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» Phenology

» Spatial prediction

Red clover casebearer moth

Monitoring and forecast tools

» Real-time monitoring data

» Pest forecasts
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Objective 1Red clover casebearer moth: Introduction

Early Advanced

Red clover

Floret damage

Adult Larva

» Native to Europe and Asia; Introduced to Canada (1991), 
Oregon (2011) and New Zealand (2015)

» Larval feeding damage to florets on flower heads

» Management: remove crop residue, cultural control, and 
mating disruption



1. Flight phenology of RCCB populations in Oregon 
and New Zealand

2. Alternate hosts and landscape-level risk factors 
of RCCB outbreaks 

Red clover casebearer moth: Objectives



Red clover casebearer moth: Methods

Z7-12:Oac and Z5-12:Oac (10:1)

Bucket traps

Commercial red clover field sites



Red clover casebearer moth: Phenology methods (Obj. 1)

𝒂𝒂 = upper asymptote
𝒃𝒃 = inflection point
𝒄𝒄 = growth rate
𝜺𝜺 = variance structure
𝐋𝐋𝐋𝐋𝐋𝐋 = 9 to 13°C
U𝐋𝐋𝐋𝐋 = 25 to 40°C

Accumulated growing degree days
1. Simple average
2. Single triangle
3. Singe sine

Three parameter nonlinear 
logistic regression

PRISM NIWA

Extract temperature data

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝑎𝑎𝑖𝑖

1+𝑒𝑒
−
𝑏𝑏𝑖𝑖 − 𝑥𝑥𝑖𝑖𝑖𝑖

𝑐𝑐𝑖𝑖

+ 𝜀𝜀𝑖𝑖𝑖𝑖 

Evaluate start dates and thresholds
Phenology model output Model validation



Red clover casebearer moth: Phenology results (Obj. 1)

Evaluate start dates and thresholds



Red clover casebearer moth: Phenology results (Obj. 1)

Cross-validation with different GDD methods



Red clover casebearer moth: Phenology results (Obj. 1)

2022 projection



Red clover casebearer moth: Landscape risk factors methods (Obj. 2)

Gut-content analysis Data extraction (1 to 3 km radii)

Stochastic partial differential 
equations (SPDE) 

NASS CDL

Inverse distance weighting (IDW)

ITS
trnF

IDW = ∑𝑡𝑡=13 ∑𝑑𝑑=13 area𝑑𝑑𝑡𝑡
1
5𝑑𝑑 2  

Count standardization 
(300 GDD window)Hierarchical spatial 

Bayesian GLMM

GDDs

Model validation and 
prediction
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Red clover casebearer moth: Landscape risk factor results (Obj. 2)

trnFITSFamily/Genus Percent positive samples

Fabaceae
(clover, alfalfa, vetch) 85.7 %

Poaceae (grasses) 71.4 %

Trifolium (clover) 85.7%

Festuca (fescue) 42.9%

Vicia (vetch) 28.6%

CloverSelected covariates Vetch

» Agriculture

» Alfalfa

» Clover

» Grassland

» Vetch

» Fragmentation

» Heterogeneity

Alfalfa



Red clover casebearer moth: Landscape-level risk factors (Obj. 2)

Clover covariate only Full model

Posterior mean distribution Cross-validation procedureInterpolated prediction map



Red clover casebearer moth: Discussion

Summary

» Regionally specific phenology models predict RCCB 
seasonal flight

» Farms near greater clover and grassland weighted 
land area predict greater risk of RCCB

» Complimentary phenology and landscape analyses 
present insights into local and landscape-level 
effects of abiotic and biotic risk factors influencing 
pest population dynamics



Monitoring and forecast tools: Oregon Pest Monitoring Network

Objective Collaboration

» Real-time pest alerts and management recommendations
» Share pest forecasts and research updates
» Expand to major commodities/pests in Oregon

Site link



https://oregonpests-usdaars.hub.arcgis.com

Dashboard: real-time & historical pest dataEmail alerts: pest & crop updates

Monitoring and forecast tools: Oregon Pest Monitoring Network



https://oregonpests-usdaars.hub.arcgis.com

Monitoring and forecast tools: Oregon Pest Monitoring Network

MADIS mesonet weather stations

Observational datasets

Land use data



https://oregonpests-usdaars.hub.arcgis.com

Monitoring and forecast tools: Oregon Pest Monitoring Network

Land use data

Oregon Pest Monitoring Network

Real-time weather data

Analyses to model trends 

→Environmental & spatial predictors of pests
→Crop rotation effects on pest outbreaks
→Soil conservation impact on pestsObservational datasets

Alerts & research 
updates to email 
subscribers 

Interactive real-time monitoring 
dashboard & pest profiles 
(desktop/phone)

Public Report a Pest! feature

Pest forecasts, historical 
data, GIS datasets
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