The Growing Threat of Invasive Species

Ships, planes, and other modes of travel often carry plants and animals to distant places. Most of these nonnative species die under the new, unfamiliar conditions, but as worldwide movement of people and goods increases, thousands of so-called invasive species make their way abroad and drive out or infest native species. Invasive species threaten global biodiversity and often damage commercial crops. This October 1999 Encarta Yearbook special report by author Yvonne Baskin discusses the effects of invasive species and some of the efforts currently underway to minimize the damage they cause.
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The dreaded creature is not much to look at. When fully grown it is usually not much larger than a human thumbnail. It feeds on tiny particles of organic matter that it strains from the water. But despite its harmless appearance, the zebra mussel, Dreissena polymorpha, is causing nightmares for industries and municipalities throughout much of the Midwest.

The zebra mussel traveled to the Great Lakes from Europe's Black Sea and Caspian Sea in the ballast tanks of ships during the mid- to late 1980s. From there, the fast-spreading mollusk has so far colonized lakes and rivers in 19 states and in southern Canada, causing millions of dollars in damage. The mollusks attach themselves in overwhelming numbers to rocks, boat hulls, and buoys, and they clog intake pipes serving factories, power plants, and municipal water systems. By consuming much of the microscopic organic matter in the water wherever they live, zebra mussels can starve as well as crowd out native aquatic life. They have no significant predators in this country.

Zebra mussels are just one example of a growing tide of invasive species—nonnative plants and animals that, once introduced into a new ecosystem, spread profusely and wreak havoc. Thousands of such species thrive in the United States, ranging from the European green crab, which threatens the shellfish industry in the Pacific Northwest, to the Asian longhorned beetle, which is killing trees at an alarming rate in New York City and Chicago. Humans are often the source of these introductions, both intentionally and unintentionally. But whether the species was brought in by a nursery or pet store or it stowed away in ballast water or a packing crate, the problem of invasive species is serious and getting worse. In the past, government agencies and environmental groups have taken a patchwork approach to dealing with the issue, but now they are starting to realize that only unified, comprehensive measures have any hope of succeeding in this battle.

The Scope of the Problem
Biologists do not really know how many different nonnative species there are in the United States. A groundbreaking 1993 report by the Office of Technology Assessment (OTA) estimated that at least 4,500 nonnative species were established in the United States—with more arriving every week. A 1999 U.S. Geological Survey (USGS) report put the minimum number at 6,271. Of course, the phenomenon is not unique to the United States—opportunistic species have moved into new territory in every country around the world.

Not every nonnative species is an unwelcome intruder. Most of the world's people, including Americans, get the bulk of their food from crops and livestock raised in areas where they did not originate. Thus, nonnative species are fundamental to most human cultures, and strong economic incentives encourage many sectors of society to continue importing potentially useful new organisms.

The rapid pace of human trade and travel, however, is scrambling the earth's living heritage at a record rate. This global movement of plants and animals magnifies the inevitable problem: A small but significant percentage of nonnative species proliferate out of control, damaging crops, causing disease, harming native plants and animals, and often transforming the landscape. Biologists estimate that 10 to 20 percent of established nonnative species worldwide become invasive, causing serious economic or ecological harm. Many of these species have become legendary to farmers, foresters, and homeowners during this century: starlings, kudzu, cheatgrass, salt cedar, sea lampreys, fire ants, the fungi that cause chestnut blight and Dutch elm disease, and gypsy moths, to name some. In recent decades, many new scourges have joined the list: melaleuca trees, Argentinean ants, Formosan termites, Asian tiger mosquitoes, and others.

The damages caused by these invaders are real, but notoriously difficult to quantify. One of the authors of the OTA report, environmental consultant Peter Jenkins, conservatively estimates that invaders cost the United States $5.5 billion to $7.5 billion each year in lost productivity from croplands, forests, fisheries, and livestock. A broader, more controversial estimate by a team led by ecologist David Pimentel of Cornell University in Ithaca, New York, puts the U.S. losses to invasive species at $123 billion or more annually. More than half—$67 billion—of the damages in this estimate are agricultural losses to weeds, insects, and diseases. Another $19 billion in damages is caused by nonnative rats that destroy grain, pollute stored foodstuffs, and cause fires by gnawing through electrical wiring. An additional $6.5 billion is accounted for in medical care and lost wages and productivity due to human diseases caused by nonnative species. The other $31 billion in losses is attributed to a large variety of damages caused by invasive species.

These numbers do not reflect the even harder-to-quantify losses, such as damage to native plants, animals, and ecosystems. Many ecologists now consider invasive species second only to habitat loss and degradation as the major threat to the world's biodiversity (the sum of all the different species of animals, plants, fungi, and microbial organisms living on Earth and the variety of habitats in which they live). Many scientists regard biodiversity as essential to a healthy ecosystem. Habitat loss and invasive species often go hand in hand. Degradation of habitat sets the stage for weed and pest infestations, which further damages an ecosystem's ability to sustain native organisms. If the trend continues, many ecologists worry that the result will be the “McDonaldization” of the world's flora and fauna: a limited menu with the same items everywhere.

How Invaders Spread
Invasive species have no shortage of ways to penetrate U.S. borders. The methods can be surreptitious: swimming in the ballast water of ships, burrowing into the wood of packing crates, or hiding in a traveler's luggage. Other damaging species are intentionally brought in for use in agriculture, in gardening, and as pets. This diverse array of access points is one of the major problems that arise when trying to curb the introduction of new invasive species.

Ships today carry 80 percent of the world's burgeoning trade volume, and they continuously take on or discharge ballast water in port in order to remain stable as cargo is loaded and unloaded. Marine biologists calculate that on any given day, some 3,000 species of plants, animals, and protists (a microscopic group that includes algae and protozoans) are on the move in these tanks. A species can be taken on in the ballast water at one port and discharged at another thousands of kilometers away. Marine ecologist James Carlton, based at Williams College-Mystic Seaport Maritime Studies Program in Mystic, Connecticut, refers to ballast water discharge as a “game of ecological roulette” that may produce yet another invader like the zebra mussel or the green crab.

Many alien species are often hitchhikers or contaminants on imported goods, such as raw produce, meat, cut flowers, wool, cotton, gravel, raw logs, seeds, grain, or aquaculture stocks (fish, oysters, seaweed). Others travel in the luggage of unknowing tourists and travelers, or even on their person. Weed seeds, snails, pathogenic fungi, and insects may also stow away in shipping crates or on trucks, aircraft, automobiles, railway cars, or ships.

One of the most amazing stories surrounding the introduction of a nonnative species goes back more than a century. In 1890 a New York City man named Eugene Schieffelin is said to have dreamed up a plan for importing every species of bird mentioned in the plays of English dramatist William Shakespeare. Among the few species that he is actually known to have introduced was a flock of European starlings (referred to in Henry IV). Within 50 years, starlings had colonized the entire North American continent—with dire results.

Starlings roost in raucous flocks of up to hundreds of thousands, creating a noisy, smelly nuisance. They soil pavement, damage buildings, and foul parks and playgrounds, and occasionally their droppings spread disease. In the countryside, massive flocks of starlings strip grain, fruit, and vegetable crops and consume feed spread for livestock. Further, these aggressive invaders drive out native bird species, particularly bluebirds, flickers, martins, and wrens that nest in the tree cavities favored by starlings. One man's whimsical experiment is directly responsible for perhaps the most populous and certainly one of the most hated bird species in North America.

Nonnative species are still transported worldwide, both legally and illegally, for agriculture, horticulture, forestry, biological control of insects and weeds, erosion control, the aquarium and pet business, and sport. When these species are released or escape captivity or cultivation, some become invaders: melaleuca, purple loosestrife, English ivy, and water hyacinth from gardens; water milfoil and Asian swamp eels from aquariums; brown trout and European carp from hatcheries; and feral goats and hogs descended from escaped livestock.

Impacts
In a world where a large proportion of native plants and animals are clinging to survival in increasingly isolated or degraded patches of habitat, invaders are often the final straw that dooms these native species to eventual extinction. A 1998 study led by David Wilcove, an ecologist with the New York-based Environmental Defense Fund, looked at more than 1,800 plant and animal species listed as endangered or threatened by the Endangered Species Act or by the Nature Conservancy advocacy group. It found that 49 percent of the species they surveyed are threatened by alien species in the United States. That includes 69 percent of birds, 53 percent of fishes, and 57 percent of plants.

Invasive species damage native species in different ways. Some may directly outcompete natives—for nutrients, light, or water in the case of plants, or for food, shelter, or nesting sites among animals. Alternatively, an invader may so alter the local environment that the site is no longer suitable for the natives. In one example, the decaying leaves of purple-flowering musk thistle release into the soil substances that suppress the growth of competing plants and create bare patches where only thistle seed can sprout. In this way, the exotic thistle has invaded rangelands and displaced forage grasses on vast stretches of the Western range.

In some cases, nonnative species may be closely related enough to crossbreed with native species, thus damaging native populations through genetic invasion. The identity and survival of many subspecies of Western cutthroat trout, for example, are threatened by hybridization with exotic rainbow trout, which have been extensively stocked into waterways by state fish and game agencies. Likewise, imported mallard ducks are threatening to interbreed the native Hawaiian duck out of existence.

Invaders do more than change the identity of plants and animals in woodlands, wetlands, and other natural habitats. They also change the nature of the ecological processes that provide clean air, pure water, fertile soil, natural pest and disease controls—processes often referred to as ecological life support services. The long-term impacts of such changes could be catastrophic for the land and the humans who live on it. In one of the first extensive analyses of such a threat, South African researchers have concluded that the takeover of the Cape Province by imported pines and evergreen hakea shrubs from Australia would result in a loss of 30 percent of the region's water supply. To prevent this devastating result, South Africa has hired thousands of people to clear brush and chop down invasive trees, with the added benefit of combating its persistent unemployment problem at the same time.

More specific impacts and challenges posed by invasive species can be broken down by type of environment:

Forests. Invasive pests and diseases have profoundly altered the character of North America's forests during the 20th century. The gypsy moth, which first appeared in New England in the mid-19th century, has steadily ravaged the hardwood forests of the Northeast and hurt fruit production. Blight nearly eliminated the American chestnut during the first half of the 20th century, and Dutch elm disease—caused by a nonnative fungus that is spread from tree to tree by a bark beetle—decimated much of the elm population after 1930. Recently, a new crop of invaders has put their stamp on our native forests, from the anthracnose fungus killing Eastern dogwoods to the pitch canker threatening California's remaining Monterey pines.

In 1996 officials in the Brooklyn borough of New York City identified a scourge that has been called the next gypsy moth: the Asian longhorned beetle. The 3- to 5-cm (1- to 2-in) black beetle, which has white spots and long antennae, apparently arrived in New York City in the mid-1980s, traveling in wooden crates from China. The larvae of this beetle hatch and feed inside the trunks of many different types of hardwood trees, destroying vital tissues and eventually killing them. In parts of New York City and Chicago, Illinois, thousands of trees have become infested and were cut down and burned to try to prevent the spread of the beetle.

The beetle larvae do all their damage from inside the tree, so pesticides have no effect on them. The U.S. Department of Agriculture (USDA) has banned further shipments of untreated wood packing materials from China and also has restricted the movement of lumber and firewood in New York City and Chicago. Nevertheless, a wide range of hardwood trees, including maple, elm, ash, willow, poplar, and horse chestnut, remains at risk. If the beetle spreads nationwide, ecologists and economists warn of the potential for as much as $138 billion in total cumulative damages to industries ranging from logging to the maple syrup business.

Grass and rangelands. The Western range of the United States has been utterly transformed in the past century by nonnative plant species. Some aggressive grasses have been deliberately imported to improve the forage for cattle, while many others have arrived unwanted, often as contaminants in seed shipments. These invaders include Russian thistle—the tumbling tumbleweeds of song and legend—and Eurasian cheatgrass, which has overwhelmed the native sagebrush communities of the West since the 1880s. Ranchers remain ambivalent about cheatgrass, one of the most widespread weeds in the American West, because for six to eight weeks in the spring it provides food for cattle. Cattle are also nonnative imports, however, and overgrazing has helped invasive species take over the rangelands from native plants.

There is no ambivalence about Eurasian leafy spurge, an invader that has infested 1.1 million hectares (2.7 million acres), mostly in the northern Great Plains and southern Canada. In addition to crowding out native grasses, this plant's milky sap irritates the eyes, mouth, and digestive tract of cattle. A 10 to 20 percent infestation of leafy spurge is enough to cause cattle to avoid an area. Once land is 80 percent covered by spurge it becomes essentially useless for grazing, and land values drop precipitously. This one noxious weed alone causes annual economic losses of $144 million.

Fresh water. The threats to freshwater areas and ecosystems are extensive and varied. The zebra mussel caused an estimated $69 million in damage to water intake pipes alone between 1989 and 1995. Other invaders include the rainbow and European brown trout that fish and game agencies have introduced to virtually every watercourse in North America for sport fishing. These fish feast on, crossbreed with, or consume the resources of native species, often with harmful results.

Many plants also threaten freshwater ecosystems. Salt cedar, also known as tamarisk, is a deep-rooted tree that has dried up springs and ponds and has drastically narrowed the channels of rivers throughout the West. In the East and Midwest, exotic waterweeds such as hydrilla, water hyacinth, and Eurasian milfoil have mushroomed, choking out native organisms and seriously hampering navigation, fishing, municipal water systems, and other human uses. In 42 states, the beautiful but destructive purple loosestrife crowds native vegetation out of riparian (stream and riverbank) areas.

Coastal waters. The life of the ocean was long invisible to us, so only recently have scientists begun to recognize and catalog the extent to which it has been transformed by invaders. In the Mediterranean, an escaped Pacific Ocean seaweed is literally “AstroTurfing” vast stretches of the sea floor much the way the zebra mussel is blanketing lake and river beds in the United States. Shrimp trawlers off South Carolina have begun catching two Pacific Ocean shrimp species that escaped from aquaculture tanks. Experts fear these species could spread disease among native shrimp.

The diseases that are spread are not limited to the animal kingdom. Off Peru, ballast water discharged by a freighter in 1991 released an Asian strain of Vibrio cholerae. This launched the first cholera epidemic in the western hemisphere in more than 100 years, sickening 1 million people and killing 10,000. The following year, the United States reported a record number of cholera cases. As late as 1994 cholera bacteria was found in oysters off the coast of Alabama, and ballast water from South America was believed to be the cause.

Coastal waters, especially near ports, are particularly impacted. In some parts of California's San Francisco Bay, for example, 90 percent of species are alien. One of the more recent arrivals in the bay is the 8-cm (3-in) European green crab, an aggressive and voracious invader that first appeared on the Eastern seaboard in the 19th century. The species is known for decimating valuable shellfish populations and is largely blamed for the demise of New England's softshell clam beds in the 1950s. The crab's diet includes not only shellfish but also barnacles, snails, algae, and other crabs. First sighted in San Francisco in 1989, the green crab has spread north rapidly, threatening a shellfish industry worth $44 million annually in Washington and Oregon. Green crabs were spotted in the tidal waters of British Columbia in mid-1999.

Agriculture. Most of the annual grain, vegetable, and fruit crops grown in the United States are nonnative species that originated in the tropics. Likewise, 75 percent of the major crop weeds and about 40 percent of the insect pests are nonnative, with the majority originating in Europe and Asia. Despite the heavy use of pesticides, herbicides, and other measures, U.S. farmers lose more than a third of their annual crop production to weeds, insects, and disease. Each year, agricultural inspectors block the entry of an estimated 3,000 potential pests from foreign countries. Yet new destructive species, from Mediterranean fruit flies to avocado thrips, continue to slip across the borders.

Urban environment. Many invasive species cause problems in urban areas as well as in crop fields and wildlands. Starlings and rats are two examples. The fire ant, known for its aggressiveness and painful sting, entered the United States from South America sometime in the 1930s and has spread rapidly in the South, terrorizing urban gardeners and damaging mechanical equipment. Formosan termites came over from Asia sometime after World War II (1939-1945) and have thrived in urban areas all over the South. In the French Quarter of New Orleans these insects are threatening to reduce many historic buildings to sawdust.

One of the latest and most dangerous arrivals is the Asian tiger mosquito, which can carry diseases such as encephalitis, yellow fever, and dengue fever. It was first sighted in Houston, Texas, in 1985 after apparently arriving aboard a shipment of used tires. By the early 1990s this mosquito had colonized much of the Midwest and Southeast, and it is suspected to have caused a series of encephalitis epidemics in Florida in the early 1990s.

Solving the Problem
It would of course be impossible to unscramble the world's biota and send all nonnative plants, animals, and microorganisms back to their places of origin. Our diets, our parks and gardens, our very culture would be immeasurably poorer without imported organisms. The challenge is to protect and make use of the world's rich living heritage without allowing the small but significant contingent of biological invaders to cause further economic and ecological harm.

Where invaders are already established, eradicating them is rarely possible. Instead, agriculture and forestry officials, wildlife preserve managers, government agencies, and others responsible for the health and productivity of our lands must devise ongoing programs to minimize the damage the invaders cause and to control their spread. This often means using increasingly unpopular tactics such as spraying pesticides and herbicides or hunting and trapping invading animals.

Numerous insects and pathogens (disease-causing agents) have also been deliberately introduced as alternatives to pesticides in an effort to achieve biological control of invasive weeds and pests. For these methods scientists often travel to places where invaders originated to identify natural enemies for potential import and release. Some biocontrol efforts have achieved dramatic success in suppressing, although not eliminating, invaders. For example, tiny weevils have been introduced to eat away at the thick mats of water hyacinth that clog various rivers and lakes worldwide. Two viral diseases have been used to severely thin populations of invasive rabbits that plague farmers and native wildlife in Australia, and introduced parasites have knocked the alfalfa weevil from its perch as the top alfalfa pest in the United States.

In most cases, however, results are limited at best, and some ecologists believe too little testing and monitoring has been done to ensure that these imported enemies do not also attack native plants and animals in natural areas. A legendary example is the small Indian mongoose, which was introduced to islands ranging from Hawaii to the West Indies to control rats beginning a century ago. While the rats still thrive, the mongoose has decimated populations of native birds on all the islands. In another attempt at biological control, the poorly nicknamed mosquito fish has been dumped into waters worldwide for mosquito control. Instead, this fish has been found to prey on native fish and frogs in many areas, including the western United States.

Most scientists agree it is far more effective to prevent the arrival and establishment of potential invaders than to deal with them after the fact. That means greater scrutiny of proposals to import nonnative plants and animals. It also requires greater restrictions on imported produce, goods, and vehicles that might be harboring unwanted pests. Imposing stricter quarantines and border inspections will be both costly and politically sensitive, however, as international bodies seek to relax trade barriers around the world. Industries such as the aquarium and pet trade also vigorously oppose further restrictions on the deliberate movement and sale of nonnative species.

Leading the Effort
The problem of biological invasions is currently attracting unprecedented attention: Everyone from grassroots environmental groups to the United Nations (UN) is involved. More than 150 nations have now ratified the biodiversity treaty adopted at the 1992 UN Earth Summit in Rio de Janeiro, Brazil. The treaty, known as the Convention on Biological Diversity, obligates nations to attempt to “prevent the introduction of, control or eradicate those alien species which threaten ecosystems, habitats or species.” An international team of scientists is currently developing new strategies and resources to help nations accomplish this treaty goal and to integrate solutions into economic policies such as trade agreements.

In the wake of the zebra mussel invasion, the United States Congress enacted legislation in 1996 requesting that all inbound ships exchange their ballast water out at sea to flush out organisms acquired in foreign ports. The results of this law were still being evaluated to determine if the exchanges should be made mandatory. At the request of the United States, Canada, and Australia, the International Maritime Organization is currently developing ballast water regulations that would apply to the ships of its 156 member nations.

Some two dozen federal agencies in the United States have had some role in regulating nonnative species, and these efforts have been fragmented at best. On February 3, 1999, President Bill Clinton issued an executive order creating an Invasive Species Council to coordinate these efforts. The council has been asked to draw up a comprehensive action plan by September 2000 to combat the growing threat of biological invasions.

Environmental groups long ignored the issue of invasive species because the solutions often involved intrusive or unacceptable management actions such as spraying chemicals or killing animals. But this attitude has changed. Now groups such as the Nature Conservancy actively work to control invasive plants and animals on lands they administer. In a striking example of this new awareness, a coalition of more than 50 environmental groups purchased a full-page advertisement in the New York Times on September 20, 1999, titled, “Warning—Bioinvasion.” The ad highlighted not only the economic cost and habitat destruction that invasive species cause but also their contribution to rising global extinction rates. “Since human activity caused these bioinvasions,” the groups stated, “we must take major steps to stop them.”

Clearly the world spotlight is now focused on the threat posed by invasive species. Unified approaches, both within countries and worldwide, hold out the greatest hopes for overcoming the problem. But much still depends on the ability of people everywhere to recognize their native plants, animals, and habitats and to value them enough to support the battle against these alien invaders.
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