣʠ; (G) ʛʘʩʥʠ ʚʘʢʫʦʣʠ; (P) ʧʣʘʟʤʘʣʝʤʘ; 

(PB) ʧʦʣʠʬʦʩʬʘʪʥʠ ʛʨʘʥʫʣʠ; (PG) ʧʦʣʠʛʣʫʢʘʥʩʢʠ ʛʨʘʥʫʣʠ; (Py) 

ʬʠʢʦʙʠʣʠʟʦʤʠ; (R) ʨʠʙʦʟʦʤʠ; (S) ʚʣʘʛʘʣʠʰʪʝ; (W) ʢʣʝʪʦʯʝʥ ʼʠʜ. 

ʩʦ ʧʨʝʯʥʠʢ ʦʜ 6-8 nm ʠ ʜʦʣʞʠʥʘ ʦʜ 4-5 mm ʢʦʠ ʩʣʫʞʘʪ ʟʘ ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʜʨʫʛʠ ʢʣʝʪʢʠ. 

ʇʠʣʠʪʝ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ 500-1.000 ʝʜʠʥʠʮʠ ʥʘ ʧʦʣʠʧʝʧʪʠʜʦʪ ʧʠʣʠʥ; ʩʝʢʦʿʘ ʝʜʠʥʠʮʘ ʥʘ 

ʧʠʣʠʥ ʩʦʜʨʞʠ 145-170 ʘʤʠʥʦʢʠʩʝʣʠʥʠ. ʄʦʣʝʢʫʣʘʪʘ ʥʘ ʧʠʣʠʥ ʝ ʩʣʠʯʥʘ ʥʘ ʦʩʮʠʣʠʥ 

ʤʦʣʝʢʫʣʘʪʘ ʢʦʿʝ ʝ ʦʜʛʦʚʦʨʥʘ ʟʘ ʣʠʟʛʘʯʢʦʪʦ ʜʚʠʞʝˁʝ ʥʘ ʘʣʛʠʪʝ. Synechocystis ʝ ʩʦʩʦʙʥʘ ʟʘ 

ʜʚʠʞʝˁʝ ʧʦ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʧʦʜʣʦʛʘʪʘ ʩʦ ʙʨʟʠʥʘ ʦʜ 1-2 mm/sec ʢʦʨʠʩʪʝʿ˃ʠ ʛʦ ʤʝʭʘʥʠʟʤʦʪ 

ʥʘʨʝʯʝʥ ʛʨʯʝˁʝ ʧʨʝʢʫ ʧʨʦʤʝʥʘ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘʪʘ ʥʘ ʧʠʣʠʪʝ.  

 

ʉʣʠʢʘ 37. ʊɽʄ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʥʘ 

ʥʝʛʘʪʠʚʥʦ ʦʙʦʝʥʠ ʢʣʝʪʢʠ ʥʘ 

Synechocystis  ʩʦ ʧʨʠʢʘʟ ʥʘ 

ʢʦʥʪʠʥʫʨʘʥ ʩʣʦʿ ʥʘ ʧʠʣʠ ʦʢʦʣʫ 

ʢʣʝʪʢʘʪʘ (ʣʝʚʦ) ʠ ʝʜʠʥʝʯʥʘ ʧʠʣʘ 

ʧʦʤʝʺʫ ʜʚʝ ʢʣʝʪʢʠ. (ʩʧʦʨʝʜ Bhaya et al., 

1999.) 

 

ʂʘʢʦ ʰʪʦ ʝ ʚʝ˃ʝ ʥʘʚʝʜʝʥʦ, ʧʝʨʠʬʝʨʥʠʦʪ ʜʝʣ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʘ ʩʝ ʥʘʨʝʢʫʚʘ 

ʭʨʦʤʘʪʦʧʣʘʟʤʘ ʙʠʜʝʿ˃ʠ ʝ ʦʙʦʝʥ ʧʦʨʘʜʠ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʧʠʛʤʝʥʪʠʪʝ ʚʦ ʟʘʯʝʪʦʮʠʪʝ ʥʘ 

ʧʣʘʩʪʠʜʠʪʝ ʥʘʨʝʯʝʥʠ ʪʠʣʘʢʦʠʜʠ, ʩʧʣʝʩʢʘʥʠ ʚʨʝ˃ʝʩʪʠ ʩʪʨʫʢʪʫʨʠ ʢʦʠ ʛʠ ʩʦʜʨʞʘʪ 

ʭʣʦʨʦʬʠʣʦʪ ʘ ʠ ʢʘʨʦʪʝʥʦʠʜʠʪʝ, ʜʦʜʝʢʘ ʧʠʛʤʝʥʪʠʪʝ ʦʜ ʛʨʫʧʘʪʘ ʥʘ ʬʠʢʦʙʠʣʠʥʠ (c-

ʬʠʢʦʮʠʿʘʥʠʥ, c-ʬʠʢʦʝʨʠʪʨʠʥ ʠ ʘʣʦʬʠʢʦʮʠʿʘʥʠʥ) ʩʝ ʥʘʦʺʘʘʪ ʚʦ ʧʦʩʝʙʥʠ ʛʨʘʥʫʣʠ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʪʠʣʘʢʦʠʜʠʪʝ ʥʘʨʝʯʝʥʠ ʬʠʢʦʙʠʣʠʟʦʤʠ. ʌʠʢʦʙʠʣʠʥʠʪʝ (ʜʝʪʘʣʥʦ 

ʦʙʿʘʩʥʫʚʘˁʝ ʚʦ ʚʦʚʝʜʥʠʦʪ ʜʝʣ ʥʘ ʢʥʠʛʘʪʘ), ʢʦʠ ʫʰʪʝ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʙʠʣʠʧʨʦʪʝʠʥʠ, ʩʝ 

ʩʧʝʮʠʬʠʯʥʘ ʛʨʫʧʘ ʥʘ ʧʠʛʤʝʥʪʠ ʧʨʠʩʫʪʥʠ ʩʘʤʦ ʫʰʪʝ 

ʢʘʿ ʦʜʨʝʜʝʥʠ ʛʨʫʧʠ ʥʘ ʝʚʦʣʫʪʠʚʥʦ ʩʪʘʨʠ ʘʣʛʠ 

(Pyrrophyta ʠ Rhodophyta) ʢʦʠ ʦʜ ʬʠʟʠʦʣʦʰʢʠ ʘʩʧʝʢʪ 

ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʠ ʬʦʪʦʩʝʥʟʠʙʠʣʠʟʘʪʦʨʠ. ʅʠʚʥʘʪʘ 

ʦʩʥʦʚʥʘ ʫʣʦʛʘ ʝ ʚʦ ʤʘʢʩʠʤʘʣʥʦʪʦ ʘʧʩʦʨʙʠʨʘˁʝ ʥʘ 

ʜʦʩʪʘʧʥʘʪʘ ʩʚʝʪʣʠʥʘ ʚʦ ʫʩʣʦʚʠ ʢʦʛʘ ʪʘʘ ʝ ʥʘʤʘʣʝʥʘ 

ʧʦʨʘʜʠ ʛʦʣʝʤʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʧʨʘʚ ʠ ʯʝʩʪʠʯʢʠ ʚʦ 

ʘʪʤʦʩʬʝʨʘʪʘ ʠʣʠ ʦʙʣʘʮʠ (ʩʦʩʪʦʿʙʘ ʯʝʩʪʘ ʚʦ ʨʘʥʠʦʪ 

ʧʝʨʠʦʜ ʥʘ ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʧʣʘʥʝʪʘʪʘ ɿʝʤʿʘ) ʠʣʠ ʧʨʠ 

ʛʦʣʝʤʠ ʜʣʘʙʦʯʠʥʠ, ʢʘʜʝ ʜʦʧʠʨʘʘʪ ʩʘʤʦ 

ʧʦʝʜʠʥʝʯʥʠ ʙʨʘʥʦʚʠ ʜʦʣʞʠʥʠ ʥʘ 

ʚʠʜʣʠʚʠʦʪ ʜʝʣ ʦʜ ʩʧʝʢʪʘʨʦʪ. ʉʧʦʨʝʜ ʪʦʘ, 

ʚʦ ʟʘʚʠʩʥʦʩʪ ʢʦʠ ʧʠʛʤʝʥʪʠ ʜʦʤʠʥʠʨʘʘʪ 

ʚʦ ʢʣʝʪʢʠʪʝ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʪʠʝ 

ʠʤʘʘ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʭʨʦʤʘʪʩʢʘ ʘʜʘʧʪʘʮʠʿʘ 

ʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʨʘʟʣʠʯʥʦ ʦʙʦʝʥʠ: ʮʨʚʝʥʦ, ʟʝʣʝʥʦ, ʩʠʥʦ ʜʫʨʠ ʠ ʮʨʥʦ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʠʥʪʝʥʟʠʪʝʪʦʪ ʠ ʚʠʜʦʪ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʩʦ ʢʦʠ ʩʝ ʦʩʚʝʪʣʝʥʠ, ʭʝʤʠʩʢʠʦʪ ʩʦʩʪʘʚ ʥʘ ʩʨʝʜʠʥʘʪʘ ʠ 

ʨʅ ʨʝʘʢʮʠʿʘʪʘ.  
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ʉʣʠʢʘ 39. (ɸ) ʍʝʪʝʨʦʮʠʪʥʘ ʛʨʘʜʙʘ ʥʘ 

ʬʠʣʘʤʝʥʪ ʦʜ Anabaena sp. ʠ                   

(ɹ) ʫʣʪʨʘʩʪʨʫʢʪʫʨʘ ʥʘ ʭʝʪʝʨʦʮʠʩʪʘ.  

ɺʦ ʧʨʦʪʦʮʠʪʦʧʣʘʟʤʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʫʰʪʝ ʩʝ ʿʘʩʥʦ ʚʠʜʣʠʚʠ 

ʨʠʙʦʟʦʤʠʪʝ, ʨʝʟʝʨʚʥʠʪʝ ʤʘʪʝʨʠʠ, ʨʘʟʣʠʯʥʠ ʢʨʠʩʪʘʣʠ ʠ ʛʘʩʥʠʪʝ ʚʘʢʫʦʣʠ. ʇʨʦʜʫʢʪʠ ʥʘ 

ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʩʝ: ʘ) ʮʠʿʘʥʦʬʠʮʝʿʩʢʠ ʩʢʨʦʙ - ʩʦʝʜʠʥʝʥʠʝ ʩʣʠʯʥʦ ʥʘ ʛʣʠʢʦʛʝʥʦʪ ʢʘʿ 

ʞʠʚʦʪʥʠʪʝ (ʛʣʠʢʦʧʨʦʪʝʠʜ) ʠ ʘʤʠʣʦʧʝʢʪʠʥʦʪ ʦʜ ʩʢʨʦʙʦʪ ʢʘʿ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʩʝ ʿʘʚʫʚʘ ʚʦ 

ʬʦʨʤʘ ʥʘ ʤʘʣʠ ʛʨʘʥʫʣʠ (30x65 nm) ʥʝʚʠʜʣʠʚʠ ʥʘ ʉʄ ʢʦʠ ʣʝʞʘʪ ʧʦʤʝʺʫ ʪʠʣʘʢʦʠʜʠʪʝ;                   

ʙ) ʮʠʿʘʥʦʬʠʮʝʿʩʢʠ ʛʨʘʥʫʣʠ ï Ăʘʛʦʣʥʠñ ʧʦ ʬʦʨʤʘ ʛʨʘʥʫʣʠ ʥʘ ʮʠʿʘʥʦʬʠʮʠʥ (ʜʦ 500 nm ʚʦ 

ʧʨʝʯʥʠʢ), ʚʠʜʣʠʚʠ ʥʘ ʉʄ ʠ ʩʝ ʧʦʩʪʘʚʫʚʘʘʪ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʥʘʧʨʝʯʥʠʪʝ ʼʠʜʦʚʠ ʢʘʿ 

ʢʦʥʯʝʩʪʠʪʝ ʬʦʨʤʠ ʠʣʠ ʥʘ ʛʨʘʥʠʮʘʪʘ ʧʦʤʝʺʫ ʮʝʥʪʨʦ ʠ ʭʨʦʤʘʪʦʧʣʘʟʤʘʪʘ ʢʘʿ ʦʩʪʘʥʘʪʠʪʝ, 

ʩʦʜʨʞʘʪ ʨʝʟʝʨʚʝʥ ʧʨʦʪʝʠʥ ʩʦʩʪʘʚʝʥ ʦʜ ʩʘʤʦ 2 ʘʤʠʥʦʢʠʩʝʣʠʥʠ - ʘʨʛʠʥʠʥ ʠ ʘʩʧʘʨʘʛʠʥʩʢʘ 

ʢʠʩʝʣʠʥʘ, ʩʣʫʞʘʪ ʢʘʢʦ ʣʝʩʥʦ ʜʦʩʪʘʧʥʘ ʨʝʟʝʨʚʘ ʥʘ ʘʟʦʪ; ʚ) ʧʦʣʠʬʦʩʬʘʪʥʠ (ʚʦʣʫʪʠʥʩʢʠ) 

ʛʨʘʥʫʣʠ - ʛʨʘʥʫʣʠ ʩʦ ʚʠʩʦʢʦ ʧʦʣʠʤʝʣʠʟʠʨʘʥ ʧʦʣʠʬʦʩʬʘʪ, ʜʦ 2 mʤ ʚʦ ʧʨʝʯʥʠʢ, ʩʣʫʞʘʪ ʢʘʢʦ 

ʨʝʟʝʨʚʘ ʥʘ ʬʦʩʬʘʪʠ ʟʘ ʢʣʝʪʢʠʪʝ,  ʧʨʦʥʘʿʜʝʥʠ ʩʝ ʠ ʢʘʿ ʙʘʢʪʝʨʠʠʪʝ, ʛʘʙʠʪʝ ʠ ʝʫʢʘʨʠʦʪʩʢʠʪʝ 

ʘʣʛʠ, ʥʦ ʥʝ ʠ ʢʘʿ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ; ʛ) ʧʦʣʠʝʜʨʘʣʥʠ ʪʝʣʘ (ʢʘʨʙʦʢʩʠʟʦʤʠ) - 200 - 300 nm ʚʦ 

ʧʨʝʯʥʠʢ ʛʦ ʩʦʜʨʞʘʪ ʝʥʟʠʤʦʪ  ʨʠʙʫʣʦʟʦ-1,5-ʜʠʬʦʩʬʘʪ ʢʘʨʙʦʢʩʠʣʘʟʘ ʦʢʩʠʛʝʥʘʟʘ (RuBisCO), 

ʢʦʿ ʢʘʪʘʣʠʟʠʨʘ ʬʦʪʦʩʠʥʪʝʪʩʢʘ ʬʠʢʩʘʮʠʿʘ ʥʘ CO2. ʉʘʤʘʪʘ ʧʨʦʪʦʮʠʪʦʧʣʘʟʤʘ ʝ ʥʝʧʦʜʚʠʞʥʘ, 

ʤʥʦʛʫ ʧʦʛʫʩʪʘ ʦʜ ʮʠʪʦʧʣʘʟʤʘʪʘ ʥʘ ʜʨʫʛʠʪʝ ʨʘʩʪʝʥʠʿʘ ʠ ʥʘʿʯʝʩʪʦ ʙʝʟ ʚʘʢʫʦʣʠ, ʘ ʜʦʢʦʣʢʫ 

ʧʦʩʪʦʿʘʪ ʪʦʘ ʝ ʟʥʘʢ ʥʘ ʩʪʘʨʝʝˁʝ ʠ ʠʟʫʤʠʨʘˁʝ ʥʘ ʘʣʛʘʪʘ (ʩʣʠʢʘ 

38).  

ʅʘʩʧʨʦʪʠ ʚʘʢʫʦʣʠʪʝ ʩʦ ʨʝʟʝʨʚʥʠ ʤʘʪʝʨʠʠ ʢʦʠ ʩʝ ʨʝʪʢʠ, 

ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʯʝʩʪʦ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʛʘʩʥʠʪʝ ʚʘʢʫʦʣʠ ʠʣʠ 

ʧʩʝʫʜʦʚʘʢʫʦʣʠʪʝ. ʊʦʘ ʩʝ ʚʦ ʦʩʥʦʚʘ ʦʨʛʘʥʝʣʠ ʠʩʧʦʣʥʝʪʠ ʩʦ ʛʘʩ 

(ʟʘ ʨʘʟʣʠʢʘ ʦʜ ʚʘʢʫʦʣʠʪʝ ʢʘʿ ʝʫʢʘʨʠʦʪʩʢʠʛʪʝ ʨʘʩʪʝʥʠʿʘ ʢʦʠ ʩʝ 

ʠʩʧʦʣʥʝʪʠ ʩʦ ʪʝʯʥʦʩʪ), ʩʦ ʜʚʦʿʥʘ ʧʨʦʪʝʠʥʩʢʘ ʤʝʤʙʨʘʥʘ 

ʧʝʨʤʝʘʙʠʣʥʘ ʟʘ ʛʘʩʦʚʠ, ʣʦʮʠʨʘʥʠ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʥʫʢʣʝʦʧʣʘʟʤʘʪʘ 

ʠ ʢʦʠ ʩʝ ʧʨʠʩʫʪʥʠ ʚʦ ʪʝʢʦʪ ʥʘ ʮʝʣʠʦʪ ʞʠʚʦʪ ʢʘʿ ʚʠʜʦʚʠʪʝ ʢʦʠ ʛʠ 

ʧʦʩʝʜʫʚʘʘʪ, ʘ ʪʦʘ ʥʘʿʯʝʩʪʦ ʩʝ ʬʦʨʤʠʪʝ ʢʦʠ ʞʠʚʝʘʪ ʚʦ 

ʧʣʘʥʢʪʦʥʦʪ (Aphanizomenon flos-aquae, Microcystis aeruginisa ʠ 

ʜʨʫʛʠ). ɻʘʩʥʠʪʝ ʚʘʢʫʦʣʠ ʜʝʣʫʚʘʘʪ ʢʘʢʦ ʨʝʛʫʣʘʪʦʨʠ ʥʘ ʤʦʞʥʦʩʪʘ 

ʟʘ ʣʝʙʜʝˁʝó ʚʦ ʚʦʜʘʪʘ ʜʦʟʚʦʣʫʚʘʿ˃ʠ ʠʤ ʥʘ ʧʣʘʥʢʪʦʥʝʨʠʪʝ ʜʘ ʩʝ 

ʜʚʠʞʘʪ ʥʘʛʦʨʝ-ʥʘʜʦʣʫ ʧʦ ʚʦʜʥʠʦʪ ʩʪʦʣʙ, ʢʦʥ ʜʥʦʪʦ ʢʘʜʝ ʩʝ 

ʧʦʜʦʩʪʘʧʥʠ ʭʨʘʥʠʪʝʣʥʠʪʝ ʤʘʪʝʨʠʠ ʠʣʠ ʢʦʥ ʧʦʚʨʰʠʥʘʪʘ ʢʘʜʝ 

ʩʚʝʪʣʠʥʘʪʘ ʝ ʧʦʚʦʣʥʘ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ. ɻʘʩʥʠʪʝ ʚʘʢʫʦʣʠ ʩʝ 

ʢʣʫʯʥʠ ʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʘ Ăʚʦʜʝʥ ʮʚʝʪñ.  

ɺʦ ʮʝʥʪʨʘʣʥʠʦʪ ʜʝʣ ʥʘ ʢʣʝʪʢʘʪʘ ʩʝ ʥʘʦʺʘ 

ʥʫʢʣʝʦʧʣʘʟʤʘʪʘ (ʮʝʥʪʨʦʧʣʘʟʤʘ ʠʣʠ ʧʨʦʢʘʨʠʦʥ) 

ʢʦʿʘ ʿʘ ʩʦʯʠʥʫʚʘʘʪ ʭʠʿʘʣʦʧʣʘʟʤʘ ʠ ʬʠʙʨʠʣʠ ʥʘ 

ɼʅK. ɺʘʢʚʘʪʘ ʪʠʧʠʯʥʘ ʧʨʦʢʘʨʠʦʪʩʢʘ ʛʨʘʜʙʘ ʩʝ 

ʦʜʣʠʢʫʚʘ ʩʦ ʦʪʩʫʩʪʚʦ ʥʘ ʿʘʜʨʦʚʘ ʤʝʤʙʨʘʥʘ, ʿʘʜʨʝʥʮʝ ʠ ʭʠʩʪʦʥʠ. ʉʦ ʥʘʿʥʦʚʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ 

ʫʪʚʨʜʝʥʘ ʝ ʠʥʪʝʨʝʩʥʘʪʘ ʧʦʿʘʚʘ ʜʫʨʠ ʠ ʥʘʿʤʘʣʠʪʝ ʠ ʤʦʨʬʦʣʦʰʢʠ ʥʘʿʝʜʥʦʩʪʘʚʥʠʪʝ ʬʦʨʤʠ ʚʦ 

ʩʚʦʠʪʝ ʢʣʝʪʢʠ ʜʘ ʩʦʜʨʞʘʪ ʧʦʚʝ˃ʝ ʢʦʧʠʠ ʥʘ ʩʚʦʿʦʪ ʛʝʥʦʤ (ʟʘ Synecoccus ʠ Synechocystis ʩʝ 
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ʦʪʢʨʠʝʥʠ ʜʫʨʠ ʰʝʩʪ ʠʜʝʥʪʠʯʥʠ Ăʭʨʦʤʦʟʦʤʠñ (Castenholz 1992). ʉ¯ ʫʰʪʝ ʥʝ ʝ ʿʘʩʥʦ ʢʘʢʦ 

ʦʚʦʿ ʟʛʦʣʝʤʝʥ ʛʝʥʦʤ ʚʣʠʿʘʝ ʚʨʟ ʤʦʨʬʦʣʦʛʠʿʘʪʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠ ʧʦʢʦʤʧʣʝʢʩʥʠʪʝ ʬʦʨʤʠ, 

ʜʘʣʠ ʚʦ ʥʝʛʦ ʩʝ ʩʦʜʨʞʘʥʠ ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʝ ʪʦʘ ʩʘʤʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʧʦʣʠʧʣʦʠʜʠʿʘʪʘ. ʀʩʪʦ ʪʘʢʘ, ʫʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʭʦʨʤʦʛʦʥʠʠʪʝ (ʩʧʝʮʠʬʠʯʥʠ ʜʝʣʦʚʠ ʥʘ ʪʘʣʫʩʦʪ 

ʥʘ ʢʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʢʣʫʯʝʥʠ ʚʦ ʧʨʦʮʝʩʠʪʝ ʥʘ ʨʘʟʤʥʦʞʫʚʘˁʝ) ʩʦʜʨʞʘʪ ʜʘʣʝʢʫ 

ʧʦʤʘʣ ʙʨʦʿ ʥʘ ʢʦʧʠʠ ʥʘ ʛʝʥʦʤʦʪ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ (Herdman and Rippka 1988), ʰʪʦ 

ʫʢʘʞʫʚʘ ʜʝʢʘ ʢʦʧʠʠʪʝ ʥʘ ʛʝʥʦʤʦʪ ʩʝ ʧʦʪʨʝʙʥʠ ʚʦ ʘʢʪʠʚʥʠʪʝ ʚʝʛʝʪʘʪʠʚʥʠ ʢʣʝʪʢʠ. ʆʩʪʘʥʫʚʘ 

ʜʘ ʩʝ ʧʨʦʫʯʠ ʢʘʢʦ ʩʝʣʝʢʮʠʿʘʪʘ ʠ ʤʫʪʘʮʠʠʪʝ ʜʝʣʫʚʘʘʪ ʚʨʟ ʦʚʠʝ ʘʣʛʠ, ʥʦ ʠʥʪʝʨʝʩʥʦ ʝ ʜʝʢʘ 

ʜʫʨʠ ʠ ʝʜʠʥʝʯʝʥ ʢʦʥʝʮ ʥʘ Oscillatoria ʥʘ ʧʨʠʤʝʨ ʩʦʜʨʞʠ ʧʦʚʝ˃ʝ ʩʪʦʪʠʮʠ ʢʦʧʠʠ ʥʘ ʛʝʥʦʤʦʪ 

ʠ ʜʝʢʘ ʚʦ ʢʫʣʪʫʨʠʪʝ ʥʘ ʦʚʦʿ ʦʨʛʘʥʠʟʘʤ ʝ ʯʝʩʪʘ ʧʦʿʘʚʘʪʘ ʥʘ ʬʝʥʦʪʠʧʩʢʠ ʨʘʟʣʠʯʥʠ ʢʦʥʮʠ ʢʦʠ 

ʧʦʪʝʢʥʫʚʘʘʪ ʦʜ ʝʜʝʥ ʠʩʪ ʚʠʜ.  

ɺʝ˃ʝ ʝ ʥʘʧʦʤʝʥʘʪʦ ʜʝʢʘ ʢʘʿ ʭʝʪʝʨʦʮʠʪʥʠʪʝ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ 

ʩʨʝ˃ʘʚʘʘʪ ʠ ʜʨʫʛʠ ʢʣʝʪʢʠ ʢʘʢʦ ʭʝʪʝʨʦʮʠʩʪʠ ʠ ʘʢʠʥʝʪʠ (ʩʧʦʨʠ) ʢʦʠ ʥʘʩʪʘʥʫʚʘʘʪ ʩʦ 

ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʥʘ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ 

ʢʣʝʪʢʠ ʧʦ ʩʚʦʿʘʪʘ ʙʦʿʘ, ʬʦʨʤʘ, ʛʦʣʝʤʠʥʘ ʠ ʩʦʜʨʞʠʥʘ. ʊʠʝ ʩʝ ʧʦʢʨʫʧʥʠ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ 

ʢʣʝʪʢʠ, ʥʝ ʩʦʜʨʞʘʪ ʨʝʟʝʨʚʥʠ ʤʘʪʝʨʠʠ, ʥʝʤʘʘʪ ʛʘʩʥʠ ʚʘʢʫʦʣʠ ʠ ʩʝ ʙʣʝʜʦʞʦʣʪʠ ʥʘ 

ʩʚʝʪʣʦʩʪʝʥ ʤʠʢʨʦʩʢʦʧ (ʉʣʠʢʘ 39). ʅʠʚʥʘʪʘ ʥʘʿʚʦʦʯʣʠʚʘ ʦʜʣʠʢʘ ʩʝʢʘʢʦ ʝ ʩʣʦʞʝʥʠʦʪ 

ʢʣʝʪʦʯʝʥ ʼʠʜ ʢʦʿ ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʜʚʦʩʣʦʿʥʘ ʮʚʨʩʪʘ ʦʙʚʠʚʢʘ ʚʦ ʢʦʿʘ, ʧʦʢʨʘʿ ʥʘʚʝʜʝʥʠʪʝ 

ʩʣʦʝʚʠ ʢʘʿ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ, ʧʦʩʪʦʿʘʪ ʠ ʜʦʧʦʣʥʠʪʝʣʥʠ ʦʙʚʠʚʢʠ. ʂʦʤʫʥʠʢʘʮʠʿʘʪʘ ʩʦ 

ʦʩʪʘʥʘʪʠʪʝ ʢʣʝʪʢʠ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʧʦʨʠ ʠ ʧʣʘʟʤʦʜʝʟʤʠ, ʜʦʜʝʢʘ ʚʦ ʩʘʤʘʪʘ ʭʝʪʝʨʦʮʠʩʪʘ ʥʝ 

ʧʦʩʪʦʿʘʪ ʥʠʢʘʢʚʠ ʛʨʘʥʫʣʠʨʘʥʠ ʩʪʨʫʢʪʫʨʠ. ɼʠʬʝʨʝʥʮʠʨʘˁʝʪʦ ʥʘ ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝ ʦʜʚʠʚʘ 

ʩʦ ʨʝʦʨʛʘʥʠʟʠʨʘˁʝ ʥʘ ʤʝʤʙʨʘʥʩʢʠʪʝ ʩʠʩʪʝʤʠ, ʪʠʣʘʢʦʠʜʠʪʝ ʩʝ ʨʘʟʛʨʘʜʫʚʘʘʪ, ʘ ʥʘ ʥʠʚʥʦ 

ʤʝʩʪʦ ʩʝ ʬʦʨʤʠʨʘʘʪ ʥʦʚʠ ʮʚʨʩʪʠ ʩʪʨʫʢʪʫʨʠ. ʆʜ ʧʠʛʤʝʥʪʠʪʝ ʧʨʠʩʫʪʥʠ ʩʝ ʩʘʤʦ ʭʣʦʨʦʬʠʣʦʪ 

ʘ ʠ ʢʘʨʦʪʝʥʦʠʜʠʪʝ, ʜʦʜʝʢʘ ʬʠʙʨʠʣʠʪʝ ʥʘ ɼʅK ʩʝ ʨʘʩʬʨʣʝʥʠ ʧʦ ʮʝʣʘʪʘ ʧʦʚʨʰʠʥʘ ʥʘ 

ʭʝʪʝʨʦʮʠʩʪʘʪʘ.  

ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʥʝʘʢʪʠʚʥʠ, ʪʠʝ ʥʝ ʬʠʢʩʠʨʘʘʪ ʉʆ2, ʥʠʪʫ 

ʧʨʦʜʫʮʠʨʘʘʪ ʆ2. ʊʠʝ, ʠʩʪʦ ʪʘʢʘ, ʧʦʢʘʞʫʚʘʘʪ ʚʠʩʦʢʘ ʩʪʘʧʢʘ ʥʘ ʨʝʩʧʠʨʘʪʠʚʥʦ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʩʝ ʦʙʠʢʦʣʝʥʠ ʩʦ ʜʝʙʝʣ, ʣʘʤʠʥʠʨʘʥ ʢʣʝʪʦʯʝʥ ʼʠʜ ʢʦʿ ʿʘ 

ʩʧʨʝʯʫʚʘ ʨʘʟʤʝʥʘʪʘ ʥʘ ʛʘʩʦʚʠ ʩʦ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ. ʇʦʨʘʜʠ ʪʦʘ, ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ 

ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʝ ʮʝʣʦʩʥʦ ʘʥʘʝʨʦʙʥʘ, ʪhʦ ʝ ʠʜʝʘʣʥʦ ʟʘ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʥʠʪʨʦʛʝʥʘʟʘʪʘ, 

ʝʥʟʠʤ ʟʘʜʦʣʞʝʥ ʟʘ ʬʠʢʩʠʨʘˁʝ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠʦʪ ʘʟʦʪ.  

ʇʦʣʦʞʙʘʪʘ ʥʘ ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʚʦ ʪʨʠʭʦʤʦʪ ʥʘ ʘʣʛʠʪʝ, ʠʩʪʦ ʪʘʢʘ, ʩʝ ʨʘʟʣʠʢʫʚʘ, ʢʘʢʦ 

ʧʦʝʜʠʥʝʯʥʠ ʢʣʝʪʢʠ ʠʣʠ ʥʠʟʘ ʦʜ ʥʝʢʦʣʢʫ ʩʧʦʝʥʠ ʭʝʪʝʨʦʮʠʩʪʠ. ʉʧʦʨʝʜ ʤʝʩʪʦʪʦ ʥʘ 

ʧʦʣʦʞʙʘʪʘ ʚʦ ʪʨʠʭʦʤʦʪ ʨʘʟʣʠʢʫʚʘʤʝ: ʙʘʟʘʣʥʠ ʭʝʪʝʨʦʮʠʩʪʠ (Rivularia), ʪʝʨʤʠʥʘʣʥʠ 

(Cylindrospermum), ʠʥʪʝʨʢʘʣʘʨʥʠ (Nostoc, Anabaena) ʠ ʣʘʪʝʨʘʣʥʠ (ʥʝʢʦʠ ʚʠʜʦʚʠ ʥʘ 

Stigonematales).  

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʜʠʘʟʦʪʨʦʬʠ ï ʦʨʛʘʥʠʟʤʠ ʩʧʦʩʦʙʥʠ ʟʘ ʬʠʢʩʠʨʘˁʝ ʥʘ 

ʘʪʤʦʩʬʝʨʩʢʠʦʪ ʘʟʦʪ. ʉʠʪʝ ʧʦʟʥʘʪʠ ʘʟʦʪʦʬʠʢʩʠʨʘʯʢʠ ʦʨʛʘʥʠʟʤʠ ʩʝ ʧʨʦʢʘʨʠʦʪʠ. ʇʨʠ 

ʘʟʦʪʦʬʠʢʩʘʮʠʿʘʪʘ, ʘʟʦʪʦʪ (N2) ʦʜ ʘʪʤʦʩʬʝʨʘʪʘ ʩʝ ʬʠʢʩʠʨʘ ʧʨʝʢʫ ʝʥʟʠʤʦʪ ʥʠʪʨʦʛʝʥʘʟʘ ʚʦ 

ʘʤʦʥʠʿʘʢ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ɸʊʇ. ʆʚʦʿ ʧʨʦʮʝʩ ʝ ʝʜʝʥ ʦʜ ʝʥʝʨʛʝʪʩʢʠ 
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ʥʘʿʩʢʘʧʠʪʝ ʧʨʦʮʝʩʠ ʚʦ ʙʠʦʣʦʛʠʿʘʪʘ, ʢʦʿ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ ʜʫʨʠ 16 ɸʊʇ ʤʦʣʝʢʫʣʠ ʟʘ ʩʝʢʦʿʘ 

ʤʦʣʝʢʫʣʘ ʬʠʢʩʠʨʘʥ ʘʟʦʪ. ɸʤʦʥʠʿʘʢʦʪ ʩʦʟʜʘʜʝʥ ʩʦ ʬʠʢʩʠʨʘˁʝ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠʦʪ ʘʟʦʪ ʩʝ 

ʜʦʜʘʚʘ ʥʘ 2-ʦʢʩʠʛʣʫʪʘʨʘʪʦʪ (ʦʜ ʮʠʢʣʫʩʦʪ ʥʘ ʣʠʤʫʥʩʢʘʪʘ ʢʠʩʝʣʠʥʘ) ʧʨʝʢʫ ʝʥʟʠʤʦʪ 

ʛʣʫʪʘʤʘʪ ʜʝʭʠʜʨʦʛʝʥʘʟʘ ʟʘ ʜʘ ʬʦʨʤʠʨʘ ʛʣʫʪʘʤʘʪ. ɼʦʜʘʚʘˁʝʪʦ ʥʘ ʚʪʦʨ ʘʤʦʥʠʿʘʢ ʥʘ 

ʛʣʫʪʘʤʘʪʦʪ ʧʨʦʜʫʮʠʨʘ ʛʣʫʪʘʤʠʥ, ʤʦʣʝʢʫʣʘ ʢʦʿʘ ʩʝ ʧʨʝʥʝʩʫʚʘ ʥʠʟ ʩʠʪʝ ʢʣʝʪʢʠ ʥʘ ʘʣʛʘʪʘ.  

ɺʪʦʨ ʚʠʜ ʥʘ ʩʧʝʮʠʿʘʣʠʟʠʨʘʥʠ ʢʣʝʪʢʠ ʚʦ ʭʝʪʝʨʦʮʠʪʥʠʪʝ ʪʘʣʫʩʠ ʥʘ ʢʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʘʢʠʥʝʪʠʪʝ ʠʣʠ ʪʨʘʿʥʠʪʝ ʩʧʦʨʠ (ʩʣʠʢʘ 39). ʊʠʝ ʩʝ ʩʦʟʜʘʚʘʘʪ ʦʜ ʝʜʥʘ 

ʚʝʛʝʪʘʪʠʚʥʘ ʢʣʝʪʢʘ ʠʣʠ ʩʦ ʬʫʟʠʿʘ ʥʘ ʧʦʚʝ˃ʝ ʢʣʝʪʢʠ (ʢʘʢʦ ʢʘʿ Anabaena ʥʘ ʧʨʠʤʝʨ). 

ʉʧʦʨʠʪʝ ʩʝ ʥʘʿʯʝʩʪʦ ʤʥʦʛʫ ʧʦʢʨʫʧʥʠ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ ʠ ʠʤʘʘʪ ʟʘʜʝʙʝʣʝʥ ʮʚʨʩʪ 

ʢʣʝʪʦʯʝʥ ʼʠʜ ʚʦ ʢʦʿ ʥʝ ʧʦʩʪʦʿʘʪ ʧʦʨʠ. ʉʦʜʨʞʠʥʘʪʘ ʥʘ ʩʧʦʨʘʪʘ ʝ ʠʩʧʦʣʥʝʪʘ ʩʦ ʨʝʟʝʨʚʥʠ 

ʤʘʪʝʨʠʠ, ʧʦʩʝʙʥʦ ʩʦ ʮʠʿʘʥʦʬʠʮʝʿʩʢʠ ʟʨʥʮʘ. ʉʪʨʫʢʪʫʨʘʪʘ ʠ ʨʘʩʧʦʨʝʜʦʪ ʥʘ ʪʠʣʘʢʦʠʜʠʪʝ ʝ 

ʠʩʪʠ ʢʘʢʦ ʚʦ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ, ʥʦ ʩʦ ʜʘʣʝʢʫ ʧʦʙʦʛʘʪʘ ʩʦʜʨʞʠʥʘ ʥʘ ɼʅɸ ʟʘ 20-30%.  

ʉʧʦʨʝʜ ʛʨʘʜʙʘʪʘ ʥʘ ʼʠʜʦʪ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʨʝʟʝʨʚʥʠ ʤʘʪʝʨʠʠ ʝʚʠʜʝʥʪʥʦ ʝ ʜʝʢʘ 

ʩʧʦʨʠʪʝ, ʘʢʠʥʝʪʠʪʝ ʠʣʠ ʪʨʘʿʥʠʪʝ ʩʧʦʨʠ ʩʝ ʥʘʤʝʥʝʪʠ ʟʘ ʧʨʝʞʠʚʫʚʘˁʝ ʚʦ ʥʝʧʦʚʦʣʥʠ ʫʩʣʦʚʠ 

ʟʘ ʧʦʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ. 

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʧʦʢʘʞʫʚʘʘʪ ʟʥʘʯʘʿʥʠ ʤʦʨʬʦʣʦʰʢʠ ʚʘʨʠʿʘʮʠʠ ʥʘ ʪʘʣʫʩʦʪ. 

ʄʦʞʘʪ ʜʘ ʙʠʜʘʪ ʝʜʥʦʢʣʝʪʦʯʥʠ (Chroococcus) ʠʣʠ ʢʦʥʯʝʩʪʠ (Anabaena) ʠ ʤʦʞʘʪ ʜʘ ʩʝ ʿʘʚʘʪ 

ʧʦʝʜʠʥʝʯʥʦ ʠʣʠ ʚʦ ʢʦʣʦʥʠʠ. ɽʜʥʦʢʣʝʪʦʯʥʠʪʝ ʤʦʞʘʪ ʜʘ ʩʝ ʜʝʣʘʪ ʚʦ ʝʜʥʘ, ʜʚʝ 

(Merismopedia) ʠʣʠ ʪʨʠ ʨʘʤʥʠʥʠ ʧʨʠ ʰʪʦ ʜʝʣʙʘʪʘ ʧʦʥʝʢʦʛʘʰ ʤʦʞʝ ʜʘ ʙʠʜʝ ʘʩʠʤʝʪʨʠʯʥʘ 

ʢʘʢʦ ʢʘʿ ʚʠʜʦʚʠʪʝ ʥʘ ʨʦʜʦʪ Chamaesiphion (ʩʣʠʢʘ 40).  

ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝ ʟʘʚʠʩʥʠ ʦʜ ʩʦʩʝʜʥʠʪʝ ʢʣʝʪʢʠ ʟʘ ʜʦʪʫʨ ʥʘ ʧʦʪʨʝʙʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ 

ʤʘʪʝʨʠʠ, ʧʨʦʮʝʩ ʢʦʿ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʠ ʢʦʥʝʢʮʠʠ, ʧʦʨʠ ʠʣʠ 

ʤʠʢʨʦʧʣʘʟʤʦʜʝʟʤʠ. ʇʨʝʢʫ ʦʚʠʝ ʚʨʩʢʠ ʥʘʿʯʝʩʪʦ ʩʝ ʧʨʝʥʝʩʫʚʘ ʠ ʛʣʫʪʘʤʠʥʦʪ ʦʜ 

ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʢʦʥ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ.  

ʉʣʠʢʘ 40. ɽʜʥʦʢʣʝʪʦʯʥʠ ʠ 

ʢʦʣʦʥʠʿʘʣʥʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ. 
ɸ ï Chroococcus minutus,                                 

ɹ ï Chroococcus turgidus,                             

ɺ ï Merismopedia elegans,                           

ɻ ï Merismopedia tenuissima.  
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ɿʘ ʢʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʛʣʘʚʥʦ ʩʝ ʢʦʨʠʩʪʘʪ ʜʚʘ ʪʝʨʤʠʥʘ: ʪʨʠʭʦʤ - ʢʦʿ 

ʦʜʛʦʚʘʨʘ ʥʘ ʢʦʥʯʝʩʪʘ ʬʦʨʤʘ ʩʦ ʩʣʫʟʝʩʪʘ ʦʙʚʠʚʢʘ ʠʣʠ ʚʣʘʛʘʣʠʰʪʝ (Scytonema, Lyngbya), ʠ 

ʬʠʣʘʤʝʥʪ - ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ ʙʝʟ ʚʣʘʛʘʣʠʰʪʝ (Oscillatoria). ʂʦʥʮʠʪʝ 

ʩʦʩʪʘʚʝʥʠ ʦʜ ʠʩʪʦʚʝʪʥʠ ʢʣʝʪʢʠ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʭʦʤʦʮʠʪʥʠ (Oscillatoria, Spirulina), ʘ ʪʠʝ 

ʢʘʜʝ ʧʦʢʨʘʿ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ ʧʦʩʪʦʿʘʪ ʠ ʜʨʫʛʠ (ʩʧʦʨʠ, ʭʝʪʝʨʦʮʠʩʪʠ) ʩʝ ʥʘʨʝʢʫʚʘʘʪ 

ʭʝʪʝʨʦʮʠʪʥʠ ʢʦʥʮʠ ʠʣʠ ʪʘʣʫʩʠ (Nostoc, Anabaena) (ʩʣʠʢʘ 41).  

 
ʉʣʠʢʘ 41. ʇʨʠʤʝʨʠ ʟʘ ʢʦʥʯʝʩʪʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ. ɸ - Scytonema mychrous, ʭʝʪʝʨʦʮʠʪʝʥ ʬʠʣʘʤʝʥʪ 

ʩʦ ʣʘʞʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ ; ɹ - Oscillatoria limosa, ʪʨʠʭʦʤ ʩʦ ʭʦʤʦʮʠʪʥʘ ʛʨʘʜʙʘ ʥʘ ʪʘʣʫʩʦʪ; ɺ - Spirulina 

ʨlatensis, ʩʧʠʨʘʣʥʦ ʠʟʚʠʪʢʘʥ ʭʦʤʦʮʠʪʝʥ ʬʠʣʘʤʝʥʪ.  

ʂʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʥʘʿʯʝʩʪʦ ʥʝ ʩʝ ʨʘʟʛʨʘʥʫʚʘʘʪ, ʥʦ ʢʘʿ ʪʠʝ ʢʦʠ ʩʝ 

ʨʘʟʛʨʘʥʫʚʘʘʪ ʩʝ ʩʨʝʪʥʫʚʘ ʣʘʞʥʦ (ʩʦ ʜʝʣʙʘ ʥʘ ʢʦʥʝʮʦʪ ʚʦ ʬʠʣʘʤʝʥʪʦʪ ʩʝ ʩʦʟʜʘʚʘʘʪ ʜʚʘ 

ʦʜʚʦʝʥʠ ʬʠʣʘʤʝʥʪʠ ʢʦʠ ʨʘʩʪʘʪ ʥʝʟʘʚʠʩʥʦ ʝʜʝʥ ʦʜ ʜʨʫʛ ï ʩʣʠʢʘ 41 ɸ) ʠ ʚʠʩʪʠʥʩʢʦ (ʢʦʛʘ 

ʢʣʝʪʢʠʪʝ ʚʦ ʬʠʣʘʤʝʥʪʦʪ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʘʪ ʟʘ ʜʝʣʙʘ ʚʦ ʧʦʚʝ˃ʝ ʨʘʤʥʠʥʠ, ʥʘʿʯʝʩʪʦ 

ʥʦʨʤʘʣʥʠ ʥʘ ʛʣʘʚʥʘʪʘ ʦʩʢʘ ʥʘ ʩʠʤʝʪʨʠʿʘʪʘ ʥʘ ʬʠʣʘʤʝʥʪʦʪ) ʨʘʟʛʨʘʥʫʚʘˁʝ. ʂʘʿ ʥʝʢʦʠ 

ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʩʦ ʣʘʞʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ, ʬʠʣʘʤʝʥʪʦʪ ʨʘʩʪʝ ʥʘ ʚʨʚʦʪ, ʘ ʧʦʩʪʝʧʝʥʦ ʠʟʫʤʠʨʘ ʚʦ 

ʦʩʥʦʚʘʪʘ, ʰʪʦ ʜʦʚʝʜʫʚʘ ʜʦ ʧʦʿʘʚʘ ʥʘ ʤʘʩʘ ʦʜ ʠʟʫʤʨʝʥʠ ʬʠʣʘʤʝʥʪʠ ʩʦ ʚʣʘʛʘʣʠʰʪʝ ʧʦʜ 

ʞʠʚʠʪʝ ʬʦʨʤʠ (ʪʠʧʠʯʥʦ ʟʘ ʥʝʢʦʠ ʚʠʜʦʚʠ ʥʘ Scytonema). ʋʰʪʝ ʝʜʥʘ ʦʜʣʠʢʘ ʥʘ ʢʦʥʯʝʩʪʠʪʝ 

ʬʦʨʤʠ ʝ ʧʦʿʘʚʘʪʘ ʜʘ ʜʝʣʙʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʚʦ ʢʦʥʝʮʦʪ ʩʝ ʦʜʚʠʚʘ ʙʣʠʩʢʫ ʜʦ ʦʩʥʦʚʘʪʘ ʥʘ 

ʪʨʠʭʦʤʦʪ, ʜʦʜʝʢʘ ʚʨʚʥʠʪʝ ʢʣʝʪʢʠ ʩʪʘʥʫʚʘʘʪ ʠʟʜʦʣʞʝʥʠ ʠ ʬʦʨʤʠʨʘʘʪ ʧʦʚʝ˃ʝʢʣʝʪʦʯʥʦ 

ʚʣʘʢʥʦ (ʧʨʠʤʝʨ ʨʦʜʦʪ Calothrix).  

ʇʦʛʦʣʝʤʠʦʪ ʜʝʣ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʥʝʧʦʜʚʠʞʥʠ, ʙʠʜʝʿ˃ʠ ʚʦ ʥʠʪʫ ʝʜʥʘ ʬʘʟʘ 

ʦʜ ʢʣʝʪʦʯʥʠʦʪ ʮʠʢʣʫʩ ʥʝ ʩʦʟʜʘʚʘʘʪ ʦʨʛʘʥʝʣʠ ʟʘ ʧʨʠʜʚʠʞʫʚʘˁʝ. ʅʝʢʦʠ ʢʦʥʯʝʩʪʠ 

ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʩʝʧʘʢ ʤʦʞʘʪ ʜʘ ʧʦʣʟʘʪ ʥʘ ʚʣʘʞʥʘʪʘ ʧʦʜʣʦʛʘ ʩʦ ʙʨʟʠʥʘ ʦʜ 11 mm ʚʦ ʩʝʢʫʥʜʘ 

(Oscillatoria princeps ʥʘ 1% ʘʛʘʨ ʧʨʠ 42
ʆ
C), ʧʨʠ ʰʪʦ ʧʨʠʜʚʠʞʫʚʘˁʝʪʦ ʥʘʩʪʘʥʫʚʘ ʧʨʝʢʫ 

ʩʫʧʤʠʢʨʦʩʢʦʧʩʢʘ ʢʦʥʪʨʘʢʮʠʿʘ ʥʘ ʙʨʦʿʥʠ ʤʠʢʨʦʬʠʙʨʠʣʠ (ʦʢʦʣʫ 7.000 ʤʠʢʨʦʬʠʙʨʠʣʠ, 6-9 

nm ʚʦ ʧʨʝʯʥʠʢ) ʠʩʧʨʝʧʣʝʪʝʥʠ ʥʘ ʥʘʜʚʦʨʝʰʥʠʦʪ ʜʝʣ ʥʘ ʢʦʥʮʠʪʝ (ʥʘʜʚʦʨʝʰʝʥ ʜʝʣ ʥʘ L2 

ʩʣʦʿʦʪ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ), ʢʦʠ ʠʤʘʘʪ ʧʨʦʧʫʣʟʠʚʥʘ ʬʫʥʢʮʠʿʘ ʚʦ ʢʦʥʪʘʢʪ ʩʦ ʩʫʧʩʪʨʘʪʦʪ, ʘ 

ʢʦʨʠʩʪʘʪ ɸʊʇ ʟʘ ʝʥʝʨʛʠʿʘ. ɼʚʠʞʝˁʘʪʘ ʥʘʿʯʝʩʪʦ ʩʝ ʪʘʢʘʥʘʨʝʯʥʠ 'ʣʠʟʛʘʯʢʠ' (ʠʣʠ ʩʣʠʯʥʠ ʥʘ 

ʜʚʠʞʝˁʝʪʦ ʥʘ ʧʦʣʞʘʚʦʪ), ʦʩʮʠʣʠʨʘʯʢʠ ʠʣʠ ʨʦʪʠʨʘʯʢʠ ʦʢʦʣʫ ʥʘʜʦʣʞʥʘʪʘ ʦʩʢʘ ʥʘ ʢʦʥʝʮʦʪ 

ʥʘ ʘʣʛʘʪʘ.  
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ʈʘʩʪ ʠ ʤʝʪʘʙʦʣʠʟʘʤ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

ʂʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʫʪʚʨʜʝʥʠ ʩʝ ʪʨʠ ʪʠʧʘ ʥʘ ʠʩʭʨʘʥʘ: (1) ʦʙʣʠʛʘʪʥʠ 

ʬʦʪʦʪʨʦʬʠ, ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʤʦʞʘʪ ʜʘ ʨʘʩʪʘʪ ʩʘʤʦ ʥʘ ʩʚʝʪʣʠʥʘ ʠ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʥʝʦʨʛʘʥʩʢʠ ʭʨʘʥʠʪʝʣʥʠ ʤʘʪʝʨʠʠ (ʪʠʧʠʯʥʠ ʨʘʩʪʝʥʠʿʘ); ʥʝʢʦʠ ʦʜ ʥʠʚ ʩʝ ʠ ʘʫʢʩʦʪʨʦʬʠ 

ʧʦʨʘʜʠ ʧʦʩʪʦʿʘʥʘʪʘ ʧʦʪʨʝʙʘ ʦʜ ʤʘʣʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ, ʥʘʿʯʝʩʪʦ ʚʠʪʘʤʠʥʠ; 

(2) ʬʘʢʫʣʪʘʪʠʚʥʠ ʭʝʤʦʭʝʪʝʨʦʪʨʦʬʠ, ʦʨʛʘʥʠʟʤʠ ʩʧʦʩʦʙʥʠ ʟʘ ʨʘʩʪ ʚʦ ʪʝʤʥʦ ʢʦʨʠʩʪʝʿ˃ʠ 

ʦʨʛʘʥʩʢʠ ʠʟʚʦʨ ʥʘ ʿʘʛʣʝʨʦʜ, ʥʦ ʠ ʟʘ ʬʦʪʦʪʨʦʧʝʥ ʨʘʩʪ ʥʘ ʩʚʝʪʣʠʥʘ (ʩʘʤʦ ʤʘʣ ʜʝʣ ʥʘ ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʧʦʩʝʜʫʚʘʘʪ ʚʘʢʚʘ ʤʦʞʥʦʩʪ ʟʘ ʨʘʩʪ), ʠ (3) ʬʦʪʦʭʝʪʝʨʦʪʨʦʬʠ, ʦʨʛʘʥʠʟʤʠ ʢʦʠ 

ʩʝ ʩʧʦʩʦʙʥʠ ʜʘ ʢʦʨʠʩʪʘʪ ʦʨʛʘʥʩʢʠ ʩʦʝʜʠʥʝʥʠʿʘ ʢʘʢʦ ʠʟʚʦʨ ʥʘ ʿʘʛʣʝʨʦʜ ʥʘ ʩʚʝʪʣʠʥʘ, ʥʦ ʥʝ ʠ 

ʥʘ ʪʝʤʥʦ.  

ʉʝʧʘʢ, ʨʘʩʪʦʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʪʝʤʥʦ ʝ ʤʥʦʛʫ ʙʘʚʝʥ ʧʨʦʮʝʩ, ʚʝʨʦʿʘʪʥʦ 

ʧʦʨʘʜʠ ʤʥʦʛʫ ʩʧʦʨʘʪʘ ʩʪʘʧʢʘ ʥʘ ʛʝʥʝʨʠʨʘˁʝ ʥʘ ɸʊʇ ʤʦʣʝʢʫʣʠ ʚʦ ʪʝʤʥʦ ʧʨʝʢʫ 

ʦʢʩʠʜʘʮʠʿʘʪʘ ʥʘ ʛʣʫʢʦʟʘ-6-ʬʦʩʬʘʪʦʪ ʚʦ ʧʝʥʪʦʟʥʠʦʪ ʮʠʢʣʫʩ.  

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʛʣʘʚʥʦ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʤʝʪʘʙʦʣʠʪʠʯʢʘ ʢʦʥʪʨʦʣʘ ʥʘ ʤʥʦʛʫ 

ʙʠʦʭʝʤʠʩʢʠ ʧʘʪʠʰʪʘ ʧʨʝʢʫ ʨʝʧʨʝʩʠʿʘʪʘ ʠʣʠ ʘʢʪʠʚʘʮʠʿʘʪʘ ʥʘ ʩʠʥʪʝʟʘʪʘ ʥʘ ʝʥʟʠʤʠ, ʪʠʧʠʯʝʥ 

ʧʨʦʮʝʩ ʟʘ ʧʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʜʨʫʛʠ ʦʨʛʘʥʠʟʤʠ. ʂʘʿ ʜʨʫʛʠʪʝ ʦʨʛʘʥʠʟʤʠ, ʢʦʛʘ ʚʦ ʢʣʝʪʢʘʪʘ ʩʝ 

ʟʛʦʣʝʤʫʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʭʝʤʠʩʢʘ ʤʘʪʝʨʠʿʘ (ʧʨʦʪʝʠʥ, ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʠ 

ʩʣ.) ʜʦʘʺʘ ʜʦ ʨʝʧʨʝʩʠʿʘ ʥʘ ʩʠʥʪʝʟʘʪʘ ʥʘ ʝʥʟʠʤʦʪ (ʠʣʠ ʝʥʟʠʤʠʪʝ) ʢʦʠ ʩʝ ʚʢʣʫʯʝʥʠ ʚʦ 

ʥʝʿʟʠʥʘʪʘ ʙʠʦʩʠʥʪʝʟʘ, ʩʦ ʰʪʦ ʧʨʝʢʫʨʩʦʨʠʪʝ ʩʝ ʥʘʩʦʯʫʚʘʘʪ ʢʦʥ ʜʨʫʛʠʪʝ ʜʝʣʦʚʠ ʥʘ 

ʢʣʝʪʦʯʥʠʦʪ ʤʝʪʘʙʦʣʠʟʘʤ ʢʘʜʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʦʜʦʙʨʦ ʠʩʢʦʨʠʩʪʝʥʠ. ɼʦʢʦʣʢʫ ʦʧʘʜʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʪʘʘ ʤʘʪʝʨʠʿʘ ʚʦ ʢʣʝʪʢʘʪʘ, ʝʥʟʠʤʦʪ(ʠʪʝ) ʧʦʚʪʦʨʥʦ ʩʝ ʘʢʪʠʚʠʨʘʘʪ, ʩʦ ʰʪʦ 

ʧʦʚʪʦʨʥʦ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʢʨʘʿʥʠʦʪ ʧʨʦʜʫʢʪ.  

ɼʦʧʦʣʥʠʪʝʣʥʦ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʘʿʯʝʩʪʦ ʠʩʧʫʰʪʘʘʪ ʟʥʘʯʠʪʝʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘ 

ʘʟʦʪʥʠ ʠ ʦʨʛʘʥʩʢʠ ʩʦʝʜʠʥʝʥʠʿʘ ʚʦ ʤʝʜʠʫʤʦʪ, ʧʨʠ ʰʪʦ ʥʘʿʛʦʣʝʤʠʦʪ ʜʝʣ ʥʘ ʩʦʝʜʠʥʝʥʠʿʘʪʘ ʩʝ 

ʠʟʣʘʯʫʚʘʘʪ ʢʘʢʦ ʧʝʧʪʠʜʠ. ɺʘʢʚʘʪʘ ʩʝʢʨʝʮʠʿʘ ʥʘ ʘʟʦʪʥʠ ʩʦʝʜʠʥʝʥʠʿʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʟʥʘʯʠʪʝʣʥʦ ʛʫʙʝˁʝ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʠʪʝ ʤʝʪʘʙʦʣʠʪʠ ʢʦʠ ʩʝ ʬʦʨʤʠʨʘʥʠ ʦʜ ʉʆ2 ʩʦ ʫʧʦʪʨʝʙʘ 

ʥʘ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʝʥʝʨʛʠʿʘ (ɸʊʇ) ʠ ʨʝʜʫʢʮʠʩʢʠʦʪ ʧʦʪʝʥʮʠʿʘʣ (ʢʘʢʦ NADH). ʉʝʧʘʢ, 

ʚʘʢʚʘʪʘ ʢʣʝʪʦʯʥʘ ʘʢʪʠʚʥʦʩʪ ʤʦʞʝ ʜʘ ʙʠʜʝ ʥʝʦʧʭʦʜʥʘ ʧʦʩʣʝʜʠʮʘ ʥʘ ʣʦʰʦ ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ 

ʙʠʦʩʠʥʪʝʟʘ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠʪʝ. ɺʦ ʫʩʣʦʚʠ ʢʦʛʘ ʘʣʛʘʪʘ ʥʝ ʤʦʞʝ ʧʨʝʮʠʟʥʦ ʜʘ ʛʦ 

ʢʦʥʪʨʦʣʠʨʘ ʧʨʦʮʝʩʦʪ ʥʘ ʙʠʦʩʠʥʪʝʟʘ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠʪʝ ʧʦʪʨʝʙʥʠ ʟʘ ʩʠʥʪʝʟʘ ʥʘ ʧʨʦʪʝʠʥʠ, 

ʪʘʘ ʤʦʨʘ ʜʘ ʩʠʥʪʝʪʠʟʠʨʘ ʛʦʣʝʤ ʚʠʰʦʢ ʦʜ ʘʤʠʥʦʢʠʩʝʣʠʥʠ ʩʦ ʮʝʣ ʥʝʧʨʝʯʝʥʦ  ʦʜʚʠʚʘˁʝ ʥʘ 

ʩʠʥʪʝʟʘʪʘ ʥʘ ʧʨʦʪʝʠʥʠʪʝ. ʉʦ ʪʦʘ, ʚʠʰʦʢʦʪ ʥʘ ʩʦʟʜʘʜʝʥʠ ʘʤʠʥʦʢʠʩʝʣʠʥʠ ʩʝ ʠʩʬʨʣʘʘʪ ʦʜ 

ʢʣʝʪʢʘʪʘ ʢʘʢʦ ʥʝʧʦʪʨʝʙʥʠ. ɺʘʢʚʘʪʘ ʩʦʩʪʦʿʙʘ ʥʘ ʤʝʪʘʙʦʣʠʟʤʦʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʝ 

ʫʰʪʝ ʝʜʥʘ ʧʦʪʚʨʜʘ ʟʘ ʥʠʚʥʘʪʘ ʜʣʘʙʦʢʘ ʝʚʦʣʫʪʠʚʥʘ ʩʪʘʨʦʩʪ ʢʘʢʦ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʩʝ ʨʘʟʚʠʣʝ 

ʠ ʧʨʝʜ ʚʦʩʧʦʩʪʘʚʫʚʘˁʝʪʦ ʥʘ ʢʦʥʪʨʦʣʥʘʪʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʧʨʦʪʝʠʥʠʪʝ ʚʦ ʢʣʝʪʢʠʪʝ.  

 

ʈʘʟʤʥʦʞʫʚʘˁʝ ʠ ʮʠʢʣʫʩ ʥʘ ʨʘʟʚʠʪʦʢ 

ɽʜʥʦʢʣʝʪʦʯʥʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʧʨʦʩʪʘ ʜʝʣʙʘ ʥʘ ʢʣʝʪʢʠʪʝ ʠʣʠ 

ʚʝʛʝʪʘʪʠʚʥʘ ʜʝʣʙʘ. ʅʘ ʜʝʣʙʘʪʘ ʠ ʧʨʝʪʭʦʜʠ ʫʜʚʦʿʫʚʘˁʝ ʥʘ ʛʝʥʝʪʩʢʠʦʪ ʤʘʪʝʨʠʿʘʣ ʠ 

ʬʦʨʤʠʨʘˁʝ ʥʘ ʚʥʘʪʨʝʰʝʥ ʥʘʧʨʝʯʝʥ ʼʠʜ ʢʦʿ ʩʝ ʧʨʦʪʝʛʘ ʦʜ ʜʚʝʪʝ ʩʪʨʘʥʠ ʥʘ ʢʣʝʪʢʘʪʘ, ʩⱪ ʜʦ 
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ʧʦʪʧʦʣʥʦ ʦʜʚʦʿʫʚʘˁʝ ʥʘ ˃ʝʨʢʠʥʠʪʝ ʢʣʝʪʢʠ (ʩʣʠʢʘ 42). ɺʦ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʥʘʧʨʝʯʥʠʦʪ ʼʠʜ 

ʫʯʝʩʪʚʫʚʘ ʚʥʘʪʨʝʰʥʠʦʪ ʩʣʦʿ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ʥʘ ʤʘʿʢʘʪʘ-ʢʣʝʪʢʘ ʠ ʧʣʘʟʤʘʣʝʤʘʪʘ.  

 

ʉʣʠʢʘ 42. ɺʝʛʝʪʘʪʠʚʥʘ ʜʝʣʙʘ ʥʘ ʝʜʥʦʢʣʝʪʦʯʥʘ ʩʠʥʦ-

ʟʝʣʝʥʘ ʘʣʛʘ Cyanothece aeruginosa.  

 

ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʥʘ ʢʦʣʦʥʠʿʘʣʥʠʪʝ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʦʜʚʠʚʘ ʥʘ ʠʩʪ ʥʘʯʠʥ, ʩʦ ʪʘʘ ʨʘʟʣʠʢʘ 

ʰʪʦ ʝ˃ʨʢʠʥʠʪʝ ʢʣʝʪʢʠ ʥʝ ʩʝ ʦʜʚʦʿʫʚʘʘʪ ʦʜ ʤʘʿʯʠʥʠʪʝ 

ʢʣʝʪʢʠ, ʪʫʢʫ ʦʩʪʘʥʫʚʘʘʪ ʩʧʦʝʥʠ ʩʦʟʜʘʚʘʿ˃ʠ ʨʘʟʣʠʯʥʠ 

ʛʨʫʧʘʮʠʠ. ʇʣʦʯʝʩʪʠʪʝ ʢʦʣʦʥʠʠ ʩʦ ʧʨʘʚʠʣʥʦ 

ʨʘʩʧʦʨʝʜʝʥʠ ʢʣʝʪʢʠ (ʢʘʢʦ ʢʘʿ Merismopedia ʥʘ ʧʨʠʤʝʨ ï ʩʣʠʢʘ 42) ʩʝ ʩʦʟʜʘʚʘʘʘʪ ʩʦ ʜʝʣʙʘ 

ʥʘ ʢʣʝʪʢʠʪʝ ʚʦ ʜʚʝ ʥʘʩʦʢʠ ʥʦʨʤʘʣʥʠ ʝʜʥʘ ʥʘ ʜʨʫʛʘ, ʥʦ ʚʦ ʝʜʥʘ ʨʘʤʥʠʥʘ. ɼʦʢʦʣʢʫ ʜʝʣʙʘʪʘ 

ʩʝ ʦʜʚʠʚʘ ʚʦ ʩʠʪʝ ʪʨʠ ʥʘʩʦʢʠ ʩʝ ʩʦʟʜʘʚʘʘʪ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʢʦʣʦʥʠʠ ʢʘʢʦ ʢʘʿ Eucapsis. 

ɺʠʜʦʚʠʪʝ ʥʘ ʨʦʜʦʚʠʪʝ Gloeocapsa ʠ Microcystis ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʨʘʟʤʥʦʞʫʚʘˁʝ ʠ ʩʦ 

ʤʘʣʠ, ʩʠʪʥʠ ʢʣʝʪʢʠ ʦʜ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʤʘʿʢʘʪʘ-ʢʣʝʪʢʘ ʥʘʨʝʯʝʥʠ ʥʘʥʦʮʠʪʠ.  

ʂʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʥʘʿʯʝʩʪʦ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʭʦʨʤʦʛʦʥʠʠ ʢʦʠ 

ʥʘʩʪʘʥʫʚʘʘʪ ʩʦ ʨʘʟʜʝʣʫʚʘˁʝ ʥʘ ʢʦʥʯʝʩʪʠʦʪ ʪʘʣʫʩ ʥʘ ʘʣʛʘʪʘ ʥʘ ʝʜʝʥ ʠʣʠ ʧʦʚʝ˃ʝ ʢʨʘʪʢʠ 

ʧʦʜʚʠʞʥʠ ʬʨʘʛʤʝʥʪʠ. ʅʠʚʥʦʪʦ ʦʪʮʝʧʫʚʘˁʝ ʦʜ ʪʘʣʫʩʦʪ ʥʘʩʪʘʥʫʚʘ ʧʨʝʢʫ ʩʧʝʮʠʿʘʣʠʟʠʨʘʥʠ 

'ʢʣʝʪʢʠ ʟʘ ʞʨʪʚʫʚʘˁʝ' ʥʘʨʝʯʝʥʠ ʥʝʢʨʠʜʠʫʤʠ ʢʦʠ ʩʝ ʫʪʚʨʜʝʥʠ ʚʝ˃ʝ ʧʦʦʜʘʤʥʘ, ʥʦ ʩⱪ ʫʰʪʝ ʥʝ 

ʝ ʿʘʩʥʦ ʢʦʠ ʧʨʦʮʝʩʠ ʜʝʪʝʨʤʠʥʠʨʘʘʪ ʩʦʟʜʘʚʘˁʝ ʥʘ ʥʝʢʨʠʜʠʿʘ ʠ ʟʦʰʪʦ ʪʦʿ ʧʨʦʮʝʩ ʩʝ ʦʜʚʠʚʘ 

ʩʘʤʦ ʢʘʿ ʧʦʝʜʠʥʝʯʥʠʪʝ ʚʠʜʦʚʠ. ʂʘʿ ʜʨʫʛʠʪʝ ʚʠʜʦʚʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ, ʭʦʨʤʦʛʦʥʠʠʪʝ ʩʝ 

ʦʜʚʦʿʫʚʘʘʪ ʥʘ ʤʝʩʪʘʪʘ ʢʘʜʝ ʩʝ ʥʘʦʺʘʘʪ ʭʝʪʝʨʦʮʠʩʪʠʪʝ. ʍʦʨʤʦʛʦʥʠʠʪʝ ʠʤʘʘʪ ʢʣʫʯʥʘ ʫʣʦʛʘ 

ʚʦ ʙʨʦʿʥʠ ʬʠʟʠʦʣʦʰʢʠ ʧʨʦʮʝʩʠ ʢʘʿ ʢʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ, ʢʘʢʦ ʨʘʩʧʨʦʩʪʨʘʥʫʚʘˁʝ, 

ʬʦʨʤʠʨʘˁʝ ʥʘ ʢʦʣʦʥʠʠ ʠ ʩʣʠʯʥʦ. ʂʦʣʦʥʠʠʪʝ ʥʘ ʨʦʜʦʪ Rivularia ʩʝ ʬʦʨʤʠʨʘʘʪ ʩʦ 

ʟʜʨʫʞʫʚʘˁʝ ʥʘ ʧʦʛʦʣʝʤ ʙʨʦʿ ʭʦʨʤʦʛʦʥʠʠ, ʜʦʜʝʢʘ ʥʘ ʨʦʜʦʪ Nostoc ʩʘʤʦ ʦʜ ʝʜʥʘ 

ʭʦʨʤʦʛʦʥʠʿʘ, ʧʨʠ ʰʪʦ ʜʦ ʜʝʥʝʩ ʥʝ ʝ ʿʘʩʥʦ ʢʦʠ ʩʠʛʥʘʣʠ ʛʠ ʥʘʩʦʯʫʚʘʘʪ ʭʦʨʤʦʛʦʥʠʠʪʝ ʢʦʥ 

ʟʜʨʫʞʫʚʘˁʝ ʚʦ ʢʦʣʦʥʠʠ.  

 

ʉʣʠʢʘ 43. ʍʦʨʤʦʛʦʥʠʠ ʩʦ ʨʘʟʣʠʯʥʘ ʜʦʣʞʠʥʘ ʩʦʟʜʘʜʝʥʠ ʦʜ 

ʢʦʥʝʮ ʥʘ Oscillatoria.  

 

ʂʘʿ ʦʧʨʝʜʝʣʝʥ ʙʨʦʿ ʚʠʜʦʚʠ ʢʦʥʯʝʩʪʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ 

ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʬʦʨʤʘʮʠʠ ʩʣʠʯʥʠ ʥʘ ʭʦʨʤʦʛʦʥʠʠʪʝ, ʥʦ 

ʦʙʚʠʪʢʘʥʠ ʩʦ ʜʘʣʝʢʫ ʧʦʮʚʨʩʪʘ ʟʘʝʜʥʠʯʢʘ ʦʙʚʠʚʢʘ ʠ ʙʦʛʘʪʠ 

ʩʦ ʨʝʟʝʨʚʥʠ ʤʘʪʝʨʠʠ, ʥʘʨʝʯʝʥʠ ʭʦʨʤʦʮʠʩʪʠ. ɱʘʩʥʦ ʝ ʜʝʢʘ 

ʧʦʢʨʘʿ ʬʫʥʢʮʠʿʘʪʘ ʥʘ ʨʘʟʤʥʦʞʫʚʘˁʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʫʚʘˁʝ, ʭʦʨʤʦʮʠʩʪʠʪʝ ʩʝ ʜʠʨʝʢʪʥʦ 

ʦʜʛʦʚʦʨʥʠ ʟʘ ʧʨʝʞʠʚʫʚʘˁʝ ʥʘ ʥʝʧʦʚʦʣʥʠʪʝ ʥʘʜʚʦʨʝʰʥʠ ʫʩʣʦʚʠ. 
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ʅʝʢʦʠ ʚʠʜʦʚʠ ʥʘ ʢʦʥʯʝʩʪʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʛʦʥʠʜʠʠ, ʢʦʢʠ ʠ 

ʧʣʘʥʦʢʦʢʠ. ʊʦʘ ʩʝ ʝʜʥʦʢʣʝʪʦʯʥʠ ʬʨʘʛʤʝʥʪʠ ʥʘ ʢʦʥʯʝʩʪʠʦʪ ʪʘʣʫʩ ʥʘ ʘʣʛʘʪʘ, ʧʨʠ ʰʪʦ 

ʛʦʥʠʜʠʠʪʝ ʠʤʘʘʪ ʩʣʫʟʝʩʪ ʢʣʝʪʦʯʝʥ ʼʠʜ, ʢʦʢʠʪʝ ʥʝʤʘʘʪ ʿʘʩʥʦ ʜʠʬʝʨʝʥʮʠʨʘʥ ʢʣʝʪʦʯʝʥ ʼʠʜ, 

ʜʦʜʝʢʘ ʧʣʘʥʦʢʦʢʠʪʝ ʩʝ ʧʦʪʧʦʣʥʦ ʙʝʟ ʢʣʝʪʦʯʝʥ ʼʠʜ ʠ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʧʨʠʜʚʠʞʫʚʘˁʝ 

ʢʘʢʦ ʭʦʨʤʦʛʦʥʠʠʪʝ.  

ʇʦʝʜʠʥʝʯʥʠʪʝ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʝʜʦʚʠʪʝ Pleurocapsales ʠ Synechococcales ʩʝ 

ʨʘʟʤʥʦʞʫʚʘʘʪ ʩʦ ʝʥʜʦʩʧʦʨʠ ʠʣʠ ʝʛʟʦʩʧʦʨʠ. ɽʥʜʦʩʧʦʨʠʪʝ ʥʘʩʪʘʥʫʚʘʘʪ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ 

ʢʣʝʪʢʠʪʝ, ʩʬʝʨʠʯʥʠ ʩʝ ʠ ʩʦ ʪʝʥʢʠ ʼʠʜʦʚʠ, ʘ ʩʝ ʦʩʣʦʙʦʜʫʚʘʘʪ ʩʦ ʨʘʩʢʠʥʫʚʘˁʝ ʥʘ ʢʣʝʪʢʘʪʘ ʠ 

ʧʨʠ ʧʦʚʦʣʥʠ ʫʩʣʦʚʠ ʩʦʟʜʘʚʘʘʪ ʥʦʚʠ ʝʜʠʥʢʠ. ɽʛʟʦʩʧʦʨʠʪʝ ʩʝ ʩʠʪʥʠ ʪʦʧʯʝʩʪʠ ʢʣʝʪʢʠ ʢʦʠ 

ʥʘʩʪʘʥʫʚʘʘʪ ʩʦ ʦʜʚʦʿʫʚʘˁʝ ʦʜ ʚʨʚʥʠʦʪ ʜʝʣ ʥʘ ʪʘʣʫʩʦʪ, ʠʣʠ ʦʩʪʘʥʫʚʘʘʪ ʢʘʢʦ ʙʨʦʿʘʥʠʮʘ ʥʘ 

ʤʘʪʠʯʥʘʪʘ ʢʣʝʪʢʘ (ʩʣʠʢʘ 44).  

 

 
ʉʣʠʢʘ 44. ɽʥʜʦ ʠ ʝʛʟʦʩʧʦʨʠ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. ɸ ï ʝʥʜʦʩʧʦʨʠ ʢʘʿ Pleurocapsa sp.,                               

ɹ ï ʝʛʟʦʩʧʦʨʠ ʢʘʿ Chamaesiphon sp. (ʩʪʨʝʣʢʘ).  

ʂʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʝ ʝ ʧʦʟʥʘʪ ʧʦʣʦʚ ʧʨʦʮʝʩ ʥʘ ʨʘʟʤʥʦʞʫʚʘˁʝ. ʉʝʧʘʢ, ʤʦʞʥʠ 

ʩʝ ʧʘʨʘ-ʩʝʢʩʫʘʣʥʠʪʝó ʧʨʦʮʝʩʠ ʥʘ ʢʦˁʫʛʘʮʠʿʘ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʨʘʟʤʝʥʘ ʥʘ 

ʛʝʥʝʪʩʢʠʦʪ ʤʘʪʝʨʠʿʘʣ ʩʣʠʯʥʦ ʥʘ ʙʘʢʪʝʨʠʠʪʝ. ʆʚʘ ʝ ʜʦʢʘʞʘʥʦ ʩʦ ʤʦʞʥʦʩʪʘ ʜʘ Synechococcus 

ʩʦʝʚʠʪʝ ʩʪʘʥʘʪ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʘʥʪʠʙʠʦʪʠʮʠ ʜʦʢʦʣʢʫ ʚʦ ʙʣʠʟʠʥʘ ʩʝ ʥʘʿʜʘʪ ʜʚʘ ʩʦʿʘ ʩʦ 

ʨʘʟʣʠʯʥʘ ʦʪʧʦʨʥʦʩʪ (Bazin 1968).  

 

ɽʢʦʣʦʰʢʠ ʠ ʙʠʦʣʦʰʢʠ ʦʜʣʠʢʠ 

1. ʉʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ ʛʝʦʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ 

ʇʨʝʜʤʝʪʦʪ ʥʘ ʪʝʨʤʘʣʥʘʪʘ ʝʢʦʣʦʛʠʿʘ ʤʦʞʝ ʣʝʩʥʦ ʜʘ ʩʝ ʦʜʥʝʩʫʚʘ ʝʜʠʥʩʪʚʝʥʦ ʥʘ ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʙʠʜʝʿ˃ʠ ʥʝ ʝ ʩʦʦʜʚʝʪʝʥ ʟʘ ʥʠʪʠ ʝʜʥʘ ʜʨʫʛʘ ʝʢʦʬʠʟʠʦʣʦʰʢʘ ʛʨʫʧʘ ʦʜ ʘʣʛʠʪʝ. 

ɹʝʟ ʦʛʣʝʜ ʥʘ ʠʟʚʦʨʦʪ ʥʘ ʪʦʧʣʠʥʘ, ʚʦ ʘʢʚʘʪʠʯʥʠ ʠʣʠ ʩʝʤʠ-ʘʢʚʘʪʠʯʥʠ ʞʠʚʝʘʣʠʰʪʘ, 

ʟʛʦʣʝʤʝʥʘʪʘ ʘʤʙʠʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦ ʬʘʚʦʨʠʟʠʨʘ ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʘʪʘ 

ʤʠʢʨʦʬʣʦʨʘ, ʯʝʩʪʦ ʩʦ ʚʠʜʣʠʚʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʚʠʜʦʚʠʪʝ ʦʜ ʜʨʫʛʠʪʝ ʘʣʛʘʣʥʠ ʛʨʫʧʠ. ɼʘʣʠ 

ʪʝʨʤʦ ʠʟʜʨʞʣʠʚʦʩʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʜʦʣʞʠ ʩʘʤʦ ʥʘ ʥʝʢʦʠ ʦʩʥʦʚʥʠ ʦʜʣʠʢʠ ʥʘ 

ʧʨʦʢʘʨʠʦʪʩʢʠʪʝ ʢʣʝʪʢʠ (ʙʠʜʝʿ˃ʠ ʧʨʘʢʪʠʯʥʦ ʩʘʤʦ ʧʨʦʢʘʨʠʦʪʠʪʝ ʩʝ ʩʤʝʪʘʘʪ ʟʘ ʪʝʨʤʦʙʠʦʥʪʠ) 

ʠʣʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʝʚʫʣʫʮʠʦʥʦ ʧʨʠʩʧʦʩʦʙʝʥʠ ʟʘ ʦʧʪʠʤʘʣʥʦ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ 
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ʧʦʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʢʦ ʜʠʨʝʢʪʥʠ ʥʘʩʣʝʜʥʠʮʠ ʥʘ ʆ2-ʧʨʦʜʫʮʠʨʘʯʢʠʪʝ ʙʘʢʪʝʨʠʠ ʦʜ 

ʇʨʝʢʘʙʨʠʫʤʦʪ ʢʦʠ ʞʠʚʝʝʣʝ ʚʦ ʪʘʢʚʠ ʫʩʣʦʚʠ? ɺʪʦʨʘʪʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʝ ʩʝʢʘʢʦ ʤʦʞʥʘ, ʥʦ 

ʜʝʥʝʩ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʜʦʢʘʟʠ ʜʝʢʘ ʬʦʨʤʠʪʝ ʪʦʣʝʨʘʥʪʥʠ ʢʦʥ ʥʘʿʚʠʩʦʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ (ʦʢʦʣʫ 

73
ʦ
C) ʥʝ ʩʝ ʨʝʣʠʢʪʠ, ʪʫʢʫ ʩʧʝʮʠʬʠʯʥʦ ʘʜʘʧʪʠʨʘʥʠ ʬʦʨʤʠ ʢʦʥ ʪʘʢʚʠ ʫʩʣʦʚʠ. 

ʇʨʠʤʝʨʠ ʟʘ ʪʝʨʤʘʣʥʘʪʘ ʪʦʣʝʨʘʥʪʥʦʩʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʩʠʪʝ ʞʠʚʝʘʣʠʰʪʘ 

ʟʘʛʨʝʘʥʠ ʦʜ ʩʦʣʘʨʥʘ ʠʣʠ ʘʪʤʦʩʬʝʨʩʢʘ ʨʘʜʠʿʘʮʠʿʘ, ʢʘʢʚʠ ʰʪʦ ʩʝ ʧʦʣʫʪʝʨʝʩʪʠʯʥʠʪʝ ʥʘʩʣʘʛʠ 

ʚʦ ʨʝʛʠʦʥʠʪʝ ʩʦ ʚʠʩʦʢʘ ʪʦʧʣʠʥʘ ʥʘ ʧʣʘʥʠʥʩʢʠʪʝ ʢʘʨʧʠ, ʧʣʠʪʢʠʪʝ ʙʘʨʠʯʢʠ ʚʦ ʧʫʩʪʠʥʠʪʝ,  

ʩʠʩʪʝʤʠʪʝ ʟʘ ʣʘʜʝˁʝ ʥʘ ʠʥʜʫʩʪʨʠʩʢʠʪʝ ʧʦʩʪʨʦʿʢʠ, ʢʘʜʝ ʪʠʝ ʛʣʘʚʥʦ ʜʦʤʠʥʠʨʘʘʪ. ʉʝʧʘʢ, ʚʦ 

ʤʥʦʛʫ ʩʣʫʯʘʠ ʩ¯ ʫʰʪʝ ʥʝ ʝ ʿʘʩʥʦ ʜʘʣʠ ʚʠʩʦʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʠʣʠ ʭʝʤʠʩʢʠʪʝ ʬʘʢʪʦʨʠ ʛʦ 

ʩʧʨʝʯʫʚʘʘʪ ʠʣʠ ʦʛʨʘʥʠʯʫʚʘʘʪ ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʬʦʨʤʠ ʚʦ ʪʘʢʚʠʪʝ ʞʠʚʝʘʣʠʰʪʘ.  

ɻʝʦʪʝʨʤʘʣʥʠʪʝ ʠʟʚʦʨʠ ʚʦ ʩʚʝʪʦʪ ʩʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʜ 48-50
ʦ
ʉ ʩʝ ʩʢʦʨʦ ʠʩʢʣʫʯʠʚʦ 

ʞʠʚʝʘʣʠʰʪʝ ʥʘ ʧʨʦʢʘʨʠʦʪʩʢʠʪʝ ʦʨʛʘʥʠʟʤʠ. ɺʦ ʥʝʢʦʠ ʦʜ ʥʠʚ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʨʘʩʪʘʪ ʠ 

ʚʨʰʘʪ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʢʦʥʩʪʘʥʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 73-74
 ʦ
ʉ, ʜʦʜʝʢʘ ʥʝʬʦʪʦʩʠʥʪʝʪʠʟʠʨʘʯʢʠ 

ʘʚʪʦʪʨʦʬʥʠ ʙʘʢʪʝʨʠʠ ʨʘʩʪʘʪ ʥʘ 90-95
 ʦ
ʉ (Brock et al. 1971) ʠʣʠ ʜʫʨʠ ʥʘ 100-101

ʦ
ʉ (Brock 

and Darland 1970). ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ ʩʢʦʨʦ ʩʝʢʦʿ ʦʩʚʝʪʣʝʥ ʪʝʨʤʘʣʝʥ ʠʟʚʦʨ 

ʥʘʜ ʨʅ 5 ʠ ʧʦʜ 74
ʦ
ʉ ʚʦ ʟʘʧʘʜʥʠʦʪ ʜʝʣ ʥʘ ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ ʠʣʠ ʧʦʜ 64

ʦ
ʉ ʚʦ ʦʩʪʘʥʘʪʠʦʪ ʜʝʣ 

ʦʜ ʩʚʝʪʦʪ, ʜʦʢʦʣʢʫ ʚʦ ʥʠʚ ʥʝʤʘ ʝʢʩʪʨʝʤʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʧʦʝʜʠʥʝʯʥʠ ʭʝʤʠʩʢʠ 

ʢʦʤʧʦʥʝʥʪʠ. ʇʦʜ ʨʅ 5 ʠ ʦʜ 40-56
ʦ
ʉ ʝʫʢʘʨʠʦʪʩʢʘʪʘ ʮʨʚʝʥʘ ʘʣʛʘ Cyanidium caldarium 

(Rhodophyta) ʩʝ ʿʘʚʫʚʘ ʢʘʢʦ ʝʜʠʥʩʪʚʝʥʘ ʘʚʪʦʪʨʦʬʥʘ ʬʦʨʤʘ (Doemel and Brock 1971).   

ɺʦ ʪʝʨʤʘʣʥʠʪʝ ʠʟʚʦʨʠ ʰʠʨʫʤ ʩʚʝʪʦʪ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʝ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʥʘ ʨʅ 

ʧʦʜ 4.0, ʘ ʥʠʚʥʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʩʝ ʯʠʥʠ ʜʦʩʪʘ ʦʛʨʘʥʠʯʝʥ ʧʨʠ ʨʅ ʚʨʝʜʥʦʩʪʠ ʧʦʜ 6. ɺʦ ʧʘʨʢʦʪ 

Yellowstone ʚʦ ɸʤʝʨʠʢʘ ʚʠʜʦʚʠʪʝ ʥʘ ʨʦʜʦʪ Synechococcus ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ ʠʟʚʦʨʠʪʝ ʩʦ ʨʅ 

ʥʠʚʦ ʦʜ ʦʢʦʣʫ 5.2, ʜʦʜʝʢʘ ʚʠʜʦʚʠʪʝ ʦʜ ʨʦʜʦʪ Chlorogloeopsis ʜʫʨʠ ʠ ʥʘ 4.5 (ʪʘʙʝʣʘ 5). 

ʊʝʤʧʝʨʘʪʫʨʘʪʘ, ʚʦ ʢʦʤʙʠʥʘʮʠʿʘ ʩʦ ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ ʘʟʦʪ ʠ ʩʣʦʙʦʜʥʠ ʩʫʣʬʠʜʠ (ʢʘʢʦ 

H2S, HS
-
, S

2-
), ʠʩʪʦ ʪʘʢʘ ʿʘ ʦʧʨʝʜʝʣʫʚʘ ʚʠʜʦʚʘʪʘ ʟʘʩʪʘʧʝʥʦʩʪ ʚʦ ʟʘʝʜʥʠʮʠʪʝ ʥʘ ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ. ʂʦʛʘ ʠʟʣʝʟʥʘʪʘ ʚʦʜʘ ʦʜ ʥʝʫʪʨʘʣʝʥ ʜʦ ʙʘʟʠʯʝʥ ʪʝʨʤʘʣʝʥ ʠʟʚʦʨ ʚʦ ʢʦʿ ʥʝʤʘ 

ʩʫʣʬʠʜʠ ˃ʝ ʩʝ ʦʣʘʜʠ ʜʦ 74
o
C ʥʘʿʚʝʨʦʿʘʪʥʦ ˃ʝ ʩʝ ʨʘʟʚʠʿʘʪ (ʙʘʨʝʤ ʚʦ ʦʧʨʝʜʝʣʝʥʠ ʛʝʦʛʨʘʬʩʢʠ 

ʟʦʥʠ) ʘʩʦʮʠʿʘʮʠʠ ʥʘ Synechococcus ʦʪʧʦʨʥʠ ʥʘ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦ ʬʦʨʤʘ ʥʘ ʙʠʦʬʠʣʤ 

ʢʦʠ ʚʣʠʿʘʘʪ ʚʨʟ ʭʝʤʠʟʤʦʪ ʥʘ ʠʟʣʝʟʥʘʪʘ ʚʦʜʘ ʠ ʦʚʦʟʤʦʞʫʚʘʘʪ ʨʘʟʚʠʪʦʢ ʥʘ ʜʨʫʛʠ ʚʠʜʦʚʠ. ʅʘ 

ʧʨʠʤʝʨ, ʘʟʦʪʥʠʪʝ ʩʦʝʜʠʥʝʥʠʿʘ (ʥʘʿʯʝʩʪʦ NH4
+
) ʦʜ ʪʝʨʤʘʣʥʠʦʪ ʠʟʚʦʨ ʤʦʞʘʪ ʚʦ ʛʦʣʝʤʘ ʤʝʨʢʘ 

ʜʘ ʙʠʜʘʪ ʦʪʩʪʨʘʥʝʪʠ ʦʜ ʥʝʬʠʢʩʠʨʘʯʢʠ ʚʠʜʦʚʠ ʥʘ Synechococcus, ʢʦʠ ʪʦʛʘʰ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ 

ʟʘʤʝʥʝʪʠ ʥʠʟʚʦʜʥʦ, ʧʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʦʜ ʦʢʦʣʫ 58
ʦ
C, ʩʦ ʬʠʢʩʠʨʘʯʢʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ, 

ʥʘʿʯʝʩʪʦ Mastigocladus (Fischerella) cf. laminosus, ʥʦ, ʠʩʪʦ ʪʘʢʘ, ʠ ʩʦ Chlorogloeopsis ʧʦʜ 

64
ʦ
C ʠʣʠ Calothrix spp. ʧʦʜ 60

ʦ
C.  

 ʄʥʦʛʫ ʥʝʫʪʨʘʣʥʠ ʠʣʠ ʘʣʢʘʣʥʠ ʛʝʦʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ ʩʦʜʨʞʘʪ ʧʨʠʤʘʨʥʦ ʨʘʩʪʚʦʨʝʥʠ 

ʩʫʣʬʠʜʠ ʚʦ ʚʦʜʘʪʘ. ʉʫʣʬʠʜʠʪʝ ʩʝ ʝʬʠʢʘʩʥʠ ʠʥʭʠʙʠʪʦʨʠ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʠ ʚʝʨʦʿʘʪʥʦ ʥʘ 

ʜʨʫʛʠ ʙʨʦʿʥʠ ʬʠʟʠʦʣʦʰʢʠ ʧʨʦʮʝʩʠ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʥʦ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠ 

ʠʩʢʦʨʠʩʪʝʥʠ ʢʘʢʦ ʜʦʥʘʪʦʨ ʥʘ ʝʣʝʢʪʨʦʥʠ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʢʘʿ ʩʫʣʬʠʜ-ʪʦʣʝʨʘʥʪʥʠʪʝ ʚʠʜʦʚʠ 

(Cohen et al. 1986). Garcia-Pichel ʠ Castenholz (1990) ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʥʝ ʧʦʩʪʦʿʘʪ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʨʘʩʪ ʥʘʜ 56
ʦ
C, ʘ ʢʦʠ ʤʦʞʘʪ ʜʘ ʪʦʣʝʨʠʨʘʘʪ ʩʫʣʬʠʜʠ 
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ʥʘʜ 10 mʄ ʚʦ ʚʦʜʘʪʘ. ɺʦ ʪʝʨʤʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʅʦʚ ɿʝʣʘʥʜ ʢʦʠ ʩʝ ʙʦʛʘʪʠ ʩʦ ʩʫʣʬʠʜʠ 

ʝʜʠʥʩʪʚʝʥʘʪʘ ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʛʠ ʪʦʣʝʨʠʨʘ ʠ ʠʩʢʦʨʠʩʪʫʚʘ ʩʫʣʬʠʜʠʪʝ ʝ ʦʜ 

ʛʨʫʧʘʪʘ ʥʘ Oscillatoria amphigranulata ʢʦʤʧʣʝʢʩʦʪ, ʜʦʜʝʢʘ ʚʦ ʥʝʢʦʠ ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ ʥʘ 

ʧʘʨʢʦʪ Yellowstone ʤʘʢʩʠʤʘʣʝʥ ʨʘʩʪ ʧʦʢʘʞʫʚʘʘʪ ʬʦʨʤʠʪʝ ʥʘ Spirulina labyrinthiformis. ɺʦ 

ʠʟʚʦʨʠʪʝ ʩʦ ʧʦʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʣʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʩʫʣʬʠʜʠ, ʯʝʩʪʘ ʝ ʧʦʿʘʚʘʪʘ ʥʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʚʢʫʧʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʫʣʬʠʜʠ ʚʦ ʠʩʪʝʯʥʠʪʝ ʜʝʣʦʚʠ ʚʦ ʢʦʠ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʦʧʘʺʘ ʥʘ 52
ʦ
C, ʰʪʦ ʩʝ ʜʦʣʞʠ ʥʘ ʥʝʬʦʪʦʩʠʥʪʝʪʠʟʠʨʘʯʢʠ ʩʫʣʬʠʜ-

ʦʢʩʠʜʠʨʘʯʢʠ ʙʘʢʪʝʨʠʠ (ʢʘʢʦ Thermothrix sp.), ʠ ʚʦ ʪʦʿ ʩʣʫʯʘʿ ʝ ʦʚʦʟʤʦʞʝʥ ʨʘʟʚʠʪʦʢ ʥʘ 

ʥʝʪʦʣʝʨʘʥʪʥʠ ʢʦʥ ʩʫʣʬʠʜʠ ʚʠʜʦʚʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ. ɺʦ ʥʝʢʦʣʢʫ ʠʥʪʝʨʝʩʥʠ ʪʝʨʤʘʣʥʠ 

ʠʟʚʦʨʠ ʥʘ ʀʩʣʘʥʜ ʩʫʣʬʠʜ-ʦʢʩʠʜʠʨʘʯʢʠ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʙʘʢʪʝʨʠʠ ʥʘ ʧʦʚʨʰʠʥʘʪʘ (ʢʘʢʦ 

Chloroflexus aurantiacus) ʛʠ ʦʪʩʪʨʘʥʫʚʘʘʪ ʩʫʣʬʠʜʠʪʝ ʠ ʜʦʟʚʦʣʫʚʘʘʪ ʨʘʟʚʠʪʦʢ ʥʘ ʦʩʝʪʣʠʚʠ 

ʢʦʥ ʩʫʣʬʠʜʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ ʧʦʜʦʣʥʠʪʝ ʜʝʣʦʚʠ ʥʘ ʬʦʪʠʯʥʘʪʘ ʟʦʥʘ (Jorgensen and 

Nelson 1988).  

ʊʘʙʝʣʘ 5. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʬʦʨʤʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ ʪʝʨʤʘʣʥʠ ʚʦʜʠ ʩʦ ʪʠʧʠʯʥʠʪʝ 

ʬʠʟʠʦʣʦʰʢʠ ʦʜʣʠʢʠ (Ward and Castenholz 2001).  

ʊʘʢʩʦʥ 
ʊʝʤʧ. 

ʣʠʤʠʪ 
pH 

N2-

ʬʠʢʩ.  

ʊʦʣʝʨʘʥʪʥʦʩʪ ʢʦʥ 

ʩʫʣʬʠʜʠ 
ʇʦʟʥʘʪʠ ʣʦʢʘʮʠʠ 

Synechococus cf. lividus    74 >6 ʥʝ ʩʣʘʙʘ (<50 mM) 
ɸʤʝʨʠʢʘ, ʂʠʥʘ, 

(ɸʬʨʠʢʘ?) 

Synechococus cf. lividus ~58-66 >5 ʥʝ ʩʣʘʙʘ 
ɸʤʝʨʠʢʘ, ʅʦʚ ɿʝʣʘʥʜ, 

ɸʟʠʿʘ, ɽʚʨʦʧʘ, ɸʬʨʠʢʘ 

Cyanothece (Synechococus) cf. minervae   62 >6 ? ʥʝ ʩʣʘʙʘ (?) ɸʤʝʨʠʢʘ 

Chlorogloeopsis ssp.    64 >4.5 ʜʘ ʩʣʘʙʘ (~0.15 mM) 

ɸʤʝʨʠʢʘ, ɽʚʨʦʧʘ, 

ʀʩʣʘʥʜ, ʚʫʣʢʘʥʩʢʠ 

ʦʩʪʨʦʚʠ 

Phormidium spp. (cf. P. laminosum) ~62 >6.5 ʥʝ ʩʨʝʜʥʘ (?) ʊʦʧʣʠ ʠʟʚʦʨʠ ʚʦ ʩʚʝʪʦʪ? 

Mastigocladus (Fischerella) cf. laminosus   58 >5 ʜʘ (~0.25 mM) ʊʦʧʣʠ ʠʟʚʦʨʠ ʚʦ ʩʚʝʪʦʪ? 

Oscillatoria  cf. amphigranulata ~56 >6.5 ʥʝ ʚʠʩʦʢʘ (~3 mM) ʅʦʚ ɿʝʣʘʥʜ 

Oscillatoria cf. terebriformis   55 >6 ʥʝ ʚʠʩʦʢʘ (~1 mM) ɸʤʝʨʠʢʘ, ɸʨʘʙʠʿʘ 

Spirulina cf. labyrinthiformis   51 >6 ʥʝ (~0.1 mM) ʊʦʧʣʠ ʠʟʚʦʨʠ ʚʦ ʩʚʝʪʦʪ? 

Calothrix spp. ~50   ? ʜʘ ʥʠʩʢʘ (?) ʊʦʧʣʠ ʠʟʚʦʨʠ ʚʦ ʩʚʝʪʦʪ? 

 

 ʇʦ ʩⱪ ʠʟʛʣʝʜʘ ʜʝʢʘ ʪʝʨʤʦ-ʤʠʥʝʨʘʣʥʠʪʝ ʠʟʚʦʨʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʞʠʚʝʘʣʠʰʪʘ ʥʘ ʤʥʦʛʫ, 

ʧʨʝʜ ʩⱪ, ʧʨʦʢʘʨʠʦʪʩʢʠ, ʦʨʛʘʥʠʟʤʠ ʩʦ ʤʥʦʛʫ ʩʧʝʮʠʬʠʯʥʠ ʤʝʪʘʙʦʣʠʪʠʯʢʠ ʧʘʪʠʰʪʘ ʢʦʠ 

ʧʦʩʪʝʧʥʦ ʛʠ ʧʦʧʦʣʥʫʚʘʘʪ ʧʨʘʟʥʠʥʠʪʝ ʚʦ ʝʚʦʣʫʪʠʚʥʠʪʝ ʣʠʥʠʠ ʥʘ ʬʠʣʦʛʝʥʝʪʩʢʠʦʪ ʨʘʟʚʠʪʦʢ 

ʥʘ ʞʠʚʠʪʝ ʬʦʨʤʠ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ. ɼʦʢʦʣʢʫ ʥʘʪʘʤʦʰʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʛʠ ʧʨʦʥʘʿʜʘʪ 

ʦʨʛʘʥʠʟʤʠʪʝ Ăʢʦʠ ʥʝʜʦʩʪʘʩʫʚʘʘʪñ ʚʦ ʪʝʨʤʘʣʥʠʪʝ ʚʦʜʠ, ʪʦʘ ʚʦ ʥʘʿʤʘʣʘ ʤʝʨʢʘ ʙʠ ʟʥʘʯʝʣʦ 
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ʜʝʢʘ ʚʘʢʚʠʪʝ ʠʣʠ ʩʣʠʯʥʠʪʝ ʞʠʚʝʘʣʠʰʪʘ ʚʦ ʧʨʝʢʘʤʙʨʠʩʢʘʪʘ ʝʨʘ ʙʠʣʝ ʟʥʘʯʘʿʥʠ ʮʝʥʪʨʠ ʥʘ 

ʝʚʦʣʫʮʠʿʘʪʘ. 

2. ʉʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ ʧʦʯʚʠ ʠ ʦʨʠʟʦʚʠ ʧʦʣʠˁʘ 

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʚʦ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʧʦʯʚʠ, ʢʘʢʦ ʥʘ ʧʦʚʨʰʠʥʘʪʘ 

ʪʘʢʘ ʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʜʣʘʙʦʯʠʥʠ. ʊʠʝ ʩʝ ʠʩʪʦ ʪʘʢʘ ʯʝʩʪʠ ʠ ʚʦ ʦʩʪʘʥʘʪʠʪʝ ʪʠʧʦʚʠ ʥʘ 

ʚʦʟʜʫʰʥʠ ʠ ʧʦʚʨʝʤʝʥʦ ʚʣʘʞʥʠ ʞʠʚʝʘʣʠʰʪʘ ʢʘʢʚʠ ʰʪʦ ʩʝ ʦʨʠʟʦʚʠʪʝ ʧʦʣʠˁʘ. ʉʧʦʨʝʜ 

Granhall (1975), ʥʘʿʚʘʞʥʠʪʝ ʬʘʢʪʦʨʠ (ʧʦʢʨʘʿ ʩʚʝʪʣʠʥʘʪʘ) ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʧʦʿʘʚʘʪʘ ʥʘ ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʧʦʯʚʠʪʝ ʩʝ ʚʣʘʞʥʦʩʪʘ, ʨʅ, ʤʠʥʝʨʘʣʥʠ ʤʘʪʝʨʠʠ ʠ ʘʟʦʪʥʠ ʩʦʝʜʠʥʝʥʠʿʘ. 

ɺʣʘʞʥʦʩʪʘ ʝ ʦʜ ʧʦʩʝʙʥʦ ʟʥʘʯʝˁʝ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ ʨʘʟʚʠʪʦʢʦʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ 

ʧʦʯʚʠʪʝ, ʙʠʜʝʿ˃ʠ Zimmerman ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (Zimmerman et al. 1980) ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ 

ʛʫʩʪʠʥʘʪʘ ʥʘ ʧʦʧʫʣʘʮʠʠʪʝ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʛʣʠʥʝʩʪʠ ʧʦʯʚʠ ʙʝʰʝ ʜʘʣʝʢʫ ʧʦʛʦʣʝʤʘ 

ʚʦ ʚʣʘʞʥʠʪʝ ʚʜʣʘʙʥʫʚʘˁʘ ʦʪʢʦʣʢʫ ʚʦ ʦʢʦʣʥʠʪʝ ʩʫʚʠ ʜʝʣʦʚʠ ʥʘ ʧʦʯʚʘʪʘ. ʊʦʣʝʨʘʥʪʥʦʩʪʘ ʢʦʥ 

ʠʩʫʰʫʚʘˁʝ ʠ ʚʦʜʥʠʦʪ ʩʪʨʝʩ ʝ ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʜʦʢʘʞʘʥʘ ʦʩʦʙʠʥʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʢʦʠ 

ʧʦʨʘʜʠ ʪʦʘ ʩʝ ʠ ʥʘʿʫʩʧʝʰʥʠʪʝ ʦʨʛʘʥʠʟʤʠ ʚʦ ʭʠʧʝʨ ʟʘʩʦʣʝʥʠ ʩʨʝʜʠʥʠ. ʉʝʧʘʢ, 

ʨʘʩʧʨʦʩʪʨʘʥʫʚʘˁʝʪʦ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʝ ʦʛʨʘʥʠʯʝʥʦ ʜʦ ʨʅ 6, ʠʘʢʦ ʩʝ ʧʦʯʝʩʪʠ ʥʘ 

ʧʦʥʠʩʢʠ ʨʅ ʚʨʝʜʥʦʩʪʠ ʚʦ ʪʨʦʧʩʢʠʪʝ ʧʦʯʚʠ, ʚʝʨʦʿʘʪʥʦ ʧʦʨʘʜʠ ʬʘʢʪʦʪ ʜʝʢʘ ʥʠʚʥʠʦʪ 

ʪʝʤʧʝʨʘʪʫʨʝʥ ʦʧʪʠʤʫʤ ʝ ʧʦʚʠʩʦʢ ʦʜ ʪʦʿ ʥʘ ʦʩʪʘʥʘʪʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ ʘʣʛʠ (Castenholz and 

Waterbury 1989). ʉʧʦʩʦʙʥʦʩʪʘ ʟʘ ʘʟʦʪʦʬʠʢʩʘʮʠʿʘ ʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪʘ ʢʘʿ ʧʦʯʚʝʥʠʪʝ 

ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ, ʰʪʦ ʠʤ ʦʚʦʟʤʦʞʫʚʘ ʢʦʤʧʝʪʠʪʠʚʥʘ ʧʨʝʜʥʦʩʪ ʚʦ ʫʩʣʦʚʠ ʥʘ ʥʝʜʦʩʪʠʛ ʦʜ 

ʘʟʦʪʥʠ ʩʦʝʜʠʥʝʥʠʿʘ. ʄʥʦʛʫ ʦʜ ʥʠʚ, ʠʩʪʦ ʪʘʢʘ, ʪʦʣʝʨʠʨʘʘʪ ʚʠʩʦʢ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʋɺ 

ʨʘʜʠʿʘʮʠʿʘ, ʰʪʦ ʠʤ ʦʚʦʟʤʦʞʫʚʘ ʧʨʝʞʠʚʫʚʘˁʝ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʧʦʯʚʠʪʝ, ʜʦʜʝʢʘ 

ʦʩʪʘʥʘʪʠʪʝ ʚʨʰʘʪ ʝʬʠʢʘʩʥʘ ʬʦʪʦʩʠʥʪʝʟʘ ʚʦ ʫʩʣʦʚʠ ʥʘ ʥʘʤʘʣʝʥ ʩʚʝʪʣʦʩʝʥ ʠʥʪʝʥʟʠʪʝʪ (van 

Liere and Walsby 1982) ʚʝʜʥʘʰ ʧʦʜ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʧʦʯʚʘʪʘ.  

 ʈʘʟʚʦʿʦʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʧʦʯʚʠʪʝ, ʧʨʝʢʫ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʩʧʨʦʚʝʜʝʥʠ 

ʠʩʪʨʘʞʫʚʘˁʘ, ʧʦʢʘʞʫʚʘ ʚʠʜʣʠʚʠ ʧʦʟʠʪʠʚʥʠ ʝʬʝʢʪʠ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʦʯʚʘʪʘ ʠ 

ʧʦʫʩʧʝʰʥʠʦʪ ʨʘʟʚʠʪʦʢ ʥʘ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ. ʇʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 

ʧʦʯʚʠʪʝ ʚʢʣʫʯʫʚʘ ʦʙʦʛʘʪʫʚʘˁʝ ʩʦ ʦʨʛʘʥʩʢʠ ʤʘʪʝʨʠʠ, ʧʦʚʠʩʦʢ ʢʘʧʘʮʠʪʝʪ ʥʘ ʟʘʜʨʞʫʚʘˁʝ ʥʘ 

ʚʦʜʘʪʘ, ʦʙʦʛʘʪʫʚʘˁʝ ʩʦ ʘʟʦʪʥʠ ʩʦʝʜʠʥʝʥʠʿʘ, ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʚʠʪʘʤʠʥʠ ʠ ʨʘʩʪʠʪʝʣʥʠ 

ʩʪʠʤʫʣʠʨʘʯʢʠ ʭʦʨʤʦʥʠ, ʬʦʨʤʠʨʘˁʝ ʥʘ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠ ʧʦʣʠʩʘʭʘʨʠʜʠ ʢʦʠ ʿʘ ʧʦʜʦʙʨʫʚʘʘʪ 

ʧʦʯʚʝʥʘʪʘ ʘʛʨʝʛʘʮʠʿʘ ʠ ʨʘʩʪʚʦʨʣʠʚʦʩʪʘ ʥʘ ʬʦʩʬʘʪʥʠʪʝ ʩʦʝʜʠʥʝʥʠʿʘ (Nienow and Friedmann 

1993). ʇʦʩʪʦʿʘʪ ʠ ʜʦʢʘʟʠ ʜʝʢʘ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ ʤʦʞʘʪ ʜʘ ʛʦ ʩʪʠʤʫʣʠʨʘʘʪ ʠʣʠ 

ʠʥʭʠʙʠʨʘʘʪ ʨʘʩʪʦʪ ʥʘ ʧʦʯʚʝʥʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ. ʅʝʢʦʣʢʫ ʣʘʙʦʨʘʪʦʨʠʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ 

ʫʢʘʞʫʚʘʘʪ ʥʘ ʬʘʢʪʦʪ ʜʝʢʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʝ ʩʘʤʦ ʰʪʦ ʩʦʟʜʘʚʘʘʪ ʪʝʩʥʠ ʘʩʦʮʠʿʘʮʠʠ ʩʦ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʦʨʝˁʘʪʘ ʥʘ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʪʫʢʫ ʤʦʞʘʪ ʠ ʜʘ ʩʝ ʿʘʚʘʪ 

ʠʥʪʨʘʮʝʣʫʣʘʨʥʦ ʢʘʿ ʦʨʠʟʦʪ ʠ ʧʯʝʥʠʮʘʪʘ (Gantar et al. 1991a). Gantar ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ 

(1991b) ʜʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʦʩʪʦʠ ʣʘʙʘʚʘ ʘʩʦʮʠʿʘʮʠʿʘ ʥʘ Anabaena ʩʦ ʢʦʨʝʥʦʚʠʪʝ ʚʣʘʢʥʝʥʮʘ 

ʥʘ ʧʯʝʥʠʮʘʪʘ, ʥʦ ʜʝʢʘ ʚʠʜʦʚʠʪʝ ʦʜ ʨʦʜʦʪ Nostoc ʥʘʚʣʝʛʫʚʘʘʪ ʢʘʢʦ ʚʦ ʢʦʨʘʪʘ, ʪʘʢʘ ʠ ʚʦ 

ʢʦʨʪʝʢʩʦʪ ʥʘ ʢʦʨʝʥʦʪ.  

 ɼʦʢʘʞʘʥʠʦʪ ʚʠʩʦʢ ʩʪʝʧʝʥ ʥʘ ʘʟʦʪʦʬʠʢʩʘʮʠʿʘ ʢʘʿ ʧʦʝʜʠʥʝʯʥʠʪʝ ʚʠʜʦʚʠ ʩʠʥʦ-ʟʝʣʝʥʠ 

ʘʣʛʠ ʜʦʚʝʜʝ ʜʦ ʤʥʦʛʫʙʨʦʿʥʠ ʫʩʠʣʙʠ ʟʘ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʨʠʥʦʩʦʪ ʥʘ ʞʠʪʥʠʪʝ ʨʘʩʪʝʥʠʿʘ 
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ʧʨʝʢʫ ʜʦʜʘʚʘˁʝ ʥʘ ʪʘʢʚʠʪʝ ʚʠʜʦʚʠ ʚʦ ʧʦʯʚʠʪʝ, ʘ ʥʘʿʧʦʚʝ˃ʝ ʢʘʿ ʢʫʣʪʫʨʠʪʝ ʦʜ ʦʨʠʟ. ʅʦ, ʠ 

ʧʦʢʨʘʿ ʤʥʦʛʫʙʨʦʿʥʠʪʝ ʜʦʢʘʟʠ ʜʝʢʘ ʪʘʢʚʘʪʘ Ăʘʣʛʘʣʠʟʘʮʠʿʘñ ʠʤʘ ʧʦʟʠʪʠʚʝʥ ʝʬʝʢʪ, ʤʘʣ ʝ 

ʙʨʦʿʦʪ ʥʘ ʤʝʩʪʘʪʘ ʚʦ ʩʚʝʪʦʪ ʢʘʜʝ ʦʚʘʘ ʧʦʩʪʘʧʢʘ ʝ ʚʦʚʝʜʝʥʘ ʚʦ ʨʫʪʠʥʩʢʘʪʘ ʧʨʘʢʪʠʢʘ, 

ʩʧʨʦʪʠʚʥʦ ʥʘ ʨʝʣʘʪʠʚʥʦʪʦ ʰʠʨʦʢʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ Azolla (ʚʦʜʝʥ ʧʘʧʨʘʪ ʩʦ ʩʠʥʦ-ʟʝʣʝʥ 

ʩʠʤʙʠʦʥʪ Anabaena: ʚʠʜʠ ʜʝʣ ʉʠʤʙʠʦʟʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ-ʩʪʨ.66) ʢʘʿ ʦʨʠʟʦʚʠʪʝ 

ʢʫʣʪʫʨʠ.  

 Fritsch (1907c) ʧʨʚ ʠʟʚʝʩʪʫʚʘ ʟʘ ʚʠʩʦʢʘʪʘ ʟʘʩʪʘʧʝʥʦʩʪ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ 

ʦʨʠʟʦʚʠʪʝ ʧʦʣʠˁʘ, ʜʦʜʝʢʘ De (1939) ʿʘ ʠʩʪʘʢʥʫʚʘ ʥʠʚʥʘʪʘ ʚʘʞʥʦʩʪ ʟʘ ʘʟʦʪʥʘʪʘ ʬʠʢʩʘʮʠʿʘ ʠ 

ʧʦʜʠʛʥʫʚʘˁʝʪʦ ʥʘ ʬʝʨʪʠʣʥʦʩʪʘ ʥʘ ʦʨʠʟʦʪ. ʅʘ ʧʦʚʝ˃ʝ ʦʜ 85% ʦʜ ʦʨʠʟʦʚʠʪʝ ʚʣʘʞʥʠ ʧʦʯʚʠ 

ʚʦ ʩʚʝʪʦʪ ʟʘʝʜʥʠʮʠʪʝ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʪʦʣʢʫ ʛʫʩʪʠ ʰʪʦ ʯʝʩʪʦ ʩʝ ʚʠʜʣʠʚʠ ʢʘʢʦ 

ʟʝʣʝʥʠ ʧʦʚʨʰʠʥʠ ʥʘ ʚʦʜʘʪʘ ʠʣʠ ʧʦʯʚʘʪʘ ʧʦ ʠʩʫʰʫʚʘˁʝʪʦ. ɺʦʦʙʠʯʘʝʥʦ ʝ ʜʝʢʘ ʧʦʚʝ˃ʝʪʦ ʦʜ 

ʧʦʣʦʚʠʥʘʪʘ ʟʘʙʝʣʝʞʣʠʚʠ ʨʦʜʦʚʠ ʚʦ ʦʚʘʘ ʩʨʝʜʠʥʘ ʩʝ ʭʝʪʝʨʦʮʠʪʥʠ ʢʘʢʦ Anabaena, Aulosira, 

Calothrix, Cylindrospermum, Fischerella, Gloeotrichia, Nostoc, Scytonema, Tolypothrix, 

Wollea, ʰʪʦ ʝ ʩʝʧʘʢ ʚʦ ʜʠʨʝʢʪʥʘ ʧʦʟʠʪʠʚʥʘ ʢʦʨʝʣʘʮʠʿʘ ʩʦ ʨʅ ʠ ʜʦʩʪʘʧʥʠʦʪ ʬʦʩʬʦʨ ʚʦ 

ʧʦʯʚʠʪʝ, ʠʘʢʦ ʘʟʦʪ-ʬʠʢʩʠʨʘʯʢʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʤʦʞʘʪ ʩⱪ ʫʰʪʝ ʜʘ ʙʠʜʘʪ ʜʦʤʠʥʘʥʪʥʠ ʚʦ 

ʢʠʩʝʣʠʪʝ ʦʨʠʟʦʚʠ ʧʦʣʠˁʘ.  

  ʇʦʚʨʰʠʥʩʢʘʪʘ ʘʧʣʠʢʘʮʠʿʘ ʥʘ ʺʫʙʨʠʚʘ ʚʨʟ ʦʨʠʟʦʚʠʪʝ ʧʦʯʚʠ ʚʦʦʙʠʯʘʝʥʦ ʜʦʚʝʜʫʚʘ ʜʦ 

ʩʠʣʝʥ ʨʘʟʚʠʪʦʢ ʥʘ ʘʣʛʠʪʝ, ʧʨʠ ʰʪʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʯʝʩʪʦ ʜʦʤʠʥʠʨʘʘʪ ʜʦʢʦʣʢʫ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʘʟʦʪʥʠʪʝ ʺʫʙʨʠʚʘ ʥʝ ʝ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢʦ. ɿʘʤʝʥʘʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

ʩʦ ʢʦʥʯʝʩʪʠ ʟʝʣʝʥʠ ʘʣʛʠ ʝ ʠʥʜʠʢʘʮʠʿʘ ʟʘ ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ ʟʛʦʣʝʤʝʥʠ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʥʠ 

ʺʫʙʨʠʚʘ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʧʦʯʚʘʪʘ (Whitton and Roger 1989). 

3. ʉʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ ʩʣʘʪʢʦʚʦʜʝʥ Ăʚʦʜʝʥ ʮʚʝʪñ 

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʯʝʩʪʦ ʜʦʤʠʥʠʨʘʘʪ ʩʦ ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʥʘ ʝʟʝʨʘʪʘ, ʨʝʢʠʪʝ ʠ 

ʘʢʫʤʫʣʘʮʠʠʪʝ. ʋʩʧʝʰʥʠʦʪ ʥʝʪʦ-ʨʘʩʪ ʥʘ ʢʦʿ ʙʠʣʦ ʚʠʜ ʟʘʚʠʩʠ ʦʜ ʥʝʛʦʚʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʛʦ 

ʦʧʪʠʤʠʟʠʨʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʜʘ ʛʠ ʤʠʥʠʤʠʟʠʨʘ ʛʫʙʠʪʦʮʠʪʝ. ʅʝʨʝʘʣʥʦ ʝ ʜʘ 

ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʝʢʘ ʢʦʿ ʙʠʣʦ ʦʨʛʘʥʠʟʘʤ ʙʠ ʠʤʘʣ ʪʘʢʚʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʜʘ ʧʦʢʘʞʫʚʘ 

ʤʘʢʩʠʤʘʣʝʥ ʨʘʩʪ ʚʦ ʩʠʪʝ ʫʩʣʦʚʠ, ʥʦ ʧʦʿʘʚʘʪʘ ʥʘ ʜʦʤʠʥʘʥʪʥʠ ʚʠʜʦʚʠ ʩʫʛʝʨʠʨʘ ʜʝʢʘ ʪʠʝ 

ʧʦʩʝʜʫʚʘʘʪ ʦʩʦʙʠʥʠ ʢʦʠ ʠʤ ʦʚʦʟʤʦʞʫʚʘʘʪ ʤʘʢʩʠʤʘʣʥʦ ʜʘ ʩʝ ʨʘʟʚʠʚʘʘʪ ʧʦʜ ʦʧʨʝʜʝʣʝʥʠ 

ʫʩʣʦʚʠ ʚʦ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ. ɺʦ ʪʘʢʚʠ ʤʦʤʝʥʪʠ ʩʝ ʿʘʚʫʚʘ Ăʚʦʜʝʥ ʮʚʝʪñ, ʥʦ ʢʦʿ ʚʠʜ ˃ʝ 

ʜʦʤʠʥʠʨʘ ʟʘʚʠʩʠ ʦʜ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʥʘ ʦʨʛʘʥʠʟʤʠʪʝ ʩʦ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ.  

ʊʝʨʤʠʥʦʪ Ăʚʦʜʝʥ ʮʚʝʪñ ʝ ʩʣʘʙʦ ʜʝʬʠʥʠʨʘʥ, ʥʦ ʚʦ ʦʩʥʦʚʘ ʦʧʠʰʫʚʘ ʙʠʦʤʘʩʘ ʥʘ 

ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʟʥʘʯʠʪʝʣʥʦ ʧʦʛʦʣʝʤʘ ʦʜ ʧʨʦʩʝʯʥʘʪʘ ʥʘ ʪʦʿ ʚʦʜʝʥ ʝʢʦʩʠʩʪʝʤ. ʇʨʝʢʫ ʦʚʘʘ 

ʜʝʬʠʥʠʮʠʿʘ, ʜʫʨʠ ʠ ʦʣʠʛʦʪʨʦʬʥʠʪʝ ʚʦʜʠ ʤʦʞʘʪ ʜʘ ʠʤʘʘʪ Ăʚʦʜʝʥ ʮʚʝʪñ, ʥʦ ʪʦʛʘʰ ʩʝ 

ʥʘʜʤʠʥʫʚʘ ʦʚʦʿ ʢʦʥʮʝʧʪ ʚʦ ʩʚʦʿʘʪʘ ʛʝʥʝʨʘʣʥʘ ʩʤʠʩʣʘ. Ăʎʚʝʪʦʪñ ʥʘʿʯʝʩʪʦ ʩʝ ʩʦʩʪʦʠ ʦʜ ʝʜʝʥ 

ʠʣʠ ʜʚʘ ʚʠʜʘ ʠ ʩʝ ʦʟʥʘʯʫʚʘ ʩʦ ʥʝʛʦʚʘʪʘ ʜʦʤʠʥʠʨʘʯʢʘ ʢʦʤʧʦʥʝʥʪʘ, ʥʘ ʧʨʠʤʝʨ ʮʚʝʪ ʥʘ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠó, ʮʚʝʪ ʥʘ ʜʠʿʘʪʦʤʝʠó, ʮʚʝʪ ʥʘ Anabaenaó ʠ ʩʣʠʯʥʦ. ɺʦ ʚʦʜʘʪʘ ʟʘ ʧʠʝˁʝ ʠ 

ʚʦʜʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʨʝʢʨʝʘʮʠʿʘ Ăʚʦʜʥʠʦʪ ʮʚʝʪñ ʥʘʿʯʝʩʪʦ ʩʝ ʜʝʬʠʥʠʨʘ ʧʨʝʢʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʢʣʝʪʢʠʪʝ ʧʨʠ ʢʦʿʘ ʩʝ ʿʘʚʫʚʘʘʪ ʥʝʧʦʞʝʣʥʠʪʝ ʝʬʝʢʪʠ ʥʘ ʧʨʦʤʝʥʘ ʥʘ 

ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʚʦʜʘʪʘ, ʧʨʠ ʰʪʦ ʜʦʣʥʠʦʪ ʣʠʤʠʪ ʥʘ ʦʚʘʘ ʧʦʿʘʚʘ ʝ ʧʦʩʪʘʚʝʥ ʥʘ 10 mg/m
3
 ʥʘ 

ʭʣʦʨʦʬʠʣ ʘ (ʠʣʠ ʧʨʠʙʣʠʞʥʦ 20.000 ʢʣʝʪʢʠ ʥʘ mL
-1

 ʚʦʜʘ).  
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ʉʧʨʦʪʠʚʥʦ ʥʘ ʪʦʘ, Ăʚʦʜʥʠʦʪ ʮʚʝʪñ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʚʦʜʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ ʝ 

ʦʛʨʘʥʠʯʝʥ ʥʘ ʪʠʝ ʚʠʜʦʚʠ ʢʦʠ ʩʝ ʧʣʦʚʝʯʢʠ ʠʣʠ ʧʦʜʚʠʞʥʠ ʠ ʧʦʚʨʝʤʝʥʦ ʩʝ ʘʢʫʤʫʣʠʨʘʘʪ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʚʦʜʘʪʘ ʠ ʧʨʘʚʘʪ 'ʧʝʥʝʩʪʠ ʧʨʝʚʣʘʢʠ'. ʅʘʿʯʝʩʪʦ ʧʦʚʨʰʠʥʩʢʠʦʪ Ăʚʦʜʝʥ ʮʚʝʪñ ʝ 

ʩʦʩʪʘʚʝʥ ʦʜ ʣʝʙʜʝʯʢʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ ʩʦʜʨʞʘʪ ʢʣʝʪʦʯʥʠ ʠʥʢʣʫʟʠʠ ʠʩʧʦʣʥʝʪʠ ʩʦ ʛʘʩ, 

ʥʘʨʝʯʝʥʠ ʛʘʩʥʠ ʚʝʟʠʢʫʣʠ. ʅʝʢʦʣʢʫ ʚʠʜʦʚʠ ʦʜ ʦʩʪʘʥʘʪʠʪʝ ʘʣʛʘʣʥʠ ʛʨʫʧʠ ʤʦʞʘʪ ʜʘ 

ʬʦʨʤʠʨʘʘʪ ʧʦʚʨʰʠʥʩʢʠ Ăʚʦʜʝʥ ʮʚʝʪñ ʢʘʢʦ Botryococcus braunii (Chlorophyta) ʢʦʿ 

ʧʨʦʜʫʮʠʨʘ ʠ ʩʢʣʘʜʠʨʘ ʤʘʩʣʘ ʢʘʢʦ ʨʝʟʝʨʚʥʘ ʤʘʪʝʨʠʿʘ ʢʦʿʘ ʤʫ ʦʚʦʟʤʦʞʫʚʘ ʣʝʙʜʝˁʝó ʚʦ 

ʚʦʜʘʪʘ, ʠʣʠ ʥʝʢʦʠ ʚʠʜʦʚʠ ʥʘ ʨʦʜʦʪ Euglena (Euglenophyta) ʢʦʠ ʘʢʪʠʚʥʦ ʩʝ ʜʚʠʞʘʪ ʩʦ 

ʧʦʤʦʰ ʥʘ ʬʣʘʛʝʣʫʤʠ.  

Ăɺʦʜʥʠʦʪ ʮʚʝʪñ ʧʨʝʜʠʟʚʠʢʘʥ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʝ ʟʘʙʝʣʝʞʝʥ ʨʝʣʘʪʠʚʥʦ ʨʘʥʦ 

(Reynolds and Walsby 1975) ʠ ʚʦ ʧʦʜʦʣʛ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʣʫʺʝʪʦ ʦʜ ʚʦʜʦʩʪʦʧʘʥʩʢʠʪʝ 

ʜʝʿʥʦʩʪʠ ʙʝʘ ʩʚʝʩʥʠ ʟʘ ʥʝʛʘʪʠʚʥʦʪʦ ʝʢʦʥʦʤʩʢʦ ʚʣʠʿʘʥʠʝ ʥʘ ʦʚʘʘ ʧʦʿʘʚʘ ʧʦʨʘʜʠ 

ʧʨʝʜʠʟʚʠʢʫʚʘˁʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠ ʚʦ ʧʨʦʮʝʩʠʪʝ ʥʘ ʪʨʝʪʤʘʥ ʥʘ ʚʦʜʘʪʘ ʢʘʢʦ ʙʣʦʢʠʨʘˁʝ ʥʘ 

ʬʠʣʪʝʨʠʪʝ, ʟʛʦʣʝʤʝʥʠ ʪʨʦʰʦʮʠ ʟʘ ʜʝʟʠʥʬʝʢʮʠʿʘ, ʠ ʚʣʦʰʫʚʘˁʝ ʥʘ ʚʢʫʩʦʪ ʠ ʤʠʨʠʩʦʪ ʥʘ 

ʚʦʜʘʪʘ. ʆʜ ʜʨʫʛʘ ʩʪʨʘʥʘ, Ăʩʠʥʦ-ʟʝʣʝʥʠʦʪ ʚʦʜʝʥ ʮʚʝʪñ ʛʠ ʜʝʛʨʘʜʠʨʘ ʠ ʨʝʢʨʝʘʮʠʩʢʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʥʘ ʧʦʚʨʰʠʥʩʢʠʪʝ ʚʦʜʠ, ʧʦʩʝʙʥʦ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʛʫʩʪʠ ʠ ʜʝʙʝʣʠ ʧʝʥʝʩʪʠ ʩʢʨʘʤʠ ʥʘ 

ʧʦʚʨʰʠʥʘʪʘ (ʧʨʠʤʝʨ ʩʦ ɼʦʿʨʘʥʩʢʦʪʦ ɽʟʝʨʦ ʧʦ 1988 ʛʦʜʠʥʘ!) ʢʦʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʛʫʙʝˁʝ ʥʘ 

ʢʠʩʣʦʨʦʜʦʪ ʦʜ ʚʦʜʘʪʘ ʠ ʧʦʤʦʨ ʥʘ ʭʠʜʨʦʙʠʦʥʪʠʪʝ. ʉʦʟʥʘʥʠʿʘʪʘ ʟʘ ʥʝʛʘʪʠʚʥʠʪʝ ʝʬʝʢʪʠ ʥʘ 

ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʨʟ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʚʦʜʠʪʝ ʩʝ ʧʨʦʰʠʨʫʚʘʘʪ ʚʦ 1980-ʪʠʪʝ ʛʦʜʠʥʠ ʩʦ 

ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʥʘ ʧʦʪʝʥʮʠʿʘʣʠʪʝ ʥʘ ʥʠʚʥʠʪʝ ʪʦʢʩʠʥʠ (ʮʠʿʘʥʦʪʦʢʩʠʥʠ), ʠʘʢʦ ʥʠʚʥʦʪʦ 

ʧʨʠʩʫʩʪʚʦ ʝ ʧʦʟʥʘʪʦ ʦʜʘʤʥʘ (Francis 1878) ʠ ʚʦ ʚʨʩʢʘ ʩʦ ʪʨʫʝˁʝʪʦ ʥʘ ʜʦʤʘʰʥʠʪʝ ʞʠʚʦʪʥʠ. 

ʇʦ ʦʪʢʨʠʚʘˁʝʪʦ ʥʘ ʚʠʩʦʢʦʰʪʝʪʥʠʪʝ ʝʬʝʢʪʠ ʥʘ ʦʚʠʝ ʪʦʢʩʠʥʠ ʠ ʚʨʟ ʯʦʚʝʢʦʪ, ʢʘʢʦ ʠ 

ʩʝʢʦʿʜʥʝʚʥʦʪʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʧʦʿʘʚʘʪʘ ʥʘ Ăʩʠʥʦ-ʟʝʣʝʥ ʚʦʜʝʥ ʮʚʝʪñ ʚʦ ʤʠʥʘʪʠʪʝ ʜʝʢʘʜʠ, ʩʝ 

ʿʘʚʫʚʘ ʧʦʪʨʝʙʘ ʟʘ ʧʦʜʦʙʨʦʪʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʫʩʣʦʚʠʪʝ ʚʦ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʢʦʠ ʿʘ 

ʧʦʜʜʨʞʫʚʘʘʪ ʦʚʘʘ ʧʦʿʘʚʘ, ʰʪʦ ʙʠ ʦʚʦʟʤʦʞʠʣʦ ʙʘʟʘ ʟʘ ʧʦʜʦʙʨʫʚʘˁʝ ʥʘ ʢʦʥʪʨʦʣʘʪʘ ʠ 

ʤʝʥʘ˅ʤʝʥʪʦʪ ʥʘ ʚʦʜʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ.  

ɺʦ ʜʣʘʙʦʢʠʪʝ ʤʦʥʦʤʠʢʪʠʯʥʠ (ʩʦ ʩʝʟʦʥʩʢʘ ʪʝʨʤʘʣʥʘ ʩʪʨʘʪʠʬʠʢʘʮʠʿʘ) ʝʟʝʨʘ ʥʘ 

ʫʤʝʨʝʥʘʪʘ ʢʣʠʤʘʪʩʢʘ ʟʦʥʘ, ʩʠʣʥʠʪʝ ʠʟʤʝʥʠ ʚʦ ʢʣʠʤʘʪʩʢʠʪʝ ʫʩʣʦʚʠ ʚʦ ʧʨʦʣʝʪ ʜʦʚʝʜʫʚʘʘʪ 

ʜʦ ʩʫʢʮʝʩʠʿʘ ʥʘ ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʦʜ ʜʠʿʘʪʦʤʝʠʪʝ, ʧʨʝʢʫ ʧʦʧʫʣʘʮʠʠ ʥʘ ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʜʦ 

ʢʫʣʤʠʥʘʮʠʿʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʜʠʥʦʬʣʘʛʝʣʘʪʠʪʝ ʚʦ ʣʝʪʥʠʦʪ ʧʝʨʠʦʜ. ɼʚʘʪʘ ʦʩʥʦʚʥʠ 

ʧʘʨʘʤʝʪʨʠ ʢʦʠ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʚʘʢʚʘ ʩʫʢʮʝʩʠʿʘ (ʩʧʦʨʝʜ Reynolds 1984) ʩʝ ʠʟʤʝʥʠʪʝ ʚʦ 

ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʩʪʨʘʪʠʬʠʢʘʮʠʿʘʪʘ ʠ ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʤʘʪʝʨʠʠ. ɺʦ ʪʝʢʦʪ ʥʘ 

ʚʝʛʝʪʘʪʠʚʥʠʦʪ ʧʝʨʠʦʜ, ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʪʨʘʪʠʬʠʢʘʮʠʿʘʪʘ ʤʘʢʩʠʤʘʣʥʦ ʨʘʩʪʝ ʢʦʥ ʣʝʪʦʪʦ 

ʢʦʛʘ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʤʝʰʘˁʝʪʦ ʥʘ ʚʦʜʥʠʪʝ ʩʣʦʝʚʠ ʝ ʥʝʜʦʚʦʣʝʥ ʟʘ ʧʦʜʜʨʰʢʘ ʥʘ Ăʪʝʰʢʠʦʪñ 

ʬʠʪʦʧʣʘʥʢʪʦʥ (ʢʘʢʚʠ ʩʝ ʜʠʿʘʪʦʤʝʠʪʝ). ʇʦʜʚʦʿʫʚʘˁʝʪʦ ʥʘ ʚʦʜʥʠʦʪ ʩʪʦʣʙ ʥʘ ʛʦʨʝʥ 

ʝʧʠʣʠʤʥʠʦʥ, ʢʘʜʝ ʩʚʝʪʣʠʥʘʪʘ ʝ ʜʦʚʦʣʥʘ ʟʘ ʨʘʩʪ, ʠ ʪʝʤʥʠʦʪ ʭʠʧʦʣʠʤʥʠʦʥ, ʜʦʚʝʜʫʚʘ ʜʦ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʤʘʪʝʨʠʠ ʚʦ ʝʧʠʣʠʤʥʠʦʥʦʪ ʧʦʨʘʜʠ ʨʘʩʪʦʪ ʥʘ 

ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʠ ʥʝʛʦʚʘ ʩʝʜʠʤʝʥʪʘʮʠʿʘ ʢʦʥ ʜʥʦʪʦ ʥʘ ʙʘʩʝʥʦʪ. ʇʨʠʪʦʘ, ʚʦ ʫʩʣʦʚʠ ʥʘ 

ʤʠʨʥʦ ʚʨʝʤʝ ʚʦ ʣʝʪʦ ʠ ʝʩʝʥ ʥʘʿʯʝʩʪʦ ʩʝ ʿʘʚʫʚʘ ʧʦʚʨʰʠʥʩʢʠ Ăʮʚʝʪñ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ, 

ʛʣʘʚʥʦ ʧʦʨʘʜʠ ʤʠʥʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʤʘʪʝʨʠʠ ʚʦ ʧʦʚʨʰʠʥʩʢʠʦʪ ʩʣʦʿ. 
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ʉʝʢʫʥʜʘʨʝʥ ʨʘʩʪ ʥʘ ʜʠʿʘʪʦʤʝʠʪʝ ʯʝʩʪʦ ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʚʦ ʝʩʝʥ ʧʨʠ ʫʩʣʦʚʠ ʥʘ ʜʝʣʫʤʥʦ 

ʤʝʰʘˁʝ ʥʘ ʚʦʜʥʠʪʝ ʤʘʩʠ, ʧʨʝʜ ʢʦʥʝʯʥʦ ʧʦʚʣʝʢʫʚʘˁʝ ʥʘ ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʚʦ ʟʠʤʘ. ʆʚʘʘ 

ʧʦʝʜʥʦʩʪʘʚʝʥʘ ʛʝʥʝʨʘʣʥʘ ʰʝʤʘ ʥʘ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʚʦ ʜʣʘʙʦʢʠʪʝ ʝʟʝʨʘ ʥʘ 

ʫʤʝʨʝʥʘʪʘ ʟʦʥʘ ʩʠʣʥʦ ʩʝ ʤʦʜʠʬʠʮʠʨʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʣʦʢʘʣʥʠʪʝ ʫʩʣʦʚʠ (Round 1971). ɺʦ 

ʝʫʪʨʦʬʥʠʪʝ ʝʟʝʨʘ, ʩʫʢʮʝʩʠʿʘʪʘ ʥʘ ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʩʝ ʦʜʚʠʚʘ ʦʜ ʜʠʿʘʪʦʤʝʠʪʝ, ʧʨʝʢʫ 

Volvocales ʠ Nostocales, ʢʦʥ ʜʠʥʦʬʣʘʛʝʣʘʪʠʪʝ ʠʣʠ Microcystis, ʜʦʜʝʢʘ ʚʦ ʤʝʟʦʪʨʦʬʥʠʪʝ 

ʝʟʝʨʘ ʦʜ ʜʠʿʘʪʦʤʝʠʪʝ, ʧʨʝʢʫ Chrysophyta ʠ Spahaerocysts ʜʦ ʜʠʥʦʬʣʘʛʝʣʘʪʠʪʝ. ʉʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʦ ʛʘʩʥʠ ʚʘʢʫʦʣʠ ʩʝ ʧʦʚʝ˃ʝ ʪʠʧʠʯʥʠ ʟʘ ʝʫʪʨʦʬʥʠʪʝ ʝʟʝʨʘ.  

ɺʦ ʧʣʠʪʢʠʪʝ ʝʫʪʨʦʬʥʠ ʝʟʝʨʘ ʩʦ ʠʥʪʝʥʟʠʚʥʦ ʤʝʰʘˁʝ ʥʘ ʚʦʜʥʠʦʪ ʩʪʦʣʙ (ɼʦʿʨʘʥʩʢʦ 

ɽʟʝʨʦ), ʜʦʤʠʥʘʥʪʥʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʚʠʜʦʚʠ ʚʦ ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʩʝ ʪʠʝ ʥʘ ʨʦʜʦʪ Microcystis. 

ʆʚʠʝ ʝʟʝʨʘ ʩʝ ʥʘʿʯʝʩʪʦ ʤʥʦʛʫ ʤʘʪʥʠ ʠ ʚʦ ʫʩʣʦʚʠ ʢʦʛʘ ʟʠʤʠʪʝ ʥʝ ʩʝ ʧʦʩʝʙʥʦ ʩʪʫʜʝʥʠ, 

ʜʦʤʠʥʘʮʠʿʘʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʬʦʨʤʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʣʦʥʛʠʨʘ ʚʦ ʪʝʢʦʪ ʥʘ ʮʝʣʘʪʘ ʛʦʜʠʥʘ 

(Scheffer et al. 1997).  

ʊʘʙʝʣʘ 6. ɻʣʘʚʥʠʪʝ ʨʦʜʦʚʠ ʥʘ ʧʣʘʥʢʪʦʥʩʢʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʦ ʛʘʩʥʠ ʚʘʢʫʦʣʠ.  

 N2-ʬʠʢʩʘʪʦʨ ʌʘʤʠʣʠʿʘ ʈʝʜ 

ʌʠʣʘʤʝʥʪʥʠ 

Anabaena 
+ 

Nostocaceae Nostocales 

Anabaenopsis 
+ 

Nostocaceae  

Aphanizomenon 
+ 

Nostocaceae  

Nodularia 
+ 

Nostocaceae  

Cylindrospermopsis 
+ 

Nostocaceae  

Gloeotrichia 
+ 

Rivulariaceae  

Oscillatoria 
?? 

Oscillatoriaceae Oscillatoriales 

Spirulina 
- 

Oscillatoriaceae  

ʅʝʬʠʣʘʤʝʥʪʥʠ 

Microcystis 
-- 

Chroococcaceae Chroocococcales 

Gomphospaeria 
-- 

Chroococcaceae  

Coelosphaerium 
-- 

Chroococcaceae  

 

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʢʦʠ ʛʣʘʚʥʦ ʩʦʟʜʘʚʘʘʪ Ăʚʦʜʝʥ ʮʚʝʪñ ʩʝ ʚʠʜʦʚʠ ʩʦ ʛʘʩʥʠ ʚʘʢʫʦʣʠ. 

ʊʠʝ ʧʨʠʧʘʺʘʘʪ ʥʘ ʧʦʛʦʣʝʤ ʙʨʦʿ ʨʦʜʦʚʠ ʠ ʚʘʨʠʨʘʘʪ ʚʦ ʬʦʨʤʘʪʘ ʠ ʛʦʣʝʤʠʥʘʪʘ ʦʜ ʤʘʣʠ 

ʬʠʣʘʤʝʥʪʠ ʜʦ ʛʦʣʝʤʠ ʢʦʣʦʥʠʠ (ʪʘʙʝʣʘ 6). ʌʠʣʘʤʝʥʪʥʠʪʝ ʬʦʨʤʠ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʢʦ ʧʨʘʚʠ, 

ʩʧʠʨʘʣʥʠ ʠʣʠ ʠʟʚʠʪʢʘʥʠ ʩʠʥ˅ʠʨʠ ʥʘ ʢʣʝʪʢʠ, ʘ ʧʦʥʝʢʦʛʘʰ ʟʘʬʘ˃ʘʘʪ ʠ ʩʝʢʫʥʜʘʨʥʘ 
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ʤʦʨʬʦʣʦʛʠʿʘ ʧʦʨʘʜʠ ʘʛʨʝʛʘʮʠʿʘʪʘ ʥʘ ʧʦʛʦʣʝʤ ʙʨʦʿ ʬʠʣʘʤʝʥʪʠ. ʇʦʩʣʝʜʠʮʘ ʥʘ ʦʚʘʘ 

ʢʦʤʧʣʝʢʩʥʘ ʩʝʢʫʥʜʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʝ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʙʠʦʤʘʩʘʪʘ ʥʘ ʢʦʣʦʥʠʠʪʝ.  

ʌʠʣʘʤʝʥʪʥʠʪʝ ʬʦʨʤʠ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʧʦ ʛʦʣʝʤʠʥʘʪʘ, ʦʜ ʤʘʣʠʪʝ 

ʬʠʣʘʤʝʥʪʠ ʢʘʿ Anabaena minutissima (4 mʤ ʰʠʨʦʢʠ ʠ ʜʦ 104 mʤ ʜʦʣʛʠ) ʠʣʠ Oscillatoria 

agardhii var. isothrix (3,5 mʤ ʰʠʨʦʢʘ ʠ 125 mʤ ʜʦʣʛʘ) ʜʦ ʩʧʠʨʘʣʥʦ ʠʟʚʠʪʢʘʥʠʪʝ ʬʠʣʘʤʝʥʪʠ 

ʥʘ Anabaena circinalis ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʜʦʣʛʠ ʠ ʜʦ 220 mʤ ʠ ʜʘ ʬʦʨʤʠʨʘʘʪ ʤʘʢʨʦ 

ʢʦʣʦʥʠʠ ʚʠʜʣʠʚʠ ʩʦ ʛʦʣʦ ʦʢʦ. ʌʠʣʘʤʝʥʪʠʪʝ ʥʘ Aphanizomenon ʩʦʟʜʘʚʘʘʪ ʤʘʢʨʦ ʘʛʨʝʛʘʪʠ 

ʢʦʠ ʣʠʯʘʪ ʥʘ ʪʨʝʚʘ, ʜʦʜʝʢʘ ʢʘʿ Gloeothrichia ʬʠʣʘʤʝʥʪʠʪʝ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʘʪ ʦʢʦʣʫ 

ʮʝʥʪʨʘʣʥʘ ʥʦʜʫʣʘ ʠ ʬʦʨʤʠʨʘʘʪ ʛʦʣʝʤʘ (1-2 mm) ʪʦʧʯʝʩʪʘ ʬʦʨʤʘʮʠʿʘ (ʩʣʠʢʘ 61).  

ʇʣʘʥʢʪʦʥʩʢʠʪʝ ʢʦʣʦʥʠʿʘʣʥʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʠʩʪʦ ʪʘʢʘ ʚʘʨʠʨʘʘʪ ʚʦ ʛʦʣʝʤʠʥʘ ʠ 

ʬʦʨʤʘ. ɻʣʦʙʫʣʘʨʥʠʪʝ (ʪʦʧʯʝʩʪʠ) ʢʦʣʦʥʠʠ ʿʘ ʤʝʥʫʚʘʘʪ ʩʚʦʿʘʪʘ ʛʦʣʝʤʠʥʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʨʘʩʪʦʪ ʠʣʠ ʨʝʜʫʮʠʨʘʥʘ ʩʪʘʧʢʘ ʥʘ ʨʘʟʜʚʦʿʫʚʘˁʝ ʥʘ ʢʦʣʦʥʠʠʪʝ. ʅʘ ʧʨʠʤʝʨ, Microcystis 

aeruginosa ʠʤʘ ʛʦʣʝʤʠʥʘ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʢʣʝʪʢʠ ʦʜ 5-6 mm ʚʦ ʧʨʝʯʥʠʢ, ʥʦ ʥʝʿʟʠʥʠʪʝ 

ʪʦʧʯʝʩʪʠ ʠʣʠ ʧʦʣʫʩʬʝʨʠʯʥʠ ʢʦʣʦʥʠʠ ʩʝ ʧʨʦʪʝʛʘʘʪ ʜʦ ʥʝʢʦʣʢʫ ʤʠʣʠʤʝʪʨʠ ʚʦ ʧʨʝʯʥʠʢ ʠ 

ʩʦʜʨʞʘʪ ʜʝʩʝʪʠʮʠ ʠʣʿʘʜʠ ʢʣʝʪʢʠ. ʆʚʘ ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʦʤʝʥʘ ʚʦ ʝʜʠʥʠʮʘ ʚʦʣʫʤʝʥ ʟʘ ʧʦʚʝ˃ʝ 

ʦʜ Ăʪʨʠ ʨʝʜʦʚʠ ʥʘ ʛʦʣʝʤʠʥʘñ ʠ ʠʤʘ ʟʥʘʯʘʿʥʠ ʧʦʩʣʝʜʠʮʠ ʥʘ ʨʘʟʣʠʯʥʠ ʬʠʟʠʦʣʦʰʢʠ ʧʨʦʮʝʩʠ 

ʢʘʢʦ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʬʣʦʪʘʥʪʥʦʩʪʘ, ʚʥʝʩʫʚʘˁʝ ʥʘ ʭʨʘʥʠʪʝʣʥʠ ʤʘʪʝʨʠʠ, ʠʟʤʝʥʘ ʥʘ ʛʘʩʦʚʠʪʝ, 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʠ ʧʦʧʨʝʯʫʚʘˁʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʠ ʧʦʜʣʦʞʥʦʩʪʘ ʢʦʥ Ăʥʘʧʘʩʫʚʘˁʝñ ï (ʘʥʛ. 

grasing) ʦʜ ʩʪʨʘʥʘ ʥʘ ʟʦʦʧʣʘʥʢʪʦʥʦʪ. 

ʇʦʚʨʰʠʥʩʢʠʪʝ Ăʚʦʜʥʠ ʮʚʝʪʦʚʠñ ʤʦʞʘʪ ʜʘ ʩʝ ʿʘʚʘʪ ʨʘʧʠʜʥʦ, ʯʝʩʪʦ ʚʦ ʪʝʢ ʥʘ ʥʝʢʦʣʢʫ 

ʯʘʩʘ, ʠ ʟʘ ʦʙʠʯʝʥ ʥʘʙˀʫʜʫʚʘʯ ʙʝʟ ʧʨʝʪʭʦʜʥʘ ʥʘʿʘʚʘ ʟʘ ʧʨʠʩʫʪʥʦʩʪʘ ʥʘ ʪʦʿ ʦʧʨʝʜʝʣʝʥ 

ʦʨʛʘʥʠʟʘʤ ʚʦ ʝʢʦʩʠʩʪʝʤʦʪ, ʰʪʦ ʩʦʟʜʘʚʘ ʧʦʛʨʝʰʥʘ ʧʨʝʪʩʪʘʚʘ ʜʝʢʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

ʤʦʞʘʪ ʜʘ ʩʝ ʨʘʟʚʠʿʘʪ ʝʢʩʪʨʝʤʥʦ ʨʘʧʠʜʥʦ ʜʦʢʦʣʢʫ ʫʩʣʦʚʠʪʝ ʟʘ ʪʦʘ ʠʤ ʧʦʛʦʜʫʚʘʘʪ. 

ɺʩʫʰʥʦʩʪ, ʥʝʥʘʜʝʥʿʘʪʘ ʧʦʿʘʚʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʚʦʜʥʠʦʪ ʝʢʦʩʠʩʪʝʤ 

ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʚʝʨʪʠʢʘʣʥʘʪʘ ʤʠʛʨʘʮʠʿʘ ʥʘ ʜʠʩʧʝʨʛʠʨʘʥʘʪʘ ʧʦʧʫʣʘʮʠʿʘ ʢʦʥ ʧʦʚʨʰʠʥʘʪʘ, ʘ ʥʝ 

ʥʘ ʨʘʧʠʜʥʦʪʦ ʨʘʟʤʥʦʞʫʚʘˁʝ. ʊʦʘ ʥʘʿʯʝʩʪʦ ʩʝ ʩʣʫʯʫʚʘ ʚʦ ʫʩʣʦʚʠ ʥʘ ʤʠʨʥʦ ʚʨʝʤʝ ʠ 

ʥʘʤʘʣʝʥʘ ʪʫʨʙʫʣʝʥʮʠʿʘ ʥʘ ʚʦʜʘʪʘ, ʰʪʦ ʦʚʦʟʤʦʞʫʚʘ ʬʣʦʪʘʥʪʥʘ ʤʠʛʨʘʮʠʿʘ ʢʦʥ ʧʦʚʨʰʠʥʘʪʘ 

ʥʘ ʚʦʜʘʪʘ ʥʘ ʚʝ˃ʝ ʧʦʩʪʦʝʯʢʘʪʘ ʜʠʩʧʝʨʛʠʨʘʥʘ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. 

ʇʨʝʪʧʦʩʪʘʚʢʘʪʘ ʜʝʢʘ ʚʦʜʥʠʦʪ ʮʚʝʪó ʩʝ ʿʘʚʫʚʘ ʩʘʤʦ ʜʦʢʦʣʢʫ ʧʦʧʫʣʘʮʠʿʘʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ 

ʘʣʛʠ ʝ ʛʦʣʝʤʘ ʚʦ ʝʢʦʩʠʩʪʝʤʦʪ ʩʝ ʧʦʢʘʞʘ ʥʝʪʦʯʥʘ, ʙʠʜʝʿ˃ʠ ʜʫʨʠ ʠ ʩʠʣʥʦ ʨʘʟʨʝʜʝʥʘ 

ʧʦʧʫʣʘʮʠʿʘ ʧʨʠ ʤʠʛʨʘʮʠʿʘʪʘ ʢʦʥ ʧʦʚʨʰʠʥʘʪʘ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘ. ʅʘ ʧʨʠʤʝʨ, 

ʜʦʢʦʣʢʫ ʭʦʤʦʛʝʥʦ ʨʘʩʧʦʨʝʜʝʥʘ ʧʦʧʫʣʘʮʠʿʘ ʥʘ ʘʣʛʠ ʚʦ 5 ʤʝʪʨʠ ʚʦʜʝʥ ʩʪʦʣʙ ʩʦ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʢʣʝʪʢʠ ʦʜ 2x10
3
 mL

-1
 (2.000 ʢʣʝʪʢʠ/mL) ʩʝ ʠʟʜʠʛʥʝ ʚʦ ʧʦʚʨʰʠʥʩʢʠʦʪ 

ʩʣʦʿ ʦʜ 2 cm, ˃ʝ ʩʦʟʜʘʜʝ ʚʦʜʝʥ ʮʚʝʪó ʩʦ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʢʣʝʪʢʠʪʝ ʦʜ 0.5x10
6
 mL

-1
 

(500.000 ʢʣʝʪʢʠ/mL!).  

4. ʊʦʢʩʠʥʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ  

ʂʘʢʦ ʚʠʩʦʢʦʫʩʧʝʰʥʘ ʛʨʫʧʘ ʥʘ ʬʦʪʦʘʚʪʦʪʨʦʬʥʠ ʦʨʛʘʥʠʟʤʠ ʩʦ ʜʦʣʛʘ ʝʚʦʣʫʪʠʚʥʘ 

ʠʩʪʦʨʠʿʘ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʟʘʬʘ˃ʘʘʪ ʰʠʨʦʢ ʦʧʩʝʛ ʥʘ ʝʢʦʣʦʰʢʠ ʥʠʰʠ, ʧʦʢʘʞʫʚʘʘʪ 

ʟʥʘʯʠʪʝʣʝʥ ʜʠʚʝʨʟʠʪʝʪ ʚʦ ʢʣʝʪʦʯʥʘʪʘ ʝʢʩʧʨʝʩʠʿʘ, ʘ ʩʝʧʘʢ ʠʤʘʘʪ ʤʘʣʠ ʧʦʪʨʝʙʠ ʟʘ ʩʚʦʠʪʝ 
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ʤʝʪʘʙʦʣʠʪʠʯʢʠ ʘʢʪʠʚʥʦʩʪʠ. ʅʠʚʥʘʪʘ ʚʠʩʦʢʘ ʫʩʧʝʰʥʦʩʪ (ʠʥʪʝʥʟʠʚʥʠʦʪ Ăʚʦʜʝʥ ʮʚʝʪñ) ʠʤʘ ʠ 

ʟʥʘʯʠʪʝʣʥʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʿʘʥʠʝ ʧʨʝʢʫ ʪʦʢʩʠʯʥʦʩʪʘ ʥʘ ʤʥʦʛʫʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʚʠʜʦʚʠ ʢʦʥ 

ʜʨʫʛʠʪʝ ʦʨʛʘʥʠʟʤʠ, ʯʝʩʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘʿ˃ʠ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʥʘ ʘʣʝʨʛʠʩʢʠ ʠ 

ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʠ ʧʨʦʙʣʝʤʠ ʢʘʿ ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʦʪ. ʂʘʿ ʣʫʺʝʪʦ, ʧʨʠʤʘʨʥʠʪʝ ʪʦʢʩʠʢʦʟʠ 

ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʢʣʫʯʫʚʘʘʪ ʘʢʫʪʥʠ ʙʦʣʝʩʪʠ ʥʘ ʮʨʥʠʦʪ ʜʨʦʙ 

(ʭʝʧʘʪʦʪʦʢʩʠʢʦʟʠ), ʧʝʨʘʢʫʪʥʠ ʥʝʫʨʦʪʦʢʩʠʢʦʟʠ ʠ ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʠ ʧʦʨʝʤʝʪʫʚʘˁʘ 

(Kuiper-Goodman et al. 1999).  

ɸʪʦʢʩʠʯʥʠ ʠ ʪʦʢʩʠʯʥʠ ʩʦʝʚʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠʟʦʣʠʨʘʥʠ ʦʜ 

ʠʩʪʠʦʪ Ăʚʦʜʝʥ ʮʚʝʪñ, ʥʦ ʜʦ ʜʝʥʝʩ ʧʦʩʪʦʿʘʪ ʤʘʣʫʙʨʦʿʥʠ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʬʘʢʪʦʨʠʪʝ ʢʦʠ ʿʘ 

ʨʝʛʫʣʠʨʘʘʪ ʝʢʩʧʨʝʩʠʿʘʪʘ ʥʘ ʪʦʢʩʠʯʥʦʩʪʘ, ʦʜʥʦʩʥʦ ʧʨʝʦʜʦʪ ʦʜ ʘʪʦʢʩʠʯʥʠ ʚʦ ʪʦʢʩʠʯʥʠ ʩʦʝʚʠ 

ʠ ʦʙʨʘʪʥʦ. ʊʦʢʩʠʯʥʦʩʪʘ ʯʝʩʪʦ ʚʘʨʠʨʘ ʠ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʤʝʺʫʩʝʙʥʠʪʝ ʢʣʦʥʦʚʠ ʦʜ ʠʩʪ ʩʦʿ 

(Carmichael 1992). ɺʦʝʜʥʦ, ʥʝʢʦʠ ʦʜ ʩʦʝʚʠʪʝ ʧʨʦʜʫʮʠʨʘʘʪ ʪʨʠ ʠʣʠ ʧʦʚʝ˃ʝ ʪʦʢʩʠʥʠ, ʧʨʠ 

ʰʪʦ ʥʠʚʥʠʪʝ ʨʝʣʘʪʠʚʥʠ ʧʨʦʧʦʨʮʠʠ ʟʘʚʠʩʘʪ ʦʜ ʥʘʜʚʦʨʝʰʥʠʪʝ ʬʘʢʪʦʨʠ ʢʘʢʦ ʩʚʝʪʣʠʥʘʪʘ, ʨʅ, 

ʥʠʪʨʘʪʠ, ʬʦʩʬʘʪʠ, ʤʝʪʘʣʥʠ ʿʦʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ (Lukac and Aegerter 1993). 

ʇʦʜʘʪʦʮʠʪʝ ʟʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʥʘʜʚʦʨʝʰʥʠʪʝ ʬʘʢʪʦʨʠ ʚʨʟ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʪʦʢʩʠʥʠ 

ʢʘʿ ʧʦʝʜʠʥʝʯʥʠʪʝ ʚʠʜʦʚʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʤʦʨʘʘʪ ʚʥʠʤʘʪʝʣʥʦ ʜʘ ʩʝ ʪʦʣʢʫʚʘʘʪ, ʙʠʜʝʿ˃ʠ 

ʩʝʢʦʿ ʟʘʙʝʣʝʞʝʥ ʝʬʝʢʪ ʤʦʞʝ ʜʘ ʙʠʜʝ ʨʝʟʫʣʪʘʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʣʠʿʘʥʠʿʘ ʚʨʟ ʨʘʟʣʠʯʥʠʪʝ 

ʚʠʜʦʚʠ. ʊʘʢʘ ʥʘ ʧʨʠʤʝʨ, ʩʧʦʨʝʜʫʚʘˁʝʪʦ ʥʘ 72 ʝʟʝʨʘ ʚʦ ʌʠʥʩʢʘ ʧʦʢʘʞʘʘ ʜʝʢʘ ʧʦʚʠʩʦʢʠʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʨʘʩʪʚʦʨʝʥ ʬʦʩʬʦʨ ʛʦ ʧʦʪʪʠʢʥʘʘ ʨʘʟʚʠʪʦʢʦʪ ʥʘ Ăʚʦʜʝʥ ʮʚʝʪñ ʦʜ 

ʭʝʧʘʪʦʪʦʢʩʠʯʥʠ Micocystis ʠ ʘʥʘʪʦʢʩʠʥ-ʘ Anabaena ʚʠʜʦʚʠ, ʜʦʜʝʢʘ Anabaena ʚʠʜʦʚʠ ʢʦʠ 

ʧʨʦʜʫʮʠʨʘʘʪ ʥʝʫʨʦʪʦʢʩʠʥʠ ʩʦʟʜʘʚʘʘ Ăʮʚʝʪñ ʧʨʠ ʥʠʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʬʦʩʬʦʨ ʠ ʚʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʚʢʫʧʝʥ ʘʟʦʪ.  

- ɺʠʜʦʚʠ ʪʦʢʩʠʥʠ ʢʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʙʦʛʘʪ ʠʟʚʦʨ ʥʘ ʙʠʦʣʦʰʢʠ ʘʢʪʠʚʥʠ ʩʝʢʫʥʜʘʨʥʠ ʤʝʪʘʙʦʣʠʪʠ, 

ʦʜʥʦʩʥʦ ʩʦʝʜʠʥʝʥʠʿʘ ʢʦʠ ʥʝ ʩʝ ʠʩʢʦʨʠʩʪʫʚʘʘʪ ʦʜ ʧʨʠʤʘʨʥʠʦʪ ʤʝʪʘʙʦʣʠʟʘʤ, ʤʝʺʫ ʢʦʠ 

ʧʦʩʪʦʿʘʪ ʤʥʦʛʫ ʩʦ ʬʘʨʤʘʮʝʚʪʩʢʦ ʟʥʘʯʝˁʝ. ʅʦ, ʠ ʧʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ ʮʠʿʘʥʦʪʦʢʩʠʥʠʪʝ ʩʝ 

ʢʣʘʩʠʬʠʮʠʨʘʘʪ ʚʦ ʛʨʫʧʘʪʘ ʥʘ ʩʝʢʫʥʜʘʨʥʠ ʤʝʪʘʙʦʣʠʪʠ, ʠ ʩʝ ʧʦʜʝʣʝʥʠ ʥʘ: 

- ʇʨʝʜʠʟʚʠʢʫʚʘʯʠ ʥʘ ʘʢʫʪʥʠ ʣʝʪʘʣʥʠ ʪʨʫʝˁʘ - ʥʝʫʨʦʪʦʢʩʠʥʠ ʠ ʭʝʧʘʪʦʪʦʢʩʠʥʠ, 

- ʎʠʪʦʪʦʢʩʠʥʠ ʩʦ ʚʘʨʠʿʘʙʠʣʥʘ ʪʦʢʩʠʯʥʦʩʪ ʢʦʥ ʞʠʚʦʪʥʠʪʝ ʠ ʯʦʚʝʢʦʪ. 

(ʘ) ʅʝʫʨʦʪʦʢʩʠʥʠ 

ʅʝʫʨʦʪʦʢʩʠʥʠʪʝ ʩʝ ʧʨʦʜʫʮʠʨʘʥʠ ʦʜ ʥʝʢʦʣʢʫ ʨʦʜʦʚʠ ʢʘʢʦ Anabaena, Aphanizomenon, 

Oscillatoria ʠ Trichodesmium (Carmichael 1992, 1994ʘb; Keevil 1991). ɻʣʘʚʥʠʪʝ 

ʥʝʫʨʦʪʦʢʩʠʥʠ ʩʝ ʘʥʘʪʦʢʩʠʥ-ʘ, ʭʦʤʦʘʥʘʪʦʢʩʠʥ-ʘ, ʘʥʘʪʦʢʩʠʥ-ʘ(ʩ), ʩʘʢʩʠʪʦʢʩʠʥ ʠ 

ʥʝʦʩʘʢʩʠʪʦʢʩʠʥ (ʘʬʘʥʦʪʦʢʩʠʥʠ I ʠ II). ɺʦʦʙʠʯʘʝʥʦ, ʪʠʝ ʩʝ ʭʝʤʠʩʢʠ ʘʥʘʣʦʟʠ ʥʘ 

ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʠʪʝ (ʥʦ ʠ ʥʘ ʥʝʢʦʠ ʜʨʦʛʠ ʢʘʢʦ ʢʦʢʘʠʥʦʪ) ʠ ʜʠʨʝʢʪʥʦ ʿʘ ʙʣʦʢʠʨʘʘʪ 

ʪʨʘʥʩʤʠʩʠʿʘʪʘ ʥʘ ʥʝʨʚʥʠʦʪ ʠʤʧʫʣʩ ʚʦ ʩʠʥʘʧʩʠʪʝ ʧʨʝʜʠʟʚʠʢʫʚʘʿ˃ʠ ʩʤʨʪ ʧʦʨʘʜʠ ʙʣʦʢʠʨʘˁʝ 

ʥʘ ʨʝʩʧʠʨʘʮʠʿʘʪʘ.  

(ʙ) ʍʝʧʘʪʦʪʦʢʩʠʥʠ 

ʎʠʢʣʠʯʥʠʪʝ ʭʝʧʘʪʦʪʦʢʩʠʯʥʠ ʧʝʧʪʠʜʠ ʩʝ ʥʘʿʯʝʩʪʠ ʧʨʝʜʠʟʚʠʢʫʚʘʯʠ ʥʘ ʟʘʙʦʣʫʚʘˁʘ 

ʧʦʚʨʟʘʥʠ ʩʦ ʪʦʢʩʠʯʥʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ ʩʚʝʪʦʪ, ʢʦʠ ʫʰʪʝ ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʧʝʧʪʠʜʥʠ 
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ʭʝʧʘʪʦʪʦʢʩʠʥʠ ʠʣʠ ʪʦʢʩʠʥʠ ʥʘ ʮʨʥʠʦʪ ʜʨʦʙ. ʇʦʜʝʣʝʥʠ ʩʝ ʥʘ: ʮʠʢʣʠʯʥʠ ʭʝʧʪʘʧʝʪʠʜʠ 

ʢʘʢʦ ʤʠʢʨʦʮʠʩʪʠʥʠʪʝ ʢʦʠ ʩʝ ʠʟʦʣʠʨʘʥʠ ʠ ʦʧʠʰʘʥʠ ʦʜ Micocystis ʠ ʢʦʥʯʝʩʪʠʪʝ ʨʦʜʦʚʠ 

Anabaena (ɸ. flos-aquae), Nostoc (N. rivulare) ʠ Oscillatoria (ʆ. agardhii), ʠ ʮʠʢʣʠʯʥʠ 

ʧʝʥʪʘʧʝʧʪʠʜʠ ʢʘʢʦ ʥʦʜʫʣʘʨʠʥ ʠʟʦʣʠʨʘʥ ʦʜ ʙʨʘʢʠʯʥʘʪʘ Nodularia spumigena (Hunter 1995). 

ʇʦʟʥʘʪ ʝ ʫʰʪʝ ʠ ʮʠʣʠʥʜʨʦʩʧʝʨʤʦʧʩʠʥʦʪ ʠʟʦʣʠʨʘʥ ʚʦ ɸʚʩʪʨʘʣʠʿʘ ʦʜ Cylindrospermopsis 

raciborskii (Smith et al. 1998) ʠ ʦʜ Aphanizomenon ovallisporum ʚʦ ʀʟʨʘʝʣ (Banker et al. 

1997). ʆʧʰʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʚʠʝ ʪʦʢʩʠʥʠ ʝ ʩʠʣʥʦʪʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʭʝʧʘʪʦʮʠʪʠʪʝ ʧʨʠ 

ʰʪʦ ʩʝ ʥʘʨʫʰʫʚʘ ʥʠʚʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʿʘ, ʘ ʧʨʠ ʣʝʪʘʣʥʠʪʝ ʜʦʟʠ ʩʤʨʪʪʘ ʥʘʩʪʘʥʫʚʘ 

ʧʦʨʘʜʠ ʚʥʘʪʨʝʰʥʠ ʢʨʚʘʨʝˁʘ ʚʦ ʮʨʥʠʦʪ ʜʨʦʙ. ʊʠʝ ʠʩʪʦ ʜʝʣʫʚʘʘʪ ʥʘ ʥʠʚʦ ʥʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʿʘʪʘ ʥʘ ʘʢʪʠʥʦʪ (ʦʜʥʦʩʥʦ ʿʘ ʥʘʨʫʰʫʚʘʘʪ ʮʠʪʦʩʢʝʣʝʪʦʥʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ), ʥʦ ʠ 

ʩʝ ʩʠʣʥʠ ʠʥʭʠʙʠʪʦʨʠ ʥʘ ʝʥʟʠʤʠʪʝ ʦʜ ʪʠʧʦʪ 1 ʠ 2ɸ ʩʝʨʠʥ ʧʨʦʪʝʠʥ ʬʦʩʬʘʪʘʟʠ (MacKintoch 

et al. 1990), ʢʦʠ ʩʝ ʚʠʪʘʣʥʠ ʟʘ ʨʘʟʣʠʯʥʠ ʢʣʝʪʦʯʥʠ ʧʨʦʮʝʩʠ ʢʘʢʦ ʨʘʩʪʦʪ ʠ ʪʫʤʦʨʥʘʪʘ 

ʩʫʧʨʝʩʠʿʘ, ʩʦ ʰʪʦ ʦʚʠʝ ʪʦʢʩʠʥʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʤʦʪʦʨʠ ʥʘ ʪʫʤʦʨʠ (Runnegar et al. 

1995). Nishiwaki-Matsushima ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (1992) ʜʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʤʠʢʨʦʮʠʩʪʠʥʦʪ-LR ʝ 

ʥʘʿʩʠʣʝʥ ʜʦʩʝʛʘ ʧʦʟʥʘʪ ʪʫʤʦʨ ʧʨʦʤʦʪʦʨ ʢʘʿ ʣʘʙʦʨʘʪʦʨʠʩʢʠ ʞʠʚʦʪʥʠ, ʧʦʨʘʜʠ ʰʪʦ ʧʦʿʘʚʘʪʘ 

ʥʘ ʦʚʠʝ ʪʦʢʩʠʥʠ ʚʦ ʚʦʜʘʪʘ ʟʘ ʧʠʝˁʝ (ʠʣʠ ʢʘʧʝˁʝ ʠ ʨʝʢʨʝʘʮʠʿʘ) ʧʨʝʪʩʪʘʚʫʚʘ ʩʝʨʠʦʟʥʘ 

ʟʘʢʘʥʘ ʟʘ ʟʜʨʘʚʿʝʪʦ ʥʘ ʯʦʚʝʢʦʪ ʠ ʜʦʢʦʣʢʫ ʤʘʣʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʪʦʢʩʠʥʠ ʩʝ ʢʦʥʩʫʤʠʨʘʘʪ 

ʧʦʜʦʣʛʦ ʚʨʝʤʝ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʟʘʙʦʣʫʚʘˁʝ ʥʘ ʮʨʥʠʦʪ ʜʨʦʙ, ʪʫʤʦʨʠ ʠʣʠ ʥʝʢʨʦʟʠ (Falconer 

1991). 

(ʚ) ʎʠʪʦʪʦʢʩʠʥʠ 

ʇʦʢʨʘʿ ʩʠʣʥʦ ʪʦʢʩʠʯʥʠʪʝ ʥʝʫʨʦʪʦʢʩʠʥʠ ʠ ʭʝʧʘʪʦʪʦʢʩʠʥʠ, ʧʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʧʦʤʘʣʢʫ 

ʧʨʦʫʯʝʥʠ ʮʠʿʘʥʦʪʦʢʩʠʥʠ, ʛʣʘʚʥʦ, ʠʩʪʦ ʪʘʢʘ ʩʝʢʫʥʜʘʨʥʠ ʤʝʪʘʙʦʣʠʪʠ, ʚʘʞʥʠ ʧʦʨʘʜʠ ʩʚʦʿʘʪʘ 

ʘʥʪʠʘʣʛʘʣʥʘ, ʘʥʪʠʤʠʢʦʪʠʯʥʘ, ʘʥʪʠʙʘʢʪʝʨʠʩʢʘ ʘʢʪʠʚʥʦʩʪ ʠʣʠ ʢʘʢʦ ʫʤʝʨʝʥʠ ʘʥʪʠʢʘʥʮʝʨʥʠ 

ʩʦʝʜʠʥʝʥʠʿʘ (Gerwick et al. 1994; Patterson et al. 1994). ʊʘʢʚʠ ʩʝ: 

- ʉʮʠʪʦʬʠʮʠʥʠ, ʣʠʧʦʬʠʣʥʠ ʪʦʢʩʠʥʠ ʧʨʦʜʫʮʠʨʘʥʠ ʦʜ Scytonema pseudohofmanni, 

ʩʨʝʜʥʦ ʪʦʢʩʠʯʥʠ ʟʘ ʛʣʫʚʮʠʪʝ, ʥʦ ʩʦ ʿʘʩʥʘ ʘʥʪʠʢʘʥʮʝʨʥʘ ʘʢʪʠʚʥʦʩʪ ʚʦ ʢʣʝʪʦʯʥʠʪʝ ʪʢʠʚʥʠ 

ʢʫʣʪʫʨʠ (ʭʫʤʘʥ ʝʧʠʜʝʨʤʦʠʜʝʥ ʢʘʨʮʠʥʦʤ ʠ ʬʠʙʨʠʦʙʣʘʩʪ ʥʘ ʛʣʫʚʮʠ) (Carmichael et al. 

1990); 

- ʎʠʿʘʥʦʙʘʢʪʝʨʠʥ, ʧʨʦʜʫʢʪ ʥʘ Scytonema hofmanni ʝ ʜʠʘʨʠʣ-ʣʘʢʪʦʥ ʩʦ ʪʦʢʩʠʯʥʦ 

ʜʝʿʩʪʚʦ ʢʦʥ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʧʦʨʘʜʠ ʰʪʦ ʝ ʧʨʝʜʣʦʞʝʥ ʟʘ ʘʣʛʘʮʠʜ (Gleason and Paulson 

1984); 

- ʍʘʧʘʣʠʥʜʦʣ ɸ, ʣʠʧʦʬʠʣʝʥ ʘʣʢʘʣʦʠʜ ʠʟʦʣʠʨʘʥ ʦʜ Hapalosiphon fontinalis ʩʦ ʰʠʨʦʢ 

ʩʧʝʢʪʘʨ ʥʘ ʘʥʪʠʘʣʛʘʣʥʘ ʠ ʘʥʪʠʤʠʢʦʪʠʯʥʘ ʘʢʪʠʚʥʦʩʪ (Moore et al. 1984); 

- ɸʢʫʪʠʬʠʮʠʥ, ʯʣʝʥ ʥʘ ʩʢʦʨʦ ʦʪʢʨʠʝʥʠʪʝ ʤʘʢʨʦʣʠʜʠ ʠʟʦʣʠʨʘʥʠ ʦʜ Oscillatoria 

acutissima (Barchi et al. 1984) ʩʦ ʘʥʪʠʪʫʤʦʨʥʠ ʦʩʦʙʠʥʠ ʢʦʥ ʢʘʨʮʠʥʦʤʦʪ ʥʘ ʙʝʣʠʪʝ ʜʨʦʙʦʚʠ; 

- ʃʠʥʛʙʠʘʪʦʢʩʠʥ, ʧʦʪʝʥʮʠʿʘʣʝʥ ʪʫʤʦʨʝʥ ʧʨʦʤʦʪʦʨ ʠ ʘʢʪʠʚʘʪʦʨ ʥʘ ʧʨʦʪʝʠʥ ʢʠʥʘʟʘ 

C ʢʦʿʘ ʧʨʝʜʠʟʚʠʢʫʚʘ ʢʦʥʪʨʘʢʮʠʠ ʥʘ ʤʘʟʥʘʪʘ ʤʫʩʢʫʣʘʪʫʨʘ, ʠʟʦʣʠʨʘʥ ʦʜ Lyngbya majuscula 

(Fujiki et al. 1983) ʢʦʿʘ ʬʦʨʤʠʨʘ ʤʘʩʠʚʥʠ ʬʣʦʪʘʥʪʥʠ ʢʦʣʦʥʠʠ ʚʦ ʧʣʠʪʢʠʪʝ ʟʘʩʦʣʥʝʪʠ ʚʦʜʥʠ 

ʩʠʩʪʝʤʠ ʚʦ ʪʦʧʣʠʪʝ ʨʝʛʠʦʥʠ; 
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- ɽʥʜʦʪʦʢʩʠʥʠ ʠʣʠ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʠ, ʧʦʢʨʘʿ ʩʚʦʿʘʪʘ ʝʥʜʦʪʦʢʩʠʯʥʦʩʪ ʧʦʢʘʞʫʚʘʘʪ ʠ 

ʦʩʦʙʠʥʠ ʥʘ ʠʨʠʪʠʨʘʯʢʠ ʤʘʪʝʨʠʠ ʧʨʠ ʜʦʧʠʨ (ʥʘ ʧʨ. ʢʘʿ ʧʣʠʚʘʯʠʪʝ) (Codd and Bell 1985). 

ʀ ʧʦʢʨʘʿ ʬʘʢʪʦʪ ʰʪʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʜʦʣʛʦ ʧʦʟʥʘʪʠ ʚʦ ʥʘʫʢʘʪʘ, ʥʠʚʥʘʪʘ 

ʪʦʢʩʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʜʦʣʛʦ ʙʝʰʝ ʟʘʧʦʩʪʘʚʝʥʘ ʠ ʛʣʘʚʥʦ ʩʝ ʪʦʣʢʫʚʘʰʝ ʧʨʝʢʫ ʥʝʢʦʣʢʫ 

ʪʦʢʩʠʯʥʠ ʚʠʜʦʚʠ ʢʦʠ ʩʚʦʿʘʪʘ ʘʢʪʠʚʥʦʩʪ ʩʘʤʦ ʧʦʚʨʝʤʝʥʦ ʿʘ ʝʢʩʧʨʝʩʠʨʘʘʪ ʚʦ ʩʨʝʜʠʥʘʪʘ, ʩʦ 

ʰʪʦ ʥʠʚʥʦʪʦ ʤʦʞʥʦ ʚʣʠʿʘʥʠʝ ʚʨʟ ʟʜʨʘʚʿʝʪʦ ʥʘ ʯʦʚʝʢʦʪ ʠ ʞʠʚʦʪʥʠʪʝ ʠ ʫʣʦʛʘʪʘ ʚʦ 

ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʩʝ ʩʤʝʪʘʘ ʟʘ ʤʠʥʠʤʘʣʥʠ. ʆʚʘʘ ʩʣʠʢʘ ʜʨʘʩʪʠʯʥʦ ʩʝ ʤʝʥʫʚʘ ʚʦ 

ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʧʨʝʢʫ ʜʦʢʘʞʫʚʘˁʝʪʦ ʥʘ ʩⱪ ʧʦʛʦʣʝʤ ʙʨʦʿ ʪʦʢʩʠʯʥʠ ʚʠʜʦʚʠ, ʢʘʢʦ ʠ 

ʙʨʦʿʦʪ ʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪʘ ʥʘ ʪʦʢʩʠʥʠʪʝ. ʉʦ ʨʘʟʿʘʩʥʫʚʘˁʝʪʦ ʥʘ ʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ 

ʮʠʿʘʥʦʪʦʢʩʠʥʠʪʝ, ʥʘʫʯʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʩʝ ʬʦʢʫʩʠʨʘʘʪ ʢʦʥ ʨʠʟʠʢʦʪ ʦʜ ʘʢʫʪʥʠ ʠ ʭʨʦʥʠʯʥʠ 

ʚʣʠʿʘʥʠʿʘ ʚʨʟ ʯʦʚʝʢʦʚʦʪʦ ʟʜʨʘʚʿʝ, ʧʦʩʝʙʥʦ ʚʦ ʦʜʥʦʩ ʥʘ ʚʦʜʘʪʘ ʟʘ ʧʠʝˁʝ ʠʣʠ ʨʝʢʨʝʘʮʠʩʢʠʪʝ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʦʢʨʘʿ ʦʙʝʤʥʠʪʝ ʩʦʟʥʘʥʠʿʘ, ʩʝʧʘʢ ʠ ʜʝʥʝʩ ʦʩʪʘʥʫʚʘʘʪ ʥʝʨʘʟʿʘʩʥʝʪʠ ʙʨʦʿʥʠ 

ʢʨʫʧʥʠ ʧʨʘʰʘˁʘ, ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʧʘʪʠʰʪʘʪʘ ʥʘ ʩʠʥʪʝʟʘ ʥʘ ʭʝʧʘʪʦʪʦʢʩʠʥʠʪʝ, ʠʣʠ ʢʘʢʦ ʩʝ 

ʧʨʦʜʫʮʠʨʘ ʪʦʢʩʠʥʦʪ ʚʦ ʢʣʝʪʢʠʪʝ, ʢʘʢʦ ʝ ʩʠʥʪʝʟʘʪʘ ʨʝʛʫʣʠʨʘʥʘ ʠ ʩʦ ʰʪʦ? ɼʦʢʘʞʘʥʠ ʩʝ 

ʥʝʢʦʣʢʫ ʝʢʦʣʦʰʢʠ ʧʘʨʘʤʝʪʨʠ ʢʘʢʦ ʩʪʠʤʫʣʘʪʦʨʠ ʥʘ ʩʠʥʪʝʟʘʪʘ ʥʘ ʪʦʢʩʠʥʠʪʝ, ʧʦʩʝʙʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʬʦʩʬʘʪʠʪʝ ʠ ʥʠʪʨʘʪʠʪʝ, ʩʚʝʪʣʦʩʥʠʦʪ ʠ ʪʝʤʧʝʨʘʪʫʨʥʠʦʪ ʠʥʪʝʥʟʠʪʝʪ, ʥʦ 

ʠ ʪʠʝ ʩʝ ʙʝʟ ʢʦʥʝʯʥʘ ʧʦʪʚʨʜʘ. ʉʝʧʘʢ, ʧʦʩʪʦʿʘʪ ʥʝʢʦʣʢʫ ʥʝʧʦʙʠʪʥʠ ʬʘʢʪʠ: ʪʦʢʩʠʯʥʠʪʝ 

ʚʠʜʦʚʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʙʨʦʿʥʠ, ʪʠʝ ʤʦʞʘʪ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʫʩʣʦʚʠʪʝ (ʧʨʠʨʦʜʥʠ ʠʣʠ 

ʢʫʣʪʫʨʥʠ), ʜʘ ʧʨʦʜʫʮʠʨʘʘʪ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʥʘ ʪʦʢʩʠʥʠ, ʠ ʜʝʢʘ ʧʦʿʘʚʘʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʦʪ 

'ʚʦʜʥʠ ʮʚʝʪ' ʚʦ ʤʦʨʩʢʠʪʝ ʠ ʩʣʘʪʢʦʚʦʜʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ ʩʝ ʠʥʪʝʥʟʠʚʠʨʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝʪʦ ʥʘ 

ʝʫʪʨʦʬʠʢʘʮʠʿʘʪʘ.  

ʅʘʿʥʦʚʠʪʝ ʩʦʟʥʘʥʠʿʘ ʟʘ ʚʘʞʥʦʩʪʘ ʠ ʫʣʦʛʘʪʘ ʥʘ ʘʣʛʠʪʝ (ʚʢʣʫʯʠʪʝʣʥʦ ʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ 

ʘʣʛʠ) ʚʦ ʙʠʦʩʬʝʨʘʪʘ ʧʨʝʪʩʪʘʚʝʥʠ ʩʝ ʚʦ ʧʦʩʣʝʜʥʦʪʦ ʧʦʛʣʘʚʿʝ ɸʣʛʠ ʠ ʙʠʦʩʬʝʨʘ.  

5. ʉʠʤʙʠʦʪʩʢʠ ʦʜʥʦʩʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ  

ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʬʦʨʤʠʨʘʘʪ ʩʠʤʙʠʦʪʩʢʠ ʦʜʥʦʩʠ ʩʦ ʛʦʣʝʤ ʙʨʦʿ ʝʫʢʘʨʠʦʪʩʢʠ 

ʜʦʤʘ˃ʠʥʠ, ʧʨʠ ʰʪʦ ʚʦ ʥʘʿʛʦʣʝʤ ʙʨʦʿ ʩʣʫʯʘʠ ʩʠʥʦ-ʟʝʣʝʥʠʦʪ ʩʠʤʙʠʦʥʪ (ʮʠʘʥʦʙʠʦʥʪ) ʝ 

ʩʧʦʩʦʙʝʥ ʟʘ ʘʟʦʪʦʬʠʢʩʘʮʠʿʘ, ʧʨʦʜʫʢʪ ʢʦʿ ʝ ʠʩʢʦʨʠʩʪʝʥ ʦʜ ʜʦʤʘ˃ʠʥʦʪ. ʇʦʨʘʜʠ ʩʚʦʿʘʪʘ 

ʬʦʪʦʩʠʥʪʝʪʩʢʘ ʘʢʪʠʚʥʦʩʪ ʩʦ ʧʨʦʜʫʢʮʠʿʘ ʥʘ ʢʠʩʣʦʨʦʜ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʝʚʦʣʫʪʠʚʥʦ 

ʨʘʟʚʠʚʘʘʪ ʥʝʢʦʣʢʫ ʤʝʭʘʥʠʟʤʠ ʟʘ ʟʘʰʪʠʪʘ ʥʘ ʥʠʪʨʦʛʝʥʘʟʘʪʘ (ʛʣʘʚʝʥ ʝʥʟʠʤ ʚʦ 

ʘʟʦʪʦʬʠʢʩʘʮʠʿʘʪʘ) ʦʜ ʢʠʩʣʦʨʦʜʥʘ ʠʥʘʢʪʠʚʘʮʠʿʘ (Gallon 1992). ʅʘʿʪʠʧʠʯʝʥ, ʩʝʢʘʢʦ, ʝ 

ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʭʝʪʝʨʦʮʠʩʪʠ, ʢʦʠ ʨʝʜʦʚʥʦ ʩʝ ʬʦʨʤʠʨʘʘʪ ʚʦ ʢʦʥʮʠʪʝ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠ 

ʢʣʝʪʢʠ ʠ ʦʙʝʟʙʝʜʫʚʘʘʪ ʘʥʘʝʨʦʙʥʠ ʫʩʣʦʚʠ ʧʦʛʦʜʥʠ ʟʘ ʘʟʦʪʥʘ ʬʠʢʩʘʮʠʿʘ. ʉʧʝʮʠʿʘʣʠʟʠʨʘʥʘʪʘ 

ʧʨʠʨʦʜʘ ʥʘ ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʟʥʘʯʠ ʜʝʢʘ ʪʠʝ ʤʦʨʘʘʪ ʜʘ ʩʝ ʧʦʪʧʠʨʘʘʪ ʥʘ ʩʦʩʝʜʥʠʪʝ 

ʚʝʛʝʪʘʪʠʚʥʠ ʢʣʝʪʢʠ ʟʘ ʥʘʜʦʧʦʣʥʫʚʘˁʝ ʩʦ ʿʘʛʣʝʨʦʜ (ʠʣʠ ʭʨʘʥʠʪʝʣʥʠ ʤʘʪʝʨʠʠ), ʜʦʜʝʢʘ 

ʩʧʨʦʪʠʚʥʦ ʪʠʝ ʛʠ ʩʥʘʙʜʫʚʘʘʪ ʩʦ ʬʠʢʩʠʨʘʥ ʘʟʦʪ (Wolk et al. 1994). ʆʚʘʘ ʤʝʺʫʩʝʙʥʘ 

ʟʘʚʠʩʥʦʩʪ ʚʦ ʩʘʤʠʦʪ ʢʦʥʝʮ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʦʚʦʟʤʦʞʫʚʘ ʠʥʪʝʨʝʩʥʘ ʧʘʨʘʣʝʣʘ ʚʦ 

ʩʣʫʯʘʿ ʥʘ ʩʠʤʙʠʦʟʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʘʪʘ ʘʣʛʘ ʩʦ ʜʨʫʛʠ ʨʘʩʪʠʪʝʣʥʠ ʦʨʛʘʥʠʟʤʠ.  

ʀʥʬʝʢʪʠʚʥʠʪʝ ʘʛʝʥʪʠ ʧʨʠ ʤʥʦʛʫ ʩʠʥʦ-ʟʝʣʝʥʠ ʩʠʤʙʠʦʟʠ, ʧʦʩʝʙʥʦ ʩʦ ʜʨʫʛʠʪʝ 

ʨʘʩʪʝʥʠʿʘ, ʩʝ ʩʧʝʮʠʿʘʣʠʟʠʨʘʥʠʪʝ ʬʠʣʘʤʝʥʪʠ ʥʘʨʝʯʝʥʠ ʭʦʨʤʦʛʦʥʠʠ, ʢʦʠ ʩʝ ʩʦʟʜʘʚʘʘʪ ʢʘʿ 

ʭʝʪʝʨʦʮʠʪʥʠʪʝ ʬʘʤʠʣʠʠ Nostocaceae ʠ Stigonemataceae. ʍʦʨʤʦʛʦʥʠʠʪʝ ʥʝʤʘʘʪ 
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ʉʣʠʢʘ 45. ʇʨʦʭʣʦʨʦʬʠʪʠ ʠ ʮʠʿʘʥʝʣʠ. (ɸ) Prochlorococcus 

marinus ï ʧʨʦʭʣʦʨʦʬʠʪ ʠ (ɹ) Paulinella chromatophora ï ʛʣʘʫʢʦʬʠʪ ʩʦ 

ʮʠʿʘʥʝʣʠ.  

ʭʝʪʝʨʦʮʠʩʪʠ, ʥʦ ʠʤʘʘʪ ʤʦʞʥʦʩʪ ʟʘ ʧʦʣʟʝʯʢʠ ʜʚʠʞʝˁʘ ʢʘʢʦ ʢʣʫʯʝʥ ʬʘʢʪʦʨ ʟʘ 

ʚʦʩʧʦʩʪʘʚʫʚʘˁʝ ʥʘ ʩʠʤʙʠʦʟʘʪʘ, ʧʦʨʘʜʠ ʪʦʘ ʰʪʦ ʜʦʣʛʠʪʝ ʠ ʥʝʧʦʜʚʠʞʥʠ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ ʥʝ 

ʩʝ ʚʦ ʩʦʩʪʦʿʙʘ ʜʘ ʥʘʚʣʝʟʘʪ ʚʦ ʨʘʩʪʠʪʝʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʢʦʠ ʠʤʘʘʪ ʤʦʞʥʦʩʪ ʜʘ ʙʠʜʘʪ 

ʜʦʤʘ˃ʠʥʠ ʥʘ ʩʠʤʙʠʦʪʩʢʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʢʦʣʦʥʠʠ. ʌʦʨʤʠʨʘˁʝʪʦ ʥʘ ʭʦʨʤʦʛʦʥʠʠʪʝ ʠ ʩʘʤʠʪʝ 

ʭʦʨʤʦʛʦʥʠʠ ʨʝʘʛʠʨʘʘʪ ʥʘ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠʪʝ ʩʠʛʥʘʣʠ ʥʘ ʨʘʩʪʝʥʠʿʘʪʘ ʜʦʤʘ˃ʠʥʠ, ʧʦʨʘʜʠ 

ʰʪʦ ʩʢʦʨʦ ʩʝʢʦʛʘʰ ʮʠʘʥʦʙʠʦʥʪʠʪʝ ʩʝ ʯʣʝʥʦʚʠ ʥʘ ʨʦʜʦʪ Nostoc (Adams 2001).  

ɺʦ ʧʦʛʦʣʝʤ ʙʨʦʿ 

ʩʣʫʯʘʠ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ 

ʩʠʤʙʠʦʥʪʠ ʩʝ ʣʝʩʥʦ 

ʧʨʝʧʦʟʥʘʪʣʠʚʠ ʠ ʤʦʞʘʪ ʜʘ 

ʨʘʩʪʘʪ ʩʘʤʦʩʪʦʿʥʦ ʠ ʧʦʢʨʘʿ 

ʪʦʘ ʰʪʦ ʥʝʢʦʠ ʦʜ ʥʠʚ ʥʝ ʩʝ 

ʜʦʙʠʝʥʠ ʚʦ ʣʘʙʦʨʘʪʦʨʠʩʢʠ 

ʢʫʣʪʫʨʠ. ʉʝʧʘʢ, ʧʦʩʪʦʿʘʪ 

ʜʚʘ ʠʩʢʣʫʯʦʢʘ: 

ʧʨʦʭʣʦʨʦʬʠʪʠ ʠ ʮʠʿʘʥʝʣʠ 

(ʩʣʠʢʘ 45). ʇʨʚʠʪʝ 

ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʛʨʫʧʘʪʘ ʥʘ 

ʘʝʨʦʙʥʠ ʬʦʪʦʩʠʥʪʝʪʩʢʠ 

ʧʨʦʢʘʨʠʦʪʠ ʢʦʠ ʩʝ ʤʥʦʛʫ ʙʣʠʩʢʠ ʜʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʥʦ ʦʜ ʥʠʚ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʧʨʝʢʫ 

ʧʦʩʝʜʫʚʘˁʝʪʦ ʥʘ ʭʣʦʨʦʬʠʣ ʘ ʠ ʙ, ʥʦ ʠ ʦʪʩʫʩʪʚʦ ʥʘ ʬʠʢʦʙʠʣʠʥʠ (ʬʠʢʦʮʠʿʘʥ, ʬʠʢʦʝʨʠʪʨ-

ʠʥ), ʘ ʧʨʠ ʪʦʘ ʦʩʥʦʚʥʠʦʪ ʪʘʢʩʦʥ Prochloron ʚʣʝʛʫʚʘ ʚʦ ʩʠʤʙʠʦʟʘ ʩʦ ʘʩʮʠʜʠʠ. ʎʠʘʥʝʣʠʪʝ ʦʜ 

ʜʨʫʛʘ ʩʪʨʘʥʘ ʠʤʘʘʪ ʛʦʣʝʤʠʥʘ ʥʘ ʝʜʝʥ ʧʣʘʩʪʠʜ ʚʦ ʩʚʦʿʦʪ ʜʦʤʘ˃ʠʥ, ʤʥʦʛʫ ʩʣʠʯʥʦʩʪʠ ʩʦ 

ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ (ʦʜ ʢʦʠ ʥʘʿʚʝʨʦʿʘʪʥʦ ʠ ʧʦʪʝʢʥʫʚʘʘʪ), ʥʦ ʧʦʨʘʜʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʛʝʥʦʤʠʪʝ ʦʜ ʩʘʤʦ 130-140 ʢʙʧ, ʥʝ ʩʝ ʩʧʦʩʦʙʥʠ ʟʘ ʩʘʤʦʩʪʦʝʥ ʨʘʩʪ. ʊʠʝ ʩʝ ʝʢʩʪʨʝʤʝʥ ʧʨʠʤʝʨ 

ʥʘ ʘʜʘʧʪʘʮʠʿʘ ʢʦʥ ʩʠʤʙʠʦʪʩʢʠʪʝ ʦʜʥʦʩʠ ʧʨʠ ʢʦʿ ʛʦ ʟʘʛʫʙʠʣʝ ʥʘʿʛʦʣʝʤʠʦʪ ʜʝʣ ʥʘ ʛʝʥʝʪʩʢʠʦʪ 

ʢʘʧʘʮʠʪʝʪ ʠ ʩʪʘʥʘʣʝ ʟʘʚʠʩʥʠ ʦʜ ʜʦʤʘ˃ʠʥʦʪ.   

(ʘ) ʉʠʤʙʠʦʟʠ ʩʦ ʘʣʛʠ 

- ʉʠʤʙʠʦʟʠ ʩʦ Bacillariophyta (ʜʠʿʘʪʦʤʝʠ): ʄʦʨʩʢʘʪʘ ʧʝʥʘʪʥʘ ʜʠʿʘʪʦʤʝʘ Rhizosolenia 

ʯʝʩʪʦ ʬʦʨʤʠʨʘ ʩʠʤʙʠʦʟʘ ʩʦ ʢʦʥʯʝʩʪʘʪʘ ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ Richelia intracellularis ʢʦʿʘ 

ʩʦʜʨʞʠ ʭʝʪʝʨʦʮʠʩʪʠ (Rai 1990) ʠ ʜʦʤʘ˃ʠʥʦʪ ʛʦ ʦʙʝʟʙʝʜʫʚʘ ʩʦ CO2 ʠ ʅ2. ʉʝʧʘʢ, 

ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ ʩʠʤʙʠʦʥʪʦʪ ʥʝ ʝ ʝʩʝʥʮʠʿʘʣʥʦ ʟʘ ʨʘʩʪʦʪ ʠ ʦʧʩʪʘʥʦʢʦʪ ʥʘ ʜʦʤʘ˃ʠʥʦʪ, 

ʙʠʜʝʿ˃ʠ ʪʦʿ ʯʝʩʪʦ ʩʝ ʩʨʝʪʥʫʚʘ ʙʝʟ ʩʚʦʿʦʪ ʩʠʤʙʠʦʥʪ. ɼʚʘ ʩʣʘʪʢʦʚʦʜʥʠ ʚʠʜʘ ʜʠʿʘʪʦʤʝʠ, 

Rhoplaodia gibba ʠ Epithemia turgida, ʧʦʩʝʜʫʚʘʘʪ ʝʜʥʦʢʣʝʪʦʯʥʠ ʩʠʥʦ-ʟʝʣʝʥʠ 

ʝʥʜʦʩʠʤʙʠʦʥʪʠ ʚʦ ʩʚʦʿʘʪʘ ʮʠʪʦʧʣʘʟʤʘ (DeYoe et al. 1992), ʩʧʦʩʦʙʥʠ ʟʘ ʘʟʦʪʦʬʠʢʘʮʠʿʘ. 

ʅʠʚʥʠʦʪ ʙʨʦʿ ʚʘʨʠʨʘ ʦʜ 1 ʜʦ 8 ʚʦ ʢʣʝʪʢʠʪʝ ʠ ʩʝ ʟʛʦʣʝʤʫʚʘ ʩʦ ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʜʦʩʪʘʧʥʠʦʪ 

ʘʟʦʪ ʚʦ ʩʨʝʜʠʥʘʪʘ.  

- ʉʠʤʙʠʦʟʠ ʩʦ Pyrrophyta - Dinoflagellatae (ʦʛʥʝʥʠ ʘʣʛʠ): ʩʠʥʦ-ʟʝʣʝʥʠ ʩʠʤʙʠʦʥʪʠ 

ʥʘʨʝʯʝʥʠ ʬʝʦʟʦʤʠ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʢʘʿ ʧʦʛʦʣʝʤ ʙʨʦʿ ʤʦʨʩʢʠ ʜʠʥʦʬʣʘʛʝʣʘʪʠ (Janson et al. 

1995). ɺʦ ʩʫʧʪʨʦʧʩʢʠʪʝ ʚʦʜʠ, ʭʝʪʝʨʦʪʨʦʬʥʠʪʝ ʚʠʜʦʚʠ ʥʘ ʦʛʥʝʥʠ ʘʣʛʠ ʦʜ ʨʦʜʦʚʠʪʝ 
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Ornithocercus, Histioneis ʠ Citharistes ʩʝ ʜʦʢʘʞʘʥʠ ʜʦʤʘ˃ʠʥʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʩʠʤʙʠʦʥʪʠ 

ʦʜ ʨʦʜʦʚʠʪʝ Synecoccocus ʠ Synechocystis, ʦʜ ʢʦʠ ʩʝ ʩʥʘʙʜʫʚʘʘʪ ʩʘʤʦ ʩʦ ʧʨʦʜʫʢʪʠʪʝ ʥʘ 

ʬʦʪʦʩʠʥʪʝʟʘʪʘ, ʥʦ ʥʝ ʠ ʩʦ ʘʟʦʪ.  

(ʙ) ʉʠʤʙʠʦʟʠ ʩʦ ʛʘʙʠ 

ʅʘʿʯʝʩʪ ʩʠʤʙʠʦʪʩʢʠ ʦʨʛʘʥʠʟʘʤ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʦ ʛʘʙʠʪʝ ʩʝ ʣʠʰʘʠʪʝ 

(Lichenes), ʢʦʠ ʩʧʦʨʝʜ ʜʝʬʠʥʠʮʠʿʘʪʘ ʥʘ Ahmadijan (1993) ʩʝ Ăʘʩʦʮʠʿʘʮʠʿʘ ʥʘ ʛʘʙʘ ʩʦ 

ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʘʚʪʦʪʨʦʬ (ʟʝʣʝʥʘ ʠʣʠ ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ) ʢʦʿʘ ʩʦʟʜʘʚʘ ʩʪʘʙʠʣʝʥ ʪʘʣʫʩ ʩʦ 

ʩʧʝʮʠʬʠʯʥʘ ʩʪʨʫʢʪʫʨʘñ. ʇʦʩʪʦʿʘʪ ʤʥʦʛʫʙʨʦʿʥʠ ʧʨʠʤʠʪʠʚʥʠ ʘʣʛʘ-ʛʘʙʘ ʘʩʦʮʠʿʘʮʠʠ ʢʦʠ 

ʩʦʟʜʘʚʘʘʪ ʤʦʨʬʦʣʦʰʢʠ ʝʜʥʦʩʪʘʚʥʠ ʠ ʥʝʧʨʠʤʝʪʥʠ ʪʘʣʫʩʠ (ʩʝ ʥʘʨʝʢʫʚʘʘʪ ʤʠʢʨʦʣʠʰʘʠ), ʘ 

ʢʦʠ ʩʝ ʿʘʩʥʦ ʠʟʜʚʦʝʥʠ ʦʜ ʤʘʢʨʦʣʠʰʘʠʪʝ ʩʦ ʪʘʣʫʩʠ ʥʘʜ ʩʫʧʩʪʨʘʪʦʪ ʠ ʜʦʙʨʦ ʜʝʬʠʥʠʨʘʥʘ 

ʬʦʨʤʘ. ʆʢʦʣʫ 8-15% ʦʜ ʚʢʫʧʥʦ 15.000-20.000 ʧʦʟʥʘʪʠ ʣʠʰʘʠ ʩʦʜʨʞʘʪ ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ 

ʢʘʢʦ ʩʠʤʙʠʦʥʪ, ʥʘʿʯʝʩʪʦ Nostoc, ʥʦ ʠ ʚʠʜʦʚʠ ʦʜ ʨʦʜʦʚʠʪʝ Calothrix, Scytonema ʠ 

Fischerella. ɺʦ ʦʢʦʣʫ 8% ʦʜ ʢʦʧʥʝʥʠʪʝ ʝʢʦʩʠʩʪʝʤʠ ʥʘ ɿʝʤʿʘʪʘ ʣʠʰʘʠʪʝ ʩʝ ʜʦʤʠʥʘʥʪʥʘ 

ʬʦʨʤʘ ʥʘ ʞʠʚʦʪ ʧʦʨʘʜʠ ʝʢʦʣʦʰʢʘʪʘ ʧʨʝʜʥʦʩʪ ʜʘ ʞʠʚʝʘʪ ʚʦ ʩʪʫʜʝʥʠ (ɸʨʢʪʠʢ), ʝʢʩʪʨʝʤʥʦ 

ʞʝʰʢʠ (ʢʘʨʧʠ) ʠʣʠ ʙʝʟʚʦʜʥʠ ʫʩʣʦʚʠ (ʧʫʩʪʠʥʠ), ʢʘʜʝ ʚʘʩʢʫʣʘʨʥʠʪʝ ʨʘʩʪʝʥʠʿʘ ʩʝ ʙʦʨʘʪ ʟʘ 

ʦʧʩʪʘʥʦʢ. ʀ ʧʦʢʨʘʿ ʙʘʚʥʠʦʪ ʨʘʩʪ, ʮʠʘʥʦ-ʣʠʰʘʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʚʘʞʝʥ ʠʟʚʦʨ ʥʘ ʘʟʦʪʥʠ 

ʩʦʝʜʠʥʝʥʠʿʘ ʚʦ ʩʚʦʿʘʪʘ ʩʨʝʜʠʥʘ, ʧʦʨʘʜʠ ʰʪʦ ʠ ʩʝ (ʧʦʢʨʘʿ ʦʩʪʘʥʘʪʦʪʦ) ʧʠʦʥʝʨʠ ʥʘ 

ʚʝʛʝʪʘʮʠʿʘʪʘ. ʉʧʝʮʠʬʠʯʥʘ ʠ ʝʜʠʥʩʪʚʝʥʘ ʩʠʤʙʠʦʟʘ ʩʝ ʩʨʝ˃ʘʚʘ ʢʘʿ ʣʠʰʘʿʦʪ Geosiphon 

pyriforme, ʙʠʜʝʿ˃ʠ ʩʠʥʦ-ʟʝʣʝʥʘʪʘ ʘʣʛʘ  (Nostoc sphaericum) ʞʠʚʝʝ ʝʥʜʦʩʠʤʙʠʦʪʩʢʠ ʚʦ 

ʚʝʟʠʢʫʣʠʪʝ ʥʘ ʛʘʙʥʠʪʝ ʭʠʬʠ (ʭʠʬʦʤʠʮʝʪʥʘ ʛʘʙʘ ʦʜ ʪʠʧʦʪ ʥʘ Glomus).  

(ʚ) ʉʠʤʙʠʦʟʠ ʩʦ ʨʘʩʪʠʪʝʣʥʠ ʦʨʛʘʥʠʟʤʠ 

ʃʘʙʘʚʠ ʘʩʦʮʠʿʘʮʠʠ ʧʦʤʝʺʫ ʨʘʩʪʝʥʠʿʘʪʘ ʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʥʘʿʚʝʨʦʿʘʪʥʦ 

ʰʠʨʦʢʦ ʟʘʩʪʘʧʝʥʠ ʚʦ ʧʨʠʨʦʜʘʪʘ. ʅʘ ʧʨʠʤʝʨ, ʦʜʘʤʥʘ ʝ ʧʦʟʥʘʪʦ ʜʝʢʘ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ 

ʩʣʦʙʦʜʥʠ (ʝʧʠʬʠʪʩʢʠ) ʠ ʩʠʤʙʠʦʪʩʢʠ (ʥʘʿʯʝʩʪʦ ʚʦ ʧʘʧʨʘʪʦʪ Azolla) ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ 

ʦʨʠʟʦʚʠʪʝ ʧʦʣʠˁʘ ʛʠ ʧʦʜʦʙʨʫʚʘ ʢʘʢʦ ʨʘʩʪʦʪ ʪʘʢʘ ʠ ʧʨʠʥʦʩʦʪ ʥʘ ʦʨʠʟʦʪ. ʀʩʪʦ ʪʘʢʘ,  

ʜʦʢʘʞʘʥʘ ʝ ʘʟʦʪ-ʬʠʢʩʠʨʘʯʢʘʪʘ ʫʣʦʛʘ ʥʘ Gloeotrichia pisum ʢʘʢʦ ʝʧʠʬʠʪ ʥʘ ʧʦʪʦʧʝʥʠʪʝ 

ʩʪʝʙʣʘ ʠ ʢʦʨʝˁʘ ʥʘ ʜʣʘʙʦʢʦʚʦʜʥʠʦʪ ʦʨʠʟ (Rother et al. 1988). ʎʚʝʪʘˁʝʪʦ ʥʘ ʚʦʜʥʘʪʘ ʣʝ˃ʘ 

Lemmna ʩʝʢʦʛʘʰ ʝ ʧʦʚʨʟʘʥʦ ʩʦ ʝʧʠʬʠʪʩʢʠʦʪ ʨʘʪ ʥʘ Nostoc, Gloeotrichia, Anabaena, 

Calothrix  ʠ Cylindrospermum ʚʠʜʦʚʠʪʝ ʠ ʥʠʚʥʘʪʘ ʘʟʦʪ-ʬʠʢʩʠʨʘʯʢʘ ʫʣʦʛʘ (Doung and Tiedje 

1985).  

- ʉʠʤʙʠʦʟʠ ʩʦ Bryophyta (Hepaticae-˅ʠʛʝʨʢʠ, Anthocerotae-ʘʥʪʦʮʝʨʦʪʦʚʠ ʠ Musci-

ʤʦʚʦʚʠ): ʧʦʤʝʺʫ ʩʠʪʝ ʥʘʚʝʜʝʥʠ ʤʦʚʦʚʠʜʥʠ ʨʘʩʪʝʥʠʿʘ ʩʝ ʿʘʚʫʚʘʘʪ ʩʠʤʙʠʦʪʩʢʠ ʚʨʩʢʠ ʩʦ 

ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʛʣʘʚʥʦ Nostoc. ʂʘʿ ʤʦʚʦʚʠʪʝ ʘʩʦʮʠʿʘʮʠʿʘʪʘ ʝ ʛʣʘʚʥʦ ʝʧʠʬʠʪʩʢʘ (Meeks 

1990), ʥʦ ʢʘʿ Sphagnum-ʦʪ, ʩʠʤʙʠʦʥʪʦʪ ʩʝ ʥʘʦʺʘ ʚʦ ʭʠʘʣʠʥʩʢʠʪʝ ʢʣʝʪʢʠ, ʰʪʦ ʥʝʿʚʝʨʦʿʘʪʥʦ 

ʦʚʦʟʤʦʞʫʚʘ ʜʘ Nostoc ʫʩʧʝʚʘ ʥʘ ʨʅ ʧʦʜ 5 (ʩʬʘʛʥʫʤʩʢʠ ʪʨʝʩʝʪʠʰʪʘó)  (Peters 1991). 

ɸʩʦʮʠʿʘʮʠʠʪʝ (ʝʧʠʬʠʪʩʢʠ ʠʣʠ ʝʥʜʦʬʠʪʢʠ) ʩʦ ˅ʠʛʝʨʢʠʪʝ (Blasia) ʠʣʠ ʘʥʪʝʮʝʨʦʪʦʚʠʪʝ 

ʤʦʚʦʚʠ (Anthoceros, Phaeoceros) ʩʝ ʝʢʩʪʨʝʤʥʦ ʨʝʪʢʠ.  

- ʉʠʤʙʠʦʟʠ ʩʦ Pteridophyta (ʧʘʧʨʘʪʠ): ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʛʨʫʧʘʪʘ ʧʘʧʨʘʪʠ, ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʬʦʨʤʠʨʘʘʪ ʩʠʤʙʠʦʟʘ ʝʜʠʥʩʪʚʝʥʦ ʩʦ ʚʦʜʥʘʪʘ ʧʘʧʨʘʪ Azolla, ʧʦʟʥʘʪʘ ʢʘʢʦ 
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Ăʟʝʣʝʥʦ ʺʫʙʨʠʚʦñ ʫʰʪʝ ʦʜ 11-ʦʪ ʚʝʢ ʚʦ ɺʠʝʪʥʘʤ. ʅʘʿʯʝʩʪ ʩʠʤʙʠʦʥʪ ʝ Anabaena azollae, ʢʦʿʘ 

ʩʝ ʥʘʩʝʣʫʚʘ ʚʦ ʩʝʢʫʥʜʘʨʥʘʪʘ ʧʨʘʟʥʠʥʘ ʥʘ ʜʦʨʟʘʣʥʠʦʪ ʣʠʩʪ.  

- ʉʠʤʙʠʦʟʠ ʩʦ Gymnospermae (ʛʦʣʦʩʝʤʝʥʠ ʨʘʩʪʝʥʠʿʘ): ʜʦ ʜʝʥʝʩ ʩʝ ʧʦʟʥʘʪʠ 

ʩʠʤʙʠʦʪʩʢʠʪʝ ʦʜʥʦʩʠ ʩʘʤʦ ʩʦ ʮʠʢʘʩʦʚʠʪʝ ʨʘʩʪʝʥʠʿʘ (Cycadales), ʥʘʿʧʨʠʤʠʪʠʚʥʘʪʘ ʛʨʫʧʘ ʥʘ 

ʩʝʤʝʥʠʪʝ ʨʘʩʪʝʥʠʿʘ ʢʦʿʘ ʠ ʜʝʥʝʩ ʞʠʚʝʝ ʠʩʢʣʫʯʠʚʦ ʚʦ ʪʨʦʧʩʢʠʪʝ ʠ ʩʫʧʪʨʦʧʩʢʠʪʝ ʧʨʝʜʝʣʠ ʥʘ 

ʿʫʞʥʘʪʘ ʭʝʤʠʩʬʝʨʘ. ɸʟʦʪ-ʬʠʢʩʠʨʘʯʢʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʠʤʙʠʦʪʩʢʠ ʩʝ ʧʦʚʨʟʫʚʘʘʪ ʩʦ 

Ăʢʦʨʘʣʥʠʪʝñ ʢʦʨʝˁʘ ʥʘ ʮʠʢʘʩʦʚʠʪʝ ʨʘʩʪʝʥʠʿʘ, ʧʦʤʝʺʫ ʚʥʘʪʨʝʰʥʠʦʪ ʠ ʥʘʜʚʦʨʝʰʥʠʦʪ 

ʢʦʨʪʝʢʩ ʥʘ ʢʦʨʝʥʦʪ. ɺʘʢʚʘʪʘ ʘʩʦʮʠʿʘʮʠʿʘ ʿʘ ʟʙʦʛʘʪʫʚʘ ʜʦʩʪʘʧʥʦʩʪʘ ʥʘ ʘʟʦʪʥʠʪʝ ʩʦʝʜʠʥʝʥʠʿʘ 

ʚʦ ʦʛʨʘʥʠʯʝʥʘʪʘ ʩʨʝʜʠʥʘ ʩʦ ʘʟʦʪ ʢʘʢʚʠ ʩʝ ʰʫʤʠʪʝ ʥʘ ʝʫʢʘʣʠʧʪʫʩʠ ʚʦ ɸʚʩʪʨʘʣʠʿʘ.   

- ʉʠʤʙʠʦʟʠ ʩʦ Angiospermae (ʩʢʨʠʝʥʦʩʝʤʝʥʠ ʨʘʩʪʝʥʠʿʘ, ʮʚʝʪʥʠʮʠʠ): ʦʜ ʩʠʪʝ 

ʮʚʝʪʥʠʮʠ ʜʝʥʝʩ ʝ ʧʦʟʥʘʪʘ ʩʠʤʙʠʦʟʘʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʝʜʠʥʩʪʚʝʥʦ ʩʦ 50-ʪʠʥʘ ʚʠʜʦʚʠ 

ʥʘ ʨʦʜʦʪ Gunera, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪʦ ʨʘʩʪʝʥʠʝ ʚʦ ʪʨʦʧʩʢʠʪʝ/ʩʫʧʪʨʦʧʩʢʠʪʝ ʨʝʛʠʦʥʠ, ʥʘ 

ʚʣʘʞʥʠʪʝ ʞʠʚʝʘʣʠʰʪʘ ʥʘ ʿʫʞʥʘʪʘ ʭʝʤʠʩʬʝʨʘ. ʇʦʨʘʜʠ ʬʘʢʪʦʪ ʜʝʢʘ ʩʠʪʝ ʞʠʪʥʠ ʨʘʩʪʝʥʠʿʘ 

ʚʘʞʥʠ ʚʦ ʭʫʤʘʥʘʪʘ ʠʩʭʨʘʥʘ ʩʝ ʩʢʨʠʝʥʦʩʝʤʝʥʠ, ʧʨʦʫʯʫʚʘˁʝʪʦ ʥʘ ʦʚʦʿ ʩʠʤʙʠʦʪʩʢʠ ʩʠʩʪʝʤ 

ʤʦʞʝ ʚʦ ʤʥʦʛʫ ʜʘ ʛʠ ʧʦʜʦʙʨʠ ʥʠʚʥʠʪʝ ʢʫʣʪʠʚʘʮʠʩʢʠ ʦʩʦʙʠʥʠ.  

(ʛ) ʉʠʤʙʠʦʟʠ ʩʦ ʞʠʚʦʪʥʠ 

ʇʦʟʥʘʪʠ ʩʝ ʦʢʦʣʫ 40 ʨʦʜʦʚʠ ʤʦʨʩʢʠ ʩʫʥʺʝʨʠ ʟʘ ʢʦʠ ʩʝ ʟʥʘʝ ʜʝʢʘ ʧʦʩʝʜʫʚʘʘʪ ʠʥʪʨʘ ʠ 

ʠʥʪʝʨ ʢʣʝʪʦʯʥʠ ʩʠʤʙʠʦʪʩʢʠ ʮʠʿʘʥʦʙʘʢʪʝʨʠʠ, ʨʘʟʤʝʩʪʝʥʠ ʧʦ ʮʝʣʠʦʪ ʩʫʥʺʝʨ ʠʣʠ ʩʘʤʦ ʚʦ 

ʧʦʚʨʰʠʥʩʢʠʪʝ ʪʢʠʚʘ (Wilkinson 1992). ʎʠʿʘʥʦʙʠʦʥʪʠʪʝ ʩʝ ʥʘʿʯʝʩʪʦ ʚʠʜʦʚʠ ʦʜ 

ʝʜʥʦʢʣʝʪʦʯʥʠʦʪ ʨʦʜ Aphanocapsa, ʠʣʠ ʢʦʥʯʝʩʪʠʦʪ ʨʦʜ Phormidium (Rai 1990), ʥʦ 

ʮʠʿʘʥʦʙʠʦʥʪʦʪ ʥʘ ʪʨʦʧʩʢʠʦʪ ʤʦʨʩʢʠ ʩʫʥʺʝʨ Dycidea herbacea ʝ ʦʧʨʝʜʝʣʝʥ ʢʘʢʦ Osillatoria 

spongelia (Unson and Faulkner 1993). ʉʠʪʝ ʦʚʠʝ ʨʦʜʦʚʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʭʝʪʝʨʦʮʠʩʪʠ, ʥʦ 

ʜʦʢʘʞʘʥʦ ʝ ʩʝʧʘʢ ʜʝʢʘ ʮʠʿʘʥʦʙʠʦʥʪʠʪʝ ʥʘ ʥʘʿʤʘʣʢʫ ʜʚʘ ʚʠʜʘ ʩʫʥʺʝʨʠ ʠʤʘʘʪ ʤʦʞʥʦʩʪ ʟʘ 

ʘʟʦʪʦʬʠʢʩʘʮʠʿʘ. ʎʠʿʘʥʦʙʠʦʥʪʠʪʝ ʚʦ ʩʫʥʺʝʨʠʪʝ ʩʝ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʘʢʪʠʚʥʠ ʢʘʿ ʩʫʥʺʝʨʠʪʝ ʚʦ 

ʬʦʪʠʯʥʘʪʘ ʟʦʥʘ ʠ ʧʨʝʜʘʚʘʘʪ ʦʢʦʣʫ 12% ʦʜ ʬʠʢʩʠʨʘʥʠʦʪ ʿʘʛʣʝʨʦʜ ʥʘ ʜʦʤʘ˃ʠʥʦʪ, ʚʝʨʦʿʘʪʥʦ 

ʚʦ ʬʦʨʤʘ ʥʘ ʛʣʠʮʝʨʦʣ.  

ʉʪʝʧʝʥʦʪ ʥʘ ʤʝʪʘʙʦʣʠʪʩʢʘ ʟʘʚʠʩʥʦʩʪ ʥʘ ʥʝʢʦʠ ʩʫʥʺʝʨʠ ʚʦ ʦʜʥʦʩ ʥʘ ʧʨʠʩʫʩʪʚʦ ʥʘ 

ʮʠʿʘʥʦʙʘʢʪʝʨʠʩʢʠ ʩʠʤʙʠʦʥʪʠ ʠʣʫʩʪʨʠʨʘʥʘ ʝ ʚʦ ʩʣʫʯʘʿʦʪ ʥʘ Chondrilla nucula ʢʦʿʘ ʥʝ ʤʦʞʝ 

ʜʘ ʢʦʣʦʥʠʟʠʨʘ ʪʝʤʥʠ ʤʝʩʪʘ ʠ ʜʦʢʦʣʢʫ ʝ ʧʨʝʬʨʣʝʥʘ ʥʘ ʪʝʤʥʦ ʛʠ ʛʫʙʠ ʮʠʿʘʥʦ-ʩʠʤʙʠʦʥʪʠʪʝ ʠ 

ʫʤʠʨʘ (Arillo et al. 1993). ʇʦʟʠʪʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʥʘ ʮʠʿʘʥʦ-ʩʠʤʙʠʦʥʪʠʪʝ ʚʨʟ ʜʦʤʘ˃ʠʥʠʪʝ 

ʜʦʢʘʞʘʥʦ ʝ ʥʘ ʧʨʠʤʝʨʦʪ ʥʘ ʩʫʥʺʝʨʠʪʝ ʦʜ ʢʦʨʘʣʥʠʪʝ ʩʧʨʫʜʦʚʠ ʥʘ ɱʘʤʘʿʢʘ ʢʘʜʝ, ʪʠʝ ʰʪʦ ʛʠ 

ʧʦʩʝʜʫʚʘʘʪ, ʨʘʩʪʘʪ ʤʥʦʛʫ ʧʦʙʨʟʦ.  ʉʝ ʤʠʩʣʠ ʜʝʢʘ ʩʠʤʙʠʦʥʪʠʪʝ ʠʩʪʦ ʪʘʢʘ ʧʦʤʘʛʘʘʪ ʜʘ ʩʝ 

ʥʘʤʘʣʠ ʦʰʪʝʪʫʚʘˁʝʪʦ ʥʘ ʩʫʥʺʝʨʠʪʝ ʦʜ ʚʠʩʦʢ ʩʚʝʪʣʦʩʝʥ ʠʥʪʝʥʟʠʪʝʪ. ɺʦ ʨʝʪʢʠ ʩʣʫʯʘʠ, 

ʨʘʩʪʦʪ ʥʘ ʜʦʤʘ˃ʠʥʦʪ ʠ ʩʠʤʙʠʦʥʪʦʪ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʥʘʜʚʦʨ ʦʜ ʙʘʣʘʥʩ. ʇʨʠʤʝʨ ʟʘ ʪʦʘ ʝ 

ʩʫʥʺʝʨʦʪ Geodia papyraceae ʦʜ ʤʘʥʛʨʦʚʠʪʝ ʰʫʤʠ ʥʘ ɹʝʣʠʜʼʝ, ʢʦʿ ʩʦʜʨʞʠ ʠʥʪʨʘ-ʮʝʣʫʣʘʨʥʘ 

ʢʦʢʦʠʜʥʘ ʩʠʥʦ-ʟʝʣʝʥʘ ʘʣʛʘ ʢʦʿʘ ʟʘʬʘ˃ʘ ʨʝʯʠʩʠ ʧʦʣʦʚʠʥʘ ʦʜ ʚʢʫʧʥʠʦʪ ʢʣʝʪʦʯʝʥ ʚʦʣʫʤʝʥ ʥʘ 

ʜʦʤʘ˃ʠʥʦʪ (Ruetzler 1988). ʇʦʜ ʧʦʚʦʣʥʠ ʫʩʣʦʚʠ ʟʘ ʨʘʩʪ, ʘʣʛʘʪʘ ʩʝ ʨʘʟʤʥʦʞʫʚʘ ʧʦʙʨʟʦ ʦʜ 

ʤʦʞʥʦʩʪʘ ʩʫʥʺʝʨʦʪ ʜʘ ʛʠ ʝʣʠʤʠʥʠʨʘ ʦʜ ʪʢʠʚʘʪʘ, ʰʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʦʰʪʝʪʫʚʘˁʝ ʥʘ ʪʢʠʚʘʪʘ 

ʥʘ ʜʦʤʘ˃ʠʥʦʪ ʠʣʠ ʤʘʥʛʨʦʚʘ ʙʦʣʝʩʪ ʥʘ ʩʫʥʺʝʨʠʪʝó.  
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ʅʘʿʤʘʣʢʫ ʧʨʦʫʯʫʚʘʥʠ ʘʩʦʮʠʿʘʮʠʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʪʠʝ ʩʦ ʘʩʮʠʜʠʠʪʝ ʠ 

ʙʦʮʢʘʩʪʠʪʝ ʮʨʚʠ. ɼʚʘ ʚʠʜʘ ʘʤʝʨʠʢʘʥʩʢʠ ʘʩʮʠʜʠʠ ʦʜ ʇʘʮʠʬʠʢʦʪ ʩʦʜʨʞʘʪ ʙʨʦʿʥʠ ˅ʝʙʦʚʠ ʚʦ 

ʪʫʥʠʢʘʪʘ ʠʩʧʦʣʥʝʪʠ ʩʦ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʘʣʛʠ, ʢʦʠ ʥʘʿʚʝʨʦʿʘʪʥʦ ʥʘʚʣʝʛʫʚʘʘʪ ʚʦ ʥʠʚ ʧʨʝʢʫ 

ʠʥʢʦʨʧʦʨʘʮʠʿʘ ʥʘ ʧʝʩʦʯʥʠʪʝ ʟʨʥʮʘ (Lambert et al. 1996). ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʦʜ 

ʨʦʜʦʚʠʪʝ Dermocarpa, Xenococcus ʠ Synecoccocus, ʥʦ ʢʘʿ ʜʚʦʿʥʦ ʪʫʥʠʢʘʪʥʠʪʝ ʘʩʮʠʜʠʠ 

Pyura cancellata ʠ P. carnea ʧʨʦʥʘʿʜʝʥʠ ʩʝ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ Oscillatoria, Spirulina ʠ 

Anabaena. ʉʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʝ ʧʨʦʥʘʿʜʝʥʠ ʠ ʚʦ ʩʚʨʟʥʦʪʦ ʪʢʠʚʦ ʥʘ ʩʫʧʝʧʠʜʝʨʤʠʩʦʪ  ʢʘʿ ʜʚʘ 

ʚʠʜʘ ʙʦʮʢʘʩʪʠ ʮʨʚʠ Ikedosoma gogoshimense ʠ Bonellia fuliginosa, ʥʦ ʤʥʦʛʫ ʤʘʣʢʫ ʝ 

ʧʦʟʥʘʪʦ ʟʘ ʦʚʠʝ ʘʩʦʮʠʿʘʮʠʠ.  

ɼʦʢʘʞʘʥʘ ʝ ʠ ʝʚʠʜʝʥʪʥʦ ʤʫʪʫʘʣʠʩʪʠʯʢʘ ʘʩʦʮʠʿʘʮʠʿʘ ʧʦʤʝʺʫ ʭʠʨʦʥʦʤʠʜʥʘʪʘ ʣʘʨʚʘ 

Cricotopus noctocicola ʠ ʢʦʣʦʥʠʠʪʝ ʥʘ Nostoc parmelioides ʚʦ ʨʝʣʘʪʠʚʥʦ ʙʨʟʠʪʝ ʧʦʪʦʮʠ 

(Dodds et al. 1995). ʃʘʨʚʠʪʝ ʩʝ ʭʨʘʥʘʪ ʩʦ ʘʣʛʘʪʘ ʠ ʚʦ ʥʝʘ ʩʝ ʟʘʰʪʠʪʝʥʠ ʦʜ ʧʨʝʜʘʪʦʨʠʪʝ, 

ʜʦʜʝʢʘ ʘʣʛʘʪʘ ʠʤʘ ʧʦʠʥʪʝʥʟʠʚʥʘ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʨʘʟʤʥʦʞʫʚʘˁʝ ʧʨʝʢʫ ʭʦʨʤʦʛʦʥʠʠ ʢʘʢʦ ʠ 

ʤʦʞʥʦʩʪ ʟʘ ʥʘʩʝʣʫʚʘˁʝ ʥʘ ʙʨʟʠʪʝ ʪʝʢʦʚʠ ʧʨʝʢʫ ʩʚʨʟʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʣʘʨʚʠʪʝ. 

 

ʌʠʣʦʛʝʥʠʿʘ, ʝʚʦʣʫʮʠʿʘ ʠ ʟʥʘʯʝˁʝ 

ʇʦʟʥʘʪʦ ʝ (van de Hoek et al. 1995) ʜʝʢʘ ʤʠʣʝʩʪʠʪʝ ʠʣʠ ʧʝʩʦʯʥʠʪʝ ʩʝʜʠʤʝʥʪʠ ʥʘ 

ʙʨʝʛʦʪ ʥʘ ʉʝʚʝʨʥʦʪʦ ʄʦʨʝ, ʠʣʠ ʪʨʦʧʩʢʠʪʝ ʤʘʥʛʨʦʚʠ ʰʫʤʠ, ʩʝ ʯʝʩʪʦ ʧʨʝʢʨʠʝʥʠ ʩʦ 

ʞʝʣʘʪʠʥʦʟʥʠ ʥʘʩʣʘʛʠ ʩʦʯʠʥʝʪʠ ʦʜ ʠʟʚʠʝʥʠ ʢʦʥʮʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, ʥʘʿʯʝʩʪʦ Lyngbya 

ʠʣʠ Microcoleus, ʚʠʜʦʚʠ ʜʦʙʨʦ ʘʜʘʧʪʠʨʘʥʠ ʥʘ ʞʠʚʦʪ ʚʝʜʥʘʰ ʥʘʜ ʘʥʘʝʨʦʙʥʠʪʝ ʩʝʜʠʤʝʥʪʠ. 

ʇʨʠ ʩʫʰʝˁʝʪʦ ʥʘ ʚʘʢʚʠʪʝ ʩʝʜʠʤʝʥʪʠ, ʩʝ ʿʘʚʫʚʘʘʪ ʧʫʢʥʘʪʠʥʠ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʢʦʠ 

ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʧʫʢʘˁʝ ʥʘ ʘʣʛʘʣʥʘʪʘ ʧʦʢʨʠʚʢʘ ʚʦ ʧʦʣʠʛʦʥʘʣʥʠ ʧʘʨʯʠˁʘ. ʇʨʠ ʧʦʚʪʦʨʥʦ 

ʥʘʜʦʘʺʘˁʝ ʥʘ ʚʦʜʘʪʘ, ʘʣʛʠʪʝ ʧʨʦʜʦʣʞʫʚʘʘʪ ʩʦ ʨʘʩʪʦʪ ʠ ʧʦʚʪʦʨʥʦ ʛʠ ʟʘʬʘ˃ʘʘʪ ʩʠʪʝ 

ʧʘʨʪʠʢʫʣʠ ʢʦʠ ˃ʝ ʩʝ ʥʘʿʜʘʪ ʥʘ ʥʠʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʥʠ ʩʤʝʥʠ ʥʘ ʦʚʠʝ ʧʦʿʘʚʠ ʜʦʚʝʜʫʚʘʘʪ ʜʦ 

ʬʦʨʤʠʨʘˁʝ ʥʘ ʦʢʘʤʝʥʝʪʠ ʩʪʦʣʙʦʚʠ ʩʦ ʪʝʥʢʦ ʠʟʜʚʦʝʥʠ ʩʣʦʝʚʠ - ʩʪʨʦʤʘʪʦʣʠʪʠ 

(=ʩʣʦʝʚʠʪʠ ʢʘʤʝˁʘ); ʥʘʿʧʦʟʥʘʪʠ ʩʝ ʩʪʨʦʤʘʪʦʣʠʪʠʪʝ ʦʜ ɿʘʣʠʚʦʪ ʥʘ ɸʿʢʫʣʠʪʝ ʚʦ ɸʚʩʪʨʘʣʠʿʘ 

(ʩʣʠʢʘ 46) ʚʠʩʦʢʠ 100-ʪʠʥʘ ʩʘʥʪʠʤʝʪʨʠ. 

 

ʉʣʠʢʘ 46. ʉʪʨʦʤʘʪʦʣʠʪʠ ʚʦ ɿʘʣʠʚʦʪ ʥʘ 

ɸʿʢʫʣʠʪʝ, ɿʘʧʘʜʥʘ ɸʚʩʪʨʘʣʠʿʘ (ʬʦʪʦ: 

Cristian van de Hoek). 

 

ʉʪʨʦʤʘʪʦʣʠʪʠ ʤʦʞʘʪ ʜʘ ʩʝ ʬʦʨʤʠʨʘʘʪ ʠ 

ʚʦ ʧʦʩʪʦʿʘʥʘ ʚʦʜʥʘ ʩʨʝʜʠʥʘ ʢʘʜʝ 

ʨʘʩʪʝʯʢʠʪʝ ʢʦʣʦʥʠʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠ 

ʘʣʛʠ ʛʠ ʟʘʬʘ˃ʘʘʪ ʩʝʜʠʤʝʥʪʠʪʝ, ʘ 

ʩʣʦʝʚʠʪʝ ʩʝ ʬʦʨʤʠʨʘʘʪ ʩʦ ʚʘʨʠʿʘʮʠʿʘ 

(ʥʘ ʧʨ. ʜʥʝʚʥʦ-ʥʦ˃ʥʘ) ʥʘ ʘʢʪʠʚʥʦʩʪʘ ʥʘ 

ʘʣʛʠʪʝ. ʀʩʪʘʣʦʞʫʚʘˁʝʪʦ ʥʘ ʢʘʨʙʦʥʘʪʠ ʚʦ ʞʝʣʘʪʠʥʦʟʥʠʪʝ ʚʣʘʛʘʣʠʰʪʘ ʥʘ ʘʣʛʠʪʝ ʠʩʪʦ ʪʘʢʘ 

ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ ʩʪʨʦʤʘʪʦʣʠʪʠʪʝ (Monty 1977).  
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  ʉʪʨʦʤʘʪʦʣʠʪʠʪʝ ʩʝ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʝʪʠ ʥʠʟ ʩʝʜʠʤʝʥʪʥʠʪʝ ʢʘʨʧʠ ʥʘ 

ʇʨʝʢʘʤʙʨʠʫʤʦʪ, ʧʦʨʘʜʠ ʰʪʦ ʝ ʧʨʝʪʧʦʩʪʘʚʝʥʦ ʜʝʢʘ ʪʠʝ, ʘ ʩʦ ʥʠʚ ʠ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ, 

ʧʨʝʢʨʠʚʘʘ ʛʦʣʝʤʠ ʧʦʚʨʰʠʥʠ ʚʦ ʪʦʘ ʛʝʦʣʦʰʢʦ ʚʨʝʤʝ. ʅʘʿʩʪʘʨʠʪʝ ʧʦʟʥʘʪʠ ʩʪʨʦʤʘʪʦʣʠʪʠ 

ʜʘʪʠʨʘʥʠ ʩʝ ʦʜ ʧʨʝʜ 3.5 ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ - ʝʢʩʪʨʝʤʥʦ ʩʪʘʨʠ ʢʘʨʧʠ ʢʦʠ ʩʦʜʨʞʘʪ ʦʨʛʘʥʩʢʠ 

ʩʦʯʫʚʘʥʠ ʤʠʢʨʦʬʦʩʠʣʠ ʚʦ ʩʠʣʠʢʘʪʝʥ ʤʘʪʨʠʢʩ. ʆʚʠʝ ʤʠʢʨʦʬʦʩʠʣʠ ʧʦʪʩʝʪʫʚʘʘʪ ʥʘ 

ʜʝʥʝʰʥʠʪʝ ʙʘʢʪʝʨʠʠ, ʢʘʢʦ ʝʜʥʦʢʣʝʪʦʯʥʠ ʢʦʢʦʠʜʥʠ ʠʣʠ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ. ʉʝ ʚʝʨʫʚʘ ʜʝʢʘ 

ʪʠʝ ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʘʥʘʝʨʦʙʥʠʪʝ ʙʘʢʪʝʨʠʠ, ʥʝʢʦʠ ʬʦʪʦʪʨʦʬʥʠ ʜʨʫʛʠ ʭʝʪʝʨʦʪʨʦʬʥʠ, ʙʠʜʝʿ˃ʠ 

ʧʦʩʪʦʿʘʪ ʩʠʣʥʠ ʜʦʢʘʟʠ ʜʝʢʘ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʦʢʝʘʥʠʪʝ ʥʘ ɿʝʤʿʘʪʘ ʚʦ ʪʦʘ ʚʨʝʤʝ ʙʠʣʝ ʙʝʟ 

ʢʠʩʣʦʨʦʜ. ʌʦʪʦʪʨʦʬʥʠʪʝ ʙʘʢʪʝʨʠʠ ʩʝ ʩʤʝʪʘʘʪ ʟʘ ʝʚʦʣʫʪʠʚʥʠ ʨʝʣʠʢʪʠ ʦʜ ʪʦʘ ʨʘʥʦ ʚʨʝʤʝ ʥʘ 

ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ, ʢʦʛʘ ʟʘ ʧʨʚ ʧʘʪ ʩʝ ʿʘʚʫʚʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʢʘʢʦ ʧʨʦʮʝʩ. ʆʚʠʝ ʙʘʢʪʝʨʠʠ ʥʝ ʩʝ 

ʩʧʦʩʦʙʥʠ ʜʘ ʿʘ ʢʦʨʠʩʪʘʪ ʚʦʜʘʪʘ ʢʘʢʦ ʜʦʥʦʨ ʥʘ ʝʣʝʢʪʨʦʥʠ ʠ ʚʦʜʦʨʦʜ ʟʘ ʩʚʝʪʣʦʩʥʘʪʘ ʨʝʘʢʮʠʿʘ 

ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ, ʧʦʨʘʜʠ ʰʪʦ ʠ ʥʝ ʦʩʣʦʙʦʜʫʚʘʘʪ ʤʦʣʝʢʫʣʘʨʝʥ ʢʠʩʣʦʨʦʜ, ʪʫʢʫ ʢʦʨʠʩʪʘʪ 

H2S, H2 ʠʣʠ ʦʨʛʘʥʩʢʠ ʩʦʝʜʠʥʝʥʠʿʘ ʢʘʢʦ ʜʦʥʦʨʠ ʥʘ ʚʦʜʦʨʦʜ. ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʦʜ ʜʨʫʛʘ 

ʩʪʨʘʥʘ ʿʘ ʢʦʨʠʩʪʘʪ ʚʦʜʘʪʘ ʢʘʢʦ ʜʦʥʦʨ ʥʘ ʝʣʝʢʪʨʦʥʠ ʠ ʚʦʜʦʨʦʜ, ʠ ʧʦʨʘʜʠ ʪʦʘ ʦʩʣʦʙʦʜʫʚʘʘʪ 

ʢʠʩʣʦʨʦʜ ʟʘ ʚʨʝʤʝ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ, ʦʩʦʙʠʥʘ ʢʦʿʘ ʝ ʟʘʝʜʥʠʯʢʘ ʩʦ ʩʠʪʝ ʝʫʢʘʨʠʦʪʩʢʠ 

ʬʦʪʦʘʚʪʦʪʨʦʬʥʠ ʦʨʛʘʥʠʟʤʠ.  

ʇʦʜʦʮʥʘ, ʚʦ ʇʨʝʜʢʘʤʙʨʠʫʤʦʪ - ʥʘʿʩʪʘʨʠʦʪ ʜʝʣ ʦʜ ʇʨʦʪʝʨʦʟʦʠʩʢʘʪʘ ɽʨʘ (ʧʨʝʜ 2.5 - 2 

ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ) (ʩʣʠʢʘ 47), ʩʪʨʦʤʘʪʦʣʠʪʠʪʝ ʙʝʘ ʧʨʠʩʫʪʥʠ ʚʦ ʧʣʠʪʢʠʪʝ ʤʦʨʠˁʘ ʥʘ 

ʩʝʢʘʜʝ ʠ ʬʦʨʤʠʨʘʘ ʰʠʨʦʢʠ ʧʦʿʘʩʠ ʦʜ ʢʘʨʙʦʥʘʪʠ.  

ʉʣʠʢʘ 47. ɻʝʦʣʦʰʢʦʪʦ ʚʨʝʤʝ ʥʘ 

ʧʨʝʪʧʦʩʪʘʚʝʥʘʪʘ ʧʦʿʘʚʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ 

ʘʣʛʠ ʠ ʜʨʫʛʠʪʝ ʧʨʦʢʘʨʠʦʪʠ, ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʝʫʢʘʨʠʦʪʠʪʝ (ʘ); (b ʠ c) ʮʨʪʝʞʠ ʥʘ 

ʇʨʦʪʝʨʦʟʦʠʩʢʠ ʩʪʨʦʤʘʪʦʣʠʪʠ (ʩʧʦʨʝʜ van de 

Hoek et al. 1995). 

 

ʊʠʝ ʙʠʣʝ ʬʦʨʤʠʨʘʥʠ ʦʜ ʨʘʟʣʠʯʥʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʯʠʠ ʬʦʩʠʣʥʠ ʦʩʪʘʪʦʮʠ 

ʤʦʨʬʦʣʦʰʢʠ ʚʦ ʤʥʦʛʫ ʩʣʠʯʘʪ ʥʘ 

ʜʝʥʝʰʥʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ. ʆʚʘ ʩʝ 

ʧʦʪʚʨʜʫʚʘ ʠ ʩʦ ʬʘʢʪʦʪ ʜʝʢʘ ʚʦ ʦʚʘʘ ʝʨʘ ʟʘ 

ʧʨʚ ʧʘʪ ʩʝ ʟʝʙʝʣʞʫʚʘ ʜʦʚʦʣʥʦ ʧʨʠʩʫʩʪʚʦ ʥʘ 

ʢʠʩʣʦʨʦʜ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ, ʢʘʢʦ ʧʨʦʜʫʢʪ ʥʘ 

ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. 

ʇʦʨʘʜʠ ʪʦʘ, ʦʚʦʿ ʧʝʨʠʦʜ ʩʝ ʥʘʨʝʢʫʚʘ Ăɽʨʘ 

ʥʘ ʎʠʿʘʥʦʙʘʢʪʝʨʠʠñ, ʚʦ ʢʦʿ ʧʝʨʠʦʜ ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʧʦʩʪʝʧʝʥʦ ʿʘ ʧʦʜʠʛʥʫʚʘʘʪ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʚʦ 

ʘʪʤʦʩʬʝʨʘʪʘ (ʢʘʢʦ ʠ ʬʦʨʤʠʨʘˁʝʪʦ ʥʘ 

ʦʟʦʥʩʢʘʪʘ ʦʙʚʠʚʢʘ ʚʦ ʩʪʨʘʪʦʩʬʝʨʘʪʘ ʚʘʞʥʘ 

ʟʘ ʩʧʨʝʯʫʚʘˁʝʪʦ ʥʘ ʢʦʩʤʠʯʢʠʪʝ ʋɺ-ʟʨʘʮʠ) ʠ ʩʦ ʪʦʘ ʛʦ ʦʚʦʟʤʦʞʫʚʘʘʪ ʨʘʟʚʠʪʦʢʦʪ ʥʘ 
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ʩʪʨʠʢʪʥʠʪʝ ʘʝʨʦʙʥʠ ʦʨʛʘʥʠʟʤʠ ʢʦʠ ʚʦ ʝʚʦʣʫʪʠʚʥʘʪʘ ʣʠʥʠʿʘ ʜʦʚʝʜʫʚʘʘʪ ʜʦ ʧʨʝʥʝʩʫʚʘˁʝ ʥʘ 

ʞʠʚʦʪʦʪ ʥʘ ʧʦʯʚʘʪʘ. ʇʨʚʠʪʝ ʤʠʢʨʦʩʢʦʧʩʢʠ ʝʜʥʦʢʣʝʪʦʯʥʠ ʝʫʢʘʨʠʦʪʠ ʩʝ ʿʘʚʫʚʘʘʪ ʧʨʝʜ ʦʢʦʣʫ 

1.9 ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ ʠ ʤʘʢʩʠʤʘʣʥʦ ʟʘʧʦʯʥʫʚʘʘʪ ʩʦ ʨʘʟʚʠʪʦʢ ʧʨʝʜ ʦʢʦʣʫ 1 ʤʠʣʠʿʘʨʜʘ 

ʛʦʜʠʥʠ. ʂʦʥ ʢʨʘʿʦʪ ʥʘ ʇʨʦʪʝʨʦʟʦʠʩʢʘʪʘ ɽʨʘ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʿʘ ʛʫʙʘʪ ʩʚʦʿʘʪʘ ʧʨʝʚʣʘʩʪ 

ʧʦʤʝʺʫ ʞʠʚʠʪʝ ʬʦʨʤʠ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ, ʥʦ ʦʩʪʘʥʫʚʘʘʪ ʚʘʞʥʠ ʞʠʪʝʣʠ ʥʘ ʤʥʦʛʫ 

ʞʠʚʝʘʣʠʰʪʘ, ʧʦʩʝʙʥʦ ʪʠʝ ʩʦ ʝʢʩʪʨʝʤʥʠ ʞʠʚʦʪʥʠ ʫʩʣʦʚʠ. 

ʄʠʢʨʦʬʦʩʠʣʥʠʪʝ ʦʩʪʘʪʦʮʠ ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʩʝʛʘʰʥʠʦʪ ʤʦʨʬʦʣʦʰʢʠ ʜʠʚʝʨʟʠʪʝʪ ʢʘʿ 

ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʩʝ ʧʦʿʘʚʠʣ ʧʨʝʜ ʦʢʦʣʫ 2 ʤʠʣʠʿʘʨʜʠ ʛʦʜʠʥʠ. ʉʝʧʘʢ, ʬʦʩʠʣʥʠʪʝ ʦʩʪʘʪʦʮʠ 

ʥʝ ʫʢʘʞʫʚʘʘʪ ʥʘ ʬʠʣʦʛʝʥʝʪʩʢʠʪʝ ʚʨʩʢʠ ʧʦʤʝʺʫ ʦʜʜʝʣʥʠʪʝ ʛʨʫʧʠ ʥʠʪʫ ʟʘ ʦʩʪʘʥʘʪʠʪʝ ʚʨʩʢʠ 

ʧʦʤʝʺʫ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʦʩʪʘʥʘʪʠʪʝ ʘʣʛʠ. ʇʦʨʘʜʠ ʪʦʘ, ʠʩʪʨʘʞʫʚʘˁʘʪʘ ʤʦʨʘ ʜʘ ʩʝ 

ʥʘʩʦʯʘʪ ʢʦʥ ʜʨʫʛʠ ʠʥʬʦʨʤʘʮʠʠ, ʛʣʘʚʥʦ ʩʢʣʘʜʠʨʘʥʠ ʚʦ ʛʝʥʠʪʝ.  

Kʘʿ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ (ʢʘʢʦ ʠ ʜʨʫʛʠʪʝ ʙʘʢʪʝʨʠʠ) ʨʠʙʦʟʦʤʠʪʝ ʩʦʜʨʞʘʪ ʪʨʠ ʚʠʜʘ 

ʩʪʨʫʢʪʫʨʥʘ ʈʅK ʠ ʪʦʘ, Ăʛʦʣʝʤʘñ 23ɮ ʨʠʙʦʟʦʤʘʣʥʘ ʈʅK, Ăʤʘʣʘñ 16ɮ ʨʠʙʦʟʦʤʘʣʥʘ ʈʅK ʠ 

Ăʤʥʦʛʫ ʤʘʣʘñ 5ɮ ʨʠʙʦʟʦʤʘʣʥʘ ʈʅK (ɮ ʧʨʝʪʩʪʘʚʫʚʘ 'Svidberg' - ʝʜʠʥʠʮʘ ʟʘ ʙʨʟʠʥʘʪʘ ʥʘ 

ʪʘʣʦʞʝˁʝ ʚʦ ʫʣʪʨʘ-ʮʝʥʪʨʠʬʫʛʘ, ʠʣʠ ʠʥʜʠʨʝʢʪʥʘ ʤʝʨʢʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʤʦʣʝʢʫʣʠʪʝ). 23S 

ʨʈʅK ʝ ʜʦʣʛʘ ʦʢʦʣʫ 2900 ʥʫʢʣʝʪʠʜʠ, ʜʦʜʝʢʘ 16S ʨʈʅK ʠʤʘ ʦʢʦʣʫ 1540 ʥʫʢʣʝʦʪʠʜʠ, ʘ 5S 

ʨʈʅK ʩʦʜʨʞʠ ʦʢʦʣʫ 120 ʥʫʢʣʝʦʪʠʜʠ. ʍʣʦʨʦʧʣʘʩʪʠʪʝ ʠ ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʢʘʿ ʝʫʢʘʨʠʦʪʠʪʝ 

ʩʦʜʨʞʘʪ ʨʠʙʦʟʦʤʠ ʢʘʢʦ ʢʘʿ ʧʨʦʢʘʨʠʦʪʩʢʠʪʝ ʦʨʛʘʥʠʟʤʠ, ʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʠʪʝ ʨʠʙʦʟʦʤʠ ʩʝ 

ʥʝʰʪʦ ʧʦʛʦʣʝʤʠ, ʥʦ ʧʦʚʪʦʨʥʦ ʩʦʜʨʞʘʪ ʪʨʠ ʢʣʘʩʠ ʥʘ ʨʈʅK ʠ ʪʦʘ: 25-28S ʨʈʅK, 18S ʨʈʅK 

ʠ 5S ʨʈʅK.  

ɺʦ ʧʦʥʦʚʦ ʚʨʝʤʝ ʥʘʧʨʘʚʝʥʘ ʝ ʘʥʘʣʠʟʘ ʥʘ ʬʠʣʦʛʝʥʝʪʩʢʘʪʘ ʧʦʚʨʟʘʥʦʩʪ ʧʦʤʝʺʫ ʤʦʜʨʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʦʩʪʘʥʘʪʠʪʝ ʧʨʦʢʘʨʠʦʪʠ ʠ ʥʝʢʦʠ ʝʫʢʘʨʠʦʪʠ (ʩʣʠʢʘ 48). ɼʦʙʠʝʥʦʪʦ 

ʬʠʣʦʛʝʥʝʪʩʢʦ ʩʪʝʙʣʦ ʧʦʢʘʞʫʚʘ ʨʘʥʘ ʩʝʧʘʨʘʮʠʿʘ ʥʘ ʪʨʠ ʛʨʫʧʠ ʦʨʛʘʥʠʟʤʠ, ʦʜ ʢʦʠ ʜʚʝ ʩʝ 

ʧʨʦʢʘʨʠʦʪʩʢʠ - Archeobacteria ʠ Eubacteria, ʢʘʢʦ ʠ Eukaryota. ʆʚʘʘ ʩʪʫʜʠʿʘ ʫʢʘʞʫʚʘ ʜʝʢʘ 

ʧʦʩʪʦʿʘʪ ʜʚʝ ʥʝʧʦʚʨʟʘʥʠ ʛʨʫʧʠ ʥʘ ʧʨʦʢʘʨʠʦʪʠ. ɸʨʭʝʦʙʘʢʪʝʨʠʠʪʝ ʩʝ ʥʝʦʙʠʯʥʠ ʦʨʛʘʥʠʟʤʠ 

ʢʦʠ ʩʝ ʘʜʘʧʪʠʨʘʥʠ ʢʦʥ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠ. ʇʦʤʝʺʫ ʥʠʚ ʠʤʘ ʤʝʪʘʥʦʛʝʥʠ ʙʘʢʪʝʨʠʠ ʢʦʠ ʛʦ 

ʨʝʜʫʮʠʨʘʘʪ Cʆ2 ʠ ʚʦʜʦʨʦʜʦʪ ʠ ʧʨʦʜʫʮʠʨʘʘʪ ʤʝʪʘʥ. ʊʠʝ ʩʝ ʩʪʨʠʢʪʥʦ ʘʥʘʝʨʦʙʥʠ ʠ ʩʝ 

ʩʤʝʪʘʘʪ ʢʘʢʦ ʨʝʣʠʢʪʠ ʦʜ ʧʨʠʤʘʨʥʠʦʪ ʘʥʘʝʨʦʙʝʥ ʦʢʝʘʥ ʚʦ ʤʠʥʘʪʦʪʦ. ʉʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʝ 

ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʘʨʭʝʦʙʘʢʪʝʨʠʠʪʝ, ʪʫʢʫ ʩʦʯʠʥʫʚʘʘʪ ʢʦʭʝʨʝʥʪʥʘ ʛʨʫʧʘ ʩʦ ʚʠʩʪʠʥʩʢʠʪʝ 

ʙʘʢʪʝʨʠʠ. ʀʥʪʝʨʝʩʥʦ ʝ ʜʝʢʘ ʥʘ ʦʚʘ ʬʠʣʦʛʝʥʝʪʩʢʦ ʩʪʝʙʣʦ, ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʥʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ 

ʦʨʛʘʥʠʟʤʠ ʠʩʪʦ ʪʘʢʘ ʧʨʠʧʘʺʘʘʪ ʢʦʥ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ.  

 ʉʝ ʩʤʝʪʘ ʜʝʢʘ ʩʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʘʩʪʘʥʘʣʝ ʦʜ ʬʦʪʦʩʠʥʪʝʪʠʟʠʨʘʯʢʘ, 

ʘʥʘʝʨʦʙʥʘ ʙʘʢʪʝʨʠʿʘ ʢʦʿʘ ʞʠʚʝʝʣʘ ʚʦ ʙʝʩʢʠʩʣʦʨʦʜʥʠʦʪ ʦʢʝʘʥ. ʆʜʨʝʜʝʥʠ ʘʨʭʝʙʘʢʪʝʨʠʠ ʠʩʪʦ 

ʪʘʢʘ ʠʤʘʘʪ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ, ʥʦ ʢʘʿ ʥʠʚ ʤʝʭʘʥʠʟʤʦʪ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘ ʝ ʢʦʤʧʣʝʪʥʦ 

ʨʘʟʣʠʯʝʥ ʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʧʠʛʤʝʥʪʦʪ ʨʦʜʦʧʩʠʥ. ɺʦ ʨʘʤʢʠʪʝ ʥʘ Eukaryota, ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ 

ʬʦʪʦʩʠʥʪʝʟʘ ʩʝ ʠʟʛʫʙʠʣʘ ʥʝʟʘʚʠʩʥʦ ʢʘʿ ʛʦʣʝʤ ʙʨʦʿ ʝʚʦʣʫʪʠʚʥʠ ʣʠʥʠʠ, ʢʘʢʦ ʠ ʢʘʿ ʥʝʢʦʠ 

ʝʫʢʘʨʠʦʪʩʢʠ ʛʨʫʧʠ ʢʦʠ ʚʦ ʦʩʥʦʚʘʪʘ ʙʠʣʝ ʬʦʪʦʩʠʥʪʝʪʩʢʠ, ʢʘʢʦ ʰʪʦ ʩʝ Dinophyta, 

Rhodophyta ʠ Chlorophyta. ɺʦ ʨʘʤʢʠʪʝ ʥʘ ʚʠʩʪʠʥʩʢʠʪʝ ʙʘʢʪʝʨʠʠ, ʩʘʤʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

ʠʤʘʘʪ ʬʦʪʦʩʠʩʪʝʤ II (ʟʘʝʜʥʦ ʩʦ ʬʠʢʦʙʠʣʠʧʨʦʪʝʠʥʠʪʝ ʢʘʢʦ Ăʘʥʪʝʥʘñ ʧʠʛʤʝʥʪʠ), ʘ ʩʦ ʪʦʘ ʠ 

ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʢʠʩʣʦʨʦʜʥʘ ʬʦʪʦʩʠʥʪʝʟʘ.  



73 
 

ʉʣʠʢʘ 48. ʌʠʣʦʛʝʥʝʪʩʢʦ ʩʪʝʙʣʦ ʥʘ ʪʨʠʪʝ 

ʛʣʘʚʥʠ ʜʦʤʝʥʠó ʥʘ ʞʠʚʦʪʦʪ ʥʘ ʧʣʘʥʝʪʘʪʘ 

ɿʝʤʿʘ - ɸʨʭʝʦʙʘʢʪʝʨʠʠ, ɺʠʩʪʠʥʩʢʠ ʙʘʢʪʝʨʠʠ ʠ 

ɽʫʢʘʨʠʦʪʠ. 

 

ʂʘʢʦ ʢʨʘʝʥ ʟʘʢʣʫʯʦʢ ʤʦʞʝ ʜʘ ʩʝ 

ʠʩʪʘʢʥʝ ʜʝʢʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʨʘʟʚʠʣʝ 

ʦʛʨʘʥʠʯʝʥ ʙʨʦʿ ʥʘ ʙʘʟʠʯʥʘ ʤʦʨʬʦʣʦʰʢʘ ʛʨʘʜʙʘ 

ʚʦ ʜʘʣʝʯʥʦʪʦ ʤʠʥʘʪʦ (ʢʦʢʦʠʜʥʘ, ʧʨʦʩʪʘ 

ʢʦʥʯʝʩʪʘ, ʩʦ ʝʥʜʦʩʧʦʨʠ ʠ ʭʝʪʝʨʦʮʠʩʪʠ), ʠ ʜʝʢʘ 

ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʩʝʢʦʿʘ ʦʜ ʦʚʠʝ ʛʨʫʧʠ 

ʩʧʝʮʠʿʘʮʠʿʘʪʘ ʩʝ ʦʜʚʠʚʘʣʘ ʧʦʩʪʦʿʘʥʦ ʟʘ ʚʨʝʤʝ 

ʥʘ ʜʦʣʛʠʦʪ ʧʝʨʠʦʜ ʥʘ ʧʦʩʪʦʝˁʝ ʥʘ ʦʚʠʝ ʘʣʛʠ.  

  

 

 

 

 

ɺʘʞʥʦʩʪʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʧʨʠʨʦʜʘʪʘ ʠ ʟʘ ʯʦʚʝʢʦʪ ʩʝ ʧʨʝʧʦʟʥʘʚʘ ʚʦ: 

¶ ʊʠʝ ʩʝ ʥʘʦʺʘʘʪ ʥʘʩʝʢʘʜʝ ʥʘ ɿʝʤʿʘʪʘ (ʫʙʠʢʚʠʩʪʠ), ʚʦ ʦʢʝʘʥʠʪʝ ʠ ʧʨʝʩʥʠʪʝ ʚʦʜʠ, ʥʘ 

ʧʦʯʚʠ, ʠʣʠ ʥʘ ʝʢʩʪʨʝʤʥʠ ʤʝʩʪʘ ʢʘʢʚʠ ʩʝ ʤʨʘʟʥʠʮʠʪʝ, ʧʫʩʪʠʥʠʪʝ ʠʣʠ ʪʝʨʤʘʣʥʠʪʝ 

ʠʟʚʦʨʠ. ʇʦʛʦʣʝʤʠʦʪ ʙʨʦʿ ʚʠʜʦʚʠ, ʩʝʧʘʢ ʞʠʚʝʘʪ ʚʦ ʧʨʝʩʥʠʪʝ ʚʦʜʠ; 

¶ ɻʣʘʚʥʦ ʞʠʚʝʘʪ ʚʦ ʬʠʪʦʧʣʘʥʢʪʦʥʦʪ ʥʘ ʤʠʨʥʠʪʝ ʠʣʠ ʙʘʚʥʦʪʝʯʝʯʢʠʪʝ ʚʦʜʠ. ɿʘʙʝʣʝʞʝʥʠ 

ʩʝ ʧʝʨʠʦʜʠʯʥʠ (ʛʦʜʠʰʥʠ) ʩʫʢʮʝʩʠʠ ʚʦ ʜʦʤʠʥʘʮʠʿʘʪʘ ʥʘ ʧʣʘʥʢʪʦʥʦʪ ʢʘʿ ʝʟʝʨʘʪʘ ʦʜ 

ʫʤʝʨʝʥʘʪʘ ʢʣʠʤʘʪʩʢʘ ʟʦʥʘ: ʥʘ ʢʨʘʿʦʪ ʥʘ ʧʨʦʣʝʪʪʘ ʧʨʠ ʪʝʨʤʘʣʥʘ ʩʪʨʘʪʠʬʠʢʘʮʠʿʘ ʥʘ 

ʚʦʜʥʠʦʪ ʩʪʦʣʙ (ʪʦʧʦʣ ʝʧʠʣʠʤʥʠʦʥ, ʪʝʨʤʦʢʣʠʥʘ, ʣʘʜʝʥ ʭʠʧʦʣʠʤʥʠʦʥ) ʚʦ ʧʣʘʥʪʢʦʥʦʪ ʩʝ 

ʜʦʤʠʥʘʥʪʥʠ ʢʦʥʯʝʩʪʠʪʝ Anabaena ʠʣʠ Aphanizomenon ʚʠʜʦʚʠʪʝ, ʜʦʜʝʢʘ ʧʨʝʜ ʢʨʘʿʦʪ ʥʘ 

ʣʝʪʦʪʦ ʠ ʚʦ ʝʩʝʥ ʜʦʤʠʥʘʮʠʿʘʪʘ ʿʘ ʧʨʝʟʝʤʘʘʪ ʢʦʣʦʥʠʿʘʣʥʠʪʝ ʬʦʨʤʠ ʢʘʢʦ Microcystis 

aeruginosa; 

¶ ɺʦ ʤʦʨʠˁʘʪʘ ʦʜ ʠʩʢʣʫʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ ʩʝ ʥʝʦʜʘʤʥʘ ʦʪʢʨʠʝʥʠʪʝ (Fogg 1987) 

ʧʠʢʦʧʣʘʥʢʪʦʥʩʢʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ (ʧʣʘʥʢʪʦʥʩʢʠ ʬʦʨʤʠ ʩʦ ʜʠʤʝʥʟʠʠ ʦʜ 0.2-2 mm ʚʦ 

ʧʨʝʯʥʠʢ), ʢʦʠ ʜʦʤʠʥʠʨʘʘʪ ʩʦ ʦʪʚʦʨʝʥʠʪʝ ʚʦʜʠ ʥʘ ʪʨʦʧʩʢʠʪʝ ʠ ʫʤʝʨʝʥʠʪʝ ʦʢʝʘʥʠ; ʚʦ 

ʧʦʣʘʨʥʠʪʝ ʦʢʝʘʥʠ ʩʢʦʨʦ ʠ ʜʘ ʛʠ ʥʝʤʘ. ʇʦʨʘʜʠ ʩʚʦʿʘʪʘ ʛʦʣʝʤʘ ʟʘʩʪʘʧʝʥʦʩʪ (ʤʘʩʘ) ʦʚʠʝ 

ʤʘʣʠ ʩʬʝʨʠʯʥʠ ʘʣʛʠ ʜʦʤʠʥʠʨʘʘʪ ʚʦ ʧʨʠʤʘʨʥʘʪʘ ʧʨʦʜʫʢʮʠʿʘ ʥʘ ʦʚʠʝ ʦʢʝʘʥʠ ʠ 

ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʢʠʩʣʦʨʦʜ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ (ʟʘʝʜʥʦ ʩʦ ʜʨʫʛʠʪʝ ʤʦʨʩʢʠ ʧʣʘʥʢʪʦʥʩʢʠ 

ʘʣʛʠ ʩʝ ʚʠʩʪʠʥʩʢʠʪʝ ʙʝʣʠ ʜʨʦʙʦʚʠó ʥʘ ʧʣʘʥʝʪʘʚʘ);  

¶ ʂʘʢʦ ʩʠʤʙʠʦʥʪʩʢʠ ʦʨʛʘʥʠʟʤʠ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠʤʘʣʝ ʢʣʫʯʥʘ ʫʣʦʛʘ ʚʦ 

ʝʚʦʣʫʪʠʚʥʠʦʪ ʨʘʟʚʠʪʦʢ ʥʘ ʝʫʢʘʨʠʦʪʩʢʠʪʝ ʨʘʩʪʝʥʠʿʘ. ɼʝʥʝʩ, ʪʠʝ ʩʝ ʚʘʞʥʠ ʧʘʨʪʥʝʨʠ ʚʦ 

ʣʠʰʘʠʪʝ ʠ ʚʠʰʠʪʝ ʨʘʩʪʝʥʠʿʘ (Azolla, Cycas) ʢʘʜʝ ʧʨʠʜʦʥʝʩʫʚʘʘʪ ʢʦʥ ʦʙʦʛʘʪʫʚʘˁʝ ʩʦ 

ʘʟʦʪ ʥʘ ʰʫʤʩʢʠʪʝ ʧʦʯʚʠ ʠʣʠ ʦʨʠʟʦʚʠʪʝ ʧʦʣʠˁʘ. ʅʠʚʥʠʪʝ ʩʠʤʙʠʦʟʠ ʩʦ ʞʠʚʦʪʥʠʪʝ 
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(ʤʦʨʩʢʠ ʩʫʥʺʝʨʠ, ʢʦʨʘʣʠ ʠ ʭʠʜʨʠ) ʟʘʩʝʛʘ ʦʩʪʘʥʫʚʘʘʪ ʥʝʨʘʟʿʘʩʥʝʪʘ ʙʠʦʣʦʰʢʘ ʝʥʠʛʤʘ ʩʦ 

ʨʝʘʣʥʘ ʤʦʞʥʦʩʪ ʜʘ ʩʝ ʨʘʟʚʠʿʘʪ ʚʦ ʠʜʥʠ ʥʦʚʠ ʦʨʛʘʥʠʟʤʠ ʩʦ ʜʘʣʝʢʫ ʧʦʥʘʧʨʝʜʥʠ 

ʝʚʦʣʫʪʠʚʥʠ ʤʦʞʥʦʩʪʠ ʟʘ ʦʧʩʪʘʥʦʢ; 

¶ ʇʦʨʘʜʠ ʩʧʦʩʦʙʥʦʩʪʘ ʜʘ ʠʟʜʨʞʘʪ ʥʘʤʘʣʝʥʠ ʫʩʣʦʚʠ ʥʘ ʩʚʝʪʣʠʥʘ, ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ 

ʯʝʩʪʦ ʿʘ ʧʨʝʟʝʤʘʘʪ ʜʦʤʠʥʘʮʠʿʘʪʘ ʥʘʜ ʜʨʫʛʠʪʝ ʘʣʛʠ, ʚʦ ʢʦʿ ʩʣʫʯʘʿ ʙʨʟʦ ʩʝ ʨʘʟʚʠʚʘʘʪ ʚʦ 

ʤʘʩʦʚʝʥ Ăʚʦʜʝʥ ʮʚʝʪñ. ʆʚʘʘ ʧʦʿʘʚʘ ʦʩʦʙʝʥʦ ʝ ʥʘʛʣʘʩʝʥʘ ʚʦ ʧʣʠʪʢʠʪʝ ʝʫʪʨʦʬʥʠ ʝʟʝʨʘ 

ʠʣʠ ʚʦʜʥʠ ʝʢʦʩʠʩʪʝʤʠ ʢʦʠ ʩʝ ʧʦʜ ʧʨʠʪʠʩʦʢ ʥʘ ʟʘʛʘʜʫʚʘˁʝ ʩʦ ʦʨʛʘʥʩʢʠ ʦʪʧʘʜʥʠ 

ʤʘʪʝʨʠʠ ʠʣʠ ʝʫʪʨʦʬʠʟʠʨʘʯʢʠ ʭʨʘʥʠʪʝʣʥʠ ʤʘʪʝʨʠʠ (ʥʘ ʧʨ. ʬʦʩʬʦʨʥʠ ʩʦʝʜʠʥʝʥʠʿʘ 

ʧʦʚʝ˃ʝ ʦʪʢʦʣʢʫ ʘʟʦʪʥʠ ʧʦʨʘʜʠ ʩʧʦʩʦʙʥʦʩʪʘ ʟʘ ʘʟʦʪʦʬʠʢʩʘʮʠʿʘ). ɺʠʜʦʚʠʪʝ ʩʦ ʛʘʩʥʠ 

ʚʘʢʫʦʣʠ ʯʝʩʪʦ ʩʝ ʠʟʜʠʛʥʫʚʘʘʪ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʚʦʜʘʪʘ ʠ ʩʦʟʜʘʚʘʘʪ Ăʩʫʧʘñ (ʩʣʠʢʘ 49). 

 

ʉʣʠʢʘ 49. ʇʦʚʨʰʠʥʩʢʠ Ăʚʦʜʝʥ ʮʚʝʪñ ʦʜ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʚʦ ʘʢʫʤʫʣʘʮʠʿʘʪʘ Ăɵʝʣʠʿʝñ, ʉʨʙʠʿʘ, ʚʦ 

ʿʫʣʠ 2004 (ʩʧʦʨʝʜ Svirļev et al. 2007).  

 

ɺʦ ʩʣʫʯʘʿ ʥʘ ʤʘʩʦʚʝʥ ʨʘʟʚʠʪʦʢ ʚʦ ʬʦʨʤʘ ʥʘ Ăʚʦʜʝʥ 

ʮʚʝʪñ ʚʦ ʧʨʝʩʥʠʪʝ ʚʦʜʠ, ʧʦʝʜʠʥʝʯʥʠʪʝ ʚʠʜʦʚʠ 

ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʘʢʦ Oscillatoria rubescens, 

Anabaena flos-aquae, Aphanizmomenon flos-aquae 

ʠʣʠ Microcystis aerugonosa ʿʘ ʙʦʿʘʪ ʚʦʜʘʪʘ ʮʨʚʝʥʦ, 

ʩʠʥʦ-ʟʝʣʝʥʦ ʠʣʠ ʮʨʥʦ, ʠ ʚʦ ʥʝʘ ʠʩʧʫʰʪʘʘʪ 

ʮʠʿʘʥʦʪʦʢʩʠʥʠ, ʧʨʦʜʫʢʪʠ ʥʘ ʩʝʢʫʥʜʘʨʥʠʦʪ 

ʤʝʪʘʙʦʣʠʟʘʤ. ɺʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʪʦʢʩʠʥʠʪʝ ʚʦ ʚʦʜʘʪʘ, ʪʠʝ ʤʦʞʘʪ ʜʘ 

ʧʨʝʜʠʟʚʠʢʘʘʪ ʧʦʤʦʨʠ ʥʘ ʭʠʜʨʦʙʠʦʥʪʠʪʝ ʠ ʩʤʨʪ ʥʘ ʢʨʘʚʠ (Puschner et al. 1998), ʢʫʯʠˁʘ 

(DeVries et al. 1993) ʠ ʚʦʜʥʠ ʧʪʠʮʠ (Matsunaga et al. 1999) ʢʦʠ ʧʠʝʣʝ ʦʜ ʪʘʢʚʘʪʘ ʚʦʜʘ. 

Chorus ʠ Fastner (2001) ʫʢʘʞʫʚʘʘʪ ʥʘ ʜʦʢʘʞʘʥʘʪʘ ʟʘʢʘʥʘ ʦʜ ʝʢʩʧʦʥʠʨʘˁʝ ʥʘ ʣʫʺʝʪʦ ʢʦʥ 

ʮʠʿʘʥʦʪʦʢʩʠʥʠʪʝ ʧʨʠ ʨʝʢʨʝʘʮʠʿʘʪʘ, ʜʦʜʝʢʘ ʉʚʠʨʯʝʚ ʠ ʩʦʨʘʙʦʪʥʠʮʠʪʝ (2007) ʠ ʥʘ ʿʘʩʥʘʪʘ 

ʚʨʩʢʘ ʧʦʤʝʺʫ ʮʠʿʘʥʦʪʦʢʩʠʥʠʪʝ ʚʦ ʘʢʫʤʫʣʘʮʠʠʪʝ ʢʦʠ ʩʣʫʞʘʪ ʟʘ ʚʦʜʦʩʥʘʙʜʫʚʘˁʝ ʚʦ 

ʉʨʙʠʿʘ ʩʦ ʧʨʠʤʘʨʥʠʦʪ ʨʘʢ ʥʘ ʮʨʥʠʦʪ ʜʨʦʙ ʢʘʿ ʣʫʺʝʪʦ. ʇʦʨʘʜʠ ʪʦʘ, ʮʠʿʘʥʦʪʦʢʩʠʥʠʪʝ 

ʩʪʘʥʫʚʘʘʪ ʩe ʧʦʛʦʣʝʤʘ ʟʘʢʘʥʘ ʟʘ ʟʜʨʘʚʿʝʪʦ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ ʠ ʯʦʚʝʢʦʪ (Chorus and 

Bartram 1999);  

¶ ɺʦ ʙʘʟʠʯʥʘʪʘ ʤʦʥʦʛʨʘʬʠʿʘ ʟʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʤʠʢʨʦʘʣʛʠʪʝ ʠ ʮʠʿʘʥʦʙʘʢʪʝʨʠʠʪʝ ʚʦ 

ʙʠʦʪʝʭʥʦʣʦʛʠʿʘʪʘ, ʉʚʠʨʯʝʚ (2005) ʥʘʚʝʜʫʚʘ ʙʨʦʿʥʠ ʧʨʠʤʝʨʠ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ 

ʨʘʟʥʠ ʚʠʜʦʚʠ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʚʦ ʭʫʤʘʥʘʪʘ ʠʩʭʨʘʥʘ ʚʦ ʤʠʥʘʪʦʪʦ ʠ ʜʝʥʝʩ: 

Spirulina ʩʝ ʥʘʨʝʢʫʚʘ ʪʝʢʫʠʪʘʪʣ ʚʦ ʦʢʦʣʠʥʘʪʘ ʥʘ ʝʟʝʨʦʪʦ ʏʘʜ ʠ ʩʝ ʢʦʨʠʩʪʠ ʚʦ 

ʩʝʢʦʿʜʥʝʚʥʘʪʘ ʠʩʭʨʘʥʘ; ʠʩʪʘʪʘ ʘʣʛʘ ʿʘ ʢʦʨʠʩʪʘʪ ʧʣʝʤʠˁʘʪʘ ʦʢʦʣʫ ʘʣʢʘʣʥʠʪʝ ʝʟʝʨʘ ʚʦ 

ʄʝʢʩʠʢʦ ʧʦʜ ʠʤʝʪʦ ʜʠʭʝ; ʚʦ ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ, ʂʠʥʘ ʠ ʀʥʜʦʥʝʟʠʿʘ ʧʦʟʥʘʪʠ ʩʝ ʿʘʜʝˁʘ 

ʦʜ ʠʩʫʰʝʥʘ ʙʠʦʤʘʩʘ ʥʘ Nostoc, Spirulina, Phormidium ʠ Chroococcus; Nostoc 

verrucosum ʠ Phylloderma sacrum ʩʝ ʩʧʝʮʠʿʘʣʠʪʝʪʠ ʚʦ ʊʘʿʣʘʥʜ ʠ ɱʘʧʦʥʠʿʘ; Nostoc 

commune, N. sphaeroides, N. flagelliforme ʩʝ ʩʦʙʠʨʘʘʪ ʦʜ ʧʦʯʚʠʪʝ ʚʦ ʂʠʥʘ ʧʦʚʝ˃ʝ ʦʜ 

ʠʣʿʘʜʘ ʛʦʜʠʥʠ; ʜʝʥʝʩ ʩʝ ʧʦʟʥʘʪʠ ʤʘʢʨʦʙʠʦʪʩʢʠʪʝ ʧʨʦʠʟʚʦʜʠ ʧʦʩʝʙʥʦ ʦʜ Spirulina ʢʦʠ 
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ʩʝ ʥʘʚʝʜʫʚʘʘʪ ʢʘʢʦ Ăʟʜʨʘʚʘ ʭʨʘʥʘñ. ɿʘʩʠʣʝʥʘʪʘ ʠʥʜʫʩʪʨʠʿʘ ʚʦ ʦʚʦʿ ʧʨʘʚʝʮ ʧʨʝʜʠʟʚʠʢʘ 

ʦʧʨʘʚʜʘʥʠ ʩʦʤʥʝʚʘˁʘ ʢʘʿ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʪ ʥʘ ʧʨʠʤʝʥʝʪʘʪʘ ʬʠʢʦʣʦʛʠʿʘ, ʧʨʦʬʝʩʦʨ 

Amos Richmond ʚʦ ʦʜʥʦʩ ʥʘ ʪʦʢʩʠʢʦʣʦʰʢʘʪʘ ʠʩʧʨʘʚʥʦʩʪ ʠ ʙʝʟʙʝʜʥʦʩʪ ʥʘ ʚʘʢʚʠʦʪ ʚʠʜ 

ʭʨʘʥʘ. ɼʦ ʜʝʥʝʩ, ʥʠʪʫ ʝʜʝʥ ʟʘʢʦʥ ʟʘ ʭʨʘʥʘ ʚʦ ɽʋ ʠʣʠ WHO (ʉʚʝʪʩʢʘ ɿʜʨʘʚʩʪʚʝʥʘ 

ʆʨʛʘʥʠʟʘʮʠʿʘ) ʥʝ ʛʠ ʠʤʘ ʧʦʩʪʘʚʝʥʦ ʥʘ ʣʠʩʪʠʪʝ ʟʘ ʜʦʟʚʦʣʝʥʘ ʭʨʘʥʘ, ʘʜʠʪʠʚ, Ăʟʜʨʘʚʘ 

ʭʨʘʥʘñ, Ăʬʫʥʢʮʠʦʥʘʣʥʘ ʭʨʘʥʘñ ʠʣʠ Ăʜʦʜʘʪʦʢ ʚʦ ʠʩʭʨʘʥʘʪʘñ ʧʨʦʠʟʚʦʜʠʪʝ ʦʜ ʙʠʦʤʘʩʘʪʘ 

ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʧʦʨʘʜʠ ʥʝʜʦʩʪʠʛ ʦʜ ʩʦʦʜʚʝʪʥʠ ʪʝʤʝʣʥʠ ʠʩʪʨʘʞʫʚʘˁʘ. 

ʉʧʨʦʪʠʚʥʦ ʥʘ ʪʦʘ, ʚʦ ʧʦʛʦʣʝʤ ʙʨʦʿ ʪʘʢʚʠ ʧʨʦʟʚʦʜʠ ʧʨʦʥʘʿʜʝʥʠ ʩʝ ʪʦʢʩʠʯʥʠ ʤʘʪʝʨʠʠ 

(Carmichael et al. 2000; Gilroy et al. 2000) ʠ ʨʘʟʣʠʯʥʠ ʢʦʥʪʘʤʠʥʘʥʪʠ - ʦʜ ʪʝʰʢʠ ʤʝʪʘʣʠ 

ʜʦ ʧʝʩʪʠʮʠʜʠ (Shelef and Soeder 1980). ʉʪʘʚʦʪ ʥʘ ʘʚʪʦʨʦʪ ʥʘ ʦʚʘʘ ʢʥʠʛʘ ʝ ʜʝʢʘ 

ʙʠʦʤʘʩʘʪʘ ʠ ʙʠʦʪʝʭʥʦʣʦʰʢʠʪʝ ʧʨʦʜʫʢʪʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠʤʘʘʪ ʤʥʦʛʫ ʧʦʛʦʣʝʤʘ 

ʧʝʨʩʧʝʢʪʠʚʘ ʚʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʩʪʦʯʥʘ ʭʨʘʥʘ, ʧʨʝʯʠʩʪʫʚʘˁʝ ʥʘ ʦʪʧʘʜʥʠʪʝ ʚʦʜʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʟʣʠʯʥʠ ʙʠʦʣʦʰʢʠ ʘʢʪʠʚʥʠ ʤʘʪʝʨʠʠ, ʢʦʟʤʝʪʠʯʢʠ ʧʨʦʠʟʚʦʜʠ, ʧʘ 

ʜʫʨʠ ʠ ʚʦ ʝʢʩʪʨʘʪʝʨʝʩʪʠʯʥʠʪʝ ʟʘʬʘʪʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʘ ʫʩʣʦʚʠ ʟʘ ʞʠʚʦʪ ʚʦ 

ʩʚʝʤʠʨʩʢʠʪʝ ʣʝʪʘʣʘ ʠʣʠ ʥʘ ʜʨʫʛʠʪʝ ʧʣʘʥʝʪʠ (terra ʬʦʨʤʠʨʘˁʝ), ʦʪʢʦʣʢʫ ʚʦ ʭʫʤʘʥʘʪʘ 

ʠʩʭʨʘʥʘ. ʀʥʪʝʥʟʠʚʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʪʦʿ ʧʨʘʚʝʮ ʩʝʢʦʿʜʥʝʚʥʦ ʧʨʦʜʫʮʠʨʘʘʪ ʥʦʚʠ 

ʩʦʟʥʘʥʠʿʘ, ʧʨʠ ʰʪʦ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʢʘʢʦ ʥʘʿʩʪʘʨʠ ʞʠʪʝʣʠ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ ʠʤʘʘʪ 

ʤʥʦʛʫ ʰʪʦ ʫʰʪʝ ʜʘ ʥʠ ʦʪʢʨʠʿʘʪ.  

 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ 

 ʄʦʜʝʨʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʧʦʪʧʘʺʘ ʢʦʥ ʜʚʝ ʢʣʘʩʠʬʠʢʘʮʠʠ - 

ʝʜʥʘ ʘʣʛʦʣʦʰʢʘ ʟʘʧʦʯʥʘʪʘ ʫʰʪʝ ʦʜ Geitler ʚʦ 1932 ʛʦʜʠʥʘ, ʢʦʿʘ ʙʘʟʠʨʘ ʥʘ ʤʦʨʬʦʣʦʰʢʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʠʜʦʚʠʪʝ ʧʨʦʥʘʿʜʝʥʠ ʚʦ ʧʨʠʨʦʜʘʪʘ, ʠ ʚʪʦʨʘ ʙʘʢʪʝʨʠʦʣʦʰʢʘ ʩʧʦʨʝʜ 

Bergy Manual of Systematic Bacteriology (Stales et al. 1989), ʢʘʜʝ ʦʚʠʝ ʦʨʛʘʥʠʟʤʠ ʩʝ 

ʥʘʚʝʜʝʥʠ ʚʦ ʩʝʢʮʠʿʘʪʘ 19: ʘʝʨʦʙʥʠ ʬʦʪʦʩʠʥʪʝʪʩʢʠ ʙʘʢʪʝʨʠʠ ʩʧʦʨʝʜ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʢʦʿʘ 

ʩʝ ʙʘʟʠʨʘ ʥʘ ʬʠʟʠʦʣʦʰʢʠʪʝ ʠ ʤʦʨʬʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʘʣ ʙʨʦʿ ʚʠʜʦʚʠ ʚʦ 

ʢʫʣʪʫʨʠ. ʇʦʨʘʜʠ ʚʘʞʥʦʩʪʘ ʚʠʜʦʚʠʪʝ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʜʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʨʝʧʦʟʥʘʝʥʠ 

ʚʦ ʩʘʤʘʪʘ ʧʨʠʨʦʜʘ ʠʣʠ ʚʦ ʣʘʙʦʨʘʪʦʨʠʿʘʪʘ ʧʦʜ ʤʠʢʨʦʩʢʦʧ ʩʧʦʨʝʜ ʩʚʦʠʪʝ ʤʦʨʬʦ-ʝʢʦʣʦʰʢʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʿʘʩʥʘ ʝ ʧʦʪʨʝʙʘʪʘ ʦʜ ʟʘʜʨʞʫʚʘˁʝ ʥʘ ʢʣʘʩʠʯʥʘʪʘ ʙʦʪʘʥʠʯʢʘ ʩʠʩʪʝʤʘʪʠʢʘ 

ʢʦʿʘ ʝ ʩʣʝʜʝʥʘ ʠ ʚʦ ʦʚʘʘ ʢʥʠʛʘ.  

ɼʝʥʝʩ ʩʝ ʧʦʟʥʘʪʠ ʥʘʜ 4.700 ʚʠʜʦʚʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʥʠʚʥʠʦʪ 

ʤʦʨʬʦʣʦʰʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝ ʜʝʣʘʪ ʚʦ 5 ʧʦʪʢʣʘʩʠ ʠ ʤʥʦʛʫ ʬʘʤʠʣʠʠ ʢʘʜʝ ʤʦʞʘʪ ʜʘ ʩʝ 

ʩʣʝʜʘʪ ʪʠʧʦʚʠ ʦʜ ʝʜʥʦʢʣʝʪʦʯʥʠ, ʧʨʝʢʫ ʢʦʣʦʥʠʠ ʜʦ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ. ʉʠʩʪʝʤʘʪʠʢʘʪʘ ʥʘ 

Cyanophyta ʝ ʫʰʪʝ ʜʘʣʝʢʫ ʦʜ ʩʦʚʨʰʝʥʩʪʚʦʪʦ, ʙʠʜʝʿ˃ʠ ʩʠʪʝ ʧʦʟʥʘʪʠ ʩʠʩʪʝʤʠ ʩʝ ʦʜ 

ʩʫʙʿʝʢʪʠʚʝʥ ʢʘʨʘʢʪʝʨ, ʜʘʣʝʢʫ ʦʜ ʧʨʠʨʦʜʥʠʦʪ ʰʪʦ ʝ ʨʝʟʫʣʪʘʪ ʥʘ ʤʥʦʛʫ ʧʨʦʩʪʘʪʘ 

ʤʦʨʬʦʣʦʛʠʿʘ, ʤʘʣʠʦʪ ʙʨʦʿ ʥʘ ʩʠʩʪʝʤʘʪʩʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʝʿʘʩʥʘʪʘ ʨʘʟʛʨʘʥʠʯʝʥʦʩʪ 

ʧʦʤʝʺʫ ʚʠʜʦʚʠʪʝ.  

ʄʦʜʝʨʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ (Hofmmann et al. 2005) ʛʠ 

ʚʢʣʫʯʫʚʘ ʩʣʝʜʥʠʪʝ ʧʦʜʢʣʘʩʠ: Cyanophycidae (ʧʦʪʢʣʘʩʘ ʩʦ ʥʝʿʘʩʥʘ ʪʘʢʩʦʥʦʤʩʢʘ ʧʦʣʦʞʙʘ ï 
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ʉʣʠʢʘ 50. ɺʠʜʦʚʠ ʥʘ ʨʦʜʦʪ Cyanothece. 

(ɸ) C. aeruginosa, (ɹ)  ʉ. major. 

 

subclassis incertae sedis), Gloeobacteriophycidae, Synechococcophycidae, Nostocophycidae ʠ 

Oscillatoriophycidae.  

ʇʦʪʢʣʘʩʘ Cyanophycidae 

ʆʚʘʘ ʧʦʪʢʣʘʩʘ ʩ¯ ʫʰʪʝ ʝ ʩʦ ʥʝʿʘʩʥʘ ʪʘʢʩʦʥʦʤʩʢʘ ʧʦʣʦʞʙʘ ʚʦ ʦʜʥʦʩ ʥʘ 

ʬʠʣʦʛʝʥʝʪʩʢʠʪʝ ʚʨʩʢʠ ʩʦ ʦʩʪʘʥʘʪʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ. ʊʫʢʘ ʩʝ ʩʤʝʩʪʝʥʠ ʛʦʣʝʤ ʙʨʦʿ ʥʘ 

ʚʠʜʦʚʠ ʩʦ ʝʜʥʦʢʣʝʪʦʯʥʘ ʠʣʠ ʢʦʣʦʥʠʿʘʣʥʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʦ ʥʘʿʧʨʠʤʠʪʠʚʥʘ ʛʨʘʜʙʘ, ʢʦʠ 

ʥʘʿʯʝʩʪʦ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʢʘʢʦ ʛʘʣʝʨʪʘʩʪʠ ʩʣʫʟʘʚʠ ʧʨʝʚʣʘʢʠ ʥʘ ʚʣʘʞʥʠʪʝ ʢʘʨʧʠ ʠ ʼʠʜʦʚʠ. 

ʂʣʝʪʢʠʪʝ ʩʝ ʨʘʩʧʦʨʝʜʝʥʠ ʚʦ ʢʦʣʦʥʠʠ ʙʝʟ ʥʠʢʘʢʦʚ ʨʝʜ, ʢʘʜʝ ʥʠʚʥʠʪʝ ʢʣʝʪʢʠ ʩʝ ʚʦ ʧʦʚʝ˃ʝʪʦ 

ʩʣʫʯʘʠ ʙʝʟ ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʥʘ ʦʩʥʦʚʥʠ (ʙʘʟʥʠ) ʠ ʚʨʚʥʠ (ʘʧʠʢʘʣʥʠ). ʂʘʿ ʥʠʚ ʥʝ ʩʨʝ˃ʘʚʘʤʝ 

ʝʥʜʦ ʠ ʝʛʟʦʩʧʦʨʠ, ʘ ʥʝʤʘʘʪ ʥʠ ʭʝʪʝʨʦʮʠʩʪʠ. ʆʩʥʦʚʥʠʦʪ ʥʘʯʠʥ ʟʘ ʨʘʟʤʥʦʞʫʚʘˁʝ ʝ ʩʦ ʜʝʣʙʘ 

ʥʘ ʢʣʝʪʢʘʪʘ ʠ ʧʨʝʢʫ ʥʘʥʦʮʠʩʪʠ ʠʣʠ ʧʫʧʝˁʝ. ʆʚʘʘ ʢʣʘʩʘ ʝ ʟʘʩʪʘʧʝʥʘ ʩʦ ʝʜʝʥ ʨʝʜ 

Chroococales ʩʦ ʧʦʚʝ˃ʝ ʬʘʤʠʣʠʠ ʦʜ ʢʦʠ ʧʦʧʦʟʥʘʪʠ ʩʝ: Aphanothecaceae, Chroococcaceae, 

Cyanobacteriaceae, Entophysalidaceae, Gomphosphaeriaceae ʠ Microcystaceae.  

 

ʈʝʜ Chroococales 

ʌʘʤʠʣʠʿʘ Cyanobacteriaceae ï ʆʚʘ ʝ ʬʘʤʠʣʠʿʘ ʚʦ ʢʦʿʘ ʩʝ ʩʤʝʩʪʝʥʠ 

ʥʘʿʧʨʠʤʠʪʠʚʥʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʦ ʢʦʢʦʠʜʥʘ ʛʨʘʜʙʘ ʢʦʠ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʢʦ ʧʦʝʜʠʥʝʯʥʠ 

ʢʣʝʪʢʠ (ʥʝʢʦʣʢʫ ʚʠʜʦʚʠ ʩʝ ʧʠʢʦʧʣʘʥʢʪʦʩʢʠ ʬʦʨʤʠ) ʠʣʠ ʩʦʙʨʘʥʠ ʚʦ ʣʘʙʘʚʠ ʟʙʠʨʦʚʠ ʥʘ 

ʢʣʝʪʢʠ, ʥʦ ʥʠʢʦʛʘʰ ʥʝ ʬʦʨʤʠʨʘʘʪ ʿʘʩʥʠ ʞʝʣʘʪʠʥʦʟʥʠ ʢʦʣʦʥʠʠ ʧʦʨʘʜʠ ʥʝʜʦʩʪʠʛ ʥʘ ʤʫʢʦʟʥʠ 

ʤʘʪʝʨʠʠ. ʂʣʝʪʢʠʪʝ ʩʝ ʤʘʣʢʫ ʜʦ ʿʘʩʥʦ ʩʪʘʧʯʝʩʪʠ (ʦʚʘʣʥʠ ʠʣʠ ʚʦ ʬʦʨʤʘ ʥʘ ʢʫʩʠ ʩʪʘʧʯʠˁʘ) ʠ 

ʩʝ ʜʝʣʘʪ ʝʜʠʥʩʪʚʝʥʦ ʚʦ ʥʘʧʨʝʯʝʥ ʧʨʘʚʝʮ ʚʦ ʩʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʛʝʥʝʨʘʮʠʠ. ʆʜ ʦʩʥʦʚʥʠʦʪ 

ʨʦʜ Synechococcus ʢʦʿ ʝ ʠ ʥʘʿʨʘʥʦ ʦʧʠʰʘʥ, ʠʟʜʚʦʝʥʠ ʩʝ Cyanothece ʧʦʨʘʜʠ ʟʥʘʯʠʪʝʣʥʠ 

ʮʠʪʦʤʦʨʬʦʣʦʰʢʠ ʠ ʫʣʪʨʘʩʪʨʫʢʪʫʨʥʠ ʨʘʟʣʠʢʠ, ʘ ʧʦʜʦʮʥʘ ʫʰʪʝ ʠ Cyanobium ʠ 

Cyanobacterium ʧʦʨʘʜʠ ʨʘʟʣʠʢʠ ʚʦ ʩʦʩʪʘʚʦʪ ʥʘ ɼʅʂ ʠ ʦʩʝʪʣʠʚʦʩʪʘ ʢʦʥ ʨʘʟʣʠʯʥʠ 

ʙʘʢʪʝʨʠʦʬʘʛʠ.  

ʂʘʿ Cyanothece (ʩʣʠʢʘ 50) ʢʣʝʪʢʠʪʝ ʩʝ ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʚʦ ʧʘʨʦʚʠ ʧʦ ʜʝʣʙʘʪʘ, 

ʧʦʨʝʪʢʦ ʩʦʙʨʘʥʠ ʚʦ ʛʨʫʧʠ ʠ ʥʠʢʦʛʘʰ ʥʝ ʬʦʨʤʠʨʘʘʪ ʿʘʩʥʠ ʢʦʣʦʥʠʠ. ʅʝ ʧʦʩʝʜʫʚʘʘʪ 

ʧʦʝʜʠʥʝʯʥʠ ʦʙʚʠʚʢʠ, ʥʦ ʩʝ ʦʧʢʨʫʞʝʥʠ ʩʦ ʤʥʦʛʫ ʥʝʞʥʘ ʪʝʩʥʘ, ʜʠʬʫʟʥʘ ʠ ʩʪʨʫʢʪʫʨʠʨʘʥʘ 

ʢʦʣʦʥʠʿʘʣʥʘ ʤʫʢʦʟʥʘ ʦʙʚʠʚʢʘ. ʂʣʝʪʢʠʪʝ ʩʝ ʰʠʨʦʢʦʦʚʘʣʥʠ ʜʦ ʮʠʣʠʥʜʨʠʯʥʠ ʩʦ ʟʘʦʙʣʝʥʠ 

ʢʨʘʝʚʠ, 7-100 mm ʜʦʣʛʠ ʠ 6-76 mm ʰʠʨʦʢʠ. ɹʦʿʘʪʘ ʠʤ ʝ ʩʣʘʙʦ ʜʦ ʩʠʣʥʦ ʩʠʥʦ-ʟʝʣʝʥʘ, 

ʤʘʩʣʠʥʝʩʪʦʟʝʣʝʥʘ, 

ʩʠʚʢʘʩʪʘ ʠʣʠ ʚʠʦʣʦʪʝʦʚʘ. 

ʅʘ ʧʦʚʠʩʦʢʠ ʟʛʦʣʝʤʫʚʘˁʘ 

ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʿʘʩʥʘ 

ʤʨʝʞʝʩʪʘ ʢʝʨʘʪʦʤʠʿʘ 

(ʥʝʧʨʘʚʠʣʥʘ ʜʦ ʨʘʜʠʿʘʣʥʘ 

ʨʘʩʧʦʨʝʜʝʥʦʩʪ ʥʘ 

ʪʠʣʘʢʦʠʜʠʪʝ). ʂʣʝʪʢʠʪʝ ʩʝ ʜʝʣʘʪ ʩʦ 

ʧʨʦʩʪʘ ʜʝʣʙʘ ʚʦ ʥʘʧʨʝʯʥʘ ʨʘʤʥʠʥʘ ʥʘ 

https://www.algaebase.org/browse/taxonomy/?id=4983
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ʢʣʝʪʢʠʪʝ, ʩʦʟʜʘʚʘʿ˃ʠ ʜʚʝ ʠʟʦʤʦʨʬʥʠ ʧʦʣʫʢʨʫʞʥʠ ˃ʝʨʢʠʥʠ ʢʣʝʪʢʠ ʢʦʠ ʨʘʩʪʘʪ ʜʦ 

ʦʨʠʛʠʥʘʣʥʘʪʘ ʛʦʣʝʤʠʥʘ ʧʨʝʜ ʩʚʦʿʘʪʘ ʩʣʝʜʥʘ ʜʝʣʙʘ. ʇʦʟʥʘʪʠ ʩʝ ʧʦʚʝ˃ʝ ʚʠʜʦʚʠ ʢʦʠ ʛʣʘʚʥʦ ʩʝ 

ʿʘʚʫʚʘʘʪ ʚʦ ʧʝʨʠʬʠʪʦʥʦʪ ʥʘ ʨʘʟʣʠʯʥʠ ʞʠʚʝʘʣʠʰʪʘ, ʧʨʠ ʰʪʦ Cyanothece aeruginosa ʝ 

ʦʧʠʰʘʥʘ ʦʜ ʪʨʝʩʝʪʥʠ ʩʪʫʜʝʥʠ ʝʢʦʩʠʩʪʝʤʠ, ʜʦʜʝʢʘ ʉ. major ʝ ʞʠʪʝʣ ʥʘ ʩʫʙ-ʘʨʢʪʠʯʢʠʪʝ ʠ 

ʘʣʧʩʢʠʪʝ ʨʝʛʠʦʥʠ ʥʘ ɸʣʘʿʩʢʘ ʠ ʂʘʥʘʜʘ; C. lineata ʝ ʧʨʦʥʘʿʜʝʥʘ ʚʦ ʤʘʣʦ ʤʝʟʦʪʨʦʬʥʦ ʝʟʝʨʦ 

ʚʦ ʄʝʢʩʠʢʦ.  

ʌʘʤʠʣʠʿʘ Aphanothecaceae ï ʌʘʤʠʣʠʿʘʪʘ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʩʦ ʧʦʚʝ˃ʝ ʦʜ 20 ʨʦʜʘ ʦʜ 

ʢʦʠ ʜʚʘ ʩʝ ʧʦʛʦʣʝʤʠ: Aphanothece ʠ Gloeothece. ʂʘʿ ʨʦʜʦʪ Aphanothece (ʩʣʠʢʘ 51) 

ʢʦʣʦʥʠʠʪʝ ʩʝ ʤʠʢʨʦ ʠʣʠ ʤʘʢʨʦʩʢʦʧʩʢʠ (ʜʦ ʥʝʢʦʣʢʫ ʮʝʥʪʠʤʝʪʨʠ ʚʦ ʧʨʝʯʥʠʢ), ʩʦ ʧʦʚʝ˃ʝ 

ʢʣʝʪʢʠ ʚʦ ʢʦʣʦʥʠʠʪʝ ʢʦʠ ʩʝ ʩʬʝʨʠʯʥʠ ʠʣʠ ʘʤʦʨʬʥʠ, ʩʠʚʢʘʩʪʠ, ʟʝʣʝʥʢʘʩʪʠ, ʩʠʥʦ-ʟʝʣʝʥʠ, 

ʠʣʠ ʢʘʬʝʘʚʠ ʧʦ ʙʦʿʘ. ʂʣʝʪʢʠʪʝ ʩʝ ʥʝʨʝʛʫʣʘʨʥʦ ʧʦʩʪʘʚʝʥʠ ʚʦ ʢʦʣʦʥʠʠʪʝ, ʧʦʥʝʢʦʛʘʰ ʜʦʩʪʘ 

ʛʫʩʪʦ ʨʘʩʧʦʨʝʜʝʥʠ, ʧʦʩʪʘʚʝʥʠ ʚʦ ʟʘʝʜʥʠʯʢʘ ʩʣʫʟʝʩʪʘ ʤʘʪʝʨʠʿʘ. ʂʣʝʪʢʠʪʝ ʩʝ ʰʠʨʦʢʦʦʚʘʣʥʠ 

ʜʦ ʮʠʣʠʥʜʨʠʯʥʠ, ʧʨʘʚʠ ʠʣʠ ʩʣʘʙʦ ʠʟʚʠʝʥʠ; ʢʘʿ ʥʝʢʦʠ ʧʣʘʥʢʪʦʥʩʢʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ 

ʧʨʠʩʫʪʥʠ ʩʝ ʛʘʩʥʠ ʚʝʟʠʢʫʣʠ ʠ ʘʝʨʦʪʦʧʠ. ʂʣʝʪʦʯʥʘʪʘ ʜʝʣʙʘ ʝ ʪʨʘʥʩʚʝʨʟʘʣʥʘ, ʥʘʧʨʝʯʥʘ ʥʘ 

ʧʦʜʦʣʛʘʪʘ ʦʩʢʘ ʥʘ ʢʣʝʪʢʘʪʘ. ʆʚʘ ʝ ʯʝʩʪ ʨʦʜ ʩʦ ʦʢʦʣʫ 60 ʚʠʜʦʚʠ ʦʜ ʨʘʟʣʠʯʥʠ ʞʠʚʝʘʣʠʰʪʘ, 

ʢʘʢʦ ʚʣʘʞʥʠ ʢʘʨʧʠ (A. castagnei ʠ A. saxicola), ʥʘ ʧʦʯʚʠ (A. pallida), ʙʝʥʪʦʩ ʥʘ ʝʟʝʨʘ ʠ 

ʘʢʫʤʫʣʘʮʠʠ (A. microscopica, A. nidulans, A. stagnina ʠ A. uliginosa) ʢʘʢʦ ʠ ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ 

(A. bullosa ʠ A. thermalis).  

ʈʦʜʦʪ Gloeothece (ʩʣʠʢʘ 51) ʦʧʬʘ˃ʘ ʚʠʜʦʚʠ ʩʦ ʢʦʣʦʥʠʠ ʩʦʩʪʘʚʝʥʠ ʦʜ ʙʨʦʿʥʠ ʛʨʫʧʠ 

ʥʘ ʢʣʝʪʢʠ ʢʦʠ ʧʦʩʝʜʫʚʘʘʪ ʩʦʧʩʪʚʝʥʠ, ʯʝʩʪʦ ʚʦ ʧʦʚʝ˃ʝ ʩʣʦʝʚʠ ʣʘʤʠʥʠʨʘʥʠ, ʩʣʫʟʝʩʪʠ 

(ʤʫʢʦʟʥʠ) ʦʙʚʠʚʢʠ. ʂʦʣʦʥʠʠʪʝ, ʛʣʘʚʥʦ ʬʦʨʤʠʨʘʘʪ ʩʣʫʟʘʚʠ ʤʘʢʨʦʩʢʦʧʩʢʠ ʩʣʦʝʚʠ ʥʘ 

ʨʘʟʣʠʯʥʠ ʧʦʜʣʦʛʠ. ʄʫʢʦʟʥʠʪʝ ʦʙʚʠʚʢʠ ʩʝ ʛʣʘʚʥʦ ʙʝʟʙʦʿʥʠ, ʘ ʢʘʿ ʧʦʝʜʠʥʠ ʚʠʜʦʚʠ ʠʤʘʘʪ 

ʩʠʥʢʘʩʪʘ, ʚʠʦʣʝʪʦʚʘ, ʮʨʚʝʥʢʘʩʪʘ ʠʣʠ ʞʦʣʪʦ-ʢʘʬʝʘʚʘ ʥʠʿʘʥʩʘ. ʂʣʝʪʢʠʪʝ ʩʝ ʰʠʨʦʢʦʦʚʘʣʥʠ 

ʜʦ ʩʪʘʧʯʝʩʪʠ, ʙʣʝʜʠ ʜʦ ʿʘʩʥʦ ʩʠʥʦ-ʟʝʣʝʥʠ, ʤʘʩʣʠʥʝʩʪʦ ʟʝʣʝʥʠ ʠʣʠ ʚʠʦʣʝʪʦʚʠ ʙʝʟ ʛʘʩʥʠ 

ʚʝʟʠʢʫʣʠ. ʂʣʝʪʦʯʥʘʪʘ ʜʝʣʙʘ ʝ ʩʦ ʙʠʥʘʨʥʘ ʬʠʩʠʿʘ, ʥʦ ʥʘʧʨʝʯʥʘ ʥʘ ʧʦʜʦʣʛʘʪʘ ʦʩʢʘ ʥʘ 

ʢʣʝʪʢʘʪʘ; ʢʘʿ ʥʝʢʦʠ ʚʠʜʦʚʠ ʦʧʠʰʘʥʘ ʝ ʧʦʿʘʚʘʪʘ ʥʘ ʥʘʥʦʮʠʪʠ. ʆʚʦʿ ʨʦʜ ʩʦʜʨʞʠ ʤʥʦʛʫ 

ʩʫʙʘʝʨʦʬʠʪʥʠ ʚʠʜʦʚʠ (ʥʘʜ 30) ʢʦʠ ʩʝ ʥʘʩʝʣʫʚʘʘʪ ʥʘ ʚʣʘʞʥʠ ʢʘʨʧʠ, ʘ ʩʘʤʦ ʤʘʣ ʙʨʦʿ ʥʘ 

ʚʠʜʦʚʠ ʥʘʩʝʣʫʚʘʘʪ ʚʦʜʥʠ ʞʠʚʝʘʣʠʰʪʘ, ʜʦʜʝʢʘ ʝʜʝʥ ʝ ʧʨʝʪʩʪʘʚʥʠʢ ʥʘ ʥʘʥʦʧʣʘʥʢʪʦʥʦʪ. 

ʇʦʯʝʩʪʠ ʚʠʜʦʚʠ ʩʝ G. confluens, G. palea, G. linearis, G. fusco-lutea, G. rupestris ʠ ʜʨʫʛʠ.  

  

ʉʣʠʢʘ 51. ʇʨʝʩʪʘʚʠʪʝʣʠ ʥʘ 

ʬʘʤʠʣʠʿʘʪʘ Aphanothecace-

ae: (ɸ) Aphanothece stagnina,              

(ɹ) Gloeothece tepidariourum. 

 

 

 

ʌʘʤʠʣʠʿʘ Chroococcaceae ï ʆʜ ʧʨʝʢʫ 35 ʨʦʜʦʚʠ ʥʘ ʦʚʘʘ ʬʘʤʠʣʠʿʘ ʠ ʦʢʦʣʫ 219 

ʪʘʢʩʦʥʠ, ʩʘʤʦ ʨʦʜʦʪ Chroococcus ʧʦʩʝʜʫʚʘ ʧʦʛʦʣʝʤ ʙʨʦʿ (93) ʥʘ ʜʦ ʜʝʥʝʩ ʫʪʚʨʜʝʥʠ ʬʦʨʤʠ. 

ʂʣʝʪʢʠʪʝ ʥʘ Chroococcus ʩʝ ʛʨʫʧʠʨʘʥʠ ʚʦ ʬʦʨʤʘ ʦʜ 2-4 ʢʣʝʪʢʠ ʠ ʦʧʢʨʫʞʝʥʠ ʩʦ ʤʫʢʦʟʥʘ 
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ʉʣʠʢʘ 52. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Chroococcus.                         
(ɸ) Chroococcus turgidus ʠ (ɹ) Chroococcus multicoloratus.  

ʦʙʚʠʚʢʘ, ʥʘʿʯʝʩʪʦ ʬʦʨʤʠʨʘʘʪ 

ʩʬʝʨʠʯʥʠ ʤʠʢʨʦʩʢʦʧʩʢʠ ʢʦʣʦʥʠʠ. 

ʄʫʢʦʟʥʠʪʝ ʦʙʚʠʚʢʠ ʩʝ ʙʝʟʙʦʿʥʠ 

ʠʣʠ ʞʦʣʪʝʥʠʢʘʚʠ ʠ ʿʘ ʩʣʝʜʘʪ 

ʬʦʨʤʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ, ʘ ʧʦʥʝʢʦʛʘʰ 

ʩʝ ʠ ʚʦ ʩʣʦʝʚʠ ʩʦ ʿʘʩʥʠ ʠʣʠ 

ʜʠʬʫʟʥʠ ʢʨʘʝʚʠ. ʂʣʝʪʢʠʪʝ ʧʨʚʦ ʩʝ 

ʩʬʝʨʠʯʥʠ ʠʣʠ ʦʚʘʣʥʠ, ʘ ʧʦʜʦʮʥʘ 

ʧʦʣʫʩʬʝʨʠʯʥʠ ʠʣʠ ʚʦ ʬʦʨʤʘ ʥʘ ʜʝʣ 

ʦʜ ʩʬʝʨʘ, ʥʘʿʯʝʩʪʦ 0,7-50 mm ʚʦ ʧʨʝʯʥʠʢ. ʉʦʜʨʞʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʝ ʩʠʚʘ, ʩʠʥʦ-ʟʝʣʝʥʘ, 

ʤʘʩʣʠʥʝʩʪʦ ʟʝʣʝʥʘ, ʧʦʨʪʦʢʘʣʦʚʘ, ʠʣʠ ʮʨʚʝʥʦ-ʚʠʦʣʝʪʦʚʘ ʩʦ ʛʨʘʥʫʣʠʨʘʥʘ ʩʪʨʫʢʪʫʨʘ. ʉʘʤʦ 

ʢʘʿ ʤʘʣ ʙʨʦʿ ʧʣʘʥʢʪʦʥʩʢʠ ʚʠʜʦʚʠ ʫʪʚʨʜʝʥʠ ʩʝ ʛʘʩʥʠ ʚʝʟʠʢʫʣʠ. ʂʣʝʪʦʯʥʘʪʘ ʜʝʣʙʘ ʝ ʧʦ ʧʘʨ 

ʥʘ ʙʠʥʘʨʥʘ ʬʠʩʠʿʘ ʚʦ ʝʜʥʘ ʠʣʠ ʧʦʚʝ˃ʝ ʨʘʤʥʠʥʠ, ʜʦʜʝʢʘ ʨʘʟʤʥʦʞʫʚʘˁʝʪʦ ʝ ʩʦ 

ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʥʘ ʢʦʣʦʥʠʠʪʝ. ʆʧʠʰʘʥʠ ʩʝ ʤʥʦʛʫ ʚʠʜʦʚʠ, ʦʜ ʢʦʠ ʦʢʦʣʫ 60 ʩʝ ʜʦʙʨʦ 

ʜʝʬʠʥʠʨʘʥʠ. ʏʝʩʪʠ ʧʣʘʥʢʪʦʥʩʢʠ ʚʠʜʦʚʠ ʚʦ ʫʤʝʨʝʥʘʪʘ ʟʦʥʘ ʥʘ ʩʝʚʝʨʥʘʪʘ ʭʝʤʠʩʬʝʨʘ ʩʝʢʘʢʦ 

ʩʝ  C. microscopicus, C. minimus, C. dispersus, C. distans ʠ C. limneticus. ʇʦʛʦʣʝʤʠʦʪ ʙʨʦʿ 

ʚʠʜʦʚʠ ʩʝ ʝʧʠʬʠʪʠ ʥʘ ʚʘʩʢʫʣʘʨʥʠ ʨʘʩʪʝʥʠʿʘ (ʤʝʪʘʬʠʪʠ-ʝʧʠʬʠʪʠ) ʢʘʢʦ C. varius, C. minutus, 

C. pallidus, C. schizodermaticus, C. multicoloratus, C. submarinus (ʭʘʣʦʬʠʣ) ʠ C. turgidus, 

ʜʦʜʝʢʘ C. thermalis, C. tenacoides, C. yellowstonensis ʠ C. endophyticus ʩʝ ʫʪʚʨʜʝʥʠ ʦʜ 

ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ.  

ʌʘʤʠʣʠʿʘ Microcystaceae ï ʌʘʤʠʣʠʿʘʪʘ ʿʘ ʩʦʯʠʥʫʚʘʘʪ ʦʢʦʣʫ 15 ʨʦʜʦʚʠ ʦʜ ʢʦʠ ʩʘʤʦ 

3 ʩʝ ʩʦ ʧʦʟʥʘʯʠʪʝʣʝʥ ʙʨʦʿ ʥʘ ʚʠʜʦʚʠ: Gloeocapsa (83), Microcystis (51) ʠ Anacystis (19). 

ɸʣʛʠʪʝ ʥʘ ʦʚʘʘ ʬʘʤʠʣʠʿʘ ʩʦʟʜʘʚʘʘʪ ʿʘʩʥʠ ʢʦʣʦʥʠʠ ʦʙʚʠʪʢʘʥʠ ʩʦ ʤʫʢʦʟʥʠ ʤʘʪʝʨʠʠ ʩʦ 

ʨʘʟʣʠʯʥʘ ʩʣʦʞʝʥʦʩʪ. ʈʦʜʦʪ Microcystis ʠʤʘ ʥʝʧʨʘʚʠʣʥʠ ʤʠʢʨʦ ʠʣʠ ʤʘʢʨʦʩʢʦʧʩʢʠ ʢʦʣʦʥʠʠ 

ʢʦʠ ʩʣʦʙʦʜʥʦ ʧʣʠʚʘʘʪ ʚʦ ʧʣʘʥʢʪʦʥʦʪ. ʂʦʣʦʥʠʠʪʝ ʩʝ ʢʦʤʧʘʢʪʥʠ ʠʣʠ ʨʘʩʪʨʝʩʠʪʠ, ʤʦʞʘʪ ʜʘ 

ʙʠʜʘʪ ʩʦʩʪʘʚʝʥʠ ʠ ʦʜ ʟʙʠʨʦʚʠ ʥʘ ʩʫʙʢʦʣʦʥʠʠ, ʘ ʧʦʩʝʜʫʚʘʘʪ ʨʝʪʢʦ ʠʣʠ ʛʫʩʪʦ ʥʝʧʨʘʚʠʣʥʦ 

ʨʘʩʧʦʨʝʜʝʥʠ ʢʣʝʪʢʠ. ʄʫʢʦʟʥʘʪʘ ʦʙʚʠʚʢʘ ʝ ʥʝʞʥʘ, ʙʝʟʙʦʿʥʘ, ʜʠʬʫʟʥʘ ʠʣʠ ʿʘʩʥʦ ʦʟʥʘʯʝʥʘ, ʠ 

ʧʦʥʝʢʦʛʘʰ ʬʦʨʤʠʨʘ ʰʠʨʦʢʘ ʤʘʨʛʠʥʘ ʦʢʦʣʫ ʢʣʝʪʢʠʪʝ. ʂʣʝʪʢʠʪʝ ʩʝ ʩʬʝʨʠʯʥʠ ʠʣʠ 

ʧʦʣʫʢʨʫʞʥʠ (ʧʦ ʜʝʣʙʘʪʘ) ʩʦ ʙʣʝʜʦ ʩʠʥʦ-ʟʝʣʝʥʘ ʙʦʿʘ, ʥʦ ʪʠʝ ʧʨʦʩʚʝʪʣʫʚʘʘʪ ʢʘʬʝʘʚʦ ʧʦʨʘʜʠ 

ʘʝʨʦʪʦʧʠʪʝ ʢʦʠ ʿʘ ʤʘʩʢʠʨʘʘʪ ʩʠʥʦ-ʟʝʣʝʥʘʪʘ ʙʦʿʘ ʥʘ ʧʨʦʪʦʧʣʘʩʪʦʪ. ʂʣʝʪʢʠʪʝ ʠʤʘʘʪ 0,8-9,5 

mm ʚʦ ʧʨʝʯʥʠʢ ʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ ʩʦʧʩʪʚʝʥʘ ʤʫʢʦʟʥʘ ʦʙʚʠʚʢʘ. ʂʣʝʪʦʯʥʘʪʘ ʜʝʣʙʘ ʝ ʚʦ ʪʨʠ 

ʥʦʨʤʘʣʥʠ ʨʘʤʥʠʥʠ ʢʘʿ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʛʝʥʝʨʘʮʠʠ ʩʦ ʰʪʦ ʩʝ ʩʦʟʜʘʚʘ ʩʬʝʨʠʯʥʘ ʢʦʣʦʥʠʿʘ. 

ɺʠʜʦʚʠʪʝ ʥʘ ʦʚʦʿ ʨʦʜ ʩʝ, ʛʣʘʚʥʦ ʧʣʘʥʢʪʦʥʩʢʠ ʬʦʨʤʠ ʢʦʠ ʯʝʩʪʦ ʬʦʨʤʠʨʘʘʪ ʛʫʩʪʠ óʚʦʜʥʠ 

ʮʚʝʪʦʚʠô ʚʦ ʝʫʪʨʦʬʥʠʪʝ ʚʦʜʠ. ʇʦʨʘʜʠ ʩʚʦʿʘʪʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʠ ʜʦʢʘʞʘʥʘ ʪʦʩʢʠʯʥʦʩʪ, ʨʦʜʦʪ 

Microcystis ʝ ʚʘʞʝʥ ʥʘʫʯʝʥ ʦʙʿʝʢʪ ʥʘ ʠʩʪʨʘʞʫʚʘˁʘ ʚʦ ʤʥʦʛʫ ʣʠʤʥʦʣʦʰʢʠ ʩʪʫʜʠʠ. ʂʘʿ ʥʘʩ 

ʜʦʤʠʥʘʥʪʥʘ ʟʘʩʪʘʧʝʥʝʥʦʩʪ ʥʘ ʦʚʦʿ ʨʦʜ ʟʘʙʝʣʝʞʝʥʘ ʝ ʚʦ ʩʠʪʝ ʧʨʦʫʯʫʚʘˁʘ ʥʘ ɼʦʿʨʘʥʩʢʦʪʦ 

ɽʟʝʨʦ ʚʦ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ, ʧʦʨʘʜʠ ʠʥʪʝʥʟʠʚʥʠʪʝ ʧʨʦʮʝʩʠ ʥʘ ʝʫʪʨʦʬʠʢʘʮʠʿʘʪʘ ʥʘʤʝʪʥʘʪʠ 

ʦʜ ʩʪʨʘʥʘ ʥʘ ʯʦʚʝʢʦʪ ʚʨʟ ʦʚʦʿ ʝʢʦʩʠʩʪʝʤ. ʇʨʠ ʘʥʘʣʠʟʠʪʝ ʥʘ ʧʣʘʥʢʪʦʥʦʪ ʚʦ 2015 ʛʦʜʠʥʘ 

ʫʪʚʨʜʝʥʠ ʩʝ ʜʫʨʠ ʜʝʚʝʪ ʚʠʜʦʚʠ ʦʜ ʦʚʦʿ ʨʦʜ ʚʦ ʝʟʝʨʦʪʦ, ʧʦʿʘʚʘ ʢʦʿʘ ʚʦʦʧʰʪʦ ʥʝ ʝ 

ʟʘʙʝʣʝʞʘʥʘ ʚʦ ʩʚʝʪʩʢʘʪʘ ʥʘʫʯʥʘ ʣʠʪʝʨʘʪʫʨʘ (ʩʣʠʢʘ 53). ɼʦʤʘʥʠʮʠʿʘʪʘ ʥʘ ʪʦʢʩʠʯʥʠʪʝ M. 

https://www.algaebase.org/browse/taxonomy/?id=4983
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viridis, M. aeruginosa ʠ M. ichthyoblabe ʩʝ ʧʦʩʝʙʥʦ ʟʘʛʨʠʞʫʚʘʯʢʠ ʟʘ ʦʚʦʿ ʝʢʦʩʠʩʪʝʤ. ʇʨʠ 

ʦʚʠʝ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʧʨʚ ʧʘʪ ʚʦ ɽʚʨʦʧʘ ʫʪʚʨʜʝʥʦ ʝ ʠ ʧʨʠʩʫʩʪʚʦʪʦ ʥʘ Microcystis protocystis 

(ʩʣʠʢʘ 53i) ï ʧʘʥ/ʥʝʦ ʪʨʦʧʩʢʠ ʚʠʜ ʢʦʿ ʜʦʪʦʛʘʰ ʥʝ ʙʠʣ ʨʝʛʠʩʪʨʠʨʘʥ ʚʦ ɼʦʿʨʘʥʩʢʦʪʦ ɽʟʝʨʦ. 

ʆʚʦʿ ʥʘʫʯʝʥ ʜʦʢʘʟ ʧʨʝʪʩʪʘʚʫʚʘ ʜʦʧʦʣʥʠʪʝʣʥʘ ʧʦʪʢʨʝʧʘ ʥʘ ʪʝʦʨʠʿʘʪʘ ʥʘ ʛʣʦʙʘʣʥʠʪʝ 

ʢʣʠʤʘʪʩʢʠ ʧʨʦʤʝʥʠ ʠ ʧʦʩʪʝʧʝʥʘ ʠʟʤʝʥʘ ʥʘ ʘʚʪʦʭʪʦʥʠʪʝ ʙʠʦʮʝʥʦʟʠ ʩʦ ʧʦʿʘʚʘ ʥʘ ʚʠʜʦʚʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʟʘ ʜʨʫʛʠʪʝ ʢʣʠʤʘʪʩʢʠ ʧʦʜʨʘʯʿʘ.  

 

ʉʣʠʢʘ 53. ʋʪʚʨʜʝʥʠ ʜʝʚʝʪ 

ʚʠʜʦʚʠ ʥʘ ʨʦʜʦʪ Microcystis ʚʦ 

ɼʦʿʨʘʥʩʢʦʪʦ ɽʟʝʨʦ ʚʦ 2015 

ʛʦʜʠʥʘ (ʩʧʦʨʝʜ Krstiĺ et al. 2016).              
a. Microcystis aeruginosa; b. Microcystis 

botrys; c. Microcystis botrys, ʜʝʪʘʣ ʥʘ 

ʢʦʣʦʥʠʿʘʪʘ; d. Microcystis flos-aquae;                

e. Microcystis ichtyoblabe, ʦʧʰʪ ʠʟʛʣʝʜ, 

f. Microcystis ichtyoblabe - ʜʝʪʘʣ;                   

g-h. Microcystis novacekii; i. Microcystis 

protocystis; j. Microcystis smithii;                    

k-m. Microcystis viridis; n-o. Microcystis 

wesenbergii. (ʩʢʘʣʘ = 50 ɛm).  

 

 

 

 

 

 

 

 

 

 

 ʈʦʜʦʪ Gloeocapsa ʛʦ ʩʦʯʠʥʫʚʘʘʪ ʝʜʥʦʢʣʝʪʦʯʥʠ ʠʣʠ ʥʘʿʯʝʩʪʦ ʢʦʣʦʥʠʿʘʣʥʠ ʬʦʨʤʠ 

ʢʦʠ ʩʝ ʦʙʠʯʥʦ ʩʬʝʨʠʯʥʠ ʠ ʤʠʢʨʦʩʢʦʧʩʢʠ, ʥʦ ʩʝ ʟʜʨʫʞʫʚʘʘʪ ʚʦ ʤʘʢʨʦʩʢʦʧʩʢʠ ʤʫʢʦʟʥʠ ʠʣʠ 

ʘʤʦʨʬʥʠ ʤʘʩʠ ʢʦʠ ʥʘʩʝʣʫʚʘʘʪ ʚʣʘʞʥʠ ʢʘʤʝʥʝʩʪʠ ʧʦʚʨʰʠʥʠ (ʢʘʨʧʠ, ʢʨʦʚʦʚʠ) ʠʣʠ ʧʦʨʝʪʢʦ 

ʢʦʨʘ ʥʘ ʜʨʚʿʘ ʠ ʚʦʜʥʠ ʞʠʚʝʘʣʠʰʪʘ (ʧʝʨʠʬʠʪʦʥ ʠʣʠ ʧʣʘʥʢʪʦʥ). ʂʣʝʪʢʠʪʝ ʠ ʛʨʫʧʠʪʝ ʥʘ 

ʢʣʝʪʢʠ ʩʝ ʦʧʢʨʫʞʝʥʠ ʩʦ ʰʠʨʦʢʠ, ʩʬʝʨʠʯʥʠ, ʤʫʢʦʟʥʠ ʠʣʠ ʞʝʣʘʪʠʥʦʟʥʠ ʦʙʚʠʚʢʠ ʢʦʠ 

ʧʦʢʘʞʫʚʘʘʪ ʢʦʥʝʥʮʪʨʠʯʥʠ ʩʣʦʝʚʠ ʠ ʿʘʩʥʠ ʛʨʘʥʠʮʠ, ʘ ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠʥʪʝʥʟʠʚʥʦ 

ʦʙʦʝʥʠ ʞʦʣʪʦ, ʧʦʨʪʦʢʘʣʦʚʦ, ʮʨʚʝʥʦ, ʩʠʥʦ ʠʣʠ ʚʠʦʣʝʪʦʚʦ. ɹʦʿʘʪʘ ʥʘ ʦʙʚʠʚʢʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ 

ʤʝʥʫʚʘ ʩʧʦʨʝʜ ʢʠʩʝʣʦʩʪʘ ʥʘ ʩʨʝʜʠʥʘʪʘ. ʂʣʝʪʢʠʪʝ ʩʝ ʩʬʝʨʠʯʥʠ. ʥʦ ʧʦ ʜʝʣʙʘʪʘ ʩʝ 

ʧʦʣʫʪʦʧʯʝʩʪʠ, ʠ ʠʤʘʘʪ ʮʚʨʩʪʠ, ʞʝʣʘʪʠʥʦʟʥʠ ʦʚʘʣʥʠ ʦʙʚʠʚʢʠ ʩʦ ʙʣʝʜʦ ʩʠʥʦ-ʟʝʣʝʥʠ ʠʣʠ 

ʤʘʩʣʠʥʝʩʪʦ ʟʝʣʝʥʠ ʧʨʦʪʦʧʣʘʩʪʠ. ʊʠʝ ʩʝ 0,7-11 mm ʚʦ ʧʨʝʯʥʠʢ (ʙʝʟ ʦʙʚʠʚʢʠʪʝ) ʠ ʥʝ 

ʧʦʩʝʜʫʚʘʘʪ ʛʘʩʥʠ ʚʘʢʫʦʣʠ. ʂʣʝʪʦʯʥʘʪʘ ʜʝʣʙʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʪʨʠ ʥʦʨʤʘʣʥʠ ʨʘʤʥʠʥʠ. 

ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʜʝʟʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʢʦʣʦʥʠʠʪʝ. ʅʘʿʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ 

ʚʠʜʦʚʠ ʥʘʩʝʣʫʚʘʘʪ ʢʘʨʙʦʥʘʪʥʠ ʠʣʠ ʩʠʣʠʢʘʪʥʠ ʢʘʨʧʠ ʢʘʢʦ G. conglomerata, G. caldariorum, 

G. decorticans, G. gelatinosa, G. granosa ʠ G. arenaria ʢʦʠ ʠʤʘʘʪ ʙʝʟʙʦʿʥʠ ʦʙʚʠʚʢʠ,             
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G. nigrescens ʠ G. alpina ʠʤʘʘʪ ʩʠʥʠ ʠʣʠ ʚʠʦʣʝʪʦʚʠ ʦʙʚʠʚʢʠ, ʜʦʜʝʢʘ G. sanguinea ʠʤʘ 

ʮʨʚʝʥʦ ʦʙʦʝʥʠ ʦʙʚʠʚʢʠ, ʘ G. fusco-lutea, G. kuetzingiana ʠ G. rupestris ʞʦʣʪʠ ʠʣʠ ʞʦʣʪʦ-

ʢʘʬʝʘʚʠ ʦʙʚʠʚʢʠ.   

 

ʉʣʠʢʘ 54. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ 

Gloeocapsa. (ɸ) G. sanguinea, (ɹ) G. rupestris, 

(ɺ) G. magma, (ɻ) G. decorticans.  

 

 

 

 

 

 

 

 

 

 

 

ʇʦʪʢʣʘʩʘ Gloeobacteriophycidae 

 ɺʦ ʦʚʘʘ ʧʦʪʢʣʘʩʘ ʧʦʩʪʘʚʝʥʠ ʩʝ ʜʚʘ ʥʝʦʜʘʤʥʘ ʦʪʢʨʠʝʥʠ ʚʠʜʦʚʠ ʥʘ ʨʦʜʦʪ Gloeobacter, 

G. violaceus ʠ G. kilaueensis (ʩʣʠʢʘ 55), ʬʦʨʤʠ ʢʦʠ ʩʝ ʿʘʩʥʦ ʠʟʜʚʦʝʥʠ ʚʦ ʦʩʥʦʚʘʪʘ ʥʘ 

ʝʚʦʣʫʪʠʚʥʦʪʦ ʩʪʝʙʣʦ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. ɻʣʘʚʥʘʪʘ ʦʜʣʠʢʘ ʥʘ ʦʚʠʝ ʥʘʿʧʨʠʤʠʪʠʚʥʠ ʘʣʛʠ 

ʝ ʮʝʣʦʩʝʥ ʥʝʜʦʩʪʠʛ ʥʘ ʪʠʣʘʢʦʠʜʠ ʚʦ ʭʨʦʤʦʧʣʘʟʤʘʪʘ ʢʘʢʦ ʠ ʬʠʢʦʙʠʣʠʟʦʤʠ. ɺʠʜʦʚʠʪʝ ʩʝ 

ʝʜʥʦʢʣʝʪʦʯʥʠ ʩʦ ʧʦʝʜʠʥʝʯʥʠ ʢʣʝʪʢʠ ʠʣʠ ʢʣʝʪʢʠ ʢʦʠ ʬʦʨʤʠʨʘʘʪ ʥʝʧʨʘʚʠʣʥʠ ʛʨʫʧʠ ʥʘ 

ʩʪʘʧʯʝʩʪʠ, ʰʠʨʦʢʦʦʚʘʣʥʠ ʜʦ ʩʬʝʨʠʯʥʠ ʢʣʝʪʢʠ ʦʢʦʣʫ ʢʦʠ ʩʝ ʬʦʨʤʠʨʘ ʪʝʥʢʘ, ʥʝʞʥʘ ʠ ʩʢʦʨʦ 

ʥʝʚʠʜʣʠʚʘ ʦʙʚʠʚʢʘ ʢʦʿʘ ʧʦʥʝʢʦʛʘʰ ʦʙʚʠʚʘ ʧʦʚʝ˃ʝ ʢʣʝʪʢʠ. ʂʣʝʪʢʠʪʝ ʩʝ ʥʝʧʦʜʚʠʞʥʠ, ʩʢʦʨʦ 

ʩʦ ʙʝʟʙʦʿʥʘ ʢʣʝʪʦʯʥʘ ʩʦʜʨʞʠʥʘ ʢʦʿʘ ʠʤʘ ʛʨʘʥʫʣʠʨʘʥʘ ʩʪʨʫʢʪʫʨʘ. ʂʦʛʘ ʩʝ ʚʦ ʤʘʩʦʚʝʥ ʨʘʟʚʦʿ 

ʩʦʟʜʘʚʘʘʪ ʚʠʦʣʝʪʦʚʦ ʦʙʦʿʫʚʘˁʝ. ʇʣʘʟʤʘʣʝʤʘʪʘ ʝ ʝʜʠʥʩʪʚʝʥ ʤʝʤʙʨʘʥʩʢʠ ʩʠʩʪʝʤ ʚʦ 

ʢʣʝʪʢʠʪʝ; ʪʘʘ ʿʘ ʩʣʝʜʠ ʬʦʨʤʘʪʘ ʥʘ ʢʣʝʪʦʯʥʦʪ ʼʠʜ ʠ ʛʦ ʩʦʜʨʞʠ ʬʦʪʦʩʠʥʪʝʪʩʢʠʦʪ ʘʧʘʨʘʪ. 

ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʝ ʩʦ ʙʠʥʘʨʥʘ ʜʝʣʙʘ ʥʘʧʨʝʯʥʘ ʥʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʢʣʝʪʢʘʪʘ. ʊʠʧʠʯʥʠʦʪ ʚʠʜ 

G. violaceus ʝ ʠʟʦʣʠʨʘʥ ʦʜ ʢʘʨʙʦʥʘʪʥʠ ʢʘʨʧʠ ʚʦ ʐʚʘʿʮʘʨʠʿʘ. ʂʣʘʩʘʪʘ ʩʦʜʨʞʠ ʝʜʝʥ ʨʝʜ 

Gloeobacteriales, ʢʘʢʦ ʠ ʝʜʥʘ ʬʘʤʠʣʠʿʘ Gloeobacteriaceae.  

 

ʉʣʠʢʘ 55. ʉɽʄ ʥʘ Gloeobacter kilaueensis. 

ɺʠʜʣʠʚʠ ʢʣʝʪʢʠ ʚʦ ʜʝʣʙʘ, ʛʨʘʥʫʣʠʨʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʢʣʝʪʢʠʪʝ, ʧʦʣʘʨʥʠ ʛʨʘʥʫʣʠ (ʮʨʥʠ ʪʦʧʢʠ ʧʨʠ ʚʨʚʦʪ 

ʥʘ ʢʣʝʪʢʠʪʝ) ʢʘʢʦ ʠ ʤʫʢʦʟʥʠ ʤʘʪʝʨʠʠ ʦʢʦʣʫ 

ʢʣʝʪʢʠʪʝ. (ʩʧʦʨʝʜ Saw et al. 2013).  
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ʇʦʪʢʣʘʩʘ Synechococcophycidae 

 ɺʦ ʦʚʘʘ ʧʦʪʢʣʘʩʘ ʧʦʤʝʩʪʝʥʠ ʩʝ ʚʠʜʦʚʠʪʝ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ ʧʨʝʪʩʪʘʚʫʚʘʘʪ 

ʟʘʯʝʪʦʢ ʥʘ ʬʦʨʤʠʪʝ ʩʦ ʢʦʥʯʝʩʪ (ʬʠʣʘʤʝʥʪʦʟʝʥ) ʭʘʙʠʪʫʩ (ʨʝʜ Pseudoanabenales), ʥʦ ʠ 

ʝʜʥʦʢʣʝʪʦʯʥʠ ʠ ʢʦʣʦʥʠʿʘʣʥʠ ʬʦʨʤʠ ʢʦʠ ʪʫʢʘ ʧʨʠʧʘʺʘʘʪ ʧʦʨʘʜʠ ʤʦʣʝʢʫʣʘʨʥʦ-ʛʝʥʝʪʩʢʘʪʘ 

ʩʣʠʯʥʦʩʪ (ʨʝʜ Synechococcales).  

 

ʈʝʜ Synechococcales 

 ʆʚʦʿ ʨʝʜ ʝ ʝʚʦʣʫʪʠʚʥʘ ʛʨʫʧʘʮʠʿʘ ʥʘ ʬʦʨʤʠ ʦʜ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ ʠʤʘʘʪ 

ʝʜʥʦʢʣʝʪʦʯʥʘ ʠʟʜʦʣʞʝʥʘ ʬʦʨʤʘ ʥʘ ʪʘʣʫʩʦʪ (ʬʘʤ. Synechococcacʝʘʝ), ʩʦʟʜʘʚʘʘʪ ʢʦʣʦʥʠʠ 

(ʬʘʤ. Merismopediaceae) ʠʣʠ ʧʦʩʝʜʫʚʘʘʪ ʪʘʣʫʩʠ ʢʦʠ ʩʝ ʟʘʯʝʪʦʢ ʥʘ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ (ʬʘʤ. 

Chamaesiphonaceae). ʈʦʜʦʪ Synechococcus ʦʧʬʘ˃ʘ ʦʢʦʣʫ 20 ʚʠʜʦʚʠ ʥʘ ʨʝʣʘʪʠʚʥʦ ʨʝʪʢʠ ʘʣʛʠ 

ʩʦ ʝʜʠʥʝʯʥʠ ʢʣʝʪʢʠ ʢʦʠ ʩʦʟʜʘʚʘʘʪ ʥʝʧʨʘʚʠʣʥʠ ʛʨʫʧʘʮʠʠ ʠʣʠ ʘʛʣʦʤʝʨʘʪʠ, ʥʦ ʥʠʢʦʛʘʰ ʥʝ 

ʩʦʟʜʘʚʘʘʪ ʢʦʣʦʥʠʠ. ʇʦʩʝʜʫʚʘʘʪ ʤʥʦʛʫ ʥʝʞʥʠ, ʜʠʬʫʟʥʠ, ʠ ʪʝʩʥʠ ʞʝʣʘʪʠʥʦʟʥʠ ʩʣʦʝʚʠ ʦʢʦʣʫ 

ʢʣʝʪʢʠʪʝ. ʂʣʝʪʢʠʪʝ ʩʝ ʮʠʣʠʥʜʨʠʯʥʠ ʠʣʠ ʩʪʘʧʯʝʩʪʠ, ʧʦʥʝʢʦʛʘʰ ʩʣʘʙʦ ʠʟʚʠʝʥʠ, ʠ ʩʦʟʜʘʚʘʘʪ 

ʧʘʨʦʚʠ ʧʦ ʜʝʣʙʘʪʘ. ʉʦʜʨʞʠʥʘʪʘ ʥʘ ʢʣʝʪʢʠʪʝ ʝ ʭʦʤʦʛʝʥʘ, ʧʦʥʝʢʦʛʘʰ ʩʝ ʨʘʟʣʠʢʫʚʘ ʮʝʥʪʨʦ ʠ 

ʭʨʦʤʘʪʦʧʣʘʟʤʘ ʢʦʿʘ ʧʦʩʝʜʫʚʘ ʥʝʢʦʣʢʫ ʪʠʣʘʢʦʠʜʠ, ʙʣʝʜʦ ʩʠʥʠ-ʟʝʣʝʥʠ ʠʣʠ ʮʨʚʝʥʠ ʧʦ ʙʦʿʘ, 

ʙʝʟ ʛʘʩʥʠ ʚʘʢʫʦʣʠ, ʘ ʩʘʤʦ ʧʦʥʝʢʦʛʘʰ ʩʦ ʚʠʜʣʠʚʠ ʛʨʘʥʫʣʠ. ɺʦ ʩʪʨʝʩʥʠ ʫʩʣʦʚʠ ʩʦʟʜʘʚʘʘʪ 

ʪʠʧʠʯʥʠ ʢʦʥʯʝʩʪʠ ʟʘʰʪʠʪʥʠ ʢʣʝʪʢʠ. ʆʚʦʿ ʚʘʞʝʥ ʨʦʜ ʢʘʢʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʤʦʜʝʣ ʩʦʜʨʞʠ 

ʥʝʰʪʦ ʧʦʯʝʩʪʠ ʚʠʜʦʚʠ ʢʘʢʦ Synechococcus nidulans ʨʘʩʧʨʦʩʪʨʘʥʝʪ ʚʦ ʤʘʣʠ ʚʦʜʥʠ ʪʝʣʘ ʚʦ 

ʫʤʝʨʝʥʘʪʘ ʢʣʠʤʘʪʩʢʘ ʟʦʥʘ, ʧʦʟʥʘʪ ʚʦ ʧʦʨʘʥʝʰʥʠʪʝ ʠʩʪʨʘʞʫʚʘˁʘ ʢʘʢʦ Anacystis nidulans. 

ɻʨʫʧʘʪʘ ʥʘ ʪʝʨʤʦʬʠʣʥʠ ʚʠʜʦʚʠ ʿʘ ʧʨʝʪʩʪʘʚʫʚʘʘʪ S. lividus ʠ  S. vulcanus ʢʦʠ ʩʝ ʘʜʘʧʪʠʨʘʥʠ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 70
ʦ
ʉ, ʜʦʜʝʢʘ S. sigmoides ʝ ʪʠʧʠʯʝʥ ʧʨʝʪʩʪʘʚʠʪʝʣ ʥʘ ʥʘʥʦʧʣʘʥʢʪʦʥʦʪ ʥʘ 

ʝʟʝʨʘʪʘ ʦʜ ʩʝʚʝʨʥʘʪʘ ʭʝʤʠʩʬʝʨʘ.  

 

 

ʉʣʠʢʘ 56. ʄʦʨʬʦʣʦʛʠʿʘ ʠ ʫʣʪʨʘʩʪʨʫʢʪʫʨʘ ʥʘ ʢʣʝʪʢʠʪʝ ʥʘ Synechococcus bigranulatus, 

ʠʟʦʣʠʨʘʥ ʦʜ ʪʝʨʤʘʣʝʥ ʠʟʚʦʨ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ɹʘʿʢʘʣʩʢʦʪʦ ɽʟʝʨʦ (ʩʧʦʨʝʜ Sorokovikova et al. 2008). 

(a) ʉʣʠʢʘ ʥʘ ʚʠʜʦʪ ʥʘ ʉʄ, (b) ʊɽʄ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʥʘ ʪʝʥʦʢ ʧʨʝʩʝʢ: l ï ʣʠʧʠʜʥʠ ʢʘʧʢʠ; n ï ʥʫʢʣʝʦʠʜ; ʨ ï 

ʧʦʣʠʝʜʘʨʥʠ ʛʨʘʥʫʣʠ; pph ï ʧʦʣʠʬʦʩʬʘʪʥʠ ʛʨʘʥʫʣʠ; t ï ʪʠʣʘʢʦʠʜʠ; ʩ ï ʛʨʘʥʫʣʠ ʥʘ ʮʠʿʘʥʦʬʠʮʠʥ; L2 ï ʩʣʦʿ ʥʘ 

ʧʝʧʪʠʜʦʛʣʫʢʘʥ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ; ʠ L4 ï ʥʘʜʚʦʨʝʰʥʘ ʤʝʤʙʨʘʥʘ. [ʩʢʘʣʘ: (ʘ) 10 mm, (b) 1 mm].  

ʆʜ 16 ʨʦʜʦʚʠ ʥʘ ʬʘʤʠʣʠʿʘʪʘ Merismopediaceae ʥʘʿʟʘʩʪʘʧʝʥʠ ʠ ʩʦ ʥʘʿʛʦʣʝʤ ʙʨʦʿ 

ʚʠʜʦʚʠ ʩʝ ʨʦʜʦʚʠʪʝ Aphanocapsa ʠ Merismopedia. Aphanocapsa ʦʧʬʘ˃ʘ ʤʠʢʨʦʩʢʦʧʩʢʠ ʠ 
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ʤʘʢʨʦʩʢʦʧʩʢʠ ʞʝʣʘʪʠʥʦʟʥʠ ʢʦʣʦʥʠʠ ʩʦ ʥʝʧʨʘʚʠʣʥʦ ʧʦʩʪʘʚʝʥʠ ʩʬʝʨʠʯʥʠ ʠʣʠ ʥʝʧʨʘʚʠʣʥʠ 

ʢʣʝʪʢʠ. ʄʫʢʦʟʥʠʪʝ ʤʘʪʝʨʠʠ ʥʘ ʢʦʣʦʥʠʠʪʝ ʩʝ ʛʣʘʚʥʦ ʭʦʤʦʛʝʥʠ ʠ ʙʝʟʙʦʿʥʠ ʩʦ ʜʠʬʫʟʝʥ ʨʘʙ. 

ʂʣʝʪʢʠʪʝ ʩʝ ʙʣʝʜʦ ʠʣʠ ʿʘʩʥʦ ʩʠʥʦ-ʟʝʣʝʥʠ, ʤʘʩʣʠʥʝʩʪʦ ʟʝʣʝʥʠ ʠʣʠ ʚʠʦʣʝʪʦʚʠ (ʢʘʿ ʤʦʨʩʢʠʪʝ 

ʬʦʨʤʠ), ʙʝʟ ʛʘʩʥʠ ʚʘʢʫʦʣʠ, 0,4-12 mm ʚʦ ʧʨʝʯʥʠʢ. ʂʣʝʪʢʠʪʝ ʩʝ ʜʝʣʘʪ ʚʦ ʜʚʝ ʥʦʨʤʘʣʥʠ 

ʨʘʤʥʠʥʠ, ʜʦʜʝʢʘ ʨʘʟʤʥʦʞʫʚʘˁʝʪʦ ʩʝ ʩʧʨʦʚʝʜʫʚʘ ʩʦ ʜʝʟʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʢʦʣʦʥʠʠʪʝ. ɼʦ ʜʝʥʝʩ 

ʩʝ ʦʧʠʰʘʥʠ ʧʦʚʝ˃ʝ ʦʜ 65 ʚʠʜʦʚʠ ʦʜ ʘʝʨʦʬʠʪʥʠ ʞʠʚʝʘʣʠʰʪʘ, ʧʦʯʚʠ ʠ ʚʦʜʥʠ ʝʢʦʩʠʩʪʝʤʠ. 

ʇʦʤʝʺʫ ʥʠʚ ʥʘʿʧʦʟʥʘʪʠ ʩʝ A. delicatissima, A. incerta, A. holsatica, A. conferta ʠ A. 

planctonica ʢʘʢʦ ʧʣʘʥʢʪʦʥʩʢʠ ʚʠʜʦʚʠ ʢʦʠ ʩʦʟʜʘʚʘʘʪ ʤʠʢʨʦʩʢʦʧʩʢʠ ʢʦʣʦʥʠʠ ʚʦ ʤʝʟʦʪʨʦʬʥʠ 

ʝʟʝʨʘ. A. thermalis, A. botryoides, A. protea ʠ A. tolliana ʥʘʩʝʣʫʚʘʘʪ ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ.  

ʈʦʜʦʪ Merismopedia ʛʦ ʩʦʯʠʥʫʚʘʘʪ ʚʠʜʦʚʠ ʢʦʠ ʠʟʛʨʘʜʫʚʘʘʪ ʧʨʘʚʠʣʥʠ ʪʘʙʣʠʯʝʩʪʠ 

ʢʦʣʦʥʠʠ ʢʦʠ ʠʤʘʘʪ ʝʜʝʥ ʩʣʦʿ ʦʜ ʢʣʝʪʢʠ ʧʦʩʪʘʚʝʥʠ ʨʝʪʢʦ ʠʣʠ ʛʫʩʪʦ ʚʦ ʧʨʘʚʠʣʥʠ ʨʝʜʦʚʠ 

ʦʙʚʠʪʢʘʥʠ ʩʦ ʬʠʥʘ, ʯʝʩʪʦ ʥʝʚʠʜʣʠʚʘ, ʠ ʜʠʬʫʟʥʘ ʤʫʢʦʟʥʘ ʦʙʚʠʚʢʘ. ʂʦʣʦʥʠʠʪʝ ʩʝ ʨʘʤʥʠ ʠʣʠ 

ʩʣʘʙʦ ʙʨʘʥʦʚʠʜʥʠ ʠ ʥʘʿʯʝʩʪʦ ʤʠʢʨʦʩʢʦʧʩʢʠ, ʧʦʥʝʢʦʛʘʰ ʩʦʩʪʘʚʝʥʠ ʦʜ ʧʦʜʢʦʣʦʥʠʠ. 

ʂʣʝʪʢʠʪʝ ʩʝ ʩʬʝʨʠʯʥʠ ʠʣʠ ʰʠʨʦʢʦ ʦʚʘʣʥʠ ʧʨʝʜ ʜʝʣʙʘʪʘ, ʙʣʝʜʦ ʠʣʠ ʩʠʣʥʦ ʩʠʥʦ-ʟʝʣʝʥʠ 

(ʧʦʨʝʪʢʦ ʮʨʚʝʥʠ) ʩʦ ʨʝʪʢʦ ʚʠʜʣʠʚʘ ʮʝʥʪʨʦ ʠ ʭʨʦʤʘʪʦʧʣʘʟʤʘ. ʇʦ ʜʝʣʙʘʪʘ, ʢʣʝʪʢʠʪʝ ʩʝ 

ʧʦʣʫʪʦʧʯʝʩʪʠ ʩʦ ʧʨʝʯʥʠʢ ʦʜ 0.4-17 mm. ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʬʨʘʛʤʝʥʪʘʮʠʿʘ 

ʥʘ ʢʦʣʦʥʠʠʪʝ. ʇʦʟʥʘʪʠ ʩʝ 59 ʚʠʜʘ ʥʘ ʦʚʦʿ ʨʦʜ ʢʦʠ ʩʣʦʙʦʜʥʦ ʧʣʠʚʘʘʪ ʠʣʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ 

ʤʝʪʘʬʠʪʦʥʦʪ ʚʦ ʜʝʪʨʠʪʫʩʦʪ, ʧʦʤʝʺʫ ʚʦʜʥʠʪʝ ʨʘʩʪʝʥʠʿʘ. ʅʝʢʦʣʢʫ ʤʘʣʠ ʚʠʜʦʚʠ ʩʝ 

ʧʣʘʥʢʪʦʥʩʢʠ, ʜʨʫʛʠ ʩʝ ʭʘʣʦʬʠʣʠ ʠʣʠ ʚʦ ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ. ʏʝʩʪʠ ʚʠʜʦʚʠ ʩʝ M. punctata ʠ 

M. tenuissima ʢʘʢʦ ʠ M. glauca ʠ M. elegans ʢʦʠ ʩʝ ʥʘʩʝʣʫʚʘʘʪ ʚʦ ʤʝʟʦʪʨʦʬʥʠ ʝʟʝʨʘ ʠ 

ʤʦʯʫʨʠʰʪʘ. M. smithii ʝ ʬʦʨʤʘ ʩʦ ʛʦʣʝʤʠ ʢʣʝʪʢʠ, M. angularis ʩʝ ʿʘʚʫʚʘ ʚʦ ʢʠʩʝʣʠ 

ʤʦʯʫʨʠʰʪʘ ʥʘ ʉʝʚʝʨʦʪ, ʜʦʜʝʢʘ M. gardneri ʠ M. convoluta ʩʝ ʪʠʧʠʯʥʠ ʟʘ ʤʝʪʘʬʠʪʦʥʦʪ ʚʦ 

ʧʦʪʦʧʣʠʪʝ ʨʝʛʠʦʥʠ.  

 

 

ʉʣʠʢʘ 57. ʇʨʝʪʩʪʘʚʠʪʝʣʠ  ʥʘ 

ʬʘʤʠʣʠʿʘʪʘ Merismopedi-

aceae. A ï Aphanocapsa 

delicatissima, ɹ ï Aphanocapsa 

planctonica, ɺ ï Merismopedia 

tenuissima, ɻ ï Merismopedia 

elegans.                                           

 

 

ʆʜ ʚʢʫʧʥʦ ʩʝʜʫʤ 

ʨʦʜʦʚʠ ʥʘ ʬʘʤʠʣʠʿʘʪʘ 

Chamaesiphonaceae, ʥʘʿʜʦʙʨʦ 

ʝ ʧʨʦʫʯʝʥ ʨʦʜʦʪ 

Chamaesiphon ʢʦʿ ʚʦʝʜʥʦ ʠ 

ʧʨʝʪʩʪʘʚʫʚʘ ʝʚʦʣʫʪʠʚʝʥ 

ʧʨʝʦʜ ʢʦʥ ʢʦʥʯʝʩʪʠʪʝ ʬʦʨʤʠ ʥʘ ʩʠʥʦ-ʟʝʣʝʥʠʪʝ ʘʣʛʠ. ʂʣʝʪʢʠʪʝ ʩʝ ʭʝʪʝʨʦʧʦʣʘʨʥʠ, 

ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʚʦ ʛʨʫʧʠ, ʠʣʠ ʬʦʨʤʠʨʘʘʪ ʧʦʚʝ˃ʝʩʣʦʿʥʠ ʢʦʣʦʥʠʠ ʩʦ ʙʨʦʿʥʠ ʢʣʝʪʢʠ ʢʦʠ 
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ʬʦʨʤʠʨʘʘʪ ʨʘʜʠʿʘʣʥʠ ʠʣʠ ʛʨʤʫʰʝʩʪʠ ʢʦʣʦʥʠʠ ʟʘʢʘʯʝʥʠ ʩʦ ʩʚʦʠʪʝ ʦʩʥʦʚʠ ʟʘ ʧʦʜʚʦʜʥʠʪʝ 

ʧʨʝʜʤʝʪʠ ʠʣʠ ʢʘʤʝʥ. ʂʣʝʪʢʠʪʝ ʩʝ ʩʣʘʙʦ ʜʦ ʿʘʩʥʦ ʠʟʜʦʣʞʝʥʠ (ʟʘʯʝʪʦʢ ʥʘ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ) 

ʩʝʢʦʛʘʰ ʦʙʚʠʝʥʠ ʩʦ ʬʫʪʨʦʣʘ (ʧʩʝʫʜʦʚʘʛʠʥʘ), ʜʦʣʛʠ ʜʦ 200 mm, ʘ ʰʠʨʦʢʠ ʜʦ 12 mm, ʩʦ 

ʙʣʝʜʦ ʩʠʥʦ-ʟʝʣʝʥʘ ʙʦʿʘ, ʤʘʩʣʠʥʝʩʪʦ ʟʝʣʝʥʠ, ʩʠʚʠ, ʚʠʦʣʦʝʪʦʚʠ ʠʣʠ ʮʨʚʝʥʦ-ʚʠʦʣʝʪʦʚʠ, ʠ ʙʝʟ 

ʚʠʜʣʠʚʠ ʛʘʩʥʠ ʚʘʢʫʦʣʠ. ʂʣʝʪʦʯʥʘʪʘ ʜʝʣʙʘ ʝ ʘʩʠʤʝʪʨʠʯʥʘ ʩʦ ʧʨʝʢʠʥ ʚʦ ʙʣʠʟʠʥʘ ʥʘ ʘʧʝʢʩʦʪ, 

ʧʨʠ ʰʪʦ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʥʠʟʦʚʠ ʥʘ ʝʛʟʦʩʧʦʨʠ. ʆʚʘ ʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪ 

ʨʦʜ ʩʦ ʥʘʜ 38 ʚʠʜʦʚʠ ʢʦʠ ʛʣʘʚʥʦ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʚʦ ʯʠʩʪʠ, ʙʨʟʠ, ʩʪʫʜʝʥʠ ʧʦʪʦʮʠ ʠ ʨʝʢʠ ʚʦ 

ʩʝʚʝʨʥʘʪʘ ʭʝʤʠʩʬʝʨʘ. ʅʘʿʟʘʩʪʘʧʝʥʠ ʩʝ ʚʠʜʦʚʠʪʝ C. incrustans ʠ C. confervicola (ʩʣʠʢʘ 58), 

C. polonicus ʠ C. minutus, ʜʦʜʝʢʘ C. halophilus ʝ ʮʨʚʝʥʘ ʝʥʜʝʤʠʯʥʘ ʬʦʨʤʘ ʦʜ ʚʫʣʢʘʥʩʢʦ 

ʝʟʝʨʦ ʚʦ ʄʝʢʩʠʢʦ.  

 

 

ʉʣʠʢʘ 58. ʊʠʧʠʯʥʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Chamaesiphon. ɸ ï C. incrustans, ɹ - C. confervicola.  

 

ʈʝʜ Pseudanabʘenales 

ɺʦ ʦʚʦʿ ʨʝʜ ʩʝ ʧʦʩʪʘʚʝʥʠ ʧʨʚʠʪʝ ʚʠʩʪʠʥʩʢʠ ʢʦʥʯʝʩʪʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʯʠʠ ʪʨʠʭʦʤʠ 

ʩʝ ʠʩʢʣʫʯʠʪʝʣʥʦ ʪʝʥʢʠ ʠ ʭʦʤʦʮʠʪʥʠ (ʬʠʣʘʤʝʥʪʦʟʥʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʙʝʟ ʭʝʪʝʨʦʮʠʪʠ ʠ 

ʘʢʠʥʝʪʠ), ʩʦ ʤʠʥʠʿʘʪʫʨʥʘ ʰʠʨʠʥʘ ʥʘ ʪʨʠʭʦʤʦʪ (ʤʘʢʩʠʤʫʤ ʜʦ 4 ɛm), ʢʦʠ ʠʤʘʘʪ ʧʘʨʠʝʪʘʣʥʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʥʘ ʪʠʣʘʢʦʠʜʠʪʝ (ʪʠʣʘʢʦʠʜʠ ʧʦʩʪʘʚʝʥʠ ʧʘʨʘʣʝʣʥʦ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ). ʆʚʠʝ 

ʧʨʝʪʩʪʘʚʥʠʮʠ ʠʤʘʘʪ ʧʦʚʝ˃ʝ ʠʣʠ ʧʦʤʘʣʢʫ ʝʜʥʦʩʪʘʚʥʘ ʤʦʨʬʦʣʦʛʠʿʘ. ʇʦʨʘʜʠ ʥʠʚʥʘʪʘ 

ʤʠʥʠʿʘʪʫʨʥʘ ʰʠʨʠʥʘ ʥʘ ʪʨʠʭʦʤʦʪ, ʢʘʢʦ ʠ ʧʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʠʦʪ, ʤʘʣ ʙʨʦʿ ʥʘ ʿʘʩʥʠ, ʣʝʩʥʦ 

ʧʨʝʧʦʟʥʘʪʣʠʚʠ ʜʠʿʘʢʨʠʪʠʯʥʠ ʢʘʨʘʢʪʝʨʠ ʥʘ ʩʚʝʪʣʦʩʝʥ ʤʠʢʨʦʩʢʦʧ, ʤʥʦʛʫ ʚʠʜʦʚʠ ʝʜʥʦʩʪʘʚʥʦ 

ʥʘʣʠʢʫʚʘʘʪ ʝʜʝʥ ʥʘ ʜʨʫʛ, ʰʪʦ ʿʘ ʧʨʘʚʠ ʥʠʚʥʘʪʘ ʤʠʢʨʦʩʢʦʧʩʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʙʘʟʠʨʘʥʘ 

ʩʘʤʦ ʥʘ ʮʠʪʦʤʦʨʬʦʣʦʰʢʠʪʝ ʢʘʨʘʢʪʝʨʠ ʜʦʩʪʘ ʢʦʤʧʣʠʢʫʚʘʥʘ ʠ ʯʝʩʪʦʧʘʪʠ ʧʨʠʜʨʫʞʝʥʘ ʩʦ 

ʜʦʣʛ ʠ ʥʘʧʦʨʝʥ ʧʨʦʮʝʩ ʥʘ ʦʧʩʝʨʚʘʮʠʿʘ.  

ʉʠʪʝ ʧʨʝʪʩʪʘʚʥʠʮʠ ʩʝ ʠʟʛʨʘʜʝʥʠ ʦʜ ʝʜʥʘ ʥʠʟʘ ʥʘ ʠʩʪʦʨʦʜʥʠ ʢʣʝʪʢʠ. ʂʘʢʦ 

ʩʧʝʮʠʿʘʣʥʠ ʤʦʨʬʦʣʦʰʢʠ ʜʠʬʝʨʝʥʮʠʨʘʥʠ ʢʣʝʪʢʠ, ʦʩʚʝʥ ʚʝʛʝʪʘʪʠʚʥʠʪʝ, ʤʦʞʘʪ ʜʘ ʩʝ ʿʘʚʘʪ 

ʩʘʤʦ ʥʝʢʨʠʜʠʯʥʠʪʝ ʢʣʝʪʢʠ, ʢʦʠ ʧʦʤʘʛʘʘʪ ʚʦ ʬʨʘʛʤʝʥʪʘʮʠʿʘʪʘ ʥʘ ʪʨʠʭʦʤʦʪ (ʪʠʝ ʩʝ 

ʦʜʥʝʩʫʚʘʘʪ ʢʘʢʦ ʝʜʝʥ ʚʠʜ ʥʘ Ăʩʝʧʘʨʘʮʠʦʥʠ ʜʠʩʢʦʚʠñ). ʏʝʩʪʦʧʘʪʠ, ʚʨʚʥʘʪʘ (ʘʧʠʢʘʣʥʘ) 

ʢʣʝʪʢʘ, ʤʦʞʝ ʜʘ ʠʤʘ ʨʘʟʣʠʯʥʘ ʤʦʨʬʦʣʦʛʠʿʘ ʦʜ ʦʩʪʘʥʘʪʠʪʝ, ʧʘ ʟʘʪʦʘ ʥʝʿʟʠʥʠʦʪ ʠʟʛʣʝʜ ʝ 

ʤʦʰʥʝ ʚʘʞʝʥ ʧʨʠ ʪʘʢʩʦʥʦʤʩʢʘʪʘ ʜʝʪʝʨʤʠʥʘʮʠʿʘ ʥʘ ʚʠʜʦʚʠʪʝ. ʂʘʿ ʛʦʣʝʤ ʙʨʦʿ ʧʨʝʪʩʪʘʚʥʠʮʠ 
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ʩʝ ʿʘʚʫʚʘ ʚʣʘʛʘʣʠʰʪʝ, ʢʦʝ ʤʦʞʝ ʜʘ ʙʠʜʝ ʪʝʥʢʦ ʠ ʩʣʫʟʘʚʦ (ʥʝʟʘʙʝʣʝʞʠʪʝʣʥʦ ʥʘ ʩʚʝʪʣʦʩʝʥ 

ʤʠʢʨʦʩʢʦʧ) ʠʣʠ ʧʘʢ ʜʘ ʙʠʜʝ ʧʦʜʝʙʝʣʦ, ʿʘʩʥʦ ʟʘʙʝʣʝʞʠʪʝʣʥʦ. ʂʘʿ ʨʘʟʣʠʯʥʠ ʨʦʜʦʚʠ, 

ʚʣʘʛʘʣʠʰʪʘʪʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʬʘʢʫʣʪʘʪʠʚʥʠ (ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʧʦʿʘʚʫʚʘʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʝʢʦʣʦʰʢʠʪʝ ʫʩʣʦʚʠ; ʥʘʿʯʝʩʪʦ ʧʨʠ ʫʩʣʦʚʠ ʥʘ ʩʪʨʝʩ), ʦʙʣʠʛʘʪʦʨʥʦ ʧʨʠʩʫʪʥʠ (ʢʘʢʦ ʩʪʘʙʠʣʝʥ 

ʢʘʨʘʢʪʝʨ) ʠʣʠ ʧʘʢ ʢʦʤʧʣʝʪʥʦ ʜʘ ʦʪʫʩʫʩʪʚʫʚʘʘʪ. ɺʣʘʛʘʣʠʰʪʘʪʘ ʤʦʞʝ ʜʘ ʦʧʬʘ˃ʘʘʪ ʝʜʝʥ ʠʣʠ 

ʧʦʚʝ˃ʝ ʪʨʠʭʦʤʠ. 

ʇʦʨʘʜʠ ʥʠʚʥʘʪʘ ʫʙʠʢʚʠʩʪʠʯʢʘ ʜʠʩʪʨʠʙʫʮʠʿʘ, ʦʜ ʪʨʦʧʩʢʠʪʝ ʧʨʝʜʝʣʠ (ʧʫʩʪʠʥʠ) ʜʦ 

ʧʦʣʘʨʥʠʪʝ ʢʨʘʠʰʪʘ, ʢʘʜʝ ʥʘʩʝʣʫʚʘʘʪ ʰʠʨʦʢ ʜʠʿʘʧʘʟʦʥ ʥʘ ʝʢʦʣʦʰʢʠ ʥʠʰʠ, ʦʜʥʦʩʥʦ 

ʩʣʘʪʢʦʚʦʜʥʠ, ʧʦʯʚʝʥʠ ʠ ʤʦʨʩʢʠ ʝʢʦʩʠʩʪʝʤʠ, ʦʚʠʝ ʧʨʝʪʩʪʘʚʥʠʮʠ ʩʝ ʤʦʰʥʝ ʟʥʘʯʘʿʥʠ ʠ 

ʟʘʩʣʫʞʫʚʘʘʪ ʧʦʩʝʙʥʦ ʚʥʠʤʘʥʠʝ. ʈʝʜʦʪ ʦʧʬʘ˃ʘ ʧʦʚʝ˃ʝ ʬʘʤʠʣʠʠ, ʢʦʠ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʚʨʟʘ 

ʙʘʟʘ ʥʘ ʮʠʪʦʤʦʨʬʦʣʦʰʢʠ ʠ ʤʦʣʝʢʫʣʘʨʥʠ (ʬʠʣʦʛʝʥʝʪʩʢʠ) ʢʘʨʘʢʪʝʨʠ: Pseudanabaenaceae, 

Leptolyngbyaceae, Oculatellaceae, Prochlorotrichaceae, Trichocoleaceae.  

ʇʦʟʥʘʪʠ ʩʝ ʧʦʚʝ˃ʝ ʦʜ 15 ʨʦʜʦʚʠ ʧʦʤʝʺʫ ʢʦʠ ʧʦʟʥʘʯʘʿʥʠ ʩʝ Geitlerinema, 

Halomicronema, Limnothrix, Leptolyngbya, Prochlorothrix ʠ Pseudanabaena. ʈʦʜʦʪ 

Prochlorothrix ʝ ʦʜ ʧʦʩʝʙʥʦ ʝʚʦʣʫʪʥʦ ʟʥʘʯʝˁʝ ʙʠʜʝʿ˃ʠ ʪʦʘ ʩʝ ʧʨʚʠʪʝ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ 

ʚʦ ʩʝʙʝ ʩʦʜʨʞʘʪ ʭʣʦʨʦʬʠʣ ʘ ʠ ʙ, ʘ ʥʝʤʘʘʪ ʬʠʢʦʙʠʣʠʥʠ. ʅʘʿʚʝʨʦʿʘʪʥʦ ʝ ʜʝʢʘ ʥʝʢʦʿ 

ʧʨʝʪʩʪʘʚʠʪʝʣ ʦʜ ʦʚʠʝ ʘʣʛʠ ʙʠʣ ʧʨʝʪʭʦʜʥʠʢ ʥʘ ʩʝʢʫʥʜʘʨʥʘʪʘ ʝʥʜʦʩʠʤʙʠʦʟʘ ʢʦʿʘ ʛʠ ʩʦʟʜʘʣʘ 

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʠ ʩʠʪʝ ʚʠʰʠ ʨʘʩʪʝʥʠʿʘ.  

ʉʝʧʘʢ, ʥʘʿʙʦʛʘʪ ʩʦ ʚʠʜʦʚʠ ʝ ʨʦʜʦʪ Pseudanabaena ʢʦʿ ʦʧʬʘ˃ʘ ʬʠʣʘʤʝʥʪʦʟʥʠ 

(ʢʦʥʯʝʩʪʠ) ʘʣʛʠ ʩʦ ʧʦʝʜʠʥʝʯʥʠ ʪʨʠʭʦʤʠ ʠʣʠ ʪʨʠʭʦʤʠ ʩʦʝʜʠʥʝʪʠ ʚʦ ʥʝʞʥʠ ʘʛʣʦʤʝʨʘʮʠʠ. 

ʊʨʠʭʦʤʠʪʝ ʩʝ ʧʨʘʚʠ ʠʣʠ ʩʣʘʙʦ ʠʟʚʠʝʥʠ, ʥʘʿʯʝʩʪʦ ʢʫʩʠ, ʙʝʟ ʨʘʟʛʨʘʥʫʚʘˁʝ, ʰʠʨʦʢʠ 0,8-3 mm, 

ʩʦʩʪʘʚʝʥʠ ʦʜ ʮʠʣʠʥʜʨʠʯʥʠ ʢʣʝʪʢʠ ʥʘʿʯʝʩʪʦ ʩʦ ʿʘʩʥʘ ʢʦʥʩʪʨʠʢʮʠʿʘ ʥʘ ʥʘʧʨʝʯʥʠʪʝ ʼʠʜʦʚʠ 

(ʭʠʿʘʣʠʥʩʢʠ ʤʦʩʪʦʚʠ) ʧʦʨʘʜʠ ʰʪʦ ʢʦʥʝʮʦʪ ʣʠʯʠ ʥʘ ʙʨʦʿʘʥʠʮʘ. ʅʝʢʦʣʢʫ ʚʠʜʦʚʠ ʩʝ 

ʧʣʘʥʢʪʦʥʩʢʠ, ʪʠʭʦʧʣʘʥʢʪʦʥʩʢʠ ʠʣʠ ʙʝʥʪʦʩʥʠ ʚʦ ʦʣʠʛʦʪʨʦʬʥʠ, ʤʝʟʦʪʨʦʬʥʠ ʜʦ ʩʣʘʙʦ 

ʝʫʪʨʦʬʥʠ ʘʢʫʤʫʣʘʮʠʠ, ʜʨʫʛʠ ʚʠʜʦʚʠ ʩʝ ʿʘʚʫʚʘʘʪ ʥʘ ʧʦʯʚʠ ʠʣʠ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ 

ʢʦʣʦʥʠʠʪʝ ʥʘ ʧʣʘʥʢʪʦʥʩʢʠ ʨʦʪʠʬʝʨʠ ʠʣʠ ʜʨʫʛʠ ʘʣʛʠ. ʅʝʢʦʣʢʫ ʚʠʜʦʚʠ ʩʝ ʝʢʩʪʨʝʤʦʬʠʣʠ 

(ʤʠʥʝʨʘʣʥʠ, ʩʦʣʝʥʠ ʠʣʠ ʚʨʝʣʠ ʠʟʚʦʨʠ).  

 

ʉʣʠʢʘ 59. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ 

Pseudanabaena. ɸ ï P. catenata, ʩʦ 

ʿʘʩʥʠ ʭʠʿʘʣʠʥʩʢʠ ʤʦʩʪʦʚʠ, ɹ ï P. galeata, 

ʩʦ ʚʠʜʣʠʚʠ ʢʨʫʧʥʠ ʘʝʨʦʪʦʧʠ ʥʘ ʚʨʚʦʪ ʥʘ 

ʢʣʝʪʢʠʪʝ, ɺ ï P. pruinosa, ʩʦ ʢʫʩʠ 

ʩʬʝʨʠʯʥʠ ʢʣʝʪʢʠ. (B. Aleksovski ï 

pers.com.)  
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ʇʦʪʢʣʘʩʘ Nostocophycidae 

 ɺʦ ʦʚʘʘ ʧʦʪʢʣʘʩʘ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʩʝ ʢʦʥʯʝʩʪʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʩʦ ʭʝʪʝʨʦʮʠʪʥʘ 

ʛʨʘʜʙʘ ʥʘ ʪʘʣʫʩʦʪ; ʢʘʿ ʥʠʚ ʛʣʘʚʥʦ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʪʨʠ ʚʠʜʘ ʥʘ ʢʣʝʪʢʠ ï ʚʝʛʝʪʘʪʠʚʥʠ ʢʣʝʪʢʠ, 

ʭʝʪʝʨʦʮʠʩʪʠ ʠ ʪʨʘʿʥʠ ʩʧʦʨʠ. ʊʦʘ ʝ ʛʦʣʝʤʘ ʛʨʫʧʘ ʥʘ ʤʦʥʦʬʠʣʝʪʩʢʠ ʢʦʥʯʝʩʪʠ ʘʣʛʠ (ʫʪʚʨʜʝʥʠ 

ʥʘʜ 1.400 ʚʠʜʦʚʠ) ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʥʝʨʘʟʛʨʘʥʝʪʠ ʠ ʠʟʦʧʦʣʘʨʥʠ, ʜʘ ʠʤʘʘʪ ʚʠʩʪʠʥʩʢʦ ʠʣʠ 

ʣʘʞʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ, ʘ ʥʝʢʦʠ ʠʤʘʘʪ ʠ ʭʝʪʝʨʦʧʦʣʘʨʥʠ ʪʘʣʫʩʠ. ʇʦʪʢʣʘʩʘʪʘ ʩʦʜʨʞʠ ʝʜʝʥ ʨʝʜ 

ï Nostocales ʩʦ 19 ʬʘʤʠʣʠʠ ʦʜ ʢʦʠ ʧʨʠʢʘʞʘʥʠ ʚʦ ʦʚʦʿ ʪʝʢʩʪ ʩʝ: Aphanizomenonaceae, 

Gloeotrichiaceae, Nostocaceae ʠ Scytonemataceae.  

 

ʈʝʜ Nostocales 

 ʌʘʤʠʣʠʿʘ Aphanizomenonaceae ï ʊʠʧʠʯʥʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʦʚʘʘ ʬʘʤʠʣʠʿʘ ʩʝ 

ʢʦʥʯʝʩʪʠ ʭʝʪʝʨʦʮʠʪʥʠ ʧʣʘʥʪʢʦʥʩʢʠ ʬʦʨʤʠ ʢʦʠ ʯʝʩʪʦ ʩʦʟʜʘʚʘʘʪ Ăʚʦʜʝʥ ʮʚʝʪñ ʚʦ 

ʝʫʪʨʦʬʥʠʪʝ ʝʟʝʨʘ. ʈʦʜʦʚʠ ʩʦ ʥʘʿʛʦʣʝʤ ʙʨʦʿ ʚʠʜʦʚʠ ʩʝ Aphanizomenon ʠ Dolichospermum. 

ʂʘʿ ʚʠʜʦʚʠʪʝ ʥʘ Aphanizomenon ʢʦʥʯʝʩʪʠʪʝ ʪʘʣʫʩʠ ʩʝ ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʩʦʟʜʘʚʘʘʪ ʤʘʣʠ ʠʣʠ 

ʧʦʛʦʣʝʤʠ ʢʦʣʦʥʠʠ ʩʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʧʘʨʘʣʝʣʥʘ ʦʨʠʝʥʪʘʮʠʿʘ ʥʘ ʬʠʣʘʤʝʥʪʠʪʝ ʢʦʠ ʯʝʩʪʦ 

ʥʘ ʧʨʝʧʘʨʘʪʠʪʝ ʧʦʪʩʝʪʫʚʘʘʪ ʥʘ ʤʘʢʨʦʩʢʦʧʩʢʠ ʬʣʝʢʠ ʠʣʠ ʢʦʥʮʠ ʦʜ ʪʨʝʚʘ (ʩʣʠʢʘ 60). 

ʂʦʥʮʠʪʝ ʩʝ ʠʟʦʧʦʣʘʨʥʠ, ʧʨʘʚʠ, ʧʦʥʝʢʦʛʘʰ ʩʦ ʤʘʣʢʫ ʟʘʢʨʠʚʝʥʠ ʢʨʘʝʚʠ, ʩʝ ʩʪʝʩʥʫʚʘʘʪ ʢʦʥ 

ʢʨʘʝʚʠʪʝ, ʩʦ ʠʣʠ ʙʝʟ ʢʦʥʩʪʨʠʢʮʠʠ ʥʘ ʥʘʧʨʝʯʥʠʪʝ ʼʠʜʦʚʠ. ʂʦʥʮʠʪʝ ʩʝ ʟʘʰʪʠʪʝʥʠ ʩʦ ʥʝʞʥʘ, 

ʜʠʬʫʟʥʘ, ʤʫʢʦʟʥʘ ʦʙʚʠʚʢʘ. ʂʣʝʪʢʠʪʝ ʩʝ ʮʠʣʠʥʜʨʠʯʥʠ ʠʣʠ ʠʟʜʦʣʞʝʥʦ ʦʚʘʣʥʠ, ʙʣʝʜʦ ʩʠʥʦ-

ʟʝʣʝʥʠ, ʩʦ ʘʝʨʦʪʦʧʠ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝ ʩʢʦʨʦ ʪʨʢʘʣʝʟʥʠ, ʝʣʠʧʩʦʚʠʜʥʠ, ʠʣʠ ʮʠʣʠʥʜʨʠʯʥʠ 

ʩʦ ʜʚʝ ʧʦʨʠ, ʥʘʿʯʝʩʪʦ ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʢʦʥʝʮʦʪ, ʠ ʝʜʠʥʝʯʥʠ, ʥʘʿʯʝʩʪʦ 1-3 ʧʦ ʢʦʥʝʮ. 

ʊʨʘʿʥʠʪʝ ʩʧʦʨʠ ʩʝ ʜʦʣʛʠ ʮʠʣʠʥʜʨʠʯʥʠ ʩʦ ʟʘʦʙʣʝʥʠ ʢʨʘʝʚʠ, ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʚʦ ʛʨʫʧʠ ʦʜ 2-

3, ʩʧʦʝʥʠ ʩʦ ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʠʣʠ ʦʜʘʣʝʯʝʥʠ ʦʜ ʥʠʚ. ʂʣʝʪʦʯʥʘʪʘ ʜʝʣʙʘ ʩʝ ʦʜʚʠʚʘ ʚʦ ʮʝʣʠʦʪ 

ʪʨʠʭʦʤ, ʜʦʜʝʢʘ ʨʝʧʨʦʜʫʢʮʠʿʘʪʘ ʥʘʩʪʘʥʫʚʘ ʩʦ ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʥʘ ʢʦʥʝʮʦʪ ʠ ʬʦʨʤʠʨʘˁʝ ʥʘ 

ʘʢʠʥʝʪʠ (ʪʨʘʿʥʠ ʩʧʦʨʠ). ʆʜ ʧʦʟʥʘʪʠ 19 ʚʠʜʦʚʠ ʩʢʦʨʦ ʩʠʪʝ ʩʝ ʧʣʘʥʢʪʦʥʩʢʠ ʠ ʯʝʩʪʦ 

ʬʦʨʤʠʨʘʘʪ ʛʫʩʪʠ óʚʦʜʥʠ ʮʚʝʪʦʚʠô ʚʦ ʫʤʝʨʝʥʘʪʘ ʢʣʠʤʘʪʩʢʘ ʟʦʥʘ. ʊʠʧʠʯʥʠʦʪ ʧʨʝʪʩʪʘʚʠʪʝʣ 

Aphanizomenon flosaquae ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʩʝ ʿʘʚʫʚʘ ʚʦ ʝʫʪʨʦʬʥʠ ʝʟʝʨʘ, ʘʢʫʤʫʣʘʮʠʠ, 

ʨʠʙʥʠʮʠ ʠ ʜʨʫʛʠ ʟʘʩʪʦʝʥʠ ʝʫʪʨʦʬʥʠ ʚʦʜʠ. ʇʦʯʝʩʪʠ ʚʠʜʦʚʠ ʫʰʪʝ ʩʝ A. issatschenkoi, A. 

skujae ʠ A. aphanizomenoides.  

 ʈʦʜʦʪ Dolichospermum ʝ ʥʝʦʜʘʤʥʘ ʠʟʜʚʦʝʥ ʦʜ ʨʦʜʦʪ Anabaena ʟʘ ʜʘ ʛʠ ʦʧʬʘʪʠ 

ʧʣʘʥʢʪʦʥʩʢʠʪʝ ʚʠʜʦʚʠ ʥʘ ʦʚʠʝ ʬʦʨʤʠ ʩʦ ʘʝʦʨʦʪʦʧʠ ʚʦ ʢʣʝʪʢʠʪʝ. ʂʣʝʪʢʠʪʝ ʩʝ ʦʚʘʣʥʠ ʜʦ 

ʮʠʣʠʥʜʨʠʯʥʠ, ʩʦʟʜʘʚʘʘʪ ʢʦʥʮʠ ʢʦʠ ʩʝ ʥʘʿʯʝʩʪʦ ʨʘʟʣʠʯʥʦ ʧʨʘʚʠʣʥʦ ʠʣʠ ʥʝʧʨʘʚʠʣʥʦ 

ʠʟʚʠʝʥʠ, ʩʦ ʥʝʟʘʙʝʣʝʞʠʪʝʣʥʠ ʚʣʘʛʘʣʠʰʪʘ ʥʘʿʯʝʩʪʦ ʢʘʢʦ ʤʫʢʦʟʥʘ ʦʙʚʠʚʢʘ. ɹʦʿʘʪʘ ʥʘ 

ʢʣʝʪʢʠʪʝ ʝ ʙʣʝʜʦ ʜʦ ʞʦʣʪʦ ʩʠʥʦ-ʟʝʣʝʥʘ ʩʦ ʧʨʠʤʝʪʥʠ ʘʝʨʦʪʦʧʠ, ʠ ʧʦʥʝʢʦʛʘʰ ʩʦ 

ʛʨʘʥʫʣʠʨʘʥʘ ʩʦʜʨʞʠʥʘ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝ ʚʦ ʬʠʣʘʤʝʥʪʠʪʝ, ʧʦʝʜʠʥʝʯʥʠ ʠ ʨʘʩʧʦʨʝʜʝʥʠ ʥʘ 

ʧʨʘʚʠʣʥʘ ʦʜʜʘʣʝʯʝʥʦʩʪ (ʜʦ 9 ʧʦ ʝʜʝʥ ʬʠʣʘʤʝʥʪ). ʊʨʘʿʥʠʪʝ ʩʧʦʨʠ ʩʝ ʩʬʝʨʠʯʥʠ, 

ʝʣʠʧʩʦʚʠʜʥʠ, ʮʠʣʠʥʜʨʠʯʥʠ, ʠʟʚʠʝʥʠ, ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʚʦ ʛʨʫʧʠ ʦʜ 2-5, ʢʘʿ ʥʝʢʦʠ ʚʠʜʦʚʠ 

ʧʦʩʪʘʚʝʥʠ ʜʦ ʭʝʪʝʨʦʮʠʩʪʠʪʝ. ʆʜ ʧʦʟʥʘʪʠʪʝ 46 ʚʠʜʦʚʠ, ʥʝʢʦʠ ʢʘʢʦ D. flos-aquae, D. circinale 



86 
 

ʠʣʠ D. sigmoideum ʬʦʨʤʠʨʘʘʪ Ăʚʦʜʝʥ ʮʚʝʪñ ʠ ʩʝ ʜʦʢʘʞʘʥʦ ʪʦʢʩʠʯʥʠ ʚʠʜʦʚʠ, ʜʦʜʝʢʘ D. 

crassum ʠ D. planctonicum ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʧʦʝʜʠʥʝʯʥʦ ʠ ʥʝ ʩʝ ʪʦʢʩʠʯʥʠ.  

 

ʉʣʠʢʘ 60. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ 

ʬʘʤ. Aphanizomenonaceae. ɸ ʠ 
ɹ ï Aphanizomenon flosaquae: (A) 

ʤʘʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʥʘ ʛʨʫʧʘʮʠʠ 

ʥʘ ʬʠʣʘʤʝʥʪʠ, (ɹ) ʉʄ 

ʤʠʢʨʦʬʦʪʦʛʨʘ-ʬʠʿʘ ʩʦ ʭʝʪʝʨʦʮʠʩʪʠ;                             

ɺ ï Dolichospermum flos-aquae,              

ɻ - D. planctonicum, ɼ - D. crʘssum.  

 

 

 

 

 

 

 

 ʌʘʤʠʣʠʿʘ Gloeotrichiaceae ï ʌʘʤʠʣʠʿʘʪʘ ʩʦʜʨʞʠ ʩʘʤʦ ʝʜʝʥ ʨʦʜ ï Gloeotrichia, 

ʩʠʥʦ-ʟʝʣʝʥʠ ʢʦʥʯʝʩʪʠ ʘʣʛʠ ʢʦʠ ʬʦʨʤʠʨʘʘʪ ʢʦʣʦʥʠʠ ʥʘ ʭʝʪʝʨʦʧʦʣʘʨʥʠ ʬʠʣʘʤʝʥʪʠ ʩʦ 

ʙʘʟʘʣʥʦ ʧʦʩʪʘʚʝʥʘ ʭʝʪʝʨʦʮʠʩʪʘ ʠ ʪʝʨʤʠʥʘʣʝʥ ʟʘʚʨʰʝʪʦʢ ʚʦ ʬʦʨʤʘ ʥʘ ʚʣʘʢʥʦ ʦʙʚʠʪʢʘʥʠ ʩʦ 

ʚʣʘʛʘʣʠʰʪʝ. ʅʘʿʯʝʩʪʦ ʬʦʨʤʠʨʘʘʪ ʞʝʣʘʪʠʥʦʟʥʠ ʩʬʝʨʠʯʥʠ ʢʦʣʦʥʠʠ ʜʦ ʥʝʢʦʣʢʫ ʮʝʥʪʠʤʝʪʨʠ 

ʚʦ ʧʨʝʯʥʠʢ, ʧʨʠ ʰʪʦ ʧʦʝʜʠʥʝʯʥʠʪʝ ʬʠʣʘʤʝʥʪʠ ʚʦ ʢʦʣʦʥʠʿʘʪʘ ʩʝʢʦʛʘʰ ʩʝ ʦʨʠʝʥʪʠʨʘʥʠ ʩʦ 

ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʢʦʥ ʮʝʥʪʘʨʦʪ ʥʘ ʢʦʣʦʥʠʿʘʪʘ (ʩʣʠʢʘ 61). ʂʦʣʦʥʠʠʪʝ ʩʣʦʙʦʜʥʠ ʧʣʠʚʘʘʪ ʠʣʠ ʩʝ 

ʟʘʢʘʯʝʥʠ ʟʘ ʧʦʜʚʦʜʥʠ ʧʨʝʜʤʝʪʠ. ʇʨʝʜ ʢʨʘʿ ʥʘ ʚʝʛʝʪʘʪʠʚʥʠʦʪ ʧʝʨʠʦʜ, ʚʦ ʩʦʩʝʜʩʪʚʦ ʥʘ 

ʭʝʪʝʨʦʮʠʩʪʘʪʘ ʩʝ ʬʦʨʤʠʨʘʘʪ ʪʨʘʿʥʠ ʩʧʦʨʠ (ʧʦʝʜʠʥʝʯʥʦ ʠʣʠ ʚʦ ʥʠʟʘ). ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʧʦ 

ʧʘʪ ʥʘ ʠʟʜʚʦʿʫʚʘˁʝ ʥʘ ʧʦʝʜʠʥʝʯʥʠ ʢʦʥʮʠ ʦʜ ʢʦʣʦʥʠʠʪʝ, ʘ ʦʩʦʙʝʥʦ ʩʦ ʭʦʨʤʦʛʦʥʠʠ. ʆʜ 

ʧʦʟʥʘʪʠ 26 ʚʠʜʘ, ʜʚʘ ʩʝ ʝʫʧʣʘʥʢʪʦʥʩʢʠ, ʥʝʢʦʣʢʫ ʩʝ ʨʘʟʚʠʚʘʘʪ ʚʦ ʧʝʨʠʬʠʪʦʥʦʪ ʥʘ 

ʘʢʚʘʪʠʯʥʠʪʝ ʨʘʩʪʝʥʠʿʘ ʠ ʧʨʝʜʤʝʪʠ, ʘ ʥʝʢʦʣʢʫ ʞʠʚʝʘʪ ʚʦ ʜʝʪʨʠʪʫʩʦʪ. ʆʩʚʝʥ Gloeotrichia 

echinulata, ʢʦʿʘ ʞʠʚʝʝ ʚʦ ʙʨʘʢʠʯʥʠ ʚʦʜʠ, ʩʠʪʝ ʚʠʜʦʚʠ ʩʝ ʩʣʘʪʢʦʚʦʜʥʠ.  

 

ʉʣʠʢʘ 61. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ 

Gloeotrichia. ɸ ï G. echinulata, ʠʟʛʣʝʜ ʥʘ 

ʢʦʣʦʥʠʿʘ; ɹ - G. intermedia, ʠʟʛʣʝʜ ʥʘ ʢʦʣʦʥʠʿʘ;            

ɺ - G. natans, ʭʘʙʠʪʫʩ ʥʘ ʬʠʣʘʤʝʥʪ ʩʦ 

ʭʝʪʝʨʦʮʠʩʪʠ ʠ ʪʨʘʿʥʠ ʩʧʦʨʠ, ʚʝʛʝʪʘʪʠʚʥʠ ʢʣʝʪʢʠ 

ʠ ʟʘʚʨʰʝʪʦʢ ʢʘʢʦ ʚʣʘʢʥʦ; ɻ - G. intermedia, 

ʭʘʙʠʪʫʩ.  
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ʌʘʤʠʣʠʿʘ Nostocaceae ï ʊʦʘ ʝ ʮʝʥʪʨʘʣʥʘ ʬʘʤʠʣʠʿʘ ʥʘ ʨʝʜʦʪ ʠ ʧʦʪʢʣʘʩʘʪʘ ʢʦʿʘ 

ʦʧʬʘ˃ʘ ʦʢʦʣʫ 45 ʨʦʜʦʚʠ ʥʘ ʭʝʪʝʨʦʮʠʪʥʠ ʢʦʥʯʝʩʪʠ ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ ʩʝ ʩʨʝ˃ʘʚʘʘʪ ʚʦ 

ʮʝʣʘʪʘ ʙʠʦʩʬʝʨʘ. ʂʦʥʮʠʪʝ ʩʝ ʦʙʚʠʪʢʘʥʠ ʩʦ ʤʫʢʦʟʥʠ ʠʣʠ ʞʝʣʘʪʠʥʦʟʥʠ ʦʙʚʠʚʢʠ ʠ ʥʝ ʩʝ 

ʨʘʟʛʨʘʥʫʚʘʘʪ. ɺʠʜʦʚʠʪʝ ʥʘ ʨʦʜʦʪ Nostoc ʩʝ ʛʣʘʚʥʦ ʩʣʘʪʢʦʚʦʜʥʠ, ʨʦʜʦʪ Nodularia ʝ ʤʦʨʩʢʠ, 

ʜʦʜʝʢʘ Anabaena ʩʝ ʩʨʝ˃ʘʚʘ ʚʦ ʜʚʘʪʘ ʤʝʜʠʫʤʘ. ʆʜ ʚʢʫʧʥʦ 45 ʨʦʜʘ ʥʘ ʦʚʘʘ ʬʘʤʠʣʠʿʘ, 

ʥʘʿʙʦʛʘʪʠ ʩʦ ʚʠʜʦʚʠ ʩʝ Anabaena (152), Cylindrospermum (51) ʠ Nostoc (105).  

ʈʦʜʦʪ Anabaena ʛʦ ʩʦʯʠʥʫʚʘʘʪ ʚʠʜʦʚʠ ʩʦ ʧʦʝʜʠʥʝʯʥʠ ʬʠʣʘʤʝʥʪʠ, ʢʦʠ ʤʦʞʘʪ ʜʘ 

ʩʦʟʜʘʚʘʘʪ ʛʨʫʧʘʮʠʠ ʠʣʠ ʤʘʢʨʦʩʢʦʧʩʢʠ ʧʨʝʢʨʠʚʢʠ, ʠʣʠ ʜʘ ʞʠʚʝʘʪ ʚʦ ʪʢʠʚʘʪʘ ʥʘ 

ʘʢʚʘʪʠʯʥʠʪʝ ʨʘʩʪʝʥʠʿʘ. ʊʨʠʭʦʤʠʪʝ ʩʝ ʧʨʘʚʠ, ʠʟʚʠʝʥʠ, ʠʣʠ ʧʨʘʚʠʣʥʦ ʩʧʠʨʘʣʥʠ, ʤʥʦʛʫ 

ʧʦʨʝʪʢʦ ʚʦ ʛʨʫʧʠ ʩʦ ʧʘʨʘʨʝʣʥʠ ʪʨʠʭʦʤʠ. ʅʝʞʥʠ ʚʣʘʛʘʣʠʰʪʘ ʩʝ ʿʘʚʫʚʘʘʪ ʩʘʤʦ ʢʘʿ ʧʦʝʜʠʥʠ 

ʚʠʜʦʚʠ. ʂʣʝʪʢʠʪʝ ʩʬʝʨʠʯʥʠ, ʝʣʠʧʩʦʚʠʜʥʠ, ʮʠʣʠʥʜʨʠʯʥʠ, ʧʦʥʝʢʦʛʘʰ ʙʫʙʨʝʛʦʚʠʜʥʠ, ʙʣʝʜʦ 

ʩʠʥʦ ʠʣʠ ʞʦʣʪʦ ʟʝʣʝʥʠ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʠʥʪʝʨʢʘʣʘʨʥʠ (ʚʦ ʚʥʘʪʨʝʰʥʦʩʪʘ ʥʘ ʢʦʥʝʮʦʪ), 

ʝʜʠʥʝʯʥʠ, ʚʦ ʧʨʘʚʠʣʥʠ ʨʘʟʤʘʮʠ ʧʦ ʢʦʥʝʮʦʪ. ʊʨʘʿʥʠʪʝ ʩʧʦʨʠ ʩʬʝʨʠʯʥʠ, ʝʣʠʧʩʦʚʠʜʥʠ, 

ʮʠʣʠʥʜʨʠʯʥʠ, ʠʥʪʝʨʢʘʣʘʨʥʠ, ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʚʦ ʛʨʫʧʠ, ʥʝʢʘʜʝ ʚʦ ʢʦʥʪʘʢʪ ʩʦ 

ʭʝʪʝʨʦʮʠʩʪʠʪʝ. ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʥʘ ʪʘʣʫʩʦʪ ʠ ʪʨʘʿʥʠʪʝ 

ʩʧʦʨʠ. ɺʠʜʦʚʠʪʝ ʥʘ ʨʦʜʦʪ Anabaena ʩʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪʠ ʚʦ ʚʦʜʠʪʝ ʠ ʥʘʜʚʦʨ ʦʜ ʥʠʚ, 

ʥʦ ʩʦ ʤʦʜʝʨʝʥʠʪʝ ʪʘʢʩʦʥʦʤʩʢʠ ʠʩʪʨʘʞʫʚʘˁʘ ʧʦʛʦʣʝʤ ʙʨʦʿ ʥʘ ʚʠʜʦʚʠ ʩʪʝʢʥʫʚʘʘʪ ʥʦʚʠ 

ʠʤʠˁʘ ʧʦʨʘʜʠ ʰʪʦ ʥʠʚʥʠʦʪ ʜʠʚʝʨʟʠʪʝʪ ʩʪʘʥʫʚʘ ʥʝʿʘʩʝʥ. ɺʦ ʥʘʰʘʪʘ ʟʝʤʿʘ ʯʝʩʪʦ ʩʝ 

ʝʚʠʜʝʥʪʠʨʘʥʠ A. cylindrica, A. oscillarioides, A. sphaerica ʠ ʜʨʫʛʠ (ʇʝʪʨʦʚʩʢʘ 1997).  

 

ʉʣʠʢʘ 62. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ 

ʨʦʜʦʪ Anabaena. ɸ ï A. echinospora,                                      

ɹ ï ɸ. oscillarioides, ɺ - A. subcylindrica,                 

ɻ ï A. spiroides, ɼ ï A. circinalis,                     

ɬ ï A. azollae (ʩʠʤʙʠʦʥʪʩʢʘ ʩʠʥʦ-

ʟʝʣʝʥʘ ʘʣʛʘ ʚʦ ʚʦʜʝʥʠʦʪ ʧʘʧʨʘʪ Azolla 

ʢʘʜʝ ʚʨʰʠ ʬʠʢʩʘʮʠʿʘ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠʦʪ 

ʘʟʦʪ).  
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 ʈʦʜʦʪ Cylindrospermum ʛʦ ʩʦʯʠʥʫʚʘʘʪ ʚʠʜʦʚʠ ʯʠʠ ʢʦʥʮʠ ʩʝ ʚʤʝʪʥʘʪʠ ʚʦ ʘʤʦʨʬʥʠ, 

ʣʠʛʘʚʠ, ʪʝʤʥʦ ʩʠʥʦ-ʟʝʣʝʥʠ ʦʙʚʠʚʢʠ. ʂʦʥʮʠʪʝ ʩʝ ʮʠʣʠʥʜʨʠʯʥʠ, ʥʝʨʘʟʛʨʘʥʝʪʠ, ʠʩʪʠ ʧʦ 

ʰʠʨʦʯʠʥʘ ʚʦ ʜʦʣʞʠʥʘ ʠ ʟʘʚʨʰʫʚʘʘʪ ʩʦ ʢʦʥʫʩʥʠ ʢʣʝʪʢʠ ʦʜ ʢʦʠ ʩʝ ʨʘʟʚʠʚʘʘʪ ʭʝʪʝʨʦʮʠʩʪʠ. 

ʂʣʝʪʢʠʪʝ ʩʝ ʥʘʿʯʝʩʪʦ ʮʠʣʠʥʜʨʠʯʥʠ ʩʦ ʟʘʦʙʣʝʥʠ ʢʨʘʝʚʠ, ʧʦʨʝʪʢʦ ʙʫʨʝʚʠʜʥʠ, ʘ 

ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝʢʦʛʘʰ ʪʝʨʤʠʥʘʣʥʠ (ʯʝʩʪʦ ʥʘ ʜʚʘʪʘ ʢʨʘʿʘ ʦʜ ʢʦʥʝʮʦʪ). ʊʨʘʿʥʠʪʝ ʩʧʦʨʠ ʩʝ 

ʨʘʟʚʠʚʘʘʪ ʚʦ ʜʦʧʠʨ ʩʦ ʭʝʪʝʨʦʮʠʩʪʘʪʘ, ʥʘʿʯʝʩʪʦ ʧʦʝʜʠʥʝʯʥʠ, ʘ ʨʝʪʢʦ 2-3 ʚʦ ʥʠʟʘ, ʠ ʩʝ ʜʘʣʝʢʫ 

ʧʦʛʦʣʝʤʠ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ, ʩʦ ʤʘʟʥʘ ʦʙʚʠʚʢʘ ʥʦ ʧʦʨʝʪʢʦ ʩʦ ʨʘʟʥʠ ʠʟʨʘʩʪʦʮʠ ʠ 

ʙʨʘʜʘʚʠʮʠ. ʉʢʦʨʦ ʩʠʪʝ ʚʠʜʦʚʠ ʥʘ ʦʚʦʿ ʨʦʜ ʩʦʟʜʘʚʘʘʪ ʧʨʝʚʣʘʢʠ ʚʦ ʩʣʘʪʢʦʚʦʜʥʠ ʞʠʚʝʘʣʠʰʪʘ 

ʙʦʛʘʪʠ ʩʦ ʚʝʛʝʪʘʮʠʿʘ ʠʣʠ ʧʦ ʚʣʘʞʥʠ ʧʦʯʚʠ. ʊʠʧʠʯʥʘ ʦʜʣʠʢʘ ʥʘ ʨʦʜʦʪ ʩʝ ʙʨʦʿʥʠ ʪʨʘʿʥʠ 

ʩʧʦʨʠ ʚʦ ʤʘʩʘ. ʇʦʟʥʘʪʠ ʩʝ ʢʘʢʦ ʧʨʦʜʫʮʝʥʪʠ ʥʘ ʘʥʘʪʦʢʩʠʥ-ʘ. ʂʘʿ ʥʘʩ ʩʝ ʫʪʚʨʜʝʥʠ                         

C. alatosporum, C. stagnale, C. muscicola ʠ C. voukii.  

 

 
 

ʉʣʠʢʘ 63. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Cylindrospermum. ɸ ï C. skujae,  ɹ ï C. stagnale.  

 

ʈʦʜʦʪ Nostoc ʝ ʩʦʩʪʘʚʝʥ ʦʜ ʩʠʣʥʦ ʭʝʪʝʨʦʛʝʥʘ ʛʨʫʧʘ ʥʘ ʚʠʜʦʚʠ ʩʦ ʙʨʦʿʥʠ ʚʘʨʠʿʘʮʠʠ 

ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʘʨʘʢʪʝʨʠ. ʊʠʝ ʛʣʘʚʥʦ ʬʦʨʤʠʨʘʘʪ ʤʘʢʨʦʩʢʦʧʩʢʠ (ʧʦʨʝʪʢʦ ʤʠʢʨʦʩʢʦʧʩʢʠ) 

ʢʦʣʦʥʠʠ ʚʤʝʪʥʘʪʠ ʚʦ ʞʝʣʘʪʠʥʦʟʝʥ ʤʘʪʨʠʢʩ ʦʙʚʠʪʢʘʥʠ ʩʦ ʧʝʨʠʜʝʨʤ ʠʣʠ ʩʦʟʜʘʚʘʘʪ 

ʥʝʧʨʘʚʠʣʥʠ ʘʤʦʨʬʥʠ ʧʨʝʚʣʘʢʠ ʚʦ ʢʦʠ ʢʦʥʮʠʪʝ ʥʘ ʘʣʛʠʪʝ ʩʝ ʨʘʩʧʦʨʝʜʝʥʠ ʨʘʜʠʿʘʣʥʦ ʥʘ 

ʧʝʨʠʬʝʨʠʿʘʪʘ ʥʘ ʢʦʣʦʥʠʿʘʪʘ. ʄʥʦʛʫ ʦʜ ʚʠʜʦʚʠʪʝ ʠʤʘʘʪ ʢʦʤʧʣʠʮʠʨʘʥ ʠ ʩʧʝʮʠʬʠʯʝʥ 

ʞʠʚʦʪʝʥ ʮʠʢʣʫʩ ʟʘ ʚʨʝʤʝ ʥʘ ʢʦʿ ʧʦʩʪʘʚʝʥʦʩʪʘ ʥʘ ʬʠʣʘʤʝʥʪʠʪʝ ʠ ʬʦʨʤʘʪʘ ʥʘ ʢʦʣʦʥʠʠʪʝ 

ʩʠʣʥʦ ʩʝ ʤʝʥʫʚʘʘʪ. ʄʫʢʦʟʥʠʪʝ ʢʦʣʦʥʠʠ ʩʝ ʙʝʟʙʦʿʥʠ ʠʣʠ ʞʦʣʪʦ-ʢʘʬʝʘʚʠ, ʘ ʪʨʠʭʦʤʠʪʝ 

ʧʦʥʝʢʦʛʘʰ ʩʦʟʜʘʚʘʘʪ ʠ ʩʚʦʠ ʚʣʘʛʘʣʠʰʪʘ. ʊʨʠʭʦʤʠʪʝ ʥʝ ʩʝ ʨʘʟʛʨʘʥʝʪʠ, ʩʦʜʨʞʘʪ ʩʠʪʥʠ 

ʚʝʛʝʪʘʪʠʚʥʠ ʢʣʝʪʢʠ, ʠʟʦʧʦʣʘʨʥʠ ʠ ʩʪʝʩʥʝʪʠ ʥʘ ʥʘʧʨʝʯʥʠʪʝ ʼʠʜʦʚʠ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ 

ʧʦʝʜʠʥʝʯʥʠ, ʨʝʪʢʦ ʥʝʢʦʣʢʫ ʟʘʝʜʥʦ, ʠʥʪʝʨʢʘʣʘʨʥʠ ʠʣʠ ʪʝʨʤʠʥʘʣʥʠ ʥʘ ʜʚʘʪʘ ʢʨʘʿʘ ʦʜ 

ʪʨʠʭʦʤʦʪ. ʊʨʘʿʥʠʪʝ ʩʧʦʨʠ ʩʝ ʿʘʚʫʚʘʘʪ ʧʦʜ ʭʝʪʝʨʦʮʠʩʪʠʪʝ ʚʦ ʥʠʟʦʚʠ, ʯʝʩʪʦ ʩʠʪʝ ʢʣʝʪʢʠ ʚʦ 

ʪʨʠʭʦʤʦʪ ʧʨʝʦʺʘʘʪ ʚʦ ʪʨʘʿʥʠ ʩʧʦʨʠ, ʢʦʠ ʩʝ ʩʘʤʦ ʜʚʘ ʧʘʪʠ ʧʦʛʦʣʝʤʠ ʦʜ ʚʝʛʝʪʘʪʠʚʥʠʪʝ 

ʢʣʝʪʢʠ. ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʧʦ ʧʘʪ ʥʘ ʧʦʜʚʠʞʥʠ ʭʦʨʤʦʛʦʥʠʠ, ʦʩʣʦʙʦʜʫʚʘˁʝ ʥʘ ʪʨʠʭʦʤʠʪʝ ʦʜ 

ʢʦʣʦʥʠʠʪʝ, ʨʘʩʧʘʜ ʥʘ ʢʦʣʦʥʠʠʪʝ, ʠʣʠ ʧʦʨʝʪʢʦ ʧʨʝʢʫ ʨʪʝˁʝ ʥʘ ʪʨʘʿʥʠʪʝ ʩʧʦʨʠ. ʈʘʟʣʠʯʥʠʪʝ 
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ʚʠʜʦʚʠ ʩʝ ʨʘʟʚʠʚʘʘʪ ʚʦ ʩʣʘʪʢʦʚʦʜʥʠ ʞʠʚʝʘʣʠʰʪʘ, ʝʧʠʧʝʣʠʯʥʠ, ʝʧʠʣʠʪʠʯʥʠ ʠ ʝʧʠʬʠʪʩʢʠ ʚʦ 

ʥʝʟʘʛʘʜʝʥʠ ʝʟʝʨʘ, ʙʘʨʠ ʠ ʤʘʣʠ ʚʦʜʥʠ ʧʦʚʨʰʠʥʠ, ʘ ʤʥʦʛʫ ʦʜ ʚʠʜʦʚʠʪʝ (ʧʦʩʝʙʥʦ 

Amorphonostoc) ʥʘʩʝʣʫʚʘʘʪ ʧʦʯʚʠ. ʅʝʢʦʣʢʫ ʚʠʜʦʚʠ ʩʝ ʚʘʞʥʠ ʙʠʦʥʪʠ ʥʘ ʧʦʯʚʠʪʝ ʠ ʚʦʜʠʪʝ 

ʚʦ ʧʦʣʘʨʥʠʪʝ ʨʝʛʠʦʥʠ ʢʘʜʝ ʚʨʰʘʪ ʘʟʦʪʦʬʠʢʩʘʮʠʿʘ. ʅʝʢʦʣʢʫ ʩʝ ʝʥʜʦʬʠʪʠ (ʩʠʤʙʠʦʥʪʠ ʚʦ 

ʨʘʩʪʝʥʠʿʘ) ʚʦ ʣʠʰʘʠ (Geosiphon), ʤʦʚʦʚʠ, ʧʘʧʨʘʪʠ ʠ ʩʝʤʝʥʠ ʨʘʩʪʝʥʠʿʘ (ʢʦʨʝˁʘ ʥʘ Cycas ʠ 

Gunnera). ʅʘʚʝʜʝʥʠ ʩʝ ʦʢʦʣʫ 300 ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʠ ʩʦʝʚʠ ʥʘ ʨʦʜʦʪ Nostoc ʢʦʠ ʩʝʧʘʢ ʥʝ ʩʝ 

ʪʘʢʩʦʥʦʤʩʢʠ ʧʦʪʚʨʜʝʥʠ. ʀʩʪʨʘʞʫʚʘˁʘʪʘ ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʝ ʪʦʘ ʩʠʣʥʦ ʭʝʪʝʨʦʛʝʥ ʨʦʜ ʩʦ 

ʙʨʦʿʥʠ ʛʝʥʝʪʩʢʠ ʨʘʟʣʠʢʠ ʢʦʠ ʚʝʨʦʿʘʪʥʦ ʪʨʝʙʘ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʤʥʦʛʫ ʥʦʚʠ ʬʠʣʦʛʝʥʝʪʩʢʠ 

ʣʠʥʠʠ. ʀʟʜʚʦʿʫʚʘˁʝʪʦ ʥʘ ʧʦʜʨʦʜʦʚʠʪʝ ʢʘʢʦ Amorphonostoc, Spheronostoc ʠ Stratonostoc ʩʝ 

ʩʘʤʦ ʧʨʝʦʜʥʠ ʬʘʟʠ ʚʦ ʢʦʥʝʯʥʦʪʦ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʦʚʦʿ ʩʣʦʞʝʥ ʨʦʜ. ʂʘʿ ʥʘʩ ʩʝ ʥʘʚʝʜʫʚʘʘʪ 

ʥʝʢʦʣʢʫ ʯʝʩʪʠ ʚʠʜʦʚʠ ʢʘʢʦ N. commune, N. paludosum, N. punctiforme, N. pruniforme,            

N. microscopicum ʠ ʜʨʫʛʠ.  

 

 

ʉʣʠʢʘ 64. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Nostoc. ɸ ï N. pruniforme (ʝʟʝʨʩʢʘ ʩʣʠʚʘ), ʤʘʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʥʘ 

ʢʦʣʦʥʠʠʪʝ; ɹ - N. pruniforme, ʤʠʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʥʘ ʤʠʢʨʦʢʦʣʦʥʠʠ ʠ ʪʨʠʭʦʤʠ; ɺ ï N. commune, 

ʤʠʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʥʘ ʪʨʠʭʦʤʠʪʝ ʚʦ ʢʦʣʦʥʠʿʘʪʘ; ɻ ï N. punctiforme, ʤʠʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʥʘ ʢʦʣʦʥʠʠʪʝ;              

ɼ ï N. paludosum, ʧʨʦʥʘʿʜʝʥ ʚʦ ɹʝʣʠʯʢʘ ʈʝʢʘ; ɬ ï N. microscopicum, ʤʘʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʥʘ ʢʦʣʦʥʠʠʪʝ ʧʦ 

ʢʘʨʧʠ; ɽ - N. microscopicum, ʤʠʢʨʦʩʢʦʧʩʢʠ ʠʟʛʣʝʜ ʥʘ ʪʨʠʭʦʤʠʪʝ ʚʦ ʦʚʘʣʥʠʪʝ ʢʦʣʦʥʠʠ.  

  

ʌʘʤʠʣʠʿʘ Scytonemataceae ï ɺʠʜʦʚʠʪʝ ʥʘ ʦʚʘʘ ʬʘʤʠʣʠʿʘ ʩʝ ʭʝʪʝʨʦʮʠʪʥʠ ʢʦʥʯʝʩʪʠ 

ʩʠʥʦ-ʟʝʣʝʥʠ ʘʣʛʠ ʢʦʠ ʩʝʢʦʛʘʰ ʠʤʘʘʪ ʣʘʞʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ. ʊʘʣʫʩʦʪ ʥʘʿʯʝʩʪʦ ʝ ʩʫʧʩʪʨʘʪʝʥ 
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ʚʦ ʬʦʨʤʘ ʥʘ ʨʘʤʥʠ ʠʣʠ ʪʦʧʯʝʩʪʠ ʧʨʝʚʣʘʢʠ ʧʦ ʧʦʜʣʦʛʘʪʘ, ʘ ʧʦʨʝʪʢʦ ʬʦʨʤʠʨʘ ʠʩʧʨʘʚʝʥʠ 

ʬʠʣʘʤʝʥʪʠ ʧʦʤʝʺʫ ʜʨʫʛʠʪʝ ʨʘʩʪʝʥʠʿʘ. ʌʠʣʘʤʝʥʪʠʪʝ ʩʝ ʠʟʦʧʦʣʘʨʥʠ, ʧʦʨʝʪʢʦ 

ʭʝʪʝʨʦʧʦʣʘʨʥʠ, ʨʘʟʛʨʘʥʫʚʘˁʝʪʦ ʟʘʧʦʯʥʫʚʘ ʧʦʤʝʺʫ ʚʝʛʝʪʘʪʠʚʥʠʪʝ ʢʣʝʪʢʠ ʚʦ ʙʣʠʟʠʥʘ ʥʘ 

ʭʝʪʝʨʦʮʠʩʪʠʪʝ. ʂʦʥʮʠʪʝ ʩʝʢʦʛʘʰ ʝʜʠʥʝʯʥʠ, ʦʙʚʠʪʢʘʥʠ ʩʦ ʜʝʙʝʣʦ ʚʣʘʛʘʣʠʰʪʝ ʢʦʝ ʝ ʯʝʩʪʦ 

ʣʘʤʠʥʠʨʘʥʦ (ʚʦ ʩʣʦʝʚʠ), ʦʙʦʝʥʦ ʠʣʠ ʧʦʥʝʢʦʛʘʰ ʠʥʢʨʫʩʪʨʠʨʘʥʦ ʩʦ ʩʦʣʠ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ ʩʝ 

ʛʣʘʚʥʦ ʧʦʝʜʠʥʝʯʥʠ ʠ ʩʦ ʜʚʝ ʧʦʨʠ. ʊʨʘʿʥʠ ʩʧʦʨʠ ʥʝʤʘ, ʥʦ ʧʦʥʝʢʦʛʘʰ ʩʝ ʩʦʟʜʘʚʘʘʪ 

ʘʨʪʨʦʩʧʦʨʠ ʢʘʿ ʥʝʢʦʠ ʚʠʜʦʚʠ. ʌʘʤʠʣʠʿʘʪʘ ʦʧʬʘ˃ʘ 7 ʨʦʜʦʚʠ ʥʘ ʩʣʘʪʢʦʚʦʜʥʠ ʠʣʠ ʤʦʨʩʢʠ 

ʚʠʜʦʚʠ ʦʜ ʢʦʠ ʥʘʿʪʠʧʠʯʝʥ ʝ Scytonema ʩʦ ʧʨʝʢʫ 100 ʚʠʜʦʚʠ.  

 ʈʦʜʦʪ Scytonema ʧʦʩʝʜʫʚʘ ʩʣʦʙʦʜʥʠ ʬʠʣʘʤʝʥʪʠ ʠʣʠ ʛʨʫʧʠʨʘʥʠ ʚʦ ʢʦʣʦʥʠʠ ʢʦʠ 

ʧʨʝʪʢʦ ʬʦʨʤʠʨʘʘʪ ʩʣʦʝʚʠ (ʙʠʦʬʠʣʤ) ʥʘ ʩʫʧʩʪʨʘʪʦʪ. ʂʦʥʮʠʪʝ ʩʝʢʦʛʘʰ ʦʙʚʠʪʘʢʠ ʩʦ ʿʘʩʥʠ, 

ʮʚʨʩʪʠ, ʩʣʦʝʚʠʪʠ ʚʣʘʛʘʣʠʰʪʘ. ʂʦʥʮʠʪʝ ʧʦʝʜʠʥʝʯʥʠ ʚʦ ʚʣʘʛʘʣʠʰʪʘʪʘ. ʍʝʪʝʨʦʮʠʩʪʠʪʝ 

ʧʦʝʜʠʥʝʯʥʠ, ʠʥʪʝʨʢʘʣʘʨʥʠ, ʤʥʦʛʫ ʨʝʪʢʦ ʚʦ ʛʨʫʧʠ. ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʧʨʝʢʫ ʭʦʨʤʦʛʦʥʠʠ ʙʝʟ 

ʚʣʘʛʘʣʠʰʪʘ ʢʦʠ ʩʝ ʬʦʨʤʠʨʘʘʪ ʦʜ ʢʨʘʝʚʠʪʝ ʥʘ ʢʦʥʮʠʪʝ. ʆʚʦʿ ʨʦʜ ʝ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʘʥʝʪ, 

ʧʦʩʝʙʥʦ ʚʦ ʪʨʦʧʩʢʠʪʝ ʨʝʛʠʦʥʠ. ʊʦʘ ʝ ʚʠʩʦʢʦʚʘʨʠʿʘʙʠʣʝʥ ʨʦʜ ʢʦʿ ʠʤʘ ʧʦʪʨʝʙʘ ʦʜ 

ʪʘʢʩʦʥʦʤʩʢʘ ʨʝʚʠʟʠʿʘ. ʅʝʢʦʠ ʦʜ ʚʠʜʦʚʠʪʝ ʩʝ ʮʠʿʘʥʦʙʠʦʥʪʠ ʚʦ ʪʨʦʧʩʢʠʪʝ ʣʠʰʘʠ. ʂʘʿ ʥʘʩ ʩʝ 

ʫʪʚʨʜʝʥʠ ʧʦʚʝ˃ʝ ʚʠʜʦʚʠ ʥʘ ʚʣʘʞʥʠ ʢʘʨʧʠ ʠ ʚʦ ʣʠʪʦʨʘʣʦʪ ʥʘ ʆʭʨʠʜʩʢʦʪʦ ɽʟʝʨʦ ʢʘʢʦ               

Sc. (Petalonema) alatum, Sc. crispum, Sc. hofmanni ʠ Sc. mirabile.  

 

 
 

ʉʣʠʢʘ 65. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Scytonema. ɸ ï Sc. mychrous, ʪʠʧʠʯʝʥ ʭʘʙʠʪʫʩ ʩʦ ʿʘʩʥʦ ʚʠʜʣʠʚʦ 

ʣʘʞʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ; ɹ ï Sc. mirabile, ʭʘʙʠʪʫʩ ʩʦ ʣʘʞʥʠ ʨʘʟʛʨʘʥʫʚʘˁʘ; ɺ -  Sc.  hofmannii, ʤʠʢʨʦʩʢʦʧʩʢʘ 

ʩʣʠʢʘ ʥʘ ʢʦʥʮʠʪʝ, ʢʣʝʪʢʠʪʝ ʠ ʚʣʘʛʘʣʠʰʪʝʪʦ; ɻ ï Sc.coactile, ʭʘʙʠʪʫʩ.  

 

 



91 
 

ʇʦʪʢʣʘʩʘ Oscillatoriophycidae 

ʆʚʘʘ ʧʨʝʣʠʤʠʥʘʨʥʘ ʧʦʪʢʣʘʩʘ ʝ ʧʨʝʜʣʦʞʝʥʘ ʦʜ Hoffmann ʠ ʩʦʨ. (2005) ʟʘ ʜʘ ʛʠ 

ʦʧʬʘʪʠ ʛʝʥʝʪʩʢʠ ʩʨʦʜʥʠʪʝ ʝʜʥʦʢʣʝʪʦʯʥʠ, ʧʩʝʫʜʦ-ʢʦʥʯʝʩʪʠ ʠ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ ʥʘ ʩʠʥʦ-

ʟʝʣʝʥʠʪʝ ʘʣʛʠ ʥʘ ʭʦʤʦʮʠʪʥʘ ʪʘʣʫʩʥʘ ʛʨʘʜʙʘ. ʉʝʧʘʢ, ʢʘʢʦ ʝʜʥʦʢʣʝʪʦʯʥʠʪʝ (ʢʦʢʦʠʜʥʠ) 

ʬʦʨʤʠ ʦʜ ʦʚʘʘ ʛʨʫʧʘ ʩʝ ʦʧʠʰʘʥʠ ʚʦ ʧʦʪʢʣʘʩʘʪʘ Cyanophycidae (Chroococcales), ʧʦʨʘʜʠ 

ʬʠʣʦʛʝʥʝʪʩʢʘʪʘ ʨʘʟʚʦʿʥʘ ʣʠʥʠʿʘ ʦʚʜʝ ˃ʝ ʙʠʜʘʪ ʧʨʠʢʘʞʘʥʠ ʝʜʠʥʩʪʚʝʥʦ ʢʦʥʯʝʩʪʠʪʝ ʩʠʥʦ-

ʟʝʣʝʥʠ ʘʣʛʠ ʩʦ ʭʦʤʦʮʠʪʥʠ ʪʘʣʫʩʠ ʦʜ ʨʝʜʦʚʠʪʝ Oscillatoriales ʠ Spirulinales.  

 

ʈʝʜ Oscillatoriales 

 ɸʣʛʠʪʝ ʥʘ ʦʚʦʿ ʨʝʜ ʩʝ ʛʣʘʚʥʦ ʙʝʥʪʦʩʥʠ ʢʦʥʯʝʩʪʠ ʬʦʨʤʠ ʩʦ ʩʠʥʦ-ʟʝʣʝʥʘ ʙʦʿʘ ʢʦʠ 

ʩʦʟʜʘʚʘʘʪ ʧʨʝʢʨʠʚʢʠ ʧʦ ʢʘʤʝˁʘʪʘ ʠʣʠ ʧʦʜʣʦʛʘʪʘ, ʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʠ ʪʝʨʝʩʪʠʯʥʠ. 

ʊʨʠʭʦʤʠʪʝ ʩʝ ʠʟʛʨʘʜʝʥʠ ʦʜ ʝʜʥʘ ʥʠʟʘ ʥʘ ʢʣʝʪʢʠ, ʥʝ ʩʝ ʨʘʟʛʨʘʥʫʚʘʘʪ, ʥʠʪʠ ʩʦʟʜʘʚʘʘʪ ʣʘʞʥʦ 

ʨʘʟʛʨʘʥʫʚʘˁʝ. ʅʝ ʧʦʩʝʜʫʚʘʘʪ ʭʝʪʝʨʦʮʠʩʪʠ, ʘ ʥʘʿʯʝʩʪʦ ʥʠʪʫ ʩʧʦʨʠ. ʊʨʠʭʦʤʠʪʝ ʩʝ ʝʜʥʘʢʚʦ 

ʰʠʨʦʢʠ ʧʦ ʮʝʣʘʪʘ ʜʦʣʞʠʥʘʪʘ ʥʘ ʢʦʥʝʮʦʪ, ʘ ʤʦʞʘʪ ʠ ʩʠʤʝʪʨʠʯʥʦ ʜʘ ʩʝ ʩʪʝʩʥʫʚʘʘʪ ʠʣʠ 

ʧʨʦʰʠʨʫʚʘʘʪ ʥʘ ʜʚʘʪʘ ʢʨʘʿʘ. ʂʘʿ ʥʝʢʦʠ ʬʦʨʤʠ ʪʨʠʭʦʤʠʪʝ ʩʠʣʥʦ ʩʝ ʩʪʝʩʥʫʚʘʘʪ ʚʦ ʬʦʨʤʘ ʥʘ 

ʚʣʘʢʥʦ. ɺʣʘʛʘʣʠʰʪʝ ʧʨʠʩʫʪʥʦ ʠʣʠ ʦʪʩʫʪʥʦ, ʦʧʬʘ˃ʘ ʝʜʝʥ ʠʣʠ ʧʦʚʝ˃ʝ ʪʨʠʭʦʤʠ. 

ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʝ ʛʣʘʚʥʦ ʩʦ ʭʦʨʤʦʛʦʥʠʠ. ʈʝʜʦʪ ʦʧʬʘ˃ʘ 11 ʬʘʤʠʣʠʠ ʦʜ ʢʦʠ ʥʘʿʙʦʛʘʪʠ ʩʦ 

ʚʠʜʦʚʠ ʩʝ Microcoleaceae, Oscillatoriaceae ʠ Phormidiaceae.  

ʌʘʤʠʣʠʿʘ Microcoleaceae ï ʊʘʣʫʩʦʪ ʥʘ ʦʚʠʝ ʘʣʛʠ ʝ ʞʝʣʘʪʠʥʦʟʝʥ ʠ ʬʦʨʤʠʨʘ ʥʝʞʥʠ, 

ʪʝʥʢʠ ʠ ʢʦʤʧʘʢʪʥʠ ʧʨʝʢʨʠʚʢʠ ʧʦ ʧʦʜʣʦʛʘʪʘ, ʧʦʨʝʪʢʦ ʩʣʦʝʚʠʪʠ ʥʘʩʣʘʛʠ ʠʣʠ ʢʦʨʘ. ʏʝʩʪʦ 

ʧʦʝʜʠʥʝʯʥʠʪʝ ʪʨʠʭʦʤʠ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʦʜ ʤʘʩʘʪʘ ʠ ʩʝ ʜʚʠʞʘʪ (ʧʦʣʟʘʪ) ʧʦ ʧʦʜʣʦʛʘʪʘ. 

ʊʨʠʭʦʤʠʪʝ ʠʟʦʧʦʣʘʨʥʠ ʠ ʥʘʿʯʝʩʪʦ 1-2 ʠʣʠ ʧʦʚʝ˃ʝ ʟʜʨʫʞʝʥʠ ʚʦ ʟʘʝʜʥʠʯʢʘ ʦʙʚʠʚʢʘ 

(ʚʣʘʛʘʣʠʰʪʝ), ʮʠʣʠʥʜʨʠʯʥʠ ʠ ʠʥʪʝʥʟʠʚʥʦ ʩʝ ʜʚʠʞʘʪ. ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ 

ʜʦʣʛʠ ʧʦʜʚʠʞʥʠ ʭʦʨʤʦʛʦʥʠʠ ʢʦʠ ʦʜ ʤʘʪʠʯʥʠʦʪ ʢʦʥʝʮ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʧʦ ʧʘʪ ʥʘ ʥʝʢʨʠʜʠʯʥʠ 

ʢʣʝʪʢʠ. ʋʪʚʨʜʝʥʠ ʩʝ ʧʦʚʝ˃ʝ ʦʜ 30 ʨʦʜʦʚʠ ʧʦʤʝʺʫ ʢʦʠ ʧʦ ʙʨʦʿʦʪ ʥʘ ʚʠʜʦʚʠ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ 

Arthrospira, Microcoleus, Planktothrix, Pseudophormidium ʠ Symploca.  

 

ʉʣʠʢʘ 66. ʇʨʝʪʩʪʘʚʠ-

ʪʝʣʠ ʥʘ ʬʘʤʠʣʠʿʘʪʘ 

Microcoleaceae.              

ɸ - Microcoleus vaginatus, 

ɹ - Symploca muscorum,  

ɺ - Planktothrix agardhii,  

ɻ - Planktothrix rubescens.  
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 ʌʘʤʠʣʠʿʘ Oscillatoriaceae ï ʊʨʠʭʦʤʠʪʝ ʥʘ ʚʠʜʦʚʠʪʝ ʦʜ ʦʚʘʘ ʬʘʤʠʣʠʿʘ ʩʝ 

ʥʝʨʘʟʛʨʘʥʝʘʪʠ, ʧʨʘʚʠ ʠʣʠ ʨʘʟʣʠʯʥʦ ʠʟʚʠʝʥʠ. ɺʠʜʦʚʠʪʝ ʧʦʩʝʜʫʚʘʘʪ (ʠʣʠ ʥʝ ʧʦʩʝʜʫʚʘʘʪ) 

ʚʣʘʛʘʣʠʰʪʘ, ʢʦʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʪʝʥʢʠ ʠʣʠ ʰʠʨʦʢʠ, ʮʚʨʩʪʠ ʠʣʠ ʤʝʢʠ, ʥʘʿʯʝʩʪʦ 

ʥʝʧʠʛʤʝʥʪʠʨʘʥʠ, ʘ ʧʦʥʝʢʦʛʘʰ ʠ ʪʝʰʢʦ ʟʘʙʝʣʝʞʣʠʚʠ. ɺʦ ʚʣʘʛʘʣʠʰʪʝʪʦ ʝ ʧʦʩʪʘʚʝʥ ʩʘʤʦ ʧʦ 

ʝʜʝʥ ʪʨʠʭʦʤ. ʊʨʠʭʦʤʠʪʝ ʩʝ ʝʜʥʘʢʚʦ ʰʠʨʦʢʠ ʧʦ ʮʝʣʘʪʘ ʜʦʞʠʥʘ, ʩʘʤʦ ʥʘ ʢʨʘʝʚʠʪʝ ʤʦʞʘʪ ʜʘ 

ʙʠʜʘʪ ʩʪʝʩʥʝʪʠ ʠʣʠ ʧʨʦʰʠʨʝʥʠ. ɺʨʚʥʠʪʝ ʢʣʝʪʢʠ ʥʘ ʪʨʠʭʦʤʦʪ ʩʝ ʨʘʟʣʠʢʫʚʘʘʪ ʦʜ ʦʩʪʘʥʘʪʠʪʝ 

ʢʣʝʪʢʠ ʠ ʧʦʥʝʢʦʛʘʰ ʟʘʚʨʰʫʚʘ ʩʦ ʩʧʝʮʠʿʘʣʥʦ ʟʘʜʝʙʝʣʫʚʘˁʝ ʥʘ ʢʣʝʪʦʯʥʠʦʪ ʼʠʜ ï ʢʘʧʘ ʠʣʠ 

ʢʘʣʠʧʪʨʘ. ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʜʝʟʠʥʪʝʛʨʘʮʠʿʘ ʥʘ ʮʝʣʠʦʪ ʪʨʠʭʦʤ ʚʦ ʧʦʤʘʣʠ ʠ 

ʧʦʛʦʣʝʤʠ ʧʦʜʚʠʞʥʠ ʭʦʨʤʦʛʦʥʠʠ, ʠʣʠ ʥʝʧʦʜʚʠʞʥʠ ʭʦʨʤʦʮʠʩʪʠ, ʢʦʠ ʩʝ ʠʟʜʚʦʿʫʚʘʘʪ ʩʦ 

ʧʦʤʦʰ ʥʘ ʥʝʢʨʠʜʠʠ. ʆʜ ʦʢʦʣʫ 60 ʨʦʜʘ, ʥʘʿʙʨʦʿʥʠ ʩʦ ʚʠʜʦʚʠ ʩʝ Lyngbya (227), Oscillatoria 

(308) ʠ Phormidium (213).  

 ʈʦʜʦʪ Lyngbya ʧʦʩʝʜʫʚʘ ʪʨʠʭʦʤʠ ʢʦʠ ʩʝ ʧʨʘʚʠ ʠʣʠ ʩʣʘʙʦ ʙʨʘʥʦʚʠʜʥʠ (ʩʘʤʦ ʥʝʢʦʣʢʫ 

ʚʠʜʦʚʠ ʩʝ ʩʣʘʙʦ ʩʧʠʨʘʣʥʦ ʠʟʚʠʝʥʠ), ʨʝʪʢʦ ʧʦʝʜʠʥʝʯʥʠ, ʘ ʥʘʿʯʝʩʪʦ ʬʦʨʤʠʨʘʘʪ ʨʘʤʥʠ 

ʢʦʤʧʘʢʪʥʠ ʜʝʙʝʣʠ ʧʨʝʢʨʠʚʢʠ ʧʦ ʧʦʜʣʦʛʘʪʘ; ʠʩʢʣʫʯʠʪʝʣʥʠ ʨʝʪʢʦ ʩʦ ʣʘʞʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ, 

ʪʨʠʭʦʤʠʪʝ ʛʣʘʚʥʦ ʧʦʰʠʨʦʢʠ ʦʜ 6 mm. ʇʦ ʭʘʙʠʪʫʩ ʪʨʠʭʦʤʠʪʝ ʤʥʦʛʫ ʩʣʠʯʥʠ ʥʘ Oscillatoria 

ʠ Phormidium ʩʘʤʦ ʰʪʦ ʩʝʢʦʛʘʰ ʧʦʩʝʜʫʚʘʘʪ ʿʘʩʥʦ ʚʠʜʣʠʚʠ ʚʣʘʛʘʣʠʰʪʘ. ɺʣʘʛʘʣʠʰʪʘʪʘ 

ʪʝʩʥʦ ʠʣʠ ʧʦʰʠʨʦʢʦ ʧʦʩʪʘʚʝʥʠ ʜʦ ʪʨʠʭʦʤʠʪʝ ʠ ʨʘʟʣʠʯʥʦ ʦʙʦʝʥʠ. ɼʚʠʞʝˁʝʪʦ ʥʘ 

ʪʨʠʭʦʤʠʪʝ, ʧʦʨʘʜʠ ʮʚʨʩʪʦʪʦ ʚʣʘʛʘʣʠʰʪʝ, ʥʝ ʩʝ ʪʘʢʘ ʠʟʨʘʟʝʥʠ ʢʘʢʦ ʢʘʿ ʜʨʫʛʠʪʝ ʨʦʜʦʚʠ. 

ɺʨʚʥʠʪʝ ʢʣʝʪʢʠ ʥʘʿʯʝʩʪʦ ʩʦ ʢʘʣʠʧʪʨʘ. ʂʘʿ ʥʘʩ ʩʝ ʫʪʚʨʜʝʥʠ ʥʝʢʦʣʢʫ ʚʠʜʦʚʠ ʪʠʧʠʯʥʠ ʟʘ 

ʧʣʘʥʢʪʦʥʦʪ ʥʘ ʝʟʝʨʘʪʘ (L. lagerheimii, L. contorta, L. limnetica), ʨʝʯʥʠ ʪʝʢʦʚʠ ʠʣʠ ʠʟʚʦʨʠ (L. 

kuetzengii, L. maertensiana) ʠʣʠ ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ [(Lyngbya (Leptolyngbya) margaretheana)] 

ʚʦ ʠʟʚʦʨʠʪʝ ɹʘʥʩʢʦ (ʉʪʨʫʤʠʯʢʦ) ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 68
ʦ
ʉ.   

 

ʉʣʠʢʘ 67. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ 

Lyngbya. ɸ ï L. aestuarii, ɹ ï L.  stagnina,           

ɺ ï L. maior, ɻ ï L. martensiana.  
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ʈʦʜʦʪ Oscillatoria ʩʦ ʩʚʦʠʪʝ ʪʨʠʭʦʤʠ ʬʦʨʤʠʨʘ ʪʘʣʫʩ ʢʦʿ ʝ ʤʘʢʨʦʩʢʦʧʩʢʘ, ʤʘʟʥʘ, 

ʧʨʝʚʣʘʢʘ ʚʦ ʩʣʦʝʚʠ ʧʦ ʧʦʜʣʦʛʘʪʘ. ʊʨʠʭʦʤʠʪʝ ʩʝ ʮʠʣʠʥʜʨʠʯʥʠ, ʧʨʘʚʠ ʠʣʠ ʩʣʘʙʦ 

ʙʨʘʥʦʚʠʜʥʠ, ʧʦʜʚʠʞʥʠ ʩʦ ʧʦʣʟʝʯʢʠ ʜʚʠʞʝˁʘ ʦʢʦʣʫ ʥʘʜʦʣʞʥʘʪʘ ʦʩʢʘ (ʦʩʮʠʣʠʨʘʘʪ, ʧʦʨʘʜʠ 

ʰʪʦ ʠ ʨʦʜʦʪ ʜʦʙʠʣ ʠʤʝ), ʥʘʿʯʝʩʪʦ ʧʦʰʠʨʦʢʠ ʦʜ 6,8 mm (ʜʦ 70 mm). ʂʣʝʪʢʠʪʝ ʢʨʘʪʢʠ, 

ʜʠʩʢʦʚʠʜʥʠ, ʥʘʿʯʝʩʪʦ 3-11 ʧʘʪʠ ʧʦʢʫʩʠ ʦʪʢʦʣʢʫ ʰʠʨʦʢʠ, ʢʣʝʪʦʯʥʘʪʘ ʩʦʜʨʞʠʥʘ ʭʦʤʦʛʝʥʘ 

ʠʣʠ ʩʦ ʛʦʣʝʤʠ ʛʨʘʥʫʣʠ, ʥʦ ʙʝʟ ʘʝʨʦʮʠʩʪʠ. ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʧʨʝʢʫ ʭʦʨʤʦʛʦʥʠʠ ʦʩʣʦʙʦʜʝʥʠ 

ʧʦ ʧʘʪ ʥʘ ʥʝʢʨʠʜʠʠ. ʆʚʦʿ ʨʦʜ ʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʪ ʚʦ ʙʠʦʩʬʝʨʘʪʘ, ʥʦ ʧʦ ʨʝʚʠʟʠʿʘʪʘ ʛʠ 

ʦʧʬʘ˃ʘ ʩʘʤʦ ʬʦʨʤʠʪʝ ʢʦʠ ʩʝ ʥʘʩʝʣʫʚʘʘʪ ʚʦ ʙʝʥʪʦʩʦʪ ʠʣʠ ʧʝʨʠʬʠʪʦʥʦʪ; ʧʣʘʥʢʪʦʥʩʢʠʪʝ 

ʬʦʨʤʠ ʩʦ ʧʦʪʝʩʥʠ ʪʨʠʭʦʤʠ ʠ ʨʘʟʣʠʯʥʘ ʫʣʪʨʘʩʪʨʫʢʪʫʨʘ ʩʝ ʧʦʤʝʩʪʝʥʠ ʚʦ ʜʨʫʛʠ ʨʦʜʦʚʠ (ʥʘ 

ʧʨ. Planktothrix, Pseudanabaena ʠʣʠ Limnothrix). ɺʠʜʦʚʠʪʝ ʩʝ ʿʘʚʫʚʘʘʪ ʢʘʢʦ ʧʨʝʚʣʘʢʠ ʥʘ 

ʨʘʟʣʠʯʥʠ ʧʦʜʣʦʛʠ (ʤʠʣ, ʨʘʩʪʝʥʠʿʘ, ʢʘʤʝʥ, ʧʝʩʦʢ) ʚʦ ʧʣʠʪʢʠ ʚʦʜʥʠ ʪʝʣʘ ʠʣʠ ʚʦ ʤʦʯʫʨʠʰʪʘ 

(ʯʝʩʪʦ ʩʝ ʠʥʜʠʢʘʪʦʨʠ ʟʘ ʦʨʛʘʥʩʢʦ ʟʘʛʘʜʫʚʘˁʝ). ʂʦʛʘ ˃ʝ ʠʤ ʧʦʨʘʩʥʝ ʙʠʦʤʘʩʘʪʘ ʜʝʣʦʚʠ ʦʜ 

ʧʨʝʚʣʘʢʠʪʝ ʩʝ ʦʪʢʠʥʫʚʘʘʪ ʠ ʬʦʨʤʠʨʘʘʪ ʧʣʦʚʝʯʢʠ ʛʨʫʧʘʮʠʠ ʥʘ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʚʦʜʘʪʘ. 

ʂʦʩʤʦʧʦʣʠʪʩʢʠ ʩʝ O. limosa, O. sancta, O. princeps ʠ O. proboscidea, ʜʦʜʝʢʘ ʢʘʿ ʥʘʩ ʩʝ 

ʫʪʚʨʜʝʥʠ ʠ O. ornata, O. tenuis, O. chalybea, O. amphibia (ʚʦ ʪʝʨʤʘʣʥʠ ʚʦʜʠ), ʆ. amoena,              

O. brevis, O. formosa.  

 

ʉʣʠʢʘ 68. ʇʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Oscillatoria.                   
ɸ ï O. articulata, ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʥʘ ʩʦʟʜʘʜʝʥʘ ʧʨʝʚʣʘʢʘ,                 

ɹ ï O. limosa, ɺ ï O. amphibia, ɻ ï O. tenuis, ɼ ï O. curviceps,                

ɬ ï O. princeps.  

 

 

ʈʦʜʦʪ Phormidium ʬʦʨʤʠʨʘ ʢʦʭʝʟʠʚʥʠ, ʞʝʣʘʪʠʥʦʟʥʠ, 

ʤʫʢʦʟʥʠ ʠʣʠ ʨʩʢʘʚʠʯʥʠ ʪʘʣʫʩʠ ʢʦʠ ʩʝ ʟʘʢʘʯʝʥʠ ʟʘ 

ʩʫʧʩʪʨʘʪʠʪʝ ʠʣʠ (ʩʝʢʫʥʜʘʨʥʦ) ʩʣʦʙʦʜʥʦʧʣʦʚʝʯʢʠ ʚʦ 

ʤʘʩʠ, ʤʥʦʛʫ ʨʝʪʢʦ ʧʦʝʜʠʥʝʯʥʠ ʬʠʣʘʤʝʥʪʠ. ʊʨʠʭʦʤʠʪʝ 

ʥʝ ʩʝ ʨʘʟʛʨʘʥʫʚʘʘʪ (ʥʝʤʘ ʥʠ ʣʘʞʥʦ ʨʘʟʛʨʘʥʫʚʘˁʝ), 

ʥʘʿʯʝʩʪʦ ʩʝ ʠʩʧʨʝʧʣʝʪʝʥʠ ʤʝʺʫʩʝʙʝ ʚʦ ʥʝʧʨʘʚʠʣʥʠ 

ʠʟʚʠʝʥʠ ʤʘʩʠ. ɺʣʘʛʘʣʠʰʪʘ ʩʝ ʿʘʚʫʚʘʘʪ ʧʦʨʘʜʠ 

ʥʝʧʦʚʦʣʥʠʪʝ ʫʩʣʦʚʠ ʠʣʠ ʩʝ ʧʦʩʪʦʿʘʥʘ ʦʜʣʠʢʘ; ʪʠʝ ʩʝ 

ʮʚʨʩʪʠ ʠ ʪʝʥʢʠ, ʙʝʟʙʦʿʥʠ, ʧʨʠʧʠʝʥʠ ʜʦ ʪʨʠʭʦʤʦʪ. 

ʊʨʠʭʦʤʠʪʝ ʩʝ ʮʠʣʠʥʜʨʠʯʥʠ, ʜʦ 15 mm ʰʠʨʦʢʠ, ʠ ʿʘʩʥʦ 

ʧʦʜʚʠʞʥʠ ʚʦ ʚʣʘʛʘʣʠʰʪʝʪʦ ʠʣʠ ʥʘʜʚʦʨ ʦʜ ʥʝʛʦ 

(ʧʦʣʟʝˁʝ, ʪʨʝʧʝʨʝˁʝ, ʙʨʘʥʦʚʠʜʥʦ ʜʚʠʞʝˁʝ, ʩʦ 

ʦʩʮʠʣʘʮʠʿʘ ʠʣʠ ʨʦʪʘʮʠʿʘ). ʂʣʝʪʢʠʪʝ ʮʠʣʠʥʜʨʠʯʥʠ ʙʝʟ 

ʘʝʨʦʮʠʩʪʠ, ʜʦʜʝʢʘ ʘʧʠʢʘʣʥʘʪʘ ʢʣʝʪʢʘ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʟʘʦʩʪʨʝʥʘ, ʠʩʪʝʥʯʝʥʘ, ʟʘʦʙʣʝʥʘ, ʩʦ ʠʣʠ ʙʝʟ ʢʘʣʠʧʪʨʘ. 

ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʧʨʝʢʫ ʢʫʩʠ ʠʣʠ ʜʦʣʛʠ ʭʦʨʤʦʛʦʥʠʠ ʢʦʠ 

ʥʘʩʪʘʥʫʚʘʘʪ ʧʨʝʢʫ ʙʠʢʦʥʢʘʚʥʠ ʥʝʢʨʠʜʠʿʘʣʥʠ ʢʣʝʪʢʠ. 

ʆʚʘ ʝ ʤʥʦʛʫ ʯʝʩʪ ʨʦʜ ʨʘʩʧʨʦʩʪʨʘʥʝʪ ʚʦ ʮʝʣʘʪʘ 
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ʙʠʦʩʬʝʨʘ, ʢʘʜʝ ʬʦʨʤʠʨʘ ʧʨʝʚʣʘʢʠ ʥʘ ʚʣʘʞʥʠ ʧʦʯʚʠ, ʤʠʣ, ʚʣʘʞʥʠ ʢʘʨʧʠ ʠʣʠ ʤʘʢʨʦʬʠʪʠ, ʚʦ 

ʨʝʢʠ ʠ ʝʟʝʨʘ. ʅʝʢʦʣʢʫ ʚʠʜʦʚʠ ʩʝ ʧʦʟʥʘʪʠ ʦʜ ʝʢʩʪʨʝʤʥʠ ʞʠʚʝʘʣʠʰʪʘ (ʪʝʨʤʘʣʥʠ ʠʟʚʦʨʠ ʠ 

ʧʫʩʪʠʥʠ). ʅʘʿʯʝʩʪʠ ʚʠʜʦʚʠ ʩʝ Phormidium inundatum, ʚʦ ʨʝʢʠ ʠ ʝʟʝʨʘ, P. retzii, P. 

autumnale, P. uncinatum ʠ P. fonticolum ʩʝ ʯʝʩʪʠ ʞʠʪʝʣʠ ʥʘ ʢʘʨʧʠʪʝ ʚʦ ʙʨʟʠ ʠʩʪʝʯʥʠ 

ʧʣʘʥʠʥʩʢʠ ʨʝʢʠ ʠ ʧʦʪʦʮʠ. ʇʦʢʨʘʿ ʥʘʚʝʜʝʥʠʪʝ, ʢʘʿ ʥʘʩ ʢʘʢʦ ʧʦʯʝʩʪʠ ʚʠʜʦʚʠ ʩʝ ʥʘʚʝʜʫʚʘʘʪ ʠ 

P. ambiguum, P. laminosum, P. subfuscum, P. papyraceum.  

 

 

ʉʣʠʢʘ 69. ʍʘʙʠʪʫʩ ʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Phormidium. ɸ ï ʢʦʤʧʘʨʘʪʠʚʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ 
ʧʦʤʝʺʫ ʜʚʘ ʚʠʜʘ Oscillatoria ʠ ʜʚʘ ʚʠʜʘ Phormidium (ʟʘʙʝʣʝʞʣʠʚʘ ʝ ʿʘʩʥʘʪʘ ʨʘʟʣʠʢʘ ʚʦ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʪʨʠʭʦʤʠʪʝ; ɹ ï Ph. autumnale; ɺ ï Ph. ambiguum; ɻ ï Ph. corium; ɼ ï Ph. aerugineo-caeruleum, (ɺ-ɼ ʿʘʩʥʦ 

ʚʠʜʣʠʚʠ ʚʣʘʛʘʣʠʰʪʘ).  
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ʈʝʜ Spirulinales 

 ʆʚʦʿ ʨʝʜ ʠʤʘ ʧʦʩʝʙʥʘ ʬʠʣʦʛʝʥʝʪʩʢʘ ʧʦʣʦʞʙʘ ʚʦ ʩʠʩʪʝʤʦʪ ʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘʪʘ, ʘ ʩʝ 

ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʪʠʧʠʯʥʠʪʝ ʧʨʘʚʠʣʥʦ ʩʧʠʨʘʣʥʦ ʠʟʚʠʝʥʠ ʪʨʠʭʦʤʠ ʙʝʟ ʚʣʘʛʘʣʠʰʪʘ ʠ 

ʩʧʝʮʠʬʠʯʥʘ ʮʠʪʦʣʦʛʠʿʘ ʠ ʝʢʦʣʦʛʠʿʘ. ʊʨʠʭʦʤʠʪʝ ʩʝ ʧʦʝʜʠʥʝʯʥʠ ʠʣʠ ʚʦ ʛʨʫʧʘ, ʧʨʠ ʰʪʦ 

ʥʘʧʨʝʯʥʠʪʝ ʧʨʝʛʨʘʜʠ ʧʦʤʝʺʫ ʢʣʝʪʢʠʪʝ ʚʦ ʢʦʥʝʮʦʪ ʩʝ ʚʠʜʣʠʚʠ ʩʘʤʦ ʢʘʿ ʧʦʰʠʨʦʢʠʪʝ 

ʪʨʠʭʦʤʠ. ʊʨʠʭʦʤʠʪʝ ʠʤʘʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʜʚʠʞʝˁʝ ʦʢʦʣʫ ʦʩʢʘʪʘ ʥʘ ʩʧʠʨʘʣʘʪʘ. ʊʨʠʭʦʤʠʪʝ 

ʩʝ ʰʠʨʦʢʠ ʜʦ 7,5 mm, ʢʣʝʪʢʠʪʝ ʩʝ ʥʘʿʯʝʩʪʦ ʧʦʜʦʣʛʠ ʦʪʢʦʣʢʫ ʰʠʨʦʢʠ, ʜʦʜʝʢʘ ʘʧʠʢʘʣʥʠʪʝ 

ʢʣʝʪʢʠ ʩʝ ʟʘʦʙʣʝʥʠ, ʧʦʣʫʢʨʫʞʥʠ, ʙʝʟ ʢʘʣʠʧʪʨʘ ʠʣʠ ʟʘʜʝʙʝʣʝʥ ʢʣʝʪʦʯʝʥ ʼʠʜ. 

ʈʘʟʤʥʦʞʫʚʘˁʝʪʦ ʩʝ ʦʜʚʠʚʘ ʧʨʝʢʫ ʧʦʜʚʠʞʥʠ ʭʦʨʤʦʛʦʥʠʠ ʙʝʟ ʥʝʢʨʠʜʠʿʘʣʥʠ ʢʣʝʪʢʠ. ɼʦ 

ʜʝʥʝʩ ʩʝ ʦʧʠʰʘʥʠ 53 ʚʠʜʦʚʠ ʥʘ ʦʚʦʿ ʨʦʜ, ʧʨʠ ʰʪʦ ʢʦʤʝʨʮʠʿʘʣʥʠʦʪ ʚʠʜ Spirulina platensis ʝ 

ʤʥʦʛʫ ʨʘʟʣʠʯʝʥ ʩʧʦʨʝʜ ʩʠʪʝ ʬʠʣʦʛʝʥʝʪʩʢʠ ʠ ʮʠʪʦʣʦʰʢʠ ʢʨʠʪʝʨʠʫʤʠ ʠ ʤʦʨʘ ʜʘ ʙʠʜʝ 

ʢʣʘʩʠʬʠʮʠʨʘʥ ʚʦ ʨʦʜʦʪ Arthrospira (Oscillatoriales, Microcoleaceae) (Komarek et al. 2014). 

ɺʠʜʦʚʠʪʝ ʢʦʠ ʧʨʠʧʘʺʘʘʪ ʢʦʥ Spirulina s.s. (s.s. = sensu stricto) ʩʝ ʘʣʛʠ ʢʦʠ ʥʘʩʝʣʫʚʘʘʪ 

ʙʝʥʪʦʩ ʠʣʠ ʤʝʪʘʬʠʪʦʥ, ʯʝʩʪʦ ʚʦ ʤʥʦʛʫ ʟʘʛʘʜʝʥʠ ʚʦʜʠ ʠʣʠ ʚʦ ʜʝʪʨʠʪʫʩʦʪ. ʆʩʪʘʥʘʪʠʪʝ 

ʚʠʜʦʚʠ ʩʝ ʯʝʩʪʠ ʞʠʪʝʣʠ ʥʘ ʪʝʨʤʘʣʥʠ ʠ ʤʠʥʝʨʘʣʥʠ ʠʟʚʦʨʠ ʠʣʠ ʟʘʩʦʣʝʥʠ ʝʟʝʨʘ ʠ ʙʘʨʠ. ɺʦ 

ʥʘʰʘʪʘ ʟʝʤʿʘ ʫʪʚʨʜʝʥʠ ʩʝ S. labyrinthiformis, S. major, S. subtilissima.  

 

 

ʉʣʠʢʘ 70. ʍʘʙʠʪʫʩ ʠ ʧʨʝʪʩʪʘʚʠʪʝʣʠ ʥʘ ʨʦʜʦʪ Spirulina. ɸ ï ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʿʘ ʥʘ ʤʘʩʘ ʦʜ Spirulina 

major; ɹ ï ʇʦʝʜʠʥʝʯʝʥ ʪʨʠʭʦʤ ʥʘ Spirulina major; ɺ ï Spirulina maxima; ɻ ï Spirulina (Arthrospira) platensis 

(ʝʢʦʥʦʤʩʢʠ ʢʫʣʪʠʚʠʨʘʥ ʚʠʜ ʟʘ ʭʫʤʘʥʘ ʫʧʦʪʨʝʙʘ).  


