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  Rhynchocypris (FishBase, 2019),–   (R. 

czekanowskii)    (R. percnurus)    

,     ,      

       ( , 2007). 

       

,       

Rhynchocypris (Sakai et al., 2006).     

,      ( , 2007). 

   .      

  ( , 2007).    

 ,      ,   

 ( , 2000; , 2007).     

  –  ,       

    . ,   ,  1962, 

1964  1966    13, 188  182, ,   

. ,       ,  

 , ,        1,5 . 

   ( , 2007). 

   ,      

,         . 

         , 

   , , .    

 ( , 2007),         

  ( , 2000). 

    , ,    

   ,    

  – . ,     

–                  ( .  . 
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, 2011).  , ,  –  

    ,     

    ( , 2007).    

,  ,   (   ., 2020). 

 
Ц  :       

   (  Rhynchocypris). 

: 

1)       

 

2)      

3)        

   . 
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 1. О   
 
 

1.1   я я  
 
 

      –  . 

  Web of science –  ,    

 ( . 1.)   «  » (Water hypoxia)    

 (Web of science, 2020).   1990     . 

 

. 1.    ( )    

( ).    web of science (2020),    «  » 

(Water hypoxia). 
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      8000    

   .    (  3000)   

  web of science:         

  (  2).    : 

,    –    2400 . 

  :    –    1000 

.         500 

. 

 

. 2.      web of 

science.   –  ,  – . 

 
    –     

.         

1300 .          , 

  :    ,   

 (Web of science, 2020). 



7  

,        , -  

 ( )  ,  

   (Diaz, Rosenberg, 2008). 

       

 ,        

   –   ,    

   c   (Camargo, Alonso, 2006; 

Correll, 1998; Poertner, Peck, 2010; Stanley, Nixon, 1992). 

   –    .   

   ( -      

),    ,   

  (Doney et al., 2012).     

   ,      

     . 

 
1.2 я  

 
 

        

  ,   : , 

, pH  .     

 ,        (Tobler et 

al., 2007).  ,   ,    

    ,  

  ,       

        (  

   ) (Tobler et al., 2007; Tobler, 2008). 

    ,    

 ,         

. :       

   (Chapman, 2007; Tobler, 2008). 
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  –      

,     ,     

 ,       

       

.        

 (Diaz, Rosenberg, 2008). 

,  ,     ,    

        

 . ,    206    

Vaqner-Sunyer   ,     2 

2/ .      (  50)   

  (Vaquer-Sunyer, Duarte, 2008).      

   ,      

   (Breitburg, 2002; Pollock, et al., 2007). 

     /   /  (  : 

1  2 = 0,7  2)    ,     

 ( , 1982). 

  ,      

,       ( , 

1982).        

       

       . 

     OMZs - Oceanic oxygen minimum zones -  

     .    

        

   1.148.000 2  31%    51%  

(Childress, Seibel, 1998). 

      

        

    ( ) /   
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    ( )  

,      ,    

 ,    ,     

 .       

  ,      

,      ,    

 (Spigel, Coulter, 1996).      

     –   

, ,      

.       

    (    ).  

 ,         

 ,   – ,    

  (Chapman, Kramer, 1991).     

       ,  

  ,       

   .  -    

         

       ,    

   ,       

   (Kalff, 2002).     

       ,  

  (Chapman, Chapman, 1993; Congleton, 1980; Kramer et al., 

1978). ,    ,     

 ,    (Chapman, Kramer, 

1991). 

 ,    -  

 .  –    

 ,       (Diaz, 

2001).         



10  

       

   (Jepensen, Sondergaard, Jensen, 2005).   

           

 ,     ,  

      (Diaz, 2001; Diaz, 

Rosenberg, 2008; Dybas, 2005; Rabalais, Turner R Eugene, WJ Jr Wiseman, 2002). 

  (  )   

  1960- ,    400     

245.000  (Diaz, Rosenberg, 2008). 
 
 

1.3   
 
 

,    ,  ,  

.    ,     - 

 ,   –    . 

    (   

)     .   

   ,      

      

    (The diversity…, 2009). 

-   –  ,    – 

.    1/30    ,    

     10,000  ,    (Riesch, 

Tobler, Plath, 2015).       

(   55    )   (   780  ,   

).       ,  

  –  ( , 1982).  

       ,    

  (Davis, 1975).    ,  

    (  1.) (Davis, 1975). 
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 1.        

 (    20.9%   

760   ) (Davis, 1975). 
 

,  
 ,   

 
 
 
 
 
 
 
 
 
 

      , 

       – 

.          

    (The diversity…, 2009). 

       ,  

      .  

    , , . 

         

   .  2 (  3)       

      (   

).       2   

,      .  

        . 

   2     (   

 ppm /   ppm /  
0 14,62 10,23 16 9,95 6,96 
1 14,23 9,96 17 9,74 6,82 
2 13,84 9,68 18 9,54 6,68 
3 13,48 9,43 19 9,35 6,54 
4 13,13 9,19 20 9,17 6,42 
5 12,80 8,96 21 8,99 6,29 
6 12,48 8,73 22 8,83 6,18 
7 12,17 8,52 23 8,68 6,07 
8 11,87 8,31 24 8,53 5,97 
9 11,59 8,11 25 8,38 5,86 
10 11,33 7,93 26 8,22 5,75 
11 11,08 7,75 27 8,07 5,65 
12 10,83 7,58 28 7,92 5,54 
13 10,60 7,42 29 7,77 5,44 
14 10,37 7,26 30 7,63 5,34 
15 10,15 7,10 - - - 
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)         ( , 

1982). 

 
 
 

. 3.        ( , 1982) 
 
 

1.4     
 
 

 –   ,   , 

       

    ( , , 1992). 

      - ,     

     .   

     4.      

    ,  .  

    ,  

 ,      - 

 (Hughes, 1984; The diversity…, 2009). 
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. 4.      (Hughes, Morgan, 
1973). 

 
 ,    ,   

.  ,     ,  

        

(Hughes, 1984; Hughes, Morgan, 1973; The diversity…, 2009). 

,      ,    

  .        

  ,      .  

           

  ,            :       

   ,   –   .  



14  

        ,  

   .  ,   

,          

 .       

  ,  , ,     

 ,       .    

   (    )    

  (Hughes, 1984; The diversity…, 2009). 

       , 

        (  

 ).  ,       

     ,   

 .  -   

      

(Hughes, 1984). 

 

1.5 А     
 
 

 ,  ,       

  : 

1)   ; 

2)  ; 

3)      ; 

4)  ; 

5)   (Riesch et al., 2015). 
 
 

      , 

   ,     –  (ABO – air 

breathing organ – .) (Martin, Graham, 1998). ,    

            –     
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  ,  ,  .     

   , :   

  (Clarias, Ctenopoma)    

 (Polypterus, Protopterus).      , 

      .   

       .  

    (Protopterus sp.)  

  .       

,     (Clarias sp.),   ,  

    ,     

,        

(Chapman, Chapman, 1994). 

   ,  ,   

  ,         

    (Kramer, 1987; Martin, Graham, 1998).  

 , ,    ,  2%   

(Martin, Graham, 1998),   ,    

,    .  ,  

,      Miscanthidium    

– ,    ,   

 (Joyner-Matos, Chapman, 2013).  ,   

  ,       

 ,       

     (     ) 

(Kramer, 1987). 

 ,  ,  

      ,   

       

 ,      

- .     
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     ,     

 (      ).  ,  

     ,   ,  

    (Chapman, McKenzie, 2009).  

   Carassius carassius     

50%,       35%    (Nillson et al., 1993). 

Wannamaker  Rice (2000) -      

,       

  1 O2
1.      

,     2  O2  -1,   

       (Zhang et al., 

2009).        (  

),          

 ,   -      

 (Lopes et al., 2013). 

      

 -     ASR - aquatic surface 

respiration.   ,      

   , ,   ,  

     ,   

  (Riesch et al, 2015).   

,      (Kramer, 1983a; 

Kramer, 1983b; Kramer, Mehegan, 1981).  :   

   ,   ,  

     (Chapman, Chapman, 1994; 

Rosenberger, Chapman, 2000)     ,  

   , ,     , 

  (Burggren, 1982; Gee, Gee, 1991).   

  ,       

,      (Cech 
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et al., 1985; Lewis, 1970),      (dermal lip 

protuberances)        

(Winemiller, 1989).   ,   ,  

  -   ,     

(Chapman, McKenzie, 2009). 

        

       

             

.         

–      .  , 

 ,       

(Barbus neumayer, Pseudocrenilabrus multicolor victoriae)   

       .  

        

   (Chapman et al., 1999; Chapman et al., 2000; 

Langerhans et al., 2007; Tobler et al., 2011; Wiens et al., 2014). 

        

        (Friedman et 

al., 2012), : Microstomus pacificus   ,   

  , Nezumia liolepis     

  Corphaenoides acrolepis      

 .       

   ,     

  ,   .   

       Carassius Carassius   

  Carassius auratus auratus (Nillson et al., 2012).  

,     ,   

   (ILCM - interlamellar cell mass).  

     , ILCM  

         



18  

    (Nillson, 2007; Nillson et al., 2012; Sollid et al., 

2003; Sollid, Nillson, 2006; Sollid et al., 2005; Tzaneva et al., 2011). 

    ,  ,   

,   .    

         

        

  (Hughes, Morgan, 1973; Jensen, 1991; Johansen et al., 1978; Wells 

et al., 1989). Wells (2009) ,      

 ,     (Root effect),  

   . c      

 (Hct) (      )  

    (Hb)    .  

      : , 

 , ,  (Graham, 1985; Timmerman, 

Chapman, 2004; Val et al., 1992; Wells et al., 1989).     

       ,  

    (Marinsky et al., 1990). 

        

 –  .    

   ,      

 (     ).     

  -      

   (Davies et al., 2011; Jibb, Richards, 2008; Land 

et al., 1993),       (Hochachka 

et al., 1996; Lawrence et al., 2004; Pollock et al., 2007). ,  

     (Hochachka, Somero, 2002), 

,   ,    ,      

   (Seibel, 2011). ,    

  –   ,    , 

 .   ,    
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   –  . ,    

OMZ,    > 0.2  2 -1,    

   (Childress, Seibel, 1998).  

 -        . 

,         

   (Vornanen et al., 2009).     

   –      

.         

  . 

       . 

 ,   ,     

 (Vornanen et al., 2009),     

(Sollid et al., 2003; Sollid et al., 2005),  -   

     (Vornanen et al., 2009).    

  -   ,      

   (Johansson et al., 1997; Nilsson, 2001). 

 
1.6 О  я 

    .    

   ,       (  

  ) ( , 2007).         

 –   .     , , 

     ,    . 

   (     

Elibrary, Web Of Science, Google Scholar)    

 .        

  .      – 

,     .    

 –  ,     .  

       (FishBase, 2019; 



20  

   ( -  ), 2020; 

California Academy of Sciences, 2020). 

        

 (2020) –         

  . 

     (  3) R. czekanowskii  R. 

percnurus, ,     Rhynchocypris.  

     : zekanowski's 

minnow  Lake minnow (FishBase, 2019). 
 
 

. 5.   ( , . ,  . )  

  ( ,    .    

 . ). : . .  

  –  ,     

    .    

  Rhynchocypris (Sakai et al., 2006).   

          

, ,    .     

      ,      

    ( , 2000; , 2007). 



 

 
 

 2.    ( , 2000; , 2007; , 1982; , 1950; 

, 2007; , 2009) (  …, 2003; , 1962). 
 

 

 

    

 
 
 
 

 

 

D III – 7–8, P I – 12–16, V II – 6–8, A III–VI 

– 7–8. 

D III – 6-8, P I – 13–14, V I – 6, A III – 6-8. 

  – 10.   – 8-12. 

 – 36–40;  – 35-41 

     

    

       

 –  ;   – 67-90 ,  

       10-65 

  

 
 

 

 

  ,    

 . 

  ,    . 

     

 ,   ,    ,  

   

    



 

 
 
 

  ,  - 

,  . 

(     

    

 ,     

    .) 

  .   

  - - ,  

     - 

 .    

. 

(       

 , ,   

 ) 

    21-130 ,  1 – 21 . 

  5-7  

 10 – 150 ,  2 – 65 . 

  5-6  

 

 

  –  

    3-4 / *. 

  –     

1 – 0,5 / *. 

*     – ,   (  )  

. 
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 2. М    
 
 

2.1 О   

  -  ,  .  

     .     

  2019.      . 

   (  6) –     

.  ,        

   ,      

   .    –     

    (Zuev et al., 2019). 

 
 

. 6.    (   –   , 

  –   ) 

 
2.2  я  

 
 

      :  

   .     
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    .   -   

         .     

 .   –       

 .   ( )  –   

         

 ,       

(Rosewarne et al., 2016). 

        - 

  .     

 (     )    

         

(Svendsen et al., 2016).        

          .   

           

         

    ( , , 

1979).        

 (Rosewarne et al., 2016). 

      

  .  , , 

  (  4).   –   

  ,  .     

(  4).       15  –  

    (MMR).   

      –     

      ,   

  .      

   MMR.      

. 
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  MMR   19 , 10   

, 9   .     

  20    ≥ 10 .     20 

   Hanna hi 9142. 

 

 

. 7.     (  ) 

1 –  (Hanna hi 9142). 2 – . 3 –    

    . 4  7 –   

. 5 –     (     

       ); 6 – 

   ; 8 –    . 

    – ,     . 

 
     : 

y = KVM -1 

 y –   ( 2
-1 -1);  –   

   ,      
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 /  ( -1 h-1); V –    

   (   –  );  –   ( ). 

 
2.3    

 
 

   ,     (    

     ).     

 ,    .  16    

  (  8   ). 

     ZEISS STEMI 

2000-C,  ZEISS Axiocam 503 color    ZEISS 

Axio Vision. 

      :  

 ,   ,    

 . 

       

 –       .   

    .      

     ,     . 

    (total gill area, TGA) 

  : 

TGA = Lnbl 

 L –     ( ); n –  

    ; bl –    . 

   (Hughes, Muir, 1969),  

   .      

    ,    ,  

     (Aparecida Perna, 

Fernandes, 1996; Chapman, Hulen, 2001; Don Stevens, Sutterlin, 1999). 
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      ,    

,    ,     

 . 

 
2.5 я    

        - - 

 ,       

-          

.     : R  3.6.1  

Windows, Microsoft Excel  Past 3. 
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1)       93.43 

2 -1 -1,    136.66 2 -1 -1. 

2)        

 86.28 2 -1,    181.41 2 -1. 

3)        

  ,      

,   .   

       

   ,      
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