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WHY INSECTS?
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l INSECTS AND ENVIRONMENT

Adults




CLIMATE CHANGE

Forecast change: current (annual means 1986—2005) » end of century (annual means 2081-2100)
[Access 1.0 RCP8.5 CMIP5 model]
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PHENOTYPIC
PLASTICITY

“Ability of individual
genotypes to produce
different phenotypes
when exposed to
different environmental
conditions”

Phenotype=collection of
traits belonging to an
individual

W™ Morphological change:

L Summer: resemble oak twigs

Spring: resemble oak catkins

Morphological change:
Wet-season vs Dry-season

Nutrition and body size:
Grasshoppers

Top: Poor rain and poor
vegetation
Bottom: Ample raid and lush

vegetation

Harlequin bugs and
temperature:

Yellow: reared at 300C
Black: reared at 220C




OVERVIEW

Including phenotypic
plasticity into insect life-

cycle models
Nicholson’s blowflies
Plasticity and hysteresis

Application to
mosquitoes and vector-
borne disease: Dengue
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Current approaches one-way predictive frameworks

PHENOTYPIC e ee—
PLASTICITY
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Current approaches one-way predictive frameworks
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PHENOTYPIC
PLASTICITY

Systems of stage-
phenotypically
structured delay-
differential equations

Stage

(b) Enivronmental class
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Nicholson’s blowflies




Gurney et al. 1983 J An Ecol

NICHOLSON'S BLOWEFLIES
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DELAYED
PHENOTYPIC
PLASTICITY

Reaction norms:

Fix total larval food, so

food per larvae is
determined by the
number of larvae
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NICHOLSON'S BLOWEFLIES

Reaction norms
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NICHOLSON'S BLOWEFLIES
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Brass et al. 2021 Ecol Letters

NICHOLSON'S BLOWEFLIES
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OVERVIEW
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Larval population, L
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HYSTERESIS

Decreased
adult food

Fewer eggs
laid

Reduced larval
competition

Larger adult
size

Lower pupal
mortality

More blowflies
reach adulthood
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ROLE OF THE REACTION NORMS
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OPEN
QUESTIONS

* Will maternal effects also generate
hysteresis?

*What happens for more complex
life-cycles with more environmental
cues?

*Can we start disentangling
longstanding ecological debates

about the role of plasticity?

E.g. Evidence for and against plasticity aiding
persistence under climate change?



OVERVIEW

Application to
mosquitoes and vector-
borne disease: Dengue




CLIMATE AND
MOSQUITO BORNE
DISEASE

Anthropogenic factors are
driving a global rise in
vector borne disease

Vectors and diseases are
sensitive to environmental
\Zeldlelile]d

Mosquitoes vector two of
the most prevalent
diseases (malaria, dengue)
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DENGUE FEVER

Dengue cases
1

1,000

3.97 billion people at
risk

1,000,000
ecoc
e

Date of production: 07/01/2022

Extrinsic incubation
Virus infects the midgut and
eventually travels to the salivary

Ij Affected countries
glands (usually 8-10 days)

40,467 deaths in 2017 *
Why do some regions @ AN i

Mosquito infection
Mosquito takes a blood meal from
a person with acute dengue

roboscis

EANY
with the vector see
regular outbreaks and e
others do not¢ = -

several humans

Guzman et al. 2016

Nature Reviews | Disease Primers




MODEL FOR AEDES :
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MODEL FOR AEDES 1
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MODEL FOR AEDES
ALBOPICTUS

Predictions are
independently validated
against field datasets

No backfitting




Model prediction \

Field observation

Oviposition activity

Number of larvae

Number of adults
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DENGUE FEVER

Adapt model to predict
dengue fever outbreaks

__________
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Alpes Martimes Department,

Hawai'i, USA (2015-2016) Tokyo, Japan (2014)
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DENGUE FEVER
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CONCLUSIONS

Modelling the traits-
population-environment
feedback can explain
population dynamics




CONCLUSIONS

Emergence of novel dynamics
and new mathematical
questions




CONCLUSIONS

Vector-trait dynamics explain
the timing, magnitude, and
location of dengue outbreaks




