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getting to grips: from the basic ecological unit to complex systems
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single species, single location
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: multiple species in competition at a single location

1cation
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community comp
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interactions (other than competition)

multiple competing species

interactive system: multiple agents consuming/transforming each other at a
single location
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interactions (other than competition)

multiple competing species

Ecosystem

Food web

spatlal structure

spatial context: single/multiple species at multiple locations
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spatial structure

?

interactive system

1 context + 1

spatia
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spatial structure

SFW / metaecosystem

interactive system

1 context +

spatia
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spatial structure

A\ -

e structured interactions

* prone to complex dynamics and/or
non-persistence
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* competition between (close) populations
¢ dispersal between populations of the same species

* simple dynamics and persistence of at least 1 species
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spatial structure

e structured interactions
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* competition between (close) populations
¢ dispersal between populations of the same species

just add ingredients together? * simple dynamics and persistence of at least 1 species
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spatial structure

A==

e structured interactions

* prone to complex dynamics and/or
non-persistence
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* competition between (close) populations
¢ dispersal between populations of the same species

just add ingredients together? no! . simple dynamics and persistence of at least 1 species
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Reason 1: different spatial scales

Scale of movement (km)
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different spatial scales
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adapted from Holt ez al. 2005 Metacommmunnities: Spatial Dynamics and Ecological Communities
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Reason 2: trophic dynamics interact with spatial structure
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Reason 2: trophic dynamics interact with spatial structure

Ay

Huftaker 1958; Huffaker ef a/. 1963 Hilgardia



Reason 2: trophic dynamics interact with spatial structure
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Number of predatory mites

"Preys escaping predators" insures persistence

Huftaker 1958; Huffaker ef a/. 1963 Hilgardia
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decomposers

consumers
primary producers

nutrients
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decomposers C:@

primary producers

nutrients

consumers
primary producers
nutrients
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decomposers

primary producers

nutrients

...with space

consumers

primary producers

nutrients
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Examples

MAPPING REGIONAL FOREST EVAPOTRANSPIRATION AND
PHOTOSYNTHESIS BY COUPLING SATELLITE DATA
WITH ECOSYSTEM SIMULATION!

Running e7 al. 1989 Ecology
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Examples

How SFWs have been tackled?

Landscape Ecosystem Ecology

MAPPING REGIONAL FOREST EVAPOTRANSPIRATION AND
PHOTOSYNTHESIS BY COUPLING SATELLITE DATA
WITH ECOSYSTEM SIMULATION'

PHOTOSYNTHESIS (Mg-hal-yr')

Running et al. 1989 Ecology



Nature Precedings : doi:10.1038/npre.2010.5204.1 : Posted 9 Nov 2010

Examples

Species coexistence and self-
organizing spatial dynamics
1 host + 2 parasitoid species dynamics
N 1=AN, f(P,+r0Q))
P =cNJ[1—=f(P,+rQ)][P.,/P.+rQ)]
Qi r=dN,[1—f (P, +rQ)[rQ./(P.+1Q)]

+ stepping-stone dispersal on a grid

Hassell ez a/. 1994 Nature
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Examples

Food web metacommunity Ecology

Species coexistence and self-
organizing spatial dynamics

2

chaotic patterns

P only

Qonly

Coexistence (Q>P)

Coexistence (P>Q)

02

Hassell ez a/. 1994 Nature
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Effect
categories

Landscape Ecosystem Ecology

| Functioning

Organization

Dynamics

fr R Y

Food web metacommunity Ecology

[ Dynamics

Diversity

Organization

fr R Y

Ditterent perspectives, different methods...

...with such well cleaved traditions, do we miss something?

Interacting
agents

<

Nutrients + Primary producers +
Decomposers

Consumers + Primary producers
+ Nutrients
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Extraordinarily high spider densities on islands: Flow of energy
from the marine to terrestrial food webs and the absence
of predation

GARY A. PoLIs AND STEPHEN D. HURD
Department of Biology, Vanderbilt University, Nashville, TN 37235

Polis and Hurd 1995 PN.AS
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Extraordinarily high spider densities on islands: Flow of energy
from the marine to terrestrial food webs and the absence
of predation

L

GARY A. PoLIs AND STEPHEN D. HURD
Department of Biology, Vanderbilt University, Nashville, TN 37235
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Extraordinarily high spider densities on islands: Flow of energy
from the marine to terrestrial food webs and the absence
of predation
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Extraordinarily high spider densities on islands: Flow of energy
from the marine to terrestrial food webs and the absence
of predation

Predators

GARY A. PoLIS AND STEPHEN D. HURD
Department of Biology, Vanderbilt University, Nashville, TN 37235

Intermediate-
Level Predator
(Spiders)

biogeographical argument
(trait = ¢/e ratio)

Terrestrial
Food Web

Avian Parasites Herbivores Beach Algivores
and Scavengers A & Scavengers
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nutrient flow argument —
Marine Birds Marine Detritus

(material) \ / and Carcasses

Marine Vertbrates
and Invertebrates

Marine
Food Web

Marine Planktonic Marine Algae

Polis and Hurd 1995 PN.AS Production
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Ecology Letters, (2003) 6: 673-679 doi: 10.1046/j.1461-0248.2003.00483.x

Meta-ecosystems: a theoretical framework
for a spatial ecosystem ecology

* from metacommunities to metaecosystems
* how?:

— put mass-balance and stoichiometry back in the
picture

— extend the concepts of sources and sinks

Loreau ef al. 2003 Ecology Letters
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Spatial occupancy
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1.

Ecosystem- and population biology-oriented
ecologists have tackled SFWs in different ways
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Ecosystem- and population biology-oriented
ecologists have tackled SFWs in different ways

Ecosystemists have emphasized the movement of
material; population biologists, the movement of
traits
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Ecosystem- and population biology-oriented
ecologists have tackled SFWs in different ways

Ecosystemists have emphasized the movement of
material; population biologists, the movement of
traits

Some situations require both perspectives to be
fully understood
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Ecosystem- and population biology-oriented
ecologists have tackled SFWs in different ways

Ecosystemists have emphasized the movement of
material; population biologists, the movement of
traits

Some situations require both perspectives to be
fully understood

To merge these perspectives, we propose to put
back ecosystem processes (recycling,
stoichiometric and mass-balance constraints) in

SFWs
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