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IntroductionIntroduction
• Redbay ambrosia beetle (Xyleborus glabratus Eichhoff) native to eastern Asia

• First U.S. detection in 2002 near Savannah, GA

• Widespread mortality of redbay (Persea borbonia (L.) Spreng.) trees on Hilton 
Head Island, SC in 2004 attributed to laurel wilt fungus (Raffaelea sp.) 
associated with beetle

• Since 2004, fungus has caused mortality of redbay and, in some cases, 
sassafras (Sassafras albidum (Nutt.) Nees) trees in coastal FL, GA, SC

• Fungus also found on pondberry (Lindera melissifolia (Walt.) Blume) and 
pondspice (Litsea aestivalis (L.) Fern.), both endangered shrubs
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Lateral view of redbay
ambrosia beetle (female 
2.1-2.4 mm, male ≈ 1.8 
mm)

Redbay mortality caused by beetle 
and associated laurel wilt fungus

Vascular staining from laurel wilt 
fungus

• All confirmed U.S.hosts are in 
Lauraceae family; other susceptible 
species, based on lab tests, 
include avocado (Persea
americana Mill.), grown 
commercially in Miami-Dade 
County, FL 

• Beetle and laurel wilt fungus 
spreading rapidly through 
southeastern U.S. (Fig. 1)

Anecdotal estimates for rate of 
spread: 30-100 km / year

Long-distance dispersal appears 
to have occurred at least twice 
(northern and central Atlantic 
coast of FL)

ObjectivesObjectives
• There are ongoing efforts to address unknowns regarding biology and 

behavior, but also need information from broad spatial and temporal scales 
when deciding how to manage beetle, fungus

• We performed such an assessment using limited available data:

1. Mapping densities of redbay and sassafras

2. Climate-match modeling between U.S. and beetle’s native range in Asia

3. Modeling of spread using host density as cost factor

MethodsMethods
• Redbay and sassafras host density maps (in trees/ac)

1-km2 resolution maps interpolated from Forest Inventory and Analysis
Phase 2 plot data using ordinary kriging

Spherical semivariograms constructed using all plots from ecoregion
sections in which species occurred (19 sections and 24,984 plots for 
redbay, 57 sections and 59,844 plots for sassafras); fitted used weighted 
least squares

Values for unmeasured locations based on 30 closest neighboring plots 
or, if number of plots within 60-km radius < 30, then all plots within radius

Masked using forest cover map developed from MODIS data

• Climate-match modeling

Performed with North Carolina State University – APHIS Plant Pest 
Forecast System (NAPPFAST) online modeling interface

Defined native range using countries or, where possible, portions of 
countries: Assam and Bengal states of India, Bangladesh, Myanmar, 
southern Japan, Taiwan

Variables used in match: 10-yr. mean extreme minimum cold 
temperature, 30-yr. mean growing degree days (baseline 10 ºC), 30-yr. 
mean growing season moisture (%), and 30-yr. mean precipitation for 
each month of growing season (April-Oct.)

• Spread modeling

Calculated mean rate of spread 

1.Annual invasion extents determined from county-level data: 4,398 km2

in 2004, 18,965 km2 in 2005, and 41,480 km2 in 2006

2.Assuming semicircular expansion, infestation area A at time t, and its 
square root, can be approximated as  

3.Used 2004-2006 data in least squares regression of t on √A to 
estimate √2πaD and subsequent dispersion velocity (2√aD) in km per 
year

Spread modeling using cost-weighted distance approach

1.Distance/area covered by beetle annually determined from mean rate 
of spread modified by cost, which is inversely related to host density

2.Host density based on interpolated redbay map or, where both redbay
and sassafras present, their combined density

3.Host density converted to cost using a Weibull function fitted to county-
level infestation data

4.Run with three assumed points of origin in SC, north FL, central FL
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DiscussionDiscussion
• Invasion has developed over region with moderate to high redbay density

• Areas of high redbay density adjacent to currently invaded area mean likely rapid spread 
in short-term; lower densities elsewhere may mean slower spread in long-term, but with 
possible long-distance dispersal, unlikely to be stopped completely

• No evidence that sassafras attracts beetle as redbay does, so spread deep into eastern 
U.S. forests seems unlikely; climate match also suggests will be constrained to 
southeastern U.S.

• Potential ecological impacts for wildlife, coastal forest communities

• Biggest economic impact if beetle, fungus reach avocado-growing region of FL; however, 
avocado appears to be somewhat resistant

• Our analyses provide framework for monitoring and counter-measures; disruption of 
human-mediated dispersal pathways may be most effective immediate action

ResultsResults
• Redbay (Fig. 2) distributed from VA to eastern TX, mostly at low densities (<25 trees 

/ac); high-density areas of redbay just outside currently invaded extent; highest density 
(>120 trees/ac) found on Albemarle Peninsula, NC

• Sassafras distribution (Fig. 3) partially overlaps redbay, nearly continuous to MI, 
southern NH; typically at low densities (<15 trees/ac) in southeastern coastal areas; 
band of high density from northeastern OK to PA 

• Climate match (Fig. 4) suggests area suitable for 
beetle, fungus limited to southeastern U.S. coastal plain

• Mean rate of spread calculated as 54.8 km/year

• Cost function (Fig. 5) ranges from resistance value of 3 
when no host present to ≈ 0.4 at highest host density

• Cost-weighted spread model (Fig. 6) suggests beetle 
could reach southern and northern limits of redbay
between 2015 and 2020, western extent by 2040
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R = radius of invasion extent
a = net growth rate
D = dispersion coefficient
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Fig. 1. Annual 
expansion of area 
affected by redbay
ambrosia beetle and 
laurel wilt
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Fig. 3. 
Sassafras host 
density map
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