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ABSTRACT: Social interactions among individuals are 
abundant, both in wild and domestic populations. With so-
cial interactions, genes of an individual may affect the trait 
values of other individuals, a phenomenon known as Indi-
rect Genetic Effects (IGEs). IGEs can be estimated using 
linear mixed models. Here we show that IGE contribute 
substantial heritable variation in bite mark scores in group 
housed mink. Furthermore we investigated whether IGEs 
depend on relatedness between interacting individuals or on 
their sex. Current IGE-models assume that individuals inter-
act equally to all group members irrespective of relatedness. 
Kin selection theory predicts that an individual will interact 
differently with family members vs. non-family members. 
We showed that mink interact differently either due to sex 
or the family relationship with their group mates. Our re-
sults show that IGEs are very important for welfare in mink, 
and there are good prospects for genetic improvement. 
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Introduction 
 

Social interactions among individuals are common 
in both plants and animals (Frank (1998)). In agriculture, 
these interactions can have significant effects on production 
and welfare traits. For example, social interactions may re-
sult in mortality due to cannibalism in laying hens (Muir 
(1996)) and in bite marks in mink (Moller et al. (2003)). 
Because of social interaction an individual’s genes may af-
fect the trait values of its interacting partner, a phenomenon 
known as Indirect Genetic Effects IGE, also referred to as 
associative effects (Moore et al. (1997); Muir (2005)). 

 
IGEs may change heritable variation and can 

change the rate and direction of response to selection (Griff-
ing (1967)). IGEs can be estimated using linear mixed mod-
els. However, current models assume that individuals inter-
act equally to all group members whether the group member 
is family or not. Kin selection theory predicts that an indi-
vidual will interact differently with family members vs. 
non-family members. However, there is no empirical study 
that has showed whether individual interact differently with 
family members and non-family members.  
 

This paper gives estimated genetic parameters for 
bite mark traits in group housed mink, showing that IGE 
contribute the majority of heritable variation. The study 
includes evaluation of bite marks on neck, body, and tail 

region of the body as well as the average of these regions on 
mink in group housing. Furthermore, we provide empirical 
evidence that mink to interact differently either because of 
their sex, or because of family relatedness.  

 
Material and method 

 
We took bite mark records during pelting; hence, it 

gives an indication of the aggression received by the indi-
vidual over the period of time prior to pelting.  A total of 
1969 mink descending from 136 sires and 349 dams was 
used in our analysis. Two male siblings and two female sib-
lings were placed in 2 storey cage in years 2009, 2010, and 
2011. The number of bite marks was subjectively measured 
on the scale 1 to 9. 

 
Statistical methods. We compared four models us-

ing the Akaike information criterion (AIC):  
 

 Model 1. Usual animal model 
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where y   a vector of is observed bite-mark scores; b  is a 
vector of fixed effects, with incidence matrixX linking ob-
servations to fixed effects, a  is a vector of the breeding 
values which were assumed to follow a normal distribution,

( )2,0~ aN σAa , with incidence matrix Z  linking obser-

vations on individuals to their breeding values, and A  is 
the numerator relationship matrix, g  is a vector of the ran-

dom cage effects with, ( )2,0~ ggN σIg , gI is an identity 

matrix of appropriate dimension, with incidence matrixW
for groups and, 2

gσ  is group variance,e  is a vector of re-
siduals.  
 

Model 2. Usual animal model extended with an 
environmental covariance between family members present 
in the same group (non-genetic effect of family or sex 
recognition): 
 

 
 

where, V  is an incidence matrix for family x groups and 
k  a vector of group*family effects. Hence,  
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1fσ  , is the variance common to male siblings in the same 

group and 2
2f

σ  is the variance common to female siblings in 

the same group. Other elements were the same as in model 
1. 
 

Model 3. The usual direct-indirect animal model 
(Muir (2005)), extended with a random group effect 
(Bergsma et al. (2008)): 
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Other elements were the same as in model 1. The 

SSaZ accounts for heritable indirect effects and Wg  ac-
counts for non-heritable indirect effects. This model as-
sumes IGE are the same for family members and non-family 
members. 
 

Model 4. Following Alemu et al. (2014)) this mod-
el is similar to model 3 but here IGE differ for family vs. 
non- family members and a non-genetic covariance between 
family members in the same group is included. 
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where DZ  is a known incidence matrix for direct genetic 

effects, and  u
SZ  is a known incidence matrix for indirect 

genetic effects on group members belonging to the other 
family (hence, subscript u indicates “unrelated”), and Fa  is 
a vector of random family breeding values (this includes the 
direct genetic effect and the IGE to family members; see 
Alemu et al. 2014), and aS is a vector of indirect genetic 
effects on the members of the other family, with  
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All the other elements are the same as in model 2. 
 

Result and Discussion 
 
 As shown in Table 1, the AIC of model 4 is lower 

than that of the other models. Thus, model 4 fitted the data 
better than other models.  This is true for neck, body, tail, 
and total bite mark score. Therefore there is systematic in-
teraction between the two female siblings and between the 
two male siblings in a group. Table 2 shows the estimated 
genetic parameters from model 4. The IGE on unrelated 
individuals of the other sex contribute a substantial amount 
of heritable variation, about 13% to 20% of the total herita-
ble variation for bite marks in the different regions of the 
body. Moreover, there was a strong positive correlation be-
tween family breeding value and IGE to stranger (0.79 to 
0.93), which further increased total heritable variance. Thus, 
most of the heritable variation in bites mark score relates to 
IGEs.   

 
Table 1. Model comparison for bite mark (bm) using 
AIC1(Akaike information criterion) 

Model 
Neck 

bm 
Body 

bm 
Tail 
bm 

Total   
bm 

1 78.41 71.04 54.00 65.90 
2 41.5 65.52 29.50 39.20 
3 32.00 0.62 7.54 10.64 
4 0.00 0.00 0.00 0.00 

1AIC value of best model according to AIC was set to zero as reference. 
AIC = 2× # parameters – 2 × log-likelihood; thus smaller values indicate a 
better model. 

 
 

Conclusion 
 
We have shown that IGEs make a large contribu-

tion to the heritable variation in bite mark scores in mink. 
The total genetic variance for response to selection was 45% 
of phenotypic variance (T2 for total bm; Table 2), indicating 
good prospects for genetic improvement. Moreover, our 
results show that the interactions differ systematically be-
tween the two male siblings and the two female siblings 
within a cage. Therefore, estimation of genetic parameters 
for group housed mink needs to take in to account such sys-
tematic differences to avoid biased estimates of the genetic 
parameters and suboptimal response to selection.  
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Table 2.  Estimated parameters for bite mark (bm) from the best model1 according to AIC 

Parameter Neck  bm Body bm Tail  bm Total  bm 

 
0.49±0.13 0.87±0.20 0.69±0.17 5.41±1.16 

 0.22±0.06 0.40±0.09 0.25±0.06 2.19±0.0.48 
 0.15±0.04 0.30±0.07 0.11±0.04 1.10±0.31 

 0.84±0.13 0.79±0.10 0.87±0.13 0.92±0.1121 
 1.70±0.38 3.090±0.61 1.89±4.2 16.21±2.90 

2  0.05±0.04 0.02±0.06 0.06±0.04 0.09±0.05 
 -0.0001±0.04 -0.10±0.08 -0.12±0.05 -0.09±0.05 
 0.40±0.05 0.06±0.08 0.01±0.08 0.2±0.06 
 1.3±0.12 3.0±0.24 2.55±0.2 12.84±1.1 
 2.20±0.19 3.40±0.28 5.38±0.4 23.030±1.83 

 3.5±0.11 4.95±0.16 5.30±0.17 30.20±1.00 

 0.14±0.05 0.17±0.03 0.13±0.03 0.18±0.03 

 0.49±0.14 0.62±0.14 0.36±0.8 0.54±0.11 
is the family breeding value variance,  the indirect genetic effect to non-family members variance,  the covariance between family 

breeding value and IGE to non-family members, the  correlation between family breeding value and IGE to non-family members,  the 

phenotypic variance,  the family heritable variation, and  the total heritable variation.  

1  

2We fitted a cage and cage*sex covariance. The result here is expressed as the correlation between cage mates and cage mates of the same sex.  
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where,  refers cage variance , cage*sex variance. 
 

	  


