This lecture will help you understand:

· The scope of biodiversity on Earth

· Measuring biodiversity

· Extinction rates and mass extinction periods

· Causes of biodiversity loss

· Benefits of biodiversity

· Conservation biology

· Island biogeography theory

· Conservation efforts

Central Case: Saving the Siberian Tiger

· Several types of tigers used to roam throughout Asia.

· Some types are extinct; the Siberian tiger is endangered.

· Conservation biologists have worked hard to save the tiger by educating people, preserving its habitat, and breeding them in zoos. Their efforts are now paying off.

Biodiversity

· Biodiversity, or biological diversity = the sum of an area’s organisms, considering the diversity of species, their genes, their populations, and their communities

· There is no one exact definition of biodiversity; people have conceived of it in many ways.

Components of biodiversity

Biodiversity exists 
on several levels:

Species diversity

· Species = a particular type of organism; a population or group of populations whose members share certain characteristics and can freely breed with one another and produce fertile offspring

· Species diversity = the number or variety of species in a particular region

· Species richness = number of species

· Evenness, or relative abundance = extent to which numbers of different species are equal or skewed

Diversity of subspecies

Within species, diversity exists in subspecies, or geographic variations.

The tiger, Panthera tigris, had 8 subspecies.

5 persist today, including Panthera tigris altaica, the Siberian tiger.

Genetic diversity

· Includes the differences 
in DNA composition 
among individuals 
within a given species.


· Adaptation to particular environmental conditions may weed out genetic variants that are not successful.

· But populations benefit from some genetic diversity, so as to avoid inbreeding or disease epidemics.

Ecosystem diversity

· Includes diversity above 
the species level.


· Biologists have viewed 
diversity above the 
species level in various 
ways.  Some alternative ways to categorize it include:

· Community diversity

· Habitat diversity

· Landscape diversity

Measuring biodiversity

· We are still profoundly ignorant of the number of species that live on our planet.

· Between 1.7 and 2.0 million species have been formally described by science.

· But many more exist: estimates range from 3 million to 100 million.

Measuring biodiversity

Why are we still so unsure of the number of species on Earth?

•
Some areas remain little explored (hydrothermal vents, rainforest canopies, tropical soils).

•
Many species are tiny and inconspicuous (microbes, roundworms, protists, fungi, etc.).

•
Some species are very similar in appearance (many taxa, even trees, birds, whales).

Distribution of biodiversity

Species are not evenly spread among different groups.

· Insects comprise more than half of all species in the world.

· Beetles comprise fully 40% of all insects.

· Mammals are outnumbered by spiders and their relatives 16 to 1.

Distribution of biodiversity

Another pattern in the uneven distribution of biodiversity is the latitudinal gradient: species richness increases toward the equator.

Latitudinal gradient

Ecologists are not certain why the latitudinal gradient exists, but one idea is that tropical climates encourage specialist species that can pack tightly in a community.

Biodiversity loss and species extinction

· Extinction = last member of a species dies and the species vanishes forever from Earth

· Extirpation = disappearance of a particular population, but not the entire species globally

· These are natural processes.



On average one species goes extinct naturally 

every 500–1,000 years—this is the background 

rate of extinction.

· 99% of all species that ever lived are now extinct.
Mass extinctions

Earth has experienced five mass extinction events in which over half its species were wiped out suddenly.

Mass extinctions

Causes for most are unknown. The K-T extinction 65 mya is thought due to an asteroid impact.

Today’s mass extinction

· Currently Earth is undergoing its sixth mass extinction—because of us.

· Humans have increased the extinction rate by a factor of 1,000.

· > 1,100 species are known to have gone extinct in the past 400 years.

· The Red List, from the IUCN, lists species that today are facing high risks of extinction.

Habitat alteration

· The greatest cause of extinction today

· Accounts for about 85% of population declines of birds and mammals

· Habitat change hurts most organisms because they are adapted to an existing habitat.

· Alteration due to:

Forest clearing

Urban development

Agriculture

Global climate change, etc….
Invasive species

· Accidental or intentional introduction of exotic species to new areas

· Most do not establish or expand, but some do—likely because they are “released” from limitations imposed by their native predators, parasites, and competitors.

· In today’s globalizing world, invasive species have become perhaps the second-worst threat to native biota.

Pollution

· Air and water pollution; agricultural runoff, industrial chemicals, etc.

· Pollution does serious and widespread harm, but is not as threatening as the other elements of biodiversity loss.

Overharvesting

Usually overharvesting will not in itself pose a threat of extinction.  

Climate change

· Emissions of “greenhouse gases” are causing temperatures to warm worldwide, increasing the frequency of extreme weather events.

· Thus, global climate change could become the fifth cause of extinctions.    

· All five causes are influenced by human population growth and rising consumption.
Benefits of biodiversity

Conserving biodiversity preserves ecosystem services, and directly provides things of pragmatic value to us.

•
Food, fuel, and fiber

•
Shelter and building materials

•
Air and water purification

•
Waste decomposition

•
Climate stabilization and moderation

•
Nutrient cycling

•
Soil fertility

•
Pollination

•
Pest control

•
Genetic resources

Benefits of biodiversity: Ecosystem function

High levels of biodiversity increase the:

·  Stability of communities and ecosystems

· Resilience of ecological systems—their ability to weather disturbance or stresses, or adapt to change

Will losing one species really matter?

· If it is a keystone species, then YES.

· Remove a keystone species, like a sea otter, from a system, and the system changes drastically.

· Top predators like tigers are often keystone species.

· Top predators are often the most endangered types of organisms (few in number to begin with, K-strategists, large, conspicuous)

Benefits of biodiversity: Food security

Many species not now commonly used for food could be. 


Genetic diversity within crop species and their relatives enhances our agriculture and provides insurance against losses of prevalent strains of staple crops.

Benefits of biodiversity: Medicine

Many species can provide novel medicines; we don’t want to drive these extinct without ever discovering their uses.

Every species that goes extinct represents one lost opportunity to find a cure for cancer or AIDS.

Benefits of biodiversity: Economic benefits

· For all nations, ecotourism can be a major contributor to the economy—especially for developing nations rich in biodiversity.

· Affluent tourists pay good money to see wildlife, novel natural communities, and protected ecosystems.

Benefits of biodiversity: Biophilia

Biophilia = human love for and attachment to other living things; “the connections that human beings subconsciously seek out with the rest of life”:

· Affinity for parks and wildlife

· Keeping of pets

· Valuing real estate with landscape views

· Interest in escaping cities to go hiking, birding, fishing, hunting, backpacking, etc.
Biodiversity’s foremost spokesman

· Biologist Edward O. Wilson has become the best-known spokesperson for biodiversity.









· An accomplished scientist and writer, he has raised awareness of threats to Earth’s life, and of impending species extinctions.

Ethics?

Do we have an ethical responsibility to prevent species extinction?

On one hand, as humans we need to use resources and consume other organisms to survive.

On the other hand, we have conscious reasoning ability and are able to make conscious decisions.
Conservation biology

· Scientific discipline devoted to understanding the factors, forces, and processes that influence the loss, protection, and restoration of biological diversity within and among ecosystems.

· Applied and goal-oriented: conservation biologists 
intend to prevent extinction.
· This discipline arose in recent decades as biologists grew alarmed at the degradation of natural systems they had spent their lives studying.
Equilibrium theory of island biogeography

· Explains how species diversity patterns arise on islands, as a result of:

•   Immigration

•   Extinction

•   Island size

•   Distance from the mainland


· The theory originally developed as basic science for oceanic islands.


· Then it was found to apply to islands of habitat (fragments) within terrestrial systems, for conservation biology.

Island biogeography theory

· Immigration rates are highest for islands with few species.

· Extinction rates are highest for islands with many species.
· This sets the stage for examining effects of island size and distance.
Island biogeography theory

· Immigration rates are highest on large islands (big targets).

· Extinction rates are highest on small islands (small populations).
· Together, this means large islands have a larger number of species at equilibrium: the area effect.
Island biogeography theory

· Immigration rates are highest for islands near the mainland.

· Extinction rates are not affected.
· Together, this means islands near the mainland have a larger number of species at equilibrium: the distance effect
Species-area curves

· The prediction of an increase in species within an increased area of an island is borne out by data from nature.

· Here, species richness on islands of the Caribbean.
Testing island biogeography theory

· The theory was first tested experimentally on small mangrove islands in the Florida Keys.

· All arthropods were extinguished from them with a pesticide, and then the researchers observed as species returned to the islands. Equilibrium numbers matched their predictions, supporting the theory.

Island biogeography theory in conservation

The theory’s applicability to conservation became clear when a researcher documented historical declines in mammals in national parks. The extinctions matched predictions of the theory if the parks were thought of as islands.

Fragmentation

“Islands” of interest to conservation biologists include forest fragments.

Forest fragmentation occurs as continuous forest habitat gets broken up gradually.

This leads to local extirpations of forest species, as fragments become too small to support them, and too distant to allow immigration.

Conservation approaches: Endangered species

· Trying to preserve single species threatened with extinction is the goal of endangered species laws, although they often also achieve umbrella conservation.


· U.S. Endangered Species Act, 1973:

•
Restricts actions that would destroy endangered species or their habitats

•
Forbids trade in products from species

•
Prevents extinction, stabilizes and recovers populations

Conservation approaches: Endangered species

· The ESA has had notable successes: 

· 
Bald eagle

· 
Peregrine falcon

· 
40% of all declining populations held stable

· However, many citizens believe it will restrict their freedom if endangered species are found on their land.

· Habitat conservation plans, safe harbor agreements, and Canada’s Species at Risk Act promote cooperation with landowners.
Conservation approaches: Captive breeding

· Many endangered species are being bred in zoos, to boost populations and reintroduce them into the wild.
· This has worked so far for the California condor 
(in photo, condor hand puppet feeds chick so it imprints on birds, not humans).
· But this is worthless if there is not adequate habitat left in the wild.
Conservation approaches: Umbrella species

· When habitat is preserved to meet the needs of an “umbrella species,” it helps preserve habitat for many other species. (Thus, primary species serve as an “umbrella” for others.)

· Large species with large home ranges (like tigers and other top predators) are good umbrella species.

· So are flagship species, or charismatic species that win public affection, like the panda.

Conservation approaches: International treaties

· Various treaties have helped conserve biota.

· A major one is CITES, the Convention on International Trade in Endangered Species of Wild Fauna and Flora, prepared in 1973.
· It bans international trade and transport of body parts of endangered organisms.

Conservation approaches: International treaties

The Convention on Biological Diversity (CBD), from the Rio Conference in 1992, aims to:

•
Conserve biodiversity

•
Use it sustainably

•
Ensure fair distribution of its benefits


The CBD has been signed by 188 nations, but not by the United States.

Conservation approaches: Biodiversity hotspots

Biodiversity hotspot = an area that supports an especially high number of species endemic to the area, found nowhere else in the world
Endangered golden lion tamarin, endemic to Brazil’s Atlantic rainforest, which has been almost totally destroyed.
Conservation approaches: Biodiversity hotspots

Global map of biodiversity hotspots, as determined by Conservation International.
Conservation approaches: Community-based conservation

· Many environmentalists from developed nations who want to establish reserves in developing nations have been viewed with resentment by local people.

· But today many efforts work with local communities to get them invested in the conservation of their own natural resources.

· This community-based conservation makes efforts more complex, but will probably be more successful in the long run.

Conservation approaches: Economic incentives

· Debt-for-nature swaps = an NGO raises money and offers to pay off debt for a developing country, in exchange for parks, reserves, habitat protection

· Conservation concession = an NGO offers money to a developing nation’s government for a concession to some of its land—for conservation, rather than for resource extraction

Conclusion

· Erosion of biodiversity threatens to cause a sixth mass extinction.

· Biodiversity loss results from habitat alteration, invasive species, pollution, and overharvesting.

· Human society could not function without biodiversity’s benefits.

· Conservation biology holds promise to slow the erosion of biodiversity.

