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INTRODUCTION: UNLOCKING THE MYSTERIES OF
EVOLUTION WITH THE PHET SIMULATION

The theory of evolution by natural selection is one of the most
powerful and unifying concepts in all of science. It explains the
incredible diversity of life on Earth, from the smallest bacteria to
the  largest  whales.  However,  the  process  itself  can  be
challenging to grasp through textbooks and lectures alone. This is
where  interactive  digital  tools  become  invaluable.  The  PhET
Interactive  Simulations  project  at  the  University  of  Colorado
Boulder  has  created  a  remarkable  Natural  Selection
simulation that allows students and curious learners to explore
this fundamental mechanism in a virtual, hands-on environment.
If you are currently working through this simulation for a biology
class  or  for  your  own  personal  enrichment,  you  have  likely
encountered  questions  about  population  changes,  trait
heritability, and the impact of environmental factors. This article
is  designed  to  be  your  comprehensive  guide,  providing  clear
explanations and deep insights into the core principles behind the
simulation.  While we will  naturally discuss Natural Selection
Phet Simulation Answers, our goal is not merely to give you
the answers, but to help you understand the "why" and "how"
behind each observation. By the end of this guide, you will not
only be able to navigate the simulation with confidence but also
develop  a  robust,  intuitive  understanding  of  natural  selection
itself.

WHAT IS NATURAL SELECTION? A BRIEF PRIMER

Before diving into the simulation, it is helpful to recall the four
key postulates that drive natural selection. These are the engine
of evolutionary change:

Variation: Individuals within a population possess different1.
traits. In the PhET simulation, this is represented by the fur
color (brown or white) of the rabbits, which is determined
by a genetic mutation.
Inheritance: These variable traits must be heritable,2.
meaning they can be passed from parents to offspring. In
the simulation, rabbit offspring inherit their fur color genes
from their parents.
Overproduction: More offspring are produced than can3.
possibly survive. The simulation will show you that the
rabbit population can grow quickly, but resources (like food
and safety from predators) are limited.
Differential Survival and Reproduction: Individuals4.
with traits that are better suited to their environment are
more likely to survive, reproduce, and pass on those
advantageous traits. This is the core of the
simulation—watching which rabbits thrive based on the
environmental conditions you set.

The PhET simulation brilliantly brings these abstract concepts to
life. By changing variables like the presence of a predator (the
wolf) or the color of the environment (the background), you can
see, in real-time, how the frequency of brown and white fur traits
shifts across generations. This is evolution in action.

NAVIGATING THE PHET NATURAL SELECTION
SIMULATION: KEY CONCEPTS

To  find  meaningful  Natural  Selection  Phet  Simulation
Answers,  you  must  first  understand  the  simulation's  interface
and its core components. The simulation places you in a simple
but powerful ecosystem with a population of rabbits. Here are the
key concepts you will be manipulating and observing:

Genetic Mutation and
Variation
The simulation begins with a population of brown rabbits. The
source of all variation is the mutation that causes a rabbit to
have white fur. You can add this mutation manually, or it can
appear spontaneously. This white fur trait is what creates the
genetic  diversity  within  the  rabbit  population.  Without  this
variation, natural selection would have nothing to act upon. When
you start a new simulation, you have the option to add the "W"
allele  for  white  fur.  This  is  a  critical  first  step  for  observing
selection.

Environmental Selection
Factors
The simulation  allows you to  introduce two primary  selection
pressures:

Predator (Wolf): When a wolf is introduced, it hunts the
rabbits. Crucially, the wolf's ability to catch a rabbit
depends on how visible the rabbit is against the
background. This creates a classic case of camouflage-
driven selection.
Food Availability (Limited vs. Unlimited): When food is
limited, competition increases. This factor is less about
trait-specific survival and more about overall population
carrying capacity. However, in a real-world scenario, a trait
that allows an organism to use a food source more
efficiently could be selected for.

Heredity and Trait
Transmission
Rabbits reproduce, and their offspring inherit alleles for fur color.
The simulation uses a simple dominant-recessive genetic model.
The brown fur allele (B) is dominant, and the white fur allele (b,
or "W" in the simulation) is recessive. This means:

A rabbit with at least one B allele (BB or Bb) will have
brown fur.
Only a rabbit with two recessive alleles (bb or W/W) will
have white fur.

Understanding this genetic mechanism is essential for predicting
how the frequency of traits will  change over time. This is the
"heritability" postulate in action. When you see the population
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shift, you are seeing not just a change in fur color, but a change
in the underlying gene pool.

DEEP DIVE: ANALYZING THE SIMULATION SCENARIOS

Now let's explore the most common scenarios you will test in the
simulation.  For  each  scenario,  we  will  discuss  the  expected
outcomes and the biological reasoning behind them. This section
provides the most valuable Natural Selection Phet Simulation
Answers by focusing on the process, not just the final data.

Scenario 1: The Neutral
Environment
Question: If you do not introduce a wolf and keep food unlimited
for many generations, what happens to the rabbit population?
Explanation:  In  the  absence  of  any  selection  pressure,  the
population  will  grow  to  its  carrying  capacity  (the  maximum
number the environment can support, even with "unlimited" food,
a cap is built into the simulation for realism). Both brown and
white rabbits will survive and reproduce. The frequency of the
white fur allele will follow a pattern of genetic drift, not natural
selection. Because the environment is neutral, neither color has
an  advantage.  The  white  fur  mutation  may  become  more
common,  less  common,  or  even disappear  purely  by  random
chance. This scenario beautifully illustrates that natural selection
is not the only force driving evolutionary change. It requires a
differential survival or reproductive advantage.

Scenario 2: The Predator in
a Light Environment
Question: If you set the environment to a light background (e.g.,
an arctic or sandy biome) and introduce a wolf, what will happen
to the rabbit population over many generations?
Explanation:  This  is  the  classic  case  of  camouflage.  On  a  light
background, brown rabbits are highly visible to the wolf. They will
be eaten much more frequently. White rabbits, however, are well-
camouflaged  and  will  be  more  likely  to  survive  and  reproduce.
Over several generations, you will observe a sharp decline in the
brown rabbit  population  and  a  corresponding  increase  in  the
white rabbit population. The allele frequency of the white fur
gene (W) will increase dramatically. The simulation will show the
brown rabbits being hunted down. This is directional selection in
action, strongly favoring one extreme of a trait. In this scenario,
the  Natural  Selection  Phet  Simulation  Answers  involve
understanding  that  the  environment  dictates  which  trait  is
advantageous.

Scenario 3: The Predator in
a Dark Environment
Question: If you set the environment to a dark background (e.g.,
a  forest  or  dark  soil  biome)  and  introduce  a  wolf,  what  will
happen?
Explanation: This scenario is the mirror image of the previous
one. Now, the white rabbits are highly visible to the predator,
while  the  brown  rabbits  are  camouflaged.  The  wolf  will
preferentially catch and eat the white rabbits.  Over time, the
white  fur  gene  will  be  selected  against.  The  population  will
become almost entirely brown. You may even see the white fur

mutation disappear entirely from the population. This scenario is
a powerful demonstration of how the same predator can drive
evolution  in  opposite  directions,  simply  by  changing  the
environment. It  highlights that there is no "better" trait  in an
absolute sense; a trait's value is entirely context-dependent.

Scenario 4: Heterozygote
Advantage and the Limits
of Selection
Question: What happens if the environment is mixed or changes
frequently?
Explanation: While a single constant environment will drive the
population toward one extreme, a more complex or  changing
environment can maintain genetic diversity. If the environment
were to switch from light to dark and back again, neither the
brown nor the white rabbit would be perfectly adapted all the
time. This can lead to a scenario where heterozygous rabbits
(those  with  one  brown  and  one  white  allele)  might  have  a
complex  fitness  landscape.  In  a  real-world  context,  if  the
environment is patchy (some light areas, some dark areas), both
colors could persist in the population. The simulation shows that
natural  selection  is  a  powerful  force,  but  it  is  not  infinitely  fast,
and it cannot predict the future. It only selects for traits that are
beneficial in the present.

COMMON QUESTIONS AND THEIR ANSWERS

Here  are  some  frequently  asked  questions  that  arise  when
students work with this simulation. These answers are designed
to provide clarity and reinforce the core concepts.

Why do brown rabbits
reappear after being
eliminated in a light
environment, even with the
wolf present?
This is a question about the nature of mutation and incomplete
selection. The simulation allows for new mutations to occur at a
low frequency.  Even if  every brown rabbit  is  eaten in a light
environment, a new mutation for brown fur (or, more accurately,
a back-mutation or  a new mutation from a white rabbit)  can
occasionally appear. If  the selection pressure from the wolf is
very intense, this new brown rabbit will likely be eaten quickly.
However,  if  the  selection  pressure  is  less  intense,  or  if  the
population is very large, a few brown rabbits may survive and
reproduce,  leading  to  their  reappearance.  This  models  the
constant  struggle  between mutation  introducing variation  and
natural selection removing unfit traits.

Does the wolf cause
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evolution, or does the
environment?
This is a critical distinction. The wolf is the agent of selection.
The  environment  (the  background  color)  determines  which
rabbits the wolf can see. So, the interaction between the predator
and the environment creates the selection pressure.  The wolf
itself is not evolving the rabbits. The rabbit population is evolving
because of  the differential  survival  caused by the wolf's  hunting
behavior, which is mediated by the environment. The Natural
Selection Phet Simulation Answers should highlight that the
cause of the evolution is the relative fitness of the rabbits in the
specific, total environment (background + predator).

Why does the population
sometimes crash and go
extinct?
Population  extinction  can  occur  for  a  few reasons.  If  a  new,

deadly mutation appears (less common in this simulation), or if
the selection pressure is incredibly strong (e.g., a high number of
wolves introduced at once), the population might not be able to
reproduce fast enough to replace the individuals that are being
eaten.  Alternatively,  if  the genetic  variation (white fur)  is  not
present when a predator is introduced to a light environment, all
the initial brown rabbits will be eaten, and work is not biologically
possible  anymore.  This  underscores  a  crucial  point:  evolution
requires  heritable  variation.  Without  it,  a  population  can  be
driven to extinction by a rapid environmental change.

TIPS FOR MAXIMIZING YOUR LEARNING WITH THE
SIMULATION

To get the most out of this powerful tool and to truly internalize
the  Natural  Selection  Phet  Simulation  Answers  you
discover,  consider  these  strategies:

Systematic Approach: Do not just play randomly. Change
one variable at a time. First, test with only a mutation and
no wolf. Then, test with a wolf in a light environment. Then,
test with a wolf in a dark environment. This allows you to
isolate the effect of each factor.
Collect Data: Pause the simulation at regular intervals
(e.g., every 50 generations) and record the number of
brown and white rabbits


