Pattern and Process in the
Everglades Ridge-Slough Landscape
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Pattern + Process = Performance/Thresholds?

Landscape-scale target outcomes in the R-S landscape?

e Pattern 2 How to quantify? How to interpret?

* Topography — Critical, but more difficult to detect
 (How) are these indicators linked?

* Can we link these to hydrology to guide restoration?
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Topography: R-S Elevation Divergence*

“How high are the ridges?”

» Two stable C equilibria 2 R-S
elevation differences

* Preserved only under “best-
conserved” hydrology

* Wet, dry, stable: bimodality loss

* Loss precedes pattern loss 2
important diagnostic

: ~25.€m in
central WCA-3A
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Hydrologic modification and the loss of self-organized patterning in the

ridge—slough mosaic of the Everglades. Ecosystems, 13(6), 813-827.



Pattern: Spatial Organization of the R-S Mosaic

“Just how is this landscape patterned?”

* Required to detect loss, understanding loss mechanisms, and test models

* Flow-parallel bands of higher-elevation ridges within a matrix of lower-
elevation sloughs (scT, 2003; Mcvoy et al., 2011)
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Pattern: Spatial Organization of the R-S Mosaic

“Just how is this landscape patterned?”

* Required to detect loss, understanding loss mechanisms, and test models

* Flow-parallel bands of higher-elevation ridges within a matrix of lower-
elevation sloughs (scT, 2003; Mcvoy et al., 2011)

Previous Pattern Metrics

* Wu et al., 2006: Avg. length straight flow,
avg. slough width, L:W, patch %, lacunarity
— “Condition” based on logistic regression

* Nungesser, 2011: L:W ratio, # of ridges, A,
perimeter:area ratio ¥} |
— Historical patterning = higher quality hafhalafalol
— Good: many, long ridge patches - 3 O O B B
— Bad: fewer, large, and irregular patches L 6 0 6 0 6 0 6 0 6 0
* Our Challenge: Use existing and new metrics - H i B i &ﬂﬁ n 8 n ﬂ -
to link pattern, topography, and hydrology o Sl
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Pattern: Spatial Organization of the R-S Mosaic*

Two Goals:

1. Better characterize R-S pattern in across hydrological/condition gradient
2. Propose metrics for quantification of observed and modeled landscapes

*Casey, S., M.J. Cohen, S. Acharya., D. Kaplan, and J. Jawitz.
2015. On the spatial organization of the Ridge-Slough Patterned
Landscape, Hydrol. Earth Syst. Sci. Discuss., 12, 2975-3010.



Pattern: Spatial Organization of the R-S Mosaic*

Two Goals:

1. Better characterize R-S pattern in across hydrological/condition gradient.
2. Propose metrics for quantification of observed and modeled landscapes

& FLORIDA

Approach
e 33 sites, multiple maps...

MAP 3

WCA-3AN

* Prevalence statistics: patch %,
complexity (perimeter), elongation

e Spectral characteristics: 2-D
periodicity = “is the landscape
regularly patterned?”

* Patch scaling relationships: patch
size distributions = inform R o 5w
underlying formation processes

. . 5 *Casey, S., M.J. Cohen, S. Acharya., D. Kaplan, and J. Jawitz.
Hydrologlc controls on pattern- 2015. On the spatial organization of the Ridge-Slough Patterned

Landscape, Hydrol. Earth Syst. Sci. Discuss., 12, 2975-3010.




Pattern: Spatial Organization of the R-S Mosaic

Regularly patterned landscapes
have R-spectrum peaks:

Amplitude
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Pattern: Spatial Organization of the R-S Mosaic

Regularly patterned landscapes Everglades R-S Landscape Lacks

have R-spectrum peaks: Characteristic Wavelength:
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» Consistent across all sites 2 wide
range of hydrology/quality

* Suggests global- not intermediate-
scale negative feedbacks
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Pattern: Spatial Organization of the R-S Mosaic

Global-scale feedbacks > No regular patterning = Power-law patch

scale distributions




Pattern: Spatial Organization of the R-S Mosaic

Global-scale feedbacks > No regular patterning = Power-law patch

scale distributions

10°

Site 5 ste14| * Power-law patch size

distribution (red lines)
consistent with scale-
free patterning

Site 3

101 +
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* Rounding at low end:
missed small features
or lognormal
distribution (blue lines)

Site 28

* Suggests robust
102 105 10° 10° 10° 107 102 10° 10¢ 10° 10° 107 10° 10° 0% 10° 10° 107 Criticality as Organizing
Patch Size (m2)
phenomenon: local
facilitation + global

Casey et al., 2015 negative feedback
SUUEEEEREOEOOIOURDORRORRRGRESRREEEEEEEEE—




Pattern + Topography: Leading Indicators?*

SEE JING YUAN'S POSTER #93!

A

Lagging

Neutral

Candidate Metric

Leading

>

Field Based Measure of Ecosystem Condition €—————

Topography

*Yuan, J. 2015. Metrics of pattern loss and ecosystem change in the ridge and
slough mosaic of the everglades. PhD Dissertation, University of Florida, Gainesville.




Pattern + Topography: Leading Indicators?*

e Pattern metrics:

y e Wu et al., 2006
K * Nungesser, 2011
Lagging 4LV e Caseyetal., 2015

e Connectivity-based:
— Kaplan et al., 2012
— Larsen et al., 2012
— Yuan et al., 2015

— RS vegetation indices

Neutral

Candidate Metric <€

Leading

>

Field Based Measure of Ecosystem Condition €————e

Topography

*Yuan, J. 2015. Metrics of pattern loss and ecosystem change in the ridge and
slough mosaic of the everglades. PhD Dissertation, University of Florida, Gainesville.




Pattern + Topography: Leading Indicators?

6
‘i Pattern Metrics
Lagging 5

Neutral

Candldate Metric
B (Power-law exponent)
w

Leading
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Field Based Measure of Ecosystem Condition Vegetation Ind iCES

B| > 1 = Leading Indicator 2
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B| < 1 > Lagging Indicator

* Only DCI (Larsen et al, 2012) Significant
e But...R2< 0.5 for ALL metrics
* Field topo. measurement...

B (Power-law exponent)

Yuan, 2015




Pattern + Process = Performance/Thresholds?

Landscape-scale target outcomes in the R-S landscape?

e Pattern =2 How to quantify? How to interpret?

* Topography =2 Critical, but more difficult to detect
 (How) are these indicators linked?

 Can we link these to hydrology to guide restoration?
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Hydrology = Pattern (Observations)*

Ridge prevalence, anisotropy, and perimeter correlated with depth
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*Casey, S., M.J. Cohen, S. Acharya., D. Kaplan, and J. Jawitz. 2015. On the spatial organization
of the Ridge-Slough Patterned Landscape, Hydrol. Earth Syst. Sci. Discuss., 12, 2975-3010.




Hydrology = Pattern (Observations)*

Ridge prevalence, anisotropy, and perimeter correlated with depth
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*Casey, S., M.J. Cohen, S. Acharya., D. Kaplan, and J. Jawitz. 2015. On the spatial organization
of the Ridge-Slough Patterned Landscape, Hydrol. Earth Syst. Sci. Discuss., 12, 2975-3010.
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Hydrology < Pattern (Modeling)*

Ridge prevalence and anisotropy combine to control hydroperiod
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*Kaplan, D., R. Paudel, M. Cohen, and J. Jawitz. 2012. Orientation matters:
Patch anisotropy controls discharge competence and hydroperiod in a
patterned peatland. Geophysical Research Letters 39, L17401.



Hydrology < Pattern (Modeling)*

Ridge prevalence and anisotropy combine to control hydroperiod
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* Shown here for 25 cm ridges

* Same approach to estimate flows
required to support 60-90 cm ridges
(SESSION 40, THURSDAY 3:30 PM!)

*Kaplan, D., R. Paudel, M. Cohen, and J. Jawitz. 2012. Orientation matters:
Patch anisotropy controls discharge competence and hydroperiod in a
patterned peatland. Geophysical Research Letters 39, L17401.
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Summary and Next Steps

|« R-S Mosaic: NOT REGULARLY PATTERNED!
2 = * Along with power-law patch size distributions
: f‘-‘?’ —> global-scale negative feedbacks

o = * New suite of pattern metrics (casey et al., 2015)



Summary and Next Steps

R-S Mosaic: NOT REGULARLY PATTERNED!
Along with power-law patch size distributions
- global-scale negative feedbacks

New suite of pattern metrics (casey et al., 2015)

Elevation divergence = strong, independent
measure of ecosystem condition

Lost under hydrologic modification
Precedes pattern loss!
Low prediction power of leading indicator(s)

Topography




Summary and Next Steps

R-S Mosaic: NOT REGULARLY PATTERNED!
Along with power-law patch size distributions
- global-scale negative feedbacks

New suite of pattern metrics (casey et al., 2015)

Elevation divergence = strong, independent
measure of ecosystem condition

Lost under hydrologic modification
Precedes pattern loss!
Low prediction power of leading indicator(s)

Topography
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TOpOgra phy H d I Acharya, S., D. Kaplan, S. Casey, M.J. Cohen, and J. Jawitz.
P tt > V ro Ogy 2015. Coupled local facilitation and global hydrologic
attern — . :
inhibition drive landscape geometry in a patterned peatland,
| s Hydrol. Earth Syst. Sci. Discuss., 12, 1247-1277




Thank you! Questions?




