Development of an indicator for monitoring genetic diversity in farm animal species
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Abstract. We have developed an indicator that measures the status and trends of genetic diversity in farm animals. It presents the change in genetic diversity in native breeds, as measured by their effective population size (Ne). The indicator is the average Ne for the breeds most at risk of loss of genetic diversity. It decreases when breeds become extinct or when management within breeds deteriorates. The indicator has been evaluated for UK sheep and cattle in 2001 and 2007. It was shown that the mean Ne has risen by about 12% in sheep and by 33% in cattle. The encouraging change for sheep is not definitive, because of the variability in the data. However, there was evidence that the increase of the cattle indicator was significant. 
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1   Introduction

The development of a limited number of indicators of biodiversity is necessary to measure the performance of national conservation policies and help monitor progress in fulfilling international obligations of meeting biodiversity targets [1]. These indicators should use existing data sources, be underpinned by sound scientific knowledge and be easily understood by both technical and non technical audiences. 
The challenge of providing biodiversity indicators for farm animal species will differ from wild species.  In contrast to wild species, livestock species have been managed and selected by humans for centuries and this has resulted in a considerable number of breeds in each species. The resulting diversity among breeds, with adaptations to particular environments, plays an important role in shaping ecosystems by supporting other natural wild diversity. This diversity also has a cultural importance, and native livestock breeds provide a resource from which to develop new breeds. For many existing breeds it is the genetic variation within them that is important to allow sustainable selection towards meeting the needs of the human populations that rely upon them. Thus, the partition of the diversity, within and between breeds, and the selection that has formed it need to be taken into account when developing an indicator of biodiversity. However, indicators previously suggested for farm animal genetic diversity have ignored within breed variation [2].
The objectives of this study were: (i) to develop a genetic indicator of biodiversity for farm animal species that accounts for this partition of diversity; and ii) to evaluate the proposed indicator in UK sheep and cattle.
2   Methods

Identification of the indicator. The challenge is to indicate within a single statistic the state of diversity both between and within breeds for a particular species, whilst recognising that we can not measure the genetic variation in all traits of interest. Whilst management can have only a limited impact on the rate of new variation entering the population, the rate of loss in genetic variation is greatly influenced by how the population is managed. This rate of loss is proportional to the effective population size (Ne) which can be estimated from population structure [3]. 
The indicator proposed is the species average Ne for the lower tail of the distribution of Ne across breeds. The cut-off point in the lower tail will depend on the number of breeds and it should provide a good compromise between giving high weight to the breeds most at risk and suffering greatest loss of variation, whilst avoiding the position of being too sensitive to events surrounding a single breed. The development of the indicator on the scale of Ne provides a natural way of handling extinct breeds by treating them as Ne = 0. A monitoring scheme for farm animal biodiversity would start with a collection of (non-extinct) breeds and track the changes in this indicator over time.

Evaluation of the indicator. The indicator was evaluated in sheep and cattle breeds native to the UK as identified in the UK Country Report [4]. The information needed for computing Ne and the indicator was requested from all breed societies. A guarantee was given that breed names will be kept confidential in respect to Ne. Responses obtained represented 53% of sheep, and 58% of cattle breeds that are native to the UK. A total of 21 sheep and 19 cattle breeds that responded had pedigree data. For each species, the indicator was calculated in the following way: i) estimate Ne for each breed; ii) calculate the distribution of Ne; and iii) find the average Ne for the lower 20% tail of the distribution. The choice of the 20th percentile was based on the number of breeds for which information was available (27 sheep and 20 cattle breeds). The indicator was then calculated for years 2001 and 2007 in order to show temporal trends.

For breeds for which pedigree information was available, Ne was estimated from rates of change in inbreeding per generation (F). Firstly, the rate of inbreeding per year (Fy) was computed by regressing the natural logarithm of (1– F), where F is the inbreeding coefficient, against the year of birth. The slope of this regression is approximately equal to –Fy [5].  We investigated how many generations of pedigree data are needed for estimating F at a time point. It was concluded that regressions needed to include data from four generations for producing reliable results. The average F was then computed as LFy, where L is the average generation interval. Finally, Ne was computed as Ne = 1/2F.

For breeds for which pedigrees are unavailable, F was estimated from predictive equations for populations with overlapping generations under mass selection [6]. Breed specific parameters needed to obtain predictions were the i) total numbers of breeding animals per year; ii) minimum and maximum breeding ages; iii) proportions of breeding animals in a particular year that remain in the flock/herd the following year; and iv) average total number of offspring per dam surviving at breeding age. Values for population parameters were obtained from responses of breed societies, expert opinion and the UK Country Report [4]. The value of F also depends on the heritability (h2) of the trait under selection. We used a value of 0.4 for h2 because, within realistic values, it leads to the highest F under mass selection [7] and thus provides a conservative estimate of the diversity being maintained.

Finally, bootstrapping was used to assess the significance of changes of the indicator from 2001 to 2007 estimated based on breeds responding. This was necessary since it had not been possible to obtain data from all native breeds.
3 Results and Conclusions
Estimates of Ne for sheep and cattle breeds are presented in Table 1. The coefficient of determination of the regression was very low for breeds with pedigree information with large estimates of Ne. High Ne means that the slope of the regression is close to zero, which means that the regression explains very little variance. However, Ne is also sensitive to small values of the slope (e.g., doubling the slope, which is only a small change if the slope is small, halves Ne). Therefore, it seems appropriate to give an estimate of Ne = 500 to breeds with Ne > 500. The number of breeds with Ne below the 20th percentile was 6 for sheep and 4 for cattle. For sheep, the indicator value was 36.3 in 2001 and 40.8 in 2007. For cattle, the indicator value was 25.5 in 2001 and 33.8 in 2007 (Fig. 1).
There was no reported UK extinction of a sheep or a cattle breed since 2001. For sheep, bootstrapping provided no statistical evidence (P > 0.05) for a change being observed from 2001 to 2007 if all breeds had responded. However, for cattle, the bootstrapping results provided statistical evidence (P < 0.05) for an increase in the indicator assuming the responding breeds were a random sample from all breeds with respect to changes in Ne.
The indicator would benefit from additional data from breed societies that have not yet been able to respond to requests for information but that hold the information. In order to achieve this, a concerted action at the national level is necessary to collect the necessary data. This is feasible and absolutely necessary if there is really a serious and committed interest in preserving biodiversity. Rather than using simpler but less appropriate indicators the focus should be in promoting coordinated national strategies that consider all aspects related to farm animal biodiversity.

Table 1. Estimates of effective population size in 2001 and 2007 for sheep and cattle breeds.
	
	Sheep
	
	Cattle

	Breed
	2001
	2007
	
	2001
	2007

	  1
	  14
	   25
	
	  10
	  10

	  2
	  29
	   38
	
	  16
	  24

	  3
	  35
	   47
	
	  34
	  36

	  4
	  36
	   30
	
	  42
	  65

	  5
	  48
	   61
	
	  71
	  97

	  6
	  56
	122
	
	  73
	  82

	  7
	  63
	  98
	
	  78
	112

	  8
	  79
	  61
	
	107
	  82

	  9
	  86
	  93
	
	118
	110

	10
	  91
	  44
	
	113
	  97

	11
	  96
	  96
	
	119
	  94

	12
	112
	  83
	
	127
	500

	13
	122
	  86
	
	145
	105

	14
	172
	152
	
	179
	294

	15
	172
	156
	
	195
	268

	16
	179
	
	
	197
	173

	17
	204
	124
	
	290
	500

	18
	250
	227
	
	500
	554

	19
	273
	238
	
	
	  90

	20
	312
	135
	
	
	107

	21
	312
	625
	
	
	

	22
	426
	443
	
	
	

	23
	500
	  97
	
	
	

	24
	500
	500
	
	
	

	25
	500
	  90
	
	
	

	26
	500
	500
	
	
	

	27
	500
	420
	
	
	


In conclusion, the indicator proposed is the best option available for summarising, in a single number, all aspects related to livestock genetic diversity and it is robust enough for dealing with the loss of a particular breed. It can be obtained simply and meets the requirement that it needs to be understandable by policy makers, stakeholders and the general public. Using this indicator a particular conservation policy will be considered as successful if it increases the value of the indicator through increasing number of animals and improving management among these breeds. It could be easily incorporated into the lists of biodiversity indicators already developed covering other aspects of biodiversity. 
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Fig. 1. Representation of the indicator showing the change in native sheep and cattle genetic diversity from 2001 to 2007. The indicator is represented as horizontal lines which are superimposed to the distributions of Ne across breeds.
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