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Insect-bacteria symbioses

An overview of recent studies

Using the thermal biology of species to study
changesin communities and biocontrol potential
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Effect of heat stress on the expression of aphid
endosymbiont-modulated traits

Obligate symbioses Facultative symbioses

B. aph/d/co/a H. defensa Anti-parasitism
‘ P. aleyrod/darum
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Aphids

Aphids

Tsetse flies Stinkbugs Whiteflies

Douglas 2009; Oliver et al. 2010; Zytynska & Weisser 2016; Duron & Gottlieb 2020
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Effect of heat stress on the expression of aphid
endosymbiont-modulated traits

Optimal temperature
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* Temperature rapidly identified as a key environmental

parameter, especially heat stress (Bensadia et al., 2006)
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* Modulates the of host-symbiont interactions (Bougie et al., 2021)

* Determines the of carrying a particular
symbiont genotype or species
(Corbin et al., 2017; Wernegreen et al., 2012) Hamiltonella defensa

Modified, from Guay et al., 2009

% resistance to parasitism

Empirical work has accumulated over the last two decades

Can we draw a general pattern on the effects of heat stress on symbiont-mediated
trait expressionin aphids?

What is the fate of insect-microbe mutualisms in a climate-change context?




Effect of heat stress on the expression of aphid
endosymbiont-modulated traits
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Meta-analysis
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* We are interested in the “interaction effect”:

¢ Effect of heat stress on aphid fitness components
depending on the presence of a bacterial symbiont

Effect of heat stress on the expression of aphid
endosymbiont-modulated traits

* Effect of the symbiotic infection is
trait-dependent:
¢ Positive for defense

K3

% Negative for survival

* Modulation effect of the temperature
treatment on symbiont-mediated
trait expression

¢ Defense: warming lowers the fitness
benefits provided by the symbiont

«» Developmentand fecundity: warming shifts
the effect of symbiotic infection from costly to
neutral outcome

«* No modulation for morphology and survival
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* Standard bibliographic research between 1991 and 2020 using specific keywords

* Focus on aphids and their symbionts (too few articles on temperature effects in other
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(Tougeron & lltis, 2022)
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Effect of heat stress on the expression of aphid
endosymbiont-modulated traits
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But insects face more complex temperature fluctuations in nature... which
effects are dependent on symbiotic associations

Affect a lot of traits and therefore host-parasitoid interactions, indirectly, Growth (body size) 7

and the potential for aphids to survive and thrive in various environments (Iltis et al., 2022; Iltis et al., 2023) ¢

Change in aphid-parasitoid communities due to warmer
WinteI'S Brittany, western France

In winter wheat fields

Western France, mild winter climate (+6°C average)
Aphids available throughout the year ~

Aphidius matricariae Aphidius rhopalosiphi

Typical winter community since the 1980’s (Krespi et al., 1990)
Relatively stable among years
All other parasitoid species were in diapause

Bird cherry-oat aphid English grain aphid
Rhopalosiphum padi Sitobion avenae (Tougeron et al,, 2016) A
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Change in aphid-parasitoid communities due to warmer

winters
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One year missing due to low sample sizes (Tougeron et al., 2016; 2018)

Change in aphid-parasitoid communities due to warmer
winters mwo potential mechanistic explanations

1. Loss of winter diapause expression

2. Change in host quality and quantity
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Diapausing Aphidius
parasitoid larva
(picture: K. Tougeron)
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Sexual female morph

Sexual aphids are becoming very
rare in the environment, because of
+20% parasitoid diapause warm winter temperatures
incidence when developing
in sexual female aphids Parthenogenetic aphids are
abundant throughoutthe winterin

Brittany
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Global changes

Abiolic compartment
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Modifications of local environmental constraints
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Adjustment mechanisms:

plasticity / genetic evolution /
bet-hedging strategies / maternal effects

Biotic compartment

Affected components: Hyperparasitoids
¢ Abundances

*  Species diversity
* Phenology and voltinism <
+  Spatial distribution

*  Species interaction strength

+ Physiology Pest hosts

Predators

Primary parasitoids — Competitors

Host-plant
Symbionts

*  Behaviour

Efficiency of biological pest control

(Tougeron and Tena, 2019)
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Take-home messages
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Hyperparasitoids as new
biocontrol targets?

Hyperparasitoids act as biological control disruptors:
- Natural biological control

- Classical biological control

- Augmentative biological control

- Conservation biological control

Global change alter trophic interactions and phenology:

Considering hyperparasitoids as new biocontrol targets?
- Methods to buffer their negative impact on pest
suppression
- Use of chemical volatiles (Poelman and Kos, 2016)
- Use of tertiary parasitoids (Harvey et al., 2009)
- Manipulate symbiotic associations (Dicke et al., 2020)
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CLIMATE CHANGE AND
ITS IMPACT ON

Change in biological control potential of aphids, & "f BIOLOGICAL CONTRGL

due to

Arises from and top-down effects, and from the action of microbial symbionts

Actson ,on

and on the whole

* Quantitative studies confirm the net global increase in the adaptive value of symbiotic infection under

heat stress for aphids

«» Could symbionts facilitate their host adaptation to a warming world? (Renoz et al., 2019; Perreau and Moran 2021)
+¢ Evaluating the cost-benefits balance for biological control, in various thermal contexts, including microclimates

* Increase in minimal temperatures during winter = significant shifts in aphid-parasitoid food-webs, and
allows early activity and higher abundance of hyperparasitoids
¢ Increased competition between primary parasitoids and negative effects of hyperparasitoids

¢ Potential positive influence of hyperparasitoids on food-web stabilization
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