S1 Appendix: Mathematical Details
The model equations and details shown below for the compartmental model were modified from a previous model [1] which was developed to assess the impact of temperature on the emergence and seasonality of West Nile virus in California. Symbols and values are summarized in Tables A & B. Sensitivity analysis results are in Table C.
We used a spatially implicit semi-discrete model structure with two patches for our modeling framework. We simulated the continuous-time compartment model of population growth and infection dynamics over a one-day time step, and then implemented a discrete dispersal event for all mosquitoes and birds each night. In each patch (ivermectin-treated and untreated), our model consisted of a mosquito vector species and two bird species, a WNV competent and a WNV incompetent species, which were either ivermectin-treated or untreated. The initial number of mosquitoes and both competencies of birds were equally distributed across the neighborhood such that the initial number in each patch corresponds to the fraction of the neighborhood in the respective treatment status. 
SEIR Compartment Model
Each group X (competent birds, incompetent birds, and mosquitoes) had a respective birth (bX) and non-disease related mortality (dX) and followed a logistic growth curve with a carrying capacity for the neighborhood (KX). The carrying capacity for treated and untreated patches of the neighborhood was weighted by the proportion of the neighborhood in each treatment status.
The adult mosquito vector population contained susceptible (SM), exposed (i.e., infected, but not infectious) (EM), and infectious (IM) individuals as well as uninfected (PM) and infected (QM) eggs. The probability of vertical transmission of WNV to eggs was qM. The adult mosquito total population size was then NM = SM + EM + IM. The competent bird population consisted of individuals that were susceptible, exposed, infectious, and recovered, and either treated (SCT, ECT, ICT, RCT) or untreated (SCU, ECU, ICU, RCU). The total population size of treated, competent birds was NCT = SCT + ECT + ICT + RCT and the total population size of untreated, competent birds was NUT = SUT + EUT + IUT + RUT. When infected, the incompetent birds did not achieve high enough viral titers in blood to re-infect mosquitoes so the susceptible, exposed, infected, and recovered categories were not applicable. However, incompetent birds were either treated or untreated so the total population size was NIT and NIU, respectively. Infections in competent birds occurred at rate βMC and in mosquitoes at rate βCM. Exposed individuals become infectious at rate εC (competent birds) and εM (mosquitoes). Infectious competent birds succumbed to WNV at rate μC and recovered at rate γC. 
Untreated birds in group X visited an ivermectin-treated feeder with probability ρX and become treated. Ivermectin was removed from the blood of treated birds at rate λD. IVM-induced mortality in mosquito populations occurred at rate βD.
Therefore, the disease dynamics in mosquitoes and avian hosts in between dispersal events (t ≠ τ) were as follows:
For the vector mosquitoes,






For the treated competent bird species,





For the untreated competent bird species,





For the treated incompetent bird species,

For the untreated incompetent bird species,
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In addition to the above continuous-time dynamics, we added a discrete, group-specific movement probability derived with integrodifference equations [2,3] to capture the dispersal between nocturnal roosts (birds) and host-seeking behavior (mosquitoes) each night, similar to [4]. We used a normal dispersal kernel, , to describe the movement of birds between nocturnal roosts and mosquitoes across the neighborhood. The normal kernel for each group had a variance  related to the observed mean dispersal distance of group X () according to [5], such that
.
Considering all combinations of treated (di) and untreated (cj) properties in the neighborhood, movement for group X originating from location x in treated lot i and ending at location y in untreated lot j was defined as 
.
Dividing the above by all movements in the neighborhood (D) originating from treated lots, the movement probability for group X from treated to untreated patches was
.
To represent observed bird homing dynamics to roosts and prevent complete mixing throughout the area, we parameterized dispersal according to a normal kernel truncated to the “nocturnal home range” (), or the full area utilized for nocturnal roosting by competent and incompetent birds. Thus, dispersal for competent (X=CT and CU) and incompetent (X=IT and IU) birds was defined as

Because mosquitoes do not appear to have home ranges, the dispersal for mosquitoes was defined as
.
Similarly, the movement probability for group X from untreated to treated patches was
.
Following the semi-discrete model notation of Mailleret and Lemesle [6], and incorporating the probability that birds and mosquitoes remained in the same roost or resting location each evening (time τ), the full movement probability for each group from the treated to untreated patch was 

and from the untreated to treated patch is
,
where 
.
For calculating the movement probabilities for each group, we compared a random draw (r) from a uniform distribution on [0,1] with the observed roost constancy for house sparrows (competent birds) and mourning doves (incompetent birds) (Table 2) and  for mosquitoes. For mosquitoes, we assumed on average only a proportion of the female mosquitoes would be host-seeking on a given night (i.e., ), with the rest in other stages of the gonotrophic cycle (e.g., laying eggs or digesting bloodmeal).
At the moment immediately following τ, that is the end of the night (τ+), the total number of mosquitoes (M) in each patch (T = treated, U = untreated) in compartment Y was

,
and the total number of birds in each patch (T = treated, U = untreated) in group X in compartment Y with treatment status k was

.
The model was initialized with 200 total untreated birds (162 competent, 38 incompetent) and 3,510 mosquitoes. These totals were divided into the treated and untreated patches based on the proportion of the lots in each treatment status.
In order to capture realistic infection dynamics observed at the city level on the neighborhood level, we forced a rate of 0.75 exposed mosquitoes per 1,000 in week 25 (18-24 Jun) in each patch and introduced a total of 2.5 exposed competent birds to the whole neighborhood at the start of week 28 (9 Jul); the number of exposed birds introduced per patch was based on the proportion of the total competent birds (treated and untreated) present in each patch at that time. These forcing parameters and the gonotrophic period (GP) (i.e., time between bloodmeals) were chosen together to reduce mean squared error between predicted infection dynamics and observed infection dynamics in Fort Collins for 2007 [7] using the optim function in R [8]. 


Table A. Parameterization of West Nile virus (WNV) transmission model. 
	Symbol
	Meaning
	Value
	Units
	Reference

	
	Birth rate of mosquitoes
	
	day-1
	

	
	Birth rate of competent birds
	
	year-1
	

	
	Birth rate of incompetent birds
	
	year-1
	

	
	Carrying capacity of mosquitoes
	

	mosquitoes
	[9]

	
	Carrying capacity of competent birds
	500
	birds
	arbitrary

	
	Carrying capacity of incompetent birds
	500
	birds
	arbitrary

	
	Lifespan of mosquitoes
	14
	days
	[10–12] 

	
	Lifespan of competent birds
	4
	years
	[13]

	
	Lifespan of incompetent birds
	1
	years
	[13]

	
	Probability of vertical transmission
	0.003
	-
	[14–16]

	
	Adequate contact: competent bird to mosquito
	
	day-1
	

	
	Adequate contact: mosquito to competent bird
	
	day-1
	

	
	Death rate of mosquitoes from ivermectin
	
	day-1
	

	
	Probability of feeding on an ivermectin-treated bird
	
	-
	

	
	Probability of feeding on a competent bird
	
	-
	

	
	Probability of death from biting a treated bird per bite
	0.5
	-
	[17]

	
	Probability of successful WNV transmission from competent bird to mosquito per bite
	0.8
	-
	[18,19]

	
	Probability of successful WNV transmission from mosquito to competent bird per bite
	1
	-
	[20]

	
	Extrinsic incubation period of mosquito
	See text
	days
	[21]

	
	Intrinsic incubation period of competent birds
	1
	days
	[18,20]

	
	Infectious period of competent birds
	5.5
	days
	[18,20]

	
	Disease-related mortality of competent birds
	1/7
	day-1
	[20]

	
	Probability of competent bird feeding at an ivermectin-treated feeder per day
	0.27 in treated patches
0 in untreated patches
	-
	Table 3

	
	Probability of incompetent bird feeding at an ivermectin-treated feeder per day
	0.07 in treated patches
0 in untreated patches
	-
	Table 3

	
	Washout period of ivermectin in birds (from plasma)
	2
	days
	[17,22]

	GP
	Gonotrophic period (period between bites)
	3
	days
	see details


Symbols, parameters, and sources for parameterization of WNV transmission in spatially implicit patch model of WNV transmission with ivermectin-treated birdfeeders.
Table B. Parameterization of bird and mosquito movement. 
	Symbol
	Meaning
	Value
	Units
	Reference

	
	Daily probability of mosquito staying in lot
	1 – 1/GP
	-
	

	
	Daily probability of competent bird remaining in same nocturnal roost
	0.61
	-
	Table 2

	
	Daily probability of incompetent bird remaining in same nocturnal roost
	0.20
	-
	Table 2

	
	Mean daily dispersal distance of mosquitoes
	110
	m
	[23–26]

	
	Mean daily dispersal distance (nocturnal roost locations) of competent birds
	219.3
	m
	Table 2

	
	Mean daily dispersal distance (nocturnal roost locations) of incompetent birds
	780.9
	m
	Table 2

	
	Variance in daily dispersal distance for mosquitoes (for normal kernel)
	
	m
	[5]

	
	Variance in daily dispersal distance for competent birds (for normal kernel)
	
	m
	[5]

	
	Variance in daily dispersal distance for incompetent birds (for normal kernel)
	
	m
	[5]

	
	Mean max distance between nocturnal roost locations of competent birds
	779
	m
	fieldwork

	
	Mean max distance between nocturnal roost locations of incompetent birds
	3,132
	m
	fieldwork


Symbols, parameters, and sources for parameterization of movement of birds and mosquitoes between ivermectin-treated and untreated patches in spatially implicit patch model of West Nile virus (WNV) transmission with ivermectin-treated birdfeeders.
Table C. Sensitivity analysis. 
	Symbol*
	Range
	total infectious mosquito-days

	
	
	%IncMSE†
	Contribution^
	Relative Importance=

	
	[0.05, 1]
	18,055.22
	27.61
	1

	, 
	[1/21, 1/7]
	11,113.01
	17.00
	2

	
	[0.01, 1]
	6,585.41
	10.07
	3

	ntreated#
	[1, 75]
	6,113.65
	9.35
	4

	
	[1/7, 1/2]
	4,680.25
	7.16
	5

	GP
	[3, 7]
	2,413.26
	3.69
	6

	
	[0.8, 1]
	2,198.91
	3.36
	7

	
	[1/8, 1/3]
	1,739.13
	2.66
	8

	
	[0.1, 1]
	1,347.92
	2.06
	9

	
	[0.5, 1]
	1,033.47
	1.58
	10

	
	[100, 500]
	968.46
	1.48
	11

	
	[1/5, 1/1]
	959.13
	1.47
	12

	
	[100, 500]
	928.15
	1.42
	13

	, 
	[(1/6)/365, (1/0.75)/365]
	811.32
	1.24
	14

	
	[0, 0.8]
	765.82
	1.17
	15

	, 
	[(1/3)/365, (1/0.75)/365]
	742.97
	1.14
	16

	
	[11, 545]
	685.04
	1.05
	17

	
	[0.1, 0.75]
	639.21
	0.98
	18

	
	[1,580, 4,400]
	636.06
	0.97
	19

	
	[0.001, 0.008]
	627.77
	0.96
	20

	
	[0, 0.65]
	552.44
	0.84
	21

	
	[20, 1,000]
	446.30
	0.68
	22

	
	[420, 1,178]
	438.80
	0.67
	23

	
	[63, 3,335]
	432.30
	0.66
	24

	
	[0.45, 0.75]
	400.19
	0.61
	25

	Arrangement+
	Contiguous or random
	70.90
	0.11
	26

	
	Not evaluated‡
	-
	-
	-


Parameter ranges used in global sensitivity analysis and mean change in accuracy. Sensitivity analysis performed using random forest approach by regressing total infectious mosquito-days against listed parameters.
* See Tables A-B for symbol definitions.
† Percent increase in prediction error (mean squared error) of outcome when parameter permuted in out-of-bag sample vs. not permuted, averaged over all trees.
^ Percent of total increase in mean squared error due to permuting this parameter.
= Order of relative importance based on contribution to total increase in prediction error.
# Number of lots with treated feeder in neighborhood.
+ Spatial arrangement of treated lots in neighborhood (random or contiguous; see text for details). 
‡ Not evaluated in sensitivity analysis because form was developed in modeling framework to produce realistic dynamics (see text for details).
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