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HOMED: Holistic management of emerging
pests and diseases

" New EU H2020 project 1 Oct. 2018 - 30 Sept. 2022

" Emerging native and non-native pests and pathogens
threatening European forests

" Holistic multi-actor approach
" Trees in forests, nurseries, urban and rural areas
" Science, technology and management (decision) support

" | ed by Herve Jactel, INRA Bordeaux
" 23 partners
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Eight workpackages
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WP2: Comprehensive risk analysis for
emerging and invasive pests

" T2.1 Development of a generic framework for pathway
modelling to assess risks of entry (including transfer to

host) and effectiveness of entry mitigation

" T2.2 Development of a generic framework for modelling
spread (including establishment) and spread mitigation

" T2.3 Development of a generic framework for emergence
due to changes in climate, environment and

management practices
" T2.4 Development of a generic framework for economic

assessment of risk mitigation
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Pathway models

" pathway = Country of Origin + traded commodity

" A pathway model describes mathematically the
movement of pest propagules or their vectors (carriers)
from a source (area) to a geographic area of concern

" Quantifies the number of pest propagules that come into
contact with the host or host habitat

" Uses trade statistics and pest specific parameters

" Uses expert judgement to quantify parameters that are
not well established from research (e.g. level of
infestation in the trade)

Douma JC, M Pautasso, RC Venette, C Robinet, L Hemerik, MCM Mourits, J Schans, W van der Werf (2016)
Pathway models for analysing and managing the introduction of alien plant pests —an overview and
categorization. Ecological Modelling 339, 58-67. http://dx.doi.org/10.1016/j.ecolmodel.2016.08.009
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Pathway models

" Unidirectional
" A subset of epidemic network models (multi-directional)

" Make the assessment of entry quantitative

" Enable comparison of pathways and management
options
" Enable uncertainty analysis and scenario studies

Douma JC, M Pautasso, RC Venette, C Robinet, L Hemerik, MCM Mourits, J Schans, W van der Werf (2016)
Pathway models for analysing and managing the introduction of alien plant pests —an overview and
categorization. Ecological Modelling 339, 58-67. http://dx.doi.org/10.1016/j.ecolmodel.2016.08.009
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Pathway modelling for assessing and
predicting pest introduction and its

mitigation
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Some thoughts on quantitative pathway
models

" Authorities (e.g. EFSA) are interested in transparent
quantification of risk

" International trade relatively well-known, but still
problems in the resolution of data collection (tracking
and tracing not at the same level as in animals)

" Pest-specific parameters problematic; many are lacking
because not seen as scientifically interesting

" Expert elicitation required to parameterize models
" Elicitation and models can include experts’ uncertainty

" Need to build familiarity and assess advantages and
disadvantages of a quantitative approach
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PCOLOGY LETTERS

Ecology Letters, (2017) 20: 426-435 doi: 10.1111/ele. 12741

LETTER Predicting the spread of all invasive forest pests in the

United States

Emma J. Hudgins, ' Andrew M.
Liebhold® and Brian Leung'

'Bislogy Department, McGill
University, Montreal, QC, Canada
Narthern Research Station, USDA
Forest Senvice, Morgantown, WY,
UsA

*Correspondence E-mail:
emma.hudgins @mail.megill.ca

Abstract

We tested whether a general spread model could capture macroecological patterns across all damag-
ing invasive forest pests in the United States. We showed that a common constant dispersal kernel
model, simulated from the discovery date, explained 67.94% of the variation in range size across all

pests, and had 68.00% locational accuracy between predicted and observed locational distributions.
Further, by making dispersal a function of forest area and human population density, variation
explained increased to 75.60%, with 74.30% accuracy. These results indicated that a single general
dispersal kernel model was sufficient to predict the majority of variation in extent and locational dis-

tribution across pest species and that proxies of propagule pressure and habitat invasibility — well-
studied predictors of establishment — should also be applied to the dispersal stage. This model pro-

vides a key element to forecast novel invaders and to extend pathway-level risk analyses to include
spread.

Keywords
Dispersal kernel, habitat invasibility, macroecology, propagule pressure, spatially explicit.

Ecology Letters (2017) 20: 426-435
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Hypotheses of the study

" The spread of biological invaders proceeds following
similar processes across species, and so we predicted
that a single general model of pest spread can fit well for
all forest pests in the United States.

" Pest life history, propagule pressure, and habitat
invisibility can be meaningfully integrated into a
dispersal kernel, and lead to improved predictions in a

general model.

EEEEEEEEEE =—
—= SCIENCE & IMPACT

gWAEENINEEN UNIVERSITY é;é;IN?A



Negative exponential (=Laplace) kernel
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Table | Hesulis of siepwie regresion for the dispersal kernel maosdel G b Undied Siales dals usmg habaiai mvasibibiy (HD), propagule pressere (PP and

el ife hesiory (LH) Factors

MET A MET
Term Type  Descraplion Entry onder  Estmate (Bo) swore (km)  Rige e (km)
[mlenoepl A MA 1 1.124% 113.10R i a794 M A
Foresied land (knsj* HI  Sum of land ama coverad by fores 2 —{1.8438 6511 07231 —44.96
Human population (km~)* PP Current human population density 3 —{L1378 6i).44 07560 —747
al each Ume step
Foresied land 1_|-i:r|:|-"_:|1' H1 Sum of land anea covered by lorest A {4104 7.8 L7514 275
Host densily (km* km=3*  HI  Host iree volume for that particular A —0.0205 604 07558  —0.40
pest per grid cell
Host densily (km® km=3t  HI  Host iree volume for that particular MNA 00051 61141 07517 —0403
pesit per grid cell
Hioesl species counl® H1I Mumber of Lee speces Uhal are MA —{0354 i) el 42 —{lAd
hosis ol any
el prssent mognid cell
Howal species count) HI Mumber of e speces thal are hosts of P& 0.118& aill. 28 7524 —{.14
any pesi present mogrid cell
Tree density (m® km— 3y HI  Total tree volume by grid cel NA 03067 59.67 M85 —077
Tree density {m® km~yt HI  Toial tree volume by grd cel A 010610 6126 07488 —0.18
Body size (nam) LH  Pest body length (saparais interespt NA 00011; 01464 60.24 07572 —0.20
fit Tor Tunm )
Comiment of ongn LH Eurasian vi. Mon-Euraiian A i il 44 (. 7561 ]
Fesding guild LH  Pathogens vi. Arthropods NA 0.0163 611,25 07489 —0.19
M wmber of hosis LH Mumber of hosl speces posssssed by pest LN = 2 il 41 L7557 =103
Human populstion (kni?)f PP Current human population denslty NA 00217 6012 07527 —0.12
al each lme slep
[neoame (LS00 P Per capila moome m 1999 P& i aill. 44 0. 7561 i
Incoane | LISE)t Al Per capila meome m 1999 MA i i) el . 7564 ]
Road kength (km)* PP Total length of all major roads in grd cell  NA —00)14% 6017 (L4637 —027
Road kength (km)t PP Total length of all major roads in grid esll  MA 0.4935 54.64 07587 —18

* Parameiers inflluencing the probalabty of dispersal mio a cell (£).

tParameters inflwencmg the probalabty of disgpersal ol of a eell (£,)
Memlive estimaies indicate posiiive influvence: on dipesal and vics vesa. Sinoe all varables were standandized, the relaiive miluvence of each fted pamme-
ler om dispersal can be determmed by 115 magituwde (magnitude of “Estmale in the able) Conversely, the relative imporiance of each parameler on min-
mum energy sl (MET) & determmed by s entry order moouwr generabsed dupesal kemel model (See Fig. 53) Our best maosde] had & = 24321 anad
O = (LO006227 with a jackknifed MET scone of 6044 km per species and a jack knifed Rigg of 0.7579. Terms with entry order “NA" did nol meel our

varisble importanae Lhreshold for melwdon, amd their asocated dats 8 for Chear proposed meludon & a Tourth Lerm in owr maodel.



(a) Real Data Constant




Figure 4 A selection of model predictions for
individual species (a. Coleophora laricella, b.
Leucoma salicis, c. Nuculaspis tsugae), showing
the true presence data (left column), constant
dispersal model predictions (centre column) and
generalised dispersal kernel predictions (right
column) as green areas. These distributions are
only a small selection and do not show the full

variation in model predictions across species,
which are included in Fig. S2.
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(a) Real Data Constant




A common constant dispersal kernel model, simulated from the discovery
date, explained 68% of the variation in range size across all pests, and had
68% locational accuracy between predicted and observed locational
distributions

By making dispersal a function of forest area and human population density,
variation
explained increased to 76%, with 74% accuracy.

A single general dispersal kernel model was sufficient to predict the majority
of variation in extent and locational distribution across pest species and
proxies of propagule pressure and habitat invasibility — well studied
predictors of establishment — should also be applied to the dispersal stage.

This model provides a key element to forecast novel invaders and to extend
pathway-level risk analyses to include spread.
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Our deliverables for HOMED

" D2.1 Reports on key drivers of invasiveness and
emergence of forest PnPs (M18)

® D2.3 Semi-mechanistic models for forest PnPs risk
assessment and management (M30)

" D2.4 Database with parameters for semi-mechanistic
models for forest PnPs risk assessment and management
to use in multi-criteria decision analysis tool for forest
PnPs management options (M36)
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