
Restitution du projet IndicatoRS

Stratégies de reproduction des plantes comme indicateurs 
de diversité :

preuve de concept dans un paysage agricole

Sylvain Glémin & Jos Käfer
DR & CR CNRS

ECOBIO (Rennes) & ISEM (Montpellier)

APPEL A PROJETS FRB-MTE-OFB 2023 
Pressions anthropiques et impacts 

sur la biodiversité terrestre 

Axe Synergie



Contexte / enjeux (1) Projet IndicatoRS

Biodiversité végétale

▶ ∼ 80% de la biomasse terrestre

(Bar-On et al., PNAS 2018)

▶ quasiment tous les milieux
terrestres

(Brummitt et al., PPP 2020)

Biodiversité améliore le fonctionnement des
écosystèmes (productivité, stabilité)
Diversité: espèces et fonctions
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Contexte / enjeux (2) Projet IndicatoRS

Les plantes à fleurs

Angiosperms

339645

Gymnosperms

1204

Ferns

12578

Mosses

21136

(WFO Plant List, December 2022)

Evolution
Vamosi et al., Ann. R. Plant Biol. 2018; Onstein, New Phyt. 2019;
Hernandez-Hernandez & Wiens, Am. Nat. 2020 ...

▶ co-évolution des plantes et des
pollinisateurs

▶ diversité des formes des Ćeurs (éperons,
symétrie, ...) et des espèces

130      

3,320 1°  grid-cells; Table 2; Figure 6). Europe still has the high
est density of measurement sites, but TRY version 5 also provides 
good coverage for the United States and China. The number of mea
surement sites has substantially improved for several other regions 
as well, for example Central America, Russia, Asia and parts of cen
tral Africa. However, there are still obvious gaps in boreal regions 
(Canada, East Russia) and some parts of the tropics and subtropics, 
particularly in Africa (Figure 6).

3.7   Data completeness and representativeness

To progress from a description of data coverage towards an analysis of 
representativeness, we need a baseline for comparison. At the global 
scale, this information has been lacking. Reference data sets have be
come available only recently for plant growth form (Weigelt, König, & 
Kreft, 2019) and phylogeny (Smith & Brown, 2018) representing about 
260,000 and 356,000 of the 400,000 extant species. Together with 
estimations for the global distribution of plant species richness (Kier 
et al., 2005), it seems now possible and timely to explicitly address 

representativeness of plant trait data in the TRY database along five 
key dimensions: (a) Are trait data in TRY well distributed among plant 
parts? (b) Are the species in TRY and for individual traits representa
tive for global plant growth forms and functional types? (c) Are the 
species in TRY and for individual traits representative according to 
phylogeny? (d) Does the geographic distribution of species richness in 
TRY represent the estimated pattern of global species richness? (e) Is 
data coverage sufficient to represent intraspecific variation?

3.8   Distribution of trait records among plant parts

Trait records in the TRY database are very unequally distributed 
among different plant parts (Figure 7): leaves and the whole plant 
are well represented; shoot and reproductive organs are moderately 
represented; roots and dead material (morphological and chemical 
feature of litter and coarse woody debris, but also decomposition 
rates) are not well represented. Within reproductive organs, seeds 
are better represented than floral traits, mostly due to contributions 
from the Seed Information Database. The skewed distribution of 

F I G U R E  7   Distribution of trait 
records among plant parts. Different 
sizes of circles indicate different data 
coverage in TRY version 1 (left, 2.1 million 
trait records) and TRY version 5 (right, 
11.8 million trait records)
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F I G U R E  6   Geographic coverage of measurement sites in TRY version 1 (red) and additional measurement sites in TRY version 5 (blue)

Ecologie fonctionnelle

▶ étude des traits végétatifs
(Specific Leaf Area, Leaf N- & C-content, Height, ... cf

12 × 106 traits in TRY, Kattge et al., Glob. Change
Biol. 2020)

▶ traits Ćoraux très rares



Contexte / enjeux (3) Projet IndicatoRS

Projet ŞDiveRSŤ (FRB-CESAB 2019-2022)

▶ 360 espèces: à travers toutes
les plantes à fleurs

▶ 22 traits: pollinisation,
fécondation, histoire de vie

▶ La diversité Ćorale est
structurée, plus
importante que la diversité
végétative

▶ Axe majeur: pollinisation
(couleur des Ćeurs,
systèmes sexuels, nectar)

▶ Conséquences pour
lŠécologie des plantes et
leur évolution
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Helmstetter et al., soumis (cf biorxiv)



Objectifs Projet IndicatoRS

Comment quantifier la diversité florale d’un écosystème, paysage ?
▶ Etudier la variation Ćorale à plus petite échelle

▶ cf E-Vojtko et al. 2022: Europe Centrale

▶ QuantiĄer lŠeffet de lŠanthropisation sur la diversité Ćorale
▶ cf urbanisation: Desaegher et al, 2019; changements de flore: Abrahamczyk et al,

2022

▶ Développer un indice de Şdiversité fonctionnelle ĆoraleŤ à partir de traits
facilement observables

▶ Perspective: comprende le lien entre diversité des plantes et des pollinisateurs



Ecosystème, espèces, pressions Projet IndicatoRS

Bocage breton : Zone Atelier Armorique

▶ inventaires Ćoristiques: forêt, haie,
prairie, culture

▶ 265 espèces herbacées (pas dŠarbres)

Agriculture, Ecosystems and Environment 357 (2023) 108650

2

especially detected in plants due to their sessile lifestyle and their 
limited dispersal (Ibanez et al., 2014; Uroy et al., 2019). Landscape 
structure can affect plant diversity positively through several compo-
nents: the amount of semi-natural habitats that can serve as ecological 
shelters and way of dispersal (e.g. grasslands or hedgerows; Burel and 
Baudry, 1995), but also through the diversity and the spatial complexity 
of all land-uses in the landscape (i.e. compositional and configurational 
heterogeneity; Fahrig et al., 2011). All these landscape components are 
expected to influence processes such as dispersal (Fahrig, 2017) and 
niche availability (Poggio et al., 2010) independently. Because plants 
are at the basis of many ecological functions, it is therefore likely that 
landscape-induced changes in biodiversity affect ecosystem functioning, 
and especially primary productivity. For example, semi-natural habitats 
such as grasslands that represent in agricultural-dominated landscapes 
one of the remaining refuges of biodiversity for plants, generate the 

major source of fodder that supports livestock (Isselstein et al., 2005). If 
landscape structure affects grassland productivity through changes in 
plant diversity, it could have then important economic issues for farmers 
who need to maintain a high level of fodder production (Oehri et al., 
2017). Therefore, understanding the effect of landscape on the 
biodiversity-productivity relationships is a key issue for the future. 

Plant-diversity mediated effects of landscape structure on ecosystem 
functioning may be analyzed through trait-based approaches. Trait- 
based approaches have been developed over the last years to better 
understand the response of plant assemblages to environmental condi-
tions (Lavorel and Garnier, 2002) and the diversity-ecosystem func-
tioning relationship in plant assemblages (e.g. Cadotte et al., 2009; 
Lavorel, 2013). More recently, the development of indices based on 
multidimensional functional spaces (Villeger et al., 2008) better 
describe the presence, distribution, and diversity of traits within 

Fig. 1. Overview of the protocol conducted to describe the landscape structure, the functional diversity, and the productivity of grasslands in the 30 landscape 
windows (black squares) distributed in the Couesnon watershed (France). In each landscape window, we quantified (a) the landscape variables (i.e. grassland 
amount, hedgerow amount, compositional heterogeneity, configurational heterogeneity). Land use classes are indicated by different colors. Dark green: woodlands; 
orange: crops; leaf green: grasslands; light green: orchards, brown: hedgerows; grey: artificial surfaces. (b) In each landscape window we conducted 5 floristic surveys 
(red squares) in 3 5 grassland parcels represented in green and (c) we calculated 3 productivity indices of the sampled grassland parcels using NDVI values derived 
from 2018 to 2020 satellite Sentinel-2 time-series. The pixel NDVI values are represented from yellow to dark green: the more dark green the higher the value. 

L. Lucie et al.                                                                                                                                                                                                                                    

▶ gradients dŠanthropisation : haies,
hétérogénéité, prairies vs champs



Organisation du projet IndicatoRS

Rôles
▶ Données Zone Atelier (Ćore, écologie, paysage) : Cendrine Mony, Aude Ernoult

(ECOBIO, Rennes)

▶ Données plantes (traits) : Lucile Guillon, Jos Käfer (ISEM, Montpellier), Sylvain
Glémin (ECOBIO)
▶ baseflor (Julve 1998 ff), biolflor (TRY), LEDA, flores

▶ Analyses multivariées : Lucile Guillon (ISEM), Andrew Helmstetter (FRB CESAB
/ ISEM), Jos Käfer (ISEM), Sylvain Glémin (ECOBIO)

Calendrier
▶ 2023, IndicatoRS: postdoc Andrew Helmstetter (FRB CESAB)

▶ 2024, ANR FloweRS: stage Lucile Guillon, postdoc Andrew Helmstetter (ISEM)
▶ suite: thèse et/ou ANR FloweRS



Cadre conceptuel & méthodes

▶ méthodes habituelles en écologie: analyses multivariées, indices de diversité

▶ obstacle principal: disponibilité et formalisation des données
▶ diversité morphologique ̸= diversité fonctionnelle

Traits souvent catégoriques ➜ nécessité de trouver une classiĄcation
➜ choisir le nombre de traits et le nombre de catégories.

Par exemple

▶ Şunité ĆoraleŤ et/ou Ćeurs et inĆorescences ?

▶ un ou deux types (voire plus) de capitules ?



Résultats (1) Projet IndicatoRS
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Axes: pollinisation & durée de vie
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Données : Diaz et al. 2016, 2022

▶ Peu de variation dans les traits
végétatifs

▶ Même résultat qualitatif que les analyses à grande échelle

➜ A petite échelle: plus grande importance relative de la pollinisation



Résultats (2) Projet IndicatoRS
SimpliĄcation: quels traits faciles à observés résument la variation ?
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Traits liés au syndrome de pollinisation ? (projet en cours)

▶ classiĄcation plus détaillée de la forme des Ćeurs:
ratio profondeur/diamètre, éperons, position relative des étamines, ...



Resultats à venir Projet IndicatoRS
1874     

at least 5 years previously) and herbaceous plant assemblages of 
hedgerows (i.e. linear element presenting at least the herbaceous 
and tree stratums) independently (Figure ). These ecosystems rep
resent the two main semi- natural habitats in agricultural landscapes 
(Duflot et al., ) and fulfil many functions including that of ref
uges and corridors for plants. Moreover, these two habitats are very 
interesting to study separately as they have very different struc
tures: hedgerows are linear wooded habitats, whereas grasslands 
are habitats covering large areas. In each landscape window, we se
lected 3 to 5 grassland parcels and 3 to 5 hedgerows. In each grass
land parcel and each hedgerow, we conducted five floristic surveys. 
Each grassland survey corresponded to a 2 m   2 m quadrat located 
at least at 5 m from the edge of the parcel (i.e. 20 m  per grassland 
parcel). Each hedgerow survey corresponded to a quadrat 2 m   the 
width of the hedgerow (Figure ). Adapting the width of the sur
vey permitted to cap all hedgerow species in the widest hedgerows 
and to avoid integrating the flora of other adjacent habitats in the 
narrower hedgerows. We restrict our sampling to hedgerows domi
nated by oak and/or chestnut that are the species that were widely 
planted when bocage was set up. We did not include woody species 
in our surveys as most tree and shrub species in the hedgerows of 

the study area were planted by farmers (i.e. not spontaneous) and 
the tree and shrub composition was equivalent between landscape 
windows. We ensure excluded from the sampling design permanent 
grasslands and hedgerows with high level of humidity (i.e. 

 grasslands, flood swards and riparian hedgerows) to avoid 
surveys with extreme abiotic conditions and hedgerows dominated 

 species or coniferous species, or that were recently planted. 
To ensure that the sampling design for both types of vegetation was 
adapted and sufficient to detect most species in the landscape as
semblage, we calculated the species richness accumulation curves 
of grassland and hedgerow assemblages according to the number of 
floristic surveys conducted in each landscape window (Supporting 
Information Figure S4). To study plant assemblages of both types 
of plant habitat at the gamma diversity level, the grassland surveys 
were pooled together on one hand and the surveys of hedgerows 
were pooled together on the other hand for each landscape win
dow. The analyses were therefore based on the occurrence rate of 
species within the landscape window (i.e. the proportion of grass
land parcels/hedgerows in which a given species was present). For 
the two types of plant habitat, we finally got a total of 30 gamma 
assemblages.

F I G U R E  1  Representation of the four uncorrelated gradients of the 30 landscape windows selected in the Couesnon watershed (a) 
and the floristics surveys conducted. (b) Landscape variables: (a) Compositional heterogeneity (i.e. Shannon index)— High compositional 
heterogeneity corresponds to a higher diversity in land- cover types (5 in the example) while low composition heterogeneity corresponds to 
a low diversity in land- cover types (2 in the example), (b) Configurational heterogeneity (i.e. percentage of heterogeneous pairs of pixels with 
different land uses)— High configurational heterogeneity corresponds to numerous small patches while low configurational heterogeneity 
corresponds to few large patches, and the habitat amount [percentage of grassland in grassland assemblages (c); or percentage of hedgerows 
in hedgerow assemblages (c')]— High habitat amount corresponds to high percentage of grassland and/or hedgerow. For each gradient, the 
landscape window on the left represents a high value of the gradient considered and the landscape window on the right represents a low 
value of the gradient considered. C. Floristic surveys: in each landscape window, we selected 3 to 5 grassland parcels and 3 to 5 hedgerows. 
In each grassland parcel and each hedgerow, we conducted five floristic surveys. Each grassland survey corresponded to a 2 m   2 m quadrat 
located at least at 5 m from the edge of the parcel (1). Each hedgerow survey corresponded to a quadrat 2 m   the width of the hedgerow (2).

Comment la diversité Ćorale varie-t-elle avec le
degré dŠanthropisation ?

anthropisation

ri
c
h
e
s
s
e

taxinomique

fonctionnelle

?

Données Zone Atelier Armorique

▶ disponibles: hétérogénéité, pourcentage haies et
prairies

▶ en cours dŠacquisition: insectes



Conclusion

“Proof-of-concept”

▶ Grande diversité Ćorale dans des environnements ± homogènes

▶ Fleurs et pollinisation: covariation similaire à toutes les échelles
▶ Monde, continent, paysage
➜ résultat robuste

▶ Perspective : indicateur applicable à plusieurs milieux / échelles

Verrou
▶ Disponibilité des données morphologiques et fonctionnelles

▶ interdisciplinarité: botanique, écologie, évolution, informatique
▶ plusieurs projets en cours


