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Place de I’ecologie dans I’agroécologie *

Agroécclogie

Azzi, 1928

Pratique f Domaine scientifique \ , . . L .

« L’augmentation de la diversité fonctionnelle

. U IL dans les cultures, les systemes de cultures et
tggi(iassa:’?lgsr?:turgz’?sn « Petite agriculture » Etude et conception les paysages augmente les régulations

' intensive en main-d’ceuvre de modes de production . . . . "
économes en ressources, ot 6conome en intrants, agroécologiques I?lologlques et favorise certaines proprietés
va}lorlsant la blodlverglte, opposée a Agronomie + écologie emergentes »
repondant aux besoins « lagriculture financiére »
alimentaires locaux g, ) L _—
— : * Diversite
Agronomie + ecologie ) .
Développerment rural + étude du changement * Relations Intraf- et
base sur les ressources locales, e?esigrzggg?ns Zglgc(;c:rlzsm inte rspecmques Thé .
‘'emploi agricole . . : °
'emploi ag bag Fonctions et emMaligues
t Paut o all tai Agronomie + écologie + ; .. .
et Fautonomie aimentaire sciences humaines et sociales eCOSyStemlqueS - Importantes
@  Relations diversité-fonction en écologie
Agronomie + écologie + : Pays?ge,s ;
D’apres divers auteurs in Caquet et al., 2020 sciences humaines et sociales * Proprietes emergentes
(ex. résilience)
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Un changement de paradlgme

Agriculture conventionnelle

Paradigme « Individuel »
L'individu le plus performant
dans un environnement optimal

© Auriva-Elevage AURIVA

Exploiter les
interactions
biologiques

Plante-plante
Microbiotes
Prédateur-proie

Intégration multi-
échelle de la
diversité

Diversité fonctionnelle
Above-belowground
Propriétés des paysages
Services écosystémiques

|_des ressources, cycle

—

Agroécologie

Paradigme « Interaction et intégration »
Obtenir les arrangements les plus
« performants » dans des environnements
hétérogenes et changeants

Meilleure utilisation

des nutriments,
santé du sol...

2> i 2 Y &= e ‘--
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PAYSAGE

Protection des plantes
Interactions entre espéceslet réseaux trophiques

Paysage

Interactions

Immunité

https://dx.doi.org/10.17180/ca9n-2p17

Simplification du paysage

(d’aprés Tscharnke et al., 2007 ;

pesticides chimiques en 2050
-

R - Mars 3
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Exemple #2 : Relations biodiversite-fonctionnement

2 e «
Bfodwersnty (:) @ o i :t; ;TE -
BEF
debate

Envir&ﬁ'ﬁnent and
disturbance

e.g., above- and
below-ground
multiple functions

>
|

Ecosystem Functioning (EF)

and species

Ecosystem

ecological
functioning

mechanisms

Biodiversity (B)

DPE

= = - Niche complementarity effect :
— Resources availability Global change
- = and heterogenity O drivers and events
~ 4 c o .85 Environment
SN = -.8 g = 2 S = = and disturbance | == """ 777t
NN BER : :
[Pt © QY = . .
/ \ 0% - T B w C 4] 7)) . .
/ \ o @ %) cC o —D o =2 ' *
\ | »n © £ T O 2o ' '
\ | @ 2 © O o a‘c 1 [}
\ 62 g9 8w © ' :
; o5 5 gE EE ' '
| >5 =89 o902 : VA :
\ /] @ o= HEU)S ' V :
\ Y o35 s 3o IS= it ' Plantdiversity '
/ BT 80 58035 : :
- =3 a=0% . :
- 37 hngoe ; :
o @ ' '
1 L}
— - '
—— T Competitive exclusion effect : :
' 1
-+ > : BEF theoriesand '
T, . ; ;
L] ]
1 1
1 L

A} . <
@ \ ' : ,
7 ;
: \ & Sustainable
y ears Biodiversity Conservation e

Ecosystem
conservation

BEF d e b ate and ecosystem [ E—-. E:::yif:‘::‘ ...... h?:::: :,:ﬁ_
restoration being
Taxonomic diversity Functional trait Phylogenetic diversity Structural (size) ()
diversity and and evolutionary diversity
identity history and complexity

composition

Ali, 2023. https://doi.org/10.1016/j.biocon.2023.110210
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mi® OPEN ACCESS ")

Check for
updates

A synergistic future for Al and ecology

Barbara A. Han*'(®, Kush R. Varshney®'®, shannon LaDeau® ©, Ajit Subramaniam®(®, Kathleen C. Weathers* ),

and Jacob Zwart?®

PNAS 2023 Vol.120 No.38 e2220283120

deep learning

hierarchical Bayes

expert systems

partial
differential equations

Legendre (1805) .

linear regression

Poincaré (1890) @

https://doi.org/10.1073/pnas.2220283120

Many .
Hinton et al. (2012) @) ecologists | Friage dataets
(ca. 2016)

ecosystem processes

Geffand & Smith (1990) @O Clark (2001)

natural resource
management

Felgenbaum (1965) @® O coulson (1987)

O Fisher (1937) population growth

natural inheritance

O Galton (1984)

Euler
(1736)
graph theory . O Camerano (1880) food web
8 g 2 g
g g 8 g 2 &
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Une accélération récente

. REVIEWs |
—CONCEPTS
Big data and the future of ecology Trends in ecology: shifts in ecological research
Stephanie E Hampton'®, Carly A Strasser?, Joshua ] Tewksbury’, Wendy K Gram*, Amber E Budden’,
Atrfher L Batchelretrﬁ, Clifforg S Dttlke?, anci]]c_)hn 11 Porter® ' Y themes Over the paSt four decades
Eront Ecol Environ 201 3; 11 (3 ] : 156-1 62, dOi: 10. 1890,"1 20103 Emily McCallen’, Jonathan Knott', Gabriela Nunez-Mir, Benjamin Taylor, Insu Jo, and Songlin Fei*

Front Ecol Environ 2019; doi:10.1002/fee.1993

« Ecology has experienced rapid growth over the past four
decades, propelled largely by advancements in technology,
availability of big data, and a new awareness of the con-
nections between human and natural systems

* Ecologists collectively produce large volumes of data through
diverse individual projects but lack a culture of data curation
and sharing, so that ecological data are missing from the land-
scape of data-intensive science

* To fully take advantage of scientific opportunities available in » By analyzing a large body of ecological literature, we show
the information age, ecologists must treat data as an enduring that ecology has expanded beyond classical-, plant-, and
product of research and not just as a precursor to publications population-oriented themes to cover anthropogenic and

* Forward-thinking ecologists will organize and archive data for more contemporary, data-rich, micro- and macroscale themes
posterity, publicly share their data, and participate in collabora- « The increased availability of complex data and advances
tions that address large-scale questions in technological and analytical capabilities have expanded

ecology from a classical theoretical discipline to a data-
driven, multidisciplinary science focused on applying
ecological knowledge to real-world problems

10
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Description de la biodiversité

J.-J. Audubon (1785-1851)

(1) Microphones
Detecting il
Counting Il

Classifying I

Measuring Il

Detecting il
Counting Il
Classifying

Measuring il

(3)_Geophones
Detecting
Counting Il

Classifying Il

Measuring il

(@ __ Sonars
Detecting il
Counting Il

Classifying Il

Measuring Il

PROGRAMME
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Monitoring
steps

.,

4847

Reseived: 1T April 2022 | Revieed: 9 Augua M2 | Accepled: & Sepiessber 2022

DO D01 LD L Pede 14023

SYNTHESIS

@ WILEY

Towards the fully automated monitoring of ecological communities

Marc Besson'” | Jamie Alison™ | Kim Bjerges
Toke T. Haye™ © | Tommaso Jucker'® | Hjalte M. R. Mann®"
Christopher F. Clements'
Automated
technologies (a) Newsound  New image Convolutional and pooling layers

Acoustic wave recorders 8
1. Data collection Chemical recorders 3
Electromagnetic wave sensors oo =l
=
Sensor networks "5’-
Wireless sensors \ 3
Spectogram RGB 5
n Computer audition & vision packages 3
3. Knowledge extraction . ] . £
Machine learning Predictions o
ol { Sparrow O g
3 ——— . " Woodpecker O g
Traits Abundances Distributions Interactions = Duck © Chicken OERY S
5 i o From sound From image =
Behaviour Phlgf"""gy x15 ‘3 42]39] 3838 4766
L k@ /yelocily 4‘ x9 o 41(32/ 4527 62|53 (2]
= ! j274524 L2
A. von Humboldt (1769-1859) ® 2 B |cemnwa 2
D LR > ".’ X48 ® 3&v36v37.28 64 25 %
Morphometrics t=- 40/26/37|33 31 29 =
ﬁ 39 54 55 44 46 22 ;I_l'
@  Typical input matrix o
& (i) Radars VR B 3
@ \:’\" - Detecting-
= Counting Il
Classifying Il

| Measuring

Thermal & IR cameras
',d Detecting i |

2 Counting Il

Classifying Il
Measuring Il

(9 Flow cytometers
‘ Detecting il
Counting Il
Classifying il
Measuring [l '

0. AW

(5)ESPs & eDNA (6) Digital cameras (7)Hyperspectral cameras LiDAR sensors
Ec):etecting i | %etecting | Eéetecting N | %etecting i |
ounting I ounting I ounting I ounting Il @Qﬂl
W=7, Classifying I T Classifying I Classifying I Classifying Il il
Measuring il Measuring il Measuring il Measuring il i

Besson et al., 2022. DOI: (10.1111/ele.14123)

| Thomas E. Gorochowski'® |
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Focus sur les insectes

(A) (B)

Computer vision

c
[~}
=
Q
2
©°
o
«
®
a 2 -
Images Insect sounds
Machine learning Machine learning
o 9= Juw
e, s o—/f\
o
e %‘ %‘
3 Classification Classification
@
o P P
= A -
8 q " § i
8 Reference libraries Reference libraries
= Custom built library c « Some terrestrial
« Digitized museum lnsgm groups
collections (crickets, cicadas)
« Citizen Science
s « Taxa list « Taxa list
a2 L -
-é « Activity « Activity
P = Abundance « Occurrence
8 « Interactions

Trends in Ecology & Evolution, October 2022, Vol. 37, No. 10 https://doi.org/10.1016/j.tree.2022.06.

Acoustic monitoring

(©)

Radar

Airspace monitoring

Terrestrial radar systems
incl. weather surveillance radar

Electromagnetic waves emitted
by a transmitter are reflected by
insects.

®

« Distance profile
« Classification
« Particle size

« Biomass

« Body size
distribution

+ Movement

(®)]

Molecular methods

!

- =
O L T
o N k 7% ’ ‘:
" R ST

Collected insects and
environmental samples

DNA bar- Metabar-
coding coding
Section Complex

|t | ofa mixture
‘t/ specific samples
‘| gene

-

-

Reference libraries

=

« BOLD (barcode of
life data systems)

« GenBank

« Taxa list
+ Occurrence
« Interactions

¢ CelPress

Trends in

Ecology & Evolution

Emerging technologies revolutionise insect
ecology and monitoring

Roel van Klink

Telea T Llm.~ 10—

= Taxa === Biodiversity metrics

12x@
)

lmmmenimmn~ 110

Horizon-scanning

Tom August,®® Yves Bas,** Paul Bodesheim,® Aletta Bonn, ' Frode Fossey, *®
1.12 16

MAdmn LINA MAmnm 1874 A i M liemtdn 15.@ T Paalin

x0fV
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0 imaging o, 0ss T (asees®™ cot gen®
mOrphobg - Ca""'eras A <@ Achn o
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= processing _ s S traps Insect blood ™= indicators 5
O  oflargeca C‘fﬂﬁs:gf:;gge"s_ s meals (iDNA) Onsiteauto-  mem
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= Sampling

= Analysis, Processing
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T Moths complement bumblebee

roplsocietypublishing orgjourmalrsl pollination of red clover: a case for

Approches fonctionnelles " tpanigh e el

Research heck tor Jamie Alison'?, Jake M. Alexander®, Nathan Diaz Zeugin®, Yoko L. Dupont',
e Evelin Iseli®, Hjafte M. R. Mann'? and Toke T. Hoye'?

Cite this article: Alison J, Alexander JM, Diaz

L L S S i T U S T U SO SO TRPR D SR '

—
=
e

b'bee + moth visits (b) bbee visits

A B A A
504 n=7 n=16 n=13n=10

[l moths

B bumblebees
other visitors

20 —

== T. pratense cover

®» o o
| | |
seed set of T pratense inflorescence (%)
2 3
l l

no. visits/
cover of T. pratense flowers (%c)

10 —
(=
I | | I I |
§ " = " g "
= =]
b= "':"5 = :g a :g
E ° °
190 195 200 205 210 215 220 225
day of the year

Figure 1. (a) Study site in the Calanda region of the Swiss Alps (photo cedit: E.L). (b) Image from a time-lapse camera, midday, 20 July 2021. (c) Probable Bombus
lapidarius visit. (d) Noctua pronuba visit. (e) Frequency of Trifolium pratense visits from moths (dark blue), bumblebees (blue) and other visitors (light blue), as well
as T. pratense cover (pink line) recorded by ameras throughout summer 2021.
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Deep learning and computer vision will

Approches fonctionnelles transform entomology

A

Bombus lapidarius

Toke T. H;zye_"'b"I , Johanna ﬂrje"b'c , Kim Bjerge"j . O.skar L. P. Hansen®?®%9(%, Alexandros Iosi'ﬁ.disll .
Florian Leese'®, Hjalte M. R. Mann®P@®, Kristian Meissner'®, Claus Melvad®?®, and Jenni Raitoharju/

PNAS 2021 Vol. 118 No. 2 2002545117 https://doi.org/10.1073/pnas.2002545117
F G
3500 0.125
== Apis mellifera
3000 - . Bombus lapidarius
) — Episyrphus balteatus @ 0.100
2 2500 3
c c
S 2000 < 0.075-
8 c
S 1500 £ 0.050]
E 1000 g
£ o 0.025
500
E 0_ . 0Ifl|||IIIII|IIIII|IIIII
S 175 200 225 250 275 0 6 12 18 24
§ Day of the year Time of day
3
<

Episyrphus balteatus
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Approches multi-échelles

S
integration across scales '\$\

disruption of host-microbe interactions

_F?q_

environmental drivers
ecosystem change

microbiome dDropertles
microbial diversity

pathogen abundance
metabolomic diversity

nutrient exchange
virulence factors
chemical communication

ecosystem propen‘ies
primary production
habitat complexity
carbon sequestration
biodiversity %

©

Data acquisition

PERSPECTIVE

()]

Check for
updates.

Al:z: |DSystems

The Future Is Big—and Small: Remote Sensing Enables Cross-
Scale Comparisons of Microbiome Dynamics and Ecological
Consequences

Deanna S. Beatty,® Lillian R. Aoki,”< ® Qlivia J. Graham,* ¥ Bo Yang®

mSystems 6:€01106-21. https://doi.org/10.1128/mSystems.01106-21.

Data processing, cleaning and merging

1m—10m

/‘Icm—1m

&

UAV

Aerial

in situ fieldwork sampling points

10m — 1km Auxiliary data\ / \
Spectral
Temperature Raster Data sigigtr:re
— NDVI, LAI,
Precipitation (—1 Vector Data GLl..:
: Chiorophvilzas | | | o i
Mlit
Satallie Turbidity g
»
Elevation J %
T Targetedor-
ey =>| Metabarcoding gPCR  Untargeted =
. metabolomics
Salinity
Sampling Discharge / \ Microbial and metabolomic diversityj

Integrating cross-scale data

Machine learning Spatial statistics

I

Predicting microbial and \ / - . \
metabolomic diversity Ensemble hSpatla_I =
model sharpening
Disentangling multiple
spatiotemporal stressors <: ¢>
Random Temporal
Validating model and Forest trend
determining uncertainty / \ k
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Approches multi-echelles : ’'exemple de Terra Forma

Projet Equipex+ (coord. L. Longuevergne, RO oo | O -
T B oo O e @ RIS
Géosciences Rennes, OSUR). Sy e e @
- - : - L = e co2 ::T:: dioxyde - N
] - = L] R - : ‘ 3 ‘ ,. 4 | co 3 0 ¥ o - Connected beehi
Plateforme d’observation in-situ qui PR 5 . A

s’'appuie sur des réeseaux de capteurs
intelligents et connectes, a faible
consommation energeétique, et une
Infrastructure de communication adaptative “‘*"*"@x,f,
pour traiter I'information en ligne. :

Coupler les points de vue sur les
dynamiques humaine, biotique et abiotique
et leurs interactions au sein des territoires.

https://osur.univ-rennes.fr/actualites/terra-forma-un-nouveau-paradigme-pour-lobservation-des-territoires

16
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L’essor des SRP
¥ eBird

eBird Growth Cornelllab Y

Monthly observations

32,000,000
24,000,000
16,000,000

8,000,000

0

Maonthly checklists

2,000,000
1,500,000
1,000,000

500,000

Monthly eBirders
150,000

100,000

50,000

0
‘02 '03 '04 ‘05 '06 07 08 '09 10 ‘1M 12 13 14 15 e 17 18 19 20 ‘21 22 23

Data froen jan 2000 - Now 20233

930 000 contributeurs ; >1,6 Md observations
Carte d’abondances et de répartition pour 2424
especes

Tendances des populations pour 852 especes
> 900 ACL nttps://ebird.org/nome

- Pl@ntNet

\/ \_/ base de donnée i pN

25038 660

images observations

Portails de données
PI@ntNat app 1A - de biodiversité

— ] A2 GBIF

Global Biodiversity

—_— u- S Infarmation any

Pl@ntNet

espéces données
reconnues d'apprentissage

== | eaflet | © Esri, l-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGF, and the GIS User Community, GBIF

5947914 20815515 943981154 21861894

comptes observations requétes votes

1012824 524 436,51 To

images requétes stockage

https://plantnet.org/
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Vers des jumeaux numeériques

(B)

N
Sensor data ™~

Rl )’!’9'.'.'.0!

-
!“;& Environmental data

it 4 \/
2 - ' 3” & .vf" @
; ,7-,,‘,-5 D & =@

' ‘ bservation data
N « ©8 U Link with other Dom

main kn [ feedbacl .:*
digital twins

Trends In Ecology & Evolution

Trends in Ecology & Evolution, October 2023, Vol. 38, No. 10
https://doi.org/10.1016/|.tree.2023.04.010

¢ CelPress Trends in

Ecology & Evolution

Digital twins: dynamic model-data fusion for
ecology

Koen de Koning @, @ Jeroen Broekhuijsen, ? Ingolf Kithn ©,34° Otso Ovaskainen ©,578
Franziska Taubert @,° Dag Endresen ©,'%* Dmitry Schigel ©, " and Volker Grimm ( 512

Trends in Ecology & Evolution, October 2023, Vol. 38, No. 10
https://doi.org/10.1016/j.tree.2023.04.010

Architectures logicielles, protocoles,
workflows

Echelles, resolution, objectifs

Biais dans les données d’entrée
Communication des sorties du modeéle

18
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3. Agroecologie, ecologie et numerique :
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Opportunités — des contextes et des données pour :

« Quantification de processus écologiques : relations inter-spécifiques, cycles
biogéochimiques...

« Test d’hypothéses/modeles, e.g., Biodiversitée-Multifonctions

» Elargissement de la base d'observation => On-farm experiments, reseaux
experimentaux

* Analyse d’interactions entre facteurs et processus a différentes eéchelles, incl.
pratiques de gestion et dynamique systemes en transition

« Transfert vers d’autres systemes (capteurs, algorithmes...)
« Jumeaux numerigues : exploitations, mosaique paysagere...

« Approches interdisciplinaires/transdisciplinaires => SRP, sciences de la
durabilité/sciences transformatives
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