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Appendix A: Proof of Theorem and Propositions
A.1 Proof of Theorem 1:
According to the Lyapunov stability analysis, we only need to prove the existence of the determinant and trace of the Jacobian matrix. 
There are eight stable points:  , , , , , , , ,. The saddle point is  ,  and . The Jacobi Matrix is calculated to assess the stability of the equilibrium point.

Where , , ; , , ; , , .
The equilibrium points  are substituted into the Jacobian matrix: 
For point : ; 
For point : ; 
For point : ; 
For point : ; 
The equilibrium points  are substituted into the Jacobian matrix:
For point : ; 
For point : ; 
For point : ; 
For point : ; 

A.2 Proof of Proposition 1:
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations:
Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following inequations: ,  and . And, since the trace of the matrix is negative, we get: . Since , it contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 1.
Situation 2: ,  and . According to assumption 1, 2 and 3, we have the following inequations: ,  and . And, since the trace of the matrix is negative, we get: . Case 1: When  and  , .  is an evolutionary stable strategy under situation 2. Case 2: When  and , and .  is an evolutionary stable strategy under situation 2.
Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following inequations: ,  and . And, since the trace of the matrix is negative, we get: . Case 1: When , , .  is an evolutionary stable strategy under situation 3. Case 2: When  and ,  and . is an evolutionary stable strategy under situation 3.
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following inequations:,  and . And, since the trace of the matrix is negative, we get: . Since , it contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 4.

A.3 Proof of Proposition 2
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations:
Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following inequations:  ,  and . And, since the trace of the matrix is negative, we get: . Thus, When ,  and .  is an evolutionary stable strategy under situation 1.
Situation 2: ,  and . According to assumption 1, 2 and 3, we have the following  inequations: ,  and . And, since the trace of the matrix is negative, we get: . Case 1: When , ,  and .  is an evolutionary stable strategy under situation 2. Case 2: When ,,  and .  is an evolutionary stable strategy under situation 2.
Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following inequations: ,  and . And, since the trace of the matrix is negative, we get: . Case 1: When , ,  and .  is an evolutionary stable strategy under situation 3. Case 2: When ,,  and .  is an evolutionary stable strategy under situation 3. 
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following inequations: According to assumption 1, 2 and 3, we have the following inequations: ,  and . And, since the trace of the matrix is negative, we get: . Thus, When ,  and .  is an evolutionary stable strategy under situation 4. 

A.4 Proof of Proposition 3
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations:
Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: , ,  and .  Case 1: When ,  and . Case 2: When ,  and . We can conclude that  is an evolutionary stable strategy under situation 1. 
Situation 2: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: ,  and . Since , it contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 2.
Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: ,  and . Since , it contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 3.
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: , ,  and . Case 1: When , and  . Case 2: When ,  and . We can conclude that  is an evolutionary stable strategy under situation 4. 

A.4 Proof of proposition 4
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations:
Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: ,  and . And, since the trace of the matrix is negative, we get: . Obviously, when  and ,  is an evolutionary stable strategy under situation 1.
[bookmark: _Hlk75012433]Situation 2: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: ,  and . And, since the trace of the matrix is negative, we get: . Case 1: When  , that is, ,  and when ,  ,  is an evolutionary stable strategy under situation 1. Case 2: When  , that is, ,  and when ,  ,  is an evolutionary stable strategy under situation 2. Case 3: When  , that is, ,  and when , ,  is an evolutionary stable strategy under situation 1. Case 4: When  , that is, ,   and when , ,  is an evolutionary stable strategy under situation 2.
Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: ,  and  . And, since the trace of the matrix is negative, we get: . Case 1: When  , that is, ,   and when , ,  is an evolutionary stable strategy under situation 1. Case 2: When  , that is, ,   and when , ,  is an evolutionary stable strategy under situation 3. Case 3: When  , that is, ,  and when , ,  is an evolutionary stable strategy under situation 1. Case 4: When  , that is, ,  and when , ,  is an evolutionary stable strategy under situation 3.
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following   inequations: ,  and . And, since the trace of the matrix is negative, we get: . Obviously, when  and ,  is an evolutionary stable strategy under situation 4.

A.6 Proof of Proposition 5
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations: 
Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 1.
Situation 2:,  and . According to assumption 1, 2 and 3, we have the following  inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 2.
Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 3.
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 4.
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations:
Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 1.
Situation 2: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 2.
Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 3.
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 4.

A.7 Proof of Proposition 6
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations:
[bookmark: _Hlk74995071][bookmark: _Hlk74995160]Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following   inequality: ,  and , .  and  ,  is an evolutionary stable strategy under situation 1.  
Situation 2: ,  and . According to assumption 1, 2 and 3, we have the following   inequality: ,  and . Since  , it contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 2.
Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following   inequality: ,  and . Since  , It contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 3.
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following        inequality: , ,  and . Case 1: When , namely,,  and . Case 2: When , and  ,  is an evolutionary stable strategy under situation 4.

A.8 Proof of Proposition 7:
If point  is an evolutionary stable point,  and . According to assumption 1, 2 and 3, we will discuss the following situations:
Situation 1: ,  and . According to assumption 1, 2 and 3, we have the following inequality: ,  and . Since , it contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 1.
Situation 2: ,  and . According to assumption 1, 2 and 3, we have the following inequality: , ,  and . Thus, When ,   and  ,  is an evolutionary stable strategy under situation 2. 
[bookmark: _Hlk75099660]Situation 3: ,  and . According to assumption 1, 2 and 3, we have the following    inequality: , ,  and . Case 1: When , namely, , we can deduce ,  and ,  is an evolutionary stable strategy under situation 3. Case 2: When  , namely, , we can deduce ,  and ,  is an evolutionary stable strategy under situation 3.
Situation 4: ,  and . According to assumption 1, 2 and 3, we have the following  inequality: ,  and . Since , it contradicts that . Therefore, we exclude  is an evolutionary stable strategy under situation 4.
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