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Mathematical Model



The model accounts for Rhodnius prolixus meta-population dynamics in a village at a patch level. For Chavinave village, a patch i could be a house or a palm where we consider an age-structured population. ,  and  denote the number of eggs, nymphs and adult respectively at time [image: ].  Additionally, we included migration of adults between patches.  The system of ordinary differential equations of the proposed model are:

								                   (1)
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				                                           (3)







where  is the per-female egg number, is the average hatching time, the average nymph to adult maturity rate, is a patch’s carrying capacity and, ,  and are egg, nymph and adult per-capita mortality, respectively. 




The last two terms of the rate of change of  refer to adult emigration from and immigration to patch i, where  is defined as a per-capita migration and  is the adjacency matrix of the network composed by all the patches.  is assumed to have saturation kinetics described by the following first order Hill-equation:

										       (4)


where  is the maximum per-capita migration rate and  is the number of individuals at which half of the maximum per capita migration rate occurs. This sigmoid curve will produce a realistic effect: at low densities a few insects will be motivated to move but as the population starts to increase adult migration increases, reaching a maximum rate. The maximum rate was chosen such that it reflects a biological maximum. For example, a palm-house dyad with the palm hosting 20 insects (10 nymphs and 10 adults - carrying capacity) will produce a flow of 1 adult insect per day (10%) to the house at the maximum rate (after 10 days, at his rate, the palm will be adult empty). Obviously, as soon as the abundance starts to decrease the flow will diminish proportionally to the density returning to a lower level. Note that if there are no adults present the flow will be zero despite the number of nymphs.

The entries on the adjacency matrix  determines the target habitat i from habitat j and every entry is defined by:





  				            (5)








where is the Euclidean distance between patch  and patch  , and  is a matrix with 1 at entry  if patch   has a light that can be seen from patch  and 0 otherwise.  assumes that the maximum distance an insect can overcome is 200 mts [1].
The parameters included in the mathematical model are described in the following table:

	Symbol
	Name
	Units
	Value
	Ref

	

	Birth rate
	

	1.3
	[2]

	

	Egg mortality rate
	

	0.001
	[2]

	

	Nymph mortality rate
	

	0.004
	[3]

	

	Adult mortality rate
	

	Palms: 0.005
Houses: 0.05
	[3]
-

	

	Residency time from egg to nymph
	

	15.4
	[2]

	

	Residency time from nymph to adult
	

	211
	[2]

	

	
Carrying capacity in patch 
	

	Palms: 20 
Houses: 1 × 10-3
	[4–6]

	

	Maximum per capita migration rate
	

	0.1
	-

	

	Number of individuals at which half of the maximum per capita migration rate occurs
	

	1 × 10-6
	-

	

	

Presence of light at destiny patch  seen from patch 
	arbitrary units
	0,1
	-

	

	

Euclidean distance between patch and patch 
	

	-
	-

	
	Maximum dispersal distance R. prolixus
	

	200
	[1, 7]



Trypanosoma cruzi infection prediction
To estimate the number of cases with T. cruzi infection in humans as a function of palm proximity we used the model output indices VI and PIH along with the following reports: R. prolixus natural infection in the study area (60.3% [5]), Triatomine bug feeding rate (once every 3–6 weeks [8]), R. prolixus feeding frequency on humans (0.583 [9]) and probability of transmission per contact with an infected Triatomine (5.8 × 10-4 [10]). Therefore, we obtain 3.9 × 10-4 new infected people per insect per year. For Chavinave village with a human population of 122 people (2012), an average of 3.25 insects per house per year and 85% of infested houses would result in 1 new case every year. 
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