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Detection and Eradication of Invading 
Populations to Prevent Establishment 
 

Detection (e.g., trapping) 

 

Eradication (e.g., spraying) 

Goal: to find newly 
founded populations  

Goal: to force a 
population into 
extinction  



Eradication: 

“The total elimination of a species from a 

geographical area” * 

 

* Liebhold, A.M., P.C. Tobin. 2008. Population Ecology of Insect Invasions and 
Their Management. Annual Review of Entomology 53:387–408 



Gypsy Moth Detection Survey Results, 1993 

Eradication via aerial spraying of Bt 
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•Initial eradication 
efforts used destruction 
of plant material and 
spraying of plant 
material from the 
ground 

•Ultimately eradicated 
via a combination of 
aerial application of 
Bacillus thuringiensis, 
and sterile insect 
releases 

Painted apple moth eradication 



Eradication treatment area when core 
population can be easily located 
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Eradication treatment area when core 
population cannot be easily located 

treatment 



•Discovered in 1998 
•Surveyed via visual inspection by tree climbers 
•Over 1550 trees cut and chipped/burned 
•Imidacloprid treatments of all host species within ½ 
mile of known infestations 
•Declared eradicated in 2006 
 
 
 

Asian Longhorned beetle eradication from Chicago 



  
Jerry Powell runs light trap for 22 

years and detects one E. 

postvittana in July, 2006 and 4-5 

moths in 2007 

Lightbrown Apple Moth 



  



“Eradication of populations of exotic insect species is 
especially difficult for the same reason that metastatic 
cancer is so difficult to cure--anything short of 100% 
elimination is control (management) and not eradication 
(cure). Thus even a 99% success in the elimination of 
metastases is ultimately a failure in the sense that small 
residual pockets of insects can regenerate the entire 
population.“ 

James R. Carey declaration to Federal Court, 
November 20, 2007 

Eradication is impossible because it requires 
killing 100% of all individuals 



Most Invasions Fail! 



Number of  
Individuals      % 
Released      Success Failure Success 
 
< 5,000       9   89   9 
 
5,000 –30,000     13   20   39 
 
> 30,000       22   6   79 

Success rate in natural enemy 

introductions in Canada  

From Beirne (1975) 
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Introduction 

•Stochasticity 
•Allee Effects 

Processes affecting low-
density populations: 



N(t) 

Nt / Nt-1 

1 

Minimum 

Population 

  
“Allee Effect”  

Stable Equilibrium 

Unstable  
Equilibrium 



Warder Clyde Allee (1885-
1955) 
 
Larger group size or some 
degree of crowding may 
stimulate reproduction and 
survival  

Allee, W.C. 1938. Cooperation among 
Animals. New York: H. Schuman. 

Alee, W. C. 1931. Animal Aggregations. A 
study in General Sociology. University of 
Chicago Press, Chicago.  

 



Causes of the Allee Effect 

• Failure to find mates 

• Cooperative feeding 

• Predator satiation 

• Inbreeding 

• … 



Mass attack by bark beetles to overcome host 
resistance., a cause of Allee effects 

Pitch tubes, mountain pine beetle 
mass-attack 

Tree attacked by the mountain pine 
beetle 



Component Allee effects 

arising from generalist 

predators and parasitoids 



mate-location failure 
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•Males can become lost in space 
•Males can become lost in time 



“Disparlure”,  cis-7, 8-epoxy-2-
methyloctadecane 

male 
female 



Lack of Mating Success: A Cause of the 
Allee Effect in the Gypsy Moth? 

N(t) 

Nt / Nt-1 

1 

Minimum 

Population 

Sharov, A.A., A.M. Liebhold and F.W. Ravlin. 1995. 
Gypsy Moth (Lepidoptera: Lymantriidae) mating 
success and predation on females. Environ. 
Entomol. 24: 1239-1244. 



Gypsy Moth Detection Survey Results, 1993 



Allee effect estimated from historical trap catch data from VA & WV 

Tobin, P.C., S.L. Whitmire, D.M. Johnson, O.N. Bjørnstad and A.M. Liebhold. 2007. Invasion speed 

is affected by geographic variation in the strength of Allee effects. Ecology Letters, 2007 10: 36–43  
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Mating Disruption 



Spatially implicit and temporally explicit models of 

mating success (Yamanaka & Liebhold) 

Takehiko Yamanaka 
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Management Methods 

•Mass Trapping (= male annihilation) 

•Mating disruption 

•Sterile Insect Release 
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False: Eradication can only be achieved by killing 
100% of all individuals 

True: Eradication can be achieved in most cases 
by killings some fraction of the population 
A combination of Allee dynamics and stochasticity will cause most isolated populations 
to go extinct on their own once their populations have been reduced below some 
critical level 

Shattering myths about eradication 

Liebhold, A.M. and J. Bascompte. 2003. The allee effect, stochastic dynamics 
and the eradication of alien species. Ecology Letters 6: 133-140. 



The “Achilles Heel” of Biological Invasions 

The Allee effect: decreasing  per capita growth 
with increasing abundance 

Paris 

Achilles 

Apollo 
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Eradication via Simultaneous 
Application of Two or More Tactics 



Multiple Component Allee Effects Interact with Density Dependent 
Processes to Determine Whether Demographic Allee Effect Exists 
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Julie Blackwood, Univ. 
Michigan 

Multiple Eradication Tactics Interact to 
Determine Strength of Demographic Allee 
Effects 

Gypsy Moth Eradication Tactics 

•Pesticide (e.g., Bt) 

•Mating Disruption 

•Predator Augmentation 

http://www.forestryimages.org/images/768x512/1507054.jpg




Implications of model 

• Gypsy moth can be eradicated via 
augmentation of predator populations, mating 
disruption or Bt application 

• Eradication via predator augmentation alone is 
very expensive 

• Combining mating disruption with the use of Bt 
provides more cost-effective eradication than 
either method alone 
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Bioeconomic Optimization of Detection / 
Eradication 

 

Eradication costs: 

Detection (trapping) 

 

Eradication (i.e., spraying) 

Goal: to find newly 
founded populations  

Goal: to force a 
population into 
extinction  

Becky Epanchin-Niell,  
Resources for the Future 



Invasion process: 
•Colonies arrive and establish randomly 

•Colony area grows 

colonies 

Establishment rate 
(b) Growth 

rate 
(g) 

(g) 

(g) 



Probability of detecting a colony depends on: 

•Size of colony - a 

•Density of traps - T 

•Trap sensitivity/effectiveness - E 
 

colonies traps 

Poisson model: 

P = 1- e-aTE 



Bioeconomic model 
• Probabilistic size (age) class model s∈(1,2,…Smax) 

– Establishment rate 

– Detection effort 

• Determine optimal equilibrium trap density 



ctrap(T) cerad(s)* E(detectionss)
s1

Smax

  cbigE(Smax )

Trapping 
costs 

Eradication 
costs 

Penalty 
costs 

Choose 
T to minimize: 



Case study: Gypsy moth (Lymantria 
dispar) eradication in California 



State and County Specific 
Parameterization 



Expected Management Costs 
- California - 



  Variation in trapping cost and establishment 
rate among counties 

Cost per 
trap 

Establishment 
rate 



  Optimal trap densities by county 

Trap 
Density 

Total 
Cost 



Optimize trap density across entire state 
 

• Uniform trap density across state 

• Allow varying trap densities by county 



Budget constraints on trapping 
 



Summary 

• Bioeconomic modeling can help inform 
improved surveillance and eradication 

• Specific findings: 

– Allowing for variable trap densities that 
accommodate heterogeneity in trapping costs and 
establishment rates increases efficiency 

– Budget constraint on detection increases overall 
costs 

– Too few traps is worse than too many traps 

 



Eradication: 

“The total elimination of a species from a 

geographical area” * 

 

* Liebhold, A.M., P.C. Tobin. 2008. Population Ecology of Insect Invasions and 
Their Management. Annual Review of Entomology 53:387–408 


