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ABSTRACT

In other aquaculture species, large improvements in growth have been achieved through selective breeding. Ezo
abalone (Haliotis discus hannai) and disk abalone (H. discus discus) are major aquatic animals cultured in Asia, but
selective breeding for the promotion of growth with these abalones has not been actively pursued. Recently
significant efforts are being made to promote production of these species through selective breeding in Korea. The
aims of this work were to estimate the general genetic parameters, heritabilities, and genetic and phenotypic
correlations on growth-related traits at 1-year old in two Korean abalone subspecies, H. discus hannai and H. discus
discus, by using multiple trait animal model. The data were collected from the records of 1,504 individuals produced
from 22 sires and 26 dams in H. discus hannai and 297 individuals produced from 5 sires and 6 dams in H. discus
discus, which evaluated by the Genetics and Breeding Research Center, National Fisheries Research &
Development Institute (NFRDI). Genetic parameters were estimated for these abalone subspecies raised in Bukjeju
branch, NFRDI, from May 20, 2004 to May 16, 2005, respectively. The heritability estimates obtained from restricted
maximum likelihood (REML) were higher than expected, ranging from 0.40 to 0.43 for growth traits shell length, shell
width and body weight in H. discus hannai and from 0.26 to 0.51 in H. discus discus, respectively. The heritabilities
for shell shape and condition factor were lower than others of growth traits such as ranging from 0.09 to 0.19 in H.
discus hannai and from 0.10 to 0.23 in H. discus discus, respectively. Genetic and phenotypic were > 0.93 between
shell parameters and weight in two abalone species, respectively, indicating that breeding for weight gains could be
successfully achieved by selecting for shell length.
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(Mercenaria mercenaria), bay scallop (Argopecten
irradians concentricus), 2 sea scallop (Placopecten
magellanicus)|A2] A7-5o] Rv¥ 2 it} (Innes and
Haley, 1977; Mallet et al., 1986; Ludwig, 1989;
Stroemgren and Nielsen, 1989; Rawson and Hilbish
1990; Hadley et al., 1991; Crenshaw et al., 1991;
Hilbish et al., 1993; Heffernan et al., 1993; Toro and
Paredes, 1996; Jones et al., 1996; Ibarra et al., 1999;
Zheng et al., 2006).
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Table 1. Number of animals, number of families calculated/reared and overall means (M) * standard deviations (SD) of
growth-related traits and reared animals per family at 1-year old in two abalone subspecies, Haliotis discus hanni and H.

discus discus

Haliotis discus hannai

Haliotis discus discus

Traits M=SD M=SD

Shell length (SL, mm) 29.86+5.89 31.80+6.15
Shell width (SW, mm) 20.20+4.09 21.97+4.13
Body weight (BW, g) 3.47+2.05 4.35+2.42
Shell shape (SS) 1.44+0.05 1.42+0.043
Condition factor (CF, %) 11.66+3.59 11.73+1.78
No. Animals calculated/reared 1,504/7,277 297/1,638
No. Animals reared/Family 279.9+£47.3 273.0+43.8
No. Families 6
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Table 2. Source of variation, degree of freedom (df), mean squares and tests of significance for growth-related traits at 1-year
old in two Korean abalone subspecies, Haliotis discus hannai and H. discus discus

Source df Shell length Shell width Body weight Shell shape Condition factor
Haliotis discus hannai
Wild/Cultured 2 1,062.35 47577 121.35" 0.017" 0.003
Error 1,501 33.37 16.11 4.04 0.03 0.001

Haliotis discus discus
Wild/Cultured 1 1787.43™ 755.03"" 260.93"" 0.012 0.004™

Error 295 31.90 14.51 5.00 0.002 0.000
*p<0.0001

Table 3. Least-squares means (M), standard errors (SE) and significances of growth-related traits at 1-year old in two Korean
abalone subspecies, Haliotis discus hannai and H. discus discus

Duncan Shell length Shell width Body weight Shell shape Condition factor

Source grouping M+SE M+SE M:+SE M+SE M+SE

Haliotis discus hannai

. W(2)XxW(2)  28.45+0.24° 19.77+0.17°  3.02+0.08° 1.44+0.00" 11.65+0.15°

Wild/ C(;‘ét‘g)ed W(2)xC($)  29.88+0.41° 20.58:0.29°  3.32+0.14"  1.45+0.00" 11.32+0.25"

N C(3)xC($) 31.01£0.22°  21.49+0.15  3.88+0.07% 1.44+0.00" 11.77+0.13%
Haliotrs discus discus

Wild/Cultured W(E)XW($)  28.22+058" 19.65+0.39"  2.87+0.23"  1.44+0.00" 11.22+0.00"

(W_C) W(3)xC($)  33.48+0.40° 23.07+0.27*  4.88+0.16" 1.45+0.00° 11.96+0.00

Means with the same letter are not significantly different.; W=wild abalone, C=cultured abalone

Table 4, Genetic variances (0 ), residual variances (a ) and heritabilities (h?) of growth-related traits at 1-year old in two
Korean abalone subspecies, Haliotis discus hannai and H. discus discus

Haliotis discus hanani Haliotis discus discus
Traits 2 2 9 2 2 2
o, o, h (o o h
Shell length (SL) 14.60 19.06 0.43 11.57 23.67 0.33
Shell width (SW) 7.00 9.25 0.43 4.20 11.66 0.26
Body weight (BW) 1.53 2.31 0.40 3.01 2.88 0.51
Shell shape 0.0007 0.0028 0.19 0.0004 0.002 0.23
Condition factor (CF) 0.0045 0.048 0.09 0.002 0.02 0.10
AEIE B A1 AW EFEYel] o GML ¥4 2 A& BAEA 2L 951e] Adat 52 P sires} dam
o4 e ANSCE BPAR w SR G o) o welEelEvE vAETE /et GML $4E A
o ®riale] 74 ARl mE AREEsL 12704 9o A BARM RS Table 20 747 Jeld9l
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Table 5. Genetic and phenotypic correlations among the growth-related traits at 1-year old in Haliotis discus hannai

Body weight Shell shape Condition factor

Traits Shell length Shell width
Shell length 0.98"
Shell width 0.99

Body weight 0.98 0.96
Shell shape 0.10 -0.04
Condition factor 0.11 0.07

sk ek

0.93™ 0.11 -0.01
0.94™" -0.08™" 0.03™"
-0.01™" 0.20
-0.03 -0.217"
0.06 -0.44

***p<0.0001; *p<0.01; Genetic correlations are lower diagonal and phenotypic correlations are upper diagonal.

Table 6, Genetic and phenotypic correlations among the growth-related traits at 1-year old in Haliotis discus discus

Body weight Shell shape Condition factor

Traits Shell length Shell width
Shell length 0.99""
Shell width 0.99

Body weight 0.98 0.99
Shell shape 0.20 0.03
Condition factor 0.43 0.41

ek s

0.94 0.28 0.14
0.94™" 0.12 0.19
0.20" 035"
0.03 -0.26™"
0.43 0.20

***p<0.0001, **p<0.001, *p<0.01; Genetic correlations are lower diagonal and phenotypic correlations are upper diagonal.
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Table 7. Breeding effects expected in selection intensity by breeding values of growth-related traits on top superior

populations at 1-year old in Haliolis discus hannai

Haliotis discus hanani

Traits/Intensity 5% 10% 20% 30%
Mean % Mean % Mean % Mean %
Shell length (mm) 5.22 14.88 4.41 12.87 3.56 10.65 3.01 9.16
Shell width (mm) 3.32 14.12 2.92 12.63 2.38 10.54 2.06 9.25
Body weight (g) 1.73 33.27 1.48 29.90 1.19 25.54 0.99 22.20
Shell shape 0.02 1.37 0.010 0.69 0.005 0.35 0.0008 0.06
Condition factor (%) 0.4 3.32 0.01 0.09 0.005 0.04 0.008 0.07

Table 8. Breeding effects expected in selection intensity by breeding values of growth-related traits on top superior

populations at 1-year old in Haliolis discus discus

Haliotis discus discus

Traits/Intensity 5% 10% 20% 30%
Mean % Mean % Mean % Mean %
Shell length (mm) 5.09 13.80 4.23 11.74 3.74 10.52 3.00 8.62
Shell width (mm) 3.18 12.64 2.64 10.73 2.32 9.55 1.87 7.84
Body weight (g) 2.67 38.03 2.21 33.69 1.92 30.62 1.44 24.87
Shell shape 0.017 1.18 0.014 0.98 0.014 0.98 0.010 0.70
Condition factor (%) 0.006 0.05 0.008 0.07 0.006 0.05 0.002 0.02
= A= & vEs Hl" EoMe AR A 5 o
£o) ARPAE epd b, TR o) A% s )
oA 0352 FES 4 ehd A% Ay Aw V% TS PIIR S RS A8 /18 D
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Ao FAE gl A% SF7= 2] -8.00-8.75
mm, 7+Zo| -5.33-5.80 mm, o] -2.19-3.69 g, 7+ o]
-0.18-0.20 781 ®|wkx 7} -1.09-0.369] M= A=l
o} =3t FEAHY] 57t 4] -6.35-6.65 mm, 7+
o] -4.23-4.02 mm, 3| -2.07-3.74 g, 7+8¢] -0.06-0.06
2|3 mwke s} -0.35-0.352] WHYE FAE Y A &
7t oJgt leje] At A= oSEE §EarE Table
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BLUP o ¢J3f #4% 5715 AL el uel oS5
o2l AUEAE AbEste] Bl HbARe] 75 A w
5% = 7o) 14.88%, FFo] 33.27%, 5
744o] 13.80%, F%o] 38.03%2) 711%@}7} Q= Aow
vebsta, Al A= 30%elMe HHAEL] A Ao
9.16%, F%Fo] 22.20%, F2AE] #AS 71Fo] 8
ol 24.87%°) NFEI} v AL

oA %
9 FFa7 o5& FHoE ALE AL it} (Argue et
al., 2002; Gjerde et al., 2004; Gjedrem, 2005, Zheng et
al., 2006). 548, 183 2 $A gt 34 AAE =
o) FAA FARRE 94 QAo GRS s, %)
ARERY) §58 SJaAE 7)2o] 5 Fag Auoltt (o]
%, 1998).
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2 U I7|7x] ARG 2R g
AL 247k 247 29.86+5.89 mm U £ 3
glon, FIAEL 7% 31.80+6.15 mm ¥
1= HAe AgxAcAe] AT
tht zpolr} Qe % 9o} B 3= AkelAe] ZwofA
AE oFAE AT SARE AHERS mEste] AFA A} o] o]
A AR Aol
2 el AR FAns F2AE 12709 FelA9
AgBAg A gz 549

Me 27 0.33, 4% 0.26 2 T3 0512 717F Ak
o] 7120 ®1% red abalone (H. rufescens)®] 0.34,
tropical abalone (H. asinina) 2] 0.48 (shell length)¥}
At Zkolt} (Jonasson et al., 1990; Lucas et al.,
2006). HHAE, TZAE disfj4E Choe 5 (2007)9] 2|
3 27] 5709 3 AZAf] sl 2R3t 48 0.73-0.78
2 0.87-0.898tH: e Frow velyich 2 dPel gleiA
FA% FAHEL AAew vl &3 Aol 22y
A Al A A o] AR 2710] A AAE T S
g 2D A AS oF7]) b (Vandeputte et al., 2004), 7}
% delAe] Helg S7MIA 715 7 AlelE A =
Qornz ol glste fAHe] A FAFHANA F£x 9

t} (Falconer and Mackey, 1996).

1244 & PR 9 $2A% o FA L 29
o ARe 4, 5% 9 A5 e 440 098 ol
2 v$ 3 FAsglon, 29Y 4B ASelE F F
FoA4 0.93 olgo R FAsle] shpel Pyl FA dhat
A EENORE B YA AFE 9E 4+ 9= AE A
Aslgick Tt A%t vukeld tehd e 449
AR BRY FRIAL DAY ) gl o
AelAe] Al SR AFaa} A2 ek Aol A
Solfor, 244, 4% 9 Sl &3 A A A2
ANFEAE & 5 I o] AAE 2 & 5 92T A%

3kl
FAFATA o]gel w2 FAHZo] 0.5 o] 1%
AL 71 Al Hefjr= Aol #8313, 0.5 1
9] &, 32 A5 fAZ8E 7R A i EA
o] 583k o3 e A it} (Falconer, 1995: Falconer
and Mackey, 1996). we}x] 2 Qo)x A% EabdEa}
TS 12709 ol gk 0.21-0.439] FA =] HA4Y Y
2 99 FARSES VxR fevele] BB
2o JiEAdelY 23R 2o AUNSEEYNE o

L Jo

o
3

rd
I 2

tlo

2
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o
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i
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9 Aoz ehdh B3 el Uat 0519 nEs] §4
o vehd Ze) delis 586 Sl A a4
o HshA= AAstsich

Wdow o] Al olge: 457 FAPHS
A1 (selection index), #AA|FH (least- square
method) 2 FHAAFEHAASH (best linear unbiased
prediction: BLUP) 5-¢] glow, o] & Hendersono] #| A&t %
A EHZ (best linear unbiased prediction: BLUP)
o] A4 o|&ely} FAA 27& WEA= 7 rElE
Hog oe|A it} (Herderson, 1974; Schaeffer and
Wilton, 1981). & Aelrxe 2852 §571 34 7}
A de] 2ol HAAPEHNSY (best linear unbiased
prediction: BLUP)el| $Js}o] A48 $%57HS >4skgch.
g 349 A SEkE A FeE S5adel YA =
d&& A 1270 B S-S 9 A5 3
AP EH 2 (best linear unbiased prediction: BLUP)
o o3 A= HF7E A el wE AdsdE FAg
Ay} FBe] A% A FE 5%-30%2 WM 4
9.16-14.88%, 5% 22.20-33.27%, SoARe] A% 24
8.62-13.80%, 5 24.87-38.03%2] Mz} 9= A
SZl0] o 7]6lAle] F ol LxolA] ALEEA] o3
9 ool et me A Eabr} /sl w3
Aoz pAAE tigh Aol Al S5

A5 o83t A57t w2, Sl gt NFa ) 4
njal) oA o2 o} o] A7l A9 FeFel gt =2 AU &
717} A xtEloi A ). Hara and Kikuchi (1992)& #7159
Ak 55 Al ellA el st} 63%2] = dER
B u3sla ¢lom Lucas 5 (2006)-2 animal modelo]
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2 Bje] oFelA stk AR FEARL oPelelA
£ ol 20w ARFIAT 25 oSl dht A $E
T usiA Fsgion), A2 o) o5 A%e] digk AL
AT} AF9] $AH T Qv B A7 120 49 ¥
AET} AR it A AANRES olgsie] fA
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p
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4
o on
8 Koo

7 (1,509 vie), SZAE 6714 (297 wle)ol djsl 2
(mm), 2% (mm) 2 5F (ol sl AAE SAs ke, F4
R4 FALS ARRAYA Y, AE, 5 AY ks
of sl ZH7k AAlsiich AL A A Qg VA=
3 E¥E AL 93l animal modelol] &3 A3 R 3HS o]
slo] SAS E7 =219 package (ver. 9.1)  EAEAHS

=
e

Aty =3 fARs F4s SlsiAe EL-RE
(restricted maximum likelihood) method& #AF =271
#3513 REMLF90 (Misztal, 2001)2 o]g3lo] t}g A &3t
2yor FARs FAS AASIh BARFAA wj
sire¢} dam?| Adak Z2 oFAbel] 23t wuelslE 1A
#= sk

AR 12704 HellAe] Aad AL SASlA
HA+EFAA7L A 29.86+5.89 mm, 7= 20.70+4.09

(<]
| ujkw o)A 77k 0.43, 0.43, 0.40, 0.19, 0.09% 32453
FRAR 2, A2, FF AY P ek
7

4
of
247+ 0.33, 0.26, 0.51, 0.23, 0.10°.3 4=

i), olejdt A% Hol, BRI FLAR LY 244, 7}
Z 9 Fgol Fnwe] fAge] 2] ¥ FEEN
Aejsic f FPAs Fase] Agwandel o
FARTE AT} A, A4 B 9 A} F5 2 7
7} 0.92-0.97, 0.96-0.99% FAHEo] T £ oA JAE
79 e HAATE Uehiglon], o)F Akl ¥4 2
o AE FEeE AL ANTelE thE B it
o A} #4040

o] R FUSNAACGHREEILIY AL (AD),
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