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Tools to analyse risk and impact of control

measures

Countries cannot eliminate all threats
» needs to allocate resources to manage biosecurity risk
» ensure trade and travel are maintained
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Export sectors aim to

» reduce non-tariff costs (e.g. on-shore compliance, consignment rejection,
destruction or fumigation)

>

A\

Science-based transparent framework
» for pest risk analysis
» using integrated control measures in a systems approach

» consistent with the WTQO's requirement for justifiable measures.
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Pest Risk Analysis

» Hazard ID (257)
» Associated with commodity
» Presentin exporting country
» Not recorded from NZ
» Can potentially establish in NZ

Establishment Introduction

» Risk Assessment (35)

» Likelihood of:
» Entry

» Establishment »
» Spread Intro&Sprea
» Consequences

» Risk Management (18)

» Single treatment
Impact
» System approaches

The New Zealand Institute for Plant & Food Research Limited
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Systems approaches (SAS)

» SA defined as “The integration of at least two measures which act
independently, and which cumulatively achieve the appropriate level of
protection against regulated pests”

» As opposed to a dependent measure (e.g. monitoring)
» does not reduce the risk directly
» may be required to verify efficacy of an independent measure

» SA increasing as alternatives to single-point risk management treatments
applied at the border

» SAs considered when individual measures are:
» not adequate to meet phytosanitary import requirements
» detrimental to a commodity, human health or environment
» not available or likely to become unavailable or cost effective
» overly trade restrictive; and/or not feasible
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Crop Production:
Infield pest

Pesticide application once a threshold is reached = management practices

Mating disruption or Sterile insect technique ,
Harvesting and post-

harvest treatments

High pressure washing or grading — mm)

o . Q b Fruit packaging and
»; ﬁ \ ’ﬁ ;:‘ , ‘Lﬁ storage

w Transport from
production area to

market

Coolstorage mmmm)p

Disinfestation treatment e.g. heat, fumigation )

Warehouse
consolidation at market

Distribution to retail

Sps 1 Sps 2 vreeeeed Sps 18 sites in market

Retail consolidation
and storage

Distribution to homes
and food services

Picture developed by MPI




Systems approach to managing risks

» Standards - guidelines
» ISPM 11 — pest risk analysis for quarantine pests
» ISPM 14 — integrated measures in a systems approach for pest risk management

» Involves the following processes:
» determining the risks at each stage of the pathway

» determining the points in a pathway where risks can be reduced, monitored and
controlled

» establishing criteria or limits for the acceptance/failure of each independent
procedure

» Implementing the system, with monitoring as required for the desired degree of
confidence

» taking corrective action when monitoring results indicate that criteria are not met
» reviewing or testing to validate system efficacy and confidence on a regular basis
» maintaining adequate records and documentation
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Review of methods for assessing biosecurity risks

»

»

»

»

»

»

»

What are the methodologies that have the potential to be used for
» assessing biosecurity risks on import pathways
» Impact of systems approach measures on reducing risks

Conceptual models and flow charts

Bayesian networks

Monte Carlo simulations

Influence diagrams, logic trees and decision trees
Data mining and machine learning

Eliciting expert opinion

A review of methods for assessing and managing
market access and biosecurity risks using systems
approaches

L.E. Jamieson', H.N. DeSilva', 5.P. Worner’, [).]. Rogers’, M.G. Hill* and ].T.5. Walker®

New Zealand Plant Protection 66: 1-9 (2013) WWW. NI org



Important processes - developing a

systems approach to managing risks

» Conceptual & flow diagrams

» input from a range of pathway users, stakeholders, regulators and
researchers

» provide a structure to facilitate discussion, exchange ideas and
information, identify knowledge gaps, reduce linguistic uncertainty

» Collective view of the problem

» Break down complex risk analysis system
» smaller sub-models
» multiple risk factors on a small part of, or point, in the pathway

» Data availability to verify each sub-model
» absence of data
» eliciting expert opinion
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Important processes - developing a

systems approach to managing risks

» Develop framework
» combine information in a coherent probabilistic
logical way

» empirical observations
» system sub-models
» expert opinion

» readily updated and validated

» cause-and-effect models

» Evaluation of uncertainty and validation
procedures of a complex system
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Conceptual model > == PRATIOUE
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»

»

»

EPPO PRA Scheme PRATIQUE

Series of questions:

» Categorisation (19)

» Entry (14)

» Establishment (15)

» Spread (3)

» Impacts (16)

» Risk management (44)

Explanatory Notes

Responses required:

» 5 level risk rating

» 3 level uncertainty score
» Written justification

1.12. How likely is the pest to be able to transter from the pathway to a suitable host or habitat?
Norte: consider innate dispersal mechanisms or the need for vectors, and how close the
pathway on arrival is to suitable hosts or habitats.

very unlikely, unlikely, moderately likely, likely, very likely.
Level of uncertainty: Low Medium High
Go to 1.13

1.13. In the case of a commodity pathway, how likely is the intended use of the commodity (e.g.
processing, consumption, planting, disposal of waste, by-products) to aid transfer to a suitable
host or habitat?

Nore: Some uses are associated with much higher probability of introduction (e.g.
planting) than others (e.g. processing). Consider whether the intended use of the
commodity would destroy the pest or whether the processing, planting or disposal might
be done in the vicinity of suitable hosts or habitats.

N/A, very umlikely, unlikely, moderately likely, likely, very likely.

Level of uncertainty: Low Medinm High

Avallable here: http://capra.eppo.org/download.php
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PRATIQUE

Conceptual model: Entry

14&1.5
Associated
concentration

1.10 Survives
Existing
procedures



Conceptual model: Entry converted to a BN

PRATIQUE

Draft matrix model structure for Entry - modification 4 (inputs from Dirkjan, this version gives the closest corrspondence to assessors for test 16 data sets)

Uncertainty distribution

o 1.7 Freguent

lF]

iF

o 1.4 & 1.5 Associated
concentration

vl 7% ([
| s0% |
m 2% [l

h 5%
vh 0%

Matrices
aggregating
the scores

-

1.8 Survive

% @

=X Yoy

1.9 Multiphy

1.11 Commodity 2 114 Commodity use
widely vl 1%

| 24%(0 |
m 50% [
h 24% |

wh 1%

1.10 Survives
Extstlng procedures

(o] Travels

vl 0%
| 0%

m 17% |l

h 7a%

wh 4%

’/C:‘J 1.13 Link to host

vl 1%

| 24%(0 |
m 50% [
h 24%|

wh 1%

¥

Arrives

when greater than 3 and down

when less than 3

The medified average rounds up

Anoplophora glabripennis,

memnrrlinatad bar Alam Mansl asd
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Crop Production:
Infield pest
management practices

Harvesting and post-
harvest treatments

High pressure washing or grading — mm)

o . Q b Fruit packaging and
»; ﬁ \ ’ﬁ ;:‘ , ‘Lﬁ storage

w Transport from
production area to

market

Coolstorage mmmm)p

Disinfestation treatment e.g. heat, fumigation )

Warehouse
consolidation at market

Distribution to retail

Sps 1 Sps 2 vreeeeed Sps 18 sites in market

Retail consolidation
and storage

Distribution to homes
and food services
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BEYOND COMPLIANCE - A Bayesian Network approach to develop confidence and competencein a
Systems Approach to Pest Risk Management )
Whittle et al. 2012 ABNMS

QUT, Imperial College

3.24 Preventable by
o] praduction of
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no 20% \ & no A% |
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» Develop models as decision support for import
pest risk analysis (PRA)

» PRA aims to objectively evaluate biosecurity risks

» decisions about importation of an agricultural
commodity

» decisions about risk mitigation
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Types of queries

» What impact does

» pre-harvest control measures

» post-harvest control measures

» trade volume

have on
the number of unwanted organisms imported
compare with a founder population size

« the number of individuals of a pest species
that are needed to establish a population in a
new area

import risk
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Sps A SpSB....ooeeie Sps 18
Crop Production:
Infield pest
management practices

Pest density in orchards

Harvesting and post- * {—— | Infield control
harvest treatments
Packed pest density after
Fruit packaging and orchard controls Between
storage
——— orchard /
consignment
N Pest density in variability

production area to
market

consignments

* (——= | Postharvest
disinfestation

Warehouse

consolidation at market Pest denSity after
postharvest freatment

Distribution to retail {—— Natural morta“ty

sites in market

Pest density after
natural mortality

Retail consolidation
and storage

(———— [ Trade volume ]

Distribution to homes
and food services

# pests entering




Pest density in orchards

e Larvae 15.3%

In field control |« Pupae 22%
 Total 40%

Packed pest density after
orchard controls

Between consignment variability

Pest density in
consignments

* {——| Postharvest
disinfestation

Pest density after
postharvest treatment

Natural mortality

Pest density after

natural mortality Founder population

size

1 [ Trade volume ] ‘

E—)

# pests entering 5 .
Sprea

Probability of establishmen
survival

Likelihood of establishment

Natural mortality i N &
e 8 B SR
: ) € —

the number of individuals of a
pest species that are needed in
a given time to establish a
population in a new area

Barker et al. (1990) set MPL for
fruit flies at 3 survivors per day
for the entire volume of
imported host material
imported that day from infested
countries and being collected
at the point of greatest
aggregation (the wholesale

warehouse

—)



Pest density is not usually measured Usually % produce infested measured

Pest density in orchards . .
y % fruit infested in orchard

<:| In field control

Packed pest density after
orchard controls

% fruit infested at harvest

Pest density in
consignments

{———= | Postharvest
disinfestation

Pest density after

postharvest treatment % fruit infested at after trtmnt

Probability of establishmen
survival

Founder population
Size

Pest density after
natural mortality

[ Trade volume ] ‘

Likelihood of establishment
& spread

ey Cimpactrisk >

# pests entering el



Pest density is not usually measured Usually % produce infested measured

Pest density in orchard

To convert pest density to proportion of infested fruit we can either assume

>
>

Only need to know proportions of fruit with no pests (P,) then we can

>

% fruit infested in orchard

pests are:
randomly distributed (Poisson distribution)
have a tendency to clump (Negative binomial)

calculate proportion of fruit infested (1-P)

Poisson (random):

P,=¢e™m

(where e is the base of the natural logarithm and m = mean # pests per fruit)
Negative binomial required a clumping factor O = no clumping, 100 = extreme
P, = (1+mC)1re

(where m = mean # pests per fruit and C = clumping factor)

Pest density % fruit infested

[ Fruit clumping factor ]

Plant & Food ya
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[ Fruit clumping factor ]

% fruit infested in orchard

Pest density in orchards

<: In field control | Pest density after applying a control measure

(% mortality) _ (1.
Packed pest density after PestDensityl * (1-PropDead)
orchard controls

ll ¢<———— | Between consignment variability

Pest density in
consignments

Postharvest
disinfestation
(% mortality)

Pest density after
postharvest treatment

Natural mortality

Pest density after
natural mortality

# pests entering

Number of pests entering =
PestDensity x NumberFruitPerBox x NumberBoxesEntering

[ #FruitPerBox ] [ #BoxesEntering ]




[ Fruit clumping factor ]

Pest density in orchards

% fruit infested in orchard

<:| In field control

Packed pest density after
orchard controls

% fruit infested at harvest

Pest density in
consignments

{———= | Postharvest
disinfestation

Pest density after

postharvest treatment % fruit infested at after trtmnt

Probability of establishmen
survival

Founder population
Size

Pest density after
natural mortality

[ Trade volume ] ‘

Likelihood of establishment
& spread

ey Cimpactrisk >

# individuals entering ) —)



(1 — PES) NEFPS) = none establishing

At least 1 establishing NE/FPS = # viable units

G /

Likelihood Establishment & Spread = 1 — (1 — PES) (NEFPS)

Probability of establishmen
& survival (PES)

ey Cimpactisk >

Founder population
size (FPS)

Likelihood of establishment

# pests entering A E
sprea

(NE)



Probability of establishmen
survival

Founder population
size

Likelihood of establishment

# pests entering 5 .
sprea

— Cimpact isk >

5 IR Table (in net BN_Model_for Fruit L. | = || & |[23]

MNode: IR vl Apply

Deterministic w Function vl Reset |
LikelihoodEs... Impact ImportRisk, 0 to 5|
0to 1e-6 MNegligible MNegligible =
0to 1e-6 WVeryLow MNegligible

0to 1e-6 Low MNegligible

0to 1e-6 Moderate MNegligible

0to 1e-6 High VeryLow

1e-6 to 0.001 MNegligible MNegligible
1e-6 to 0.001 WVeryLow MNegligible

1e-6 to 0.001 Low MNegligible
1e-6 to 0.001 Moderate VeryLow
1e-6 to 0.001 High Low

0.001to 0.05 Megligible Megligible
0.001 to 0.05 WeryLow MNegligible

0.001to 0.05 Low VeryLow
0.001 to 0.05 Moderate Low
0.001 to 0.05 High Moderate
0.05t00.3 Megligible MNegligible
0.05t0 0.3 WVeryLow VeryLow
0.05t0 0.3 Low Low
0.05t00.3 Moderate Moderate
0.05t0 0.3 High High
0.3to 0.7 MNegligible MNegligible
03t 0.7 WVeryLow Low

03to Q.7 Low Moderate



Pest density in orchards

Packed pest density aft
orchard controls

Orchard Infestation (ID1) ((Fruit Clumping Factor (FC) )
VeryLow 10.0
Low 20.0 —
Moderate  40.0
High 20.0 fu—
VeryHigh ~ 10.0 =
0.0223 + 0.039 PreharvTreatmentEff (PreH)
none 25.0 =
+ low 25.0 mm
Packed Pest Density (ID2) 1edium 25.0 -
igh 25.0 mm
Oto le-6 0.13 =
le-6tole-5  1.24 0.597 £0.39

le-5to le-4 17.8 ju—m
1le-4t00.001 25.3 j—m

\
\

| le-4100.001

Proportion Fruit Infested (FI1)

0to le-6 0
le-6to le-5 .030
le-5to le-4 0.43
le-4t00.001 4.76
0.001t0 0.01 68.3
0.01t00.03 26.5
0.03t00.1 0
0.1to1l 0

0.00908 + 0.0076

Proportion Fruit Infested (FI2)

0to le-6 0.13
le-6to le-5 1.24
le-5to le-4 17.8 jmmm

25.4 p—

0.001t00.01 40.2
0.01t0 0.1 13.7 pum

\

Pest density in
consignments

Pest density after
postharvest treatent

FruitPerBox (FB)

ProportionBoxeslInfested (BI2

Oto le-5 .043
le-5to le-4 0.38
le-4to 0.001 5.72

0.001t00.01 41.2
0.01t0 0.02 720m

Pest density after
natural mortality

0.001t0 0.01 19.4 pum
0.01t0 0.02 9.96 m
0.02t0 0.03 9.13m
0.03to 1 55.4
0.29+0.33

ProportionBoxesInfested (BI4,

O0to le-5 3.75m
le-5to le-4 12.2
le-4to 0.001 20.6

P 0.001t00.01 26.9

0.1t02 1.62 0.02t0 0.03 552 M
0.0269 +0.15 \BetWCOnsvar (cv) 0.03t01 155
10 33.3 [ 0.0128 + 0.072
medium  33.3 -
A 4 hig 33.3
PD consignment (ID3) 0.267 +0.17
0to le-6 0.15 a
le-6to 1le-5 1.49
le-5to le-4 16.7 pu—m
1le-4t00.001 25.0 f—
0.001t00.01  38.6
0.01t00.1 15.3
01to2 2.70 PostharvTreatmentEff (PostH)
0.039 +0.19 none 25.0 =
low 25.0 mm
|/ medifim 25.0 =
PD after PHtreatment (ID4) high 250 = Proportion Fruit Infested (Fi4)
0tole-6 11.1 [ Ve 0.722£042 OjtojTess 111 fem
1e-6to 1e-5 17.0 j— le-6to le-5 17.9 p—
le5tole-4 283 le-5tole-4 282
16-4100.001 228 | 164100001 228 j—
0.001 to o 01 14'4 — 0.001100.01  14.8 =
0.01100.1 452 m atural Mortality (NM) 00110002 225
01t02 1.03 0.02t0 0.03 1.93
- ; npe 52'8 - 003101 0.98
_—
0.0142+0.12 [¢ P d Yoo ETE
high 25.0 jum
\ | 0.375+0.3
PD after NatMort (ID5) /
0to 1e-6 13.7 BoxesInCons (NB
le-6to le-5 19.4 —
le-5to le-4 275 FounderPopulationSize (FPS)

ProbEst P
1e-400.001 21.7 jmmm—mm 103 20.0 iCBESISUVI(RES)
0.001t00.01  12.9 jmmm 3106 20.0 f— 01 33.3
0.01t0 0.1 3.96p 6t011 20.0 j— 0.2 333 fmm
0.1to2 0.95 111021 20.0 ju— 0.5 333 fmm

0.013 £0.12 211050 20.0 jm—m 0.267 +0.17
13.3+13

v

NumberindividualsEntering (NI)

# pests entering

v

r

LikelihoodEstSpread (LES)

e
\5290000 + 1.4¢7
e

nOto5 23.5 —
n5t010 9.89 jmum Oto le-6 0
n10to30 7.17 mm le-6t00.001 0.34
n30to100 203 0.001t00.05 120m
n100to300 523m 825mt%€;3 gé -—
30001000 16.3 . . .
176 0.7t01 54.7
' 0.569 + 0.34

0.01 to 0.02 9.20
0.02t0 0.03 7.60 pmm
0.03t0 1 19.9 j—
0.107 £ 0.24
Impact (I)
Negligible  10.0 pm
VeryLow 20.0 j—m
Low 40.0
Moderate 20.0 p—
High 10.0 pm
2+1.1
A 4
ImportRisk, 0 to 5 (IR)
Negligible 12.6 pum
VeryLow 8.77 mm
o] Low 23.8 m—
Moderate 324
High 15.6 pu—
ExtremelyHigh 6.82 m
25+14




0.001t0 0.01 38.6
0.01t00.1 15.3 jumm
01t02 2.70 PostharvTreatmentEff (PostH)
0.039 £0.19 none 25.0 =
low 25.0 pum
. . v medium 25.0 mm
high 25.0 jm i i
PeSt d e nS Ity I n O rC hards PD after PH treatment (ID4) g TP Eiopostion[Fitidiniestedi(B:) ProportionBoxesInfested (Bl4,
Otole-6 111 [ Lo e e s o= Otole5 375
le-6to le-5 17.9 — le-5 10 1e-4 28'2 le-5to le-4 12.2
leStole-4 283 oA 100.001 228 i 1e-4100.001 20,6 jmmm—m
le-4t00.001 228 > 0.001 to 0 o1 14.8 - P 0.001to 0.01 26.9
0.001t00.01 14.4 == 0'01 00 0'2 2 2'5 0.01t0 0.02 9.20 =
0.01t0 0.1 452 m Natural Mortality (NM) 0'02 i 0'03 1'93 0.02 to 0.03 7.60 mm
01102 1.03 o 25.0 = ooy nen 0.031t0 1 19.9 jm—
0.0142 + 0.12 low 25.0 - ' 0.107 +0.24
medium  25.0 0.0068 + 0.058
Packed pest density after SEECTE
p 4 0375403 |
PD after NatMort (ID5) L \
orchard controls Ooles 107 Noboresingome i) ) —
le6tole5  19.4 ; ! = — mpaci(y)
1e-5to le-4 275 underPopulationSize (FPS Negligible  10.0 pm
16-4100.001 217 jmmm—m 103 20.0 = RaIChEStSUIVI(RES) VeryLow  20.0
0.001t00.01 12.9 jmmm 3106 20.0 0.1 333 Low 40.0
0.01t00.1 396 M 61011 20.0 | 02 333 Moderate  20.0 jmmm
0.1t02 0.95 11to 21 20.0 ju— 05 333 High 10.0 jm
0.013 +0.12 211050 20.0 jm—m 0.267+0.17 2511
Pest density in v [ /
NumberindividualsEntering{(NI y Y
CO nS I g n m e ntS MFml P E RS ET I, () LlkelihoodEstSpread (LES) ImportRisk, 0 to 5 (IR)
zg:g‘rl’o g%g - 0t 166 0 Negligible 12.6
n10t030 7'17 o le-6t00.001 0.34 VeryLow 8.77 mm
: \| | 000110005 120 Low 23.8 jm—
n30to100 20.3 P> L
0.05t0 0.3 19.4 pum Moderate 324
n100to300 523 m N
0.3t00.7 13.5 pm High 15.6 p—m
n300to1000 16.3 pm— .
M L 0.7t01 54.7 ExtremelyHigh 6.82m
lore 17.6 j—
5290000 % L4c7 N\ 0569034 25%14

\

Pest density after
postharvest treatment

Probability of establishmen
survival

Founder population
size

Pest density after
natural mortality

Likelihood of establishment
& spread

# pests entering
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% fruit infested in orchard

Orchard Infestation (ID1)

VeryLow 10.0

Low 20.0 pu—

Moderate  40.0

High 20.0 fu—

VeryHigh  10.0 m=
0.0223 £ 0.039

v

( Fruit Clumping Factor (FC)

'Proportion Fruit Infested (FI1)

0to le-6 0
le-6to le-5 .030
le-5to le-4 0.43
le-4t00.001 4.76

Packed Pest Density (ID2)

% fruit infested at harvest

Oto le-6 0.13
le-6to le-5 1.24
le-5to le-4 17.8 ju—m

1le-4t00.001 25.3 j—m
0.001t00.01 40.2
0.01t0 0.1 13.7 mm

0.03t00.1 0
PreharvTreatmentEff (PreH) 01tol 0
none 25.0 jum 0.
low 25.0 jum
meglum ggg - ¥ Proportion Fruit Infested (FI2)
-
- : 0to le-6 0.13
0:597EE0:8Y le-6tole-5 124

0.001t00.01 68.3
0.01t0 0.03 26.5 fu—

le-5to le-4 17.8 jmmm
le-4t00.001 25.4

- 0.001to 0.01 19.4 jmm

FruitPerBox (FB)

ProportionBoxeslInfested (BI2

Oto le-5 .043
le-5to le-4 0.38
le-4to 0.001 5.72

0.001t00.01 41.2
0.01t0 0.02 720m

0.1t02 1.62 0.02 to 0.03 552 m
0.0269 + 0.15 BetwConsVar (CV) 0.03t0 1 1.55
low 33.3 0.0128 +0.072 /
medium  33.3 - e ————
A 4 high 33.3 i
PD consignment (ID3) 0.267 +0.17
0to le-6 0.15

le-6to 1le-5 1.49
le-5to le-4 16.7 pu—m

le-4t00.001 25.0 p—
0.001t00.01 38.6
0.01t00.1 15.3 mm

T~

//Proportion Fruit Infested (FI4)‘

% fruit infested after treatment

0.1t02 2.70 PostharvTreatmentEff (PostH)
0.039+0.19 none 25.0 =
low 25.0 mm
v medium 25.0 =
high 25,0 =
PD after PH treatment (ID4)
0.722 +0.42 /
Oto le-6 11.1

le-6to le-5 17.9 p—
le-5to le-4 283

0to le-6 11.1
le-6to le-5 17.9
le-5to le-4 28.2

le-4t00.001 22.8
0.001t00.01 14.4

—
1e-4t00.001 22.8 m—
0.001t00.01 14.8

Y

0.01t0 0.02 9.96 m

0.02t0 0.03 9.13m

0.03to 1 55.4
0.29+0.33

ProportionBoxesInfested (BI4,

O0to le-5 3.75m
le-5to le-4 12.2
le-4to 0.001 20.6
0.001 t0 0.01 26.9
0.01 to 0.02 9.20

0.01100.1 452 Natural Mortality (NM) 8-3; :g g-gg igg 0.02 t0 0.03 760 m
0.1t02 — 1.;)?;2 |n0ne 52'8 = 003101 olon 0.03to1 — 392.9 p—
i +0. ow -0 - N 107 £0.24
medium  25.0 \ 0.0068 + 0.058 A
high 25.0
A 4 0.375+0.3
PD after NatMort (ID5) /
0to 1e-6 13.7 NoBoxesInCons (NB | |
le-6to 1le-5 19.4 p— mpact (l)
le-5to le-4 275 FounderPopulationSize (FPS) Negligible  10.0 pm
16-4100.001 21.7 T3 20.0 EIOLES ISURVI(EES) Verylow  20.0
0.001t00.01 12.9 3106 20.0 j— 0.1 333 fm Low 40.0
0.01t00.1 396 M 6t011 20.0 j— 02 333 fm Moderate ~ 20.0 fu—
0.1t02 0.95 1110 21 20.0 — 0.5 333 fmm High 10.0 jm
0.013 +0.12 211050 20.0 jm—m 0.267 +0.17 2111
‘ 13.3+13 /
NumberindividualsEnteri NI + Y
Ambenindividiia|sEnteringQi LikelihoodEstSpread (LES) ImportRisk, 0 t0 5 (IR)
nOto5 23.5 m— — —
N5t010 0.89 jum 0to le-6 0 Negligible 12.6
Nn10t030 7'17 o le-6t00.001 0.34 VeryLow 8.77 mm
n30to100 2'0 3 0.001t00.05 120 m | Low 23.8 |—
; "] 0.05t00.3 19.4 jmm "] Moderate 32.4
n100to300 523 m N
0.3t00.7 135 m High 15.6 ju—m
n300to1000 16.3 j— .
07t01 54.7 ExtremelyHigh 6.82 m
More 17.6 j— . .
0.569 + 0.34 laland Institute for Plant & Food Research Limi 25+1.4
5290000 + 1.4e7 = = -




In field control
(% mortality)

Postharvest
disinfestation
(% mortality)

#FruitPerBox

Trade volume

Proportion Fruit Infested (FI1)

#BoxesEntering

What impact does

- pre-harvest control measures
- postharvest control measures

- trade volume
have on

- the number of unwanted
organisms imported

- import risk?

0to le-6 0
Orchard Infestation (ID1) ( Fruit Clumping Factor (FC) ) le-6to le-5 030
VeryLow 10.0 = le-5to le-4 0.43
Low 20.0 le-41t00.001 4.76
Moderate  40.0 0.001t0 0.01 68.3
High 20.0 | 001100.03  26.5 fmm
VeryHigh 100 jm - - ) 0-03;3010-1 8
PreharvTreatmentEff (PreH, )
TG 250 = 0.00908 + 0.0076 EIEETEoX(ER)
+ low 25.0 mm
f medium 25.0 mm A fi
Packed Pest Density (ID2) high 25.0 OPr porzon Frun(;nfzsted (F2) ProportionBoxesInfested (BI2
Oto le-6 0.13 le- ol
le-6t0le5  1.24 0:597EE0:89 /és toles 124 g;?slti_?e- . g’gg
le-5to le-4 17.8 / le-5to le-4 17.8 pmm le-4 10 0.001 5'72
le-4t00.001 25.3 n| 1€-4100.001 25.4 p— »| 0.001to0 0 o1 1'9 4
0.001t0 0.01 40.2 S —— 0.001t0 0.01 41.2 o 0'01 00 0'2 9 QlG b
0.01t00.1 13.7 mm 0.01to0 0.02 720m 0'02 to 0'03 9'13 b
0.1t0 2 1.62 0.02 t0 0.03 552m 0'03 - ll 55 4
0.0269 £ 0.15 BetwConsVar (CV) DEBiml 255 029033
low 33.3 0.0128 + 0.072 —
medium  33.3 -
\ 4 high 33.3
PD consignment (ID3) 0.267 £0.17
0to 1e-6 0.15 s
le-6to 1le-5 1.49
le-5to le-4 16.7
le-41t00.001 25.0 p—
0.001t0 0.01 38.6
0.01t0 0.1 15.3 uum
01t02 270 PostharvTreatmentEff (PostH)
0.039+0.19 none 250 =
low 25.0 mm
v medium 25.0 =
high 25.0 = i i
PD after PHtreatment (ID4) \ J 57375042 Jroportion Fruit Infested (F4) ProportionBoxesInfested (Bl4
. I B | —
0t01e-6 111 [ /El)éoeltf) (15e-5 i%g 0tole5 375
le-6 to 1e-5 17.9 m— 1e-5 to le-4 28-2 le-5to le-4 12.2
le-5to le-4 28.3 le-4 10 0.001 22-8 e le-4 to 0.001 20.6
le-41t00.001 228 P> 0.001 to O o1 14-8 - P 0.001 to 0.01 26.9
0.001t0 0.01 14.4 0'01 00 0'2 2 2'5 0.01 to 0.02 9.20 =
0.01t0 0.1 452 m Natural Mortality (NM) 0'02 - 0'03 1'93 0.02 t0 0.03 7.60 pm
0.1t02 1.03 e 25.0 pm e B8 0.03t0 1 19,9 jm—
I 25.0 = - -
0.0142 +0.12 rgvevdium P 0.0068 = 0.058 0.107 £0.24
high 250
\ 4 ~ 0.375 + 0.3 N\
PD after NatMort (ID5)
0to 1e-6 13.7 NoBoxesInCons (NB | |
le-6tole-5  10.4 mpact (1)
le-5tole-4 275 NrewaderRopulatiefiSize (FPS) Negligible ~ 10.0 fm
16-4100.001 21.7 T3 20.0 EICLESISURVIIRES) Verylow  20.0 jmmm
0.001t00.01 12.9 jmmm 3106 20,0 f— 01 333 Low 40.0
0.01t00.1 396 M 6t011 20.0 j— 02 333 fm Moderate  20.0 fummm
0.1t02 0.95 1110 21 20.0 — 0.5 333 fmm High 10.0 jm
0.013+0.12 21 to 50 20.0 p— 0.267 +£0.17 2+1.1
/T\ 13.3+13 / /-
"\
" — N N + N
nimberindigdiaSEnenn oIl LikelihoodEstSpread (LES) y ImportRisk, 0 to 5 (IR)
P
Egiﬁiio 538'3 - 0tole-6 0 Negligible 12.6
n10t030 7'17 o le-6t00.001 0.34 VeryLow 8.77 mm
n30t0100 2'0 3 0.001 to 0.05 120 m o] LOow 23.8 m—
) 0.05t0 0.3 19.4 "] Moderate 324
n100to300 523 m N
0.3t00.7 135 m High 15.6 ju—m
n300t0o1000 16.3 jm— IHigh b
More 17.6 0.7t01 54.7 ExtremelyHig 6.82
§ 5290000 + 1.467 P 0.569 +0.34 Q 25+14
N — N S




Proportion Fruit Infested (H1)

Oto le-6 .010
Orchard Infestation (ID1) ( Fruit Clumping Factor (FC) ) le-6to le-5 .030
VeryLow 10.0 = le-5to le-4 0.53

le-4t00.001 4.86

Low 20.0 fu— I ———
Moderate ~ 40.0 0.001t00.01 6438

High 20,0 00110003  11.1 o
VeryHigh 100 = r— 0D | g-giﬁo-l 2322
reharvTreatment re . .
00223 0039
= ; 0.0434 +0.14 FruitPerBox (FB
+ low i
; medium i i
Packed Pest Density (ID2 el Proportion Fruit Infested (R2) ProportionBoxeslInfested (BI2)
» et 00 1e-6 0 P i 0t01e6 0 To1es 5
le-6to le-5 .020 0 le-6to le-5 .020
le-5to le-4 .005
le-5to le-4 0.44 le-5to le-4 0.44 le-4 10 0.001 0.13
0 f - . f d . le-4100.001 4.68 w| 1e-4100.001 4.68 » 0.001to 0 o1 1'50
- P 0. . d
» O . l 1 /O ru |t N este 18 000110001 649 000110001 649 00110 0.02 1e
0.01t0 0.1 23.2 mm 0.01to 0.02 2.95 0.02 t0 0.03 188
0.1to2 6.75 0.02t0 0.03 277 0'03 . )
03to1 94.7
orchar 0.0873£0.3 Betw ConsVar (CV) U-0SHIOH 22 SR A
low 33.3 0.129 £ 0.26 = ——
medium  33.3
» No preharvest control , ngh 535
PD consignment (ID3) 0267 +0.17
0to 1e-6 0+ o
le-6to le-5 .027
» No postharvest
le-4100.001 5.68
CO ntr‘ol 0.001t00.01 59.1
0.01t0 0.1 26.2
01t02 848 PostharvTreatmentEff (PostH)
H 0.107 £ 0.33 none 100 [ —
» 10,000 boxes, 30 fruit i ]
medium 0
high 0 i i
pe r b OX PD after PHtreatment (ID4 g 3 fiopoteniiiintestedi(Ed) ProportionBoxeslInfested (Bl4)
0t01e-6 0+ Ve et & oo 0to1le5 0+
le-6to le-5 .027 le-5t0 le-4 0 50 le-5to le-4 .007
m le-5to le-4 0.50 : le-4100.001 0.15
» O UtCO e 1e-4100.001 568 | SCLERE, - EHd » 000110001  1.90
0.001t00.01 59.1
0.001t00.01 59.1 0.01 0 0.02 277 0.01to 0.02 1.94
- I | - f H d = d | 0.01t00.1 26.2 u— Natural Mortality (NM) 0'02 = 0'03 3'24 0.02t0 0.03 2.33
» Millions of individuals e Ol T TT | Goang oo
.107 £ 0. ow 483 £ 0.
. . medium 100 0.152 £ 0.27
arriving high 0
A 4 0.5
. ; ] PD after NatMort (ID5) _
-
» Discretization over Ooles 004 LE —
le-6tole5  .080 p
. 1e-5to le-4 1.08 FounderPopulationSize (FPS) Negligible 10.0 m
eStl | | |ated n U | | IbeI'S le-4t00.001 11.7m 1t03 20.0 jm—m ProbEstSuty (B5) VeryLow  20.0
000110001 55.2 3106 20.0 j— 0.1 333 jmm Low 40.0
I 0.01t00.1 23.9 jmum 6011 20.0 02 333 Moderate ~ 20.0 [
arriving S ] 05 333
0.1+0.32 211050 20.0 0.267£0.17 2711
13.3+13 /
LARUmberindividualsEnter I v =
N LlkelihoodEstSpread (LES) /mportRisk, 0to 5 (IR)
:g;g?o 8;? N Oto le-6 0+ Negligible 10.0 =
n10t030 OISO le-6t00.001 .002 VeryLow 0.22
n30t0100 3'23 0.001 to 0.05 0.12 o | Low 20.2 m—
n100t0300 8'44 0.05t0 0.3 0.87 Moderate 39.8
300101000 1'3 4fm 0.3t00.7 232 High 19.9
More 73'8 0.7t01 96.7 ExtremelyHigh 9.90 m
T 0.835 + 0.12 289+13




» 0.1-1% fruit infested in
orchard

» No preharvest control

» NO postharvest
control

» 10,000 boxes, 30 fruit
per box

» Qutcome

» 885 1700
individuals

Orchard Infestation (ID1)

FruitPerBox (FB)

ProportionBoxesInfested (BI2)
Otole-5 0
le-5t0 le-4 0
le-4 10 0.001 0
0.001 to 0.01 7.15
0.01t0 0.02 8.70
0.02t0 0.03 9.22
0.03t0 1 74.9

0.39 +0.32

Otole-5 0 Proportion Fruit Infested (FI1)
le-5to3e-5 0 ((_Fruit Clumping Factor (FC) ) 0to le-6 0
3e-5t0 le-4 0 le-6to 1e-5 0
le-4to 3e-4 5.00 1e-5to le-4 0
3e-4t0 0.001 20.0 1e-41t00.001 25.2 =
0.001t00.003  50.0 0.001t00.01 69.9
0.003 t0 0.01 20.0 0.01t0 0.03 4.95
gg% ;g 323 5'03 PreharvTreatmentEff (PreH) 0.03100.1 0
X b 01to1 0
0.1100.3 0 none 100
03t01 o low 0 0.00497 + 0.0048
medium 0
0.00344 + 0.0046 Bish 0
¥ 0
Packed Pest Density (ID2)
Oto le-5 0 / Proportion Fruit Infested (F12)
le-510 3e-5 0 00 166 0
Lol g le-610 1e-5 0
le-4to 3e-4 5.00 le-51t0 1e-4 0
3e-4100.001 200 jmm 164100001 250 =
0.001100.003 50.0 0.00110001 701
0.003t00.01 200 jmm 00110002 263
00110003  5.00 00210003 232
0.03100.1 0 003101 o
0.1t00.3 0 =
03t01 0 BetwConsVar (CV) 0.00496 + 0.0047
0.00344 + 0.0046 o
= medium
PD consignment (ID3) iiigh
Oto le-5 0+
1e-510 3¢-5 0+ e
3e-5to le-4 0.25
le-4 to 3e-4 5.20
3e-4t0 0.001 20.2 fu—
0.001t0 0.003 45.2
000310001  22.6 PostharvTreatmentEff (PostH) |
00110003  6.01 none
0.03100.1 0.49 low
0.1100.3 0+ T
03t01 0 high

0.00404 + 0.0067

PD after PHtreatment (ID4)

e

Oto le-5 0+ i i
1e-5to 3e-5 0+ GignoioniEAidiniestedi(GED) ProportionBoxesInfested (Bl4)
3e-5tole-d 025 et e O 0to 1e-5 0+
le-4to 3e-4 5.20 le-51t0 lo-4 0.25 le-5to le-4 0+
3e-4t0 0.001 20.2 fu— le-4 0 0.001 2'5 4 le-4t0 0.001 .061
0.0011t0 0.003 45.2 0.001 to 0 o1 67.9 —> 0.001to0 0.01 7.10
0.003 to 0.01 22.6 — 0'01 00 0'2 3 0'6 0.01t0 0.02 9.22
00110003 601 Natural Mortality (NM) AREEEE 260 0.02100.03 9.41
0.03t00.1 0.49 0.03to 1 74.2
none 0.03to 1 0.47
0.1t00.3 0+ 0.386 +0.33
03t01 0 low - 0.00748 + 0.04
medium
0.00404 + 0.0067 high
PD after NatMort (ID5)
Oto le-5 0+ /
le-5to 3e-5 0.11
3e-5t0 le-4 270
le-4to 3e-4 11.6 pmm FounderPopulationSize (FPS)
3e-4100.001 323 103 20.0 — EE
0.0011t0 0.003 345 3t06 20.0 j— ProbEstSurv (PES) Negligible  10.0 =
0.003100.01  15.3 jmmm 61011 20.0 01 333 Ventow  20.0 ==
00110003 322 111021 20.0 = 02 333 Low 40.0
0.03t00.1 0.28 21 t0 50 20.0 05 33.3 Moderate 200
01t00.3 0+ IS o High 10.0 pm
03to1l 0 s = — 2+11
0.00275 + 0.0053
]
NumberindividualsEntering (NI) w)
Oto5 .038
i(;ot 120 ggg LikelihoodEstSpread (LES) ImportRisk, 0 to 5 (IR)
o} d —
3010100 185 = les10001 0+ cff,'ﬂ%'ﬁ'e 050 [
o300, 304 = 000110005 011 Low 20.6
o030 Laf T o e o
3000 to 10000 3.23 0'7 0 1' 8‘8 7 Elg WHigh 9 7'1 o
10000030000 027 2t : e mentligNo:
30000 to 1e5 0+ 0.801+0.17 287+13
le5to 2.99967e7 0

855 £ 1700




» Set

»

»

»

»

»

0.1-1% fruit infested in
orchard

90% preharvest
control

99.9968% postharvest
control

50% natural mortality

10,000 boxes, 30 fruit
per box

» Qutcome

»

2.5 = 1.5 individuals

Orchard Infestation (ID1)

FruitPerBox (FB)

Oto le-5 0 Proportion Fruit Infested (1)
le-5to 3e-5 0 Fruit Clumping Factor (FC) Oto le-6 0
3e-5t0 le-4 0 le-6to le-5 0
le-4to 3e-4 5.00 1e-5to le-4 0
3e-4100.001  20.0 == 1e-4100.001 252 jmm
0.0011t00.003  50.0 "] 0.001t00.01 69.9
0.003to 0.01 20.0 0.01t0 0.03 495
0.01 to 0.03 5.00
0.03100.1 0 PreharvTreatmentEff (PreH) g:g:‘t’;’:’lo'l 8
011003 0 none 0
03101 0 low 0 0.00497 +0.0048
medium 100
0.003445 0.0046 high 0
0.9
Packed Pest Density (ID2)
Otole-5 0 / Proportion Fruit Infested (FI2)
le-5to 3e-5 5.00 Oto 1e-6 0
3e-5to le-4 20.0 = 1e-6 to 1e-5 0
lehipees  EHO le-5tole-4 250 mm
3e-4100.001 20,0 jmm Te 0001 700
0.001t0 0.003 5.00 . ]
0.001t00.01 5.00
0.003 to 0.01 0
0.01t0 0.02 0
0.01to 0.03 0
003 0.0210 0.03 0
LEDOL, g 003101 0
0.1t00.3 0 -
03to1 0 0.000674 +0.0013
0.000344 + 0.00046
r
PD consignment (ID3)
0tole-5 0.27
le-5to 3e-5 5.09
3e-5to le-4 20.4 f—
le-4 to 3e-4 453
3e-4100.001 22,3 jmmm
0.001t00.003 6.11 [
0.003 t0 0.01 0.50 PostharvTreatmentEff (PostH)
0.01to 0.03 0+
0.03t0 0.1 0
0.1t00.3 0
03to1 0

0.000405 + 0.00068

ProportionBoxesInfested (BI2)

Otole-5 0
le-5to0 le-4 0
le-4 to 0.001 6.13 m
0.001 to 0.01 38.9

0.01t0 0.02 24.4 m—

0.02t0 0.03 25.6 —

0.03t0 1 5.00
0.038+0.13

PD after PH treatment (ID4)

Oto le-5
le-5to 3e-5
3e-5to le-4
le-4 to 3e-4
3e-4 10 0.001
0.001 to 0.003
0.003 to 0.01
0.01to0 0.03
0.03t0 0.1
0.1t00.3
03to1l

99.5
0.46
.036

ocoocoocooooo

Proportion Fruit Infested (Fl4;

5.09e-6 + 3.3e-6

Natural Mortality

(NM)

0Oto le-6 8.96
le-6to le-5 90.6
le-5to le-4 0.49
le-4100.001 0

ProportionBoxesInfested (Bl4)

Otole-5 3.03
le-5to0 le-4 30.3
le-4 to 0.001 66.3

0.001t0 0.01 0.37
0.01t00.02 0
0.02 0 0.03 0
003t01 0

0.001 to 0.01 0 >
0.01 t0 0.02 0
0.02 t0 0.03 0
0.03t01 0
5.3e-6 + 4.9e-6

0.000402 + 0.00047

PD after NatMort (ID5)

Oto le-5 99.7

le-5to 3e-5 0.25

3e-5to le-4 .020

le-4 to 3e-4 0 FounderPopulationSize (FPS) Impact (I)

3e-4 10 0.001 0 1t03 20.0 = R ool

0.001 to 0.003 0 3106 20.0 j— ProbEstSurv (PES) egligible A

0.003 t0 0.01 0 61011 50.0 01 333 = \L/g\rl\)/d_ow ig.g e

e 5 MDA A0 02 333 Moderate 20-0 fu—

OIS DAL 9 211050 20.0 05 333 fmm High ooE

011003 0 133+13 0267£0.17 :

03to1 0 2+14

5.05e-6 + 3.1e-6
4

NumberindividualsEntering (NI) NoBE@XeSTEoNSI(NE)
Oto5 99.8
5to 10 0.16 LlkelihoodEstSpread (LES) ImportRisk, 0to 5 (IR)
o o 010 1e-6 0 Negligible 1.7 [
100 to 300 0 le-6t00.001 1.44 VeryLow 26.3
300 to 1000 0 0.001t00.05 44.4 Low 28.1
1000 to 3000 0 0.05t00.3 41.4 Moderate 17.8 j—
3000 to 10000 0 0.3t00.7 10.7 High 6.70 m
10000 to 30000 0 07t01 214 ExtremelyHigh  1.28
30000 to 1e5 0 0.155+£0.19 169+1.2
le5to0 2.99967e7 0

251+15




» Set

» 0.1-1% fruit infested in
orchard

» 90% preharvest
control

» 99.9968% postharvest
control

» 50% natural mortality
» 1 million boxes

» Qutcome
» 153 £ 95 individuals

Orchard Infestation (ID1)

Oto le-5 0
le-5to 3e-5 0
3e-5to le-4 0

le-4to 3e-4 5.00
3e-4100.001 20.0
0.001t0 0.003 50.0
0.003t0 0.01 20.0

7] 0.001t00.01  70.0
0.01t00.03 4.94

Proportion Fruit Infested (A1)
Fruit Clumping Factor (FC) Oto le-6 (]
le-6to 1e-5 0
le-5to le-4 0
- 1e-4100.001 25.0 fmm

FruitPerBox (FB)

gg; ;g 823 503 PreharvTreatmentEff (PreH) 3[1)3; "010-1 g
’ 3 .1to
none 0
o 5 Jow 0 0.00498 + 0.0048
medium 100
0.003445 0.0046 high 0
0.9
Packed Pest Density (ID2)
c1)r051e-§ 5 5 Og / Proportion Fruit Infested (FI2)
e-5 to 3e- X
3e-5to le-4 20.0 fum (llé?elg-?e_s g
le-4 to 3e-4 50.0
3e-4100.001  20.0 = le-5tole-4 250 fmm

0.001t00.003 5.00

le-4100.001 70.0
0.001t00.01  4.99

ProportionBoxesInfested (BI2)

Otole-5 0
le-5to0 le-4 0
le-4 to 0.001 580 m
0.001 to 0.01 38.2

0.01t00.02 25.3 m—
0.02t0 0.03 25.8 [—
0.03t0 1 4.98

0.038 £0.13

900810 001 g 0.01 10 0.02 0
0.01to 0.03 0
003 0.02 10 0.03 0
031001 0 0.03t0 1 0
0.1t00.3 0 -
03to1l 0 0.000674 +0.0013
0.000344 + 0.00046
-
PD consignment (ID3)
Oto le-5 0.25
le-5to 3e-5 531
3e-5to le-4 20.0
le-4 to 3e-4 46.0
3e-410 0.001 21.9 pu—

0.001t00.003 6.06
0.003 to 0.01 0.48

0.011t00.03 0+
0.03t00.1 0
0.1t00.3 0
03tol 0

PostharvTreatmentEff (PostH)

0.000401 + 0.00067

PD after PH treatment (ID4)

Oto le-5 99.5
le-5to 3e-5 043
3e-5to le-4 .043

Proportion Fruit Infested (Fl4;

Oto le-6 9.16

ProportionBoxesInfested (Bl4)
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Model Uses

» For “forward” use set all nature nodes to “unknown” expect for Orchard
Infestation and Impact

» Estimate the orchard Infestation level from other observations. For
example, orchard infestation can be set to “unknown” then fruit
infestation at harvest could be set instead

» Measure impact of various levels of mitigation along the pathway by first
running model with pre- and post-harvest treatment efficacy set to none
and then set to a particular efficacy rate
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Progress

In the process of developing a BN to:
» the level of efficacy required on the pathway
» volume of trade allowable before founder population levels exceeded

Expansion (sub BNs) include:
» other entry risk factors e.g. time of year, time taken for transport

» establishment and spread risk factors e.g. attributes of environment: climate,
resource availability; attributes of sps: detection, rate of increase, ability to spread

» impact

» economic, environmental, social, cultural, political
» add decision nodes and cost of
» treatments / mitigation / measuring compliance
» surveillance |
» eradication - -
—

» offset that with cost of impact - pest management
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Lessons learnt so far

» Inclusion of mathematical relationships to construct CPTs - validation
» Discretization can have major effect on outcome

» More consultation required involving subject matter experts, modellers
and stakeholders
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( Fruit Clumping Factor (FC) )

("Orchard Infestation (ID1) )———®{_Proportion Fruit Infested (FI1) )

( PreharvTreatmentEff (PreH) ) ( FruitPerBox (FB) )

( F(’ﬁ\)(:é()ed PestDensity —DC Proportion Fruit Infested (FI2) )—PC ProportionBoxesInfested (BI2) )

(_BetwConsVar (CV) )
A 4
( PD consignment (ID3) ( PostharnTreatmentEff (PostH) )
A 4

( I?IDDz;ter PH treatment 4% Proportion Fruit Infested (Fl4) )—b( ProportionBoxes|Infested (Bl4) )

( Natural Mortality (NM) )

[ PD after NatMort
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( NumberindividualsEntering (NI) )
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