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Heterogeneity of genetic parameters for calving difficulty in Holstein heifers in Ireland1 Hickey, J.M.*,†,§,2, M.G. Keane*, D.A. Kenny†, A.R. Cromie‡, P. R. Amer¥ and R.F. Veerkamp§. *



Grange Beef Research Centre, Teagasc, Dunsany, Co. Meath, Ireland, School of Agriculture, Food and Veterinary Medicine, College of Life Sciences, University College Dublin, Belfield, Dublin 4, Ireland, ‡ Irish Cattle Breeding Federation, Shinagh House, Bandon, Co. Cork, Ireland, § Animal Sciences Group, PO Box 65, 8200 AB Lelystad, the Netherlands, ¥ Abacus Biotech Limited, PO Box 5585, Dunedin, New Zealand. †



2



Correspondence: Animal Sciences Group, PO Box 65, 8200 AB Lelystad, the Netherlands. (phone: +31-(0)320-238265; fax: +31-(0)320-238064; email: [email protected]). ABSTRACT Calving difficulty is a trait that greatly affects animal welfare and herd profitability. In Ireland large differences exist in the age at which heifers first give birth to calves. The objective of this study was to estimate genetic parameters for calving difficulty in first parity Holsteins and to determine if these differed with age of heifer at calving. Transformed calving difficulty records for 18,806 Holstein heifers which calved between January 2002 and May 2006 were analysed using univariate, multitrait and random regression linear sire-maternal grandsire models. Comparing these models showed that a model which applied a second order random regression of dam age at first parity for the direct component, treated the maternal component as a single trait regardless of dam age and fitted a single residual variance component had the most optimal fit to the data. Population average heritabilities for both direct (0.13) and maternal (0.04) calving difficulty were significantly different from zero. These two components were moderately negatively correlated (-0.47). Estimates of direct genetic variance and heritability were heterogeneous along the dam age trajectory, decreasing initially with dam age before subsequently increasing. Heritability estimates ranged between 0.11 and 0.37 and were higher for records with younger and older dams at parturition. Genetic correlations between the direct components of calving difficulty decreased with increasing distance between dam ages at parturition. The results of this study indicate that heterogeneity of direct genetic variance exists for calving difficulty dependent upon dam age at first parturition.



INTRODUCTION Calving difficulty is a trait that greatly affects animal welfare and herd profitability. Several studies have shown that genetic variance for traits differs across a trajectory, for example individual age (Arango et al., 2004) or environment (Calus and Veerkamp, 2003). Groen et al. (1998) suggested that for specific situations, genetic parameters for calving difficulty, across parity, may be influenced by the maturity of the dam. In Ireland large differences exist in the ages at which heifers first give birth. The objective of this study was to estimate genetic parameters for calving difficulty in first parity Holsteins and to determine if the estimates of genetic (co)variance for calving difficulty differed along the age of dam at parturition trajectory. MATERIALS AND METHODS The system for recording calving difficulty in Ireland divides it into four ordered categories according to the amount of assistance applied at. Calving performance records for first parity heifers, which calved between January 2002 and May 2006, were extracted from the central database of the Irish Cattle Breeding Federation. Data edits ensured that each record had known gender, date and herd of birth of calf, date of birth of dam, known sire, paternal and maternal grandsire and maternal great-grandsire, as well as having a sire and dam, which were both comprised of ≥ 87.5% Holstein genes. Records from herds where all calving’s were scored as the same value were also removed prior to the analysis. Contemporary groups in which the calving event occurred were formed using algorithms outlined by Schmitz et al. (1991) and Crump et al. (1997). This optimizes the composition of contemporary groups based on calving dates and intervals between consecutive calving dates in a herd (Calus and Veerkamp, 2003). The maximum span of a contemporary group was restricted to 180 days while the minimum number of animals in a contemporary group was restricted to three. After editing 18,798 records of calving performance of first parity Holstein heifers which were between 600 and 1100 days of age at parturition remained. The data had a skewed distribution with a low incidence of high scores. The two categories which record major and veterinary assistance were merged into a single serious difficulty category and the data were then transformed to a linear scale assuming an underlying normal distribution with a mean of 0 and a standard deviation of 1. The underlying score for each category was derived from the proportions of animals in the national herd recorded in each of the calving difficulty categories. Given the 6% serious incidence in the national population the transformed scores were 0, 1.86 and 3.14 for none, some and serious assistance at calving respectively. The 1.86 and 3.14 correspond to differences in means of segments of animals on an underlying scale of a standard normal distribution between firstly, no assistance and slight assistance animals, and then between slight assistance and severe assistance animals. Arithmetic means on the transformed scale were back transformed to the average expected value for serious calving difficulty by multiplying them by 11.9, a value derived from a linear regression of the % of serious difficult calving on estimated breeding values on the underlying score at the population mean for % serious difficult calving. Univaritate, multitrait and random regression sire maternal-grandsire models were fitted in ASReml (Gilmour et al., 2006) to estimate variance components for calving difficulty. Both the direct (sire of calf + ½ maternal-grandsire of calf) and maternal



(maternal-grandsire of calf + ½ maternal-grandsire of dam) genetic components were accounted for. The fixed effects included in each model were contemporary group of birth of calf (2,341 levels), type of birth (two levels, single birth or twin/triplet birth) and gender of calf. Two multitrait models were fitted. One MT model divided the direct component into four traits depending on the age of the dam of the calf at parturition (600 to 724, 725 to 849, 850 to 974 or 975 to 1100 days of age) while a second partitioned the direct and maternal components. These models only converged when fixing the genetic correlations between the direct and maternal components to zero and within the direct and maternal components to 0.99. Random regression models were fitted with random regressions on the age at parturition of the dam of the calf and with either a single residual variance component or four residual variance components using the same dam age class definitions as for the multitrait model. The different models were compared using likelihood ratio tests, Aikaike information criterion (AIC) and Bayesian information criteria (BIC). RESULTS The edited data set is summarized in Table 1. Large differences in the incidence of serious calving difficulty were not observed in the different dam age at parturition groups. Population average estimates of the heritability were typically low for both the direct (0.12) and maternal (0.04) components. The estimated genetic correlation between the direct and maternal effects was -0.47. The multitrait model which divided the maternal component into four traits was less optimal than the model which assumed it was a single trait. Models which fitted random regressions of dam age for the maternal component failed to converge. In the case of the direct component, the second order random regression models (the highest order for which convergence was obtained) were superior to the first order random regression models. Fitting a single residual variance was superior to allowing for possible heterogeneity of residual variance dependent on dam age. Overall, the model with a second order random regression for the direct component and a single residual variance component fitted the data best. This suggests that there was significant heterogeneity of variance for the direct component of calving difficulty while the maternal genetic and residual variances were homogeneous. Table 1. Percentage of records in category, percentage of records receiving none, some and severe assistance at calving and back transformed mean (mean) for the total data set, for each gender and for each of the four dam age at parturition classes. % records % none % some % severe mean 54.5 34.9 10.6 11.7 Total data Dam age 17.4 51.6 36.9 11.5 12.5 600-725 46.8 53.7 35.8 10.6 11.9 726-850 23.3 58.2 32.3 9.5 10.7 851-975 12.5 54.7 33.9 11.4 11.8 976-1100



The estimates of direct heritability from the most optimal random regression model are shown in Figure 1. Initially there was a slight reduction in heritability followed by a steady increase in slope along the dam age trajectory. At youngest dam age the direct heritability was 0.20 which decreased to 0.11 before increasing to 0.37 at oldest dam age. The genetic correlations between the direct effects for calving difficulty exhibited a smooth surface along the dam age trajectory, when estimated using the random regression models (Figure 2). They declined from unity as the interval between dam ages increased. The genetic correlations between the direct effects for calving difficulty at specific ages of dam and the maternal effect varied from slightly to moderately negative. 0.4
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Figure 2. Estimated direct heritability (h2) for transformed calving difficulty scores estimated across different dam ages at parturition using a model with a second order random regression on the direct component. 1081 0.9-1
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Figure 2. Estimated genetic correlations between direct effects for calving difficulty across different dam ages at parturition estimated using models with first (below the diagonal) second (above the diagonal) order random regressions on the direct component. DISCUSSION Irish calving performance data collected routinely by farmers, provide estimates of direct and maternal heritability with low standard errors which were similar to values obtained in other studies (e.g. Steinbock et al., 2003). The direct and maternal components of calving difficulty were shown to be negatively correlated. Heterogeneity of (co)variance for the direct genetic component, but not the maternal genetic or residual components of calving difficulty was observed along the dam age at parturition trajectory. With increasing difference between dam ages at parturition the genetic



correlations between direct calving difficulty reduce to values that are considerably less than unity. This indicates that the genes which control the direct effects of calving difficulty are dependent on dam age. Re-ranking and re-scaling of sires along the dam age trajectory occurred. However at the mean dam age there was little difference in the breeding values of bulls estimated from the univariate and random regression models indicating that applying a random regression model may only be useful in situations where bulls are selected to be mated to heifers of extreme ages. Meijering (1986), in a review, concluded that birth weight of the calf and pelvic opening dimensions of the dam are traits with greatest impact on calving difficulty in heifers. Thus, feto-pelvic incompatibility may be an explanation for the re-ranking observed in this study. A sire whose offspring are heavy at birth would be born with greater ease to older heifers than to younger ones. Similarly, a bull with a propensity to produce malpresented offspring at birth could have a poorer performance with younger smaller heifers than with older larger ones. Osinga (1978) reported that secretion of oestrogenic hormones by the foetal membranes might be related to dystocia. Maternal preparation for parturition might then come under the influence of foetal genotype. It could be speculated that foetal hormone production is affected by or affects hormone levels in the dam. Hormone levels in the dam could be affected by her age. CONCLUSIONS The data on calving difficulty recorded by farmers in Ireland is collected with sufficient precision to allow the estimation of genetic parameters for calving difficulty. The direct and maternal heritabilities were low for calving difficulty. These two components were moderately genetically antagonistic. There was heterogeneity of direct genetic variance depending upon the age of the dam at parturition. Re-ranking of bulls was observed along the dam age trajectory. REFERENCES Arango, J. A., L. V. Cundiff, and L. D. Van Vleck. 2004. J. Anim. Sci. 82: 54-67. Calus, M. P. L., and R. F. Veerkamp. 2003. J. Dairy Sci 86: 3756-3764. Crump, R. E., N. R. Wray, R. Thompson, and G. Simm. 1997. Anim. Sci. 65: 193-198. Gilmour, A. R., B. R. Cullis, S. J. Welham, and R. Thompson. 2006. Asreml User Guide (release 2.0). VSN International Ltd, Hemel Hempstead, HP1 1ES, UK. Groen, A. F., J. P. J. M. Van Aubel, and A. A. Hulzebosch. 1998. In: 6th WCGALP, Armidale, Ausralia. p 387-390. Meijering, A. 1986. PhD Thesis. Wageningen University, Wageningen. Osinga, A. 1978. Theriogenology10: 149-166. Schmitz, F., R. W. Everett, and R. L. Quaas. 1991. J. Dairy Sci. 74: 629-636. Steinbock, L., A. Nasholm, B. Berglund, K. Johansson, and J. Philipsson. 2003. J. Dairy Sci. 86: 2228-2235.
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