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1. Additional information on input data 

Figure S1.1 shows the location of the 70 trapping sites distributed over 10 municipalities in the provinces 
of Trento and Belluno; the location of the study area with respect to the map of Italy is shown in the 
inset. Figure S1.2 shows the daily average temperatures measured in the 10 municipalities for the two 
mosquito seasons; the mean over different traps from the same municipality is reported. Between mid-
June and September, temperatures in 2015 were constantly higher than corresponding ones registered 
in the same dates in 2014. The figure shows that temperature variability across sites is smaller than 
inter-year variability. 



 

Figure S1.1. Map of trapping locations and corresponding municipalities. Inset: location in Italy of the study area. 

 

 

Figure S1.2. Temperatures over time at each site and for the two study years. 



 

2. Mosquito population model 

Equations for the mosquito population model are taken from [S1] and reported below. 
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 (Eq S1) 

E, L, P and V represent populations in the four developmental stages of mosquitoes, i.e. eggs, larvae, 
pupae and adult mosquitoes respectively. Fixed model parameters are the stage-specific mortality (m) 
and developmental rates (d) from one stage to the next; gV, whose inverse represents the gonotrophic 
cycle; and the number of eggs per oviposition nE; all fixed parameters are temperature-dependent 
according to functions described in [S2],except for nE, which is set to 60 [S2]. Free model parameters are 
the capture rate h, which is different from zero only in days where traps are active (hence the 
dependence on time t in the equation); and the coefficients coding density-dependence for larval 
mortality, asy, which vary by site s and year y, and represent a measure of the habitat suitability. 
Parameters were calibrated to reproduce capture data according to an MCMC procedure based on the 
Poisson likelihood of captures, as described fully in [S1]. For each site, year, disease, intervention 
scenario and coverage value, 100 sets of parameter values were sampled from the posterior 
distributions of the calibrated mosquito population model; to account for model stochasticity, 100 
random repetitions were run for each parameter set. 

Table S1 reports the mean and 95% confidence interval of the posterior distribution of free parameters, 
while Figure S3.1 shows a comparison between observed (black dots) and model-predicted (red dots, 
with 95% confidence interval) captures at all sites and in the two years. The R2 computed between 
observed and model-predicted values is 0.77. 

 

Site 

Habitat suitabil ity parameter Capture rate (%/day) 

2014 2015 Mean 95%CI 

Mean 95%CI Mean 95%CI 

1.64 1.53-1.73 

Feltre 44.5 41.4-49.1 32.6 29.8-34.9 

Povo 27.5 24.8-30.0 31.9 28.1-35.1 

Riva del 
Garda 

30.0 26.6-32.6 33.6 30.7-36.0 

Santa Giustina 34.5 30.3-38.6 25.2 23.3-27.3 

Strigno 3.7 3.1-4.4 3.2 3.0-3.7 

Tenno 15.5 12.4-19.6 32.0 29.6-34.2 

Tezze 25.2 22.2-28.2 28.8 26.3-31.9 

Trento 24.9 22.1-27.4 25.8 23.6-28.2 

Belluno 6.5 4.5-8.7 7.9 7.0-9.0 

Rovereto 22.9 17.4-30.2 - - 
Table S1. Estimated site- and year- specific habitat suitability and capture rate parameters  
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Figure S2.1. Comparison between observed and model-predicted captures in each site; A) 2014; B) 2015. 

 

 

 

 

 

 

 



 

 

In Figure S2.2 we show model-predicted densities of adult female mosquitoes in the absence of control 
interventions for the two seasons and 10 study sites.  

 

Figure S2.2. Model-predicted adult density by site and year. 

 

3. Modeling larvicides 

The population model was modified to include larvicide interventions. We denote by c the intervention 
coverage, i.e. the proportion of all breeding sites on which larvicide treatment is actually performed. We 
assume that aquatic stages (eggs, larvae and pupae) are equally distributed across treated and 
untreated catch basins so that, for example, Etreated = c E and Euntreated = (1-c) E and similarly for larvae and 
pupae. Larvicidal treatment is assumed to instantaneously kill existing larvae, therefore the total larval 
population just after treatment, L(T+), will be given by 

L(T+) =(1 - c) L(T-)  (Eq. S2) 



where T- and T+ are, respectively, the times immediately before and immediately after initiation of the 
treatment intervention. For the duration of treatment, eggs hatching in treated catch basins are 
assumed to die without developing into larvae; furthermore, the density-dependent mortality 
parameters is reduced accordingly, in order to account for the decrease in the number of viable 
breeding sites. Therefore, for the duration of treatment only, the equation regulating the dynamics of 
larvae is represented by Equation S3. 
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For each type of intervention (public only or supplemented by the involvement of private citizens), we 
assessed larvicide effectiveness under two coverage values representing a realistic range. In general, 
coverage can be expressed as: 
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  (Eq. S4) 

where q is the fraction of (public or private) catch basins which are effectively treated and b is the total 
number of existing (public or private) breeding sites. Equivalently, b can be expressed in terms of the 
breeding site density per unit area. In a large-scale survey of different types of breeding sites conducted 
in urban areas in northern Italy [S3], it was found that 94% of the pupal population was produced within 
catch basins, while other types of water-filled containers (such as plant saucers, drums and buckets) 
contributed marginally to the abundance of adult mosquitoes. Based on these findings, we 
approximated the number of breeding sites in a given area with the number of catch basins; 
furthermore, we did not consider the effect of control interventions directed to the removal of other 
water-filled containers. Vector control interventions by municipalities can be designed to cover all public 
catch basins; however, some catch basins may be missed or treatment may be ineffective for various 
reasons, e.g. flushing, dilution or rapid dissolution of the larvicide product: therefore, we assumed that 
qpub is between 85% and 95%. Results from a pilot study on the involvement of citizens in mosquito 
ŎƻƴǘǊƻƭ ŦǊƻƳ {ŀƴ aƛŎƘŜƭŜ ŀƭƭΩ!ŘƛƎŜΣ ŀ ǎƳŀƭƭ ǘƻǿƴ ƛƴ ǘƘŜ ǇǊƻǾƛƴŎŜ ƻŦ ¢ǊŜƴǘƻΣ ǎǳƎƎŜǎǘ ŀ ǾŀƭǳŜ ŦƻǊ qpriv 
between 45% and 55% (F. Baldacchino, personal communication). The much lower coverage of private 
interventions depends on several issues, including the presence of abandoned premises, difficulties in 
contacting reference persons, occasional denial of collaboration, and the actual compliance of citizens 
nominally adhering to the program. For what concerns the density of catch basins, we base our 
estimates on a ǎǳǊǾŜȅ ŎƻƴŘǳŎǘŜŘ ƛƴ {ŀƴ aƛŎƘŜƭŜ ŀƭƭΩ!ŘƛƎŜ ǿƛǘƘƛƴ ǘƘŜ ŀōƻǾŜ-mentioned pilot study, which 
found bpub = 16.8 per hectare and bpriv around 30.7 per hectare (F. Baldacchino, personal 
communication). These results are consistent with a previous survey in northern Italy [S3], which 
estimated bpub between 7 and 19 per hectare and bpriv at about 36.3 per hectare. With the given 
estimates for q and b, we obtain a range for realistic coverage values of about 30% to 50% for public 
interventions (where qpriv = 0), and 60% to 75% for interventions including private premises. 

We considered 24 intervention scenarios, which differ by the number of treatments (effort level) within 
a mosquito season and by starting date. We considered between 1 and 4 treatments within a season, 
and we assume that each re-treatment is performed 30 days after the last treatment, so that the effect 
of larvicide is kept constant throughout the intervention. Possible starting dates were sampled at 
intervals of 15 days between the 1st of May and the 1st of September, and we considered only scenarios 
whose overall effectiveness end before October 1st (Figure S3.1). In this way, we obtain 9 scenarios with 
single interventions, 7 with two treatments, 5 with three treatments and 3 with four treatments, the 
latter covering almost the whole mosquito season. For interventions with involvement of private 



citizens, we assume for simplicity that treatments in private premises are perfectly synchronized with 
public ones. 

 

Figure S3.1. Scenarios for larvicide intervention considered in our analysis. Horizontal bars indicate the 30 days 
window of effectiveness of a single intervention. Re-treatments are performed after 30 days since the start of the 
last treatment. 

Figures S3.2 reports the resulting average density of female mosquitoes in the different municipalities 
and years by different effort levels of public larviciding, under optimally timed interventions  and for the 
two values of coverage. Figure S3.3 reports analogous numbers for the public and private intervention. 

  



 

 

Figure S3.2. Expected density of female mosquitoes with optimally timed interventions in public breeding sites, for 
different coverages and effort levels, disaggregated by site and year. 


