Chapter 9: Population Ecology


Case Study


Sea Otters: Are They Back from the Brink of Extinction?


Southern sea otters (Figure 9-1a) live in kelp forests (Figure 9-1c) in shallow waters along much of the Pacific coast of North America. Most remaining members of this species are found between California’s coastal cities of Santa Cruz and Los Angeles.


These tool-using marine mammals use stones to pry shellfish off rocks underwater and to break open the shells while swimming on their backs and using their bellies as a table. Each day a sea otter consumes about a fourth of its weight in sea urchins (Figure 9-1b), clams, mussels, crabs, abalone, and about 40 other species of bottom-dwelling organisms.


Before European settlers arrived, about 1 million southern sea otters lived along the Pacific coastline of North America. By the early 1900s, the species was almost extinct because of over hunting for their thick and luxurious fur and because they competed with fishers for valuable abalone fish.


Good news. Between 1938 and 2003 the population of southern sea otters off California’s coast increased from about 300 to 2,800. This partial recovery was helped when in 1977 the U.S. Fish and Wildlife Service declared the species endangered.


Why should we care about this species? One reason is that people love to look at these charismatic, cute, and cuddly animals as they play in the water.


Another reason is biologists classify them as keystone species that help keep sea urchins and other kelp-eating species from depleting kelp forests in offshore coastal waters. The third reason is ethical. Some people believe it is wrong to cause their premature extinction.


Why should we worry about preventing the loss of kelp forests? One reason is that they provide food, shelter, and protection for a variety of aquatic species.


They also help reduce shore erosion and lessen the impact of storm waves on coastlines.


Wherever southern sea otters have returned or have been reintroduced, formerly deforested kelp areas recover within a few years and fish populations increase. This pleases biologists. But it upsets many commercial and recreational fishers, who argue that sea otters consume too many shellfish and dwindling stocks of abalone.


In 2003, the U.S. Fish and Wildlife Service published its recovery plan for the southern sea otter. It recommends reducing oil spills, ocean pollutants, and entanglements with fishing gear and boat motors. It also calls for more research to determine why otters have not recovered more fully after being named a threatened species in 1977. The plan says that the sea otter population would have to reach about 8,400 animals before it can be removed from the endangered species list.


Studying the population dynamics of southern sea otter populations and their interactions with other species has helped us to better understand the ecological importance of this keystone species. Population dynamics and some basic ecological lessons are the subjects of this chapter.


(a) Southern sea otter (b) Sea urchin


Figure 9-1 Three of the species found in a kelp forest ecosystem. People visiting kelp forests marvel at their beauty and biodiversity. But old-timers say “You should have seen them before we started simplifying and degrading them.”


Population Control


(c) Kelp bed


In looking at nature ... never forget that every single organic being around us may be said to be striving to increase its numbers.


CHARLES DARWIN, 1859


This chapter addresses the following questions:


How do populations change in size, density, makeup, and distribution in response to environmental stress?


How do species differ in their reproductive patterns?


What role does genetics play in the size and survival of a population?


What are the major impacts of human activities on populations, communities, and ecosystems?


What lessons can we learn from ecology about living more sustainably?


9-1 POPULATION DYNAMICS AND CARRYING CAPACITY


What Are the Major Characteristics of a Population? Changing and Clumping


Populations change in size, density, and age distribution, and most members of populations live together in clumps or groups.


Population dynamics is a study of how populations change in size (total number of individuals), density (number of individuals in a certain space), and age distribution (the proportion of individuals of each age in a population) in response to changes in environmental conditions.


Populations can also change in how they are distributed in their habitat. Three general patterns of population distribution or dispersion in a habitat are clumping, uniform dispersion, and random dispersion (Figure 9-2).


The populations of most species live in clumps or groups (Figure 9-2a). Examples are patches of vegetation, cottonwood trees clustered along streams, wolf packs, flocks of geese, and schools of fish. Viewed from above, most of the world’s landscapes are patchy with clumps of various plant and animal species found here and there. The same thing is found when we view the underwater world and the soil beneath our feet.


Why clumping? Four reasons. First, the resources a species needs vary greatly in availability from place to place. Second, living in herds, flocks, and schools can provide better protection from predators. Third, living in packs gives some predator species such as wolves a better chance of getting a meal. Fourth, some animal species form temporary groups for mating and caring for their young.


Some species maintain a fairly constant distance between individuals. By having this patter creosote bushes in a desert (Figure 9-2b) have better access to scarce water resources. Organisms with a random distribution (Figure 9-2c) are fairly rare. The world is mostly clumpy.


What Factors Govern Changes in Population Size? Entrances and Exits on the Global Stage


Populations increase through births and immigration and decrease through deaths and emigration.


Four variables—births, deaths, immigration, and emigration—govern changes in population size. A population increases by birth and immigration and decreases by death and emigration:


Population change _ (Births _ Immigration) _ (Deaths _ Emigration)


These variables depend on changes in resource availability and other environmental changes (Figure 9-3).


A population’s age structure can have a strong effect on how rapidly its size increases or decreases. Age structures are usually described in terms of organisms that are not mature enough to reproduce (the prereproductive stage), those that are capable of reproduction (the reproductive stage), and those that are too old to reproduce (the postreproductive stage).
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Clumped (elephants) (a) (b) (c) Uniform (creosote bush) Random (dandelions)


Figure 9-2 Generalized dispersion patterns for individuals in a population throughout their habitat. The most common pattern is clumps of members of a population throughout their habitat, mostly because resources are usually found in patches.


Growth factors (biotic potential) Biotic


High reproductive rate Generalized niche Adequate food supply Suitable habitat Ability to compete for resources Ability to hide from or defend against predators Ability to resist diseases and parasites Ability to migrate and live in other habitats Ability to adapt to environmental change


Decrease factors (environmental resistance)


Biotic


Low reproductive rate Specialized niche Inadequate food supply Unsuitable or destroyed habitat Too many competitors Insufficient ability to hide from or defend against predators Inability to resist diseases and parasites Inability to migrate and live in other habitats Inability to adapt to environmental change


POPULATION SIZE


0


Abiotic


Favorable light Favorable temperature Favorable chemical environment (optimal level of critical nutrients)


Abiotic


Too much or too little light Temperature too high or too low Unfavorable chemical environment (too much or too little of critical nutrients)


tion would grow if it had unlimited resources. Most populations grow at a rate slower than this maximum.


Individuals in populations with a high rate of growth typically reproduce early in life, have short generation times (the time between successive generations), can reproduce many times (have a long reproductive life), and have many offspring each time they reproduce.


Some species have an astounding biotic potential.


Without any controls on population growth, the descendants of a single female housefly could total about 5.6 trillion houseflies within about 13 months. If this exponential growth kept up, within a few years there would be enough houseflies to cover the earth’s entire surface!


Fortunately, this is not realistic because no population can grow indefinitely. In the real world, a rapidly growing population reaches some size limit imposed by a shortage of one or more limiting factors, such as light, water, space, or nutrients, or by too many competitors or predators. In nature there are always limits to population growth. This important lesson from nature is the main message of this chapter.


Environmental resistance consists of all factors that act to limit the growth of a population. The size of the population of a particular species in a given place and time is determined by the interplay between its biotic potential and environmental resistance (Figure 9-3).


Together biotic potential and environmental resistance determine the carrying capacity (K). This is the maximum number of individuals of a given species that can be sustained indefinitely in a given space (area or volume). The growth rate of a population decreases as its size nears the carrying capacity of its environment because resources such as food and water begin to dwindle.
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The size of a population that includes a large proportion of young organisms in their reproductive stage or that will soon enter this stage is likely to increase.


In contrast, the size of a population dominated by individuals past their reproductive stage is likely to decrease. The size of a population with a fairly even distribution between these three stages will likely remain stable because the reproduction by younger individuals will be roughly balanced by the deaths of older individuals.


What Limits Population Growth? Resources and Competitors


No population can grow indefinitely because resources such as light, water, and nutrients are limited and because of the presence of competitors or predators.


Populations vary in their capacity for growth, also known as the biotic potential of a population. The intrinsic rate of increase (r) is the rate at which a popula-


Figure 9-3 Ecological trade-offs: factors that tend to increase or decrease the size of a population.


Whether the size of a population grows, remains stable, or decreases depends on interactions between its growth factors (biotic potential) and its decrease factors (environmental resistance).


What Is the Difference between Exponential and Logistic Population Growth? J-Curves and S-Curves


With ample resources a population can grow rapidly, but as resources become limited its growth rate slows and levels off.


A population with few if any resource limitations grows exponentially. In exponential growth, a population grows at a fixed rate such as 1% or 2%. It starts slowly and grows faster as the population increases because the base size of the population is growing. Plotting the number of individuals against time yields a J-shaped growth curve (Figure 9-4, lower part of curve). Whether an exponential growth curve looks steep or “fast” depends on the time period of observation.


Logistic growth involves rapid exponential population growth followed by a steady decrease in population growth with time until the population size levels off. This occurs as the population encounters environmental resistance and its rate of growth decreases as it approaches the carrying capacity of its environment (Figure 9-4, top half of curve). After leveling off, such a population typically fluctuates slightly above and below the carrying capacity.


A plot of the number of individuals against time yields a sigmoid, or S-shaped, logistic growth curve (the whole curve in Figure 9-4). Figure 9-5 shows such a case involving sheep on the island of Tasmania, south of Australia, in the early 19th century.


What Happens If the Population Size Exceeds the Carrying Capacity? Diebacks


When a population exceeds its resource supplies, many of its members die unless they can switch to new resources or move to an area with more resources.


The populations of some species do not make a smooth transition from exponential growth to logistic growth. Instead they use up their resource supplies and temporarily overshoot, or exceed, the carrying capacity of their environment. This occurs because of a reproductive time lag: the period needed for the birth rate to fall and the death rate to rise in response to resource over-consumption. Sometimes it takes a while for the message to get out.


In such cases the population suffers a dieback, or crash, unless the excess individuals can switch to new resources or move to an area with more resources.


Such a crash occurred when reindeer were introduced onto a small island off the southwest coast of Alaska (Figure 9-6).


Sometimes when a population exceeds the carrying capacity of an area, it can cause damage that reduces the area’s carrying capacity. For example, overgrazing by cattle on dry western lands in the United States has reduced grass cover in some areas. This has allowed sagebrush—which cattle cannot eat—to move in, thrive, and replace grasses. This reduces the land’s carrying capacity for cattle.


Humans are not exempt from population overshoot and dieback, as shown by the tragedy on Easter Island (p. 32). Ireland also experienced a population crash after a fungus destroyed the potato crop in 1845.
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Population size ( N) Time (t) Environmental resistance Biotic potential Exponential growth Carrying capacity ( K)


Figure 9-4 No population can grow forever. Exponential growth (lower part of the curve) occurs when resources are not limiting and a population can grow at near its intrinsic rate of increase (r) or biotic potential. Such exponential growth is converted to logistic growth, in which the growth rate decreases as the population gets larger and faces environmental resistance.


With time, the population size stabilizes at or near the carrying capacity (K) of its environment and results in the sigmoid (S-shaped) population growth curve shown in this figure. Depending on resource availability, the size of a population often fluctuates around its carrying capacity.


Year 1825 1800 1850 1875 1900 1925 Number of sheep (millions) 2.0 1.5 1.0 .5 Overshoot Carrying capacity


Figure 9-5 Logistic growth of a sheep population on the island of Tasmania between 1800 and 1925. After sheep were introduced in 1800, their population grew exponentially because of ample food. By 1855, they overshot the land’s carrying capacity.


Their numbers then stabilized and fluctuated around a carrying capacity of about 1.6 million sheep.


About 1 million people died, and 3 million others migrated to other countries.


Technological, social, and other cultural changes have extended the earth’s carrying capacity for humans.


We have increased food production and used large amounts of energy and matter resources to make normally uninhabitable areas habitable. A critical question is how long we will be able to keep doing this on a planet with a finite size and finite resources, and with a human population whose size and per capita resource use is growing exponentially.


How Does Population Density Affect Population Growth? Some Effects of Clumping


A population’s density may or may not affect how rapidly it can grow.


Population density is the number of individuals in a population found in a particular space. Density-independent population controls affect a population’s size regardless of its density. Such controls include floods, hurricanes, unseasonable weather, fire, habitat destruction (such as clearing a forest of its trees or filling in a wetland), pesticide spraying, and pollution.


For example, a severe freeze in late spring can kill many individuals in a plant population, regardless of density.
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Carrying capacity Year 1910 1920 1930 1940 1950 Number of reindeer 2,000 1,500 1,000 500 0 Population crashes Population overshoots carrying capacity


Figure 9-6 Exponential growth, overshoot, and population crash of reindeer introduced to a small island off the southwest coast of Alaska. When 26 reindeer (24 of them female) were introduced in 1910, lichens, mosses, and other food sources were plentiful. By 1935, the herd’s population had soared to 2,000, overshooting the island’s carrying capacity. This led to a population crash, with the herd plummeting to only 8 reindeer by 1950.


Some factors that limit population growth have a greater effect as a population’s density increases. Examples of such density-dependent population controls include competition for resources, predation, parasitism, and infectious disease.


Infectious disease is a classic type of density dependent population control. An example is the bubonic plague, which swept through densely populated European cities during the 14th century. The bacterium causing this disease normally lives in rodents. It was transferred to humans by fleas that fed on infected rodents and then bit humans. The disease spread like wildfire through crowded cities, where sanitary conditions were poor and rats were abundant. At least 25 million people in European cities died from the disease.


What Kinds of Population Change Curves Do We Find in Nature? Variety Is the Spice of Life


Population sizes may stay about the same, suddenly increase and then decrease, vary in regular cycles, or change erratically.


In nature we find four general types of population fluctuations: stable, irruptive, cyclic, and irregular (Figure 9-7, p. 168). A species whose population size fluctuates slightly above and below its carrying capacity is said to have a fairly stable population size (Figures 9-5 and 9-7a). Such stability is characteristic of many species found in undisturbed tropical rain forests, where average temperature and rainfall vary little from year to year.


Some species, such as the raccoon and feral house mouse, normally have a fairly stable population. However, their population growth may occasionally explode, or irrupt, to a high peak and then crash to a more stable lower level or in some cases to a very low level (Figures 9-6 and 9-7b). Many short-lived, rapidly reproducing species such as algae and many insects have irruptive population cycles that are linked to seasonal changes in weather or nutrient availability. For example, in temperate climates, insect populations grow rapidly during the spring and summer and then crash during the hard frosts of winter.


The third type consists of cyclic fluctuations of population size over a regular time period (Figure 9-7c). Examples are lemmings, whose populations rise and fall every 3–4 years, and lynx and snowshoe hare, whose populations generally rise and fall in a 10-year cycle.


Finally, some populations appear to have irregular behavior in their changes in population size, with no recurring pattern (Figure 9-7d). Some scientists attribute this behavior to chaos in such systems.


Other scientists contend that it may be orderly behavior whose details and interactions are still poorly understood.


HOW WOULD YOU VOTE? Can we continue expanding the earth’s carrying capacity for humans? Cast your vote online at http://biology.brookscole.com/miller14.


Do Predators Control Population Size? The Lynx–Hare Cycle


The population sizes of some predators and their prey change in cycles that appear to be caused by interaction between the two species, but other factors may be involved.


Some species that interact as predator and prey undergo cyclic changes in their numbers: sharp increases are followed by crashes (Figure 9-8).


For decades, predation has been the explanation for the 10-year population cycles of the snowshoe hare and its predator, the Canadian lynx. According to this top-down control hypothesis, lynx preying on hares periodically reduce the hare population. The shortage of hares then reduces the lynx population, which allows the hare population to build up again. At some point the lynx population increases to take advantage of the increased supply of hares, starting the cycle again.


Controlled laboratory experiments involving branconid wasp predators and bean weevil prey produce a similar pattern of out-of-phase fluctuations in the predator and prey populations.


Some research has cast doubt on this appealing hypothesis.


Researchers have found that some snowshoe hare populations have similar 10-year boom-and-bust cycles on islands where lynx are absent. These scientists hypothesize that the periodic crashes in the hare population can also be influenced by their food supply.


Large numbers of hares can die following a period when they consume food plants faster than the plants can be replenished, especially during winter.


Once the hare population crashes, the plants recover and the hare population begins rising again in a hare–plant cycle. If this bottom-up control hypothesis is correct, the lynx do not control hare populations. Instead, the changing hare population size may cause fluctuations in the lynx population.


The two hypotheses are not mutually exclusive.


One problem is that the simple model of the predator –prey relationship assumes that the lynx are the only predators of hares and that the lynx prey only on hares.


Neither is true in many of the real-life communities where these species are found. According to extensive research by Charles J. Krebs, the 10-year population cycle of snowshoe hares in boreal forests is caused by an interaction between predation (by lynx, coyotes, and other predators) and food supplies (especially in winter), and predation is the dominant process.


9-2 REPRODUCTIVE PATTERNS AND SURVIVAL


How Do Species Reproduce? Sexual Partners Are Not Always Needed


Some species reproduce without having sex and others reproduce by having sex.
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Number of individuals Time (a) Stable (b) Irruptive (d) Irregular (c) Cyclic


Figure 9-7 General types of simplified population change curves found in nature. (a) The population size of a species with a fairly stable population fluctuates slightly above and below its carrying capacity. (b) The populations of some species may occasionally explode, or irrupt, to a high peak and then crash to a more stable lower level. (c) Other species undergo sharp increases in their numbers, followed by crashes over fairly regular time intervals. Predators sometimes are blamed, but the actual causes of such boom-and-bust cycles are poorly understood.


(d) The population sizes of some species change irregularly for mostly unknown reasons.


Year 1845 1855 1865 1875 1885 1895 1905 1915 1925 1935 Population size (thousands) 0 20 40 60 80 100 120 140 160 Hare Lynx Figure 9-8 Population cycles for the snowshoe hare and Canadian lynx. At one time scientists believed these curves provided circumstantial evidence that these predator and prey populations regulated one another. More recent research suggests that the periodic swings in the hare population are caused by a combination of predation by lynx and other predators (top-down population control) and changes in the availability of the food supply for hares. The rise and fall of the hare population apparently helps determine the lynx population (bottom-up population control). (Data from D. A. MacLulich)


Reproductive individuals in populations of species have an inherent evolutionary drive to ensure that as many members of the next generation as possible will carry their genes. This increases the chance that their population will undergo evolution through natural selection.


Two types of reproduction can pass genes on to offspring. One is asexual reproduction, in which all offspring are exact genetic copies (clones) of a single parent. This is common in species such as bacteria that have only one cell. Each cell can divide to produce two identical cells that are genetic clones, or replicas of the original.


The second type is sexual reproduction, in which organisms produce offspring by combining sex cells or gametes (such as sperm and ovum) from both parents.


This produces offspring with combinations of genetic traits from each parent.


Sexual reproduction has three disadvantages.


First, males do not give birth. This means that females have to produce twice as many offspring to maintain the same number of young in the next generation as an asexually reproducing organism.


Second, there is an increased chance of genetic errors and defects during the splitting and recombination of chromosomes. Third, courtship and mating rituals consume time and energy, can transmit disease, and can inflict injury on males of some species as they compete for sexual partners.


So if sexual reproduction has some serious disadvantages, why do 97% of the earth’s species use it? According to biologists, this happens because of two important advantages of sexual reproduction. One is that it provides a greater genetic diversity in offspring. A population with many different genetic possibilities has a greater chance of reproducing when environmental conditions change than does a brood of genetically identical clones. In addition, males of some species can gather food for the female and the young and protect and help train the young.


What Types of Reproductive Patterns Do Species Have? Opportunists and Competitors


Some species have a large number of small offspring and give them little parental care while other species have a few larger offspring and take care of them until they can reproduce.


In 1967, Robert H. MacArthur and Edward O. Wilson suggested that species could be classified into two fundamental reproductive patterns, r-selected and K-selected species. This classification depends on their position on the sigmoid (S-shaped) population growth curve (Figure 9-9) and the characteristics of their reproductive patterns (Figure 9-10, p. 170).


Species with a capacity for a high rate of population increase (r) are called r-selected species (Figure 9-9 and Figure 9-10, left). Such species reproduce early and put most of their energy into reproduction. Examples are algae, bacteria, rodents, annual plants (such as dandelions), and most insects.


These species have many, usually small offspring and give them little or no parental care or protection.


They overcome the massive loss of offspring by producing so many that a few will survive to reproduce many more offspring to begin the cycle again.


Such species tend to be opportunists. They reproduce and disperse rapidly when conditions are favorable or when a disturbance opens up a new habitat or niche for invasion, as in the early stages of ecological succession.


Environmental changes caused by disturbances can allow opportunist species to gain a foothold. However, once established, their populations may crash because of unfavorable changes in environmental conditions or invasion by more competitive species. This helps explain why most r-selected or opportunist species go through irregular and unstable boom-and-bust cycles in their population size.


At the other extreme are competitor or K-selected species (Figure 9-9 and Figure 9-10, right). These species tend to reproduce late in life and have a small number of offspring with fairly long life spans.


Typically the offspring of such species develop inside their mothers (where they are safe), are born fairly large, mature slowly, and are cared for and protected by one or both parents until they reach reproductive age. This reproductive pattern results in a few big and strong individuals that can compete for resources and reproduce a few young to begin the cycle again.
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r species; experience r selection K species; experience K selection K Carrying capacity


Number of individuals Time


Figure 9-9 Positions of r-selected and K-selected species on the sigmoid (S-shaped) population growth curve.


They are called K-selected species because they tend to do well in competitive conditions when their population size is near the carrying capacity (K) of their environment. Their populations typically follow a logistic growth curve.


Most large mammals (such as elephants, whales, and humans), birds of prey, and large and long-lived plants (such as the saguaro cactus, oak trees, and most tropical rain forest trees) are K-selected species. Many K-selected species—especially those with long generation times and low reproductive rates like elephants, rhinoceroses, and sharks—are prone to extinction.


Most organisms have reproductive patterns between the extremes of r-selected species and K-selected species, or they change from one extreme to the other under certain environmental conditions. In agriculture we raise both r-selected species (crops) and K-selected species (livestock).


The reproductive pattern of a species may give it a temporary advantage. But the availability of suitable habitat for individuals of a population in a particular area is what determines its ultimate population size. Regardless of how fast a species can reproduce, there can be no more dandelions than there is dandelion habitat and no more zebras than there is zebra habitat in a particular area.


What Are Survivorship Curves?


At What Age Is Death Most Likely?


The populations of different species vary in how long individual members typically live.


Individuals of species with different reproductive strategies tend to have different life expectancies. One way to represent the age structure of a population is with a survivorship curve, which shows the percentages of the members of a population surviving at different ages. There are three generalized types of survivorship curves: late loss, early loss, and constant loss


(Figure 9-11). Which type of curve applies to the human species?


A life table shows the numbers of individuals at each age on a survivorship curve. It shows the projected life expectancy and probability of death for individuals at each age.


Insurance companies use life tables of human populations to determine policy costs for customers.


Life tables show that women in the United States survive an average of 6 years longer than men. This explains why a 65-year-old American man normally pays more for life insurance than a 65-year-old American woman.
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Many small offspring Little or no parental care and protection of offspring Early reproductive age Most offspring die before reaching reproductive age Small adults Adapted to unstable climate and environmental conditions High population growth rate ( r) Population size fluctuates wildly above and below carrying capacity ( K) Generalist niche Low ability to compete Early successional species Fewer, larger offspring High parental care and protection of offspring Later reproductive age Most offspring survive to reproductive age Larger adults Adapted to stable climate and environmental conditions Lower population growth rate ( r) Population size fairly stable and usually close to carrying capacity ( K) Specialist niche High ability to compete Late successional species 


r-Selected Species K-Selected Species


Elephant Dandelion Saguaro Cockroach


Figure 9-10 Generalized characteristics of r-selected or opportunist species and K-selected or competitor species. Many species have characteristics between these two extremes.


may breed more than others and their genes may eventually dominate the gene pool of the population.


This change in gene frequency could help or hinder the survival of the population. The founder effect is one cause of genetic drift. A fourth factor is inbreeding.


It occurs when individuals in a small population mate with one another. This can increase the frequency of defective genes within a population and affect its long-term survival.


What are Metapopulations? Exchanging Genes Now and Then


Variations in genetic diversity can affect the survival of small, isolated populations.


Some mobile populations that are geographically separated from one another can exchange genes when some of their members get together occasionally and mate. Such collections of interacting local populations of a species are called metapopulations.


Some local populations where birth rates are higher than death rates produce excess individuals that can migrate to other local populations. Other local populations where death rates are greater than birth rates can accept individuals from other populations.


Conservation biologists can map out the locations of metapopulations and use this information to provide corridors and migration routes to enhance the overall population size, genetic diversity, and survival of related local populations.


9-4 HUMAN IMPACTS ON NATURAL SYSTEMS: LEARNING FROM NATURE


How Have Humans Modified Natural Ecosystems? Our Big Footprints


We have used technology to alter much of the rest of nature in ways that threaten the survival of many other species and could reduce the quality of life for our own species.


In this and the six preceding chapters we have looked at key concepts of science and ecology. It is time to review what lessons we can learn from this study of how nature operates and sustains itself. But first let us look at our environmental impact on the earth.


To survive and provide resources for growing numbers of people, we have modified, cultivated, built on, or degraded a large and increasing area of the earth’s natural systems. Excluding Antarctica, our activities have directly affected to some degree about 83% of the earth’s land surface (Figure 9-12, p. 172).


Figure 9-13 (p. 172) compares some of the characteristics of natural and human-dominated systems.


171 http://biology.brookscole.com/miller14


Age Early loss Late loss Percentage surviving (log scale) 100 10 1 0 0.01 Constant loss


Figure 9-11 Three general survivorship curves for populations of different species, obtained by showing the percentages of the members of a population surviving at different ages. A late loss population (such as elephants, rhinoceroses, and humans) typically has high survivorship to a certain age, then high mortality.


A constant loss population (such as many songbirds) shows a fairly constant death rate at all ages. For an early loss population (such as annual plants and many bony fish species), survivorship is low early in life. These generalized survivorship curves only approximate the behavior of species.


9-3 EFFECTS OF GENETIC VARIATIONS ON POPULATION SIZE


What Role Does Genetics Play in the Size of Populations? The Vulnerability of Small Isolated Populations


Variations in genetic diversity can affect the survival of small, isolated populations.


In most large populations genetic diversity is fairly constant.


The loss or addition of individuals has little effect on the total gene pool.


However, genetic factors can affect the survival and genetic diversity of small, isolated populations.


Several factors can play a role in the loss of genetic diversity and the survival of such populations. One is the founder effect when a few individuals in a population colonize a new habitat that is geographically isolated from other members of the population (Figure 5-7, p. 94). In such cases, limited genetic diversity or variability may threaten the survival of the colonizing population.


Another problem is a demographic bottleneck. It occurs when only a few individuals in a population survive a catastrophe such as a fire or hurricane. Lack of genetic diversity may limit the ability of these individuals to rebuild the population. A third factor is genetic drift. It involves random changes in the gene frequencies in a population that can lead to unequal reproductive success. For example, some individuals


Complexity Energy source Waste production Nutrients Net primary productivity Biologically diverse Renewable solar energy Little, if any Recycled Shared among many species Biologically simplified Mostly nonrenewable fossil fuel energy High Often lost or wasted Used, destroyed, or degraded to support human activities


Property Natural Systems Human- Dominated Systems


We have used technology to alter much of the rest of nature to meet our growing needs and wants in nine major ways. One is reducing biodiversity by destroying, fragmenting, and degrading wildlife habitats. This happens when we clear forests, dig up grasslands, and fill in wetlands to grow food or to construct buildings, highways, and parking lots.


A second is reducing biodiversity by simplifying and homogenizing natural ecosystems.


Communities and ecosystems dominated by humans tend to have fewer species and fewer community interactions than do undisturbed ecosystems. When we plow grasslands and clear forests, we often replace thousands of interrelated plant and animal species with one crop or one kind of tree—called a monoculture.


Then we spend a lot of time, energy, and money trying to protect such monocultures against threats such as invasions by opportunist species of plants (weeds) and pests— mostly insects, to which a monoculture crop is like an all-you-can-eat restaurant. Another threat is invasions by pathogens—fungi, viruses, or bacteria—that harm the plants and animals we want to raise.
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Figure 9-13 Some typical characteristics of natural and human-dominated systems.
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Figure 9-12 Natural capital degradation: the human footprint on the earth’s land surface—in effect the sum of all ecological footprints (Figure 1-7, p. 10) of the human population. Colors represent the percentage of each area influenced by human activities. Excluding Antarctica and Greenland, human activities have directly affected to some degree about 83% of the earth’s land surface and 98% of the area where it is possible to grow rice, wheat, or maize. (Data from Wildlife Conservation Society and the Center for International Earth Science Information Network at Columbia University [CIESIN]. Reprinted by permission.)


A third type of alteration is using, wasting, or destroying an increasing percentage of the earth’s net primary productivity that supports all consumer species (including humans). This factor is the main reason we are crowding out or eliminating the habitats and food supplies of a growing number of other species.


A fourth type of intervention has unintentionally strengthened some populations of pest species and disease-causing bacteria. This has occurred through overuse of pesticides and antibiotics that has speeded up natural selection and caused genetic resistance to these chemicals.


A fifth effect has been to eliminate some predators.


Some ranchers want to eliminate wolves, coyotes, eagles, and other predators that occasionally kill sheep.


They also want to eradicate bison or prairie dogs that compete with their sheep or cattle for grass. A few big game hunters push for elimination of predators that prey on game species.


Sixth, we have deliberately or accidentally introduced new or nonnative species into ecosystems. Most of these species, such as food crops and domesticated livestock, are beneficial to us but a few are harmful to us and other species.


Seventh, we have over-harvested some renewable resources.


Ranchers and nomadic herders sometimes allow livestock to overgraze grasslands until erosion converts these ecosystems to less productive semideserts or deserts. Farmers sometimes deplete soil nutrients by excessive crop growing. Some fish species are over-harvested. Illegal hunting or poaching endangers wildlife species with economically valuable parts Malaria once infected 9 out of 10 people in North Borneo, now known as Sabah.


In 1955, the World Health Organization (WHO) began spraying the island with dieldrin (a DDT relative) to kill malaria-carrying mosquitoes. The program was so successful that the dreaded disease was nearly eliminated.


But unexpected things began to happen. The dieldrin also killed other insects, including flies and cockroaches living in houses. The islanders applauded. But then small insect-eating lizards that also lived in the houses died after gorging themselves on dieldrincontaminated insects.


Next, cats began dying after feeding on the lizards. Then, in the absence of cats, rats flourished and overran the villages. When the people became threatened by sylvatic plague carried by rat fleas, the WHO parachuted healthy cats onto the island to help control the rats.


Operation Cat Drop worked.


But then the villagers’ roofs began to fall in. The dieldrin had killed wasps and other insects that fed on a type of caterpillar that either avoided or was not affected by the insecticide. With most of its predators eliminated, the caterpillar population exploded, munching its way through its favorite food: the leaves used in thatched roofs.


Ultimately, this episode ended happily: both malaria and the unexpected effects of the spraying program were brought under control.


Nevertheless, this chain of unintended and unforeseen events emphasizes the unpredictability of interfering with an ecosystem. It reminds us that when we intervene in nature, we need to ask, “Now what will happen?”


Critical Thinking


Do you believe the beneficial effects of spraying pesticides on Sabah outweighed the resulting unexpected and harmful effects? Explain.


Ecological Surprises


CONNECTIONS
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such as elephant tusks, rhinoceros horns, and tiger skins. In some areas, fresh water is being pumped out of underground aquifers faster than it is replenished.


Eighth, some human activities interfere with the normal chemical cycling and energy flows in ecosystems. Soil nutrients can erode from monoculture crop fields, tree plantations, construction sites, and other simplified ecosystems and overload and disrupt other ecosystems such as lakes and coastal ecosystems. Chemicals such as chlorofluorocarbons (CFCs) released into the atmosphere can increase the amount of harmful ultraviolet energy reaching the earth by reducing ozone levels in the stratosphere. Emissions of carbon dioxide and other greenhouse gases—from burning fossil fuels and from clearing and burning forests and grasslands—can trigger global climate change by altering energy flow through the troposphere.


Ninth, while most natural systems are powered by sunlight, human-dominated ecosystems have become increasingly dependent on nonrenewable energy from fossil fuels. Fossil fuel systems typically produce pollution, add more of the greenhouse gas carbon dioxide to the atmosphere, and waste much more energy than they need to.


To survive we must exploit and modify parts of nature. However, we are beginning to understand that any human intrusion into nature has multiple effects, most of them unintended and unpredictable (Figure 3-4, p. 38 and Connections, below).


We face two major challenges. First, we need to maintain a balance between simplified, human-altered ecosystems and the more complex natural ecosystems on which we and other species depend. Second, we need to slow down the rates at which we are altering nature for our purposes. If we simplify, homogenize, and degrade too much of the planet to meet our needs and wants, what is at risk is not the resilient earth but the quality of life for members of our species and other species we drive to premature extinction.


What Can We Learn from Ecology about Living More Sustainably? Copy Nature


We can develop more sustainable economies and societies by mimicking the four major ways that nature has adapted and sustained itself for several billion years.


So how can we live more sustainably? Ecologists say: Find out how nature has survived and adapted for several billion years and copy this strategy. Figure 9-14 (also found on the bottom half of the back cover) summarizes the four major ways in which life on earth has survived and adapted for several billion years. Figure 9-15 (left) gives an expanded description of these principles and Figure 9-15 (right) summarizes how we can live more sustainably by mimicking these fundamental but amazingly simple lessons from nature in designing our societies, products, and economies. Figures 9-14 and 9-15 summarize the major message of this book. Study them carefully.


Biologists have used these lessons from their ecological study of nature to formulate four guidelines for developing more sustainable societies and lifestyles:


Our lives, lifestyles, and economies are totally dependent on the sun and the earth. We need the earth, but the earth does not need us. As a species, we are expendable.


Everything is connected to and interdependent with everything else. The primary goal of ecology is to discover what connections in nature are the strongest, most important, and most vulnerable to disruption for us and other species.


We can never do merely one thing. Any human intrusion into nature has unexpected and mostly unintended side effects (Figure 3-4, p. 38). When we alter nature we need to ask, “Now what will happen?”


We cannot indefinitely sustain a civilization that depletes and degrades the earth’s natural capital, but we can sustain one that lives off the biological income provided by that capital.
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Figure 9-15 Solutions: the four principles of sustainability (left) derived from observing nature have implications for the long-term sustainability of human societies (right). These four operating principles of nature are connected to one another.


Failure of any single principle can lead to temporary or longterm unsustainability and disruption of ecosystems and human economies and societies.


Solution Principles of Sustainability


How Nature Works Lessons for Us


Rely mostly on renewable solar energy.


Prevent and reduce pollution and recycle and reuse resources.


Preserve biodiversity by protecting ecosystem services and preventing premature extinction of species.


Reduce births and wasteful resource use to prevent environmental overload and depletion and degradation of resources.


Runs on renewable solar energy.


Recycles nutrients and wastes. There is little waste in nature.


Uses biodiversity to maintain itself and adapt to new environmental conditions.


Controls a species' population size and resource use by interactions with its environment and other species.


Solar Energy Population Control


PRINCIPLES OF SUSTAINABILITY


Nutrient Recycling Biodiversity


Figure 9-14 Sustaining natural capital: four interconnected principles of sustainability derived from learning how nature sustains itself. This diagram also appears on the bottom half of the back cover of this book.


In the next chapter we will apply the principles of population dynamics and sustainability discussed in this chapter to the growth of the human population. In the three chapters after that we apply them to understanding the earth’s terrestrial and aquatic biodiversity and how to help sustain them.


We cannot command nature except by obeying her.


SIR FRANCIS BACON


CRITICAL THINKING


1. (a) Why do biotic factors that regulate population growth tend to depend on population density and (b) Why do abiotic factors that regulate population tend to be independent of population density?


2. Why are pest species likely to be extreme r-selected species? Why are many endangered species likely to be extreme K-selected species?


3. Why is an animal that devotes most of its energy to reproduction likely to be small and weak?


4. Given current environmental conditions, if you had a choice, would you rather be an r-strategist or a Kstrategist? Explain your answer.


5. List the type of survivorship curve you would expect given descriptions of the following organisms: a. This organism is an annual plant. It lives only 1 year. During that time, it sprouts, reaches maturity, produces many wind-dispersed seeds, and dies. b. This organism is a mammal. It reaches maturity after 10 years. It bears one young every 2 years. The parents and the rest of the herd protect the young.


6. Explain why a simplified ecosystem such as a cornfield usually is much more vulnerable to harm from insects and plant diseases than a more complex, natural ecosystem such as a grassland. Does this mean that we should never convert a grassland to a cornfield? Explain. What restrictions, if any, would you put on such conversions?


7. How has the human population generally been able to avoid environmental resistance factors that affect other populations? Is this likely to continue? Explain.


8. Explain why you agree or disagree with the four principles of sustainability listed in Figure 9-15 (left) and their lessons for human societies listed in Figure 9-15 (right). Identify aspects of your lifestyle that follow or violate each of these four sustainability principles. Would you be willing to change the aspects of your lifestyle that violate these sustainability principles? Explain.


PROJECTS


1. Use the principles of sustainability derived from the scientific study of how nature sustains itself (Figures 9-14 and 9-15) to evaluate the sustainability of the following parts of human systems: (a) transportation, (b) cities, (c) agriculture, (d) manufacturing, (e) waste disposal, and (f) your own lifestyle. Compare your analysis with those made by your classmates.


2. Use the library or the Internet to choose one wild plant species and one animal species and analyze the factors that are likely to limit the population of each species.


3. Use the library or the Internet to find bibliographic information about Charles Darwin and Sir Francis Bacon, whose quotes appear at the beginning and end of this chapter.


4. 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 9, and select a learning resource.
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