Chapter 6: Climate and Terrestrial Biodiversity


Case Study


Blowing in the Wind: A Story of Connections


Wind, a vital part of the planet’s circulatory system, connects most life on the earth. Without wind, the tropics would be unbearably hot and most of the rest of the planet would freeze.


Winds also transport nutrients from one place to another. Dust rich in phosphates and iron blows across the Atlantic from the Sahara Desert in Africa (Figure 6-1). This helps build up agricultural soils in the Bahamas and supplies nutrients for plants in the upper canopy of rain forests in Brazil. Iron-rich dust blowing from China’s Gobi Desert falls into the Pacific Ocean between Hawaii and Alaska. This input of iron stimulates the growth of phytoplankton, the minute producers that support ocean food webs. This is the good news.


The bad news is that wind also transports harmful viruses, bacteria, fungi, and particles of long-lived pesticides and toxic metals. Particles of reddish-brown soil and pesticides banned in the United States are blown from Africa’s deserts and eroding farmlands into the sky over Florida. This makes it difficult for the state to meet federal air pollution standards during summer months.


More bad news. Some types of fungi in this dust may play a role in degrading or killing coral reefs in the Florida Keys and the Caribbean. Scientists are currently studying possible links between contaminated African dust and a sharp rise in rates of asthma in the Caribbean since 1973.


Particles of iron-rich dust from Africa that enhance the productivity of algae have also been linked to outbreaks of toxic algal blooms—referred to as red tides—in Florida’s coastal waters. People who eat shellfish contaminated by a toxin produced in red tides can become paralyzed or even die. Europe and the Middle East also receive contaminated African dust.


Figure 6-1 Some of the dust shown here blowing from Africa’s Sahara Desert can end up as soil nutrients in Amazonian rain forests and particles of toxic air pollutants in Florida and the Caribbean.


Pollution and dust from rapidly industrializing China and central Asia blow across the Pacific Ocean and degrade air quality over the western United States. In 2001, climate scientists reported that a huge dust storm of soil particles blown from northern China had blanketed areas from Canada to Arizona with a layer of dust. Studies show that Asian pollution contributes as much as 10% to West Coast smog, a threat expected to increase as China industrializes.


There is also mixed news. Particles from volcanic eruptions ride the winds, circle the globe, and change the earth’s temperature for a while. Emissions from the 1991 eruption of Mount Pinatubo in the Philippines cooled the earth slightly for 3 years, temporarily masking signs of global warming. And volcanic ash, like the blowing desert dust, adds valuable trace minerals to the soil where it settles.


The lesson, once again, is that there is no away because everything is connected. Wind acts as part of the planet’s circulatory system for heat, moisture, plant nutrients, and long-lived pollutants we put into the air. Movement of soil particles from one place to another by wind and water is a natural phenomenon.


But when we disturb the soil and leave it unprotected, we hasten and intensify this process.


Wind is also an important factor in climate through its influence on global air circulation patterns.


Climate, in turn, is crucial for determining what kinds of plant and animal life are found in the major biomes of the biosphere, as discussed in this chapter.


Climate Control Biodiversity


Image data from NASA/Goddard Space Flight Center, the SeaWiFS Project and ORBIMAGE, Scientific Visualization Studio by kind permission of ORBIMAGE. All rights reserved.


To do science is to search for repeated patterns, not simply to accumulate facts, and to do the science of geographical ecology is to search for patterns of plant and animal life that can be put on a map.


ROBERT H. MACARTHUR


This chapter addresses the following broad questions about geographic patterns of ecology:


What key factors determine the earth’s weather?


What key factors determine the earth’s climate?


How does climate determine where the earth’s major biomes are found?


What are the major types of desert biomes, and how do human activities affect them?


What are the major types of grassland biomes, and how do human activities affect them?


What are the major types of forest biomes, and how do human activities affect them?


Why are mountain and arctic biomes important, and how do human activities affect them?


6-1 WEATHER: A BRIEF INTRODUCTION


What Is Weather? When Air Masses Meet


Weather is the result of the atmospheric conditions in a particular area over short time periods and is produced mostly by interacting air masses.


Weather is an area’s short-term atmospheric conditions —typically over hours or days. Examples of atmospheric conditions are temperature, pressure, moisture content, precipitation, sunshine, cloud cover, and wind direction and speed.


Meteorologists use equipment on weather balloons, aircraft, ships, and satellites, as well as radar and stationary sensors, to obtain data on weather variables.


They feed the data into computer models to draw weather maps. Other computer models project the weather for the next several days by calculating the probabilities that air masses, winds, and other factors will move and change in certain ways.


Much of the weather you experience is the result of interactions between the leading edges or fronts of moving masses of warm and cold air. Weather changes as one air mass replaces or meets another. The most dramatic changes in weather occur along a front, the boundary between two air masses with different temperatures and densities.


A warm front is the boundary between an advancing warm air mass and the cooler one it is replacing (Figure 6-2, top). Because warm air is less dense (weighs less per unit of volume) than cool air, an advancing warm front rises up over a mass of cool air. As the warm front rises, its moisture begins condensing into droplets to form layers of clouds at different altitudes. Gradually the clouds thicken, descend to a lower altitude, and often release their moisture as rainfall. A moist warm front can bring days of cloudy skies and drizzle.


A cold front (Figure 6-2, bottom) is the leading edge of an advancing mass of cold air. Because cold air is denser than warm air, an advancing cold front stays close to the ground and wedges underneath less dense warmer air. An approaching cold front produces rapidly moving, towering clouds called thunderheads.


As a cold front passes through, we often experience high surface winds and thunderstorms. After the front passes through, we usually have cooler temperatures and a clear sky.


Further up near the top of the troposphere we find hurricane-force winds circling the earth. These powerful winds, called jet streams, follow rising and falling paths that have a strong influence on weather patterns.


What Are Highs and Lows? Pressure Changes


Weather is affected by up and down movements of masses of air with high and low atmospheric pressure.


Weather is also affected by changes in atmospheric pressure. Air pressure results from zillions of tiny mol-
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Warm air mass Warm air mass Anvil top Cool air mass Cold air mass Warm front surface Cold front surface


Figure 6-2 A warm front (top) occurs when an advancing mass of warm air meets and rises up over a retreating mass of denser cool air.


A cold front (bottom) is the boundary formed when a mass of cold air wedges beneath a retreating mass of less dense warm air.


ecules of gases (mostly nitrogen and oxygen) in the atmosphere zipping around at incredible speeds and hitting and bouncing off anything they encounter.


Atmospheric pressure is greater near the earth’s surface because the molecules in the atmosphere are squeezed together under the weight of the air above. An air mass with high pressure, called a high, contains cool, dense air that descends toward the earth’s surface and becomes warmer. Fair weather follows as long as the high-pressure air mass remains over an area.


In contrast, a low-pressure air mass, called a low, produces cloudy and sometimes stormy weather. Because of its low pressure and low density, the center of a low rises, and its warm air expands and cools. When the temperature drops below a certain level where condensation takes place, called the dew point, moisture in the air condenses and forms clouds. If the droplets in the clouds coalesce into large and heavy drops, precipitation occurs. Recall that the condensation of water vapor into water drops usually requires that the air contain suspended tiny particles of material such as dust, smoke, sea salts, or volcanic ash. These so-called condensation nuclei provide surfaces on which the droplets of water can form and coalesce. Now you know how rain forms.


Severe thunderstorm Descending cool air Rising warm air Rising updraft of air Severe thunderstorms can trigger a number of smaller tornadoes Tornado forms when cool downdraft and warm updraft of air meet and interact Warm moist air drawn in


Figure 6-3 Formation of a tornado or twister. Although twisters can form any time of the year, the most active tornado season in the United States is usually March through August.


Meteorologists cannot tell us with great accuracy when and where most tornadoes will form.


What Are Tornadoes and Tropical Cyclones?


Weather Godzillas


Tornadoes and tropical storms are weather extremes that can cause lots of damage but can sometimes have beneficial ecological effects.


Sometimes we experience weather extremes. Two examples are violent storms called tornadoes (which form over land) and tropical cyclones (which form over warm ocean waters and sometimes pass over coastal land).


Tornadoes or twisters are swirling funnel shaped clouds that form over land. They can destroy houses and cause other serious damage in areas when they touch down on the earth’s surface. The United States is the world’s most tornado-prone country, followed by Australia.


Tornadoes in the plains of the Midwest usually occur when a large, dry cold air front moving southward from Canada runs into a large mass of humid air moving northward from the Gulf of Mexico. Most tornadoes occur in the spring when fronts of cold air from the north penetrate deeply into the mid-western plans.


As the large warm-air mass moves rapidly over the more dense mass of cold air it rises rapidly and forms strong vertical convection currents that suck air upward, as shown in Figure 6-3. Trace the flows in this
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Moist surface winds spiral in toward the center of the storm.


Gales circle the eye at speeds of up to 320 kilometers (200 miles) per hour The calm central eye usually is about 24 kilometers (15 miles) wide.


Rising winds exit from the storm at high altitudes.


1 2 3 4


figure. Scientists hypothesize that the rising vortex of air starts spinning because the air near the ground in the funnel is moving slower than the air above. This rolls or spins the air ahead of the advancing front in a vertically rising air mass or vortex.


Large and dangerous storms called tropical cyclones are spawned by the formation of low-pressure cells of air over warm tropical seas. Figure 6-4 shows the formation and structure of a tropical cyclone. Trace the flows in this figure. Hurricanes are tropical cyclones that form in the Atlantic Ocean; those forming in the Pacific Ocean usually are called typhoons. Tropical cyclones take a long time to form and gain strength. As a result, meteorologists can track their paths and wind speeds and warn people in areas likely to be hit by these violent storms.


Hurricanes and typhoons can kill and injure people and damage property and agricultural production.


But sometimes the long-term ecological and economic benefits of a tropical cyclone can exceed its short-term harmful effects.


For example, in parts of Texas along the Gulf of Mexico, coastal bays and marshes normally are closed off from freshwater and saltwater inflows. In August 1999, Hurricane Brett struck this coastal area. According to marine biologists, it flushed out excess nutrients from land runoff and dead sea grasses and rotting vegetation from the coastal bays and marshes. It also carved 12 channels through the barrier islands along the coast, allowing huge quantities of fresh seawater to flood the bays and marshes. This flushing out of the bays and marshes reduced brown tides consisting of explosive growths of algae feeding on excess nutrients.


It also increased growth of sea grasses, which serve as nurseries for shrimp, crabs, and fish and food for millions of ducks wintering in Texas bays. Production of commercially important species of shellfish and fish also increased.


Figure 6-4 Formation of a tropical cyclone. Those forming in the Atlantic Ocean usually are called hurricanes; those forming in the Pacific Ocean usually are called typhoons.


is the average weather patterns for an area over a long period of time (30–1,000,000 years).


Climate


It is determined by Average Precipitation and Average Temperature which are influenced by altitude latitude ocean currents and affects where people live how people live what they grow and eat, amount of incoming solar energy per unit area of land, air circulation over the earth’s surface, and water circulation.


Solar energy heats the atmosphere, evaporates water, helps create seasons, and causes air to circulate.


Four major factors determine global air circulation patterns. One is the uneven heating of the earth’s surface.


Air is heated much more at the equator, where the sun’s rays strike directly throughout the year, than at the poles, where sunlight strikes at an angle and thus is spread out over a much greater area. You can observe this effect by shining a flashlight in a darkened room on the middle of a spherical object such as a basketball. These differences in the amount of incoming solar energy help explain why tropical regions near the equator are hot, Polar Regions are cold, and temperate regions in between generally have intermediate average temperatures.


A second factor is seasonal changes in temperature and precipitation. The earth’s axis—an imaginary line connecting the north and south poles—is tilted. As a result, various regions are tipped toward or away from the sun as the earth makes its yearlong revolution around the sun (Figure 6-7, p. 106). This creates opposite seasons in the northern and southern hemispheres.


A third factor is rotation of the earth on its axis. As the earth rotates, its surface turns faster beneath air masses at the equator and slower beneath those at the poles. This deflects air masses moving north and south to the west or east over different parts of the earth’s surface (Figure 6-8, p. 107). The direction of air movement in these different areas sets up belts of prevailing winds—major surface winds that blow almost continually and distribute air and moisture over the earth’s surface.


Fourth, properties of air, water, and land affect global air circulation. Heat from the sun evaporates ocean water and transfers heat from the oceans to the atmosphere, especially near the hot equator.


6-2 CLIMATE: A BRIEF INTRODUCTION


What Is Climate? Long-Term Weather and Global Air Circulation


Climate is the average temperature and average precipitation of an area over long periods of time, which in turn are affected by global air circulation.


Climate is a region’s long-term atmospheric conditions —typically over decades. Average temperature and average precipitation are the two main factors determining a region’s climate and its effects on people, as shown in Figure 6-5.


Figure 6-6 (p. 106) is a generalized map of the earth’s major climate zones. In what type of climate zone do you live?


The temperature and precipitation patterns that lead to different climates are caused primarily by the


Figure 6-5 Climate and its effects. (Data from National Oceanic and Atmospheric Administration)
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This evaporation of water creates cyclical convection cells that circulate air, heat, and moisture both vertically and from place to place in the troposphere, as shown in Figure 6-9. Trace the flows in this diagram. To understand this cycle, remember two things. First, hot air tends to rise, cool, and release moisture as precipitation.


Second, cool air tends to sink, get warmer, and lose its moisture by evaporation (not precipitation).


The earth’s air and water circulation patterns and its mixture of continents and oceans lead to an irregular distribution of climates and patterns of vegetation, as shown in Figure 6-10.


106 CHAPTER 6 Climate and Terrestrial Biodiversity


Spring (sun aims directly at equator) Summer (northern hemisphere tilts toward sun) Fall (sun aims directly at equator) Winter (northern hemisphere tilts away from sun) 23.5 °


Solar radiation


Figure 6-7 Seasons in the northern and southern hemispheres are caused by the tilt of the earth’s axis. As the planet makes its annual revolution around the sun on an axis tilted about 23.5°, various regions are tipped toward or away from the sun. The resulting variations in the amount of solar energy reaching the earth create the seasons.


Kuroshio current West wind drift West wind drift West Australian current North Pacific drift Equatorial countercurrent Peru current West wind drift Brazil current Benguela current Guinea current Gulf stream North Atlantic drift Monsoon drift Alaska current California current South equatorial current South equatorial current Caribbean current South equatorial current Labrador current Canaries current East Australian current North equatorial current Oyashio current Arctic Circle Antarctic Circle Tropic of Cancer Tropic of Capricorn Polar (ice) Subarctic (snow) Cool temperate Warm temperate Dry Tropical Highland Major upwelling zones Warm ocean current Cold ocean current River


Figure 6-6 Natural capital: generalized map of the earth’s current climate zones, showing the major contributing ocean currents and drifts.
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Cool, dry air Rises, expands, cools Hot, wet air Moist surface warmed by sun


LOW PRESSURE HIGH PRESSURE HIGH PRESSURE LOW PRESSURE


Falls, is compressed, warms Flows toward low pressure, picks up moisture and heat Heat released radiates to space Condensation and precipitation Warm, dry air 60°N 60°S 30°N 30°S 0°


Equator Cold deserts Cold deserts Forests Forests Forests Hot deserts Hot deserts Westerlies Westerlies Northeast trades Southeast trades


Figure 6-8 The earth’s rotation deflects the movement of the air over different parts of the earth and creates global patterns of prevailing winds.


Figure 6-9 Transfer of energy by convection in the atmosphere.


Convection occurs when matter warms, becomes less dense, and rises within its surroundings. This efficient means of heat transfer occurs in the planet’s interior, oceans, and atmosphere (as shown here). Distribution of heat and water occurs in the atmosphere because vertical convection currents stir up air in the troposphere and transport heat and water from one area to another in circular convection cells called Hadley cells.


How Do Ocean Currents and Winds Affect Regional Climates? Moving Heat and Air Around


Ocean currents and winds influence climate by redistributing heat received from the sun from one place to another.


The oceans absorb heat from the air circulation patterns just described, with the bulk of this heat absorbed near the warm tropical areas. This heat plus differences in water density create warm and cold ocean currents (Figure 6-6). These currents, driven by winds and the earth’s rotation, redistribute heat received from the sun from one place to another and thus influence climate and vegetation, especially near coastal areas. They also help mix ocean waters and distribute nutrients and dissolved oxygen needed by aquatic organisms.


Moist air rises — rain Cool, dry air falls; Moist air rises, cools, and releases moisture as rain Cool, dry air falls Polar cap


Evergreen coniferous forest Temperate deciduous forest and grassland Desert Tropical deciduous forest Equator Desert


Polar cap 60°


30°


0°


30°


60°


Moist air rises — rain


Temperate deciduous forest and grassland Tropical deciduous forest Tropical rain forest


Cold, dry air falls Cell 3 North Cell 2 North Cell 1 North Cell 1 South Cell 2 South Cell 3 South Cold, dry air falls Arctic tundra


Figure 6-10 Natural capital: global air circulation and biomes.


Heat and moisture are distributed over the earth’s surface by vertical currents that form six large convection cells (Hadley cells) at different latitudes. The direction of airflow and the ascent and descent of air masses in these convection cells determine the earth’s general climatic zones. The resulting uneven distribution of heat and moisture over the planet’s surface leads to the forests, grasslands, and deserts that make up the earth’s biomes.


Wind


Movement of surface water


Upwelling Zooplankton Fish Phytoplankton


Nutrients


Diving birds
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EQUATOR Surface winds blow westward EQUATOR Warm waters pushed westward AUSTRALIA SOUTH AMERICA Drought in Australia and Southeast Asia


Warm water Cold water Thermocline


AUSTRALIA SOUTH AMERICA Winds weaken, causing updrafts and storms Warm water flow stopped or reversed


Warm water Cold water Thermocline


Normal Conditions El Niño Conditions


Warm water deepens off South America


Winds can also affect regional climates and distribution of some forms of aquatic life. For example, wind blowing along steep western coasts of some continents pushes surface water away from the land. This outgoing surface water is replaced by an upwelling of cold, nutrient-rich bottom water, as shown in Figure 6-11.


Upwellings, whether far from shore or near shore, bring plant nutrients from the deeper parts of the ocean to the surface. In turn, these nutrients support large populations of phytoplankton, zooplankton, fish, and fish-eating seabirds.


What Are El Niño and La Niña?


Changing Winds, Altered Upwellings, and Freaky Weather


El Niño occurs when a change in the direction of tropical winds warms coastal surface water, suppresses upwellings, and alters much of the earth’s weather. La Niña is the reverse of this effect.


Every few years in the Pacific Ocean, normal shore upwellings (Figure 6-12, left) are affected by changes in climate patterns called the El Niño– Southern Oscillation, or ENSO (Figure 6-12, right).


Trace the flows and components of the diagram in Figure 6-12.


Figure 6-12 Normal trade winds blowing westward cause shore upwellings of cold, nutrient-rich bottom water in the tropical Pacific Ocean near the coast of Peru (left). A zone of gradual temperature change called the thermocline separates the warm and cold water. Every few years a climate shift known as the El Niño–Southern Oscillation (ENSO) disrupts this pattern. Westward-blowing trade winds weaken or reverse direction, which depresses the coastal upwellings and warms the surface waters off South America (right).


When an ENSO lasts 12 months or longer, it severely disrupts populations of plankton, fish, and seabirds in upwelling areas and can trigger extreme weather changes over much of the globe (see Figure 6-13).


Figure 6-11 A shore upwelling (shown here) occurs when deep, cool, nutrient-rich waters are drawn up to replace surface water moved away from a steep coast by wind flowing along the coast toward the equator. Such areas support large populations of phytoplankton, zooplankton, fish, and fish-eating birds. Equatorial upwellings occur in the open sea near the equator (Figure 6-6) when northward and southward currents interact to push deep waters and their nutrients to the surface, thus greatly increasing primary productivity in such areas.


Small amounts of certain gases play a key role in determining the earth’s average temperatures and thus its climates. These gases include water vapor (H2O), carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O).


Together these gases, known as greenhouse gases, allow mostly visible light and some infrared radiation and ultraviolet (UV) radiation from the sun to pass through the troposphere. The earth’s surface absorbs much of this solar energy. This transforms it to longer wavelength infrared radiation, which rises into the troposphere.


Some of this infrared radiation escapes into space and some is absorbed by molecules of greenhouse gases and emitted into the troposphere in all directions as even longer wavelength infrared radiation.


Some of this released energy is radiated into space and some warms the troposphere and the earth’s surface.


This natural warming effect of the troposphere is called the greenhouse effect, diagrammed in Figure 6-14 (p. 110).


The basic principle behind the natural greenhouse effect is well established. Indeed, without its current concentrations of greenhouse gases (especially water vapor, which is found in the largest concentration), the earth would be a cold and mostly lifeless planet.


Human activities such as burning fossil fuels, clearing forests, and growing crops release carbon dioxide, methane, and nitrous oxide into the troposphere.


There is concern that these large inputs of greenhouse gases can enhance the earth’s natural greenhouse effect and lead to global warming—more on this in Chapter 21. This could alter precipitation patterns, shift areas where we can grow crops, raise average sea levels, and shift areas where some types of plants and animals can live.


How Does Topography of the Earth’s Surface Affect Local Climate? Creating Deserts and Warming Cities


Mountains and cities affect local and regional climates.


Various topographic features of the earth’s surface can create local and regional climatic conditions that differ from the general climate of a region. For example, mountains interrupt the flow of prevailing surface winds and the movement of storms. When moist air blowing inland from an ocean reaches a mountain range, it cools as it is forced to rise and expand. This causes the air to lose most of its moisture as rain and snow on the windward (wind-facing) slopes.


As the drier air mass flows down the leeward (away from the wind) slopes, it draws moisture out of the plants and soil over which it passes. The lower precipitation and the resulting semiarid or arid conditions
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Drought Unusually high rainfall Unusually warm periods


El Niño Figure 6-13 Typical global climatic effects of an El Niño–Southern Oscillation. During the 1996–98 ENSO, huge waves battered the California coast, and torrential rains caused widespread flooding and mudslides. In Peru, floods and mudslides killed hundreds of people, left about 250,000 people homeless, and ruined harvests. Drought in Brazil, Indonesia, and Australia led to massive wildfires in tinder-dry forests. India and parts of Africa also experienced severe drought. A catastrophic ice storm hit Canada and the northeastern United States, but the southeastern United States had fewer hurricanes. (Data from United Nations Food and Agriculture Organization)


In an ENSO, often called El Niño, prevailing tropical trade winds blowing westward weaken or reverse direction. This warms up surface water along the South and North American coasts, which suppresses the normal upwellings of cold, nutrient-rich water.


The decrease in nutrients reduces primary productivity and causes a sharp decline in the populations of some fish species.


A strong ENSO can trigger extreme weather changes over at least two-thirds of the globe (Figure 6-13)—especially in lands along the Pacific and Indian Oceans—and distorts the fast-moving jet stream that flows high above North America.


La Niña, the reverse of El Niño, cools some coastal surface waters, and brings back upwellings. Typically La Niña means more Atlantic Ocean hurricanes, colder winters in Canada and the northeastern United States, and warmer and drier winters in the southeastern and southwestern United States. It also usually leads to wetter winters in the Pacific Northwest, torrential rains in Southeast Asia, lower wheat yields in Argentina, and more wildfires in Florida.


How Do Gases in the Atmosphere Affect Climate? The Natural Greenhouse Effect


Water vapor, carbon dioxide, and other gases influence climate by warming the lower troposphere and the earth’s surface.


6-3 BIOMES: CLIMATE AND LIFE ON LAND


Why Do Different Organisms Live in Different Places? Think Climate


Different climates lead to different communities of organisms, especially vegetation.


Why is one area of the earth’s land surface a desert, another a grassland, and another a forest? Why do different types of deserts, grasslands, and forests exist? The general answer to these questions is differences in climate (Figure 6-6), caused mostly by differences in
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The earth's surface absorbs much of the incoming solar radiation and degrades it to longer-wavelength infrared (IR) radiation, which rises into the lower atmosphere. Some of this IR radiation escapes into space as heat and some is absorbed by molecules of greenhouse gases and emitted as even longer wavelength IR radiation, which warms the lower atmosphere.


Rays of sunlight penetrate the lower atmosphere and warm the earth's surface.


(a) FPO


(b) (c) As concentrations of greenhouse gases rise, their molecules absorb and emit more infrared radiation, which adds more heat to the lower atmosphere.


Figure 6-14 Natural capital: the natural greenhouse effect. Without the atmospheric warming provided by this natural effect, the earth would be a cold and mostly lifeless planet. According to the widely accepted greenhouse theory, when concentrations of greenhouse gases in the atmosphere rise, the average temperature of the troposphere rises. (Modified by permission from Cecie Starr, Biology: Concepts and Applications, 4th ed., Brooks/Cole [Wadsworth] 2000) Prevailing winds pick up moisture from an ocean.


On the windward side of a mountain range, air rises, cools, and releases moisture.


On the leeward side of the mountain range, air descends, warms, and releases little moisture.


Moist habitats Dry habitats Figure 6-15 The rain shadow effect is a reduction of rainfall on the side of high mountains facing away from prevailing surface winds. It occurs when warm, moist air in prevailing onshore winds loses most of its moisture as rain and snow on the windward (wind-facing) slopes of a mountain range. This leads to semiarid and arid conditions on the leeward side of the mountain range and the land beyond. The Mojave Desert (east of the Sierra Nevada in California) and Asia’s Gobi Desert are produced by this effect.


on the leeward side of high mountains are called the rain shadow effect, (Figure 6-15). This is one way some deserts form.


Cities also create distinct microclimates. Bricks, concrete, asphalt, and other building materials absorb and hold heat, and buildings block wind flow. Motor vehicles and the climate control systems of buildings release large quantities of heat and pollutants. As a result, cities tend to have more haze and smog, higher temperatures, and lower wind speeds than the surrounding countryside.


Now that you have the basics of climate we can examine how it applies to ecology.


Average annual precipitation and temperature (as well as soil type, Figure 4-27, p. 75) are the most important factors in producing tropical, temperate, or polar deserts, grasslands, and forests (Figure 6-17, p. 112).


On maps such as the one in Figure 6-16, biomes are presented as having boundaries and being covered with the same general type of vegetation. In reality, biomes are not uniform. They consist of a mosaic of patches, with somewhat different biological communities but with similarities unique to the biome. These patches occur mostly because the resources plants and animals need are not uniformly distributed. Go to a natural area in or near where you live and see if you can find patches with different vegetation.
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Boreal forest (taiga), evergreen coniferous forest (e.g., montane coniferous forest) Temperate deciduous forest Temperate grassland Dry woodlands and shrub-lands (chaparral) Desert Tropical rain forest, tropical evergreen forest Tropical deciduous forest Tropical scrub forest Tropical savanna, thorn forest Semi-desert, arid grassland Mountains (complex zonation) Tropic of Cancer Equator Tropic of Capricorn Arctic tundra (polar grasslands) Ice


Figure 6-16 Natural capital: the earth’s major biomes—the main types of natural vegetation in different undisturbed land areas—result primarily from differences in climate. Each biome contains many ecosystems whose communities have adapted to differences in climate, soil, and other environmental factors. In reality, people have removed or altered much of this natural vegetation in some areas for farming, livestock grazing, lumber and fuel wood, mining, and construction.


average temperature and precipitation due to global air and water circulation (Figure 6-10).


Figure 6-16 shows how scientists have divided the world into 12 major biomes. They are terrestrial regions with characteristic types of natural ecological communities adapted to the climate of each region.


Study Figure 6-16 carefully and identify the type of biome you live in.


By comparing Figure 6-16 with Figure 6-6, you can see how the world’s major biomes vary with climate.


Make this comparison for the area where you live. Figure 4-10 (p. 62) shows major biomes in the United States as one moves through different climates along the 39th parallel.
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Polar Subpolar Tropical


Deciduous forest Chaparral Grassland Desert Desert Tropical seasonal forest Scrubland Savanna


Dry Wet Hot Cold


Tundra Coniferous forest


Temperate


Rain forest


Decreasing precipitation Decreasing temperature


Mountain ice and snow Tundra (herbs, lichens, mosses) Coniferous Forest Deciduous Forest Tropical Forest


Altitude Latitude


Polar ice and snow Tundra (herbs, lichens, mosses) Coniferous Forest Deciduous Forest Tropical Forest


Figure 6-17 Natural capital: average precipitation and average temperature, acting together as limiting factors over a period of 30 or more years, determine the type of desert, grassland, or forest biome in a particular area. Although the actual situation is much more complex, this simplified diagram explains how climate determines the types and amounts of natural vegetation found in an area left undisturbed by human activities. (Used by permission of Macmillan Publishing Company. From Derek Elsom, The Earth, 1992. Copyright © 1992 by Marshall Editions Developments Limited. New York: Macmillan. Used by permission.)


Figure 6-18 Generalized effects of altitude (left) and latitude (right) on climate and biomes. Parallel changes in vegetation type occur when we travel from the equator to the poles or from lowlands to mountaintops. This generalized diagram shows only on of many possible sequences.


Figure 6-18 (facing page) shows how climate and vegetation vary with latitude (distance from the equator) and altitude (elevation above sea level). If you climb a tall mountain from its base to its summit, you can observe changes in plant life similar to those you would encounter in traveling from the equator to the earth’s poles.


6-4 DESERT BIOMES


What Are the Major Types of Deserts? Hot, Medium, and Cold


Deserts have little precipitation and little vegetation and are found in tropical, temperate, and polar regions.


A desert is an area where evaporation exceeds precipitation.


Annual precipitation is low and often scattered unevenly throughout the year. Deserts have sparse, widely spaced, mostly low vegetation.


Deserts cover about 30% of the earth’s land surface and are found mostly in tropical and subtropical regions (Figure 6-16). The largest deserts are found in the interiors of continents, far from moist sea air and moisture-bearing winds. Other, more local deserts form on the downwind sides of mountain ranges because of the rain shadow effect (Figure 6-15).


During the day the baking sun warms the ground in the desert. At night, however, most of the heat stored in the ground radiates quickly into the atmosphere.


This occurs because desert soils have little vegetation and moisture to help store the heat and the skies are usually clear. This explains why in a desert you may roast during the day but shiver at night.


A combination of low rainfall and different average temperatures creates tropical, temperate, and cold deserts (Figures 6-17 and 6-19). Take a close look at the graphs in Figure 6-19.


Tropical deserts (Figure 6-19, left) are hot and dry most of the year. They have few plants and a hard, windblown surface strewn with rocks and some sand.


They are the deserts we often see in movies.


In temperate deserts, daytime temperatures are high in summer and low in winter and there is more precipitation than in tropical deserts (Figure 6-19, center).


The sparse vegetation consists mostly of widely dispersed, drought-resistant shrubs and cacti or other succulents adapted to the lack of water and temperature variations, as shown in Figure 6-20 (p. 114). Trace how nutrients and energy flow through the ecosystem in this diagram. In cold deserts, winters are cold, summers are warm or hot, and precipitation is low (Figure 6-19, right).


In the semiarid zones between deserts and grasslands, we find semi-desert. This biome is dominated by thorn trees and shrubs adapted to long dry spells followed by brief, sometimes heavy rains.


How Do Desert Plants and Animals Survive? Stay Cool and Get Water Any Way You Can


Desert plants and animals have a number of strategies for staying cool and getting enough water to survive in hot and dry climates.


Adaptations for survival in the desert have two themes.


One is beat the heat and the other is every drop of water counts. Desert plants exposed to the sunlight must conserve enough water for survival and lose enough heat so they do not overheat and die.


Desert plants have evolved a number of strategies for doing this. During long hot and dry spells plants


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


Temperate desert (Reno, Nevada)


Months 100 35 30 25 20 15 10 50 –5 –10 –15 –20 –25 –30 –35 –40 –45 90 80 70 60 50 40 30 20 10 0 –10 –20 –30 –40 –50


°C °F Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean monthly temperature 375 350 325 300 275 250 225 200 175 150 125 100 75 50 25 0 15 14 13 12 11 10 9876543210 in. mm Mean monthly precipitation 32°F Freezing point


Polar desert (northwest China)
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Tropical desert (Saudi Arabia)
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Figure 6-19 Climate graphs showing typical variations in annual temperature (the graphed line) and precipitation (the shaded area on the graph) in tropical, temperate, and polar (cold) deserts.


such as mesquite and creosote drop their leaves to survive in a dormant state. Succulent


(fleshy) plants, such as the saguaro (“sah-WAH-ro”) cactus, have three adaptations.


They have no leaves, which can lose water by evapotranspiration.


They store water and synthesize food in their expandable, fleshy tissue.


And they reduce water loss by opening their pores (stomata) to take up carbon dioxide (CO2) only at night. What a great evolutionary solution to a difficult problem.


Some desert plants use deep roots to tap into groundwater.


Others such as prickly pear (Figure 6-20) and saguaro cacti use widely spread, shallow roots to collect water after brief showers and store it in their spongy tissue.


Evergreen plants conserve water by having wax-coated leaves that minimize evapotranspiration. Others, such as annual wildflowers and grasses, store much of their biomass in seeds that remain inactive, sometimes for years, until they receive enough water to germinate. Shortly after a rain these seeds germinate, grow, carpet some deserts with a dazzling array of colorful flowers, produce new seed, and die, all in only a few weeks.


Most desert animals are small. Some beat the heat by hiding in cool burrows or rocky crevices by day and coming out at night or in the early morning. Others become dormant during periods of extreme heat or drought.


Some desert animals have physical adaptations for conserving water. Insects and reptiles have thick outer coverings to minimize water loss through evaporation, and their wastes are dry feces and a dried concentrate of urine. Many spiders and insects get their water from dew or from the food they eat. Arabian oryxes survive by licking the dew that accumulates at night on rocks and on one another’s hair.


Figure 6-21 shows major human impacts on deserts. What are the direct or indirect effects of your lifestyle on desert biomes?


Deserts take a long time to recover from disturbances because of their slow plant growth, low species diversity, slow nutrient cycling (because of little bacterial activity in their soils), and lack of water. Desert vegetation destroyed by livestock overgrazing and off-road vehicles may take decades to grow back.
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Producer to primary consumer Primary to secondary consumer Secondary to higher-level consumer All producers and consumers to decomposers Agave


Agave Gambel's quail Red-tailed hawk Yucca Jack rabbit Collared lizard Roadrunner


Roadrunner Diamondback rattlesnake Diamondback rattlesnake


Darkling beetle


Darkling beetle


Prickly pear cactus


Prickly pear cactus Bacteria


Bacteria Fungi


Fungi Kangaroo rat


Kangaroo rat Figure 6-20 Natural capital:


some components and interactions in a temperate desert ecosystem. When these organisms die, decomposers break down their organic matter into minerals that plants use. Colored arrows indicate transfers of matter and energy between producers, primary consumers (herbivores), secondary, or higher-level, consumers (carnivores), and decomposers. Organisms are not drawn to scale.


Grasslands, or prairies, are regions with enough average annual precipitation to support grasses (and in some areas, a few trees). Most grasslands are found in the interiors of continents (Figure 6-16).


Grasslands persist because of a combination of seasonal drought, grazing by large herbivores, and occasional fires—all of which keep large numbers of shrubs and trees from growing. The three main types of grasslands—tropical, temperate, and polar (tundra) —result from combinations of low average precipitation and various average temperatures (Figures 6-17 and 6-22). Take a close look at the graphs in Figure 6-22.


What Are Tropical Grasslands and Savannas?


Hot with On-and-Off Rain


Savannas are hot places that have rain, except during dry seasons, and enormous herds of hoofed animals occupying different ecological niches.


One type of tropical grassland, called a savanna, usually has warm temperatures year-round, two prolonged dry seasons, and abundant rain the rest of the year (Figure 6-22, left). African tropical savannas contain enormous herds of grazing (grass- and herb-eating) and browsing (twig- and leaf-nibbling) hoofed animals that feed on a wide variety of savanna plants, as shown in Figure 6-23 (p. 116). In this diagram, note the number of different niches that allow these animals to coexist.


As part of their niches, these and other large herbivores have evolved specialized eating habits that minimize competition between species for vegetation. For example, giraffes eat leaves and shoots from the tops of trees, elephants eat leaves and branches further down, Thompson’s gazelles and wildebeests prefer short grass, and zebras graze on longer grass and stems.
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6-5 GRASSLAND, TUNDRA, AND CHAPARRAL BIOMES


What Are the Major Types of Grasslands?


Hot, Mild, and Cold


Grasslands have enough precipitation to support grasses but not enough to support large stands of trees and are found in tropical, temperate, and Polar Regions.


Temperate grassland (Lawrence, Kansas)
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Polar grassland (arctic tundra) (Fort Yukon, Alaska)
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Tropical grassland (savanna) (Harare, Zimbabwe)
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Figure 6-22 Climate graphs showing typical variations in annual temperature (the graphed line) and precipitation (the shaded area on the graph) in tropical, temperate, and polar (arctic tundra) grasslands.


Natural Capital Degradation Deserts 


Large desert cities Soil destruction by off-road vehicles and urban development Soil salinization from irrigation Depletion of underground water supplies Land disturbance and pollution from mineral extraction Storage of toxic and radioactive wastes Large arrays of solar cells and solar collectors used to produce electricity


Figure 6-21 Natural capital degradation: major human impacts on the world’s deserts.


Many large savanna animal species are killed for their economically valuable coats and parts (tigers), tusks (rhinoceroses), and ivory tusks (elephants).


Humans have attempted to raise cattle in some savanna areas. Often these herds have helped convert savannas to deserts. One reason is that cattle require a lot more water than native herbivores (Figure 6-23) that are better adapted to the savanna climate. To get enough water the cattle must move back and forth between water holes. This frequent movement reduces
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Figure 6-23 Natural capital: some of the grazing animals found in different parts of the African savanna.


These species share vegetation resources by occupying different feeding niches.
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their meat yield, tramples vegetation, and compacts large areas of soil.


Another problem is that cattle have moist droppings.


As the droppings dry, they heat up in the sun, kill the grass underneath, and form patches of a nearly impenetrable soil covering (sometimes called fecal pavement).


In contrast, native herbivores, such as antelope, produce dry fecal pellets that are readily decomposed with the nutrients returned to the soil. This illustrates a basic ecological rule: Do not try to raise a plant or animal in an environment to which it is not adapted.


What Are Temperate Grasslands? Good Weather and Soils for Crops and Livestock


Temperate grasslands with cold winters and hot and dry summers have deep and fertile soils that make them widely used for growing crops and grazing cattle.


Golden eagle Pronghorn antelope Grasshopper sparrow Grasshopper Bacteria Fungi Prairie coneflower Prairie dog Blue stem grass Coyote


Golden eagle Producer to primary consumer Primary to secondary consumer Secondary to higher-level consumer All producers and consumers to decomposers Pronghorn antelope Grasshopper sparrow Grasshopper Bacteria Fungi Prairie coneflower Prairie dog Blue stem grass Coyote


Figure 6-24 Natural capital: some components and interactions in a temperate tall-grass prairie ecosystem in North America. When these organisms die, decomposers break down their organic matter into minerals that plants use. Colored arrows indicate transfers of matter and energy between producers, primary consumers (herbivores), secondary, or higher-level, consumers (carnivores), and decomposers. Organisms are not drawn to scale.


Temperate grasslands cover vast expanses of plains and gently rolling hills in the interiors of North and South America, Europe, and Asia (Figure 6-16). In these grasslands, winters are bitterly cold, summers are hot and dry, and annual precipitation is fairly sparse and falls unevenly through the year (Figure 6-22, center).


Because the aboveground parts of most of the grasses die and decompose each year, organic matter accumulates to produce a deep, fertile soil (Figure 4-27, top right, p. 75). This soil is held in place by a thick network of intertwined roots of drought-tolerant grasses unless the topsoil is plowed up and allowed to blow away by prolonged exposure to high winds found in these biomes. The natural grasses are also adapted to fires ignited by lightning or set deliberately. The fires burn the plant above the ground but do not harm the roots, from which new life can spring.


Types of temperate grasslands in North America are the tall-grass prairies (Figure 6-24) and short-grass prairies of the mid-western and western United States and Canada.


Trace the nutrient and energy flows and transfers in Figure 6-24.


Here winds blow almost continuously, and evaporation is rapid, often leading to fires in the summer and fall.
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Figure 6-25 Natural capital degradation: replacement of a temperate grassland with a monoculture crop in California.


When the tangled root network of natural grasses is removed, the fertile topsoil is subject to severe wind erosion unless it is covered with some type of vegetation.


National Archives/EPA Documerica


Many of the world’s natural temperate grasslands have disappeared because they are great places to grow crops (Figure 6-25) and graze cattle. They are often flat, easy to plow, and have fertile, deep soils.


However, plowing breaks up the soil and leaves it vulnerable to erosion by wind and water, and overgrazing can transform grasslands to semi-desert or desert.


With the elimination of the bison (p. 20) and with plows that could break the dense turf, North America’s long-grass prairies have become breadbaskets that produce huge quantities of grain. Only tiny protected remnants of the original prairies remain.


On the western short-grass prairie, cattle and sheep have replaced antelope and bison. Much of the sagebrush desert of the American West is the result of overgrazing of short-grass prairie.


What Are Polar Grasslands? Bitterly Cold Plains


Polar grasslands are covered with ice and snow except during a brief summer.


Polar grasslands, or arctic tundra, occur just south of the arctic polar ice cap (Figure 6-16). During most of the year these treeless plains are bitterly cold (Figure 6-22, right), swept by frigid winds, and covered with ice and snow. Winters are long and dark, and the scant precipitation falls mostly as snow, making this a “freezing desert.” This biome is carpeted with a thick, spongy mat of low-growing plants, primarily grasses, mosses, and dwarf woody shrubs, as shown in Figure 6-26. Trace the energy flows and nutrient transfers in this diagram.


Trees or tall plants cannot survive in the cold and windy tundra because they would lose too much of their heat. Most of the annual growth of the tundra’s plants occurs during the 6- to 8-week summer, when sunlight shines almost around the clock.


One effect of the extreme cold is permafrost, a perennially frozen layer of the soil that forms not far below the surface when the water there freezes. During the brief summer the permafrost layer keeps melted snow and ice from soaking into the ground.


Then the waterlogged tundra forms a large number of shallow lakes, marshes, bogs, ponds, and other seasonal wetlands. Hordes of mosquitoes, blackflies, and other insects thrive in these shallow surface pools.


They feed large colonies of migratory birds (especially waterfowl) that return from the south to nest and breed in the bogs and ponds.


The arctic tundra’s permanent animal residents are mostly small herbivores such as lemmings, hares, voles, and ground squirrels that burrow underground to escape the cold. Predators such as the lynx, weasel, snowy owl, and arctic fox eat them. Animals in this biome survive the intense winter cold through adaptations such as thick coats of fur (arctic wolf, arctic fox, and musk oxen), feathers (snowy owl), and living underground (arctic lemming).


Because of the cold, decomposition is slow. With low decomposer populations, the soil is poor in organic matter and in nitrates, phosphates, and other minerals. Human activities—mostly oil drilling sites, pipelines, mines, and military bases—leave scars that persist for centuries.


Another type of tundra, called alpine tundra, occurs above the limit of tree growth but below the per-
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Producer to primary consumer Primary to secondary consumer Secondary to higher-level consumer All producers and consumers to decomposers Moss campion Mountain cranberry Lemming Dwarf willow Willow ptarmigan Mosquito Grizzly bear Snowy owl Long-tailed jaeger Caribou Arctic fox Horned lark


Figure 6-26 Natural capital: some components and interactions in an arctic tundra (polar grassland) ecosystem. When these organisms die, decomposers break down their organic matter into minerals that plants use. Colored arrows indicate transfers of matter and energy between producers, primary consumers (herbivores), secondary, or higher-level, consumers (carnivores), and decomposers. Organisms are not drawn to scale.


biome known as temperate shrub land or chaparral.


Closeness to the sea provides a slightly longer winter rainy season than nearby temperate deserts have, and fogs during the spring and fall reduce evaporation.


Chaparral consists mostly of dense growths of low-growing evergreen shrubs and occasional small trees with leathery leaves that reduce evaporation.


During the long, hot and dry summers, chaparral vegetation becomes very dry and highly flammable. In the fall, fires started by lightning or human activities spread with incredible swiftness.


Research reveals that chaparral is adapted to and maintained by periodic fires. Many of the shrubs store food reserves in their fire-resistant roots and have seeds that sprout only after a hot fire. With the first rain, annual grasses and wildflowers spring up and manent snow line on high mountains (Figure 6-18, left). The vegetation is similar to that found in arctic tundra, but it gets more sunlight than arctic vegetation and has no permafrost layer.


Figure 6-27 (p. 120) lists major human impacts on grasslands. What are the direct and indirect effects of your lifestyle on grassland biomes?


What Is Chaparral? Great Place to Live but Beware of Fires and Mudslides


This temperate shrub land has a wonderful climate but is subject to fires in the fall followed by flooding and mudslides.


In many coastal regions that border on deserts, such as southern California and the Mediterranean, we find a
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Polar evergreen coniferous forest (boreal forest, taiga) (Moscow, Russia)
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Figure 6-28 Climate graphs showing typical variations in annual temperature (the graphed line) and precipitation (the shaded area on the graph) in tropical, temperate, and polar forests.


use nutrients released by the fire. New shrubs grow quickly and crowd out the grasses.


People like living in this biome because of its favorable climate. But those living in chaparral assume the high risk of losing their homes and possibly their lives to frequent fires and mudslides.


Some people in southern California learned this lesson in the fall of 2003 when fires raging through chaparral areas destroyed several thousand homes and killed 20 people. After fires often comes the hazard of flooding and mudslides; when heavy rains come, great torrents of water pour off the unprotected burned hillsides to flood lowland areas. Bottom line. Chaparral has a great climate but is a risky place to live.


6-6 FOREST BIOMES


What Are the Major Types of Forests? Hot, Mild, and Cold


Forests have enough precipitation to support stands of trees and are found in tropical, temperate, and Polar Regions.


Undisturbed areas with moderate to high average annual precipitation tend to be covered with forest, which contains various species of trees and smaller forms of vegetation. The three main types of forest— tropical, temperate, and boreal (polar)—result from combinations of this precipitation level and various average temperatures (Figures 6-16 and 6-28). Take a close look at the graphs in Figure 6-28.


What Are Tropical Rain Forests? Centers of Biodiversity


These forests have heavy rainfall on most days and have a diversity of life forms occupying a variety of specialized niches in distinct layers.


Tropical rain forests are found near the equator, where hot, moisture-laden air rises and dumps its moisture (Figure 6-10). Trace the nutrient flows and energy transfers in Figure 6-29. These forests have a warm annual mean temperature (which varies little either daily or seasonally), high humidity, and heavy rainfall almost daily (Figure 6-28, left).


Natural Capital Degradation Grasslands


Conversion of savanna and temperate grassland to cropland Release of CO2 to atmosphere from burning and conversion of grassland to cropland Overgrazing of tropical and temperate grasslands by livestock Damage to fragile arctic tundra by oil production, air and water pollution, and off-road vehicles


Figure 6-27 Natural capital degradation: major human impacts on the world’s grasslands.
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Harpy eagle Ocelot Squirrel monkeys Katydid Green tree snake Tree frog Bromeliad Bacteria Fungi Ants Slaty-tailed trogon Climbing monstera palm Blue and gold macaw


Harpy eagle Producer to primary consumer Primary to secondary consumer Secondary to higher-level consumer All producers and consumers to decomposers Ocelot Squirrel monkeys Katydid Green tree snake Tree frog Bromeliad Bacteria Fungi Ants Slaty-tailed trogon Climbing monstera palm Blue and gold macaw


Figure 6-29 Natural capital: some components and interactions in a tropical rain forest ecosystem. When these organisms die, decomposers break down their organic matter into minerals that plants use. Colored arrows indicate transfers of matter and energy between producers, primary consumers (herbivores), secondary, or higher-level, consumers (carnivores), and decomposers. Organisms are not drawn to scale.


Tropical rain forests are dominated by broadleaf evergreen plants, which keep most of their broad leaves year-round. Typically, this biome’s huge trees have shallow roots and wide bases that support their massive weight. The tops of the trees form a dense canopy which blocks most light from reaching the forest floor. Many of the plants that live at the ground level have enormous leaves to capture what little sunlight filters through to the dimly lit forest floor.


Individual trees may be draped with vines that reach to their tops to gain access to sunlight. Their trunks and branches may contain large numbers of epiphytes (or air plants), such as some types orchids and other plants. These plants grow without soil, get water from the humid air and rain, and receive nutrients falling from the trees’ upper leaves and limbs.


Tropical rain forests are teeming with life and have incredible biological diversity. These diverse life forms occupy a variety of specialized niches in distinct layers, based in the plants’ case mostly on their need for sunlight, as shown in Figure 6-30 (p. 122). Much of the animal life, particularly insects, bats, and birds, lives in the sunny canopy layer, with its abundant shelter and supplies of leaves, flowers, and fruits. To study life in the canopy, ecologists climb trees, use tall construction cranes, and build platforms and boardwalks in the upper canopy.


Stratification of specialized plant and animal niches in the layers of a tropical rain forest enables coexistence of a great variety of species. Although these forests cover only about 2% of the earth’s land surface, they are habitats for at least half of the earth’s terrestrial species.


Dropped leaves, fallen trees, and dead animals decompose quickly because of the warm, moist conditions and hordes of bacteria, fungi, insects, and other detritivores. This rapid recycling of scarce soil nutrients is why little litter is found on the ground. Instead of being stored in the soil, most nutrients released by decomposition are taken up quickly and stored by trees, vines, and other plants. This explains why tropical rain forest soils have so few plant nutrients (Figure 4-27, bottom left, p. 75). Because of their poor soils, these are not good places to clear and grow crops or graze cattle.


What Are Temperate Deciduous Forests?


Seasonal Changes and Beautiful Colors


Most of the trees in these forests survive winter by dropping their leaves, which decay and produce a nutrient-rich soil.


Temperate deciduous forests grow in areas with moderate average temperatures that change significantly with the season. Trace the nutrient transfers and energy flows in Figure 6-31 (p. 123). These areas have long, warm summers, cold but not too severe winters, and abundant precipitation, often spread fairly evenly throughout the year (Figure 6-28, center).


This biome is dominated by a few species of broadleaf deciduous trees such as oak, hickory, maple, poplar, and beech. They survive cold winters by dropping their leaves in the fall and becoming dormant.


Each spring they grow new leaves that change in the fall into an array of red and gold before dropping.


Temperate deciduous forests have fewer tree species than tropical rain forests. But the penetration of more sunlight supports a richer diversity of plant life at ground level. Because of the fairly low rate of decomposition, these forests accumulate a thick layer
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Figure 6-30 Natural capital: stratification of specialized plant and animal niches in various layers of a tropical rain forest. The presence of these specialized niches enables species to avoid or minimize competition for resources and results in the coexistence of a great variety of species.


of slowly decaying leaf litter that is a storehouse of nutrients (Figure 4-27, bottom middle, p. 75).


The temperate deciduous forests of the eastern United States were once home for such large predators as bears, wolves, foxes, wildcats, and mountain lions (pumas). Today most of the predators have been killed or displaced, and the dominant mammal species often is the white-tailed deer, along with smaller mammals such as squirrels, rabbits, opossums, raccoons, and mice. Some of these diverse forests have been cleared and replaced with tree plantations consisting of only one tree species (see photo on p. vi).


Warblers, robins, and other bird species migrate to these forests during the summer to feed and breed.


Many of these species are declining in numbers because of loss or fragmentation of their summer and winter habitats.


What Are Evergreen Coniferous Forests?


Green and Cold


These forests in cold climates consist mostly of cone-bearing evergreen trees that keep their needles year-round to help the trees survive long and cold winters.


Evergreen coniferous forests, also called boreal forests and taigas (“TIE-guhs”), are found just south of the arctic tundra in northern regions across North America, Asia, and Europe (Figure 6-16). In this subarctic climate, winters are long, dry, and extremely cold,
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Bacteria Fungi Long-tailed weasel Wood frog Racer May beetle Shagbark hickory Mountain winterberry Metallic wood-boring beetle and larvae White-tailed deer White-footed mouse Gray squirrel White oak Hairy woodpecker Broad-winged hawk


Figure 6-31 Natural capital:


some components and interactions in a temperate deciduous forest ecosystem. When these organisms die, decomposers break down their organic matter into minerals that plants use.


Colored arrows indicate transfers of matter and energy between producers, primary consumers (herbivores), secondary, or higher-level, consumers (carnivores), and decomposers. Organisms are not drawn to scale.


Producer to primary consumer Primary to secondary consumer Secondary to higher-level consumer All producers and consumers to decomposers


Bacteria Fungi Bunchberry Pine sawyer beetle and larvae Snowshoe hare White spruce Marten Great horned owl Blue jay Balsam fir Moose Wolf Bebb willow Starflower


Bacteria Fungi Bunchberry Pine sawyer beetle and larvae Snowshoe hare White spruce Marten Great horned owl Blue jay Balsam fir Moose Wolf Bebb willow Starflower


124 CHAPTER 6 Climate and Terrestrial Biodiversity


Figure 6-32 Natural capital:


some components and interactions in an evergreen coniferous (boreal or taiga) forest ecosystem.


When these organisms die, decomposers break down their organic matter into minerals that plants use. Colored arrows indicate transfers of matter and energy between producers, primary consumers (herbivores), secondary, or higher-level, consumers (carnivores), and decomposers.


Organisms are not drawn to scale.


Beneath the stands of trees is a deep layer of partially decomposed conifer needles and leaf litter. Decomposition is slow because of the low temperatures, waxy coating of conifer needles, and high soil acidity.


As the conifer needles decompose, they make the thin, nutrient-poor soil acidic and prevent most other plants (except certain shrubs) from growing on the forest floor (Figure 4-27, bottom right, p. 75).


These biomes contain a variety of wildlife, as depicted in Figure 6-32. Trace the flow of energy and nutrients in this diagram. During the brief summer the soil becomes waterlogged, forming acidic bogs, or muskegs, in low-lying areas of these forests. Warblers with sunlight available only 6–8 hours a day in the northernmost taiga. Summers are short, with mild to warm temperatures (Figure 6-28, right), and the sun typically shines 19 hours a day.


Most boreal forests are dominated by a few species of coniferous (cone-bearing) evergreen trees such as spruce, fir, cedar, hemlock, and pine that keep some of their narrow-pointed leaves (needles) all year long.


This adaptation also allows the trees to take advantage of the brief summers without having to take time to grow new needles. Plant diversity is low because few species can survive the winters when soil moisture is frozen.
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6-7 MOUNTAIN BIOMES


Why Are Mountains Ecologically Important?


High-Altitude Biodiversity Sanctuaries


Mountains are high-elevation forested islands of biodiversity and often have snow-covered peaks that reflect solar radiation and gradually release water to lower-elevation streams and ecosystems.


Some of the world’s most spectacular and important environments are mountains, which make up almost a fourth of the world’s land surface. Mountains are places where dramatic changes in altitude, climate, soil, and vegetation take place over a very short distance (Figure 6-18, left).


Because of the steep slopes, mountain soils are especially prone to erosion when the vegetation holding them in place is removed by natural disturbances (such as landslides and avalanches) or human activities (such as timber cutting and agriculture). Many freestanding mountains are islands of biodiversity surrounded by a sea of lower-elevation landscapes transformed by human activities.


Mountains play important ecological roles. They contain the majority of the world’s forests, which are habitats for much of the world’s terrestrial biodiversity.


They often are habitats for endemic species found nowhere else on earth, and they serve as sanctuaries for animal species driven from lowland areas.


They also help regulate the earth’s climate when their snow- and ice-covered tops reflect solar radiation back into space. Mountains affect sea levels as a result of decreases or increases in glacial ice—most of which is locked up in Antarctica (the most mountainous of all continents). Finally, mountains play a critical role in the hydrologic cycle by gradually releasing melting ice, snow, and water stored in the soils and vegetation of mountainsides to small streams.


Despite their ecological, economic, and cultural importance, the fate of mountain ecosystems has not been a high priority of governments or many environmental organizations. Mountain ecosystems are coming under increasing pressure from several human activities (Figure 6-34, p. 126). What direct or indirect impacts does your lifestyle have on mountain biomes?


In this chapter we examined the connections among weather, climate, and the distribution of the earth’s terrestrial biomes. Three general ecological lessons emerge from this study. First, different climates occur as a result of currents of air and water flowing over an unevenly heated planet spinning on a tilted axis. Second, different climates result in different communities of organisms, or biomes. Third, everything is connected.


Natural Capital Degradation Forests 


Clearing and degradation of tropical forests for agriculture, livestock grazing, and timber harvesting Clearing of temperate deciduous forests in Europe, Asia, and North America for timber, agriculture, and urban development Clearing of evergreen coniferous forests in North America, Finland, Sweden, Canada, Siberia, and Russia Conversion of diverse forests to less biodiverse tree plantations Damage to soils from off-road vehicles


Figure 6-33 Natural capital degradation: major human impacts on the world’s forests.


and other insect-eating birds feed on hordes of flies, mosquitoes, and caterpillars.


What Are Temperate Rain Forests? Dripping Green Giants and Mosses


Coastal areas support huge cone-bearing evergreen trees such as redwoods and Douglas fir in a cool and moist environment.


Coastal coniferous forests or temperate rain forests are found in scattered coastal temperate areas with ample rainfall or moisture from dense ocean fogs. Dense stands of large conifers such as Sitka spruce, Douglas fir, and redwoods dominate undisturbed areas of these biomes along the coast of North America, from Canada to northern California.


Most of the trees are evergreen because the abundance of water means that they have no need to shed their leaves. Tree trunks and the ground are frequently covered with mosses and ferns in this cool and moist environment. As in tropical rain forests, little light reaches the forest floor.


The ocean moderates the temperature so winters are mild and summers are cool. The trees in these moist forests depend on frequent rains and moisture from summer fog that rolls in off the Pacific.


Figure 6-33 lists major human impacts on the world’s forests. What direct and indirect impacts does your lifestyle have on forest biomes?


When we try to pick out anything by itself, we find it hitched to everything else in the universe.


JOHN MUIR


CRITICAL THINKING


1. List a limiting factor for each of the following ecosystems:


(a) a desert, (b) arctic tundra, (c) alpine tundra,


(d) the floor of a tropical rain forest, and (e) a temperate deciduous forest.


2. Why do deserts and arctic tundra support a much smaller biomass of animals than do tropical forests?


3. Some biologists have suggested restoring large herds of bison on public lands in the North American plains as a way of restoring remaining tracts of tall-grass prairie.


Ranchers with permits to graze cattle and sheep on federally managed lands have strongly opposed this idea. Do you agree or disagree with the idea of restoring large numbers of bison to the plains of North America? Explain.


4. Why do most animals in a tropical rain forest live in its trees?


5. What biomes are best suited for (a) raising crops and


(b) grazing livestock?


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


PROJECTS


1. How has the climate changed in the area where you live during the past 50 years? Investigate the beneficial and harmful effects of these changes. How have these changes benefited or harmed you personally?


2. What type of biome do you live in? What have been the major effects of human activities over the past 50 years on the characteristic vegetation and animal life normally found in the biome you live in? How is your lifestyle affecting this biome?


3. Use the library or the Internet to find bibliographic information about Robert H. MacArthur and John Muir, 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 6, and select a learning resource.
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Figure 6-34 Natural capital degradation: major human impacts on the world’s mountains.


Natural Capital Degradation Mountains 


Landless poor migrating uphill to survive Timber extraction Mineral resource extraction Hydroelectric dams and reservoirs Increasing tourism (such as hiking and skiing) Air pollution from industrial and urban centers Increased ultraviolet radiation from ozone depletion Soil damage from off-road vehicles


