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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

STA-3/4 Wet Season STA-3/4 Dry Season

TP reduced by 72 to 85%

Inflow
* High in soluble reactive P
(SRP)
Flow path
* SRP disappears
Outflow

* Primarily dissolved organic P
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Phosphorus Trends in Flec aﬂ_"

* Accumulation of P in soils is not limited
* Submerged Agquatic Vegetation (SAV)
* Inorganic (Marl)
 Emergent Aquatic Vegetation (EAV)
* Organic (plant detritus/floc)
e Along the Flow-way (FW)
* TP declines in floc and recently accreted soils (RAS)

SAV marl core
DB Enwronmental |
(2023)
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SAV

Osborne, et al. (2019)
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Disturbed
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Outflow is above 20 ppb
* Undisturbed with P loads
Outflow is below 20 ppb

construction

Vegetation loss
drydown
below 1.3 g/m2/yr

[ |
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 Disturbed
[ Startup
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Jerauld et al. (2025)
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SOUTH FLORIDA WATER MANAGEMENT DIST

Hydrology Loads =

RICT
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Villapando et al. (2024) Zhao, H., and T. Piccone. (2020)
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SOUTH

Stormwater
containing phosphorus

inflow
pag

11

Phosphorus uptake by
emergent plants
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FLORIDA WATER MANAGEMENT DIST

EAV in inflow areas
* Reduces water velocity
Spreads water more evenly across
wetland
* Promotes particle settling
EAV in outflow areas
* Reduces waves from storm events
Protects submerged aquatic
vegetation (SAV)

Phosphorus uptake by
submerged aquatic vegetation
and periphyton

Phosphorus storage

Phosphorus flux in soil

from sail

Cattail in STA-1W October
2005




SOUTH FLORIDA WATER MANAGEMENT DISTRIC

Vegetation (EAV).> - .~ o Zrm

 Water depth at 85 cm (2.8

feet) or more
* Increased cattail stress,
mortality and tussock
formation
e Sudden drop in water depth

Plants fall over (lodge)

Cattail:Plots

Water Monitoring{ - =
Stations

Diaz (2022)
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=

Stormwater
containing phosphorus

Inflow

+ seepage

1M

Tt

Phosphorus uptake by

emergent plants
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SAV

* removes P by series of chemical

reactions
Photosynthesis -> increased pH
Increased pH -> CaCO; formation
P coprecipitates with CaCO,

H H H : Plant litter
Creatlng marl (Inorganlc SOIl) umulation, chemical  Water with less
precipitation, phosphorus
by floating plan particle settling content

-
periphyton P uptake

| . : g~ 82 \C"\.\

Outflow

+ seepage

{

DB Environmental (2023)

Phosphorus uptake by
submerged aquatic vegetation
and periphyton

Phosphorus storage
Phosphorus flux in soil
from soil



Comparison of Field Turbidity and Suspension Turbidity
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—

marl Organic

DB Environmental. (2023b)

I m Wet

2C3-EAV2 1W4-SAV
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® Dry

|
1W3-SAV

Organic soils more easily resuspended
than inorganic marl soils

P flux from hydrated marl soils is lower
than dried and rehydrated marl soils
Drying and consolidating marl soil
increases SAV germination

DB Environmental (2023a)
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P s o = . -

Periphyton

k=

* Periphyton
* Microbial community on plant
material and floc
e Supports breakdown and
adsorption of DOP through
enzyme production

3r
accumulation, chemical ~ Water with less
Stormwater Phosphorus uptake ¥gae and precipitation, phosphorus
containing phosphorus particle settling content

by floating plants perigfiyton P uptake

S

1

11 Phosphorus uptake by

submerged aquatic vegetation ~ Phosphorus storage
Phosphorus uptake by Phosphorus flux and periphyton in soil

emergent plants from soil
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P-acquisition

Inflow

A

Not Sampled

1 —

—

Midflow

STA-3/4

Pietro et al. (2023)
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Periphyton on EAV and SAV support breakdown of DOP

Enzyme activity increased at the outflow region
* Low amounts of available phosphorus
* Use enzymes to degrade organic P

RNA analyses EAV and SAV periphyton
* P metabolism and uptake are different
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Periphyton-Based:STA: PSTA-—~

30 mm TP in m==mTP out Goal
= — 25
T . - S,
- O
: . §730 c
. ‘ S 10
* Muck soils scraped to bedrock (limestone) | | | ‘l “ | | || ‘ | ‘l
e Located at outflow of STA-3/4
« Annual TP outflow <= 13 ppb Q‘b SRR AN S RIS RS AR LR )
e thie fo i for Uce FTEEE ST S S S B
If needed this tool meets criteria for use in Water Year
some flow-ways Zamorano et al. (2023)
Piccone and Zamorano (2020) Dombrowski and Piccone (2025)
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Fich Effects g T f";f_f%.

 TPis recycled by fish
* Not a new source of P to the FW
e Small fish excretion greater than large fish
and invertebrates
e Bioturbation by large fish can be a concern in

specific circumstances
* Outflow regions

B BrownHoplo | Gizzard Shad M Tiepia B Walking Catfish

B Invertebrates M Small Fish B Large Fish SOECES 1 Bubead [ Mayan Cicnid I Saifin Catish I Other s
c Cell 1B Cell 2B Cell 3B
c Cell 1B Cell 2B Cell 3B o ° 8 8
O ., ] ] n
a 15 15 15 o
(g) v 6 61 6
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STA-3/4 Excretion rates STA-3/4 Bioturbati

on rates
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Fish Herbivory

i X wt,,,___, ‘ | _' 8- Treatment

Week 12

)
|

- = =—  Fish Exclosure

Structural Control

* Herbivory by largefish | ....... Open Control A
* Reduces SAV regrowth in
areas of bare soil
* Excluding Fish
* Inoculate with SAV
 10to 12 weeks
* SAV regrew

o

SAV Cover (m?)
e

10 11 12
Goeke and Dorn. (2024b). !
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e Between 72 to 85% of the P is
removed in the STA FWs

* P retention occurs through
accumulation of soil, which is
not limited

* Proper loading and flow and low
disturbance are important to (Data Integration)
achieve low P discharge

Ecotope

* Vegetation, fauna, . /, w’ ‘,\\
biogeochemistry and internal
loads affect retention o @ @ @

21 Studies
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https://www.sfwmd.gov/our-work/restoration-strategies/science-plan
https://www.sfwmd.gov/science-data/scientific-publications-sfer
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fspecial-issue%2F10B60WZB3QL&data=05%7C02%7Cjking%40sfwmd.gov%7C5bad467a0c8e4a7e0bcd08dcefa2c9f1%7Cd23f7173b3864e918ce7052a18d65341%7C0%7C0%7C638648729666281706%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=YDoaQ8h3%2Ba5aqTI9t9WKNzdHijaWpv%2BzRvnM3PH2iDw%3D&reserved=0
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