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Abstract

Numerous bark- and wood-infesting insects have been introduced to new countries by international trade where some
have caused severe environmental and economic damage. Wood packaging material (WPM), such as pallets, is one of the
high risk pathways for the introduction of wood pests. International recognition of this risk resulted in adoption of
International Standards for Phytosanitary Measures No. 15 (ISPM15) in 2002, which provides treatment standards for WPM
used in international trade. ISPM15 was originally developed by members of the International Plant Protection Convention
to “practically eliminate” the risk of international transport of most bark and wood pests via WPM. The United States (US)
implemented ISPM15 in three phases during 2005-2006. We compared pest interception rates of WPM inspected at US
ports before and after US implementation of ISPM15 using the US Department of Agriculture AQIM (Agriculture Quarantine
Inspection Monitoring) database. Analyses of records from 2003-2009 indicated that WPM infestation rates declined 36-
52% following ISPM15 implementation, with results varying in statistical significance depending on the selected starting
parameters. Power analyses of the AQIM data indicated there was at least a 95% chance of detecting a statistically
significant reduction in infestation rates if they dropped by 90% post-ISPM15, but the probability fell as the impact of
ISPM15 lessened. We discuss several factors that could have reduced the apparent impact of ISPM15 on lowering WPM
infestation levels, and suggest ways that ISPM15 could be improved. The paucity of international interception data impeded
our ability to conduct more thorough analyses of the impact of ISPM15, and demonstrates the need for well-planned
sampling programs before and after implementation of major phytosanitary policies so that their effectiveness can be
assessed. We also present summary data for bark- and wood-boring insects intercepted on WPM at US ports during 1984-
2008.
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Introduction habitats worldwide [1-7]. In recent years, introductions of several
particularly damaging wood-infesting insects and pathogens in the
United States (US) have focused public and regulatory attention
on the pathways that transport these pests [6-12].

International trade has been responsible for the inadvertent
introduction of many exotic (nonnative) insect pests and plant
pathogens, of which several have become highly invasive and
caused serious environmental and economic impacts to multiple
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Wood-feeding insects are commonly associated with wood
packaging material (WPM), which includes items such as pallets,
crates, and dunnage (wood used to brace cargo). Packaging for
overseas shipments is commonly constructed from wood because it
is relatively inexpensive, generally abundant, renewable, and easily
manufactured and repaired. Unfortunately, wood used to
construct WPM can be infested with a wide variety of bark and
wood pests and thereby serve as a pathway for pest movement.
Wood-feeding insects can also be transported in logs, lumber,
fuelwood, live plants, and various manufactured wood articles
[12-16].

As international trade volumes soared in recent decades, many
countries became concerned about repeated introductions of
invasive forest insects and disease organisms, such as Asian
longhorned beetle, Anoplophora glabripennis (Motschulsky) (Coleop-
tera: Cerambycidae), and pinewood nematode, Bursaphelenchus
xylophilus (Steiner et Buhrer) Nickle (Nematoda: Aphelenchoidi-
dae), as well as the WPM pathway that often vectors these pests. In
response, members of the International Plant Protection Conven-
tion (IPPC) developed and adopted International Standards for
Phytosanitary Measures No. 15 (ISPM15) in 2002, which provid-
ed details on approved phytosanitary treatments for WPM used in
international trade [17]. A core value of these international
standards is the harmonization of national regulations, which
facilitates trade. The original stated goal of ISPM15 in 2002 was to
“practically eliminate the risk for most quarantine pests and
significantly reduce the risk from a number of other pests” by
means of either heat treatment or methyl bromide fumigation of
WPM [17]. ISPM 15 was slightly revised in 2006 [18], and in 2009
the IPPC adopted several important changes such as lengthening
the fumigation exposure time, requiring WPM to be made from
debarked wood, requiring debarking prior to fumigation, and
specifying tolerance limits on the maximum allowable size for
individual patches of residual bark [19]. In addition, the goal of
ISPM15 was reworded in 2009 to read as follows “to reduce
significantly the risk of introduction and spread of most quarantine
pests” associated with WPM [19]. The next version of ISPM15
was published in 2011 but consisted simply of changes in text
formatting [20]. The newest version of ISPM15 was approved in
2013 and formally adopted heat treatment using dielectric heating
(e.g. microwave) along with the corresponding treatment code DH
[21]. More than 78 countries (considering the European Union as
27 countries) have implemented ISPM 15 through October 2013.
It is important to recognize that the ISPM15 standards can be
applied to wood from any tree species, including tropical and
boreal species, as well as softwoods (conifers) and hardwoods
(anglosperms).

The United States implemented ISPM15 in three phases over a
10-month period from 16 September 2005 to 5 July 2006. On 16
September 2005 the United States implemented Phase 1, which
consisted of officially informing importers and the appropriate
National Plant Protection Organization of the exporting country if
live pests were found in WPM or if the WPM was not marked in
compliance with ISPM15. Phase 2 began on 1 February 2006 and
required that all WPM entering the United States (except from
Canada) meet ISPM15 treatment standards and be marked
accordingly. As part of Phase 2, noncompliant shipments and
WPM could be denied entry to the United States, or if feasible, the
noncompliant WPM would be removed from the shipment and
exported at the expense of the importer, and thereby allow the
imported products to enter the United States. Phase 3 began on 5
July 2006 and continues to the present and requires that
noncompliant WPM and the associated commodities be immedi-
ately exported, usually returning it to the country of origin [22].
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The objective of the present paper was to compare pre- and
post-ISPM15 infestation rates of WPM associated with imports
entering the United States. In this paper, we use the term
“infestation rate” to refer to the percentage of consignments with
WPM in which live pests were found in WPM when the imported
consignments were inspected on arrival at US ports. We expected
that if the data from the pre- and post-ISPM15 surveys were
comparable then we could estimate the effect that ISPM15 had on
WPM infestation rates. Further, we anticipated that implementa-
tion of ISPM15 would substantially reduce the number and
frequency of live pests in WPM because the supporting documents
that accompanied the early drafts of ISPM1)5 indicated that the
proposed treatments for WPM were highly effective against many
wood-associated insects and fungal pathogens [23-24]. The use of
interception data for this purpose seemed acceptable because
interception records are among the few datasets available that
provide insights into the identity and relative infestation rate of
pests associated with traded commodities and WPM [8,15,25]. We
were able to find one large US dataset with interception data that
had been collected in a standardized manner both pre- and post-
ISPM15, which upon analysis indicated a moderate decline in pest
interceptions on WPM after ISPM15 implementation.

Documenting the actual level of effectiveness of an international
policy such as ISPM15 and evaluating the suitability of existing
data for such an analysis is important for at least three reasons.
First, it is important for determining the level of phytosanitary risk
still associated with WPM and whether further revisions to
ISPM15 are needed, or if individual countries may wish to require
additional measures based on a pest risk assessment. Second, it is
essential for estimating and understanding the economic costs and
benefits of the implemented policy. And, third, it provides insights
into the types of data that should be collected in advance of future
international standards. For example, the recent approval of ISPM
36 in 2012 [26], which deals with plants for planting, provided
such an opportunity.

ISPM15 Standards

To fulfill the requirements of ISPMI15, WPM used in
international trade must be marked (stamped) in a specific way
to indicate that the WPM was subjected to an approved
phytosanitary treatment [21]. The official mark includes the IPPC
logo, a 2-letter country code indicating in which country the wood
was treated, a producer code to indicate the treatment provider,
and a treatment code to specify the treatment used, such as HT for
heat treatment or MB for methyl bromide fumigation [21]. Each
version of ISPM15 has provided more details on how the wood
treatments should be conducted, and even more details were
added to the 2013 version [21]. After research showed that bark-
and wood-infesting insects, both primary and secondary coloniz-
ers, could infest and develop in wood after treatment, especially
when bark was present [27-28], a debarking requirement for
WPM was added in 2009. The tolerance limits for residual bark
specified that pieces of bark could remain on WPM after
debarking if individually they were either less than 3 cm in width
(regardless of their length) or if they were greater than 3 cm wide
but less than 50 square centimeters in total surface area [19-21].
The debarking requirement was not yet in place during the period
of time analyzed in the present study.

Pests Commonly Associated with WPM

The principal bark- and wood-boring insects of quarantine
concern for the United States include insects in the beetle
(Coleoptera) families Buprestidae, Cerambycidae, Curculionidae
(including Platypodinae and Scolytinae); the woodwasp family
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Siricidae (Hymenoptera), and the moth (Lepidoptera) families
Cossidae and Sesiidae. Elsewhere in the world there are many
other wood pests of concern to specific countries, including species
of powderpost beetles (Bostrichidae, including Lyctinae), wood-
boring flies (Diptera), termites (Isoptera), as well as wood-decay
fungi and nematodes [29-32]. It is important to note that many
powderpost beetles and termites are secondary colonizers of
treated wood, and therefore are rarely the target pests when
ISPM15 treatments are applied to newly constructed WPM.

International Pest Interception Databases

Several countries maintain databases of plant pests that are
intercepted at their ports of entry, including maritime ports,
airports, and international border crossings. For example, long-
term pest interception databases have been maintained by
governments and plant protection organizations in Australia,
Canada, Chile, Europe and North Africa (by the European and
Mediterranean Plant Protection Organization, EPPO), Mexico,
New Zealand, and the United States. Typically, inspectors target
high-risk products or pathways, rather than conduct random
surveys. In addition, interception records are usually included in a
country’s database only when pests are found although there are
exceptions (such as the AQIM database used in the present study).

Earlier Surveys for WPM-Associated Pests

A comprehensive review of the literature, involving online
literature searches as well as direct contacts with several plant
protection organizations worldwide, provided a limited number of
estimates of WPM infestation rates from before implementation of
ISPM15 [33-35] and after [28,36] (Table 1). In general, the pre-
ISPM15 surveys were expressed on a consignment basis, such as
all WPM in a single shipping container. In contrast, the sampling
units used in the two post-ISPM15 surveys were individual WPM
items such as a single pallet or a single piece of dunnage.
Therefore, the results of these pre- and post-ISPM15 surveys were
not directly comparable. Nevertheless, in the pre-ISPM15 surveys,
WPM infestation rates ranged from a high of 4.3% of contain-
erized maritime consignments [33] to a low of 0.06% for air cargo
consignments [35]. By contrast, in the two post-ISPM15 surveys
that involved mostly maritime containerized cargo, infestation
rates of individual WPM items ranged from 0.1% [28] to 0.5%
[36] (Table 1).

We found only one publication, a master’s thesis [37], which
compared interception data that had been collected in a similar
manner both before and after implementation of ISPM15. In this
study, the author summarized the insect interceptions on WPM
that were associated with 10,870 consignments that arrived at the
maritime port of San Antonio, Chile during the 18 months
immediately before (7733 consignments) and 12 months immedi-
ately after (3137) implementation of ISPM15 in Chile. The
interception data were expressed on a consignment basis, and
included live bark- and wood-infesting insects that were intercept-
ed in WPM. Opverall, data from Sanchez-Salinas [37] indicated
that the infestation rate of WPM entering Chile fell 47% after
ISPM15 was implemented (Table 1).

USDA Pest Interception Databases

The US Department of Agriculture (USDA) Animal and Plant
Health Inspection Service (APHIS) maintains two major databases
for records of pest interceptions on imported goods at US ports:
AQIM (Agriculture Quarantine Inspection Monitoring) and
PestID (Pest Interception Database, which was formerly called
Port Information Network or PIN). AQIM is a statistically based
mspection program based on random sampling of imported
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shipments at selected US ports. AQIM was designed to monitor
the approach rate of agricultural risks on different pathways, and
consists of daily or weekly random sampling of international cargo,
mail, vehicles, and passenger baggage [38]. WPM was first
targeted for inspection in AQIM in 2003 and usually consisted of
sampling two containers per week at each of more than 40
participating US ports. Sample selection occurs randomly among
commodities known to have associated WPM using a statistically
robust stratified sampling plan. Infestation data for WPM are
recorded on a consignment basis based on the number of distinct
consignments within each of the sampled shipping containers. For
each pest interception in AQIM, information is recorded on all
pests found to the lowest taxonomic level possible (usually family,
genus or species), as well as on the type of cargo inspected, type of
WPM  present, compliance with ISPM15 marking, and the
presence or absence of bark on the WPM. For WPM, all plant
pests found are recorded in AQIM, including both bark- and
wood-infesting insects as well as those that inadvertently contam-
mated or “hitchhiked” with the shipment. Negative data, where
no pests are found, are also recorded by consignment in AQIM,
which allows the calculation of infestation rates (contrary to other
interception data where negative inspections are typically not
documented).

PestID includes interceptions records of all classes of plant pests
intercepted at over 300 ports of entry in the United States,
including bark- and wood-infesting insects found in association
with WPM. As of January 2014, there were more than 2.5 million
interception records in PestID that were recorded since 1984 when
what is now known as PestID started as a computerized database.
PestID records include information on the identity of intercepted
pests, the commodity involved and its country of origin, date and
place of interception, and many other details associated with the
shipment and inspection such as whether the intercepted pest was
associated with WPM. Unlike AQIM, however, PestID does not
include information on shipments where no pests were found, and
the inspections are not random, but are targeted at specific
products, pathways, or countries.

There are other challenges when attempting to interpret PestID
data. For example, although APHIS issues inspection guidelines
for certain commodities [39], much work prioritization is left to
the discretion of experienced, local personnel at the individual
ports. As a result, for some commodities and items like WPM, the
percentage of arriving shipments inspected can vary over time and
among ports. Inspectors may target shipments based on a
perceived risk of infestation for certain commodities from
particular countries of origin and shippers. Additionally, priority
inspection targets vary among ports due to the profile of work to
be performed. For example, port inspectors who must clear large
volumes of perishable fruits, vegetables, or cut flowers will likely
spend less effort inspecting WPM associated with machine parts or
quarry products than inspectors at ports that do not receive many
perishables. Other limitations on the utility of PestID include: 1)
that the data cannot provide an estimate of the number of pests
arriving because not all shipments are inspected and inspectors
may stop looking at a particular consignment once the first
quarantine pest is found, 2) data on many intercepted pests that
were classified as “non-quarantine significant pest ” taxa (e.g.,
cosmopolitan species or species that were regarded to be of low
risk) were not included in PestID until March 2009, and 3)
variation over time in the numbers of inspectors and their focus
likely affected the numbers and kinds of pests that were
intercepted.

Although the sampling protocols used in PestID are not
random, PestID data are still useful in identifying the most
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common types of pests arriving in the United States, their
countries of origin, and the commodities and pathways they were
most often associated with [13,16,40]. We report various PestID
summary statistics below.

Methods

AQIM Data Analyses

We analyzed AQIM records where WPM was recorded for a 6-
year period from October 2003 through September 2009. This
period was chosen because it begins when APHIS started
inspecting WPM as part of the AQIM program and ended in
2009, which was the year when several changes were made to
ISPM15 [19]. Therefore, the data analyzed during the post-
ISPM15 period in the present paper were collected during a
period with consistent regulations. We excluded Canadian
shipments from our analysis because the United States did not
require Canadian WPM to meet ISPM15 standards during the
sampling period. The policy of limited inspection on shipments
from Canada is largely because most bark- and wood-infesting
insects native to Canada are also native to the United States and
because the long shared and largely forested border between the
two countries presents no barriers to the migration of native or
non-native insects. For example, about 97% of bark and ambrosia
beetle species (Scolytinae) native to Canada are also native to the
United States [41]. Similarly, we excluded all Chinese imports
from our AQIM analysis because as of 17 December 1998, which
was nearly six years prior to US implementation of ISPM15, the
United States began regulating WPM from China in response to
the rapidly increasing frequency of pest interceptions on Chinese
WPM in the 1990s and the discoveries of Asian longhorned beetle
infestations in New York in 1996 and Illinois in 1998 [8,42—43].
This 1998 regulation on WPM [43] only affected exports from
China to the United States. During the period from 1999 until US
implementation of ISPM15, noncompliant Chinese shipments
were typically fumigated at US ports, whereas after US
implementation of ISPM15 most noncompliant shipments were
sent back China. In addition, given that Mexico was the origin of
more AQIM records than any other country (34% of all AQIM
records during the 6-year study period, and 41% of the dataset
after removal of the Canadian and Chinese records), we analyzed
the remaining data both with and without the records from
Mexico. The large number of Mexican consignments in the
AQIM database was because several US-Mexico border crossings
participated in AQIM program.

In our analyses, we tested separately the initial dates of Phase 1
(16 September 2005) and Phase 3 (5 July 2006) as the division
points between pre- and post-implementation of ISPM15. For
cach date, we tested two scenarios: 1) exclusion of all data related
to Canadian and Chinese imports, and 2) exclusion of all data
related to Canadian, Chinese, as well as Mexican imports (for
reasons explained above). We constructed a 2 X2 contingency table
for each scenario, comparing pre- and post-ISPM15 infestation
rates of WPM, and analyzed each for statistical significance using
Fisher’s exact test (right-sided probability, PROC FREQ) [44]. We
used a significance level of a=0.1 because infestation rates of
WPM are typically low and we wished to reduce the likelihood of
committing a Type II error (i.e., a false negative). We also
calculated the power of our analysis to detect large reductions in
pest infestation rates using presumed treatment effectiveness levels
for ISPM15 of 50%, 70% and 90% mortality of the WPM-
assoclated quarantine pests (PROC POWER) [44]. These results,
tested with 0 =0.05 and 0.1, would indicate the probability of
detecting a 50%, 70% and 90% change in infestation rate had one
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occurred. When calculating the post-ISPM1)5 infestation rates in
the above analyses, we only used data for those consignments in
which the WPM was apparently compliant with ISPM15, ie.,
stamped with the ISPM15 mark. We also calculated on an annual
basis the percent of inspected consignments in which the WPM
had the proper ISPM15 mark after US implementation of
ISPM15 (2005-2009), and analyzed the data with nonlinear
regression (PROC NLIN) [44]. In addition, we used methods
similar to those described above to compare the pre- and post-
ISPM15 infestation rates of WPM from the single country of Italy,
which was the country of origin for the most borer interceptions on
WPM that entered the United States during 1985-2000 [8].

PestID Data Analyses

PestID data cannot be used to statistically analyze for the effects
of ISPM 15 on interception rates because the data are collected in
a nonrandom manner and the number of inspections where no
pests are found is not recorded. Nevertheless, we did extract all
mterceptions of bark- and wood-boring insects in PestID from the
25-year period 1984 through 2008 to demonstrate changes over
time in the types of borers being intercepted, the countries of
origin, and the imported commodities most often associated with
wood pests. As noted earlier, we recognize that the PestID data
can be influenced by many factors such as changes in interception
policies, staffing, etc. We restricted the dataset to those families of
wood borers that were consistently targeted during port inspec-
tions over the 25-year period: Buprestidae, Cerambycidae,
Cossidae, Curculionidae (including Platypodinae and Scolytinae),
Sesiidae, and Siricidae. For records where the imported
commodity was reported, we assigned the commodity to one of
several trade sectors according to the Global Trade Analysis
Project (GTAP) [4546]. For example, some of the common
GTAP sectors that we used included fabricated metal products
(e.g., ironware, metalware, tubes, and wire), primary metals (e.g.,
aluminum, iron, and steel), machinery and equipment, quarry
products (e.g., granite, marble, and slate), and fruit and vegetables.

Results

AQIM

Overall, there were 34,981 inspection records of consignments
that contained WPM in the AQIM database from October 2003
through September 2009. These consignments came from 137
countries, with the top 15 countries being Mexico (33.7%), Italy
(14.2%), Canada (13.4%), Netherlands (4.4%), China (4.1%),
Costa Rica (3.8%), Guatemala (2.9%), Ecuador (1.9%), Domin-
ican Republic (1.7%), Brazil (1.7%), India (1.6%), Spain (1.6%),
Turkey (1.5%), Honduras (1.3%), and Germany (0.9%). WPM-
associated insects of quarantine significance were intercepted on
only 50 of the 34,981 consignments (0.14%). These 50 intercep-
tions were associated with imports from 16 countries that
represented 4 world regions, including 16 records from 4 Asian
countries, 17 from 7 European countries, 14 from 2 Central
American countries (including Mexico), and 3 records from 3
South American countries (Table S1). No wood pests were found
on the Canadian imports. The 50 insect interceptions consisted of
26 imterceptions of Cerambycidae, 22 Scolytinae, 1 Platypodinae,
and 1 Cossidae (Table S1).

The percentage of consignments with compliant WPM (i.e.,
WPM with the official ISPM15 mark) entering the United States
increased steadily from 2005 to 2009 (Figure 1). Overall, for all
countries (after excluding data from Canada), WPM associated
with 21,993 of 23,551 consignments was marked correctly from
September 2005 to October 2009 (93%). When the data were
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presented on an annual basis, the percentage of compliant WPM
entering the United States increased significantly (P<<0.001) from
about 72% in 2005 to nearly 98% in 2009 (Figure 1). Similarly, for
the 4084 post-ISPM15 Canadian consignments with WPM, which
were not required to meet ISPM15 standards when shipping to the
United States, the percentage of WPM with the ISPM15 mark
nevertheless also increased over time but was consistently and
expectedly much lower than the rest of the world (Figure 1), being
about 6% in 2005, 12% in 2007, and 24% in 2009.

The actual pre- and post-ISPM15 infestation rates of WPM
entering the United States ranged from 0.17 to 0.25% pre-
ISPM15 to 0.11 to 0.12% post-ISPM15 (Table 2). Recall that the
post-ISPM15 values were calculated using only consignments with
compliant (marked) WPM. Based on the above pre- and post-
ISPM15 infestation rate values, the infestation rate of WPM
entering the United States declined by 36-52% after implemen-
tation of ISPM15, depending on which countries and division
dates were used in the analyses (Table 2). Of the four scenarios
tested, only one resulted in a reduction that was statistically
significant at the P=0.1 level, while the other three scenarios had
P values that ranged from 0.111 to 0.127 (Table 2). In general,
there was a greater reduction in infestation rates when the Phase 1
date was used to divide the pre- and post-ISPM15 sampling
periods, or when data from Mexico (in addition to Canada and
China) were deleted prior to analysis (Table 2).

Results of the power analyses for data associated with the Phase-
1 dividing date (Table 2), indicated that with the available sample
size there was nearly a 96% probability of detecting a statistically
significant reduction in infestation rates of WPM if ISPM15 had
reduced the number of infested shipments by 90%, depending on
the scenario tested (with and without data from Mexico) and the
alpha level selected (0.1 or 0.05) (Table 3). Similarly, there was a
70-90% probability of detecting a significant reduction in
infestation rate if ISPM15 reduced the occurrence of live pests
by 70%, but only a 38-62% probability if ISPM15 reduced
infestation levels by just 50% (Table 3).

In the case of Italy (N=5256 WPM records), the WPM
infestation rate declined by 80% when the Phase-1 date was used
to divide the pre- and post-ISPM15 periods (0.36% to 0.07%
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infestation rate; = 0.04). Similarly the infestation rate fell by 55%
when using the Phase 3 date to separate pre- and post-ISPM15
periods (0.20% to 0.09% infestation rate; P=0.24).

PestID

There were 13,768 PestID interception records for bark- and
wood-boring insects on WPM at US ports during the 25-year
period of 1984-2008. Of these 13,768 records, 36 were on
shipments from Canada, 1551 from China, and 3284 from Mexico
(Table 4). Of the major families and subfamilies of insects
represented by these 13,768 interceptions, Scolytinae were the
most commonly intercepted wood pest when considering imports
from all countries (8286/13,768 = 60.2%; Table 4). Cerambycidae
(longhorned beetles) were the next most commonly intercepted
wood pest (25.3%). When the data were viewed annually,
Scolytinae were the most commonly intercepted wood pest for
nearly the entire 25-yr period, representing a low of 34% of the
mtercepted borers in 1998 to a high of over 84% in 1985 (Figure 2).
The number of cerambycid interception records has increased
dramatically since the mid-1990s (Figure 2), coinciding with
increased emphasis by regulatory agencies on the WPM pathway
after the discovery of Asian longhorned beetle in New York in
1996 [8,10].

When considering the 12 countries that were the origin of most
of the intercepted wood pests over the 25-yr period, Cerambycidae
were the most frequently intercepted family from 3 of the 12
countries (China, Italy, and Turkey) and Scolytinae from the other
9 countries (Belgium, France, Germany, India, Mexico, Portugal,
Russia, Spain; and United Kingdom; Table 4). The largest
numbers of wood-associated pest interceptions at US ports during
19842008 were from Mexico (23.9% =3284/13,768), Italy
(16.8%), and China (11.3%; Table 4). The relative ranking of
countries that were the source for infested WPM has changed
dramatically in recent decades (Figure 3). For example, European
countries (e.g., Belgium, Germany, Italy, and Spain) were the
source for most US interceptions on WPM in the 1980s, while
China, Mexico, and Turkey were the main sources of wood pests
in the 2000s (Figure 3).
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Figure 1. Percent of imported consignments entering the US with ISPM15-compliant WPM by year. Percent of consignments with wood
packaging material (WPM) entering the United States that was compliant with ISPM15 (i.e., the WPM was stamped with the official ISPM15 mark) after
the United States implemented ISPM15 in September 2005. Data are presented on an annual basis for the period 2005-2009; however, the
percentage value for 2005 was based on data from October-December 2005, while the 2009 value was based on data from January-September 2009.
Percentage values were based on the AQIM database for all countries except Canada (N=23,551 consignments). Using nonlinear regression (PROC
NLIN [44]) the following model was fit to the above data: Percent Compliance = 100-27.42 x exp(—0.0884 x years_since_2005), R?=0.992, Fi3=361,
P=0.00032.

doi:10.1371/journal.pone.0096611.g001
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groupings.
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Table 2. Percent reduction in infestation rate on a consignment basis for bark- and wood-infesting insects in WPM associated with
US imports after implementation of ISPM15, using two different dates to separate pre- and post-ISPM15 and different country

No. consignments®

Infested/Not infested

Infestation rate®

Countries excluded® Total Pre-ISPM15 Post-ISPM15 Pre Post Percent reduction (P=)¢
Phase 1 division (before versus after 15 September 2005)¢

CA, CN 27185 12/6315 24/20834 0.1897% 0.1151% 39.3% (0.111)

CA, CN, MX 16475 9/3664 15/12787 0.2456 0.1173 52.2% (0.067)

Phase 3 division (before versus after 4 July 2006)

CA, CN 27185 17/9917 19/17232 0.1711 0.1101 35.7% (0.124)

CA, CN, MX 16475 12/6028 12/10423 0.1987 0.1150 42.1% (0.127)

contingency tables.

16 September 2005 (Phase 1) and the final phase on 5 July 2006 (Phase 3).

doi:10.1371/journal.pone.0096611.t002

These changes in country rankings probably reflect more shifts
in US trading partners, new national inspection policies, and
initiation of new international trade agreements, rather than
dramatic changes in infestation status of WPM from individual
countries. For example, Mexico was the origin of very few
recorded interceptions on WPM in the 1980s and early 1990s, but
after initiation of NAFTA (North American Free Trade Agree-
ment) in 1994 and greater focus by APHIS inspectors on wood
pests from Mexico in the late 1990s, imports and pest interceptions
from Mexico increased markedly [8,47] (Figure 3). Similarly,
interceptions from China were very low (0-7 per year) from 1984
until 1991, grew rapidly through 1998, and then declined sharply

2All countries were included in the analyses except various combinations of Canada (CA), China (CN), and Mexico (MX). See text for details.
>Total = number of consignments analyzed after dropping the data from the selected countries listed. Pre- and Post-ISPM15 values, in order of appearance, are the
number of pre-ISPM15 consignments with and without pests, and the number of post-ISPM15 consignments with and without pests. These were the values used in the

“Analyses were conducted on AQIM records with WPM from 1 October 2003 through 30 September 2009. The United States implemented the first phase of ISPM15 on
dinfestation rates were based on the table values presented here under ‘No. consignments.’ For example: (12/6327) *100 =0.1897%.

€Percent reduction is based on the difference between the pre- and post-ISPM15 infestation rates as given in this table. The formula used was [(Pre — Post) *100/Pre].
The P values were based on 2 x 2 contingency tables using the values presented in this table and analyzed with the Fisher's exact test (right-sided).

in 1999 after the United States required only China to treat its
WPM prior to export to the United States [43] (Figure 3).
However, in recent years, interceptions on Chinese WPM have
increased again along with strong increases in imports from China
[8,48] (Figure 3). The annual numbers of WPM-associated pest
interceptions at US ports during 1984-2008 are shown in Figure 4
for all countries (including Canada) as well as for China and
Mexico separately. When the interception data were viewed at the
scale of world regions, there was a clear shift from Europe being
the primary source of WPM-pests from the mid-1980s to the mid-
1990s to Asia and North America (primarily Mexico) from the
mid-1990s to present (Figure 5).

Table 3. Probability of detecting a statistically significant reduction in infestation rates if actual rates of infestation were reduced
by the designated percentages after ISPM15 implementation based on post-hoc power analyses that used the observed pre-
ISPM15 infestation rate and actual pre- and post-ISPM15 sample sizes from the Phase-1 scenarios presented in Table 2.

Observed pre-
Presumed percent
reduction in number
of consignments with

rate based
on data in Table 2

ISPM15 infestation Approximate post- ISPM15
infestation rate based on data
from columns 1 and 2 in

Post-hoc Power to detect a
significant reduction in infestation
rates of consignments with WPM

Pre-/post-ISPM15
sample sizes analyzed
based on data from

infested WPM (%) this Table [1—(Col 1xCol 2)] Table 2 a=0.1 a=0.05
Data from Canada and China excluded

90% 0.1897% 0.01897 6327/20858 99.6% 98.8%
70 0.1897 0.05691 6327/20858 89.8 81.7

50 0.1897 0.09485 6327/20858 62.4 48.1
Data from Canada, China, and Mexico excluded

90% 0.2456% 0.02456 3673/12802 98.0% 95.5%
70 0. 2456 0.07368 3673/12802 813 70.1

50 0. 2456 0.1229 3673/12802 524 38.1

doi:10.1371/journal.pone.0096611.t003
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Figure 2. Changes over time in major groups of wood-infesting insects entering the US in WPM. Annual changes in the percent
composition of eight major groups of WPM-infesting insects intercepted at US ports during 1984-2008. Percent values were calculated for each year
based on the total number of WPM-interceptions in PestID for those eight groups of insects in each particular year (N = 13,768 interceptions for all 25
years). Abbreviations are: BUP = Buprestidae, CER = Cerambycidae, COS = Cossidae, CUR = Curculionidae (not including Platypodinae and Scolytinae),
PLAT =Platypodinae, SCOL = Scolytinae, SES = Sesiidae, and SIR = Siricidae.

doi:10.1371/journal.pone.0096611.9g002

The commodity associated with the infested WPM was listed on
8661 of the 13,768 interception records (63%). The two
commodities that were most often associated with borer-infested
WPM were tiles (2291 of 8661 records, 26.5%) and quarry
products (1765 records, 20.4%). Changes in the relative rankings
of the five major GTAP commodity sectors that were associated
with borer-infested WPM are shown in Figure 6. Overall, the
sector that includes quarry products and tiles was the sector
associated with the most WPM-associated pests in 24 of the 25-
year sampling period, representing 18-73% of the interceptions in
any single year (Figure 6). Similarly, the range in annual
percentage contributions over the 25-year period for WPM-
associated pests were 3-22% for fabricated metal products, 2-21%
for machinery and equipment, 2-16% for primary metals, and 0—
33% for vegetables and fruit (Figure 6).

Discussion

To make valid comparisons of pest interception rates before and
after implementation of a major policy like ISPM15 it would be
best to have a large multi-year dataset that was collected under
uniform conditions. The AQIM dataset largely meets these goals
in that we were able to assemble a 6-year dataset (about 2-years
before and 4 years after ISPM15 implementation) that contained
nearly 35,000 records, which were collected using uniform
inspection procedures in a statistically random manner.

Overall, we estimated that infestation rates of WPM entering
the United States declined by 36-52% to about 0.11% after
ISPM15 implementation (Table 2). In general, these values are
very similar to the 47% reduction reported for WPM entering
Chile where infestation rates declined from 0.181% pre-ISPM15
to 0.096% post-ISPM15 (Table 1). The earliest of the surveys
listed in Table 1 was conducted on maritime containerized cargo

PLOS ONE | www.plosone.org

in New Zealand during 1989-1991 [33]. In that study, conducted
more than 12-14 years before New Zealand implemented
ISPM15, the infestation rate of WPM was about 4.3% (Table 1).
If we consider 4.3% to be representative of the WPM infestation
rates worldwide during the early 1990s, then our current estimate
of about 0.11% reflects more than a 97% reduction in infestation
rates. Nevertheless, given that the original stated goal of ISPM15
was to “practically eliminate the risk for most quarantine pests” in
WPM [17], a more significant reduction than 36-52% was
anticipated in the interception rate of WPM-associated pests after
ISPM15 implementation in the United States. Similarly, our
power analysis indicated that the AQIM sample size was
sufficiently large to have nearly a 96% probability of detecting a
90% reduction in WPM infestation rates.

As noted in the introduction, WPM used in international trade
is now stamped with the official ISPM15 mark after treatment.
However, as reported in this study and by others [28,36-37], at
times live wood pests are still found in ISPM15-marked WPM.
There are several reasons that could help explain why live insects
are occasionally found in ISPM15-marked WPM and why there
was not a greater reduction in infestation rate of WPM after
implementation of ISPM15.

Possible Factors Influencing the Impact of ISPM15

Pest tolerance of the treatment. Iinding live bark- and
wood-infesting insects in treated WPM could indicate that some
wood pests can survive the ISPM15 treatments. This could have
occurred because the pinewood nematode was used as the target
pest in the development of the ISPM15 heat-treatment schedule,
which requires a minimum of 56°C for a minimum of 30 min (56/
30) as measured at the core of the wood [32,49]. Nevertheless,
several scientific papers suggesting that 56/30 would kill many, but
not all, species of wood-inhabiting insects and pathogens were
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Figure 3. Changes over time for wood-infesting insects entering the US in WPM by country of origin. Annual changes in the percent
composition of the top 10 countries of origin for bark and wood-infesting insects intercepted in WPM that were associated with imports to the
United States during 1984-2008. Values were calculated for each year based on the total number of WPM interceptions in PestID where the country
of origin was recorded (N = 13,328 interceptions. No country of origin was listed for 440 records). Abbreviations are: BE =Belgium, CN = China (not
including 24 interceptions from Hong Kong and 42 from Taiwan for all years), DE = Germany, ES = Spain, FR=France, IN =India, IT = Italy, MX = Mexico,
RU =Russia (including 32 interceptions coded as Soviet Union from 1984 to 1993), and TR =Turkey.

doi:10.1371/journal.pone.0096611.9g003

listed in the original draft ISPM15 that was distributed for country should be noted that the 2001 draft ISPM15 recognized that

consultation in 2001 [23]. Given this supporting documentation, “some pests are known to have a higher thermal tolerance” and
the 56/30 heat schedule was “chosen in consideration of the wide thus could survive 56/30 [23]. Considering the thousands of
range of pests for which this combination is documented to be wood-infesting insect species worldwide [32], it is possible that

lethal and a commercially feasible treatment” [23]. In addition, it
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Figure 4. Number of wood-infesting insect interceptions made in WPM at US ports by year. Annual number of WPM-associated pest
interceptions at US ports during 1984-2008 in the PestID database by year for all countries combined (Total) as well as individually for China (CN) and
Mexico (MX), and the total minus the number for Mexico and China (WO/MX CN).

doi:10.1371/journal.pone.0096611.g004
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Figure 5. Changes over time for wood-infesting insects entering the US in WPM by world region. Annual changes in the percent
composition of six major world regions as the origin for bark and wood-infesting insects intercepted in WPM associated with imports to the United
States during 1984-2008. Values were calculated for each year based on the total number of WPM-interceptions in PestID where the world region of
origin was recorded (N = 13,607 interceptions. No world region was listed for 161 records). Abbreviations are: Cen Am = Central America+Caribbean
Islands, Europe = Europe, including Russia and Turkey, N Am = Canada+Mexico, and S Am = South America. No data are shown for the relatively few
interceptions made on imports from Australia, New Zealand, Philippines, and countries in the Middle East.

doi:10.1371/journal.pone.0096611.g005

some of the live insects encountered in heat-treated WPM did (Coleoptera: Cerambycidae). However, in the case of emerald
survive treatment. ash borer, Agrilus planipennis Fairmaire (Coleoptera: Buprestidae), a
With respect to heat treatment, for example, Mushrow et al. small percentage of larvae survived treatments that bracketed 56/

[50] indicated that 56/30 was adequate to kill larvae and pupae of 30, but none of these studies matched the 56/30 requirements
brown spruce longhorned beetle, Tetropium fuscum (Fabricius) exactly [51-54] (Table 5). For example, in the studies listed in

o o 2
N/
s N Y ¥
» X/\z\ // \[ ]
&‘ —=—PM

(. S T, VR S S S S, SR N Y
RIS S L R R LG S
NN R OO S Sl S

YEAR

Figure 6. Changes over time for wood-infesting insects entering the US in WPM by associated commodity class. Annual changes in the
percent composition of five major commodity classes of imports that entered the United States during 1984-2008 and were associated with
interceptions of bark and wood-infesting insects in WPM. Values were calculated for each year based on the total number of WPM-interceptions in
PestID where the imported commodity was recorded (N=8661 interceptions. No imported commodity was listed for 5107 records). Abbreviations
are: FM =fabricated metal products (e.g. ironware, metalware, tubes, and wire), ME=machinery and equipment, PM=primary metals (e.g.,
aluminum, iron, and steel), QT = quarry products and tiles (e.g., granite, marble, slate, and tiles), and VF =vegetables and fruit.
doi:10.1371/journal.pone.0096611.g006
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Table 5, the authors generally did not record the wood
temperature at the wood core and usually did not test 56/30
specifically. Similar variation in response to heat treatment has
been documented in various wood-colonizing fungi [55-56].
Moreover, Sobek et al. [57] noted that slow heating rates in
laboratory experiments can activate heat shock proteins in
emerald ash borer larvae, making them more tolerant of heat
treatment, but the authors did state that this would seldom occur
in commercial kilns. ISPM15 does not stipulate a minimum
chamber air temperature or heating rate, but rather states the
minimum endpoint of 56/30. Further testing of 56/30 and other
potential treatments against a broader range of bark and wood-
infesting insects could clarify the role of treatment tolerance in the
continuing low level of WPM infestation. In addition, as a measure
of establishment risk, it would be important to determine whether
any insects that survive treatment can complete development and
reproduce. Nevertheless, given that during heat treatment,
temperatures at the surface of the WPM would exceed the core
temperature where ISPM15 measurements are made [52], borers
residing close to the surface would therefore experience temper-
atures that surpass the required minimum temperature of ISPM15
and thus should suffer higher mortality.

Similarly, there are several factors that affect the efficacy of
methyl bromide fumigation in wood. One factor is the depth to
which the fumigant can penetrate wood, especially green (not
dried) wood. For example, in a study using green pine (Pinus)
roundwood with bark and with the cut ends sealed, Cross [58]
reported that lethal concentrations of methyl bromide did not
reach much beyond 10 cm into the wood. This finding was
addressed in the 2009 revision of ISPM15 [19], which specified
that methyl bromide treatment should not be used on WPM that
exceeds 20 cm in cross section. Therefore, it is possible that some
live insects encountered in fumigated WPM could represent
situations where lethal levels of the fumigant did not reach the
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msect. In the WPM survey conducted at six US ports in 2006, live
borers were found in both heat-treated and fumigated WPM [28].
In general, fumigants should be able to pass easily through larval
galleries to reach most wood borer larvae, but the permeability of
their galleries can be influenced by the presence of frass (insect
boring dust and feces), which is packed tightly in the galleries of
some borers [59]. The 2009 requirement to debark WPM prior to
fumigation [19] was intended to improve fumigant penetration,
which was an improvement not reflected in the data analyzed in
the present paper. In addition, it is important to note that methyl
bromide is no longer used within the European Union to fumigate
WPM.

Unintentional noncompliance. It is possible that managers
at treatment facilities attempt to treat WPM according to ISPM15
but for some reason the minimum required dose of fumigant or
heat is not appropriately or not evenly applied in the treatment
chamber. There are many factors that can bring about such
unintentional noncompliance. For example, a manager may follow
the treatment schedules precisely based on sensors within the
chamber, but because of cold pockets or uneven distribution of the
fumigant not all wood is treated equally. For heat treatment,
ISPM15 specifies that temperature probes need to be carefully
mserted to the core of the largest wood pieces present in the
chamber during each treatment cycle. If the probes do not reach
the center of the wood or if a probe is not well sealed from the
ambient air then the target temperature of 56°C will be indicated
sooner than it should. To obtain accurate readings all equipment
must be calibrated and working properly. In addition, fans are
often needed in chambers to help circulate the fumigant or heated
air, and the individual WPM items must be properly stacked to
ensure good air flow. Each of these factors, as well as many others
(e.g., presence of bark, cross-sectional size of wood pieces), could
result in reduced mortality of wood pests during treatment. For
these reasons, many countries require treatment facilities be

Table 5. Summary details for four studies where the effects of heat treatment were tested on emerald ash borer (EAB), Agrilus
planipennis, and how these studies compared with ISPM15 standards.

Publication

Parameter McCullough et al. 2007 [51]

Myers et al. 2009 [53]

Nzokou et al. 2008 [52] Goebel et al. 2010 [54]

Type of heat chamber Drying oven

Type of wood tested Bark and wood chips

Location of temperature Chamber air

probe bark

Number of temperature
probes used

1 probe measuring chamber air
temperature

40, 45, 50, 55, 60°C
20 and 120 min

Temperatures tested
Times tested

Sample size per treatment 12 larvae

Starting and set point
chamber temperature

Preheated to test temperature

Major differences from
ISPM15 heat treatment
standard

Tested wood chips, monitored air
temperature, did not test 56°C for
30 min

Some EAB survival in all treatments
except 60/120

Major findings

60 min

Drying oven and heat chamber

Split firewood with bark

Standard depth of 3.5 cm below

1 probe in each piece of wood

50, 55, 60, 65°C
30 and 60 min
24-32 wood pieces

Preheated to 80°C then lowered
to 5°C above target
temperature

Did not monitor wood
temperature at center, did not
test 56°C for 30 min

Low or no EAB survival at 60
and 65°C for both 30 and

Laboratory kiln Small outdoor kiln

Logs with bark Whole and split firewood with

bark

Log center and at 1 cm Standard depth of 2.5 cm

depth

2 probes per log 3 probes per load of 100 pieces

50, 55, 60, 65°C 46, 56°C
30 min 30 and 60 min
4 logs 100 wood pieces per load, 1 load

per temperature

Preheated to 82°C and
maintained at that
temperature

65°C set point; started at 2°C

Did not test 56°C for
30 min

Did not monitor wood
temperature at center

Low EAB survival at 55/30
and 60/30; all
died at 65/30

Some EAB survived all
treatments, but few at 56/30 and
56/60

doi:10.1371/journal.pone.0096611.t005
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certified by an approved accreditation agency, such as the
American Lumber Standards Committee (www.alsc.org) in the
United States. Presumably these types of deficiencies would be
more likely in countries that do not require third party
accreditation. Several new procedural recommendations were
listed in Annex 1 of the 2013 version of ISPM 15 [21] to address
the above factors when heat treating or fumigating WPM, and
these changes should further improve the efficacy of ISPM15.

Fraud. Unfortunately, intentional noncompliance or fraud
does occur. This happens when the ISPM15 mark is knowingly
applied to WPM that has not been treated or not properly treated.
Widespread usage of WPM with fraudulent marks, especially if
infested, would reduce the apparent impact that ISPM15 has had
on reducing WPM infestation rates. Companies found guilty of
mark fraud in the United States can be fined and suspended from
the WPM certification program.

Post-treatment colonization of WPM. Some bark- and
wood-boring insects can colonize and complete development in
WPM after treatment, especially when bark is present. For
example, Evans [27] and Haack and Petrice [28] found that
several species of borers (Cerambycidae and Scolytinae) colonized
and completed development in heat-treated logs and boards that
retained varying amounts of bark. Moreover, Haack and Petrice
[28] noted that the size and shape of individual bark patches
greatly influenced borer colonization and subsequent larval
survival. Given the above results, it is possible that some of the
live insects found in treated WPM could have resulted from post-
treatment colonization of treated WPM. It is important to note,
however, that the above two studies [27,28] were conducted in a
manner to facilitate post-treatment infestation of WPM, given that
the treated WPM was placed back into forested habitats soon after
treatment where bark and wood-infesting insect populations were
expected to be high. Nevertheless, these findings, among others,
were used to justify the 2009 revision of ISPM15 that stipulated
the maximum size of any individual patch of residual bark [19].

Data issues in AQIM. Two important features of the AQIM
program are that pest interceptions on WPM are recorded 1) on a
consignment basis rather than for individual WPM items, and 2) as
simply presence/absence rather than the number of individual
pest organisms found. Because there can be wide variation in the
number of WPM items in a single consignment, as well as the
percentage of WPM items infested per consignment and the
number of pests present in a single piece of infested WPM, it is
possible that ISPM15 actually reduced infestation rates and the
numbers of live wood pests more than was revealed through our
analysis of the AQIM data.

Policy anticipatory effect. In our analysis of the AQIM
data, we found a greater reduction in the percentage of
consignments entering the United States with WPM-associated
pests after implementation of ISPM15 when using the Phase-1
date as the division point between pre- and post-ISPM15, as
compared with using the Phase-3 date (Table 2). This finding
suggests that many foreign shippers of products to the United
States started using ISPM15-compliant WPM soon after initiation
of Phase 1 rather than waiting until Phase 3 when full
implementation began. This could easily have occurred because
there was worldwide discussion about ISPM15 for several years
before it was initially implemented in the United States in 2005.
For example, the draft version of ISPM15 was circulated
worldwide for country consultation in 2001 [23], and later
adopted in 2002 [17]. In addition, the global community had
advance warning that the United States had plans to implement
ISPM15 given that the United States published its intentions in a
proposed rule on 20 May 2003, and later announced its final rule
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on 14 September 2004 [60]. Moreover, the 2004 final rule did not
state that an incremental 10-month-long phase-in of ISPM15
would take place, but rather stated that the United States would
fully implement ISPM15 one year later on 16 September 2005
[60]. In addition, many countries implemented ISPM 15 before the
United States such as New Zealand in 2003, Australia in 2004,
and the European Union in 2005. Given that it is often more
convenient for shippers to maintain an inventory of one type of
pallet, such as ISPM15-compliant pallets, it is likely that some of
the WPM entering the United States during 2003-2005 was
already ISPM15-compliant. For example, as mentioned above,
ISPM15-compliant WPM  was associated with 24% of the
Canadian consignments that entered the United States in 2009
even though Canada was not required to use ISPM15-compliant
WPM when shipping to the United States, and still is not required
to do so as of April 2014.

Conclusions

Our analysis of the AQIM data indicated only a modest
reduction in pest infestation rates of WPM entering the United
States following implementation of ISPM15, declining from about
0.2% (for the 2 years pre-ISPM) to about 0.1% (for the 4 years
following ISPM15). AQIM is well designed, but given the low
infestation rate of WPM, even during the years immediately before
ISPM15 was implemented in the United States, this dataset lacks
the power to detect modest reductions in infestation rates with
confidence. We determined that the AQIM dataset had about
96% power to detect a 90% reduction in pest levels post-ISPM15,
but to detect more modest levels of reduction with high confidence
would have required more intensive sampling. Thus we conclude
that either ISPM15, as implemented through 2009, did not have
the anticipated high level of impact on infestation rates of WPM
entering the United States or that the impact of ISPM15 began to
influence WPM infestation rates earlier than 2003 for which we do
not have adequate data. As mentioned earlier, if the 4.3% WPM
infestation rate reported from surveys conducted in New Zealand
during 1989-1991 [33] were typical of the 1990s, then the current
infestation rate of 0.1% would represent a major reduction of
about 97%. The current AQIM program could be strengthened
by increasing sample size or by making adjustments in the
sampling protocol, such as recording both the number of WPM
items in each consignment and the number of WPM items that
were infested with live pests.

Although a 0.1% infestation rate of WPM appears very low (1 in
1000 consignments), this value should be considered in terms of
the total number of consignments entering the United States each
year. For example, it was estimated that about 25 million shipping
containers entered the United States in 2013 [61] and that about
52% of containers have WPM [24]. Based on those two figures,
and assuming the cargo in each container represents a single
consignment, an infestation rate of 0.1% of 13 million containers
(=52% of 25 million) would represent 13,000 containers per year
entering the United States with live wood pests. Such a large
number of infested consignments could lead to new pest
establishments given that the probability of establishment increases
with pathway volume [15,62].

It is also important to remember that ISPM15 is not static.
Several changes have been made since the first version of ISPM15
was published in 2002, and more changes will likely follow. For
example, the recent changes in 2009 that dealt with debarking,
fumigation, and size limits on residual bark [19] should further
reduce the occurrence of live pests in WPM. Even more
improvements were made in the 2013 version of ISPM15 [21].
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Future analyses of the AQIM database for the 2009-2013 period
would be useful to document if further reductions in WPM
infestation rates occurred as a result of the changes made to
ISPM15 in 2009.

The relatively low number of published surveys of WPM-
assoclated pests before and after implementation of ISPM15, as
well as the variable methods that were used in each survey,
demonstrates the need to conduct surveys before and after
implementation of major phytosanitary standards that are
comparable to assess policy effectiveness. Without such informa-
tion it i1s exceedingly difficult to verify the extent to which a policy
change results in the desired effects.

Nevertheless, it is commendable that the world community
recognized the phytosanitary risk posed by WPM and subse-
quently approved ISPM15 in 2002, and has continued to improve
it through regular revisions. It was likely very challenging to set
treatment standards for WPM that were acceptable and achiev-
able by most countries, given that tree species, pest species, and the
availability of phytosanitary treatment facilities vary from country
to country worldwide.

Supporting Information

Table S1 Summary data for the 50 insect interceptions
made at US ports on wood packaging material (WPM) in
the AQIM database during the period 2003 to 2009,

References

1. Mack RN, Simberloff D, Lonsdale WM, Evans H, Clout M, et al. (2000) Biotic
invasions: causes, epidemiology, global consequences, and control. Ecol Appl 10:
689-710.

2. Costello C, McAusland C (2003) Protectionism, trade, and measures of damage
from exotic species introductions. Am J Agric Econ 85: 964-975.

3. Olson IJ (2006) The economics of terrestrial invasive species: a review of the
literature. Agric Resour Econ Rev 35: 178-194.

4. Holmes TP, Aukema JE, Von Holle B, Licbhold A, Sills E (2009) Economic

impacts of invasive species in forests: past, present, and future. Ann N'Y Acad

Sci 1162: 18-38.

Gandhi KJK, Herms DA (2010) Direct and indirect effects of alien insect

herbivores on ecological processes and interactions in forests of eastern North

America. Biol Invasions 12: 389-405.

6. Williams F, Eschen R, Harris A, Djeddour D, Pratt C, et al. (2010) The
economic cost of invasive non-native species to Great Britain. CABI. 198 pp.

7. Aukema JE, Leung B, Kovacs K Chivers C, Britton K, et al. (2011) Economic
impacts of non-native forest insects in the continental United States. PLOS ONE
6(9): €24587. doi:10.1371/journal.pone.0024587.

8. Haack RA (2006) Exotic bark and wood-boring Coleoptera in the United States:
recent establishments and interceptions. Can J For Res 36: 269-288.

9. United States Government Accountability Office (2006) Lessons learned from
three recent infestations may aid in managing future efforts. GAO-06-353.
Washington, DC. Available: http://www.gao.gov/new.items/d06353.pdf. Ac-
cessed 2014 April 13.

10. Haack RA, Hérard F, Sun J, Turgeon JJ (2010) Managing invasive populations
of Asian longhorned beetle and citrus longhorned beetle: a worldwide
perspective. Annu Rev Entomol 55: 521-546.

11. Aukema JE, McCullough DG, Von Holle B, Liebhold AM, Britton K, et al.
(2010) Historical accumulation of nonindigenous forest pests in the continental
United States. BioScience 60: 886-897.

12. Liebhold AM, Brockerhoff EG, Garrett LJ, Parke JL, Britton KO (2012) Live
plant imports: the major pathway for forest insect and pathogen invasions of the
US. Front Ecol Environ 10: 135-143.

13. Haack RA (2001) Intercepted Scolytidae (Coleoptera) at U.S. ports of entry:
1985-2000. Integr Pest Manag Rev 6: 253-282.

14. Allen EA, Humble LM (2002) Nonindigenous species introductions: A threat to
Canada’s forests and forest economy. Can J Plant Pathol 24: 103-110.

15. Brockerhoff EG, Bain J, Kimberley M, Knizek M (2006) Interception frequency
of exotic bark and ambrosia beetles (Coleoptera: Scolytinae) and relationship
with establishment in New Zealand and worldwide. Can J For Res 36: 289-298.

16. McCullough DG, Work TT, Cavey JF, Leibhold AM, Marshall D (2006)
Interceptions of nonindigenous plant pests at U.S. ports of entry and border
crossings over a 17 year period. Biol Invasions 8: 611-630.

17. International Plant Protection Convention (2002) International standards for
phytosanitary measures: guidelines for regulating wood packaging material in
international trade, Publ. No. 15. Food and Agriculture Organization of the
United Nations, Rome, Italy.

o

PLOS ONE | www.plosone.org

Effectiveness of ISPM No. 15

including 15 interceptions made pre-ISPM15, 5 inter-
ceptions made during the US phase-in period of ISPM15,
and 30 interceptions made after full implementation of
ISPM15.

(DOC)

Acknowledgments

We thank Ronald Komsa (USDA APHIS) for providing AQIM inspection
data for WPM and guidance in describing the program and interpreting
the data; Lindsay Bulman (NZ) for providing background information on
the early WPM surveys conducted in New Zealand; and Eric Allen
(Canada), Robert Griffin (USA), J Tyrone Jones (USA), Ronald Komsa
(USA), John McDaniel (USA), Shane Olsen (NZ), Mike Ormsby (NZ),
Toby Petrice (USA), Tom Searles (USA), and two anonymous reviewers for
critical comments on an earlier version of this paper. This work was
conducted as part of the “Effects of trade policy on management of non-
native forest pests and pathogens” Working Group that met at the National
Center for Ecological Analysis and Synthesis (NCEAS) on the University of
California- Santa Barbara campus. Members of the original NCEAS
Working Group: KOB EGB JFC 1JG RAH FL AN LJO JT.

Author Contributions

Conceived and designed the experiments: KOB EGB JFC RAH FL AN
LJO. Analyzed the data: EGB JFC RAH MK FL AN LJO KNV. Wrote
the paper: KOB EGB JFC LJG RAH MK FL AN LJO JT KNV.

18. International Plant Protection Convention (2006) International standards for
phytosanitary measures: ISPM No. 15. Guidelines for regulating wood
packaging material in international trade with modifications to Annex I. Food
and Agriculture Organization of the United Nations, Rome, Italy.

19. International Plant Protection Convention (2009) International standards for
phytosanitary measures: revision of ISPM No. 15, regulation of wood packaging
material in international trade. Food and Agriculture Organization of the
United Nations, Rome, Italy.

20. International Plant Protection Convention (2011) International standards for
phytosanitary measures: revision of ISPM 15, regulation of wood packaging
material in international trade (2009). Food and Agriculture Organization of the
United Nations, Rome, Italy.

21. International Plant Protection Convention (2013) International standards for
phytosanitary measures: ISPM 15, regulation of wood packaging material in
international trade (2009) Food and Agriculture Organization of the United
Nations, Rome, Italy.

22. United States Department of Agriculture, Animal and Plant Health Inspection
Service (2013) Wood packing materials. Available: http://nvap.aphis.usda.gov/
import_export/plants/plant_imports/wood_packaging_materials.shtml. Ac-
cessed 2014 April 13.

23. International Plant Protection Convention (2001) International standards for
phytosanitary measures: guidelines for regulating wood packing material used in
the transport of commodities, draft standard. Food and Agriculture Organiza-
tion of the United Nations, Rome, Italy.

24. United States Department of Agriculture, Animal and Plant Health Inspection
Service (2003) Importation of solid wood packing material, final environmental
impact statement. Available: http://www.aphis.usda.gov/plant_health/ea/
downloads/swpmfeis.pdf. Accessed 2014 April 13.

25. Kenis M, Rabitsch W, Auger-Rozenberg MA, Roques A (2007) How can alien
species inventories and interception data help us prevent insect invasions. Bull
Entomol Res 97: 489-502.

26. International Plant Protection Convention (2012) International standards for
phytosanitary measures, ISPM 36, integrated measures for plants for planting
(2012), Food and Agriculture Organization of the United Nations, Rome, Italy.

27. Evans HF (2007) ISPM 15 treatments and residual bark: how much bark matters
in relation to founder populations of bark and wood boring beetles. In: Evans H.,
Oszako T, editors. Alien invasive species and international trade. Sékocin Stary,
Poland: Forest Research Institute. 149-155.

28. Haack RA, Petrice TR (2009) Bark- and wood-borer colonization of logs and
lumber after heat treatment to ISPM 15 specifications: the role of residual bark.
J Econ Entomol 102: 1075-1084.

29. Deacon J (2006) Fungal biology. 4th Ed. Blackwell Publishing, Malden,
Massachusetts.

30. Haack RA, Slansky I (1987) Nutritional ecology of wood-feeding Coleoptera,
Lepidoptera, and Hymenoptera. In: Slansky F, Rodriguez JG, editors.
Nutritional ecology of insects, mites, spiders and related invertebrates. New
York: John Wiley. 449-486.

May 2014 | Volume 9 | Issue 5 | 96611


http://www.gao.gov/new.items/d06353.pdf
http://nvap.aphis.usda.gov/import_export/plants/plant_imports/wood_packaging_materials.shtml
http://nvap.aphis.usda.gov/import_export/plants/plant_imports/wood_packaging_materials.shtml
http://www.aphis.usda.gov/plant_health/ea/downloads/swpmfeis.pdf
http://www.aphis.usda.gov/plant_health/ea/downloads/swpmfeis.pdf

31.

32.

33.

34.

36.

38.

39.

40.

41.

42.

43.

44.

46.

Leal I, Allen E, Humble L, Sela S, Uzunovic A (2010) Phytosanitary risks
associated with the global movement of forest products: A commodity-based
approach. Natural Resources Canada, Canadian Forest Service, Pacific Forestry
Centre, Victoria, British Columbia, Information Report BC-X-419.

Haack RA, Uzunovic A, Hoover K, Cook JA (2011) Seeking alternatives to
probit 9 when developing treatments for wood packaging materials under ISPM
No. 15. EPPO Bulletin 41: 39-45.

Bulman LS (1992) Forestry quarantine risk of cargo imported into New Zealand.
NZ J For Sci 22: 32-38.

Bulman LS (1998) Quarantine risk posed to forestry container loads, and
efficiency of FCL door inspections. NZ J For Sci 28: 335-346.

Salvage R (1999) Timber importation from an AQIS operational perspective. In
National Stakeholder Timber Pest Conference, 20-22 April 1999, Canberra:
Australian Quarantine and Inspection Service, Timber Pest Coordination Unit.
21 pp.

Zahid MI, Grgurinovic CA, Walsh DJ (2008) Quarantine risks associated with
solid wood packaging materials receiving ISPM 15 treatments. Aust For 71:
287-293.

Sanchez-Salinas PF (2007) Evaluacién de la efectividad de la implementacion de
la NIMF 15 para embalajes de madera de importacion en la barrera fitosanitaria
internacional Puerto San Antonio, Region de Valparaiso. MS Thesis, School of
Forest Engineering, University of Talca, Chile.

United States Department of Agriculture, Animal and Plant Health Inspection
Service (2011) Agricultural quarantine inspection monitoring (AQIM) hand-
book. Available: http://www.aphis.usda.gov/import_export/plants/manuals/
ports/downloads/aqim_handbook.pdf. Accessed 2014 April 13.

United States Department of Agriculture, Animal and Plant Health Inspection
Service (2014) PPQ manual for agricultural clearance 03/2014-01. Available:
http://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/
mac.pdf. Accessed 2014 April 13.

National Research Council. Committee on the Scientific Basis for Predicting the
Invasive Potential of Nonindigenous Plants and Plant Pests in the United States.
2002. Predicting invasions of nonindigenous plants and plant pests. National
Academy Press. Washington, D.C. 194 p.

Haack RA, Rabaglia R] (2013) Exotic bark and ambrosia beetles (Coleoptera:
“urculionidae: Scolytinae) in the United States: potential and current invaders.
In: Penia JE, editor. Potential invasive pests of agricultural crop species.
Wallingford, UK: CAB International. 48-74.

Haack RA, Law KR, Mastro VC, Ossenbruggen HS, Raimo BJ (1997) New
York’s battle with the Asian long-horned beetle. J For 95(12): 11-15.

United States Department of Agriculture, Animal and Plant Health Inspection
Service (1998) Solid wood packing material from China. Federal Register
63(181): 50100-50111.

SAS Institute (2008) SAS/STAT 9.2 User’s guide: introduction to analysis of
variance procedures. SAS Institute, Cary, NC.

. Narayanan BG, Walmsley TL (Eds.) (2008) Global trade, assistance, and

production: the GTAP 7 data base. Center for Global Trade Analysis. West
Lafayette, Indiana: Purdue University.

Strutt A, Turner JA, Haack RA, Olson L (2013) Evaluating the impacts of an
international phytosanitary standard for wood packaging material: Global and
United States trade implications. For Policy Econ 27: 54-64.

PLOS ONE | www.plosone.org

15

47.

48.

49.

51.

52.

53.

54.

56.

57.

59.

60.

61.

62.

Effectiveness of ISPM No. 15

United States Census Bureau (2012) Trade in goods with Mexico. Available:
http://www.census.gov/foreign-trade/balance/c2010.html.  Accessed 2014
April 13.

United States Census Bureau (2012) Trade in goods with China. Available:
http://www.census.gov/foreign-trade/balance/c5700.html. Accessed 2014
April 13.

Smith RS, editor (1991) The use of heat treatment in the eradication of the
pinewood nematode and its vectors in softwood lumber. Report of the Task
Force on Pasteurization of Softwood Lumber, Forintek Canada Corporation,
Vancouver, British Columbia, Canada.

. Mushrow L, Morrison A, Sweeney J, Quiring D (2004) Heat as a phytosanitary

treatment for the brown spruce longhorn beetle. For Chron 80: 224-228.
McCullough DG, Poland TM, Cappaert D, Clark EL, Fraser I, et al. (2007)
Effects of chipping, grinding, and heat on survival of emerald ash borer, Agrilus
planipennis (Coleoptera: Buprestidae), in chips. J Econ Entomol 100: 1304-1315.
Nzokou P, Tourtellot S, Kamdem DP (2008) Kiln and microwave heat
treatment of logs infested by the emerald ash borer (Agrilus planipennis Fairmaire)
(Coleoptera: Buprestidae). For Products J 58: 68-72.

Myers SW, Fraser I, Mastro VC (2009) Evaluation of heat treatment schedules
for emerald ash borer (Coleoptera: Buprestidae). ] Econ Entomol 102: 2048
2055.

Goebel PC, Bumgardner MS, Herms DA, Sabula A (2010) Failure to
phytosanitize ash firewood infested with emerald ash borer in a small dry kiln
using ISPM-15 standards. J Econ Entomol 103: 597-602.

. Tubajika KM, Singh R, Shelly JR (2008) Preliminary observations of heat

treatment to control Phytophthora ramorum in infected wood species: an extended
abstract. Proceedings of the sudden oak death third science symposium. General
Technical Report PSW-GTR-214. Albany, CA: U.S. Department of Agricul-
ture, Forest Service, Pacific Southwest Research Station. 477-480.

Ramsfield TD, Ball RD, Gardner JF, Dick MA (2010) Temperature and time
combinations required to cause mortality of a range of fungi colonizing wood.
Can J Plant Pathol 32: 368-375.

Sobek S, Rajamohan A, Dillon D, Cumming RC, Sinclair BJ (2011) High
temperature tolerance and thermal plasticity in emerald ash borer Agrilus
planipennis. Agric For Entomol 13: 333-340.

. Cross DJ (1991) Penetration of methyl bromide into Pinus radiata wood and its

significance for export quarantine. NZ J For Sci 21: 235-245.

Viljoen J, Banks J (2002) Stock-take of timber treatments and their efficacy.
Technical working group report, risk analysis for the importation of sawn
coniferous timber from New Zealand, Canada and USA. CSIRO Division of
Entomology.

United States Department of Agriculture, Animal and Plant Health Inspection
Service (2004) 7 CFR Part 319. Importation of wood packaging material.
Federal Register, 14 September 2004, 69(179): 55719-55733.

United States Department of Homeland Security, Customs and Border
Protection (2014) CBP fiscal year 2013 in review, 17 January 2014. Available:
http://www.cbp.gov/newsroom/national-media-release/2014-01-17-000000/
cbp-fiscal-year-2013-review. Accessed 2014 April 13.

Brockerhoff EG, Kimberley M, Liebhold AM, Haack RA, Cavey JF (2014)
Predicting how altering propagule pressure changes establishment rates of
biological invaders across species pools. Ecology 95: 594-601.

May 2014 | Volume 9 | Issue 5 | 96611


http://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/aqim_handbook.pdf
http://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/aqim_handbook.pdf
http://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/mac.pdf
http://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/mac.pdf
http://www.census.gov/foreign-trade/balance/c2010.html
http://www.census.gov/foreign-trade/balance/c5700.html
http://www.cbp.gov/newsroom/national-media-release/2014-01-17-000000/cbp-fiscal-year-2013-review
http://www.cbp.gov/newsroom/national-media-release/2014-01-17-000000/cbp-fiscal-year-2013-review



