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Quantifying patterns and developing models of spread are central to understand-
ing drivers of invasion and forecasting future invasions.

correlates of county-level invasion risk.

-

onwards, EAB invaded 6–134 new counties per year, including a mean of 14 dis-
crete jumps per year averaging 93 ± 7 SE km.E

6. Synthesis and applications
-

Agrilus planipennis Fraxinus, invasion, landscape,
spatiotemporal, stratified dispersal
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Quantifying patterns and drivers of invader spread can provide
-

to rely on models developed for or patterns displayed by invaders 

-

for individual species is necessary for forecasting invasion risk and,
potentially, guiding risk assessments for spread of future invaders.

Agrilus planipennis
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since killed millions of Fraxinus
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(a) Counties invaded by EAB
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(b) Adjoining and isolated counties
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distances between counties were estimated by assigning randomly 
-

one point per 100 km2

SP

-
RASTER package in R RR -

cluded spread distances of zero km into adjacent counties and was 

Effective management immediately following discovery of a

M

jump distances, L

L c

ts -

parameter c
slope coefficient for a segment spanning 1997–2002 estimated from 

-

ts was assigned a value of

|

-

-
-

EAB pres-
sure PjP ,t, was calculated as:

Pj,tP j becoming invaded from any prej -
viously invaded county i at timei t, β was 0.94,β α was 0.06,α d is distanced
from county i to county i j and n includes all invaded counties as of time
t α andα β
estimated in an effort to reconstruct county level spread of EAB across 

3 of Fraxinus AshVolDen
NonAshVolDen

2 HumPop2010

size and stocked at least 10% by forest trees of any size, or formerly

n

-

SD

L = 2cts,

Pj,t = 1 −

nt−1∏
i

(
1 − 𝛽e−𝛼di,j

)
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-
mensionality and collinearity of multiple potential predictors into two

PC1 PC2
-

-

p
model was used to estimate risk of invasion on an annual basis from

-
nual invasion status was determined using a random draw from a

-
bination as EAB pressure
invaded range. We ran 1,000 simulations and invasion risk was taken 

-
M ± SE

|

|

-

-

14 km/year from 1997 to 2002, 31 km/year from 2002 to 2012, 
56 km/year from 2012 to 2015 and 35 km/year from 2015 onwards 

R2

increase to an average of 37 km/year from 2003 to 2014. Average 

|

-
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newly invaded, isolated counties were five, occurring in 2007, and 
32, occurring in 2014.

point sampling procedure used to estimate distances between

adjoining counties. Long-distance jumps into isolated counties av-

ss F p < 0.0001; deviance
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L

c. Using county-level data to estimate
t4 p

SE Z p

EAB pressure 4.05 0.10 39.49 <0.0001

HumPop2010b 0.22 0.02 9.23 <0.0001

AshVolDenb 0.11 0.03 3.49 0.0005

NonAshVolDenb 0.37 0.04 <0.0001

PC1 0.01 <0.0001

PC2 0.01 0.03 0.35 0.72

EAB pressure 4.10 0.10 39.67 <0.0001

HumPop2010b 0.22 0.02 9.57 <0.0001

AshVolDenb 0.11 0.03 3.51 0.0005

NonAshVolDenb 0.37 0.04 9.21 <0.0001

PC1 0.01 <0.0001

a

bln-transformed. 

predicting time-to-invasion, indicative of 

Department of Agriculture, Animal and 

Predicted invasion risk for 

Table 1b
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-
ated confidence limits as c

|

-
ards model identified EAB pressure -

Z -
Z EAB pressure, 

likely to become invaded. PC1 -
PC2

PC2 -

|

Effective management of biological invasions relies on knowledge

-

-

data used to estimate parameter c

-

-
-

-

-
-

Fraxinus

-

-
tates spread may be attributable to preference of beetles to disperse 
into or across forested areas and/or increased risk of firewood

-
tainly played an important role in facilitating invasion of some

urban plantings. Urban forest data are becoming more available 
-
-
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lower risk owing to warmer temperatures and/or lower densities 
Fraxinus spp. in

-

county and county level satellite populations are presumably

, but prominence of satel-

a function of increased prevalence of EAB in domestic invasion 

is, dead or moribund trees are presumably more likely to be cut
and distributed as firewood. Lastly, some of our findings and fore-

of comparable invasion data from Canada. Cold temperatures can

-

-

spread. Early detection and local eradication of satellite popula-

-

-
-

bining insecticide treatments, girdled trap trees and biological

substantial input on analyses, interpretation of results, and writing

manuscript for publication.
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