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Abstract9

The density and frequencies of interacting phenotypes create a type of environment which affects10

both phenotypic selection and population growth. Fluctuations in population density create tempo-11

ral variation in population mean fitness, driving population dynamics, while fluctuations in pheno-12

typic frequencies create variation in the relative fitness of phenotypes through frequency-dependent13

selection. Different modelling frameworks have been used to study these (social) environment ef-14

fects and the eco-evolutionary dynamics produced by their interaction. However, the diversity15

and mathematical complexity of these models can represent an obstacle for empiricists aiming to16

study the social factors shaping the eco-evolutionary dynamics of natural populations. Here, we17

reformulate components of these models using generalized linear regression equations to provide18

a statistical decomposition of how different frequency- and density-dependent processes influence19

phenotypic selection, population growth, and the expected equilibrium density and mean phenotype20

of a population. We complement these results with individual-based simulations to illustrate how21

quantifying the different ways the social environment affects an individual’s fitness can improve22

our understanding of the feedback that links the evolutionary dynamics of phenotypes with the23

carrying capacity of natural populations.24
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Introduction27

The interaction between ecological and evolutionary processes plays a fundamental role in shaping28

phenotypic diversity and the functioning of ecosystems (reviewed by Govaert , 2019; Hendry29

, 2018; Pelletier , 2009). At the heart of such eco-evolutionary dynamics lies the feedback30

between population dynamics and phenotypic evolution. The social environment is a key mediator31

of this feedback because it evolves in response to selective pressures changing the demographic and32

phenotypic characteristics of populations. This will result in eco-evolutionary feedback because33

evolution alters the ecological context for selection, further affecting phenotypic evolution. Differ-34

ent modelling traditions have been used to study the consequences of these environmental feedbacks35

on the demographic characteristics of populations and the evolutionary dynamics of phenotypes36

(Abrams , 1993; Boyce, 1984; Charlesworth, 1994; Engen , 2020; Heino , 1998; Lion,37

2018; MacArthur, 1962; Mylius & Diekmann, 1995). These studies highlight that understanding the38

eco-evolutionary dynamics of populations requires quantifying the interactive effects of population39

density and phenotypic frequencies on population mean fitness and the relative fitness of pheno-40

types. These effects are rarely studied together in wild populations, leading to a potential mismatch41

between our theoretical understanding and the processes operating in nature. To address this gap,42

we use generalized linear regression models and individual-based simulations to illustrate the dif-43

ferent ways the social environment can affect eco-evolutionary dynamics and encourage empiricists44

to quantify these social environment effects in natural populations.45

We refer to the social environment as the density and frequency of conspecific phenotypes affect-46

ing an individual’s survival and reproduction. Competitive and cooperative interactions shape the47

strength of density regulation and phenotypic selection (Frank, 1998; Haldane, 1956; Lack, 1954;48

West-Eberhard, 1979), making the social environment a key mediator of the eco-evolutionary dy-49

namics of populations. Phenotypes mediating social interactions can influence population dynamics50

and/or phenotypic evolution whenever an individual’s fitness is affected by its social environment51

(Travis , 2013; Wolf , 1999). We can think of traditional studies of density regulation and52

frequency-dependent selection as focusing on two ways the social environment affects the ecological53
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