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ABSTRACT 

 

The objective of this study is to estimate heritability of polychaete body weight at four 
months of age and to study the polychaete growth rate by using growth functions of Gompertz 
and Logistic. The body weight of polychaete at ages between 2 to 10 months was used for 
growth rate analysis. The polychaete maximum body weights from Gompertz and Logistic 
models were 0.83 and 0.78 g., respectively. The heritability was studied by using nested mating 
design and the polychaete body weight at 120 days old progeny from 14 sires and 28 dams by 
artificial fertilization of 2 females by single male (28 full-sib within 14 paternal half-sib families) 
were used for calculating the heritability. The estimated heritability based on sire components of 
variance is very low (h2

S = 0.037±0.35), while the estimate based on dam components of variance 
was more than 1 (h2

D = 1.312±0.44). The results point to the fact that non-additive genetic and/or 
common environmental effects should considered in the present data. Finally, the estimated 
heritability seems to indicate that to improve growth rate of the studied polychaete population, 
various courses of action such as feeding and environmental management should be taken into 
consideration. 
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 2549 2550 2551 2552 2553 (%) 

 507,000 444,750 446,330 566,900 510,000 2.58 
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 330,000 432,250 393,670 253,100 250,000 -10.33 

 1,923,000 2,107,000 2,100,000 2,100,000 1,950,000 0.25 
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( prostaglandins)
(Pan, et. al., 2004 , 2550)  

 
2  

  
%  51.24 ± 0.69 52.82 ± 0.13 

%  17.80 ± 1.39 17.39 ± 0.45 

%  76.27 ± 0.40 81.29 ± 0.37 

%  9.44 ± 0.66 6.71 ± 0.008 

(kcal/100 g.dry weight) 379.38 ± 15.36 382.41 ± 3.68 

: , . 
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( selective breeding program) 
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( selection) ( hybridization) 

( 2544) 

 

( quatitative 

characters) 

(Gjedrem, 1983) 
(Mahon, 1983) 

- -
 

 (heritability) 

( individual selection) 
( family selection) 

(progeny selection) 
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   Kingdom Animalia  
                 Phylum    Annelida 

        Class        Polychaeta  
          Order          Phyllodocia 
             Family             Nereididae 
    Genus    Perinereis 

 

class polychaeta 17 order (Fauchald, 1977)  class 

 phylum annelida 8,000  (Harrison and Gardiner, 

1992) class polychaeta (Alexander, 1979) 

50  (Pennak, 1989)  ( 1) 
( , 2544) 2 

parapodium (Alexander, 1979)  

 

 

 

 

 

 

 

1  
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(Castro and Huber, 1992) 
mouth, proboscis, eversible pharynx, esophagus, 

stomach, intestine anus 

peristomium (Barth, 1982)  (nephridium) 

(Buchsbaum, 1938) (Barnes, 1968)

trochophore larvae 

(Alexander, 1979)  
(Russell-Hunter, 1969 ; , 2540) 

(  2) 
 (Harrison and Gardiner, 1992) 

(Maurer et al., 1987) 

(Pinedo et al., 1997)  

 

 

 

 

 

 

 

 

 

2  
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2 

 monotelic species 

semelparous breeder  polytelic 

species iteroparous 

breeder (Giangrande, 1997) 

nereididae 

(Hegner and Engermann, 1968) 2 

atoke epitoke  

parapodia chaetae (Wilmoth, 1967) 

(Highnam and 

Hill, 1997)  monotelic species 

(Giangrande, 1997 ; Olive et al., 1997) Perinereis cultrifera  P. 
rullieri (Prevedelli and Simonini, 2003) 

 

 

Aarnio  Bonsdorff (1993 , 2544) 

(Pomatoschistus minutes) 
(2544) (Sillago sihama; Forsskål, 1775) 

8.1 

50-80% 

 ( , 2544) nereididae 

( , 2528) 

(Olive, 1994) 

bioindicators (Meksumpun and Meksumpun, 1999 ; Chareonpanich, 1999 ;  Black, 

2001) 
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 (  3) 
20-30  

  

 

 

-
( )   

( 4) 
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 3  
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Perinereis  nuntia 

3 

atokous ( 5) 

epitokous  

 

 

 

2 (thoracic) (abdomen) 

gonad   

(coelom) gametogonia primary gametocytes 

coelomic fluid 

(Ruppert and Barnes, 1994) Perinereis nuntia brevicirris 

5 (atokous) 
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 (  6)

 Hediste (Sato, 1999)  

 

 

 

 Pomatoceros  

(Ruppert and Barnes, 1994) 

 nuptial dance  
 8   15   

  

 

 

30 ppt 

1 : 1 2 : 1 ( : ) 

( nuptial dance) (Hardege 

and Bartels- Hardege, 1995) ( 7)  
50,000 80,000 (

6 (epitokous) 
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1 ) ( , 
.)  

 

 

35  40 
 trochophore 21  27 

3 nectochaete 33 4 8

  
 

 
1 

2 meridional 4 

 3 micromeres 

macromeres 45 

8 spiral cleavage 

spiral cleavage dextrotropic 

laevotropic spiral cleavage 

2 (Wilmoth, 1967) cleavage 

morula zygote 

7 (nuptial dance) 
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untrue development process nucleus 

cytoplasm blastomere mitosis 

( , 2529)

yolk  gastrula 

embryo top-shaped trochophore larva larva 

planktotrophic trochophore larva lecithotrophic 

trochophore larva (  8) lecithotrophic 

nereididae eunicidae 

(Ruppert and Barnes, 1994)  

 

 

 

planktotrophy 
(Levin et al., 1987) 

2 prototroch 2 

telotroch  pygidium prototroch  

8  

: Yokouchi, 1985 
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3 

metatroch prototroch telotroch (Pechenik, 2000) 

trochophore larvae 

growth zone (Ruppert and Barnes, 1994) 

pygidium (Pechenik, 2000) 
                                           

 
Akesson (1970 , .) 

Ophryotrocha labronica 

23-35 ppt 44 ppt

26  

Simon  Olive (2000) 

trochophore 

 

Hardege Bartels-Hardege (1995) 

Perinereis nuntia 21-23 

nectochaete 7-8 18  
nectochaete  9-10 15

nectochaete  2-3 2-3 

2

Grave (1937, , .)  

Nereis limbata 7  7 

( ) 

(2546) 4 
2 /

1,110.44 /  
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( 2542)

 

(2548)

( 519 ) 3  
,  

(74.28±12.85)x104, (36.48±5.37)x104 (28.22±13.53)x104 

(64.15±40.46)x103, (34.89±38.25)x103  (31.23±7.27)x103 

( P<0.01) 

(P<0.05) 
Meunpol (2005)  2 (prostaglandin E2) 

 2
 2

8  2 2, 4,  6  

Poltana (2005) 2 (prostaglandin F2)
 (Perinereis nuntia brevicirris) 2

0.66 

 1  
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 (phenotype)  -

 (genotype) 
 

1. ( qualitative trait) 

 
  

2. ( quantitative trait ) 

 (metric trait) 

 (continuous trait) 

( polygenes) 
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( Gjedrem, 1983) 

(Mahon, 1983)  
(Gjedrem, 1983)  

  

( zygote) 

 

sigmoid s-shape curve 
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P  =  G + E + (GE) 

P  

 G  

 E  

 GE  

( mean) 
( variance) ( covariance) 

 

   

Vp =  VG + VE + VGE 

Vp  

 VG

 VE 

 VGE              
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(VG) 

 

VG = VA + VD + VI 

VA ( additive gene 

effect) 
 

 

VD dominance gene effect 

(interaction) dominance

crossing over 

meiosis 

dominance gene effect

dominance gene effect  

VI epistasis gene effect 

epistasis

VI 

VA VD  
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 (Heritability: h2) 

2  

(Falconer, 1989) 

1.  (broad sense heritability: H2) 

 (VP)  H2 = VG/VP 

2.  (narrow sense heritability: h2) 
additive gene effect (VA) 

 (VP)  h2 = VA/VP 

( individual Selection) 
(h2) 

 additive gene effect ( H2) 
dominance epistasis 

gene effects  

 0-1 

 

0.15 0.3 
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0.15 0.3 ( Tave, 

1993) 
  

  

 2 

 

 

( , 2543) 

  

nested design  hierarchical 

(diallel crossing) 
  

 

 
 realized heritability 
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1)  (full-sib) 

2) (half-sib) 

VA additive gene effect, 

VD  dominance gene effect VI 

 epistasis gene effect nested 

design, factorial design, diallele crossing  linear model 

additive genetic variance (fixed effect)   
 

 one-way lay out   1  1 

(half-sib) 
(full-sib) 

 nested design  

 

Falconer (1989) 3 4 

 
 3  

 

 

  

 

 

 

 

 

Source d.f. Mean  
square 

Composition 
 of mean square 

  s-1 MSS 
2
W + k  2

D + dk  2
S 

 ( ) s(d-1) MSD  2
W + k  2

D  

 ( ) sd(k-1) MSW  2
W 

s= , d= 1 ,  

k= 1  ( ) 
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4 (h2 ) 
Sib correlations Estimates of heritability 

Half sib =  2
s/ 

 2
T Sire-component : h2= (4  2

s)/ 
 2

T 

 Dam-component : h2= (4  2
D)/  2

T 

Full sib = (  2
S +  2

D)/  2
T   Sire+Dam : h2 = 2[(  2

S +  2
D)]/  2

T 

:  Falconer (1989) 
 

 Factorial design  

 Mckay  (1986)  

2.5 4 factorial design 
17 2 2 (

) 68 full-sib full-sib 

12  2.5 
  0.13±0.17, 0.38±0.22 

0.21±0.14  

 Diallele crossing  

 Robinson Luempert (1984)  

 (brook trout) 144  243 

4x4 diallel crossing  1 4   

4 8 ( ) 128 full-sib 

sire-component (h2
S) 144 

243 0.08 0.60 h2
D 144 

243 0.34 0.37 h2
D (0.34) 

144  h2
S (0.08) maternal 

effect additive gene effect maternal effect
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regression 

standard error

( , 2543)  
Gall  (1988) - 

 regression (
) ( ) 6 

98 21 

4 1 

h2 = 0.38±0.001  maternal effects family 

common environmental effects   

   

 

 (realized heritability)  

      R = Sh2 

      h2 = R/S 

 

 R 

 

S 
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Horstgen-Schwark (1983) 

pan size combined family-within family selection 

4 2  selection intensity = 

1.61-2.48,  realize response = 7.2-32.1 realized h2 0.15 

 

  (h2)   
Jarimopas (1989 , 2544) 9 

10% ( mass selection) 
3 

12% 2% (realized 

herilitability) F1 F2 0.24, 0.47,  0.28 0.3  
Jarimopas (1989  , 2544) 

size specific mass selection 6 

6  
12 0.32  

0.37  

Rye  (1990) 

eyed-egg stage (20 ), (42 ), ( 62 ) 
 nested design  1 3-10 full-

sib half-sib families 213 

1,062 h2
S ( 0.04-0.09) 

, 
h2

D 0.53-0.86 h2
S  

non-additive gene effect, maternal effect  

  
Wang ( 2006) 

(Cyprinus carpio) nested design 30 full-sib (
10  : 30 ) 8 

(h2
S) 0.20-0.35  
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(2533 , 2544) 

nested design 5 

15 ( 1 :  3 ) 
111, 170 

276 0.244, 0.600 0.757  
( 2541) 

2 1 1 

1 21 2 

40  

1 25 65  0.154 0.057 

0.010 0.014 65 -0.016 0.004 

2 0.584 0.099 0.252 0.057 25

90 60 90  0.414 0.081 

0.309 0.067  

 (2547) 
 P15 

30 ( P0) 1

(F1) 120

F1 P0  
120 0.33 0.34  
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1.  

2. (Perinereis nuntia)  
120  



28 

2 
 

 
 

  
1 (0.34 x 0.54 x 0.28 ) 
2  

3 26 

4  

5  

6 ( ) 
7  1 

8  (TNT 2) 

9 

10 ( ) 
11  

12 500 ml 

13 

14  ( ) 

15 

16  

17  

18  (counter) 

19  Olympus CX21 

20 

21 120T 

22 Sartorius 2  TE3102S 

23 
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1.  
. . 

 

 

  

 

 

2.  
2.1  

   
 (  9)        

 

9  
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-  

 
 

   

¶  (  10)  
(  2-3 )  

 
 (5-6 )  

  
 ( )  

 

 

 

 

 

 

 

 

 

10  



31 
 

 

¶   
 

 (  11) 

 

 
¶  

  
 (  12) 

 
 
 

11   

12  
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2.2  
    ( 13) 

-   
    

 

 

  ( )   (  14) 
  (  26) 

  
 25-30   30 ppt  
 ( 15)  

13  

14  15  
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2.3  
 30 ppt  

 

UV 

 ( 16) 

 

 
 

 
 
 
 
 
 
 
 

 16  

¶ SSP- Sediment Seawater Pond =  

¶ CSP- Clear Sediment Seawater Pond = ( ) 

¶ WST- Water Stocking Tank =  
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3.  
3.1  

( . , . . ) ( , 
, . )  ( 17) 

200 ( 5)  
 

 
 

5   
 

 

 

 

 

 

 

 

 

 

 ( ) 
.  .  600 

.  478 

.  .  102 

.  1,542 

 .  50 

 .  385 

 .  512 

              17  
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(1  1 )  ( 18)

( ) 

WSSV YHV GAV HPV 

MBV TSV IHHNV LSNV PCR 

2  
 PCR 

8  PC (Polychaete Culture) 
2  

  

 

 

 

 

 

 

 

 

 

 

18  
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3.2  
1

2 1 / / ( 19) 
( 10.00 . ) 16.00 . 

( ) 
1 (

)  

 

 

3.3  
20.00 . 12 

08.00 .  (  20) 

 
 

 

 

20 

19  
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3.4  

4 

 
( 5) ( 2550) 

  ( 21) 

 ( 22) 48-72  
nectochaete ( 3.5) 

2.0 x 2.0 x 0.5 

 nested design  

 

 

 

 

 

 

 

 

 

 

21  22  



38 
 

 

3.5  
 nectochaete 

  
 (  nectochaete  

 )  
 100   3   nectochaete  

( 23)   

 

 nectochaete ( / ) = 10 x N    ;  N =  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

23 
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3.6  1  

1 -
(TNT 2) ( 24) 5 / (10.00 .) 

 ( 30 ppt) 

 

 
   

 

2 2 1

5 / / ( 10.00 .) 16.00 . 
100% 20.00 . 08.00 . 

 
 
 
 
 
 
 
 
 
 
 

24 (TNT  2) 



40 
 

 

4.  
4.1  

(2550) 1:1 

( 30 ppt) 

48-72  nectochaete (
3.5) 1,000 /

1  3  

2, 3.2, 3.3 3.6 

 
 

4.2  
4.2.1  

 
 (  25) 

¶  

¶  

¶   

¶  
 30 ppt   

1  
 

 

¶   
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4.2.2  

 
100 /

9  

 1 2  

 2 3  

 3 4  

 4 5  

 5 6  

 6 7  

 7 8  

 8 9  

 9 10  

 

( ) 
 
 
 
 

25 
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4.3  

  
 

            (%)                  =  x 100 

                                                                     

 

           ( )     =             

 

        
 ( , 2541) 

¶ Logistic function         

           ktae

W

t
W -+

¤=
1

 

 

t
W  =   t 

 ¤W  =  

 k  =  

 t  =  

 a =   
           

¶ Gomperzt function            

    
ktbeeW

t
W

--
¤=   
 

 t
W  =   t 

 ¤W  =  

 k  =  

 b  =  
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5.  
5.1  

( 2550)  

 ( 500 ) 30 ppt 

2 

( 50 ) 
48-72  nectochaete 

( 3.5) nested design  
 28 full-sib 14 half-sib  (sire) 

 (dam)  (progeny) ( 26) 

 
                                        1              2              14 

 Sire   

 

Dam 

            

Progeny 

                                       
              26 nested design 

 

 

nested design 1 

1 1,000 /

2, 3.2, 3.3 3.6  
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5.2  
5.2.1  

 

4.2.1  
5.2.2  

120 (4 ) 
100 /

 
 

5.3  
 

 

 

                  Yijk   =  m  +  ai  +  bij  +  eijk 

 

          Yijk   = 120 k  

( i) (j) 
                    m   =   
                   ai   =   i  
                   bij   =   j i  
                  eijk    =   (error) 

 
 120 

(h2
D) (h2

S)  
(h2

S+D) 3  

4 
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3 
 

 
 

1:1 

6
2 10

27 
 

6 ( ) (%)  
( ) ( )   (%) 
2 0.05±0.04 26.67* 
3 0.21±0.14 35.73* 
4 0.52±0.43 36.83 
5 0.62±0.47 37.23 
6 0.74±0.55 38.40 
7 0.79±0.59 37.87 
8 0.75±0.54 35.80 
9 0.78±0.57 33.27 

10 0.81±0.56 27.77 
 

3 2 3 
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27   

 sigmoid s-shape curve 

Gompertz Logistic 
0.83 0.78 

( R2) Gompertz 
Logistic 0.99 0.94 

28 29 Gompertz Logistic

 ( 7-8 )  

0 0 0.05

0.21

0.52
0.62

0.74 0.79 0.75 0.78 0.81

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0 2 4 6 8 10 12
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      28   Gompertz 
 
 

 

         29   Logistic 

 
 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0 2 4 6 8 10 12

Gompertz growth curve

-0.1
0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0 2 4 6 8 10 12

)

( )

Logistic growth curve

tt
W

0587.11568.41

7825.0
-+

=  

                           

                   R2 = 0.94 

tee
t

W
7197.072131.9834273.0

--=  
                    
                   R2 = 0.99 
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2551 2552

0.81±0.35 1.11±0.43 ( 7) 
 

7  
Mean ( ) ± S.D. C.V. n 

 0.81±0.35 0.43 14 
 1.11±0.43 0.39 28 

 
( full-

sib) 28 ( 14 half-sib) 120 0.79±0.47 
 35.66±32.20 (n = 2430 )  8 

 
8 ( ) (%) 28  

                                 (n = 2430) 

( ) n 
( )  (%) 

Mean ± S.D. C.V. Mean ± S.D. C.V. 
120 2430 0.79±0.47 0.58 35.66±32.20 0.9 
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120  28 ( n = 2430)  

( 9) 
120 h2

S, h2
D h2

S+D 0.037±0.35, 1.312±0.44 0.675±0.29 
( 10) 
 

9  

Variance Source d.f. Sum of Square Mean Square Composition of 
mean square 

 13 138.687454 10.668266 0.0031 
 14 131.838396 9.417028 0.1102 

( ) 2402 534.631952 0.222578 0.2226 
 2429 805.157802 0.331477 0.3359 

  
 

   10 120  
(h2)  

h2
S 0.037±0.35 

h2
D 1.312±0.44 

h2
S+D 0.675±0.29 

 



 
 

50 

4 
 

 
 

 
2 

( 100 ) 2 
3 3 

 
 120 (4 ) 0.52±0.43 

37%  
( 0.79±0.47 36%) 

( 2547) 1250 
/ ( 40 x 60 .) 120 

0.41±0.02 40%  

 
Gompertz 0.83 

( 11)  

2-3 
5-6    
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11 ( )   
                Gompertz Logistic 

 ( ) 
( ) 

  Gompertz  Logistic 
0 0 0 0 

1 0 0 0 

2 0.05 0.08 0.09 

3 0.21 0.27 0.21 

4 0.52 0.48 0.41 

5 0.62 0.64 0.59 

6 0.74 0.73 0.70 

7 0.79 0.78 0.75 

8 0.75 0.81 0.77 

9 0.78 0.82 0.78 

10 0.81 0.83 0.78 

 

 

 
nested design

1 : 2 
28 ( 14 , 28 ) 

S.E. 20 
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30 ( Robertson, 1959) 
( h2) 120 

120 
( 0.037±0.35)

 1.312±0.44 1 
non-additive gene effect, maternal effect

( common environmental effect) 
( 1 1 ) 

( individual selection) 
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5 
 

 
 

1. 
2 10 Gompertz 

 Logistic 0.83 0.78 
 

2. ( nested 
design) 1 : 
2 (full-sib) 28 (14 half-sib) 

120 
( h2

S = 
0.037±0.35) 

1 (h2
D = 1.312±0.44) 

/

 
 

 
1.  

 
2. 
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3.  
 

 
1. 

 
 

2.  

  
 

3. 
 

 
4. 2 

 
2 

 
 
5. 
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 . 2544. . :

. 

. 2540. 

.  . 

. 2542. ( Annelida)  
2542 . . 6 

, , . 2544. 

(Sillago sihama Forsskål, 

1775). 9/2544. , 

. 

. 2529. .  : . 

. 2550. 

 . . 2547-2549. 

 , 
 14-15 2550 1-21. 

. 2541. 

Penaeus monodon Fabricius, 1798.  
.  

. 2541. . : . .  
, ,  .  2548. 

. 
2548, . 26-29 

2548 35. 

, .  2546.

(Perinereis sp.) . 2546, 

7-9 2546 79. 

. 2554. . Aqua Biz. 41: 
66-78. 
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. 2550. . 
14-15 2550. 

. 
. 2544.  

(Glossogobius aureus Akihito and Meguro, 

1975) .   
.  

. 2528. (Penaeus monodon Fabricius). . 
, . 

. 2544. 

. . , . 
, , , 

. 2547. 
 2547 . . 

585-594. 

. 2544. . 

. : 

. 

. . Perinereis nuntia var brevicirris (Grub) 
. . 

. 
. 2539. 

. : :  

 . 

. 2553. 2554. 

:  . 

, .  2542. 
 

2542 . 72. 
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(28 Full sib , 14 Half sib) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

1 2 3 4  100 

1 
1 1.64 1.12 2.11 0.55  0.86 

2 1.1 1.04 1.51 0.92  0.77 

2 
3 2.36 2.5 2.67 0.98  - 

4 1.5 2.38 2.03 0.74  0.31 

3 
5 0.56 0.61 0.42 0.44  0.16 

6 4.15 3.22 1.06 2.22  - 

. 
. . . . . . . 

. . . . . . . 

. 
. . . . . . . 

. . . . . . . 

14 
27 0.52 1.28 0.74 1.83  - 

28 0.43 0.79 0.49 0.9  0.21 
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The NESTED Procedure 

 

Coefficients of Expected Mean Squares 

 

Source              sire               dam             Error 

 

sire         173.1974676        89.9918282         1.0000000 

dam            0.0000000        83.4460948         1.0000000 

Error          0.0000000         0.0000000         1.0000000 

                                                                                                   

                    Nested Random Effects Analysis of Variance for Variable Y                      

                                                                                                   

   Variance                 Sum of                                  Variance    Percent    

   Source        DF        Squares   Mean Square     Component   of Total    

                                                                                                   

   Total       2429     805.157802         0.331477       0.335822   100.0000    

   sire          13      138.687454       10.668266       0.003060     0.9112    

   dam           14     131.838396        9.417028       0.110184    32.8103    

   Error       2402     534.631952        0.222578       0.222578    66.2785    

                                                                                                   

                            Y Mean                                     0.73475309                             

                            Standard Error of Y Mean        0.06694457                             
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 2

w = MSW                                                                             =  0.2226 
 2

D = (MSD  - MSW )/k1   =  (9.4170  0.1102)/83.446                      = 0.1102 
 2

S = [MSS-MSW-k2/k1(MSD-MSW]/k3 

      = [10.6683-0.2226-(89.991/83.446)(9.4170-0.2226)]/173.197        = 0.0031 
 2

T =  2
S +  2

D  +  2
w          

       = 0.2226+0.1102+0.0031                   = 0.3359 

 

k1 = 83.446 

k2 = 89.991 

k3 = 173.197 

 

 

 

 
 
 
 
 
 
 
 
 

= 0.037±0.35 

= 1.312±0.44 

= 0.675±0.29 

h2
S= 

4  2
S 

 2
S +  2

D  +  2
w 

h2
D= 

4  2
D 

 2
S +  2

D  +  2
w 

h2
S+D= 

2(  2
S+  2

D) 

 2
S +  2

D  +  2
w 

           = 
4(0.0031) 

0.3359 

           = 
4(0.1102) 

0.3359 

           = 
2(0.0031+0.1102) 

0.3359 
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Standard Error 
   

S.E. (h2
S)    =      )(h S

2VAR  

 

Var (h2
S) = 42

S
2Vars = 0.1241

        (  2
S +  2

D  +  2
w )

2 

   

Var  2
S  = 

3
2

2

k
(

2..2..

22

+
+

+ D

D

s fd

MS

fd

sMS
) = 0.0008754 

 

 

S.E. (h2
s)  = 4 0.1241    = 0.35 

 

 

 

 

S.E. (h2
D) = )(h 2

DVAR

Var (h2
D) =      42 D

2Vars   = 0.1940 

        (  2
S +  2

D  +  2
w )

2 

   

Var 2
D =

2
2

2

k
(

2..2..

22

+
+

+ w

W

D

D

fd

MS

fd

MS
) = 0.001368

 

 

S.E. (h2
s)  = 4 0.1940    = 0.44 
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S.E. (h2
S+D)    =      )(h 2

DSVAR +  

 

Var (h2
S+D)   =     22 )(2VarVar 2222

DsDs Cov ssss ++

                     (  2
S +  2

D  +  2
w )

2   

  =  0.0857 

Cov )( 22
Dsss  = 

31

2
1

22

kk

VarkVar Dw ss -  

= -0.000007896

 

S.E. (h2
S+D)  = 0857.0   

= 0.29 
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