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Black and Blue: 
Informing Estuarine Restoration Performance Measures 

Using Assessments of Offshore Coral Communities



Performance Measures?

Everglades Restoration



St. Lucie Estuary



C44 Canal

C23 Canal
C24 
Canal

Ten Mile Creek



Lake Okeechobee & St. Lucie Estuary Discharges
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St. Lucie River Restoration Targets
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IRL South 
Plan

>$1B
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“Lost to Tide”

Ecosystem Restoration?!





St. Lucie Reef coral reef inhabitants:
>250 species of fishes
21 species of sponges
24 species of hard corals

13 species of soft corals
17 species of crustaceans
45 other inverts
23 species of algae
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Map by B. Walker NSU
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 Temperature
 Reduction of light (PAR; color; 

turbidity; POM; CDOM)
 Osmotic shock (salinity; minerals)
 Excess nutrients (N; P; DOC; DO)
 Sedimentation 
 Xenobiotics (microbes; metals; 

hydrocarbons; pesticides; herbicides)

Blackwater effects on the reef?
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Comparative Ecology of Harmful Macroalgal Blooms in South Florida’s  Coastal 
Waters (CEHAB)  (LaPointe 2007)

Nutrient Input
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Coral Bleaching Event 
• February 2006 following 3 ~11mths of Lake O releases

Photos by L. Herren FDEP 
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2009

1970

1893 B. Helmle NSU, unpublished data

Pseudodiploria clivosa coring at St. Lucie Reef

Calcification 
Extension Rate (growth)
Skeletal Density
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Total SLE flow vs. calcification by season (wet/dry) POR 1990
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Fragile coral skeletons



Light attenuation 2010
PA

R

Depth m

k=attenuation coefficient
Kd = (lnEz1 - ln Ez2)/(z2-z1)

Kd values at coral sites:
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Tidal stage vs. light 
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Tracking Freshwater Discharges 
Beyond the Inlet

South
Ledge

Central
North

Inlet
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The Coral Holobiont
coral colony

bacteria

zooxanthellae

genetic information
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The Symbiosis
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Coral stress

Resistance and Resiliency
Indicators of sub-lethal effects?

Inform upstream water management? 
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How do Discharges Impact Corals at SLR?

South
Ledge

Central
North Inlet

Pseudodiploria
clivosa

Montastraea 
cavernosa
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Zooxanthellae density

Chlorophyll

Zooxanthellae IDs via 
next-gen sequencing

Surface area and 
Morphometrics

Population Genetics
and Gene Expression

3D 
Scanning

Using new technologies 



Zooxanthellae Density Differs 
Between Coral Species & Over Time

* *
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Chlorophyll per Zooxanthellae Cell 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=86znUezzKPLR_M&tbnid=ZHIoMa0HPxDfVM:&ved=0CAUQjRw&url=http://www.chiles.leon.k12.fl.us/real_chiles2/dept/tech/karmanos/Student%20ME%20pages/WD_1011/third/TreyB/3.htm&ei=KeyUUZDnHIHQ8QSd3YGACQ&bvm=bv.46471029,d.dmg&psig=AFQjCNGs3Khl1jYkLwEslphUcYjRaNslGQ&ust=1368800672632441
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=86znUezzKPLR_M&tbnid=ZHIoMa0HPxDfVM:&ved=0CAUQjRw&url=http://www.chiles.leon.k12.fl.us/real_chiles2/dept/tech/karmanos/Student%20ME%20pages/WD_1011/third/TreyB/3.htm&ei=KeyUUZDnHIHQ8QSd3YGACQ&bvm=bv.46471029,d.dmg&psig=AFQjCNGs3Khl1jYkLwEslphUcYjRaNslGQ&ust=1368800672632441


Zoox Types Over Time

B1

CX.1

CX.3

CX.4



Zoox Diversity in the Wider 
Caribbean

Montastraea 
cavernosa

Pseudodiploria 
clivosa

C3e

CX.2, CX.3, CX.4

B1, CX.1

C3

C3d, C3e

C3d, C3e, C3g

B1

C3o, C3p

B1

D1a



• Custom microarray 

– coral & zoox genes

• Expression of stress genes 
elevated during discharge 
events

– Cell metabolism

– Tissue repair

– Osmotic stress-related

– Reproduction

Coral and Zooxanthellae Gene Expression
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Coral Bacterial Community Profile Analysis
   

  

    

  

 
  

    

  

P. clivosa SLR, Fall

Stress: 0.14

Stress: 0.17

SLR
FL Keys
USVI
Bahamas

P. clivosa SLR, Summer
P. clivosa SLR, Winter

Time: R = 0.571, p < 0.005*
Site:   R = 0.018, p = 0.415

R = 0.535, p < 0.001

P. clivosa SLR, Spring
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Ex-situ Experimental Design

• 2 x 2 factorial design

x3

x3

x3

x3

30⁰C
Offshore water

25⁰C
Offshore water

• Individual and combined effects of discharge water and thermal 
stress

25⁰C
Discharge 
water

30⁰C
Discharge 
water
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Areal Chlorophyll Concentration
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Gene expression

??



Conclusions 
• Significant increases in coral stress gene expression 

during summer discharge events (RNAseq)  

• St. Lucie corals harbor dynamic microbial and zoox
assemblages that differ significantly from corals in other 
Caribbean regions

• Zooxanthellae density and chlorophyll concentration 
differ among coral species and in response to 
discharges (role of heterotrophy?)

• Temperature is a key factor in discharge effect 
(synergistic)

• Unique genotypes capable of withstanding great stress?
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Assessing Connectivity Among Coral Populations

Flower 
Gardens

Belize

Pulley 
Ridge

Dry 
Tortugas

Palm Beach

St. Lucie Reef
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Gene flow



Comprehensive Everglades Restoration Plan 
Indian River Lagoon – South Projects
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Field
Monitoring

Molecular 
Diagnostics

Controlled 
Experiments

Better data for effective restoration and 
adaptive management strategies!
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Pure Shellfishness



The Shellfish Cultchure



Florida Restoration









Indian River Lagoon

Oyster Health?
North

Central

South



Goals and Objectives
• Conduct the first lagoon-wide oyster (organismal) health survey
• Compare natural and restored reefs over latitude (three regions)
• Compare natural and restored reefs over seasons 

Summer; Fall; Winter/Spring

• Intertidal reefs only
• Collected 30 adult (>2in) oysters 

Structural data





=Restored 
=Natural 



=Restored 
=Natural 



• Size measurements (length, height, width, shell weight, meat weight)
• Physiological condition (Howard et al. 2004)
• Health of digestive system
• Sex determination
• Presence of abnormalities, predators, pests/parasites 
(mud blisters, pea crabs, boring sponge, Nematopsis spp., Tylocephalum
spp., Bucephalus spp., trematodes) 
• Prevalence and intensity of Perkinsus marinus (Dermo)
• Presence of Bonamia sp. 

Methods

1

2

3

(Howard et al. 2004)
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Physiological Condition

1

2

3

(Howard et al. 
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Reef Temperature

Other WQ effects?



Preliminary Conclusions
• Seasonal and regional trends
• Positive signs regarding organismal health (gut, meat weight)
• Restored reefs generally similar to natural ones
• Low abundance of adults on restored reefs (reef age)
• Pest/parasite/disease moderate to high: N/S trend 
• Baseline for lagoon oyster health
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