Chapter 4

Evolution and Biodiversity
4-1  What is biodiversity and why is it important?
A. Biodiversity is the variety of species, genes, ecosystems, and ecosystem processes.  It consists of:
1.  Species diversity – The number and abundance of species present in different communities.
2.  Genetic diversity – The variety of genetic material within a species or a population.

3.  Ecosystem diversity – The variety of terrestrial and aquatic ecosystems found in an area or on the earth.

4.  Functional diversity – The biological and chemical processes such as energy flow and matter recycling needed for the survival of species, communities, and ecosystems.

B.
Biodiversity provides us with natural resources, natural services (air/water purification, soil fertility, waste disposal), and aesthetic pleasure.

4-2  Where do species come from?


A. 
Evolution is the change in a population’s genetic makeup over time.

B.
Populations evolve by becoming genetically different.

C.
Theory of evolution – all species descended from earlier, ancestral species.

1.
Over time, a population’s gene pool changes when mutations (beneficial changes) in DNA molecules are passed on to offspring.  There may be several different forms (alleles) of a single gene.

2.
Sexual reproduction leads to random recombination of alleles from individual to individual.

3.
The population develops genetic variability brought about by mutations.

a.
Mutations are random changes in the structure/number of DNA molecules in a cell.

b.
The only mutations that matter to evolution are the ones passed to offspring.

D.
Natural selection’s role in biological evolution occurs when members of a population have genetic traits that improve their ability to survive and produce offspring with those specific traits.

1.
For natural selection to evolve in a population, three conditions are necessary:

a.
The population must have genetic variability.

b.
The trait must be heritable, capable of being passed from one generation to another.

c.
The trait must enable individuals with the trait to produce more offspring than individuals without the trait; this is differential reproduction.

2.
Adaptations or adaptive traits are heritable traits that help organisms to survive and reproduce better under prevailing environmental conditions.

3.
Environmental changes require adaptations also.  Organisms must:

a.
Adapt to the new conditions.

b.
Migrate to an area with more favorable environment.

c.
Become extinct.


CASE STUDY: Humans have thrived so well as a species because of their strong opposable thumbs, ability to walk upright, and complex brain. These adaptations may not prove as beneficial as the environment continues to change, though our powerful brain may allow us to live more sustainably in the future.

E.
Natural selection can only act on existing genes and is limited by reproductive capacity.

1.
The only genetic traits that can adapt are those already in the gene pool.

2.
A population’s reproductive capacity limits those genes that can adapt.

a.
Genetically diverse species that reproduce quickly, can often adapt quickly.

b.
Populations that reproduce slowly take a long time to adapt through natural selection.

4-3  How do geologic processes and climate change affect evolution?
A.
Processes such as the shifting of tectonic plates, volcanic eruptions, and earthquakes influence earth’s climate and in turn affect evolution by removing and/or isolating habitats and species.

B.
Long-term climate changes relocate ecosystems, thus determining where certain species can live.

C.
Asteroids and meteorites have caused environmental stress and mass extinctions.

4-4  How do speciation, extinction, and human activities affect biodiversity?

A.
Natural selection can lead to development of an entirely new species.  In speciation, two species arise from one when some members of a population cannot breed with other members to produce fertile offspring.
1.
Speciation occurs as a result of reproductive isolation. The gene pools are so changed that members become so different in genetic makeup that they cannot produce fertile offspring.
a.
Geographic isolation - physical separation for long time periods

b.
Temporal isolation – differences in the timing of activities

c.
Behavioral isolation – specific behavior differences prevent mating
B.
When population members cannot adapt to changing environmental conditions, the species becomes extinct.

1.
A species manages to survive one to ten million years before extinction occurs.

2.
Life has had to cope with many major natural disasters that may reduce or eliminate species.

3.
Introduction of new species into an area has also led to reduction in number or elimination of species.

3.
Endemic species are those found nowhere else on earth and are often found in island habitats.  Habitat islands are a habitat surrounded by a different one, such as a national park surrounded by logging, mining, etc. activities.
a.
Habitat fragmentation leads to species vulnerability to predators, disease, etc. 

b.
Species are limited in their ability to colonize new areas, find mates and food.

C.
When local environmental conditions change, some species will disappear at a low rate; this is called background extinction.

D.
Mass extinction is a significant rise in extinction rates above the background extinction level.  Usually, from 25-70% of species are lost.  Recent evidence suggests that there have been three mass extinctions on earth.
SCIENCE FOCUS: 
A.
Man has used artificial selection to change the genetic characteristics of populations.

1.
We use selective breeding to obtain specific desired traits.

2.
Traditional crossbreeding is a slow process; it takes many generations of selection for the desired trait.

3.
Genetic engineering is a technique that isolates, modifies, multiplies, and recombines genes from different organisms.  Genes from different species that would never interbreed in nature are being transferred to each other.

4-5  What is species diversity and why is it important?

A.  Species diversity is the number of species (species richness) combined with their relative abundance (species evenness).

B.  Species rich communities tend to be more stable and more productive.  They can withstand and recover from a change in environmental conditions.
C.  Most species rich communities are: coral reefs, tropical rainforests, ocean floors, large tropical lakes.
4-6  What roles do species play in ecosystems?

A.
An ecological niche is a species’ way of life in an ecosystem, everything that affects its survival and reproduction.

1.
The niche includes the members’ adaptations; its range of tolerance for physical and chemical conditions, its interactions with other components of the ecosystem, and its role in energy flow and matter recycling.
2.
The fundamental niche is the full potential range of conditions and resources a species could potentially use.

3.
Its realized niche is the part of the potential niche that allows a species to survive and avoid competition with other species for the same resources. 

B.
Some species have broad ecological roles and are termed generalist species.

1.
Their living range is broad, includes many different places.  

2.
They can eat a variety of foods, and tolerate a wide range of environments.

3.
If environment is changeable, the generalist will survive better than the specialist.

C.
Some species have narrow ecological roles and are termed specialist species.

1.
Specialist species can live only in very specific environments.

2.
This makes them more prone to extinction when environmental conditions change.

3.
If the environment is constant, specialists have fewer competitors.


CASE STUDY: Cockroaches are the ultimate generalists. The can survive extreme conditions and have a wide variety of adaptations that allow them to avoid predation. By contrast, many species are narrow specialists, though they sometimes have an advantage in their environment because they have few competitors.
D.  Niches can be occupied by native or non-native species.  Native species are those whose original home is in this particular ecosystem.  Non-native species originally evolved in a different ecosystem and migrated or were introduced to a new ecosystem.
E.  Indicator species provide early warning of ecosystem damage because they have a narrow range of tolerance. They alert us to harmful changes taking place in biological communities.

1.
Birds are excellent biological indicators because they are everywhere and are quickly affected by environmental change.

CASE STUDY:  Some amphibians are, also, considered indicator species.

a)
Vulnerability in different parts of an amphibian life cycle suggests degrees of environmental decline/disruption.

b)
They are born and live in water and are affected by water-born pollutants.

c)
As adults they live on land and are affected because their skins readily absorb pollutants.

F.
Keystone species help ecological communities run smoothly; they determine the type and number of community species.

1.
Keystone species have a large effect on both the types and number of other species in a community.

2.
Keystone species fill important ecological roles (i.e. pollinating and regulating populations of other species).
3.
Loss of a keystone species has far-reaching ramifications for other species in a community.  

G.
Foundation species shape communities by creating and enhancing habitats that benefits other species.

1.
Elephants, in breaking and uprooting trees, create forest openings in African savanna grasslands and woodlands.

2.
Grazing species benefit from the new growth of grasses and other forage plants.

3.
The rate of nutrient cycling is increased.

