Supplementary Online Material

Sensitivity analysis

It is important to know which model parameters will most affect the model output if their values vary. It is these particular parameters that need the most accurate estimated values if we want to use the quantitative model outputs; alternatively, we should run the model under varying values of these parameters to gain a range of possible predictions depending on the parameter’s values. The sensitivity of the model predictions to variation in parameter values can be assessed using the methods of Watts et al. (2009).

1. The correlation between model parameter values and model predictions 

Methods - The first method considers the correlation between changing a parameter value and the change in the output for each model prediction. The model is run 1000 times with each parameter value taken at random from a range of 1% of the estimated value. The parameters are grouped as: (i) grouse demography, (ii) tick demography and (iii) virus transmission parameters. The individual parameters (and first order interactions within groups) are then correlated against the model predictions of grouse density and virus prevalence in the grouse population. From this analysis we can determine which parameters the model is most sensitive to. This method also determines the sensitivity of the model to interactions between parameters that may be important but neglected if only individual parameters are considered. 

Results & Discussion - Significant correlations (at the 5% level) from this analysis are given in Table S.1.
Not surprisingly the grouse demography parameters and their interactions show the highest levels of correlation with the predicted density of the grouse population and the infection prevalence in the grouse population (Table S.1.). The parameter that shows the largest correlation with model output is bg the natural death rate of grouse. Increasing the death rate of grouse has a negative effect on the predicted grouse density for all deer densities tested, but it is most apparent for 6.5 deer and 10 deer km-2. At these deer densities (with acaricide efficacy 50%) the natural death rate of grouse will be the most influential factor for grouse survival. At the higher density of 15 deer km-2 there are more ticks and more virus so the effect of the natural death rate of grouse will be less compared to the death rate due to virus. The model predictions for grouse density show a weaker but still statistically significant positive correlation to ag, the natural birth rate of grouse. The correlation is strongest when the deer density is low as there are then few ticks and little disease.

The tick demography parameters become important only when the deer density is high enough (15 km-2) to maintain a large tick population, which can transmit virus between grouse.  As might be expected, when at the tick birth rate is increased the predicted grouse density falls and when bt the tick death rate is increased the predicted grouse density rises. The density dependence constraint on the tick population st shows only a very weak positive correlation with the grouse population prediction (and only at the high deer density). These correlations are all intuitive and expected, since any increase in the tick population will increase the opportunity for virus transmission and hence reduce the grouse population.

The parameters governing the viral dynamics only show weak negative correlation, and only for the high deer density when the virus is most prevalent. This suggests that the model is relatively insensitive to changes in the virus transmission parameters. 

The only interactions that show any significant correlation to the model predictions of the grouse density are those that involve significant individual parameters. The strength of the correlations are the same or smaller than those for the individual parameters, suggesting that there are not any significant interaction between the parameters.

2. The magnitude of individual parameter effects 
Methods - The second approach, importantly, determines the magnitude of the effect of individual parameters on model outputs by varying each parameter value by ±10% and recording the percentage change in value of the model outputs. Using this analysis we can determine whether a small change made to an individual parameter has a disproportionate effect on model predictions. If we can identify the parameters that have a disproportionate effect on model predictions we can aim to improve estimates from new data where possible or if this is not possible we can identify the weaknesses in the model and explain the likely consequences of alternative estimates. 
Results & Discussion - For each parameter the percentage change is given in Table S.2. Although the grouse demography parameters showed some strong correlations with the model out puts for predicted grouse density, as should be expected, they do not have a disproportionate effect on the model predictions when altered individually. However, changes in the grouse population parameters, especially grouse birth rate (ag), do have a strong effect on the infection prevalence of virus in grouse, with a 10% change in grouse birth rate causing a 23% change in infection prevalence (Table S.2.). This is likely to be due to an increased grouse birth rate causing an increase in the grouse population, thereby allowing more virus transmission between ticks. 

The tick demography parameters have a disproportionate effect on the model outputs, especially the grouse density predictions (we tested this using 15 deer km-2 otherwise tick parameters are not correlated with model output; Table S.1.). The changes for which the model is most sensitive are in the parameters that change the tick population, i.e. the tick birth rate at and the tick death rate bt. A 10% change in these parameters causing a decrease in the tick population (i.e. at+ and bt-) causes the predicted grouse population to increase by approx. 100% (Table S.2.). If the parameters are altered to increase the tick population (i.e. at+ and bt-) there is also a strong model response, with the grouse population decreasing by 36%. This disproportionate effect can be explained by the sheer magnitude of the tick population, a small proportional change will lead to a large actual change in density. Similarly β5 , the rate at which adult ticks bite deer and then reproduce, shows a disproportionate effect on the grouse predictions. This indicates that these tick parameters (tick birth and death rates and adult tick biting rates on deer) are those for which we need more accurate information, and it is important to interpret model outputs with caution, bearing in mind that the exact values of each output will be different if the values of these tick parameters vary. 
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Table S.1. Significant correlations (Pearson’s correlation coefficient, P < 0.05) between model parameters and the acaricide treated deer model predictions of grouse density and grouse infection prevalence. Blank fields indicate non-significant correlations, i.e. parameters that do not affect model output when their values are varied by 1%. The model was run for 6.5, 10 and 15 deer km-2. The parameters are grouped as grouse, tick and virus parameters and their interactions (denoted by *). Numbers in bold represent parameters that account for > 20% of the variation in the Pearson’s correlation model. Acaricide efficacy was set as 50% throughout.

	
	Grouse density km-2
	Grouse Infection prevalence

	
	6.5 deer
	10 deer
	15 deer
	6.5 deer
	10 deer
	15 deer

	ag
	0.14
	0.20
	0.08
	No virus
	No virus
	0.21

	bg
	-0.98
	-0.98
	-0.62
	No virus
	No virus
	-0.98

	sg
	-0.16
	-0.12
	
	No virus
	No virus
	

	α
	
	
	
	No virus
	No virus
	-0.16

	γ
	
	
	
	No virus
	No virus
	

	at
	
	
	-0.35
	No virus
	No virus
	0.10

	bt
	
	
	0.41
	No virus
	No virus
	

	st
	
	
	0.07
	No virus
	No virus
	

	β1
	
	
	-0.09
	No virus
	No virus
	

	β2
	
	
	-0.08
	No virus
	No virus
	

	β4
	
	
	
	No virus
	No virus
	

	β5
	
	
	-0.29
	No virus
	No virus
	0.09

	ag*bg
	-0.95
	-0.95
	-0.61
	No virus
	No virus
	-0.95

	ag*bg
	
	0.06
	
	No virus
	No virus
	0.11

	ag* α
	0.10
	0.16
	0.07
	No virus
	No virus
	

	ag* γ
	0.12
	0.13
	0.09
	No virus
	No virus
	0.14

	bg*sg
	-0.98
	-0.98
	-0.62
	No virus
	No virus
	-0.97

	bg* α
	-0.97
	-0.97
	-0.61
	No virus
	No virus
	-0.98

	bg* γ
	-0.97
	-0.97
	-0.61
	No virus
	No virus
	-0.97

	sg* α
	-0.12
	-0.06
	
	No virus
	No virus
	-0.15

	sg* γ
	-0.10
	-0.09
	
	No virus
	No virus
	

	α *γ
	
	
	
	No virus
	No virus
	-0.11

	at*bt
	
	
	
	No virus
	No virus
	0.07

	at*st
	
	
	-0.18
	No virus
	No virus
	0.07

	bt*st
	
	
	0.34
	No virus
	No virus
	

	β1* β2
	
	
	-0.12
	No virus
	No virus
	

	β1* β5
	
	
	
	No virus
	No virus
	

	β2* β5
	
	
	-0.26
	No virus
	No virus
	0.09


Table S.2. The percentage change in the resulting total grouse density and LIV infection prevalence in the grouse population predicted by the model after changing each parameter value by ±10% (indicated by a “+” and “-“ for each parameter in the table) for the acaricide treated deer model. For this the model assumes 15 deer km-2, and a 50% acaricide efficacy. Fields left blank are where the predicted change in model output is less than 10%. Figures in bold indicate predicted changes of  >20%, and indicate parameters to which the model is most sensitive in terms of affecting the predicted quantitative output of the model. 
	Parameter 
	Grouse density km-2
	Grouse Infection prevalence

	ag -
	
	-23

	ag+
	
	23

	bg-
	
	11

	bg+
	
	-12

	sg-
	
	

	sg+
	
	

	α-
	
	12

	α+
	
	-10

	γ-
	
	

	γ+
	
	

	at-
	128
	-16

	at+
	-36
	

	bt-
	-36
	

	bt+
	88
	-11

	st-
	
	

	st+
	
	

	β1-
	11
	

	β1+
	
	

	β2-
	11
	

	β2+
	
	

	β4-
	
	

	β4+
	
	

	β5-
	100
	-12

	β5+
	-29
	


