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Imagine that you and your classmates are taking a nature 
hike through a nearby desert ecosystem. The hot sun is 
beating down on you, and you begin to wonder how 
anything could live in this harsh climate. But as you look 
around, you see that the desert is teeming with life. You 
see cacti, lizards, rats, foxes, beetles, ants, snakes, 
coyotes, and antelope. You also see many different 
variations within the species: big lizards, small lizards, 
birds of different colors, some cacti that are taller than you, 
and other cacti that stand only three inches tall. 
 
Earth has such an amazing diversity of species. What 
causes this diversity? Do species change over time? If so, 
how? 

Natural Selection 
The amazing diversity of species on Earth is due in part to a process called natural selection. 
First described by scientist Charles Darwin in the 1850s, natural selection is  a process by 
which populations change over time, as those organisms with traits best suited for their 
environment survive and pass their genes on to the next generation. Let’s closely examine 
how this process works. 
 
Organisms have inherited characteristics, or traits. Dogs inherit their fur color, birds inherit their 
wingspan, and trees inherit their leaf type. Genes control these traits, and parents pass their 
traits onto their offspring through genes. Some traits help an organism survive, find a mate, 
protect itself, or find food and shelter. 

For example, several antelope in a population may be born 
with a trait that helps them run faster than the other antelope 
in the population. Since they can more easily escape from 
predators, these antelope are more likely to survive and 
reproduce than antelope without this trait. Thus, the faster 
antelope will have a greater chance of 
passing their genes to their offspring. The ability to survive and pass genes on to the next 
generation is called fitness. In this scenario, faster antelope have a higher level of fitness than 
slower antelope. They are more likely to survive and reproduce than the slower antelope. 

population: all of the 
members of a species 
living in an area at a given 
time 

species: a group of 
organisms that can 

interbreed and produce 
viable, fertile offspring 
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Why don’t all the antelope survive regardless of their traits? 
Natural selection occurs because more organisms are born than 
can possibly survive. Organisms compete for food, space, shelter, 
mates, and other resources. In this competition for survival, some 
organisms have traits that give them an advantage (like the fast 
antelope). Other organisms have  traits that do not give them an 
advantage. The organisms with advantageous traits are more 
likely to survive and pass on their genes. The concept that some 
organisms are better able to survive is called differential survival.  

Natural selection does not have a goal. The organisms that survive and reproduce are not the 
“best.” Their traits are not “perfect.” The organisms that happen to be the best suited to the 
environment at the time are more likely to survive than individuals that are not as well suited. If 
the environment changes, the organisms that are best suited for the previous environment may 
no longer be best suited for the new environment. For example, if a cold climate became 
warmer, organisms that had traits suited to the cold climate would no longer be best suited for 
the environment. In fact, they might have the hardest time surviving! 
 
Gene Frequency 
Since genes control traits, the effect of natural selection is reflected in the frequency of certain 
genes in a population. An organism inherits its genes from its parents.  

This concept is integral to the process of natural selection. If all organisms that are born were 
able to survive, every trait would be passed on. 
 
The change in a population or species over time is called evolution. An individual organism 
cannot evolve in its lifetime, and natural selection does not act on individuals but on 
populations. A slow antelope cannot suddenly evolve in its speed. It only has the traits it was 
born with. But over several generations, a population of antelope may come to have more fast 
members and fewer slow members, as the fast antelope survive and the slower ones die before 
reproducing. Through natural selection, the population of antelope evolves into a group of 
faster organisms. 

Each gene can have multiple alleles. Alleles are alternative versions of a 
gene. For example, rabbits have different fur colors. The possible 
combinations of four alleles give rise to full color (brown), chinchilla 
(white/gray mix), Himalayan (white with black spotted areas, as shown 
in the photograph on the right), or albino (white) coat colors. The 
frequency of certain alleles can change as a result of natural selection in 
a population. 
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Suppose a species of lizard has two possible color traits, brown and tan. The lizards live in a 
forest environment with dark soil. Thus, the brown color trait allows the lizard to better blend 
into its environment and avoid predators. More brown lizards than tan lizards are able to 
survive and reproduce. In this population, the brown allele occurs with more frequency than the 
tan allele. But what if the forest was cut down and the land transitioned into desert? How would 
you expect the allele frequency within this population to change? Would the brown allele still 
offer a survival advantage over the tan? The tan allele would now be more advantageous. Tan 
lizards would be able to blend into the sandy environment. More tan lizards would survive and 
produce offspring. Their offspring would be better able to survive and reproduce than brown 
lizards. Over several generations, the frequency of the tan allele would increase as the 
frequency of the brown allele would decrease. Because organisms produce more offspring than 
the environment can support, there is competition for survival. Those organisms with alleles 
that help them survive will pass their traits onto their offspring, resulting in a change in allele 
frequency. 

Population Diversity 
Recall that fitness is the ability to survive and pass genes onto the next generation.  Some 
individuals within the same species are better suited to their environment. The brown lizards 
previously discussed were better suited for survival in the original forest environment. Their 
brown color was a trait that helped them survive and reproduce, so we can say that the brown 
lizards had a higher fitness than the tan lizards. A difference in fitness between members of the 
same population is a form of within-population diversity. 
 
Suppose that the forest has several different lizard species and some species are better suited 
for the forest environment than other species. Perhaps they are faster climbers or  are able to 
use their tails to hold onto branches. Certain lizard species have a higher fitness in the forest 
environment than others. A difference in fitness among species living in the same environment 
is a form of among-species diversity. 

Suppose you are studying a bird population. The population is 
evenly split between birds that have long and narrow beaks and 
birds that have thick and short beaks. The birds with long, narrow 
beaks are better able to eat small, soft seeds. The birds with 
thick, short beaks are able to eat large, tough seeds. Both types 
of seeds are available in their environment. Suddenly, a  disease 
wipes out the plants that produce small, soft seeds. How would 
this environmental change affect allele frequency in the bird 
population? 
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Speciation 
Earth is home to an astounding array of species. Over time, some 
species have become extinct, while new species have emerged. 
Recall that a species is a group of organisms that can interbreed and 
produce viable, fertile offspring. Viable means that the offspring are 
able to survive. Fertile means the offspring are able to produce their 
own offspring. One species may look very much like another, but if 
they cannot produce viable, fertile offspring, they are considered 
 
 
 
 
 
 
New species emerge through a process called speciation. Speciation 
occurs when multiple gene pools originally from a single population 
diverge, or separate, to the point that individuals from each 
population can no longer produce viable, fertile offspring. Eventually, 
the two gene pools are permanently isolated, and what was once a 
single population consisting of one species has become two 
populations, each consisting of a different species. Speciation can 

separate species. Take the mule, for example. It is the offspring of a male donkey and a female 
horse, which are members of two different species. The mule offspring can survive, so it is 
viable, but it cannot typically reproduce. Therefore, it is clear that a donkey and a horse are not 
members of the same species. However, there are rare examples of mules being fertile, which 
means that there are exceptions to the rule when defining the word species. 

occur as a result occur as a result of geographic isolation. For example, suppose a species of 
salamanders is living in a forest. A flood results in a new, large river flowing through the middle 
of the forest. The river separates the salamanders into two populations. Over time, genetic 
changes occur in both salamander populations. Natural selection acts on each population, but 
since they no longer intermix, the changes in allele frequencies are unique to each population. 
As each population accumulates unique adaptations, they become so different that they can no 
longer interbreed. This type of speciation is called allopatric speciation. 
 
Speciation can also occur without geographic isolation. Any factor that causes a reproductive 
barrier between two populations of the same species can result in speciation. Suppose you 
have a population of songbirds. Some of the birds experience a genetic mutation that results in 
a change to their courtship song. Birds without the genetic change will not respond to the 
unfamiliar song. Over time, the population may split into two species: one with the original 
courtship song and one with the new courtship song. Speciation that occurs without geographic 
isolation is called sympatric speciation. 
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Scientists in the Spotlight: Amotz Zahavi 
Have you ever seen a peacock’s beautiful feathers? Male peacocks 
use a gorgeous display of their tail feathers to attract mates. 
However, the tails may serve another related purpose: to send a 
signal about an individual peacock’s fitness. 

Term Definition 
A process by which populations change because individuals 

 that are best suited for their environment are better able  
to survive and reproduce. 

Evolution 
Speciation as a result of geographic isolation. 

Among-species 
diversity 

A group of organisms that can interbreed and  
produce viable, fertile offspring. 

Professor Amotz Zahavi, an Israeli biologist, described the purpose of a male peacock’s tail 
using a concept he called the handicap principle. As Zahavi explained, having an elaborate 
tail comes  
at a cost to the peacock. Growing and maintaining the tail requires a large investment of 
energy. It’s harder for a peacock to move, escape predators, and forage for food with this kind 
of tail. So what is the benefit of the large, elaborate tail? Zahavi hypothesized that the tail sends 
an important signal to female members of the species about the male’s fitness. The tail allows 
the male to signal to females that, “Despite being burdened with this huge tail, I’m able to 
survive and reproduce. I’m that strong and healthy.” The tail is an advertisement for the male’s 
superb health and desirable traits. The handicap of carrying a heavy tail is offset by the benefit 
of attracting lots of females. 

What Do You Know? 
Use what you learned about natural selection and speciation to fill in the table below. Fill 
in the missing entries with appropriate terms or definitions. 
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Natural Selection and “Beak” Shape 
 
To help your child learn more about natural selection, play a game together in which you 
simulate variations in the beak shape of birds. To play, you and your child must adopt different 
“beaks” and use them to pick up seeds. Analyze which beaks are best suited for eating each 
food source. 
 
1.  Choose two types of small objects to serve as food items. You might use common 

household items such as dried beans, rice, popcorn kernels, nuts, beads, or marbles. 
2.  Choose two items to use as beaks. These items could include tweezers, chopsticks, tongs, 

spoons, spatulas, pliers, or binder clips. Any item that can be used to pick up a small object 
is suitable. You will use one “beak,” and your child will use the other “beak.” 

3.  Put a large number of one food type on two plates. Place an empty cup next to each plate. 
The plate will serve as your food source, and the cup will serve as your bird’s stomach. 

4.  You and your child will have 15 seconds to pick up the food items with your beak and 
transfer them to your stomach. At the end of 15 seconds, record how many food items you 
and your child were able to transfer from your plate to your stomach. 

5.  Repeat Step 4 with your second food type. 
6.  Next, study the effect of competition. Use only one plate of food items, and place fewer 

items on the plate than before. Restrict yourselves to the same amount of time, and record 
how many food items you were able to pick up. Change the food type and repeat the 
experiment. Record your results. 

Here are some questions to discuss with your child: 
•  Which beak is best suited for picking up the first type of food? Which beak is best suited for 

picking up the second type of food? How does this activity mimic natural selection? 
•  How did your ability to pick up seeds change when competition was introduced? How might 

competition affect a bird’s ability to survive in the wild? 
•  Suppose that each bird needs to eat at least 10 seeds in 15 seconds to survive. Which beak 

and seed combination best enabled your bird to survive? Why? 


