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factors affecting, 182–83 global population growth and, 177–78 population decline due to AIDS and rise in, 187 D’Eaubonne, Françoise, 635 Debt-for-nature swaps, 213 Deceptive looks and behavior as defensive strategy, 153f, 154 Deciduous trees, 122–23 Decomposers, 65, 66f, 129


feeding relationships among producers, consumers, and, 65f


Deductive reasoning, 35


Deep-ecology environmental worldview, 635 Deep-ocean floor, 252 Deep underground storage of high-level radioactive wastes, 373f


Deep-well disposal of hazardous wastes, 553 Deer populations in United States, 238 Defendant in lawsuits, 616


Deforestation, 203


environmental degradation caused by, 203f


flooding caused by, 327, 328f


reforestation projects, 213, 214b


release of greenhouse gases by, 466 tropical, 210–14 Degradable (nonpersistent) pollutants, 48


Degree of urbanization, 564


Demand (economics), 584–85 Democracy, 607


dealing with environmental problems in, 607 Democratization of learning and communication, 9 Demographic bottleneck, 171 Demographic transition, 188, 189f


Demography, 177


Dengue fever, 420f


Denmark, 609 Density-dependent population controls, 167 Density-independent population controls, 167 Department of Energy (DOE), U.S., 370, 373, 380 Depletion time of mineral resources, 345–46 Deposit feeders, 137 Desalination, water, 321, 322


Desertification, 281–82 causes and consequences of, 283f


global sites of, 282f


Deserts, 113–15 human impacts on, 115f


major types of, 113 plants and animals of, 113–14 temperature and precipitation in, 113f


Desiccation, 311 Detoxifying hazardous wastes, 550–52 Detritus, 65


Detritus feeders, 66f


Detrivores, 65, 66f


Deuterium-tritium and deuterium-deuterium nuclear fusion reactions, 50f,


377 Devall, Bill, 635 Developed countries, 8. See also names of individual countries, e.g. Canada assistance of, in reducing global poverty, 599–600 biological hazards in, 419–28 connections among environmental problems in, 15 environmental policy life cycle in, 615, 616f


freshwater supplies in, 312 oil consumption in, 358f, 359f
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population structure by age and sex, 185f


reducing stream and river pollution in, 496–97 urbanization in, 564, 565f


Developing countries, 8. See also names of individual countries, e.g. Brazil age structure of select, biological hazards in, 419–28 connections among environmental problems in, 15 deaths from air pollution in, 453 drinking water supply in, 515 freshwater supplies in, 312 gray-air smog in, 440–41 growing demand for oil in, 359f
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population structure by age and sex, 185f


reducing poverty in, 599–600 reducing stream and river pollution in, 497 reuse of materials and resources in, 538–39 shift in awareness toward environmental problems in, 606 urbanization in, 564, 565f


Dew point, 103 Dieback (crash), population, 166–67f


Differential reproduction, 90


Dioxins, health threat of, 558 Dirty bomb, 375–76 Discharge trading policy, 509 Discount value of resources, 591–92 Disease, 419–28 asthma, 452 bioterrorism, 426–28 defenses of organisms against, 154 emphysema, chronic bronchitis, and lung, 452f


in forests, 206, 207f


HIV and AIDS, 187, 422, 423–24 infectious (see Infectious disease) malaria, 420f, 424–25 mosquito as vector for three, 419, 420f


overuse of antibiotics and, 419–21 pathogens as cause of, 419f


population declines due to, 187 reducing incidence of, 425–26 relationship of, to poverty and malnutrition, 13, 287 tobacco, smoking, and, 409 transmissible and nontransmissible, 419 tuberculosis, 419, 421–22 viral, 422–23 water pollution as cause of human, 493t


Disinfection of water, 511 Dispersed cities, 571 Dissolved oxygen (DO) content, 64


water quality and, 494f
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affects of, on succession and species diversity, 159 opportunists species and environmental, 169 Divergent evolution, 93f, 94 Divergent plate boundaries, 334–35, 336f


DNA(deoxyribonucleic acid), 42–43 effects of ionizing radiation on, 49 structure of, A10f


Dorr, Ann, 349 Dose, toxic chemical, 410, 412 median, and average lethal, 413, 414t


sensitivity to different, 411f


Dose-response curve, 413f, 414


no threshold, and threshold types of, 414f, 415 Doubling time of population growth, 178


Downcycling, 540 Drainage basin, 140, 307


Dredge spoils, 507


Dredging, 341f


Drift-net fishing, 298, 299f Drinking water, 13, 14–15. See also Freshwater access to safe, 495 arsenic in, 503 bottled, 515–16 groundwater pollution and, 501–3 purification of, 491, 511, 512–13, 514–15 reducing disease by disinfecting, 511 Drip irrigation systems, 323, 324f


Drought, 311 threats of, to amphibians, 148 Dry climate, 311 Dry deposition, 444 Dry steam geothermal energy, 400 Dubos, René, 6 Dunes, primary and secondary, 135f


Durant, Will, 332 Durian fruit, 143 Dust Bowl, United States, 281f


Early loss population, 170, 171f


Early successional plant species, 156, 157f


Earth albedo (reflectivity) of, 467, 468f


atmosphere (see Atmosphere) biomes of, 111f (see also Biome(s)) climate and tilted axis of, 105, 106f (see also Climate) climate change (see Climate change) evolution and adaptation of life on, 88–91 (see also Adaptation; Evolution) geological processes of, external, 335–36 geologic processes of, internal, 332–33, 334f, 335f


gross primary productivity of, 70, 71f just right conditions for life on, 87 life-support systems (see Life-support systems, Earth’s) natural greenhouse effect on, 61, 79, 109, 110f, 434f, 438, 464–65 as ocean planet, 130f


origins of life on, 88 poles of, ozone depletion and, 485–86 projected status of biodiversity on, 196f


structure of, 60f, 332, 333f


summary of chemical and biological evolution on, 87, 88f, 89f


temperature of, 463f, 471f, 472–74 topography of, and local climate, 109–10 urban areas at night on, 565f


as water planet, 306 wind patterns and rotation of, 107f


Earth Charter, 640–41 Earthquakes, 336–37 expected damage from, in Canada and U.S., 337f


major features and effects of, 337f


Earth-sheltered house, 461 Earth tubes, 393 Easter Island, environmental degradation and population diebacks on, 32, 166 Ebola virus, 422 Echo-boom generation, United States, 186 Ecocities, 580–81 Chattanooga, Tennessee, 581, 608 Curitiba, Brazil, as, 563, 608 Eco-economy. See Environmentallysustainable economy Ecofeminist environmental worldview, 635–36 Ecoindustrial revolution, 536–38 reducing waste by copying nature, 536, 537f


Eco-labeling programs, 586, 597–98f, 601 Eco-leasing, 538 Ecological diversity, 67


Ecological economists, 583, 586, 587f


Ecological efficiency, 68


Ecological extinction of species, 225
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Ecological footprint, 10–11 estimating your personal, 11 per capita, 10 of three countries, 10f


of urban areas, 568–70 Ecological literacy, goals of, 637 Ecological niche(s), 91–93 of alligators, 149b


of bird species in coastal wetlands, 92f


broad, and narrow, 91–93 in communities, 144–45 evolutionary divergence and specialized, 93f


fundamental, and realized, 91 resource partitioning and specialization in, 150f


of rocky and sandy shores, 133, 134f


in tropical rain forests, 122f


Ecological restoration, 220–21 in Costa Rica, 221 of streams and rivers, 270b, 329 Ecological services, 6 provided by croplands, 276f


provided by forests, 200f, 204 provided by freshwater systems, 138f,


253 provided by marine systems, 130f, 252–53 provided by rivers, 268f


Ecological succession, 156–60 disturbances affecting, 159 ecosystem characteristics at immature and mature stages of, 158t


factors affecting rate of, 159 predictability of, 159–60 primary, 156–57 secondary, 157–58 shifting community composition as, 156 Ecology, 56–59 of communities (see Community(ies)) connections in nature and, 56, 57f


defined, 6, 55, 56


Earth’s life-support systems and, 59–61 of ecosystems (see Ecosystem(s)) living more sustainably by learning from, 174–75 organisms and, (see Organism(s)) of populations (see Population ecology) reconciliation, 247–49 research in, 84–86 species and (see Species) wind and, 101–2 Economically-depleted resources, 11 Economic development, 7


demographic transition and, 188, 189f


economic growth versus, 7–8 environmentally sustainable, 17–18, 583f


reduced birth rates linked to, 188–89 trade-offs (advantages/disadvantages) of, 8f


unsustainable, versus environmentallysustainable, 588f


World Bank and global, 598–99 Economic growth, 7


comparison of unsustainable, and environmentally sustainable, 588f


economic development versus, 7–8 reducing poverty by fostering, 599–600 Economic incentives and disincentives government subsidies and tax breaks, 593–94 green taxes and effluent fees as, 594–95 Economic projections, age structure of human population and, 184–86 Economic resources, 585–86 Economics, 583–604 costs and pricing issues related to, 592–93 growth and development (see Economic development; Economic growth) improving environmental quality using methods of, 593–98 market forces (see Market economic systems and forces) of mineral resource supplies, 346 monitoring progress of environment in context of, 590–92 neoclassical, ecological, and environmental schools of, 583, 586, 587f


pollution control and resource management from perspective of, 586–90 of recycling, 544–45 reducing air pollution through methods of, 454–55 reducing poverty, improving environment and quality of life using methods of, 598–600 resources and systems related to, 584–86 shift to service flow, 537–38 transition to environmentally sustainable, 586, 600–602 (see also Environmentally- sustainable economy) Economic security, 622–23 Economic services provided by croplands, 276f


provided by forests, 200f, 204 provided by freshwater systems, 138f,


253 provided by marine systems, 130f, 252–53 Economic system(s), 584


developing sustainable, 627–28 government intervention into market, 585–86 pure free-market, 584–85 Economic threshold of pesticide use, 527 Economists ecological, 583, 586, 587f


environmental, 583, 586 neoclassical, 583, 586 Economy(ies). See also Economics capital as driving force in, 584 high-throughput (high-waste), 52, 53f,


535 low-throughput (low-waste), 53f–54 matter-recycling-and-reuse, 52–53 service-flow, 537–38 transition to environmentally sustainable, 586–87, 600–2 (see also Environmentally- sustainable economy) Ecosystem(s), 55–86. See also


Community(ies) abiotic and biotic components of, 61, 63f


biodiversity in, 66–67 (see also Biodiversity) biological components of, 64–66 biomes and aquatic life zones, 61, 62f (see also Aquatic life zones; Biome(s)) defined, 59


Earth’s life-support systems and, 59–61 ecological studies of, 84–86 ecological succession at different stages of, 158t


ecology concepts applied to, 56–59 energy flow in, 67–69 factors limiting population growth in, 62–64 feeding (trophic) levels in, 67, 68f


food chains and food webs in, 67, 68f, 69f


global warming effects on, 476 industrial, 536, 537f


matter cycling in, 60f, 67f, 76–84
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primary productivity of, 70–72 priorities for protecting, E.O. Wilson’s, 221 role of insects in, 55–56 soils in, 72–76 structure of, as natural capital, 67f


tolerance limits in, 61–62 Ecosystem approach to preserving biodiversity, 197f


conservation biology and, 197 ecological restoration, 220–21 forest resources, 199–210 human impacts on biodiversity and, 195–96 national parks, 214–15 nature reserves, 215–20 public lands in U.S. and, 197–99 reintroduced species, 194–95 tropical deforestation and, 210–14 Eco-tourism, 230, 240 Eddington, Arthur S., 54 Education, key goals and questions of environmental, 637 Edward, Michael, 420 Effluent fees, 594–95 Egg pulling, 246 Egypt, water resources in, 305 Ehrenfeld, David, 634 Ehrlich, Paul, 27 Eiler, John, 403 Einstein, Albert, 561 Eisley, Loren, 128 Election finance reform and environmental policy, 610–11 Electrical grid, vulnerability of, 406 Electricity, generation of from biomass, 397–400 heat stored in water (geothermal) and, 400–401 hydropower plants and, 315, 318, 395, 396f


solar cells and, 394–95 solar generation of high-temperature, 393–94 wind and, 396–97 Electric motors, 383 Electromagnetic radiation, 44–45 Electromagnetic spectrum, 44f


Electron(s)(e), 39


Electron givers, 40 Electronic commute, 573 Electronic waste (e-waste), 534 Electron receivers, 40 Elements, 39


periodic table of, A8f


Elephants, reduction in ranges/habitat for, 232f


El Niño-Southern Oscillation (ENSO), 108f,


109f


Emerson, Ralph Waldo, 519 Eminent domain, 242 Emissions cap, 455 Emissions trading policy, 454–55, 480–81 Endangered species, 149b, 225


aquatic, 255, 256, 257–63 blue whale, 260–62 examples of, 226–27f


private landowners and protection of, 242–43 protecting with international treaties, 240–41 reintroduced gray wolf, 194 species prone to becoming, 228f


threat of habitat loss and degradation to, 231–34 threat of nonnative species to, 234–38 threat of poaching and hunting to, 238–39 threat of predator control, markets, climate change, and pollution to, 240 Endangered Species Act (ESA), U.S., 194, 199, 241, 259, 618 accomplishments of, 244b


arguments for strengthening, 244–45 arguments for weakening, 243–44 Endocrine system, chemical hazards to, 416–17 Energy, 11, 44–46. See also Energy resources consumption of, for types of beverage containers, 539f


defined, 44


electromagnetic radiation as, 44f–45 environmental problems connected to matter and, 52–54 flow (see Energy flow) global consumption of, 352f


kinetic, and potential, 44 laws governing changes in, 51–52 net, 354–55 one-way flow of high-quality, and life on Earth, 60f


quality and usefulness of, 46 solar, 351 work, transfer of heat, and, 44, 45 Energy conversion devices, energy efficiency of, 381f


Energy efficiency, 51, 380


of common devices, 381f


in industry, 382–83 in homes and office buildings, 379, 386–88 net, 382 reducing energy waste, 388–91 as strategy, 407f


in transportation, 383–86 ways to improve, 382–91 Energy flow annual, in aquatic ecosystem, 70f


in ecosystems, 67–69 pyramid of, 67–68, 69f


to and from sun, 61f


Energy policies, U.S. priorities in, 407f


Energy prices, strategy of artificially-high, or artificially-low, 406 Energy productivity, 51. See also Energy efficiency Energy quality, 46


Energy resources, 11, 340, 350–78 alternative 353–54 biomass as renewable, 397–400 coal as nonrenewable, 364–66 commercial (see Commercial energy) consumption of, globally, 352f


consumption of by fuel, in U.S., 353f


economics, politics, and, 405–6 efficiency as (see Energy efficiency) evaluating, 351–55 geothermal as renewable, 400–401f


net energy and, 354–55 hydrogen as, 401–4 hydropower as renewable, 395, 396f


micropower as renewable, 404–5 natural gas as nonrenewable, 362–63 nuclear accidents, 350, 369, 376 nuclear energy as nonrenewable, 366–77 oil (fossil fuel) as nonrenewable, 351, 355–62 policy priorities for, in U.S., 407f


responding to global warming by conserving, 478, 479f


solar as renewable, 351, 391–95 strategies for developing sustainable, 405–8 water cycle as renewable, 395 wind as renewable, 396–97 Environment defined, 6


degradation of (see Environmental degradation; Environmental problems) effects of wind on global, 101–2, 106f, 107f


history of (see Environmental history) human impact on (see Human impact on environment) Environmental audits, 620–21 Environmental awareness, recent shifts in, 606–7 Environmental careers, 610b


Environmental citizens, becoming, 639 Environmental degradation, 9. See also Environmental problems T. Blair on, 609 on Easter Island, 32 of natural capital, 10f (see also Natural capital degradation) Environmental economists, 583, 586 Environmental education, key goals and questions of, 637 Environmental era of environmental history in United States (years 1960-2004), 26–30 Environmental ethics, 16, 592, 631


four guidelines of, 640 global warming and, 483 levels of ethical concern, 634f


A. Leopold’s land ethic, 30, 199 philosophical principles and, 631–32 sustainable living and, 638f


Environmental groups, 618–22 achievements and setbacks of, 621–22 global, 623–25 goals of opponents of, 622 grassroot, 560, 608, 619–20 mainstream, 618–19 student, 620–21 Environmental history, 20–31, A2–A7 agricultural revolution and, 21–22, 23f


case study: Aldo Leopold’s land ethic, 30 conservation era in United States (years 1832-1960), 24–26 environmental era in United States (years 1960-2004), 26–30 events in U.S., years 1870-1930, A2f


events in U.S., years 1930-1960, A3f


events in U.S., years 1960s, A4f


events in U.S., years 1970s, A5f


events in U.S., years 1980s, A6f


events in U.S., years 1990s, A7f


human cultural changes and, 21 hunting and gathering societies and, 21 industrial-medical revolution, 22, 23f


information and globalization revolution, 23, 24f


near-extinction of American bison, 20–21 tribal and frontier eras in United States, 24 Environmental Impact Statement (EIS), 618 Environmental indicators, 234 Environmentalism, 6


Environmental justice, environmental policy and, 608 Environmental law, 616–18. See also Environmental law, United States; International agreements: Treaties evolution of, 616–17 improving environmental quality and reducing waste with, 595–96 improving regulations and, 622b


Environmental law, United States, 616–18, A2–A7 air pollution, 437b, 448, 453–54, 456, 557, 618 antiquities, 25 endangered species, 28, 194, 241, 259 Environmental Protection Agency, 28 factors hindering lawsuits related to, 617–18 federal agencies concerned with implementing, 612f


forests, 25, 208–9 hazardous and toxic wastes, 28, 532, 548, 557, 558–60, 618 improving, 622b


individuals’ and lobbyists’ interactions with government regarding, 613f


introduction of bills into House of Representatives, 614f


land management, 28 lobbying and, 615 major historical, 615f


major types of, 618 mining-related, 331, 342 national parks, 26 nuclear energy, 368 pesticides, 525–26 soil conservation and food security, 280, 281 water pollution and water quality, 496, 509, 510, 513, 514, 515, 618 wilderness preservation, 27, 218 Environmental leadership, 608–10 failure of United States to provide, 606, 609, 623–24 Environmental literacy, main components of, 636–37 Environmentally-sustainable economic development, 17–18f, 583f. See also Economic development Environmentally-sustainable economy, 600–2 copying nature to make transition to, 600 cost-benefit analysis and, 589–90 determining harmful costs in, 592 developing new indicators of environmental quality and human quality of life, 590–91 eco-labeling in, 597, 598f, 601 environmental laws and regulations in, 595–96 environmental permits in, 597 estimating future value of resources in, 591–92 full-cost pricing in, 592–98, 600 government subsidies and taxes in, 593–95 market prices on pollution control and resource use, 588–89 monetary values of non-trade resources, 591 pollution control and resource management in, 588–89 principles for shifting to, 602f


progress toward, in Germany and Netherlands, 600–2 reducing poverty in, 598–600 strategies for transition to, 586 technology, reduced resource use, and improved market efficiency for, 587–88 trade agreements and, 625–27
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Environmentally-sustainable political systems, 627–28 Environmentally-sustainable society, 6–7 components of environmental revolution and building, 640 environmental citizenship and, 639 guidelines and strategies for developing, 637f voluntary simplicity and, 638–39 Environmentally-sustainable trade, 626–27 Environmental management, changes in, 596f


Environmental movement, 26–27 grassroot groups in, 560, 608, 619–20 mainstream groups in, 618–19 Environmental permits, advantages and disadvantages of tradable, 597f


Environmental pessimists, 16 Environmental policy, 607–15, 622–28 democratic political systems and making of, 607 developing more sustainable political and economic systems as, 627–28 election finance reform and, 610–11 environmental leadership and, 608–10 free trade and, 625–26 global, 622–28 improving trade agreements and, 626–27 individual’s influence on, 608 (see also


Individuals, influence and role of) international agreements and (see


International agreements) life cycle of, 615, 616f


organizational change and better, 611 principles guiding formation of, 607–8 role of international environmental organizations in, 623–25 security issues tied to, 622–23 in United States, 611–16 (see also


Environmental law, United States) Environmental problems, 5–19 author’s introduction to, 1 biodiversity loss, 5, 12f, 203 (see


Biodiversity loss; Endangered species; Extinction of species) connections among, 14–15 economic issues and, 7–9 (see also


Economics; Economy(ies)) exponential growth as factor in, 5–6 food and (see Food production; Food resources) globalization and, 8–9 greatest current and future, 17 human activities and unintended, 38f,


173b, 251, 266 human population growth (see Human population growth) key, and causes of, 12–13f


matter and energy laws, and, 52–54 pollution as, 11–12 (see also Air pollution; Water pollution) population growth and, 7–8 poverty associated with, 13–14, 238, 239 (see also Poverty) resource problems and, 12–15 resources and, 9–11 stratospheric ozone depletion leading to, 486f


sustainability of present course and, 16–18 sustainable living and, 6–7(see also


Sustainability; Sustainable living) of urban areas, 566, 567f, 568 waste and, 12f (see alsoWaste) Environmental protection establishing policy of, in U.S., 607–15 nonviolent civil disobedience and, 206b


precautionary principle and, 161, 229 U.S. history and eras of, 24–50 U.S. law and (see Environmental law, United States) Environmental Protection Agency (EPA), U.S., 28, 428, 437, 439, 449, 458, 498, 510, 514, 521, 560 establishment of, 526 Environmental quality affluence and, 14 improving, by establishing green taxes and fees, 594–95 improving, by reducing poverty, 598–600 improving, by removing subsidies and tax breaks, 593–94 improving, with eco-labeling, 597–98, 601 improving, with environmental laws and regulations, 595–96 improving, with marketplace methods, 597 making transition to environmentallysustainable economy and improved, 600–2 new indicators for evaluating, 590 Environmental resistance, 165


Environmental revolution, components of, 640 Environmental risks to humans, 17f, 428f.


See also Risk(s) Environmental science critical thinking and study of, 3–4 defined, 6


importance of studying, 1 ”junk,” 609 learning skills for study of, 1–3 Environmental Sustainability Index (ESI), 627–28 Environmental wisdom, 4 Environmental wisdom worldview, 16–17, 30, 632f, 635


planetary management and stewardship views versus, 633f sustainable society and, 637–38 Environmental worldview(s), 16–17, 630–42 balance-of-nature, 159 deep-ecology, 635 defined, 631


ecofeminist, 635–36 environmental wisdom, 16–17, 30, 632f,


633f, 635, 637–38 frontier, 24 human-centered, 631, 632–33 in industrial societies, 631–33 life-centered, and Earth-centered, 633–36 planetary management, and stewardship, 16, 632, 633f


potential results of, 636 spaceship-Earth, 27 sustainable living and, 636–41 wisdom, 16–17, 30, 632f


Epidemiological studies on toxic chemicals, 413 Epidemiological transition, 419 Epiphytes, 121, 156 Equatorial upwellings, 108f


Erosion, 335–36. See also Soil erosion


Essential Study Skills for Science Students (Chiras), 4 Estuary(ies), 131, 132f, 252 pollution in, 504, 505, 506f


Ethanol as fuel, 399 Ethics. See Environmental ethics
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Ethiopia, water resources in, 305 Eukaryotic cells, 56, 58f


Euphotic zone, 129, 136 European Union, environmental leadership by, 606, 609 Eutrophication, lake, 139–40, 498–501 Eutrophic lake, 139f


Evaporation, 77 Even-age forest management, 200, 201f


Everglades, restoration of Florida, 266, 267f


Evergreen coniferous forests, 123–25 Evergreen trees, 124 Evolution, 87–100 adaptation and, 88–93 artificial selection, genetic engineering, and future of, 97–100 chemical, and biological, 87, 88f


coevolution, 90–91, 161 defined, 88–90 ecological niches and, 91–93 macroevolution, 90 microevolution and, 90 misconceptions about, 93 natural selection and, 90 origins of life and, 88 speciation, extinction, biodiversity, and, 94–96 theory of, 90 Exclusive Economic Zones (EEZ), ocean, 262, 264 Executive branch of government, 607 making of environmental policy and, 612 Existence (intrinsic) value, 591, 632 of species biodiversity, 196, 230 Exotic (nonnative) species. See Nonnative species Experiments, 33


determining chemical toxicity using laboratory, 413–15 Exponential growth, 5


of human population, 178 of populations, 166, 167f


External costs, 592 External geologic processes, 335–36 Externalities, negative and positive, 592


Extinction of species, 94–95, 225–29. See also


Endangered species; Threatened (vulnerable) species background, 95 basic and secondary causes of, 231f


characteristics of vulnerability to extinction, 228f


estimating rate of, 227–28, 229 habitat loss, degradation, and fragmentation linked to, 231–34 human activities and, 96, 224, 228–29 on islands, 145, 146f


mass, 95 mass depletion and, 96 nonnative species as cause of, 146, 234–38 passenger pigeon, 224 poaching and hunting as cause of, 238–39 potential of, 225, 226–27f, 228f, 256–57 reconciliation ecology and, 247–49 research and legal approach to preventing, 240–45 role of climate change and pollution in, 240 role of market for exotic pets and plants in, 240 role of predator control in, 239–40 sanctuary approach for preventing, 245–47, 262 threat of, to amphibians, 147–48 three types of, 225 Extinction spasm, 227 Extrapolation to infinity, trap of, 639 Exxon Valdez oil spill, 507 Facilitation, rate of ecological succession and, 159 Faith in simple and easy answers, trap of, 639 Falkenmark, Malin, 311 Family planning, 189


in China and India, 191–92 empowering women for better, 190–91 in Iran, 190 reducing birth and abortion rates by using, 189–90 in Thailand, 176 Farm Act of 1985, U.S., 280–81 Farming. See Agriculture Farms, protecting endangered species on, 246 Fatalism, trap of, 639 Fecal coliform bacteria in water, 493f


Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) of 1947, U.S., 525–26 Federal Land Policy and Management Act, U.S., 28 Federal Water Pollution Control Act of 1972, U.S., 509, 618 Feedback loops in systems, 37


Feeding modes in open-sea organisms, 137 Feeding niches, specialized, 92f


Feeding relationships among producers, consumers, and decomposers, 65f


Feedlots, 275, 295 Fermentation (anaerobic respiration), 66


Fertility, human, 178–79 changes in U.S., 179–80 factors affecting, 180–83 reduced, and population declines, 186–87 replacement level, 179 total rate of (TFR), 179 Fertilizers, 285–86 commercial inorganic, 285, 286f


organic, 285–86 sewage sludge as, 511, 512f


Filter feeders, 137 Fire in forests, 207–9 global warming and, 476 reducing damage from, 208–9 types of fires, 207, 208f


using goats to manage, 209b


First-generation pesticides, 519 First law of thermodynamics, 51


Fish aquaculture of, 297 biodiversity of marine, 253–54f


effect of human activities on marine, 255–56 effect of nonnative species on, 251, 256–57 government-subsidized fleets for harvesting, 300 harvesting of, 297–98, 299f


harvest yields, 299f, 300f


major types of commercially harvested, 297, 298f


mercury in, 555, 556f


mutualism and, 155 salmon, 268, 269f, 270 threats to biodiversity of, 251, 314, 316 world catch of, 299f


Fish and Wildlife Service, U.S., 198, 240 Fisheries, 297


aquaculture, 300–1 freshwater, 271 Fisheries, marine, 255–56, 274 government-controlled access to, 264–65 managing for biodiversity and sustainability in, 263–64 market-controlled access to, 265 solutions for managing, 263f


Fish farming, 300–1 Fish ranching, 300–1 Fitness, 93 Flavin, Christopher, 602 Flooding, 327–29 in Bangladesh, 327–28 causes of, 327 reducing risk of, 328–29 in urban areas, 569 Flood irrigation, 323, 324f


Floodplains, 141, 327


as stream zones, 140f, 141 Florida Everglades, restoration of, 266, 267f


Flowing (lotic) bodies of water, 137 Flows (throughputs), system, 36


Fluidized-bed combustion, 456 Flying foxes (bats), 143 Flyways, migratory birds, 245, 246f


Food(s). See also Food production; Food resources bushmeat as, 212, 239 genetically modified, 99, 291–92 new types of, 293 pesticides and increased supply of, 521 prices of, 301–2 waste of, 294 Food, Drug, and Cosmetic Act, U.S., 618 Food and Agriculture Organization (FAO), 623 Food chains, 67


bioaccumulation and biomagnification of toxins in, 411f, 498f


model of, 68f


Food production, 273–304 in China, 289–90 environmental impact of, 289, 290f,


295b


fish, 297–301 global warming and, 475f, 476–77 government agricultural policy and, 301–2 green revolution, and traditional techniques of, 276–79 human nutrition and, 287–89 increasing crop yields, 291–94 increasing fish and shellfish production, 297–301 increasing meat production, 294–97 location of world’s principal types of, 275f


perennial polyculture and, 273 rates of, 286–87 soil conservation, effects on, 284–86 soil erosion and degradation, effects on, 279–84 sustainable agriculture and, 302–3 systems and types of, 274–76 in urban areas, 294 Food Quality Protection Act (FQPA) of 1996, U.S., 525 Food resources production of (see also Food production) protecting, with alternative methods, 527–31 protecting, with chemical pesticides, 519–27 supply problems as key environmental problem, 12f


Food Security Act (Farm Act) of 1985, U.S., 280–81 Food web, 67


in Antarctic, 69f


industrial ecosystem modeled as, 536, 537f


in lakes, and effects of water pollution, 497, 498f


of living organisms in soil, 74f


Foreshocks, 337 Forest(s), 120–25, 199–205 building roads into, 200, 201f, 239 certification of sustainably-grown timber from, 205 deforestation, environmental impact of, 203 deforestation of tropical, 210–14 disease and insect pests in, 206, 207f
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