Y] a a d
6'l‘]J5‘]Jﬁ9Q'J‘i’lEl”l‘ln!‘il‘l‘in!ﬁ
TuNaINends AR1INNSNHAIITAS

Y

Y
a o a v do
AMNFTATUR IV UNA (meﬁmﬁmm)

Sqan
2 o 2l S o 2l
IWIZLAYITAIUN WIZLAYITAIUN
=Y
a1 NIV
d‘ 1 a 4 [ o (% :l o
1393 ﬂ’ljL]J5g1]’lmﬂTW'lﬁ']1|Lﬂ@iﬂ']\iwu‘]zﬂiiua’lﬂiﬂu’]ﬂuﬂ

o w 4
LazYUINRINIVOINIVI (Litopenaeus vannamei)

Estimation of Genetic Parameters for Weight and Body Size

of Pacific White Shrimp (Litopenaeus vannamei)

%

NI Wegnsan Mivzue lee
ya 1
Tanasanvivrevlae

da a a ¢ o
61%1§ﬂﬂﬂ§ﬂﬂ13ﬂﬂ1uwuﬁ‘ﬂﬂﬂ

¢ '
( 3@@?’[1@1@]51%138?@1’3% WUWI, Ph.D. )

(.'n:' a a [
®1ﬂ1§ﬂﬂﬂ§ﬂﬂ13ﬂﬂ1uwuﬁilu

[} 4 a a
( é%?ﬂﬁWﬁﬁiW%Wiﬂﬁﬂi AUIAGNTIU, IN.A. )

(.'n:' a a [
ﬂ1§]1§ﬂﬂﬂ§ﬂ‘kﬂ)ﬂﬂ1u‘wuﬁ§33~l

Jd o 4
( 910139931 91325501, Ph.D. )
U t% a
HINHINIAIV
Y1 4 4 J an
( HYIWATATINTYVIAFHT WEANA, IN.N. )

- J v
( TONAITATINTYNYIUN %i%f}ﬁ,D.Agr. )

AUUATUNAINENAE

= A
HUN 9L} X} N.e.




INUTNUT
A
504

9
1 a J @ o [ ) o
ﬂTﬁ‘IJ'i$3J1ﬂlﬂTlN"linJLﬁ@iﬂWQWUﬁﬂﬁiﬂJﬁWWﬁUH?ﬂUﬂ

uazmuméﬁ’mﬁwn (Litopenaeus vannamer)

Estimation of Genetic Parameters for Weight and Body Size

of Pacific White Shrimp (Litopenaeus vannamer)

Tag

HIYINTUT ﬂ”l'i%’%‘hlghl%ﬂ

U

&% a

a Y a @ J
UUNAINYIAY UH1INY1QUNHATAITAT
v

4 s a a v A Y v do
Lwd’e']mmﬁmyjimumﬂitlulilulnﬂmﬁmmuﬁmmm% (LW’]&EENETGI'JHW)

N.f. 2554



] ~ ¢ o o W o w
gnsan ﬂWjGﬁgug]‘hﬂU 2554: ﬂ’lﬁ'l]§$3JTLI!ﬂ’]WWj'UJW]ﬂiﬂ?qwuﬁﬂﬁﬁllﬁ’]ﬂﬁuu’]ﬂuﬂ!lagmu'lﬂ

o w a a v A dy v J :’
aWI'J"’lJ'E]\?f,j\T"UTJ (Litopenaeus vannamei) ﬂinummmnmﬁmumummm (WL RIUT)

Y
o

a 2 o el a d o e sa (=2 a a S o
TIVTIBUNILLAGITAIUT NIAIBUNICLAYITAIUN @1ﬂ1ﬁﬂﬂﬂiﬂy13ﬂ81uwu‘ﬁﬁaﬂ: PG

L4 "
MAATINTIAIA WUNI, PhD. 98 1

Y v
v AAw

= s A ' A ¢ o o o o d o o
msfinyaseiiiaguszasamelszanammaniinesmaiugnssudmsvansuzihminduas
o w 0 4 3 A o

YUIARINIVBINUN (Litopenaeus vannamei) MTzozRUATOMNIONAL 52 OINUING @A 12 ATOUAT)
lasumseyuia auliergmas 77 Junasiln (szeziuaioaning) 30 200 Areasouas

4 o o o o & S w w o o b4 o &
inFoanelszSinTeunia uazie 950 Agniamudeya (hnninduazvinadiaa) 9y A 140 A9l

& ' ' o Y o < o Yy A v A 9 =~
inFoamnegnguanuaazaseunil udnih ldesswnuluanmmnadouiuanaieiu 3 uuy iendiony

1 @ @ @ 1

4 Sy ., g I~ 3 .. %
Ay 124 Turaailn (szezinuned) N9 1,664 42 gRgUIVUAZIAVUIATIEA ANRAY (A8
v
WIATIN) BAUNIAY 18.70 (3.00) NTNAMTVUININAD 11.67 (1.14) I5UAWATA T UANVYIIAIN 8.72
(1.03) IFUAATT IS UANNEIIN 2.95 (0.22) IEUANATTINTUANNENINA 74.62 (1.85) %5V
@ 4 o @ & 4 @ 1% 1 a o @
oS sUANIINEIING 25.38 (1.85) K5 U 0SIFUANNINEIIN 1AL 1.60 (0.15) NTUADIEUANATH NI

Y Y
@ 1 o a 1 o

FaaMINAIAeANNEIFIAD LATNUIN WA 1IN TUKan tazelansnaneiihmiinduazvuia

Y o Y

o o £% a A o A= "y I o
71917 (P <0.05) f;N‘lJTJLWﬁLiJfJ?J‘UHWWUENﬂﬂHi’.ll%‘ﬂﬁﬂﬂﬂﬁfﬂuﬂ’ﬂf]\i"’lﬂ'MWﬁNﬂﬂﬂﬂEﬂ!gﬂﬂl’lulﬂﬂilcﬁuﬂ

y a

7 o A 'Y an . .
AINNYTIN I fNﬂﬂi$ﬂ’f]’iJﬂ’J'liJlHJTiJ5’J“Llell’t']\iaﬂHmzﬂﬁﬂHTgﬂﬂigﬂ'liuﬂ'lﬂ’Jﬂ’Jﬁ Restricted Maximum

I'4

Likelihood (REML) 53N ULUUT 10096073 ﬁswmﬁmﬁmmﬂizmmﬁmﬁﬁuqnim (mwmamméau
WATIIN) FAUNIAY 0.37 (0.14) dmiuthming 034 (0.13) MHMFUANNBIIAIA 0.35 (0.13) HTUANY
817119 0.13 (0.06) M5 UANNE1IN 0.05 (0.03) dmsudmTunlesFudanuenmaaznlesidudaiy
g17¥7 1Az 034 0.13) dmfusasdnnimingadennuendi Manduiuimaiugnssuszg
mindfuANLeNE I ANuee Anuei nleEudnueMe nesifudanun i uaz
Sandnhmingasennuendgaiia 0.98 (0.01), 0.97 (0.02), 0.94 (0.05), 0.36 (0.32), -0.36 (032) LA
0.99 (0.01) MUAIAY BATIHUFNITNVRIANHULTAIGY Fdiuh AWNT0AS NNANDUAUDINTIHUFNT T
'lﬁ’qqmﬂmsﬁmﬁafmNﬁ’u‘qn'mJf?m%”uﬁymﬁmmwumﬁa (ANNBIAIAT ANVIIIN UAZTAT I
mindsenNued) ﬂ'mwﬁuﬁuﬁmqﬁuﬁqﬂiiuswdnfmﬁnﬁaﬁmumﬁwﬁa (ANWENMEIA
AMUENIME AT tazSasdnimindden &R fifhge venflurie ienssutys
ihmindamnsarelinnaddnldoumnladesuiu msamninaadddiiui msszgndldnads

REML $ufuaumsuuunes ielszinaniesntsznouanuulsldsiuuazmsidmes maiugnssuy

dmSudnpazidnymassygnalude

'

A

A Aaa A A S (= a a J o
DYUDBOUTA AN FDD1TINYTNHMINGIHNUTHAN



Yoottana Kanchanachai 2011: Estimation of Genetic Parameters for Weight and Body Size of
Pacific White Shrimp (Litopenaeus vannamei). Master of Science (Aquaculture), Major Field:
Aquaculture, Department of Aquaculture. Thesis Advisor: Associate Professor Supawadee

Poompuang, Ph.D. 98 pages.

The objective of this study was to estimate genetic parameters for weight and body size of Pacific
White Shrimp (Litopenaeus vannamei) at tagging age and harvest size. Shrimp from 12 full-sib families were
reared until age was 77 days post hatch (tagging age) in average, 200 shrimps per family were tagged for family
identification, and 950 shrimps per family were data collected (weight and bodysize). Then, 140 tagged shrimps
were sampled from each family and they were reared together in 3 different environments. When the average
age was 124 days post hatch (harvest size), 1,664 shrimps were randomly cached and individually measured.
Mean value (SD) was 18.70 (3.00) g for body weight (BW), 11.67 (1.14) cm for body length (BL), 8.72 (1.03)
cm for abdominal length (AL), 2.95 (0.22) cm for carapace length (CL), 74.62 (1.85) % for percent tail length
(ALBL), 25.38 (1.85) % for percent carapace length (CLBL) and 1.60 (0.15) g/cm for ratio between body

weight and body length (BWBL). Sex, days post hatch, and pond had significant effects on weight and size

traits (P < 0.05). Female were larger than male for all traits, except percent tail. Variance components of the
study traits were estimated by a Restricted Maximum Likelihood (REML) procedure with animal mixed linear
models. At harvest age, the heritability estimate (S.E.) was 0.37 (0.14) for BW, 0.34 (0.13) for BL, 0.35 (0.13)
for AL, 0.13 (0.06) for CL, 0.05 (0.03) for ALBL and CLBL, and 0.34 (0.13) for BWBL. Genetic correlation
(SE) between BW and BL, AL, CL, ALBL, CLBL and BWBL were 0.98 (0.01), 0.97 (0.02), 0.94 (0.05), 0.36
(0.32), -0.36 (032) and 0.99 (0.01) respectively. High heritability estimates suggested that high genetic response
could be obtained through genetic selection for BW and size traits (BL, AL and BWBL). Furthermore, high
genetic correlations between BW and size traits (BL, AL, CL and BWBL) imply that selection for improving
BW would cause simultaneous changes of the size traits. The present study demonstrates the application of
REML and mixed model techniques to estimate variance components and genetic parameters for economically

important traits in shrimp.
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ﬂ1§ﬂ'§$ll'lmﬂ'lﬂﬁﬁ'lwuﬁ‘ﬂiﬂJSluf(]ﬁiﬂﬂi?flxﬂuﬂTi’Ji]EJGH'NLLiﬂc] i’]'lﬁﬂ')%ﬂ'li')!,ﬂiﬁgﬂ

a 4 ] 1w
MI0AN0Y LaENTAATIZHANNLYTYTIU 13U Henzel et al. (2000) Uszanaumons
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aIUR (selection response) AoAmouaUDIRDNMIAARDNIAY S (selection differential) Ao M

ANULANAITENINDILITUE tazsemnsiAn

k4
1 [ o asAa d Y
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16.1 0.17+£0.06 MTDFREML Pérez-Rostro and Ibarra (2003a)
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wosidud 235 0.15£0.12 ANOVA (Half-sib)  Argue ef al. (2002)
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#31: Chow and Sandifer (1991)
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5. MIMNEMYUAIMSHaNNUE (Estimated Breeding Value: EBV)
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M1518U Proc Univariate 14 Td511n53 SAS Lwamﬂmmmamummaﬂymzumuﬂmﬂum

3 A
VNITSYLINULINYA

Data Harvest;

Infile 'D:\KASET\Thesis\Data\Thesis\SAS\Dataset-02.txt' DLM = '09'x;

Input Animal $ Sire § Dam $§ Family Sex Pond By Bm Bd Hy Hm Hd Age Weight AL CL BL
ALBL CLBL WBL;

Proc Univariate Normal ;

Var Weight;
Hai 185y
The UNIVARIATE Procedure
Variable: Weight
Moments

N 1664 Sum Weights 1664
Mean 18.7021635 Sum Observations 31120.4
Std Deviation 3.00516215 Variance 9.03099953
Skewness 0.32856071 Kurtosis 0.95680788
Uncorrected SS 597037.36 Corrected SS 15018.5522
Coeff Variation 16.0685268 Std Error Mean 0.0736701

Tudeyaminy 1,664 A1 Aunde 18.7 N5y dudeauuuInggiu 3.0 N5y AW

ual51/591 9.03 5L ANty 0.33 anuTaaniny 0.96
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Basic Statistical Measures

Location Variability
Mean 18.70216 Std Deviation 3.00516
Median 18.50000 Variance 9.03100
Mode 16.80000 Range 26.70000

Interquartile Range  3.60000

NOTE: The mode displayed is the smallest of 3 modes with a count of 31.
UBegIU 18.5 nFU gIuiloy 16.8 ASU WY 26.7 n5u Adoszrienans 1na 3.6 N5y

Tests for Location: Mu0=0

Test -Statistic- - p Value--—----
Student's t t 253.8637 Pr>t| <.0001
Sign M 832 Pr>=|M| <.0001
Signed Rank S 692640 Pr>=|S| <.0001

NaAoUANRAINUI ARAY 1A 0

Tests for Normality

Test --Statistic-—- - p Value------
Shapiro-Wilk W 0.985172 Pr<W <0.0001
Kolmogorov-Smirnov D 0.055772 Pr>D <0.0100
Cramer-von Mises W-Sq 1.203626 Pr> W-Sq <0.0050
Anderson-Darling A-Sq 7.07326 Pr> A-Sq <0.0050

% 1A @ 1 g a
NATDUNITINITVIYAD W“]J’NiJﬂﬁﬂ’iﬁnElﬁ’Julm‘]Ju‘]Jﬂﬂ



Quantiles (Definition 5)

Quantile
100% Max
99%

95%

90%

75% Q3
50% Median
25% Q1
10%

5%

1%

0% Min

Estimate
33.9
26.5
24.0
22.7
20.4
18.5
16.8
15.2
14.4
11.7

7.2

68

1 g} v o (Y % A = 1% A =
AFIFAVDIUINUNAUNIND 33.9 NTY ﬂ’d’ﬂﬂﬂﬁﬂ 3 UM120.4 NTY ﬂaaﬂmaﬂ 1 4a

16.8 NN AEIGANMINDY 7.2 NTY

Extreme Observations

----Lowest----
Value Obs
7.2 1664
7.3 1662
7.9 1663
7.9 1660
9.4 1661

----Highest---
Value Obs
27.7 8
28.5 4
28.7 14
29.7 2
33.9 1

9y A - YY) 9 [ "2 ~ A [
VDHYANUAIFININNEGA 5 ﬂuﬂﬂ!liﬂvlm!ﬂ AMFAIUNAN 1, 2, 14, 4 11ag 8 T@ﬂnmmm’u

U Q

33.9,29.7, 28.7, 28.5 uag 27.7 NN A1NA1AL
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v
' o

9 Ao [ YY) 9 [ Y] A
VIUANNAIA 5 @uﬂﬂlliﬂulﬂllﬂ ATTUNAN

[ [ [
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=S tﬂ' a a U tﬂ' 1 = 1
M31U8Y Proc GLM TuTisinsu SAS imenadeuansnavesiledenaininicinano

v oy v o Y 1< A
aﬂymzmﬁuﬂmﬁlqunizazmmﬂm

Data Harvestl;
Infile 'D:\KASET\Thesis\Data\Thesis\SAS\Dataset-02.txt' DLM = '09'x;
Input Animal $ Sire § Dam $§ Family Sex Pond By Bm Bd Hy Hm Hd Age Weight AL CL BL
ALBL CLBL WBL;
Proc GLM,;
Class Sex Age Pond;
Model Weight = Sex Age Pond;
Lsmeans Sex Age Pond / stderr pdiff;
paf 183y
The GLM Procedure

Class Level Information

Class Levels Values

Sex 2 01

Age 5 121 122 123 124 125
Pond 3 123

Number of observations 1664

Dependent Variable: Weight

Sum of
Source DF Squares Mean Square  F Value Pr>F
Model 7 5819.72075 831.38868 149.67 <.0001
Error 1656 9198.83147 5.55485
Corrected Total 1663 15018.55221
R-Square Coeff Var Root MSE Weight Mean

0.387502 12.60214 2.356873 18.70216



Source
Sex
Age
Pond

Source
Sex
Age

Pond

DF

DF

Type I SS
190.790963
339.847976

5289.081806

Type III SS
183.994594
117.969420
5289.081806

Mean Square
190.790963
84.961994

2644.540903

Mean Square
183.994594
29.492355
2644.540903

F Value
34.35
15.30

476.08

F Value
33.12
5.31
476.08

Pr>F
<.0001
<.0001

<.0001

Pr>F
<.0001
0.0003

<.0001
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naTeUdNTNAYD AT TaeWa 15017 Type I SS WUIUWH 01g taziiplioninase

Y
ANHAULHINUNA

Sex

Y
imindvesfunadia iy 19.47:0.10 n5u metdjed]

9
20.14+0.10 n5u waduazimadloiminduana iy Taomedil

Weight
LSMEAN
19.4718903

20.1373590

Least Squares Means

Standard
Error
0.1018430

0.1024605

HO:LSMeanl=
HO:LSMEAN=0 LSMean2
Pr> [t Pr > [t
<.0001 <.0001
<.0001

v

o v o

MndnmasnIny
9

hrinamnN ALY



Weight Standard LSMEAN
Age LSMEAN Error Pr>t| Number
121 19.4533723 0.2679832 <.0001 1
122 20.5245376 0.1998058 <.0001 2
123 19.7705694 0.1390431 <.0001 3
124 19.5584553 0.0932470 <.0001 4
125 19.7161884 0.1293790 <.0001 5

g‘ v { 4 o [ J { oy v W
Wmiindunasueeneely 121, 122, 123, 124 tag 125 Junasiln Jaunderimiing?

1101 19.4540.27, 20.52+0.20, 19.77+0.14, 19.56+0.09 1A 19.71+0.13 P3N AINE1AL

Least Squares Means for effect Age
Pr > [t| for HO: LSMean(i) = LSMean(j)

Dependent Variable: Weight

i/j 1 2 3 4 5
1 0.0012 0.2880 0.7073 0.3755
2 0.0012 0.0016 <.0001 0.0005
3 0.2880 0.0016 0.1891 0.7681
4 0.7073 <.0001 0.1891 0.3015
5 0.3755 0.0005 0.7681 0.3015

NOTE: To ensure overall protection level, only probabilities associated with pre-planned

comparisons should be used.

Y
nATaUANLANANYEUIIMINAIvDILAAZ NN IgNL A TungueIy 122 Jull

v Y v ]
Aundgimindunniiga tazuanannngelunguegdugeeesived Ay nedna seau

Y

9
aundalungueig 123, 125, 124 uaz 121 Taeni 4 nquetyg Tihminduanaenuedis 1l

—

€
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Weight Standard LSMEAN

Pond LSMEAN Error Pr>t| Number
1 17.9664239 0.0912541 <.0001 1
2 18.1963319 0.1254763 <.0001 2
3 23.2511181 0.1625165 <.0001 3

wmindumasvesdeludion 1,2 uaz 3 Hauniiy 17.97£0.09, 18.20+0.13 Laz

23.25+0.16 NN MNAIAY

Least Squares Means for effect Pond
Pr > |t| for HO: LSMean(i)=LSMean(j)

Dependent Variable: Weight

i/ 1 2 3
1 0.0922 <.0001
2 0.0922 <.0001
3 <0001  <.0001

NOTE: To ensure overall protection level, only probabilities associated with pre-planned

comparisons should be used.

cuﬂ)ld' oA o

Y ] [l 9
wmindalutied 3 Iswnnfigauazuanasnmimmindesduesdieiivedangnig
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M3 Proc GLM luTisunsy SAS iionadoudninasmsenienugnssuLag

2 kY =\ 1w oy v FU <3 =
ﬁ'\‘llL'Jﬂﬁ@iJiJWaﬁ@aﬂ‘]%lﬂwu?ﬁuﬂﬁ'ﬂuﬂﬂﬂﬂ'ﬁ%ﬂ%!ﬂ‘ﬂ!ﬂﬂﬂ]

Data Harvestl;

Infile 'D:\KASET\Thesis\Data\Thesis\SAS\Dataset-02.txt' DLM = '09'x;

Input Animal $ Sire § Dam $§ Family Sex Pond By Bm Bd Hy Hm Hd Age Weight AL CL BL

ALBL CLBL WBL;

Proc GLM,;

Class Sex Age Pond Family;

Model Weight = Sex Age Pond Pond*Family;

[

A Y
wan'lasu

Class
Sex
Age
Pond

Family

Dependent Variable: Weight

Source DF
Model 40
Error 1623
Corrected Total 1663
R-Square
0.495887

The GLM Procedure

Class Level Information

Levels Values

2 01

5 121 122 123 124 125

3 123

12 1234567891011 12

Number of observations 1664

Sum of

Squares Mean Square  F Value
7447.49875 186.18747 39.91
7571.05346 4.66485

15018.55221

Coeff Var Root MSE Weight Mean

11.54854 2.159827 18.70216

Pr>F

<.0001
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Source
Sex
Age
Pond

Pond*Family

Source
Sex
Age
Pond

Pond*Family

DF

33

DF

33

Type I SS
190.790963
339.847976

5289.081806

1627.778005

Type III SS
130.704224
50.456304
4643.874348

1627.778005

Y
1ouazAIoUATINONTNaRoaNHULIININAD

Mean Square
190.790963
84.961994
2644.540903

49.326606

Mean Square
130.704224
12.614076
2321.937174

49.326606

F Value
40.90
18.21

566.91

10.57

F Value
28.02
2.70
497.75

10.57

Pr>F
<.0001
<.0001
<.0001

<.0001

Pr>F
<.0001

0.0291

<.0001

<.0001
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= A 1 Y] Y] 4 1 o W ~ 1 =
M58U Proc corr 11 11U50NTH SAS INOMIMANTUNUTISHINAALNVOIAIRAY

v

hmind lunaazdanadon

data WBL;

input pond1 pond2 pond3;

cards;
8 10 12 5 4 4
3 3 2 6 7 6
10 8 11 2 2 3
9 6 10 11 11 7
12 9 9 4 5 8
1 1 1 7 12 5;
proc corr;
run; quit;
Fad 185y

The CORR Procedure
3 Variables:  pondl pond2  pond3

Pearson Correlation Coefficients, N = 12

Prob > |r| under HO: Rho=0

pond1 pond2 pond3

pondl 1.00000 0.81119 0.76923

0.0014 0.0034

pond2 0.81119 1.00000 0.62937

0.0014 0.0283

pond3 0.76923 0.62937 1.00000
0.0034 0.0283

1 v o 1 1 { 1 1 1 1
MANTUNUTIEHINVON 1 1ag 2,U9 1 uag 3408 Uo 2 a3 IAUMNY 0.81, 0.77 uag 0.63

AN
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maweumdaluTysunsy ASREML iioreeadsenouanuuilslsivunazanuuilslsiu

Y v
FavesdnyanimindIfudnyaraNNeS IV NTTEYIA LA

Harvest
Anim P
Sire P
Dam P
Family 12
Sex 2
Pond 3
By 2009
Bm 1
Bd 26
Hy 2009
Hm 1
Hd 28
Age 125
BW

AL

CL

BL

ALBL
CLBL
BWBL

D:\KASET\Thesis\Data\Thesis\ASREML\Dataset-02new.ped !ALPHA !MAKE !SKIP 1
'REPEAT

D:\KASET\Thesis\Data\Thesis\ASREML\Dataset-02new.dat !SKIP 1 IMAXIT 50 !{ASMV 2
BW BL ~ Trait !If Tr.Pond Tr.Age Tr.Sex !r Tr.Anim

121

000



Trait 0 US !3 !GP
1

01

Tr.Anim

Trait 0 US !3 !GP
1

01

Anim
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Histogram # Boxplot
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Histogram # Boxplot
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9.1+ *
I
| *
| *
| kKK
| KK
| *kok ko
| ok ok ok ok
| * ok ok %
| *k Kok k
| *okokok K
6.9+ * kN
| EEEE N
| * ok k%
| * %k kK
| * kK k
| * %ok k
| HEH
|+++****
|****
|*
|*
4.7+%
B et et e e e e e e e
-2 -1 7] +1 +2

MMEUINTG 2 dnyuzMInIzvIdoyannesIi luduszeziunioanelag

Proc Univariate 1111511053 SAS

79



80

Histogram # Boxplot
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Histogram # Boxplot
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Histogram # Boxplot
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Histogram # Boxplot
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Histogram # Boxplot
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Histogram # Boxplot
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Histogram # Boxplot
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Histogram # Boxplot
12.75+% 1 *
¥ 3 *
.*** 29 *
.******* 94 *
.******* 93 7]
ok 17 0
¥ 6 (]
.******* 88 |
.*********************************** 477 +--F--+
.*********************************************** 656 koo *
.************* 169 |
ol 20 0
¥ 8 0
6.25+* 3 *
E nnt e R e P e P P

* may represent up to 14 counts

Normal Probability Plot
12.75+ <
*

I

| * ok ok ko
| kkkkkkk Lo
| *kkk pyggg

| * bt

I

I

I

I

+++*+
B
kR ok Kk ok ok
3k 3k 3k 5k 3k 5k >k 3k >k k %k k ok
| LEEE LT L L U
| ok k NRFITAFS
| * e+
6.25+%+++
B i e A e e e e
-2 -1 (2] +1 +2

Y o ] !
MNEIAR 10 dnBUZMINTZNBVITeyaANUEIIIURWTZ oA LR 1Y Proc

Univariate 111154051 SAS



Histogram
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H 1 y o [ [ g‘ v @ o w Y] Ca~] 4
MSNUINT 1 ANRAIFIMTUANHAULINNIINAD (BW) 71181701917 (BL) ANUNE1IHN N (AL) A1 (CL) 1WoFIHFUANINIIIN (ALBL)

J 3 4 @ @ 1 3} v w1 o w 1 @ o 4
os1EuAn11Me191 (CLBL) tagdns1aduimindidon1ue13a147 (BWBL) mmfﬁ’wnummmm5’ﬂuizﬂzwuﬂ?awma

. BW (g) BL (cm) AL (cm) CL (cm) ALBL (%) CLBL (%) BWBL (g.cmEl)
Family Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
1 3.465 0.763 6.637 0.507 4.926 0.396 1.711 0.143 74.2 1.2 25.8 1.2 0.517 0.079
2 4.019 1.049 6.878 0.624 5.074 0.483 1.803 0.170 73.8 1.3 26.2 1.3 0.576 0.103
3 4.101 0.765 6.946 0.455 5.139 0.365 1.807 0.117 74.0 1.1 26.0 1.1 0.586 0.076
4 3.674 0.778 6.793 0.505 5.042 0.388 1.750 0.131 74.2 0.7 25.8 0.7 0.536 0.077
5 3.432 0.709 6.671 0.474 4.942 0.367 1.729 0.124 74.1 0.8 25.9 0.8 0.510 0.073
6 3.954 0.624 7.017 0.408 5.250 0.320 1.767 0.102 74.8 0.7 25.2 0.7 0.561 0.063
7 2.943 0.858 6.203 0.615 4.586 0.471 1.618 0.152 73.9 0.8 26.1 0.8 0.466 0.090
8 4.583 1.162 7.258 0.648 5.372 0.501 1.886 0.155 74.0 0.7 26.0 0.7 0.623 0.112
9 3.813 0.823 6.839 0.536 5.088 0.422 1.751 0.130 74.4 0.8 25.6 0.8 0.552 0.082
10 3.837 0.673 6.875 0.428 5.062 0.336 1.813 0.107 73.6 0.8 26.4 0.8 0.554 0.067
11 4.734 0.955 7.412 0.487 5.503 0.370 1.909 0.131 74.2 0.7 25.8 0.7 0.634 0.088
12 4.454 0.672 7.265 0.393 5.372 0.316 1.893 0.095 73.9 0.8 26.1 0.8 0.610 0.063
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H 1 y o [ [ g‘ v @ o w Y] Ca~] 4
MSNUINT 2 AT T UANHAULINNIINAD (BW) 71181701917 (BL) ANUNE1IHN N (AL) A1 (CL) 1WoFIHFUANINIIIN (ALBL)

3 Y @ 1 g} v w1 o w 1 @ a3 {
os1EuAn11Me191 (CLBL) tagdns1aduimindidon1ue13a147 (BWBL) maqﬁ’wnummmm5ﬂuizﬂzmmﬁm

. BW (g) BL (cm) AL (cm) CL (cm) ALBL (%) CLBL (%) BWBL (g.cmEl)
Family Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
1 17.96 2.65 11.51 1.03 8.62 0.94 2.89 0.18 74.8 1.7 25.2 1.7 1.56 0.14
2 19.13 3.09 11.74 1.22 8.75 1.11 2.99 0.25 74.4 2.3 25.6 2.3 1.62 0.14
3 19.39 2.89 11.77 1.11 8.78 1.01 2.99 0.19 74.5 1.8 25.5 1.8 1.64 0.14
4 18.46 2.61 11.69 1.14 8.74 1.04 2.96 0.19 74.6 1.8 25.4 1.8 1.57 0.11
5 18.00 2.41 11.49 0.96 8.60 0.86 2.89 0.18 74.8 1.6 25.2 1.6 1.56 0.12
6 20.15 2.68 11.98 1.10 9.00 0.97 2.99 0.23 75.0 1.7 25.0 1.7 1.68 0.12
7 18.32 2.56 11.57 1.08 8.62 0.99 2.94 0.16 74.5 1.6 25.5 1.6 1.58 0.12
8 18.06 3.40 11.50 1.20 8.57 1.06 2.93 0.22 74.4 1.8 25.6 1.8 1.56 0.17
9 17.56 2.82 11.44 1.17 8.51 1.06 2.93 0.22 74.3 2.0 25.7 2.0 1.53 0.13
10 18.78 2.26 11.74 1.09 8.80 0.98 2.94 0.21 74.9 1.9 25.1 1.9 1.60 0.10
11 20.83 3.35 12.13 1.21 9.07 1.09 3.06 0.27 74.7 2.1 253 2.1 1.71 0.16
12 17.89 3.39 11.48 1.26 8.60 1.11 2.89 0.22 74.7 1.7 253 1.7 1.55 0.16

€6



H 1 o ' v J ) v o 3’ v o w o
MINAUINN 3 AIIBUAINMIHANITUE (EBV) d1M3uanbaiztiingd (BW) A711e196197 (BL) AMNE1IN (AL) ADINE1IHI (CL)

s d @ sd & © o ' ol SN\ 1 o w Y, o
1o ¥ UANIINE1INE (ALBL) 1lois5uan11ue19%3 (CLBL) 4agdas1diuivina1aen11ue198197 (BWBL) iqunszﬂzm

IATOINNY 10 BIAULLTN

BW (g) BL (cm) AL (cm) CL (cm) ALBL (%) CLBL (%) BWBL (g.cm_])

Rank Number EBV ~ Number EBV  Number EBV  Number EBV  Number EBV  Number EBV  Number EBV
1 A311043 222  A311043 1.03 A311043 0.73 A311043 0.28 A306016 0.82 A310022 0.87 A308058 0.18
2 A308056  2.00 A308056 0.84 A311044 0.59 A308056 0.23 A306029 0.82 A310049 0.76 A311043 0.17
3 A308058 1.71  A311044 0.82 A308056 0.58 A311044 0.21 A301032 0.81 A310050 0.76 A308056 0.17
4 A308054 1.65 A308054 0.74 A308054 0.52 A311076 0.20 A306051 0.79 A310029 0.74 A311074 0.14
5 A311044 1.61  A311074 0.71 A311074 0.51 A312008 0.20 A306036 0.76 A310020 0.73 A308014 0.14
6 A311074 1.56  A311060 0.71 A311060 0.51 A311062 0.19 A306050 0.72 A310018 0.72 A308054 0.14
7 A311076  1.46  A311061  0.68 A311061 0.50 A311074 0.19 A306070 0.68 A310015 0.70 A311076 0.13
8 A308014  1.39  A312008 0.67 A311007 0.49 A308054 0.19 A306042 0.67 A310051 0.70 A311044 0.13
9 A311060 1.38  A311076  0.65 A312008 0.46 A311060 0.19 A306018 0.66 A310031 0.66 A311060 0.12
10 A307054  1.30  A311062 0.64 A311018 0.45 A311037 0.19 A306019 0.66 A310043 0.66 A308076 0.11
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H 1 o v v J ) v o 3’ v o w o
MINAUINN 4 AIIBAUAINMIHANITUE (EBV) d1M3uanbiziiingd (BW) A711e196197 (BL) AMNE1IN (AL) ADINE1IHI (CL)

s d @ sd & © o . Y W 0 w P, <
1o ¥ UANIINE1INE (ALBL) 1loisuan1ue19%3 (CLBL) 4agdas1diuinviindiaen1ue178193 (BWBL) °luf]wnszﬂzmu

1Ne7 10 1A ULTN

BW (g) BL (cm) AL (cm) CL (cm) ALBL (%) CLBL (%) BWBL (g.cm_])
Rank Number EBV ~ Number EBV ~ Number EBV  Number EBV ~ Number EBV ~ Number EBV  Number EBV
1 B311132 3.60 B311116 0.69 B311136 0.58 B311118 0.20 B303105 2.87 B311118 3.51 B311007 0.17
2 B311116 336 B311132 0.67 B311116 0.52 B311095 0.17 B311094 2.81 B311095 3.32 B311116 0.17
3 B311118 3.24 B311118 0.67 B311132 0.51 B311055 0.14 B310133 2.72 B309084 323 B311118 0.17
4 B311057 299 B311055 0.66 B311015 0.48 B311057 0.13 B312004 2.71 B312018 2.76 B311132 0.16
5 B311007 295 B311057 0.64 B311040 0.46 B311024 0.13 B312083 2.34 B312040 2.68 B311015 0.16
6 B311015 2.83 B311015 0.60 B311081 0.44 B311028 0.12 B303095 2.29 B312059 2.65 B306037 0.15
7 B311055 2.78 B311023 0.59 B311055 0.44 B311116 0.12 B312082 2.20 B311024 2.63 B311008 0.15
8 B311110 2.67 B311110 0.58 B311110 0.43 B311132 0.12 B308016 2.13 B312050 2.57 B311101 0.15
9 B311023 2.63 B311007 0.56 B311014 0.43 B311032 0.12 B309130 2.05 B312011 2.54 B311057 0.14
10 B306037 2.56 B311014 0.56 B311023 0.43 B311042 0.12 B312084 1.85 B312051 2.54 B306053 0.14
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H 1 { 1 o 1 o 4 o [ g} v @ o @ @

MINAUINNA 5 AURTIVOIAMIUIBAAANMINANTUT (EBV) dIMTUdnaztimingd (BW) A2118196187 (BL) ANNE1INN (AL) ADNEI1IN
s d < sd < - o . N v o 8 o w v

(CL) osisuan1ue1IM19 (ALBL) 1o51%uan 1188194 (CLBL) 1ag 05 1d3 1M 1ina1aen 188198163 (BWBL) “luf]wn

520LRUATOINIBVDILAAZATOUAS?

ASOUAT? BW (g) BL (cm) AL (cm) CL (cm) ALBL (cm) CLBL (cm) BWBL (g.cmEl)
1 -0.545 -0.314 -0.217 -0.096 0.203 -0.203 -0.054
2 -0.004 -0.080 -0.074 -0.006 -0.200 0.200 0.003
3 0.076 -0.015 -0.012 -0.003 -0.030 0.030 0.013
4 -0.342 -0.164 -0.106 -0.058 0.208 -0.208 -0.036
5 -0.579 -0.314 -0.241 -0.073 -0.121 0.122 -0.058
6 -0.070 0.021 0.057 -0.036 0.564 -0.564 -0.009
7 -0.189 -0.137 -0.101 -0.037 0.011 -0.011 -0.017
8 0.580 0.284 0.195 0.088 -0.190 0.189 0.056
9 -0.206 -0.152 -0.101 -0.051 0.155 -0.155 -0.016
10 -0.181 -0.115 -0.125 0.010 -0.556 0.556 -0.014
11 0.695 0.406 0.302 0.103 0.035 -0.035 0.063
12 0.420 0.295 0.213 0.082 -0.058 0.058 0.037
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4 J { 1 o J v J ) v o g} v o w o
MINAUINN 6 AUNTIVOIAIIUIBAAANMINANTUT (EBV) dIMTUdnaz1imingd (BW) A2118196187 (BL) ANNE1INI (AL) ADNEIIN

s d < sd < - o . N v o 8 o w v
(CL) osisuan1ue1IM19 (ALBL) 1o51%uan 1188194 (CLBL) 1ag 05 1d3 1M 1ina1aen 188198163 (BWBL) “luf]wn

<] { 1 @
izﬂzmmﬁmmmgmazmaum’a

ASOUAT? BW (g) BL (cm) AL (cm) CL (cm) ALBL (cm) CLBL (cm) BWBL (g.cmEl)
1 -0.453 -0.105 -0.049 -0.052 0.789 -0.789 -0.025
2 0.569 0.070 0.031 0.037 0.303 -0.303 0.039
3 0.935 0.159 0.117 0.039 0.413 -0.413 0.060
4 -0.037 0.050 0.042 0.008 0.593 -0.593 -0.008
5 -0.326 -0.086 -0.040 -0.043 0.616 -0.616 -0.010
6 1.486 0.291 0.259 0.031 0.945 -0.945 0.089
7 -0.098 -0.037 -0.036 -0.001 0.405 -0.405 0.001
8 -0.700 -0.209 -0.187 -0.021 -0.515 0.515 -0.036
9 -1.074 -0.191 -0.174 -0.017 -0.737 0.737 -0.069
10 0.096 0.089 0.095 -0.006 -0.232 0.232 -0.003
11 1.731 0.406 0.299 0.099 -1.125 1.125 0.094
12 -2.085 -0.428 -0.339 -0.079 -1.925 1.925 -0.127
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