
 

 

 

Allometric growth patterns in Japanese common squid Todarodes pacificus: implications for life 

history traits 

 
 

Kazuhisa UCHIKAWA and Hideaki KIDOKORO 

 

Pauly 1998

Moltschaniwskyj 2004  

hypertrophy hyperplasia
Moltschaniwskyj 2004

 
Todarodes pacificus

 
 

 

 

 
2004 2011 4 7 35

LC
ML 13.9 250.4mm n=298 10

 2012
8

 
Ln(y)=Lna+bLn (ML or MM) 

ML mm MM g y a
b

piecewise regression analysis b =1
b=1 b<1 b>1

I 2
II Eberhard et al. 

1999; Green 1999; Sokal and Rohlf 1995

 II Reduced major axisis regression: RMA
SMART Falster et al. 2006   

 

 

報告書id5.indd   1.75報告書id5.indd   1.75 2013/12/18   9:36:532013/12/18   9:36:53



 

 

 

 
I II

1 2 7 1 2 1 1 46 84mm 
ML 104 153mm ML

b 100mm ML 7

5 III

 

 
2 2

10.4g 170 180mm ML

III

5.3g 140 150mm ML

III III

A

2

3

4

5

n
ba

se
 le

n g
th

3 4 5 6
Ln ML

b=1.29

C

B

D

2

3

4

5

Ln
 a

rm
II

I 
le

ng
th

3 4 5 6
Ln ML

b=1.47

b=0.88

b=0.62

2

3

4

Ln
 h

ea
d 

w
id

th

3 4 5 6
Ln ML

b=1.31

b=0.79

b=0.42

3

4

5

6

Ln
 t

en
ta

cl
e

le
n g

th

3 4 5 6
Ln ML

b=0.99

b=1.51

 
1 mm   

A; B; C; D; 
III  

報告書id5.indd   1.76報告書id5.indd   1.76 2013/12/18   13:29:282013/12/18   13:29:28



 

 

 
 

 

 

 
b
1 1  III

100mm 150mm ML

III
100mm ML

46 84mm ML

40 90mm ML

150mm ML  150mm ML

III

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

Ln
 a

rm
II

I

-5 -4 -3 -2 -1 0 1 2 3 4
Ln mantle

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

n

-5 -4 -3 -2 -1 0 1 2 3 4
Ln mantle

b=1.31

b=1.05

-6

-5

-4

-3

-2

-1

0

1

2

3

Ln
 h

ea
d

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
Ln mantle

b=0.81

b=1.01

-10

-9

-8

-7
-6

-5

-4

-3

-2

-1
0

1

2

Ln
 t

en
ta

cl
e

-5 -4 -3 -2 -1 0 1 2 3 4
Ln mantle

b=1.25

b=1.04

A B

C D

b=1.11

 
2 g  

      A; B; C; D; III  

報告書id5.indd   1.77報告書id5.indd   1.77 2013/12/18   13:29:282013/12/18   13:29:28



 

 

hyperplasia
Moltschaniwskyj 2004  

Bartol et al. 2008; 2012
 2012 40 90mm 

ML

50mm ML
>100mm ML  2012  

2 2

III
5.3g 140 150mm ML

handling
Kier 1982; Kier and Van Leeuwen 1997

Schmidt-Nielsen 1984

  

 2012

Hatfield and Rodhouse 1992; Rosa et al. 2005

 
 
 

 

 
Bartol I. K., Krueger P. S., Thompson J. T. and Stewart W. J., 2008: Swimming dynamics and 

propulsive efficiency of squids throughout ontogeny. Integ. Comp. Biol., 448, 720-733. 
Eberhard,W. G., Huber B. A. and Rodoriguez,R.L., 1999; Don’t forget the biology: a reply to Green. 

Evolution, 553, 1624-1627. 
Falster D. S., Warton D. I. and Wright I. J., 2006: SMATR: Standardised major axis tests and routines, 

ver 2.0. http://www.bio.mq.edu.au/ecology/SMATR/. 

報告書id5.indd   1.78報告書id5.indd   1.78 2013/12/18   9:36:542013/12/18   9:36:54



 

 

Green A. J., 1999. Allometry of genitalia in insects and spiders: one size does not fit all. Evolution, 553, 
1621-1624. 

Hatfield E. M. C. and Rodhouse P. G., 1992: Production of soma and gonad in maturing female Illex 
argentinus (Mollusca: Cephalopoda). J. Mar. Biol. Ass. U. K., 772, 281-291. 

Kier W. M., 1982: The functional morphology of the musculature of squid (Loliginidae) arms and 
tentacles. J. Morphol., 1172, 179-192. 

Kier W. M. and Van Leeuwen J. L., 1997: A kinematic analysis of tentacle extension in the squid 
Loligo pealei. J. Exp. Biol., 2200, 41-53. 

Moltschaniwskyj N. A., 2004: Understanding the process of growth in cephalopods. Mar. 
Freshwater Res., 555, 379-386. 

Pauly D., 1998: Why squid, though not fish, may be better understood by pretending they are. S. 
Afr. J. Mar. Sci., 220, 47-58. 

Rosa R., Costa P. R., Bandarra N. and Nunes, M. L., 2005: Changes in tissue biochemical 
composition and energy reserves associated with sexual maturation in the ommastrephid 
squids Illex coindetii and Todaropsis eblanae. Biol. Bull., 2208, 100-113. 

Schmid-Nielsen K., 1984: Scaling: Why is animal size so important? Cambridge University Press, 
Cambridge, 256pp. 

Sokal R.R. and Rohlf F.J., 1995: Biometry. Freeman, New York, 887 pp. 
2012 23 60-84. 

2012
76 18-23. 

 

 

 
 

 

 

 

 
 

報告書id5.indd   1.79報告書id5.indd   1.79 2013/12/18   9:36:542013/12/18   9:36:54



 

 

 

b) inflection point)

CI 95

Type I Type II

Slope(b) Slope(b)
Character Inflection point (CI) (CI)

Mantle (g) segment 1 segment 2 segment 1 segment 2

Fin 10.37 1.311* 1.053* 1.315* 1.067*
(1.288-1.335) (1.000-1.100) (1.292-1.339) (1.018-0.1.119)

Tentacle 5.32 1.249* 1.042 1.256* 1.090*
(1.209-1.288) (0.964-1.119) (1.217-1.296) (1.015-1.171)

Head 1.21 0.808* 1.014 0.819* 1.021
(0.750-0.867) (0.990-1.038) (0.763-0.880) (0.997-1.045)

Eye - 0.840* - 0.845* -
(0.816-0.863) (0.826-0.874)

ArmIII - 1.112* - 1.118* -
(1.088-1.136) (1.095-1.143)

ArmIV - 1.176* - 1.180* -
(1.143-1.208) (1.147-1.213)

Arm (Total) - 1.052* - 1.110* -
(1.086-1.124) (1.091-1.129)

Funnel - 0.944* - 0.957 -
(0.899-0.989) (0.914-1.003)

Buccal mass - 0.993 - 0.999 -
(0.973-1.014) (0.979-1.020)

 

b) inflection point)

Type I Type II

Slope(b) Slope(b)
Character Inflection point (CI) (CI)

Mantle length (mm) segment 1 segment 2 segment3 segment 1 segment 2 segment3

Mantle diameter 84.0&147.5 0.491* 0.742* 1.144* 0.528* 0.814* 1.162*
(0.450-0.532) (0.655-0.828) (1.082-1.205) (0.4894-0.5706) (0.732-0.9048) (1.1023-1.2256)

Head width 58.5&103.6 0.420* 0.786* 1.314* 0.547* 0.928 1.357*
(0.306-0.533) (0.673-0.900) (0.791-1.381) (0.4448-0.6716) (0.8218-1.049) (1.2849-1.4327)

Eye diameter 57.1&152.7 0.486* 0.725* 1.039 0.558* 0.772* 1.134
(0.394-0.578) (0.676-0.774) (0.901-1.177) (0.4728-0.6574) (0.7245-0.8223) (1.0046-1.2809)

Arm III 45.7&144.3 0.624* 0.878* 1.474* 0.706* 0.906* 1.567*
(0.481-0.766) (0.839-0.918) (1.325-1.624) (0.5775-0.8628) (0.8679-0.9466) (1.425-1.7236)

Funnel aperture 60.0&103.6 0.512* 0.700* 0.898 0.601* 0.747* 1.003
 width (0.416-0.609) (0.650-0.749) (0.762-1.034) (0.5118-0.7046) (0.6992-0.7979) (0.8763-1.1479)

Tentacle length 135.1 0.989 1.514* - 1.013 1.582* -
(0.952-1.023) (1.392-1.637) (0.978-1.05) (1.464-1.709)

Buccal mass 128.4 0.684* 1.395* - 0.703* 1.458* -
 diameter (0.656-0.711) (1.285-1.506) (0.676-0.7302) (1.3511-1.5726)

Fin base length - 1.293* - - 1.297* - -
(1.280-1.306) (1.284-1.31)

Fin width - 1.116* - - 1.121* - -
(1.102-1.130) (1.107-1.135)
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