
Understanding 

Natural Selection



Charles Darwin (1809-1882) 

Sailed around the world 1831-1836



What did 

Darwin’s 

Travels reveal

 The diversity of living 

species was far greater 

than anyone had 

previously known!!

 These observations led 

him to develop the 

theory of evolution!!



How did tortoises and birds 

differ among the islands of 

the Galapagos?

 Each island 
had its own 
type of 
tortoises 
and birds 
that were 
clearly 
different 
from other 
islands



Galapagos 

Turtles

Galapagos is the Spanish word

for Giant Tortoise



Evolution is a Theory –

Just like Gravity!

• Evolution is a well 

supported 

explanation of 

phenomena that 

have occurred in 

the natural world

• A theory in science 

is a well tested 

hypothesis, not just 

a guess



Geologists:

Hutton and Lyell

Fundamentalists said that the 

earth was around 6000 years 

old.

Hutton and Lyell argued that 

the earth is many millions of 

years old because:

 layers of rock take time to form

 processes such as volcanoes 

and earthquakes shaped the 

earth and still occur today



Lamarck

Theory of acquired 

characteristics

 Lamarck said 
organisms acquired 
traits by using their 
bodies in new ways

 These new 
characteristics were 
passed to offspring

 Lamarck was totally 
wrong!





Darwin vs Lamarck



Malthus

 Reasoned that if the 

human population 

continued to grow 

unchecked, sooner or 

later there would be 

insufficient living space 

and food for everyone. 



Projected Global Population



Darwin finally 

published his 

ideas in 1859

 Other naturalists were 
developing the same 
theory that Darwin 
did. 

 Even though he was 
afraid of the Church’s 
reaction to his book 
he wanted to get 
credit for his work.



Artificial Selection 

 nature provides variation, humans select 

variations that are useful. 

 Example - a farmer breeds only his best 

livestock



Natural Selection

 The traits that 

help an organism 

survive in a 

particular 

environment are 

“selected” in 

natural selection



Natural Selection



Natural Selection



Natural Selection



Natural Selection and 

Species Fitness

 Overtime, natural selection results in 

changes in the inherited 

characteristics of a population.  

 These changes increase a species 

fitness (survival rate)





Descent with

Modification 

 Each living 

species has 

descended 

with changes 

from other 

species over 

time



Summary of Darwin’s Theory

1. Organisms differ; variation is inherited

2. Organisms produce more offspring than 

survive

3. Organisms compete for resources

4. Organisms with advantages survive to pass 

those advantages to their children

5. Species alive today are descended with 

modifications from common ancestors



Evidence of Evolution

1. Fossil Record

2. Geographic Distribution of Living 

Species

3. Homologous Body structures

4. Similarities in Embryology 



Evidence of 

Evolution

Fossil Record provides 
evidence that living 
things have evolved

Fossils show the history 
of life on earth and 
how different groups 
of organisms have 
changed over time



Relative vs. 

Absolute 

Dating

In relative dating, 

something is determined 

to be older or younger 

than something else 

without determining an 

exact age. 

Absolute dating 

determines the age of 

artifacts in terms of the 

number of years before 

the present, with 

reference to a fixed time 

scale. 



Relative Dating

 Can determine a 

fossil’s relative age

 Performed by 

estimating fossil age 

compared with that of 

other fossils

 Drawbacks – provides 

no info about age in 

years



Absolute Dating

 Can determine the absolute 
age in numbers

 Is performed by radioactive 
dating – based on the 
amount of remaining 

radioactive isotopes remain

 Drawbacks - part of the 
fossil is destroyed during 
the test.



Carbon-14 

Dating

• The carbon-14 atoms are 

always decaying, but 

they are being replaced 

by new carbon-14 atoms 

at a constant rate.

• At this moment, your 

body has a certain 

percentage of carbon-14 

atoms in it, and all living 

plants and animals have 

the same percentage. 

• Method uses to date 

fossil less than 50,000 

years.



Dating Fossils

 Potassium-argon dating method use to 

date fossil of millions of years.

 Half life- is the time it takes for half of the 

atoms in a sample to undergo radioactive 

decay.

 Radioactive decay is when atoms give up 

particles of energy, changing their 

identity. Uranium to Thorium



Carbon 14 Half Life

 The 1/2 life of carbon14 =  5600 yrs

 For every half life, the fraction of 

radioactive substance remaining will be 

halved. 

5600 yrs

11200 yrs

16800 yrs

22400 yrs

1st half life: 1/2 carbon14 remains

2nd half life: 1/4 carbon14 remains

3rd half life: 1/8 carbon14 remains

4th half life: 1/16 carbon14 remains



Fossil Formation  



Primate Fossils

Australopithecus Homo erectus Homo sapien



Primate Brain Capacity



Primate Bone structure



Human Relatives



Australopithecus

afarensis



Homo habilis
handy human 1.5 to 2 mya

Homo erectus
1.6 mya

bipedal



Neanderthals
35,000 to 100,000 ya

Cro-Magnon
35,000 to 40,000 ya



Modern Homo sapien
(fully modern fossils 100,000 years)



Evidence of             

Evolution

Geographic Distribution 

of Living Species

Similar animals in 
different locations were 
the product of different 
lines of descent





Evidence of 

Evolution

Homologous Body
Structures

 Structures that have 
different mature 
forms but develop 
from the same 
embryonic tissues

Example: Wing of 
bat, human arm, 
leg of turtle

Turtle

Alligator

Bird



Homologous Body Structures



Vestigial Organs

 Traces of homologous organs in other species

 Organ that serves no useful function

Example: Appendix



13. Evidence of 

Evolution

Similarities in 

Embryology

 In their early 

stages of 

development, 

chickens, 

turtles and rats 

look similar, 

providing 

evidence that 

they shared a 

common 

ancestry.



Embryological Development



Genetic Equillibrium

 In terms of population genetics, equilibrium 

refers to a balance of alleleic frequencies; 

neither of the alleles changes in frequency 

from one generation to the next.

 If a population exists in genetic equilibrium, 

then it is assumed that it is not evolving, 

since one of the accepted definitions of 

evolution is a change in allelic frequencies.

 Is a constant state of allele frequency.



Gene Pool

 A large gene pool indicates high genetic

diversity, increased chances of biological 

fitness, and survival. 

 A small gene pool indicates low genetic

diversity, reduced chances of acquiring 

biological fitness, and increased possibility of 

extinction. 

 The combined genetic make-up of all the 

members of a population.

http://www.biology-online.org/dictionary/Genetic
http://www.biology-online.org/dictionary/Diversity
http://www.biology-online.org/dictionary/Fitness
http://www.biology-online.org/dictionary/Survival
http://www.biology-online.org/dictionary/Genetic
http://www.biology-online.org/dictionary/Diversity
http://www.biology-online.org/dictionary/Fitness
http://www.biology-online.org/dictionary/Extinction


Hardy-Weinberg Principle

 A fundamental principle in population 

genetics stating that the genotype 

frequencies and gene frequencies of a 

large, randomly mating population 

remain constant provided immigration, 

mutation, and selection do not take 

place.

 Allele frequency remains stable from 

generation to generation.



Genetic Drift

 Random fluctuations in the frequency of 

the appearance of a gene in a small 

isolated population, presumably owing to 

chance rather than natural selection.

 Accidental change in gene frequency.



Biological Evolution

 A gradual process in which something 

changes into a different and usually more 

complex or better form. 

 A change in allele frequencies with in a 

population.

 Change in the genetic composition of a 

population during successive generations 

and resulting in the development of new 

species.



Population Genetics

 The branch of science that deals with the 

statistical analysis of the inheritance and 

prevalence of genes in populations.

 A study of all genetic traits in a 

population.



Directional Selection

 Biology A natural or artificial process that 

favors or induces survival and 

perpetuation of one kind of organism 

over others that die or fail to produce 

offspring.



Disruptive Selection

 Is a type of natural selection that selects 

against the average individual in a 

population. 

 The make up of this type of population 

would show phenotypes of both 

extremes, but have very few individuals 

in the middle. 

 Disruptive selection is the rarest of the 

three types of natural selection.



London's Peppered Moths







Niche vs. Habitat

Habitat is the environment 

where something lives .

 The niche means the adaptive 

role of the organism in the 

system 



 You can think of an organism’s niche as 

its “role” or “job” in the community. 

 The niche includes the sum of the 

organism’s functions, abilities and 

tolerances.

 A habitat is simply the type of place 

where an organism or species normally 

lives.

Niche vs. Habitat



Adaptive Radiation

 occurs when a variety of new forms—

including new related species—adapts to 

and fills a variety of ecological niches. 

 Adaptive radiation has occurred multiple 

times in evolutionary history. 

 The principles of adaptive radiation are 

most clearly illustrated by Darwin’s case 

study of the finches of the Galapagos 

Islands. 



Adaptive Radiation

 14 different varieties of Galapagos 

finches were noted by Darwin.

 These differed mostly in the shape and 

size of their beaks, on finch form for each 

island in the Galapagos chain. Darwin 

realized that these 14 varieties had 

descended from one common ancestor. 

Each form adapted to local selection 

pressures during adaptive radiation.



Speciation

 Is the changing of individuals within a 

population so they are no longer part of 

the same species. 

 This most often occurs due to:

geographic isolation 

reproductive isolation



Convergent Evolution

 A kind of evolution wherein organisms

evolve structures that have similar 

(analogous) structures or functions in 

spite of their evolutionary ancestors 

being very dissimilar or unrelated. 

http://www.biology-online.org/dictionary/Evolution
http://www.biology-online.org/dictionary/Organisms
http://www.biology-online.org/dictionary/Analogous


Divergent Evolution

 Divergent evolution occurs when a group 

from a specific population develops into a 

new species. 

 In order to adapt to various 

environmental conditions, the two groups 

develop into distinct species due to 

differences in the demands driven by the 

environmental circumstances. 




