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Abstract – Genetic parameters of lactation survival, defined as a stayability trait (i.e. the animal 

survived or not to a subsequent lactation), were estimated using a linear random regression model for 

the first three parities of Holstein Tunisian cows belonging to large herds. Results showed that the 

quarter of Tunisian Holsteins left the herd in their first lactation and only the third reached their third 

lactation and then did not produce up to their potential generally observed in the fourth and fifth 

lactations. Management practices, referred to by the Herd × Year effect could have hampered lactation 

survival. Additive genetic variances and heritability were low for all traits similarly to other estimates 

for lactation survival using linear random regression model. Genetic correlations between the three traits 

of the lactation survival were high but differed from unity and were in the range of most studies using 

linear multiple trait models. Environment correlations were modest. Environment correlations were 

modest. Based on the results lactation survival should be considered as different traits during the entire 

lifespan rather than the same trait during life. 
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1. Introduction 

Most genetic improvement programs in dairy cattle have started with a primarily aim toward increasing 

milk yield, and contents as traits a priori economically relevant and easy to measure and improve. Later, 
breeding objectives have been explicitly extended towards other traits such as longevity. Longevity is a 

highly desirable trait for dairy farmers because its improvement results in economic and environmental 

benefits (Garnsworthy 2011; Knapp et al. 2014) and gives the cows the opportunity to fully exterior 
their genetic potential (Essl 1998; Vukasinovic et al. 2001), usually observed between the fourth and 

sixth lactation (Solkner 1989). One characteristic of investigating longevity is the existence of cows still 

alive at the end of the study period because the phenotype is expressed late in animal’s life. To deal with 

this type of ‘censored’ records, several genetic evaluation models are currently used (Forabosco et al. 
2009). Neither of these models covers all required statistical properties. One of the major differences 

between the applied models is whether longevity is assumed to be genetically the same trait during the 

entire life of a cow (Veerkamp et al. 2001). A popular model is survival analysis with a proportional 
hazard function attempting to estimate the probability that an animal will survive to time t given that it 

has survived to time t – 1 (Ducrocq 1997). This model considers longevity as a unique trait during 

animal’s life. An alternative approach to the survival model is to consider survival as a binary trait (i.e. 
the animal survived or not to a fixed point in productive life (e.g. each lactation)). However, given the 

binary nature of this trait, an accurate description is expected from non-linear mixed models. 

Nevertheless, no clear advantage by using non-linear models over linear models was reported for binary 

or even categorical traits (Gianola 1982; Phocas & Laloë 2003; Vanderick et al. 2014). Therefore, 
random regression models were proposed, in a linear context, for modelling survival as a different trait 

across lactations (Jairath et al. 1998; Veerkamp et al. 2001).  
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The purposes of this study were to estimate genetic parameters of lactation survival in the first three 

lactations using a linear random regression model. 
 

2. Material et Methods 

2.1. Data 

Pedigree and data regarding survival of Tunisian Holstein cows (n= 25,981) that participated in the 

official milk recording in the period from 2000 to 2014, were provided by the Tunisian Genetic 

Improvement Center (Tunisian Livestock and Pasture Office). The animals belonged to herds of at least 

50 cows in order to evaluate informative herds with good herd management (van Pelt et al. 2016). 
Several editing criteria were employed to ensure data’s quality: Plausible upper and lower limits for age 

at first calving were set at > 20 or < 42 months.  

Lactation survival: The observed trait was defined as cow’s survival to the subsequent lactation. Cows 
that have not subsequent lactation were non-survivor cows and were coded as 1. Cows that calved back 

were survivor cows and were coded 2. Second lactation cows had necessarily a first lactation. Third 

lactation cows had necessarily a first and a second lactation. Since records used in this study were taken 
until the end of 2014, and the occurrence of a following calving was checked up to 21th October 2017, 

we considered that cows had sufficient opportunity to calve again. Cows were sired by 832 sires whose 

22.5% have more than 30 daughters. 

 
2.2. Model  

One three-trait model (survival in the three first lactations) analysis was run using a linear random 

regression model. The model was written under matrix notation as follows: 

( ) eZpZaQXby +++=       (1) 

where y is a vector of survival in the first, second and third lactation; b is a vector of fixed effects of 

herd × year of calving, age of calving, a and p are vectors of random regression coefficients for additive 
genetic and permanent environment effects, respectively; Q is a matrix for for the null-order Legendre 

polynomial (constant= 1); X, Z are incidence matrices linking observations with respective effects, and 

e is a vector of residuals. 

The covariance matrix structure of the model is as follows: 
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Where Ka is a 3×3 (co)variance matrix of the additive genetic random regression coefficients; A is the 

additive relationship matrix among all animals; Kp is the 3×3 (co)variance matrix of the random 

permanent environment regression coefficients, and R is a 3×3 diagonal matrix of residual variance. 

For all traits, additive genetic variance (σa
2), permanent environment variance (σp

2), residual variance 

(σe
2), phenotypic variance (σT

2) were obtained by the appropriate functions of regression coefficients 

Ka and Kp.  
Heritability (h

2
) estimates of survival were defined as the ratio of σa

2 to σT
2. Residual variances were 

assumed to be independent and constant across lactations. To avoid environmental covariances being 

considered as genetic covariances, within animal, survival was modeled by a permanent environment 
effect, as proposed by Bastin et al (2012). Variance components were estimated using REMLF90 

software (Misztal et al. 2002).  

 

3. Results and discussion 

The number of survivor and culled cows in each lactation and their proportions compared to the initial 

number of cows are displayed in Table 1. Results showed a shorter than expected stay of Holstein cows 

in Tunisian large herds. Indeed, from studied cows, the quarter left the herd in their first lactation, only 
53% of them reached their second lactation and only the third reached their third lactation. It was 

reported that Holsteins produce their maximum milk yield in the fourth and fifth lactations in their 

countries of origin (Solkner 1989). Unfortunately, Tunisian cows were culled much earlier. Many 
reasons may have contributed to compromise the lactation survival (i.e. Herd management, climatic 

conditions, food shortage, compromised reproduction or production performances). Thus, regarding the 

fact that only Herd× Calving year and age of calving effects were modelled within the fixed effects in 
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the current study, other effects are hypothetical and will not be discussed since they are not included in 

the model. Herd could be considered as an effect that account of management practices and other 
environmental conditions that are possible to vary from herd to herd. The interaction Herd× Calving 

year makes it possible to take account of the difference related to the system in control of breeding and 

in particular to the food (Bouallegue et al. 2014). Thus, poor management could have hampered lactation 
survival in Tunisian large herds. 

 
Table 1. Survivor and culled cows in each lactation and their proportions compared to the initial number of cows 

Code  First parity  Second parity  Third parity 
 

Number %  Number %  Number % 

Cows coded 1 6443 24.8  5754 22.1  4460 17.2 
Cows coded 2 19538 75.2  13784 53.0  9324 35.9 

 
Heritability and variance components (σa

2, σp
2, σe

2and σT
2) are shown in Table 2. Additive genetic 

variances of lactation survival were low similarly to other estimates for lactation survival using linear 

random regression model (Gengler et al. 2005). Heritability estimates for lactation survival decreased 
over lactation. An explanation could be the reduction of the cows surviving to successive lactations and 

then reduction of the data. Estimates of heritability were lower than most estimates from survival 

analysis that ranged from 0.05 to 0.181 (M’hamdi et al. 2010) but were in the range of most estimates 

from linear random regression models that ranged from 0.016 to 0.110. Nevertheless, heritability 
estimates from linear models are not directly comparable to estimates from survival models (Forabosco 

et al. 2009). 

 
Table 2. Heritability (h2) estimates, additive genetic variances (σa

2), permanent environment variance (σp
2), residual 

variances, and total variance (σT
2) for lactation survival  

Trait σa
2 (10-2) σp

2(10-4) σe
2 σT

2 h2 

Survival in the first parity 0. 45 0.50 0. 17 0.17 0.03 
Survival in the second parity 0. 37 0.53 0.18 0.18 0.02 
Survival in the third parity 0. 50 1.3 0.20 0.20 0.02 

 
Genetic and environmental correlations between survivals to different lactations are shown in Table 3. 

Genetic correlations between the three traits of the lactation survival were high but differed from unity. 

Environmental correlations between survival traits were modest. The higher is the distance between 
parities, the lower are the correlations estimates. These results support those of most studies using linear 

multiple-trait models. Indeed, it was reported that genetic correlations between parities significantly 

differ from unity and ranged from 0.33 to 0.96. The correlations estimates decreased with increasing 

distance between parities (Visscher & Goddard 1995; Jairath et al. 1998; Boettcher et al. 1999; 
Veerkamp et al. 2001; Sewalem et al. 2007; Holtsmark et al. 2009; van Pelt & Veerkamp 2014). Results 

suggest that survival is genetically and environmentally not the same trait during the entire life, because 

genetic correlations differ from unity between different parities and environment correlations were 
modest. 

 
Table3. Genetic (below the diagonal) and permanent environment correlations between survival in first, second and 

third lactations 

Survival trait First lactation Second lactation Third lactation 

First lactation 1.00 0. 71 0.47 
Second lactation 0.97 1.00 0.60 

Third lactation 0.95 0.96 1.00 

 

4. Conclusion 

For this investigation, the data was, a priori, limited to large herds that represented a little proportion of 
all herd-book breeders registered farms in the Holstein Cattle but representing an important proportion 

of cows. Heritability estimates were low but similar to previous literature estimates from studies that 

used a comparable model. Based on these results, further studies aiming to investigate the possible 

indirect selection on causes of culling (e.g. production traits) would be interesting. 
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