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Polyculture	élevage	 Vergers	pâturés	

Contraintes	?	Performances	?	Paramétrages	des	
ateliers	?	

Introduction	

Ex	:	Projet	DEPASSE	

DES VERGERS, DES VIGNOBLES, DES BREBIS ET DES HOMMES… 

PARTENARIAT GAGNANT-GAGNANT : DE L’HERBE 
GRATUITE POUR LE TROUPEAU EN HIVER ET 
MOINS D’ENTRETIEN DU VIGNOBLE 
L’atelier ovin 

x Dans l’Entre‐deux‐mers, Gironde 
x Berger 
x 20,4 ha de prairies naturelles 
x 3,6 ha de luzerne 
x 120 brebis 

 
Gestion du pâturage et de la ressource fourragère 
 
Le troupeau peut accéder à 100 ha de vignobles. 
Les vignes sont hautes ce qui évite aux brebis d’arracher  les fils avec un écartement compris entre 
2.5 et 3 m. 
Les brebis pâturent dans  les vignes 
après  les vendanges, entre octobre 
et mars.  Il  est  préférable  de  faire 
entrer  les  brebis  après  un  épisode 
de  pluie  qui  aura  nettoyé  les 
feuilles  des  derniers  résidus  de 
traitement. 
La  taille  impose  une  rotation  dans 
l’utilisation  des  parcelles  par  les 
brebis. Les brebis seront sorties des 
parcelles  avant  l’apparition  des 
premiers bourgeons au printemps. 
Pendant  toute  la  période  de 
pâturage,  aucun  traitement  n’est 
effectué  sur  la  vigne.  Les 
viticulteurs  attendent  que  les 
brebis soient parties pour traiter et 
fertiliser. 
Les rangs de vignes présentent une végétation spontanée de type prairie naturelle ou sont enherbés 
avec du Ray‐grass. 
Il n’y a pas d’aménagement spécifique des vignes pour  le pâturage,  le recours à du gardiennage et 
aux chiens de troupeau est obligatoire. 
 

Pour l’éleveur et le viticulteur, quels avantages et quelles limites au pâturage 
des vignobles ? 

 
Avantages  Limites 

Économie sur l’alimentation hivernale du troupeau, 
moindre recours au stock, pâturage gratuit.

Le pâturage est à éviter dans les vignes basses pour ne 
pas arracher les fils.

Le pâturage limite le passage du broyeur pour 
nettoyer les vignes et permet une économie de 
carburant pour le viticulteur. 

Si le gardiennage est défaillant, en cas de dégâts dans 
les vignes, les viticulteurs interdisent l’accès à leurs 
parcelles.

Fumure organique gratuite.   
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Méthodologie	et	résultats	préliminaires	
Diversifying livestock promotes multidiversity and
multifunctionality in managed grasslands
Ling Wanga, Manuel Delgado-Baquerizob,c, Deli Wanga,1, Forest Isbelld, Jun Liua, Chao Fenga, Jushan Liua,
Zhiwei Zhonga, Hui Zhua, Xia Yuana, Qing Changa, and Chen Liua

aKey Laboratory of Vegetation Ecology of Ministry of Education, Institute of Grassland Science, School of Environment, Northeast Normal University,
Changchun, 130024 Jilin, China; bCooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO 80309; cDepartamento
de Biología y Geología, Física y Química Inorgánica, Escuela Superior de Ciencias Experimentales y Tecnología, Universidad Rey Juan Carlos, 28933 Móstoles,
Spain; and dDepartment of Ecology, Evolution, and Behavior, University of Minnesota, Saint Paul, MN 55108

Edited by Robin S. Reid, Colorado State University, Fort Collins, CO, and accepted by Editorial Board Member Ruth S. DeFries January 26, 2019 (received for
review April 27, 2018)

Increasing plant diversity can increase ecosystem functioning,
stability, and services in both natural and managed grasslands,
but the effects of herbivore diversity, and especially of livestock
diversity, remain underexplored. Given that managed grazing is
the most extensive land use worldwide, and that land managers
can readily change livestock diversity, we experimentally tested
how livestock diversification (sheep, cattle, or both) influenced
multidiversity (the diversity of plants, insects, soil microbes, and
nematodes) and ecosystem multifunctionality (including plant
biomass production, plant leaf N and P, above-ground insect
abundance, nutrient cycling, soil C stocks, water regulation, and
plant–microbe symbiosis) in the world’s largest remaining grass-
land. We also considered the potential dependence of ecosystem
multifunctionality on multidiversity. We found that livestock di-
versification substantially increased ecosystem multifunctionality
by increasing multidiversity. The link between multidiversity and
ecosystem multifunctionality was always stronger than the link
between single diversity components and functions. Our work
provides insights into the importance of multitrophic diversity to
maintain multifunctionality in managed ecosystems and suggests
that diversifying livestock could promote both multidiversity and
ecosystem multifunctionality in an increasingly managed world.

multiple trophic diversity | ecosystem multifunctionality | grassland grazing
management | livestock diversity | mixed grazing

The strong reduction in biodiversity resulting from habitat loss
and climate change has prompted a large body of research to

examine the effects of biodiversity loss on ecosystem functioning
(1). Most studies have found a strong positive effect of increasing
plant diversity on ecosystem functions in terrestrial ecosystems (2–
11). However, the role of biodiversity, if any, in driving ecosystem
functions in managed ecosystems remains much less explored (but
see refs. 12–17). Furthermore, although it is now clear that eco-
system functioning depends even more on herbivore than on plant
diversity in aquatic ecosystems (6, 10), the potential importance of
herbivore diversity remains unclear in terrestrial ecosystems.
Livestock grazing is the most widespread land use on Earth

(18), including in northern China (19), which is part of one of the
largest remaining grasslands on Earth (i.e., the Eurasian steppe)
where grassland is largely used to support livestock grazing for
food production. Livestock grazing can alter both biodiversity
and ecosystem functioning (20–22). For example, livestock
grazing can directly disturb soils physically (e.g., via soil com-
paction) and chemically (e.g., altering nutrient cycling via animal
dung), thereby affecting plant productivity and ecosystem func-
tion. Furthermore, livestock grazing, as an important driver of
grassland biodiversity change, not only exerts important and di-
rect effects on plant diversity (23), but also on the diversity of
other above-ground and below-ground organisms such as insects
(24) and soil animals (25). The increasing human population and
per capita demand for the production of meat and animal
products (26) has placed tremendous pressures on grassland

ecosystems worldwide, including in China. Theory predicts that in-
creasing herbivore diversity could increase the production of herbi-
vores (27) and there is some evidence that mixed grazing can
increase livestock production (28, 29). However, the wider impacts of
mixed grazing on multitrophic diversity (multidiversity of above-
ground and below-ground organisms) and multiple ecosystem func-
tions (multifunctionality) remain completely unexplored. Evaluating
the importance of biodiversity in regulating ecosystem function in
managed ecosystems is of paramount importance to predict the fu-
ture dynamics of terrestrial ecosystems in a highly managed world.
Here, we used a 5-y field-manipulated grazing experiment,

including livestock grazing by single species (cattle or sheep) and
mixed species (sheep and cattle) to evaluate the role of diversifying
livestock (single vs. mixed livestock species) in regulating multi-
diversity, including above-ground (e.g., plants and insects) and
below-ground (e.g., microbes and microinvertebrates) organisms,
and multifunctionality, including variables related to productivity,
nutrient cycling, soil C stocks, water regulation, and plant–microbe
symbiosis, and to assess the importance of multidiversity in regulating
ecosystem multifunctionality in highly managed ecosystems (SI
Appendix, Fig. S1).

Significance

The potential importance of herbivore diversity in maintaining
ecosystem functioning remains unclear in terrestrial ecosys-
tems. This is a critical knowledge gap because the global hu-
man population increasingly relies on grasslands to supply
meat and dairy products. As the global human population
continues to grow, and as per capita consumption of meat and
dairy products continues to increase, livestock grazing will
place unprecedented pressures on grasslands worldwide. We
show that diversifying livestock could promote grassland bio-
diversity and ecosystem multifunctionality in an increasingly
managed world, and also provide insights into the importance of
multitrophic diversity to maintain ecosystem multifunctionality in
managed ecosystems. Grassland grazing management by live-
stock diversification increases nature’s benefits to people, partly
by maintaining a diverse array of grassland species.

Author contributions: L.W. and D.W. designed research; Jun Liu, C.F., Jushan Liu, Z.Z., H.Z.,
X.Y., Q.C., and C.L. performed research; M.D.-B. and F.I. analyzed data; and L.W., M.D.-B.,
D.W., and F.I. wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission. R.S.R. is a guest editor invited by the
Editorial Board.

This open access article is distributed under Creative Commons Attribution License 4.0 (CC BY).

Data deposition: Data reported in this paper have been deposited in the Dryad Digital
Repository database, datadryad.org/ (doi: 10.5061/dryad.dv44mg0).
1To whom correspondence should be addressed. Email: wangd@nenu.edu.cn.

This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
1073/pnas.1807354116/-/DCSupplemental.
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Méthodologie	et	résultats	préliminaires	
Diversifying livestock promotes multidiversity and
multifunctionality in managed grasslands
Ling Wanga, Manuel Delgado-Baquerizob,c, Deli Wanga,1, Forest Isbelld, Jun Liua, Chao Fenga, Jushan Liua,
Zhiwei Zhonga, Hui Zhua, Xia Yuana, Qing Changa, and Chen Liua

aKey Laboratory of Vegetation Ecology of Ministry of Education, Institute of Grassland Science, School of Environment, Northeast Normal University,
Changchun, 130024 Jilin, China; bCooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO 80309; cDepartamento
de Biología y Geología, Física y Química Inorgánica, Escuela Superior de Ciencias Experimentales y Tecnología, Universidad Rey Juan Carlos, 28933 Móstoles,
Spain; and dDepartment of Ecology, Evolution, and Behavior, University of Minnesota, Saint Paul, MN 55108

Edited by Robin S. Reid, Colorado State University, Fort Collins, CO, and accepted by Editorial Board Member Ruth S. DeFries January 26, 2019 (received for
review April 27, 2018)

Increasing plant diversity can increase ecosystem functioning,
stability, and services in both natural and managed grasslands,
but the effects of herbivore diversity, and especially of livestock
diversity, remain underexplored. Given that managed grazing is
the most extensive land use worldwide, and that land managers
can readily change livestock diversity, we experimentally tested
how livestock diversification (sheep, cattle, or both) influenced
multidiversity (the diversity of plants, insects, soil microbes, and
nematodes) and ecosystem multifunctionality (including plant
biomass production, plant leaf N and P, above-ground insect
abundance, nutrient cycling, soil C stocks, water regulation, and
plant–microbe symbiosis) in the world’s largest remaining grass-
land. We also considered the potential dependence of ecosystem
multifunctionality on multidiversity. We found that livestock di-
versification substantially increased ecosystem multifunctionality
by increasing multidiversity. The link between multidiversity and
ecosystem multifunctionality was always stronger than the link
between single diversity components and functions. Our work
provides insights into the importance of multitrophic diversity to
maintain multifunctionality in managed ecosystems and suggests
that diversifying livestock could promote both multidiversity and
ecosystem multifunctionality in an increasingly managed world.

multiple trophic diversity | ecosystem multifunctionality | grassland grazing
management | livestock diversity | mixed grazing

The strong reduction in biodiversity resulting from habitat loss
and climate change has prompted a large body of research to

examine the effects of biodiversity loss on ecosystem functioning
(1). Most studies have found a strong positive effect of increasing
plant diversity on ecosystem functions in terrestrial ecosystems (2–
11). However, the role of biodiversity, if any, in driving ecosystem
functions in managed ecosystems remains much less explored (but
see refs. 12–17). Furthermore, although it is now clear that eco-
system functioning depends even more on herbivore than on plant
diversity in aquatic ecosystems (6, 10), the potential importance of
herbivore diversity remains unclear in terrestrial ecosystems.
Livestock grazing is the most widespread land use on Earth

(18), including in northern China (19), which is part of one of the
largest remaining grasslands on Earth (i.e., the Eurasian steppe)
where grassland is largely used to support livestock grazing for
food production. Livestock grazing can alter both biodiversity
and ecosystem functioning (20–22). For example, livestock
grazing can directly disturb soils physically (e.g., via soil com-
paction) and chemically (e.g., altering nutrient cycling via animal
dung), thereby affecting plant productivity and ecosystem func-
tion. Furthermore, livestock grazing, as an important driver of
grassland biodiversity change, not only exerts important and di-
rect effects on plant diversity (23), but also on the diversity of
other above-ground and below-ground organisms such as insects
(24) and soil animals (25). The increasing human population and
per capita demand for the production of meat and animal
products (26) has placed tremendous pressures on grassland

ecosystems worldwide, including in China. Theory predicts that in-
creasing herbivore diversity could increase the production of herbi-
vores (27) and there is some evidence that mixed grazing can
increase livestock production (28, 29). However, the wider impacts of
mixed grazing on multitrophic diversity (multidiversity of above-
ground and below-ground organisms) and multiple ecosystem func-
tions (multifunctionality) remain completely unexplored. Evaluating
the importance of biodiversity in regulating ecosystem function in
managed ecosystems is of paramount importance to predict the fu-
ture dynamics of terrestrial ecosystems in a highly managed world.
Here, we used a 5-y field-manipulated grazing experiment,

including livestock grazing by single species (cattle or sheep) and
mixed species (sheep and cattle) to evaluate the role of diversifying
livestock (single vs. mixed livestock species) in regulating multi-
diversity, including above-ground (e.g., plants and insects) and
below-ground (e.g., microbes and microinvertebrates) organisms,
and multifunctionality, including variables related to productivity,
nutrient cycling, soil C stocks, water regulation, and plant–microbe
symbiosis, and to assess the importance of multidiversity in regulating
ecosystem multifunctionality in highly managed ecosystems (SI
Appendix, Fig. S1).

Significance

The potential importance of herbivore diversity in maintaining
ecosystem functioning remains unclear in terrestrial ecosys-
tems. This is a critical knowledge gap because the global hu-
man population increasingly relies on grasslands to supply
meat and dairy products. As the global human population
continues to grow, and as per capita consumption of meat and
dairy products continues to increase, livestock grazing will
place unprecedented pressures on grasslands worldwide. We
show that diversifying livestock could promote grassland bio-
diversity and ecosystem multifunctionality in an increasingly
managed world, and also provide insights into the importance of
multitrophic diversity to maintain ecosystem multifunctionality in
managed ecosystems. Grassland grazing management by live-
stock diversification increases nature’s benefits to people, partly
by maintaining a diverse array of grassland species.

Author contributions: L.W. and D.W. designed research; Jun Liu, C.F., Jushan Liu, Z.Z., H.Z.,
X.Y., Q.C., and C.L. performed research; M.D.-B. and F.I. analyzed data; and L.W., M.D.-B.,
D.W., and F.I. wrote the paper.
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Editorial Board.
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§  Caractéristiques	du	papier	(auteurs,	année,	lieux	…)	
	

§  Caractéristiques	des	données	(origine,	type	…)	
	

	 	ex	:	expérimentales/modélisation	;	quantitative/qualitative	

§  Caractéristiques	des	paramètres	étudiées		

		

Résultats	préliminaires	
①	Base	de	données	:	 		



Résultats	préliminaires	

②	Modèles	conceptuels	:	
	

	 	 	Compartiments	et	interactions	

Sol	 Arbre	

Poule	



Résultats	préliminaires	

②	Modèles	conceptuels	:	
	

	 	 	Compartiments	et	interactions	

→ Poules/arbres	à	différentes	échelles	
	
→ Comparaison	entre	espèces	animales	(poules,	
oies,	canards,	moutons)	

Sol	 Arbre	

Poule	



Résultats	préliminaires	:	
②	Modèles	conceptuels	



Résultats	préliminaires	:	
②	Modèles	conceptuels	



Résultats	préliminaires	:	
②	Modèles	conceptuels	



Poules	

Agriculteur	

Mégafaune	

Résultats	préliminaires	:	
②	Modèles	conceptuels	



Résultats	préliminaires	:	
②	Modèles	conceptuels	comparés	



Résultats	préliminaires	:	
②	Modèles	conceptuels	comparés	



Résultats	préliminaires	:	
②	Modèles	conceptuels	comparés	



Perspectives	

→ 	Compléter	la	base	de	données	(BDD)	
	
→ 	Amélioration	des	modèles	conceptuels	
(représentations,	exhaustivité,	précisions)	

	
→ 	Relier	BDD	et	modèles	
		

=>	Début	de	thèse		
		



Merci	de	votre	attention	!	
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