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How do spatial flow affectcosystenstructure andstability?

TakeHome messages

1. With wide connectivity spatial flows dampenlocal enrichmentby resourcetransfersbut
there is no additionnalstabilizingeffect

2. Heterogeneitycanbe stabilizingwhenconnectivityis partial

3. Nutrient flows are destabilizingwhile biotic flows are neutral or stabilizing

4. Intermediate diffusion of herbivorescanstabilizehighregionalenrichment
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Coupling; between ecosystems : asymmetry in quality
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Coupling; between ecosystems : asymmetry in steichiometryry of assemblages
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The need of a steichiometricic understanding; of ecosystems flows

Resource flows

Dispersal
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@ How does stoichiometry impacts ecosystems responses to
subsidies flow ?

@Can subsidies flows relax local limitations and lead to higher
production at the meta -ecosystem scale ?

Introduction



Stoichiometric:metaecosystem-model

Aguatic ecosystem Terrestrial ecosystem
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Local dynamics and regional ‘coupling

Stoichiometry of organism is fixed (stoichiometric
homeostasis; N:C ratio constant)
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Effect of subsidies flow anthe-meta:-ecosystem primarny, production
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Effect of subsidies flow,on the-meta:-ecosystem primasy\production

C-limited decomposers
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Effect of subsidies flow on the-meta:-ecosystem primary, production: : effectioff rp

Aquatic ecosystem Terrestrial ecosystem C_“m'ted decompOserS

r—1/40

What happens ?

When plants need more nitrogen (increasing rp) :

Benefits of spatial flows decrease
Plants deplete the nitrogen in terrestrial ecosystem
Herbivores decreases in density

Lessdetritus transported to the aquatic ecosystem
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Effect of subsidies flow on the-meta:-ecosystem primary, production: : effectioff ry

Aquatic ecosystem Terrestrial ecosystem C_“m'ted decompOserS

rg=0.15

What happens ?

When decomposers need more nitrogen (increasing rg) :

A Increasesthe quantity of nitrogen transfered to the terrestrial ecosystem
A More nitrogen for plants

A Herbivores increase in density which feedback positively on aquatic ecosystem
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Positive feedback: at the:meta:-ecosystem scale

C-limited decomposers

Quantifying the Feedback
e.g.,on terrestrial ecosystem production
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SUBSIDIES'FLOW.CAN-SWITCH THE LOCAL MMITATION OB DECOMPOSERS

C-limited N-limited
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CONCLUSION

A Importance of stoichiometry of subsidies for the Ei;f C
response of local ecosystems

A Detritus -induced positive feedbacks at the landscape extent )

to higher production at the meta-ecosystem

A Subsidies flow can relaxe local limitation  and contribute III III III III

A Spatial complementarity at the landscape extent depends on the local limitation

— (Cross-ecosystem efficiency hypothesis (  Harvey et al., 2021)
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Perspectives: aneta-ecosystemmodel atlandscapeextent

a) All ecosystem stocks

Terrestrial Aquatique

m HT
Herbivores __
Autotrophs $ AM%

Nutrient N

Detritus D

b) Local dynamics

X State variables

Example dynamics in a Forest

Aquatic
biomass
decaying
at a
certain
rate

¢) Landscape representation and spatial dynamics

(] spatial flow rates

C Physical Connectedness —
among ecosystem patches

F Vector-valued function
of local dynamics

Q Spatial flow rate matrix

C Connectedness matrix

Z—}; = F(x) + QCx

d) Mathematical matrix-based meta-ecosystem framework

Harvey*,Marleau et al. 2021Authorea



Perspectives: aneta-ecosystemmodel atlandscapeextent

FO) = [fa(X), () fia@), €, fha(xn), fy (%)),
é ) fn,Z(Xn) ) fi,g(xi) ) fn,én(xn)]T
wherex; = (X, €X, B ,) describghe localflows

m, thenumberof ecosystentompartments
n, thenumberof ecosystenpatches

Z—); = F(x) + QCx
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Perspectives: aneta-ecosystemmodel atlandscapeextent
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