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Forest Insects on California Black Oak? 

A bit of a “backwater” 



Forest Pathogens on California Black Oak? 

Also, a bit of a “backwater” 



How Times Have Changed 

Goldspotted oak borer 

Sudden Oak Death 



Forest Health Challenges to California Black Oak 

 
I) Insects 
 A) Phloem feeders:  Oak bark (and ambrosia) beetles 
 B)  Phloem feeders:  Goldspotted oak borer 
 C)  Defoliators: Fruit tree leafroller 

 
II) Pathogens 
 A) Stem cankers:  Phytophthora ramorum and sudden oak death 
 B)  Root diseases:  Armillaria mellea/gallica-Armillaria root rot 
 C)  Foliage (twig) diseases:  Apiognomonia errabunda and oak 
  anthracnose 



Impacts of Feeding Groups of Forest Insects 

Conophthorus spp. 

Pityophthorus spp. 

Hylastes macer 

Hylastes macer 
Hylurgops porosus 
Dendroctonus valens 

Dendroctonus brevicomis 
Dendroctonus ponderosae 
Hylurgops porosus 

Ips paraconfusus 
Ips pini 
Pityogenes carinulatus 

Ips latidens 
Pityokteines ornatus 

Gnathotrichus retusus 
Trypodendron lineatum 

Xyleborus intrusus 



GSOB:  The Entomological Context in California 
Bark and Woodboring Insects Associated with Declining Oaks 

Species Feeding Group Significance 
(Early vs. Late in Decline Cycle) 

Agrilus auroguttatus Goldspotted oak borer, phloem and 
outer xylem of stems and branches 

Highly significant, early 

Pseudopityophthorus pubipennis/ 
               agrifoliae 

Oak bark beetles, phloem of stems and 
branches 

Moderately significant, can be early on 
seriously weakened trees 

Monarthrum dentiger/scutellare Oak ambrosia beetle, xylem of stems and 
branches 

Moderately significant, late—stem breakage 
of SOD infected trees 

Gnathotrichus pilosus Oak ambrosia beetle, xylem of stems and 
branches 

Moderately significant, late—stem breakage 
of SOD infected trees 

Chrysobothris femorata/mali Flatheaded borers, bark and outer xylem 
of stems and branches 

Not significant, late, important for wood 
decomposition 

Agrilus angelicus Pacific oak twig girdler, xylem of small 
branches and twigs 

Not significant, early, but attacks peripheral 
portions of tree 

Scobicia declivis 
 

Lead cable borer, xylem of stems and 
branches 

Not significant, late, important for wood 
decomposition 

Xylotrechus nauticus 
 

Oak cordwood borer, phloem and xylem 
of stems and branches 

Not significant, late, important for wood 
decomposition 

Phymatodes lecontei/decussatus Roundheaded borers, phloem and xylem 
of dying branches/stem 

Not significant, late, important for wood 
decomposition 

Brown and Eads (1965) California Agricultural Experiment Station Bulletin 810; 
Furniss and Carolin (1977) USDA FS Misc. Publ. 1339; Coleman and Seybold (2008) Pan-Pac. Entomol. 84:288  
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Western Oak Bark Beetles 
Pseudopityophthorus spp. 





http://ucanr.edu/sites/socaloakpests/files/189274.pdf 

Foamy Bark Canker = Mass Attack of 
Western Oak Bark Beetles + Geosmithia pallida 

Geosmithia has been 
isolated from: 
 
‒‒Coast live oak 
‒‒Interior live oak 
 
Likely will be  
isolated from 
California black oak 



Oak Ambrosia Beetles 
Monarthrum spp., Xyleborinus spp., Xyleborus spp., Gnathotrichus spp. 



Oak Ambrosia Beetles 
Monarthrum spp., Xyleborinus spp., Xyleborus spp., Gnathotrichus spp. 



Goldspotted Oak Borer, Agrilus auroguttatus 

An Invasive Pest of Coast Live Oak, California Black Oak, and Canyon Live Oak 
in Southern California 



Goldspotted Oak Borer 
Take Home Messages 

 
I) GSOB is not always associated with a pathogenic fungus. 

 
II) GSOB appears to have originated from the Southwest (AZ/NM); so 

far it has only invaded southern California. 
 

III) GSOB prefers to attack and kill large diameter red oaks (>18″ dbh); 
it takes a long time (conservatively 3 to 5 yrs) to kill these trees. 

 
IV) The key to limiting future expansion of the invaded range of GSOB is 

preventing the movement of infested firewood. 



UC-IPM Resources 

Hishinuma, S. et al. (2011)  Goldspotted Oak Borer:  Field Identification Guide. 
http://www.ipm.ucdavis.edu/PDF/MISC/GSOB_field-identification-guide.pdf 

Flint, M.L. et al. (2013)  Goldspotted Oak Borer Pest Note. 
http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html 

http://www.ipm.ucdavis.edu/PDF/MISC/GSOB_field-identification-guide.pdf
http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html
http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html


USDA FS Resources 

Coleman, T.W. and Seybold, S.J. (2008)  New Pest in California:  
The Goldspotted Oak Borer.  Pest Alert 
http://www.fs.usda.gov/detail/r5/forest-grasslandhealth/?cid=fsbdev3_046707 or 
http://www.nps.gov/yose/learn/nature/upload/pest-oak-borer-alert.pdf 

Coleman, T.W. et al. (2015)  Goldspotted Oak Borer. 
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3833276.pdf 

http://www.fs.usda.gov/detail/r5/forest-grasslandhealth/?cid=fsbdev3_046707
http://www.nps.gov/yose/learn/nature/upload/pest-oak-borer-alert.pdf
http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3833276.pdf


GSOB:  Awareness Began in May/June 2008 



GSOB timeline in CA  

Tree mortality begins-dismissed as drought 
2002 

2008 
Tree mortality linked to GSOB and nothing known about the species 

2009 

2010 

2011 
2012 

2013 

Research on GSOB biology and detection 
efforts begin 

GSOB research: biology, managing infested wood, 
insecticides, trap development, biocontrol, risk assessment 

“             “ 
“             “ 

“             “ 

GSOB found in Idyllwild 
(Riverside Co.) 

2014 GSOB research: insecticides, trap 
development, risk assessment, fuel 
impacts 

2015 GSOB research: 
insecticides, fuel impacts 

GSOB found in Orange/Weir Cyn 
(Orange Co.) 

GSOB found in Green Valley 
(Los Angeles Co.) Aug. 2015 



Coleman, T.W. et al. (2015)  Goldspotted Oak Borer. 
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3833276.pdf 

http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3833276.pdf


Goldspotted Oak Borer:  Connections to California Black Oak 

 
I) GSOB attacks and kills California black oak at high elevation sites in 

San Diego County (Laguna Mountain, north slopes of Mount Palomar) 
          and Riverside County (Idyllwild) 
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I) GSOB attacks and kills California black oak at high elevation sites in 

San Diego County (Laguna Mountain, north slopes of Mount Palomar) 
          and Riverside County (Idyllwild) 
 
II) California black oak appears to be more sensitive to attack by GSOB  
         than coast live oak, e.g.,  dead black oaks have fewer emergence holes   
         (30-100) than coast live oaks (300-1000) (T.W. Coleman pers. observ.) 



Goldspotted Oak Borer:  Connections to California Black Oak 

 
I) GSOB attacks and kills California black oak at high elevation sites in 

San Diego County (Laguna Mountain, north slopes of Mount Palomar) 
          and Riverside County (Idyllwild) 
 
II) California black oak appears to be more sensitive to attack by GSOB  
         than coast live oak, e.g.,  dead black oaks have fewer emergence holes   
         (30-100) than coast live oaks (300-1000) (T.W. Coleman pers. observ.) 
 
III)  GSOB adults have a preference for feeding on the foliage of California       
         black oak 



Adults feed on foliage; larvae feed on phloem 



GSOB mature larva 

Tom 
Coleman 

May 2008 





High density larval mining by GSOB in oak phloem 



Sap stain on outer bark of several oak species 



Symptoms:  Woodpeckering and Bleeding Wounds 



D-Shaped Emergence Holes and Galleries Beneath the Bark  



Flint, M.L. et al. (2013)  Goldspotted Oak Borer Pest Note. 
http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html 

http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html
http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74163.html


GSOB injury symptoms 
Crown thinning Bark staining 

D-shaped exit holes Woodpecker foraging 



Oak Health Rating System 
Based on Symptoms of 

Injury from GSOB 

‒Crown condition (3 or greater) 

 
‒Number/density of emergence holes (3) 

 
‒Bark staining 
 
‒Presence/absence of woodpecker damage 

Coleman et al. (2011) Forest Ecology and 
Management 261:1852-1865. 

Hishinuma et al. (2011) Goldspotted oak borer:  
Field identification guide, 
University of California Agriculture and Natural Resources, 
Statewide Integrated Pest Management Program, 6 pp., 
Oakland, California, January 13, 2011, 
http://www.ipm.ucdavis.edu/PDF/MISC/GSOB 
field-identification-guide.pdf 

http://www.ipm.ucdavis.edu/PDF/MISC/GSOB_field-identification-guide.pdf
http://www.ipm.ucdavis.edu/PDF/MISC/GSOB_field-identification-guide.pdf




Coleman et al. (2012) Forest Ecology and Management 276:104-117  



Host Ranges Determined through Field Surveys in Arizona, California, and Mexico 

2011 2012 



GSOB larval hosts 
C
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ifo
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A
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M
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(A. coxalis) 

Q. peduncularis 

Q. conzatti 



Small leaf disks 

GSOB Adult Feeding Assays  
Dual-choice test for GSOB adult feeding behavior 

 1. Coast live vs. California black oak 
 2. Coast live vs. Canyon live oak 
 3. Coast live vs. Engelmann oak 
 4. California black vs. Canyon live oak 
 5. California black vs. Engelmann oak 
 6. Canyon live vs. Engelmann oak 

Treatments:  

Small branches with leaves 



Chen et al. (2013) Entomologia Experimentalis et Applicata 149:57-66  

GSOB:  Adult Feeding Preference 

Yigen Chen 
UC Davis 



Chen et al. (2013) Entomologia Experimentalis et Applicata 149:57-66  

GSOB:  Adult Feeding Preference 

Yigen Chen 
UC Davis 



GSOB: Risk to California? 



GSOB Risk Assessment 
Initial Risk Assessment, 2008/2009 
 
Based on: 
 
 Range of Potential Hosts 



GSOB Risk Assessment 
Initial Risk Assessment, 2008/2009 

Advanced Risk Assessment, 2015 
 
Based on: 
 
 Temperature/Precipitation 
 Freeze Tolerance 
 Host Susceptibility 
 Dispersal Capacity 
 

Rob Venette 

Rob Venette 
USDA FS 

Northern Res. Station 
St. Paul, MN 

Venette et al. (2015)  Assessing the risks posed by goldspotted oak borer in California 
and beyond, pp. 1-12, in R. Standiford and J. Kleijunas (eds.).  
Proc. 7th California Oak Symposium. 3-6 November, 2014, Visalia, California, x pp. (in press). 





Insecticide Treatments 

Treatments for Infested Wood 

Monitoring 

Coordination of Life Cycle and Management Activities for GSOB 
An IPM Framework 

Yigen Chen 
UC-Davis 

Tom Coleman 
USDA FS 

San Bernardino 



Treatments for Infested Wood 

Coordination of Life Cycle and Management Activities for GSOB 
An IPM Framework 

Yigen Chen 
UC-Davis 

Tom Coleman 
USDA FS 

San Bernardino 



Sanitation of infested wood 
Debarking Grinding 

Solarization Removal timing 

Treatments:  Management of Wood from Infested Areas 



2011:  Survival and Management of GSOB in Firewood 
(Grinding, 3"Pieces) 

N=7 

Jones, M.I et al. (2013)  Sanitation options for managing oak wood infested with the invasive goldspotted oak borer (Coleoptera: Buprestidae) in southern California. 
J. Econ. Entomol.  106 235–246.  doi:  http://dx.doi.org/10.1603/EC12177 



www.dontmovefirewood.org 
• Season wood from 

recently killed trees 
for two years 
 



California Black Oak Defoliator: 
Fruit tree leafroller, Archips argyrospila (Tortricidae) 



Historical outbreaks on California black oak in the San Bernardino Mountains 
1) 1951-1953 
2) 1999-2003 

California Black Oak Defoliator: 
Fruit tree leafroller, Archips argyrospila (Tortricidae) 



California Forest Pest Conditions Report-2010 

California Black Oak Defoliators 



Emerging Pest Issues:  Chrysobothris costifrons 
New flatheaded wood borer in San Diego County 



Forest Health Challenges to California Black Oak 

 
I) Insects 
 A) Phloem feeders:  Oak bark (and ambrosia) beetles 
 B)  Phloem feeders:  Goldspotted oak borer 
 C)  Defoliators: Fruit tree leafroller 

 
II) Pathogens 
 A) Stem cankers:  Phytophthora ramorum and sudden oak death 
 B)  Root diseases:  Armillaria mellea/gallica-Armillaria root rot 
 C)  Foliage (twig) diseases:  Apiognomonia errabunda and oak 
  anthracnose 



Stem cankers: 
Phytophthora ramorum and sudden oak death 

Infection of the phloem and outer xylem (wood) of the main stem and lower scaffold 
branches by a brown algal pathogen. Oaks in the red oak group (Lobatae) and 
tanoak are impacted.  



Original map from M. Kelly, UC-Berkeley 
Big Sur 

Humboldt County 

Wildland distribution of Phytophthora ramorum 

Marin County 



Marin County, CA  
June 2000 



 

Big Sur, 2010 



Big Sur  
S. Frankel 



Oaks 
Quercus agrifolia 
Q. kelloggii 
Q. parvula var. shrevei 
Q. chrysolepis 

Tanoak 
Notholithocarpus densiflorus 



Tanoak 





Rhododendron 

Bay laurel 

Bigleaf maple 

Coast redwood 

Maidenhair  
fern 

Infections and lesions on leaves, twigs, and small stems of a 
variety of native species in coastal California forests 







Known Host Range of Phytophthora ramorum 
Andrew's clintonia bead lily 
Ardisia 
Bigleaf maple 
Blueblossom 
California bay laurel 
California black oak 
California buckeye  
California coffeeberry  
California hazelnut  
California honeysuckle 
California maidenhair fern 
California nutmeg 
California wood fern 
Camellia species 
Camphor tree 
Canyon live oak 
Cascara 
Chinese witchhazel  
Coast live oak 
Coast redwood 
Douglas fir 
Drooping leucothoe 
European ash 
European beech 
European turkey oak  
European yew 
Evergreen huckleberry 
Evergreen maple 

False Solomon’s seal 
Formosa firethorn 
Fetterbush 
Goat willow 
Grand fir 
Griselinia 
Holly olive 
Holm oak 
Horse chestnut 
Hybrid witchhazel 
Japanese evergreen oak 
Japanese larch 
Laurustinus 
Lilac 
Madrone 
Magnolia varieties 
Manzanita 
Michelia 
Mountain laurel 
Northern red oak 
Oleander 
Oregon ash 
Osmanthus 
Pacific yew 
Persian ironwood 
Pieris varieties 
 

Planetree maple 
Poison oak 
Port-Orford cedar 
Portuguese laurel 
cherry 
Red fir 
Red tip photinia 
Redwood ivy 
Rhododendron 
species 
Roble beech  
Rugosa rose 
Salal 
Salmonberry 
Scotch heather 
Sessile oak 
Sheep laurel 
Shreve oak 
Southern red oak 
Spicebush 
Spreading euonymus 
Star magnolia  
Strawberry tree 
Striped bark maple 
Sweet bay laurel 

Sweet chestnut 
Sweet Cicely 
Sweet olive 
Tanoak 
Toyon 
Viburnum varieties 
Victorian box 
Vine maple 
Western hemlock 
Western maidenhair 
fern  
Western starflower 
White fir 
Winter's bark 
Witch hazel 
Wood rose 
Yew 



Root disease: 
Armillaria mellea/gallica-Armillaria root rot/oak root fungus 

Infection of healthy roots leading to decay of roots and lower stem.  Infection occurs 
via “rhizomorphs” or direct contact between infected and healthy roots.  Oaks, 
other hardwoods, and conifers are impacted (especially in mixed stands).  



Infection 

• Invades the root, root collar and 
trunk base (usually no higher than 
2 meters) 

• Initial decay of the phloem, 
cambium, and sapwood 

• Fungus restricted to the sapwood 
while host is alive 

• After host dies, moves into 
heartwood 
 



Range of Armillaria 
mellea in CA 



Armillaria mellea 



Identification 
• Mycelial fans 

 
•  Rhizomorphs 

 
• Wet stringy white rot, sometimes with hard 

black plates (zone lines) 
 

• Fruiting  bodies 
 



Dispersal 
    Rhizomorphs  

• Extend several meters from 
the resource base 

• 0.2 to 2 meters/year 
• Translocation of water and 

nutrients, establishment of 
new infections 

• Will infect directly or “lie in 
wait” under the bark surface 
and attack when the tree 
becomes stressed 

Produce spores, not significant in disease 
development 

 



Persistence 
• Effective saprobes, persist on 

dead material 
 

• Spread from tree to tree, slowly 
enlarging root disease centers 
 

• Colony can persist for decades 
or centuries 
– Few square meters to hundreds of 

hectares 

 



Gap started at a 
suppressed and infected 
black oak. 

All tree species may be 
killed. 

Armillaria mellea 
associated gap 

 
 







Foliage (twig) diseases: 
Apiognomonia errabunda and oak anthracnose 

“One thing you might want to mention is oak anthracnose. In 2005-2006 when it 
was really wet, we saw a lot of this disease on black oak in the coastal ranges. It 
caused complete defoliation in many cases, although most trees put on new leaves 
by mid-summer. With potentially increased rainfall this year, it could be a problem 
again (D.M. Rizzo, pers. corresp., Nov. 10, 2015).” 



Doomsday Scenario? 
 
We would rather not see 
what will happen to oaks 
if GSOB and SOD join 
forces 

SOD 

GSOB 

?? 

Goldspotted Oak Borer 



Thank you for your Attention 

Questions and Discussion? 



Agrilus auroguttatus 

Agrilus coxalis 

GSOB’s native 
and introduced 

ranges 

Coleman and Seybold (2008) 
Pan-Pacific Entomologist 84: 288-300 



Historical Collection Records of GSOB in Southeastern AZ 
Coleman and Seybold (2011) Coleopterists Bulletin 65: 93-108 



Historical Collection Records of GSOB in Southeastern AZ 
Coleman and Seybold (2011) Coleopterists Bulletin 65: 93-108 

Dragoon Mts. 



GSOB:  Source of Introduced Population 

• mtDNA and nuclear DNA analyses suggest that the CA 
population is most similar to populations in southeastern AZ 

• Likely transported to CA on firewood 

Dragoon Mountains 
Cochise Co., AZ 



Analysis by P. Rugman-Jones, 
Vanessa Lopez, 

and R. Stouthamer, 
Dept. Entomology, 

UC-Riverside 

GSOB Population Genetics and Similarity of AZ and CA Populations 
Mitochondrial Cytochrome Oxidase I Haplotypes of GSOB 

Richard Stouthamer 

Vanessa Lopez 









~25,000 oaks 
Have been killed by 
GSOB within an area 
of 212,460 ha in 
San Diego Co. 
(USDA FS, FHM 2013).  Coleman et al. (2012) Forest Ecology and Management 276:104-117  



Aerial Detection of Southern California Oak Mortality 



Time from infection to mortality 
 

– Armillaria & Host Species 
 

– Inoculum potential of the individual fungus  
• Larger resource base = more aggressive 

 

– Health and age of the host  
• Young trees (less than 15 years old, especially in 

plantations) often girdled 
• Older trees can often contain the infection 

 

– Environment  
• Moist conditions  

 



In Managed Forests  

• In some western US forests, up to 35% 
of annual mortality  

 
• Especially aggressive and  
 damaging in young trees 
 
• High risk of infection lasts 10-15 years 

after logging (primary inoculum)  
 



Control 
• Avoid off-site trees that may be 

stressed and pre-disposed 
 

• Removal of inoculum = tree and root 
system removal 
 



Landscape, Vineyards, 
Orchards  

• Common in Urban settings 
 

• Important disease of stone 
  fruits, also infects citrus, walnuts, and 

grapes 
 
• Most severe on sites previously 

occupied by hardwoods, especially 
oaks (reason for the common name 
“O k R t F ”) 
 



Grapevine root 

Douglas-fir root 





Control: Urban & Agricultural 

• Avoid Overwatering 
• Reduce wounding 
• Removal of stumps/dead wood that can  

 harbor the fungus 
• If hot and dry, can removal of soil from 

the root collar can help infected hosts 
recover, may kill the fungus 
 



Smith, M.L., J.N. Bruhn & J.B. Anderson. (1992) The fungus Armillaria bulbosa is among the 
largest and oldest living organisms. Nature 356(2) 428-431. 
 





Top 10 Interesting Facts 
about the 37-Acre 

Fungus 
10. Came out of hiding to appear as character witness in 

Gotti trial. 
9. Bill Clinton once tried smoking some of it. 
8. Has vanity plate: "FUNGUS-1". 
7. Some polls show it's running neck-and-neck with Jerry 

Brown. 
6. Elvis once had staff try to bulldoze it onto 40-acre pizza. 
5. Section of it used to make William Shatner's hairpiece. 
4. Might be an old YMCA they forgot to disinfect. 
3. Smarter than Quayle. 
2. Nickname: "Debbie". 
1. Tastes a little like chicken.  April 9, 1992 
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