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The U.S. Department of the Interior (2016)

Biological Invasion, Early Detection & Rapid Response

Biological invasion is the process by which non-native species breach 
biogeographic barriers and extend their range (McGraw-Hill 2003). In 
the context of biological invasion, early detection is the process of 
surveying for, reporting, and verifying the presence of a non-native 
species, before the founding population becomes established or 
spreads so widely that eradication is no longer feasible. Rapid 
response is the process that is employed to eradicate the founding 
population of a non-native species from a specific location.



Invasion curve

Credit: Invasive Species Council 



Some examples for 
PNW (native to Eurasia) 
1. Cabbage maggot (D. radicum)
2. Seedcorn maggot (D. platura)
3. Diamondback moth (P. xylostella)
4. Carrot rust fly (P. rosae)
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Credit: Invasive Species Council 

Early detection & rapid 
response helps avoid ... THIS



Also eliminates or 
reduces need for 
toxic chemicals

Source: López-Uribe Lab

Integrated Pest 
Management (IPM) 

pyramid
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Models help prevent & manage invasions
Phenology models
• Predict development and activities
• Know when to look
• Install detection devices on time, 

timely monitoring and management

Old World bollworm 
(Helicoverpa armigera)

• Not established in U.S.
• Attacks >180 species inc. 

corn, soybean, tomatoBugwood.org



Phenology models 101
Many phenology models calculate degree-days (DDs)
• Unit of heat whereby temperature is integrated over time
• DDs start/stop accumulating at temperature thresholds
• A certain number of DDs are required to reach each life stage

48 DDs

246 DDs195 DDs

117 DDs

Source: WSU Decision Aid System
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Phenology models 101
Degree-day model inputs
1. Information on target species (e.g., temperature thresholds)
2. Daily temperature (max, min) data

Area-wide (gridded data)Single site (weather station)



Single-site phenology models at USPest.org

https://uspest.org/dd/model_app

Quick stats
• Open access
• Total of 144 models (crops, 

disease, insects, weeds..) 
• 28 invasive insect models
• 32,000+ weather stations



(1) Choose station (2) Enter dates & options

(3) View outputs 
(tabular or graph)

Single-site phenology models

https://uspest.org/dd/model_app



Models help prevent & manage invasions
Phenology models
• Predict development and activities
• Know when to look
• Install detection devices on time, 

timely monitoring and management

  Establishment risk models
• Identify areas with suitable 

climates and hosts 
• Know where to look
• Focus surveillance efforts in high 

risk areas

Old World bollwormClimate 
suitability

Kriticos et al. (2015) PLoS ONE



Spatial models at USPest.org
• DDRP: open-source spatial 

modeling tool at USPest.org

• Combines phenology and 
establishment risk modeling

• Produces maps (not single sites) 
for 16 invasive insect species

• Applications: primarily for 
surveillance, but management 
for some species https://uspest.org/CAPS 



Species Common Name
Status in 
CONUS

Agrilus planipennis Emerald ash borer Present
Anoplophora glabripennis Asian longhorned beetle Present
Autographa gamma Silver Y moth Not pres.
Chilo suppressalis Asiatic rice borer Not pres.
Cryptoblabes gnidiella Christmas berry webworm Not pres.
Dendrolimus pini Pine-tree lappet moth Not pres.
Epiphyas postvittana Light brown apple moth Present
Eurygaster integriceps Sunn pest Not pres.
Helicoverpa armigera Old world bollworm Not pres.
Monochamus alternatus Japanese pine sawyer beetle Not pres.
Neoleucinodes elegantalis Small tomato borer Not pres.
Platypus quercivorus Oak ambrosia beetle Not pres.
Spodoptera littoralis Egyptian cottonworm Not pres.
Spodoptera litura Common or cotton cutworm Not pres.
Thaumatotibia leucotreta False codling moth Not pres.
Tuta absoluta Tomato leaf miner Not pres.

Spatial models 
run every 2-3 
days; forecasts 
available at
uspest.org/CAPS

https://uspest.org/CAPS/


Spatial models 
run every 2-3 
days; forecasts 
available at
uspest.org/CAPS

Vegetable 
pests
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https://uspest.org/CAPS 



Example for Old World bollworm: 2023
Date of adult 
emergence 2023

Too 
hot

Too cold

Old world bollworm
(Helicoverpa armigera)



Forecasts for last 11 years (2013-2023)
• Adult emergence varies annually by as much as 1 month
• Some areas consistently unsuitable Date of adult 

emergence

Old world bollworm
(Helicoverpa armigera)






Other decision support models
WSU Decision Aid System

https://decisionaid.systems
 

SAFARIS System
 https://safaris.cipm.info

Takeuchi et al. (2023) Frontiers in Insect Science
https://treefruit.wsu.edu/tools-resources/wsu-das/



Other decision support models
USA National Phenology Network Pheno Forecast series
 https://www.usanpn.org/news/forecasts
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Spotted lanternfly
Lycorma delicatula

(Nearing completion)

Cheatgrass
Bromus tectorum

Japanese beetle
Popillia japonica

Brown rot
Monilinia spp.

Photo credits: Matt Bertone, Lawrence Barringe

Develop spatial models 
for new invasive species

Future work

Emerald ash borer
Agrilus planipennis
(Completed 2023)



Collaboration w/ USA National Phenology Network
http://usanpn.org/data/forecasts/EAB

Events
• Adult emergence
• Egg hatch

E-mail 
notifications



Photo credits: Matt Bertone, Lawrence Barringer, Alamy Stock Photo 

Conduct outreach and 
solicit observations for 

model validation

Future work
Develop spatial models 
for new invasive species

Spotted lanternfly
Lycorma delicatula

(Nearing completion)

Cheatgrass
Bromus tectorum

Japanese beetle
Popillia japonica

Brown rot
Monilinia spp.

Emerald ash borer
Agrilus planipennis
(Completed 2023)



Takeaway #1: prevention and eradication are 
the most cost-effective and environmentally safe 
approaches for dealing with invasives



Takeaway #2: Models can help us prevent 
and respond to invasions

Phenology models
• Know when to expect a life 

stage targeted by surveillance 
or management

  Establishment risk models
• Know where to focus search 

efforts

Too 
hot

Too cold

Date of adult 
emergence 2023



Takeaway #3: Forecasts at USPest.org
Forecasts from single-site phenology models 
(N=144) and spatial models (N=16) freely available



Other resources
• Oregon IPM Center (info hub)
  https://agsci.oregonstate.edu/oipmc
• WSU Decision Aid System 
   https://decisionaid.systems
• SAFRIS system
   https://safaris.cipm.info
• USA National Phenology Network Pheno 

Forecasts
   https://www.usanpn.org/news/forecasts

Thank you!
USPest.org
• Site-based models:
   https://uspest.org/wea
• Spatial models:
   https://uspest.org/CAPS

brittany.barker@oregonstate.edu
brittanysbarker.org
@BrittanySBarker
Brittanysbarker
Brittany-Barker-2
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