St. Johns River Water Management
Comments on the
Lower Santa Fe and Ichetucknee River MFLs Report
September 16, 2013
General Comments:
1. SJRWMD concludes that the metrics for MFLs development (e.g., floodplain vegetation, hydric
soils, fish passage, woody habitat, recreation, etc.) applied by SRWMD seem appropriate and
defensible. Both overbank and in-channel water resource values are addressed.
2. A biologically relevant mechanism was not identified. An assumption is that reducing flows that
result in a >15% change in spatial or temporal criteria will produce significant harm. The reasons
why 14% change is acceptable while significant harm occurs when >15% (e.g., 16%) change
occurs should be fully presented. SJRWMD continues to recommend, where applicable,
SRWMD rely on the scientific literature to support the allowable shift in the hydrologic regime
that will protect the MFLs metric (threshold) being evaluated.
3. Relating an Adjusted Historic Flow (baseline hydrology) that represents a period (e.g., pre 1970s)
without non-rainfall related effects (e.g., pumping and land use changes) to current conditions
biology and other WRV related criteria might be problematic. That is, an assumption that
hydrogeomorphic processes, resulting from reduced flow since the 1970s has had no effect on the
channel structure, floodplain, or biota might be difficult to defend. It seems that relating existing
conditions hydrology to existing system conditions might be a more defendable approach.
4. Applying a “hydrologically based” MFLs method that was developed on river systems with
“southern river signatures” to a bimodal system might be awkward. Further, the use of period of
record duration curves that essentially combine important information related to four of the five
critical hydrologic components (i.e., duration, return interval, seasonality, and rate of change)
might be problematic because biologically relevant information is lost. This issue might be
further complicated for a bimodal system that may have two peaks per year (i.e., winter peak
typically related to continental frontal movement activity and a summer peak typically related to
convective and tropical storm activity) and two low water periods per year. That is, winter
flooding events might not have the same system consequences as summer flooding events.
Similarly, dewatering events that occur during the dry, fall season might not have the same
consequences as dewatering events that occur during the spring dry season period.
5. Calculating flows associate with a 15% decrease in the number of days a flow is equaled or
exceeded could produce a similar / same MFLs curve that was developed with field elevations
that were used to reduce the number of days exceeded. Thus, field data might not be needed to
develop an MFLs curve that is based on 15 % fewer days exceeded. The biology would just
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occur along the curve. That is, picking any elevations off the graphic and performing the 15%
change in the number of days followed by a calculation of the associated flow reduction would
produce, essentially the same MFLs duration curve.
6. Define A Baseline Flow Regime:
a. Adjustments to develop a baseline discharge regime represent the lower confidence
bound (i.e., 10th percentile) of the estimate, selected to account for uncertainty.
SJRWMD questioned why the median (i.e., 50th percentile) confidence bound was not
applied to be more conservative for the resource.
b. SJRWMD suggests a more rigorous method to show that the 10th percentile confidence
bound is the proper flow adjustment factor. SJRWMD recommends including results of
the 50th and 90th percentile confidence boundaries analyses on the double mass plot to
provide more rigorous support for the application of the 10th percentile confidence
boundary to develop the baseline discharge regime.
c. An additional line of evidence (verification) would be the regional groundwater model
projections of flow reduction resulting from groundwater pumping. SJRWMD suggests
that SRWMD include in the MFLs report the results of regional groundwater modeling
and statistical evaluations completed by SRWMD that further support the use of the 10th
percentile confidence boundary adjustment.
7. Hydrologic Analysis: SJRWMD suggests SRWMD continue to explore base-flow separation
techniques more thoroughly. To some extent, that suggestion is satisfied by the uncertainty
analysis performed.
8. Modeling: HEC-RAS Model Development: SJRWMD, while not examining the HEC-RAS
modeling in detail, concludes that appropriate and standard modeling procedures and processes
seem to have been applied in the model development, calibration, and verification processes.
9. MFLs Development: SJRWMD has noted that when you use the best-fit line to determine the
MFLs hydrologic regime, there are some criteria that are below and some that are above the flow
duration curve. SJRWMD recommends using the most sensitive criterion to determine the MFLs
hydrograph since that will be the WRV that constrains water supply availability. SRWMD
should examine the implications of not meeting the specific MFLs criteria that fall above the
best-fit line and document the rationale for not applying the most restrictive MFLs metric(s).
10. MFLs Compliance Including MFLs Prevention and Recovery Strategies: The key to MFLs
compliance is a methodology through which MFLs are linked to groundwater withdrawals. To
date, SJRWMD and SRWMD staff have discussed their methodologies, but this issue needs
further discussion including review of detailed values. SJRWMD looks forward to reviewing the
SRWMD’s MFLs compliance methodologies and cooperating in the development of MFLs
prevention and recovery strategies.
11. SJRWMD recommends removing Appendix 6-1 from the report. The results shown in this
appendix are do not represent a true comparison of the methods and are therefore misleading.
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SRWMD and SJRWMD Methods Comparison:
St. Johns River Water Management District (SJRWMD) developed minimum flows and levels
(MFLs) ecological and recreational thresholds (thresholds) for the Santa Fe and Ichetucknee
Rivers. The thresholds were developed based upon field data collected and summarized by the
Suwannee River Water Management District (SRWMD) and an environmental consultant,
ATKINS, under contract to the SRWMD. Conversion of critical threshold elevations to the
corresponding flow conditions at the Ft. White gage (US Geological Survey [USGS] gauging
station 02322500) on the Santa Fe River and the US 27 gage (USGS gauging station 02322700) on
the Ichetucknee River and subsequent standard hydrologic statistical analyses (i.e., frequency
analyses) were completed by SRWMD.
The minimum flows and levels (MFLs) were developed with the procedures described in
SJRWMD (2006) and Neubauer et al. (2008). However, because the data were not collected by
SJRWMD, nor did the data represent the data typically collected by SJRMWD, SJRWMD staff
was limited in its ability to define MFLs targets for this assessment. While SJRWMD believes
the events defined below are reasonable targets, the reader should be aware that SJRWMD staff
have not seen the ATKINS and SRWMD floodplain transects and that the MFLs were developed
under an aggressive schedule, using new criteria with the application of numerous assumptions.
The MFLs are based primarily on elevation, soil, and vegetation community data collected on the
river floodplains and channels. The wetland communities and hydric soils, located on the
seasonally flooded floodplain, can be protected even with a change in the number of flooding
and dewatering events. The MFLs are intended to protect the locations and extent of the
floodplain and instream wetland plant communities, hydric characteristics of floodplain soils,
and the structure and functions of the other portions of the aquatic and wetland ecosystems from
significant ecological harm caused by changes in the hydrology of the river resulting from
withdrawals. The MFLs represent the minimum number of flooding events per century, on
average, or the maximum number of dewatering events per century, on average, needed to
protect system specific and hydrologically sensitive protection criteria.
Three MFLs were developed for the Santa Fe River from the available data: minimum frequent
high [FH], minimum average [MA], and minimum frequent low [FL] with associated temporal
components [i.e., duration and return interval]). Only FH and FL MFLs were developed for the
Ichetucknee River. Floodplain plant community indicators identified from the ATKINS dataset
and typically utilized by SJRWMD to define MA thresholds were subsequently determined to be
above the highest modeled flows for the Ichetucknee River and, therefore, the thresholds could
not be applied.
4.5.1 Minimum Frequent High (FH) Flow
The FH level and flow is defined as:
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"…a chronically high surface water level or flow with an associated frequency and duration
that allows for inundation of the floodplain at a depth and duration sufficient to maintain
wetland functions.” (Rule 40C-8.021(7), F.A.C.).
The goals/criteria of protection for the recommended FH level for the Santa Fe and Ichetucknee
Rivers are focused on the protection of the environmental values, “fish and wildlife habitats and
the passage of fish” and “filtration and adsorption of nutrients and other pollutants. The general
indicator of protection is that the gradient of wetland communities across the river floodplain be
saturated or inundated frequently enough to maintain the species composition, vegetative
structure, and associated ecological functions associated with the seasonally flooded wetland
communities. This corresponds to a continuous high water event typically associated with
extended periods of normal or above-normal rainfall.
The specific indicator of protection is a water level/flow that corresponds to the mean elevation
of exposed roots along the river bank. These root exposures, which are means of the upper and
lower vertical extent of all woody habitat sampled along the river banks, are assumed to be
reasonable surrogates for the extent of floodplain swamp communities under direct flooding
influence of the river. The resulting anaerobic soil conditions on the river floodplain favors
conditions for nitrate (NOx) removal and persistence of hydrophytic vegetation. Hydrophytic
vegetation is tolerant of longer flooding durations, which should cause the mortality of young
upland plant species that may have become established in the floodplain swamps during low water
events.
The FHs developed for the two rivers are as follows. The recommended FH for the Santa Fe
River is a high water flooding event at 1455 cfs, with an associated 60-day continuously
exceeded (flooded) duration, at a return interval no less often than once every 2 years (i.e., 50
flooding events per century), on average. The recommended FH threshold for the Ichetucknee
River is a high flow event of 378 cfs, with an associated 60-day continuously exceeded (flooded)
duration, at a return interval no less often than once every 3 years (i.e., 33 flooding events per
century), on average.
Rationale for Criteria and Indicators of Protection
The following sections discuss the major ecological structure and functions that are the focuses
of protection. The discussion is organized according to the following major topic areas:
 Maintenance of Floodplain Swamp Vegetation Composition and Structure
 Maintenance of Floodplain Nutrient Dynamic Functions
 Maintenance of Forage Fish Habitat
The major topic sections are followed by discussion of the rationale for the magnitude, duration,
and return interval components of the recommended FH threshold.
Maintenance of Floodplain Swamp Vegetation Composition and Structure. The inundation of the
floodplain swamp communities promotes inundation and/or saturation conditions sufficient to
support hydrophytic (i.e., obligate, facultative wet, and facultative) plant species within the Silver
River hardwood swamp communities.
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Swamps are naturally subjected to high water table levels, soil saturation, periodic and/or
continuous flooding at various times of the year. The relative duration and level of flooding plays
a key and often critical role in the occurrence and growth rate of tree species and other plants from
seed germination, early seedling growth and survival, and later tree growth. Schneider and Sharitz
(1986) and Junk et al. (1989) reported that short-term flooding events are important to the
redistribution of plant seeds within aquatic habitats. The species composition and structural
development of floodplain plant communities are influenced by the duration of floods occurring
during the growing season (Huffman 1980). The resulting anaerobic soil condition within the
wetland communities favors hydrophytic vegetation, tolerant of longer periods of soil saturation
and flooding, and mortality of young upland (flood-intolerant) plant species that may have become
established during low water events (CH2M Hill 2005).
Seedlings of different species exhibit different levels of tolerance to soil saturation or shallow
flooding. For example, water tupelo, willow, and some species of ash are very tolerant to flooding
while oaks, American elm, sweetgum, and hackberry are intolerant (Hosner and Boyce 1962,
McAlpine 1961). These flood tolerant characteristics in seedlings are often the factor determining
occurrence of a given species on a given site.
Exclusion of oxygen from the flooded soil leads to a decrease or cessation of aerobic respiration
in plant roots, resulting in decreased root growth, decreased transpiration, decreased
translocation, and accumulation of toxic metabolic products in root tissues (Gill 1970).
Observations suggest that mature, vigorous individuals suffer less flooding damage than either
seedlings or over-mature specimens of the same species. Species differ remarkably in their
resistance to flooding (Gill 1970).
Soil inundation sets in motion a variety of physical, chemical, and biological processes that alter
the capacity of soils to support plant growth. Major chemical changes include decrease in or
depletion of oxygen, accumulation of carbon dioxide, increased solubility of mineral substances,
reduction of iron and manganese, and anaerobic decomposition of organic matter (Ponnamperuma
1972, 1984). In addition, many potential toxic compounds accumulate in flooded soils. Some of
these compounds (e.g., sulfides, carbon dioxide, soluble iron and manganese) are produced in
waterlogged soils (Kozlowski 1997). Other compounds (e.g., ethanol, acetaldehyde, and
cyanogenic compounds) are produced by roots (Rowe and Catlin 1971).
Soil inundation/saturation induces multiple physiological stresses in plants. The depletion of soil
oxygen by the roots eventually shuts down respiration in root cells. As respiration ceases, water
and ion uptake is inhibited by changing membrane permeabilities in the root cells, affecting
movement of both water and ions, and by reducing the amount of energy available for membrane
transport, affecting primarily ion movement (Wharton et al. 1982). The inability of floodintolerant species to absorb and use water and nutrients leads to foliar water deficits, stomatal
closure, and reduced gas exchange. Consequently, transpiration and photosynthesis rates are
slowed, cellular synthesis requiring unavailable nutrients is curtailed, and overall plant growth is
impeded. The plants literally die of dehydration in the standing water (Wharton et al. 1982).
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Maintenance of Floodplain Nutrient Dynamic Functions. The inundation of the swamp
communities promotes the interaction of surface waters with biologically and chemically reactive
substrates (e.g., vegetation, soils, detritus, microbial mats, etc.) to ensure maintenance of the
denitrification and nutrient cycling processes across the floodplain.
Floodplain soils alternate between aerobic and anaerobic conditions depending on the balance of
atmospheric oxygen supply and oxygen demand of the soils. Wharton and Brinson (1979)
emphasized that temporal changes between reducing and oxidizing conditions at the soil surface
is one of the most unique attributes of wetlands. The cyclic wet/dry regime imparts a unique
chemical environment that has profound effects on nutrient cycling (Wharton et al. 1982).
Reducing conditions favor metabolic pathways such as methanogenesis, sulfate reduction, and
denitrification, while ammonium and phosphate will tend to diffuse from the soils to overlying
water (Wharton et al. 1982). Aerobic conditions favor soil decomposition, and many of the
products of anaerobic metabolism are oxidized (Wharton et al. 1982). This has important
implications for nutrient cycling in floodplains.
Stream ecologists have long recognized that nutrient dynamics in lotic systems reflect the
interaction of biotic processing and hydrologic transport, a foundational concept of the nutrient
spiraling concept in streams (Webster and Patten 1979; Newbold et al. 1982). The overall
performance or the efficiency of a wetland to retain or remove nutrients is a factor of loading rate,
hydraulic residence time, and availability of substrate for microbial communities (Heffernan et al.
2010). Alluvial floodplains have been validated by numerous studies in regard to efficient
nitrogen (N) and phosphorus (P) removal and as pollutant sinks (Kitchens et al. 1975, Wharton
and Brinson 1979).
Although autotrophic and heterotrophic assimilation account for most NOx removal in many rivers,
researchers have frequently indentified denitrification as the most important mechanism of NOx
removal in wetlands (Arango et al. 2008). Denitrifiers are heterotrophic bacteria that only use
nitrate as an electron acceptor when oxygen is absent. Denitrification involves the reduction of
NO3 to NO2, which is further reduced to gaseous nitrogen forms (e.g., nitric oxide [NO], nitrogen
gas [N2]) that are lost to the atmosphere (Reddy and DeLaune 2008).
Data collected by Heffernan et al. (2010) and Cohen et al. (2011) indicate that autotrophic
assimilation (i.e., plant uptake) accounts for a small proportion of observed NOx removal in Florida
spring run rivers, including Ichetucknee River. Additionally, they found the rate of NOx removal
by denitrification was 3 to 5 times greater than the rate of NOx removal by autotrophic assimilation
in all spring runs assessed. Additionally, sharp declines in NOx concentrations coincided with
spikes in river stage associated with flooding. The mass of NOx removed within the spring runs
exhibited strong positive relationships with both river discharge and stage. Increased NOx removal
at elevated stage is consistent with studies from other large rivers, in which floodplains are
important sites of NOx removal via denitrification (Wharton and Brinson 1979, Pinay et al. 2000).
Maintenance of Forage Fish Habitat. The inundation of the floodplain swamp communities
greatly expands the aquatic habitat for fauna. The inundation of the floodplain swamp allows
sufficient water depths for fish and other aquatic organisms to feed and spawn on the river
floodplain.
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Aquatic fauna rely upon high water levels to provide periodic access to feeding, spawning, and
refugia habitat across the floodplain (Guillory 1979, Ross and Baker 1983). High primary and
secondary productivity result because of nutrient pulses from floodwaters and the decomposition
of dead plant litter and other inundated allochthonous materials (Crow and McDonald 1978,
Wharton et al. 1982). Flooding events redistribute and concentrate organic particulates (i.e.,
decomposing plant and animal parts, seeds, etc.) across the floodplain (Junk et al. 1989). This
organic matter is assimilated by bacteria and invertebrate populations (Cuffney 1988), which, in
turn, serves as food for larger fauna.
Surface water connections of the river to the floodplain are important to animal productivity and
fecundity (Bain 1990, Poff, et al. 1997). The life cycles of many fish are related to seasonal water
level fluctuations, particularly the annual flood pattern (Guillory 1979). The floodplain provides
feeding and spawning habitat (Guillory 1979, Ross and Baker 1983) and refugia for juvenile fishes
(Finger and Stewart 1987), and sources of food for many organisms (Brown et al. 1979, Wharton
and Brinson 1979). Inundation periods encompassing peak spawning periods can potentially
enhance stream fish diversity and production (Knight et al. 1991). As water levels continue to rise,
the amount of vegetative structure available to aquatic organisms increases greatly as large areas of
the floodplain are inundated (Light et al. 1998). This FH water level may be exceeded during wet
years, and may not occur during dry years; most aquatic fauna are adapted to year-to-year variation
of the natural hydrologic regime.
FH Magnitude Component
The FH magnitude component corresponding to the mean elevation/flow at the mean elevation
of exposed roots determined on river transects. This flow is applied as a surrogate for the extent
of floodplain swamp communities under direct flooding influence of the rivers. The resulting
anaerobic soil conditions on the river floodplain favors conditions for nitrate (NOx) removal and
persistence of hydrophytic vegetation. Hydrophytic vegetation is tolerant of longer flooding
durations, which should cause the mortality of young upland plant species that may have become
established in the floodplain swamps during low water events.
An appropriate normal high water level/flow is necessary to conserve the hydrophytic vegetation
composition and structure, and the nature and ecological functions (e.g., denitrification) of the
hydric soils within the floodplain wetland communities (Hill et al. 1991). The recommended FH
elevation/flow component provides for inundation or saturation sufficient to support the obligate
and facultative wet plant species within the Santa Fe River and Ichetucknee River floodplains.
This level/flow, with associated temporal components, should protect the spatial extent and
ecological functions of the seasonally flooded wetland communities, for example allowing
sufficient water depths for fish and other aquatic organisms to feed and spawn on the river
floodplain.
The physicochemical environment of a river floodplain is a function of interactions of processes
occurring in the overlying water column, in soil, and at the soil-water interface (Wharton et al.
1982). These processes are facilitated by the prolonged periods of flooding which saturate the
soils and the subsequent periodic intervals of soil dewatering (drydown). This cyclic wet/dry
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regime imparts a unique chemical environment that has profound effects on nutrient cycling and
the character and adaptations of floodplain biotic communities (Wharton et al. 1982).
Santa Fe River
The FH magnitude component is a mean flow of 1455 cfs calculated by averaging the flows at
the Ft. White gage corresponding to the mean elevation of exposed roots determined on four
Santa Fe River transects (i.e., Ft. White, Dog Leg Shoal, US 441, and Powerline).
Ichetucknee River
The FH magnitude component is a mean flow of 378 cfs at the US 27 gage corresponding to the
mean elevation of exposed roots determined on Ichetucknee River transect 26670.8.
FH Duration Component
The recommended FH level duration component (60-days continuous inundation) is derived from
the scientific literature that show seasonally flooded hardwood swamps are inundated for one to
two months during the growing season (Mitsch and Gosselink 1993). Junk et al. (1989) reported
that short-term flooding events are important to the redistribution of plant seeds within aquatic
habitats. The life cycles of many fishes are related to seasonal water level fluctuations, particularly
annual flood patterns (Guillory 1979). Several months of flooding should be provided to ensure
fish access to the floodplain and ensure nesting success (Knight et al. 1991).
In addition, the 60-day flooding duration is sufficient to cause the mortality of young upland
plant species that have become established in the hardwood swamps during low water events,
maintaining the hydrophytic structure and diversity of the hardwood swamp communities (Ahlgren
and Hansen 1957, Menges and Marks 2008). Research shows that abundant hypertrophied
lenticels and adventitious roots develop in loblolly pine and pond pine after 30 continuous days of
anaerobic conditions (Topa and McLeod 1986). Bell and Johnson (1974) found that species
intolerant of flooding exhibited severe effects with less than 50 days of flooding during the
growing season.
The life cycles of many fishes are related to seasonal water level fluctuations, particularly annual
flood patterns (Guillory 1979). Several months of flooding should be provided to ensure fish
access to the floodplain and ensure nesting success (Knight et al. 1991). Some species of forage
fish (e.g., Gambusia) have gestation periods of approximately one month and can be
reproductively mature in 4-6 weeks (see FH return interval component section below). The 60-day
flooding duration will result in lower hardwood swamp elevations experiencing longer duration
flooding conditions. Therefore, the 60-day duration allows for, hypothetically, half of the
floodplain to be inundated resulting in potential habitat for fish and other aquatic fauna to feed,
reproduce, and/or use the available floodplain habitat for refuge. The flowing water conditions
of riverine swamps should result in higher dissolved oxygen concentrations than those
concentrations in stagnant wetlands. Additionally, many topminnows can gulp air at the surface
and survive in low dissolved oxygen waters. Thus, the habitat should be available to small
forage fish.
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FH Return Interval Component
The FH event defines a high surface water level and/or flow that usually occurs during wet seasons
with periods of normal or above normal rainfall. These flooding events typically occur for short
durations with relatively short return intervals between flooding events. Such floods protect
seasonally flooded wetland plant communities and floodplain ecological functions and processes.
Santa Fe River
The recommended FH for the Santa Fe River is associated with the “seasonally flooded”
hydroperiod category in Rule 40C-8.021(15), F.A.C., where inundation occurs during periods of
normal or above normal rainfall. This hydroperiod category is typically associated with the FH
water level and/or flow related to protection of structure and functions of seasonally flooded
wetland communities or habitat. Water levels/flows causing flooding typically occur for short
durations (e.g., 30 days) with short return intervals (e.g., 2 years or 50 flooding events in 100 years,
on average). This frequency of the event is appropriate for a flashy river hydrology characteristic of
the Lower Santa Fe River.
The recommended FH return interval (i.e., 2-year) would result in 50 such flooding events per
century, on average. While the 2-year return interval represents an decrease of 24 flooding
events per century, on average, from the baseline hydrologic conditions (Table 1 and Figure 1),
the FH should conserve the hydrophytic vegetation composition and structure, and the nature and
ecological functions of the hydric soils within the floodplain wetland communities.
Ichetucknee River
The recommended FH for the Ichetucknee is associated with the “temporarily flooded”
hydroperiod category in Rule 40C-8.021(17), F.A.C., where inundation occurs during periods of
above normal rainfall. Water levels/flows causing flooding typically occur for short durations
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Table 1. Summary of frequency analysis results for MFLs ecological and recreational targets on the Santa Fe and Ichetucknee Rivers
minimum flows and levels (MFLs)

Hydrologic
Condition
Baseline
MFLs
Impacted
SJRWMD

Flow
(cfs)
1455

Percent
Flow
Duration
(Baseline)
42

Santa Fe

Baseline
MFLs
Impacted
SJRWMD

1308

50

Santa Fe

Baseline
MFLs
Impacted
SJRWMD

1110

Ichetucknee

Baseline
MFLs
Impacted
SJRWMD

Ichetucknee

Baseline
MFLs
Impacted
SJRWMD

River
Santa Fe

MFLs
MFH

Probability
(%)
55
47
42
50

Return
Interval
(years)
1.8
2.1
2.4
2.0

Difference
from
Baseline
8
13
5

Criterion
Mean exposed roots

Duration
60-day continuously
exceeded flow

MA

Transect F, modified hardwood
swamp

180-day mean nonexceeded flow

60
70
75
67

1.7
1.4
1.3
1.5

10
15
7

63

MFL

Fish passage

120-day
continuously nonexceeded flow

32
45
52
50

3.1
2.2
1.9
2.0

13
20
12

378

28

MFH

Exposed roots

60-day continuously
exceeded flow

45
32
35
33

2.2
1.6
2.9
3.0

13
10
12

282

90

MFL

Recreation – tubing depth

90-day continuously
non-exceeded flow

14
19
16
20

8.3
5.3
6.3
5.0

5
2
6

10

(e.g., 60 days) with medium return intervals (e.g., 3 years or 33 flooding events in 100 years, on
average). Vegetation, if present at the associated elevation, is composed primarily of facultative
and facultative wet plant species, however, obligate wetland species may temporarily colonize
these elevations after flooding events. This frequency of the event is appropriate for a less-flashy
river hydrology characteristic of spring run rivers such as the Ichetucknee River. The
recommended FH return interval (i.e., 3-year) would result in 33 such flooding events per
century, on average. While the 3-year return interval represents an decrease of 17 flooding
events per century, on average, from the baseline hydrologic conditions (Table 1 and Figure 4),
the FH should conserve the hydrophytic vegetation composition and structure, and the nature and
ecological functions of the hydric soils within the floodplain wetland communities.
4.5.2 Minimum Average (MA) Level and Flow
The MA level / flow is defined as:
"…the surface water level or flow necessary over a long period to maintain the integrity of
hydric soils and wetland plant communities” (Rule 40C-8.021(9), F.A.C.).
The goal/criterion of protection for the recommended MA level is to protect the nature and
characteristics of the floodplain hydric soils. The MA threshold approximates a typical river stage
/flow. The MA threshold corresponds to a low water event typically associated with a typical
dry season.
The general indicator of protection for the MA threshold is that hydric soils across the lower
elevations of the river floodplain be saturated and/or inundated (i.e., shallow ponding) frequently
enough to maintain ecological functions, such as nutrient assimilation, carbon accumulation, and
denitrification. Soils may be exposed during non-flooding periods of typical years but the substrate
usually remains saturated. The minimum average level corresponds to a water level that is
expected to recur, on average every year or two for approximately six months during the dry
season (Chapter 40C-8.021(15), F.A.C.).
The specific indicator of protection is a low water level that equals the mean elevation of the
Hardwood Swamp at Transect F on the Santa Fe River. This indicator should protect the nature
and characteristics of the hydric soils within the seasonally flooded wetlands. Soil characteristics
include high levels of organic matter in surface layers, low redox potentials, and low bulk
density.
Soil morphology descriptions from Santa Fe River Transect F Hardwood Swamp show that
several hydric soil indicators are present: F13 (Umbric Surface), A11 (Depleted below Dark
Surface), and F3 (Depleted Matrix). Each soil profile has indicators of seasonal high saturation
at the surface. This supports information in the Gilchrist County Soil Survey (NRCS 1992),
which shows soils at Transect F as “Fluvaquents, frequently flooded” (NRCS 1992). Some
pertinent characteristics of Fluvaquents are:
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High levels of organic matter in the soil surface. Mucky mineral surface textures are
described as “typical” and muck layers are described as occurring “in some areas”;
Flooding occurs “in most years”;
Water tables typically range from 0-1 foot but recede to 20” during dry periods;
Flood durations vary from brief to long; and
Flooding typically occurs from December to April.

The recommended MA level for the Santa Fe River is a low water level event at 21.02 ft NGVD,
which corresponds to a flow of 1308 cfs at the Fort White gage. The associated 180-day mean
non-exceedence (dewatered) duration occurs at a return interval of no more often than once
every 1.5-years (i.e., 67 dewatering events per century), on average. This ecological threshold
represents a sufficiently long period of soil saturation and/or inundation recurring often enough
to maintain the structure and ecological functions of seasonally flooded organic soils.
Rationale for criteria and indicators of protection
Functions of hydric soils may be considered in two broad categories:
 Maintenance of Biogeochemical Cycles
 Maintenance of Ecological/ Structural Characteristics of Wetlands
Biogeochemical Cycles. Wetlands soils have high levels of organic carbon and play an important
role in global biogeochemical cycles. Soil redox potentials are typically low. This soil chemistry
characteristic facilitates important biogeochemical transformations for Fe, Mn, S, N, and affects
bioavailability of various metals and toxins (Reddy and DeLaune 2008).
Alternating aerobic and anaerobic conditions) support different suites of microorganisms that work
in tandem to remove excess N from the system. Bacteria active during the aerobic phase convert
ammonium to nitrate while bacteria active during the anaerobic phase convert nitrate to nitrogen
gas (see FH discussion on Maintenance of Floodplain Nutrient Dynamic Functions).
Soil organic carbon is a source of cation exchange capacity due to the large surface area of organic
colloids (Foth, 1990). Soils store large amounts of organic carbon on a global scale (Mitsch and
Gosselink 1993). Soil organic carbon levels are a function of the balance between primary
productivity and decomposition. In some wetlands, soil organic matter accumulates by the
stratified build-up of partially decomposed plant remains (Reddy and DeLaune 2008). Although
the Santa Fe River system is too dynamic to support such accumulations, high organic matter soils
are still a significant feature of this system.
Ecological/ Structural Characteristics. These include soil physical or chemical characteristics that
affect ecological function or community structure. For example, high water tables and saturated
substrate select for particular groups of hydrophytic plant species and macroinvertebrates that are
adapted to these conditions. These species dominate wetlands either because upland species lack
these adaptations and are excluded or because some hydrophytic species thrive in conditions of
abundant moisture (see FH discussion on Maintenance of Floodplain Swamp Vegetation
Composition and Structure).
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Soil organic matter in wetlands provides long-term nutrient storage and supply for plant growth
(Foth, 1990). Soil organic matter produces dissolved organic carbon to support downstream
aquatic systems. Low soil bulk density of many floodplain soils selects for plants and animals (e.g.
crayfish) uniquely adapted to these conditions (Mitsch and Gosselink, 1993).
MA Magnitude Component
The recommended MA flow allows frequent dewatering of hydric soils in the hardwood swamps
of the Santa Fe River yet maintains the long-term soil saturation that selects for the hydrophytic
species characteristic of floodplain hardwood swamps and maintains shallow accumulation of
muck and mucky mineral soil.
MA Duration Component
The flooding and dewatering characteristics described in the Gilchrist County Soil Survey
(NRCS 1992) support the recommended 180-day mean non-exceedence duration. “Fluvaquents,
frequently flooded” is the predominant soil map unit along large segments of the Santa Fe River
floodplain. These soils are typically flooded from December through April (approximately 5month period) in most years. During the dewatered phase, these soils are still saturated to the
surface for some additional period since seasonal high saturation typically ranges from 0 to 10
inch depths. Thus, the total period of inundation/ saturation may be approximately 180-days.
Water tables may still recede to 20 inches during dry periods.
The 180-day mean non-exceedence duration statistic typically allows numerous, short duration
cycles of alternating aerobic/anaerobic conditions at the soil surface which enhance water quality
via the process of denitrification. The 180-day mean non-exceedence duration will also maintain
wetland communities by a combination of inundation and dewatering (see FH discussion on
Maintenance of Floodplain Swamp Vegetation Composition and Structure).
MA Return Interval Component
The MA event defines a surface water level and/or flow that usually occurs during normal dry
seasons. These dewatering events typically occur for long durations with short return intervals
between dewatering events. The MA is usually associated with the typically saturated hydroperiod
category:
“…where for extended periods of the year the water level should saturate or inundate. This
results in saturated substrates for periods of one-half year or more during non-flooding
periods of typical years. Water levels causing inundation are expected to occur fifty to sixty
per cent of the time over a long term period of record. This water level is expected to have a
recurrence interval, on the average, of one or two years over a long term period of record”
(Rule 40C-8.021(18), F.A.C.).
The recommended MA return interval of 1.5 years would result in 67 dewatering events per
century, on average. This return interval is somewhat more frequent than the 1.7-year return
interval SJRWMD normally recommends for systems with significant areas of deep organic
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soils. On the Santa Fe river, deep organic soils are absent and thus oxidation and subsidence is
not a concern. Therefore, a more frequent return interval is justified. Data by Richardson et al.
(2009) indicate that the necessary return interval for 183 day non-exceedence events needed to
support the “landward elevation of muck presence” (hydric indicator A8) is 1.5 years. Soil
survey map unit descriptions for Fluvaquents as well as direct observations of shallow muck in
hardwood swamps of the Santa Fe River by SJRWMD Soil Scientist Robert Freese indicate that
the presence of shallow muck is an appropriate target for protection in this MFL assessment.
The MA reflects a drier hydrologic signature than for baseline hydrologic conditions (i.e., 7 more
average annual dewatering events occurring per century; Table 1, Figure 2). The recommended
MA return interval allows for some hydrologic change from the baseline hydrologic conditions.
The return interval for the MA event is expected to protect hydric soils and/or the structure and
functions of emergent wetland plant communities, by allowing dewatering but maintaining
saturated conditions.
4.5.3 Minimum Frequent Low (FL) Level and Flow
The FL level / flow is defined as:
“… a chronically low surface water level or flow that generally occurs only during
periods of reduced rainfall. This level is intended to prevent deleterious effects to the
composition and structure of floodplain soils, the species composition and structure of
floodplain and instream biotic communities, and the linkages of aquatic and floodplain
food webs ” (Rule 40C-8.021(10), F.A.C.).
The goal/criterion of protection for the recommended FL level/flow for the Santa Fe and
Ichetucknee Rivers is to support instream connectivity, to minimize recreational impacts, and to
maintain water levels to allow the passage of most fish species by avoiding excessive floodplain
drawdown. This level/flow is expected to also provide a period of dewatering (i.e., exposure) of
the floodplain soil surface recurring often enough to support regeneration and growth of wetland
plant species in the seasonally flooded wetland plant communities. Other ecological benefits will
be achieved, such as compaction of flocculent sediments; microbial breakdown of
sediment/detritus with the concomitant release of nutrients and stimulation of primary productivity
on the floodplain; and utilization of the floodplain by upland fauna.
The general indicator of protection is a FL level/flow that provides a minimal amount of water over
a shallow area of concern. These levels/flows are expected to minimize limitations on river
connectivity, minimize impacts to submerged aquatic vegetation (SAV) from recreational users,
and prohibit excessive restrictions on fish passage from water withdrawals, while also allowing
dewatering of the floodplain for reproduction and recruitment of wetland plant species. Some
riverine fish species are dependent upon water depths or specific flows for cues for migration and
reproduction, making river connectivity essential to the passage of fish and ultimately to some
species’ reproductive success. In addition, SAV is a crucial component of the mosaic of instream
habitats and serves several diverse purposes. During low water levels SAV is vulnerable to
damage resulting from recreational activities such as boating, and especially tubing on the
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Ichetucknee River. Maintaining water levels at sufficient depths to provide for river connectivity
or to protect the SAV provides many benefits to the riverine ecosystem.
On the Santa Fe River, the specific indicator of protection is a low water level/flow event that
corresponds to a depth of ≥ 0.8 ft of water over 25% of the river channel at the 124713 transect,
with a duration of 120 days and a return interval of once every 2 years (i.e., 50 events every 100
years), on average. This translates to a flow of 1110cfs for this event. This FL is expected to
maintain the connectivity of the Santa Fe River, while also limiting restrictions on the passage of
most fish species by allowing sufficient depths for movement for migration, reproduction, and
forage.
The specific FL indicator of protection for the Ichetucknee River was a low water level/flow that
corresponds to a critical water level 1.05 feet above the top of the SAV, with a duration of 90 days
and a return interval of once every 5 years (i.e., 20 events every 100 years), on average. This
translates to a flow of 282 cfs for this event. This FL is expected to minimize the impacts to SAV
from recreational tubing activities.
Rationale for Criteria and Indicators of Protection
Santa Fe River -Fish Passage
Low water levels may affect the movement of fish species up/downstream during periods of low
or below normal flow rates, which in turn may affect the life history of some species (e.g.,
spatially restricting foraging, reproduction, recruitment, survival, movement for genetic
diversity). In particular, some fish species move large distances upstream or downstream for
spawning and may be restricted from access to quality spawning or nursery habitat by low water
levels affecting fish passage. Alternatively, fish eggs and juvenile fish survival and development
may be affected by river flow rates (Harris and McBride 2004). River flow rates have been
shown to affect upstream migration and may also affect the abundance of fish in the river (Harris
and McBride 2004).
Alabama shad (Alosa alabamae) have been reported in the Santa Fe River (Hellier 1967). Other
species of shad have found flow rates to be essential to reproductive success and survival (Harris
and McBride 2004). Catadromous American eels (Anguilla rostrata) have also been reported in
the Santa Fe Rivers (Hellier 1967) and orient to structure and flow
(http://myfwc.com/wildlifehabitats/profiles/fish/freshwater/american-eel/). Eels may be affected
by water levels and flow rates during the upstream migration of young or the downstream
migration of adults to oceanic spawning grounds (Harris and McBride 2004). Suwannee bass
(Micropterus notius) are endemic to the area and are found in the Santa Fe and Ichetucknee
Rivers. Their preferred habitat is rapidly flowing water along rocky shoals
(http://myfwc.com/wildlifehabitats/profiles/fish/freshwater/suwannee-bass/).
Although there have been some specimens of Gulf sturgeon, found in the Santa Fe River, it is not
believed to be an important spawning area for that species due to the shallowness of the river and
the higher number of low flow /low water events in comparison to the Suwannee River
(http://myfwc.com/research/saltwater/sturgeon/living/faq/).
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Ichetucknee River – SAV Protection
SAV is a crucial component of the mosaic of instream habitats and serves several diverse
purposes. It provides forage to manatees and other aquatic species, shelter for fish and benthos,
assimilates nutrients and other chemicals, and stabilizes the river channel to reduce erosion and
turbidity. During low water levels SAV is vulnerable to damage resulting from recreational
activities such as boating, and especially tubing on the Ichetucknee River. The Florida
Department of Environmental Protection (DEP) Ichetucknee River State Park staff have
documented recreational impacts to SAV beds, particularly in the Upper Reach of the river, north
of the Grassy Flats area.
Other Ecological Considerations (Santa Fe and Ichetucknee Rivers)
The following sections discuss the major ecological structure and functions that are also
benefited by low water levels/flows associated with the FL. The discussion is organized
according to the following major topic areas:
 Maintenance of Hardwood Swamp Vegetation Composition and Structure
 Maintenance of Wildlife Habitat (refugia, nesting and foraging)
The major topic sections are followed by discussion of the rationale for the magnitude, duration,
and return interval components of the recommended FL level.
Maintenance of Hardwood Swamp Vegetation Composition and Structure. Low water levels in
seasonally flooded wetlands are a natural consequence of drought and have ecological benefits.
Drawdown conditions enable seeds of emergent wetland plants to germinate from the soil seed
banks of the floodplain. Seeds of many wetland plant species require exposed soils in order to
germinate (Van der Valk 1981). For example, cypress trees have rigorous hydrologic seed
germination and seedling establishment requirements; seeds will not germinate underwater and
seedlings can be killed by submergence (Demaree 1932, Watson 1983, Ware 2003). Dewatering
the floodplain and the upper fringes of the Silver River littoral zone (i.e., some portions of the
shallow marsh zone) for suitable durations, maintains the composition of emergent plant species
and increases plant diversity within seasonally flooded wetlands.
Maintenance of Wildlife Habitat (Refugia, Nesting and Foraging). Low water levels also allow
for the decomposition and/or the compaction of surficial flocculent organic sediments. Aerobic
microbial breakdown of the sediment begins with receding water levels, releasing nutrients,
thereby stimulating primary production on the floodplain. Sunlight also heats, dries, and compacts
exposed sediment into firmer substrates. Normally, upon reflooding, habitat conditions are
improved for fish nesting and foraging since the marsh surface has consolidated, structural cover
has increased, and forage resources (terrestrial and aquatic invertebrates) are abundant (Kushlan
and Kushlan 1979, Merritt and Cummins 1984). This seasonal drying is considered essential to
maintain energy and nutrient flows within the system (Kushlan 1990).
As water levels recede across the floodplain, ideal water depths for wading bird foraging will
occur. Wading birds follow the receding water levels and may, therefore, feed in new areas as the
wetland dries (Bancroft et al. 2002). As water levels become shallower, habitats with a longer
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flooding duration at lower floodplain elevations are progressively exposed to foraging birds as fish
become restricted to shallow pools. Wading birds can only forage in relatively shallow water.
Great egrets need water depths of less than 10 in. and the small herons need depths of less than 6
in. (Bancroft et al. 2002). Declining water levels cause fish and macroinvertebrates to be
concentrated in isolated pools throughout the floodplain (Kushlan 1990). Birds may then exploit
these concentrations (Bancroft et al. 1990), possibly enhancing nesting success (Kushlan 1990).
FL Magnitude Component
Santa Fe River - Fish Passage
The FL magnitude component elevation was calculated by determining the level at which the
channel would have ≥0.8ft of water depth over 25% of the channel width at the Santa Fe River
124713 transect, then translated to the corresponding flow of 1110 cfs at the USGS Ft. White
gage. This transect area was identified by SRWMD staff as an area of concern for fish passage.
This FL flow of 1110 cfs is expected to allow sufficient water depths for the passage of most fish
species, as well as maintain the connectivity of the Santa Fe River during low flow conditions.
Fish with the body size of Suwannee or largemouth bass and Alabama shad, in close relation to
American shad, should be able to maintain movement through the channel when ≥0.8ft of water
depth over 25% of the channel width dewatered in exceedence of the specified FL event(Mace
2007). American eels have the ability to swim in very shallow water and to even travel over wet
grass or mud for short distances in their yellow phase as sexually immature adults, however
elvers (juvenile eels) that migrate upriver are not reported to have this ability (USFWS 2005,
http://fishery.about.com/od/CommonSpecies/a/The-American-Eel.htm ). The thin body size of
eels, regardless of maturity level, allow them to swim in relatively shallow waters.
A dewatering event of this type is also expected to maintain saturated soils with scattered areas of
shallow ponding across the Santa Fe floodplain. The deep marsh and instream submerged aquatic
vegetation (SAV) communities are expected to remain mostly inundated. These aquatic habitats
connected to the open water river provide crucial off-channel refugia to protect larval and
juvenile fishes, amphibians, and invertebrates from strong currents that may displace and cause
mortality to these organisms (Knight et al. 1991, Harvey 1987).
Ichetucknee River – SAV Protection
SRWMD developed a “physical tuber depth” of 1.05 feet by measuring a large tuber (>200 lbs)
sitting in a typical single-person tube from the water surface to their lowest clearance point. This
depth component (1.05 ft) was added to the elevation of the top of the SAV at the cross-section
25089 north of the Grassy Flats (20.90 ft NGVD). This resulted in a critical water surface
elevation of 21.95 ft NGVD at cross-section 25089 north of the Grassy Flats area, in the upper
Ichetucknee River to minimize impacts to SAV from recreational tubers. The critical water surface
elevation of 21.95 ft NGVD corresponds to a critical river flow of 282 cfs (SRWMD 2013).
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FL Duration Component
Santa Fe River - Fish Passage
Many fish are sensitive to restrictions on channel passage and reductions in the connectivity of
the river during spawning and migration, as well as reduced available habitat for spawning,
cover, and forage. Bass in Florida are reported to have peak spawning in March and April, but
can range from January to May depending upon location and temperatures
(http://myfwc.com/fishing/freshwater/fishing-tips/ ). Alabama shad are reported in Alabama to
complete most spawning activity from late March to early May; and most return to salt water in
late April and May
(http://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/alabama/explore/alabam
a-shad-species-profile.xml ). Based on data obtained from Guana River Dam (St. Johns County),
the peak migration period for American eels back to freshwater rivers occurs in January and
February, but this likely varies for different areas along the coast
(http://myfwc.com/research/freshwater/fish-projects/commercial-fisheries/american-eel-faq/ ).
The recommended 120-day continuously non-exceeded duration corresponds to the length of a
normal Florida dry season period (i.e., mid-February through mid-June; ~ four months) that
typically occurs following the end of winter rains until the beginning of the wet season. A MFLs
event that dewaters the river to ≥0.8ft of water depth over 25% of the channel width for a
maximum of 120 continuous days would allow the benefits of a dewatering event, while still
supporting the connectivity of the river and passage of fish during peak spawning and migration
months.
In addition, the continuous 120-day dewatering represents a sufficiently long period of low water
needed to protect the structure and functions of seasonally flooded wetland plant communities by
allowing sufficient time for seed germination of wetland plants that require saturated but not
inundated substrates (Kushlan 1990). Further, this duration allows time for many wetland plants to
grow sufficiently tall to survive post-dry season/drought, higher water conditions (Ware 2003).
Such low water events also enable wading birds to feed over the entire floodplain as water levels
recede, and allow wildlife species that usually inhabit upland plant communities access to the
floodplain resources (Harris and Gosselink 1990).
The recommended FL event (i.e., 1110 cfs, 120-day continuous dewatering duration) is expected
to provide connectivity of the Santa Fe River during periods of low water while maintaining
sufficient water depths to allow for the passage of fish. This FL event would also allow a
sufficiently long period of dewatering for regeneration of the floodplain communities and
maintain the structure and functions of seasonally flooded wetlands.
Ichetucknee River – SAV Protection
Recreational tubing at the north entrance to Ichetucknee Springs State Park is limited to the
summer season, Memorial Day weekend to Labor Day. Therefore, the critical duration for the
tubing event was set at 90 continuous days of low flow resulting in no tubing access.
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However, this 90-day duration also beneficially allows periodic dewatering of seasonally flooded
wetlands and will allow seed germination of some wetland plants that require saturated but not
inundated substrates (Kushlan 1990). Further, this duration allows time for some wetland plants to
grow sufficiently tall to survive post-dry season/drought, higher water conditions (Ware 2003),
helping to maintaining the structure and functions of seasonally flooded wetlands along the
Ichetucknee River. Additionally, such low water events enable wading birds to feed over the entire
floodplain as water levels recede, and allow wildlife species that usually inhabit upland plant
communities access to the floodplain resources (Harris and Gosselink 1990).
FL Return Interval Component
The FL "Semi-permanently flooded" is a hydroperiod category meaning dewatering occurs
during periods of moderate drought. This hydroperiod category is typically associated with the
Minimum Frequent Low water level and/or flow related to the protection of seasonally
dewatered wetland communities or habitat (e.g., swamps, emergent marshes), and/or organic
substrates. Water levels/flows causing dewatering typically occur for long durations (e.g., 120
days) with medium return intervals (e.g., 3 to 5 years).
The FL level “is intended to prevent deleterious effects to the composition and structure of
floodplain soils, the species composition and structure of floodplain and instream biotic
communities, and the linkages of aquatic and floodplain food webs” (Rule 40C-8.021(10),
F.A.C.). The FL event defines a low surface water level/flow that usually occurs during normal
dry seasons or mild droughts. These dewatering events typically occur for long durations (e.g.,
120 days), with medium return intervals between dewatering events (e.g., 5 years or 20
dewatering events in 100 years, on average). These low water events let seasonally flooded
wetland plants reseed and grow while allowing upland plants and animals to temporarily exploit
the floodplain habitat. The FL is typically associated with the semi-permanently flooded
hydroperiod category (Rule 40C-8.021(16), F.A.C.), where “…when surface water is absent the
water table is usually near the land surface…this water level is near the lower elevation that
supports emergent marsh or floating vegetation and peat substrates, or other highly organic
hydric substrates.”
Santa Fe River - Fish Passage
The recommended FL return interval (i.e., 2-year) for the Santa Fe River would result in 50 such
dewatering events per century, on average. The Baseline FL flow of 1110 cfs occurs 32 times
per century (i.e., once every 3 years), on average. The recommended FL return interval (i.e., 2
year) would result in an increase of 18 dewatering events per century, on average (Table 1,
Figure 3). Due to the flashy nature of the Santa Fe River, a change in return interval from a 3 to
a 2 year return interval is not deemed to be too large of a shift. However, if threatened,
endangered, or species of special concern were shown to be adversely impacted by such a shift,
this return interval would need to be reevaluated. SJRWMD staff would recommend this return
interval be reviewed by a fisheries biologist for a professional judgement.
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The FL reflects a drier hydrologic signature than for baseline hydrologic conditions (i.e., 18
more dewatering events occurring per century; Table 1 and Figure 3). The recommended FL
return interval allows for some hydrologic change from the baseline hydrologic conditions. The
frequency of the recommended FL is expected to protect fish passage and river connectivity, as
well as maintain floodplain wetland vegetation composition and structure and wildlife habitat.
The FL return interval is not expected to cause any permanent loss of wetlands associated with the
Santa Fe River.
Ichetucknee River – SAV Protection
The recommended FL return interval (i.e., 5-year) for the Ichetucknee River would result in 20
such dewatering events per century, on average. While the 5-year return interval represents an
increase of 6 dewatering events per century, on average, from the baseline hydrologic conditions
(i.e., ~8 year return interval [14 dewatering events per century, on average], Table 1 and Figure
5), the potential impact to SAV due to recreational tuber use is considered to be small,
particularly in-light of the rapid growth and recovery of typical SAV plants in Ichetucknee River.

20

Figure 1. Frequency analysis for the 60-day continuous discharge relating the baseline
conditions, SRWMD MFLs conditions, impacted conditions, and minimum frequent high at the
Santa Fe River USGS Ft. White gauging station
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Figure 2. Frequency analysis for the 180-day mean non-exceedance discharge relating the
baseline conditions, SRWMD MFLs conditions, impacted conditions, and minimum average at
the Santa Fe River USGS Ft. White gauging station
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Figure 3. Frequency analysis for the 120-day continuously non-exceedance discharge relating
the baseline conditions, SRWMD MFLs conditions, impacted conditions, and minimum frequent
low at the Santa Fe River USGS Ft. White gauging station
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Figure 4. Frequency analysis for the 60-day continuous exceedance discharge relating the
baseline conditions, SRWMD MFLs conditions, impacted conditions, and minimum frequent
high at the Ichetucknee River USGS US27 gauging station
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Figure 5. Frequency analysis for the 90-day continuously non- exceedance discharge relating the
baseline conditions, SRWMD MFLs conditions, impacted conditions, and minimum frequent
low at the Ichetucknee River USGS US27 gauging station
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ESTIMATED FREEBOARDS FOR THE SANTA FE RIVER AND ICHETUCKNEE RIVER
SJRWMD MFLS
The SJRWMD MFLs critical flow was compared to the Impacted Hydrologic conditions flow for
the respective durations defined by the MFLs to estimate the freeboard flow allowed by the
MFLs (Table 2). The most sensitive MFLs for the Santa Fe River is the MFH with a freeboard
of -135 cfs, indicating a recovery plan is required (Table 2). This requires 84 cfs more recovery
than determined by the SRWMD MFLs (i.e., -135 cfs compared to -51 cfs).
Both MFLs for the Ichetucknee River are equally sensitive. The freeboard for both MFLs is +5
cfs (Table 2). The SJRWMD MFLs allow 2.7 cfs less additional flow reduction than that
predicted by the SRWMD MFLs (i.e., +5 compared to +7.7 cfs).
Table 2. Estimated freeboard for Santa Fe and Ichetucknee Rivers based on SJRWMD MFLs
MFLs

FH
MA
FL

Santa Fe River
Critical
Impacted
Flow (cfs)
Flow (cfs)

1455
1308
1110

1320
1200
1070

Freeboard
(cfs)

-135
-108
-40

MFLs

FH
FL

Ichetucknee River
Critical
Impacted
Flow (cfs)
Flow (cfs)

378
282

383
287

Freeboard
(cfs)

+5
+5
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Specific SJRWMD Comments on Chapters 3, 5, and 6 of the MFLs Report
Chapter 3 comments
1. Pg. 3-1, paragraph 1; Consider that “the term minimum flow and level may be a misnomer” might
not line up well with FL legislation that uses the term minimum flows and levels. The plural
infers multiple minima and the term minimum flow and level might refer to the most limiting of
the multiple minimum flows and levels.
2. Pg 3-3, Transfer of Detrital Material; Just a comment that the frequency of overbank flows as
defined by percentage of time exceeded might provide for very different information than
frequency as defined by percent chance of occurrence. That is, using duration curves results in
the loss of very important biological information (i.e., numbers of events per century, on
average).
3. Pg. 3-4, paragraph 1; consider revising this section because as written, it suggests that there will
always be water available for “future legal permitted users.” My understanding is that because the
Lower Santa Fe River is not meeting the recommended MFLs that current users might need to
reduce their allocations.
4. Pg. 3-4, Filtration and Absorption of Nutrients and Other Pollutants; Consider if the authors want
to protect nitrogen fixation with out-of-bank flows. SJRWMD is using out of bank flows (MFH)
for the Silver River to protect denitrification processes to lower nitrogen loads.
5. Pg 3-5, Water Quality; consider earlier comment on protection of nitrogen fixation identified in
the Filtration and Absorption WRV.
6. Pg 3-5, paragraph2, after the bullets; Consider if the reference to “the maintenance of spring
discharge is essential to continuation of historical water resource condition …” might need to be
change to “ is essential to protecting the water resources from significantly harmful withdrawals.
7. Pg 3-6, paragraph 1, reference to 15% habitat loss; Consider explaining if the loss is permanent.
8. Pg 3-7, paragraph 1; My understanding is that a “holistic method or approach” typically
references a methodology that can address a range of processes and criteria (sensu Tharme 2003)
and is not focused on a single species. That is, the coupling of scientific experts and stakeholders
might not result in the use of a holistic method.
Chapter 5 comments
1. Pg. 5-1, paragraph 1 of Background section; consider checking the most current copy of 6240.473 FAC because the phrase “to the protection of” may no longer be present.
2. Pg. 5-1, last paragraph; Current conditions is identified as a focus of the MFLs work. Although
land use has not changed dramatically, has the consumptive use permitted during the past decade
or two increased dramatically?
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3. Pg. 5-5, paragraph 2; Although adverse impacts is mentioned, it is not clear what those adverse
impacts are other than a 15% reduction in spatial or temporal criteria. It might be useful if the
authors include more information about the specifics of the adverse impacts.
4. Pg. 5-5, paragraph 3; The statement “Thus water quality, habitat, and biota are all interdependent
and equally important for sustaining a healthy river system” might need to be tempered. For
example, nutrient concentrations or masses are typically a function of loading within the basin
and are not a function of flow. The findings presented on pg. 5-44 and 5-45 indicate very little
correlation between water quality parameters and flows. Importantly, correlation, even
statistically significant correlation, does not confer cause and effect. WQ should only be used for
MFLs determinations if cause and effect can be demonstrated. In addition, this statement seems
to suggest that the systems do not have periods when lethal conditions might exist. Such lethal
conditions would exist, at times, if no human lived in Florida.
5. Pg. 5-5, last paragraph; consider if MFLs must prevent degradation of water quality conditions
caused by excessive flow reductions. My thoughts are that significant harm is caused by
withdrawals.
6. Pg 5-7, paragraph 1; consider adding “cause and effect” between the words “any” and
“relationships.”
7. Pg. 5-7, paragraph 2 (under 5.2.2.2); consider if the statement “Instream habitats must be at least
periodically inundated to be of use to aquatic organisms” should be changed to reference not
dewatered too often because of withdrawals to protect populations of aquatic organisms.
8. Pg 5-8, reference to “Critical Flow for fish passage;” consider if the time of year that fish passage
is needed is important when a system has a biomodal river signature. That is, a 15% reduction in
the total number of days an elevation is exceeded might be different than 15% reduction in the
total number of days an elevation is exceeded during the summer (or winter) peak.
9. Pg 5-9, paragraph 1; consider if there is a disconnect between existing instream conditions with
respect to habitat preferences and the adjusted historic flow regime. That is, long-term reduction
in flows because of withdrawals (or decreased rainfall during the dry phase of a multidecadal
cycle) should affect the channel structure and availability of habitat.
10. Pg 5-10, Woody Habitat section, paragraph 2; consider better defining what the adverse impacts
are to this habitat. It is not clear what is protected by flows at 14% reduction but becomes
significant harm at > 15%.
11. Pg 5-12, paragraph 2; consider adding “cause and effect” between the words “any” and
“relationships.”
12. Pg 5-15, paragraph 3; consider that hydrologic conditions during the winter season for thermal
refuges might be more useful for MFLs than a correlation between monthly water depths and
manatee sightings.
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13. Pg 5-15, SAV paragraph; consider deleting the sentence, “Monitoring the condition of SAV can
also help indentify trends in water quality and flows.” Consider if this sentence is out of place.
14. Pg. 5-17, paragraph 2; consider modifying the second sentence that boating can be impacted by
low water. It seems that low water conditions would occur during severe droughts if no pumping
existed in SRWMD. That is, the focus of MFLs is not to drought proof a system so that boats can
pass shallow areas, but that significantly harmful withdrawals in conjunction with the natural
flow regime no longer protects this WRV.
15. Pg. 5-27, first line; consider deleting the word “optimal.” Alternatively, consider adding an
assumption is that the critical flow provides for optimal conditions.
16. Pg. 5-30, RALPH plot; Consider that RALPH plots seem to show that the number of biologically
relevant events remains essentially the same but are of shorter duration. This has biological
importance for MFLs because “biota must get things done quicker” under the MFLs regime than
under the adjusted historic flow regime. It seems that the relevant events should be maintained
but fewer flooding events and more dewatering events should be the focus of MFLs
determinations.
17. Pg. 5-36, 5.2.1.3, consider clarifying how bankfull discharges and stage that currently maintain
channel dimension and habitat structure (i.e., sounds like existing hydrology) can be connected to
the adjusted historic flows that would be “higher” and thus would maintain channel dimension
and habitat structure that would be associated with historic, no pumping flows and levels.
18. Pg. 5-41; references to critical flows that are related to water quality do not seem to be supported
by information presented later on pgs. 5-44 and 5-45. Consider revising the WQ section here.
Again, the last sentence on 5-41 supports my comments about loading being a WQ issue rather
than changes in hydrologic regimes.
19. Pg. 5-42;, paragraph 1; Consider that the response in DO is might be more depended on
biological oxygen demand associated loads and Chl might be more depended on nutrient loading
than on residence time within the river.
20. Pg. 5-42, paragraph 2; The relationship of this information to MFLs is not particularly clear.
21. Pg. 5-44, next to last paragraph; the reference to Spearman rank correlation analyses and
statistically significant relationships do not confer cause and effect.
22. Pg. 5-45; again consider references to no correlation between river flow and WQ for Ichetucknee
and the finding of some correlation between flow and WQ for the Lower Santa Fe do not confer
cause and effect and therefore, are probably not relevant to MFLs determinations. Not using WQ
as a primary metric for MFLs is finally presented at the end of the section.
23. Pg. 5-55, paragraph 2; consider providing additional explanation about why PHABSIM did not
allow for 15% reduction. Was there zero usable habitat at the measured flows?
24. Pg. 5-63, last paragraph; consider modifying the second sentence from “period inundation must”
to “periodic dewatering may” to better align with the first sentence. My thoughts are that these
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habitats are typically inundated and dewatering would affect the food web criterion rather than
mentioning that periodic inundation must occur.
25. Pg. 5-64, paragraph 1; again it seems that increasing the numbers of dewatering events, as defined
by numbers of days, of these habitats is a more appropriate way of looking at this criterion than
reducing the number of days inundated.
26. Pg. 5-70, 5.2.2.5 Recreation, paragraph 1; would using the 99-100 days between Memorial Day
and Labor Day be useful duration for MFLs determination since this is the period when tubers are
present?
27. Pg. 5-73, table; Do the six decimal places indicate a level of accuracy (see table)
28. Pg. 5-76, RALPH plots; consider if the number of days (15%) should be focused on a subset of
the number of days between Memorial Day and Labor Day.
29. Pg. 5-77, last paragraph; does the 15% reduction in Coffee Spring pool area protect this 10 square
yards of microhabitat ?
30. Pg. 5-86, paragraph 1; based on the HEC-RAS results, approximately 5% Coffee Spring Pool
area is always inundated. Consider if the water quality (e.g., no acidic waters) sufficient to
protect the snail habitat under the MFLs hydrologic regime? Is the habitat protected if the spring
flow goes to zero or negative? Water from the river might be present but the pH might be too
low, for too long (duration component) to protect this species.
Chapter 6 comments
1. Pg. 6-2, paragraph 1; SRWMD staff might want to assess potential issues that might arise from
applying the SWFMWD MFLs method, developed on rivers with a southern river signature, on a
bimodal system. High and low, flows can occur twice a year compared to once a year in southern
systems. High and low, water events that occur during different times of the year might produce
different effects on the biota / WRVs of a bimodal system. SRWMD staff should consider
segregating hydrologic data rather than combining all hydrologic data if such differences are
identified.
2. Pg. 6-2, paragraph 2; The spring-dominated pattern, identified for the Ichetucknee River appears
similar to the southern signature show for the Rainbow River in Kelly 2004. SRWMD staff
might further consider how these different patterns (for the Lower Santa Fe and Ichetucknee)
might affect the application of hydrologically based MFLs methodology.
3. Pg. 6-3, second bullet; Consider that the critical flows, based on the adjusted historic flows are
assumed to be optimal flows while the metric flows determine an appropriate allowable percent
reduction in the critical flows. The 15% reduction in number of days calculation with associated
percent reduction in flows (e.g., 4-8%) might yield the same / similar MFLs curve if no field data
were collected. That is, evenly spaced flows (e.g., 500 cfs) increments would result in a similar
MFLs curve as one based on percent change in the number of days.
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4. Pg. 6-4, Historic Baseline Flow Regime section, paragraph 1; Consider if the statement “…
baseline period during which environmental characteristics are “deemed appropriate” might lead
to an assumption that the biological criteria are fixed throughout time.
5. Pg. 6-5, paragraph 2; consider if “Impacted Flow” is the most appropriate term here. My
thoughts are that the flow regime might only be considered impacted if the MFLs regime is not
being met. The flow regime for the Lower Santa Fe might be considered “impacted” since a
recovery strategy is needed while the flow regime for the Ichetucknee River might be less than
historic regime, but above the MFLs regime. It seems that a flow regime that is not violating
MFLs might be called an Affected Flow Regime.
6. Pg. 6-7, paragraph 3; Consider if a 15% change in weighted useable area for habitat and a 15%
change in time (using the number of days a flow is equaled or exceeded) might cause some
problems when developing the MFLs duration curve.
7. Pg. 6-11, last paragraph; Consider if iteratively adjusting the MFLs regime duration curve line
until the sum of squared differences reached a minimum results in protecting some criteria while
not protecting others. That is, should the most restrictive criteria be used to determine the MFLs
hydrologic regime? Protecting the most sensitive criterion should protect the others.
8. Pg. 6-13, paragraph 1, last sentence; Consider if the statement about “high degree of coherence
…” might also be the result of how the 15% reduction in the number of days was calculated. As
mentioned earlier, calculating the 15% reduction in the number of days by simply increasing the
step of flows should result in the same curve as that developed with 15% reductions in the
number of days exceeded based on field elevations.
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