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Introduction 

The approaches to quality control of gestation length records vary per dairy cow population 

with the approaches used exclusively applied on an individual cow-by-cow basis; records 

generally deviating by more than 2.5 to 3 standard deviations from the breed-specific mean are 

often discarded (Norman et al., 2009). Failure by producers, either deliberate or not, to record 

all service dates can obviously introduce errors, potentially leading to multimodal distributions 

of gestation length within a herd, likely reflecting missed service events, particularly in 

seasonal breeding systems. This study evaluated alternative methods for performing quality 

control of gestation length data at the herd-level, as systematic recording errors within herds 

can generate patterns not readily detected using cow-level filtering; and of interest was the 

extent of such errors and their impact on genetic parameters. The overarching goal was to 

determine if inferior quality gestation length data could be detected, but more importantly, if 

these data could be appropriately adjusted to facilitate their inclusion in a genetic evaluation 

increasing its accuracy. 

 

Materials & Methods 

Phenotypic and ancestry data from the Irish Cattle Breeding Federation database included 

6,136,621 calving records from 2,205,854 dairy cows (2005-2024); the cows were 

predominantly Holstein-Friesian (81.56%) or Jersey x Holstein-Friesian crossbreds (11.87%). 

Gestation length records outside the 250 to 350-day range for all breeds were immediately 

excluded, as well as those recorded as abortions, multiple births, from herd-years with <30 

calvings, and animals missing sire, dam, or maternal-grandsire information. The final dataset 

contained 4,861,141 gestation length records from 1,827,654 dams. 

 

Herd-year differentiation. Gestation length records were statistically adjusted to an 

equivalent mating to Holstein-Friesian sires by fitting a linear mixed model that included sire 

breed along with confounding effects; sire-breed effects relative to a Holstein-Friesian were 

subtracted from the phenotypic gestation length records. Hartigan's dip test (p<0.05 indicating 

multiple distributions) and kernel density estimation (LaplacesDemon package in R; Version 

4.4.0; R Core Team, 2024) were then used to classify herd-years as unimodal (77.2%), bimodal 

(22.0%), or multimodal (0.8%). Multimodal herd-years were not considered further. For 

bimodal herd-years, Gaussian probability density functions were used to compute the 

probability of each gestation length record belonging to each of the two distributions, with 

posterior probabilities derived assuming equal priors (0.5). Contemporary groups were defined 

within herd separately for primiparous (i.e., conceived as heifers) and multiparous cows based 

on herd, date of service and cow-parity using an algorithm for generating contemporary groups 

for the Irish national genetic evaluations 

To address the data quality issues in bimodal herd-years, three correction approaches were 

explored. Two approaches directly adjusted records to align the distributions prior to analysis, 
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while a third was to create a new variable signifying whether each gestation length record was 

assigned to the first or second distribution of records within a given herd-year; this variable 

was retained for later inclusion in the statistical model of analysis. For the alignment of 

distributions, bimodal records were analysed by fitting an interaction between distribution and 

contemporary group as a fixed effect. 

 

Estimation of variance components. Data from unimodal and bimodal herds collected 

between the years 2018 to 2022 were used to estimate variance components under different 

scenarios. A random sample of herds were selected for use in the estimation of variance 

components: 261 unimodal herds (76,586 gestation‑length records from 43,424 females) and 

513 bimodal herds (73,849 records from 57,977 females). Variance components were 

estimated in ASReml 4.2 (Gilmour et al., 2015) using a linear mixed model: 

𝒚 = 𝑿𝒃 + 𝒁𝟏𝒂𝑑 + 𝒁2𝒂𝑚 + 𝒁3𝒔ℎ + 𝒁4𝑝𝑒𝑚 + 𝒆,     (1) 

where y is gestation length; fixed effects (b) include calf gender, dam parity, calf- and dam 

heterosis and recombination classes, and contemporary group; the random effects were sire x 

herd-year (𝑠ℎ), direct additive genetic (𝑎𝑑) and maternal genetic (𝑎𝑚), maternal permanent 

environmental (𝑝𝑒𝑚), and residual (𝑒); breed effects were accounted for via pedigree genetic 

groups. Six different gestation length ranges were considered: 270 to 290 d, 270 to 300 d 

(considered ideal), 260 to 300 d, 260 to 305 d, 260 to 310 d, and 250 to 310 d. For bimodal 

herd‑years, variance components were estimated using (1) unadjusted records, (2) records in 

which the second distribution was realigned to the mean of the first distribution, and (3) records 

from each distribution analysed separately.  

To assess the validity of the variance component estimates, a forward-in-time validation 

approach was applied. Genetic evaluations were generated using variance estimates obtained 

from the unimodal, bimodal unadjusted, bimodal re-aligned, and joint unimodal and bimodal 

re-aligned analyses, based on phenotypic records from 2018-2022 (calibration dataset). Calves 

born in 2023-2024 (validation dataset) were then included in the pedigree, without their 

phenotypes, to enable forward prediction of their estimated breeding values (EBVs). 

Phenotypic gestation length in the validation population was regressed on direct and maternal 

EBVs using a linear mixed model accounting for parity, calf sex, and heterosis and 

recombination classes. The regression coefficient of phenotype on EBV quantified prediction 

bias (deviation from unity indicating bias or inflation), whereas the coefficient of determination 

(R²) was used to quantify the proportion of phenotypic variance explained by the EBVs.  

 

Results & Discussion 

Of the 47,070 herd-years included in the analysis, 77.22% had only a one distribution of 

gestation length records while 22.02% had two distributions. The substantial proportion of 

bimodal herd-years indicates systematic data quality issues affecting approximately one-fifth 

of gestation length data. Mean gestation length was 280.4 day (standard deviation 10.6 day) in 

unimodal herd-years compared to 283.7 day (standard deviation=14.5 day) in bimodal herd-

years.  

The likelihood of a herd-year having a multimodal distribution of gestation length data was 

2.09 (confidence interval [CI]; 1.56-2.79) times lower in large herd-years (≥150 cows) than in 

small herd-years (30 to 60 cows). Moderate use of dairy sires (40 - 60%) was associated with 

a reduced odd of herd-level multimodality (odds ratio = 0.60: CI; 0.53-0.67), with a greater use 

of artificial insemination also being associated with a lower odd of multimodality. Herd-years 

with a bimodal gestation length distribution in the immediately preceding year had 1.54 (CI; 

1.41-1.68) higher odds of exhibiting bimodal distributions compared to those with only one 

distribution of gestation length records in the previous year.  
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The likelihood of an individual gestation length record being assigned to the second 

distribution within a bimodal herd-year increased steadily with parity, with the odds for cows 

of parity ≥ 7 being 1.4 times that of parity 2 cows. Gestations from beef sires were 1.14 times 

more likely to be assigned to the second distribution of gestation lengths in a herd-year than 

those from dairy sires. The odds of a gestations from natural matings being assigned to the 

second distribution was 1.04 (CI; 0.86 to 1.21) times that of AI matings. Gestation length 

records where conception occurred in the last quartile of the breeding season had higher 

likelihood of being assigned to the second distribution of gestation lengths in bimodal herd-

years, whereas lowest probability was observed for services occurring in the first quartile.  

Direct heritability estimates for gestation length in unimodal herd-years were 0.49 (SE=0.01) 

to 0.63 (standard error [SE]=0.02) across all gestation length ranges considered, consistent with 

previous reports in dairy cows (Eaglen et al., 2013; Haile-Mariam and Pryce, 2019). The 

maternal heritability was low (≤0.03; SE=0.001). The proportion of phenotypic variance 

attributable to sire x herd-year interaction increased as the gestation length ranges widened, 

indicating greater environmental heterogeneity when more extreme records were included. 

Table 1. Estimated standard deviations and ratio of variance estimates for gestation length in 

bimodal herd-years (re-aligned1 and unadjusted2) and combined unimodal-bimodal herd-years 

from a univariate maternal-effects animal model  

Distribution 
Range 

(days) 
σd σm σSxH σe σp h2

d h2
m 

Bimodal unadjusted 270-290 3.15 0.80 1.02 2.83 4.43 0.513 0.034 

Bimodal re-aligned 270-290 2.70 0.73 0.77 2.79 4.02 0.453 0.034 

Unimodal and bimodal re-aligned 270-290 3.00 1.13 0.58 2.61 4.18 0.523 0.074          

Bimodal unadjusted 270-300 5.20 0.43 2.11 2.93 6.34 0.673 0.005 

Bimodal re-aligned 270-300 3.91 0.38 1.4 2.93 5.10 0.593 0.015 

Unimodal and bimodal re-aligned 270-300 4.15 0.64 1.17 2.68 5.12 0.664 0.025 
         

Bimodal unadjusted 260-300 5.50 0.51 2.27 3.47 6.90 0.633 0.015 

Bimodal re-aligned 260-300 4.12 0.45 1.53 3.39 5.56 0.553 0.015 

Unimodal and bimodal re-aligned 260-300 4.43 0.71 1.23 3.11 5.59 0.634 0.025          
Bimodal unadjusted 260-305 6.28 0.51 2.85 3.56 7.78 0.653 0.005 

Bimodal re-aligned 260-305 4.37 0.39 1.77 3.40 5.82 0.563 0.005 

Unimodal and bimodal re-aligned 260-305 4.89 0.63 1.56 3.14 6.05 0.654 0.015          

Bimodal unadjusted 260-310 6.77 0.59 3.26 3.73 8.42 0.653 0.005 

Bimodal re-aligned 260-310 4.43 0.36 1.88 3.52 5.97 0.553 0.005 

Unimodal and bimodal re-aligned 260-310 5.27 0.59 1.82 3.16 6.43 0.674 0.015          
Bimodal unadjusted 250-310 6.87 0.57 3.48 4.23 8.81 0.613 0.005 

Bimodal re-aligned 250-310 4.49 0.32 2.10 3.99 6.37 0.503 0.005 

Unimodal and bimodal re-aligned 250-310 5.37 0.59 1.94 3.61 6.78 0.634 0.015 
1Bimodal herd-year records re-aligned by including an interaction between contemporary group and assigned 

distribution as a fixed effect  
2Uncorrected bimodal herd-year records  
3Standard error = 0.02; 4Standard error = 0.01; 5Standard error = 0.001 

 σd, σm, σSxH, σe, σp are additive direct genetic, maternal genetic, sire by herd-year interaction, residual and 

phenotypic standard deviations, respectively. h2
d and h2

m are ratios attributable to direct genetic and maternal 

genetic, respectively. 
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In comparison to the unimodal herd-years, the phenotypic and genetic variability in gestation 

length in bimodal herd-years where no adjustment to the data was made was markedly greater 

across all gestation length ranges; both the phenotypic and genetic standard deviation also 

increased as the range in gestation length records widened (Table 1). Phenotypic and direct 

genetic standard deviations were 4 to 32% and 4 to 28% higher, respectively, across the 

gestation length ranges examined compared to unimodal herd-year estimates. This 

demonstrates that uncorrected bimodal data can bias genetic parameter estimates. 

When variance components were estimated separately for the first and second distributions in 

bimodal herd-years only, the first-distribution estimates matched those estimated from 

unimodal herd-years, whereas the estimates from records in just the second distribution were 

marginally higher. When the term denoting which distribution each phenotypic record was 

assigned to was included as a fixed effect in the model, the standard deviations and ratio 

estimate were lower compared to those observed from unimodal records. When, however, the 

model fixed effect term reflecting the assigned distribution for each record was interacted with 

contemporary group, the estimates of variance components closely resembled those estimated 

in the just the unimodal herd-years, with direct heritability of 0.45 (SE=0.01)  to 0.59 

(SE=0.02)  and reduced sire × herd year ratios (Table 1) indicating that the heritability changes 

reflect improved data quality rather than biological differences. The advantage of the 

contemporary group × distribution interaction approach suggests that the mean impact of 

missed services varies across herd-years, necessitating herd-specific adjustments rather than 

uniform corrections. For breeding programs, combining corrected bimodal data with unimodal 

data yields variance component estimates that are consistent with those from unimodal 

analyses, while maximizing data utilization, which may improve reliability, particularly for 

young sires with limited progeny. Regression coefficients of phenotypic gestation length on 

EBVs were close to unity across all models, indicating minimal overall prediction bias and 

supporting the general validity of the variance‑component estimates. However, 

bimodal‑derived EBVs showed systematic attenuation relative to unimodal‑derived EBVs 

(slopes 0.68 to 0.77), with deviations increasing as the proportion of second‑distribution 

records increased, suggesting this may largely reflect a data‑quality artifact. Given the 

moderate-to-high heritability for gestation length, coupled with it economic importance 

(Norman et al., 2009), these quality control improvements are expected to enhance selection 

accuracy and genetic progress in dairy breeding programs. 

 

Conclusions 

Systematic herd-level data quality issues were clearly present in gestation length data, 

accounting for 22% of gestation length records. Correction via contemporary group x 

distribution interaction effects in the statistical model generated variance components 

comparable to those estimated using just high-quality data from herd-years with a unimodal 

distribution of data. Leveraging the second distribution of gestation length records in bimodal 

herd-years maximizes data use and provides a practical framework for improving data quality 

in national breeding programs, with direct relevance for downstream genetic evaluations. 

 

References  

Eaglen, S.A.E., M.P. Coffey, J.A. Woolliams, et al. 2013. J. Dairy Sci. 96:4015-4025. 

Haile-Mariam, M., and J.E. Pryce. 2019. J. Dairy Sci. 102:476–487. 

Gilmour A., Gogel J., Cullis R., et al. (2015). ASReml 

Norman, H.D., J.R. Wright, M.T. Kuhn, S.M. et al. 2009. J. Dairy Sci. 92:2259–2269. 


