Overview
Purpose
The purpose of the model is to examine combinations of within-group and between-group selection scenarios that could lead to the breakdown of a strictly egalitarian social structure. It builds on the model developed by Rogers et al. (2011) which examined the differential survival of egalitarian or hierarchical societies in constant or variable environments. However, instead of starting out as either strictly egalitarian or strictly stratified (as in Rogers et al. (2011)), groups in my model start out with skill-related inequalities and enforce egalitarianism (through the use of punishment of selfish individuals). The absence of such punishment over time can lead to non-egalitarian – though certainly not stratified – groups. The type of environment – constant or variable – in which groups interact plays a role in this development as well. 
State variables and scales
The world consists of 25 sites (patches) that are meant to be equidistant to each other, meaning the spatial relationship between patches in the model is unimportant. Each patch is occupied by a group of agents numbering 10 individuals, and population growth or decline is linked to resource depletion. This means that populations can experience “booms” when resources exceed individual needs, and “busts” when population expands beyond the carrying capacity of a given patch. In Constant environments, patch resource growth is determined by a deterministic resource productivity function that links current patch productivity to resources remaining from the prior time step. In Variable environments, a stochastic process determines whether a given year will be Good, Bad or Very Bad, with resource production at normal, subnormal, or far below average, respectively.
Groups occupying patches are composed of individuals with differing skill at extracting resources from their patch, and differing selfishness which determines whether they keep those resources for themselves, or share them with the group. Selfish agents are punished by unselfish ones. This cycle of forage-punish-share is meant to imitate that found in some egalitarian hunter-gatherer groups where, if one individual experiences a windfall (skill-related or not), surplus resources are distributed to all members through the actions of the group itself. Storage is seen as a type of hoarding and is not tolerated. Although resource inequality is discouraged through punishment, the model does allow for other status differences through the mechanism of prestige. This dynamic is meant to model the occurrence of prestige bias, whereby people imitate a highly esteemed individual’s actions, including those directly related to a desired skill and those that have no clear relationship to that skill. 
Migration between patches is another important characteristic of the model. If a group overshoots the carrying capacity of its patch, it can easily go extinct, opening up the patch to colonization by neighboring groups. Since the spread of inequality was shown to be related to differential group extinction in variable as opposed to constant environments by Rogers et al. (2011), this aspect of the model allows for scenarios that might favor the spread of non-egalitarian groups over egalitarians in variable environments. 
Process Overview & Scheduling
Setup occurs according to the procedure outlined in Initialization (below). The first step is consumption, whereby turtles consume the resources from the prior year. Next, resource Production is carried out by patches (as described below) so that they add an increment meant to represent their annual Productivity. Because all turtles now have zero resources, the next step is for turtles to Forage, wherein turtles gather an amount of resources proportional to their skill level. This step also sees each patch’s resource amount decreased by the total amount allocated to all turtles on that patch. After foraging, turtles Share. Unselfish individuals provide more of the resources they’d foraged to a communal “pot” than selfish individuals. After this initial round of sharing, individuals who attempted to keep more than half their resources were punished by the unselfish individuals. These agents have a probability of punishment that quantifies their likelihood of inflicting punishment, which takes the form of stripping additional resources from selfish members and adding them to the communal pot. In doing so, punishers incur a resource cost that varies according to a slider. At the end of this process, the pot is divided evenly among all agents, whose resource amounts increase by this dividend.
Each round, the individual within a group with the highest skill level is given the label “prestige”, and other agents mimic the prestigious agent’s skill. In doing so, they also mimic other non-skill related characteristics – in this case, the prestigious agent’s probability of punishing unselfish agents, or ProbPun. This imitation is not modeled as a perfect copying of another agent’s variable; rather, agents evaluate the “distance” between their characteristic and that of the prestigious agent, and adjust the value up or down in small increments to more closely match that of the agent with prestige. Thus, highly skilled agents with a low ProbPun will cause other agents to eventually adopt a similarly low ProbPun over time.
Finally, at the end of a yearly cycle, turtles Live or Die based on the resources they gathered individually and received from the communal pot. Rogers et al. (2011) modeled this dynamic as a Fitness metric (F) related to individual’s social class, but I chose instead to base F on the individual’s resource level relative to that of the whole group. Individuals with above-average resources had a better chance of survival than those with below-average resources. After this cycle occurred, any patches which experienced total group extinction were left “open”, and neighboring turtles could Migrate by sending half their group to the open patch. Once this occurred, female turtles were give the chance to Procreate based on their F value, which as before was related to their resource level relative to their groups average. This process ended the yearly cycle.
Design Concepts
Emergence: Populations experience differential extinction rates depending on whether they have many agents with a high ProbPun or not. Group levels of skill and ProbPun converge on those of a prestigious individual if s/he remains the one with the highest skill for a long period of time.
Adaptation: Agents adapt by changing their skill and ProbPun level to model that of the prestigious individual. This means their skill is always increasing (since the prestigious individual is the one with highest skill in the group) but their ProbPun may increase or decrease depending on the level of the individual with prestige. Since the ProbPun influences the amount of punishment and level of inequality a group experiences, lowering it is thought to be better in variable environments where inequality is adaptive, but increasing it is better in constant environments where inequality is maladaptive.
Fitness: An individual’s resource level influences which procedure is used to determine his or her survival and/or procreation each year. This resource level also determines each turtle’s Fitness metric (F), which also influences procreation success and survival.
Sensing: Turtles sense the presence of an individual with “prestige” in their group. They can be thought of as sensing opportunities for migration when neighboring patches are open. In reality, each patch senses the number of turtles occupying it as well as whether or not its neighbors are vacant. Patches next to vacant areas use this information to send half of their resident turtle population to an open patch.
Interaction: Turtles interact through several processes. Sharing occurs when individuals place some of their resources in a communal pot. Punishment involves taking resources away from individuals who do not share enough and adding these to the pot as well. Turtles imitate the individual with prestige in their group and adjust their own variables’ values to mimic those of the prestigious agent. 
Stochasticity: Initialization of the model is stochastic in that individuals are given random values for skill, selfishness, and ProbPun. Punishment itself is a stochastic process in that each agent has only a likelihood of punishing, which can be triggered (or not) depending on a randomly drawn number. Additionally, the probabilities of giving birth or surviving another year are stochastic in that random numbers are used to determine if an agent reproduces and/or survives. The values that determine these probabilities are deterministic in that they are tied to slider “max” values as well as the class fitness metric and resource allocation. Finally, patches undergo Good, Bad, or Very Bad years through a stochastic process which makes Very Bad years least likely yet still possible.
Details

Initialization
During setup, patches are initialized with their Initial resource amount (6000), and each produces 10 turtles who are assigned an age and sex, skill level, selfishness level, ProbPun and an initial resource allocation to see them through the first year. 
Submodels
Resource Consumption
	Because there is no storage, agents consume their entire resource allocation each year. In order to more easily track resource levels through plotting, I chose to place this submodel at the beginning of the yearly round. Also, I placed this step after procreation so that females have the best possible chance of giving birth based on their resource allocation from the previous year.
Resource Production
Annual Resource productivity (R) is tied to total resources (total-R) left over 
from the previous year. The equation to determine this relationship is as follows:

R = .3 * (resources left from past year) + .6 * (2000) 

where productivity is capped at 2000 resources per year.
Foraging
	Each turtle extracts resources from its patch according to its skill level; the resource level of the patch is reduced by the sum of all turtles’ extraction.
Sharing
	Turtles keep a portion of their resources based on their level of selfishness, and add the remainder the communal pot. Individuals who give less than half of what they foraged are punished by those who give half or more. This involves removing a penalty fraction (set by slider, ranging from 0 to .8) of the selfish agents’ remaining resources and placing them in the communal pot. Punishing agents also incur a pun-cost, an amount of resources (set by slider, ranging from 0 to 25) removed from their personal stash (but not added to the communal pot). The pot is then divided evenly amongst all individuals.
Imitation
	The “prestige” individual with the highest skill is imitated by other agents. Non-prestige agents adjust their skill and ProbPun up or down in increments of .01 to more closely match that of the prestige agent. Both variables are then adjusted so they remain between 0 and 1.
Survival (Live or Die)
During each year, agents have a probability of surviving into the next year that is tied to their resource allocation based on an “elasticity function”, given below:
if res > 40, Ps = F x A x Ms 
if res <= Ls, Ps = 0 
if 40 > res > Ls, Ps = F * A * Ms * √(1 – x2)
where Ps = Probability of survival, F= fitness metric (described below), A = age survival factor (set at 1 for agents aged 65 and under, and set to decline in a linear fashion from 1 to 0 between age 65 to 72), Ms=maximum probability of surviving in any given year (default value = 0.998), Ls = low end resource level below which survival is no longer possible (default value = 22.5), and 
x =  (40 – res) / (40 – Ls)
Agents aged 72 die at the end of this procedure.
Fitness metric (F) is sensitive to relative differences in resource level. Each agent computes the Z-score for its resource level, which quantifies how many standard deviations above or below the group’s average resource level it is, according to the equation below:
			Zres = (res – meanres) / stdevres
The resulting number is divided by 100 and then added to 1 to give the F value. These values often fall between 1.005 and .995, which is the same range used by Rogers et al. (2011) to model class-derived differences in fitness for stratified populations.
Migration
	Each patch keeps track of its own population and that of its neighbors. It labels any neighboring patches with 0 population “Open”, and half of its turtles move to one of the patches so labeled.
Procreation
Each female turtle between the ages 18 to 36 has a chance to reproduce once each year. Births alternate between male and female. The probability of giving birth is tied to resource allocation by the following “elasticity function” (Rogers et al. 2011):
if res > 40, Pb = F x Mb 
if res <= Lb, Pb= 0 
if 40 > res > Lb, Pb = F x Mb x √(1 – x2)
where res = resources accrued by that individual that year, Pb = probability of individual giving birth, F = Fitness metric (as above), Mb = maximum probability of giving birth in any given year (default/baseline value is 0.15), Lb = low end resource level below which births are no longer possible (default/baseline value is 24.5), and 
x = (40-res)/ (40 – Lb)
Model Implementation
The model was implemented in NetLogo v. 5.0.2.
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