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Abstract

Over the past fifteen years, the number of papers focused on “eco-evo dynamics” has increased
exponentially (Figure 1). This pattern suggests the rapid growth of a new, integrative discipline.
We argue that this overstates the case. First, the terms “eco-evo dynamics” and “eco-evo
interactions” are used too imprecisely. As a result, many studies that claim to describe eco-evo
dynamics are actually describing basic ecological or evolutionary processes. Second, these
terms are often used as if the study of how ecological and evolutionary processes are
intertwined is novel when, in fact, it is not. The result is confusion over what the term “eco-
evolution” and its derivatives describe. We advocate a more precise definition of eco-evolution
that is more useful in our effort to understand and characterize the diversity of ecological and
evolutionary processes and that focuses attention on the subset of those processes that offer

novel results.

Main Body

To be clear at the outset, there is nothing wrong with the current enthusiasm for eco-
evolutionary studies. While the basic ideas behind them are not brand new, they continue to
uncover novel theoretical and empirical results that change how we think about nature.
However, if the term “eco-evolutionary dynamics” is co-opted by a definition that is too broad,
the importance of those results becomes harder to appreciate and the distinctive signature of

genuine eco-evolutionary dynamics harder to distinguish.

The problem begins with verbal definitions of eco-evo dynamics that are very broad - any
situation in which an ecological process leads to an evolutionary outcome or vice-versa (e.g.
Hendry’s (2017), cases 1 and 2 [p. 23]). We do not claim that all such situations are not

interesting; we claim that many of them are merely basic ecological or evolutionary processes.
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Consider some simple examples. When a population decline (ecological process) leads to a
loss of genetic variation in the absence of selection (an evolutionary outcome), this is classic
genetic drift. When a novel pathogen invades a community (an ecological process) and creates
a novel selective pressure to which its new host responds (an evolutionary outcome), that is
classic adaptive evolution. Conversely, when changes in the mean value of a heritable
phenotypic trait (an evolutionary process) causes a change in the population growth rate (an
ecological outcome), that is a reflection of Fisher's Fundamental Theorem of Natural Selection

(Fisher 1958).

One could describe these scenarios as eco-evo dynamics but that would merely give a new
name to long-established processes. More importantly, and to our point, describing them as
such blurs the distinction between these processes and others that are qualitatively quite

different.

A more pointed definition of eco-evolutionary dynamics might be situations in which both
ecological and evolutionary dynamics are coupled to each other through reciprocal feedbacks
(Pimentel 1961). In Pimentel’s original definition, the coupling of ecology and evolution was
viewed through density-dependent regulation and evolution: “Density influences selection;
selection influences genetic make-up; and in turn, genetic make-up influences density” (p. 65).
Of course, population density is not the only possible ecological parameter involved (Lion 2018);
it is merely the simplest to study. This definition corresponds to the verbal definitions offered by
Hendry (2017, p. 23, cases 3-5) and Kokko and Lopez-Sepulcre (2007) and the mathematical

definition offered by Lion (2018).

We advocate taking this definition a step further and restricting the term “eco-evolutionary

dynamics” to cases in which there is no separation in time between the ecological and
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evolutionary dynamics (Hairston et al. 2005). This is similar in spirit to Hendry’s (2017) general

definition that requires the dynamics to unfold in “contemporary time.”

Why impose a further restriction on the definition? Models incorporating both ecological and
evolutionary dynamics have been around for a long time. But most of these classical models
employ weak selection and low levels of phenotypic variance (Lion 2018). This means that the
ecological dynamics — for example, the population growing to a (quasi)-carrying capacity —
happens much faster than the evolutionary ones (change in allele frequencies or the mean of a
heritable phenotypic trait) (Lande 1982). The very slow subsequent evolution may increase
carrying capacity, and the very slow subsequent change in carrying capacity may alter selection
pressures. Models of weak selection combine ecological and evolutionary dynamics, but the
assumption of weak selection places the dynamics on different timeframes, which allows them to

be analyzed independently.

The “separation of time” approximation fails when, in purely genetic models, selection is strong
or, in phenotypic models, when the variance in the critical traits is large (Lion 2018). Why
emphasize this situation? Because it is the one in which wholly novel results emerge. When
ecological and evolutionary changes operate on similar time scales, the joint dynamics can
stabilize ecological interactions that would be otherwise unstable (Abrams & Matsuda 1997),
create unique dynamic patterns (Hiltunen et al. 2014), and qualitatively change the outcome of
many types of species interactions (Ashby et al. 2019). Thus, knowing when eco-evolution occurs

and when it does not, under our definition, is a key diagnosis in ecology.

How do these models of strong selection fit into the taxonomy of models that are structured by
phenotypic traits or alleles? An ecological model is one that contains no heritable genetic variation

(Tuljapurkar & Caswell 2012). It does not contain explicit rules of genetic inheritance. Models can
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be structured by non-heritable phenotypic traits, and in these models, selection, and the
population dynamics, are emergent features of the model (Ellner et al. 2016). An evolutionary
model is one that is structured by heritable genetic variation (Charlesworth 1994), but in which
weak selection is (often) a fixed quantity that is defined rather than an emergent result of the

ecology of the system (Crow & Kimura 1970).

Broadly speaking, two classes of eco-evolutionary model have been constructed. First, there are
coupled models of the dynamics of population size and of the mean of heritable phenotypic trait
values (Yoshida et al. 2003). In these models, one equation describes how the dynamics of the
mean of a heritable phenotype or frequency of a genotype in a species is determined by a function
through which population size determines the strength of selection. The second equation
describes how the dynamics of population size (also mean fitness) is determined by the mean
value of the heritable phenotypic trait or genotype frequency. These models are typically

continuous time coupled ordinary differential equations.

The second approach models the dynamics of entire distributions of heritable traits (Barfield et al.
2011; Childs et al. 2016). These distributions determine distributions of vital rates, from which
fitness is an emergent property (Easterling et al. 2000). The vital rates also determine numerical
dynamics, which can, in turn, alter the ways in which trait distributions affect vital rates (Coulson
etal. 2017). This feedback loop is combined with development and inheritance functions to drive
joint multi-generational dynamics of traits, demography, population density, and selection
(Simmonds et al. 2020). When entire distributions of traits and fitness must be studied, then

ecological and evolutionary time cannot be separated (Lion 2018).

How do we know that eco-evolutionary dynamics, as we have defined it, are of more than

theoretical interest? When ecological and evolutionary time scales cannot be separated,
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evolutionary change can be as rapid as ecological change and there is ample evidence that rapid
evolutionary change occurs often enough to be important, not merely interesting (Reznick et al.
2019b). Moreover, the recent enthusiasm for eco-evolutionary studies has begun to generate
empirical demonstrations of eco-evolutionary dynamics in nature (Hairston et al. 2005; Reznick

et al. 2019a).

Why do we emphasize the lack of novelty of genuine eco-evolutionary dynamics? Laboratory
experiments were demonstrating these dynamics over fifty years ago (Pimentel 1961; Ayala
1965). These pioneering studies ought not to be forgotten. They inspired hypotheses for
explaining striking natural phenomena like the cycling of rodent populations (Chitty 1967) and
motivated the earliest theoretical work that explored the consequences of eco-evolutionary
dynamics for predator-prey systems (Levin 1972) and character displacement (Slatkin 1980). The
roots of eco-evolution can be traced to the ecological genetics of E. B. Ford, A. D. Bradshaw, and
others, along with laboratory studies attempting to link genetic variation to the outcome of
ecological processes (Travis et al. 2013). While that work might be called eco-evolution under
some definitions (e.g. Hendry’s 2017 cases 1 and 2), we argue that much of it was not because
it did not include reciprocal feedbacks. It did, however, represent pioneering efforts to integrate

ecology and evolution.

Eco-evolution has become popular recently because it has been shown that the evolution of one
organism can have large effects on the structure and function of its ecosystem (Hairston et al.
2005; Bassar et al. 2010) and the significant amount of evidence that evolutionary change can
occur rapidly (Hendry & Kinnison 1999; Carroll et al. 2007). As such, eco-evolution offers great
promise to help unify ecological and evolutionary theory, and to help explain how systems
respond to all sorts of environmental change (Coulson et al. 2011; Childs et al. 2016). In that light,

it is important to recognize eco-evolution for what it is, when and where it occurs, and when and
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where it does not. Calling any process involving ecological dynamics and trait or genetic variation
eco-evolution obscures the novelty associated with the consequences of reciprocal feedbacks
between ecology and evolution on the same time scale. More importantly, if everything is called
‘eco-evo”, then the term loses its ability to define a specific area of parameter space (strong
selection, non-negligible phenotypic variances, large genetic effects on ecological variables) and
we lose the ability to ask how often nature occupies this region of parameter space. We also risk

future generations forgetting the corpus of work on genuine eco-evolution being conducted now.

Literature Cited

1.

Abrams, P.A. & Matsuda, H. (1997). Prey adaptation as a cause of predator-prey cycles.
Evolution, 51,1742-1750.

2.

Ashby, B., Iritani, R., Best, A., White, A. & Boots, M. (2019). Understanding the role of eco-
evolutionary feedbacks in host-parasite coevolution. J. Theor. Biol., 464, 115-125.

3.

Ayala, F.J. (1965). Evolution of Fitness in Experimental Populations of Drosophila serrata.
Science, 150,903-905.

4.

Barfield, M., Holt, R.D. & Gomulkiewicz, R. (2011). Evolution in Stage-Structured Populations.
Am. Nat., 177, 397-4009.

5.

Bassar, R.D., Marshall, M.C., Lopez-Sepulcre, A., Zandona, E., Auer, S.K,, Travis, ]. et al. (2010).
Local adaptation in Trinidadian guppies alters ecosystem processes. Proc. Nat. Acad.
Sci.,, 107,3616-3621.

6.

Carroll, S.P., Hendry, A.P., Reznick, D.N. & Fox, C.W. (2007). Evolution on ecological time-
scales. Funct. Ecol., 21, 387-393.

7.

Charlesworth, B. (1994). Evolution in age-structured populations. Cambridge Univ. Press,
Cambridge.

8

Childs, D.Z., Sheldon, B.C. & Rees, M. (2016). The evolution of labile traits in sex- and age-
structured populations. J. Anim. Ecol., 85, 329-342.

9.

Chitty, D. (1967). The natural selection of self-regulatory behavior in natural populations.
Proceedings of the Ecological Society of Australia, 2, 51-78.



195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

10.

Coulson, T., Kendall, B.E., Barthold, |, Plard, F., Schindler, S., Ozgul, A. et al. (2017). Modeling
Adaptive and Nonadaptive Responses of Populations to Environmental Change. Am
Nat, 190, 313-336.

11.

Coulson, T., MacNulty, D.R,, Stahler, D.R.,, vonHoldt, B., Wayne, R.K. & Smith, D.W. (2011).
Modeling effects of environmental change on wolf population dynamics, trait
evolution, and life history. Science, 334, 1275-1278.

12.

Crow, J.F. & Kimura, M. (1970). An introduction to population genetics theory. Harper and
Row, New York.

13.

Easterling, M.R,, Ellner, S.P. & Dixon, P.M. (2000). Size-specific sensitivity: applying a new
structured population model. Ecology, 81, 694-708.

14.

Ellner, S.P., Childs, D.Z. & Rees, M. (2016). Data-driven modelling of structured populations.
Springer, Berlin.

15.

Fisher, R.A. (1958). The genetical theory of natural selection. 2nd edn. Dover Publications,
New York.

16.

Hairston, N.G., Jr., Ellner, S.P., Geber, M.A,, Yoshida, T. & Fox, ].A. (2005). Rapid evolution and
the convergence of ecological and evolutionary time. Ecol. Lett., 8, 1114-1127.

17.

Hendry, A.P. (2017). Eco-evolutionary dynamics. Princeton University Press, Princeton, New
Jersey.

18.

Hendry, A.P. & Kinnison, M.T. (1999). Perspective: The pace of modern life: Measuring rates
of contemporary microevolution. Evolution, 53,1637-1653.

19.

Hiltunen, T., Ellner, S.P., Hooker, G., Jones, L.E. & Hairston, N.G. (2014). Eco-Evolutionary
Dynamics in a Three-Species Food Web with Intraguild Predation: Intriguingly
Complex. In: Advances in Ecological Research, Vol 50: Eco-Evolutionary Dynamics (eds.
Moyalarano, |, Rowntree, ] & Woodward, G). Elsevier Academic Press Inc San Diego,
pp- 41-73.

20.

Kokko, H. & Lopez-Sepulcre, A. (2007). The ecogenetic link between demography and
evolution: can we bridge the gap between theory and data? Ecol. Lett., 10, 773-782.

21.

Lande, R. (1982). A Quantitative Genetic Theory of Life History Evolution. Ecology, 63, 607-
615.

22.

Levin, S.A. (1972). A mathematical analysis of the genetic feedback mechanism. Am. Nat., 106,
145-164.

23.



240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

265
266

267

Lion, S. (2018). Theoretical Approaches in Evolutionary Ecology: Environmental Feedback
as a Unifying Perspective. Am. Nat., 191, 21-44.

24.

Pimentel, D. (1961). Animal population regulation by the genetic feed-back mechanism. Am.
Nat., 95, 65-79.

25.

Reznick, D.N., Bassar, R.D., Handelsman, C.A., Ghalambor, C.K,, Arendt, ]., Coulson, T. et al.
(2019a). Eco-Evolutionary Feedbacks Predict the Time Course of Rapid Life-History
Evolution. Am. Nat., 194, 671-692.

26.

Reznick, D.N., Losos, J. & Travis, J. (2019b). From low to high gear: there has been a paradigm
shift in our understanding of evolution. Ecol. Lett., 22, 233-244.

27.

Simmonds, E.G., Cole, E.F., Sheldon, B.C. & Coulson, T. (2020). Phenological asynchrony: a
ticking time-bomb for seemingly stable populations? Ecol. Lett., 23, 1766-1775.

28.

Slatkin, M. (1980). Ecological Character Displacement. Ecology, 61, 163-177.

29.

Travis, J., Leips, J. & Rodd, F.H. (2013). Evolution in population parameters: density-
dependent selection or density-dependent fitness? Am. Nat., 181, S9-S20.

30.

Tuljapurkar, S. & Caswell, H. (2012). Structured-population models in marine, terrestrial, and
freshwater systems. Springer, Berlin.

31.

Yoshida, T., Jones, L.E., Ellner, S.P., Fussmann, G.F. & Hairston, N.G. (2003). Rapid evolution
drives ecological dynamics in a predator-prey system. Nature, 424, 303-306.



Figure 1. Number of papers returned, by year, by a search in Web of Science with the term “eco-
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evolutionary dynamics” as accessed on January 7, 2021.
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