Mapping Seagrass-Coral Reef Mosaics
Using Satellite Imagery to Quantitfy
Seascape Structure in the Florida Keys
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Continuous seagrass

Biodiversity hotspot

Discontinuous seagrass

Nursery habitats

Foraging grounds

Carbon sequestration
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Fish In Seagrass Habitats:
Seascape Connectivity Across
Protected Ecosystems

GAPS:

In the FKNMS, no-take zones contain only a small area of seagrass

OBIJECTIVES: _
Determine how much seagrass is necessary to support foraging for different reef fishes based }®
on habitat configuration and how this might change over time '
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Inter-disciplinary approach




Putting the “scape” in FISHSCAPE project!

SEAGRASS SPATIAL STRUCTURE
INFLUENCES:

 Predation risk
* Prey Density
 Fish movements

« Patch reef — seagrass connectivity
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How are reef and seagrass habitats
spatially arranged across the Florida
Keys Reef Tract?

Let's map the seascape!
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Mapping Workflow

DATA ACQUISITION

In Situ data DATA PROCESSING

* Quadrat pictures
« GPS data Classification Training

Scheme data

Manually

diaitized points

TOA Satellite . SR Satellite

Data Classification
Data Models
Predict
categorical
Additional layers: classes
Bathymetry
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Atmospheric correction

TOA mdian%

Solar radiation st
ACOLITE Gy N
o Top of Atmosphere
processor developed by the REMSEM™* team o (ToA)
. - - Scattering "
for atmospheric correction and processing of Absorption d <
satellite imagery for coastal and inland water v 4

applications.

Surface reflectance

* Incident radiation ! Q

Input and output

[V Inputfile as directory

QOutput options

s ¥ RGBRHOT ¥ RGBRHOS ¥ L2W parameters

Acolite atmospheric correction options:
- Dark spectrum fitting DSF

| « Adjacency aware processing RadCor
« Exponential extrapolation EXP
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*The REMSEM team at the Royal Belgian Institute of Natural Sciences is dedicated
(0 2014-2023 RBINS to advancing ocean colour remote sensing science and applications
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Image data processing
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Mapping Workflow

DATA ACQUISITION

In Situ data DATA PROCESSING

* Quadrat pictures

« GPS data Classification Training

Scheme data

Manually
digitized points

: SR Satellite
TOA Satellite - Data Classification

Data Models

Predict
categorical

Additional layers: classes

Bathymetry
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* Hardbottom

Spectral Indices

* Depth-invariant
indices

Seascape maps




In situ data acquisition
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N In situ datasets

Upper Keys Middle Keys Lower Keys
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Classification Scheme

Medoids — Total seagrass cover
* Cluster1 TOT 35.30
e Cluster2 TOT 0.00
* Cluster3 TOT 72.25
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Class thresholds
PAM Clustering (k= 3) « Lower threshold = (0 + 35.30) / 2 =17.65
‘ » Upper threshold = (35.30 + 72.25) / 2 = 53.78

Seagrass classification scheme
0 < Bare < 17.65 < Sparse < 53.78 < Dense
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Mapping Workflow

DATA ACQUISITION

In Situ data DATA PROCESSING

* Quadrat pictures
« GPS data Classification Training

Scheme data

Manually
digitized points

: SR Satellite
TOA Satellite Classification
Data
Data Models
Predict
categorical
Additional layers: classes
Bathymetry
FIU - Hardbottom Seascape maps
Spectral Indices
FLORIDA » Depth-invariant
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Best seagrass classification scheme
0 <Bare < 5 < Sparse <50 <Dense

Extract spectral values
across bands for each class

Machine Learning
-Random Forest-

Classification models
70-75% accurate
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Fish In Seagrass Habitats:
Seascape Connectivity Across
Protected Ecosystems

GAPS:

In the FKNMS, no-take zones contain only a small area of seagrass

OBIJECTIVES: _
Determine how much seagrass is necessary to support foraging for different reef fishes based }®
on habitat configuration and how this might change over time '
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Seagrass-Patch Reef Arrangement

1. Patch Reef Point Layer
2. Buffer 250 m radius /

3. Calculate landscape metrics &

* Percent of Landscape (pland)
-Amount of habitat per unit area-
 Edge Density (ed)

-Proportion of edge habitat, shape complexity-
« Fragmentation Index (Santos et al. 2011)
-level of meadow continuity/patchiness-

« Simpson Evennes Index

FIU -Habitat Type richness-
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Hesselbarth et al., 2019
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Results

Distribution of Dense Seagrass Structural Metrics Across the Florida Keys

Region I upper Keys [ Middle Keys [ Lower Keys

Edge Density Fragmentation Index Percent of Seagrass Cover

4$

Simpson’s Evenness Index (SIEl)

Simpson’s Evenness Index Across the Florida Keys
Landscape-level metric of habitat evenness across regions
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Conclusions

 Dense seagrass meadows display high
proximity and contiguity to patch reef

in the Upper Keys and Lower Keys

« Patch reefs in the Middle Keys are
more isolated from dense seagrass

beds
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FLORIDA Highly connected dense seagrass — patch reef mosaics are priority targets for
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Next steps

Predator Ecology &
Conservat b
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,-% Campbell Global
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Upscale seascape maps to Sentinel2 data across time-
series images

Measure seagrass structural dynamics across the Florida
Keys seascape mosaics
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el Next steps

Predator Ecology &
Conservation Lab

Campbell Global
Change Biology

Research Lab
Florida International University

Seagrass Ecosystems
Research Laboratory
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SEAGRASS MEADOWS

Biodiversity hotspot
Nursery habitats
Foraging grounds
Carbon sequestration
Poorly represented in conservation planning
worldwide
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Results

Spatial Patterns of Seagrass Structural Arrangement Around Patch Reefs Across the Florida Keys

Seagrass Class
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B 500
60 400
0
) 300
H 40
o
4+
£§ 200
20
1 100
0 0
S S
« ey a0 ey & &
OSF \»1\@' \O

Edge Density

Sparse seagrass I Dense seagrass

2.0

1.5

1.0

0.5

0.0

Fragmentation Index




Results

Shannon Diversity Index Across the Florida Keys
Landscape-level metric comparing overall habitat diversity
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