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ABSTRACT-Invasive alien species have long been recognized as a leading threat to biological 
diversity, contributing to the decline of nearly half of the imperiled species in the United States 
for which threat information is available. This paper discusses some of the invasive species that 
threaten imperiled wildlife in the western United States, including endemic birds in San Fran- 
cisco Bay, sage grouse, and grizzly bears. I present 3 examples of the difficulties inherent in 
balancing the need to close pathways of invasive species entry with maintaining active inter- 
national and interstate trade (wood packing materials, ballast water, and the nursery trade) and 
I present Defenders of Wildlife's policy recommendations in these areas. 
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The proliferation of invasive species outside 
the boundaries of their indigenous ecosystems 
has long been recognized as a major source of 
anthropogenic damage to terrestrial (Elton 
1958), aquatic (Lodge 2001), and estuarine and 
marine (Ruiz and others 1999; Fofonoff and 
others 2003) ecosystems. Loss, damage, and 
control costs associated with invasive species 
have most recently been estimated at $120 bil- 
lion/year (Pimentel and others 2005), and new 
and emerging diseases such as Acquired Im- 
mune Deficiency Syndrome, West Nile enceph- 
alitis, Severe Acute Respiratory Syndrome, and 
various strains of influenza threaten human 
health (CDC 2002). One study, which investi- 
gated factors contributing to the imperilment 
of species listed or proposed for listing, under 
the United States Endangered Species Act 
(ESA) or designated as "imperiled", "critically 
imperiled", or "possibly extinct" by The Na- 
ture Conservancy and Natural Heritage pro- 
grams, found that invasive species impact 49% 
of those imperiled species in the United States 
for which threat information was available, 
making invasives the nation's 2nd leading 
cause of species endangerment (Wilcove and 
others 2000) after habitat destruction and deg- 
radation (Wilson 1992,2002). 

An alien species can be defined as a species, 
or propagative material thereof, which did not 
historically occur in a given ecosystem (64 Fed- 

eral Register 6183-6186). While many species 
are of unknown origin, it is estimated that 
50,000 alien species have been introduced to 
the United States (Pimentel and others 2005). 
Many of these, including crop and livestock 
species, persist only where deliberately culti- 
vated; many others fail to survive or to estab- 
lish naturalized populations. However, a small 
but important subset of introduced species, 
such as hydrilla (Hydrilla verticillata), cheat- 
grass (Bromus tectorum), and European star- 
lings (Sfurnus vulgaris), become invasive. While 
it has been argued that the term "invasive spe- 
cies" should be used to describe dispersing 
alien species without respect to environmental 
or economic impact (Richardson and others 
2000), I will utilize the definition and termi- 
nology promulgated in President Clinton's Ex- 
ecutive Order 13112, which directed federal 
agencies to control and minimize the impacts 
of invasive species: "'Invasive species' means 
an alien species whose introduction does or is 
likely to cause economic or environmental 
harm or harm to human health" (64 Federal 
Register 6183-6186). Population and ecosystem 
impacts by invasive species include disease, 
predation, competition, interference, hybrid- 
ization, alteration of fire regimes, alteration of 
nutrient regimes, and alteration of hydrologic 
cycles (Mack and others 2000). Many of these 
factors are in play in the interactions between 
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invasive species and native ecosystems in the 
northwestern United States. 

A number of exotic invasive species in the 
northwestern United States and northern Cal- 
ifornia are negatively impacting wildlife spe- 
cies that have been proposed or listed as 
"threatened" or "endangered" under the ESA 
or have been designated as "imperiled", "crit- 
ically imperiled", or "possibly extinct" by Nat- 
ural Heritage programs, collectively referred to 
here as "imperiled species". I provide a sam- 
pling of the impacts of exotic invasive species 
to native wildlife in widely disparate ecosys- 
tem types in the western United States, and 
present Defenders of Wildlife's recommenda- 
tions for policies that target closing-pathways 
for invasive species entry. 

Endemic Birds and Mammals in San Francisco Bay 

The San Francisco Bay Estuary in California 
"supports the largest and most ecologically 
important expanses of tidal mudflats and salt 
marshes in the contiguous western United 
States" (CSCC and USFWS 2003, p 8). The es- 
tuary is characterized by unvegetated tidal flats 
at elevations below mean sea level and native 
Pacific cordgrass (Spartina foliosa) above mean 
sea level, with upper reaches dominated by 
pickleweed (Salicornia virginica), then halo- 
phytes like saltgrass (Distichlis spicata) and a 
variety of other species (CSCC and USFWS 
2003). The tidal mudflat areas are an important 
feeding ground for migratory shorebirds and 
waterfowl, and the salt marshes support a 
number of endemic plant and animal species, 
including several that are listed under the ESA 
(CSCC and USFWS 2003). Prior to the mid-19th 
century, the marsh complex covered 732 km2, 
but sedimentation from upstream mining, dik- 
ing and filling, agriculture, and urban devel- 
opment have reduced the tidal marsh complex 
to 152 km2 (USFWS 1984) and the tidal flats to 
< 120 km2 (CSCC and USFWS 2003). "Non-na- 
tive invasive cordgrasses dominate greater 
than 500 acres of San Francisco Estuary mud 
flats and tidal marsh. . . and are spreading rap- 
idly" (CSCC and USFWS 2003, p 8). 

Spartina alterniflora is a perennial coastal 
cordgrass native to the east coast of the United 
States (Gleason and Cronquist 1991). In the ear- 

ly 1970s, the US Army Corps of Engineers in- 
troduced S. alterniflora into a pond at the Coyote 
Hills regional shoreline, and it was later intro- 
duced to San Bruno Slough (Grossinger and 
others 1998). Spartina alterniflora exhibits a larg- 
er growth form, higher stem density, and high- 
er rate of lateral spread (Josselyn and others 
1993), is less susceptible to wave action (Glea- 
son and others 1979), and tolerates a wider 
range of salinities, sedimentation rates, and 
soil oxygen levels than its native western coun- 
terpart S. foliosa (CSCC and USFWS 2003). 
Combined, these characteristics enable S. alter- 
niflora to form dense monotypic stands in tidal 
marsh and mud flat communities that once var- 
ied along a mean-sea-level gradient. Other in- 
vasive cordgrass forms in the estuary include: 
Spartina densiflora, a South American cordgrass 
that was introduced accidentally to Humboldt 
Bay, California, in the mid-19th century and 
transplanted to Corte Madera Creek in 1976, 
prior to recognition that it is an exotic invasive 
species (Grossinger and others 1998); English 
cordgrass (S. angelica); salt-meadow cordgrass 
(S. patens); and hybrids between S. alterniflora 
and S. foliosa. 

Rare and endemic species that depend on the 
complex of native habitats in the San Francisco 
Bay estuary include the California clapper rail 
(Rallus longirostris obsoletus), the California 
black rail (Laterallus jamaicensis coturniculus), 
the California least tern (Sterna albifrons 
browni), the salt marsh harvest mouse (Reith- 
rodontomys raviventrus), and 3 subspecies of 
song sparrow (Melospiza rnelodia). All of these 
species face habitat degradation due to the 
presence of invasive cordgrasses. 

The California clapper rail historically 
ranged from Humboldt to San Luis Obispo 
counties, California (USFWS 1984), but is cur- 
rently found only in the San Francisco and San 
Pablo Bays (CSCC and USFWS 2003); the sub- 
species has been federally listed as endangered 
under the ESA since 1970 (35 Federal Register 
16047). They forage primarily in areas with 
small tidal creeks and "generally avoid uni- 
form marsh plains lacking tidal creeks" such as 
the stands formed by S. alterniflora invasion 
(CSCC and USFWS 2003). The California clap- 
per rail also has been negatively impacted by 
predation from another introduced species, the 
red fox (Vulpes vulpes), and will utilize invasive 
cordgrasses for cover during extreme high 



tides when other vegetation is submerged 
(CSCC and USFWS 2003). 

The California bIack rail, which is listed as 
endangered under state but not federal law, 
also is associated with mixed pickleweed veg- 
etation. Like the California clapper rail, it uti- 
lizes tidal creeks for foraging, requires avail- 
able cover during high tides, and does not uti- 
lize S. alternqra for breeding (CSCC and 

- USFWS 2003). 
Spartina alternipora impacts Alameda song 

sparrows (Melospiza melodia pusillula), a Cali- 
fornia Species of Special Concern, both directly 
and indirectly. The species generally nests in 
the upper reaches of marshes, but will nest in 
Spartina on mudflats, where the nests are more 
likely to be washed away by tidal action (Nord- 
by and Beissinger 2002). Spartina alterniflora 
also provides habitat for marsh wrens- (Cisto- 
thorus palustris), which are expanding their 
range in the Bay and demonstrating competi- 
tive interactions with the endemic sparrow 
(Nordby and Beissinger 2002; Nordby and oth- 
ers 2003). 

The salt marsh harvest mouse is endemic to 
the San Francisco Bay area (USFWS 1984), and 
was federally listed as Endangered at the same 
time as the California clapper rail (35 Federal 
Register 16047). The harvest mouse popula- 
tions are dependent on pickleweed and terres- 
trial grasses adjacent to the tidal marshes and 
they do not utilize cordgrass (CSCC and 
USFWS 2003). 

Sage Grouse - 

Greater sage grouse (Centrocercus urophasi- 
anus) once ranged through much of the west in 
13 states and 3 adjacent Canadian provinces 
(Schroeder and others 2004), but populations 
have declined at an overall rate of 2.0%/year 
from 1965 to 2003, and only about 56% of po- 
tential pre-settlement distribution is currently 
occupied (Connelly and others 2004). Three pe- 
titions to list the sage grouse as threatened or 
endangered under the ESA were filed in 2002 
and 2003, but the US Fish and Wildlife Service 
made a determination on 12 January 2005 that 
protection of the sage grouse under the ESA 
was not warranted (70 Federal Register 2244- 
2282). Consequently, in the United States, sage 
grouse management is undertaken at the state 
level, while much of the species' habitat on pub- 
lic lands is managed federally, particularly by 

the Bureau of Land Management (Connelly and 
others 2004). In Canada, where the species is 
listed under the Species at Risk Act, manage- 
ment is undertaken cooperatively by the fed- 
eral and provincial governments (Connelly and 
others 2004). 

Sage grouse decline can be attributed to 
many factors, as summarized by Braun (1998): 
habitat loss due to agriculture, mining and en- 
ergy development, suburban and rural devel- 
opment, roads, and reservoirs; habitat frag- 
mentation by fences, power lines, and sage- 
brush control treatments; habitat degradation 
from grazing, sagebrush control via mechani- 
cal and chemical means, and altered fire re- 
gimes; and natural factors including drought, 
predation, and hunting. The threats to sage 
grouse and their habitat also include invasive 
species, particularly cheat grass and West Nile 
Virus. 

Sage grouse are considered obligates of sage- 
brush (Artemesia spp.) habitats (Braun and oth- 
ers 1976) and these habitats are diminished. 
Sage grouse require a large, connected land- 
scape of habitats that vary in relative cover of 
sagebrush, grasses, and forbs for their lekking, 
nesting, brood-rearing, and autumn and win- 
ter feeding activities (Connelly and others 
2004; Stinson and others 2004). In one study, 
occupied areas were characterized by 57% 
shrub-steppe habitat, compared to 42.3% 
shrub-steppe habitat in unoccupied range 
(Schroeder and others 2000). Connelly and oth- 
ers (2004) estimate that about 55% of the 
500,000 km2 of historical sagebrush communi- 
ty types remains in sagebrush habitat. Agri- 
cultural and urban land use encompasses 13% 
and I%, respectively, of the remainder. Of the 
historical sage habitat, 31% has been converted 
to other vegetative cover, including areas dom- 
inated by invasive alien species (Connelly and 
others 2004). Cheatgrass and medusahead 
(Taeniatherum caput-medusae) are 2 of the most 
important invaders of arid and more mesic 
sagebrush communities, respectively (Connel- 
ly and others 2004). Cheatgrass was probably 
introduced as a contaminant in grain imports 
(Novak and Mack 2001) and spread through 
much of the intermountain west by the 1920s 
(Mack 1981), aided by livestock trampling of 
microbiotic soil crusts, which left bare ground 
more susceptible to cheatgrass invasion (Ro- 
sentreter 1995). Cheatgrass, in turn, promotes 
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"larger, earlier and more frequent fires" due to 
its dense, continuous ground cover and sum- 
mertime drought dormancy, as well as in- 
creased erosion potential following fires (West 
1999). Cheatgrass invasion shortened the fire- 
return interval in the intermountain west from 
20-100 y to as little as 5 y, reducing or elimi- 
nating fire-sensitive sagebrush from large 
parts of its range (Pyke 1999). Cheatgrass and 
other Eurasian annuals now dominate or sig- 
nificantly cover 70,000 km2 of public lands in 
Washington, Oregon, Idaho, Nevada, and Utah 
(Connelly and others 2004). In Washington, for 
instance, roughly half of the original sagebrush 
habitat remains, but much of this does not meet 
the breeding requirements of sage grouse, be- 
cause it has <lo% sagebrush cover or bunch- 
grasses have been replaced by cheat grass and 
other invasive species (Stinson and others 
2004). 

West Nile virus (WNV), another exotic inva- 
sive species, is emerging as a potential threat 
to sage grouse populations. First described in 
Uganda in 1937, WNV was introduced to the 
United States in 1999 (CDC 2005a) and has 
since caused human, animal, or avian infection 
in every state except Washington, Alaska and 
Hawaii (CDC 2005b). Sage grouse mortality 
from WNV was 1st observed on 24 July 2003, 
prompting monitoring of radio-tagged sage 
grouse in 4 populations in Alberta, Montana, 
and Wyoming (Naugle and others 2004). Nau- 
gle and colleagues found that 18 of the 22 re- 
covered testable carcasses were positive for 
WNV. They also found that survival in WNV 
areas was 26% lower than in their WNV-free 
control site and was 25% lower than the aver- 
age survival for those areas from 1998 to 2002, 
prior to WNV emergence. Equally troubling, 
they found "no live sage-grouse seropositive 
for neutralizing antibodies against WNV;" in 
other words, "no evidence that sage-grouse are 
able to survive WNV infection and develop im- 
munity". The authors conclude that "The 
spread of WNV represents a significant new 
stressor on sage-grouse and probably other at- 
risk species" (Naugle and others 2004). 

Grizzly Bear 

Grizzly bears (Ursus arctos horribilis) histor- 
ically ranged throughout most the contiguous 
United States west of the Mississippi River (Se- 
rvheen 1990). The species has been extirpated 

from most of this range and currently a total of 
800 to 1000 bears persist in 5 ecoregions- 
Greater Yellowstone in Wyoming, Idaho, and 
Montana; northern Continental Divide and 
Cabinet-Yaak in Montana; the Selkirk in Idaho; 
and the North Cascades in Washington, with 
potential for a population in the Bitterroot 
ecoregion in Idaho (USFWS 1993; Mattson and 
Merrill 2002). Grizzly populations in all 5 
ecoregions are currently listed as Threatened 
under the ESA; however, the US Fish and Wild- 
life Service on 2 March 2000 released a Draft 
Conservation Strategy that presents a manage- 
ment plan for the grizzly bear in the Yellow- 
stone ecosystem following recovery and delist- 
ing of the Yellowstone population (65 Federal 
Register 11340), and a delisting proposal for 
Yellowstone grizzly was released on 17 Novem- 
ber 2005 (70 Federal Register 69854-69884). 

Grizzly bear extirpation and range contrac- 
tion in the contiguous United States from 1850 
to 1970 has been correlated to human presence 
and to the presence of foods that apparently 
brought grizzlies into contact with humans, 
particularly bison (Bus bison), salmon (Oncor- 
vhynchus spp.), and pinon (Pinus edulis) from 
1850 to 1970 and cattle from 1920 to 1970 (Matt- 
son and Merrill 2002). Conversely, "grizzly 
bears survived well" where their range over- 
lapped with that of the whitebark pine (Pinus 
albicaulis) (Mattson and Merrill2002), probably 
because its high-elevation, low human-density 
habitat draws bears to remote areas where their 
chances of fatal interaction with humans is 
lower (Mattson and others 2001). Whitebark 
pine seeds are highly nutritious, containing 
52% fat, 21% carbohydrate, 21% protein, 3% 
ash, and 3% water (Lanner and Gilbert 1994). 
They are 1 of the most important food sources 
for grizzlies in Yellowstone from mid-August 
through mid-November, with over-wintered 
cached seeds also being important the follow- 
ing May and June (Mattson and others 1991). 

Whitebark pine is currently under threat 
through much of its range due to an exotic in- 
vasive fungus, the white pine blister rust (Cron- 
avtium vibicola J. C. Fisch. ex Rabenh). The fun- 
gus is a heteroecious stem rust with a life cycle 
dependent on Ribes (currant and gooseberry) 
shrubs and 5-needled Pinus (subgenus Strobus). 
Native to Asia, white pine blister rust was in- 
troduced into the United States in the early 
1900s and into British Columbia in 1910, and it 



has since spread from there to Washington, Ida- 
ho, Montana, Wyoming, Oregon, and Califor- 
nia (Scharpf 1993). Historically, control efforts 
focused on Ribes eradication, with a mechanical 
and chemical control effort that lasted 40 y and 
removed an estimated 500 million Ribes plants 
(Neuenschwander and others 1999). Ultimately, 
however, this proved ineffective, due to the dis- 
tance of spore travel and the vast area affected 
(Monnig and Byler 1992; Maloy 1997). Nor have 
chemical controls for the fungus proved effec- 
tive (Maloy 1997). For this reason the mortality 
from this disease has been extremely high: in- 
fection rate among whitebark pine has been 
51% to 100% in Washington, northern Idaho, 
and western Montana, and 20% to 50% in cen- 
tral Idaho, Oregon, and northern California 
(Kendall and Keane 2001). Mortality among in- 
fected whitebark pine ranges from 51% to 
100% in northern and eastern Washington, 
northern Idaho, and northwestern Montana, 
and 20% to 50% in southern and western 
Washington and northern Oregon (Kendall 
and Keane 2001). Current management mainly 
involves finding and propagating naturally 
disease-resistant white pine species, although 
this work is farther ahead in commercially 
valuable species like sugar pine and western 
white pine than it is in whitebark pine (Kegley 
and others 2004). 

To date, infection and mortality of whitebark 
pine by the blister rust has been lower in the 
greater Yellowstone ecosystem than elsewhere 
in the Northwest, with infection rates of about 
5% and mortality among infected trees of 7% 
(Kendall1999). However, it is expected that cli- 
mate change will hasten whitebark pine de- 
cline in Yellowstone in coming years by facili- 
tating the spread of the fungus, as well as by 
shrinking the subalpine range of whitebark 
pine and promoting more frequent and intense 
forest fires (Koteen 2002). Mattson and Merrill 
(2002) predict that "virtually all the whitebark 
pine in [the greater Yellowstone ecosystem] is 
projected to be lost" and they suggest that 
"The apparent robustness of Yellowstone's 
grizzly bear range is contingent on the pres- 
ence of abundant whitebark pine. Such vulner- 
ability emphasizes the need for concern over 
the loss of this food and argues for the inad- 
visability of removing any legal protections for 
this population." 

A 2nd important food source of grizzly bears 

is also under threat from invasive species. Yel- 
lowstone cutthroat trout (Oncorhynchus clarki 
bouvieri) are native to Yellowstone Lake and 
spawn in spring in many of the lake's tributary 
streams (Gresswell1995) where in shallow wa- 
ter they are highly available to predation by 
grizzly bears (Reinhart and Mattson 1990). 
Cutthroat trout have a high protein and lipid 
content and are utilized by grizzlies from early 
May to mid-August, with peak use in June and 
July (Mattson and others 1991); these are im- 
portant times for post-hibernation weight gain 
and lactation in females with cubs. Cutthroat 
trout now face competition from lake trout (Sal- 
velinus namycush), which were apparently ille- 
gally introduced to Yellowstone Lake as early 
as 1989 and probably numbered in the tens of 
thousands by 1995 (Keading and others 1995). 
Lake trout, the 3rd largest member of the Sal- 
monid family (Behnke 2002), threaten the na- 
tive cutthroat trout by competition for macro- 
invertebrates and by predation upon the cut- 
throat trout themselves (Keading and others 
1995). Lake trout availability to grizzly bears 
and other terrestrial predators is significantly 
lower than for Yellowstone cutthroat trout be- 
cause the former spawn in the lake rather than 
in tributary streams (Behnke 2002); therefore, 
exclusion or significant decline in cutthroat 
trout due to the presence of invasive lake trout 
could threaten that important food source of 
grizzly bears. Despite removal of over 56,000 
lake trout since 1995, cutthroat trout popula- 
tions have continued to trend downward (Big- 
elow and others 2003). A second likely contrib- 
uting factor in cutthroat trout decline is another 
exotic species, the parasite MyxoboZus cerebralis, 
which causes potentially fatal whirling disease 
in salmonids (Gilbert and Granath 2003) and 
was 1st detected in Yellowstone Lake in 1998 
(Mahony and Hudson 2000). 

Reducing adverse effects of invasive species 
requires the development of policies aimed at 
forestalling their entry to new areas. Both gov- 
ernments and environmental advocacy groups 
are working towards this goal. For example, as 
an advocacy organization with a policy and ed- 
ucation focus, Defenders of Wildlife has em- 
phasized in its invasive species policies the pre- 
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vention of further invasive species entry and 
establishment. Our efforts at the US federal lev- 
el have been aimed at complementing and 
strengthening existing federal policies. Presi- 
dent Clinton's Executive Order 13112 in 1999 
(64 Federal Register 6183-6186) ordered fed- 
eral agencies "to prevent the introduction of in- 
vasive species and provide for their control and 
to minimize the economic, ecological, and hu- 
man health impacts that invasive species 
cause" and formed the National Invasive Spe- 
cies Council (NISC) to implement the order. 
The NISC consists of representatives from the 
Departments of Interior, Agriculture, Com- 
merce, State, Transportation, Defense, Home- 
land Security, Treasury, Health and Human 
Services, the Environmental Protection Agency, 
the National Aeronautics and Space Adminis- 
tration, the Office of the US Trade Representa- 
tive, and the US Agency of International De- 
velopment. Executive Order 131 12 also estab- 
lished an Invasive Species Advisory Committee 
consisting of various stakeholders from states, 
tribes, universities, industries, and non-gov- 
ernmental organizations (NISC, undated). 

One of the N1SC:s 1st duties was the creation 
of a National Invasive Species Management 
Plan, which included "a review of existing and 
prospective approaches and authorities for pre- 
venting the introduction and spread of invasive 
species, including those for identifying path- 
ways by which invasive species are introduced 
and for minimizing the risk of introductions 
via those pathways, and shall identify research 
needs and recommend measures to minimize 
the risk that introductions will occur." In 2002 
the stakeholders' advisory committee formed a 
Screening Task Team and a Pathways Task 
Team to examine and reduce the risks of intro- 
ductions via the various intentional and unin- 
tentional pathways (Campbell and Kriesch 
2003). 

The pathways identified by the Pathways 
Task Team fall into 3 categories. Transporta- 
tion-related pathways include air, aquatic, and 
land transport vessels (airplane landing gear, 
hull fouling, ballast water containers and pack- 
ing materials, solid wood packing material, 
tourism, travel, and shipping). Living Industry 
pathways include foods, the pet and aquarium 
trades, bait industry, livestock and other ani- 
mals, and the trade in whole plants, seeds, and 
plant parts. Finally, Miscellaneous pathways 

include connected waterways, minimally pro- 
cessed plant and animal products (hides, tro- 
phies, feathers, logs, firewood, mulch, and 
straw), and ecosystem disturbances (rights of 
way, clearing, and damming) (Campbell and 
Kriesch 2003). Advocacy-groups, including De- 
fenders of Wildlife, have been active in efforts 
to tighten several of these pathways to reduce 
the threat of invasive species entry. In each of 
these cases, federal authorities have struggled 
to balance the need for increased protection 
from invasive species with the priorities for 
maintaining active international and interstate 
trade. 

Wood Imports 

In 2004, the United States imported 1.75 mil- 
lion m3 of softwood logs, 55 million m3 of soft- 
wood lumber, 300,000 m3 of hardwood logs, 
and 1.5 million m3 of temperate hardwood 
lumber (USDA FAS 2005), as well as large 
quantities of minimally processed wood such 
as railroad ties and wood chips. Furthermore, 
roughly 52% of maritime shipments and 9% of 
air shipments, involving 250 different com- 
modities, are accompanied by solid wood 
packing material in the form of pallets, crates, 
spools, and dunnage (USDA APHIS-FS 2000). 
Wood imports are vectors for many pests, in- 
cluding Asian long-horned beetle, chestnut 
blight, Dutch elm disease, Formosan subterra- 
nean termite, gypsy moth, pine shoot beetle, 
and smaller Japanese cedar long-horned beetle 
(USDA APHIS-FS 2000). Wood packaging 
alone accounted for an average of 402 intercep- 
tions per year representing 156 taxa from 1996- 
98 (USDA APHIS-FS 2000). 

The USDA Animal and Plant Health Inspec- 
tion Service (APHIS), recognized that due to 
high volume of imports and difficulties in de- 
tecting organisms, inspection is "inadequate" 
as a mitigation measure for the pest risk asso- 
ciated with solid wood packing material 
(USDA APHIS-FS 2000), and proposed in 2003 
to adopt the international phytosanitary stan- 
dard for wood packaging material as set forth 
in the International Plant Protection Conven- 
tion Guidelines (68 Federal Register 27480-91). 
These guidelines require that wood packaging 
material be either "heat treated to achieve a 
minimum wood core temperature of 56OC for a 
minimum of 30 minutes," or "fumigated with 
methyl bromide in an enclosed area for at least 



16 hours," followed by the marking of each 
treated piece with a "legible and permanent 
mark". 

These regulations were a step forward in that 
they signaled an effort to comprehensively ad- 
dress a pest pathway and a move away from re- 
liance on inspections. However, several advo- 
cacy groups, including Defenders of Wildlife, 
raised concerns about the proposed rule in 
comments to the agency (Defenders of Wildlife, 
unpublished comments, available upon request 
from author). First, methyl bromide is an 
ozone-depleting substance slated for phaseout 
under the Montreal Protocol, and as the cheap- 
er alternative, would likely be used more wide- 
ly than heat treatment. A large increase in the 
use of methyl bromide could potentially ensue, 
as was recognized in USDA's environmental 
impact statement on wood packing material 
treatment (USDA MRP-APHIS 2003). Second, 
effectiveness of both treatments is questionable 
especially if wood diameter is large, a problem 
also recognized by APHIS in its environmental 
impact statement. Third, once the wood is 
marked, it can be reused without further treat- 
ment and without consideration of the possi- 
bility of re-infestation. Defenders of Wildlife 
and other commenters recommended phasing 
out solid wood packing material in favor of 
"'Alternative materials include processed fiber- 
boards and particleboards constructed from 
chipped wood, as well as non-wood materials 
like metal, plastic and fiberglass, and inflatable 
bags for dunnage." 

Despite these questions about the effective- 
ness and adverse consequences, APHIS adopt- 
ed the international guidelines, which will be 
fully phased in by July 2006, in part on the-ra- 
tionale that "adopting them would simplify 
and standardize trade requirements" (69 Fed- 
eral Register 55719-330). The agency also con- 
curred with shipping industry comments that 
alternative packaging materials pose extra ex- 
pense, add weight to shipments and are harder 
to dispose of than wood packing material. This 
case exemplifies the difficulty in balancing 
maximum protection with other economic in- 
terests. 

Ballast Water 

Ballast is material taken on by ships that are 
not carrying cargo in order to maintain stabil- 
ity and buoyancy. Ballast water is generally 

taken on in 1 port when a ship empties and is 
discharged at another port when the ship is 
filled with cargo. An estimated 70 million met- 
ric tons of ballast water is discharged into US 
waters annually (Ruiz and others 2001), and at 
least 7000 species are transported daily via bal- 
last water (Carlton 1999). A variety of tech- 
niques are available to close this pathway, in- 
cluding ballast water exchange, filtration, hy- 
drocyclone, and treatment with ultraviolet ra- 
diation, heat, or chemicals, though these 
treatments vary in cost, effectiveness, and 
availability (Pacific Ballast Water Group, un- 
dated). 

In 1990, in its 1st legislative attempt to ad- 
dress the ballast water pathway, the United 
States enacted the Nonindigenous Aquatic Nui- 
sance Prevention and Control Act (Public Law 
101-646), which required that ships entering 
the Great Lakes after operating outside the 
United States' "exclusive economic zone" (200 
nautical miles) exchange ballast water on the 
high seas or treat it to kill organisms. The bill 
also established a task force and helped to pro- 
mote state and regional aquatic nuisance plan- 
ning efforts. The 1990 law was reauthorized in 
1996 as the National Invasive Species Act (Pub- 
lic Law 104-332). Ballast exchange remained 
mandatory for the Great Lakes, while ships in 
other areas were asked to meet voluntary 
guidelines. The bill threatened that the stan- 
dards would become mandatory if they were 
not adequate, although standards for determin- 
ing this were never defined. The bill also au- 
thorized research into treatment and contain- 
ment technologies. The bill did not address or- 
ganisms on the hulls of ships, voluntary im- 
ports of potentially invasive organisms, or 
ballast guidelines for ships operating within 
the exclusive economic zone. 

Attempts to reauthorize the National Inva- 
sive Species Act failed in the 107th and 108th 
Congress, and the bill was introduced in April 
2005 in the 109th Congress. Given the gaps in 
the law, specifically the voluntary nature of its 
guidelines for outside of the Great Lakes re- 
gion, state authorities have stepped in to reg- 
ulate ballast-water release under state water 
quality and wildlife laws (Pacific Ballast Water 
Group, undated). Furthermore, in response to a 
lawsuit brought by Northwest Environmental 
Advocates, the Ocean Conservancy, and others, 
a District Court judge recently ordered the En- 
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vironmental Protection Agency to repeal a reg- 
ulation that exempted ships' ballast water from 
federal Clean Water Act regulations. The ruling 
means that the Agency will have to require 
ships operating in waters that are impaired by 
the presence of invasive species to obtain Na- 
tional Pollutant Discharge Elimination Systems 
permits (USDC-NDC 2005). 

Reauthorization of ballast water regulations 
will have to balance locally led attempts for 
stricter regulation with international pressure 
for regulations that are standardized but not 
necessarily the most stringent. In February 
2004, the International Maritime Organization, 
which is the United Nations agency that sets 
agreements for shipping safety and polIution 
reduction, adopted the International Conven- 
tion for the Control and Management of Shipsf 
Ballast Water and Sediments. However the con- 
vention has not yet been ratified by member 
states. The agreement sets a ballast discharge 
performance standard, but it offers less than 
optimal protection from invasive species be- 
cause the timeline is long (2016) and because in 
the interim ships would be required to do no 
more than 3 volumes exchange, even if such an 
exchange purges less than 95% of the ballast 
water. It also is weak with respect to ballast 
treatment in near-shore shipments. The other 
main weakness of this agreement is that it has 
an open-ended review process for adopting 
treatment technologies, which could signifi- 
cantly delay adoption of new ballast water 
treatments (Cangelosi 2004). Nonetheless, the 
Senate has marked up the Ballast Water Man- 
agement Act of 2005 (S. 363), a bill that would 
adopt measures that closely conform to the in- 
ternational standard. 

A bipartisan group of senators introduced a 
more comprehensive approach to aquatic in- 
vasive species management on 13 April 2005. 
Their National Aquatic Invasive Species Act of 
2005 (S. 770), requires that by 2011, all existing 
ships must treat ballast water with the "best 
performing treatment technology" and reduces 
viable biological material by 99%. New vessels 
are held to 99.9% reduction standards. In the 
interim, the bill requires that ships entering all 
ports in the United States must exchange bal- 
last using a complete empty and refill or a flow- 
through that replaces at least 95% of ballast wa- 
ter. The bill also requires ships operating exclu- 
sively within the "exclusive economic zone" to 

comply with ballast provisions by 2011. The 
newly introduced bill also directs the National 
Ilivasive Species Council to identify and man- 
age other high-priority introduction pathways, 
mandates the establishment of guidelines for 
intentional introductions, and contains early 
detection, rapid response, research, and coor- 
dination components. 

Of the 2 competing ballast water bills, at least 
7 environmental and conservation groups with 
interest in invasive species issues are support- 
ing S. 770 (NECIS 2005). The Shipping Industry 
Ballast Water Coalition is on record as sup- 
porting the standards set by the international 
convention (Cox 2004) and has publicly sup- 
ported the Ballast Water Management Act of 
2005 (S. 363), with the caveat that the bill 
should be amended to loosen the performance 
standard, in order to conform more exactly 
with the international convention (Metcalf 
2005). 

Nursery Trade 

Importation of living plants, rootstock, and 
seeds intended for planting has increased dra- 
matically over the past 10 y. USDA estimates, 
for instance, that the volume of imports of 
grass, crop, and garden seeds doubled to 
332,538 metric tons between 1995 and 2002 (69 
Federal Register 71738). Plants and propaga- 
tive materials imported for both food and non- 
food purposes involve 3 separate subpathways 
for invasive species entry: plant itself is inva- 
sive, "hitchhikers" enter on the plant or plant 
parts, or invasives exist within the growing 
medium associated with the plant (Campbell 
and Kriesch 2003). Horticultural imports that 
have become invasive species include Porce- 
lainberry (Ampelopsis brmipedunculata) (Young, 
undated), Russian-olive (Elaeagnus angustifolia) 
(Muzika and Swearingen, undated), Princess 
tree (Paulownia tomentosa) (Williams 1983), and 
many others. Phytophthora ramorum, the patho- 
gen that causes sudden oak death (Rizzo and 
others 2002), has been found widely on nursery 
stock, prompting quarantines of potential host 
species (7 Code of Federal Regulations 301.92, 
68 Federal Register 6834). The golden nema- 
tode (Globodera rostochiensis), a pest of potato 
plants, is an example of a pest found on soil as- 
sociated with the tubers (Marks and Brodie 
1998). 

The Animal and Plant Health and Inspection 



Service (APHIS) has signaled its intent to re- 
vise its rules regarding the importation of nurs- 
ery stock in an advance notice of proposed 
rulemaking published on 10 December 2004 
(69 Federal Register 2004). In this document, 
APHIS estimates that species from "2,000 gen- 
era are being imported or have been imported 
in the past. Most of the taxa of plants for plant- 
ing currently being imported have not been 
thoroughly studied to determine whether their 
importation presents a risk of introducing a 
quarantine pest into the United States. We typ- 
ically rely on inspection at a Federal plant in- 
spection station or port of entry to mitigate the 
risks of pest introduction associated with the 
importation of these taxa." Unfortunately, 
since the transfer of most of APHIS'S Plant Pro- 
tection and Quarantine inspectors to the De- 
partment of Homeland Security in 2003, the 
number of agricultural inspections at many 
border crossings, airports, and ports has de- 
clined even as cargo volume has increased, and 
interceptions of potential quarantine pests 
have also declined, potentially indicating "a 
decline in the quality of inspections or a switch 
to less effective methods" (GAO 2005). Within 
its public notice, APHIS recognizes that in- 
spection "may not always provide an adequate 
level of protection against quarantine pests" 

should give equal weight to protection of 
natural ecosystems as it does to its historic 
mission of protecting agriculture, range- 
land, and timber resources. 

4. Neither visual inspection nor methyl bro- 
mide fumigation is a viable solution to the 
problem of hitchhikers. The agency should 
move to clean-stock measures that are more 
effective for reducing associated pest risk. 

5. With respect to plant weediness, Defenders 
of Wildlife recommends a multi-tiered list- 
ing approach, preferably one that covers all 
taxa not currently prohibited from impor- 
tation, allowed for importation under spe- 
cific restrictions, or allowed for import un- 
der general restrictions. Under such an ap- 
proach, taxa would be listed without regard 
to whether they are already traded in sig- 
nificant amounts. Risk evaluations on grey- 
listed taxa could then proceed based on re- 
quests and information submitted by poten- 
tial importers. 

6. With respect to proposed re-evaluation of 
taxa whose importation is currently prohib- 
ited, Defenders does not recommend revis- 
iting this issue while taxa that have not yet 
been evaluated are being imported for intro- 
duction and planting in the United States on 
a large scale. 

(69 Federal Register 2004). 
As this process moves forward, Defenders of 

Defenders of Wildlife submitted the follow- Wildlife monitor whether chooses 
ing comments on the agency's proposal to up- 

the most protective path or the path that is 
date its rules regarding the nursery trade: 

most conducive to free and open trade and easy 

The rule should be developed within the 
context of a clearly articulated national level 
of protection, and thereby acceptable levels 
of risk. This would make the US policy more 

- 
transparent with respect to international 
trade rules. Such a policy statement would 
codify the commitment level of APHIS and 
other relevant agencies to preventing intro- 
ductions that impact agriculture, the envi- 
ronment and human health, and provide a 
fundamental rationale for achieving parity 
in the strength of our regulations across the 
spectrum of invasive species threats. 
The rule must address all 3 pathways-in- 

entry for invasive species. 

Invasive species have well-documented det- 
rimental impacts to economic interests, human 
health, and ecosystems and wildlife, including 
a number of imperiled species. Stringent pre- 
vention policies, based on closing pathways of 
entry by invasive species, are vital to protect 
terrestrial, marine, and aquatic resources from 
future invasive species threats. However, fully 
protective measures can conflict with trade 
promotion priorities, leading to continued po- 
tential for invasive species entry. 
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