
John Kabashima, Ph.D.
UC Cooperative Extension, Emeritus

Tim Paine, Ph.D.
UC Riverside Department of Entomology

Akif Eskalen, Ph.D.
UC Riverside Department of Plant Pathology

Richard Stouthamer, Ph.D.
UC Riverside Department of Entomology

Invasive Tree Boring Beetles



Pre-entry
(laws & agreements)

Port-of-entry
(inspection)

Rapid-response
(response crews/regional containment)

Protecting Hawai‘i 

World’s Biota Arrivals Escapes

Options: 
-Do nothing

-Regional 
containment

-Protect high value 
areas

-Biocontrol

Widespread

Options: 
-Do nothing

-Eradication

-Regional 
containment

Slide courtesy of Christy Martin - CGAPS

Presenter
Presentation Notes
There are a series of protection measures that attempt to keep new, potentially invasive species from entering Hawai‘i and causing harm.  These include Pre-entry measures (including laws prohibiting importation of species such as snakes; agreements with other areas that they will take measures to remove or kill invasive species in cargo shipped to Hawai‘i)Port-of-entry measures (these include inspection and/or quarantine of cargo at ports of entry such as Honolulu International Airport, Honolulu Harbor, etc.)Rapid response (if not prevented at Pre-entry, not caught at Port-of-entry, the species may become established in low numbers at first.  If detected early enough and the species is believed to pose a significant threat, a rapid response may be launched to try to contain or eradicate it).In some cases, species may become too widely established for rapid response.  If it is found that the species is causing significant harm to the survival of native species, ecosystem functions, agricultural crops, or human health, there are only three options:  do nothing, protect only high value areas via manual or chemical control means, or search for a biocontrol that might reduce the unwanted impacts of the species (or a combination of these strategies).



Homo ignoramus
– Responsible for:

• Overwatering
• Underwatering
• Over fertilizing
• Soil compaction
• Tree mutilation
• Poor plant selection and 

placement
• Growing poor quality 

specimens
• Transporting pests 

across international, 
state and county 
lines

• Producing plant damaging 
pollution



ucipm.ucdavis.edu















Ambrosia 
beetle

• California native
• Farms the 

Ambrosiella
fungus

• They kill drought 
stressed oaks

• No curative 
treatment





Ambrosia beetle
• The last part of SOD
• Don’t need 

Phytophthora to kill 
trees
– See and smell 

drought stress
• Outbreaks in low 

rainfall years
• Deep, infrequent 

summer water
• Preventative pyrethroid

insecticides 

• Tunnels may flux



Conifers and 
beetles

• Monterey pine
– Five spined Ips

Ips paracofusus
• Attack higher in the 

canopy
• Distinctive Y shaped 

galleries

– Red turpentine beetle 
Dendroctonus valens

• Red tunnel entrances 
at tree base

– Turn white with age

• Provide summer water



Longhorned
Eucalyptus borer
• Attacks drought 

stressed soft barked 
Eucalyptus
– Blue gum, E. viminalis
– Others

• Egg parasitoid
• Damage not always lethal

– Branch dieback
– Kino production

• Requires water

– No water, no defense
• Hydrated logs more 

resistant than dry logs



Eucalyptus Longhorned Borer

Phoracantha semipunctata (1985) P. recurva (1995) P. semipunctata



Phoracantha Parasitoids

Anaphes nitens
Jarra sp.

Syngaster lepidus

Phoracantha eggs

Avetianella longoi
Parasitized eggs



Bostrichidae
Giant Palm Borer
on W. filifera

Red Palm Weevil
Rhyncophorus vulneratus

(not ferrugineus)

Feeds on 19 Palm Species

~3.5 cm

Photos: John Kabashima, UCCE



RED PALM WEEVIL ADVENTIVE AND ENDEMIC DISTRIBUTION

Presenter
Presentation Notes
Artificial spread and successful establishment in the middle east, Arabian gulf and European countries around the Mediterranean Sea.  Damage has been widely reported from Europe and middle east.



R. cruentatus

R. palmarum

R. ferrugineus

R. bilineatus

R. phoenicis R. quadrangulus

R. ferrugineus expansion since 1966

Rhynchophorus
Distribution ca 1966  

Robin Giblin-Davis, University of 
Florida/IFAS

Presenter
Presentation Notes
There are currently nine species of Rhynchophorus.  The six represented here attack palms.





GSOB Incident Action Plan
• Survey and Detection

– Delimitation
– Outside of known infestations
– Develop procedures and fund reporting and 

identifying new infestations
– Maintenance and location of data base

• Based on Pest Rating and Damage
– Restrict movement of pest infested material
– Develop policies and identify agencies and 

stakeholders
– Identify how it is moving and how and who 

will regulate
• Develop and Implement a Management 

Plan
• Identify Research Needs



GSOB.ORG or ucanr.edu/sites/gsobinfo

Drought

OaksGSOB



Emerging Tree Pests

John Kabashima, UCCE





Photos: Richard Stouthamer



PSHB Life Cycle and Reproduction

• Majority of life cycle spent in gallery
• Brothers and sisters can mate in 

galleries - females are already 
mated when they leave

• Beetle colony stays in one host until 
the tree is killed

Photos | top row: Akif Eskalen/UC Riverside; bottom row: Mike Lewis/UC Riverside

Presenter
Presentation Notes
17-20 eggs/brood; according to observations so far, 1 brood/female life cycle; female loses wings when she burrows?



Fungal Pathogens associated with PSHB and KSHB

Graphium 
euwallaceae

Fusarium sp. Graphium sp. 

Los Angeles  Co
Orange Co

San Bernardino Co
Riverside Co

San Diego Co

Acremonium 
pembeum

Fusarium 
euwallaceae

Polyphagous 
Shot Hole 

Borer
PSHB

Euwallacea sp. #1

Kuroshio 
Shot Hole 

Borer
KSHB

Euwallacea sp. #5



Fusarium dieback caused by fungal pathogens 



Euwallacea fornicatus-like sp.

• Where does the beetle come from?
– Probably South East Asia, possibly Africa
– Also an invasive species in Israel causing extensive damage to 

Avocado
• Beetle identity: Morphologically E. fornicatus

– Based on DNA evidence there are 2 other species
– Suggested common names:

– Polyphagous Shot-Hole Borer
– Kuroshio Shot-Hole Borer

• California and Israeli form of beetle identical and different 
from the tea infesting form from Sri Lanka (original 
collection site of E. fornicatus).



Beetle Life Cycle

• Sex ratio offspring very female biased, 
brothers mate with sisters in galleries and 
mated females leave the galleries to create 
their own galleries for offspring production

• Lifestyle leaves very few ways to combat the 
beetle. Single mated female can initiate new 
population



Ambrosia Beetles are difficult to detect

• Generally only short time outside the tree

• Attract Sex pheromones- No

• Aggregation pheromone – No

• Lures – Yes

• Deterrents - Yes
• Beetles fly vertically around infested tree, not 

horizontally and fly to other trees when host is 
depleted.



Pshb.org Eskalenlab.ucr.edu

Irrigated Landscapes
Riparian Areas

41
Reproductive

Hosts

P/K SHB
FDB



Polyphagous Shot-Hole Borer Host Range (Oct 2016)

1. Box Elder (Acer negundo)*
2. Big leaf maple (Acer macrophyllum)*
3. Evergreen maple (Acer paxii)
4. Trident maple (Acer buergerianum)
5. Japanese maple (Acer palmatum)
6. Castor bean (Ricinus communis)
7. California sycamore (Platanus racemosa)*
8. Mexican sycamore (Platanus Mexicana)
9. Red willow (Salix laevigata)*
10. Arroyo willow (Salix lasolepsis)*
11. Avocado (Persea Americana)
12. Mimosa (Albizia julibrissin)
13. English oak (Quercus robur)
14. Coast Live oak (Quercus agrifolia)*
15. London plane (Platanus x acerifolia)
16. Cottonwood (Populus fremontii)*
17. Black cottonwood (Populus trichocarpa)*
18. White alder (Alnus rhombifolia)*
19. Titoki (Alectryon excelsus)
20. Engelmann oak (Quercus engelmannii)*
21. Cork oak (Quercus suber)
22. Valley oak (Quercus lobata)*
23. Coral tree (Erythrina corallodendon)
24. Blue palo verde (Parkinsonia floridum)*

34

Kuroshio  Shot-Hole Borer 
Host Range

1. Avocado (Persea Americana)
2. California sycamore (Platanus racemosa)*
3. Coast live oak (Quercus agrifolia)
4. Cork oak (Quercus suber)
5. Draft coral tree (Erythrina humeana)
6. Black poplar (Populus nigra)*
7. Black locust (Robinia pseudoacacia)
8. Red willow (Salix laevigata)*
9. Arroyo willow (Salix lasolepsis)*
10. Cottonwood (Populus fremontii)*
11. Mimosa (Albizia julibrissin)
12. Castor bean (Ricinus communis)
13. Black willow (Salix nigra)*
14. Strawberry snowball tree (Dombeya

cacuminum)
15. Mule fat (Baccharis salicifolia)*

*7 Native species to California

25. Palo verde (Parkinsonia aculeata)*
26. Moreton bay chestnut (Castanospermum

australe)
27. Brea (Cercidium sonorae)
28. Mesquite (Prosopis articulata)*
29. Weeping willow (Salix babylonica)
30. Chinese holly (Ilex cornuta)
31. Camellia (Camellia semiserrata)
32. Acacia (Acacia spp.)
33. Liquidambar (Liquidambar styraciflua)
34. Red flowering gum (Eucalyptus ficifolia)
35. Japanese wisteria (Wisteria floribunda)
36. Goodding’s black willow (Salix 

gooddingii)*
37. Tree of heaven (Ailanthus altissima)
38. Kurrajong (Brachychiton populneus)
39. Black mission fig (Ficus carica)
40. Japanese beech (Fagus crenata)
41. Shiny xylosma (Xylosma congestum)
42. Mule fat (Baccharis salicifolia)*
43. Black poplar (Populus nigra)*
44. Carrotwood (Cupaniopsis anacardioides)
45. California buckeye (Aesculus californica)*
46. Canyon live oak (Quercus chrysolepsis)*
47. Kentia palm (Howea forsteriana)
48. King Palm (Ptychosperma elegans)
• Source: www.eskalenlab.ucr.edu*19 Native species to California



*

Current distribution of infestation of PSHB/FD

201220132014
2015



Source: PSHB.ORG
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Growth of entry hole number per tree when a single female 
initiates the population at generation 1 and 5 daughters/ 

generation/mother remain on tree





Nursery
•Potential to transport

•Economic Impact 
• Shipment Protocols

Urban Landscape
•Incubator

•Threat to Urban Forest

Avocado
• PSHB/KSHB and Fusarium

A major threat 

Natural/Riparian
• Major threat to native trees

•Important Alternate Host
•Ecological Impact

Regulatory
•Pathways

•Survey/Detection
•Rapid Response

•Pesticide Use
•Water Runoff

PSHB
2012



Weak Branch Connection - Fusarium Dieback 

Photos | John Kabashima, UC Cooperative Extension



Compromised wood tissue on a PSHB/FD infested Sycamore in UCI

18 meter (60 feet)
Akif Eskalen, UCR



Infested Sycamore tree in UCI 

Infestation in main trunk Infestation in branches

7”
18cm

24”
60cm

Akif Eskalen, UCR



Botryosphaeria infestation on PSHB 
infested Sycamore tree in UCI 

Infestation in main trunk Infestation in branches
Fusarium euwallaceae Neofusicoccum parvum

Akif Eskalen, UCR



PSHB Impacts

• Cost of:
– Treatment
– Pruning
– Removal $(650 to $1000 per tree)

• Chipping
• Stump grinding
• Handling and disposal

– Transport
– Compost
– Alternative Daily Cover
– Biomass Electrical Generation

WILL HOMEOWNERS DO OR BE ABLE TO AFFORD THIS?
– Injury Hazards from falling and weakened limbs



Benefit Cost Ratio of Urban 
Forests

• Urban Forest
– Private
– Street and Park Trees

• Ecological Services
– BMP to control stormwater
– Energy savings

• Mitigate heat-island and clean air in 
cities

– Atmospheric CO2 reduction
– Air quality benefits
– Aesthetics and other benefits
– Ecosystem benefits

• Habitat for animals and plants
• Food for animals
• Cycle water and nutrients through 

ecosystems

Dan Berry, Huntington Gardens

Presenter
Presentation Notes
Almost half of what comes out of our car tailpipes and factories gets absorbed by nature, and from this half, one0fourth of it goes to trees.Sassan Saatchi, JPL



PSHB Impacts
– Estimates for urban areas in three climate 

zones where PSHB is found: Inland Empire, 
Coastal Southern California and Southwest 
Desert, comprising 4,244 sq. miles and 20.5 
million residents

Preliminary data from Dr. Greg McPherson, US Forest Service



PSHB Impacts
– • Approximately 26.8 million trees, 37.8% of the 

region’s 70.8 million trees, are at risk (1.3 trees 
per capita).

– The cost for removing and replacing the 26.8 
million trees should they die is approximately 
$36.2 billion. 

– The value of ecosystem services forgone each 
year due to the loss of these trees is $1.4 billion. 

These estimates are conservative because they:
– do not include costs associated with damage to people and property from tree 

failures, as well as 
– increased risk of fire and other hazards or may undervalue benefits of trees to 

human health and well-being

Preliminary data from Dr. Greg McPherson, US Forest Service



The forest at Dairy Mart Bridge before the beetle attack (May 2015). The forest at Dairy Mart Bridge after the beetle attack (February 2016).

Photos by John Boland

Kuroshio Shot-Hole Borer/Fusarium Dieback Impact on 
Riparian Habitat in the The Tijuana River Valley 

140,000 willow trees severely damaged



Nursery and Human
•Potential to transport

•Economic Impact 
• Shipment Protocols

Urban Landscape
•Incubator/Amplifier

•Threat to Urban Forest

Avocado
• PSHB/KSHB & Fusarium

A major threat 

Natural/Riparian
• Major threat to native trees

• Tijuana River Wetlands
•Important Alternate Host

•Ecological Impact
•Endangered Species

Regulatory
•Pathways

•Survey/Detection
•Rapid Response

•Pesticide Use
•Water Runoff

•Fire

PSHB/KSHB/FDB/ 2016
Widespread Epidemic 

Cal Fire, Fish and Wildlife, Board of Forestry, USDA Forest Service, Ca State Parks
Public Agencies, NGOs, Land Managers, CDPR, Assembly Ag/Natural Resources, 
Audubon, University of California ANR, NRCS, RCDs, and…



PSHB/KSHB/FD Needs
• Identify Short, Medium and Long Term Needs

– Positively identify pest
• Use of DNA testing to determine if it is a known or undescribed species
• Determine country of origin(s) pathways of entry 
• Southern California has PSHB and KSHB – WHAT HAPPENS WHEN XSHB ARRIVES?

– Conduct studies on it’s biology
• Life cycle
• Hosts - Agriculture, urban forests, natural ecosystems
• Flight – when and how far
• Statewide risk assessment tools for Ag, Urban and Riparian

– Develop better traps, lures and detection methods
• The why of tree species preference and different patterns of attack

– Best Management Practices
• Cultural, mechanical, physical, chemical, biological
• Determine why pesticides efficacy changes with tree species
• BMPs for homeowners, commercial landscapes and municipalities
• How to dispose of massive numbers of dead trees

– Form Rapid Response Teams 
• For XSHB
• Early detections in uninfested areas like Northern California

• Reforestation
– Design and strategies
– Impact on Nursery Production

• Regulatory Implications for the Ag, Urban and Riparian
• Education and Outreach
• Private, Industry, Local, State and Federal Funding



Identification of Symptomatic Trees

www.eskalenlab.ucr.edu

www.pshb.org

http://www.eskalenlab.ucr.edu/


Common symptoms of fusarium dieback on avocado



Coast Live Oak (Quercus agrifolia)



Coast Live Oak (Quercus agrifolia)



Top 3 Infested Species at OC Parks

56

California sycamore
53.52% of OCP infestation

London plane
12.73% of OCP infestation

White alder
9.66% of OCP infestation

Photos | Monica Dimson, UC Cooperative Extension

Presenter
Presentation Notes
These make up 75+% of the OCP infestation



Field Monitoring



Types of Monitoring

• Identification of External Signs & Symptoms
– Conducted during every day activities

• www.eskalenlab.ucr.edu and pshb.org

• Traps w/ Querciverol lure
– Cost range $28-36 per trap
– Querciverol lure is $8-10 & lasts 90 days
– Bottle traps may be a cheaper option

• Trial run done by Palm Springs ES Office

Akif Eskalen, UCR

Presenter
Presentation Notes
10-50 yards apart trap spacing.

http://www.eskalenlab.ucr.edu/


Trapping
• Timing of trapping

– Growing Season?

• Spacing of traps
– Lure is weak!
– Traps should be 10-50 yards apart
– # of traps may be dependent on $$ and manpower

• Potential Trapping Locations
– Riparian areas containing host species
– Riparian areas with critical habitat for T & E species

Akif Eskalen, UCR



BMPs for Response to PSHB/FD 
Infestation 

(modified from UC Davis recommendations)

– If tree is confirmed to be infested w/ PSHB/FD & if tree is a 
reproductive host, then determine if there are 10-20 
beetle entry/exit hole per 6 square inches.

• If No,  then monitor tree(s) periodically
• If Yes,  assess if infestation is on primary branches and/or trunk

– If primary branches only. 
» Prune infested branches
» Chip wood in to 1” diameter
» Solarize, on site, using clear tarp for several months 

– If trunk
» Remove the tree, including root collar
» Chip wood in to 1” diameter
» Solarize, on site, using clear tarp for several months 

Akif Eskalen, UCR



Best Mgt. Practices continued

• If infestation outside the current known range is 
confirmed, consider solarization regardless of 
entry/exit holes or if the tree is a reproductive host.

• Do not move infested wood w/out sterilization!

Akif Eskalen, UCR



Cultural Control and Sanitation

• Tree removal
• Treatment of slash 

and debris
• Chipping or grinding
• Solarization and 

composting
• Firewood movement

Mark Adams, Downey Trees, Bugwood.org

Joseph O'Brien, USDA Forest Service, Bugwood.org 



Firewood movement

Joseph O'Brien, USDA Forest Service, Bugwood.org



Control Options
Cultural / 
Sanitation

• Tree and stump removal
• Pruning infested branches
• Pruning wound protection (bifenthrin + 

Bacillus subtilis)
• Chipping, Composting, Solarization
• Restrict firewood movement

Chemical
• Trunk sprays – bifenthrin + Bacillus subtilis
• Systemic-Soil injection/drench, trunk injection

• Imidacloprid
• Trunk injection – Arborjet, Mauget

Monitor
Attract Traps

Deterrents

• Use of flight data in management decisions
• Querciverol - lure
• Verbenone - repellent
• Deterrent

Biocontrol?
(Long Term Strategy)

• Natural Enemies
• Use of Entomopathogenic Fungi
• Use of Endophytic bacteria and/or fungi

Presenter
Presentation Notes
This is the type of strategies that researchers must test and develop.



Management Strategy
Decision Matrix for Management Actions 

65

Parameters
• Safety 
• Type of Host
• Value
• Level of PSHB 

Infestation
• Duration of PSHB 

Infestation

Management Actions
• Monitor 
• Corrective Pruning
• Remedial Treatment
• Removal 
• Preventative 

Treatment 
• Responsible Green 

Waste Mgmt.  

• Science-based decision model 
• Collaboratively developed 
• Objective & consistent method of assessing trees

Richard Demerjian, UCI 2016
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PSHB Infestation Level

Host Species Hazard Level No infestation Low Moderate Heavy Severe

LOW
VALUE 
HOSTS

Reproductive

Low Monitor Monitor
Remove tree or 

infested 
branches

Remove tree 
or infested 
branches

Remove tree 
or infested 
branches

High Monitor
Treat/prune 

infested 
branches

Remove tree or 
infested 
branches

Remove tree 
or infested 
branches

Remove tree 
or infested 
branches

Non-
Reproductive

Low Monitor Monitor
Notify UC ANR; reclassify species as reproductive 

host in consultation with PSHB/FD experts
High Monitor Monitor

PSHB Infestation Level

Host Species Hazard Level No infestation Low Moderate Heavy Severe

HIGH
VALUE 
HOSTS

Reproductive

Low Preventative 
treatment

Treat/prune 
infested 
branches

Treat/prune 
infested 
branches

Treat/prune 
infested 
branches

Remove tree 
or infested 
branches

High Preventative 
treatment

Treat/prune 
infested 
branches

Treat/prune 
infested 
branches

Remove tree 
or infested 
branches

Remove tree 
or infested 
branches

Non-
Reproductive

Low Monitor Monitor
Notify UC ANR; reclassify species as reproductive 

host in consultation with PSHB/FD experts
High Monitor Monitor





Flight period

• Strong flight period early season (early Feb. to mid-April)
– In 2013, mid-April had the largest peak of activity early in the season

• A second smaller peak of activity in June to …
– In 2014, peaks of activity occurred in mid-July and early/mid-Sept 
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20-Jan-15 4-Feb-15 19-Feb-15 6-Mar-15 21-Mar-15 5-Apr-15 20-Apr-15 5-May-15 20-May-15 4-Jun-15 19-Jun-15 4-Jul-15

Mean PSHB: All sites, all traps

Bait 
expired

Tom Coleman, USDA Forest Service

Presenter
Presentation Notes
This data helps determine when pesticides will be most needed and effective.





Pshb.org Eskalenlab.ucr.edu
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71Photo | Monica Dimson, UC Cooperative Extension

Presenter
Presentation Notes
During our surveys, we looked at where PSHB attacked the tree…
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Emerald Ash Borer



Emerald Ash Borer

• Controlling insects that feed under the bark is 
challenging, especially if it is a novel beetle and 
host.

• Begin using insecticides when trees are relatively 
healthy.

• Insecticide Options:
– Systemic applied as soil injections or drenches
– Systemics applied as trunk injections
– Sytemics applied as lower trunk sprays
– Protective cover sprays applied to trunk, main 

branches, and foliage.



The Asian Longhorned Beetle
 The ALB is a voracious pest of hardwood tree species 

such as maple, elm, ash, birch, poplar, horse chestnut, 
London planetree.

 ALB is potentially one of the most destructive and costly 
invasive species to enter the US.  

Suzanne Bond, USDA Aphis



North American Asian 
Longhorned Beetle Infestations
 New York - August 1996

 Eradicated 2011
 Illinois - July 1998

 Eradicated 2008
 Hudson County, NJ -

October 2002
 Eradicated 2013

 (Toronto, Canada -
September 2003)

 Middlesex/Union 
Counties, New Jersey –
August 2004

 Massachusetts – 2008
 Ohio - 2011

Suzanne Bond, USDA Aphis

Presenter
Presentation Notes
The beetle was first discovered in the United States in 1996, likely arriving in wood packing material from Asia.  It is an invasive insect that feeds on 13 different genera of hardwoods trees eventually killing them.  Maple, willow, elm, horsechestnut and birch are the host trees most preferred by the pest.  Infestations have been found in New York (1996), Illinois (1998), New Jersey (2002), Massachusetts (2008) and Ohio (2011)



Citrus Long Horned Borer - CANADA



Shiny, black body

Irregular, white, 
or yellowish spots

Black and white,
banded antennae

1 1/2

0

Body length is
3/4 to 1 1/2 inches

What to look for from early
spring through late fall

Photo by Donald Duerr, USDA, Forest Service

Presenter
Presentation Notes
The adult is a large, bullet shaped beetle about 1 to 1 1/2 inches long with black and white banded antennae.  They may be seen from early spring through late fall, depending on the location.



ucipm.ucdavis.edu



http://cisr.ucr.edu/

Cisr.ucr.edu



http://cisr.ucr.edu/

www.cdfa.ca.gov



http://cisr.ucr.edu/

http://www.aphis.usda.gov/wps/portal
/aphis/ourfocus/planthealth



? Questions?

Elephant Weevil
Orthorhinus cylindrirostris
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