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Introduction 
 

Female reproduction is an important profit driver in northern Australia beef production 

systems. However low weaning rates are common, and are mainly the result of extended post-

partum anoestrus intervals, especially in Bos indicus cattle (Entwistle 1983). Research, 

mainly in dairy, has established that measures of postpartum anoestrus, such as calving to 

ovulation interval, are moderately heritable and may offer means to genetically improve 

female reproduction. Age at puberty has also been shown to be highly heritable in Brahman 

cattle (Johnston et al. 2006). Currently world-wide, genetic evaluation of female reproduction 

in beef cattle is limited. In Australia days to calving is used (Graser et al. 2005) and some 

other countries have analyses for heifer pregnancy. The aim of this work was to determine the 

amount of genetic variation in measures of lactation anoestrus in Brahmans, and its 

relationship to age at puberty, and to discuss implications for the genetic evaluation of female 

reproduction. 
 

Materials and methods 
 

Data were from a beef breeding experiment in northern Australia that investigated the 

genetics of whole herd profitability. The experimental design is described by Barwick et al. 

(2009). Brahman females were generated over 4 years at 4 cooperator properties from a total 

of 51 Brahman sires. Heifer calves were allocated at weaning to one of 3 locations where 

they remained until they completed 6 annual matings. All heifers were ovarian scanned to 

detect the presence of a corpus luteum (CL) and age at first observed CL (AGECL) was used 

as measure of age puberty. All methods and results are presented in Johnston et al. (2009).  
 

Data. A subset of the data from the first 4 matings from 1019 Brahman females was used in 

this study. Heifers were first mated at an average age of 27 months, to first calve at 3 years, 

and subsequent matings commenced at approximately the same time each year. All matings 

occurred in large multiple sire groups over a period of 12 weeks. A summary of numbers of 

records and mean calving rates of 2, 3, 4 and 5 year old cows by lactation status are presented 

in Table 1. 
 

Ovarian ultrasound scanning for the presence of a CL was used to determine resumption of 

cycling post-partum. Each year, scanning of all cows commenced at the end of the calving 

period (coinciding with the start of mating) when the cows were on average 6-7 weeks post-
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partum. All cows were scanned approximately every 4 weeks up to weaning time, except 

when weather conditions precluded access to the cows. Each year all calves at a location were 

weaned on the same day at an average calf age of 6-7 months. Those cows still without an 

observed CL at weaning were scanned every 4-8 weeks until their first CL was observed.  
 

Table 1. Mean calving rate by cow age and lactation status (wet and dry) at the 

commencement of mating 

 Wet  Dry 

Age N Calving rate  N Calving rate 

2    1019 0.72 

3 628 0.41  373 0.84 

4 500 0.67  431 0.92 

5 679 0.79  189 0.87 
 

Trait definitions. Several traits were defined for lactating cows to investigate the degree of 

genetic control of post-partum lactation anoestrus. The first trait, describing the lactation 

anoestrus interval (PPAI) was defined as the number of days from the commencement of 

scanning (coinciding with the start of mating) to the estimated first ovulation date for each 

cow. The first ovulation date was estimated for each cow from the ovarian scan record of the 

presence of a CL, and from estimates of foetal age of those pregnant. The distribution of 

PPAI records revealed a spike after weaning and to further investigate PPAI it was divided 

into two traits, representing cows that first ovulated before weaning (PPAI_BW) and those 

that first ovulated post-weaning (PPAI_PW). The PPAI_PW trait was recomputed as the 

number of days from the weaning date to the estimated first ovulation date. A binary trait 

(PPA0/1) was constructed that described whether the estimated first ovulation occurred prior 

to weaning (=1) or post weaning (=0). Each of the traits (i.e. PPAI, PPAI_PW, PPAI_BW 

and PPA0/1) was defined for lactating 3, 4, and 5 year old cows, yielding a total of 15 traits 

for analysis. 
 

Statistical analyses. Significant fixed effects for each trait were determined in SAS (SAS 

Institute, Cary, NC, USA) using all main effects and first order interactions, and with sire 

included as a random effect. Initial fixed effects considered included project design variables 

(location, year, origin, age of dam class, and birth month) and specific effects of each mating 

(current mating group, previous mating group, calf birth month and calf sex). Non-significant 

effects were sequentially removed to yield final models. The trait definition and fixed effects 

for AGECL were fully described in Johnston et al. (2009). Each trait, along with its fixed 

effects, was analysed using an animal model in ASReml (Gilmour et al. 2004). The analyses 

incorporated a relationship matrix based on up to 3 generations of pedigree. An additional 

analysis was conducted for the binary trait PPA0/1 using a univariate sire model and the logit 

link function. For this analysis the heritability on the underlying (logit) scale was computed 

as 4 x sire variance with a residual variance equal to 3.3. Heritabilities were approximated on 

the observed (binomial) scale by multiplying the underlying heritability by p x (1-p), where p 

was the mean trait incidence.  
 



 

Genetic correlations were estimated between the post-partum anoestrus traits and AGECL 

using bivariate models. For the PPA0/1 trait using the logit transformation, only animals with 

both traits observed were used.  
 

Results 
 

Calving rates (Table 1) were reduced in lactating cows compared to dry cows, especially in 3 

year olds where this was further evident in their mean PPAI of 133.8 days (Table 2), with 

only 53% of the 3 year old cows having their first ovulation prior to the weaning of their 

(first) calf. For lactating 4 and 5 year olds, the PPAI were on average 65.9 and 39.8 days with 

81 and 93% recording an ovulation prior to weaning, respectively. For cows cycling prior to 

weaning, the average PPAI declined across age classes from 39.5 days for 3 year olds to 26.3 

days in 5 year olds. For those cows not observed with a CL prior to weaning the average 

number of days from weaning until their first ovulation was 99.1, 73.9 and 76.1 for 3, 4, and 

5 year olds, respectively. 
 

Heritability estimates of PPAI were highest in 3 year olds (0.52) with a large additive 

variance and declined to 0.20 and 0.24 in lactating 4 and 5 year olds. The heritabilities of 

PPA0/1 were also moderate to high for 3 year olds, both using the linear (0.55) and binomial 

(0.23) models. This suggests much of the genetic variance in PPAI is the result of whether or 

not the cow cycled prior to weaning. The heritabilities for PPAI_BW and PPAI_PW in 3 year 

olds had large standard errors, but suggest genetic variance does exist within both these traits 

(h
2
 = 0.11 and 0.17). These results were further supported at older ages but additive variances 

and heritabilities were much lower. The genetic correlations with AGECL had large standard 

errors but indicate moderate positive associations with PPAI across ages and similarly 

negative correlations with PPA0/1.  
 

Table 2. Additive variance (Va) and heritability estimates (approx. se) of lactation 

anoestrus in Brahman cows and genetic correlation (rg) with age at puberty (AGECL) 

Age Trait N Mean sd Va h2  h2
O rg AGECL 

3 PPAI (d) 628 133.8 109.6 5258 0.52 (0.14)  0.34 (0.18) 

3 PPAI_BW (d) 331 39.5 22.5 50 0.11 (0.15)   

3 PPAI_PW(d) 297 99.1 58.7 472 0.17 (0.20)   

3 PPA0/1 linear 628 0.53   0.12 0.55 (0.14)  -0.29 (0.18) 

3 PPA0/1 logit 628 0.53   4.0A 0.93 (0.24)B 0.23C -0.22 (0.25) 

4 PPAI (days) 500 65.9 74.0 959 0.20 (0.12)  0.74 (0.29) 

4 PPAI_BW (d) 406 33.3 20.9 16 0.04 (0.12)   

4 PPAI_PW (d) 94 73.9 49.5 - -   

4 PPA0/1 linear 499 0.81   0.01 0.07 (0.10)   nc 

4 PPA0/1 logit 499 0.81   0.9A 0.24 (0.24)B 0.04C -0.88 (0.41) 

5 PPAI (d) 679 39.8 53.9 576 0.24 (0.14)  0.37 (0.24) 

5 PPAI_BW (d) 627 26.3 19.1 38 0.13 (0.11)   

5 PPAI_PW(d) 49 76.1 58.2 - -   

5 PPA0/1 linear 679 0.93   0.02 0.33 (0.16)  -0.17 (0.24) 

5 PPA0/1 logit 679 0.93   4.6A 1.04 (0.50)B 0.07C  nc 
A 4 x sire variance 
B heritability estimate on the underlying (logit) scale with residual variance = 3.3 
C heritability estimate converted to the observed (binomial) scale = underlying scale heritability x p x (1-p) 

nc not converged 



 

Discussion 
 

Prolonged lactation anoestrus was very evident in these data, particularly in 3 year old cows 

where almost half the cows failed to ovulate prior to weaning. Research has established that 

the primary reasons for delayed resumption of cycling are low body condition (Rudder et al. 

1985) and the effect of suckling (e.g. Montiel and Ahuja 2005). The heritability estimates of 

PPAI indicate a moderate to high degree of genetic influence. These estimates are higher than 

for other measures of reproduction previously published from these data (Johnston et al. 

2006). Studies in dairy cattle have also reported heritabilities of post-partum anoestrus traits 

much higher than for other measures of reproduction (e.g. Petersson et al. 2007). Although 

the genetic correlations with AGECL were not strong, they suggest that selection for reduced 

age at puberty would result in reduced time to ovulation and increased frequency of cycling 

prior to weaning. In general, the results for 4 and 5 year olds were less conclusive and reflect 

the higher prevalence of cycling prior to weaning. The results in the older age classes may 

also be influenced by the records representing a mix of cows with first, second or third 

lactations, depending on prior weaning outcomes.  
 

The considerable heritability for PPAI, especially in 3 year olds, suggests there is potential to 

capture this genetic variation (or a related indicator trait) to improve the genetic evaluation of 

female reproduction in Brahmans. Secondly, age at puberty may be a useful indicator trait for 

the reproductive performance of heifers (Johnston et al. 2006). The results here indicate that 

selection for reduced age at puberty would not be antagonistic to decreasing post-partum 

anoestrus intervals. More records are required to decrease the standard errors on the genetic 

estimates. However censoring of records and confounding of fixed effects with previous 

calving outcomes makes pooling of data across ages difficult. Additional records may be 

required on first lactation cows before these results can be conclusive.  
 

Conclusions 
 

In Brahman cattle there is an opportunity to improve female reproduction through focusing 

genetic evaluation on the genetic variability in lactating first calf cows. For full 

implementation in genetic evaluation will require estimates of genetic correlations with 

lifetime reproductive performance, cow longevity and other production traits. 
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