
80      

. . 8,  1, 2006 

 
574.5   

-   

© 2006  . .    

. . . , .           

-  - 
( ).       ,          

.           
(    -              

-
),            ,        

.     -
-    .  « » (  r2)

-  , - ,            
,    - 

.        (    
)   .             

.       
-         -               

Daphnia galeata      .      

-  
,   -       

( -
,    ) [5],        

-  
,     

- 
[31]    - 

( )  [9, 27], -  
( -    

-
) [24],    

(    )
[18] , ,    - 

, « »  
(   -   

) [22]  -     
[14,

37],    [2]   
[20, 36].    -   

( ,   -     

-  
. .  

. .  [41],   -      

,    - 
. ,   -     

-  
W   0,75,  -    

W0.25,    
W-0.75,  -    

-   
W-0.25.   -     

-
. ,        

[27, 28],      
(    
)       

.   
,     -        

,    
W0.75 W-0.75 =



81 

W0, . .     .        

-  
( ),   - 

;     - 
- [32].   

- 
(    -  

)  . -     
-  

; , , -    
-   

.   -
,    -  

,      
,   -    

,   
[47].   -     

-
,    -

. ,    -
,     - 

;    -
,     -  

[23].    -   
;  -

,         
( -  

-0,75)   -  
,    

,    -  
(  

-1; [16].     - - 
,  ,  , 

- , -     

« »,      
[25]. 

,  , 
-   -

,      
(    - 

,     ) - 
. 

( . .   -      
-

)    ,      
-      
- 

,   ,  ( 
)   

,    ( ) 
,  ,  .      

-  
,      

-     
, 

,   - 
,  « - 

» [11]    -  
« »  (soft science  - 

)  « » (hard
science);   , -

, .   ,  -    
(« »)  

(      
),  -     

, ,
,     

.       
.       

(21 ,           

,  
8     -

; [20],      -    
. -

,    -      
- 

(     
- [8, 38, 45, 46]  - 

- [21];        
,         

,   -    

),       
.  -       

-
,    ,      

.     
,            

-
. ( , , -

;     
.)  ,  



82      

. . 8,  1, 2006   

Y  X
(  )  ( )    

-  
X.  - 

, - ,   - 
:    

( , , )   
.      
,  -  
:       

-
,  ,    

,    -
.

-        

-
,         

-    
-

.          

.  
r,       

,  -   
:

r = b (s
X
/s

Y
),     (1) 

b    ( -  

), s
X
/s

Y    
-   
- 

X    -   
Y [12]  X -   

.  ,  -     
( 

b),    -   
« » ( ) . - 

,    ,     
:    

-    
«

» ( . .   - 
),    

« »      -    
-

.
,    « - 

»    -      
-      

X,      Y; -
,  (1),    

r.      -      

,   -   
SE: r = b (SE

X
/SE

Y
), 

SE = s/vn  n   .  
« »  « » ( 

r2)    
,    -

,     SE
Y
,  -     

X ,  -  
SE

X 
( , , s

X
)

 

  
n.       

-   
,    -

,    - 
,  

. 
,      

, -   
- 

X  Y. ,    -          

-   
,     

X « -
» Y   .      

-  
,    -    

,       

(   )  (
; [36]).  ,   -    

- 
[22];    -  

. .  -     

. (   -         

-  
,    -     

-  
, ,  -    

; [3])  



83 

,    «     
»

[19],      -    
-

,    , ,  -
,    . 

,   -     
-      

( ) .      
-     

, ,  
. .,    -   

,  
.    -  

(  ) 
,    -       

-  
,  , - 

.  , - -   
- 

,     , 
,   

,  ,   - 
,    - 

, . ,      
- 

,     
:  - 

,           
-     
- 

. , ,  -    
-       

,   -    
-  

.    
- 

-        
- 

,    - 
.   -     

: 1) -   
,         

-
; 2)   - 

(X)    - 

,      
,  X  -   

(
, ,  X   

); 3)     
(Y)   

,   -     
- 

[12]. ( ,  -  
,    - 

,  -       

; . [34])   
. ,    

X (X
i  

X
j
) -   

Y
i  

Y
j
. -    

Y
( ,   ,  -

) ,   Y
i     

(   
),  Y

j      

,    -  
(    -

).   ,  - 
,    Y

i 
-

,   Y
j
,  ,  -

. -   ,     
-

- ,        

-
.    , , ,   

,    X,    
Y    -

,  ,        

.    -    
X-Y   -     

X  Y (     ),  -    
-  

(  -  
).        

( -
)   .  -    

[30],       -       

.



84      

. . 8,  1, 2006        

- 
( ),     

- 
[12].        

-  
2-  (Model II

regression [43];    -     
2-

,    reduced major
axis regression,    [16].

,    -   
- -     

(phylogenetic
comparative methods [32]),  -      

-  
(phylogenetically

independent contrasts [30]).    
,  

(   
)       

,    -
. ,   -   

- -     
,    

-    
[39]. -         

-
.         

- 
(generalized linear mixed-effects model);     

SAS
[42].       -  

,    -  
,  - 

(nested), ,  -    
,    -  

. .     -     
, 

,    -
,    -

.    
-

,    ( -  
) ,   

- - 
. ,   - 

,             

[14, 37].  -
,    : -   

( !)    
-

?  ,   ,   
.   -  

, -   
(   

[22]),  -          

,   
( -    

),     
,  .  -        

- 
.      

(    
)        

-
. , ,   
,    .      

- 
,   ,  -

,      -   
. -    

« » 
« » (       

),          

,          

.   

 

-   
, 

,   « 
»    (       

[17,
35]).  ,    -  

,    
0  1,       

. , -    
-    

(1   , 0     
)   -



85  

( ),   ( -    
)  

.     
,  -   

-  
,   

,    - 
[33].  ,  -      

,   -    
(  

).         

,          
-  

.                 

-
.          

-
/    .  

,   
,      

. ,  ,      

,    ( -
),    

.   ,          

,  -    
.        

. ,
,  (  , -   

),     -      
- -  

,  -        
-      

( . .     -    
).     
-      

( . ; -    
-

,      );      

,     
.           

90 -     

(    - 
),   25  -   

,   . 1.

L = 1/[1 + exp (2.47 - 0.64*lnW)]

ln ( , ), lnW

, 
L

-4 -2 0 2 4 6

0.0

0.2

0.4

0.6

0.8

. 1.        

( )    

,      
90 ,    

.       

« » ,        

90   6   15  
.  

,   -          

-
,     -     

. (          

6   15 -  
.    -      

,    -   
,  - 

.)  , 



86      

. . 8,  1, 2006    

-
,   

,  , ,  -    

90  (   6  
).   

-    
(L)   

(W)   ( ;    
) - 

L = e-2,47 + 0,64 lnW/(1 + e-2,47 + 0,64 lnW).   
, -      

:
ln[L(Z)/(1-L(Z))] = a + b Z, 
a = -2,47, b = 0,64  Z = lnW  - 

.    -   
: , L(Z)/(1-

L(Z)),  « » ( , 
,   -

, , ,     -   
),  , [L(Z+1)/(1-

L(Z+1))]/[L(Z)/(1-L(Z))], ,  
;   - 

eb, . .    e0.64 = 1,9.    
,     

- 
(    

), . .    - 
.   ,   

Z = lnW  1, . .   
e (=2,72) ,        

.     ,   -    
2  ( . .   

0,693)        
-  

( ,  1,56).  ,      

,         
-  

(   -  
),    ,     

-          

. -    

(      -  

,    
[14, 37])    -    

-      
( - 

):    ,        

.   - 
,   - 

,  ,  
,     

.    

-     

-       
-  

.     

(   ) , -   
-   

:  -        

,        
-       
-  

(   -  
. .  [19]       

-
,     ).            

-     
-   

( ,  . . - 
[6]         

).  
,     -    

( -
,      

, K
2
,  , ,

,    [1, 7, 10,
13],  ,  -   

,   
(  

),   , -  
. 

( )     

. ,   



87  

[29]               

.      

 
(   -

)  ,  -     
,   -       

-   
.  -    

(    ;  .
) , - ,   -     

-
,       -    

, -    

.             

,     
, . .  -    

-      
-

.        

, -  
.   

(contribution analysis, Caswell, 1989)     
-     
-    

l (ln l = r, 
r     ).             

(Polishchuk, Vijverberg, 2005; , -
, 2006).      

,   -    

( ,     -    
-   

).      

, ,     
( )      

.    -        

-       

,     
-   

(   
). ,  -    

,     
,  

(     -
),    ,  ,      

-   
- 

( ,    -  
).     

-       

Daphnia galeata  -   
[15, 38].  -    

-     
-    
,   

,   
:   - 

(    
) D,   ( -   

) E
a
,   -  

,    
, C

e
. , -       

-  
, ConD,    

, ConE
a
,    

, ConC
e
;     -  

, C
t 
= ConD + ConE

a 
+

ConC
e 

( ,            

;      
,   -  

C,   W,  ). -         

- 
.     - 
,        

; 
,      

.      
-    

,  ,        
- 

,  ,   -



88      

. . 8,  1, 2006  

. , -     
,     
(0,07 

C -1)    -  
D. galeata;    -  

(0,11  0,18  C -1) -   
; -

,    - 
(1,00  C -1)   -  

( .  
,  ).        

-   
.    

Scenedesmus obliquus.    
-  

.   -     

,   -    
-    

.  -    

( -   
0,07  0,11  

-1)          
-        

.   -
,    ,     

( 0,11  0,18   -1),      
-       
-      
- 

. ,      
( 0,18 

1,00   -1),      -  
,   -  

,     
( . 2).     

[40,
44]     -         

-

. 2.      Daphnia galeata,    
.                

(  
, . ).          

( Ct),      -   :
ConCe      , ConEa      ConD    

,  Ct = ConCe + ConEa + ConD.     
,     (Ct > 0),       

(     ,  );      
,       ,  

.    ±    (  
. Polishchuk, Vijverberg, 2005).

-1

0

1

2

3

4

0.07=>0.11 0.11=>0.18 0.18=>1.00

C
t  

,  
C



89 

,       
-     
-    

.  -
,   ,    

(     -
) ,    -
, . .      - 

.  ,  -     
, -         

-     
,   

(  -
)  .     

,    ( ,      

ConD/ConE
a  

4,4,          

0,1), -   
,         

.      

-     
-   

( -
),    ,   

, ,  -
.  -           

.         
-     
-        

« - -
»   

(      -  
,     

,   
).   -        

(         
-       
- 

), ,  
,     

( . .   
)    

,    -  
- -

,   .  -    
-      
-   

(     
)   -    

.       
- 

,     -    
-    

,    
.    

,  - 
-         

- 
( ,     - 

),     
,  -  

( « »)  .       

-
, . .         

, -      
.   

,  ,       

,  
,    , , 

,      
,   

,       « - 
»,      

?  
,   .   ,      

-
,        

(  
,    ).  

(1977, . 256)    - 
,      

(«   ,     
»): « ,       

,    
,   



90      

. . 8,  1, 2006    

,   
-     

.    - 
,                

,      

,    -    
.  -  

,     
».   ,  -     

?  ,   ,  -    

(   )   -
,    -      

( ,             

-    

).  ,  ,     
- 

( ) ,    -  
, - 

.    
,   , -   

,   
.  ,       

.    

-
,    -          

- 
.    -    

- 
(  04-04-49623). 

1.  . .   -  
. .:

, 1981.
2.  . .   -  

. .: ,
2000.

3.   
/  . . . . .: . -

, 1986.
4.  .    .

.: , 1977.
5.  . .

 

   -  
. : - -

. - , 1956.
6.  . .       

//  . -
. 1966. . 61,  2.

7.  . .    -   
//  

. : - .
- , 1986.

8.  . .   -  
. .:

, 1987.
9.  . .

 

   -   

// . 
. 1944. . 43,  6.

10.  . .      
// . . .

. 1938. . 47,  4.
11.  . .   - 

. :  
, 1986.

12.  . .,  . . . .:
- , 2006.

13.  . .  -      
- 

//   .
: . - , 1986.

14.  . .    -   
// . 2003. 

7.
15.  . .,  .       

- 
:     

// . . . 2006.
. 67,  1.

16.  . .,  . .  ,      

// . . .
2001. . 62,  1.

17.  .      
. . 1. .: , 1967.



91 

18.  . .   
. .: , 1986.

19.  . .       
.

., .: -  , 1942.
20. - .  :   

? .: , 1987.
21.  . .

 

 .
.: , 1966.

22. Alroy J. Cope s rule and the dynamics of body
mass evolution in North American fossil mammals
// Science. 1998. V. 280.

23. Blackburn T.M., Gaston K.J. A critical assessment
of the form of the interspecific relationship between
abundance and body size in animals // J. Anim.
Ecol. 1997. V. 66.

24. Brooks J.L., Dodson S.L. Predation, body size,
and composition of plankton // Science. 1965. V.
150. P. 28-35.

25. Brown J.H., Maurer B.A. Macroecology: the
division of food and space among species on
continents // Science. 1989. V. 243.

26. Caswell H. Analysis of life table response
experiments. I. Decomposition of effects on
population growth rate // Ecol. Model. 1989.
V. 46.

27. Damuth J. Population density and body size in
mammals // Nature. 1981. V. 290.

28. Damuth J. Interspecific allometry of population
density in mammals and other animals: the
independence of body mass and population
energy-use // Biol. J. Linn. Soc. 1987. V. 31.

29. Duncan A. Body carbon in daphnids as an
indicator of the food concentration available in the
field // Arch. Hydrobiol. Beih. Ergebn. Limnol.
1985. V. 21.

30. Felsenstein J. Phylogenies and the comparative
method // Amer. Nat. 1985. V. 125,  1.

31. Fenchel T. Intrinsic rate of natural increase: The
relationship with body size // Oecologia. 1974.
V. 14.

32. Harvey P.H., Pagel M.D. The comparative

method in evolutionary biology. Oxford: Oxford
Univ. Press, 1991.

33. Hosmer D. W. Lemeshow S. Applied logistic
regression. 2nd ed. N.Y.: Wiley, 2000.

34. Ives A.R., Zhu J. Statistics for correlated data:
Phylogenies, space, and time // Ecol. Appl. 2006.
V. 16.  1.

35. MacArthur R.H., Wilson E.O. The theory of island
biogeography. Princeton: Princeton Univ. Press,
1967.

36. Peters R.H. The ecological implications of body
size. Cambridge: Cambridge Univ. Press, 1983.

37. Polishchuk L.V. Conservation priorities for Russian
mammals // Science. 2002. V. 297.

38. Polishchuk L.V., Vijverberg J. Contribution
analysis of body mass dynamics in Daphnia //
Oecologia. 2005. V. 144,  2.

39. Quader S., Isvaran K., Hale R.E., Miner B.G.,
Seavy N.E. Nonlinear relationships and phylo-
genetically independent contrasts // J. Evol. Biol.
2004. V. 17.

40. Roff D.A. The evolution of life histories. N.Y.:
Chapman and Hall, 1992.

41. Romanovsky Y.E., Feniova I.Y. Competition
among Cladocera: effect of different levels of food
supply. // Oikos. 1985. V. 44.

42. SAS Institute Inc. SAS® Learning Edition 2.0.
Cary, NC, USA: SAS Institute Inc., 2004.

43. Sokal R. R. Rohlf F. J. Biometry. 3rd ed. N.Y.:
Freeman, 1995.

44. Stearns S.C. The evolution of life histories. Oxford:
Oxford Univ. Press, 1992.

45. Tessier A.J., Henry L.L., Goulden C.E., Durand
M.W. Starvation in Daphnia: Energy reserves and
reproductive allocation // Limnol. Oceanogr. 1983.
V. 28.

46. Threlkeld S.T. Starvation and the size structure of
zooplankton communities // Freshwater Biol. 1976.
V. 6.

47. West G.B., Brown J.H., Enquist B.J. A general
model for the origin of allometric scaling laws in
biology // Science. 1997. V. 276.



92      

. . 8,  1, 2006

COMPARATIVE-SPECIES AND POPULATIONAL ASPECTS OF
BODY MASS DYNAMICS

© 2006  L.V. Polishchuk
M.V. Lomonosov Moscow State University, Moscow

In this essay, two approaches to study the relationships with body mass are distinguished, one of which is
comparative-species and the other is within-species, or populational. With the former approach, one deals
with multi-species assemblages, and body mass is used as independent variable to build up allometric
relationships. With the latter approach, body mass may be also regarded as independent variable (in studies
of growth and individual development), but may  and we find it more interesting  be regarded as dependent
variable when one focuses on an animal s response, in terms of body mass, to environmental conditions. The
main tool to develop comparative-species relationships is regression analysis. On the contrary, at the within-
species level regression relationships on body mass are normally not feasible probably because the range of
body mass variation is usually too narrow. Here we consider a new method, called contribution analysis, to
study body mass dynamics at the population level. Based on our previous research, two examples of
comparative-species and within-species relationships involving body mass are considered  the logistic-
regression relationship of the probability of being under threat of extinction as dependent on body mass in
mammals and body mass dynamics of the cladoceran Daphnia galeata in response to food conditions,
studied with contribution analysis.


