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HARMVECT - a simulation-based tool 
for pathway risk maps of invasive 

arthropods in Belgium
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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.
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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:

human and animal threatening arthropods : 

• Tuta absoluta

• Drosophila suzukii

• Thrips palmi

• Bemisia tabaci

• Bactrocera invadens

• Aedes albopictus

• Culicoides imicola

• Anopheles gambiae

• Rhipicephalus (Boophilus) 
microplus

• Dermacentor reticulatus
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HarmVect - General
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User submits general information
used to automatically create, save 
and load tailored files throughout 
the tool
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HarmVect – Countries of origin
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User describes the current geographical 
distribution of the arthropod
-> EPPO, CABI invasive compendium, …
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HarmVect - Matrix
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User enlists the commodities the 
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
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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
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HarmVect – Create and edit
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Work directly in the file in 
the RStudio data editor or 
open the files in Excel

Pathway characteristics file:
abiotic information concerning commodity transport

Infestation rate is probably the most difficult 
parameter to gather information about 
-> EUROPHYT interception data, minor-major 
host data (EPPO, CABI)

Transport data: 
Eurostat, 
TRACES (from 
2017)
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HarmVect - Traits
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User describes “invasive” 
biological traits of the arthropod:
EPPO, CABI, literature, …
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HarmVect – Propagule pressure
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The tool calculates the propagule
pressure via the various trade 
and transfer pathways and per 
transport medium
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HarmVect - Import
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User submits information concerning 
intentionally imported propagules of the 
arthropod e.g. for biological control, 
scientific research, …
-> NPPO
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HarmVect – Natural spread
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User describes “nearby” 
populations of the arthropod  
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HarmVect – Pathway risk maps
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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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User creates tailored files 
describing distribution of the 
imported commodities via the 
different transport media

Airport file: 
distribution of each commodity per airport
-> customs and NPPO (controllers)
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HarmVect - POE
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The user can 
choose which 
risks to show

Risk = propagule 
pressure shown at 
points-of-entry

Geographical unit = commune
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HarmVect - POA
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User creates tailored file 
describing the further 
scattering of the propagules 
throughout Belgium
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HarmVect - POA
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Risk = propagule 
pressure shown at 
points-of-appearance
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HarmVect – Combining maps
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The user selects 
“weight” of each 
map in view of 
establishment 
capacity of the 
arthropod

Indoor overwintering

Climate suitability Host availability
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HarmVect – Risk map
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Preliminary information related to potential 
establishment risk of the exotic arthropod in Belgium

Introduction (POA)
x

Host availability
x

Climate suitability 
x

Indoor 
overwintering
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HarmVect - Report
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A .html report can 
automatically be 
compiled by the 
tool at the end of 
the analysis



IL
V

O

Thank you for your 
attention
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