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lnvasive pests ('biological pollutants') and US forests:
whose problem, who pays?

by W. E. WALLNER

USDA Forest Service, Northeastern Forest Experiment Station, Northeastern Centel for'
Forest Health Researcir. 51 Mill Pond Road, Hamden CT 06514 (USA)

Invasive pests, or'biological polJutants'. are among the most serious threats to biological
diversity in the lorest ecosystems olthe USA. Additionally. they can disrupt lbrest man.rge-

ment practices and cause enormous financial losses. In the USA, as elsewirere, the receiving
country inherits the problem and, along with its citizenry, bears the permanent econorffic
costs. The incidence ol the introduction of invasive pests. the pathways utilized, and their
economic and ecological impacts are presented using Dutch eim disease (OphiostomcL ulmi),
chestnut blight (Cryphonectrin ptu ttsitita), gypsy moth (Lyntantria rlispar), and other pests as

exampies. The permanency ofecological impacts and associated economic costs needs to be

considered in discussions with other National Plant Protection Organizations in designing
and adopting mutual agreements irnd protocols. Suggestions are given for addressing these

impending needs in vrew of expanding global trade.

lntroduction

It is the general view that lorest pollutants, anthropogenic factors causing damage to trees, can

be mitigated to a certain degree by regulatory action and/or by adopting broad public-policy
perspectives (McKenzie & El-Ashry, 1989). In this paper, invasive pests (non-indigenous
plants, animals, and microbes introduced into the lorests of the USA accidentally or purpose-
fully) are considered as 'biological pollutants'. Some fail to survive, others become established

without disrupting their new environment, and still others are established, multiply, and spread

with disastrous consequences. Once established within an ecosystem, invasive pests may be

impossible to eliminate and the resulting negative environmental and economic impacts can be

devastating (Office of Technology Assessment, 1993). Preservation olbiological diversity is of
growing concern and harmlul invasive pests disrupt such diversity in lorests through species

extinction, population declines. or simpliflcation olecosystems. Other adverse ecological effects

on lorests include conversion of tree species, deforestation, destruction of wildlife and riparian
habitats, and increased fire hazard. Some US forests that have been so altered by past

introductions of invasive pests are a crucial resource threatened by additional intrusions
(USDA. 1991; Liebhold et al., 1995). This article illustrates the magnitude of this threat to
forest ecosystems and explores solutions to the questions: whose problem? who pays?

lncidence of introductions into North America

In Canada, exotic plants account for 28ok (881 species) ol that country's flora (Heywood,

1989). In the USA, it has been estimated that at least 4500 species of non-indigenous plants,

animals, and microbes have been introduced, though only about l5oh are harmful (Office of
Technoiogy Assessment, 1993)..O1conce,rn xre the accelerated rates ol introduction that have

occurred within the last 100 years (Fig. l). Given increasing global markets, technological
advanoes in transportation, and the mobility olhumans and their materials. rates olintroduc-
tion will continue to increase. These lactors dictate that the types of organisms and their
pathways of introduction will be different.
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Fig' 1' Cumulative number of establishments of immigrant insect and mite species in the Unrted States
(lrom Sarler, 1983). ' !
Nombre cumule d'espices d'insectes et d'acariens introduits aux Etats-lJnis.

The rapidity of surfzrce and air transport increases both the survival of translocated
organisms and the probability of successlul introduction into suitable environments. As an
example. the brown lree snake, Boiga irregttluruJ. wils introduced accidentally as a stowaway on
aircralt and ships into several Pacific islands. inciuding Guam, with disastrous effects on
avif:runa and disruption olman's activities (Savidge" 1987). In natural communities, species
evolve mtttually advantageous means lor reducing competition lor food and other resources.
This generally results in a great degree of community stability. and resistance to invasive species
(Cox & Moore, 1993). While some newly introduced organisms can circumvent this evolu-
tionary process. it is difficult to predict whether establishment will be successlul. Invasives are
particlllarly successful at establishrng in perturbed habitats (Lattin & Oman, 19g3). However,
the majority of organisms introduced lor control of noxious weeds lailed even after repeated
introductions (Klingrnan & Coulson, 1982). This suggests that establishment rates lor
introduced species are probably low. Another conlounding lactor is the period that elapses
during actual introduction, increase to pest starus, and detection. Simmonds & Greathead
( 1977) postulated that some invading insects may be restricted to discrete habitats and require a
period of'adaptation prior to multiplication and spread. Since this acclimatization perioi may
require several generations over a period ofyears, the diificulty that regulatory agencies lace in
identilying the pathway of entry of invasive pests is understandable.

It is not possible to predict with certainty whether an organism will become invasive if
introduced into a new environment. The pest risk assessment process clarifies the potential lor
an organism to be iransported successfuily, establish and reproduce, and become a biological
pollutant (USDA, 1991). Certainly, il an organism is a pest in its native habitat and a potential
receiving country has oorriparable host-plant genera, it must be considered a serious threat. Ol
the 368 insect species which t-eed on woody plants that have been introduced fiom other
continents into North America. a surprising rnajority is monophagous. Further examination
reveals that virtually all of these species I'eed on the same host-plant genera in the New World as
in their country of'origin (Gibbs & Wainhouse, l9g6; Manson r, it.. tOOS1.

Because North America contains rnany plant genera common to Eurasia and east-central
Asia, it can be expected to be amenable to cross-regionai exchanges ol phytopl,ragous
organisms. Indeed. there has been a distrnct 'trade imbalance' of invasive pests. Survevs ol
North American and European fbrest-insect literature show that, according to Niernela &
Mattson (1992). l20 species have invacled North Amenca liom Eurasia. as against l7 in the
opposite directlon. Reasons grven ibr this disparity include: ( 1) more genera and plant specjes in
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North i\n'roricl than in Eul'ope: (3) more Eur-opean plants nlLturalizeci in Nor.th Anrer.ica thanvice vet'sa. (3) Eu|ollean forests at'e structur-ally simplel', smaller', and more lr.a-unrentecl: and i4)North American fbrests ciosely resemble those of plc-Plei.stocene ErLrope, and rnsects thatsubsecluentiy evolved are less able to use the less abr-rndant conlamilial trees and shrr,rbs inEurasia ArlotherreasotrgivettfbrthesuccessofEr-ropeaninsectsinvariingotlcr:reeiorsisthat
they lile better competitors than theil North Amcricln couutcrpar.ts aniof-ten tlisplace the'r(Lattin & Oman. 1983).

The multrculti-tral cornposition of the hurnan population ol tlre usA rlso contribtrtes to theintroduction ol invasive pests. Various ethnic groups strive to maintain access not only to 1bocls
l'rom their native lands but also plant materials. For these rersons and the econonric examples
that loilow, US scientists' regul:rtory oficials, and politicians ir:rve been extreniely concerned
with the question 'Whose problem,l".

Economic impacts of invasive pests

In-a comprehensive report on harmlul non-indigenous species in the USA (Offlce lf Tech-
nology Assessment. 1993) it was estimated that, oi97 biilion usD in losses fiom invasive pestsdrrring 1906/1991.92 billion USD was from insects. In worst-case scenarios, potential losses tothe USA lrom 15 introduced pests, which include several ibrest pests, exceed 134 billion USD(Table l).

while these estimates may seem excessive, they are consistent with pestrisk analysis of flvepotentialinvasivepestsonimportsof larchlogslromsiberia(USDA, 1991).Theenormityol
these pro.jected economic losses to lorests of the western USA provides additional justification
for aggressively prohibiting.potential biologicai pollutant introductions (Table 2). They alsoshould serve to convince trading partners of the potential economic threat io uS forests, should
exclusion efforts laii.

US exclusion procedure

The procedure lor preventing entry ol pests into the
the USA and the country of origin. prevention and

USA is a continuum of activities in both
preclearance in the country of origin are

Table I' Potential economic losses in USA lron I 5 seiected non-indigenous species in worst-case scenarios
Pertes 6conomiques potentielles resultant. dans le pire ciLs, de I'introduction aux Etats-unis de l5 nuisibies
exotiques

Group Species studied

Estimated
cumulative loss in

million USD (1991)

Plants
Insects

Aquatic
invertebrates

Plant pathogens

Others

Melaleuca quinrluenervia. Ll,thrtrm salitaria, S trigu usiaticct
,|pis nelliJeru sttttellata (Afiican honey bee), Lvnurttriu dispar,

L. rno n ac ltu. A n t lt o no ntrts g r un tlis, C ( r a t i t is c u p iI crt u.

Ips tttpogruphus

4,588

7? 7'10

J.J/:

26.924
25.611

D r e issern p o / 1, r'tt6 y, 1tr, (zebra mussel)
Heteroba:itlion ilnnosLrn1. Luchne!lttIa

putht'rrhi:i
Foot and tnouth disease

w ilIkomn i i. P hult o p,r or u

B u r.s a p lrc I e trc lus nluc r o t1{tl Lt.t

Total
131.210



170 w. E. W'o\lner

'I'ahle 2. Sunlntarv of econonric costs lo the tirrber resources of tire western USA I}om the intr.oduction of
selected fbrest pests lrotn Sibcria
R6sum6 du corlt [cononrique pour les ressources fbrestiires rie ]a partie occidentale des Etats-Ijnis.
oceilsiunni p.rr l'ilrlrudrriti()lt dc.erlJin5 rruisrblcs loresriels en frovel:rncc dc la Sibjrre

Economic cost in million USD (1990)

Pesl Best cise

Million
ha

Worst case affectedHost

B ur s ap I rc le nc lru s nnrcr o n 0 t Lts

Lachne ll ulu w illkorrunii
H e t er o h as itl b n 01 no s u t71

Defoliators

Pinus spp.
Lurix spp.
P.setulo I s tLga ntenzie sii
Larix spp.
Pinus spp.
P,seutlo tstLga men : ie sii
Picea spp.
Abies spp.
Tsuga spp.
Other
Picea spp.

33.3

24.9

84.2

35049

t610
240.6

343.9

*
5841 0

t0.7
0.1
la

30. B

Ips typographtts
I 500

matched bY measures for exclusion, detection, containment and eradication in the USA,
followed if they laii by the application of traditional, then biological control. prevention and
preclearance ol goodsimaterial in the originating country ensures expeditious entry into the
USA by minimizing inspection delays and treatment or confiscation olproducts. In addition to
on-site supervision by US regulatory officials, preclearance relies on cooperation and informa-
tion lrom scientific counterparts in the country of origin for identifying organisms, their
abundance, and pathways of translocation. This is a crucial link in facilitating exclusion; rhe
knowledge relative to potential pest behavior, identification, abundance, etc., usually iesides
with prolessionals in the native country. Given declining resources lor regulatory activities and
increasing volume and types of trade, this cooperation will become increaiingly critical. Failure
to exclude the organism can lead to costly detection and eradication efforts and, ifunsuccessful,
to protracted economic and ecological impacts.

Economic and ecological impacts of introduced diseases and insects
It has been estimated that of 70 major insect pests of US forests, 19 (27%) were introduced
(Pimentel, 1986). Not all organisms that establish and spread become biological pollutants. Some,
like the brown-tail moth(Euproctis chrysorrhoea) introduced in 1890, and the satin moth (Lettcoma
salicrs) introduced in 1920, initially spread and caused extensive deloliation and tree mortality but
later declined and were lound only rarely in select habitats (Wallner, 1989). However, E
cfuvsorrhoea illustrates the unpredictabiiity of invasive pest status. Since the 1960s, it was limited
to an area olapproximateiy 5 km: on three maritime islands. During the 1980s, it expanded both
its range and host piants and is now lound on over 23 maritime islands and in mainland fbrests
encompassing over 100000 ha (D. Struble" pers. comm.).

Chestnut blight

There have been a number of pathogens (Table 3) an<1 insects (Table 4) that have become
serious, persistent lorest pests. Some, such zrs chestnur bltght (CrTphonectria parasiticu), have
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hacl dcvastating ellects. It cssentia]lv elir-nrnatcd the whole populrLtion of approxinately g
rrrillion trees of'C(t.\'talt?tt tlcnlutu (American chestnut). lhe most econornicaliy and ecologicalll-.
ir-nportai'it tree species o{'the eastern hardwood fbrest. Today. C. rlt,ntutrt occurs as smali,
tlllderstory stulnp sproLlts ol'little value that eventually become inlected and die. The
disappealance ol C. dentatct led to a serious loss in biodiversity and rnassive conversion of'
tree species. This had zrt least two signilicant impacts: (1) the conversion from chestnut to
oak created extensive fbrests more suscept.ible to another invasive pest (Ll,n.turttria cli.rpar,
lvhich prelc|s oak). and (2) oak cohorts that replaced chestnut were uot as well adapted to
sites previor,tsly occr-rpied by chestnut and currently are senescing due to environmental
stress (Starkey et ul.,1989). Thus, the Appalachian forests are once again experiencing
widespread tree mottality. lhis time as a delayed consequence of the introcluction of an
invasivc pest.

Dutch elm disease 
i

Dutch elm disease, caused by Ophio.stonta ulnti and the closely related and newiy described
species O. novo-uln.i, exemplifies the tragedy of exchanges of invasive pests between continents.
Dr-rring the 1920s and 1930s, O. ulmi (introduced probably from cenrral Asia) caused a serious
epidemic in western Europe. It was then introdr-rced into the USA along with its vector. the
smaller European bark beetle, Scoll'tus t'nultistriatus, on unpeeled veneer logs. Losses oleim in
the urban envtronment, where highly susceptibie trees ol Lilmtts' arnericaLta (American elm) ha<t
been planted in monoculture, were devastating: more than 46 million trees were killed at an
estimated value loss ol 430 USD per tree (USDA, 199 1). Additional costs lor removal of dead
trees (on average 215 USD), protection of surviving elms (40-100 USD per tree per year), and
replacement with other species cost lederal, state, and municipal governments ad<litional
millions of US dollars. During the late 1960s, there was a devastating epidemic of a new, more
aggressive lorm of Dutch elm disease in western Europe, starting in Great Britain. This
outbreak was caused by a different lorm o[ the fungus, now recognized as a new species,
O- ttovo-ulmi (Bates el a\.,1993), that entered England on unpeeled logs of IJlmtts thomasii (rock
elm) from canada (Brasier & Gibbs, 1973). European eims, widely planted as hedgerow and
amenity trees throughout the iowlands of Great Britain and northern Europe, have been
decjmated by this inrroducrion.

Table 3. Forest pathogens introduced into the USA
Pathogdnes lorestiers introduits aux Etats-Unrs

Host Pathogen (disease) Origin introduction pathway

171

Castanet denlatrt
Ulnnts spp.
Pirttts ,strohus

Populus spp.

Clrumaecvparis
law,,soniunu

Corruu spp.

Lurix spp.
Jttglan.; cinerea

Crl,phonettria para:;itica (chestnut blight)
Ophiostoma ulni (Dttch elm disease.l
Cronartium rihicola (white pine biister rust)
M e Iam p,s ora Iar it: i- p opulina

(larch/poplar lust)
P hv t op h t ho r tt lat er alis (Port Oribrd

cedar root disease)

D is cula les lruclirtr ( dogwood
anthracnose)

Luc lme I luh v, il lk o m nii (larch canker)
S iroc oc ctt:; c Iuv ig igne nt i-

j ug landuce u'utn (butternut canker)

Asia
Europe
Eurasia
Eurasia

Asia

Europe

Eurasia
Unknown

Nursery stock
Raw veneer logs
Nursery stock
Unknown

Nursery stock?

Seaports

Unknown
Unknown
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'l-rrble {. F-orest inscct pests
Insectcs lbrcsticrs nuisibles
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introduccd irrto the USA
introdLrits aur Etats-Unis

I irsect
Or-i.itin I n troci ucti ou pa tlr rva_,-

L.t rtleilIrfu rl.lTrra- (European)
Lrn ru n t r ia li.y ltcu. ( Astun)
Atlelgas piceue (balsam woolly tclelgici)
Culeophoru IuriteIIu (larch casebcarer)
Scolytus nlultistriutus (ELrropean elnr bark beetlc)
,l I t t., t tt u, L Lt.\ r( \' i t t | ) \c!e { r'c'd pirre rctr lc1
.4t/eIges rsrrgrre (hemlock woolly adelgid)
Tontittrs pinipet.tla (ptne shoof beetle)
I p.r t r p r,.gr, r 1,h r t.s ( E u ropclLn spr.uce beet le.)
Cr.t pt,'t,t, t u.\ |(t.{i\rt.qtt tbeeCIr rcUIC)

Ft:rnce

Russian Far East. ELrr-ope

Europe
Europe
Europe
Asir
Asia
Eurasia
Eurasia
Europe

$

Entreprencurship
Ships. containets
Nursery stock
Nursely stock
Raw veneer logs
Nursery stock
Nursery stock?
Ship dunnage?
Ship dunnage
Nursery stock

This scenario is instructive lrom several aspects.

(l) Despite a known pathway for initially introducing this pathogen and vector ro NorthAmertca' the same pathway was avaiiable lor a reciprocal intioduciion of'a new species intoEurope.
(2) Given that o' ulni arrived in North America when the ftrst European Dutch elm diseaseoutbreak was already attenuated, there was a lack of immediate concern about reintroductionlrom North America- coupled with the deiayed recognition that a different species wasinvolved, this compiacency was disastrous. This might have been circumvented had researchemphasis been maintained, so that the threat courd Lave been anticipated.
(3) The pathogen was lnitially assessed as a more aggressive strain ani only later lrom detailetlculturing was the strain recognized as a new species.
(4) The use of molecular biological technology was applied to help esrablish species identity.These techniques can be expected to be used more routinely in the future to identify races orstrains lor purposes ol risk assessment.

B uttetnut canker

Not all invasive pests are readily detected or identified as such. For example, since the early1950s there has been wiclespread <lieback and mortality (more than 90%,) of Juglan.s cirerea(butternut) in eastern North American hardwood forests. The causal agent, the fungr-rss,irococctts clat'igignenti-jttglrtndaceantm is not consitlered native to North America and itsdamage appears to be threatening the sun,ival of butternut, leading to ii, pot.,]tiol classifica-tion as a rare and endangered species (Ostry er ul., 1994).

Lymantria dispar

The gypsy moth' l. tli.spur,has been the dorninant invasive insect introduced into US fbrests.
Because olits compre.hensive biological and economic history, L, di.s:purserves as an excellent
case study lor f ocussing on the questions 'whose problem?' :who pays,l,. since its accidentalintroduction liom France in rg69 (Forbush & Fernard. lg96), r. ,ti,pr,, noJ'r'pl;J;;;;;;
and westward at an annual rare of l2krn (Liebhokl, et al., 1995; Fig. 2). Attempts have beennlade to slow its spread to prevent this insect pest liom inl'esting the h"ighiv vulnerable lorests ol'the Southeasr and Midsouth as rvell as those olthe Miclwest 

"nA 
W.r,lp,g. 3). White it prelers

oaks and poplars. L. dispur is a polyphagous cleloliator thai ranges froi Asia across Europe
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ancl nollhcrrn r\ll'ica {lVlontsorret.v.t Waliner. 19881. Delirliatiou may carLse shifts in stanci
spccics contposition (Campbcll & Sloan, 1977), seeciiing rroltalityr (Gorrschalk. 1990a). rnci
occasional Inassive tree rnortality (AIlen & Bolverso.r. i989). At the peak of'the last ouLbreak
in 198 l. ntol-e thltn (r Inillion ha of rnixed hardrvoorl lbrests rvcre def oliateci; that vear-. in tl-re
state ol Penusyivattia iilone. more than 9 millioir USD was cxpcnded ou sprav progranrs a1d
tirnber losses exceeded 72 million USD. in tirct. tirnbel losscs fionr L. di.tpctr defbliaLion lor
Pennsl,lvlnia fbr the period 19691 1988 r'vere estimated at ll9 miilion USD (Gottschalk. I990b).
HorveveL, tite principal intpact of L. lispur is on human activities, l.realth. and saf'etv r.vhich are
difficult to quantily. Defoliation and numerous .larv:re dislr-rpt lecreational :rctivity, deprcss
|esitienrial Propcrtv vrLlttr:s. lrnd threirlcn hurnrLrr lrerlllr. urid"irre cosIly to nririgrLe (USDA.
I 995).

L. dispar probably originated in Asia (Goldschmidt, 1934) where it displays its grearest
molphologicai (Schaef'er, 1989). genetic (Harrisor.r et ul., 1983), and host and behavioral
(Bararichikov, 1989) valiation. The introduction olI. di.spur ftom Asia into North America
was ol major concern because, uniike European L. di.tpar, lemales of Asian L. &.rpur are
capable ofstrong, directed flight. and larvae leed rnore aggressivelv on a broader range oltrees.
This increased mobility wor-rld significantly accelerate the rate of spread, make era<Jication more
difficult, and render ineffective management technology developed for L. dispor of European
origin (Wallner, 1993).

Asian l. clispar was first detected as egg masses on the superstructures of Russian ships
loading grain in Vzrncouver (British Columbia, CA). Gravid flemales, attracted to lights in Far
East ports (Wallner et ul., 1995). deposited egg masses on ships and their cargoes. Transported
to western North American ports, eggs hatched and neonates were blown on shore."vhere larvae
developed to adulthood. Males captured in pheromone traps placed in and around ports in
Seattle (Washington), Portland (Oregon), and Vancouver were determined to be of Asian
origin based on mitochondrial DNA sequencing (Bogdanowicz et ot., 1993). This resulted i1 a
2,5 nriilion USD eradication program in 1993. In that same year. L. dispar olAsian type was

L9L4

"rz1^1

1965

t*/

.q. r
Fig. 2. Establishment and spread of L.rtnuntria tlisptu'in rhe USA.
Etablissement et diss6mination de L. di.spur aux Etars-Unrs.
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O-OO to 3.29

3.29 to 10.59

10.59 to 18.14

1A.14 to 326.26

No Data

Fig' 3' Distribution of prelerred host species of Lymtmtriu rlr'spar (basal area) in the USA (4ft2 per acre
equals approximately I mr per ha).
Repartition des plantes-hdtes prcl6r6es d,e L. dispar aux Etats-Unis (suriace terriere en 'ltr per zrcre,, dont 4
6gaient approximativement 1m2 par ha).

introduced into wilmington (North Carolina) on US military munitions and equipment from
Germany. In 1992,t1994,lorests in Germany (ancl elsewhere in central Eur-ope) experiqnced a
massive outbreak of L- dispar (Gossenauer-Marohn. 1995). Hence, there was concern that the
introduction and establishment of Z. dispar from Germany (which might include Asian and
European types, and their hybrids) (Prasher & Mastro, 1995) could 

-be 
devastating to US

lorests. An eradication effort of 9 million USD was conciucted in 19941 1995 in North Caroiina
and South Carolina in response to that introduction.

Efforts to downsize US military personnel in Europe will result in enormous translocation of
personnel and belongings. By the end of 1995, 150 000 troops. 190 000 tamiiy members. 55 000
automobiles, 45 000 pets, and 600 000 tons ol personal property will be shipped to the USA.
This does not include military equipment and munitions (Source: U.S. Miiitary European
Command). Preventive inspection and detection efforts have been accelerated both by tl.re
military and USDA's Animal and plant Heaith Inspection Service (APHIS) to interdict
possible inlested articies. However. the rnassive amount ol material rnakes the risk of
inadvertent introduction of L. dispar distressingly high.

As with most invasive pests, once exclusion and eradication efforts are exhausted. a cost.l1,
effort is undertaken to quarantine regions ar-rd apply direct controls to prevent spread. The
ratiouale lor such action is to preclude or delay economic ancl environmental rmpacts. With
European L. dispar. which has limited vagility, siowing the spreacl has been sirown ro be
economically benelicial. it has been estimated that 100-50f) rnillion USD in benefits couid be
realized over a 25-year period by slowing the spread ol L. di.s:par in the USA (Leuschler. I99 l).
This would require consrderable cumulative cosls ol monitoring and controi. Currently. some
400 000 pheromone traps are depioyed yearly in the USA at a cons€rvative estimate oi'20 USD
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per trap lor a tr:tai of 8 million USD (V Vlastro. pcrs. comm.). When added to the costs
presentedinFig. '1.total averageyearlvexpenditu|esapproach30millionUsD(lgg5dollars).
Given th:rt L. tlisltttr has not reached the highly susceptible forests to tl-re solth and west
(Figs 2-3), exteusive socio-ecortomrc, hunran health anrl saf'ety, and ecological impacts are yct
to occtrr. Adclitiontlly. there is the threat that introcluction olAsi:rn L. rli;;ptu.. wrth rts more
aggressive l'eecling habits ancl adull lernale vagi|ty, would render ellorts ro constrain it
technically dillicult.

Other insect invaders

Wlrile I. clispar has been the dominant invasive forest insect in North America. 367 additional
phytoplragous insects of woody plants have been introduced (Mattson et at., ).995). Accurate
economic impacts are unavailable lor most, yet the ecological effects are indisputable. For
example, there is an array olhost interactions and environmental disruptions for lnvasive pests
that attack conilers (Table 4). The balsam woolly adelgid (Adelges piceue) threatens relic stands
of high-elevatton Abies Jraseri (Fraser lir); red pine scale (\r'[atsucoccus resino,cae) eliminates
Pintrs resinosct (red pine) in the nortl.reastern USA; hemlock woolly adelgid (.Acletges tsugae)
decimates Tst'rga curutdeirsrs (eastern hemlock), and larch casebearer (Coleophora laricella),
once a pest, is controlled by introduced natural enemies. The impact of two recently introduced
European pests, pine shoot beetle (.Tomicus pinipercta) and European spruce beetle (1ps
typographus), is uuknown, but delimitation and quarantine actions have been undertaken.

I nteractions

Biotic interactions are complex and unpredictable and do not necessarily mirror the behavior
and dynamics of a biological invader in its country of origin, The beech bark disease is such an
example. This disease, caused by the introduced beech scale, Crvptococctts fagisuga, and two
fungal pathogens, Neclria gclligena (native to North America) and iy'. coccinea var.faginata
(probably introduced), has caused more serious damage in North America than would have
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Fig. 4. Yeariy costs (in 1995 USD) for eradication.
tlispur in the USA Ibr I 980/ I 994.
Couts annuels (en USD de 1995) de l'6radication de
concernant, aux Etats-Unis en 1980i 1994.

suppresslon, and research programs on L.mantria

L. di.tpar, de sa suppression et de la recherche le

GYPSY MOTH COSTS



176 Il'. E. lL/ttllnar

becn predictcd from its action in Europe (HousLon t:t ul.. l9j9\. Fr-ir.ther. not only havc
American beech torests suffered exteusive ntortalitl, but the iutroclr_rced ,\ccrr.ict has r.epeatcdlv
displaced the uative lun-eus its the principal pathogen ol the disease causal complex as the
disease has spread. Economic costs lire un'.rvailable fbr this disease. but negltile ir-nplcts o1
fbrest manaqement and lvoocl utilization. lbrest ecolo-{y, wildlite. and rccreation occulwith
snccessive phases o1'the epidenric (Houston. 1994).

Conclusions

Whose problem?

Firstly, the responsibility lor taking action against an invasive pest upon its detection in the
USA lies initially with state and lederal regulatory agencies. Secondly. since invasive pests do
not ablde b1, political or geographic boundaries, a state's or country's regulatory program will
affect adjoining domains. The problem becomes a regional one that r.qn$.s harmonization of
re-qulatory activrties between countries and by agencies within countries. Thirdl;', potential
invaders require climatic conditions similar to those in their country ol origin and may be
inffuenced by the vegetational diversity where they are introduced. Therefore. the threat must
be assessed on a regional basis rather than country by country.

Who pays?

ALong with tl.re responsibility ol US state and federal regulatory agencies for coping with a
recently introduced invasive pests is the resulting financial obligation. In the USA, lederal and
state agencies bear the major expenditures. Under US law (Plant Quarantine Act of 1912,
Federal Plant Pest Act ol 1957, Mexican Border Act of 1942). a culpable parry who
purposetllly or inadvertentlv introduces an invasive pest is subject only to a modest civil
penalty. There has been no instance where a guilty party was required to pay costs lor
eradicating an organism or for the resulting economic or ecological damage it caused. Initial
eradication expenditures often are substantial yet they pale in comparison with costs of limiting
expansion olinfestations and associated annuai losses in tree growth and mortality. should they
fail. Justifiabie in del'erring costs or reducing impacts, such financial burdens are borne
indirectly by the US citizenry, but may be more difficuit to accept as economic austerity
intensifies. Understandably, it is possible to ascribe econometrics to lorest productivity,
lvhereas values such as ecosystem disturbances and species displacement are more difficult to
quantily. For example, the rate of ecological change induced by an invasive pest, its impact on
endemic species. and its disruption of management protocois all carry a cost. These disburse-
ments come as hidden charges. much like a value-added tax, to be borne unwittingly by the
receiving country.

Efforts to prevent f'urther exchanges of invasive pests are not likely to be completely
successt'ui. The following are possible options to prevent or mitigate new pest introductions.

In lernut io rut I tne astu e.t

(1) Elevate the economic and ecologicai concern lor pest introductions on a global basis
{nzition-to-nation or trarling block-to-trading biock;, using comparable pest risk assessment
p roccd ures.
(2) Suppolt a global scientific effort to compile und .rt.gorir. potenrial invasrve fbrest pests fbr
heightened quarantine and surveillance.
(3) Work with import/export businesses. evaluate and identily new pest introduction pathways
ibr rncreased sr-rrverllance and share this inlbrmation wrth trading partners.
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('1) l--ostcr scientific collabolation to lbcus dcvelopin-u tcchnologl. on the ideltification ol ne lvand,'or bchavioraliv dillcr.ent biotypcs ol invasive pests.
(5) Create' fbr each tracling block. lists o1' high-risk pests by commoditl, and Lrse moleculartechnologies to identif,v them in the colrntly ol- origin. Tiri.s infornatigp could be *secl bvreglllatory oltrcials in the country accidentally receiving these of-sa'isnr. Lo art.rrrrt;r"'r;;
severity o{'risk based on diagnostics and behavior. This diagnostiJ methodology also couldpinpoint geographic biotypes and assrst in i<1entilyi'g rra'slocation pathr,vays.

Donte.ytic tIteusures

(l) Levy a modest surch:rrge or user lee lor quar:.rntine inspection on import/expor-t commod-
ities to be held in an escrow account by USDA-APHIS lor emergi.rg biological pollutant
identifi c;rtio nidetection/er-adication activities.
(2) Enact legislation tliat wouid permit re-{ulatory agencies to litigate .ll losses associated rvith
the purposeful or accidental introduction of forest pests. i(3) Foc,s technology assessment on biotype int-estations and behavior.
(4) Reduce import dependency on raw lorest products.

The permanency of the impacts ol inversive pests and their associated economrc costs needs to
be considered carelully by tlading partners. Clearly, commodity restriction, baserj on known orperceived pest aliiction..can be costly and repressive to free trade. However, developing
countries and countries in transition should be cautioned against ignoring the long-ierJ
economic and ecological impacts olinv.sive pests in expandinjtheir elo'omies.
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Nuisibles envahissants ou 'polluants biologiques, dans les forrots americaines:ii qui le probldme, i qui le co0t?

Les nuisibles envahissants, ou 'polluants biologiques', constitnent I'un des principaux <langerspour la biodiversit6 des 6cosystdmes lorestiers des Etats-Unis. Ils sont susceptibles. d,ailleurs,
de perturber la gestion sylvicole et d'occasionner des pertes financidres consicjerabies. Aux
Etats-Unis. comme aillerrrs, ce sont le pays d'introduction et sa collectivite gen6rale qui doivent
taire lace au probldme et en supporter les coirts. Les cas d'invasion par des nuisibies exotiques.
les filieres survies, les impacts 6conomiques et 6cologiques sont presentes. d I'aide tles exemples
de la graphiose de I'orme (Ophiostonza ulmi), d,u chancre de chritaignier (Cryphoneitria
parasiticct), du bombyx disparate (L1'ntuntrict clispur) et d'autres ,uuug.uir. La dur6e ind6ter-
mir.r6e des impacts 6cologiques et de leurs coirts associ6s est un 6l6ment de discussion
indispensable por-rr l'6tabiissement et I'adoption d'accords et de protocoles entre les organisa-
tions n:rtionales de plotection des ve-e6taux. Les moyens zi mettre en oeuvre, proposris par
I'auteur, seront aiiect6s par Ie d6veloppement du commerce mondiai.

l4qsazu;1uate BpeAHTe nu (" 6a4o no r,q ecKue 3a rpq3H HT e nu,, ) AaMepHKaHcKue neca: '{bq npo6neMa, KTo pacn/iaqHBaercc?

!.::::.':,r.y^. rrpe/ru'r'cra u.rrrr " 6rl>flolr.lqecKrie lurpu3nl.t'errr{ " rrprrlra/rne;(a.r K r{Hcrrv uzirr-t)oJlee ccpbL:IIILIX vrpoj 6aonorlt'Iccxtx'ry pa';nor>5pa:Juro Jrecr{brx 3Kocrrc.r.cM CIllA. Kporrrc
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'l ol'O' oIIII AIOIy'r IlapYlIIa'l ], IipaKrllXy flec(lljoAc-l'Da, 2t laK;.Kc tlpIrrIIlilgIb Orpct11111,1ji rlrrrHalr-
cour',rit yrgep6. B cllJA, xax r nroSoii apyroii criraHc, c.r.parra-lr.,iyqa-l.crrr, lrorrvriacr raK,nc rrItpoSncLtv, IIo]l ol\{y- IjMccre co crjolll'I11 rpz})Kr{irllaNf II oTIa ticcc.f noc.r.oullfiIJIc :lKotIO-
lvlllqccl(l{c 3alpa'rbi. Bclpctactttrcl t, ttnra:uiint,tx rpuTlrr rcrrcii, IICflorlblycl\,{Lle .r,pacct , II llx
lrKoltoNI lrrIecxllc ll 3KOJroI Ilqccl(lIc bo3llciic'rlrtl ilpc/-lct aDJteHLt ua npiruepe I '1rt.1ra.tr^rtcxcrii
Sorc:rrri .i;u'ra (Ophiostoma ulni),..neKpo3a xopir xrur.r.rt, 

",r,"a.,brruro 
(Cryphonectria

parastttczt), lenallioro [rr:lKorrprlli] (i,ymr,intria dispar), r.r ,Ltpyfrrx rrpclu.rc:rcii.'l-l,rJ.r.ofir.rclr,],,
lKorrofllqecKllx l;cl:l/loiicl-sl{ii tl eult-rlLlrttt,tx c Frrr\'tll lKoHoN4lrrlecxrx 3:t-r.p:t.l AoJITKrIo paccl4a-'rprlEatrrcl npr o6cy;tigollrltI 3.tr{x IjoupocoD c /Ipyft{NrIt lrauIioIIarLIrIJli\4rI opr.atIrI3arlIIltytIr
:JaIIII1r't'l pacT'currii rlpl'l coc'I'aaJreIIlITt tr rprrIl''rIIil B3attt\,tHrJrx coiLtullletlnri,.,,tpua(r*ur,.,o. Ilcl:l'lJ,c lIpIIIjolIffTcfi ilpeIIJlOxciIIII JIJIll petllellJru l'rIIx llJcytu}ILIX liputJrt:N{ b trdpcItct(TIIEc
r,roSallnoii't-oploliJrlr.
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