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A model for nematodiasis in New Zealand lambs: preliminary evaluation 
of strategies for nematode control. 

D.M. LEATHWICK, N.D. BARLOW AND A. VLASSOFFt 

Biological Modelling Unit, MAF Technology, Levin Horticultural Research Centre. 

ABSTRACT 

A simulationmodel formixed infections of gastrointestinal nematodes in lambs was used to compare selected control strategies. A five drench 
preventive programme, both with and without a single post-parturient ewe drench, was compared with a series of extended drenching 
programmes. 

The model output concurs with the results of field trials showing that preventive drenching will control parasites adequately except 
when autumn conditions are particularly favourable for development and migration of larvae onto pasture. The model suggests that the level 
of pasture contamination in spring will have a significant influence on parasite control throughout much of the year. A reduction in pasture 
contamination wassimulatedbytheadditionofapost-lambing ewedrenchptiortothepteventivelambdrenchingprogramme. lhisgavebetter 
parasite control and increased production compared with extended drenching of lambs in the autumn. This is likely to be the result of reduced 
larval challenge. These model predictions will require validation in the field. 

Keywords Nematode; parasite; control; anthelmintic; epidemiology; model; simulation; preventive. 

INTRODUCTION THE MODEL 

A model has been developed for mixed nematode 
infections, which reproduces the typical epidemiologi- 
calpattemsobservedinNewZealand(Brunsdon, 1981; 
Brunsdon and Vlassoff, 1982; Vlassoff, 1982). It is 
intended to use this model to enhance research and 
stimulate debate on aspects of nematode biology and 
control. Also, with the inclusion of appropriategenetic 
mechanisms, the model will be used to evaluate the 
long-term effects of various control strategies on the 
development of anthelmintic resistance. 

Davis (1986) and Bell (1987) found that the 
basic preventive drenching strategy outlined by 
Brunsdon and Vlassoff (1982) did not always give 
optimum control in on-farm trials and recommended 
additional anthelmintic treatments in the autumn to 
prevent production losses. As pasture contamination 
should be negligible once preventive drenching starts, 
it is difficult to see what the source of the autumn 
infection mightbe. One hypothesis is thatcontamination 
occurring before drenching commences (i.e., pre- 
weaning) is responsible. In this paper we use the model 
to test the feasibility of this hypothesis and to compare 
the likely returns from thedifferentdrenching strategies. 

lWallacevihe Research Centre, MAF. Upper Hutt 

A simulation model was constructed, based on the life- 
cycle of the nematodes as outlined in Charleston (1982) 
and Vlassoff (1982). Parameter values were estimated 
from the literature or unpublished data, or by tuning the 
model to fit field data. A detailed description of the 
model will be published elsewhere. Differences in 
management and the annual weather pattern result in 
enormous variation between individual data sets, and so 
the model was designed to reproduce the generalised 
scenarios for nematode epidemiology outlined in 
Bmnsdon and Vlassoff (1982). The more extreme data 
sets (e.g. Figure 6 in Brunsdon and Vlassoff, 1982) were 
mimicked by varying the parameters for larval survival 
and migration onto pasture. This allowed control strat- 
egies to be tested, not only for average seasons, but also 
under conditions particularly favourable for develop- 
ment and migration of the parasites. 

The strategies 

The preventive drenching strategy of Brunsdon and 
Vlassoff (1982) involves five lamb drenches - the first 
in late November, the second and third at 2 1 -day inter- 
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vals and the last two at 28&y intervals. This was 
simulated in the model both with (PD+ewe, Table 1) 
and without (PD) the addition of a ewe drench four 
weeks after lambing, in order to test the long term 
importance of eggs deposited by the ewes during lac- 
tation. These two strategies were compared with a 
series of modifiedpreventiveprogrammes (I’D+) where 
from l-4 drenches were added in the autumn/winter to 
produce a series culminating in the 5+4 strategy of Bell 
(1987). 

TABLE 1 Estimatedproductionlosses (kglive-weight)forlambs 

at 12 months of age under different drenching regimes. 

No. of Strategy Drenches Production losses 

PD 5 
PD+l 6 
PD+2 7 
PD+3 8 
PD+4 9 
PD + ewe 6 

Autumn migration of L3s 
Average High * 

2.5 8.1 
1.9 3.4 
1.7 2.9 
1.7 2.6 
1.6 2.5 
0.7 2.4 

PD = Preventive drenching strategy as outlined in Brunsdon and 
Vlassoff (1982). 

* = Represents a worst case scenario, with highly favourable climatic 
conditions for larval development and translation. 

RESULTS 

Model outputagrees with results from field trials (Davis, 
1986; Bell, 1987), which have shown that preventive 
drenching is capable of controlling parasites except 
when autumn conditions are particularly favourable for 
larval development and migration onto pasture (Figure 
1). It shows that under these conditions production 
losses can be reduced by extending the period of 
drenching through into the autumn period. However, 
the production returns on these extra drenches in an 
average year are likely to be minimal, and even under 
ideal conditions for parasites the return on each sub- 
sequent drench diminishes (Table 1). 

4000 

3000 

23 

P 
z2ooc 

Ek 

w” 

1ooc 

- = average autumn weather 

I_ = good autumn weather for nematodes 

V = anthelmintic treatment ,f-\ 

V V V V V lambs 

SON DJF NAM JJA 

Month 

FIG 1 Predicted faecal egg output for lambs under preventive 

drenching, in an average year, and when autumn conditions are 
particularly favourable to parasite survival and migration. 
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FIG2 Predicted faecal egg output for lambs under preventive 
drenching, with the addition of a ewe drench four weeks post- 
lambing, both in an average year, and when autumn conditions are 

particularly favourable to parasite survival and migration. 
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Thereduction inpasturecontamination achieved 
by a single post-lambing ewe drench (PD+ewe) re- 
sulted in a substantial improvement in the level of 
control obtained under PD, particularly in a good year 
for parasites (Figure 2). What is more, model output 
suggests that this strategy may have production advan- 
tages over all the PD+‘programmes, even though the 
lambs under these treatment regimes had up to four 
more drenches (Table 1). 

DISCUSSION 

The production differences estimated by the model, for 
an average year, agree with those measured in the field 
by Bell (1987) i.e.,25 cf2.9 kg forPD; 1.6.cf1.2 kg for 
PD+4 and 0.9 cfl.8 for the difference between PD and 
PD+4. Also under PD, the model predicts a production 
advantage of 1.8 kg live-weight from the addition of a 
single post-lambing ewe drench. This is close to the 1.5 
kg advantage measured by Brunsdon and Vlassoff 
(1985), although their ewe drench was combined with 
an integrated rather than a PD programme. There is, 
therefore, reasonable agreement between production 
advantages estimated by the model and those measured 
in the field. 

(Brunsdon and Vlassoff, 1985). The model agrees with 
these findings, but further suggests that reducing pas- 
ture contamination in the spring prior to preventive 
lamb drenching, may result in better parasite control 
and give production advantages over protracted 
drenching of lambs in the autumn and winter. The 
reason for this is likely to be thereducedlarval challenge. 
Production losses are known to result from larval 
challengeperse(McAnultyetal., 1982;BrunsdonetaL 
1986) and Brunsdon (1988) estimated that even under 
fortnightly drenching, 15% of liveweight may belost by 
lambs grazing contaminated pasture. Therefore, as the 
model suggests, reducing pasture contamination may 
result in higher lamb growth rates even in situations 
where worm burdens are removed regularly by 
drenching. 

Vlassoff (1973) showed that clinical parasitism 
of lambs in the autumn is due to the second generation 
of worms resulting from the lambs’ own contamination. 
Under preventive drenching this second generation of 
worms is largely removed (Brunsdon and Vlassoff, 
1982). However, infective larvae may survive many 
months on pasture (Boag and Thomas, 1970). Some of 
the first generation larvae, originating from contami- 
nation laid down prior to weaning, may therefore sur- 
vive longer than the period of protection offered by the 
basic PD programme. The model suggests that given 
favourable weather conditions these larvae are sufficient 
to account for the production losses measured by Davis 
(1986) and Bell (1987). 

However, a word of caution is necessary. Spring 
lambs areexposed to two potential sources of infection, 
namely residual (overwintered) larvae and larvae de- 
rived from contamination deposited by the ewe during 
the post-partum rise. The relative importance of these 
two sources of infection appears to be variable (cf 
Brunsdon, 1976 and Vlassoff, 1976), which may reflect 
the effect of spring weather on the development of eggs 
deposited by the ewes (Vlassoff, 1976). Under New 
Zealandfatmingconditionseliminationofoverwintering 
larvae is not normally practical (Brunsdon, 1976) and 
so in order to investigate the effect of reducing initial 
pasture contamination we simulated the effect of a post- 
lambing ewe drench. However, it is important to 
appreciate that if the ewe contribution to spring pasture 
contamination varies with weather conditions, then the 
reduction in contamination predicted by the model as a 
result of a single post-lambing ewe drench may not 
always occur. Also, although in this case we have 
simulated the effect of a ewe drench, other management 
strategies may be equally effective at reducing the 
effect of spring pasture contamination e.g., the use of 
safe pasture (Brunsdon and Vlasoff, 1982). 

Further, model output suggests that the level of What the model suggests is in effect an extension 
pasture contamination in the spring is likely to influ- of the preventive philosophy (see Brunsdon, 1981) that 
ence the production gains resulting horn subsequent ‘when pasture contamination is adequately controlled 
lamb drenching programmes. Field trials (Brunsdon, early in the season, lambs do not require additional 
1974; Brunsdon and Vlassoff, 1985) have shown that treatments later i.e., late autumn and winter’. Many 
eggs deposited by the ewes during the post-partum rise New Zealand farmers drench their 1ambsJhogget.s seven 
contribute little to infection in lambs before weaning, or more times each year (Brunsdon, 1981) and the 
but that they may contribute to autumn infections model output shows the diminishing returns to be 
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expected with this number of drenches. Also, given the 
recent rapid increase in the incidence of anthelmintic 
resistance (Mason, 1989; McKenna, 1989) and the 
general relationship between drenching frequency and 
resistance (Wailer, 1987), any strategy which can 
maintain the integrity of nematode control and at the 
same time reduce drenching frequency shouldbe highly 
desirable. Modelling suggests that reducing the initial 
contamination of pasture may be one avenue for 
maintaining production while drench usage. The chal- 
lenge now will be to test the effectiveness of this 
approach in the field, particularly the predicted produc- 
tion advantages, and to determine its consequences in 
terms of the development of anthelmintic resistance. 
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