[bookmark: _GoBack]Description of the model “Helpers”
[bookmark: __DdeLink__252_501550651]The model simulates competitiveness for common resource between two groups. The first group has “parents” (individuals that are engaged in reproduction) and “helpers” (that are not engaged in reproduction, but potentially influence the intra-group process). The second group has only “parents” individuals. It is considered that the conditions, in which the model group displaces the alternative group, may in the real biological evolution contribute to the alleles pinning which foster the emergence of the helper
 
 
Definitions
Basic definitions of this model are:
Helper – individuals that are not engaged in reproduction, but potentially influence the intra-group process
Parents – individuals that are engaged in reproduction
The number of resources – limits that restrict the maximum number of individuals during competitive reduction.
Competitive reduction – reduction in the number of individuals that depend on the lack of resources and number of individuals
Noncompetitive reduction – reduction in the number of individuals that do not depend on the number of individuals
Population – the sum of individuals that compete for resources and contain two groups: with “helper” (G1) and without “helper” (G2).
βD – demand for resource of all individuals before competitive reduction.
γD – demand for resource of all quotes groups  

	The number of individuals
	The initial number of individuals in each group

	% helpers
	The percentage of helpers in group 1

	resources
	Resource endowment

	fertility
	The number of progeny from the set of parents

	the influence of helpers
	The degree of helpers’ influence on progeny survival

	S (Adult)
	Surviving of helpers and parents during noncompetitive reduction

	s(child)
	Surviving of progeny during noncompetitive reduction

	d(adult)
	The need for resources of helpers and parents individual

	d(child)
	The need for resources of progeny

	С(parents)
	Competitiveness of parents during competitive reduction

	C(helper)
	Competitiveness of helpers during competitive reduction

	C(child)
	Competitiveness of progeny during competitive reduction



The stages of calculation on every cycle of the model work
1. The initial number of individuals is calculated for both groups for each cycle. In the first cycle, it is determined by the initial parameters. For all the next ones it is determined by the total number of individuals in a previous step.
2. The noncompetitive reduction is calculated for the number of individuals multiplied by their surviving.
3. The number of individuals after breeding is calculated for half the number of parents multiplied by fertility.
4. The number of progeny is the difference between the number of parents before breeding and the number of individuals after breeding. The noncompetitive reduction was included too.
5. Quotes numbers is calculated for the number of individuals multiplied by their competitiveness. Competitiveness of G1 progeny is calculated like C(child) + assistance* noncompetitive reduction of G1 Helper/ Number of G1 progeny
6. The competitive reduction was calculated with the algorithm (Kravchenko, Shabanov 2010) in which it depends on resources, number of all groups after breeding and competitiveness of each group.
The algorithm has three scenarios:
I scenario: βD≤R; there is enough resource to all individuals. Competitive reduction doesn’t happened.
II scenario: βD>R and γD≥R; resource doesn’t enough even though competitive reduction. 
In this case, quotes number are reduced proportionally R/γD: N=quotes number ×R/γD.
III scenario: βD>R and γD<R; resource doesn’t enough for all individuals, but is enough for quotes number. N=noncompetitive number-(noncompetitive number-quotes number))*(βD-R)/(R-γD).
