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1. Executive Summary

· Lameness and udder health are both traits that influence dairy herd profitability but are currently not included in the national dairy cattle breeding objective (i.e., the EBI)

· In order to avoid double-counting in the EBI the cost of lameness and udder health associated with reduced milk production, beef merit, fertility and survival are not included in the economic weight for these traits that they affect. We propose instead that they be given explicit weightings in their own right to account for health treatment and management costs which are not captured by their effects on existing breeding values

· Lameness is considered as a threshold trait with an underlying normal liability distribution. An overall incidence count of 15 cases per 100 cows calving is assumed for lameness of which three cases per 100 cows calving require veterinary intervention with associated higher costs. Type traits are used as predictors for lameness

· The economic weight for locomotion should be €1.13/standardised PTA. This represents a relative emphasis of 0.4% in the EBI. An economic weight of €0.43/standardised PTA should be applied to Feet & Legs score only in animals with no PTA for locomotion. The value is low because of the lack of data on lameness in Ireland thereby necessitating a relaxation of assumptions

· Due to the lack of sufficient data on clinical mastitis, somatic cell score (i.e., the natural logarithm of somatic cell count) was used as a predictor of clinical mastitis. Somatic cell score also has an economic value in its own right based on the tiered milk pricing operated by Irish milk processors

· Udder health, when predicted by somatic cell score, has an economic weight of -€55.48/unit SCS. This has a relative emphasis of 5% when integrated into the EBI

· The economic weights are relatively insensitive to most of the assumed parameters used in the calculation of the economic weights although the incidence of lameness requiring veterinary assistance does have a large effect on the economic weight for locomotion

· Farmers, mainly through Teagasc, the IHFA, the NCBC, the ICBF, and other AI organisations and breed societies should be encouraged to record all incidences of lameness and mastitis on farm for further research into the prevalence and phenotypic and genetic parameters. These data can be captured systematically through the animal events recording system operated by ICBF

· Inclusion of the udder health and lameness in the EBI will result in modest re-ranking of sires. Including the health traits in the EBI will improve udder health and reduce the deterioration in locomotion score 

2. Introduction

The economic breeding index (EBI) in Ireland is continually developing with additional traits being included as sufficient phenotypic data becomes available from the animal events system and the genetic background underlying all traits is quantified. Profitability of a dairy herd is a function of revenues (i.e., milk production, and livestock sales) and costs (e.g., feed, culling, fertility, mastitis, lameness, other diseases etc.). Thus, any breeding objective must simultaneously consider the revenue and costs (i.e., the profit) associated with each incremental change in genetic merit of an animal. This is the basis behind the EBI in Ireland. However, as milk price declines and input prices increase, the relative importance of milk production to costs diminishes; the difference is further diminished under a compact calving season of production where a calving interval of 365 is paramount.

Currently, the EBI comprises four sub-indexes: milk production, fertility, calving performance and beef performance. Locomotion/mobility is not included in the EBI nor is any economic weight put on the type traits associated with feet and leg characteristics. Similarly, udder health is also not included in the EBI. Any index describing the udder related attributes of an animal should include susceptibility to (sub)clinical mastitis and levels of somatic cell count. Udder conformation traits should be included in an udder health index if they lend themselves to favourable predictive capabilities. This is especially important for sparsely measured, low heritability traits such as mastitis. 

Nevertheless, some researchers (Cassell, 1993) question the validity of incorporating a trait associated with cow mobility in an overall breeding index. There is a general consensus that cows with poor mobility will produce less milk, have lighter carcase weight, exhibit poorer fertility, and subsequently be culled earlier (Politiek et al., 1986; Green et al., 2002; van Dorp et al., 2004). Similar arguments can be put forward for udder health. 

Traits associated with milk production, fertility and survival are already included in the EBI, so further accounting for lameness and udder health effects on these traits in index weightings would result in double counting. There are however remaining costs associated with lameness and udder health not captured by the EBI index including the cost of treatment, veterinary costs, herdsman cost and the cost of withdrawal of milk following the use of antibiotics. There are also costs due to suffering and reduced welfare (Logue et al., 1993) that are difficult to quantify.

In Ireland, prevalence of clinical mastitis is poorly recorded, thereby negating its inclusion as a trait for which records can be included in the genetic evaluation process. However, it remains an important trait in the breeding objective. Somatic cell count (SCC) is routinely captured (up to twelve times annually) in milk recorded herds. Previous international research indicates a moderate heritability for SCC as well as a moderate genetic relationship with the incidence of clinical mastitis (for review see Mrode and Swanson, 1996, Heringstad et al., 2000). Hence, SCC appears to be a useful predictor trait for clinical mastitis. Also, SCC possesses an economic value in itself through its impact on milk pricing (Veerkamp et al., 1998). 

The objective of this report is to quantify the economic weight for lameness and udder health in Ireland and to derive a sub-index for health for inclusion in the EBI with the appropriate economic weight.

3. Lameness

3.1 Incidence of lameness

There is currently a paucity of data on incidence of lameness in Irish dairy herds. However, in the current study, the incidence of lameness requiring veterinary treatment was assumed to be 3% (i.e., three treatments annually for each 100 cows calving). This represents the incidence of veterinary callouts for the treatment of lameness in Irish dairy herds. When considering the validity of this proportion it is important to remember that in the coming years it is possible that veterinary assistance will become a legal requirement for the administration of antibiotics to farmed livestock in Ireland. However, veterinary assistance is not always required for lame cows and most incidences of lameness are treated by the farmer or the farm relief service. An incidence of 12% was assumed for mild cases of lameness; this implies an overall annual incidence count of lameness of 15%.  No data was available to (in)validate this incidence rate. Nevertheless, because the cost of farmer/farm relief services are low relative to veterinary required treatments, this assumption may not be critical. For example Stott et al. (2005) argue that selection should only be targeted at veterinary required treatments because they assumed that “lameness dealt with only by farm staff constituted routine foot care carried out as part of normal husbandry practice and therefore was unaffected by marginal genetic improvement”. In the present study an economic value was derived accounting for both severe (i.e., veterinary assistance required) and mild cases of mastitis, although a comparison with severe cases alone will be made.

3.2 Cost of lameness

The overall economic impact of lameness is comprised of reduced milk production, reduced carcase weights, compromised fertility, increased risk of being culled as well as the cost of treating the ailment. However, milk production, fertility, survival and beef merit are currently included in the EBI in their own right, and we would expect poorer performance in a bull’s descendants due to lameness to be reflected directly in his PTA’s existing within the EBI. Hence, to avoid double counting, the impact of lameness on milk production, fertility, survival and beef merit will not be included in the economic value for lameness proposed for incorporation into the EBI.

3.2.1 Veterinary treated lameness

Three main types of commonly occurring lameness are 1) digital, 2) inter-digital, and 3) sole ulcers. The costs of each type of lameness have been outlined in great detail by Esslemont and Kossaibati, (2002) and have been converted to Irish prices by Ryan and O’Grady (2004). Veterinary assistance costs used here are summarised in Tables 1, 2, and 3. They have been modified slightly from Ryan and O’Grady based on projected prices. The study of Esslemont and Kossaibati (2002) was also the basis of the derivation of the economic value for lameness in the UK (Stott et al., 2005) and Canada (Boettcher and Fatehi, 2001). The average cost of severe lameness where a veterinary is required was derived based on the expected proportion of each lameness type within the Irish population. However, data is currently unavailable on the relative prevalence of each lameness type in Ireland and thus prevalences used herein are based on UK data (Esslemont and Kossaibati, 2002). The weighted average cost of lameness is reported in Table 4.
Table 1. Cost of lameness caused by digital lameness.
	 
	Cost (€)/unit
	Total

	Treatment costs
	25
	25.00

	Vet cost (including time and callout)
	104.30/hr + 50 callout
	76.08

	Herdsman labour (20 minutes)
	12.44/hr
	4.15

	4 days milk withdrawal at 20 kg/day†
	0.217 /kg
	0.87

	Total (€)
	 
	106.09


†Assumes only 5% of animals are treated with antibiotics requiring milk withdrawal

Table 2. Cost of lameness caused by inter-digital lameness.
	 
	Cost (€)/unit
	Total

	Treatment costs
	25
	25.00

	Vet cost (including time and callout)
	104.30/hr + 50 callout
	67.38

	Herdsman labour (20 minutes)
	12.44/hr
	4.15

	2 days milk withdrawal at 20 kg/day†
	0.217 /kg
	1.74

	Total (€)
	 
	98.27


†Assumes only 20% of animals are treated with antibiotics requiring milk withdrawal

Table 3. Cost of lameness caused by sole ulcers.
	 
	Cost (€)/unit
	Total

	Treatment costs
	50
	50.00

	Vet cost (including time and callout)
	104.30/hr + 50 callout
	84.77

	Herdsman labour (40 minutes)
	12.44/hr
	8.29

	5 days milk withdrawal at 20 kg/day†
	0.217 /kg
	1.09


	Total (€)
	 
	144.15


†Assumes only 5% of animals are treated with antibiotics requiring milk withdrawal

Table 4. Prevalence of the alternative types of lameness and their associated costs as well as the weighted average cost of lameness
	Type of lameness
	Digital
	Inter-digital
	Solar ulcer

	Prevalence (%)
	41
	38
	21

	Cost (€)
	106.09
	98.27
	144.15

	Total (€)
	 
	 
	111.11


The expected direct cost of €111.11 per severe case requiring veterinary assistance assuming an incidence of 3 annual treatments per 100 cows calving across the national dairy herd amounts to a direct cost of lameness of €4.2 m/year. Reducing the prevalence of lameness by 1 treatment per 100 cows calving (i.e., from 3 treatments to 2 treatments per 100 cows calving) is worth €1.4 m/year to the dairy industry through direct costs. Direct costs do not include the indirect effect of lameness on milk production and fertility/survival of the animal. Calculations by Esslemont and Kossaibati (2002) suggest that direct costs only account for around 41% of the total costs associated with lameness. Thus, our estimate of the economic consequences of severe lameness should be at least doubled when considering the overall cost.

3.2.2 Farmer treated lameness

One may assume farmer time of half an hour per cow treatment @ €12.44 hour. A call-out and treatment cost whereby the farm relief service is used may be estimated at €48 (Farm Relief Service, Fermoy, Co. Cork). However, generally the farm relief service will treat more than one cow at a time; in these calculations we assumed that on average two cows were treated per visit while the cost per visit remains the same. Usually no milk withdrawal follows and thus was not included in the cost. Hence, the average cost for farmer/farm relief treated lameness is €30.22/case. 

3.3 Relationship between type traits and lameness

Several feet and legs-related type traits have been implicated as contributing factors to lameness incidence in dairy cattle. However, data on lameness is currently lacking in sufficient quantity to estimate accurate genetic relationships between the feet and legs type traits and lameness in Irish dairy cattle. It will be possible to better quantify these relationships in the future as the level and accuracy of recording is augmented through the animal events system.

Locomotion is a trait, scored by Holstein-Friesian classifiers since 1998, which describes the stride of an individual animal. Locomotion is scored on a scale of 1 (obvious signs of lameness) to 9 (walks with an even gait). Although based on a relatively small dataset, van der Waaij et al. (2005) reported moderate to strong genetic correlations between some claw health variables and locomotion (scale 1-9) as scored by the Royal Dutch Cattle Syndicate. Lower genetic correlations were reported between the claw health variables and the other feet and legs traits scored by the Royal Dutch Cattle Syndicate. Despite the fact that the genetic parameters estimated had relatively large standard errors, originated from a different population of cows on a different system of milk production as well as possible differences in the definition of locomotion between the two countries the correlations may be viewed as a guide to the correlations expected under Irish conditions, until such a time as sufficient data is available to estimate the correlations in Irish dairy cattle. One must be aware that these correlations may be different in Irish dairy cattle which may subsequently affect the economic value. 

Data on all type traits were extracted from the cattle breeding database run by the Irish Cattle breeding Federation (ICBF). Data on 45,813 first parity animals were available to estimate phenotypic and genetic parameters for locomotion. However, since locomotion was only introduced into the type evaluation scheme recently older sires and sires originating from countries where locomotion is not scored may have no PTA for locomotion. Thus, phenotypic and genetic parameters for the feet and legs composite type trait were also estimated. 

No estimates are available for the heritability of lameness in Ireland. Hence, the heritability for clinical lameness in the current study was based on that reported by Boettcher et al. (1998) in the US (0.10) using a linear model. The prevalence and heritability were used to calculate the genetic variance for lameness. All phenotypic and genetic parameters are reported in Table 5.

Table 5. Phenotypic and genetic variance, and heritability estimates for lameness, locomotion and feet and legs composite.
	 
	Lameness (Vet)
	Lameness (overall)
	Locomotion
	Feet & Legs

	Phenotypic variance
	0.029
	0.127
	1.07
	21.88

	Genetic variance
	0.003
	0.013
	0.095
	3.58

	Heritability
	0.100
	0.100
	0.089
	0.16


Because of the unavailability of data, it was not possible to estimate the genetic correlation between locomotion and clinical lameness. A genetic correlation of -0.40 was assumed between locomotion score and lameness; this is lower than the genetic correlation of unity assumed by Stott et al. (2005). This is also lower than the absolute correlations reported by van der Waaij et al. (2005) between locomotion and interdigital dermatitis heel horn erosion (-0.71; SE=0.17), digital dermatitis (-0.67; SE=0.19), and chronic lameness (-0.91; SE=0.18) but stronger than the genetic correlation reported between locomotion and sole ulcers (-0.04; SE=0.40), white line disease (-0.04; SE=0.31) and sole hemorrhage (0.13; SE=0.24). A genetic correlation of 0.74 was estimated between locomotion and Feet & Legs from the dataset of 45,813 first parity Irish dairy cows. The genetic correlation between feet & legs and lameness was assumed to be 0.20; this was lower than the 0.95 assumed by Stott et al. (2005). The correlations are lower because of the lack of data on lameness in Ireland and hence our lack of confidence in assuming high correlations. Nevertheless, based on these correlations, it was possible to estimate the genetic regression of lameness on either locomotion or feet & legs as
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where r is the genetic correlation, σLameness is the genetic standard deviation of lameness and σx is the genetic standard deviation of either locomotion or Feet & Legs.

3.4 Economic value for lameness

When deriving the economic value for all cases of lameness we want to investigate the marginal cost associated with shifting the mean of the underlying distribution. This is illustrated in Figure 1. It is convenient that the height of the normal distribution at the truncation point giving the appropriate incidence gives us the expected change in incidence per unit change on the underlying scale. This is identical to taking the first derivative of a profit function which incorporates the incidence probability as a function of the mean of the underlying trait. The value of the distribution function at the truncation point then gets multiplied by the economic cost of an occurrence. This method is easily expanded to multiple categories of incidence (i.e. separate incidences of farmer treatment and veterinary treatment) with the products of probability changes and incidence costs summed over incidence categories to derive the economic value of a unit incremental change in the mean of the underlying distribution. Because there is a clear relationship between the underlying mean and the combined probability over all incidence categories, the units of the economic value can be translated to have units of the incidence rate of all cases of lameness (i.e. with a mean of 15%). This is done by dividing the underlying scale economic value by the expected change in the combined probability over all incidence categories per unit change in the underlying scale. The required value can be taken as the height of the underlying standard normally distributed trait at the truncation threshold which gives a 15% incidence. Hence, the economic value per incidence of any lameness accounting for both veterinary treated and farmer treatment costs was calculated as €53.83/case.

When the same calculations are repeated but ignoring the farmer treatment costs, the economic value of any lameness was reduced to a value of €32.43/case.
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Figure 1. Change in incidence of veterinary required cases of lameness (proportion of animals to the left of the leftmost vertical line) and all cases of lameness (proportion of animals to the left of rightmost vertical line) following a shift in the mean of the underlying liability distribution to the right. 

Hence, the index weight on locomotion is calculated as:

€53.83 * 0.147 * 0.144 = €1.13/standardised locomotion score

The figure €53.83 represents the economic value for lameness per new case, 0.147 is the genetic regression of lameness on locomotion and 0.144 is the standard deviation of the PTAs of the base bulls for locomotion which is used to standardise the published locomotion scores between ±3.

Similarly the index weight for Feet & Legs only in animals with no information on locomotion is:

€53.83 * 0.012 * 0.676 = €0.43/standardised locomotion score

The standard deviation of the PTAs of the base bulls for Feet & Legs is represented by 0.676 above. 

The economic values when farmer treatment costs were ignored were €0.68 and €0.26 per standardised locomotion or feet & legs score, respectively. Hence, the economic value on locomotion score (or Feet & Legs) is larger when mild (farmer treated) cases of lameness were accounted for in the economic value calculation.

Susceptibility to lameness per cow calving as we have defined it here will be expressed annually by a cow and thus has the same cumulative discounted genetic expression (CDE) as the milk production traits (among others) in the EBI. All CDE in the EBI are re-scaled to the equivalent of annual traits which is set at one. Thus, the economic value is equal to the economic weight.

3. Mastitis

3.1 Incidence of mastitis

There is currently a paucity of data on incidence of clinical mastitis in Irish dairy herds. Data were extracted from the ICBF database on 25,510 daily treatment records for mastitis. Records on the same cow within five days of each other were treated as the same case. Only data from the year 2002 on were retained; 20,297 records remained. Parity number was allocated to each observation based on adjacent calving dates. Animal-parity records with a calving date in 2005 had their record for clinical mastitis set to missing as not all animals had the opportunity to express this trait for the whole of lactation. The data were merged with individual cow lactation mean SCC; the natural log of SCC was obtained so as to normalise the data. Only herd-years with more than fifteen cow records where at least one case of clinical mastitis was recorded were retained for inclusion in the analysis. 

This dataset was used to determine the number of cases of mastitis per 100 cows calving in Irish dairy herds. On average 10 cases of mastitis were recorded per 100 cows calving across the entire dataset. This is considerably lower than other international estimates and may be due to less accurate recording as well as possibly a lower level of treatment/recording for sub-clinical mastitis due to the low level of milk recording in Ireland compared to other countries (ICAR, 2002). Other international studies have reported incidences per 100 cows of 26% in The Netherlands (Arnold Harbers, per comm.) to 56% in Denmark (Forshell et al., 1995). Hence, an overall incidence of 25% was assumed for Ireland of which one/tenth (i.e., 2.5% overall) were assumed to require veterinary intervention. This may be an underestimate given the likely policy changes in the future governing the use of prescription only medicines (POM) on Irish farms. The incidence of (sub)clinical mastitis should be verified by evaluating the number of test-day SCC records greater than 250,000 SCC/ml and linking to the data on treatment cases of mastitis. Farmers should also be encouraged by all organisations, including Teagasc, the ICBF, the IHFA, NCBC and all other AI organisations and breed societies to record treatment for mastitis.

3.2 Cost of mastitis

The cost for mild and severe mastitis are summarised in Table 6 and 7, respectively.

Table 6. Cost per case of mild mastitis.
	 
	Cost/unit
	Total

	Treatment cost
	€3/tube
	9.00

	Herdsman Labour
	12.44/hr
	12.44

	7 days milk withdrawl at 20 kg/day
	0.217 /kg
	23.87

	Total (€)
	 
	45.31


Table 7. Cost per case of severe mastitis.
	 
	Cost/unit
	Total

	Treatment cost
	€3/tube + antibiotics/fluids
	75.00

	Vet cost (including time and callout)
	104.30/hr + 50 callout
	76.08

	Herdsman Labour
	12.44/hr
	12.44

	6 days milk withdrawl at 20 kg/day
	0.217 /kg
	26.04

	Total (€)
	 
	189.56


3.3 Economics of mastitis

The effect of an incremental change in the mean of the underlying normal distribution on the area under the curve between the thresholds mild and severe mastitis and between the threshold for severe mastitis and infinity were derived using the same methodology as described above for lameness. The change was multiplied by the respective costs and summed to give the economic value. This was re-scaled to an incidence rate based on the overall incidence of mastitis (i.e., 25%). The economic value for per case of mastitis was calculated as €71.84. 

3.4 Genetic parameters

In order to estimate genetic parameters the data used to estimate the incidence of mastitis were further edited to retain cow records from known Holstein-Friesian sires. Lactation records from parity four or greater were deleted. Herd-year-season contemporary groups were created by concatenating herd, year and season (i.e., spring, summer, autumn, winter). If three or less records were present in any one herd-year-season then the records were merged with the adjacent contemporary group within herd-year. Following this edit, contemporary groups that still had three or less records were removed. The natural logarithm of SCC was calculated, herein referred to as somatic cell score (SCS), to normalise the distribution.

A pedigree file including male and female relationships was generated. Genetic analyses using both an animal and a sire model were performed on the data. The probability of mastitis was adjusted for contemporary group, parity, breed of cow, age at calving and lactation length; animal/sire and a permanent environmental effect were both included as random effects. When included in a bivariate analysis SCC was also adjusted for the number of test-day SCC records.

The heritability of mastitis was 0.011 irrespective of whether an animal or sire model was used. The repeatability was 0.016 when using a sire model; a permanent environmental variance was inestimable when using an animal model. The heritability of 0.01 is slightly less than previous heritability estimates of 0.02 to 0.03 (Philipsson et al., 1995; Heringstad et al., 2000). Hence, in the present study a heritability 0.02 was assumed although sensitivity analyses were performed assuming a heritability of 0.01. Due to the inability of the mixed model equations to converge it was not possible to estimate genetic correlations between mastitis and somatic cell score using either a sire or an animal model.

3.5 Index weight

A genetic correlation of 0.70 was assumed between SCS and mastitis which is the average across most studies that have investigated such (for review see Mrode and Swanson, 1996; Heringstad et al., 2000). Based on this correlation and the assumed incidence of 25% mastitis, it was possible to estimate the genetic regression of mastitis on SCS as:
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where r is the genetic correlation, σMastitis is the genetic standard deviation of mastitis and σSCS is the genetic standard deviation of SCS. The estimated genetic regression coefficient of mastitis on SCS was 0.167.

Hence, the index weight on SCS is calculated as:

€71.84 * 0.167 = €11.99 / unit SCS

The figure €71.84 represents the economic value for mastitis and 0.167 is the genetic regression of clinical mastitis incidence on SCS. Clinical mastitis incidence is an annual trait and thus has a cumulative discounted expression of one; hence the economic value equals the economic weight.

4. Somatic cell count

Somatic cell count has an economic value in its own right because of its effect on milk price paid to the farmer. In Ireland, tiered pricing operates based on the monthly arithmetic mean of the bulk tank SCC. The two main milk processors in Ireland, Dairygold and Glanbia apply a penalty to the volume of monthly milk collected when the arithmetic mean SCC of that month is greater than 400,000 with a greater penalty if the mean SCC is greater than 600,000; Dairygold applies a further penalty if the mean SCC is greater than 800,000. Neither processor currently provide a monetary incentive to low mean SCC although it is envisaged by both processors that in the future an incentive of 0.5 cents/litre will be given to monthly milk volumes with an arithmetic monthly SCC of <200,000 cells/ml. The penalty system operated by Dairygold and Glanbia and the proposed incentive for <200,000 SCC/ml are summarised in Table 3.

Table 8. Somatic cell count penalty system currently adopted by Dairygold and Glanbia as well as the proposed incentive scheme

	SCC range
	Incentive/penalty per kg milk

	
	Glanbia
	Dairygold

	<200,000 SCC/ml
	+0.5c/l
	+0.5c/l

	200,000 - 400,000 SCC/ml
	Nil
	Nil

	400,000 - 600,000 SCC/ml
	-0.66 c/l
	-0.28 c/l

	600,000 - 800,000 SCC/ml
	-1.1 c/l
	-1.12 c/l

	>800,000 SCC/ml
	
	-3.35 c/l


4.1 Bulk tank data

Data on bulk tank SCC and milk volume collected were obtained from 9,113 herds in 2004 from three processors representing approximately 40% of milk suppliers (Berry et al., 2005). These data were used to determine the distribution of monthly arithmetic SCC within herd; the distribution followed a log-normal distribution. Only data from the year 2000 to 2004 was used in the subsequent analyses. The derived monthly arithmetic distribution was used to determine the proportion of herds in each of the SCC bands by month of year. The log of monthly SCC was used to normalise the SCC data for further analysis.

4.2 Economic weight

The proportion of milk supplied by month was derived from the herd represented in the MDSM model (Shalloo et al., 2004) under the base scenario of a calving pattern of 50:40:10 for February:March:April calvers. A shift in the distribution of the national herd SCS was modelled across each month of the year by obtaining the first derivate of the integral for each month separately. Although investigation of the data revealed that the variance of a log-normal distribution of SCC changes with the mean, the variance of the normally distribution SCS did not, thereby justifying using the first derivative of the integral as an estimate of a incremental change. The economic effect on milk price based on the change in proportion of herds within each of the SCC bands was estimated on a monthly basis. The monthly effects on milk price were weighted by the milk supply pattern of a spring calving herd and were summed to give the weighted annual effect on milk price. The sum was multiplied by 6000 which is the average cow yield assumed in the MDSM; this is the economic value. The economic value per unit logSCC (i.e. SCS) was €44.75 when assuming the Dairygold band pricing system and €42.23 when assuming the Glanbia band payment system. Hence, the average economic value of €43.49 per unit change in SCS is proposed.

Because lactation average SCC is a lactation trait it is expressed annually and thus has a cumulative discounted expression of one when scaled to the expression used in the EBI. Hence, the economic value equals the economic weight.

5. Relative emphasis 

The relative emphasis of the various goal traits within the EBI was calculated based on the economic weights and genetic standard deviations across the whole population (Table 9). However, selection is generally confined to the active sire list in Ireland and thus the relative emphasis on the subindexes was also calculated based on the average contribution of the subindexes to the top 100 EBI sires. The contribution of the five sub-indexes to the overall EBI of the top 100 sires was 60:32:7:4:2 for the production, fertility, calving, beef and health subindexes, respectively.

The relative emphasis on the health subindex is 6% within the entire population. By coincidence, this is identical to an index recently proposed for use in the UK (Stott et al., 2005). The relative emphasis of 5% on somatic cell score is very similar to the relative emphasis put on somatic cell score in the national breeding objectives of Germany, The Netherlands, Canada, Australia, New Zealand, and The United States (TPI). Failure to account for the economic value of SCC as a trait in itself resulted in a relative emphasis of 1% on udder health.

Table 9. Relative emphasis on the individual traits and subindexes for the revised economic breeding index

	Sub-index
	Trait
	Economic weight
	Genetic SD
	Relative emphasis

	Production
	Milk
	-0.084
	446.00
	-14%
	48%

	
	Fat
	1.55
	16.64
	9%
	

	
	Protein
	5.27
	13.11
	25%
	

	Fertility
	Calving interval
	-7.17
	6.58
	-17%
	31%

	
	Survival
	10.8
	3.60
	14%
	

	Calving
	Calving difficulty direct 
	-3.26
	2.84
	-3%
	8%

	
	Calving difficulty maternal
	-1.73
	1.13
	-1%
	

	
	Gestation
	-4.47
	1.68
	-3%
	

	
	Calf mortality
	-2.58
	0.94
	-1%
	

	Beef
	Cull cow 
	0.04
	13.92
	0.2%
	7%

	
	Carcase weight
	1.40
	9.05
	5%
	

	
	Carcase conformation
	5.99
	0.51
	1%
	

	
	Carcase fat
	-4.49
	0.41
	-1%
	

	Health
	Lameness
	1.13
	1.00
	0.4%
	6%

	
	Udder 
	-55.48
	0.26
	-5%
	


6. Sire ranking

The effect of the inclusion of the health subindex was investigated using 1,363 sires with available proofs for all traits in the EBI. Some sires were missing PTAs for locomotion and were therefore coded as zero for this trait. The correlation between sires ranked on the EBI without the inclusion of the health subindex (but using the updated costs and prices for 2006) and ranked on the proposed EBI with updated costs/prices and a health subindex was 0.97. Hence, little re-ranking of sires would be obvious following the inclusion of a health subindex in the overall breeding objective.

7. Response to selection

Response to selection was calculated by sorting sires on either the current or proposed EBI and extracting out the top 38% (average of selected group is 1 standard deviation above the mean) of sires ranked on each index separately. Expected genetic trend in EBI was assumed to be equivalent to the past genetic trend of individual animal genetic merit of €5.2/yr (ICBF, 2004); this is likely to be a conservative estimate of the genetic trend if future selection of progeny test sires is based on EBI. Genetic trend over the next ten years was predicted using each of the alternative indexes. The genetic change expected (in breeding values), given previous EBI trends, are summarised in Table 10 for the alternative indexes. 



Table 10. Expected genetic gain in individual animal genetic merit after ten years of selection based on a genetic gain of €5.20/yr.
	Trait
	EBI2005
	EBI2006

	EBI2005
	€51.60
	€50.44

	EBI2006
	€52.99
	€54.54

	Milk (kg)
	11.35
	-9.93

	Fat (kg)
	4.17
	3.64

	Protein (kg)
	3.20
	2.50

	Calving interval (d)
	-1.81
	-1.92

	Survival (%)
	1.02
	1.07

	Direct calving difficulty (%)
	-0.79
	-0.75

	Maternal calving difficulty (%)
	0.13
	0.12

	Gestation (d)
	-0.47
	-0.45

	Calf mortality (%)
	-0.13
	-0.11

	Cow carcase weight (kg)
	-0.36
	-0.02

	Calf carcase weight (kg)
	1.16
	1.63

	Calf carcase conformation 
	0.08
	0.11

	Calf carcase fat score
	0.04
	0.04

	Locomotion score
	-0.18
	-0.10

	Somatic cell score
	0.00
	-0.04


It is important to remember that the genetic progress reported in Table 10 reflects a genetic gain of €5.2/yr. The ICBF statistics (ICBF, 2004) suggests a five fold increase in genetic gain is achievable with a national progeny testing scheme of 100 sires. Under such circumstances, the figures reported in Table 10 should be multiplied by five.

Selection on the current EBI will have no deleterious effect on udder health (i.e., SCS) although the locomotion score is expected to decrease by 0.18 score units after ten years. Inclusion of a health index in the EBI will improve udder health while the rate of decline in locomotion score is reduced. This is similar to responses derived in the UK following the inclusion of udder health and lameness in the index (Stott et al., 2005); in the UK the incidence of lameness is expected to increase with time while SCC is expected to decrease. 

Response in fat and protein yield is reduced with the new index. This is attributable to the negative genetic correlation between milk yield and locomotion and the positive genetic correlation between SCS and milk yield estimated using Irish data. Some argue that a monetary value should be placed on the welfare of the animal. Restricting the index such that locomotion will not deteriorate over time will further reduce the response in fat and protein yield. Hence, under the assumed incidence of lameness currently in Ireland it is economically superior to suffer a slight increase in lameness over time which will be compensated by greater revenues from fat and protein yield. 

8. Sensitivity analysis

Some assumptions, such as the incidence rates, heritability estimates and genetic correlations, have been made in the derivation of the economic values due to unavailability of relevant data from Ireland. Sensitivity analyses on the economic weights were undertaken by altering the incidence rates and genetic parameters. The effects are summarised for locomotion and somatic cell score in Table 11 and Table 12, respectively. 

Table 11. Sensitivity analysis on the economic weight on locomotion score

	Scenario
	Economic weight on locomotion 

	Base
	1.13

	rg decreases to 0.30
	0.85

	h2 of lameness decreases to 0.05
	0.80

	Incidence of lameness overall decreases to 10% while veterinary required lameness remains at 3%
	0.77

	Incidence of lameness overall remains at 10% with no veterinary required cases of lameness 
	0.45


In general, the economic weight on locomotion score was relatively insensitive to a lower genetic correlation and/or heritability estimate for lameness. Also, incidence of mild (farmer treated) lameness did not have a very large impact on the economic weight although the incidence of veterinary required cases of lameness did have a large impact. Similarly, the economic weight on SCS was relatively insensitive to changing parameters with the exception that a low heritability for mastitis, identical to that derived using Irish data, did reduce the economic weight somewhat. Nevertheless, a considerable amount of assumptions are used to estimate the economic weight on locomotion. It is vital that all organisations endorse greater recording of lameness (and mastitis) in Irish dairy herds so that we can get more reliable estimate of parameters necessary and adjust the economic weight accordingly. 

Table 12. Sensitivity analysis on the economic weight on somatic cell score as a predictor of mastitis
	Scenario
	Economic weight on SCS

	Base
	11.99

	Incidence of mastitis decreases to 20 cases with number of sever cases constant
	11.62

	Overall incidence remains constant while number of severe cases increases to 5
	15.37

	Heritability of mastitis decreases to 0.01
	8.48


8. Conclusions

The results of the present study suggest that a health sub-index with a relative emphasis of 6% should be included in the EBI for 2006. The inclusion of this subindex will reduce the genetic merit for SCS over time (i.e., favourable trend) and largely amortise the deterioration in locomotion score over time. However, farmers should be encouraged to record health traits, including lameness and mastitis, in more detail using animal events. This is vital to estimate more accurately incidence rates as well as genetic parameters including relationships with type traits. A review of these economic weights should be undertaken in two years time when more data has accrued.
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