
Evolution 
simulation 

 

The students will learn about 
evolution through a simulation of natural 

selection.  During the simulation, the 
students will draw histograms to analyze 

during the debrief/discussion period.  
 
LESSON LENGTH: 

• 1-1.5 hours 

 
GOALS: 

• Gain familiarity and a deeper 
understanding of the processes 
involved in evolution by natural 
selection. 

 
 

OBJECTIVES: 
• Define evolution, natural 

selection, and fitness. 
• Describe the process of evolution 

by natural selection and how it 
shapes the life around us. 

• Relate environmental factors to 
evolutionary processes via natural 
selection. 

 
 

national, state, local standards 
• North Carolina Standard Course of Study  

o Bio.3.4 Explain the theory of evolution by 
natural selection as a mechanism for how species 
change over time.  

o Bio.3.4.1 Explain how fossil, biochemical, and 
anatomical 
evidence support 
the theory of 
evolution.  

o Bio.3.4.2 Explain 
how natural 
selection influences 
the changes in 
species over time. 

• Next Generation Science Standards  
o HS-LS4-2. Construct an explanation based on 

evidence that the process of evolution primarily 
results from four factors: (1) the potential for a 
species to increase in number, (2) the heritable 
genetic variation of individuals in a species due 
to mutation and sexual reproduction, (3) 
competition for limited resources, and (4) the 
proliferation of those organisms that are better 
able to survive and reproduce in the 
environment.  

o HS-LS4-3. Apply concepts of statistics and 
probability to support explanations that 
organisms with an advantageous heritable trait 
tend to increase in proportion to organisms 
lacking this trait.  

o HS-LS4-4. Construct an explanation based on 
evidence for how natural selection leads to 
adaptation of populations. 

 
 
STUDENT  TAKEAWAYS  FROM  LESSON:  

• Essential question/theme:  
o How does evolution via natural selection 

happen, on the population scale? (Note: This 
lesson does not delve into genetics.) 

• Key Concepts and vocabulary  
o Evolution: change in allele frequencies (and 

traits) of populations over time. 
o Natural selection: “Survival of the fittest.” One 

process that drives evolution. Due to variation of 
traits in a population, some individuals will be 
more successful (fitness differential), thus passing 
their heritable traits on and shifting the 
proportion of traits of the population. 
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o Darwinian fitness: The lifetime reproductive success of an individual relative to the population. 
More formally, how much genetic contribution an individual makes to the next generation’s gene 
pool, relative to the contribution of all others in the population. If organism A, with 5 surviving 
offspring, lives concurrently with organism B, with 20 surviving offspring, organism B likely has 
higher fitness than organism A. (The exception here is if organism A is especially effective at 
helping her relatives have lots of extra offspring, which would require us to think about inclusive 
fitness. Inclusive fitness is beyond the scope of this lesson.) 

o Genotype: An individual’s genetic make-up. 
o Phenotype: An individual’s set of characteristics (e.g., brown fur, 30lb, grooms males more than 

females, etc.). 
o Variation: Differences in individuals across the population. Variation can occur at the genotype 

and phenotype levels. 
o Heritable: A phenotype that is genetically passed on from parent to offspring. Some phenotypes 

may seem inherited but may be due to environment instead of genetics, or a combination of the 
two (e.g., BMI). 

o Convergent evolution: In which organisms are not closely related but are exposed to similar 
environmental pressures and evolve similar phenotypes (adaptations) to live in that environment 
(e.g., fish and dolphins have fins, but dolphins are more closely related to land animals than to fish 
– in this case, fins would be a product of convergent evolution). 

o Vestigial traits: “Useless” traits in organism for which homologous (parallel) “useful” traits can be 
identified in other animals (e.g., wings of emus and ostriches, appendix of humans) 

o Simulation: Imitating a real-world situation, usually with a computer. Simulations are basically 
empty rooms that we populate with organisms and rules, then set in motion to observe what 
happens over time. Simulations can help us better understand the interactions between factors we 
input into the simulation. 

o Artificial selection: The human-led process of selectively breeding organisms to obtain desired 
phenotypes. In artificial selection, people are essentially acting as a very powerful environmental 
force. This selective breeding is why artificial selection can result in genotypic and phenotypic 
change much faster than natural selection. 

 
ASSESSMENTS: 

• Formative  
o Quick-write definitions of evolution, natural selection, and fitness 
o Participate in simulation of evolution; help answer questions along the way 

• Summative 
o Create histograms representing natural selection on a population 
o After simulation, re-write definitions of above terms 
o Participate in discussion about evolution 

 
Diversity (reaching students of all levels/abilities): 

• Read aloud the instructions of the activity.  
• Have a small slip of paper with the instructions for students to read.  
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Materials  &  Equipment: 

• Genetic variant cards (see end of plan) 
• Blank histograms to fill in (see end of plan) 
• Whiteboard & markers 
• Paper  
• Pencils/pens  
• Notebooks 

 
LOCATION: 

• An open outside space on mostly flat level ground or in a large room 
 
 
RISK  MANAGEMENT  &  SAFETY  CONCERNS: 

• Check tag area for uneven ground, potholes, poison ivy, sharp branches, etc. 
• Adjust the activity described below to make it accessible for the needs of all students to allow full 

participation. 
 
 
BAD  WEATHER  ALTERNATIVE: 

• If time is limited, begin the lesson with briefly discussing evolution with the quick-write and explaining the 
definition of evolution. Then move onto the Explore section and carry out the simulation.  

• The follow-up discussion about the simulation should also be done but does not have to be as in-depth as 
written above.  

Pre-Lesson   preparation: 
• (2 min) Write objectives down on whiteboard and leave in sight during the lesson. 
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lesson: 
 
ENGAGE 

• By end of today, we will come up with definitions and deep understandings of the following terms: 
evolution, natural selection, and fitness 

• Write each down in your notebook, leaving lots of room between them.  
• Write words on a white board. 
• Diagnostic: Evolution, natural selection, fitness – what are they? (20 min) 

o Quick-write: Take 2 minutes to write down everything you know about these three terms. 
o Share definitions with the group. You can make a word cloud for each on whiteboard. We’ll come 

back to these definitions at the end of this lesson. 
• Brainstorm examples or evidence of evolution (15 min).  

o To start with…What fossils do you think are buried under us?  Field answers, then explain: 
Archaeologists and citizen scientists have found fossils in North Carolina of an extinct elephant 
species (Gomphotheriidae molar), a mammoth, and a mastodon. Do you think those three species 
were related to each other? Do you think that extinct elephants are related to current elephants?  

o Can you think of other examples of evolution?  Guide discussion and explain the following: 
§ Convergent traits (fish and whales both have fins, even though whale’s non-aquatic relatives 

did not) 
§ Peppered moths turning darker during smoke/haze of British industrial revolution (no dark 

ones seen before 1811; predominant phenotype by 1900)  
§ Co-evolution of orchid species with specific pollinator species 
§ Leaf geckos and other mimics – it’s to their benefit to look like something poisonous or 

their background. 
§ First really good evidence of Darwin’s theory of evolution: 1861 “first bird” fossil found in 

Germany. Can see feathers imprinted into the stone! 
§ Some vestigial traits are examples of evolution –traits that were functional in an ancestral 

species but are no longer necessary to the species in question: (1) All our hair follicles have 
a tiny muscle that lets the hairs stand on end (giving us goosebumps) - in chimps and other 
hairy mammals, this can help then stay warm or look scary to intruders. (2) We have a 
tailbone from our tailed monkey days. It’s rare, but some infants are born with tails. (3) 
Snakes have two tiny bones coming off their spines, which are vestigial hind limbs from 
their four-limbed ancestors. 
 

Explore 
 

• Activity: Natural selection simulation (1, 2) (30-40 min) 
o Set up two “end zones” about 10-15 meters apart, and set boundaries for width. 
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What the instructor says What the instructor does 

• One of many ways that scientists learn about 
evolution is through simulations – basically, a 
realistic computer game that will play out a 
certain event. By repeating a process in this 
game many, many times, we can see what will 
likely happen. This is call a simulation. We are 
about to simulate evolution of a species over two 
phases of natural selection. As we go through the 
activity, think about what kinds of situations and 
factors allow evolution to occur via natural 
selection. 

• You are all a population of grey squirrels in 
Pisgah National Forest. Your main predator is 
the red-tailed hawk. It has remarkable eyesight, 
but does best when it sees quick movements. 
Slow and steady is the way to go if you’re a 
squirrel.  

• I represent the population of red-tailed hawks in 
the Pisgah National Forest. Each time you pass 
from one end of my territory to the other, it 
represents one generation of squirrels, which is 
one year. When I say ‘go’ you have to cross to 
the other side. If you’re tagged by a hawk, freeze 
in place.  

 

 

 

 

 

 

• Hand out cards with squirrel speeds 
and directions. Try to make most 
people walkers, with some slow-
motion walkers, some skippers.  

• Set everyone up on one end, then 
call for the start of the simulation’s 
first round.  

• Tag fastest individuals. 
 

• After the first round: That was natural selection 
in action! Due to random mutations in the 
genome, there was variation in how your squirrel 
population could move.  

• Those who were tagged were killed, and thus 
won’t reproduce in the spring. Those that 
survived will reproduce and have offspring that 
are similar in speed to themselves, again with 
some variation.  

• After reproduction: Let’s look at whether we see 
any change in our population between last year 
and this year. 

• Reproduction: Assign squirrels that 
didn’t make it across to be offspring 
of survivors; you can make new 
speeds based off those of the 
survivors.    

• As a group, draw histogram of 
original population and population 
after first reproduction. 

• Iterate the simulation a few more 
times, drawing histogram after each 
reproduction. Once the population 
is becoming somewhat homogenous 
(mostly but not all crawlers), time to 
switch predators… 
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• Once population is mostly crawlers: It’s the late 
60s, and humans have finally realized that DDT 
decimates bird of prey populations - but it’s just 
about too late. Red-tailed hawk populations are 
crashing.  

• The bobcat, which had been relying on other 
food sources, swoops in and starts feeding on 
squirrels. The bobcat has remarkable tracking 
abilities, so a squirrel’s only hope is a quick get-
away.  

• I’m now a bobcat. Good luck. 

• Repeat with another few rounds as a 
bobcat (tagging slow individuals); 
this time selection will favor faster 
individuals. Introduce new 
mutations to allow individuals to be 
faster and faster. 

• After each round of reproduction, 
draw a new histogram. You should 
see the speed phenotype changing 
over time (first toward slower 
individuals with hawks, then toward 
faster ones with bobcats) 

 
Explain 

• Debrief:  
o Look at the histograms. Which speed was being selected when red-tailed hawks were preying on 

squirrels? What about the bobcat? How did the population change over time?  
o Based off our simulation, can we explain the process of evolution by natural selection? What 

allows it to happen? Write responses on white board, sorting by Darwin’s 4 postulates below. 
§ Variation of traits in the population 
§ Heritability of those traits 
§ Fitness differences depending on the trait (i.e., not everyone survives) 
§ Not random – those that survive have the beneficial trait 

o Ask students to write new definitions for evolution, natural selection, and fitness. Ask them to 
briefly hold up their definitions or go around to students to check theirs. Then come up with new 
group definitions. 

o More questions: 
§ What’s a realistic time-scale for our simulation? How can we measure evolution if it 

happens so slowly? Fossils. Study live things that reproduce quickly. Longitudinal studies. 
Find correlations between traits (e.g., speed) and fitness (e.g., lifetime reproductive 
success). Study strong selective forces, such as finch beaks during el niño vs. la niña years.  

§ What kinds of forces can induce selection? Always environmental, but that can be lots of 
things: change in predators as modeled here, change in competing species populations, 
change in elevation (e.g., over the course of a mountain-forming event) or temperature 
(e.g., climate change). 

§ Does evolution always happen slowly? Weak vs. Strong selective forces (e.g., rapid 
selection on Galapagos finch beaks due to extreme shifts in weather), introduced 
species/invaders can take over much more quickly because prey are not adapted to avoid 
them, artificial selection. 

§ All organisms are still evolving – what are some examples? See if you can get students to 
come up with climate change as a selective force before you mention it – What are some 
big changes happening to the Earth right now that could have evolutionary consequences?  
Then ask How is climate change affecting natural selection? What about human influence 
more generally?  
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• Climate change: Canadian squirrels starting to breed earlier as spring arrives earlier 
each year. Earlier breeders are more successful – more fit – than late breeders. 

• Snow-shoe hares change coat color based on how long the days are (photoperiod), 
not temperature or snow accumulation. This seems tricky to “change,” but we 
expect to see selection for hares that turn brown at shorter day lengths. The rate of 
change does seem to be affected by snow accumulation, though, and this is under 
selection. 

• Artificial Selection: Diversity of dog breeds. Rattlesnakes that no longer rattle due 
to hunting. And just about everything we eat has been artificially selected! 

 
Extend 

• Follow-up Activities:  
o 1-3 days later, play Pictionary or Charades with some of the terms used in the lesson: evolution, 

natural selection, fitness, artificial selection, fossil record, variation in a population, heritability, 
non-random nature of selection, vestigial traits. 

o Hands-on evolution lesson (after doing the Adaptations lesson): Measure variation in plant fitness 
across a landscape.   

§ How do we know which plants are the most fit in an environment?  Guide students to: 
plants with the highest number of buds, flowers, or seeds are probably the most fit, because 
they reproduce the most. 

§ Students make three 2x2m plots in one location (e.g., on the floodplain of a river) and 
three plots in another (e.g., away from the floodplain). They measure an index of fitness for 
a specific plant species: number of buds and flowers per plant (choose a species that has 
multiple flowers per plant), or the number of seeds per plant if available, and record their 
data.  Girls can divide up into two teams and collect their data in the three plots in one 
location, find the average for their location, then share their data with the other team. Units 
should be #X/plant, where X is buds, flowers, seeds, etc.   

§ Data analysis discussion: What do you notice about the data?  Where did the plants have 
the highest number of buds/flowers/seeds?  What can we conclude about the fitness of the 
plant species in these two locations?  (Get to: the plant species has higher fitness in 
___________(location) than ______________(the other location). 

§ Journal Entry (Assessment): Why do you think the plant has higher fitness in 
_______________(location)?  What aspects of the environment do you think it might have 
that causes this fitness differential? How does this finding relate to your notion of 
adaptations? 

 
Reference Materials/Resources 

• The red-tailed hawk – bobcat story is not a real-life example of shifting selective forces. (Though it is true that bird 
of prey populations crashed in the 60’s from DDT.) If you want to use an ecologically valid example, the pepper 
moths of Great Britain would work – you could hand out cards of varying shades of white to black, and pretend that 
the floor color is changing as the industrial revolution progresses. For more information and a simulation, see 
http://peppermoths.weebly.com/. 

• Peppered moths photograph: catherinephamevolution.weebly.com 

• Leaf gecko photograph: Thomas Marent / Minden Pictures  
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Trait  variation  cards: 
 

 
Genetic variant:  

Walker 
 

Genetic variant:  
Slow-motion walker 

Genetic variant:  
Skipper 

 
Genetic variant:  

Walker 
 

Genetic variant:  
Slow-motion walker 

Genetic variant:  
Skipper 

 
Genetic variant:  

Walker 
 

Genetic variant: 
Slow-motion walker 

Genetic variant: 
Skipper 

 
Genetic variant: 

Walker 
 

Genetic variant: 
Slow-motion walker 

Genetic variant: 
Skipper 

 
Genetic variant: 

Walker 
 

Genetic variant: 
Slow-motion walker 

Genetic variant: 
Skipper 

 
Genetic variant: 

Walker 
 

Genetic variant: 
Crawler 

Genetic variant: 
Runner 

 
Genetic variant: 

Walker 
 

Genetic variant: 
Crawler 

Genetic variant: 
Runner 

 
Genetic variant: 

Walker 
 

Genetic variant: 
Crawler 

Genetic variant: 
Runner 

 
Genetic variant: 

Walker 
 

Genetic variant: 
Crawler 

Genetic variant: 
Runner 

 
Genetic variant: 

Walker 
 

Genetic variant: 
Slow-motion crawler 

Genetic variant: 
Sprinter 
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Histograms: 
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Peppered moths. Both photos picture one light-phenotype and one dark-phenotype moth. 

  
Leaf gecko 
 


