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 582.261.1.574.587(262.5) 

. . , . .   

-       , 

. , 2, 99011 ,  

    

    

    (433   )  ,   

1996—2009 .  -     -   (93 

).       Sexp 

        ( ) Chao, 

Jack-knife    S  (Karakassis, 1995).   -

          

       .  

 Sexp     .  S   -

     Sexp (      10—13 % 

  ,    12—15 )    Sexp 

(  3—5 %,     40—43).     

 Sexp (Chao —  21—70 %, Jack-knife —  23—58 %)     

  .      (RE)  

   (SRD)    -

        . ,   

    (4—6)     -

  Sexp (  1,3—1,8 ).      15—20   -

 Chao  Jack-knife    RE  SRD.   

S ,    7—8 , Sexp   .  -

  log-     (  1  93)   (%) 

  ,      -

 (433   ).  (   ),     

50 %  ,       -    

  5—45 ,     10    -

 .   67 %     -

   20 ,  80 %  —  40  (    

     ).   -

        

          -

       . 

 :  ,  , ,  

 ,  . 

 

        -

   ,    -

         - 
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       (Sanders, 1968; 

Colwell, Coddington, 1994; Gaston, 1996; Gray, 2000). 

       -

      -

     .   

    ,   -

     ,  -

   (Chodorowski, 1960).    

      

      

      .  , 

    ,      

 .   , ,    -

  -      ( -

,   ),    -

       

   .     

        

,  ,   15—20 ,   -

          

   3—5  (Watanabe et al., 1988; Izsak, Price, 

2001; Petrov, Nevrova, 2007). ,    -

   ,   ,  

        .  

 ,       -

    ( ) (Colwell, Cod-

dington, 1994; Walther, Morand, 1998; Foggo et al., 2003). 

   —     

       -

        -

     ;   -

        

       . 

   

     ,  -

        (n), -

     Bacillariophyta  93 .  

  1996—2009 .   -   (  -

),  -      6—48 . -

    , , -

  ,         

   ( ) ( . 1). 

 (      )    

   (S = 15,9 2)   (2-3 )    



. . , . .  
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. 1. -          

  . 1 — ; 2—4 —  .  (2 — -

, 3 — , 4 — ); 5 — . ; 6 — . ;  

7 — . ; 8 —  

 

,       

    .     

        

20 .         

  (  7×10-3 )   Zeiss Axiostar+ 

(×400),   ,     1 2 -

 .       

 250 .·c -2,   ,    

     ,     

  — 10 .·c -2 (   ., 2005).  -

   ,   

,       ,   

  ,     ,  -

   ,     

Zeiss Axiostar+  Nikon Eclipse E600 (×1000).    

      (  …, 

1974).      

(  …, 1950; - , 1963;   ., 1992; 
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Witkowski et al., 2000; Algae …, 2009; Levkov, 2009;  .). -

  Bacillariophyta     .  . 

(Round et al., 1990),     (Fourtanier, Kociolek, 

1999, 2011; Witkowski et al., 2000).  

       

      -

 (   — )   Chao  Jack-knife (Chao, 

1987; Colwell, Coddington, 1994; Walther, Martin, 2001; Foggo et al., 2003), 

       PRIMER 

v5.2 (Clarke, Gorley, 2001),    S - ,  

    (Karakassis, 1995; Ugland, Gray, 

2004). 

        

(Sexp)       ( -

)         

1000   (  ),   -

        

    .  

 , . .   ,   -

      -

     (Sobs(k))      + 1  (Sobs(k+1)) -

   Y = X,   1-  

 .     -

   (     ) -

    (sampling lag)    

   , . .   -

  Sobs(k) = f(Sobs(k+n)),  k = 1, … , n-1   -

  (Rumohr et al., 2001).    

      

 ,        -

  (Foggo et al., 2003). 

    , Chao-1  

Chao-2,         

    (Chao, 1984, 1987; Ugland, Gray, 

2004).      :  

Stotal = Sobs + (a2/2b),  Stotal —    , 

Sobs —       , a —  -

,  1 . ( -   Chao-1)   , 

   1  (    Chao-2). -

 b —  ,   2 . (  Chao-1)   

,    2  (Chao-2).    

      -

 10 .·c -2,   Chao-1     -

  ( . . Stotal = Sobs),      -

 Chao-2. 
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    Jacknife     

 : Stotal = Sobs + Q•(m-1/m),  Q —  ,  

   , m —     (Helt-

she, Forester, 1983; Colwell, Coddington, 1994).    

       

           

 (Rumohr et al., 2001; Foggo et al., 2003). 

        -

,   ,     

     ( . .  « » 

 « »   ),  -

  (relative error, RE)    

 (squared relative deviation, SRD) (Cogalniceanu et al., 2009): 

RE = 
Sobs

SobsSest
; (1) 

SRD = (RE)2 ,  (2) 

 Sest —   ,     -

, Sobs —   ,    -

       1  n   -

   , RE —  -

       -

       ,  SRD — -

        -

,   , . .   -

   (Brose et al., 2003). 

       

       (bias)  -

 (precision).     ,   

  (  )     

    ,   —   

         -

  : 

Bias = 
nAj

AjEj ;  (3) 

Precision = 
nAj

AjEj
2

2

, (4) 

 j — ,     1  n; n —  -

  ; Ej    ,  

  , Aj —  ,   

     j  (Walther, Morand, 

1998; Walther, Martin, 2001). « »   -

  (   )     

. 
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      ,  

       -

      ,   -

        ,  

   « » (rarefaction) (Hurlbert, 1971; Soetaert, 

Heip, 1990). 

       

         -

.       

   (  PRIMER v5.2  

STATISTICA v5.5).       

   (  CLUSTER  MDS) (Clarke, 

Gorley, 2001).       

 . -    -  ,   

  ,    0,25. 

   

       -

         

,        93 . 

       

     , 

  ó    .  

 93   433     .  -

      (  

 8,3 2)    3   ( , -

,   ,  ),   -

     ( ,  -

, , Eh, 2  .),        -

      ( , , -

).      

         

       

    (   ., 2005). 

     ,  -

        -

        . 1. 

  ,   -

        

         -

,   ,   . 1.  

  ,     S ,  

     ,   100 %,  

 101—119 %   .   



. . , . .  
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       (Chao —  21—70 %, 

Jack-knife —  23—58 %). 

 1 

         

   

 
 

 

 

 (Sobs)
S  

Chao-

2 

Jack-

knife-1 

Jack-

knife-2 

.  16 191 200,8 259,4 250,1 281,5 

.  13 132 136,5 159,5 163,4 175,9 

.  18 202 204,6 249,0 253,0 275.1 

 9 244 269.0 330,0 321,3 359,1 

 6 116 138,2 197,3 158.5 184,0 

.  

( . ) 
7 101 107,2 122,0 125.9 134,7 

.  

( . ) 
14 146 152,0 194,7 185.9 207,8 

.  

( . ) 
10 127 133,2 172,1 161,2 180,2 

   

  
93 433 412,6 541,7 531,9 585,3 

 

  ,   , ,  -

     (Sexp)   -

    (Colwell, Coddington, 1994; Ugland 

et al., 2003;  .).       Sexp 
       Sexp, -

 ,   /   -

  (Smith, van Belle, 1984).  ,  -

       -

    30—40 %      -

  (  1  100).     (   

  20 %)      

 .       , -

    (    , 

    )    -

      20 % (Walther, Martin, 2001). -

      ,   -

     ,    

 Chao,       

  (Foggo et al., 2003).      

        

   S ,       

     .   -
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 (Smith, van Belle, 1984; Ugland, Gray, 2004),   -

 Chao  S ,  ,      -

   ,     

 .   ,  ,  -

      ( , ,  

 )  S       -

 (Sobs)     (Sexp).    

  10—15    Sexp  Sobs  -

   10—13 %,       -

      . 

    (  . - ) 

    (     

25 %)        -

       

 ( . 2).    -

     ,      

.      -

  . .      

 (0,19)        -

          

    .    

        -

  -   ,    -

      ,  

   ,       

93    . 

 

. 2.  MDS-  93  (     

0,25    ) 



. . , . .  
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      -

   (Sexp)     ( . 3). 

        

  (  )     

. .    (244),   9 , -

 56 %      93 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 3.   -     Sexp (  

 )         

 (  7  18)   ,    -

     (93 ) 

 ,   , 

        ,  

 ó    .   -

          

  ,     ,    

  . ,   ,  ,  

    ,      

 ,   ( . . 1).  -

         

    .    ,   

 ,      ,  

   ,    

 . 

,     93   -

     ,  

  . 3.       

     (X)     

(Y, %   ,     ). -
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  (Y = 21,434•Ln(x)+1,885)   log-

 ( .  0,99).    

    93 .   . 4   

  (  1  20),      

      20,   -

 7—10. 

. 4.    (  %  433 )     . -

      (93 ) 

 

 ,     10  (  -

 ),   -  , -

    50 %     

(433),       (    

     ).   67 % -

       20 ,   

 80 % —  40 .  

  ,        

  , ,   -

  ,     , 

         

        -

   . , ,   -

         -

   ,  50 %     

 , , 12  16 %     (101). 

  80 %  (    809 —   

 386 —  ) , ,  50  60 

%    (Ugland et al., 2003).    -

  70      (  -

) ,    7  (10 %)   

 50 %    ,   80 %  -



. . , . .  

 

370                                                 ISSN 0868-8540        Algologia.  2012. V. 22. N 4 

    26  (  37 %   ) 

(Rumohr et al., 2001). 

      -

         « -

»     ,    -

 ,      (10, 20, …, 500), 

     ,   

 . 

 

. 5.     ES(n)      

     ,     -

 (n) 

 

 ,     .   -

    (Sexp)  ,   -

  ,     ( . 5).  -

         200, 

300  500  , , 62,1, 71,9  84,5.  -

       -

   , ,       

 .        -

   .   (    -

 )  Sexp      

      . -

      200, 300  500  -

, , 49,2±0,4; 56,6±0,1  65,5±0,2.    (  

   )    

,   ,   Sobs   
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 200, 300  500  , , 34,8±2,3; 38,7±1,9 

 43,2±2,8 ( . . 5). 

 ,   ,  -

     ,  -

        -

   ,   ,   -

  . 

 ,    -

    (Sobs)     , -

 ,    ,   -

    (93) ( . 6).   , -

   Chao  Jack-knife,   -

   ,      

(  10—12).    10—12 , , -

  ,     -

       -

      .   

S         . 

   40      

  ,      (40—93) — -

  (  3—5%)      -

 ( . . 6). 

 

. 6.       (Sexp)   

,      93    -

     (Sobs),      4  (S ; 

hao-2; Jack-knife-1  Jack-knife-2) 



. . , . .  
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   (Hellmann, Fowler, 1999),   boot-

strap, Jack-knife-1  2      

  ,      

    .     (  25 % 

 )      , 

    Jack-knife-2.   

ó    (  50 %  )   

      ,    

      Jack-knife-2. 

   ,   -

         

     (  ).  

. 7.      (Sobs),   

    ( ),      (SD) 

    (B),    -
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 . 7  ,    -

         

(SD)      . ,   

        -

    (   SD),  -

   18—20  (21 %)    

 , . .    -

   . 

. 8.     (S , Chao-2, JN-1  JN-2)  

    (RE) ( )    

(SRD) ( ).   RE     93 ,    SRD — 

  30  (   ) 

 

    , -

    RE  SRD     (93), -

  . 8. ,      

 (4—6)         

   (    RE  SRD).   

   (15—20  )  Chao  Jack-knife 

     Sexp/Sobs  -

         



. . , . .  
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0,15—0,25.   S      

RE  SRD     (n)   -

     .   

 n,  7-8,       

 . 

         -

   (Cogalniceanu, 2009)   7 -

 ,  Chao  Jack-knife,  ,  

      -

  .        

      .   

     (RE  SRD)  

  Chao-1, ,  ,  Chao-2, Jack-knife-1  

Jack-knife-2. 

     Sexp   

     SD     -

        -

  (Ugland et al., 2003).    20 %   

      SD (   0).  

 ,       -

         -

   ,     

. 

   Sexp/Sobs   -

 ,   4   (  , -

,       ) ,  

           

(  1,3—1,8 )    .   

    Sexp    

   .    

Sexp/Sobs,     ,   

   ,        . 

.      -

 ,  ,      

  .    (MDS) , -

    ,   

   ,       

   ( . . 2). 

     ( -

)        -

  . 2.   ,     

      19  (20 %) 

     93 .    

  ,      -

.       20—58  (21—60 %), 
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    .   

      (S ). 

 2 

   4       

         

  -

   
S  Chao-2 Jacknife-1 Jacknife-2 

  (bias) 

 20 %     1,416 2,138 1,022 1,458 

  (21—60 %) 0,032 0,355 0,340 0,505 

  (61—100%) -0,017 0,126 0.121 0,181 

  (1—100 %) 1,432 2,620 1,483 2,145 

  (precision) 

 20 %     1,181 2,088 0,421 0,884 

  (21—60 %)  0,002 0,115 0,104 0,231 

  (61—100%)  0,001 0,031 0,029 0,065 

  (1—100 %) 1,184 2,235 0,554 1,181 

,       59—93  

(61—100 %)       -

  .    ,   

S       ,  -

  (-0,017)    . 

     93     -

       S ,   -

       

   Jack-knife-1. 

      

        -

   (Walther, Martin, 2001).   

 19       , 

      

 , ,    25—30 %     

       -

.   ,   (   -

)   Chao-2, Chao-1, Jack-knife-2  Jack-

knife-1 (  S       ).  -

  ,  40—100 % ,  , 

      ,  -

 Chao-1  Chao-2.     Jack-knife-

1  Jack-knife-2   .    

   Chao     -

 ,      -



. . , . .  
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   .   (     

   )    Jack-

knife-2  Jack-knife-1 (Walther, Martin, 2001). 

 ,       

       -

           -

, . .    (    

    )  -

    (Smith, van Belle, 1984; Colwell, Coddington, 1994; 

Hellmann, Folwer, 1999).   ,    -

 (Walther, Moore, 2005),   

 Chao  Jack-knife       

    . 

         

.     (   ), 

  ,     , -

  S ,      (  45—50) -

     . 

    (Rumohr et al., 2001),   

   (Sexp)    S  
         

 (sampling lag)    . -

  Sexp        

        

  . 9. 
 

 

. 9.      (Sexp),   -

          -

   Sobs (n) = f (Sobs(n+1)    S .  -

         -

 (Sobs = 471) 

 

      95 (   -

   2 ,     -

      ).    
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       471. -

,       1  15  -

    (      95 

),      -

.    Sexp  (463)    -

 15.     Sexp , . .  

     ( . . 9). 

        

 (     )    -

       

     .    

    ( . - )   -

       

   1   ;    

 —   2  . .  -

        -

       . 

       

        -

  ,     Sexp  

 (Rumohr et al., 2001). ,  -

         

     . 

        -

        

  ( . 10).  

 

 

. 10.       (AvSim ± SD)  -

           -

 (  — . ,  — . ) 

  .     

 (R2 = 0,95),      -

 Sexp       . -



. . , . .  
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,      -

 ( ,  ,     

.)    (Petrov et al., 2010). ,   

.        -

  (R2 = 0,01).      -

 ,      

    ,    -

  . 

      
  ,      

        -

         
     . 

 

 8        

(Sexp)   ,     S , 

         

    10—13 %, ,  ,    

  ,     . 

 Chao  Jack-knife    Sexp: Chao —  

21—70 %, Jack-knife —  23—58 %. 

   .     

 Sexp    .    (244), -

  9 ,  56 %   , -

   93 ,     (433).  -

,   ,    

     ,   ó   

 . 

     -

 ,        , -

,       (4—6)  -

     Sexp (  1,3—1,8 ).  -

    15—20  ,  Chao  Jack-knife -

     RE  SRD.  -

 S   Sexp   ,   7—8 , 

     (  45—50)   -

    . 

   log-    

 (  1  93)   (%)     , 

      (433   

). ,    50 %  ,  -

  -      5—45 ,  

   10 ,   67 % Sexp  -

   20 ,  80 %  —  40 (   

      ). 
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PROGNOSTIC ESTIMATION OF BENTHIC DIATOMS SPECIES  

 

Benthic diatoms species richness had been analyzed based on materials collected in 1996—

2009 at 8 near shore locations of SW Crimea. Totally 93 stations were sampled on sandy-

muddy substrate within depth range 6—48 m. At total, 433 diatom species were found by 

results of cell calculations in Goryaev chamber and microscoping of permanent slides. 

Prognostic estimation of the expected diatom species richness (Sexp) was performed by appli-

cation of 4 estimators (Jack-knife-1 & 2, Chao-2 and Karakassis-S ). The statistical as-

sessment of the estimators’ results accuracy and evaluation of optimal ratio between mini-

mal sampling efforts and maximal information about diatom species richness at the certain 

sampling location were conducted. The estimation accuracy of the Sexp is increased propor-

tionally to sampling efforts. Magnitude of Sexp, resulted by estimator S , displayed the most 

similar values to the really observed species number (Sobs). Overestimation of Sobs values (not 

more than 10—13 %) was found under consideration of 12—15 samples or less, and slightly 

underestimation (3—5 %) when number of samples exceeds 40—43. The other estimators 

gave large overestimated results of the expected species richness (Chao — from 21 to 70 % 

higher than Sobs, Jack-knife — 23—58 %), calculated by randomization for increasing row of 

all samples. Based on relative error (RE) and squared relative deviation (SRD) the estima-

tors’ accuracy depending on biotopes peculiarities and sampling efforts was evaluated. It was 

shown, all estimators give overestimated results of the Sexp (1.3 to 1.8 times) under consid-

eration of few samples (4—6). Under extension of station number up to 15—20, Chao and 

Jack-knife estimators give decreasing of the RE and SRD values. Estimator S  quite pre-

cisely evaluates parameter S
exp after the first 7-8 permutated samples. The parameters of 
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generalized log-dependence between number of samples (1 to 93) and ratio (%) of species 

richness, totally registered in near shore water areas of SW Crimea (433 spp.) were deter-

mined. Detection of about 50 % of all species registered in SW Crimea on sandy/muddy 

substrates within 5-45 m depth range is required consideration of not less than 10 random-

ized stations. Similarly, revelation of 67 % of total species richness is necessary to study not 

less than 20 stations, and 80 % ones — about 40 stations (on assumption the equal probabil-

ity of any species presence in samples). Application of this dependence can be recom-

mended for prognostic evaluation of percent share of diatom species richness in relation to 

different sampling efforts under exploring of ecologically similar and earlier not studied 

coastal areas of the Black Sea. 
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