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CORAL REEFS AS A MODEL ECOSYSTEM (BUT ALSO AN IMPERILED ONE)
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- 2. a-to-p Diversity Hypothesis

3. Detecting Ecosystem Transitions from Self-Organization
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* Measured by divers
* a-diversity captures species diversity at a local scale

* Measured using a range of proxies including species-richness,
species-variation, and species-evenness.

* Else metrics such as Shannon’s and Simpson’s Indices
* Typically applied to corals or reef fish
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WorldView-2

* Derived from remote sensing imagery

* Refers to variation in spectral intensity and/or
reflectance, across sets of pixels

* Terrestrial studies posit that spectral variation is
a surrogate for ecological niches, in turn
predictive of biodiversity
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* A measure of spatial variation in
benthic character

e Synonymous with ‘habitat
heterogeneity’
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SPECIRALN O OEIDIVERSINY

 Simple idea: Spectral variance indicates
heterogeneous environment, which correlates
with a-diversity

* Has been shown to work in certain terrestrial
environments (one of many examples below)

e Does it hold over coral reefs?

Diversity-spectral variation relationship
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QSO 5 DIVESSILY,

Spectral Diversity /| § B Diversity (habitat heterogeneity)
« Convolves within-habitat c.-diversity with 7§
spatial heterogeneity e
* Patchiness is well-suited to remote sensing
* Now several global reef-mapping initiatives

Can a.-diversity be backed out of the signal?

* Many ways to compute 3. Need to experiment
with different approaches

QL (in situ) Diversity

Harborne, et al. (2006) Ecology. doi: 10.1890/0012-9658(2006)87

ood A S, |
B Hypothesis #1 \

Hypothesis #2

FiG. 2. A comparison of (a) habitat map and (b) map of beta diversity for St. John. (a) Coral-rich habitats are shown in blue,
reef crest in red, hard-bottom habitats in brown, seagrass habitats in green, soft-bottom habitats in pink, and sand in yellow (maps
with full legends are provided in Appendix A). (b) Beta diversity (key at right) was calculated using a window of 1 km?. The area
bounded by the map is 7.3 X 15.7 km.
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allow-water carbonate

antitative assessments of fish, corals (and their
pathogens and predators), macroalgae, invertebrates
Oceanography/chemistry

* pH, alkalinity, CTD, ADCP, SST, etc

Sedimentology

* Short cores, surficial sediment samples, sub-bottom
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REMOTE SENSING
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Habitat Heterogeneity
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NASALAB FOR ADVANCED SENSING

A CubeSat-based Computational The Neural Multi-Modal Observation
Imaging System and Training Network for Global Coral
UNIVERSITY OF MIAMI Reef Assessment
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RGB Map NeMO Net Classification

E Mo Data pm Montastraeidae Fungiidae

B OutofBounds Mussidae Green Algae

B Unknown Bl Invertebrate B Brown Algae
Bare Substratum B Agariciidae I Red Algae
Acroporidae Bl Siderastreidae I Seagrass
Poritidae I Pocilloporidae I Mangrove
Gorgoniidae Alcyoniidae Plexauridae
Merulinidae

Simpsons Diversity Index
—v

Species Richness

sy

1. Cm-scale in-situ and airborne datasets are used to first produce habitat maps

2. Using fine-scale family-level mapping and sliding window implementation, higher-order metrics are
calculated to create heatmaps of species richness, Simpson’s index, and Shannon index for testing
hypotheses on local and regional scales
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DENECHING ECOSYSTIENM IIRANSITIONS FROMI SELF-ORGANIZATION




DETECTING ECOSYSTEM TRANSITIONS FROM SELF-ORGANIZATION

2 km

Pearl & Hermes Atoll, NW Hawaiian Isl.



COHERENT PATTERNING OF PLATFORM-INTERIOR REEFS
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Reticulate reef by
coralgal growth at
edges of dolines and
pitholes in karst surface

Honeycomb Karst Topography
Darai Hills, Papua. Williams ‘72

Abiotic SO

Reticulate reef by coralgal growth at edges of
aeolian or hydrodynamic bedforms

Cuspate or oval sands masking or
mimicking karst topography. Filled
Holocene channels on Andros Island

Reticulate sediment ridges
Andros Is., Bahamas

Karst Surface

Reticulate sand dunes on flat duricrust.
Namib desert near Walvis Bay, Namibia

Reticulate patterns in mussel beds on
Dutch tidal flats. van de Koppel et al. ‘05

Biotic SO

Reticulate reef by biotic spatial self-organization
of scattered reef-builders

Mataiva Atoll, French Polynesia. Reticulate lagoonal shoals
consist of coral and carbonate sand and rest on a smooth
phosphorite surface

20,
1,000 m
[C1Reefs + reef debris [l Phosphorites [[JLimstne. (reef + debris)
{Holocene) (Pleistocene) — (Mio-Pliocene)

[]Sands (Pliocene ?)
after Rossfelder 90; Trichet & Fikri ‘97; modified

Flat Depositional Surface
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Reticulate lagoonal
shoals consist of coral
and carbonate sand
and rest on a smooth
phosphorite surface

Pleistocene mega
kopara ponds — thick
stromatolitic cyano
mats:

Phosphogenesis



e Power-law size-frequency dbn. of
ponds 0.01 sq. km — 10 sqg. km
(~3 orders)

Gulf of Mexico

e Trend well-characterized apart from
ponds associated with structural
lineaments (likely, faults)

@ satellite
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| Predictive power of self-organized
patterns:

* Manifest at scales that lend
themselves to remote sensing

* Allow determination of the
proximity of a system to
catastrophic transition (a

tipping point)

* Opportunity to examine the
link between biotic self-
organization, emergent
patterning, and ecosystem
status, across a broad spectrum
of reef types

* Detection of ecosystem health
based on the scaling rules of
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Reef Reticulation Rank |

® Rank 0 ® Rank 1 @® Rank 2 O Rank 4 ® Rank 6
Yool Platform- PR (solated Local Widespread [ Widespread [MBERES Anastomizing é}i vl Broad sediment-
interior oy patch reef coalescence [ coalescence of development [EESREEARY reef ridges - Jeasigd dominated
patch reefs B complexes of some : 8 the majority of of reef ridges |& at least two &2, | anastomizing
PP mostly : 3 patch reefs | il patch reefs 4 Bl different length | 4 ridges (often sub-
P8 obsent 8 scales i aerially exposed)

* Geographic and frequency distributions of reticulation ranks for TGoldberg’s 433 ‘Atolls of the World’
* Globally, 30% of atoll lagoons contain reefs with some degree of reticulation

* Note that atolls with high degrees of reef reticulation are spatially clustered

tGoldberg, W.M., 2016. Atolls of the world: Revisiting the original checklist. Atoll Res Bull, 610, pp.543-544.
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. 1 km
Reaction-transport
Governing Equations for PDE model:
OB v 9’B . 0°B
e (1)— = *x ——x B —a*x B * S Dy *
( ) ot Imax vtk fM( ) + B (axz + 6y2)
Growth controlled Mortality due to Spatial expansion
by flow velocity sedimentation by diffusion
0S k,—v 0%s = 0%s Post-doc, Haiwei Xi
e (2)— = * —2—— * B — v %
( ) ot Smax K, + C1 v (6x2 + ayz)
Settling Sediment debris Sediment removed by
from flow produced by coral reef unidirectional flow
0z 0B as . o
. (3) 3t = s * Cy + 3t Surface elevation changes due to a combination of both reef

growth and sedimentation

(4) % — f(Z) Flow movement is controlled by topography



CONCLUSIONSE

MarineVERSE takes coral reefs as a model ecosystem and takes four approaches to amplifying
our ability to remotely sense ecosystem-scale biodiversity

Data Sources
(Section 1.5)

Metrics (Sections

Correlations
(Section 1.6.5)

3 Drop-cams
=y Diver Surveys 1. a-Diversity vs
n . o
& :‘ NOAALTCRM Spectral Diversity
g Underwater MIDAR' - i m m m m m m . (1.6.2)
" ‘ Spectral ] 2. a-Diversity vs B-
i el Diversity . .
e UAVs ‘ - = = = = = = = ’ Diversity (1.6.3)
. . []
S\_  Fluid Lensing 3. Emergent Patterning

--------------

. vs All Diversity Metrics
/;/ , WorldView-2 (1.6.4)
o i Plane?tScope ) N g N :; 4. Reverse Hypothesis
5! Sentinel-2A Emergent " \ Testing (1.6.6)
§ ' LandSat 7/8 v Patterning ! ~ 2
\ A Vs L)
\ DESIS [} || S - - - - - - =

Large Data-Processing performed on HECC
Pleiades Supercomputing

Storage and Access :
Shared data stored ™ All data viewable on
ared gata stored on ' - handheld devices

Amazon S3 Servers V' (NeMO-Net interface)

Habitat Maps

% (Section 1.6.1)
LOF/GRE Maps
NeMO-Net Maps




UESTIONS



