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Predicting invasion risk

Source Location of
Species
Transport &
Introduction

| Establishment |

~~

Abundance/Spread

~~

Impact

RISK = Probability of invasion * Severity of impact
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Related topics
Management

Area occupied by
nonnative species

Phase

Example
Policies

Costs
Borne By

Absent

Pre-importation
measures,
inspections

Importers,
federal
government

Arrival
Established

Localized

Post-entry
quarantine,
surveillance,
eradication

Federal
government

Spreading

Slow the
spread,
state
quarantines

Federal
and state
governments

Pervasive

Resource
protection,
adaptation

Municipal
governments,
private
landowners

Lovett et al. 2016. Ecological Applications

Cost of mitigation
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Related topics

Overview Risk analysis: choice of tools
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Options
Examples & Invasion risk & management Decision theory
,pt‘. 2 v
Q Data Available Optimality
Probability models (e.g., cost-benefit cost-
Likelihoods effectiveness)
Severe Uncertainty Bounds/thresholds
(fewer assumptions, but many still exist!) (e.g., info-gap, minimax)

Expert opinion
Scenario analysis

Polasky et al. 2011. TREE
cf. Hayes et al. 2013. MEE.
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Risk analysis: choice of tools

Data Available

Probability models
Likelihoods

Severe Uncertainty
(fewer assumptions, but many still exist!)
Expert opinion
Scenario analysis

Decision theory

Optimality
(e.g., cost-benefit cost-
effectiveness)

Bounds/thresholds
(e.g., info-gap, minimax)

Polasky et al. 2011. TREE
cf. Hayes et al. 2013. MEE.
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Predicting Invasion Risk

|RISK ASSESSMENTS |

/

96% SINGLE SPECIES |

 Evaluate purposeful introduction

* Prioritize effort after establishment

+ Leung et al. 2012. Ecology Letters

N\

4% MULTISPECIES OR PATHWAY

» Multiple, often unmeasured, species
* Accidental introductions

 Trade policy
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Predicting Invasion Risk

SEMI-QUALITATIVE
SCORING APPROACHES

\

QUANTITATIVE
APPROACHES

/

|RISK ASSESSMENTS |

Y

96% SINGLE SPECIES |

~ & Leung et al. 2012. Ecology Letters

N\

‘ 4% MULTISPECIES OR PATHWAY
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Scoring Risk Assessment
> 70 RA tools developed

e.g., screening tool for Freshwater Invertebrates (FI-1SK)

Number Question

Guidance

Is the species adapted for aquacultural or ornamental purposes?

The taxon must have been grown deliberately and
subjected to substantial human selection for at
least 20 generations, or is known to be easily
reared in captivity (e.g. aquaculture or agquaria).

Has the species become naturalised where introduced?

The taxon must be known to have successfully
established self-sustaining populations in at least
one habitat other than its usual habitat (e.g. lotic
vs. lentic) and persisted for at least 50 years
(response modifies the effect of Q1).

Does the species have invasive races/varieties/sub-species?

This question emphasizes the invasiveness of
domesticated, in particular ornamental, species
(modifies the effect of Q1).

Is species reproductive tolerance suited to climates in the risk
assessment area (0-low, 1-intermed, 2-high)?

Climate matching is based on an approved system
such as Climex, GARP or Climatch. If not available,
then assign the maximum score (2).

What is the quality of the climate match data (0-low; 1-
intermediate; 2-high)?

The quality is an estimate of how complete the data
used to generate the climate analysis is. If not
available, then the minimum score (0) should be
assigned.

« Tricarico et al. 2010. Risk Analysis
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« Often unmeasured
* Meaning questionable
(e.g., number unanswered guestions)

 Linguistic uncertainty problematic
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j=1 k=1

& Leung et al. 2012. Ecology Letters

Mapping risk literature onto 15 TEASI equations

Transport
Establishment
Abundance
Spread
Impact

N, = z z O(Ej,t"vi,j,k,t’s’x j‘t,,ao)* fg(t—t',Dij,E,Vi,,—,k,pS,Gg)* pr(R|E, Vv,

Jlkt?

S)
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Quantitative Risk Assessments

At each stage of the invasion process and impact,
we differentiated four main aspects:

TRANSPORT

S

i,j.k,t? !

& Leung et al. 2012. Ecology Letters

X o) * f (t—t,D, E,v

i,j.k,t’?

S,o,)*pr(RIE, v

i,j.k,t’?

S)
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Quantitative Risk Assessments

At each stage of the invasion process and impact,
we differentiated four main aspects:

COMPONENT

SUBCOMPONENT

TRANSPORT

—

3 Vi
Ni’t = z z O(Ej‘t,,vi’j’k’t,S,X j’t,,O'o)* fg(t_t"Dij’E’Vi,j,k,t’S’Gg)* pr (R |Ei't,vi

j=1 k=1

uptake before transit (O)

A

net growth during
transit (f,)
A

release after transit

(pr(R))
A

[

& Leung et al. 2012. Ecology Letters

1

\

Ciakt

'S)

\
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Quantitative Risk Assessments

COMPONENT

At each stage of the invasion process and impact,
we differentiated four main aspects:

SUBCOMPONENT

TRANSPORT

uptake before transit (O)
A

N, = z z O(Ejlt,,vi’j’k’t,S,X jlt,,ao)* fg(t_t"Dij’E’Vi,j,k,pS’Gg)* pr(RIE, VvV,

_——/

environment vector type species traits

& Leung et al. 2012. Ecology Letters

net growth during release after transit

transit (f,)

DEPENDENCIES
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Quantitative Risk Assessments

COMPONENT

At each stage of the invasion process and impact,
we differentiated four main aspects:

SUBCOMPONENT

TRANSPORT

uptake before transit (O)
A

STRUCTURE

N, = z z O(Ejlt,,vi’j’k’t,S,X jlt,,ao)* fg(t_t"Dij’E’Vi,j,k,pS’Gg)* pr(RIE, VvV,

_——/

environment vector type species traits

& Leung et al. 2012. Ecology Letters

net growth during release after transit

transit (f,)

DEPENDENCIES
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Useful Predictors

COMPONENT SUBCOMPONENT
- net growth during release after transit
TRANSPORT uptake before transit (O) transit (f,) (pr(R))
— l : \ : \f : \

Ni’t = z z O(Ej,thi,j,k,t’&X j‘t,,ao)* fg(t—t',Dij,E'Vi,,—,k,pS,Gg)* pr (R |Ei’t,vi

j=1 k=1

STRUCTURE

Leung et al. 2012. Ecology Letters

Jlkt?

_——/

environment vector type species traits

(v)

(E)

(S)

S)

DEPENDENCIES
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Quantitative Risk Assessments

Uncertainty

Options

Standard error, unexplained variation

Misspecification rates (e.g., AUC)

Bayesian
Stochastic models
Sensitivity analysis

Ensemble models

“ & Leung et al. 2012. Ecology Letters

Stochasticity I I Epistemic I
I Probabilistic processes I I Parameter I

Spatio-temporal
variability

Structural / Model I

Observation error I
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* The world is complex, but the endpoints of interest are few

S EE  All models are wrong, but some are better than others



Principles for balancing complexity
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semi-Qualitative | @ Uncertainty exists, but decisions must be made

A Quantitative
L)

* The world is complex, but the endpoints of interest are few

S EE  All models are wrong, but some are better than others

Additional thoughts

 How can we estimate it?
 Is it useful and/or predictive?

« What factors are we missing (implicit assumptions)?
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Illustrative example
Gravity Models

J Vi,j,t
N.. =2 2 O(E;

j=1 k=1

Leung et al. 2004. Ecology

Distance
Size
Sources

Alt.
Destinations

«— —> —> —

eV e S X o) * f (t=t' D E.v, , ,S,a )*Pr(RIE, .V,
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Illustrative example
Gravity Models

«— —> —> —

O (E

j=1 k=1

N. . =

i,t

Leung et al. 2004. Ecology

o

Distance

Size

Sources

Alt.
Destinations

—

Vi S X oo )* f (t-t,D, E,V, .S, )*pr(RIE, v,

i,j.k,t?

IE

k,t?

S)
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Illustrative example
Gravity Models

Sources

«— —> —> —

Destinations

GBS X o )*f (t-t D, E,v, ,  S,o )*Pr(RIE, .V, .,

Leung et al. 2004. Ecology
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Summary Comparisons

Semi-qualitative approaches

» Broader TEASI coverage
« Expert opinion
« Model structure unclear

» Uncertainty ad-hoc

Quantitative models

 Less TEASI coverage
« Even simple models are worthwhile
* Proxy variables & predictors are useful

« Uncertainty analyzed but heterogeneous

**Few explicit comparisons between methods
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*, * Uncertainty exists, but decisions must be made
* The world is complex, but the endpoints of interest are few

« All models are wrong, but some are better than others

Additional thoughts

 How can we estimate it?
 Is it useful and/or predictive?

« What factors are we missing (implicit assumptions)?
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Wood Borer Pest Interceptions

Exam_ples

Transport |
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Establlshment g
Nl . O a ()
Spread 7
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>
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10000

1000 -

100 A

10

1_

1|II|||..u

018 05 15 192 384
Propagule pressure category

Brockerhoff et al. 2014. Ecology
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Transport ‘

- A

Establishment

Spread

A -

.
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4

Forecasting transport

Going global
C ]
Macroeconomics Trade Shipping
Commodities

2

IR

~ A
S 4/
:
.

Shipping Lanes _—~Z Road Networks



| Forecasting transport
D Going global

.

Options

Examples

4 E . A

Transport |

Establishment o‘ R?=0.87 . )
Spread g %'
5 ] ° o + Shared Socioeconomic
R Pathways scenarios (SSPs)
. - . > 0 0
gl AR
g 2| ®o g
©c g7° 8
\ P

| I I I | I [
0 5000 10000 15000 20000 25000 30000

Predicted vessel traffic (2014)

Sardain, 2017. MSc



Transport/Establishment

USRS Wood Borer Pest Interceptions
Options 10000
Examples 5‘ S 1000 |
& E . a (%
lansport “g 100 |
Establishment o
k- N .-) g 10 ~
Spread i
1_
0.18 05 15 3 6 12 24 48 96 192 384
Propagule pressure category
i . 1 -
e ‘.’ - g
ﬁ 0.8 A
3
E 0.6 A
N ¢ S 04
P =1-¢ 5
I, ) & 02
o
0_
018 05 15 3 6 12 24 48 9% 192 384
Propagule pressure category

Brockerhoff et al. 2014. Ecology
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P & Propagule pressure & Environment & Traits — Establishment
Examples .
A . B . P | N N C
Transport _ . i
] Pi’j—l q(Ei,Sj)
Establishment
Spread 5 =7 @ OO 000 GO © CILOEIMR GOMONE o 0 W O 2 I o ¢ o comon eupoas
£ o
- . =
2 .
| il Z
0‘ ‘_.6 < | g |
& z )
E ° = 1
8 [
E l ‘ | . 0 .

log(Propagule pressure)

Bradie & Leung, 2015. J. Appl Ecol., Della Venezia & Leung. In prep.
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P 'Sns Propagule pressure & Environment & Traits — Spread
Examples

e ¥

Transport

Tr: « 64 forest pest species
Esizloll e « Current distribution
« Date of first discovery

Spread

-

1 .
» O‘&

Hudgins, Liebhold & Leung. 2017. Ecology Letters
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Transport ‘

- i

Establishment

Spread

Management
‘ " .." -

N

f "9

Pathway Level Joint Models

Tl' . — e_a(S'E'N)di,j

Dispersal Kernel Model

Ecosystem: Forests
* 64 forest pest species
e Current distribution
« Date of first discovery

ey 1 Hudgins, Liebhold & Leung. 2017. Ecology Letters

P(Dispersal)

Distance
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Options

Ex‘a}ingl?s. 5‘ Tl — e—a(S,E,N)di’j

Transport

- i

Establishment

Spread

Dispersal Kernel Model

Real Data GDK Predictions

Management
‘ " .." -

Observed Range Area (km®)

Oe+00 2e+06 4e+06 6e+06 8e+06

Oe+00 2e+06 4e+06 6e+06 8e+08

Predicted Range Area (km?)

Ryse®= 0.76 Average Locational Accuracy = 74%

** forested area

Hudgins, Liebhold & Leung. 2017. Ecology Letters ** human population density

| sseuqogg 1594
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Transport '
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Establishment ‘1

Spread

')‘O" .

Pathway Level: Economic Impacts
Species & Stakeholders Unequal

Foliage
feeders

.\\"

Sap
feeders

[
[ 5 v o
4 ; |
Yy -
¥
- P
L Dt
b g3 J
RS

Wood
borers

Aukema et al. 2011. PLoS One.

Market
sector

r

Federal

Survey
Research
Regulation
Outreach

Government] —

sector

Local

Tree removal
Replacement
Treatment

J

.

Household expenditures

Tree removal
Replacement
Treatment

J

Residential
sector

] — [ Property value losses ]




Overview Pathway Level Impact Model
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Options

Exanfles

Transport ' 1. List of all pests
. \ 2. List of damaging pests
Establishment . |3 Full economic estimates — poster pests

Spread ‘

Integrative model
Management 1. Logic
"5 5 2. Fitting data
“ 0‘ ‘

Objectives
\ , Estimate expected impact

»

Aukema et al. 2011. PLoS One.
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Establishment

Spread

Impact

0."

\

N

o~ .

,
T‘rraTns-p(;rt‘ ¢

\

w

Pathway Level Impact Model

Data

List of all pests
List of damaging pests

Full economic estimates — poster pests

!

Integrative model

Logic

Fitting data
Objectives

Estimate expected impact

Aukema et al. 2011. PLoS One.

0
2
o 51
©
> 3
(&)
C
O 1 -
-}
U 1
L 3 1 -1 1 3 5 7
L
-3 -
Cost ($)
Logic

There is a frequency distribution of costs
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Establishment

Spread

Impact

0."

\

N

o~ .

W
Options
Examples :

Transport '

\

» .

Pathway Level Impact Model

Data

List of all pests
List of damaging pests

Full economic estimates — poster pests

!

Integrative model

Logic

Fitting data
Objectives

Estimate expected impact

Aukema et al. 2011. PLoS One.

Frequency of pests

3 119 1 3 ;\
-3 -

Cost ($)

Logic
There is a frequency distribution of costs

Low impact is more frequent than high
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Transport '

Establishment N

Spread

Impact

> -

- .0’

Data

List of all pests
List of damaging pests

Full economic estimates — poster pests

!

Integrative model

Logic

Fitting data
Objectives

Estimate expected impact

Aukema et al. 2011. PLoS One.

0
0
(]
o
IS
>
(@)
c
5 _
> [ ——
U T
v 3 1 -1 1 3 5 7
L
-3 -
Cost ($)
Logic

« There is a frequency distribution of costs
* Low impact is more frequent than high

* Negative frequencies not possible
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Transport '

Establishment N

Spread

Impact

> -

- .0’

Pathway Level Impact Model

Data

List of all pests
List of damaging pests

Full economic estimates — poster pests

!

Integrative model

Logic

Fitting data
Objectives

Estimate expected impact

Aukema et al. 2011. PLoS One.

2
il
o 5
©
> 37
O
[
5] 1 -
> .
L 3 1 -1 1 3 5 7
L

-3 -

Cost ($)

There is a frequency distribution of costs
Low impact is more frequent than high
Negative frequencies not possible

Phytophagous insects on balance are not
beneficial
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Transport |

Establishment

Spread

-

‘ " .O’

’

Fitting Data

Frequency of pests
O r N W » 00 O N ©

78

13




Overview Pathway Level Impact Model

Options

Examples

Transport |
Establishment

Spread

LA Y

- =
— i

Intermediate impact:

Species frequency

Low impact
High impact

Costs —>

- .




Overview Pathway Level Impact Model
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Options

Examples

A . Ea. A

Transport |

Establishment

Spread

Impact : : :
.

‘ " .O’

- =
— i

Intermediate impact:

Species frequency

Low impact
High impact

’




Overview Pathway Level Impact Model
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Options

Exam_ples

& . . a ‘ - I
- — i =
Transport = Q
= S 1 diate | : S
- (=0 Nntermedadilate Iimpact; (=
Establishment =N P PEE o k=
— gl = g N 7
Spread 2 |E £ S
A |3 = A \

C

“ .O.’ 3

Posterior
babili
proba ||1a_30

\ 0.25
020
015

o0

0.05

Curve scale parameter

0.00

Curve shape parameter




Overview Pathway Level Impact Model
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Options

Exam_ples

Transport ‘

-

Establishment

Spread

py =
— i

Intermediate impact:

Species frequency
Species frequency

Low impact
High impact

Costs —> ) Costs —=>

o .b.’ .

Posterior -
babili — —
proba ||1a_30 -

0.25
020
015
o0

0.05

Curve scale parameter
Posterior probability
|

0.00

Curve shape parameter Estimated total cost —>
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A . . A ‘
Transport
-4

Establlshment

Spread

Management

Economic Impacts
Species & Stakeholders Unequal

Local Government/Residential pays most
Poster pest account for 25-50%
Wood borers worse (1.7 Billion)

32% chance of another borer poster pest in 10 yrs

y ‘ Aukema et al. 2011. PLoS One.



Management & Policy (ISPM15)

Effectiveness of ISPM15

Examples

A . BIa. A

Transport

Establishment

N 16 - 14000 -
Spread

14 1 12000 -
12

10 A

10000 A
8000 -

Infested.
[00]

6000 -

Uninfested.

4000 -
0 -

Before After Before After
ISPM15 ISPM15

o N b~ O

'I Haack et al. 2014. PLoS One.
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Transport |¢

Establishment

Spread

A -

e 0’

\

Management & Policy (ISPM15)

Cost of ISPM15

GTAP-M economic model
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