Australian Merino breeders are
learning that genetic variation holds
the key to sustainability as well as
profit. A worm-control program that
reduces chemical dependence marks
the beginning of their new approach.

Bryony Bennett reports.
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very August, at a place called W tlalooka 1n South
Australia’s south-east, a maob of moleskinned graziers
descends on the Pocock family farm, Panlaringa

Penned up for the occasion are 80 of Panlatinga’s finest

young Poll Mering rams. Ay the Willalooka Progress Association

prepares lunch, the graziers ser abour deciding which rams might
best raise the productivity of their flocks. Afrer lunch. they will
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I'he aucuon at Panl inga 1s one 1n a serng of ram sa
.1I'.:HL.|||\ by Menno studs across the countn 'he
'.Ill\'e'_l.:| part of the rural calendar arrracning a pilg
u.nul:;l.m._-lu many ||.|\."||:r|!'_ interstate in search of rams o

march budgers and breeding objectives.
.\l ;‘.h.h .\.I|\.'. A \L!u” .llllsllhi 1i]i.' |*i.'|ib .il'-Li d few delt Partings
of pearly-white fleece reveal porential candidares with the right

IU“l“ dllll feel, Bur there's more 1o this e than meets the Ve



l'o help their clients meet specific production goals, many studs
rest their rams for measurable wraies such as body size, fleece
weight, fibre diamerer and tertility.

For 20 years, Panlatinga’s sale catalogue has featured tour
neat columns ranking each ram according 1o these production
rrairs: a valuable guide for porential buyers, In 1995, stud
principals Michael and Jim Pocock added a fifth column
recording cach ram'’s level of resistance to gastrointestinal worms,
So tar, tew buyers have considered this information when
choosing rams. In five to 10 years’ time, more may wish they
had

Happy travellers

Gastrointestinal nematode parasites are a signihcanmt problem in

most sheep-breeding regions of the world. The worms have

severe in |1ig|u-r rainfall zones (above 300 mm/vear) and in

irrigated pastures where moist conditions enable infective larvae
to survive for long periods. Also. sheep are stocked ar higher rates
in wetter regions, contributing o greater concentrations of worm
eggs In pastres.

In post-war years, graziers have sought to control the parasites
with regular dosings of chemical drenches (anthelminrics), most
of which kill worms by blocking their metabolism. At firse
this method worked a treat, bur over time it has become less
effective.

The key to this fall in efficacy is the worms' genetic
variability, On average, anthelminnes kill 99.9% of worms in a
given population. For every 1000 worms killed, one is
sufficiently different 1o survive and Pass IS genes Lo successive

generations, As long as the same drench i1s used, selection

Lining up against worms. Poll Merino rams at Panfatinga stud are selected for worm resistance as well as for production values.

spread across the globe in the bodies of their host animals, in

much the same way that rats found free passage in the bellies of

ships, From a worm's point of view, a sheep's gut is an ideal
place to live and breed. After picking up infective larvae from
pasture grasses, sheep can become highly-productive worm
factories, nurturing new generatons of eggs, and dispatching
them in their facces.

While all this industry is a boon for worm populations, the
effeets on their hosts can be horrendous. The black scour worm
( Trichostrongylus specis) causes illthrift and scouring in young
‘ih'i.l.'i\. W I'||| h N 5CVOTe CGases li.'.l.l.f\ [0 LhL‘.lIh. I i'lt' l"!ll't't n Hil."rn-ll.-i]
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1.ii.]||| Ll |.|.!.‘]I.i|\' l“””\\ rhl.' hll“.‘ti"'ilLLl”!.: activities ol |I|1.'
r‘;lrt‘t'l 5 Flldt' WO | I;P'Jh'ff.'l'”h'i’r'!‘ Contorins),

Ihese worms are estimated to cost Australia’s sheep industry

5220 million a year through reduced lambing percentages,

weight gain, wool and ewe-milk plmhh.tmn. Losses are most

pressure in favour of the resistant worms continues, The
resistance gene becomes more frequent, eventually becoming
manifest to graziers when the sheep remain wormy after
trearment. In this way, graziers” efforts to control the worms
actually act o speed the evolution of worm populations with
anthelmintie resistance,

The resistance of worms to anthelmintics 1s a classic example
of the evolutionary consequence of drug use. Further examples
1-'xi\T j" l!ll'll'f L"“i\ l‘T- .11:_1"‘. Llhl.“t'. .iHli i‘l] !'ll.”“.”'l EIII'lih mne \\1|{'|&
the extreme mutability of microbes such as Staphylococcus and the
malarial parasite Plasmodium falciparum compels continual drug
development.

In the carly 19705, a e sticide-resistant strain of the moth
Helicoverpa armigera drove the cotton industry our of Western
Australia’s Ord River scheme. The morths were able to breed
year-round in the Ord's sub-topical climare and as insecticide use

increased, resistant populations rapidly emerged.
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Natural assassin runs rings around worms
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A commercial product incorporating D, flagra N effective
The predatory fungi physically trap nematodes using sticky system of delivery is expected to be available in two to four years
threads (mycelia) to catch them. The fungi then penetrate the Used together with other methods of wormm control, it should allow
cuticles of the worms and devour them. graziers to reduce thewr dependence on chemical wo
Shor‘l-lerm defeﬂce eftective drenches is CXPCNsIvE and slow ]11!i‘:'in"n|_\ nlll]'.h-nf ||\

Graziers employ a range of racrics to delay anthelmintic the worms’ rapid evolution. A further consideration for graziers is

. > Prospect gL v ¢
resistance. The ﬁlfll[‘li st involves rotating drenches from three the prospect of regulations limiting chemical use in food and

. ; Thre o - " S .
major chemical families, cach acting on different metabolic fibre production. Even if a new drench were available, would i

pathways, Worms with gene-resistance to one chemical group offer a sustainable solution, or just anather dead-end road 1o
may be susceptible to the other, so the evolunon of resistant resistance:

straing 15 slowed. Fortunarely, the answer to this question was apparent to

A more effective program requires regular testing to CSIRO researchers back in the late 1970s, when anthelminn

derermine which drench is most eftective; scheduling treatments resistance first became widespread. Having noticed large

to take advantage of the parasites’ epidemiology; and providing differences in the ability of individual sheep ro withstand worm
clean’ pastures for susceptible stock such as weaners. Given the infection, they deaided 1o explore this vanagon as a fresh avenuc
complexity of this .|1.'}1JH.I..'|".. however, many graziers rely on of worm control.
chemical treatments alone. As a result, more than 90% of The first step was to find out whether the sheep'’s resistance
Australian sheep farms show resistance 1o two of the drench to worms was heritable. In 1977, ar the Division of Animal
familics, and resistance to the third, (ivermectin), has been Production ar Armidale in NSW, a trial was ser up 1o compare
reported In some regions. Dirench resistance is particularly serious over tme the worm burden of flocks selected for worm-resistance
in the New i!11-_!.|.ml region of NSW where a run of extremely with control Alocks of ‘normal’ unselected she ep. The resules
wet summers has boosted worm populations. showed that breeding for worm-resistance was indeed feasible. In
With their weapons against worms wearing thin, graziers are flocks selecied for resistance o barber’s pole worm, the number

cager 10 hind a new one. Bur the discovery and production of  of eggs passed by sheep was halved in 10 years. Also, weaners
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selected for resistance to one worm species showed cross
resistance (0 other species, and females retained their resistance
later in life as lambing ewes,

According to the division's Dr Sandra Eady, worm resistance
can be built up relatively quickly in a breeding program because
the variation in sheep for this characteristic is much higher than
lor most |-rudu1.llﬂll traits. While the average varuon in ”uuu
weight is 10-12%, levels of worm-resistance vary by more than
100%. This greater vanability offers scope for faster genetic gain.

Eady says sheep bred for resistance have a stronger immune
responsc (0 wWorms, suppressing egg production to a greater
extent, and at a much earlier age than unselected sheep. (The
cause of this difference = such as whether the sheep have more
antibodies of a specific type = is not yer known.)

I'his is particularly \:;:rlli‘lc;lllt tor Merino sheep which are
notorious for their poor immune response to worms, especially
when young," Eady says. ‘Also, Merino ewes not selecred fon
resistance lose immunity when in late pregnancy and lactating,
becoming a source of pasture contamination for their lambs as

WOrm-cgy :IIIII'[H’ TISCS,
o

Turning the tables
Here at last was good news for graziers: a chance to use the
genetic variabilicy of their sheep to tum the rables on those wily
worms. By the carly 19905, Merino studs in Auscealia’s high
rainfall regions, mindful of growing worm-resistance on their
prroportics and those ot their clients, wierne |In_|1|'||_|_', to try the new
iT[\.n.'LEIHl!_" strategy. In 1994, a national e lleing_\-ll.nm;r project
was begun to help them

Project Nemesis is 4 three-vear joint venture berween
CSIRO, the University of New ln}'.i.llui and Agriculture WA,
with added funding from Australian woolgrowers provided
through the International Wool Secrerariar. It aims 1o help
breeders select rams with a high natral resistance ro parasites,
potentially halving the worm burden in their Hocks over three to
four generations of breeding.

]l}]l' Ii1||. l.l.jxl.'ll |.". L'.LLI1 Ill‘it'\h'l (4] .'I{lIIL"\l' t]ll\ I’a‘nilhlinll
depends on how heavily they select for worm resistance. Strong

resistance does not necessanly occur in with the best Heece
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Michael and Lisa Pocock (right) and Grazing Properties manager, GH
Mitchell & Sons, David Jupp, overlook rams tested for worm resistance
at Panlatinga.

heavy selection for worm-resistant rams reduces the production
fdins thar could have been made w ere selection based on these
lf.ldlll!'”.l] \clcttiﬂ‘ln rranes alone, A uun}unuu\;' El;'[\\(g‘[] :E:; TWil
goals is therefore needed.

During 1994 and 1995, a held rrial a Panlatinga measured
the outcome of two different levels of selection emphasis. The
wrial found that when 50% of the possible selection emphasis for
worm resistance was applied, a 9% sacrifice i production gain
was the resule. When 70% selection emphasis for resistance was
used, the production sacrifice was 19.72%. Results of this and
other studies are now h-\'||.\|:1:;_' other breeders 1o ratlor then
.\l.|g'l,l|iln |,1rn_L1r,:r|n

At Panlatinga, Michael Pocock decided to opr for 50%
he says. "We're

making about half the theoretical gain that we could, yver we're

selection \.'|I1E‘||.|\!~. It's [.t|.:|[1<5; a “best bet”,
still making progress in other eraies as well
‘At the moment we drench twice in summer, ( Jur -.i-_-|]|[~ are
set on 10 years’ time when we should be able to drop a drench
because fewer worms will be breeding in the gur of our resistant
{ ;

\ "
sneep This will reduce contaminanon n

the pastures. [t won't be a big cost savi

hl.ll 'u‘\l” F'LPI’L‘\L'II[ a dehinie illln{lul:nn

increase. lr also will cur our reliance on

chemicals: we just can't keep using them
as we have been

Panlaringa is one of 11 Merino studs
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A CSIRO trial begun in 1977 compared over time the worm burden of flocks selected for worm-
resistance with contral flacks of ‘'normal’ unselected sheep. The results showed that breeding for

worm-resistance was feasible, (Faecal Egg Count is a measure of worm resistance.)

compelling reason for Panlatinga’s
participation was the high level of
|-'1'|"|I.'{|'|'-|'-|1‘-l resistance on fh:' i‘!ull'l'l'l'-
which receives 520 mm of rainfall a vear

Mocock says eftective drenches have been
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Deciding which rams to keep. These graphs show selection
strategies available to breeders. They indicate which rams would
be selected, according to the level of emphasis placed on worm
resistance. (Faecal egg count is a measure of worm resistance.)
Top: The best 30 rams (coloured red) when selection is made on
the basis of production values alone.

Centre: The best 30 rams when 50% of possible selection
emphasis for worm resistance is used. The overall gain in
production traits is less,

Above: The best 30 rams when 70% of possible selection emphasis
for worm resistance is used. Faster gains will be made in worm.
resistance, but advances in production will be further reduced,
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in 1993 was only 83% effective. ‘If we lost ivermectin (the third
drench group) now, we'd have to switch from sheep to cattle
production,” Pocock says. “That's how dangerous it can be.”

Pocock estimates that half his 100 or so clients are concerned
abour anthelmintic resistance and 10-15% will pay a premium
for rams bred to improve their flocks” resistance to worms. So it's
well worth recording each rams’ level of worm resistance in the
stud’s sale catalogue. With this pattern repeated among clients of
each stud involved in Project Nemesis, the adoprion by
woolgrowers of this natural defence against worms is gaining
MOMEntum.

According to Eady, graziers who begin their selection
programs now will be well rewarded in the medium to long term.
*Our computer modelling suggeses that in 14 to 18 years, graziers
may be able 1o stop drenching completely. provided their
resistant sheep are kept separate. Even before this goal is reached,
reduced reliance on drenching and improved host resistance
offers a much more sustainable strategy for worm control,”

With all this pressure on worm populations through selection
for resistant hosts, is there any chance of the worms overcoming
the sheep's resistance? To test this possibility, the scientists ar
Armidale conducted an experiment in which resistant and non-
resistant sheep were artificially infected with worms. Afwer 30
generations, (the equivalent of 15 years in the paddock) the
worm populations showed no changes in terms of infectivity and
pathogenicity. They concluded it was unlikely that the worms
will be able to circumvent the improved host resistance.

‘Unlike anthelminrtic treatment, the resistant host does allow
some worms to survive, so the selection pressure on the worms is
much lower,” Eady says. “Also, the “control” the sheep exerts on
its resident worm burden appears to be moderated through a
large number of genes and gene products, so the worms have a
much rougher barrage to penetrate.”

Further research at Armidale is fine-tuning selection
strategies, assessing the drench requirements of resistant sheep
and adding up the economics of breeding tor worm resistance.
Given the success of Project Nemesis to date, the technology may
well be sought by other members of the sheep industry, such as
prime lamb producers. It could also be cx[}nnt’d [0 OVErseas
regions experiencing drench resistance, such as Europe, the
United States, South Africa and South America.

In the meantime, graziers have a swag of ideas abour other
types of resistance that might be improved through prudent
selection. Sheep that resist flystrike and footrot, in addition to
worms, would be good for starters. It may sound like a all order,
but Eady says there are discases, not only of sheep, but also of
other domestic livestock such as pigs and cactle, thar may
respond to similar strategies,

Of course it would mean adding a few more columns” worth
of performance records o the Panlatinga sale catalogue. . . But
by that time their rams should just about be able o sell
themselves.

More about worm resistance
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