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Summary

The overarching aim of the experiments conducted as part of this thesis was to determine
the influence of moisture in the form of rainfall events (amount, timing and distribution)
and soil moisture (SM) on faecal moisture (FM) and development of H. contortus and T.

colubriformis to infective third stage larvae (L3).

There are 4 experimental chapters reported in this thesis, (i.e. Chapters 4-7) which were
written as a series of publications. In Chapter 4, the experiments were conducted to
determine the effects of rainfall timing and rainfall distribution on FM and development to
L3. The results highlighted that rainfall which occurred within 2 days from faecal
deposition led to higher FM and recovery of L3. The benefit of precedent rainfall for L3
development observed in this chapter highlighted the possible role of SM in regulating L3

development which was included as a treatment effect in Chapter 5.

Experiments in Chapter 5 were conducted to evaluate the effects of varying initial SM,
rainfall timing and rainfall amount on FM and development to L3. The results highlighted
the importance of SM in influencing the development of GIN to L3 where increasing SM
increased FM and consequently recovery of L3. The importance of SM in modulating the
effect of rainfall amount on L3 development was observed in this chapter. SM declined
rapidly in the experimental units which raised the question of the effect of sustained SM in

regulating L3 development which was included as a treatment effect in Chapter 6.

Experiments in Chapter 6 were designed to elucidate the effects of sustained SM, rainfall
timing and rainfall amount on FM and development to L3. The results showed that SM is
able to modulate the effects of rainfall timing and rainfall amount with increased SM acting
to broaden the window of opportunity for the free-living stages to respond to post

deposition rainfall to complete development to L3.

In order to validate the results of the experiments conducted in controlled climate

chambers (Chapters 4-6), a field experiment was conducted to investigate the effects of



rainfall timing, rainfall amount and herbage height on translation success with grazing
sheep. The results showed that initial SM of 20% alone was sufficient to support
development and translation of both GIN species, as there was no effect of rainfall timing,

rainfall amount and herbage height on the recovery of GIN species from grazing sheep.

These results highlighted the importance of SM as a source of moisture for development
of the nematode eggs in the faecal pellets. It also underlined the importance of taking soil
moisture into account when predicting the likely effects of rainfall and herbage height on

development to L3 and finally in predictive epidemiological models of sheep GIN parasites.
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Figure 4.8: Bivariate regression with linear fit of total T. colubriformis third stage
larvae (L3) recovery (%, raw individual data) and faecal moisture (FM; proportion)
at days 3 (@) 4 (b) and 5 (c) after faecal deposition. Recovery of total T.
colubriformis L3 = 0.31 + 0.06*FM on day 3 after faecal deposition (R?*=0.20;
P=0.002). Recovery of total T. colubriformis L3 = -0.63 + 0.09*FM on day 4 after
faecal deposition (R?=0.23; P=0.003). Recovery of total T. colubriformis L3 = -

0.87 + 0.08*FM on day 5 after faecal deposition (R*=0.23; P=0.003)............ccocvevrnene.

Figure 5.1: Main effect of initial soil moisture (0, 10 and 15%) on recovery of intra-
pellet (a), extra-pellet (b) and total (intra- plus extra-pellet) (c) third stage larvae
(L3) of H. contortus and T. colubriformis (back-transformed least squares mean
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Figure 5.2: Main effect of simulated rainfall timing (days -1, 0 and 3 relative to
faecal deposition) on recovery of intra-pellet (a), extra-pellet (b) and total (intra-
plus extra-pellet) (c) third stage larvae (L3) of H. contortus and T. colubriformis

(back-transformed least squares mean (%) £ 95% C.1.). ...

Figure 5.3: Main effects of simulated rainfall amount (0, 12 and 24 mm) on
recovery of intra-pellet (a), extra-pellet (b) and total (intra- plus extra-pellet L3) (c)
third stage larvae (L3) of H. contortus and T. colubriformis (back-transformed
least squares mean (%) = 95% c.l.). Means not sharing the same letter differ

significantly (P<0.05) for extra-pellet L3. .......uoiiiiiiiiccee e

Figure 5.4: Interaction between initial soil moisture (0, 10 and 15%) and
simulated rainfall amount (0, 12 and 24 mm) on recovery of intra-pellet (a), extra-
pellet (b) and total (c) third stage larvae (L3) of H. contortus and T. colubriformis
(back-transformed least squares means (%) + 95% c.l.). Means not sharing the
same letter differ significantly for intra-pellet L3 (P<0.05) and extra-pellet L3

(PLO.05). ...t e e e ettt

Figure 5.5: Bivariate regression with linear fit of total third stage larvae (L3)
recovery (%; raw data) of H. contortus (a) and T. colubriformis (b) with faecal
moisture content (FM %; raw data) at day 3 relative to faecal deposition.
Recovery of total H. contortus L3 = -4.03 + 0.77*FM on day 3 relative to faecal
deposition (R?=0.46; P<0.001). Recovery of total T. colubriformis L3 = -2.21 +

0.29*FM on day 3 relative to faecal deposition (R?=0.32; P<0.001). .........ceccevveverennene.

Figure 6.1: Field Trial. Daily mean SM (%, mean % s.e.) of triplicate soil cores
collected daily from a field plot covered to exclude rain and dew on day O.
Minimum and maximum temperatures (C) and rainfall (mm; column) were

..... 59

..... 62

..... 63

..... 85

..... 85

..... 86

..... 99

included for iINfOrmMative PUIPOSES. ....ouueeiiii e e e e 116

Figure 6.2: Recovery of intra-pellet, extra-pellet and total (intra- plus extra-pellet)
third stage larvae (L3) of H. contortus and T. colubriformis 14 days after faecal
deposition (least squares mean (%) + s.e.) for SM treatments of 10, 20 or 30%
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(w/w) following rainfall treatments of 12 or 24 mm applied on days -1, O or 3
relative to faecal deposition. Refer to Table 6.2 for significance of main effects
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Figure 6.3: Recovery of intra-pellet, extra-pellet and total (intra- plus extra-pellet)
third stage larvae (L3) 14 days after faecal deposition (least squares mean (%) =
s.e.) for SM treatments of 10, 20 or 30% (w/w) following rainfall treatments of 12
or 24 mm applied on days -1, 0 or 3 relative to faecal deposition. Means not
sharing the same letter differ significantly for extra-pellet L3 (P=0.001) and total

L3 (P=0.00L). ... e e ee e eee e ee e e ettt

Figure 6.4: Bivariate regression with linear fit of total third stage larvae (L3)
recovery (%) of H. contortus (a) and T. colubriformis (b) with faecal moisture (FM)
(%) on days 4 (a) and 6 (b) relative to faecal deposition. Recovery of total H.
contortus L3 = -6.41 + 0.47*FM on day 4 relative to faecal deposition (R?>=0.64;
P<0.001). Recovery of total T. colubriformis L3 = -17.95 + 1.51*FM at day 6

relative to faecal deposition (R=0.78; P<0.001). .......ccceveevereerereeeereerereeeereeeereeeereenenes

Figure 7.1: Daily minimum and maximum temperatures ('C) (ground level and
screen temperatures), mean daily evaporation rate (mm) and daily natural
precipitation (mm, bars) from 30 January to 28 February. Day 0 and plot
contamination = 31 January (Group A); 1 February (Group B). Simulated rainfall
events = 30 January, 31 January, 1 February and 3 February. Final tracers on

grazing plots (14—28 FEDIUAIY). .....uuiiii i e e e

Figure 8.1: Factors affecting the drying and the wetting of faecal pellets. The
factors are interrelated to each other; for example rainfall regulates SM and wind
regulates evaporation rates. Physical aspect refers to the horizontal direction to
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