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Summary

Data were extracted from the ICBF database on the genetic merit of stock bulls and sires on the active bull list. Actual daughter performance on farms was also extracted for analysis. Genetic merit of AI active sires is considerably greater than the genetic merit of the average stock bull. This is also reflected in daughter performance of AI sires compared to stock bulls. Daughters of relatively high EBI AI sires left, on average, nearly €80 profit per lactation more than daughters of stock bulls in Ireland (without accounting for the cost of the pregnancy); over the lifetime of the cow this amounts to €219 or nearly €4,000 per year for a 50 cow herd. In a 50 cow herd, the economic benefit of using relatively high EBI AI sires through a technician AI service over using a stock bull purchased for €1,500 is €67 per lactation. Factors not included in the economic analysis is risk associated with the danger of a bull on farm, the low reliability of reported EBIs for stock bulls and the bio-security risk. With low reliability EBI figures the true genetic merit of an animal may differ from the published EBI. Stock bulls and AI sires with few daughters in Ireland have low reliability. However, low EBI reliability can be overcome by using a “team” of AI sires across a herd; this is generally not possible with stock bulls. Hence, stock bulls are a lot like dipping in a lucky bag!
Introduction

Artificial insemination (AI) had declined by 21% in the past four years. The reasons for such a decline are many including labour availability and or the perceived lack of a benefit of using AI over and above the cost of AI. The purpose of this report is to objectively compare natural mating versus AI using cost-benefit analysis.

Under average conditions profitability will dictate the superiority, or lack thereof, between AI and natural mating (i.e., the use of a stock bull). For personal reasons the suitability of AI or a stock bull will be greater in some herds; however, this relatively small proportion of herds will be ignored in the present study. The profitability of one mating system over another will depend on the revenue and costs associated with each system

Revenue

Across both AI and natural mating the revenue of a sire will be determined by his male and female progeny, reflected mainly through the true economic breeding index (EBI) of the sire. The economic breeding index encompasses a large proportion of the traits which are most influential on overall farm profitability; it includes amongst other the expected milk producing ability of a sire’s daughters as well as the beef merit of the male and female progeny.

In order to compare the EBI of AI sires and stock bulls, data were extracted from the Irish Cattle Breeding Federation database on all sires currently residing on the active bull list in February 2005 and stock bulls with daughters born in the past five years. This edit was included to remove older stock bulls; 1,816 stock bulls remained. The active bull list was chosen as a source where the vast majority of sire AI genetics will be identified. Comparison of the average genetic merit of AI sires on the active bull list and genetic merit for stock bulls is summarised in Table 1.

Table 1. Average predicted differences for EBI, and its main causal components, as well as the reliability for stock bulls and sires on the active bull list 

	 
	EBI
	Reliability
	Milk
	Fat
	Protein
	CIV
	SUR
	Fat%
	Protein%

	Stock bulls
	€ 8.29
	44
	116
	6.1
	3.2
	0.37
	-0.01
	-0.02
	-0.01

	Active bull list
	€ 75.93
	70
	190
	11.9
	9.5
	-1.28
	0.99
	0.09
	0.06

	Top 20 active bull list
	€ 96.75
	71
	213
	15.5
	10.4
	-2.16
	1.33
	0.13
	0.06


The results clearly show a higher average EBI in AI sires on the active bull list compared to the average EBI of stock bulls; the differences increases when the top 20 AI sires on EBI are averaged. Also, the average reliability of the individual sire EBIs is considerably greater in the AI sires. Average genetic merit for milk, fat, protein, calving interval and survival are superior in the AI sires; on average stock bulls will reduce the genetic merit of the base population for fat and protein composition. 

However, the above analysis is based on the genetics of the sires. An additional analysis was undertaken on the actual daughter performance of stock bulls or AI sires producing in Irish milk recorded herds. The data was again restricted to daughters born in the last five years as a means of identifying progeny of predominantly more recent sires; animals with a lactation length of <150 days and a calving interval of outside 300-600 days were removed from the analysis. The data consisted 5,704 and 13,014 records on daughters of stock bulls and AI sires on the current active bull list. Comparison of the traits having the largest influence on the EBI are summarised in Table 2.

Table 2. Comparison of progeny performance - AI bulls vs. Stock Bulls.

	 
	EBIcow
	Milk 

(kg)
	Fat 

(kg)
	Protein (kg)
	Calving interval (d)
	Fat%
	Protein%
	Superiority over SB (€)*

	Stock bull
	€ 6.91
	6795
	253
	228
	374
	3.72
	3.36
	

	AI Active sires
	€ 42.60
	6789
	260
	237
	371
	3.83
	3.49
	€ 79.21


*Profit margins are based on values from the EBI index. These are; Milk kg = €-0.076/kg milk; Fat kg = €+1.50/kg fat; Protein Kg = €+5.22/kg/ protein; Calving Interval = -€7.09/day calving interval. 

Progeny from AI bulls from the active bull list produced, on average, 6 kg less milk, but 7 kg more fat, 9 kg more protein and had higher fat and protein composition than progeny of stock bulls; calving interval was also 3 days shorter for progeny of AI sires on the active bull list. Because of editing criteria applied the average parity number was relatively similar across the two groups of animals analysed thereby minimising the effect of parity on production variables and calving interval. The overall profit/lactation, after accounting for transport and processing costs, feed costs and quota costs was €79.21/lactation in favour of sires on the active bull list over and above the stock bull. This is very similar to expected profit difference based on the average genetic merit (i.e., EBIcow) of the two groups (€71.38) reflecting the accuracy of the EBI to quantify average animal profitability differences. In a fifty cow herd this amounts to nearly €4,000 annually; or in other words over the lifetime of an animal (assuming 3.5 parities) at a discount rate of 7% this amounts to €219/cow; this does not account for the genetic superiority passed on by the cow to her female replacement descendants. Remember genetics is cumulative and permanent!

Thus, in summary, the average EBI of AI sires available on the active bull list is considerably larger than the average EBI of stock bulls available in Ireland; this is reflected is large differences in the profitability of respective progeny on the ground.

Cost

Stock bull

Several costs are associated with a stock bull some of which are easily measurable (e.g., feed, housing) and others which not (e.g., safety, subfertility). Also the associated costs per cow will be dependent on herd size and/or the simultaneous use of more than one sire.

· Reliability: Differences in reliability of EBI between AI sires and stock bulls 

are vital, but are generally ignored when comparing differences in genetic merit between AI sires and stock bulls. The EBI of an animal is predicted based on performance of relatives. It is a best estimate and the reliability of an animal’s EBI quantifies the accuracy of this estimate; high reliability equals high accuracy equals greater confidence in published EBI. An animal with no daughters (e.g., a young stock bull) will be given an EBI based on that of his relatives; for most sires this will consist of an average of the EBI of his sire and dam. The reliability will increase as daughters of a stock bull begin lactating; however, the same stock bull will generally only be used for 2 years by which he will have very few (if any) daughters producing thereby having minimal impact on his reliability. This is especially true with low heritability traits (e.g., survival, fertility) or those with a long time horizon to direct recording.

Of the stock bulls investigated with daughters born in the past 5 years on the average reliability was 44% (range varied from 0 to 83). Assuming a genetic standard deviation of €72 for EBI there is a 95% chance that the true EBI of the average genetic merit stock bull will be between -€45 and €61; on average they will be €8.29. This is illustrated in Figure 1. There is an equal probability that the true EBI of the stock bull will be below his predicted EBI as there is that the true EBI will be above the predicted EBI. Nevertheless, it is quite obvious that there is a considerable risk associated with choosing only one sire to mate on a herd.

The average reliability of all AI sires on the current active bull list is 70% varying from 52% to 99%. Hence, there are some sires available with relatively low reliability. Such sires are made available for farmers who understand and accept the associated risk with low reliability. Nevertheless, high reliability sires are available for farmers who do not wish to take the risk. High reliability will only be accomplished if the sire has ample daughters actually producing in Ireland. Currently on the active bull list over 10% of sires have a reliability of ≥90%. With a reliability of 90% the true EBI of a sire will vary ±€22 around his published value (assuming the EBI formula stays the same); EBI will fluctuate as the traits are included in the index and their associated economic weight changes.

Even with low reliability AI sires it is possible to circumvent the uncertainty associated with low reliability. Using 4 unrelated sires, each with a reliability of 60%, will generate an EBI reliability of 90% on the mean EBI of the four sires. For example, if 4 sires are used each with a reliability of 60% and published EBI figures of 30, 40, 50 and 60, we are 90% “confident” that the average EBI of the daughters of all four sires will be €45 (i.e., the average published EBIs of the four sires). This technique of using several sires is rarely possible when using a stock bull unless more than one stock bull is used in the herd. Even then using 2 unrelated stock bulls each with a reliability of 30% will increase the reliability of their mean EBI to 65%.
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Figure 1. Probability distribution of true sire EBI for stock bulls (dark coloured bars) and AI sires with an EBI reliability >90% (light coloured bars).

· Capital and variable costs: An average price assumed for a stock bull is

€1,500, which spread over 2 years, following a sale price of €800 amounts to €413.60/year assuming an annual interest rate of 7% on the purchase price. Feed costs were assumed at €250/year, with an annual veterinary/hoof paring cost of €50/year. Annual overheads, labour and housing costs sum to €100 (the range will be considerable depending on the use of specialised housing or a sacrifice paddock etc.); hence, annual costs are €813.60 for a stock bull. On average a stock bull will annually serve 30 cows (including repeats). This amounts to a cost of €27.12/cow. However, this is using the bull to its optimal efficiency. For example, assuming a herd size of 40 cows (plus 8 heifers). One stock bull is not sufficient to mate all 48 females (or 40 cows) and hence two stock bulls are required. Assuming neither stock bull is mated to the heifers the service cost per cow is now €40.68. Therefore, the cost/benefit of a stock bull on a farm is strongly dictated by herd size relative to the optimum female:male ratio. Failure to purchase extra stock bulls with a female:male ratio of greater than 30:1 may compromise fertility. Generally heifers and cows do not graze together during the breeding season. Therefore other methods must be adopted to get heifers in calf. Assuming a 20% replacement rate in a 50 cow herd (i.e., 10 replacement heifers) the cost to put a heifer in calf with a stock bull is €98.40/heifer.

· Infertility: A large cost associated with stock bulls is the risk of infertility. 

Around 10% of bulls are expected to be infertile at some stage of the breeding season. Although such frequency is also possible in AI sires, each ejaculate is assessed for semen quality. If only one stock bull is used across a herd, sire infertility will almost certainly not be identified until at least 22 days although 30 days is usually more of a reality; this may be longer if infertility occurs during the breeding season. Assuming an economic cost of -€7.09/day calving interval, this amounts to:

-€7.09/day * 30 days* 80% submission rate in first 30 days* 0.10 probability of bull infertility * 50% conception rate with a fertile bull = -€8.51/cow. 

This is a large cost to a dairy farmer (and if anything is a very conservative estimate) and does not even account for sub-fertility in stock bulls which is also a considerable cost to the system. The effect of infertility may be partly amortized by running more than one bull with the herd although the effect will not totally diminish and may lead to other problems such as sub-fertility of other bulls due to a greater workload.

Nevertheless, individual stock bull semen quality may be evaluated although it rarely is; such quality tests should be performed annually as infertility may develop between breeding seasons especially if the bull has fallen sick in the previous year. Even at that infertility/subfertility may arise mid-season for numerous reasons including depressed libido, sickness, lameness etc; this will increase costs per cow through longer calving intervals and higher rates of infertility.

· Safety: Another cost associated with the stock bull is the associated danger 

especially with older farmers and farmers with young family. From 2001 to 2003, stock bulls on Irish farms killed five people. The level of non-fatal accidents caused by stock bulls is less accurately recorded but is undoubtedly high. No cost can be put on human life.

· Bio-security: Bio-security on Irish dairy farms is becoming an important issue. 

The introduction of any animal into a herd increases the risk of introducing an exotic disease (e.g., TB, Johnes, IBR, leptosporisis etc). The introduction of venereal diseases (e.g., vibriosis, trichomoniasis, ureaplasmosis) and/or genetic defects are also a possibility with purchased stock bull(s). Venereal diseases can depress herd reproductive performance and can in some cases lead to herd infertility. Semen used by reputed AI organisations is tested for the presence of disease. Stock bulls may also die on farm or contract a disease which requires slaughtering (e.g., Brucellosis, TB) thereby resulting in no salvage value and hence increasing cost per cow by approximately €13.33.

· Lack of flexibility: The use of one stock bull does not allow for assortive 

mating. For example, a cow extreme in one trait may not be corrected if the majority of the herd are of the other extreme and the stock bull is chosen to correct the average of the herd. Use of stock bulls may also increase the rate of inbreeding in the herd with deleterious consequences especially in traits associated with animal fitness/viability (e.g., fertility/survival). Using a dairy breed stock bull does not facilitate the mating of later calving cows to a beef breed without unless also using AI or purchasing an extra stock bull. 

In summary, the cost associated per cow with using a stock bull assuming an average herd size of 50 cows is €36.80; this may be considered a conservative estimate. The cost may increase as the number of cows varies between multiples of 30, if the bull dies on farm, if the cost of the stock bull increases and/or the salvage value of the length of period of use decreases. Sensitivity analyses on cow:bull ratio and bull price are reported in Table 3. Also, no cognisance is taken of maiden heifers
Table 3. Sensitivity analyses on the impact of cow:bull ratio and the initial bull price on cost per cow ‡.
	Bull price / Cow:bull ratio
	30:1
	50:2
	60:2
	75:3
	100:4

	1000
	€ 26.59
	€ 25.95
	€ 22.33
	€ 25.95
	€ 25.95

	1500
	€ 35.63
	€ 36.80
	€ 31.37
	€ 36.80
	€ 36.80

	2000
	€ 44.67
	€ 47.65
	€ 40.41
	€ 47.65
	€ 47.65

	2500
	€ 53.71
	€ 58.49
	€ 49.45
	€ 58.49
	€ 58.49

	3000
	€ 62.75
	€ 69.34
	€ 58.49
	€ 69.34
	€ 69.34


 ‡ Assuming bull salvage value of always €800, herd life of 2 years and an infertile rate of 10% the cost of which is halved when more than one sire is used in the herd.

Thus, in a 50 cow herd, with two stock bulls with an average price of €1,500 each, the total cost is €1,840.

Artificial insemination

· Semen cost: The average cost of semen in the current active bull list is €18. 

Assuming a 48% conception rate and an 80% and 90% submission rate in the first three weeks of the breeding season and every three weeks thereafter, respectively, the average number of services per cow of 2.1; this assumes that cows that failed to go in calf received on average 3.5 services. Added to the cost of the semen straw is a technician cost (arm charge) of €18 plus a cost of €19.80 to cover the average of 2.1 services per cow (with free repeats). This amounts to a cost of €37.80/cow. Nevertheless, the AI cost may be reduced if female fertility is increased. The number of services per cow in the strain comparison study in Moorepark was as low as 1.6 services/cow in one genotype; this reduces the cost per cow of €9!

· Heat detection: The recommendation is to observe cows at least three times 

daily (including each milking) with the aid of tail paint. Tail paint, assuming application every second day for a 13 week breeding season, amounts to an annual cost of €3.75/cow. Assuming a cost of labour of €12.44/hr, 30 minutes labour daily per cow, and a recommended breeding season of 13 weeks this amounts to a labour cost of €566.02/year. The average cost per cow diminishes in larger herds due to economies of scale. Assuming a herd size of 50 cows, the cost associated with heat detection alone is €11.32/cow. 

Thus, the annual cost of AI, on a per cow basis is €2,456.02 in a 50 cow herd.

As with stock bulls, the above calculations are only applicable for one group of females. Heifers should generally be treated as a separate group in themselves. The cost per AI calf born from heifers will generally be higher as numbers are generally fewer, heifers generally graze away from the main block of land thereby requiring more time for heat detection.

Conclusions

· The word “stock bull” is almost synonymous with the word “uncertainty”, both in his physical and physiological ability to get cows pregnant, his predicted genetic merit, his associated on farm danger and his disease carrier status
· Main driving forces influencing the cost of a calf from a stock bull is herd size, stock bull price and associated risks (e.g., fertility). Similarly, the main factors influencing the cost of a calf from AI is heat detection success, herd size and cost of semen.
· Genetic merit of selected AI sires is considerably greater than the genetic merit of the average stock bull. This is also reflected in daughter performance of AI sires compared to stock bulls. Daughters of relatively high EBI AI sires left, on average, nearly €80 profit/per lactation more than daughters of stock bulls in Ireland (without accounting for the cost of the pregnancy); over the lifetime of the cow this amounts to €219 or nearly €4,000 per year for a 50 cow herd.

· In a 50 cow herd, the economic benefit of using relatively high EBI AI sires through a technician AI service over using a stock bull purchased for €1,500 is €67 per lactation, over €185 per cow lifetime or over €3,000 per year to the farmer. Factors not included in the economic analysis is risk associated with the danger of a bull on farm, the low reliability of reported EBIs for stock bulls and the bio-security risk

Correspondence may be directed at Donagh Berry (dberry@moorepark.teagasc.ie) or Andrew Cromie (acromie@icbf.com).  
� LINK Excel.Chart.8 "C:\\Project_Archieve\\Extras\\Natural service v AI\\AI_v_SB.xls" "Chart1 (2)" \a \p ���
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