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nvasive alien species—non-native species that become
established in a new environment then proliferate and
L spread in ways that damage human inferests-—are now rec-
sgnized as one of the greatest biological threats te our planct 8
anvironmental and economic well-being.!

Most nations are already grappling with complex and costly
invasive-species problems: Zebra mussels (Dreissena polymor-
pha) from the Caspian and Black Sea region affect fisheries,
mollusk diversity, and electric-power generation in Canada and
the United States; water hyacinth (Eichornia crassipes) Trom
the Amazon chokes African and Asian waterways; rats origi-
nally carried by the first Polynesians externiinate native birds on
Pacific islands; and deadly new disease organisms (such as the
viruses causing SARS, HIV/AIDS, and West Nile fever) attack
human, anireal, and plant populations in temperate and tropical
countries. For all animal exiinctions where the cause 1s known,
invasive alien species are the leading culprits, contributing to
the demise of 39 percent of species that have become extinct
since 1600.%2 The 2000 IUCN Red List of Threatened Species
reported that invasive alien species harmed 30 percent of threat-
ened birds and 15 percent of threatened plants.® Addressing the
problem of these invasive alien species is urgent because the
{hreat is growing daily and the economie and environmental
impacts are severe.

A key guestion is whether the global reach of modern human
society can be matched by an appropriate sense of responsi-
bility. One critical element of this guestion is the definition
of “native,” a concept with challenging spatial and temporal
dimensions, While every species is native to a particular geo-
graphic area, this is just a snapshot in time, because species are
constantly expanding and contracting their ranges, sometimes
with human help. For example, Britain has nearly 40 more spe-
cies of birds today than were recorded 200 years ago. About a
third of these are deliberate introductions, such as the Little Owl
(Athene noctua), while the others are natural C(J}OIHZGT.IOHS that
may be taking advantage of climate change.* :

An invasive alien species is not a “bad”
species but rather one “behaving badly”
in a particular context.
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According to one view, local biological “enrichment” by non-
native species always harms nafive species at some level, so any
introduction should be regarded, at least in principle, as undesir:
able. An opposing view is that because species are constantly
expanding or conlracting their range, new species-—especiatly
those that are heneficial to people, such as crops, ornamental
plants, and pets—should be welcomed as “increasing biodiver-
sity” unless they are clearly harmful. According to this perspective,
in the case of British birds noted above, only those intreduced
by people and that are causing ecological or economic damage,
such as pigeons, are considered to be invasive.

Ali continental areas have soffered from invasions of ahcn
species, losing biological diversity as a resulf, but the problem
is especially acute on islands in general and for small islands
in particular, The physical isolation of islands over millions
of years has favored the evolulion of unique species and eco-
systems, so islands often have a high proportion of endemic
species. The evolutionary processes associated with isolation
have also meant that island species are especially vulnerable
to predators, pathogens, and parasites from other areas. More
than 90 percent of the 115 birds known to have bccome extinct
over the past 400 years were endemic to islands.” S Most of these
evolved in the absence of mammalian predators, so the auwal of
rals and cats carried by people has had a devastating impact.

Island plants are also affected. For example, the tree Mico-
nia calvescens replaced the forest canopy on more than 70 per-
cent of the island of Tahiti over a 50-year time span, starting
with a few trees in two botanical gardens. Some 40-50 of the
107 plant species endemic to the island of Tahiti are bchcved
to be on the verge of extinction primarily due to this i invasion,®
Introduced animals also can affect plants, For example, goats
introduced on St. Clemente Island, California, have caused the
extinction of eight endemic species of plants and have endan-
gered eight others.”

An invasive alien species is not a “bad” species but rather one
“behaving badly” in a particular context, usnally die to inappro-
priate human agency or intervention. A species may be so threat-
ened in ifs natural range that it is given legal protection, yet it
may generate massive ecological and other damage elsewhere.

The degradation of natural habitats, ecosystems, and agricul-
tural Jands (through loss of vegetation and soil and poliution of
Tand and waterways) that has occurred throughout the world has



ANNUAL EDITIONS

made it easier for non-native species to become mvasive, open-
ing up new possibilities for them. Tor all of these reasons, and
others that will become apparent below, the issue of invasive
alien species is receiving growing international attention.

The Vectors: How Species Move
Around the World

The natural barriers of oceans, mountains, rivers, and deserts

have provided the isolation that has enabled unique species and ™ -

ecosystems to evolve. But in just a few hundred years, these bar-
riers have been overcome by technological changes that helped
people move species vast distances to new habitats, where some
of them became invasive. The growth in the volume of interna-
tional trade, from US$192 hillion in 1960 to almost $6 trillion
in 2003,% provides more opportunities than ever for species to
be spread either accidentally or deliberately.

Some movemen! scems accidental, or af least incidental, in
that transporling the species was not the purpose of the trans-
porter, For example, ballast water is now regarded ds the most
important vector for fzansoceanic movements of shallow-water
coastal organisms, dispersing fish, crabs, worms, mollusks, and
microoiganisms from one ocean to another. Enclosed water
bodies like San Francisco Bay are especially vulnerable. The
bay already has at least 234 invasive afien species, causing sig-
nificant ecoriomic damage, California has one of the toughest
ballast water laws in the nation, requiring ships from foreign
ports to exchange their ballast water 200 miles from the Califor-
nia coastline, but enforcement remains spotly at best,

- Ballast water may also be important in the epidemiology of
watérborne diseases affecting plants and animals. One study
rmeasured the concentration of the bacteria Vibrio cholerae—;
which ¢ause human epidemic cholera-—in the ballast water of
vessels arriving fo the Chesapeake Bay from f01elg11 poits, find-
ing the bacteéria in plankton samples from all ships.”

Othef invasives are hitchhikers on global trade. For example,
the Asian fong-horned beetle (Anoplophora glabripennis) is one
of tile newast and most harm{ul invasive species in the United
States. Originating in northeastern Asia, it finds its way to the
United States through packing crates made of low-quality tim-
ber {that which is too infested for other uses). The number of
ifnsécts found in materials imported from China increased from
1" percent of all interceptions in 1987 to 20 percent in 1996. 10
Outbreaks were reported in and around Chicago as carly as
1992 in Brooklyn in August 1996, and in Caldornia in 1997.
The beetle finds a congenial home among native maples, elders,
elms, horse chestnuts, and others. The U.S. Bepartment of Agri-
cultare predicied that if the beetle becomes established, it could

“denude Main Street, USA, of shade trees, affect lnmber and
tnaple sugar production, threaten Louusm in mfested areas, and
reduce bxologicai diversity in forests."

Anothier diangerous trade-related species for North Amerjca
is the Asian gypsy moth (Lymaniria dispar), which was first
teported in the United States in 1991, entering as egE masses
attached to ships or cargo from eastern Sibi

s of this species are known
'cs ofuceq and Qs'moths {h [

etia. The caterpil-

over long distances. Scientists fear that this species could canse
vastly more damage than the European gypsy moth, which
already defoliates 1.5 million hectares of forest per year in
North America.

With almost 700 million people crossing international bor-
ders as tourists each year, the opportunities for them to carry
potential invasive species, either knowingly or unknowingly, are
profound and increasing. Many tourists return with living plants
that may hecome invasive, or carry exotic fruits that may be
infested with invasive insects that can plague agriculture back
home. Travelers may also carry diseases between countries, as
apparently happened with the SARS virus. Tourism is consid-
ercd an especially efficient pathway for invasive alien species
on subAntarctic islands such as South Georgia. Visitors 1o the
island reached 15,000 in 1999, Part of the problem is that many
tourists are visiting similar islands on the same trip, incieasing
the chances of a seed, fruit, or insect being carried, more than
would be expected from a single landing of a few people who
spend an extended time on one island.'*

Many species are infroduced on purpose but have unin-
tended consequences. One example of purposeful introduction
gone wrong is the extensive stocking program that infroduced
African tilapia Oreochromis into Lake Nicaragua in the 1980s,
resulting in the decline of native populations of fish and the
imminent collapse of one of the world’s most distinctive fresh-
water ecosystems, The alteration of Lake Nicaragua’s ecosys-
tem is likely to have effects on the planktonic cormmunity and
primary productivity of the entire lake—Ceniral America’s
Jargest—destroying native fish populations and likely leading
to unanticipated consequences.”

Sport fishers have also had an influence, importing their
favorite game fish into new river systems, where they can have
significant negative impacts on native species. For example, the
northern pike (Esox lucius) has invaded rivers in Alaska and
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is replacing native species of salmon. While the northern pike g'
H

occors naturally in some parts of Alaska, it was mtroduced to
the salmon-rich south-cenfral area in the 1950s, probably by a
fisherman who brought it to Bulchitna Lake. Flooding in the
1980s subsequently spread the pike into the sireams of the ;
Susitna and Matanuska river basins. Pike have now occupied at !
least a dozen lakes and fouor rivers in some of the richest salmaon
and trout habitat in the Pacific Northwest. Rainbow trout are an
even greater threat, Qriginating in western North America, 1hey
have been introduced into 80 new countries, often with devas-

tating impacts on native fish.

Pets are also a problem. Domestic cats can plundm CCOsys-
tems that they did not previousty inhabit, On Marion Istand in the
sub-Antarciic Indian Ocean, cats were estimated to kill about
450,000 seabirds annually.” Exotic pets may escape—or be
released when they have outhved their novelty—and become
established in their new home. Stories of crocodiles in the]
Manhattan’s sewer system are probably fanciful, but many for-!
mer pefs are becoming established in the wild. For example,
Monk pcuakucle (Mwopsr!m monadms} descmded ilom f01-
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some of Wwhich support severdl hundred individuals and have ™

separate families living in different chambers. Some believe

that they scon will become widespread throughout the lower -

48 states, posing a significant threat to at least some agricul-
tural Jands by feeding on ripening crops, And Burmese pythons
(Pythom molurus) have become established in Everglades
National Park, where they reach a very large size and prey on
many native species, even alligators.

Pet stores often advertise invasive species that are legally
controlled. Yor example, the July 2000 issue of the magazine
Tropical Fish Hobbyist recommended several species of the
genus Salvinia as aquarium plants, even though they are con-
sidered noxious weeds in the United States and prohibited by
Australian quarantine laws. _

The globalization of trade and the power of the Internet
offer new challenges, as sales of sceds and other organisms by
mail order or over the Internet pose new and very serious risks
to the ecological security of all nations. Controls on harvest
and export of species are required as part of a more respon-
sible attitude of governnents toward the potential of sprcédi_ng
genetic polintion through invasive species. Further, all receiv-
ing conntries want to ensure that they are able fo control what is
being imported. Virtually all countries in the world have serious
problems in this regard, an issue that some countries are calling
“biosecurity.”

The Science of Understanding
Invasions

Biodiversity is dynamic, and the movement of species around
the world is a continning process that is accelerating through
expanding global trade. By trying to identify which species are
especially likely to become invasive, and hence harmful to peo-
ple, ecologists are improving the quality of invasion biology as
a predictive science o that people can continue 1o benefit from
global biediversity without paying the costs resulting from spe-
cies that later become harmful.

Previous examples indicate the characteristics that can make a
species invasive. For instance, coastal ecosystems are frequently
invaded by microorganisms from ballast water for three main
reasons. First, concentrations of bacteria and viruses exceed
those reporled for other faxonomic groups in ballast water by
6 to § orders of magnitude, and the probability of succes,ﬁ;ﬂ
invasion increases with inoculation concentration. Second, the
biology of many mictoorganisms combines a high capacity for
increase, asexual reproduction, and the ability to form dormant
resting stages. Such flexibility in life history can broaden the
opportunity for successful colonization, allowing rapid popula-
tion growth when suitable envirommental conditions oceur. And
third, many microorganisms can tolerate a broad range of envi-
ronmental conditions, such as salinity or temperature, so many
sites may be suitable for colonization.'® Insects arc a major
§pmblem because they can fay dormant or travel as egg masses
tand are difficolt to detect. The African tilapia introduced 1o Lake
Nic aragua adapted well, becanse they ave able to grow rapidly;
feed on a wide range of plants, fish, and other organisms; and
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form large schools that can migrate long distances. Further, they

“are maternal mouih brooders, so a single female can colonize 4

new environment by carrying her young in her mouth,"” Rapid
growth, generalized diet, ability to move large distances, and
prolific breeding are all characteristics of successful invaders.

It is not always simple, however, to distinguish a beneficial
non-native species from one at significant risk of becoming
invasive, A non-native species that is useful in one part of a
landscape may mvade other parts of the landscape where its
presence is undesirable, and some species may belave weli for
decades before suddenly crupling into invasive status. The Nile
Perch (Lates niloticus), for example, was introduced to Lake
Victoria in the 1930s but did not become a problem uniil the
1980s, when it was a key factor in the extinction of as many ashaif
of the lake’s 500 species of endemic fish, attractive prey for the
perch.' That said, ecologists over the past several decades have
agreed on some broad principles for guiding risk assessment.
First, the probability of a successful invasion increases with
the initial population size and with the number of attempts at
introduction. White it is possible for a species to invade with a
single gravid female or fertile spore, the odds of doing so are
very low. Second, among plants, the longer a non-native plant
has been recorded in a country and the greater the number of
seeds or other propagules that it produces, the more likely it
will become invasive. Third, species that are successful invaders
in one situation are likely to be successful in other situations;
rats, water hyacinth, microorganisms, and many others fall into
this category. Fourth, intentionally introduced species may be
more likely to become established than are unmtcnﬂona]iy
introduced species, at least partly becavse the vast imajority
of these have been selected for their ability to survive in the
environment where they are introduced. Fifth, plant mvadels
of c;oplanch and other highly disturbed areas are concentrated
in herbaceous families with rapid growth and a wide range of
enviranmental tolerances, while invaders of undistarbed natiral
areas are usually from woody families, especially nitrogen-
fixing species that can live in nitrogen-poor soils.'® And sixth,
five, like disturbance in general, increases invasion by introduced
§pecies. So ecosystems that are naturally prone to fire, such as
the fynbos of South Africa, coastal chaparral in California, and
maguis in the Mediterrancan,®® can be heavily invaded if fire-
liberated seeds of invasive species are available. (These are all
shrub communities adapted to cool, wet winters and hot, dry
summers, where fire is aregular phenomenon, They are also rich
in species: Fynboes have about 8,500 species that include many
endemic Profeaceae; chaparral have about 5,000 species; and
maquis have 25,000-—of which about 60 percent are endemic
to the Mediterranean region.”’)

Other ecclegical factors (liat may favor nonindigenous spe-
cies include a Jack of controlling natural eneimies, the ability
of an alien parasite to switch to a new host, an ability to be
an effective predator in the new ccosystem, the availability
of artificial or disturbed habitats that provide an ecosystem
the aliens can easily invade, and high adaptability to novel
conditions,?

It is somelimes argued that systems with great species diver-
sity are more resistant fo new species invading. However, a
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Protected areas are widely perceived as being devoted to
consarving natural ecosystems. ironically, protected areas
are in fact heavily damaged by invasive alien species, and
many protected-area managers consider this their biggest
problem. Some examples:

« Galapagos National Park, a World Heritage site, is being
affected by numerous invasive alien species, including
pigs, goats, feral cats, fire ants, and mosquitoes.

Kruger National Park, South Africa’s largest, has
recorded 363 alien plant species, including water weeds
that pose a serious thréat to the park's rivers.

In the Wadden Sea, a biosphere reserve and Ramsar
site protected by the Netherlands, Germany, and Den-
mark, the Pacific oyster has invaded, having escaped
captive management. It is disrupting tourism because of
its sharp shelis. It has also carried with it numerous other
invasive alien species.

The Wet Tropic World Heritage Area of North
Queensland, Australia, is infested by humerous invasive
alien species, of which the worst is the pond apple from

Invasive Alien Species and Protected A

reas

Flotida, which has invaded creeks and riverbanks, wet-
“lands, melaletuca swamps, and mangrove communities.

Feral pigs, another invasive species, help to spread the

species. The pond apple is now rare in its native range

in the Florida Everglades.

Everglades National Park in Florida, another World

Heritage site, is threatened by the invasion of melaleuca

from Queensland, demonstrating that species that may

behave well in their natural habitat can be a serious

problem when they invade somewhere else.

Tongariro National Park, New Zealand, is also a World

Heritage site, but & third of its territory has been tnfested:,-"'

by heather, a European plant deliberately introduced

into New Zealand by an early park warden in 1812 in an

attempt 1o reproduce the moors of Scotland.

These are just a few examples among many that could
he cited that demonstrate that even the most strictly pro-
tected areas can be exiremely vulnerable to invasion by

non-native species.

study in a California siparian system found that the most diverse
natural assemblages are in fact the most invaded by non-native
plants, and protected areas worldwide are heavily invaded by
nop-native planls and animals.® Dalmatian toadflax (Linaria
dalmatica) is invading relatively undisturbed shrub-steppe
hébi{at in the Pacific Northwest, wetland nightshade (Solanum
tampicense) is invading cypress wetlands in central and south
Florida, and garlic mustard (Allilaria offi cinalis) is often found
in relatively undisturbed systems in the northern parts of North
America.

This work helps resolve the controversy over the relation-
ship between biodiversity and mwvasions, suggesting that the
scale of investigation its a critical factor. Theory suggests that
non-native species should have a more difficult time invading
a diverse ccosysten, because the web of species interactions
should be more efficient in using resources such as nutri-
ents, light, and water than would fewer species, leaving fewer
resonrces available for the nonnative species. But even in well-
profected landscapes such as national parks, invaders often
seem to be more successful in diverse ecosystems. Even though
diversity does matter in fending off invasives, its effects are
negated by other factors at larger scales. The most diverse eco-
systems might be af the greatest risk of invasion, while losses
of species, if they affect community-scale diversily, may erode
invasion resistance.”

The Economic Impacts
of Invasion

One reason invasive alien species are aftracting more attention

“that they are having substantial ncgauvc impacts on MMeErous: -
“econanic scums, even beyond the obvious impacts on Gg,l{CUILI.]lt, L op
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(weeds), forestry (pests), and health (diseases or disease vecto;‘é).
The probability that any one introduced species will become inva-
sive may be Jow, but the damage costs and costs of contral of the
species 'that do become invasive can be extremely high (such as the
recent invasion of eastern Canada by the European brown spr uee

longhorn beetle (Tetropium fitscum), which threatens the Canadian - |

timber industry).

Estimates of the economic costs of invasive alien species
include considerable uncertainty, but the costs are profound-—
and growing (see Table 1).

Most of these examples come from the industrialized world,
but developing countties are experiencing similar, and perhaps
proportionally greater, damage. Invasive alien insect pests— |
quch as the white cassava mealybug (Phenacoccus herreni) and
larger grain borer (Prostephanus truncafes) in Africa—pose
direct threats to food security. Alien weeds constrain efforts to §

restore degraded land, regenerate forests, and improve utiliza-

tion of water for irrigation and fisheries. Water hyacinth and
other alien water weeds that choke waterways currently cost
developing countries in Africa and Asia more than USs$100
million anpually. Invasive alien species pose a threat to more
than $13 billion of current and planned World Bank funding to
projects in the irrigation, drainage, water supply, sanitation, and
power sectors.?* And a study of three developing nations (South
Afuca India, and Brazil) {ound annual losses to intr oduccd
pests of $138 billion per year.”

In addition to fhe direct costs of managing invasives, [hc,§
‘economic costs also include their indivect environmental con|
sequences 2 and other nonmaikct valms 1*01 example mvazswcci

A et s,

a
!‘




Table 1_Indicative Costs of Some Invasive Alien Species (in U.S. Dollars)
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Species Economic Variable
Introduced disease Annual cost to human, plant, and animal health in
organisms the United States

A sample of alien species
of plants and animals
Sali cedar

Siates
Knapweed and teafy spurge

Zebra mussel Damages to U.S. industry

Most serious invasive alien
plant species

Six weed species

Pinus, Hakeas, and Acacia
pristine state

Costs in seven African countries

Water hyacinth
Costs in Australia

Rabbits
Varroa mite

Economic costs of damage in the United Siates
Value of ecosysiem services lost in western Uniled

Impact on economy in three U.S. states

Costs 1983-1992 of herbicide control in England

Costs in Australia agroecosysiems
Costs on South African floral kingdom fo restore to

Economic cost to beekeeping in New Zealand

Economic Impact
$41 billion per year®

$137 biflion per year®
$7-16 billion over 55 years®

Direct costs of $40.5 million per year,
indirect costs of $89 million?

Damage of more than $2.5 bitiion to the
Great Lakes fishery between 1998--2000;°
$5 hillion to U.S. industry by 2000

$344 million per year for 12 species?

$105 miflion per year"

%2 billion total for impacts felt over several
decades’

$20--50 million per year

$373 miliion per year (agricuiural losses)t
An estimated $267-602 million over the
next 35 years'

*P. Daszak, A. Gunningham, and A. D. Hyatt, "Emerging Infectious Diseases of Wildlife: Threats o Bicdiversily and Human Health,” Science, 21 January 2000,

 443-49.

?D. Pimentel, L. Lach, R. Zuniga, a
5365, '

nd D. Morrison, *Environmental and Economic Costs of Non-indigenous Species in the United Slates,” BioScience 50'(2000):

°E, Zavaleta, “Valuing Feosyster Services Lost to Tamarix Invasion in the United States,” in H. A. Mooney and R. J. Hobbs, eds., Invasive Species In a Changing

World {(Washington DC: fstand Press, 2000),

4D. A. Bangsund, F. L. Leislritz, and J. A. Leitch, “Assassing Economic Impacts of Biclogical Control of Weeds: The Case of Leafy Spurge in the Northem Great
Plaing of the United States,” Journal of Envirenmental Management 56 (1989): 35—43; and D. A. Bangsund, S. A. Hirsch, and J. A. Leitch, The Impact of Knapweed
on Montaha's Economy (Farge, ND; Department of Agricultural Economics, North Dakota State Universily, 1996).

°P. C. Focazio, “Coordinated issue Area: Aquatic Nuisance, Non-lndigénous, and Invasive Species,” Coastlines 30, no.1 (2001): 4-5.
"Coatings to Repel Zebra Mussels,” .5, Army Construction Engineeting Research Laboratory fact sheet, hitpifiwww.cecer.army.milflacts/sheets/FL10 html.

9. Wiltiamson, “Measuring the impact of Plant Invaders in Britain,” in 8. Starfinger, K. Edwards, |. Kowarlk, and M. Williamson, eds., Plant invasions: Ecological
Mechanisins and Human Responses (Leiden, Netherlands: Backhuys, 2000}, 57-70.

A, Watkinson, R. Freckleton, and P, Dowling, “Weed Invasions of Ausiralian Farming Systems: From Ecotogy o Economics,” in C. Perrings, M. Williamson, and
S. Dalmazzone, eds., The Economics of Biological Invasions {Cheltenham, UK: Edward Elgar, 2000), 94-116.

'J. Tutpie and B. Heydenryeh, “Economic Consequences of Alien Infestation of the Cape Floral Kingdom’s Fynbos Vegetation,” in Perrings, Williamson, and Dalmaz-

zong, iid., pages 152-82.

I8, Joffe and S. Cook, Management of the Water Hyacinth and Other Aquatic Weeds: lssues for the World Banik {Cambridge, UK: Gommonwealth Agriculiure Bureau

international (CAB!) Bicscience, 1997).

“P. White and G. Newton-Cross, "An Introduced Diseasa in an Invasive Host: The Ecology and Economics of Rabbit Carcivirus Disease (RCD) in Rabbits in Austra-

lia," in Perrings, Williamson, and Dalmazzone, nofe h above, pages 117-37.

'R. Wittenherg and M. J, W. Cock, eds., Invasive Alien Species: A Toof Kit of Best Prevention and Management Practices (Wallingford, UK: Global Invasive Species

Programme and CABI, 2001),

Source: J. A. McNesely.

;and water supply, waste assimilation, recycling of nutrients,
conservation and regeneration of soils, pollination of crops,

and seed dispersal. Sach services have current-use value and
option value (the potential value of such services in the fature),
In the South African fyahos, for example, the establishment of
invasive free species—which use more water than do native
species-—has decreased water supplies for nearby communi-
ties and increased fire hazards, justifying government expen-
ditures equivalent 1o US$40 million per year for both manual
and chemical control.?’ '
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Customs and quarantine practices,
developed in an earlier time, are inadequate
safeguards against the rising tide of
species that threaten native biodiversity.

Many people in today’s globalized economy are driven
especially by economic motivations. Those who are importing
nen-native species are usually doing so with a profit motive
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and often seek to avoid paying for possible associated negative
impacts if those species become invasive. The fact that these
negative impacts might take several decades to appear make it
all the easier for the negative economic impacts to be ignored.
Similaly, those who are ultimately responsible for such “acci-
dental” introductions {for example, through infestation of pack-
ing materials or organisms carried in ballast water) seek to avoid
paying the cconomic costs that would be required to prevent
these “accidental,” but predictable, invasions. In both cases,
the polential costs are externalized to the larger society, and to
future generations.

Responses

Customs and quarantine practices, developed in an earlier time
to guard against discases and pests of economic importance,
are inadequate safeguards against the rising tide of species
that threaten native biodiversity. Globally, about 165 million
G-meter-long, sealed containers are being shipped around the
world at any given time. This number is far larger than custon
officers can reasonably be expected to examine in detail. In the
United States, some 1,300 quarantine officers are responsible
for inspecting 410,000 planes and more than 30,000 ships, with
each ship carrying hundreds of containers. While they intercept
alien species nearly 50,000 times a year, it is highly likely that
at least tens of thousands more enter the country uninspected
each year. In Europe, inspection at the port of entry is also des-
perately overextended, and once a container enters the Euro-
pean Union, no further border inspections are done This is a

recipe for disaster.
Instead, a different set of strategies is now needed to deal with

invasive species. These include prevention {certainly the most

preferable), early eradication, special containment, or integrated
management (often based on biological conirol). Mechanical,
biological, and chemical means are available for controlling
invasive gpecies of plants and animals once they have arrived.
Early warning, guarantine, and various other health measures
are involved to halt the spread of pathogens.*

The international community has responded to the problem
of invasive alien species through more than 40 conventions
or programs, and many more are awaiting finalization or
ratification.”® The most comprehensive is the 1952 Convention
on Biological Diversity, which calls on its 188 parties to *prevent
the introduction of, control, oreradicate those alien species which
threaten ecosystems, habitats, or species” (Article 8h).*" A much
older instrument, one that is virtually vniversally applied, is the
1952 International Plant Protection Convention, which applies
primarity to plant pests, based on a system of phytosanitary
certificates. Regional agreements further strengthen this
convention, Other instruments deal with invasive alien species
in specific regions (such as Antarciica), scctors (such as fishing
in the Danube River), or vectors (such as invasive species in
ballast water, through the International Maritime Organization).
The fact that the probiem contimies to worsen indicates that the
international response o date has been inadequate.

“On the nationa! level, some Tegal measties can
raightforward methods of preventing ORITHNE

For example, to deal with the problem of Asian beetle mva-
sions, the United States now requires that all solidweod packing
material from China must be certified free of bark (under which
insects may huk) and heat-treated, fumigated, or treated with
preservatives. China might reasonably issue a reciprocal regula-
ticn, as North American beetles are a hazard there.

" The nursery industry is by far the Jargest intentional importer
of new plant taxa. Issuing permits for imported species is a good
way for the agencies respoasible for managing such invasions
to keep track of what is being traded and moved arcund the
country. Same people believe that it is fiopossible to issue a
regulation containing a list of permitted and prohibited species,
at least partly because the ornamental horticulture industry is
always seeking new species. But the Florida Nurserymen and
Growers Association recently identified 24 markefed species
on a black list drawn up by Florida’s Ixotic Pest Plant Council
and decided to discourage trade in 11 of the species (the least
promising sellers in any case).”

Sometimes nature itself can fight back against invasive alien
species, at least when they reach plague proportions. For exam-
ple, the zebra mussels that have invaded the North American
Great Lakes with disastrous effects are now declining because
a native sponge {Funapius fragilis) is growing on the mussels,
preveniing theny from opening their shells to feed or to breathe.
The sponge has become abundant in some areas, while the zebra
mussel population has fallen by up to 40 percent, although it is
not yet clear whether the spenges will be effective in controlling
the invasive mussels in the long term.*

Biological control—ihe intentional use of natural enemies to
comtrol an invasive species—is an important fool for managers.
Some early efforts at biological confrel agents had disastrous !
effects, such as South American cane toads (Bufo marinus) |
in Australia, Indian common mynahs (Acridotheres fristis) in |
Hawaii, and Asian mongooses (Herpestes Javanicus) i the 5
Caribbean. Not only did these species not deal with the problem ! "
species upon which they were expected to prey, but they ended
up causing havoc to native species and ecosystems. On the other! ;
hand, biological control programs are now much more carefully |
considered and in many cases are the most efficient, most effec
tive, cheapest, and least damaging to the environment of any o
the options for dealing with invasives that have already arrived. >
Examples inciude the use of a weevil {Cyriobagous salviniae) lo i
control salvinia fern (Salvinia molesta), another weevil (Neohy—g
dronomus affinis) to control water lettuce (Pistia stratiofes), cmd5
a predatory beetle (Hyperaspis pantherina) to control 01ihezmﬁ
scale (Orthezia insignis) that threatened the endemic mtlon'sll
tree of Saint Helena (Commidendrum robustunt).> §

- Those seeking to use viruses or other disease organisms fo |
congrol an invasive species need to understand ecological links.
‘When miliions of rabbits died after the intentional introduction
of the myxomatosis virus in the United Kingdom, for example,
populations of their predators, including stoats, buzzards, and
owls, declined sharply. The impact affected other species indi-

~rectly, leading 1o local extinction of the endangered large blue

L ucs lhat BSSISIS dcvciopmg butterfly larvae ¥ But the usé'of the - .
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bu[Lmﬂy (Maculina arion) because of reduced grazing by rab-
o heathlands; which: removed: the habitat-for-an- ant Spe..




myxoma virus in conjunction with 1080 poison on fhe Phillip

Island in the South Pacific successfully evadicated invasive tab-

bits, aliowing the recovery of the island’s vegetation (including
the endemic Hibiscus in.sula.ri,s‘).%

- At small scales of less than one hectare, it appears possible
with current technology to eradicate invasive species of plants
through use of herbicides, fire, physical removal, or a combi-
nation of these, but the costs of eradication rise quickly as the
area covered increases. With the right approach and technology,
invasive alien mammals can be eradicated from iglands of thou-
sands of hectares in size. Rat eradication from isiands of larger
than 2,000 hectares has been successful, and large mammals
have been removed from muach bigger ones than that, primarily
by hunting and trapping.

Environmentally sensitive eradicafion also requires the res-
toration of the community or ecosystem following the removal
of the invasive. For example, the eradication of Norway rafs
from Mokoia Island in New Zealand was followed by greatly
increased densities of mice, also alien species, Similarly, -the
removal of Pacific rats (Rattus exulans) from Motupao Island,
New Zealand, to protect a native snail led to increases of an
exotic snail {0 the defriment of the natives. And on Motunau
Island, New Zealand, the exotic box-thorn (Lyeium ferocis-
simunt) increased after the control of rabbits. On Santa Cruz
Isiand, off the west coast of California, removing goats led
fo dramatic increases in the abundance of fennel (Foenifculum
vitlgare) and other alien species of weeds. Thus reversing the
changes to nalive conununities caused by non-native species
will often require a sophisticated understanding of ecological
relationships. It is now well recognized that eradication pro-
grams are only the first step in a long process of restoration.>’
Sometimes native species become dependent on invasive ones,
causing dilemmas for managers. For example, giant kangaroo
wals (Dipodomys fngens) in the American West continually
modify their burrow precincts by digging tunnels, clipping
plants, and other activities. This chronic disturbance to soil and
vegetation sometimes promotes the establishment of invasive
species of plants that were originally imposted as ornamentals
from the Medierranean so that they constitute a very large
aroportion of the vegetation on giant kangaroo rat territories.
They have significantly larger seeds than do native species so
are favored by the grain-eating kangaroo rats.”® Because the
sangaroo rats depend on non-native plant species for food and
He non-native plant species depend upon the kangaroo rats to
listurD their habitat continually, the relationship is mutualistic.
I'his strong relationship may also inhibit population growth of
aalive grassland plants that occupy disturbed habitats but have
lifficulty competing with nonnative weeds for resources. This
nutunalism presents an intractable conservation management
Hilenuma, suggesting that it may be impossible to restore valley
rrasslands oceupied by endangered kangaroo rats to conditions
wliere native species dominate.

High-tech management measures are also being tried. For
sxample, Australian scientists are planning to insert a gene
mown as “daughterless” into invasive male carp (Cyprins car-
2ier) in the Murray-Darling River, the country’s longest, thereby
:nsuring that their offspring are male. The objective is to release
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them into the wild, sending wild carp populations into a decline

" and making room for the native species that are being threatened

by the invasive Buropean carp.™ Using genetic modification can
help eradicate an invasive alien species, but if the detrimental
gene is released into nature and starts to flonrish, many other
species could be negatively affected. Thus the precautionary
approach needs to be applied to confrol techniques as well as
to introductions.

The problems of invasive alien species are so serious that
aclions must be taken even before we can be “certain® of all
of their effects. However, mechanical removal, biocontrol,
chemical control, shooting, or any other approach to control-
ling alien invasive species needs to be carefully considered
prior to use to ensure that the implications have been fully
and carefully considered, including impacts on human health,
other species, and so forth. A public information program is
also needed to ensure that the proposed measures are likely
to be effective as well as socially and politically acceptable.
Many animal-rights groups oppose the killing of any spe-
cies of wildlife, for instance, even if they are causing harm to
native species of plants and animals. The recent controversy
surrounding the population of mute swans in the Chesapeake
Ray is a good example.*

Conclusions

Ecosysterns have been significantly influenced by people in
virtually all parts of the world; some have even called these
“engincered ecologies.” Thus, a much more conscicus and
better-informed management of ecosystems—one that deals
with non-native species—is critical. -

In just a few hondred years, major global forces have ren-
dered natural barriers ineffective, allowing non-native species to
travel vast distances to new habitals and become invasive alien
species. The globalization and growth in the volume of trade
and tourism, coupled with the emphasis on free trade, provide
more apportunities than ever for species to be spread acciden-
tally ar deliberately. This inadverfent ending of millions of vears
of biological isolation has created major ongoing environmental
problems that affect developed and developing countries, with
profound economic and ecologicat implications.

Because of the potential for economic and ecological dam-
age when an alien species becomes invasive, every alien species
needs to be treated for management purposes as if it is poten-
tially invasive, uniess and until convincing evidence indicates
that it is harmless in the new range. This view calls for urgent
action by a wide range of governmental, intergovernmental, pui-
vate sector, and civil institutions.

A comprehensive solution for dealing with invasive alen
species has been developed by the Global Invasive Species Pro-
gramine.*! It includes 10 key elements:

o An effective national capacity to deal with invasive
alien species. Building national capacity could
include designing and establishing a “rapid response
mechanism” {o defect and respond immediately to
the presence of potentially invasive species as soon
as they appear, with sufficient funding and regulatory
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support; as well as implementing appropriate training
and education programs to enhance individual capacity,
including customs officials, field staff, managers,

and policymakers. It could also include developing
institutions at national or regional levels that bring
together biodiversity specialists with agricultural
quarantine specialists, Building basic border control
and quarantine capacity and ensuring that agricultaral
quarantine, customs, and food inspection officers are
aware of the clements of the Biosafety Protocol are
other ways fo deal with invasive alien specics on a
national level.

Fundamental and applied research at local, national,
and global levels, Research is required on taxonomy,
invasion pathways, management measures, and effective
monitoring. Further understanding on how and why
species become established can lead to improved
prediction on which species have the potential to
become invasive; improved understanding of lag times
between first introduction and establishment of invasive
alien species; and better methods for exchuding or
removing alien species from traded goods, packaging
material, ballast water, personal luggage, and other
methods of ransport.

o Effective technical communications. An accessible
knowledge base, a planned system for review of
proposed introductions, and an informed public are
needed within countrics and between countries. Already.
- numerous major sources of information on invasive
species are accessible electronically and more could also
be developed and promoted, along with other forms of
media.

Appropriaie economic policies, While prevention,
eradication, confrol, mitigation, and adaptation all yield
economic benefits, they are likely to be undersupplied,
because it is difficult for policymakers to identify
specific beneficiaries who should pay for the benefits
received. New or adapted economic instruments can help
ensure that the costs of addressing invasive alien species
are belter reflecied in market prices. Economic principles
relevant to national strategies include ensuring that those
responsible for the introduction of economically harmful
invasive species are liable for the costs they impose;
ensuring that use rights to natural or environmental
resonrces include an obligation fo prevent the spread of
potential invasive alien species; and requiring impo;‘ters

of such potential speciés to have liability insurance Lo

. Gover. the. undlmupatcé co‘:[r: of mi;oclucnol 8o
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Effective national, regional, and infernational legal and
mstitutional frameworks, Coordination and cooperation
between the relevant institutions are necessary to
address possible gaps, weaknesses, and inconsistencies
and to promote greater mutual support among the many
international instruments dealing with invasive alien
species.

A system of environmental visk analysis. Such a system
could be based on existing environmenial impact
assessment procedures that have been developed in

many countries. Risk analysis measures should be used
to identify and evatuate the relevant risks of a proposed
activity regarding alien species and determine the
appropriate measures that should be adopted to manage
the rigks, This would also include developing criteria to
measure and classify impacts of alien species on natural
ecosystems, including detailed protocols for assessing the
likelihood of invasion in specific habitats or ecosystems.
Public awareness and engagement. If management of
invasive species is 10 be successful, the general public
must be involved. A vigorous public awareness prograim
would involve the key stakeholders who are actively
engaged in issues relevant to invasive alien species,
including botanic gardens, nurseries, agricultural

suppliers, and others, The public can also be involved as-

vohunteers in eradication programs of certain nonnative
species, such as woody invasives of national parks for
suggested actions that individuals can take.

National strategies and plans. The many elements

of controlling invasive alien species need to be well
coordinated, ensuring that they are not simply passed
on to the Ministry of Environment or a natural resource
management department. A national strategy should
promote cooperation among the many sectors whose
activities have the greatest potential to introduce them,
including military, forestry, agriculture, aquaculture,
transport, tourism, health, and water-supply sectors.
The government agencies with responsibility for human
health, animal health, plant health, and other relevant
fields need to ensure that they are all working toward
the same broad objective of sustainable development
in accordance to national and international legislation.
Such national strategies and plans can also encourage
collaboration between different scientific disciplines
and approaches that can seek new approaches to dealing
with problems caused by invasive alien species.
Invasive alien species issues built into global change
initiatives. Global change issues relevant to invasives
begin with climate change but also include changes

in nitrogen cycles, economnic development, land use,
and other fundamental changes that might enhance the
possibilities of these species becoming established.
Further, responses to global change issues, such as
sequestering carbon, generating biomass energy, and

recoyering degraded lands, should be designed in ways

that use: ndrwc‘spuucs and do not-inerease. the risk of .
read of nonpative nvasives: ‘ :
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