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SCIENTIFIC DESCRIPTION OF THE PHD PROJECT

Socio-Economic and Scientific Context

This project aims to address the strong demand from the poultry sector by developing selection
schemes that promote agroecological transition and resilience in laying hen farming.

The egg production sector must meet growing demand for eggs while ensuring the
competitiveness of farms, product quality, and animal welfare. To support the agroecological
transition, the sector is also called upon to reduce its environmental impact, diversify farming
systems (free-range, organic, etc.), and strengthen resilience against health crises or climate
hazards.

In this context, caged rearing of laying hens is gradually disappearing in Europe, replaced by
alternative systems that offer more animal welfare-friendly living conditions. However, in these
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alternative systems, the risk of animals being exposed to disruptions in their living environment
is higher than in cages, as the breeder's control over risk factors decreases (EFSA, 2023; Gray
et al., 2024). Indeed, in large groups, the risks of negative social interactions (pecking, piling)
and pathogen transmission are more present. Additionally, many systems provide outdoor
access, exposing hens to pathogens (viral diseases: Marek’s disease, avian flu; bacterial
diseases: mycoplasma pneumonia; parasitic diseases: worm or lice infestations) and predators.
Outdoor access also exposes hens to temperature fluctuations and heatwaves, to which they
are particularly sensitive. Finally, while outdoor access provides new food sources (plants and
insects), it also incurs additional energy expenditures (notably due to increased activity in larger
spaces).

Furthermore, a key strategy to reduce the overall carbon footprint of the laying hen sector is to
extend the hens' productive lifespan, thereby reducing the proportion of non-productive life in the
total rearing period. This approach requires improving persistence in egg-laying, allowing for
high production levels over an extended productive period (Bain et al., 2016). Thus, the main
challenge for the sector is to increase the resilience of laying hens to environmental disruptions
in a context of extended production periods.

Work on modeling animal selection schemes is needed to propose new management and genetic
improvement modalities for populations, aligned with the evolution of farming systems (including
the phase-out of cages) and the agroecological transition of the sector. A balance must be struck
between the intensity of selection for traits to be improved and the maintenance of genetic
variability to preserve future selection and adaptation possibilities in fluctuating environments
and changing socio-economic contexts.

The core of the project is the design of multi-criteria selection schemes that propose selection
strategies guaranteeing resilience of performance at the level of populations, farming systems,
and/or contemporary animal groups. At the farm level, the goal is to limit competition and, if
possible, promote positive social interactions among laying hens reared in large groups (tens of
thousands of animals). The joint analysis of simulated and field data should allow for the
evaluation of the potential effectiveness of the proposed selection strategies.

Scientific Hypotheses and Questions :

1. What social interactions are observed during egg-laying, and do they differ
between farming systems (collective cages vs. floor rearing)? In case of G x E
interactions, what are the potential re-rankings of breeders according to farming
systems?

2. What selection strategy can limit aggression or even promote cooperation at the
scale of groups of hens reared together (~500 to 4,000 hens in selection farms;
20,000 to 60,000 hens in production farms)?

3.  What selection strategy should be implemented to promote complementarity at
the population level through multi-criteria selection?

The general hypothesis of the work on genetic selection for robustness and
resilience is that it will allow the selection of breeders better adapted to the diversified
farming conditions of agroecological systems than selection based solely on
production, reproduction, and health performance levels.

For the modeling of social traits, selection integrating interactions between
individuals can increase certain selection responses and reduce the variability of
responses.

Main PhD Steps and Approach
The PhD program will be divided into
3 main phases:
1. Analysis of Novogen data to assess the genetic social effects (pecking and
laying behavior) on zootechnical traits (egg-laying and egg quality).




2. Modeling of multi-criteria selection for resilience at the population level.
3. Modeling of selection for interactions between hens to promote group

resilience.
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Methodological and Technical Approaches

To answer these questions and test these hypotheses, we need to analyze data using
classical genetic methods (animal mixed models) [16] and simulation work.

This PhD project will rely on the complementary expertise of the GGA team at PEGASE
and the GUPPIE team at GABI, as well as relevant commercial data from the breeder
Novogen. This data will help assess the effects of social interactions on production and
egg quality traits and their differences between collective cage systems (small groups of
5 full sisters) and floor systems (large groups of 500 hens), thanks to information
collected on pecking, laying behavior (electronic nests), and production and egg quality
traits. This data has been collected on more than 7,000 hens distributed across the two
systems (1/3 floor, 2/3 cage).

The selection scheme modeling approaches considered are primarily stochastic,
individual-centered models, which allow, on the one hand, the easy introduction of the
notion of randomness/disruptions in the environment and a more straightforward
description of interactions between individuals, and on the other hand, the estimation—
without approximation—of the variability in farm performance in response to the
proposed selection strategies.

The PhD student will have access to all necessary IT tools: a laptop, a CTIG computation
server (depending on the nature of the calculations). Quantitative genetics software is
easily accessible on the CTIG (ASReml, BLUPfO0, AlphaSimR, MoBPS, etc.).

Required Scientific and Technical Skills for the Candidate

« Recommended Training: Master 2 (or equivalent) with a specialization in
quantitative genetics, biostatistics, or mathematical modeling.

» Desired Knowledge: Advanced mastery of statistical tools and
programming. A background in stochastic simulations would be a major
asset.

o Appreciated Experience: A Master's-level internship with research activities in
quantitative genetics.

o Sought-After Aptitudes: Scientific rigor, curiosity about agroecological
transition issues, autonomy, and communication skills to interact with industrial
and academic partners. Proficiency in technical English is required for the
international valorization of your work.
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FINANCEMENT DE LA THESE

Funding Source(s): INRAE Animal Genetics Department + Brittany Region
Gross Monthly Amount: €2,300

Funding Status: Secured

Funding Start Date/Duration: 2026 — 29

' Dans I’ED EGAAL, si 1 scientifique dans la direction de la thése = 100% d’encadrement doctoral ; si 2 personnes
impliquées dans la direction de la thése = entre 50% et 70% d’encadrement doctoral pour I'HDR directeur ; si 3
personnes impliquées dans I’encadrement de la thése : répartition :40% - 30% - 30% de I’encadrement doctoral.
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