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Appendix: derivation of equations 5 and 6

In the CVM, the state of the system can be characterized by the abundance of both types of
hypocrites (pry and pp,) and red frank individuals (pg,). In one update, these variables change by
at most +1/N, where N is the number of individuals in the group. Suppose the previous state is
(prb, PBr, PRr). There are eight possible events that cause a change from (pgrp, pBr, prr). We list
these events in Table together with the corresponding transition rates. The rates are those of
the CVM on a complete graph with self-links (i.e., we include a link from each node to itself). If

we exclude the self-link, the transition rate ¢ will have to be replaced by c%. Keeping the factor
% throughout the calculation would complicate the mathematical expressions without additional

insight into the model. The “correction factor” N% is close to 1 even for moderately small groups

1
and goes to zero in the limit N — oo.

We can express the dynamics of the expected values pry, pBr and pg, by rate equations. For
example, prp increases by % because of event 7 in Table whereas events 1, 2, and 6 decrease
pry by the same amount. None of the other events change pry. Taking the rates of the corresponding
events into account, prp evolves according to the differential equation

d PRy -
% = CPBbPR — €PRb — LPRb — CPRb PB - (S1.1)
Similar arguments show that
dpsr U
Zt = CPRrPB — €PBr —LPBr — CPBr PR (S1.2)
and -
P — PRy + ¢ By + CPBr PR — CPRI P - (S1.3)
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Table S1.1. Transition rates in the CVM on a complete graph with self-links.

Event New state Transition
rate

1 | An Rb individual externalizes (pr N s PBr ,03,,) eNprpy

2 | An Rb individual internalizes (pr N , pBT, PRr + %) iNpRp

3 | A Br individual externalizes (pr, PBr — N,pRr + %) eNpp,

4 | A Br individual internalizes (pr, PBr — N7PR7‘> iNppr
An Rr individual copies a B 1

5 7 9 r T N N r
ndividual (prb: PBr + %> PRr — %) | ¢NpRrpB
An Rb individual copies a B 1

6 - N T r N
individual (PRb N PBr PR ) CINPRb PB
A Bb individual copies an R 1

7 N T r N
individual (PRb + N PBrs PR ) CINPBb PR
A Br individual copies an R 1 1

8 T N T N N T
ndividual (pra PB N PRr + N) cINpBr PR

We can express the right-hand sides of Eqs in terms of only pgrsy, pr and pg, by using
the identities pr = pro + PRrs PB =1 — prRO — PR a0d pBy = 1 — prL — PBr — PRr- The result is the
following set of equations:

dore N

P — (o + Prr) (1 — Py — ) — (e + ¢ + 1), P (51.4)
dp5r o . p—

Zf = c(pBr +Prr) (1 = Pro — PRr) — (¢ + € +1%) PBrs (SL.5)
AP o

Zf = c(Pro + Prr) (PBr + PRr) — CPRr + €DBr + iPRD- (51.6)

We obtain the evolution of the difference D = prp — pp, by subtracting Eq from
dD —

which explains Eq 6 in the main text. We can also infer the shape of the attractor (black curve in
Fig 3) by setting the derivatives on the left-hand side of Eqs equal to zero. It follows that
the attractor is given by Eq 5.
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