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INTRODUCTION 
Selection for yields in dairy cattle resulted in a decline in fertility due to unfavorable 
relationships between these traits. Reproductive performance of a cow is an array of several 
traits. All these traits are observed repeatedly as a cow ages. By considering a wide spectrum of 
fertility traits in a multiple trait model, a better evaluation of reproductive ability might be 
achieved. The objective of this paper is to present a multiple trait model that has been 
developed for genetic evaluation of female reproductive traits for Canadian dairy populations. 
 
TRAITS AND MODELS 
Female reproductive traits were selected based on data availability in a way that they would 
describe a complete picture of a reproductive history for a cow. The traits are: age at first 
insemination (AFS), days from calving to first insemination (CTFS), number of services (NS), 
first service non-return rate (NRR) to 56 days, days from first service to conception (FSTC), 
calving ease (CE), stillbirth (SB), gestation length  (GL), and calf size (CZ). Several other 
traits like days open or calving interval can be derived as appropriate sums of the original 
traits. Continuous, interval traits (AFS, CTFS, FSTC and GL) are expressed in days. Stillbirth 
is defined as 0 (dead) or 1 (alive calf). Non-return rate is coded 1 when there was no 
subsequent insemination between 15 to 56 days following the first service and 0 otherwise. 
Ordered, categorical traits (CE and CZ) are subjectively scored in four classes (CE from 1 to 4 
and CZ from 0 to 3) with 1 corresponding to unassisted calving (CE) and 0 describing small 
calf size (CZ). One trait, AFS, is considered as a heifer trait only. Similarly, CTFS is defined 
for cows only. All remaining traits are defined separately for both heifer and older cows. 
Specific single-trait models for particular traits are listed below in a simplified scalar notation. 
Models for heifer traits are: 
AFS    = RYS + H(RYS) + A + E, 
NRR   = RYS + H(RYS) + Mf + SS + T + A + E, 
NS      = RYS + H(RYS) + Mf + A + E, 
FSTC  = RYS + H(RYS) +Mf + A + E, 
GL      = RYS + H(RYS) + MfX + SC + A + E,  
CE      = RYS + H(RYS) + AcMcX + SC + A + E, 
SB      = RYS + H(RYS) + AcMcX + SC + A + E, 
CZ      = RYS + H(RYS) + AcMcX + SC + A + E. 
Similarly, for cow traits: 
NRR   = RYS  + H(RYS) + ApMf + SS + T + A + PE + E, 
NS      = RYS  + H(RYS) + ApMf + A + PE + E, 
CTFS  = RYS + H(RYS) + ApMp + A + PE + E, 
FSTC  = RYS + H(RYS) + ApMf + A + PE + E, 
GL      = RYS + H(RYS) + ApMpX + SC + A + PE + E, 
CE       = RYS + H(RYS) + AcMcX + SC + A + PE + E, 
SB       = RYS + H(RYS) + AcMcX + SC + A + PE + E, 
CZ       = RYS + H(RYS) + AcMcX + SC + A + PE + E, 
where RYS is a fixed effect of region by year of birth by season of birth, H(RYS) is a random 
effect of herd within RYS, Mf is a fixed effect of month of first insemination, MfX is a fixed 
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effect of month of first insemination by sex of calf, AcMcX is a fixed effect of age at current 
calving by month of current calving, by sex of calf  by parity, ApMp is a fixed effect of age at 
previous calving by month of previous calving by parity, ApMf is a fixed effect of age at 
previous calving by month of first insemination by parity, ApMpX is a fixed effect of age at 
previous calving by month of previous calving by sex of calf by parity, A is a random animal 
additive genetic effect, SS is a random effect of service sire by year of insemination, SC is a 
random effect of sire of calf, PE  is a random permanent environmental effect, T is a random 
effect of AI technician, and E is a random error term. Four seasons of birth are defined as: 
December – February, March – June, July – September and October – November. The overall 
model is a multiple-trait model that includes all sixteen traits with specific linear models for 
particular traits as shown above. In matrix notation, the model can be written as 
 
 y = X b + Z1r +  Z2 a + Z3 p + Z4 c + Z5 s + Z6 t + e, where 
 
y is a vector of observations (traits within parities within cows), b is a vector of all fixed 
effects, r is a vector of H(RYS) effects, a is a vector of animal additive genetic effects (A), p is 
a vector of PE effects, c is a vector of SC effects, s is a vector of SS effects, t is a vector of T 
effects, e is a vector of residuals, X and Zi (i =1, 6) are respective incidence matrices. 
Assumptions are that 

[r’ a’ p’ c’ s’ t’ e’ ]’ ~ N[ 0, V] with V =  ∑
=

+
7

1i
Vi, where 

V1 = I ⊗  R, I is an identity matrix, R is a covariance (16x16) matrix for H(RYS) effects;  V2 = 
A ⊗  G, A is an additive relationship matrix, G is a genetic covariance (16x16) matrix; V3 = I 
⊗  P, P is a covariance (8x8) matrix for PE effect; V4 = As ⊗  C, As is a sire – maternal 
grandsire relationship matrix, C is a covariance (8x8) matrix for SC effect; V5 = I ⊗  S, S is a 
covariance (2x2) matrix for SS effect; V6 = I ⊗  T, T is a covariance (2x2) matrix for T effect; 

V7 = ∑
=

+
N

i 1
Ei, Ei is a residual covariance matrix (of order up to 8x8, depending on how many 

traits were missing) for either first or later calvings and N is the  total number of records. 
 
GENETIC PARAMETERS 
Subset of the data was generated for covariance component estimation by a random sampling 
of herds with at least 20 Holstein records. Records for each calving were included if a cow had 
records on all preceding calvings. Sequential edits on missing traits within parity were 
employed to account for selection biases and to facilitate computations. Total number of cows 
with data was 53,158 and the total number of records was equal to 94,250. Fertility records up 
to 6th calving were present in the selected data. Total number of animals in pedigrees was 
195,713. Gibbs sampling was used to generate posterior distributions for all effects in the 
model. The total length of the Gibbs chain was 220,000 with a burn-in period of 20,000 
iterations. 
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Table 1. Estimates (posterior means) of phenotypic variance (Total) and ratios (%) with 
respect to phenotypic variance for additive genetic (h2), herd within RYS (herd2), 
permanent environment (pe2), sire of calf (sc2), service sire (ss2), technician (tech2) and 
residual (e2) variances for Holsteins 
 

Parity Trait Total  h2 herd2 pe2 sc2 ss2 tech2 e2 
 AFS 2845.8 13.4 48.0     38.6 
 NRR 0.19 2.9 2.0   0.1 0.4 94.6 
 NS 1.19 2.9 3.6     93.5 

First FSTC 1458.6 3.0 3.7     93.2 
(heifers) GL 39.2 20.5 1.5  7.7   70.3 

 CE 0.49 15.8 14.7  1.9   67.7 
 SB 0.09 3.9 1.5  0.4   94.2 
 CZ 0.36 11.7 10.1  3.8   74.4 
          
 NRR 0.24 4.0 2,6 0.4  0.2 0.5 92.3 
 NS 2.2 6.9 2.7 0.1    90.3 
 CTFS 862.8 9.9 20.7 1.6    67.8 

Later FSTC 2937.4 7.0 3.3 0.2    89.5 
(cows) GL 39.9 15.8 1.6 2.0 6.7   73.9 

 CE 0.33 8.2 15.4 0.4 1.9   74.0 
 SB 0.03 2.0 0.6 1.3 0.3   95.8 
 CZ 0.39 7.8 14.5 0.7 2.7   74.3 

 
Heritabilities ranged from 0.02 (SB in cows) to 0.21 (GL in heifers) (Table1). Traits measured 
as intervals in time (AFS, GL and CTFS in particular) had larger heritabilities than traits of 
binary or categorical nature. Heritability for NRR was 0.03 for heifers and 0.04 for cows. 
Heifer and cow fertility traits were not the same genetically: genetic correlations between traits 
observed in both heifers and older cows ranged from 0.31 (SB) to 0.91 (GL). Random herd 
environment showed similar trends in terms of correlations between traits. Estimates of sire of 
calf correlations ranged from –0.40 (SB and CZ in heifers) to 0.65 (CE and CZ in heifers). 
Correlation between SS effects for NRR in first versus later calvings was 0.96. The respective 
correlation for the AI technician effect was 0.86. Detailed results and discussion on genetic 
parameters were presented in Jamrozik et. al. (2005). 
 
GENETIC EVALUATION 
Programs in Fortran were developed to facilitate routine genetic evaluation for female 
reproductive traits for all dairy breeds in Canada. The models (as presented earlier) allowed for 
any combination of missing traits. Solving mixed model equations was performed by iteration 
on data with Gauss-Seidel method. Genetic groups for unknown parents were specified for 
direct and maternal genetic effects. Inbreeding was accounted for in the relationship matrix 
among animals. Data on Holstein reproductive traits for the test-run were obtained from 
Canadian Dairy Network in July 2005. All cows in the data were required to have a virgin 
heifer record (Table 2). Total number of cows with data was 706,737 and the total number of 
records was equal to 1,694,094. Total number of animals in pedigrees was 1,642,119.  
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Table 2. Descriptive statistics of the data used for genetic evaluation and of the EBV 
(additive genetic effect) for all animals (N=1,642,119) 
 

Data EBV Parity Trait 
Records Mean SD Min Max Mean SD Min Max 

 AFS 613,588 497.2 55.2 274 639 1.3 9.3 -62.5 50.9 
 NRR 584,493 0.75 0.43 0 1 -0.00 0.025 -0.17 0.11 
 NS 612,779 1.58 1.03 1 10 0.01 0.072 -0.33 0.45 

First FSTC 406,505 16.2 32.1 0 206 0.4 2.4 -12.3 17.7 
(heifers) GL 342,661 279.7 6.1 240 300 -0.5 1.2 -10.9 6.8 

 CE 422,748 1.64 0.71 1 4 0.14 0.111 -0.38 0.94 
 SB 406,542 0.90 0.30 0 1 -0.02 0.026 -0.26 0.09 
 CZ 403,561 2.03 0.60 0 3 0.05 0.080 -0.39 0.50 
           
 NRR 912,379 0.58 0.49 0 1 -0.02 0.034 -0.26 0.13 
 NS 911,843 2.15 1.49 1 10 0.08 0.157 -0.65 1.20 
 CTFS 903,243 89.9 32.0 14 244 0.8 4.7 -23.9 31.3 

Later FSTC 509,784 34.3 46.1 0 206 2.5 5.6 -26.0 40.3 
(cows) GL 479,353 280.6 6.4 240 300 -1.2 1.1 -10.7 4.7 

 CE 515,099 1.41 0.59 1 4 0.08 0.064 -0.21 0.56 
 SB 504,327 0.96 0.20 0 1 -0.01 0.008 -0.07 0.03 
 CZ 503,256 2.18 0.61 0 3 0.01 0.070 -0.47 0.41 
 
Two thousand rounds of iteration were performed with the achieved convergence criterion 
equal to 2.39e-8. Iteration program required 516MB of memory and 30 seconds of real time for 
one round of iteration. Basic characteristics of estimated breeding values for all animals in the 
model (raw solutions of the mixed model equations) are in Table2.  
 
CONCLUSIONS 
Different traits measure different aspects of reproductive performance of a dairy cow. They 
should be analyzed jointly in a multiple trait manner. Genetic evaluation system for 16 
different reproductive traits of Canadian dairy cattle will be implemented in 2006. 
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