
Everything must goEverything must go
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biological controlbiological control
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BackgroundBackground

Biological control Biological control 
The importance of plant structureThe importance of plant structure

Modelling plant structure Modelling plant structure 

Linking plant structure & predatorLinking plant structure & predator--prey modelsprey models

Characterising plant canopies Characterising plant canopies 

SummarySummary



Biological controlBiological control

A A multitrophicmultitrophic systemsystem



PestsPests

ThripsWhiteflyAphidsMites



N. cucumerisI. degenerans O. laevigatus

Generalist

P. persimilisA. colemani E. formosa

Specialist

Natural EnemiesNatural Enemies



CropsCrops

Pot plantsCut flowers Nursery Stock



Biological ControlBiological Control
Spectrum of complexitySpectrum of complexity

Multiple approachesMultiple approaches
ConservationConservation
AugmentationAugmentation
PreventativePreventative

Multiple natural enemies usedMultiple natural enemies used



Modelling for biological control

Subroutine
library

Data from
Experiments

Data from 
Literature

Simulation
Model

Manages  
Information

Experimental 
Protocols
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Importance of plant architecture

leaf and flower morphology impacts on:leaf and flower morphology impacts on:
•• prey spatial distributionprey spatial distribution
•• natural enemy movement and predationnatural enemy movement and predation
•• environmental conditions (boundary layer)environmental conditions (boundary layer)

canopy structure (plant touching):canopy structure (plant touching):
•• prey spatial distribution prey spatial distribution 
•• natural enemy movementnatural enemy movement



Modelling plant canopies 
L-systems approach

requires only info on changes

Can be stochastic or conditional

Link easily to other models



Modelling plant canopies

General format is:General format is:
Left context < predecessor > right context: condition Left context < predecessor > right context: condition successorsuccessor

predecessor can contain information about structure being descripredecessor can contain information about structure being describedbed
L(4,1.4) = Leaf (age, length)L(4,1.4) = Leaf (age, length)

Allows flow of information in any directionAllows flow of information in any direction

L-systems



Modelling plant canopies

Axiom: A

Where A = apex, I = internode, [ ] indicates a branch

Production:  A → I[IA]IA 
{predecessor → successor}

A I [IA] IA I [I I [IA] IA] II [IA] IA



Modelling plant canopies
Digitise real plant structuresDigitise real plant structures
Model and quantify canopy structureModel and quantify canopy structure

QuickTime™ and a
Microsoft Video 1 decompressor
are needed to see this picture.




Linking canopies and insects

Combine with models of natural enemy movementCombine with models of natural enemy movement

Use models to derive biological control strategiesUse models to derive biological control strategies

QuickTime™ and a
Microsoft Video 1 decompressor
are needed to see this picture.




Linking canopies and insectsLinking canopies and insects

Where and when to Where and when to 
release predators?release predators?

Canopy structure is Canopy structure is 
crucially importantcrucially important



A plant as a networkA plant as a network



Linking canopies and searchingLinking canopies and searching

3 types of searching3 types of searching
RandomRandom
Directed Directed 
SemiSemi--directeddirected

Detection distance important Detection distance important 

Simulations in progressSimulations in progress



Linking canopies and insect movementLinking canopies and insect movement

Effect of grid size

Effect of canopy connectedness

Regular grid Offset grid



Linking canopies and insect movementLinking canopies and insect movement

Effect of grid size

Effect of canopy connectedness

Effect of canopy complexity



Time to prey locationTime to prey location

4 nodes

2 nodes

1 node



How different are the canopies?How different are the canopies?

Network matrices Network matrices 

Comparison of:Comparison of:
ConnectivityConnectivity
DistanceDistance



Network ConnectivityNetwork Connectivity
Regular GridRegular Grid

1 node = 18401 node = 1840
2 nodes = 18402 nodes = 1840
4 nodes = 18404 nodes = 1840

Offset GridOffset Grid
1 node = 32661 node = 3266
2 nodes = 32662 nodes = 3266
4 nodes = 32664 nodes = 3266



Network DistanceNetwork Distance
Regular GridRegular Grid

1 node = 2431 node = 243
2 nodes = 3022 nodes = 302
4 nodes =  3524 nodes =  352

Offset GridOffset Grid
1 node = 1961 node = 196
2 nodes = 2072 nodes = 207
4 nodes = 2804 nodes = 280



Network DistanceNetwork Distance

4 nodes

2 nodes

1 node

Regular Offset
1 - 243 1 - 196
2 - 302 2 - 207
4 - 352 4 - 280



Changing connectivity but not distanceChanging connectivity but not distance

Examine individual distances

Regular grid Composite grid Offset grid



Comparing canopiesComparing canopies
Can we quantify real canopies?Can we quantify real canopies?

Relationship between connections and prey location?Relationship between connections and prey location?

How do canopies differ in connectedness?How do canopies differ in connectedness?

How do differences/similarities affect predatorsHow do differences/similarities affect predators
and biological control?and biological control?



Canopy StructureCanopy Structure

Overall

Level 1

Level 2

Level 3

Level 4



Gliding box algorithmGliding box algorithm
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LacunarityLacunarity
Create LCreate L--system model of canopysystem model of canopy

VoxeliseVoxelise canopycanopy

AnalyseAnalyse lacunaritylacunarity



Progress to dateProgress to date
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SummarySummary

Plant structure crucial to predatorPlant structure crucial to predator--prey dynamicsprey dynamics

Effects on both predators & preyEffects on both predators & prey

LL--systems model plant architecturesystems model plant architecture

Networks useful for Networks useful for modellingmodelling predator searchingpredator searching

Need methods to Need methods to characterisecharacterise plant canopiesplant canopies
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