
Insects and Climate

A short guide to model insect populations dynamics



Motivation
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Due to global warming tropical insect populations are at risk to extinct.
US scientists argue that insect populations inhabiting tropical regions
are very well adapted to the temperatures in these regions and slight 
changes of temperature may lead to extinction.
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Insects lifecycle
The model



Insect lifecycle
simple

Biological processes are age specific
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Insects lifecycle
Matrix characteristics

A is a non-negative quadratic matrix
Eigenvalues and left and right eigenvectors can be calculated
Sensitivity and Elasticity analysis can be performed (Caswell, 
2001)



Aspects of the insect lifecycles
Aspects are:

Development
Survival
Fecundity

Depend on temperature (humidity, rainfall, …)



Aspects of insects’ lifecycles



Aspects of insect lifecycles
Development

Development
Development varies between individual
Mean development time depends on temperature



Aspects of insect lifecycles
Development

Sitobion avenae (4, 12, 16, 20°C)

Individual variation
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Temperature effect on mean development rate
The Hilber&Logan model (1982)
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Temperature effect on mean development rate
The O’Neill model (1972)
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Temperature effect on mean development rate
The Schoolfield model (1981)



Aspects of insect lifecycles
Development

Heliothis zea

(Data Sharpe, 1981)



Aspects of insect lifecycles
Development

Constant temperature experiments are not suited to 
predict insect development under fluctuating 
temperatures
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Fluctuating temperature experiments 



Aspects of insect lifecycles
Development

Selhorst & Soballa, 1995 



Aspects of insect lifecycles
Survival

Survival
Lifetime distribution functions to be used

Exponential
Weibull
Gompertz
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38% r.H.

80% r.H.



Aspects of insect lifecycles
Survival

0% rH 22% rH

38% rH 63% rH

80% rH 100% rH

Tetranychus cinnabarinus Boisd. Data: Hazan, 1973



Aspects of insect lifecycles
Survival

Relative Humidity [%]

β cx



Aspects of insect lifecycles
Survival

Extreme Temperature effects

Sitobion avenae
on wheat

Kleinhenz, Selhorst & Sengonca, 1993 



Aspects of insect lifecycles
Fecundity

Fecundity obeys 3 processes
Preovipositon period
Oviposition period
Post oviposition period
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Fecundity

Rhopalosiphum padi
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Aspects of insect lifecycles
Fecundity

Rhopalosiphum padi



Conclusion



Insect population dynamics and global 
warming
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