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Similar Dynamics - more complex
landscape: Everglades freshwater system

1 Okefenokee Swamp, GA
2 Marshall Loxahatchee NWR, FL

3 Everglades National Park, FL

4 Quiet & Calabash Marshes, Belize
5 The Pantanal, Brazil

6 Okavango Delta, Botswana
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Ghost Islands (islands present in 1940 butnotin 199p)
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Two-phase Landscajp
* Tree islands:

- vegetation: trees
- more elevated—>less flooded
- phosphorus “rich”

* Marshes/Wet Prairies:

- “Herbaceous vegetation”
- less elevated—> more flooded
- phosphorus “poor”
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Tree islands are nutrient rich = “Fertility Islands”
A “Savanna” (Wetzel et al, 2005): mosaic of tree and “herbaceous” patches

coexisting in the same landscape
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TREE ISLAND DYNAMCS
* How do we explain this coexistence?
» Stability & resilience of tree islands

* Impact of changes in tree cover or water level

Wet Prairies

\ \

Stable coexistence of two states—> bistability 2 what
causes this bistability?



“Unistable System” Bistable System

Potential function
Potential function

State of the system State of the system

Feedback
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system and its Processes
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Environment
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Atmospheric Deposition of P
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“trapping”

Enhanced P
Deposition_>
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inputs to treed (P-limited)
areas




Guano Deposition

(Frederick and Powell, 1994)
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“Evapotranspirational Pumping “ (Ross et al., 2006)




Feedbacks < Bistability
Process-based zero-dimensional Model

* Tree growth limited by prolonged waterlogging
and P availability

 |In the absence of these limitations trees would

have competitive advantage over herbaceous
vegetation

T—> tree biomass

C;_T = aT(ch —T) T, =>Carrying capacity for trees

t

dG .
Pt G(G, —T —G) G herbaceous biomass

GCC%Carrying capacity for
grasses



= = o ==
=N » (o) o
1 ! 1 1

dT/dt (kg m™2 yr'1)

=
N
!

Shark Slough islands (TI-INT) )
r*=0.80: P=0.0004 Vi
— — —  95% Confidence Band /
Based on band dendrometer data /
(D’Odorico, Engel, Oberbauer, et al.) /
e
#

a=0.0019+0.0003

0.0

T (Tmax-T) (kg m?)?

600

800



Feedbacks < Bistability

Process-based zero-dimensional Model

* Tree growth limited by prolonged waterlogging and P

ar
dt

—aT(T, -T)

T- tree biomass

Carrying capacity for trees
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Not flooded
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ch :TO f(P)
(.

(depends on P & hydroperiod)

Ground Surface

l Ah=h-h.
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d(Ah)
dt

= Soil Accumulation—Soil Loss

Soil Respiration & Fires




Trees = Soil P Ralance
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Shark Slough Islands

r2=0.23; P=0.009
95% Confidence Band
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P Availability & Elevation = Tree dynamics

ch :TO f(P)

Dependence of T on P
Dependence Of T on Ah

I Ah=h-h.
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In the long term: dependence on the soil feedback
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Bistable Landscape
(Tree Islands & Marshes)

05
7, _ soil accretion
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Stable Marshes

How do tree islands get established?

* Trees colonize marshes/prairies during prolonged droughts

* Rock outcrops provide microsites for tree establishment



Feedbacks < Bistability
Process-based dimensional Model

* Extend the zero point model to incorporate
spatial dynamics d(Ah)

e Pattern formation? T 7T —7,(Ah+Kk)

r[l+,6x_xj r(l+,8x_xj

ar =aT (T, -T)+]| bexp| - ' —b, exp| - ' —b, [T(X,t)dx

dt cc J 1 dl 2 d2 3 !
- tree biomass |CC —>Carrying capacity for trees

(depends on hydroperiod only)



Magnitude of facilitation inhibition Limited by atmosp!\ ?rlc
phosphorus deposition

Determine the distance at which maximum inhibition occurs
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(Frederick and Powell, 1994)
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Advection

Atmospheric Deposition
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* Under low anisotropic conditions, elliptical
islands form

* These islands migrate slowly in the down flow
direction.
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 Under medium anisotropic conditions,
elongated islands form

* These islands migrate down flow direction.
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* Under high anisotropic conditions, the islands
migrate and extend until the form into full
bands, in general here the rate of island
migration exceeds the rate of elevation loss.
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* Under high anisotropic conditions, with
moderately low atmospheric phosphorus input
the islands migrate and extend but are unable
to from full bands.
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* Under high anisotropic conditions and low
atmospheric P deposition the islands migration
“pressure” exceeds the ability of vegetation to
stabilize and raised elongated treeless islands form.

* These islands migrate only so long as they have
trees, and treeless islands are eventually lost.




Conclusions

* Feedbacks between Trees and P Deposition &
Soil Accretion may lead to bistable landscapes =

=+ In the long run Tree Islands and Marshes are
alternative equilibria

| » The state of elevated island with no trees is a
transient (short term) feature

* Tree island are a metastable state =2
coexisting with the marsh state = only limited

resilience
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