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Context 
Climate change is a major challenge for the socio-ecological resilience of agricultural production systems 
(APS, Rosenzweig & Hillel 2015). Crop pests and pathogens respond strongly to events such as droughts, 
heat waves, and changes in temperature and rainfall patterns. It is widely recognized that climate change 
will impact the distribution and abundance of crop diseases (Chakraborty & Newton 2011, Juroszek & von 
Tiedemann 2013). Crop disease dynamics also depends on the spatial organization of the agricultural 
landscape and on cultural practices (Bargues-Ribéra & Gokhale 2020). In the Anthropocene, all these are 
affected by human decisions and therefore integral parts of our strategies to control crop loss.  
Whereas our policies can change rapidly within a generation and the prevalence of certain crops as well, 
the short generation time of many pests and pathogens allows them to evolve in response to our decisions, 
and potentially escape control (Précigout et al 2017, 2020). Adapation in APS therefore consists of adaptive 
management and adaptation policies which control evolutionary adaptation by pests and pathogens 
(McDonald & Linde 2002, Gilligan 2008, Bousset & Chèvre 2013, Zhan et al 2015,  Van Dooren 2019). The 
spatial and temporal distribution of crops at the landscape level could be a key to base agricultural climate 
adaptation and mitigation on (Loeuille et al 2013), if one could choose a spatial configuration of fields and 
the biodiversity they contain that enhances the resilience of the agroecosystem (Altieri et al. 2015). Also, 
public adaptation policies could drive farmer's adaptive management decisions, to obtain these landscape 
configurations. To avoid excessive crop loss, choices must anticipate the eco-evolutionary dynamics of 
pests and pathogens. Integrating disease eco-evolutionary dynamics, crop adaptive management and 
adaptation policies in predictive models is a critical next step in developing climate change adaptation and 
mitigation strategies for agroecosystems (IPCC 2014, Van Bruggen et al 2015). We accept the challenge of 
modelling socio-economic and eco-evolutionary dynamics jointly and anticipate that the modelling 
outcomes might demand a transition towards new policies for these ecosystems. 
 
Objectives 
- This PhD project will model the effect of climate change and landscape configuration on crop loss in a 
crop x pathogen eco-evolutionary model. 
- This model will be extended so it can model different policies affecting farmer adaptive management 
decision rules, thus producing a socio-ecological model of the agro-ecosystem.  
- Using the complete model, we aim to find adaptive and sustainable mitigation policies in terms of policies 
for landscape organization and crop diversity and with the aim to obtain resilient agro-ecosystems. These 
policies will anticipate adaptive management by farmers and evolutionary adaptation by the pathogens. 
 
The modelling framework and output will be a useful tool for testing different policy scenarios and for 
testing sustainable mitigation strategies based on landscape configuration and crop diversity (Van Bruggen 
et al 2015). 
 
Approach  
We will focus on fungal pathogens of wheat while developing a generic modeling method that could apply 
to other crop/pathogen pairs. Our approach will extend the models developed by Précigout et al (2020).  
The eco-evolutionary core of the model will describe the population and evolutionary dynamics of the 
pathogen in dependence on the spatial arrangement of the crop and farmer practises such as fertilization 
within and between years. We will investigate how climate change scenarios with different speeds of 
change will affect the evolutionary dynamics of the pathogen. This will involve an assessment of 
adaptational lags in pathogen traits (Van Dooren 2019), which assess how far traits are at any point in time 
from equilibria of their adaptive dynamics, which is an approximation of their evolutionary dynamics. 

https://www.worldscientific.com/worldscibooks/10.1142/p970
https://bsppjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-3059.2010.02411.x
https://link.springer.com/article/10.1007/s10658-012-0144-9
https://link.springer.com/article/10.1007/s10658-012-0144-9
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1007546
https://apsjournals.apsnet.org/doi/pdfplus/10.1094/PHYTO-01-17-0019-R
https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-08-19-0317-R
https://www.annualreviews.org/doi/abs/10.1146/annurev.phyto.40.120501.101443
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610107/pdf/rstb20072181.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0167880912004410
https://www.annualreviews.org/doi/full/10.1146/annurev-phyto-080614-120040
https://www.biorxiv.org/content/10.1101/742916v1.abstract
https://s3.amazonaws.com/academia.edu.documents/56907209/loeuille13.pdf?response-content-disposition=inline%3B%20filename%3DEco-Evolutionary_Dynamics_of_Agricultura.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credential=ASIATUSBJ6BAPMTUONOT%2F20200416%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Date=20200416T194850Z&X-Amz-Expires=3600&X-Amz-Security-Token=IQoJb3JpZ2luX2VjEJT%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIH5wTmIy2rqos5ue%2FYfs9PVUgA5cWMZu6julm%2FuTXkVYAiEA3fjdfOQZCS2kBuSs27rj%2FDNTwvsNY5gj%2FA0TQqwE0H4qvQMIrf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAAGgwyNTAzMTg4MTEyMDAiDIP616lTRJ9qjH08CiqRAyaqSbjcTb%2Bcg2NaExtxr%2FCMgoKMMcg%2FAkdbcGdwaDrxEWls4dLMPhjwRhz7ok%2Fr9RuER7%2B81F%2B2x22WARNMLqaYwZ8Fl3wt%2Fb2e9zze9BIyO%2BYB7IsOC3tSRH7U4Sy%2B4qZSLqH%2F%2Fnm%2FV9N2b5eAY%2F4PD%2BVeIJGLaaMo64yQoldGnBxmDvulMTeRP6VCBjsFmgbkyJWeaMOUVsXC2L19WuNfiyuvogql8D1vH3HYw0J%2BBsmLuumWNvadTuMfvG91PbDKMUzPGcSbOBVXR4J4zavgxyeBLyPzXSCdbbHFhJNuoZ71X0qj0bLBBO%2BkVy7Rb4rLItwNHjvQpvixisR%2BflnD8wCIFu%2BShYR5E5mYOeJsu6GU4ttwfsTwnNRCwD%2FhiqoDzQL3qgHDJndLkCnORkQ5WE2pRlAlYj5mJsd8OHm6jUBZ9UV2FLhewhjDqMG0%2BKw4l53%2F8R2yDve3fB%2BuXBCmXASVgROKrN7687yc3k0%2FPeNTM4Uog4tRGE%2F8e80wcc278oFOq%2BVFdSHQCg9DOvKFMM%2Fi4vQFOusBcaaQ0xrMCv7ERFQyXCXC2WHTnm5frxgVkjAuGbd4P5c9mmciQasa%2FqxP1tvJGlgrvup9vdhL7ckfOQb1t6e4oBgkHG2Ix8a19tsg4unfXmLWK%2FOz2Hw9c7WnFJRtQX56%2Bj%2FTw2je25j794U%2BVQ9AXeu8idE0zjgBB6G7YSOQmfaMhBLw4WFEIg8sefahzUMRntAJrcAHinJ4iM%2FJIdltvmrgevZ5EI0pTQe7xZ%2F9pPoSzxbpZBleBxtMCR62Te1jSDt9sZzb25Prs0OF0fg0JY41acGhUd26BsCf7%2BTFezX1TSHdfE5aUltr7Q%3D%3D&X-Amz-SignedHeaders=host&X-Amz-Signature=0e7768000566ef50a8b31188aeb763116e8273cb7162f4c0d3029ec11f83fd57
https://link.springer.com/article/10.1007/s13593-015-0285-2
https://www.ipcc.ch/report/ar5/syr/
https://www.worldscientific.com/doi/abs/10.1142/9781783265640_0012
https://www.worldscientific.com/doi/abs/10.1142/9781783265640_0012
https://www.worldscientific.com/doi/abs/10.1142/9781783265640_0012
https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-08-19-0317-R
https://www.biorxiv.org/content/10.1101/742916v1.abstract
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Précigout (2018) has shown that evolutionary adaptation can imply that pathogens remain generalists and 
don't become specialists of crops. In this case, adaptational lags are disadvantageous and policies and 
management should aim for adaptation of the pathogens.  
A framework for simulating agro-ecological and social dynamics in a spatially explicit framework  includes 
ecological, epidemiological and socio-economic sub-models. It allows simulating disease development at 
the landscape scale taking into account the following aspects: (1) farm-level crop and pathogen dynamics; 
(2) landscape configuration; (3) choices of the farmers in terms of cultural practices. We created such a 
framework in NetLogo, which is a friendly platform for coding multi-agent models (Tisue and Wilensky 
2004). We will incorporate adaptive management by the farmers into it. Farmers can choose their cultural 
practices with different attitudes: maximizing profit, minimizing risks, or having a cooperative collective 
behavior (Edwards-Jones 2006). We will model these different attitudes and their responses to (1) changes 
in the farm ecosystem due to climate change and (2) changes in adaptation policies implemented on a 
larger scale. The model is now used to compare effects of the spatial distribution and composition of 
polyculture vs monoculture, for different climate scenarios on the occurrence  of epidemics and to study 
the resilience of the agroecosytem during a 20 to 50 year period in terms of epidemics and crop production 
(Robert, Precigout, Sanner et al. in prep). 
The complete model  is very modular such that sub-models can be analysed separately and stepwise. We 
will use the complete modelling framework to investigate the trade-off between scenarios where policies 
aim towards maximization of yield and maximization of robustness against the spread of diseases. There 
will be three types of adaptation going on in the system: (1) evolutionary adaptation of the pathogen, (2) 
adaptive control or adaptive management via farmer behaviour (3) adaptation policies (Van Dooren 2019). 
The first is a major topic in evolutionary biology, the second a recurring theme in ecology which remains 
underdeveloped to date, the third is specific to climate change policies. 
 
Innovation and relevance for SU-ITE 
Several models of environmental effects on pathogen epidemics and crop loss have been developed at the 
level of a single field (Robert et al 2004, Robert et al 2008, Garin et al 2014, Juroszek & von Tiedemann 
2013or at the landscape scale (Papaix et al 2014). Some models specifically modeled the effect of climate 
change on epidemics (Van Bruggen et al 2015). Simulations of crop pathogen evolution in response to 
pesticides (Marshall et al 2009) and more recently to crop fertilization ( Précigout et al 2018, 2020) have 
also been developed and models of farmer behavior in terms of their agricultural decisions such as the 
adoption of new technologies (e.g., polyculture, input-poor practices  Edwards-Jones 2006). Novel in our 
approach is that we will combine components of previous models to arrive at a versatile predictive tool. 
Next to that, we consider adaptation to climate change in every known sense (1) evolutionary adaptation 
by gene frequency change (2) the immediate (plastic) adaptive decisions of (rational) agents, (3) adaptation 
as a policy. Moreover, we apply it to a highly relevant issue, that of the climate resilience of our 
agroecological system. 
The project is challenging. It is now widely recognized that the culture-nature separation is rather artificial. 
By contrast, the concept of socioecological systems (SES, Holling, 2001) paves the way to new theory on 
the dynamics of such coupled systems which are generally recognized to be complex, adaptive systems 
(Ollson et al 2004). This project will contribute to developing generic theory based on our expertise in 
general eco-evolutionary theory, coupled to knowledge of specific SES. It will also develop operational 
definitions to quantify the resilience and adaptive states of such systems (Folke 2006, Van Dooren 2019). 
Evolutionary dynamics does not need to approach adaptive dynamics solutions, which is therefore 
insufficient as a framework.  
This project fits the mission of the SU Institute for the Environmental Transition very well. It is 
interdisciplinary by nature as demanded by the issue at hand and it can enable a closer cooperation of the 
scientific community with societal stakeholders, where it can serve as a basis for discussing real initiatives 

https://www.researchgate.net/publication/336845203_Epidemiology_and_evolution_of_fungal_foliar_pathogens_in_the_face_of_changes_in_crop_fertilization_application_of_evolutionary-ecological_theory_to_crop_epidemiology
https://ccl.northwestern.edu/papers/agent2004.pdf
https://ccl.northwestern.edu/papers/agent2004.pdf
https://www.cambridge.org/core/journals/animal-science/article/modelling-farmer-decisionmaking-concepts-progress-and-challenges/C8507FDDB5D7DC15888029BE5A2415E9
https://www.biorxiv.org/content/10.1101/742916v1.abstract
https://academic.oup.com/jxb/article/55/399/1079/524903
https://www.publish.csiro.au/fp/FP08066
https://academic.oup.com/aob/article/114/4/795/2769042
https://link.springer.com/article/10.1007/s10658-012-0144-9
https://link.springer.com/article/10.1007/s10658-012-0144-9
https://www.sciencedirect.com/science/article/pii/S0304380014001951?via%3Dihub
https://www.worldscientific.com/doi/abs/10.1142/9781783265640_0012
https://bsppjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/j.1365-3059.2008.01953.x
https://www.researchgate.net/publication/336845203_Epidemiology_and_evolution_of_fungal_foliar_pathogens_in_the_face_of_changes_in_crop_fertilization_application_of_evolutionary-ecological_theory_to_crop_epidemiology
https://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-08-19-0317-R
https://www.cambridge.org/core/journals/animal-science/article/modelling-farmer-decisionmaking-concepts-progress-and-challenges/C8507FDDB5D7DC15888029BE5A2415E9
https://link.springer.com/article/10.1007/s10021-001-0101-5
https://www.jstor.org/stable/26269651?casa_token=D5lbJvTIi-MAAAAA:9NXDNObF0fsPNperQNi1XT-v0a8oAHdzuYbz0gWIyqJKSw-DIjAEcBnSPEEkssIAZ7FK3DE4qDVLXhnMuVjT33KMXIsKW46k6RJJk2x9P0FAeae13g&seq=1#metadata_info_tab_contents
https://www.sciencedirect.com/science/article/abs/pii/S0959378006000379?via%3Dihub
https://www.biorxiv.org/content/10.1101/742916v1.abstract
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and actions. The behaviour of individual farmers and public policy are rarely taken into account in eco-
evolutionary modeling studies (Van Bruggen et al 2015).  
 
Time Plan 
Year one: Literature study, update of the project context. Model the impact of climate change and 
landscape crop heterogeneity on pathogen dynamics and crop loss in a crop x pathogen eco-evolutionary 
model. Model adaptation of the pathogen to environmental change. Redaction first manuscript.  
Year two: Determine criteria and find adaptive and sustainable mitigation strategies in terms of landscape 
crop organization,  agricultural behavioral practise and public policies for the model of year one. Redaction 
of second manuscript. 
Year three: Use the modelling framework and output to test different policy scenarios for agricultural 
changes. Redaction of third manuscript. Completion and defense of PhD thesis. 
 
Roles of the supervisors 
Tom Van Dooren (TVD) and Corinne Robert (CR) will jointly recruit the most suited candidate. TVD will train 
the student in eco-evolutionary dynamics and CR in crop-pathogen modelling. Both supervisors will assist 
the student with model development and its implementation in a simulation. This will benefit from the 
presence of Pierre-Antoine Précigout in the team of CR. Both supervisors will assist the student with writing 
in English. TVD will take care of administrative tasks concerning the project and will provide a comfortable 
working environment where the student can perform well. He will assure funding for participation in 
activities of the ED227 and GDR Plasphen and for participation in scientific meetings. The candidate can 
benefit from research collaborations in the ongoing TRAVERSéES (2010-) project (PI CR) which aims to 
identify pathways for socio-agricultural systems to arrive at reduced pesticide use; and hopefully the ANR 
UNIC project which is being auditioned and where CR is one of the two PI's and TVD participant. Computer 
and computing facilities will be provided. TVD takes responsability that the time plan will be respected or 
will propose restructuring to complete the PhD within the imposed time constraints.  
 
Profile of the candidate 
The candidate has a keen interest in the environmental transition and is interested in agroecology or agro-
eco-evolution. She/he has a proven experience in modeling and computing. He/she is eager to learn and 
can work both independently and in a team. The candidate can assume responsability for the 
recommendations based on the research by the end of the project. She/he has familiarity with writing in 
English. 
 
Publications of the supervisors related to the project 
Lassalle L (2020) Diversity within: Consequences of individual phenotypic variability on ecological and 
evolutionary dynamics. PhD Thesis, Chapters four and five.  
https://dare.uva.nl/search?identifier=b1b89f76-e93f-4b98-b630-2ae18ef9521c 
Le Gal A, Robert C Accatino, Claessen D, Lecomte J (2020) Modelling the interactions between landscape 
structure and spatio-temporal dynamics of pest natural enemies: Implications for conservation biological 
control. Ecological Modelling 420: 108912. 
Précigout PA, Claessen D, Robert C (2017) Crop fertilization impacts epidemics and optimal latent period of 
biotrophic fungal pathogens. Phytopathology 107: 1256-1267. 
Précigout PA, Robert C, Claessen D (2020) Adaptation of biotrophic leaf pathogens to fertilization-mediated 
changes in plant traits: A comparison of the optimization principle to invasion fitness. Phytopathology.  
Rueffler C, Metz JAJ, Van Dooren TJM (2013) What life cycle graphs can tell about the evolution of life 
histories. Journal of mathematical biology 66: 225-279. 
Van Dooren TJM (2019) Adaptational lags during periods of environmental change. bioRxiv, 742916. 

https://www.worldscientific.com/doi/abs/10.1142/9781783265640_0012
https://dare.uva.nl/search?identifier=b1b89f76-e93f-4b98-b630-2ae18ef9521c

