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Estimated breeding values: use for velvet antler production and developments in objective genetic evaluation

T Pearse, P Amer

Abstract

Leading breeders in the NZ deer industry are making positive in-roads in objective recording systems for productive traits.  Estimated Breeding Value (EBV) calculations for weaning weight, 12-month live weight and 2yo velvet antler weight are being used for within-herd evaluations to develop mating programmes and to augment sire sales information. A variety of new tools are under development to aid this process, particularly for sire sales. Many sire breeders prefer to sell young elite stags with a full expression of antler growth (ie hard antler).

A preliminary investigation to define the correlation and predictability of estimated 2yo velvet antler weight, based on analysis of a series of beam circumference and tine and beam length measurements at typical velvet harvest time, has indicated a strong correlation (0.87 to 0.94) between predicted antler weight and actual 2yo velvet weight.

The investigation has been extended to an evaluation of predicted velvet weight from hard (stripped) antler dimensions. Initial results confirm that the common measurements from the lower portion of the antler, as defined by the NZGIB grading system, are extremely useful in genetic evaluations of relative merit as they correlate highly with velvet yield.

New applications of velvet antler measurement, EBV calculations, and a broad industry approach to consistent recording, use in sire reference schemes and individual herd EBV calculationS are presented and provide a basis for ongoing refinement and advancement of objective genetic evaluation in the NZ breeding industry

.

NZ Deer Industry Estimated Breeding Values (EBVs).  Challenges and recent progress

The NZ industry, according to sale catalogues and sales programmes, claims approx 40 elite sire herds that offer quality animals to the second tier breeders and the wider industry. The second tier breeders are multiplier herds that offer young elite sires to commercial herds for venison, velvet and trophy stag production (Amer, 2001).  Inevitably, competition arises between the elite studs and multiplier herds for the supply of breeding stags.  Typically, stags from multiplier herds return a relatively reduced overall sale value, as the industry does not have widespread and routine across-herd genetic evaluation to rank these herds against the elite studs (Garrick, 2001).

The leading stud herd owners have resourced highly prized animals from throughout the world to add to the “best deer” already on NZ farms. These animals have been rapidly multiplied and selected heavily for industry excellence through AI and ET programmes, with spectacular progress made in phenotypic expression of important traits. Typically, these stags are marketed on their individual performance for live-weight for age, and antler size and weight. For some herds carrying out genetic evaluation, moderate and steady genetic gains are evident in the major traits.

Data collected tends to rely on simple live-weight recording at specified ages (e.g. weaning, 12 month weight) and a variety of records involved in 2yo velvet production, including weight, grade and potential for hard antler. Individuals, of course, collect all sorts of other data. Pedigree confirmation and records of estimated or actual birth dates are also very important.  Features of the breeding industry include a heavy reliance on spectacularly named sires and an increasing use of very successful cervical AI technology that offers much greater access to these stags. Semen collection that yield some hundreds of straws are routine now.

All this progress adds further to the need to consider more objective evaluation of the important productive traits so that truly elite young sires can be selected at the peak of the industry breeding structure.  Many breeding programmes still rely on sale catalogue references to the early imported “greats” and it is only now, as records and sire age of the progeny increase, that the young sons are taking a leading role in ET and AI programmes.

An increasing number of studs are responding to the opportunity to evaluate records and develop   breeding value systems for their operations. Most records and analysis systems allow a simple ranking on the record itself. This contains both environmental and genetic components, is within- herd, and within a comparative cohort of animals under common management. Available software includes “Deer Magic” and “Studfax”, which can be used to calculate simple rankings and values, or to provide a data collection focus facilitating more detailed genetic analysis. This finds application in defining relative excellence of sires for sale, to allow more focused hind and stag culling programmes and to allow the truly elite to be identified and used early in their life. 

Other supporting technology is widely used. For example, DNA-based parentage confirmation, which can also confirm purity, are critical to an objective end point of accurate estimation of values.  Farmers also have the excellent pedigree registration programmes run by the Elk & Wapiti Society and the Warnham-Woburn Society at their disposal for qualifying animals. Against this background, the Warnham - Woburn Society supported proposals for further evaluation of velvet and antler traits that are under current development.  The concept is to see if any measurements on antler taken at appropriate times could be used to predict accurately an estimated velvet harvest weight later in life. If such a system could be easily used and developed, it would also have potential to add value to the proposed Sire Referencing Schemes that, it is argued, are long overdue in the industry (Garrick, 2001, Pearse & Amer, 2001).

Existing systems and genetic evaluation capability

AgResearch Ltd currently offers a genetic evaluation service producing Estimated Breeding Values (EBVs) to deer breeders who can submit data for direct use or easy adaptation to a prescribed format. Estimated breeding values are calculated under the EBV system using multiple-trait animal model Best Linear Unbiased Prediction (BLUP) technology. Other similar evaluation systems have also been available to deer breeders (Garrick, 2001), while Landcorp Farming Limited has developed its own extensive in-house recording and evaluation system based on BLUP analysis for their nucleus red deer and elk breeding herds (Kelly 2002). 

To date, only data suitable for velvet and growth rate breeding value estimation have been submitted to AgResearch. Data from breeders are checked and imported to a database. Downloads from the database are used to set up the BLUP analysis, with results returned either as printed breeding value lists or in spreadsheet format (Fig1). Genetic trends graphs are also generated (Fig2). The genetic parameters used in the models are based on literature estimates which have been modified using parameter estimates from the now 20+ year accumulated data set from the AgResearch (Invermay) deer research herd and several other large commercial herds.

Breeding values for the growth traits of weaning weight, end autumn weight (approx 6 months of age), yearling weight, 15 month and mature weight are generated under the category of growth traits. Options exist to correct weight traits using actual birth date if available. It is also possible to use estimated conception date based on foetal aging or pre-weaning weight as proxies for birth-date. Contemporary group (including breeder or farm and year of birth), sex, hind-age are also included in the evaluation models.

EBVs are expressed as positive or negative differences from the group mean for that trait, indicating genetic superiority (or inferiority) relative to the within-herd mean at any point in time. These figures change with time as more records from contemporary herd-mates are added and the herd production dynamics change. In general terms, however, progeny records for the simple traits from 12-16 individuals allows a reasonable confidence in the accuracy of the prediction. The individual correlations and heritability estimates are held within  the system to allow  multi-trait analysis. Values can also be expressed on a percentage deviation basis, as are the Expected Progeny Differences (EPD) promoted in the North American Elk Industry schemes.

It is important for the industry to acknowledge that ultimately selection and gain in productivity have their roots in increasing overall economic efficiency and profit through having a well-defined goal of the improvement programme (Garrick 1997). The deer industry is at a very early stage in defining the relative economic performance of each trait from the list of desired traits. It can be argued that some of that delay is because of the emphasis antler genetics have played in the determination of the perceived sire worth, even though the production value in the wider industry is based on venison and weight for age growth parameters.

Our evaluation work at Invermay has also been dominated by velvet antler traits. We have set as our breeding objective the task of improving the harvest weight of 2yo antler. The heritability of this trait is high (h2=0.36-0.42 (Pearse and Amer, 2001)) with an economic gain readily seen and significant. Indeed, the increase in 2yo velvet production weights has been spectacular, with corresponding significant advance in weight for age (Table 1).  For example, the Invermay 2yo herd has gained a nett 0.36 kg of weight on average over the last decade.  At the extremes, from low to high, this represents 0.47 kg of velvet weight in 10 years, at an average value of $90/kg in that time (or $45/head). Our EBV analysis suggests that the accumulated permanent genetic gain as a component of that is 0.078kg, or a $7.00 increase in annual returns per two year old.  This is the genetic result of our selective breeding programme, which has been largely based on sourcing top industry sires and retaining top genetic merit hind replacements (Fig1).  The figure represents 21.7% of the gain to be based on positive cumulative genetic superiority on a whole herd 2yo cohort basis, which is a dramatic gain and much higher than selection gains in many traits in other industries. That figure is likely to dramatically improve with ongoing analysis of increasing age groups.  It’s worth noting that other industry figures approach a gain of 0.120 kg over 10 years.

Table 1:  10 year Invermay 2yo velvet production trends and genetic gain trends (kg velvet)

	Production Year

	
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	Total gain

	Velvet weight
	1.50
	1.20
	1.47
	1.35
	1.46
	1.50
	1.62
	1.62
	1.73
	1.86
	

	Gain (kg)
	
	-(.3)
	.27
	-(.12)
	.11
	.04
	.12
	0
	.11
	.13
	0.36

	Genetic Trend (kg)
	0
	0.003
	0.002
	0.001
	0.026
	0.053
	0.038
	0.056
	0.065
	0.078
	


While significant gains have been achieved through improvements in management, it is unlikely that we will see similar gains in this herd just from improved management over the next 10 years. The top hind identified has an EBV of +0.283 kg for two year old velvet weight, with a potential economic superiority of $32.00. (Fig2). One half of this superiority will be passed on to her progeny. This is substantial in comparative terms with other potential traits and so it is not surprising that antlers have dominated the selection process.
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Breeding values for spike weight and spike circumference in yearling males, as well as velvet weight and velvet antler mid-beam circumference for 2, 3 and 4 year old males, are produced as part of the velvet antler evaluation module. Yearling live-weight is also fitted as part of the analysis. Contemporary group effects, based on farm, year and mob are corrected for. Recently, a customised selection index service has been developed and trialed with potential stag buyers. Responses to a questionnaire that matches the type of farming system (venison, velvet or breeding herd and the relative emphasis of each component), expected future product prices and the farmers own weighting of various production and EBV characters, rank the potential sale sires that most suit the farmers own breeding aims.

In developing these, the target has been to overcome actual and perceived barriers to the acceptance of breeding value technology. In particular, it is assisting the many stud breeders who prefer to offer 2yo stags for sale in full antler. These breeders are often trying to satisfy two market outlets, the rapidly increasing trophy antler market as well as the market for superior velvet production. A system for predicting velvet antler weight from measurements during the growth phases has been under study for the past 2 years. A preliminary investigation is reported.

Tools for velvet antler evaluation

Estimated EBVs for 2yo production: Preliminary investigations

Selection for 2yo antler weight is the major tool that adds rapid value and gain to future velvet production. Most purchasers use this as an important feature in the purchase of young sires for both velvet/hard antler and venison, or in purchasing multi-purpose sires.

 For the past 7 years, we have been recording a variety of antler dimensions at harvest. The majority are now Standard GIB grading measurements of circumference, but at times we have recorded up to 20 different beams and tine dimensions, and have included days of growth, antler grade, extent of velvet maturity etc. Many of these data points were developed from the early work of Fennessy et al (1992) in their study detailing antler growth patterns in young red deer stags (Figs 3,4). This earlier work confirmed that the generalised logistic equation for modelling the pattern of hard antler growth was appropriate and is described as a sigmoidal pattern, with more proximal tines completing their development before more distal tines. The antler study also showed that successive stages of growth take place simultaneously in different areas but with predictable patterns and control (tines and main beam). These consistent growth patterns and relatively easily defined data measurement points are part of the NZGIB grading standards.  The consistency allowed investigation of the repeatability of measurement points and their accuracy as predictors of estimated velvet weight at any point in time.

Figures 3 & 4:  (After Fennessy et al 1992) Antler measurement points and antler growth pattern in young red deer stags.

All stags in the Invermay herd are routinely measured, at the time of harvest, with simple measuring tapes at the designated beam and length points.  Antlers are then removed, weighed, graded and stored frozen. Prior to sale, they are re-measured, re-graded and weighed with additional measurement points included for the purpose of more accurately defining style, volume and velvet growth patterns. Data has been recorded via simple spreadsheet, with paired antlers photographed for a time and genotype based record. Using the actual velvet weights obtained at harvest, prediction equations that utilise the series of measurements and harvest and growth data have been tested (Amer and Jopson, unpublished). 

Accumulated 2yo data from 700 deer across 8 years of production was used as the basis of this work. The data included all relevant measurements and actual velvet weight taken at two points in time. Correlations between recorders are extremely high (0.84-0.98) and we have confidence in accuracy and repeatability.  The analysis showed that our selection of these young animals on velvet weight and grade criteria was working at least in that a clear and strong bias towards higher weights and grades was evident as these groups aged. Data from older age groups was not used in further development of the model because of that bias. Numbers obviously reduce each year when you cull out everything under the mean seasonal weight for age or C grade as 2yo or B grade as 3yo. The model tests the ability to predict velvet weight based on easily recorded antler dimensions.

Predicted velvet weight from velvet antler measurements

The preliminary results certainly lead to some positive thoughts in the use of this as a selection tool in the calculation of EBVs for velvet weight.

· Accuracy of the prediction.  The initial correlation of predicted weight to actual weight was r2 = 0.80‑0.94, depending on the model and combination of measurements used. This is an extremely solid correlation. A number of models are still being evaluated.

· A new equation for predicting velvet weight from velvet antler measures was found to be unbiased, and when applied to an independent data set, performed well enough to justify their use by the industry, with an accuracy range of 80-95% (r2 = 0.80-0.95). Accuracy may also be helped to a modest extent (2-5%) by incorporation of length measurements of basal tines.

· The combination of co-variates used is relatively simple and uses the basic GIB beam and length measurements. Accuracy increased slightly by adding some other records but was not sufficient to justify their inclusion.

· The investigation of antler weights and dimensions for antlers with one or two lower tines show that individuals with only one lower tine compensate with an increase in lower circumference, such that the effects of having only one tine on velvet weight itself are relatively minor. Of course, the issues of velvet grade and velvet quality are quite different in the market and there needs to be a dialogue on the effect of 1 or 2 basal tines on whole stick velvet quality. There may also be factors involved in extent of calcification in the basal portion that differ and could influence weight that are not addressed here.

· A “best” prediction equation has been developed taking into account animal age, velvet grades (no of tines), average main beam length, days of growth and various beam circumferences. When this is used to predict weight over a large no of subsets, predicted values had similar means to actual values, with correlations ranging from 0.74-0.95. An initial tendency for predicted values to have less spread than actual values has been overcome this year through the use of an improved statistical technique.

· The heritability for all velvet antler traits (weight, length, beam circumferences etc) was found to be moderate to high.

· Selection based on 2yo velvet antler weight as an EBV ranking is an effective means to rapidly advance the genetic merit in antler production with a powerful and positive economic return. Using 2yo EBV data, farmers have a tool to apply with confidence and then use younger sires in advanced breeding programmes across highly ranked hinds and reduce the generation interval making yet more progress (Garrick, 1997).

· Amongst a number of future areas to explore, we can say with confidence that incorporation of dimension measurements is a very valuable development that could aid the adoption of genetic evaluation technology.

In reality, this means that breeders could run animals through a restraint system at the time of normal velvet harvest, record the dimensions and then data could be analysed to give a viable predicted velvet weight, with the antler then grown to reveal genetic merit for trophy characters. We are now confident that EBVs for two-year-old velvet weight based on velvet antler dimensions only will facilitate accurate selection decisions.  We suggest that breeders may also digitally record the antler image at optimal harvest time to be available at sale day, along with the observation of the hard antler…. “The Virtual Catalogue” approach (Amer, 2001).

It sounds easy and first results are very encouraging. We stress, however, that these are early days from a mixed herd, (largely of NZ deer origin) with no previous emphasis on hard antler production of those bloodlines. We need to extend the data set to other strains, and antler styles and dimensions, then extend this model on a farm by farm basis to challenge and improve its robustness.

Next steps

Predicting Velvet weight from hard antler measurements

Because collection of velvet antler dimensions poses some risk to potentially very valuable sale animals, a prediction of velvet weight based on hard antler dimensions only has some appeal. To answer the question as to whether or not we could get a useful prediction from hard antler measurements, the Invermay herd of 110 2yo animals was randomly allocated to one of 3 groups and checked for balance against the 12 sires represented. This season we cut one third of our two year olds at the commercial harvest peak, cut one side and let the remaining antler grow on another third, and left the remaining third grow both to cutting as a stripped antler in February. All animals were measured at the appropriate velvet harvest stage and the correlations mentioned above made.

The hard antler removed has been stored frozen in the just-stripped stage and has been re-measured in detail on a modified Safari Club International system, including cut weight and all tines measured. Currently, it is being dried to a standard dry weight to further look for weight loss patterns and to try and find a simple correlation between cut weight at stripping and dry antler weight, or to develop a regression curve that could be used in the hard antler business. A vast pile of hard antler removed at stripping time is now drying under natural conditions to investigate weight loss and relationship to hard antler cutting date and the amount of stripping-hard polished to fresh stripped.

Results and observations currently available from this work include:

· Symmetry of antlers (similarity of measures taken from either side) was greater in hard antler than in velvet antler. Circumference measures tend to be more symmetric than tine lengths. This reflects that circumference points are more readily defined and individual variation may also be due to slightly asymmetric growth patterns, as shown by casting date variability in young stags.

· A prediction equation developed for 2yo velvet weight from hard antler dimensions corrected for a score of extent of stripping is like to have an accuracy of between 65-85%. Some standard beam measurements are proposed and the equation also uses some length parameters and adjusts for the presence or absence of a bez tine. Although this level of accuracy is a little less than can be obtained when velvet antler dimensions are used, it is still at an acceptable level. It should be remembered though that hard antler dimensions are often only available after sale, and so data would not be available in time to assist stag buyers in their purchase decisions. Rather, the hard antler data would allow capture of useful information which would contribute to accuracy of evaluation of the animals remaining relatives in the breeding programme via EBV analysis.

· Hard antler weight at 2yo was a quite poor predictor of velvet weight and was excluded from all prediction equations.

· There appears to be limited options for using velvet antler dimensions to predict future or 2yo trophy antler characteristics or merit. Hard antler spread at 2yo was strongly positively correlated (0.58) with velvet antler length at optimal harvest, but no other velvet antler dimension was useful or significantly correlated with combined total length of main beam and upper tines, number of royal tines or combined length of royal tines. This clearly fits with deer farmer observations that they cannot predict trophy merit from observations of velvet stage antlers in two year olds.

We are also looking at some sort of modified SCI score and its relationship at 2 years of age to future hard antler production.  Hopefully we can access some of the leading herds that have a sequence of hard antlers with increasing age and look for relationships in this area as well.

Conclusions

We would be interested in breeder’s views on the use and direction of this work and welcome any question or comment prior to setting up the Invermay herd for the coming seasons velvet work.

At the very least, results to date show that antler continues to be a most exciting trait, with high genetic worth and the opportunity to advance to further new heights. We thank the enthusiasm of the Warnham and Woburn Society, Invermay farm staff and the analytical skills of those involved to date. While this shows considerable potential, it is important that we move this work along to the next stage to reach the point of verification in industry herds.

It is recommended that positive steps be made to get red deer breeders involved in the application of these prediction systems and that as many as are willing provide a test sample of animals of their bloodlines and background to check the validity and function of the equations. 
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Figure 1. Mating list hind ranking on 2 y.o. velvet weight EBC





Figure 2. Gain in 2 y.o. weight genetic trends









