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Biological invasions: an intriguing paradox
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biodiversity and public health human well-being socromeconomic
ecosystems activities

[nvasive alien species have huge and multidimensional impacts worldwide...

..yet, biological invasions are little known as a major problem
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Difficulties

Understanding _—
23

e Poorly understood concepts

e Lack of scenarios
o Blurry definitions

e Blurry concepts

» Evolving concepts

Cield-speciﬂc fra mework)

o Difficult measure &

‘ demonstration of impacts

system evolution
e Lack of general rules
o Local scale interests

« Lack of knowledge on
many systems

o Multifaceted threat

Alerting w

Supporting

e Confusion between
invasive & introduced

e Sympathy for many IAS
e Reluctance tokill

e Invasion biologists
seen as biased

e Recommendations seen
as constraints to liberty

e Actions indirectly positive

e Most cases are
local problems

e Lack of iconic Victim)

e Blurry legal frameworks

¢ Heterogeneous legal
frameworks

o No definitive success

e Twisted
Tragedy of the Commons

"
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‘Monetizing the impacts’ as a lever

One way to quantify impacts, but also to touch non-
scientists (including decision makers) is to use a metrics
that they are familiar with: currency




‘Monetizing the impacts’ as a lever

Currency: a common and
understandable metrics
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Economic costs
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Damage Management
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Bradshaw et al. 2016 Nature Comm
Courchamp et al. 2017 TREE
Diagne et al. 2020 NeoBiota



‘Monetizing the impacts’ as a lever

Currency: a common and
understandable metrics
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Economic costs: a needed global overview

Ever-increasing studies show huge costs...
...but are restricted to particular taxa, areas or sectors

RE | VOL 563 | 8 NOVEMBER 2018
ights reserved

South Africa’s invasive species guzzle
water and cost US$450 million a year

The country’s first report on its biological invaders is pioneering in scope, and paints a dire
picture for resources and biodiversity.

Received 13 Feb 2016 | Accepted 18 Aug 2016 | Published 4 Oct 2016 DOI: 10.1038/ncomms12986 OPEN

~ US$ 450 million per year Massive yet grossly underestimated global costs
of invasive insects

Corey J.A. Bradshaw'?2, Boris Leroy1'3, Céline Bellard'#, David Roiz>*, Céline Albert"*, Alice Fournier,
Morgane Barbet-Massin!, Jean-Michel Salles®, Frédéric Simard® & Franck Courchamp'7:8

~ USs$ 76.9 billion per year

A peer-reviewed open-access journal

NeoBiota 31: 1-18 (2016)

doi: 10.3897/neobiota.31.6960 @ NeoBiota

The economic cost of managing invasive species
in Australia

Benjamin D. Hoffmann', Linda M. Broadhurst?

~ AU$ between $2.31 and $3.77 billion per year



Economic costs: a needed global overview

Damages by the zebra and Yield losses in agriculture and health costs
guagga mussels in Canadian due to Ambrosia in Western Europe from
lakes from 1991 to 1997 2012 to 2017

Potential cost of the
Brown Tree Snake if it

100,000 yearly North America = \ _ﬂ were to invade this area
hospitalisations due to % /, vy

the Red Imported Fire Ant .,e.,f‘,

in the USA ———y

South & Central
America

Management costs of invasive
mammals in Australian islands
in 1950

Control program of the
invasive tiger mosquitoe

in South America from :
1990 to 2030 Waterways blocked by the

floating primrose-willow in 14
African countries since 1995



Economic costs: a needed global overview
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No common trends/patterns
No consistent approach

\NO general reommendationsj

 different temporal and spatial scales,
» different areas, sectors or taxa,

« different types of costs (damage vs management),
( different methodologies, currencies,... p




Economic costs: a needed global overview
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harmonize available information guide actions & coordinate
& identify knowledge gaps responses at relevant scales



Economic costs: a needed global overview

» MANAGEMENT
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harmonize available information guide actions & coordinate
& identify knowledge gaps responses at relevant scales
e Compile
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patapescrirTor  the economic costs of biological
-invasions worldwide

C.Diagne(»'¥, B. Leroy(?, R. E. Gozlan®, A.-C. Vaissiére?, C. Assailly#, L. Nuninger’®,
: D.Roiz(3* F.Jourdain*%, I. Jari¢(»%’ & F. Courchamp*™
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The InvaCost database

figshare

dit for all your research

publicly accessible

OBJECTIVE v

RESOURCES

OUTCOMES CONSORTIUM v BLOG DONATE

This is the home page of the InvaCost project site.

This project is based on the global estimate of the economic cost of
biological invasions.

You will find all the resources to understand the project, the database,
to help the community complete it, and finally to know the results of
the compilations of the database.

Click to go to the page of:

e the of the project;
* its different
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Collaborative
(120+ colleagues from
more than 40 countries)
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13,553 cost entries (US$ 2017)

900+ taxa

~180 countries
~2200 sources

‘living’
(4 updates since the

original version)


https://invacost.fr/

The InvaCost database

65 descriptive fields

Reference
title, authors,
publication year, etc.

Column_name Definition

Cost_ID Unique identifier for the cost entry

Repository Literature engine (Web of Science (WoS), Google Scholar (GS), Google search engine (Go)) or original source (Targeted collection (TC)) fro
Reference_ID Identifier for the reference where the cost entry is reported. As much as possible, this is the original source where the cost was first provid
Reference_title Title of the reference where the cost entry is reported

Authors Authors of the reference where the cost entry is reported

Abstract If existing/accessible, the abstract of the reference where the cost entry is reported

Publication_year | Year of publication of the reference where the cost entry is reported

Language Main language used in the original reference reporting the cost entry

Type_of material | Type of reference analyzed (i.e. scientific peer-reviewed article or grey literature); for grey literature, the exact nature of the reference w.
Previous_materials | If any, the list of successive materials checked before reaching the original reference providing the cost entry

Availability The accessibility of the original reference as a searchable document (yes/no)




The InvaCost database

65 descriptive fields

.Reference Taxonomy (GBIF*)
t1.tle,.auth0rs, from kingdom to species, |  *Giobal Biodiversity Information Facility
publication year, etc. vernacular name, etc. [www.gbiforg]

Kingdom Taxonomic kingdom of the invasive species associated with the cost entry
Phylum Taxonomic phylum of the invasive species associated with the cost entry
Class Taxonomic class of the invasive species associated with the cost entry
Order Taxonomic order of the invasive species associated with the cost entry
Family Taxonomic family of the invasive species associated with the cost entry
Genus Taxonomic genus of the invasive species associated with the cost entry
Species Taxonomic species of the invasive species associated with the cost entry

Sub-species Taxonomic sub-species of the invasive species associated with the cost entry

Common name  Non-scientific SGr uernacularl namels! Eruvided in the nriﬁinal refereni.:e| or bzt



The InvaCost database

65 descriptive fields

Reference
title, authors,

publication year, etc.

Taxonomy (GBIF)

from kingdom to species,
vernacular name, etc.

\[ ,

Study
spatial scale, time

range, location, etc.

Environment

Environment_IAS

Habitat

Habitat_verbatim

Isfand

ProtectedArea

Geographic_region
Official_country
State|Province|Administrative_area
Location

Spatial_scale
Period_of_estimation

Time_range
Probable_starting_year_&_Probable_ending_year

Type of environment (aquatic, terrestrial, semi-aquatic, diverse/unspecified) where the cost estimate occurred |

Type of environment where the invasive species lives, independently of where the cost occurred: aquatic (species with a close association \
The type of habitat where the cost occurred (1.Forests: closed vegetation dominated by deciduous or evergreen trees; 2.0pen forests: wor
Copy from the original reference of the sentence/paragraph indicating the habitat typology of the studied area

Assessment of the geographical area where the cost occurred as an island (Y) or not (N); NA is used when the information is not clearly pre
Assessment of the geographical area where the cost occurred as a protected area (Y) or not (N); NA is used if the area comprises both prof
Geographical region(s) where the cost occurred (Africa, Antarctic-Subantarctic, Asia, Central America, Europe, North America, Oceania,
Country where the cost occurred; sometimes, this is not congruent with the geographic region as some territories (e.g., overseas areas) ari
The second level of geographic division (state, province or territory) for the official country where the cost occurred

When provided, the precise location (e.g., city, area) where the cost estimate occurred

Order of magnitude of the extent, size of the land/water area where the costs incurred. Options include: global (worldwide-scale), intercoi
If provided, the exact period of time covered by the cost, otherwise the raw formulation provided in the reference analyzed (e.g. late 90s, (
Two options: period if the cost is given for a period exceeding a year; or year if the cost is given yearly or for a period up to one year

Year range in which the cost is known or assumed to have occurred. When not explicitly provided by the authors, we mentioned unspecific

Probable_starting_year_adjusted_&_Probable_ending_year_adjusted Probable starting year and Probable ending year columns where the cells with unspecified information are replaced, as much as possible

Qccurrence

Status of the cost estimate as potentially ongoing (if the cost can be expected to continue over time) or one-time (if the cost was deemed |




The InvaCost database

Reference
title, authors,

publication year, etc.

65 descriptive fields

Taxonomy (GBIF)

from kingdom to species,

vernacular name, etc.

spatial scale, time
range, location, etc.

Cost estimates
type, sectors, method

assessment, amount, etc.

Implementation

Acquisition_method

Impacted_sector

Type_of cost

Type_of cost_merged
Management_fype

Method_reliabiity
Method_reliabiity_refined
Method_reliabiity_refined_Explanation
Method_reliabiity_refined_Expert_ Name
Benefit_values

Details

This states — at the time of the estimation — whether the reported cost was actually observed (i.e., cost actually incurred) or potential (i
Method used to obtain the cost estimate: report/estimation directly obtained or derived (using inference methods) from field-based info
Sector impacted by the cost estimate in our socio-ecosystems: Agriculture (considered at its broadest sense, food and other useful produ
Damage and losses incurred by an invasion (e.g. damage-loss, damage repair, medical care, crop losses) or means dedicated to understa
Categories of the Type of cost column reassigned into damage (economic losses due to direct and/or indirect impacts of invaders, such as
Pre-invasion management (monetary investments for preventing successful invasions in an area - including quarantine or border inspecti
Assessment of the methodological approach used for cost estimation as of (i) high reliability if either provided by officially pre-assessed m
Assessment of the methodological approach used for cost estimation as of high or low reliability based on the evaluation of the estimatio
Detailed explanation why a particular methodological approach used for cost estimation was deemed as of high or low reliability based on
Complete name and contact details of the expert had deemed the reliability of the cost entry

Mention (if any) of the benefit value in the analyzed material (yes/no); the figure was not recorded or described as being out of the scope
When necessary, narrative elements deemed important either to understand the cost estimate or to support choices made for completin




The InvaCost workshops

A peer-reviewed open-access journal

NeoBiota 63:25-37 (2020) " .
it i SHORT COMMUNICATION 2 B
doi: 10.3897/neobiota.63.55260 %2 NeoBiota
https://neobiota.pensoft.net Advancing research o alien species and biological invasions

What are the economic costs of biological invasions?
A complex topic requiring international and
interdisciplinary expertise

Christophe Diagne', Jane A. Catford*, Franz Essl*",
Martin A. Nunez*, Franck Courchamp'

analysts (n=3) managers (n =2)

November 7-11, 2022 Marrakesh (Morroco)

November 12-15, 2019 near Paris (France)
44 attendees from 29 countries

47 attendees from 23 countries

LES COUTS ECONOMIQUES DES
INVASIONS BIOLOGIQUES EN FRANCE

[ Fruitful - and ongoing - collaborations]

- 48 published manuscripts / 8 in revision L e

. . . | AND'ECOSYSTEM
- > 20 international seminars/conferences < \SERVICES
- Reports for different (non-scientist) audiences \ obes

\




Global economic costs of biological invasions

Article

High and rising economic costs of biological
invasions worldwide

https://doi.org/10.1038/541586-021-03405-6  Christophe Diagne'=, Boris Leroy?, Anne-Charlotte Vaissiére', Rodolphe E. Gozlan®,
" il : <56 Mi 7 8 163
Received: 8 April 2020 David Roiz*, Ivan Jari¢®®, Jean-Michel Salles’, Corey J. A. Bradshaw® & Franck Courchamp

Accepted: 28 February 2021
Published online: 31 March 2021 Bfologlcal mv‘asmns are resp?orlslble for substantial blqdlver5|ty dgclmes qs wellas
high economiclosses tosociety and monetary expenditures associated with the
management of these invasions'. The InvaCost database has enabled the generation

M Check for updates

 based on InvaCost V1.0 (original database: 2,419 cost entries)
 using the invacost R package

 only the most robust subset (~55%) considered: ‘observed’ and
‘highly reliable’ cost data

Diagne et al. 2021 Nature



Insight 1: costs are massive

A minimum of ~US$ 1,288 billion between
1970 and 2017

In 2017, costs are estimated to reach US$ 162.7 billion, more than...

r“.’ "
N ’ 7
\. é""‘

& World Health
"'f' \ Organization _UNITED NATIONS /

.. the gross domestic product ... 20 times higher than the total
of 50 out of 54 African countries funds available in 20162017



Insight 2: costs are increasing

* Consistent three-fold increase each decade
* Higher increase for damage costs compared with management expenditures

Category of cost

100,000
+= Damage

-~ Management

Calibration

* Included
10,0001

4 Excluded

1,000 —

Annual cost in US$ millions

° o0
1001~ .

1970 1980 1990 2000 2010
Year



Insight 2: costs are increasing

100,000 1

Annual cost in US$ millions

1001~

10,000

1,000 —

* (Consistent three-fold increase each decade

* Higher increase for damage costs compared with management expenditures

Category of cost

Damage

+= Management

Seebens et al. 2017, Nature Communications

All species (n=16,926)

a
600
Calibration §_ 500
D g 400
* Included g > 300
e
- & 200
4 Excluded z 100

Y
e v

¥4

L L '

e oty LA

0 .
1500

1550 1900 1950 2000

1970

1990 2000 2010

Year

1980

- Invasions increase (no sign of saturation)
- ‘Anthropisation’ increases (more introductions)
- Climate change increases (more establishments)

—> Cost reporting, awareness and knowledge increase



Insight 3: costs are unevenly distributed

World
($2,146.6 bn)

Africa
($22.9 M)
Asia
($285.6 M)

Central America
($5.8 M)

Europe
($73.9 M)

North America
($1,092.5 M)

Oceania
($148.8 M)

South America
($187.8 M)

Diverse / Unspecified
($329.2 M)

(based on InvaCost v4.0)
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World
($2,146.6 bn)

Africa
($22.9 M)
Asia
($285.6 M)

Central America
($5.8 M)

Europe
($73.9 M)

North America
($1,092.5 M)

Oceania
($148.8 M)

South America
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Diverse / Unspecified -

($329.2 M)

Type of cost
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Type of cost
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B Management costs
B Mixed costs (based on InvaCost v4.0)



Insight 3: costs are unevenly distributed

Type of cost
Y%cost

World
($2,146.6 bn)

Africa
($22.9 M)
Asia
($285.6 M)

Central America
($5.8 M)

Europe
($73.9 M)

North America
($1,092.5 M)

Oceania
($148.8 M)

Management is very costly, but
still worth, as losses are even
more important

South America
($187.8 M)

Diverse / Unspecified -
($329.2 M)

0% 25% 50% 75% 100%

Type of cost

| Damage-loss costs
B Management costs
B Mixed costs (based on InvaCost v4.0)



Insight 3: costs are unevenly distributed

Brazil
Canada
China

Top 10 countries with highest cumulative cost

58334526

5B,824.90

58.821.60

&7,040.08
56.902.13

& 516306252
% H127.420.38
f—a
-8 534,490.36
8 53052278
" Mew Zealand -
:j. « Colombia -

Soulh Africa -

) Argenting -

# 3894571 62

100K 200k 300K 400k 500K 600K 700k 800k
Cumulative cost in 2017 USS (millions)

(based on InvaCost v4.0)



Insight 3: costs are unevenly distributed

Top 10 countries with highest cumulative cost

. LISA - ® 3894571.62
' Ausiralia « & 5163062 52
) India -———& 12742038
Brazil «}—a 58334526
Canada -8 53449036
China -l 53092278
" Mew Zealand - &B,824.90
% » Colombia @ 58,821 60
Soulh Alfica - 57,040,068 Cumulative cost in 2017 USS (millions)

4:' Argenting - 5650213
. ! ! . > 100k 200k 300k 400k 500k S00% 700K 800k
100k 200k 300k 400k 500K 600K 700k 800k >

Cumulative cost in 2017 USS [millions) NSECH |8 Su71Ta7 W
Mammalia . ® 325884579 —\_f
Magnoliopsda -|-@ 54037041 ﬁ
Fungi - 5842762
Liliopsida -8 &7 628.53 3
AVES . STA0918 !
Bivalvia -J» 2805051 £
Arachnida -J» §3,940.95 =%
s

Dicatyledonae - $3,468.73 ¢
Gastropoda s $3388.00 B

Top 10 most costly taxon

(based on InvaCost v4.0)



Insight 3: costs are unevenly distributed

Top 10 countries with highest cumulative cost

'. LISA - # 3894571 62
Ausiralia « & 516306252
- India -|——&  $127.420.38
Brazil «(—@ 58334526
Canada -|-@ §34,490.36 bias/gaps in research effort?
China @ 53092278
" Mew Zealand - &B,824.90
4« Colombia @ 5882160
Soulh Alfica - 57,040,068 Cumulative cost in 2017 USS (millions)

4:' Argenting - 5650213
) ! . > 100k 200k 300k 400k 500k S00% 700K 800k
100k 200k 300k 400k 500K 600K 700k 800k >

Cumulative cost in 2017 US$ (millions) Insecta - 8 SM7T117.37 W
Mammalia . @ 525884570 —\_f
Magnoliopsida -8 $40,370.41 TR
Fungi -@ sa 427 62
Liliopsxda -8 57 628.53 3
AVES . STA0918 ’
Bivalvia -J» 2805051 £
Arachnida -J» 5394895 =6
N

Dicatyledonae -@ $3,468.73
Gastropoda s $3388.00 B

actual cost distribution?

Top 10 most costly taxon

(based on InvaCost v4.0)



Insight 4: costs are highly underestimated

These costs are only the tip
of the iceberg




Insight 4: costs are highly underestimated

Not all impacts are known/monetized

S




Insight 4: costs are highly underestimated

Not all impacts are known/monetized
hardly accessible cost information

(e.g. grey materials, unpublished documents)

NPO” trlals s.t mdards
report sources

research lerary atal
 proceedings conference

grey pe ltcut
cfrey blogs’
einterviews

“t-clinical guidelines e’

: theS S newslette

e patents
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Insight 4: costs are highly underestimated

Not all impacts are known/monetized

hardly accessible cost information
(e.g. grey materials, unpublished documents)

geographic and taxonomic biases
(knowledge gaps)




Insight 4: costs are highly underestimated

Not all impacts are known/monetized

hardly accessible cost information
(e.g. grey materials, unpublished documents)

geographic and taxonomic biases
(knowledge gaps)
methodological and ethical limitations
(e.g. value of extinct species?)




Insight 4: costs are highly underestimated

Not all impacts are known/monetized

hardly accessible cost information
(e.g. grey materials, unpublished documents)

geographic and taxonomic biases
(knowledge gaps)
methodological and ethical limitations
(e.g. value of extinct species?)

lack of distinction between
invasive and native species

Don’t judge species
on their origins




Insight 4: costs are highly underestimated

Not all impacts are known/monetized

hardly accessible cost information
(e.g. grey materials, unpublished documents)

geographic and taxonomic biases
(knowledge gaps)
methodological and ethical limitations
(e.g. value of extinct species?)

lack of distinction between

invasive and native species
often non-monetized losses

(e.g. salaries, ecosystem services)




Research and management implications

(Management

@ Intensify research efforts towards under-reported regions and taxa

=>» incentivizing prevention and control efforts at multiple scales

@ Increase science-society interactions to improve cost reporting

=>» fostering partnerships for coordinated, adapted and sustainable management

@ Evaluate cost-efficiency of past and current management strategies

=» promoting biosecurity measures and refining local control strategies



Key Home messages

§{‘-‘ Costs are tremendous, increasing, uneven... and largely underestimated

§ Springboard for more standardized, concerted and cross-sectoral efforts

f iy : i :
&Z Costs as an (additional) alert item towards the broader impacts of invaders



Key Home messages

§{‘-‘ Costs are tremendous, increasing, uneven... and largely underestimated

§ Springboard for more standardized, concerted and cross-sectoral efforts

f iy : i :
&Z Costs as an (additional) alert item towards the broader impacts of invaders

It’s not all about money...

...(non-monetizable) biodiversity and
sanitary issues are the greatest concerns
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