
Global trade and invasion pressure in plant ecosystems 103

Understanding trade pathways to target biosecurity 
surveillance

Manuel Colunga-Garcia1, Robert A. Haack2, 
 Roger D. Magarey3, Daniel M. Borchert4

1 Center for Global Change and Earth Observations, Michigan State University, 1405 S. Harrison Road, Suite 
205, East Lansing, MI 48823 USA 2 USDA Forest Service, Northern Research Station, 1407 S. Harrison 
Road, Suite 220, East Lansing, MI 48823 USA 3 Center for Integrated Pest Management, North Carolina 
State University, 1730 Varsity Drive, Suite 300, Raleigh, NC 27606 USA 4 Animal and Plant Health In-
spection Service, Plant Protection and Quarantine, Center for Plant Health Science and Technology, Plant 
Epidemiology and Risk Analysis Laboratory, 1730 Varsity Drive, Suite 300, Raleigh, NC 27606 USA

Corresponding author: Manuel Colunga-Garcia (colunga@msu.edu)

Academic editor: R. Venette |  Received  21 September 2012  |  Accepted 30 April 2013  |  Published 13 September 2013

Citation: Colunga-Garcia M, Haack RA, Magarey RD, Borchert DM (2013) Understanding trade pathways to target 
biosecurity surveillance. In: Kriticos DJ, Venette RC (Eds) Advancing risk assessment models to address climate change, 
economics and uncertainty. NeoBiota 18: 103–118. doi: 10.3897/neobiota.18.4019

Abstract
Increasing trends in global trade make it extremely difficult to prevent the entry of all potential invasive species 
(IS). Establishing early detection strategies thus becomes an important part of the continuum used to reduce the 
introduction of invasive species. One part necessary to ensure the success of these strategies is the determination of 
priority survey areas based on invasion pressure. We used a pathway-centred conceptual model of pest invasion to 
address these questions: what role does global trade play in invasion pressure of plant ecosystems and how could 
an understanding of this role be used to enhance early detection strategies? We concluded that the relative level of 
invasion pressure for destination ecosystems can be influenced by the intensity of pathway usage (import volume 
and frequency), the number and type of pathways with a similar destination, and the number of different ecologi-
cal regions that serve as the source for imports to the same destination. As these factors increase, pressure typically 
intensifies because of increasing a) propagule pressure, b) likelihood of transporting pests with higher intrinsic inva-
sion potential, and c) likelihood of transporting pests into ecosystems with higher invasibility. We used maritime 
containerized imports of live plants into the contiguous U.S. as a case study to illustrate the practical implications of 
the model to determine hotspot areas of relative invasion pressure for agricultural and forest ecosystems (two ecosys-
tems with high potential invasibility). Our results illustrated the importance of how a pathway-centred model could 
be used to highlight potential target areas for early detection strategies for IS. Many of the hotspots in agricultural 
and forest ecosystems were within major U.S. metropolitan areas. Invasion ecologists can utilize pathway-centred 
conceptual models to a) better understand the role of human-mediated pathways in pest establishment, b) enhance 
current methodologies for IS risk analysis, and c) develop strategies for IS early detection-rapid response programs.
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introduction

Biological invasions can produce severe environmental and economic impacts in plant 
ecosystems worldwide (Pimentel 2009, Vilà et al. 2010, Scalera 2010, Aukema et al. 
2011), and the threat of new invasions will continue to be of global concern in the years 
ahead (Pejchar and Mooney 2009, Ziska et al. 2010, Lugo and Gonzalez 2010, Pyšek 
and Richardson 2010, Bradley et al. 2012). Global trade has been widely acknowl-
edged as one of the leading causes of the introduction of invasive species (IS) (Meyer-
son and Mooney 2007, Westphal et al. 2008, Hulme 2009, Perrings et al. 2009). In 
the continuum of approaches used against IS in plant ecosystems, initial efforts are 
focused on the prevention of their entrance, which is the primary responsibility of 
the National Plant Protection Organizations (NPPOs) in each country (Magarey et 
al. 2009). NPPOs, however, face an ever-increasing challenge in this regard. In 1995, 
the World Trade Organization Agreement on the Application of Sanitary and Phy-
tosanitary Measures (SPS) (SPS Agreement) entered into force. With regard to plant 
ecosystems, the SPS Agreement lays out rights and obligations for member countries 
to protect the health of plants from the introduction and spread of pests and diseases. 
The SPS Agreement requires measures, commonly based on international standards, 
which are aimed to prevent the entry of pests and diseases while ensuring that such 
measures are not used as unjustified barriers to trade. SPS measures that are not based 
on international standards must be technically justified and based on scientific evi-
dence (usually through a risk assessment) (World Trade Organization 2010). Despite 
SPS measures and related efforts by countries to prevent the entry of IS there is the 
potential of novel introductions with increasing trends in the volume and origin of 
international cargo. This underscores the importance of establishing early-detection 
strategies for the detection of IS that may be introduced into a country.

Given the above challenges, countries implement approaches against IS based on ear-
ly detection-rapid response strategies (Mehta et al. 2007, Rabaglia et al. 2008, Simpson 
et al. 2009, Britton et al. 2010). These strategies include the following components: a) 
detection networks including syndromic surveillance; b) research and training; c) stake-
holder participation; d) integration of technologies to facilitate detection and commu-
nication of knowledge, skills, and data; and e) taxonomic support, including availability 
of voucher specimens and authoritative verifications (National Invasive Species Council 
2003). Early detection networks, often operating under limited resources, should focus 
on high-priority targets including “high-risk locations, high-value resources, important 
pathways, and populations and species of specific concern” (National Invasive Species 
Council 2003). For the particular case of trade-mediated introductions, we propose in 
this paper to include the concept of invasion pressure as a criterion to highlight poten-
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tial at-risk locations for early detection purposes. Invasion pressure, which is the prob-
ability that an ecosystem experiences an invasion within a specified time period, results 
from the interaction of three factors: propagule pressure, species invasion potential, and 
ecosystem invasibility (Lonsdale 1999, Davis 2009). For the purpose of this paper, we 
define propagule as a shipment in a pathway at any point in time and space that is in-
fested, infected, or contaminated by IS. We assume that IS are viable at arrival and have 
an intrinsic potential to establish. Building on the definition of the International Plant 
Protection Convention (2012a), a pathway is any means (commodity, container, and/
or conveyance) that allows the entry or spread of IS. Propagule pressure is thus a meas-
ure of the number of individuals in a shipment and the rate at which shipments arrive 
per unit of time (Simberloff 2009). Species invasion potential is the intrinsic ability of 
species to invade an ecosystem (di Castri 1989). Finally, ecosystem invasibility is the 
overall susceptibility of an ecosystem (Williamson 1996) due to factors such as climate, 
susceptibility of native species, and disturbance. To use the invasion pressure criterion 
in the selection of target locations for early detection programs, we need to answer two 
questions: what role does global trade play in invasion pressure of plant ecosystems, and 
how could an understanding of this role be used to enhance early detection strategies?

To answer the above questions, we framed the interaction between global trade 
and biological invasions using a pathway-centred invasion model (Fig. 1). As previously 
defined, a pathway can be any combination of a commodity, a container, or a convey-
ance (truck, plane, marine vessel, etc.) that facilitates the entry of an IS. It implies the 
existence of an origin and a destination, which in our model we label as the source and 
destination ecosystems, respectively. The uptake phase occurs when an IS infests (or 
infects, in the case of pathogens) a commodity, or when an IS is simply present (as a 
contaminant) on a commodity, or on or in a container or conveyance. The transport 
phase is the movement of the conveyance from origin to destination. The release phase 
of IS takes place at the destination end of the pathway and either of two situations can 
lead to an invasion. First, the IS can be released into a suitable habitat (in which case 
release and entry occur simultaneously). Second, the IS can be released into a situation 
that facilitates access to a suitable habitat (in which case release and entry are separated 
in time). The uptake, transport, and release phases are driven by logistic and freight dis-
tribution processes dictated by urban, production, and transportation systems. After re-
lease, ecological processes take over to determine whether the IS is able to establish and 
spread. Ecological processes also influence the occurrence of IS during the uptake phase.

What then is the answer to our first question, i.e., what role does global trade play 
in invasion pressure of plant ecosystems? Based on the pathway-centred invasion model 
(Fig. 1), the level of invasion pressure experienced by destination ecosystems can be 
influenced by the intensity of pathway usage, the number of pathways with similar des-
tinations, and the number of different ecological source regions for imports to the same 
destination. High-intensity pathway usage, high numbers of single destination path-
ways, and high numbers of source ecological regions can result in high invasion pressure 
because they increase a) propagule pressure, b) the diversity of IS transported (which 
may increase the likelihood of transporting IS with high intrinsic invasion potential), 
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and c) the likelihood of transporting IS that can take advantage of an ecosystem with 
high potential invasibility. It is important however, to clarify that when propagule pres-
sure is estimated using a proxy variable (e.g., volume of freight shipments) we cannot 
estimate invasion pressure per se. This is because we do not know the type and number 
of IS (if any) present in the freight shipment. Instead we should use the term relative 
invasion pressure to emphasize the fact that high and low values (of invasion pressure) 
are only relative to the space/time continuum under study. Subsequent risk analysis 
could be implemented to determine the actual risk experienced by areas under high rela-
tive invasion pressure. To answer the second question (how could an understanding of 
this role be used to enhance early detection strategies?), we will illustrate the use of this 
model to characterize the relative invasion potential of two plant ecosystems with a case 
study. In this case study, we will quantify the relative invasion pressure in agricultural 
and forest ecosystems due to U.S. imports via a single pathway (maritime containerized 
imports of live plants). Foreshadowing our results, we will show that this pathway places 
higher relative invasion pressure on several agricultural and forest areas in the U.S., in-
cluding many that occur within major metropolitan areas. Finally, we will highlight the 
implications of our model for researchers and policymakers who deal with IS. We an-
ticipate that the principles discussed in the present paper can also be applied and utilized 
as a framework to examine the invasion pressure of plant ecosystems via other pathways.

Case study: U.s. maritime containerized imports of live plants

Background

The value of global live plant trade has increased worldwide in the last decade (Fig. 
A1 in Appendix). Globally in 2011, the U.S. ranked 9th in exports and 2nd in imports 

Figure 1. Schematic diagram of a multi-stage invasion model that links global movement of traded 
goods (as part of the transportation and supply chain systems) to movement of invasive species (IS). 
This model was adapted from Isard et al. (2005) in which long-range dispersion of invasive species was 
depicted via atmospheric pathways and also includes concepts by Colautti and MacIsaac (2004) and 
Rodrigue et al. (2009).
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with 2% and 9.3% shares of the world exports and imports of live plants, respectively 
(Tables A1, A2 in Appendix). Maritime containerized imports represented 64.4% of 
the total value of all live plants imported into the U.S. in 2010. This value is after ex-
cluding fresh cut flowers (which are imported almost exclusively via the air conveyance 
pathway) (Table A3 in Appendix) and live plant imports from Mexico and Canada 
(which are imported via the land conveyance pathway such as truck or rail) (Table 
A4 in Appendix). The increase in trade of live plants has intensified concerns as they 
constitute a pathway for the introduction of invasive plant pests or pathogens (Reich-
ard and White 2001, Brasier 2008, Drew et al. 2010, Bradley et al. 2012, Liebhold 
et al. 2012, Parke and Grünwald 2012). In fact, on a commodity categorization scale 
of 1 to 4 where 4 represents commodities with the highest potential to introduce and 
spread pests, live plants are categorized as either 3 or 4 (International Plant Protection 
Convention 2009). Category 3, which includes cut flowers, refers to commodities that 
have not been processed and are intended for consumption or processing. Category 4 
includes commodities that have not been processed and whose intended use is plant-
ing. Live plants in this last category (serially ranked from highest to lowest based on 
risk) include rooted plants in pots; bare root plants; bulbs and tubers; root fragments, 
root cuttings, rootlets or rhizomes; rooted cuttings; unrooted cuttings; and budwood/
graftwood (International Plant Protection Convention 2012b). U.S. regulations of live 
plant imports are implemented via Plant Inspection Stations which besides inspec-
tions make sure that standard protocols for treatments are followed (Animal and Plant 
Health Inspection Service 2007, 2011, 2012a,b). When high risk IS are found associ-
ated with the imported live plants, fumigation treatments are implemented, a proce-
dure that often targets other IS present on the commodity.

Methods

To quantify the intensity of pathway usage we acquired a full set of PIERS® (http://
www.piers.com) records for U.S. maritime containerized imports of live plants (Har-
monized System Code = 06) during 2010. Data fields included vessel name, number of 
TEUs (i.e., Twenty-Foot Equivalent Unit containers), tonnes, place/port of container 
loading with live plants, and U.S. port of destination. Places/ports were geocoded 
using a variety of public domain sources including the World Port Source®, GEOnet 
Names Server (GNS), and Bing® maps. In the case of places whose names were the 
same as other places in the same country, an effort was made to search online to deter-
mine if those names were associated with places that commonly exported live plants. If 
this was not successful, the place was not included in the analysis. Because some U.S. 
ports that are involved in live plant trade are in close geographic proximity to each 
other (e.g., the ports of Long Beach and Los Angeles in California), we grouped them 
by their encompassing metropolitan area. Finally, we computed the daily number of 
TEUs between the origin of the containers (i.e., the place/port where live plants were 
loaded into a container) and the destination (i.e., the U.S. metropolitan area of the 

http://www.piers.com
http://www.piers.com
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port of entry). Because data records in PIERS® include fractions of TEUs (i.e., when 
only a portion of a container is occupied with live plants), the sum of TEUs becomes 
only a measure of import volume and does not reflect the actual number of individual 
containers. Due to data availability for this study, our analysis focused on live plants in 
general. However, Tables A3 and A4 in Appendix provide insight into the types of live 
plants that were included in the maritime containerized imports to the U.S. in 2010 
(and hence in the analyses found in this paper).

To provide an indicator of the potential diversity of IS transported into the U.S. 
we quantified the number of ecological regions from which live plant imports origi-
nated throughout the world and where they entered and moved to in the U.S., we used 
the world ecoregion classification by Olson et al. (2001). This classification system 
divides the world into 14 biomes, which are subdivided into 867 ecoregions. Each 
port or place of origin for the live plant imports in our dataset was assigned to the bi-
ome and ecoregion it intersected. We computed the number of biomes and associated 
ecoregions that served as the origin for the live plant imports that arrived in each U.S. 
metropolitan area and state.

To determine areas beyond the U.S. ports of entry that could be under high rela-
tive invasion pressure we modelled the final destination of live plant imports at the 
U.S. county level. First we acquired monthly data on U.S. maritime containerized 
imports of live plants during 2010 from USA Trade® Online (https://www.usatrade-
online.gov). This dataset included country of origin, weight imported, and U.S. state 
of destination. Then we acquired from Hoovers Inc. (http://www.hoovers.com) a list 
of geocoded retail nurseries, garden stores and other establishments engaging in the 
sale of ornamental nursery products in 2010–2011. This list contained, among other 
information, the total revenue per establishment, which was used to obtain the total 
revenue for all establishments within a county. We aggregated the revenue at the coun-
ty level due to the uncertainty of knowing which establishments actually imported live 
plants in 2010. Moreover, sales of live plants are not occurring only at those speciali- 
zed establishments, but also at home improvement stores and mass merchandisers 
throughout the U.S. (Waterman 2012). Therefore, revenue was used as an indicator of 
live plant demand in a county. We then computed the proportion of county revenue 
with respect to the total state revenue. This proportion was used as a weight factor to 
disaggregate State imports of live plants and produce a map of the likely destinations 
of live plant imports at the county level. This county-level map was intersected with 
the county centroids of the U.S. land-use based maps (agriculture and forest) from 
Colunga-Garcia et al. (2010a). Using the resulting maps (agriculture and forest centred 
maps for counties that were destinations for live plant imports) we estimated hotspots 
for potential invasion in those two plant ecosystems. To perform this procedure we 
used the software GeoDa (Anselin et al. 2006) and computed the Moran’s I to detect 
clusters of counties with high volume of imports. Moran’s I is a local indicator of spa-
tial association (Anselin 1995), and in our case, it detected which counties were the 
destinations of significantly higher volume of live plant imports than the mean volume 
for the entire contiguous U.S. (Fortin and Dale 2005).

https://www.usatradeonline.gov
https://www.usatradeonline.gov
http://www.hoovers.com
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Results

Live plant imports to the U.S. in 2010 that entered via the maritime containerized 
pathway originated from 276 distinct places in 76 countries. These imports arrived at 
U.S. seaports located in 15 metropolitan areas within 13 states of the contiguous U.S. 
(Fig. 4B). Three metropolitan areas accounted for 72.2% of all containerized live-plant 
maritime imports entering the U.S. in 2010: Los Angeles-Long Beach-Santa Ana in 
the state of California (37.3%), New York-Northern New Jersey-Long Island which 
included parts of the states of New York, New Jersey, and Pennsylvania (23.3%); and 
Miami-Fort Lauderdale-Pompano Beach in the state of Florida (11.6%) (Fig. 2). For 
brevity we designated those metropolitan areas as Los Angeles, New York, and Miami, 
respectively. The source areas of these live plant imports represented 102 ecoregions 
within 13 biomes (Fig. 4A). However, 40.4% of the live plant imports originated from 
the temperate broadleaf/mixed forest and 40% came from the tropical and subtropi-
cal moist broadleaf forest biome. In addition, the source areas within these same two 
biomes contributed 53% of the 102 ecoregions, representing 31 and 23 ecoregions, 
respectively. The three aforementioned metropolitan areas not only received large vol-
umes of live plant imports but also received imports from a large number of ecoregions 
(Fig. 2). A visual display of the variation in weekly imports of live plants in 2010 by 

Figure 2. Relative invasion pressure of invasive species (IS) at seaports within selected metropolitan areas 
in the contiguous U.S. via maritime containerized imports of live plants. The number of source ecoregions 
is used as an indicator of potential IS diversity, while the number of containers (TEU = container length 
in Twenty-foot Equivalent Units) with live plants is used as an indicator of relative IS propagule pressure. 
Data sources: PIERS® port to port data and World Ecoregions (Olsen et al. 2011).
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biome of the source area (Fig. 3) showed that the New York metropolitan area exhib-
ited certain seasonality in imports with a large spike between the months of August 
and October and less activity between May and June. In contrast, the other two met-
ropolitan areas depicted in Fig. 3 (Los Angeles and Miami) showed less variation in 
the volume of imports throughout the year. Another observation to note is that while 
the tropical and subtropical moist broadleaf forests biome was a major contributor to 
the live plant imports entering Los Angeles and Miami, the temperate broadleaf/mixed 
forest biome was the major contributor for imports entering New York.

Figure 3. Trend in weekly number of maritime containerized imports (TEUs) of live plants entering the 
contiguous U.S. in 2010 at seaports in three selected metropolitan areas. Imports were classified according to 
the likely biome where the live plants were loaded within the country of origin. Numbers in parentheses for 
each biome refer to the total number of containers (TEUs) that arrived with live plants in 2010. The blackened 
areas for each biome type represent the trend in live plant imports at weekly intervals in 2010 based on the total 
number of TEUs indicated in parenthesis. PIERS® port to port data and World Ecoregions (Olsen et al. 2011).
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Figure 4. Maritime containerized imports of live plants entering the contiguous U.S. in 2010 from their 
source to their final destination. A Likely source areas of imported live plants by ecoregions (areas in red) 
B Volume of imports (TEUs) with live plants by U.S. state of entry. State abbreviations: CA California, 
FL Florida, GA Georgia, MA Massachusetts, MD Maryland, NC North Carolina, NY-NJ New York-New 
Jersey, PA Pennsylvania, SC South Carolina, TX Texas, VA Virginia, WA Washington C Biome at the 
source of the imported live plants by destination state D Biomes of the contiguous U.S e Distribution of 
agricultural and forest land use in relation to the potential final county destination of live plant imports.
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The maps in Fig. 4E indicate that many counties (2,422) served as the likely fi-
nal destination for the live plant imports that arrived in the U.S. via the maritime 
containe rized pathway in 2010. Overall, the top 80% of live plant imports (by volume) 
were likely shipped to 182 counties in the contiguous U.S., the next 15% of the im-
ports went to another 368 counties, and the remaining 5% of imports went to another 
1872 counties (Tables A5, A6 in Appendix). Of the 182 counties that received 80% 
of the imports in 2010, 154 (84.6%) were located in metropolitan areas and received 
74.2% of all live plant imports that entered the contiguous U.S. The analysis (Fig. 5) 
revealed that most of California, Florida, New Jersey, and Connecticut and portions of 
Washington, New York, Pennsylvania, and Maryland are potentially under high rela-
tive invasion pressure under the analyzed pathway. Of the 157 U.S. counties that fell 
within hotspots of relative invasion pressure, 154 had agricultural land and 143 had 
forest land, and of these, 134 (87%) and 125 (87.4%) counties, respectively, fell within 
metropolitan areas. The counties with agricultural and forest ecosystems received 64.5 
and 63.3% of the live plant imports to the contiguous U.S. in 2010, respectively.

Discussion

At the beginning of this paper, we posed two questions: What role does global trade play 
in invasion pressure of plant ecosystems? And how could an understanding of this role 
be utilized to enhance early detection strategies? We answered the first question in the 
introduction by explaining the implications of a pathway centred invasion model. We 
addressed the second question with the case study. Given the risk of live plant imports as 
an IS pathway (International Plant Protection Convention 2009), USDA-APHIS puts 
special effort in the surveillance of this pathway (Animal and Plant Health Inspection 
Service 2007). However, IS that escape detection at ports of entry could potentially es-
tablish in the hotspot areas of relative invasion pressure identified by our model. The 
hotspot areas in the northeastern U.S. (Fig. 5) are likely the result of imports entering the 

Figure 5. Potential hotspots of relative invasion pressure to IS associated with maritime containerized 
imports of live plants in the contiguous U.S. in 2010. A Agricultural ecosystems B Forest ecosystems. 
Contour lines separate major U.S. biomes as shown in Fig. 4E.
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New York metropolitan area, which is a major gateway for large volumes of imports that 
originate from many different world ecoregions (Fig. 2). The major biome encompassing 
the hotspots in the northeastern U.S. (i.e., temperate broadleaf/mixed forest) (compare 
Figs. 4D and 5) is similar to the dominant biome that is the source of most live-plant 
imports that enter through the New York metropolitan area (Fig. 3). Such a relationship 
between source and destination biomes indicates that IS that gain access to plant eco-
systems in the northeastern hotspot areas are likely to find suitable conditions for their 
establishment. In contrast with the northeastern hotspots, a mixture of biomes comprises 
the source regions for live plant imports in the southwestern U.S. and these do not match 
well with the biomes that encompass the hotspots. This does not preclude invasion in the 
Southwest, but it forces one to think about what types of IS would thrive best in such 
hotspots and under what circumstances. The use of irrigation or other manipulations of 
the environment in the Southwest may provide suitable microclimates for IS to establish. 
If these areas are recognized as being within a hotspot for relative invasion pressure and a 
subsequent risk analysis determines the area as high risk then by regularly monitoring for 
IS there is a good chance that new IS will be detected relatively soon after establishment.

An important insight for early detection strategies is that the majority of U.S. 
counties experiencing high relative invasion pressure (Fig 4E, 5) are located in metro-
politan areas. In assessing the implications of this, it is necessary to realize that the term 
“metropolitan” is not synonymous with “urban” (at least in the U.S.) (Office of Infor-
mation and Regulatory Affairs 2010). In U.S. metropolitan areas only 11% of the area 
is classified as developed land. Other land uses, such as forest, agriculture, and shrub/
scrub account collectively for 70% of the land in metropolitan areas (Table A7 in 
Appendix). One key characteristic of metropolitan areas—the economic interactions 
between urban and rural areas—makes them a fertile ground for the establishment and 
spread of IS. Consequently, plant ecosystems within metropolitan areas that include 
hotspots are also under high relative invasion pressure.

From a research perspective there is a strong need to characterize in more detail the 
IS propagule pressure entering a country, i.e., what life stages are commonly associated 
with the uptake and transportation processes? Such an analysis could be conducted by 
combining a) high-resolution trade data (e.g., port to port), b) models developed to deter-
mine the location and extent of foreign regions that could potentially serve as the source 
of IS, and c) models for the growth and dispersion of IS around foreign logistic-network 
facilities (e.g., port terminals). The results of such analyses could then be applied at the 
release stage of the invasion model to determine the interacting mechanisms between IS 
biological traits and propagules that allow them to reach suitable habitats. In addition, 
further refinements are needed in the approach we used in our case study. For instance, 
we assumed that the origin of the imported live plants was near the place where the live 
plants were loaded into the containers (from a logistics perspective that assumption may 
make sense). However, implementing a probabilistic gravity model could account for the 
potential that other nearby ecological regions could be the source of the imports. Also, we 
assumed in our approach that IS potentially associated with live plants were due to infesta-
tions that occurred in the country of origin. However, we recognize that plants could be-
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come infested throughout the entire trade network, including when a container is opened 
at each port visited until the final destination is reached (Kaluza et al. 2010, Keller et al. 
2010, Paini and Yemshanov 2012). Similarly, for the final destination of the imported 
live plants, we used information related to commercial business establishments in the U.S. 
that are involved in the sale of ornamental/nursery plants. However, as these relatively 
small commercial establishments keep losing market share to mass merchandisers and 
large home improvement stores, there will be a need to adjust our analytical approach.

From a policy perspective, there is a need to further develop strategies that more 
effectively acquire and incorporate trade information in pest risk analysis. We showed 
in our case study the importance of information such as daily port-to-port import data 
from all countries of the world to the United States that included the type of imported 
commodities. Such information may already exist (Sparka 2010) and it may already be 
available as a commercial database for selected countries (e.g., Piers® in our case study). 
Similarly, there is interest in developing early detection strategies that can help im-
prove the decision processes regarding which IS to select for monitoring efforts. One 
way to improve the process would be to change the focus from individual pest spe-
cies of concern to geographic areas or regions of concern. As stated above, areas with 
ecosystems under higher invasion pressure are likely to continue to be under higher 
invasion pressure in the future. Focusing surveillance efforts in such high-risk areas 
should increase the likelihood of early detection of IS (Colunga-Garcia et al. 2010b).

For the past few years the invasion literature has repeatedly noted the importance 
of global trade. Invasion ecologists can utilize a pathway centred conceptual model 
as described in the present paper as a framework to a) better understand the role of 
human-mediated pathways, b) enhance current methodologies for pest risk analysis, 
and c) develop strategies for IS early detection-rapid response programs.
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Explanation note: Worldwide annual value (USD) for four categories of live plant 
imports from 2001-2011 (Fig. A1). Top 10 world exporting (Table A1) and importing 
(Table A2) countries of live plants in 2011. Value of U.S. live plant imports from all 
world regions except NAFTA (Mexico and Canada) (Table A3) and from the NAFTA 
region only (Table A4). Characterization of U.S. counties with agricultural (Table A5) 
and forest (Table A6) land use that were a potential destination of maritime container-
ized imports of live plants in 2010. Percentage of land use/cover types in the metro-
politan areas of the U.S. (Table A7).
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