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Executive Summary

EXECUTIVE SUMMARY

The purpose of this technical document is to document and validate the data, methods, and
assumptions used by the South Florida Water Management District (SFWMD or District) to
reevaluate the minimum flows and minimum water levels (MFL) for the Caloosahatchee River
[Subsection 40E-8.221(2), Florida Administrative Code (F.A.C.)]. The Caloosahatchee River is in
Lee County, Florida. It is defined in Subsection 40E-8.021(2), F.A.C. as “the surface waters that
flow through the S-79 structure, combined with tributary contributions below the S-79 structure
that collectively flow southwest to San Carlos Bay”. The S-79 water control structure (Franklin
Lock and Dam) is in the river near Olga, Florida, and serves as the upstream boundary of
Caloosahatchee River Estuary (CRE). The CRE can contain fresh water, marine water, or brackish
water (a combination of fresh and marine waters). The surface area of the CRE is 67.6 square
kilometers with an average depth of 2.7 meters (Buzzelli et al. 2013a).

An MFL is the “limit at which further withdrawals would be significantly harmful to the water
resources or ecology of the area.” [Section 373.042(1), Florida Statutes (F.S.)]. SFWMD defines
significant harm as the “temporary loss of water resource functions which result from a change in
surface or groundwater hydrology, that takes more than two years to recover, but which is
considered less severe than serious harm.” [Subsection 40E-8.021(31), F.A.C.]. The water
resource functions protected under Chapter 373, F.S., include flood control, water quality
protections, water supply and storage, fish and wildlife protection, navigation, and recreation. In
setting an MFL, water management districts must consider any changes and structural alterations
that have occurred. If the MFL waterbody does not meet or is not expected to meet the proposed
MFL criteria during the planning horizon, the water management district must develop a recovery
or prevention strategy.

The Caloosahatchee River MFL Watershed (MFL Watershed) is a highly altered system due
to anthropogenic impacts associated with agricultural and urban development since the 1880s,
including construction of the S-77, S-78, and S-79 water control structures in the C-43 Canal.
Multiple dredging events have also occurred within the watershed. The C-43 Canal is part of the
Central and Southern Florida Flood Control Project (C&SF Project) and the Okeechobee
Waterway. The C&SF Project is a multi-objective project that provides for flood control, water
supply, navigation, recreation, and the ecological functions of Lake Okeechobee and the
downstream portions of the canal. These watershed changes have created a unique set of
constraints that must be carefully balanced to meet the multiple objectives that exist today.

These alterations significantly reduced the storage capacity within the watershed and changed
the timing, distribution, and delivery of fresh water to the CRE. Currently, there is high seasonal
variation in freshwater inflow. In the wet season, high freshwater inflow results in low salinity
conditions throughout most of the CRE. During the dry season, inflows can be very low to non-
existent, resulting in saline intrusion that can extend upstream to S-79.

This MFL reevaluation addresses many of the major criticisms identified in the November
2000 independent scientific peer review (Edwards et al. 2000). Some of the improvements include
application of a hydrodynamic salinity model and a numerical population model for Vallisneria
americana (also known as Vallisneria or tape grass) and the incorporation of flow data from
tributaries into a watershed model to address the contribution of flows to the CRE from the
downstream Tidal Caloosahatchee Subwatershed. Multiple ecological indicators were evaluated
to document the effects of flows on biota throughout the CRE.
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The science supporting this reevaluation involved a comprehensive assessment of the effects
of dry season (November—April) freshwater inflows on the CRE. The dry season was chosen
because these are times when the existing MFL criteria are likely to be exceeded or violated. The
science effort was composed of 11 component studies focused on hydrodynamics, water column
and benthic habitats, and faunal indicators. The component studies emphasized the relationships
between the indicators and inflows through S-79 in the dry season. The recommended MFL criteria
were developed using a resource-based approach to determine minimum freshwater inflow
requirements in coastal systems throughout South Florida (Hunt et al. 2005, SFWMD 2000, 2002a,
b, 2003, 2006b). The approach combines the Valued Ecosystem Component (VEC) Approach
(USEPA 1988) and the habitat overlap concept of Browder and Moore (1981). The approach
studied the minimum flow requirements of the various indicator species in terms of magnitude,
duration, and return frequency.

Additional analyses were conducted in response to public comments received following the
initial rule revision and publication of the January 30, 2018 Technical Document. These additional
analyses are outlined in Appendix A. Based upon the results of the additional analyses conducted,
the rule was further revised as shown below (strike through indicates deletions; underlining
indicates insertions). The rule was brought before the South Florida Water Management District
Governing Board on July 12, 2018 for authorization to publish a Notice of Proposed Rule. It was
adopted by the Governing Board on September 13, 2018.

40E-8.221 Minimum Flows and Levels (MFLs): Surface Waters.

(2) Caloosahatchee River. The MFL for the Caloosahatchee River is the 30-day moving

average flow of 400 cublc feet per second (cfs) at S 79. A—mm+mum—mean—menth4y—ﬂew—ef—3@9

(a) A MFL exceedance occurs during a 365-day period when the 30-day moving average flow
at S-79 is below 400 cfs and the 30-day moving average salinity exceeds 10 at the Ft. Myers
salinity monitoring station (located at latitude 26° 38' 57.84" N, longitude 81° 52' 5.68" W).
Salinity at the Ft. Myers salinity monitoring station shall be measured at 20% of the total river

depth at mean Iow water. A—30—day—a¥e#age—saJm4¥y—eeneen#at+en—e*eeeds4@—pa#s—pe#

The rule was legally challenged prior to it being filed with the Florida Department of State
and becoming effective. A hearing was held in Fort Myers on October 29 and 30, 2018 and the
final ruling was in favor of the District. In the March 08, 2019 Final Order, the adoption of the rule
was found to be a valid exercise of delegated legislative authority.

However, to address remaining public concerns related to the rule, the District Governing
Board directed staff in April 2019 to further engage with stakeholders to evaluate supplemental
statistical and mathematical approaches for arriving at final revised MFL criteria, while remaining
within the framework of the January 30, 2018 Technical Document. Nine different supplemental
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approaches were subsequently evaluated, and three more public workshops were held on May 31,
June 20, and September 20, 2019 to present and discuss the supplemental approaches.

During the last public workshop on September 29, 2019, the District presented a final revised
MFL rule as shown below based upon one of the supplemental approaches evaluated. This final
MFL rule was adopted by the Governing Board on October 10, 2019 and made effective in the
Florida Administrative Code on December 9, 2019. Appendix B provides a summary of the
supplemental approaches evaluated and rule development changes and revisions made throughout
the MFL reevaluation process.

40E-8.221 Minimum Flows and Levels (MFLs): Surface Waters.

(2) Caloosahatchee River. The MFL for the Caloosahatchee River is the 30-day moving

average flow of 457 cublc feet per second (cfs) at S 79. A—m4mmen+mean—men¥hly—ﬂewef—3@9

(a) A MFL exceedance occurs during a 365 dav period when the 30-day moving average flow
at S 79 is below 457 A VAT ,

The flow combined with tributary contributions below S-79, shall be sufficient to maintain a

salinity gradient that prevents significant harm to mobile and immobile indicator species within
the Caloosahatchee River. If significant harm occurs once the Caloosahatchee MFL recovery
strateqgy is fully implemented and operational, the recovery strateqy and MFL will be reviewed
in accordance with Rule 40E-8.421, F.A.C. Mobile and immobile species shall be monitored
as described in the recovery strategy.

In addition to the component studies, the recommended MFL criteria and existing recovery
strategy were evaluated using a suite of hydrologic and ecological models simulating (1) long-term
freshwater inflow to the CRE associated with varying management options; (2) the resulting
salinity in the CRE; and (3) ecological response of indicator species that are sensitive to low
freshwater inflows. Five models were utilized, three models to simulate freshwater inflows to the
CRE (two for S-79 flows and one for Tidal Caloosahatchee Subwatershed flows), a three-
dimensional hydrodynamic salinity model, and a Vallisneria model.

Integrated models were used to evaluate the existing MFL recovery strategy. Currently, during
dry periods, flows to the CRE do not meet the recommended revised MFL criteria. This is
consistent with the technical analysis that was completed for the 2003 MFL reevaluation, which
stated that the MFL criteria will be exceeded on a regular and continuing basis until additional
storage is provided in the basin to supply the additional water needed (SFWMD 2003). Therefore,
an approved recovery strategy will remain in place, as outlined in Appendix C of the 2017 Lower
West Coast Regional Water Supply Plan Update Appendices (SFWMD 2017). The original
recovery strategy for the Caloosahatchee River included the (1) construction and operation of the
Caloosahatchee River (C-43) West Basin Storage Reservoir, and (2) adoption of a water
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reservation to reserve from consumptive use all water within and released from the reservoir for
the protection of fish and wildlife in the CRE. The final revised recovery strategy includes the two
components noted above as well as (1) implementation of a research and monitoring plan, (2)
completion of construction of the C-43 Reservoir, (3) development of a water control plan for the
C-43 Reservoir, (4) evaluations to determine if additional storage is needed, and (5) identification,
design, and construction of potential projects to provide additional storage as needed, and (6) a
recovery strategy implementation timeline. Results of this reevaluation indicate that, once ongoing
construction of the reservoir is complete and it becomes operational, excess flows during the wet
season will be captured and stored in the reservoir, and the release of this stored water to the CRE
during the dry season will provide the additional flows needed to meet the recommended MFL
criteria and prevent significant harm.
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Acronyms, Abbreviations, and Units of Measurement

ACRONYMS, ABBREVIATIONS, AND
UNITS OF MEASUREMENT

00 significance

°C degrees Celsius

°oC! per degrees Celsius

#m™ number per square meter

#m3 number per cubic meter

#/m? number per square meter

#/m> number per cubic meter

%lo percentage of surface irradiance at the bottom (model parameter)

n variable water level (model parameter)

pg L micrograms per liter

um micrometer

pmoles m™ d! micromoles per square meter per day

pmoles m™ s™! micromoles per square meter per second

acHL attenuation factor for chlorophyll a (model parameter)

acolor constant for salinity-color relationship (model parameter)

anNTu attenuation factor for turbidity (model parameter)

Asaw area of sawfish habitat

ac acre

ac-ft acre-foot

AET actual evapotranspiration

AFSIRS Agricultural Field Scale Irrigation Requirements Simulation

AFSIRS/WATBAL Agricultural Field Scale Irrigation Requirements Simulation/Water
Balance

AGWETP groundwater evaporation potential (model parameter)

AM2 amplitude at the water level tide (M2) determined for the Ft. Myers

monitoring station (model parameter)
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Acronyms, Abbreviations, and Units of Measurement

ANCOVA
ANOVA
APRS

ASR

Avg, avg

B

beolor

BMP

BR31

Cinit

Crnax

Cshoot

C&SF Project
C-43 Reservoir

Caloosahatchee River

CAN_CONDUCTANCE
CANPMPPARM
CDOM

CEPP

CEPSC

CERP

cfs

CH3D

CHL

CHLmax

cm

Co-Pt

analysis of covariance

analysis of variance

Adaptive Protocol Release Study

aquifer storage and recovery

average

bottom

constant for salinity-color relationship (model parameter)
best management practice

Bridge 31

initial Vallisneria biomass values (model parameter)
maximum Vallisneria biomass (model parameter)

changes in aboveground biomass of Vallisneria (model parameter)
Central and Southern Florida Flood Control Project
Caloosahatchee River (C-43) West Basin Storage Reservoir

Minimum Flow and Level Waterbody from S-79 to San Carlos Bay,
defined in Subsection 40E-8.021(2), F.A.C.

tertiary canal bed conductance (model parameter)
land use tertiary canal drainage pump rate (model parameter)
colored dissolved organic matter

Central Everglades Planning Project

interception storage capacity (model parameter)
Comprehensive Everglades Restoration Plan

cubic foot per second

Curvilinear Hydrodynamic Three Dimensional Model
chlorophyll a concentration

chlorophyll @ maximum concentration

centimeter

cobalt platinum (unit of measurement)
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Acronyms, Abbreviations, and Units of Measurement

COA
Conservancy
CPUE

CRE

d
d- 1
DBHYDRO

District
DO

EAA

ECB
ECBO
ECBW
ECBW300
ECBW400
EFDC
ENP
ERTP

ET

F.A.C.
F.S.

FAS

FCB
FCBO
FCBW
FCBW300

center of abundance
Conservancy of Southwest Florida
catch per unit effort

Caloosahatchee River Estuary (from the S-79 water control structure
to San Carlos Bay)

day
per day

South Florida Water Management District’s  corporate
environmental database

South Florida Water Management District

dissolved oxygen

Everglades Agricultural Area

Existing Condition Baseline

Existing Condition Baseline without reservoir

Existing Condition Baseline with reservoir

Existing Condition Baseline with reservoir, targeting 300 cfs at S-79
Existing Condition Baseline with reservoir, targeting 400 cfs at S-79
Environmental Fluid Dynamic Code

Everglades National Park

Everglades Restoration Transition Plan

evapotranspiration

Florida Administrative Code

Florida Statutes

Floridan aquifer system

Future Condition Baseline

Future Condition Baseline without reservoir

Future Condition Baseline with reservoir

Future Condition Baseline with reservoir, targeting 300 cfs at S-79
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Acronyms, Abbreviations, and Units of Measurement

FCBW400
FDEP

FE

FEB
FLUCCS
fSeross
fSioss
FSAID

ft

FT

ft/day
fTshoot
FWC

Gshoot
gCm’
gC m2d!
gdw
gdw m”
GIS
GPS
GUI
Gz

GZshoot

hr
HSPF
To

Future Condition Baseline with reservoir, targeting 400 cfs at S-79

Florida Department of Environmental Protection
federally-designated endangered

flow equalization basin

Florida Land Use, Cover, and Forms Classification System
gross production of Vallisneria (model parameter)

mortality of Vallisneria (model parameter)

Florida Statewide Agricultural Irrigation Demand Geodatabase

foot

federally-designated threatened

feet per day

photosynthesis-irradiance relationship (model parameter)
Florida Fish and Wildlife Conservation Commission
gross production of Vallisneria (model parameter)
gross production of Vallisneria (model parameter)
grams shoots per square meter

grams shoots per square meter per day

grams dry weight

grams dry weight per square meter

geographic information system

global positioning system

graphical user interface

grazing on Vallisneria (model parameter)
herbivorous grazing on Vallisneria (model parameter)
depth (model parameter)

hour

Hydrologic Simulation Program - Fortran

irradiance at the water surface (model parameter)
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Acronyms, Abbreviations, and Units of Measurement

Iamp

Ik

I

IAS
IDR
in/hr
INFEXP
INFILD
INFILT
INTFW
IRC
IWATER

Kehi
Keolor
K, ki
Kturb
kw
kg
kGz
km
kM
km?
kN
kR
KSioss
KTI1, kT1

amplitude of surface irradiance (model parameter)

half-saturation irradiance value (model parameter)

irradiance at the sediment (model parameter)

intermediate surficial aquifer

inter-decile range

inches per hour

parameter in infiltration function (model parameter)

parameter in infiltration function (model parameter)

infiltration rate (model parameter)

interflow coefficient (model parameter)

interflow recession constant (model parameter)

Hydrologic ~ Simulation
Impervious Areas

Program —

attenuation coefficient for chlorophyll

attenuation coefficient for color (model parameter)

total light attenuation coefficient

attenuation coefficient for turbidity

Fortran Module for

total attenuation coefficient for pure water (model parameter)

kilogram

basal grazing rate for Vallisneria (model parameter)

kilometer

basal rate of mortality for Vallisneria (model parameter)

square kilometer

Vallisneria source of new shoots (model parameter)

basal rate of respiration for Vallisneria (model parameter)

salinity-specific loss rate (model parameter)

Vallisneria temperature
(model parameter)

constant

for

photosynthesis
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Acronyms, Abbreviations, and Units of Measurement

KT2, kT2

KtB

L

b

Ibs/trap
Ibs/trap/inch
LECSA
LiDAR
LNWR
LORS2008
LOSA
LOWSM
LSZ

LWC
LZETP
LZS

LZSN

m>mg’!

m’s

Vallisneria temperature constant for photosynthesis

(model parameter)

rate constant for temperature effect (model parameter)
length

pound

pounds per trap

pounds per trap per inch

Lower East Coast Service Area

Light Detection and Radar

Arthur R. Marshall Loxahatchee National Wildlife Refuge
Lake Okeechobee Regulation Schedule of 2008
Lake Okeechobee Service Area

Lake Okeechobee Water Shortage Management
low salinity zone

Lower West Coast

lower zone evaporation potential (model parameter)
lower zone storage

lower zone nominal storage (model parameter)
meter

shoot mortality of Vallisneria (model parameter)
per meter

square meter

square meter per grams dry weight

per square meter

tidal water level

cubic meter

cubic meters per milligram

cubic meters per second
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Acronyms, Abbreviations, and Units of Measurement

Mihoot

MDL

MDS

MFL

MFL Watershed
mg L!

MGD

MGM

mi

MIKE SHE

mm/yr
MSL
MWD

n

Nshoot
NAVDSS
NEEPP
NEXRAD
NGVD29
NOAA
NPDF
NSE
NSUR
NTU
NTU"!
oysters/m?

PET

salinity-based mortality of Vallisneria (model parameter)
maximum developable limit

multi-dimensional scaling

minimum flows and minimum water levels

Watershed of the Caloosahatchee River

milligrams per liter

million gallons per day

million gallons per month

mile

an integrated hydrological modeling system for building and
simulating surface water flow and groundwater flow

millimeters per year

mean sea level (model parameter)

Modified Water Deliveries to Everglades National Park Project
sample size

Vallisneria new shoots (model parameter)

North American Vertical Datum of 1988

Northern Everglades and Estuaries Protection Program
Next Generation Radar

National Geodetic Vertical Datum of 1929

National Oceanic and Atmospheric Administration
normal probability density function

Nash-Sutcliffe Efficiency

Manning’s n for land surface (model parameter)
nephelometric turbidity unit; turbidity (model parameter)
nephelometric turbidity unit

oysters per square meter

potential evapotranspiration
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Acronyms, Abbreviations, and Units of Measurement

PET Coefficient evaporation scale factor (model parameter)

p probability

Pm maximum rate of photosynthesis (model parameter)

Pphoto photoperiod (model parameter)

PhM2 phase angle of the water level tide (M2) determined for the Ft. Myers
monitoring station (model parameter)

PIR project implementation report

PMP LC tertiary canal depth for stopping pump (model parameter)

PMP _UC tertiary canal depth for triggering pump (model parameter)

Proj project

PWATER Hydrologic Simulation Program — Fortran Module for
Pervious Areas

Q average monthly inflow

Qcale inﬂqw rate as§ociated with a salinity of 10 at the Ft. Myers
monitoring station

Qr indictor inflow

Qinflow inflow rate

Qs79 inflow at S-79

Qs inflow at the Tidal Basin

r root mean square correlation coefficient

R respiration rate of Vallisneria (model parameter)

2 degree of fit

R? coefficient of determination

Rshoot respiration for Vallisneria (model parameter)

RECOVER Restoration Coordination and Verification Program

rkm distance of a station from Shell Point

rkmy density-weighted center of abundance for each sampling event

RMS root mean square

RMSE root mean square error
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Acronyms, Abbreviations, and Units of Measurement

Sto

Stz

Sis

Sa7

S30

NV

Ssite1

Su

Svall

SAS
SAV
SCCF
Science Summary
SD
SERFIS
SFWMD
SFWMM
SLR
SSURGO
ST

STA

Topt
Tw
Tfx

Tszhoot

salinity or surface

salinity of 10

position of salinity of 12

position of salinity of 18

position of salinity of 27

position of salinity of 30

average monthly salinity at the Ft. Myers monitoring station
salinity at Submerged Aquatic Vegetation Monitoring Site 1
density-weighted salinity

daily salinity at SAV monitoring Site 1 (model parameter)
surficial aquifer system

submersed aquatic vegetation

Sanibel-Captiva Conservation Foundation

July 2017 draft of Appendix C of this document

standard deviation

Surveying Estuarine Response to Freshwater Inflows
South Florida Water Management District

South Florida Water Management Model

sea level rise

Soil Survey Geographic Database

state-designated threatened

stormwater treatment area

temperature

optimum temperature (model parameter)

water temperature (model parameter)

temperature effect (model parameter)

Vallisneria photosynthesis temperature effect (model parameter)
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Acronyms, Abbreviations, and Units of Measurement

TM2 period of the water level tide (M2) determined for the Ft. Myers
monitoring station (model parameter)

TMDL total maximum daily load

TSS total suspended solids

UKISS Model Upper Kissimmee Model

USACE United States Army Corps of Engineers

USFWS United States Fish and Wildlife Services

USGS United States Geological Survey

UZSN upper zone nominal storage (model parameter)

Viaw habitat volume for sawfish

Vishoot Vallisneria shoot biomass

VEC valued ecosystem component

W Shapiro-Wilk’s test

WaSh Model Watershed Model

WATBAL Water Balance Module for the Agricultural Field Scale Irrigation
Requirements Simulation

WCA water conservation area

WERP Western Everglades Restoration Project

WMA wildlife management area

WSE Water Supply and Environmental (Schedule)

WY Water Year; the time from May 1 to April 30 of the subsequent year,

named for the year in which it ends

z sediment elevation (model parameter)
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Chapter 1: Introduction

CHAPTER 1: INTRODUCTION

BACKGROUND AND PURPOSE

The Florida Water Resources Act, Chapter 373, F.S., provides the South Florida Water
Management District (SFWMD or District) with a variety of tools to conserve, protect, manage,
and control water resources across a wide range of water demands and hydrologic variability.
These tools provide for the allocation of water to reasonable beneficial uses, water storage, and
flood control; the preservation of natural resources, fish, and wildlife; and recreational
opportunities; and ensure the navigability of rivers and harbors and the health, safety, and general
welfare of the people of South Florida.

Water resource protection criteria for regulation of consumptive uses are contained in Chapter
40E-2, F.A.C., and the Applicant’s Handbook for Water Use Permit Applications within the South
Florida Water Management District (SFWMD 2015). In addition to these criteria, SFWMD uses
three regulatory mechanisms that are adopted by rule to protect water supplies for natural systems;
minimum flows and minimum water levels (MFLs), water reservations, and restricted allocation
areas.

The purpose of this reevaluation of the Caloosahatchee River MFL was to reexamine the
technical and scientific basis of the existing MFL criteria based on new information and peer
review. Updated modeling tools and statistical approaches were utilized as well as existing and
new data obtained since the initial MFL rule adoption in 2001. The responses of multiple
ecological indicators to low freshwater inflows in the dry season were assessed with a resource-
based approach. The appropriate MFL criteria needed to prevent significant harm to the water
resource functions of the Caloosahatchee River were determined based on the results of this
reevaluation.

This chapter, and further chapters, describe the 2017-2019 MFL reevaluation of the 2001
Caloosahatchee River MFL criteria. The document first generally discusses the basis for MFL
development and adoption, role of MFLs in water resource protection, recovery and prevention
strategies, and water resource functions. It then summarizes the initial Caloosahatchee River MFL
adopted in 2001 (SFWMD 2000) and associated peer review (Edwards et al. 2000), and the MFL
reevaluation completed in 2003 (SFWMD 2003). A summary is provided of the direction given
by the SFWMD Governing Board in 2010 to obtain the best available information for future MFL
reevaluations, and then specifics of this 2017-2019 MFL reevaluation are provided. The first
published version of the Technical Document supporting the 2017-2019 reevaluation and rule
revision was dated January 30, 2018. Additional analyses and rule revisions completed since
publication of the January 30, 2018 version of the Technical Document are described in
Appendices A and B.

BASIS FOR MFL DEVELOPMENT AND ADOPTION

Section 373.042, F.S., authorizes Florida water management districts to establish MFLs for
priority surface waters and aquifers within their jurisdictions. The goal of an MFL is to prevent
significant harm from occurring to the waterbody from consumptive use withdrawals. The MFL
criteria threshold is not considered a sustainable condition or indicative of a healthy natural system.
Significant harm is defined as the “temporary loss of water resource functions, which results from
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a change in surface or ground water hydrology, that takes more than two years to recover, but
which is considered less severe than serious harm” [Subsection 40E-8.021(31), F.A.C.]. MFL rules
contain specific criteria based on existing best available information. MFL criteria are periodically
reevaluated and revised as needed based on new information and changing water resource
conditions.

MFL Role in Water Resource Protection

MFLs are not “stand alone” resource protection tools. MFLs must be considered in conjunction
with the other resource protection responsibilities of the water management district. These include
regulatory components, operating the C&SF Project, and implementing water supply planning.
The Florida Legislature identified the various levels of protection that the consumptive use
permitting program, MFLs, water reservation, and water shortage programs provide to the water
resources. The consumptive use permitting program is implemented to prevent harm to the water
resource (Section 373.219, F.S.). MFLs are meant to prevent significant harm to the water
resources or the ecology of the area due to further withdrawals (Sections 373.042 and 373.0421,
F.S.). The water shortage program is designed to prevent serious harm to the water resource
(Sections 373.175 and 373.246, F.S.). Additionally, water management districts may reserve water
from use by consumptive use permit applicants as is required for the protection of fish and wildlife
or public health and safety [Section 373.223(4), F.S.]. A conceptual model identifying the
relationships between these water resource protection requirements is shown in Figure 1.

Water Resource Water Resource Ob dl t
Protection Tools Protection Standards BaTved lpacts
Wakar Permittable Water NO HARM Normal Permitted Operations
Levels/Flow | Reservation of Water Environmental Restoration

Decreasing (1-in-10 Level of Certainty)

Temporary loss of water
HARM resource functions taking
1 to 2 years to recover

Phase I Water Shortage
Phase II Water Shortage

— MINIMUM FLOWS & LEVELS

Drought Water resource functions
Seve?ity Phase IIT Water Shortage SIGNIFICANT HARM require multiple years to

Increasing recover (> 2 year)

Permanent or irreversible

Phase IV Water Shortage = SERIOUS HARM loss of water resource
functions

v

Figure 1. Conceptual relationship among the harm, significant harm, and serious harm water resource
protection standards [Subsection 40E-8.021(9), (31), and (30), F.A.C.].

Water shortage declarations require existing legal users to reduce their permitted
allocations by 15, 30, 45, and 60 percent from Phase 1 to Phase IV.

SFWMD manages the water resources and ensures their sustainability around a common level-
of-certainty concept (1-in-10-year drought condition). Under this concept, both natural systems
and permitted uses are considered to operate without withdrawal-induced harm, under hydrologic
conditions up to and including a 1-in-10-year drought. When hydrologic conditions more severe
than a 1-in-10-year drought occur and harm to natural systems occurs, or is imminent, temporary
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water shortage cutbacks are imposed on the consumptive use withdrawals that are impacting the
hydrology of natural systems until drought conditions subside. Figure 1 shows the magnitude of
water shortage cutbacks likely to be imposed commensurate with the severity of the drought, and
the associated levels of harm and observed impacts to natural systems.

Harm to the natural system can also be caused by non-withdrawal-based hydrologic impacts,
such as drainage, land use alterations, and operation of water management infrastructure. Often,
natural systems impacted by these types of alterations experience harm at a higher frequency than
a 1-in-10-year drought condition. In such cases, harm does not stem from withdrawals and
cutbacks on withdrawals will not prevent harm or restore the system.

Recovery and Prevention Strategies

SFWMD implements MFLs through multi-faceted recovery and prevention strategies.
Pursuant to Section 373.0421(2), F.S., a recovery strategy is implemented where an MFL
waterbody is not meeting an established minimum flow or level, and the strategy is intended to
achieve waterbody recovery to the established minimum flow or level as soon as practicable. A
prevention strategy is implemented where an MFL waterbody is meeting an established minimum
flow or level, but it is not expected to meet it in the next 20 years. Prevention strategies are intended
to prevent the existing flow or water level in the waterbody from falling below the established
minimum flow or level. Recovery and prevention strategies are developed as much as possible
within the regional water supply planning process, and according to the 20-year water supply
planning horizon.

The recovery or prevention strategy identifies those actions and projects, which, once
completed, allow a waterbody to meet minimum flow or level criteria. The recovery or prevention
strategy must include a phased-in approach or timetable. Several factors influence a water
management district’s ability to implement proposed actions in a timely manner, including funding
availability, planning, detailed design development, regulatory permitting, land acquisition, and
implementation of updated permitting rules.

All recovery and prevention strategies developed by SFWMD are adopted simultaneously with
adoption of the MFL rules for each waterbody. If the MFL is revised, the prevention and recovery
strategy must be revisited to ensure that implementation of the strategy will enable the water
resource to meet the MFL criteria. If the recovery or prevention strategy must be revised, it is to
be approved simultaneously with the approval of the revised MFL [Subsection 62-40.473(5),
F.A.C.] Recovery and prevention strategies for specific MFL waterbodies are included in
applicable SFWMD regional water supply plans (available at www.sfwmd.gov/our-work/water-
supply) and in Rule 40E-8.421, F.A.C. In 2001, SFWMD adopted an MFL for the Caloosahatchee
River. The recovery strategy and its reevaluation are discussed in detail in Chapter 10 and
Appendix B.

Water Resource Functions

Each surface waterbody or aquifer serves an array of water resource functions that must be
considered in defining significant harm when setting an MFL. Since significant harm is defined as
a temporary loss of water resource functions that takes more than two years to recover, the water
resource functions of the specific waterbody must be identified. Chapter 4 provides a detailed
description of the relevant water resource functions of the Caloosahatchee River.
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Considerations and Exclusions

Once the water resource functions of a waterbody to be protected have been identified, the
baseline resource conditions for assessing significant harm must be defined. Considerations for
making this determination are set forth in Section 373.0421(1)(a), F.S. Water management districts
are required to consider changes and structural alterations to watersheds, surface waters, and
aquifers and the effects such changes or alterations have had, and the constraints such changes or
alterations have placed, on the hydrology of an affected watershed, surface water, or aquifer. The
Florida Legislature acknowledged that certain waterbodies no longer serve their historical
functions and recovery of those waterbodies to historical conditions may not be economically or
technically feasible, and that such a recovery effort could cause adverse environmental or
hydrologic impacts. The SFWMD Governing Board may determine that setting an MFL for a
waterbody based on its historical condition is inappropriate. This consideration is one of the most
complex policy driven portions of MFL rule development. It potentially includes the balancing of
economic feasibility and impacts of removing or otherwise addressing existing changes or
structural constraints currently in the system. These constraints developed over time through a
series of public policy decisions that, if reversed, could have far reaching implications, such as
removal of roads or bridges, reduction of public water supplies, or flood impacts. The evaluation
conducted herein does not address future policy determinations by the Governing Board, but rather
provides the scientific foundation for MFL development including identification of flow and
salinity relationships and the water resource implications of managing the hydrology under
various conditions.

CALOOSAHATCHEE RIVER MFL HISTORY AND FUTURE

Development of Initial 2001 MFL Criteria

In 1999, the SFWMD Governing Board identified the Caloosahatchee River as a priority
waterbody for development of an MFL. The MFL was subsequently adopted in 2001, and
promulgated in Subsection 40E-8.221(2), F.A.C.

To establish the MFL, the District used a combination of the valued ecosystem component
(VEC) approach (USEPA 1988), and the habitat overlap concept of Browder and Moore (1981).
The VEC approach was developed by the United States Environmental Protection Agency to guide
monitoring programs within the National Estuary Program. The VEC approach was modified to
focus on providing critical estuarine habitat in the Caloosahatchee River Estuary (CRE). In many
instances, estuarine habitat is biological and typified by one or more prominent species (e.g.
oysters). In other cases, the habitat may be physical, such as an open water oligohaline zone. For
the CRE, the VEC was biological, beds of the submerged low salinity-tolerant plant Vallisneria
americana (tape grass). In 2001, the resource identified at greatest risk in the CRE was an existing
640-acre (ac) area containing beds of Vallisneria located in the upper CRE between Beautiful
Island and the U.S. 41 Bridge in Fort Myers (Figure 2), from 24 kilometer (km) to 30 km upstream
of Shell Point.
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Figure 2. Resource at greatest risk in the Caloosahatchee River Estuary (downstream of the S-79 water
control structure) as of 2001 (illustration from Hoffacker 1994).

The original 2001 MFL contained the following specific criteria in Subsection 40E-8.221(2),
F.A.C., intended to protect Vallisneria from significant harm.

e A minimum mean monthly flow of 300 cubic feet per second (cfs) is necessary to
maintain sufficient salinities at the S-79 water control structure in order to prevent an
MFL exceedance.

e An exceedance of the MFL occurs during a 365-day period, when either (a) a 30-day
average salinity concentration exceeds 10 at the Ft. Myers salinity station (measured at
20% of the total river depth from the water surface at a location of latitude 263907.260,
longitude 815209.296) or (b) a single, daily average salinity exceeds a concentration of
20 at the Ft. Myers salinity station. Exceedance of either (a) or (b) for two consecutive
years is a violation of the MFL.
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The minimum flow of 300 cfs at S-79 produced physiologically tolerable salinities (< 10) over
the Vallisneria beds.

Conclusions of the 2000 Scientific Peer Review

As part of the original MFL development, an independent scientific peer review was conducted
[see Section 373.042, F.S., and Subsection 40E-8.011(3) F.A.C]. The peer review panel reviewed
the proposed technical criteria and the supporting document (SFWMD 2000). The review panel
generally supported the scientific approach used in establishing the MFL (Edwards et al. 2000).
They also agreed the Vallisneria beds were an appropriate resource that needed protection and the
salinity criteria identified in the MFL were sufficient. However, the peer review panel identified
specific scientific deficiencies in the MFL technical supporting document. Major criticisms of the
initial effort included the following:

e Lack of a hydrodynamic/salinity model
e Lack of a numerical population model for Vallisneria
e No quantification of the habitat value of Vallisneria beds

e No documentation as to the effects of MFL flows on downstream estuarine
biota

As applied here, the VEC approach assumes that MFL flows based on Vallisneria will not
harm, and may benefit, other estuarine organisms. The scientific peer review panel concluded that
this assumption was not sufficiently supported. Additional documentation was required to
demonstrate that minimum flows protected organisms in the lower CRE as well as those associated
with Vallisneria beds in the upper CRE from significant harm.

Significant harm was originally defined as occurring when loss of habitat function occurred
for three consecutive years. The peer review panel concluded that this definition was not supported
scientifically. Whether the frequency portion of the MFL violation criteria protects against
significant harm, defined as loss of habitat function that takes more than two years to recover, was
not known with certainty at the time of MFL rule adoption.

2003 MFL Reevaluation

Section 373.0421(5), F.S., specifies that MFLs shall be reevaluated periodically and revised as
needed. The criteria and scientific basis of the 2001 MFL were reevaluated in 2003 (SFWMD
2003) with information obtained through expansion of the SFWMD research program, to include
additional analyses of historical sampling efforts and further field observations, laboratory
experiments, and numerical models. The comments and recommendations of the 2000 peer review
panel, as well as the results of additional analyses and new model developments completed by
SFWMD, were used.

The 2003 reevaluation specifically evaluated the ability of the 300-cfs discharge at S-79 to
protect the 640-ac area containing Vallisneria. The 2003 reevaluation is summarized in a technical
supporting document, which outlines the methods and results of the additional analyses and
modeling conducted, management implications, and additional investigations needed to further
refine the recovery strategy (SFWMD 2003). The 2003 supporting document did not address the
habitat value of Vallisneria beds because Vallisneria had been virtually absent in the CRE since
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the MFL adoption in 2001. However, SFWMD implemented a study of Vallisneria habitat
utilization in the Loxahatchee River Estuary as a surrogate study for the CRE.

The 2003 reevaluation of the MFL also concluded that a recovery strategy was required
pursuant to Section 373.0421(2), F. S. The technical document (SFWMD 2003) stated that the
MFL criteria would be exceeded on a regular and continuing basis until additional storage is
provided in the basin to supply the additional water needed. Since adoption of the MFL, the lower
west coast water supply plan updates have also consistently indicated that exceedances of the MFL
criteria would continue until the C-43 Reservoir is constructed and operational.

2003 Conclusions

VEC Approach

The original adopted 2001 MFL rule identified salinity criteria that, if not achieved, would
result in significant harm to remaining submerged Vallisneria beds in the upper CRE. A major
assumption of this approach was that salinity and flow conditions that protect Vallisneria also
protect other key organisms in the estuary. It was concluded in 2003 that previous work on this
subject (Chamberlain and Doering 1998), and results presented as part of the 2003 reevaluation,
supported the validity of this assumption.

Salinity Criteria

The 2001 MFL rule contained two salinity criteria at the Ft. Myers salinity monitoring station:
(1) a 30-day average salinity of 10, and (2) a daily average salinity of 20. The 2003 reevaluation
results indicated that these were sound physiological and ecological thresholds for Vallisneria
(SFWMD 2003) and no criteria revisions were made in 2003.

Salinity and Freshwater Inflow

The 2001 MFL was based on a regression approach for estimating the relationship between
salinity at the Ft. Myers station and discharge at S-79. Following the recommendation of the 2000
peer review panel (Edwards et al. 2000), a mass-balanced hydrodynamic model of the CRE was
developed using the Curvilinear Hydrodynamic Three-dimensional Model (CH3D) platform (Sun
et al. 2016). The regression approach explicitly considered the effects of S-79 discharge (x) on
salinity (y) in the downstream CRE. However, the model only implicitly included inflows from
the Tidal Caloosahatchee Subwatershed! downstream of S-79. Tidal Caloosahatchee
Subwatershed flows are not independent variables in the regression, yet they influence salinity (y).
To address this, a linear reservoir model of Tidal Caloosahatchee Subwatershed inflows was
developed (SFWMD 2003) based on a recent application of the MIKE SHE model code (DHI
1998, Petersen et al. 2002). MIKE SHE is an integrated hydrological modeling system for building
and simulating surface water flow and groundwater flow.

Results from the hydrodynamic model indicated that a total inflow (discharge at S-79 + Tidal
Caloosahatchee Subwatershed inflow) of about 500 cfs was required to produce a salinity of 10 at
the Ft. Myers station. Comparison of modeled Tidal Caloosahatchee Subwatershed flows with
measured flows at S-79 indicated that, on average, when mean monthly flows at S-79 averaged

!'In the Assessment of the Responses of the Caloosahatchee River Estuary to Low Freshwater Inflow in the Dry
Season document (Appendix C) this is referred to as the “Tidal Basin”.
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300 cfs, there was an additional 150-200 cfs flowing to the CRE from the downstream Tidal
Caloosahatchee Subwatershed. The 2003 reevaluation concluded that, for 300 cfs of water released
at S-79 to produce a salinity of 10 at Ft. Myers, additional inflow from the downstream Tidal
Caloosahatchee Subwatershed was required. The additional inflow needed was estimated with
great uncertainty to be 150-200 cfs. It was recommended that before any decisions were made to
modify the MFL, improved flow measurements from the Tidal Caloosahatchee Subwatershed and
more robust calibration of the newly developed models were required. As part of the 2017-2019
reevaluation, these missing flow data were collected to address this uncertainty and improve model
performance.

Resource-based Evaluation of the Recovery Strategy

In response to the 2000 peer review recommendations, a population level model of Vallisneria
was developed. Shoot density at two monitoring sites was simulated. Site 1 (Bird Island) is located
approximately 30 km upstream of Shell Point and Site 2 is located approximately 26 km upstream
of Shell Point. Both sites were within the area to be protected for Vallisneria (24—30 km upstream
of Shell Point) (Figure 2). Results from the Vallisneria modeling study indicated that the salinity
criterion of 10 at the Ft. Myers station provides appropriate protection of the resource from
significant harm.

2010 Direction for Future MFL Reevaluation

In response to public concerns about the MFL, given the single-species approach (i.e.
Vallisneria) and the limited modeling analysis that was used in its development, staff were directed
by the SFWMD Governing Board on November 10, 2010 to obtain the best available information
to reevaluate the MFL criteria. Over the course of the next several years, a comprehensive research
and monitoring program was established to do the following:

e Collect flow data from the Tidal Caloosahatchee Subwatershed (at least 5 years)
to develop models (watershed, flow, and hydrodynamic) to properly simulate
inflows and salinity responses

e Update and apply a Vallisneria population model
¢ Quantify the habitat value of Vallisneria beds

e Determine effects of MFL flows on downstream estuarine organisms (e.g.
oysters and benthic macrofauna)

e Analyze the return frequency for the MFL

The Governing Board committed to funding the research that was needed to accomplish these
tasks. The above work and other work completed since 2003, including further analyses since
2010, is documented in the following chapters and appendices.
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CHAPTER 2: ALTERATIONS AND PHYSICAL
CHARACTERISTICS OF THE CALOOSAHATCHEE RIVER
AND ITS WATERSHED

HISTORICAL FEATURES OF THE RIVER AND WATERSHED

Historic Caloosahatchee River

The Caloosahatchee River was originally a natural watercourse running from its origin at Lake
Flirt (near La Belle) to San Carlos Bay (Figure 3). The river was sinuous with many natural
oxbows providing a diversity of habitat types. It consisted of 102 river bends and oxbows
(Antonini et al. 2002). A geologic feature known as the Fort Thompson rapids, a geologic feature
approximately 0.9 miles in length, separated the head of the Caloosahatchee River from its
upstream contributing areas that existed at higher elevations. These upstream contributing areas
consisted of interconnected marshes and three small lakes—Lake Hicpochee, Lake Bonnet, and
Lake Flirt. Lake Hicpochee was the largest lake located near Lake Okeechobee. The Fort
Thompson rapids were located downstream of Lake Flirt.
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Figure 3. Caloosahatchee River showing the location of the S-77, S-78 and S-79 water control structures,
connection to Lake Okeechobee, and historical headwaters at Lake Flirt and Lake Bonnet.
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Alterations in the Freshwater Portions of the River and Watershed
(Upstream of S-79)

Man-made alterations to the river began as early as 1884, when private interests constructed a
canal between the river headwaters and Lake Okeechobee for water control and navigation. To
make the river compatible for multiple uses with different water levels, Hamilton Disston’s
Company created an open connection from Lake Okeechobee to the headwaters of the
Caloosahatchee by 1887 (Antonini et al. 2002). Dredging alterations continued and, by 1918, three
combination lock and spillway structures had been constructed at Moore Haven, Citrus Center,
and Fort Thompson (USACE 1957, Section 6.B.6).

In 1930, the first federal effort at flood control in Florida occurred with the passage of the
River and Harbor Act of July 3, 1930, which authorized improvement of the Caloosahatchee River
and Canal (now the C-43 Canal) (U.S. Congress 1930). By 1937, the Caloosahatchee River was
improved to provide a navigable channel at least 6 feet deep and 80 feet wide with locks and water
control structures at Moore Haven (S-77, constructed in 1935) and Ortona (S-78, constructed in
1937). The original three locks were bypassed by the navigation channel and eventually
abandoned. Under the River and Harbor Act of 1945, the C-43 Canal was improved again for
navigation purposes (8 feet deep and 90 feet wide) (U.S. Congress 1945; USACE 1957, Section
6.B.6).

In 1957, the United States Army Corps of Engineers (USACE) prepared a report specifically
focusing on the drainage, water control, and navigation needs of the Caloosahatchee River Basin
(U.S. Congress 1948, 1954). The report recommended a plan for improvement of the C-43 Canal
and the S-77 and S-78 water control structures, as well as construction of a third structure (S-79)
at Olga (USACE 1957, Section 1.41). The purposes and objectives for these additional
improvements, as envisioned in the general design memoranda, were to provide (1) conveyance
capacity for the watershed, (2) water control to prevent excessive depletion of groundwater during
normal or dry periods, (3) regulatory discharge capacity for Lake Okeechobee, (4) adequate
capacity so that existing navigation locks would not have to be used for flood or regulatory
discharges, and (5) protection to prevent saltwater encroachment and maintenance of water
supplies in the lower reaches of the C-43 Canal (USACE 1957).

Purpose of the S-79 Water Control Structure

The purpose and need for S-79 are tied to the alterations made to the Caloosahatchee River as
described above. The key objectives were to (1) eliminate undesirable salinity in the lower river,
(2) prevent the rapid depletion of water supplies, and (3) raise the prevailing dry weather water
table levels (USACE 1958, 2D Endorsement, paragraph 9). During the wet season, S-79 was
designed to be a spillway structure to pass permissible releases from Lake Okeechobee (USACE
1957, Section F.29). During the dry season, S-79 was designed to address the lack of freshwater
supply for irrigation in the lower river basin, immediately upstream of S-79. Prior to construction
of S-79, freshwater supply was depleted by uncontrolled downstream discharges to such an extent
that the water table, as measured in wells near the river, was as much as 10 feet below ground
surface (a depth of 2 or 3 feet was considered optimum) (USACE 1957, Section G.32). Currently,
S-79 is operated pursuant to federal regulations and in accordance with Central and Southern
Florida Flood Control Project (C&SF Project) purposes.

Technical Document to Support Reevaluation of Minimum Flow Criteria for Caloosahatchee River
10



Chapter 2: Alterations and Physical Characteristics of the Caloosahatchee River and Its Watershed

In 1957, a report prepared by the United States Fish and Wildlife Service (USFWS) concluded
the riverine and estuarine fisheries were of relatively low quality and value due to adverse effects
on the environment caused by the C-43 Canal improvements and channelization (USACE 1957).
USFWS also concluded that past regulatory and flood control discharges through the river had
adverse effects on the sport and commercial fisheries of the tidally-influenced areas. Finally, the
USFWS determined that these poor conditions were likely to persist and may be worsened by the
deepening of the channel (C-43 Canal) and the installation of S-79, and that these negative effects
may be extended over a greater area, including inshore waters.

The S-79 water control structure was constructed in 1965. It was rededicated as the Franklin
Lock and Dam in 1969. This lock and dam artificially sets the eastern limit of the Gulf of Mexico’s
tidal influence and consequently resulted in a truncated estuarine system that prevents saltwater
from moving upstream of S-79.

The C-43 Canal was last dredged in the 1960s. The practice was abandoned when the United
States Congress passed the Clean Water Act (U.S. Congress 1972) in 1972. The multiple dredging
events that occurred between pre-development and current conditions shortened the river by 8.2
miles and resulted in the loss of 76 river bends (Antonini et al. 2002).

Alterations in the Watershed (Upstream of S-79)

The alterations described above allowed the Caloosahatchee River watershed to be developed.
A network of secondary and tertiary canals now overlays the watershed. This canal network
provides conveyance for both drainage and irrigation to accommodate both agricultural and urban
development (Flaig and Capece 1998).

The changes that occurred in the watershed upstream of S-79 have profoundly influenced the
delivery of fresh water to the CRE at this water control structure. Typical of over drained
watersheds (Hopkinson and Vallino 1995), runoff is now more variable with higher wet season
flows and lower dry season discharges. Large volumes of fresh water during the wet season can
flush salt water from the tidally-influenced sections of the waterbody. By contrast, freshwater
inflow at S-79 can stop entirely during the dry season, especially during significant drought events.
Salt water intrudes to S-79, sometimes reaching a salinity of 20 (Chamberlain and Doering 1998).
Fluctuations of this magnitude at the head and mouth of the system cause mortality of organisms
at both ends of the salinity gradient (Doering et al. 2002).

Alterations in the Caloosahatchee River Estuary (Downstream of S-79)

The estuarine portion of the Caloosahatchee River, the CRE, located downstream (west) of S-
79, has also been significantly altered (Chamberlain and Doering 1998) by multiple dredging
activities. Early descriptions characterize it as barely navigable, owing to extensive shoals and
oyster bars (Sackett 1888). Historical oyster bars upstream of Shell Point were mined/removed
and the material was used for the construction of roads. Seven automobile bridges and one railroad
trestle connect the north and south shores of the estuary. To accommodate navigation, dredging
also occurred within the central portions of the estuary dating back to the early 1880s (Antonini et
al. 2002). A navigation channel was dredged and a causeway was built across the mouth of San
Carlos Bay in the 1960s. This navigation system (Intracoastal Waterway) still exists to
accommodate commercial and recreational boating activities.
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A large canal network was also developed along the northern shoreline of the CRE in an area
known as Cape Coral. This canal network, excavated in a grid-like pattern, began in Redfish Point
in the early 1950s (Antonini et al. 2002). Fill from the canals was used to make the finish floor
elevations for houses high enough to meet local land use regulations. This same type of canal
waterfront housing expanded to other areas in Cape Coral and along the southern shoreline of the
CRE. To provide navigational access from the canal networks to deeper water, multiple access
channels were dredged within the CRE.

Alterations to the delivery of fresh water, combined with structural changes to the tidally-
influenced sections of the waterbody, has had lasting ecological consequences. The Sanibel
Causeway, which crosses the mouth of San Carlos Bay at Punta Rassa, may have influenced the
seaward end of the system. USFWS predicted the causeway would restrict exchange with the Gulf
of Mexico, retain fresh water, and lower the salinity in southern Charlotte Harbor (USFWS 1960).
Reductions in salinity were predicted to adversely affect a flourishing bay scallop fishery, which
collapsed after the construction of the causeway. Twenty years later, the Florida Department of
Natural Resources reported a significant decline in seagrass cover in deeper areas and attributed
this, in part, to an increased amount of colored fresh water (Harris et al. 1983).

CURRENT CHARACTERISTICS OF THE CALOOSAHATCHEE RIVER
MFL WATERSHED

The Caloosahatchee River is located on the lower west coast of Florida (Figure 4). It receives
surface water from Lake Okeechobee, runoff from four subwatersheds—S-4, East Caloosahatchee,
West Caloosahatchee, and Tidal Caloosahatchee>—which collectively define the Caloosahatchee
River MFL Watershed (MFL Watershed), and a small amount of base groundwater flow from the
surficial aquifer system. The watershed includes creeks, wetland tributaries, canals, and drainage
ditches that provide limited storage and allow conveyance of surface water. The major tidal
tributaries of the Caloosahatchee River Estuary (CRE) are the Orange River and Telegraph Creek,
which drain into the upper CRE downstream of S-79. The MFL Watershed covers approximately
861,058 ac (3,485 square kilometers [km?]), spanning parts of Lee, Glades, Hendry, Charlotte, and
Collier counties. Lake Hicpochee, located west of lake Okeechobee, is the only remaining natural
lake in the watershed but currently functions more like a freshwater marsh due to its shallow depth.

2 In the Assessment of the Responses of the Caloosahatchee River Estuary to Low Freshwater Inflow in the Dry
Season document (Appendix C) this is referred to as the “Tidal Basin”.
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Figure 4. Caloosahatchee River MFL watershed, showing the CRE, C-43 Canal, subwatersheds, S-77,
S-78 and S-79 water control structures, and Caloosahatchee River (C-43) West Basin
Storage Reservoir site.

C-43 Canal

The C-43 Canal runs 41.6 miles (67 km) from Lake Okeechobee at Moore Haven (S-77 water
control structure) to the Franklin Lock and Dam (S-79 water control structure) at Olga. This canal
system serves as a conveyance feature to drain water from the three subwatersheds located
upstream of S-79 and serves to convey regulatory discharges of surface water from Lake
Okeechobee. S-78 is located between S-77 and S-79 and separates the East and West
Caloosahatchee Subwatersheds.

All three of the structures within the C-43 Canal are operated and maintained by USACE.
Presently, the stages within the C-43 Canal are regulated as two different pools of water. Between
S-77 and S-78, the C-43 Canal stage is operated to maintain an optimum headwater elevation of
11.1 feet at S-78. The stage between S-78 and S-79 is operated to maintain an optimum headwater
stage of 3.0 feet at S-79.

Caloosahatchee River Estuary

Separating fresh and brackish water, S-79 demarcates the head of the CRE. From S-79, the
estuary extends 26 miles (42 km) downstream to Shell Point, where it empties into San Carlos Bay
in the southern portion of the greater Charlotte Harbor system. The width of the estuary is irregular,
ranging from 525 feet (ft or 160 meters [m]) in the upper portion to 8,200 ft (2,500 m) near its
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mouth. The narrow section between S-79 and Beautiful Island has a mean depth of about 20 ft (6
m), while the area downstream has an average depth of 4 ft (1.5 m) (Scarlotos 1988). The surface
area of the waterbody is approximately 16,715 ac (67.6 km?). Surface water leaving the
river/estuary at Shell Point enters San Carlos Bay. Most of this water takes a southerly route,
flowing to the Gulf of Mexico under the Sanibel Causeway (Goodwin 1996). When freshwater
inflows are high, tidal action pushes some of this water back up into Matlacha Pass and Pine Island
Sound. Additionally, some water exits to the south and flows into Estero Bay through Matanzas
Pass.

The estuary has a micro tide condition inside the estuary with tidal ranges around 0.5 m or less
according to long-term monitoring data by the National Oceanic and Atmospheric Administration
(NOAA) and SFWMD. 1t has a declining trend from downstream to upstream. In the offshore area
within the Gulf of Mexico at Naples, the tidal range is about 0.6 m from mean low water to mean
high water with a tidal (M2) amplitude of 0.26 m. The ranges becomes 0.51 m at the Punta Rassa
station with an M»> amplitude of 0.2 m, and then only 0.3 m at the Ft. Myers station with an M»
amplitude of 0.11 m. The declining trend becomes less steep as it goes further upstream. At the
head of the estuary, the range from mean low water to mean high water is 0.26 m.

Salinity exhibits a strong gradient in the estuary. Salt intrusion in the dry season has been an
issue since the 1960s especially during dry years. One of the purposes of S-79 was to prevent salt
intrusion further upstream. Stratification does occur depending on freshwater flow conditions, but
it is not significant during the dry season (Figure 5).
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Figure 5. Daily averaged surface and bottom salinity measured at S-79, Bridge 31, Val I-75, Ft. Myers,
Cape Coral, and Shell Point on May 10, 2001.
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LAND USES WITHIN THE MFL WATERSHED

Much of the early changes or alterations within the MFL Watershed were designed to allow
drainage and/or navigation, which fueled the establishment of early settlements. Many of the later
alterations were driven by varying or extreme climate events. The extreme flooding events ruined
many early settlements and additional settlements were abandoned after multiple flood events
(Antonini et al. 2002). Drought events made it difficult or impossible to navigate due to exposed
shoals. Multiple drainage and dredging alterations within the MFL Watershed provided more
consistent navigation and flood protection allowing various types of land uses to flourish along the
waterfront and expansion into other areas.

Land uses and their associated demands highly affect the timing, delivery, and quantity of
water runoff that reaches the downstream CRE. Figure 6 shows that the current land uses within
the MFL Watershed are predominately agricultural in the eastern portion (S-4, East
Caloosahatchee, and West Caloosahatchee Subwatersheds) and urban in the western portion (Tidal
Caloosahatchee Subwatershed and the eastern portion of the West Caloosahatchee Subwatershed
within Lee County).

Table 1 compares the different land uses within the MFL Watershed using the Level 1 Florida
Land Use, Cover, and Forms Classification System (FLUCCS). The dominant land use is
agriculture, covering approximately 42.1% or 362,763 ac (1,468 km?) of the watershed.
Agricultural land uses consist of cropland, pasture, citrus, nurseries, sod farms, and other specialty
farms. The next largest land use within the watershed is urban and built-up land use, which is
comprised of low, medium, and high density urban, commercial, industrial, mining, institutional,
open land, and recreational land use categories. These land uses cover approximately 18% or
154,943 ac (627 km?). The next two largest categories include wetlands and upland forest,
covering approximately 14.6% and 14 percent of the watershed, respectively. The remaining land
uses (rangeland, water, transportation/utilities, and barren lands) encompass approximately 11.3%
or 97,823 ac (395.9 km?) of the watershed.
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Figure 6. 2012 land uses in the Caloosahatchee River MFL Watershed.

Table 1. FLUCCS for the MFL Watershed.2

FLUC((I':jv(;f:t;gory FLUCCS Code Acres Pe!'rc:,etr;: of
Agriculture 2000 362,763  42.13%
Urban and Built Up 1000 154,943 17.99%
Wetlands 6000 125,298 14.55%
Upland Forest 4000 120,230 13.96%
Rangeland 3000 56,847 6.60%
Water 5000 28,526 3.31%
Transportation/Utilities 8000 7,667 0.89%
Barren Lands 7000 4,783 0.56%
Grand Total 861,059 100.00%

a. Source: 2012 FLUCCS codes were used for SFWMD, except for an 8,269-ac
area in Glades and Hendry counties near Lake Okeechobee, which used 2008
FLUCCS codes, and an 11,058-ac area in Charlotte County within the South
West Florida Water Management District boundaries, which used 2011 FLUCCS
codes.
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SUMMARY

The MFL watershed is a highly altered system that has been changed from its historic condition
by anthropogenic means to accommodate agricultural and urban development since the 1880s. The
construction of the S-77, S-78, and S-79 water control structures, combined with the multiple
dredging events that occurred within the former Caloosahatchee River (now the C-43 Canal), have
significantly altered the historic functions that once existed. Today, the C-43 Canal is part of the
C&SF Project and Okeechobee Waterway. It serves to balance multiple objectives including flood
control, water supply, navigation, recreation, and the ecological functions of Lake Okeechobee
and the downstream portions of the river.

The river has also undergone multiple dredging alterations to accommodate development,
roadway bridges, flood control, and navigation. These actions significantly reduced the storage
capacity within the MFL Watershed and changed the timing, distribution, and delivery of fresh
water to the CRE. These watershed changes have created a unique set of constraints that must be
carefully balanced to meet the multiple objectives that exists today.
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CHAPTER 3: HYDROLOGIC CHARACTERISTICS
OF THE CALOOSAHATCHEE RIVER MFL WATERSHED

This chapter addresses the hydrologic characteristics of the MFL Watershed. The hydrology
of this watershed is strongly affected by its climate, rainfall, and seasonal weather patterns, and its
low topographic relief (SFWMD 2000). The portions of the watershed located upstream of the S-
79 water control structure are collectively referred to as the C-43 Watershed, which includes
freshwater runoff from three subwatersheds that flow into the C-43 Canal. The portion of the
watershed located downstream of S-79 is called the Tidal Caloosahatchee Subwatershed (Figure
4). The runoff from this subwatershed discharges into the tidal portions of the CRE. Total flows
contributing to the CRE come from three primary contributing sources: (1) flows from the C-43
Watershed (2) discharges from Lake Okeechobee and, (3) flows from the Tidal Caloosahatchee
Subwatershed.

RAINFALL

Trends and Patterns

The MFL Watershed has distinct dry (November—April) and wet (May—October) seasons
typical of a subtropical climate. The Next Generation Radar (NEXRAD) rainfall data from 1996
to 2015 was retrieved from SFWMD’s corporate environmental database, DBHYRO
(www.sfwmd.gov/nexrad2), for trend and pattern analysis. The average annual rainfall over the
watershed for this period is 53.05 inches (Figure 7) with standard deviation of 6.56 inches. The
minimum annual rainfall was 42.51 inches in 1996 and maximum was 65.85 inches in 2005.
Visually, the rainfall does not show an apparent trend from 1996 to 2015. A widely used non-
parametric approach, the Mann-Kendall test (Mann 1945, Kendall 1975) was applied to assess this
tendency. The test revealed no statistically significant temporal trend (probability [p] > 0.05). On
average, 79% of annual rainfall occurred in the wet season and 21% in the dry season. This rainfall
pattern causes a larger freshwater discharge to the CRE in the wet season than in the dry season
(Qiu and Wan 2013).

The most severe storms of the year usually occur in the wet season and are typically associated
with thundershowers, squalls, and tropical cyclones (hurricanes and tropical storms). Dry season
rainfall is usually the result of large frontal systems and is broadly distributed. November and
December typically have the lowest rainfall (Wan 2015).
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Figure 7. Annual rainfall (1996-2015) in the MFL Watershed.

Average annual rainfall for the subwatersheds is shown in Figure 8. Spatially, the greatest
annual rainfall (5§7.66 inches) occurred in the Tidal Caloosahatchee Subwatershed and the least in
the S-4 (46.26 inches) Subwatershed. Average annual rainfall decreased from the Tidal
Caloosahatchee Subwatershed toward inland subwatersheds. In other words, average annual
rainfall decreases from west to east in the watershed.

111
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Figure 8. Average annual rainfall of subwatersheds (1996—-2015) in the MFL Watershed.
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Drought Events

During some dry seasons, there are long periods of time in which there is little or no rainfall
resulting in a regional drought. Ali and Abtew (1999) conducted a rainfall frequency analysis using
a gamma distribution to estimate 1-in-10 drought levels of rainfall. This 1-in-10 drought level of
rainfall was applied to develop the 2005-2006 Lower West Coast Water Supply Plan Update
(SFWMD 2006a). The statistical 1-in-10-year rainfall at the Ft. Myers station is 43.59 inches
(representing the tidal area downstream of S-79) and 42.74 inches at La Belle (representing the C-
43 Watershed, i.e., upstream of S-79). To apply these 1-in-10-level rainfall values to identify
drought events, the annual rainfall from 1996 to 2015 was computed for the Tidal Caloosahatchee
Subwatershed (downstream of S-79) and C-43 Watershed (West Caloosahatchee, East
Caloosahatchee, and S-4 Subwatersheds) (Table 2).

The annual rainfall less than 1-in-10-year level was identified with red text in Table 2. There
were three drought years with annual rainfall less than a 1-in-10 level, which occurs when annual
rainfall is at or below 42.74 inches at the La Belle weather station, in the C-43 Watershed over the
past 20 years (1996, 2000, and 2007). For the Tidal Caloosahatchee Subwatershed, a 1-in10 year
drought event has not occurred during the past 20 years (Table 2).

Table 2. Annual rainfall in inches for the Tidal Caloosahatchee
Subwatershed and C-43 Watershed.2

Tidal Caloosahatchee

Year Subwatershed C-43 Watershed
1996 46.27 40.84
1997 64.54 53.25
1998 64.67 57.25
1999 63.38 59.25
2000 48.47 41.84
2001 56.80 54.64
2002 57.49 47.48
2003 61.46 50.15
2004 59.07 47.89
2005 69.20 64.37
2006 54.70 42.83
2007 44.24 41.83
2008 64.40 61.72
2009 49.68 51.73
2010 60.02 51.89
2011 58.36 51.63
2012 52.19 44 .44
2013 64.41 57.06
2014 50.62 50.81
2015 63.30 49.20

a. Source: NEXRAD rainfall data from 1996 to 2015 was retrieved from SFWMD’s corporate
environmental database, DBHYRO (www.sfwmd.gov/nexrad2). b. The numbers in red indicate that a

drought occurred.

Technical Document to Support Reevaluation of Minimum Flow Criteria for Caloosahatchee River
20



Chapter 3: Hydrologic Characteristics of the Caloosahatchee River MFL Watershed

GROUNDWATER AND AQUIFER SYSTEMS

The Lower West Coast (LWC) Planning Area is underlain by three primary aquifer systems:
surficial aquifer system (SAS), intermediate aquifer system (IAS), and Floridan aquifer system
(FAS). The SAS consists of the unconfined water table aquifer and the Lower Tamiami aquifer,
separated in most places by the Tamiami confining unit. The units of the SAS primarily interact
with surface water within the project area. The Sandstone and Mid-Hawthorn aquifers comprise
the IAS. The IAS units interact much less with surface water but are recharged vertically from the
SAS and the FAS. The FAS underlies the IAS and is not a subject of this discussion since it is not
hydraulically connected to surface water in the LWC Planning Area. Figure 9 shows the
generalized geology and hydrogeology in the MFL Watershed.
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= g E & : : c
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Figure 9. Generalized hydrogeologic and geologic units of the project area.
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Lithology and Stratigraphy

In descending order, the stratigraphic units of significance in this region are the
undifferentiated Holocene/Pleistocene sediments, the Tamiami Formation, and the Peace River
and Arcadia Formations of the Hawthorn Group. The lithology of the undifferentiated surficial
soil is highly variable. Medium- to fine-grained quartz sand, fossils, clays, and some freshwater
limestone and marl are present.

The Tamiami Formation is composed of two units and four members. The upper confining unit
is predominantly marl and clay while the lower water-bearing member is the Ochopee Limestone.
The presence of these two units varies spatially. The Ochopee is absent in much of southwestern
Hendry County. The confining unit is thicker in these areas and in portions of southwestern Lee
and northwestern Collier counties.

Within the Hawthorn Group, the upper Peace River Formation consists of clays and carbonates
interbedded with quartz sands. The Peace River Formation underlies the entire watershed area.

Beneath the Peace River Formation is the Arcadia Formation of the Hawthorn Group. It is
predominately carbonate and occurs throughout the entire watershed area. The contact between
the two formations may be distinct or gradational. The Arcadia Formation is primarily dolostone
and limestone with beds of clay, quartz sand, and phosphate grains (Scott 1988).

Hydrogeology

The hydrogeology of the LWC Planning Area is complex. Lateral facies changes and variable
bed thicknesses lead to large local variations in hydrogeologic units. The heterogeneous natures of
the units and the sparse availability of data in places pose difficulties for regional-scale mapping.

Water Table Aquifer

The water table aquifer is composed primarily of quartz sand and shell with minor amounts of
organic material. A dense limestone cap rock is present in some areas. The basal confinement is
geographically variable. The water table aquifer is absent or insignificant in places within the LWC
Planning Area. In the Tidal Caloosahatchee Subwatershed, the water table aquifer ranges in
thickness between 10 and 30 feet (SFWMD 2015).

In general, a ‘water table aquifer’ is considered an unconfined unit extending from the water
table to the first persistent confining unit. In the LWC Planning Area, the terminology more
specifically refers to the permeable materials from the water table to the top of the Tamiami
confining unit. Confinement between the water table aquifer and the underlying Lower Tamiami
aquifer, however, is inconsistent. Where the Tamiami confining unit is absent or insignificant, the
water table aquifer encompasses all permeable units above the upper Peace River confining beds.

Lower Tamiami Aquifer

The Lower Tamiami aquifer is predominantly sandy, biogenic limestone, and calcareous
sandstone. It encompasses all the water-producing limestone and, in some areas, portions of the
underlying permeable sand. The upper confinement (Tamiami confining unit) is absent or
insignificant in some areas. In the northern portions of the area of interest, Charlotte County and
beyond into the Southwest Florida Water Management District boundaries, reports typically do
not distinguish subunits of the SAS. Throughout most of the study area, the lower permeable clay
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and fine-grained sands of the Peace River Formation provide basal confinement (Upper Hawthorn
confining unit) to the Lower Tamiami aquifer. However, in some areas, this confinement is absent
or insignificant. The Lower Tamiami aquifer is the most prolific aquifer in southeast Hendry
County and all of Collier County. This aquifer supplies drinking water to several utilities and meets
the demands of landscape, recreational, and agricultural irrigation wells.

Sandstone Aquifer

The Sandstone aquifer is contained entirely within the Peace River Formation of the Hawthorn
Group and is part of the IAS. It is recharged by vertical seepage from overlying aquifers. The
Sandstone aquifer typically occurs as two distinct permeable units, an upper clastic zone, and a
lower carbonate zone. The Sandstone aquifer is composed of sandstone, sandy limestones,
dolostones, and calcareous sands. These may be contiguous or separated by varying amounts of
low permeability silt and clay. Where a confining unit is present, the Sandstone aquifer is separated
from the Lower Tamiami aquifer by the lower permeable clays and dolosilts of the Peace River
Formation (Upper Hawthorn confining unit). The Sandstone aquifer is separated from the
underlying Mid-Hawthorn aquifer by low permeability clays and marls of the basal Peace River
Formation (Mid-Hawthorn confining unit), which are present throughout the study area. The
productivity of the Sandstone aquifer is highly variable, although it does provide for some
domestic self-supply, a few utility wellfields, and some agricultural irrigation uses.

Mid-Hawthorn Aquifer

The Mid-Hawthorn aquifer is composed of biomicritic limestone, phosphate, shell, and lime
mud. It lies within the Arcadia Formation of the Hawthorn Group. The Mid-Hawthorn aquifer is
separated from the overlying Sandstone aquifer by the low permeable clays and marls of the basal
Peace River Formation (Mid-Hawthorn confining unit). Where the Sandstone aquifer is absent or
insignificant (Figure 9), the entire thickness of the Peace River Formation isolates the Mid-
Hawthorn aquifer from the overlying SAS. The confinement from the underlying Lower Hawthorn
producing zone consists of carbonate muds and terrigenous clays of the upper Arcadia Formation
(Lower Hawthorn confining unit) and is present throughout the study area. Wedderburn et al.
(1982) described the Mid-Hawthorn aquifer as a single aquifer composed of multiple thin
permeable zones of limestone, dolomite, sandstone, and calcareous quartz sand interbedded with
low permeability sands and clayey dolosilts. The Mid-Hawthorn aquifer is primarily recharged by
the FAS, and typically reflects similar water quality and salinity to that of the FAS. For the most
part, the use of the Mid-Hawthorn aquifer occurs in the western part of the project area.

Lower West Coast Aquifers MFL

In 2001, the SFWMD Governing Board adopted an MFL rule specifying that the minimum
levels for the Lower Tamiami, Sandstone, and Mid-Hawthorn aquifers was the structural top of
each aquifer. A violation of the criteria occurs when levels drop below the top of the uppermost
geologic strata comprising the aquifer at any point in time.

A prevention strategy was adopted to prevent these aquifers from falling below the MFL. The
prevention strategy identified maximum developable limits (MDLs) for these three aquifers. The
MDL rules prohibit water uses from allowing the potentiometric heads within each aquifer to drop
to less than 20 feet above the top of the uppermost geologic strata that comprises the aquifers at
any point during a 1-in-10 drought condition. Figure 10 presents a conceptualization of the MDL
concept (Smith 2015).
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Figure 10. lllustration of MFLs and MDLs.
(Note: NGVD — National Geodetic Vertical Datum of 1929.)

SURFACE WATER-GROUNDWATER INTERACTIONS

In many ways, surface water and groundwater resources are highly interdependent in the LWC
Planning Area. The percolation of rainfall recharges the water table. The vertical movement of
groundwater from the water table recharges the underlying Lower Tamiami and Sandstone
aquifers.

Surface water systems in the LWC function primarily as aquifer drains since groundwater
levels generally exceed the surface water elevations. The C-43 Canal, CRE, and Gulf of Mexico
act as regional discharge points. Groundwater seepage provides a relatively small component of
inflow to the Caloosahatchee, Orange, Imperial, and Estero rivers as well as base flows to wetland
and slough systems.

During the wet season, some recharge to the SAS occurs from drainage canals, small lakes
such as Lake Trafford, and low-lying areas where stormwater levels temporarily exceed local
groundwater levels (Knapp 1984, Smith, and Adams 1988a, 1988b). The S-79 also provides a
freshwater head to reduce saltwater intrusion into the water table aquifer and helps maintain a
higher water table in the lower region of the watershed (USACE 1957). Recent mapping by
SFWMD (2014) indicates that groundwater within the water table aquifer of the Tidal
Caloosahatchee Subwatershed is intruded by salt water (Figure 11).

Surface water management systems affect the quantity and distribution of recharge to the SAS.
Surface water management systems affect aquifer recharge by diverting rainfall runoff from an
area before it has time to percolate down to the water table. Once diverted, this water may
contribute to aquifer recharge elsewhere in the system, supply a downstream consumptive use, be
lost to evapotranspiration, or discharged to tide.
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Figure 11. Estimated position of the saltwater interface within the water table aquifer in Collier and Lee
counties in March—May 2014.

(Source: 2017 Lower West Coast Water Supply Plan Update Appendices [SFWMD 2017]. Well details are
provided in Table E-1 of Appendix E of the 2017 Lower West Coast Water Supply Plan Update
Appendices.)
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SURFACE WATER SYSTEMS
C-43 Canal

Historically, the Caloosahatchee River was sinuous river as discussed in Chapter 2. Today,
the C-43 Canal has a total length of 41.6 miles (67 km). It conveys water released from Lake
Okeechobee and runoff from the C-43 Watershed to the CRE. The C-43 Watershed is 931 square
miles (2,413 km?) in size and comprises 70% of the total area draining into the CRE (the Tidal
Caloosahatchee Subwatershed accounts for the remaining 30%) (Qiu and Wan 2013).

Lake Okeechobee

Lake Okeechobee is the largest freshwater lake in the southern United States. It covers 730
square miles with an average depth of only 9 ft (2.7 m). More than 50% of the inflow to Lake
Okeechobee comes from the Kissimmee River. The Kissimmee River begins at the southern end
of Lake Kissimmee and receives surface water inflow from the upstream headwater lakes (Lakes
Kissimmee, Cypress, and Hatchineha) and the Upper Chain of Lakes. The numerous small
watersheds along the north shore of Lake Okeechobee contribute the rest of the inflow. Lake
Okeechobee discharges to the east into the C-44 Canal, to the west the C-43 Canal, and to the south
into the Everglades.

Changes in Lake Okeechobee Regulation Schedules

Lake Okeechobee is a central component of the C&SF Project. Regulatory releases from Lake
Okeechobee are made at the Moore Haven Locks (S-77) at the head of the C-43 Canal. The
regulation schedules for Lake Okeechobee are federally adopted by USACE. Discharges vary
throughout the year and are primarily dependent upon the rainfall over the Lake Okeechobee
Watershed. Discharges that occur through S-79 are regulated and controlled by USACE. As the
local sponsor for the C&SF Project, SFWMD interacts with USACE on a weekly basis to provide
discharge (flow) recommendations to USACE. Ultimately, the USACE makes the final decision
for the regulatory/flood control releases from S-79 to the CRE.

Regulatory releases from Lake Okeechobee have been managed by USACE since the 1930s.
Total discharges from S-77 and S-79 have varied over time depending on lake stage, regulation
schedule, and surface water contributions from the watershed. From the early 1900s to mid-2000,
the regulation schedules varied but were primarily calendar-based regulation schedules (SFWMD
2010). The first climate-based schedule, known as the Water Supply and Environment (WSE)
Schedule, was adopted in July 2000. WSE incorporated climate outlooks and tributary hydrologic
conditions into the operational guidance and decision making (USACE and SFWMD 1999).

An interim climate-based schedule, known as the 2008 Lake Okeechobee Regulation Schedule
(LORS2008), was implemented by USACE to address safety concerns regarding the dike
surrounding the lake. This schedule became operative in April 2008 and is the current regulation
for Lake Okeechobee. LORS2008 is intended to operate the lake at lower levels while repairs to
the dike are completed (SFWMD 2010). The operational stage range under LORS2008 is
approximately one foot lower than the previous regulation schedule to reduce the risk that the
lake’s dike might fail. Regulatory releases are made by the USACE from Lake Okeechobee to the
coastal estuaries per LORS2008 when releases south are insufficient to manage lake stages. The
C-43 Canal receives the bulk of these regulatory releases, often on top of high local basin runoff.
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Adaptive Protocols for Lake Okeechobee Operations

Adaptive protocols were developed by SFWMD to provide operational guidance and a
framework for making Lake Okeechobee release recommendations to USACE (SFWMD 2010).
The adaptive protocols operational guidance considers multiple and competing needs of Lake
Okeechobee and the C&SF Project. Within the constraints of the federal water control plan
(USACE 2008), the goal and objective of implementing adaptive protocols is to improve flood
protection, water supply, and ecosystems benefits. Adaptive Protocols for Lake Okeechobee
Operations were first developed in 2003 to aid release decisions associated with the 2000 WSE
Schedule. These adaptive protocol guidance recommendations were later modified for
compatibility with LORS2008 in September 2010 and August 2012.

Adaptive protocols provide guidance for regulatory releases from Lake Okeechobee when the
lake is within the Low and Baseflow subbands of LORS2008. The adaptive protocols also provide
guidance for environmental water supply deliveries to the CRE when the lake stage is within the
Beneficial Use Subband of LORS2008. SFWMD provides recommendations developed through
the adaptive protocols to USACE for consideration in managing the lake within the constraints of
the existing authorizations, infrastructure, and operational flexibility of LORS2008. One of the
intended environmental benefits is to improve the salinity within the CRE without adversely
affecting water supply performance for permitted users and without increasing Lake Okeechobee
MFL exceedances.

FRESHWATER INFLOWS

Flows over S-79

S-79 was built in 1965 to prevent brackish water from moving upstream into the C-43 Canal
and to maintain the surface water stage and groundwater table in the upstream watershed.
Freshwater discharge at S-79 represents the combined contribution of rainfall-driven runoff from
the East and West Caloosahatchee Subwatersheds as well as releases from Lake Okeechobee.
During the wet season, water may be released to regulate surface water levels within Lake
Okeechobee. In the dry season, water is released to the CRE, when available, to help mitigate
saltwater intrusion and maintain preferred salinity levels in the estuary. Surface water from Lake
Okeechobee may periodically be released from the lake and discharged to the estuary when heavy
rainfall causes the lake stages to exceed the approved regulation schedule.

A water year runs from May 1 to April 30 of the subsequent year (also see Appendix A). The
average annual long-term total inflow through S-79, from Water Year 1997 (WY 1997; May 1,
1996—April 30, 1997) to WY2015, was 1.409x10° acre-feet (ac-ft), which is approximately 79%
of total inflow to the CRE; the Tidal Caloosahatchee Subwatershed contributed the remaining 21%
(Zheng et al. 2016). As stated earlier, Lake Okeechobee was operated with two different regulation
schedules since 2000 when the minimum flow of 300 cfs at S-79 was developed: the WSE
Schedule (July 2000 to March 2008) and LORS2008 (April 2008 to present). In order to identify
the difference in flow characteristics at S-79 under the two different operation schedules, the flow
statistics (mean and standard deviation) and flow distribution were analyzed based on daily flow
from WY 1997 to WY2015 (Table 3 and Figures 12 and 13).
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Table 3. Mean and standard deviation for daily flow at S-79.

Flow (cfs)

Time Period Operation Mean Standard Percent of Time
Schedule Deviation Daily Flow < 300 cfs
7/1/2000 — 3/31/2008 WSE 2,065 2,996 39.1%
4/1/2008 — 4/30/2016 LORS2008 1,790 2,346 23.5%
25000
WSE LORS2008

20000

Ni

Date

Figure 12. Daily flow over S-79 from June 1, 2000, to April 2016.

(Note: Orange horizontal line represents the mean value.)
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Figure 13. Frequency distribution of daily flow at S-79.

The mean and standard deviation of daily flow released through S-79 under LORS2008 was
1,790 and 2,346 cfs, respectively, both less than those values under WSE (275 cfs less in mean
and 650 cfs less in standard deviation). In other words, S-79 flow generally appeared lower with
less fluctuation under LORS2008 compared with the flow under WSE. In addition, in about 39.1%
of days, S-79 flow was less than 300 cfs under WSE, which significantly decreased to 23.5% with
LORS2008 (Table 3). Under LORS2008, S-79 released flow with a range of 300 to 4,000 cfs in a
much higher percentage time (65.1%) compared with that under WSE (42.01%) (Figure 13).
Statistically, over the period of record of 2000 to 2016, S-79 flow was in the low flow range (<
300 cfs) and high flow range (> 4,000 cfs) for 34.9% of days under LORS2008 versus 57.9% of
days under WSE.

It has been documented that inflow at S-79 positively responded to rainfall, and about 30%
occurred in the dry season while 70% occurred in the wet season (Zheng et al. 2016). Thus, climate
is another factor causing the changes of flow distribution at S-79. In fact, the operation of Lake
Okeechobee depends heavily on the amount of runoff to the lake from the upstream watershed
resulting from local rainfall.

C-43 Watershed Inflow

Between the S-77 and S-79 water control structures, the C-43 Watershed covers the drainage
area of approximately 596,354 ac. Based on the daily flow data from S-79 between WY 1996 to
WY2015, the C-43 Watershed contributed about 48% (0.847x10° ac-ft) of average annual total
inflow into the CRE (Zheng et al. 2016). The daily flow has a mean value of 1,203 cfs with a
standard deviation of 1,908 cfs. About 19.2% of inflow occurred in the dry season (November to
April) while 80.8% occurred in the wet season (May to October).

Inflows from Lake Okeechobee

From WY 1996 to WY2015, about 31.6% (0.562 x 10° ac-ft) of average annual total inflow
into the CRE was from Lake Okeechobee (Zheng et al. 2016). The flow was almost evenly
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distributed between the wet (51.3%) and dry (48.7%) seasons. The mean daily flow released from
the lake to the estuary was 839.5 cfs with a standard deviation of 1,671 cfs.

Tidal Caloosahatchee Subwatershed Tributaries and Contribution

The Tidal Caloosahatchee Subwatershed has a drainage area of 413.6 square miles (264,705.5
ac) from S-79 to Shell Point. It has several tributaries that drain water into the CRE. Those
tributaries are (1) Telegraph Creek, (2) Orange River, (3) Popash Creek, (4) Billy’s Creek, (5)
Hancock Creek, (6) Whiskey Creek/Canal L, (7) Trout Creek, (8) Stroud Creek, (9) Daughtrey
Creek, (10) Powell Creek, (11) Marshpoint Creek, (12) Bayshore Creek, (13) Cape Coral Canal
System (San Carlos/Courtney Canal, Plato Canal, Mackinac Canal, and Meade/Honolulu Canal),
(14) Manuels Branch, (15) Winkler Canal, (16) Deep Lagoon, and (17) other small canals and
ditches (Figure 14).

Stage and flow at the outlet of tributaries (1) through (5) listed above were monitored from
2008 to March 2013 through the joint efforts of the United States Geological Survey (USGS),
Florida Department of Environment Protection (FDEP), and SFWMD. Lee County has monitored
the Whiskey Creek/Canal L since 1991. Figure 14 also shows the location of the 5 tributaries
listed above along with Whiskey Creek. The flow at these six stations represents approximately
50% of the total contributions from the Tidal Caloosahatchee Subwatershed. To quantify the
freshwater inflow from the Tidal Caloosahatchee Subwatershed, a watershed model was
developed. The model was calibrated and verified using the measured flow at the six stations
mentioned above and the flow data from Shell Point and Marker 52 (Figure 14 and Appendix F).

The model was used to conduct a long-term simulation from 1967 to 2012. During this period
of record (POR), the simulation results show the average inflow for all seasons was approximately
430 cfs. The average inflow during the dry season was 245 cfs while the wet season had an average
inflow of 613 cfs. Inflow from the Tidal Caloosahatchee Subwatershed was about 20% of total
inflow to the CRE while the remaining 80% of the inflow was from the C-43 Watershed and Lake
Okeechobee released through S-79. Groundwater contributions from the Tidal Caloosahatchee
Subwatershed are small during the dry season (23 cfs, approximately 1.6%) and more than triple
during the wet season (76 cfs, approximately 2.7%).
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Figure 14. Tidal Caloosahatchee Subwatershed boundary, CRE, and tributaries.
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ENVIRONMENTAL PROBLEMS RELATED TO HYDROLOGY

Many of the ecological problems in the CRE stem from widely fluctuating salinity resulting
from high seasonal and interannual variation in discharge that occurs at S-79 combined with the
channelization of the river. These widely fluctuating discharges are a result of the watershed
changes and structural alterations that have occurred within the freshwater and estuarine portions
of the watershed.

Wet Season

During the wet season, watershed runoff from the basins upstream of S-79, supplemented by
regulatory releases from Lake Okeechobee, drastically reduce salinity levels over most of the CRE
and darkens the water, restricting the depth of light penetration. Large volumes of fresh water
during the wet season can flush most of the salt water from the estuary. Effects of high discharges
were acknowledged even before S-79 was built (University of Miami 1954, Phillips and Springer
1960, Gunter and Hall 1962).

Flow records from May 1966 to May 2016 indicate that there is considerable seasonal variation
in median daily flows at S-79 (Figure 15). The wet season median daily flow of 1,294 cfs from S-
79 was about five times greater than the dry season median daily flow of 249 cfs. During June and
September, the wettest months of the wet season, 25% of the flows measured on a particular day
of the year may exceed 3,700 cfs (SFWMD 2014). During the wet season, regulatory releases from
Lake Okeechobee are required to provide flood protection. These additional discharges from the
lake can exacerbate the already low salinity conditions in the estuary and adversely affect marine
species (oysters, seagrasses, etc.).

Median Daily Flow at S-79 (1966 - 2016)
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Figure 15. Median daily discharge at S-79 May 1966—May 2016.
(Note: Also shown are the 25th and 75th percentiles.)
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Dry Season

During the dry season, freshwater inflow can be so low that salt water migrates up to S-79,
truncating the salinity gradient within the CRE. Tape grass, Vallisneria americana, is an important
upper estuarine SAV species and is sensitive to saltwater intrusion or high salinity conditions.
During low flow periods, this habitat-forming species can become stressed or experience mortality
if high salinity conditions persist for too long in the upper CRE. At very low flows during the dry
season, some species, notably juvenile bay anchovies (Anchoa mitchilli) and their mysid (Mysida)
prey, became impinged on S-79 and are thus prevented from moving further upstream (Tolley et
al. 2010). Habitat compression occurs as these and other species became concentrated in the
narrow portion of the river just downstream of S-79. The crowding of organisms into a relatively
confined space (habitat compression; Crowder 1986, Copp 1992, Eby and Crowder 2002) may
result in increased predation and competition for limited food resources. Some organisms may be
forced to utilize habitat that is physiologically suboptimal, which may reduce growth and survival
(Petersen 2003). Many estuaries have water control structures (e.g. dams) that regulate freshwater
inflow. These structures block upstream movement of planktonic organisms with reduced inflow
and serve as barriers to adult fish migration (impingement; Peebles and Greenwood 2009).
Impingement against a water control structure such as S-79 can exacerbate habitat compression.
For more information on responses of zooplankton and a multitude of indicators to low freshwater
inflow during the dry season see Chapter 5 and Appendix C.

Problems with High Variance in Freshwater Inflows

Alterations to the MFL Watershed have resulted in wide variations in freshwater inflows.
Fluctuations in freshwater inflow over time scales ranging from weeks to years have altered
salinity regimes and impacted the ecology of the CRE (Chamberlain and Doering 1998, Barnes
2005). Research conducted since S-79 was put into operation (Chamberlain and Doering 1998,
Doering et al. 2002, Volety et al. 2009) confirmed that high discharges to the CRE can reduce
salinity in the lower CRE (at the seaward end) to levels low enough to cause mortality of organisms
that cannot escape (e.g. oysters and seagrass). Conversely, a lack of freshwater discharge during
the dry season allows salinity to increase in the upper CRE (near S-79) to levels high enough to
cause mortality to freshwater organisms (e.g. Vallisneria). Truncation of the salinity gradient
occurs during these extreme high and low flow events, affecting organisms at both ends of the
estuary. Much of the research substantiating the ecological problems associated with widely
fluctuating freshwater flows includes a broad spectrum of marine organisms in the CRE
(Appendix C).

The project implementation report for the Caloosahatchee River (C-43) West Basin Storage
Reservoir (C-43 Reservoir) identified the cause of the high variance in discharge is the lack of
regional storage within the watershed (USACE and SFWMD 2010). The purpose of the reservoir
is to reduce some of these wide variations in freshwater inflows. It is designed to help promote a
more balanced and healthy salinity regime for the CRE by providing more consistent flows during
periods of low flow (dry season) while reducing a portion of high flow discharges that typically
occur during the wet season. For more information about the C-43 Reservoir and the MFL recovery
strategy please see Chapter 10 and Appendix B.
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CHAPTER 4: WATER RESOURCE FUNCTIONS

WATER RESOURCE FUNCTIONS AND SIGNIFICANT HARM

Water resource functions of surface waterbodies and aquifers include flood control, water
quality protection, water supply and storage, fish and wildlife habitat, navigation, and recreation.
Additionally, the Water Resource Implementation Rule (Chapter 62-40, F.A.C.) requires
consideration of natural seasonal fluctuations in water flows or levels, non-consumptive uses, and
the environmental values listed below which are associated with coastal, estuarine, riverine, spring,
aquatic, and wetlands ecology (Rule 62-40.473, F.A.C.):

e Recreation in and on the water

¢ Fish and wildlife habitats and the passage of fish

e Estuarine resources

e Transfer of detrital material

e Maintenance of freshwater storage and supply

e Aesthetic and scenic attributes

e Filtration and absorption of nutrients and other pollutants
e Sediment loads

e Water quality

e Navigation

Determining which resource functions to consider in establishing MFLs requires a
comprehensive look at the sustainability of the resource itself as well as its role in sustaining
overall regional water resources. The relevance of the above water resource functions to an MFL
waterbody depends on the waterbody type (lake, river, estuary, aquifer, etc.) and the unique
characteristics of the waterbody. For example, only maintenance of freshwater storage and supply
and water quality functions may be considered relevant to aquifers, while these functions as well
as fish and wildlife habitat are relevant to lakes, rivers, and estuaries.

All the water resource functions listed in Rule 62-40.473, F.A.C. were considered, however,
not all of functions were relevant to the Caloosahatchee River. This chapter provides a detailed
description of the relevant water resource functions of the Caloosahatchee River.

CALOOSAHATCHEE RIVER WATER RESOURCE FUNCTIONS

The primary functions of the Caloosahatchee River considered in the development of its MFL
include fish and wildlife habitats, estuarine resources, water supply, recreation, navigation, and
flood control.

Fish and Wildlife Habitats

Douglass (2013) reported the presence of rooted aquatic vegetation in the CRE that followed
a salinity gradient from the upper CRE, which is predominantly fresh water, to the lower CRE,
which is predominantly marine. Aquatic plant communities serve as habitats and/or food sources
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for several aquatic organisms (Rozas and Hackney 1983, Beck et al. 2001, Heck et al. 2003, Rozas
and Minello 2006). In the CRE, these organisms include fish, shellfish, aquatic mammals,
freshwater turtles, birds, epiphytes, and aquatic invertebrates (CHNEP 2019, FWC 2019, USFWS
2018). Aquatic plants also stabilize sediments, attenuate wave action, improve water clarity,
remove nutrients, such as nitrogen and phosphorus, and increase or decrease dissolved oxygen
concentrations depending on abundance and the availability of light (Abal and Dennison 1996,
Hemminga and Duarte 2000, Farve et al. 2004, Bradley and Houser 2009, Oguz et al. 2013,
Anderson et al. 2011, Seitz et al. 2014, CHNEP 2019, IFAS 2016).

Hunt and Doering (2013) reported recent research and field studies document the use of the
CRE as a nursery for several species of fish and invertebrates including blue crab (Callinectes
sapidus), bull shark (Carcharhinus leucas), and smalltooth sawfish (Pristis pectinata). Portions of
the Caloosahatchee River are designated as critical habitat for the smalltooth sawfish (NMFS
2009). The National Marine Fisheries website lists the CRE as essential habitat for juvenile brown
shrimp (Farfantepenaeus aztecus), juvenile gray snapper (Lutjanus griseus), juvenile pink shrimp
(Farfantepenaeus duorarum), adult and juvenile red drum (Sciaenopsis ocellatus), adult and
juvenile Spanish mackerel (Scomberomorous maculatus), and juvenile stone crab (Menippe
mercenaria) (USACE and SFWMD 2010).

State and federal lists of threatened and endangered species that are believed to, or are known
to, occur in the open waters and/or wetlands of the MFL Watershed are given in Table 4 (FWC
2019, USFWS 2018). Some of these species have been observed utilizing the CRE as a food source
and breeding area, including the West Indian manatee (7richechus manatus latirostris), little blue
heron (Egretta caerulea), reddish egret (Egretta rufescens), snowy plover (Charadrius nivosus),
and tricolor heron (Egretta tricolor (CHNEP 2019).

All federally listed species that occur in Florida are included on Florida’s imperiled species list
as federally-designated endangered (FE) or federally-designated threatened (FT) species. Florida’s
listing designation for fauna which are not federally listed is state-designated threatened (ST).
Florida does not have an endangered species designation for fauna.
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Table 4. Imperiled species occurring in open waters or wetlands of the MFL Watershed. 2

Common Name Species - .Florida I:Jn!ted SIS
Listing Status ® Listing Status P
Fish
Gulf Sturgeon © Acipenser oxyrinchus desotoi FT FT
Smalltooth Sawfish Pristis pectinata FE FE
Birds

American Oystercatcher Haematopus palliatus ST

Audubon’s Crested Caracara Polyborus plancus audubonii FT FT
Black Skimmer Rynchops niger ST

Everglade Snail Kite Rostrhamus sociabilis plumbeus FE FE
Florida Scrub Jay Aphelocoma coerulescens FT FT
Florida Sandhill Crane Grus canadensis pratensis ST

Ivory-billed Woodpecker Campephilus principalis FE FE
Least Tern Sterna antillarum ST

Little Blue Heron Egretta caerulea ST

Piping Plover Charadrius melodus FT FT
Red-cockaded Woodpecker Picoides borealis FE FE
Reddish Egret Egretta rufescens ST

Red Knot Calidris canutus rufa FT FT
Roseate Spoonbill Platalea ajaja ST

Snowy Plover Charadrius nivosus ST

Southeastern American Kestrel Falco sparverius paulus ST

Tricolored Heron Egretta tricolor ST

Whooping Crane Grus americana FE FXN
Wood Stork Mycteria americana FT FT

Mammals

Caribbean Monk Seal Monachus tropicalis FE

Florida Bonneted Bat Eumops floridanus FE FE
Florida Panther Puma (=Felis) concolor coryi FE FE
Sanibel Island Rice Rat Oryzomys palustris sanibeli ST

Shermans Short-tailed Shrew Blarina carolinensis shermani ST

West Indian Manatee Trichechus manatus latirostris FT FT

Reptiles
American Crocodile Crocodylus acutus FT FT
American Alligator Alligator mississippiensis FT FT(S/A)
Eastern Indigo Snake Drymarchon corais couperi FT FT
Green Sea Turtle Chelonia mydas FE FE
Hawksbill Sea Turtle Eretmochelys imbricata FE FE
Kemp’s Ridley Sea Turtle Lepidochelys kempii FE FE
Leatherback Sea Turtle Dermochelys coriacea FE FE
Loggerhead Sea Turtle Caretta FT FT
Invertebrates
Miami Blue Butterfly Cyclargus thomasi bethunebakeri FE FE

a. Source: FWC 2019, USFWS 2018.

b. Key to Listing Status: FE — federally-designated endangered species; FT — federally-designated threatened species;
FT(S/A) — federally-designated threatened species due to similarity of appearance with another listed species (listed for its
protection); FXN) — Endangered non-essential experimental population in Florida; ST — state-designated threatened species.
c. The USFWS includes this species in Lee County and in the Caloosahatchee National Wildlife Refuge, while FWC
indicates the species only occurs in North Florida, from the Suwannee River Basin north.
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Estuarine Resources

The MFL Watershed contains approximately 153,824 acres of wetland and open water and the
CRE itself contains approximately 16,715 acres of wetlands and open water. Some of the CRE
wetlands have been classified as fragile coastal wetlands by the Florida Natural Areas Inventory
as part of its Florida Forever Conservation Needs Assessment (FNAI 2016) (Figure 16). The
wetlands of the CRE include open waters (some deepwater areas), marshes, mangroves, and
forested and shrub wetlands (NWI 2016). These varied components of the CRE ecosystem make
it a highly productive estuary. The wetlands of the CRE are important foraging and nursery
grounds for faunal species, including some commercially and recreationally important or
endangered species as noted above.
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Figure 16. Fragile coastal wetlands in the CRE (FNAI 2016).

Gosselink and Turner (1978) argued that the hydrologic characteristics of wetlands influence
four ecosystem attributes: species composition of the plant community, primary productivity,
organic deposition and flux, and nutrient cycling. The major “hydrodynamic characteristics” that
they proposed were water inputs, water outputs, type of water flow, and hydropulses (i.e.
seasonality). Maintaining appropriate water levels and flows in the CRE to sustain wildlife, and
the vegetated habitats that support them, requires careful attention to the timing and quantity of
freshwater inflows to the CRE.
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Submerged Aquatic Vegetation in the CRE

Submersed aquatic vegetation (SAV) varies throughout the CRE (Hoffacker 1994,
Chamberlain and Doering 1998). Its distribution and abundance varies in response to salinity, light
penetration, and the amount of freshwater input (Hoffacker 1994, Chamberlain et al. 1995, Doering
et al. 1999). SAV has been monitored throughout the CRE since 1998, and as part of the
Comprehensive Everglades Restoration Plan (CERP) Restoration Coordination and Verification
Program (RECOVER 2014) since 2004.

From 1998 to 2013, the dominant species in the upper CRE (Beautiful Island to Fort Myers)
was Vallisneria americana, a low salinity tolerant tape grass. Figure 17 shows the percent cover
of this species from 1998 to 2013. Lush beds of Vallisneria were present in the upper CRE in the
late 1990s (RECOVER 2014). However, the percent cover of Vallisneria varied significantly
during the 1998-2013 period of record (POR). A loss of Vallisneria occurred during a severe
drought in 2000-2001, but partial reestablishment occurred from 2004 to 2006. Since 2006,
Vallisneria has been sparse to non-existent after repeated drought events in 2007-2008 and 2011.
This species is an important indicator for the MFL reevaluation because it is sensitive to low
freshwater inflows and subsequent high salinity conditions. For more detailed information
regarding Vallisneria studies and modeling conducted as part of this MFL reevaluation, see
Component Studies 7 and 8 in Appendix C.
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Figure 17. Vallisneria americana percent cover (1.0 = 100%) in the upper CRE from 1998 to 2013.

(Note: These are mean values from three to four SAV monitoring sites in the upper CRE region. Source:
RECOVER 2014.)

In the middle CRE (Fort Myers to Shell Point), Halodule wrightii (shoal grass) is the dominant
species. Figure 18 shows the percent cover of this species from 2004 to 2013. Halodule was absent
in the middle CRE from 2004 to 2007, which was a period of low salinity caused by several
hurricanes in 2004 and 2005. Halodule is vulnerable to stress from low salinity (high freshwater
discharge) conditions.
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Figure 18. Halodule wrightii percent cover (1.0 = 100%) in the middle CRE from 2004 to 2013.
(Note: These are mean values from two SAV monitoring stations in the middle CRE region. Source:
RECOVER 2014.)

The lower CRE (Shell Point to San Carlos Bay), where the highest salinity conditions occur,
is dominated by Halodule wrightii (shoal grass) and Thalassia testudinum (turtle grass). Figure
19 shows the percent cover of these two species from 2004 to 2013. Since 2013, the majority of
SAYV, in the form of seagrass, occurs in the lower CRE (Figure 20).
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Figure 19. Halodule wrightii and Thalassia testudinum percent cover (1.0 = 100%) in the lower CRE (San
Carlos Bay) from 2004 to 2013.

(Note: These are mean values from two SAV monitoring stations in the lower CRE. Source: RECOVER
2014.)
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Figure 20. SAV (seagrass) in the CRE in 2014 (RECOVER monitoring).

Oysters in the CRE

Another important resource monitored in the CRE is the eastern oyster (Crassostrea virginica).
The oyster is an important ecological indicator because it integrates conditions in overlying water
over time (RECOVER 2014). Oysters are found in the middle to lower CRE between Cape Coral
and San Carlos Bay (Figure 21). Figure 22 shows the trend in live adult oyster density in the
lower CRE from Water Year 2016 (WY2006; May 1, 2015—April 30, 2016) through WY2017
(Buzzelli et al. 2018). Seasonally averaged live oyster density at this location varied from 500 to
3,500 oysters per square meter (oysters/m?) from WY2006 to WY2017. Adult oyster density
reached the maximum in the WY2013 dry season before decreasing to ~1,500 oysters/m? in
WY2015 and WY2016. There appeared to be a slight increase in average live oyster density in
WY2017 (>2,000 oysters/m?). Overall, oyster density was similar between the dry and wet
seasons. For more detailed information regarding assessment of oysters within the CRE conducted
as part of this MFL reevaluation, see Component Study 9 in Appendix C.
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Figure 21. Oyster beds in the CRE in 2010 (RECOVER monitoring).
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Seasonal Live Oyster Density
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Figure 22. Time series of seasonal live oyster density at Bird Island, near the mouth of the CRE for WY2006-WY2017.

(Note: #/m2 — number per square meter.)
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Water Supply

The MFL Watershed (Figure 4) includes several existing legal users of water that range across
use categories. As described in the Groundwater and Aquifer Systems section in Chapter 3, the
Floridan aquifer system (FAS) is not a primary subject of this discussion since it is not
hydraulically connected to surface water in the LWC Planning Area. However, as further use of
shallow aquifers and surface water sources have become restricted, the Floridan aquifer has
become an important source to meet existing and future demands (Figure 23). Throughout the
LWC Planning Area, reuse has approximately doubled over the past 20 years to about 80 million
gallons per day (MGD).

Lower West Coast Planning Area
Public Water Supply Water Withdrawals
(1999-2014)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 23. Overall usage of groundwater for public water supply from the various aquifers within the
entire LWC Planning Area over time.

(Note: FAS = Floridan aquifer system, IAS = intermediate aquifer system, and SAS = surficial aquifer
system.?)

Assessing the risk to the CRE from future increases in consumptive uses includes consideration
of existing consumptive use criteria. Two sets of rules restrict the use of groundwater and surface
water, respectively.

The maximum developable limit (MDL) rules prohibit groundwater uses from allowing the
potentiometric heads within each aquifer to drop less than 20 feet above the top of the uppermost
geologic strata that comprises the aquifers at any point during a 1-in-10 drought condition. See the
Lower West Coast Aquifers MFL section in Chapter 3.

The use of surface water within the Lake Okeechobee Service Area is limited to the base
condition water use that occurred between April 1, 2001, and January 1, 2008 [Subsection 3.2.1(G)
of the Applicant’s Handbook for Water Use Permit Applications within the South Florida Water
Management District (SFWMD 2015)]. This restricted allocation area rule prevents increases in
surface water use from the basin, eliminating the risk of future surface water use impacting the
CRE.

3 Presented at the 2017 Lower West Coast Water Supply Plan Update Kickoff Meeting in Bonita Springs on June
30, 2017 (www.sfwmd.gov/sites/default/files/documents/Iwc_2017 plan_063016_meeting.pdf).
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Upstream of the S-79 water control structure, agriculture is the dominant consumptive use
relying mostly on surface water to meet supplemental irrigation needs. Public water supply
demands are met by a mix of utilities and domestic self-supply. Domestic self-supply includes
water used by households served by small utilities (less than 0.1 MGD) and private wells. In
Hendry and Glades counties, domestic self-supply meets between one-third and one-half of the
population’s water demand.

Water supply planning estimates increases in demand across all use categories (public water
supply, domestic self-supply, industrial/commercial/institutional, recreational/landscape, power
generation, and agricultural) over the next 20 years in this region. However, considering existing
criteria on groundwater and surface water, a majority of increased demands are anticipated to be

met by a combination of conservation, reclaimed water, and alternative water supplies (SFWMD
2017).

Recreation

Recreational uses of the CRE include swimming, fishing, boating, nature study, and aesthetic
pursuits. Recreational uses are affected by high or low freshwater inflows and fluctuating salinity
conditions.

Navigation

The C-43 Canal is part of both the C&SF Project and Okeechobee Waterway that connects the
Atlantic Ocean to the Gulf of Mexico. It provides navigation through a series of locks that step
down the water levels from east to west. S-79 is the westernmost structure.

The portion of the Okeechobee Waterway located west of Lake Okeechobee flows 69.5 miles
from Lake Okeechobee to the Gulf of Mexico, supplying fresh water to downstream communities
and navigational passage from the lake to the gulf. Water within this system comes principally
from measured releases from Lake Okeechobee and watershed runoff, and minimally from
groundwater seepage.

Flood Control

As previously stated, the United States Congress passed the Flood Control Act of 1948
authorizing the first phase of the C&SF Project (U.S. Congress 1948). The C-43 Canal, to which
the CRE is connected, is an important component of the C&SF Project. The canal conveys water
discharged from the East and West Caloosahatchee Subwatersheds and water released from Lake
Okeechobee when lake levels exceed USACE lake regulation schedules established for flood
protection (SFWMD 2014).

The need to provide flood protection as well as navigation within the MFL Watershed requires
maintenance of certain minimum and maximum stages within the C-43 Canal. Maximum
allowable stage is 3.4 ft National Geodetic Vertical Datum of 1929 (NGVD29) upstream of S-79
and 11.3 ft NGVD29 upstream of S-78. Minimum allowable stage is 2.2 ft NGVD29 upstream of
S-79 and 10 ft NGVD29 upstream of S-78. These stages place constraints on the amount of water
that can be stored in and released from Lake Okeechobee and the C-43 Canal. At maximum
allowable stages, the C-43 Canal contains no appreciable flood storage, so excess runoff must be
discharged to tide through S-79 and the CRE.
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CHAPTER 5: RESPONSES OF THE CRE TO LOW
FRESHWATER INFLOWS IN THE DRY SEASON

BACKGROUND

The S-79 water control structure marks the head of the CRE, which extends ~26 miles (42 km)
downstream to San Carlos Bay (Figure 24A). San Carlos Bay is bounded by Pine Island Sound
(north) and the Gulf of Mexico (south). The surface area of the MFL waterbody between S-79 and
San Carlos Bay (river/estuary) is about 16,715 ac (67.6 km?). The average depth is 8.9 ft (2.7 m)
and approximately 85% of the estuary is less than 6.5 ft (2.0 m) deep (Buzzelli et al. 2013a). The
width of the estuary varies from 525 ft (160 m) in the upper narrows near S-79 to ~8,200 ft (2,500
m) at the mouth with the greatest estuarine area from 13.7 to 18.6 miles (~22-30 km) downstream
of S-79 (Figure 24B; Sun et al. 2016). The narrowest and deepest portion begins at S-79 and
continues approximately 7.5 miles (~12 km) downstream (Figures 24A through 24C).

ENVIRONMENTAL PROBLEMS

Many of the ecological problems in the CRE stem from widely fluctuating salinity resulting
from high seasonal and interannual variation in discharge that occurs at S-79. The seasonal and
interannual fluctuations in salinity are beyond the tolerances of many organisms within the CRE.
These widely fluctuating discharges and salinity levels are a result of the watershed changes,
structural alterations, and regulation schedules.

During the wet season, watershed runoff from the basins upstream of S-79, supplemented by
regulatory releases from Lake Okeechobee, reduces salinity levels over most of the estuary. The
runoff also darkens the water restricting the depth of light penetration. Large volumes of fresh
water can flush most of the salt water from the estuary. Regulatory releases from Lake Okeechobee
are required to provide flood protection. These additional discharges from the lake can exacerbate
the already low salinity conditions in the estuary and adversely affect marine species (e.g. oysters,
seagrasses, etc.).

During dry periods, freshwater inflow can be so low that salt water migrates up to S-79,
truncating the salinity gradient within the estuary. Vallisneria americana (tape grass) can become
stressed or experience mortality if high salinity conditions persist for too long in the upper CRE.
At very low flows, some zooplankters (e.g. mysids, isopods, some fish larvae) become impinged
on S-79 and are prevented from moving further upstream (Tolley et al. 2010). These and other
species (anchovies, silverside larvae, and smalltooth sawfish) can become concentrated in the
narrow portion of the river just downstream of S-79 resulting in habitat compression, increased
predation, and competition for limited food resources. Some organisms may be forced to utilize
habitat that is physiologically suboptimal, which reduces growth and survival (Petersen 2003).
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Figure 24. (A) CRE including the S-79 water control structure and locations of salinity stations. (B) Area

in square meters (m?) of 1-km segments from S-79 to Shell Point. (C) Longitudinal section
depicting change in depth along distance from S-79 at the upstream end (0.0 km).
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APPROACH

The 2001 MFL criteria were based on the salinity tolerance of a single habitat forming species,
Vallisneria americana (tape grass). A primary goal of this reevaluation was to expand the number
of indicators and derive criteria that would be more broadly applicable and protective of the CRE
as a whole (also see Chapter 9 and Appendix A). Organisms ranging in size and complexity from
plankton to fish respond to fluctuations in inflow and salinity over a range of time scales.
Appendix C is a summary of multiple research components conducted to examine inflow-salinity-
response patterns among 11 different indicators to evaluate the effects of reduced freshwater
inflow on the indicator during the dry season (Figure 25). These indicators were selected from a
longer list based on overall sensitivity to increased salinity and data availability. The assessment
of the potential indicator responses was based on the best available local data and literature
information. The different types of data were assembled from a variety of studies of the CRE
conducted since the mid-1980s. Thus, the selected “indicators” do not necessarily represent
sentinels specifically monitored for the determination of minimum freshwater inflows.

This multi- and interdisciplinary assessment of the relationships between inflow, circulation,
salinity, habitats, and biological responses represents the best available scientific knowledge of the
CRE. While each study targeted specific concerns regarding the physical and ecological
characteristics, together they offer a holistic understanding of the negative effects of diminished
freshwater inflow on estuarine ecology. The designation of the magnitudes of minimum inflows
to support the various indicators was coupled with a quantitative assessment of the duration of
potentially deleterious low freshwater inflows, and the return frequency of extreme environmental
conditions (e.g. drought events).

The approach for determining the Caloosahatchee River MFL depends on incorporating four
supporting components: the VEC methodology (USEPA 1988), estimates of the salinity tolerance
of estuarine biota, the concept of static and dynamic habitat overlap (Browder and Moore 1981),
and a quantitative relationship between salinity and freshwater inflow. The VEC approach applied
here focuses on critical estuarine species, communities, and habitats. In many instances, the habitat
is biological and typified by one or more prominent species (oysters and seagrasses). In other cases,
the habitat may be physical, such as an open water oligohaline zone. Prominent communities are
those associated with certain habitats. For example, zooplankton are associated with open water
habitat while benthic communities are associated with unvegetated bottom sediments. Maintaining
these habitats and communities should lead to a generally healthy and diverse ecosystem.
Providing a suitable salinity environment for the habitat-forming species or groups of species
should ensure their continued persistence. These salinity requirements form the basis for
establishing the MFL.
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Qg79 VS. Sgum (O— 445+218
Phyto Data O—— 469+689
Phyto Model O——  269+493
Zooplankton O+ 412+164
Ichthyoplankton | O— 237+255
Benthic O—— 501+525
Val Data O——— 5454774
Val Model O+ 342+180
Oyster O—— 296+410
Blue Crab O 400+57
sawfish | O 270
| | 1I000 | ZIOOO

Inflow at S-79 (cfs)

Figure 25. Statistical summary of indicator flows Qi (cfs) at S-79.

(Note: See text for methodological details. The range (bar) and average + standard deviation [point +
error bar and text] of the estimated indicator inflows for each of the component studies. Qs79 — inflow at S-
79; Srwm — salinity at Ft. Myers station; Val — Vallisneria; and WQ — water quality. An “*” indicates that only

one value was estimated for sawfish. An “**” indicates an average from two estimates.)
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The concept of static and dynamic habitat overlap (Browder and Moore 1981) is based on the
ideas of Gunter (1961) that estuaries serve a nursery function and salinity determines the
distribution of species within an estuary, including distribution during different life stages of the
same species. The concept also recognizes the importance of the appropriate physical or static
habitat to the nursery function and ability of the estuary to support diverse and abundant biotic
populations. Freshwater inflow positions favorable salinities relative to important stationary
habitat factors such as shoreline, water depth, and bottom type (Browder and Moore 1981). In
applying the VEC-habitat overlap approach here, freshwater inflow favorably positioned salinities
in areas of the CRE where other environmental requirements of VEC were satisfied. Therefore,
estimates of the salinity tolerances, abundance, distribution, and life history of VEC are of critical
importance. Tolerances to variation in salinity may be as important as tolerance to different mean
salinities. Some of this information was incorporated into a dynamic VEC population model for
Vallisneria (see Component Study 8 of Appendix C), which was used to evaluate the response of
this particular VEC to different inflow regimes (also see SFWMD 2000). This Vallisneria
population model has been updated for this MFL reevaluation.

The last component of the approach is a quantitative relationship between freshwater inflow
and salinity. These relationships may come from statistical regressions of salinity (y) on flow (x),
hydrodynamic models, or from concomitant measurements of flow and salinity at a particular
location in the estuary.

FACTORS AFFECTING CRE SALINITY

The conservative nature of salinity means that, while modulated by physics, it is unaffected by
biogeochemical processes. Therefore, estuarine salinity varies spatially over a range of time scales
(e.g. hourly to annually) through complex hydrodynamic processes that integrate rainfall, upstream
and lateral freshwater inputs, submarine groundwater discharge, wind events, and tidal exchanges
(Goodwin 1996, Zheng, and Weisberg 2004). The variable influences of these forces affect the
relationship between inflow and salinity with distance downstream from S-79. Overall, S-79
inflow accounts for ~60% of the variance in salinity among the monitoring stations (Qiu and Wan
2013). A combination of geomorphology and the circulatory balance between freshwater and
oceanic attributes shape estuarine salinity gradients and the time scales for transport and water
mass turnover (e.g. flushing or residence time; Sheldon and Alber 2006). The average flushing
times for the CRE range from 5 to 60 days with increased time required to replace the estuarine
volume as freshwater inflow declines in the dry season (Wan et al. 2013, Buzzelli et al. 2013b).
The resulting salinity gradients can be tracked using changes in the positions of target isohalines,
or lines of equal salinity, as they move up and down the estuary with fluctuations in freshwater
inflow (Jassby et al. 1995, Buzzelli et al. 2014a). Variations in isohaline position and flushing time
with variable inflow have implications for both dynamic (water column) and static (benthic)
habitats for essential biota.
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Inflow Dynamics

Fluctuations in freshwater inflows over time scales ranging from weeks to years have altered
salinity regimes and impacted the ecology of the CRE (Chamberlain and Doering 1998; Appendix
C). Changes in freshwater inflows and salinity affect the distribution and dynamics of many taxa
and communities including phytoplankton and zooplankton (Tolley et al. 2010, Radabaugh and
Peebles 2012), SAV (Doering et al. 2002, Lauer et al. 2011), oysters and pathogens (La Peyre et
al. 2003, Barnes et al. 2007, Volety et al. 2009), fauna inhabiting oyster reefs (Tolley et al. 2006),
and fishes (Collins et al. 2008, Heupel and Simpfendorfer 2008, Simpfendorfer et al. 2011,
Poulakis et al. 2013, Stevens et al. 2013).

Inflow has been measured at S-79 (Qs79) since 1966 and reported as daily average cfs. Analyses
of long-term inflow patterns are contained in Component Study 2 (Appendix C). S-79 inflows
coinciding with the period of record for salinity monitoring (January 1, 2000-January 30, 2016)
were included in the present assessment. Qs79 approached 15,000 cfs in the wet seasons of 2004
and 2005 before peaking at > 20,000 cfs in September 2006. Between September 2006 and June
2008, the inflow rate was comparatively low (< 1,000 cfs) (Figure 26A). Qs79 ranged from 0.0 to
16,377 cfs and averaged 1,120 £ 1,760 cfs over 3,021 dry season days, and, ranged from 0.0 to
21,600 cfs and averaged 2,756 + 3,202 cfs over 2,944 wet season days (Table 5). The inflow
classes applied by Doering et al. (2006) were used to assess the number and percentage of days
where Qs79 was within each category (Table 6). Qs79 was < 500 cfs on almost half (49.0%) of all
dry season days on record. The other 41.1% of dry season flow days had inflow rates between 500
and 2,799 cfs. This inflow class was the predominant inflow class in the wet season with ~40% of
days in this category.

Technical Document to Support Reevaluation of Minimum Flow Criteria for Caloosahatchee River
50



Chapter 5: Responses of the CRE to Low Freshwater Inflows in the Dry Season

2509 1(A) 5-79 (cfs)
20000
15000
10000
5000

o 1| S UM A W | PLaiMUp Yol Kiga 4 W0 GpSTWORAY |

00 01 02 03 04 05 06 07 08 09 10 1 12 13 14 15 16

40
351 (B)S-79

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

ty

2] (C)1-75

ini

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

(D) Ft. Myers

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

35 1 (E) cape Coral

15 4 '

S 1)

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

35 -
30 -
25
20
15 4

54 (F) Shell Point

Average Water Column Sal

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

35
30
25 %
20
15
10
5 | (G) Sanibel Bridge

0 T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

Figure 26. (A) Daily inflow rate from S-79. (B—G) Time series of average daily salinity at S-79, I-75
Bridge, Ft. Myers, Cape Coral, Shell Point, and Sanibel Bridge, respectively.
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Table 5. Summary of freshwater inflow through S-79 (Qs79) and salinity at
multiple locations in the CRE up to April 30, 2016.

Inflow or Salinity

. . Number of
Station Initial Date . Average *
Clesitiiens REITEE Standard Deviation
(cfs)
(cfs)

Dry Season (November-April)

Inflow at S-79 (Qs79) 1/1/2000 3,021 0.0-16,377 1,120.6 = 1,760.1 cfs
S-79 (S79) 1/1/2000 2,773 0.1-20.2 43+5.1
[-75 Bridge (175) 11/1/2006 1,811 0.2-22.4 6.9+59
Ft. Myers (FtM) 1/1/2000 2,758 0.2-25.1 9.6 £6.7
Cape Coral (CC) 11/1/2002 2,352 0.0-32.2 16.0+7.6
Shell Point (SP) 1/1/2000 2,185 3.1-36.9 27.8+53
Sanibel Bridge (SAN) 1/1/2000 1,900 14.4-37.4 30.5+3.2

Wet Season (May—October)

Inflow at S-79 (Qs79) 5/1/2000 2,994 0-21,600 2,755.5 £ 3,201.7 cfs
S-79 (S79) 5/1/2000 2,772 0.1-26.4 25+49
[-75 Bridge (175) 10/20/2006 1,610 0.1-25.2 41+6.3
Ft. Myers (FtM) 5/1/2000 2,624 0.1-27.5 53+7.0
Cape Coral (CC) 8/2/2002 2,405 0.1-33.0 10.3 + 9.1
Shell Point (SP) 5/1/2000 2,132 1.0-37.4 23.0+8.3
Sanibel Bridge (SAN) 5/1/2000 1,795 13.6-37.4 201+44

Table 6. Summary of daily inflow rates from S-79 for dry (November—April) and wet (May—October)
seasons from January 1, 2000, to April 30, 2016.

(Note: Total sample size = 5,966 days.)

Number in Class (Percentage in Class)
Inflow Class Dry Wet

(sample size = 2,944 days)
794 (27.0%)
1,167 (39.6%)
341 (11.6%)
642 (21.8%)

(sample size = 3,021 days)
1,480 (49.0%)
1,242 (41.1%)
139 (4.6%)
161 (5.3%)

<500 cfs
500 to 2,799 cfs
2,800 to 4,499 cfs
24,500 cfs
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Salinity Dynamics

Surface and bottom salinity is monitored at multiple locations (S-79, I-75, Ft. Myers, Cape
Coral, Shell Point, and Sanibel). This monitoring started in the 1990s and 2000s. Monitoring at
the I-75 station in the upper CRE did not start until 2006 (Figure 26C). It should be noted that the
sensors at Shell Point and the Sanibel Bridge were out of service from mid-2001 to early 2005,
and, from mid-2004 to late 2009, respectively (Figures 26F and 26G). The Shell Point sensor was
destroyed by a barge in 2001 and was replaced and relocated to a new location in 2005. The sensor
at Sanibel Bridge was damaged by Hurricane Charley in 2004 and was not reconstructed and
repaired until 2009. The salinity recorder at Ft. Myers is located centrally in the CRE, has the most
comprehensive period of record, and provided the foundation and reference for the MFL
(Figure 26D; SFWMD 2003). Salinity at all stations is reported as average daily values of the
water column (surface + bottom; Figure 26).

Temporally, salinity responds inversely to inflow. The greatest values were observed in 2001,
2007-2008, and 2011 at all monitoring locations (Figures 26B through 26G). There were dry
versus wet differences in average salinities (+ standard deviation) at all stations including S-79
(4.3 versus 5.1), I-75 Bridge (6.9 versus 4.1), Ft. Myers (9.6 versus 5.3), Cape Coral (16.0 versus
10.3), Shell Point (27.8 versus 23.0), and Sanibel Bridge (30.5 versus 29.1; Table 5). Salinity was
more variable at the upper CRE stations (S-79, I-75 Bridge, and Ft. Myers) relative to those in the
lower CRE (Cape Coral, Shell Point, and Sanibel Bridge).

There was a total of 5,382 daily average salinity values observed at Ft. Myers (dry = 2,758
days and wet = 2,624 days; Table 7). Average monthly salinity was greatest in May (11.3 + 8.6)
and least in September (0.9 + 1.7) (Table 7 and Figure 27). Salinity was more variable during the
wet season months; the coefficient of variation (coefficient of variation = [standard
deviation/average] x 100) was 111-185% from July to October. The overall distribution of salinity
values during these months were non-normal (median < average) with positively skewed outlying
data values (Table 7). The interquartile range (the middle 50% of the normalized distribution) was
greater from March to June due to an overall wider distribution of salinity values at Ft. Myers in
these months. The average salinities in the dry and wet seasons were 9.6 = 6.7 and 5.3 £+ 7.0,
respectively, again demonstrating the greater variability in the wet season. The negative
exponential relationship between average daily salinity and average daily inflow at S-79 was very
similar when all the data were used (Figure 28A) or just those from the dry season (Figure 28B).
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Table 7. Salinity statistics for the Ft. Myers monitoring location for January 1,
2000-April 30, 2016, classified by calendar month, dry (November—April) and wet
(May—October) seasons, and over all observations (Total).

Average * Int
. . Standard Deviation . nter-
Period Sample Size Range v Median quartile Skewness
(Coefficient of R
. ange
Variance)
January 487 0.2-24.9 9.9 +6.3 (63.6%) 10.4 8.9 0.26
February 425 0.2-25.1 9.6 £6.9 (71.2%) 9.2 9.4 0.49
March 471 0.2-25.1 10.0 £ 7.7 (76.6%) 7.9 12.8 0.44
April 479 0.2-24.1 10.2 £ 7.4 (72.6%) 8.7 14.0 0.14
May 466 0.2-27.5 11.31+ 8.6 (75.7%) 10.7 15.8 0.20
June 443 0.2-26.8 10.0 + 8.2 (82.3%) 9.5 15.2 0.37
July 450 0.1-21.6 4651 (111%) 3.1 6.7 1.16
August 433 0.2-8.6 1.4 £ 2.0 (147%) 0.3 1.3 1.87
September 416 0.1-7.9 0.9+ 1.7 (185%) 0.2 0.1 2.60
October 416 0.2-12.5 29+3.4 (117%) 1.0 4.8 1.07
November 438 0.2-19.9 7.5%5.2(69.8%) 7.5 8.8 0.18
December 458 0.2-22.2 10.3 £ 5.9 (57.6%) 10.9 8.1 -0.01
Dry 2,758 0.2-25.1 9.6 +6.7 (69.6%) 9.2 9.9 0.34
Wet 2,624 0.1-27.5 53+7.0(131%) 15 8.0 1.42
Total 5,382 0.1-27.5 7.5+7.2(95.3%) 6.0 11.9 0.75
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Figure 27. Box plots of salinity values at Ft. Myers by month for January 1, 2000—April 30, 2016.

(Note: The lower and upper edges of the box denote the 25" and 75™ percentiles, the horizontal line is
the median, and the lower and upper error bars mark the 10" and 90t percentiles.)
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Figure 28. Relationships between average daily inflow at S-79 and average daily salinity at Ft. Myers
(SFtM) for (A) all data and (B) dry season data only.
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METHODS

Description of Component Studies

This science effort was composed of 11 component studies focused on hydrodynamics, water
column and benthic habitats, and faunal indicators (Table 8), which are summarized below. While
the estimation of estuarine inflow requirements using multiple indicators offers a system of checks
and balances, the quantitative assessment of the responses of a particular resource to variable levels
of inflow can be very difficult (Adams et al. 2002).

Table 8. List of component studies and the basic description of research methods.

(Note: Studies 2 through 11 resulted in estimates of indicator inflow magnitudes.)

Study Method
Hydrodynamics Influence of alterations on hydrodynamics

—_

Inflow versus

2 Salinity Monthly freshwater-salinity relationships at Ft. Myers

3 Water Quality Fine-scale relationships between water quality and inflow

4  Zooplankton Inflow, zooplankton impingement, and habitat compression

5 Ichthyoplankton Relationships between ichthyoplankton and inflow

6 Benthic Fauna Macrofauna-salinity patterns relative to inflow

7 Vallisneria Data Empirical relationships between Vallisneria, salinity, and inflow

8 Vallisneria Model Model exploration of Vallisneria, salinity, light, and inflow

9 Oyster Habitat Assess conditions for oyster survival in the lower CRE

10 Blue Crabs Relationships between blue crab landings, rainfall, and inflow

11 Sawfish Area and volume of sawfish habitat with variable dry season inflow
RESULTS

Summaries of Component Studies

Component 1: Three-Dimensional Model Evaluation of Physical and Structural
Alterations of the CRE: Impact on Salt Transport

Hydrodynamic modeling of estuaries provides a platform to assess the effects of physical
alterations on hydrodynamics, transport, and mixing. This study component utilized a three-
dimensional hydrodynamic model (Curvilinear Hydrodynamic Three Dimensional Model or
CH3D) of the CRE to compare simulated salinities between the existing condition and the reversal
of five historical physical alterations to the estuary. The alterations evaluated were the (1) removal
of S-79; (2) removal of the downstream causeway (Sanibel); (3) backfill of the oyster bar near the
estuary mouth; (4) backfill of the navigation channel; and (5) the reestablishment of
predevelopment bathymetry. Model results indicated that refilling the navigation channel had
profound effects with a five-fold reduction in dry season salinity distributions. The reduced salt
transport was more pronounced with the predevelopment bathymetry because the estuary was

Technical Document to Support Reevaluation of Minimum Flow Criteria for Caloosahatchee River
56



Chapter 5: Responses of the CRE to Low Freshwater Inflows in the Dry Season

much shallower. Increased estuary depth and cross-sectional area significantly increased salt
transport to the upper CRE. Increased salt transport can push biologically relevant isohalines
further upstream depending upon freshwater inflow conditions.

Component 2: Analysis of the Relationship between
Freshwater Inflow at S-79 and Salinity in the CRE 1993-2013

The upstream migration of salt with reduced freshwater inflow alters the composition and
productivity of oligohaline habitats in estuaries. This process can be problematic in subtropical
estuaries with regulated freshwater inflow. This study component examined the relationships
between average monthly inflow and mid-estuary (CRE) salinity from 1993 to 2013. An
exponential decay equation was fit to the inflow-salinity relationship for each water year (May 1
to April 30). Annual equations were used to estimate the inflow rate associated with a salinity of
10 at the Ft. Myers monitoring station. Inflows varied intra- and interannually. The inflow rate
ranged from 70 to 773 cfs with an average of 445 + 218 cfs. At the estuary and annual scales, the
quantity of fresh water needed to support a particular salinity target varied greatly. This variance
was related to the changes in freshwater inputs from the C-43 Watershed and Tidal Caloosahatchee
Subwatershed.

Component 3: Relationships between Freshwater Inflows
and Water Quality Attributes during the Dry Season in the CRE

Decreased flushing with reduced inflow can lead to the deposition of phytoplankton biomass
and bottom water hypoxia in estuaries. This study component utilized event-scale water quality
data, long-term monitoring of chlorophyll @, and simulation modeling of phytoplankton dynamics
to evaluate low freshwater inflows that could contribute to water quality problems in the upper
CRE. The highest chlorophyll a and lowest dissolved oxygen concentrations occur in the upper
CRE under low inflows. Although more research is needed, it is hypothesized that dry season
inflows of less than approximately 500 to 600 cfs may promote bottom water hypoxia in the deeper
channel of the upper CRE. Field and model results indicated that chlorophyll a concentrations
greater than the water quality standard of 11 micrograms per liter were associated with inflows of
469 + 689 cfs and 269 + 493 cfs, respectively. Low level inflows (< 500 cfs) need to be further
studied to better quantify the discharge required to mitigate the potential for hypoxia in the
upper CRE.

Component 4: Zooplankton Response to Freshwater Inflow in the CRE

Freshwater inflow to some estuaries, including the CRE, is regulated through water control
structures. Zooplankton assemblages provide an essential food web link whose position in the
estuary fluctuates with inflow. Unfortunately, zooplankton habitat can be impinged and
compressed due to the presence of a water control structure as inflow is reduced in the dry season.
This study assessed impingement and habitat compression for CRE zooplankton under reduced
inflow. Data were used from a CRE study conducted by Florida Gulf Coast University from 2008
to 2010. Zooplankton samples were collected monthly at each sampling site at night during a flood
tide. The centers of abundance for the 13 taxa investigated migrated downstream and upstream as
freshwater inflow increased and decreased, respectively. Both habitat compression and
impingement were potentially harmful for zooplankton assemblages in the estuary. Impingement
was possible if inflow from S-79 ranged from 98-566 cfs and averaged 412 + 165 cfs. Almost all
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taxa investigated (except Menidia) experienced habitat compression if the centers of abundance
was < 12 km downstream of S-79.

Component 5: Ichthyoplankton Response to Freshwater Inflow in the CRE

Ichthyoplankton communities are key components of food webs in the upper, oligohaline
reaches of most estuaries. This study analyzed historical (1986—1989) data to evaluate effects of
salinity and freshwater inflow on ichthyoplankton communities in the CRE. Abundance of
ichthyoplankton was greatest when the 30-day inflows at S-79 averaged between 151 and 600 cfs.
Juvenile fish appeared to prefer salinities < 10 and their abundance was centered near Beautiful
Island. Flows at S-79 associated with a salinity of 10 near Beautiful Island averaged 237.5 +
255.5 cfs. Flows less than this could result in loss of favorable habitat.

Component 6: Summary and Interpretation of Macrobenthic
Community Properties Relative to Salinity and Inflow in the CRE

The composition, distribution, and density of benthic invertebrate communities (macrofauna)
can be used as indicators of salinity and inflow for estuaries. The goal of this study component
was to explore the relationships between inflow, salinity, and benthic macrofauna in the CRE.
Benthic samples were collected every 2 to 4 months at seven stations during two periods (February
1986—April 1989 and October 1994-December 1995). The abundance, diversity, and composition
of the macrofaunal community were determined relative to observed fluctuations in salinity. Four
distinct zones emerged based on salinity ranges and the composition of the macrobenthic
community. Conditions conducive to maintain the characteristic community observed during the
sampling periods in the most upstream zone (salinity = 0 to 4, 0 to 7 km from S-79) occurred on
54% of dry season days from 1993 to 2012. The indicator inflows ranged from 0 to 3,720 cfs and
averaged 501 & 525 cfs for the days where salinity was 3 to 4 (sample size was 181).

Component 7: Relationships between Salinity and
the Survival of Vallisneria americana in the CRE

Vallisneria americana is sensitive to increased salinity in many estuaries, including the CRE.
Much of the Vallisneria observed from 1993 to 1999 in the CRE has been lost since droughts in
2001 and 2007-2008. This study examined relationships between Vallisneria and salinity through
change-point analysis, assessment of long-term patterns of abundance, and exploration of the
effects of salinity exposure time. Change-point analysis revealed salinity thresholds of 4, 9, and
15. Dry season average daily salinity was ~5 and rarely exceeded 10 when Vallisneria was
abundant from 1993 to 1999. Indicator inflows ranging from 0 to 3,160 cfs and averaging 545 +
774 cfs were associated with dry season salinity values of 9 to 10 at Ft. Myers from 1993 to 1999
(sample size was 63). In contrast, Vallisneria was virtually absent from 2007 to 2013 as dry season
average daily salinity exceeded 10. Negative changes in shoot density can be rapid as ~50 to 60%
of the aboveground material can be lost if salinity was > 10 for 2 to 3 weeks. These results highlight
the effects of both the magnitude and duration of environmental conditions that can inhibit
Vallisneria survival in the CRE.
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Component 8: Development and Application of a
Simulation Model for Vallisneria americana in the CRE

Monitoring of Vallisneria densities in the upper CRE from 1998 to 2007 was accompanied by
mesocosm experiments to determine relationships between salinity and growth. This study built
upon these efforts by developing a simulation model to examine the effects of temperature,
salinity, and light on Vallisneria survival and biomass in the upper CRE from 1998 to 2014. The
effects of salinity on Vallisneria mortality were explored using an 8-year experimental model
based on favorable conditions from 1998 to 1999. Using the experimental model, the dry season
salinity was systematically increased in 5% increments until the net annual biomass accumulation
of Vallisneria was negative. A five-fold increase in grazing was required to stabilize model
biomass under optimal conditions. A 55% salinity increase to 12 promoted shoot mortality in the
experimental model. Annual inflow-salinity relationships for Ft. Myers were used to estimate that
dry season inflows ranging from 15.2 to 629.0 cfs and averaging 342 + 180 cfs were associated
with a salinity of 12 at Ft. Myers. Model results suggested that an estimated 85.4 and 86.7% of the
shoots were lost in the dry seasons of 2001 and 2007, respectively.

Component 9: Assessment of Dry Season Salinity and
Freshwater Inflow Relevant for Oyster Habitat in the CRE

Short- and long-term alterations of salinity distributions in estuaries with variable freshwater
inflow affects the survival, abundance, and extent of oyster habitat. The objective of this study was
to evaluate salinity conditions at Cape Coral and Shell Point in the CRE. Salinity data from the
2006-2014 dry seasons (November—April) were categorized relative to oyster habitat criteria and
related to freshwater inflow. Daily salinity was within the appropriate range for oysters (10-25)
on 70.1% of the observations. Daily inflow ranged from 0 to 2,000 cfs and averaged 296 + 410 cfs
when salinity ranged from 20 to 25 at Cape Coral in the dry season. The influence of the marine
parasite Perkinsus marinus (dermo) is limited due to the subtropical climate where temperature is
low when salinity is high (dry season) and temperature is high when salinity is low (wet season).
Overall salinity patterns were favorable for oyster survival at the upstream extent of oyster habitat
in the CRE.

Component 10: Ecohydrological Controls on Blue Crab
Landings and Minimum Freshwater Inflow to the CRE

A 28-year period of record was used for blue crab landings in the CRE was used to establish
relationships between (1) changes in hydrology and water resource function and (2) the magnitude
of the functional loss and time to recover. Annual catch per unit effort (CPUE), computed from
monthly landings of crabs and measures of fishing effort, represented the resource function.
Annual landings expressed as unadjusted and de-trended CPUE were found to be significantly
correlated with hydrologic variables, rainfall, and freshwater inflow during the previous year’s dry
season. Increases in CPUE from one year to the next were also positively related to dry season
rainfall in the first of the two years. Geometric mean functional regressions and Monte Carlo
simulations were used to identify the dry season rainfall associated with losses of water resource
function that required 1, 2, or 3 years of average dry season rainfall to recover. A spectral analysis
indicated that time series of both dry season rainfall and blue crab catch had periodicities of 5.6
years. A Monte Carlo analysis revealed that the rainfall associated with two- and three-year
recoveries had return intervals of 5.8 and 8.2 years, respectively.
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Component 11: Relationships between Freshwater Inflow, Salinity,
and Potential Habitat for Sawfish (Pristis pectinata) in the CRE

The smalltooth sawfish (Pristis pectinata) is an endangered species that historically ranged
from Texas to North Carolina. The distribution and abundance of sawfish have declined due to
overfishing and habitat loss. Presently, the CRE is an important sawfish nursery. Juvenile sawfish
habitat can be characterized as nearshore environments < 1 m in depth, where salinities range from
12 to 27. This study quantified sawfish habitat with variable inflow to the CRE in the dry season
using a combination of bathymetric analyses and hydrodynamic modeling. Inflows of 150-300 cfs
positioned the 12 and 27 salinities in the shallowest part of the estuary (10 to 30 km downstream).
Specifically, the area of sawfish habitat was greatest (5.7 km?) when inflow through S-79 was 270
cfs in the dry season. Under reduced inflow, the habitat migrated into the channel above Beautiful
Island where it was compressed against S-79. Higher inflows pushed the location of salinity 27
out of the estuary.

SUMMARY

This chapter focused on the science completed for the CRE to provide a strong scientific
foundation to support the MFL reevaluation. This updated science documentation explored new
data since the adoption of the existing MFL criteria in 2001 (SFWMD 2000) and the 2003 MFL
update (SFWMD 2003), analyzed older data, and used updated statistical approaches and
modeling. The previous science approach in 2001 and 2003 was criticized for being focused on
the salinity tolerance of a single species, Vallisneria americana, upon which the existing MFL
criteria are based. This updated science documentation utilized a VEC approach by examining
multiple indicator species (e.g. aquatic vegetation, oysters, benthic communities, blue crabs, etc.)
within the entire spatial extent of the estuary where the MFL waterbody is located (between S-79
and San Carlos Bay). This suite of different ecological indicators was used to assess the minimum
S-79 inflows that support the various indicators and, in many cases, revealed when a negative
change occurred. This effort was composed of 11 component studies focused on hydrodynamics,
water column and benthic habitats, and faunal indicators. These component studies targeted
specific concerns regarding the physical and ecological characteristics. Together they offer a
holistic understanding of the negative effects of diminished freshwater inflow on
estuarine ecology. Additional technical details about the specifics of each component study are
contained in Appendix C.
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CHAPTER 6: METHOD AND RATIONALE TO
DEFINE THE MINIMUM FLOW CRITERIA

SIGNIFICANT HARM

A minimum flow or minimum water level is the limit at which further withdrawals cause
significant harm to the water resources or ecology of the area [Section 373.042(1)(a), F.S.].
Significant harm is the temporary loss of water resource functions, which result from a change in
surface water or groundwater hydrology, that requires more than two years to recover, but which
is considered less severe than serious harm. Serious harm means the long-term loss of water
resource functions resulting from a change in surface or groundwater hydrology (Rule 40E-
8.021, F.A.C.).

Minimum flow or minimum water level criteria contain three different elements: a magnitude,
a duration, and a return frequency. The magnitude is the flow (in cfs or other units as appropriate)
or water level (stage) below which significant harm occurs. The duration is the length of time that
the flow or level can be below the minimum before significant harm occurs. The return frequency
concept recognizes that flows and levels associated with significant harm will occur naturally due
to climatic fluctuations. The return frequency is the number of times, in a given period of time,
that minimum flows or minimum water levels can be expected to occur naturally. An exceedance
occurs when the MFL falls below a certain flow (magnitude) for a duration greater than specified
for the waterbody. A violation occurs when MFL falls below the magnitude (minimum threshold)
for a duration and frequency greater than specified for the waterbody. When significant harm does
occur, the water resource functions are expected to take more than two years to recover. This
chapter is organized in terms of the magnitude, duration, and return frequency.

The minimum flow will be expressed as a 30-day moving average flow measured at the S-79
water control structure. S-79 was chosen as the compliance site for (1) its location at the head of
the CRE, (2) nearly 80% of the total long-term freshwater inflow to the estuary occurs at S-79, (3)
freshwater inflow is routinely measured at S-79, and (4) discharge from the C-43 Reservoir, now
under construction, will supplement flows at S-79 to help achieve the MFL. The monthly time
scale for flow averaging was chosen for both technical and practical reasons. A thirty-day
averaging period commonly yielded significant relationships between inflow, salinity patterns, and
estuarine indicators (Appendix C).

From a practical perspective, managing flows on shorter time scales could limit flexibility and
might conflict with other environmental goals. Managed discharges at S-79 are seldom delivered
as a steady flow, particularly at low levels. Rather, low level managed flows at S-79 are delivered
as a pulse, mimicking a rainfall event. Daily deliveries vary, building to a peak in the first few
days and tailing off, often to 0 cfs after that. Pulses are shown to prevent stratification and may
discourage algal blooms and low dissolved oxygen concentrations through vertical mixing. A
minimum flow would likely be delivered as a pulse, designed to attain a 7- or 10-day average equal
to the minimum flow. However, inflows to the estuary on any given day may be higher or lower
than the minimum.
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RESOURCE-BASED APPROACH

SFWMD uses a resource-based approach to determine minimum freshwater inflow
requirements in coastal systems throughout South Florida (Hunt et al. 2005, SFWMD 2000,
SFWMD 2002a, 2002b, 2003, 2006b). The approach combines the VEC approach (USEPA 1988)
and the habitat overlap concept of Browder and Moore (1981).

The VEC approach was developed by the United States Environmental Protection Agency as
part of its National Estuary Program (USEPA 1988). A VEC can be any part of the environment
that is considered important. As applied to coastal systems, the approach focuses on critical
estuarine habitat, communities, and species. In many instances, that habitat is biological and
typified by one or more prominent species such as Vallisneria or oysters. However, the habitat
may be physical, such as open water, lateral shoals, or upstream oligohaline zones. Critical
estuarine communities may include zooplankton (including ichthyoplankton) or benthic infauna.
Critical species may include those that support commercial fisheries (e.g. blue crab) or are
endangered (e.g. smalltooth sawfish). VECs serve as indicators of a healthy estuarine system, and
their freshwater inflow requirements are used to establish minimum flows.

The concept of static and dynamic habitat overlap (Browder and Moore 1981) is based on the
ideas of Gunter (1961) that (a) estuaries serve a nursery function and (b) salinity determines the
distribution of species and/or different life stages of a species within an estuary. The concept also
recognizes the importance of appropriate physical or static habitat to the nursery function and
ability of the estuary to support diverse and abundant faunal populations. Freshwater inflow
positions favorable salinities relative to important stationary habitat factors such as shoreline,
water depth, and bottom type (Browder and Moore 1981). Because different organisms occupy
different positions along the estuarine salinity gradient (e.g. Bulger et al. 1993), changes to the
salinity gradient, such as compression or truncation resulting from structural alterations, may
impact nursery function and result in reduction in diversity and abundance of fish and wildlife.

In most cases, freshwater inflows required by a VEC are determined by (1) identifying
important resources and their location in an estuarine system (e.g. oysters, SAV, and shallow water
habitat); (2) determining the salinity tolerances of these resources; (3) determining the relationship
between freshwater inflow and the distribution of salinity within the estuary; and (4) determining
the freshwater discharge that produces overlap between a resource and its tolerable salinity. The
responses of estuarine biota to freshwater inflow are not always mediated through their salinity
tolerance but may be directly due to flow. The longitudinal position of planktonic organisms within
an estuary can vary directly with freshwater inflow (Peebles and Greenwood 2009) in response to
changes in transport.

It is important to note that this approach does not rely on an historical record of natural
freshwater inflows to derive a minimum flow. Rather, this approach recognizes that the temporal
and spatial distribution of freshwater inflows to coastal systems in South Florida have been highly
altered from their historical state (Chapter 2). The recommended MFL criteria are based on
existing estuarine resources with the existing changes and structural alterations that have occurred
to the watershed.

The Assessment of the Responses of the Caloosahatchee River Estuary to Low Freshwater
Inflow in the Dry Season document is composed of 11 component studies to reevaluate the MFL
for the CRE (Appendix C). The resource-based approach was applied to estimate the freshwater
inflows that might be ecologically unsuitable in the dry season. The component studies emphasized
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the relationships between the indicators or VECs and inflows through S-79. The “indicator inflow”
or Qi was defined as the S-79 inflow threshold below which there would be negative impacts, but
not necessarily significant harm. There were 11 different approaches to estimate Qi (Study
Components 2 through 11, Table 9). Component 1 did not result in estimates of Q1 (Sun et al.
2016). Component Studies 2 (inflow versus salinity), 3 (monitoring and modeling of water
quality), 5 (ichthyoplankton), 6 (benthic macrofaunal), 7 (Vallisneria data), 9 (oyster habitat), and
11 (sawfish) related suitable salinity conditions to inflow at S-79. Qp values derived from
Component Studies 4 (zooplankton) and 10 (blue crab) were determined by linking the estuarine
resource directly to inflow and/or precipitation. Finally, the Vallisneria simulation model
(Component 8) was used to connect the estuarine indicator to salinity patterns and freshwater
inflow. Component Study 1 evaluated the potential effects of watershed alterations on the CRE
(Sun et al. 2016). Component Studies 2 through 11 each resulted in estimates of indicator
inflow magnitudes.

Table 9. List of component studies and the basic description of research
methods from the Assessment of the Responses of the Caloosahatchee River
Estuary to Low Freshwater Inflow in the Dry Season document (Appendix C).

Study Method

-_—

Hydrodynamics Influence of alterations on hydrodynamics
Monthly freshwater-salinity relationships; inflow required to produce

2 (Wil Ve ey salinity = 10 at Ft. Myers salinity station

3  Water Quality Fine-scale relationships between water quality and inflow

4  Zooplankton Inflow, zooplankton impingement, and habitat compression

5 Ichthyoplankton Relationships between ichthyoplankton and inflow

6 Benthic Fauna Macrofauna-salinity patterns relative to inflow

7  Vallisneria Data Empirical relationships between Vallisneria, salinity, and inflow

8 Vallisneria Model Model exploration of Vallisneria, salinity, light, and inflow

9 Oyster Habitat Flow-salinity and oyster survival in the lower CRE

10 Blue Crabs Relationships between blue crab landings, rainfall, and inflow

11 Sawfish Area and volume of sawfish habitat with variable dry season inflow

A summary of the magnitude findings of the component studies is as follows:

e Component Study 1 utilized hydrodynamic modeling as a tool to explore
changes in circulation and salinity caused by structural alterations at the estuary
scale. It did not provide estimates of inflows relative to estuarine
response variables.

e Component Study 2 used the relationship between average monthly inflow at
S-79 and average monthly salinity at the Ft. Myers salinity station to estimate
the quantity of fresh water associated with a salinity value of 10 from WY 1993
to WY2013.

e Component Study 3 emphasized the relationship between low inflow and
elevated chlorophyll a concentrations to estimate Qi when chlorophyll a
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concentrations in the upper CRE was greater than the impaired estuarine waters
target of 11 micrograms per liter (ug L") (FDEP 2009). This approach was
applied independently to both empirical and model-derived chlorophyll a
concentration values.

e Component Study 4 estimated Qp as the inflow threshold below which the
upstream movement of the zooplankton community would be impinged against
S-79.

e Component Study 5 utilized salinity preference of ichthyoplankton (juvenile
fish) to estimate the habitat area with reduced inflow.

e Component Study 6 estimated Qi from inflows on the days when the salinity
in the upper CRE was greater than the tolerance range associated with the
characteristic benthic macrofauna community.

e Component Study 7 extracted dry season days where the salinity at the Ft.
Myers station ranged from 9 to 10 from WY 1993 to WY 1999 when Vallisneria
was abundant to calculate Qr.

e Component Study 8 applied a Vallisneria simulation model to identify the
salinity and inflows where Vallisneria experienced net mortality.

e Component Study 9 estimated Qi by averaging flows from days where the
salinity at Cape Coral was 20 to 25 from WY2005 to WY2014 concurrent with
oyster monitoring.

e Component Study 10 examined the relationships between rainfall and Lee
County blue crab catch data. Qi was estimated from rainfall-discharge
relationships.

e Component Study 11 assessed the impact of inflows on the area of favorable
habitat for the endangered sawfish in the dry season.

As stated above, a minimum flow has three attributes: a magnitude, a duration, and a return
frequency. Each individual component did not always provide estimates of all three. While 10 of
the studies allowed estimates of a magnitude of flow, only one study explicitly provided estimates
for return frequency (blue crab) and none explicitly arrived at an estimate of duration. The
remainder of the chapter describes how the three attributes of a minimum flow were estimated.
The magnitude was derived from results of the 10 components that provided estimates of Q.
Duration was estimated using the Tape Grass Model. Finally, the return frequency was determined
from results of the blue crab study (Component 10) and further analyses of historical rainfall time
series was used.

MAGNITUDE

The analyses of indicators resulted in 10 separate means and standard deviations (SDs) for Qg
(Figure 29). First, the grand mean of Q; was calculated using the 10 independent mean values.
Second, the median value of Q; was calculated from the ten mean values. However, each
independent analysis was from a different data source with different sample sizes, and in some
cases, a different analytical approach. Thus, the third alternative utilized a composite normal
probability density function (NPDF) derived from individual NPDFs, each with respective means
and SDs (Equation 1).
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Qs79 VS. Skim O—  445+218
Phyto Data O———  469+689
Phyto Model O——  269+493
Zooplankton O+ 412+164
Ichthyoplankton | O— 2374255
Benthic O—— 501+525
Val Data O——— 545+774
Val Model O~ 342+180
Oyster O—— 296+410
Blue Crab O 400457
sawfish | O 270
, , , , , : : :
1000 2000 3000

Inflow at S-79 (cfs)

Figure 29. Statistical summary of indicator flows Q; at S-79.

4000

(Note: See text for methodological details. The range (bar) and average + SD [point + error bar and text]
of the estimated indicator inflows for each of the component studies. Qs7e — inflow at S-79; Sk — salinity
at Ft. Myers station; Val — Vallisneria; and WQ — water quality.)
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1
y=( ) e
o2z (1)
Where:
p = mean inflow rate (cfs)

o = standard deviation of inflow rate (cf5s)
x = In transformed (x+1) freshwater inflow rate at S-79 (cfs)

The NPDF resulted in a predictive function (F(x) = y) for each indicator over the range of
possible dry season inflow rates. Nine sets of mean = SD were incorporated from various
ecological indicators. The sawfish indicator (Component Study 11) was omitted because it did not
have a SD. The oyster habitat indicator (Component Study 9) was better suited to higher, wet
season inflow rates.

The raw inflow rates were natural log-normal transformed (y = In(x+1)). The nine predicted
“y” values for each discrete “x” value were averaged to derive a composite NPDF over all
indicators (Figure 30). The red line is the average of all density functions. The In-transformed
mean X (p) £ SD from the composite NPDF was 5.9 £+ 0.66, with the + 1 SD range being 5.24 to
6.56. Detransformation results in a mean of 365 cfs and a = 1 SD range of 188 to 706 cfs. The
mean from the NPDF composite compares favorably with the estimates from the grand mean
(381 cfs) and median (400 cfs) values over all ten estimates of Q1. Given the respective error among
each estimate (+ 1 SD for grand mean and interquartile range for the median, Table 10), they are
indistinguishable from each other and result in equivalent salinity conditions in the upper CRE.
Based on the regression between inflow at S-79 (Qs79) and salinity at Ft. Myers (Sram) derived in
Component 2 of Appendix C, Sriv would range 11.4 (365 cfs), 11.2 (381 cfs), and 11.0 (400 cfs),

respectively.
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Indicator Distributions
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Figure 30. Normal probability function calculated for each indicator.

(Note: Numbers refer to component number in the Assessment of the Responses of the Caloosahatchee
River Estuary to Low Freshwater Inflow in the Dry Season document [Appendix C]. The bold red line is

the average of all density functions.)

Table 10. Summary of estimates of the magnitude of the minimum flow at S-79.

+
LG I(:cl:(f):)’ (ffz) -(c1:f§)D
Indicator Means 381 104 277-485
Indicator Median 400 283-457 @
Normal Density ° 365 188-706

a. Based on the interquartile range.
b. Calculated from mean and standard deviation of lognormal estimates given in Figure 30. Oysters are excluded but
the mean changed only slightly if they were included (361 cfs).

DURATION

Vallisneria americana (American tape grass) offers a particularly useful indicator of
environmental conditions in the CRE. It supports essential estuarine goods and services, is
sensitive to salinity fluctuations at the ecosystem scale, and has value to a variety of stakeholders
(Dale and Beyeler 2001). The location of the Vallisneria habitat in the upper CRE and its negative
response to increased salinity makes it an excellent candidate as an ecological indicator for
freshwater inflow (Chamberlain and Doering 1998, Doering et al. 2002). A combination of
monitoring, mesocosm, and modeling results allow the application of tape grass responses as a
platform to quantify the effects of high salinity duration in the upper CRE.

Vallisneria is a freshwater SAV commonly found in lakes, rivers, and oligohaline reaches of
estuaries (Bortone and Turpin 2000, McFarland 2006). Vallisneria habitat supports a variety of
ecologically and commercially important fauna (Hauxwell et al. 2004, Rozas and Minello 2006).
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Since it is a freshwater macrophyte, Vallisneria is sensitive to salinity intrusion into the upper
areas of estuaries including the CRE (Doering et al. 2002, Boustany et al. 2010). While salinity
>10.0 is detrimental, water clarity can be a complicating factor that affects Vallisneria survival
and growth. This is because submarine light penetration in the upper part of estuaries, such as the
CRE, is often influenced by colored dissolved organic matter contained in freshwater inflow
(McPherson and Miller 1987, Bowers and Brett 2008, Buzzelli et al. 2014b, Chen et al. 2015). The
significance of colored dissolved organic matter for Vallisneria survival is that the low salinity
condition necessary to maintain tape grass is often coupled with reduced water clarity.

Component Study 8 (Appendix C) reviewed the development and initial application of a
simulation model for Vallisneria in the CRE. The model was designed to represent changes in
shoot biomass at Site 1 over an 18-year period from 1997 to 2014. The input data and model results
from 1998 to 2014 (6,209 days) were analyzed. Water temperature, submarine irradiance, and
salinity were the primary environmental drivers in the Vallisneria model. A daily time series of
water temperature at Ft. Myers from 1997 to 2014 was derived from continuous monitoring data.
Daily salinity at Site 1 was predicted using a three-dimensional hydrodynamic model (Sun et al.
2016). The rates of gross production and mortality decreased and increased, respectively, as
salinity increased from 0 to 10 (Doering et al. 2002). Therefore, while salinity >10 shut down gross
production, the mortality rate was maximized.

Surface light was attenuated by water depth and the total attenuation coefficient to derive
irradiance at the bottom. The total attenuation coefficient contained contributions from pure water,
color, turbidity, and chlorophyll a (McPherson and Miller 1987). The equations for Vallisneria
were similar to those used in modeling of seagrasses (Syringodium filiforme, Halodule wrightii,
and Thalassia testudinum) in the southern Indian River Lagoon and the lower CRE (Buzzelli et al.
2012, Buzzelli et al. 2014a, 2014b).

The Vallisneria model was previously used to evaluate the salinity conditions that led to net
annual mortality (Component Study 8, Appendix C). This reevaluation expanded on this earlier
work. The base model output (1998-2014) was used to evaluate the duration of high salinity
exposure (number of consecutive days when salinity > 10), which led to decreased Vallisneria
shoots versus the duration of low salinity conditions (number of consecutive days where salinity
< 10) required for recovery.

Component Study 7 (Appendix C) includes an analysis of the relationship between the number
of consecutive days where salinity at Ft. Myers was > 10 and the percentage of initial Vallisneria
shoots remaining at the end of each high salinity period at Sites 1 and 2 in the CRE (Figure 31).
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Figure 31. Schematic summarizing approach to derive exposure versus (vs.) response curve for
Vallisneria.

(Note: # — number; d — days, | — submarine irradiance, S — salinity, S1s — salinity of 18, Sk — salinity at
the Ft. Myers station, Svai1 — salinity at SAV monitoring Site 1, and T — water temperature.)

To further evaluate the duration element associated with the MFL criteria, the field monitoring
data contained in Component 7 was evaluated with two additional sources of information
(mesocosm and model). All three sources were analyzed similarly to derive a combined curve
showing high salinity exposure duration that is significantly harmful to Vallisneria. First, data
from mesocosm experiments designed to quantify the effects of high salinity exposure time on
Vallisneria were used to derive a similar relationship (Doering et al. 2001). The independent
variable for this relationship was the number of consecutive days where salinity = 18, or the salinity
treatment for the mesocosm experiment. Second, the base output from the Vallisneria model was
similarly analyzed. Since the model was developed for SAV monitoring Site 1 in the upper CRE,
the output was parsed for all time periods where salinity was > 10 (Figure 32). The duration of
each discrete high salinity period was plotted versus the corresponding percent decrease in shoot
density. The results from each approach (field, mesocosm, and model) were merged to generate a
mathematical relationship between the number of consecutive days when salinity > 10 and the
relative (%) loss of Vallisneria shoots (Figure 33A). The exposure relationship between the
duration of high salinity conditions and the percent shoots remaining derived from the three
approaches was fit to an exponential decay equation with a half-life of 26 days (r* = 0.81;
Figure 33B).
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Figure 32. Location of water quality, SAV, and salinity monitoring sites in the CRE.

(Note: The SAV monitoring locations shown in Figure 32 above were changed in 2018, as depicted in Figure 72 in Chapter 9.)
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Figure 33. (A) Three separate high salinity (S) exposure duration curves for Vallisneria in the CRE (field,
mesocosm, and model). (B) Composite decay curve for Vallisneria response to high salinity
duration.

(Note: The plot in A depicts the number of consecutive days where salinity > 10 versus the percent of
initial shoots remaining.)

The contiguous daily model output provided the best pathway to quantify the duration of low
salinity conditions required for Vallisneria to recover a relative fraction of shoots following high
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salinity exposure. Thus, the percent increase in shoot density was plotted versus the duration of
salinity values < 10 at Site 1 for each period. The recovery relationship between the relative
increase in shoot density and the number of consecutive days when salinity < 10 at Site 1 was fit
to a hyperbolic function that saturated at approximately 900 days (r*> = 0.72; Figure 34). Merging
the exposure and recovery equations simultaneously (Figures 33B and 34, respectively) facilitated
the determination of the unfavorable salinity duration that could significantly harm the resource
(e.g. Vallisneria habitat).
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Figure 34. Vallisneria recovery curve composed of the relative increase in Vallisneria shoot density (SD)
versus the number of consecutive days where salinity (S) < 10.

The exposure and recovery equations were solved to produce a family of curves to predict the
duration of low salinity conditions (Site 1 salinity < 10) required to recover from a particular
duration of high salinity condition (Site 1 salinity > 10). Multiple curves were required to span a
range of target recoveries from 10 to 100% of shoots; however, only the 100% recovery curve is
shown in Figure 35. Therefore, if significant harm is defined as the environmental harm from
which two years (730 days) are required to recover, then Vallisneria should experience no more
than 55 consecutive days of salinity > 10 (dashed line Figure 35).
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Figure 35. Merged exposure versus recovery curve using 100% recovery for Vallisneria.

(Note: The dashed line indicates that two years of recovery time is required if Vallisneria is exposed to
high salinity [S] conditions for 55 days.)

RETURN FREQUENCY

The return frequency is the number of times that minimum flows can be expected to occur
naturally as a function of climatic variation over time. Flows at S-79 are affected by natural
variation in rainfall, local management of watershed resources, and the regional management
derived from the regulation of Lake Okeechobee water level. Owing to these anthropogenic
influences, analysis of flows is unlikely to yield the best estimate of a natural return frequency.
Instead, rainfall was analyzed since it drives flow and is directly influenced by climatic variation.

Spectral analyses of dry season rainfall for the Tidal Caloosahatchee Subwatershed (WY 1914—
WY2016) and the C-43 Watershed (WY 1914-WY2013) upstream of S-79 were conducted. A non-
linear regression relationship between dry season flow at S-79 (y) and dry season rainfall upstream
of S-79 (x) for the period of record (WY 1967-WY2013) was then derived. Dry season rainfall
associated with estimates of minimum flows at S-79 were calculated. The drought recurrence
interval of rainfall associated with each estimate of minimum flow was determined using a ranking
approach (Stedinger et al. 1993; Table 11). Finally, the results of Component Study 10 (blue crab)
(Appendix C) provided additional estimates of return frequency using spectral and Monte Carlo
analyses of annual catch data and dry season rainfall.
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Minimum inflows of 365, 380, and 400 cfs were associated with 6.81, 7.14, and 7.55 inches,
respectively, of rainfall in the dry season (Table 11). The drought recurrence intervals were 6.0,
5.4, and 5.1 years, respectively. The blue crab fisheries information from Component 10
(Appendix C) were used in the return frequency analysis because the study links the magnitude
of minimum flow to the 2-year recovery period contained in the definition of significant harm. The
return frequency information obtained from the Monte Carlos and spectral analysis are consistent
with the drought recurrence interval associated with the minimum flow of 400 cfs (Table 11).
Monte Carlo analysis for blue crabs estimated that minimum inflows occurred with 7.1 inches of
dry season rainfall and a 5.8-year recurrence interval (Table 11). Accompanying spectral analysis
resulted in return frequencies of 5.3 to 5.6 years (Table 12).

Table 11. Estimates of the drought recurrence interval for dry season rainfall in the C-43 Watershed
associated with estimates of minimum flows at S-79.

(Note: Also given is the rainfall and recurrence interval associated with significant harm determined from
the blue crab Monte Carlo analysis.)

Minimum Flow Rainfall Drought Recurrence Interval
(cfs) (inches) (years)
365 6.81 6.0
380 7.14 5.4
400 7.55 5.1

Blue Crab Monte

Carlo Analysis 0ol Al

Table 12. Summary of periodicity in annual blue CPUE and dry season rainfall in
Lee County and the C-43 Watershed determined from spectral analysis.

Periodicity
(years)
Blue Crab CPUE and Dry Season Rainfall 5.6
Lee County 5.6
C-43 Watershed 5.3

SPECIFICATION OF THE MINIMUM INFLOW RATE FOR THE CRE

A framework now exists for the specification of an MFL for the CRE. This framework was
based on the information gained in the 2017 Assessment of the Responses of the Caloosahatchee
River Estuary to Low Freshwater Inflow in the Dry Season (Appendix C), the information in this
chapter, and auxiliary data sources. The framework provides a magnitude, a duration, and a
return frequency.

A freshwater inflow rate of 400 cfs should serve as the magnitude of the minimum inflow rate
to the CRE. This value was derived through multiple avenues of analysis and interpretation. First,
analysis of long-term blue crab harvest data for Lee County, rainfall, and freshwater inflows
targeted the definition of significant harm for the CRE (Component Study 10). This analysis
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provided a minimum inflow rate of 400 & 57 cfs in the dry season (Figure 29). Second, the median
value among 11 estimates of Qr was 400 cfs (Table 10).

The duration of unsuitable environmental conditions associated with minimum freshwater
inflow at S-79 was determined to be > 55 consecutive days of salinity values equal to or greater
than 10 at the Ft. Myers station. This duration was derived using Vallisneria exposure and recovery
equations. This duration estimate is consistent with the definition of significant harm where the
resource requires two years to recover. A combination of field, mesocosm, and simulation model
results pertaining to Vallisneria were incorporated to derive this value.

The return frequency is the number of times in a given period of time that minimum flows
can be expected to occur naturally. The return for the rainfall associated with a flow of 400 cfs at
S-79 is 5.1 years. Therefore, it is reasonable to anticipate at least one climatically-driven
exceedance of the minimum flow in a five-year period.

Based on the above analyses, SFWMD staff recommend the following MFL criteria for
the CRE:

¢ The minimum flow is a mean monthly flow of 400 cfs measured at S-79.

¢ An MFL exceedance occurs during a 365-day period when the 30-day moving
average flow at S-79 declines below 400 c