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» Not well characterized

ARTICLE INFO ABSTRACT
Keywords: g as invasion gateways for non-native forest pests, urban forests arc less well understood than
° ° Forest pests natural forests. For example, only a fraction of communities in the USA and Canada have completed urban forest
Inva i alien species inventori nd most have been limiled to sireel trees; sample-based invenlories thal provide valid co i
Urban forest rory wide estimates ol urban forest composition are much rarer, As a proof of concepl, v vised a three-step

Host distribution modeling

approach to model urban tree distributions regionally g available street tree and whole-community in-
Human-mediated dispersal g ¥ g 3

ventory data. We illustrate the approach for three tree genera — ash (Fraxinus spp.), maple (Acer spp.), and oak
(Quercus spp.) - that are hosts for high-profile insect pests. The objective of the first step was to estimate, for

communities with only sireei tree inventories, the proportion ol the community’s total basal area (BA) in each
L] host genus. Utilizing data from communities with paired street tree and whole-community inventories, we ap-
O ‘ e O plied al regression Lo eslimate whole-co BA propertion genus as a function of a
[ ] o munity’s s 1 tree BA proportion and its geographic location. The obji e of the second step was to estimate
per-genus BA proportions for communities in our prediction region (castern and central USA) with no urban

forest inventory. We used stochastic gradient boosting to predict these proportions as a function of environ-
mental and other variables. In the third step, we developed a generalized additive model for estimating the total

» Modeled urban distributions of 3 e
tree genera: ash, maple, oak

more complete representations of host distributions for pest risk modeling, spread modeling, and other appli-
cations.

1. Introductio I a al., 2016). However, because there have been few dedi-
ssments of the economic impacts of insects, this number

. . 3 € 8
~ Invasive species have tremendous impacts globally, including dis- underestimates the true costs by a large margin (Bradshaw ct al.
O r e ( : O | I I | I I U | I I I ‘ eS I | I ruption of ecosystem functions, loss of important agricultural crops, t pests (i.e., ins i es that affect trees)

dedlines and extinctions of native speci [ i 3 si raction of the impacts of all invasiv
as a vector) el shold et al., 1995; K t al., 3; Paini et
arko: 8 il 1lun ( y and ¢ A stance, more than 450 non-native forest inscct sp have become
e O S e rn O n C e n ro N u Bradshaw e 2016). 1 re challenging to established in the continental USA since European settlement (Aukema

ample, inscets, which comprise one of ct al., 2010). Out of these, a subset of 62 high-impact specics were

the largest ¢ i iV g were estimated to have stimated to cost nearly US$1.7 billion annually in government
an annual impact of US$77 billion worldwide in terms of direct losses of penditures for management and control, and another U 0 million in
goods and services, control costs, and associated human health costs lost residential property values (Aukema et al., 2011). By changing
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» From limited sample of existing
urban forest inventories (N=842 e R




Example: Maple (Acer)
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Modeling Street Palm

Distributions

INn the Continental USA

» Building on Koch et al. 2018

» Objective: estimate potential losses if coconut rhinoceros
beetle (Orycyfes 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 Rnhinoceros Beetle

(Orycyfes rhinoceros)

» Native to China and South Asia

» Why so worrisome as potential
urban peste

» Adults atfack crowns of palms
» Larvae develop in green waste

» |Infests a variety of palms and
palm-like plants

Can kill

palm if & 5
eatsintfo 7 |
apical (
meristem 7




Urban Street Palms: Examples




General Approach

» Based on sample of street tree inventories:

» Model to estimate palm proportion of a community’s
JICEIRIGEES

» Model 1o predict a community’s average street tree
density (trees / km)

» Measure of the community’s total street length

» With these, can estimate total numlber of palms in
communities without inventories



NICEIRIGCE
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 Tree
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Step 1: Modeling Street Palm Proportion

» Generalized additive models (GAMs)

» Separate GAMSs 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

Parameftric coefficients:
Pr(>[1])
(Intercept) <0.00] ***

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-sg.(adj) = 0.817, deviance explained = 84.7%
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Eastern USA: Observed vs. Predicted
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Western USA Model
Results

Parametric coefficients:

s(point_x,7.4)
simmi_nom17 5.3)
siph_mnxtmp 2.76)
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Approximate significance of smooth terms:
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s(prop. forest land) 0.029 *
s(prop. agricultural land) 0.033 * ke AR
s(pct. below poverty level) 0.005 ** A R & . .
s(mean year home builf) <0.001 *** e e

. : : _ Prop, Agric. Pct. Below Mean Year
R-sg.(adj) = 0.623, deviance explained = 68.9% Land Poverty Level Home Built
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s(pct_powverty 0.95)
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Step 2: Modeling Street Tree Density

» Across USA, street tree density usually 40-55 frees / 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

T
T

& o TERES ,
e A %y > Can't develop robust
—== | model with few data
» Assume density =

simple function of street
palm proportion?




Final Points

» Palm .p.ropor’rion modeling results are preliminary but
promising
» Must apply to 1000s of communities without inventories
» Street free 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 franslate 1o economic impact
» Other palm pestse



Questions?

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