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Supplementary Methods

Herbage density

Satellite-derived NDVI was used in the model to account for the change in

grass biomass between the wet and dry season (Sheffield et al., 2014), and

the sensitivity of the model to including grass biomass versus constant grass

was explored. In the constant grass scenario, � = 1, while in the alternative

model NDVI, which is scaled from 0 to 1, is used for � such that higher NDVI

represents more grass, reducing the number of larvae consumed by diluting

them. The amount of grass consumed (�) is therefore an additional scaling

factor, which was assumed to be 1 for all host types. We assumed random

mixing of hosts and of larvae on pasture.

Model validation

The ability of the model to predict timing of clinical cases was determined

by comparing the predicted Q0 with one host to the observed clinical cases

of haemonchosis as measured by FAMACHA score (Van Wyk & Bath, 2002)

in goats in the study area in 2013-2014 (Walker et al., 2015). The same

validation exercise was completed on data from two farms in the summer

rainfall region of South Africa, the first near Emalahleni from 1997-2000

(Babayani, 2016) and the second near Ermelo from 1999-2005 (Reynecke et

al., 2011). We used a logistic linear mixed model with ‘pale’ (FAMACHA

score 3 or greater) as the response variable and goat identifier as a random

intercept to account for repeated observations of the same animal. We tested

Q0 as a fixed effect (scaled to mean 0 and S.D. 1) on the same date as each
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observation and offset at weekly intervals with Q0 values lagged for up to

8 weeks before the observation to allow for the time from egg deposition

to clinical infection, and selected the best lag by AIC. These models were

compared to a random intercept-only null model, as well as a model with

expected rainy season (November-March) as a binary predictor, and scaled

precipitation as a predictor. Predicted Q0 was calculated with only one host

at density 1 and establishment rate 0.5; the effect of grass growth scaling

(NDVI) was included for the MPNP study area, but NDVI is not available for

dates prior to 2003 so was not included for the South African data. Analyses

were conducted using the R package lme4 (Bates et al., 2015).

Simulation of anthelmintic impact

The impact of treatment was calculated for two anthelmintics that are widely

used in Botswana: albendazole and albendazole–closantel combination. Al-

bendazole has little residual effect and therefore egg output was suppressed

for 14 days to represent the minimum time needed for newly ingested L3 to

develop into egg-laying adults (Anderson, 2000). Closantel provides a re-

sidual effect for approximately three weeks, so eggs were suppressed for 35

days to account for the residual effect plus development time. These time

periods match the minimum timing for reapplication recommended by the

drug manufacturers.

Migration scenarios

Migration was modelled as two alternative scenarios. The first was based

on precipitation, whereby migratory hosts are in the wet season range if the
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cumulative precipitation in the current or previous week was at least 2.5 mm

(Bartlam-Brooks et al., 2013). The other scenario allowed for some anim-

als to migrate earlier than others, and was defined by month, such that in

December- February the hosts are in the east (wet season range), in August-

October they are in the west (dry season range), and in the other months half

of them are in each location (James Bradley, personal communication). Host

density is assumed constant over time except as determined by migration,

and when no migration is included, the full density of the hosts is assumed to

be in both east and west, but there is no interaction between the two regions.
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