Chapter 7: Aquatic Biodiversity


Case Study


Why Should We Care about Coral Reefs?


In the shallow coastal zones of warm tropical and subtropical oceans we often find coral reefs (Figure 7-1, left). These stunningly beautiful natural wonders are among the world’s oldest, most diverse, and most productive ecosystems.


Coral reefs are formed by massive colonies of tiny animals called polyps. They slowly build reefs by secreting a protective crust of limestone (calcium carbonate) around their soft bodies.


When the polyps die, their empty crusts remain as a platform for more reef growth. The result is an elaborate network of crevices, ledges, and holes that serve as calcium carbonate “condominiums” for a variety of marine animals.


Coral reefs involve a mutually beneficial relationship between the polyps and tiny single-celled algae called zooxanthellae (“zoh-ZAN-thel-ee”) that live in the tissues of the polyps. The algae provide the polyps with color, food, and oxygen through photosynthesis and help produce calcium carbonate, which forms the coral skeleton. The polyps in turn provide the algae with a well-protected home and some of their nutrients. This is a win-win deal for both species.


Coral reefs provide a number of important ecological and economic services. When coral polyps form their limestone shells they remove carbon dioxide from the atmosphere as part of the carbon cycle.


Coral reefs act as natural barriers that help protect about 15% of the world’s coastlines from erosion by battering waves and storms. They also support at least one-fourth of all identified marine species and about two-thirds of marine fish species and produce about a tenth of the global fish catch.


The reefs provide jobs and building materials (which can help destroy the reefs) for some of the world’s poorest countries and support fishing and tourism industries worth billions of dollars each year.


Finally, these biological treasures give us an underwater world to study and enjoy. Coral reefs provide these free ecological and economic services while occupying less than 0.1% of the world’s ocean area— amounting to an area about half the size of France.


They are true wonders of biodiversity!


Bad news. More than one-fourth of the world’s coral reefs have been lost to coastal development, pollution, over fishing, warmer ocean temperatures, and other stresses. And these threats are increasing.


One problem is coral bleaching (Figure 7-1, right). It occurs when a coral becomes stressed and expels most of its colorful algae, leaving an underlying ghostly white skeleton of calcium carbonate. Two causes are increased water temperature and runoff of silt that covers the coral and prevents photosynthesis. Unable to grow or repair themselves, the corals eventually die unless the stress is removed and algae re-colonize them.


Aquatic scientists view coral reefs as “aquatic biodiversity savings banks” and sensitive biological indicators of environmental conditions in their aquatic environment. The decline and degradation of these colorful oceanic sentinels should serve as a warning about the health of their habitats and the oceans that provide us with crucial ecological and economic services.


Figure 7-1 A healthy coral reef covered by colorful algae (left) and a bleached coral reef that has lost most of its algae (right) because of changes in the environment (such as cloudy water or too warm temperatures). With the algae gone, the white limestone of the coral skeleton becomes visible. If the environmental stress is not removed and no other alga species fill the abandoned niche, the corals die. These diverse and productive ecosystems are being damaged and destroyed at an alarming rate.


Water Waste Treatment Biodiversity


If there is magic on this planet, it is contained in water.


LOREN EISLEY


This chapter addresses the following questions:


What are the basic types of aquatic life zones, and what factors influence the kinds of life they contain?


What are the major types of saltwater life zones, and how do human activities affect them?


What are the major types of freshwater life zones, and how do human activities affect them?


How can we help sustain aquatic life zones?


7-1 AQUATIC ENVIRONMENTS


What Are the Two Major Types of Aquatic Life Zones? Salty and Fresh


Saltwater and freshwater aquatic life zones cover almost three-fourths of the earth’s surface.


The aquatic equivalents of biomes are called aquatic life zones. The major types of organisms found in aquatic environments are determined by the water’s salinity— the amounts of various salts such as sodium chloride (NaCl) dissolved in a given volume of water. As a result, aquatic life zones are divided into two major types: saltwater or marine (such as estuaries, coastlines, coral reefs, coastal marshes, mangrove swamps, and oceans) and freshwater (such as lakes, ponds, streams, rivers, and inland wetlands). Figure 7-2 shows the distribution of the world’s major oceans, lakes, rivers, coral reefs, and mangroves.


The world’s saltwater and freshwater aquatic systems cover about 71% of the earth’s surface. We can think of the world’s rivers, streams, lakes, and oceans as a giant circulatory system transporting water from one place to another as part of the earth’s water cycle (Figure 4-28, p. 76). These aquatic systems also play vital roles in the earth’s biological productivity, climate, biogeochemical cycles, and biodiversity.


What Kinds of Organisms Live in Aquatic Life Zones? Floaters, Swimmers, Crawlers, and Decomposers


Aquatic systems contain floating, drifting, swimming, bottom-dwelling, and decomposer organisms.
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Figure 7-2 Natural capital: distribution of the world’s major saltwater oceans, coral reefs, mangroves, and freshwater lakes and rivers.


Saltwater and freshwater life zones contain four major types of organisms. One group consists of weakly swimming, free-floating plankton carried by currents.


There are three major types of plankton. One is phytoplankton (“FIE-toe-plank-ton,” Greek for “drifting plants”), or plant plankton. They and many types of algae are the producers that support most aquatic food chains and food webs. Another type is zooplankton (“ZOE-oh-plank-ton”, Greek for “drifting animals”), or animal plankton. They consist of primary consumers (herbivores) that feed on phytoplankton and secondary consumers that feed on other zooplankton.


They range from single-celled protozoa to large invertebrates such as jellyfish.


Improved technologies for filtering and analyzing water have revealed huge populations of much smaller plankton called ultraplankton—photosynthetic bacteria no more than 2 micrometers (40 millionths of an inch) wide. Scientists estimate that these extremely small plankton may be responsible for 70% of the primary productivity near the ocean surface.


A second group of organisms consists of nekton, strongly swimming consumers such as fish, turtles, and whales. A third group, called benthos, dwells on the bottom. Examples are barnacles and oysters that anchor themselves to one spot, worms that burrow into the sand or mud, and lobsters and crabs that walk about on the bottom. A fourth group consists of decomposers (mostly bacteria) that break down the organic compounds in the dead bodies and wastes of aquatic organisms into simple nutrient compounds for use by producers.


How Do Aquatic Systems Differ from Terrestrial Systems? Living without Boundaries and Large Temperature Fluctuations


Living in water has its benefits and drawbacks.


Living in an aquatic environment has advantages and disadvantages (Figure 7-3). Several differences between aquatic and terrestrial systems also hinder the ability of researchers to understand aquatic systems.


One is that aquatic systems have less pronounced and fixed physical boundaries than terrestrial ecosystems.


This makes it difficult to count and manage populations of aquatic organisms.


Also, food chains and webs in aquatic systems are usually more complex and longer than those in terrestrial biomes. One reason is that the fluid medium of water systems and the variety of bottom habitats open up ways of getting food that are not available on land.


Another difference is that aquatic systems (especially marine systems) are more difficult to monitor and study than terrestrial systems because of their size and because they are largely hidden from view.


What Factors Limit Life at Different Depths in Aquatic Life Zones? Living in Layered Zones


Life in aquatic systems is found in surface, middle, and bottom layers.


Most aquatic life zones can be divided into three layers: surface, middle, and bottom. A number of environmental factors determine the types and numbers of organisms found in these layers. Examples are temperature, access to sunlight for photosynthesis, dissolved oxygen content, and availability of nutrients such as carbon (as dissolved CO2 gas), nitrogen (as NO3_), and phosphorus (mostly as PO4 3_) for producers.


In deep aquatic systems, photosynthesis is confined mostly to the upper layer, or euphotic zone, through which sunlight can penetrate. The depth of the euphotic zone in oceans and deep lakes can be reduced by excessive algal growth (algal blooms) clouding the water.


Dissolved O2 levels are higher near the surface because oxygen-producing photosynthesis takes place
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Living in Water


Advantages Disadvantages


Cannot tolerate a wide temperature range • Exposure to dissolved pollutants • Fluctuating population size for many species • Dispersion separates many aquatic offspring from parents • Physical support from water buoyancy • Fairly constant temperature • Nourishment from dissolved nutrients • Water availability • Easy dispersement of organisms, larvae, and eggs • Less exposure to harmful UV radiation • Dilution and dispersion of pollutants


Trade-Offs


Figure 7-3 Trade-offs: advantages and disadvantages of living in water.


Oceans have two major life zones: the coastal zone and the open sea (Figure 7-6). The coastal zone is the warm, nutrient-rich, shallow water that extends from the high-tide mark on land to the gently sloping, shal-
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Marine Ecosystems


Ecological Services Economic Services


Food Animal and pet feed (fish meal) Pharmaceuticals Harbors and transportation routes Coastal habitats for humans Recreation Employment Offshore oil and natural gas Minerals Building materials Climate moderation CO2 absorption Nutrient cycling Waste treatment and dilution Reduced storm impact (mangrove, barrier islands, coastal wetlands) Habitats and nursery areas for marine and terrestrial species Genetic resources and biodiversity Scientific information


Natural Capital


Figure 7-4 Natural capital: the ocean planet. The salty oceans cover about 71% of the earth’s surface. About 97% of the earth’s water is in the interconnected oceans, which cover 90% of the planet’s mostly ocean hemisphere (left) and 50% of its land–ocean hemisphere (right). Freshwater systems cover less than 1% of the earth’s surface.


Figure 7-5 Natural capital: major ecological and economic services provided by marine systems.


there. Photosynthesis cannot take place below the sunlit layer. Thus at lower depthsO2 levels fall because of aerobic respiration by aquatic animals and decomposers.


They also fall because less oxygen gas dissolves in the deeper and colder water than in warmer surface water.


In contrast, levels of dissolved CO2 are low in surface layers because producers use CO2 during photosynthesis and are high in deeper, dark layers where aquatic animals and decomposers produce CO2 through aerobic respiration.


In shallow waters in streams, ponds, and oceans, ample supplies of nutrients for primary producers are usually available. By contrast, in the open ocean, nitrates, phosphates, iron, and other nutrients often are in short supply and limit net primary productivity (NPP) (Figure 4-24, p. 72). However, NPP is much higher in parts of the open ocean where upwellings bring such nutrients from the ocean bottom to the surface for use by producers.


Most creatures living on the bottom of the deep ocean and deep lakes depend on animal and plant plankton that die and fall into deep waters. Because this food is limited, deep-dwelling fish species tend to reproduce slowly. This makes them especially vulnerable to depletion from over fishing.


7-2 SALTWATER LIFE ZONES


Why Should We Care about the Oceans?


Givers of Life


Although oceans occupy most of the earth’s surface and provide many ecological and economic services, we know less about them than we do about the moon.


A more accurate name for Earth would be Ocean because saltwater oceans cover about 71% of the planet’s surface (Figure 7-4). They contain about 250,000 known species of marine plants and animals and provide many important ecological and economic services, shown in Figure 7-5. Take a good look at this figure that describes part of your life-support system.


As landlubbers we have a distorted and limited view of our watery home. We know more about the surface of the moon than about the oceans that cover most of the earth. According to aquatic scientists, the scientific investigation of poorly understood marine and freshwater aquatic systems is a research frontier whose study could result in immense ecological and economic benefits.


What Is the Coastal Zone? Abundant Life near the Shore


The coastal zone makes up less than 10% of the world’s ocean area but contains 90% of all marine species.


low edge of the continental shelf (the submerged part of the continents). This zone has numerous interactions with the land and thus human activities easily affect it.


Although it makes up less than a tenth of the world’s ocean area, the coastal zone contains 90% of all marine species and is the site of most large commercial marine fisheries. Most ecosystems found in the coastal zone have a high net primary productivity per unit of area. This occurs because of the zone’s ample supplies of sunlight and plant nutrients flowing from land and distributed by wind and ocean currents.


What Are Estuaries, Coastal Wetlands, and Mangrove Swamps? Stressed Centers of Biological Productivity


Several highly productive coastal ecosystems are under increasing stress from human activities.
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Figure 7-6 Natural capital: major life zones in an ocean (not drawn to scale). Actual depths of zones may vary.


One highly productive area in the coastal zone is an estuary, a partially enclosed area of coastal water where seawater mixes with freshwater and nutrients from rivers, streams, and runoff from land (Figure 7-7, p. 132).


Estuaries and their associated coastal wetlands (land areas covered with water all or part of the year) include river mouths, inlets, bays, sounds, mangrove forest swamps in sheltered regions along tropical coasts, and salt marshes (Figure 7-8, p. 132) in temperate zones.


Temperature and salinity levels vary widely in estuaries and coastal wetlands because of the daily rhythms of the tides and seasonal variations in the flow of freshwater into the estuary. They are also affected by unpredictable flows of freshwater from coastal land and rivers after heavy rains and of salt water from the ocean as a result of storms, hurricanes, and typhoons. You have to be tough to survive in this harsh and variable environment.
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Bacteria Clamworm Zooplankton and small crustaceans Smelt Marsh periwinkle Short-billed dowitcher Cordgrass Peregrine falcon Snowy egret Herring gulls Phytoplankton Soft-shelled clam Producer to primary consumer Primary to secondary consumer Secondary to higher-level consumer All consumers and producers to decomposers


Figure 7-8 Natural capital: some components and interactions in a salt marsh ecosystem in a temperate area such as the United States. When these organisms die, decomposers break down their organic matter into minerals used by plants. Colored arrows indicate transfers of matter and energy between consumers (herbivores), secondary (or higher-level) consumers (carnivores), and decomposers. Organisms are not drawn to scale.


Figure 7-7 View of an estuary taken from space. The photo shows the sediment plume at the mouth of Madagascar’s Betsiboka River as it flows through the estuary and into the Mozambique Channel. Because of its topography, heavy rainfall, and the clearing of forests for agriculture, Madagascar is the world’s most eroded country.


NASA
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The dominant organisms in mangrove forest swamps are trees that can grow in salt water. These trees have extensive roots that extend above the water, where they can obtain oxygen and provide support for the plant. These nutrient-rich forests are found in sheltered regions along tropical coasts (Figure 7-2).


Because ocean waves do not reach these saltwater ecosystems, they collect mud and anaerobic sediment.


The constant water movement in estuaries and their associated coastal wetlands stirs up the nutrient-rich silt, making it available to producers. These systems filter toxic pollutants, excess plant nutrients, sediments, and other pollutants. They reduce storm damage by absorbing waves and storing excess water produced by storms. And they provide food, habitats, and nursery sites for a variety of aquatic species.


Bad news. We are degrading or destroying some of the ecological services that these important ecosystems provide at no cost. Researchers estimate that more than a third of the world’s mangrove forests have been destroyed—mostly for developing aquaculture shrimp farms, growing crops, and coastal development projects.


What Niches Do Rocky and Sandy Shores Provide? Hold On, Dig In, or Hang Out in a Shell


Organisms in coastal areas experiencing daily low and high tides have evolved a number of ways to survive under harsh and changing conditions.


The area of shoreline between low and high tides is called the intertidal zone. This is not an easy place to live. Its organisms must be able to avoid being swept away or crushed by waves, and avoid or cope with being immersed during high tides and left high and dry (and much hotter) at low tides. They must also survive changing levels of salinity when heavy rains dilute salt water. To deal with such stresses, most intertidal organisms hold on to something, dig in, or hide in protective shells.


Some coasts have steep rocky shores pounded by waves. The numerous pools and other niches in the intertidal zone of rocky shores contain a great variety of species with different niches as shown in the top part of Figure 7-9 (p. 134).


Other coasts have gently sloping barrier beaches, or sandy shores, with niches for different marine organisms as shown in the bottom portion of Figure 7-9.


Most of them are hidden from view and survive by burrowing, digging, and tunneling in the sand. These sandy beaches and their adjoining coastal wetlands are also home to a variety of shorebirds that feed in specialized niches on crustaceans, insects, and other organisms (Figure 5-5, p. 92).


What Are Barrier Islands? Natural Protectors of the Shore


Narrow islands off some shores help protect coastal zones from storm waves, but developing these islands reduces this natural protection and makes them risky places to live.


Barrier islands are low, narrow, sandy islands that form offshore from a coastline. Most run parallel to the shore.


They are found along some coasts such as most of North America’s Atlantic and Gulf coasts. These islands help protect the mainland, estuaries, and coastal wetlands from the onslaught of approaching storm waves.


These beautiful but very limited pieces of real estate are prime targets for real estate development. Almost one-fourth of the area of barrier islands in the United States has been developed.


Living on these islands can be risky. Sooner or later, many of the structures humans build on low-lying barrier islands (Figure 7-10, p. 135), such as Atlantic City, New Jersey, and Miami Beach, Florida, are damaged or destroyed by flooding, severe beach erosion, or major storms (including hurricanes).


Their low-lying beaches are constantly shifting, with gentle waves building them up and storms flattening and eroding them. Currents running parallel to the beaches constantly take sand from one area and deposit it in another. Some beach communities spend lots of money to replace the eroded sand. But sooner or later nature moves it somewhere else.


Figure 7-11 (p. 135) shows that undisturbed beaches on typical barrier islands have one or more rows of natural sand dunes with the sand held in place by the roots of grasses. These dunes serve as the first line of defense against the ravages of the sea at no cost.


If we left it that way and built behind the second set of dunes, these beaches would be safer places for people and many of the populations of natural organisms that live there. Mainland coastal cities, beaches, and undisturbed salt marshes and estuaries behind these protective islands would also be safer from damage.


But this real estate is so scarce and valuable that developers want to cover it with buildings and roads.


In doing this, they are rarely required to take into account the storm protection and other free ecological services the protective dunes provide. Thus the first thing most coastal developers do is to remove the protective dunes or build behind the first set of dunes.


This means that large storms can flood and even sweep away seaside buildings and severely erode the sandy beaches. Then we call these human-influenced events natural disasters.


Governments often provide owners with fairly cheap property insurance, funds for replenishing eroded sand, and grants and low-cost loans to rebuild after damaging storms. This makes it less financially
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Nudibranch Sculpin Sea urchin Anemone
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Monterey flatworm Kelp Sea lettuce Barnacles Mussel Periwinkle


High tide


Shore crab Hermit crab Sea star Rocky Shore Beach Figure 7-9 Living between the tides. Some organisms with specialized niches found in various zones on rocky shore beaches (top) and barrier or sandy beaches (bottom). Organisms are not drawn to scale.


risky to live in such places and hastens the destruction of their protective dune and vegetation systems.


Some argue that people who choose to live in these and other risky places should accept the full cost of such risks. They should not expect taxpayers to supplement their high property insurance costs or help them rebuild houses lost in hurricanes or other natural disasters that are expected risks in such areas.


What Are Coral Reefs? Aquatic Oases of Biodiversity


Coral reefs are biologically diverse and productive ecosystems that are increasingly stressed by human activities.


Coral reefs (Figure 7-1 and photo on p. viii) form in clear, warm coastal waters of the tropics and subtropics (Figure 7-2). Coral reefs are ecologically complex in terms of the many interactions among the diverse organisms that live there as shown in Figure 7-12 (p. 136).


These reefs are vulnerable to damage because they grow slowly and are disrupted easily. They also thrive only in clear, warm, and fairly shallow water of constant high salinity. Corals can live only in water with a temperature of 18–30°C (64–86°F). Coral bleaching (Figure 7-1, right) can be triggered by an increase of just 1°C (1.8°F) above this maximum temperature.


The biodiversity of coral reefs can be reduced by natural disturbances such as severe storms, freshwater floods, and invasions of predatory fish. But throughout their long geologic history, coral reefs have been able to adapt to such natural environmental changes.


Today the biggest threats to the survival and biodiversity of many of the world’s coral reefs come from sediment runoff and other human activities (Figure 7-13, p. 137). Scientists are concerned that these threats are occurring so rapidly (over decades) and over such a wide area that many of the world’s coral reef systems may not have enough time to adapt.


Good news. There is growing evidence that coral reefs can recover when given a chance. When localities
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Figure 7-10 A developed Barrier Island: Ocean City, Maryland, host to 8 million visitors a year. Rising sea levels from global warming may put this and many other barrier islands under water by the end of this century.


Figure 7-11 Natural capital: primary and secondary dunes on gently sloping sandy beaches help protect land from erosion by the sea. The roots of various grasses that colonize the dunes help hold the sand in place.


Ideally, construction is allowed only behind the second strip of dunes, and walkways to the beach are built over the dunes to keep them intact. This helps preserve barrier beaches and protect buildings from damage by wind, high tides, beach erosion, and flooding from storm surges. Such protection is rare because the short-term economic value of oceanfront land is considered much higher than its long-term ecological value.


G. H. Dermetrohas/T. C. Carmera
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Gray reef shark Parrot fish Hard corals Symbiotic algae Phytoplankton Algae Sponges Zooplankton Bacteria Moray eel Coney Blackcap basslet Banded coral shrimp Brittle star Sergeant major Fairy basslet Blue tangs Sea nettle Green sea turtle Producer to primary consumer Primary to secondary consumer Secondary to higher-level consumer All consumers and producers to decomposers


The sharp increase in water depth at the edge of the continental shelf separates the coastal zone from the vast volume of the ocean called the open sea. Primarily on the basis of the penetration of sunlight, it is divided into the three vertical zones shown in Figure 7-6.


The euphotic zone is the lighted upper zone where floating drifting phytoplankton carry out photosynthesis.


Nutrient levels are low (except around upwellings), and levels of dissolved oxygen are high. Large, fast swimming predatory fish such as swordfish, sharks, and blue fin tuna populate this zone.


The bathyal zone is the dimly lit middle zone that does not contain photosynthesizing producers because of a lack of sunlight. Various types of zooplankton and or nations have imposed restrictions on reef fishing or reduced inputs of nutrients and other pollutants, reefs have rebounded.


Some 300 coral reefs in 65 countries are protected as reserves or parks, and another 600 have been recommended for protection. But protecting reefs is difficult and expensive, and only half of the countries with coral reefs have set aside reserves that receive some protection from human activities.


What Biological Zones Are Found in the Open Sea? Where Is the Light?


The open ocean consists of a brightly lit surface layer, a dimly lit middle layer, and a dark bottom zone.
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Figure 7-12 Natural capital: some components and interactions in a coral reef ecosystem.


When these organisms die, decomposers break down their organic matter into minerals used by plants. 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.
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smaller fish, many of which migrate to the surface at night to feed, populate this zone.


The lowest zone, called the abyssal zone, is dark and very cold and has little dissolved oxygen. However, there are enough nutrients on the ocean floor to support about 98% of the species living in the ocean.


Most organisms of the deep waters and ocean floor get their food from showers of dead and decaying organisms (detritus) drifting down from upper lighted levels of the ocean. Some of these organisms, including many types of worms, are deposit feeders, which take mud into their guts and extract nutrients from it.


Others such as oysters, clams, and sponges are filter feeders, which pass water through or over their bodies and extract nutrients from it. On parts of the dark, deep ocean floor near hydrothermal vents, scientists have found communities of organisms where specialized bacteria use chemosynthesis to produce their own food and food for other organisms feeding on them.


Average primary productivity and NPP per unit of area are quite low in the open sea except at an occasional equatorial upwelling, where currents bring up nutrients from the ocean bottom. However, because the open sea covers so much of the earth’s surface, it makes the largest contribution to the earth’s overall NPP.


Currently, about 40% of the world’s population and more than half of the U.S. population live along


Natural Capital Degradation Marine Ecosystems


Half of coastal wetlands lost to agriculture and urban development Over one-third of mangrove forests lost since 1980 to agriculture, development, and aquaculture shrimp farms About 10% of world’s beaches eroding because of coastal development and rising sea level Ocean bottom habitats degraded by dredging and trawler fishing boats Over 25% of coral reefs severely damaged and 11% have been destroyed


Figure 7-14 Natural capital degradation: major human impacts on the world’s marine systems.


coasts or within 100 kilometers (62 miles) of a coast.


Some 13 of the world’s 19 megacities with populations of 10 million or more people are in coastal zones. By 2030, at least 6.3 billion people—equal to the world’s entire population in 2003—are expected to live in or near coastal zones. Figure 7-14 lists major human impacts on marine systems. Explain how your lifestyle can contribute directly or indirectly to these impacts.


7-3 FRESHWATER LIFE ZONES


What Are Freshwater Life Zones? Lakes, Wetlands, Rivers


Freshwater ecosystems provide important ecological and economic services even though they cover less than 1% of the earth’s surface.


Freshwater life zones occur where water with a dissolved salt concentration of less than 1% by volume accumulates on or flows through the surfaces of terrestrial biomes. Examples are standing (lentic) bodies of freshwater such as lakes, ponds, and inland wetlands and flowing (lotic) systems such as streams and rivers.


Although freshwater systems cover less than 1% of the earth’s surface, they provide a number of important ecological and economic services (Figure 7-15, p. 138).


Natural Capital Degradation Coral Reefs


Ocean warming Soil erosion Algae growth from fertilizer runoff Mangrove destruction Coral reef bleaching Rising sea levels Increased UV exposure from ozone depletion Using cyanide and dynamite to harvest coral reef fish Coral removal for building material, aquariums, and jewelry Damage from anchors, ships, and tourist divers


Figure 7-13 Natural capital degradation: major threats to coral reefs.


The volume of fresh water that we use provides us with free services worth about $3 trillion a year—equal to about 7% the value of all goods and services provided annually by the entire global economy.


What Life Zones Are Found in Freshwater Lakes? Life in Layers


Lakes consist of sunlit surface layers near and away from the shore, and at deeper levels a dark layer and a bottom zone.


Lakes are large natural bodies of standing fresh water formed when precipitation, runoff, or groundwater seepage fill depressions in the earth’s surface. Causes of such depressions include glaciation (the Great Lakes of North America), crustal displacement (Lake Nyasa in East Africa) and volcanic activity (Crater Lake in Oregon; see photo on title page). Lakes are supplied with water from rainfall, melting snow, and streams that drain the surrounding watershed.


Lakes normally consist of four distinct zones that are defined by their depth and distance from shore as shown in Figure 7-16. The top layer is the littoral zone (“LIT-tore-el”). It consists of the shallow sunlit waters near the shore to the depth at which rooted plants stop growing, and it has a high biological diversity. It has adequate nutrients from bottom sediments. Bulrushes and cattails are plentiful near the shore and water lilies and entirely submerged plants flourish at the deepest depths of the littoral zone.


Next is the limnetic zone (“lim-NET-ic”): the open, sunlit water surface layer away from the shore that extends to the depth penetrated by sunlight. As the main photosynthetic body of the lake, its producers supply the food and oxygen that support most of the lake’s consumers.


Next is the profundal zone (“pro-FUN-dahl”): the deep, open water where it is too dark for photosynthesis.


Without sunlight and plants, oxygen levels are low.


Fish adapted to its cooler and darker water are found in this zone.


Finally, at the bottom of the lake we find the benthic zone (“BEN-thic”). Mostly decomposers and detritus feeders and fish that swim from one zone to the other inhabit it. It is nourished mainly by detritus that falls from the littoral and limnetic zones and by sediment washing into the lake.


During the summer and winter, the water in deep temperate zone lakes becomes stratified into different temperature layers, which do not mix. Twice a year, in the fall and spring, the waters at all layers of these lakes mix in overturns that equalize the temperature at all depths. These overturns bring oxygen from the surface water to the lake bottom and nutrients from the lake bottom to the surface waters.


How Do Plant Nutrients Affect Lakes?


Too Much of a Good Thing Is Not Good


A lake’s supply of plant nutrients from its environment affect its physical and chemical conditions and the types and numbers of organisms it can support.


Ecologists classify lakes according to their nutrient content and primary productivity. A newly formed lake generally has a small supply of plant nutrients and is called an oligotrophic (poorly nourished) lake (Figure 7-17, left, p. 140). This type of lake is often deep, with steep banks. Glacier melt and mountain streams carrying little sediment supply water to such lakes. Because there is little sediment or microscopic life to cloud the water, such a lake usually has crystal clear blue or green water and has small populations of phytoplankton and fish (such as smallmouth bass and trout). Because of their low levels of nutrients, these lakes have a low net primary productivity.


Over time, sediment, organic material, and inorganic nutrients wash into an oligotrophic lake, and
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Food Drinking water Irrigation water Hydroelectricity Transportation corridors Recreation Employment Climate moderation Nutrient cycling Waste treatment and dilution Flood control Groundwater recharge Habitats for aquatic and terrestrial species Genetic resources and biodiversity Scientific information


Natural Capital


Figure 7-15 Natural capital: major ecological and economic services provided by freshwater systems.
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Littoral zone Limnetic zone Profundal zone Benthic zone Figure 7-16 The distinct zones of life in a fairly deep temperate zone lake.
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Figure 7-17 An oligotrophic, or nutrient-poor, lake (left) and a eutrophic, or nutrient-rich, lake (right).


Mesotrophic lakes fall between these two extremes of nutrient enrichment. Nutrient inputs from human activities can accelerate eutrophication and lead to algae blooms and fish die-offs. This can reduce the fish populations shown for a europhic lake.


plants grow and decompose to form bottom sediments.


A lake with a large or excessive supply of nutrients (mostly nitrates and phosphates) needed by producers is called a eutrophic (well-nourished) lake (Figure 7-17, right). Such lakes typically are shallow and have murky brown or green water with poor visibility.


Because of their high levels of nutrients, these lakes have a high net primary productivity.


In warm months the bottom layer of a eutrophic lake often is depleted of dissolved oxygen. Human inputs of nutrients from the atmosphere and from nearby urban and agricultural areas can accelerate the eutrophication of lakes, a process called cultural eutrophication.


Many lakes fall somewhere between the two extremes of nutrient enrichment and are called


mesotrophic lakes.


What Are the Major Characteristics of Freshwater Streams and Rivers? A Downhill Ride


Water flowing from mountains to the sea creates different aquatic conditions and habitats.


Precipitation that does not sink into the ground or evaporate is surface water. It becomes runoff when it flows into streams. The land area that delivers runoff, sediment, and dissolved substances to a stream is called a watershed, or drainage basin. Small streams join to form rivers, and rivers flow downhill to the ocean as shown in Figure 7-18.


In many areas, streams begin in mountainous or hilly areas that collect and release water falling to the earth’s surface as rain or snow that melts during warm seasons. The downward flow of surface water and groundwater from mountain highlands to the sea
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Figure 7-18 Natural capital: three zones in the downhill flow of water: source zone containing mountain (headwater) streams, transition zone containing wider, lower-elevation streams, and floodplain zone containing rivers, which empty into the ocean.


takes place in three different aquatic life zones with different environmental conditions: the source zone, the transition zone, and the floodplain zone (Figure 7-18).


Rivers in different areas can differ somewhat from this generalized model.


In the first, narrow source zone (Figure 7-18, top), headwaters, or mountain highland streams of cold, clear water, rush over waterfalls and rapids. As this turbulent water flows and tumbles downward, it dissolves large amounts of oxygen from the air. Since the water moves rapidly, floating plankton are less important.


Instead, most plants such as algae and mosses are attached to rocks.


Since the water is shallow, light can usually penetrate to the bottom. But most of these streams are not very productive because of a lack of nutrients. Most nutrients come from organic matter (mostly leaves, branches, and the bodies of living and dead insects) that falls into the stream from nearby land.


This zone is populated by cold-water fish (such as trout in some areas), which need lots of dissolved oxygen.


Many fish and other animals in fast-flowing headwater streams have compact and flattened bodies that allow them to live under stones.


In the transition zone (Figure 7-18, middle), the headwater streams merge to form wider, deeper streams that flow down gentler slopes with fewer obstacles. The warmer water and other conditions in this zone support more producers (phytoplankton) and a variety of cool-water and warm-water fish species (such as black bass) with slightly lower oxygen requirements.


In the floodplain zone (see Figure 7-18, bottom), streams join into wider and deeper rivers that meander across broad, flat valleys. Water in this zone usually has higher temperatures and less dissolved oxygen than water in the first two zones. These slow moving rivers sometimes support fairly large populations of producers such as algae and cyanobacteria and rooted aquatic plants along the shores. Because of increased erosion and runoff over a larger area, water in this zone often is muddy and contains high concentrations of suspended particulate matter (silt). The main channels of these slow-moving, wide, and murky rivers support distinctive varieties of fish (carp and catfish), whereas their backwaters support species similar to those present in lakes. They are nice places to fish. At its mouth, a river may divide into many channels as it flows through coastal wetlands and estuaries, where the river water mixes with ocean water (Figure 7-7).


As streams flow downhill, they become powerful shapers of land. Over millions of years the friction of moving water levels mountains and cuts deep canyons, and the rock and soil the water removes are deposited as sediment in low-lying areas.


Streams are fairly open ecosystems that receive many of their nutrients from bordering land ecosystems.


We have established farmlands and constructed dams, power plants that need cooling water, sewage treatment plants, cities, recreation areas, and shipping terminals in the watersheds along the shores of rivers and streams, especially in their transition and floodplain zones. This greatly increases the flow of plant nutrients, sediment, and pollutants into these ecosystems.


To protect a stream or river system from excessive inputs of nutrients and pollutants, we must protect the land around it.


What Are Freshwater Inland Wetlands?


Natural Sponges


Inland wetlands absorb and store excess water from storms and provide a variety of wildlife habitats.


Inland wetlands are lands covered with fresh water all or part of the time (excluding lakes, reservoirs, and streams) and located away from coastal areas. Wetlands include marshes (dominated by grasses and reeds with a few trees), swamps (dominated by trees and shrubs), and prairie potholes (depressions carved out by glaciers). Other examples are floodplains (which receive excess water during heavy rains and floods) and the wet arctic tundra in summer. Some wetlands are huge and some are small.


Some wetlands are covered with water year-round.


Others, called seasonal wetlands, usually are underwater or soggy for only a short time each year.


They include prairie potholes, floodplain wetlands, and bottomland hardwood swamps. Some stay dry for years before being covered with water again. In such cases, scientists must use the composition of the soil or the presence of certain plants (such as cattails, bulrushes, or red maples) to determine that a particular area is really a wetland. Inland wetlands provide a number of important and free ecological and economic services such as filtering toxic wastes and pollutants, absorbing and storing excess water from storms, and providing habitats for a variety of species.


What Are the Impacts of Human Activities on Freshwater Systems? Using and Abusing Rivers and Wetlands


We have built dams, levees, and dikes that reduce the flow of water and alter wildlife habitats in rivers; established nearby cities and farmlands that pollute streams and rivers; and filled in inland wetlands to grow food and build cities.


Human activities have four major impacts on freshwater systems. First, dams, diversions, or canals fragment almost 60% of the world’s 237 large rivers. This alters and destroys wildlife habitats along rivers and in coastal deltas and estuaries by reducing water flow.


Second, flood control levees and dikes built along rivers alter and destroy aquatic habitats. Third, cities and farmlands add pollutants and excess plant nutrients to nearby streams and rivers.


Fourth, many inland wetlands have been drained or filled to grow crops or have been covered with concrete, asphalt, and buildings. In the United States, more than half of the inland wetlands estimated to have existed in the lower 48 states during the 1600s no longer exist. The total area of these wetland losses is greater than the size of California (which has lost 90% of its wetlands), Oregon, and Nevada combined. Such loss of important natural capital has been an important factor in increased flood and drought damage in the United States. Many other countries have suffered similar losses. For example, 80% of all wetlands in Germany and France have been destroyed.


In this chapter we have seen that human activities are severely stressing and overloading many of the world’s aquatic systems. Good news. Research shows when such activities are reduced most of these systems can recover fairly quickly as long as aquatic life zones are not over-fished or overloaded with pollutants and excessive nutrients.
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According to scientists, we urgently need more research on how the world’s aquatic systems work. With such information we will have a clearer picture of the impacts of our activities on the earth’s aquatic biodiversity and how we can reduce these impacts.


All at last returns to the sea—to Oceanus, the ocean river, like the ever-flowing stream of time, the beginning and the end.


RACHEL CARSON


CRITICAL THINKING


1. List a limiting factor for each of the following: (a) the surface layer of a tropical lake, (b) the surface layer of the open sea, (c) an alpine stream, (d) a large, muddy river,


(e) the bottom of a deep lake.


2. Why do terrestrial organisms evolve tolerances to broader temperature ranges than aquatic organisms do?


3. Why do aquatic plants such as phytoplankton tend to be very small, whereas most terrestrial plants such as trees tend to be larger and have more specialized structures such as stems and leaves for growth? Why are some aquatic animals, especially marine mammals such as whales, extremely large compared with terrestrial animals?


4. How would you respond to someone who proposes that we use the deep portions of the world’s oceans to deposit our radioactive and other hazardous wastes because the deep oceans are vast and are located far away from human habitats? Give reasons for your response.


5. Someone tries to sell you several brightly colored pieces of dry coral. Explain in biological terms why this transaction is probably fraudulent.


6. Developers want to drain a large area of inland wetlands in your community and build a large housing development. List (a) the main arguments the developers would use to support this project and (b) the main arguments ecologists would use in opposing this project. If you were an elected city official, would you vote for or against this project? Can you come up with a compromise plan?


7. You are a defense attorney arguing in court for sparing an undeveloped old-growth tropical rain forest and a coral reef from severe degradation or destruction by development.


Write your closing statement for the defense of each of these ecosystems. If the judge decides you can save only one of the ecosystems, which one would you choose, and why?


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


PROJECTS


1. Search for information about mangrove trees, using the Internet and library. Are the different species of mangrove trees closely related? What characteristics do they have in common? What characteristics do they have that make them a good place for fish to breed?


2. If possible, visit a nearby lake or reservoir. Would you classify it as oligotrophic, mesotrophic, or eutrophic? What are the primary factors contributing to its nutrient enrichment? Which of these factors are related to human activities?


3. Examine a topographic map for the area around a stream or lake near where you live to define the watershed for the stream. What human activities occur in the watershed? What influence, if any, do you expect these activities to have on the ecology of the stream or lake?


4. Use the library or the Internet to find bibliographic information about Loren Eisley and Rachel Carson, whose quotes appear at the beginning and end of this chapter.


5. 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 7, and select a learning resource.
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