Chapter 5 Internal Parasite Resistance of Merino

Flocks Selected for Production

5.1 Introduction

The response observed in flocks selected for FEC has demonstrated that breeding for
parasite resistance can meet with success (Woolaston et al. 1991). The relative
importance of disease resistance in a breeding objective will be determined in part by
the genetic correlations between tae measured resistance trait, FEC, and other
economically important production traits in the breeding objective. Estimates of
genetic correlations between FEC an 1 production traits in random bred Merino flocks
(Table 5.1) have been close to zero b 1t are characterised by large standard errors. In an
experiment conducted by Albers et al. (1937) correlations between FEC and wool
growth and FEC and liveweight cha1ge were essentially zero when these production
traits were measured under worm free conditions, but when infected with H.
contortus, the correlations were moderate and negative in sign. In New Zealand
studies, estimates of genetic correlations between FEC and the production traits of
greasy fleece weight and body weigit have varied, but have been unfavourable on a

number of occasions (Table 5.1).

Another approach to determining if FEC and production traits are correlated at the
genetic level, is to examine correlated responses in flocks under selection for one of
the traits of interest. However, any examination of selection flocks for a correlated
response, where the foundation animals were not allocated at random or measured for
the trait of interest, and the selection lines are not replicated, is open to error as initial
differences between lines and genetic drift cannot be quantified (Henderson 1989).
However, in many instances it caniot be predicted at the outset of an experiment
which traits may subsequently become of interest, and examination of selection flocks

is of value given the deficiencies of t1is approach are recognised.

Within some flocks selected for production in New Zealand, there appears to have

been a negative correlated respons: between production and resistance to internal
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parasite infection, as measured by FEC (Table 5.2). In 8 out of 10 instances, where
young animals from a positive selection flock for production were compared with a
control flock of the same origin, the selected flock demonstrated a higher FEC. The
flocks in which there appeared to be a corrzlated response in FEC were single trait
selection lines for weaning weight (Woodlands), 12 month greasy fleece weight
(Woodlands, Whatawhata, Massey Uni.), hogget body weight (Whatawhata,
Woodlands) and a production index including number of lambs born, weaning weight
and hogget fleece weight (Woodlands). This fleece weight result was consistent in all
selection flocks in New Zealand (Table 5.2). Upon examination of Australian flocks
selected for helminth resistance (Table 5.3}, there is little evidence of a correlated
response in any production traits for Merinos, but there is evidence in New Zealand
flocks of an unfavourable response, i1 terms of GFW, to selection for FEC. Results of
McMillan et al. (1992) monitoring re productive rate (Table 5.3) should be interpreted
with care as they were from very early years of the experiment (remembering that

ewes lag behind lambs in generation wumber.
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Table 5.2 Correlated response in FEC in flocks selected for production

Reference Flock Selection criteria Year Effect on
commenced FEC
Garrick et al. 1992 Massey Uni. Hogget GFW 1956 T
Watson et al. 1986 Ruakura H gh Multiple birth® 1948 )
Fertility Rcmney
McEwan et al. 1992 Woodland: Index 1973 )
Dam NLB 1973 T
100 day weight® 1973 T
Hogget GFW 1973 T
Morris and Bisset Woodland: 100 day weight® 1973 T
(unpublished) Hogget GFW 1973 T
Tokanui Hogget body wt 1973 0
Whatawhaia Hogget GFW 1967 T
Hogget body wt 1967 0

A No actual control line comparison.
B Same line sub-sampled at two sites.

Given the body of information, it is I kely that the results from New Zealand selection
flocks indicate a realised genetic correlazion between FEC and fleece weight.
However, from the Australian parasitz selection lines, there is little evidence of such a
relationship in Merino sheep. This ¢xperiment examines the helminth resistance of
Merino flocks selected for production, to test the hypothesis that there have been no
correlated responses in FEC. These 1locks include divergent selection lines for fleece
rot, the study of which may indicate "vhether there is any genetic link between disease

traits.
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5.2 Materials and methods

5.2.1 History of the selection flocks

The eight Merino flocks used in th s study were bred at the Agricultural Research
Centre at Trangie, situated on the central western plains of New South Wales, an
environment where internal parasitcs are usually not prevalent. The worm control
program comprised two drenches por year “or young sheep and a single drench for
adult sheep. The flocks consisted of a control line plus divergent selection lines for
weaning weight, clean fleece weigit, fleece rot and a positive fertility line. The
Random flock (number of progeny tested, n=76) was of the same genetic origin as the
Weaning Weight Plus (n=39) and Minus (n=26) lines (Pattie 1965) and the Fleece
Weight Plus (n=62) and Minus (n=51) lines (Pattie and Barlow 1974), and was similar
to but not of the same origin as the fleece rot Susceptible (n=74) and Resistant (n=96)

lines (Mortimer 1991) and Fertility li1e (n=50) (Atkins and Robards 1976).

The Weaning Weight and Fleece Weight flocks were single trait selection lines. The
Susceptible and Resistant flocks weie selected on a combination of fleece rot scores
and body strike. The Fertility flock was selected for high net reproductive rate, growth
rate and wool production. Initial selection of sheep for each flock and selection history

are given below.

5.2.1.1 Random line

This flock was established in 1951. ""en rams and a flock of 100 ewes were chosen at
random from the Trangie Base flock. The flock was then closed and replacement rams
and ewes selected at random each ye.ir subject to restrictions on black wool, deformity

and fertility (Pattie 1965).
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5.2.1.2 Weaning weight lines

These flocks were established in 1951. Sheep for the two flocks were selected on the
basis of high or low weaning weight from the Trangie Base flock. As weaning weight
was not available for ewes born in 1945 and 1946, their ten-month weight was used
for selection. Since initial establishment the flocks have been closed, and

replacements selected annually for ei her high or low weaning weight (Pattie 1965).

5.2.1.3 Fleece weight lines

These flocks were established in 19:31. Sheep for the two flocks were selected from
the Trangie Base flock on the basis of their clean fleece weight. Since initial
establishment the flocks have been closed, and replacements (16-18 months of age)

selected annually for either high or low clean fleece weight (Pattie and Barlow 1974).

5.2.1.4 Resistant and susceptible fleece rot lines

These flocks were established in 1974. The initial rams originated from the Trangie
Fertility flock and they were allocated to either the Resistant or Susceptible flock on
the basis of fleece rot infection after artificial wetting. Ewes were selected from the
Trangie Selection Demonstration flock on the basis of naturally occurring fleece rot.
There were a number of introductions of rams from the Fertility flock from 1976 to
1979 based on fleece rot response to artificial wetting. The flocks were closed in 1980
and ram replacements selected on the basis of fleece rot after both natural and
artificial wetting and fly strike incidence. For 1982 and later matings, all hogget
replacement ewes for both flocks have been selected at random (See Mortimer 1991

for full details).
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5.2.1.5 Fertility flock

The fertility flock of 400 ewes was cstablished in 1959. The ewes were chosen from
various other flocks at Trangie and were not selected on the basis of their fertility.
Initially, rams used in the flock were offspring of highly fertile ewes from the weaning
weight plus selection flock and the Trangic Nucleus flock. In 1966 the flock was
closed and subsequently all replacemr ents were bred within the flock. Only rams born
and raised as multiples were considered for selection. Rams were culled on low
growth rates to weaning and low hozget fleece weight with the final selection being
made on the basis of each ram's dar1 fertility index. Any ewe failing to rear at least
one lamb to weaning in any year was culled. All twin born hogget ewes were selected
and the remaining replacement ewes selected from the single born ewes with the

highest hogget fleece weights (Atkin: and Robards 1976).

5.2.2 Experimental details

Progeny from all flocks, totaling 45 sire groups, were born at the research station at
Trangie in July-August 1992. The saeep were shorn as lambs in October 1992 and
were moved in December 1992 to the Agricultural Research and Advisory Station,
Condobolin approximately 200 km s>uth west of Trangie. The sheep were run in two
management groups based on sex. Male progeny remained entire. Liveweights, greasy
fleece weights and fleece rot scores Atkins and Mortimer 1989) were recorded prior
to shearing in mid-October, 1993. All of the sheep were scored for fleece rot except
the Fleece Minus line which did nct have sufficient wool to score adequately. The
sheep were faecal sampled on 7 October, 1993, 35 days after an artificial infection
with 20,000 Trichostrongylus colubiiformis larvae. Egg counts were made using the
modified McMaster technique. FEC were transformed (cube root) and least squares

were used to determine the appropriate statistical model and to estimate flock means.
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5.2.3 Statistical analysis

The following linear model was used to estimate sire and error components of

variance and covariance for the traits examinzad in this study:
Yijkimn = P + fl; + Sj.i + brrg + a; + 5, 4-b( X - X)) + interactions + €jjimn

where Y is the observed trait; p is the common mean; fl; is the effect of the ith flock;
S;.i is the effect of the jth sire nestel within flock; brry is the effect of the kth birth
rearing type (single born and reared, multiple born and single reared, multiple born
and reared); a; is the effect of the /th dam agz (maiden, mature); s,, is the effect of the

mth sex (female, entire male); b is he regression of phenotype on day of birth and

X is the mean day of birth and X, is the day of birth for animal, and eju., is the
random error. First order interaction:. of main effects were tested for significance and
sequentially omitted from the model if non-significant (P<0.05) or accounted for less

than 2% of the variation. The final madel used for each trait is given in Table 5.4.

Table 5.4 Significant levels of rando:n and fixed effects in models fitted to production
traits recorded in Merino resource flccks

DA = dam age; BRR = birth rearing rank; DOB = day of birth; Flk x Sex = flock by
sex interaction.

Trait Flock Sire Sex DA BRR DOB Flk x Sex
FECY*? * *: ** ns ns ns *

WW kk ne *k %k *k k3% ns

Flc Rot *k *: ns ns ns ns *
14GFW Aok *: ns * Hok * ns

14BW k% *: ko % *k * kk

* P<0.05; ** P<0.01.

Genetic parameters were estimated ty fitting an animal model with DFREML (Meyer
1989). Maternal pedigrees were not included in the analysis as it was not within the

scope of this work to investigate maternal effects for each trait. Least squares
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estimates for genetic correlations wzre also made to provide approximate standard

errors for the DFREML estimates (as DFREML does not estimate standard errors).

5.3 Results

The mean untransformed FEC for th> ram management group was 2160 epg (n=206)
and for the ewe management group was 1682 epg (n=268), this difference being
highly significant (P<0.001). Birth rearing rank had a significant effect on FEC’*
with the single born and reared (SS) sheep having a FEC of 1907 epg (n=223),
multiple born and single reared (MS) sheep 1597 epg (n=98), and multiple born and
reared (MM) sheep 2052 epg (n=153). The difference between SS and MS was
significant, as was that between MS and MM. Flock means for weaning weight,
FEC®*, fleece rot score, greasy fleece weight and hogget liveweight are presented in
Table 5.5. There was a significant cifference between the Weaning Weight lines in
FEC0'33, with the Plus line having a lower FEC®** than the Minus line (P<0.001). In
the other selection groups there weie no siznificant differences in FEC’* between
divergent lines. Sire effects were also significant (P<0.001), with an overall
heritability estimate for FEC"* of 0 63 + 0.20. From the DFREML analysis, genetic
correlations between FEC’* and fleece rot, hogget liveweight, greasy fleece weight
and weaning weight were -0.20, 0 12, 0.30 and 0.19, respectively. Least squares
estimates were similar (-0.25 £ 0.26, -0.12 £ 0.43, 0.37 £ 0.30 and 0.10 £0.56) and not

significantly different from zero.

5.4 Discussion and conclusion

No evidence could be found to suppcrt the New Zealand findings (Garrick ef al. 1992;
Watson et al. 1995) of an unfavou able ccrrelated response in FEC as a result of
selection for either body weight, fleece weight or a production index that includes
fertility, fleece weight and weaning weight. The response in wool production shown
by the Fleece Plus flock compared t> the Random flock was estimated to be 1% per

annum over the period 1952 to 1977 ‘McGuirk 1980). The annual divergence between
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the Fertility flock and the Random flock was estimated to be 1.8% for lambs weaned
per ewe joined, 1.3% for hogget clean fleece weight and 0.8% for weaning weight
(Atkins 1980). Wool production imoroved in the Fertility flock as much as in the
Fleece Plus flock, and no increas: in FEC was observed in either flock. This
consistent pattern suggests that th: genetic correlation between FEC and wool
production in Merino sheep is clos: to zero under conditions of low exposure to

parasite challenge as was the case in this experiment.

Table 5.5 Least squares mean (+standard error) for FEC at 14 months of age (FEC),
weaning weight (WW), fleece rot score (Flc Rot), greasy fleece weight (14GFW) and
bodyweight (14BW) at 14 months of age for Merino selection flocks

Flock Random WW WwW Flce Wt Flc Wt Flc Rot Flc Rot Fertility
Plus Minus Plus Minus Suscept.  Resist.

FEC 10.51 8.37° 11,17 10.47% 9.11% 11.54%¢ 12779 11.10°
(epg®)  +0.78 +1.03 +1.12  +£0.95 +0.96 +£091 +093  +098
WW 19.1¢ 21.7% 15.6 18.6 17.4° 22.8° 21.2¢ 22.0%
(kg) +0.4 +0.5 +0.6 +0.5 +0.5 +0.4 +04 +(.5
Flc Rot 0.48% 1.16° 0.18*  0.70¢ nm 1.83f 0.18° 0.09*
Score +0.18 +0.23 +0.26 +0.22 +0.21 +0.21 +0.24
14GFW  3.6° 3.3° 3.1° 47° 1.4* 4.4° 3.9¢ 4.09
(kg) +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 + 0.1 + 0.1
14BW 35.5¢ 38.8% 28.9° 33.0° 33.4° 38.9° 37.2¢ 41.1"
(kg) +0.8 £1.0 £1.0 +1.0 £0.9 +0.8 +0.8 +£0.7

¥Means within rows with different st perscripts differ significantly (P<0.05).
" Not measured.

The significant difference in FEC be tween the Plus and Minus weaning weight lines
(8.37 versus 11.17) may indicate a fivourab.e correlated response. Due to the climate
and drenching schedule, the environiment at Trangie should have been virtually worm
free, resulting in an estimate of correlated response free of infection. Published
estimates of genetic correlations between FEC and liveweight at various ages in
relatively parasite free conditions do not predict such a result. Under such conditions
Woolaston et al. (1991) and Albers et al. (1987) reported that correlations between

FEC and body weight in Merino shecp were not significantly different from zero.
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In New Zealand genetic correlations 1ave varied across flocks. In a flock of Romneys
(Bisset et al. 1992), the correlations between FEC and weaning weight, 7 month
weight and weight gain were negative (-0.05, -0.29 and -0.36, respectively) which
suggests FEC should fall as animal; are selected for increased weaning weight. In
contrast other estimates from Romney and Coopworth flocks (McEwan et al. 1995)
are positive, with genetic correlations between FEC and 8 month body weight
averaging 0.15. The genetic correlations between FEC and weaning weight and FEC
and hogget body weight reported in this paser were not significantly different from
zero (0.19 and 0.12, respectively). Tae Fertility selection flock showed no correlated
response in FEC even though weaning weight increased by a similar amount per
annum (0.7%, Davis 1987) to that ot served in the Weaning Weight Plus flock (0.8%,
Atkins 1980). Even though there appeared to be a favourable response in FEC to
selection for weaning weight, the irconsistency of results would make it unwise to

predict a favourable response in body weight to selection for FEC in Merino sheep.

The Fleece Rot Resistant and Susceptiblz lines also displayed a similar FEC,
suggesting no correlated response jor this trait. The estimated genetic correlation
between FEC and fleece rot was not significantly different from zero. However, it
should be recognised that these results may have been affected by the occurrence of
fleece rot during the parasite infeciion. The genetic correlation between FEC and
fleece rot has been estimated in a la-ger random bred flock to be -0.49 + 0.20 (Eady
and Raadsma, unpublished data) but this estimate also suffers from the limitation that
both disease traits were present concurrently. The reported association between FEC
and fleece rot may vary with differing incidence of the two diseases. Consequently,
these estimates may have low utility in predicting correlated responses to selection
when both diseases do not occur concurrently. One way of obtaining an unbiased
estimate of the genetic correlation between two disease traits, when they occur
independently, is to replicate related populations in a diseased and disease-free
environment (Baker 1991). This cou d be done by splitting half-sib families at random
and running half of them in a worm-free environment while measuring fleece rot, and

vice versa for the other half.
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Generally by the age of 14 months sheep have developed a strong natural immunity to
internal parasites (Gibson and Parfitt 1972). Even so there is still evidence of genetic
variation in FEC at this age. Piper (1¢'87) reported heritability estimates of 0.23 for log
transformed FEC in 18 month old rims and there is evidence that the differences in
FEC observed at a young age (6-7 months) persist in adult sheep (Woolaston 1992).
Early estimates of 0.84+0.14 and 0.55+0.14 have been reported for the genetic
correlation between FEC at approximately 5 and then 8 months of age, in Coopworth
and Romney flocks respectively (McEwan et al. 1995a). With information from
additional animals, these have bcen updated (McEwan, unpublished data) to
0.65+0.07 and 0.71+0.05, for Coopv’orth and Romney flocks respectively. There are
no estimates for the genetic correlation between early and later measurement of FEC
in Merino sheep. Future work should focus on providing this information, as FEC in
weaners may be the expression of a different trait to FEC in older sheep showing a
more mature immune response. The zstimate of heritability from this study, 0.63, was
considerably higher than previous estimates of 0.23 (Piper 1987), 0.30 (Woolaston et
al. 1991), 0.34 (Watson et al. 1986) . .nd results from Chapter 4.

Selection for FEC in Australian Merinos has not resulted in an adverse correlated
response in fleece weight, fibre ciameter, body weight or fertility (Woolaston,
unpublished data), although there h:s been one report each of lower GFW and body
weight (probably founder effect) from New Zealand flocks selected for resistance. If
the apparent negligibly correlated re;ponses in the Merino parasite selection lines are
indicative of the true relationship between FEC and production traits, sheep breeders
can place emphasis on parasite resistance knowing there should be no antagonistic
response in production traits. Howe ver, current estimates of genetic correlations and
results from selection flocks are unacceptably imprecise and this area of breeding for
disease resistance still requires further elucidation to allow confidence in the

incorporation of parasite resistance into sheep breeding programmes.



Chapter 6 Resistance to Internal Parasites in Merino

Sheep: Correlation With Production Traits

6.1 Introduction

Once it has been demonstrated that tiere is significant additive genetic variance for a
trait such that it will respond to selection, the genetic and phenotypic relationships
between that trait and others of impcrtance need to be established. These estimates of
phenotypic and genetic covariation provide some of the necessary information for
traits to be subsequently combined n a selection index. Heritability estimates for a
range of traits that are important in a wool producing enterprise are given in Table 6.1.
Greasy and clean fleece weight are moderately heritable while the heritability of fibre
diameter and body weight tends to bz higher. The most important genetic association
between these traits is the unfavour: ble correlation of clean fleece weight with fibre
diameter, as it is these two traits that are the major contributors to economic gain in a

Merino breeding program.

The heritability of resistance to helm inth parasites has been estimated in a number of
Merino flocks and is moderate in value (Chapter 4). However, estimates of genetic
correlations between the resistance trait of FEC and production traits, used so far to
evaluate strategies for breeding for helminth resistance (Woolaston 1994), have come
from a relatively small data set in one environment. The author highlighted the critical
need for more robust estimates, as the merit of breeding for improved helminth
resistance was affected by assumptio 1s made for genetic parameters to a greater extent

than by assumptions of the costs assc ciated with parasite infection.

In general, the genetic relationship between disease resistance and production has
been assumed to be unfavourable as demonstrated in both dairy cattle (Dunklee et al.
1994; Jones et al. 1994; Lund er al 1994) and beef cattle (Frisch 1981; Vercoe and
Frisch 1981). Correlations betweenn FEC and production traits have come under

examination in sheep in New Zealard as the result of observed differences in FEC in
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fleece weight and liveweight selectio lines, the high fleece weight lines having higher
FECs (Watson et al. 1995). Studies ‘ith Romney sheep showed a consistent, but low
unfavourable genetic correlation (0.13-0.25) between FEC and liveweight at 8 months
of age and hogget fleece weight at 12 months of age (McEwan, unpublished data).

(See Chapter 5 for review of correlated responses and genetic correlations).

Table 6.1. Heritability estimates (+:tandard error) for hogget greasy fleece weight,
clean fleece weight, fibre diameter ar d body weight and genetic correlation (+standard
error) between clean fleece weight and fibre diameter for a range of Merino flocks

Reference Strain Herit: bility est: mates Genetic
correlation

GFW CFW FD BWT CFW-FD

Morley Peppin 0.40+0.)6  0.47+0.07 na® 0.36+0.08 na

1955

Beattie Peppin 0.35+£0.18  0.34+0.18  0.57+0.17  0.54+0.20 0.16

1962

Brown and Turner Peppin 0.42+0.)5 0402£0.05 0.47+0.04 0.65+0.04 0.16+£0.08

1968

Mullaney et al. Finewool 0.32£0.)7  0.24+£0.07  0.46x0.07 na 0.39+0.11

1970

Gregory Bungaree 0.27+0.)5  0.25+£0.05  0.75£0.08  0.40x0.06 -0.06+0.11

1982a, 1982b

Davis and Kinghorn  Peppin 0.55+0.12  0.49+0.13  0.78+0.19  0.68+0.16 0.46+0.15

1986

Walkley et al. Koonoona 0.30+0.)9  0.3720.10  0.45+0.10 na 0.21+0.16

1987

Mortimer and Multiple 0.29+0.)6  0.30+0.06  0.48+0.07  0.34+0.06 0.40+0.11

Atkins

1989

James et al. Collinsville  0.34+0.12  0.39+0.13  0.42+0.13 na -0.12+0.26

1990

Lewer et al. Multiple 0.30-0.¢2 0.26-0.44 0.47-0.59 0.27-0.50 0.26-0.29

1994

Gifford et al. SA na 0.44+0.02  0.36+0.02 na na

1994

Swan et al. Finewool 0.32 0.28 0.67 na 0.31

1995

A Not available.

To date, in the Merino breed the genctic correlations between FEC and the production
traits of greasy fleece weight, clean f.eece weight, fibre diameter, hogget body weight
and reproductive performance have been assumed to be close to zero or slightly
favourable (Woolaston 1994). These values were based on estimates from the control
line of the H. contortus selection flock and a CSIRO random bred flock (Woolaston et

al. 1991) at Armidale, NSW. Heln inth in‘ections in these sheep were effectively
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controlled using the regional mana;iement program based on paddock changes and
anthelmintic treatment. Studies in Merino flocks selected for production traits in a
relatively parasite free environmeirt (Chapter 5) have shown no evidence of a
correlated response in FEC, with tl.e exception of the weaning weight lines where
there was indication of a favourablc association between FEC and weaning weight.
The hypothesis to be tested in this eperiment is that the genetic correlations between
FEC and production traits in Merino sheep are close to zero when measured under

conditions of effective helminth control.

6.2 Materials and method:

6.2.1 Genetic resource flocks

Merino sheep representing a range of bloodlines, managed in resource flocks across
Australia, were tested for resistance to helminth parasites. These flocks (JB Pye Flock,
Camden, NSW; Katanning Base Flock, Katanning, WA; Turretfield Merino Resource
Flock, Rosedale, SA; CSIRO Finev'ool Flock, Armidale, NSW and the Trangie D
Flock, Trangie, NSW) were previcusly described in Chapter 4. All experimental
groups as defined and tested for internal nernatode resistance in Chapter 4 were used
in this study except for those groups where production data were unavailable
(Turretfield 1993 and Katanning 19¢2 groups), sire information was limited (Trangie
1990 and 1991 groups) and age of I'EC measurement (36 months) and reproductive
status (pregnant) were not consisten: with that of other experimental flocks (JB Pye

1990b).

6.2.2 Measurement of FEC and production traits

The measurement of parasite resistince (FIEC) was as described in Chapter 4. All
FECs were cube root transformed for analysis. Table 6.2 gives details of the
production traits that were measured in the flocks and the number of sire families in

each flock. Production data was limited to the drops where there was a FEC because

105



sampling variances for FEC and wool traits and their covariance are more uniform
with this use of data (James 1993). Number of animals measured for each pair of traits
is given in Table 6.2. Body weights were measured at weaning (WW), 10 months of
age (10BW) and/or 16 months of age (16BW). Depending on experimental flock
greasy fleece weight, clean fleece weight, and fibre diameter were measured at
approximately 10 months (10CFW, '0GFW. 10FD respectively), 16 months (16GFW,
16CFW, 16FD) and 21 months (21GFW, 21CFW, 21FD) of age with either 6-7 or 10-

13 months wool growth (see Table 6 2).

In the JB Pye flock all sheep were fi st shorn as weaners at 4 months of age. Animals
were allocated to a footrot experimental group or the breeding replacement group.
Those in the footrot group were next shorn «t 10 months of age. All sheep were shorn
at 16 and 22 months of age. For the 1990 born sheep only data from the footrot group
(the JB Pye 1990a group) were used -0 estimate genetic correlations between FEC and
fleece traits at 10 and 16 months. For the 1991 drop, data from both the footrot and
breeding groups were used to estimate genetic correlations between FEC and fleece
measurements. The 16 month and 22 month fleece data were used to maximise
animals per sire group as only the fyotrot group was shorn at 10 months of age. To
make the wool growth period equivalent for the two management groups, the 16
month fleece data for the footrot yroup were the sum of their 10 and 16 month
measurements. Estimates of genetic correlations between FEC and WW, 10BW and

16BW were based on data from the f>otrot group (1990a) and both groups in 1991.

In the Katanning Base Flock all sheep were first shorn as weaners at 4 months of age.
The ewes were next shorn at 1| mor ths of age and all sheep were shorn at 17 months
of age. Genetic correlations were estimated between FEC and 11 month fleece traits in

the ewes and the 17 month fleece tra ts for all animals.

106



LOI

‘SuLreays yuouw 7z
‘Jurreoys yuowt /]
‘Surreays yuow || a

‘Mg quowr 61

‘Mg puow 6

‘Zurueam Je squie| se uioys v

601

- - - - 9 169 169 169 9 969 969 669 6lvl  SOL  ,T09l 8¥ platpaung,

661

" 35 L30T G5 Gi S561 G50 TLOG TLOT 0 BS0N VL 0diso

1661

11 ¥101 001 0101 - - - - o1 9601  0SOT €901 - €901  +LO1 09 0dISD

1661

- - - €1 4608  GIL8  4IL8 L a9 q09%  q09F P68  G€€6  (LY6 ¥9 Suruuerey]

1661

8 806 406 ,1T6 1 896 896 896 - - - - €6 L66  S66 182 okd dr

B0661

- - - - 9 80 80¥ 80 9 LOY LOY 80% 80% Loy 80F 184 okd dr
(Yrw) (you) (Your) sorjrurey
ymoi3 ai MmID  mdD  ymoid ai Mmdd MID uymord al MDD MID me Mg oS
[00M 1T 1T 1T Joom 91 91 91  [00M 0l 01 01 91 0l MM  JOON

suely, 12014

Yooy reyuswiradxs yoes ur jren) uononpoid yoea pue DT Jo sSunred 10] papIodal S[EWIUE JO JOQUINU PUE SII[IWIE] SIS JO SISqWNN 79 9[qR



To make the wool growth period equivalent for the two sexes, the 17 month data for
the ewes were the sum of their 11 mnth and 17 month measurements. Therefore, the
17 month fleece trait estimates for his flock are not entirely independent from the
first. Genetic correlations between FEC and WW, 10BW and 16BW were estimated

using data from both sexes.

In the CSIRO Finewool Flock all sheep were first shorn at 10 months of age and again
at 21 months of age. Genetic corrclations between FEC and fleece traits at both
shearings were estimated. Estimates of genetic correlations between FEC and WW

and 10BW were based on data from bhoth sexes.

In the Turretfield resource flock all +heep were first shorn as weaners at 4 months of
age. The rams were next shorn at 11) months of age and all sheep were shorn at 16
months of age. Genetic correlations between FEC and fleece traits were based on data
from the 10 and 16 month shearing of rams as the only fleece measurement available
for the ewes was GFW at 16 months. Estimates of the genetic correlation between
FEC and WW and FEC and 16BW used data from both sexes, while for 10BW only

data from rams were available.

6.2.3 Statistical analysis

The following linear model was used to estimate sire and error components of

variance and covariance for the traits examinzd in this study:

Yijimno = W + bl + Sj.i + brrg + a; + 5, + g, + b( X - X)) + interactions + €;jximno

where Y is an observed trait; p is the common mean; bl; is the effect of the ith
bloodline; S; is the effect of the jth si e nested within bloodline; brry is the effect of the
kth birth rearing type (single born and reared. multiple born and single reared, multiple
born and reared); a; is the effect of th: /th dain age (maiden, mature); s,, is the effect of

the mth sex (female, castrate male, ntire male); g, is the effect of nth management

group; b is the regression of phenoty»e on day of birth and X is the mean day of birth
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and X, is the day of birth for animal, and ejjmm. is the random error. First order
interactions of main effects were test:d for significance and sequentially omitted from
the model if non-significant (P<0.05) or accounted for less than 2% of the variation.
The final model used for each production trait is given in Table 6.3, with significant
interactions reported in the text of the results. FECs were cube root transformed

before analysis (Chapter 3) and the mr odels fitted for this trait are given in Chapter 4.

Variance and covariance componerts were estimated by the restricted maximum
likelihood procedure, using a derivat ve-free algorithm and fitting an animal model in
all bivariate analyses (DFREML, Meyer 1989). Maternal pedigrees were not included
in the analysis. Standard errors for h:ritability came from the DFREML analyses and
for genetic correlations were calcu ated as suggested by Falconer (1989, p 317).
Pooled estimates for phenotypic corelations were calculated by transforming each r
value to a Fisher’s z value and weighting it by the reciprocal of its mean square
(Snedecor and Cochran 1967, p 187). Pooled estimates for genetic correlations were
calculated by weighting each estima e by the reciprocal of its sampling variance. All

pooled estimates came from grouping: traits according to age at measurement.

6.3 Results

6.3.1 Statistical models and hcritability estimates

Fixed effects and interactions that had a significant effect on FEC*** were reported in
detail in Chapter 4. Significant effects for individual production traits are given in
Table 6.3. Two-way interactions of fixed effects were not significant with the
exception of bl x g for the trait 21FL in the CSIRO 1991 group, and bl x brr for WW
and bl x g for 10BW, 10GFW and 10CFW in the CSIRO 1992 group (P<0.05).

Heritability estimates for all traits arc summarised in Table 6.4.
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Estimates for production traits includz data only from animals that were present in the
flocks in years that FEC was measured and may not be the same as published or yet to

be published estimates using all infor nation collected in each flock.

6.3.2 Genetic Correlations

The correlations between FEC*** anc CFW were moderate and negative in sign on all
occasions in the JB Pye group with the exception of the 10 month shearing of the
1990a group (Table 6.5). A negative correlation was also found between FEC"® and
10CFW in the CSIRO 1992 group. Moderate correlations, positive in sign, were found
between FEC*** and 10CFW in the Katanning 1992 and CSIRO 1991 groups, and
between FEC®*® and 21CFW in the CSIRO 1992 group, and FEC’* and 16CFW in
the Turretfield 1992 group. FEC” 3 and all expressions of fibre diameter were
negatively correlated in the JB Pye 1990a and 1991 groups. In the CSIRO 1992 group,
FEC"® was negatively correlated with 10FD but the correlation at 21 months was
essentially zero. In the CSIRO 1991 zroup the correlation between FEC%* and 10FD
was close to zero but was slightly potitive at 21 months of age. In the Turretfield 1992
group the correlation between FEC®** and 10FD was lowly negative but close to zero
at 16 months of age. The genetic corielation between FEC®* and 16BW was negative
in all groups. The genetic correlatior between FEC"** and 10BW was moderately to
strongly negative in all but one grouy (CSIRO 1991), but a less consistent result was
observed for FEC** and weaning body weight. Standard errors of the estimates
ranged between 0.13 and 0.28, exce)t for the standard error (0.36-0.67) of estimates
from the JB Pye 1990a group.

An average of all estimates was calct lated by weighting each estimate in proportion to
the reciprocal of its sampling variance (Table 6.5). The results were correlations with
FEC®? of -0.20, -0.18 and -0.26 for WW, 10BW and 16BW respectively; 0.21, -0.06
and 0.21 for 10GFW, 16GFW and 21GFW respectively; 0.21, -0.05 and 0.07 for
10CFW, 16CFW and 21CFW respectively; and -0.09, -0.12 and 0.04 for 10FD, 16FD
and 21FD respectively.
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6.3.3 Phenotypic correlations

The phenotypic correlations betweer FEC’* and production traits were all close to
zero. However, there was a trend t>wards a slightly negative association between

FEC"* and all expressions of fibre d ameter and body weight (Table 6.6).

6.4 Discussion and conclusion

From the six flocks in this study tfere was no decisive pattern in the genetic and
phenotypic parameters relating FEC and production traits. The genetic correlation
between FEC and clean wool production appeared to be dependent on the age of
testing for clean fleece weight. Eitimates at 10 months of age were generally
unfavourable and at 16 and 21 morths of age they were close to zero. The pooled
estimate for the correlation between ‘ibre dizmeter and FEC was unfavourable at both
10 and 16 months of age and close to zero at 21 months of age. The magnitude of the
standard errors associated with the 11dividual estimates precluded any of them being
significantly different from zero. Tie genetic relationship between FEC and body
weight appeared to be favourable, being generally negative in sign and of the order of
-0.2. This is consistent with the resalt from Merinos lines selected for high or low
weaning weight, where a favourasle correlated response in FEC was apparent

(Chapter 5).

The results for 10 month clean flecce weight are similar to those reported in New
Zealand for fleece weight at 12 months of age. However, the results for liveweight
appear to be the opposite in Merinos to that found in meat and dual-purpose sheep
breeds. In New Zealand the initial suggesticn of an unfavourable correlation between
liveweight and FEC came from differences observed in lines selected for weaning
weight, and as such was unsubstantiated. More recent estimates of the genetic
correlation between liveweight and FEC have supported this finding (McEwan,
unpublished data) in some breeds However, there is still debate amongst New
Zealand researchers as to the nature of the relationship between FEC and body weight

(Morris, personal communication).
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The difference in the sign of this corrzlation, between meat/dual-purpose sheep breeds
and Merinos, may reflect the different selection pressure that has been placed on the
trait in each breed over time. Stronger selection for liveweight in meat/dual-purpose
sheep breeds may have favoured the partitioning of nutrients for liveweight gain to the

extent that other processes such as i mune response are compromised.

The same argument may apply to wool production, where the availability of sulphur
amino acids is the major rate limiting factor for keratin production (Reis 1979), and
sulphur amino acids also beiny important precursors for production of
immunoglobulins (Cunningham 1973). These issues will be difficult to resolve until
there is some understanding of the cost to the animal of mounting a rapid and effective

immune response.

Heritability estimates for production raits and FEC reported here, fall into the general
range of published values for Merino sheep (Table 6.1) but tended to be greater than
previous estimates for CFW, FD and BW in the Katanning Base Flock (Lewer et al.
1994) and CFW and FD in the Turr:tfield Resource flock (Gifford et al. 1994). The
estimates from the CSIRO Finewool Flock, averaged over the two years, were similar
to those reported by Swan et al. (1995). Because these estimates are based on only one
year’s data, the year parasite resistance was measured, they would be less accurate

estimates than those already published for these flocks.

The genetic correlation estimates vaied between flocks both in magnitude and sign.
This variation between flocks is similar to the variation in genetic correlations
reported for wool traits in different Merino flocks. The approach taken in deciding on
a suitable figure to use, where genctic parameters are not specifically known for a
particular flock, has been to calculate an average from a range of estimates (Ponzoni
1987). Lewer et al. (1994) summar sed the trends in published estimates of genetic
correlations for wool traits. The approach of using a weighted average from a number
of flocks can be used for genetic coirelations between FEC and production traits, but
is open to the danger that genotype :: environment interactions are significant and are
influencing the estimates of geneti: correlations, or that true differences do exist

between flocks as a result of different gene frequencies or different measurement
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strategies. For instance, the estimate:; from the JB Pye Flock are nearly all moderate
and similar in sign to what might be ¢ xpectec. given the effect of helminth infection on
liveweight, wool production and fibre diameter. Helminth challenge in this
environment was extreme with anthelmintic treatment required every 4-5 weeks to
prevent mortalities and clinical signs of disease. The impact of larval challenge on
wool production can be quite substar tial under these conditions (Barger 1982; Albers

et al. 1989).

Genetic correlations between FEC and wool production from the other flocks, which
were exposed to a lower level of natural parasitism over the period that wool
production was measured, tended tc be opposite in sign to those from the JB Pye
Flock. This is a similar result to that repcrted by Albers et al. (1987) where the
magnitude of the negative genetic correlations between FEC and production traits
increased when production was nieasured during helminth infection. However,

statistically these estimates are not siynificantly different.

The question then is, should these estimates from different environments be pooled?
The environments in this study va-ied in terms of the level of natural helminth
challenge that occurred over the period production was measured. The environment in
which production is measured can af ‘ect both additive genetic variance for these traits
and their covariances. With disease traits this is even more applicable as disease
incidence will vary with environment and will have a direct effect on the expression of
production traits. The range in environments in this study was diverse in terms of
helminth challenge, going from relatively low natural challenge in WA and SA, to
high challenge in the New England environment, to extremely high at Camden.
However, looking at the genetic correlations from flocks in each of these areas it is
difficult to draw any conclusions. There perhaps is some indication that in the
Camden environment (JB Pye 1991). the relationship between FEC and production is
stronger and in the direction expected, given the general effect of parasites on

production.

The phenotypic correlations do no: add much information to this comparison of

environments as they were predomir antly lew or close to zero. This suggests that the
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measurement of FEC at one point in time was not a useful indicator of current
production in that environment. This appecrs to be a common outcome, with low
phenotypic correlations occurring in the study of Albers et al. (1987, see Piper and
Barger 1988) and in a range of New .’ealand experiments (Baker et al. 1991; Bisset et
al. 1992). In the current study the on y trend that could be observed in the phenotypic
correlations was a small, but generally negative, association of FEC with BW and FD,
indicating that the more resistant sheep tended to be heavier and produce coarser
wool. A more extensive monitoring «f FEC over the period for which production was
measured may have resulted in stronger phenotypic associations. Conversely, the
sheep may not have been exposed to significant natural helminth infection during the
period wool growth was measured. With the exception of the JB Pye Flock, FECs
were obtained after a relatively brie ™ artificial worm challenge that, in itself, would
have had little effect on production (<isielewicz et al. 1995). Given the routine worm
control programs that were used within each flock, natural helminth infection may not

have had any measurable impact on production.

The issue of whether these estimates should be pooled or not perhaps is best resolved
by addressing the question of whether the estimates from this study should be used in
preference to zero genetic correlations, which are the parameter values currently being
used where ram breeders are selecting for resistance (Pocock et al. 1995). The results
from this study do suggest a case for changing this practice, at least when predicting
likely changes in FEC with selection for production traits. Although none of the
estimates are significantly different f-om zero and they vary across flocks and ages of
fleece measurement there appears to be no general trend for them to change with age
or level of natural worm challenge. There may be a case for pooling all correlations of
FEC with greasy fleece weight to give an estimate of 0.15, all correlations of FEC
with clean fleece weight to give 0.1'), all correlations of FEC with FD to give -0.06
and all correlations of FEC with bod’ weight to give and estimate of -0.21. Sensitivity
analyses can be done to discover the consequences of errors in the genetic parameters,
on both predicted and realised gains. This information can then be used in deciding
how much effort should be put into f irther parameter estimation. This type of analysis

is reported in Chapter 7.
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In what type of environment are these results applicable? The genetic parameters
estimated here would be applicable in the majority of environments where sheep are
grazed. With the exception of the JB Pye Flock, all of the groups studied came from
regions where Merino sheep are norinally grazed, and also where there is an interest
by breeders in selection of sheep fo- helminth resistance (Anon 1994). However, it
must be recognised that a characteristic of these environments was an effective
parasite control program which minimisec. the impact of worms on production.
Phenotypic and genetic parameters under these conditions may be considerably
different to those where there is 10 parasite control (Albers et al. 1987). The
parameters reported here may be appiopriate for use where worm control programs are
currently effective but may not be appropriate if increasing anthelmintic resistance

causes control programs to break down.

If there is progressive erosion ol the effectiveness of anthelmintics with no
corresponding development of alternate control strategies, then it may be of
considerable importance that genctic parameters are estimated in a diseased
environment to ensure optimal response to selection. Development of anthelmintic
resistance is predictable; what is unpredictable is the likelihood of development of
alternate worm control strategies. Tliese include the use of biological control agents
such as predatory fungi (Waller and Faedo 1996), the use of vaccination to improve
host immunity (Miller 1996) and tie use of strategic supplementation (Coop and
Holmes 1996). Another alternative 11ay be a shift in enterprise mix to reduce sheep
numbers and stocking rate. In practice, one or a combination of these strategies, may
be implemented before the level of vorm challenge changes to the extent where the
genetic parameters are significantly cifferent. If this is the case, additional parameters

in a diseased environment may not be: required.
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