Chapter 13: Sustaining Aquatic Biodiversity


Case Study


A Biological Roller Coaster Ride in Lake Victoria


Lake Victoria, shared by Kenya, Tanzania, and Uganda in East Africa, is the world’s second largest freshwater lake (Figure 13-1, left). It has been in ecological trouble for more than two decades.


Until the early 1980s, Lake Victoria had more than 500 species of fish found nowhere else. About 80% of them were small algae-eating fishes known as cichlids (pronounced “SIK-lids”), each with a slightly different ecological niche.


Since 1980 some 200 of the cichlid species have become extinct, and some of those that remain are in trouble.


Four factors caused this dramatic loss of aquatic biodiversity. First, there was a large increase in the population of the Nile perch (Figure 13-1, right). This fish was deliberately introduced into the lake during the 1950s and 1960s to stimulate local economies and the fishing industry, which exports large amounts of the fish to several European countries. The population of this large, prolific, and ravenous fish exploded by displacing the cichlids and by 1985 had wiped out many of them.


Also, the native people who depended on the cichlids for protein cannot afford the perch, and the mechanized fishing industry has put most small-scale fishers and fish vendors out of business. This has increased poverty and protein malnutrition.


Second, in the 1980s the lake began experiencing frequent algal blooms because of nutrient runoff from surrounding farms, deforested land, untreated sewage, and declines in the populations of the algaeeating cichlids. This greatly decreased oxygen levels in the lower depths of the lake and drove remaining native cichlids and other fish species to shallower waters, where they are more vulnerable to fishing nets. The turbid water caused by eutrophication also made it hard for female cichlids to select mates by color and can lead to the extinction of some species.


Third, since 1987 the nutrient-rich lake has been invaded by the water hyacinth (Figure 12-9, p. 235).


This rapidly growing plant carpeted large areas of the lake, blocked sunlight, deprived fish and plankton of oxygen, and reduced the diversity of important aquatic plant species. Good news. The population of water hyacinths has been reduced sharply by introducing two weevils for biological control and mechanical removal at strategic locations.


Fourth, the Nile perch now shows signs of being overfished. This may allow a gradual return of some of the remaining cichlids.


This ecological story shows the dynamics of large aquatic systems and illustrates that we can never do just one thing when we intrude into an ecosystem of connected species. There are always unintended consequences.
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Figure 13-1 Although the Nile perch (right) is a fine food fish, it has played a key role in a major loss of biodiversity in East Africa’s Lake Victoria (left).


Biodiversity


The coastal zone may be the single most important portion of our planet. The loss of its biodiversity may have repercussions far beyond our worst fears.


G. CARLETON RAY


This chapter addresses the following questions:


What is aquatic biodiversity, and what is its economic and ecological importance?


How are human activities affecting aquatic biodiversity?


How can we protect and sustain marine biodiversity?


How can we manage and sustain the world’s marine fisheries?


How can we protect, sustain, and restore wetlands?


How can we protect, sustain, and restore lakes, rivers, and freshwater fisheries?


13-1 AN OVERVIEW OF AQUATIC BIODIVERSITY


What Do We Know about the Earth’s Aquatic Biodiversity? Some but Not Nearly Enough


We know fairly little about the biodiversity of the world’s marine and freshwater systems.


The world’s interconnected oceans cover 71% of the planet’s surface. The oceans support a variety of species at different depths (Figure 7-6, p. 131, and Figure 13-2).


About 63% of the roughly 25,000 known fish species exist in marine systems—50% in coastal waters, 12% in the deep sea, and 1% in open ocean. The remaining 37% live in freshwater systems.


Freshwater aquatic systems also contain a variety of visible plant and animal species (Figure 13-3, p. 254) and microscopic species. Many lakes contain an assortment of species found in different layers (Figure 7-16, p. 139). As they flow from their mountain (headwater) streams to the ocean, river systems have a variety of ecological habitats that support different aquatic species (Figure 7-18, p. 140).


We have explored only about 5% of the earth’s global ocean and know fairly little about its biodiversity and how it works. We also know fairly little about freshwater biodiversity. Scientific investigation of poorly understood marine and freshwater aquatic systems is a research frontier whose study could result in immense ecological and economic benefits.


In 2003, a three-year study by the Pew Oceans Commission found that the coastal waters of the United States are in deep trouble and that laws protecting them need fundamental reforms. Here are four of the commission’s major recommendations. First, pass a National Ocean Policy Act that commits the country to protect, sustain, and restore the living oceans. Second, double the federal budget for ocean research.


Third, base fisheries management on preserving aquatic ecosystems and habitats rather than relying mostly on catch limits for individual species.


Fourth, set up a network of marine reserves, linked by protected corridors, to help protect fish breeding and nursery grounds.


What Are Some General Patterns of Marine Biodiversity? Abundant Life near the Water’s Edge and in the Deep


Coral reefs, coastal areas, and the ocean bottom are centers of marine biodiversity.


Despite the lack of knowledge about overall marine biodiversity, scientists have established several general patterns. First, the greatest marine biodiversity occurs in coral reefs (Figure 7-12, p. 136), estuaries, and the deep-ocean floor. Second, biodiversity is higher near coasts than in the open sea because of the greater variety of producers, habitats, and nursery areas in coastal areas.


Third, biodiversity is higher in the bottom (benthic) region of the ocean than in the surface (pelagic) region because of the greater variety of habitats and food sources on the ocean bottom. Fourth, the lowest marine biodiversity probably is found in the middle depths of the open ocean. Can you explain why?


Why Should We Care about Aquatic Biodiversity? Keeping Us Alive and Supporting Our Economies


The world’s marine and freshwater systems provide important ecological and economic services.


Marine systems provide a variety of important ecological and economic services (Figure 7-5, p. 130).


Globally, we get about 6% of our total protein and almost a fifth of our animal protein from marine fish and shellfish.


Seaweed and other organisms provide chemicals used in cosmetics and pharmaceuticals worth $400 million per year. Chemicals from several types of al-
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gae, sea anemones (Figure 8-10b, p. 155), sponges, and mollusks have antibiotic and anticancer properties.


Anticancer chemicals have also been extracted from porcupine fish, puffer fish, and shark liver. We use chemicals from seaweeds and octopuses to treat hypertension and coral material to reconstruct our bones.


These are only a few of many examples.


Freshwater systems also provide important ecological and economic services (Figure 7-15, p. 138). Although lakes, rivers, and wetlands occupy only 1% of the earth’s surface, they provide ecological and economic services worth trillions of dollars per year.


13-2 HUMAN IMPACTS ON AQUATIC BIODIVERSITY


How Has Habitat Loss and Degradation Affected Marine Biodiversity? Our Large Aquatic Footprints


Human activities have destroyed or degraded a large proportion of the world’s coastal wetlands, coral reefs, mangroves, and ocean bottom.


The greatest threat to the biodiversity of the world’s oceans is loss and degradation of habitats. Here are four
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Figure 13-2 Natural capital: marine biodiversity. Some ocean inhabitants. 


examples. First, during the last century we lost about half of the world’s coastal wetlands. This can decrease fish catches in coastal waters because coastal wetlands and marshes provide essential spawning, feeding, and nursery areas for major commercial fish species.


Second, more than one-fourth of the world’s diverse coral reefs have been severely damaged, mostly by human activities (Figure 7-13, p. 137). By 2050 another 70% of the world’s coral reefs may be severely damaged or eliminated.


Third, more than a third of the world’s original mangrove forest swamps have disappeared, mostly because of clearing for coastal development, growing crops, and aquaculture shrimp farms. Such activities threaten many of the world’s remaining mangrove systems.


Fourth, many bottom habitats are being degraded and destroyed by dredging operations and trawler boats, which like giant submerged bulldozers drag huge nets weighted down with heavy chains and steel plates over ocean bottoms to harvest bottom fish and shellfish. Each year thousands of trawlers scrape and disturb an area of ocean bottom equal to the combined size of Brazil and India and about 150 times larger than the area of forests clear-cut each year. Recovery in heavily trawled areas rarely is possible because of re-
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Figure 13-3 Natural capital: freshwater biodiversity. Some inhabitants of freshwater rivers and lakes.


peated scraping. Slow-growing, long-lived corals, sponges, and fish are particularly vulnerable to trawling.


In 2004, some 1,134 scientists signed a statement urging the United Nations to declare a moratorium on bottom trawling on the high seas.


How Have Human Activities Affected Marine Fish Populations and Species? Gone Fishing, Fish Gone


About three-fourths of the world’s commercially valuable marine fish species are overfished or fished near their limits.


Studies indicate that about three-fourths of the world’s 200 commercially valuable marine fish species (40% in U.S. waters) are either overfished or fished to their estimated sustainable yield. Overfishing is the greatest threat to populations of fish that live in surface waters.


Populations of bottom-dwelling fish are affected by a combination of overfishing and disruption of habitat by trawler fishing.


In most cases, overfishing leads to commercial extinction.


This is usually only a temporary depletion of fish stocks, as long as depleted areas and fisheries are allowed to recover. But this is changing. Today fish are hunted throughout the world’s oceans by a global fleet of millions of fishing boats—some of them longer than a football field. These fleets, most supported by government subsidies, use sonar, satellite global positioning systems, and aircraft to find fish. Then they catch them by deploying gigantic nets or lines containing many thousands of hooks that can stretch as far as 80 kilometers (50 miles). Modern industrial fishing can cause 80% depletion of a target fish species in only 10–15 years.


One result of the increasingly efficient global hunt for fish is that big fish in many populations of commercially valuable species are becoming scarce. In 2003, fishery scientists Ransom Myers and Boris Worm looked at fishing data for 13 commercial fisheries since 1952. Their data indicate that during the last 45 years the abundance of large open-ocean fish such as swordfish, marlins, tunas, and sharks and bottom-dwelling groundfish such as cod plummeted by 90%! A 2004 study by Jeffrey Hutchings and John Reynolds found that 230 populations of marine fish have suffered an 83% drop in breeding population size from known historic levels.


Many depleted species, like the bottom-dwelling North Atlantic cod, may never recover because too much of their habitat has been destroyed or degraded or there are too few survivors to find mates. For example, after stocks had dropped by 97–99% since the early 1960s, Canada closed its cod fishery, putting thousands out of work. After a decade there is no sign of recovery.


The smaller fish are next. As the fishing industry has depleted its most valuable and larger species, it has begun working its way down marine food webs to exploit smaller and faster-growing varieties at lower trophic levels (Figure 13-4). If this process continues, it will begin to unravel food webs, disrupt marine ecosystems, and hinder the recovery of fish feeding at higher trophic levels because the species they eat have also been overfished.


If this happens, the most abundant remaining species will be jellyfish, barnacles, and plankton. If we keep vacuuming the seas, McDonald’s may begin serving barnacle burgers instead of fish sandwiches.


Most fishing boats are after one or a small number of commercially valuable species. However, their gigantic nets and incredibly long lines of hooks also catch nontarget species, called bycatch. Almost one-third of the world’s annual fish catch consists of such species that are thrown overboard dead or dying. In addition to wasting potential sources of food, this can deplete the populations of bycatch species that play important ecological roles in oceanic food webs.
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Figure 13-4 Mean trophic levels of the global marine (right) and freshwater (left) fish catch have declined since 1950.


(Daniel Pauly)


To sum it up: Many species are overfished, big fish are becoming scarce, smaller fish are next, and we throw away 30% of the fish we catch.


How Have Human Activities Affected the Survival of Aquatic Species? Many Extinctions on the Horizon


Marine and aquatic fish are threatened with premature extinction by human activities more than any other group of species.


Human activities such as overfishing, habitat destruction and degradation, invasions by nonnative species, and pollution are endangering a number of aquatic species. According to marine biologists, at least 1,200 marine species have become extinct in the past few hundred years, and many thousands of additional marine species could disappear during this century. Indeed, fish are threatened with extinction by human activities more than any other group of species (Figure 12-5, p. 228).


Also, according to the UN Food and Agriculture Organization and the World Wildlife Fund, at least a fifth of the world’s 10,000 known freshwater fish species (37% in the United States) are threatened with extinction or have already become extinct. Indeed, freshwater animals are disappearing five times faster than land animals.


The tiny seahorse is vulnerable to global extinction chiefly because in dried form it is used in traditional Chinese medicine to treat heart disease, asthma, impotence, and a host of other ills.


How Have Nonnative Species Affected Fish Populations and Species? Alien Invaders Have Hit the Water


Nonnative species are an increasing threat to marine and freshwater biodiversity.


Another problem is the deliberate or accidental introduction of hundreds of nonnative species (Figure 12-9, p. 235) into coastal waters, wetlands, and lakes throughout the world. These bioinvaders can displace or cause the extinction of native species and disrupt ecosystem functions, as happened to Lake Victoria (p. 251). Bioinvaders are blamed for about two-thirds of fish extinctions in the United States between 1900 and 2000. Invasive aquatic species cost the United States an average of about $16 million per hour!


Many aquatic invaders arrive in the ballast water of ships when it is discharged in the waters of ports.


One way to reduce this threat is to require ships to discharge their ballast water and replace it with salt water at sea before entering ports. Other ways are to require ships to sterilize their ballast water or pump nitrogen into it (Individuals Matter, p. 257).


Let us take a look at two aquatic invader species.


The Asian swamp eel has invaded the waterways of south Florida, probably after escaping from a home aquarium. This rapidly reproducing eel eats almost anything—including many prized fish species—by sucking them in like a vacuum cleaner. It can elude cold weather, drought, fires, and predators (including humans with nets) by burrowing into mud banks. It is also resistant to waterborne poisons because it can breathe air and can wriggle across dry land to invade new waterways, ditches, canals, and marshes. Eventually it could take over much of the waterways of the southeastern United States as far north as Chesapeake Bay. You have to admire a species with such an array of survival skills.


The purple loosestrife (Figure 12-9, p. 235) is a perennial plant that grows in wetlands in parts of Europe. In the early 1880s, it was imported into the United States as an ornamental plant. It was also released accidentally into U.S. waterways in ballast water contaminated with its seeds.


A single plant can produce more than 2.5 million seeds a year. The seeds are spread by water, in mud, and by becoming attached to wildlife, livestock, people, and tire treads.


Few native plants can compete with this prolific and highly productive plant. This explains why it has spread to temperate and boreal wetlands in 35 states (Figure 13-5) and into southeastern Canada.


As it spreads, it reduces wetland biodiversity by displacing native vegetation and reducing habitat for some forms of wetland wildlife. Some conservationists call this plant the “purple plague.”


Hopeful news. Some states have recently introduced two natural predators of loosestrife from Europe: a weevil species and a leaf-eating beetle. It will take some time to determine the effectiveness of this biological
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Figure 13-5 Natural capital degradation: distribution of purple loosestrife in wetlands in the lower 48 states. This nonnative species from Eurasia was introduced deliberately into the United States in the early 1980s and has spread to wetlands in 35 states. (U.S. Department of Agriculture)


control approach and to be sure the introduced species themselves do not become pests.


13-3 PROTECTING AND SUSTAINING MARINE BIODIVERSITY


Why Is It Difficult to Protect Marine Biodiversity? Out of Sight, Out of Mind


Coastal development, the invisibility and vastness of the world’s oceans, and lack of legal jurisdiction hinder protection of marine biodiversity.


There are several reasons why protecting marine biodiversity is difficult. One is rapidly growing coastal development and the accompanying massive inputs of sediment and other wastes from land into coastal waters.


This harms shore-hugging species and threatens biologically diverse and highly productive coastal ecosystems such as coral reefs, marshes, and mangrove forest swamps.


Another factor is that much of the damage to the oceans and other bodies of water is not visible to most people. And many people incorrectly view the seas as an inexhaustible resource that can absorb an almost infinite amount of waste and pollution.


In addition, most of the world’s ocean area lies outside the legal jurisdiction of any country. Thus it is an open-access resource, subject to overexploitation because of the tragedy of the commons.


How Can We Protect Endangered and Threatened Marine Species? Legal Agreements and Awareness


We can use laws, international treaties, and education to help reduce the premature extinction of marine species.


One widely used method for protecting biodiversity is identifying and protecting endangered, threatened, and rare species, as has been done to help save a number of endangered terrestrial species (Chapter 12).


This strategy has also been used to protect a number of endangered and threatened marine reptiles (turtles) and mammals (especially whales, seals, and sea lions; Figure 13-6, p. 258). Each year plastic items dumped from ships and left as litter on beaches threaten the lives of millions of marine mammals, turtles, and seabirds that ingest, become entangled in, choke on, or are poisoned by such debris (see photo on p. viii).


Three of eight major sea turtle species (Figure 13-7, p. 258) are endangered (Kemp’s ridley, leatherbacks, and hawksbills), and the rest are threatened, mostly because of four factors. First is loss or degradation of beach habitat where they come ashore to lay eggs. Second is the legal and illegal taking of eggs. Third is the increased use of turtles as sources of food, medicinal ingredients, tortoiseshell (for jewelry), and leather from their flippers. Fourth, many turtles are unintentionally captured and drowned by commercial fishing boats—especially shrimp trawlers and those using long lines of hooks. Conservationists estimate that each year the global longline fishing industry unintentionally hooks and kills as many as 40,000 sea turtles as bycatch. In 2004 the United States banned long-line swordfish fishing off the Pacific coast to save dwindling sea turtle populations.


Until recently, U.S. shrimp trawling boats killed as many as 55,000 sea turtles (mostly endangered loggerheads and Kemp’s ridleys) each year. To reduce this slaughter, since 1989 the U.S. government has required offshore shrimp trawlers to use turtle exclusion devices (TEDs). In 2004 researchers at the National Marine Fisheries Service reported that longline fishing boats using a rounder hook with a smaller opening and baited with mackerel instead of squid could reduce the sea turtle bycatch by 65–90%.


National and international laws and treaties to help protect marine species include the 1975 Convention on International Trade in Endangered Species
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A large cargo ship typically has a dozen or more ballast tanks below deck. Each tank is the size of a high school gymnasium and holds millions of gallons of water.


When a ship takes on cargo and leaves port it pumps water into the ballast tanks to keep it low in the water, submerge its rudder, and help maintain stability. This water also contains large numbers of fish, crabs, clams, and other species (many of them microscopic) found in the port’s local waters.


When the ship’s cargo is removed at its destination its ballast water is released until the ship is loaded again. This dumps millions of foreign organisms into rivers and bays. Thus cargo ships moving about 80% of the goods traded internationally play the primary role in the release of nonnative aquatic organisms into various parts of the world.


In 2002, researchers Mario Tamburri and Kerstin Wasson found that pumping nitrogen gas into ballast tanks while a ship is at sea virtually eliminates dissolved oxygen in the ballast water. This saves the shipping industry money by reducing corrosion of a ship’s steel compartments.


In addition, within three days it kills most fish, crabs, clams, and other potential invader species lurking in the ballast tanks.


Killing Invader Species and Saving Shipping Companies Money


INDIVIDUALS MATTER
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Figure 13-6 Natural capital degradation: endangered and threatened marine mammals (whales, seals, and sea lions) and reptiles (turtles). Many marine fish, seabirds, and invertebrate species are also threatened.


Australian flatback 99 centimeters Black turtle 99 centimeters Kemp’s ridley 76 centimeters Green turtle 124 centimeters Hawksbill 89 centimeters Olive ridley 76 centimeters Leatherback 188 centimeters Loggerhead 119 centimeters


Figure 13-7 Natural capital degradation: major species of sea turtles that have roamed the seas for 150 million years, showing their relative adult sizes. Three of these species (Kemp’s ridley, leatherbacks, and hawksbills) are endangered, and the rest are threatened as a result of human activities.


(CITES), the 1979 Global Treaty on Migratory Species, the U.S. Marine Mammal Protection Act of 1972, the U.S. Endangered Species Act of 1973 (p. 241), the U.S.


Whale Conservation and Protection Act of 1976, and the 1995 International Convention on Biological Diversity.


Public aquariums that exhibit unusual and attractive fish and some marine animals such as seals and dolphins have played an important role in educating the public about the need to protect such species.


Case Study: Should Commercial Whaling Be Resumed? An Ongoing Controversy


After many of the world’s whale species were overharvested, commercial whaling was banned in 1970, but there are efforts to overturn this ban.


Cetaceans are an order of mostly marine mammals ranging in size from the 0.9-meter (3-foot) porpoise to the giant 15- to 30-meter (50- to 100-foot) blue whale.


They are divided into two major groups: toothed whales and baleen whales (Figure 13-8, p. 260).


Toothed whales, such as the porpoise, sperm whale, and killer whale (orca), bite and chew their food and feed mostly on squid, octopus, and other marine animals.


Baleen whales, such as the blue, gray, humpback, and finback, are filter feeders. Instead of teeth they have several hundred horny plates made of baleen, or whalebone, that hang down from the upper jaw. These plates filter plankton from the seawater, especially tiny shrimp-like krill (Figure 4-19, p. 69). Baleen whales are the more abundant of the two cetacean groups.


Whales are fairly easy to kill because of their large size and their need to come to the surface to breathe.


Mass slaughter has become efficient with the use of radar and airplanes to locate them, fast ships, harpoon guns, and inflation lances that pump dead whales full of air and make them float.


Whale harvesting, mostly in international waters, has followed the classic pattern of a tragedy of the commons, with whalers killing an estimated 1.5 million whales between 1925 and 1975. This overharvesting reduced the populations of 8 of the 11 major species to the point at which it no longer paid to hunt and kill them (commercial extinction). It also drove some commercially prized species such as the giant blue whale to the brink of biological extinction (see Case Study, p. 260).


In 1946, the International Convention for the Regulation of Whaling established the International Whaling Commission (IWC), which now has 49 nation members. Its mission was to regulate the whaling industry by setting annual quotas to prevent overharvesting and commercial extinction.


This did not work well for two reasons. First, IWC quotas often were based on inadequate data or ignored by whaling countries. Second, without powers of enforcement the IWC was not able to stop the decline of most commercially hunted whale species.


In 1970, the United States stopped all commercial whaling and banned all imports of whale products.


Under pressure from environmentalists, the U.S. government, and governments of many non-whaling countries in the IWC, the IWC has imposed a moratorium on commercial whaling since 1986. It worked.


The estimated number of whales killed commercially worldwide dropped from 42,480 in 1970 to about 1,200 in 2004.


Despite the ban, IWC members Japan and Norway have continued to hunt certain whale species, and Iceland resumed hunting whales in 2002—stating that a certain number of whales needed to be harvested for scientific purposes. Japan, Norway, Iceland, Russia, and a growing number of small tropical island countries —which Japan brought into the IWC to support its position—continue working to overthrow the IWC ban on commercial whaling and reverse the international ban on buying and selling whale products.


They argue that commercial whaling should be allowed because it has long been a traditional part of the economies and cultures of countries such as Japan, Iceland, and Norway. They also contend that the ban is based on emotion, not updated scientific estimates of whale populations.


The moratorium on commercial whaling has led to a sharp rebound in the estimated populations of sperm, pilot, and minke whales. Proponents of resuming whaling see no scientific reason for not resuming controlled and sustainable hunting of these species and other whale species with populations of at least 1 million.


Conservationists disagree. Some argue that whales are peaceful, intelligent, sensitive, and highly social mammals that pose no threat to humans and should be protected for ethical reasons. Others question IWC estimates of the allegedly recovered whale species, noting the inaccuracy of past IWC estimates of whale populations.


Also, many conservationists fear that opening the door to any commercial whaling may eventually lead to widespread harvests of most whale species by weakening current international disapproval and legal sanctions against commercial whaling.


Proponents of resuming whaling say that people in other countries have no right to tell Japanese, Norwegians, and other whaling culture countries that because we like whales they must not eat them. This would be like people in India who consider cows sacred telling Americans and Europeans that they should not be allowed to eat beef.
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HOW WOULD YOU VOTE? Should commercial whaling be resumed? Cast your vote online at http://biology .brookscole.com/miller14.


Case Study: Near Extinction of the Blue Whale: Big Species are Easy to Kill


Commercial whaling almost drove the blue whale to extinction and it may never recover.
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Odontocetes (Toothed Whales) Figure 13-8 Natural capital: examples of cetaceans, which can be classified as either toothed whales or baleen whales.


The biologically endangered blue whale (Figure 13-8) is the world’s largest animal. Fully grown, it is longer than three train boxcars and weighs more than 25 elephants.


The adult has a heart the size of a Volkswagen
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Feeding on krill


Beetle car, and some of its arteries are so big that a child could swim through them.


Blue whales spend about 8 months a year in Antarctic waters. There they find an abundant supply of krill (Figure 4-19, p. 69), which they filter by the trillions daily from seawater. During the winter they migrate to warmer waters where their young are born.


Before commercial whaling began an estimated 200,000 blue whales roamed the Antarctic Ocean. Today the species has been hunted to near biological extinction for its oil, meat, and bone. There are probably fewer than 10,000 of these whales left.


A combination of prolonged overharvesting and certain natural characteristics of blue whales caused its decline. Their huge size made them easy to spot. They were caught in large numbers because they grouped together in their Antarctic feeding grounds. They also take 25 years to mature sexually and have only one offspring every 2–5 years. This low reproductive rate makes it difficult for the species to recover once its population falls beneath a certain threshold.


Blue whales have not been hunted commercially since 1964 and have been classified as an endangered species since 1975. Despite this protection, some marine biologists fear that too few blue whales remain for the species to recover and avoid extinction. Others believe that with continued protection they will make a slow comeback.


What Is the Role of International Agreements and Protected Marine Sanctuaries? Hopeful but Limited Progress


Nations have established various types of marine sanctuaries, but most receive only partial protection and fully protected areas make up less than 0.01% of the world’s ocean area.


Under the United Nations Law of the Sea, all coastal nations have sovereignty over the waters and seabed up to 19 kilometers (12 miles) offshore. They also have almost total jurisdiction over their Exclusive Economic Zone (EEZ), which extends 320 kilometers (200 miles) offshore. Taken together, the nations of the world have jurisdiction over 36% of the ocean surface and 90% of the world’s fish stocks. However, instead of using this law to protect their fishing grounds, many governments promoted overfishing, subsidized new fishing fleets, and failed to establish and enforce stricter regulation of fish catches Since 1986 the World Conservation Union (IUCN) has helped establish a global system of marine protected areas (MPAs), mostly at the national level. An MPA is an area of ocean protected from some or all human activities.


The 1,300 existing MPAs provide partial protection for about 0.2% of the earth’s total ocean area.


In addition, the United Nations Environment Programme has spearheaded efforts to develop 12 regional agreements to protect large marine areas shared by several countries.


And about 90 of the world’s 350 biosphere reserves (p. 217) include coastal or marine habitats. Marine reserves—also known as fully protected areas or no-take MPAs—are areas where no extraction and alteration of any living or nonliving resources is allowed.


More than 20 coastal nations, including the United States, have established marine reserves that vary widely in size. In 2002, the Australian government established the world’s largest marine reserve.


Scientific studies show that within fully protected marine reserves, fish populations double, fish size grows by almost a third, fish reproduction triples, and species diversity increases by almost one-fourth. Furthermore, this improvement happens within 2–4 years after strict protection begins and lasts for decades.


However, less than 0.01% of the world’s ocean area consists of fully protected marine reserves. In the United States the total area of fully protected marine habitat is only about 130 square kilometers (50 square miles). In other words, we have failed to strictly protect 99.99% of the world’s ocean area from human exploitation.


In 1997, a group of international marine scientists called for governments to increase fully protected marine reserves to at least 20% of the ocean’s surface by 2020. The 2003 Pew Fisheries Commission study recommended establishing many more protected marine reserves in U.S. coastal waters and connecting them with protected corridors so fish can move back and forth. In 2004 marine biologist Elliott Norse proposed establishment of moveable marine reserves that move with the animals as they migrate through the oceans.


What Is the Role of Integrated Coastal Management? Cooperation Can Work


Some communities have worked together to develop integrated plans for managing their coastal areas.


Integrated coastal management is a community-based effort to develop and use coastal resources more sustainably.


The overall aim is for groups competing for the use of coastal resources to identify shared problems and goals. Then they attempt to develop workable, cost-effective, and adaptable solutions that preserve biodiversity and environmental quality while meeting economic and social needs. In other words, develop and implement integrated plans using the principles of adaptive ecosystem management (Figure 11-23, p. 218).


Ideally, the overall goal is to zone the land and sea portions of an entire coastal area. Such zoning would include some fully protected marine reserves where no exploitive human activities are allowed and other zones where different kinds and levels of human activities are permitted. Australia’s huge Great Barrier Reef Marine Park is managed this way. Currently, more than 100 integrated coastal management programs are being developed throughout the world.


In the United States, 90 coastal counties are working to establish coastal management systems, but fewer than 20 of these plans have been implemented.
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What Role Can Reconciliation Ecology Play? Share the Spaces We Dominate


We can greatly increase the use of reconciliation ecology in protecting, sustaining, and restoring aquatic systems.


Reconciliation ecology (p. 247) has a role to play in protecting, sustaining, and restoring aquatic systems. Here are two examples given by Michael L. Rosenzweig.


One involves large numbers of American crocodiles taking up residence in 38 long canals dug to provide cooling water for Florida’s Turkey Point electric power plant. The sides of each canal are topped with berms of the dirt dredged to dig them out. The berms support a variety of plants and small trees, including red mangroves.


In addition, a group of American crocodiles showed up and began living and breeding in the canals. This was not a planned experiment in reconciliation ecology. It just happened.


Now we zoom to the city of Eliat, Israel, at one tip of the Red Sea. There we find a magnificent coral reef at the water’s edge, which is a major tourist attraction.


To help protect the reef from excessive development and destructive tourism, Israel set aside part of the reef as a nature reserve.


The bad news is that most of the rest of the reef is gone as a result of tourism, industry, and inadequate sewage treatment.


Enter Reuven Yosef, a pioneer in reconciliation ecology, who has developed an underwater restaurant called the Red Sea Star Restaurant. Take an elevator down two floors and walk into a restaurant surrounded with windows looking out into a beautiful coral reef.


This reef was created from broken pieces of coral. When divers find broken pieces of coral in the nearby reserve they bring them to Yosef’s coral hospital.


Most pieces of broken coral soon become infected and die.


But researchers have learned how to treat the coral fragments with antibiotics and store them while they are healing in large tanks of fresh seawater.


After several months of healing, divers bring the fragments to the watery area outside the Red Sea Star Restaurant’s windows. There they are wired


Solutions Managing Fisheries


Set catch limits well below the maximum sustainable yield Improve monitoring and enforcement of regulations


Fishery Regulations


Sharply reduce or eliminate fishing subsidies Charge fees for harvesting fish and shellfish from publicly owned offshore waters Certify sustainable fisheries


Economic Approaches


Establish no-fishing areas Establish more marine protected areas Rely more on integrated coastal management


Protected Areas


Label sustainably harvested fish Publicize overfished and threatened species


Consumer Information


Use wide-meshed nets to allow escape of smaller fish Use net escape devices for seabirds and sea turtles Ban throwing edible and marketable fish back into the sea


Bycatch


Restrict coastal locations for fish farms Control pollution more strictly Depend more on herbivorous fish species


Aquaculture


Kill organisms in ship ballast water Filter organisms from ship ballast water Dump ballast water far at sea and replace with deep-sea water


Nonative Invasions Figure 13-9 Solutions: ways to manage fisheries more sustainably and protect marine biodiversity.


to panels of iron mesh cloth. The coral grow and cover the iron matrix. Then fish and other creatures show up.


Using his creativity and working with nature, Yosef has helped create a small coral reef and provides a beautiful place for restaurant customers to see the reef without having to be divers or snorklers.


We need to greatly increase experiments in reconciliation ecology in the world’s aquatic systems. Perhaps you can begin such an experiment in your area.You also might want to consider this field as a career choice.


13-4 MANAGING AND SUSTAINING THE WORLD’S MARINE FISHERIES


How Can We Manage Fisheries to Sustain Stocks and Protect Biodiversity? Many Ideas


There are a number of ways to manage marine fisheries more sustainably and protect marine biodiversity.


Overfishing is a serious threat to biodiversity in coastal waters and to some marine species in open ocean waters. Figure 13-9 lists measures that analysts
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have suggested for managing global fisheries more sustainably and protecting marine biodiversity. Most of these approaches rely on some sort of government regulation.


But in nature there are almost always surprises because we still have little understanding of how ecosystems work. For example, researchers have found that reducing fishing to protect fish stocks can harm populations of some seabirds.


In the North Sea, the bycatch tossed back into the sea is eaten by a seabird species called the great skua.


Because of such an abundance of food the size of the great skua population rose sharply. But reducing fish quotas has meant fewer discards for these seabirds. To make up for the loss these birds have been preying in other seabirds such as kittiwakes and puffins—another example of unintended consequences from our actions.


One way to reduce overfishing is to develop better measurements and models for projecting fish populations.


Until recently, management of commercial fisheries has been based primarily on the maximum sustained yield (MSY). It involves using a mathematical model to project the maximum number of fish that can be harvested annually from a fish stock without causing a population drop.


But experience has shown that the MSY concept has helped hasten the collapse of most commercially valuable stocks for several reasons. First, populations and growth rates of fish stocks are difficult to measure.


Second, population sizes of fish stocks usually are based on unreliable and sometimes underreported catch figures by fishers. Third, harvesting a particular species at its estimated maximum sustainable level can affect the populations of other target and non-target fish species and other marine organisms—those pesky connections again. Fourth, fishing quotas are difficult to enforce and many groups managing fisheries have ignored projected MSYs for short-term political or economic reasons.


In recent years, fishery biologists and managers have begun placing more emphasis on the optimum sustained yield (OSY) concept. This approach attempts to take into account interactions with other species and to provide more room for error. But it still depends on the poorly understood biology of fish and changing ocean conditions. Also, many bodies governing fisheries ignore OSY estimates for short-term political and economic reasons.


Another approach is multispecies management of a number of interacting species, which takes into account their competitive and predator–prey interactions. Such models are still in the development and testing stage.


Amore ambitious approach is to develop complex computer models for managing multispecies fisheries in large marine systems. However, it is a political challenge to get groups of nations to cooperate in planning and managing them.


Despite the scientific and political difficulties, some limited management of several large marine systems is under way. Examples include the Mediterranean Sea by 17 of the 18 nations involved and the Great Barrier Reef under the exclusive control of Australia.


A basic problem is the uncertainties built into using any of these approaches. As a result, many fishery scientists and environmentalists are increasingly interested in using the precautionary principle for managing fisheries and large marine systems. This means sharply reducing fish harvests and closing some overfished areas until they recover and we have more information about what levels of fishing can be sustained.


Should Governments Control Access to Fisheries? Regulation and Cooperation Can Work


Some fishing communities regulate fish harvests on their own and others work with the government to regulate them.


By international law, a country’s offshore fishing zone extends to 370 kilometers (200 nautical miles, or 230 statute miles) from its shores. Foreign fishing vessels can take certain quotas of fish within such zones, called exclusive economic zones, but only with a government’s permission.


Ocean areas beyond the legal jurisdiction of any country are known as the high seas. International maritime law and international treaties set some limits on the use of the living and mineral common-property resources in the high seas. But such laws and treaties are difficult to monitor and enforce.


Traditionally, many coastal fishing communities have developed allotment and enforcement systems that have sustained their fisheries, jobs, and communities for hundreds and sometimes thousands of years.


An example is Norway’s Lofoten fishery, one of the world’s largest cod fisheries. For 100 years it has been self-regulated, with no government quota regulations and no participation by the Norwegian government.


Cooperation can work.


However, the influx of large modern fishing boats and fleets has weakened the ability of many coastal communities to regulate and sustain local fisheries.


Many community management systems have been replaced by comanagement, in which coastal communities and the government work together to manage fisheries.


In this approach, a central government typically sets quotas for various species, divides the quotas among communities, and may limit fishing seasons and regulate the type of fishing gear that can be used to harvest a particular species.


Each community then allocates and enforces its quota among its members based on its own rules. Often communities focus on managing inshore fisheries and the central government manages the offshore fish-
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eries. When it works, community-based comanagement illustrates that the tragedy of the commons is not inevitable.


Should We Use the Marketplace to Control Access to Fisheries? Good and Bad News about an Interesting Idea


Some countries try to prevent overfishing by giving each fishing vessel quotas that can be bought or sold in the marketplace.


Some countries are using a market-based system called individual transfer quotas (ITQs) to help control access to fisheries. The government gives each fishing vessel owner a specified percentage of the total allowable catch (TAC) for a fishery in a given year.


Owners are permitted to buy, sell, or lease their quotas like private property. Currently about 50 of the world’s fisheries are managed by the ITQ system. It was introduced in New Zealand in 1986 and in Iceland in 1990. In these countries there has been some reduction in overfishing and the overall fishing fleet and an end to government fishing subsidies that encourage overfishing.


But enforcement has been difficult, some fishers illegally exceed their quotas, and the wasteful bycatch has not been reduced.


Environmentalists have identified four problems with the ITQ approach and have made suggestions for its improvement. First, in effect it transfers ownership of publicly owned fisheries to private commercial fishers but still makes the public responsible for the costs of enforcing and managing the system. Remedy: Collect fees (not to exceed 5% of the value of the catch) from quota holders to pay for the costs of government enforcement and management of the ITQ system.


Second, it can squeeze out small fishing vessels and companies because they do not have the capital to buy ITQs from others. For example, 5 years after the ITQ system was implemented in New Zealand, three companies controlled half the ITQs. Remedy: Do not allow any fisher or fishing company to accumulate more than a fifth of the total quota of a fishery.


Third, the ITQ system can increase poaching and sales of illegally caught fish on the black market, as has happened to some extent in New Zealand. Some of this comes from small-scale fishers who receive no quota or too small a quota to make a living. Some also comes from larger-scale fishers who deliberately exceed their quotas. Remedy: Require strict record keeping and have well-trained observers on all fishing vessels with quotas.


Fourth, the fishing quotas (TACS) are often set too high to prevent overfishing. Remedy: Leave 10–50% of the estimated MSY of an ITQ fishery as a buffer to protect the fishery from unexpected decline.


13-5 PROTECTING, SUSTAINING, AND RESTORING WETLANDS


How Are Wetlands Protected in the United States? Some Progress


Requiring government permits for filling or destroying U.S. wetlands has slowed their loss, but there are continuing attempts to weaken this protection.


Coastal and inland wetlands are important reservoirs of aquatic biodiversity that provide many vital ecological and economic services. In the United States, a federal permit is required to fill or to deposit dredged material into wetlands occupying more than 1.2 hectares (3 acres). According to the U.S. Fish and Wildlife Service, this law helped cut the average annual wetland loss by 80% between 1969 and 2002.


There are continuing attempts to weaken wetlands protection by using unscientific criteria to classify areas as wetlands. Also, only about 8% of remaining inland wetlands is under federal protection, and federal, state, and local wetland protection is weak.


The stated goal of current U.S. federal policy is zero net loss in the function and value of coastal and inland wetlands. A policy known as mitigation banking allows destruction of existing wetlands as long as an equal area of the same type of wetland is created or restored.


Some wetland restoration projects have been successful (Individuals Matter, p. 266).


However, a 2001 study by the National Academy of Sciences found that at least half of the attempts to create new wetlands fail to replace lost ones and most of the created wetlands do not provide the ecological functions of natural wetlands. In addition, wetland creation projects often fail to meet the standards set for them and are not adequately monitored.


Figure 13-10 lists ways to help sustain wetlands in the United States and elsewhere. Many developers,
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Figure 13-10 Solutions: ways to help sustain the world’s wetlands.


Solutions Protecting Wetlands


Legally protect existing wetlands Steer development away from existing wetlands Use mitigation banking only as a last resort Require creation and evaluation of a new wetland before destroying an existing wetland Restore degraded wetlands Try to prevent and control invasions by nonnative species farmers, and resource extractors vigorously oppose these suggestions.


Case Study: Restoring the Florida Everglades: Will It Work?


The world’s largest ecological restoration project involves trying to undo some of the damage inflicted on Florida’s Everglades by human activities.


South Florida’s Everglades was once a 100-kilometerwide (60-mile-wide), knee-deep sheet of water flowing slowly south from Lake Okeechobee to Florida Bay (Figure 13-11). As this shallow body of water trickled south it created a vast network of wetlands with a variety of wildlife habitats.


But since 1948 much of the southward natural flow of the Everglades has been diverted and disrupted by a system of canals, levees, spillways, and pumping stations. The most devastating blow came in the 1960s, when the U.S. Army Corps of Engineers transformed the meandering 103-mile-long Kissimmee River (Figure 13-11) into a straight 84-kilometer (56- mile) canal. The canal provided flood control by speeding the flow of water but drained large wetlands north of Lake Okeechobee, which farmers then turned into cow pastures.


Below Lake Okeechobee, farmers planted and fertilized vast agricultural fields of sugarcane and vegetables.


Historically the Everglades has been a nutrient– poor aquatic system, with low phosphorus levels. But runoff of phosphorus from fertilizers has greatly increased phosphorus levels. This large nutrient input has stimulated the growth of nonnative plants such as cattails, which have taken over and displaced saw grass, choked waterways, and disrupted food webs in a vast area of the Everglades.


Mostly as a result of these human alterations, the natural Everglades has shrunk to half its original size and dried out, leaving large areas vulnerable to summer wildfires. Urbanization has also contributed to the loss of biodiversity in the Everglades by fragmenting much of its habitat.


To help preserve the lower end of the system, in 1947 the U.S. government established Everglades National Park, which contains about a fifth of the remaining Everglades. But this did not work—as conservationists had predicted—because the massive plumbing and land development project to the north cut off much of the water flow needed to sustain the park’s wildlife.


As a result, 90% of the park’s wading birds have vanished, and populations of other vertebrates, from deer to turtles, are down 75–95%. Florida Bay, south of the Everglades is a shallow estuary with many tiny islands or keys. Large volumes of fresh water that once flowed through the park into Florida Bay have been diverted for crops and cities, causing the bay to become saltier and warmer. This and increased nutrient input from crop fields and cities have stimulated the growth of large algae blooms that sometimes cover 40% of the bay. This has threatened the coral reefs and the diving, fishing, and tourism industries of the bay and Florida Keys—another example of unintended consequences.


By the 1970s, state and federal officials recognized that this huge plumbing project threatens wildlife—a major source of tourism income for Florida—and the water supply for the 6 million residents of south
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Humans have drained, filled in, or covered over swamps, marshes, and other wetlands for centuries.


They have done this to create rice fields and other land to grow crops, create land for urban development and highways, reduce disease such as malaria caused by mosquitoes, and extract minerals, oil, and natural gas.


Some people have begun to question such practices as we learn more about the ecological and economic importance of coastal and inland wetlands. Can we turn back


Restoring a Wetland


INDIVIDUALS MATTER


reintroduced smartweed and other plants needed by birds, and planted fast-growing Peking willows. After years of care, hand planting, and annual seeding with a mixture of watergrass, smartweed, and rice, the marsh is once again a part of the Pacific flyway used by migratory waterfowl (Figure 12-15, p. 246).


Jim Callender and others have shown that at least part of the continent’s degraded or destroyed wetlands can be reclaimed with scientific knowledge and hard work.


Such restoration is useful, but to most ecologists the real challenge is to protect remaining wetlands from harm in the first place.


the clock to restore or rehabilitate lost marshes?


California rancher Jim Callender decided to try. In 1982, he bought 20 hectares (50 acres) of a Sacramento Valley rice field that had been a marsh until the early 1970s. To grow rice, the previous owner had destroyed the marsh by bulldozing, draining, leveling, uprooting the native plants, and spraying with chemicals to kill the snails and other food of the waterfowl.


Callender and his friends set out to restore the marshland. They hollowed out low areas, built up islands, replanted bulrushes and other plants that once were there,


Florida’s current and projected population and the lower Everglades. Sixth, build new canals, reservoirs, and huge pumping systems to capture 80% of the water currently flowing out to sea and return it to the Everglades.


Will this huge ecological restoration project work? It depends not only on the abilities of scientists and engineers but also on prolonged political and economic support from citizens, Florida’s politically powerful sugarcane and agricultural industries, and elected state and federal officials.


Bad news. The carefully negotiated plan is unraveling. In 2003, sugarcane growers persuaded the Florida legislature to increase the amount of phosphorus they could discharge and extend the deadline for doing this from 2006 to 2016.


According to critics, the main goal of the Everglades restoration plan is to provide water for urban and agricultural development with ecological restoration as a secondary goal. Also, the plan does not specify how much of the water rerouted toward south and central Florida will go to the parched park instead of to increased industrial, agricultural, and urban development. In 2002, a National Academy of Sciences panel said that the plan would probably not clear up Florida Bay’s nutrient enrichment problems.


The need to make expensive and politically controversial efforts to undo some of the damage to the Everglades caused by 120 years of agricultural and urban development is another example of failure to heed two fundamental lessons from nature: Prevention is the cheapest and best way to go and there are almost always unintended consequences because we can never do one thing when we intervene in nature.


13-6 PROTECTING, SUSTAINING, AND RESTORING LAKES AND RIVERS


Case Study: Can the Great Lakes Survive Repeated Invasions by Alien Species? They Keep Coming


Invasions by nonnative species have upset the ecological functioning of the Great Lakes for decades, and more invaders keep arriving.


Invasions by nonnative species is a major threat to the biodiversity and ecological functioning of lakes, as illustrated by what has happened to the Great Lakes.


Collectively, the Great Lakes are the world’s largest body of fresh water. Since the 1920s, they have


267 http://biology.brookscole.com/miller14
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Everglades National Park
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Figure 13-11 The world’s largest ecological restoration project is an attempt to undo and redo an engineering project that has been destroying Florida’s Everglades and threatening water supplies for south Florida’s growing population.


Florida and the 6 million more people projected to be living there by 2050.


After more than 20 years of political haggling, in 1990 Florida’s state government and the federal government agreed on the world’s largest ecological restoration project. It is to be carried out by the U.S. Army Corps of Engineers between 2000 and 2038, with Florida and the federal government sharing its projected $7.8 billion cost.


The project has several ambitious goals. First, restore the curving flow of more than half of the Kissimmee River. Second, remove 400 kilometers (250 miles) of canals and levees blocking water flow south of Lake Okeechobee. Third, buy 240 square kilometers (93 square miles) of farmland and allow it to flood to create artificial marshes to filter agricultural runoff before it reaches Everglades National Park. Fourth, create a network of artificial marshes. Fifth, create 18 large reservoirs to ensure an adequate water supply for south been invaded by at least 162 nonnative species and the number keeps rising. Many of the alien invaders arrive on the hulls or in bilge water discharges of oceangoing ships that have been entering the Great Lakes through the St. Lawrence seaway for over 40 years.


One of the biggest threats, sea lampreys, reached the western lakes through the Welland Canal as early as 1920. This parasite attaches itself to almost any kind of fish and kills the victim by sucking out its blood (Figure 12-9, p. 235). Over the years it has depleted populations of many important sport fish species such as lake trout.


The United States and Canada keep the lamprey population down by applying a chemical that kills their larvae in their spawning streams—at a cost of about $15 million a year.


In 1986, larvae of the zebra mussel (Figure 12-9, p. 235) arrived in ballast water discharged from a European ship near Detroit, Michigan. This thumb-nail sized nonnative species reproduces rapidly and has no known natural enemies in the Great Lakes. As a result, it has displaced other mussel species and depleted the food supply for some other Great Lakes species. The mussels have also clogged irrigation pipes, shut down water intake systems for power plants and city water supplies, fouled beaches, and grown in huge masses on boat hulls, piers, pipes, rocks, and almost any exposed aquatic surface. This mussel has also spread to freshwater communities in parts of southern Canada and 18 states in the United States.


Possible good news. In 2001, scientists at Indiana’s Purdue University Calumet reported on the use of an oscillating dipole apparatus to produce what is popularly known as a “zebra mussel death ray.” It emits extremely low frequency electromagnetic waves that can kill zebra mussels, apparently without harming the environment or other species. This approach is being evaluated. New methods for treating ballast water have also been developed (Individuals Matter, p. 257).


Zebra mussels may not be good for us and some fish species but they can benefit a number of aquatic plants. By consuming algae and other microorganisms, the mussels increase water clarity, which permits deeper penetration of sunlight and more photosynthesis.


This allows some native plants to thrive and return the plant composition of Lake Erie (and presumably other lakes) closer to what it was 100 years ago. Because the plants provide food and increase dissolved oxygen, their comeback may benefit certain aquatic animals.


More bad news. In 1991, a larger and potentially more destructive species, the quagga mussel, invaded the Great Lakes, probably discharged in the ballast water of a Russian freighter. It can survive at greater depths and tolerate more extreme temperatures than the zebra mussel. There is concern that it may eventually colonize areas such as Chesapeake Bay and waterways in parts of Florida.
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Figure 13-13 Degraded natural capital: the Columbia River basin. (Data from Northwest Power Planning Council)


Natural Capital Ecological Services of Rivers


• Deliver nutrients to sea to help sustain coastal fisheries • Deposit silt that maintains deltas • Purify water • Renew and renourish wetlands • Provide habitats for wildlife


Figure 13-12 Natural capital: important ecological services provided by rivers.


The Asian carp is also expected to reach the Great Lakes soon. These highly prolific fish, which can quickly grow as long as 1.2 meters (4 feet) and weigh up to 50 kilograms (110 pounds), have no natural predators in the Great Lakes.


Case Study: Managing the Columbia River Basin for People and Salmon: A Difficult Balancing Act


Constructing a large number of dams along the Columbia River has provided many human benefits but has threatened wild salmon populations.


Rivers and streams provide important ecological and economic services (Figure 13-12). But these services can be disrupted by overfishing, pollution, dams, and
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water withdrawal for irrigation. An example of such disruption is the Columbia River—North America’s fourth largest river (Figure 13-13).


This basin has the world’s largest hydroelectric power system. It has 119 dams, 19 of which are major generators of inexpensive hydroelectric power. It also supplies municipal and industrial water for several major urban areas and is a source of water for irrigating large areas of agricultural land.


Salmon are migratory fish that spawn in the upper reaches of streams and rivers. Their offspring migrate downstream to the ocean, where they spend most of their adult lives. The adults complete their life cycle by returning to their place of birth to spawn and die (Figure 13-14, left). A series of dams and extensive forest clearing of land adjacent to stream banks can severely disrupt the salmon life cycle because salmon need free flowing rivers to return, spawn, and lay eggs at the sites where they were hatched. This requires not cutting nearby forests that can cloud salmon spawning sites with silt and cover spawned eggs. In other words, salmon need nearby intact forests.


In 2001 research by ecologist Thomas Reimichen indicated that salmon can improve the health of the nearby forests. This occurs because bears feeding on large amounts of the salmon strew half-eaten salmon


Fish change form Human capture Fish enter rivers and head for spawning areas Salmon processing plant To hatchery In the fall spawning salmon deposit eggs in gravel nests and die Fingerlings migrate downstream . . .


Grow to maturity in Pacific Ocean in 1–2 years Fry hatch in the spring . . .


Modified Life Cycle


Eggs are taken from adult females and fertilized with sperm “milked” from males


Normal Life Cycle


Grow to smolt and enter the ocean . . .


And grow in the stream for 1–2 years Eggs and young are cared for in the hatchery Fingerlings are released into river


Figure 13-14 Normal life cycle of wild salmon (left) and human-modified life cycle of hatchery-raised salmon (right). Salmon spend part of their lives in fresh water and part in salt water.


carcasses on the forest floor. As they decompose the carcasses help fertilize the forest and provide food for a variety of insects and other scavengers. Another study indicated that trees in forests along streams in the Pacific Northwest with healthy salmon populations grow up to three times faster than those along streams without salmon.


Thus such forests and salmon need each other for good health. Since the dams were built, the Columbia River’s wild Pacific salmon population has dropped by 94% and nine Pacific Northwest salmon species are listed as endangered or threatened. The dams are not the only cause of this decline. Other factors include overfishing of salmon in the Pacific Ocean, destruction of salmon spawning grounds in streams by sediment from logging and mining, and withdrawals of water for irrigation and other human uses. Also, the lack of shade in salmon spawning streams where all of the trees have been cut makes the water too hot for survival of salmon eggs.


Commercial fishing operations have modified the wild salmon’s natural cycle by using salmon ranching, a form of aquaculture in which salmon eggs and young are raised in a hatchery and then released (Figure 13-14, right). But ranch salmon that escape and interbreed with wild ones reduce the genetic diversity of the wild fish and their ability to survive.


In 1980, the U.S. Congress passed the Northwest Power Act. It has two main goals, which often conflict with one another. One was to develop and implement long-range plans to meet the region’s electricity needs.


The other was to rebuild wild and hatchery-raised salmon and other fish populations.


Figure 13-15 lists some of the strategies that have been used to help restore wild salmon populations.


The federal government has spent over $3 billion in efforts to save the salmon but none have been effective.


Environmentalists, Native American tribes, and commercial salmon fishers want the government to remove four small hydroelectric dams on the lower Snake River in Washington to restore salmon spawning habitat. Farmers, barge operators, and aluminum workers argue that removing the dams would hurt local economies by reducing irrigation water, eliminating cheap transportation of commodities by ship in the affected areas, and reducing the supply of cheap electricity for industries and consumers.


Can this wild salmon restoration project work? No one knows because it will take decades to see whether the salmon populations can be rebuilt. Despite problems, this program demonstrates that people with diverse and often conflicting economic, political, and environmental interests can work together to try new ideas and develop potentially sustainable solutions to complex resource management issues. It is an example of a large-scale reconciliation ecology project.


Critics of this expensive salmon restoration program argue that populations of wild salmon are stable in Alaska, so we should not care that wild salmon are declining in the Pacific Northwest. They also contend that the economic costs to the hydroelectric power, shipping, and timber industries and to farmers and consumers exceed the value of saving wild salmon.


Some have worked to restore salmon populations in specific streams (Individuals Matter, below).
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In 1980 heart problems forced John Beal, an engineer with the Boeing Company, to take some time off. To improve his health he began taking daily walks. His strolls took him by a small stream called Hamm Creek that flows from the southwest hills of Seattle, Washington, into the Duwamish River that empties into Puget Sound.


He remembered when the stream was a spawning ground for


The Man Who Planted Trees to Restore a Stream


INDIVIDUALS MATTER


joined him. TV news reports and newspaper articles about the restoration project brought more volunteers.


The creek’s water now runs clear, its vegetation has been restored, and salmon have returned to spawn. His reward is the personal satisfaction he feels about having made a difference for Hamm Creek and his community.


His dedication to making the world a better place is an outstanding example of the idea that all sustainability is local.


salmon and evergreen trees lined its banks. Now the polluted stream had no fish and the trees were gone.


He decided to restore Hamm Creek. He persuaded companies to stop polluting the creek and hauled out many truckloads of garbage.


Then he began a 15-year project of planting thousands of trees along the stream’s banks. He also restored natural waterfalls and ponds and salmon spawning beds.


At first he worked alone, but word spread and other people


HOW WOULD YOU VOTE? Should federal efforts to rebuild wild salmon populations in the Columbia River Basin be abandoned?


Cast your vote online at http://biology.brookscole .com/miller14.


How Can Wild and Scenic Rivers Be Protected and Restored? Let More of Them Run Free


A federal law helps protect a tiny fraction of U.S. wild and scenic rivers from dams and other forms of development.


In 1968, the U.S. Congress passed the National Wild and Scenic Rivers Act. It established the National Wild and Scenic Rivers System to protect rivers and river segments with outstanding scenic, recreational, geological, wildlife, historical, or cultural values.


Congress established a three-tiered classification scheme. Wild rivers are rivers or segments of rivers that are relatively inaccessible and untamed and that are not permitted to be widened, straightened, dredged, filled, or dammed. The only activities allowed are camping, swimming, non-motorized boating, sport hunting, and sport and commercial fishing.


Scenic rivers are free of dams, mostly undeveloped, accessible in some places by roads, and of great scenic value. Recreational rivers are rivers or sections of rivers that are readily accessible by roads and that may have some dams or development along their shores.


Currently only 0.2% of the country’s 6 million kilometers (3.5 million miles) are protected by the Wild and Scenic Rivers System. In contrast, dams and reservoirs are found on 17% of the country’s total river length.


Environmentalists urge Congress to add 1,500 additional river segments to the system, a goal vigorously opposed by some local communities and anti-environmental groups. Achieving this goal would protect about 2% of the country’s river systems. That is still 98% for us and only 2% for the wild rivers and their species.


In this chapter we have seen that threats to aquatic biodiversity are real and growing and are even greater than threats to terrestrial biodiversity. Keys to sustaining life in the earth’s aquatic systems include greatly increasing research to learn more about aquatic life, greatly expanding efforts to protect and restore aquatic biodiversity, and promoting integrated ecological management of connected terrestrial and aquatic systems.


These things can be done if enough people insist on it.


To promote conservation, fishers and officials need to view fish as a part of a larger ecological system, rather than simply as a commodity to extract.


ANNE PLATT MCGINN


CRITICAL THINKING


1. What three actions would you take to deal with the ecological and economic problems of Africa’s Lake Victoria?
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Solutions Rebuilding Salmon Populations


Building upstream hatcheries Releasing juvenile salmon from hatcheries to underpopulated streams Releasing extra water from dams to wash juvenile salmon downstream Building fish ladders so adult salmon can bypass dams during upstream migration Using trucks and barges to transport salmon around dams Reducing silt runoff from logging roads above salmon spawning streams Banning dams from some stream areas


Figure 13-15 Solutions: Some strategies used to rebuild salmon populations in the Columbia River basin.


How Can Freshwater Fisheries Be Managed and Sustained? Encourage Some Species and Discourage Others


Freshwater fisheries can be sustained by building and protecting populations of desirable species, preventing overfishing, and decreasing populations of less desirable species.


Sustainable management of freshwater fish involves encouraging populations of commercial and sport fish species, preventing such species from being overfished, and reducing or eliminating populations of less desirable species. Ways to do this include regulating the time and length of fishing seasons and the number and size of fish that can be taken.


Other techniques include building reservoirs and farm ponds and stocking them with fish, fertilizing nutrient- poor lakes and ponds, and protecting and creating fish spawning sites. In addition, fishery managers can protect fish habitats from sediment buildup and other forms of pollution, prevent excessive growth of aquatic plants from large inputs of plant nutrients, and build small dams to control water flow.


Improving habitats, breeding genetically resistant fish varieties, and using antibiotics and disinfectants can control predators, parasites, and diseases. Hatcheries can be used to restock ponds, lakes, and streams with prized species such as trout and salmon, and entire river basins can be managed to protect valued species such as salmon. Some individuals have worked to help restore degraded streams.


2. Why is marine biodiversity higher (a) near coasts than in the open sea and (b) on the ocean’s bottom than at its surface?


3. Why is it more difficult to identify and protect endangered marine species than to protect such species on land?


4. List three methods for using the precautionary principle as a way to manage marine fisheries and help protect marine biodiversity.


5. Should fishers harvesting fish from a country’s publicly owned waters be required to pay the government (taxpayers) fees for the fish they catch? Explain. If your livelihood depended on commercial fishing, would you be for or against such fees?


6. Are you for or against using Individual Transfer Quotas (p. 265) as the major method for managing fisheries? Explain. What are the alternatives?


7. Are you for or against using mitigation banking to help sustain wetlands? Explain. What restrictions, if any, would you put on such activities?


8. Congratulations! You are in charge of protecting the world’s aquatic biodiversity. List the three most important points of your policy to accomplish this goal.


PROJECTS


1. Survey the condition of a nearby wetland, coastal area, river, or stream. Has its condition improved or deteriorated during the last 10 years? What local, state, or national efforts are being used to protect this aquatic system? Develop a plan for protecting it.


2. Work with your classmates to develop an experiment in aquatic reconciliation ecology for your campus or local community.


3. Use the library or the Internet to find bibliographic information about G. Carleton Ray and Anne Platt McGinn, 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 about how to prepare 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 13, and select a learning resource.
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