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       Nonnative, invasive plant species are widely recognized as 
a major component of global biological change ( Vitousek et al., 
1996 ;  MA, 2003 ). Although dozens of invasive plants are eco-
system “transformers” ( Richardson et al., 2000 ) because they 
alter hydrology, fi re regimes, or biogeochemistry, many others 
impact ecosystems in less pronounced ways. In the large major-
ity of cases, invasive species negatively affect native species 
( Pyšek et al., 2012 ). For example, invasive plants often outcom-
pete native plant species and, as a whole, signifi cantly reduce 
native plant diversity, abundance, and fi tness ( Vilà et al., 2011 ). 
Plant invasions also affect other trophic levels, reducing native 
animal abundance ( Vilà et al., 2011 ). Invasive plants in agricul-
tural systems (weeds) reduce crop yields and rangeland value 
and cost farmers in the United States billions of dollars per year 
to control ( Pimentel et al., 2005 ). 

 The best way to stop invasive plants and reduce their ecologi-
cal impacts is to prevent their initial introduction. Once nonna-
tive plants reach the “invasive” stage, defi ned as species with 
established populations that are spreading across landscapes or 
regions with negative ecological impacts ( Richardson et al., 
2000 ;  Lockwood et al., 2007 ), they are nearly impossible to 
eradicate ( Rejmánek et al., 2005 ;  Strayer, 2009 ). Because of the 
negative impacts of invasive plants, there are clear ecological and 
economic benefi ts to preventing their introduction ( McAusland 
and Costello, 2004 ;  Keller et al., 2007 ) through trade policies 
( Pheloung et al., 1999 ;  Koop et al., 2012 ) and early detection of 
expanding populations ( Moody and Mack, 1988 ). 

 Nonnative plants are primarily introduced deliberately via 
the horticulture trade ( Reichard and White, 2001 ). In the east-
ern United States, the majority of naturalized angiosperms 
(64% of surveyed species) were introduced deliberately, while 
only 2% arrived accidentally as seed contaminants and the in-
troduction pathways for the remaining species were unknown 
( Mack and Erneberg, 2002 ). In Australia, 94% of nonnative 
plants were deliberately introduced for gardening, while less 
than 4% arrived accidentally ( Virtue et al., 2004 ). In Britain, 
 Dehnen-Schmutz et al. (2007)  showed that low prices and avail-
ability of ornamentals in the 19th and 20th centuries were a 
strong predictor of the current range of nonnative plants. In-
creasing trade and demand for ornamentals are likely to con-
tinue to increase novel horticultural introductions ( Hulme, 
2009 ;  Drew et al., 2010 ;  Bradley et al., 2012 ). Although there 
are a number of known examples of invasive plants introduced 
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  •  Premise of the study:  Preventing new plant invasions is critical for reducing large-scale ecological change. Most studies have 
focused on the deliberate introduction of nonnatives via the ornamental plant trade. However, accidental introduction may be 
an important source of nonnative, invasive plants. 

 •  Methods:  Using Web and literature searches, we compiled pathways of introduction to the United States for 1112 nonnative 
plants identifi ed as invasive in the continental United States. We assessed how the proportion of accidentally and deliberately 
introduced invasive plants varies over time and space and by growth habit across the lower 48 states. 

 •  Key results:  Deliberate introductions of ornamentals are the primary source of invasive plants in the United States, but acciden-
tal introductions through seed contaminants are an important secondary source. Invasive forbs and grasses are the most likely 
to have arrived accidentally through seed contaminants, while almost all nonnative, invasive trees were introduced deliberately. 
Nonnative plants invading eastern states primarily arrived deliberately as ornamentals, while a high proportion of invasive 
plants in western states arrived accidentally as seed contaminants. Accidental introductions may be increasing in importance 
through time. Before 1850, 10 of 89 (11%) of invasive plants arrived accidentally. After 1900, 20 of 65 (31%) arrived 
accidentally. 

 •  Conclusions:  Recently enacted screening protocols and weed risk assessments aim to reduce the number of potentially invasive 
species arriving to the United States via deliberate introduction pathways. Increasing proportions of accidentally introduced 
invasive plants, particularly associated with contaminated seed imports across the western states, suggest that accidental intro-
duction pathways also need to be considered in future regulatory decisions. 
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and Erneberg, 2002 ). We further hypothesize that the propor-
tion of species introduced accidentally will increase through 
time (potentially linked to increasing trade;  Hulme, 2009 ) will 
vary between plant growth habit (with grasses and forbs more 
likely to be accidentally introduced as seed contaminants) and 
will be higher in the western United States (due to larger use of 
seeds for agricultural and rangeland purposes). 

 MATERIALS AND METHODS 

 We created a comprehensive list of all nonnative, invasive plants with known 
negative impacts on managed systems and/or natural ecosystems in the conti-
nental United States ( n  = 1112) as well as a subset of these invasive plants identi-
fi ed as noxious weeds ( n  = 403). Invasive plants included all nonnative plants 
identifi ed as noxious weeds in the USDA PLANTS database ( USDA-NRCS, 
2012 ) and/or as invasive plants by the Invasive Plant Atlas of the United States 
( IPA, 2012 ). We excluded any species introduced only in Hawaii or Alaska to 
focus specifi cally on plants invading the lower 48 states. The full data set can be 
found in Appendix S1 (see Supplemental Data with the online version of this 
article). 

 State and/or federal noxious weeds were identifi ed using the USDA 
PLANTS database ( USDA-NRCS, 2012 ). The term noxious weed refers to 
plant species that have been designated by one or more states or the federal 
government as “undesirable, noxious, harmful, exotic, unjurious, or poisonous, 
pursuant to State or Federal law” ( U. S. Congress, 1974 , sec. 2814). Declared 
noxious weeds tend to be species with negative consequences for agriculture 
and other managed systems, although the majority also have measurable im-
pacts on natural ecosystems. We excluded any noxious weeds identifi ed at only 
the genus level, as well as any species native to the United States, and removed 
synonymous species using the Taxonomic Name Resolution Service (TNRS, 
 Boyle et al., 2013 ). We identifi ed a total of 403 nonnative noxious weeds in the 
lower 48 states. 

 Our category of invasive plants included all of the noxious weeds as well as 
all “exotic” (i.e., of nonnative origin) species identifi ed as invasive in the lower 
48 states in The Invasive Plant Atlas of the United States ( IPA, 2012 ). This da-
tabase identifi es invasive plant species “impacting natural areas” in the United 
States. We removed synonymous species using the TNRS ( Boyle et al., 2013 ). 
Of the 1017 species listed on the Invasive Plant Atlas of the United States, 308 
overlapped with the nonnative noxious weeds. We combined these sources to 
identify a total of 1112 nonnative invasive plants (including the 403 noxious 
weeds) in the lower 48 states. 

 We used extensive online and literature searches to determine the means of 
initial introduction for the 1112 nonnative, invasive plants to the United States. 
Information sources included state and federal websites, university extension 
services, peer-reviewed literature, and agricultural handbooks ( Table 1 ).  Path-
ways of introduction were categorized into deliberate, accidental, or unknown. 
For example, an online search for autumn olive ( Elaeagnus umbellata ) intro-
duction reveals that the species was deliberately introduced in Ohio in 1830 as 
an ornamental (http://www.nps.gov/plants/alien/pubs/midatlantic/elum.htm). 
We treated each category of deliberate, accidental, or unknown as a binary vari-
able with 0 representing no and 1 representing yes. For various breakdowns of 
the data set (see below), we used these binary values to calculate the mean 
proportion of introductions falling into each category as well as the 95% confi -
dence intervals about that proportion based on standard error. We used a one-
tailed 95% confi dence interval to test for signifi cant differences in the mean 
proportions between groupings that overlapped in a single direction. 

 We compared our results on introduction pathways to a previous study that 
assessed introduction pathways for naturalized (but not necessarily invasive) 
angiosperms in the United States ( Mack and Erneberg, 2002 ) to determine 
whether introduction pathways differ between naturalized and invasive plant 
populations. For many species (such as  E. umbellata ), we were also able to 
identify more precisely the pathway of deliberate or accidental introduction 
(e.g., deliberately introduced as an ornamental, accidentally introduced as a 
seed contaminant). Specifi c pathways of introduction were recorded whenever 
available and summarized for the invasive plants. 

 We also recorded the date of introduction for all of the deliberately and ac-
cidentally introduced invasive plants where that information was available. We 
found introduction dates for 242 of the 1112 invasive plants. We compared the 
proportion of accidental and deliberate introductions through time, using 50-yr 
increments beginning in 1850 (species with unknown introduction pathways 

accidentally through contaminated seeds, in hay bales, or at-
tached to livestock, accidental introductions have generally 
been considered a minor source of nonnative, invasive plants 
relative to deliberate introductions ( NRC, 2002 ;  Mack, 2003 ). 

 But, are accidental introductions only a minor pathway of 
plant invasions?  Mack and Erneberg’s (2002)  estimates for the 
United States are based on introduction pathways of naturalized 
angiosperms; naturalized was defi ned as plant species “that per-
sist without aid of recurring human cultivation” (p.177). Their 
focus on fl owering plants might overestimate the proportion of 
species introduced via horticulture, as might their broader anal-
ysis of all naturalized species vs. only those considered invasive 
(“invasive” requires that a naturalized species is also spreading 
across landscapes and regions with negative ecological impacts; 
 Lockwood et al., 2007 ). In Australia, a survey of nonnative 
plants showed that approximately 5% of deliberately introduced 
ornamental plants (1366 of 25 360) went on to become invasive, 
while an estimated 76% of accidentally introduced plants (141 
of 207) became invasive ( Virtue et al., 2004 ). Many more spe-
cies are deliberately introduced as ornamentals, but accidentally 
introduced species may be more likely to become invasive 
( Virtue et al., 2004 ). 

 In response to the large numbers of deliberately introduced 
plant species that go on to become invasive, several authors 
have suggested ways of decreasing this pathway. Suggestions 
include horticulture industry self-regulation to reduce the sale 
of invasive plants ( Baskin, 2002 ;  Mack, 2005 ), educating con-
sumers to support native species cultivation ( Drew et al., 2010 ), 
and reducing risky imports through regulation or taxation 
( Perrings et al., 2005 ;  Lodge et al., 2006 ). Australia has used a 
weed risk assessment ( Pheloung et al., 1999 ) for over a decade 
as a decision-making tool for rejecting imports of potentially 
invasive plants. In the United States, the Animal and Plant 
Health Inspection Service (APHIS) branch of the U. S. Depart-
ment of Agriculture has recently initiated a similar screening 
protocol for horticultural imports ( Koop et al., 2012 ), which has 
support among industry professionals ( Barbier et al., 2013 ). 

 APHIS, in collaboration with Customs and Border Protec-
tion, also screens a small percentage of cargo imports at interna-
tional ports for accidental introductions of invasive species. These 
inspections primarily target insects or pathogens ( Magarey et al., 
2009 ), although seeds and other plant parts of federally listed 
noxious weeds are also a priority ( NRC, 2002 ). Seed imports 
are also subject to screening under the Federal Seed Act, which 
prohibits the import of seeds of known noxious weeds and 
requires that seed shipments be labeled with weed content 
( Wadley, 1982 ). Because only several dozen noxious weeds are 
federally listed ( USDA-NRCS, 2012 ), these regulations target 
only a small subset of potentially problematic species. For nox-
ious weeds already present in the United States, this “black list” 
approach is unlikely to be effective for preventing the next wave 
of invasive species. Current screening policy cannot prevent po-
tentially invasive plant species that are not on the federal nox-
ious weed list from arriving as seed contaminants. 

 To better understand how invasive plants arrived in the United 
States and identify future risk, we need a more focused assess-
ment of the pathways of nonnative, invasive plant introduction. 
Here, we identify introduction pathways for all nonnative plants 
that have been classifi ed as ecologically important invasives 
and/or noxious weeds in the continental United States. We hypo-
thesize that pathways for invasive plants will contain a larger 
proportion of accidental introductions than previously re-
ported pathways of introduction for naturalized plants ( Mack 
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from the Early Detection and Distribution Mapping System (EDDMapS) ( Center 
for Invasive Species and Ecosystem Health, 2012 ), which identifi es the states 
where each species is currently reported as invasive (a subset of the species’ 
total distribution). For invasive plants that are also noxious weeds, we identifi ed 
the states where each species was declared as a noxious weed ( USDA-NRCS, 
2012 ). We used these data to map the percentage of deliberate vs. accidental 
introductions by state to look for spatial trends in introduction source. Species 
with unknown introduction pathways were excluded from this analysis. 

 RESULTS 

 A total of 1112 nonnative, invasive plants were identifi ed by 
the Invasive Plant Atlas and/or were on state noxious weed 
lists. Deliberate introductions account for 671 (60%) of the in-
vasive plants, 126 (11%) were accidentally introduced, and the 
remaining 315 (28%) had an unknown introduction pathway. The 
percentages of deliberate and accidental pathways for invasive 

were excluded). Dates for accidental introduction of species were typically 
much less precise than those for deliberately introduced species because acci-
dental species tend to go unnoticed for many years. Accidental introduction 
dates tended to be recorded as “early”, “mid”, or “late” century in the online 
archives that we searched. We classifi ed “early” and “mid” century introduc-
tions as the fi rst half of the century and “late” century introductions as the sec-
ond half of the century. 

 Plant growth form (habit) may infl uence whether species are more likely to 
be targeted as ornamentals for deliberate introduction or more likely to acciden-
tally contaminate imports. To test whether the proportion of deliberate and ac-
cidental introduction is infl uenced by growth habit, we classifi ed species into 
fi ve growth habits as defi ned by the USDA PLANTS website ( USDA-NRCS, 
2012 ): forbs/herbs (297 species), grasses (107 species), vines (79 species), shrubs 
(125 species), and trees (172 species). Aquatic plants (which had only 15 re-
cords) and species with unknown introduction sources were excluded. 

 Given both historical land use and population patterns across the U.S., there 
may be geographic trends to the proportion of deliberate vs. accidental intro-
ductions. For each invasive species, we identifi ed the states where the species is 
currently recorded as invasive based on the Invasive Plant Atlas and/or state 
noxious weed lists. The Invasive Plant Atlas ( IPA, 2012 ) includes information 

  TABLE  1. Online resources used to identify introduction pathways of invasive plants (all websites accessed February–July 2012). 

Source Website  

State databases
 Calfl ora http://www.calfl ora.org/
 California Invasive Plant Council http://www.cal-ipc.org/
 Indiana Cooperative Agricultural Pest Survey http://extension.entm.purdue.edu/CAPS/
 Pennsylvania Department of Conservation and Natural Resources http://www.dcnr.state.pa.us/index.aspx
 Tennessee Exotic Plant Pest Council http://www.tneppc.org/invasive_plants/

http://www.oardc.ohio-state.edu/weedguide/ Ohio Perennial and Biennial Weed Guide
 Wisconsin Department of Natural Resources http://dnr.wi.gov/
Federal databases
 Plant Conservation Alliance’s Alien Plant Working Group http://www.nps.gov/plants/alien/index.htm
 USDA Animal and Plant Health Inspection Service http://www.aphis.usda.gov/
 USDA Forest Service Early Detection and Rapid Response System for Invasive Plants http://www.fs.fed.us/invasivespecies/earlydetection.shtml
 USDA Germplasm Resources Information Network http://www.ars-grin.gov/
 USDA Natural Resources Conservation Service http://www.nrcs.usda.gov/
 U.S Geological Survey http://www.usgs.gov/
 U.S National Park Service http://www.nps.gov/index.htm
University databases
 Alabama Cooperative Extension System http://www.aces.edu/main/
 Colorado State University Extension http://www.ext.colostate.edu/
 New Mexico State University: College of Agricultural, Consumer and Environmental Sciences http://aces.nmsu.edu/
 Oregon State University Extension http://extension.oregonstate.edu/
 Purdue University: Center for New Crops and Plant Products http://www.hort.purdue.edu/newcrop/
 Texas Agrilife Research and Extension Center at Uvalde http://uvalde.tamu.edu/
 University of Arizona Cooperative Extension http://extension.arizona.edu/
 University of California Agriculture and Natural Resources http://ucanr.edu/
 University of Florida: Center for Aquatic and Invasive Plants http://plants.ifas.ufl .edu/
 University of Idaho Extension http://www.uidaho.edu/extension
 University of Maine DigitalCommons@UMaine http://digitalcommons.library.umaine.edu/
 University of Michigan Herbarium http://www.lsa.umich.edu/herb/default.asp
 University of Texas at Austin: Lady Bird Johnson Wildfl ower Center http://www.wildfl ower.org/
 University of Washington: Center for Urban Horticulture http://depts.washington.edu/uwbg/visit/cuh.php
 University of Wisconsin: extension, Cooperative Extension http://www.uwex.edu/ces/
Research databases
 Discover Life http://www.discoverlife.org/
 Food and Agricultural Organization of the United Nations http://www.fao.org/index_en.htm
 Global Invasive Species Database http://www.issg.org/database/welcome/
 Invasive Species Specialist Group http://www.issg.org/
 Invasive.org: Center for Invasive Species and Ecosystem Health http://www.invasive.org/
 iMap Invasives http://www.imapinvasives.org/GIST/ESA/index.html
 IPANE: Invasive Plant Atlas of New England http://www.eddmaps.org/ipane/
 U.S Army Corps of Engineers: Engineer Research and Development Center http://www.erdc.usace.army.mil/
Books and journals
  Critical Reviews in Plant Sciences http://www.tandfonline.com/toc/bpts20/current
  Grasses Introduced into the United States,  Agricultural Handbook No. 48
  Journal of Ecology http://www.journalofecology.org/
  Weed Science http://www.bioone.org/loi/wees
  Weed Technology http://www.bioone.org/loi/wete
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introduced for unknown purposes, many of which were also likely 
ornamental, but were not documented as such in online and lit-
erature sources. Of the accidentally introduced invasive plants, 
83 (65%) were contaminants of imported seeds, 15 (12%) were 
transported in ballast water, 8 (6%) were contaminants of other 
imports (e.g., packaging or livestock), and the remaining 22 (17%) 
were accidentally introduced via an unknown pathway ( Fig. 1B ). 

 The proportion of invasive plants in the United States intro-
duced via the accidental pathway has increased through time 
( Fig. 2 ).  We found introduction dates for 242 of the 1112 inva-
sive plants. Before 1851, only 10 of 89 species were introduced 
accidentally (11%). Between 1851 and 1900, 14 of 88 species 
were introduced accidentally (16%). Between 1901 and 1950, 
12 of 48 species were introduced accidentally (25%), and after 
1950, 8 of 17 species were introduced accidentally (47%). The 
fraction of accidental introductions varied signifi cantly over 
time ( χ  2  = 14.2, df = 3,  P  < 0.01), and the average fraction of 
accidental introductions was signifi cantly higher after 1950 
than in the pre-1850 or 1851–1900 periods (one-sided  z  test, 
 z  = −4.36,  P  < 0.001;  z  = −3.49,  P  < 0.001, respectively). 

 The fraction of accidentally introduced species varied sig-
nifi cantly by plant growth habit ( Fig. 3 ;   χ  2  = 76.3, df = 4, 
 P  < 0.001,  n  = 795 excluding species with unknown pathways). 
Trees were the least likely to be accidentally introduced (2 of 
172 species, 1%). Shrubs (6 of 125 species, 5%) were also 
rarely accidentally introduced, but the overall fraction was sig-
nifi cantly higher than trees (one-tailed  z  test;  z  = −3.78,  P  < 
0.001). Vines (8 of 79 species, 10%) had a signifi cantly higher 
fraction of accidentally introductions than trees and shrubs ( z  = 
−7.41,  P  < 0.001;  z  = −2.2,  P  = 0.014, respectively). Grasses 
(26 of 107 species, 24%) and forbs/herbs (81 of 297 species, 
28%) were the most likely to be accidentally introduced and 
had a signifi cantly higher fraction of accidental introductions 

plants differed signifi cantly from the pathways for naturalized 
angiosperms (64% and 2% for deliberate and accidental, re-
spectively) measured by  Mack and Erneberg (2002)  ( χ  2  = 137.9, 
df = 1,  P  < 0.001). For the subset of 403 noxious weeds, 233 
(58%) were deliberately introduced, 84 (21%) were acciden-
tally introduced and the remaining 86 (21%) had an unknown 
introduction pathway ( Fig. 1A ).  The noxious weeds’ proportion 
of deliberate vs. accidental introduction pathways also differed 
signifi cantly from that of the nonnative angiosperms reported 
by  Mack and Erneberg (2002)  ( χ  2  = 240.7, df = 1,  P  < 0.001). 

 Of the deliberately introduced invasive plants, 426 (64%) 
were introduced for ornamental purposes, 86 (13%) as forage 
crops, 41 (6%) for environmental restoration, and 33 (5%) 
for medicinal uses. The remaining 83 (12%) were deliberately 

 Fig. 1. Pathways of invasive plant introductions to the continental 
United States. (A) The majority of nonnative angiosperms were deliber-
ately introduced via the ornamental plant trade, with only 2% arriving ac-
cidentally (data from  Mack and Erneberg, 2002 ). For nonnative, invasive 
plants, 11% were accidentally introduced, while for the subset of noxious 
weeds, 21% were accidentally introduced. (B) Specifi c introduction path-
ways for accidentally and deliberately introduced invasive plants. Con-
taminated seeds are the primary means of accidental introduction; the 
ornamental plant trade is the primary means of deliberate introduction.   

 Fig. 2. Accidental introductions have become an increasingly impor-
tant source of invasive plant introductions through time. Red bars: acciden-
tal introduction, green bars: deliberate introduction. Error bars show the 
95% confi dence interval about the mean, and different letters above the 
bars indicate a signifi cant difference in the means based on one-tailed dis-
tributions at the 95% confi dence interval.   
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seven of which are east of the Mississippi River, less than 10% 
of plants identifi ed as invasive were introduced accidentally. 
Conversely, more than 40% of plants identifi ed as invasive were 
introduced accidentally in eight states, all of which are west of 
the Mississippi River, with 53% (25 of 47) introduced acciden-
tally in Idaho and 51% (20 of 39) in South Dakota. 

 DISCUSSION 

 Invasive plants in the United States have been introduced pri-
marily through the ornamental plant trade ( Fig. 1 ). This pattern 
mirrors the introduction pathways of naturalized species (non-
native, but not necessarily invasive plants), which are also pri-
marily introduced as ornamentals ( Mack and Erneberg, 2002 ; 
 Virtue et al., 2004 ;  Lambdon et al., 2008 ). Because they are 
deliberately cultivated, ornamentals are less likely to suffer 
from failures at the transport, introduction, and establishment 
stages of invasion ( Richardson et al., 2000 ;  Lockwood et al., 
2007 ;  Blackburn et al., 2011 ). 

 To prevent the next wave of deliberately introduced invasive 
plants, previous studies have focused on closing the ornamental 
plant pathway ( Perrings et al., 2005 ;  Lodge et al., 2006 ). Weed 
risk assessments have been applied in numerous countries with 
overall high levels of accuracy in discriminating invasive from 
noninvasive plant species ( Pheloung et al., 1999 ;  Gordon et al., 
2008 ;  McClay et al., 2010 ) and strong economic benefi ts ( Keller 
et al., 2007 ). Recently, the U. S. Department of Agriculture’s 
Animal and Plant Health Inspection Service (APHIS) has be-
gun labeling high risk species as Not Authorized Pending Pest 
Risk Analysis (NAPPRA) until they can be cleared by a weed 
risk assessment ( Koop et al., 2012 ). This approach should go far 
toward closing the ornamental introduction pathway. However, 
current regulations are not suffi cient for reducing the accidental 
introduction pathway. 

 Accidental introductions are the source of at least 12% of all 
invasive plants in the United States and 21% of the noxious 
weeds. These numbers are likely underestimates because we 

 Fig. 3. Introduction pathways vary considerably by plant growth 
habit. Although all types of invasive plants are more likely to have been 
deliberately introduced, a signifi cantly larger percentage of forbs and grasses 
were accidentally introduced than vines, shrubs and trees. Red bars: acci-
dental introduction, green bars: deliberate introduction. Error bars show 
the 95% confi dence interval about the mean, and different letters above the 
bars indicate a signifi cant difference in the means based on one-tailed dis-
tributions at the 95% confi dence interval.   

than vines, shrubs, and trees ( z  = −10.25,  P  < 0.001;  z  = −19.42, 
 P  < 0.001, respectively). 

 The proportion of accidental vs. deliberate introduction 
source varied substantially by state ( Fig. 4 ).  Plants identifi ed as 
invasive within eastern states have much lower proportions of 
accidental introductions than in western states. In nine states, 

 Fig. 4. Percentage of known invasive plant introduction pathways that were accidental for each state. Numbers represent the total count of invasive 
plants with known introduction pathways identifi ed in each state. Warmer colors indicate more accidental introduction pathways, primarily seed contami-
nants, and are clustered in the western United States. Cooler colors indicate more deliberate introduction pathways, primarily ornamentals, and are clus-
tered in the eastern United States.   
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 Although proactive inspection and treatment of cargo imports 
may be effective for treating pests and pathogens ( Campbell, 
2001 ;  Magarey et al., 2009 ), the same is unlikely to be true for 
seed imports. Any process that sterilizes seed contaminants is 
likely to be equally detrimental to the primary seed crop. In-
stead, accidental introduction pathways are more likely to be 
addressed through international trade regulations that aim to re-
duce cargo and seed contamination ( McNeely, 2006 ;  Perrings 
et al., 2010 ). Global databases of invasive species ( Meyerson 
and Mooney, 2007 ), including keys for identifying their seeds, 
would help APHIS to identify and quarantine problematic ship-
ments, but only given the appropriate regulatory capacity for 
this action. Screening of seed imports could focus on shipments 
originating from countries with less extensive trade histories 
with the United States because novel plant species are likely to 
be introduced at the highest rates during the early stages of 
trade partnerships ( Levine and D’Antonio, 2003 ;  Bradley et al., 
2012 ). 
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