Chapter 7 Sensitivity c¢f Genetic Response to Errors
in Estimates of Genetic Correlations Between

Production Traits and FEC

7.1 Introduction

The consequences of including helriinth resistance in a Merino breeding objective
will be largely dependent on its relative economic value (REV) and the genetic co-
variances between the disease trat and important production traits. Multi-trait
selection index theory can be used to predict response in individual traits and in
aggregate genotype, but will depend on the accuracy with which the phenotypic and

genetic parameters, and the relative e conomic values, are estimated.

The impact of “errored” parameters and economic values was explored by Ponzoni
(1987) for a Merino breeding objective. This was done by changing some of the
assumed WOOLPLAN phenotypic and genetic parameters to specific values indicated
by estimates from other populations. The relative economic values were also varied
giving additional weight to wool production relative to liveweight. The changes in
phenotypic and genetic parameters -esulted in different predictions of genetic gain,
although the correlation between th> different indices was close to 1, ranging from
0.96 to 1. In the case where the economic values were changed, the differences in
predicted genetic gains were quite st bstantial but the correlation between indices was
relatively high (0.91). The conclusion drawn from this work was that the ability to
predict accurately the genetic gain n various traits can be significantly affected by
changes in the assumed parameters and REVs, but selection of animals based on the
overall index score is relatively unchanged In practical terms, it is nearly the same
individual sheep that will be identified as superior regardless of the parameters or
REVs used. This conclusion applies to the combinations of parameters and REVs that

were specifically evaluated and may not necessarily hold in every situation.
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Using a multiple trait selection index, Piper and Barger (1988) examined the benefits
of breeding for improved resistance 1nder conditions of mild or moderate parasitism
where the genetic correlation of FEC with wool production and liveweight varied. The
mode] used did not allow for parasitism-induced changes in the (co)variance matrix
among production traits, an area where there is little information. Benefits were
expressed in terms of the direct effec that including FEC had on the production traits,
rather than any economic benefit as:ribed to FEC itself. Using genetic correlations
which were estimated in a relatively parasite-free environment as being close to zero,
there was very little to be gained ty including parasite resistance in the selection
index. However, under conditions of moderate parasitism, where the genetic
correlations between FEC and prodiction were negative and greater in magnitude,
inclusion of resistance in the selectio index resulted in significant additional gains in
wool production and reproductive ra e, which more than offset unfavourable changes
in fibre diameter. The conclusion ma e from this work was that the merit of including
parasite resistance in a selection inde x is dependent on the actual level of production

loss due to parasitism.

The concept, used by Piper and Barger (1983), of ascribing a zero economic value to
helminth resistance and assessing its merit in the breeding objective through its effect
on production traits has continued with the use of a desired gain index (Brascamp
1984) as outlined by Woolaston (1¢94). A desired gain for FEC is specified (as a
proportion of the total gain possible) while changes in production traits are optimised
by the selection index. The true economic value of parasite resistance is yet to be
accurately estimated and will vary greatlv for flocks in different environments,
depending on the amount of parasite challenge experienced and the cost of adequate
control strategies. To overcome this current lack of knowledge, a desired gain is
assumed for disease resistance, which then allows an implied REV to be calculated for
FEC. The effect of selecting for a clesired gain in FEC is examined in terms of its
impact on other traits in the breeding objective. The results of this type of analysis are
sensitive to the genetic correlations between the restricted trait and the traits for which
the aggregate merit is maximised (Brascamp 1984). The consequences of using

“errored” parameters needs to be nvestigated and this information will assist in
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deciding how much effort needs to te put into improving the accuracy of parameter

estimates.

An alternative approach to that used by Ponzoni (1987) for testing the sensitivity of
genetic gain to changes in phenotypic and genetic parameters, is to compare genetic
response under three different sceiarios. The first is predicted response when
“errored” parameters are used, for example the genetic correlations between FEC and
production traits currently being usec are zero and these may be considered “errored”
if the “true” values are found to be tl e estimates from Chapter 6; the second is actual
response achieved where “errored” parameters are used to determine the selection
policy in a population where a differcnt set of “true” parameters exist; and the third is

predicted response given the “true” paramete:s are known and used.

The first and third scenario involve tt e straightforward prediction of response as given

by the following equation using the rcspective “errored” and “true” sets of parameters.

Response in selection index ($) = ifia
Nb'Pb
where P = phenotypic covariance matrix of selection criteria
G = genetic covariance mratrix for selection criteria and objective traits
i = selection intensity
a = vector of economic veights
b = P'Ga

For the second scenario the “errored’ index weights (b values) are used in conjunction
with the “true” P and G matrices i1 the response equation, the “errored” b values
being calculated from the “errored” 2 and G matrices. The derivation of the response
formula using b values from one sct of parameters with another set of parameters
follows from James (1982), who shcws that the correlation between an optimal index

(I) and a sub-optimal index (I) is:
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b Pb,
", = T
J& Pb)(V, Pb,)

The simulations carried out in this chapter are used to investigate the consequences of
assuming zero genetic correlations between FEC and production traits, which is
current practice, when a different sct of “true” parameters exist in a population. A
range of “true” parameters is investizated for each trait, to identify which production

trait-FEC correlation has the most influence on genetic gain.

7.2 Materials and methods

The program used for predicting genetic gain (SELIND; Cunningham 1969) was
modified by Hickson (1996) to allow the combination of “errored” b values with
“true” P and G matrices for predicting response. The following descriptions are used

for the genetic response in the three scenarios:

“Errored” prediction = predicted re: ponse when “errored” parameters are used. For
example, using zero genetic correl: tions for FEC and production traits, to predict
genetic response, may result in an ‘errored” prediction if they vary from the “true”
parameters.

“Achieved” response = predicted response achieved where “errored” parameters are
used to determine the selection policy in a population where a different set of “true”
parameters exist.

“True” prediction = predicted respo 1se given the “‘true” parameters were known and

used.

In assessing the outcome of using ‘errored” parameters the main comparisons were
between the “errored” prediction and the “achieved” response. For each prediction
there were 14 objective traits and 4 ndex traits (selection criteria). Trait names are as
defined in Chapter 6 and are summurised in Table 7.1 with the REVs for production
traits. These REVs are the same as those specified for WOOLPLAN (Ponzoni 1988)

which give a 5% micron premium. The units for CFW and body weight are
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percentages of the mean, rather thar kg as used by Ponzoni (1988), with a standard
deviation of 14% and 10% respectively. The REVs for traits measured at 16 months
compared to 21 months reflect the assumptions made regarding flock structure. With
the sale of surplus ewes and all wethers after shearing at 16 months of age and the
greater value of fleece grown at this age, the ratio of hogget to adult REVs is lower

than anticipated given the number of expressions of adult traits.

A range of implied REVs for FEC vvas calculated to give a specified desired gain in
the “errored” prediction of response ' Table 7.2). This was done by specifying the gain
in FEC (as a proportion of total gain possible) and allowing the change in production
traits to be optimised in accordance with their REVs. This was achieved by using the
restricted index method described by Brascamp (1984). From this procedure an
implied REV is calculated and, whe used in index calculations in combination with
the production trait REVs, ensures tie specified gain in FEC. It is important to note
that the relationship between these desired gains and the REVs for FEC are specific to
the assumptions used in predicting trait responses. Should the genetic parameters or
amount of information from relative: change, the implied REVs for a specific desired
gain will also change. The genetic :nd phenotypic correlations and heritability used
for the production traits are given in Table 7.3. One source of information was

assumed for each animal, that being its own measurement.

The effect of varying the genetic correlations was assessed in terms of the impact on
the aggregate economic merit of the production traits (production index), which was
calculated from the response per truit in standard deviation units multiplied by the
appropriately scaled relative econom c value for each trait. Also presented is the effect

on the desired gain in FEC of assumg tions about changing genetic correlations.

In all of the predictions the “errored” parameters were defined as zero genetic
correlations between FEC and production traits. These were defined as “errored” as
they are the current parameters beir g used in breeding programs and the following
analyses were designed to assess the consequences of using zero genetic correlations
should the “true” values be differeni. The phenotypic correlations were kept at zero

for all predictions as there was little evidence from results in Chapter 6 or other
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published experiments that they ciffer from zero, and estimates of phenotypic

correlations are generally very accur: te.

7.2.1 Sensitivity analysis

A sensitivity analysis was carried out to determine the influence of the genetic
correlation between FEC and prcduction traits on the “achieved” response in
production index. The question being asked was what is the outcome of using zero
genetic correlations if the “true” va.ues are something different, the range in “true”
values being anything between -1 to +1. The production traits were grouped into four
categories to reduce the number of combinations of values to be investigated. These
groupings were fleece weight at all ages both clean and greasy, fibre diameter at all
ages, body weight at all ages and reproduction rate. The genetic correlation of each
type of trait, with FEC, was varied one grouping at a time in increments of 0.2 from -1
to +1, or until the genetic covarianc: matrix was non-positive definite. For example,
when correlations for the fleece weig ht grouping were varied, all correlations between
clean and greasy fleece weight at all ages had the same genetic correlation with FEC.

This example is shown in Table 7.1 for the correlation of -0.4 between FEC and fleece

weight.

With the range of combinations of genetic correlations being tested it was highly
probable that the genetic covarianc: matrix for some combinations would be non-
positive definite, implying that some of the assumed genetic correlations had
impossible values. To assess the permissibility of each combination of genetic
correlations a sub-routine, described by Hill and Thompson (1978), was added to the
selection index program to test that the genctic covariance matrix was (semi)positive

definite and the eigenvalues were grc ater than zero.

7.2.2 Comparison of zero genctic correlations with current estimates

The “true” genetic correlations of production traits with FEC investigated were those

estimated in Chapter 6 for fleece aid body weight traits (Table 7.1) and called the
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“current” estimates. Adult body we ght data were not available from the resource
flocks so a value of -0.1 was assumec. for the genetic correlation between this trait and
FEC. This value was selected to be the same sign as the estimates for 10 month and 16
month body weight, -0.18 and -0.26 respectively, but was conservative in magnitude.
Reproductive rate data from resource flocks were also unavailable, so the estimate
made by Woolaston et al. (1991) of -0.22 was used for this trait. The estimates from
Chapter 6 plus those detailed above for adult body weight and reproductive rate are
referred to in the rest of this chapter as the “current” estimates, as they summarise all

current estimates for Merino sheep in Australia.

7.2.3 Effect of reproductive rate correlation on production index

A further combination of paramet:rs was investigated comprising the “‘current”
genetic correlations between FEC and production traits but with the correlation
between FEC and reproductive rate :et to zero. These correlations are summarised in

Table 7.1.

Table 7.2 Implied REVs for FEC t» give a specified desired gain in the “errored”
prediction of response

Desired gain in FEC Gin in FEC using Implied REV for FEC

using “errored” “errored” prediction )]
prediction (trait urits)
(proportion)

0 0 0

0.1 0.025 -4.03
0.2 0.05 -8.18
0.3 0.075 -12.59
0.4 0.1 -17.47
0.5 0.125 -23.11
0.6 0.15 -30.02
0.7 0.175 -39.24
0.8 0.2 -53.37
0.9 (0.225 -82.66
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7.3 Results

7.3.1 Sensitivity analysis

Permissible genetic correlations of FEC with fleece weight traits ranged from -0.6 to
+0.6, and for fibre diameter, body weight traits and reproductive rate, ranged from -
0.8 to +0.8. The change in aggregate merit of the production traits (production index)
was symmetrical as the genetic corre ation varied in absolute value either side of zero.
The percentage difference in produc:ion index between the “errored” prediction and
the ‘“achieved” response is present:d graphically for each trait group for genetic
correlations -0.6 to +0.6 (Figures 7.1, 7.2, 7.3, 7.4). Recall that all responses are
driven by index weights calculated assuming “errored” correlations of zero.
Comparing the results over the same range of correlations for each trait group shows
that the “achieved” response in produ ction index is influenced to the greatest extent by
the genetic correlations between FEC and fleece weight, followed by FEC and
reproductive rate, then FEC and fibr: diameter, and least by the correlations between

FEC and body weight.

7.3.2 Comparison of zero genctic correlations with current estimates
When the “current” estimates for genetic correlations were used as the “true”
parameters, the effect of using “er-ored” zero genetic correlations was to under-
estimate the achieved response in tie production index (Figure 7.5) and to under-
estimate the response in FEC (Figire 7.6). The amount by which response in the
production index was under-estimatzd increased with increasing REV for FEC and
ranged from 1.5%, for a desired gain index of 10%, up to 30.3% for a desired gain
index of 90%. For a 50% and 70% d:sired gain index, two commonly used options in
Merino studs selecting for worm res stance, the under-estimate was 8.5% and 14.4%,

respectively.

128



6Cl1

L0°0 010 000 01°0 010 0e0 0C0 010 010 010 01°0 010 010 qd
010 0€°0 020 ce0 ceE0 090 0.0 §T0 §T0 §T0o s§T0 §T0 ST0 ME0l
010 010 050 5T0 §TO §To A 050 OL'0 070 IS 0T0C gre a0t
010 010 070 S0 80 Sy S0 020 SI0 0y'0 gso Se0 Svo MAD01
01°0 01°0 00 080 $€°0 YAy S0 0c0 SI'o §e0 Sv'o 0v'o IS MAD01
00 080 01°0 000 000 SE°0 080 0¢0 0c0 ST0 Ay Ay sCU Mmutc
Sr'o 060 010 01°0 01°0 060 S0 0T0 020 §T0 0e0 A 00 ME91
010 01°0 080 S0 cCo 010 010 §S°0 080 0¢0 0c0 0e0 070 adic
01ro 0ro 060 0co 0co 01°0 010 060 050 070 €To 070 ST0 a4si
01ro 000 A $9°0 [S] 000 000 0’0 Al wo 090 ¢80 050 MADIT
01°0 01ro 020 SLO 090 000 o1ro §To 070 SLO 8€°0 050 $8°0 MAD9T
0oro 000 §T0 ¢so 90 000 000 00 YAl 080 090 Y0 090 MADIT
010 010 020 090 L0 000 010 §T0 0C0 090 080 SLO 0oro MID91
qd mdg ad MAD MID md mdg aid ad MAD MAD MAD MAD

01 01 01 01 1T 91 1C 91 1T 91 | {4 91 JelL

ure3

onouad Jo suonorpaid ur pasn ([euoSeIp) sejewn)sa AJ[IqeILIaY pue Suone[a110d (sjSueln omoj) o1dAjouayd pue (sj8ueLn toddn) onousn ¢/ 9[qe],



The amount by which the resporse in FEC was under-estimated also varied,
decreasing as FEC REV increased. The “zrrored” prediction of response in FEC
under-estimated the “achieved” response by 151.7%, for a desired gain index of 10%,
down to 8.9% for a desired gain index of 90%. For a 50% and 70% desired gain index

the under-estimate were 28.0% and 16.2%, respectively.

The ratio of the contribution of each breeding objective trait to the overall index merit
was consistent over the range of REVs for FEC when the genetic correlations between
FEC and production traits were zero. When the “current” estimates were used (with
zero correlations to construct the s:lection index), the ratio of the contribution of
reproductive rate with the other production traits changed, with reproductive rate
making a substantially greater contr bution Figure 7.7). This was partly balanced by
reductions in the relative contribution of 16CFW, 21CFW and 16FD, traits which
were unfavourably correlated with “EC (either directly or through their covariance
with other traits). The body weight tiaits, which were favourably correlated with FEC,
increased in contribution with increasing REV for FEC, and the contribution of 21FD
remained relatively unchanged reflecting the overall neutral relationship between this

trait and FEC.

7.3.3 Effect of reproductive rate correlation on production index

Changing the “true” genetic correlation between FEC and reproductive rate from -0.22
to zero had the effect of substantially reducing the difference between the “errored”
prediction and the “achieved” response for both production index and FEC. The
amount by which response in the djroduction index now differed (Figure 7.8) was

essentially zero across the range of FEVs for FEC.

The amount by which the respons:: in FEC was under-estimated (Figure 7.9) was
reduced, being 11.7% for a desired gain index of 10%, down to 7.8% for a desired
gain index of 90%. For a 50% and 70% desired gain index the under-estimates were
11.5% and 10.0%, respectively.
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Once again the ratio of the contribution of each breeding objective trait to the overall
index merit was consistent over tte range of REVs for FEC when the genetic
correlations between FEC and production traits were zero. When the “‘current”
estimates were used, but with the reproductive rate correlation with FEC set to zero,
the ratio of the contribution of reproiuctive rate with the other production traits was
much more stable, showing only a :mall increase in contribution over the range of
REVs for FEC (Figure 7.10). The re ative contribution of other production traits was
also more consistent when the correlition between FEC and reproductive rate was set
to zero. Once again these changes r:flect the overall relationship between FEC and
each trait as defined by both the genctic correlation between FEC and the individual

trait as well as the covariance betwee 1 traits.
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Figure 7.1 Change in production index when the genetic correlation between FEC and
fleece weight traits is varied.
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Figure 7.2 Change in production index when the genetic correlation between FEC and
fibre diameter traits is varied.
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Figure 7.3 Change in production index when the genetic correlation between FEC and
reproductive rate is varied.
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Figure 7.4 Change in production index when the genetic correlation between FEC and
body weight traits is varied.
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Figure 7.5 Predicted response in production index using zero genetic correlations
between FEC and production traits, and actual response achieved when these
“errored” parameters are used in a population where the “current” estimates are the

“true” parameters.
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Figure 7.6 Predicted response in FEC using zero genetic correlations between FEC
and production traits and actual response achieved when these “errored” parameters
are used in a population where the “current” estimates are the “true” parameters.
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Figure 7.8 Predicted response in production index using zero genetic correlations
between FEC and production traits, and actual response achieved when these
“errored” parameters are used in a population where the “true” correlations for wool
and body weight are the “current” estimates and zero for reproductive rate.
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Figure 7.9 Predicted response in FEC using zero genetic correlations between FEC
and production traits, and actual response achieved when these “errored” parameters
are used in a population where the “true” correlations for wool and body weight are
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7.4 Discussion and conclusion

Given the large standard errors for current estimates of genetic correlations between
production traits and FEC, it is possible that the “true” parameters in Merino flocks
are quite different from the estimates reported in Chapter 6. The sensitivity analysis
was undertaken to assess the importince of estimating these parameters with greater
precision. Genetic gain in producticn traits was sensitive to changes in the genetic
correlation between FEC and flecce weight traits (Figure 7.1). This result is
predictable given the high REV for fleece weight compared to fibre diameter in these
analyses (5% micron premium), anc this result will vary depending on the relative
emphasis on fleece weight and fibre diameter in the breeding objective. As expected,
varying the correlation between FE.C and liveweight traits (Figure 7.4) had little
impact on genetic gain due to the 1ninor importance of these traits in the breeding
objective. The interesting result is the relatively large effect on genetic gain of varying

the genetic correlation between FEC and reproductive rate (Figure 7.3).

Reproductive rate tends to contribu e 3-4% in merit to Merino breeding objectives
(Atkins 1987; Ponzoni 1987). The r:lative contribution of any trait to the index is a
combination of the REV for the tiait and the ability to achieve genetic selection
differential. The latter is a function of the heritability of the trait and its variance
(Smith 1983) but also the genetic r:lationships among traits in the objective. From
these results it appears that the rela.ively minor contribution of reproductive rate in
Merino breeding programs is more a function of the inability to change the trait
through selection rather than the economic merit ascribed to the trait. The heritability
of reproductive rate is low (0.07) anc the trait is not strongly correlated with any of the
measured index traits. As the genetic correlation between reproductive rate and FEC
(which is moderately heritable) incr:ased ir the sensitivity analysis, this relationship
allowed selection response for reproductive rate that was previously unavailable. The
outcome was that increasing the genetic correlation between reproductive rate and
FEC resulted in this previously minor trait 2xerting a large influence on the merit of

the aggregate genotype.
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This can be contrasted with the m nimal effect of varying the genetic correlation
between the body weight traits and I'EC. Body weight is highly heritable and can be
measured directly, allowing it to be i1cluded as an index trait. The minor contribution
of this trait is due to the low REV a:signed to it in the breeding objective rather than

the inability to generate a genetic selc ction differential.

When using a desired gains approach, the outcome of assuming zero genetic
correlations between production traits and FEC, in comparison to using the current
estimates, was to under-estimate the response in production and the response in FEC.
The best estimates available for the genetic correlations between FEC and production
traits in Merino sheep are those sum narised in Table 7.1. The correlations are low (0
to 0.2 in absolute value) and not significantly different from zero, with the exception

of the body weight correlations.

The consequences of using the “‘errored” parameters (all zero correlations) on first
appraisal appear to be relatively minor, given that the result is an under-estimate of
response for both production traits ard FEC. However, upon closer examination of the
contribution of individual objective traits to the index (Figure 7.7 and 7.10), it
becomes obvious that a single trait, reproductive rate, is exerting an overwhelming
influence on the difference between the “errored” prediction and the “achieved”
response (contrast Figure 7.5 with F gure 7.3). When the genetic correlation between
reproductive rate and FEC is set t> zero in the “true” parameters, the difference
between the “errored” prediction aid “achieved” response is essentially zero. This
result is consistent with the sensitivi:y analysis, which shows that varying the genetic
correlation between reproductive rate and FEC has a disproportionate effect, given the

relative contribution of this trait whe 1 the REV for FEC is zero.

These results suggest that there will he little bias in predictions for production gain by
assuming zero genetic correlations of FEC with wool and body weight traits in
preference to the current estimates. Jowever, predictions will under-estimate genetic

change in FEC, largely due to the loss in accuracy of selection for this trait by
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excluding its covariance with other traits. If there is a danger in using a zero
correlation in a population where th: “true” correlation is significantly different, it is
to substantially under-estimate the changes that will occur in reproductive rate. This
situation was demonstrated here when the correlation between FEC and reproductive
rate was assumed to be significantly different from zero, but equally would occur if
the “true” genetic correlation betwecn reproductive rate and any other objective trait
was greater than the assumed valie. Unfortunately, reproductive rate is the most
difficult trait to obtain precise paran eter estimates for, because of the amount of time
needed to collect records and the binary nature of the trait. However, additional
estimates for this trait are essential 10 the adoption of a value (other than zero) to be

used in breeding programs.

Excluding the favourable correlation between reproductive rate and FEC, the rest of
the genetic correlations are close to neutral, in that selection for production alone
results in virtually no correlated resp >nse in FEC. This reflects a balance of favourable
and unfavourable correlations of IFEC with fleece weight and fibre diameter at
different ages. These correlations we e estimated under conditions where the effects of
parasitism were probably minimiscd by ranagement and anthelmintic treatment.
Their relevance in a breeding progran for disease resistance will be determined by the

prevailing environment in which pro luction is measured.

There is a case for arguing that both phenotypic and genetic correlations may become
more favourable as anthelmintic efficiency declines. There has been no evidence to
date that sheep bred for helminth res stance (low FEC) express a production advantage
when managed together with susceptible sheep, receiving routine management for
worm control (R.R. Woolaston wnd R.G. Windon, unpublished data). In an
environment where helminth infectic n is not controlled the anticipated result would be
higher production from the resistant sheep, given the effect of helminth challenge and
infection on wool production and liveweight in general. However, this assumes
alternate strategies will not be employed to ameliorate the effects of the disease, and

that sheep will be run under conditic ns of severe and uncontrolled parasitism. A more
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likely scenario will be that alternaie control strategies will be employed, but at a
considerably higher cost to the shcep enterprise than the current control methods
which are largely based on the use of anthelmintics. The cost, in some cases, may be a
shift in enterprise mix to alternate livestock species. Under such conditions (with the
exception of a change in enterprise), the current or zero estimates for genetic

correlations are likely to be the most applicable.

If the environmental conditions are such that the genetic correlations remain neutral,
this will have implications for the likely benefits of breeding for resistance. As
demonstrated by Piper and Barger (1988), favourable genetic correlations between
FEC and production resulted in significant benefits when worm resistance was
included in the breeding objective, even when FEC itself had no value. If the
correlations are neutral this benefit does not occur. But if the cost of maintaining
adequate worm control is high the r¢lative economic value of FEC will be substantial
and it becomes an important trait in ts own right. In this situation the major emphasis
of future research should shift from parameter estimation, with the previously
mentioned qualifications for reprodiictive rate, to an assessment of alternate control
strategies including the potential costs of breeding for resistance and the interaction
between control strategies, host imriunity «nd the epidemiology of the host-parasite
system. This needs to include the ¢ ssessment of production advantages to resistant

sheep when run separately from random-bred and susceptible lines.
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