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| t d t conditions, these so-called closed loop traits can be thought of as contingency
ntroauction plans or strategies. Combinations of Hamilton's rule and control theory have

also been looked at for closed loop traits, and dynamic programming is often
The topic of this paper is the formalization of quantitative trait selection and used to study how closed loop traits change over time [2,3].

the investigation of combining two forms of magic. Hamilton's marginal rule,

which provides a necessary first-order condition for evolutionary stability and However, in the majority of these formalizations, open and closed loop
describes the direction of selection on a quantitative trait in a group (or family) ~ traits exhibit a form of complete plasticity, in the sense that the phenotype is
structured population, is on one side. The magic here actually, the mathematics ~ duantitative and can evolve freely (subject to physiological constraints) given
is in the fact that solving the potentially enormous system of equations  the values of the independent variable(s), time, and/or state(s). As a result,
describing the distribution of genetic states among individuals who interact ~ genetically evolving traits typically have infinite dimensions when the range of
locally is reduced to the much simpler task of calculating the likelihood that ~ the dependent variables is continuous, and they have large dimensions if the
two members of the same group shared a common ancestor during a neutral independent variables can take many values. However, there are instances of
evolutionary process (everyone has the same trait). On the opposite side, we ~ incomplete phenotypic plasticity, in which an individual is viewed as an open
have the sorcery of the control hypothesis way to deal with the analytics of ~ systemthatinteracts and responds to its surroundings, but there are few genetic
varieties, which gives essential first-request conditions to enhancement issues evolving traits that influence phenotypic scheduling. Models for the evolution of
including objective capabilities that rely upon entire directions of dynamical reactive strategies, behavior response rules, learning rules, preferences, and
frameworks e.g., life-time regenerative achievement relies upon advancement neural and gene networks with a few nodes are just a few examples that can
and asset allotment booking. The fact that the problem of dynamic optimization be found in the literature. Phenotypic scheduling is governed by a dynamical
and solving multidimensional partial differential equations can be reduced to system that is influenced by one or a small number of genetically evolving traits
the much simpler task of static optimization and computing dynamical systems in each of these situations. This dynamical system has an impact on survival
with fewer dimensions is the manifold magic here. The analysis can frequently and reproduction. To a first estimation, most insightful models for response
be reduced to solving ordinary differential equations under a neutral process standard development when communications happen between people are
only in an evolutionary biology context. These partial differential equations really of this sort [4,5].

capture selection on reactions norms or behavioral strategies [1].

Conclusion

Description

This paper aims to demonstrate how the evolution of behavioral interactions

The extensive literature on social evolution and Iife-history theories serve in group-structured populations under incomplete p|asticity can be studied

as examples of how these two approaches have opened the door to a wide  ysing standard control theory concepts originally developed for situations of
range of applications in evolutionary biology. Hamilton's rule and control  complete plasticity where magic is most effective. While some of this topic
theories have also been incorporated by wizards. Specifically examined \yas looked into, some of their results are generalized here. Additionally, fully
choice on supposed open circle attributes under restricted hereditary blending. worked-out life-history scenarios in which the analysis proves analytically
Open loop traits are the standard formalization of reaction norm evolution in  tractable are included. Last but not least, a more in-depth formalization of
life-history theory for panmictic populations and describe phenotypic plastic oy an individual interacts with its environment is provided. This makes it
expression as a function of time (or some other exogenous variable), such as |, oqsibe to clearly connect with the extensive research on social evolution and
from birth to death. Under the guise of Pontryagin's maximum principle, control incomplete plasticity. The remainder of this paper is laid out as follows: i) A
theory has actually been utilized in this setting for quite some time. However, formalization of an individual as an open system and a recall of Hamilton's

]E)Iatstlc pbh(inoltyp_e s evolve t(i vary fr_1t0t only Im reip(t)ntse to_tlt:rlle (_)rﬂexter_nal marginal rule for selection on scalar traits are provided. ii) Control theory ideas
actors, but also in response to any fiiness-relevant state variables influencing are used in Hamilton's marginal rule to find the first-order conditions needed

an individual's physiology, morphology, or behavior, which may themselves . . . . . .
. . ; . . for a scalar trait that affects any dynamic phenotypic expression of interacting
be influenced by phenotypic expression. Since they close the output-input o . o . . -
individuals in a life-history evolution context to be stable in evolution. iii) In a

feedback loop between phenotypic expression and individual states and group-structured population, the generic first-order condition for selection on

ecify a conditional trait e sion rule in accordan ith fitness relevant . . . .
specify a conditional trait expression rule in accordance with fitness relev a trait that affects a behavior response rule is re-derived, strengthened, and
made more general. iv)The model's limitations and generality are discussed.
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