CHAPTER 55

CONSERVATION BIOLOGY

Introduction

· Conservation biology is a goal-oriented science that seeks to counter the biodiversity crisis, the current rapid decrease in Earth’s variety of life.

A. The Biodiversity Crisis

· Extinction is a natural phenomenon that has been occurring since life evolved on earth.

· The current rate of extinction is what underlies the biodiversity crisis.

· A high rate of species extinction is being caused by humans.

1. The three levels of biodiversity are genetic diversity, species diversity, and ecosystem diversity

· Loss of genetic diversity.

· If a local population becomes extinct, then the entire population of that species has lost some genetic diversity.

· The loss of this diversity is detrimental to the overall adaptive prospects of the species.

· Loss of species diversity.

· Much of the discussion of the biodiversity crisis centers on species.

· The U.S. Endangered Species Act (ESA) defines an endangered species as one in danger of extinction throughout its range, and a threatened species as one likely to become endangered in the foreseeable future.

· Here are a few examples of why conservation biologists are concerned about species loss.

· The International Union for Conservation of Natural Resources (IUCN) reports that 13% of the known 9,040 bird species are threatened with extinction.  That is 1,183 species!

· The Center for Plant Conservation estimates that 200 of the 20,000 known plant species in the U. S. have become extinct since records have been kept, and another 730 are endangered or threatened.

· About 20% of the known freshwater species of fish in the world have become extinct or are seriously threatened.

· Since 1900, 123 freshwater vertebrate and invertebrate species have become extinct in North America, and hundreds more are threatened.

· Harvard biologist Edward O. Wilson has compiled the Hundred Heartbeats Club, a list of species that number fewer than one hundred and are only that many heartbeats away from extinction.

· Several researchers estimate that at the current rate of destruction, over half of all plant and animal species will be gone by the end of this new century.

· Extinction of species may be local, but it may also be global.

· Loss of ecosystem diversity.

· The local extinction of one species, like a keystone predator, can affect an entire community.

· Some ecosystems are being erased from the Earth at an unbelievable pace.

· For example, an area the size of the state of West Virginia is lost from tropical forests each year.
2. Biodiversity at all three levels is vital to human welfare

· Why should we care about biodiversity?

· Benefits of species diversity and genetic diversity

· Biodiversity is a crucial natural resource, and species that are threatened could provide crops, fibers, and medicines for human use.

· The loss of species also means the loss of genes.

· Biodiversity represents the sum of all the genomes on Earth

· One large-scale experiment illustrates how little we understand ecosystem services.

· Biosphere II attempted to create a closed ecosystem, and had a forest with soil, a miniature ocean, and several other “ecosystems.”

· In 1991, eight people entered and were supposed to be isolated for two years.

· The experiment failed and had to be stopped after 15 months.
3. The four major threats to biodiversity are habitat destruction, introduced species, overexploitation, and food chain disruption

· Habitat  destruction.

· Human alteration of habitat is the single greatest cause of habitat destruction.

· The IUCN states that destruction of physical habitat is responsible for the 73% of species designated extinct, endangered, vulnerable, or rare.

· About 93% of the world’s coral reefs have been damaged by humans.

· Habitat destruction has also caused fragmentation of many natural landscapes.

· This can also lead to species loss.

· Introduced species.

· Introduced species are those that humans move from native locations to new geographic regions.

· The Nile perch was introduced into Lake Victoria as a food fish, but led to the extinction of several native species.

· There are many examples of how exotic species have disrupted ecosystems.

· Overexploitation.

· This refers to the human harvesting of wild plants and animals at rates that exceed the ability of those populations to rebound.

· The great auk was overhunted and became extinct.

· The African elephant has been overhunted and the populations have declined dramatically.

· The bluefin tuna is another example of an over-harvested species.

· Disruption of food chains.

· The extinction of one species can doom its predators, but only if the predator feeds exclusively on this prey.

· Much of the evidence for secondary extinctions of larger organisms due to loss of prey is circumstantial.
B. Conservation at the Population and Species Levels

1. According to the small-population approach, a population’s small size can draw it into an extinction vortex

· The small-population approach studies the processes that can cause very small populations to become extinct.

· The extinction vortex is a downward spiral unique to small populations.

· A small population is prone to changes that draw it into a vortex toward smaller and smaller numbers.

· The key factor driving the vortex is the loss of genetic diversity.

· How small is too small for a population?

· How small does a population have to be before it starts down the extinction vortex?

· Minimum viable population size (MVP).

· The MVP is the smallest number of individuals needed to sustain a population.

· Population viability analysis (PVA) is a method of predicting whether or not a species will survive over time.

· Effective population size (Ne)

· This is based on the breeding potential of the population

· Ne = 4Nf Nm / (Nf + Nm)

· Nf and Nm are the numbers of females and males that successfully breed

· In actual populations, Ne is always some fraction of the total population.

· The goal of sustaining Ne stems from the concern that populations retain enough genetic diversity

· Case Study: The greater prairie chicken and the extinction vortex.

· Greater prairie chicken populations declined significantly from the
 19th century to 1993.

· Scientists found that it was due to a decrease in the hatching rate of eggs.

· Further DNA study found the genetic variation to have declined significantly.

· Case Study: Population viability analysis for two popular herbs.

· American ginseng and wild leek are both at risk of extinction.

· PVAs showed that  most populations of both herbs are too small to persist unless protected from harvesting by humans.

· Case Study: Analysis of Grizzly Bear Populations

· Mark Shaffer performed one of the first PVAs as part of a long term study of grizzly bears in Yellowstone and surrounding areas.

· Its population had been declining in those areas in recent years.

· The Ne was determined computer analysis predicted that introduction activities could be successful in maintaining the populations.

2. The declining-population approach is a proactive conservation strategy for detecting, diagnosing, and halting population declines

· The small-population approach emphasizes MVP size and interventions include introducing genetic variation from one population into another.

· The declining-population approach is more action oriented, focusing on threatened and endangered species even if the populations are larger than the MVP.

· This approach emphasizes the environmental factors that caused a population to decline and requires that population declines be evaluated on a case-by-case basis.

· Steps in the diagnosis and treatment of declining populations.

· Confirm that the species is in decline or that it was formerly more abundant.

· Study the species’ natural history to determine environmental requirements.

· Determine all the possible causes of the decline.

· List the predictions of each hypothesis for the decline.

· Test the most likely hypothesis first to determine if this factor is the main cause of the decline.

· Apply the results of this diagnosis to the management of the threatened species.

· Case Study: Diagnosing and treating the decline of the red-cockaded woodpecker.

· To practice conservation biology, we must understand the habitat requirements of an endangered species.

· The red-cockaded woodpecker is an endangered species that was originally found in the southeastern U.S.

· Many of its habitats (for example, dead trees for nesting) have been destroyed or fragmented by logging.

· Another habitat factor is that the understory of plants around the trees must be of low profile so the woodpeckers have a clear flight path into their nests.

· Ecologists tested the hypothesis that behavior restricts the ability of the bird to rebound.

· They set up cavities in trees and found that 18 of the 20 sites were nested.

· They also did controlled burns to lower the understory.

· This is a good example of how understanding habitat can lead to a successful conservation effort.

3. Conserving species involves weighing conflicting demands

· Conservation biology highlights the relationship between science, technology and society.

· High profile organisms may be the most popular due to use as resources.

· Questions about human habitat needs also arise.

· The ecological role of the organisms must be addressed as well.
C. Conservation at the Community, Ecosystem, and Landscape Levels

· On a broad scale, the principles of community and ecosystem ecology are being brought to bear on studies of the biodiversity of entire landscapes.

· A landscape is a regional assemblage of interacting ecosystems.

· Landscape ecology is the application of ecological principles to the study of human-use patterns.

· This type of ecology is important in conservation biology because many species use more than one type of ecosystem.

1. Edges and corridors can strongly influence landscape biodiversity

· Edges are the boundaries between ecosystems and within ecosystems.

· Edges have their own communities of organisms.

· The proliferation of edge species has positive or negative effects on a community’s biodiversity.

· A movement corridor is a narrow strip or series of small clumps of good habitat connecting typically isolated patches.

· These can sometimes be artificial.

· Movement corridors can promote dispersal and reduce inbreeding in declining populations.

2. Conservation biologists face many challenges in setting up protected areas

· Conservation biologists apply ecological research in setting up reserves or protected areas to slow the loss of biodiversity.

· Governments have set aside about 7% of the world’s land in various types of reserves.

· Much of the focus has been on biodiversity hot spots, areas with exceptional concentrations of endemic species and a large number of threatened or endangered species.

· These are obvious choices for reserves, but recognizing them can be difficult.

· The biotic boundary may be larger than the legal boundary.

3. Nature reserves must be functional parts of landscapes

· It is important that they are not isolated from the natural environment.

· Several nations have adopted an approach to landscape management called zoned reserve systems.

· A zoned reserve is a large region of land that includes one or more areas undisturbed by humans surrounded by lands that have been used for economic gain and have been changed by humans.

· However, the continued high rate of human exploitation of ecosystems leads to the prediction that less than 10% of the biosphere will be protected as nature reserves.

· The Florida scrub jay inhabits areas that have nearly been replaced by housing developments.

4. Restoring degraded areas is an increasingly important conservation effort

· Restoration ecology applies ecological principles in developing ways to return degraded areas to natural conditions.

· Biological communities can recover from many types of disturbances through a series of restoration mechanisms that occur during ecological succession.

· Bioremediation is the use of living organisms to detoxify polluted ecosystems.

· Restoration ecologists use various types of organisms to remove many different types of toxins from ecosystems.

5. The goal of sustainable development is reorienting ecological research and challenging all of us to reassess our values

· Many have embraced the concept of the long-term prosperity of human societies and the ecosystems that support them.

· The Sustainable Biosphere Initiative is a research agenda endorsed by the Ecological Society of America.

· The goal is to obtain the information necessary for responsible development, management, and conservation of Earth’s resources.

6. The future of the biosphere may depend on our biophilia

· Not many people live in truly wild environments or even visit such places.

· Biophilia includes our sense of connection to diverse organisms and our attachment to pristine landscapes.

· Most biologists have embraced this idea.

· We should be motivated to preserve biodiversity because we depend on it for many resources. 

