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SOUTH FLORIDA WATER MANAGEMENT DISTRICT
The Characterization and Quantification of
“(( Benthic Nutrient Fluxes in the
" Caloosahatchee River and Estuary

= Objectives

= Provide estimates representative of system-wide
benthic nutrient (Nitrogen and Phosphorus) flux rates
In support of the development of a RW Research and
Water Quality Monitoring Plan under the RWPP for the

CRE system;

= |dentify “hot spots” of benthic nutrient flux loading to
the CRE, which will serve as the focus of future
research and monitoring efforts to determine
temporal and event-based variation of nutrient fluxes
in, and load reductions to, the CRE;

= Provide data in support of current and future water
guality modeling efforts.

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

50 Sites for SYSTEMWIDE Core Incubation
of Benthic Nutrient Fluxes in the CRE

Caloosahatchee River Estuary
Core Site Distribution

6 regions based on:

-Salinity
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Sediment Cores: Incubation Diagram

Schematic of Sediment Flux Setup
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

An Assessment of Processes Controlling Benthic
ﬂ-{ Nutrient Fluxes in the Caloosahatchee River and
) Estuary and the St. Lucie River and Estuary.

= Objectives

= Determine the rates of benthic nutrient fluxes and
environmental factors controlling these rates in the
CRE and SLRE (i.e. groundwater vs. diffusion);

= |dentify the methodology (i.e. in situ vs. remote
remote cores) needed to ensure the accurate
measurement of benthic nutrient fluxes for
application in future research and monitoring efforts
to determine temporal and event based variation in
support for current and future WQ modeling efforts,

= Provide current data for comparison/verification of
guestionably high benthic nutrient fluxes previously
measured in the SLRE system (2000-2001).

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

&Sediment Chambers/Cores: Incubation Dragram

Remotely Incubated Cores

In Situ Chambers
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Proposed Sites for Chamber and Core
Incubations of Benthic Nutrient Fluxes in the CRE
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Parameters:

In Situ Incubation Incubation Core Sediment
Water Column Water Column Pore Water Surface
Dissolved Oxygen Dissolved Oxygen Dissolved Oxygen Chlorophyll a
Dissolved Silica Dissolved Silica Dissolved Silica CPN
NH, NH, NH, Grain Size
NO, (o} NO,

DIP DIP DIP

DON DON DON

DOP DOP DOP

TN N,

TP

Depth *Homogenous water column
Temperature

Salinity sLight and Dark Incubations

PAR (Sediment Surface) Water Column DO maintained
Chlorophyll a above 50% saturation throughout

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

""{( Products:

1. Flux Rates of N and P at 50 (4) locations within the CRE: Identify
sediments as sources or sinks for N and P on two (2) scales:

= Locally (source “hot spots”)
= Regionally (i.e. systemwide)

\/
000

2. Provide a map of sediment type (fine, medium, coarse) — insight
into distributions of benthic flora and fauna (e.g. potential oyster
habitat)

3. ldentify future sediment flux monitoring needs

= gspatial heterogeneity (how many sites needed)

= importance of sediment inputs relative to surface loads
= extent of sediment denitrification

= realistic sediment oxygen demands (dark measurements)

4, Comparison of measurements between groups and methodology
— validation of in situ vs. remote incubations

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

»{ Schedule:

1. 1/4/08: KickOff Meeting

2. Field Work
= 2/(4-7)/08 Systemwide Cores
= 2/(11-14)/08 Chambers/Cores

3. 3/08: Sample Analyses/Progress Report
4. 4/08: Data Analyses/Draft Final Report
5. 5/08: Final Project Report

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Coastal Ecosystem
SFWMD
January 2008
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

What iIs (Estuary Turbidity
-- Maximum) ETM ?

Strong tidal forces push salinity upriver
beneath the outflowing river water. The
turbulence caused by this tidal forcing
results in resuspension of sediment and
other particulate material present on the
river bed. Concurrently, dissolved material
In the river water flocculates when it comes
Into contact with the salt wedge pushing its
way upriver.

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

'ﬂi Importance of ETM

= Abundant food and stable stratification in the ETM
enhance feeding conditions and production of
zooplankton and fish larvae.

= Excess turbidity can also be detrimental to the
ecosystem by shading and killing sea grasses or
adversely affect oyster beds.

= ETM dynamics are a result of complex interactions
between hydrodynamic tidal processes, freshwater
discharge, nutrient loading and mobile pools of
sediment within an estuary.

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

ﬂ{( Objectives

= The goal is to identify and evaluate the vertical and
horizontal density and turbidity structure with
respect to DO, salinity, and/or Chl-a stratification.

= The results of this project will be used for the
development and calibration of a numerical
sediment transport model that can be used to
predict the location and strength of ETM and how it
relates to the performance of ongoing efforts to
Improve water quality and quantity.

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

ﬂ{( Methods

n Profiles will initially be made every 500 m. Once the
extent of the salinity intrusion is encountered (10ppt),
profiles will be made about every 100 m to obtain a
high resolution of the salinity front and associated
ETM.

n Data collected from profiles made during the
transects will be used to map out the 2D longitudinal
and vertical density structure and turbidity structure
for each transect.

n Bulk water samples will be collected to estimate the
density, size, and settling velocity of suspended
aggregates in the water column.

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

"‘-Q( Sampling Schedule

Sampling Date  Spring/Neap Phase

1/8/08 Spring Slack after ebb
2/7/08 Spring Slack after flood
2/28/08 Neap Slack after flood

3/15/08 Neap Slack after flood

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Sampling Transects from Previous Studies




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

3 Day Avg of Discharge from
Franklin Locks (cfs)




SOUTH FLORIDA WATER MANAGEMENT DISTRICT
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

‘“Q( Nutrient Limitation in CRE

= Bioassay experiments conducted during the
FDNR study (DeGrove, 1981) indicated:

= nitrogen limitation in the upper estuary

= phosphorus limitation in the lower estuary

= Indirect evidence summarized by Doering
and Chamberlain (2005) and Doering et al
(2006) indicates:

= nitrogen predominately limits micro-algal
growth in the Caloosahatchee, although
depending on location, phosphorus can also
be limiting

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

‘“Q( Nutrient Limitation in CRE

= According to measurements from monitoring programs:

= About 20% of the nitrogen load entering the head of
the estuary at S-79 is inorganic & immediately
available for uptake by algae, bacteria and other
plants

= Remainder (80%) of the nitrogen load is organic

= Few data that are available suggest that the large
majority of this organic nitrogen is dissolved.

= Nutrient Management Question: How much of this
dissolved organic nitrogen (DON) can become
available to support phytoplankton production?

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

ﬂ{( Previous Studies

= District has funded a project to examine:
= Conduct nutrient limitation bioassays

= Examine the susceptibility of DON in the
downstream estuary to bacterial degradation

= SO far:
= Phytoplankton appear N-limited

= Total Dissolved Nitrogen is mainly DON (100
— 700 ug/l) with DIN (7-180 ug/l) a smaller
fraction.

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

""Q( Objectives

= This study builds on the previous work by

= Characterizing the DON from the freshwater
Caloosahatchee River

= Examining the estuarine mixing behavior of river
borne DON in laboratory experiments and in the
field

= Determining the susceptibility of river borne DON
from the freshwater Caloosahatchee River to:

= a) Remineralization by estuarine bacteria

= b) Photolysis

sfwmd.govw



SOUTH

FLORIDA WATER MANAGEMENT DISTRICT

Station Locations In the CRE

/_ Mixing and Degradation of Riverine Dissolved Nitrogen
in Caloosahatchee - Station Locations

Upstream of S-79
in freshwater

Cape Coral ﬁf %“ ;
S eme= |

Sahibel




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

‘“-{( Materials and Methods

= Synoptic Field Surveys

= Three synoptic field surveys- December 2007,
January and February 2008

= 10 stations in CRE

= Field Measurements: Dissolved oxygen, salinity and
temperature at the surface (0.5m) at each station

= _aboratory analysis: DIN (as nitrite, NO2-; nitrate,
NO3-& ammonium, NH4+) and TDN (Loh and Bauer,
2000)

» [DON] = [TDN] - [DIN]

= Particulate nitrogen (PN) will also be analyzed —
upstream of S-79

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

“‘-{( Materials and Methods

= Laboratory Mixing Experiments

= Water for mixing experiments collected in
December 2007 and January 2008 surveys.

= These experiments will examine the
transformation of organic nitrogen from the
dissolved to particulate phase as a function

of salinity (Sholkovitz 1976; Sholkovitz et al.
1978)

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

& Materials and Methods

= Bacterial Degradation
Experiments

= Two experiments will be ﬁ
conducted in January and
February 2008 at upstream
of S-79.

= Examine the susceptibility
of river borne DON to
degradation by estuarine
bacterial communities

= Experiments will be
modeled after Seitzinger
and Sanders (1997), with
some modifications.

I _sfwmd.gov



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

"‘-Q( Materials and Methods

= Photochemical Degradation Experiments

= One experiment will be done in February 2008
at the upstream of S-79

= Examine the susceptibility of river borne
DON to photochemical degradation by natural
sunlight

sfwmd.govw



SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Schedule

Task

Deliverable

Due Date

*Deliverable 1.1

Draft Project Research Plan

November 14, 2007

*Deliverable 1.2a

Kick-off Meeting

November 29, 2007

*Deliverable 1.2b

Kick-off Meeting Summary

November 30, 2007

*Deliverable 1.3

Final Project Research Plan

November 30, 2007

Deliverable 2.1

Progress Report

January 15, 2008

Deliverable 2.2a

Draft Final Report

April 15, 2008

Deliverable 2.2b

Final Report

April 30, 2008




Summary of Salinity, Inflow, and
Supporting Water Quality Targets
In the Caloosahatchee Estuary

Presentation to Northern Everglades
Caloosahatchee River Watershed
Research and &WQ Monitoring Plan Working Team
(Meeting # 3)

January 23, 2008

3/ Coastal Ecosystem Division




Water Resource Modifications

Historic
=101

Current
How



Caloosahatchee Resource Salinity
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Existing Continuous Salinity Sensor Locations (Sort of)

Caoloosohotchee River and Estuary
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Salinity Model

Hydraulic Residence Time

Caloosahatchee Estuary

400
300 -

200 -

Residence Time (Days)

100 A

~30 days - — .

+

0 — T T T T T T T T T T T T T T
0 1000 2000 3000 4000 5000

S-79 Flow (cfs)

6000



(c) 800 cfs

Caloosahatchee River

Bridge 31

w2

Orange River

> Ft. Myers

River4

2:5



Salinity in San Carlos Bay

&

w
(4]
1

Salinity=33.32 e -0-0001X
R2=0.806

w
o
1

N
a1
]
1
1
]
]
I
I
1
1
1 o
[
8
II
‘ 1
)

N
o

Salinity

a1
1

O 2000 4000 6000 8000 10000 12000
30-Day Average Discharge at S-79

o



—

Discharge (CFS

Freshwater Inflow Variability

Long-term S-79 Inflow Averaged for Each Day of Period of Record
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Flow (cfs)

Flow From S-79 Split into Lake Delivery (S-77 flow)
& Watershed Delivery to the Caloosahatchee Estuary

Data provisional and subject to change
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Flow (cfs)

Flow From S-79 Split into Lake Delivery (S-77 flow) and
Watershed Delivery to the Caloosahatchee Estuary
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Freshwater Inflow Variability

Mean Monthly Flow 1985-1996
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Shoot Count (per mz)

Shoot Count (per m2)

Vallisneria americana: January 1998 - May 2007

Salinity (30-day moving average at
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Thalassia at Station 7 and Station 8
January 2004 - May 2007
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Data collected by Sanibel-Captiva Conservation Foundation
using traditional transect methods deployed in shallow water ~<1.0m



Relationship between light attenuation (K values) vs. salinity
in seagrass areas. (lona Cove and San Carlos Bay).

San Carlos Bay and lona Cove
Light Attenuation vs Salinity

K, (m?)
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@ Median 5ppt Interval vs Median K, for San Carlos Bay

San Carlos - Quadratic Regression: Adj r* = 98.5
Yo =-3.8483, a = 0.1519, c = -0.0018
@ Median 5ppt Interval vs Median K for lona Cove

lona Cove - Quadratic Regression: Adj °=857
Yo =-2.8249, a = 0.1147, c = -0.001649




Freshwater Inflow Influence on lona Cove Shoal Grass Depth

lona Cove
Seagrass % Cover vs. Depth
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lona Cove average seagrass coverage (Halodule wrightii) per depth for all
flows sampled using hydroacoustic methodology for sampling seagrass.
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Seagrass % Cover vs Flow at 1.0 m
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Percent seagrass coverage (Halodule wrightii) at 1.0 meter in lona Cove vs.

all the flows sampled using hydroacoustic methodology for sampling seagrass.
An exponential decay regression line is fitted to the subset of flows (bold points)
that represent the full range of flow sampled and have consistent 30-day to 60-day
average flows. Drop lines from the existing % coverage and improved coverages

of 20% and 30% indicate correlated flows.



" Biomass from San Carlos Bay vs.

© Salinity and Station
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San Carlos Bay

Average Seagrass % Cover vs. Depth
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Seagrass % Cover

Freshwater Inflow Influence on lona Cove Shoal Grass Depth

Percent seagrass coverage (all species present) at 1.0 and 1.5 meters at two locations downstream
of the Caloosahatchee River compared to average freshwater inflow from S-79 prior to sampling
(using hydroacoustic methodology for sampling seagrass).
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% Cover

Flow vs. Seagrass % Cover at 1.5 m
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Oyster Mortality
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Mortality of juvenile oysters in the Caloosahatchee exposed to 5, 15, 25 and 35 ppt for 9 weeks (Volety 2003).
Results: 1. Oysters exposed to very low (5 ppt) or very salinities (35 ppt) encountered heavy mortalities
compared to those at intermediate salinities (15 and 25 ppt).
2. Greatest threat when flows exceed ~3,000 cfs for 2-4 weeks

3. Prefer flows > 300 cfs



Caloosahatchee Resource Salinity
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Caloosahatchee
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Important Discharge Levels for
the Caloosahatchee Estuary at S-79

1. < 450 cfs: high salinity in upper estuary causes mortality
of tape grass habitat.

2. >2800 cfs: low salinity causes mortality of marine
organisms in the seaward portion of the estuary.

3. >4500 cfs: low salinity in San Carlos Bay causes
mortality of seagrasses.

4, >6500 cfs: low salinity plume enter Gulf of Mexico
adverse impacts on SAV and WQ in Pine Island Sound

Flow Based Hydrologic Performance Measure (Targets)

Preferred Alternative, with:

» Fewest number of times mean monthly flows from S-79
exceed the above important discharge levels (1-3).

» Lowest frequency of exceedence (Important Discharge
Levels 1-3) for just 1 month, as well as the frequency of
2, 3, 4,..consecutive months.
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Target frequency distribution of mean monthly flows from S-79 (SWFFS and
C-43 WBSR - Caloosahatchee Estuary Hydrologic Evaluation Performance Measures, 2005).

Discharge Range (cfs)
Mean Monthly Flows Percent Distribution
From S-79
0 to 450 0%
450 to 500 42.8% e
500 to 800 31.7% '
800 to1500 19.2% 93.7%
1500 to 2800 5.6%
2800 to 4500 0.7%
>4500 0%




Targets for VECs with Supporting
Salinity and WQ Requirements



Vallisheria

Vallisneria not < 20% coverage (at sites 1 and 2) of average potential shoot density (~ 200-300
shoots /m? of potential >1000 shts /m?)

blade length < 15 cm upstream of Ft. Myers at historical sampling locations

Maintain a 30-day moving average salinity <10ppt at the Ft. Myers’ near surface continuous
sensor, so salinity upstream to Beautiful Island remains < 10ppt

Daily average salinity shall not be > 20 ppt more than once every two years, nor shall the 30-day
moving average of 10 ppt.

Target Secchi Disc Depth readings (Minimum) > 0.9 - 1.1m upstream of Ft. Myers salinity sensor
when plans are present;

during periods of recovery, > 1.1 - 1.3m, contiguous during the early wet season.

Minimum Average Daily Bottom Light (ADBL) at 1 m, measured as PAR during the entire 24 hrs
=~20 uE.

Desired average ADBL > 100 uE



Halodule (shoal grass) in lona Cove

Restore continuous presence of shoal grass downstream
of Peppertree Point

Target density > 20% at 1 meter depth, with average
blade length > 10cm.

Minimize occurrences of average monthly salinity of <
15 ppt at Cape Coral Bridge sensor, so salinity
approaches 20 ppt or greater in lona Cove

Minimum ADBL = 50 uk

Desirable ADBL > 140uE



Oysters

During spawning season, maintain spat recruitment =5
spat per shell (March upstream of Shell Point, May-
October downstream)

Oyster Density > 200 / m? at current sampling locations
Condition Index of oysters maintained at > 2.5

Salinity at Piney Point never < 5 ppt for a month during
December and January, or 1 week during March-
October

Desired salinity = 14 - 28 ppt



Seagrass Downstream of Shell Point

Attain 38% increase in aerial seagrass coverage in San Carlos Bay

Maintain >30% coverage at 1.5 m in mid-San Carlos Bay and 20%
coverage at 1.75 m with blade length > 10cm

Maintain average seagrass coverage > 65% at 1.5 m in lower Pine Island
Sound

At depths < 1.0m MLLW, maintain seagrass species composition at
historical average levels

Maintain salinity > 25ppt
Provide minimum ADBL = 75-100uE to target depth

Desired ADBL >150 uE to target depth (100% saturation = 325 uk )









Caloosahatchee Contact List

Name Organization E-mail Initials Phone
Ana Martinez SFWMD Martinez, Ana
Bruce Sharfstein SFWMD Sharfstein, Bruce ,
Catherine Corbett SWFRPC ceorbett@swirpc.org G
Chandra Pathak SFWMD Pathak, Chandra
Chuck Aller FDACS allerc@doacs.state.fl.us
Clyde Dabbs Jr. SFWMD Dabbs Jr, Clyde _
Connie Jarvis City of Cape Coral cjarvis@capecoral.net s
Daryif Joyner DEP daryll.joyner@dep.state.fl.us
E_Milbran SCCF emilbran@scct.org
Ed Hanlon IFAS hanlon@ifas.ufl.edu
Ed Patino UsGs epatino@usgs.gov
Eric Livingston DEP eric.livingston@dep.state.fl.us
Eric Hughes EPA hughes eric@epa.gov
Frank Nearhoof DEP frank.nearhoof@dep,state.fl.us 7
Fred Calder DEP fred,calder@dep.state.fl.us L
Garth Redfield SFWMB Redfield, Garth
Geordie Smith DOH Geordie_Smith@doh.state.fl.us &by 237 -690-21.53
Gordon Romeis DEP Gordon.Romeis@dep.state.fl.us
Gregory Graves SFWMD Graves, Gregory
J Robb Startzman SFWMD Startzman, ] Robb
James Love DOH James_love@doh.state.fl.us
Janet Stames SFWMD | Starnes, Janet 7
Jennifer Netson DEP Jennifer.Nelson@dep.state.fl.us 77 EoA R PR RN by o)
Jerry Brooks DEP jerry.brooks@dep.state.fl.us v
Jim Beever SWFRPC jheever@swirpc.org
Joe Ortolona City of Ft. Myers Jortolona@cityftmyers.com
John Mitnik SFWMD jmitnik@sfwmd.gov
Joyce Mazourek FWS joyce mazourek@fws.gov
K Bickford FWS kbickford@leegov.com
K Cressman City of Cape Coral Keressman@capecoral.net
Keith Kibbey Lee County KibbeyKa@leegov.com
Kevin O'Donnell DEP kevin.odonnell@dep.state.fl.us
Kristina Laskis DEP kristina Jaskis@dep.state.fl.us
Lawrence Gerry SFWMD Gerry, Lawrence
linda Crane FDACS cranel@doacs,state.fl.us
Linda Lindstrom SFWMD Lindstrom, Linda '
Melissa Higgs DEP Melissa.Higgs@dep.state.fl.us
Miao-Li Chang SFWMD mchang@sfwmd.gov A
Molly Meadows SFWMD Meadows, Molly
Nathaniel Bailey DEP Nathaniel.Bailey@dep.state.fl.us
Noel Marton SWFWMD Noel.Marton@swfwmd.state.fl.us
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Name Organization E-mail Ji‘nit/igls Phone
Pat Fricano DEP pat.fricano@dep.state.fl.us 1
Patricia Sime SFWMD Sime, Patricia »
Patrick Martin SFWMD pmartin@sfwmd.gov s $( )7 A o
Peter Doering SFWMD Doering, Peter D S )l el 2 PR
Phill Flood SFWMD Fiood, Phil
R Bartleson SCCF rbartleson@sccf.org iy L2 2 RIS YL
Rehecca Efiot SFWMD Elliott, Rebecca
Rich Budei FDACS budellr@doacs.state.fl.us
Robert Chamberlain SFWMD Chamberiain, Robert
Roger Robinson City of Ft. Myers RRobinson@CityFtMyers.com
Roland Ottolire Lee County ottolire@leegov.com
Scott McClelland CDIM McClellandSI@CDM.com
Sean Sculiey SFWMD Sculley, Sean
Steve Lienhart URS Corp Steve Lienhart@URSCorp.com
Steven Sentes SFWMD Sentes, Steven
Susan Gray SFWMD Gray, Susan
Temperince Morgan SFWMD Morgan, Temperince
Terry Pride FDACS pridel@doacs.state. fl.ug
Thomas Teets SFWMD Teets, Thomas
Tony Peliicer Lee County Pellicla@leegov.com
Yongshan Wan SFWMD Wan, Yongshan
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