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INTRODUCTION   
In most countries, dairy cattle research breeding programs are mainly oriented towards yield 
traits which represent only one component contributing to overall efficiency and profitability of 
the dairy industry. Functional traits, such as fertility, longevity, and health traits, are of 
increased interest to producers in order to improve herd profitability. However, despite their 
economic significance little or no attention has been given in genetic selection programs and 
their relationship with other traits of economic importance. Several reports indicated that poor 
reproductive performance, manifested in prolonged calving intervals, increased risk of culling 
can result in reduced milk yield and increased replacement cost (Pyrce et al 2000; 
Kadarmideen et al., 2003; Jamrozik et al., 2005). Although there are several studies that have 
investigated the association of fertility and production traits, there are no studies in literature 
that examined the association of fertility traits with longevity. Survival analysis using a 
Weibull proportional hazards model can offer a better fit to survival data due to its ability to 
properly account for censored records (Larroque and Ducrocq, 2001). This may increase 
precision by accounting for differences in days of productive life among cows that survive for 
the same number of lactations. Time dependent variables can be used for the survival analysis 
to accurately model the effects of environmental factors (Ducrocq and Solkner, 1998). The aim 
of this study was to assess the relationship between fertility traits and longevity of Canadian 
Holsteins.  
 
MATERIAL AND METHODS 
Data consisted of 2,017157 Holstein heifers from 15,582 herds sired by 11,278 sires.  Data 
were obtained from lactation and fertility records extracted for the Canadian November 2005 
genetic evaluation. Length of productive life was defined as time (days) from one calving to 
the next calving, death, or culling. Censored records represented cows being sold for dairy 
purposes, exported or leased to another herd or cows still in the herd. A lifetime record was 
considered to be completed (uncensored) if the cow received a termination code, indicating that 
the cow was removed for any other reason. Fertility traits included were number of services 
(NS) with seven classes, interval from first service to conception (FSTC) with six classes, 
calving ease (CE) with four classes (unassisted, easy pull, hard pull or surgery) and calf size 
(CZ) with three classes (small, medium or large). 
 
The following model was used, 

λ(t)  = λ0,s(t) exp{x’m(t)β+z’mu} 
Where, λ(t) is the hazard of a cow, i.e., her probability of being culled at time t given she is 
alive just before t; λ0,s(t)=λρ(λt) ρ-1 is the Weibull baseline hazard function with scale 
parameter λ and shape parameter ρ and t is the time in days from one calving to the next 
calving for each stratum; β contains the possibly time-dependent covariates affecting the 
hazard with x'm(t) being the corresponding design vectors and u is a vector of random 
variables with associated incidence vector z’m(t).  
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The fixed covariates included in the model were as follows: time dependent effect of stage of 
lactation in days  (1=0-80; 2=81-235; 3 >235); effect of year and season of calving (year of 
calvings from 1985 to 2005 and season of calvings, effect of season of production; effect of the 
annual change in herd size with three classes (decreasing, stable and increasing); effect of the 
type of milk recording supervision with three classes (unsupervised, supervised and unknown); 
effect of age at first calving in months; effects of milk, fat and protein yields. The latter effects 
were calculated as within herd-year-parity deviations with three classes for each (low, average 
and high). Detailed description of the fixed effects included in the model was described by 
(Sewalem et al., 2005). Each fertility trait was evaluated separately by including as a covariate 
on the model. The random effects included were the effect of herd-year-season class that was 
assumed to follow a log gamma distribution and the genetic effect of the cow’s sire which was 
assumed to follow a multivariate normal distribution with mean zero and variance Aσ2s, where 
σ2s is the variance among sires and A is the relationship matrix. A sire variance of 0.046 
(Sewalem et al., 2005) was used in the analysis. The analyses, using a Weibull proportional 
hazards model, were performed using the Survival Kit Version 5.12 (Ducrocq and Solkner, 
1998). One baseline hazard function λ0,s(t) was defined for each lactation (subscript 0, 
designates a baseline hazard and subscript relates stratum s). The overall influence of each 
fertility trait on functional survival was assessed using the likelihood ratio test.  
 
RESULTS AND DISCUSSION 
All the fertility traits included in this study had statistically significant (P< 0.001) association 
with functional longevity.  The results for fixed effects were expressed in relative culling risk 
defined as the ratio of the estimated risk of being culled under the influence of certain 
environmental factors relative to the average risk (or reference risk), which is usually set to 
one. Values larger than one indicate higher culling risk associated with that environmental 
factor. Relative culling risks smaller than one indicate lower culling risks. Figure 1 and 2 show 
the relationship between risk of relative culling and the different reproductive traits, calving 
ease, calf size, stillbirth, number of services and first service to conception. Heifers calving 
with hard pull and surgery were 1.13 and 1.51 times more likely to be culled, respectively, 
compared to the reference class of easy pull. On the other hand, heifers with unassisted calving 
had a slightly higher chance of surviving compared to the reference class of easy pull. 
Moreover, heifers producing dead calves were 15% more likely to be culled compared to 
heifers producing alive calves within the first 24 hours of calving.  Figure 1 also shows that 
heifers producing small and large calves had slightly higher risk of being culled compared to 
heifers producing medium size calves. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1. Relative risk of culling (RRC) by category for Calving ease (CE), Calve size (CZ) and Still birth (SB). 

RRC for easy pull in CE, medium in CZ and alive in SB was set to 1. 
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Figure 2 shows the relative risk of culling for number of services in Holstein heifers. Heifers 
that required repeated number of service for a given conception were found to have lower 
chances of survival compared to heifers that did conceive in a single insemination. Fore 
instance, heifers that required a second insemination were 1.07 times more likely to be culled 
compared to heifers that conceived in one insemination. Figure 2 also shows the relationship 
between interval from first service to conception and functional longevity.  After the first 
insemination, as the number of days required to conceive the relative risk of culling of heifers 
also increased. Heifers that conceived after 90 days of the first insemination were found nearly 
1.2 times morel likely to be culled compared to heifers that did not require extra days after the 
first insemination. 
 
Poor fertility increases culling rates and replacement costs.  Therefore, it is important to note 
that the ability of the animal to conceive and maintain pregnancy is the most important 
component of dairy herd management for high production and longevity of dairy cows. 
Although the problem of fertility traits is influenced by various factors from the genetic 
perspective, appropriate recording system of these traits and incorporating them in the breeding 
objective may contribute to alleviate the downward trend of these traits.  Alternatively, in 
situations where there is no recording system and genetic evaluation of fertility traits, the study 
of association between fertility traits and longevity would benefit from the use of indirect 
selection decisions for improving fertility traits. 
 
CONCLUSION 
Survival analysis was used to investigate the relationship between fertility traits and functional 
longevity in Canadian Holsteins. Heifers that showed poor sign of fertility such as more service 
per conception, longer interval from first service to conception were at higher risk of being 
culled compared to the reference class. Moreover, heifers calving with the help of surgery, 
heifers calving dead calves and large calves have shorter longevity compared to the reference 
class.   
 
 

Figure 2. Relative risk of culling (RRC) by category for Number of services (NS), intervla form 
frist service to conceptiom (FSTC).  RRC for one in NS and  zero in (FSTC) were set to 1. 
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