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Introduction
 Urban forests are gateways for 

alien forest pests
 Not well characterized
 Few are inventoried

 Koch et al. 2018:
 Modeled urban distributions of 3 

tree genera: ash, maple, oak
 For ≈24000 communities in 

eastern and central USA
 From limited sample of existing 

urban forest inventories (n=842) 



Example: Maple (Acer)
Community’s estimated 
total basal area, all 
trees

Estimated proportion of 
community’s urban basal 
area that is maple

Community’s estimated 
maple basal area



Modeling Street Palm Distributions 
in the Continental USA
 Building on Koch et al. 2018
 Objective: estimate potential losses if coconut rhinoceros 

beetle (Orycytes rhinoceros) were to invade mainland USA
 Discovered in Guam (2007) and Hawaii (2013)
 Major pest of coconut palm, African oil palm, date palm

 Little agricultural palm production in mainland USA
 But widely used in urban areas for landscaping

 Largest palms are usually street “trees”



Coconut Rhinoceros Beetle 
(Orycytes rhinoceros)
 Native to China and South Asia
 Why so worrisome as potential 

urban pest?
Adults attack crowns of palms
 Larvae develop in green waste
 Infests a variety of palms and 

palm-like plants

Can kill 
palm if 
eats into 
apical 
meristem



Urban Street Palms: Examples

Beverly Hills, California

Palm Beach, Florida

Salisbury, North Carolina



General Approach

 Based on sample of street tree inventories:
Model to estimate palm proportion of a community’s 

street trees
Model to predict a community’s average street tree 

density (trees / km)
 Measure of the community’s total street length
 With these, can estimate total number of palms in 

communities without inventories



Street Tree 
Inventory 
Data
 341 inventories 

across 14 states
 Effective range of 

palms in 
continental USA

 Best represented 
states are 
California and 
Florida



Palm Proportion of 
Inventoried Street Trees



San Diego

Los Angeles

Miami



Step 1: Modeling Street Palm Proportion

 Generalized additive models (GAMs)
 Separate GAMs for eastern USA (n = 138) and western 

USA (n = 203)
 Candidate predictor variables

Categories: geographic, environmental, socioeconomic, 
land cover / land use

 Generalized cross validation for model selection
Correlation / concurvity



Eastern USA Model 
Results

X  Y  Coastal 
Proximity

Mean Year 
Home Built

Prop. Dev. 
Medium Intensity

Prop. Dev. 
Open Space

Mean Home Value

Parametric coefficients:
Pr(>|t|)

(Intercept) <0.001 ***
Approximate significance of smooth terms:

p-value
s(x-coordinate) <0.001 ***
s(y-coordinate) <0.001 ***
s(coastal proximity) <0.001 ***
s(prop. developed open space) 0.081 .
s(prop. developed med. intens.) <0.001 ***
s(mean year home built) 0.068 .
s(mean home value) 0.003 **
R-sq.(adj) = 0.817, deviance explained = 84.7%



Eastern USA: Observed vs. Predicted

Observed Palm Proportion
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Western USA Model 
Results

Parametric coefficients:
Pr(>|t|)

(Intercept) <0.001 ***
Approximate significance of smooth terms:

p-value
s(x-coordinate) <0.001 ***
s(moisture index) <0.001 ***
s(mean extreme min. temp.) <0.001 ***
s(prop. developed open space) <0.001 ***
s(prop. developed low intensity) 0.001 **
s(prop. forest land) 0.029 *
s(prop. agricultural land) 0.033 *
s(pct. below poverty level) 0.005 **
s(mean year home built) <0.001 ***
R-sq.(adj) = 0.623, deviance explained = 68.9%

X  Moisture 
Index  

Mean Ext. 
Min. Temp.

Prop. Forest
Land

Prop. Dev. Low 
Intensity

Prop. Dev. 
Open Space

Prop, Agric.
Land

Pct. Below
Poverty Level

Mean Year 
Home Built



Western USA: 
Observed vs. Predicted

Observed Palm Proportion
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Step 2: Modeling Street Tree Density
 Across USA, street tree density usually 40-55 trees / km
 Some communities have much greater density

 City of Miami Beach, Florida ≈ 140 trees / km (!)
 Very high street palm proportion

 Density data are 
difficult to acquire

 Can’t develop robust 
model with few data

 Assume density = 
simple function of street 
palm proportion?



Final Points

 Palm proportion modeling results are preliminary but 
promising
Must apply to 1000s of communities without inventories

 Street tree density is more difficult
May have to assume very simple model
Density appears related to street palm proportion

Approach seems feasible overall
Additional work to translate to economic impact

Other palm pests?



Questions?

 fhkoch@fs.fed.us
 +1 919 549 4006 (office)
 +1 919 744 1697 (cell)
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