Chapter 8: Community Ecology


Case Study


Flying Foxes: Keystone Species in Tropical Forests


The durian (Figure 8-1, top) is a prized fruit growing in Southeast Asian tropical forests. The odor of this football-sized fruit is so strong, it is illegal to have them on trains and in many hotel rooms in Southeast Asia. But its custard-like flesh has been described as “exquisite,” “sensual,” “intoxicating,” and “the world’s finest fruit.” Durian fruits come from a wild tree that grows in the tropical rain forest. Various species of nectar-, pollen-, and fruit-eating bats called


flying foxes (Figure 8-1, bottom right) pollinate the flowers that hang high in durian trees (Figure 8-1, left).


This pollination by flying foxes is an example of mutualism: an interaction between two species in which both species benefit.


Many species of flying foxes are listed as endangered, and most populations are much smaller than historic numbers. One reason is deforestation. Another is hunting these bat species for their meat, which is sold in China and other parts of Asia. The bats also are killed to keep them from eating commercially grown fruits.


Flying foxes are easy to hunt because they tend to congregate in large numbers when they feed or sleep.


Some ecologists classify flying foxes as keystone species because of the important roles they play in sustaining tropical forest communities. In addition to pollinating many plant species, the plant seeds they disperse in their droppings help maintain forest biodiversity and regenerate deforested areas.


Thus many other species depend on flying fox species. This explains why ecologists are concerned that the decline of flying fox populations could lead to a cascade of linked extinctions.


The story of flying foxes and durians illustrates the unique role (niche) of interacting species in a community. When populations of different species in a community interact with one another, they influence one another’s ability to survive and reproduce. In this chapter we will look at these and other interactions and processes that occur in biological communities.


Figure 8-1 Flying foxes (bottom right) are bats that play key ecological roles in tropical rain forests in Southeast Asia by pollinating (left) and spreading the seeds of durian trees. Durians (top) are a highly prized tropical fruit.
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Ecologists use three characteristics to describe a biological community. One is physical appearance: the relative sizes, stratification, and distribution of its populations and species, as shown in Figure 8-2 for various terrestrial communities. There are also differences in the physical structures and zones of communities in aquatic life zones such as oceans, rocky shores and sandy beaches, lakes, river systems, and inland wetlands.


The physical structure within a particular type of community or ecosystem can also vary. Most large terrestrial communities and ecosystems consist of a mosaic of vegetation patches of differing size. Life is patchy.


Community structure also varies around its edges where one type of community makes a transition to a different type of community. For example, the edge area between a forest and an open field may be sunnier, warmer, and drier than the forest interior and have a different combination of species than the forest and field interiors.


However, increased edge area from habitat fragmentation makes many species more vulnerable to stresses such as predators and fire. It also creates barriers that can prevent some species from colonizing new areas and finding food and mates.


A second characteristic of a community is its species diversity: a combination of its number of different species (species richness) and the abundance of individuals within each of its species (species evenness). For example, suppose we have two communities each with a total of 20 different species and 200 individuals and thus the same species diversity. But these communities could differ in their species richness and species evenness.


For example, suppose community A has 10 individuals in each of its 20 species. And community B has 10 species with 2 individuals each and 10 other species, each with 18 individuals. Which community has the highest species evenness?


A third characteristic is a community’s niche structure: the number of ecological niches, how they resemble or differ from each other, and how species interact


Figure 8-2 Natural capital: generalized types, relative sizes, and stratification of plant species in various terrestrial communities.


Animal and vegetable life is too complicated a problem for human intelligence to solve, and we can never know how wide a circle of disturbance we produce in the harmonies of nature when we throw the smallest pebble into the ocean of organic life.
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This chapter addresses the following questions:


What determines the number of species in a community?


What different roles do species play in a community?


How do species interact with one another in a community?


How do communities change as environmental conditions change?


Does high biodiversity increase the stability of a community?


8-1 COMMUNITY STRUCTURE AND SPECIES DIVERSITY


What Is Community Structure? Appearance, Diversity, and Niches


Biological communities differ in their physical appearance, the types and numbers of species they contain, and the ecological roles their species play.


with one another. Studies indicate that the most species-rich environments are tropical rain forests, coral reefs, the deep sea, and large tropical lakes. Communities such as a tropical rain forest or a coral reef with a large number of different species (high species richness) generally have only a few members of each species (low species evenness).


Several factors affect the species diversity in communities.


One is latitude (distance from the equator) in terrestrial communities (Figure 8-3). For most plants and animals, species diversity is highest in the tropics and declines from the equator to the poles. Another factor is pollution in aquatic systems (Figure 8-4). Other factors are habitat diversity, NPP, habitat disturbance, and time.


What Determines the Number of Species on Islands? Entrances and Exits


The number of species on an island is determined by how fast new species arrive and old species become extinct, the island’s size, and how far it is from the mainland.


In the 1960s, Robert MacArthur and Edward O. Wilson began studying communities on islands to discover why large islands tend to have more species of a certain category such as insects, birds, or ferns than do small islands. To explain these differences in species richness with island size, MacArthur and Wilson proposed what is called the species equilibrium model, or the theory of island biogeography. According to this widely accepted model, a balance between two factors determines the number of different species found on an island: the rate at which new species immigrate to the island and the rate at which existing species become extinct on the island.


The model projects that at some point the rates of immigration and extinction should reach an equilibrium point (Figure 8-5a, p. 146) that determines the island’s average number of different species. This is a fairly complex idea, so study Figure 8-5 carefully. The CD that comes with this book has a great animation of this model. Check it out.


According to the model, two features of an island affect its immigration and extinction rates and thus its species diversity. One is the island’s size, with a small island tending to have fewer different species than a large one (Figure 8-5b). One reason is that a small island generally has a lower immigration rate because it is a smaller target for potential colonizers. In addition, a small island should have a higher extinction rate because it usually has fewer resources and less diverse habitats for its species.
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Figure 8-3 Changes in species diversity at different latitudes (distances from the equator) in terrestrial communities for (a) ants and (b) breeding birds of North and Central America. As a general rule, species diversity steadily declines as we go away from the equator toward either pole. (Modified by permission from Cecie Starr, Biology: Concepts and Applications, 4th ed., 2000, Brooks/Cole [Wadsworth]) Number of diatom species Unpolluted stream Polluted stream


Figure 8-4 Changes in the species diversity and species abundance of diatom species in an unpolluted stream and a polluted stream. Both species diversity and species abundance decrease with pollution.


A second factor is an island’s distance from the nearest mainland (Figure 8-5c). According to the model, if we have two islands about equal in size and other factors, the island closer to a mainland source of immigrant species should have the higher immigration rate and thus a higher species richness—assuming that extinction rates on both islands are about the same.


In recent years, scientists have used the model to help protect wildlife in habitat islands such as national parks surrounded by a sea of developed and fragmented land.


8-2 TYPES OF SPECIES


What Roles Do Various Species Play in Communities? A Biological Play with Many Parts


Communities can contain native, nonnative, indicator, keystone, and foundation species that play different ecological roles.


Ecologists often use labels—such as native, nonnative, indicator, keystone, or foundation—to describe the major ecological roles or niches various species play in communities.


Any given species may play more than one of these five roles in a particular community.


Native species are those that normally live and thrive in a particular community. Others that evolved somewhere else and then migrate into or are deliberately or accidentally introduced into a community are called nonnative species, invasive species, or alien species.


Throughout the earth’s long history of life species in one part of the world have migrated from one community to another. But moving into a new community is not easy. Most organisms arriving in a new community do not survive because they are not able to find a suitable niche under their new environmental conditions.


Many people tend to think of nonnative or invasive species as villains. But most introduced and domesticated species of crops and animals such as chickens, cattle, and fish from around the world and many wild game species are beneficial to us. Indeed, most of the food crops and domesticated animals we depend on are not native to the communities where we raise them.


But sometimes a nonnative species can thrive and crowd out native species—an example of unintended and unexpected consequences. In 1957, for example, Brazil imported wild African bees to help increase honey production. Instead, the bees displaced domestic honeybees and reduced the honey supply.


Since then, these nonnative bee species, popularly known as “killer bees,” have moved northward into Central America and parts of the southwestern United States, such as Texas, Arizona, New Mexico, and California. They are still heading north but should be stopped eventually by cold winters in the central United States unless they can adapt genetically to cold weather.
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Figure 8-5 The species equilibrium model or theory of island biogeography, developed by Robert MacArthur and Edward O. Wilson. (a) The equilibrium number of species (blue triangle) on an island is determined by a balance between the immigration rate of new species and the extinction rate of species already on the island. (b) With time, large islands have a larger equilibrium number of species than smaller islands because of higher immigration rates and lower extinction rates on large islands. (c) Assuming equal extinction rates, an island near a mainland will have a larger equilibrium number of species than a more distant island because the immigration rate is greater for a near island than for a more distant one.


They are not the killer bees portrayed in some horror movies, but they are aggressive and unpredictable.


They have killed thousands of domesticated animals and an estimated 1,000 people in the western hemisphere.


Most of the people killed by these honeybees died because they were allergic to their stings or they fell down or became trapped and could not flee.


What Are Indicator Species? Smoke Alarms


Some species can alert us to harmful changes that are taking place in biological communities.


Species that serve as early warnings of damage or danger to a community are called indicator species. For example, the presence or absence of trout species in water at temperatures within their range of tolerance (Figure 4-13, p. 64) is an indicator of water quality because trout need clean water with high levels of dissolved oxygen.


Birds are excellent biological indicators because they are found almost everywhere and are affected quickly by environmental change such as loss or fragmentation of their habitats and introduction of chemical pesticides. Many bird species are declining. Butterflies are also good indicator species and in some areas are declining faster than bird species.


Using a living organism to monitor environmental quality is not new. Coal mining is a dangerous occupation, partly because of the underground presence of poisonous and explosive gases, many of which have no detectable odor. In the 1800s and early 1900s, coal miners took caged canaries into mines to act as early warning sentinels. These birds sing loudly and often. If they quit singing for a long period and they appeared to be distressed, miners took this as an indicator for the presence of poisonous or explosive gases and got out of the mine.


The latest idea is to use indicator species to combat terrorism. Some scientists are trying to genetically engineer species of weedy plants to change their color rapidly when exposed to a harmful biological or chemical agent. If successful, genes from these plants could be inserted into evergreen trees, backyard shrubs, cheap houseplants, or even pond algae to turn them into early-warning systems for attacks using biological or chemical weapons.


Case Study: Why Are Amphibians Vanishing?


Warnings from Frogs


The disappearance of many of the world’s amphibian species may indicate a decline in environmental quality in many parts of the world.


Amphibians (frogs, toads, and salamanders) live part of their lives in water and part on land and are classified as indicator species. Frogs, for example, are good indicator species because they are especially vulnerable to environmental disruption at various points in their life cycle, shown in Figure 8-6. As tadpoles they live in water and eat plants, and as adults they live


Young frog Adult frog (3 years) Young frog Adult frog (3 years)


Tadpole develops into frog Tadpole Egg hatches Fertilized egg development Sexual reproduction Sperm Eggs Organ formation


Figure 8-6 Typical life cycle of a frog. Populations of various frog species can decline because of the effects of various harmful factors at different points in their life cycle. Such factors include habitat loss, drought, pollution, increased ultraviolet radiation, parasitism, disease, overhunting for food (frog legs), and nonnative predators and competitors.
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mostly on land and eat insects that can expose them to pesticides. Their eggs have no protective shells to block ultraviolet (UV) radiation or pollution. As adults, they take in water and air through their thin, permeable skins that can readily absorb pollutants from water, air, or soil.


Since 1980, populations of hundreds of the world’s estimated 5,280 amphibian species have been vanishing or declining in almost every part of the world, even in protected wildlife reserves and parks.


No single cause has been identified to explain the amphibian declines. However, scientists have identified a number of factors that can affect frogs and other amphibians at various points in their life cycle.


One factor is habitat loss and fragmentation, especially because of the draining and filling of inland wetlands, deforestation, and development. Another is prolonged drought, which dries up breeding pools so that few tadpoles survive. Dehydration from lack of water can also weaken amphibians and make them more susceptible to fatal viruses, bacteria, fungi, and parasites.


Pollution can also play a role. Frog eggs, tadpoles, and adults are very sensitive to many pollutants, especially pesticides. Exposure to such pollutants may also make them more vulnerable to bacterial, viral, and fungal diseases, and cause an array of sexual abnormalities.


Increases in UV radiation caused by reductions in stratospheric ozone—caused when certain chemicals we make drift up into the stratosphere—can harm young embryos of amphibians found in shallow ponds. Increased incidence of parasitism by a flatworm (trematode) may account for deformities found in some frog species but not the worldwide decline of amphibians.


Overhunting can be a factor, especially in Asia and France, where frog legs are a delicacy. Populations of some amphibians can also be reduced by immigration or introduction of nonnative predators and competitors (such as fish) and disease organisms. A combination of such factors probably is responsible for the decline or disappearance of most amphibian species.


So why should we care if various amphibian species become extinct? Scientists give three reasons.


First, it suggests that environmental quality is deteriorating in parts of the world because amphibians are sensitive biological indicators of changes in environmental conditions such as habitat loss and degradation, pollution, UV exposure, and climate change.


Second, adult amphibians play important ecological roles in biological communities. For example, amphibians eat more insects (including mosquitoes) than do birds. In some habitats, extinction of certain amphibian species could lead to extinction of other species, such as reptiles, birds, aquatic insects, fish, mammals, and other amphibians that feed on them or their larvae.


Third, from a human perspective, amphibians represent a genetic storehouse of pharmaceutical products waiting to be discovered. Compounds in hundreds of secretions from amphibian skin have been isolated and some are used as painkillers and antibiotics and in treating burns and heart disease.


The plight of some amphibian indicator species is a warning signal. They do not need us, but we and other species need them.


What Are Keystone Species? Major Players Who Help Keep Ecosystems Running Smoothly


Keystone species help determine the types and numbers of various other species in a community.


A keystone is the wedge-shaped stone placed at the top of a stone archway. Remove this stone and the arch collapses. In some communities, certain species called keystone species apparently play a similar role. They have a much larger effect on the types and abundances of many other species in a community than their numbers would suggest.


According to this hypothesis, keystone species play critical ecological roles. One is pollination of flowering plant species by bees, hummingbirds, bats, and other species. In addition, top predator keystone species feed on and help regulate the populations of other species. Examples are the wolf, leopard, lion, alligator (Connections, at right), and great white shark.


Have you thanked a dung beetle today? Maybe you should, because these keystone species rapidly remove, bury, and recycle animal wastes or dung. Without them we would be up to our eyeballs in such waste, and many plants would be starved for nutrients. These beetles also churn and aerate the soil, making it more suitable for plant life.


Ecologist Robert Paine conducted a controlled experiment along the rocky Pacific coast of the state of Washington that demonstrated the role of the sea star Piaster orchaceus as a keystone species in an intertidal zone community (Figure 7-9, top, p. 134). He removed sea stars from one community but not from an adjacent community, which served as a control group. In both communities he monitored the populations of 18 other species. In the community from which he removed the sea stars, all of the 18 species disappeared except mussels. In the community where the sea stars remained, they ate the mussels and kept them from multiplying and crowding out other species.


The loss of a keystone species can lead to population crashes and extinctions of other species in a com-
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munity that depend on it for certain services. According to biologist Edward O. Wilson, “The loss of a keystone species is like a drill accidentally striking a power line. It causes lights to go out all over.”


What Are Foundation Species? Players Who Create New Habitats and Niches


Foundation species can create and enhance habitats that can benefit other species in a community.


Some ecologists think the keystone species should be expanded to include the roles of foundation species, which play a major role in shaping communities by creating and enhancing habitat that benefits other species. For example, elephants push over, break, or uproot trees, creating forest openings in the savanna grasslands and woodlands of Africa. This promotes the growth of grasses and other forage plants that benefit smaller grazing species such as antelope. It also accelerates nutrient cycling rates. Some bat and bird foundation species can regenerate deforested areas and spread fruit plants by depositing plant seeds in their droppings.


Proponents of the foundation species hypothesis say that Paine’s study of the role of the sea star Piaster orchaceus as a keystone species in an intertidal zone community did not take into account the role of mussels as foundation species.
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The American alligator, North America’s largest reptile, has no natural predators except humans.


This species, which has been around for about 200 million years, has been able to adapt to numerous changes in the earth’s environmental conditions.


This changed when hunters began killing large numbers of these animals for their exotic meat and their supple belly skin, used to make shoes, belts, and pocketbooks.


Other people considered alligators to be useless and dangerous and hunted them for sport or out of hatred. Between l950 and 1960, hunters wiped out 90% of the alligators in Louisiana. By the 1960s, the alligator population in the Florida Everglades also was near extinction.


People who say “So what?” are overlooking the alligator’s important ecological role or niche in subtropical wetland ecosystems. Alligators dig deep depressions, or gator holes. These holes hold fresh water during dry spells, serve as refuges for aquatic life, and supply fresh water and food for many animals.


In addition, large alligator nesting mounds provide nesting and feeding sites for herons and egrets.


Alligators also eat large numbers of gar (a predatory fish) and thus help maintain populations of game fish such as bass and bream.


As alligators move from gator holes to nesting mounds, they help keep areas of open water free of invading vegetation. Without these free ecosystem services, freshwater ponds and shrubs and trees would fill in the coastal wetlands in the alligator’s habitat, and dozens of species would disappear.


Some ecologists classify the North American alligator as a keystone species because of these important ecological roles in helping maintain the structure and function of its natural ecosystems. Some say it can also be classified as a foundation species.


In 1967, the U.S. government placed the American alligator on the endangered species list. Protected from hunters, the alligator population made a strong comeback in many areas by 1975—too strong, according to those who find alligators in their backyards and swimming pools, and to duck hunters, whose retriever dogs sometimes are eaten by alligators.


In 1977, the U.S. Fish and Wildlife Service reclassified the American alligator from an endangered species to a threatened species in Florida, Louisiana, and Texas, where 90% of the animals live. In 1987, this reclassification was extended to seven other states.


Alligators now number perhaps 3 million, most in Florida and Louisiana. It is generally illegal to kill members of a threatened species, but limited kills by licensed hunters are allowed in some areas of Texas, Florida, Louisiana, South Carolina, and Georgia to control the population.


To biologists, the comeback of the American alligator from near premature extinction by overhunting is an important success story in wildlife conservation.


The increased demand for alligator meat and hides has created a booming business in alligator farms, especially in Florida. Such farms reduce the rewards for illegal hunting of wild alligators.


Critical Thinking


Some homeowners in Florida believe they should have the right to kill any alligator found on their property. Others argue this should not be allowed because alligators are a threatened species, and housing developments have invaded the habitats of alligators, not the other way around. What is your opinion on this issue? Explain.


Why Should We Care about Alligators?


CONNECTIONS


According to this hypothesis, mussel beds are homes to hundreds of invertebrate species that do poorly in the presence of mussel competitors such as sea stars. When scientists measured the overall diversity of the species in a tide pool rather than just the 18 species observed by Paine they found that the overall diversity of species was greater when the keystone sea star species was absent. Its absence allowed the number of mussel species and the species they interact with to expand. From this point of view, the mussels should be viewed as a foundation species that expanded species richness.


8-3 SPECIES INTERACTIONS: COMPETITION AND PREDATION


How Do Species Interact? Ways to Get an Edge


Competition, predation, parasitism, mutualism, and commensalism are ways in which species can interact and increase their ability to survive.


When different species in a community have activities or resource needs in common, they may interact with one another. Members of these species may be harmed, helped, or unaffected by the interaction. Ecologists identify five basic types of interactions between species: interspecific competition, predation, parasitism, mutualism, and commensalism.


The most common interaction between species is competition for shared or scarce resources such as space and food. Ecologists call such competition between species interspecific competition.


When this occurs, parts of the fundamental niches of the competing species overlap (Figure 5-7, p. 94).


With significant overlap, one of the competing species must migrate, if possible, to another area, shift its feeding habits or behavior through natural selection and evolution, suffer a sharp population decline, or become extinct in that area.


Humans are in competition with many other species for space, food, and other resources. As we convert more and more of the earth’s land and aquatic resources and net primary productivity to our uses we deprive many other species of resources they need to survive.


How Have Some Species Reduced or Avoided Competition? Share the Wealth by Becoming More Specialized


Some species evolve adaptations that allow them to reduce or avoid competition for resources with other species.


Over a time scale long enough for evolution to occur, some species competing for the same resources evolve adaptations that reduce or avoid competition. One way this happens is through resource partitioning. It occurs when species competing for similar scarce resources evolve more specialized traits that allow them to use shared resources at different times, in different ways, or in different places.


Through evolution, the fairly broad niches of two competing species (Figure 8-7, top) can become more specialized (Figure 8-7, bottom) so that the species can share limited resources. When lions and leopards live in the same area, lions take mostly larger animals as prey, and leopards take smaller ones. Hawks and owls feed on similar prey, but hawks hunt during the day and owls hunt at night.


Ecologist Robert H. MacArthur studied the feeding habits of five species of North American warblers (small insect-eating birds) that hunt for insects and nest in the same type of spruce tree. He found that the bird species minimized the overlap of their niches and reduced competition among the species through resource partitioning. They did this by concentrating much of their hunting for insects in different parts of the spruce trees (Figure 8-8), employing different


150 CHAPTER 8 Community Ecology


Resource use Number of individuals


Species 1 Region of niche overlap Species 2


Resource use Number of individuals


Species 1 Species 2


Figure 8-7 Natural capital: resource partitioning and niche specialization as a result of competition between two species.


The top diagram shows the overlapping niches of two competing species. The bottom diagram shows that through evolution the niches of the two species become separated and more specialized (narrower) so that they avoid competing for the same resources.
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Figure 8-8 Sharing the wealth: resource partitioning of five species of common insect-eating warblers in the spruce forests of Maine. Each species minimizes competition with the others for food by spending at least half its feeding time in a distinct portion (shaded areas) of the spruce trees, and consuming somewhat different insect species. (After R. H. MacArthur, “Population Ecology of Some Warblers in Northeastern Coniferous Forests,” Ecology 36 (1958): 533–36)


hunting tactics, and nesting at slightly different times.


Other examples are shown in Figure 5-5 (p. 92).


How Do Predator and Prey Species Interact?


Eating and Being Eaten


Predator species feed on all or parts of other species called prey.


In predation, members of one species (the predator) feed directly on all or part of a living organism of another species (the prey). In this interaction, the predators benefit and the prey are harmed. The two kinds of organisms are said to have a predator–prey relationship.


Such relationships are depicted in Figures 4-11 (p. 63), 4-12 (p. 63), 4-18 (p. 68), and 4-19 (p. 69).


Most of the world’s predation is not the kind we see in many nature documentaries such as lions killing zebras or bears plucking salmon from streams. Instead, most predation occurs unseen at the microscopic level in soils and in the sediments of aquatic systems.


At the individual level, members of the prey species are clearly harmed. But at the population level, predation plays a role in evolution by natural selection.


Predation can benefit the prey species because predators often kill the sick, weak, aged, and least fit members of a population (Case Study, below). This gives remaining prey better access to food supplies and prevents excessive population growth. Predation also helps successful genetic traits to become more dominant in the prey population through natural selection.


This can enhance the reproductive success and long-term survival of the prey species.


Some people tend to view predators with contempt.


When a hawk tries to capture and feed on a rabbit, some root for the rabbit. Yet the hawk like all predators is merely trying to get enough food to feed itself and its young; in the process, it is playing an important ecological role in controlling rabbit populations.


Case Study: Why Are Sharks Important Species? Culling the Oceans and Helping Improve Human Health


Some shark species eat and remove sick and injured ocean animals and some can help us learn how to fight cancer and immune system disorders.


The world’s 370 shark species vary widely in size. The smallest is the dwarf dog shark, about the size of a large goldfish. The largest is the whale shark, the world’s largest fish. It can grow to 15 meters (50 feet) long and weigh as much as two full-grown African elephants!


Various shark species, feeding at the top of food webs, cull injured and sick animals from the ocean and thus play an important ecological role. Without such shark species, the oceans would be overcrowded with dead and dying fish.


Many people—influenced by movies (such as


Jaws), popular novels, and widespread media coverage of a fairly small number of shark attacks per year— think of sharks as people-eating monsters. However, the three largest species—the whale shark, basking shark, and megamouth shark—are gentle giants. They swim through the water with their mouths open, filtering out and swallowing huge quantities of plankton.


Every year, members of a few species of shark— mostly great white, bull, tiger, gray reef, lemon, hammerhead, shortfin mako, and blue—typically injure 60–100 people worldwide (60 in 2002). Between 1990 and 2003, sharks killed 8 people off U.S. coasts and 88 people worldwide—an average of 7 people per year. Most attacks are by great white sharks, which feed on sea lions and other marine mammals and sometimes mistake divers and surfers for their usual prey. Whose fault is this?


Media coverage of such attacks greatly distorts the danger from sharks. You are 30 times more likely to be killed by lightning than by a shark, and your chance of being killed by lightning is extremely small.


For every shark that kills or injures a person, we kill at least 1 million sharks, a total of about 100 million sharks each year. Sharks are caught mostly for their fins and then thrown back into the water to die.


Shark fins are widely used in Asia as a soup ingredient and as a pharmaceutical cure-all. They are worth as much as $563 per kilogram ($256 per pound). In high-end Hong Kong restaurants, a single bowl of shark fin soup can cost as much as $100!


According to a 2001 study by Wild Aid, shark fins sold in restaurants throughout Asia and in Chinese communities in cities such as New York, San Francisco, and London contain dangerously high levels of toxic mercury. Consumption of high levels of mercury is especially threatening for pregnant women, fetuses, and infants feeding on breast milk.


Sharks are also killed for their livers, meat (especially mako and thresher), hides (a source of exotic, high-quality leather), and jaws (especially great whites, whose jaws can sell for up to $10,000). They are also killed because we fear them. Some sharks (especially blue, mako, and oceanic whitetip) die when they are trapped in nets or lines deployed to catch swordfish, tuna, shrimp, and other commercially important species.


In addition to their important ecological roles, sharks can save human lives. They are helping us learn how to fight cancer, which sharks almost never get.


Scientists are also studying their highly effective immune system because it allows wounds to heal without becoming infected.


Sharks have three natural traits that make them prone to population declines from overfishing. They take a long time to reach sexual maturity (10–24 years), have only a few offspring (between 2 and 10) once every year or two, and have long gestation (pregnancy) periods (up to 24 months for some species).


Sharks are among the most vulnerable and least protected animals on the earth. Eight of the world’s shark species are in danger of extinction. In 2003, experts at the National Aquarium in Baltimore, Maryland, estimated that populations of a number of commercially valuable shark species have decreased by 90% since 1992.


In response to a public outcry over depletion of some shark species, the United States and several other countries have banned practices such as shark finning in their territorial waters. But such bans are difficult to enforce.


Some critics do not understand the concern because they see sharks as fish we should be able to catch and do what we want with. They also do not believe that sharks suffer from any harm we inflict on them so there is no need to treat them humanely. And they resent the United States and other countries forcing their ethical concerns about killing or harming sharks on nations and individuals that do not share these views.


They also worry that such ethical concerns about species such as sharks and whales could spread to other aquatic and terrestrial species.


With more than 400 million years of evolution behind them, sharks have had a long time to get things right. Preserving their evolutionary genetic development begins with the knowledge that sharks do not need us, but we and other species need them.
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How Do Predators Increase Their Chances of Getting a Meal? Pursue, Ambush, and Immobilize


Some predators are fast enough to catch their prey, some hide and lie in wait, and some inject chemicals to paralyze their prey.


Predators have a variety of methods that help them capture prey. Herbivores can simply walk, swim, or fly up to the plants they feed on.


Carnivores feeding on mobile prey have two main options: pursuit and ambush. Some, such as the cheetah, catch prey by running fast; others, such as the American bald eagle, fly and have keen eyesight; still others, such as wolves and African lions, cooperate in capturing their prey by hunting in packs.


HOW WOULD YOU VOTE? Do we have an ethical obligation to protect shark species from premature extinction and treat them humanely? Cast your vote online at http://biology .brookscole.com/miller14.


 (a) Span worm (b) Wandering leaf insect (c) Bombardier beetle (d) Foul-tasting monarch butterfly (f) Viceroy butterfly mimics monarch butterfly (e) Poison dart frog (g) Hind wings of Io moth resemble eyes of a much larger animal. (h) When touched, snake caterpillar changes shape to look like head of snake.


Other predators use camouflage—a change in shape or color—to hide in plain sight and ambush their prey. For example, praying mantises sit in flowers of a similar color and ambush visiting insects. White ermines (a type of weasel) and snowy owls hunt in snow-covered areas. The alligator snapping turtle, camouflaged in its stream-bottom habitat, dangles its worm-shaped tongue to entice fish into its powerful jaws. People camouflage themselves to hunt wild game and use camouflaged traps to ambush wild game.


Some predators use chemical warfare to attack their prey. For example, spiders and poisonous snakes use venom to paralyze their prey and to deter their predators.


How Do Prey Defend Themselves Against or Avoid Predators? Escape, Repel, Deceive, and Poison


Some prey escape their predators or have protective shells or thorns, some camouflage themselves, and some use chemicals to repel or poison predators


Prey species have evolved many ways to avoid predators, including the ability to run, swim, or fly fast, and a highly developed sense of sight or smell that alerts them to the presence of predators.


Other avoidance adaptations are protective shells (as on armadillos, which roll themselves up into an armor-plated ball, and turtles), thick bark (giant sequoia), spines (porcupines), and thorns (cacti and rosebushes). Many lizards have brightly colored tails that break off when they are attacked, often giving them enough time to escape.


Other prey species use the camouflage of certain shapes or colors or the ability to change color (chameleons and cuttlefish). Some insect species have evolved shapes that look like twigs (Figure 8-9a), bark, thorns, or even bird droppings on leaves. A leaf insect may be almost invisible against its background (Figure 8-9b), and an arctic hare in its white winter fur blends into the snow. A spotted cheetah blends into the grass as it watches for grazing animals to chase down and kill.


Chemical warfare is another common strategy.


Some prey species discourage predators with chemicals that are poisonous (oleander plants), irritating (stinging nettles and bombardier beetles, Figure 8-9c), foul smelling (skunks, skunk cabbages, and stinkbugs), or bad tasting (buttercups and monarch butterflies, Figure 8-9d). When attacked, some species of squid and octopus emit clouds of black ink to confuse the predator and allow them to escape.


Scientists have identified more than 10,000 defensive chemicals made by plants. Some are herbivore poisons such as cocaine, caffeine, cyanide, opium,
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Figure 8-9 Some ways in which prey species avoid their predators by (a, b) camouflage, (c–e) chemical warfare, (d, e) warning coloration, (f) mimicry, (g) deceptive looks, and (h) deceptive behavior.


strychnine, peyote, nicotine, and rotenone, some of which we use as an insecticide. Others are herbivore repellents such as pepper, mustard, nutmeg, oregano, cinnamon, and mint, all of which we use to flavor or spice up our food. Major pharmaceutical companies view the plant world as a vast drugstore to study as a source for new medicines to treat a variety of human diseases and as a source of natural pesticides. Scientists going into nature to find promising natural chemicals are called bioprospectors. You might consider a career doing this fascinating work.


Many bad-tasting, bad-smelling, toxic, or stinging prey species have evolved warning coloration, brightly colored advertising that enables experienced predators to recognize and avoid them. They flash a warning, “Eating me is risky.” Examples are brilliantly colored poisonous frogs (Figure 8-9e), red-, yellow-, and black-striped coral snakes, and foul-tasting monarch butterflies (Figure 8-9d) and grasshoppers.


Based on coloration, biologist Edward O. Wilson gives us two rules for evaluating possible danger from an unknown animal species we encounter in nature.


First, if it is small and strikingly beautiful, it is probably poisonous. Second, if it is strikingly beautiful and easy to catch, it is probably deadly.


Other butterfly species, such as the nonpoisonous viceroy (Figure 8-9f), gain some protection by looking and acting like the monarch, a protective device known as mimicry. The harmless mountain king snake avoids predation by looking like the deadly and brilliantly colored coral snake.


Some prey species use behavioral strategies to avoid predation. Some attempt to scare off predators by puffing up (blowfish), spreading their wings (peacocks), or mimicking a predator (Figure 8-9h). Some moths have wings that look like the eyes of much larger animals (Figure 8-9g). Other prey species gain some protection by living in large groups (schools of fish, herds of antelope, flocks of birds).


Disease-carrying bacteria and fungi also attack species. Animals such as ants that live in complex social societies containing millions to trillions of individuals survive onslaughts by harmful infectious bacteria and fungi by evolving glands that secrete antibiotics and antifungals. Indeed, because of these secretions, the outer surface of an ant is almost free of bacteria and fungi and is much cleaner than most human skin. The ecological lessons from ants are simple and powerful. In a world ruled by bacteria, never bet against the bacteria and always rely on a variety of weapons!


Some biologists have begun exploring the use of antibiotics produced by ants to treat human infectious diseases. So far two antibiotic patents have been filed based on studying ants, and there are more to come.


You might consider a career in this research frontier.


8-4 SPECIES INTERACTIONS: PARASITISM, MUTUALISM, AND COMMENSALISM


What Are Parasites, and Why Are They Important? Living On or In Another Species


Although parasites can harm their host organisms they can promote community biodiversity.


Parasitism occurs when one species (the parasite) feeds on part of another organism (the host), usually by living on or in the host. In this relationship, the parasite benefits and the host is harmed.


Parasitism can be viewed as a special form of predation.


But unlike a conventional predator, a parasite usually is much smaller than its host (prey) and rarely kills its host. Also most parasites remain closely associated with, draw nourishment from, and may gradually weaken their hosts over time.


Tapeworms, disease-causing microorganisms, and other parasites live inside their hosts. Other parasites attach themselves to the outside of their hosts. Examples are ticks, fleas, mosquitoes, mistletoe plants, and fungi that cause diseases such as athlete’s foot. Some parasites move from one host to another, as fleas and ticks do; others, such as tapeworms, spend their adult lives with a single host.


Some parasites have little contact with their host.


For example, in North America cowbirds parasitize or take over the nests of other birds by laying their eggs in them and then letting the host birds raise their young.


From the host’s point of view, parasites are harmful, but parasites play important ecological roles. Collectively, the matrix of parasitic relationships in a community acts somewhat like glue that helps hold the various species in a community together. Parasites also promote biodiversity by helping keep some species from becoming so plentiful that they eliminate other species.


How Do Species Interact So That Both Species Benefit? Win-Win Relationships


Pollination, fungi that help plant roots take up nutrients, and bacteria in your gut that help digest your food are examples of species interactions that benefit both species.


In mutualism, two species interact in a way that benefits both. The pollination mutualism between flowering plants and animals such as insects, birds, and bats is one of the most common forms of mutualism.


Some species benefit from nutritional mutualism.


Lichens, hardy species that can grow on trees or barren rocks, consist of colorful photosynthetic algae and chlorophyll-lacking fungi living together. The fungi provide a home for the algae, and their bodies collect
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and hold moisture and mineral nutrients used by both species. The algae, through photosynthesis, provide sugars as food for themselves and the fungi.


A mutualistic relationship that combines nutrition and protection is birds that ride on the backs of large animals like African buffalo, elephants, and rhinoceroses (Figure 8-10a). The birds remove and eat parasites from the animal’s body and often make noises warning the animal when predators approach.


Another example is clownfish species, which live within sea anemones, whose tentacles sting and paralyze most fish that touch them (Figure 8-10b). The clownfish, which are not harmed by the tentacles, gain protection from predators and feed on the detritus left from the meals of the anemones. The sea anemones benefit because the clownfish protect them from some of their predators.


Another example of nutritional mutualism is the highly specialized fungi that combine with plant roots to form mycorrhizae (from the Greek words for fungus and roots). The fungi get nutrition from the plant’s roots. In turn the fungi benefit the plant by using their myriad networks of hair-like extensions to improve the plant’s ability to extract nutrients and water from the soil (Figure 8-10c).


In gut inhabitant mutualism, vast armies of organisms such as bacteria live in an animal’s digestive tract.


The bacteria receive a sheltered habitat and food from their host. In turn, they help break down (digest) their host’s food. Examples are the bacteria inside a termite’s gut that digest wood or cellulose and provide the termite with food. Similarly, bacteria in your gut help digest the food you eat. Thank these little critters for helping keep you alive.
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(a) (b) Oxpeckers and black rhinoceros Clownfish and sea anemone


(c) Mycorrhizae fungi on juniper seedlings in normal soil


(d) Lack of mycorrhizae fungi on juniper seedlings in sterilized soil


Figure 8-10 Examples of mutualism. (a) Oxpeckers (or tickbirds) feed on and remove parasitic ticks that infest large thick-skinned animals such as a black rhinoceros. (b) A clownfish gains protection and food by living among deadly stinging sea anemones and helps protect the anemones from some of their predators. (c) Beneficial effects of mycorrhizal fungi attached to roots of juniper seedlings on plant growth compared to (d) growth of such seedlings in sterilized soil without mycorrhizal fungi.


It is tempting to think of mutualism as an example of cooperation between species, but actually it involves each species benefiting by exploiting the other.


How Do Species Interact So That One Benefits but the Other Is Not Harmed? Do No Harm


Some species interact in a way that helps one species but has little if any effect on the other.


Commensalism is a species interaction that benefits one species but has little, if any, effect on the other species. One example is a redwood sorrel, a small herb.


It benefits from growing in the shade of tall redwood trees, with no known negative effects on the redwood trees.


Another example is plants called epiphytes (such as some types of orchids and bromeliads) that attach themselves to the trunks or branches of large trees in tropical and subtropical forests. These so-called air plants benefit by having a solid base on which to grow.


They also live in an elevated spot that gives them better access to sunlight, water from the humid air and rain, and nutrients falling from the tree’s upper leaves and limbs. This apparently does not harm the tree.


8-5 ECOLOGICAL SUCCESSION: COMMUNITIES IN TRANSITION


How Do Ecosystems Respond to Change?


Shifting Community Composition


Over time new environmental conditions can cause changes in community structure that lead to one group of species being replaced by other groups.


All communities change their structure and composition over time in response to changing environmental conditions. The gradual change in species composition of a given area is called ecological succession. During succession some species colonize an area and their populations become more numerous, whereas populations of other species decline and may even disappear.


Ecologists recognize two types of ecological succession, depending on the conditions present at the beginning of the process. One is primary succession,


which involves the gradual establishment of biotic communities on nearly lifeless ground. With the other, more common type, called secondary succession, biotic communities are established in an area where some type of biotic community is already present.


What Is Primary Succession? Establishing Life on Lifeless Ground


Over long periods, a series of communities with different species can develop in lifeless areas where there is no soil or bottom sediment.


Primary succession begins with an essentially lifeless area where there is no soil in a terrestrial ecosystem (Figure 8-11) or no bottom sediment in an aquatic ecosystem. Examples include bare rock exposed by a retreating glacier or severe soil erosion, newly cooled lava, an abandoned highway or parking lot, or a newly created shallow pond.


Primary succession usually takes an extremely long time. One reason is that before a community can become established on land, there must be soil. Depending mostly on the climate, it takes natural processes several hundred to several thousand years to produce fertile soil.


Soil formation begins when hardy pioneer species attach themselves to inhospitable patches of bare rock.


Examples are wind-dispersed lichens and mosses, which can withstand the lack of moisture and soil nutrients and hot and cold temperature extremes found in such habitats.


These tough species start the soil formation process on patches of bare rock by trapping windblown soil particles and tiny pieces of detritus, producing tiny bits of organic matter, and secreting mild acids that slowly fragment and break down the rock.


This chemical breakdown (weathering) is hastened by physical weathering such as the fragmentation of rock that occurs when water freezes in cracks and expands.


This is a slow process. It may take a lichen 100 years to grow as large as a dinner plate.


As patches of soil build up and spread, a new plant community replaces the community of lichens and mosses. Most of these plants are tiny annuals that live for only a year. However, they produce flowers and seeds that fall to the ground and can germinate for the following growing season. These taller plants eliminate the lichens by depriving them of sunlight.


A community of small perennial grasses (plants that live for more than 2 years without having to reseed) and herbs or ferns normally replaces the annual plant community. The seeds of these plants germinate after arriving on the wind and in the rain, in the droppings of birds, or on the coats of mammals.


These early successional plant species grow close to the ground, can establish large populations quickly under harsh conditions, and have short lives.


Some of their roots penetrate the rock and help break it up into more soil particles. The decay of their wastes and dead bodies also adds more nutrients to the soil.


After hundreds to a thousand or more years, the soil may be deep and fertile enough to store enough moisture and nutrients to support the growth of less hardy midsuccessional plant species of herbs, grasses, and low shrubs. Trees that need lots of sunlight and are adapted to the area’s climate and soil usually replace these species.
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As these tree species grow and create shade, they are replaced by late successional plant species (mostly trees) that can tolerate shade. Unless fire, flooding, severe erosion, tree cutting, climate change, or other natural or human processes disturb the area, what was once bare rock becomes a complex forest community.


Primary succession can also take place in newly created small ponds as a result of an influx of sediments and nutrients in runoff from the surrounding land. This sediment can support seeds or spores of plants reaching the pond by winds, birds, or other animals.


Over time this process can transform the pond first into a marsh and eventually to dry land.


What Is Secondary Succession? Life Building on Life


A series of communities with different species can develop in places containing some soil or bottom sediment.


Secondary succession begins in an area where the natural community of organisms has been disturbed, removed, or destroyed but some soil or bottom sediment
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Exposed rocks Lichens and mosses Small herbs and shrubs Heath mat Jack pine, black spruce, and aspen Balsam fir, paper birch, and white spruce forest community Time


Figure 8-11 Natural capital: starting from ground zero.


Primary ecological succession over several hundred years of plant communities on bare rock exposed by a retreating glacier on Isle Royal, Michigan, an island in Lake Superior.


remains. Compared to primary succession this is life in the fast lane. Candidates for secondary succession include abandoned farmlands, burned or cut forests, heavily polluted streams, and land that has been dammed or flooded. Because some soil or sediment is present, new vegetation can usually begin to germinate within a few weeks. Seeds can be present in soils, or they can be carried from nearby plants by wind or by birds and other animals.


European settlers cleared the mature native oak and hickory forests and planted the land with crops in the central or Piedmont region of North Carolina. Later they abandoned some of this farmland because of erosion and loss of soil nutrients. Figure 8-12 (p. 158) shows one way that such abandoned farmland has undergone secondary succession over 150–200 years.


Descriptions of ecological succession usually focus on changes in vegetation. But these changes in turn affect food and shelter for various types of animals.


Thus as succession proceeds, the numbers and types of animals and decomposers also change.


As we have seen, primary and secondary succession involve changes in community structure. Thus the various stages of succession have different patterns of species diversity, trophic structure, niches, nutrient cycling, and energy flow and efficiency (Table 8-1, p. 158).
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Annual weeds Perennial weeds and grasses Shrubs Young pine forest Mature oak–hickory forest Time


Figure 8-12 Natural capital: natural restoration of disturbed land. Secondary ecological succession of plant communities on an abandoned farm field in North Carolina. It took about 150–200 years after the farmland was abandoned for the area to be covered with a mature oak and hickory forest. A new disturbance such as deforestation or fire would create conditions favoring pioneer species. Then, in the absence of new disturbances, secondary succession would recur over time, although not necessarily in the same sequence shown here.


Table 8-1 Ecosystem Characteristics at Immature and Mature Stages of Ecological Succession


Immature Ecosystem Mature Ecosystem Characteristic (Early Successional Stage) (Late Successional Stage) Ecosystem Structure


Plant size Small Large Species diversity Low High Trophic structure Mostly producers, few decomposers Mixture of producers, consumers, and decomposers Ecological niches Few, mostly generalized Many, mostly specialized Community organization Low High (number of interconnecting links)


Ecosystem Function


Biomass Low High Net primary productivity High Low Food chains and webs Simple, mostly plant herbivore with Complex, dominated by decomposers few decomposers Efficiency of nutrient recycling Low High Efficiency of energy use Low High


How Do Species Replace One Another in Ecological Succession? Creating Beneficial and Hostile Conditions


Some species create conditions that favor the species that replace them; some create conditions that hinder their replacements; and some get along with the next group of species.


Ecologists have identified three factors that affect how and at what rate succession occurs. One is facilitation, in which one set of species makes an area suitable for species with different niche requirements. For example, as lichens and mosses gradually build up soil on a rock in primary succession, herbs and grasses can colonize the site. Similarly, plants such as legumes add nitrogen to the soil, making it more suitable for other plants found at later stages of succession.


A second factor is inhibition, in which early species hinder the establishment and growth of other species.


Inhibition often occurs when plants release toxic chemicals that reduce competition from other plants.


Succession then can proceed only when a fire, bulldozer, or other human or natural disturbance removes most of the inhibiting species.


A third factor is tolerance, in which late successional plants are largely unaffected by plants at earlier stages of succession. Tolerance may explain why late successional plants can thrive in mature communities without eliminating some early successional and midsuccessional plants.


How Do Disturbances Affect Succession and Species Diversity? Setting Back the Community Clock


Changes in environmental conditions that disrupt a community can set back succession.


A disturbance is a change in environmental conditions that disrupts a community or ecosystem. Examples are fire, drought, flooding, mining, clear-cutting a forest, plowing a grassland, applying pesticides, climate change, and invasion by nonnative species. Environmental disturbances can range from catastrophic to mild and can be caused by natural changes or human activities. At any time during primary or secondary succession, such disturbances can convert a particular stage of succession to an earlier stage.


Many people think of all environmental disturbances as harmful. Large catastrophic disturbances can devastate communities and ecosystems. But many ecologists contend that in the long run some types of disturbances, even catastrophic ones such as fires and hurricanes, can be beneficial for the species diversity of some communities. Such disturbances create new conditions that can discourage or eliminate some species but encourage others by releasing nutrients and creating unfilled niches.


For example, when a large tree falls in a tropical forest, this local disturbance increases sunlight and nutrients for growth of plants in the under-story. When a log hits a rock in an intertidal zone, it dislodges or kills many of the organisms that are growing on the rock and provides space for colonization by new intertidal organisms.


According to the intermediate disturbance hypothesis, communities that experience fairly frequent but moderate disturbances have the greatest species diversity.


Researchers hypothesize that in such communities, moderate disturbances are large enough to create openings for colonizing species in disturbed areas but mild and infrequent enough to allow the survival of some mature species in undisturbed areas. Some field experiments support this hypothesis, but the scientific jury is still out on whether it applies to all types of communities.


Does Succession Proceed along an Expected Path, and Is Nature in Balance? Things Are Always Changing


Scientists cannot project the course of a given succession or view it as preordained progress toward a stable climax community that is in balance with its environment.


We may be tempted to conclude that ecological succession is an orderly sequence in which each stage leads automatically to the next, more stable stage. According to this classic view, succession proceeds along an expected path until a certain stable type of climax community occupies an area. Such a community is dominated by a few long-lived plant species and is in balance with its environment. This equilibrium model of succession is what ecologists meant years ago when they talked about the balance of nature.


Over the last several decades, many ecologists have changed their views about balance and equilibrium in nature. When these ecologists look at a community or ecosystem, such as a young forest, they see continuous change and instability instead of equilibrium and stability.


Under the old balance-of-nature view, a large terrestrial community undergoing succession eventually became covered with an expected type of climax vegetation.


But a close look at almost any community reveals that it consists of an ever-changing mosaic of vegetation patches at various stages of succession.


These patches result from a variety of mostly unexpected small and medium-sized disturbances.


Such research indicates that we cannot project the course of a given succession or view it as preordained progress toward an ideally adapted climax community. Rather, succession reflects the ongoing struggle by different species for enough light, nutrients, food, and space.


This allows each to survive and gain reproductive
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advantages over other species by occupying as much of its fundamental niche as possible.


This change in the way we view what is happening in nature explains why a growing number of ecologists prefer terms such as biotic change instead of succession—which implies an ordered and expected sequence of changes. Many ecologists have also replaced the term climax community with terms such as mature community or a mosaic of vegetation patches at various stages of succession.


8-6 ECOLOGICAL STABILITY, COMPLEXITY, AND SUSTAINABILITY


What Is Stability? Long-Term Sustainability through Continuous Change


Living systems maintain some degree of stability or sustainability through constant change in response to changing environmental conditions.


All systems from a cell to the biosphere are constantly changing in response to changing environmental conditions.


Continents move, the climate changes, and disturbances and succession change the composition of communities. Even without human actions, ecological communities have always faced change.


So how do living organisms, communities, ecosystems, and the biosphere face changes and survive? All living systems, from single-celled organisms to the biosphere, contain complex networks of negative and positive feedback loops that interact to provide some degree of stability or sustainability over each system’s expected life span.


This stability is maintained only by constant change in response to changing environmental conditions.


For example, in a mature tropical rain forest, some trees die and others take their places. However, unless the forest is cut, burned, or otherwise destroyed, you would still recognize it as a tropical rain forest 50 or 100 years from now.


It is useful to distinguish among three aspects of stability or sustainability in living systems. One is inertia, or persistence: the ability of a living system to resist being disturbed or altered. A second is constancy: the ability of a living system such as a population to keep its numbers within the limits imposed by available resources. A third factor is resilience: the ability of a living system to repair damage after an external disturbance that is not too drastic.


Does Ecological Complexity Increase Ecological Stability? Mixed Results


Having many different species can provide some ecological stability or sustainability for communities, but we do not know whether this applies to all communities nor the minimum number of species needed for such stability.


In ecological terms, complexity refers to the number of species in a community (species richness) at each trophic level and the number of trophic levels in a community. It is one measure of a community’s biodiversity.


In the 1960s, most ecologists believed the greater the species diversity and the accompanying web of feeding and biotic interactions in an ecosystem, the greater its stability. According to this hypothesis, a complex and biodiverse community with a diversity of species and feeding paths has more ways to respond to most environmental stresses because it does not have “all its eggs in one basket.” This is a useful hypothesis, but recent research has found exceptions to this intuitively appealing idea.


Because no community can function without some producers and decomposers, there is a minimum threshold of species diversity below which communities and ecosystems cannot function. Beyond this, it is difficult to know whether simple communities are less stable than complex and biodiverse ones or to identify the threshold of species diversity needed to maintain community stability. Recent research by ecologist David Tilman and others suggests that communities with more species tend to have a higher net primary productivity and can be more resilient than simpler ones.


Many studies support the idea that some level of biodiversity provides insurance against catastrophe.


But how much biodiversity is needed in various communities remains uncertain. For example, some recent research suggests that the average annual net primary productivity of an ecosystem reaches a peak with 10–40 producer species. Many ecosystems contain more producer species than this, but it is difficult to distinguish among those that are essential and those that are not. We need much more of this type of research.


Part of the problem is that ecologists disagree on how to define stability. Does an ecosystem need both high inertia and high resilience to be considered stable?


Evidence suggests that some ecosystems have one of these properties but not the other. For example, tropical rain forests have high species diversity and high inertia; that is, they are resistant to significant alteration or destruction.


However, once a large tract of tropical forest is severely degraded, the community’s resilience sometimes is so low that the forest may not be restored. Nutrients (which are stored primarily in the vegetation, not in the soil), and other factors needed for recovery may no longer be present. Such a large-scale loss of forest cover may also change the local or regional climate so that forests can no longer be supported.
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By contrast, grasslands are much less diverse than most forests and have low inertia because they burn easily. However, because most of their plant matter is stored in underground roots, these ecosystems have high resilience and recover quickly. Grassland can be destroyed only if its roots are plowed up and something else is planted in its place, or if it is severely overgrazed by livestock or other herbivores. Bad news.


We have been doing both of these things in some grassland areas for many decades.


Another difficulty is that populations, communities, and ecosystems are rarely, if ever, at equilibrium.


Instead, nature is in a continuing state of disturbance, fluctuation, and change.


Why Should We Bother to Protect Natural Systems? The Precautionary Principle


Sometimes we should take precautionary measures to prevent serious harm even if some of the cause-and effect relationships have not been established.


Some developers argue that if biodiversity does not necessarily lead to increased ecological stability, there is no point in trying to preserve and manage old-growth forests and other ecosystems. They conclude that we should cut down diverse old-growth forests, use the timber resources, and replace the forests with tree plantations of single tree species. Furthermore, they say, we should convert most of the world’s grasslands to crop fields, drain and develop inland wetlands, dump our toxic and radioactive wastes into the deep ocean, and not worry about the premature extinction of species.


Ecologists point out that just because a system is not in equilibrium or balance does not mean that it cannot suffer from environmental degradation. They point to overwhelming evidence that human disturbances are disrupting some of the ecosystem services that support and sustain all life and all economies.


They contend that our ignorance about the effects of our actions means we need to use great caution in making potentially harmful changes to communities and ecosystems on the fairly short-term time frame that concerns us.


As an analogy, we know that eating too much of certain types of foods and not getting enough exercise can greatly increase our chances of a heart attack, diabetes, and other disorders. But the exact connections between these health problems, chemicals in various foods, exercise, and genetics are still under study and often debated. We could use this uncertainty and unpredictability as an excuse to continue overeating and not exercising. But the wise course is to eat better and exercise more to help prevent potentially serious health problems.


This approach is based on the precautionary principle:


When there is evidence that a human activity can harm our health or bring about changes in environmental conditions that can affect our economies or quality of life, we should take measures to prevent harm even if some of the cause-and-effect relationships have not been fully established scientifically. It is based on the commonsense idea behind many adages such as “Better safe than sorry,” “Look before you leap,” “First, do no harm,” and “Slow down for speed bumps.” The precautionary principle makes sense, but it can be taken too far. If we do not take some risks, we would never learn much or discover what works and what does not.


The message is that we should take some risks but always think carefully about the possible short- and long-term expected and unintended effects (Figure 3-4, p. 38). Using the precautionary principle comes in when the potential risks seem too great or we have little information about the possible risks. Then it is time to step back, think about what we are doing, and do more research.


In this chapter we have seen how interactions among organisms in a community determine their abundances and distributions. Such interactions also serve as agents of natural selection on one another through coevolution. They also have significant effects on the structure and function of the ecosystems in which these organisms live. Everything is connected.


No part of the world is what it was before there were humans.


LAWRENCE B. SLOBODKIN


CRITICAL THINKING


1. How would you respond to someone who claims it is not important to protect areas of temperate and polar biomes because most of the world’s biodiversity is in the tropics?


2. Why is the species diversity of a large island usually higher than that on a smaller island?


3. Why are predators generally less abundant than their prey?


4. What would you do if large numbers of cockroaches invaded your home? See whether you can come up with an ecological rather than a chemical (pesticide) approach to this problem.


5. How would you determine whether a particular species found in a given area is a keystone species?


6. Describe how evolution can affect predator–prey relationships.


7. How would you reply to someone who argues that


(a) we should not worry about our effects on natural systems because succession will heal the wounds of human
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activities and restore the balance of nature, (b) efforts to preserve natural systems are not worthwhile because nature is largely unpredictable, and (c) because there is no balance in nature we should cut down diverse old-growth forests and replace them with tree plantations?


8. Suppose a hurricane blows down most of the trees in a forest. Timber company officials offer to salvage the fallen trees and plant a tree plantation to reduce the chances of fire and to improve the area’s appearance, with an agreement that they can harvest the trees when they reach maturity and plant another tree plantation.


Others argue that the damaged forest should be left alone because hurricanes and other natural events are part of nature, and the dead trees will serve as a source of nutrients for natural recovery through ecological succession. What do you think should be done, and why?


9. Congratulations! You are in charge of the world. What are the three most important features of your plan to help sustain the earth’s biological communities?


PROJECTS


1. Make field studies, consult research papers, and interview people to identify and evaluate (a) the effects of the deliberate introduction of a beneficial nonnative species into the area where you live and (b) the effects of the deliberate or accidental introduction of a harmful nonnative species into the area where you live.


2. Use the library or Internet to find and describe two species not discussed in this textbook that are engaged in (a) a commensalistic interaction, (b) a mutualistic interaction, and (c) a parasite–host relationship.


3. Visit a nearby natural area and identify examples of (a) mutualism and (b) resource partitioning.


4. Use the library or Internet to identify the parasites likely to be found in your body.


5. Visit a nearby land area such as a partially cleared or burned forest or grassland or an abandoned crop field and record signs of secondary ecological succession.


Study the area carefully to see whether you can find patches that are at different stages of succession because of various disturbances.


6. Use the library or the Internet to find bibliographic information about George Perkins Marsh and Lawrence B. Slobodkin, whose quotes appear at the beginning and end of this chapter.


7. Make a concept map of this chapter’s major ideas, using the section heads, subheads, and key terms (in boldface).


Look on the website for this book for information about making concept maps.


LEARNING ONLINE


The website for this book contains study aids and many ideas for further reading and research. They include a chapter summary, review questions for the entire chapter, flash cards for key terms and concepts, a multiple-choice practice quiz, interesting Internet sites, references, and a guide for accessing thousands of InfoTrac® College Edition articles. Log on to


http://biology.brookscole.com/miller14


Then click on the Chapter-by-Chapter area, choose Chapter 8, and select a learning resource.
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