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Interactions in Nature



Interactions in Science



Welcome to:  The Urban Game Park



Nature is……

• A complex 
dynamical 
system

• Hierarchical 
– from 
molecules 
to 
ecosystems

• Product of 
natural 
selection



Nature is not ….

• An art gallery ….

• And species are not masterpiece paintings



Fit of Form and Function

• Organisms possess 

adaptations for their 

environment

• Behaviors and phenotypic 

plasticity permit acclimation

to environmental 

circumstances

• With environmental change 

comes acclimation and 

adaptation



Our world is Changing!



Is this really my niche!



Would I prefer to be in the wild?  



I am an ecological 

and evolutionary process 

running rampant in the city



Goals

• Evolutionarily Enlightened 

Management

• A little natural selection

• Behavioral Indicators

• Contexts of Rapid 

Evolutionary Changes

• A tail of two squirrels



Evolutionarily Enlightened 

Management

Appreciating, Modeling and/or Anticipating 

the ecological and evolutionary consequences 

of management or conservation efforts

Brown and Parmen 1993, Ashley et al. 2003



Darwin’s Postulates

• Heritable Variation

• Struggle for Existence

• Variation influences the Struggle

http://en.wikiquote.org/wiki/File:Charles_Darwin_1880.jpg


Life as a Game

• Organisms are the players

• Heritable traits are the strategies

• Organisms inherit rather than choose their 

strategies

• Per capita growth rates are the payoffs

• The environment sets the rules



Darwin’s Postulates as a Game

• Heritable Variation: Organisms possess 

strategies u U

• Struggle for Existence: Fitness (per capita 

growth rate) G = (1/x)(∂x/∂t) and at some 

point ∂G/∂x < 0



Variation Influences the 

Struggle

• Fitness Generating Function: G(v,u,x)

• v = strategy of focal individual

• u = vector of extant strategies among others

• x = vector of population sizes associated 

with each extant strategy, where xi is the 

population size of strategy ui in the 

population



In search of my ESS



Recipe for an Evolutionary 

Game

• Select a model of population dynamics

• Select an evolutionary strategy

• Place bounds on the set of evolutionarily 

feasible strategies

• Introduce strategy of individual, and 

strategies of others into the population 

model



Darwinian Dynamics

• Ecological Dynamics: ∂ xi/∂t = xiG 

• Strategy Dynamics: ∂ui/∂t = k(∂G/∂v)

evaluated at v = ui

• Invasion Structured:  Rather than letting the

ui’s evolve, introduce new ui’s into the 

population



Evolutionarily Stable Strategy

“A strategy which cannot be invaded 

by alternative strategies when it is 

common in the population”

An ESS can contain one or more 

“species” and it must be convergent 

stable and be global maxima on the 

adaptive landscape at the ESS



Behavioral indicators

1) Patch Use and Diet 

choice

2) Habitat selection

3) Vigilance, herd sizes, 

and fear responses

4) Breeding behaviors





Rapid Evolutionary Changes  

• Pest Species

• Harvested Species

• Human modified landscapes



Antibiotic Resistance

Drug Resistance

Pesticide Resistance



Evolutionary Effects of Harvesting



Honey, I Shrunk the Cod

Wildtype

Evolutionarily 

enlightened

Ecologically 

Enlightened



Jorgensen et al., 

Science 318:1247-48



Human Modified Landscapes



Eastern Fox Squirrel

Sciurus niger



Eastern Grey Squirrel

Sciurus carolinensis



Fact 

Sheet

• Omnivore:  Nuts, acorns, herbs, flowers, bulbs, 

insects, fruit, and bark in winter

• Up to two litters per year: Summer and Winter 

homes

• Gestation: 45 days, Weaning 30 days, Litter 2-4

• Survivorship is High for Adults, Low for 1st litter 

and almost zero for 2nd litter

• Do not hibernate, scatterhoard food for winter



Tools

• Experimental food 

• patches as questionnaires for the 
squirrels

• Censuses of squirrels at the Morton 
Arboretum and in Oak Park

• Project Squirrel:  Web-based citizen 
science for large-scale analyses



Giving-up Density (GUD)

• The amount of food left behind in a 

depletable food patch by a forager

• Should increase with:  

• Food abundance

• State of animal

• Risk
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Are we a 

valley or a 

peak apart?
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Rapid Evolutionary change happens:

Species will Acclimate and Evolve

Opportunities:

Behavioral Indicators   

Evolutionarily Enlightened Management

Hazards:

Incipient de-speciation

Selecting for Biodiversity that exploits us, 

or escapes us

Remember:  

Nature is a subset of what is

evolutionarily feasible and

ecologically acceptable


