Chapter 38 Lecture Outline

Introduction Saving the Tiger

A.
Focus on the human destruction of habitat and conservation efforts in the struggle to save the tigers.


1.
The tiger population was estimated to be around 100,000 worldwide 100 years ago. There are now approximately 5,000 remaining, and 3 of the 8 species are extinct.


2.
Intense conservation efforts by the government of Myanmar have begun to save the tiger population in the Hukawng Valley. Estimates from 2001 placed the tiger population in the 6,500 sq. km reserve at 150 to 200.


3.
The Myanmar government increased the reserve size to 20,000 sq. km to provide more habitat for the tiger and its prey. Wildlife biologists hope to see a tenfold increase in the tiger population in the next decade.


B.
The story of the tiger illustrates the biodiversity crisis (a rapid decrease in plant and animal diversity) that is threatening life on Earth.


C.
Conservation biology is an attempt by biologists to reverse the destructive trends of habitat and species destruction. The approach can be on a single species, as with the tiger, or very broad, attempting to assess and protect many species at once.


D.
This chapter focuses on the biodiversity crisis and approaches used by conservation biologists to slow the loss of species. Conservation biology touches all levels of ecology, from a single species (the tiger) to the habitat in which it lives (the Hukawng Valley reserve).


I.
The Biodiversity Crisis: An Overview

Module 38.1
Human activities threaten Earth’s biodiversity.


A.
The high rate of species loss is a direct result of human activity. Humans are altering trophic structure, energy flow, chemical recycling, and natural disturbances.


B.
There are approximately 10 million to as many as 80 million different species in the world. Scientists have named about 1.5 million species. The rate of species loss is estimated to be 1,000 times higher than at any time in the past 100,000 years.


C.
Biodiversity has three components: genetic, species, and ecosystem diversity.


1.
Genetic diversity within and among populations of a species is dependent on the raw material provided by the genes. If a population is lost, there is a reduction in the available material used for adaptation to environmental changes. Extreme decreases in genetic diversity endanger the survival of a species.


2.
Species diversity is the variety of species in an ecosystem and is a popular scientific, as well as political, topic. The ESA defines an endangered species as one that is close to extinction in all or most of its range. The ESA also defines threatened species as those that are close to becoming endangered in the near future.


3.
Ecosystem diversity is described as the interaction of populations of different species within an ecosystem. Removal (extinction) of a species in an ecosystem can adversely affect the remaining species, particularly if the lost species is a keystone predator like the tiger. Altered patterns of chemical and energy flow in one ecosystem can affect the entire biosphere (phytoplankton remove CO2 and thus moderate the greenhouse effect).


D.
Destruction of tropical rain forests dramatically illustrates ecosystem damage (Figure 38.1A). Coral reefs have been decimated, and it is estimated that 40% to 50% of all coral reefs will be gone in the next 30 to 40 years (Figure 38.1B).

Module 38.2
Biodiversity is vital to human welfare.


A.
Human activities are altering the biosphere at a rapid rate. These changes are threatening the survival of species on which we are dependent for survival. For example, humans depend on other species for oxygen, food, clothing, soil fertilizer, etc.


B.
Twenty-five percent of prescription drugs dispensed by U.S. pharmacies contain substances derived from plants. Accompanying the loss of biodiversity is the loss of potential benefit to humans. For example, in Madagascar, there are plants that have potential as treatment for cancers (the rosy periwinkle; Figure 38.2).


C.
Madagascar is home to 200,000 plant and animal species. In the 2,000 years humans have lived on Madagascar, 80% of its forests and 50% of its native species have been lost. This loss of biodiversity (and its potential) is not unique to this island.



Review: The impact of humans on Madagascar is also discussed in Module 19.1.


D.
The loss of species means the loss of genetic diversity and lost opportunities that we have not been able to realize. PCR is a good example of how scientists have discovered useful biomedical products through a process called bioprospecting.


E.
In an attempt to facilitate understanding the true value of the ecosystem, a team of ecologists and economists estimated the value of ecosystems in terms of cost for services rendered. They estimated the value of a wetland in 1997 at 33 trillion U.S. dollars per year. That same year the total gross national product of the U.S. was 18 trillion U.S. dollars.

Module 38.3
Habitat destruction, introduced species, and overexploitation are the major threats to biodiversity.


A.
Habitat destruction by humans poses the single greatest threat to biodiversity. Agriculture, residential development, overpopulation, forestry, mining, and environmental pollution all contribute to habitat destruction (Figure 38.1A). According to the IUCNNR, habitat destruction is directly responsible for 73% of all species in modern history becoming extinct, endangered, or threatened.


B.
The next greatest threat to biodiversity is the competition between native and introduced (exotic) species. Nonnative species, introduced either intentionally or unintentionally into a new community, frequently fail to survive. However, when they do survive, the absence of their native predators allows their populations to drastically increase.


C.
Examples of introduced species in North America are house sparrows, starlings, rock doves (pigeons), and the kudzu vine (Figure 38.3A).


D.
In Lake Victoria, about 200 native species went extinct with the introduction of the Nile perch. The Nile perch was introduced to provide food to the growing human population of eastern Africa. Instead, the Nile perch wiped out the smaller native species and critically reduced its own food supply.


E.
Biodiversity is also threatened when wildlife is harvested past the rate of repopulation. Some examples of species that have been drastically reduced in numbers through excessive human activity (hunting, poaching, commercial harvesting) are the American bison, Galápagos tortoises, tigers, whales, and the North Atlantic bluefin tuna (Figure 38.3B). Illegal wildlife trade also threatens many species (e.g., demand for rhinoceros horns, grizzly bear gallbladders, and elephant tusks).

Module 38.4
Connection: Pollution of the environment compounds our impact on other species.


A.
The biodiversity crisis is worsened by the pollutants that humans release into the environment. Pollution can have a local effect, for example, environmental damage that occurs during an oil spill.


B.
Likewise, pollutants can have a far-reaching effect. Air pollutants emitted into the atmosphere in one place can have effects on environments thousands of miles away.



Review: Acid precipitation (Module 2.16).


C.
The ozone layer has been thinning since 1975. The reduction in this protective layer may cause increases in skin cancer and cataracts and may have deleterious effects on the phytoplankton in the oceans. The destruction of the ozone is thought to have resulted from the use of CFCs.



Review: CFCs and the ozone layer are discussed in Module 7.14.


D.
Excessive runoff of nutrients into surface water supplies has resulted in dead zones at the mouths of rivers that extend far out into the ocean. As many as 150 dead zones worldwide have been documented.


E.
DDT and other such chemical pesticides have adverse effects on nontarget species. As DDT is passed up a food chain it becomes increasingly concentrated in animal tissue, in a phenomenon called biological magnification.


Review: Food chains and energy flow through ecosystems (Modules 37.9 and 37.13).


F.
A poignant example of biological magnification is seen in the Great Lakes where the chemical PCB is passed up the food chain and found to be 5,000 times higher in herring gull eggs than in the phytoplankton (Figure 38.4).


G.
Never-seen-before synthetic chemicals are causing a pollution crisis because microbes cannot degrade them or they are degraded into an even more toxic substance. Mercury is a prime example of the latter point. Aquatic microbes convert mercury into methyl mercury, which is extremely toxic (and soluble) and accumulates in fish.

Module 38.5
Connection: Rapid global warming could alter the entire biosphere.



Review: The introduction to global warming, the carbon cycle, and the equations for cellular respiration and photosynthesis (Modules 1.9, 5.21, 6.3, 7.4, 7.13, and 37.17).


A.
Global warming has been accepted by most of the scientific community as a reality. Now the debate is centered around how severe the effects of global warming will be on the world.


B.
Since the industrial revolution, CO2 concentrations have steadily risen. Carbon dioxide concentration in the atmosphere, as measured in Hawaii, has increased dramatically (17%) in just more than 40 years (Figure 38.5A).


C.
CO2 is one of the greenhouse gases. CH4 and NO are also greenhouse gases released from fossil-fuel burning, among other sources. CO2 is good, in moderation, because it is estimated that without the heat trapped by the CO2 put into the atmosphere by natural phenomena, the average temperature of Earth would be ª2188C (the greenhouse effect, Figure 38.5B).


D.
Global warming results from an excess amount of these gases. However, some climatologists are predicting that, at the current rate of increase of greenhouse gases, atmospheric temperatures could rise about 28C by the end of the 21st century.


E.
A 28C rise in global atmospheric temperature could melt polar ice caps and raise sea levels significantly. Environmentally sensitive and heavily populated coastal regions would be flooded. Such warming may also alter precipitation patterns and the grain belts of the United States may become much drier and unable to support crops.


F.
Recent studies have shown that many species are adapting to global warming while others are struggling. The polar bears along the Hudson Bay have a shorter hunting season and have less stored fat than they had decades before. Some polar bears are even starving (Figure 38.5C).


G.
Some experts suggest that increases in greenhouse gases will affect cloud cover, which would tend to decrease temperature. Other experts are calling for drastic reductions in fossil fuel usage.


H.
Worldwide cooperation and individual efforts are needed to reverse the warming trend. An international agreement (the Kyoto Protocol) among 189 countries outlines a plan to reduce greenhouse gas emissions. Noticeably missing from this agreement is the United States.

I.
Heat waves, reduced farm productivity, and the spread of tropical diseases such as malaria may become major consequences of global warming. The loss of species is still increasing in intensity.


II.
Conservation of Populations and Species

Module 38.6
Two ways to study endangered populations are the small-population approach and the declining-population approach.


A.
When habitats are patchy, the distribution of the subpopulations of a species’ population is often patchy. Gene flow among subpopulations varies with the degree of isolation.


B.
Habitat degradation has increased the degree of population fragmentation that naturally occurs as a result of environmental patchiness. Human activities, such as logging, have created patchy environments and population fragments where they did not previously exist (Figure 38.6A). Populations of the northern spotted owl (Figure 38.6B) declined with logging of the coniferous forests they inhabit.



Review: The impact of logging on coniferous forests is discussed in Module 17.14.


C.
Two approaches explain the biology of the extinction process:


1.
The small-population approach states that a population reaches a critical level of smallness due to a variety of factors, such as the loss of habitat, then spirals down, as in a vortex, toward extinction. The key factor driving the extinction vortex is the loss of genetic variation, which a population depends on for adaptation to environmental changes.


2.
The declining-population approach is proactive and tries to identify, diagnose, and halt a declining population before it reaches a critical level. This process requires a careful, logical approach to determining the cause of the decline before recommending corrective actions.

Module 38.7
Identifying critical habitat factors can guide conservation efforts.


A.
Critical factors determine if a habitat is suitable for the recovery of the red-cockaded woodpecker.


B.
The red-cockaded woodpecker is dependent on the presence of mature living pine trees for nesting sites (Figure 38.7A). This species also depends on fire to keep the undergrowth below 15 feet in height among the pines (Figures 38.7B and C). A proactive approach of controlled fires and the excavation of new nests in pines were used to help return this species to a sustainable level.


C.
A side benefit of the management of one species was increased species diversity.


D.
Conservation biologists recognize it is often necessary to consider a species’ worth relative to the concerns of the community as a whole. A keystone species is often the species that needs the most intervention to save the community.


III.
Managing and Restoring Ecosystems

Module 38.8
Sustaining ecosystems and landscapes is a conservation priority.


A.
Past conservation efforts were focused on saving individual species. Now the focus is on saving entire ecosystems and landscapes. Landscape ecology is the use of ecological principles to the study of the structure and interaction of several ecosystems. One goal of landscape ecology is to understand the patterns of landscape use—past, present, and future—and to promote biodiversity as part of the land-use strategy.


B.
Edges differ from the habitats on either side of them. Thus, they support communities that differ from those found in either habitat. Human activities can create edges (Figure 38.8A).

C.
The brown-headed cowbird is an edge-adapted species (Figure 38.8B). It forages for insects in open fields and parasitizes the nests of forest birds.


D.
Movement corridors may connect fragmented habitats. Some movement corridors are artificial constructs (Figure 38.8C). Movement corridors can be beneficial in promoting dispersal, and are particularly important to species that migrate. However, movement corridors may facilitate the spread of disease, particularly among small populations. The value of movement corridors must be studied further.



NOTE: Promoting dispersal in movement corridors promotes gene flow.

Module 38.9
Protected areas are established to slow the loss of biodiversity.


A.
Conservation biologists are using their understanding of populations, communities, ecosystems, and landscape biology to better protect biodiversity hot spots (small areas with high concentrations of endangered or threatened species).


B.
Many species found in biodiversity hot spots are endemic species (species not found anywhere else) and as such are particularly sensitive to environmental degradation and consequent extinction.


C.
The “hottest” spots seen in Figure 38.9A cover less than 1.5% of the land yet are home to 1/3 of all the species on Earth. Because these hot spots are particularly sensitive to habitat destruction, loss of species could be as high as one-half within the next 10 to 15 years given the current rate of human development.


D.
Conservation of relatively small biodiversity hot spots should not detract from conservation efforts over wider areas.


E.
Uneven patterns of species distribution are seen during seasonal migration. For example, monarch butterflies winter in central Mexico and spend their summers in the United States and Canada. Migrational patterns increase the complexity of species conservation; habitat preservation must consider the entire area associated with the migratory pattern.


F.
Another example of a migratory species is the loggerhead turtle (Figure 38.9B). This species feeds and mates at sea, but the females lay their eggs on specific beaches. Many juveniles and adults drown at sea, caught in fish and shrimp nets. Eggs, buried in shallow pits, are vulnerable to predation as well as to residential and commercial development of the beaches.


G.
Approximately 7% of the world’s land has been set aside as reserves. The question is, which is better, large tracts of land or many small reserves? Current indications are that for some species such as the tiger, bigger (land reserve) is better. But the reality is that more land will most likely not be placed into reserve, and therefore, alternatives must be developed.



Preview: Zoned reserves and linked reserves (Modules 38.13 and 38.10).

Module 38.10
Connection: The Yellowstone to Yukon Conservation Initiative seeks to preserve biodiversity by connecting protected areas.


A.
The Y2Y Initiative is an ambitious effort to link parks and reserves with protected corridors from Alaska to Wyoming (Figure 38.10A).


B.
Wildlife reserves are effective as long as the animals remain on the protected land. However, studies have shown that reserves do not provide large enough ranges for signature species, and once off the protected lands, the animals are vulnerable (Figure 38.10B).


C.
The reintroduction of the gray wolf to Yellowstone National Park was controversial but has been a huge success (Figure 38.10C). The initial number of 60 wolves has increased to approximately 300. The effect throughout the park has been dramatic, affecting as many as 25 species.


D.
Reintroduction programs and migration from Canada have brought the gray wolf back to Idaho and Montana. Despite the overpopulation of deer and elk and the success at Yellowstone, local and political resistance still persist to the presence of wolves in states where they once roamed freely.

Module 38.11
The study of how to restore degraded habitats is a developing science.



Review: The role of prokaryotes in bioremediation is discussed in Module 16.16.


A.
Abandoned land that has been degraded or land that has been damaged by toxic chemicals is in need of restoration. The expanding field of restoration ecology uses ecological principles to return land to its predegraded state.


B.
Prokaryotes, fungi, lichens, and plants are used in bioremediation (the use of living organisms to restore ecosystems). Lichens that concentrate uranium are being studied for possible use in cleaning areas contaminated as a result of mining activities (Figure 38.11A).

C.
Another tool of restoration ecology is biological augmentation, a process whereby the growth of plants, such as legumes, is encouraged to replenish nutrient-depleted soil (Figure 38.11B).


D.
Restoration ecology is still in the experimental stages with no particular method proven best. Therefore, multiple methods are being investigated (the scientific process at work; Modules 1.7 and 1.8).

Module 38.12
Connection: The Kissimmee River Project is a case study in restoration ecology.


A.
The Kissimmee River Project (started in 1992) is the largest landscape restoration project ever attempted and will reclaim 27,000 acres of wetland and restore the original channel.


B.
Phase one was completed in 2004. The effects were seen almost immediately, with ducks and birds returning in droves. Fish that require high levels of dissolved oxygen have repopulated the waters, and native vegetation has filled the marshes again.


C.
The project’s cost is being shared 50-50 by the state of Florida and the federal government at a price tag of 578 million dollars. Economic benefits to recoup the cost of restoration will be realized through other means such as increased recreation (hunting and fishing) and ecotourism.

Module 38.13
Connection: Zoned reserves are an attempt to reverse ecosystem disruption.


A.
Few, if any, ecosystems are unaffected by humans.


B.
Zoned reserves are extensive regions of land that include one or more undisturbed areas. Within these areas, species and ecosystem processes involving them can be conserved.



Review: Global warming will make managing reserves very difficult (Module 7.13).


C.
Countries exchange political and economic favors for establishing these areas. Costa Rica has become a world leader in establishing zoned reserves (Figure 38.13A).


D.
Local education about the ecological and economic benefits is needed, and buffers must be established around the margins of zoned reserves where social and economic climates are more compatible with the conservation of resources within the reserves.


E.
Commitment to the conservation project by the Costa Rican government, nongovernmental organizations, and local citizens has helped this project succeed. Success can be measured in a variety of ways, but one is in the living conditions of the Costa Rican people (Figure 38.13B). Life expectancy, literacy, and infant mortality have all improved.


F.
The program still faces challenges. The increase in the population from 4 million to 6 million by 2050 will place an increased demand for resources. Sustainable development must be continued.

Module 38.14
Sustainable development is an ultimate goal.



Review: The challenges of the sustainable development of coniferous and tropical forests (Module 17.14).


A.
Sustainable development is defined as the long-term prosperity of human societies and the ecosystems that support them. Sustainable development will require changing the human mindset. For the sake of future generations, the natural processes upon which humans are dependent must be preserved.


B.
The Ecological Society of America endorses a research project called the Sustainable Biosphere Initiative. It has one goal: to acquire the necessary information about the biosphere to develop, manage, and conserve the Earth’s resources in a responsible manner.


C.
Cross-discipline research and education will be required to promote sustainable development and at the same time reverse the biodiversity crisis (Figure 38.14).


D.
The condition of the biosphere is precarious at best, and a reversal of the current situation will require personal, scientific, and political efforts of enormous proportions. But failure to act will result in the demise of the biosphere as we know it.

