Overview 
The Agent-Based Model (ABM) that we developed to examine how mobile pastoralists might achieve an IFD is part of a longitudinal study of pastoral mobility in the Far North Region of Cameroon. We used a combination of spatial, ethnographic and modeling approaches to describe and explain the distribution of mobile pastoralists in our study area in five successive years, 2008-2012 (Moritz et al. 2013, 2014). ABMs are commonly used tools to examine the dynamics of complex systems. We built the model in NetLogo (version 5.05) (Wilensky 1999) and have published the model at OpenABM (www.openabm.org)(Janssen et al. 2008). The model has been certified by the Network for Computational Modeling in the Social and Ecological Sciences (CoMSES Net)(Rollins et al. 2014). 
In designing our ABM we used a strategy called pattern-oriented modeling (POM) in which the goal is to use multiple patterns observed in the social-ecological system to guide the design of the model (Grimm et al. 2005). Our model is relatively simple but captures the key dynamics of the social-ecological system of mobile pastoralists in the floodplain in which agents (camps consisting of multiple households and their herds) follow simple movement rules to make decisions about when and where to move in the landscape (a representation of the floodplain with spatiotemporal variation in resources). Movement decisions are shaped by agents’ preferences for or attachments to particular campsites, which are shaped by previous experiences (habitude). The resources deplete due to desiccation and grazing and agents gain and lose energy as they consume resources, live, and move. The model description follows the ODD (Overview, Design concepts, Details) protocol (Grimm et al. 2006, Grimm et al. 2010) to provide a clear and comprehensive description of what our model does. 
Purpose 
The purpose of the model is to examine whether and how mobile pastoralists are able to achieve an Ideal Free Distribution (IFD)(Fretwell and Lucas 1969, Sutherland 1996). The IFD model predicts how animals should distribute themselves over resource habitats or patches. The two main assumptions in the IFD model that give it its name are (1) individuals have complete knowledge about the resource quality and quantity of each patch (ideal assumption) and (2) individuals are free to move to any patch (free assumption). When those conditions are met, the theory predicts that individuals should be distributed such that no individual can gain more resources by moving to a different patch (Hamilton 2010). Our hypothesis is that an ideal free distribution will emerge when pastoralists with complete information, freedom and ability to move, and independent decision-making capabilities, have open access to depletable common-pool resources that are highly variable is space and time (Moritz et al. 2013, 2014). 
Entities, state variables, and scales 
There are two entities in the model: patches are the spatial units that make up the landscape and camps of pastoralists are the agents that move around the landscape. 
The landscape is a representation of the spatiotemporal variation in grazing resources in the Logone Floodplain in which individual patches represent an area of one square kilometer. In our model the world is 30 by 30 kilometer and wraps around, which means that it is a small sphere with no boundaries. At the start of each season the relative spatiotemporal distribution of grazing resources in the landscape is always the same, but the rate at which they lose value varies from day to day. This mimics ecological processes in the floodplain, including the impact of bush fires on forage availability. 
Each time step in the model represents one day and 240 days represents one year in the floodplain. The year starts at the peak of the flooding season (November) when mobile pastoralists enter the floodplain, and ends at the start of the rainy season (June) when they leave the floodplain. We ran simulations for 10 years to compare the performance of the different movement rules and for 100 years to assess the persistence of the system. 
The agents in our model represent the camps of mobile pastoralists, which consist of multiple households and their herds of cattle. The number of herds and cattle are attributes of the camps; they are not modeled individually. The number of cattle per herd is drawn from a normal distribution with an empirically determined mean and standard deviation (mean = 90 cattle per herd, sd = 15 animals), while the number of herds per camps is drawn from a Poisson distribution with an empirically determined mean (mean = 7 herds per camp) (Scholte et al. 2006). The initial weight of each animal at the peak of the flooding season is 295 kilo (or energy units), which is based on empirical data from similar pastoral systems in Cameroon (Njoya et al. 1997) and Africa (Nicholson and Sayers 1987). Camps are randomly distributed in the landscape at start of each simulation. 
Process overview and scheduling 
The year starts at the peak of the flooding season (November) when mobile pastoralists enter the floodplain and ends at the start of the rainy season (June) when they leave the floodplain. A year lasts 240 days (or ticks). 
At the peak of the flooding season the grazing resources are at their maximum value. But as the dry season progresses, the grazing resources are steadily depleted and lose value due to desiccation (the rate of which can be adjusted) as well as due to consumption by camps. Grazing resources are replenished at the beginning of each new year (after the floods). 
The order of the camps performing the processes is random, e.g., it is not always camp #1 that consumes resources as the first. The order of processes is as follows. Each day, camps keep track of their energy, get energy from consuming grazing resources within their grazing radius, and lose energy. A small percentage of the camps, randomly selected, compare their energy with the energy of other camps, and decide to move to areas with more grazing resources if their energy is below the average of all camps (movement rule 1) or when they gain less or lose more energy than the average of all camps (movement rule 2) or a combination of these rules. Camps that are in areas without grazing resources will also move. Camps lose additional energy when they move. 
When the energy of a camp has doubled, the camps will split into two (each with half of the energy). If a camp’s energy is below a threshold (average of 195 kilo per animal), it will die (Nicholson and Sayers 1987). 
Camps develop attachments to patches where they spent significant amounts of time. These attachments or preference are developed after 90 days of continuous occupation. These preferences are taken into account when camps are making decisions about movements and are comparing the value of grazing resources of their current location with other locations. Camps will value the patches with which they have attachments higher than those with which they do not have attachments. Camps also gain more energy from consuming resources in campsites with which they have attachments. Every day, a very small percentage of the attachments, randomly selected, ends. 
In addition, camps will value the grazing resources of their current location higher than those of all other locations (which is a way of taking into account the costs of moving when making decisions). 
When the energy of a camp has doubled, the camps will split into two (each with half of the energy). If a camp’s energy is below a certain threshold (average of 195 kilo per animal) it will die (Nicholson and Sayers 1987, Njoya et al. 1997). 
Initialization 
The following parameters can be adjusted: 
“Number-of-camps” sets the number of camps to start with. It is initially set to 50. 
“Percentage-comparers” sets the percentage of camps that are comparing their energy with other camps and make decisions to move accordingly. It is initially set to 0.05 (or 5% of all camps). 
“Radius-vision” sets how far camps look when they compare their energy with other camps and make decisions to move accordingly. It is initially set to 15, which means that they can look everywhere and have complete knowledge of their environment. 
“Dessication-rate” sets the rate at which the resources dry out and lose value. It is initially set to 3.0, which leads to a depletion of the model that mimics what is observed in the Logone Floodplain. Every day 95% of randomly selected patches lose 3,000 energy units 
“Habitude” sets the strength of camps’ preferences for areas (or campsites) with which they have attachments. It is initially set to 1.1 (1.0 means that there is no preference). 
“Campsite-duration” sets how many days camps have to stay in a particular place before they develop an attachment to that place and set up a campsite. It is initially set to 90 days. 
“Loss-of-attachment” sets how many camps lose their attachment to a particular area on any given day. It is initially set to 0.50, whihc means that very day 0.0005% of randomly selected attachments are lost. 
“Radius-of-grazing” sets the radius within which camps consume resources. It is initially set to 2 patches. 
“Movement-costs” sets how much of their daily energy consumption camps lose when they move. It is initially set to 0.25, which means that camps lose 25% of their energy consumption on the day that they move. 
“ListLength” sets for how long a period camps keep track of their changes in energy. It is initially set to 14, which means that they consider the average loss and/or gains in energy for the last 14 days when they compare their changes in energy with the overall energy losses and gains of the population. 
Design concepts 
The basic principle or question of this model is how do agents achieve an ideal free distribution when following individual foraging strategies. The ideal free distribution is a well-known concept in behavioral ecology, but what is less clear is how individuals achieve such a distribution. We examine this process for mobile pastoralists. 
The emergent phenomenon in this model is the distribution of agents over the available grazing resources. The adaptive traits of the agents are the following: they track their own energy, move to patches with more resources when their energy is comparatively low, and return to sites for which they have developed a preference. 
The objective of the agents is to increase its own energy. When energy of a camp doubles the agent “hatches” another agent. 
Agents sense or gain information about several variables: the distribution of resources in the world, the energy of other agents, and their own energy. This information is used to make movement decisions. 
There are no direct interactions between agents. Instead, agents interact indirectly through the consumption of resources in the different patches of the world. This changes the distribution of resources and the energy of the agents, which is the information that agents use to make movement decisions. 
Some of the processes in the model have a stochastic component: every day a small random percentage of the camps compares its energy with that of others and then makes a decision to move or not; every day a small random percentage of the attachments that agents have to campsites “dissolves”; and every day a small random percentage of the patches does not lose resources. 
In our simulations we conduct observations of the following data about the system: number of camps, cattle, campsites, attachments, movements, and buffers. We observe the following data for the population of agents: average energy, average number of movements per year, average camp age, and average duration in campsites. We keep track of these data to check whether our model is similar to the social-ecological system we are trying to model. Finally, we observe whether our three IFD predictions are met: occupied patches have higher resource density than unoccupied patches; variance in resource quality of occupied patches lower than the variance of unoccupied patches; a positive correlation between total resources in a patch and total number of individuals in a patch. 
Things to notice 
All movement rules 1, 2, and a combination of 1 and 2 consistently result in an ideal free-like distribution.Movement rule 2 – comparing relative losses and gains – performing the best in terms of performance of the system and in terms of our IFD predictions (Moritz et al 2013, 2014). Rule 2 results in fewer movements, which allows camps to develop more attachments to more campsites. This in turn, results in a greater number of cattle with greater weight as they are more effectively distributed over the available resources in the floodplain. 
In this model camps are developing attachments over time and those attachments allow them to get more out of the available resources. If the model starts with too many camps (say, more than 100), camps do not have enough time to learn and develop attachments and the socio-ecological system crashes, i.e., all camps die. However, if you start with 10 camps, the camps have time to develop attachments and the population of camps can grow to 70 or more. 
If the “percentage-comparers” is set too high (say, over 20%), the number of movements of camps is increasing and camps tend to move to the same area with the highest amounts of resources. The result is that camps lose considerable energy due to movements and quickly deplete resources in the areas where they congregate. A lower percentage of “percentage-comparers” results in fewer movements, more heterogeneity in attachments, and a greater distribution of camps over the landscape. 
If the “radius-vision” is set low (say, 5 patches) the camps are more widely distributed over the landscape, they do not move very much, and their number stays also relatively low since they do not optimally exploit the resources in the world. 
If the “dessication-rate” is set low, the world supports much larger number of camps and the opposite is also true. 
If “habitude” is set to 1.0, camps do not have a preference for areas (or campsites) with which they have attachments. If is set high set (2.0) camps have strong preferences for areas (or campsites) with which they have attachments and they become too conservative and this results in smaller populations of camps. 
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