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Analysis of the fractal properties of the birth weight of
Liangshan semi-fine wool sheep
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Abstract: Understanding of animal population genetic structure about quantitative traits is an important step in animal
breeding. In the present study, the data of birth weight of the Liangshan semi-fine wool sheep was first studied by the fractal
theory of nonlinear theory. The information dimension, correlation dimension, none-scale range, and the scale range were
calculated. The results showed that (1) the information dimensions of the birth weight from 1996 to 2004 ranged from
0.66529 to 0.90675. The none-scale range and the range of the variation were very large. This indicates that the population
had large dimensions of the BW (birth weight), large variation, and great potential in breeding; (2) the correlation dimen-
sions ranged from 0.62438 to 0.86528, which indicates that the genetic structures of the population were highly correlated;
(3) both of the two dimensions could reveal the fractal properties of the population genetic structure through two different

aspects, and it was useful in studying the population genetic structure and animal breeding.
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Table 1 Significant difference test of the impact of years,

>

D season, sex, birth type, and parity on birth weight
123 AnA & AR g
Factor P value

Year P<0.0001
5 > Season P<0.0001

(Ni); , Sex P<0.01
. Birth t P<0.0001

Ni, (&) 1r‘ ype
Parity NS
NS
_Ni Note: NS denotes no significant difference.
N
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Table 2 Variation of the birth weight of lambs

IgC,
Dc=lim 8%
s—>0 lge Year Birth weight C.V. Scale range
o () 1996 3.7343+0.8647%° 23.1562 1.80~5.80
1997 3.6278+0.8221"° 22.6613 1.20~5.40
( ) ’ 1998 3.4435+0.7837° 22.7591 1.50~6.00
R 0 1999 3.6076+0.98035° 27.1730 1.40~6.50
kg , 0.05 kg 2000 3.2093+0.6471> 20.1649 1.20~5.10
2001 3.5532+0.7447°¢ 20.9594 1.40~5.00
1.3 2002 3.1699+0.4889¢ 15.4228 1.80~5.10
2003 2.9601+0.3677" 12.4215 2.00~4.20
SAS(V9.0) R (R-2.6.1) 2004 3.8874+0.6493* 16.7025 2.50~6.50
’ : (P<0.05),
(P<0.01)
Notes: Values followed by different letters within a row are sig-
2 nificantly different at P<0.05 (the lowercase letters) or P<0.01 (the
capital letters).
2.1 29
22,1 RAFER
1 ,
I o-In(e
(P>0.05) 1 | (orin(e)
(P<0.01) ’
(1996 1997 1998 1999 2003 2004 ) I»-In(e)
2 2
’ 2000 2001 2002
(P<0.01) 2004 s
3.8874 + 0.6493, 2002 , 3.1699+ ’
0.4889
, 2 b 2
1999>1996>1998>1997>2001>  2-2.2 15 &4
2000>2004>2002>2003
s 2.2 kg , 1999 3 1996 2004

, 1.5 kg 6.0 kg, 0.98 ,
4.5 kg
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Fig. 1 l-Ing function of the birth weight from 1996 to 2004

Solid line shows the none-scale range. The slope and correlation dimension were calculated from this area.
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Table 3 The information dimension of the BW

1996~2004 ,
0.66529~0.90675 , ) ) .
Year Information Correlation None-scale Significant
1997 ,D 0.90675, dimension dimension range level (P)
1996 0.85338, D 1998 , 1996 0.85338 -0.99703 0.20~2.00* P<0.01
0.66529 1997>1996>2004> 1997 0.90675 —0.99885 0.21~2.10% P<0.01
1998 0.66529 —0.98979 0.23~2.25% P<0.01
1999>2002>2003>2000>1998 1
1999 0.81621 —0.99707 0.26~2.55% P<0.01
’ D 2000 0.70098 —0.98454 0.20~1.00 P<0.01
2001 0.67204 —0.98193 0.24~2.40 P<0.01
23 2002 0.81112 —0.99342 0.17~0.66 P<0.01
' 2003 0.79110 —0.99624 0.11~1.10* P<0.01
231 AMERK 2004 0.82829 ~0.99672 0.11~1.10% P<0.01
2 lgS-lgC(g) S
Note: * means that this none-scale range was distributed in the
> whole range of the scale size.
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lge-19C, function of the birth weight from 1996 to 2004
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Table 4 The correlation dimension of the birth weight

Correlation  Correlation  Significant
Year . . . . Scale range
dimension dimension level
1996  0.46615 0.97836 P<0.01 0~0.35
0.69655 0.98288 P<0.01 0.5~2.85
1997 0.80207 0.99472 P<0.01 0~1.0
0.40104 0.97910 P<0.01 1.45~2.80
1998  0.64565 0.99015 P<0.01 0~0.35
0.60420 0.99233 P<0.01 0.45~2.3
1999  0.48577 0.98203 P<0.01 0~0.4
0.67126 0.99150 P<0.01 0.5~2.95
2000 0.86528 0.98734 P<0.01 0~0.45
s 0.62267 0.99515 P<0.01 0.5~2.25
2001 0.85083 0.99073 P<0.01 0~0.6
0.62698 0.99554 P<0.01 0.7~2.3
2002 0.83245 0.98414 P<0.01 0~0.4
0.65407 0.99555 P<0.01 0.45~1.65
2003  0.74620 0.99309 P<0.01 0~0.45
0.40637 0.97469 P<0.01 0.5~1.35
2004  0.63438 0.98132 P<0.01 0~0.4
0.54244 0.99316 P<0.01 0.45~2.15
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Table 5 The fractal dimension of the birth weight from
1996 to 2004

Year Information dimension Correlation dimension

1996 0.85338 0.69655
1997 0.90675 0.80207
1998 0.66529 0.64565
1999 0.81621 0.67126
2000 0.70098 0.86528
2001 0.67204 0.85083
2002 0.81112 0.83245
2003 0.79110 0.74620
2004 0.82829 0.63438
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