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Abstract

In pigs, individuals in the same pen may show aggressive behavior toward each other, such as
tail biting. Such social interactions among pen mates may considerably affect their welfare and
performance, both in negative and positive ways. The present study was conducted to
investigate social genetic effects on days to 90 kg using data from 12,208 Duroc and Yorkshire
pigs that were born between 2008 and 2012. Heritability was estimated using the five following
animal models: a basic model with direct heritable effects only (Model 1), a social model with
direct and social heritable effects (Model 2), a model accounting for covariance between direct
and social heritable effects (Model 3), and two models considering a dilution factor with direct
and social heritable effects (Models 4 and 5). The optimal model to represent Duroc pigs was
Model 1 which only uses direct heritable effects. Direct heritability (0.21) was higher than total
heritability (0.09) and covariance was negative. Model 2 was evaluated as the optimum model
for Yorkshire pigs. Yorkshire data showed that total heritability (0.5) was twice as high as direct
heritability (0.25) and covariance was positive. Our results suggest that the efficiency of social
effects differed among breeding lines. Further research on social effects related to breeds by
group size would clarify which is the most efficient selection method that accounts for social
genetic effects.
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7% Aol A 7 = WY P2
S}tH(Craig and Muir, 1996). 7|& A2 714 9] 5 of Adiwjojgtont £4
AAFAE T2 =T W ARIA TAO] G2 v 4= tk(Griffing, 1967; Muir, 2005). =1
TR A2 A TR 5P IS T MUY FHaNE 1M A 54 a K (indirect
genetic effect) = AFS]A] 54§ TH(social genetic effect)2t1l SHCH(Bijma et al., 2007). AFS]A
FHET= A (Van Vieck et al., 2007), S(Bijma et al., 2007; Ellen et al., 2008), At5(Wilson et
al,, 2011) 9 Y (Alemu et al., 2014)2} Zo] theFet SZFoll A A= et HA ] 4%, 474
Z(Arango et al., 2005; Chen et al., 2008; Canario et al., 2010), 5-Z| = +7|(Hsu et al., 2010) Y A}
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= 8-8&(Bergsma et al., 2013)0l et 87} 19 A7 1= o], AAs]g g vte} 3 AEAE AT
Hafsto] 5 11H 1TH(Canario et al., 2012).

TELO A, S 29 17 Foll T ] B A 9] F R gk A S Qlek oA dekd =Y
AT Aol wheh e &= Qlek, E=H ) AR R E A AESHE HiA] 9] 45 ulshy] el 152 4f
R} oheFet Aol A Abel g SRS 54 A SRS e sfof gt Bijma (2010) AR FH AT 1F
W ZF A et e =) 7] wZell 150 R 245 iAo AFel g G R ke] R AojAn, TE R
9] 3]4] 3eof| mhet WA A4 9] A1 A Fd B aket F ol et AR G A nte] A wA 7 g 4 Qlok
B 5k up Qe
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Materials and Methods

SAM=

B o] o] 8 H 2= 201287 € 20158 714] Zj 2]
F 12,2085 tiet 58 AA Aot SEARE 3519
F(D90)= °I-§-3 AT

90 kg =AY (DI0)E th} Z2 B Aof ool HA-S AAISHGI

%L Yol Al 54 AE 75 T4 234 F 20 &
Aof o] gstlon, R FERE=90kg T2 Y

I‘N l-'Oll
>,

Hm

o) o

M

Hr

SAA
B Ao o] A Ao digh -G R0] 248 Table 19 AAH 29 A-& WOMBAT version 1.0 (Meyer,
2007)2 ©]-85}9] Restricted maximum likelihood (REML) B © 2 FA5F Tt Model 1-2 th3 7 22 A& o] &
SHSITt.

Ay

y=Xb+Zpap+Wl+Vg+te (H

yE 90 kg 2L Pl it HEA HE, X, Z W, V= 1A, /WA, &5, 152 715 Bt vl=sidoltt. b=

Table 1. A summary of alternative random effect models applied to the data.

Model Random effects Description
1 A+G+L+E Typical animal model

2 A+S+G+L+E Model 1 + social genetic effects
3 A+S+G+L+E Model 2 + covariance (A, S)

4 A+S;+G+L+E Model 2 + dilution (Sq)

5 A+S+G+L+E Model 3 + dilution (Sq)

A, additive genetic; S, social genetic; L, litter size; G, group; Sy, social genetic effects modeled dilution factors; E,

environment effect.
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ERE=ias am P 2 FATA FAR xuo} E}(Lynch and Walsh, 1998).
Model 2= Model 19 AFS)A G 5 ~ NV (0,40%) S 715 4] 0 2 s= 7| A O] AFS|A] -7 @ vof] tigh wlef o],

v=Xb+Zpap+Zsas+ Wi+ Vg +te 2

Model 32] 7%= Model 29 A -GA a1e}t AFS)A -6-4 g vto] LHEANE Sl 118 5ke] -84 B4~ Multivariate
normal (MVN) &3] w2t 24519t

b
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Ly g asel A8l fET k] BEAtolck 127 @ s W] Kronecker product I3}
A4 54 g ufof oJoke Hh= 5% A2 Total breeding values (TBV)E ©]-8-5to] 45} th(Bijma

etal., 2007). TBVE= @ o] gt 214 AR} — 1 TS0 o] @Y n] 2= ALRA S g ke] 9ol
ol & Fol ARl fAaTE A 4 Stk

TBVO] 412 th87} 2},
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U())
~MNV(0,C® A), C= [U ‘
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TBV; =ap; +(n—1)ag,

UQTBV: Uzu+2(”_ 1)0,pust (n— 1)%02

2pE 7 AT, 2(n—1)0, st (n—1)%0% = AR A G Fd2Aqtolo

2 Aol Ao BHY w4l et A2 okt QE}(Bergsma et al., 2008).
033:0'304‘(71*1)0' +(r +cr +0

oA714 n& 1E0) FRE eI},

SER 2 (Total heritability, 7, EAGEA] hat GO R th37h 22 541 0.2 AT,

2_ 2 2
T"= 0yl op

3 #702 ghe ohth A, 7,2 oA BAGRANAY AR ] 5
Sk A1 AT Hhel & 7 STk Ty P10 P = o200 M mal e Al §RARATCIA ] AFEIA §
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5| MQIZ}(Dilution factors)

I HEI 255 JHARTRe] ARl R ke] o k2 Aol o] T1F AA| 9] AR f & ke] 3L
o] Z}t At} vl =] o] Zof 5171 W Eo] Th(Bijma, 2010). 3|4 1A} = T1452] 711t vl x| & P S UEy=d] 3
ARIA7F0Q1 = AR A8 179 ol oEeHA] S=the XolH, 3]ARIA 7} 101 179 12
of A& o &2 He|gtthi= Koloh £412 th3 3 oW n2 152 1R, diz 3] UAE YERdTH
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Results and Discussion

EE

Table 2- 7= 7 8 A Fof| et 2455t Agts Ul 55 2 2,699 572 HAZARE ©]
5.0 90 kg =2 Y H-2 137.8Y(Standard Deviation, SD =4.0)°] 1th. SAHF7%= 13.5 mm (SD = 1.3), 9%
AL 673.2 g (SD=28.3)2] ATgEOo & FALE| gl on T180] FRE 1645(SD = 1.3)& $F Penol| 16.452] =
o8 L= Q= AeR BAHM 834 F] Hfoll= F9,5095 2] ARARE oot EA0FA 2™ 90
kgT= DU o] 149.8YU(SD = 8.5)= 75 Fofl Hlo 12U =& AL 2 Ueylth AN, dd5AE 2
E 7RE 212 15.1 mm (SD =2.3), 604.5 (SD =47.6) ¥ 17.5 (SD = 1.9)2 A= ]t

Ml oy oo

-

Table 2. Number of animals per test year and means with corresponding standard deviations for group size, days to 90 kg
(D90), Back fat bac (BF), and average daily gain (ADG) in Duroc and Yorkshire nucleus herd.

Test year n Group size oY BF ADE
(day) (mm) (9/d)
Duroc
2012 1,408 17.0 (1.1) 137.0 (4.0) 13.2 (1.1) 680.4 (30.8)
2013 670 16.2 (1.4) 138.9 (3.8) 13.6 (1.1) 670.0 (23.6)
2014 621 15.9 (1.1) 1375 (3.9) 13.8 (1.5) 668.8 (28.2)
Total 2,699 16.4 (1.3) 137.8 (4.0) 13.5 (1.3) 673.2 (28.3)
Yorkshire
2012 3,224 174 (1.9) 150.5 (8.6) 15.8 (2.5) 599.2 (47.0)
2013 2,819 174 (1.9 151.5 (7.7) 14.8 (2.3) 593.1 (41.3)
2014 3,073 176 (1.9) 148.0 (8.6) 14.5 (2.1) 616.6 (49.3)
2015 393 17.3 (1.7) 1455 (8.1) 15.2 (1.8) 635.3 (48.4)
Total 9,509 17.5 (1.9) 149.8 (8.5) 15.1 (2.3) 604.5 (47.6)
5| MQIALe} &4

Table 3:& T2 Fof tigh 29 9 v Aol RIS
0.0), Model 4 (d = 0.5) @ Model 4 (d=1.0)2] AAIC=Z+2F2.0
0.0)9] AAIC 7 7P Goteh. 3-RANS §A| 1ef et 841 12F ' H]alof| A= Model 3 (4= 0.0), Model 5 (d=0.5) %
Model 5 (d=1.0)2] AAICE Z+7}2.0,3.7 2 3.92 54912} 022 73 Model 39] AAIC 7} 7HE Wgron, 54
AA7EZor ol Wt AAIC &= S7Fekgieh 3 Sl A vkE ol W F4to] -0.4,-0.3 B -0.2% F7 S

DA L 54917 ¥ ¥ T4 Model 2 (d =
2
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Table 3. Genetic parameters, group effects (o7, litter effects (), and total heritability (7%) for days to 90 kg with the five
models in a Duroc nucleus herd.

Model Diluton o2, o, ol O’ig o o2 012) gy R s* 7% -2LogL AAIC
1 16.6 9.7 35 476 77 - 0.21 - - 69217 0
2 00 166 0.00 97 35 416 77 17 021 0.0000 0.21 -6921.7 20
3 00 166 -04 001 103 34 471 78 7 0.21 0.0021 0.09 -69214 20
4 05 166 0.00 97 35 416 77 17 021 0.0000 0.21 -6921.7 20
4 1.0 16.6 0.00 97 35 476 717 17 021 0.0000 0.21 -6921.7 34
5 05 166 -03 000 102 34 473 78 9 0.21 0.0011 012 -69215 3.7

5 1.0 166 -02 000 100 34 474 77 12 021 0.0004 0.15 -6921.6 3.9
o2, additive genetic variance; o,,, covariance between additive and social genetic effects; o2 Variance due to social
genetic effects; o7, group variance; o7, litter size variance; o7, residual variance; o7, phenotypic variance; o2, total

heritable variance; »?, direct heritability; s2, social heritability; 772, total heritability; AAIC, change in Akaike’s information
criteria from the best (minimum) model AIC.

234 2] 7-9(Table 4), 524 11 245}HA] 952 5]41 <12t & H] W of| A Model 2 (d = 0.0), Model 4 (d=0.5) &
Model 4 (d=1.0)2] AAICE=717+0,1.6 2 1.58 3|A4Q121E 0.0 2 A A3 Model 29] AAIC 7} 7FE Rt} F-EA
S &7 123t 54 01} ¥ 1] Wol A= Model 3 (d = 0.0), Model 5 (d = 0.5) @ Model 5 (d = 1.0)9] AAIC = 212}
0.7,2.0 9 2.6 2 34212} 0= A7 T Model 39] AAIC7} 7P WSk ow, T8 3k fAFHA 31417} =ob] of
w2} AAIC = F7FSFSATE 31417 004 0.52 /g5 Al, B 9] T4 0.1914] 0.22 F7Fsal.em, 5]1431
2} 0.5} 19] melo] FrAR FAFTt.
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Table 4. Genetic parameters, group effects (o7, litter effects (), and total heritability (7%) for days to 90 kg with the five
models in Yorkshire nucleus herd.

Model Dilution UED T, O’ZS Uzg agl O’Ze O‘Z O'ZTBV h2 52 7% -2logl AAIC
1 145 7.6 23 353 60 - 0.24 - - 233344 26
2 0.0 145 006 64 23 353 59 30 025 0.0209 050 -233321 0
3 00 148 01 006 6.2 23 353 59 35 025 0.0226 0.59 -23337.9 0.7
4 05 145 005 6.6 23 353 59 28 025 0.0183 047 -233325 1.6
4 1.0 145 0.04 6.7 23 353 60 25 025 0.0149 042 -233329 15
5 05 148 02 005 6.3 23 353 60 34 025 0.0199 0.58 -233321 2.0

5 1.0 148 02 004 65 23 353 60 32 025 0.0159 054 -233384 2.6
o2y, additive genetic variance; o,,, covariance between additive and social genetic effects; o2, variance due to social
genetic effects; o7, group variance; o7, litter size variance; o, residual variance; o7, phenotypic variance; o7, total
heritable variance; »?, direct heritability; s?, social heritability; 772, total heritability; AAIC, change in Akaike's information
criteria from the best (minimum) model AIC.
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Conclusion

2 A= 2] ARl G E o] tieh A RS AAS= AS HH O R o] E 9o 0kg EHY P FES
Z-goto] A7 Bof thE AR H B4E SR 20127 H 20158 7HA] U 9] o S =olA B A
e 55 0 234 F 20 FF 12,2085 gt 5934 A=t E 5= 5 7 oto] ZAFEA] ] o] 8-513lth
B2 AHA AR AR AR 121 A A AR AR A A aTte] TEARS a1t Ryt
34 Q1AHE o] @51AL} £2 F0| A0 A1SA SARNE 1851 &L 7| 2R E Model 1A 714 2gtE 7}

Korean Journal of Agricultural Science 43(4) December 2016 600



Social genetic effects on days to 90 kg in Duroc and Yorkshire pigs
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= A0 AREY FFE A 1S dAste] A B AR Jeshs Aol T Ao weert

Acknowledgements

2 =E2 TN ALAAATFHAE -

= I¢]
A S : PJ00997101)2] 2] o] o]sf o]Fo] 7] AY.

References

Alemu SW, Bijma P, Mgaller SH, Janss L, Berg P. 2014. Indirect genetic effects contribute substantially to heritable variation in
aggression-related traits in group-housed mink (Neovison vison). Genetics Selection Evolution 46:30.

Arango J, Misztal |, Tsuruta S, Culbertson M, Herring W. 2005. Estimation of variance components including competitive effects of
large white growing gilts. Journal of Animal Science 83:1241-1246.

Bergsma R, Kanis E, Knol EF, Bijma P. 2008. The contribution of social effects to heritable variation in finishing traits of domestic pigs
(Sus scrofa). Genetics 178:1559-1570.

Bergsma R, Mathur P, Kanis E, Verstegen M, Knol E, Van Arendonk J. 2013. Genetic correlations between lactation performance
and growing-finishing traits in pigs. Journal of Animal Science 91:3601-3611.

Bijma P. 2010. Estimating indirect genetic effects: Precision of estimates and optimum designs. Genetics 186:1013-1028.

Bijma P, Muir WM, Van Arendonk JA. 2007. Multilevel selection 1: Quantitative genetics of inheritance and response to selection.
Genetics 175:277-288.

Bouwman A, Bergsma R, Duijvesteijn N, Bijma P. 2010. Maternal and social genetic effects on average daily gain of piglets from birth
until weaning. Journal of Animal Science 88:2883-2892.

Bunter K, Lewis C, Newman S. 2015. Social genetic effects influence reproductive performance of group-housed sows. Journal of
Animal Science 93:3783-3793.

Canario L, Lundgren H, Haandlykken M, Rydhmer L. 2010. Genetics of growth in piglets and the association with homogeneity of
body weight within litters. Journal of Animal Science 88:1240-1247.

Canario L, Turner S, Roehe R, Lundeheim N, D’Eath R, Lawrence A, Knol E, Bergsma R, Rydhmer L. 2012. Genetic associations
between behavioral traits and direct-social effects of growth rate in pigs. Journal of Animal Science 90:4706-4715.

Chen C, Kachman SD, Johnson RK, Newman S, Van Vleck LD. 2008. Estimation of genetic parameters for average daily gain using
models with competition effects. Journal of Animal Science 86:2525-2530.

Craig J, Muir W. 1996. Group selection for adaptation to multiple-hen cages: Beak-related mortality, feathering, and body weight
responses. Poultry Science 75:294-302.

Ellen E, Visscher J, Van Arendonk J, Bijma P. 2008. Survival of laying hens: Genetic parameters for direct and associative effects in
three purebred layer lines. Poultry Science 87:233-239.

Griffing B. 1967. Selection in reference to biological groups I. Individual and group selection applied to populations of unordered

Korean Journal of Agricultural Science 43(4) December 2016 601



Social genetic effects on days to 90 kg in Duroc and Yorkshire pigs

groups. Australian Journal of Biological Sciences 20:127-140.

Hsu W, Johnson RK; Van Vleck LD. 2010. Effect of pen mates on growth, back fat depth, and longissimus muscle area of swine.
Journal of Animal Science 88:895-902.

Lynch M, Walsh B. 1998. Genetics and analysis of quantitative traits: Sinauer Sunderland, MA.

Muir WM. 2005. Incorporation of competitive effects in forest tree or animal breeding programs. Genetics 170:1247-1259.

Van Vleck LD, Cundiff L, Koch R. 2007. Effect of competition on gain in feedlot bulls from Hereford selection lines. Journal of Animal
Science 85:1625-1633.

Wilson AJ, Morrissey M, Adams M, Walling CA, Guinness F, Pemberton JM, Clutton-Brock TH, Kruuk L. 2011. Indirect genetics
effects and evolutionary constraint: an analysis of social dominance in red deer, Cervus elaphus. Journal of Evolutionary Biology
24:772-783.

Korean Journal of Agricultural Science 43(4) December 2016 602



