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Introduction

Biological Invasions

A threat to biodiversity and human welfare

Cost of biological invasions in the USA

$1216.28

billion
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Introduction

Invasion curve and management strategies

100 %

Invasion Steps ¢

1. Introduction
2. Establishment
3. Expansion

4. Saturation

Public awareness ]
Eradication
Runaway spread \ unlikely
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Introduction
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Introduction

Dispersal of Insects

Motivated to improve fitness Active Dispersal

Hitchhiking

Attachment to or within
vector

Passive Dispersal




Introduction

Dispersal of Insects .
Landscape Heterogeneity

Continuous spread x Stratified spread Habitat Variability

Least cost path

| Core habitats — ’ I"‘ (R
/ o O Ay
Time N = | |

Time

Barriers

Range radius
Range radius

@ Liebhold AM, Tobin PC. 2008.
Annu. Rev. Entomol. 53:387—408




Introduction

Dispersal modelling aims at improving the understanding of the

dispersal mechanisms of invasive species

Risk Analysis
Early Detection ﬁ‘; %};
878 875
66 o

Control “SL OW THE bPR] 1AD"

A National Program to Contain the Gypsy Moth

Reaction diffusion models

Integrodifference
equation models




Introduction

Two Model Invasive Species

Pine wood nematode Trioza erytreae

Monochamus Galloprovincialis Citrus Greening disease
Huanglongbmg (HLB)

0 Candidatus
® Liberibacter




Introduction

Monochamus galloprovincialis
Native species to Europe and Asia

Pine Trees host plants

2023-12-02
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Vector of the Pine wood nematode

MNematodes feed on
itz plant cells, inducing
e a lethal wilt

Pine wood nematode Pine wilt disease

Nematode feed on fungi
indead wood

American native species
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Invasive in Asia and Europe

First detected in Portugal in 1999

Nematodes enter
the feeding wounds

A\
L P

DL3 turns into DL4
with stimuli by the insect

Rephrame

DL4 nematodes migrate into
the adult beetle, which then
emeraec from the tree




Introduction

Pinewood nematode represents a
great threat to Europe

Monitoring trapping grids are
currently mandatory for all
European Union country members ~  —

(Commission Implementing Decision 2012/535/EU namees oy M) (S
of 26 September 2012) ——

iy

Continental Portugal i

Important to improve the o
understanding of the vector’s
spread pattern in the landscape. = =

Map 1- Demarcated areas for the containment/eradication of PWN outbreaks in th



Introduction

Trioza erytreae

* Exotic species from Tropical Africa

e Citrus host plants

Vector of the greening disease

e Can settle under a variety of ecological
conditions such as in equatorial, arid, and
warm temperate climates

* High fecundity and dispersal capacity

e Reported in the mainland of Spain and
Portugal in 2014 and 2015 respectively.




Introduction

Greening disease

Why is it so important?
Considered to be the WORST citrus disease worldwide, no cure

Disease caused by the transmission of the
Candidatus Liberibacter bacteria

CALCIUM &

Florida
Naturaj

100% PREMIUM
ORANGE JUICE

Responsible for the loss of 74% of the citrus J
production in Florida from 2005 to 2019 Das et al. 2021




Local Scale Least-cost Path Model

Modelling Monochamus galloprovincialis dispersal trajectories across a

heterogenous forest landscape to optimize monitoring by trapping networks
Published in Landscape Ecology, 36, 931-941.

Pedro Nunes (ISA)
Manuela Branco (ISA)
Inge Van Halder (INRAE)
Hervé Jactel (INRAE)

Monochamus galloprovincialis




Objectives

Analyze the effect of landscape
heterogeneity on the vector’s dispersal

Develop a method to locate the origin of
captured insects in a systematic network of
pheromone traps




Methods

Mark-Release Recapture

Landes de Gascogne forest in Bordeaux

Release of 2747 marked individuals

Placement of 36 baited traps
heterogenous landscape
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Methods

1. Calculate the friction values of each land-use
type in the landscape using LCP analysis

Correlation between least-cost paths and recaptures

Land-use

Types Control Mi M2 M3 M4 M5 Ma M7 ME M2 MiD | M1 Miz | M2 Legenl:l
Fines 1 4 1 1 1 1 1 1 1 1 1 1 1 1
Land-use Types
Open Area 1 1 s 1 1 1 1 1 1 1 1 1 1 1 JPE
Pines
Open Area
M 1 1 1 4 1 1 1 1 1 1 1 1 1 1 - Pines
Dpen Area
1 1 1 1 4 1 1 1 1 1 1 1 1 1 ;
EBroadleaves 'I'ﬂul'lg !"'!ﬂ'."_'i
Roads 1 1 1 1 1 4 1 1 1 1 1 1 1 1
Young Pines 1 1 1 1 1 1 0 1 1 1 1 1 1 1 B EBcoadicaves
Clear Cut i 1 [ i i 1 i 4 1 [ i i [ i Mi :
B Mixed Forest
Broadleaves 1 1 1 1 1 1 1 1 4 1 1 1 1 1
Mixed Farest 1 1 1 1 1 1 1 1 1 4 1 1 1 1 Clear Cut
Pinus Taeda 1 1 1 1 1 1 1 1 1 1 2 1 1 1 :
Urban i 1 [ i i 1 i i 1 1 1 1 1 1 Open Area Pines
Bm'_-;;'f;';es 1 1 1 1 1 1 1 1 1 1 1 1 4 1 Open Area Mixed
Linear Mixed 1 1 1 1 1 1 1 1 1 1 1 1 1 4 Open Area Broadleaves
R: 0263 | 0072 | ode4 | ozsz | o282 [ ozs2 | 0311 | o280 | oa3so | ozo0 | o2es | o2es [ nzes | ooe7 B e
Linear Mixed

Lincar Broadleaves
B U
- Pinus Taeda
C Traps
@ FRelease Location

lterative optimization process (Highest R?)
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Least-cost path analysis




Methods

2. Estimate the barycentre of the infestation

Barycentre Equation:

W’
Yo = i=1Yi
n B n

X & Y Coordinates

n
i=1Xi

XB:

Euclidean Distance Barycentre:

n Weighted by

nw; Recapture Values

n
% _Zi=1xi-Wi _
B — n B —

Least Cost Path Barycentre:

n
_ Zi=1 Xi. Wj. Fi

X, = Y= Yiewi Fy

= ~,. Weighted by

n

n . -
= Wi g surrounding friction

Study site in the Landes de Gascogne forest in Bordeaux
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Landscape classified into 13 land-use types



Results

68 out of 2747 marked insects were recaptured

N

A

Land-use Friction Values:

Legend

1 - Open areas Friction Values
- Pi [ ]1
2 - Pines —
3 - Clear cut o 3
I
5 - Broadleaves s
. K
6 - Young Pines L
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#® Release Point

Landscape classified into Friction values



Results

Invasion Barycentre Estimation

Euclidean

Paths and recaptures
R?=0.263
Accuracy =31m

Least-cost path

Cost paths and recaptures
R?=0.627

Accuracy = 15m

Legend

@ Release Loc
@ LCPEstimat
@ EuC Estimat

O  Traps

LCP 90% Cc

— EUC 90% Ct



Grid size effects (36, 25, 16 and 9 traps)

Estimated accuracy (m)

140
120

100

36 Traps N =36
25 Traps N = 2049 80
16 Traps N = 93312 60

9 Traps N = 230400 0

20

36 Traps 25 Traps 16 Traps 9 Traps

Number of Traps in the systematic trapping grid

s Mean dist LCP mmmm Mean dist EUC eeeeeees Expon. (Mean dist LCP)



Conclusions

Landscape composition and configuration affect the
dispersal of the beetle and PWN:

e Clear cuts did not greatly disturb its flight path

e Non-habitat areas with broadleaves were avoided

Development of an innovative method to pinpoint
the origin of an outbreak in the landscape




Chapter 3

Modelling the invasion dynamics of the African citrus psyllid: The role of
human-mediated dispersal and urban and peri-urban citrus trees
Published in NeoBiota, 84, 369-396

Pedro Nunes (ISA)
Manuela Branco (ISA)
José Carlos Franco (ISA)
Christelle Robinet (INRAE)




Objectives

Verify if the hybrid stratified dispersal modelling
is suitable for the spread of T. erytreae

Understand the role of human-mediated spread
in the current invasion of the psyllid in Portugal

Highlight the importance of isolated host trees in
the current invasion of the psyllid in Portugal

Porto - 2015

L%

Trioza erytreae

Concelhos
Freguesias

17 uimite DRAP

Freguesias infestadas
Zona Tampao - 3 Km




Methods

Hybrid Stratified dispersal Model (Robinet et al. 2016) Citrus Orchards

Distribution
e Reaction-diffusion model
ON _ (9°N 9N\ (. N
at 6x2+ay2 *r ( _E>
e Stochastic long-distance o
. . | © 10,50]
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- Attachment to or withi :
@ ouci Human Population
5 1|, o = Densit
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Methods

Model Validation using DGAV report data

32 model simulations — 300 replicates each

Table 3.1 — Parameters and scenarios tested in the modelling.

F1-Score =

2 x (precision x recall)

TP

Model parameters Scenarios Details
tested
Long-distance No, Low, No: No LDD
dispersal (LDD) Medium, High  Low: A=5In((FP/2642) + 1/In(2))/ 2
Medium: A =5 In((P/2642) +1/In(2))
High: A=51In((P/2642) + 1/In(2)) x 2
Fecundity Low, High Low: 327 eggs/female
(Fecund) High: 827 eggs/female
Number of True True: Two introductions; in Porto in 2014
introductions of T. and in Lisbon 2017
erytreae False False: One introduction in Porto
(LIS)
Host trees available True True: Trees from orchards, plus trees from
(Urb) urban and peri-urban areas
False False: Trees from orchards only

precision + recall

(

Trioza erytreae

(| 3 Limite DRAP

g ] Zona Tampdo - 3 Km

1 .
TP +(FP + FN)

Concelhos
Freguesias

Freguesias infestadas

)



Methods

Hybrid Stratified dispersal Model (robinet et al. 2016)

e Reaction-diffusion model

N /92N 22N N Biological traits

o =P <6x2 * ay2> N (1 - E) Spread rate (C) — 6km/year
Growth (r) (Climatic variables)

e Stochastic long-distance
dispersal model

NB =1 + e; e — Poisson distribution

Host distribution (K)

Citrus Orchards - Agricultural Census
Human-mediated dispersal . .
tchiking Urban Trees - Google street view imagery

mmmmmmmmmmmmmmmmm

Transport Departure
g i
2 3
i Ol ¢
3
g (o) :
]

Temporal phases of dispersal

Arrival




Methods

Estimating the urban citrus trees

Three urban land-use types:

“h
Vertical urban areas ‘CQSZOIS
Horizontal urban areas et S
Discontinuous urban areas

Urban Areas

Estimated density

Sampled area

(trees/ha) (ha)
Vertical 0.37 360.9
Horizontal 3.20 293.4
Discontinuous | 5.14 329.1




Methods

Model Validation using DGAV report data

. . . _ 2x (precision x recall) TE
32 model simulations — 300 replicates each F1-Score =— o rrecal . (TH%{FHFN})

Table 3.1 — Parameters and scenarios tested in the modelling.

Model parameters Scenarios Details

tested
Long-distance No, Low, No: No LDD N
dispersal (LDD) Medium, High  Low: A=5In((FP/2642) + 1/In(2))/ 2

Medium: A = 5 In((P/2642) +1/In(2))
High: A = 5 In((P/2642) + 1/In(2)) x 2

Fecundity Low, High Low: 327 eggs/female

(Fecund) High: 827 eggs/female

Number of True True: Two introductions; in Porto in 2014

introductions of T. and in Lisbon 2017 -

erytreae False False: One introduction in Porto e S

(LIS) & (g
[ Zona Tampdo - 3 Km

Host trees available True True: Trees from orchards, plus trees from

(Urb) urban and peri-urban areas

False False: Trees from orchards only




Results

2015 2016 2017 2018

The Stratified dispersal model accurately simulated

the invasion dynamics of T. erytreae

Model performance: F1-Score = 0.803

Human-mediated spread was involved the invasion
of T. erytreae

Inclusion of LDD

Model performance: F1-Score = 0.803 vs 0.583

Citrus trees from urban and peri-urban
environments played an important role in the
spread of T. erytreae

Inclusion of 7427 Urban Trees (0.06%)
Model Performance: F1-Score = 0.801 vs 0.686

2021

© 10,20%]

© ]20,40%]
e ]40,60%]
s 160,80%]
* ]80,100%]




Conclusions

The stratified dispersal model was a good tool
for simulating the invasion dynamics of T.
erytreae:

e Human-mediated spread was a key-factor in the fast
invasion of T. erytreae in Portuguese territory

e Citrus trees from urban and peri-urban environments
played an important role in the spread of T. erytreae in
Portugal

Highlighted the potential of Google street view
imagery for surveying urban tree density.

2016

2017

2021

° 0
© 10,20%]

© ]20,40%]
e ]40,60%]
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Chapter 4

Patterns of invasibility in agricultural landscapes: are spatio-temporal
epidemiology approaches helpful?

To be submitted to Agriculture, Ecosystems & Environment

Pedro Nunes (ISA)
Manuela Branco (ISA)
José Carlos Franco (ISA)
Mario Santos (UTAD)




Objectives

Test the suitability of this epidemiological
approach to model the dispersal of a pest
species in a heterogenous landscape

Study the importance of the landscape
structure towards the invasion success

Support relevant management actions to
halt or reduce the species spread




Methods

Field Data
3 Monitoring field trips in May, July and October of 2019

20 lemon trees in 30 lemon tree orchards in the Oeste region

Porto - 2015

| Trioza erytreae
Concelhos
b Freguesias
[ Limite DRAP
I Freguesias infestadas
[] Zona Tampédo - 3 Km

afra - 2019




Methods

Virtual Landscape

Residential Urban

Lemon Orchards

_ Non-Residential Urban

Agriculture

B ot

* Start of Invasion




Methods

Epidemiological Spatio-temporal Celular U S,
based model -_B-

Cell size = 5mx5m SIS Model
Time scale = daily

Leaf flushing as a key factor

Al V2 V3 v4 V5
— ——
Bud elongation  Flush expansion Leafexpansion Leaf maturation

|
|







Methods

Non-Suceptible Lemon Tree Susceptible Lemon Tree Latent lemon Tree
No Active Leaf Growth Active Leaf Growth Hosting Immature T. erytreae

Leaf Flushing
Daily Chance. Infect Nearby Susceptible
Lemon Trees
Leaf Maturation
Loses susceptibility
after 25 days

Infectious lemon Tree
Hosting adult T. erytreae Spray
Adult Death _
Maturation

Maturation speed based on
daily mean temperature

Adult Life expectancy based
on daily mean temperature

_ o®
Spray i e

Orchard Insecticide Application
Chance to kill immature and adult T.
erytreae stages on the lemon trees

Mean Temperature

One simulation of tmed from the model is presented in the figure below.

30

30 60 90 120 150 180 210 240 270 300 330 360

Fig. S4.6.2 tmed simulated from the model for one year (360 days) and the
estimated seasonal pattern.

Leaf Flushing

100

40




Results

1. Model Performance Evaluation

Field work compared with 30 simulations

Relative Orchard invasion (%)

100%
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2. Insecticide application effectiveness

Relinfect (%)
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Simulation Days

RelPop (%)

225

255

285

F15

75 106 135 165 185

Simulation Days

225

255

285

315

e
&)

[}

ha
i3]

ra

-
[y

=y

0.5

45 75 Wwhs 135 15 135

Simulation Days

25 285 285 315

——Scenario 0: No insecticides
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Results

3. Landscape’s role in the invasion patterns

Isolated host trees from urban
areas promoted the species
invasive success

Isolated trees likely countered the
negative effect of orchard
fragmentation

Host tree density did not affect the
invasive species dispersal ability

Multivariate regression model
Unstandardized coefficients

Model Maximum | Relative Relative
Dependent | Distance Infected Infected
variable: Area Trees
Relative 1007.397 0.118 0.082
urbanarea |p<0.001 |p<0.001 |p<0.001
Lemon tree | 129.895 0.186 0.138
density 0=0518 |p<0.001 |p<0.001
Orchard 46.153 -0.035 -0.009
frag. P=0.687 |p<0.001 p <0.001




Previously infested
Active Psyllid

Infestation Origin

| Betoing
Model Example .

No Urban Trees




Previously infested
Active Psyllid

Infestation Origin " e

Model Example

With Urban Trees




Conclusions

Urban host trees play a significant role in the
spread of T. erytreae at a local scale.

Using only chemical control seems to be not be
effective in slowing this type of species spread

Development of a simple and flexible new
epidemiological modelling approach for invasion
biology

2015

2016

2021

° 10,20%]
© ]20,40%]
° ]40,60%]
e 160,80%]
® 180,100%]




Post-Doc

Beyond Project gﬁmo‘ﬂ Plant Health
<z PHIM Institute
INRA@ ﬂ:;“& Montpellier

“Distribution modeling and surveillance of a plant
disease at large scales: the case study of the
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Post-Doc

Beyond Project gﬁmo‘ﬂ Plant Health
<z PHIM Institute
INRA@ ﬂ:;“& Montpellier

Studying the potential distribution and spread
potential of Huanglongbing and its vectors

Expected Outcomes:
Tools:

Risk analysis and mappin
y PPINg Species distribution models

Surveillance

Pest Management Species dispersal models
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