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MARINEVERSE CONSIDERS THREE REMOTE SENSING QUESTIONS

1. α-to-Spectral Diversity to Hypothesis 

2. α-to-β Diversity Hypothesis 

3. Detecting Ecosystem Transitions from Self-Organization



• Measured by divers

• α-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

KEY TERMS



KEY TERMS

• 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



KEY TERMS

• A measure of spatial variation in 
benthic character

• Synonymous with ‘habitat 
heterogeneity’



SPECTRAL TO α-DIVERSITY

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

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

• Does it hold over coral reefs?

Boreal peatland plants
McPartland, et al. (2019) Remote Sens. doi: 10.3390/rs11141685.



α-TO- β Diversity

• Convolves within-habitat a-diversity with 
spatial heterogeneity

• 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 b. Need to experiment 
with different approaches

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



GLOBAL-SCALE DATA



LIVING OCEANS FOUNDATION – GLOBAL REEF EXPEDITION



LIVING OCEANS FOUNDATION – GLOBAL REEF EXPEDITION

• A global baseline of reef health
• 2006 – 2015 (field) 2016 – 2020 (lab)
• 15 countries
• >1,000 reef sites
• >200 scientists
• 15,000 hrs. underwater
• 65,000 sq. km of m-res. seabed maps



LIVING OCEANS FOUNDATION – GLOBAL REEF EXPEDITION



RAPID REEF ASSESSMENTS AND SURVEYS
Holistic assessments of the shallow-water carbonate 
depositional system, spanning:
Biology
• Quantitative 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







REMOTE SENSING



REMOTE SENSING - LIGHT AND WATER



REMOTE SENSING
Solomon Isl.







α-TO- β Diversity – GRE Data – Tuamotu (French Polynesia)

Anna Bakker
(PhD student)



LOCAL-SCALE DATA



The Neural Multi-Modal Observation 
and Training Network for Global Coral 

Reef Assessment

A CubeSat-based Computational 
Imaging System

NASA LAB FOR ADVANCED SENSING





NEMO-NET PROTOTYPE DATA PRODUCTS



NEW FLUID AIRBORNE FLUID LENSING 2.0 RESULTS IN GUAM (2021)



PROTOTYPE MARINEVERSE METRICS FROM FLUIDCAM

RGB Map NeMO-Net Classification

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



PITI – GUAM: FEB., 2021



DETECTING ECOSYSTEM TRANSITIONS FROM SELF-ORGANIZATION



DETECTING ECOSYSTEM TRANSITIONS FROM SELF-ORGANIZATION

Pearl & Hermes Atoll, NW Hawaiian Isl. 
2 km



COHERENT PATTERNING OF PLATFORM-INTERIOR REEFS



WHY COHERENT PATTERNING OF PLATFORM-INTERIOR REEFS?



COHERENT PATTERNING OF PLATFORM-INTERIOR REEFS

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



N

• Power-law size-frequency dbn. of 
ponds 0.01 sq. km – 10 sq. km           
(~3 orders)

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



1 km

•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 
life

Predictive power of self-organized 
patterns:



• Geographic and frequency distributions of reticulation ranks for †Goldberg’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

†Goldberg, W.M., 2016. Atolls of the world: Revisiting the original checklist. Atoll Res Bull, 610, pp.543-544.

WIDESPREAD RETICULATION



MECHANISTIC INSIGHT OF PATTERN FORMATION IN REEFS

Reaction-transport

Governing Equations for PDE model:

1 km

Post-doc, Haiwei Xi

• 1
𝜕𝐵

𝜕𝑡
= 𝑔𝑚𝑎𝑥 ∗

𝑣

𝑣+𝑘1
∗ 𝐵 − 𝛼 ∗ 𝐵 ∗ 𝑓𝑀(𝑆) + 𝐷𝐵 ∗ (

𝜕2𝐵

𝜕𝑥2
+

𝜕2𝐵

𝜕𝑦2
)

• 2
𝜕𝑆

𝜕𝑡
= 𝑠𝑚𝑎𝑥 ∗

𝑘2−𝑣

𝑘2
+ 𝑐1 ∗ 𝐵 − 𝑣 ∗ (

𝜕2𝑆

𝜕𝑥2
+

𝜕2𝑆

𝜕𝑦2
)

• 3
𝜕𝑧

𝜕𝑡
=

𝜕𝐵

𝜕𝑡
∗ 𝑐2 +

𝜕𝑆

𝜕𝑡

• 4
𝜕𝑣

𝜕𝑡
= 𝑓(𝑧)

Growth controlled 
by flow velocity 

Mortality due to 
sedimentation 

Spatial expansion 
by diffusion 

Settling 
from flow 

Sediment debris 
produced by coral reef

Sediment removed by 
unidirectional flow 

Surface elevation changes due to a combination of both reef 
growth and sedimentation 

Flow movement is controlled by topography



CONCLUSIONS:

• 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)
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Metrics (Sections 

1.6.2-1.6.4)

α-Diversity

β-Diversity

     Spectral 

Diversity

     Emergent 
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UAVs

Fluid Lensing

Correlations 

(Section 1.6.5)

1. α-Diversity vs      

Spectral Diversity 

(1.6.2)

2. α-Diversity vs β-

Diversity (1.6.3)

3. Emergent Patterning 

vs All Diversity Metrics 

(1.6.4)

4. Reverse Hypothesis 

Testing (1.6.6)

Large Data-Processing performed on HECC 
Pleiades Supercomputing 

Storage and Access
Shared data stored on 
Amazon S3 Servers

All data viewable on 
handheld devices 
(NeMO-Net interface)

Habitat Maps 

(Section 1.6.1)

LOF/GRE Maps

NeMO-Net Maps



QUESTIONS


