Laurel Wilt and the
Redbay Ambrosia Beetle,
Xyleborus glabratus

) protectus.

ecting LS. from Pesis



Overview

Laurel Wilt affects redbay (Persea borbonia), an important species
for coastal wildlife and avocado (Persea americana), an important
subtropical world crop.

The disease is associated with an exotic ambrosia beetle (Xy/eborus
glabratus)and caused by a fungus (Raffaelea /auricola).

Symptoms and signs of the disease include wilted foliage, vascular
discoloration, and sawdust tubes.

The disease has been detected in Georgia, North Carolina, South
Carolina, Florida, Alabama, and Mississippi.

Other members of the Lauraceae family known to be affected by
the disease in the field include: sassafras (Sassafras albidum),
swamp bay (Persea palustris), pondspice (Litsea aestivalis),
pondberry (Lindera melissifolia), and camphor (Cinnamomum

camphora). jprotectus
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Presentation Notes
Redbay (found in the family Lauraceae) is a native evergreen tree found along the southeastern coast of the United States from North Carolina to Texas.  They grow both in sandy soils and well drained, but moist soils (preferred).  It can grow up to 65 feet (20m) tall and 3 feet (1m) in diameter.  The bark is thin and dark red brown to gray brown in color.  The leaves on this plant are fairly thick, simple, and oblong or lance shaped with a smooth edge measuring about 4-6 inches in length and 1-2 inches in width.  They are glossy and can range in color from bright to dark green on top, and pale green to grayish underneath.  When the leaves are crushed, they give off a pleasant aromatic smell.  


Sources of information – 
FloriData.  Persea borbonia.
	accessed 7/3/2013
	http://www.floridata.com/ref/p/pers_bor.cfm  
Urban Forestry South. Identifying Characteristics Of Redbay (Persea borbonia)
	accessed 7/3/2103
	http://www.urbanforestrysouth.org/resources/library/identifying-characteristics-of-redbay-persea-borbonia/


Redbay
Persea borbonia

Image credit:
Ann Murray, University of Florida
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The fruit on these trees are small (about the size of a pea) ranging in color from bright blue to shiny purple black and are produced in October.  It is an important species for coastal wildlife producing fruit that persists on the tree during the winter months (when food is otherwise scarce).  The leaves are eaten by deer (though they seem to be only somewhat palatable with other leaves from other tree species being favored above these).  It is also the main larval host of the Palamedes swallowtail (Papilio palamedes).  

Culturally, the plant has a long history of medicinal use by Native American tribes that were and are found along the southeastern coast.  They used it to treat everything from insanity to stomach aches to arthritis.   The leaves are also used as flavoring in regional cuisine such as gumbo.

Recently, though, the redbays have been dying off.  


Sources of information – 
FloriData.  Persea borbonia.
	accessed 7/3/2013
	http://www.floridata.com/ref/p/pers_bor.cfm  
Urban Forestry South. Identifying Characteristics Of Redbay (Persea borbonia)
	accessed 7/3/2103
	http://www.urbanforestrysouth.org/resources/library/identifying-characteristics-of-redbay-persea-borbonia/
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In 2003, on Hilton Head Island, South Carolina, significant redbay mortality was reported to the South Carolina Forestry Commission.  Initially, drought and the fluctuation of the underlying water table were blamed.  By 2004, however, the Georgia Forestry Commission was also receiving reports of redbay mortality.  

Sources of information – 
Fraedrich, S.W., T.C. Harrington, R.J. Rabaglia, M.D. Ulyshen, A.E. Mayfield, III, J.L. Hanula, J.M. Eickwort, and D. R. Miller.  2008.  “A Fungal Symbiont of the Redbay Ambrosia Beetle Causes a Lethal Wilt in Redbay and Other Lauraceae in the Southeastern United States”.  Plant Disease, Volume 9, No. 2.
U.S. Forest Service. Laurel Wilt History.
	Accessed 7/13/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/history.shtml



http://www.bugwood.org/
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After looking closer at the problem, a fungus (Raffaelea lauricola) was identified as the cause of the redbay deaths.  The disease was named Laurel Wilt.  The fungus itself belongs to a group of fungi called Ophiostoma, the same group of fungi that causes Dutch Elm Disease.  It was a previously undescribed species of fungus.

The image of the fungus can be seen here.  Confirmation of the diagnosis of the disease must be made by culturing the fungus.


Sources of information – 
U.S. Forest Service. Laurel Wilt History.
	Accessed 7/13/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/history.shtml




Redbay ambrosia beetle
Xyleborus glabratus

e Exotic beetle from Asia
e Native hosts include:

— Lauraceae

e Phoebe lanceolata, Lindera latifolia, Litsaea elongata

— Fagaceae

e [ithocarpus edulis

— Fabaceae

e [eucaena glauca

— Dipterocarpaceae
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The discovery of the fungus that caused Laurel Wilt coincided with the discovery of an introduced exotic beetle from Asia, called the redbay ambrosia beetle (Coleoptera: Scolytinae).  Initially, the beetles were detected in a monitoring trap in 2002 near the Port Wentworth area of Savannah, GA (before the redbays began dying).  In 2003, however, the beetles were found on dying and dead redbay trees in coastal South Carolina implicating them as part of the disease cycle.    

The beetle was originally recorded from India, Bangladesh, Japan, Myanmar, and Taiwan.  In its native range, its hosts are Phoebe lanceolata, Lithocarpus edulis, Leucaena glauca, Lindera latifolia, Litsaea elongata, and Shorea robusta.     

It is likely that the beetle came into the country on solid wood packing material used in cargo importation.

Source of information:
Fraedrich, S.W., T.C. Harrington, R.J. Rabaglia, M.D. Ulyshen, A.E. Mayfield, III, J.L. Hanula, J.M. Eickwort, and D. R. Miller.  2008.  “A Fungal Symbiont of the Redbay Ambrosia Beetle Causes a Lethal Wilt in Redbay and Other Lauraceae in the Southeastern United States”.  Plant Disease, Volume 9, No. 2.
Johnson, J. B. L. Reid, Mayfield, D. Duerr, and S. Fraedrich. New disease epidemic threatens redbay and other related species.   
	accessed 7/3/2013
	http://www.state.sc.us/forest/idwilt.pdf
Rabaglia, Robert J. Stephanie A. Dole, and Anthony I. Cognato.  2006. Review of American Xyleborina (Coleoptera: Curculionidae: Scolytinae) Occurring North of Mexico, with an Illustrated Key. Ann. Entomol. Soc. Am. 99(6): 1034 – 1056.




Redbay ambrosia beetle
Xyleborus glabratus
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Normally, our native ambrosia beetles are an important and beneficial part of the decay process of dying or dead trees in our forests.  They are called ambrosia beetles because, as adults, they carry spores of the fungus that they feed on with them in special pouches in their body.  As they tunnel through their host plant creating galleries in which to lay their eggs, the galleries become infected with the spores of the fungus.  The larvae then feed on this fungus as they grow. The fungus is the 'ambrosia' that gives the name to ambrosia beetles.  However, the redbay ambrosia beetle happens to vector a virulent fungal pathogen, Raffaelea lauricola, as its ambrosia to which our redbays have no defense.  In addition, the redbay ambrosia beetle attacks both healthy and dying trees.  Normally, ambrosia beetles only attack dying trees. 

The presence of the fungus in the beetles confirms their part in the spread of this devastating disease. The fungus enters the tree's vascular system when the beetles tunnel into the tree causing the tree to wilt and die.  

The left-hand image is of the female adult redbay ambrosia beetle while the right hand image is of the male.  The most distinguishing characteristics of the adults are the V-shaped abdominal tip and the shiny and hairless upper surfaces.  Adults normally have light-colored legs and dark carapace, but newly pupated adults can be quite light in color.  In addition, the color can vary from dark to an orange brown.  The males have two protruding bumps on the front of the head which distinguishes the males from the females. 

Sources of information – 
Center for Invasive Species Research. Redbay Ambrosia Beetle and Laurel Wilt.
	accessed 7/3/2013
	http://cisr.ucr.edu/redbay_ambrosia_beetle_laurel_wilt.html
Florida Forest Service. Forest and shade tree pests. Laurel Wilt.  Leaflet number 13, April 2008.
	accessed 7/3/2013
	http://www.floridaforestservice.com/publications/fh_pdfs/Laurel_Wilt.pdf
Johnson, J. B. L. Reid, Mayfield, D. Duerr, and S. Fraedrich. New disease epidemic threatens redbay and other related species.   
	accessed 7/3/2013
	http://www.state.sc.us/forest/idwilt.pdf
U.S. Forest Service. Laurel Wilt History.
	Accessed 7/13/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/history.shtml  
U.S. Forest Service. Laurel Wilt Insect Vector.
	Accessed 7/13/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/insect_vector.shtml



Redbay ambrosia beetle
Xyleborus glabratus
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These are side views of the female (left) and male (right) adults.  Note the protruding bumps on the head of the male that is not present on the female.  Also note the hairless abdominal upper surface of both males and females.  You can see that the carapace color can vary as well.   



Sources of information – 
Center for Invasive Species Research. Redbay Ambrosia Beetle and Laurel Wilt.
	accessed 7/3/2013
	http://cisr.ucr.edu/redbay_ambrosia_beetle_laurel_wilt.html
Florida Forest Service. Forest and shade tree pests. Laurel Wilt.  Leaflet number 13, April 2008.
	accessed 7/3/2013
	http://www.floridaforestservice.com/publications/fh_pdfs/Laurel_Wilt.pdf
Johnson, J. B. L. Reid, Mayfield, D. Duerr, and S. Fraedrich. New disease epidemic threatens redbay and other related species.   
	accessed 7/3/2013
	http://www.state.sc.us/forest/idwilt.pdf
U.S. Forest Service. Laurel Wilt History.
	Accessed 7/13/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/history.shtml  
U.S. Forest Service. Laurel Wilt Insect Vector.
	Accessed 7/13/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/insect_vector.shtml
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Male (top) and female (bottom) adult redbay ambrosia beetles.  Also note that the females are slightly larger than the males.   


Source of information:
Rabaglia, Robert J. Stephanie A. Dole, and Anthony I. Cognato.  2006. Review of American Xyleborina (Coleoptera: Curculionidae: Scolytinae) Occurring North of Mexico, with an Illustrated Key. Ann. Entomol. Soc. Am. 99(6): 1034 – 1056.
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Presentation Notes
The redbay ambrosia beetle measures around 2mm long.   

Sources of information – 
Johnson, J. B. L. Reid, Mayfield, D. Duerr, and S. Fraedrich. New disease epidemic threatens redbay and other related species.   
	accessed 7/3/2013
	http://www.state.sc.us/forest/idwilt.pdf


Redbay ambrosia beetle
Xyleborus glabratus

Larvae in tunnels
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The eggs (left) are laid in the tunnels that the female excavates in the tree.  The larvae (right) are white and legless with a brown head capsule.  

According to a recent study, the eggs take about 6 days to hatch, the larvae take about 9 days to develop (with 3 larval instars), and the pupal development time averages around 5 days.  The life span of this beetle from egg through adult is about 29 days at 25°C. 


Information source:
Brar, G. 2012.  Ecology and Biology of Redbay Ambrosia Beetle (Xyleborus glabratus Eichhoff).  PhD Dissertation, University of Florida.   
Fraedrich, S.W., T.C. Harrington, R.J. Rabaglia, M.D. Ulyshen, A.E. Mayfield, III, J.L. Hanula, J.M. Eickwort, and D. R. Miller.  2008.  “A Fungal Symbiont of the Redbay Ambrosia Beetle Causes a Lethal Wilt in Redbay and Other Lauraceae in the Southeastern United States”.  Plant Disease, Volume 9, No. 2.



Image credit:
Lyle Buss, University of Florida
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Presentation Notes
Female redbay ambrosia beetle tunneling through a redbay tree.  Note the eggs on the left end of the tunnel.
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Presentation Notes
The image featured here shows the life cycle of the redbay ambrosia beetle.  The top row features the egg (shown on the far left), with 3 different sizes of larva (left to right), and the pupa (far right).  You can also see the color variations that occur in the adults on the second row.  The adult on the far right is the male (which is slightly smaller than the female).



Disease Cycle

Healthy Redbay

Beetle with spore
bearing mycangia

Beetle deposits fungal
spores into sapwood during
initial attempt to colonize the host

>

Laurel Wilt
Suggested Disease Cycle
Fungal Pathogen: Raffaclea lauricola
Insect Vector: Xyleborus glabratus
(redbay ambrosia beetle)

Female beetles emerge and
search for host trees

Partial Crown Wilt

Mild vascular

i discoloration
L I

with fungal symbiont

Extensive black/brown
streaking in sapwood

Frass tubes (Ephemeral)

Beetles attracted to
dead or dying Redbay
i ) trees
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The disease cycle of Laurel Wilt begins with a redbay ambrosia beetle carrying spores of Raffaelea lauricola with them to the host plant (this is an example of a symbiotic relationship in which both species benefit – the beetle and the fungus).  The beetle tunnels into a healthy redbay and spores are deposited in the sapwood of the tree. The fungus colonizes the galleries, providing a food source for the beetle larvae and the adults (the “ambrosia” of the ambrosia beetle).   The fungus then colonizes the xylem (water-conducting vascular tissue) of the tree and the tree begins to exhibit black streaking of the sapwood and wilting of the foliage (this is an example of a parasitic relationship in which one species benefits – the fungus – while the other is harmed – the redbay).  More beetles colonize the dying tree and produce more galleries filled with more fungus for their larvae. In addition, other ambrosia beetle species will colonize the dying or dead redbay tree. 

Once the larvae pupate, the female beetles, mated and now carrying the fungal spores, exit the tree and fly away in search for new host trees, beginning the cycle again.  The beetle can have several generations per year, and only one mated female beetle is needed to begin a new population (of both beetles and fungus).  The male beetle is flightless and dwarfed, he never leaves the natal tree (tree in which they were born).   


Sources of information – 
Florida Forest Service. Forest and shade tree pests. Laurel Wilt.  Leaflet number 13, April 2008.
	accessed 7/3/2013
	http://www.floridaforestservice.com/publications/fh_pdfs/Laurel_Wilt.pdf
U.S. Forest Service. Laurel Wilt Disease Cycle.
	Accessed 7/3/2012
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/disease_cycle.shtml
Mayfield, A. and M. Thomas. The Redbay Ambrosia Beetle, Xyleborus glabratus Eichhoff (Scolytinae: Curculionidae).  Florida Department of Agriculture and Consumer Services, Division of Plant Industry Pest Alert.
	Accessed 7/3/2012
	http://www.freshfromflorida.com/pi/pest-alerts/xyleborus-glabratus.html

The cartoon depicting this cycle was produced in 2009 by M. Hughes (University of Florida) and J. Thomas and A. Mayfield (FL Department of Ag and Consumer Sciences, Division of Forestry).


Symptoms of the Disease

Click here to
view video of
symptoms.

Image credit:
Left: Ronald F. Billings, Texas Forest Service, www.bugwood.org, #5383213
Right: A. Mayfield, Florida Department of Agriculture and Consumer Services, www.bugwood.org,
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Symptoms of a disease are a response of the infected organism to the infection itself.  

Initially, the disease symptoms of Laurel Wilt manifest as drooping leaves with a reddish or purplish discoloration to them.  The symptoms may seem restricted to only part of the crown, but it soon spreads to the entire crown turning it completely brown.  The dead leaves will usually stay attached to the tree for up to one year (and in some cases, longer).  If you remove the bark, you will see black discoloration of the sapwood.  Symptom progression may appear to be even faster once the trees begin to wilt.  

In research on the disease cycle, trees that have been artificially infected have died in as little as eight weeks.

The image on the left shows a redbay with wilting and brown leaves across the crown.  The right-hand image shows the dark streaking just under the bark that is symptomatic of the infection.  Both of these symptoms are tied to infection of the vascular system of the tree.
 
Sources of information – 
Johnson, J. B. L. Reid, Mayfield, D. Duerr, and S. Fraedrich. New disease epidemic threatens redbay and other related species.   
	accessed 7/3/2013
	http://www.state.sc.us/forest/idwilt.pdf
Florida Forest Service. Forest and shade tree pests. Laurel Wilt.  Leaflet number 13, April 2008.
	accessed 7/3/2013
	http://www.floridaforestservice.com/publications/fh_pdfs/Laurel_Wilt.pdf
U.S. Forest Service.  Laurel Wilt Symptoms.
	Accessed 7/3/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/symptoms.shtml

http://www.bugwood.org/
http://www.youtube.com/user/protectingusnow

Signs of the disease

Click here and here to view video of signs
of the disease and its vector.

Image credit:
Top left: Albert (Bud) Mayfield, Florida Department of Agriculture and Consumer Services,

www.bugwood.org, #2199086
Bottom left: James Johnson, Georgia Forestry Commission, www.bugwood.org, #2109039

Right: Albert Mayfield, Florida Department of Agriculture and Consumer Services,

www.bugwood.org, #2199082 —
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Signs of the disease are evidence of the organism itself that is causing (or delivering) the disease.  

Top left:
Entry hole left by a redbay ambrosia beetle (the vector of the fungal disease).  This is often very difficult to see as the beetle is so small.

Bottom left:
Tunnels filled with the fungus Raffaelea lauricola, the ambrosia eaten by the redbay ambrosia beetle and the cause of the disease.

Right:
 Sawdust tubes produced by the redbay ambrosia beetle.  These tubes will usually wash off in the rain. 

Sources of information – 
Florida Forest Service. Forest and shade tree pests. Laurel Wilt.  Leaflet number 13, April 2008.
	accessed 7/3/2013
	http://www.floridaforestservice.com/publications/fh_pdfs/Laurel_Wilt.pdf
Mayfield, A. and M. Thomas. The Redbay Ambrosia Beetle, Xyleborus glabratus Eichhoff (Scolytinae: Curculionidae).  Florida Department of Agriculture and Consumer Services, Division of Plant Industry Pest Alert.
	Accessed 7/3/2012
	http://www.freshfromflorida.com/pi/pest-alerts/xyleborus-glabratus.html

http://www.bugwood.org/
http://www.bugwood.org/
http://www.youtube.com/user/protectingusnow
http://www.youtube.com/user/protectingusnow

Distribution in the US

Distribution of Counties with Laurel Wilt Disease* by year of Initial Detection
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Six states have
confirmed the disease
as of July 2013:
South Carolina, North
Carolina, Georgia,
Alabama, Florida, and
Mississippi.

Map provided by U.S. Forest
service July 2013 -
http://www.fs.fed.us/r8/foresthe
alth/laurelwilt/dist_map.shtml
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The disease has spread quickly up and down the eastern seaboard since it was first detected in Georgia in 2004 where only 3 counties initially reported the disease.  By May 2011, at least 35 counties in five states have reported the disease.  The natural spread of the disease seems to be 20 miles per year.  

Discontinuous spread (jumping across counties or states) are likely tied to human movement of infected redbay wood.  One such jump in Florida has been traced to movement of wood from the Jacksonville area to a county in mid-south Florida.  Although the movement of the fungus and beetles was unintentional, it created another focus for the disease to radiate outward into new counties.  

The beetle vector was detected in a trap in Miami-Dade county in Florida March 15, 2010.  This detection was part of a concerted survey effort, and a stepped-up disease survey (by the Cooperative Agricultural Pest Survey – CAPS) is underway.  The disease was detected in three swamp bays in south Miami-Dade county In February 2011.  The disease was found in commercial avocado production in Miami Dade County in May 2012.   

Given the spread of the disease and its vector, efforts are underway to track and manage the disease.  However, eradication is not feasible at this point, therefore neither the pathogen nor the beetle are regulated by state or federal governments.  The vector (beetle) is a strong flier (at least the females are) and can move the disease into one or two new adjacent counties per year.
 
Sources of information – 
Crane, J. H. and J.A. Smith. Homeowner Detection of and Recommendations for Mitigating Redbay Ambrosia Beetle – Laurel Wilt Disease on Redbay and Avocado Trees in the Home Landscape.  UF IFAS Extension HS1179. 	accessed 7/3/2013
	http://trec.ifas.ufl.edu/Laurel%20Wilt%203-3-11/HS117900%20RAB-LW%20recommendations.pdf
Florida Department of Agriculture and Consumer Services. Laurel Wilt Disease Identified In Miami-Dade County.  Press Release.
	accessed 7/3/2013
	http://www.freshfromflorida.com/press/2011/02252011.html
Florida Department of Agriculture and Consumer Services. Florida Department of Agriculture and Consumer Services Identifies Laurel Wilt Disease in Avocado Production Area of Miami-Dade County.  Press Release.
	accessed 7/3/2013
	http://www.freshfromflorida.com/newsroom/press/2012/05012012.html
Johnson, J. B. L. Reid, Mayfield, D. Duerr, and S. Fraedrich. New disease epidemic threatens redbay and other related species.   
	accessed 7/3/2013
	http://www.state.sc.us/forest/idwilt.pdf
Southeast Green.
	accessed 7/3/2013
	http://www.southeastgreen.com/index.php?option=com_content&id=3817&view=article&Itemid=107

Albert “Bud” Mayfield when he was with the Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication

Georgia Department of Forestry – Personal communication



Image credit:
CL Harmon, University of
Florida
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The trunks of the dead trees are all that remain of these redbays in Georgia. These snags were created when the trees, killed by the Laurel Wilt pathogen, were further attacked by common wood-decaying fungi.  These other fungi weaken the wood structure of the trunk.  Since the leaves remain on the tree long after the tree has died from laurel wilt disease, the canopy catches wind easily and this movement can cause the trees to snap, leaving tall snags behind. These trees wilted and died in just 15 weeks. 

This disease can kill nearly all mature redbays in a stand within 3-5 years of infestation.  At one site in Florida, redbay mortality increased from 10 to 92% in just 15 months.  Saplings subjected to infestation by redbay ambrosia beetles die in as little as eight weeks.
�Sources of information – 
Alabama Forestry Commission. Laurel Wilt Disease.	
	Accessed 7/3/2013
	http://www.forestry.alabama.gov/LaurelWilt.aspx?bv=3
Florida Forest Service. Forest and shade tree pests. Laurel Wilt.  Leaflet number 13, April 2008.
	accessed 7/3/2013
	http://www.floridaforestservice.com/publications/fh_pdfs/Laurel_Wilt.pdf
Personal communication with Georgia Department of Forestry by Carrie Harmon
Personal communication with Jeff Eickwort, FDOACS, Forestry Division by Stephanie Stocks



Pondspice

Litsea aestivalis
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James Johnson, Georgia Forestry Commission, www.bugwood.org,
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Other ecologically important species in the laurel family are also impacted by the disease.  Observations in the field reveal that pondspice (Litsea aestivalis), sassafras (Sassafras albidum), pondberry/southern spicebush (Lindera melissifolia - a federally endangered species), swamp bay (Persea palustris), and camphor (Cinnamomum camphora) are susceptible to laurel wilt.  

Pondspice is a shrub or small tree (reaches about 15 feet in height) that is found in wetland areas along the coast from Louisiana to Maryland.  The leaves are almost 0.5 inch wide and up to 1.5 inches long, somewhat thick, deciduous, simple, oblong or lance shaped with smooth margins.  It flowers in late winter, early spring.  The flowers are small and yellow and clustered at the tips of the branches.  The red berry fruit can be seen in the fall.  It is on the state endangered lists for Florida and Maryland and listed as threatened in Georgia. 


Sources of information – 
Alabama Forestry Commission. Laurel Wilt Disease.	
	Accessed 7/3/2013
	http://www.forestry.alabama.gov/LaurelWilt.aspx?bv=3
Foote, Leonard E. and Samuel B. Jones, Jr.  2004.  Native Shrubs and Woody Vines of the Southeast:  Landscaping Uses and Identification.  Timber Press, Inc., Portland, Oregon.
Fraedrich, S.W., T.C. Harrington, R.J. Rabaglia, M.D. Ulyshen, A.E. Mayfield, III, J.L. Hanula, J.M. Eickwort, and D. R. Miller.  2008.  “A Fungal Symbiont of the Redbay Ambrosia Beetle Causes a Lethal Wilt in Redbay and Other Lauraceae in the Southeastern United States”.  Plant Disease, Volume 92, No. 2. 
Mayfield, A. and M. Thomas. The Redbay Ambrosia Beetle, Xyleborus glabratus Eichhoff (Scolytinae: Curculionidae).  Florida Department of Agriculture and Consumer Services, Division of Plant Industry Pest Alert.
	Accessed 7/3/2012
	http://www.freshfromflorida.com/pi/pest-alerts/xyleborus-glabratus.html
Mayfield, A.E., III, Edward Barnard, Thomas Harrington, Stephen Fraedrich, James Hanula, Victor Vankus, Bob Rabaglia, Don Duerr, Russ Bulluck, James Johnson, Chip Bates, Scott Cameron, Jason Smith, Jorge Peña, Faith Campbell, Andy Boone.  2009. Recovery Plan for Laurel Wilt on Redbay and Other Forest Species Caused by Raffaelea lauricola, vector Xyleborus glabratus.  
	Accessed 7/24/2013 – 
	http://www.ars.usda.gov/SP2UserFiles/Place/00000000/opmp/ForestLaurelWilt100107.pdf
Smith, J.A., L. Mount, A.E. Mayfield, III, C.A. Bates, W.A. Lamborn, S.W. Fraedrich.  2009.  “First Report of Laurel Wilt Disease Caused by Raffaelea lauricola on Camphor in Florida and Georgia”.  Plant Disease, Volume 93, Number 2.
Surdick, J. and A. Jenkins.  2009. Pondspice (Litsea aestivalis) Population Status and Response to Laurel Wilt Disease in Northeast Florida. Final Report for the Division of Forestry, Florida Department of Agriculture and Consumer Services Contract #025665.  
	accessed 7/24/2013 - 
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/resources/pubs/Litsea_DOF_report-Surdick2009.pdf 
USDA Natural Resources and Conservation Service Plant Database.  Litsea aestivalis. 
	accessed 7/24/2013 – 
	http://plants.usda.gov/core/profile?symbol=LIAE
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Sassafras
Sassafras albidum

Image credit:

Chris Evans, River to River CWMA, www.bugwood,org, #1330066 (left) and
Pennsylvania Department of Conservation and Natural Resources - Forestry
Archive, www.bugwood.org, #5021088 (right) =
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Sassafras is found throughout the Eastern United States from Maine across to Wisconsin extending down into Texas and across to Florida.  It can reach up to 60 feet in height, although they are usually found as an understory tree about 20 feet tall.  The leaves are about 6 inches long and simple with a smooth edge, however, they have 3 different shapes (2 lobed mitten, 3 lobed trident, and no lobes).  They are very fragrant when crushed (as is the twig).  They flower in the early to mid spring with small, bright yellow-green flowers.  The fruit is dark blue measuring 0.33 inches in length and are found in a red cup on a red stalk in late summer.     

Sources of information:
Brockman, C. Frank.  1996.  A Guide to Field Identification:  Trees of North America.  Golden Books, New York.
Foote, Leonard E. and Samuel B. Jones, Jr.  2004.  Native Shrubs and Woody Vines of the Southeast:  Landscaping Uses and Identification.  Timber Press, Inc., Portland, Oregon.
Seiler, J., E. Jensen, A. Niemiera, and J. Peterson.  2012.  Sassafras albidum.  Department of Forest Resources and Environmental Conservation, Virginia Tech.  
	Accessed 7/24/2013 - 
	http://dendro.cnre.vt.edu/dendrology/syllabus/factsheet.cfm?ID=84
US Forest Service.  1990.  Silvics of North America.  Agriculture Handbook 654.  
	accessed 7/24/2013-
	http://www.na.fs.fed.us/pubs/silvics_manual/volume_2/sassafras/albidum.htm
USDA Natural Resources and Conservation Service Plant Database.  Sassafras albidum. 
	accessed 7/24/2013 – 
	http://plants.usda.gov/core/profile?symbol=SAAL5
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Pondberry
Lindera melissifolia - a
federally endangered species

Image credit:
James Henderson, Gulf South Research Corporation,

www.bugwoo.org, #1241197 and #1241196
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Pondberry is also known as southern spicebush.  It is a shrub that reaches 2 meters in height and occurs in lowland habitats of the Southeastern United States that are usually flooded in winter.  They can be found in Virginia across to Missouri, down to Louisiana and across to Florida.  The leaves are 4 inches long, simple, oval, pointed at the tip and rounded at the base with smooth margins.  They are also fuzzy on both sides and aromatic when crushed.  The flowers of pondberry are small and yellow with a bloom season that lasts from March to April.  The resulting fruits are 0.5 inches long and bright red.  They are found on stalks that are also 0.5 inches long and swollen at the tip.           

Source of information:
Devall, M.S. and N.M. Schiff. Lindera melissifolia (Walt.) Blume
	Accessed 7/24/2013-
	http://www.fs.fed.us/global/iitf/pdf/shrubs/Lindra%20melissifolia.pdf
USDA Natural Resources and Conservation Service Plant Database. Lindera melissifolia . 
	accessed 7/24/2013 – 
	http://plants.usda.gov/core/profile?symbol=LIME7
USGS Northern Prairie Wildlife Research Center.  Southern Spicebush.
	accessed 7/24/2013 –
	http://www.npwrc.usgs.gov/resource/plants/floraso/species/5/lindmeli.htm   
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Swam P bay
Persea palustris

Image credits:

Left: Chris Evans, River to River CWMA, www.bugwood.org,
#1378123

Top: Rebekah D. Wallace, www.bugwood.org, #5428185

() protectus

First Defectors Protecting LS. from Pests



Presenter
Presentation Notes
Swamp bay is found in the southeastern United States from Maryland to Texas.  It reaches a height of 30-40 feet and can measure 10-15 inches in diameter.  Its leaves are simple and evergreen usually measuring 3-4 inches long and 1.5 inches wide with smooth edges and an elliptical shape.  They are bright green above, but paler with red hairs below (it looks quite a bit like redbay, however, redbay does not have these red hairs).  Its flowers and fruit are supported on a stalk.  The fruit itself is bright blue or blue-black in color and measure 3/8 to 5/8 of an inch in diameter.  In some literature,  swamp bay is lumped together with redbay as a single species.    


Information sources:
Andreu, M.G., M.H. Friedman, M. McKenzie, and H.V. Quintana. Persea palustris, Swamp Bay.   EDIS, University of Florida.    
	accessed 7/24/2013 
	http://edis.ifas.ufl.edu/fr322
Florida Forestry Information.  Persea palustris.
	accessed 7/24/2013-
	http://www.sfrc.ufl.edu/Extension/ffws/tflau.htm#palustris   
USDA Natural Resources and Conservation Service Plant Database. Persea palustris. 
	accessed 7/24/2013 – 
	http://plants.usda.gov/java/profile?symbol=PEPA37
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Cinnamomum camphora

Image credits:
Left: James H. Miller, USDA Forest Service, www.bugwood.org, #1539077
Top: Forest & Kim Starr, Starr Environmental, www.bugwood.org, #5287054

<

yprotectus

First Detectors Frotecting LLS, from Pests

-



Presenter
Presentation Notes
The camphor tree is native to Asia, but has been widely planted in the south (Virginia to Texas, California, and Hawaii) as an ornamental and has since become naturalized.  It averages 25 to 40 feet in height.  Its leaves are simple, evergreen, 2-6 inches long and 1.5 to 2 inches wide with smooth margins and an oval shape.  The tops of the leaves are bright green while the bottom are grayish green.  The mature leaves have a slightly leathery feel.  The flowers are small, but fragrant and greenish white to pale yellow in color.  They are found at the end of greenish stalks that measure about 3 inches long.  The fruit is black and about ¼ inch in diameter that is also found at the end of the stalk.     


Information sources:
Center for Aquatic and Invasive Plants.  Camphor Tree.
	accessed 7/24/2013-
	http://plants.ifas.ufl.edu/node/101
Florida Forestry Information. Cinnamomum camphora.
	accessed 7/24/2013-
	http://www.sfrc.ufl.edu/Extension/ffws/tflau.htm   
Petrides, George A.  1988.  Peterson Field Guide: Eastern Trees.  Houghton Mifflin Company, Boston.
USDA Natural Resources and Conservation Service Plant Database. Cinnamomum camphora. 
	accessed 7/24/2013 – 
	http://plants.usda.gov/java/profile?symbol=CICA
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California laurel
Umbellularia californica

Image credit:
David L. Magney, David Magney Environmental Consulting,
permission via email.

Spicebush
Lindera benzoin T prO'l'eCi'US

Image credits:
Chris Evans, River to River CWMA, www.bugwood.org, #5427457
and #1334063
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Inoculation trials on other species that could be affected by laurel wilt reveal that spicebush and California laurel are also susceptible to the disease.   

Spicebush is found in the eastern United States from Texas up to Iowa across to Maine and down to Florida.  It can also be found in Ontario.  It grows 3 to 10 feet tall and has leaves that measure 2 to 5 inches long.  The leaves are thin and mostly covered with short hairs on the lower surface (giving it a fuzzy feel).  The shape of the leaves is elliptical.  The flowers are small and yellow and grouped together along the twig.  Fruit is red, measuring 0.25 to 0.5 inches long and located on a short stalk.      

California laurel is found from California up to southwestern Oregon.  The plant can grow 10 to 150 feet tall.  Shorter trees are found in drier conditions while the larger trees are found in alluvial soils near rivers.  The leaves are evergreen, dark yellow-green in color, thick and leathery, lance-like to elliptical in shape, and measure 2 to 5 inches long and 0.5 to 1.5 inches wide.  It also has clusters of small, yellowish-greenish flowers.  The fruit measures 1 inch in length and starts out green then turns to purple in color.  


Information source:
Brockman, C. Frank.  1996.  A Guide to Field Identification:  Trees of North America.  Golden Books, New York.
Foote, Leonard E. and Samuel B. Jones, Jr.  2004.  Native Shrubs and Woody Vines of the Southeast:  Landscaping Uses and Identification.  Timber Press, Inc., Portland, Oregon.
Fraedrich, S.W., T.C. Harrington, R.J. Rabaglia, M.D. Ulyshen, A.E. Mayfield, III, J.L. Hanula, J.M. Eickwort, and D. R. Miller.  2008.  “A Fungal Symbiont of the Redbay Ambrosia Beetle Causes a Lethal Wilt in Redbay and Other Lauraceae in the Southeastern United States”.  Plant Disease, Volume 92, No. 2.   
Fraedrich, S.W. 2008.  Disease Notes: California Laurel is Susceptible to Laurel Wilt caused by Raffaelea lauricola”.  Plant Disease, Volume 92, Number 10.
USDA Natural Resources and Conservation Service Plant Database. Lindera benzoin. 
	accessed 7/24/2013 – 
	http://plants.usda.gov/java/profile?symbol=LIBE3
USDA Natural Resources and Conservation Service Plant Guide.  California Laurel.
	Accessed 7/24/2013-
	http://plants.usda.gov/plantguide/pdf/cs_umca.pdf
USDA Natural Resources and Conservation Service Plant Guide. Spicebush.
	Accessed 7/24/2013-
	http://plants.usda.gov/plantguide/pdf/pg_libe3.pdf
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Avocado
Persea americana

Image credit:
Florida Department of Agriculture and Consumer Services, Division of Plant
Industry
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Avocado is another plant that is susceptible to Laurel Wilt.  Although avocado is not a habitat plant, it is economically important in the states of Florida and California.  

In Florida, there are about 6400 bearing acres with 99% of these acres located in southwest Miami-Dade County.  In the 2008-2009 growing season, avocado production was estimated at over $13.17 million.  

California typically produces 85 to 90% of the total U.S. avocado crop with 58,268 bearing acres in Southern California in the 2009-2010 growing year producing 534.5 million pounds of avocado with an estimated value of more than $402 million.  

Most avocado cultivars appear to be susceptible to Laurel Wilt to varying degrees. Research at the University of Florida -Tropical Research and Education Center (UF-TREC) in Homestead and Division of Plant Industry (DPI) quarantine facilities in Gainesville, Florida has resulted in a list of the most susceptible cultivars of avocado: ‘Brogdon’ was found to be highly susceptible, ‘Simmonds’ moderately susceptible, and ‘Reed’ slightly susceptible. 

In September 2007, the first landscape avocado plant succumbed to the disease in Jacksonville.

As of February 2011, the disease has not been found in California, however, the disease has now been confirmed on three swamp bays in Miami-Dade County in Florida, home to most of Florida’s avocado industry.    

Sources of information – 
California Avocado Commission.  
	accessed 7/24/2013-
	http://www.californiaavocadogrowers.com/industry-statistical-data/
Crane, J., E. Evans, and C. Balerdi. 2007.  A review of the Florida avocado industry. Proceedings VI World Avocado Congress.
	accessed 7/24/2013-	
	http://www.avocadosource.com/WAC6/en/Extenso/5a-209.pdf 
Evans, E. Florida Avocado Production and Profitability Analysis.  UF IFAS FE575.
	Accessed 7/24/2014-
	http://edis.ifas.ufl.edu/pdffiles/FE/FE57500.pdf  
Florida Department of Agriculture and Consumer Services Press Release. Laurel Wilt Disease Identified In Miami-Dade County.
	Accessed 7/24/2013
	http://www.freshfromflorida.com/press/2011/02252011.html
Florida Department of Agriculture and Consumer Services Press Release. Florida Department of Agriculture and Consumer Services Identifies Laurel Wilt Disease in Avocado Production Area of Miami-Dade County.
	Accessed 7/24/2013
	http://www.freshfromflorida.com/newsroom/press/2012/05012012.html
Mayfield, A.E., III, J.A. Smith, M. Hughes, and T.J. Dreaden.  2008.  “First Report of Laurel Wilt Disease Caused by a Raffaelea sp. on Avocado in Florida”.  Plant Disease, Volume 92, Number 6.   
Ploetz, R.C. and J.E. Pena. Laurel Wilt: A Lethal Disease on Avocado and other Lauraceous Hosts.
	accessed 7/24/2013-
	http://www.caribbeanseeds.com/Laurel-wilt-overview.pdf
Florida Department of Agriculture and Consumer Services, Division of Plant Industry, personal communication 
USDA-ERS crop estimates



Management

e Correct identification of the pathogen (and its vector) are of
paramount importance in any management of a disease

e There are several barriers to the treatment of this disease

The beetle is a powerful flier
By the time symptoms appear, the beetle has likely infected many trees in the area

Pesticide use against the beetle is not recommended due to the numerous off-
target species that would be affected

Biological controls are not known at this time

Human movement of infested plant material is aiding the long-distance spread of
the vector.

e The suggestions made for treating or halting the spread of this
disease are based on similar treatments for wilt diseases of other
trees.
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Correct identification of any fungal disease is important in deciding on a management course of action because some fungicides may be effective against one type of fungus and not another.  Diagnosis through culturing and molecular identification are necessary for specific confirmation and thus treatment recommendations.  The same applies for Laurel Wilt.  In addition, correctly identifying the disease and the vector helps in keeping track of the spread of this disease.  

Currently, there are not any management options that will completely eradicate Laurel Wilt from the landscape or stop its spread.  In addition, there are several barriers to the treatment of this disease which makes existing treatment options difficult.  However, slowing the spread to uninfected areas can be achieved by avoiding transportation of infested firewood and destroying infected host trees before the redbay ambrosia beetle population spreads to surrounding trees.  

In fact, the importance of not moving firewood as a way to prevent the spread of not only Laurel Wilt, but of other pests and diseases, has been recognized not only by national organizations (i.e. Don’t Move Firewood - http://www.dontmovefirewood.org/) by also by state legislatures.  For example, recently, the Florida state legislature passed FAC Rule Chapter 5B-65 that prevents the movement of firewood and other unprocessed wood products into the state and within the state unless a Master Permit is obtained from the Florida Department of Agriculture and Consumer Services Division of Plant Industry (http://www.freshfromflorida.com/pi/caps/images/pdf_firewood_rule_backgrounder.pdf).

In addition, scientists are also storing seeds in case no cure is found quickly, developing and testing new pesticides that treat either the fungus or the redbay ambrosia beetle, finding some sort of biological control, and developing genetically resistant redbays.  Some of these suggestions may take time that the redbays do not have and not all suggestions will work on a large scale.    

For example, one experiment to cut out all diseased and dying redbays in an area was abandoned once it was found that nearly all the trees in the area were already infected.  However, sanitation (cutting down and burning, burying, tightly covering, or finely chipping the entire tree) may work in areas where only one or two trees are infected and all infected trees can be successfully removed.  

Fungicide injections (with the systemic compound propiconazole) can work, but this will only be a tool used for high-value individual trees before they are infected with the fungus.  You do not need a special license to apply the fungicide as it is not a restricted use chemical, but it can be expensive.  According to preliminary results, the systemic fungicide seems to remain effective for at least two years.  It is important to remember that the fungicide is only a temporary preventative measure and will not "cure" a tree that already has Laurel Wilt. 

In 2007, a Laurel Wilt Working Group was formed to strategize and prioritize the next steps in management, to educate the public and land managers about the issue, and to maximize related work by coordinating efforts among interested agencies, organizations, and individuals (http://www.fs.fed.us/r8/foresthealth/laurelwilt/). 

Sources of information – 
U.S. Forest Service.  Laurel Wilt Management.
	Accessed 7/3/2013
	http://www.fs.fed.us/r8/foresthealth/laurelwilt/management.shtml
Personal communication with Jeff Eickwort, FDOACS, Forestry Division by Stephanie Stocks





Lindgren Funnel Trap
baited with manuka oil or
phoebe oil are used to trap
the redbay ambrosia
beetles.

Image credit:
Andrew Derksen, Florida Department of Agriculture and
Consumer Services, www.bugwood.org, #5429489
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In the mean time, researchers will continue to keep track of the movement of the redbay ambrosia beetle and Laurel Wilt.  Lindgren funnel traps baited with manuka oil or phoebe oil (originally researchers used diseased redbay pieces and ethanol) are used to monitor for Xyleborus glabratus. 

Information source:
Personal communication with Jeff Eickwort, FDOACS, Forestry Division by Stephanie Stocks
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You can help

Submit samples to your NPDN laboratory if you see a wilted canopy,
entry holes, and dark streaking under the bark.

— Submit fresh 1-2 inch pieces of sapwood with the streaking, taken from about
chest-high on the affected tree. Place the pieces in a zip-top bag and keep the
bag cool (cooler or refrigerator) until it can be delivered to the laboratory via
overnight or 2-day mail service.

— Click here to view video.

Remind people not to transport mulch, firewood, etc.

Direct questions to the Forest Health Protection site:
http://www.fs.fed.us/r8/foresthealth/laurelwilt/index.shtml

¢ protectus.
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The National Plant Diagnostic Network (NPDN-http://www.npdn.org/) was established to provide a nationwide network of public agricultural institutions to quickly detect pests and pathogens that have been introduced into agricultural and natural ecosystems, identify them, and immediately report them to appropriate responders and decision makers.  The NPDN has a Standard Operating Procedure (SOP) for the diagnosis of Laurel Wilt Disease and the redbay ambrosia beetle.  This SOP, which incorporates all the most recent methods and procedures, is used in all the NPDN laboratories so all the diagnosticians will use the same standardized procedures to diagnose the disease. In addition, the NPDN labs communicate with each other which helps to track the progression of a disease or pest. 

If you suspect Laurel Wilt Disease (after looking for the correct symptoms and signs –  i.e. listed host, wilted canopy, dark streaking under the bark, frass tubes, presence of a beetle that looks like the redbay ambrosia beetle), use a clean cutting instrument to cut a 1-2 inch piece of wood from the main trunk of the tree (include bark and the lighter wood underneath the bark).  Place the wood in a zip-top bag (keeping it cool until you can overnight the sample – you can also use 2 day mail service) and send it to your local NPND laboratory. You can also contact your local county extension agent and have them do it for you.

If the fungus Raffaelea lauricola can be cultured from the sample, you will know you have this disease and can make informed management decisions.  It is important to realize that the sign and symptoms that have been presented here are not reliable enough to diagnose the disease by themselves.  Culturing the fungus is the only sure way of diagnosing the disease.



http://www.youtube.com/user/protectingusnow
http://www.fs.fed.us/r8/foresthealth/laurelwilt/index.shtml

Additional Sources of Information

e USDA Forest Service, Forest Health Protection,
Southern Region

— http://www.fs.fed.us/r8/foresthealth/laurelwilt/in
dex.shtml

* Florida Department of Agriculture and
Consumer Services, Division of Plant Industry

— http://www.doacs.state.fl.us/pi/enpp/pathology/!
aurel wilt disease.html
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http://www.fs.fed.us/r8/foresthealth/laurelwilt/index.shtml
http://www.fs.fed.us/r8/foresthealth/laurelwilt/index.shtml
http://www.doacs.state.fl.us/pi/enpp/pathology/laurel_wilt_disease.html
http://www.doacs.state.fl.us/pi/enpp/pathology/laurel_wilt_disease.html

Questions?

e For more information, check out
WWW.protectingusnow.org

* You can also contact:

— Amanda Hodges, Ph.D., Associate Extension Scientist,
Department of Entomology and Nematology, University
of Florida, achodges@ufl.edu

— Stephanie Stocks, M.S., Assistant —In, Extension Scientist,
Department of Entomology and Nematology, University
of Florida, sstocks@ufl.edu

) protectus.
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Educational Disclaimer and Citation

e This presentation can be used for educational

purposes for NON-PROFIT workshops,
trainings, etc.

e Citation:

— Harmon, Carrie and Jeff Eickwort. 2011. Laurel
Wilt and the Redbay Ambrosia Beetle, Xy/leborus
glabratus. Accessed (add the date) —
WWW.protectingusnow.org.
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Our Partners

Much of the authorship of e-learning content has occurred through partnerships. Some
of our partnering organizations have included:

A+ , Center for Invasive Species
QSDA lllN IFA '*“ and Ecosystem Health
—‘ Center for Invasive Species and Ecosystem Health
National Institute of Food Regéonaé (i.e. the Bugwood Network]

and Agriculture (NIFA) I
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——'/ Homeland Security (DHS)
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