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Biotic resistance hypothesis 

Communities resist invasion via predation, 
competition, parasitism, disease and aggression 

 
Greater diversity = higher resistance 

 
Parallels between invasion and biocontrol sciences 

• Invasion: biotic resistance regulates invader 
success (?) 

• Biocontrol: biotic resistance controls pests 



Biocontrol agent 
success/failures in novel 
range often recorded 
 
Drivers have parallels to 
understanding invasion 
success 
 
Invasion science lacks 
predictive/quantitative 
measures for success 

Biocontrol & invasion parallels 



Mosquito control: bridging invasion 
and biocontrol sciences 

Deadliest animals in world 
• 435,000 deaths from malaria/yr (WHO, 

2018) 
 

Many highly invasive pest species which 
also cause disease 

 
Aquatic life stages suffer high biotic 
resistance 



• Most successful predatory natural enemy 
• e.g. community-scale dengue vector elimination 

 

• Widespread, diverse and abundant 
 

• Tolerate minute, ephemeral systems unlike other 
predators 

Copepods and mosquito control 



Asian tiger mosquito (Aedes albopictus) 

Most invasive mosquito species globally 
• > 25 European countries 
• Drought-/freeze-resistant eggs 
• Exploits minute container-style habitats 

 
Major threat to public health 

• Zika, dengue, chikungunya  
 

Superior larval resource competitor  
…but often fails to displace natives 

 
Biotic resistance mediates success? 

 



Recent UK arrival 



Quantifying biotic resistance 

Applying classic ecological concepts 
 

(1) Functional Response (FR) 
• resource use ~ resource density 

 

Key parameters predict per capita ecological 
impact: attack rate (a), handling time (h) 

• High a, low h = high impact 

 
FR Ratio (FRR): a/h 

 
Cuthbert et al. (2019) Biol. Invasions 



(2) Numerical Response (NR) 
• predator aggregation ~ prey density 
• NR × FR = Total Response (TR) 
 

NR proxies (e.g. predator abundance, 
fecundity) 
 
High FR & NR = high population-level 
biotic resistance 
 
 

Quantifying biotic resistance 

Comparing biocontrol agents:  
Relative Control Potential 
 
Cuthbert et al. (2018a, b) Biol. Control 



Quantifying biotic resistance 
(3) Prey preferences & switching 

• predation rate ~ prey frequency 
 

Switching among prey is stabilising 
mechanism (Murdoch 1969) 
 
Frequency-independent 
preferences = high biotic resistance 
 



Quantifying biotic resistance 

Frequency-independent preference 
for native mayfly over invasive shrimp 
 
Aligns with field patterns of success 
 



Study system 

Biotic resistance compared between larval 
invasive A. albopictus and native Culex pipiens 
 
By three native predatory copepods  

• Macrocyclops albidus, Macrocyclops fuscus, 
Megacyclops viridis 
 

Laboratory mesocosm feeding experiments 
(1) FRs (single prey species, different densities) 
(2) Switching (both prey species, different ratios) 

 
 
 

Aedes albopictus (invader) 

Culex pipiens (native analogue) 



General methods 

Starve predators to standardise hunger (24 h) 
 
Introduce predators into arenas containing one of a range of prey 
densities/proportions for fixed feeding time 
 
(1) FRs: Determine Type; fit appropriate model; non-parametric 

bootstrapping to compare curves 
(2) Switching: fit/examine preference model across prey proportions 
 



Invader/native biotic resistance 

 
 
 

(1) FRs 
 
Consistently higher FR magnitude 
towards invader 
 
Invader/native FRR calculated (a/h) 

• Relative FRR = FRRi/FRRn 
 
FRR always higher towards invader 
by all native predators 
 
 
 



Invader/native biotic resistance 

(2) Switching 
 
Consistent preference for invader 
over native mosquito 
 
Predators did not switch from 
invader 
 
Invader preference indices 
calculated (ai, Manly, 1974) 
 
 
 



(3) NRs 
 
Copepod fecundity (reproductive 
effort) used as proxy 
 
BR = Relative FRR x ai x NR 

 
Differential impacts 

• M. viridis > M. albidus > M. 
fuscus 

 
 
 

Comparing predator efficacy: Biotic 
Resistance (BR) potential 

Cuthbert et al. (2019) Sci. Rep.  



Synthesis  

 
 
 

All native predators displayed: 
 
(1) Consistently higher FR(R) towards invader over native; 
(2) Frequency-independent preference for invader 
 
Differential biotic resistance may limit A. albopictus invasion success 
 
BR a novel metric to compare natural enemies for biocontrol 
 
 
 



Aedes albopictus frequently fails 
to displace native mosquitoes  

Behaviour, naïveté? 
 
Resident predators may offset 
competitive advantage 
 
Invasion success predictable in 
this system, and likely for other 
habitats/taxa 
 

Field patterns  
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