
Evidence of evolution:
Fossil evidence
Comparative embryology
Comparative biochemistry
Physiological similarities
Comparative anatomy

Evolution
 The process in which species change over 

time



Fossil Evidence

 Fossils - remnants or traces of organisms 
that are preserved in layers or rock.  

 Fossil record is studied to see the many 
changes that have occurred in a given 
species over multiple generations.



W.                     X.                        Y.                        Z.
The figures above show four vertical cuts through different canyons. 
The top layer is the youngest layer, and the bottom layer is the oldest. 
In the layers are fossils of shellfish. Which cut would be possible 
evidence that a circular shellfish evolved from a hexagonal shellfish? 

A.  Cut W
B.  Cut Z
C.  Cut Y 
D.  Cut X 



Answer:  A - cut W

The fossil evidence in Cut W shows a 
gradual transition from a hexagonal 
shellfish to an oblong rounded shellfish to a 
circular shellfish as you proceed from the 
oldest layer to the youngest layer. This 
would be indicative of gradual evolution as 
Darwin had proposed.



Comparative Biochemistry

 Study of organisms’ DNA sequences. 

 Sequences of related organisms are more 
similar than sequences of unrelated 
organisms.



The gene sequences of four species for a blood protein encoded by 
gene ABX are shown in the table above. Which of the species are most 
closely related? 
A. Species B and Species C
B. Species A and Species B
C. Species B and Species D
D. Species C and Species D

Species Nucleotide sequence of gene ABX

A TAC ATA CGC GGG ACC TTT AGT GGG GCC CCC ACT

B TAC ATA CCC CCG ACC TAT CGC GGG GCG CCC ACT

C TAC ATA CCC CCG ACC TTT CGC GGG GCG CCC ACT

D TAC ATA CGG GGG AAA TTT CGC TTT GCG CGC ACT



Answer: A

 Species whose DNA are most similar are 
the most closely related by evolution. In this 
example, the ABX gene sequence of Species 
B differs from Species C by only one 
nucleotide. Therefore, Species B and 
Species C are the most closely related.



Comparative Anatomy
 The study of structural differences and similarities in 

living things

 Homologous Structures are structures found on one 
species that have the same basic structure and 
embryonic origin as those found on another species, 
(may have different functions.)

 Analogous structures have the same function, but do 
not share a common origin

 Vestigial structures are those that no longer function 
in the modern form of an organism. These structures, 
however, provide clues to the evolutionary path of 
the organism



The leg of an iguana and the wing of a bird 
look different, but they have similar 
functions and likely evolved from the same 
distant ancestor.

Structures such as these are said to 
be _______. 
A. heterogeneous 
B. homologous 
C. differentiated 
D. vestigial 



Answer: B - homologous

 Homologous structures appear different, 
but have similar functions. Animals with 
homologous structures evolved from the 
same distant ancestor. However, at some 
point, mutations contributed to the rise of 
a new species



Comparative Embryology

 Comparative embryology is the study 
of similarities and differences in 
embryologic development among species. 
By locating similarities in development, 
scientists can determine if species are 
related, even if only distantly.



The figure above shows the progression of 
embryonic stages of four species of 
invertebrates. Which of the following species 
are most closely related by evolution? 
A. Species B and Species C
B. Species A and Species B
C. Species A and Species D
D. Species C and Species D 



Answer: B

 Species that have similar progression of 
embryonic stages are thought to have 
evolved from common ancestors. In the 
data above, the progression of embryos of 
Species A and Species B are the most 
similar. Therefore, Species A and Species B 
might be the most closely related by 
evolution.



Homologous Structures Analogous Structures



Evolutionary Timeline
 The geologic record indicates that the first life 

forms appeared approximately 3.8 bya and were 
anaerobic prokaryotes. (Anaerobic – living in the 
absence of oxygen gas)

 The first cells were most likely heterotrophic, 
(can’t produce own food, they eat to obtain 
energy)

 Evidence of the first photosynthetic autotrophs
(produce their own food) were dated back to 3.5 
- 3.1 bya



EndosymbiontTheory
 Describes the evolution of eukaryotic cells from 

prokaryotic organisms (championed by Lynn Margulis)
 The theory proposes that certain eukaryotic organelles 

developed from prokaryotic cells engulfed by a host cell.



Evidence of Theory of Endosymbiosis
Chloroplasts and mitochondria:
 have double membranes, the make-up of 

the innermost membrane for each is more 
similar to the plasma membrane of a 
prokaryote

 have their own circular DNA, similar to 
prokaryotic DNA

 are similar in size to bacteria
 have ribosomes similar to those in bacteria



The theory of endosymbiosis claims that millions of years ago, aerobic 
bacteria were taken inside of anaerobic cells through 
endophagocytosis. The aerobic bacteria then fed on the half-digested 
food molecules in the cell's cytoplasm and gained a great amount of 
energy, which, in turn, benefited the host cell.

Since both organisms benefited, they formed an endosymbiotic
relationship, and the bacteria evolved into organelles, such as 
mitochondria and chloroplasts, and the aerobic cells evolved into 
eukaryotic cells.

Which of the following can be cited as evidence for the theory of 
endosymbiosis? 

A. Mitochondria are typically above 50 microns in size, whereas 
eukaryotic cells are typically smaller than 10 microns.

B. Mitochondria contain multiple linear chromosomes similar to those 
found in eukaryotic cells.

C. Eukaryotic cells appeared on Earth around 1.5 billion years ago, 
whereas chloroplasts appeared on Earth only 2.5 million years ago.

D. The 70S ribosomes of chloroplasts are more similar to the 70S 
ribosomes found in prokaryotes than the 80S ribosomes found in 
eukaryotes.



Answer: D
 There is much evidence to support the theory of endosymbiosis. Some 

of this evidence is cited below. 

 The 70S ribosomes of chloroplasts and mitochondria are more 
similar to the 70S ribosomes found in prokaryotes than the 
80S ribosomes found in eukaryotes.

 Eukaryotic cells, mitochondria, and chloroplasts all appeared on Earth 
at around the same time - 1.5 billion years ago.

 Prokaryotic cells, mitochondria, and chloroplasts are typically smaller 
than 10 microns, whereas eukaryotic cells are usually larger than 50 
microns.

 Prokaryotic cells, mitochondria, and chloroplasts contain one single, 
circular chromosome, whereas eukaryotes contain multiple linear 
chromosomes.



Natural Selection
 Theory proposed by Charles Darwin
 Process by which organisms with traits well 

suited to an environment survive and 
reproduce at a greater rate than organisms 
less suited to that environment.

 In this way, natural selection plays an 
important role in the way species evolve over 
time.

 These changes generally develop gradually, 
over many generations, rather than suddenly



Which of the following is true about natural 
selection?

A.  Natural selection acts upon individual organisms by changing 
their genetic code through a process known as gene flow.

B.  Natural selection acts upon asexually reproducing 
populations that lack genetic variation among individual 
organisms.

C.  Natural selection causes changes in individual organisms 
because individuals adapt during their lifetime to better suit their 
environment.

D.  Natural selection causes changes in populations because of 
the differential reproductive success of genetically varied 
individuals.



Answer: D
Natural selection is a process by which 
organisms with traits well suited to an 
environment survive and reproduce at a 
greater rate than organisms less suited to 
that environment. Natural selection 
causes changes in populations of 
organisms, as opposed to individual 
organisms, because it requires the 
differential reproductive success of 
genetically varied individuals.



Basic Criteria of Natural Selection
 Overproduction:

A species produces more offspring than will 
survive to maturity.

 Genetic Variation:
The individuals within the species’ population are 
all genetically slightly different from each other.

 Struggle to Survive:
Individuals of the population must struggle to avoid 
predators and find food and shelter.

 Successful Reproduction:
Individuals that are successful at surviving are able 
to reproduce and pass on their genes to their 
offspring.



Which of the following processes is least 
likely to introduce variations into the 
genetic make-up of a population? 

A.  genetic recombination 
B.  mitosis 
C.  differential reproduction 
D.  artificial selection 



Answer: B

 Artificial selection, natural selection, and 
differential reproduction are all sources of 
genetic diversity in a population. Mitosis 
produces identical daughter cells, and 
therefore does not introduce any new 
genetic variation.



Results of Natural Selection

 Diversity
 On the environmental level, diversity 

creates stability in ecosystems and biomes 
(biodiversity)

 On the species level, diversity allows the 
species to survive in a changing 
environment



Adaptations:
 a structure or behavior that helps an 

organism survive in its environment long 
enough to reproduce

 Most adaptations take long periods of 
time to develop fully. However, some 
species are capable of fairly significant 
change over only a few generations.



Speciation
Speciation is the process by which two populations of the same 
species become so different that they can no longer interbreed.

Process of speciation:
 Separation

Different populations of the same species become isolated 
from one another.

 Adaptation
The separated populations develop different responses, or 
adaptations, to the different selective pressures found in the 
newly isolated environments.

 Division
Over a long period of time, the divided populations develop 
enough changes to their genetic material that they are no 
longer able to breed with one another.



Speciation is the process by which new species 
are formed. Which of the following circumstances 
is most likely to lead to speciation? 

A.  A population becomes separated by different 
environments and do not reproduce with one 
another. 
B.  A population begins to develop sexual 
dimorphism between the males and females of the 
species. 
C.  A population reproduces beyond the carrying 
capacity of the ecosystem in which the population 
lives. 
D.  A population is unable to compete with other 
species and becomes extinct. 



Answer: A

 As populations of a species spread 
throughout an environment, they are 
exposed to varying conditions 
(environmental pressures). Over time, the 
separate populations become distinct and 
split into subspecies, and eventually, 
separate species



Extinction

 Extinction refers to the process of a species 
dying out completely. 

 The extinction of a species occurs when 
environmental changes and adaptive 
characteristics are insufficient to permit 
survival



 Phylogeny
 A phylogeny illustrates the evolutionary 

history and development of a species. 



Genetic Drift
 Genetic drift is a change in the allele 

frequency (# of times allele occurs in gene 
pool) within a population due to random 
chance.

 The founder effect – a change in allele 
frequency due to immigration or emigration. 

 Bottleneck effect – A change in allele 
frequency following a dramatic reduction in 
size of population



Genetic drift can best be defined as 

A.  a change in the allelic frequency within a 
population due to differential reproductive success.

B.  a change in the allelic frequency within a 
population due to random chance.

C.  the adaptation of a population due to 
environmental changes.

D.  the transfer of alleles from one breeding 
population to another.



Answer: B 
 The founder effect is an extreme form of genetic 

drift that occurs when a few members of a larger 
population establish a new, isolated population.

The genetic variation of the new population will be 
drastically reduced from that of the original 
population since only the alleles carried by the 
founding members will be present in the new 
population.  Specific genetic traits from the original 
population can be lost or over-represented by the 
new population, depending on the alleles present in 
the founding members.



A population of lizards lives in a marsh near the ocean. 
Members of this population have striped tails that can be 
yellow, orange, or red. Most members of the population have 
yellow striped tails.

During a storm, four lizards get swept into the ocean on 
driftwood and end up on an island several miles away. All four 
of the lizards have orange striped tails. These lizards start a new 
population on the island, and all members of the new 
population have orange striped tails.

In the example above, the new lizard population had less 
genetic variation than the original population because 
of _______. 

A. Speciation
B. the founder effect
C. natural selection
D. gene flow



Gene Flow

 Gene flow is the transfer of genetic 
information from one breeding population 
to another



Ruby-throated hummingbirds are migratory birds 
that spend the summer in Canada and the northern 
United States and the winter in Mexico and Central 
America.

Since all ruby-throated hummingbirds migrate at 
around the same time each year, many populations 
that were possibly isolated during the winter 
intermingle during the summer breeding season. 
This annual migratory behavior results in a transfer 
of genetic information from one population to 
another, which is known as _______. 

A .natural selection 
B. genetic drift 
C. speciation 
D. gene flow 



Answer: D
 Gene flow is the transfer of genetic information 

from one population to another. Gene flow can be 
caused by many different events.

For example, migratory behavior allows organisms 
from many different populations to come into 
contact during breeding season, which results in the 
transfer of genetic information between 
populations. Migratory species are often very 
genetically consistent across populations in a wide 
variety of areas because of this annual intermingling 
of populations.
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