X3 x4
1 x1+?a+?a(1—e)

n@ssl= X1n = x1 s(1-d) + (1-5)
x1 (1-sd)+x2g x1 + x3a + x4a(l-¢)

“e

(* Hermaphrodite =)

x4

g x1+x—23a+2a(1—e)
X2n = x2 3 (» Female %)
x1 (1-sd)+x2g x1 + x3a + x4a (l-¢€)
1-s Xa+Xa(i-e
x3n = x1 5 (* Male =)
x1 (1-sd)+x2g x1 + x3a + x4a (l-¢€)
X3 x4
g ?a+?a(l-e)

X4n = X2

(» Male with CMS )

“e

x1 (1-sd)+x2g x1 + x3a + x4a (1-¢€)

nee= J = {{D[x1ln, x1], D[x1n, x2], D[x1n, x3], D[x1n, x41},
{D[x2n, x1], D[x2n, x2], D[x2n, x3], D[x2n, x4]},
{D[x3n, x1], D[x3n, x2], D[x3n, x3], D[x3n, x4]1},
{D[x4n, x1], D[x4n, x2], D[x4n, x3], D[x4n, x4]1}}; (» Jacobian x)

n4oj- €ig = Eigenvalues[J]; (* A is the leading eigenvalue,
that is the largest numerically x)
A=eig4l; (» We need -1 < X < 1 for the considered
point to be stable (i.e., resistant to invasion) =)

inel= %4

w7~ eig /. X1 >0.25/.%x2-50.25/.x350.25/.x450.25/.a54/. $s->0.3/.d->0.1/.
g+4/.€-50.2

Assuming[a > 0& &0 <d<1&&0<s<1&&0<e<1&0<g,
eig4]]l /. x1-51/.x350/.xXx2-50/.x4-0//Simplify] (+ Condition
for males and CMS not to invade hermpahroditism is this term < 1 )
a+2g-as+Abs[a-2g-as]
4-4ds

Out[12]=

a+2g-as+Abs[a-2g-as]

Infa0}= Reduce[ <18%0<d<1&&0<s<1& a>0 &&g >o] /7

4-4ds
FullSimplify

ougo= S > 0 &&d >08&,&g>08&%a>08&~&sSs<1&8d<18&&g+ds<1l&&a+2ds<2+as

(* Condition for CMS not to invade hermpahroditism g+d s<1 ,
Condition for males not to invade hermpahroditism a+2 d s<2+a s =*)

Solve[{x1ln=x1/.%X2->0/.x4-50, x3n=Xx3/.xXx2-50/.x4->0}, {x1, x3}] //
Simplify (* Androdioecious equilibria
frequencies when CMS cannot +invade but males did =)

a(-1+(-1+2d)s) 2+a(-1+s)-2ds
Out[26]= {{Xlel, x3 -0}, {xle , X3 > }}
2(-1+a) (-1+ds) 2(-1+a) (-1+ds)




2 | singlepopnopollim.nb

In[31]:= Assuming[a+2ds<2+as && 0 <d<1& &0 <s<1l&&0<e<1l&&0<g,

a(-1+(-1+2d)s) 2+a(-1+s)-2ds
A/ X1 /e X250 /. X3 > /. X4-50//
2(-1+a) (-1+ds) 2(-1+a) (-1+ds)
S'impl'ify]
(* Condition for CMS not invaded androdioecy are these terms < 1 x)
%adss l{a<Ovag(-1+s)+2s(l-g+d(-3+g-s)+2d’s) <-2]
Out[31]=

g (a-as-2 (-1+d) s)
a (-1+s) (-1+(-1+2d) s)

True

In[34]:= Reduce[

g(a-as-2(-1+d)s)

<1l&&0<d<1&&0<s<1&& a+2ds>2+as&&0<g]
a(-1+s) (-1+(-1+2d) s)

(* Condition for CMS NOT to invade androdioecious population =x)

~2+a ~a+2ads+as?-2ads?
&&0 < g <

a-2d -—a-2s+as+2ds

ouza- O <d< 1&&a>28&&0<s<

2 (-1+ds)

In[25]:= Assum‘ing[a > && 0 <d<1&&0<s<1&0<e<1l&&0<g,

-1+s
eigld] /.Xx150/.x350/.x251/2/.x451/2// S'impl‘ify]
(*» Condition for CMS fixation 1is this term < 1 x)
l+s-2ds

Out[25]=

g

(* Condition for CMS fixation %{ds <1 %)



