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1Sterile Insect Technique (SIT)

Edward F. Knipling
American entomologist

• Alternative technique to pesticides,  specific to the targeted pest (autocide)

• Technique emerged in the 1930s-1950s (Dyck et al. 2021)
• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)
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Edward F. Knipling
American entomologist

First major success

Screw-worm fly
Cochliomyia hominivorax

➤ heavy losses in the 
livestock sector

• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)
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1Sterile Insect Technique (SIT)

Edward F. Knipling
American entomologist

First major success

Screw-worm fly
Cochliomyia hominivorax

➤ heavy losses in the 
livestock sector

Mediterranean fruit fly
Ceratitis capitata

➤ dreaded in world 
agriculture

Tiger mosquito
Aedes albopictus

➤ disease vector (dengue 
fever, malaria, Zika)

• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)

• Alternative technique to pesticides,  specific to the targeted pest (autocide)

• Technique emerged in the 1930s-1950s (Dyck et al. 2021)
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PRODUCTION

Mass-rearing of 
targeted insects

Sterile Insect Technique (SIT)

• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)

• Alternative technique to pesticides,  specific to the targeted pest (autocide)

• Technique emerged in the 1930s-1950s (Dyck et al. 2021)
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PRODUCTION SEXING 

Mass-rearing of 
targeted insects

Separation to 
keep only 

males

Sterile Insect Technique (SIT)

• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)

• Alternative technique to pesticides,  specific to the targeted pest (autocide)

• Technique emerged in the 1930s-1950s (Dyck et al. 2021)
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PRODUCTION SEXING STERILIZATION 

Mass-rearing of 
targeted insects

Separation to 
keep only 

males

Exposure to ionizing 
radiation

Sterile Insect Technique (SIT)

• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)

• Alternative technique to pesticides,  specific to the targeted pest (autocide)

• Technique emerged in the 1930s-1950s (Dyck et al. 2021)
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PRODUCTION SEXING STERILIZATION MASS RELEASES

Mass-rearing of 
targeted insects

Separation to 
keep only 

males

Exposure to ionizing 
radiation

Sterile Insect Technique (SIT)

• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)

• Alternative technique to pesticides,  specific to the targeted pest (autocide)

• Technique emerged in the 1930s-1950s (Dyck et al. 2021)
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PRODUCTION SEXING STERILIZATION MASS RELEASES DILUTION OF WILD POPULATIONS
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Sterile Insect Technique (SIT)

• Concept: release sterile males into the wild to disrupt the insects' reproductive cycle (↘ the number of offspring)

• Alternative technique to pesticides,  specific to the targeted pest (autocide)

• Technique emerged in the 1930s-1950s (Dyck et al. 2021)
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Sterile matings

Fertile matings

➮ No offspring

➮ Offspring
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3Several factors can interfere with SIT effectiveness:

• Residual fertility (RF): imperfect sterilization
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How low residual fertility rate should be to ensure pest control?• Residual fertility (RF): imperfect sterilization
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How low residual fertility rate should be to ensure pest control?• Residual fertility (RF): imperfect sterilization

• Multiple matings (MM): females mate and re-mate
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Are multiple matings incompatible with SIT?

How low residual fertility rate should be to ensure pest control?• Residual fertility (RF): imperfect sterilization
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Ceratitis capitata

Drosophila suzukii

Losses up to 100% of the production (Jerraya 2003; Ryckewaert et al. 2010, Mazzi et al. 2017)
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Ceratitis capitata

Drosophila suzukii

Highly polyphagous (Green et al. 2019)

Losses up to 100% of the production (Jerraya 2003; Ryckewaert et al. 2010, Mazzi et al. 2017)
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Ceratitis capitata

Drosophila suzukii

Ground

Air 

Life 
cycle

Wild♂

Wild♀

Damage arise from:  
oviposition wounds 

internal larval feeding 
pathogens

Highly polyphagous (Green et al. 2019)

Losses up to 100% of the production (Jerraya 2003; Ryckewaert et al. 2010, Mazzi et al. 2017)
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Radiation

➡ Trade-off

Sterility Competitiveness

(Bakri et al, 2005)

(Parker et Mehta, 2007)

If high doses: loss of 
attractiveness

• An irradiation dose inducing 100% sterility is rarely used in SIT programs                          
(Robinson. 2005, Bakri and Mehta. 2005)
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Mortality

Mortality

Mortality

Wild females

Wild males

Sterilized males

Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.

282
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3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297

11



6
CO

NT
EX

T
CH

AL
LE

NG
ES

RF
MM

DI
SC

US
SIO

N (1) Residual fertility: imperfect sterilization How low residual fertility rate should be to ensure pest control?

Mortality Offspring

Mortality

Mortality Sterile male releases

Offspring

Wild females

Wild males

Sterilized males

• No residual fertility (𝞭 = 0, 𝜖 = 0)

Residual fertility study:
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identical to that of females up to the proportion of male o↵spring (complementary to that of female97

o↵spring) and a proportion of released males. Indeed, we assumed that the proportion � of males among98

� releases, that have been irradiated but remain fertile, directly contributes to the wild male population.99

We considered that wild individuals have a lower mortality rate than sterilized ones: µM  µS . Hence,100

fitness costs are expressed both in higher mortality and lower attractiveness.101

We assumed that the proportion of successful matings X(S,M, ✏) depends on both the density of102

fertile males and the density of attractive males. Fertile males correspond to wild males and a proportion103

✏ of irradiated males. Attractive males correspond to wild and irradiated males, with a potential decrease104

in attractiveness linked to the ⌘ parameter for irradiated males. This corresponds to the biological105

characteristics of the species C. capitata, whose males aggregate and form leks in order to attract females106

for mating (Prokopy and Hendrichs, 1979). Thus, attractive males must be numerous enough to attract107

females. By being numerous and attractive, e↵ectively sterilized males can cause a strong dilution e↵ect,108

drastically reducing the number of successful matings. These biological hypotheses on the proportion of109

successful matings can be summarized as follows:110

• 0  X(S,M, ✏)  1111

• X(0, 0, ✏) = 0112

• X(S,M, ✏) is increasing in M , concave in M and such that lim
M!+1

X(S,M, ✏) = 1113

The first point signifies that X is a proportion, the second one that in the absence of males, no repro-114

duction can take place, and the third one that the more wild males there are, the more reproduction115

succeeds. As an example, the proportion of successful matings can be expressed as the following function:116

X(S,M, ✏) =
M + ✏⌘S

k +M + ⌘S
. (2)

where k > 0 is a constant representing the cost of being too few males and ⌘ represents the attractiveness117

of sterilized males. Non-zero k accounts for reduced mating at small male density linked to the associated118

di�culty of forming leks for C. capitata. In addition, we hypothesized that irradiated males su↵er from119

a lack of attractiveness ⌘ 2 [0, 1].120

The competition function C(F ) is a non-negative decreasing function. This feature corresponds to121

the competition among C. capitata females for oviposition (access to egg-laying sites) and thus a↵ects the122

emergence rate (Papadopoulos et al., 2009). Possible forms for C(F ) include: 1
1+�F which is a Beverton123

and Holt-like function, e��F which is a Ricker-like function and 1� F
K which is a logistic-like competition124

function, where � represents the competition strength and K the biotic capacity (Hastings and Gross,125

2012). All these functions have the following characteristics:126

• C(0) = 1 and C(F ) is a decreasing function127

• 1/C(F ) is convex128

Among such functions, we will focus on the following explicit form:129

C(F ) =
1

1 + �F
. (3)

where � represents the competition strength among females. In the model, in all cases 1/C(F ) is strictly130

convex or X(S,M, ✏) is strictly concave in M , or both.131

To determine the general model equilibria and their stability in sections 2.2.1 to 2.2.3, we considered132

X(S,M, ✏) and C(F ) satisfying the above hypotheses. For the residual fertility sub-models in section 2.1.2133

and the bifurcation analysis in section 2.2.4, we chose X and C as in (2) and (3) respectively.134

2.1.2 Residual fertility sub-models135

In order to study the impact of residual fertility, i.e. the proportion of non-sterile irradiated males136

released, associated or not with fitness costs, we considered three cases extracted from general model (1).137

Firstly, the case where � = ✏ = 0 corresponds to a basic situation with no residual fertility. The138

explicit form of this sub-model called “Perfect sterilization” is as follows:139
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Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.
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diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287
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Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
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For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296
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identical to that of females up to the proportion of male o↵spring (complementary to that of female97

o↵spring) and a proportion of released males. Indeed, we assumed that the proportion � of males among98

� releases, that have been irradiated but remain fertile, directly contributes to the wild male population.99

We considered that wild individuals have a lower mortality rate than sterilized ones: µM  µS . Hence,100

fitness costs are expressed both in higher mortality and lower attractiveness.101

We assumed that the proportion of successful matings X(S,M, ✏) depends on both the density of102
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✏ of irradiated males. Attractive males correspond to wild and irradiated males, with a potential decrease104

in attractiveness linked to the ⌘ parameter for irradiated males. This corresponds to the biological105
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for mating (Prokopy and Hendrichs, 1979). Thus, attractive males must be numerous enough to attract107

females. By being numerous and attractive, e↵ectively sterilized males can cause a strong dilution e↵ect,108

drastically reducing the number of successful matings. These biological hypotheses on the proportion of109

successful matings can be summarized as follows:110

• 0  X(S,M, ✏)  1111

• X(0, 0, ✏) = 0112

• X(S,M, ✏) is increasing in M , concave in M and such that lim
M!+1

X(S,M, ✏) = 1113

The first point signifies that X is a proportion, the second one that in the absence of males, no repro-114

duction can take place, and the third one that the more wild males there are, the more reproduction115

succeeds. As an example, the proportion of successful matings can be expressed as the following function:116

X(S,M, ✏) =
M + ✏⌘S

k +M + ⌘S
. (2)

where k > 0 is a constant representing the cost of being too few males and ⌘ represents the attractiveness117

of sterilized males. Non-zero k accounts for reduced mating at small male density linked to the associated118

di�culty of forming leks for C. capitata. In addition, we hypothesized that irradiated males su↵er from119

a lack of attractiveness ⌘ 2 [0, 1].120

The competition function C(F ) is a non-negative decreasing function. This feature corresponds to121

the competition among C. capitata females for oviposition (access to egg-laying sites) and thus a↵ects the122

emergence rate (Papadopoulos et al., 2009). Possible forms for C(F ) include: 1
1+�F which is a Beverton123

and Holt-like function, e��F which is a Ricker-like function and 1� F
K which is a logistic-like competition124

function, where � represents the competition strength and K the biotic capacity (Hastings and Gross,125

2012). All these functions have the following characteristics:126

• C(0) = 1 and C(F ) is a decreasing function127

• 1/C(F ) is convex128

Among such functions, we will focus on the following explicit form:129

C(F ) =
1

1 + �F
. (3)

where � represents the competition strength among females. In the model, in all cases 1/C(F ) is strictly130

convex or X(S,M, ✏) is strictly concave in M , or both.131

To determine the general model equilibria and their stability in sections 2.2.1 to 2.2.3, we considered132

X(S,M, ✏) and C(F ) satisfying the above hypotheses. For the residual fertility sub-models in section 2.1.2133

and the bifurcation analysis in section 2.2.4, we chose X and C as in (2) and (3) respectively.134
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released, associated or not with fitness costs, we considered three cases extracted from general model (1).137

Firstly, the case where � = ✏ = 0 corresponds to a basic situation with no residual fertility. The138

explicit form of this sub-model called “Perfect sterilization” is as follows:139
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2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
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for mating (Prokopy and Hendrichs, 1979). Thus, attractive males must be numerous enough to attract107
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• 0  X(S,M, ✏)  1111

• X(0, 0, ✏) = 0112
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succeeds. As an example, the proportion of successful matings can be expressed as the following function:116
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where k > 0 is a constant representing the cost of being too few males and ⌘ represents the attractiveness117

of sterilized males. Non-zero k accounts for reduced mating at small male density linked to the associated118

di�culty of forming leks for C. capitata. In addition, we hypothesized that irradiated males su↵er from119

a lack of attractiveness ⌘ 2 [0, 1].120

The competition function C(F ) is a non-negative decreasing function. This feature corresponds to121

the competition among C. capitata females for oviposition (access to egg-laying sites) and thus a↵ects the122

emergence rate (Papadopoulos et al., 2009). Possible forms for C(F ) include: 1
1+�F which is a Beverton123

and Holt-like function, e��F which is a Ricker-like function and 1� F
K which is a logistic-like competition124

function, where � represents the competition strength and K the biotic capacity (Hastings and Gross,125

2012). All these functions have the following characteristics:126

• C(0) = 1 and C(F ) is a decreasing function127

• 1/C(F ) is convex128

Among such functions, we will focus on the following explicit form:129

C(F ) =
1

1 + �F
. (3)

where � represents the competition strength among females. In the model, in all cases 1/C(F ) is strictly130

convex or X(S,M, ✏) is strictly concave in M , or both.131

To determine the general model equilibria and their stability in sections 2.2.1 to 2.2.3, we considered132
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2.1.2 Residual fertility sub-models135

In order to study the impact of residual fertility, i.e. the proportion of non-sterile irradiated males136

released, associated or not with fitness costs, we considered three cases extracted from general model (1).137

Firstly, the case where � = ✏ = 0 corresponds to a basic situation with no residual fertility. The138

explicit form of this sub-model called “Perfect sterilization” is as follows:139
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Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.
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duction can take place, and the third one that the more wild males there are, the more reproduction115
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M + ✏⌘S

k +M + ⌘S
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where k > 0 is a constant representing the cost of being too few males and ⌘ represents the attractiveness117

of sterilized males. Non-zero k accounts for reduced mating at small male density linked to the associated118

di�culty of forming leks for C. capitata. In addition, we hypothesized that irradiated males su↵er from119

a lack of attractiveness ⌘ 2 [0, 1].120

The competition function C(F ) is a non-negative decreasing function. This feature corresponds to121
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Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).
Sex ratio is deduced from Juan-Blasco et al. (2013).
Emergence rate is calculated from Pieterse et al. (2020).
Arbitrary values.
Detailed calculations in Appendix E.
Studied values.

3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297
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identical to that of females up to the proportion of male o↵spring (complementary to that of female97

o↵spring) and a proportion of released males. Indeed, we assumed that the proportion � of males among98

� releases, that have been irradiated but remain fertile, directly contributes to the wild male population.99

We considered that wild individuals have a lower mortality rate than sterilized ones: µM  µS . Hence,100

fitness costs are expressed both in higher mortality and lower attractiveness.101

We assumed that the proportion of successful matings X(S,M, ✏) depends on both the density of102

fertile males and the density of attractive males. Fertile males correspond to wild males and a proportion103

✏ of irradiated males. Attractive males correspond to wild and irradiated males, with a potential decrease104

in attractiveness linked to the ⌘ parameter for irradiated males. This corresponds to the biological105

characteristics of the species C. capitata, whose males aggregate and form leks in order to attract females106

for mating (Prokopy and Hendrichs, 1979). Thus, attractive males must be numerous enough to attract107

females. By being numerous and attractive, e↵ectively sterilized males can cause a strong dilution e↵ect,108

drastically reducing the number of successful matings. These biological hypotheses on the proportion of109

successful matings can be summarized as follows:110

• 0  X(S,M, ✏)  1111

• X(0, 0, ✏) = 0112

• X(S,M, ✏) is increasing in M , concave in M and such that lim
M!+1

X(S,M, ✏) = 1113

The first point signifies that X is a proportion, the second one that in the absence of males, no repro-114

duction can take place, and the third one that the more wild males there are, the more reproduction115

succeeds. As an example, the proportion of successful matings can be expressed as the following function:116

X(S,M, ✏) =
M + ✏⌘S

k +M + ⌘S
. (2)

where k > 0 is a constant representing the cost of being too few males and ⌘ represents the attractiveness117

of sterilized males. Non-zero k accounts for reduced mating at small male density linked to the associated118

di�culty of forming leks for C. capitata. In addition, we hypothesized that irradiated males su↵er from119

a lack of attractiveness ⌘ 2 [0, 1].120

The competition function C(F ) is a non-negative decreasing function. This feature corresponds to121

the competition among C. capitata females for oviposition (access to egg-laying sites) and thus a↵ects the122

emergence rate (Papadopoulos et al., 2009). Possible forms for C(F ) include: 1
1+�F which is a Beverton123

and Holt-like function, e��F which is a Ricker-like function and 1� F
K which is a logistic-like competition124

function, where � represents the competition strength and K the biotic capacity (Hastings and Gross,125

2012). All these functions have the following characteristics:126

• C(0) = 1 and C(F ) is a decreasing function127

• 1/C(F ) is convex128

Among such functions, we will focus on the following explicit form:129

C(F ) =
1

1 + �F
. (3)

where � represents the competition strength among females. In the model, in all cases 1/C(F ) is strictly130

convex or X(S,M, ✏) is strictly concave in M , or both.131

To determine the general model equilibria and their stability in sections 2.2.1 to 2.2.3, we considered132

X(S,M, ✏) and C(F ) satisfying the above hypotheses. For the residual fertility sub-models in section 2.1.2133

and the bifurcation analysis in section 2.2.4, we chose X and C as in (2) and (3) respectively.134

2.1.2 Residual fertility sub-models135

In order to study the impact of residual fertility, i.e. the proportion of non-sterile irradiated males136

released, associated or not with fitness costs, we considered three cases extracted from general model (1).137

Firstly, the case where � = ✏ = 0 corresponds to a basic situation with no residual fertility. The138

explicit form of this sub-model called “Perfect sterilization” is as follows:139

4
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Sterilized male release rate σ

La
rv

ae
 L

⌫(1 � p)�!�(µF + ⌧I)

K⌘(µF + ⌧F )(µL + ⌫)[⌧I� � (µF + ⌧I)(µF + �)]
L2 +

[(µF + �)(µF + ⌧F )(µL + ⌫) � ⌧F (µL + ⌫)� � ⌫(1 � p)�!](µF + ⌧I)�

⌘(µF + ⌧F )(µL + ⌫)[⌧I� � (µF + �)(µF + ⌧I)]
L = S,

�!�⌫(1 � p)�(µF + ⌧I)

K⌘µF (µF + ⌧F )(µL + ⌫)(µF + � + ⌧I)
L2 +

[(µF + �)(µF + ⌧F )(µL + ⌫) � ⌧F (µL + ⌫)� � ⌫(1 � p)�!](µF + ⌧I)�

�⌘µF (µF + ⌧F )(µL + ⌫)(µF + � + ⌧I)
L = S,

�!�⌫(1 � p)�(µF + ⌧I)

K⌘µF (µF + ⌧F )(µL + ⌫)(µF + � + ⌧I)
L2 +

[�(µF + �)(µF + ⌧F )(µL + ⌫) + ⌧F (µL + ⌫)� + ⌫(1 � p)�!](µF + ⌧I)�

⌘µF (µF + ⌧F )(µL + ⌫)(µF + � + ⌧I)
L = S,

�!�⌫(1 � p)�(µF + ⌧I)

K⌘µF (µF + ⌧F )(µL + ⌫)(µF + � + ⌧I)
L2 +

(R0 � 1)(µF + ⌧I)(µF + �)�

⌘µF (µF + � + ⌧I)
L = S,

� !�⌫�(1� p)(µF + ⌧I)

K⌘µF (µF + ⌧F )(µL + ⌫)(µF + �+ ⌧I)
L2 +

�(µF + ⌧I)(µF + �)(R0 � 1)

⌘µF (µF + �+ ⌧I)
L = S (15)

K(R0 � 1)(µF + �)(µL + ⌫)(µF + ⌧F )

!�⌫(1� p)

K(R0 � 1)(µF + �)(µL + ⌫)(µF + ⌧F )

2!�⌫(1� p)

K�(R0 � 1)2(µF + �)2(µF + ⌧I)(µF + ⌧F )(µL + ⌫)

4⌘µF!�⌫(1� p)(µF + �+ ⌧I)

3.2.2 Local stability of equilibria

We consider the Jacobian matrix of the (L,M,FU , FI , FF ) subsystem at S = S⇤ of general model (5):

J =

0

BBBBB@

�(µL + ⌫)� !
KFF 0 0 0 !(1� L

K )
⌫p �µM 0 0 0

⌫(1� p) 0 �(µF + �) ⌧I ⌧F
0 � �⌘S

(M+⌘S)2FU
�⌘S

(M+⌘S) �(µF + ⌧I) 0

0 �⌘S
(M+⌘S)2FU

�M
(M+⌘S) 0 �(µF + ⌧F )

1

CCCCCA

Pest-free equilibrium For the pest-free equilibrium E⇤
0 , we obtain the following Jacobian matrix:

J(E⇤
0 ) =

0

BBBB@

�(µL + ⌫) 0 0 0 !
⌫p �µM 0 0 0

⌫(1� p) 0 �(µF + �) ⌧I ⌧F
0 0 � �(µF + ⌧I) 0
0 0 0 0 �(µF + ⌧F )

1

CCCCA

The last row has many zeros so we can study the following reduced matrix which contains the four first lines
and columns:

J(E⇤
0 ) =

0

BB@

�(µL + ⌫) 0 0 0
⌫p �µM 0 0

⌫(1� p) 0 �(µF + �) ⌧I
0 0 � �(µF + ⌧I)

1

CCA

This matrix is Metzler, because all the o↵-diagonal components are nonnegative. J(E⇤
0 ) can be broken

down into blocks as follows: A =

✓
�(µL + ⌫) 0

⌫p �µM

◆
, B =

✓
0 0
0 0

◆
, C =

✓
⌫(1� p) 0

0 0

◆
and D =

✓
�(µF + �) ⌧I

� �(µF + ⌧I)

◆
. J(E⇤

0 ) is Metzler stable if and only if A and D � CA�1B are Metzler stable.

Obviously, A is Metzler stable. For D � CA�1B, we need to check.

D � CA�1B =

✓
�(µF + �) ⌧I

� �(µF + ⌧I)

◆
�
✓
⌫(1� p) 0

0 0

◆ � 1
(µL+⌫) 0

� ⌫p
µM (µL+⌫) � 1

µM

!✓
0 0
0 0

◆

D � CA�1B = D

8

X

X

X

E0* 

E1* 

E2* 

E0* 
X

When σ > tipping point: pest-free equilibrium E0* is LAS
When σ < tipping point: convergence towards E0* or E2*

Tipping point
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Fig. 5 Stability zones as functions of residual fertility � or ✏ and the release rate �, for A: cost-free

fertility model (5) and B: costly residual fertility model (6). The lower figures correspond to zooms of

the upper figures to show the tiny pink area corresponding to Shape B0
. Three zones are defined by

the black curve: the bistability zone, both the pest-free and the infestation equilibria are stable; in the

other zones, only one of the two is stable. The colored areas are associated with the di↵erent shapes

of bifurcation diagrams depicted in Fig. 3. The scale used does not allow shape D0
to be visualized.

and for costly sub-model (6):450

✏ <
1

RF
= 0.004. (15)

451

✏ =
1

RF

This last result generalizes the condition obtained by ? for k = 0.452

Both thresholds are very small (less than 0.5%) and arguably hardly achievable in453

practice. Therefore, a more realistic goal would be to drastically reduce the population454

and not aim for eradication.455

Residual fertility thresholds to control the population456

When eradication is not possible regardless of the release rate, the population reduc-457

tion must be significant for the technique to be considered e↵ective. It corresponds to458

shape C
0 (Fig. 3), in which the infestation equilibrium decreases towards the asymp-459

tote F
⇤
� when the release rate increases. Thus, the maximum residual fertility rate460

allowing a (1� q) reduction of the female population density compared to the � = 0461

case is determined by solving:462

F
⇤
� = qF

⇤
B , (16)

For instance, a 90% population reduction corresponds to q = 0.1.463
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Polyandry is not inherently incompatible with SIT (Knipling, 1959a,b; von Borstel and Knipling, 1960; Dyck et al., 2021). 
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➮ However, 
• Female re-mating rates and sperm selection 

mechanisms could significantly influence SIT 
efficiency                                                                  
(Pérez-Staples et al, 2013; Vreysen et al, 2007).
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Fig. 1. Effect of gamma irradiation (dose of
120 Gy) at the pupal stage of males
Drosophila suzukii on sperm storage in the
reproductive organs of females (mean ±
SD). No statistical significance was observed
with a generalised linear model (P> 0.05).

Fig. 2. Effect of gamma irradiation (dose of
120 Gy) at the pupal stage on males
Drosophila suzukii time budget (mean ± stan-
dard deviation) when irradiated males were
in competition with nonirradiated males.
No statistical significance was observed with
Kruskal–Wallis tests (P> 0.05).

Fig. 3. Effect of gamma irradiation (dose of 120 Gy) at the pupal stage on Drosophila suzukii female remating propensity
(mean ± standard deviation). A, If her first mate has been irradiated; B, if the second male presented to her has been
irradiated. No statistical significance was observed with a generalised linear model (P> 0.05).

6 Lanouette et al.

/$��$$!#��DDD 1/�0"�253  "5�1 "3�$3"�# ��$$!#��2 �  "5��� 	����$13 ���� ��
, D�: /232�4" ���$$!#��DDD 1/�0"�253  "5�1 "3 �.!!#/:/�.��C3"#�$3$#0�0:� $39�� ������%�������/$��

�����#%0831$�$ �$�3��/�0"�253�� "3�$3"�#� 4�%#3��/C/�:/0:3

Polyandry is not inherently incompatible with SIT (Knipling, 1959a,b; von Borstel and Knipling, 1960; Dyck et al., 2021). 
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mechanisms could significantly influence SIT 
efficiency                                                                  
(Pérez-Staples et al, 2013; Vreysen et al, 2007).
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control

➮ 6 stages:

larvae L
unmated females FU

fertilized females FF

infertile females FI

males M
sterilized males S

Are multiple matings incompatible with SIT?
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control

Are multiple matings incompatible with SIT?

Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.

282

Model parameters.283

Parameters Descriptions Values & [Range] Units

µx Mortality rate 0.050 [0.018 - 0.083] day�1

p Sex ratio 0.500 [0.450 - 0.550] -
r Emergence rate 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost 0.8 [0 - 1] -
� Sterilized male release rate 250 [0.01 - 500] ind.ha�1.day�1

�, ✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases

284

ind.ha�1 corresponds to individuals per hectare.
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).
Sex ratio is deduced from Juan-Blasco et al. (2013).
Emergence rate is calculated from Pieterse et al. (2020).
Arbitrary values.
Detailed calculations in Appendix E.
Studied values.

3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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1 Introduction
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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! Egg-laying rate
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae
M Males
FU Unmated females
FF Fertilized females
FI Infertile females
S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [Range] Units

µL Larvae mortality rate (/time)
µF Female mortality rate (/time)
µM Male mortality rate (/time)
µS Sterilized male mortality rate (/time)
� Mating rate (/time)

1� ⌘ Sterilization cost
! Egg-laying rate
K Load-carrying capacity (ind.)
⌫ Larvae hatching rate (/time)
p Sex ratio p
� Sterilized male release rate (ind./time)
⌧F Re-mating rate of “fertilized” females
⌧I Re-mating rate of “sterilized” females
k Coupling half saturation constant (ind.)

2.1 Population dynamics model without control

2.1.1 Model with continuous mating
8
<

:

L̇ = !(1� L
K )min(MF , 1)�F � (µL + ⌫)L,

Ṁ = ⌫pL� µMM,
Ḟ = ⌫(1� p)L� µFF.

(1)

1

Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.
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Parameters Descriptions Values & [Range] Units

µx Mortality rate 0.050 [0.018 - 0.083] day�1

p Sex ratio 0.500 [0.450 - 0.550] -
r Emergence rate 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost 0.8 [0 - 1] -
� Sterilized male release rate 250 [0.01 - 500] ind.ha�1.day�1

�, ✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases

284

ind.ha�1 corresponds to individuals per hectare.
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).
Sex ratio is deduced from Juan-Blasco et al. (2013).
Emergence rate is calculated from Pieterse et al. (2020).
Arbitrary values.
Detailed calculations in Appendix E.
Studied values.

3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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! Egg-laying rate
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2.1.1 Model with continuous mating
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L̇ = !(1� L
K )min(MF , 1)�F � (µL + ⌫)L,

Ṁ = ⌫pL� µMM,
Ḟ = ⌫(1� p)L� µFF.
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1

Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.
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284

ind.ha�1 corresponds to individuals per hectare.
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).
Sex ratio is deduced from Juan-Blasco et al. (2013).
Emergence rate is calculated from Pieterse et al. (2020).
Arbitrary values.
Detailed calculations in Appendix E.
Studied values.

3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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1 Introduction
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control

female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

male re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

(6)

ysis

SIT without female re-mating capability

are the solutions of:

2

only a proportion of matings

provides egg-laying females

FF min(
F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile inse

In this part, to take into account the introduction of sterilized males, we introduce

Sterilized males may have their own dynamics, but above all they will disrupt the ma

females. All mated females, whether by sterilized males or not, leavethecompartment

(FU ), but only those fertilized by wild males contribute to the compartment of “fertili

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M d l l i

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL +

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )F

FF =
M

k+M + S
FU ( F + µF )F

S = µSS + .

3 M odel analysis

3 1 M odel with SIT without female re mating

(FU ), but only those fertilized by wild males contribute to t

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (

M = pL µM M ,

FU = (1 p)L (µ

FF =
M

k+M + S
FU

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )

M = pL µM M ,

FU = (1 p)L + F FF + I

FI =
S

k+M + S
FU ( I + µ

FF =
M

k+M + S
FU ( F + µ

S = µSS + .

3 M odel analysis

females. All mated females, whether by sterilized males or not, le

(FU ), but only those fertilized by wild males contribute to the co

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL +

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF F

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )FI

FF =
M

k+M + S
FU ( F + µF )F

S = µSS + .

3 M odel analysis

Sterilized males may have their own dynamics, but abo

females. All mated females, whether by sterilized males

(FU ), but only those fertilized by wild males contribute

2.2.1 M odel without female re-mating capabili

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)F

M = pL µM

FU = (1 p)L

FF =
M

k+M + S

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL

M = pL µM M ,

FU = (1 p)L + F FF

FI =
S

k+M + S
FU ( I

FF =
M

k+M + S
FU (

S = µSS + .

females. All mated females, whether by sterilized males or not, leavet

(FU ), but only those fertilized by wild males contribute to the compa

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L

M = pL µM M ,

FU = (1 p)L (µF + )FU

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1

M = pL

FU = (1

FF =
k+

S = µSS

2.2.2 M odel with female re-mating capabi

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF

M = pL µM M

FU = (1 p)L +

FI =
S

k+M + S
FU

FF =
M

k+M + S
FU

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female

3.1.1 Equilibria

>
>
<

>
>
:

(
K

) F (µL ) ,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

L

8

>
>
>
>
<

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

L,

>
>
:

p µM ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect t

In this part, to take into account the introduction of sterilized males, we introduce the

Sterilized males may have their own dynamics, but above all they will disrupt the mating d

females. All mated females, whether by sterilized males or not, leavethecompartment of “u

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized fe

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

F =
(1 p)

L

,

8

>
>
>
>
<

>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

L

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fema

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF )

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µF

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
(1 p)

µF (µF + )

M

k+M + S
L.

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3)

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8
(µ + )

8
(µ + )

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3)

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect tec

In this part, to take into account the introduction of sterilized males, we introduce the S

Sterilized males may have their own dynamics, but above all they will disrupt the mating dy

females. All mated females, whether by sterilized males or not, leavethecompartment of “unm

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized fem

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:

FF = min(
M

F U

,1)FU ( F + µF

2.2 Population dynamics model with control

In this part, to take into account the introduction of sterilize

Sterilized males may have their own dynamics, but above all th

females. All mated females, whether by sterilized males or not,

(FU ), but only those fertilized by wild males contribute to the c

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )F

FF =
M

k+M + S
FU ( F + µF )

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µF

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
!

M =
µ

FU =
(

FF =
µ

>
>
:

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

,

8

>
>
>
>
<

>
>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

2.2 Population dynamics model with control by the sterile insect techniqu

In this part, to take into account the introduction of sterilized males, we introduce the S compar

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fe

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

FF = min(
F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile i

In this part, to take into account the introduction of sterilized males, we introd

Sterilized males may have their own dynamics, but above all they will disrupt the

females. All mated females, whether by sterilized males or not, leavethecompartm

(FU ), but only those fertilized by wild males contribute to the compartment of “fe

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartmen

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wi

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect techniqu

In this part, to take into account the introduction of sterilized males, we introduce the S compar

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics o

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fe

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µ

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
(1 p)

µ (µ + )

M

k+M + S
L.

(6)

Chapitreth̀esere-mating

MarineCourtois

J anuary 2024

1 Introduction
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control

female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

male re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

(6)

ysis

SIT without female re-mating capability

are the solutions of:

2

only a proportion of matings

provides egg-laying females

FF min(
F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile inse

In this part, to take into account the introduction of sterilized males, we introduce

Sterilized males may have their own dynamics, but above all they will disrupt the ma

females. All mated females, whether by sterilized males or not, leavethecompartment

(FU ), but only those fertilized by wild males contribute to the compartment of “fertili

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M d l l i

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL +

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )F

FF =
M

k+M + S
FU ( F + µF )F

S = µSS + .

3 M odel analysis

3 1 M odel with SIT without female re mating

(FU ), but only those fertilized by wild males contribute to t

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (

M = pL µM M ,

FU = (1 p)L (µ

FF =
M

k+M + S
FU

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )

M = pL µM M ,

FU = (1 p)L + F FF + I

FI =
S

k+M + S
FU ( I + µ

FF =
M

k+M + S
FU ( F + µ

S = µSS + .

3 M odel analysis

females. All mated females, whether by sterilized males or not, le

(FU ), but only those fertilized by wild males contribute to the co

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL +

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF F

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )FI

FF =
M

k+M + S
FU ( F + µF )F

S = µSS + .

3 M odel analysis

Sterilized males may have their own dynamics, but abo

females. All mated females, whether by sterilized males

(FU ), but only those fertilized by wild males contribute

2.2.1 M odel without female re-mating capabili

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)F

M = pL µM

FU = (1 p)L

FF =
M

k+M + S

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL

M = pL µM M ,

FU = (1 p)L + F FF

FI =
S

k+M + S
FU ( I

FF =
M

k+M + S
FU (

S = µSS + .

females. All mated females, whether by sterilized males or not, leavet

(FU ), but only those fertilized by wild males contribute to the compa

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L

M = pL µM M ,

FU = (1 p)L (µF + )FU

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1

M = pL

FU = (1

FF =
k+

S = µSS

2.2.2 M odel with female re-mating capabi

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF

M = pL µM M

FU = (1 p)L +

FI =
S

k+M + S
FU

FF =
M

k+M + S
FU

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female

3.1.1 Equilibria

>
>
<

>
>
:

(
K

) F (µL ) ,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

L

8

>
>
>
>
<

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

L,

>
>
:

p µM ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect t

In this part, to take into account the introduction of sterilized males, we introduce the

Sterilized males may have their own dynamics, but above all they will disrupt the mating d

females. All mated females, whether by sterilized males or not, leavethecompartment of “u

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized fe

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

F =
(1 p)

L

,

8

>
>
>
>
<

>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

L

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fema

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF )

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µF

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
(1 p)

µF (µF + )

M

k+M + S
L.

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3)

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8
(µ + )

8
(µ + )

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3)

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect tec

In this part, to take into account the introduction of sterilized males, we introduce the S

Sterilized males may have their own dynamics, but above all they will disrupt the mating dy

females. All mated females, whether by sterilized males or not, leavethecompartment of “unm

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized fem

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:

FF = min(
M

F U

,1)FU ( F + µF

2.2 Population dynamics model with control

In this part, to take into account the introduction of sterilize

Sterilized males may have their own dynamics, but above all th

females. All mated females, whether by sterilized males or not,

(FU ), but only those fertilized by wild males contribute to the c

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )F

FF =
M

k+M + S
FU ( F + µF )

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µF

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
!

M =
µ

FU =
(

FF =
µ

>
>
:

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

,

8

>
>
>
>
<

>
>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

2.2 Population dynamics model with control by the sterile insect techniqu

In this part, to take into account the introduction of sterilized males, we introduce the S compar

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fe

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

FF = min(
F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile i

In this part, to take into account the introduction of sterilized males, we introd

Sterilized males may have their own dynamics, but above all they will disrupt the

females. All mated females, whether by sterilized males or not, leavethecompartm

(FU ), but only those fertilized by wild males contribute to the compartment of “fe

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartmen

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wi

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect techniqu

In this part, to take into account the introduction of sterilized males, we introduce the S compar

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics o

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fe

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µ

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
(1 p)

µ (µ + )

M

k+M + S
L.

(6)

Chapitreth̀esere-mating

MarineCourtois

J anuary 2024

1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 2: Model parameters

Parameters Descriptions Values & [Range] Units

µL Larvae mortality rate (/time)
µF Female mortality rate (/time)
µM Male mortality rate (/time)
µS Sterilized male mortality rate (/time)
� Mating rate (/time)

1� ⌘ Sterilization cost
! Egg-laying rate
K Load-carrying capacity (ind.)
⌫ Larvae hatching rate (/time)
p Sex ratio p
� Sterilized male release rate (ind./time)
⌧F Re-mating rate of “fertilized” females
⌧I Re-mating rate of “sterilized” females
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2.1 Population dynamics model without control

2.1.1 Model with continuous mating
8
<

:

L̇ = !(1� L
K )min(MF , 1)�F � (µL + ⌫)L,

Ṁ = ⌫pL� µMM,
Ḟ = ⌫(1� p)L� µFF.

(1)

1

Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units
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µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.
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ind.ha�1 corresponds to individuals per hectare.
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).
Sex ratio is deduced from Juan-Blasco et al. (2013).
Emergence rate is calculated from Pieterse et al. (2020).
Arbitrary values.
Detailed calculations in Appendix E.
Studied values.

3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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I Re-mating rate of ”sterilized” females
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Compartments Descriptions
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µL Larvae mortality rate (/time)
µF Female mortality rate (/time)
µM Male mortality rate (/time)
µS Sterilized male mortality rate (/time)
� Mating rate (/time)

1� ⌘ Sterilization cost
! Egg-laying rate
K Load-carrying capacity (ind.)
⌫ Larvae hatching rate (/time)
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� Sterilized male release rate (ind./time)
⌧F Re-mating rate of “fertilized” females
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2.1 Population dynamics model without control

2.1.1 Model with continuous mating
8
<

:

L̇ = !(1� L
K )min(MF , 1)�F � (µL + ⌫)L,

Ṁ = ⌫pL� µMM,
Ḟ = ⌫(1� p)L� µFF.

(1)

1

Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.
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Parameters Descriptions Values & [Range] Units

µx Mortality rate 0.050 [0.018 - 0.083] day�1

p Sex ratio 0.500 [0.450 - 0.550] -
r Emergence rate 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost 0.8 [0 - 1] -
� Sterilized male release rate 250 [0.01 - 500] ind.ha�1.day�1

�, ✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases

284

ind.ha�1 corresponds to individuals per hectare.
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).
Sex ratio is deduced from Juan-Blasco et al. (2013).
Emergence rate is calculated from Pieterse et al. (2020).
Arbitrary values.
Detailed calculations in Appendix E.
Studied values.

3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control

female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

male re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

(6)

ysis

SIT without female re-mating capability

are the solutions of:

2

only a proportion of matings

provides egg-laying females

FF min(
F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile inse

In this part, to take into account the introduction of sterilized males, we introduce

Sterilized males may have their own dynamics, but above all they will disrupt the ma

females. All mated females, whether by sterilized males or not, leavethecompartment

(FU ), but only those fertilized by wild males contribute to the compartment of “fertili

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M d l l i

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL +

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )F

FF =
M

k+M + S
FU ( F + µF )F

S = µSS + .

3 M odel analysis

3 1 M odel with SIT without female re mating

(FU ), but only those fertilized by wild males contribute to t

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (

M = pL µM M ,

FU = (1 p)L (µ

FF =
M

k+M + S
FU

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )

M = pL µM M ,

FU = (1 p)L + F FF + I

FI =
S

k+M + S
FU ( I + µ

FF =
M

k+M + S
FU ( F + µ

S = µSS + .

3 M odel analysis

females. All mated females, whether by sterilized males or not, le

(FU ), but only those fertilized by wild males contribute to the co

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL +

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF F

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )FI

FF =
M

k+M + S
FU ( F + µF )F

S = µSS + .

3 M odel analysis

Sterilized males may have their own dynamics, but abo

females. All mated females, whether by sterilized males

(FU ), but only those fertilized by wild males contribute

2.2.1 M odel without female re-mating capabili

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)F

M = pL µM

FU = (1 p)L

FF =
M

k+M + S

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL

M = pL µM M ,

FU = (1 p)L + F FF

FI =
S

k+M + S
FU ( I

FF =
M

k+M + S
FU (

S = µSS + .

females. All mated females, whether by sterilized males or not, leavet

(FU ), but only those fertilized by wild males contribute to the compa

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L

M = pL µM M ,

FU = (1 p)L (µF + )FU

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1

M = pL

FU = (1

FF =
k+

S = µSS

2.2.2 M odel with female re-mating capabi

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF

M = pL µM M

FU = (1 p)L +

FI =
S

k+M + S
FU

FF =
M

k+M + S
FU

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female

3.1.1 Equilibria

>
>
<

>
>
:

(
K

) F (µL ) ,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

L

8

>
>
>
>
<

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

L,

>
>
:

p µM ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect t

In this part, to take into account the introduction of sterilized males, we introduce the

Sterilized males may have their own dynamics, but above all they will disrupt the mating d

females. All mated females, whether by sterilized males or not, leavethecompartment of “u

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized fe

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

F =
(1 p)

L

,

8

>
>
>
>
<

>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

L

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fema

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF )

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µF

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
(1 p)

µF (µF + )

M

k+M + S
L.

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3)

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8
(µ + )

8
(µ + )

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3)

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect tec

In this part, to take into account the introduction of sterilized males, we introduce the S

Sterilized males may have their own dynamics, but above all they will disrupt the mating dy

females. All mated females, whether by sterilized males or not, leavethecompartment of “unm

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized fem

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:

FF = min(
M

F U

,1)FU ( F + µF

2.2 Population dynamics model with control

In this part, to take into account the introduction of sterilize

Sterilized males may have their own dynamics, but above all th

females. All mated females, whether by sterilized males or not,

(FU ), but only those fertilized by wild males contribute to the c

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL

M = pL µM M ,

FU = (1 p)L (µF +

FF =
M

k+M + S
FU µF

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI

FI =
S

k+M + S
FU ( I + µF )F

FF =
M

k+M + S
FU ( F + µF )

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µF

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
!

M =
µ

FU =
(

FF =
µ

>
>
:

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

,

8

>
>
>
>
<

>
>
>

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

2.2 Population dynamics model with control by the sterile insect techniqu

In this part, to take into account the introduction of sterilized males, we introduce the S compar

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fe

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

FF = min(
F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile i

In this part, to take into account the introduction of sterilized males, we introd

Sterilized males may have their own dynamics, but above all they will disrupt the

females. All mated females, whether by sterilized males or not, leavethecompartm

(FU ), but only those fertilized by wild males contribute to the compartment of “fe

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

M + S
FU ( I + µF )FI ,

FF =
M

M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

(3

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartmen

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wi

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

:
FF = min(

M

F U

,1)FU µF FF .

2.1.3 M odel with female re-mating capability

8

>
>
<

>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF (µF + min(
M

F U

,1))FU ,

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect techniqu

In this part, to take into account the introduction of sterilized males, we introduce the S compar

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics o

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fe

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

:

FF = min(
M

F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartment.

Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of wild

females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated females”

(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (FF ).

2.2.1 M odel without female re-mating capability

8

>
>
>
>
>
<

>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L (µF + )FU ,

FF =
M

k+M + S
FU µF FF ,

S = µSS + .

(4)

2.2.2 M odel with female re-mating capability

8

>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
:

L = ! (1
L

K
)FF (µL + )L,

M = pL µM M ,

FU = (1 p)L + F FF + I FI (µF + )FU ,

FI =
S

k+M + S
FU ( I + µF )FI ,

FF =
M

k+M + S
FU ( F + µF )FF ,

S = µSS + .

(5)

3 M odel analysis

3.1 M odel with SIT without female re-mating capability

3.1.1 Equilibria

Equilibria of system (4) are the solutions of:

8

>
>
>
<

>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
µ

M

k+M + S
FU .

,

8

>
>
>
>
<

>
>
>
>
:

FF =
(µL + )

! (1
L

K
)
L ,

M =
p

µM

L,

FU =
(1 p)

(µF + )
L ,

FF =
(1 p)

µ (µ + )

M

k+M + S
L.

(6)

Chapitreth̀esere-mating

MarineCourtois

J anuary 2024

1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control
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2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control

Continuous 
releases

Are multiple matings incompatible with SIT?

➯ Fertilized females stop laying eggs when they can mate again. 
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Marine Courtois
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1 Introduction

2 Model design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae
M Males
FU Unmated females
FF Fertilized females
FI Infertile females
S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [Range] Units

µL Larvae mortality rate (/time)
µF Female mortality rate (/time)
µM Male mortality rate (/time)
µS Sterilized male mortality rate (/time)
� Mating rate (/time)

1� ⌘ Sterilization cost
! Egg-laying rate
K Load-carrying capacity (ind.)
⌫ Larvae hatching rate (/time)
p Sex ratio p
� Sterilized male release rate (ind./time)
⌧F Re-mating rate of “fertilized” females
⌧I Re-mating rate of “sterilized” females
k Coupling half saturation constant (ind.)

2.1 Population dynamics model without control

2.1.1 Model with continuous mating
8
<

:

L̇ = !(1� L
K )min(MF , 1)�F � (µL + ⌫)L,

Ṁ = ⌫pL� µMM,
Ḟ = ⌫(1� p)L� µFF.

(1)

1

Table 1: Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).

2
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).

3
Sex ratio is deduced from Juan-Blasco et al. (2013).

4
Emergence rate is calculated from Pieterse et al. (2020).

5
Arbitrary values.

6
Detailed calculations in Appendix E.

7
Studied values.

282

Model parameters.283

Parameters Descriptions Values & [Range] Units

µx Mortality rate 0.050 [0.018 - 0.083] day�1

p Sex ratio 0.500 [0.450 - 0.550] -
r Emergence rate 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost 0.8 [0 - 1] -
� Sterilized male release rate 250 [0.01 - 500] ind.ha�1.day�1

�, ✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases

284

ind.ha�1 corresponds to individuals per hectare.
Female and male mortality rates are extracted from Vargas et al. (2000) and Pieterse et al. (2020).
Sterilized male mortality rate is extracted from Juan-Blasco et al. (2013).
Sex ratio is deduced from Juan-Blasco et al. (2013).
Emergence rate is calculated from Pieterse et al. (2020).
Arbitrary values.
Detailed calculations in Appendix E.
Studied values.

3.1 Population control capacities with SIT deployment285

The ability to control pest populations can be deduced from the di↵erent shapes of bifurcation286

diagrams described in section 2.2.4, and thus depends on the residual fertility rate and the fitness cost287

associated with irradiated males.288

Residual fertility impact The existence of residual fertility in the releases has a considerable289

impact on SIT e�ciency. Without residual fertility, by adjusting the release rate �, it is always possible290

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as population291

eradication (Fig. 3, Shape A
0).292

For very low residual fertility rates (� < 5.349⇥ 10�4 for sub-model (5) and ✏ < 4.219⇥ 10�3 for293

sub-model (6)), Shape A
0 is obtained. SIT can lead to eradication of the pest population by adapting294

the release rate �. Indeed, increasing � makes it possible to move from a bistability zone, where the295

pest-free equilibrium but also the highest infestation equilibrium are stable, to a zone where only the296

pest-free equilibrium is stable (Fig. 5, purple zones).297
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control

Continuous 
releases

• Slow-fast approximation:  when       ≫ other parameters 

- Non-limiting males, Mating capacity > 6 in 
24-hour (Lanouette et al, 2017) 

- Female mate shortly after emergence 
     (Revadi et al, 2015)

Are multiple matings incompatible with SIT? 13
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➯ Fertilized females lay eggs until they mate with a 
sterilized male.

➯ Last mating determines offspring 
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Ṡ = µSS + .
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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ḞI = ⌘S
k+M +⌘S FU (⌧I

˙FF = M
k+M +⌘S FU (⌧
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Ṁ =⌫pL µM M,
˙FU =⌫(1 p)L +⌧F FF (µF + min( M

F U
,1))FU ,

˙FF = min( M
F U

,1)FU (⌧F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm
Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of
females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem
(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F F

2.2.1 M odel without female re-mating capability
8
>>>>><

>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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Ṡ = µSS + .

2.2.2 M odel with female re-mating capability
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI (µF + )FU ,
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Ṡ = µSS + .

2.2.2 M odel with female re-mating capability
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI (µF + )FU ,
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI
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Ṡ = µSS

2.2.2 M odel with female re-mating capabi
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF
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Ṡ = µSS + .

(4)

h female re-mating capability
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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ḞI = ⌘S
k+M +⌘S FU (⌧I + µF )FI ,

˙FF = M
k+M +⌘S FU (⌧F + µF )FF ,
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Ṡ = µSS + .
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI (µF + )FU ,
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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1 Introduction
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Ṡ = µSS + .
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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Ṁ =⌫pL µM M,
˙FU =⌫(1 p)L (µF + )FU ,
˙FF = M

k+M +⌘S FU µF FF ,
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ḞI = ⌘S
k+M +⌘S FU (⌧I + µF )FI ,

˙FF = M
k+M +⌘S FU (⌧F + µF )FF ,
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI (µF + )FU ,
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI (µF + )FU ,

ḞI = ⌘S
k+M +⌘S FU (⌧I + µF )FI ,

˙FF = M
k+M +⌘S FU (⌧F + µF )FF ,
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control
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➮ Equilibria are solutions of: 

Infestation equilibria: using (i), (ii), (iii), (iv) and (v), other equilibria are solutions of:

(i)
(ii)

(iii)

(iv)

(v)

Pest-free equilibrium: E0* = (0, 0, 0, 0,        )

3.1.3 Summary: equilibria and local stability

• If ⌘0  1 or S > max(⇣(L)), the pest-free equilibrium is the unique equilibrium point of the system (4)
and is locally asymptotically stable.

• If ⌘0 > 1 and S < max(⇣(L)), the system (4) admit three equilibria:
(a) the pest-free equilibrium which is locally asymptotically stable.
(b) the infestation equilibrium L⇤

1, such that L⇤ < K
2 (1�

1
⌘0
) which is unstable.

(c) the infestation equilibrium L⇤
2, such that L⇤ > K

2 (1�
1
⌘0
) which is locally asymptotically stable.

3.2 Model with SIT with female remating capability

3.2.1 Equilibria

Equilibria of system (5) are the solutions of:

8
>>>>>><

>>>>>>:

!(1� L
K )FF � (µL + ⌫)L = 0,

⌫pL� µMM = 0,
⌫(1� p)L+ ⌧FFF + ⌧IFI � (µF + �)FU = 0,
� ⌘S

k+M+⌘SFU � (⌧I + µF )FI = 0,

� M
k+M+⌘SFU � (⌧F + µF )FF = 0,

�µSS + � = 0.

,

8
>>>>>>>><

>>>>>>>>:

FF = (µL+⌫)
!(1� L

K )
L,

M = ⌫p
µM

L = �L,

FI = (µF+�)
⌧I

FU � ⌧F
⌧I
FF � ⌫(1�p)

⌧I
L,

FI = �
(⌧I+µF )

⌘S
(M+⌘S)FU ,

FU = (⌧F+µF )(M+⌘S)
�M FF ,

S = �
µS

.

(10)

We have � = ⌫p
µM

.

Pest-free equilibrium (0, 0, 0, 0, 0, 0) always verifies the previous system.

Infestation equilibrium The other equilibria are, according to the system (5), the solutions of the fol-
lowing equality:

(µF + �)

⌧I
FU �

⌧F

⌧I
FF �

⌫(1 � p)

⌧I
L =

�

(⌧I + µF )

⌘S

(M + ⌘S)
FU ,

(µF + �)

⌧I

(⌧F + µF )(M + ⌘S)

�M
FF �

⌧F

⌧I
FF �

⌫(1 � p)

⌧I
L =

�

(⌧I + µF )

⌘S

(M + ⌘S)

(⌧F + µF )(M + ⌘S)

�M
FF ,

(µF + �)

⌧I

(⌧F + µF )(M + ⌘S)

�M

(µL + ⌫)

!(1 � L
K )

L �
⌧F

⌧I

(µL + ⌫)

!(1 � L
K )

L �
⌫(1 � p)

⌧I
L =

�

(⌧I + µF )

⌘S

(M + ⌘S)

(⌧F + µF )(M + ⌘S)

�M

(µL + ⌫)

!(1 � L
K )
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(µF + �)(⌧F + µF )(M + ⌘S)(µL + ⌫)

⌧I�M!(1 � L
K )

�
⌧F (µL + ⌫)

⌧I!(1 � L
K )

�
⌫(1 � p)

⌧I
=

�⌘S(⌧F + µF )(µL + ⌫)
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K
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K
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By bringing together what depends on L and S:
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K
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�
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(⌧I + µF )µF (µF + �)
�
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µF

�
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K
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⌧F�
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�
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�
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(µF + ⌧F )

µF
�

�(⌧F + µF )⌧I

µF (⌧I + µF )(µF + �)

�
⌘S.

By expressing this equation in form aL2 + bL+ c = S, we have:

�
⌘0�

K
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⌧F��

µF (µF + �)
�

(⌧F + µF )�

µF

�
L =


(µF + ⌧F )(⌧I + µF )(µF + �) � �(⌧F + µF )⌧I

µF (⌧I + µF )(µF + �)

�
⌘S,

�
⌘0�

K
L2 +


⌘0µF (µF + �) + ⌧F� � (⌧F + µF )(µF + �)

µF (µF + �)

�
�L =


(µF + ⌧F )(⌧I + µF )(µF + �) � �(⌧F + µF )⌧I

µF (⌧I + µF )(µF + �)

�
⌘S,

�
⌘0�µF (⌧I + µF )(µF + �)

(µF + ⌧F )[(⌧I + µF )(µF + �) � �⌧I ]
L2 +

�[⌘0µF (µF + �) + ⌧F� � (⌧F + µF )(µF + �)]µF (⌧I + µF )(µF + �)

⌘µF (µF + �)(µF + ⌧F )[(⌧I + µF )(µF + �) � �⌧I ]
L = S.

�
⌘0�µF (µF + ⌧I)(µF + �)

K⌘(⌧F + µF )[(⌧I + µF )(µF + �) � �⌧I ]
L2 +

�(⌧I + µF )[⌘0µF (µF + �) + ⌧F� � (⌧F + µF )(µF + �)]

⌘(µF + ⌧F )[(⌧I + µF )(µF + �) � �⌧I ]
L = S (12)

Thus, L⇤ is given by the intersection between a straight line y = S and a parabola
y = � ⌘0�µF (µF+⌧I)(µF+�)

K⌘(⌧F+µF )[(⌧I+µF )(µF+�)��⌧I ]
L2+ �(⌧I+µF )[⌘0µF (µF+�)+⌧F��(⌧F+µF )(µF+�)]

⌘(µF+⌧F )[(⌧I+µF )(µF+�)��⌧I ]
L (Fig parabole). Thus, the

coe�cient in front of L is positive if:

R0 =
!�⌫(1� p) + ⌧F�(µL + ⌫)

(µF + �)(µF + ⌧F )(µL + ⌫)
> 1 (13)

We have:

� !�⌫(1� p)�(µF + ⌧I)

K⌘(µL + ⌫)(µF + ⌧F )[(µF + ⌧I)(µF + �)� �⌧I ]
L2 +

�(⌧I + µF )(R0 � 1)

⌘(µF + ⌧F )[(⌧I + µF )(µF + �)� �⌧I ]
L = S (14)

Without re-mating, we have ⌧I = ⌧F = 0, equation (12) is equivalent to:

�⌘0�µ2
F (µF + �)

K⌘µ2
F (µF + �)

L2 +
�µF [⌘0µF (µF + �)� µF (µF + �)]

⌘µ2
F (µF + �)

L = S,

�⌘0�

K⌘
L2 +

�(⌘0 � 1)

⌘
L = S

We find the equation (10) of the model (4) with � = ⌫p
µM

.

When S = 0, the equilibria are the roots of equation (12) which is equal to:

� ⌘0�µF (µF + ⌧I)(µF + �)

K⌘(⌧F + µF )[(⌧I + µF )(µF + �)� �⌧I ]
L2 +

�(⌧I + µF )[⌘0µF (µF + �) + ⌧F�� (⌧F + µF )(µF + �)]

⌘(µF + ⌧F )[(⌧I + µF )(µF + �)� �⌧I ]
L = 0.

Without sterilized males, we have ⌧I = 0:

� ⌘0�µ2
F (µF + �)

K⌘(⌧F + µF )µF (µF + �)
L2 +

�µF [⌘0µF (µF + �) + ⌧F�� (⌧F + µF )(µF + �)]

⌘(µF + ⌧F )µF (µF + �)
L = 0,

� ⌘0�µF

K⌘(⌧F + µF )
L2 +

�[⌘0µF (µF + �) + ⌧F�� (⌧F + µF )(µF + �)]

⌘(µF + ⌧F )(µF + �)
L = 0,


� ⌘0�µF

K⌘(⌧F + µF )
L+

�[⌘0µF (µF + �) + ⌧F�� (⌧F + µF )(µF + �)]

⌘(µF + ⌧F )(µF + �)

�
L = 0,

Thus, in this case, there are two equilibria: L = 0 and L = K
⇣
1 + 1

⌘0µF
( ⌧F�
(µF+�) � (⌧F + µF )

⌘
.

When S 6= 0, the two following cases are reprsented on Fig.parabola à ajouter:
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The last row has many zeros so we can study the following reduced matrix which contains the four first lines
and columns:

J(E⇤
0 ) =

0

BB@

�(µL + ⌫) 0 0 0
⌫p �µM 0 0

⌫(1� p) 0 �(µF + �) ⌧I
0 0 � �(µF + ⌧I)

1

CCA

This matrix is Metzler, because all the o↵-diagonal components are nonnegative. J(E⇤
0 ) can be broken

down into blocks as follows: A =

✓
�(µL + ⌫) 0

⌫p �µM

◆
, B =

✓
0 0
0 0

◆
, C =

✓
⌫(1� p) 0

0 0

◆
and D =

✓
�(µF + �) ⌧I

� �(µF + ⌧I)

◆
. J(E⇤

0 ) is Metzler stable if and only if A and D � CA�1B are Metzler stable.

Obviously, A is Metzler stable. For D � CA�1B, we need to check.

D � CA�1B =

✓
�(µF + �) ⌧I

� �(µF + ⌧I)

◆
�
✓
⌫(1� p) 0

0 0

◆ � 1
(µL+⌫) 0

� ⌫p
µM (µL+⌫) � 1

µM

!✓
0 0
0 0

◆

D � CA�1B = D

Thus, D is Metzler, and the stability condition of the equilibrium point is based on the determinant of

D =

✓
�(µF + �) ⌧I

� �(µF + ⌧I)

◆
. In conclusion, E⇤

0 is stable i↵ (µF + �)(µF + ⌧I) > ⌧I�. This condition is

satisfied in all cases. Indeed, it is equivalent to: ⌧I > �(µF + �) and ⌧I  0. So, E⇤
0 is always locally stable.

Infestation equilibrium For the infestation equilibria, the Jacobian matrix is of dimension 5, so the
stability analysis is carried out numerically.

3.2.3 Summary: equilibria and local stability

• If S is greater than the top of the parabola: the only equilibrium is the pest-free equilibrium and this
equilibrium is asymptotically stable.

• If S is smaller than the top of the parabola: there are three equilibria, the pest-free equilibrium is stable
and the higher infestation equilibrium are asymptotically stable, and the smaller infestation equilibrium
is unstable.

3.3 Model with SIT with female remating capability and without refractory
period

Unlike the previous model, in which females stopped laying eggs when they were available to mate again, in
this one they don’t stop laying eggs between two matings, except when they mate with a sterile male because
their o↵spring are non-viable. So we consider that the last mating characterizes the o↵spring: if it occurs
with a fertile male, the females lay eggs, otherwise they don’t produce o↵spring.

The mating rate � is separated into mating rate for unmated females �U , mating rate for fertile mating
�F and mating rate for sterile mating �I .

The model is described by the following system of equations:
8
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ḞF = ⌫(1� p)�U

M
M+⌘SL+ �F

MS
M+⌘SFI � (µF + �I

⌘S
M+⌘S )FF ,
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0 ) is Metzler stable if and only if A and D � CA�1B are Metzler stable.

Obviously, A is Metzler stable. For D � CA�1B, we need to check.

D � CA�1B =

✓
�(µF + �) ⌧I

� �(µF + ⌧I)

◆
�
✓
⌫(1� p) 0

0 0

◆ � 1
(µL+⌫) 0

� ⌫p
µM (µL+⌫) � 1

µM

!✓
0 0
0 0

◆

D � CA�1B = D

Thus, D is Metzler, and the stability condition of the equilibrium point is based on the determinant of

D =

✓
�(µF + �) ⌧I

� �(µF + ⌧I)

◆
. In conclusion, E⇤

0 is stable i↵ (µF + �)(µF + ⌧I) > ⌧I�. This condition is

satisfied in all cases. Indeed, it is equivalent to: ⌧I > �(µF + �) and ⌧I  0. So, E⇤
0 is always locally stable.

Infestation equilibrium For the infestation equilibria, the Jacobian matrix is of dimension 5, so the
stability analysis is carried out numerically.

3.2.3 Summary: equilibria and local stability

• If S is greater than the top of the parabola: the only equilibrium is the pest-free equilibrium and this
equilibrium is asymptotically stable.

• If S is smaller than the top of the parabola: there are three equilibria, the pest-free equilibrium is stable
and the higher infestation equilibrium are asymptotically stable, and the smaller infestation equilibrium
is unstable.

3.3 Model with SIT with female remating capability without stopping egg-
laying

Unlike the previous model, in which females stopped laying eggs when they were available to mate again, in
this one they don’t stop laying eggs between two matings, except when they mate with a sterile male because
their o↵spring are non-viable. So we consider that the last mating characterizes the o↵spring: if it occurs
with a fertile male, the females lay eggs, otherwise they don’t produce o↵spring.

The mating rate � is separated into mating rate for fertile mating �F and mating rate for sterile mating
�I .

The model represents the population dynamics of the following compartments: larvae L, wild males M ,
fertilized females FF , infertile females FI and sterilized males S (Fig. 1). It is described by the following
system of equations:

8
>>>>><

>>>>>:

L̇ = !(1� L
K )FF � (µL + ⌫)L,

Ṁ = ⌫pL� µMM,
ḞF = ⌫(1� p) M

M+⌘SL+ �I
M

M+⌘SFI � (µF + �F
⌘S

M+⌘S )FF ,

ḞI = ⌫(1� p) ⌘S
M+⌘SL+ �F

⌘S
M+⌘SFF � (µF + �I

M
M+⌘S )FI ,

Ṡ = �µSS + �.

(14)

7
Figure 1: Flow diagram of the population dynamics model (14).

3.3.1 Equilibria

8
>>>><

>>>>:

!(1� L
K )FF � (µL + ⌫)L = 0,

⌫pL� µMM = 0,
⌫(1� p) M

M+⌘SL+ �I
M

M+⌘SFI � (µF + �F
⌘S

M+⌘S )FF = 0,

⌫(1� p) ⌘S
M+⌘SFF + �F

⌘S
M+⌘SFF � (µF + �I

M
M+⌘S )FI = 0,

�µSS + � = 0.

,

8
>>>>><

>>>>>:

FF = (µL+⌫)

!(1� L
K )

L,

M = ⌫p
µM

L = �L,

⌫(1� p)L� µF (FI + FF ) = 0,
⌫(1� p) ⌘S

M+⌘SFF + �F
⌘S

M+⌘SFF � (µF + �I
M

M+⌘S )FI = 0,
�µSS + � = 0.

,

8
>>>>>>>>><

>>>>>>>>>:

FF = (µL+⌫)

!(1� L
K )

L,

M = ⌫p
µM

L = �L,

FI = ( ⌫(1�p)
µF

� (µL+⌫)

!(1� L
K )

)L,

⌫(1� p) ⌘S
M+⌘SFF + �F

⌘S
M+⌘SFF � (µF + �I

M
M+⌘S )FI = 0,

S = �
µS

.

R0 = ⌫(1�p)!
µF (µL+⌫)

We substitue FI and FF in (4):

⌫(1 � p)
⌘S

M + ⌘S
L + �F

⌘S

M + ⌘S

(µL + ⌫)

!(1 � L
K )

L � (
µF (M + ⌘S) + �IM

M + ⌘S
)(

⌫(1 � p)

µF
�

(µL + ⌫)

!(1 � L
K )

)L = 0,

⌫(1 � p)⌘S +
�F ⌘S(µL + ⌫)

!(1 � L
K )

� (µF (M + ⌘S) + �IM)(
⌫(1 � p)!(1 � L

K ) � (µL + ⌫)µF

µF!(1 � L
K )

) = 0,

⌫(1 � p)µF!(1 �
L

K
)⌘S + �FµF (µL + ⌫)⌘S � (µF (M + ⌘S) + �IM)[⌫(1 � p)!(1 �

L

K
� (µL + ⌫)µF ] = 0,

[µF ⌫(1 � p)! + �I⌫(1 � p)! � µ2
F (µL + ⌫) � �IµF (µF + ⌫)]�L �

1

K
(µF ⌫(1 � p)! + �I⌫(1 � p)!)�L2 = µF (µL + ⌫)(�F + µF )⌘S,

�
1

K
(⌫(1 � p)!)(µF + �I)�L

2 + [(⌫(1 � p)!)(µF + �I) � µF (µL + ⌫)(µF + /chiI)]�L = µF (µL + ⌫)(�F + µF )⌘S,

� ⌫(1� p)!(µF + �I)�

⌘KµF (µL + ⌫)(µF + �F )
L2 +

(µF + �I)(⌫(1� p)! � µF (µL + ⌫))�

⌘µF (µL + ⌫)(�F + µF )
L = S

Value of S at the top of the parabola :

S =
(µF + �I)

(µF + �F )

K[⌫(1� p)! � µF (µL + ⌫)]2

2⌫(1� p)!⌘µF (µL + ⌫)
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>>>>>>:

FF = (µL+⌫)

!(1� L
K )

L,

M = ⌫p
µM

L = �L,

FI = ( ⌫(1�p)
µF

� (µL+⌫)

!(1� L
K )

)L,

⌫(1� p) ⌘S
M+⌘SFF + ⌧F

⌘S
M+⌘SFF � (µF + ⌧I M

M+⌘S )FI = 0,
S = �

µS
.

We substitue FI and FF in (4):

⌫(1 � p)
⌘S

M + ⌘S
L + �F

⌘S

M + ⌘S

(µL + ⌫)

!(1 � L
K )

L � (
µF (M + ⌘S) + �IM

M + ⌘S
)(

⌫(1 � p)

µF
�

(µL + ⌫)

!(1 � L
K )

)L = 0,

⌫(1 � p)⌘S +
�F ⌘S(µL + ⌫)

!(1 � L
K )

� (µF (M + ⌘S) + �IM)(
⌫(1 � p)!(1 � L

K ) � (µL + ⌫)µF

µF!(1 � L
K )

) = 0,

⌫(1 � p)µF!(1 �
L

K
)⌘S + �FµF (µL + ⌫)⌘S � (µF (M + ⌘S) + �IM)[⌫(1 � p)!(1 �

L

K
� (µL + ⌫)µF ] = 0,

[µF ⌫(1 � p)! + �I⌫(1 � p)! � µ2
F (µL + ⌫) � �IµF (µF + ⌫)]�L �

1

K
(µF ⌫(1 � p)! + �I⌫(1 � p)!)�L2 = µF (µL + ⌫)(�F + µF )⌘S,

�
1

K
(⌫(1 � p)!)(µF + �I)�L

2 + [(⌫(1 � p)!)(µF + �I) � µF (µL + ⌫)(µF + /chiI)]�L = µF (µL + ⌫)(�F + µF )⌘S,

� ⌫(1� p)!(µF + �I)�

⌘KµF (µL + ⌫)(µF + �F )
L2 +

(µF + �I)(⌫(1� p)! � µF (µL + ⌫))�

⌘µF (µL + ⌫)(�F + µF )
L = S

� �⌫(1� p)!(µF + �I)

K⌘µF (µL + ⌫)(µF + �F )
L2 +

�(µF + �I)(R0 � 1)

⌘(µF + �F )
L = S

Value of S at the top of the parabola :

S =
(µF + �I)

(µF + �F )

K[⌫(1� p)! � µF (µL + ⌫)]2

2⌫(1� p)!⌘µF (µL + ⌫)

3.4.2 Local stability of equilibria

We consider the Jacobian matrix of the (L,M,FF , FI) subsystem at S = S⇤ of model (14):

J =

0

BBB@

�(µL + ⌫)� !
KFF 0 !(1� L

K ) 0
⌫p �µM 0 0

⌫(1� p) M
M+⌘S

⌘S
(M+⌘S)2 (⌫(1� p)L+ �IFI + �FFF ) �(µF + �F

⌘S
M+⌘S ) �I

M
M+⌘S

⌫(1� p) ⌘S
M+⌘S � ⌘S

(M+⌘S)2 (⌫(1� p)L+ �IFI + �FFF ) �F
⌘S

M+⌘S �(µF + �I
M

M+⌘S )

1

CCCA

Pest-free equilibrium For the pest-free equilibrium E⇤
0 , we obtain the following Jacobian matrix:

J(E⇤
0 ) =

0

BB@

�(µL + ⌫) 0 ! 0
⌫p �µM 0 0
0 0 �(µF + �F ) 0
0 0 �F �µF

1

CCA

This matrix is Metzler stable.

Infestation equilibria At infestation equilibria, the jacobian matrix is:

J =

0

BBB@

�(µL + ⌫)� !
KFF 0 !(1� L

K ) 0
⌫p �µM 0 0

⌫(1� p) M
M+⌘S

⌘S
(M+⌘S)2 (⌫(1� p)L+ �IFI + �FFF ) �(µF + �F

⌘S
M+⌘S ) �I

M
M+⌘S

⌫(1� p) ⌘S
M+⌘S � ⌘S

(M+⌘S)2 (⌫(1� p)L+ �IFI + �FFF ) �F
⌘S

M+⌘S �(µF + �I
M

M+⌘S )

1

CCCA

9

Appendix D: Analysis of infestation equilibria528

D.1 Equilibria of the subsystem529

For the (L,M,FI , FF ) subsystem at S = S⇤, the equilibria of system (2) are the solutions of the following equations.530

We introduce the notation � = ⌫p
µM

to simplify expressions:531

,

8
>>>>>>>>>><

>>>>>>>>>>:

F ⇤
F = (µL+⌫)

!(1�L⇤
K )

L⇤,

M⇤ = ⌫p
µM

L⇤ = �L⇤,

F ⇤
I =

⇣
⌫(1�p)

µF
� (µL+⌫)

!(1�L⇤
K )

⌘
L⇤,

⌫(1� p) ⌘S⇤

M⇤+⌘S⇤F ⇤
F + ⌧F

⌘S⇤

M⇤+⌘S⇤F ⇤
F � (µF + ⌧I

M⇤

M⇤+⌘S⇤ )F ⇤
I = 0.

(6)

Infestation equilibria such as S⇤ 6= 0 satisfy532

⌫(1� p)
⌘S⇤

M⇤ + ⌘S⇤F
⇤
F + ⌧F

⌘S⇤

M⇤ + ⌘S⇤F
⇤
F � (µF + ⌧I

M⇤

M⇤ + ⌘S⇤ )F
⇤
I = 0. (7)

Substituting F ⇤
I and F ⇤

F into (7), we obtain:

⌫(1� p)
⌘S⇤

M⇤ + ⌘S⇤L
⇤ + ⌧F

⌘S⇤

M⇤ + ⌘S⇤
(µL + ⌫)

!(1� L⇤
K )

L⇤ �
✓
µF (M

⇤ + ⌘S⇤) + ⌧IM
M⇤ + ⌘S⇤

◆ 
⌫(1� p)

µF
� (µL + ⌫)

!(1� L⇤
K )

!
L⇤ = 0.

Replacing M⇤ by its expression in (6) and simplifying, we arrive at an equation that solely depends on the density of

larvae L:

� ⌫(1� p)!(µF + ⌧I)�

K⌘µF (µL + ⌫)(µF + ⌧F )
(L⇤)2 +

(µF + ⌧I)(⌫(1� p)! � µF (µL + ⌫))�

⌘µF (µL + ⌫)(⌧F + µF )
L⇤ = S⇤.

We define the basic reproduction number R0 = !(1�p)⌫
µF (µL+⌫) , and substitute it, along with S⇤ = �

µS
, into the equation533

above to obtain:534

��µS(µF + ⌧I)R0

K⌘(µF + ⌧F )
(L⇤)2 +

�µS(µF + ⌧I)(R0 � 1)

⌘(µF + ⌧F )
L⇤ = �. (8)

Thus, L⇤ is given by the intersection between the straight line y = � and the parabola y = ⇣(L⇤), where:535

⇣(L⇤) =
�µS(µF + ⌧I)

⌘(µF + ⌧F )

✓
�R0

K
(L⇤)2 + (R0 � 1)L⇤

◆
. (9)
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K
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M = pL µM M ,
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ysis

SIT without female re-mating capability

are the solutions of:

2

only a proportion of matings

provides egg-laying females

FF min(
F U

,1)FU ( F + µF )FF .

2.2 Population dynamics model with control by the sterile inse

In this part, to take into account the introduction of sterilized males, we introduce

Sterilized males may have their own dynamics, but above all they will disrupt the ma

females. All mated females, whether by sterilized males or not, leavethecompartment

(FU ), but only those fertilized by wild males contribute to the compartment of “fertili
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI (µF + )FU ,
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Ṁ =⌫pL µM M ,
˙FU =⌫(1 p)L +⌧F FF +⌧I FI
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Ṁ =⌫pL µM M,
˙FU =⌫(1 p)L +⌧F FF (µF + min( M

F U
,1))FU ,

˙FF = min( M
F U

,1)FU (⌧F + µF )FF .

2.2 Population dynamics model with control by the sterile insect technique

In this part, to take into account the introduction of sterilized males, we introduce the S compartm
Sterilized males may have their own dynamics, but above all they will disrupt the mating dynamics of
females. All mated females, whether by sterilized males or not, leavethecompartment of “unmated fem
(FU ), but only those fertilized by wild males contribute to the compartment of “fertilized females” (F F

2.2.1 M odel without female re-mating capability
8
>>>>><

>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,

Ṁ =⌫pL µM M,
˙FU =⌫(1 p)L (µF + )FU ,
˙FF = M

k+M +⌘S FU µF FF ,
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ḞI = ⌘S
k+M +⌘S FU (⌧I + µF )FI ,

˙FF = M
k+M +⌘S FU (⌧F + µF )FF ,
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Ṡ = µSS + .

(4)

h female re-mating capability
8
>>>>>>><

>>>>>>>:

L̇ = ! (1 L
K )FF (µL +⌫)L ,
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ḞI = ⌘S
k+M +⌘S FU (⌧I + µF )FI ,

˙FF = M
k+M +⌘S FU (⌧F + µF )FF ,
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Ṁ =⌫pL µM M,
˙FU =⌫(1 p)L (µF +
˙FF = M

k+M +⌘S FU µF
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Ṁ =⌫pL µM M,
˙FU =⌫(1 p)L (µF + )FU ,
˙FF = M

k+M +⌘S FU µF FF ,
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1 Introduction

2 M odel design

Table 1: Compartment descriptions

Compartments Descriptions

L Larvae

M Males

FU Unmated females

FF Fertilized females

FI Infertile females

S Sterilized males

Table 2: Model parameters

Parameters Descriptions Values & [R ange] Units

! Egg-laying rate

K Load-carrying capacity (ind.)

µL Larvae mortality rate (/ time)

µF Female mortality rate (/ time)

µM Male mortality rate (/ time)

µS Sterilized male mortality rate (/ time)

Larvae hatching rate (/ time)

Mating rate (/ time)

p Sex ratio p

1 Sterilization cost

k Coupling half saturation constant (ind.)

F Re-mating rate of ”fertilized” females

I Re-mating rate of ”sterilized” females

2.1 Population dynamics model without control
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What about more complex sperm use biases?
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• No data on the use of sperm in D.suzukii…

➮ Existence of mating plug (Polak et al. 2001)
➮ ⇲  storage of 2nd sperm (Hopkins et al, 2020)

➮ Storage of sperm from > 2 males simultaneously 
(Bangham et al, 2003)

➮ Offspring from ~2-5 males (Puppato et al, 2023)

➮ 2 spermathecae (Avanesyan et al. 2017)

➮ Production of > 80% offspring (Qazi et al, 2003)

…but data for D.melanogaster and D.hibisci
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➮ First-male parentage preference (Chen et al, 2022)
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➱ Development of an agent-based model 
to explore how potential sperm use biases 
impact pest control with SIT
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« First »: Females use sperm from their first mating
« Last »: Females use sperm from their last mating
« Mixed »: No preference (Egg-laying is proportional to 
the fertile sperm content of the spermatheca)
« Preference W »: 100% preference for fertile sperm 
« Preference I »:  80% preference for fertile sperm (biological data) 
« Preference S »: 100% preference for sterile sperm
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• Limited difference between sperm use biases 
• Effective control even in the worst-case scenario 

for sufficiently high release rates

Are multiple matings incompatible with SIT?
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Technical constraint: Residual Fertility

• Strong impact of residual fertility on SIT efficiency
• A certain level of residual fertility can be tolerated as 

long as the fertile irradiated males are just as bad 
as the sterile irradiated males.

PRODUCTION SEXING STERILIZATION MASS RELEASES DILUTION OF WILD POPULATIONS

Mass-rearing of 
targeted insects

Separation to 
keep only 

males

Exposure to ionizing 
radiation

Sterile matings

Fertile matings

➮ No offspring

➮ Offspring

⇲ Population decrease

Take home message



25
CO

NT
EX

T
CH

AL
LE

NG
ES

RF
MM

DI
SC

US
SIO

N
Technical constraint: Residual Fertility Biological constraint: Multiple Matings

• Strong impact of residual fertility on SIT efficiency

• Varied impact of multiple mating depending on bias 
and release rate

• Not incompatible with SIT… can even be beneficial!

• A certain level of residual fertility can be tolerated as 
long as the fertile irradiated males are just as bad 
as the sterile irradiated males.
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Technical constraint: Residual Fertility Biological constraint: Multiple Matings

• Strong impact of residual fertility on SIT efficiency

• Varied impact of multiple mating depending on bias 
and release rate

• Not incompatible with SIT… can even be beneficial!

• A certain level of residual fertility can be tolerated as 
long as the fertile irradiated males are just as bad 
as the sterile irradiated males.
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The competitiveness of sterilized males remains a key leverage point.
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Ceratitis capitata
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calculations related to the mortality rates, emergence rate and oviposition competition391

coe�cient are detailed in Appendix E.392

Table 1 Model parameters.

Parameters Descriptions Values & [Range] Units

µF Female mortality rate1,6 0.050 [0.018 - 0.083] day�1

µM Male mortality rate1,6 0.036 [0.014 - 0.057] day�1

µS Sterilized male mortality rate2,6 0.057 [0.037 - 0.077] day�1

p Sex ratio3 0.500 [0.450 - 0.550] -
r Emergence rate4,6 23.7 [19.2 - 28.5] day�1

k Mating half-saturation constant5 1 [0.01 - 100] ind.ha�1

1� ⌘ Sterilization cost5 0.8 [0 - 1] -
� Oviposition competition between females6 0.24 [0.18 - 0.30] (ind.ha�1)�1

� Sterilized male release rate7 250 [0.01 - 500] ind.ha�1.day�1

� Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (cost-free fertility)

✏ Proportion of non-sterile males among 0.5 [0.01 - 1] -
the releases7 (costly fertility)

ind.ha�1 corresponds to individuals per hectare.
1

Female and male mortality rates are extracted from ? and ?.
2

Sterilized male mortality rate is extracted from ?.
3

Sex ratio is deduced from ?.
4

Emergence rate is calculated from ?.
5

Arbitrary values.
6

Detailed calculations in Appendix E.
7

Studied values.

393

3.1 Population control capacities with SIT deployment394

The ability to control pest populations can be deduced from the di↵erent shapes of395

bifurcation diagrams described in section 2.2.4, and thus depends on the residual396

fertility rate and the fitness cost associated with irradiated males.397

Residual fertility impact398

The existence of residual fertility in the releases has a considerable impact on SIT e�-399

ciency. Without residual fertility, by adjusting the release rate �, it is always possible400

to only have a stable pest-free equilibrium, and therefore to theoretically go as far as401

population eradication (Fig. 3, Shape A
0).402

For very low residual fertility rates (� < 5.349 ⇥ 10�4 for sub-model (5) and ✏ <403

4.219⇥10�3 for sub-model (6)), Shape A0 is obtained. SIT can lead to eradication of the404

pest population by adapting the release rate �. Indeed, increasing � makes it possible405

to move from a bistability zone, where the pest-free equilibrium but also the highest406

infestation equilibrium are stable, to a zone where only the pest-free equilibrium is407

stable (Fig. 5, purple zones).408

For intermediate residual fertility rates (5.349⇥ 10�4
< � < 5.353⇥ 10�4 for sub-409

model (5) and 4.219⇥10�3
< ✏ < 4.222⇥10�3 for sub-model (6)), ShapeB0 is obtained.410

15
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Fig. 1. Effect of gamma irradiation (dose of
120 Gy) at the pupal stage of males
Drosophila suzukii on sperm storage in the
reproductive organs of females (mean ±
SD). No statistical significance was observed
with a generalised linear model (P> 0.05).

Fig. 2. Effect of gamma irradiation (dose of
120 Gy) at the pupal stage on males
Drosophila suzukii time budget (mean ± stan-
dard deviation) when irradiated males were
in competition with nonirradiated males.
No statistical significance was observed with
Kruskal–Wallis tests (P> 0.05).

Fig. 3. Effect of gamma irradiation (dose of 120 Gy) at the pupal stage on Drosophila suzukii female remating propensity
(mean ± standard deviation). A, If her first mate has been irradiated; B, if the second male presented to her has been
irradiated. No statistical significance was observed with a generalised linear model (P> 0.05).

6 Lanouette et al.
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Drosophila suzukii

Table 2 Model parameters estimated for Drosophila suzukii

Parameter/Description Value and [Range] Unit Reference

µL (Larvae mortality rate) 0.362 [0.353 - 0.372] day�1 (Emiljanowicz et al., 2014)

µF (Female mortality rate) 0.012 [0.006 - 0.053] day�1 (Papanastasiou et al., 2021)

µM (Male mortality rate) 0.013 [0.007 - 0.042] day�1 (Papanastasiou et al., 2021)

µS (Sterilized male mortality rate) 0.054 [0.028 - 1] day�1 (Lanouette et al., 2017)

! (Egg-laying rate) 5.70 [5.46 - 5.94] eggs per female per day (Emiljanowicz et al., 2014)

⌫ (Larvae hatching rate) 0.166 [0.163 - 0.168] day�1 (Emiljanowicz et al., 2014)

p (Sex ratio) 0.50 [0.45 - 0.55] - (Emiljanowicz et al., 2014)

� (Mating rate) - day�1 Assumed high[1]

1� ⌘ (Sterilization cost) 0.40 [0.37 - 0.62] - (Lanouette et al., 2020)

K (Carrying capacity) 36,000 larvae per hectare Calculated[2]

� (Sterilized male release rate) 1,000 [200 - 1,200] ind.day�1.ha�1 (Homem et al., 2022)

⌧F (Re-mating rate of fertilized females) 0.12 [0.08 - 0.33] day�1 (Krüger et al., 2019)

⌧I (Re-mating rate of sterilized females) 0.13 [0.09 - 0.25] day�1 (Krüger et al., 2019)

1
Refer to section 2.2

2
Estimation based on larval density calculations from D. suzukii in strawberries (more details in Appendix A).

124

2.2 Model reduction125

We assume that mating occurs very rapidly when females are sexually mature and available (Revadi et al., 2015),

implying that � is much larger than the others parameters. We define X such as � = X
✏ , with 0 < ✏ ⌧ 1. Model (1)

becomes: 8
>>>>>><

>>>>>>:

ḞU = ⌫(1� p)L+ ⌧FFF + ⌧IFI � µFFU � X
✏ FU ,

ḞI = X
✏

⌘S
M+⌘SFU � (⌧I + µF )FI ,

ḞF = X
✏

M
M+⌘SFU � (⌧F + µF )FF .

8
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Remating (𝜏I < 𝜏F) >Without remating = Equal remating>Remating (𝜏I > 𝜏F)>Remating of infertile females only (𝜏I > 𝜏F = 0)

Drosophila suzukii
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• Development of an agent-based model to explore how potential sperm use biases impact pest control with SIT

STERILE MALES (S) 
unique_id  (real integer) 

creation_date  (real integer) 
death_date  (real integer)

WILD MALES (W) 
unique_id (real integer) 

creation_date (real integer) 
death_date (real integer)

FEMALES (F) 
unique_id (real integer) 

creation_date (real integer) 
death_date (real integer) 

time_until_next_mating (real integer) 
spermatheca (list of -1 initially) 

eggs_laid (real integer)

LARVAE (L) 
unique_id (real integer) 

creation_date (real integer) 
emergence_date (real integer)

Are multiple matings incompatible with SIT?
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