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Invasive Shothole Borer Beetle and Fungi

Adult female: 1.8-2.5 mm long Adult male: 1.5 mm long

Photos | top: Gevork Arakelian/LA County Dept of Agriculture; bottom: Akif Eskalen/UC Riverside

Graphium sp.Fusarium euwallaceae Acremonium sp.
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Presentation Notes
Ambrosia BeetleBeetle – Fungi complex; symbiotic relationshipMechanical damage-Galleries weaken structure of branches and trunkFungi clog the xylem transport, causes shortage of water- weakens and or kills treeSelf sufficient:Bring along their own food/fungi - fusariumLive inside the woodProduce mainly daughtersAre already ready to reproduce when leaving their birth placeSiblings mate and Single female can start an entire new populationEstimate 2-4 generations/year in So. CaliforniaPSHB - Orange/LA/Ventura/Riverside/San Bernardino/Israel=Taiwan beetleKSHB - San Diego/Orange=Vietnam beetle and is carrying different strains of fungiIn 2012 the beetle was collected from a backyard avocado tree in South Gate, and from several tree species at local botanical gardensIt now appears to be established in Los Angeles, Orange, Ventura, San Bernardino and Riverside Counties. A single beetle was caught in Santa Cruz County in 2014.KSHB/FD was confirmed to be attacking avocado trees in several commercial groves in north San Diego County in 2014 as well as several species of landscape trees in a single area in east San Diego County. In 2015, a large-scale infestation was identified in the southwestern area of the County at a public regional park.
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Presentation Notes
New detections –KSHB - Tijuana River Regional Park – SW corner of San Diego County (Fall 2015)PSHB - Santa Paula – avocado groves, Ventura County (Fall 2015)PSHB – Temecula – traps only, near avocado packing houses (Fall 2015)PSHB - Santa Ana Riparian Habitat – Riverbed Park in Riverside  (March 2016)



Shothole Borer Infestation in Tijuana River Valley, November 2015



Signs and Symptoms

(a) Round entry/exit hole ~0.85 mm in diameter (b) staining beneath bark
(c) bark staining (d) gumming (e) frass (f) sugary exudate

Photos | a, c: Monica Dimson/UCCE Orange County; b, d: Akif Eskalen/UC Riverside
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Infested Sycamore tree in UCI 

Infestation in main trunk Infestation in branches
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ISHB Reproductive Hosts

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. Avocado (Persea americana)
11. Mimosa/Silk tree (Albizia julibrissin)
12. English oak (Quercus robur)
13. Coast live oak (Quercus agrifolia)*
14. London plane (Platanus x acerifolia)
15. Fremont cottonwood (Populus fremontii)*
16. Black cottonwood (Populus trichocarpa)*
17. White alder (Alnus rhombifolia)*
18. Titoki (Alectryon excelsus)
19. Engelmann oak (Quercus engelmannii)*
20. Cork oak (Quercus suber)
21. Valley oak (Quercus lobata)*
22. Coral tree (Erythrina corallodendron)

23. Blue palo verde (Cercidium floridum)*
24. Palo verde (Parkinsonia aculeata)
25. Moreton Bay chestnut (Castanospermum australe)
26. Brea (Cercidium sonorae)
27. Mesquite (Prosopis articulata)*
28. Weeping willow (Salix babylonica)
29. Chinese holly (Ilex cornuta)
30. Camellia (Camellia semiserrata)
31. Acacia (Acacia spp.)
32. American sweetgum (Liquidambar styraciflua)
33. Red flowering gum (Eucalyptus ficifolia)
34. Japanese wisteria (Wisteria floribunda)
35. Goodding's black willow (Salix gooddingii)*
36. Tree of heaven (Alianthus altissima)
37. Kurrajong (Brachychiton populneus)
38. Black mission fig (Ficus carica)
39. Japanese beech (Fagus crenata)
40. Shiny xylosma (Xylosma congestum)
41. Mimosa/Silk tree (Albizia julibrissin
42. Draft coral tree (Erythrina humeana
43. Black poplar (Populus nigra)*
44. Black Willow (Salix nigra)*
45. And the list keeps growing

* Native Species



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 
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Sanitation Summary:Firewood movement will spread beetleChipping appears very effective - most effective at <1”.Solarization: effective in summer - higher temperatures created with use of clear plastic vs black. Solarization not effective in the Fall and Winter months – only summer.Ambient temperatures 95-105°F (33-40°C)Otherwise, store covered logs on site for several months



Goldspotted Oak Borer (GSOB)
(Agrilus auroguttatus)

Photos | Tom Coleman, PhD/USDA Forest Service-Forest Health Protection
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Presentation Notes
Buprestidae family – jewell beetles (EAB); first categorized as A. coxalisAdults - 10mm (0.4 in.) longLarvae – 18mm (0.75 in.) long – Mature larvae are white, legless, slender with C-shaped spericles and two pincher-like spines at the tip of the abdomen.Arrow – only life stage causing significant tree injury… while feedingPhoto of extensive larval feedingLarval feeding occurs in a meandering patternblack appearance when the bark is freshly removedLarval galleries are tightly packed with dark-colored frass.Extensive larval feeding can kill large areas of the phloem, leaving areas of dead tissue often filled with tree sapThis feeding activity eventually girdles and kills trees.San Diego County oak mortality previously linked to consecutive years of extreme drought2008 – Tom Coleman linked the mortality to several years of unmanaged goldspotted oak borer infestationWhy GSOB a problem?Exotic pest to California Surveys estimate >80,000 trees killed in San Diego CountyThe beetle primarily kills two oak species – Coast life oak and California black oakLittle to nothing known about GSOB prior to 2008GSOB is considered by some experts to be the most significant insect threat to oaks in CA



(a) Coast live oak, Quercus agrifolia (b) California black oak, Q. kelloggii
(c) Canyon live oak, Q. chrysolepsis (d) Englemann oak, Q. engelmanni

GSOB hosts in California

a b

c d

Photos | Tom Coleman, PhD/USDA Forest Service-Forest Health Protection
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Mortality impacting the some of the most drought tolerant species on the landscape, except oneTop left: Coast live oak (Quercus agrifolia)Top right: CA black oak (Q. kelloggii)Bottom left: Canyon live oak (Q. chrysolepsis)Bottom right: Englemann oak (Q. engelmanni)



Map | Kim Corella/CAL FIRE



GSOB injury across 
several size classes

<10" DBH
30% injured by GSOB

6% dead with GSOB injury

10-20" DBH
61% injured by GSOB

8% dead with GSOB injury

20-30" DBH
77% injured by GSOB

26% dead with GSOB injury

>30" DBH
85% injured by GSOB

40% dead with GSOB injury
DBH=tree diameter at breast height

Presenter
Presentation Notes
Ground survey findings:Percent infestation and mortality in each size classIncrease dramatically in larger, mature treesGreatest threat to trees >15-in dbhHas been recorded in oaks as small as 5-in dbh



Symptoms/Evidence of Attack

Branch dieback and 
Crown thinning

Staining Woodpecker 
feeding



GSOB exit holes



• Combining management options into an 
effective and environmentally sensitive 
approach to managing GSOB

Integrated pest management (IPM)

Monitoring 
and 

Surveying

Insecticide 
use

Removal of 
infested  trees

Restoration
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Monitoring- Purple traps, trap trees, and health assessmentsInsecticide treatmentsSize class and host preferenceApply systemic insecticide injection to lightly infested trees: Emamectin benzoate via stem-injection…end of February… lasts 2 yearsApply preventative basal systemic insecticide to adjacent  and apparently uninfested trees + lightly infested trees found lateDinetefuranApril (minimum of 2 weeks before emergenceKills larvae…. lasts 1 yearApply barrier spray to all lightly infested treesCarbarylMay (just prior to adult emergence)Kills adults and larvae emerging from eggs…. Lasts about 3 monthsInfested wood managementBiological control- Classical biological control



Grinding

TarpingSeasoning

Managing GSOB-infested wood

Bark Removal
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Firewood management best control option for limiting the spread of GSOB.Season wood from infested trees for two years before moving out of areaCA Firewood Taskforce established in 2011; part of CA Forest Pest CouncilManaging infested wood can limit the human-assisted spread of GSOB in CA.Various management options are available for large-scale or small-scale landowner:DebarkingGrindingSeasoningTarping



Infested wood treatment and utilization
The danger posed by infested wood:

This amount of bark produced…

…168 beetles

Presenter
Presentation Notes
Management OptionsGrinding Study



South American Palm Weevil



www.dontmovefirewood.org
• Season wood from 

recently killed trees for 
two years

Presenter
Presentation Notes
Firewood management best control option for limiting the spread of GSOB.Season wood from infested trees for two years before moving out of areaCA Firewood Taskforce established in 2011; part of CA Forest Pest CouncilUCCE lead survey of campers re:  firewood attitudes and knowledgeUCCE assists with public awareness campaign, “Buy It Where You Burn It” in conjunction with the national ‘Don’t Move Firewood’ effort.



Tree Pest Websites

http://ucanr.edu/sites/gsobinfo/
http://ucanr.edu/sites/pshb/
http://cisr.ucr.edu/palmarum.html

Distribution maps and report 
forms can be accessed from 
these pages
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