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Lefever and Lejeune (1997); Klausmeier, (1999); HilleRisLambers et al. (2000), Okayasu and Aizawa
(2001); Rietkerk et al. (2002); Lejeune et al. (2002); Shnerb et al. (2003).

Reproduce observed behaviors
Make predictions

Shed new.light on ecological processes
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Hardenberg, Meron, Shachak, Zarmi, PRL (2001)

N(X,t) - Plant biomass density

W(X,t)- Soil water density D Positive feedback terms
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Explicit modeling of the two positive feedback mechanisms
b(X,t) - Plant biomass density

W(X,t) - Soil water density h
h(x,t)— Surface water height

Okayasu and Aizawa (2001); Rietkerk et al. (2002)
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Ecosystem engineers are key species which modulate the landscape,
organize the flow of resources, and strongly affect the number of
other species in the ecosystem.
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Soil crust
Engineering:

Cyanobacteria - form soil crusts
which reduce infiltration

Shrubs - prevent the growth of soil
crusts and increase infiltration

The combined engineering effect - accumulation of soil water. Can it
create habitats for other species (e.g. annual plants) ?

Resilience:

Disturbances may destroy the fragile crust. What controls the
resilience of the system, is it recoverable ?
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=09

The model can be used to identify conditions for optimal
ecosystem engineers in terms of soil water accumulation and
resilience.
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Soil water accumulation at vegetation patches may exceed the
soil-water level of a bare soil at the same precipitation

Soil water level in the
presence of the shrub

Soil water level in the
absence of shrub
(bare soil)

The combine shrub-crust engineering effect provides habitats
for weak species that may not survive in the absence of the
engineers.

So far - conditions that favor the introduction of new species.
What determines their number?
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Niche theory in ecology: the more diverse the landscape the more
habitats or growth niches it provides and the richer the species
that can be accommodated.

Landscape diversity in our case is determined by the spatial
patterns the shrub forms.

The model suggests two mechanisms for pattern diversity:
1. Bistabilty of states: G
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Ecosystems are going today through unprecedented loss of species

and their habitats in response to environmental changes and human
disturbances.

The model suggests a new mechanism:

Transitions between states or patterns of the ecosystem
engineer that involve habitat loss, induced by climatic
changes or human activities.

4 downhill - b) downhill -

Example:
Spots — bands
on a slope

Counterintuitively species
loss may result from
increasing precipitation

Soil-water redistributions
creating habitats
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The new models:

Reproduce observed phenomena:

Make specific predictions:

o A universal sequence of states along the rainfall gradient - bare
soil, spots, stripes, gaps, uniform vegetation.

o Bistability ranges. \

Shed new light:

o Desertification & recovery as hysteresis loop
o A novel mechanism of species loss events - state transitions of
the ecosystem engineer

PNY2~/|I'0D'NBG' MMM - UOJ2W PNY] ‘A4ISU2AIUN UOLING Uag

Ehud Meron, Ben Gurion University (KITP Pattern Formation Conference 8/23/03) 13



