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Abstract

Forest pest invasions threaten biodiversity, folkways, and ecosystems. However, an assessment
of their costs, which is possible globally using the InvaCost database, is needed to grab the
attention of policymakers and decision-makers. Overall costs, damage costs, and management
costs for invasive fungi, arthropods, and nematodes were extracted from the InvaCost database,
standardized, estimated, and modeled over time. Only costs estimated prior to 2010 were
considered due to a lag in reporting, but they could be used to estimate current costs. The overall
lack of data in the InvaCost database for forest pest invasions indicated underestimation and
under-sampling of their costs. Nonetheless, some key differences in trends were apparent,
including in annual costs in 2025 and rate of increase between Europe (US $347M + 1% per
year) and North America (1.8B + 2% per year), which were much smaller and increasing more
slowly than the rest of the world (i.e., Asia and Global South; 506M + 13% per year). There was
another key mismatch in the ratio of cumulative costs of damage vs. management from 1980-
2010 in Asia and the Global South (10B vs. 29M), and to a less extent, North America (18 vs.
2.6B) compared to Europe, where investment in management was comparable to costs of

damage (12 vs. 12B). Annual global costs are estimated to increase to US $50B by 2050, but
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with a wide range of uncertainty. The uncertainty of current and future costs of invasive forest
pathogens highlights the uncertainty-visibility tradeoff between proactive and reactive
approaches to forest pest invasions and provides rationale for increased investment in and

integration of research, monitoring, and management.

Keywords: exotic, introduced, fungus, native, natural, pathogen, policy, socioeconomic

Introduction

Biological invasions are among the principal drivers of biodiversity loss worldwide, and they are
both environmentally and economically costly. In particular, invasive forest pests (pathogens and
insect herbivores that attack trees) reduce productivity and ecosystem services, and in rare cases,
have caused functional extinction of entire species across their native range (Ellison et al. 2005;
Ward et al. 2021). Although the negative impacts of invasive forest pests range from loss of
cultural heritage (Roy et al. 2024), to watershed health, carbon sequestration, and wildlife
habitat, it is unfortunately necessary to quantify their impacts in terms of economic costs in order
to influence policy and public decision-making (Williams et al. 2023).

Despite recent attempts to standardize and quantify impacts of invasive species
worldwide (Diagne et al. 2020; Roy et al. 2023), there have been only a few general studies
(continent or global scale) of the economic costs of invasive forest pests (e.g., Aukema et al.
2011). Fortunately, InvaCost, a recent database (Diagne et al. 2020) and an accompanying
package in the R programming language (Leroy et al. 2022) provide a standardized framework to
quantify costs of invasive forest pests worldwide, as well as the opportunity to evaluate how

comprehensive the database’s treatment (and therefore, available literature) may be for invasive
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forest pests. Ultimately, the availability of long-term data on economic costs could provide a
basis to project expected costs into the future, and could facilitate long term financial planning

by governments based on previous and current trends.

A standardized dataset also provides the opportunity to compare costs among world
regions. There may be an imbalance in documentation of forest pest invasions and their impacts
between wealthy and less wealthy, English-speaking and non-English speaking, and/or temperate
and tropical countries (Chong et al. 2021; Gougherty and Davies 2022). This imbalance may be
due in part to citation bias towards English within English-language scientific literature, and this
imbalance extends to quantifying costs of biological invasions (Angulo et al. 2021). In any case,
invasion biology, the study of human-aided movements and introductions of organisms to new
habitats, is a field where international collaboration is critical. By comparing costs across world

regions, it may be possible to highlight areas where such collaboration is needed.

The goals of this study were to use the InvaCost database and R package to b) evaluate
the completeness of the data for forest pests, b) quantify costs of forest pest invasions over time,

and c) estimate current and project future costs based on previous trends.

Methods

The InvaCost database was last updated in 2022 (version 4.1). | filtered organisms that belong to
major pest groups (fungi, oomycetes, arthropods, and nematodes) and forest and horticultural
habitats (forests, woodlands, scrub, and nonagricultural human-modified landscapes), filtered out
non-pest species, and divided the data by region (North America, Europe, and the rest of the
world i.e., Asia & Global South), as well as by cost type (all, damage, and management). Next,

annual costs were estimated and summarized using the expandYearlyCosts and summarizeCosts
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functions. To control quality, prior to estimating yearly costs, | used the adjusted probable start
and end date and cleaned the data by removing records with dubious probable start and end
dates. Due to the fact that cost assessment reports tend to accumulate slowly over time, costs
decreased after 2010 in the database, so we only considered the time span 1980-2010. To assess
the comprehensiveness of the database for invasive forest pathogens, | calculated number of
unique sources (papers, reports, communications) and tabulated the major forest pest species
represented in the database for each region and cost type. To explore long-term trends, |
conducted linear and quadratic ordinary least square (OLS) regressions with modelCosts2

because of the simplicity of OLS and for sake of brevity of presentation.

Results and Discussion

There was a paucity of information in the database to provide reliable projections of future costs
of forest pest invasions in Europe and North America relative to the rest of the world (Table 1).
Across regions, references referred to 39 unique species and were dominated by 8 organisms:
one nematode, one fungal, one chromist, and five insect species (Table 1). The sparsity of the
dataset is reflected in a wide range of projections and cost growth rate error (Fig. 1, Table 2),
including some that decreased in quadratic regressions due to the time lag when approaching
2010 (i.e., Figs. 1B, F). The lag in accounting after 2010 resulted in major recent pest invasions
going unaccounted for, such as beech leaf disease caused by the nematode Litylenchus crenatae
mccannii, spotted lantern fly Lycorma delicatula, vascular streak dieback, Fusarium dieback and
its shothole borer vectors Euwallacea spp., laurel wilt caused by Harringtonia lauricola and its
ambrosia beetle vectors, etc. Estimates were sparse prior to 1980, particularly for damage, but

also for management in North America (Table 3).
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Conceding obvious data limitations, there was nevertheless a notable discrepancy
between damage and management outside of Europe and North America (26 vs. <1 % of global
costs), while Europe invested six times more in management than North America in relation to
damage costs (Table 2)—partly due to the fact that damages weren’t quantified in Europe prior
to 2000 (Table 3). Nevertheless, these differences derive from the difficulty of coordinating pest
management in North America and China across large continental land areas and ranging levels
and provenances of governments and institutions. In Europe, small nations can mobilize
substantial resources relative to their size on local scales while benefitting from collaborative
governance entities (e.g., EPPO). Clearly, pooling resources, knowledge, and expertise on a
global scale is needed to reduce costs through investment in management, monitoring, and

prevention.

Costs of invasions are also increasing fastest outside Europe and North America (Table 2,
Fig. 1). Given a lack of saturation in pest invasions (Seebens et al. 2017) and increased travel and
interest in biosecurity, continued exponential increases in costs of forest pest invasions is
expected. Future costs, which depend in part on management and policy decisions, could be
limited by adoption of proactive policy or nearshoring of global trade in the future, but may
continue to increase outside Europe and North America as economies emerge and become more
integrated in global supply chains and/or as trade networks “re-shore” across the world.

It is likely that the estimates reflected in the database fall far short of accounting for costs
of invasive forest pests. Based on World Bank figures (data.worldbank.org), invasive forest
pests, which cost US $ 4.3 billion annually in the decade 2000-2010 (Table 3), accounting for
0.004% of global GDP (~US$100T). This global figure accounts for only ~1% of the annual

estimate for the cost of all types of invasive organisms (Roy et al. 2023), or 0.4% of GDP. Given
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that invasions of plants, animals, non-herbivore arthropods like wasps, and crop pests are better
quantified and recognized by policymakers compared to pests that impact natural systems, this
discrepancy is unsurprising and likely due to the predominantly market-focused paradigm of risk

assessment (Williams et al. 2023).

The lack of data on costs of forest invasive pest also reflects a fundamental tradeoff
between proactive and reactive approaches to mitigate the impacts of forest pest invasions
(Williams et al. 2023): landscape-scale management of spreading invasive pests is costly to
intractable; but uncertainty regarding incipient and future invasions consistently precludes
effective prevention. For example, scientists are still learning the basic biology of L. crenatae
mccannii, the foliar-feeding nematode, an understudied life history in forest pathology that
causes Beech leaf disease and kills young and mature Fagus grandifolia, which has spread
rapidly in twelve years since its discovery (Ewing et al. 2019; Carta et al. 2020; Marra and
LaMondia 2020; Kantor et al. 2022; Vieira et al. 2023). In addition to costs and biology,
uncertainty of eventual ecological and social impacts persists for many pests many years after
their establishment. The shortcomings of our understanding of something as basic as economic
cost of forest pest invasions underscores a need for integrative approaches that span value

systems, management modes, and prevention and management.
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Table 1. Summary of publications relevant to forest pests in InvaCost database 1980-2010

Number of pubs Main Organisms in Records
Global Al % of
Region i 0
g Costs Damage Management Organism(s) records
Europe 12 6 11 H. fraxineus (ash dieback) 7%
Monochamus spp. (longhorn beetles) 12%
Total 89%
North 8 5 5 Adelges spp. (balsam/hemlock wooly 18%
America adelgids)
L. dispar (spongy moth) 18%
P. ramorum (sudden oak death) 14%
Total 50%
Asia & 25 11 14 B. xylophilus (pine-wilt nematode) 20%
Global Sirex noctilio (woodwasp) 50%
South
Total 70%
Worldwide 45 22 30 All above, percent of all records 64%
Table 2. Estimated costs (2023 $US)
Damage Management All Costs
Global Region 0 0 ) Annual costs**
g Total* /o Total /0 Total /o
global global global  Ajy (£1.96SE) 2025 2050
Europe 12B 30% 12B 82% 24B 36% 1(-51,200)%  347M 480M
North America 18B 44%  2.6B 18% 33B 49% 2 (-51, 206)% 1.8B 3.2B
Asia & Global South 10B 26%  29M <1% 20B 15% 13 (-57,245)% 506M 11B
Worldwide 40B 15B 68B 7 (-54, 212)% 85B  50B

+ cumulative 1980-2010
1 based on linear ordinary least squares regression
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Table 3. Annual average costs of invasive forest pests from InvaCost database by decade (2023 $US 1 Millions)

Global Region Worldwide North America Europe Global South and Asia
Type of Cost All Damage Mgmnt. All Damage Mgmnt. All Damage Mgmnt. All Damage Mgmnt.
Period
1960-69 181.5 - 181.5 - - - 181.1 - 181.1 0.4 - 0.4
1970-79 1815 - 1815 - - - 181.1 - 181.1 0.4 - 0.4
1980-89 3745 117.6 181.5 173.2 97.8 - 181.1 - 181.1 20.2 19.8 0.4
1990-99 1,265.5 672.2 2135 853.6 451.6 31.9 181.1 - 181.1 230.8 220.6 0.5
2000-10 4,346.6 2,943.9 634.2 12,0814 11159 2052 1,5388 1,110.8 427.9 726.4 717.2 1.0
Cumulative 67,845.0 40,281.4 14,5575 33,1644 17,768.7 2576.2 24,1715 12,2189 11,952.6 10,509.2 10,293.8 28.8
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Figure 1. Ordinary least squares linear (blue lines) and quadratic (orange lines) projections of
costs ($US 1 Million, 2023 equivalent) of invasive forest pests (nematodes, fungi, and athropods

in forest systems) from the InvaCost database based on data from 1980-2010. Observed data,

binned and annualized across decades, are depicted as points on the plots.
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