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Concept de métaecosysteme
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Abstract
This contribution proposes the meta-ecosystem concept as a natural extension of the

metapopulation and metacommunity concepts. A meta-ecosystem is defined as a set of
ecosystems connected by spatial flows of energy, materials and organisms across
ccosystem boundaries. This concept provides a powerful theoretical tool to understand Resource flows
the emergent properties that arise from spatial coupling of local ecosystems, such as '
global source—sink constraints, diversity—productivity patterns, stabilization of ecosystem
processes and indirect interactions at landscape or regional scales. The meta-ecosystem
perspective thereby has the potential to integrate the perspectives of community and
landscape ecology, to provide novel fundamental insights into the dynamics and
functioning of ecosystems from local to global scales, and to increase our ability to

predict the consequences of land-use changes on biodiversity and the provision of

ecosystem services to human societies.

Ecosystems
Schiesari et al. 2019

Loreau et al. 2003



Perspectives in ecology and conservation
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3 caractéristiques importantes pour
appliquer le concept de
métaécosysteme :
» La structure spatiale de

- l’environnement (hétérogénéité)
M « La connectivité (flux de transfert)
' « Les mécanismes locaux (émergence

de propriétés a plus large échelle)

Dispersal
&

e Communities

Resource flows

< 3 exemples de cas d’étude ou
l’application du concept s’est avérée
utile pour une espece ou un (dis)service
donné

Dispersal

Ecosystems

Schiesari et al. 2019 Schiesari et al. 2019



De la mutiplicite des metaécosystemes...

(A) Dispersal-based meta-ecosystem
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into the Field
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Resource exchanges dynamics
dissimilar ecosystems
different species or stages

Examples:

couplings at

freshwater-riparian,

. ocean-coastal,
“i benthic-pelagic
interfaces

Gounand et al. 2018



... AUX services écosystemiques

Biogeochemical cycles
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From meta-system theory to the sustainable
management of rivers in the Anthropocene
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service-providing, service-
benefiting and service-
connecting areas

‘ River network connectivity loss

‘ Local habitat conditions unaltered
(eg good water quality)

‘ Local habitat conditions altered
(eg water pollution)

—— Instream organisms’ dispersal and flow
of material unaltered (eg no dams)

= Instream organisms' dispersal and
flow of material altered (eg dams)

-===» Overland organisms’ dispersal
unaltered (eg natural landscape)

=== Overland organisms' dispersal
altered (eg urbanized landscape)

Cid et al. 2021
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Spatial indicators for the assessment of ecosystem services: Providing, benefiting
and connecting areas and landscape metrics

Ralf-Uwe Syrbe*, Ulrich Walz

service provision chain

SCA flows

SBA

Legend

SBA SBA

1 Amount of demand

] Amount of supply

Syrbe & Walz 2012 after Fischer et al. 2009 Truchy et al. 2025



Compléments de connaissances a apporter

 Focus sur les hydrosystemes en genéral

* Liens explicites et empiriques entre processus méta et dynamiques
des ES

« Dynamiques spatio-temporelles des ES
« Exemples concrets d’application sur hydrosystemes
« Agenda de recherche : futures questions a investiguer




BioScience, 2026, 76, 238-253
https://doi.org/10.1093/biosci/biaf192
Advance access publication date: 22 December 2025

Overview Article

OXFORD

Integrating metaecosystem framework with ecosystem

. . . . Article d’opinion
service dynamics in sociohydrosystems

Amélie Truchy /22" David Eme?, Franck Jabot?, Fabrice Vinatier?, Aurélien Jamoneau®, Eric J. Petit®, Bertrand Villeneuve®, S—— PR
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Introduction

The spatiotemporal template of socio-hydrosystems as meta- e i

ecosystems

Coupling the meta-ecosystem framework and the ecosystem
service chain to understand ES maintenance and delivéry in SHS

1 ES driven by organisms’ movement (disp, migr, forag, etc.)
2. ES driven by flows of energy and matter

Implications of an ES meta-ecosystem approach for socio-
hydrosystem management

SPA

SCA flows <

1. Tidal connectivity restoration & large-scale benefits to
nekton communities

2. NBS for mitigating water pollution
3. Pacific Salmon return & ES portfolios

Future research directions for developing a metasystem
approach for ES management

1. Conceptual challenges
2. Methodological anc technical challenges 7S -
3.  Epistemological challenges Truchy et al. 2025

SBA

Legend

1 Amount of demand

! Amount of supply
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Introduction

The spatiotemporal template of socio-hydrosystems as meta-
ecosystems

Coupling the meta-ecosystem framework and the ecosystem
service chain to understand ES maintenance and delivéry in SHS
1 ES driven by organisms’ movement (disp, migr, forag, etc.)
2. ES driven by flows of energy and matter

Implications of an ES meta-ecosystem approach for socio-
hydrosystem management
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1. Tidal connectivity restoration & large-scale benefits to
nekton communities

2. NBS for mitigating water pollution
3. Pacific Salmon return & ES portfolios

Future research directions for developing a metasystem
approach for ES management
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Perspectives de recherche

Resolve causal chain linking meta-ecosystem processes with services

Predict abrupt changes in ecological systems and ES driven by a complex
interplay between long trends and short extreme events (eg. drought,
flood, pest emergence...) in multi-stressors context

Consolidate the conceptual foundations of the bundle view of meta-
ecosystem services and better understand the complex relationships
between multiple ES

Perform data collection on spatial and temporal ecological fluxes and
on their impacts on ES, especially at ecosystem interfaces (ecotones)

Landscape

e mms o sm o e m e o mm oy
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Develop versatile modeling methods to upscale monitored fluxes at the ‘_ 7’
appropriate scale for ES diagnosis === 7F BEF
Quantify the relative contribution of different meta-ecosystem research

processes in the distribution of given ES




Retour sur la notion ES
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‘ MetaEcoServ re-évalue ?

MetaEcoServ réalisé
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rtaEcoServ

idealisé

Nos objets d’étude appartiennent souvent
a la « boite noire » des services de
support difficiles a délimiter et quantifier.
‘Court-circuitage’ des fonctions pour
tenter d’aller directement aux services >
conceptuellement possible mais dans la
pratique empirique, difficile.

Au-dela de la biodiversité, les processus
écologiques sont notre entrée principale
- shift conceptuel bénéfique ?

Difficulté de traduire les services en
bénéfices quantitatifs car consortium
exclusivement écologue = besoin des
regards et compétences SHS.



Proposition de projet : Metaecosystem &

Interfaces

Question générale : Quel-est le role des
interfaces terre-aqua, de leurs propriétes, et
de leur diversité dans le fonctionnement
meétaécosystemique des bassins versants ?

(dynamiques de diversite, flux, fonctions, etc.)

- A tester empiriquement a large échelle, sur
une diversite representative d’interfaces

==} Transport by wind
==) Transport by water
Transport by organisms

==} Transport by gravitation

Pathways for cross-boundary effects of
piodiversity on ecosystem functioning

Michael Scherer-Lorenzen, ''22%* Mark O. Gessner, 2%#1320 Beatrix E. Beisner, >%14@

Christian Messier,>”%'° Alain Paquette,®"'®® Jana S. Petermann,®'”€ Janne Soininen, '*'8€ and
Charles A. Nock "11:19:20.@

Scherer-Lorenzen et al. 2022, TREE



Proposition de projet : Metaecosystem &
I N te rfaces Pathways for cross-boundary effects of

e OIOCIVErSIty ON €cosystem functioning

Michael Scherer-Lorenzen, ''22%* Mark O. Gessner,2%* 1820 Beatrix E. Beisner, 5% 4@
Christian Messier,>”#'° Alain Paquette,®”'%? Jana S. Petermann,®'"€ Janne Soininen, '*'®? and
@

Hypothése : Diversité des interfaces terre- Crares - o 11197
aqua module les fonctions ecologiques
rendues par les milieux parce gqu’elle
augmente leur connectivite, et donc leur
fonctionnement en meétaecosystemes

Décomposition
Production primaire

Détoxification
Emergence ?

Scherer-Lorenzen et al. 2022, TREE



Metaecosystem &
Interfaces

lit majeur
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compromises and recommendations?

WP1. Data collection: sampling strategy /
field work (for WP2) and data synthesis (for
WP3)

WP2. Local-scale approach: Understand the
role of TAl in metaecosystem processes and
BEF relationships (and ES)

WP3. Watershed-scale approach: Test the
effects of TAl diversity / properties on
biodiversity and functions (and ES) in
restored ecosystems

WP4. Cross-scale integration modelling &
management scenarios




I N RM Pristine SHS | Anthropized SHS

la science pour la vie, I'humain, la terre
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Merci au métaprogramme
Biosefair

Legend:
# Surface water used iy Surface water for ;’;,Wild animals used for 4, Characteristics of living systems
as a material ¥ drinking nutritional purposes 7 that enable aesthetic features
¢, Hydrological cycle and water _};: Characteristics or features *Surfaoe water used as AN Natural, abiotic characteristics that
= flow regulation (including ’ of living systems that an energy source enable spiritual, symbolic and other
flood control) have existence value interactions

Et merci pour votre attention !



Annexes




For WP2: Census the dozen of local field sites (INRAE partners+others), select
some sites in contrasted hydrosystems and uses
For WP3: Compile datasets among partners from restored wetlands (C
etc.) and complement with measured functions

WP1. Data collection: Samplmg strategy / On local, finely and longly monitored case studies:

field work (fOI' WPZ) and data SyntheSiS (fOI’ * Reflect on and find “common currency” between terrestrial and

WP3) ecosystems = “metaecosystem functions”

* On TAI transects, measure these metaecosystem functions, in bot
and ground

* Analyse BEF links & feedback loop

WP2. Local_- scale approaCh' Understand the * Analyse the importance of TAl permeability and properties in the functions
role of TAl in metaecosystem processes and + Analyse the time lag and interseasonal effects

BEF relationships (and ES)

On overall watersheds, geomatic analyses of TAl related to restored
WP3. Watershed-scale approach: Test the hydrosystems (e.g. SYRAH data in France, UNECE data in Europe):

effects of TAl diversity / properties on Analyse correlations between TAl diversity, beta diversity of communities

L : : : (alpha, beta), and ecological functions measured (or proxies estimated) in
blOleEI’Slty and functions (and ES) n the system Before vs. After restoration

restored ecosystems * Focus on a particular biotic flux to refine the investigation of the
relartionships between metacommunity processes and functions (testing
hypotheses on their shape, cf. Naeem et al. etc.)
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compromises and recommendations?

WP4. Cross-scale integration modelling &

management scenarios * Develop mechanistic models to represent TAl, local-scale processes,
transfers between scales

* Use the model to predict the resulting functions at the watershed scale

* Use the model to validate the correlative analysis of WP3

* Assess the best scale of integration for each function

*» (Develop an additional module in the model to predict the consequences in
terms of ES distribution)

* Prospective work: Test management strategies

Jeliazkoy, Truchy et al., in prep.
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