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FPS HarmVect project

Objective:

Map international trade routes and animal and plant traffic to Belgium as to
identify pathways by which exotic detrimental insects can be introduced to
Belgium.

Determine the risks of introducing harmful insects to Belgium via the
international entry ports (airport, seaport, etc.) and in function of the trade
routes and commodities.

Approach:

Develop a tool simulating the introduction of an arthropod into Belgium via
all its potential introduction pathways
-> calculate risk indices and generate pathway risk maps.

Guide the user in identifying all potential pathways related to the arrival of
the assessed arthropod; further subdivide these pathways into the smallest
possible individual pathway-segments

-> specify which detailed data has to be gathered and fed into the tool.

“Propagule pressure” is used as parameter to quantify the risk. 2



o
>
—

FPS HarmVect project

The tool is written in the open source R programming language and run in the
Rstudio application Shiny, the latter is used to build a user-friendly interface.

No rocket-science simulations, but a simple, user-friendly tool collecting all
necessary information and combining all successive introduction stages.

The tool has been developed using 10 model invasive organisms,
plant threatening arthropods:

e Tuta absoluta e Bemisia tabaci

* Drosophila suzukii * Bactrocera invadens
e Thrips palmi

human and animal threatening arthropods :

* Aedes albopictus * Rhipicephalus (Boophilus)
* Culicoides imicola microplus
*  Anopheles gambiae  Dermacentor reticulatus



HarmVect - General

Files | Plots = Packages Hdp_‘Viewet-[

@ al e

HARMVECT

C:/Users/nberkvens/Desktop/HarmVect_shiny

Countries of origin

Name of sub-directory to save files

- : Set sub-directory
Matrix Tuta {

N . C:/Users/nberkvens/Desktop/HarmVect_shiny/Tuta
s i Actual working directory P =hiny.
arthropod

Invasive species

Name invasive species
Import Set species name

Tuta absoluta

Natural spread
p Species name Tuta absoluta

Create and edit files

Compute propagule
pressure

User submits general information
Paintotentry used to automatically create, save

and load tailored files throughout
the tool

Risk Map
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HarmVect — Countries of origin

Files Plots Packages Help Viewer

f@@.

HARMVECT

General

Countries of origin

Matrix

Traits of invasive
arthropod

Import

Natural spread

Create and editfiles

Compute propagule
pressure

Point-of-entry

Risk Map

Report

Europe

America 1

[ Antigua and Barbuda

Argentina
[ Aruba

[] Bahamas
[] Barbados
[ Belize

[ Bolivia
[ Brazil

[ Canada
Chile
Colombia
Costa Rica

CLEARALL

America

Africa

Asia Oceania

America 2

[ Cuba

[ Dominica
[] Dominican Republic
[ Ecuador
[ El Salvador
[J Grenada
[] Guatemala
[] Guyana

[ Haiti

[] Honduras
[ Jamaica

[ Mexico

America 3

[ Nicaragua

Panama

Paraguay

M Peru

[ Saint Kitts and Nevis
[ Saint Lucia

[ Saint Vincent and the
Grenadines

[] Suriname

[] Trinidad and Tobago
[J United States

M Uruguay

Venezuela

User describes the current geographical

distribution of the arthropod
-> EPPO, CABI invasive compendium, ...




HarmVect - Matrix

Files | Plots Packages Help Viewer |

@ al e
HARMVECT

Animal Flowers Vegetables Fruits Grains Plants
General
Wood Other
Countries of origin Vegetable 1 Vegetable 2 Vegetable 3
[J Arrowroot [J Cucumbers [ Peas
R &4 Eggpants 4, Pppers Animal Flowers Fruits
[] Asparagus [J Endive and other [ Pickles General
S T [ Beans chicory [ Potatoes (seed) Associated commodity 1
arthropod » [ Fennel w7
[l Begtroot, sa!snf.y, . Potatoes (ware) ey l Bamboo|
radish and similar O Garlic [ Shallots
Import [ Cabbage, white or red [ Horseradish [ Spinach Assoclated commodity 2
[ Capers [ Jeruzalem artichoke O sprouts
. imil Enter commadity ...
Natural spread [J Capsicum spp (other) And. Ak [0 Sweet potatoes TR &
: [J Kohlrabi, kale and DA
U Can?ts orturnips similar [ Sweetcorn Associated commodity 3
[ Cauliflowers 0 Taro
Create and edit Leek i
files [ Celeriac o TOMAloEs impest Enter commodity ...
] i6skn [J Leguminous
0 ce vegetables (others) [ Trufles Natural spread Assoclated commodity 4
gr%':;;l‘ﬁe P [ Letuce (Lactuca O Yams -
pressure [ Chanterelles sativa) O Yautia Cronte and s flee Enter commaodity ...
[ Chard and cardoons [ Letuce (other) [J Other vegetables
Associated commodity §
O Q0 Compute propagule pressure
User enlists the commodities the Enter commooty .

arthropod is associated with.

List is based on Eurostat categories
-> EPPO, CABI, ...

New commodities can be added
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HarmVect — Create and edit

| Files Plots Packages Help Viewer

@ al e
Trade Transfer Pathway characteristics
General
Create new Edit existing
Countries of origin trade file trade file
Matrix
Generate new file Edit existing file
e Create Edit
Import
Natural spread Save new file Save edited file
Save Save

Create and edit

files

Compute
propagule
pressure

Point-of-entry

A first set of tailored files are created to

acquire specific data related to:
Trade — Transfer — Pathway characteristics

Files are
automatically saved

by the tool in the
arthropod subfolder




HarmVect — Create and edit
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5 Data Editor — O X
File Edit Help
product origin infestRate|mean air sea rail road W
1 |Beans Albania le-12 0 0 0 0 1 0
2 |Beans Algeria le-12 [s] 0.5 [s] [s] 0.5 [s]
3 |Beans Argentina le-12 0 2 0 0 0 0
4 |Beans Austria le=312 31 0 [s] [s] 1 [s]
S5 |Beans Bolivia le-12 0 2 ) 0 0 0 0
6 |Beans Bosnia and Herzegovina |le-12 [s] [s] 8] [s] 1 [s]
7 |Beans Brazil le-12 0 1 0 0 0 0
()} ors - 8 |Beans Bulgaria le-12 1235 [s] [s] [s] 1 [s]
9 |Beans Chile le-12 0 1 0 0 0 0
M) = 10 |Beans Colombia le-12 [s] g & [s] [s] [s] [s]
11 |Beans Croatia le-12 0 0 0 0 1 0
A ° 12 |Beans Cyprus le=12 [s] [s] 0.05 [s] 0.95 [s]
13 |Beans Ecuador le-12 0 1 0 0 0 0
14 |Beans Ethiopia le=-12 210386 g & [s] [s] [s] [s]
15 |Beans France le-12 29257570 0 0 0 1 0
16 |Beans Germany le=12 5088155 0 [s] [s] 1 [s]

- C U C - [J ojorejo - [ 0 U 0 - - -

8 PLE D 22 B 0 ationN anO D R 010 data editor C
ROF arception datg 0 al0 DDE - B B
gatd PPU AD

product air mint|air maxt|air minrh|air maxrh|air light|sea mint|sea maxt|sea minrh|sea maxrh|sea light|rail mint|rail maxt

1 |Beans 2 6 75 95 0 6 75 95 [s] 2 6

2 |Eggplants 8 12 75 95 0 8 12 75 95 0 8 12

3 |Peppers 8 12 75 95 0 8 12 75 95 [s] 8 12

4 |Potatoes (ware) 4.5 10 75 95 0 4.5 10 75 95 0 4.5 10

5 |Tomatoes 16 . . .

& [cosseberriss am Pathway characteristics file:

7 |Melons 2 . . 5 . . 5

z :ivehplam Ton cee protig g abiotic information concerning commodlty transport ¥
on-host cargo




HarmVect - Traits

Files Plots Packages Help Viewer

el al e
HARMVECT

User describes “invasive”

Invasive arthropod traits

r— biological traits of the arthropod:
Temperature e EPPO, CABI, literature, ...

General

Countries of origin

Mortality thresholds Mortality thresholds
£ 5] «
Matrix ::) ( )
[l 2L AT 5 P E e | AR PR
20 12 -4 4 12 20 28 3/ 44 52 8
Traits of invasive
arthropod D Light effect
Import — Biotic traits —
| ] Dormancy Reproductive rate
Natural spread . -
[ Cryptic behaviour 5 E
Create and edit [ Parthenogenesis
files Dispersal capacity
Generation interval
0—26 1,000
Compute Constant @ L BN L o E S ———
propagule =~ 0 100200 300 400 5
pressure
-0.022 E
Proportion females
Point-of-entry Rico 1
0.0018 = T
Risk Map ! o
> Update traits from file Save traitfile
Report
- ’
——
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HarmVect — Propagule pressure

Files Plots Packages Help Viewer

CARZUE
HARMVECT

General
Countries of origin
Matrix

Traits of invasive
arthropod

Import
Natural spread

Create and edit
files

Compute

propagule
pressure

Point-of-entry

Risk Map

Report

Compute propagule pressure

Compute

Trade

Total  Air Sea Rail Road WW Post

5066
5074 2625 2295 5070
Transfer
Total Air Sea Rail Road WW Post
2.849
2855 1.299 00824 1.474
Total Propagule
Total Air Sea Rail Road WW Post
5069

5077 3924 2295 0.0824 5071

The tool calculates the propagule

pressure via the various trade

and transfer pathways and per
transport medium

prod

Beans
Eggplants
Peppers
Potatoes (ware)
Tomatoes
Gooseberries
Melons

Live plants for open
ground

Non-host cargo
Tourism
Commuting

Military

Divided per product

air  sea rail
000 000 000
005 000 000
000 000 000
0.00 000 000
257 228 0.00
0.00 000 000
000 000 000
000 000 000
000 001 0.00
130 000 0.08
000 000 000
000 000 000

road
0.00
71.09
0.00
0.00
4168.38
0.00
0.00
829.90

0.17
1.47
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

post
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
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HarmVect - Import
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| al @
HARMVECT

| POE POA PP
General POE 1 POA 1 PP1
Brussel Merelbeke | | 1000 B
Countries of origin = = . = =
Aals %
POE 2 [ ] 7 PP2 -
- Aalter ‘
Matrix 0 El
- Aarschot .
POE 3 Aartselaar PP3
Traits of invasive - - :
arthropod Affligem

o B

Aiseau-
POE 4 Presles 7 PP4
IV Alk?f'l v! ‘0 @i

Natural spread COCE SOAT | BeE
glreesateandedit - ,‘ 5 ) B 1,0 E‘

POE 6 POA & 7 PP6 )
Compute ‘
e S : :

User submits information concerning

E o intentionally imported propagules of the
Riskap arthropod e.g. for biological control,
. scientific research, ...

-> NPPO 11
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Natural spread

HarmVect — Natural spread
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HarmVect — Pathway risk maps

The tool generates 2 types of pathway risk maps:

a) a Point-Of-Entry pathway risk map (POE); this map is based on entry at
the national borders, thus generating concentrated hotspots as these
points-of-entry are often international hubs absorbing intensive arrival of
several pathways into the country;

b) a Point-Of-Appearance pathway risk map (POA); this map is successive to
the POE and visualizes the locations and level at which undetected
propagules of the arthropod are exposed to the outside environment
throughout Belgium.
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HarmVect - POE
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@ a @
HARMVECT

Airport Harbour Rail Border Inland Harbours Post POE Map

General

Create new Edit existing
Countries of origin airport file airport file

User creates tailored files

describing distribution of the
imported commodities via the

different transport media

Traits of invasive
arthropod

Save new file Save edited file
Natural spread Save Save
5 Data Editor = a X
Create and editfiles File Edit Help
Airport Beans |Eggplants|Peppers |Potatoes..ware.|Tomatoes|Gooseberries|Melons [Live.plants.for.open.ground|Non.host.cargo
Compute propagule 1 |Antwerpen 0 0 0 0 0 0 0 0 0
pressure 2 |zZaventem 0.43 |0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43
3 |Charleroi 0 ] 0 Q Q 0 (4] Q Q
4 |Kortrijk 0 Q 0 Q Q 0 0 Q 0
Point-of-entry 5 |Grace-Hollogne|0.54 |0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54
6 |Oostende 0.03 |0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
7 |Beauvechain 0 0 0 0 0 0 0 0 0
Risk Map 8 |Bertrix 0 0 0 ] 0 0 0 0 0
9 |Steenokkerzeel|0 Q 0 ] 0 0 ] Q 0
10 [Chievres 0 1]
Report 11 [Florennes 0 0 o o .
ar—wemmmom Airport file:
13 [Peer 0 0
14 |Xoksijde 0 0 = = = = =
m=re-sommoem diStribution of each commodity per airport
16 |Wevelgem 0 0
o r—wmmmram -> CUStoms and NPPO (controllers)
18 [Knesselare 0 0
> 19 [Ravels 0 0
- 20 |Malle 0 0
— 21 [zutendaal 0 0




HarmVect - POE

Risk = propagule

pressure shown at
points-of-entry

™ Plot risk airports () Plot risk inland harboul rs
o Plot risk harbou rs [ Plot risk mail
# Plot risk railstations [ Plotimport risk

[ ]=0
I 0t 92.97
| 92.97t0 185.93

185.93 to 278.9
278.9 to 371.87
371.87 to 464.84

The user can

choose which

I 464.84 to 557.8
557.8 to 650.77
650.77 to 743.74 arbours

743.74 to 836.7 rainstations

836.7 to 929.67 orders

=929.67

[ ] [ ] —

Geographical unit = commune

risks to show
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HarmVect - POA

@ o e User creates tailored file
HARMVECT describing the further

scattering of the propagules
Establishment maps Risk Map th roughOUt Belgium

Distribution file Migration POA Map Host weighting file

General

Choose Commune

Countries of origin B s Eidr
File Edit Help
Matrix Distribute Beans |Eggplants|Peppers |Potatoes..ware.|Tomatoes Gooseberries
1 |air 0.01 [o0.01 0.01 0.01 0.01 0.01
2 [sea 0.01 [o0.01 0.01 0.01 0.01 0.01
. - 3 |rai1 0.01 [o0.01 0.01 0.01 0.01 0.01
Traits of invasive Create new Edit eXIStIng 4 |road le-12 |1e-12 le-12  |le-12 Te-12 Te-12
arthropod 5 |ww 0.01 [0.01 0.01 0.01 0.01 0.01
POA ﬁle POA ﬁle 6 |post 0.01 [o0.01 0.01 0.01 0.01 0.01
7 |pop 0.9 0.3 0.3 0.9 0.2 0.3
8 |Deinze 0 0 0 0 0.02295082|0
Import
9 |Ardooie 0 0 0 0 0.01147541|0
10 |Ingelmunster 0 0 0 0 0.01147541|0
I Generate new file Edit existing file 11 |Oudenburg ) ) ) ) 0.01147541|0
Natural spread 7 12 |Ravels 0 0 0 0 0.02295082|0
Create Edit 13 |Hoogstraten [+] 4] ] [+] 0.03606557|0
14 |Merksplas 0 0 0 0 0.1213115 |0
) 15 |Rijkevorsel 0 0 0 0 0.02295082|0
Create and edit files 16 |Brecht 0 0 0 0 0.01147541|0
17 |zedelgem 0 0 0 0 0.01147541]0
18 |Wuustwezel 0 0 0 0 0.02295082|0
Compute propagule 19 |Beveren 0 0 0 0 0.01147541]0
pressure 20 |zwijndrecht 0 0 0 0 0.01147541|0
Save new file Save edited file 21 |Rruibeke 0 0 0 0 0.01147541]0
22 [Sint-Gillis-Waas 0 0 0 0 0.01147541|0
: 23 |Rumst 0 0 0 0 0.02295082|0
Point-of-entry Save Save 24 |Duffel ) ) ) ) 0.02295082|0
25 [sint-Katelijne-Waver|o 0 0 0 0.08196721|0
26 |Lier 0 0 0 0 0.04918033|0
Risk Map 27 |Putte 0 0 0 0 0.02295082|0
28 |Boechout 0 0 0 0 0.03606557|0
29 |Ranst 0 0 0 0 0.01147541|0
o 30 |Brussel 0.1 0.1 0.1 0.1 0.2 0.1
Report
> <
=I
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HarmVect - POA

Points of Appearance

Risk = propagule
pressure shown at
points-of-appearance

earance ris
E :
86.89 to 173.77
173.77 to 260.66
260.66 to 347.55

347.55 to 434 43

| | 4344310 521.32
521.32 to 608.21
608.21 to 695.09
695.09 to 781.98
781.98 to 868.87

=868.87
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HarmVect — Comb

itabilty map
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HarmVect — Risk map

Risk map
Tuta absoluta

Introduction (POA)
X
Host availability
X

Climate suitability
X
Indoor
overwintering

[ ]=0
B 0 to50.76
|| 50.76to 101.52

101.52 to 152.28
152.28 to 203.04
203.04 to 253.8
253.8 to 304.56
304.56 to 355.32
355.32 to 406.08
406.08 to 456.84
456.84 to 507.6
=507.6

Preliminary information related to potential

establishment risk of the exotic arthropod in Belgium
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Files Plots Packages Help Viewer
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HARMVECT

General
Countries of origin
Matrix

Traits of invasive
arthropod

Import
Natural spread
Create and edit files

Compute propagule
pressure

Point-of-entry
Risk Map

Report

Make sure genus map exists

and genus_poeMap.csv and genus_poalap.csv are up to date

[] Overlay highways on POA map

Create report

Import risk maps
14 november 2016

A Maening: package ‘Knitr' wes bulll uader R versicn 3.2.5

Tuta absoluta

Points-of-entry

o

v g

Breit ool 100 .3
ZeuhS:” SEC
{? Mrf b

(8> I
S 5;:&;

o=
| 0109297
2 92971018593
O 18593102789

W 83671092067

Points-of-appearance

HarmVect - Report

.html report can
automatically be

compiled by the
tool at the end of
the analysis
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attention T +32 (0)9 272 24 00

Thank you for your

F +32 (0)9 272 24 29

www.ilvo.vlaanderen.be
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