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    Abstract
Cooperation, defined as the act of an individual which benefits a recipient, is widely observed to occur within many species. There are strong implications of the addition of cooperation on population dynamics as cooperation allows for actor choice with individuals choosing group associations based usually on differences in fitness. There are at least two types of cooperative acts: facultative and obligate. Facultative cooperation such as starling murmurations, fish schools, and locust swarms grant the actors full choice over their associations since the consequences of non-cooperation are not severe. Obligate cooperation like that of social canids, cetaceans, primates, and eusocial insects only grant partial actor choice with the consequences of non-cooperation being more severe. The population dynamics of facultative cooperative species are well-modeled, but not so for obligate co-operators. This is because models assume no actor choice where individuals are permanently fixed to their group. Doing so implicitly engenders stability into the system leading to false conclusions regarding the nature of the species’ population dynamics. In this paper, we created a model to analyze the population dynamics of obligate cooperators; it works by embedding a behavioral game of association with partial actor choice into a fitness dynamic. This model reveals three states based on strength of competition. In the first state under extremely strong competition, all groups will go extinct. Under the second state of moderately strong competition, the groups will exist at an unstable equilibrium. In the third state of weaker competition, the groups will show localized extirpations and constant turnover. As well, we generalize our results to show that obligate cooperative species can never achieve full stability due to the mismatch between the game’s equilibrium and the fitness equilibrium. Our results, general enough to apply to most systems, show that the constant extirpation dynamics seen in obligately cooperative species are not necessarily a function of external stochastic events but instead inherent to their dynamics. The extirpation and group turnover seen among obligately cooperative societies are inherent to their population dynamics. While other factors may exacerbate the instability, they can only be secondary explanations. Because the instability arises out of a non-chaotic discrete process, it means that the dynamics are predictable and can be tested against experiments and simulations. Furthermore, our results lead to strong implications of for the conservation of obligately cooperative species. Firstly, it shows the importance of intergroup dynamics and the creation and destruction of new groups. Secondly, to conserve such species requires large areas with multiple groups due to intrinsic group extinction and the need for a bonding process to stabilize the dynamics.
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