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Outline

• Why we can’t just ignore evolution

• Evolution can occur in very short time scales... And influence 
ecological dynamics

• Recap of population genetics

• Selection

• Examples of interaction between processes

• What are eco-evolutionary dynamics and what they are not
• Evolving metacommunities approach

• EvoluCITY: my research project



Traditional view of the relationship 
between ecology and evolution

Evolution is something 

that happens at long 

time scales and takes too 

many generations for its 

effects to manifest

Ecology could just 

ignore evolution

http://www.ecoevolab.com/cartoon-the-classics-1/





 ”from so simple a beginning, endless forms most beautiful 
and most wonderful have been and are being evolved.”

Charles Darwin (1859) 

Origin of species by means 

of natural selection

wikipedia



wikipedia



2017



Laughlin & Messier 2015 after Arnold 1983



The ecological theater re-
conceptualized





2017



Evolution can happen very fast and 
its effects can change ecological 

dynamics 



A brief stop-over to remember a few 
concepts of population genetics



Zimmer & Elmen 2013

Null model of population 

genetics and evolution

Predicts allelic frequency in a 

population in the absence of 

selection, migration, mutation, and 

drift



Zimmer & Elmen 2013



Zimmer & Elmen 2013

Decrease genetic 

diversity

Increase

Genetic 

diversity



Zimmer & Elmen 2013



Zimmer & Elmen 2013



Zimmer & Elmen 2013





Zimmer & Elmen 2013





Zimmer & Elmen 2013



Ancestral strain

(Camboja)

Virulent strain

(atual)



Zimmer & Elmen 2013



Continuous traits
Distribution in a population



Genetic architecture and 
evolutionary adaptation

or how four letters created all diversity we see



Modes of genetic inheritance

• Simple dominance
• Autossomal chromosome
• Sexual chromosome

• Epistasis => efect of one locus depends on one or more “modifier” 
genes

• Pleiotropy => when one allele influences two or more non-related 
phenotypic traits

• Polygenic inheritance => trait is the result of several genes
• Height, eye color, skin color



https://www.grossmont.edu/people/bonnie-yoshida-levine/online-lectures/genetics-mendel.aspx







The three types of selection



Futuyma & Kirkpatrick 2017



Change in one generation in beak 

height of Darwin finches, due to 

drought and decrease in the 

availability of small, soft seeds



Adaptive landscapes





Conceptual bridge between micro- 
and macroevolution



• Jaw shape

• Diet specialization

• Specialist in snails 

diversify faster

How to estimate adaptive landscapes in wild populations



Relative liver 

weight



Relative liver 

weight



As ecologists, we need to learn (or 
talk more with) quantitative 

genetics more than ever!



Wilson & Poissant 2016



Hendry 2011, 2017

Eco-evolutionary 

dynamics
Or, how evolution 

influences ecology  and 

vice versa



Natural selection in the wild can 
happen very fast



Frances hurricane 

Sept 2004

Removed 

populations of 

lizards in small 

islands







Study conclusions

• Diferentiation in the source population is basically a result of 
adaptation to the new environment in experimental islands

• However, the signature of the founder effect is apparent, even in the 
face of adaptive divergence. Indeed, the current variation among 
experimental islands is better explained by the initial phenotypes than 
the current environmental conditions

• In summary: the populations differentiate faster due to adaptation to 
a new environmental setÝng, but the genetic pool is constrained to 
the founder population, i.e., it is contingent 



Spend less time in the 

ground in the presence of 

a predator



Partitioning the effect of ecology and 

evolution on community and ecosystem 

dynamics



Directional 

selection

Stabilizing 

selection

Lande’s equation 

(multivariate extension of the 

breeder’s equation)

R=h2S



Directional 

selection

Stabilizing 

selection
Evolutionary 

change in 

the mean 

value of trait

Genetic variance co-variance 

matrix

Selection 

gradient 

“strength 

of 

selection”

Lande’s equation 

(multivariate extension of the 

breeder’s equation)







Do we still need CWM etc?



Eco-evolutionary dynamics in 
metacommunities



 Establishment success of immigrants is affected by the

source population of the resident D. magna

and the presence/absence of macrophytes and the 

presence/absence of fish

Manipulated the genetic 

composition of Daphnia 



Evolving metacommunity 
perspective



Evolving Metacommunities 

Trait 

responses

Metacommunity

Dispersal

Gene flow

Local adaptation

Urban et al. 2008



Evolving Metacommunities 

Trait 

responses

Metacommunity

Dispersal

Gene flow

Local adaptation

Urban et al. 2008Richardson et al. 2014

Microgeographic adaptation

Wrights => measure





Leibold & Chase 2018



• The same set of ecological and evolutionary processes can 

determine community assembly at both regional and 

biogeographical scales.

• Metacommunity size and the proportion of empty spaces are 

also important 

• Evolution often determines community assembly



Leibold et al. 2019 PNAS

Incorporates 

adaptation to 

Chesson’s MCT

Priority effects 

and ‘community 

monopolization 

hypothesis’

Neutrality emerge at regional 

scale from local, niche-based 

processes driven by local 

adaptation



Leibold & Chase 2018



Is community ecology still a mess?



Mittlebach 2012 postface



Strong et al. 1984 book’s preface

Do we still suffer from “physics 
envy”?



A cheering message



Mittlebach 2012 postface



EvolCITY: How the urban 
environment changes the 

pace evolution of life 



Frog’s morphology is 

adapted for jumping, 

and relatively 

conserved throughout 

evolution

Reilly et al. 2015



 JORGENSEN & REILLY 2013

Pelvis morphology 

varies among groups 

depending on 

locomotion mode



• Neotropical frogs can be divided into 3 guilds: 

1) Generalists, eating preferably large prey

2) Ant/termite especialist 

3) “avoids” ants/termites

• Most frogs are generalists, eating arthropods and other invertebrates



Parmelee 1999

Head width and mandible length determine 
the size and type of prey (in especialist 
species)



Parmelee 1999

• Frogs that eat relatively small, slow prey 

have relatively short jaws and a 

symmetrical feeding cycle where equal 

amounts of time are spent catching and 

bringing prey into the mouth; 

• Frogs that eat relatively large, slow prey 

have relatively long jaws and an 

asymmetrical feeding cycle where time to 

prey capture is less than the time to bring 

prey into the mouth;  Emerson 1985



Vidal-García & Keogh 2017

Myobatrachidae (Australo-Papuan)



Phillips et al. 2006 Nature

Relative leg length is positively related 
with dispersal distance

Rhinella marina (Australia)



Length of fore and hind limbs are 
positively related with jumping 

performance

Citadini et al. 2018

Length of hind and fore limbs



Laughlin & Messier 2015 after Arnold 1983



Cap. 3 McPeek (2017)

Effect of a trait on fitness 

depends on the 

mechanism of 

interaction between 

individuals and 

populations

Bidirectional Undirectional 

If trait change in one 

direction increases fitness 

in all range of the trait (e.g., 

escape speed)

Reversion in the change 

direction in the fitness 

component with the trait 

change at different ranges 

of the trait



Main questions

• How does urbanization and species interaction affect phenotypic 
traits related to dispersal, feeding, and predator avoidance in frogs?

• Can time-since-urbanization change the fitness surface of key 
phenotypic traits? 



Comprimento 

Rostro-Cloacal

Largura da cabeça

Comprimento tíbia

Comprimento pé

Com
prim

ento coxa

Comprimento  da mandíbula



Phenotypic traits

• Relative head width and mandible length: prey size ingested

• Leg length: jumping performance (locomotion)

• Body size: can represent competitive hierarchy, for resources and 
females (~ call frequency)



Capture-Mark-Recapture 
as a tool to infer demographic parameters in 
open populations



Foto: Leandro Drummond



True/Apparent survival (ɸ)

Dispersal between patches







Critiques





Gimenez et al. 2009

Morrissey &  Sakrejda 2013



Hot topic

2019June 2020





2020



Alberti et al. 2020 Bioscience







Houston, we have a problem!

Urban (evo)ecology is (mostly) 
based on single cities “case studies” 

Need for a comparative aproa



City age gradient

Does it affect adaptation?



http://diogoprovete.weebly.com

diogo.provete@ufms.br

http://diogoprovete.weebly.com/

	Eco-evolutionary dynamics in metacommunities: Integrating space
	Outline
	Traditional view of the relationship between ecology and evolut
	Slide 4
	 ”from so simple a beginning, endless forms most beautiful and
	Slide 6
	Slide 7
	Slide 8
	The ecological theater re-conceptualized
	Slide 10
	Slide 11
	Evolution can happen very fast and its effects can change ecolo
	A brief stop-over to remember a few concepts of population gene
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Continuous traits Distribution in a population
	Genetic architecture and evolutionary adaptation
	Modes of genetic inheritance
	Slide 29
	Slide 30
	Slide 31
	The three types of selection
	Slide 33
	Slide 34
	Adaptive landscapes
	Slide 36
	Conceptual bridge between micro- and macroevolution
	Slide 38
	Slide 39
	Slide 40
	As ecologists, we need to learn (or talk more with) quantitativ
	Slide 42
	Slide 43
	Natural selection in the wild can happen very fast
	Slide 45
	Slide 46
	Slide 47
	Study conclusions
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Do we still need CWM etc?
	Eco-evolutionary dynamics in metacommunities
	Slide 57
	Evolving metacommunity perspective
	Evolving Metacommunities
	Evolving Metacommunities (2)
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Is community ecology still a mess?
	Slide 67
	Do we still suffer from “physics envy”?
	A cheering message
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Head width and mandible length determine the size and type of p
	Slide 76
	Slide 77
	Relative leg length is positively related with dispersal dista
	Length of fore and hind limbs are positively related with jumpi
	Slide 80
	Slide 81
	Main questions
	Slide 83
	Phenotypic traits
	Capture-Mark-Recapture as a tool to infer demographic paramete
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Critiques
	Slide 91
	Slide 92
	Hot topic
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Houston, we have a problem!
	Does it affect adaptation?
	Slide 101

