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Supplementary Material 1. Provides brief descriptions of the modeled interactions: N. viridula – T. giacomellii and N. viridula – T. basalis and the corresponding Tables (2 Tables) with the equations and parametrized coefficients.
The N. viridula – T. giacomellii basic model

As the N. viridula – T. giacomellii interaction model was described in detail in Liljesthröm & Rabinovich (2004), below we only describe the modeling approach used for the interaction between T. basalis and N. viridula. Like in most theoretical models of host– parasitoid interaction we assumed that the T. giacomellii population rate of increase (its numerical response) is a linear function of the number of parasitized hosts (the functional response times the parasitoid density) and pre-adult parasitoid survivorship (Hassell, 2000).
In the model the eggs of N. viridula develop in two weeks in spring (first eigth weeks) and thereafter in one week (the remaining 18 weeks of the activiy period). The firt three nymphal instars lasts two weeks, the 4th instar lasts one week, the 5th instar lasts two weeks, and maximum adult longevity attains 24 weeks (Liljesthröm & Rabinovich 2004).The pre-reproductive adult period lasts two weeks and the mean number of eggs per adult female peaks in weeks five to nine of the adult stage (31.51 eggs/m-1/female-1, SD=5.02). 

The N. viridula – T. giacomellii sub-model calculates the weekly total number of eggs deposited by T. giacomellii on N. viridula, following a functional response regression equation fitted to field data (Table 1) which takes into account the total number of T. giacomellii adult females as well as the total number of N. viridula older nymphs and adults of both sexes healthy or previously parasitized, because the parasitoid does not discriminate between both types of hosts (Liljesthröm & Rabinovich 2004). The distribution of the eggs among hosts was described satisfactorily by a negative binomial distribution, with an aggregation parameter k= 0.8482 (Table 1).  Parasitized N. viridula adult females die two weeks later, however, if they are about to oviposit, parasitism does not negatively affect the size of the egg mass nor egg fertility (denominated by us as “Castration effect”). Consistent with theoretical models (May 1978) which showed that 0<k<1 is a stabilizing factor, the aggregated distribution of attacks was the dominant mechanism associated with the stability of the model, although there was some degree of interaction with the other two mechanisms: the castration effect and the differential selectivity for hosts (the scale of preference from lower to higher was: older nymps, adult females, adult males). However, neither of these two mechanisms was able to regulate the parasite–host populations in the absence of the aggregated distribution of attacks. The fully grown T. giacomelli larvae leave the host and pupate on the ground and pupal development time was expressed as a function of the mean weekly temperature (Table 1).
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Table 2. Field/laboratory parameter estimates (or their equations) for Trichopoda giacomellii.
	Parameter
	Symbol
	Value or equation
	Units
	Source

	T. giacomellii pupal survivorship  
	SPUPAN
	0.7015 

{1}
	Proportion


	Liljesthröm & Rabinovich 2004 

	T. giacomellii pupal survivorship  
	SPUPAD
	0.8538 

{2}
	Proportion


	Liljesthröm & Rabinovich 2004 

	T. giacomellii: egg and larval survivorship
	SPAR(8)
	0.6868
	Proportion


	Liljesthröm & Rabinovich 2004 

	Coefficient of aggregation of the distribution of attacks of 

T. giacomellii among hosts
	k
	0.8482

{3}
	Constant
	Liljesthröm & Rabinovich 2004

	Density of 

N. viridula expressed in terms of adults
	TOTAL
	Adults+[0.176 · (4th + 5th instar nymphs)]

                               {4}
	Number per m²
	Liljesthröm & Rabinovich 2004

	Density of 

T. giacomellii adult females 
	PA
	(t=8,  9 AP(t)   

	Number per m²
	Liljesthröm & Rabinovich 2004

	Density of 

T. giacomellii eggs on older nymphs and adults of 

N. viridula 
	PAREGG
	[4.177·Ln(TOTAL)+ 7.9701]·PA


	Number per m²
	Liljesthröm & Rabinovich 2004

	Post-hibernating adults of N.viridula parasitized by 

T. giacomellii
	PROPAD
	0.2522
	Proportion


	Liljesthröm & Rabinovich 2004 

	T. giacomellii pupal development
	TADESPU
	0.02961 · (0.938 · Temp(t) - 8.73)
	Rate (per week)
	Liljesthröm & Rabinovich 2004


{1} Represents the survival of T. giacomellii pupae that come from parasitized older nymphs of N. viridula. 

{2} Represents the survival of T. giacomellii pupae that come from parasitized adults of N. viridula. 

{3} The coefficient of aggregation of the negative binomial distribution that best fitted the observed number of T. giacomellii eggs per host. 

{4} Due to the marked different preference for parasitization between older nymphs and adults of N. viridula exhibited by T. giacomellii, total host density was expresse din terms of “adult host equivalent”. In this way, one old nymph only represente 0.176 adults. 

________________________________________________________________________________

The N. viridula – T. basalis sub-model

In the N. viridula – T. basalis  submodel the interaction among female parasitoids affects the functional response due to mutual interference among parasitoids, as well as the progeny sex allocation which directly affects the numerical response (Fox et al., 1990; Liljesthröm et al 2014). 

The N. viridula – T. basalis sub-model calculates the proportion of N. viridula eggs that survives parasitisim by T. basalis during the tth time interval, PH(t), following the Hassell-Varley (1969) model: PH(t)= 1-EXP[-QP(t)f (1-m)], where  Q represents the weekly attack rate estimated from the field, m the mutual interference coefficient among parasitoids,  P(t) the density of T. basalis adults in the t-th week, and f the proportion of them that are females.

The mutual interference coefficient among parasitoids, m, was estimated as the linear regression equation between ln(a(t)) as the dependent variable on ln(P(t)) as the independent one allows calculating of the weekly attack rate without interference, Q, that corresponds to one parasitoid per unit area: Q=eb, where b represents the intercept of the linear regression equation (Hassell & Varley, 1969).

The weekly attack rate in the field a(t) during the t-th interval was estimated starting with the random parasitism model of Royama (1971) (for more details see Liljesthröm et al 2014). The mutual interference coefficient among parasitoids, m, was estimated as the linear regression equation between ln(a(t)) as the dependent variable, on ln(P(t)) as the independent one. It allows calculating the weekly attack rate without interference, Q, that corresponds to one parasitoid per unit area: Q=eb, where b represents the intercept of the linear regression equation (Hassell & Varley, 1969) (for more details see Liljesthröm et al 2014).

The pre-imaginal development time of T. basalis as a function of the mean weekly temperature, D(t), was calculated as: D(t)=RV[Temp(t)-U], where V is the slope of the linear relationship between the rate of development for constant temperature, expressed in units of degree-1week-1, R represents the mean weekly pre-adult developmental rate at a given temperature, Temp(t), the mean field temperature in the study area during the tth interval, and U represents the threshold temperature for development (pre-adult development time is zero below the threshold temperature). The values of V were estimated as the inverse of the duration of the parasitoid’s pre-adult development, obtained from La Porta & Crouzel (1984), Corrêa-Ferreira & Moscardi (1995), and Catalán & Verdú Gallardo (2005). Development time was accumulated until the pre-adult development time (i.e., 2 weeks) was completed, and the emergence of the new adult parasitoids of age j=1, was assigned t weeks later if D(t)=1, or if  D(t)<1 and 1-D(t)<D(t+1). The pre-imaginal parasitoid survival and the change in sex ratio as a function of T. basalis density described the numerical response of the parasitoid (Table 2). Trissolcus basalis adult weekly survivorship, l(x), as a function of age x (expressed in weeks) was calculated using the Gompertz model: l(x)= e(a/b) [1- e(bx) ], and then converted to a p(x) distribution (probability of being alive at age x), as p(x)=l(x) / l(x-1) (data from Jones & Westcott (2002) and the temperature in our study corresponded approximately to their winter temperature). The N. viridula eggs last approximately one week, but the T. basalis adults live longer and different T. basalis cohorts accumulate in successive weeks. For each week of the simulation we calculated the ratio: (egg(t)/75.4 )/Tb(t), where 75.4 represents the mean number of eggs per egg mass, and egg(t)/75.4  represents the density of N. viridula egg masses per square meter, and Tb(t) the density of T. basalis adults per square meter. If (egg(t)/75.4)/Tb(t))=0, no T. basalis adult could oviposits and their survivorship is entirely described by: l(x) and then converted to p(x). 

In contrast, if (egg(t)/75.4)/Tb(t))≥1 there is one or more egg masses per parasitoid which will lay all their egg complement and oviposition reduces T. basalis adult survivorship (Powell & Shepard 1982). In other cases, where (egg(t)/75.4)/Tb(t)>0 parasitoid survivorship will also be lower than l(x) and described by the factor:  l(x)·(1-[(egg(t)/75.4)/Tb(t)]) and then converted to p(x) (see Liljesthröm et al 2014 for more details).
____________________________________________________________________________

Table 2. Field/laboratory parameter estimates (or their equations) for Trissolcus basalis
	Parameter
	Symbol
	Value or equation
	Units
	Source

	Post-hibernating T. basalis adults in the 1st week
	AV6
	0.0321
	Number per m²
	This work

	Post-hibernating T. basalis adults in the 2nd week
	AV2A


	0.0072
	Number per m²
	This work

	Post-hibernating T. basalis adults in the 3rd week
	AV3A
	0.0075
	Number per m²
	This work

	T. basalis  adult density in the t-th week
	P(t)
	(t=1,  32 P(t)   
{1}
	Number per m²
	This work

	T. basalis adult sex ratio in the t-th week
	PPH(t)
	PPH = -0.0111(t) + 1.0401                                       {2}  
	Proportion


	Liljesthröm et al 2013 

	T. basalis  adult feales density
	P(t)f
	P*PPH
	Number per m²
	This work

	Area of discovery 
	a
	a=(1.097+0.767)/2=0.932

{3}

1.143
	m² P-1 week-1
	Liljesthröm et al 2013

This work

	Mutual interference constant
	m
	m=(0.563+0.586)/2=0.5745

{5}

0.5911
	Constant
	Liljesthröm et al 2013

This work

	Preimaginal survivorship of

T. basalis
	SUPITB
	0.5662


	   Proportion 
	Liljesthröm et al 2013 

	T. basalis preimaginal development
	TASDEAV
	0.0399 (T(t) –10.982)   

{5}

	Rate (per week)
	This work and data from:

1- Correa-Ferreira & Moscardi 1994

2- La Porta & Crouzel 1994 

3- Weber et al 1995

4- Catalán Verdu 2005

	Weekly T. basalis adult survivorship:

Gompertz-Makeham

model
	SAV2
	EXP((/B)*(1-exp(-B*t))
	Proportion (week-1) 
	Data by Jones & Westcot (2002) fittied by the

Gompertz-Makeham model

	Coefficient of the

Gompertz-Makeham

model 
	(
	0.0098

{6}  
	     Constant    
	This work

	Coefficient of the

Gompertz-Makeham

model
	B
	0.5666

{7}  
	Constant    
	This work


{1} The summation extends from all ages (in weeks) of  the maximum lifespan registered in the laboratory by (acá va la referencia de los Hawaiianos)

{2} The equation represents the proportion of adult females as a function of weeks (t),  and PPH changes along the activity period. 

{3} Total area searched per parasitoids per week, calculated minimizing SSQ.

{4} Area of discovery (i.e., the “Quest constant “ when P=1 (Hassell & Varley, 1969)), calculated minimizing SSQ.

{5} Preimaginal development was calculated as Pd(t) = ((S(T(t) – Th)(, where S and Th represent weekly preimaginal development at a given temperature (mean value for both sexes from published data, see references), T(t) is the mean weekly temperature registered by Facultad de Ciencias Astronómicas y Observatorio (UNLP). and Th  is the threshold temperature calculated by regression: T(H)=10.98 C°. Development was accumulated until the preimaginal stages were completed: the emergence of the new adult parasitoids was assigned in week t if Pd(t) =1, or if 1-Pd(t) < Pd(t+1). 

{6} Constant (Gompertz-Makeham model) calculated minimizing SSQ.

{7} Constant (Gompertz-Makeham model) calculated minimizing SSQ.
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