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Estimation of Genetic Parameter for Growth Traits of Olive Flounder
Paralichthys olivaceus on the 8™ Generation of Selective Breeding Using
Multiple Traits Animal Model

Jong-Won Park*, Dain Lee, Hyo Sun Jung, Julan Kim, Hye-Rim Yang, Hyun-Chul Kim' and Jeong-Ho
Lee

Fish Genetics and Breeding Research Center, National Institute of Fisheries Science, Geoje 53334, Republic of Korea
'Research Planning Department, National Institute of Fisheries Science, Busan 46083, Republic of Korea

The aim of this study was to evaluate the genetic parameters of growth traits for improvement breeding in olive floun-
der Paralichthys olivaceus at the 8" generation of selective breeding in April 2021. Growth traits such as total length,
body weight and condition factor at 11 months of age were measured for 7,508 individuals with confirmed paternity.
Data were analyzed using the restricted maximum likelihood method applied to a multiple traits animal model. The
effects of sex and family were significantly different across traits (P<0.05). The heritability values of total length,
body weight and condition factor were estimated to be high as 0.479, 0.457, and 0.466, respectively. Correlation
analysis between phenotypic and breeding values, indicated that the selection accuracy was 75.9-85.2% for all traits.
To increase the selection accuracy for parent fish selection, the sex and pedigree characteristics that affect each trait
should be considered. Moreover, further improvement of multiple traits can be achieved if the correlation between
each trait is appropriately considered.
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AN E gAY T

Y X|(Paralichthys olivaceus)= -2 L2} 4] =072l o
7H AR oF 50% 24T ak of 2k RSO R L)
T =2 dEH QL FAlojFo|nt f-euetollA JAFAE
91T QIBHR AT 7] 1S o] 2017 AL 1982612 =
UARIER A AR Sale) o) s

HE AX = Fet T a7} o] Foj A {44 thefdo] H4a
=iz QlolA 47 £k, AW 9 34 A SkH(Carvalho and
Haeser, 1994)7} -2 =] 2/ tHNFRDIL, 2006). ©]2{3F =Fu] 2F4]
J219 44 ZAE s 2 oA At ol 755
LA E] o A= 2003 HE] 2004 o) AR 712 FAAE ek

.
r

FATHENNA AL 19854 S45p20] AN A o B4 Hof ek meistel 214 ThpA S 4
AzRE QUL OR £HUS Bhastel, AFFA AW Aol mhem AYe] AT AF WA Aol HESHAT,

%< SYska 442 BEsteich o] 3 1980 Fb] A
3 4e20] v e AFE} HAL |4 N oA YA &

2010 ofAlaAe] Hgstal 9lti(Hwang and Myeong,
2010). GRHA o= of o QlojA] Adt &y} S <%k 7
FE49 o] AdheFo|H(Gjerde et al., 2004; Zheng et
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al., 2006; Choe et al., 2009), ©]& 53 WA S ot
thofet A4t7F A3YE 3 Qch(Lucas et al., 2006; Mathilde et
al., 2007; Kim et al., 2008; Kim et al., 2011; Park et al., 2013;
Baoging et al., 2017; Park et al., 2021). S-52] 7] 2 &+ Al
3} wfoltt & S5 A8} Hako] Aok a P of
et SF7H A o whet 2o & A ths A wHlE F
ol W] adE =Y o= qieh 2ol B =S £A41
ko] 2 Ko tlEo] g e 2 WA A 8587 ] < (biotech-
nology)°| =& S-St Ak Al i 9lew, 1
oJgto] o & Foi= AL Itk & AtollA= o750l SlolA]
7P oA AEE Sl N 59 9A9] et
5718 FAste] Aol Fete g A = g2 o] A
A S SlEt 71 2A R E Alwetarat gtk

AR gNAE S5
goFsitt. 8AIT) A ke 8l -2 thef/d ol ghiLE 74
of Zetoll A 2o & Adestar 2 /iAo 744 FABAE 2L
#sto] o] A avtel TS uijAIR 22 w3
600785 =atgict. 20219 49 13Uo] Wizl Zoke
Fe deR A3 e sk A58EE ol8sto]

S} wolol) w2 AF0] %7} |2 Teistel 2% 242
el 7S Bt on], 2t 7HA] 8 S 71 oS A%
100% 7132 2 3 ccl v &2 148111 S3tslTh 2447 =
Sk AFek A7) TS A2 F FRP SE 42 67]0] 4-8(2} 2%
5 20 co)3n 5 3 0QAIA 27] Aolo] B 231 3
a3eb7] 8l Foheh FUet 24 (19+£0.5°C)ollAl A3
o 23k 3 117"l A A AlFe] 4de A 545
I A, 718 Y BEolE AASH Ak UEE 245
t}. o]} FAJof| A} EHel-8 DNA (deoxyribo nucleic acid) &}
HE 98l SA =2 n|22& A F[skaL 714 el E $13F RFID
(radio frequency identification) A} H-& U5t} 2A1=;
ol Axt F 217719] 7HAI7F 2Rl = ek fA o $57 5
A& flsl E5olE gdsto] HAFERlE BE WA o8
stelow, 4 54 oA AR}t H5S o ¢ jle ARe
X

ol A Al ei5H ATt

B ArollA AR AR R A, AT A k=] 9%
& A= Aol thE a3 F4L AR ARE o83kl 7HA

o &gt A FHoll= 7HAl & ALesto] AlE A
o] 81, 9 9 5h9] 42 k= 3715 A &
Al o= A5G A7 Aol tieh SAH ol thgk -4
7 A 7t PO et Aol ZA] gtk AWE Hol A 3
ZHA ol &gt &} =42 SAS package 2] general linear model
2 A== 4714 Al SollA TYPE I Al 0|85

of FAREA] skGlen, 24 Al BtA] 2He] frold e
flste] HiLSM(@)=LSM(j)e} 22 AF7HE S ol 5%
2 Pairwise T G2 A5k 1714, LSM(1)2F LSM(j)
= 247t igtj (i#))A ate] 2| aAl B E ofnleith A
4, AS A Bk 2 A d ol g R maeh ko]
A 242 sl QA AH(1-8AIH) 9] 75 5 1171 % A4
& &7 20 dE2 ol g8t NAE S5 78S flel A
T Al 212 ar 2 A AAE A7 S g A vEE A 2skile
™, expectation maximization-restricted maximum likelihood
A5 A T2 33slet REMLF90 (Misztal, 1990)2-
o]g-31o] 2|4 418 = Hof| = (best linear unbiased prediction)
ol ola t}-33} 2-& tFa A 7R 1% (Henderson and Quass,
1976)= o]-&313itt.

< o

Y. =u+ Sex. + Generation, + Batch,+a. +e.
ijkim i pii ik il Tjklm ijklm

A7, Y, 1RIA R OA A o] kA A4 A7)
of| &5h= A ZiA| ol gt S 4], ui= i P AA| 3
ot Sexl.j% 1A Ao juiA 4Jo] a1Kj=1, 2), Generation,
< iwla) Fo] kiAol Fokk=12, -, 8), Batch = it
A Ao 1A Ak Al719] &, ay, = WAl HiE dolE
N (0, G) 12| ¢, = U 23 -N (0, R)oItt. G2 R
ZYZy A7VA A BAR 2R BAko| i Groeneveld and Ko-
vac (1990)0] 2| &gt At Zro| =44 gho] 2] <] Z|ti7k(local
maximum) O 2 k= 2 W8] ff8f X[F2 02 |
2 FAAE A2 FEO & Bfof 11 2to]7} 107 o] 82 = 75
&9 o2 AAolct A Bak d F AR GRS 0]-8-5)
of A7H fd B4 o) ZAF BAKe)ll ofRt f-A ()
oh53 ol AAksksitt.
6‘2
FP=="=

2 2
Oa +Oe

E3h Aehe] &5 Fazof g H414d 37 (normality test)S
$J3ll SAS package?]| univariate procedure (SAS, Cary, NC,
USA)E olgatgon], 2Abel 2 9] Fels 4T,

WA AR T 2 T4 ol g3t

cov.. CcoV .
r= p(iy) ,(1:/;]), rG: a(iy) ,

P 2 2 2 2
o2 x o2 X
%™ O %207 %)



of71A, 029 o2 22t SR BAka AP AT,
COV,, 9 COV,, &= b2} iohj 7ko] Hd® BEA 2§40
FRAboIT), MR T a2 FAlOR A

A= (body weight, g)
Z1#H(total lenght, cm)?

H]7}= (Condition factor)= %1,000

98B AY AR, AT 3 vigtee] oigt A o A
o
=

(P<0.001)°] Q1A =3} cH(Table 1).
Table 20f+= 7} A3 Ao Ojet AA| Haf, BT} 5 7=
EA TS BASHCE Al AT Hx] 9] el &

Table 1. Source of the variation, degree of freedom, mean square
and test of significance for total length, body weight and condition

factor

Degree of . Condition
Source freedom Total length  Body weight factor
Sex 1 7,411.591220* 24,521,462.32* 8.821431*
Family 216 19.287936* 95,550.33* 6.691506*
Error 7,507 1.82730 7,864.6 0.437216

*High significance (P<0.001).

of tiek a1 4 551

A A A, Al 9 BN Hit-> Z17E41.3 em, 863.3 g
9 1222 ZARE G0, 7o) Zoiga HAghe 217 47.0
cm 9 32.5 cm, A5 242 1,290.0 g 9 324.0 g 1237 =9k
o] Zthgkat HAGS 247 18.6 W 9002 ZAHET)
Ao WA, Ale E v e] Wit 7474 39.2 cm, 743.7 g 4
12302 A= Gl om, Aol 2ozt 2|4k 2H2H 43.8
cm 2 32.0 cm, A5 242} 1,074.0 g 2 387.0 g 12|31 H|wt
9] Zthglat HAZhE 217 17.9 9 6,00/ 940, He] ma
3t A= S el s A= (kurtosis)QF BZ 0] H|thA] AEE U
Ell= 9= (skewness)y= H{EEZ O] A TR AREEHT,
o} ojzo] Aejgro] Z}7} 7u]qka 3n)ghol @ et HE] 13t
T Ao g ekstoh(Park et al., 2021). 2AFE Z P20 o
3 1ol 9w o] ghe Aunw Az e] iAol kel A
© 2 vehytth W% A4(coefficient of variation, CV)= =4
7 o2 AAREY A A BE/dS vk H| o]-8-5]
™, grol A2 5 Batol 7PAAl EEskaL Qlokar sl
oA olA 248 7 g A0) CVE AR el 54 B
SOl A AEQ) CV7FZF2F 12.7%2} 12.5% = 0] HEAlo] 714+
AT T TR0 R HINHE @ 1% 0 R ZAEIC HRkES)
HEAo] MAHETE A Yepd A2 HsAdol 2 Al 9F
= O ol i A 0 &2 et

2 Aol A 2AbE 7 AR H ol gt Ao Aol ot &
2AF A T EEQAE Table 30| BAGITH B8 F 7}
of olojAl Fa} = 1170 Ao ¢ Aol 41.1 em= 4
7191 39.1 emEt} 2 cm ¢ A%loH, A5 ¢UFlo] 855.8 g2

Table 2. Overall means, standard deviations (STD), standard errors (STE) and coefficient of variation (CV) for growth traits

Female (N=3,961)

Male (N=3,547)

Both (N=7,508)

ftem TL (cm) BW (g) CF TL (cm) BW (g) CF TL (cm) BW (g) CF
Mean 413 863.3 12.2 39.2 743.7 12.3 40.3 806.8 12.3
STD 1.57 109.3 0.79 1.47 93.0 0.78 1.85 118.1 0.79
STE 0.03 1.74 0.01 0.03 1.56 0.01 0.02 1.36 0.01
Max 47.0 1,290.0 18.6 43.8 1,074.0 17.9 47.0 1,290.0 18.6
Min 32.5 324.0 9.0 32.0 387.0 6.0 32.0 324.0 6.0
Kurtosis 0.60 0.19 1.69 0.35 0.06 2.67 0.06 -0.01 2.14
Skewness -0.06 0.15 0.43 -0.13 0.21 0.47 0.00 0.28 0.45
CV (%) 3.8 12.7 6.4 3.8 12.5 6.4 4.6 14.6 6.4
TL, Total length; BW, Body weight; CF, Condition factor.
Table 3. Least-square means and standard errors of growth traits by sex
Sex Phenotypic value Breeding value

TL (cm) BW (g) CF TL (cm) BW (g) CF
Female 41.12£0.03 855.8°+2.34 12.2°4£0.01 2.53°+0.01 107.92+0.54 0.16°+0.01
Male 39.1°40.03 736.7°+2.40 12.3°£0.01 2.49°40.01 96.6+0.55 0.172+0.01

TL, Total length; BW, Body weight; CF, Condition factor. *°Means in the same column with different letter are statistically significant at 5%

level of significance.
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A Ado] P Aol vAl=

o
7} g2 0] 8-27}o] QlojA Aol AL ¢hAlo] 2.53 cmE
$719] 2.49 cmkr} 0.04 cm T

U9

2 - olefel - 4

719 736.7 gieh 119.1 g & #3174 vpebiitt.
7(:)]0

IR

(RSN EY)

[lia=

QAT 47 7ol 0142 Ahol7} A gtk 24

Eokron, }59] ¢ o]
107.9 g0 & 22719] 96.6 gt} 11.3 g T] =7 A= Qi) o]

o=

P e A1 BE o

Lot FAA 02§65t 2to] 5 B Itk Kim et al. (2011)
A S5-2 9l AR A 72 Aol £33 5 1171 ol
A A A AlFo] AE 242 2.8%2F 9.1% 214
© 2 =oktha B gtk glow, Park et al. (2021)S Ak 74
o Ao ok 5 1R ol A 7] A9 o] Al
1.5 em B Aglon, A5 e7lo] 7l 62.1 g B T4t
1 Hasto] i A A el fARsHGIT

Table 40fi= 2 A-FollA] 2ARE A 8AIH) FX| 9] £3}

Table 4. Phenotypic and breeding value for growth traits by family

B - PR - Y - YA - olHE

17§54 HA7E ERlE 7 Bk 23 Al 443
2 SR oF 2H SF7H] kS AT AR E
217709 BE 7HAE B XS = glolA AT 557171
=481 570 7l 2 sES 5 ZHAIRE vEeR Sl AlEe] S5t
Z0 8 F-1299 7HA7} 71 94519 21, F-208 7147}
A vebg A4, Al 2 vRkee] glolA ZHA EE o
&3t W0l Y {tK(Table 4, Fig. 1). A 7HA1 9] H+t
|5 0.15% =2 0 &2 o9 WA 2ALE| =, SHA o A
UurA 0 & L7 A4=7} 12.5% ol A X o' 7
CF. B Aol A ZARE ATk 8AId g &] ko] whe 2w
A= A S0l QlofAl Al 7He] 42 trFd f-41E ¢
S ARG AY wefel ogt At Abr
Table 59+= 7HA| 7+2] 434 HlaLg $lal A9 37HAI(F-
008, F-129, F-146), ¢ 37}4|(F-063, F-066, F-095) 4 3}

ol e

h

Phenotypic value (means)

Breeding value (means)

Family INB Rank
TL (cm) BW (g) CF TL (cm) BW (g) CF
F-129 0.0000 41.3 943.5 13.4 3.43 233.3 1.24 1
F-008 0.0013 42.4 943.4 12.3 4.00 2121 0.27 2
F-073 0.0016 41.8 930.0 12.7 3.64 203.7 0.59 3
F-146 0.0009 42.2 916.2 121 4.08 1971 0.08 4
F-206 0.0017 41.7 903.3 12.4 3.72 190.2 0.32 5
F-169 0.0019 35.8 550.0 12.0 0.96 8.9 -0.03 213
F-160 0.0016 38.0 696.0 12.6 0.43 4.6 0.56 214
F-110 0.0023 38.5 664.6 11.6 1.31 2.7 -0.37 215
F-108 0.0007 39.0 695.9 "7 1.31 22 -0.35 216
F-208 0.0007 37.1 656.2 12.9 0.26 -10.6 0.44 217
INB, Inbreeding coefficient; TL, Total length; BW, Body weight; CF, Condition factor.
Table 5. Least-square means and standard errors of growth traits by family
Phenotypic value Breeding value
Family
TL (cm) BW (g) CF TL (cm) BW (g) CF
F-008 42.3%10.2 943.42+18.9 12.3%+0.1 4.02£0.05 212.1°+3.8 0.34£0.03
F-063 39.7°4£0.2 793.9°+16.5 12.540.1 2.2+0.04 100.3%+3.3 0.5°+0.03
F-066 39.7%+0.2 798.5°+13.2 12.7°+0.1 1.92£0.03 98.09+2.7 0.9°£0.02
F-095 40.8°+0.2 802.8"+14.6 11.7°+£0.1 2.9°4+0.04 97.7%2.9 -0.3%+0.03
F-108 39.0%£0.2 695.9°414.3 11.6°+0.1 1.3%£0.04 22429 -0.4+0.03
F-110 38.4¢+0.3 664.6°425.1 11.5°+0.2 1.3%£0.07 2.7°45.0 -0.4+0.04
F-129 41.3°+0.1 943.57+12.5 13.320.1 3.4°+0.03 233.3°+2.5 1.22£0.02
F-146 42.2740.2 916.12+14.3 12.1940.1 4.12£0.04 197.2°42.9 0.1°£0.03
F-160 38.0'+0.1 695.9°+11.2 12.6°+0.1 0.49£0.03 4.6°+2.3 0.6°°+0.02

TL, Total length; BW, Body weight; CF, Condition factor. *Means in the same column with different letter are statistically significant at 5%
level of significance
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Fig. 1. Family ranking by breeding value of body weight.

9] 37}A|(F-108, F-110, F-160)Z 445}

ik 2AbE 2 A4
Gl et 7HA 8 ol S v R Hg] 29 F-008M

F-146 71747} 22} 42.3 em@} 422 em& 714 7 Lrepyd
T, F-1109 7} F-1609 7}A|7} 7k27F 38.4 eme} 38.0 cm® 7}
Zbokeh %0 79 F-008H 1} F-129% 7HA|7} 212} 943 4
g9} 943.5 g2 714 E9ko ], F-108%3} F-1109 7147} 2z}
695.9 g9} 664.6 g2 73 | ZALE|9lek. 24 H 85 7h0] 4
©. 7k 74 8 E@Y o] vlestel REHT} LS AT 8%
7k B3 A ekt o] ZAME 2 4 Aol glof A
7HA 7o) g7 Aol gk oheket #lol7F 28kl 71
2 01591 3ol S Ho] Hof Ak A| 744 7] A
aeafjor g Ao & AR Et.

Table 60lli= A 8AIH) HA| Aeke] F3t & 1171
Ao e A7 SRR, R, FEA 2 9
S FABICE Y, A% L viekee] Akd faeAke
7} 1.860, 3289.0 2 0.3052 24 Eglon, FxpEARS
2.026,3904.0 2 0.349% A = Qc}, AT} HZ0] 5
4k270.5, 2473 v RkE O] -4 FEAR 0.086 ~L2] 3L A
HPHE O] 8- T HALS. 13,792 A E gl o, AR} A
RAFBEALL: 79.56, A4} v b o] WAFEARE 0011 1
23 A ST}t vRkE o] FAF AR 12.572 S5 o] AR
the A Fo] Hlgkie] o QS nlXE A 02 ehte) 241
H Aol digh =2 7] 0479, AlEo] 0.457 1]
S HIRHET} 046602 o A2 wart YAlo] 44
Aol QlojA] B Ao} vgt AP ANEE A EH Kim et

2
tlo
X
2
ol

o

1o & o N N IE ox

ofN ofX o I

of thgt Fma 24 553

ss Ranking

97
100

al. (2008)> 73} = 18097 PA9] A&} A 52 4428
747} 0.5903} 0.564 % ¥ 11519 31, Kim et al. (2011) 5.3} &
170" {1 o At Al5-9] §-48S 242 0.753 9 0.754
£ B 5}9t} E3F Park et al. (2021)2 g2 2] 23} 5 117§
Aol A AT} Al 52l fH2 o] 22t 04352} 0.428% KL
S}GIT. Tian et al. (2011)9] 75 £33} & 87§ FA] 9l
o] A AT A F] F-48S 747 0.407} 0.48= HIL8FY L,
Liuetal. 2011)= 53} & 127195 |22 A&7} 2|52 &
AP 717047 L 0.6302 =0 4 -2 S ¥ 1o, &
gk Lietal. (2018)= g x| ¢] A3} Al5-20] 5412 22+ 0.41
a2 (0.742 2 15}5 o).

Table 6. Heritability, additive genetic variance and residual vari-
ance' of growth traits

Items TL BW CF
TL 1.860 70.50 0.086

Genetic

variance BW 3,2891.0 13.79
CF 0.305
TL 2.026 79.56 -0.011

Residual

variance BW 3,904.0 12.57
CF 0.349

Heritability 0.479 0.457 0.466

'Genetic and residual covariance are above diagonal and genetic
and residual variance are diagonal. TL, Total length; BW, Body
weight; CF, Condition factor.
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Table 7. Phenotypic and genetic correlations' among growth traits

Pearson correlation

Spearman correlation

Item

TL BW CF TL BW CF
TL 0.811 -0.105 0.806 -0.112
Female BW 0.865 0.487 0.859 0.455
CF -0.060 0.440 -0.040 0.437
TL 0.822 -0.043 0.828 -0.053
Male BW 0.862 0.527 0.858
CF -0.071 0.438 -0.037 0.437 0.476
TL 0.815 -0.076 0.815 -0.084
Both BW 0.900 0.498 0.898 0.460
CF -0.083 0.351 -0.057 0.350
!Genetic correlations are above diagonal and phenotypic correlations are below diagonal. TL, Total length; BW, Body weight; CF, Condition
factor.

TS AA A ol A A7 R Aol AR Bk HE 0.4383} 0.527, =91 AoHAl= 22+ 04372 0.476 0.2 A
EE AR ofsk 04 Ao Bo B4 ik 4 Holeh B3] WA ulwEe] 29 oFgh o) AlgkeAlo] 1 A
o & 4 Gl gl MONs 0% Latololw], 98 AWLAE  FhHIghE Ao ARAS Uehiol WA A A o2 A
§l& 74 00]aL, Rt = 8H4 a3} glo] - Ao = 13 s arejsof & Zlofch E3h, AT} AlSS Z4Et A o) A
ol Lehd A9 19 S 77 ek, 2l AR AT 2 TS Bol WA 9 AF Fold B R A A4 Ao my
= A Y Y 03 19 P& 27| Hg= TR thE A 7 A A E S0l 71t 4= )ls Ao = AL
ol H¢] Wo] ghZ FIetth £ 0] 0-0.29] Hel= A= & Bk S Q] o 2] ARl ol |29 A He gt
e, 04 o4folwl Two] gAeolekm Bk, fAmaol § A IS Bustoliy), B3 Aaa Ao £E8Y 9 44
A A, B, ek ARG Tl R el o ARRAZE 2 4o ATEAS ZRln T wastel & 4
3l thFstAl Lrehe, 58] f- 8 il WEol ek A A eF dA|5HtHKim et al., 2008; Kim et al., 2011; Tian et al.,
2k Al Z ol Q3% A 7} E= ], §-A 2l o] =0 7l A Aldbo] 2011; Liet al., 2018; Park et al., 2021).

EEA0| T M| fAH0] ¥E A9 71 Aol HRHo]  Table 8ol 2 AolA 2AkE WA0] 23} F 1174
o} ol= fA o] Wa A9 A 1 5 Aolrt =2 2 3 RA A, AT E Hnkee] gt 2@ et = H &

f.¢lof| oJ3f e 2 FAYofleh 215 e] el 104
& 374317] o H7| W0l ch(Park etal., 2021). & A7) A =
A A% Al 9 BRHE Y] S E - HE 04 OO R 2
AL Bol A o] f2]8 A oR AR E, thE Al
o A 2= 7 A 2 A1A 9F A s 79
S5 A ds] aesfor & Aol

Table 70li= & QoA 2Abe £31 & 171D A9 4
AR 7he] REY WA 9 24 8571 o8t £

o =
A ARASE Lrebiole. WA 9] Toje T A
[e]

ok 0.8112 ZAE|GLIL, Aujojute] 9] A S9] 29 2
7} 0.85991 0.806. 2.2 A= Qi =51 o] A| ) u|teof 3
AP} A S T A7 242 044031 0487, <=9
APA = 22 04373 04552 2AHE QT 2219 woj
e AAle] 7 A AlSe 2R A A
= 27 0.8629F 0.8222 A 9131, 2u] o whe] 9] 4|
9] 7 7171 0.8582F 0.828 0. & AN Ut} 4271 9] A| 53}
[RH=o] 2R f4 Aol olA T Al 42

iy

F7}2 ol gato] wofo] whés AuA4oh 2ulojyte] 9]
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Table 8. Correlation between phenotypic and breeding value for
growth traits

Pearson correlation’ Spearman correlation?

S  1lm)BW() CF TL(m)BW(g) CF
Female 0759 0797 0844 0746 0784 0.845
Male 0787 0799 0852 0782 0786 0.852
Both 0770 0781 0847 0754 0773 0.848

Pearson correlations are below diagonal. *Spearman correlations
are above diagonal. TL, Total length; BW, Body weight; CF, Con-
dition factor.
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Fig. 2. Standard residuals by regression of phenotypic and breed-
ing values of total length.
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Fig. 3. Standard residuals by regression of phenotypic and breed-
ing values of body weight.
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