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27.2 Polar deserts have the most severe climates on Earth 27–3
Arctic herb barrens contain few species of plants 27–4
Continental Antarctica contains only sparse populations of mosses, lichens, and algae 27–4
In the maritime Antarctic, bryophytes and lichens are dominant 27–5
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Essay 27.1 Building Biomes on Mars 27–6

27.3 Temperate and subtropical deserts are characterized by low annual precipitation 27–7
Four physical factors determine the locations of temperate and subtropical deserts 27–8
Desert plants have adapted to acquire water 27–8
Plants using the deep-water table must put down long roots 27–9
A great variety of desert plants use surface water 27–9
Desert algae, mosses, and lichens are tolerant of high temperatures 27–9
Desert annuals and herbaceous perennials grow when water is available 27–10
Deciduous perennials maintain significant aboveground biomass 27–11

Desert succulents have a number of adaptive features to survive aridity 27–13

Succulents conserve water by a low surface-to-volume ratio and CAM metabolism 27–13
Much of the volume of succulents is available for water storage 27–13
Cacti are extremely tolerant of high temperatures 27–14
Water uptake in desert succulents may be very rapid 27–14

Stem succulents have cylindrical, globose, or paddlelike stems 27–14
Leaf succulents include the agaves, aloes, and stone plants 27–15
Human impacts on deserts include mining, depletion of aquifers, and urban sprawl 27–16

27.4 Grasslands are temperate areas dominated by grasses 27–17

Grasslands are ecologically, evolutionarily, and economically important 27–18
Grasslands
Grasslands
Grasslands
Grasslands

occupy vast areas of land and support immense populations of animals 27–18
store vast amounts of organic carbon in their soils 27–18
support the world’s most productive agriculture 27–19
have had a major impact on the evolution of grazer animals and humans 27–20

Climate, fire, and herbivores shape grassland environments 27–20

Grassland climate is drier and more extreme than that of most forests 27–21
Fire plays an important role in maintaining grasslands 27–21
Large animal grazers also influence grassland environments 27–22

Grassland plants are adapted to cope with environmental stresses 27–22
Essay 27.2 Restoring Prairies 27–23

Dominant grass species vary through the year and by region 27–23
Grass plants are adapted for fast growth, high productivity, and resistance to fire and grazing 27–24
Grass flowers and fruits are adapted for efficient reproduction 27–24
Forbs are diverse grassland plants that are not grasses, trees, or shrubs 27–26
Grassland trees and shrubs are adapted to survive fire and provide important resources for some grazers 27–27

Grassland improvement, restoration, and preservation yield benefits for people 27–28
Dry grasslands can degrade into deserts 27–29
Mesic grasslands have mostly been transformed into farmlands 27–29
Wet grasslands provide valuable ecological services 27–30

27.5 The chaparral ecosystem has hot, dry summers and cool, wet winters 27–31
Evergreen shrubs with sclerophyllous leaves dominate the chaparral 27–32
Fire is a major ecological force in the chaparral 27–33
Some shrubs require fire to establish new seedlings 27–34
Other shrubs require an absence of fire to establish seedlings 27–34
Trees in the chaparral are adapted to survive wildfires 27–35

Human impact has been severe on Mediterranean scrub ecosystems 27–35

28 Moist Terrestrial Ecosystems 28–1
28.1 Moist terrestrial ecosystems cover a wide range of climates 28–2
28.2 Polar and alpine ecosystems have arisen since the retreat of the last glaciation 28–3
Tundra can be characterized by the absence of trees 28–4
Tundra plants show a number of adaptations in form and function 28–5
Tundra plants show a number of reproductive adaptations 28–5

28.3 Coniferous trees dominate the taiga 28–7

Alpine tundra and montane coniferous forest are southern extensions of arctic tundra and taiga 28–8
Alpine tundra and arctic tundra have many species in common 28–9
12

Dominant conifer species differ among mountain ranges 28–9
Mining, logging, grazing, and recreation affect polar and alpine ecosystems at local and regional
scales 28–10
Global warming is affecting montane coniferous forests and taiga 28–11

28.4 Temperate deciduous forests are ecosystems with seasonality and abundant
precipitation 28–13

Eight genera of trees define the eastern temperate deciduous forest 28–14
Plants in the temperate deciduous forest are adapted to cold winters and competition for light 28–15
Humans have had a major impact on many features of the eastern temperate deciduous forest 28–17
Essay 28.1 Native American Uses of Temperate Forest Plants 28–18
Many exotic species have invaded the temperate deciduous forest 28–19
Plant rustling from national forests is a serious problem 28–19

Research at Hubbard Brook was undertaken to determine how temperate forest ecosystems function 28–20
Acid rain is damaging the eastern temperate deciduous forest 28–21

28.5 Tropical rain forests have a non-seasonal climate and abundant precipitation 28–23
Tropical rain forests have high biotic diversity and important global climate effects 28–24
Great age, rapid evolution, and complex structure may foster high biodiversity 28–24
Tropical rain forests store much of the Earth’s carbon 28–25
Tropical rain forests play an important role in global water cycling 28–25

Tropical forest vegetation is distinctive 28–26
Tropical
Tropical
Tropical
Tropical

forests are tall, evergreen, and layered 28–26
forests are richer in tree species than other forests 28–26
forests contain plant forms that are rare elsewhere 28–26
rain forests are among the most productive ecosystems on Earth 28–27

Warm, moist tropical climates favor lush plant growth 28–27
Essay 28.2 Fascinating Orchids 28–28

Tropical plants compete for light 28–29
Some tropical plants are adapted to drought 28–29
Heavy rainfall and high winds can damage tropical plants 28–29

Paradoxically, lush rain forests grow on poor soils 28–29

Tropical forest soils are low in nutrients and organic materials 28–30
Tropical forest mineral nutrients are held within tissues of living organisms 28–30
Nitrogen-fixing bacteria and mycorrhizal fungi help tropical rain forest plants cope with poor soils 28–31
Early tropical forest farmers learned to cope with poor soils 28–31
Temperate-style agriculture is often difficult to practice in the tropics 28–32

Essay 28.3 Restoring a Lost Forest 28–33
Tropical forest plants are adapted to numerous environmental stresses 28–33

Canopy trees are well adapted to intercept light, but are vulnerable to fire and forest fragmentation 28–33
Tropical tree stem architecture is amazingly diverse 28–34
Buttress roots provide structural support 28–34
Leaves of tropical trees are surprisingly uniform in shape 28–35
Tree reproduction is adapted to forest conditions 28–35
Lianas’ growth and reproduction reflect their clinging lifestyle 28–36

29 Aquatic Ecosystems 29–1
29.1 Aquatic ecosystems are essential to humans 29–2
People and wildlife depend on freshwaters and wetlands for many services 29–3

29.2 Lake ecosystems: habitats, seasonal changes, and primary producers 29–4
Lakes contain three major types of habitats and communities 29–4
Mineral nutrient availability in temperate lakes varies with seasonal temperature change 29–5
Spring 29–5
Summer 29–5
Fall 29–6
Winter 29–6

Freshwater algae and plants are adapted to aquatic habitats 29–6
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Algae and cyanobacteria 29–6
Floating plants 29–7
Rooted macrophytes 29–7

Human activities have degraded freshwaters 29–8

Oligotrophic freshwaters are low in nutrients and productivity but high in species diversity 29–8
Eutrophic freshwaters are high in nutrients and productivity but low in species diversity 29–9
Phosphorus availability controls growth of freshwater plants, algae, and cyanobacteria 29–10
Lake and stream eutrophication can be prevented or reversed 29–10

29.3 Wetland ecosystems 29–12

Common freshwater wetlands include riparian wetlands, deep-water swamps, marshes, acid bogs, and
sedge meadows 29–13
Wetlands play important roles in global carbon cycling 29–13
Wetland plants are adapted in ways that help them overcome stresses of wetland habitats 29–14
Humans have destroyed many of the world’s wetlands 29–16
Wetland delineation, invasive species, and restoration are issues in wetland protection and
restoration 29–16

29.4 Oceans are essential to humans and life on Earth 29–18

Seawater and freshwater differ in the amount of dissolved substances 29–18
Ocean basins contain a varied terrain 29–20
Atmospheric circulation and the Coriolis force drive ocean currents 29–21
Ocean temperatures vary with depth, season, and latitude 29–22
The oceans can be divided into realms 29–23

29.5 The epipelagic ecosystem contains plankton and nekton communities 29–24
Bacterioplankton are the most important group in terms of productivity 29–25
Phytoplankton are very diverse in form 29–26
Diatoms 29–26
Dinoflagellates 29–27
Haptophytes 29–27
The planktonic food web begins with picoplankton 29–28

29.6 The sublittoral zone includes kelp forests, seagrass beds, and coral reefs 29–30
Kelp forests are dominated by large photosynthetic protists 29–30
Seagrasses stabilize soft, sandy sediments and provide shelter for many marine animals 29–32
Coral reefs are among the most beautiful and diverse ecosystems on Earth 29–33
Essay 29.1 Jamaican Coral Reefs: Going, Going, … Gone 29–35

29.7 The littoral zone includes rocky intertidal areas, estuaries, salt marshes, and mangrove
forests 29–36
Rocky intertidal ecosystems have many species of organisms 29–36
Estuaries have relatively few species of organisms 29–37
Salt marshes contain herbs, grasses, and shrubs rooted in soils washed by tides 29–37
In mangrove forests the trees grow in shallow seawater 29–38

30 Human Impacts and Sustainability 30–1
30.1 Sustainability is the maintenance of humans together with healthy environments 30–2
30.2 Humans impact the global environment in many ways 30–4
How many people can Earth sustain? 30–5
Human population growth is correlated with environmental degradation 30–6
Global warming is affecting every ecosystem on Earth 30–7
Humans impact the global environment in a number of other ways 30–9
Acid rain 30–9
Depletion of soil fertility and erosion 30–9
Deforestation 30–9
Pollution of coastal zones 30–10
Overfishing 30–11

Transformation of ecosystems leads to loss of biodiversity 30–11
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30.3 The concept of sustainability has many different dimensions 30–15
Stable human populations are necessary for sustainability 30–15
Innovative technologies may improve energy sustainability 30–17
Hydroelectric power 30–17
Wind power 30–17
Photovoltaics 30–18
Biomass 30–19
Alternatives to gasoline 30–20

Sustainable agriculture reduces erosion, nutrient and organic carbon loss, and chemical use 30–21
Sustainable use of ocean resources and restoration of coastal zones are future goals 30–22
Sustainability requires maintaining ecosystem services and biodiversity 30–23

Essay 30.1 Sustainable Use of Neotropical Forests 30–24
Biodiversity “hotspots” are regions of high endemism 30–24
Biomes differ in their vulnerability to extinction 30–25

Everyone can contribute to global sustainability 30–25

Glossary G1
Answers A1
Geological Time Scale
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