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The study of species’ adaptation to 
their environment sheds light on 
the specific adaptation mechanisms 
triggered during rapid changes in 
environmental pressures. However, the 
extent and speed of adaptation to new 
environments are not widely known. 
The AGRHUM project forms part of 
this perspective and aims to increase 
understanding of the adaptation 
processes of human populations whose 
lifestyles and ecological systems differ.
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Groups of hunter-gatherers of central Africa 
and adaptation to the environment

AGRHUM 
Human populations, changes in lifestyle, habitat and process  
of genetic adaptation to the environment

n order to evaluate the impact of the 
transition from the hunter-gathe-
rer status to an agriculture-based 
lifestyle on the mechanisms of selec-

tion and adaptation, the AGRHUM project 
focused on central Africa, a region which is 
home to both the largest populations of hun-
ter-gatherers and sedentary populations 
which have practised agriculture for almost 
5,000 years. The coding part of the genome 
of a wide panel of individuals, derived from 
different populations of hunter-gatherers 
and farmers, was sequenced. Its analysis 
helped determine the consequences of the 
populations’ history and lifestyle on the effi-
cacy of purifying selection (elimination of 
deleterious mutations). In parallel, several 
approaches were developed to determine 
the role of different mechanisms of biolo-
gical adaptation to the environment, such 
as the classic models of positive selection, 
or other models like polygenic adaptation 
or adaptive interbreeding. The joint ana-
lysis of these results helped evaluate the 
way in which rapid changes of environment 
influence the adaptive value and efficacy of 
the selection.

These analyses revealed a contrasting 
demographic history among hunter-gathe-
rer and farming populations in Africa, with 
major changes in effective size throughout 
their history. Despite this contrasting 
past, these population groups maintain 
the same capacity to purge deleterious 
mutations and thus share the same effica-
cy in terms of selection. The project also 
helped identify biological functions which, 
by being involved in particular in defending 
humans against pathogens, contributed to 
the adaptation and survival of those popu-
lations in their environment. The results 
of this project were the subject of articles 
published in journals such as Science, 
Nature Ecology & Evolution, Molecular Biolo-
gy & Evolution, and PNAS. 

I

PERSPECTIVES
The AGRHUM project opens up interes-
ting perspectives on human biodiversity 
and populations’ adaptation to their 
environment, in particular if it is 
pathogenic. These now require field 
work both at anthropological and epi-
demiological level. This project has also 
made available new methodological 
tools for the study of the different forms 
of genetic adaptation of other species.

Evolutionary Biology
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Meteorites are samples of the Solar 
System that allow us to study its 
formation. The network of 100 cameras 
in France set up by the ANR FRIPON 
project aims to increase the number 
of meteorites found before they are 
altered (one every two years compared 
to one every ten years in the 19th 
century) and to determine their origin. 
Its ultimate goal is to associate known 
meteorite families (about a hundred) 
with asteroids or asteroid families.

FRIPON 
Fireball Recovery and 
InterPlanetary Observation 
Network
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FRIPON Camera at Pic du Midi observatory 

FRIPON 
A unique FRANCE-WIDE  detection network to observe 
meteorite falls, find them and determine their origin 

he FRIPON camera network 
continuously monitors the sky to 
detect meteors produced when 
fragments of extraterrestrial 

material, a centimetre in size or larger, 
cross the atmosphere - whether or not 
they reach the ground.  It capitalizes on the 
price reduction of fisheye video surveil-
lance cameras and laptops. This has made 
it possible to develop relatively inexpen-
sive observation stations (€1.5k) and to 
cover the entire French territory. FRIPON 
is therefore the densest network for such a 
large area. Measuring the speed of meteors 
is essential for reconstructing orbits and 
source regions. FRIPON takes advantage 
of the emission of a continuous signal by 
the GRAVES military surveillance radar, a 
signal that is reflected by the meteor heads 
and allows their speed to be determined 
using the Doppler effect. This is a techno-
logy that permits detecting and processing 
data on the fly. It has thus been easy to add 
foreign cameras whose data are processed 
in France. FRIPON is now the leading team 
in Europe on the subject of meteors, at the 

same level as the American and Australian 
teams. Since the gradual commissioning 
of the FRIPON network, more than 4000 
orbits have been observed: it has become 
possible to scan the source regions, and 
the first field research test campaigns have 
been carried out. To support FRIPON, the 
Vigie-Ciel citizen science programme was 
implemented on funding from Investisse-
ments d’Avenir. Its objective is to involve 
the public, in particular through field 
searches for meteorites. Vigie-Ciel (led by 
the MNHN – www.vigie-ciel.org) relies on 
a network of regional partners using a set 
of co-constructed tools to train scientific 
mediators in their region to raise awar-
eness among citizens and invite them to 
participate.

T

PERSPECTIVES
In addition to the implementation 
of Vigie-Ciel, the FRIPON network is 
developing in two directions: (a) at the 
French level, an application was made to 
become a National Observation Service; 
(b) it is gradually being extended to 
Europe, with more than 50 cameras 
already installed in 9 other countries.

ANR - 2018 ANNUAL REPORT
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Human sciences - Archeology 

PERSPECTIVES
Mesomobile’s innovative character lies 
in its interdisciplinary dimension and 
the combined use of state-of-the-art 
technologies, designed to refine the 
chronological and spatial resolution 
of ancient mobility. The programme 
provides a model approach that can be 
«exportable» to other Mesoamerican 
contexts and beyond.
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The Mesomobile project focused 
on the migratory phenomena that 
lead to the emergence of major 
Prehispanic cultural entities in the 
West-central Mesoamerica, such as 
the Tarascan State. To understand 
the nature of these processes, 
four indicators that require a fine 
chronological control were jointly 
examined: territorial dynamics, 
biocultural markers, technical 
systems and the circulation of goods.
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Mobility, Territories 
and Sociopolitical 
mutations in West-central 
Mesoamerica
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Lerma Alluvial Plain, Michoacan

Mésomobile, west-central Mesoamerica: a key region  
to understand the migratory processes linked  
to the emergence of the Tarascan State

n the region studied, the archaeo-
logical documentation repeatedly 
highlights 1) changes in the territorial 
organization, 2) significant trans-

formations in the material culture 
(architecture, funeral practices, technical 
systems, access to resources). To unders-
tand the nature of the processes involved, 
Mesomobile selected a strategic region in 
northern Michoacan that benefits from 
more than 30 years of archaeological 
background. Particular attention was 
placed on transitional periods perceived 
as phases of rapid change: the end of the 
Formative period (100 BC - 250 AD), the 
beginning of the Early Postclassic period 
(from 900 AD), and its transition to the 
Middle Postclassic period (from 1200 AD). 
In this context, the mechanisms of social 
and political change linked to the migra-
tory phenomena, and the valuation of the 
adaptive capacities of populations to orga-
nize their habitats and economic activities, 
were assessed using high-performance 
tools: archaeological and geophysical 
surveys, GIS and satellite image systems, 
LIDAR telemetry, databases, “chaines 

opératoires”, physico-chemical charac-
teristics of materials (ceramic, obsidian, 
etc.), isotopic analyses and morphome-
tric variations of teeth and cranial vault.  
Thanks to Bayesian modeling of 14C dates, 
the temporal perception of mutations 
has been refined. The online database, 
which includes nearly 700 sites discove-
red through various programmes, allows 
you to visualize population fluctuations 
over time and space. Bio-anthropological 
analyses and studies of material culture 
converge on the idea of cultural transfor-
mations linked to population movements. 
In particular, they support the hypothesis 
that foreign populations arrived in the 
Zacapu region in the 13th century, probably 
from nearby regions.

I
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Cognitive neurosciences

PERSPECTIVES
Theoretically, the InnerSpeech project 
has contributed to improve our 
understanding of several varieties 
of inner speech. On a clinical level, 
it offers potential outcomes in the 
field of rumination or auditory verbal 
hallucination remediation. It also opens 
up humanist and societal prospects 
related to the practice of inner language 
with the goal of improving self awareness 
or cognitive performance.
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Can you hear a voice when you read these 
lines? Is it your own voice or another voice? 
Can you hear your pitch, your intonation? 
Can you have imaginary conversations? The 
aim of the InnerSpeech project is to draw a 
theoretical model of inner speech – the little 
voice in our head – by examining varieties 
of inner speech, such as wilful inner speech, 
verbal mind wandering or verbal rumination 
and by confronting introspective descriptions 
with empirical data (neuroimaging and 
electrophysiology).
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Neural correlates  
of inner speech
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Cerebral network of willful inner speech

InnerSpeech: Cognitive neuroscience tapping  
inner speech

nner language has long been under the 
scrutiny of literature and humanities. 
Through the practice of introspection 
and reflexion, writers, poets, artists, 

philosophers and psychologists have provi-
ded descriptions of varieties of inner speech 
and their roles. The use of experimental 
methods, tools and technology in cognitive 
neurosciences provides a new window of 
insight into this internal phenomenon.  In 
the InnerSpeech project, a multi-paradigm 
approach was implemented, confronting 
introspective descriptions with empiri-
cal data. Subjective data were obtained 
through questionnaires and introspective 
interviews. Quantitative objective data 
include cerebral activation data obtained 
via functional Magnetic Resonance Ima-
ging (fMRI), brain dynamics obtained 
via intracranial electroencephalography 
(iEEG), electromyographic (EMG) recordings 
of orofacial muscle activity (lips, forehead), 
cardiac variability and motor interfe-
rence measurements. Our fMRI data have 
allowed us to describe the neural networks 
associated with the production of inner 
speech with our own voice vs. someone 

else’s voice (monological varieties) as well 
as those associated with imaginary vs 
actual speech perception (dialogical varie-
ties). Taken together with the introspective 
questionnaires, our fMRI data provide a 
more detailed description of the networks 
of wilful inner speech vs. verbal mind  
wandering. The collection and analysis of 
iEEG data in implanted patients are still 
in progress. Our EMG and motor interfe-
rence data, collected in collaboration with 
the LIP (Grenoble) and Ghent University 
(Belgium), suggest that the lip motor sys-
tem is involved in induced ruminations. 
They provide promising strategies to 
reduce rumination via orofacial relaxation 
or inhibition.
The analysis of the detailed introspective 
data collected in collaboration with the 
Monologuer Project (CERILAC, Univ. Paris 
Diderot) is still under way. Collaborations 
with Durham University (UK) and Basque 
Country University are considered.

I
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Representation theory

PERSPECTIVES
The pioneering work of V. Lafforgue and 
A. Genestier will lead to a local version 
of the Langlands correspondence in the 
direction of “automorphing towards 
Galois”. The studies of Riche, Juteau et 
al. open the way to the theory of “modu-
lar character-bundles” à la Lusztig. D. 
Gaitsgory, S. Lysenko will describe the 
metaplectic Whittaker category in terms 
of quantum groups.
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VARGEN is a fundamental research 
project in mathematics, more 
precisely in representation theory. 
The Langlands programme is a vast 
study field ranging from arithmetic 
to theoretical physics. The members 
of the project worked on different 
questions linked to this programme. 
The objective was to reveal the in-
depth relationships between several 
mathematical entities by studying their 
underlying geometry.

VARGEN 
Varieties of characters 
and generalisations 
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The Langlands programme seen as a marine monster 

VARGEN
Varieties of characters and generalisations

s the drawing indicates, the 
Langlands programme concerns 
number bodies, such as, for exa-
mple, that of rational numbers, 

but also function bodies, which resemble 
number bodies but are more geometric. 
There is also an entirely geometric variant 
of the Langlands programme linked to 
the conformal field theory. The results 
of VARGEN were obtained through the 
collaboration of a dozen French universi-
ties and specialists from other countries. 
During the project, eight workshops 
were held, including two international 
conferences. The project gave rise to 96 
publications and six articles for the gene-
ral public. 
Within the framework of this project, 
V. Lafforgue showed a major part of the 
global Langlands correspondence for all 
the reductive groups on function bodies; 
the case of the linear group was already 
known and had afforded L. Lafforgue the 
Fields medal in 2002. S. Riche, D. Juteau 
and their collaborators showed the 
conjecture of Mirkovic-Vilonen on the 
fibres of spherical bundles on the affine 

Grassmannian. G. Laumon and P.-H. Chau-
douard showed the support theorem for 
the Hitchin fibration (a result which had 
astonishing applications in arithmetic as 
well as in the proof of the fundamental 
lemma by Bao Chau Ngo, which won him 
the Fields medal in 2010). S. Mozgovoy 
and O. Schiffmann calculated the num-
ber of twisted Higgs bundles of a given 
rank and degree on a curve. Ph. Boalch 
constructed a new family of Poisson 
algebraic varieties. E. Vasserot, P. Shan, 
R. Rouquier and M. Varagnolo described 
category O of double affine Hecke algebra 
representations and the algebras of Kac-
Moody. S. Lysenko developed the theory 
of Eisenstein series in the metaplectic 
geometric Langlands programme.  
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Physics, Biology

PERSPECTIVES
Our result provides a new framework 
to better understand the sensisity of 
plants to gravity, but open many new 
questions, a major one being how the 
plant detects the position of statoliths. 
These findings also pave the way for 
bioinspired industrial applications-like 
robust, miniature clinometers.
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Shoots grow up.  But how do plants 
feel gravity? A crucial step in this 
gravisensing occurs in specific cells, 
the statocytes, which contain small 
grains of starch (statoliths), which 
sediment and give the direction of 
gravity.  Our project at the frontier of 
biology and physics aims at explaining 
the remarkable sensitivity of plants 
to gravity by studying both how plant 
bend back to vertical and how the 
statoliths move in the cells.  

GRAP2 
GRAvity Perception 
in Plants: from cell 
sensing to biomechanical 
response 

ANR programme:  
BLANC

Edition, Project duration:  
2013, 54 months

ANR grant: 
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olivier.pouliquen@univ-amu.fr
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Sensitivity of trees to gravity. Bending of a wheat coleoptile and observation  
of the starch grains involved in the gravity sensor

GRAP2
How plants feel gravity? A sedimentation problem  
still unresolved

o understand the link between the 
active bending of the plant and the 
motion of the starch grains (the 
statoliths) in the cells, two kinds of 

experiments have been developed, at the 
plant scale and at the cell scale. 
The first goal was to elucidate what the 
plant is sensitive to and  a centrifuge device 
has been developped, where plants are sub-
jected to different levels of gravity while 
tilted from the direction of the effective 
gravity. We have shown that the response 
is independent of the gravity intensity but 
depends solely on the inclination angle. 
The statocyths thus play the role of clino-
meters and measure the position of the 
starch grains and not the forces they exert 
on the wall. A priori, a heap of grains is a 
lousy clinometer: friction and interparticle 
locking limit the motion, making the sys-
tem ineffective below a threshold angle. 
To solve this paradox, we studied in vivo 
the movements of statoliths in response 
to tilting. We discovered that they flow like 
a liquid in the cell and return to horizontal 
no matter how the cell is angled, a behavior 
not expected with a standard granular 

medium. The origin of this behavior lies 
in the agitation induced by the cellular 
medium, as we have shown by carrying out 
experiments on inert analogous systems 
(microbeads in artificial cells sized like 
real ones).  At the end of the project, a new 
scenario is emerging to describe the detec-
tion of gravity in plants, based on “grain 
clinometers”, the sensitivity of which being 
ensured by the continuous agitation of the 
grains by the molecular motors of the cells. 
Based on these results, a theoretical model 
has been developed, capable of predicting 
the response of plants to arbitrary solicita-
tions. 

T
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Physics of condensed and dilute matter

PERSPECTIVES
The advances enabled by the APERO 
project open the way to the use of 
plasma mirrors in scientific applications,  
for instance to obtain ultracompact 
particle accelerators, and, from a more 
fundamental point of view, to reach 
extreme light intensities, never achieved 
so far in a laboratory, so high that 
particles could be created into vacuum 
starting from light only. 
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Mirrors are the most elementary and 
most used components in Optics. 
Ultrashort laser pulses make it possible 
to investigate their behavior when 
exposed to considerable light intensities. 
The objective of the APERO project 
was to reach a good understanding 
of the physical mechanisms at play in 
such interaction conditions, and to 
exploit these processes to get sources of 
ultrashort light pulses and of relativistic 
particles with remarkable properties. 

APERO 
Attosecond Plasma 
Electronics and 
Relativistic Optics

ANR programme:  
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2014, 36 months

ANR grant : 
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Phase front of a harmonic beam produced from a plasma mirror  
by a laser beam carrying a phase vortex

APERO
Relativistic plasma mirrors: how to reflect  
and manipulate ultraintense laser light?

hen an ultrashort laser pulse is 
focused to a high enough inten-
sity on a solid target, this target 
gets ionized in the very short 

time. A plasma -an ensemble of unbound 
electrons and ions- is thus created at the 
target surface. Due to the brevity of the 
laser pulse, this plasma hardly has time to 
expand into vacuum during the pulse, and 
the plasma-vacuum interface can remain 
extremely steep during the interaction. 
This leads to a dense plasma that behaves 
like a mirror of high optical quality for the 
laser pulse. Being strongly ionized, such a 
‘plasma mirror’ can be exposed to ultrain-
tense laser fields, up to a regime where 
the motion of the mirror surface under the 
effect of the laser field becomes relativistic 
-i.e. the plasma surface moves at a velo-
city approaching the velocity of light. Such 
a ‘relativistic oscillating mirror’ induces 
a periodic Doppler effect on the reflec-
ted laser field, leading to the generation 
of many harmonics of the incidence laser 
frequency. Electrons can also be expelled 
from the plasma into vacuum, resulting in 
beams of relativistic electrons. The pro-

perties of these beams of particles and 
photons can be exploited to decipher the 
physical processes at play in these plas-
ma mirrors. Besides, these beams have 
remarkable and unique properties (espe-
cially their very short duration), which 
make them very attractive for scientific 
applications. The APERO project has led 
to a much better understanding of the phy-
sical processes involved in the interaction 
of  ultraintense lasers with plasma mirrors, 
in particular those leading to the emission 
of beams of relativistic electrons. New and 
original methods have been developed to 
control and characterize the properties 
of the produced harmonic beams, ena-
bling the investigation of these properties 
in different interaction conditions. Thanks 
to these results, detailed models of the 
dynamics of plasma mirrors driven by laser 
fields have been validated.
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