
AP Biology Notes Outline  Enduring Understanding 1.C 
 

  L. Carnes 

Big Idea 1: 
The process of evolution drives the diversity and unity of life. 

 
Enduring Understanding 1.C: 

Life continues to evolve within a changing environment. 

 
 
Learning Objectives:   
Essential Knowledge 1.C.1: Speciation and extinction have occurred throughout the Earth’s history. 

(1.20) The student is able to analyze data related to questions of speciation and extinction throughout the Earth’s history. 
(1.21) The student is able to design a plan for collecting data to investigate the scientific claim that speciation and extinction have occurred throughout the 
Earth’s history. 

 

Essential Knowledge 1.C.2: Speciation may occur when two populations become reproductively isolated from each other. 
(1.22) The student is able to use data from a real or simulated population(s), based on graphs or models of types of selection, to predict what will happen to the 
population in the future. 
(1.23) The student is able to justify the selection of data that address questions related to reproductive isolation and speciation. 
(1.24) The student is able to describe speciation in an isolated population and connect it to change in gene frequency, change in environment, natural selection 
and/or genetic drift. 

 

Essential Knowledge 1.C.3: Populations of organisms continue to evolve. 
(1.25) The student is able to describe a model that represents evolution within a population. 
(1.26) The student is able to evaluate given data sets that illustrate evolution is an ongoing process. 

 
 
Required Readings: 
Textbook Ch. 24 & 25 
Article: Understanding Emerging & Reemerging Diseases 
Article: Grant & Darwin’s Finches 
 

 
Practicing Biology Homework Questions: 
Questions #24-28 

 

Essential Knowledge 1.C.1: Speciation and extinction have occurred throughout the Earth’s history. 

Speciation and extinction have occurred throughout the Earth’s history, and life continues to evolve within a changing environment.  
However, the rates of speciation and extinction vary.  Speciation may be slow and gradual or, as described by punctuated 
equilibrium, can occur in “bursts” followed by relatively quiet periods.  At times of ecological stress, extinction rates can be rapid, 
and mass extinctions are often followed by adaptive radiation, the rapid evolution of species when new habitats open. 
 
Speciation, the origin of new species, is at the focal point of 
evolutionary theory because it results in diversity of life forms. 
 
Evolutionary theory must explain how new species originate and 
how populations evolve.  Microevolution consists of adaptations 
that evolve within a population, confined to one gene pool.  
Macroevolution refers to evolutionary change above the species 
level. 
 
Speciation rates can vary, especially when adaptive radiation 
occurs when new habitats become available.  Adaptive radiation 
typically occurs when NEW NICHES BECOME AVAILABLE - when a 
few organisms make their way to new, often distant areas or 
when environmental changes cause numerous extinctions, 
opening up ecological niches for the survivors. 



Many questions remain concerning how long it takes for new species to form, or how many genes need to differ between species.  
Broad patterns in speciation can be studied using the fossil record, morphological data, or molecular data.  Speciation can occur 
rapidly or slowly and can result from changes in few or many genes.  The fossil record includes examples of species that appear 
suddenly, persist essentially unchanged for some time, and then apparently disappear.  The term punctuated equilibrium is used to 
describe periods of apparent stasis punctuated by sudden change.  The punctuated equilibrium model contrasts with a model of 
gradual change in a species’ existence. 
 
In biology and ecology, extinction is the end of an organism or of a group of organisms (taxon), normally a species.  The moment of 
extinction is generally considered to be the death of the last individual of the species, although the capacity to breed and recover 
may have been lost before this point.  

• Species become extinct when they are no longer able to survive in changing conditions or against superior competition. 
• A typical species becomes extinct within 10 million years of its first appearance,

 
although some species, called living fossils, 

survive with virtually no morphological change for hundreds of millions of years.  
• Most extinctions have occurred naturally, prior to Homo sapiens walking on Earth: it is estimated that 99.9% of all species 

that have ever existed are now extinct. 
 
Species extinction rates are rapid at times of ecological stress.  Illustrative Examples include: 

• Five Major Extinctions 
• Human Impact on Ecosystems and Species Extinction Rates 

 
The Big Five Major Extinctions: 

 
 
The fossil record shows that the overwhelming majority of species that ever lived are now extinct.  Although extinction occurs on a 
regular basis, at certain times disruptive global environmental changes have caused the rate of extinction to increase dramatically – 
and a mass extinction results – in which large #s of species become extinct.  The five major extinctions illustrate that species 
extinction rates are rapid at times of ecological stress.  In each of the “Big Five” mass extinctions, 50% or more of Earth’s marine 
species became extinct. 
 
By removing large numbers of species, a mass extinction can 
reduce a thriving and complex ecological community to a pale 
comparison of its former self.  In addition, when an evolutionary 
lineage disappears, it cannot reappear.  This changes the course of 
evolution forever.  By eliminating so many of Earth’s species, mass 
extinctions can pave the way for adaptive radiations, in which 
new groups of organisms rise to prominence.  Large-scale adaptive 
radiations occurred after each of the big five mass extinctions, 
when survivors became adapted to the many vacant ecological 
niches. 
 
Currently, environmental groups and some governments are 
concerned with the extinction of species caused by humanity, and 
are attempting to combat further extinctions through a variety of 
conservation programs. 

• Humans can cause extinction of a species through overharvesting, pollution, habitat destruction, introduction of new predators and food competitors, 
overhunting, and other influences.  

• Explosive, unsustainable human population growth is an essential cause of the extinction crisis.   
• According to the International Union for Conservation of Nature (IUCN), 784 extinctions have been recorded since the year 1500 (to the year 2004), the 

arbitrary date selected to define "modern" extinctions, with many more likely to have gone unnoticed (several species have also been listed as extinct 
since the 2004 date). 



Essential Knowledge 1.C.2: Speciation may occur when two populations become reproductively isolated from 
each other. 

A species can be defined as a group of individuals capable of interbreeding and exchanging genetic information to produce viable, 
fertile offspring.  New species arise when two populations diverge from a common ancestor and become reproductively isolated.  
Although speciation can occur by different processes, reproductive isolation must be maintained for a species to remain distinct.  
Evidence that speciation has occurred includes fossil records and genomic data. 
 
The biological species concept states that a species is a group of populations whose members have the potential to interbreed in 
nature and produce viable, fertile offspring; they do not breed successfully with other populations.  Gene flow between populations 
holds the phenotype of a population together. 
 
The key to speciation is reproductive isolation:  the existence of biological factors (barriers) that impede two species from producing 
viable, fertile offspring.  Reproductive isolation can be classified by whether factors act before or after fertilization: 
 
Prezygotic Barriers block fertilization from occurring by: impeding different 
species from attempting to mate or by preventing the successful completion of 
mating 

• Habitat isolation: living in different habitats – not encountering each 
other 

• Temporal isolation: breeding at different times 
• Behavioral isolation: different behaviors to attract a mate 
• Mechanical isolation: two species may attempt to made but physically 

cannot 
• Gametic isolation: gametes from two different species will not fuse to 

become a zygote 
 
Postzygotic Barriers prevent the hybrid zygote from developing into a viable, 
fertile adult: 

• Reduced Hybrid Viability: genetic incompatibility between the two 
species may abort the development of the hybrid at some embryonic 
stage or produce frail offspring. 

• Reduced Hybrid Fertility:  even if the hybrid offspring are vigorous, they 
may be infertile and cannot backbreed to either parent. 

• Reduced Hybrid Breakdown:  in some cases, first generation hybrids 
are viable and fertile, but, when they mate with either parent or with 
each other, the next generation is feeble or sterile. 
 

 
It is important to note that speciation can take place with or without 
geographic separation.  Essentially, speciation can occur in two ways:  
allopatric speciation or sympatric speciation. 
 

(a) In allopatric speciation, a population forms a new species while 
geographically isolated from its parent population 

(b) In sympatric speciation, a small population becomes a new 
species without geographic separation from its parent 
population 

 

 

 

 



In allopatric speciation, gene flow is interrupted or reduced when a population is divided into geographically isolated 

subpopulations.  New species forms while geographically isolated from an ancestor.  Modern examples include adaptive radiation on 

island chains. Once separated, individual populations may evolve independently through mutation, natural selection, and/or genetic 

drift. 

In sympatric speciation, divergence can occur when biological barriers prevent gene flow in overlapping populations as seen in 
autopolyploidy, allopolyploidy, habitat differentiation, and sexual selection.  Note that in sympatric speciation, speciation takes 
place in geographically overlapping populations 
 
A species may originate from an accident during cell division that results in extra sets of chromosomes, a condition called polyploidy.  
Polyploidy exists in 2 forms: 
 

1. Autopolyploidy - an individual that has more than two chromosome sets that are all derived from a single species. I.e. 
failure of cell division could double a cell’s chromosome number from a diploid (2n) to a tetraploid (4n). 
 

 
 

2. Allopolyploidy - a fertile individual that has more than 2 chromosome sets as a result of two different species interbreeding 
and combining their chromosomes (hybrid). 
 

 
 
Sympatric speciation can also occur when genetic factors enable a subpopulation to exploit a habitat or resource not used by the 
parent population – this is known as habitat differentiation. As a result, natural selection operating on these alleles provides a 
postzygotic barrier to reproduction, further limiting gene flow.  Illustrative Example: North American Maggot Fly 

• Original Habitat: native hawthorn tree 
• New Habitat: 200 years ago, European settlers cultivated apple trees. 
• Apples mature more quickly than Hawthorn fruit, so natural selection favored apple-feeding flies with rapid development. 
• These apple-feeding flies now show temporal isolation from the hawthorn-feeding flies (providing prezygotic restriction to 

mating). 
 
 
There is evidence that sexual selection can also drive sympatric speciation.  
Clues to how this can occur have been found in cichlid fish from one of 
Earth’s hot spots of animal speciation, East Africa’s Lake Victoria.  This lake 
was once home to as many as 600 species of cichlids.  Research (Figure 
24.12) has concluded that mate choice by females based on male breeding 
coloration is the main reproductive barrier that normally keeps the gene 
pools of these two species separate. 
 
 



Essential Knowledge 1.C.3: Populations of organisms continue to evolve. 

Scientific evidence, including emergent diseases, chemical resistance and genomic data, supports the idea that evolution occurs for 
all organisms and that evolution explains the diversity of life on the planet. 
 
Illustrative Examples include: chemical resistance, emergent diseases, and direct observation of phenotypic change. 
 
1. Chemical Resistance: mutations for resistance to antibiotics, pesticides, herbicides or chemotherapy drugs occur in the absence 

of the chemical. For example, chemotherapy resistance occurs when cancers that have been responding to a therapy suddenly 
begin to grow.  In other words, the cancer cells are resisting the effects of the chemotherapy.  There are several possible 
reasons for chemotherapy resistance: 

– Some of the cells that are not killed by the chemotherapy mutate (change) and become resistant to the 
drug.  Once they multiply, there may be more resistant cells than cells that are sensitive to the chemotherapy.  

– Gene amplification.  A cancer cell may produce hundreds of copies of a particular gene.  This gene triggers an 
overproduction of protein that renders the anticancer drug ineffective.  

– Cancer cells may pump the drug out of the cell as fast as it is going in using a molecule called p-glycoprotein.  
Cancer cells may stop taking in the drugs because the protein that transports the drug across the cell wall stops 
working.  

– The cancer cells may learn how to repair the DNA breaks caused by some anti-cancer drugs.  
– Cancer cells may develop a mechanism that inactivates the drug. 

 
2. Emergent Diseases: mutations that allow diseases to expand their host range.  Read Article:  Understanding Emerging and Re-

emerging Diseases at http://www.ncbi.nlm.nih.gov/books/NBK20370/ 
 
3. Observed Directional Phenotypic Changes: Grant’s observations of Darwin’s finches in the Galapagos.  Read Articles:  Natural 

Selection: Empirical Studies in the Wild at ncse.com/files/pub/evolution/excerpt--evolution.pdf and Natural Selection in Real 
Time at http://www.pbs.org/wgbh/evolution/educators/course/session4/elaborate_b_pop1.html 

 

http://www.ncbi.nlm.nih.gov/books/NBK20370/
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