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• Many characteristics of a 
species are inherited 
when they pass from 
parent to offspring.  

• A speciesis a group of 
organisms that share 
similar characteristics 
and can reproduce among 
themselves to produce 
fertile offspring.  
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• Change in these 
inherited 
characteristics over 
time is evolution.



• In 1809, Jean Baptiste de Lamarck suggested 
that characteristics, or traits, developed during 
a parent organism’s lifetime are inherited by 
its offspring.

Hypothesis of Acquired 
Characteristics

Ideas About EvolutionIdeas About Evolution

11

• His hypothesis is called the inheritance of 
acquired characteristics.



• Scientists collected data on traits that are 
passed from parents to offspring.

Hypothesis of Acquired 
Characteristics
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• The data showed that traits developed during 
a parent’s lifetime, such as large muscles built 
by hard work or exercise, are not passed on to 
offspring.

• The evidence did not support Lamarck’s
hypothesis.



• In December 1831, Charles Darwin recorded 
observations about the plants and animals he 
saw on the South American coast.

Darwin’s Model of Evolution
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• He was amazed by the variety of life on the 
Galápagos Islands, which are about 1,000 km 
from the coast of Ecuador. 



• Darwin hypothesized that the plants and 
animals on the Galápagos Islands 
originally must have come from Central 
and South America.
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• But the islands were home to many species 
he had not seen in South America.



• Darwin observed 13 species of finches on the 
Galápagos Islands.

Darwin’s Observations
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• He noticed that all 13 species were similar, 
except for differences in body size, beak 
shape, and eating habits.

• He also noticed that all the Galápagos finch 
species were similar to one finch he had seen 
on the South American coast.



• Darwin reasoned that the Galápagos finches 
must have had to compete for food.

Darwin’s Observations
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• Finches with beak shapes that allowed them 
to eat available food survived longer and 
produced more offspring than finches without 
those beak shapes.

• After many generations, these groups of 
finches became separate species.



• Charles Darwin collected more evidence on 
inherited traits by breeding racing pigeons.

Natural Selection
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• He also studied breeds of dogs and varieties 
of flowers.

• In the mid 1800s, Darwin developed a 
theory of evolution that is accepted by most 
scientists today.



• Darwin’s ideas became 
known as the theory of 
evolution by natural 
selection.

Darwin’s Theory
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• Natural selectionmeans 
that organisms with traits 
best suited to their 
environment are more 
likely to survive and 
reproduce.



• A population is all of the individuals of a 
species living in the same area.

Darwin’s Theory
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• Members of a large population compete for 
living space, food, and other resources.

• Those that are best able to survive are more 
likely to reproduce and pass on their traits to 
the next generation.



• A variation is an inherited trait that makes 
an individual different from other members 
of its species.

Variation and Adaptation
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• Variations result from permanent changes, 
or mutations, in an organism’s genes.

• Some gene changes produce small 
variations, such as differences in the shape 
of human hairlines.



• Other gene changes produce large variations, 
such as an albino animal in a population of 
normal colored animals.

Variation and Adaptation
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• If individuals with 
these variations 
continue to survive 
and reproduce over 
many generations, 
a new species can 
evolve.



• An adaptation is any variation that makes an 
organism better suited to its environment.

Variation and Adaptation
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• Camouflage (KA muh flahj) is an adaptation.
• A camouflaged 

organism blends 
into its environment 
and is more likely 
to survive and 
reproduce.



• Over time, the genetic makeup of a species 
might change it appearance.

Changes in the Sources of Genes
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• Many kinds of environmental factors help 
bring about changes.

• When individuals of the same species move 
into or out of an area, they might bring in or 
remove genes and variations.



• Sometimes mountains, lakes, or other 
geological features isolate a small number 
of individuals from the rest of a population.

Geographic Isolation
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• Over several generations, variations that 
do not exist in the larger population might 
begin to be more common in the isolated 
population.



• Also, gene mutations can occur that add 
variations to populations.  Over time, the two 
populations can become so different that they 
no longer can breed with each other.

Geographic Isolation
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• Many scientists hypothesize that evolution 
occurs slowly, perhaps over tens or hundreds 
of millions of years.

The Speed of Evolution
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• Other scientists hypothesize that evolution 
can occur quickly.

• Most scientists agree that evidence supports 
both of these models.



• The model that describes evolution as a 
slow, ongoing process by which one species 
changes to a new species is known as 
gradualism.

Gradualism
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• According to the gradualism model, a 
continuing series of mutations and variations 
over time will result in a new species.

• A series of intermediate forms can indicate a 
gradual change from the earliest species to 
today’s species.



• According to the punctuated equilibrium
model, rapid evolution comes about when the 
mutation of a few genes results in the 
appearance of a new species over a relatively 
short period of time.

Punctuated Equilibrium
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• Evolution by the punctuated equilibrium 
model can occur over a few thousand or 
million years, and sometimes even faster.

Punctuated Equilibrium Today
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• For example, many bacteria have changed 
in a few decades.

• The antibiotic penicillin originally came 
from the fungus Penicillium.

• But many bacteria species that were once 
easily killed by penicillin no longer are 
harmed by it.



• Penicillin has been in use since 1943.
Punctuated Equilibrium Today
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• Just four years later, in 
1947, a species of bacteria 
that causes pneumonia and 
other infections already 
had developed resistance 
to the drug.

• By the 1990s, several disease-producing 
bacteria had become resistant to penicillin 
and many other antibiotics.



• When penicillin was used to kill bacteria, 
those with the penicillin-resistant variation 
survived, reproduced, and passed this trait 
to their offspring.

Punctuated Equilibrium Today
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• Over a period of time, this bacteria 
population became penicillin-resistant.
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Question 1

_______ is the change in inherited 
characteristics over time.

A. adaptation
B. evolution
C. gradualism
D. variation
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Answer

The answer is B.  The theory of evolution by 
natural selection is an explanation of how, over 
time, several factors can act together and result 
in a new species.
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Question 2
Who developed the theory of natural selection?

A.  Alfred Russell Wallace 
B.  Charles Darwin
C.  Gregor Mendel
D.  Jean Baptiste de Lamarck
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Answer

The answer is B.  Charles Darwin studied the 
diversity of living things on the Galapagos 
Islands while sailing aboard the HMS Beagle.
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Question 3
The changes observed 
in camels over time 
have been traced by 
studying _______.
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Answer

The answer is fossils.  Most of the evidence for 
evolution comes from fossils.  A fossil is the 
remains, an imprint, or a trace of a prehistoric 
organism.



Clues from Fossils
• About 50 million years ago, during the 

Eocene Epoch, the Green River Formation 
in Wyoming, Utah, and Colorado was 
covered by lakes.

• The water was home to fish, crocodiles, 
lizards, and turtles.

• Palms, fig trees, willows, and cattails grew 
on the lakeshores.
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• Insects and birds flew through the air.



Clues from Fossils

• After many of the 
plants and animals 
of that time died, 
they were covered 
with silt and mud.

• Over millions of years, they became the fossils 
that have made the Green River Formation one 
of the richest fossil deposits in the world.
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Types of Fossils
• Most of the evidence for evolution comes 

from fossils.
• A fossil is the remains, an imprint, or a trace 

of a prehistoric organism.
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• Most fossils are found in sedimentary rock.
• Sedimentary rockis formed when layers 

of sand, silt, clay, or mud are compacted 
and cemented together, or when minerals 
are deposited from a solution.



Types of Fossils
• Limestone, sandstone, and shale are all 

examples of sedimentary rock.
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• The fossil record 
provides evidence 
that living things 
have evolved.

• Fossils are found more often in limestone
than in any other 
kind of sedimentary 
rock.



Determining a Fossil’s Age
• Paleontologists use clues provided by unique 

rock layers and the fossils they contain.
• The clues provide information about the 

geology, weather, and life-forms that must 
have been present during each geologic 
time period.
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• Two basic methods—relative dating and 
radiometric dating—can be used, alone 
or together, to estimate the ages of rocks 
and fossils.



Relative Dating

• Relative dating provides only 
an estimate of a fossil’s age.
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• The estimate is made by 
comparing the ages of rock 
layers found above and 
below the fossil layer.

• Relative dating is based on the idea that in 
undisturbed areas, younger rock layers are
deposited on top of older 
rock layers.



Radiometric Dating

• Scientists can obtain a more accurate 
estimate of the age of a rock layer by using 
radioactive elements.

• A radioactive elementgives off a steady 
amount of radiation as it slowly changes to 
a nonradioactive element.
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• Each radioactive element gives off radiation 
at a different rate.



Radiometric Dating

• Scientists can estimate the age of the rock 
by comparing the amount of radioactive 
element with the amount of nonradioactive 
element in the rock.

• This method of dating does not always 
produce exact results, because the original 
amount of radioactive element in the rock 
can never be determined for certain.
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Fossils and Evolution
• Fossils provide a record of organisms that 

lived in the past.

• However, the fossil 
record is incomplete, 
or has gaps, much 
like a book with 
missing pages.
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• The gaps exist because most organisms do 
not become fossils.



Fossils and Evolution

• By looking at fossils, scientists conclude that 
many simpler forms of life existed earlier in 
Earth’s history, and more complex forms of 
life appeared later.
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• Fossils provide indirect evidence that 
evolution has occurred on Earth.



Fossils and Evolution
• Scientists can use fossils to make models 

that show what the organisms might have 
looked like.
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• From fossils, scientists can sometimes 
determine whether the organisms lived in 
family groups or alone, what types of food 
they ate, what kind of environment they 
lived in, and many other things about them.

• Most fossils represent extinct organisms.



More Clues About Evolution
• Sometimes, evolution can be observed 

directly.
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• Plant breeders observe evolution when 
they use cross-breeding to produce genetic 
changes in plants.

• The development of antibiotic resistance 
in bacteria is another direct observation of 
evolution.

• Entomologists have noted similar rapid 
evolution of pesticide-resistant insect species.



More Clues About Evolution
• These observations provide direct evidence 

that evolution occurs.
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• Many examples of indirect evidence for 
evolution also exist.

• They include similarities in embryo 
structures, the chemical makeup of organisms 
including DNA, and the way organisms 
develop into adults.

• Indirect evidence does not provide proof of 
evolution, but it does support the idea.



Embryology

• The study of embryos and their development 
is called embryology (em bree AH luh jee).
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• An embryo is the earliest growth stage of 
an organism.

• A tail and pharyngeal pouches are found at 
some point in the embryos of fish, reptiles, 
birds, and mammals.



Embryology
• Fish develop gills, but the 

other organisms develop 
other structures as their 
development continues.
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• Fish, birds, and reptiles keep 
their tails, but many 
mammals lose theirs.

• These similarities suggest an 
evolutionary relationship 
among all vertebrate species.



Homologous Structures
• Body parts that are similar in origin and 

structure are called homologous(hoh MAH 
luh gus).
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• Homologous 
structures also 
can be similar 
in function.

• They often indicate that two or more species 
share common ancestors.



Vestigial Structures
• The bodies of some organisms include 

vestigial (veh STIH jee ul) structures —
structures that don’t seem to have a 
function.
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• Vestigial structures also provide evidence 
for evolution.

• The human appendix is a vestigial structure.
• Scientists hypothesize that vestigial 

structures are body parts that once functioned 
in an ancestor.



DNA

• DNA is the molecule that controls heredity 
and directs the development of every 
organism.
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• In a cell with a nucleus, DNA is found in 
genes that make up the chromosomes.

• Scientists compare DNA from living 
organisms to identify similarities among 
species.



DNA

• Examinations of ancient DNA often provide 
additional evidence of how some species 
evolved from their extinct ancestors.
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• By looking at DNA, scientists also can 
determine how closely related organisms are.

• For example, DNA studies indicate that dogs 
are the closest relatives of bears.



DNA
• Similar DNA also can suggest 

common ancestry.
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• Apes such as the gorillas, 
chimpanzees, and orangutans
have 24 pairs of 
chromosomes.  
Humans have 23 
pairs.



DNA

Clues About EvolutionClues About Evolution

22

• When two of the ape’s 
chromosomes are laid end to end, 
a match for human chromosome 
number 2 is formed.

• Also, similar proteins 
such as hemoglobin—
the oxygen-carrying 
protein in red blood 
cells—are found in 
many primates.



DNA
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• This can be further evidence that 
primates have a common 
ancestor.



22
Section CheckSection Check

Question 1
Which is not an example of sedimentary rock?

A. granite
B. limestone
C. shale
D. sandstone
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Answer
The answer is A.  Sedimentary rock is formed 
when layers of sand, silt, clay, or mud are 
compacted and cemented together, or when 
minerals are deposited from a solution.
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Question 2
Which of the following is an example of a 
mineralized fossil?

A. a leaf imprint
B. an insect trapped in amber 
C. mammoth bones in ice
D. petrified wood
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Answer

The answer is D.  Minerals can replace wood 
or bone to create a piece of petrified wood or a 
mineralized bone fossil.
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Question 3
Which is a vestigial structure?

A.  A bird’s wing
B.  A body cell 
C.  A human appendix
D. A monkey’s tail
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Answer

The answer is C. Vestigial structures are 
structures that don’t seem to have a function.



Primates

• Humans, monkeys, and apes belong to the 
group of mammals known as the primates.

• All primates have opposable thumbs, 
binocular vision, and flexible shoulders that 
allow arms to rotate.

The Evolution of PrimatesThe Evolution of Primates
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• These shared characteristics indicate that all 
primates may have evolved from a common 
ancestor.



Primates
• Having an opposable thumb allows you to 

cross your thumb over your palm and touch 
your fingers.

• This means that you can 
grasp and hold things with 
your hands.
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• An opposable thumb allows 
tree-dwelling primates to 
hold on to branches.



Primates

• Binocular vision permits you to judge depth 
or distance with your eyes.

• In a similar way, it allows tree-dwelling 
primates to judge the distances as they move 
between branches.
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• Flexible shoulders and rotating forelimbs also 
help tree-dwelling primates move from 
branch to branch.



Primates
• Primates are divided 

into two major groups.
• The first group, the 

strepsirhines (STREP 
suh rines), includes 
lemurs and tarsiers.
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• The second group, 
haplorhines (HAP luh
rines), includes monkeys, 
apes, and humans.



Hominids
• About 4 million to 6 million years ago, 

humanlike primates appeared that were 
different from other primates.
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• These ancestors, called hominids, ate 
both meat and plants and walked upright 
on two legs.

• Hominids shared some characteristics with 
gorillas, orangutans, and chimpanzees, but 
a larger brain separated them from the apes.



African Origins

• In the early 1920s, a fossil skull was 
discovered in a quarry in South Africa.  
The skull had a small space for the brain, 
but it had a humanlike jaw and teeth.
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• The fossil, named Australopithecus,was one 
of the oldest hominids discovered.



African Origins
• An almost-complete skeleton of 

Australopithecuswas found in northern 
Africa in 1974.
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• This hominid fossil was called Lucy and 
had a small brain but is thought to have 
walked upright.

• This fossil indicates that modern hominids 
might have evolved from similar ancestors.



Early Humans

• In the 1960s in a 
region of Africa, a 
hominid fossil, 
which was more 
like present-day 
humans than 
Australopithecus, 
was discovered.

The Evolution of PrimatesThe Evolution of Primates
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Early Humans
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• The hominid was 
named Homo habilis, 
meaning “hand man.”
because simple stone 
tools were found near 
him. 

• Homo habilisis 
estimated to be 1.5 
million to 2 million 
years old.



Early Humans
• Based upon many fossil comparisons, 

scientists have suggested that Homo habilis
gave rise to another species, Homo erectus, 
about 1.6 million years ago.
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• This hominid had a larger brain than Homo 
habilis.

• Homo erectus traveled from Africa to 
Southeast Asia, China, and possibly Europe.



Early Humans
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• Homo habilisand Homo erectusare thought 
to be ancestors of humans because they had 
larger brains and more humanlike features 
than Australopithecus.



Humans
• The fossil record indicates that Homo

sapiensevolved about 400,000 years ago.
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• By about 125,000 years 
ago, two early human 
groups, Neanderthals 
(nee AN dur tawlz) and 
Cro-Magnon humans, 
probably lived at the 
same time in parts of 
Africa and Europe.



Neanderthals
• Short, heavy bodies with thick bones, small 

chins, and heavy browridges were physical 
characteristics of Neanderthals.
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• Family groups lived in caves and used well-
made stone tools to hunt large animals.

• Neanderthals disappeared from the fossil 
record about 30,000 years ago.

• They probably are not direct ancestors of 
modern humans, but represent a side branch 
of human evolution.



Cro-Magnon Humans
• Cro-Magnon fossils have been found in 

Europe, Asia, and Australia and date from 
10,000 to about 40,000 years in age.
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• Standing about 1.6 m to 1.7 m tall, the 
physical appearance of Cro-Magnon people 
was almost the same as that of modern 
humans.

• They lived in caves, made stone carvings, 
and buried their dead.



Cro-Magnon Humans
• The oldest recorded art has been found on 

the walls of caves in France, where Cro-
Magnon humans first painted bison, horses, 
and people carrying spears.
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Question 1

Which is NOT a characteristic of primates?

A. binocular vision 
B. ectothermic
C. flexible shoulders and rotating forelimbs
D. opposable thumbs
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Answer
The answer is B.  Primates are endothermic, 
or warm-blooded.



33
Section CheckSection Check

Question 2
Which is a strepsirhine?

A. ape
B. human 
C. monkey
D. tarsier
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Answer

The answer is D.  Monkeys, apes and humans 
are haplorhines.
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Question 3
Which is thought to be the direct ancestor of 
humans?

A. Australopithecus
B. Cro-Magnon
C. Homo sapiens
D. Neanderthals
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Answer
The answer is B.  The physical appearance of 
Cro-Magnon people was almost the same as 
that of modern humans.  They lived in caves, 
made stone carvings, and buried their dead.
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