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    (70%)  ,  
97%     .   -

   4 .    ,  
       

 (   ),  , -
,       

   (Woese et al., 1990). 
  ,    -

   ,  -
      

     (   ., 1986). 
  ,        

,      . 
  ,   -

      -
 ( , 1996).     

     -
       

  .      
       -

 ,    ,   
    -     

,   ,  -
       -

.  ,     -
      . -

,       (  
 2 . )   ,     
   ,    

  .     
 1.6–2.1 .      

(Knoll et al., 2006).    -
   ,    -

     ,   -
 .  ,  ,  

  ,    -
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 « »)      
       ( -

, , 1987;   ., 2006, 2007, 2008, 
2010; Christoffersen et al., 1990; Jürgens et al., 1994; Straile, 1998; 
Overmann et al., 1999; Hart, Stone, 2000; Møller, Nielsen, 2000; 
Servais et al., 2000; Auer et al., 2004; Vargas, González, 2004). 

     -
     -

   ,    -
      

. . .  ,   . . . -
 ,    .  -

 ,      -
   , -

   ,    
-     

 ,   ,   
      

        . -
       -

  —    .  
        

. 
 ,     

    ,  -
       -

     ,  -
    . 

        -
  . . .   . .  

        -
      -
   . 

   .    
. .        

  . . .  , .  
  . .     -
-     

   . .     -

 

,     2 . .  
   —  600–700  . 

       
  ,     . -

      
100  (Kirchman, 2008).      
( , )   (  , ), 

  ,   -
    .    -

,  , , , -
 ,   .    

 ,     -
   ,    -

    ,   
.  ,   -

       .  
        -

 ,       -
  . 

     -
  ,     

   . -   
 ,       

,   ,   -    
 ,    -

    . -
       

   ,    
     

     ,   -
   ,    -
   « » (Azam et al., 1983),  

      (Wil-
liams, 1981; Ducklow 1983).   

 ,       
   , -

 ,    , -
     , -

      ( -
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 1.     
« » 

  ,     -
      

     , 
   . .  (1926)    

 ,       -
      -

.       -
       ( . 

1932; , 1955; , 1966; , 1968; , 
1970; , 1966, 1970; , , 1974; -

, 1971; , 1971; , 1973; , 
1974; , 1975    ),    

       
.     

       
    ,    ( -

, 1972;   ., 1976). ,  , 
      -

      1970-  —  
1980-  ,       -

   (Zimmerman, Meyer-Reil, 1974; Hobbie et 
al., 1977; Porter, Feig, 1980)   (Davis, Sieburth, 1982; 
Haas, 1982; Caron, 1983; Sherr, Sherr, 1983a).     -

      -
    (Hobbie et al., 1968; Fuhr-

man, Azam, 1980; Newell, Christian, 1981; Kichman et al., 1985)  
 (Landry, Hasset, 1982; McManus, Fuhrman, 1986; 

Sherr, Sherr, 1983b; Sherr et al., 1987; Tremaine, Mills, 1987).  
      -
   . 

         
    -  
  -    
.  1974 .     

. ,      -
  (Pomeroy, 1974).    , 

 

  .        
      -

    . . .   
      

. . , . . , . . , . . -
, . . , . . , . . , . . -
, . .  (      ); . . , 

. . , . . , . . , 

. . , . . , . . , . . , 
. . , . . , . . , 
. .  (  ); . . , . .  ( -

   ); .  (  -
, )   , -

     .  -
 . .   . . ,    

   .      -
      

   . . , . .   
. . . 

      -
     

(   05-04-49243, 06-04-49024, 08-04-00441, 10-04-01009) 
     -

   «    
 ».    

     -
   «   :  -

    ». 
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     -
    (Pomeroy, 1974, 1984; Wil-

liams, 1981, 1984; Azam et al., 1983; Ducklow, 1983). -
      -

,         
.      

,    ,   
,  .   , -

     -
      -

.    .  
,      -

    ,    
  . , -

        -
 —    ,   —  
   —   -

 , ,   ,     
(Fenchel, 1986; Sherr et al., 1986; Sherr, Sherr, 1988). 

  . .  (Pace, 1993), «  -
  —    . 

    ,   -
 ,     

,      -
   ». . .  

(Wetzel, 2001)    : «  
« » —        

    ».  
      -
      

 (Ducklow, 2000; Pomeroy et al., 2007).  
    ,   

      , 
  ;     

  ,   -
  . , ,   

   ,     
       -

     « ».   

 

       -
   ,    

  ,    
   ,   -

 ,   .    -
      -

    . 
  1980-      -

 ,    -
        

  (Williams, 1981, 1984; Azam et al., 1983; 
Pomeroy, 1984).      

     
,  ,    -

 30        
(Williams, 1981, 1984).    -

   -  ,   
   .   -

      -
        

           
.    , 
      -

.        -
    ,   -
  .  

  « »   -
 .  «  »   

.        (Azam et 
al., 1983),    ,  , , 

   ,    
   (     

)      « ». 
       -
       -

.  
   « »   ,  

   ,   
  ,      
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 1.1.       -
  (  Sieburth et al., 1978; Sherr, Sherr, 2000) 

  ,    
 < 0.2   

 0.2–2 , , -
 

 2–20 , , 
, , -

, , -
 

 20–200 , -
, , , -

,  -
 

 200–2000  

 ,  -
       -

,     -
  . ,     

  ,   ,    
  « »     -

  .    -
  ,    -
       

 .    -
       

 .    ,   
       

 ,  ,   
      -

 .  ,    -
  ,   

 ,     -
       

(Ducklow, 1983; Azam et al., 1990).     
      , 

 ,   ,    -
  ,    

 

,     -
    ,    -

   « »,    
(Porter, 1996) ( . 1.1). 

 
. 1.1.    :  « »  

    ( : Porter, 1996,  ). 

    -
.    « »   -
       

  ,  .   
 (Sieburth et al., 1978),      

 .       -
       

( . 1.1). 
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,         
(DeLong, 1992; Fuhrman et al., 1992; Chaban et al., 2006).  

  20%     
(Karner et al., 2001).      -

 ,     
    (Wuchter et al., 2003; Herndl et al., 

2005; Francis, 2007). ,      80% 
      -

 2 (Ingalls et al., 2006).       
 ,    

   .    -
  ,    ,   75% 
     1  (Kirchman, 

2008).   ,  -
    ,  -

,        -
        

(Chaban et al., 2006; DeLong, 2007). 
     

2     ,   
« »      -

     .    
     -

          -
        

 . 
  —  

  « ».     
     

   —  -
    , -
   ,    -

  (Fenchel, 1982a, b, c, d; Goldmen, Caron, 
1985; Fenchel, 1986; Wikner, Hagstrom, 1988; Sherr et al., 1989). 

     , -
   .   ,   

    -
,        -

      , 

 

  ,   
 (Azam et al., 1983, 1990). 

      -
  ,    , 

        
    .  -

      -
    ,  
        

        -
. 

.      
  Archae  (Woese, Fox, 1977).  

         
1 ,        

.      , -
   .     

       
  .        -

     ,   
.       -

        -
  .    ,   

   ,   -
 ,       (Karner et 

al., 2001; DeLong, 2007). 
   Archae   , , 

  ,     
.      -

     .    
        

  .  ,   
    ,   
 ,  ,   

 .    -  
  ,     -
       -

        
    ,     
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     ,  
     . 

 .  -
 ,      

,    ,  .  
   ,   

, ,   , , -
   .    

  ,   -   
(Dodge, Lee, 2000).     -

 -       -
,     .  
      , -

   ,     (Le-
vinsen, Nielsen, 2002; Sherr, Sherr, 2007).   -

       
« »      —   -

 «  ». 
.    (  

Rhizopoda,  Lobosea,  Amoebida)   ( -
 Actinopoda,  Heliozoea,  Actinophryida, Centro-

helida)     
  ( , 1988; Arndt, 1993). -

   , , -
,     (Sigee, 2005).  

 ,       
  , ,   ,  -

   (Sims et al., 2002).  ,  
,  ,       

 (Arndt, 1993; Mathes, Arndt, 1995; Weisse, Müller, 
1998) , ,     (Ro-
gerson et al., 2003).       

      
   ,     

   Anabaena  Microcystis 
     (« »  -

) (Cook, Aheam, 1976; Van Wichelen et al., 2010). 
 .   —  

,    (  )  -

 

   . .  (Sorokin, 1981)  -
   .     

4-   (Fenchel, 1982a, b, c, d),   -
 ,     -

       
   .  -

       
    ,  , -

    (   -
)     (Wikn-

er, Hagstrom, 1988; Weisee, 1991; Laybourn-Parry, Parry, 2000).  
    -

       
, ,   .   

      , 
    (Sherr, Sherr, 1987; 

Stabell, 1996).    , 
  ,   

(McManus, Fuhrman, 1986; Jones, 2000).  -
    , ,  -

,       
« »     (Sherr, Sherr, 2000).  

    ,  -
 , , ,     

 .     -
    (Petz, 1999). -
      

: -  .   
  ,  , -

   ,  ,  -
    ( ,   -

).        
  ,    -
    ,     

  .     
  ,     -

 ,     ,  
—  ,       -

 .  ,  « »  
16 17



 

 -  .  -
 ( )    -

    .   
,      -

    -  -
,      -

  .    
   ,    

  90%     -
      .  

      : 
Synechococcus  Prochlorococcus (Stockner, Antia, 1986; Stockner, 
1988; Weisse, 1993; Callieri, Stockner, 2002). 

. ,    -
-        

    ,   -
     « » (Fuhrman, Suttle, 1993; 

Suttle, 1994, 2005, 2007; Fuhrman, 1999; Wommack, Colwell, 2000; 
Weinbauer, 2004).   ,  -

,     -
   .     

 , , ,   -
.      -
,      -

     ,  
,    , 

    .  -
    -    -

     -
      ,  -

   .  -
       
   —   «  » — 

     
        

    .   
,  25% ,    -

  ,   «  »   
       

 

 (  ) (Laybourn-Parry, 1992; Caron, 2000; Adolf 
et al., 2006; Sherr et al., 2007).     -

       -
 (Porter, 1988; Sanders, 1991).   -
 .       

: 1.  ,    -
     ,   

  ; 2.    -
 ,      

,       
     ; 3.  

   ,    -
     -

,       -
   ; 4.  , 

        -
/  (Caron, 2000). 

  .     -
 , ,     ,  

      -
 , ,     , 

    ,  
        

(Newell, 1994, 2003; Gessner et al., 1997).    
       -
  ,    
  .      -

   ,       -
,    ,    -

 ,     -
    ,  ,    

  . ,    
 ,    -

        
     .    -

         -
   ,       -

   ,  . 

18 19



 

 (McCauley, Kalff, 1981; Cole et al., 1988; Ducklow, 
Carlson,1992; Cole, Caraco, 1993)   -

     (  
   )     -

,     —     
    .  ,  
       -

 ,    (Sanders et al., 1992; Simon et 
al., 1992 ). 

     -
,     -

        
   ( )   

   ( )  -
,    (Hagsrom et al., 1988; Fahnen-

stiel et al., 1998; Karl, 1999; Biddanda et al., 2001).  -
,    -

       
   :   -
     ,  

      -
  ( , )  -

  (Biddanda et al., 2001; Cotner, Biddanda, 2002) 
( . 1.2). 

     , 
  ,   -

   ,      
    . , 

      -
     ,  

,     -
,       (  -

 )     
  (Cotner, Biddanda, 2000). 

       
,     , -

  / .    
   , ,  -

     (Azam, 1998), 

 

 .   75% -
        

       -
  ,   -

         
 .       

     . 
         

 (Gonzalez, Suttle, 1993). 
.       

,     (La Scola et al., 
2008; Fischer, Suttle, 2011; Yau et al., 2011): 1.   
—  (Sputnic virophage)    

 Acanthamoeba polyphaga.  ,  -
   ,   

   .  -
      

70%,       -
 . 2.   —  (Mavirus)  

  Cafeteria roenbergensis. 3.  -
 — OLV (Organic Lake virophage),   -

,     Phycodnaviridae, -
    .  OLV, -

   ,   -
.    —  -

 -  ,    
 .    -

  OLV      -
 ,   -    . 

,     -
      

. 

 « »     -
 .      

      -
 ,    -

  , ,   -
      .  -

20 21



 

    -
  ,       -

,      (  0.02    
2000  /(  × ) (Ducklow, Carlson, 1992),   

     -
 .     (Sanders et al., 

1992) ,      
      -

.   (Weinbauer, Peduzzi, 1995) -
     

      -
 . 

     ( -
   )    

  :    -
  (Auer et al., 2004).   -
      ,  -

      
      (  -

, ,  19  7 ),    -
 ,  ,   3  (Auer et al., 

2004).        -
      -

  .  
 ,      -

     -
       

  :     
,     -

     .  -
,   « »     

 -   ,       
       -
 . , ,  ,  -

          
  ,     -

        
  ( , 2002; Riemann, Sondergaard, 

 

        -
    (Wetzel, 1984). 

 
. 1.2.      

( )   .    -
         

,      ( )  -
 ( ),       -

  ( )   ,   
       -

.          
  ,     

 ,      
    ( : Cotner, Biddanda, 2002). 

  ,  -
    (  2),  

,      -
 (Del Giorgio, Cole, 1998).      

    ,   
    (Del Giorgio et al., 1997; Biddana et 

al., 2001).  

22 23



 

,     
(Stockner, Antia, 1986; Weisse, Stockner, 1993; Andersson et al., 
2006). 

    
  .  « »  

     ( . 1.1). 
     
 (  )    (  

 -  ).   
    -

- . -   -
  .    « -

»      -
   .  ,   -
      -

  .     -
   (Gonzalez, Suttle, 1993; 

Manage et al., 2002). 
   ,   -

  ,   , 
     

,      ( -
   , , -

;      
 ;   ; -

 ,       -
  ,   -
       . .), 

    .  , 
,      -

     , -
      -

        -
.  ,      -

  (Posch, 1995). 

   « »  -
 .     
   « »   

 

1986; Riemann, hristoffersen, 1993; Weisse, Stockner, 1993; Voros 
et al., 1996; Auer et al., 2004). 

    -
   ( ,  ) — 

   « » (bottom-up),  -
 —  « » (top-down).   -
       -
    .   « » 

 ,     -
.      -
 ,   ,   -

   (  -
   ),     

70%    .  
      -

      ,   
.      -

   -
,        

.     
.        -

       ,  
      -

.        
 ,     . 

     -
 « », . .     -

 . 
      
     « ». -

     -
      -

     . 
       -

-    . 
   ,  ,  

    « »,      -
 .     -

,       
24 25



 

 ( , 1979; Brown, Jenkins, 1962; Hollowday, 
1979). 

      
 .    -

  ,     
  « »      

   ( . .  « »  
   (“link”)   -

   ),     
     (“sink”) (Sherr, Sherr, 

1988; Pomeroy, 1999).  
     -

       -
      (Berninger et 

al., 1993).     -
         

      . 
(Stockner, Porter, 1988).      

     -
  « »  ,   -

  . 
      
  « »     
    (Daphnia  Ceriodaph-

nia).       -
   (   0.5  50 )  

,      
: , -  ,   

 (DeBiase et al., 1990).   -  -
       -

,    . 
     

    ( , Anuraeopsis sp.), 
      -

 ,      
  (Stewart, George, 1987). 

       
     , 

 

   (Pomeroy, 1999).   , 
  ,   

  ,    
(Ceriodaphnia, Bosmina)      

    (Stewart, George, 
1987; Jürgens et al., 1994).    -

    -
   (Oicopleura dioica) (King et 

al., 1980)   (Penilia avirostris) ( , , 
1970).    -

   ( )  -
 .       -

         
     -  -
 .    -
  (Dolan, Gallegos, 1991; Arndt, 1993), -

 (Turner et al., 1988)   (Sanders, Porter, 
1990) ,     (Gifford, 
Dagg, 1988).      -

,    , , -
       

( , 1971; Sanders, Wickham, 1993; Burns, Schallenberg, 
2001; Auer et al., 2004).  ,   -

      -
   (Pace, Orcutt, 1981; Stockner, Por-

ter, 1988).       
         

.  ,      
 . ,    

Gymnostomatida  Daphnia    , 
    (Manca et al., 

2007).   (Galvao et al., 1989)   -
      -

,    (Gaines, Elbrachter, 1987)  
      .  -

   Actinosphaerium  -
  (Sigee, 2005).    -

       

26 27



 

1991).       -
      -

.     -
       

     :  
  —    (Sommer et al., 

2002)     —     Peni-
lia avirostris ( , 1982). 

  « »   -
   ,     

   , ,   ,  
     (Straile, 

1998; Hart, Stone, 2000; Servais et al., 2000; Farnell-Jackson, Ward, 
2003;Shinada et al., 2003; Vargas, Gonzalez, 2004).  -

,     « »   -
  .     -
      

,     ,  
    ,  -

        
 .   ,    -

     .   
      , -

     
(Pomeroy et al., 2007). 

 « »    -
.      -

       
   « » (Stockner, Porter, 1988; 

Berman, 1990; Harrison, 1992).   ,  -
    —  —   -

,     (Goldman et 
al., 1985; LeCorre et al., 1996). - ,   

       -
   ,       -

.        -
      -

  (Vadstein et al., 1993).    

 

       
  —    -

, ,   . -
 ,     

    « »  . -
 ,  « »    

      
   . 

      
« » (      -

    )   « -
»   (     ) 

(Sanders et al., 1992; Reckerrmann, Veldhuis, 1997; Caron et al., 
1999).  ,      -

 , ,    (“sink”) 
    (Ducklow, 1983).   

    ,  
,   ,     

      
  (Ducklow, 1983; Pomeroy, Wiebe, 1988). 

  « » ,   -
     -

,      -
  ,  1–2%  -

 ,   ,   
(Ducklow et al., 1986).   ,    -

     -
       -
 ,     
    -

   ,     
    -

   (Pomeroy et al., 2007). ,  
      -

 , ,   ,  -
 ,       

       
     : -
     (Sherr, Sherr, 1987; Dolan, 

28 29



 

   ,   -
     . 

      
       -

    « »  -
   .   ,  -

  « »,     (  -
,     . .)  -

      
  ,   -

        
     (Cotner, Biddanda, 

2003).  ,     
,     , -

      
       

  (Cotner, Biddanda, 2003). -
,       -

      -
 (Meili, 1997),       

    , 
  (Axelman et al., 1997).    

 ,     
        Cd 

 Zn (Twiss et al., 1996).  , -
,   —    -

    . , 
       

   ,   -
      

      
   ,     ,  

    ,  -
     -
     (Cotner, Biddanda, 

2003).  
     

    ,  -
  ,     -

 

     -
        

   (Strom et al., 1997; Ferrier-
Pages et al., 1998; Nagata, 2000),    , 

    (Caron, Goldman, 1990; Caron, 
1997).  ,    -

     (Sieburth, Davis, 
1982; Jumars et al., 1989),     (Dolan, 
1997).  (Dolan, 1997) ,    

    , -
  ,    -

      -
 .     -
  1–15     50–64% 

  (Ferrier-Pages, Rassoulzadegan, 1994; Le-
Corre et al., 1996).      -

       -
   47% ( , 1987).  -

        
    51%,  — 32%, 

  — 17% ( , 2005).  
      -

     , ,   
 (Wilhelm, Suttle, 1999, 2000). , -

      , -
, ,  ,   , 

    ,    -
       -
,     (Wilhelm, Suttle, 2000; 

Poorvin et al., 2004). 
 ,      

  ,       
    . -

        -
  ,     -

     ,   , 
    , 

    (Stone, Weisburd, 
1992).  ,  « »   -

30 31



 

 2.    
   

2.1.   

    ,   -
   ,    -
    , -

    : Bacteria, Archae  
 Eucarya. Bacteria  Archae     (  -

    1 )  -
 ,     ,  -

    ,    
  ,   -

 (Woese, Fox, 1977; Woese et al., 1990).  , 
       -

    «  -
 »   . 

 Bacteria    
: , , -

.  ,     
    ,   

      . 
   , -

,      -
.        -

         -
     , -

, , , ,    . -
,       

 -  ,    
,      

    ,  , -
      . 

   ,   2, N2O, CH4, -
   ,   -

       . 
     -

     .  
  , ,  -

 

    .  
 ,      -

        -
   . ,   
      , 

 . .   . .  (1987), . .   -
. (Pace et al., 1984).    , -
        -

      (Fasham et al., 
1990; Legendre, Levefre, 1995; Ducklow et al., 2004). 

32 33



 

        -
,    .  -

        
   ,  -

,   -     
     (Paul, 

1993). 
 1950-       -

 (14 )     -
    (Steeman-Nielsen, 1952).   

      -
.      
    -

       -
 (Wright, Hobbie, 1965; Azam, Hodson, 1981).  1970-  -

       -
     -

      
.       -

         
 (Zimmerman, Meyer-Reil, 1974; Hobbie et al., 

1977; Porter, Feig, 1980).      -
   (Le, Wood, 1988; Robertson, Button, 

1989).  ,   , 
     (Fuhr-

man, Azam, 1980, 1982)      -
  .    
      -

   (Karl, Winn, 1984; Moriarty, 1985).   -
 ,     , 

        
 (Hollibaugh, 1988; Robarts, Zahary, 1993),    

       -
 ,      

     (Kirchman et al., 1985). 
     ,   

      -
 . 

 

,   ,   , 
    ,  -

      , -
     ,   -

 .     
  ,    -

  .    
  ,    -

.      -
    .      

    ,     
 (Brock, 1978; Anton et al., 2000; Price, 2000; Bak-

er, Banfield, 2003).       
  ,     -

,   .  -
       -

  ,       , 
  .       

       -
 (Del Giorgio, Duarte, 2002),      

    . 
   ,   

        
 ,     ,  

,       
,   ,   , -

      
     .  

       -
,         

. ,     -
       -
 .     -

       -
 . 

     -
   70-    ,    -
   ,   -

      .  
34 35



 

 0.7–9.9 / ,   -
   (0.5–50)  106 (   107) / .  -

   0.4  85 (   13.4)  /( 3  )  
    1.6      , 

  .       
        

 ,      
(Cole, Pace, 1995). 

 2.1.  (N),  (B)   (P) -
        

  

   
( ) 

N, 106 
/  

B,  
 / 3 

P,  / 
( 3  ) 

 
 

 
2  ( ) 0.11-0.48 1-8 0-0.48 Laybourn-Parry et 

al., 2004 
.   

( ) 
0.59-0.68 - 1.68-2.4 Bertoni et al., 

2008 
 

1.0-4.3 - 4.2 Nakano et al., 
2003 

.  ( ) 

0.5-1.4 5.9-21.2 0.3-1.4 Straskrabova et 
al., 2005 

. -   
( ) 

- 11-39 0-46.2 Laybourn-Parry, 
Walton, 1998 

.   
( ) 

1 26 5.3 Furtado et al., 
2001 

.  ( ) 0.57-1 - 0.12-1.06 Heath, Munawar, 
2004 

 
.   

( )  
2.13-3.15 13.6-19.9 6.9 Tulonen et al., 

2000 
.  ( ) 0.45-8.3 

(2.4±1.5) 
6.1-235.4 
40.0±29.6) 

0.24-48  
(16.3±6.2) 

Jugnia et al., 2007 

.  ( ) 3.1-6.7 - 3.4-6.7 Bertoni et al., 
2008 

 
.  ( ) 3.88-6.17 96-191 33-51   ., 

2009 
.   

( ) 
3.18 1.84 - 5.14±4.68 Simon et al., 1998 

.  ( ) 11.5±5.7 400±200 64.8±14.4 Chrost et al., 2009 
.  

( ) 
2.3-4.6 37-68 < 0.7-18 Lavandier, 1990 

 

  1980-      -
      -

. ,     , -
       -

     (Woese et al., 1990).  -
        -

   ,     -
     ,    

   .    
       

,         -
  -   (Bergh et al., 

1989; Proctor, Fuhrman, 1990). 
   -    -

-    .  
    ,  

 -  ,      
     (Pomeroy, 

1974).      «  
» (Azam et al., 1983),   ,  

     ,  -
 ,   . -
     ,    

    (    )  
     (   -

) (Ducklow, 1983).      -
  ,   

        . 
     

    ,    
     .   

      , 
      -

 (Cole et al., 1988) ,  ,   -
    ( . 2.1  2.2). 

         
  ,   -

 ,   « »   -
      –   
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      -
,  ,  ,  

   .  

 2.2.  (N),  (B)   (P) -
    

  N, 106 
/  

B,  
/ 3 

P,  / 
( 3  ) 

 
 

  
   

( ) 
0.21-
0.71 

- 0.8-19.3 , 1989 

 ( ) 0.28-
2.07 

1.9-18.5 0-36.9 Albright, McCrae, 
1987 

   
( ) 

0.2-0.8 13-64 8-14 Leakey et al., 1996 

-   
    

 

0.1-97.5 - 4.1-1696 Lee, Bong, 2008 

 .  
( ) 

1.8-4.8 32-127 14.4-
110.4 

Karrasch et al., 2003 

 .  
( )  

0.65-
12.7 

- 4.8-38 Kirchman, 
Hoch,1988 

 .  
( ) 

0.2-3.8 5-92 111-216 Barrera-Alba et al., 
2009 

 ( ) 1.3 48.1 1.22 Furtado et al., 2001 
    

  
  0.2-1.5 4.4-48.2 0.8-38.4 , , 

1989 
  

  
 -

  

 
0.5-1 
2-3 

 
20-30 
37-124 

 
5-15 

11-56 

 
Sorokin et al., 1995 

  0.5-5.7 4.18-86.2 0.09-6.13 Heinanen, 1991 
  - 10-16 0.3-4.0 Conan et al., 1999 

  0.05-
1.28 

- 0.022-1.36 Grossart, Simon, 
2002 

  
  0.21-

0.45 
- 0.072-

0.36 
Reinthaler et al., 
2006 

-   0.37-
5.53 

(2.65) 

- 0.06-4.11 
(0.36) 

Andrade et al., 2004 

  /  0.14-
2.66 

0.91-
22.20 

0.02-3.52 Barbosa et al., 2001 

 

 2.1. ( ) 

   
( ) 

N, 106 
/  

B,  
 / 3 

P,  / 
( 3  ) 

 
 

 
.  ( ) 3.3-16.2 134-437 22-245 Kopylov et al., 

2002a, b 
.  ( ) 1-7 - 67-792 

(378) 
Gurung et al., 
2001; 2002 

.  ( ) 3.4-4.1 75-100 40-60 Simek et al., 2001  

.  
( ) 

3.8-14.9 
(7.0±2.2) 

92-860  
(331±20.4) 

51-80 
(66±9) 

, -
, 2008 

 
. c   

( ) 
3.2-13.2 

(6.16±1.9) 
123-252 
(144±25) 

39-80 
(60±3) 

, -
, 2008 

.  ( ) 2.2 70.2 54.8 Furtado et al., 
2001 

  . 
 ( ) 

2.7-6.4 
(4.3±0.9) 

38.4-147 
88.5±22.4) 

0.72-178 
(58±45) 

Wieltschnig et al., 
2001 

.   
( ) 

7-30 240-930 62-200 Erikson et al., 
1999 

 
.  ( ) 4.0-13.7 

(8.1) 
127-305 

(193) 
50-266 
(135) 

  ., 
2008 

.  ( ) 33.2 1054 567   ., 
2009 

.  ( ) 1.5-20 
(6.9) 

80.2-443 72-1071 
(587) 

Sommaruga, 
Psenner, 1995 

   
( ) 

9.6-500 - 4080-
22200 

Kirschner et al., 
2002 

 
   

 ( ) 
- 31-1142 0.48-58.03 Edwards, Meyer, 

1986 
.  ( -

) 
4.0-7.8 - 20.6-93.6 Fischer, Pusch, 

2001 
4   

 .  
( ) 

0.4-1.1 - 0.72-12.96 Castillo et al., 
2004 

.   0.8-5.1  4.8-35.0 
(10.6) 

Velimirov et al., 
2011 

.  ( -
) 

7.8-71.4  4.8-348 Warkentin et al., 
2011 

      -
,    ,  -

        -
 .    -
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   - (   - ),    
 ( ) (Palmer et al., 1976). 

     
        

  , , -
   ,    -

  .     -
        -
   :     100%. 

        
20%   ,   

    -
 (Dufour et al., 1990; Dufour, Colon, 1992; Del Giorgio, Scar-

borough, 1995; Jepras et al., 1995; Karner, Fuhrman, 1997; Sherr et 
al., 1998).     , -

    : -
 ,       

   ; ,   -
 ;    (Lebaron et al., 2001). -
       , 
  ,     

   ,    
    (Balaban et al., 

2004).       -
     , ,  

    ,  -
  ,  , 

   ,   -
     ,  

   (Larsson, Hagstrom, 1979; Cole et al., 1982; 
Hygum et al., 1997; Maurin et al., 1997; Jugnia et al., 2000; Berman 
et al., 2001). 

    , -
   ,  , 

       -
,   , ,   

 ,       
(Smith, Del Giorgio, 2003).      

    30  .   -

 

 2.2. ( ) 

  N, 106 
/  

B,  
/ 3 

P,  / 
( 3  ) 

 
 

  
 

 
0.19-
1.20 

11.1-37.3 1.4-8.6 , , 
1988 

 
 

0.20-
0.89 

9.4-10.6 1.6-2.7 , , 
1988 

 
 

- 5-25 0.2-15 Kirchman et al., 
1993 

 
 

0.3-0.9 4.8-15.6 0.1-3.4 Ducklow et al., 
1995 

-  
 

 -
 

  

 
- 
- 

 
6.9 3.8 

23.4 28.4 

 
1.0 0.5 
4.9 6.8 

Chen et al., 2003 

  
 

 
0.02-0.2 
(0.05) 

- 0.004-
1.79 

(0.35) 

Fernandes et al., 
2008 

   0.13-1.5 - 8-40 Ramaiah et al., 1996 
  0.07-

1.89 
- 0.1-49 Fernandes et al., 

2008a 
   

   0.045-
0.24 

- 0.003-
0.191 

Pomeroy et al., 1990 

  0.21-2.1 -- 0.15-17 Steward et al., 1996 
  0.08-

0.91 
1.5-18.1 1.5-16 Sturluson et al., 

2008 
  0.68-

1.33 
- 0.94-3.98 Cuevas et al., 2011 

 
  -

 
0.20-
0.35 

- 0.62-4.1 Hanson et al., 1983 

  0.09-5 0.42-4.08 0.021-
0.56 

Ducklow et al., 
2001 

  0.1-2.8 0.2-97 0.24-9.6 Grossman, Dieck-
man, 1994 

      -
  ,   

,    ,  
    .  
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     ,  
      -

     (Simon et al., 
2002).      ,  

       
    (Crump et al., 1999; 

DeLong et al., 1993).     ,   
         

(Kato, 1996; Miki, Yamamura, 2005). 
     

       
2,       

   ,   -
.     — 

     ,  
  -   -

 ,   ,   
 (Krumins et al., 2006).     

      -
    ,  ,   

      -
    .  ,   -

    80%    
      -

  (Pomeroy et al., 2007).   -
    ,  , 

       
.      , 

   ,   , 12  C (Fukuda et 
al., 1998),        

   .   , -
 ,       -

  . 
    , 

      .  -
      -

    30 .   -
   , ,  -

 .       

 

       
   ,      

.      «  
– » (starvation – survival state),   

       
  (Stevenson, 1978; Morita, 1982, 1997; Kielle-

berg et al., 1993). 
      

   ,     -
.       

    ,  
       

,        
     (  

  ,    
, ,   . .). ,   

 ,     -
    (Berman et al., 2001). 

         
   .    

   (Alldredge, Gotschalk, 1990; Tur-
ley, Stutt, 2000),      , -

      -
,    (Crump et al., 1998). -
     ,  

      -
. ,  ,   

  ,   -
  ,    , 

      . -  
,      ,  

     ,  -
   .    -
     -

        -
  ,    . 

      
        

,  ,     .  
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.       -
 ,    -

 ,         , 
    .     -

      
        ,  -

   .   -
        -

     ,   -
  .   -

        -
        -
 ,     

 . 
     

   ,     -
        (Del Giorgio, 

Cole, 1998),        
   (Paerl et al., 2003; Apple et al., 

2004).       
    .  -

       
  ,     -

 (Del Giorgio, Peters, 1994; Del Giorgio, Duart, 
2002).  

   ( ),   
   ,   

      
   0.7–15.6  O2/(   ),  

         10  
100%.     2–
28% (Warkentin et al., 2007, 2011).     ( -

)        
 50%.       

  .   
    9–66%      

  29% (Schwaerter et al., 1988).   .  
( )       
57%    ,  

 

     -
   0.1–2 -1 (Kirchman et al., 1995; Rich et al., 

1998).     -
       

   (Billen et al., 1990).   
      

  ,    . -
     

 :     
   ,    . 

 ,    -
      -

,       105–
107 / .       

   (Capblancq, 1990; Suttle, 1994). 
 ,   

,     ( )  . 
   —    

   ,    
 , . .  2,    
 10–40%.  ,   60–90% -

    (Del Giorgio, Cole, 1998; Reinthaler, 
Herndl, 2005; Alonso-Saez et al., 2007).    

      
 . ,     -

 26–55% (Biddanda et al., 1994),      
     1200–4000  — -

 2% (Renthaler et al., 2006).      
      -

 ,    20%,   -
 50% (Apple et al., 2006). 

      
 ,     -

     (Del Giorgio, Cole, 1998; 
Biddanda et al., 2001). , - ,  -

           
,     (Eiler et al., 2003).  -

      ,  
      -
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.        
   10–25%   

 —      -
 (Ducklow, 1983).    -

     ,   
    30%  -

  (Cole et al., 1988),    -
     (40–60%) 

  (White et al., 1991; Ducklow, Carlson, 
1992).  ,     ,  -

      -
 ,   -

      
(Findlay et al., 1991).   ,  

   ,     -
,       (Pome-

roy, Deibel, 1986; Cole et al., 1988).    -
    -

   ,   -
,      -

   (Coveney, Wetzel, 1995). -
 ,      -

 ,     -
      

 « »,     -
     (Bird, Kalff, 1984; 

Cole et al., 1988). ,     -
      

   (Field et al., 1998),   
    . 

     -
       

,    . ,  -
,     

 (Cole et al., 1982; Jensen, 1983; Obernosterer, Herndle, 
1995).     , -

     , ,  
     13% -

  .   -

 

        
0.8,     — 30%.   -

     -
 (Preen, Kirchman, 2004).     -

        
    -  

  72  85% .    
      -

    .   -
      (0.33  

0.30)   ,     -
 ( )      

(Chen et al., 2003). 
    -

      ,  
       -

  ,     -
    ,     -

    2 (Cole, Caraco, 1998).  -
       , 

  ,   ,   
 .    ,   -

     CO2,    
,       -

       (Del 
Giorgio et al., 1997; Williams, 1998; Del Giorgio, Duarte, 2002). 

        
   ,   

     . 
 ,     

     , . . 
      -
   ,   ,    -

   2,      
.  

 -     -
 (Bratbak, Thingstad, 1985).   

     -
       -
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et al., 2002).     
      ,  . .  -

  , , ,   . -
    ,   

 ,    .  -
        (Azam et 

al., 1990). 
    ,  -

    10–30%  ,  
     (Munster, 

1993).      -
      . -

 ,      -
  ,    -
  (Geller, 1983; Thurman, 1985). 

    -
  , ,  ,  
 ( ) (Geller, 1986; Bertilsson, Tranvik, 2000).   

  ,     
 -   ,     

.       -
,     ,   -

   (Karentz et al., 1994; Lindell et al., 1996). -
       

  ,      
 (Herndl et al., 1993; Lindell et al., 1996). 

        -
  ,      

(Lee, Fuhrman 1987),     -
     , 

      (Nagata, 
1986; Vadstein et al., 1988).   -

        
   .    

    -
   ,      

        
. 

 

   ,    -
    (Baines, Pace, 1991). 

   ,  
       -
 ; ,     -

    ; ,   
     ,  

   (Lampert, 1978; Wilhelm, Suttle, 1999; 
Vargas et al., 2007). 

     -
      

      . 
   -     -
     .  -

 ,       
    ,   

 (Cole et al., 1988; Simon et al., 1992; Del Giorgio, 
Gasol, 1995; Bird, Karl, 1999). 

   ,  -
      -

,      -
  .   —  , -
      -

    .    -
      . 

       -
 ,    .   

     80%  
 ,      

     ,  
   (Cho, Azam, 1988; Smith et al., 

1992).  ,    -
,       

      (Wallace et al., 1999; 
McCallister et al., 2004; Sobczak et al., 2005). 

     -
  :      

,      -
 —   «    » (Simon 
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   (Williams, 1981; Azam et al., 1983; 
Ducklow, 1983; Cole et al., 1988). 

 ,      -
       -

      -
       

 ( , 1932; , 1955). , -
    ,    

1960-  .      
        -

 ( , 1967; , 1970). 
    -

  ,    1980-   -
  ,     « -

» (Azam et al., 1983),    
  ,  -

, ,  ,     . -
     -
  , ,   ,  -

 .      -
       -

,        
.    , -

    ,  , -
   ,  ,  , -

      -
,       

(Fuhrman, 1999).  « »   -
,       -

     (Azam et al., 1990). 
       

        -
   (Carrick et al., 1991; Vaque et 

al., 1992; Sanders, Wickham, 1993; Porter, 1996).  -
     -

  (Ferguson, Rublee, 1976),    -
      , 

   ,    
  ,      -

 

     -
  ,   -

   ,    -
     .     

       -
 .      

     ,  
—       , 

       
 .      

 ,      
  ,      

.         
  ,       

    (Bratbak, Thing-
stad, 1985). 

     -
     , 
      

  .     -
 .  (Pomeroy, 1974)    

     (Williams, 1981; 
Azam et al., 1983).       -

     . -
,        -
 ,      -

 2     , , 
  ,   .    

    , -
   .   -

 ,  ,    
      -

,    ,  , 
       

      
      . 
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(Kilham, Hecky, 1988; Baines, Pace, 1991).   
   ,  . 

    ,   
 —  (Lehman, 1988).   

     -
 -    Daphnia,   

    ,  -
   -   (Gude, 1988; 

Pace et al., 1990; Jurgens, 1994).    -
     , -

      (Hobbie, 
1988).       ,  , 

   -   (Simon 
et al., 1992). 

       -
    3  20%  -

  (Pedros-Alio, Brock 1982; Riemann, 1983; Simon et 
al., 1992a; Gasol et al., 1997).  -   -

   ,      -
  (Simon, Tilzer, 1987; Fuhrman et al., 1989; 

Cho, Azam, 1988; 1990).     -
    ,   -   

    ,     -
 (Morel, Ahn, 1990; Stramski, Kiefer, 1990). 

   ,  -
:  « »    

,   « », . .  —  -
     .  

      -
   (Ducklow, 1992; Del Giorgio et al., 1996; 

Pace, Cole, 1996; Thingstad, Lignell, 1997; Gasol, Duarte, 2000; 
Weinbauer, 2004). 

     -
,      

(Langenheder, Jurgens, 2001; Jurgens, 2007).     
     -

   ,    
      -

  (Fenchel, 1982; Wikner, Hagström, 1988; Sherr et al., 

 

  (Gude, 1988; Jürgens, 2007).   
       -

    .  
     -

,        -
 (Azam et al., 1990).     

     -
 ,      -
   .   -
     -  -

  .    -
       -

,     ,  , -
. ,    

   ,    
—  .      

    (Simon et al., 1992a). 
  ,   

      -
 , ,      -
.    3.9 .  .    

 ,     , -
       
 .    -

     ,   
      

,      -
   .  ,   -

        
 . 

      
  ,    -

,       -
  (Hobbie, 1988, 1994).   —  

  ,      -
,       

        . 
      ,  
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   (Thingstad, Lignell, 1997). -
       

   (Guixa-Boixarey, 1996; 
Fischer, Velimirov, 2002; Bettarel et al., 2003). 

     -
  ,    ,   -

 :       
 ,        -

     .  
      

      -
,        -

.       , 
    -

 ,   ,   -
       
     . 
      -
 ,       -

    10  20%  . -
,      -

   19–26%  -
  (   ., 2011).   -

     
   , ,  -

 (Simek et al., 2007; Colombet at al., 2009; Peduzzi, Luef, 
2009; Jacquet et al., 2010). 

      -
  ,   ( ) -

     -
,  ,    
 ,     .  
     -

-  .     -
    .   

      -
, , ,     -

       .   
        

 

1989; Billen et al., 1990; Pace, Cole 1994; Dufour, Torreton, 1996; 
Langenheder, Jurgens, 2001).    -

 —        
 (Sherr, Sherr, 1987; Simek et al., 1995).  -

      
    (Unrein et al., 

2007; Zubkov, Tarran, 2008).     
    : 

 (Starkweather et al., 1979; Ooms-Wilms, 1997; Kim et 
al., 2000)   (Porter et al., 1983; Gude, 1988; Wylie, 
Currie, 1991; Tang et al., 2010).  

   (Sanders et al., 1992)  -
     -
  -     -

      ,   
« »     ,   

   « »     -
.     -
       -
,       

 (Ducklow, 2000). 
     , -

      (Jürgens, 
Gude, 1994; Jürgens, 2007).    -

        
     -
,       (Gude, 1989; 

Jurgens, Gude 1994; Jurgens, Stolpe, 1995; Sommaruga, Psenner, 
1995; Hahn et al., 1999; Less, Diehl, 2006).  -

    -
    , -

       (Jurgens et 
al., 1999; Simek et al., 1999; Jürgens, Matz, 2002). 

       
   (Suttle, 1994, 2007; Fuhrman, 

1999; Tuomi, Kuuppo, 1999; Bettarel et al., 2003; Lymer et al., 
2008).      -

, , - ,    -
    ,  -

54 55



 

       
   ,    

        
 .      -

         
  ,  , -

,     (Kirchman, 1990; Coveney, 
Wetzel, 1992; Morris, Lewis, 1992; Zweifel et al., 1993; Rivkin, An-
derson, 1997; Church et al., 2000; Castillo et al., 2003; Hall, Cotner, 
2007). 

     -
     (Kirchman 1990; Kirchman, Rich, 1997), 
 (Kristiansen et al., 1992; Schweitzer, Simon, 1995)   

(Benner et al., 1995; Foreman et al., 1998).   
     (van Han-

nen et al., 1999; Crump et al., 2003)    
 (Eiler et al., 2003).      

    , 
   (Cole et al., 1982, 1988). 
,       

     -
    (Crump et al., 2003; 

Haukka et al., 2005; Newton et al., 2006).  
       ,  

 ,   ,   
,       -

 (Morris, Lewis, 1992; Kirchman, 1994; Thingstad, 
Rassoulzadegan, 1995; Rivkin, Anderson, 1997; Vrede, 2005). -

,      -
       

(Rivkin, Anderson, 1997)   (Morris, Lewis, 1992).  
      
     :  

(Toolan et al., 1991),  (Castillo et al., 2003),  (Fin-
dlay et al., 1991),   (Thingstad et al., 1998)  

   (Rivkin, Anderson, 1997). -
   ,   -
        

      

 

«  – » (Middelboe, 2000; Suttle, 2005; Miki, Jacquet, 
2008).  

    -   -
      , 

       -
   , ,  

  ,  -
 .    -

  ,      
       . -

  ,   -    
     , -

      ,  
     , ,  ,  

      .  -
    «  » (“killing 

the winner”) (Thingstad, 2000),    -
     , 

   ,   
 -       

 .    -
,       -

,      .  « -
 » —    ,  -

      , 
     —   

   ,  . 
      -

        
.    ,    -

       -
    .  -

    :    
    ,    -
     ,  -

       
,   , ,   (Bou-

vier, Del Giorgio, 2007). 
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 ,        

(Simon, Wunsch, 1998). 
       

,   ,  -
  ,      -
  (–1.8 ).      ,  

     -
 ,    -

,    .   -
     ,  
 ,       -

    ,   -
  ,     -
 .      -
     -

,      -
       

  .   , 
        

     (Legendre, 
LeFevre, 1995; Ducklow, Yagerb, 2006). 

        -
,      -

.        -
    (Hall, Cotner, 2007).    
      -

    ,     -
 ,       

(Hoch, Kirchman, 1993; Shiah, Ducklow, 1994; Felip et al., 1996). 
  ,     

     :  -
        -

 (Felip et al., 1996). 
 ,    ,  

     1%,  -
   .   

    ,  ,  
  .     -

 

  .   -
      , 

  , .      
       -

        -
      -

  (Castillo et al., 2003). 
 ,   ,    -

     
(White et al., 1991; Morris, Lewis, 1992; Hoch, Kirchman, 1993; 
Shiah, Ducklow, 1994; Simon, Wunsch, 1998; Vrede, 2005).  

      -
     ,   -
 ,    /   

   (Rivkin et al., 1996; Apple et al., 
2006). 

   , 
       , 
     . ,  , -

  ,       
     ,   

  ,    (Lovell, 
Konopka, 1985; Autio, 1992; Felip et al., 1996; Pomeroy, Wiebe, 
2001).        

 ,  0 ,     
(Fischer, 1888; ZoBell, 1934).   ,   

 ,    ,  
    4 ,   -

,      (Morita et 
al., 1977; Rivkin et al., 1996).     

     -
     . 
 ,    ,   0 , 

       
 ,       -
 (Pomeroy, Deibel, 1986; Pomeroy et al., 1990). -
    ,   -

, ,   ,    
     ,  
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      -
         

       
(Amann et al., 1995; Torsvik et al., 1998; Dorigo et al., 2005). -

     ,   -
     (Ward et al., 

1990; Pace, 1997; Whitman et al., 1998; Konopka et al., 1999; Zwart 
et al., 2002; Yannarell, Triplett, 2004).     -

    107–109  ,  -
        (  

10600) (Dykhuizen, 1998; Cases, de Lorenzo, 2002; Ward, 2002; 
Pedros-Alio, 2006).    -

  ,       -
   « »  (Cohan, 2002). 

 ,       
     -

.  -    
     (Hahn, 2006).   

    ,  -
       -

      . - ,  
      -

      , -
,  , ,     

(Nold, Zwart, 1998; Curtis et al., 2002; Torsvik et al., 2002). 
     -

    (Methe et al., 1998; Del 
Giorgio, Bouvier, 2002).  , -

   ,    ,  
        -
.   34   ( ) 

«   ».     
       ,  -

         (Zwart et 
al., 2002). 

      -
     ,  

        -
,  .    Actinobacte-

 

,        
  ,  

.  , - ,   
,     -

    -
 ,  ,   

  ,   
 . ,     -

  .     -
,       , 

     -
  ,     

    (Kato et al., 1992). 
 1990-     -

     ,  
«  » (“black box”)     . 

     
    .  

       ,  
       
.     , -

        
,     -
 (   “plate count anomaly”) -

  ,      -
  ,     -

. 
 ,    -

      -
,   1977 . (Woese, Fox, 1977).   -

      ,   
      : 

Bacteria  Archaea.     
    , 

    (Pace et al., 1986; Ol-
son et al., 1986). C   ,   -

  16S  ,  -
     

(Giovannoni et al., 1990).    -  
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      (Crump 
et al., 2003; Pinhassi et al., 2006),    -

 (Hofle et al., 1999; Horner-Devine et al., 2003; Krumins 
et al., 2006),  (Lindstrom et al., 2005),   

      
(Langenheder, Jurgens, 2001; Simek et al., 2001, 2005; Jurgens, 
Matz, 2002),   (Hewson, Fuhrman, 2006), 

 -  (Winter et al., 2001), -
     (Reche et al., 

2005; Lindstrom et al., 2006).    -
     -

 (Mlejnkova, Sovova, 2010; Nogales et al., 2011). 
     -

       , -
      -
     (Rosenzweig, 

1995).      -
    ,   

 -      
.     ,   

  ,     Cy-
tophaga-Flavobacteria-Bacteroides   -

     ,   
  -proteobacteria   , , 

 .     
    -proteobacteria  

  .      
,       -

  ,   ,   ,  
     (Horner-Devine et al., 

2003). 
 -    -

      -
       

.        
     , 

  . 
     -

  .  ,  

 

ria, -Proteobacteria  Cytophaga/Flavobacteria,  -
Proteobacteria, Verrumicrobia  Planctomycetes (Zwart et al., 2002; 
Boucher, 2006). ,     ( -

)   Betaproteobacteria   10  50% 
 .     -

     -
 (Simek et al., 2005).      
          

  (Cottrell, Kirchman, 2000).   
    (Falcon et al., 

2008).       , 
       -

  ,       
 —  (Zwart et al., 1998; Glockner et al., 

1999).       
,      

     Betaproteobacte-
ria  Actinobacteria (Glockner et al., 2000; Hahn, Pockl, 2005). 

    -
    ,   

      
  . ,   Polynucleobac-

ter       -
 ,      

(Hahn, 2003),     ACK-M1  -
      (Lindstrom et al., 

2005). 
     ,     

    ,  
 ,        

 (Methe, Zehr, 1999; Lindström, 2000; Simek et al., 2001; 
Hahn, 2006).    

    -
      (Lindstrom, 2000, 2001; 

Pinhassi, Hagstrom, 2000; Dominik, Hofle, 2002; Zwisler et al., 
2003; Yannarell et al., 2003; Yannarell, Triplett, 2004; Winter et al., 
2008).   ,   -

  ,   
  (Methe, Zehr, 1999; Lindstrom et al., 2005), -
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  « »      -
     (Auer, Arndt, 2001). 

      -
      -

  ( . 2.3).  

 2.3.  (N, 103 / )   ( , / 3)   
      

  N B   
 

rooked Lake  
( ) 

0-0.05* - Laybourn-Parry et al., 
1995 

Lake erné  
( ) 

Max 0.20 - Straškrabová et al., 1992 

 
  -

  
 

0.049-
0.854 

2.8-34.2   .,  . 

. Loch Ness  
( ) 

0.012-
0.273 

- Laybourn-Parry et al., 
1994 

. Mondsee  
( ) 

0.60-2.50 - Straškrabová, Šimek, 1993 

. P. Superiore  
( ) 

0.04-4.00 2-191 Callieri et al., 1999 

.Gossenköllesee  
( ) 

0.23-2.85 2-119 Wille et al., 1999 

Lake Redó  
( ) 

<0. 40 0.2-126 Felip et al., 1999 

Lake La Caldera  
( ) 

- 0.3-24.4 Medina-Sánchez et al., 
1999 

Traunsee Lake  
( ) 

0.05-2.76 1-85 Klammer et al., 2002 

  0.56-1.61 61-138 , 2003 
 

9  ( ) 0.68-3.85 - Tadonléké et al., 2004 
. Kuc ( ) 2.50 51±24 Chróst et al., 2009 

-  Bohemian  
( ) 

Max 4.90 - Šimek, Straškrabová, 1992 

.  ( )  0.8-5.1 14-99 Nagata, 1988 

.   
( ) 

2.8-3.1 90-100 , 2003  

 

    , 
  ,    

  ,     -
  .     

  ,  
 . 

2.2.   

      
       -
  .   -

       -
   ( , , , 

  ,  , -
,  ),     

   .    
      -
 (Sigee, 2005) —  ,  -

 2–20    , , -
, ,    20–200 ,  

    .   
,       -
 ,    2 , . .   
    ( , , 

1988; Cynar et al., 1985). 
 .  -

  ( )     
 « »      -

    ( , 1970; , 1982 ; Auer, 
Arndt, 2001) ,  ,   -

     (Davis, 
Sieburth,1982; Haas, 1982; Caron, 1983; Sherr, Sherr, 1983). -

     -
      -

       -
    ,  

        
.     -
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 , (  « »)   -
    ,   -

,     ( -
 « »).    

      
( . 2.3). 

  . (Gasol et al., 1995)  16 -
        -

  , ,   -
 .      , 
   ,    -

   —   .  -
      

     -
  (Davis et al., 1985; Berninger et al., 

1991, hróst et al., 2009),      -
   (Berninger et al., 1993).  -

        
   .  

 55    , -
  -    (Auer, Arndt, 

2001) ,       -
      (45% 

)     (30% ).  
  (Mathes, Arndt, 1994) ,   

       10–25% 
   71–88%    (Mathes, 

Arndt, 1994). 
       

  ( . 2.4).  , ,   
      -
  ,     -

   .     -
    ,  

  .    (Danube)   
       , 

   (Kiss et al., 2009). 
        

,  , ,    , -

 

 2.3. ( ) 

  N B   
.   

( ) 
4.0-4.4 162-335   

. -   
( ) 

3.7 104 , , 2003 

.  
( ) 

0.3-1.2 15-150 , 2010 

 -  0.11-8.01 2-559 ,  . 
 

.   
( ) 

8.8-26.3 306-818 , , 2003 

. -   
( ) 

9.5 554   

.   
(  .) 

1.0-13.2 20-1717 , 2008 

.  -
 (  

.) 

0.11-7.46 17.1-
1833.5 

Tikhonenkov, 2007 

. Constance  
( ) 

0.5-8.1 - Weisse, 1990 

. Ta towisko  
( ) 

5.8±1.0 137±42 Chróst et al., 2009 

-  imov ( -
) 

0.3-4.5 - Straškrabová, Šimek, 1993 

40  ( -
 ) 

- 50-280 Auer, Arndt, 2001 

. Võrtsjärv ( -
) 

8.4-27.1 - Kisand, Zingel, 2000 

Priest pot ( ) 9.50-180.0 - Berninger et al., 1991, 1993 
 

. -   
( ) 

11.8 620 , , 2003 

Furuike Pond 
( ) 

4.3-22.5 - Nakano et al., 2001 

Rodó Lake ( -
) 

1.1-30.0 38-2632 Sommaruga, 1995 

Soda Lakes 240-400 - Berninger et al., 1991b 
*    . 

        
      ,  
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/(  × ),   ,    5–20 
/(  × ) (Bloem, Bar-Gilissen, 1989; Weisse, 1990; Jür-

gens, Gude, 1990; Jürgens, 1992; Jürgens et al., 1994; Caron, 1990; 
Šimek, Straškrabová, 1992; Sommaruga, 1995).    

    0.2–79 /(  × ) (Sherr et al., 
1986). 

 2.5.  (N, / )   ( , / 3) -
     

  N B   
 

  
   

 
1600-4200 - Leakey et al., 1996 

  
( ) 

420-1236 82-160 , 2011 

     40-192 3-15   .,   
     400-5800 14-398   ., 2001 

   
( ) 

200-15200 - Andersen, Sørensen, 1986 

   
( ) 

30-8200 2- 473   ., 1993 

  1515-5264 48-417 , , 1988 
 (Chesapeake Bay) 8000±3300 - Dolan, Gallegos, 1991 
 (Biscay Bay) 700-21000 - Iriarte et al., 2003 

  ( ) 300-6300 - Sherr et al., 1984 
   

  
2430-5420 - Samuelsson, Andersson, 2003 

    
  <1000-5000 - Kuosa, 1991b 

  600-1200 - Weisse, 1989 
 *: 

  
  
  

 
27-248 
38-438 
26-574 

 
1.2-8.2 
2.6-7.1 
1.9-11.6 

 
, , 1989 

  19-850 - Zohary, Robarts, 1992 
  

  700-6600 - Neilsen, Richardson, 1989 
  1510-7030 - Caron, 1983 

  780-860 - Weisse, Scheffel-Moser, 1991 
-   <100-3760 < 1-54.9 Karayanni et al., 2005 

  <20-420 <1-30 , 1984 
 

 

  ( . 2.5).      -
     -

     (Andersen, Søren-
sen, 1986; Kstulovic et al., 1997). 

      -
  , «  »,   

Rhizosolenia,   ,    
   10–104  ,    

 (Silver et al., 1978; Caron et al., 1982; Laybourn-Parry, Mar-
chant, 1993; Pattrson et al., 1993).   -

      -
 ,        -

      (Richardson, 
Fogg, 1982; Gaines, Elbrächten, 1987). 

 2.4.  (N, / )   ( , / 3) -
    

 N B   
 

 
,  

( ) 
147-1470 7-35   ., 2009 

 270-7800 19-580 , 2007 
 530-2510 98-415 , 2008 

 
 4000-4500 3-120 Sorokin, 1990 

Ogechee ( ) 90-11000 10-5000 Carlough, Meyer, 1989 
 ( ) 100-5000 10-400 Weitere, Arndt, 2003 
 ( ) 200-2400 Max 230 Lair et al., 1999 
 ( ) 3300-38000 32-1000 Vörös etal., 2000 
 ( ) 270-7800 19-580 Kiss et al., 2009 

 ( ) 2326-4775 101-239   ., 2006 
 368-640 10-46 , , 2011 

     
       -

     ( . 2.6).  -
  ,    , -

     , -
  ,    4–168 
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 2.6.    ( , /(  × )) 
      -

   

  -
 
* 

  

FLM Monas (Spumella) - 
like 

OM 1.6-
27 

Carrias et al., 
1966 

FLB Spumella sp.  10-15 Jürgens, Güde, 
1991 

FLB Spumella sp. (2-6 
) 

 0-5 Cleven, Weisse, 
2001 

FLB Spumella sp. > 6   6-31 Cleven, Weisse, 
2001 

FLB Choanoflagellates  0-11 Cleven, Weisse, 
2001 

FLB Katablepharis sp.  0-5 Cleven, Weisse, 
2001 

FLB Bodonids  36±17 Šimek et al., 
1977 

FLB Choanoflagellates  53±19 Šimek et al., 
1977 

FLM Choanoflagellates  8-42 Sanders et al., 
1989 

FLM Dinobryon bava-
ricum 

 8-32 Sanders et al., 
1989 

FLM Dinobryon cylin-
dricum 

 6-12 Sanders et al., 
1989 

*  — ,  — ,  — -
,  —  .  

      
,      -

,       
  :    — 0.009–0.107 -1 

(Bloem, Bar-Gilissen, 1989; Weisse, 1991; Carrick et al., 1992; 
Chrzanowski, Šimek, 1993; Jürgens et al., 1994; Laybourn-Parry, 
Walton, 1998)    — 0.06–0.027 -1 (Bjornsen et al., 
1988). 

    -
       ,  

  ,     -

 

 2.5. ( ) 

  N B   
 

 -    
.  

 0.8-7.9  
 / 3 

Shinada et al., 2008 

  
  500-9500 10-160 Sorokin, 1977 
   95-4500 5-125 Sorokin et al., 1996 

-  *: 
 
 

 
43-687 
149-607 

 
4.0-42.2 
9.3-30.3 

 
, , 1988 

-  : 
 
 

  
 
 

 
71-857 (689) 
138-782 (486) 
95-693 (295) 

 
- 
 
- 
 
- 

 
Safi, Hall, 1999 

  
  160-980 10-65 , 1985  

 
   1020 3.2 Ishigama et al., 1993 
  * 45-74 8.9-17.0 , , 1988 

*     . 

     -
     -

   ,   
  27%   (Laybourn-Parry, Wal-

ton, 1998),   — 10–168%  (Nagata, 1988; Šimek, 
Straskrabova, 1992),   — 11–200%  (Riemann, 1985; 
Sanders, Porter, 1986; Tremaine, Mills, 1987; Sanders et al., 1989; 
Comerma et al., 2003)    — 76–91%  (Somma-
ruga, 1995).   ,     -

,    3–4%   -
 (Christoffersen et al., 1990).   -

        -
 —  30  >100%   (Linley et al., 1983; Sherr et 

al., 1984; Weisse, 1989; Kuuppo-Leinikki, 1990; Soliç, Krstuloviç, 
1994; Vaque et al., 2002; Tsai et al., 2008). 
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   ,  -
      . 

    -
,      (Gal-

vao et al., 1989). ,   Grassostrea virginica -
     -

 8–15  (70–80%   ,    
  30–40%  ).   -

  ,    -
 .      

   . 
    

       -
    (Johannes, 1965; 

Sherr et al., 1982; Van Wainbeke, Bianchi, 1985; Pergerud et al., 
1987; Bloem et al., 1989; Turk et al., 1992).   -

     , -
        

(Fenchel, Harrison, 1976; Sherr et al., 1982).  -
      -

 ,    
 . ,   -

,      .  , 
 ,     -

,     ,  -
          -

    . 
   ,    

   , -
      -

 (Taylor et al., 1985; Anderson et al., 1985).   
     ,   -

     -
  (Kirk, 1980). 

C     -
    ( , , 1991; Coats 

et al., 1994).     Favella para-
mensis      
Dubosquella aspida.     

 

     ( -
, , 1988; Iturriaga, Mitchell, 1986; Sherr, Sherr, 1989; Ca-

ron et al., 1991; Kuosa, 1991; Tsai et al., 2008).  -
       

24% (Karayanni et al., 2005),      13% -
   (Kuosa, Kivi, 1989). 

       
    0.2–1.0  —  

 .     -
     ,   

 (Posch, 1995).   -
       

 ,   -
    (Gonzáles, Suttle, 1993; Manage et al., 

2002). 
    ,    -

     -
  ( , , 1984; Andersen et al., 1986; 

Gonzales et al., 1990; Simek, Chrzanowski, 1992; Davidson, Flynn, 
1995; Chróst et al., 2009),      -

           
(Putt, Børsheim, 1990; Sime-Ngando, 1991).   -

   ,  -
      -

  (Sinclair, Alexander, 1989).    
      4    -

,   (Giorgio et al., 1996).    
,     Bodo saliens  -

     2–3   , 
      (Hondeveld 

et al., 1995). 
     

     , 
    ( , 1979; Cohen et al., 1973; 

Dutca, Bell, 1973; Sherr et al., 1982).  -
    . .   

. .  ( , 1979),     -
    (Bodo caudatus  Pleuro-

monas jaculans)     
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blich, 1979),        
, . .    -

.     -
        (Norris, 

1969; Smetacek, 1981; Strom, 1991; Nakamura et al., 1992).   
    Polykricos kofoidii ( -

  —  Scrippsiella), Gyrodinium sp. (  
Melosira,  Strombidium), Gymnodinium sp. ( ), 
Gyrodinium instriatum (  Helicostomella), Gyrodinium 
spirale (  Thalassiosira), Gymnodinium sangunium ( -

),     Alexandrium psuedogonyaulax 
(  Mesodinium rubrum), Amilax sp., Ceratium longipes, 
Ceratium furca, Ceratium sp. ( ), Prorocentrum minimum 
(  ), Fragilidium subglobosum  Peridin-
ium gargantua ( ) (Jacobson, 1999).  -

    (pallium), -
  ( )     

    (Gaines, Taylor, 1984; Jacobson, An-
derson, 1986).     -

  Protoperidinium depressum (  -  
Thalassiosira), Peridinium divergens (  ), Ble-
pharocysta sp. ( ), Oblea rotunda (  
Pyramimonas sp.) (Jacobson, 1999).    -

     ,  -
  (peduncle)  , -

      (Spero, Moree, 
1981; Gaines, Elbrächter, 1987; Larsen, 1988; Hancen, 1991).   

   ,    : Oxy-
physis oxytoxoides ( ), Dinophysis rotundata ( -

 Tiarina sp.), Pfiesteria piscicida (   -
,  ), Dinophysis norvegica  Gymnodinium fungiforme 

( ) (Jacobson, 1999).    -
     , -

    . 
     -

   40 /   700 × 103 / ,   —  0.1 
 50  /  (Bursa, 1961; Lessard, 1991; Booth et al., 1993; Neu-

er, Cowles, 1994; Bralewska, Witek, 1995; Strom et al., 1993, 2001, 
2007; Olson, Strom, 2002).    ,  

 

  21 ,       
35%   (Coats et al., 1994). 

 ,   -
,      . 

 ,    -
 Cafeteria roenbergensis  ,   -

  ,      -
  .   -

    Skeletonema costatum    
,   ,   
,   .    . 

      « -
»    (Nygaard, Hessen, 1994). 

     -
     

,    ,    
( , 1973; McCornic, Cairns, 1991; Sanders, Wickham, 
1993; Vaque, Pace, 1993; Burns, Schallenburg, 1996),    

 ,  ,   -
 (   ., 1981; Turner et al., 1988; Bernard, Rassol-

zadegan, 1990; Kuuppo-Leinikki, 1990; Sanders, Wickham, 1993). 
  ( ).  

    ,  
     (Elbrächter, 1991). 

   ,  -
 ,     Oxyrris, Oblea, 

Protoperidinium, Gymnodinium, Gyrodinium, Polykricos  . 
      

    20  200 .    
    -

 ( , Katodinium spp.   5   10–
15  )     (Noc-
tiluca,  2 ).     

 , , , -
, ,  (Lessard, Swift, 1985; Jacobson, 

Anderson, 1986; Gaines, Elbrächter, 1987)  -
     -
   (Turner, Roff, 1993).   

   (Lee, 1977; Morrill, Loe-
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2.3.   

     
  , . . ,  

  .   -
      (Chryso-

phyceae, Cryptophyceae, Dyctyophyceae, Dinophyceae, Raphido-
phyceae, Xanthophyceae  Prymnesiophyceae) ( . 2.7). 

 2.7.   ,   
    ( : Porter, 1988; Sanders, 

Porter, 1988; Sanders, 1991; Kawacki et al., 1991; Nygaard, Tobiesen, 
1993; Olric, 1998; Hansen, Calado, 1999; Martin-Cereceda et al., 2003) 

 ( )   
Chrysophyceae Catenochrysis, Chromulina, 

Chrysococcus, Chrysosphae-
rella, Chrysamoeba, Chry-
sostephanosphaera, Cyrto-
phora, Dinobryon, Ochromo-
nas, Palatinella, Phaeaster, 
Poterioochromonas, Pseudo-
podinella, Uroglena 

Prymnesiophyceae Chrysochromulina, Cocco-
lithus, Prymnesium 

Chrysophyta 

Xantophyceae Chlorochromonas 
Pyrrophyta Dinophyceae Amphidinium, Ceratium, Dino-

physis, Fragilidium, Gymnodin-
ium, Gyrodinium, Heterocapsa, 
Massartia, Peridinium, Proro-
centrum 

Cryptophyceae Cryptomonas Cryptophyta 
Raphidophyceae Heterosigma 

       -
  « » ,     -

       
     (Skovgaard et al., 2003).  

  ,  -
     -

         

 

    (Jacobson, 1987). 
   (Sherr, Sherr, 2009) ,   
       

     
   10  99%, ,  ,  

  65%,   — 63%,   
— 64% (Sherr, Sherr, 2009).     -

     14–24 /(  × )  Oxyr-
rhis marina (Goldman et al., 1989)  80–700 /(  × )  Oblea 
rotunda (Strom, Buskey, 1993).   

        
  . ,     

       37  
57%     (Levinsen, 
Nielsen, 2002).     -

      4.8%   
  25%    (Archer et al., 

1996).    (  
5–30 )       

 (Strom, 1991; Neuer, Cowles, 1995; Jacobsen, Han-
sen, 1997). ,      Oxyrris 
marina    73%    

  (Jeong et al., 2007). 
 .    (Eugle-

noidea)    ,     
        

.        Petalomonas, 
Floeotia, Entosiphon,  ,     
Peranema, Urceolus, Dinema,   -

 (Leander et al., 2001).   -
      -

. ,     Petalo-
monas Stein     20–240 /   0.6–
5.0 / ,     Astasia — 17 /   3.1 

/  (Auer, Arndt, 2001). 
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        , 
   ,    (Stickney et 

al., 2000).       
      -

      (Stoecker, 1998). 

2.4.  

  (Testacea)     
 (  ,  ),   

      (Arndt, 
1993; Green, 1994).      

  , , : (0.8–1600) × 103 /  (Bonecker et 
al., 1996; Velho et al., 1999; Kiss et al., 2009).  -

       -
 4–2484 / 3 (Velho et al., 2004). 

« »  (Naked amoeba). ,   
      « »  
   .   

        
(Sieburth et al., 1976; Davis et al., 1978; Kyle, Noblet, 1987),  

  (Kyle, Noblet, 1985; Rogerson, 1991)  
   (Rogerson, Laybourn-Parry, 1992; 

Arndt, 1993).     « » , 
   ,   

  1.2–149 / ,     — 0.03–
7.2 /  (Davis et al., 1978).  « »   

    211–
230 / ,        -

   (Silver et al., 1998; Zimmermann-Timm et 
al., 1998).    « -

»      ,   -
        -

,      (< 0.5 / ),   
   « »   -

   1   ( , , 1989; Murzov, 
Caron, 1996).       -

    .  ,  
  « »    -

 

,      (Porter, 1988; Sanders, Porter, 
1988; Granéli, Carlsson, 1998; Stoecker, 1998; Sherr, Sherr, 2002). 

  ,   -
  ,  ,   -

         
  (Nygaard, Tobiesen, 1993),  ,  

  —      
 (Caron et al., 1990; Jones et al., 1993).   -
   ,    -

   (Sanders et al., 1990; Jones et al., 
1993). 

     -
   41%  . , -

   Goniomonas truncate Stein   
   20–5167 /   0.5–473.4 /  

(Auer, Arndt, 2001).     -
   ,   -
 (Domaizon et al., 2003). 

      
       2  45% 

  ,     
   —  50%.   ,  -

    ,    
    50%   (Stoecker, 

1998).      -
    2  31%   -

 (Roberts, Laybourn-Parry, 1999).     
     

Gymnodinium sanguineum ,    
  6  67%    -

  20  (Bockstahler, Coats, 1993). 
     

      -
,       -

,         -
 (Sanders, Porter, 1988; Stoecker, 1998; Stickney et al., 2000). 

      -
 ,     ,   
  .   -
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 2.8.   (N, / )   -
  

  
( ) 

  N  

rooked Lake ( -
) 

 20–50 Laybourn-Parry 
et al., 1991 

Lake Windermere 
( ) 

 500 Laybourn-
Parry, Roger-
son, 1993 

Lake Constance 
( ) 

  
6600 

Zimmermann et 
al., 1996 

River Danube ( ) 
( ) 

   
8500 

Kiss et al., 
2009 

Lakes Neumühler See 
and Schalsee ( -

) 

  
77000 

Mathes, Arndt, 
1994 

Lake Müggelsee 
( ) 

  
51000 

Arndt, 1993a 

  ( )   
93400 

  ., 
2008 

    , -
, ,  ,    -

   . ,   -
       

  0.3–0.5 -1,   -
   33–55 .    

       -
   (Zimmermann et al., 1996). 

2.5.   

   (  Ciliophora)   
     -

 .   ,  Ciliophora   
   11  (Lynn, 2008).   -

  10        4500  
 ,    , ,  -

  Colpodea  102 3  Nivaliella  108 3  Bur-
saria (Lynn, 2008).      -

      

 

  ,   16%  
  93%      2 

 20 .      -
        (Murzov, 

Caron, 1996).  -      
« »       6–30 / ,  

 1–16%   . 
      100–160   -

  68 / ,   40%  -
 ( , , 1988 ). 
 « »   ,     

   (Arndt, 1993; Mathes, Arndt, 1995; 
Anderson, 1997, 2007; Rogerson, Gwaltney, 2000).     

.      « »  -
 4 /   90 / 3,  (Kiss et al., 2009). 
       

       -
  (Cook, Aheam, 1976; Wright t al., 1981; Van 

Wichelen et al., 2010).     
(  67000 / ) « »  (Gymnamoebae, Gephyramoeba) 

      « » 
  Microcystis (Van Wichelen et al., 2010). 

        
   Microcystis   , -

: 0.55–0.59 -1  12.5–22.24  /(  × ). 
 ,  ,   10   Micro-

cystis   35.4  /   0.8  /  (   -
    2600 /   67000 / ) (Van 

Wichelen et al., 2010).  ,    
«  »      , 

    . 
 (Heliozoa).   -

      
( . 2.8). - ,     -

  .     
 ,  ,     

(Zimmermann et al., 1996;   ., 2008).  
        5–

25 /  (Takahashi, Yi Ling, 1980; Abboud-Abi Saab, 2002). 
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 2.9. ( ) 

  N B  
 

7    0.53-20.1 25.6-
2283 

  ., 
2007 

Lake Ta towisko  
( ) 

27.8±19.0 210 Chróst et al., 2009 

25  ( ) - 636-1273 Auer et l., 2004 
Lake Vechten 
( ) 

30-230 - Bloem-Bär-Gilissen, 
1989 

Lake Vörtsjärv 
( ) 

55-180 - Kisand, Zingel, 
2000 

 
  . , 
 

90-215 - Beaver, Crisman, 
1989 

Lake Rodó ( ) 31.7 
(3.6-84.0) 

1777 
(39.1-
26182) 

Sommaruga, 1995 

11  ( ) - 800-1800 Auer et l., 2004 
Furuike Pond ( ) 136-1000 - Nakano et al., 2001 
*     ,   –  

  . 

      
     (  -

)       -
,     ( , 1998; 

, 2004; Pfister et al., 2002). 
     

    . . .  
( , 1987),    -

     , ,   
     9  25% 

  ,   –  60%,   -
 —  150%. . .  ( , 1998),  -

       -
      ,   

 :    -
      0.008  

71.0 . / ,    (   

 

        -
   (Beaver, Crisman, 1982) ( . 2.9). 

 2.9.  (N, 103 / )   ( , / 3) -
        
 

  N B  
 

 
Lake Paione ( )  1.5-2.0* 

(0.02-11.0) 
12.1 

(0.07-
90.0) 

Callieri et al., 1999 

Lake Gossenköllesee 
( ) 

1.99 
(0.28-3.27) 

13.9 
(5.4-23.1) 

Wille et al., 1999 

Lake Rodó ( ) - 13.6 
(0-104.3) 

Felip et al., 1999 

.  <0.500-5.0 <20-500 Obolkina, 2006 

.   

.  
0.3-0.5 (25-32) , 1997 

  5.7 110 , 1991 
.  - 45 , 2004 

 
 -   1.59 173 , 1979 
 -  1.04 180 , 2000 

.    , 2009 

.  0.2-2.0 150-400 , 2001 
Lake Kuc ( ) 5.2±3.0 140 Chróst et al., 2009 

  ( ) 0.03-3.76 1.2-162.9 , 2010 
4  ( ) - 118-254 Auer et l., 2004 

  10.4 235 , 1991 
 

2   
 

0.22-1.48 20.9-
1111 

  ., 
2007 

   
( ) 

4.70-18.46 155-210 Müller et al., 1991 

 0.1-120 1-137 Weisse, Müller, 
1998 

15  ( ) - 200-364 Auer et l., 2004 
 

  39.4 720 , 1991 
Lake Cisó ( ) 14-331 - Jürnens et al., 1994 
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 2.10. ( ) 

  N B   
 

  - 25-300   ., 
1991 

 :    
  - 1.3  

(0.2-1.5) 
Verity et al., 1996 

-   < 10-18000 < 1-130.7 , 1984 
-   < 1500-18000 - Masquelier, Vau-

lot, 2008 
  50-2540 0.3-45.1 Suzuki et al., 

1998 
-   < 1000-20000 1.5-70.0 , 1988 

  65-9710 5-160 Sorokin et al., 
1996 

-  
 

30-3040 0.2-76.4 Ota, 1995 

  
: 

   

  200-1000 55.3 
(5.3-168.4) 

Montagnes et al., 
2010 

-  
 

100-1940 - Karayanni et al., 
2005 

 :    
  420  

0-2940 
4.5  

0-39.5 
Garrison et al., 
2000 

-   31-823 0.5-6.3 Leakey et al., 
1996b 

  2140 
(5-18200) 

24.7 
(0.03-243) 

, 1982 

  496 
(51-1887) 

0.7 
(0.05-3.95) 

Moritz et al., 
2006 

*      ,   —  
  ; **   « »   

Exuviaella cordata. 

       
    ( , 1999; Pratt, Caerns, 

1985): - , ,  , 
,   . ,   -

 

56 )   0.004  22 / 3,    
     -

    (r = 0.91).    
,       -
       -

  4.3–34%,   17–58%,     
48–100% ( , 1998). 

      -
,       (Kiss et al., 2009).  

     -
    ,    

(   ., 2009; Kiss et al., 2009).    
      -

 34–150 /   340–1500 / 3,  (Sorokin, 
1990; Carlough, Meyer, 1989; Lair et al., 1990; Kiss et al., 2009). 

        
 ,  , ,    -

,   ( . 2.10). 

 2.10.  (N, / )   ( , / 3) -
     

  N B   
 

  
   200-15400 10-3200 , 1987 

  200-13700 3-287 , 
1987 

,   
  -

  

7300* 
200-117000 

163.2 
6-1951 

, 2006 

 :    
  40-117500 0.2-1277.3 , 2003 

 **  195000  2000   ., 
1993 

  3000-23000 90.9-170.4 Dolan, Coats, 
1990 

    
  27-4800 - , 1983 
  - < 1-209 Witek, 1998 

  0-1000 0-83.4 , 1989 
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1.86–2.28 -1 (Carrick et al., 1992; Jürgens et al., 1999; Nakano et 
al., 2001).   . .  ( , 1988),  

      
  0.9–1.0 -1. 

     
     -

: , ,  , -
, ,   (Sanders, Wickham, 1993).  -

       70–
80%    (Sorokin, Paveljeva, 1972; 
Arndt, 1993b).       

   10    ,  -
  30%    (Calbet, Saiz, 

2005). 

2.6.   

 ,    -
 -    ,  

   .   . 
( . : Stoecker et al., 2009) ,   23%  

      
     . 

 ,  ,  8  : 
Heterotrichea, Hypotricha, Oligotrichida, Stichotrichia, 
Litostomatea, Prostomatea, Peniculia  Peritrichia.    -

       -
,   Oligotrichida — c   -

 (Stoecker et al., 2009).      -
 (Stoecker et al., 2009) ,    -
     

    4  90%    
 4  90%   .    

,   -
,  Strombidium viride, Paramecium bursaria, 

Cyclotrichium viride, Stentor niger, Ophyridinium naumanni   
 . . .  ( , 1979)    

     -

 

 . ,   - , 
         , 

       ( , 
2004). 

.    (Simek et al., 1998) ,  
       -
   :    . 

       
 ,    -

 Anabaena,      -
  (Chrost et al., 2009).  , -

     , 
      -

     (Simek et al., 1995; Kalinovska, 
2004).      3 (Askenasia spp.)  
3220–4200 (Voreicella aquadulcis, Halteria spp.)   1 

  1  (Cleven, 2004).    -
      

,        -
    71–97% 

(Simek et al., 1990; Kisand, Zingel, 2000).    
  -     

 ,      
  ,    

 (Bernard, Rassolzadegan, 1990).   -
        

  7  75%,    100%   
  (Dolan et al., 1999; Stelfox-

Widdicombe et al., 2000; Karayanni et al., 2005).  -
    (Weisse, 

1991; Weisse et al., 1990).    -
- ,   ,  

,   , ,  ,    > 10–
1240 /(  × ) (Cleven, 2004).    

   ,    -
 ( , , ,  -
) (Sanders, Wickham, 1993). 

      
  .     
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      -
   ,  30%  -

      (Dolan, Perez, 
2000).       

    ,    -
   ,   -
 ,      -

, . .  « »  . 

 

  Bursella spumosa (Bursellopsis spumosa), 
     80 /   240 / 3, 

.         
 ,     -

.        -
    .   -

      -
           

  ( , 1999; Stoecker et al., 2009). 
   ,    -

,    Cyrtostrombidium, 
Laboea, Strombidium, Tontonia  .    -

     40–73%  
 ,   — 40–73%   

 (Stoecker et al., 2009). 
       -

  — Myrionecta rubra (Mesodinium rubrum),  -
    ,   -

       .  
     -

,      (Taylor et al., 1972). 
Myrionecta rubra      -

  ,     
   (Teleaulax/Geminigera 

clade),      -
   (Gustafson et al., 2000; Johnson, Stoecker, 2005). 

   M. rubra  
,   ,    

,  150 /    (Myung et al., 
2006).    ,    -

      M. rubra  
    .  -

  M. rubra     
«  »  «  »»,   -

 « »  (Crawford, 1989).    
     1000–

4000 /     « »  100 /   -
    1000  /( 3 × ) (Smith, 

Barber, 1979; Owen et al., 1992; Crawford et al., 1997). 
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       -
,   ,  

        ,   
  ,   -
     ,   

         
261–375  / 3 ( , , 1985).    -

     90%  
 . 

     
  1981–1983 .    , -

  2   .  ( )   -
  ,  –   

       -
   66.4–108.1 (   55.7)  / 3  

26.6–39.8% (   33.2%) .    , 
    , 

   26% .      
  (27.7  / 3),       -

 — 38.4%.   ,  -
     « »    -

      ,    .  
     1999 .   -

        
  -  ,   

  ( , , 2006). 
     -

 (      3 )  -
      

     (10.00–11.00),   
      38.4  

39.4% ( . 3.1).   - -
   3.7  / 3  51.6  / 3. 

      -
      (CV -

 — 15.1%, CV  — 20.4%). 

 

 3.   « »   
       

     

3.1.   

    -
   . . .    

   , ,  -
  -   

 ,  -
,       

    . 
 . ,   , 

      -
  -   

      
 ,      

. 
     -

     , -
  ( -  . ,  10 ),   

1978 ., ,     « »,  
 ,    7.7–38.6  / 3,  

     –  ( , 
, 1983; , 1983;   ., 1983; , 

1983; , 1983).       12.3%  
  68.8%  .      

  13.7–54.0% (   24.7%).  ,  
     -

     :  -
 —  –  (200 / 3),   

 —   (70 / 3),   —   
(23 / 3).      -

  24.5  / 3  34.2% ,  , -
,  4.0  1.9     / , -

        -
,   4    (   . 1983). 

90 91



 

     -
, . .     

     ,   
  (CV  — 73.0%, CV  — 

82.5%).    -
,  ,      , 

, - ,       -
  ,    
   ,   

    ,     
 Mnemiopsis     (   ., 

1990).      -
       -
,         

      
      ,   

   (Peduzzi, Herndl, 1992). -
       -

     (CV  — 71.4%, CV 
 — 66.7%).      

    .     -
     ( V = 

52.0%).     -
 ,  —   .  ,  -
      -

  22.00–03.00  10.00–11.00,  V = 26.7% ( . 3.1). 
     

 79.1  / 3 ,      
,      , -

     74.0, 24.8  1.2%, -
.     -

  ,   -
  ,     -

,      ,   V 
  35.3%, V  — 38.1% ( . 3.1). 

     -
    (r = 0.55). 

     ( V = 
106%)   ( V = 106%)    . 

 

0

50

100

18 22 3 6 10 14 19 22 3 7 11 14 18 22

15 16 17

/ 3

 

0

50

100

150

18 22 3 6 10 14 19 22 3 7 11 14 18 22

15 16 17

/ 3

 

 
. 3.1.    (  / 3)   -

        . -
 15–17  1999 .:  –   - 

( )   ( ),  —   ( )  -
  ( ),  —   -

  ( ). 
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, , 1993).   « »    
      . .  « -

»,    (3–4 )   , 
    —  . 

 3.1.       
  ( ,  / 3)    -

    

    / , % 
   

10.11.1985 70.7 4.8 5.2 0.6 81.3 38 .  
02.07.1986 41.1 8.6 0.8 12.1 62.6 29 

.  31.10.1985 49.5 3.6 4.8 5.2 63.1 -** 

.  24.06.1986 661.0 16.8 27.8 1.9 707.5 - 
31.10.1985 106.4 17.5 83.9 15.9 223.7 - 
24.05.1986 170.2 99.2 18.4 0.4 288.2 (53.5) * 
29.05.1986 193.2 17.9 13.1 0.1 224.3 (33.2) 
03.06.1986 177.3 9.8 54.4 0 241.7 (4.2) 
07.06.1986 494.0 47.7 0.1 0 541.8 21.8 (22.4) 

.  

10.06.1986 415.1 78.8 4.1 0 498.0 78.1 (79.9) 
  

.  19.08.1986 132.4 30.3 4.4 0 167.3 81.4 

.  17.08.1986 127.8 21.9 6.8 3.4 159.9 84.3 

.  17.08.1986 532.1 57.0 14.0 27.9 631.0 91.2 

.  25.08.1986 266.4 28.5 5.2 0.4 300.5 87.4 

.  27.08.1986 94.1 39.9 6.7 0.7 141.4 58.4 
*     , **   -

. 

,  « »     
 , ,  ,  

   (   ., 
1993).       

      
,        -

     ,  
 .  « »   -

     
        -

 .    Exuviaella cordata (24–

 

     -
     .   -

      
20.6  2.9  / 3, .  ,  -

     2.5   
  .   -   -

       ,  
      -

 « »    1978 .     
      

74.9  / 3  168.0  / 3 ( V = 23.9%),   
    22   3  ( . 3.1).  

   102.6  / 3 ,    , 
       77.1, 

20.1  2.8%, . 
    ,  -

       -
      

  ,  ,   
      

( . 3.1).     -
   ,     

    ,   -
  .   

   . ,  ,    
      -

        -
-     ( . 3.1).  -
,       
  ,    — . 

  .    1986 .   -
       
    ( . 3.1). 

  ,   ,  
. 

 –  1986 .   -
       « -

»    Exuviaella cordata, -
  «  » (   ., 1993; -

94 95



 

    .   -
   ,   

  ( . 3.1).  10    -
   E. ordata     

« ».       -
   :     

  .      
    ,  -

      -
   .     

     -
    ( . 3.1). 

  1986 .    -
        -

        
,       -

  ( , , 1988).   -
 ,     2–4   -

 6–8   .     -
  « »,  ,   

      -
 58.4–91.2%  ( . 3.1).   -

  ,   44%  -
   54%      -

   20–300 .    -
 ,      -

  ((4.0–7.4) × 103 / )   
    ((1.5–5.7) × 103 

/ ),       2–20 
 ((6.6–15.7) × 103 / ).   , 

       
,    .  ( . 3.1),  -

       -
    . 

     -
   (  500 ) -  

   ,      
     -

       (   ., 1983). 

 

29 )     -
.      -

   2–3     
( . 3.1).    « » (3–4 ) 

   E. ordata,     
,    , , 

(171–800) × 106 /   205–960 / 3.    
       

 .   
  E. cordata    -  -

     -
     E. cordata,  -

 « »     Goniaulax excavate, 
G. tamarensis, Dinophysis acuminate (Kat, 1983; Watras et al., 
1985; Correto et al., 1986).        

  24   3        
  Exuviaella cordata, , -

     . 
   « »   

   , ,  
 ,   .  

     -
      Strobilidium sp. 

  Exuviaella cordata. ,  
,  «  »,  -

     . 
  7    E. ordata  -

 « » ,       
(2–5 )  , -

     « »,     
 .    E. cordata   -

 , ,  , – ;   -
      -

.    (   
    )  13 . /  

  175 / 3.  7      
 « »    (70 / 3).   

E. cordata        -
  ,    -
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60%  ,     -
  10% (   ., 1983). 

 ,       
   .     

,      , -
  ,     

  (   ., 1985).   
        

 :      ( , 1985 , ; -
  ., 1985, 1995;   ., 1993; , , 

1993; , 1993;   ., 1993 ;   ., 
1985, 1993).      -

 ,     ,  -
     

       
(   ., 1993).      

    .  
       -

  1981 . 398,   1986 . — 1433  / 3,   -
 « »  1981 . — 116,  1986 . — 241  / 3. -

     :  1982 .  -
  257  / 3   — 40  / 3,   1985 .  — 

150  / 3   — 54  / 3. 
 ,        

        
1981 . — 29.0%,   1986 . — 16.8%,   1982 . — 
15.6%,   1985 . — 36.0%.     

      -
 « »      ( .  

).         
       

      ,   
  ,  , ,  -
  ( . 3.3, 3.4). 

    
  .    

       -
  :   
     ,  

 

       83  66 
/ 2 (  83  66  / 3),    -

   3.7–12.9%  B  ( . 3.2).  

 
. 3.2.    ( / 2)  ( ), 

 ( )     ( )  
  -     (  

. )  1978 . ( :   ., 1983). 

     -
,  — .    

 , ,   -
  (29–32%)  B       

( . 3.2).      
 (34%)  B      

   , . .   
       

    .   -
   ,    100-  

 ,  6.2  / 3  18% B  (  15% 
B   ,  3% — ).  -

      -
      -

     (   ., 
1983).    ,   ,  -

   .  
       

      -
 .      

    : 
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    65–90%,   — 60–65% -
  . 

 
. 3.4.     ( ,  / 3),  

   ,      -
  (%)        

(   — 2   ,   — 8   ,   
— 12   ,   — 16   )   -

:  — 25–29  1981 .,  — 30  – 7  1986 . 

 .     
   :  ,   -
     ,    

 ,   ,   
,      -

  ( )     
( ).  ,    

        -
  (    -

)  ,      -
     ( , 1989;   

., 1991). 
       -

       -

 

,      , 
        

  ,     -
      . 

 
. 3.3.        

 (B ,  / 3)      
 (%)        (  

 — 2   ,   — 8   ,   — 
12   ,   — 16   )   :  — 
20–23  1982 .,  — 7–10  1985 . 

     
     

  (   ., 1993).   -
   Policrycos sp.     

 600 / 3.     
        -

 ( , 1950; , 1985; , -
, 1985). 

  . .    (1993) -
       

,  ,       , 
100 101



 

 3.2.        
(B ,  / 2),    (B ,  / 2)  -

 (  / 2)     (B  — 
,  — , B  — , B  — -

 )        
  ( : , , 1991) 

1978 1984 1988 1989 - 
  

 -
 

 – 
 

–
 

–
 

–
 

P  290 390 220 280 - 440 
P /  0.27 0.20 0.25 0.65 - 0.36 
B  1.3 0.8 1.1 3.9 0.9 1.5 
B  0.5 0.6 0.6 0.6 0.2 0.7 
B /B  0.16 0.19 0.16 0.09 0.10 0.17 
B  0.1 0.2 0.1 0.2 0.1 0.3 
B /B  0.03 0.03 0.05 0.03 0.05 0.07 
B  1.3 1.7 1.7 2.2 0.7 1.6 
B  0.6 0.8 0.7 0.8 0.3 1.0 
B   3.2 3.6 3.2 6.9 1.9 4.1 
B /B  0.19 0.21 0.22 0.12 0.15 0.24 

. P  —   ,  /( 2 × 
), P /  —      -

 . 

 7-  ( –  1985 .)  8-  ( –  1986 .) 
  « »     -

   ,   
 ,  -  -
,       

      ( -
, , 1989 , ; , 1989; , , 1989; 
  ., 1989).     -

    , 
,      -

   , .    
-      -

, , ,   -
. 

 

     ,  -
   ,   -
 1978 .  64-    « »   . . 

.      -
 ,    , -

    (  / 2)   
     17  37%  

   (   ., 1980). 
  -  -

  ,    -
   1978–1989 .,  . .   

. .  (1991)    
       

      Mnemiopsis 
leidyi.         

       (30 / 2)  
-  1988 .      1988 .  

    900 / 2,   –  
1989 . —  1480 / 2,      -

       -
  ( , , 1990; , -

, 1991).    , -
     

     10–15  ( , -
,  , , , , -

   . .).  1989 .     -
       

    1978 .  4.4 ,   
   4 ,   —   30 

 ( , , 1991).  -
 ,   , , 

,   .   -
  –  1988 .   –  1989 . -

,       -
       

3.5 ,   —  3 .  ,     -
      -

      ,  
   ,   ( . 3.2). 
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     -
       -

   ,    -
    -

.        -
       -
    .   -

 ,     
        -

    ( , 1980). 
  ,        , 

  ,       ( -
, 1970).  ,      -

  ,     
       

 .    1981 .    -
        -

       , 
    .  -

     (4200 / )   7   
    (624 / )     -

     0.5  (156 / ).  , 
       458 

 / ,    — 104  /     
0.5  — 20  / . ,      -

     ,  
,       -

      -
    . 

    -
      .  

      
       -
  ( , , 1968; , 1979; -
, 1982; , 1983; , 1983;   ., 

1991).    ( , , 1989; -
, , 1989; , 1989)   

 ,    -
   .   -

 

 –  1985 .      -
       -

     
( . 3.3).        -

 « »  15–25%.    -
    

( . 3.3). 

 3.3.       (  / 3) 
       

( )        –  1986 . 

 *   
I II III IV V 

 14.88  
(75.11)**

21.61 
(85.18) 

18.84 
(77.56) 

20.68 
(78.13) 

19.84 
(82.60) 

.  2.08  
(10.50) 

1.52 
(6.00) 

2.08 
(8.56) 

2.62 
(9.90) 

1.64 
(6.83) 

.  1.30 
(6.56) 

0.33 
(1.30) 

0.56 
(2.31) 

0.36 
(1.36) 

0.45 
(1.87) 

.  0.46 
(2.32) 

0.49 
(1.93) 

0.27 
(1.11) 

0.13 
(0.49) 

0.28 
(1.16) 

 0 0 0.19 
(0.78) 

0 0.38 
(1.58) 

 0.75 
(3.79) 

1.12 
(4.41) 

1.64 
(6.75) 

2.01 
(7.59) 

1.20 
(5.00) 

Myrionecta rubra 0.34 
(1.72) 

0.30 
(1.18) 

0.71 
(2.93) 

0.67 
(2.53) 

0.23 
(0.96) 

 19.81 25.37 24.29 26.47 24.02 
. * I —     . , II —  

 ,  —       -
, IV —   , V —     -
. **    (%)  . 

       
       -

    — 10.1–15.9  / 3.   -
        8.3–11.3%. -

     ,  -
  25.0% .  ,   

 ,  . 
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   ( . 3.5).  -
    ,   
       -

 ( . 3.5). 

 
. 3.5. ( ).  (%)  ( ),  ( )  -

  ( )     ( ,  / 3) 
 ( ).   ( ),   

( ),   ( ),  -
 ( ),  ( ),  ( )    -

  ( ,  / 3)     -
 (41.5 )  ,      -
      1986 . 

 ,    ,   
,      -

     « », -
,   ,    -

       -
 . - ,  -

       -
, ,      . -

 

       
     ,   
        

.  ,    
 ,    ,   -

   –  1986 .    
38–50  / 3,  –  1985 . —   16–
31  / 3. 

     -
   ,   8   

« »   1986 .,     
 ( ) « ».     -

      ,  -
  .    , -

  ,     -
    -

    ( , , 
1989).  ,   , ,  , 

  ( )    -
  Nitschia spp. (   ., 1989;   

., 1989).      -
 : 1) ,  , , 

  ( - , , 1969); 2) -
; 3)      

  ,   -
  ,     

( ,   ., 1989).     
     (41.5 )  

 ,   2 . / ,  — 
3 / 3.         -

 ,       2–
4      ( . 3.5).  

   « »   -
  ,   -

, , .  ,   
      37.1%, 

       3.4–7.7%. -
        -
 — 15.3%.      Nitschia spp.,  
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,      ( . 3.6). 

 
. 3.6.     , -

         
  . 138.  —   , / 3 (I); -

  , /  (II);  C. helgo-
landicus , / 3 (III);  —  C. helgolandicus , 

/ 3 (I);   , / 3 (II); -
 , / 3 (III);  —  P. pileus , / 3 (I); 

  , / 3 (II);  -
   , /  (III);    

,    , / 3 (IV);  —  
   20 , / 3 (I);  -

  2–20 , / 3 (II);  , . . (III) ( : 
  ., 1989). 

   2–200 ,    
 ,  750 / .  -

     
   10 ,      

   (    )   -
      ,   

      .    
  0.25–0.30 / ,    -

 

     ,   
,      -

     . 
    ,     

 ,    -
    , -

  ,   «  »,   -
   ,    

 ,  ,   -
   (30–70 ),  ,    -

 ,     -
  ( , , 1989).     -

       -
       -

 (  38 / 3)    2–5  10–
20  (   ., 1987).     -

   0.2–0.5  2/      -
   15–50 ,    . 

      -
.  ,  ,  -

       -
 ,       

     .  -
,    « »    -

,     -
   (   ., 1989). -

,         ( . 138, 
: 43 15'0 . ., 34 00'1 . .;  — 2210 )  -

 1985 .,       -
     120–160 ,  

     , 
       -

 ( . 3.6).  
       

50–160 / 3  ,     2–5  
.      -

   , , - , -
     .   

    -
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 Mesodiniidae,   -
 0.15,  0.3 / .  , -

,    Scuticociliatida.   
  (  20 / )    300 ,  -

  ,    
 2.5 /  ( , 1989 ).  30–80% , -

  « - »,    
, , - , . -

        
        

      . 
      -

    , , ,  -
   ,     -

  . 
   -  -

      -
     .  -

    -
   « », -

      -
        -

 ,  ,   -
.       

       -
      ( -

  ., 1986, 1992; ,   ., 1989). 

3.2.   

  
 .    

     .  ( ),  , 
         

  ,      
   .   .  ( -
 )  ,   -

 ,    .   
  ( .   . )    

 

,    -
,   .  -

         
    , ,  

10  50 .        
,   ,     

        . -
    « »   -

  :  –  — 14–25  / 3, 
 –  — 10–42  / 3.  

      
  , ,  . . -

  . .  (1979)  –  1978 .   
       Pleuronema 

marinum.        
  20  8 / 3.   -
      -

       -
  ( , , 1989;   ., 

1991).     
70 / 3 (C   ., 1991).   ,  

 5      ,  
   5–10  (   ., 1991).  

,    ,      
« - »     ,   -

 Tracheliida, Amphileptidae  Holophryidae.  -
       

—   Tracheliida,  -
  ( , 1989 ).  

        -
 (« - »)    -

  .     -
     -

   ;    -
  ,     -
    . . .  (1989 , )  

« - »         
 .    « - » 

,     
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0.

2 
66

.8
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 .        
,       -

:       1–3 ,   
   , ,   

 ,  -   ,  — 
      — 100–300    .  

   ,   -
       

  (  -    - -
),        

( . 3.4).         . 
    . , ,    , 

 72.9  / 3 (     — 12.3%),   .  
— 55.0  / 3 (     — 15.1%).  

     , , -
    ,  , 

       100–300    
( . 3.4).     

       
,   ,   -
  ,   

   .  ,  -
     ,   

  .  
  . .  ( , , 1984),  

    -
    .  ,  

      
,   ,   

       
      -

 .  ,      
 :  .  — 13.5  / 3 (     — 

9.0%),   .  — 40.7  / 3 (     — 5.9%). 
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 , ,    
     ( , 

1984). 
   (   )  -

       -
   (    , -

 )   -
 (  0.4–0.8, 1.0, 0.2–1.4  /( 2 × )  -

   (0.1–0.2  /( 2 × )   
    (Sorokin et al., 1985). 

       
 (P )    -

  ( ),      
       
  (Sorokin, 1977).    -

 P /     ( . 3.6). - , -
        

    ,   
  .   -   

     
(0.9  /( 2· ),     

  ( . 3.6). 
     

     , -
     ( . 3.6).   -

,   ,   -
   5–10  ,     -

  .      -
         ( . 3.6).  

   ,     -
      -

    ( , 1977).  
     -

     -
 ( , 1985 ).     

       
31.2 / 3,     — 25.9 / 3, 
    — 44.8 / 3,    

 — 21.7 / 3   -  

 

 .    -
      

      -
  (  )  -  ( . ), -

    ( , 
, 1988).   ,   

  ,   -
       

,     -
  ( . 3.5).  

 3.5.  (  / 3)    -
 -  ,    -

      

  ( ) ,       
< 20 

 
> 20 

 
 

(14.02.1984) 
24.5 130.4 20.1 1.0 1.7 159.3 0.1 4.7 

-  
(14.03.1984) 

28.0 128.3 10.1 0.3 4.4 22.2 0.3 2.1 

 ,   11%     
14%     -

    .   -
     .  

(151.6  / 3)       -
 (161.0  / 3),    . -    

(139.0  / 3)    (26.6  / 3). 
      -

      141.1–
156.3  / 3. 

  
.     -

    –  1980 .  -
   80  . .     -

-   -      
 .      

     — , 
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 — 11.9 / 3.    -
      -
      (  

  ). 
       

  ( , 1982).    
       

9.6 / 3,     — 39.0 / 3, 
    — 11.0 / 3,    

 — 10.0 / 3   -  
 — 9.0 / 3.     -

 .  ,     
     , 

   Vorticella sp.     
Chaetoceros sp. 

      
    —  55.3 

 97.8% (   78.9%)    
 (B ).  ,    -

   0.3  /( 2· ), B    
10.9  41.7% (   24.6%)    -

 (B ).   ,    0.2  /( 2· ) 
   B    — 38.1–64.8% (   

48.6%). 
     

 (B )       
3.1–12.3 / 2 (   5.9 / 2)    2.1–
8.2  / 3 (   3.9  / 3).   
B         

       
   ( . 3.6).   -

,   ,  B , -
     ,   
     — 3.5  / 3.   

  « »       
   (58.2–64.4%),     -

    (26.7–43.9%),   -
     -

   ( . 3.6). 
116 117



 

,   ,   300–400  
      ( . 3.7). 

 3.7.    (N, / )  
 ( , / 3)  ,   « -

»   -       
 (7-    «  », . 2255, 20 38´ . ., 

81 12´ . .) 

* .  
 

« » 
 

-
, 

 

-
, 

 N, 103  N  N, 103  
400 10.4 18 2.2 104 3.5 104 5.2 
500 8.5 6 0.7 104 3.5 52 2.6 
600 6.7 32 4.2 104 3.5 0 0 

1000 -** 12 1.4 26 2.7 0 0 
2000 - 7 0.8 13 0.8 0 0 

. * —     -
  (1932); ** —  . 

3.3.     
.    

       — -
    (17-    

«  »),    -
-     

   97   155  . .     
    ,     -

 (   ., 1976).   -
  . 1454 (18.0 / 2  )  ,   

  (3.2–5.0 / 2  )  3.0–5.6 .  
       
       

 ( . 3.8),      -
  12.1  / 3  3.3–4.3  / 3.   

  « »    , -
, .      
   3.2–5.9 ,     

  1.4–2.9 .       
      , 

 .      -

 

     
       -

 ,        
    65.5–78.7%  

   11.4–15.9%  -
  ,      

  84.9  25.8%.   
      -

       ,  
     . -

 ,   , ,  -
       -

    . 
-  .   ,  

   200  2000 , ,   -
       -

       (Tur-
ley, Carstens, 1991),      2000 . 

       -
   -   4   -

  .   , -
        200, 

400, 600  800  (    12.5, 10.5, 8.5  
7.5 )      20, 55, 1, 2 

/    1.00, 2.75, 0.05, 0.01 / 3, . 
       400–

600       
    ( . 3.7). 

     -
     , -
 ,      

,     .   -
,   ,  ,  -

    -   -
       0.4–

1.2  / 3.  ,     -
    ,    « -

»  (Hentshel, 1936).  « » -
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 15.2  / 3  36%  . 

 3.9.  ( , / 2)    
   (0–200 ) -    

  –  1982 . ( :   ., 1984) 
  

-
 

 (08 59´ . . 88 00´ . . - 
07 39´ . . 79 40´ . .) 

 -
  

 

01 23´ . . 
85 27´ . . 

01 59´ . . 
87 46´ . . 

200-500 
  

 

70-200 
  

 

12-70  
  

19 30´ . . 
81 25´ . . 

27 37´ . . 
83 59´ . . 

 
 

 -
 

-
 

 -
 

-
, 

/ 3 

120-261 
(211±45) ** 

213-279 
(236±22) 

354-372 
(363) 

624-5198 
(2396±1417) 

75-127 
(106±11) 

       
/ * 0.11-0.39 

(0.25±0.06) 
0.11-0.20 

(0.15±0.020 
0.22-0.33 

(0.28) 
0.50-1.10 

(0.90±0.14) 
0.03-0.10 

(0.06±0.01) 
B  3.65-11.00 

(6.17±3.45) 
1.87-4.60 

(3.38±0.58) 
15.0-22.1 

(18.6) 
23.7-44.9 
(33.8±4.7) 

1.68-8.60 
(5.85±1.29) 

B  6.01-13.00 
(8.86±1.51) 

3.05-19.30 
(9.16±3.74) 

14.9-21.2 
(18.1) 

16.7-49.6 
(28.5±7.2) 

8.38-19.60 
(11.18±2.1) 

B  0.07-0.23 
(0.11±0.04) 

0.07-0.11 
(0.08±0.01) 

0.13-0.25 
(0.19) 

0.18-0.37 
(0.23±0.05) 

0.01-0.17 
(0.05±0.03) 

B  0.17-0.97 
(0.54±0.17) 

1.77-4.03 
(2.79±0.58) 

1.74-7.93 
(4.84) 

0.51-2.05 
(1.54±0.35) 

0.28-4.20 
(1.66±0.66) 

B   
(0.2-3 ) 

8.8-20.1 
(13.4±2.4) 

9.4-31.4 
(15.8±5.2) 

11.7-13.1 
(12.4) 

8.3-24.3 
(15.2±3.7) 

2.1-3.0 
(2.5±0.2) 

B   
(> 3 ) 

1.67-5.83 
(3.67±0.98) 

3.09-6.88 
(4.82±0.79) 

11.20-
11.32 

(11.26) 

0.34-10.32 
(3.18±2.39) 

0.11-0.38 
(0.22±0.06) 

 23.3-43.8 
(32.8±4.4) 

21.8-62.6 
(36.0±9.1) 

62.4-68.2 
(65.3) 

59.6-108.8 
(82.4±10.3) 

14.7-35.3 
(21.5±3.6) 

B  6.2-14.0 
(9.5±1.7) 

5.0-21.2 
(12.0±3.6) 

23.1-23.1 
(23.1) 

18.2-51.8 
(30.3±7.3) 

9.8-23.8 
(12.9±2.7) 

B /B  0.18-0.40 
(0.30±0.05) 

0.23-0.43 
(0.32±0.04) 

0.34-0.37 
(0.36) 

0.26-0.48 
(0.36±0.06) 

0.54-0.70 
(0.59±0.04) 

*  —   , /( 2·× );  — 
   , /( 2·× ); ** -

    (  ± ). 

     -
,        - 

        

 

       (  
. 1454 — 16%,   — 24–42%),     

 ,    ,  
    -

 (   ., 1976). 

 3.8.     -
   ( / 2)   0–150   –  1974 . ( : 

  ., 1976) 

. 1454 . 1456 . 1458 . 1461  
 00 58´ . .

97 00´ . . 
00 00´ . .
122 20´ . .

00 03´ . .
139 31´ . .

00 45´ . . 
154 55´ . . 

 18.8 2.0 1.8 1.9 
 16.5 2.8 5.2 2.9 

.  1.4 0.7 0.7 0.4 
 0.2 1.3 0.4 1.7 
 + 

 
0.03 0.2 0.1 0.04 

 
 ( ) 

18.13 5.00 6.40 5.04 

 8.1 3.1 3.8 3.8 
 

 ( ) 
45.03 10.10 12.00 10.74 

/ , % 40.3 49.5 53.3 46.9 

3.4. -     
.   34-    «  

» ( –  1982 .)     
     , 

    (   ., 1984). 
       

   ,    
  —        -

        —    
( . 3.9). 

      -
.       

   1.2 ,    -
  1.4 .      

    — 8.8%.   -
120 121



 

500  — 1–5 /     1000  — 18 / ,   
  0.10, 0.22  1.35 / 3,  -

   ,   -
     ( , 1984). -

 ,     -
    20 .  .  

     
.    0.02–1.68 / 3.  -
 « »    11  30 .  , 

   ,   (0.13–3.35 / 3)  
    .  

3.5. -     
 .    

       -
    15.4   132.6  / 3,  

     -
    -    .  

     -
   ,  -

     ( . 3.10). -
   -  

(132.6  / 3)      (68  / 3). 

 3.10.  ( / )     -
  -  ,   -

       . -
 (14.03.1985 .) 

   
/ 3  / 3 

 2297 × 106 363.9 73.3 
  9531 × 103 8.6 1.6 

.   2083 × 103 84.9 18.7 

.   367 × 103 332.5 39.9 
  9750 × 103 362.6 66.4 

  20  0 0 0 
  20  150 6.0 0.7 

 . .  -
 -     ( –  

 

   . . —    
 (   ., 1984;   ., 1984). 

       , -
   ,     -

 . ,     -
   3.7% ,     3   

(12.2% ).    -
  1.4–2.7 .      

     -
  .     

    17.5%.   -
        

4.8  / 3 (  )  8.3  / 3 (70–200   -
),      —  30  36% ( . 3.9). 

    , -
  ,     -
   1.5–3.0    3.8     -

.      
.       -

 38.6%.      
  6.4  / 3,        59% 

( . 3.9). 
  ,   34-  

  «  »  -    
,  . .   . .  (1984) 
 ,      -
    , -

   ,    , 
    ,   -

  (  ),   
 .      -

, . .    ,  -
    .   , -

  ,     
      -
 .  

-  .  -    
 ( . 3616, 50 20' . ., 82 06' . .)  -

    200   1 / ,   
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       ,  -
 .     
    9.6%.  ,  

 ,     ,  
9.5  / 3  8.9%  . 

 3.11.  ( , / 2)    
   0–200     -    

 (   158  . ., 09.01.–07.02.1985) 

* -
  

57.0  
. . 

 
55.5  

. . 

 
53.5  

. . 

 
52.5  

. . 

 
50.3 -45.3  

. . 

 
40.2 -35.0  

. . 

 
32.0 -27.0  

. . 
B ** 156.0 99.0 22.3 12.7 10.1-26.4*** 

18.0±2.4 
6.6-15.3 
9.8±2.8 

6.7-6.9 
6.8 

B  14.8 23.4 22.2 29.3 26.6-43.9 
34.5±2.9 

16.1-74.8 
41.2±17.5 

19.6-20.2 
19.9 

B  3.9 6.7 1.9 2.3 1.7-7.0 
3.6±1.0 

4.9-13.3 
9.1±2.4 

4.1-7.8 
6.0 

B ** 0..3 0.7 0.6 0.4 0.3-0.7 
0.6±0.1 

0.2-1.0 
0.5±0.2 

0.5-0.6 
0.6 

B ** 
(0.2-3 

) 

13.5 17.3 20.4 7.2 1.6-9.7 
5.1±1.2 

1.8-5.3 
4.0±1.1 

1.3-2.4 
1.8 

B ** 
(> 3 ) 

22.9 31.5 10.1 7.3 0.3-21.2 
8.9±3.2 

0.8-1.3 
1.1±0.2 

0.1-0.2 
0.2 

B ** 3.1 3.1 1.0 1.0 0.6-2.8 
1.5±0.4 

0.6-4.9 
2.2±1.3 

0.4-0.4 
0.4 

B  214.5 181.7 78.5 60.2 59.0-90.6 
72.2±4.7 

40.3-102.9 
68.0±18.4 

32.9-38.2 
35.7 

B  19.0 30.8 24.7 32.0 29.0-48.6 
38.7±3.2 

25.5-80.1 
50.8±15.9 

24.3-28.5 
26.5 

B /B , 
% 

8.9 17.0 31.5 53.2 36.1-71.4 
53.6±5.3 

63.2-77.8 
72.8±4.8 

73.9-74.6 
74.2 

* —  —  ,  —  ,  
—    ,  — -

  ,  —  ,  — 
  ,  –  ; ** — 

       ., 1988; 
*** —      ,  -

 —   ± . 

 

1985 .)     : -
 ( ),    ( ), 

 ( ),   
( ),  ( )    -

 ( ),  ( )   ( ) 
 (   …, 1988).   

     .  
    -

    -
  ( , , 1988; , -

, 1988),        -  
 (   …, 1988), -

  34-    «  »,  -
    « »   -

   . 
     

   .   
  10      

  .  40  240  
     2  12 .  

   ,   -
   ,    -

 ,   —    -
 —     ,   

    (   ., 1988). 
      -

    ( . 3.11),   -
   (72.7%  ).  -

    ,  ,  
.     -

.  ,   -
       -

     (   ., 1988).  
  « »    -

     -
   .   -

   0.074 3.   
    — 1.4%    -

 .   ,  -
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( . 3.11),       25.4  / 3 

 72.8%  . 
     ( )  

      
 ( . 3.11). ,   -

     .  
     0.091 3.  

       
 (73.3%).   ,   

  ,   13.2  / 3,      
   (74.2%). 
 ,   ,   

     ,    
        -

     « »   
      8 . 

      158      
126  . .   135  . .   ,  -

     ,   
     

       -
-  .    
      

   ,   -
 ,   ,   

  ( . 3.12).  , ,   -
  ,    ,   , 

  ,    -
    1.4–1.8 ,     

  ,     -
  41.7  73.3%  .  
      ,   -

    ,    -
 ,     -

 .   . .    
(1988)     ( )   

  (  70  90%)    -
 (  30  5%).     

 

     (     ) -
    , , -

    ( . 3.11).  
     0.100  0.145 3. 

 ,      « » (   
  )   15.4  / 3  12.4  / 3,   

   —  17.0%  31.5% .  -
     (7.4–12.5%)  

. 
   (   ),   -

, « »  , . .    -
  .     -

,  ,    -
,          

—     (   ., 
1988).     

 ,     -
       

  (14.8–21.3%).   -
    

( . 3.11). ,     
    4.2%    ,  -

       0.098–
0.199 3.  ,    -

      (16.0–19.4  / 3)  -
       ,     -

       (53.2–
53.6%  ).  

     ( ), 
    ,  -
    -

,     
( . 3.11).       
0.091  0.338 3.       -

      -
,      -

 ,    1.8  2.1 . 
 ,       

   50%.    -
126 127



 

       -
  (20–30%),      -

        
( 30%),    ,   , 

   (5–10%).   -
   1%    

(   ., 1988). 
-  .     

 (25   «  »)  -
,   300–2000      

  ( . 3.13).  

 3.13.    (N, / )  
 ( , / 3) ,    

  -     (25   
«  »), . 3008, 48 30' . . 158 00' . .) 

 -
 

. -
 

-
,  

,  

N, 103  N  N  
300 8.2 177.7 20.21 140 0.07 23 1.45 
400 7.8 184.5 33.03 50 0.02 16 1.22 
500 7.5 224.4 27.11 80 0.04 19 3.99 
600 7.1 140.4 18.12 0 0 12 0.21 
800 6.2 185.8 33.26 160 0.08 14 0.31 

1000 5.1 107.0 8.40 50 0.03 21 5.59 
1500 3.2 82.4 9.02 10 0.01 17 2.82 
2000 2.5 94.9 10.72 0 0 13 3.63 

       
   Bodo sp., Spumella sp.,  

     
( , , 1988).     -

.  
     -

  .   
    .  -  -

      
    .   

  ( . 3008)   -
       -

 

    .   
        

  ,     -
 —  60–70%. 

 3.12.  ( , / 2)   -
  (  — ,  — , 

 —  ,  — ,  — 
  200   3 ,  —   3 , 

 — ,  —  , — 
 )   0–200   -    

 

  126  . . (12-21.02.1985)   135  . . 
(23-25.02.1985) 

 

* 
51.5  

. . 

 
49.6 -41.0  

. . 

 
39.4 -38.0  

. . 

 
46.6 -49.0  . . 

B ** 18.3 7.2-61.3 
23.6±9.7 

9.1-15.8 
13.4±1.5 

15.9-20.6 
18.3 

B  34.6 26.4-47.2 
34.1±3.6 

39.6-75.8 
57.6±9.1 

27.4-41.9 
34.6 

B  7.4 2.1-18.5 
7.8±2.9 

4.6-12.0 
8.2±1.7 

11.1-11.8 
11.4 

B ** 2.0 0.4-2.9 
1.1±0.4 

0.6-1.4 
1.1±0.2 

0.4-0.4 
0.4 

B ** 
(0.2-3 ) 

12.0 5.0-24.7 
11.7±3.5 

1.2-7.1 
4.2±1.2 

9.7-10.7 
10.2 

B ** 
(> 3 ) 

8.1 2.1-81.2 
22.2±15.2 

0.3-14.4 
4.8±3.3 

11.4-12.0 
11.7 

B ** 2.3 1.3-7.8 
2.6±1.3 

0.7-3.8 
1.9±0.7 

1.4-1.4 
1.4 

B  84.7 60.3-157.8 
103.1±22.2 

66.3-106.5 
91.2±9.0 

83.3-92.8 
88.0 

B  44.0 30.8-66.5 
43.0±6.5 

44.8-87.0 
66.9±10.8 

39.6-53.4 
46.4 

B /B , 
% 

51.9 30.3-54.2 
41.7±2.4 

58.3-81.8 
73.3±5.7 

47.5-57.5 
52.7 

*   ,    3.11; **   -
     ., 1988. 
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 3.15.    (N, / )  
 ( , / 3) ,    -
  -     (25   « -

 », . 3044, 41 30' . . 158 00' . .) 

 -
 

. -
 

-
,  

,  

N, 103  N  N  
300 8.0 373 51.4 10 10 56 7.45 
400 7.7 441 159.0 0 0 45 3.69 
500 7.3 530 130.2 10 10 40 3.82 
1000 4.9 381 102.5 0 0 253 8.70 
1500 3.0 369 139.1 0 0 18 1.95 
2000 2.4 156 34.9 0 0 12 0.69 

     -
 ,   -   

(Alongi, 1991; Yamaguchi et al., 2000; Cho et al., 2000; Fukuda et 
al., 2007).  -      

      
  1000     5000–

10000   (Yamaguchi et al., 2000).  -
      
      (Cho et al., 2000).  

        
  (  –  )  

    -, -  -
  1400 (180–3300), 60 (5.7–260)  6.6 (1.4–12) 

/ ,  (Fukuda et al., 2007).  -
    ,  ,  4.8, 3.2  

0.83%  . 

3.6.     
 .   . .  

  ,      
29 ,      -

 ( . 3.16).     
  ,  83%  

   89%       . 
    Strombidium sp.  Stro-

bilidium sp. 

 

 .   1000–2000     
     .      

       . -
   , -
 . .    (1988),   

     ,    
 « »      -  -

    ( . 3.14).  

 3.14.     -
 ( ,  / 3)     ( )  -

  ( . 3008) 

,  *  / , % / , % 
300 5.78 4.77 82.5 6.7 
400 8.44 6.69 79.3 4.0 
500 7.31 6.80 93.0 12.9 
600 4.26 3.91 91.8 1.3 
800 14.05 6.53 46.5 1.1 
1000 4.80 3.29 68.5 37.4 
1500 4.13 2.63 63.7 23.6 
2000 3.42 3.17 92.7 25.2 

*        
   5%. 

  ,    -
 800 ,    , 

      -
   (   ., 1988), -

 « »      -
 .  ,    

,     
  4.7  / 3,   72%  

 . 
  3044,    -

     ,  
      -

 : 6.52–29.49  / 3,   20.16  / 3 ( . 
3.15).         
  1.9–13.2% (   5.1%). 
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      3  30 , -
    15 .    

      (  
 16144 × 103 / )   (   7441 / 3) 

 ( . 3.17).  . 2  3,  -
    , ,   -

   68–80%  . 
     0.450–

0.500 3.      -
   ,    

    ( . 3.17).   -
       -

 ,   ,  -
  (30%),    

(0.150 3),   ( . 3.17, 3.18). 
     (   5110.3 × 

103 / )   (1041.0 / 3),     
  (0.143–0.281 3)   

,    ( . 3.17).    
  ,    -

  ( . 3.17).    ,  
 , ,    ,  

   ( . 3.18). 
     (   1047 

/ )   (68.1 / 3)   
   , , 754 /   49.0 

/ 3 ( . 3.18).  ,     -
   (36–38%   ) 

    . ,   
   (   2481 / )  -

 (200.9 / 3)       -
 988 /   35.3 / 3 ( . 3.17).   

     Strombidium sp., Stro-
bilidium sp., Tontonia sp., Tintinnidium sp., Tiarina sp.  -

     -
  ,   ,   . 

 

 3.16.       
 -  ,    -

      .  
(05.04.1985) 

  , 
/  / 3  / 3 

 4210 × 106 730.9 143.1 
  817 × 103 0.4 0.1 

.   5217 × 103 231.4 50.9 

.   52 × 103 47.1 6.1 
  18736 × 103 2651.5 485.2 

  20  1500 2.7 0.3 
  20  2000 140.8 15.5 

Myrionecta rubra 750 48.7 5.4 
  22 × 106 414.5 41.4 

      
    (Sieburth et al., 1978). -

,     , , 
    ,   

   ( . 3.16).  -
   3×4 .   -

  ,      
     , -
   . -

    -  -
 (257.3  / 3)    2     -

   (485.3  / 3).  ,  
     262.7  / 3. 

 -  ,   
 . .   1984 .     

«  »  -      
.    ( ),     -

,      (    
 )   (     )  . 

       27–
29 .    (  1–3)  -
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     268.1  / 3.  
 ,    , -

  ,   ,  
    , -

    -  . 
 .     

« »   -       
(   . . ,  )  -

–  1984 .        -
       3–4-  .  

   ,      
, ,     (  R), 

 —    (  Fl),   -
       50–100     (  Fr)  

  —  1.5–2.0    (  ). 
      ,  

 ,    ,  ,  -
  ( . 3.20, 3.21).  -

,      , -
 2–10%     2–8%    -

.   ,    
,     -
   ( . 3.20, 3.21).   -

         -
      , 

, - ,    -
      

  .    -
    3–6 .     

      -
    (    

    3).  
  -   ,    , -

   60.6–78.8  / 3 (     — 4.6–
10.1%),  .  — 48.8  / 3 (     — 3.7%),  

.  — 40.0  / 3 (     — 8.0%).  -
       

  ( . 3.20, 3.21). 
 

 

 ,   ,   , -
    .  ,  -

 ,   ,  -
  Myrionecta rubra.     
  (1–3 /   0.06–0.20 / 3) -

 .  ,     -
   ,   

— .    -
  (     )  

       ( . 3.18).  
       

  (   1127.6  / 3),    -
      — 0.6–3.7% 

( . 3.19).  

 3.19.     ( ,  / 3) 
  (%)     

-
 

   
 

 Myrionecta 
rubra 

1 1671 98.44 1.21 0.35 0 
2 580 96.31 2.97 0.72 0 
3 1132 99.20 0.66 0.14 0 
4 252 93.26 2.42 4.32 0 
5 310 81.52 2.62 5.20 10.66 
6 253 54.45 3.16 13.05 29.34 
7 242 79.09 6.69 7.07 7.15 

      ,  
     87.0  13.0%.  
 4,     ,  

      (64.1%)  . 
        My-

rionecta rubra,    226.6  / 3,  -
   ,    

  -  .   -
,   8.8–22.9% ,  -

 (51.4–80.5%  ).    Myrionecta rubra, 
     , 
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   , -
    ,   

  (   . . , -
 )       ( -

 , 09 42´ . ., 104 21´ . .)   0, 5, 10  14 . 
    4 .    

    .  
      

     2.7–5.1 ,   
—  3.7–16.0 ,   —  1.7–4.6 ,   
—  2.1–16 ,     —  
1.9–3.0  ( . 3.22, . 3.7).       

  .  -
        

 :   0  5    ,   -
 10  14  —   ( . 3.22).  -
      -

    ,    
  .       

       —  16 .  
       -

   :    
  r = 0.20,     

r = 0.28.    (r = 0.50) -
     -

 . - ,   
       -

      
   . 

  .  ,    
       

  ,  ,  
   ,    20.00  24.00,  

 –  04.00  8.00.    
36.4%. ,       

     . 
 ,      

        (CV 
= 11.4%). 
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  5-        -
  (16.00–20.00)    (08.00),   

—    .    10  -
     -

    ,      
  (CV=7.6%).     

        
( . 3.7).  ,   ,   

  ,   32    18.2  / 3 
 36.1  / 3,     -

.         
 ( . 3.7).         

      7.5%  54.6% (   
30.8%)  . 

 . -  -
      

      , 
  . . ,  –  1985 .   

     
      -

 ,      -
     (   ., 

1987).    -   -
    .  
     (10.00–11.00).   

     23–29 .  
     

  (Marti et al., 1979; , 1979; , -
, 1988). 

      
    445 . /   0.087 

3   ,  4209 . /   0.323 3  
.     -

     -
   ( . 3.23).     

      
  ,  / - ,   . 1, 

  .    27%  
83%    ( . 3.24). 

 

 
. 3.7.    (  / 3)  ( )  -

 (    , )  .  ( -
 ) 14–15  1974 .   0, 5, 10  14    
  c  . 

 ,     -
     

,   ,   -
  . 
      -

       
( . 3.7).      
23.1%,   5  — 19.3%,   10  — 41.4%,  

 14  — 30.0%,      — 20.9%. 
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   1.8–3.0   -
        -

,      -
 .     

 .  

 3.24.     ( , 
 / 3),    -   

( + ),  ( ,  /( 3 × ))     
(μ, -1)    « »   -

 (G,  /( 3 × ))     
     

 -
  

 

-
 

 

 + 
 

 

 / , -1 G  μ  μ 
17.03.85 17.7 30.0 3.8 0.0093 1.7 1.1 0.0135 0 0 
19.03.85 16.9 68.6 33.0 0.0517 13.4 1.3 0.0123 0.2 0.0004 
21.03.85 28.6 29.5 13.8 0.0306 3.7 2.4 0.0232 0.2 0.0049 
23.03.85 116.0 44.5 12.7 0.0367 3.5 0.5 0.0024 0 0 
25.03.85 32.4 49.6 7.0 0.0317 2.1 0.3 0.0025 0.4 0.0028 
28.03.85 58.8 49.6 34.8 0.0418 29.0 4.2 0.0427 0 0 
31.03.85 51.4 45.6 22.1 0.0390 7.3 3.5 0.0374 4.5 0.0335 
05.04.85 429.4 226.1 -* - - - - - - 
08.04.85 85.8 73.5 56.3 0.0423 9.4 2.6 0.0212 0.3 0.0417 
*     . 

   (Stemberger, Gilbert, 1987) , 
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. . 

163 49´ 
. . 

17.0 < 0.1 3.4 9.6 0 17.7 4.1 

19.03.85 20 15´ 
. . 

156 12´ 
. . 

26.6 0.2 4.4 9.5 2.1 16.7 26.0 

21.03.85 11 00´ 
. . 

152 00´ 
. . 

18.8 0.2 4.3 0 1.7 28.4 4.7 

23.03.85 03 11´ 
. . 

144 35´ 
. . 

14.4 17.2 8.6 1.7 0 98.8 19.8 

25.03.85 01 19´ 
. . 

138 15´ 
. . 

9.2 0.3 5.0 2.8 6.0 32.1 3.8 

28.03.85 -
  

34.7 13.1 4.1 1.7 0 45.7 9.1 

31.03.85 -
  

23.6 0.2 3.9 0.3 5.6 51.2 12.2 

05.04.85 -
  

125.2 0.3 29.4 0 15.9 429.4 55.6 

08.04.85 -
  

55.5 < 0.1 5.1 3.7 0.3 85.8 8.9 

    4 ,  
     -

 (  3%  ),    
(0.9–11.9,   5.3%)    -

 ,    ,  , -
 (24.9–77.9%,   56.6%    

 ). - ,  -
      

 ,      
 .     -

 ,     , . .   
    (Fenchel, 1982b). 

  ,   -
144 145



 

      .  -
       10–20% -

         50–
65%     (Flint et al., 1996).   

       ,   -
        20% -

   .  
    -

   -    -
   .    

     20%  -
     200%  .     -

   -    
   ,    —  -

   .      
   2–20    -
 .    

 ,     , -
           -
     -

 ( . 3.25).       
,     ,    

55%,    — 41%     48%. 
  ,    

      , 
     -

 .     37%  
120%    -  -

.      -
         . -
       

  85–94%, . .    -
 .      
          

 ,      -
 . 

 

    -
  0.5  4.2  /( 3 × ). 

     
      2-   

( . 3.23).        
 3  / 3.   ,     -

   ,   -
 (145–2677 / )   . 

       
    ( . 3.23  3.24).  

        
 :    -

     (r = 
0.89). 

     -
      -
-  ,     
 ( . 3.24). ,     -

     
   20 ,    -

       -
 .   ,    -
     (r = 0.95).  -

      24.5–67.6%,  -
 ,     -

 ,  —  . 

3.7.   

  
    -  (  -

). -    
   ,      

-  (  ,  )   
 –  1994 .    -

      
« »        

  (   ., 2001). , -
   ,   -
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.     –  ,  
      ( -
 170 × 170 )    -

    ,    
       -

.       -
,  ,     -

     ,  
 ,       

  .  -
       

       -
   (Flint et al., 1996, 2002).   

        -
   ,    -
  -  -

    (   ., 2002). 
     -  -

,    3-   ( -
   -  —  ,  

;   . -  —   
,  ;   -  — -
 ,  ),    3.8. -

  10–15   19–28  1994 .   
    5-  -

     0, 5, 10, 20, 50  100 .  
   ,   -

,    ,   ,  ,  2.9–3.3 . 
        

      -
 ( . 3.26). 

- ,      -
 ( )   ( )   -

 .     -
      -

      ,    , 
          

     ( . 3.26). 

 

 3.25.    ( ),  
   ( ),   

( )     (G )     . -  

  
   

 
,  2 6.5 20 

,  10.8 (10.3-11.3)* 6.8 (4.5-8.7) 3.6 (1.9-5.3) 
,  /( 3·× ) 354 (76-656) 334 (232-439) 84 (60-103) 

,  / 3 100 (44-184) 89 (48-149) 55 (25-106) 
,  / 3 38 (8-71) 40 (3-91) 18 (6-41) 

,  / 3 67 (40-137) 21 (5-38) 13 (3-23) 
,  / 3 205 (110-355) 150 (84-259) 86 (35-147) 
,  / 3 160 207 77 
,  / 3 7 7 15 
,  / 3 372 364 178 
 / , % 55.1 41.2 48.3 

,  /( 3·× ) 36 (9-100) 19 (8-35) 12 (1-28) 
G ,  /( 3·× ) 32 (8-93) 18 (6-25) 10 (1-25) 
G / , % 92 (57-110) 94 (48-125) 85 (60-113) 
*   (    ). 

.       
       

 .  ,    -
    40%  , -

     -
.        

     3–5  /( 2× ) 
( , 1970;   ., 2002; Sambrotto et al., 1986). 

   ,   -
    (Flint et al., 2002).   

      -
    ,  -
,     (Hood, Calder, 1981). 

  ,   
1994 .,      « » 
       

          
     -

148 149



 

     -
    18–25  / 3     -

 . 

 3.26.      
( , ),       ( , )  

      ( ,  /( 2 × 
))        

   1994 . 

  ,    
  10-15  

 
19-28  

2.3  
(1.4-3.8) 

5.5  
(5.3-5.6) 

9.9  
(8.5-12.5) 

6.2  
(4.0-7.5) 

2.1±0.4  
(1.1-4.5) 
2.2±0.3  
(1.2-4.9) 

  
 

10-15  
 

19-28  

3.4  
(2.4-4.1) 

6.5  
(5.6-7.5) 

9.9  
(8.0-11.5) 
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2.0±0.8  
(1.4-2.7) 
1.0±0.3  
(0.5-1.4) 

  
 

10-15  
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4.4  
(4.2-4.6) 

8.1  
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(0.3-1.8) 
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(0.4-1.6) 

  10-15  
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8.0  
(7.9-8.3) 
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5.1  
(4.8-5.3) 

8.4  
(8.3-8.6) 

8.8  
(8.0-9.5) 
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(8.0-10.0) 

1.97 
 

0.32 

  
 

10-15  
 

19-28  

5.1  
(4.5-5.7) 

8.1  
(7.9-8.3) 

9.4  
(8.0-12.5) 

8.0  
(7.0-9.0) 

2.4±0.4  
(0.5-4.1) 
1.4±0.8  
(0.2-3.0) 

     5 × 105 3  -
   30 3    -

     .  
   , , 

    ,     
   . 

 

 
. 3.8.      (I),  -

       (II). –  — 
,      , -

,   . 

         -
    -

 (  0.14 × 106  5.84 × 106 / ),  
 (  21  2051 / ),  -

 (  6  118 / ),  (  100  3500 / ). -
      « -

»    3.27–3.29.   
        -

 ,    . 
 ,     -

      
    (   ., 2003). 

     ,   
     -

 ,       
 .      -
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  ,   « »   
      0–20  

(24.7%)       (49.1%)  2 
. 

      
 ,   ,  -

, ,    6 , 54.9% 
( . 3.31).  ,   -

  ,    6 ,  28.6, 2.5  14.0% 
.     -

 ,      -
 ( . 3.31).    20   -

, ,   ,  
   ,  17.6%, 57.8%, 1.8%  

22.8% .      -
      

    .  -
      ,  ,  

   ,    (105.2  / 3)  
    20–100  (52.4  / 3)  2 . 

 ,   « »    -
     0–20  (52.2%)   -

  (57.9%)   . 
   . -  —  -

  ,    ,  
     

( . 3.32).      -
      -
 .     (  -

, 76.8%  ).        
      

,        20-   
       20–100  

( . 3.32).  
       -

  ,   ,   -
,  . 
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          26–54% (  
 39%, CV=28%),   — 45–48% (   46%). 

     
      

.        
       44–69%  
   ( ) ( . 3.12–3.14).  

 ,   ,      
  ( . 3.15–3.17).  -

  (     ) 
     . - .   -

     (12  / 3)  
    (52%)   ,   -

 —   (  11  / 3  58%).  
      (5–19  / 3,   

10  / 3)  ,    (3–17  / 2,   6  
/ 3).  /        

 (13–56%,   33%),     (4–74%,  
 22%). 

 ,   ,   
     -

         
   .  

   , 
       

      
  ,    

  .    
        

        
      -

 (   ., 1992;   ., 1990; Andersen, 1988). 
- ,  ,       

       ( -
  ., 2001; Sukhanova et al., 1999; Flint et al., 1996, 2002), 

      -
  ,   

  .  

 

      15–27   
    20-    (  -

 41.3  / 3)   1.4–2.4      20–
100  (   27.0  / 3),        

   .     
  34.2         -

     ( . 3.32).  
 ,     -
     -

          -
  ,      -

  . 
         -

 27–44  / 3 (   34  / 3)  -
   -   . - ,  
  /   , , 

 , 20% ( . 3.9–3.11).     -
 , ,  58–90  / 3 (   

74  / 3)  50–64% (   57%). 
       -
  .  ,  (62–94  / 3,  

 75  / 3)   /  (44–69%,   
56%)      ,  
19–55  / 3 (   32  / 3)  13–33% (   26%). 

 ,       -
     ,   

  . 
         

      (19–43  / 3,   
29  / 3)   ,    (53–59  / 3,  

 56  / 3).  /    -
    (48–63%,   56%),    (26–

47%,   35%). 
     -

   -   . -      
  ( . 3.8).         
  ,  58  / 3,    — 49  / 3. 
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 4.   « »   
       

     
 

4.1.  
 .    -

    (   ., 2006)   
    ( –  

1989 .  –  2001 .),    
 ( –  1992 .)     -

 ( –  2002 .).   -
     4.1.  

 4.1.      

    
, 

/  

, 
 

 
,  

-
,  

   
  - 2-4 23.1 80 

   - 4 19.9 85 
  - 12 21.0 130 

  - 5-7 21.0 80 
   

.  
- 5 20.9 30 

  - 3-6 22.4 50 
  - 5 21.0 100 

  - 4-5 21.4 70 
 1  0.05-0.21 0.2-0.7 7.0-14.5   
 2   

 
- 0.5-1.9 7.0-23.0 50-105 

 3  0.05-0.18 0.3-1.1 8.0-16.8 5-45 
   

   
.  

0.01-
0.015 

1 12.5-16.6 30 

   
.  

0.08-0.15 0.5-1.3 12.1-16.4 30 

 .  ( ) 
  .  1.7 0.5-1.1 24.8 25 

  .  1.8 0.5-1.0 24.9 25 

     , 
   , -

  
17

0

05010
0
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 27.3%).  ,     
/   10.9–41.6% (   25.5%) ( . 4.2). 

 
. 4.1.     –  -

 :  ( ),  ( ),  ( )   
( ).  — ,  — ,  — -

 ,  — ,  —  
. 

     —  -
 ,    . -

        -
 —        

,        

 

 

       
488–1299  /  ( . 4.2).  

 4.2.     ( , 
 / 3),       -

  ( / , %),     
   ( / , %)    -

   ( / )    

   /  /  /  
  

 1191 185.8 15.6 5.06 0.131 
 1140 474.2 41.6 14.01 1.048 
 488 160.1 32.8 51.0 0.107 

 1160 126.4 10.9 13.75 0.074 
 1285 259.6 20.2 39.66 0.126 

 1299 227.3 17.5 21.82 0.234 
 617 183.2 29.7 18.73 0.478 

 779 275.8 35.4 54.43 0.083 
 1 118 59.7 50.6 97.81 0.005 
 2 1155 239.1 20.7 11.73 25.3 
 3 4194 4131.1 98.5 99.96 0.022 

 212 203.7 96.1 98.26 0.066 
 288 211.1 73.3 98.26 0.007 

 591 424.3 71.8 99.92 0.0002 
 325 169.0 52.0 99.98 0.0001 

  
 1 298 118.3 39.7 29.58 0.222 
 2 433 240.7 55.6 83.86 0.059 

 1 182 120.5 66.2 99.95 0.0002 
 2 283 173.8 61.4 99.96 0.0001 

 1 456 311.9 68.4 99.98 0.0001 
 2 440 367.8 83.6 99.87 0.0008 

 528 313.0 59.2 10.9 0.405 

 ,    -
   ( . 4.1, 4.2).  -

     9.9% ( . )  36.7% ( . ), 
  21.1%.         -

  0.5–6.8% (   4.4%)  5.1–54.4% (  

172 173



 

 

 
. 4.3.   ,    -

 ,    . :   ( ), 
  ( )  ,    ( ). 

 . . 4.1. 

   .     
      

118  / .     -
    ( . 4.3).   

  —     0.3%  
 .    -

  2     -

 

 

  ( . 4.1).   , -
   ,    -

       ; 
,     -

 ,  ,  . -
    ,     

      
 « »   . 

 
. 4.2.     –  -

 :  ( ),  ( ),  ( )   ( ). 
 . . 4.1. 

174 175



 

 

     1.5%   
( . 4.2, . 4.3).        -

    (98.5% ),  -
       -

.  
     .  -

       
,    .       

   43.0%  63.5%  ( . 4.4).  

 
. 4.4.       

  . :   ( ),   
( )    ( ).  . . 4.1. 

 

 

.  ,      /  
 50.6% ( . 4.2). 

      -
     ,   

      -
   .     -

      -
,      2.61  / . 

      « -
»,        -

    . - , -
       

.  ,     ,  -
       

( . 4.3).     
    .  

   7.6    -
 .         

20.7% ( . 4.2). 
  ,    -

 ,    ,  -
  4194  / ,   35.5  ,   -

 ,   3.6  ,     
( . 4.2).     

  .   .  
      -

   ,   -
  10.4  / ,      -
,     ,   

( . 4.3).     : Paramecium 
caudatum  Colpidium colpod .     

    -  ,  -
  ,      

.      
5–20         180 . -

/ .       -
     .  

     ,  

176 177



 

 

  1%  .    
    —   

. 

 
. 4.5.       

–     ( )   
( )      ( )   ( ).  

. . 4.1. 

        
         

( . 4.2).   « »     
       ,  

  50% ( . 4.2, . 4.5).   -
    ,  

 

 

      -
  ,   — . 

     , -
 69.7%   . -

       —    -
 0.4%   . 

       
     (72.7%)   

(17.7%) ( . 4.4).    (64.4%  
),        -
  ,    

62.2–83.5%  .     
 .    

  . 
  ,     -
 ,      79.1% , 95.0% 

—   99.6% — .      
    ,  -

   ( . 4.2).   
      

 .   (176  / ),       
  —  (2608  /   10423  /  

). 
      , -

      . -
,       -

    ( . 4.2).    -
      -

  — 62.9–82.2% ( . 4.5).   -
  ,     

    10%   
.       ,   

.        (Paramecium 
caudatum  Metopus sp.),     
1.2%  .     -

  ,     
26.5%  .      

  .      -

178 179



 

 

  .      -
    ( . 4.3).  

 4.3.      

   
, 

/  

-
,  

-
,  

-
,  

 1   
 . 

0.12-0.17 6-10 12.9-17.5 120-150 

 2   
 

. 

0.06-0.52 4-6 12.1-15.9 45-130 

 1  .  0.9-3.2 0.5-1.5 24.2 0.50-75 
 2   

.  
0.9-3.2 1.5 24.6 70 

 1   
.  

0.5-5.5 0.5-2.0 25.4 65 

 2   
.  

0.5-5.5 1.0-2.0 24.4 40 

 1  .  -* 4.0-
16.0 

13.3-13.8 0.5-1.1 

 2  .  - 5.0-
16.0 

13.7-15.1 0.7-1.1 

*   . 

      
,        -

      -
.      

.    -
      ( . 4.2, 

. 4.6).  ,      
       60%. 

   .    
 .     11.06.2000 .  17.06.2000 . 

( . 4.3) ( , , 2011).   -
  .  (  1),  —  (  2). -

      
   ( . 4.4) ,   

 

 

  .     
0.003%  .   ,  ,  

   ,       
.     .  -

,      -
  (    ) —  -

,     
( . 4.5). 

 .      -
      1992 .    

      -
   .    5      

      . . 
     -
,       

.       
.     ( . 4.3).  -

      -
     ( . 4.2).  

      
 ,     

 ( . 4.6).      -
.        

 ,  ,  -
  39.7%    

( . 4.6, . 4.3).     -
    .     1.5  , 

   .    
  -  ,    

   , , . 
        -

, ,  2.0    1.4  ( . 4.2, . 4.6).  
    ,    

      -
  ,   –  

2002 .        , 
.         -

180 181



 

 

  ( . 4.4).      
,         -

     ( . 4.2, 4.4). 

 4.4.   (  /( 2 × ))  
   ( / ),  (  / 3) 

       
.  

 .   .  - 
 11.06.2000 17.06.2000 11.06.2000 17.06.2000 

/  0.69 (0.22-0.95) 0.55 (0.25-0.90) 2.04 (0.96-2.94) 1.00 (0.64-1.47) 
 203 (166-238)* 224 (182-280) 372 (351-394) 428 (354-466) 

 4.9 (2.4-6.7) 5.5 (2.8-10.1) 3.6 (2.2-4.6) 4.5 (3.8-5.2) 
 3.6 (0.9-7.7) 1.0 (0.6-1.3) 2.0 (1.6-2.6) 1.7 (0.7-3.4) 
 211.5 230.5 377.6 434.2 

*   (  –  ). 

     -
 ( / )     -

   ,  -
       .  

      
  .     

    /  ( -
  ., 1999).      -

 /    1,    -
 . ,   -

,      -
  (    0.06).  -

    /    0.0001  25.3 
( . 4.2).      /  -

    (r = 0.27). - , 
        -

  ,    -
      

 .    -
 /       0.04  15.75 

( . 4.5), . .   ,  , -

 

 

    . ,   , 
    . 

     -
 (58%  )   (30%  ). 

 
. 4.6.       

( )   ( )  . ,  .  ( .  2) 
( )    — .  ( .  2) ( ).  . . 4.1. 

     -
 ( . 4.4)       

  . .     
   .  -

       -
      -

182 183



 

 

 
. 4.7.       

. . 

,  .     80% 
   ( , 1993).   

     -
   .  ,  -

    5%   -
.         

 

 

      
    . 

 4.5.    ( ,  /( 3 × 
)),   ( ,  /( 3 × ))   -

  ( )    ( )  
 

    
%  %  

, 
%  

  
 2073 173 0.4 3.2 11.0 

 1367 301 0.8 8.6 39.8 
 1499 91 1.3 26.6 36.8 

 1808 94 4.6 37.5 18.7 
 3528 132 7.4 69.5 42.2 

 1235 139 2.8 31.7 64.6 
 1235 94 4.6 37.5 18.7 

 1323 177 2.7 14.4 32.4 
 8 126 4.2 4.3 62.4 

 65 128 0 0 57.9 
 435 450 0.8 0.4 24.2 

 2489 2650 0.1 0.6 5.8 
  

 1 375 68 4.2 33.1 10.0 
 2 372 152 7.3 36.3 50.1 

 1 487 167 0 0 12.6 
 2 187 183 0.6 0.5 20.8 

 1 1314 250 0.1 0.7 54.4 
 2 1107 300 0.3 3.4 46.3 

 972 71 - - 15.2 

  .  —     -
 —    ,  

 ,  11.2%   
.    3%  -
  74%   ( . 4.7). 

   ,  - ,  -
    -

 Aphanizomenon flos-aquae, Microcystis aeruginosa, Microcystis 
holsatica,      .  

184 185



 

 

  .   -
     -
 ,     

  . 

 
. 4.8.       

. .  . . 4.7. 

     , -
    . ,  

   ,  -
  1.1%     

20.0%   ( . 4.9).  , -
       ,  -

  ,    -
 « ». 

 

 

 ,    -
.  ,    .  -

,   ,   -
      

      . 
    ,    

   — . ,  
    -

 ( . 4.5).     -
      ,  

       
 .    -

     ,  -
 ,   ,  -

  ,    
  .      -

    98.3%.  
     -

 ( . 4.5).    -
    .  ,  -

    66.7%    
11%   ( . 4.8).   

    0.7% -
    0.1%  -
.      -

 —       
0.5%    .   

  , - ,  -
   .    -

 .      
    -

,       
 « », . .     

 , ,   . 
       
   /  (0.0001–0.0008)   
   .  

/    19%  106% ( . 4.5).  -

186 187



 

 

  ,    
     ,  -

       -
  10.9–55.6%.    

  ,   ,  
     -

,  ,   -
.       ,   -

   , -
   ,  -

       52.0–
98.5%,       

   « », . .   -
   , ,   

.  

4.2.  
  .   
       

 ( , , , , ,  
  ),    ,  

,    2003 . (   ., 2007).  
       

   4.6.   -
,     .  -

   ,    —  . 
     -

  ,    
 ,     ,    -
 ,  1.7–2.1,    -

   ,  ,  -
      

(   , ,  -
  ).    -

 /     0.4–0.7. 

 

 

 
. 4.9.       

.  ( .  2).  .  4.7. 

   -
  ,    -

      , -
   .       

 ,    , -
      

.     ,   
,      ,  -

 —    , . . -
  « »,   « ».    -
,    -
,    .   

       -
     -

    .   
     -

       -
    .   -

188 189



 

        , 
        

(r = 0.36, p < 0.05),  (r = 0.74, p < 0.05)   (r = 
0.63, p < 0.05).      3  
( . 4.7)       
(r = 0.25, p < 0.05)      

2 (r = 0.39, p < 0.05).      -
   /    (r = 0.91, p < 0.05)   
/    (r = 0.88, p < 0.05). 

      
    — 69.0–96.0% (   

80.5%) .      -
      

 ( ,     
    ),   -

 20–30%    ( . 4.7). 
      
     (r = 0.84, p < 0.05) 

       
   .  -

       
 (r = 0.36, p < 0.05) ,   

   .  -
       -
 1.1–13.3% (   7.2%)  2.3–22.1% (   9.7%) 

. 
   (    

)    -
    (r = 0.30, p < 0.05),  

  ,    ,  -
   .     -

 , 22%    -
 ,    -

     (r = 0.95, p < 0.05).  
      
     (r = 0.38, p < 0.05), -

 (r = 0.57, p < 0.05)   (r = 0.46, p < 0.05). 
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 ,    -
      -

, ,   . 
 ,    , ,   -

     -
 .  
      
      -

 .      -
,   . . ,    

       
(25.4–84.4% ) ( . 4.10).  

      
  ,     22.0–71.9% . 

    ,  ,   -
   (14.8–65.4%).   -

        (4.7–
13.1%).       -

    1.3–2.0 .  -
        

 :       /  
    (32.5–41.2%),  .  —  
 (37.1%),    ,   .  —  -
 (15.9–70.9%).   .    -

         
 53.4–55.5%. 

  .   -
  .    -

 1996 ..     24 .  
      -

   9.0–23.2  (   17.7 ),  
    — 2.0–3.5  (   2.9 ),  

     — 155–998  
/( 2 × ) (   537  /( 2 × )).  -

        ( . 4.11).  
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  1996 . 

      
       (50.3%)  
 (24.7%).     -

 

 

 

 

 
. 4.10.  (%)      -

  ( )     ,   
 2003 . 1 — , 2 — . , 3 — , 4 — 

, 5 — . , 6 — , 7 — .  —  
,  — ,  — ,  — 

 ,  — ,  — . 
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      -
     .   

        
   2–25  (65% ),    

       
 (71–81% ).   -

       -
 (0.08–0.29% ). 

 4.8. -      -
       ( )   

1 2 ( )  .  

     
  ,  1.3 (1.0–2.0) 2.8 (2.0–3.8) 

,  16.2 (4.0–23.0) 16.2 (94.0–23.0) 
,  0.8 (0.4–1.7) 0.8 (0.4–1.6) 

 8.84 (8.68–9.05) 8.78 (8.63–8.95) 
TN, /  1.68 (0.91–2.69) 1.60 (0.70–2.68) 
TP, /  102 (50–182) 93 (61–124) 

,  /( 3 × ) 1075 (259–1964) 1319 (245–2040) 
,  /( 2 × ) 1126 (510–2057) 2013 (901–3121) 

      
   .    ,   

-     -
, . . ,     

  ,  25–31% .   -
    2.4–3.0  ,   

 10% .    .  -
      -

,        -
  3% .      

        -
 .         
   —  -

. 
     

      ,    
       

 

 

   ,   ,   
/    38.4–62.7% ( . 4.11).  -

       -
  —   21.4–36.6%. 

 ,     ,  -
    (13.1% ).  -
,       -

,      (51.4% ). 
 ,     ,    

311.1  / 3,  — 101.3  / 3 (32.6%  ),  — 93.0  
/ 3 (29.9%  ),  — 12.1  / 3 (3.9%  ),  — 

5.2  / 3 (1.7%  ),  — 99.5  / 3 (31.9%  ). 
  « »     -

   36.4%,       -
 — 14.8%. 

     
      .  

         -
  ,     11   28 -

 2004 .   ,      
    ,    

. ,   —     
 (   ., 2008).    -

          -
 ,      

 : , ,   
.   17  

 ( . 4.8).     : 
,    (  1),    ( -

 2)  .      
      4.8.  -

 -     
.      (   ., 

2008). 
      -

  ( )   967  2935  / 3 

( . 4.9).      -
 ,  –    . 
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 ( ) 79.7 (3.7) 60.4 (2.9) 70.0 (3.3) 

 « » ( ) 379.3 (17.8) 455.6 (21.6) 417.5 (19.7) 
 2137.1 2109.8 2123.4 
/( + ) 0.63 0.71 0.69 
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 4.12. ( ) 

   R F C  
  

100–300  
1.16 1.63 2.14 4.89 0.28 

  
0.2–0.4  

5.48 8.26 11.33 24.89 2.44 

  
( ) 

0.49 0.74 1.78 2.97 0.30 

 -
 0.3–0.6  

0.24 0.31 0.24 0.80 <0.01 

  
(  I–III) 

0.89 1.41 3.50 5.84 0.42 

  0.17 0.24 0.61 0.55 <0.01 
  0.19 0.19 0.09 0.56 - 
  

(  IV–VI) 
1.41 2.02 0.56 8.28 – 

 2 (27.07.04 – 25.08.04) 
 2521.85 840.62 504.37 3866.84 481.94 

  388.63 583.06 0 806.68 360.88 
 158.24 158.24 135.63 452.10 37.46 

 -
 

101.53 101.53 50.82 253.88 72.72 

   62.70 62.70 54.45 179.85 10.60 
  

100–300  
0.11 0.16 0.23 0.48 0.10 

  
0.2–0.4  

0.36 0.57 0.74 1.60 0.35 

  
( ) 

0.28 0.38 1.04 1.76 0.27 

 -
 0.3–0.6  

0.54 0.84 0.60 1.98 0.04 

  
(  I–III) 

0.33 0.50 1.23 2.06 0.38 

  0.02 0.03 0.02 0.07 - 
  1.29 1.82 0.66 3.63 – 
  5.94 8.96 2.52 37.07 0.37 

 (27.09.04 – 27.10.04) 
 1008.25 336.08 201.65 1545.98 86.95 

  109.00 163.55 0 272.55 84.87 
 5.10 5.10 4.40 14.60 0.50 

 

 

 

    -
 ( )    2004   
 ( . 4.12).     -

  ,  —    . 
      

 .     -
 ( / )    (35%),   -

       11–17%. 
        

  17%. 
 4.12.      

(  /( 2 × ))    .     2004 . 
   R F C  

 (11.05.04) 
 705.60 235.20 141.12 1081.92 728.88 

  247.35 371.02 0 618.38 232.52 
 2.00 2.00 1.70 5.70 3.42 

 -
 

50.62 50.62 25.22 126.48 49.48 

   104.58 104.58 89.64 298.82 78.95 
   89.80 89.80 77.01 256.58 7.14 
  

100–300  
105.05 157.40 214.68 477.12 85.68 

  
0.2–0.4  

0.03 0.08 0.05 0.36 0.01 

  
( ) 

0.44 0.66 1.71 2.88 0.15 

 -
 0.3–0.6  

5.20 7.75 5.58 18.35 - 

  
(  I–III) 

0.02 0.03 0.09 0.14 <0.01 

  
(  IV–VI) 

0.96 1.36 3.28 5.58 – 

 1 (03.06.04 – 15.07.04) 
 2013.75 671.25 402.75 3087.75 419.49 

  350.15 525.22 0 875.38 229.84 
 83.82 83.82 71.90 239.54 11.50 

 -
 

56.90 56.90 28.26 142.05 20.99 

   111.20 111.20 95.92 318.32 63.38 
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  . , , -
,     ( . 4.13).  

 ,  .     
       
   .   

 ,    -
      .  -

   180  ( –  
2004 .)     24.2%  

  ( . 4.16). 
      -

    -
 ( . 4.14).      

    -
   ,  – . , 
  ,   « -

»  ,  ,  17% 
 ,    —  1% .   -

   66–94%  ,     
  — 82.1%  ( . 4.16).  -

,          -
  . 

  ,   -
    ,   -
  71–93%    

,     . 
       

     -
,     ,  -

       
. - , «  »   

     -
  ,  «  ». 

   11  56%   
 ( . 4.15).      

     -
.  
 

 

 

 4.12. ( ) 

   R F C  
 -

 
32.40 32.40 16.25 81.05 2.42 

   17.0 17.0 14.50 48.50 2.87 
  

100–300  
0.40 0.68 0.90 1.95 0.21 

  
0.2–0.4  

5.95 8.90 12.20 27.15 2.36 

  
( ) 

0.04 0.06 0.14 0.24 0.04 

 -
 0.3–0.6  

0.55 0.85 0.60 1.85 0.02 

  
(  I–III) 

0.14 0.20 0.60 0.90 0.11 

  0.42 0.62 0.25 1.25 – 
  0.14 0.2 0.1 0.4 – 
  0.46 0.60 1.52 2.60 <0.01 

.     4.13  4.14  ,  
   . 

    ( )  
    54.5  321.8  /( 2 × ) 

( . 4.12).       
    .      

   (79  44% )   
,     —  (49%), 

 —   (59%).  
      

34.7  / 2,      
(32.9%),   (31.4%)   
(35.7%). 

      -
      

( . 4.12, 4.13).     
      .   

       
 .       

      -
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   ,    
,     

   .  
       

      (  
)  3.6%. 

  ,   « -
»    -  

    . . 
    ,     

    , ,  
   « » ,  

       -
,     -

 . 
       

(    )  -
      -
 « »     . 

     -
     -

 ( . 4.17).   ,    
 « »       

    . 
 ,     /   

   ( . 4.17). 

 4.17.     , 
     ,   -

     

  r F 
 –   y = 29.4 + 0.18x 0.96 90.7 
 –   y = 64.4 + 0.21x 0.95 66.6 

( / ) –   y = 36.4 – 0.01x  0.58 3.6 
( / ) –   y = 33.5 – 0.01x 0.41 2.2 
( / ) –   y = 34.5 – 0.06x 0.51 2.5 
( / ) –   y = 3.8 – 0.003x 0.54 2.8 

 

 

     -
 .      ( -

   ,    
)  -   -

,      . 
 ,       
  ,   —  -

,      ,  
     .   -

     (5–35%) 
     . 

  ,    
 ,   ,  -

 .    
    -

  .      
     (12.6–21.0% 

)    « »  
 ( . 4.15).       

  24.8%,    — 10.9% 
 . ,    

 35.7%  . 
 ,  .   2004 .   -

   ( . 4.16).    
       

     -
   ( ),    

 ,  -  s ( s)  
   k,     

(Pk): (s,k) = s(k)/Pk ( , 2003). ,  -
      

    , ,  
 .   7.8% ,  , 

      
 ( ,    ).  

     -
      

23.4%  .   , 12.4% ,  

210 211



 

 

  , . .   
« »  .  

  .     
   ( . 4.19),    -

  .    
  ,     . ,  -

    2.5  ,   -
 .  

 4.19.  (  / 3)   -
     

    
 ( ),  . .: 673.0 (83.02) 2903.4 (67.22) 995.0 (42.17) 

  2 2.4 (0.30) 5.6 (0.13) 5.0 (0.21) 
 2-20 71.6 (8.83) 135.7 (3.14) 109.0 (4.62) 

  20 599.0 (73.89) 2762.1 63.95) 881.0 (37.74) 
 ( ),  . .: 77.2 (9.52) 977.2 (22.63) 842.2 (35.70) 

  67.6 (8.34) 639.7 (14.81) 465.9 (19.75) 
  9.6 (1.18) 337.5 (7.82) 376.3 (15.95) 

  
 ( ) 

19.5 (2.41) 121.9 (2.82) 136.4 (5.78) 

 ( ) 9.4 (1.16) 0.5 (0.01) 271.9 (11.52) 
 ( ),  . .: 31.5 (3.89) 316.2 (7.32) 114.0 (4.83) 

  28.8 (3.56) 289.1 (6.69) 113.7 (4.82) 
 > 0.02  0.4 (0.01) 4.7 (0.20) 

 0.2 (0.03) 41.7 (0.96) 109.0 (4.62) 
 28.6 (3.53) 247.0 (5.72) >0.01 

  2.7 (0.33) 27.1 (0.63) 0.3 (0.01) 
  

 ( ) 
810.6 4319.2 2359.5 

  
 ( ) 

106.1 1099.6 1250.5 

/ , % 13.1 25.5 53.0 
/  +  47.77 27.91 78.17 

/  0.204 0.488 1.371 

      ,   
,    ( , 
, 2009),     , 

  . - ,    

 

 

 .   
      2002 .   

    . , -
   . ,   . , -

  .   ,   -
  . ,    

  (   ., 2007, 2009).  -
       

  .    , .  —  
  .  —   ( . 4.18). 

 4.18. -    , 
       ( )  

    1 2 ( )    

    
  ,  5.2 0.6 0.6 

  ,  20.0 24.2 22.6 
  ,  19.4 24.2 22.0 
,  4.50 0.60 0.07 

,  /( 3·  ) 206 1280 4608 
,  /( 2·  ) 693 554 680 

      -
  5  ( . 4.19).    -

 .   .   
   ,  65–

93%    ( , 2009).  -
     .  -

,     -
,      -

.  ,    « »  
 13.1% .      

   21.6%   -
,  14.4%     

( . 4.12).   ,   .   -
     

.     
.     
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    ,  -
    .   

.       -
       -

    . 

 
. 4.13.       . . 

  .     -
    ( . 4.19). -

       
 ,    -

.     3.5  ,   
 .   -

   .  ,   
      -

    . -
   62.0%   -

 

 

       
     .  

       
.     ( . 4.19).   

      .   
 Microcystis holsatica     
.  

 
. 4.12.       

. .    . 4.13–4.14   ,   . 4.7. 

 ,        
8.3%    ,   

  2.4% ( . 4.13).  , 
       

    . 
     65.9%  7.8% 

  .   ,  
70%   ,  -
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   . 

  .   — -
 ,    25 ,   

-      -
 (Parnachev, Degemerdzhy, 2002).    

(  1999 .,  2000 .)    -
 .      -

   6     19–22 . -
    6–8 ,    

 12 .   12–13       
2.5  1.2 .  ,     

  6–8 ,   11  ( ). 
   (11–14 )    -

  ,    .  -
 ( )   14    -
     (Kalacheva et al., 

2002).        -
    3.8–4.0 .   -

     1.3  /( 2 × ), 
  75%  , 34% — -

  4% —   
(Kopylov et al., 2002b).    
(1.5  /( 2 × ))    , 

, - ,      -
    .  

    -
       -
      -
  .  (Kopylov et al., 2002a).   

        
 ( ,   ),  

     -
    -

  ( . 4.15). 
    ,  

  ,   20  ( -  -
),     ,  2.3 / 3. 

 

 

 ( . 4.14).  ,    
       -

,   55.6%   -
.     -

 ,  ,  -
.    30%   

   70%    -
.       -

     -
  ,  , .  

 
. 4.14.       

. . 

 ,   .   -
       

     -
       

 ,       -
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.      . 

     (94.7%)  -
 .      

 12.2%  . 
     -

     3.4 / 3,    
     ( . 4.15).   -
    

 .    -
  ,      

   ( . 4.20). 
      

 ,     , -
   ( . 4.15).  -

,       -
.      Syne-

chocystis sp.,   0.5 / ,    
16  (Gaevsky et al., 2002).      

  —   Hexamita  
Trepanomonas. ,     Diplomonadida 

     
(Lackey, 1932).   -  ,  -

  ,  3.2 / 3.  ,   
  ,  ,  

« » ( . 4.20). 
  .   ,  , 

 , . .    -
 .     

    ,   -
       -

    2–3  ( . 4.21).  
   . -

     « »  (10–13%)  , 
   (17%). 

    
     (Deger-

mendzhy, Gulati, 2002).    Botryo-

 

 

      -
  1.6  ( . 4.15).  

 
. 4.15.  (%)      -

     -  -
  . . 

    -
 .   -

     ( . 4.20).  
 4.20.     « » ( , 

 / 3)           
.  (  —  ,  —  -

,  — ,  — ,  — ) 

%     
     

 279.8 87.63 11.51 0.54 0.11 0.21 
 371.4 93.54 6.22 0 0 0.24 

 526.2 97.85 2.00 0 0 0.15 
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   (Hessen, 1985; Tranvik, 1988). 
   ,    

       -
     :  2  90%  -
      -

  (Christofersen et al., 1990; Sommaruga, 1995; Stra-
skrabova, 2000).  

 
. 4.16.       -
    (0–14 )   .   -

 –  (1999–2001).     / 2,  -
,    —   /( 2·  ) ( : Deger-

mendzhy, Gulati, 2002). 

 

 

coccus braunii, Dictyosphaerium tetrachotomum, Oocystis subma-
rina, Cyclotella tuberculata, Microcystis sp., Lyngbya contorta. 

   , ,  -
.       

Brachionus plicatilis, Hexarta oxiuris  Arctodiaptomus salinus, 
       -

  90%.      -
  44%  .  -
    Gammarus lacustris, 

  .   . 
     ,  –
,  8271  / 2 ( . 4.16). 

 4.21.  (  / 3)   -
       .  

  
 

 
 

 

 
 

 
.  

 432.9 436.7 133.5 221.3 
.  85.3 56.0 20.1 20.8 

 0 5.1 0 0 
 4.5 28.8 0 5.6 

 
 

1.9 2.3 0.9 2.1 

 524.6 528.9 154.5 249.8 

     
 (39.2%  )    (34.7%  

).  ,    
     20.7, 5.3  0.1%.  , 

  « »     — 44.6%. 
   12%   -

      
   56%   ( . 4.16). 
       
,    « »,  -

   .    « »  
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    (Del Giorgio, Gasol, 1995)  -
      

        -
,       -

      
 ( / )   6.4    0.05  -

 .     , 
   ( ,   -

 )      
   ,   -

.      -
.  /    6–7   -
       -

 10–15  / 3  0.6–1.3    -
 ,       

 (243–329  / 3).     
 /       -
  (r = -0.81,  < 0.05).     

     . 
  .    .   /  

 ,    .   2.4  6.7 , -
. - ,       
     
      -

  ,   , -
   ,    

  . 

4.3.  
    . -

      
, , , , -

 (         
.  )    -

  –  2005 .    -
    19.9–21.1 ,   — 16.6–17.2 . 

      -
 ,      

   ( . 4.22). 
 

 

 

   (Weisse, Stockner, 1994),  
      -

 , ,     
       -
       -

   Daphnia,    
  .    -

      -
    (Sterner, 1989),    

        (Pers-
son et al., 1988).      

    -
 .  ( ).       -

 1  / 3,    « »   
 (53%)   . 

     (63–
96%)       

.     -
-  :  ; -

 , ,     
 .     

       
,     2.8–21.8%,   

— 21.3–34.5%,      — 44.7%  
.        -

   ,   
,    ,   

      . 
        

       
 23.7–47.8%.   .    

78.2%.       
   ,     -
  ,      

  (Arndt et al., 1993; Mathes, Arndt, 1994). 
      24% -

        
42%     .    

       
   60% (Auer et al., 2004). 
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    -
     ( P / P ), -

    , -
 .  P / P      

     72.7–
81.1%,       

,  ,   
. 

   ,   P   
  1 2,    P     2  

  , : r = 0.95  r = 
0.71.      ,     

,   2,   , -
: r = 0.72  r = 0.15.    

(r = 0.40)     2   / . 
   ,  -

 ,   ( . 4.22).   
       

.   ,    
 ,  , -

     ,  -
,      

     -
     . 

     -
   « »    -

  ( . 4.22).     
   24–34%.      -

   (r = 0.86).   -
 1.6–7.9% (   4%)  , 5.6–17.2% (   

12.5%)    12.0–46.6% (   29.1%)   
    . 

 ,    ,  
 ,     
    ( . 4.22),   

       
   . 
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      -
,         

( . 4.23).       
: 1.5  1.3%  . 

   . ,     -
,     . 

      
Chroomonas sp. (Cryptophyta).   -

    (76.6% ), -
       

 (0.5% ).  ,  , 
  .  

      -
  ,        

 ( . 4.23).    20   
  . 

 . -  
   ,  

    –  1989 .  
33   43  .  

     2-   
,    21%   ( -

 , 1972).    -
 « »  , . .   -

    ( , 1993).  
,     , -

    -
     , -

    ,   -
 ( , 1993; , 1993).     

  ,  -
 10    ,   -

,      —    
 ( . 4.24).     -

      2-   
,       ( , 1993).   -

      -
 ,   : Apha-

 

 

   « »   
       -

    -
. ,       ( -

   ,    -
,      

 )        
( . 4.23).     

   .  ,   -
     -

  .     -
,      -

  .  ,  -
  ,    . 

 4.23.  (  / 3)   -
    ,  -

  

, 
 

       / 
, 

% 

/ 
, 

% 
     

05.1992 500 112 11 239 11 873 362 41.5 95.8 
08.1992 353 257 48 0 36 694 305 43.9 57.1 
10.1992 103 93 4 1 1 202 98 48.5 83.3 

   .  
08.1999 2103 429 22 17 34 2605 468 18.0 53.4 

   .  
08.1999 76 462 57 5 3 603 524 86.9 95.4 

   .    
« »   ( . 4.23).   -

      
(800 . / )    (14 . 

/ .). ,     -
,      

 .    
  .  -

    (80.7% ).  
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         -
 :  25.3%     12.8%  -

.  ,   -  -
      

(16.6%)     (66.8%).   -
   ,    -
      -

,        -
  (13%)  ,    

(3.1%) (Auer et al., 2004). ,     
      ( -

      
  ),     

(Gasol, Duarte, 2000).   ,  -
    -  -

   ,    
   (Sanders et al., 1992)  

       
(Weinbauer, 2004; Weinbauer, Höfle, 1998).   -

      -
   ,     

      -
    ,  
      

   ( . 4.25). -
      -

  ( G)    -
  ,   G   -

   ( . 4.25). 
     

     , -
       -

     ( . 4.24).  , 
     .  -

      -
  ,  -

   Microcystis  Aphanizomenon (Collins, 1978; 
Christoffersen, 1996a, b; Paerl, Pinckney, 1996).  , -

       -
  2.9 .  

 

 

nizomenon flos-aquae, Microcystis aeruginosa, Microcystis holsatica 
( , 1993). 
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 ( ,  / 3),     (  
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491–1002 
788±67 

1321–2852 
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2773±349 

 142 206 235 411 
/ , % 29.8 22.1 18.2 14.8 
/( + ), 

% 
12.1 16.6 13.7 19.7 

/  1.63 0.63 0.64 0.30 

      -
   ,    

( . 4.24).      
,    ,  37.8%  -

     77.0%  .  -
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         -
  2  ,    .   

        
( . 4.24). 

     « »  -
        

« »       -
  ( . 4.26).    

      100.37   -
 3848 2 ( , , 1993; , 1993). -

    « »  
 ,  ,   

  58.0%   (  -
       5.8 ), 

 — 30.4% (   — 5.2 ), -
 — 9.8% (   — 5.6 )   — 

1.8% (   — 1.5 ). 

 4.26.    , -
     ,  -  

1989 . 

B P R F C G  
/ 2 /( 2 × ) 

 20016 17149 5718 3430 26297 31163 
 7984 5211 12159 0 17370 3434 

 171 - - - - - 
 

 
917 770 770 385 1925 548 

 529 529 529 456 1514 456 
 -
,  . .: 

3846 748 1122 1268 3138 672 

 358 107 160 179 446 59 
 2918 584 876 973 2433 551 
 570 57 86 116 259 62 

 -
,  . .: 

2515 273 409 454 1136 - 

 28 6 9 4 19 - 
 979 116 174 72 362 - 
 1508 151 226 378 755 - 
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20707 /( 2 × ),    25%  -
   ( , 1993).  -

      -
   1.3,    -
     

       « » 
 .     -
     — 65.0% 

(58.7% — , 6.3% — ).  
      -

     -
     -

   1977, 1988  1990–1995 .  -
      -
:      (  )   

    ( , -
, 2000).   1976 .    -
    ,   -

       -
 ( , , 2007).  1977 .   -

       -
        

  1988 .   1990–1995 . ( . 4.27). -
      -

       ( , 
1994),      
1977 .,      . 

   ( )   1988 .  
  1977 .  1.8 ,   1990–1995 . —  1.3–1.8  

(    1.6 ) ( . 4.28).    -
     ,  

    . -
     80–90-  . -   ( -

 1993 .),     1977 .     -
      

 ( )   ( , 
2000). 
 

 

 

,    , , 
      ,  -
   ,  35978 / 2,   -

 « » — 9430 / 2  26.2%  .    
       22.2%  

4.0%.     4.4     
    18.5%  -

 .   ,      -
     

  .  -
   18.4%    

 .     
    .   -

      -
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    « » -
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  65.9% P .     
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     52.5% -
       

.  ,  (55.4%)  
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 : 39.7% — , 6.9% — -
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     8.4%   1.3% -
.     1.6   

  ,    -
       
,   ( . 4.29).  

 4.29.    (  / 3)  
      -

   1990–1995 . (   6 ) 

   1  2  
 373.1±36.1 250.4±16.3 526.2±46.2 322.6±29.4 

< 2  7.8±0.6 7.5±0.5 13.7±1.4 12.9±1.2 
2–25  295.1±27.7 28.6±2.0 59.5±6.5 191.3±18.9 
> 25  70.2 214.3 453.0 118.4 

 92.6±4.2 79.3±2.9 100.0±3.3 77.9±2.6 
 86.8±3.9 73.9±2.5 92.6±2.7 68.7±2.3 
 5.8±0.3 5.4±0.4 7.4±0.6 9.2±0.3 

 2.7±0.2 3.2±0.4 3.8±0.4 2.4±0.3 
 

 
17.2±1.5 6.4±0.6 10.8±0.8 2.8±0.3 

 28.1±6.4 7.1±1.9 6.2±1.0 3.0±0.7 
 -

 
18.1±3.5 87.2±7.3 40.7±2.6 41.3±2.9 

 11.2±2.9 73.8±6.9 26.8±2.3 36.1±2.8 
 3.1±0.7 6.4±0.7 10.2±0.7 4.2±0.4 
 3.8±0.6 7.0±1.1 3.7±0.4 0.9±0.1 

 -
 

3.6±0.9 5.4±0.6 5.6±0.4 1.2±0.1 

 3.1±0.9 4.0±0.5 5.3±0.4 1.2±0.1 
 0.5±0.2 1.4±0.3 0.3±0.1 0.02±0.01 

 -
 

6.8±1.3 15.2±1.5 12.7±1.2 1.7±0.2 

 0.1±0.05 4.2±1.0 4.9±0.9 0.2±0.1 
 6.7±1.2 11.0±1.2 7.8±0.6 1.5±0.1 

 -
 ( ) 

28.5±5.3 107.8±7.9 59.0±3.4 44.1±2.9 

 542.2±45.0 454.2±21.3 706.0±42.2 452.8±33.8 
 140.6 96.0 120.8 86.1 
/ , % 25.9 21.1 17.1 19.0 
/( + ), % 61.4 11.1 22.4 11.6 

n 66 95 125 103 

 

 

 ,    -
      

 ,        . 
      -

    (64–72% ).  -
 (13–21% )   1988 .,  

   (9–16% ).  
     1.4–6.5%,     

      10 
 40% ( . 4.28). 

     
  ,    -

 ,      
 .   ,      -
  4  90% ( , 2003;   ., 2006-2008; 

Christoffersen et al, 1990; Sommaruga, 1995; Straile, 1998; Strask-
rabova, 2000; Auer et al., 2004).  ,  -

  /     -
,  —  .    

      -
   « »    

   1977 .      
 ,   1988  1990–1995 .  

    ( , 2003; -
  ., 2007, 2008; Christoffersen et al, 1990; Sommaruga, 1995; 

Straile, 1998; Straskrabova, 2000; Auer et al., 2004). 
      

 ( )   ( )  (  / ) 
 0.4–0.6,       -

   (Del Giorgio, Gasol, 1995). 
      -
     -

 (55–75% ),    -
      ( . 4.29).  -

  «  » (  1)  -
    (14–17% )  , 

 ,   . 
         -
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 4.30. ( ) 

   R F   
  20 30 75 125 - 

  38 57 24 119 - 
  40 70 160 270 - 

 2 (     9.3±0.3 ) 
 13350 3708 0 17058 1632 

 5923 13820 0 19743 2988 
-  47 - 660 707 - 

 -
 

456 456 390 1302 159 

 391 391 335 1117 153 
  102 153 209 464 47 
  400 600 818 1818 212 
  93 140 190 423 81 

  9 14 9 32 - 
  28 42 105 175 - 

  40 60 25 125 - 
  28 42 105 175 - 

 (     8.4±0.2 ) 
 1772 492 0 2264 1201 

 2018 4709 0 6727 1078 
-  34 - 495 529 - 

 -
 

126 126 101 353 11 

 160 160 137 457 18 
  17 26 34 77 10 
  294 441 601 1336 17 
  34 51 69 154 2 

  <1 <1 <1 < 1 - 
  3 5 11 19 - 

  <1 <1 <1 <1 - 
  3 5 11 19 - 

.    . 4.31  ,   -
  . 

    , -
 —     (  2).  -

,    -
,    ( . 4.30  4.31): 

  (81% )      
    (15% ).  

     -

 

 

     
       -

 (  2),        — 
 ( . 4.29).     (1990–1995 .), 

   ,   
   544.5  / 3,   

68.2%  ,  16.1% — -
,  3.7% — ,  0.6% — ,  

11.4% —  . 
    -

      
 ( . 4.30).  

 4.30.     -
  ( / 2)     1990–1995 . 

(   6-    6 ) 

   R F   
 (     10.1±0.3) 

 5534 1537 0 7071 2858 
 2424 5656 0 8080 2463 

-  30 - 505 535 - 
 -

 
475 475 407 1357 160 

 1262 1262 1082 3606 178 
  71 106 146 323 21 
  111 166 228 505 39 
  30 45 61 136 10 

  10 15 21 36 - 
  10 15 37 62 - 

  <1 <1 <1 <1 - 
  16 24 60 100 - 

 1 (     10.0±0.2 ) 
 7238 2011 0 9249 1843 

 2991 6779 0 9970 3270 
-  20 - 450 470 - 

 -
 

250 250 220 720 212 

 480 480 411 1371 407 
  210 315 429 954 95 
  1180 1770 2414 5364 351 
  100 150 204 454 31 

  30 45 32 107 - 

238 239



  
24

1

  

 4
.3

1.
 

 
 (G

, 
 

/(
2 ·×

 
))

 
 

 
 (

 –
 

 
-

 
, 

 
/(

2 ·×
 

), 
G

/P
 (%

) —
 

 
 

 
) 

 
 1

 
 2

 
 

 
G

 
G

/P
,%

 
G

 
G

/P
,%

 
G

 
G

/P
,%

 
G

 
G

/P
,%

 
 

 
11

.0
 

2.
4 

7.
0 

1.
2 

16
.7

 
1.

5 
5.

9 
4.

0 
 

22
3.

6 
48

.5
 

35
.1

 
5.

8 
44

.6
 

4.
0 

28
.6

 
19

.4
 

: 
 

 
 

 
 

 
 

 
 

16
.5

 
3.

6 
21

.5
 

3.
6 

17
.6

 
1.

6 
4.

1 
2.

8 
 

7.
1 

1.
5 

8.
7 

1.
4 

13
.9

 
1.

2 
8.

2 
5.

5 
 

25
.4

 
5.

5 
10

3.
4 

17
.1

 
60

.2
 

5.
4 

72
.5

 
49

.1
 

: 
 

 
 

 
 

 
 

 
 

0.
4 

0.
1 

5.
3 

0.
9 

2.
8 

0.
3 

< 
0.

1 
< 

0.
1 

 
1.

8 
0.

6 
3.

3 
0.

5 
7.

4 
0.

7 
0.

8 
0.

5 
 

 
28

5.
8 

62
.2

 
18

4.
3 

30
.5

 
16

3.
2 

14
.7

 
12

0.
1 

81
.3

  

 

    ( . 4.31).  -
      -  -
    (51% )   (23% ),  -

   (5.5–7.0% ). 
      -
      

 (  2) ( . 4.30),     -
      2.0–2.9 . -

  (  100%)    
     ( . 4.30, 4.32). 

      -
  (51% ),    «  » ( -

 1) —  (45% ).    -
      . 
  « »   (  2)  

    -
  (19% ).   -

   (26% )    
  ( . 4.32). 
 ,      -

     -
     -

.      
    1.8 ,     -

    1.1–1.2 . 
      

     ( . 4.30).    
     

 ,    —  ( . 4.33). 
      -

     85% ( -
-1)  9% ( ). 

      -
     , 

       2.6–7.9  ( . 4.30).  
     ,  -

  —   ( . 4.34).   
    85% ( -1)  11% 

( )   . 
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 4.33.    (G,  /( 2·× 
))    (  —   

,  /( 2·× )) 

  1  2   
G 
 

G/P, 
% 

G 
 

G/P, 
% 

G 
 

G/P, 
% 

G 
 

G/P,  
% 

 11.9 25.1 4.1 16.4 4.4 9.7 0.1 0.8 
:         
 0.8 1.7 2.1 8.4 1.4 3.1 0.1 0.8 

 0.4 0.8 1.0 4.0 2.2 4.8 0.1 0.8 
 1.3 2.7 11.8 47.2 5.8 12.7 0.7 5.5 

:         
 0.6 1.3 0.8 3.2 1.4 3.1 0.1 0.8 

 1.0 2.1 1.4 5.6 0.7 1.5 < 0.1 < 0.1 
 16.0 33.7 21.2 84.8 15.9 34.9 1.1 8.7 

 4.34.   (G,  /( 2·× ))  
  (  —  ,  /( 2 × )) 

  1  2   
G 
 

G/P, 
% 

G 
 

G/P, 
% 

G 
 

G/P, 
% 

G 
 

G/P,  
% 

:         
 2.8 2.2 4.6 9.6 1.6 4.1 0.1 0.6 

 1.2 1.0 2.3 4.8 2.5 6.4 0.2 1.3 
 4.4 3.5 27.3 56.9 6.7 17.1 1.3 8.1 

:         
 1.9 1.5 1.7 3.5 1.6 4.1 0.1 0.6 

 3.1 2.4 3.2 6.7 0.7 1.8 < 0.1 < 0.1 
:         

 0.2 0.2 0.6 1.2 1.1 2.8 < 0.1 < 0.1 
 4.2 3.3 1.0 2.1 1.1 2.8 0.1 0.6 

 17.8 14.1 40.7 84.8 15.3 39.1 1.8 11.2 

      
     -

 :  — 68%,  — 17%, 
 — 8%   — 7%.   

       
 437.5 / 2 (G )  68%  -
 ( . 4.35),    , -  
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   . , 

       
       

 - . -  
    -

      
 Synechococus, Synechocystis  Microcystis.  
     -

  ,     -
  ,    -

 .     -
 , ,   -

.     , 
 100%   ,    

   (Christoffersen et al., 1990; Sommaruga, 
1995; Comerma et al., 2003; Chrost, Siuda, 2006).   , 

       
 ,    -

       -
 ,     ,   

  .  
    -

      -  
    -

.     -
 ,      -  -

,     .  
       -

   ( , -
, )    ,  , 

      -
 50–74%     

.      -
,    ,   -

, ,     -
. 

 

 

,     -
   .  , -

 ,   G ,   49, 27 
 24%. 

 4.35.     ( / 2)  
     -

  (181 )  1990–1995 . (   6 ) 

  P R F C  
 1105.2 368.4 221.0 1694.6 332.4 

 638.5 1489.9 0 2128.5 437.5 
 6.2 - 97.8 104.1 - 

 -
 

60.3 60.3 51.6 172.2 23.6 

 98.5 98.5 84.4 281.4 31.1 
:      
 16.9 25.3 34.6 76.8 6.9 

 82.8 124.1 169.3 376.2 26.8 
 11.7 17.5 35.5 53.0 6.2 
  2.0 3.0 4.0 9.0 - 
  2.9 4.4 10.8 18.1 - 

  3.6 5.4 2.2 11.2 - 
  3.8 5.7 14.3 23.8 - 

       
 30%   . -

      -
     « » 

    Microcystis, Aphanisomenon  
Anabaena,     ,  -

        -
   .  . .  (Sorokin, 1972) 

 ,   1964–1967 ., ,   
       25% 

  .   ,  
    ,  

     
 13–54%    

(   ., 1978; , 2003; Stone et al., 1993). 
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   ,    9% 
,  ,   -

     ( . 4.36). 
     -

      -
    .  

    -
  ~5%.      -

   . , 
     -
       -

   . 
 ,     
       -

        
       -

 .     
  ,     

      
  (  , , -
    ).  

      
    ,  

   .   -
       

     .  -
 ,      -

      -
 ,       

       -
  (   ( )    -

  )   « » (      
 ). 

 

 

     -
        

    -
  ( ),    -
,  -  s ( s)    

 k,     (Pk) ( , 
2003): 

(s,k) = s(k)/Pk, 
,     

       -
.    ,  

,       2  
      

( . 4.36).  

 4.36.     
( (s,k) = Ps(k)/Pk)     -

    (    (181 
)  6   1990–1995 .) 

   
 

 

Ps(k)/Pk (s,k) 

 1   
 2 P2(1)/P1 0.118 

  3 P3(1)/P1 0.048 
  4 P4(1)/P1 0.159 

 1   
 2 P2(1)/P1 0.052 

  3 P3(1)/P1 0.037 
  4 P4(1)/P1 0.086 

     ,   -
      -

      
       

.  ,    ( , -
, )     -

    16%  . 
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   —  0.9  1.7.  -
      

 70% (González et al., 2003). 
     -
  .  (McManus, 1991)  -

 ,   ,   
      -
 .     -

: ,    
(      ). 

     40%  
 ,    51.4% 
      -

.  32%  14%   
 , ,  , -

 .  ,    
23.2%      
38.0%  .  ,  -

      
 2 ,     -

       -
  (McManus, 1991). 

    -
         

  ,   -
 (Vagas, Gonzalez, 2004).      

 ( ,  , -
   )   0–25   

  177–3710  / 2,   8.8–41.0% -
  .   ,  

,   , -
 30–91%  .   

     (   
  26  45%  ),   -

 ,     (1–6% -
 ). 

      
       

 

 

 5.      
     

(  ) 

          
      

  (Williams, 1981).   
  (British Columbia, Canada).     -

 « »    (    ) 
  6.3% ( . 5.1).    

e   ,      -
     (Pomeroy, 

Williams et al., 2007).  , .  (Williams, 1981) 
,      ,   

  ,     -
    ,   -

 .  ,   -
       

      
 . 

 5.1.       -
      ( : Wil-

liams, 1981) 

  ,  -
 / , (%  

) 

 -
, 2/ , (% -

 ) 
 26 (4.6%) 24.6 (69%) 

 9.2 (1.7%) 0.3 (0.7%) 
 310 (56%) 10.7 (30%) 

 206 (37%) 0.3 (0.9%) 
 551 35.9 

       
(  180 )      
(1262  / 2  7.0  / 3)   (1101  / 2  6.1  

/ 3)     (Gon-
zález et al., 2003).   ,   -

       
248 249



 

 

        
 5.6%.     

      -
      

  .   -
 (1.5%) ,     

    -
. 

  (0–200 )    
    , -

,       
  (2675  / 2)  52.0, 15.8, 

15.3  16.9%,  (Maranon et al., 2007).    
   31.1%.     

   46%   -
.   ,   -

 90%   . 
. .   . .  (2002)  -

      -
       (  

).    ,   -
     (75.5%) -

  .     
      

:  — 72.7,  — 1.57, 
  — 0.89,  — 0.33% ( -
  — 0.15   — 0.18%). -

      . 
   ( )   8% 

     1.3%  -
.      -

 ,      
     , -
   ( , , 2002). 

    - ( -
  200  1000 )   (   1000  

4000 )    (Aristegui et al., 2009).  
 ,      

 

 

 (23%   , Uitto et al., 1997)  
 .  (  40  100%   -
, Tamigneaux et al., 1997).     -

    57  105%   -
.    ,    -

  12.4–22.4%   -
 ,    -

    3–46%   -
  1–13%    -
.   ,   

« »        -
  . 

      
(  Disko)   1998 .    
( ,    -

,    ),    -
 50-      15.9–35.6  / 3,  -

 38.9–42.6%    (Moller, 
Nielsen, 2000).  ,  -

      , 
    . 

         
« »    Phaeocystis, -

  « » ( ,  -
,   ),     20-  

 ,  63.7  / 3  20.5%   
 (Rousseau et al., 2000).    

   .   -
   83%   

  10%   .  -
     -

   26%,   37%  
   .   -

      , 
     -

      -
.   Phaeocystis     

,     
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 (52–62% ).     -
    : 0.36–0.43  0.039–0.0046% -

 ,  (Tanaka, 2009). 
    -

      ,  
 2007 .,     (Aristegui et al., 

2009)      200–1000   
     

(1.51 × 105 /   2.28  / 3)    (90 
/   0.14  / 3).    ,   

   7.1 3 (Fukuda et al., 2007). -
   ,   -

     -
       (Cho et al., 2000). 

       -
     -

    -
,    —   -
. ,     

  .    -
    80%  -

       
,        

       
: 60%  20%,  (Yamaguchi et al., 

2004). 
   (1000–5000 )  -

    , ,   
 (Aristegui et al., 2009).    

     (0.03–2.3) × 105 /   
   (Nagata et al., 2010).    
        

   0.43 × 105 /   
0.60  / 3,  (Aristegui et al., 2009).  

       
< 0.02  20 / ,  —  2  300  / 3 (Patterson et 
al., 1993; Tanaka, Rasoulzadegan, 2002; Arndt et al., 2003; Yama-
guchi et al., 2004; Fukuda et al., 2007; Tanaka et al., 2007; Sohrin et 

 

 

 «  » (dark ocean),    
  ,   1.3 × 1018 3 .  -

  ,   , 
      1000 .   -

      , 
      
. «  »    

« »    , -
      ( ) 

(Hansell, Carlson, 1998).    -
       
  .      

       -
 ,    -

,    .  
   ,   

      
   (Karner et al., 2001; Lopez-Garsia et al., 2001; 

Kirchman et al., 2007)   , , 
 (Koppelmann, Weikert, 1992; Countway et al., 2007; 

Fukuda et al., 2007).    
    « »  -

    . 
 -       100–

1000        
« »    : (3.1–3.4) × 107 

/   0.5–50.4  / 3  , (1.2–1.8) × 105 /   0.01–0.6 
 / 3     1.6–376 /   0.004–1.2 
 / 3  ,  (Tanaka, Rassoulzadegan, 

2002).       -
    110–1000   148.4 mmol 

/ 2 (1.78  / 2)    87.6%   
,  4.5% —   

   7.9%  (Tanaka et al., 2005).  -
      -

   ,    
      -

  (40–48% )   -
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 5.2.   (       -
   1996–1997 .)  (  / )   . 

BAC — , HNF —  , CIL — -
, PHY — , ZOO — , THMi —  

  , TBi —   
  ( : Straškrábová, 2000) 

  PHY BAC HNF CIL ZOO THMi TBi THMi/TBi, 
% 

D ugi Staw 5.6 1.96 18.17 0.29 0.06 0.0 18.52 20.5 90 
Lochnagar 5.3 10.84 26.49 1.85 0.07 29.26 28.41 68.5 41 
Øvre Neådalsvatn 6.2 10.92 10.56 0.76 0.33 7.25 11.65 29.8 39 
Lago Paione  
Superiore 

5.8 11.96 21.84 5.23 2.21 51.32 29.27 92.6 32 

Jörisee 7.0 14.77 14.98 2.93 0 16.62 17.91 49.3 36 
Nižne Terianské  
pleso 

6.5 25.45 13.72 0.69 1.05 2.805 15.45 43.7 35 

Estany Redo 6.4 34.05 3.67 4.15 4.04 6.52 11.86 52.4 23 
La Caldera 8.1 42.13 3.945 0.11 2.82 21.41 6.875 70.4 10 
Chuna 6.2 44.11 1.43 0.59 0.10 64.05 8.12 116.0 7 
Stavsvatn 5.9 46.65 18.47 1.85 0.16 42.70 20.48 110.0 19 
Gossenköllesee 6.8 84.88 9.93 5.99 0.21 27.22 16.13 128.0 13 
Starolesnianské 
pleso 

5.0 879.8 32.26 14.64 4.50 4.725 51.40 936.0 5 

  « »    
  .   
       

   (Starolesnianské pleso, Nižne Terianské pleso, 
D ugi Staw)       -

 .     , -
  .       –  
,       

     (Felip et al., 1995). 
       -

     -
      

,        
      

(Macek et al., 2001). .  (Straškrábová, 2009) -
,    ,      -

 (Riemann, Søndergaad, 1986; Simon et al., 1992; Strašk-

 

 

al., 2010)     10 /   15  / 3, -
 (Aristegui et al., 2009).    ,  
    6.6 3 (Fukuda et al., 2007).  

,     (1000–3500 ) -
     -

     (Fukuda et al., 
2007).       , 

-       -
, ,  < 0.8  29 /    1  100  / 3 

(Tanaka, Rasoulzadegan, 2002; Yamaguchi et al., 2004; Sohrin et al., 
2010). 

  (Tanaka, Rasoulzadegan, 2002; Sohrin et 
al., 2010)     ,  -

   ,  -
  .      -

       
   ,     

     (Sohrin et 
al., 2010).   ,     

      -
   .   -

      -
  (0–1400  / 3)  -    

 (7–200  / 3) (Tanaka, Rasoulzadegan, 2002; Yamaguchi 
et al., 2004). 

.  (Straškrábová, 2000)  -
    12    10 

  ,     -
 «EU project MOLAR», ,    

        -
 (   ).  

        8.12 
 51.40  / ,  5–90%  ( . 5.2).    

      
      

,   .  
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    ( )  -
,   (   )  

    30, 30 
 40%.   (69%)    -

      -
 (19%)   (11%) (Straile, 1998). -

    ( , -
   )    -

 .  ( )   .   
 (Hart et al., 2000).   « »  

       
         

 (  Peridinium gutunense).  
  ,   ,  -

     ( -
 BTE)      0.32  0.68.  
 ,      

      -
    (Hart et al., 2000). 

  « »    -
     « »  -

 Aphanizomenon flos-aquae   -
   ( ) (Christoffersen et al., 1990). 

       
4999  / ,   — 284  /   5.7% .  « -

»      3556  / ,  
   /   : 318  /   

8.9%, .      -
     15.9%  35.6%.    -

     -
,  37.3–96.0%  ,   (19.3–

39.7%  ),      -
    (3.0–4.0%  -
 ). 

C      , 
   ,  

   (  335 /   « ») 
.  ( ) (Sommaruga, 1995).    -

 

 

rábová, Šimek, 1993; Straškrábová et al., 1999),    
    (  + -
)   /     

   . 
      -

 ( , ,  -
,   )  55   -

 ,      , 
 ,      

 207, 534, 1131  2390  / ,  (Auer et 
al., 2004). ,      

    ,  -
    49,    – 85,  

  — 176,   — 263  / ,  
       ( . 5.3).   

  (    )  
      

24%     42%  .  
      -

   « »  « ».   
        -

,          , -
,   (Auer et al., 2004). 

 5.3.       
( / )      (  / )   -

   ( : Auer et al., 2004) 

  
   

 2 (1-4) 10 (8-13) 30 (23-39) 76 (59-98) 
 92 (57-150) 298 (211-419) 734 (553-976) 1826 (1316-2533) 

 27 (17-43) 47 (39-57) 58 (51-67) 74 (63-88) 
 3 (1-5) 8 (5-12) 19 (13-28) 57 (35-92) 

 19 (13-28) 30 (22-40) 99 (70-140) 132 (88-198) 
-
 

66 (37-115) 151 (114-200) 221 (169-289) 301 (218-415) 

n 4 15 25 11 
/ , %* 23.7 15.9 15.6 11.0 

*    « »    
,  . 

256 257



 

 

     -
    Peritrichida (r = 0.60, p < 0.05). 

      -
    Anabaena   -
   .  , -
     -

  5–10      
 Oligotrichida (r = 0.80, p < 0.05)    

  Prostomatida (r = 0.71, p < 0.05). 
   ( ),  

    , 
      ( , -

   )    -
  22  43%    (   -

 2, Comerma et al., 2003).   -
      -

 – .     -
     33% -

 ,  — 61% (Comerma et al., 2003). 
 ,     —  — -

  —  —  
      -

      (Comerma 
et al., 2001). 

      -
  ( ,   )   

1996     14.9–105.1  / ,    
1997 . –   21.7–59.5  /  ( allieri, Heinimaa, 1997). 

        19  73%.  
 ,  « »,    , 

 35%      -
  0.2  135 .      -

    -
,          

   . -
      

 .     -
  (     -

 

 

   Planktotrix aqardhii.  -
,   ,      
 Anuraeopsis fissa.      

  14543  / ,    « » 
541  /   3.7% .   (301  / ) 

   ,    -
 (302  / ).       -

: 5254  /   220  /  (  4.2% ), . 
  (60  / )      

    (32  / ). 
       

     -
:   91  76%, .   
 ,      -

       «  
 »   . ,  -

       
    ,     

 -      , 
,   . 

     , -
  -   ,  -
       3.6  60.3 

/ ,     
(     -

)   ( hróst et al., 2009).    
   233  766  / ,      

—  8  22%.     
      

.      
      ,   
    , -

  .    -
     

     (r = 
0.59, p < 0.05).     -

   . ,     
    ,  -
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   ,   « »  -
      

   ,   
       -

  ,  .  -
       -

    , -
    .    

  ,    -
        

     :  2  
90%       

  .   ,  
      -

 , ,    -
        
       

   Daphnia,    
  .    -

      -
   ,     -

      . 
   « » -

      
    ,    

       
    .    

  « » -     -
     ,  
      -
  .    -

 « »    ,  
      -

   . 
-     -

       

 

 

)    (  -
  )      

 (  ). ,    -
 ,     ,  

        -
   ( . . «  »).  

    « »  , 
 ,  ( ),   -

     
(«  »). 

. .    (1999)    
    .  

(  .)  ,    -
  50  90%  .    

      
 (   )   -

    .   -
      -

     . -
       -

     ,   -
   ,    

   « ».   
,       

 « »    -
      4–5  20% 

(   ., 1999). 
. .  (2003),     -

  .   ( -
 .)         

  .    ( -
  )      12.6–

17.3% (    . 5.1.4  5.1.5).   ,  
. .       

 31–62%  . 
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       -
. 

    -
    .   -

     , -
     -

 .   ,   
        

     .  
   ,   -

    , ,  -
    ,    
     . 

    -
       
  .     
      

   ,      -
,        -

   .     -
    -

,       
  ,     

  . 
       

       -
   .   , 

  ,    1%  -
  , ,   

       
   -   ,   

,     . 
      -
    . -
,      

      . 
     , -

  .     

 

 

,     .   , 
       

    ,   , 
     -

  .    -
 ,      -

 ,    -
       -

  . 
     -

  .     
   ,   -

 « »,     . -
   « »    

         -
      . -

   ,    
 ,   , -

     , -
     (  -
  , , ; -

      -
;   ;  -

,         
      . .),  

   .  , -
,       

    , -
      -

       . 
     -

       
, ,   ,    

        -
.   ,     

       
:  , ,  -
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   , ,  
  .    -

 ,   , -
     
.      -

       -
,    . 

  ,   
     -

      -
.  ,   -

 ,      (  ) 
    .  

       -
,        -

    (Cohan, 2002; Gevers et 
al., 2005). 

 ,     -
         

      -
     

  .   ,  -
 « » (    )   

   ,    -
   , , ,  
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