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ABSTRACT: The growth trajectories of young bulls of  
Italian native dual purpose breed Rendena were studied to 
evaluate the associative components (indirect genetic ef-
fects, IGEs) provided by group mates in performance test 
stations. Periodical weightings of 1282 individuals in 96 
groups were analyzed via random regression model (RRM) 
and compared with multiple-traits estimations (MTM), us-
ing both classical and “competitive” (i.e., with associative 
components) models. Heritability from classical models 
ranged between 0.213 and 0.360, whereas direct and asso-
ciative heritabilities were 0.228 and 0.135 in RRM, and as-
sumed the same value of 0.155 in MTM. Only the direct-
additive genetic correlation was opposite in verse under the 
two approaches, suggesting further work on the topic. The 
present study has shown the possibility to analyse associa-
tive components using a random regression analysis. 
Keywords: Indirect genetic effects; Random regression 
model; Growth 
 
 

Introduction 
 

Growth performances of candidate young bulls 
have been considered for decades in genetic improvement 
of dual purpose and beef cattle breeds (Boquet et al., 2010). 
Analyses have been traditionally carried out using multiple-
trait models considering individual weights at different ag-
es, but in recent years random regression models (RRM; 
Kirkpatrick et al., 1990) have increased popularity as they 
permit to model the changes in growth along an age trajec-
tory. Young bulls in performance testing stations are often 
reared in groups of contemporaries. Recent studies about 
the “indirect” or “associative” genetic effects (IGEs; Bijma, 
2007) have shown that for many traits the phenotype of an 
individual may arise from its genetic value and from the 
environment provided by the interactions with conspecifics. 
If this environment is heritable, then changes in traits 
should account for both direct and indirect genetic compo-
nents. Indirect genetic effects for ADG have been mainly 
found in growing pigs (Arango et al., 2005; Bergsma, 
2008), but they have been estimated also in one study on 
postweaning bulls of Hereford breed (Van Vleck et al., 
2007). At now, no studies have included IGEs in RRMs for 
growth, despite frequent interactions occur when growing 
individuals are reared in groups. The present study has 
aimed to carry out a genetic analysis of growth in young 
bulls of an Italian local dual purpose cattle breed at perfor-
mance test stations analyzing the consequences of IGEs 
within different models describing growth. 

 
 

Materials and Methods 
 

Subject of the study. Rendena is an Italian native 
dual purpose breed selected for milk and meat with particu-
lar focus for milk improvement (Mazza et al., 2014). Beef 
traits are routinely evaluated by performance test on young 
bulls grouped by month of birth and measured for ADG, in 
vivo dressing percentage and fleshiness at the end of test, at 
about 11 months of age (Mantovani et al., 1991). Young 
bulls arrive at testing station at about 30 days of age and 
grouped after weaning after 60 days of individual stabling. 
During the permanence 11 periodical weightings are done, 
the first 3 belonging to the individual stabling. 

 
Data. The study considered all the data recorded at 

performance test station of Rendena since its institution, in 
1985, and provided by the national breeders association 
(ANARE). An amount of 1431 individuals belonging to 
115 groups have been tested in the 28 years of activity. Af-
ter discarding the first 3 groups because of a different 
treatment at performance testing, and all other few groups 
including less than 10 or more than 16 individuals, a more 
homogenous subset consisting in 14075 records of 1282 
young bulls in 96 groups was retained. The dataset included 
4717 animals in pedigree, and the final group size averaged 
13.6±1.6 individuals. Finally, in analyses with associative 
effects, data referred to the first 3 weightings were not con-
sidered because of recorded at the individual-stabling. 

 
Classical models. After a series of preliminary 

mixed model analysis aimed at modelling the non-genetic 
effects to account for in the genetic models, genetic analysis 
with “classical models” were carried out considering the 
group of conspecifics and the dam parity order (4 classes: 
1st parity; 2nd parity; from 3rd to 7th parity; over the 7th pari-
ty) as fixed effects. The final RRM for genetic analyses 
used the standardized values of second order Legendre pol-
ynomial (i.e., l0, l1 and l2) to fit a general growth curve for 
population and individual growth trajectories as covariates 
with the permanent environmental variance (𝜎!"! ) due to 
individual repeated measures and the animal effect (𝜎!!). 
The covariances between l0, l1 and l2 were alternatively es-
timated or set as 0. In order to check the reliability of esti-
mates, a simpler repeatability model (RepM) including 𝜎!"!  
and 𝜎!! just as random effects without age covariate was 
also considered. 

 
A MTM was also evaluated because of less struc-

tured and generally less susceptible to artefacts (Nobre et 
al., 2003). The 11 periodical weightings at performance 
testing were the traits, and the effects of group, dam parity 



order, and the age as linear and quadratic general covariate, 
all significant in preliminary ANOVA were included as 
fixed effects. The only genetic effect of 𝜎!! was considered 
as random.  
 

Competitive models. The possible associative ef-
fects due to the interactions among young bulls of the same 
box were included within all the models following the vari-
ance components partitioning approach (“competitive mod-
el”; Arango, 2005; Bijma et al., 2007). Briefly, individual 
phenotypic variance may be decomposed in the additive 
genetic and environmental direct components of the indi-
vidual, and in the additive genetic and environmental terms 
provided by the phenotype of interacting social partners. 
Both 𝜎!"!  and 𝜎!! variances were partitioned in direct and 
associative components. The contribution of group mates, 
typically depending on group size, was computed by adding 
an individual random covariable to the associative genetic 
and permanent environmental terms (Arango et al., 2005).  
In RRM the covariances between l0, l1 and l2 were as-
sumed as equal to 0 to allow the analysis to converge. A 
direct (h!! ) and an associative (h!!) heritabilities were calcu-
lated as 𝜎!!

! /𝜎!! and 𝜎!!
! /𝜎!! (𝜎!! is phenotypic variance, 𝜎!!

!  
and 𝜎!!

!  the direct and associative genetic variances). A to-
tal heritable variance τ2 (Bijma et al., 2007) was computed 
as sum of all direct and associative (co)variances on 𝜎!!. 
The direct-associative genetic correlation was 𝑟!"  = 
𝜎!!"/(𝜎!!

! 𝜎!!
! )0.5, with 𝜎!!" as direct-associative genetic co-

variance.  
 
All the genetic analyses were carried out using 

REMLF90 software (Misztal, 2008). A correlation (𝑟!"#!") 
was performed between individual breeding values (EBV) 
for direct (EBVD) and indirect components (EBVS) of com-
petitive models, and the trend for EBV was also drawn. 

 
Results and Discussion 

 
Data. The growth trajectory from individual phe-

notypic weight measurements (data not shown) assumed an 
almost linear pattern of rapid increase with a slight slope at 
about 150-180 days of age. In preliminary analyses individ-
ual inbreeding (0.04±0.03) and average relatedness within 
group (0.06±0.02) were also evaluated but not subsequently 
included because of not significant. 

 
Classical models. Genetic parameters estimated 

from classical and competitive RepM (M1 and M2) and 
RRM (M3-M5) are reported in Table 1. About the h2 from 
classical models (M1, M3, M4), the lowest value 
(h2=0.213) was found by running M3, showing a number of 
negative genetic covariances among l0, l1, and l2 (data not 
shown). When covariances were set at zero (M4), h2 in-
creased to 0.316. The RepM M1 showed an intermediate 
value of 0.287. Heritability from random regression models 
has often shown equal of slightly higher estimates than ob-
tained with finite-dimension models as repeatability and 
multiple traits (e.g., Nobre et al., 2003; Arango et al., 2004; 
Meyer, 2004; Baldi et al., 2010). Heritability from M4 was 

similar to the average h2 of MTM estimates (h2=0.32±0.01; 
Figure 1a). Figure 1 permits to follow the variations in h2 
(classical models) and in h!!  ,h!! and 𝑟!"(competitive mod-
els) with the age of the young bulls. Heritability MTM 
(Figure 1a) assumed the greatest value at 1st measurement 
(h2=0.360), the minimum at the 3rd weighting (h2=0.200) 
and then increased again. Similar shape and estimates with 
MTM were found in other cattle breeds, as in Canchim 
(Baldi et al., 2010). Greater h2 were found e.g in. Gelbvieh 
(Iwaisaki et al., 2005) probably due to the lower number of 
traits considered. Analyses with RRM M3 and M4 (Figure 
1b) produced similar patterns in some age intervals. An h2 
of about 0.30 in the first 300 days of age was also found via 
RRM in Canchim cattle (Baldi et al., 2010), and in young 
bulls of Czech Fleckvieh at performance test (Přibyl et al., 
2007). About this study, the RRM including the estimation 
of l0,l1,l2 covariances (M3) obtained the best fit in genetic 
analysis (AIC=107753, vs. the AIC=109758 of M4). 

 
Table 1. Genetic parameters for body weight of Rende-
na young bulls from repeatability (RepM) and random 
regression models (RRM). 

Model Type Ass.Eff1 h!/ τ2 h!!  h!! 𝑟!" 𝑟!"#!" 
M1 RepM x 0.287     
M2 RepM √ 0.454 0.155 0.155 0.464 -0.698 
M3 RRM x 0.213     
M4 RRM2 x 0.316     
M5 RRM √ 0.489 0.228 0.135 0.357 -0.454 

1Ass.Eff = Associative effects estimated. 
2Covariances of 0 among l0, l1, and l2.  
h! = heritability; τ2 = total heritable variance; h!!  = direct heritability; h!! = 
associative heritability;  𝑟!" = direct-associative genetic correlation; 
𝑟!"#!"= correlation between individual direct- associative breeding values.  

 
 

 
Figure 1. Variation in genetic parameters for weight us-
ing classical and with associative components multi-trait 
a) and random regression b) models. 
h!  = heritability; h!!  = direct heritability; h!!  = associative heritability;  
𝑟!"= direct-associative genetic correlation. 



Competitive models. The problem to include the 
effects of interacting conspecifics in growth traits has in-
volved most of literature on IGEs, and mostly focussed on 
pigs (e.g., Arango, 2005; Bergsma et al., 2008; Rostellato et 
al., 2013). Only few studies on IGEs were on cattle (e.g., 
Sartori and Mantovani, 2013), and just one work concerned 
growth traits (Van Vleck et al., 2007), as abovementioned. 
No studies have applied yet a RRM to find associative ef-
fects in weight variation (a recent work used MTM to 3 
weight records in Atlantic cod, Gadus morhua; Nielsen et 
al., 2014), due to the great complexity of modelization and 
the need of suitable data. For this reason we decided to run 
also the simpler RepM and MTM. Again, as a difference of 
many previous studies on growth (e.g., Nobre et al., 2003; 
Baldi et al., 2010), we decided to not include maternal ef-
fects increasing complexity.  

 

 
Figure 2. Variation in direct and associative breeding 
values (EBVD and EBVS) in Rendena young bulls. 
EBVD = direct breeding value; EBVS = associative breeding value. 

 
 
Estimates for h!! , h!!, and 𝑟!"are provided in Table 

1. The 𝜎!!
!  used for h!! was considered as the cumulative 

contribution of all the interacting conspecifics of a focal 
individual, as estimated by REMLF90 (Misztal, 2008), and 
used in Arango et al. (2005). Therefore h!!  were on average 
higher than found in other works on social effects (e.g., 
Bergsma et al., 2008), and included the number of competi-
tors. The h!!  and h!! assumed the same values under both 
the RepM (M2; h!! , h!!=0.155, Table 1) and the MTM (av-
erage h!! ,h!!=0.166±0.014) and the same variation over age 
(Figure 1a). That suggests a similar incidence of the focal 
individual and its competitors to the total genetic variance. 
The genetic value of an individual will therefore arise by 
accounting for its direct variance and for the component it 
provided to conspecifics as a group mate (Bijma et al., 
2007). The h!!  and h!! by RRM (M5) were different, respec-
tively of 0.228 and 0.135 (Table 1), and the shape of their 
variation had a different pattern (Figure 1b). An important 
quote of genetic variance has been still explained by inter-
acting partners also under this approach. The total heritable 
variance τ2 was greater than classical h2 as expected 
(Bergsma et al., 2008; Table 1). The rAD had different esti-
mates in different models, assuming positive values under 
RepM M2 and RRM M5, and a small time variation (Figure 
1b). Conversely, looking at MTM data, rAD varied from a 
positive values in first weightings to negative values at the 

last. From a biological point of view, that could be due to 
the increase in agonistic interactions between group mates 
over time at reaching sexual maturity. The different esti-
mates could be due to the data handling, and some addi-
tional analyses could help. As interesting, the correlation 
between EBVD and EBVS from M2 and M5 is negative 
(Table 1), suggesting an antagonistic variation in direct and 
associative terms, dealing with considering group mates as 
rivals. Finally, the trend of EBVD and EBVS from RRM 
shows an increase in direct term, consistently with a selec-
tion for growth traits (Figure 2). The associative term had 
not a trend, possible because of a counteracting selection on 
associative parts has not realized yet. 
 

Conclusion 
 
A modelization of growth traits in Rendena young 

bulls at performance test was realized by applying both a 
random regression and a multiple trait models. Heritability 
estimates varied over time and ranged around a level of 0.3, 
with greatest values at the end of period. The introduction 
of associative term permitted to partition genetic variance in 
direct and associative terms with h!!  and h!! values lower 
than h2 but consistent with its variation. The direct-
associative correlation was opposite in sign in RRM and 
MTM models, maybe due to the different algorithms ap-
plied. Further research is therefore suggested, but the pre-
sent study has shown that modelling associative compo-
nents of traits over time is possible. 
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