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Florida’s Coral Regfui ¢ wiem i s
. Rich biodiversity (near 25% of marine spp global

» Provide vital ecosystem services
— Coastal protection, Tourism,
Sustenance
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Host factors (i.e. genotype, immune
function, mucus production, nutritional
rigour) contribute to disease susceptibilty

< N
/7 ,f( Coral Host \\ AN
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) \ Heterotrophic carbon provision - Habitat prowsmn/ —>

/Symblodlnlum

« Carbon fixation

« Photosynthates

- Uptake/removal of host’s
metabolic by-products

A

.

Loss or disfunction of Symbiodinium sp.
compromises holobiont resilience

-

Microbiome

- Antibiotic production

« Antioxidant recycling

« Nutrient (C,N,S,P) cycling
« Niche occupation

» Viral dynamics

Shifts in microbiome structure and/or function
contributes to compromised holobiont health

"™~ Coral Holobiont =~

External factors linked with disease onset

/ Causative Agent(s)
Infectious/Opportunistic

- Bacteria

- Archaea

« Fungi

» Protozoa (ciliates)
= Parasites

= Viruses

A\

Environmental Stresh
» Competition
» Temperature
« Light

» Storm

« Salinity

« Sediment

+ Nutrient

« Toxicant

- pH

Environmental Microbiology (2018) 20(2), 431449 doi:10.1111/1462-2920.13958
Minireview

Disentangling causation: complex roles of
coral-associated microorganisms in disease

Hanaka Mera' and David G. Bourne'-**
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Coral Disease

Rising femperatures linked to
INcreases in coral disease.

Global coral disease
prevalence fripled between
1992 and 2018 reaching 9.92%. ioeanen and it reaictabilites & slobal metammtva
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Variable Responses

Nutrient concentrations have beneficial and antagonistic effects
dependent on many factors.

Ecosystems (2020) 23: 798-811
hreps:/idod.org/10.1007/510021-019-00433-2

ECOSYSTEMS| ).

© 2019 springer Science+Business Media, LLC. part of Springer Nature | updates

Nitrogen Identity Drives Differential
Impacts of Nutrients on Coral
Bleaching and Mortality
Deron E. Burkepile,"**® Andrew A. Shantz,' Thomas C. Adam,?
Katrina S. Munsterman,* Kelly E. Speare,’ Mark C. Ladd.' Mallory M. Rice,"

Leila Ezzat," Shelby McIlroy,? Jane C. Y. Wong,? David M. Baker,’
Andrew J. Brooks,” Russell J. Schmitt,"? and Sally J. Holbrook'?

Limited phosphorus availability
_isthe Achilles heel of tropical reef
~corals in a warming ocean

Received: 02February 2016 | gjla Ezzat!, Jean-Frangois Maguer?, Renaud Grover! & Christine Ferrier-Pagés!
Accepted: 27 July 2016 _:
—

Marine Biology (2019) 166:108
https://doi.org/10.1007/500227-019-3538-9
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Nitrogen enrichment, altered stoichiometry, and coral reef decline
at Looe Key, Florida Keys, USA: a 3-decade study
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Nitrogen pollution interacts with heat stress to
increase coral bleaching across the seascape

Mary K. Donovan®™' (), Thomas C. Adam?, Andrew A. Shantz™, Kelly E. Speare®®, Katrina S. Munsterman®,
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Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review
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Impacts of nitrogen pollution on corals in the context of global climate )
change and potential strategies to conserve coral reefs =

a,cd,

Hongwei Zhao “““** Meile Yuan *®, Maryna Strokal ¢, Henry C. Wu ¢, Xianhua Liu ™*, AlberTinka Murk ¢,
Carolien Kroeze 9, Ronald Osinga©

Synergistic/antagonistic effects of nitrate/ammonium enrichment on fatty
acid biosynthesis and translocation in coral under heat stress

Jingjing Zhang *®“!, Zanhui Huang ™', Yuanchao Li %', Dinghui Fu", Qipei Li¢, Lixin Pei®,
Yanwei Song”, Liang Chen", Hongwei Zhao ““*, Shuh-Ji Kao **

RESEARCH ARTICLE

Nutrient starvation impairs the trophic plasticity of reef-
building corals under ocean warming

Leila Ezzat! | Jean-Francois Maguer? | Renaud Grover' | Cécile Rottier! |

PascaIeTrembIay3 | Christine Ferrier-Pagt‘es1

Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

Elevated ammonium reduces the negative effect of heat stress on the
stony coral Pocillopora damicornis
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Zhi Zhou™*!, Guoqing Zhang *', Guangmei Chen ?, Xingzhen Ni ?, Liping Guo *°*, Xiaopeng Yu ?, Chunlin Xiao ?,
Yanlai Xu ¢, Xiaowei Shi ¢, Bo Huang *




R AEm B B e s o S I e R T
Stonyigoral Tissue Loss Disease Occurrence Across
¥ ~ Florida's Coral Reef ‘
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Dry Tortugas _§8 Sh o a r < i
National Park - Lower Keys

* Killing millions of colonies on Florida’s Coral Reef
* QOriginated in SE FL in 2014 spreading N & S over 6 yrs

« Currently changing the population demographics in the
Dry Tortugas

« Resistant corals continue to get infected further
declining populations

Stony Coral Tissue
Loss Disease




scientific repor

Use most effective DI freatment

Assessing the effectiveness
of two intervention methods
for stony coral tissue loss disease

Antibiofic paste >90% effectiveness on Montastraea cavernosa

Erin N. Shilling®**%, lan R. Combs®*? & Joshua D. Voss®*

Stony coral tissue loss disease (SCTLD) was first observed in Florida in 2014 and has since spread

to multiple coral reefs across the wider Caribbean. The northern section of Florida’s Coral Reef has
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Stony coral tissue loss disease (SCTLD) has persisted since 2014 in the Southeast
Florida Coral Reef Ecosystem Conservation Area (Coral ECA) where it was first
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Everglades

Priority Large Corals
CNAT (1)

@ DCYL(1)

© MCAV (14)

© OFAV (84)

[+]

(]

PSTR (6)

Haulover o8

Large Coral Database & Monitoring

107 of the largest, oldest, and most resilient colonies in the KJ Coral ECA

* Monthly visits to record condition * Opportunity to study frequency

* Disease intervention to conserve live tissue of new infections through time
cover



D New Treatments
. Disease Prevalence
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Statistical modeling
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m Total Lesions

Proportion Diseased

Mean Temp 90 days prior

Hillboro

Port Everglades

Baker's Haulover

40
38
36
34
32
30
28
26
24
22

(@]

O —= N W A 00 0 N O 0 —
cubic msec x 102

o
w
Inches

Temp, ICA, & Rainfall

* Mean temp highly
correlated with SCTLD
infections

* Disease incidence
exacerbated by high
flow and heavy rainfall

* Canuse all 3 parameters
to make better
predictions

(Walker et alin prep)



66.2 % of the model variation in the number of corals with lesions could be explained by six predictors:

Total Corals

26 28 ' ' 5000 10000 15000 20000 ‘ 02 04
Temperature (°C) Flow (F£3s7) Daily rainfall (inch)

No sig WQ predictors

A
o
S
o
(%)
I
S
=

0.2 0.3 0.4 : 0.2 0.4 06 ‘ 50 100 150 200
Daily rainfall (inch) Daily rainfall (inch) Exposure (Hours)

(Walker et al In prep)



Reef water quality
stats models

(Whitall et al, In revision)

Orthophosphate

Phosphorous

Predictor

Orthophosphate Phosphorous

Model Parameters
Tree complexity
Learning rate

Bag fraction
Number of trees

Model Performance
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46.4

cvPercentage explained (%)

Rel Influence (%) Cumul Influence (%0)

Flow (prior 3 days)

Seaward wind (prior 3 days)
Ram (prior 3 days)

Depth

Landward wimnd (prior 7 days)

Flow (prior 90 days)
Seaward wind (prior 30 days)
Flow (30 days prior)

Rain (prior 1 day)
Seaward wind (prior 30 days)

Rain (prior 1 day)
ICA

Depth
Seaward wind (prior 90 days)
Ram (prior 14 days)

Ram (prior 14 days)
Seaward wind (prior 90 days)
Landward wimnd (prior 90 days)

18.0
14.8
12.9
11.5
11.1

26.7
2211
16.1

35.1
26.8

18.0
32.8
457
572
68.3

26.7
48.8
64.9

35.1
61.9

Flow
(m?s7")(18.0 %)

SRR

Seaward wind
125ms")14.8 %)

Sum rainfall
(mm)(12.9 %)

21.5

Depth
(m)(11.5 %)

sanjeppaniy

[] 150

1o

Flow
(m?57)(26.7 %)

Seaward wind
(25 ms")22.1%)

Flow
(m?s7)(16.1%)
t

Sum rainfall |
(mm) (55.5 %)

ICA name
(18.4%)

Sum rainfall
(mm) (26.3 %)

awar
(=5 ms")(26.1 %)

Depth

05

004

(m) (43.7 %)

Sum rainfall
(mm)(35.1 %)

©

Seaward wind losz0
(25ms")(26.8%)

Sum rainfall
(mm) (11.4 %)

Landward wind
(z5ms"}(17.0%)




Why no sig WQ predictors?

Likely from a mismatch in WQ sampllng VS response varlables

8.05 Bermuda - \ )
795 s _\_".:—.‘ 8 'j;"‘x M. e Mgy S gy rrey '.‘\, Pl

7.85° W\/W\/\MV\,\_'W -

27
Hawaii

Monthly WQ samples
aren’t capturing the
variability needed to
relate to biological
responses.

Temperature (°C)

Temperature (°C)
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(Cyronak et al 2019)




Nitrogen
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Modeling reef exposure to
inland water flows

Analyte concentrations at site BAK020 (model forcing)
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Silica and coral disease

« Water passing through or over the
earth dissolves silica from sands,
rocks, and minerals

Sudden increase in

» The relationship of modeled silica SCTLD at specific

values shows a spike in coral disease silicate loading

c
k=]
I3

s

=
=]
=D

D -
h=]
c

« Perhaps captures
exposure to freshwater sources of
pollution more accurately?

« Does silicate reflect something else |dentify thresholds
in the inlet water?

(Walker et al In prep)



Arsenic Molybdenum

Significant
Interaction
between _
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« |Land-based pollution is degi’a‘d'ing FCR water
quality and maybe contributing to coral disease
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WQ mitigation is critical to improve reef health
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Figure 2.1. Regional hydrology, showing direction and
magnitudes of water flows connecting regions.
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Next steps (pre-proposal under review)

Expand this modeling to the entire FCR.

Partner with EPA, FWC, USGS, and others

Use statistical modeling to associate biological and geological responses to
modeled data at annual CREMP monitoring stations as far back as possible.
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Non-metric MDS
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Metric MDS
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SCITLD Interventions

https://www.arcgis.com/apps/dashboards/s5a759fo2f3c486ebid29ag5f8ofbaoa

A Coral Disease Intervention Dashboard updated 3/25/2025
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