L0€

"90UR10G ISTASS]Y JO UOISSTULISA
s a1y papanrdar ST T Q00T 07-1 ‘$8 ‘1Heumogang puv ‘Suashsosg ‘amynandy w pareadde mydep sngy

T s SODUDIAOY
R L ALY m“‘ﬁmamﬁm.mgo&u,ﬁw
11111110 SR UONPUOT 641
....................................................................................... mﬁ@ﬂ@UﬂQﬂEm @EE UG..M MOMMQOU SLL
................................................1.....:..............................................n..mwm.ﬂmm% .Hm._u._”“_vo N.B.hﬁ\

Ry STrydAs pue ‘ezusnyul ‘SATV 1441
sEenmereenasenans ........ TonTmmmTmTEmmTmTmoTmmmanmaness mmmmwmwﬂu LWLy AL

GIETr e s e ireerer e re e aar s rarr b e s s rany m#mmnﬁ NP0ISIATT 9/ 1

Ll il SYSNTON £'G/1

RIS spodonpiv 9:¢'/1

115 YsLI ¢'c /1

A ittt sargdax pre suerqrydury ¢ /1

e i i ., spIig £/

il il Enss D S il S[eURIeIy 7'C /T

i it CE il I~ SYUeLT 16 /1

PO ssnnsnins saads ULIE 0 NP 1500 [ONUOD PUE ATLUTED [RIISUIIONAUY ¢/

e L S susowged el ¥ L]

R s1sod 2w pue 198U £F /1

gL e sgad ayeIgeIon TE /L

QI e gl T

QIgT - §38807] 152105 pue ‘aangsed ‘doxy 41

wom ---------------------------------------------------------------------------------------- mNMHm ﬁ._(H.m \mﬂﬁﬁ \.mu.-ﬁﬁ ﬁﬂ.—-om

‘eIRNSNY “WOPSUn pAATU ] 9U) “S918IS PaIU 23 UI sa10ads usiy ¢/ T
QI ASoTopowpeN 741
YT UoHdNPOLUY [4]

SJUIIUO0D)

opuomosy, 'y puv ‘omnbyy 'y ‘uiay ‘[ “1assnyy 7 ‘Suopy g ‘11eu10),0Q *D
‘spuorns D ‘wruiySipy [ ‘vyooun| ‘[ ‘NSO 'S ‘jausuird provd

£ SUOLSVQUL 30D

puv “uiuy ‘Juvid ualw Jo Sjpaiy]
[PIUIULUOLLIQUI PUD JTULOUOIT

U2IUIQIS 423d VYD




308 . Biological Invasions

17.1 Introduction

Quantifying the environmental damage and loss of biodiversity due to alien species
invasions worldwide is complicated by the fact that only some 1.5 million of the estimated
10 million species on earth have been identified and described.! The total numbers of
introduced species in the United States, the United Kingdom, Australia, South Africa,
India, and Brazil range from about 2000 to 50,000 species (Table.17.1). Many native species
are threatened by competitien and predation from invaders, while many other species are
endangered by hybridization® with alien species or major ecosystem changes caused by
these species. Nonetheless, a total of mere than 120,000 species of plants, animals, and
microbes are known to have invaded these six nations; these alien species provide a base
to assess several environmental threats such invaders pose (Table 17.1).

Given the number of species that have invaded the six nations studied here, we
estimated that 480,000 alien species have been infroduced into the varied ecosysterns on
earth. Many such introduced species, such as corn, wheat, rice, plantation forests, domestic
chicken, cattle, and others, are beneficial and now provide more than 98% of the world’s
food supply — a value of more than $5 trillion per year.?

All crop and livestock species originated somewhere; the chicken, for example, is from
Southeast Asia. Other alien species are used for landscape restoration, biological pest
control, sport, pets, and food processing. However, alien species are also known to cause
major econormic losses in agriculture, forestry, and several other segments of the world
economy; they also compromise ecological integrity.®*

In the recent past, the rates and risks associated with alien species introductions have
increased enormously, because human population growth and human activities that alter
the environment have escalated rapidly.* Currently, there are 6 billion humans on earth.®
Large numbers of people are traveling faster and farther, and more goods and materials
are being traded among nations.* These human activities are accelerating the spread of
alien species of plants, animals, and microbes worldwide.

This study assesses the magnitude of some of the environmental and economic
impacts caused by alien plant, animal, and microbe invasions in the United States, the
United Kingdom, Australia, South Africa, India, and Brazil. Although these nations have
some of the best national data in the world, the total number of invading species is still
unknown, making the assessment incomplete and extremely difficult. The lack of some
data means that our economic and envirorunental information is underestimated.

17.2 Methodology

The approach employed in this investigation was to assemble all the published data on
available invasive species in the countries under review. The number of alien species for
each major group was totaled; these data are found in Table 17.1. Published information
on the environmental impacts of non-indigenous species was also assembled. In addition,
published data were assembled on the economic impacts of invasive species on crops,
pastures, forests, public and livestock health, and natural ecosystems. In the cases where
the data were available, control-cost data were tabulated and included with the economic
cost data in Tables 17.2, 17.3, and 17.4.

17.3 Alien species in the United States, the United Kingdom,
Australia, South Africa, India, and Brazil

Allen species cause major environmental and economic problems worldwide. In the
United States, about 400 of the 958 species on the U.S. Threatened or Endangered Species




Economic and environmental threats

Chapter seventeen:

YT L= £9T=([ ‘99 1=p( ‘G9T1=1 “0/=11 ‘GAT=UY £/ 1=88 ‘94 1= “G/1=09 'CLI=PP FAI=296L1=04 "DL1=0e 9T=A "CLT=X
“Tg=M ‘€9T=A ‘TOL=N ‘Z9T=1 ‘€Z]=8 ‘T9T=1 09 1= ‘69=d ‘66=0 ‘GC1'68=1 'Tr=ur ‘pE=] ‘66=1 ‘B5T= ‘9GI=1 ‘8= ‘GGI'PGI=1 ‘£9=J ‘BIPWISo=3 “CCT-GHI=P FL=D 69=q F =€

VN VN VN VN VN VN VYN VN VN VN a000°0Z PP PEL SAGOIDIIA
YN w000000'T w00T'T #wOLFFS YN xu000°98 w0GT erdige: 1000°T FW00LFT W05 F 000059 spadonpry
N (191EM1SDL])
n9s wu(00E »00€ 2a9FST w07 2022 dofC 49T AN 49 «8E1 28E6 SaYSL]
VN wwG86 VN ppl¥Z L4 nb6E ollE o004 8F 08 o oG EYA 74 suerqrydure
! pue ‘sandar
ne HCEY'T »f wleZ’T 18 15¢4 w4 u(0G8 ¥ weks [743) q049 ‘sparg
Eriers (A 2 wlit a91e 9L LFATA 0¢ 196¢ 740 F17% 20¢ 49T ¢ STRURIIERA]
nG09°11 4000°sS 00081 A000°S¥ 1062°8 L000'FC wlG6e'T 100002 Jooo'se FepRegas «000'GT 000°TF sprel g
~dds Jaquunu “dds Iaqunu “dds gaquunu ‘dds T3¢ -dds Jaguumu ‘dds wEdquny Arofayery
wany ‘dds [ejor, wRIY “dds ejor, udY dds ey, uSIY ‘dds yeray, uRIY ‘dds w107, uany «dds ye07,
JAQUITN RERIINING TDQUINN JBqLun XSGR Taquompg
[rzeig BIpuy LY Inog elensny wopSury pajun §91E}G PN

[IZeIg pue “erpuj ‘edUIy YINog ‘eIensny ‘taopSury paing ‘sayels paltup a3 ur Ax08ee)) 1od eqump sewadg T/T 21q4L




310 “ Biological Invasions

Table 17.2 Economic Losses to Introduced Pests in Crops, Pastures, and Forests in: the United
States, United Kingdom, Australia, South Africa, India, and Brazil (billion dollars per year)

- United United South

Introduced pest States Kingdom  Australia  Africa India  Brazil Total
Weeds -

Crops 279 14 1.8 15 37.8 17.0¢ 87.4
Pastures 6.0 _ 0.6 — 092 — 7.52
Veriebrates L :

Crops 100 o 120 0.2¢ — — — 2.4

Arthropods .

Crops 15.9 096 0.94 1.0 16.8 8.5 441
Forests 2.1 — — — — — 2.1

Plant pathogens

Crops 23.5 2.0 2.7 1.8 35.5 17.1 82.6
Forests 21 -—_ — — — — 2.1

Total 78.5 5.56 3.24 4.3 91.02 42.6 228.72

a = Losses due to English starlings and English sparrows*

b = Calculated damage losses from the European rabbit (see text)
c= 34

d = Pasture losses included in crop losses

— = data not available

List are considered at risk primarily because of competition with and predation by non-
indigenous species.” In the fynbos region of South Africa, 80% of the threatened species
are endangered because of invading alien species.® Most plant and vertebrate animal
introductions have been intentional, whereas most invertebrate and microbe introductions
have been accidental.® More than 120,000 species of plants, animals, and microbes have
mvaded the six nations investigated here, and many of these species are causing a wide
array of damage both to managed and natural ecosystems (Table 17.1). Based on data
available, the percentage of the total invading species for each nation is United Kingdom
53%, India 19%, South Africa 7%, United States 6%, Ausiralia 3%, and Brazil 1%
(Table 17.1).

17.4 Crop, pasture, and forest losses

Introduced plant, animal, and microbe species cause $55 billion to $248 billion per year
in losses to world agriculture.?

17.4.1 Weeds

In crop systems, including forage crops, many intentionally introduced plant species have
become weed pests.!! Most weeds are accidentally introduced with crop seeds, from ship-
ballast soil, or from various imported plant materials.*

In U.S. agriculture, weeds cause a reduction of 12% in potential crop yields. In
economic ferms, this reduction represents about a $33 billion loss in crop production
annually, based on the crop potential value of all U.S. crops of more than $267 billion
per year? Based on the estimate that about 73% of the weeds are non-indigenous,'? it is
likely that about $27.9 billion of these crop losses are due to introduced weeds
(Table 17.2).

In U.S. pastures, 45% of weeds are alien species.)? U.S. pastures provide about $10
billion in forage crops annually,'? and the estimated loss due to weeds is $2 billion.* Since
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Biological Invasions

Table 17.4 The Number of Humans with AIDS or HIV Infections and Health Care Costs (x
1 million) in the United States, United Kingdom, Australia, South Africa, India, and Brazil

United United Australia  South India Brazil
States Kingdom Africa
AIDS 103,533° 2,0000 730 90,800 80.000% 16,2004

cases

HIV cases 650,000 . 30,000= 11,080 3,600,000f 2 ,000,0008 550,000
Treatment .

costs/yr  $6,000" $51°  &BF 5100 NA $800°

a=180,b=181,¢=182, d =143, e=141, { nm.mm\ g=184]1h = 185,i = 186, = 187, k= 188,
1= 189, m= 190, n= 191, o= 192.

However, UK. plant communities, such as grazed mesic grasslands and native Pinus
sylvestris woodlands, contain no alien plant species.”

U.K. croplands and gardens contain 43% alien weeds.”” In UK. agriculture, weeds
cause a reduction of about 10% in crop yields, but in some crops losses can be as high
as 32%."%1 In economic terms, about $3.2 billion in total potential crop production is
lost annually because of weed infestations. Given that about 43% of the weeds are
alien, it is likely that $1.4 billion of the crop losses are caused by alien weeds
(Table 17.2).

In Australia, some 60% of the weeds in crops are alien, based on a survey of major
weeds in cereal crops.”® The introduced blackberry (Rubus proceus) from Asia alone is
causing $77 million a year in damage to crop production.?! A total of 463 exotic grasses
and legumes were intentionally introduced for forage; however, only four species proved
beneficial for pasture and did not end up as weeds.” Indirect and direct losses due to
pasture weeds are estimated to be $970 million a year? Weeds cause an estimated $4
billion a year in total damage to cropland and pastures combined.? Since 60% of these
weeds are alien, they account for about $2.4 billion per year in losses to agriculture?
(Table 17.2).

In South Africa, the reduction in crop production due to all weeds is 16.6%,'° at a cost
of about $2.2 billion per year of potential production. Assuming that 67% of the weeds in
the crops are alien,” these species account for total crop losses of about $1.5 billion a year
(Table 17.2}. Two of the most serious alien weeds in South African pasture lands are the
shrub (Lantana camara) and the cactus plant (Opuntia ficus-indica), both introduced from
Central America.?28

In India, weeds are estimated to cause a 30% loss in potential crop production,® worth
about $90 billion a year in reduced crop yields. Assuming that 42% of the weeds in crop
production are alien,®* the total cost of alien weeds to India is about $37.8 billion per
vear (Table 17.2).

Lantana camara, a major weed shrub in India, was introduced from Australia as an
ornamental plant. It has invaded the majority of Indian pasture lands (13.2 million ha),
as well as other areas.? Lantana is toxic to cattle, and the cost of its control is $70 per ha.®
Since about 4% of India’s land area is pasture, the damage from Lanfang is estimated to
be $924 million per year (Table 17.2).

In Brazil, alien weed species now make up 75% of the weed species in crop production
areas.®! Alien weeds destroy an estimated 13.4% of the country’s crop and pasture pro-
duction,' causing about $17 billion a year in losses (Table 17.2). These and other invasive
plants change key natural ecosystems, alter fire regimes, and reduce the resources available
o native animals.
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314 ’ Biological Invasions

17.4.4 Plant pathogens

U.S. crop losses due to plant pathogens total approximately $33 billion per year.* Since
65% of all plant pathogens are alien species,”” an estimated $23.5 billion a year can be
attributed to alien plant pathogens (Table 17.2).

In U.S. forests, more than 20 non-indigenous species of plant pathogens attack woody
plants.* Approximately 9% — a total of $7 billion — of forest products are lost annually
due to plant pathogens.>” Assuming that the proportion of alien plant pathogens in forests
is similar to that of introduced insects, or about 30%, then approximately $2.1 billion in
forest products are lost each year to non-indigenous plant pathogens in the United States
(Table 17.2). ,

In the United Kingdom, an estimated 74% of the plant pathogens are introduced
species.* Most of these alfen plant pathogens were brought into the United Kingdom with
seeds and other crop parts needed for agriculture. The economic loss due to plant patho-
gens amounts to 8.3% of potential production, or about $2.7 billion a year.!® If 74% of the
losses are due to alien plant pathogens, then about $2 billion a year in damages are
associated with alien plant pathogens attacking crops (Table 17.2).

Total potential crop production in Australia is approximately $22 billion a year, with
about 15.2% of crop losses being atiributed to plant pathogens.’ The economic losses from
all plant pathogens is about $3.3 billion a year. Because a large number of plant pathogens
are introduced when crop seeds and other plant parts are brought in, an estimated 82%
of all crop plant pathogens are alien species (based on plant pathogens in field crops).®
With 82% of Australian plant pathogens being alien, about $3 billion worth of crops are
lost each year due to alien plant pathogens (Table 17.2).

Based on an assessment of diseases of fruits and vegetables, %4 approximately 85%
of the plant pathogens attacking crops in South Africa are considered to be introduced.
Most of these pathogens came in with crop introductions. In total, plant pathogens in
South Africa cause an estimated 15.6%," or $2.1 billion a year, of loss of potential crop
production. Since 85% of the pathogens are alien, about $1.8 billion per year in crop losses
is due to alien species.

In India, plant pathogens reduce potential crop production by approximately 16%, for
a total of $48 billion per year.** Approximately 30,000 species of plant pathogens attack
Indian crops, including 23,000 species of fungi® and 650 species of plant viruses.® Approx-
imately 74% of the major plant pathogens in India are considered alien species, based on
the major plant pathogens in vegetable crops.5! The estimated cost of alien plant pathogens
to Indian crops amounts to about $35.5 billion per year (Table 17.2).

About 75% of the plant pathogens attacking Brazilian crops are considered alien
species.* Most of these were introduced with crops. Overall, plant pathogens cause a crop
loss of about 13.5% each year."” Estimated losses from alien plant pathogens total about
$17.1 billion a year (Table 17.2).

17.5 Environmental damage and control costs due to alien species

Many of the approximately 120,000 species of plants, animals, and microbes that have
invaded the United States, the United Kingdom, Australia, South Africa, India, and Brazil
cause a wide array of environmental and economic damage to both managed and natural
ecosystems (Table 17.1). In some cases, an alien species can cause extensive extinctions —
the brown tree snake (Boiga irregularis), for example, caused the extinction of more than
75% of one group of species on the island of Guam.*
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316 o Biological Invasions

the United States is estimated to be 4 million?; in Australia, pigs range from 4 million to
20 million.* Feral pigs cause soil erosion; they damage agricultural crops, fences, native
plants, and animals; and they pose a threat to livestock and humans. They spread various
animal diseases, including tuberculosis, brucellosis, rabies, and foot-and-mouth dis-
ease.”>” Feral pigs cause an estimated $800.5 million per year in damages in the United
States* and at least $80 million in Australia® (Table 17.3).

Many other small mammals have been introduced into most, if not all, nations in the
world. These species inclede a number of rodents, such as the European black rat, the
brown or Asiatic rat, the housé mouse, the European rabbit, and the domestic cat and dog.

Some introduced rodents have become:serious pests on farms, in industries, and in
homes.” On farms, rats and mice are particularly abundant and destructive. The United
States has an estimated 1.25 billion rats,* while India harbors approximately 2.5 billion.” In
the United States, the best estimate suggests that an individual adult rat causes $15 of
damage per year*; in India, the estimate is that each rat causes at least $10 per year in damage.
In sum, rats cause $19 billion per year in damage in the United States, and about $25 billion
per year in India (Table 17.3). Losses from rats based on the damage they cause in other
nations are estimated in Table 17.3. Although no economic data are available, in India rats
bite about 20,000 people per year, resulting in admittances to hospitals.” Also, rats are major
vectors for and carriers of more than 38 human and livestock diseases in India.””

There are an estimated 63 million pet cats in the United States”™ and as many as 30
million feral cats.”® Cats prey on native birds and on small native mammals, amphibians,
and reptiles.® Assuming that eight birds are killed per feral cat each year some 240
million U.S. birds are killed per year by feral cats.* Each adult bird is valued at $30. This
cost of a bird is based on the literature that reports that a bird-watcher spends $0.40 per
bird observed, a hunter spends $216 per bird shot, and specialists spend $800 per bird
reared for release. In addition, the EPA values each small, immature fish at $10; certainly
an adult bird has a value three times that of a small, immature fish.¥” Pet cats were
estimated to kill another 326 million birds.* Therefore the total damage to the U.S. bird
population by feral and pet cats is approximately $17 billion per year. This cost does not
include small mammals, amphibians, and reptiles that are killed by feral and pet cats &

In Australia, feral cats are also a serious problem, killing native bird, mammal, mar-
supial, and amphibian populations. There are an estimated 3 million pet cats and 18 million
feral cats in Australia.® The cats are believed to have eliminated 23 native Australian
species of animals.®5 Assuming that each of the 18 million feral cats kills eight birds per
year, and that the minimum value of a bird is $30,* then the total impact from cats is $4.3
billion per year (Table 17.2).

Pet cats and feral cats are also a serious problem in South Africa. For example, on
Prince Edward Island, feral cats prey on native birds, causing significant problems with
the burrowing petrels (Procellaria sp.). An estimated $1.3 million was allocated for cat
control over a 7-year period on Prince Edward Island alone, where each cat killed approx-
imately 210 birds per year.$

Cats and dogs are also a serious problem in most other nations, but reliable data are
not available to estimate their impacts.

17.5.3 Birds

Three of the most common bird-pest invaders worldwide are the common pigeon (Columba
livia), the English sparrow, and the European starling. These three species, plus other
invading bird species, cause a total of $2.4 billion per year in damage in the six nations
investigated (Tables 17.2 and 17.3).
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318 ’ Biological Invasions

mates, such as Florida (50 species)’® and California (56 species).'® In Hawaii, 33 non-
indigenous freshwater fish species have become established.’” Forty-four native U.5.
species of fish are threatened or endangered because of non-indigenous fish."® An addi-
tional 27 species of native U.S. fish are negatively affected by introductions. %

Although some native fish species are merely reduced in numbers by non-indigenous
species, others are forced into extinction or become hybridized with the invaders. Some
alien fish have provided benefits by improving the sport fishing industry. However, other
alien fish species have hutt this industry. Sport fishing contributes $69 billion a year to
the economy of the United States.”'® Based on that estimate, the economic losses from
alien fishes is approximately $1 billion annirally? (Table 17.3).

Most of the alien fish species in South Africa are regarded as pests.™ In addition,
seven alien parasitic diseases of fish have been introduced into native fish populations
along with the alien fish species.™ Although the introduction of some sport fish, such as
rainbow trout (Oncorhynchus mykiss) and largemouth bass (Micropterus salmoides), both
native to North America, may be somewhat beneficial to the sport-fishing industry, they
are also known to have negative impacts on native fish. Introduced species such as carp
(Cyprimus carpio), bass, and trout threaten about 60% of the endemic freshwater fishes in
South Africa.l’? In total, alien fish are responsible for the reduction or local extinction of
at least 11 species of fish in South Africa.*?

17.5.6 Arthropods

Approximately 4600 arthropod species (2582 species in Hawaii and approximately 2000
in the continental United States) have been introduced into the United States. More than
95% of these introductions were accidental, when species entered with plants or in soil
and waier ballast from ships.

The introduced balsam woolly adelgid (Adelges piceae) inflicts severe damage in native
balsam~fir forest ecosystems.!! According o Alsop and Laughlin,*2 this aphid is destroy-
ing the old-growth spruce—fir forest in many regions. Over a 20-year period, A. piceae has
spread throughout the southern Appalachians and has destroyed up to 95% of the Fraser
firs (Abies fraseri)."™ Alsop and Laughlin*** report the loss of two native bird species and
the invasion of three other species as a result of adelgid-mediated forest death.

Other introduced insect species have become pests of U.S. livestock and wildlife. For
example, the red imported fire ant (Solenopsis invicta) from South America kills poultry
chicks, lizards, snakes, and ground-nesting birds."'* A 34% decrease in swallow (Hirun-
dinidae spp.) nesting success, as well as a decline in the northern bobwhite quail (Colinus
virginianus) populations, was caused by these ants.'® The estimated damage to livestock,
wildlife, and public health caused by fire ants in Texas is about $300 million a year. An
additional $200 million is invested in control per year.'%”” Assuming equal damages in
several other ant-infested southern states, fire ant damage totals approximately $1 billion
per year in the United States (Table 17.3).

In addition, the Formosan termite (Coptotermes formosanus) is reported to cause approx-
imately $1 billion per year worth of damage in the southern United States, especially in
the New Orleans region.’®

The European green crab (Carcinus maenas) has been associated with the demise of
the soft-shell clam (Mya arenaria) industry in New England and Nova Scotia.”® It also
destroys commercial shellfish beds and preys on large numbers of native oysters and
crabs."® The annual estimated economic impact of the green crab is $44 million a year.1??
The crab has also invaded ecosystems in Australia and South Africa.1?

An estimated 80,000 species of insects, 6000 species of spiders, and numerous other
arthropod. species exist in South Africa’?12 One of the most serious invaders is the
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17.7 Human diseases

17.7.1 AIDS, influenza, and syphilis

Perhaps the most notorious of all alien human diseasgs is acquired immune deficiency
syndrome (AIDS), which originated in central Africa. Since the early 1980s the disease has
spread to all inhabited parts of the globe. The number of cases of AIDS and HIV (human
immunodeficiency virus) Tnfections and treatment costs in the United States, the United
Kingdom, Australia, South Africa, India, and Brazil are showr in Table 17.4.

New influenza strains, originating in thé Far East, quickly spread to the United States
and other nations. The influenza strains are reported to cause 5 to 6% of all deaths in 121
U.S. cities.’® Costs of hospitalizations for a single outbreak of an influenza such as type
A can exceed $300 million per year.* In total, AIDS and influenza take the lives of more
than 40,000 people each year in the United States, and treatment costs for these diseases,
plus for syphilis, total approximately $6.5 billion each year, and that does not include the
cost of any other alien diseases (Table 17.3).

New influenza strains in the United Kingdom are reported to cause from 3000 to 4000
deaths a year.'¥ In total, ATDS and influenza take the lives of approximately 4000 people
each year in the United Kingdom, and treatment costs total approximately $1 billion a
year, based on extrapolated data from the United States* (Table 17.3).

New influenza strains in Australia are reported to cause about 210 deaths a year."
In India, influenza cases totaled 3 million in 1984.140

17.7.2 Other diseases

Several other non-indigenous diseases infect humans in Brazil, including malaria, cholera,
yvellow fever, and dengue fever. "™ The numbers of people infected include: cholera,
2167; malaria, 425,000™2; and dengue, 96,100.3% If we assume that all of these infected
people are hospitalized and that the average cost per year per person for hospitalization
from these diseases in Brazil is $213, then a minimum cost for these non-indigenous
diseases is $133 million a year. In addition, the Brazilian government plans on spending
about $1.4 billion annually to eradicate the Aedes aegypti mosquito, the vector of dengue
fever and yellow fever'# (Table 17.3).

Human disease transfers from one region to another continue to increase because of
population growth, high population densities, rapid transportation, and the encroachment
of civilization into new ecosystems.

17.8 Control and future implications

The economic damages associated with non-indigenous species invasions in the nations
in the six continents total more than $336 billion per year. Of this, control costs account
for more than $30 billion. Most of the control costs are associated with agricultural pro-
duction.®

Most attempts at eradication have failed once the invading species has become well
established. In the United States, the only pest species that has been eradicated has been
the Mediterranean fruit fly (Ceratitis capitata) in Florida. The fly has invaded Florida at
least three times and has been eradicated each time as a result of concerted efforts by the
U.S. Department of Agriculture and the Florida Department of Agriculture.

In Britain, efforts are being made io eradicate the introduced muskrat (Ondatra zibe-
thicus) and coypu (Myocaster coypus).’ The populations have been significantly reduced,
but the eradication effort has yet to succeed.!®
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Australia, South Africa, India, Brazil, and the United Kingdom all have specific programs
in place to prevent invasions of alien species in their couniries. This suggests that a few
million dollars spent on preventing future introduction of potentially harmful alien species
in the United States and other nations will prevent billions of dollars in losses to agricul-
ture, forestry, and other aspects of managed and natural environments worldwide.

Specific legislation is needed in all couniries to slow or prevent non-native species
introductions. All introductions of non-native plants, animals, and microbes, for whatever
purposes — including agficulture, hunting, tourism, pets, recreation, and research ——
should be strictly regulated.™ In addition, the government should make every effort to
inform the public concerning the serious erivironmental and economic threats that are
associated with alien species introductions.
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