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• The PWN was detected in Europe in 1999 
 

• Despite emergency measures immediately applied, it has spread to Portugal and 
it was also detected at several locations in Spain near the Portuguese border 
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Radius of 500 m  
=  

40,000 trees in continuous forest cover (e.g. Les Landes) 

Les Landes 

=> it could have significant environmental consequences  
and it would require considerable human resources 
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 (2) to assess the effectiveness of the clear cutting 
 

 Calibration of a simulation modelling  
first, fitted to the flight mill dispersal distances 
then, refined to recapture rates and times 

 Simulations of the clear-cutting  

Request for an opinion on "the control strategy imposed by Implementing 
Decision 2012/535/EU of 26 September 2012 on emergency measures to prevent 
the spread within the European Union of Bursaphelenchus xylophilus“ 
https://www.anses.fr/fr/system/files/SVEG2014SA0103RaEN.pdf 

https://www.anses.fr/fr/system/files/SVEG2014SA0103RaEN.pdf
https://www.anses.fr/fr/system/files/SVEG2014SA0103RaEN.pdf
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Mean flight performances 

   1 km / individual flight 

   2 km / day 

 16 km / entire adult life 

Beetle age (days) 

D
is

ta
n

ce
  (

m
) 

(Monochamus galloprovincialis) 



INTRODUCTION FLIGHT MILL 

Mature beetles Immature beetles 

Negative exponential distribution 
with mean α (300 – 2000 m / day) 

(Monochamus galloprovincialis) 

To simulate the beetle trajectory 
each day, we select at random : 

 distance : from the negative exponential kernel 
 direction: between 0 and 360° 
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trajectory 
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INTRODUCTION FLIGHT MILL (Monochamus galloprovincialis) 
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INTRODUCTION FLIGHT MILL (Monochamus galloprovincialis) 
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INTRODUCTION FLIGHT MILL (Monochamus galloprovincialis) 
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INTRODUCTION FLIGHT MILL (Monochamus galloprovincialis) 
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INTRODUCTION FLIGHT MILL (Monochamus galloprovincialis) 
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INTRODUCTION FLIGHT MILL (Monochamus galloprovincialis) 



All stops  . 

Day 120 

INTRODUCTION FLIGHT MILL (Monochamus galloprovincialis) 
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8

900 m

2 MRR experiments: 
 500 immature beetles 
 3000 mature beetles 

Trap 

Release point 

36 pheromone traps 
(9 clusters of 4 traps) 

(Monochamus galloprovincialis) 
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Mark, release and recapture 
experiment was simulated 

Multi-criteria analysis (PROMETHEE algorithm) 
to determine the best combination 

 Testing several parameters’ values: 
   α = 500, 1000, 1500, 2000, 2500 m 
   eff = 0.5, 1, 2 % 
   response time = 4, 8, 12 days 
   rest between 2 flights = 0, 1, 2, 3 days 

 Simulation of the beetles’ dispersal and capture  
given an attraction distance of the pheromone traps (100 m) 
   release of matures & release of immatures 
   recapture rates & recapture times 
   intra & inter cluster 

8 outputs 

180 combinations 

 2 estimators of the error: 
 - relative bias = |mean predicted - mean observed| / mean observed 
 - root mean square error: √[mean (predicted value - observed value)²] 

(Monochamus galloprovincialis) 
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INTRODUCTION FLIGHT MILL MARK & RECAPTURE 

α = 2000 m / day; eff = 1 %; response time = 12 days (immatures) and 8 days (matures); 
 rest between 2 flights: 1 day 

(Monochamus galloprovincialis) 



INTRODUCTION FLIGHT MILL MARK & RECAPTURE CLEAR-CUTTING 

The questions:  
- Effectiveness of clear cutting? 
- Optimal radius of the clear cut zone? 



INTRODUCTION FLIGHT MILL MARK & RECAPTURE CLEAR-CUTTING 

The questions:  
- Effectiveness of clear cutting? 
- Optimal radius of the clear cut zone? 

2 scenarios:  1- preventive scenario 



INTRODUCTION FLIGHT MILL MARK & RECAPTURE CLEAR-CUTTING 

The questions:  
- Effectiveness of clear cutting? 
- Optimal radius of the clear cut zone? 

2 scenarios:  1- preventive scenario 

 2 strategies: avoids the CCZ  



INTRODUCTION FLIGHT MILL MARK & RECAPTURE CLEAR-CUTTING 

The questions:  
- Effectiveness of clear cutting? 
- Optimal radius of the clear cut zone? 

2 scenarios:  1- preventive scenario 

 2 strategies: avoids the CCZ 
     or no effect of CCZ on flight behavior 



INTRODUCTION FLIGHT MILL MARK & RECAPTURE CLEAR-CUTTING 

The questions:  
- Effectiveness of clear cutting? 
- Optimal radius of the clear cut zone? 

2 scenarios:  

2- curative scenario 

1- preventive scenario 

 2 strategies 

In this case, the beetles have 
already dispersed so the 
clear cutting has no effects 
on their dispersal behavior. 
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The questions:  
- Effectiveness of clear cutting? 
- Optimal radius of the clear cut zone? 

2 scenarios:  

2- curative scenario 

1- preventive scenario 

 2 strategies 

The infected tree that has been detected may not be in the 
center of the infected zone but on the edge   
=> the radius of the CCZ should be twice higher in this case. 
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Simulating the PWN transmission along the trajectory of the infected beetle 

Clear Cut Zone 

- Testing several radius values for the CCZ: 0 – 40 km 
- Calculation of the number of transmissions outside the CCZ 

Important assumption: dispersal was simulated in a non-fragmented pine forest 
(pines are present everywhere outside the CCZ)  
Note that flight mill experiments and mark & recapture experiments were done in 
the forest of maritime pines in Les Landes (non-fragmented pine forest) 

derived from  
Naves et al. 2007 
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Scenario 1a  
Preventive – non avoidance 

Scenario 1b  
Preventive – avoidance 

Scenario 2  
Curative 

Model outcomes for the PWN transmission (example CCZ radius = 3000 m) 



Scenario 1a  
Preventive – non avoidance 

INTRODUCTION FLIGHT MILL MARK & RECAPTURE CLEAR-CUTTING 

11 % avoided transmissions 9 % avoided transmissions < 1 % avoided transmissions 

500 m 

Avoided PWN transmission with a CCZ radius = 500 m (1000 emerging insects) 

Scenario 1b  
Preventive – avoidance 

Scenario 2  
Curative 

500 m 500 m 
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Scenario 1a  
Preventive – non avoidance 

Recommended radius for the CCZ with a probability of 99.9 % of eradication 

Scenario 1b  
Preventive – avoidance 

Scenario 2  
Curative 

R = 14.5 km (± 0.5) R = 17.5 km (± 1.0) R = 38.0 km (± 1.5) 

A clear-cut zone of 40 km ? 

= 50% of Les Landes 

Not technically and ethically realistic …. 



https://www.anses.fr/fr/system/
files/SVEG2014SA0103RaEN.pdf 
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