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Background

Laurel wilt disease (LWBgused by the fungRaffaelea lauriaathvectored by the redbay

ambrosia beet(®AB) Xyleborus glabrdtas spread rapidly throughout the coastal maritime forests

in Georgia, killing nearly laltge previouy abundant redb#ersea borbbti@es in its path. As

this disease spreads inland, it is moving into more diverse habitats, often with scattered and smaller
redbay trees, as well as other host plants in the laurel family. Although surveys and research have
revealed much about thisedise, many questions remain about the disease process and its impacts
on host plants.

Objectives

The goals of this laurel wilt monitoring project are to: 1) detetimi fate gblants in the

Lauraceatamily primarily redbay and sassaineareas wdre laurel wilt disease has already moved
through, 2) document titentinuingspread of the disease in Georgiastablish a methodology

and document changes in vegetation composition resulting from the elimination ahdedbay

associated hodty thisdisease4) monitor the rate of mortality in redbay, sassafras, and other host
plants as the disease spreads inland, and 5) monitor abundance of redbay ambrosia beetles in areas
with varying stages of disease progression.

Initial objectivescludecevalating the effects of LWD annumber of plants in th@uraceae
family inGA, including redbay, sassaffeas§afras albjdpondspice I(itsea aestiyatiendberry
(Lindera melissifodiayl camphdiCinnamomum camphaéoaveverdue todifficultiesencountered
with locating and accesspand-spice and pondbersitesattentionhas beefocused almost
exclusively on documting the progression of the LWibredbay and sassafras.

Methods

LWD Distribution and Spreadin Georgia The advance af\WD in 2009 and 2010 in
Georgiavasdocumented through observation of dead and dying redbay and sassafras trees by GFC
foresters, contacts with landowners, and éiteéotid surveys and visits to monitoring plots by

GFC Forest Health persogin The presence of LWD imgviously uninfected countaasd

instances of uncertain diagnasaseconfirmed through laboratory isolateord identificatioof

the pathogen by Steve FraedriciDAJSorest Service, Athens, GA

Long-term Monitoring Plots. Permanentipts were established in early 2009 and revisited on
about a 8nonth scheduletinvestigatthelaurel wiltdisease proceas it spreads into new areas
and throughndividualgroupsof redbay and sassafit@es and todeterminghefateof these two
speciesfter the diseadmsmoval throughan areaPlots were located areasitiallyfitting each

of threediseaseprocessstages 1)absent(ahead of the advancing front where no disease is
known to be presenf) active (where the redly ambrosia beetle and the laurel wilt pathogen are
present and killing treeapd3) old (areas whetargehosttreeshave died and begun to dezag
redbayambrosia beetlésivepresumablgmergedrom old host materigl

1 Some taxonomists distinguishoeedP. borbofiand swamp bak.(palustyias separate species. For this stusle
taxaare recognized as one species and referred to as redbay.



Plot distribution and classification Sixteen monitoring plots wenstalledn redbay habitat

from latewinter through early summer 2009: A) Five ahead of the advancing front in areas in which
LWD was apparently oabsent, 6 B) nssidethepl ot s wit
advancing disease front, and C) five in 0ol dbé
front. One very unique sltecated near Claxton, Géith nearly pure, large redbay trees that had

been killedy LWD priorto 2009 6 s hoaweansi te) was visited and
but a pld was not established due to extremely hazardous conditionslar thmount of fallen

tops and stems, which made the area almost impenetrable.

Five separafgotswere established in safsas stands (thickets) afteréesifin May 2009, three in

the absence of disease and two with active disease episodes in progress. One additional active
sassafras site was periodically monitored and photographed, but a plot was not estableéshed due to
profusion of poison ivy in and around the sassafras trees.

Among the initial 16 redbay plots, two had sassafras trees mixed with redbay. Thus, three additional
subplots (modules, described belaith mostly sassafras (two at one site and onecdihéng

were established to expand the area in whicbritorthe diseaserpgression through both

speciesn the same site.ctve diseasgas preserdt initiationin redbay, butotin sassafraen

the site with one additiorslbplot. The other two sassafras modules and adjoining redbay plot are
stilldisease free

Oneadditionaplot was established in a unique area with four lauraceous species (redbay, sassafras,
pondspice and pondberry) growing adjacent to each other on tbkeasdgeland pond located
about 40 km beyond the advagaisease front.

Monitoring plots were established on both private and public properties and landowners/managers
were consulted to obtain approval for installation and monitoring of plots anthefihding
appropriate combinations of adequate host ptisiginatedtage of disease progression, and
landowrer approval was difficullhe locationprimary species, and disease @agdSeptember

2010) for each of the lotgrm monitoring phs are illustrated in FigureDetails, including date

initiated, dates visited, disease status, host species present, county locaticegiandaeedisted

for each plot in Table 1.

Plot installation and data collectionmethods Longtermplotswereestablishednd vegetation
described using simplified methods adapted from the Carolina Vegetation Survey protocol. Plots
generally consisted of four 100 square meter (10 m xrid@laoi¢sin a row (10 m #0 m), or
sideby-side in a-4nodule squar@0 m x 20n), depending on hdistribution of host plant3he
corners of eacmonitoring ploimodule were marked with PVC pipe tiedour corner®f the
aggregate pletere additionally marked with brass rods. GPS coordinatedduoreitheft corner

of module one and the bewyiof the plot center linside of module one) were recorded at plot
establishment along with general site characteristics. Number, locatiahaDBtdr(at breast
heightd 1.37 m (4.5 f))and tree condition: 1) ljyeealthy, 2) LW syrgnatic, 3) LW dead, 4) LW
dead, falleapart, 5) diebad¥y other causes, or 6) ddndther causes, along with numbers and
condition of sprouts, were noted for each redbay and sassafras tree gré&emth@H in each
plot modde.
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Figurd. Locatiooflaurel wittisease kergrmonitoring plots, primary host species, dSeptsrdiage in
2010, and RAB trajpes.

Each redbay tree was numbered and plotted on a sketch map and also mafield piahwith

an aluminum tag placed on a wire pin at the base of each tree or group of trees. Since five plots
were established in areas where redbay trees haddalragdg anaroken apart with only the

trunk orstump and sprouts remaining, thigioal tree DBH was estimated to characterize the
original redbay component in these plotse fate of hostegeneratiowas monitored by recording
thenumbers and condition of hgaants <2.5 cm DBHh onemeter strips alongne side of each
moduleat each assessmeRedbay andassafrdsss than 1.4 tall wereounted and recorded as

live or dea®d s e e d andhostyaatsaller than 1.4, but<2.5 cm DBH were recorded as live

or deadsaplings No attempt was made to distinguish betwwents and seedling plants. Percent
understory (<2.5 m) and overstory (>2.5 m) canopy cover was noted by plant species.



Table 1. List of LiWonitoring plots and RAB trajpsanspection dates, diseasesptasenthostnties
and egegioalassification.

Estab. TrapgTraps Eco-
Plot| Wint/Spr | Summer| Spring | Summel Aug| Aug |Initial|Rb region
ID# 2009 2009 2010 | Fall 201(Q 2009 2010 Stagq ** |SasPs|Pb|County | **
111 1/30/09 | 8/11/09 | 2/6/10 | 9/21/10| X | X 1 1 Emanuel| 65l
114 2/10/09 | 8/11/09 | 4/14/10|9/21/10| X | X 1 1) 1 Jenkins | 65l
113 2/12/09 | 8/9/09 | 3/14/10|9/19/10| X | X 1 1 Bacon 75h
114 4/6/09 | 8/12/09 | 2/6/10 X | X 1 1 Emanuel| 65l
1194 6/23/09 | 8/8/10 | 2/4/10 | 9/18/10| X | X 1 1 Ware 75h
12 X | X 2l 1] 1 Screven | 65l
12 X | X 2 1 Bulloch | 65l
12 X | X 2l 1 Tattnall | 65I
124 2/12/09 | 8/12/09 | 3/14/10 X | X 2l 1 Appling | 75h
125 3/24/09 | 8/8/09 NA | X 2l 1 Brantley | 75f
129 3/25/09 | 8/8/09 | 2/4/10 X | X 2l 1 Pierce 75h
13 X X 3 1 Bryan 75j
13 X X 3 1 Chatham| 75j
13 X X 3 1 Mclintosh| 75j
13 X | X 3 1 Bulloch | 75f
13 X X 3 1 Wayne 75f
211a 5/14/09 | 8/11/09 | 4/14/10 | 9/21/10 | NA | NA 1 1) 1 Jenkins | 65l
211 5/14/09 | 8/11/09 | 4/14/10| 9/21/10 | NA | NA 1 1 1 Jenkins | 65l
212a 5/1/09 | 8/10/09 | 4/15/10 | 9/23/10| X | X 1 1 Jenkins | 65l
2120y 5/1/09 | 8/10/09 | 4/15/10 | 9/23/10 | NA | NA 1 1 Jenkins | 65l
213 5/14/09 | 8/11/09 | 4/19/10(9/23/10| X | X 1 1 Jenkins | 65l
22 9/23/10| X | X 2 1 Bulloch | 65I
22 9/23/10 | NA | NA 2 1 Screven | 65l
223 5/13/09 NA | NA 2l 1f 1 Screven | 65l
224 5/2/09 X | X 3 1 Bulloch | 65I
311a 5/27/09 | 8/12/09 [ 5/10/10| NA NA | NA 1] 1 1 1|Wheeler | 65l
3114 5/27/09 | 8/12/09 | 5/10/10| NA NA | NA 1 1 |Wheeler| 665l
| 13NN X | x | 3 Evans | 65l
114 NA NA NA NA X | X 1 Emanuel| 65l
114 NA NA NA NA X | X 1 Wheeler | 65|
TOTALS| 22 | 23 20{10{ 1|1
Key*| Absent | Adjacent] 1st sym
Sass adj|Sass adj
* Absent=no known LW near, Adjacent=disease near, but not in plot, 1st sympt=first LW symp
trees in plot, Active=multiple trees with LW symptoms, ambrosia beetles active, Old=disease r
through area, RAB emerged, host trees fallen apart, Multi-spp.=more than 1 host species in pl
adj=added module to include more sass - plot number color indicates redbay/sass plot assoc
Initial stage: 1=live, healthy, 2=LW symptomatic, 3=LW dead.
** Rb=redbay, Sas=sassafras, Ps=pondspice, Pb=pondberry, Eco-region (Griffith et al. 2001).




Procedures were modified for sassafras stands (thickets) with large numbers of tightly spaced small
trees.One or twomodules with dimensions adjusted to the configuration of the stand were
established and tallies of live and deadspgrdiameter class were recorded instead of tagging and
measuring each individual tree. In the one plot with four host species present, numbers of live and
dead stems were recorded for two individual clumps of pond spice, numbers of live and dead
pondbery stems were recorded in a one meter sample strip in each module. Redbay and sassafras
trees were marked and recorded as in all the other redbay plots.

Redbay Ambrosia Beetle (RAB) Monitoring The presence and relative abundance of RAB

in each of the disease process stages for redbay and sassafras habitat were assessed by deploying
Lindgren &unnel traps baited with commercial Manuka oil lures (Synergy Semiochemicals Co.
P385Lure M) adjacent to 18 of the LW monitoring plots througheumonth of August (30 days)

in 2009 and again in August 2(Hi§. 6D). Traps were deployed at four additional locations, two
dOabsento6 redbay sites beyond the advancing fr
near Claxton, GA), anth®@ active sassafras for a total of 22 sites in 2009 (Figure 1, Table 1). The
twentytwo traps deployed in 2009 were allocated to disease stages and host species as follows:
RedbayOld (4), Redbasctive (8), Redbabsent (6), Sassafradtive (3), andéSsafrasbsent

(1). One additional active permanent monggot site was added in 2010selase stage

associated with each trapping site was assigned according to the status at the time of trap
deployment each yeardata summarie§ hus, the disease stage for several sites differed from the
original 2009 designation and changed from 2009 to 2010 due to changes in activity after over time
(Table 2). Manuka oil baits were provided by Dr. Jim Hanula, USDA Forest Service, Athens, GA.
Dr. Hanula also sorted through trap catches and provided RAB counts each year.

Results

Distribution of LWD in Georgia The laurel wilt disease front and outlying diseasers in

GA as of September 2009 and October 2010 are delineated by theddnoes on the maps in

Figures 2 and 3, respectivélgr comparisorLWD distribution mapbased on surveys conducted

during the winters of 20@®07 and 2062008in GA areillustrated ifFigures A2 and A3,

respectivelyThe 2009 and 2010 LWD surveysorted hereoncentrated on delimiting the

advancing disease front into new areas, while the @D0&nd 2062008 systematic surveys

involved visiting many evenly spaced sample points over a large area in GA, which facilitated a finer
resolution of ease distribution on magssouthwideperspectivef the historical distribution of

LWD in GA, FL, and SC idustratedn Figure Al (Appendix A)

In the one year peridsttween fall of 2009 afall of 2010, laurel witdvancedbout 16 knor less
along most of thdiseas&ontin GA, apparentlyesshan in prior years. Thraetableexceptions
includeisolateddiseasencidentqoutlying infectiondpcated in Richmond County to the north,
LaurengCountyto the westandthe corners dfowndesl.anier,Clinchcounties irthesouth all of
which areabout65km ahead oanyknown LWDand likely involved maassisted dispersal of the
RAB vector.The southern and westayutlying infection centegise in redbay habitat, but the
northern outlier involves only a few sassafraddostedon a sandy upland sétdjacent to a busy
highwayfar from any knowredbayor LWD.

Between spring008 and fall 200BWD caused p#cularly heavy losses isaof high density
redbaybehind the advancing frantBrantley, Wayne and Appling countie®utheaster@A. In



2010 areas with especially heavy redbay mortality were observed in a swath through portions of
western Brantye Pierce, and Bacon coastiLWD incidence generally was newattered and less
severehroughout most of the remaining area of disestsiéation, especially alaotng northern

extent of theliseasen GA.

During the pas?-3 yearsmostnew disease infections along the advancing front in northern
Bulloch, southern Jenkins, and northern Screven coaviiesdturred in scattered groaps

thickets of sassafras tremisere redbay is relatively scavibile LWDhas not spread rapidly

through this ared has steadily infected additional groups of sasSdimdisease is approaching

other areas along the western front where redbay is scarce or absent, but there is a considerable
population of sassafras. These areas are particydartamt to follow, sincgssafras could serve

as a host fatWD over large areas in the eastern U. S.

Griffith et al. (2001) developed a map for Georgia delineatiregent and sufegions with

similar geology, physiography, vegetation, climitelaswi se, fauna, and hydrology, which are

useful in describing the advance of LWD in GA (F#&). AWDsteadily spread westward through

the northern half of th8outhern Coastal Plain (Sea Islands and Sea Island Flatwoods) in GA and
now is well situad to rapidly expand in the remaining uninfected portions of the inland Southern
Coastal Plain (southwestern portions of the Bacon Terraces and the Okefenokee Plains) in Bacon,
Ware, Clinch, Atkinson, Lanier, Lowndes, and Echols counties. The spvéBdstiviced but has
continued to spread into Southeastern Plains, Atlantic Southern LoarbpplenoastaPlain)

north of the Altamaha River, where it is running out of high density, large redbay. As LWD spreads
farther westward in central GA it wilteuntelessredbay and greater amounts of sassafras in
scattered pockeasid spreathrough these ecotypss/et to be determined

Laurel Wilt Disease Spread PredictionsThe factors that influence the spread rate and
distributionof LWD were consided in a previous GFC report on LWD in GA (Cameron et al.
2008).The potential forapidnatural spread the disease is far greater in areas on the coastal plain
where densities and size of redbay are substantially great&artiavhere hostees a generally
smalkérandmorewidely scattered

Coder (2006) developed a laurel wilt risk prediction map for GA based primarily on availability of
susceptible host and climate (Fi§)AThe spread of LWdisease in GA to date has largely been
restricted to the highest and second higiskstreas (zones 1 andwith the exception the

northern expansion of the disease where it already has moved through zones 1, 2, 3 and into the
edge of the second lowask area, zone 4, largely in sassaftasula et al. (2008) did not find the

RAB to be attracted to cut stems of sassafras and speculated that this might slow the spread of laurel
wilt in areas outsidbe southeastern Atlantic Coastal Plaideed theadvancef laurel wilin the

Upper Coastal Plain in Gras slowedut most of the spreadongthe northern advancing front
haslargelybeenin sassafrad WD also has been observed in sassafras in geographic isolation from
diseased redbaySC andrL (Smith et al. 209

Koch and Smith (2008) developed a model and map whichspinediate of spread and eventual
geographical distribution of laurel wilt (FHg)A These estimates are based on a number of factors
including: 1) climate, 2) densityedbay and sassafras (Figs.afnd A7), 3) an assumptidhat
RABwill not spreath the absence of redbay, apdspread rate derived from the historical county
spread maps féiL, GA, and SC. LWD and RAB have spread somewhat slower thandobgdicte



the model. Spread rate to the north in SC also has been slower than predicted. Long distance
spread aided by human activities, such as the recently discoveredrL\AfIMS is certainly
beyond theredictive abilitiesf the model.
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Figur@. 2009 Georgia laurel wilt survey permanent plot locations depicted by circles for redbay plots, ¢
sassafras plots, and colors indicate stage of infection (green =absent, orange=active and red =old). T
delinges the approximate advancing front toward the west as of September 2009 and the irregular red
indicate isolated infection centers possibly spread by human activities.



Georgia Laurel Wilt Monitoring Plots and Disease Front
October 2010
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LWD Long-term Monitoring Plots.

Site ard vegetationdescriptionsin L WD monitoring plots. LWD monitoring plots were
established ovelarge area in southeastern GA encompalisarge ecoegions and habitats.

Redbay is found on a wide range of sites, but it prefedsaivedt soils witAbundantvater, such

as, at the edges of ponds or small drains. It is not fobalams or ponds that flood ahdld

water for long periods of time. The sites located in this study with the highest densities of larger
redbay trees were on the edgesnail dainages or ponds on soils vaitganicsurface layer
overlayingleepsandysubsoil All the sassafras thickets were locateglandsandy soils along

old fence rows, edges of woods, agricultural fields, or roadfAghis while the scattered
sassaframixed with redbalyees on two sites, were on sandy &bilse edge of a drain and upland
pond on slightly higher ground than tedbay.

The eceregionclassificatiofor each monitoring plot is listed in TabléXkey to the ecoegion
codes is listed the bottom of the map (Fig-3 developed by Griffith et al. (200Ihree of the
fivei ni t i redbaydotsdreihdhe Sea Island (maritime foyesteregion and the other two in
the Sea Island Flatwoods (lower coastal plaim)e 0 a c t i on8eaa Islpnd Blatvgooda, r e
Bacon Terraces coastal plain sitesAdantic Southern Loamy Plainpffer coastal plginThe
0absent docapedl anthe Baaon €erraces (southern coastal plain) ancbapgzplain

All sassafras plots doeated on the upper coastal plain.

The plant species and percent cover in the understory and overstory vegetation vareggdoy eco
position orthe landscape (soil tyga)man land use patterns, and disease shatasapilation of

the pimaryspecies ithe overstory and understory onnitaring plots idisted in Tabl@.

Examples of LWD monitoring plot sites are illtetken Figure 4Most sites had a significant

understory component of fetterbush, gallberry and/or titi, ranging from near 100 percent cover
(60i mpenetrabled) to sparse, Theqguestoyivasgsuallyn t he
mixed hardwood/me, except on three sites managed for pine production where redbay was
growing under an overstory of pifidwe siteswith more abundargndlarger redbay trees were
onatural 6 mi xed hardwood/ pi ne daydpwsoffFos 8,01 | s w
4B, anddD). The plots in @ssafras thickeawerein the open witlmearly 10@ercent sassafrdige

to abundantaterakoot sproutsandapparenthemical inhibition by sassafedlelppathythat

preventghe invasion of other plar(sig. ). On the two mixed sa&fsas/redbay sites, sassafras

was in the midtory, generally below and smaller than the redbay and other hardwood species.

Vegetation changes associated with L WDAfter redbay treesre killed by LWDtheydecay and
beginfalingapartwithin one totwo years (Figs. 4EA5andsB). Naturally, on sites with a heavy
component of redbay in overstdhgre is a major, rapid change in the vegetation on the site caused
by LWD. When theanopy isuddenlppenedip, the gound coer and lower canopy vegetation
proliferates in the suddahundance of sun and other resourBeslbay regeneration (sprouts and
seedlingsproliferated on sevesdles where redbay was a significant component in the overstory
and there was littlendersory vegetatioprior to the LVD epidemic (Cover Photo; Figs. 4K, 5

and B). The impact of LWDbn the habitais far less on sitestivsmall and/or sparse redbay

the overstory. If there is a dense overstory and/or understory of other specyeregedbeation
remains sparsétex the passage of LWD (Fi§.)5Opengrown sassafras thickets killed by LWD
will likely be replaced by other pioneer species and little vegetation change will occur in mixed
hardwood stands where sassafras is a minoowentpn the migtory canopy.




Table 2. @nmon overstory and urplargtpecien the laurel wilt disease monitoring plots; species present
and densities vary greatly between sites

Common name

Scientific name

Overstory trees

Blackgum Nyssa sylvatica

Live oak Quercus virginiana
Loblolly bay Gordonia lasianthus
Loblolly pine Pinus taeda

Pond pine Pinus serotina

Red maple Acer rubrum
Redbay Persea borbonia
Sassafras Sassafras albidum
Slash pine Pinus elliotii

Sweet bay Magnolia virginiana
Sweetgum Liguidambar styraciflui
Water oak Quercus nigra

Understory plants
Fetterbush
Gallberry

Saw palmetto
Titi

Lyonia lucida

llex glabra
Serenoa repens
Cyrilla racemiflora

Wax myrtle Myrica cerifera
Wwild grape Vitis rotundifolia
Pondberry Lindera melissifolia
Pond-spice Litsea aestivalis

Laurel wilt disease proess in edbay. As of September 20¥xch of the LW monitoring plots

had been reassessed three times at approxinmatgithGntervals. Condition of tagged woody

host stems, sprouts, and regeneration were noted at initiation and at each reassessment. Vegetation
cover estimates wereeneanmned at each visit. Locations and color coded disease status as of
September 2010 for each of the laurel wilt disease plots and special observation sites are illustrated in
Figure 1. Additional details for each plot, including dates of initiatione@sthagsss, disease stage

over time, host species present, county locations, amdjecs are listed in Table 1.

Considerable effort was made to establish plots in each of three disease stages (absent, active, and
ol d) . Sites s eWweedntemtidnallf locatedlobt 4 6ekm thead pflareds &nown

to have LWD, expecting that they would come under attack within a year. Yet, the disease has
moved more slowly than ampiated and only one of five ledactive disease episbdé years

afterinitiation. he ot her f o were shlladisease frae 4 %2 pelars dfter initiation, but

eachhad diseased redbay immediately adjacent or withiki@festers The disease stage

designations served to spread plots over a variety of sdeseasd conditions and disease stage
classifications have been adjusted as needed based on the actual disease conditions within the plots.
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Figurd. Selectkdirel wilt monitoringipldtiérent disease siag8eptember 20A) Redbay Plot

#1150 LWD near batbsenB)Redbaylot #.14 - LWD recent very a€iNeedbay Plot #1@4WD

long time slowly abjiirRedbay Plot #12BWD recent very adiMeedbaiot #1320 LWD old and
F) Sassafras Bip13- LWD absent
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A desciption of the LW disease processedbd as observed in thpsoject is summarized

roughlyin chronological ordein the bullet itemgollowingbelow. Considerable additional detailed
information is mbedded in the data cotkst forthis project, whictwvouldbemore complete if
extracted and summarizdter the disease completes its process thraurghofithe plots. Some

of theobsevations presented here mayppropriately considered hypotheses and may be verified
or discounted through additioodlservations irhis project andcientific researctoneelsewhere.

e Leaf symptomsProgressiomnf leaf symptoms assated with LWD in redbayilisistrated
in Figure 5. Leaves firsséturgor, droop, and turn an olive greeforand remain on the
tree for up to a year where they gradually change color to a red brown and eventually fade to
a light chocolate brown.

e Disease progression into new aréag LW disease process develops slowlgw areas
starting irone or a few individual tred®naccelerataspidlyin the presence of abundant
host as the numbers (volume) of host ireedved(inoculum)@and vectoréRAB)increase
geometricallyand finally tapers off as the hostapleted This is a typical polycyclic
(sigmoidyisease process cu(@zegon Stateniversity Bot. 532 Observations:

o Firstpositive LW in Piece Cowasdiagnoseth a redbay traa May 2008; Bt
#126 wasestablished adjacd¢othisdead redbay March 2003hefirst
symptomatic tree the plot was not observed urfiébruary 201@y September
201060 percendf theredbaysn the plotweresymgpomatic; this is a plot with
abundantlarge redbay trees

o First symptomatic trees in Plot #114 appeared about 1 year after a few scattered
symptomatic redbay trees were first observed-800 m from the plot; nearly half
of the redbayreesn the plot were symptomatithin 6 months after the first
symptom8c treewas observedhis is a plot with many large redbay trees

o Firstisolatednfecked redbayfound and confirmed by Hanula/Fraedrich) ca. 200 m
outsidePlot#111had a broken top, probably the source of atreftdr the RAB
vector. tfilled in withunknown species ambrosia beetles based on abundant
frass not necessarily all RABfter six more monthsoradditional symptomatic
redbay treesave been found the area.

e Elimination of all large redbaywD killed nearly all redp&ees greater than 2.5 cm DBH
in areas of high density, large tr€dsservations:

o No live redbay trees greater than 2.5 cm DBH were present in any of the five plots
established in the 060l ddé disease stage

o0 There may be exceptions whemeredbay treetargerthan 2.5 cnescaped or
survived LWD (see Special Redbay Survival Survey section below).

e Disease progression in areas with sparseTiedt\W disease process appears to be slower
in the presence of fewer, smaller, and more scattereghadsigs that which is encountered
at the western and northern advancing fronts of the disease episode in GA. This may be
more of a monocyclic disease cuf@bservations:

o Plots#0 s 1R2dhdl25arelocated in areas of extensive commercial pine
plantations witlabundansmall redbay under the pines,latge, dense redbay
stands have not been observed
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0 Redbay trees in these plots were relatively abubd@sinall.

o LWD waspresentn each of thegaots atestablishment in March 2009, but
substantial numbers afymptomatic redbay trees remained in September 2010.

e When ambrosia beetles breed in redbay killed by EvdBsfrom ambrosia beetle attacks
(RAB and/or othespecigsdoes nobecome abundant on infected redbay trne@snonths
afterinitial crownsymptoms appear and disappears within about a year after trees die.

e Breakup of deagtdbay treesRedbayrees killed by LWD start falling apart within a year
and most branches anpper boles are on the ground within 1 %2 years after initial symptoms
appear; breakdown of diseased trees is hastened by ambrosia beetle atacksand
fungi (Figs. 5A andj.

e Fate ofsproutsaround trees killed by LWBproutsstart toproliferate arounthe base
redbaytreeskilled by LWDwithin 6 months of initial disease symptantssore remain
alive for years (FigC). (Notes ome oOsprout sé may be seedling
distinguish betweeprsuts and seedling regenieran this study)Observations:

0 Epicormic sprouting occurs on some redbay trees infedRedbloyicqlaut this is
the exceptioand most die quicklisthe funguspreads rapidly through the tade
the way to the ground.

0 Root sprouts are nptoduced arouhall redbay trees killed by DVEnd nanythat
grow off the root flaren redbay treearekilledquickly bythe disease

0 Sproutsnot obviously attached to traot flare die at a lower rated rew sprouts
continue to emerge years dftees are killed by LWD

o0 Root sprouts under dense overstory canopy grow slowly (Fig. 5C).

o Manyredbay sproutsndseedlingare killed or die back fradylosandroesmpactus
attack.

o Tender shoots oredbay sprouts and seedliaggommonlyhollowed ouand
killedand @tcheof barkareremoved from branches and stéysn unknown
insect This damags pssiblycausedhe adult avocado wees/iHeilipus apiatus
(Hoffman 2003)

Redbay regeneration after L\®bservations:

o0 Redbayegeneration in the forof seedlings and/or root sprouts proliferaese
on some sites than othersegRneration appears to be more abundant on sites with
dense redbay in the canopy, where the forest floor is open to full sun afyer redb
treedie and fall apart (Figs. 4E, 5A, aBl 5

o Occasional, scattered seedlings and/or root spraxvgsbeen observed dying from
LWD in areas where the disease passed through many yedFigef@g either
from latent fungus in sturepr new beetle attaxksource ahe funguss not
known, but a fewRABwere trapped in these areasRge® Monitoringoelow).

0 A very low percentagetbe regeneratias killed by LWD in areas where the disease
moved through many years ago, but thrasdl treemay bgoor host material for
the RAB vectorand a second wavedisease could occur aftegeneration reaches
a more substantial size
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Figur®. Laurel wilt in red@ progression of leaf symptoms illustrateddfibakcertdality and
collapse in a dense stand of large redbay, B) regeneration after breakup, C) sprouts around stump, D)
killed by laurel wilt after firsbfnAWE




















































