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Chapter 4: Biodiversity and Evolution

Core Case Study: Why Are Amphibians Vanishing? (1 of 2)

Since the 1980s, populations of hundreds of amphibian species have declined or gone extinct.

Amphibians

Sensitive biological indicators

Play important ecological roles in their communities

Skin secretions source of many valuable pharmaceutical products

Core Case Study: Why Are Amphibians Vanishing? (2 of 2)

4.1 Earth’s Life (1 of 2)

Classification based on cell structure

Prokaryotic (bacterial cells)

No distinct nucleus or internal parts enclosed by membranes

Eukaryotic

All nonbacterial organisms

Taxonomic classification

Kingdom, phylum, class, family, genus, species

4.1 Earth’s Life (2 of 2)

Earth’s Organisms Are Many and Varied (1 of 4)

Six kingdoms

Eubacteria

Archaebacteria

Protists (algae and protozoans)

Plants (mosses, ferns, and flowering plants)

Fungi (mushrooms, molds, mildew, and yeasts)

Animals (invertebrates and vertebrates)

Earth’s Organisms Are Many and Varied (2 of 4)

Earth’s Organisms Are Many and Varied (3 of 4)

Estimated 7–10 million species exist

About 2 million species have been identified

About half of those are insects, many of which provide pollination as a vital ecosystem service

Some insect species reproduce rapidly and can produce new genetic traits

Example: pesticide resistance

Earth’s Organisms Are Many and Varied (4 of 4)

4.2 Importance of Biodiversity (1 of 4)

Biological diversity is the diversity of life on earth 

Species diversity

 Includes species richness and evenness

Genetic diversity

Variety of genes in a population or species

Ecosystem diversity

Biomes: regions with distinct climates and species

Large forests have edge effects

Transition areas between ecosystems are ecotones

4.2 Importance of Biodiversity (2 of 4)

Functional diversity

Variety of processes within ecosystems

Examples: energy flow and matter cycling

Advantages of biologically diverse ecosystems

Produce more plant biomass to support a greater number of consumer species

Contain species traits that enable them to adapt to changing environmental conditions

4.2 Importance of Biodiversity (3 of 4)

Genetic Diversity

4.2 Importance of Biodiversity (4 of 4)

Variety of Biomes Across the Midsection of the United States

4.3 Roles of Species in Ecosystems (1 of 2)

Each species plays a specific ecological role called its ecological niche

Includes everything that affects survival and reproduction

Water, space, sunlight, food, and temperatures

Habitat is the type of ecosystem that it needs to survive

Generalist species

Broad niche—wide range of tolerance

Specialist species 

Narrow niche—narrow range of tolerance

4.3 Roles of Species in Ecosystems (2 of 2)

Species Play Four Major Ecosystem Roles

Native species normally live and thrive in a particular ecosystem.

Nonnative species migrate or are accidentally introduced into an ecosystem.

Invasive species are harmful nonnative species.

Indicator species provide early warnings of environmental changes.

Keystone species have a large effect on the types and abundance of other species.

Case Study: The American Alligator - A Keystone Species That Almost Went Extinct

The American alligator

Keystone species in its subtropical wetland ecosystem

Digs gator holes that hold freshwater and serve as a refuge for aquatic life

1930s: hunted for sport, meat, and skin

1967: added to endangered species list

1987: impressive comeback

More than a million alligators today in Florida

The  American Alligator

Activity Slide: Video

Much like the American alligator, gray wolves are a keystone species that were overhunted.

Starting in 1995, the wolves were reintroduced to Yellowstone National Park. Watch this video and make a list of all the ways they impact the ecosystem.

Science Focus 4.1: Causes of Amphibian Declines (1 of 2)

Factors causing decline and disappearance of reptiles and amphibians

Parasites

Viral and fungal diseases

Habitat loss and fragmentation

Higher levels of UV radiation

Pollution

Climate change

Overhunting

Science Focus 4.1: Causes of Amphibian Declines (2 of 2)

4.4 Evolution

Biological evolution

Earth’s life forms change genetically over time

Widely accepted scientific theory

Natural selection

Process by which species have evolved from earlier species

Evolution Explains How Life Changes Over Time

Fossils

Physical evidence of past organisms

Preserved in rocks or ice

Fossil record

Entire body of fossil evidence

Uneven and incomplete

Estimate: Fossils found so far represent only 1% of all species that have ever lived

Evolution Explains How Organisms Change Over Time

Evolution Depends on Genetic Variability and Natural Selection (1 of 7)

Darwin and Wallace independently proposed concept of natural selection in 1850s

Genetic variability occurs through mutations

Random changes in DNA

Some can result in heritable traits

The gene pool represents all of the genetic differences within a population

Evolution Depends on Genetic Variability and Natural Selection (2 of 7)

Natural selection

Environmental conditions favor increased survival and reproduction of certain individuals in a population

Adaptive trait

Improves the ability of an individual organism to survive and reproduce at a higher rate than other individuals in a population

Given prevailing environmental conditions

Evolution Depends on Genetic Variability and Natural Selection (3 of 7)

Genetic resistance

Example of natural selection at work

Occurs when organisms have genes that can tolerate a chemical designed to kill them

Resistant individuals survive and reproduce

Some disease-causing bacteria have developed resistance to antibacterial drugs (antibiotics)

Evolution Depends on Genetic Variability and Natural Selection (4 of 7)

Evolution Depends on Genetic Variability and Natural Selection (5 of 7)

Human species adaptations

Strong opposable thumbs

Ability to walk upright

A complex brain

Evolution Depends on Genetic Variability and Natural Selection (6 of 7)

Phylogenetic tree diagrams depict the evolution of species from common ancestors

Fossil evidence

DNA evidence

Evolution Depends on Genetic Variability and Natural Selection (7 of 7)

Limits to Adaptation through Natural Selection

Adaptive genetic traits must precede change in the environmental conditions

A population’s reproductive capacity

Species that reproduce rapidly and in large numbers are better able to adapt

Myths about Evolution through Natural Selection

Five common myths are as follows:

Survival of the fittest means survival of the strongest.

Evolution explains the origin of life.

Humans evolved from apes or monkeys.

Evolution is part of nature’s grand plan to produce perfectly adapted species.

Evolution by natural selection is not important because it is just a theory.

4.5 Factors Affecting Biodiversity (1 of 2)

Speciation takes place in two phases

Geographic isolation

Occurs first

Populations migrate or are separated by some other cause

Reproductive isolation

Mutation and change by natural selection occurs in the geographically isolated groups

Eventually prevents breeding between the groups

4.5 Factors Affecting Biodiversity (2 of 2)

Science Focus 4.2: Geological Processes Affect Biodiversity (1 of 2) 

Tectonic plates affect evolution and the distribution of life on earth.

Locations of continents and oceans have shifted through geologic time.

Species move and adapt to new environments, allowing speciation.

Earthquakes can separate and isolate populations.

Volcanic eruptions can destroy habitats.

Science Focus 4.2: Geological Processes Affect Biodiversity (2 of 2)

Artificial Selection, Genetic Engineering, Gene Editing, and Synthetic Biology (1 of 4)

Artificial selection

Selective breeding (or crossbreeding)

Occurs between genetically similar species

Not a form of speciation

Slow process

Genetic engineering

Way to speed process of artificial selection

Gene splicing

Gene editing

Targeted changes in DNA sequences

Artificial Selection, Genetic Engineering, Gene Editing, and Synthetic Biology (2 of 4)

Steps in genetic engineering

Identify a gene with a desired trait in DNA from donor organism

Extract a small DNA molecule (plasmid) from a bacterial cell

Insert the desired gene into the plasmid to form a recombinant DNA plasmid

Insert into the cell of another bacterium that divides and reproduces large numbers of cells with desired trait

Artificial Selection, Genetic Engineering, Gene Editing, and Synthetic Biology (3 of 4)

Steps in genetic engineering

Transfer the genetically modified bacterial cells to a plant or animal that is to be genetically modified

Result is a genetically modified organism (GMO)

Artificial Selection, Genetic Engineering, Gene Editing, and Synthetic Biology (4 of 4)

Extinction Eliminates Species (1 of 3)

Extinction

Process in which an entire species ceases to exist

Endemic species 

Found only in one area

Particularly vulnerable to extinction

Background extinction

Typical low rate of extinction

0.0001% of all species per year

Extinction Eliminates Species (2 of 3)

Mass extinction

Significant rise above background level

50%–95% of species are eliminated

Causes unknown but could include

Giant volcanic eruptions

Collisions with meteors or asteroids

Provides opportunity for evolution of new species

Extinction Eliminates Species (3 of 3)

Case Study: The Threatened Monarch Butterfly (1 of 4)

Species migrates 3,200–4,800 km from Northern Canada and the United States to small tropical forest areas in central Mexico.

Another population migrates to California from the Midwestern United States.

Migrations face serious threats, including bad weather to predators.

Case Study: The Threatened Monarch Butterfly (2 of 4)

Must have access to milkweed plants to lay eggs

Pollination: important ecological service

Since 1975, overall population has dropped by nearly a billion

Since 1996, number migrating to Mexico has dropped to more than 90%

Case Study: The Threatened Monarch Butterfly (3 of 4)

Threats from human activities

Steady loss of forest habitat in Mexico due to logging

Loss of coastal California habitat due to development

Reduced access to milkweed plants due to explosive growth of cropland

Herbicides kill milkweed and monarchs

Case Study: The Threatened Monarch Butterfly (4 of 4)

Tying It all Together—Amphibians and Sustainability

Species plays a variety of roles (niches) in ecosystems.

Earth’s biodiversity is a balance between speciation and extinction.

Ecosystems are examples of three scientific principles of sustainability.

Disruptions can result in degradation of species populations and their ecosystems.
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