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We extend the definition of the invasion fitness (borrowed from the field of adaptive
dynamics) for the purpose of detiving the selection pressure. By definition, invasion fitness is J Pros

the initial growth rate of a mutant population at low density interacting with the resident

population at ecological equilibrium. We define the instantaneous invasion fitness as the

difference between the mutant and resident growth rates when the mutant population 1s ,
. . . . . . No phenotypic
small, given the current density of the resident population (not necessarily at ecological Cost-effective %

equilibrium). diversity

Only suitable for
Locally computable E , ,
long-time experiments

We can then define the selection pressure as the gradient of the instantaneous invasion

fitness when the mutant trait is infinitesimally close to the resident, the selection gradient.
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Current attempts to integrate eco-evolutionary processes into General Circulation Models We propose to assume a priori that adaptation through selection occurs, and thus to model it “E . e il No direct relation
. . . . . - . . . . . L 9 ti it
(GCMs) using trait-based models do so following the same general philosophy in two distinct as a supplementary differential equation governing the evolution of a monomorphic trait x % P(x) et ompe G(;\\Z with omic data
. : = t
phases: when the population has a size N : - x cutrett °
1. New phenotypes arise, e.g. through genetic mutation. dx Ny P i
2. Selection occurs on the phenotypes, modeled as competition among phenotypes in the d7 = G AN X (X)
ecological model. This so-defined selection gradient possesses the three desirable properties: Conclusion We believe this method is WCH-SUlted. fo.r 1ntegrzft10n 1n Eal:th'
Here, o is the evolutionary rate parameter and P(x) the selection pressure acting on an System models (ESM) for the prediction of biogeochemical
This general framework could be called the 'Mutation-Selection Cycles', and a wide range individual of trait x. There are three desirable properties for function P: 1. By definition, a population at a stable strategy can't be invaded by neatby phenotypes. cycles under climate change. The philosophy behind it already
of models fall under this category: individual-based models, trait-diffusion processes, adaptive 2. Since the selection gradient is derived from a growth rate in a specific environment, it is fits current ESM @odels and allows ff)r dynamical biological
dynamics... 1. Being locally computable. locally computable. parameters constrained by eco-evolutionary processes. The
2. P(x) = 0if xis an evolutionary stable strategy. 3. The selection gradient is a growth rate gradient, and thus informs us on the direction most APPIOAE Y ASSUATCS t'ha.t i aife meaguiad af dhe com.mumty 16‘.761’
The drawbacks of this framework come from the computational costs (e.g. individual-based 3. Being biologically meaningful, i.e. not just 2 mathematical construct. advantageous for bacteria. It can be used to assess how far a population is from its and generates predictions about the effect of adaptive evolution
models) and simplifying assumptions that can be biologically or mathematically problematic evolutionary optimum. on inter-annual timescales.

(e.g. moments method).
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