
Development of an Online 
Pest and Phenology Map for NOW

Houston Wilson | Asst. Coop. Extension Specialist
Dept. Entomology, Univ. of California - Riverside

Andy Lyons | Program Coordinator
Informatics and GIS Statewide Program, UC ANR

Chuck Burks | Research Entomologist
Agricultural Research Service, US Dept. Agriculture

Kadie Britt | Areawide Program Coordinator
Dept. Entomology, Univ. of California - Riverside



Landscape Ecology of 
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and

Host Availability



Movement and Dispersal of NOW
When? Where? How Far?

The Need for Areawide Management
• NOW are relatively strong fliers (Sappington and Burks 2018)

• Colonization from nearby orchards can undermine local 
management activities (i.e. sanitation, mating disruption etc.)

Tandem NOW 
on a flight mill

Video courtesy of 
Joshua Reger, Ph.D. Student

Dept. Entomology, UC Riverside

Sappington and Burks 2014 “Patterns of Flight Behavior and Capacity of Unmated Navel Orangeworm (Lepidoptera: Pyralidae) Adults Related 
to Age, Gender, and Wing Size” Environmental Entomology, 43(3): 696–705






Seasonal Phenology
Shifting Resource Availability

Quantity of Crop Hosts
• Crop availability/vulnerability mediated by hull integrity
• Hull integrity is a function of tree phenology x weather x mgmt.
• Fairly consistent in almond, highly variable in pistachio

Quality of Crop Hosts
• Faster development on new crop nuts vs. remnant/mummy nuts

Increasing host availability as hull integrity declines

Mummy vs. New Crop Nuts
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Seasonal Phenology

Increasing Populations Over Time
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Remnant/Mummy Nuts
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Almond
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Almond Pistachio
Crop Vulnerability Period

H
A
R
V
E
S
T

H
A
R
V
E
S
T

N
E
W

C
R
O
P

N
E
W

C
R
O
P

Remnant/Mummy Nuts



0

10

20

30

40

50

60

70

80

90

1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-No

Av
g.

 N
O

W
 M

al
es

 /
Tr

ap
 /

W
ee

k
Seasonal Phenology

Increasing Populations Over Time

Almond Pistachio Walnut
Crop Vulnerability Period
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Seasonal Phenology
Likely Influence of Crop Composition on 

Regional Populations and Orchard Colonization

Almonds
Pistachios
Walnuts

Fresno

San Francisco
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Seasonal Phenology
Crop Composition x Phenology x NOW

Acreage vs. Availability

Kearney Ag. Center

Fresno
Almonds
Pistachios
Walnuts



Seasonal Phenology
Crop Composition x Phenology x NOW

Winter/Spring – Just Remnant Nuts

Kearney Ag. Center

Fresno
Almonds
Pistachios
Walnuts



Seasonal Phenology
Crop Composition x Phenology x NOW

Early Summer - Almonds

Kearney Ag. Center

Fresno
Almonds
Pistachios
Walnuts



Seasonal Phenology
Crop Composition x Phenology x NOW
Mid Summer – Almonds / Pistachios
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Pistachios
Walnuts

Kearney Ag. Center

Fresno



Seasonal Phenology
Crop Composition x Phenology x NOW

Late Summer - Pistachios

Almonds
Pistachios
Walnuts

Kearney Ag. Center

Fresno



Seasonal Phenology
Crop Composition x Phenology x NOW

Early Fall – Pistachios/Walnuts

Almonds
Pistachios
Walnuts

Kearney Ag. Center

Fresno



Seasonal Phenology
Crop Composition x Phenology x NOW

Fall - Walnuts

Almonds
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Seasonal Phenology
Crop Composition x Phenology x NOW

Back to Winter

Almonds
Pistachios
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Back to Winter
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Kearney Ag. Center

FresnoTo what extent is 
this a catalyst for 

movement?



Seasonal Phenology
Crop Composition x Phenology x NOW

Back to Winter

Almonds
Pistachios
Walnuts

Kearney Ag. Center

FresnoTo what extent is 
this a catalyst for 

movement?

Additional influence from…
• mating disruption?
• insecticide applications?
• crop sanitation?



Seasonal Phenology
Crop Composition x Phenology x NOW

How does landscape composition influence this?



Development of a Decision Support Tool
Taking a Multilayered Approach
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Short Term – Phenology and Regional Monitoring
• Online pest x tree phenology tool – repackaging existing data
• Integrate with a network of automated traps
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• New sensors to detect changes in pistachio hull integrity
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Development of a Decision Support Tool
Taking a Multilayered Approach

Short Term – Phenology and Regional Monitoring
• Online pest x tree phenology tool – repackaging existing data
• Integrate with a network of automated traps

Long Term – Movement Data and Models to Predict
• Creating new methods to trace/mark dispersing NOW
• New sensors to detect changes in pistachio hull integrity
• Ecological/economic scenario modeling

Goal is to Provide Growers with 
Improved Site-Specific Estimates 

of NOW Timing and Risk



Development of a Decision Support Tool
Key Steps

1. Making the NOW Phenology Tool Easier to Use

2. Improving NOW Model Accuracy with… 
 Automated Traps
 Regional Monitoring Network

3. Layering in Crop Vulnerability with Tree/Nut 
Models

4. Accounting for Catalysts of NOW Movement
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Making the NOW Phenology Tool Easier to Use
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Current Setup – Weather Station / Table Output
https://ipm.ucanr.edu/calludt.cgi/DDMODEL?MODEL=NOW



Development of a Decision Support Tool 
Making the NOW Phenology Tool Easier to Use

Current Setup – Weather Station / Table Output
https://ipm.ucanr.edu/calludt.cgi/DDMODEL?MODEL=NOW

Challenges
• Location is inexact

• Table output

• Requires user to locate the 
correct degree-day



Development of a Decision Support Tool 
Making the NOW Phenology Tool Easier to Use

New Setup – Map Interface with Charts
https://ucanr-igis.shinyapps.io/noworm/
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Development of a Decision Support Tool 
Making the NOW Phenology Tool Easier to Use

New Setup – Map Interface with Charts

Challenges
• Biofix must be entered by the user
• Variance between individual orchards
• Local weather data need to be refined



1. Making the NOW Phenology Tool Easier to Use

2. Improving NOW Model Accuracy with… 
 Automated Traps
 Regional Monitoring Network

3. Layering in Crop Vulnerability with Tree/Nut 
Models

4. Accounting for Catalysts of NOW Movement

Development of a Decision Support Tool
Key Steps



Development of a Decision Support Tool 
Improving NOW Model Accuracy

Automated Traps + Regional Monitoring Network
• Multiple possible automated traps/lures
 Delta/wing, phero/ovibait/PPO

• Network established by UC/USDA

• Data will be anonymized and publicly available



Development of a Decision Support Tool 
Improving NOW Model Accuracy

Automated Traps + Regional Monitoring Network
Almonds
Pistachios
Walnuts



Development of a Decision Support Tool 
Improving NOW Model Accuracy

Automated Traps + Regional Monitoring Network
Almonds
Pistachios
Walnuts



Development of a Decision Support Tool 
Improving NOW Model Accuracy

Automated Traps + Regional Monitoring Network
Almonds
Pistachios
Walnuts



Development of a Decision Support Tool 
Improving NOW Model Accuracy

Automated Traps + Regional Monitoring Network
Almonds
Pistachios
Walnuts

Challenges
• Trap density unclear
• Accuracy of interpolation
• Doesn’t account for crop vulnerability



1. Making the NOW Phenology Tool Easier to Use

2. Improving NOW Model Accuracy with… 
 Automated Traps
 Regional Monitoring Network

3. Layering in Crop Vulnerability with Tree/Nut 
Models

4. Accounting for Catalysts of NOW Movement

Development of a Decision Support Tool
Key Steps



Development of a Decision Support Tool 
Layering in Crop Vulnerability

Various Tree Nut Models to Overlay

Bloom Hull SplitNut Development

Pistachio Almond



Development of a Decision Support Tool 
Layering in Crop Vulnerability

Various Tree Nut Models to Overlay
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Development of a Decision Support Tool 
Layering in Crop Vulnerability

Various Tree Nut Models to Overlay
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Challenges
• Models need to be tied together
• Not all models are complete
• Some models require sampling



1. Making the NOW Phenology Tool Easier to Use

2. Improving NOW Model Accuracy with… 
 Automated Traps
 Regional Monitoring Network

3. Layering in Crop Vulnerability with Tree/Nut 
Models

4. Accounting for Catalysts of NOW Movement

Development of a Decision Support Tool
Key Steps



Development of a Decision Support Tool 
Accounting for Catalysts of NOW Movement

Various Projects Underway…
Almonds
Pistachios
Walnuts

Kearney Ag. Center

Fresno



Development of a Decision Support Tool 
Accounting for Catalysts of NOW Movement

Various Projects Underway…
Almonds
Pistachios
Walnuts

Kearney Ag. Center

Fresno

Current Studies
• Mark-recapture methods
• Larval tracing
• Flight energetics
• Harvest events
• Larval host x flight capacity
• Larval host x oviposition preference
• NOW ecological x economic scenario modeling
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Thank You!
Houston Wilson

Asst. Coop. Extension Specialist
Houston.Wilson@ucr.edu

Dept. Entomology, UC Riverside
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