Black and Blue:

Informing Estuarine Restoration Performance Measures
Using Assessments of Offshore Coral Communities

Jeff Beal, FWC

- Dr. Joshua Voss, HBOI-FAU

Alycia Shatters, Jennifer Polinski, Courtney
Klepac, Sara Edge, Lisa Cohen, Danielle HARBOR BRANCH
Dodge, Amanda Alker, Dennis Hanisak SR BED S VU




Everglades Restoration




Lucie Estuary
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Lake Okeechobee & St. Lucie Estuary Discharges
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St. Lucie River Restoration Targets

2 Oyster Bar/Dense Shell
3 Coarse/Medium Firm Sand
4 Well Sorted Fine Sand

; 5 Mucky/Muddy Fine Sand

6 Firm Mud/Clays/Silts
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St. Lucie Estuary and Indian River Lagoon Conceptual Ecological Model
August 13, 2004
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Ecosystem Restoration?!

“Lost to Tide”
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St. Lucie Reef coral reef mhabltants

>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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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)
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Coral Bleaching Event
* February 2006 following 3 ~11mths of Lake O releases
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Pseudodiploria clivosa coring at St. Lucie Reef

CL2 Annual Gowth 1894-2007

Calcification

Extension Rate (growth)
Skeletal Density

9

B. Helmle NSU, unpublished data
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1990-2007: complete flow record for SLE

Jan
Feb
Mar
Apr
May

Jun
Jul
Aug
Sept
Oct

Nov

Dec
Jan

Feb
Mar
Apr
May

Jun
Jul
Aug
Sept
Oct

Nov
Dec

' 1990

P 1991

Wet




Total SLE flow vs. extension by season (wet/dry) POR 1990-
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Total SLE flow vs. calcification by season (wet/dry) POR 199C
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Light attenuation 2010

k=attenuation coefficient %
Kd = (InEz1 - In E22)/(z2-21) :

PAR

Kd values at coral sites:

0.9

2 Depth m

0.7

0.6 north Kd
0.5 m central Kd
0.4 — south Kd

OFS: e
0.2
0.1

0 I T I T I T I )

midMay midJune midAug midSep




Tidal stage vs. light
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Tracking Freshwater Discharges
Beyond the Inlet
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The Coral Holobiont

coral colony

zooxanthellae
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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?
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Using new technologies

.1‘
:
|
:

Population Genetics ‘

e and Gene Expressio
Zooxanthellae density _ '

R —————————
Chlorophyll / [

Zooxanthellae’l‘[::k Surface area and
next-gen sequencing Morphometrics




Zooxanthellae Density Differs
Between Coral Species & Over Time
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Chlorophyll per Zooxanthellae Cell
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Z00x Types Over Time

Montastraea cavernosa

QOO0
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Pseudodiploria clivosa
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nase IV-like protein mRNA

A

Custom microarray

— coral & zoox genes

Expression of stress genes
elevated during discharge
events

— Cell metabolism
— Tissue repair
— Osmotic stress-related

— Reproduction
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o, Coral Bacterial Community Profile Analysis

P. clivosa SLR, Fall

P. clivosa SLR, Summer

P. clivosa SLR, Winter
P. clivosa SLR, Spring

R = 0.571, p < 0.005*
R =0.018, p = 0.415
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R =0.535, p <0.001
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Ex-situ Experimental Design

* Individual and combined effects of discharge water and thermal
stress

« 2 x 2 factorial design
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Z00X per cm?

Zooxanthellae Density
Change in Average Zoox Density
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Trial 1

Trial 2

HC: High temperature, control water
HD: High temperature, discharge water
LC: Low temperature, control water
LD: Low temperature, discharge water
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Areal Chlorophyll Concentration
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ression




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
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Comprehensive Everglades Restoration Plan
Indian River Lagoon — South Projects

NFSLR Aquatic Preserve [\
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Better data for effective restoration and
adaptive management strategies!
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The Shellfish Cultchure
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Utilities

Estimate height of object {from shadow)
Depth: 3.6ft. Start: 22.5ft. End: 42.9ft.

Estimated height: 1.7ft
select start of shadow from object
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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
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Methods

* Size measurements (length, height, width, shell weight, meat weight)
Physiological condition (Howard et al. 2004)

Health of digestive system Howard et al, 2004)
e Sex determination B
* 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. :
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Sex Ratios in C. virginica in the IRL
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Physiological Condition
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Frequencies of physiological condition rankings for sampled
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Seasonal Digestive Tubule Atrophy In

C. Virginica in the IRL
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Dermo (Perkinsus sp.) Prevalence
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Dermo (Perkinsus sp.) Intensity
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Bonamia sp. (Haplosporiid)
Regional Prevalence of iolﬁﬁ::li:rszpop;. 7in C. virginica in the IRL
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Reef Temperature
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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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HUC 8 Name
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No brook trout (EBTIV)

some priority ACFHP species
many priority ACFHP species

State(s)
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SC/NC

s5C

s5C

5C

SC/NC
GA/SC
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VA/NC

blueback
no
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American shad
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1
Atlantic sturgeon
no
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no
yes
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no
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American eel
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N/A
N/A
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N/A
N/A
N/A
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