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Malgré  les  di f f icu ltés  l iées  à  la  cr ise  sanitaire  C ovid-19,  tout  le  monde reste  sur 
le  pont  de  la  S cience,  en par t icul ier  les  plus  jeunes  qui  ont  organisé  et  par t ic ipé 
à  d’AMAPhD+ 2020.  L a  Direct ion leur  en est  reconnaissant . 

Les  quest ions  de  recherche abordées  dans  cette  édit ion s’ inscr ivent  dans  les 
(ou plus  souvent  aux inter faces  des…) 3  axes  thémat iques  du projet  2021-2025 
d’AMAP présenté  à  l’HCERES en début  d’année:  BIODIVERSITE -  systématique, 
biogéog raphie,  écolog ie  ;  BIOMASSE -  dy namique et  produc tion des  plantes  e t 
des  peuplements   ;  PL ANTES NUMERIQUES -  modèles ,  analyses  e t  données  de 
l ’organe aux écosystèmes. 
Les  synthèses  de  ce  fasc icule  i l lustrent  remarquablement  les  approches 
interdisc ipl inaires ,  voire  t ransdisc ipl inaires ,  qui  const ituent  le  fondement  des 
programmes de  recherche success i fs  d’AMAP depuis  sa  créat ion.  L’ innovat ion 
s’appuie  sur  l’appropr iat ion et/ou le  développement  de  méthodes  et  d’out i ls 
puissants  pour  l’acquis it ion de  données ,  l ’ana lyse  et  la  modél isat ion des  plantes 
et  des  écosystèmes.  Citons  en par t icul ier  ceux faisant  appel  à  la  té lédétect ion 
(TLS,  imager ie  mult i -  e t  hyper-spectra le ,  e tc . ) ,  à  la  modél isat ion mathémat ique 
spat io-temporel le  à  évènements  discrets  ou cont inus ,  ou encore  aux ontologies 
et  aux méthodes  d’apprent issage  machine sur  des  grands  jeux de  données 
d’ images .

A l’ heure  où nous  écr ivons  cet  éditor ia l ,  nous  ne  sommes pas  sûr  que cet 
événement  aura  l ieu en présent ie l   !  Mais  ce  dont  nous  sommes cer tains ,  c’est 
de  la  mot ivat ion et  de  l’espr it  de  sol idar ité  qui  règnent  à  AMAP pour que ne 
cesse  cet  é lan de  recherche plus  que jamais  indispensable  au ser vice  des  grands 
enjeux auxquels  nous  devons  faire  face…

B onne lec ture…

L a Direct ion  :  Thierr y  FOURCAUD et  R aphaël  PELISSIER
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Evaluation of the performance of automatic processing 
chains to extract tree and plot metrics using TLS data in 
natural tropical forest

Terrestr ia l  L iDAR S canning (TLS)  data  are  of  great  interest  in  forest  ecolog y 
and management  because  they provide  detai led 3D informat ion on tree  and 
plot  st ructure.  Automat ic  procedures  are  increas ing ly  used to  process  TLS 
data  in  order  to  extract  indiv idual  t rees  a long with a  number  of  volumetr ic 
and architec tura l  metr ics  over  ent ire  sample  plots .  With the  advent  of  these 
a lgor ithms,  a l lowing fast  process ing of  a  large  number  of  t rees  comes the  r isk 
of  results  of  unknown rel iabi l ity  due to  the  absence  of  systemat ic  control  on 
the  outputs .  In  the  present  study,  we eva luated est imat ion errors  at  the  t ree  and 
plot  sca le  of  four  automat ic  extract ion procedures  on var ious  metr ics  such as 
aboveground wood volume.  For  that  purpose,  we manual ly  processed TLS data 
f rom 65 scans  col lec ted on a  1-ha plot  of  undisturbed tropica l  forest  to  ser ve 
as  control  data  to  be  compared with automat ic  procedures .  We obtained a  set 
of  391 human-ass isted processed t rees  as  reference  to  eva luate  the  outputs  of 
automat ic  procedures .  Our results  showed that  fu l ly  automated procedures  led 
to  median relat ive  errors  on tree  wood volume ranging f rom 39.4  % to  114.7  % 
depending on the  procedure.  When aggregat ing t rees  into  plots ,  we found that 
one of  the  fu l ly  automated procedures  led to  mean error  levels  c lose  to  10% at 
the  1-ha sca le  whi le  the  three  others  led to  errors  higher  than 30%.  For  t ree-
level  crown metr ics ,  the  median error  for  crown projec ted area  ranged f rom 
46.1  to  58.58 % and for  crown hul l  volume f rom 71.5  to  88.39 %.  We fur ther 
focused on each step of  the  TLS data  process ing chain ( i .e  t ree  isolat ion, 
wood leaf  separat ion and tree  reconstruct ion) ,  to  quant i f y  it s  contr ibut ion to 
the  f ina l  error  on wood volume.  We found that  isolat ing t rees  us ing human 
ass istance  div ided the  error  on tree  wood volume by a lmost  ten ( f rom 241.3 
to  26.06 %).  At  the  1-ha plot  sca le ,  providing t ree  locat ions  to  the  a lgor ithm 
div ided the  error  by  three  ( f rom 33.67 to  11.58 %).  Our results  suggest  that ,  in 
st ructura l ly  complex t ropica l  forests ,  fu l ly  automat ic  procedures  may provide 
poorly  re l iable  metr ics  at  t ree  and plot  sca les  when the  outputs  are  produced 
without  any human inter vent ion,  whi le  l imited human ass istance  inputs  such 
as  providing t ree  locat ions  can great ly  reduce the  errors .

Keywords:   Terrestrial LiDAR Scanning; forest; ecology; estimation errors

Presenter: Gislain II MOFACK
Email: mgislain2@yahoo.fr
Scientific 
Supervisors:

Olivier MARTIN-DUCUP, Nicolas BARBIER, 
Pierre COUTERON & Bonaventure SONKE
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Figure 1.  AGWNPP prediction map calculated from the canopy gain map from 2009 to 2019 at 
a spatial resolution of 60m; the shapefile of the plots are overlaid with the treatment label. Right: 
TWI for a resolution of 20m derived from the 2015 elevation map using the software GRASS: 
7.8.2

Figure 2. AGWNPP regression model, each point representing a 120 x 120 m graph. The diffe-
rent forest types are color-coded (T0: undisturbed forest, T1 to T3: felled on plots ordered by the 
increase in disturbance). The solid lines correspond to the regression line and the 0.95 confi-
dence interval in shaded tones.
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Contribution of multi-temporal LiDAR for estimating 
biomass fluxes: Productivity

Presenter: Claudia Milena HUERTAS GARCIA
Email: clauhuertas@gmail.com
Scientific 
Supervisor:

Grégoire VINCENT & Raphaël PÉLISSIER

L arge-sca le  vegetat ion mapping,  character ized by repeated airborne laser  scans 
(ALS -  L iDAR),  should s igni f icant ly  improve our  abi l ity  to  model  and map 
tropica l  forest  carbon f luxes  and stocks ,  as  wel l  as  s igni f icant ly  improve our 
understanding of  the  determinants  of  spat ia l  and tempora l  var iat ion,  reducing 
sources  of  uncer tainty  in  g lobal  models  of  vegetat ion dynamics .  (Lovenduski 
and B onan,  2017;  Vincent  et  a l . ,  2014) .  Such studies  would a lso  provide  data  to 
s imulate  future  impacts  on biodivers ity  and ecosystem ser vices .  This  thes is’s 
genera l  objec t ive  is  to  contr ibute  to  a  better  understanding of  the  dynamics 
and structure  of  t ropica l  forests  us ing avai lable  aer ia l  L iDAR data  on ~100 km2 
of  French Guiana.
In terms of  dynamics ,  we found that  it  i s  re l iable  to  model  net  epigenet ic 
pr imar y woody product iv ity  (AGWNPP) f rom ALS data  on a  number  of 
di f ferent  plot  s izes  (5 .8 ,  1 .4 ,  0 .4  ha)  and tempora l  resolut ions  (10 years  and 5 
years  and two years)  in  both natura l  and success ive  forests  ( for  s i lv icultura l 
pract ices)  in  Paracou Research Stat ion.  We f irst  determined the  most  re l iable 
and robust  predic tor  der ived f rom LiDAR to  descr ibe  AGWNPP,  se lec t ing the 
Median Canopy Gain indicator.   Regarding environmenta l  fac tors ,  the  spat ia l 
predic t ion revea led a  st rong correlat ion between pr imar y product iv ity  and 
Topographic  posit ion index (T WI).  L ikewise,  a  s igni f icant  negat ive  correlat ion 
was  obser ved between the  Median Canopy Gain and the  mean wood density. 
Our results  improve our  understanding of  forest  growth’s  spat ia l  patterns , 
providing a  new perspect ive  on large-sca le  monitor ing of  t ropica l  forests , 
which is  par t icular ly  essent ia l  for  understanding fac tors  inf luencing forest 
product iv ity  and providing informat ion for  the  analys is  of  interact ions  with 
environmenta l  fac tors  and a lterat ions  caused by cl imate  change.

Lovenduski ,  N.S . ,  B onan,  G.B. ,  2017.  Reducing uncer tainty  in  projec t ions  of 
terrestr ia l  carbon uptake.  Environ.  Res .  Lett .  12 ,  044020. 
Vincent ,  G. ,  Sabat ier,  D. ,  Rut ishauser,  E . ,  2014.  Revis it ing a  universa l  airborne 
l ight  detect ion and ranging approach for  t ropica l  forest  carbon mapping: 
sca l ing-up f rom tree  to  stand to  landscape.  Oecologia  175,  439–443. 

Keywords:  Canopy gain; forest dynamics; Airborne Lidar; modeling; tropical forests; 
productivity



16

Figure 2. Botanical inventory of 2015 on a plot of Paracou. Each dot color corresponds to a diffe-
rent species. We also see part of the crowns segmentved thanks to LiDAR on the plot

Figure 1. VNIR and VSWIR mosaics + LiDAR data used to segment crowns
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Mapping tropical forest diversity from multi- and hyper-
spectral imagery

Presenter: Colette BADOURDINE
Email: firoza.badourdine@gmail.com
Scientific 
Supervisors:

Raphaël PÉLISSIER, Grégoire VINCENT & Jean-
Baptiste FÉRET

Tropica l  forests  are  receiv ing increas ing attent ion g iven the  rapid loss  of 
biodivers ity  due to  the  combined act ion of  g lobal  warming and increas ing 
anthropogenic  pressure.  There  is  a  need to  go beyond monitor ing deforestat ion 
and to  set  up monitor ing systems capable  of  assess ing t ropica l  forest  degradat ion 
in  terms of  biodivers ity.

We use  a  botanica l  inventor y  where  each t runk is  ident i f ied on the  ground as 
wel l  as  a  par t ia l  inventor y  of  the  crowns segmented by L iDAR data  on ver y  high 
resolut ion images  to  explore  the  re lat ionships  between spectra l  and biologica l 
divers ity  ( taxonomic and funct ional)  in  neotropica l  forests  and its  sensit iv ity 
to  spectra l  and spat ia l  resolut ion to  help  clar i f y  the  relevance and scope of 
a  future  hyperspectra l  sate l l i te  miss ion hera lding an obser vat ion system to 
monitor  the  evolut ion of  forest  biodivers ity. 

Hyperspectra l  data ,  because  of  their  high dimensional ity,  are  complex: 
methodologica l  needs  are  mainly  re lated to  the  qual ity  of  the  est imators  and 
their  res istance  to  noise ,  due to  spectra l  and spat ia l  var iabi l ity  of  the  obser ved 
elements .  Therefore,  we need to  f ind the  r ight  approach to  be  able  to  make the 
l ink with the  divers ity  measured on the  ground and to  determine what  can be 
measured v ia  spectra l  divers ity. 

The choice  of  a  divers ity  metr ic  requires  a  prel iminar y  analys is  in  order  to 
have  a  robust  interpretat ion of  the  s ignal :  knowing what  is  being measured 
when measur ing pixel  sca le  spectra l  divers ity  and what  are  the  fac tors  and 
components  of  spectra l  divers ity.  In  a  f i rst  ana lys is ,  we aim to  est imate  the 
intraspeci f ic  var iabi l ity  of  species  and del ineated crowns and character ize  the 
contr ibut ion of  SWIR data  on species  inter/ intra  var iabi l ity  and separabi l ity.

Keywords:  Hyperspectral ; LiDAR ; tropical forests ; modeling
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Figure 1. Time series of the spectral index «NDVI» (Sentinel-2 sensor) for two functional groups 
(red and blue)

Figure 2. Repeated acquisitions of multispectral and LiDAR data allow following phenological 
events at the crown scale in order to better interpret the satellite signal.
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Using dense optical time series to map the functional 
composition of tropical forests

Presenter: Pierre PLOTON
Email: p.ploton@gmail.com
Scientific 
Supervisor:

Raphaël PELISSIER

Tropica l  forests  provide  essent ia l  ecosystem and economic ser vices  and play 
a  key  role  in  some g lobal  biogeochemica l  c ycles ,  such as  carbon and water. 
However,  c l imat ic  and anthropogenic  pressures  could lead to  changes  in  the 
funct ional  composit ion of  these  forests ,  such as  an increase  in  deciduous 
species  in  forest  canopies  ( in  response  to  longer  drought  per iods)  or  in 
l ight ,  low wood density  species ,  which character ize  early  success ional  states 
( in  response  to  anthropogenic  disturbances) ,  which would u lt imately  result 
in  s igni f icant  modif icat ions  of  ser v ices  (e .g .  carbon sequestrat ion,  t imber 
product ion)  and of  pr imar y biologica l  funct ions  (photosynthesis ,  respirat ion, 
t ranspirat ion) .  Document ing ,  understanding and predic t ing ongoing changes 
in  the  funct ioning of  t ropica l  forests  is  thus  a  major  sc ient i f ic  cha l lenge.  By 
providing cont inuous and coherent  informat ion in  space  and t ime,  sate l l i te 
remote  sensing is  a  crucia l  tool  for  meet ing this  cha l lenge.  Moreover,  the 
increase  in  comput ing resources  avai lable  to  the  sc ient i f ic  community  (e .g . , 
Google  Ear th Engine plat form) coupled with the  recent  avai labi l ity  of  ver y  high 
spat ia l ,  tempora l  and spectra l  resolut ion opt ica l  sate l l i te  images  now opens  the 
way to  the  analys is  of  dense  t ime ser ies  (DTS,  Fig .  1)  at  sca les  suf f ic ient ly  c lose 
to  those  of  the  objec ts  ( t rees ,  s tands)  and processes  (phenolog y)  of  interest . 
My projec t  therefore  aims to  exploit  the  DTSs of  ver y  high resolut ion sensors 
to  map the  funct ional  composit ion of  forests  in  the  t ropics ,  and is  based on 
two main axes  :  ( i )  to  better  understand the  biophysica l  determinants  of  s ignal 
seasonal ity  in  t ropica l  rainforests ,  in  order  to  establ ish  a  method for  mapping 
the  funct ional  composit ion of  forests ,  and ( i i )  to  va l idate  the  potent ia l  of  the 
approach at  reg ional  sca le .  The f i rst  axis  wi l l  be  based on a  detai led f ie ld-based 
descr ipt ion of  changes  in  vegetat ion throughout  the  year,  in  exper imenta l 
measurement  s ites ,  notably  based on new technologies  (L iDAR ,  UAV, Fig .  2) . 
In  the  second axis ,  I  wi l l  deploy the  large-sca le  mapping method in  C entra l 
Afr ica ,  and wi l l  use  management  inventor y  data  cover ing c .  60 ,000 km² to 
adjust  and eva luate  the  map.

Keywords:  Tropical forests ; Phenology ; Functional composition ;  spaceborne optical time 
series 
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Figure 1. Intraspecific variability emerges from spatial hete-
rogeneity even in clones.

Output of the theoretical model. The X-axis is an environmen-
tal variable (light for instance) and the Y-axis is a response to 
multiple environmental variables (growth for instance). Lines 
are the mean growth of each species and ribbons are the 95% 

intervals. Each colour represents a species.

Figure 2. Growth is spatially autocorrelated when it results 
from spatially autocorrelated variables. Locally var intra < var 

inter.
Semivariograms of the growth simulated with the theoretical 

model. The X-axis is the distance between individuals and 
the Y-axis is the semivariance (half the mean of the squared 

differences of all pairs which are apart from this distance). The 
shape of the semivariograms indicates spatial autocorrelation 
of the data. Locally (here under 50 spatial units) intraspecific 
variability (blue, red) is smaller than interspecific variability 

(purple).

Figure 3. In Paracou, var intra < var inter in growth locally 
(<100m).

Only species with more than 20 individuals were conside-
red. Heterospecifics were selected from a sample of 10000 

individuals. The growth of pairs of individuals of the same plot 
and which were less than 100m apart was compared pairwise 
in order to compute the semivariance of conspecifics and of 

heterospecifics. These semivariances were compared thanks to 
a Mann-Whitney U test to assess significance.

Figure 4.  In Paracou, growth is a spatially autocorrelated 
variable

Example of a species (Carapa surinamensis) displaying spatial 
autocorrelation in the semivariogram of its growth (blue). 

The X-axis is the distance between trees and the Y-axis is the 
semivariance. Intraspecific variability is also smaller than 

interspecific variability (purple).
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Role of intraspecific variability in species coexistence in 
tropical forests

Presenter: Camille GIRARD-TERCIEUX
Email: camillegirardtercieux@gmail.com
Scientifics 
Supervisor:

Isabelle MARÉCHAUX, Raphaël PÉLISSIER & 
Ghislain VIEILLEDENT

Travel ing through one hectare  of  t ropica l  forest ,  i t  i s  poss ible  to  encounter  severa l  hundred di f ferent 
t ree  species .  Understanding how such diverse  species ,  compet ing for  a  l imited number  of  resources , 
can coexist  loca l ly  remains  one of  the  oldest  and most  fundamenta l  quest ions  in  ecolog y.  Dif ferent 
mechanisms contr ibut ing to  the  maintenance of  this  divers ity  within communit ies  have  been 
highl ighted.  However,  s tudies  to  date  have  largely  neg lec ted intraspeci f ic  var iabi l ity,  a lthough it  may 
account  for  a  s igni f icant  par t  of  the  var iat ion between indiv iduals  within a  community.  Intraspeci f ic 
var iabi l ity  is  somet imes  assumed to  contr ibute  to  species  coexistence  through invers ion of  the  loca l 
compet it ive  hierarchy,  and somet imes  to  l imit  stable  species  coexistence  by  mit igat ing interspecies 
di f ferences .   The mechanisms underly ing such a  posit ive  or  negat ive  ef fec t  remain unclear  and 
debated. 

Another  v iew of  the  intraspeci f ic  var iabi l ity  obser ved in  the  t raits  i s  that  it  i s  the  result  of  the 
response  of  species  to  the  mult iple  axes  of  the  ecologica l  niche,  whether  obser ved or  not .  Intraspeci f ic 
var iabi l ity  would then be  more the  s ignature  of  the  mult idimensional ity  of  the  niche,  rather  than a 
blurr ing of  di f ferences  between species .  This  v is ion has  been developed for  temperate  forests  and 
based on tempora l  responses ,  but  a  demonstrat ion in  a  spat ia l  f ramework and a  test  in  t ropica l  forests 
is  lacking.

The aim of  this  PhD is  to  contr ibute  to  a  better  understanding of  the  nature  of  intraspeci f ic  var iabi l ity 
and its  role  on the  coexistence  of  species  within t ropica l  t ree  communit ies  us ing di f ferent  approaches 
( l i terature  review,  data  analys is ,  model ing) . 

More speci f ica l ly,  the  aim are  to  ( i )  synthesize  the  di f ferent  hypotheses  put  for ward in  the  l i terature 
on the  role  of  intraspeci f ic  var iabi l ity  on coexistence,  and analyze  the  di f ferent  results  obtained 
according to  the  way intraspeci f ic  var iabi l ity  has  been considered;  ( i i )  us ing a  theoret ica l  model , 
show that  intraspeci f ic  var iabi l ity  can emerge f rom unobser ved axes  of  the  niche and be  completely 
exogenous (as  opposed to  var iabi l ity  that  emerges  f rom intr insic  di f ferences  between individuals) ; 
( i i i )  test  on rea l  data  sets  the  presence  of  spat ia l  autocorrelat ion in  growth and compare  intra-  and 
inter-speci f ic  var iance  loca l ly ;  ( iv)  integrate  intraspeci f ic  var iabi l ity  into  severa l  forest  dynamics 
models  based on rea l  data  and compare  the  results  obtained with the  di f ferent  models .  This  wi l l  a l low 
di f ferences  in  results  re lated to  the  st ructure  of  the  models  to  be  highl ighted and discussed.

Prel iminar y  results  :
-  A theoret ica l  model  shows that  intraspeci f ic  var iabi l ity  in  response  var iables  can emerge f rom 
clones  ( indiv iduals  with  the  same parameters)  in  a  heterogeneous  environment  and that  is  does  not 
imply  that  the  species  niches  overlap.
-  A theoret ica l  model  shows that  i f  the  environmenta l  var iables  that  impact  growth are  spat ia l ly  auto-
correlated,  then growth is  a lso  spat ia l ly  auto-correlated,  and that  the  di f ferences  between species 
result  in  intraspeci f ic  var iabi l ity  being loca l ly  smal ler  than interspeci f ic  var iabi l ity.
-  Analys is  of  the  Paracou data  conf irms that  growth is  spat ia l ly  auto-correlated,  and that  loca l ly 
intraspeci f ic  var iabi l ity  is  smal ler  than interspeci f ic  var iabi l ity.

Keywords:  Biodiversity ; Tree communities ; Demography ; Functional traits ; French Guiana
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The role of biodiversity on tropical forest response to 
climate and anthropogenic disturbance

Presenter: Daniela KREBBER
Email: daniela.krebber@gmail.com
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Supervisors:

Claire FORTUNEL, Géraldine DERROIRE & Eric 
MARCON

Understanding how g lobal  change impacts  the  biodivers ity  and funct ioning of  t ropica l 
forest  represents  a  major  cha l lenge for  ecologists .  In  the  face  of  rapid cl imate  and land use 
changes ,  determining the  separate  and joint  e f fec ts  of  mult iple  ecologica l  dr ivers  on tropica l 
t ree  per formance is  crucia l  to  better  understand the  mechanisms involved in  forest  dynamics 
and funct ioning.  Together  with  intr insic  species  character ist ics ,  abiot ic  fac tors  and biot ic 
interact ions  inf luence  indiv idual  t ree  per formance.  Although the  role  of  biot ic  interact ions 
and their  potent ia l  to  interact  with  abiot ic  fac tors  in  shaping communit ies  has  become apparent 
over  the  last  decades ,  these  dr ivers  have  mainly  been studied separately.  Whi le  biodivers ity 
has  been shown to  relate  to  forest  res i l ience  to  c l imate  extremes and disturbance events  on 
a  g lobal  sca le ,  i t s  role  in  mit igat ing these  ef fec ts  at  smal ler  sca les  remains  unclear.  Studies 
re lat ing t ree  species  divers ity  to  drought  ef fec ts  have  produced controvers ia l  results ,  revea l ing 
that  divers ity  does  not  systemat ica l ly  reduce impacts  of  c l imate  change in  forests .  Whi le  the 
biologica l  mechanisms leading to  var iat ions  in  obser ved biodivers ity  e f fec ts  between studies 
st i l l  remain unclear,  d i f ferences  in  species  st rateg ies  and complex interact ions  between 
neighbouring t rees  in  combinat ion with the  environmenta l  context  are  thought  to  play  a  key 
role .  To better  understand the  inf luences  of  biodivers ity  on t ropica l  t ree  response  to  g lobal 
change fac tors ,  a  promising way for ward is  to  invest igate  the  role  of  loca l  biot ic  interact ions 
in  combinat ion with a  t rait-based approach. 
My Phd examines  the  role  of  biot ic  interact ions  between neighbouring t rees  in  mediat ing 
t ree  response  to  c l imate  and disturbance.  I  fur ther  aim to  invest igate  in  which context 
neighbourhood interact ions  may act  as  buf fers  or  exacerbators  of  abiot ic  st ressors .  To this  aim, 
I  disentangle  the  separate  and joint  e f fec ts  of  neighbourhood crowding,  c l imate  and disturbance 
on indiv idual  t ree  per formance ( i .e .  growth and morta l ity)  us ing an indiv idual-based and 
spat ia l ly-expl ic it  hierarchica l  Bayesian model l ing approach.  I  leverage  species  hydraul ic 
t raits  that  can be  clearly  connected to  physiologica l  processes  shaping t ree  per formance a long 
abiot ic  and biot ic  gradients  to  capture  interspeci f ic  di f ferences  in  funct ional  st rateg ies .  My 
projec t  is  based on a  large  dataset  of  35  years  of  annual  and biannual  inventor ies  of  indiv idual 
t ree  growth and morta l ity  f rom the  permanent  forest  plots  at  the  Cirad exper imenta l  s ite  of 
Paracou,  French Guiana,  France. 
The main objec t ives  of  my work are  thus  (1)  to  model  the  joint  response  of  t ropica l  t ree  growth 
and morta l ity  to  neighbourhood crowding and abiot ic  dr ivers  ( i .e .  c l imate  and disturbance) ; 
(2)  to  invest igate  the  role  of  mechanist ic  t raits  in  governing interspeci f ic  var iat ions  in  i ) 
intr insic  t ree  per formance,  i i )  t reeresponse  to  c l imate  and disturbance,  i i i )  sensit iv ity  to 
neighbourhood crowding;  (3)  to  invest igate  how trait  s imi lar it ies  and trait  hierarchies  at 
the  neighbourhood sca le  mediate  forest  response  to  inter  annual  var iat ions  in  cl imate ;  (4)  to 
invest igate  i f  re lat ive  importance  of  neighbourhood crowding and abiot ic  dr ivers  changes  with 
the  intensity  and t ime s ince  anthropogenic  disturbance through logging. 

Keywords:  Biotic interactions; Tropical forest; Climate; Disturbance; Functional ecology; 
Bayesian Modelling
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Figure 1. Daily temperature recorded every two hours at five centimeters below ground during 
2018 -2019. (a) Chamrousse, France and (b) Pico de Orizaba, Mexico. Color represents each 
month from January to December.

Figure 2. Principal component analysis (PCA) of functional traits by site. (a) Chamrousse, 
France for all 11 plant species selected. (b) Pico de Orizaba, Mexico for all 13 plant species selec-
ted. Plant functional traits are SLA (specific leaf area, m2 kg-1); LDMC (leaf dry-matter content, 
g g-1); leaf thickness (mm); LA (leaf area, cm2); and plant height (cm).

Figure 3. Grime’s CSR scheme. (a) Chamrousse, France. Functional trait values for all 11 species.  
(b) Pico de Orizaba, Mexico. Functional trait values for all 13 species.  Each colored dot repre-
sents the value of an individual
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At higher  e levat ions  in  temperate  and arc t ic  environments ,  intraspeci f ic  funct ional 
var iabi l ity  in  (sub)a lpine  plants  shi f ts  towards  a  higher  tolerance  to  abiot ic  constraints . 
To invest igate  whether  the  same shi f t  occurs  in  the  (sub)a lpine  t ropics ,  we measured 
f ive  aboveground funct ional  t raits  of  plants  f rom 13 species  a long an e levat ion gradient 
in  Mexico and 11 species  in  France.  The f ive  t raits  were  speci f ic  leaf  area ,  leaf  dr y-
matter  content ,  leaf  thickness ,  leaf  area ,  and plant  height  in  24 species ,  represented f ive 
growth forms:  forb,  rosette ,  shrub,  t ree,  and tussock grass .  The main object ive  of  this 
thes is  i s  to  ident i f y  common patterns  and diss imi lar it ies  in  the  funct ional  responses 
of  (sub)a lpine  plants  a long an e levat ional  gradient  of  1  000 m in a  temperate  mountain 
(Chamrousse,  France)  versus  in  a  t ropica l  mountain (Pico de  Orizaba,  Mexico) .  We 
tested two main hypotheses  (H1)  Trait-e levat ion var iat ion is  not  homogenous among 
species  because  of  great  var iabi l ity  in  growth forms,  and (poss ibly)  the  more-divers i f ied 
biogeographic  or ig ins  of  species  in  Tropica l  Mexico.  Our second hypothesis ,  which 
concerns  the  di f ferences  between plant  st rateg ies  in  the  two ecosystems,  requires  more 
explanat ion.  Within par t icular  habitats ,  plant-strateg y di f ferent iat ion (which may result 
f rom intraspeci f ic  t rait  var iat ion)  can in  turn be  responsible  for  niche di f ferent iat ion, 
thereby determining whether  species  coexist  within a  habitat  or  not .  We reasoned that 
plant-strateg y di f ferent iat ion in  t ropica l  mountains  may be  greater  than in  temperate 
ones  because  of  the  temperate  mountains’  durable  winter  snow cover.  That  cover  not 
only  prevents  plants  f rom growing or  access ing l ight  for  a  large  par t  of  the  year,  but 
a lso  homogenizes  the  landscape,  and leaves  only  a  shor t  growing season.  In  contrast , 
the  absence  of  durable  snow cover  in  t ropica l  mountains ,  plus  the  lack of  a  marked 
seasonal ity,  a l lows plants  in  those  ecosystems f reer  access  to  microsites  such as  rocks 
and corners .  The plants  thus  have  greater  opportunity  to  interact ,  even as  the  large 
dai ly  temperature  var iat ions  dr ive  plant  species  to  the  l imits  of  their  genet ic  adaptat ion 
and phenotypic  plast ic ity.  Therefore,  our  second hypothesis  (H2)  is  that  plant  species 
f rom temperate  mountains  have  a  s imi lar  st rateg ies  (speci f ica l ly,  s t ress-tolerant  ones) 
whi le  species  in  t ropica l  (sub)a lpine  ecosystems develop a  range of  st rateg ies  to  adapt  to 
c l imat ic  st ress  and di f ferent  funct ional  responses .  As  a  prel iminar y  result  we found that 
that  t rait-e levat ion patterns  var ied strongly  among the  species  and growth forms.  Trait-
e levat ion patterns  for  species  of  t ropica l  or ig in di f fered f rom those  of  temperate-or ig in 
species .  The patterns  of  plant  organizat ion that  we found a long the  e levat ion gradient 
suggest  that  such data  must  be  considered carefu l ly  when drawing worldwide scenar ios 
of  how (sub)a lpine  biodivers ity  wi l l  respond to  cl imate  warming.

Keywords:  Growth form; Leaf functional traits; Plant height; Temperate vs. tropical; Plant-
strategy differentiation
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Possibilist analysis of discrete models of ecosystems using 
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The dynamic  of  an ecosystem can be  represented by a  state  and transit ion 
graph :  a  set  of  nodes  and edges  l inking the  poss ible  states  of  the  ecosystem 
(see  the  f igures  on the  le f t  for  examples) .  From the  early  studies  on plant 
community  success ion (Clements ,  1916)  to  the  management  of  natura l  park in 
the  USA (Westoby,  1989) ,  this  formal ism is  usual ly  used as  a  representat ion of 
empir ica l  data .  We propose  to  generate  such state  and transit ion graphs  f rom a 
model  based on discrete  events .  Those  models  generate  huge graphs  ( thousands 
or  mi l l ions  of  states)  that  require  speci f ic  analys is .  The lack of  analys is  tools 
may a lso  be  responsible  of  the  absence  of  detai led state  and transit ion graph 
based on empir ica l  data  (Walker  and Westoby 2020) .

Such formal ism has  been used for  decades  in  computer  sc ience  to  represent  the 
poss ible  execut ions  of  a  sof tware.  The state  and transit ion graph is  generated 
f rom the  source  code,  and is  tested on some speci f icat ions .  The usual  approach, 
ca l led model  checking,  tests  i f  a  bug can happen dur ing the  execut ion of  the 
computer  program (for  example  i f  the  Ariane navigat ion sof tware  can force 
the  space  shutt le  to  aim the  ground,  or  i f  a  miss i le  launcher  sof tware  can f ire 
on itse l f…).  Those  methods  are  able  to  test  complex proper t ies  on state  and 
transit ions  graph of  mi l l ions  of  nodes .

The main objec t ives  of  this  thes is  are  : 

(1) 	 To apply  model  checking methods  to  ecosystem state  and transit ion 
graph,  in  order  to  test  i f  the  t rajec tor ies  of  the  ecosystem a lways  ver i f y  a  g iven 
proper ty  (by  analog y with the  absence  of  bug) .

(2) 	 To develop a  new analys is  tool  represent ing the  di f ferences  between 
“bugg y”  and “bugless”  execut ions  (computer  sc ience  focuses  on the  presence 
or  absence  of  bugs ,  whi le  ecolog y in  interested in  the  causes  of  the  branching 
between di f ferent  t rajec tor ies) .

Keywords:  State and Transition models; Ecosystem dynamic; Succession; Community assembly; 
Model checking.
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Figure 2. Food secure part of the system dynamics (subspace). A) Full view of the subspace. Here, 
each node corresponds to a state of the system, and each link to a change in the system state. B) 
Merged view of the subspace. Each node corresponds to a stable food secure functioning of the 
system, while links correspond to transitions between different food secure types of functioning

Figure 1. Synthesis of the variables in the model of West-African village. Dotted circle 
represent the system, orange circle the Cropland area and its variables, in green the Range-
land area and its variables, and the intersection the common variables to both sub-systems.
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S ocia l-ecologica l  model l ing is  an ever-growing f ie ld  of  research.  Star t ing in 
the  early  20th centur y,  model l ing techniques  have  mult ipl ied with the  r ise 
of  computer  sc iences ,  being used for  theoret ica l  explorat ions ,  decis ion-help 
or  environmenta l  impact  assessment .  This  plura l ity  of  uses  is  associated to  a 
plura l ity  of  conceptual  f rameworks ,  and model lers  may need to  expl ic it  the 
theoret ica l  foundat ions  behind their  tools . 
Af ter  a  br ief  over view and discuss ion about  ecologica l  models  fami l ies ,  I 
wi l l  propose  some theoret ica l  and empir ica l  just i f icat ions  to  a  new kind of 
models  in  ecolog y.  These,  ca l led discrete-event  models ,  have  been extensively 
used in  systems biolog y to  study chemica l  react ion and gene-protein 
networks ,  compris ing hundreds  of  discrete  var iables  and interact ions .  Based 
on discont inuous system changes ,  they  compute  a l l  the  poss ible  t rajec tor ies , 
keeping t rack of  causa l  pathways  (sequences  of  appearance/disappearance of 
biologica l  or  ecologica l  components) .  They have  a  great  potent ia l  to  store  and 
synthesize  knowledge about  interact ions  and their  outcomes.  Just  as  in  biolog y, 
where  they are  used for  ident i f y ing therapeut ic  targets ,  we wi l l  defend their 
potent ia l  re levance in  socio-ecosystem management . 

Models  outputs  consist  of  up to  bi l l ions  of  states ,  and thus  need a  wel l -
adapted analys is  tool .  As  these  outputs  represent  non-determinist ic  system 
dynamics ,  tempora l  log ic  is  a  good candidate  as  it  a l lows ta lk ing about  t ime 
non-determinist ica l ly.  Temporal  log ic  has  been tradit ional ly  used by computer 
sc ient ists  to  check sof tware  proper t ies .  Their  use  in  biolog y dates  back to  the 
early  2000’s ,  where  suites  of  biologica l  quest ions  have  been formal ly  expressed. 
I  wi l l  t r y  to  argue that  tempora l  log ic  could help  ecologists  to  formal ize  key 
concepts  in  ecolog y (e .g .  food secur ity  or  ecologica l  niche) .

Fina l ly,  I  wi l l  show early  results  of  the  appl icat ion of  this  k ind of  models  to 
understand the  determinants  of  food secur ity  in  a  v i l lage  in  Burkina Faso (Fig . 
1) ,  ident i f y ing the  var ious  food secure  reg imes  of  the  system (Fig .  2) . 

Keywords:  Discrete-event models; Social-Ecological Systems; Temporal logic; Possibilism; Food 
security; System trajectories
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Figure 2.States graph describing all the possible dynamics for a trophic network containing six 
protists (A, B, C, E, T, P), between every possible state.

Figure 1. States graph describing the possible dynamics of a three-protists system (species initials 
are denoted A,P, T) Each node corresponds to a given state of the system defined by the species 
that are present in it ; arrows indicate the transitions between these states. Black dots correspond 
to the final results of six experiments, all starting from the P, A,T state.
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Real- l i fe  ecologica l  systems display  stochast ic  behaviour.  However,  the 
di f ferent ia l  equat ions  widely  used to  compute  the  dynamics  of  ecologica l 
networks  are  usual ly  unable  to  take  into  account  this  par t  of  their  behaviour, 
because  they are  determinist ic .  In  addit ion,  these  models  re ly  on a  large  amount 
of  parameters  that  are  of ten di f f icu lt  to  measure  precisely.

Using qual itat ive  and poss ibi l is t ic  models  based on transit ion ru les ,  we are  able 
to  character ize  a l l  poss ible  t ransformat ions  that  a  g iven ecologica l  network 
can undergo¹ .  Whi le  we cannot  access  f ine  detai ls  of  the  system’s  dynamics ,  i t 
a l lows us  to  obtain a  complete  map of  the  system’s  poss ible  t rajec tor ies .

We appl ied this  model  to  a  set  of  exper iments  that  studied the  sur viva l  or 
col lapse  of  communit ies  of  prot ists² .  Based on the  knowledge of  pair wise 
inter-speci f ic  interact ions ,  we are  able  to  ef f ic ient ly  predic t  the  set  of  poss ible 
outcomes and to  ident i f y  which community  composit ions  lead to  divergent 
results ,  as  wel l  as  the  corresponding bi furcat ions  in  the  system’s  t rajec tor y.

¹Gaucherel  and Pommereau,  Methods  in  Ecolog y an Evolut ion 10,  no.  9  (2019) : 
1615-27
²Weatherby,  Warren,  and L aw,  Journal  of  Animal  Ecolog y 67,  no.  4  (1998) : 
554–66.

Keywords:  Ecological networks ; Qualitative models ; Protists
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Figure 2. (Justeau-Allaire et al. 2020) : Mapping of a solution maximizing the integral index of 
connectivity (IIC).]

Figure 1. (Justeau-Allaire et al. 2020) : (a) Location of New Caledonia. (b) Location of the “Côte 
Oubliée” area. (c) Map of the “Côte Oubliée – Woen Vùù – Pwa Pereeù” provincial park, with 
included and adjacent existing natural reserves.]
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Curbing habitat  loss ,  reducing f ragmentat ion,  and restor ing connect iv ity  are 
f requent  concerns  of  conser vat ion planning.  In  this  respect ,  the  incorporat ion 
of  spat ia l  constraints ,  f ragmentat ion,  and connect iv ity  indices  into  opt imizat ion 
procedures  is  an important  cha l lenge for  improving decis ion support .
In  an ar t ic le  accepted in  Journal  of  Appl ied Ecolog y ( Justeau-Al laire ,  Viei l ledent , 
Rinck,  Vismara,  Lorca  and Birnbaum; 2020) ,  we presented a  novel  opt imizat ion 
approach developed to  accurately  represent  a  broad range of  conser vat ion 
planning quest ions  with spat ia l  constraints  and landscape indices .  Rely ing 
on constraint  programming,  a  technique f rom ar t i f ic ia l  intel l igence  based on 
automat ic  reasoning,  this  approach provides  both constraint  sat is fac t ion and 
opt imal ity  guarantees .
We appl ied this  approach in  a  rea l  case  study to  support  managers  of  the  ``C ôte 
Oubl iée  --  `Woen Vùù --  Pwa Pereeù’’  provincia l  park projec t ,  in  the  biodivers ity 
hotspot  of  New Caledonia .  Under  budget ,  access ibi l ity,  and equitable 
a l locat ion constraints ,  we ident i f ied restorable  areas  opt imal  for  reducing 
forest  f ragmentat ion and improving inter-patch structura l  connect iv ity, 
respect ively  measured with the  ef fec t ive  mesh s ize  (MESH) and the  integra l 
index of  connect iv ity  (IIC) .  MESH is  a  measure  of  landscape f ragmentat ion 
which is  based on the  cumulat ive  patch s izes  distr ibut ion.  Maximizing it  in 
a  reforestat ion context  favours  fewer  and larger  forest  patches .  On the  other 
hand,  I IC is  a  graph-based inter-patch connect iv ity  index based on a  binar y 
connect ion model .  Its  maximizat ion in  a  reforestat ion context  favours  restor ing 
structura l  connect iv ity  between large  patches .
Synthesis  and appl icat ions :  Our work contr ibutes  to  more ef fec t ive  and pol ic y-
relevant  conser vat ion planning by providing a  spat ia l ly-expl ic it  and problem-
focused opt imizat ion approach.  By a l lowing an exact  representat ion of  spat ia l 
constraints  and landscape indices ,  i t  can address  new quest ions  and ensure 
whether  the  solut ions  wi l l  be  socio-economica l ly  feas ible ,  through opt imal ity 
and sat is f iabi l ity  guarantees .  Our approach is  gener ic  and f lexible ,  thus 
appl icable  to  a  wide range of  conser vat ion planning problems such as  reser ve 
or  corr idor  des ign.

Keywords:  Systematic conservation planning; Restoration; Connectivity; Fragmentation; 
Constraint Programming; New Caledonia, Reforestation.
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Data  f rom f ie ld  obser vat ions  acquired in  par tnership with severa l  categor ies  of  ac tors 
( foresters ,  farmers ,  breeders ,  e tc . )  as  par t  of  agroforestr y  exper iments  have  been 
accumulat ing for  many years  now.  The management  and reuse  of  this  data  is  made 
di f f icu lt  by  the  mult ipl ic ity  of  media  and formats  used and by the  divers ity  of  the  ac tors 
and their  language.  In  addit ion,  agroforestr y  studies  require  systemic  approaches  to 
better  understand,  for  example,  agroforestr y  operat ions’  response  mechanisms to  c l imate 
change,  pests  and soi l  pol lut ion.  This  impl ies  l inking up with other  f ie lds  of  knowledge 
such as  c l imatolog y,  zoolog y or  pedolog y.

To help  the  agroforestr y  community  in  the  exploitat ion and shar ing of  their  data ,  in 
order  to  repor t  on the  evolut ion and ef fec t iveness  of  the  developments  they have  carr ied 
out ,  we propose  as  a  f i rst  objec t ive,  to  set  up a  knowledge model  (an ontolog y)  dedicated 
to  agroforestr y.  This  ontolog y wi l l  ser ve  as  the  bas is  for  capita l iz ing and shar ing data 
in  agroforestr y.

A second object ive  is  to  l ink agroforestr y  data  with  other  data  sets  in  other  knowledge 
areas  such as  the  environment  and terr itor ies .  For  example,  an agroforester  manager 
should be  able  to  eas i ly  compare  the  se l l ing pr ice  of  standing t imber  in  his  reg ion for 
di f ferent  t ree  species  that  he  would be  l ikely  to  plant  on his  agroforestr y  plot .

The dual  cha l lenge of  shar ing and interconnect ing data  in  agroforestr y  br ings  us  c loser 
to  what  is  current ly  pract iced within the  “semant ic  web” with di f ferent  tools  and methods 
to  promote  the  shar ing of  open and l inked data  sources .  S emant ic  web technologies 
provide  standard procedures  for  descr ibing and access ing resources  on the  web.  The 
l inked data  is  exploited and enr iched by technologies  such as  RDF,  SPARQL,  OWL and 
SKOS.  We reuse  semant ic  web standards  and exploit  a  range of  terminologica l  ontologies 
to  provide  an open and f lexible  knowledge model  that  can ref lec t  the  complexity  of 
data  a lready col lec ted in  agroforestr y.  This  new model  wi l l  be  able  to  connect  to  other 
knowledge models  a lready present  on the  Web.  Agroforestr y  exper t ise  l inked to  other 
exper t  areas  on the  web wi l l  fac i l i tate  the  creat ion of  decis ion support  tools  and thus 
provide  new solut ions  to  agroforestr y  pract ice .

Keywords:  Agroforestry, ontology, semantic web.
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Climate  change r isks  having a  st rong impact  on t ropica l  forests  through changes 
in  species  distr ibut ion and community  composit ion.  Species  distr ibut ion models 
(SDMs) are  commonly  used in  ecolog y to  predic t  the  ecologica l  niche of  a 
species  and its  vulnerabi l ity  to  c l imate  change but  they do not  take  into  account 
interact ions  between species  and ver y  of ten consider  only  an environmenta l 
f i l ter  to  predic t  the  occurrence  of  species  (abundance or  probabi l ity  of 
occurrence) .  Joint  Species  Distr ibut ion Models  ( JSDMs),  which have  recent ly 
emerged in  ecolog y,  a l low to  take  into  account  interact ions  between species 
to  predic t  their  occurrence.  This  approach is  par t icular ly  interest ing for  rare 
species  which can borrow informat ion f rom other  more abundant  species . 
These  models  provide  a  conceptual  f ramework for  integrat ing phylogeny or 
funct ional  t raits  to  explain di f ferences  in  occurrence  between species .  JSDMs 
have known a  rapid expansion in  recent  years  with  the  development  of  severa l 
l ibrar ies  to  f it  this  type  of  model  according to  di f ferent  stat ist ica l  approaches 
(R packages  HMSC,  g jam,  BayesC omm, B ORAL,  or  s- jSDM).  However,  these 
l ibrar ies  may have  some l imitat ions ,  they  do not  a l l  a l low ( i )  the  process ing of 
large  data-sets ,  ( i i )  extrapolat ion between obser vat ion s ites  to  obtain predic t ive 
maps,  ( i i i )  the  handl ing of  presence  only  data  ( typica l  of  herbar ium data  for 
example)  or  miss ing data .
The main object ives  of  this  thes is  are  :  ( i )  to  explain the  di f ferences  in 
vulnerabi l ity  of  species  to  c l imate  change f rom a  funct ional  and phylogenet ic 
point  of  v iew and ( i i )  to  predic t  changes  in  species  ranges  and tree  community 
composit ion in  French Guiana under  c l imate  change.  This  projec t  re l ies  on 
the  development  of  the  R package named jSDM (https : / /ecolog y.ghis lainv. f r/
jSDM) to  overcome the  l imitat ions  of  exist ing l ibrar ies  for  f itt ing joint  species 
distr ibut ion models  .  The jSDM package includes  a  Gibbs  sampler  with  block 
sampling of  parameters ,  implemented in  C++,  it  i s  opt imized and a l lows 
the  est imat ion of  parameters  for  large  datasets  in  a  l imited t ime.  Addit ional 
funct ions  wi l l   be  developed in  order  to  ( i )  integrate  phylogeny and funct ional 
t raits  as  explanator y  fac tors  for  di f ferences  in  occurrence  between species  and 
( i i )  to  be  able  to  spat ia l ly  extrapolate  occurrences  between sur veyed s ites  to 
obtain predic t ive  maps.
Keywords:  Tropical ecology;  Biodiversity; JSDM; Climate change; Functional traits and 
phylogeny; Bayesian hierarchical models; Monte Carlo Markov Chain;  Gibbs sampling
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Figure 1. Agroforestry system design workshops (Copyright UMR AbSys)

Figure 3. 	Picture from the prototype create by A. 
Tallaa (Copyright A. Tallaa). 

Figure 2. 	Mockup resulting from an agroforestry 
system design workshop (Copyright UMR AbSys)
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C onvent ional  agr iculture  has  numerous  drawbacks  such as  a  decrease  in  biodivers ity 
and soi l  qual ity  (Reganold et  a l . ,  1987) .  An a lternat ive  is  to  switch to  agroforestr y. 
Agroforestr y  is  a  farming method where  crops ,  t rees  and somet imes  animals  share 
the  same land (Dupraz  et  L iagre,  2008) .  This  method of fers  advantages  as  it  improves 
carbon capture,  soi l  and water  qual ity  and biodivers ity  ( Jose,  2009)  whi le  maintaining 
product iv ity. 

The des ign of  an agroforestr y  system is  a  complex task  that  involves  a  wide  range of 
choices  in  terms of  species ,  spat ia l  organizat ion,  crop management  under  var ious  loca l 
constraints .  In  order  to  fac i l i tate  agroforestr y  system design,  co-design workshop 
(B er thet  et  a l . ,  2016)  are  organized to  f ind the  opt imal  combinat ion of  crop and trees 
according to  the  interests  of  a l l  ac tors .  F igure  1  shows such a  co-design workshop where 
ac tors  move markers  corresponding to  the  t rees  or  crops  in  the  parcel .  However,  i t  i s 
di f f icu lt  to  integrate  the  t ime dimension into  this  system design process . 

Technologies  such as  augmented rea l ity  (AR) may overcome this  di f f icu lty.  AR is  a 
“technolog y that  super imposes  a  computer-generated image on a  user’s  v iew of  the  rea l 
world,  thus  providing a  composite  v iew” (Oxford Engl ish  Dict ionar y) .  AR is  se ldom 
used in  agr iculture.  In  the  proposed work to  des ign of  agroforestr y  systems,  AR is  usefu l 
in  two s ituat ions .  First ,  in  a  co-design workshop,  users  can move rea l  markers  for  the 
spat ia l  dimension and the  evolut ion of  the  e lements  can be  s imulated by the  v ir tua l 
objec ts .  In  addit ion,  this  technolog y is  a  fac i l i tator  of  exchanges  between the  ac tors 
in  the  des ign sess ion.  S econd,  in  s itu,  producers  wi l l  be  able  to  v isua l ize  the  v ir tua l 
evolut ion of  their  plot . 

C onsequent ly,  the  objec t ive  of  this  PhD is  to  ident i f y  the  AR-based methods  that  wi l l 
help  farmers  to  des ign an agroforestr y  system and,  in  par t icular,  help  them to  imagine 
the  future  aspect  and funct ioning of  their  system.  This  problem implies  others  quest ions 
about  the  representat ion of  e lements  and constraints .  An important  quest ion is  how to 
express  the  constraints  (physica l ,  funct ional)  through a  v isua l  or  sound ef fec t?  Another 
quest ion is  how to  normal ize  the  descr ipt ion of  a  scene?  A second type of  poss ible  results 
i s  the  col lec t ion and shar ing of  each exper t’s  knowledge on soi l ,  crop,  t ree,  ecosystem 
ser vices ,  lega l  aspects  e tc….

Keywords:  Augmented reality, agroforestry, plain graph visualization, knowledge representation, 
GUI, decision support tool
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Figure 1. The productivity and fertility of different frequencies and amounts straw mulching treat-
ments (a) Corn yield, (b) SOC storage, (c) TN storage, (d) TK storage, (e) TP storage. F values 
from a two-way ANOVA on the effect frequency (F) and amount (A) and their interactions (F × 
A) are also presented, significance levels are as follows: *P < 0.05. Different letters indicate signifi-
cant difference at P < 0.05 by LSD.

Figure 2. (a) Principal coordinates analysis (PCoA) of soil bacterial community composition 
based on Bray-curtis distance. The increasing gradient of the symbols’ size indicates the samples 
from surface to bottom layer. (b) Principal co-ordinates analysis (PCoA) of the bacterial commu-
nities in soil layers considering treatments, straw mulching amount, straw mulching frequency. 
Analyses of similarities (R) with the associated P value are shown.

Figure 3. Overview of the bacterial networks in the high frequency (a), and low frequency (b) 
soil samples. Node colors indicate different phyla. Red lines between nodes (links) indicate nega-
tive interactions, whereas blue lines indicate positive interactions.
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The mol l isol  in  nor theast  China has  been severely  degraded in  the  past  severa l 
decades  due to  long-term excess ive  convent ional  t i l lage  pract ices .  Although 
straw mulching ser ves  as  a  manageable ,  e f f ic ient  pract ice  that  has  been widely 
used to  restore  soi l  hea lth  and sustain ecosystem,  it  i s  unclear  how changing the 
f requenc y and quant ity  of  st raw mulching in  a  long run af fec ts  soi l  ecosystem 
and it  remains  e lus ive  regarding the  underly ing mechanisms associated with 
the  feature  and response  of  belowground microbiome in  the  process .  Here, 
we explored straw mulching ef fec ts  on bacter ia l  community  by  16S rRNA 
sequencing analys is ,  as  wel l  as  physiochemica l  parameters  and crop y ie ld, 
under  two f requencies  (high f requenc y with cont inuous mulching per  year  and 
low f requenc y with inter va l  mulching ever y  three  years)  and two amounts  ( low 
amount ,  33% and high amount ,  67%) of  corn straw mulching in  a  10-year  no-t i l l 
exper iment .  We found that  f requenc y of  st raw mulching s igni f icant ly  af fec ted 
bacter ia l  community  st ructure  in  deeper  soi l ,  where  at  5-10 cm high f requenc y 
of  st raw mulching showed s igni f icant ly  higher  bacter ia l  divers ity  and r ichness 
than low f requenc y.  The complex and close-knit  co-occurrence  network of 
bacter ia l  community  in  high-f requenc y straw mulching soi l  was  associated 
with predominated copiotrophs  and preferent ia l ly  metabol ic  funct ions ;  whi le 
the  s imple  and loose  co-occurrence  network together  with  ol igotrophs  and 
potent ia l  funct ion involv ing in  cel l  process  in  low-frequenc y straw mulching 
soi l .  High f requenc y of  st raw mulching maintained the  soi l  organic  carbon 
storage,  improved the  stocks  of  soi l  tota l  potass ium and phosphorus ,  and 
enhanced the  crop product iv ity,  which a l l  are  independent  of  whether  low 
or  high amount  of  st raw mulching was  appl ied.  Together,  suggest ing that 
low amount  with high f requent  st raw mulching (HF-33%) is  e f f ic ient  way 
to  improve soi l  bacter ia l  community  condit ion and opt imize  st raw resource 
use.  Our research revea led that  f requenc y must  be  considered when making 
reasonable  st raw management  to  ef f ic ient ly  improving soi l  hea lth .

Keywords:  Straw mulching; Frequency and amount; Bacterial community structure; Co-
occurrence network; Carbon source availability
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Figure 1 : Illustration of two sampling routes across a vineyard (Villeneuve-les-Maguelones, 
France) : 

At the top, a route that does not take into account the constraints of displacement (random 
sampling).
At the bottom, a route taking into account (i) the information provided by an auxiliary data 
and (ii) the travel constraints.
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In crop product ion,  cu ltura l  pract ices  (management  of  sowing,  inputs , 
har vest ing ,  e tc . )  are  reasoned based on the  informat ion avai lable  to  farmers . 
Accordingly,  est imat ion methods  by  sampling const itute  a  set  of  essent ia l  tools 
in  the  acquis it ion of  informat ion at  the  sca le  of  the  plot ,  the  crop management 
unit ,  in  order  to  better  reason inputs .  Based on a  sample  of  obser vat ions  carr ied 
out  at  a  few measurement  s ites ,  these  methods  a l low inferent ia l  est imat ion of 
the  proper t ies  of  the  distr ibut ion of  va lues  for  the  ent ire  plot .  Recent  work 
proposes  new sampling methods ,  integrat ing auxi l iar y  data  with  high spat ia l 
resolut ion such as  remote  sensing images  obtained by UAV, aircraf t  or  sate l l i te . 
These  data  are  access ible  at  a  lower  cost  and provide  exhaust ive  informat ion on 
the  spat ia l  var iabi l ity  of  the  plots  that  can improve the  accurac y of  the  est imate 
by  improving the  choice  and posit ioning of  obser vat ion s ites .  Var ious  sc ient i f ic 
works  have  proposed approaches  to  sampling or iented on the  auxi l iar y  database 
in  agr iculture.  Although providing interest ing results ,  these  methods  do not 
take  into  account  the  sampling ef for t  ( t ime,  distance)  required to  access  the 
measurement  s ites  and are  therefore  di f f icu lt  to  apply  in  a  product ion context . 
The object ive  of  this  thes is  i s  to  propose  new tools  for  sampling in  crop 
product ion based on the  use  of  auxi l iar y  data ,  in  order  to  address  the  double 
issue  of  the  precis ion of  the  est imate  and the  sampling ef for t .  To meet  these 
cha l lenges ,  severa l  constraints  and cr iter ia ,  both stat ist ica l  and agronomic, 
are  ident i f ied.  The sampling routes  are  then opt imized and selec ted according 
to  the  chosen cr iter ia .  The or ig ina l ity  of  this  work l ies  in  the  resolut ion of 
an agronomic sampling problem by combining methodologies  f rom two ver y 
di f ferent  sc ient i f ic  f ie lds :  s tochast ic  approaches  aimed at  character iz ing a  large 
number  of  candidates  (potent ia l  sampling s ites)  as  wel l  as  computer  opt imizat ion 
approaches  such as  constraint  programming or  operat ional  research a lgor ithms 
to  ident i f y  a  solut ion sample  among a  large  number  of  poss ibi l it ies .  Ult imately, 
the  proposed approach could const itute  a  decis ion support  tool  a l lowing to 
adapt  sampling to  each plot  with  the  objec t ive  of  s imultaneously  improving the 
qual ity  of  predic t ion with the  minimum sampling ef for t .

Keywords:  Sampling; Precision agriculture; Crop production; Estimation
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 The model ing of  interact ions  between biodivers ity,  landscape and agr icultura l 
pract ice  is  one of  the  major  cha l lenges  of  agro-ecolog y.  Ver y  recent ly, 
environmenta l  species  distr ibut ion models  based on deep neura l  networks  have 
begun to  emerge.  These  f i rst  exper iments  showed that  they could have  a  st rong 
predic t ive  power,  potent ia l ly  much better  than the  models  used t radit ional ly 
in  ecolog y.  One of  their  advantages  is  that  they can learn an environmenta l 
representat ion space  common to  a  ver y  large  number  of  species  so  that  the 
predic t ion per formance can be  stabi l ized f rom one species  to  another.  A f irst 
objec t ive  of  the  thes is  wi l l  be  to  extend such transfer  learning pr inciple  to 
the  context  of  agro-ecolog y.  In  par t icular,  data  character iz ing the  landscape 
and the  agr icultura l  pract ices  wi l l  be  integrated for  the  predic t ion of  crop 
weeds  and/or  associated funct ional  t raits .  The second object ive  of  the  thes is 
wi l l  be  to  remove the  lock on the  interpretabi l ity  of  these  models  in  order  to 
deduce new tangible  knowledge in  agro-ecolog y.  This  wi l l  include qual i f y ing 
the  environmenta l  representat ion space  learned by the  neura l  network in 
its  terminal  layers ,  typica l ly  the  last  layer  of  descr ipt ion on which the  f ina l 
l inear  regress ion or  c lass i f icat ion is  based.  The var iables  (neurons)  in  this 
representat ion space  necessar i ly  correspond to  determinist ic  ecologica l  and 
environmenta l  patterns ,  but  their  exact  nature  is  tota l ly  unknown.  In  the  case 
of  the  deep agr i-environmenta l  models  targeted in  the  thes is ,  these  patterns 
wi l l  a lso  integrate  informat ion f rom the  landscape and agr icultura l  pract ices . 
Their  analys is  wi l l  provide  a  better  understanding of  whether  or  not  massive 
integrat ive  approaches ,  based on a  wide var iety  of  input  data ,  are  needed,  or 
whether  they should focus  on cer tain  key  fac tors .

Keywords:  Species distribution modeling, Agro-ecology, Deep Neural Networks, Transfer 
learning, Interpretability, Interactions, Landscape, Agricultural Practice, Biodiversity, Crop 
Weeds.
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Figure 1 : the Mitigation Hierarchy (OECD, 2016)

Figure 2 : natural saxauls (Haloxylon ammodendron) forest, Mongolia
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The ar id  ecosystems of  C entra l  Asia  provide  many ecosystem ser vices  that 
benef it  the  loca l  populat ions  and the  mult i-species  pastora l  l ivestock of 
these  terr itor ies .  In  addit ion,  the  subsoi ls  of  these  areas  are  r ich in  minera ls , 
hence  s igni f icant  mining ac t iv ity.  Mining projec ts  require  an Environmenta l 
Impact  Assessment ,  a  study which descr ibes  the  impacts  on the  environment 
and recommends measures  against  them.  Among those  measures ,  there  is 
in  the  fol lowing order  ( i )  Avoiding;  ( i i )  Minimizing;  ( i i i )  Restorat ion;  ( iv) 
C ompensat ion:  i t  i s  the  “Mit igat ion Hierarchy”.  Al l  these  measures  aim 
to  achieve  the  «  No Net  Loss  » ,  or  even the  «  Net  Gain »  of  biodivers ity.  In 
C entra l  Asia ,  the  method recommended for  the  ecologica l  compensat ion is 
the  monospeci f ic  plant ing of  saxauls  (Haloxy lon ammodendron and Haloxy lon 
pers icum),  which are  woody xerophyte  occurr ing in  the  ar id  zones  of  C entra l 
Asia .  Plant ing is  carr ied out  on the  same area  as  the  impacted area ,  or  even 
double  it ,  at  high densit ies .  This  method raises  quest ions ,  par t icular ly  with 
regard to  the  technica l  success  of  the  plantat ion,  the  impact  on ecosystems 
and their  ser vices ,  and the  acceptance  by  loca l  communit ies .  Thus ,  this  thes is 
aims to  support  ecologica l  compensat ion in  C entra l  Asia ,  more  precisely  in 
Mongol ia ,  Kazakhstan and Uzbekistan,  v ia  an ecosystem approach. 
The f i rst  objec t ive  is  to  quant i f y  the  ecosystem ser vices  provided by grazing 
land in  the  ar id  zones  of  C entra l  Asia .  For  this  purpose,  inter views are 
conducted with loca l  populat ions  and other  stakeholders  in  order  to  ident i f y 
the  ecosystem ser vices  of  interest .  Subsequent ly,  e thnobotanica l  sur veys 
and f ie ld  measurements  are  carr ied out  in  order  to  study the  l ink between 
vegetat ion and ecosystem ser vices .  The second object ive  is  the  eva luat ion of 
di f ferent  pract ices  that  can improve the  provis ion of  those  ser vices ,  such as 
plant ing or  defensive  measures .  Each ident i f ied opt ion is  ana lysed according 
to  its  feas ibi l ity  condit ions .  Inter views with loca l  populat ions  are  conducted 
to  assess  the  acceptance  of  these  pract ices .  F ina l ly,  as  a  third objec t ive,  this 
thes is  aims to  propose  a  tool  for  the  assessment  of  ecologica l  compensat ion 
scenar ios ,  in  order  to  quant i f y  the  level  of  provis ion of  ecosystem ser vices  and 
to  assess  the  economic cost  and the  level  of  acceptance  for  each scenar io. 

Keywords:  Ecological compensation; Ecosystem services; Central Asia
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Architecture and growth modelling of savannah agroforestry species 
native to Côte d’Ivoire

Reforestat ion and agroforestr y  are  the  two opt ions  favoured by C ôte  d’ Ivoire 
to  restore  it s  forest  area  and conser ve  its  wood resources .  Khaya senegalensis , 
Pterocarpus  er inaceus  and Parkia  big lobosa  are  three  indigenous savannah forest 
species  with  mult iple  uses .  The heavy exploitat ion of  these  species  exposes  them 
to  a  loss  of  divers ity  that  could lead to  their  eventual  ext inct ion.  Integrat ing 
them into agroforestr y  programmes is  a  solut ion for  their  conser vat ion and 
sustainable  use.  This  study is  being conducted with the  aim of  opt imis ing the 
cult ivat ion of  these  three  species  and promoting their  agroforestr y  potent ia l . 
Architec tura l  ana lys is  (development  sequence and morpholog y of  growth 
units/module)  f rom seedl ings  to  old  t rees  wi l l  be  carr ied out .  The work wi l l 
take  place  a long a  S outh-North drought  gradient  in  C ôte  d’ Ivoire  in  order 
to  understand and determine the  intra-speci f ic  architec tura l  var iabi l ity.  In 
a  second step,  a  retrospect ive  analys is  of  growth wi l l  a l low the  past  growth 
of  the  t rees  to  be  t raced using morphologica l  markers  le f t  behind by growth 
stoppages  due to  dr y  seasons .  In  this  way,  the  architec tura l  diagram of  each 
of  these  species  wi l l  be  establ ished.  Fina l ly,  organ measurements  captured in 
Mult isca le  Trees  Graph format  and analys is  of  the  tops  of  the  three  species 
wi l l  be  carr ied out  at  di f ferent  ages  in  the  nurser y.  These  measurements  wi l l 
be  used to  model  the  growth and development  of  the  target  species  us ing the 
GreenL ab structure-funct ion model .  Hidden parameters  such as  organ source-
s ink relat ionships ,  leaf  res istance,  common pool  and product ion area  wi l l  be 
obtained.  These  data  wi l l  guide  the  choice  of  progeny or  plants  for  plant ing , 
the  idea l  plant ing density,  the  it inerar y  and cult ivat ion management  of  these 
three  species .

Keywords:  Côte d’Ivoire, Khaya senegalensis, Pterocarpus erinaceus et Parkia biglobosa, 
Architecture, modelling.
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Figure 2. Cross section in the trunk 
for (A) macro- and 
(B) microscopic observations of C. 
candelabra wood rings.

Figure 3. Variations in internodes length along the individual 3 main axis. Wood rings (vertical grey bars) are 
located at the short internodes succession level. Individual 3 is twenty-four years old if wood rings production 
is on an annual rhythm.
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Figure 1. Location of Cerberiopsis candelabra sampled and debited. The 
growth of the individuals and their phenology was entirely reconstructed a 
posteriori using morpho-anatomical markers.
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The adaptative significance of monocarpy in woody 
perennial plants : investigation around the genus 
Cerberiopsis
Presenter: Camille SALMON
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Monocarpy refer  a  l i fe  histor y  in  which a  s ing le  great  e f for t  of  sexual 
reproduct ion is  direc t ly  associated with the  death of  the  ent ire  plant .  The 
existence  of  monocarpic  long- l ived branched trees  has  long been intr iguing. 
Recent  studies  invest igate  the  evolut ionar y  benef its  of  this  st rateg y,  which in 
many respects  could appear  suic ida l  [1]  in  perennia l  t rees .

In  this  f i rst  s tudy,  we focus  on the  rhythmicity  of  C erber iopsis  candelabra 
development .  This  large  t ree  endemic  to  New Caledonia  is  the  only  monocarpic 
species  of  i t s  genus .  Our objec t ive  is  twofold:  ( i )  to  study the  phenolog y of 
the  processes  underly ing the  development  of  this  species  and ( i i )  to  eva luate 
the  poss ibi l it ies  of  obtaining the  growth trajec tor ies  of  indiv iduals  by  a 
dendrochronologica l  approach.

The phenolog y of  a  plant  def ines  the  tempora l ity  of  recurr ing biologica l  events , 
or  phases ,  of  a  plant’s  l i fe  [2] .  Thanks  to  the  ident i f icat ion and measurement  of 
morpho-anatomica l  markers ,  we have  reconstructed the  ontogeny of  indiv iduals 
retrospect ively.  Length of  internodes ,  pith  sur faces  and number  of  wood r ings 
are  severa l  markers  that  a l low us  to  retrace  the  plant’s  l i fe  in  space  and t ime.

The reading of  wood r ings  enables  us  to  associate  a  re lat ive  tempora l ity  to 
these  f luctuat ions .  Phenolog y of  indiv iduals  may be  studied in  the  l ight  of 
habitat’s  seasonal  condit ions  i f  the  rhythm of  wood-r ing product ion can be 
associated with an annual  tempora l ity.  Our f i rst  results  ident i f y  complexes  of 
morpho-anatomica l  markers  whose  var iat ions  are  synchronous.  They des ignate 
a  rhythmic  and annual  growth with polyc ycl ism.

Retrospect ive  analys is  of  the  development  of  the  sampled t rees  seems to 
indicate  that  there  could exist  a  s igni f icant  divers ity  of  growth trajec tor ies 
in  C erber iopsis  candelabra .  This  divers ity  could be  modulated by the 
constraints  imposed by the  wide range of  habitats  occupied by the  species . 
For  a  monocarpic  t ree,  adaptabi l ity  to  environmenta l  condit ions  is  essent ia l  to 
lower  the  probabi l ity  of  pre-breeding morta l ity.

Keywords:  Monocarpy; Phenology; Markers; Growth trajectory; Dendrochronology
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Funct ional  t raits  have  been examined in  detai l  for  severa l  t ree  organs ,  but  the 
re lat ionship between traits ,  success ional  gradient  and ecologica l  s t rateg ies  is 
poorly  understood.  The concept  of  an economics  spectrum is  current ly  used to 
descr ibe  the  investment  of  a  g iven species  into  di f ferent  organs ,  depending on 
their  posit ion a long an ecologica l  success ion gradient .  It  i s  now necessar y  to 
l ink funct ional  t raits  of  t rees  with  knowledge of  their  ecologica l  s t rateg y and 
test  whether  s imi lar  st rateg ies  exist  across  di f ferent  biomes.  Results  wi l l  help 
us  better  understand how di f ferent  t ree  species  can quick ly  colonise  disturbed 
land,  or  maintain a  posit ion as  a  c l imax species  in  the  canopy.  Pioneer 
species  that  colonise  a  s ite  rapid ly  must  a lso  mobi l ise  energ y f rom stored 
non-structura l  carbohydrates  (NSC),  which are  stored in  parenchyma cel ls . 
Never theless ,  c l imax species  need to  maintain their  posit ion in  the  canopy and 
may require  large  quant it ies  of  NSC and parenchyma for  defence  mechanisms. 
Moreover,  s tudy shows that  the  amount  of  axia l  parenchyma is  re lated to  vessel 
diameter  and species  with  a  high axia l  parenchyma f ract ion tend to  have  wide 
vessels ,  with  most  of  the  parenchyma packed around vessels .  As  yet ,  no speci f ic 
re lat ionships  between ray  parenchyma and any other  anatomica l  t raits  (such as 
vessel  s ize  or  density)  have  been found.  Nor is  i t  known i f  there  is  a  re lat ionship 
between ray  parenchyma and ecologica l  s t rateg y of  a  species .  A meta-analys is 
of  exist ing data  on funct ional  t raits ,  parenchyma volume and NSC wi l l  be 
per formed to  help  disentangle  re lat ionships  between a l l  parameters .  Extra 
analyses  wi l l  be  per formed in  the  f ie ld  a long success ional  gradients  (pioneer 
and cl imax)  in  three  biomes ( t ropica l  rainforest ,  Mediterranean garr igue and 
temperate  montane) .  A fu l l  character izat ion (cl imate,  vegetat ion and soi l 
var iables)  wi l l  be  per formed at  each f ie ld  s ite  and 20 t ree  species  per  biome 
wi l l  be  examined at  the  end of  growing season,  with  three  repl icates  per  t ree. 
The f ina l  outcome aims to  f ind l inks  between tree  t raits ,  carbohydrate  supply 
and a l locat ion and ecologica l  s t rateg ies  with  regard to  success ional  status  in 
di f ferent  biomes.

Keywords:  Biomes; Ecological strategies; Functional traits; Non-structural carbohydrate; Ray 
and axial parenchyma; Successional gradient; Vessels
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The natura l  and post-per turbat ion dynamics  of  t ropica l  forests  are  more and more 
studied in  order  to  understand the  response  capacity  of  these  forests  to  c l imate  change 
and human disturbances .  In  recent  years ,  an increas ing number  of  studies  have  pointed 
out  the  importance  of  l ianas  in  forest  dynamics ,  through their  negat ive  impact  on t ree 
product iv ity  (Van der  Heijden and Phi l ips ,  2009;  Ing wel l  and a l ,  2010;  Tymen and a l ,  2016) . 
In  Neotropica l  forests ,  the  re lat ive  abundance of  l ianas  seems to  increase  s igni f icant ly 
under  the  combined ef fec ts  of  c l imate  change and anthropogenic  disturbances  (Phi l ips  et 
a l ,  2002;  S chnitzer  and B ongers ,  2011;  L aurance and a l ,  2014) .  Such an increase  could have 
negat ive  consequences  on the  carbon sequestrat ion potent ia l  of  these  forests  and on the 
sustainabi l ity  of  t imber  exploitat ion,  a  key  economic ac t iv ity  in  many tropica l  countr ies . 
However,  the  lack of  data  acquired on Afr ican forests  in  par t icular,  makes  ver y  uncer tain 
the  pantropica l  nature  of  this  increase  (S chnitzer  and B ongers ,  2011)  and the  rea l  impact 
of  l ianas  in  natura l  dynamics  and tree  stand recover y  in  the  long term.

Moreover,  these  l ianas ,  of ten considered as  paras ites ,  possess  a  wide  range of  st rateg ies 
for  colonizing di f ferent  environments  and adapt ing to  di f ferent  environments  (Dal l ing 
and a l ,  2012;  Chalmers  and Turner,  1994) .  This  divers ity  of  st rateg ies  is  t ranslated into 
a  divers ity  of  s t ructura l  and funct ional  t raits ,  interest ing not  only  for  understanding the 
distr ibut ion of  species  according to  forest  s t ructure  but  at  a  broader  mult idisc ipl inar y 
level ,  for  the  development  of  new innovat ive  st ructures  for  new technologies ,  par t icular ly 
in  robot ics  (Must  and a l ,  2019;  Burr is  and a l ,  2018;  Mazzolai  and a l ,  2014;  Mazzolai  and 
Mattol i ,  2016) .  Indeed,  f ie ld  and laborator y  work on the  funct ional  character ist ics  of 
these  c l imbing plants  provide  new informat ion,  in  par t icular  on the  “search stems”,  the 
se l f -support ing par t  of  the  plant ,  and the  di f ferent  attachment  systems they possess .  This 
work is  par t icular ly  important  nor  only  to  better  understand the  mechanisms underly ing 
this  increase  but  a lso  to  provide  new structura l  and funct ional  concepts  on how growing 
robot ic  ar tefac ts  can safe ly  navigate  in  unstructured environments . 

Thus ,  there  are  two main objec t ives .  F irst ,  to  understand the  inf luence  of  l iana 
communit ies  on the  natura l  and post-disturbance dynamics  of  t ree  stands  and to 
understand the  consequences  for  s i lv icultura l  management .  S econd,  to  generate  knowledge 
on the  st ructura l  and funct ional  character ist ics  of  l ianas  in  order  to  better  understand the 
di f ferent  st rateg ies  of  l iana colonizat ion and to  feed the  development  of  a  new type of  sof t 
robot ic  technologies .

Keywords:  Tropical ecology; Lianas;  Forest dynamics; Functional traits; Biomimetic; Soft-
robotic
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Figure 2. Functional variability of the crossing void performance of climbing plants from the vinicity of Montpellier. 
Three biomechanical traits measured at the base of searching stem are showed in function of the effective distance than 
a searcher shoot can cross in a self-supporting phase (variables are log transformed) : (A) Flexural stiffness EI (Nmm-1), 
the overall mechanical properties of the basal stem. ; (B) Second moment of area (mm4), the geometrical parameters of 
EI ; (C) Structural young modulus (Mpa), the material characteristics parameters of EI.

Figure 1. Morphological diversity of searcher shoot with tropical examples from French Guiana : from a small void 
crosser and tendril climber as Amphilophium sp. to a large void crosser and hook climber as Strychnos sp.

Figure 3. Anatomical variability at the base of searcher shoot : three contrasted examples from the vinicity of Montpel-
lier.
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Climbing plants  contr ibute  great ly  to  the  biodivers ity  and funct ioning of 
t ropica l  forest  ecosystems,  notably  by  playing a  major  role  in  the  dynamics  of 
forest  success ion.  Among these  c l imbing forms,  the  polyphylet ic  group of  l ianas 
is  current ly  recognized as  expanding in  the  Neotropics .  C onsidered in  many 
studies  as  st ructura l  paras ites ,  their  inf luences  on biogeochemica l  c ycles  are 
manifold  and have  a  negat ive  impact  on atmospher ic  carbon storage  over  long 
t ime sca les .  Given their  complex and unpredic table  l i fe  histor ies ,  there  is  no 
sat is fac tor y  method to  quant i f y  their  volume,  dimensions  and biomass  which 
are  of  great  importance  for  the  ca l ibrat ion of  dynamic  g lobal  vegetat ion model 
and the  cl imate  change predic t ion.  Moreover,  their  architec tura l  development 
and the  ways  in  which they per form their  hydraul ic  and biomechanica l  funct ions 
remain scarcely  understood.  
On the  other  hand,  the  H2020 GrowB ot  projec t  proposes  a  disrupt ively  new 
paradigm of  movement  in  robot ics  inspired by the  moving-by-growing abi l it ies 
of  c l imbing plants .  In  fac t ,  growth strateg ies  of  l ianas  are  inspir ing models  to 
develop robot ic  ar t i fac ts  able  to  (1)  negot iate  voids  and anchor  to  supports 
at  lower  st ructura l  cost ;  (2)  explore  and colonize  complex and unstructured 
environments  and (3)  sur vive  to  cr it ica l  mechanica l  per turbat ions  through 
diss ipat ive  bauplans  and sel f -repair  mechanisms. 
In  order  to  enhance new perspect ives  in  ecolog y and sof t  robot ic ,  the  main 
object ives  of  this  thes is  are  twofold: 

1)  Invest igate  the  st ructura l  and funct ional  divers ity  of  c l imbing plants  by 
character iz ing the  var iabi l ity  of  searcher  shoots  in  space  and t ime and by 
def ining funct ional  groups  based on explorat ion cr iter ias .

(2)  C ol laborate  with  mathemat ic ians ,  engineers  and robot ic ians  of  the  H2020 
GrowB ot  projec t  in  order  to  develop bio- inspired robot ic  ar t i fac ts  capable  of 
growing and funct ioning l ike  a  plant .

Keywords:  Climbing plants; Lianas ; Searcher shoot; Biomechanics; Anatomy; Plant architecture; 
Biomimetic; Soft-robotic
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Figure 1: The retained status of the targeted species according to the IUCN criteria categories version 3.1 
(2001). 

Figure 2: Infragenetic classification of the genus silene in North Africa
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Si lene is  the  taxonomica l ly  largest  genus  of  the  fami ly  Car yophyl laceae ,  It 
est imated to  contain about  870 species  world-wide.  Its  divers ity  is  mainly 
a l located to  the  temperate  reg ion of  nor thern hemisphere  par t icular ly  in  the 
Mediterranean area  and the  Middle  East .
In  North Afr ica ,  Si lene  is  f lor ist ica l ly  the  most  diverse  of  a l l  plant  genera .  It  i s 
represented by 144 taxa  with 56 st r ic t ly  endemic  to  Marrocco,  Alger ia ,  Tunis ia , 
L ibya  or  the  Canar y Is lands .  These  taxa  are  not  or  ver y  l i t t le  s tudied f rom 
taxonomic,  phylogenet ic  and biogeographic  points  of  v iew.  Thus,  a  taxonomic 
and biogeographic  revis ion is  urgent ly  needed to  develop new ident i f icat ion 
tools  for  North Afr ican Si lene  species .
The targeted taxa  for  the  biogeographica l  s tudy are  Si lene  sessionis ,  S.  ar i st idi s 
and S.  aur iculi folia .  Si lene  rosulata  subsp.  Reeseana,  subsp.  rosulata  and were 
def ined,  then prospected and the  distr ibut ion was  updated.  The assessment  of 
their  conser vat ion status  was  establ ished according to  the  IUCN Criter ia  and 
Categor ies  vers ion 3 .1  (2001)  and it  had been va l idated according to  the  of f ic ia l 
IUCN Red List  process .  Urgent  measures  are  needed to  minimize  the  impacts  of 
the  human threats  and ex  situ  conser vat ion seems necessar y.
Mult iple  a l ignments  of  c .  1800 internal  t ranscr ibed spacer  (ITS)  and c .  1200 
plastome rps16 sequences  are  generated.  Gene t rees  and species  t ree  are  together 
with  morphologica l  data  used to  der ive  novel  taxonomic del imitat ions  and def ine 
the  posit ion of  the  North Afr ican species  according to  the  new class i f icat ion of 
Si lene  proposed by Jafar i  et  al .  (2020) .

Keywords:  Silene, IUCN assessment,  infragenetic classification, threats, endemic
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