Supplementary material for the paper "Population viscosity can promote the evolution of altruis-
tic sterile helpers and eusociality": evaluation of the invasion conditions

Equilirbrium probabilities of identity by descent

Vector gathering all the probabilities of identity coefficients needed for the diploid genetic system:

Solve[{QJ,ff ==
1 [1 (1+F)

1 ) 1 ) 1 (1 (1+F) 1 )
+ [1 - —] (1-m) QJ,ff) +— (1-m)° Qg ¢n + — [ + [1 - —] (1-m) QJ,mm] ’
4 n 2 4 n

n 2 n 2

1 (1 (1+F) 1 , 1 ,
Q5,fm == — [— + {1- —] (1-m) QJ,ff] + ; (1-m)”" Qg,¢n +

4 \n 2 n
1 (1 (1+F) 1 2
- [_ + [1 - —) (1-m) QJ,mm] r Q5,mm ==
4 \n 2 n
1 (1 (1+F) 1 2 1 2 1 (1 (1+F) 1 2
—_ [— + [1— —] (1-m) QJ,ff] + — (l—m) QJ,fm + — [_ + [1_ _) (l_m) QJ,mm]l
4 \n 2 n 2 4 \n 2 n

F==(1-m)"0Qyn}s {956, Q,tms Qu,mms F}]i

) (1+F) (1+F) 2 2
veCQD1910==F1atten[{{Qf-> e On - 3 r Qs => (1-m)" Q5,¢6/ Qen -> (1 -m)” Qg ¢m/

) 1 (1+F) (n-1 )
Qmm -> (1 'm) QJ,mml QR,ff =-> = + [ ] (1 -m) QJ’ff} /. 96, 98}] // FullSimplify
n

2 n

-1+ (-2+m)m (-1+2n) -1+ (-2+m)m (-1+2n) (—1+m)2
{Qf% IQm% erfﬁ’ ’
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
(-1+m)? (-1 +m)? 1+ (-2+m)m
Ofm —> — r Omm > - s Or,££ > ’
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
1 1
QJ,ff%_ ’ QJ,mm%_ r
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
1 (-1+m)?
Goria e ]

-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)



2 | SuppMat_worker.nb

-1+ (-2+m)m (-1+2n) -1+ (-2+m)m (-1+2n) (—1+m)2
{Qf" 7 On - r Qfs > - 4
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
(-1 +m)? (-1+m)? “14+(-2+m)m
Ofm = - 7 OQmm = - r Or,££ > r
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
1 1
QJ,ff"' ’ QJ,mm"' 4
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
1 (-1+m)?
Q3,fm = - r Fo- }
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
-1+ (-2+m)m (-1+2n) -1+ (-2+m)m (-1+2n) (—1+m)2
{Qf9 7 On > r Qs > - ’
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
(-1+m)? (-1+m)? “1+ (-2+m)m
OQfm = — r Omm > - 4 QR,ff% ’
-1+ (-2+m)m(-1+4n) -1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
1 1
QJ,ff%_ ’ QJ,mm%_ r
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)
1 (-1+m)?
Qg,fm > — y F—> - }
-1+ (-2+m)m (-1+4n) -1+ (-2+m)m (-1+4n)

Vector gathering all the probabilities of identity coefficients needed for the haplo-diploid genetic system:
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Check of equation (4) of the main text (maternal control of the trait)

Inclusive fitness effect (S) obtained by summing up the components listed in Table 2 of the main text:

s:={-c,c(1-m?, B (1-(1-m)?)}.{Ve (ter Qs + ten Qen) + Vm (tms Q¢ + tum Qem) ,

Ve (tes Or,££ + tem Qfm) + Vi (tms Or,£f + tum Qfm) » Ve (ter Qe + ten Qem) + Vi (tme Qer + tum Qfm) }

Threshold cost to benefit ratio for the diploid genetic system:

1 1 1 1 1 1

s /. {vf > ., Va=> =, teg > —, tem => —, tug > —, tam —> —} /. vecQDiplo;
2 2 2 2 2 2

C /. Extract[Solve[%==0/.B->1, C], {1}];

3

True

Threshold cost to benefit ratio for the haplo-diploid genetic system:

2 1 1 1

s/. {vf -> —, Vg -> ;, tes > ;, tem -> ;, tne 2> 1, tym > 0} /. vecQHaploDiplo;

C /. Extract[Solve[%=0/.B->1, C], {1}];
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True

Check of equation (5) of the main text (offspring control of the trait)

Inclusive fitness effect (S) obtained by summing up the components listed in Table 3 of the main text:

s:={-c,c(1-m? B (1-(1-m?)}.
{ve (tes Qs + ten Q) + Vi (tos O + tom Om) + Ve (tsr Qo 65 + en Qs 68) + Vin (s Qs + trom Qymm) /
ve (ter (X Qs + (1 - X) Qfn) + tem (X Qm + (1 - X) Q) ) +
Vi (tme (X Qe + (1 - X) Q) + tum (X Qs + (1 - X) Qum) ) }

Threshold cost to benefit ratio for the diploid genetic system:

1 1 1 1 1 1 .
s/. {vf => =, Vm=> —, tgg > —, tem > —, tne -> —, tym > —} /. vecQDiplo;
2 2 2 2 2 2

C /. Extract[Solve[%==0/.B->1, C], {1}];

True

Threshold cost to benefit ratio for the haplo-diploid genetic system:

2 1 1 1
S/. {Vf => =, Vm=> —, tegg > —, tem > —, tpe 2 1, tm->0} /. vecQHaploDiplo;
3 3 2 2

C /. Extract[Solve[%==0/.B->1, C], {1}];

True



