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Biological Soil Crusts
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1 Sulfur caves..

Frassassi Cave, Italy, a H2S- rich system.
Dan Jones and Jen Macalady, Penn State.
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‘M Wingate Cave, heavily iron rich.
% A frequently “washed” system...
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Kula Kai
Kai Cave, Hawaii 8-
Images by K. Ingham
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Rietkerk, M., Dekker, S.C., de Ruiter, P.C., & van de Koppel, J. 2004.
Self-organized patchiness and catastrophic shifts in ecosystems SC/ence 305:1926-1929.

Fig. 2. Model results from a modifisd version of the
Thiery et & (30} cellular sutamaton, showing stable
isotropic vegetation patterns after time step ¢ = 15
Bupparting online text and movie 51} Grid size &
500 x 500 cells Back aress represent wegetstion n
T State 5 white sress repmssnt bare sal in
it state 0. Simulations were started by ran-
damly mtodudng vegetation state 2 an 5% of the
ells, Vegetation patterre are the result of fine-scale
patitive feedback and coarse. scale negative feedback.
On the x awig, the strength of the positive feadbad i
icreised; an the y oo, the scale of infuence &
decrested Patterrss change from spats to kabyrinths
and gape at different spatisl scales
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Fig. 1. Field abservations. (A to C) Arid ecosystems (A) Labyrinth of bushy vefetmm nNge[(12. © global bistability
2002 Univessity of Chicago 0) Striped pattern of buthy vege tation in Niger: (C) Labyrinth of peremnial
grass Paspelum vaginstum in krael [(17) © 2001 American Physical Socety] (D and E) Savama Fig 3 Maddl shawig how scomyiters may ';‘“'!" 2 prediaate ’:[‘}'ﬂggf
ecasysterns: Aerial and mdph:mg#nsdsptsofmmdmn vary Coast and French Guiana, a}mnnnhuqm:mmiﬁmﬂl of as
respectively [[15), © 2002 American Physical Society]. (F and G) Pestisnds Regular maze patterns of emaystern engineers. Datted arrows rep catastraphic shifts FrTa
shrubs and trees in western Siberia [(25) © 2004 University of Chicago] Scales of ablique serisl arganized mwﬁmmmdtm ad “m“u&“mﬂ'i;ﬁ
t & resource ut
:::"::‘se[al p-;:s:mmpt (E)] are order-of -magnitude spproximations of distance in the x direction :l:h-' high de nge of e mn-wsnn ¥ whic glm‘ it
& Syitern toward the cossisting self-organived patchy state or homogeneous state,

depending on initial emaysten enginess densities.



Biological Patterning

P
* U,=DU_+R(U)
* Paper:
The chemical basis of
morphogenesis

Image from Greg Turk
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Pictures from Wikipedia



Baseline Model

Growth dependent on

! Oscillation
water and nutrients

and bias
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Runoff, evaporation, absorption, diffusion, etc.

Precipitation




Generalized Cellular Automaton

Radiuks of 3 e Each cell has variable

for biomass, nutrients,
and water

 Next state of a cell is
based on its current
value, those within the
radius, random factors

* Weights set to capture
effect of differential
equations




Simple Example

Radius of 3

 Each cell has variable for

\
[ \
SEGEEEm -

biomass € {0,1}

Water and nutrients in
abundance

Next state of a cell is

— same if sum of neighbors
in range 8-12

— Grow if sum of neighbors
in range 13-34

— Die else or randomly 5%
of time



Simulated Bioverms
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So Long And Thanks For All The Coffee



