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SCIENTIFIC DESCRIPTION OF THE PhD PROJECT 

Socio-economic and scientific context : (10 lines) According to the Millennium Ecosystem Assessment 

report, we are currently witnessing the sixth biodiversity extinction crisis that affects all taxonomic groups and all 

ecosystems, terrestrial or marine. Climate change, characterized by the increase in average temperatures but also by 

an increase in the frequency and intensity of extreme events such as heat waves, is one of the major causes of this 

loss of biodiversity. These effects are amplified in the city by urbanization processes, and we observe a particular 

phenomenon, the urban heat island. Thus, in the city, organisms are subject to increasingly long, intense, frequent 

and unpredictable thermal and water stresses, which affect population dynamics and lead to a simplification of food 

webs. Promoting and strengthening plant biodiversity seems to be a good way to protect plant and animal biodiversity 

because plants both reduce temperatures, limiting thermal and water stress on surrounding organisms, and constitute 

a food resource for many species (phytophagous), with repercussions at all trophic levels. The challenge is therefore 

to explore the type of plant enrichment, between and within shrub and herbaceous strata and to improve their 

connectivity to optimize habitat conditions for urban biodiversity, in terms of microclimate (climate refuge ) and 

nutrient resources. 

Assumptions and questions (8 lines) Diversified vegetation would provide microhabitats with greater 

thermal inertia (i.e. it buffers variations in temperature and humidity), which is favorable to biodiversity. The 

objective is to explore the variability of the role of vegetation, understood in terms of plant strata (trees, shrubs, 

herbaceous vegetation) and/or plant species, on (i) the microclimate, since they have no same type of photosynthesis, 

opening of stomata, morphology of leaves and roots and (ii) the resistance of insects and plants to the microclimate, 

by providing leaves and flowers of different nutritional quality to insects, and root mycorrhizae of different quality 

and quantity to neighboring plants. The major hypothesis is that a vegetation that is both specifically, phylogenetically 

and functionally diversified will allow (i) a better survival and growth of plants in the face of climatic stresses and 

(ii) the maintenance of a more diversified fauna both specifically, evolutionarily and functionally, with more complex 

food webs and more resistant to heat stress. We will study which lineages and guilds of plants or insects depend the 

most on this plant diversity. 

 The main steps of the thesis and scientific procedure (10-12 lines) This thesis will be carried out on 

the city of Rennes and its peri-urbanization, on a panel of sites reflecting an urbanization gradient, both landscape 

and climatic. In each site, it will be a question of observing the composition and the diversity of the herbaceous and 

shrubby strata, isolated or combined. In each of these strata, evolutionarily or functionally diverse and uniform plots 

will be identified, using in particular foliar, floral and mycorrhizal characters available in databases. In the herbaceous 

layer, functional diversity will be manipulated locally by adding/removing species that contribute the most/least to 

this diversity. The microclimate within the vegetation will be monitored from in-situ sensors for air temperatures and 

by thermal imaging allowing 2D and 3D spatialization (by photogrammetry) of surface temperatures. Different taxa 

will be monitored for two years (2-3 seasons minimum) with in particular taxa of phytophagous, predator-parasitoids 

and pollinators, as well as the vitality of the plants (phytophagy, phenology, yellowing) and their rate of 

mycorrhization. Food webs will be constructed to characterize specific and functional biodiversity. 

Methodological and technical approaches considered (4-6 lines) - The analysis of climate data will 

be available at 3 spatial scales: (i) the urban spot thanks to the RUN measurement network (Rennes Urban Network, 

Dubreuil & al, 2022), (ii) the site by instrumentation specific to the using temperature and humidity probes (hobo), 

and finally (iii) the individual with the exploitation of thermal imaging on the ground or on board (FLIR UAV) - 

Fauna monitoring of different taxa (trapping, observation transects, breeding) 
 

Scientific and technical skills required by the candidate Interest in the naturalistic field approach (plant 

and animal taxa) and statistical analyses. Taste for teamwork. Spatialization of information (minimum GIS), bases 

in remote sensing would be appreciated. 
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Professional status of previous PhD students supervised by both director and co-supervisors 

(from 5 years) 

Please provide the following information for each PhD students supervised 
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Thesis supervision: Joan van Baaren, Jacques Brodeur (Univ Montréal), Cécile Le Lann 
Professional status and location: Teacher-Researcher, Univ Mons (Belgium) 
Contract profile (post-doc, fixed-term, permanent): permanent 
List of publications from the thesis work: 

 
Tougeron K, van Baaren J, Burel F, Alford L. (2016) Comparing thermal tolerance across contrasting 
landscapes; first steps towards understanding how landscape management could modify ectotherm 
thermal tolerance. Insect Conservation and Diversity 9 (3): 171-180. doi: 10.1111/icad.12153. 
Tougeron K., Le Lann C., Brodeur J. & van Baaren J. 2017. Are aphid parasitoids from mild winter climates 
losing their winter diapause? Oecologia 183:(3), 619-629. 
Tougeron K, Hraoui G, Le Lann C, van Baaren J & Brodeur J. 2017. Competition for hosts induces offspring 
summer diapause in aphid parasitoids. Insect Science, 00, 1–9, DOI 10.1111/1744-7917.12491 
Alford L, Tougeron K, Pierre JS, Burel F, van Baaren J. 2018. The effect of landscape complexity and 
microclimate on the thermal tolerance of a pest insect. Insect Science 25 (5): 905-915. DOI 

10.1111/1744-7917.12460   
Tougeron K, van Baaren J, Brodeur J, Llopis S, Ridel A, & Le Lann C. 2018. Disentangling plasticity from 
local adaptations in diapause expression of parasitoids from and within contrasted thermal 
environments. Biological Journal of the Linnean Society 124(4): 756-764. DOI: 

10.1093/biolinnean/bly079 

Tougeron K, Damien M, Le Lann C, Brodeur J & van Baaren J.  2018. Changes in host-parasitoid 
communities over the years in cereal crops of Western France: Does climate warming matters? Frontiers 
in Ecology and Evolution-Population and Evolutionary Dynamics”. 6:173. 
doi: 10.3389/fevo.2018.00173 
Tougeron K, Le Lann C, & van Baaren J., Brodeur J. 2019. Diapause expression in a Quebec population 
of the parasitoid Aphidius ervi (Hymenoptera: Braconidae. The Canadian Entomologist 151: 345–349. 
Tougeron K., Brodeur J., van Baaren J., Renault D. and Le Lann C. 2019. Sex makes them sleepy: host 
reproductive status induces diapause in a parasitoid population experiencing harsh winters. bioRxiv 
371385, ver. 6 peer-reviewed and recommended by PCI Ecology. doi: 10.1101/371385 
Tougeron K, Brodeur J, Le Lann C, van Baaren J. 2019. How climate changes affect parasitoids’ seasonal 
ecology?  Ecological Entomology 45, 167-181. DOI: 10.1111/een.12792 
van Baaren J., Wist T, Soroka J, Tougeron K. 2020. Host-parasitoids network in extreme conditions: the 
case of cereal aphids in wheat crops in Saskatchewan, Canada. Entomologia generalis 40 (1): 63-77. ⟨10.1127/entomologia/2019/0807⟩. ⟨hal-02530838⟩ 
Tougeron K, Devogel M, van Baaren J, Le Lann C, Hance T. 2020. Trans-generational effects on 
diapause and life-history-traits of an aphid parasitoid. Journal of Insect Physiology. 121. 104001. 
https://doi.org/10.1016/j.jinsphys.2019.104001 
Tougeron K., van Baaren J., Town J., Nordin, D., Dumonceaux T.  & Wist T. 2021. Body-color plasticity of 
the English grain aphid in response to light in both laboratory and field conditions. Evolutionary Ecology 
35 (1): 163-163    (Oct, 10.1007/s10682-020-10088-4, 2020). 
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Jeavons E, van Baaren J, Le Ralec A, Buchard C, Duval F, Llopis S, Postic E, Le Lann C. 2021. Third and 
fourth trophic level composition shift in an aphid-parasitoid-hyperparasitoid food web limits aphid control 
in an intercropping system. J Appl Ecol 59 (1): 300-313. https://doi.org/10.1111/1365-2664.14055. Dryad, 
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strategies and life-history traits of different populations of Aphidius platensis along a latitudinal gradient in 
Chile. Entomologia Generalis 42 (1), pp.127-145. ⟨10.1127/entomologia/2021/11860171-8177/2021/1186⟩. ⟨hal-03629547⟩ 
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and food web structure of winter aphid-parasitoid along latitudinal gradient in Chile. Oecologia. ⟨10.1007/s00442-022-05270-0⟩. ⟨hal-03832988⟩ 
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Surname, first name: Ait Mouheb, Hocine 
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