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Terms, Abbreviations, Acronyms and Definltlons 

Category 7 Lakes 

Category 2 Lakes 

Category 3 Lakes 

Control Polnt Elevatlon 

Current 

Dlstrlct 

Extreme Low Level 

F.A.C. 

FDEP 

F.S. 

Guidance Levels 

Lakes wlth lake-fringing cypress swamp@) greater than 0.5 
acres In slze where Structural Alterations have not 
prevented te Hlstorlc P50 from equaling or rlslng above an 
elevatlon that Is 1.8 feet below the normal pool of the 
cypress swamp(s). 

Lakes wlth lake-frlnginp cypress swarnp(8) greater than 0.5 
acres In slze where Structural Alterations have prevented 
the Hlstorlc P50 from equallng or rlslng above an elevation 
that Is 1.8 feet below normal pool and the lake frlnglng 
cypress swamp($ rernaln vlable and perform functlons 
beneflclal to the lake in spite of the Structural Alteratlons. 

Lakes without lake-frlnglng cypress swarnp(s) greater than 
0.6 acres In slze. 

The elevation of the highest stable polnt along the outlet 
proflle of a surface water conveyance system that prlnclpally 
controls lake water level fluctuatlons. 

A recent Long-term perlcd durlng whlch Structural 
Alteratlons and hydrologlc stressed are stable. 

Southwest Florlda Water Management Distrlct (SWFWMD). 

A Quldance Level, formerly referred to as the Extreme Low 
Management Level. Establlshed for lakes wlth management 
levels adopted prlor to lrnplernentatlon of the new lake 
minimum flows and levels rnethodologles. 

Florlda Adrnlnlstratlve Code. 

Florida Department of Envlronmental Protedon. 

Florida Statutes. 

Water levels, determined by the Dlstrlct uslng the best 
avallable lnforrnatlon and expressed In feet relatlve to the 
Natlonal Qecdetlc Vertlcal Datum (of 1929) , or In feet 
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relative to the North Amerlcan Vertlcal Datum (of 1 see), 
uses as an advlsoty Informatlon for the Dlstrlct, lake shore 
residents and local governments, or to ald In the 
management or control of adjustable structures. 

HGL Hlgh Guldance Level. 

Hioh Guldance Level The expected Hlstoric P10 elevatlon. Provlded as an 
advlsow auldellne for the construction of lake shore 

High 

High 

eve1 

development, water dependent structures, and operatlon of 
water management structures. 

A Guldance Level, formerly referred to as the Mlnlmum 
Flood Level. Establlshed for lakes with management levels 
adopted prior to lmplernentatlon of the new lake minlmum 
flows and levels methodologles. 

~lnlmurn Lake Level The elevation that a lake's water levels are requlred to equal 
or exceed ten percent of the tlme on a Long-term bask 

Hlstorlc 

Hlstorlc P50 

HML L 

Hydrologlc lndlcators 

Long-term 

A Long-term period when there are no measurable Impacts 
due to wlthdrawals and Structural Alteratlons are similar to 
current condltlons. 

The expected Hlstorlc P60 elevation: be., the elevatlon of 
the water surface of a lake or wetland that is expected to be 
equaled or exceeded flfty percent of the time based on a 
Long-tern perlod when there are or were no measurable 
Impacts due to withdrawals and Structural Alteratlons are 
slmllar to current conditlons. 

Hlgh Mlnlmum Lake Level. 

Biological and physlcal features whlch are representatlve or 
lndlcatlve of previous water levels as listed In Sectlon 
373.421 1 (20), Florida Statutes. 

An evaluatlon perlcd utlllzed to establlsh minimum flows and 
levels, to determine compllance wlth establlshed mlnlmum 
flows and levels and to as~ess wlthdrawal Impacts on 
establlshed minimum flows and levels that represents a 
period which spans the range of hydrologlc condltlons whlch 
can be expected to occur based upon hlatorlcal records, 
ranging from high water levels to low water levels. In the 
context of a predlctlve model slmulatlon, a Long-term 
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L FS 

LGL 

Low Guidance Level 

Low Level 

MFL 

Minimum Leke Level 

MLL 

NGVD 

Normal Pool Elevation 

slrnulatlon wlll be Insensitive to temporal fluctuatlons In 
wlthdrawal rates and hydrologlc condltions, so as to slmulate 
steady-state, average condltlons. In the context of an 
average water level, the average wIlI be based upon the 
historic expected range and frequency of levels. Relatlve to 
rnlnlrnurn flow establishment and minimum level 
establlshment and compliance, where there are SIX years of 
more of competent data, a rnlnlmum of a six year evaluation 
period wlll be used; but the avallable data and reasonable 
scientific judgement wlll dlctate whether a longer period IS 
used. Where there are less than SIX years of competent 
data, the period used wlll be dlctated by the avallable data 
and a determlnation, based on reasonable sclentlflc 
Judgement, that the perlcd is sufficiently representative of 
Long-term condltlons. 

Low Floor Slab. The elevatlon of the lowest floor slab of a 
resldentlal dwelllng In the lmmedlate lake basln. 

Low Guldance Level. 

The expected Hlstorlc PQO. Provlded as an advisory 
guideline for constructlon of water dependent structures, 
lnforrnatlon for lakeshore residents, and operatlon of water 
management structures 

A Guldance Level, formerly referred to as the Low 
Management Level. Establlshed for lakes wlth management 
levels adopted prior to lmplementatlon of the new lake 
minimum flows and levels methodologles. 

Mlnlmum Flows and Levels. 

The elevatlon that the lake's water levels are requlred to 
equal or exceed fifly percent of the tlme on a Long-term 
basls. 

Mlnlmum Lake Level. 

National Geodetlc Vertlcal Datum. 

An elevatlon approxlrnatlng the P10 elevation which is 
determined based on hydrologlc lndlcators of sustalned 
inundation. 



Not Structurally 
Altered 

P10 

P50 

P90 

Reference Lakes 

RL WR50 

RL WR5090 

RL WR90 

SFWMD 

SJR WMD 

Refers to a lake where the control point elevatlon equals or 
exceeds the Normal Pool elevatlon or the lake has no outlet. 

The percentlle ranklng represented by the elevatlon of the 
water surface of a lake or wetland that is equaled or 
exceeded ten percent of the t h e  as determined from a 
Long-tern stage frequency analysis. 

The percentlle ranklng represented by the elevation of the 
water surface of a lake or wetland that Is equaled or 
exceeded flfty percent of the tlme as determlned from a 
Long-term stage frequency analysls. 

The percentlle ranklng represented by the elevatlon of the 
water surface of a lake or wetland that Is equaled or 
exceeded ninety percent of the t h e  as deterrnlned from a 
Long-term stage frequency analysls. 

Lakes from a deflned area whlch are not measurably 
Impacted by water wlthdrawals. Reference lakes may be 
used to develop reference lake statlstlcs, includlng the 
RLWR60, RLWRQO, and the RLWR5090. 

Reference Lake Water Regime 60. The medlan dlfference 
between the P10 and P50 elevatlons for reference lakes 
wlth historic data wlth slmllar hydrogeologlc condltlons as the 
lake of concern. 

Reference Lake Water Reglme 5090. The medlan 
dlfference between the P60 and PO0 elevatlons for 
reference lakes wlth hlstorlc data with slmllar hydrogeologlc 
condltlons as the lake of concern, 

Reference Lake Water Reglme 90. The median difference 
between the P10 and PO0 lake stage elevatlons for 
reference lakes wlth historic data wlth slmllar hydrogeologlc 
condltlons as the lake of concern. 

South Florida Water Management District. 

St. Johns River Water Management District. 
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Structurally Altered A lake or wetland where the control point has been 
physically altered by man such that water levels are 
affected. Refers to a lake where the controlpolnt elevatlon 
Is below the Normal Pool elevatlon. 

Structural Alteratlon Man'a physical alteration of the control polnt of a lake or 
wetland that affects water levels. 

Southwest Florida Water Management Dlstrlct. 

The level (elevatlon) of floodlng expected on a frequency of 
not less than the ten year recurrlng probabillty of occurrence 
In any glven year. Provided as an advlsoty guldellne for lake 
shore development. 

SWFWMD 

Ten-Year Flood 
Guldance Level 

USGS Unlted States Geologlcal Survey 



Sectlon 1 

Introductlon to the Establlshrnent of Mlnlmum Water Levels 
for Lakes of the Southwest Florlda Water Management 
Dlstrlct 

Lake L e v r l ~  Program: 1970~-1996 

The Southwest Florlda Water Management District (the Dlstrlct or SWFWMD) has a 
long hlstory of water resource protectlon through the establlshment and lmplementatlon 
of lake management levels. Wlth the adoption of lake levels for Lake Tarpon In 1972 
and the development of the Lake Levels Program in the mId-l07Os, the Dlstrlct began 
an lnltlatlve whlch by 1 QQ6, had resulted In the establishment of management levels for 
nearly four hundred lakes (Gant 1006). In the early years of thls Inltlative, techniques 
and methods were developed for establlshlng lake levels based on hydrologlc, 
blologlcal, phyalcal and cultural aspects of lake ecosystems. In 1Q78, four 
management levels based on appllcatlon of these methods were adopted by the Dlstrlct 
Qovernlng Board Into Chapter 40D-8, Florlda Administrative Code (hereatter F.A.C.). 
These levels were operatlonally deflned as follows: 

Ten Year Flood Warnlng Level - An advlsory level whlch approximates the level of 
floodlng expected at a recurrence frequency of not more than once every ten years. 

Minimum Flood Level - A seasonal hlgh water level expected to be equaled or 
exceeded approxlmately 5-1 0% of the the ,  and to whlch a surface water body may 
rise without interference, except as approved by the Qovernlng Board. 

Low Management Level - A seasonal low level expected to be equaled 8040% of 
the time, and a level below whlch further water wlthdrawals would be considered 
slgnlflcantly harmful to the water resources of the area. Also used as a gulde for 
operatlon of lake control structures and water use permlttlng. 

Extreme Low Management Level - A drought year low level expected to be 
exceeded 90.95% of the t h e .  Used for operatlon of lake control structures and 
water use permlttlng. 

lmplementatlon of the Lake Levels Program through the mid-1000s was vlewed by the 
Dlstrlct as an approprlate means to address the leglslatlve requirement (Section 
373.042, Florlda Statutes, hereafter F.S.) that mlnlrnum levels were to be established 
lor protectlon of water resources (In thls case, lakes) of the state. 
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Lake Levele Program: 1900-l9!3Q 

A Lsgl8latlve Mendato Loado to New Methods for Establl~hlng Mlnlmum Wetor 
Levels for Lake. wlth Frlnglng Cypreas Wetland8 

ldentlflcatlon of severe water resource problems In the Northern Tampa Bay area In the 
mld-1990s (e.g., see SWFWMD 1996) precipitated renewed Interest by the Florida 
Legislature concernlng the establlshment of mlnlmum flows and levels (MFLs). In 1906, 
the Leglslature directed the Department of Envlronmental Protection (FDEP) or the 
governing boards of the state’s flve water management dlstrlcts to develop mlnimurn 
flows and levels for the freshwater resources of the state (Sectlon 373.042, F.S., see 
Appendix A). As currently deflned by statute, the mlnlrnurn level of an aqulfer or 
surface water body Is “the level of groundwater In the aquifer and the level of surface 
water at whlch further wlthdrawals would be slgnlflcantly harmful to the water resources 
of the area”. Thus, the purpose for establlshlng mlnlmurn levels 1s to ensure that water 
bodles are not lowered by wlthdrawals below a level whlch would cause slgnlflcant 
harm. Mere adoptlon of a mlnlrnurn water level, of course, does not protect a water 
body from significant harm; however, protectlon, recovery or regulatory compllance can 
be gauged once a standard has been establlshed. 

Accordlng to state law, minlmum flows and levels are to be establlshed based upon the 
best avallable lnformatlon (Section 373.042, F.S), and shall be developed with 
conslderatlon of ‘...changes and structural alterations to watersheds, surface waters 
and aqulfers and the effects such changes or alteratlons have had, and the constralnt6 
such changes or alterations have placed, on the hydrology of the affected watershed, 
surface water, or aqulfer ...”, wlth the caveat that these conslderatlons shall not allow 
slgnlflcant harm caused by wlthdrawals (Sectlon 373.0421, F.S., see Appendlx A). 
State law also acknowledges that certaln water bodies no longer Bewe thelr hlstorlcal 
hydrologlcal functlons and that “recovery of these water bodles to hlstorical hydrologlcal 
condltlons may not be econornlcally or technlcally feaslble, and that such recovery effort 
could cause adverse environmental or hydrologlcal Impacts. Accordlngly, the Florida 
Department of Environmental Protection or the Water Management Dlstrlcts “may 
deterrnlne that settlng a mlnlmum flow or level for such a water body based on Its 
historical condition is not appropriate” (Sectlon 373.0421, F.S.). Addltlonal exclusions 
pertaining to the establishment of mlnlmum flows and levels Include some dlscretlon 
regarding establishment of minlmum flows or levels for surface water bodles less than 
twenty-five acres in area and surface water bodies constructed prlor to the requlrement 
for a permit, or pursuant to an exernptlon, a permit or a reclamation plan whlch 
regulates the slze, depth, or functlon of the surface water body. 

State Water Pollcy (Chapter 62-40.473, F.A.C., see Appendlx 6) provldes addltlonal 
guldance for the establishment of minimum flows and levels, requlrlng that 
“consideration shall be given to the protection of water resources, natural seasonal 
fluctuations in water flows or levels, and environmental values aS80~lated wlth coastal, 
estuarine, aquatic and wetlands ecolcgy, Including: 

1-2 



(a) Recreatlon In and on the water; 
(b) Flsh and wlldllfe habltats and the passage of flsh; 
(c) Estuarine resources; 
(d) Transfer of detrital materlal; 
(e) Maintenance of freshwater storage and supply; 
(f) Aesthetic and Bcenic attrlbutes; 
(9) Flltration and absorption of nutrlents and other pollutants; 
(h) Sedlrnent loads; 
(I) Water quallty; and 
(1) Navlgatlon." 

As an lnltlal prlorlty In the 1996 rnlnlmum flows and levels leglslatlon, the Dlstrlct was 
charged wlth establlshlng mlnlmum flows and levels for certaln water bodles (lakes, 
wetlands and aqulfers) In Hlllsborough, Pasco and Plnellas Counties by October 1, 
1997. In response to this mandate, a Technlcal Advlsory Commlttee comprised of 
Dlstrlct staff, representatlves of local governments and Interested cltlzens was 
convened to help develop mlnlrnum flows and levels methodologles. Separate 
subcommlttees were formed to develop speclflc methodologies for aqulfers, lakes, and 
wetlands. 

As a result of work performed by the Lake Level Subcornmlttee and modlfled according 
to Input from the publlc, the Dlstrlct Governing Board adopted a methodology for 
establlshlng rnlnlrnurn lake levels, and mlnlmum levels for flfteen lakes (Chapter 40D-8, 
F.A.C.) based on the new methodology on October 28,1008. The adopted 
methodology addresses the establlshrnent of mlnimurn levels for a subset of lakes 
within the Dlstrlct - those wlth frlnglng wetlands domlnated by cypress (Tsxcdum spp.). 
Accordlng to the new methodology (SWFWMD lQOQa, Chapter 40D-8, F.A.C.), lakes 
wlth frlnglng cypress wetlands where water levels currently rise to an elevatlon expected 
to fully maintaln the Integrity of the wetlands are classified as Category 1 lakes, lakes 
with frlnglng cypress wetlands that have been structurally altered such that lake water 
levels do not rlse to levels formerly attalned are classified as Category 2 Lakes, and 
lakes wlthout frlnglng cypress wetland are classlfled as Category 3 Lakes. Mlnlmum 
levels are establlshed based on these lake classlflcatlons; however, methcdolcgles 
have not yet been adopted for Category 3 Lakes. 

The recently adopted methodology for developing minimum levels for cypreas-wetland 
frlnged lakes addresses the leglslatlve requlrernent for preventing slgnlflcant harm 
associated with water wlthdrawals through the establlshrnent of mlnimum levels and 
also provldes for the establlshrnent of Guldance Levels, whlch serve as guldellnes for 
other water management actlvltles. Currently, Chapter 40D-8 also provides for the 
classification of formerly adopted management levels as Guldance Levels, Minimum 
Levels and Guldance Levels are operatlonally deflned as follows: 

Mlnlrnurn Levels - The Long-term level of a surface water, water table, or 
potentlometrlc surface at whlch further withdrawals would be slgnlflcantly harmful to 

1-3 



the water resources of the area and whlch may provlde for the protectlon of 
nonconaumptlve uses (0.g. , recreational, aesthetlc, and navlgatlon). Such level 
shall be expressed a8 an elevatlon, In feet relatlve to the National Geodetlc Vertical 
Datum (1 020) or In feet relatlve to the North American Vertical Datum (1 088) and 
Includes Mlnlmum Wetland Levels, Hlgh Mlnlmurn Lake Levels, Minimum Lake 
Levels, and Salt Water lntruslon Mlnlmum Aqulfer Levels. 

Guidance Levels - Levels, determlned by the Dlstrlct uslng the best available 
lnforrnatlon and expressed in feet relatlve to the Natlonal Qeodetic Vertlcal Datum 
(of 1Q2Q), or In feet relatlve to the North American Vertical Datum (of 1088), used as 
advisory informatlon for the Dlstrlct, lake shore residents and local governments, or 
to aid in the management or control of adjustable structures. Guldance Levels 
Include the Ten Year Flood Guldance Level, the High Guldance Level, the Low 
Quldance Level, the Hlgh Level, the Low Level, and the Extreme Low Level 

Speclflc Mlnlmum and Quldance levels Include the following: 

High Mlnimum Lake Level - A Mlnlmurn Level, whlch corresponds to the elevatlon 
that the lake water level must equal or exceed ten percent of the tlme on a long-term 
basls. For evaluatlon of hydrolopic data for the purpose of establlshlng mlnlmum 
levels, "long-term" means a period that spans the range of hydrologlc condltlons 
whlch can be expected to occur, based upon historical records. Typlcally, a perlod 
of SIX or more years Is consldered sufficlent establishment of long-term condltlons; 
however, shorter perlods may be consldered to be representatlve of long-term 
condltlons, based on reasonable aclentlflc Judgement. 

Minimum Lake Level - A Mlnlmum Level, whlch corresponds to the elevation that the 
lake water level must equal or exceed fifty percent of the tlme on a long-term basls. 

High Quldance Level - A Guldance Level, provided as an advlsory guldellne for the 
constructlon of lake shore development, water dependent structures, and operatlon 
of water management structures. Lake water levels are expected to equal or 
exceed thls level ten percent of the t h e  on a long-term basls. 

Low Guldance Level - A Guidance Level provided as an advisory guldellne for water 
dependent structures, as lnforrnatlon for lake shore residents and for operatlon of 
water management structures. Lake water levels are expected to equal or exceed 
thls level nlnety percent of the t h e  on a long-term basis. 

Ten Year Flood Guldance Level - A  Guidance Level, forrherly referred to as the Ten 
Year Flood Warnlng Level. An advisory level which approxlmates the level of 
flocdlng expected at a recurrence frequency of not more than once every ten years. 

Hlgh Level - A Quldance Level, formerly referred to as the Mlnlmum Flood Level. 
Establlshed for lakes wlth management levels adopted prlor to Implementation of 
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the current lake minimum flows and levels methcdologles. 

Low Level - A Guldance Level, formerly referred to as the Low Management Level. 
Establlshed for lakes wlth management levels adopted prior to implementatlon of 
the current lake minimum flows and levels rnethodologles. 

Extreme Low Level - A Guidance Level, formerly referred to as the Extreme Low 
Management Level. Establlshed for lakes with management levels adopted prior to 
lmplementatlon of the current lake mlnlmum flows and levels rnethodologles. 

Slgnlflcant Harm and Slgnlflcanr Change 

Harm can be defined as “physlcal InJury or damage” and can be evaluated relatlvely 
easlly when applled to Indivldual plants or animals, but becomes dlfflcult to deflne or 
evaluate when applled to ecologlcal assemblages or ecosystems. Thls became 
apparent durlng development of mlnlmum flows and levels rnethodologles In 1997 and 
1998, when sclentlsts from various subcommittees of the Technlcal Advlsory 
Committee frequently noted that “harm” as applled to whole water bcdles or systems, 
Is not a scientific concept, but rather a value Judgement requlrlng a declalon based on 
pollcy. For example, some commlttee members suggested that the replacement of lake 
or wetland plant specles by lnvadlng upland specles durlng periods of extended low 
water levels simply represents successlon, or the change In ecologlcal communlty type, 
rather than harm, because the resultlng plant assemblages provide abundant, albelt 
dlfferent ecologlcal goods and servlces than those provlded by the previously existing 
wetland assemblage (Knlght and Bays 1997). Although thls example seems somewhat 
extreme, In that most persons would equate the transfomatlon of a wetland to upland 
habitat as being harmful to the wetland, It Illustrates the ease wlth whlch one can 
Identify harm at the individual or species level (some lndlvlduals and wetland specles 
would be displaced under the scenario described), but the dlfflculty assoclated wlth 
reachlng sclentlflc consensus regardlng the determination of harm at the ecosystem 
level. 

Although sclentlsts may dlsagree on what constltutes slgnlflcant ‘harm” at the 
ecosystem level, they can often agree on what quallflea as slgnlflcant change. For 
example, whlle It rnlght be debated how acceptable converslon of a wetland to an 
upland, or an old growth forest to a plne plantatlon Is, most would agree that such 
converslons represent slgnlflcant change. Scientlsts can therefore be expected to help 
determlne when significant change has occurred or may be expected to occur. They 
may also acknowledge when they believe significant harm has occurred; however, 
determlnatlon of slgnlflcant harm for District purposes ultimately relles on pollcy 
determlned by the Governlng Board. 

Most Lake Level Subcommtttee members agreed that a lake would be slgnlflcantly 
changed If the hydrologlc connectlon to Its frlnglng wetland was dlmlnlshed or severed 
or If the wetland Itself was slgnlflcantly changed. For example, It was noted that certaln 



organisms (e.g., some flsh specles) make use of wetland habitat during certaln stages 
of thelr llfe cycle, that detrltal material from wetland leaf fall la Important to energy flow 
through wetland-lake systems, and that tannlc substances contributed from wetlands 
affect water color, clarlty and chemistry; all of whlch affect the blologlc assemblages 
whlch populate a lake. Because these environmental values are among those 
speclflcally listed In State Water Policy for conslderatlon when establlshlng rnlnlmum 
flows and levels (Sectlon 62-40.473, F.A.C.), and the District has Identlfled, as pollcy, 
the need to strive for management of water resources to achieve no net loss of 
wetlands (SWFWMD 2000), wetlands protectlon was (and Is) vlewed as a reasonable 
approach for establlshlng rnlnlmum water levels for lakes. 

The Lake Level Subcommltlee therefore adopted a ”wetlands protectlon perspectlve” 
for establlshlng rnlnlrnum levels for lakes with fringlng cypress wetlands (SWFWMD 
199Oa). The method Is based on slgnlflcant change standards for Isolated cypress 
wetlands that were establlshed uslng correlatlve analyses of wetland health ratings and 
hydolopic data (water level elevatlons). The standards were orlglnally developed by the 
Wetland Subcommltlee to ldentlty wetlands that have been “slgnlflcantly altered“ as a 
result of reduced hydroperlods (SWFWMD 1QQQb). The Governlng Board deemed the 
subcornmlttee’s flndlng of “slgnlflcantly altered to be equivalent to “slgnlflcantly 
harmed, and thus the standards and aaaoclated methods provide a means for 
evaluatlng slgnlflcant harm to lakes wlth fringlng cypress wetlands. Use of these 
standards for establlshlng minimum lake levels assures that lake-frlnglng cypress 
wetlands will remain in place and contlnue to provlde ecological goods and servlces 
necessary for maintaining lake ecosystem Integrlty. 

Lake Lsvsle Program: 1999 to the preuent 

Davslopmant of Method8 for Establlehlng Mlnlmum Levels for Lakes without 
Frlnglng Cypress Wetlands 

In the spring of 1999, District assembled a puidance committee to ldentlfy approprlate 
methods for establlshlng rnlnlrnurn levels for lakes without fringing cypress wetlands 
(Category 3 Lakes). The cornrnlttee, comprised of Dlstrict staff and other sclentlsts wlth 
extenslve knowledge of Florida lake ecosystems revlewed llterature and data pertaining 
to potential environmental impacts assoclated wlth long-term lake stage reductlons. 

In fall and winter of 2000/2001, the Dlstrlct hosted several technlcal workshops on 
potentlal approaches for establlshlng mlnlmum levels for lakes wlthout frlnglng cypress 
wetlands. Technical staff representing members of the Northern Tamp Bay Phase II 
Local Technlcal Peer Revlew Group and various governmental and non-governmental 
organlzatlons from the Southern Water Use Cautlon Area were afforded the opportunity 
to provlde Input on mlnlmum levels establlshrnent and methodologles. 

This report provides an up-to-date summary of the status of mlnlmum levels 
development for District lakes. Current methodologies used for establlshlng mlnlrnum 
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levels for lakes wlth frlnglng cypress wetlands are descrlbed In detall, a8 are the basic 
concepts supportlng the development of a comprehensive, multiple-parameter 
approach for establlshlng mlnlmum levels for lakes without frlnglng cypress wetlands. 
lmplementatlon of the current and proposed approaches is Illustrated through the 
development of provlslonal mlnlmum and guldance levels for several lakes In the 
Northern Tampa Bay area, It is the author's hope that thla report wlll lead the reader to 
consider and develop additional approaches for protectlon of our valuable lakes through 
the establlshment of rnlnlmum levels, 
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Sectlon 2 

Establlshlng Mlnlmum Water Levels for Lakes: Basic 
Considerations 

lntroductlon 

Knowledge of the elevatlon to whlch water levels have hlstorlcally rlsen wlthin a lake 
basin, and the potential impacts whlch may be expected wlth long-term lake stage 
reductions are fundamental to the development of mlnlmum levels. These toplca are 
briefly reviewed in this section to provide a framework for underatandlng the baalc 
consideratlons requlred for mlnlmum levels development. 

Hlgh-Water Levels 

The ldentlflcatlon of lake hlgh-water levels Is of value for a wlde varlety of cultural and 
regulatory endeavors. High-water elevatlons are used for dellneatlon of soverelgn 
water bodies from uplands, for detemlnatlon of water needs for malntenance of natural 
systems Integrlty, and for the establlshment of boundarles governlng human use of 
lakes and thelr surroundlng uplands. An understandlng of the approaches used to 
identify high-water levels is fundamental to the development of mlnlmum lake levels. 

Delineation or demarcation of the boundary between soverelQn navigable water bodles 
and adjacent uplands has long been an Integral part of the surveys of public lands of 
the Unlted States. Water bodles dellneated for thls purpose are sald to be meandered. 
Only a few, Qenerally large lakes have been meandered in Florlda (Kenner 1061). 
Guidelines for "meandering" water bodies have been included in public land survey 
program lnstructlons In thls country as far back as early nlneteenth century (Cole 1007). 
The most recent natlonal lnstructlons for the survey of publlc lands (Bureau of Land 
Management 1973) provlde for a process Intended to ldentlfy the hlgh-water mark, or 
alternatlvely, the ordlnary hlgh water llne produced on the land by the adlacent water 
body. 

In Florlda, the ordinary high water llne Is used by the Dlvlslon of State Lands of the 
Florida Department of Environmental Protection for resolutlon of dlSpUte8 over state 
ownership of sovereign submerged lands. The ordlnaty hlgh water llne has been 
defined In state case law as "the line between a riparian owner and the 
public ... determined by examinlng the bed and banks, and ascertaining where the 
presence and action of the water as so common and usual, and so long contlnued In all 
ordlnary years as to mark upon the sol1 of the bed a character distinct from that of the 
banks, In respect to vegetatlon as well a8 respects the nature of the 8011 Itself. Hlgh- 
water mark means what the language Import-a water mark." (Tllden v. Smlth, Fla., 11 3 
So. 708, 1927; as clted In Cole 1997). The ordlnaty hlgh water llne Is slrnllarly deflned 
for regulatory purposes In Florlda as the "polnt on the slope or bank [of a water body] 
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where the surface water from the water body ceases to exert a dornlnant Influence on 
the character of the surrounding vegetation and solls" (Gllbert et a/. 1995). Quldellnes 
for detemlnatlon of the ordlnary hlgh water llne are Included in Chapter 373, F.S. and 
Chapter 62-340, F.A.C. The State has not, however, codlfled specific procedures for 
thls purpose. 

Botanical, physical and cultural features or data are often used for the ldentlflcatlon of 
the ordlnary hlgh water Ilne. Data on lake stage, eroslonal features of lake shores 
(beach ridges and scarps), the presence of staln Ilnes, 8011 characterlstlca, and the 
zonation of terrestrial and aquatic or wetland vegetatlon have been accepted by federal 
and state courts Involved in ordinary high water line detemlnatlon (Cole 1097). These 
features also factor Into recommended approaches for deterrnlnlng lake hlgh-water 
elevatlons for regulatory and other purposes (Kenner 1061, Blshop 1967, Knochenrnus 
1067, Davis 1073, Dooris and Courser 1076, Patton 1080, Hull eta/. 1989, Wlsconsln 
Department of Natural Resources 1996, SWFWMD 1 QsQa). 

Slnce the lnceptlon of the Lake Levels Program In the 19708, the evaluatlon of hlgh- 
water indicators has been an integral component of the Dlstrlct's adoptlon of lake 
management levels. For example, in their review of District methods used for 
establishing regulatory lake levels, Dooris and Courser (1976) descrlbe a water level, 
currently referred to as the Hlgh Level (a Guldance Level) in the Minimum Flows and 
Levels Rule adopted In October 1998, as approxlrnatlng m elevation "hlstorically 
equaled or exceeded about 510% of the perlod of record as determlned from a stage 
duratlon cutve". They note that this regulatory level typlcally corresponds to an 
elevation just below the frlnge of wax myrtle (Myrica cerifera) and saw palmetto 
(Serenoa repens) shrubs, and a polnt approxlrnately two-thlrds up the buttress of 
mature cypress (Taxodium spp.) trees (Figure 2-1). They also note that cultural 
features and Impacts were often consldered when establishing this "high-water" lake 
management level. 

More recently, the Dlstrlct has developed guldellnes for establlshlng hlgh-water levels 
approximating the P10 elevatlon. In 1997, the Lake Levels subcommittee developed a 
draft lake levels methodology manual (SWFWMD 1997) which includes detailed 
lnstructlons for the ldentlflcatlon of the annual hlgh water level. The manual advocates 
the use of blologlcal, physlcai and hydrologlcal lnformatlon for establlshlng the 
approxlrnate P10 elevatlon representatlve of condltlons pre-datlng anthropogenlc 
alteratlons to a lake's hydrologlc reglme. Blologlcal lndlcators useful for establlshlng 
hlgh-water elevatlons are Identlfled, lncludlng the dlstrlbutlon of saw palmetto, cypress, 
longleaf plne (Pinus palustris), live oak (Quercus virginiana) and cultivated crops 
intolerant of inundation. Useful physlcal features or data, including the elevation of the 
toe of the hlghest landward scarp (see BlshoplO67, Knochenmus 1067), hlstorlc aerlal 
photography, topographic maps and other documents are also listed. The recently 
developed methods for establlshlng mlnlmum levels for lakes wlth frlnginp cypress 
wetlands also incorporate guidelines for identifying a regulatory high-water elevation 
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approxlmatlng the Hlstorlc P10 elevatlon, based on analysis of stage data and 
determlnatlon of the normal pool elevation (see Sectlon 3 for addltlonal InfOrmatlOn on 
the normal pool elevatlon). 

Lake Water Level Fluctuatlon and the Effects of Prolonged Low Water Level8 

Water level fluctuatlon, whether natural or human-Induced can have beneflclal effects 
on lake ecosystems. Prolonged reductlon In water level may, however, negatlvely 
impact environmental and cultural values. Substantlal decllnes in water levels at 
numerous Dlstrlct lakes in recent decades (Barcelo et a/. 1990, SWFWMD 1 Q96) 
suggest that impacts assoclated wlth low water may be qulte common in our area. 

The potentlal for adverse envlronmental effects assoclated wlth low water levels 
coupled wlth the dlrectlve that mlnlrnum flows and levels are to be establlshed to 
prevent slgnlflcant harm to the State's water resources necessitates thorough 
conslderatlon of the expected effects of low water levels on Florida lakes. Documented 
and potentlal ecological effects assoclated wlth low lake water levels are therefore 
briefly summarized in this sub-sectlon. Effects of low water levels on morphometrlc, 
physlcal, chemlcal and biological aspects of lakes are consldered. Results from 
research conducted on Florida lake or wetland systems are ernphaslzed, as these data 
provlde the best lndlcatlon of expected effects of low water levels for lakes wlthln the 
Dlstrlct. 

Eflecto on Lake Morphomeiry 

Absolute lake depth Is decreased, and In moot ceoeo, mean depth Is 
reduwd. 
Reductlone In lake water level wlll result In reduced water depths throughout the 
bash. In all but the rare case where a lake contalns one or more relatlvely small 
deep b a s h  surrounded by extenslve shallow shelves, and the water level drops 
below the shallow shelves to a polnt where only the deep basins are inundated, 
water level reductions wlll also result In a decrease In the mean water depth. 
Because most Florida lakes are shallow (Kenner 1064, Schlffer 199E) and occur 
In baslns wlth relatlvely unlform and gradual slopes, water level fluctuatlons do 
not typlcally result In malor changes In the relative proportlon of "deep" and 
"shallow" reglons. 

Water depth Influences a wlde range of physlcal, chemlcal, and biologlcal 
characteri6tlcs of lake systems. Among these characterlstlcs, the penetration of 
llght of sufflclent quantlty and quallly to support photosynthetic actlvlty Is of 
primary Importance to lake metabollsm. Other important factors related to lake 
depth Include the heat content of the water column and sedlments, the 
stratlflcatlon or mlxlng of the water column, the extent of coverage of the lake 
surface by aquatic macrophytes, and the productlon and transformatlon of 
oxygen, nutrients, and other molecules of Importance for blologlcal systems. 



Recreatlonal and aesthetic qualltles of lake systems may also be compromised 
by low water levels. Prolonged periods of low water may llmlt recreatlonal 
actlvltles lncludlng boatlng and water skiing, and may be consldered unnatural or 
undesirable. Potential economlc effects assoclated with reduced lake levels 
Include losses to local and regional economles based on loss of recreational 
spendlng, and Impacts to valuation of real estate. 

Lake surface area, volume of the underlylng wuter column, and tha arm of 
bottom substrates are reduced. 
The lake surface, underlylng water column and bottom substrates provlde habltat 
for a dlverse array of aquatlc and seml-aquatlc species. Each of these reglons 
also provlde unlque sites where chemlcal and blologlcal transformations of 
nutrients, organlc matter and other materials can occur. Changes In the total 
extent of any of these surfaces as a result of water level reductlons wlll reduce 
total abundance8 of assoclated organlsms and reduce the magnltude of 
chemlcal and blologlcal processes associated wlth these areas. Impacts would 
be expected to occur In both offshore (limnetic) and Inshore (Ilttoral) reglons. 

Reductlons In lake surface area may also dlmlnlsh recreatlonal, aesthetlc and 
economlc values assoclated wlth lake systems. 

Connectlvlty wlth other surface water feuturor (lakes, streams, wetlands) Is 
reduced. 
Low water levels may llmlt the transport of organlsrns and materials among lake 
systems or among sub-baslns wlthln lndlvldual lake baslns. In addition, 
movement of recreational lake users may be hlndered by low water levels. 

9 

Emcts on Phydcal Characterlstlcs and Chemlcal Conotltuentm 

Solar radlatlon may penetrate through a greater proportlon of the water 
column. 
Increase In the area where solar radlatlon penetrates through the water column 
to bottom substrates may influence the heat content of the lake system, and 
Increase photosynthetic activity, leadlng to problems wlth overabundant algae or 
aquatlc macrophytes. 

The lake thermal reglme may bs altered. 
Water temperature fluctuatlons In shallow lakes are typically greater and occur 
more rapidly than In deep-water systems. Varlatlon In the thermal characterlstlcs 
of a lake may dlrectly affect chemlcal and blologlcal processes in the water 
column and the sediments by alterlng chemlcal reactlon rates and lnfluenclng the 
behavior and growth rates of lake biota. Thermal varlatlon may lndlrectly alter 
lake condltlons by Influencing water column stratlflcatlon and the chernlcal and 
blologlcal systems and processes assoclated wlth stratified (or non-stratlfled) 
condltlons. 
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Mlxlng of the water column may Incrsaeo. 
Decreased water depth may be associated with Increased rnlxlng of the water 
column and resuspension of lake sedlrnents. 

Studles conducted In Florida indlcate that: 

- Shallow Florlda lakes are highly susceptlble to rnlxlng of the water Column by 
wlnd. For example, wlnd speeds as low as 5-20 rnlles per hour were 
sufflclent to cause complete rnlxlng of the water column at Lake Klaslmmee 
(Dye st a/. 1980). 

- Shallow Florlda lakes are susceptlble to Increased mlxing and resuspenslon 
of sedlrnents by power boating activlty, and thls actlvlty Is associated with 
Increased water column turbldlty and phosphorus concentratlons (Yousef et 
a/. 1080). 

Concentratlons of nutrlents and other chemlcal constltusnts In the water 
column or e.dlmonto may change. 
Change In water level is expected to affect lake water-column and sedlment 
chemistry, although the complexity of biologlcal, chernlcal and phyalcal 
processes influenclng chemlcal dynarnlcs In lake systems llrnlt the predlctablllty 
of expected effects. 

Studles of the water and sediment chemlstry of Florlda lakes during periods of 
low water have shown that: 

- Durlng recent years, annual total phosphorus concentratlons in Lake 
Okeechobee are slgnlflcantly correlated with water level (Canfleld and Hoyer 
1088) and monthly-average wlnd veloclty (Maceina and Soballe 1900). The 
causative mechanism(s) responslble for these relationship remaln uncertaln 
desplte considerable investlgatlon (reviewed by Havens 1997). 

- Concentrations of total phosphorus, total nltrogen and non-volatlle 
suspended solids increased In Lake Okeechobee durlng an extended drought 
when lake water level was decreased by more than three feet (Phlips eta/. 
1995a, b). 

- Followlng an experlmental drawdown of Lake Carlton In the Oklawaha Chaln 
of lakes, turbldlty levels and concentratlons of phosphorus and nltrogen 
during the refill period exceeded pre- and post-drawdown levels (Johnson et 

- Durlng a water level drawdown of Lake Griffln, nltrogen and phosphorus 
concentratlons exceeded pre-drawdown levels (Florida Game and 
Freshwater Fish Commlsslon 1086). 

a/. 1981). 



- During a water level drawdown of Lake Tohopekallga, concentratlons of most 
chemlcal constltuents in the water column Increased (revlewed by Holcomb et 
a/. 1075). 

- Physlcal or chemlcal changes occur In Florida lake sedlments exposed to alr 
followlng water level reductlons. Changes Include consolidatlon of muck-type 
sediments and oxldatlon of organlc matter (McKlnney and Coleman 1081, 
Wegener and Williams 1074, Fox eta/. 1977, Johnson eta/. 1981). 

Effects on Becterle, Algae, and Protozoans 

9 Abundances and composltlon of slngls-celled lake orgmlomr may bs 
altered. 
Increases In the relatlve depth of light penetratlon, changes In the thermal regime 
and altered nutrlent levels associated with reduced water levels would be 
expected to Influence growth, abundance and composltlon of assemblages of 
bacteria, algae and protozoans. 

Few studles have exarnlned the effects of low water level on mlcroblal 
assemblages In Florida lakes, although It has been shown that: 

- Concentratlons of chlorophyll-a decreased In Lake Okeechobee durlng an 
extended drought when lake water level dropped by more than three feet 
(Phlips 1895a, b). 

- No major changes In chlorophyll a could be aasoclated wlth low water levels 
during an extended water level drawdown of Lake Tohopekallga (Wegener 
and Holcomb 1972, as summarized by Holcomb eta/. 1075). An Increase In 
the diversity of green and blue-green algae (cyanobacteda) was evldent 
during the refill period followlng the water level drawdown. 

Etrscts on Aquatlc and Terrastrlal Vsgstatlon 

Lakes typlcally exhlblt dlstlnct zonatlon of plant assemblages based on water depth 
(Wetzel 1983). The extent and composltlon of hydrophytes, l e . ,  plants that grow In 
water or in substrates that are perlcdlcally anaeroblc, due to the presence of water, 
are commonly used lndlcators for the dellneatlon of wetlands (Tlner 1991). Thus, 
low water levels In Florida lakes would be expected to be associated wlth changes In 
aquatlc and seml-aquatlc vegetatlon. 

Upland vagstaton may lnvedr oxposed former lake or wetland amas. 
- In the northern Tampa Bay reglon, upland vegetatlon has Invaded 

hydrologically stressed isolated cypress wetlands where the water table has 
decllned one or more feet (revlewed by Rochow 1QO8). Slmllar patterns of 
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colonlzatlon would be expected to occur In other lake frlnglng wetlands as a 
result of extended periods of hydrologlc Isolatlon. 

- During an experimental water level drawdown of Lake Carlton In the 
Oklawaha Chaln of lakes, many terrestrial specles germlnated on exposed 
sand and organlc sedlments (Johnson eta/. lQ8 l ) .  

Lake-lrlnglng swamp forest vaptatlon may be demaged. 
In isolated cypress wetlands of the northern Tampa Bay reglons, abnormally hlgh 
numbers of fallen trees have been observed at sltes where the water table has 
decllned one or more feet (reviewed by Rochow 1990; SWFWMD 1QQQb). 
Slmllar effects may be evident In hydrologlcally stressed lake-frinping wetlands. 

The sxrsnr (covorege) of the llttoral zone vegetation may lncroaoe or 
decrease, and the compoaltlon of the aooomblage may chanpe. 
Water level drawdown Is a commonly used technique for managlng aquatlc 
macrophyte populatlons In resewolrs and lakes where water levels can be 
manipulated (revlewed by Leslle 198B, Greenlng and Doyon 1000, Cooke eta/. 
1993). The effects of water level drawdown, and low lake water levels In 
general, on littoral zone vegetatlon are Influenced by several factors, includlng 
bash morphometry and the magnltude, duratlon and seaaonallty of the water 
level reductlon. 

Studles of changes In vegetation associated wlth the low water levels during 
water level drawdown at Florida lakes have demonstrated that: 

- The coverage of littoral zone vegetatlon expanded during an extended 
reductlon In water level In Lake Tohopekallga (Holcornb and Wegener 1971). 
Shlfts In relatlve abundance and distributlon followlng the water level 
drawdown were In concordance wlth plant distribution and composltlon data 
collected at the lake in 1956, durlng a natural low-water period (Sincock and 
Powell 1967). 

- Major changes in the cornposltlon of the aquatlc vegetation occurred at 
shallow sites in Lake Oklawaha (Rodman Reservolr) durlng a five-month 
water level drawdown (Hestand and Carter 1074, 1975). 

E%cts on lnvertebrates 

Invertebrate abundance, blomase, aeesmblego composltlon or taxa 
(sp.cloo) rlchneoo may change. 
Aquatic invertebrates are typlcally common and abundant members of lake 
communlties due to thelr relatlvely hlgh rates of growth and reproductlon (In 
warm conditions) and because many specles have hlghly developed colonization 
traits (Pennak 1 Q8Q). These tralts Impart great reslllence to Invertebrate 



aSSemblagi38, but Impacts associated with water level varlatlon are evldent in 
some assemblages. 

For example, invertebrates In re-flooded llttoral areas of resewoh's followlng 
water level drawdowns may take months to recover to levels comparable to 
those In contlnuously flooded areas (Kaster and Jacob1 1978), Hale and Bayne 
1080). Post-dlsturbance rates of recovery may, however, be more rapld In 
Florida lakes (e.g., see Fuller and Cowell 1985), due to the effect of warm water 
on Invertebrate growth and reproductlon. 

Effects of low water level on aquatlc Invertebrate assemblages In Florida lakes 
may Include changes in total numbers or blOmaS8, changes In densltles per unit 
area or volume, or changes in assemblage composltlon and s p e c k  rlchness. 
These changes may occur as a result of reductlon In habltat quantlty or quality, 
lncludlng loss of, or shlfts In the cornposltlon of littoral vegetatlon and food 
resources, or changes In sediment characterlstlcs. 

Studies of Florida lake Invertebrate assemblages that provlde informatlon 
relevant to the evaluation of the effects of low lake water levels have 
demonstrated that: 

- Zooplankton abundance is Inversely correlated wlth lake stage at Lake 
Okeechobee, based on data collected from 1988-1gB2, a period whlch 
Included a drought that resulted In the lowering of water level by more than 
three feet (Ctisman eta/. 1885, Beaver and Havens 19Q6). The relationship 
between water level and abundance Is much stronger for rotlfers than for 
mlcrocrustaceans. Durlng the perlod of low water levels, zooplankton 
densltles were greatest at the open water/llttoral transition zone. 

- During a water level drawdown of Lake Tohopekallga, llmnetic benthic 
macroinvertebrate densltles dld not vary from pre-drawdown levels, although 
littoral benthic and eplphytlc (plant-assoclated) macrolnvertebrate 
abundances were low, due to loss of vegetatlon In the llttoral zone (Wegener 
eta/. 1974). 

Ether# on Flub 

Fhh abundance, b/Om8#8, armomblags composlt/on or spscleu rlchnmE 
may change. 
Low water levels in Florida lakes may be expected to Influence flsh abundance, 
blomass or assemblage cornposltlon as a result of decreased total lake area, 
change In llttoral zone vegetatlon composltlon of coverage, or reduced 
connectlvlty wlth frlnglng forested wetlands. 

Across a broad range of lake slzes, lake surface area is generally dlrectly 
proportional to total fish abundance and blomass. Thls relatlonshlp Is based on 
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slmple geometry; greater lake surface area means more potentlal flsh habitat is 
avallable. Flsh abundance or blomass per unit area is, however, often Inversely 
related to lake area because larger lakes tend to have a smaller proportlon 
shallow, vegetated areas, whlch are Important breedlnp, foraging or refuge areas 
for many fish species. 

Of relevance to an evaluation of low lake water levels, studles of Florida fish 
assemblages lndlcate that: 

- Small forage flsh typlcally dornlnate marsh and swamp flsh assemblages In 
South Florlda (Carlson and Duever 1978, and papers clted thereln). 

- Fish biomass In Florlda lakes Is typlcally greater In llttoral versus limnetic 
reglons (Williams et a/. 1086). 

- Specles rlchness of flsh assemblages is posltlvely correlated with lake 
surface area (Keller and Crlsman 1 QQO, Bachrnann, eta/. 1996). 

- Llmnetlc (offshore) flsh blornass remalned stable durlng a reductlon In water 
level lastlng nearly SIX months at Lake Tohopekaliga (Wegener and Wllllarns 
1074). Thls was surprlslng, because llrnnetlc flsh blomass was expected to 
increase as flsh moved from dewatered, Inshore llttoral reglons during the 
drawdown. Littoral flsh blomass was not determlned durlng sprlng 1971, 
when water level was lowest, but was comparable to pre-drawdown levels by 
fall of that year. 

Effects on Other Vertebrates 

9 Abondencoq b/Om@EE or EpeCleE rlChne88 of other lakeasaoelatsd 
vortebratoa may doellno @o B result of low water levels. 
Studies or reviews of lake-assoclated vertebrates In Florlda that are relevant to 
the Issue of low lake water levels lndlcate that: 

- Blrd abundance, blornass and s p e c k  richness are correlated wlth lake 
surface area (Hoyer and Canfleld 1900, 1004). 

- Lake-frlnglng cypress wetlands may provlde refuge for arnphlblans and 
reptiles (Wharton ei a/. 1976). 
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Sectlon 3 

Establlshlng Mlnlmum Water Levels for Lakes wlth Frlnglng 
Cypress Wetlands 

lntroductlon 

The ploneerlng work of the Dlstrlct Lake Levels Program staff in the 1070s and 1880s 
gulded the recent development of standards for establlshlng mlnlmum levels for lakes 
with fringing cypress wetlands (Category 1 and 2 Lakes). Slmllarly, the ground- 
breaking effort involving cypress wetland frlnged lakes (SWFWMD 1OgBa) may gulde 
development of methods for establishing minimum levels for lakes that lack cypress- 
domlnated wetlands. Key factors and methods used to establlsh mlnlmum levels for 
lakes wlth frlnglng cypress wetlands are revlswed In thls section to provide an 
appreclatlon for how these concepts and technlques may be used to develop an 
approach for establishing mlnlmum levels for other lake types. 

Appllcablllty of the Method for EstabllshlnQ Mlnlmum Lako Lovsls 

The lnltlal determlnatlon of whether mlnlmum levels can be establlshed for a lake uslng 
the recently developed methods for lakes wlth cypress frlnglng wetlands Involves 
evaluatlon of the slze of the cypress wetland assoclated wlth the lake. For appllcatlon 
of the methodology, a cypress-dominated wetland of at least one half acre In slze must 
be contlguous wlth the lake. Thls wetland-slze crlterlon Is rooted In current District 
pollcy (SWFWMD 2000) and procedures (SWFMWD 200113) regardlng the permlttlng of 
constructlon and operatlon of surface water management systems. The Governlng 
Board has proclalmed that through Dlstrlct permlttlng actlvltles, a goal of no net loss of 
wetlands and other surface water functlons Is to be achleved. Regulated actlvltles, 
including the need for mitigation, are not, however, typlcally requlred for Impacts to 
isolated wetlands of less than one half acre in size (SWFWMD 2001a). Thls procedural 
permlttlng crlterlon was adopted for use In the establlshment of mlnlmum lake levels as 
a means to prevent lakes from belng classlfled a8 havlng frlnglng cypress wetlands 
when only a few trees, possibly remnants of former wetlands, remaln along the 
lakeshore. 

Lake Water Level Fluctuetlone and Hydrologlo Data 

Lake water levels In Florlda are dynamlc (Hughes 1974). Water level fluctuatlons are 
assoclated wlth changes In the ratlo of water Input and output (/.a, the water budget). 
Natural processes lnfluenclng lake water budgets Include seasonal weather patterns, 
long-term cllmatlc trends, and catastrophlc events, such as slnkhole formatlon or 
closure. Human actlvltles lnfluenclng lake water budgets Include structural alteratlons 
(s.g., Installation of road culverts and dams, rnodlflcatlon of Inflow or outflow channels), 
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operations at Inflow or outFlow points (s.g., poollng and release of water from a dam), 
and consumptlve use of surface or ground water. 

The determination of lake water level fluctuatlons pre-datlng anthropogenic 
rnodlflcatlons or wlthdrawals is an important step in the establlshrnent of rnlnlmurn lake 
levels. The ldentlflcatlon of structural alterations that currently Influence lake water level 
fluctuatlons Is also Important because leglslatlon requiring establlshrnent of mlnlmurn 
flows and levels allows for Impacts resultlng from exlsting structural alteratlons, but not 
for those assoclated wlth water wlthdrawals. 

Hydrolcglc data on water level elevatlons are available for many Dlstrlct lakes. These 
data, referred to as stage data or lake-stage data, are useful for evaluatlng patterns In 
water level fluctuatlons and establlshlng mlnlrnurn levels. The perlod of record of stage 
data varies considerably from lake to lake, however, and may Include perlods when 
water level elevation has been impacted by structural alteratlon or by water wlthdrawals. 
District staff have developed methods for ldentlfylng Impacts to lake stage resultlng 
from structural alteratlons or regional well fleld wlthdrawals based on review of lake 
hydrographs and reports of drainage modlflcatlons, fleld reconnalssance of lake 
structures, and nurnerlcal slmulatlon of the spatial extent of aqulfer drawdown In areas 
surroundlng known wlthdrawal sltes. For the purpose of mlnimum levels detemlnatlon, 
lake-stage data are categorlzed as "Hlstorlc" for perlods when there were no 
measurable impacts due to water wlthdrawals, and Impacts due to structural alteratlons 
were similar to existing conditions. Lake stage data are categorlzed as "Current" for 
periods when there were measurable, stable impacts due to water wlthdrawals, and 
Impacts due to structural alteratlons were stable. Classificatlon of hydrologic data a8 
Hlstorlc or Current Is also typlcally predlcated on the data having been collected for a 
perlod of at least SIX years. 

Historic lake data can be used to estlmate the range of water level fluctuatlon llkely to 
occur In a lake that is not Influenced by water withdrawals, but which may be Influenced 
by structural alteratlon. Thls range of fluctuation is statistically deflned by determlnlng 
the lake stage elevatlons that have been exceeded ten, flfty and ninety percent of the 
tlme during a speclfled perlod of record. These statlstlcs are determined uslng mean 
monthly water levels and the elevatlons assoclated wlth these statistics are referred to 
as the Hlstorlc P10, Hlstorlc P50 and Hlstorlc PgO. 

Current data can be Used to estlmate lake stage fluctuatlons for perlods when water 
wlthdrawals have been measurable, and structural alteratlons may have been In place. 
Current P10, Current P50 and Current PQO values are calculated In a manner slmilar to 
that used for determlnlng Hlstorlc lake stage fluctuatlon statlstlcs. The concepts of 
Historic versus Current hvdroloaic data, and exeedence ~ercentlles are Illustrated In 
Figure 3-1. 
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Flgure 3-1. Hydrograph of a hypothetlcal lake for perlda prbdatlng (Hlntorlc) 
and pout-datlng (Current) the onnet of water wlthdrawale. Water level elevatlon, 
In feet relatlve to the Natlonal Geodstlc Vmrtlcel Datum (NQVD) la lndlcated by the 
thln, solld, Ilne. lnltlatlon of wetor wlthdrawaln, whlch In thla exampls colncldoo 
wlth a roductlon In water Ieveln, In lndlcatd by the arrow along the x-axln. See 
text lor explanatlon of the Hlstorlc and Currsnt percontlle (P10, P50, P90) statlstlc. 

. -- .HI.tOrlC P I 0  

Tlme 

The Reference Lake Water Reglme 

The establlshment of mlnlmum lake levels requlres lnformatlon on the water level 
fluctuatlon of a lake as Influenced by current structural alteration but in the absence of 
groundwater wlthdrawals (/.a, Hlstorlc data). Unfortunately such Information is 
generally lacklng for most lakes wlthln the Dlstrlct, and must be Inferred on the basis of 
best available information. In cases were adequate Hlstorlc data do not exlst for a lake, 
a surrogate fluctuatlon range statlstlc Is developed uslng a group of typlcal lakes wlthin 
a specified region that have experienced llttle or no Impacts from water wlthdrawals. 
Lakes used to develop thls lnferentlal statlstlc are referred to as reference lakes. 

Uslng stage data from reference lakes, an estlmate of the range of water level 
fluctuatlon llkely to occur In a partlcular reglon Is developed. Thls range of fluctuation Is 
statlstlcally deflned by two varlables, the Reference Lake Water Reglme 50 (RLWRSO) 
and the Reference Lake Water Regime 90 (RLWROO). The RLWRSO represents the 
rnedlan dlfference between the reference lake P10 and P60 values, and the RLWR90 
represents the rnedlan dlfference between the reference lake P10 and P90. Based on 
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analysls of twenty-two reference lakes In the northern Tampa Bay area, It has been 
determlned that appropriate RLWR50 and RLWR9O values for thls region are 1 .O and 
2.1 feet, respectlvely (SWFWMD 1 OOOa). 

In the absence of Hlstorlc lake stage data, the RLWR5O and RLWRSO are used to 
estlrnate the Hlstorlc P50 and P90 values. To accornpllsh thls, the Hlstorlc P10 must 
be determlned. Fortunately, In the absence of true Hlstorlc water level fluctuation data, 
the Hlstorlc P10 can often be establlshed wlth reasonable assurance uslng hydrologlc 
indlcators of “normal pool.” 

Normal Pool and Slgnltlcent Change Standard8 

The “normal pool”, a concept adopted from the approach used for establishing isolated 
cypress wetland minimum levels, essentially corresponds to the P10. Hydrologlc 
lndlcators of normal pool Include blologlcal and physlcal features that become 
established as a result of recent or long-term water levels. Flve Hydrologlc Indicators of 
normal pool elevatlon in isolated cypressdomlnated wetlands have been ldentlfled 
(SWFWMD 19Q9b). Some Indlcators, such as the buttress helght of large cypress 
trees (see Flgure 2-1 In the prevlous section of this report) can be used as lndlcators of 
long-term normal pool, slnce they perslst in place for an extended perlod of h e ,  whlle 
others (e.g., adventltlous rootlng on St. John’s Wort, Hypericum faaslculstum) tend to 
track more recent water levels. ldentlflcatlon of the normal pool elevation may therefore 
be used to determlne the Historic P10, or the P10 elevatlon pre-datlng structural 
modlflcatlon(s) that currently prevent water from rising to former levela. 

The slgnlflcant change standards for establlshing mlnlmum levels for lakes wlth frlnglng 
cypress wetlands are based on variation in water level below the normal pool elevatlon. 
Research on Isolated cypress wetlands Indicates that these wetlands may be 
slgnlflcantly harmed If the rnedlan (P50) water level elevation, whlch Is often below the 
so11 surface, Is more than 1.8 feet below normal pool elevation (SWFWMD 1OOOb). 
Significant harm may also be expected to occur If the water level elevatlon exceeded 
only ten percent of the t h e ,  I.&, the P10 elevation, is more than 0.4 feet below the 
normal pool elevatlon. 

Evaluatlng Structural Alteratlon of Lake Outlets 

When establishing minimum levels for lakes wlth frlnglng cypress wetlanda, structural 
alteratlons that affect the lake control polnt are also considered. A lake control polnt 
elevatlon Is the elevatlon of the hlghest stable polnt along the outlet proflle of a surface 
water conveyance system (e.g., dltch, culverl, or plpe) that 1s the prlnclpal control of 
water level fluctuation in the lake. For lakes with frlnglng cypress wetlands, the control 
polnt and normal pool elevatlons are compared to determlne If the lake has been 
structurally altered. If the control point elevation of the lake Is below the normal pool 
elevation then the lake is judged to be structurally altered. If the control polnt elevatlon 
is above the normal pool elevation or the lake has no outlet, then the lake Is not 
considered to be structurally altered, 
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Establlshlng Mlnlmum and Guldenco Levelo for Category 1 and 2 Lakoo 

The establlshment of Minimum and Guldance Levels for cypress-wetland frlnged lakes 
Is preceded by the compllatlon of lake stage data, calculatlon of stage-duratlon 
percentile statistics, characterlzatlon of the data as Hlstorlc or Current, the 
determlnatlon of normal pool and control polnt elevatlons, and the development of a 
reglon-speclflc reference lake water regime. Minimum levels, the Hlgh Guldance Level 
and the Low Quldance Level are establlshed based on a serles of dlchotomous cholcea 
concernlng the type of stage data avallable and the relative elevatlons of the sulte of 
descriptive stape-duratlon statlstlcs (see Flgures 13-1 6 In SWFWMD 1QOOa). The Ten- 
Year Flood Guidance Level Is determlned uslng hydrologic data, and numerical or 
simulation models (Chapter 40D-8, F.A.C). 

The Hlgh Quldance Level (HGL) Is established as an advlsoty guldellne for IoCBl 
governments and lakeshore resldents to ald In the proper siting of lakeshore 
development and water-related facllltles, lncludlng docks and seawalls. The Hlgh 
Guldance Level may also be used by the Dlstrlct for operatlon of water control 
structures. The Hiph Guidance Level corresponds to the expected Hlstoric P I 0  and is 
calculated using Historic data if avallable, or estlmated uslng the Current P10, the 
control point elevation and the normal pool elevatlon. If only Current data are available 
and the lake is structurally altered, the Hlgh Quldance Level Is establlshed as the higher 
of the control polnt elevation or the Current P10. If only Current data are avallable and 
the lake Is not structurally altered, the High Guidance Level Is establlshed a8 the hlgher 
of the normal pool elevatlon or the Current P I  0. If Hlstorlc or Current data are 
unavailable, and the lake has been structurally altered, the Hlgh Guldance Level is 
established at the control polnt elevatlon. If Hlstorlc and Current data are unavallable 
and the lake has not been structurally altered, the Hlgh Guldance Level Is establlshed 
at the normal pool elevatlon. 

The Low Quldance Level (LGL) Is establlshed 8s an advisory guldellne for local 
governments and lakeshore resldents to ald In the proper sltlng of lakeshore facilltles, 
lncludlng docks and seawalls and to inform lake users of expected low water IBvBlS. 
The Low Guldance Level may also be used by the Dlstrlct for operatlon of water control 
structures. The Low Guidance Level corresponds to the expected Hlstorlc P90 and Is 
calculated uslng Hlstorlc data if available, or estlmated uslng the Current P10 and P90, 
the Hlgh Guldance Level, and the RLWR9O for the region. If only Current data are 
avallable, and the dlfference between the Current P10 and the Current PO0 Is greater 
than or equal to the RLRWOO, the Low Guldance Level Is established at an elevatlon 
correspondlng to the Hlgh Quldance Level mlnus the RLWR9O. If only Current data are 
available, and the difference between the Current P10 and Current P90 Is less than the 
RLWRQO, the Low Guidance Level Is establlshed at an elevatlon correspondlng to the 
Hiph Guidance Level mlnus the dlfference between the Current P10 and Current PQO, 
If Hlstorlc or Current data are unavallable, the Low Guldance Level Is established at an 
elevation corresponding to the Hlgh Guldance Level mlnus the RLWR9O. 



The Historic P60 Is establlshed uslng Hlstorlc data, If avallable, or Current data, the 
Hlgh Guldance Level and the RLWRSO for the area. If only Current data are available 
and the dlfference between the Current P10 and Current P50 Is greater than or equal to 
the RLWRSO, the Hlstorlc P50 1s establlshed at an elevation correspondlng to the Hlgh 
Guidance Level minus the RLWR5O. If only Current data are available, and the 
dlfference between the Current P10 and the Current P50 Is greater than or equal to the 
RLWRSO, the Hlstorlc P50 Is established at an elevatlon correspondlng to the Hlgh 
Quldance Level rnlnus the dlfference between the Current P10 and the Current P60. If 
Hlstorlc or Current data are unavailable, the Hlstorlc P50 Is establlshed at an elevation 
correspondlng to the Hlgh Guldance Level minus the RLWRSO. 

The Hlgh Mlnlmum Lake Level (HMLL) and Minimum Lake Level (MLL) are establlshed 
uslng the Hlgh Guldance Level, the Hlstorlc P50, the normal pool elevatlon, and 
slgnlflcant change standards developed for Isolated cypress wetlands (Flgure 2-3). 
These rnlnlrnurn levels represent elevations that lake water levels must equal or exceed 
ten and flfty percent of the time on a long-term basls. To detemlne the rnlnlmum 
levels, the HlStOrlC P50 Is compared to the elevatlon of the slgnlflcant change standard 
elevatlon for lakes wlth frlnglng cypress wetlands (the normal pool elevatlon mlnus 1.8 
feet). If the Hlstorlc P50 1s hlgher than the slgnlflcant change standard elevatlon, the 
lake Is ChSSlfk3d as a Category 1 Lake. The Hlgh Minimum Lake Level for Category 1 
Lakes I8 establlshed at an elevatlon correspondlng to the normal pool elevatlon rnlnU8 
0.4 feet, and the Minimum Lake Level 1s establlshed at an elevatlon corresponding to 
the normal pool elevatlon mlnus 1.8 feet. If the Hlstorlc P50 Is lower than the slgnlflcant 
change standard elevatlon, the lake 1s Classlfled as a Category 2 Lake. The Hlgh 
Minimum Lake Level for Category 2 Lakes Is establlshed at the High Guldance Level 
and the Minimum Lake Level Is establlshed at the Hlstorlc P50. 

Flguro 3-2. Derlvatlon of the Hlgh Mlnlmum Lake Level (HMLL) and Mlnlmum 
Lnke Level (MLL) for lakes contlguous wlth cyprese-domlneted wetlandm of 0.6 or 
more ncreo In o l u .  

I6 THE HISTORIC P60 MORE THAN NO I---, 1.0 rrnr D ~ L O W  MI 
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The Ten Year Flood Guldance Level Is establlshed as an advisory guldellne for lake 
shore development. The Ten Year Flood Quldance Level Incorporates the level of 
floodlng expected on a frequency of not less than the ten-year recurrlng Interval, or on a 
frequency of not greater than a ten percent probablllty of occurrence In any given year. 
The Ten Year Flood Guldance Level Is established uslng methods that correspond to 
the hydrology and type of conveyance system of the lake being evaluated. 

The Ten Year Flood Quldance Level for “open basin lakes”, whlch are lakes that have a 
surface water conveyance system that by Itself, or In serles with other lakes, connects 
to or is part of an ordered surface water conveyance system is established uslng 
numerical single storm event models. Ralnfall depths are taken from Part D of the 
District‘s Envlronrnental Resource Permlttlng lnformatlon Manual described and 
Incorporated by reference In Rule 40D-4,091, F.A.C. Runoff volumes are computed 
uslng conventional methods such a8 the Natlonal Resources Conservatlon Service 
(NRCS) curve number method, or wlth standard lnflltratlon formulas (e.& Horton’s 
Equatlon, Green-Ampt Equation). Runoff distributions are computed uslng 
conventlonal methods Including the NRCS method or other unlt hydrograph methods, or 
the klnernatlc wave overland flow method. Modeling programs that account for tallwater 
and compute backflow (dynamlc models) are preferred for the hydraullc routlng. 

The Ten Year Flood Quldance Level for “closed bash lakes”, whlch are lakes that do 
not connect to, or are not part of an ordered surface water conveyance system is 
derlved uslng a frequency analysls of lake stage readlngs, or lake stages predlcted by a 
physlcally based numerlcal “contlnuous slmulatlon model,” or an emplrlcal slmulatlon 
model derived by regresslon methods. Reasonable scientific judgment Is used to 
classify a lake as a closed bash lake where hydrology or hydraulic characterlstlcs (e.g., 
lntermlttent or periodic discharge) are assoclated wlth a lake such that the lake does not 
clearly meet the deflnition of a closed basin lake nor open bash lake. Selectlon of the 
method used to derive the Ten Year Flood Quldance Level for cloeed basin lakes is 
based on reasonable scientific judgement. Slmulatlon perlods for elther numerical or 
emplrlcal models are based on thirty or more years of contlguous ralnfall record. A 
cornposlte of more than one ralnfall station in the region In which the sublect lake is 
located Is acceptable. Callbratlon of the slmulatlon model shall be based on as many of 
the following indicators as possible: stage records and Hydrologlc Indicators of water 
levels. If stage records or Hydrologlc lndlcators do not exlst or the record does not 
contaln peak elevatlon readings, then eye-wltness accounts of peak stages are 
consldered. Model slmulations to detemlne the Ten Year Flood Quldance Level 
exclude effects of water wlthdrawals. 
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Sectlon 4 

Standards for a Multiple-Parameter Approach to Establlshlng 
Mlnlmum Levels for Category 3 Lakes 

Current Approachen and Recommendatlone For Eotabllohlng Mlnlmum Levela for 
Florlda Lakes 

As outllned prevlously, numerous changes in lake structure and functlon may be 
expected wlth long-term lake stage reductions. These changes range from seasonal, 
cyclic shifts In blologlcal communltles and thelr associated functlons, to potentlal 
degradatlon of ecologlcal and cultural values followlng long-term water level reduction. 
Many, If not most of these changes occur in a continuous manner, La., small changes in 
elevation are assoclated wlth small changes In the attributes or values, and few exhlblt 
break-polnts or thresholds, whlch If crossed would result In the occurrence of marked or 
notable dlfferences. The contlnuum of Changing lake attributes and values assoclated 
with water level change makes It dlfflcult to ldentlfy or develop science-based slgnlflcant 
change standards for use in the establlshment of mlnlmum water levels. 

The approach used by the Dlsttict to develop mlnlmum levels for lakes wlth frlnglng 
cypress wetlands serves as a good example of the development and use of algnlflcant 
change standards based on the coupllng of quantitative hydrolcglc data and qualltatlve 
assessments of wetland Integrlty. Thls approach Involves identltlcatlon of elevatlons 
assoclated with slgnlflcant change standards whlch must be exceeded for speclfled 
time intervals to prevent slgnlflcant harm to cypressdomlnated wetlands contiguous 
with lakes. An independent revlew of the methodology found the approach developed 
by the District to be ‘scientifically reasonable and defenslble” (Bedlent eta/. 1999). 
Dlstrlct staff antlclpate that the standards used for evaluating potentlal degradatlon of 
lake fringing wetlands dominated by cypress trees wlll be complemented by review of 
numerous other factors as a multiple-parameter approach Is Implemented for 
establlshlng mlnlmum levels for District lakes. 

Other water management dlstrlcts of the State are currently developlng and 
lmplernentlng programs for establlshlng minimum lake levels. In all cases, mlnlmum 
levels are establlshed based on review of multlple lake characterlstlcs or parameters. 
For example, the South Florida Water Management Dlstrlct (SFWMD 2000) has 
proposed mlnlrnum levels for Lake Okeechobee based on relationshlps between lake 
water level and a varlety of envlronmental and cultural factors, including water supply 
needs for consumptlve use, and malntenance of flow In downstream basins or canals 
for prevention of salt-water intrusion, navlgatlon and recreatlonal needs, and changes in 
llttoral zone vegetation, The St. Johns Rlver Water Management Dlstrlct has developed 
mlnlmum levels for approximately eighty lakes based prlnclpally on lnundatlon depth 
requlrements for wetland vegetation and hydrlc solls perslstence, analyses of lake 
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stage data, and hyrdologlc modeling (s.Q., Neubauer 1007, Hall and Borahl998). 

The utlllty and relatlve costs assoclated wlth detectlng changes in lake characterlstlcs 
resulting from water level reductlon were recently summarlzed by Biological Research 
Associates (1 006, 1097, 1999). Revlew of several factors, Includlng: (1) reduction in 
lake volume; (2) reduction in lake area; (3) reductlon In substrate (habltat) availability, in 
terms of reductlon in sediment area and area avallable on submerged oblects, lncludlng 
plants; (4) alteratlon of connectlvlty wlth other water bodies; (6) alteratlon of the 
vegetation cover in the littoral zone; (6) alteratlon of plant specles cornposltlon In the 
llttoral zone; and (7) changes In assoclated wetlands was indicated to be of relatlvely 
hlgh value for detectlng and quantlfylng ecologlcal Impacts resulting from water level 
reductlons. 

The Independent panel charged wlth revlew of the minimum levels methods for cypress 
wetland fringed lakes ldentlfled the need for development of additional lndlcators of lake 
condltlon for development of rnlnlrnum levels. For this PUrpOSe, they noted that "the 
three most loglcal cholces that occurred to the Panel and were relterated by the recent 
Blologlcal Research Asscclates (1 999) submission Involve lake volume, lake area, and 
llttoral plant assemblages." (Bedlent eta/. 1999). The following text, excerpted from the 
Panel's report, surnmarlzes thelr recornrnendatlons concemlng the utllity of these 
factors for developlng mlnlmum levels. 

Lake volume nnd nmn wlll dscllne om n function of decreaalng depth and the mowhomeby of the lake. Some 
amaumptlon of gmnoral Iukm rhupo (truncatad Inverted cone) would allow n oalouletlon of spproxlmate loss ot 
volume or area w m  decreaelng depth. but morm dmtalld morphometrlc lnformatlon would not bs dltnoult to 
mlleot for adopted lakes. The more dlfflcult aspect of thle appmach 18 dmcldlnp at who1 level of loot VOIUme or 
aren them In nlgnlflcant ham to the lake. Any detelled, quentltetlve estlmate wlll requlre furthmr etudy, no tho 
Dlrtrlct la not to im faultd for fulllng to apply thlo sppmsch on purely nolentiflo grounds. 

However, It would reaeonable to make an lnltlal pollcy dmclrlon about approxlmnte level8 of IOM that wwld be 
tolerated unUl a more Balentlflo study oould be oompleted. Lmeee euoh as 10 p r u n t  of the volume or nrem for 
up to DO percent of the tlme would be oonelstent with the RLWR approach. Semng a m d m u m  loma tor thm 
other and of the dlntribullon Im more dltfleult. Surely me lake8 oannot suetnln a 80 peroent lose for up to 10 
prcent of the tlme; vnlum more on the order of 75 psrcent for up to 10 permnt of the Ume eeam more 
upprcprlato. Howovor. thlm Iu Iurgoly a policy daclmlon booed on rannonabla aolentlfio mnstralnts, and should be 
adluutmd ovmr tlmm am Informutlon hcornw nvallable throuah concerted mtudles or rolltlne rnonltorina of adopted 
lakes. 

The urn of the lmoral plant mmmunliy Is a posslble eurrogate lor frlnplnu cypnw wmtlandr. a4 lome form of 
lttornl vegetation would be expsetsd In nlmont all lake8 whelher or not there are cyprom8 t n m m  prwent. Thm 
lmpnot of watar level deallne on lmoral vegetatlon ha8 been etudled extenelvely (Cook. mt ml., 1983). and 
vegetntlon oornmunlty anelyule Is not an espeolally dltnoult or ehpenslve task. Aorlal photogruphr or dlgltul 
Image anelysls t00hnlqUe8 would bs adVantapeOU8 In thl8 regard It the ecale 18 approprlatm. FImld 
Inveetlgetlone oould fmus on test plots that oould be monltored on a standard tlme m l e .  much Ilk. water-lmvml 
gnugee. 

Senlng the IevnI of nccaptnble Impact wlll raqulra a comblnetlon of lwal study and polloy declelon, but It eeeme 
appropriate to ruggmmt thut any wutor Imvml dmcllno thnt ellmlnatas nquntlc speclea from me llttornl communlty 
would be unacceptable. Replacement of aquatlc speclee w h  terrortrlal formr would be n clear lndlcntlon of 
unameptable alteretlon of tha water level reglme. Lesser dngrees ot loss oould be assessed on the bash of 
nrenl coverope. community rlchnem. or community dlVSMltf An many tactom omer then water level atreot the 
Ilttoml zone plunt amammblagm (m.g.. hmrblcldm appllcatlon. dlronro. herblwry). the mlntlonnhlp of w o w  leva1 to 
tho uquatlc plunt communlty Ir unllkoly to lm am rmllublm mu for c y p r m  trom. but thlo approach ham potentlnl. 
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lmplementatlon of thh Improvement oould oome In phasee. lnltlal rdoptlon of target lake volume and area 
value8 would requln conwldwrmblo dlacusslon bul llmltsd field stfort. Estmbllnhln~ quanhtlvo mlmtlonehlpa 
between In-lake features and watwr Iavalm wlll be a major and protrnoted elfort, much Ilks t h w  dwvalopmsnt Of 
wetland health Indloatore. 

Bedlent et a/. (1 999) 

Leglaletlvs Quldancs lor a MultlpleParametor Approach to Mlnlrnum Levels 
Estubllshment 

Before conslderlng the ratlonale for developlng new standards for a multiple-parameter 
approach to the establlshrnent of mlnlmum levels for Category 3 Lakes, It may be useful 
to revlew the guldance on thls aublect contained In State law and policy. Mlnlmum 
Levels, defined as the “level of surface water at whlch further wlthdrawals would be 
slgnlflcantly harmful to the water resources of the area”, are to be established uslng the 
best available information (Section 373.042, F.S.). When appropriate, minimum levels 
may be established to reflect seasonal varlatlon, and to protect nonconsumptlve uses. 
Mlnlmum levels are also to be establlshed based on conslderatlon of “...changes and 
structural alteratlons to watersheds, surface waters and aqulfers and the effects such 
changes or alteratlons have had, and the constraints such changes or alteratlons have 
placed, on the hydrology of the affected watershed, surface water, or aquifer ...” 
(Sectlon 373.0421, F.S.). Legislation guldlng the establlshment of mlnlmum levels 
acknowledges that certaln water bodles no longer serve their hlstorlcal hydrologlc 
functlons, and that establlshrnent of a mlnlmum levels for these watehodles based on 
historical conditions Is not technlcally or economlcally feaslble. In addltlon, the 
establishment of mlnlmum levels for water bodles less than twenty-five acres In slze 
and for constructed water bodles (be., reservolrs) Is not requlred unless such areas 
have significant value or are an essentlal element of the water resources of the area. 

State Water Pollcy (Chapter 62-40.473, F.A.C.) provides addltlonal guldellnes for the 
establishment of mlnlmum levels pursuant to Sectlon 373.042, F.S., stating that 
‘conslderatlon shall be given to the protectlon of water resources, natural seasonal 
fluctuations in water flows or levels, and envlronmental values assoclated with coastal, 
estuarine, aquatic and wetlands ecology, Includlng: 

(a) Recreatlon In and on the water; 
(b) Fish and wildlife habltats and the passage of flsh; 
(c) Estuarine resources; 
(d) Transfer of detrital materlal; 
(e) Malntenance of freshwater storage and supply: 
(f) Aesthetlc and scenlc attrlbutes; 
(g) Flltratlon and absorptlon of nutrients and other pollutants; 
(h) Sedlrnent loads; 
(I) Water quallty; and u) Navlgatlon.” 
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The Dlstrlct Is cornrnltted to developing mlnlmum lake levels which address the 
concerns and guldance provlded by State lawmakers. Recomrnendatlona regarding the 
use or conslderatlon of variety factors for a multiple-parameter approach to the 
establlshment of mlnlmurn lake levels for Category 3 Lakes are outllned In the following 
sub-sections. Where approprlate, llmltatlons regarding the scientific basls for the 
proposed approaches are identlfled. Acceptance of any of these recommendations wlII 
requlre evaluatlon of the best available data in terms of compllance with current Dlstrlct 
pollcles and rules, and substantlal dellberation by the Governlng Board concernlng the 
scope of changes that may be consldered to constitute signlflcant harm to the water 
resources of the area. 

Evaluatlon of Changss In Lake Mlxlng and Sumceptlblllty to Ssdlment 
Reouapenulon 

Water depth and lake surface area are important determinants of a lake’s energy 
budget. As llght and wlnd-Induced turbulence penetrate the water column of a lake, 
transfer of energy to the lake water may result In a process termed thermal 
stratiflcatlon. Thermal stratification essentlally Involves the partltlonlng of the water 
column Into two distinct layers of water separated by a transltlon zone (Flgure 4-1) Thls 
process strongly Influences the dynamics and state of physlcal, chemlcal and blologlcal 
processes occurrlng wlthln lake basins. 

Flgurs 4-1. Water column profllse of tsmprature (Temp, open clrclss) and 
dlesolvod oxygen concentretlon (DO, Illlsd aqusrss) for a atratlfled laks. Thermal 
utratlflcntlon results In the partltlonlng of the water column Into two dlrtlnct 
layers, separatsd by a tranoltlon zone. As uhown hers for dlssolvsd oxygen 
concentretlon, many chemlcal snd blologlcal parameters ars affscted by thermal 
rtratlflcatlon. 
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Based on typlcal lake basln morphology, very few lakes In the Dlstrlct are expected to 
develop stable thermal stratlflcatlon. For those that do, however, any decrease In depth 
sufflclent to dlsrupt the stratlfled state would be expected to cause major changes In 
ecosystem properties, including impacts to flsh and wlldllfe habltat and water quallty. 
The evaluatlon of potential changes in lake mixing patterns may, therefore, be useful for 
establlshlng rnlnlrnurn lake levels In accordance with the Quldellnes provlded by State 
Water Pollcy. 

As lake depth decreases, the potentlal for wlnd actlon to mlx the entire water column 
and resuspend bottom sedlments Increases. Resuspenslon of sedlments may affect 
water column transparency and productlvlty, leadlng to a multltude of ecologlcal 
changes. For example, a reductlon In transparency reduces the depth to whlch light 
penetrates the lake water column, whlch In turn may affect the composition and 
abundance of submersed aquatlc macrophytes llkely to occur, thereby affectlng the 
abundance of organisms that utilize macrophyte habltat. Prcductlvlty of aquatlc 
organlsms, including the phytoplankton, may be Increased as a result of resuspenslon 
of nutrients sequestered In bottom sediments. Increased productlvlty may have posltlve 
effects, such as Increases In fishing potential, but may also be assoclated wlth negatlve 
consequences, lncludlng oxygen deflclts and In extreme cases, fish kills. 

Resuspenslon of bottom sedlments occurs when wlnd-generated currents extsnd to the 
lake bottom. A decrease In mean lake depth assoclated wlth decreased water levels la 
typlcally assoclated wlth an Increase In the extent of bottom substrates susceptlble to 
resuspension. The fetch, or di6tance over whlch the wlnd blows across a lake, Is also 
important in this process; decreases in fetch (resulting from a decrease In surface area) 
can, In part, counter the effects of decreaslng mean depth. 

Lakes wlth areas of depth sufflclent to be protected from wlnd-drlven sedlrnent 
resuspension may be classified as “deep” lakes. Those which are of a depth such that 
the entire bash Is sublect to sedlment resuspenslon may be classified as “shallow“ 
lakes. In a recent study of thlrty-slx Florlda lakes, Bachmann eta/. (2000) identified an 
Index whlch could be used to segregate lakes accordlng to the extent of the bash 
susceptlble to wlnd-drlven sedlment dlsturbance. Thls Index, the “dynamlc ratlo”, Is 
slmply the square root of the lake surface area In square kllornetera dlvlded by the 
mean depth In meters (HAkanson 1082). Among the lakes studled by Bachmann ot ah, 
those wlth a dynamlc ratlo of about 0.8 or greater were found to be entirely subject (for 
some of the the )  to wlnd-drlven mlxlng of the water column and subsequent sedlrnent 
dlsturbance. Lakes wlth a dynamlc ratlo of less than 0.8 exhlblted a slgnlflcant, posltlve 
relatlonshlp between the dynamlc ratlo and the percentage of lake bash subject to 
dlsturbance for some of the t h e .  

The transformatlon of a deep lake to a shallow lake, whlch could occur as a result of 
reduced water levels, has been suggested to be of sufflclent ecologlcal Importance to 
be useful as a slgnlflcant change crlterlon for mlnlmum levels establishment. Although 
the concept is valid, mixing in small, deep lakes (cornparatlvely speaklng), whlch are 
common in most reglons of the Dlstrlct, are not substantlally affected by changes In 
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mean lake depth on the order of a few feet. Large, shallow lakes are more susceptlble 
to major shlfts In the extent of lake bed where wind-induced sedlment resuspenslon can 
occur. Nonetheless, a slgnlflcant change standard could be defined as the elevatlon 
wlthln a lake bash, at which lesser water levels would result In the transformatlon of a 
deep lake to a shallow lake or a shallow lake to a deep lake. 

Conslderatlon of dynarnlc ratlo values for several lakes wlthln the Northern Tampa Bay 
region serves to Illustrate that the Index may not prove useful for the establlshrnent of 
minimum levels. Bathymetrlc data for 14 lake systems In the reglon were recently 
collected and processed uslng a GPS/GIS and sonar-based system as deacrlbed In 
Leeper (2001). Dynamlc ratlo values were estlmated for various lake stages accordlng 
to the approach outlined in Bachmann, er a/. (2000). Changes In lake stage through the 
range bounded by Current PI 0 and P90 elevatlons were not assoclated wlth shlfts In 
index values of a magnltude whlch would lead to reclasslflcatlon of any of the lake 
systems as a deep or shallow lake (Table 4-1). That Is, wlthln the range of lake stages 
from the PI0  to the P90 elevatlon, none of the lakes exhlblted a shlft In lake-mlxlng 
Index across the 0.8 threshold. 

An alternatlve use of the dynarnlc ratlo for mlnlmurn levels establishment would Involve 
development of a standard based on change In the percentage of lake bash subJect to 
wlnd-drlven suspenslon for some of the time. For example, an acceptable percentage 
of lake bash subject to dlsturbance could be establlshed (e.g., 50%), and used as a 
standard for evaluating potential change in the dynarnlc ratlo as a functlon of change In 
water level. Alternatlvely, a deflned change (e.g., 20%) in the extent of bash 
susceptlble to wlnd-drlven dlsturbance, relatlve to an ldentlfled state value could be 
considered suff lclent to constltute a slgnlflcant change In bash characterlstlc, and 
therefore be used to develop a slgnlflcant change standard. 

Dlstrlct staff recommend that posslble shifts in patterns of thermal stratlflcatlon and the 
extent of area susceptlble to sedlment resuspension be reviewed for development of 
mlnlrnum lake levels. These factors are not, however, expected to become Important 
conalderatlons for most lakes. In general, substantlal changes in lake mean depth 
would be requlred before most Dlstrlct lakes would exhlblt major change in the extent of 
lake bed affected by wlnd-Induced turbulence. Revlew of potentlal shlfts In lake thermal 
stratlflcatlon patterns and mlxlng could be Incorporated Into a rnultlple-parameter 
approach to mlnlrnum levels establlshrnent through conslderatlon of changes of this 
nature on a case-by-case basis. 



Table 4-1. Range of dynamic ratio values (an Index of lake mixing; see text) tor 
lake stages between the Current P10 and Current PO0 eievatlone for fourteen 
Northern Tampa Bey lake syatemo. 

Calm 

Church/Echo 

Crenshaw 

Cypress 

... 

40.2 -45.1 0.2 - 0.3 

36.6 - 30.8 0.2 - 0.3 

65.5 - 50.7 0.1 - 0.2 
48.7 - 44.3 0.1 - 0.1 

Falry 33.42 - 30.7 0.2 - 0.2 
Halfmoon* 0.1 - 0.1 44.0 - 39.57” 
HelenlEllerdBarbara 53.4 - 49.8 0.1 -0.1 

Hobbs 60.38 - 65.61 0.2 - 0.2 
Ralelgh 40.4 - 30.7 0.1 - 0.1 

* Data are for lake stages approximatlng the P1 0-PQO Interval pre-dating installation 
of B water control structure at Halfmoon Lake In sprlng 1998. 

Rogers 
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37.9 - 30.0 0.2 - 0.3 
Round 54.1 - 53.2 0.1 - 0.1 

Saddleback 54.6 - 52.4 0.2 - 0.3 
Starvatlon 52.0 - 46.7 0.3 - 0.3 





Rules govemlng Envlronmental Resource Permlts (Chapter 40D-400 F.A.C.) requlre “a 
minimum depth of two feet below the mean low water level In tldal waters or two feet 
below the mean annual low water level In non-tldal waters” for Installation, alteration or 
maintenance of boat ramps and assoclated accessory docks”, and similarly require a 
two-foot depth for all areas deslgned for boat mooring and navlgatlonal access for 
slngle-famlly plers (SWFWMD 2001 b). For Class II Waters, whlch are waters approved 
for shellflsh harvestlng, permlts for private, slngle-famlly boat docks may be issued if 
(among other factors) the mooring area “Is located In water sufflclently deep to prevent 
bottom scour by boat propellers” (SWFWMD 2001a). 

Local codes and ordlnances may also require specific water depths at dock areas 
deslgned for boat moorlng or loadlng. In Hlllsborough County, the Envlronmental 
Protectlon Commlsslon requlres that a dock proposed for use wlth a boat “must be 
located so that a mlnlmum of two feet of depth exlsts under the slip area durlng 
Ordinary Low or Mean Low Water condltlons. Thls condltlon Is meant to minimlze the 
potentlal for any prop-dredging of the substrate durlng perlods of lowered lake level” 
(Hlllsborough County EPC 2001). Similarly, in Pinellas County, docks In tldal and non- 
tldal waters are requlred to have at least 18 Inches of water depth at mean low tlde, or 
as measured at the ordlnary low water elevatlon, respectively, and shall have a 
contlnuous channel wlth a mlnlrnurn of 18 Inches of water depth to allow access to open 
water (Plnellas County Code 1996). At Lake Tarpon, the largest lake In Plnellas 
County, the mlnlmum depth requlrement Is Increased to 30 Inches at the docking sllp. 
In Hernando County, approval of dock lnstallatlon Is contlngent upon assurance that “a 
rnlnlmurn of one (1) foot clearance is provlded between the deepest draft of the vessel 
and the bottom at mean low water and that “a water depth of mlnus three feet (-3) 
mean low water must be provlded for rnoorlng a vessel at a dock” (Hernando County 
2001). In Charlotte County “docklng facllltles In natural surface waters shall be 
designed to prevent or mlnlmlze Impacts to grassbeds and other blologlcally productive 
bottom habitats” and “dock length shall be sufflclent to provlde for B mlnlmurn water 
depth of mlnus three (-3) feet (mean low water) at all sllps and moorlng sltes, unless It 
Is demonstrated that 0 lesser depth wlll not result in impacts to sensltlve bottom 
communltles” (Charlotte County 2000). 

It may be reasonable to develop a slgnlflcant change standard for establlshlng 
minimum levels for lakes where boats are utlllzed, based on a mlnlrnurn water depth 
requlrement at the end of exlstlng docks. An assumptlon of thls approach would be that 
the water depth requlrement, whlch 1s usually assoclated wlth the mean annual or 
ordlnary low water level In non-tldal systems, may be assoclated wlth the Low Guidance 
Level, an elevatlon lake water levels are expected to exceed approxlmately nlnety 
percent of the tlme. This approach would involve measurement of the elevatlon of 
sedlments at the end of exlstlng docks, and use of reference lake water reglme 
statlstlcs and a two-foot depth requlrement based on exlstlng regulations governing 
dock constructlon. 

Because not all docks on any glven lake wlll have been constructed in accordance wlth 
current permlttlng requlrements (Ls., In cornpllance with the typlcal two foot low-water 
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depth requlrernent), use of percentile statlstlcs for derlvatlon of an elevatlon 
representatlve of sedlrnent elevations at the end of exlstlng docks may be appropriate. 
For example, use of the tenth-percentile sediment elevatlon value (/.a, the elevatlon 
exceeded by ten percent of the sedlrnent elevatlons at the end of exlstlng docks) could 
be used to establish an elevatlon value for dock-end sedlrnents whlch would be 
representatlve of most of the exlstlng docks, and ellrnlnate the Influence of the few, 
exceptlonally hlgh elevatlon values for docks which may have been Installed for 
purposes other than boat usage. Once the tenth-percentlle elevation of sedlrnents at 
the end of existing docks (the “Dock-End Sedlrnent Elevatlon”) Is determined, a 
slgnificant change standard for use In establlshlng rnlnlmum levels for the lake could be 
establlshed at an elevation equal to the Dock-End Sedlrnent Elevatlon plus 2 feet plus 
the value of the Reference Lake Water Reglme 5090 (RLWR5090) for the region. Use 
of a RLWR5000 statlstlc, whlch would represent the expected dlfference between the 
P50 and the PO0 elevatlons (see Sectlon 5), would be necessary and approprlate for 
development of a significant change standard used to establlsh the Mlnlrnurn Lake 
Level, a level expected to be exceeded flfty percent of the tlrne on a long-term basls. 

It is recommended that for use In Identlfylng potentlal rnlnlrnum Ievsls, a slgnlficant 
change standard based on water depth requlrernents for dock use (/.a, 0 ‘Dock-Use 
Standard”) should be compared to the Hlstoric P60 elevation, because docks at some 
lake systems may be bullt In areas where standard requlrements, includlng duratlon of 
lnundatlon to speclfled depths would not be expected, based on existing structural 
alteratlons. For example, conslder a lake wlth a Hlstorlc PSO elevation which Is lower 
than the proposed Dock-Use Standard. At this lake, water depths at the end of docks 
would be expected to be less than the standard elevation more than flfty percent of the 
tlrne. Use of the Dock-Use Standard for establlshrnent of the Mlnlmum Lake Level, 
whlch Is the approxlrnate rnedlan elevation for the lake system would not be 
approprlate. Alternatlvely, for a lake where the Hlstorlc P60 elevation Is hlgher than the 
proposed Dock-Use Standard, the elevatlon assoclated wlth the standard could be 
consldered along wlth other standards In a rnultlple-parameter approach to rnlnlmum 
levels development. If used for establlshment of mlnlmum levels, the Dock-Use 
Standard would be used to ldentlfy the Mlnlmum Lake Level. The Hlgh Mlnlmurn Lake 
Level would be establlshed uslng the Mlnlmum Lake Level and Hlstorlc data or the 
RLWRSO for the region. 

Dlstrlct staff recommend the use of a slgnlflcant change standard based on lnundatlon 
of sediments at the end of docks, Le., a Dock-Use Standard, for development of 
rnlnlrnurn levels for lakes where boats are utlllzed. Development of a Dock-Use 
Standard, based on the tenth percentlle value of sedlrnent elevatlons at the end of 
exlstlng docks Is recommended to ensure that the standard reflects a water depth at 
most docks that is sufflclent for mooring of boats most of the tlrne. The Dock-Use 
Standard could be revlewed along wlth other Information regarding dock-use and 
locatlon as part of a rnultlple-parameter approach to mlnirnum levels development. 
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Evaluatlon of Changse In Bauln Connectlvlty 

In some lake baslns, change In water level may Influence basln connectlvlty. As used 
here, basin connectivity is deflned as the exlstence, extent, or temporal occurrence of 
continuous surface-water connections between lake baslns or among sub-baslns wlthln 
lake basins. Reductions in basin connectivity may llmlt navlgatlon of watercraft 
throughout a lake system and thereby directly affect recreational and aesthetlc values. 
Connectlvlty, or lack of connectlvlty between baalns may also affect movement of 
aquatlc blota, such as flsh, among lake ecosystem segments. Because reduced water 
levels may significantly influence basln connectlvlty (e.g., see Flgure 4 4 ,  revlew of 
basln connectivity for development of minimum lake levels Is consldered reasonable 
and In accordance wlth State Water Policy, 

A slgnlflcant change standard for establlshlng mlnlrnum lake levels could be developed 
based on mlnlmum water depth requirements for basin connectlvlty. One approach 
would be to base the standard on the elevatlon of aquatlc sedlments at high-spots in 
areas of connectlon between lake baslns or among sub-baslna wlthln lndlvidual lake 
basins. Such areas could be channel6 connectlng baslns, or rldges separatlng sub- 
baslns wlthln the larger lake basin. For lakes wlth multlple areas of connectlvlty, a 
crltlcal high-spot elevatlon would be identified. The crltlcal hlgh-spot elevatlon could be 
selected based on relatlve elevatlon, e.g., it could be the hlghest of the hlgh-spots, or It 
could be selected based upon Its percelved importance to the lake system. 

For systems where motorized boatlng may be expected to occur, B slgnificant change 
standard could be developed based on the ratlonale advanced for mlnlmurn depth 
requlrernents for boat moorlng In association with docks and plers, as outllned In the 
prevlous sub-sectlon of thls report. This “Basin Connectlvlty Standard“ could be 
establlshed by addlng two feet plus the RLWR6000 value to the crltlcal hlgh-spot 
elevatlon. Use of thls standard would be Intended to prevent or minimlze boat-related 
damage to benthlc substrates and asaoclated blota In areas of Connectivlty, whlle 
provldlng for contlnued recreatlon and navlgatlon wlthin the basin, and for passage of 
flsh and other wlldllfe. 

For lakes where power boatlng Is not an Issue, development of a Basin Connectivity 
Standard could be based on providlng for passage on non-rnotorlzed watercraft, flsh 
and other wildlife. Data available for development of such a standard are Ilrnlted. 
Based on a direct-mall survey of several canodkayak llverles and oulfltters In Florlda, 
Ylngllng (1997) reports that mlnlmum depths of 1 to 1.5 feet are necessary to keep a 
fully loaded boat afloat and avold boat drags and portages. Anecdotal Informatlon, 
Included In Mosley (1 982) lndlcates that crltlcal minimum depths of 0.6 to1.2 tl are 
requlred for passage of canoes and Jetskls over rlffle areas In braided New Zealand 
streams. Thompson (1072), as clted In Mosley (1082) reports rnlnlmum depth 
requlrernents of 0.4, 0.6, and 0.8 ft for passage of three classes of salmonid fishes in 
flowlng water systems. Based on Thompson’a report, the SJRWMD currently uses a 
rnlnlrnum depth value of 0.5 ft when flsh passage Is Incorporated Into establlshrnent of 
mlnlmum flows (e.g., see Hupalo eta/. 1004). For preventlng damage to eelgrass and 
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other vegetation in flowing water systems, the SJRWMD uses a 1.7 ft water depth 
requlrement for establishment of minimum flows and levels (Hupalo et 81. 1 Qg4). 
Conslderlng the range of depth values from these varled sources, use of a 1 ft water 
depth requlrement for passage of non-motorlzed watercraft, flsh and wlldllfe may be 
appropriate for development of a slgnlflcant change standard for mlnlmum levels 
establlshment. The significant change standard could be establlshed by addlng one 
foot plus the rsglon-speclflc RLWR6090 value to the critical hlgh-spot elevatlon. 

It is recommended that Bash Connectlvlty Standards be used In a relatlve manner. 
That Is, the standard elevatlons should be compared to the Hlstorlc P50 elevatlon, 
slnce connectlvlty between some lakes or among sub-basins wlthln some lakes may 
naturally be non-exlstent more than half of the t h e .  For example, conslder a lake wlth 
a Hlstorlc P50 elevatlon whlch Is lower than the proposed Basln Connectlvlty Standard, 
Connectlvlty In thls system hlstorlcally would be expected to be lacklng more than flfty 
percent of the t h e .  Use of the connectlvlty standard for establlshment of mlnlmurn 
levels, lncludlng the Mlnlmum Lake Level, whlch Is the approxlmate medlan elevatlon 
for the lake system would not be approprlate. For a lake where the Hlstorlc P50 
elevation is higher than the proposed Bash-Connectlvlty Standard, the elevatlon 
associated with the standard could be considered along wlth other standards In a 
multlple parameter approach to mlnlmurn levels development. If used for development 
of mlnlmum levels, the Bash-Connectlvlty Standard would correspond to the Mlnlmum 
Lake Level. The Hlgh Minimum Level would be establlshed uslng the Mlnlmum Lake 
Level and Historic data or the RLWR60 value for the region. 

District staff recommend the use of signlficant change standards based on 
malntenance of bash connectlvlty for development of mlnlmum levels for Category 3 
Lakes. Basln Connectlvlty Standards could be revlewed along wlth other relevant 
information as part of a multiple-parameter approach to mlnlmum levels development. 

It is expected that such standards would be useful for development of mlnlmum levels 
for relatlvely few Dlstrlct lakes, as connectlons between lake basins or sub-baslns tend 
to occur at relatlvely hlgh or low elevatlons. For example, canals between numerous 
Dlstrlct lakes have been dug to Increase Inter-basln connectivity. However, the 
elevatlon of many of these canals Is such that a Bash-Connectlvlty Standard based on 
the elevatlon of hlgh spots wlthln the canals would typlcally exceed the Hlstorlc P60 
elevatlon. In addltlon, standards based on natural hlgh spots between sub-baslns 
wlthln most lake baslns are expected to occur at relatlvely low elevatlons, a factor whlch 
would lead to the standards belng superceded by other, more consewatlve standards. 
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Evaluatlon of Changes In Speclea Rlchneee 

Species richness, Le., the number of species, of any glven taxonomlc group In any 
reglon Is Influenced by a wlde range of factors, lncludlng geographic circumstances, 
cllrnate, productlvlty, dlsturbance, and habltat complexity and availabillty. 
Characterlzatlon of specles rlchness Is frequently used for evaluating the integrity of 
blologlcal comrnunltles and thelr response to stress (Rlcklefs and Schluter 1993). In 
lake ecosystems, species richness of such dlvergent groups as crustaceans, flsh, and 
birds has been emplrlcally assoclated or correlated with lake size (e.o., Fryer 1085, 
Dodson 1992, Keller and Conlon 1994, Allen st a/. 1999). Reductlon In lake slze, a 
potentlal envlronmental stress, may therefore be expected to be assoclated wlth 
reduced specles richness at lake ecosystems. 

Dlstrlct staff contend that the loss of a specles from a lake's blologlcal cornrnunlty would 
constitute a significant change to the lake ecosystem. Glven the exlstence of 
relatlonshlps between lake area and specles richness, it may be reasonable to develop 
slgnlflcant change standards based on llmltlng lake area reductlons 80 as to prevent a 
reductlon In specles dchness. Speclflcally, slgnlflcant change standards may be 
developed based on available lnfonatlon for aquatlc macrophyte, flsh and blrd 
assemblages in Florida lakes. 

The number of aquatlc macrophyte specles occurrlng In a lake or wetland system may 
be Influenced by changes In system slze, a dlrect effect of lowered water levels. Based 
on unpubllshed data from 215 Florlda lakes, researchers at the Unlverslty of Florlda 
have identified a weak, but statistically significant relationship between lake surface 
area and the number of aquatic and semi-aquatic plant species (species richness) 
occurring within the lakes (Figure 4-4). Data for thls analysls Included lnformatlon on 
plant assemblages collected as descrlbed In Canfleld and Hoyer (1992) and lake area 
values obtalned prlmarlly from Shafer at 81. (1 986). 

Larger lakes tend to have more macrophyte specles, whlle smaller lakes have fewer, 
according to the linear relationship: N = 24.24 + 6.40 log A, where N Is the expected 
number of specles, and A Is the lake surface area, In square kllometers (8 for the llnear 
equatlon = 0.29). Although thls relatlonshlp technlcally descrlbes dlfferences In 
macrophyte specles rlchness among lakes of varylng slze, the relatlonshlp can provlde 
some lndlcatlon of the potentlal for change In plant specles rlchness amoclated wlth 
long-term change In lake area for indlvldual lakes. On average, a 30% decrease In lake 
slze 18 predlcted to be assoclated wlth the loss of an aquatic macrophyte specles from 
the lake assemblage. 
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Flgurs 4-4. Rslatlonmhlp between the nurnbsr of macrophyte spsclea par lake and 
the logarlthm of lake surlace area for 215 Florlda lakea (unpubllahrd data from 
the Unlveralty of Florlda). Beat-flt regremmlon equatlon mhown am a solld Ilne. 
Nlnety-flvo percent confldonco (CI) nnd prdletlon (PI) Intrrvelu ohown ao a dotted 
and dash-dotted Ilnss, respsctlvsly. 

I I I I I 

-2 -1 0 1 2 

Log of Lake Surface Area (square krn) 

Uslng thls relatlonshlp, a slgnlflcant change standard for establlshlng mlnlrnurn levels 
could be developed based on preventlng a reductlon In macrophyte specles rlchness. 
Lake area at the Historic P50 could be ldentlfled and serve as a baseline condition for 
Identlfylng the number of rnacrophyte specles expected to occur at the lake. The 
elevatlon assoclated wlth a predlcted decrease In rnacrophyte specles rlchness (I.& a 
30% decrease in lake surface area), relative to the baseline condition could serve as a 
slgnlflcant change standard for comparison wlth other standards In a multiple- 
parameter approach to the establlshment of rnlnlmum levels. 

Specles rlchness of flsh assemblages has also been shown to be posltlvely related to 
lake area (e.g., Barbour and Brown 1074, Mlnns 1989, Allen 6i el. 1 Q9Q). In Florlda, 
lake surface area accounts for a substantial proportion of the varlance In the flsh 
species richness among lakes (Keller and Crisman 1990, Bachmann el a/. 1906). 
Based on a survey of slxty-flve Florlda lakes, Bachrnann st a/. (1 996) found the number 
of flsh specles (N) Is related to lake surface area (A) In square kllometers accordlng to 
the equatlon: N = 10.5 + 7.02 log A, where log is the base 10 logarithm. Assumlng that 
thls equatlon, whlch accounted for 70% of the varlance In the flsh specles rlchness 
among the studled lakes (?=0.70), can be transferred to lndlvldual lakes, It Is predlcted 
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that flsh specles rlchness Is reduced by one s p e c k  each tlme lake area is decreased 
28%. 

Thls ernplrlcally-derlved flsh specles-area relatlonshlp could be used to develop a 
slgnlflcant change standard for establlshlng mlnlmum levels based on preventlng a 
decrease in fish species richness. The similarity between chanpe in lake area and 
change In flsh and macrophyte specles rlchness suggests that a slgnlflcant change 
standard developed to prevent more than a thlrly percent change In lake area would 
likely be protective of the diversity of both these proups. 

Much of the ploneerlng work on specles-area relatlonshlps was based on the study of 
blrd assemblages (s.g., MacArthur and Wllson 1967; see revlew by Wiens 1Q89). 
Slnce publlcatlon of thls semlnal work, numerous studles have ldentlfled a slgnlflcant 
relatlonshlp between lake or wetland area and blrd specles rlchness (Slllen and Solbeck 
1977, Nllsson and Nllsson 1078, Brown and Dlnsmore 1086, Elrnberg et sl. 1904, Suter 
1004, Allen eta/.  1909, Paszkowski and Tonn, 2000a, 2000b, Falrbalrn and Dlnsmore 
2001). In Florlda, lake surface area has been shown to account for much of the 
varlation in the number of bird species encountered in field surveys (Hoyer and Canfleld 
1090, Canfleld and Hoyer 1092). In a recent study, Hoyer and Canfleld (1 994) found 
that lake surface area was positively correlated (r=0.86) wlth the number of blrd specles 
found on or foraging from aquatic habitats at 48 Florida lakes (Figure 4-5). Thls 
relationship may be more a functlon of the extent of shallow area avallable for wadlng 
rather than actual lake slze because most specles encountered were wading birds, 
Even wlthout ldentlflcatlon of preferred blrd habltat In terms of water depth, the number 
of blrd specles to be found at a Florlda lake Is llkely to decrease wlth lake decreaslng 
surface area. 

Assumlng that Hoyer and Canflelds results are appllcable to changes in area wlthln an 
lndlvldual lake, the number of blrd specles (N) expected to occur at a lake may be 
predlcted accordlng to the regresslon equatlon: N = 22.0 + 13.6 log A, where A Is the 
lake surface area In square kllometers, and log Is the base ten logarithm (Bachmann 
and Hoyer 1900). Based on thls relatlonshlp, the number of blrd specles predlcted to 
occur at a lake may be expected to decrease by one as lake area Is decreased by 15%. 

Using this relationship, a significant change standard for establishing minimum levels 
based on preventlng a decrease In blrd specles rlchness could be developed. Lake 
area at the Hlstorlc P50 could be ldentlfled and serve as a basellne condltlon. The 
elevatlon assoclated wlth a predlcted decrease In blrd specles rlchness (be., a 15% 
decrease In lake surface area), relatlvs to the basellne condltlon could serve as 
slgnlflcant change standard for comparlson wlth other standards In a rnultl-parameter 
approach to the establlshment of mlnlmum levels. If used for rnlnlmurn levels 
development, the standard elevation would be used to establlsh the Mlnlmum Lake 
Level. The High Minimum Lake Level would be establlshed uslnp the standard 
elevation and Historic data or the reglon-speclflc RLWR60 statlstlc. 

It should be noted that among the species-richness based standards discussed here, 
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the standard associated with preventing a reductlon In bird specles rlchness Is the most 
conservatlve. That Is, the standard would be expected to occur at a relatively hlgh 
elevatlon as compared to the standards for malntalnlng macrophyte and flsh specles 
rlchness. Thls Is because of the dlfferences In lake area decreases associated with 
loss of specles from the respective groups; a 15% decrease In lake area la assoclated 
with a decrease In bird species richness, while an approxlmate 30% decrease In area Is 
assoclated wlth 8. decrease in macrophyte and fish specles rlchness. It may therefore 
be assumed that use of a relatlvely conservative standard based on malntalnlng blrd 
specles rlchness would be protectlve of macrophyte and flsh specles rlchness as well 
as other groups for which emplrlcal relationshlps between dlverslty and lake area have 
not been establlshed. 

FlQUrO 4-5. Rslatlonshlp between the numkr of blrd apselea psr lake and the 
logarlthm of lake @urface area for 46 Florlda lakes (edaptod from Hoyer and 
Canfleld 1994). Beat-llt regreoolon equetlon ahown am a solld Ilne. Nlnsty-flve 
percent confldencs (Cl) and predlctlon (PI) Intervals shown 08 a dotted and dash- 
dotted Ilnss, rsspsctlvely. 
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Dlstrlct staff recommend use of a slgnlflcant change standard based on malntalnlng 
specles rlchness of lake communities as part of a multiple-parameter approach to 
establlshlng mlnimum levels for Category 3 Lakes. A quantitative "Species Richness 
Standard", based on the relationship between bird specles richness and lake area for 
Florida lakes, could be developed, and along with other relevant lnformatlon assoclated 
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wlth blologlcal dlverslty, be revlewed for development of mlnimum lake levels. Thls 
approach Is well grounded In current ecologlcal theory, and Is conslstent wlth State 
Water policy guidelines regarding the protection of fish and wlldllfe habltats. 

Evaluatlon of Changes In the Coverage of Herbaceous Wetland VqJetlrtlon 

The methodology developed for settlng mlnlmum levels for lakes wlth frlnglng cypress 
wetlands Is predlcated on the assumptlon that these lakes are slgnlflcantly harmed If 
their associated wetlands are significantly harmed. lmpllclt In the acceptance and use 
of this approach Is that In terms of water level reductlons, the most sensitive or the first 
slgnlflcantly harmed component of these systems are thelr assoclatsd wetlands. 
Appllcatlon of the recently adopted mlnlmum level methodology Is expected to protect 
fringing cypress wetlands associated with lake systems and thereby preserve many, If 
not most, of the envlronmental values Identlfled In State Water Policy for consideration 
when establlshlng mlnlmum flows and levels. 

Whether forested or herbaceous, wetlands develop at speclflc elevatlons wlthln lake 
basins in response to a pattern of inundatlon referred to as a hydrologlc reglme, or 
hydroperiod, The hydrologic regime may be characterlzed In terms of Its frequency, 
duratlon, maximum depth or elevation, and seasonallty. Llfe hlstory responses of tree 
specles adapted to wetland hyrdologlc reglmes are sufflclently dlfferent from those of 
most common herbaceous wetland plant specles to permlt an Important dlstlnctlon; 
forested wetlands requlre slgnlflcantly greater periods of tlme for mlgratlon up or 
downslope In response to alteratlon of the hydrologlc reglms. Whlle common wetland 
tree specles, such as cypress (Taxoo'ium spp.) or blackgum (Nyssa sy/vstlco) may 
requlre years or decades for successful colonlzatlon of new favored-habitat created as 
a result of water level change, herbaceous wetland plants such as cattall (Typha spp.) 
and maldencane (Penlcum hemltomum), wlth generatlon tlmes (the the-lapse between 
successive generations) on the order of months and the capacity for rapld vegetatlve 
growth can rapidly colonize regions of the basin favorable to thelr growth. 

The varylng capacity of wetland plant species to respond to trends in lake water levels 
adds complexlty to the use of wetlands protectlon as a means for establlshlng mlnlmum 
lake levels. The relatlvely slow growth and long-term perslstence of cypress trees 
supports their use as indicators of historic water levels and also factors Into approaches 
for protection of cypress domlnated wetlands through mlnimum levels establishment 
(e.p., the use of cypress growth from for the ldentlflcatlon of normal pool). In contrast, 
the ablllty of herbaceous wetland vegetatlon to more rapldly colonlze favorable habltat 
In response to altered hydology llmlts the usefulness of thls group for lndlcatlon of 
historic water levels, and hlnders the development of slgnlflcant change standards 
based on water level devlatlon from some norm. However, because coverage of non- 
forested wetland vegetatlon can rapldly change In response to trends In water levels, 
dellneatlon of lake reglons whlch provlde favorable habltat for herbaceous wetland 
development and the evaluatlon of changes In thls area as a functlon of water level 
change could ald the development of mlnlmum levels. 
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To characterize the potentlal dlstrlbutlon of wetland vepetation in lakes wlthout frlnglng 
cypress wetlands, data on the rnaxlmurn depth of occurrence of various emergent and 
tloatlnqleaved aquatlc macrophytes, collected through Implementation of the DIBtrlct’s 
Lake Levels Program durlng the past twenty-flve years was revlewed. Data from 285 
lakes were compiled to establlsh maxlmum and mean maxlrnum depths of occurrence 
for emergent and floating-leaved taxa observed In ten or more lakes. Mean-maxlmurn 
depth values were welghted accordlng to the number of lakes where populatlons of the 
plants were encountered, and averaged to establish the welghted-mean maxlmurn 
water depth of occurrence for common emergent and floatlng aquatlc macrophytes In 
Distrlct lakes. 

Most of the common emergent and floating-leaved aquatlc macrophytes were observed 
In water exceedlng SIX feet In depth, however the mean depth of occurrence In the lakes 
surveyed was typlcally less than flve feet (Table 4-2). The welghted-mean maximum 
depth for the eight common taxa was 3.0 feet. Interestlngly, lake area of up to 4 feet in 
depth has been identified as being sultable for establlshlng and rnalntalnlng deslrable 
aquatlc and wetland plants in Florida lakes (Butts el a/. 1997). Reglona of Dlatrlct lakes 
wlth water depths of up to approxlrnatsly four feet may therefore be characterlzed as 
potential herbaceous wetland habitat. 

Based on this relationship between herbaceous wetland vegetatlon (emergent and 
floatlng-leaved macrophytes) and water depth, potentlal changes In the areal extent or 
coverage of herbaceous wetland habltat under varlous water level Scenarios may be 
evaluated uslng bathyrnetrlc data or maps. For example, plots of potential herbaceous 
wetland area versus lake stage could be used to ldentlfy bash elevatlons at whlch 
water level changes would be associated with substantlal change In wetland area. Thls 
lnforrnatlon could be used to ldentlfy potentlai problems associated with development of 
rnlnlrnurn levels based on any of the algnlflcant change standards used in the multlple- 
parameter approach to rnlnlrnurn levels establlshrnent. Assumlng that change in 
potentlal wetland area can be consldered a surrogate for potentlal change in wetland 
functlon, revlew of thls lnformatlon would support development of rnlnlmurn levels which 
would not be expected to adversely impact wetland functlons, such as provlslon of 
cover, forage and breedlng area for wetland-dependent wlldllfe, detrltus productlon, etc. 

Dlstrlct staff recommend that potentlal changes In the coverage of herbaceous wetland 
vegetatlon be revlewed for development of mlnlmum lake levels for Category 3 Lakes. 
lncorporatlon of potentlal shlfts In herbaceous wetland coverage Into a rnultlple- 
parameter approach to mlnlrnum levels establlshment could be consldered on a case- 
by-case bash when establlshlng rnlnlrnurn lake levels. 
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colonlzatlon (MDC) In meters Is related to the Secchi disc depth (SD) In meters 
accordlng to the llnear equatlon: log MDC = 0.422 log SD, where log equals the 
logarithm of the variable to the base ten (Canfleld eta/.  1985). Thls emplrlcally derlved 
relationship could be used to estlmate the maxlmum depth of colonlzatlon for lakes 
where minimum levels are to be establlshed. The colonlzatlon depth values could be 
used to estlmate areal coverage of aquatlc macrophytes for various water level 
elevatlons uslng avallable bathyrnetrlc data. Thus, the potentlal extent of aquatlc 
macrophyte beds, lncludlng those dornlnated by nuisance specles may be evaluated for 
minimum levels detemlnatlon. 

District staff recommend that potentlal changes In the coverage of submersed aquatlc 
macrophytes be revlewed for development of rnlnlmum levels for Category 3 Lakes. 
lncorporatlon of potentlal shlfts In submersed aquatlc macrophyte coverage Into a 
multiple-parameter approach to minimum levels establlshrnent could be achieved 
through conslderatlon of changes of this nature on a case-by-case basls when 
establlshlng mlnlmum lake IeveIs. 

Evaluatlon of Changes In Cultural (Aecthotlc end Recrsatlonal) Values 

State Water Pollcy requlres that conslderatlon be given to cultural values and actlvltles, 
Includlng recreatlon, aesthetlc and scenlc attributes, when establlshlng mlnlmum flows 
and levels. These factors may prove dlfflcult to Incorporate Into slgnlflcant change 
standards for development of rnlnlmum levels, but may nonetheless, be of great 
concern to those Interested In lake use and conservatlon (Flgure 4-8). 

Slgnlflcant change standards relevant to aesthetic values and change In lake level or 
area could be developed for mlnlmum level establlshrnent One approach would be to 
acknowledge, a prior;, that the Minimum Level should not be eatabllshed at an elevatlon 
below the Low Guldance Level. Thls slgniflcant change standard may be consldered 
reasonable and conslstent wlth the typical lake user's perspectlve and understandlng of 
lake hydrology In Florlda. Most lake users are to some degree famillar with natural 
fluctuation in lake water levels, and most would llkely acknowledge that lake water level 
and surface area less than that associated wlth a datum such as the Low Guldance 
Level, may be expected to occur for relatively short perlods of t h e .  Recall that the Low 
Guldance Level (and the Low Level) are provlded as advlsory guldellnes for lakeshore 
resldents and others to identify lake water levels whlch are expected to be exceeded 
nlnety percent of the tlme. Water levels less than the Low Guldance Level may 
therefore be expected for approxlmately ten percent of the tlme. Establlshment of the 
Mlnlmum Lake Level, a level whlch may be expected to be exceeded half the time, at 
an elevatlon lower than the Low Guidance Level would therefore llkely be unacceptable 
to most lake users; most would not want to see their lake reduced for flfty percent of the 
t h e  to a state at whlch It currently exlsts at for less than ten percent of the tlme. The 
Low Guldance Level could serve as an aesthetics-based slgnlflcant change standard 
for establlshrnent of rnlnlmurn levels. If used for development of the Mlnlmum Lake 
Level, thls aesthetlcs standard and Hlstorlc data or the RLWRSO values for the region 
could be used to develop the Hlgh Mlnlmum Lake Level. 
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Dlstrlct staff recommend use of an aesthetlcs-based slgnlflcant change standard for 
development of rnlnlmum levels for Category 3 Lakes. An Aesthetic Standard, as 
descrlbed above, would ldantlfy the Low Guldance Level as the lower limit for 
establlshment of the Mlnlrnum Lake Level. Thls standard, along wlth other informatlon 
related to aesthetlcs and scenlc attrlbutes could be revlewed as part of a rnultlple- 
parameter approach to the development of mlnlmurn levels. 

Conslderatlon of the extent of lake area suitable for certaln recreatlonal activities, 
including boatlng and swlmmlng, may be a reasonable means to develop a recreation- 
based significant change standard for developlng mlnimum levels. Ylngllng (1997) 
summarlzed llterature pertainlng to recreatlonal use of water resources and noted that a 
mlnlrnum depth of three to four feet at the toe of boat launchlng ramps Is recommended 
for boat launching (National Water Safety Congress 1988, Wllson 1006, Bowman 1997; 
all as clted In Ylngllng 1997). In a review of the effects of motorlzed boats on lake 
ecosystems, Wagner (1 001) noted that watercraft with outboard englnea are generally 
operated in depths of three or more feet whlle those wlth Inboard englnea are typlcally 
operated in depths of at least flve feet. The Unlted States Coast Guard Offlce of 
Boating Safety (2001) recommends a rnlnlrnum depth of five to SIX feet of water free of 
obstacles for safe waterskllng. Recommendatlons or standards for preferred or safe 
swlrnrnlng depths are not avallable for natural systems; however, Florlda Health and 
Rehabllltatlve Service Department rules requlre depths of three feet for the shallow end 
and four feet for the deep end of swimming pools (Chapter 64E-9, F.A.C. FDOH 2001). 
Based on these recomrnendatlons regarding safe-boatlng and awlmmlng, lake areas 
exceedlng three to SIX feet In depth may be considered sultable for most recreatlonal 
actlvltles. 

Certaln recreatlonal activities such as water skllng are dependent on open water, free of 
emergent, floatlng or near surface submerged vegetatlon. A decrease In the open 
water area of a lake may therefore be viewed a8 a decrease In recreatlon potential. 
The Unlted States Coast Quard Offlce of Boating Safety (2001) recornmends that 'ski 
corrldors" of at least 200 by 2,000 feet (4 acres, assumlng the corrldors are 
rectangular In shape, or -1 3 acres assurnlng the corrldors can be dellneated by a 
clrcular area) should be maintained to reduce Interference wlth other sklers and reduce 
the need for excesslve maneuvering. In Mlnnesota, boat denslty Ilmits on metropolltan 
lakes are advanced by requiring one car/traller parklng space per 20 acres of lake 
surface area (Mlnnesota DNR 2000). For lakes where skllng and power boating are 
permllted, It has been suggested that 25 acres of water per boat Is consldered 
deslrable and that no less that 10 acres Is consldered necessary for safe skiing and 
power boatlng (Wagner 1991). Collectively, thls lnformatlon suggests that 
approxlmately 10-25 acres of open water Is necessary for safe boatlng/ekllng on lakes. 

The United States Coast Quard recomrnendatlon concerning skl corrldor depth and slze 
could be used to develop a slgnlflcant change standard based on potentlal 108s of area 
sultable for safe water skllng. Bathymetrlc data sets and maps could be revlewed to 
determine the critical minimum elevatlon at whlch the bash would contain a lake large 
and deep enough to support an area for safe skllng. Thls area, or akl corrldor, could be 
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defined as a circular area wlth a dlarneter of 418 fl and a depth of at least flve feet. 
Thls area would contaln a 2,000 f i  skVboat path and a 100 ft buffer for the skl path, In 
accordance wlth Coast Quard recommendatlons. 

Development and use of a slgnlflcant change standard based on malntainlng a safe ski 
corridor should be contingent upon the lake bash contalnlng a skl corrldor for a 
speclfled amount of t h e .  For example, it may be reasonable to conslder use of a 
skllng-based standard only for those lakes whlch contaln areas sultable for skllng most 
of the tlme. Comparlson of the crltlcal mlnlmum elevatlon (as described in the 
precedlng paragraph) wlth the Low Guldance Level would provide some lndlcatlon of 
the temporal avallablllty of skl corrldors at lndivldual lakes. Use of a signlflcant change 
standard based on safe skllng would not be approprlate for lakes wlth a crltlcal 
minlmum elevatlon that Is hlgher than the Low Quldance Level, as these lakes would 
not be consldered to have hlstorlcally supported skllng for nlnety percent of the t h e .  
Use of a signlflcant change standard based on safe-skiing for lakes wlth a crltlcal 
mlnlmum elevatlon lower than the Low Guldance would be appropriate. The standard 
would ldentlfy the elevatlon at whlch the lake would no longer support safe skllng for 
nlnety percent of the tlme. This “RecreatIonlSkl Standard” could be developed uslng 
the critical minimum elevation and Historlc data or the approprlate RLWR5090 statlatlc. 
If used for development of minimum levels, the standard would be used to ldentlfy the 
Mlnlmum Lake Level. The High Mlnimum Lake Level would be establlshed uslng the 
standard and Hlstorlc data or the approprlate RLWR60 statistic. 

District staff recommend that a significant change standard, based on loss of the 
avallablllty of a safe skl corrldor be Incorporated Into a multiple-parameter approach to 
rnlnlrnum levels establlshment for Category 3 Lakes. Thls Recreation/Skl Standard 
would only be appllcable for lakes where arms sultable for safe skiing would be 
avallable for nlnety or more percent of the the .  

4-24 



Sectlon 5 

Proposed Methods for Establlshlng Mlnlmum Levels for 
Category 3 Lakes 

Ovorvlew 

The recently developed methods for establishing mlnlmum levels for lakes wlth frlnglng 
cypress wetlands (SWFWMD 1999a) are recommended, with some modlficatlon, for 
establlshlng mlnlmum levels for Category 3 Lakes wlthln the Dlstrlct. Proposed 
changes include: 

development of region-specific Reference Lake Water Reglme 5090 
(RLWR5000) statlstlcs; 
acqulsitlon of lake-bash bathyrnetrlc data, If possible; 
establlshrnent of the Category 3 Lakes Normal Pool elevation; 
use of a varlety of models and assurnptlons for development of the Ten Year 
Flood Guldance Level; 
development of a several signlflcant change standards and additlonal 
informatlon for a multiple-parameter approach to mlnlmum levels 
establlshrnent for Category 3 lakes; and 
development of declslon rules for ldentlfylng the approprlate standard or 
other lnformatlon for establlshrnent of the Mlnlrnum Lake Level and the Hlgh 
Mlnlmum Lake Level. 

(1)  

(2) 
(3) 
(4) 

(6) 

(6) 

Slnce much of the proposed approach to mlnlrnum levels development is fundamentally 
slmllar to that outllned for use on lakes wlth frlnglng cypress wetlands, detalled 
discussion of recommended methods in this sectlon Is generally restrlcted to those 
aspects which were not described in the review of the cypress wetlands methodology 
presented In Sectlon 3 of thls manuscrlpt. Some redundancy Is unavoldable, however, 
to ensure a comprehensive presentation of the proposed methods. 

Hydrologlc Dete Compllatlon and Clauultlcatlon 

For the purpose of minimum levels determination for Category 3 Lakes, lake-stage data 
may be categorized as "Hlstoric" for periods when there were no measurable Impacts 
due to water withdrawals, and Impacts due to structural alterations were slmllar to 
existing condltlons. Lake stage data may be categorlzed as "Current" for perlods when 
there were measurable, stable Impacts due to water wlthdrawais, and Impacts due to 
structural alteratlons have remalned stable. The avallablllty of at least SIX years of data 
would typlcally be a prerequlslte for classiflcation of lake-stage data as Hlstorlc or 
Current. 
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As outllned In Sectlon 3 of thls report, statlstlcs corresponding to water level elevatlons 
equaled or exceeded ten, flfty and ninety percent of the tlme for a specified perlod of 
record may be calculated for both Current and Hlatorlc lake stage data. These 
statistics, based on monthly mean values, are referred to as the Current or Hlstoric P10, 
P60 and PQO, respectively. 

Dovsllopment of Reference Lake Water Raglma Statlstlce 

The development and use of reference lake water reglrne statlstlcs (RLWR60, 
RLWR9O) described In Sectlon 3 are recommended for establlshment of rnlnlrnurn 
levels for Category 3 lakes. The development and use of an addltlonal statlstlc, the 
Reference Lake Water Reglme 5090 (RLWR5090), Is also recommended. Thls statlstlc 
would be derived In a manner slmllar to that used for development of the RLWR60 and 
RLWR9O. The RLWR6090 statlstlc would represent the rnedlan dlfference between the 
reference lake P50 and P90 values. 

These statlstlcs provlde a means to establish water level elevatlons and fluctuatlon 
ranges for lakes lacklng hydrologlc data, and those with hydrologlc reglmes Impacted by 
water wlthdrawals. It Is antlclpated that reference lake water regime statlstlcs wlll be 
developed for several reglone wlthln the Dlatrict. The avallability of hydrologlc data for 
lakes in the region of interest from perlods pre-datlng Impacts from water wlthdrawals 
(ie., the availability of Historic data) Is requlred for development of the reference lake 
water reglrne statlstlcs. 

For the Northern Tampa Bay Reglon, data from 22 lakes met this criterion, and were 
used to develop reference Lake Water Reglme statlstlcs for the reglon (RLWR60 = 1 .O 
ft, RLWR9O = 2.1 tt) (SWWMD 1 QQQa). These data are llsted In Table 6-1 along with 
the RLWR5090 value (1.1 ft), based on the rnedlan dlfference between the P60 and 
PBO statistics. 

The development of reference lake water reglrne statlstlcs for lakes located in the 
Central Hemando County and Central Pasco County reglon, north of the Tampa Bay 
reglon, Is limlted by the availability of Historic hydrologlc data. Of the lakes In thls 
reglon with available hydrologic data, only Crews Lake In Pasco County was found to 
have data from a perlod pre-datlng the influence of large, reglonal well fields. 
Elevatlons correapondlng to the tenth, flftieth and ninetieth percentlle lake stages (P10, 
P50, and P90) were calculated for Crews Lake uslng data collected from March 1964 
through February 1980. Thls period predates water withdrawals from the Cross Bar 
Ranch Wellfield, which began in 1980 (CCI Environmental Servlces, Inc. and Terra 
Envlronmental Servlcea, Inc. 1990). 

Lake stage percentlles were used to establlsh RLWRSO, RLWR9O and RLWRGOBO 
values for the Central Hernando County and Eastern Pasco County reglon, uslng the 
approach developed for the Northern Tampa Bay reglon reference lake water reglrne 
statlstlcs (see Sectlon 3 of thls report, and also SWFMWD 1 QQQa). Percentlle values 
along with lake stage data from the period of record used for calculatlon of the statlstlcs 
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are shown In Flgure 5-1. The RLWRSO (2.6 ft) was calculated a8 the dlfference 
between the P10 and P50 values for Crews Lake, the RLWRGO (4.3 ft) was calculated 
as the difference between the P10 and PO0 values, and the RLWR5090 (1.7 ft), was 
calculated as the difference between the P50 and PO0 values. The rnagnltude of the 
reference lake water regime statlstlcs for the Central Hernando and North-Central 
Pasco Countles reglon, relatlve to the Northern Tampa Bay reglon statlstlcs reflects the 
greater range In water level fluctuation typlcally obsenred for lakes In thls area. 
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Acqulrltlon of Bathymotrlc Data 

The development and proposed use of several slgnlflcant change standards for 
establlshlng mlnlrnurn levels for Category 3 Lakes are based upon the ablilty to 
accurately predlct change In lake area as a functlon of change In water level. For this 
purpose District staff recommend the use of existing maps or data, or the development 
of these data uslng standard surveylng equipment and approaches (as., see Leeper 
2001 ). 

Determlnatlon of the Category 3 Lake Normal Pool Elovetlon 

ldentlflcatlon of an elevatlon approxlrnatlng the lake stage whlch has hlstorlcally been 
equaled or exceeded approximately ten percent of the tlme is an integral component of 
minimum levels establlshment. As discussed previously, numerous approaches and 
sources of data may be used to approximate thls elevation for lakes, regardless of 
whsther the lakes have been Impacted by water withdrawals or structural alterations. 
Based on approaches currently used by the District for Category 1 and 2 lakes, other 
water management dlstrlcts and state agencles, and the recommendatlons of the Lake 
Levels Sutxomrnlttee, It 1s proposed that the elevatlon historically equaled or exceeded 
ten percent of the t h e  for Category 3 lakes may Include: 

(1) the Normal Pool elevatlon as defined In current Dlstrlct rules (F.A.C., Chapter 
40D-8), and approxlmated by: (a) the lower llrnlt of epiphytic mosses and 
llverworts Intolerant of sustalned Inundatlon; (b) the upper llrnlt of the root crown 
on fetterbush (Lyonla luclda) growlng on tree tussocks; (c) the upper llrnlt of 
adventitious roots on St. John's Wort (Hypeflcum faslculafum) and other 
specles whlch exhlblt ths rnorphologlc response to sustained inundation; and 
(d) other lndlcators whlch can be demonstrated to represent a similar period of 
sustalned Inundatlon. 

(2) the elevation assoclated with the lnflectlon polnt on the buttress of cypress 
trees (Taxodlum spp.); 

(3) the elevatlon of soil on the lakeward slde of the rooted base of the lowest 
extent of lake-frlnging saw palmetto (Serenoa repens) shrubs; 

(4) the elevatlon of sol1 on the lakeward alde of the base of the lowest extent of 
lake-fringing, mature longleaf plne (Plnus palustrls) trees; 

(5) the elevatlon of so11 on the lakeward slde of the base of the lowest extent of 
lake frlnglng, mature llve oak (Quercus vlrginlana) trees; 

(6) the elevation of the toe of the highest landward scarp ilne (see Blshop 1967, 
Knochenmus 1967); 

(7) the elevatlon of stratlfied beach deposlts (see Blshop 1967, Knochenmus 
1967); 

(8) the elevation of so11 on the lakeward side of the base of cultivated groves or 
stands of perennlal woody species (as., cltrus or plne trees) intolerant of 
inundation; 

(9) analysls of hlstorlcal aerlal photography, topographlc maps, survey records, slte 
plans or other information; 



(10) 

(1 1 )  

the elevatlon of hydologlc lndlcators llsted In numbers 1 through 8 above for 
lakes whlch are connected vla surface water canals or passages; and 
other indlcators whlch can be demonstrated to represent a similar period of 
sustalned inundation. 

District staff recommend that for the purpose of establishing minimum lake levels for 
Category 3 lakes, the elevatlon derlved from lnterpretatlon and analyses of data 
described above be termed the "Category 3 Lake Normal Pool Elevation". 

Establlshlng Guldancs Lsvsle and the Hletorlc PSO 

It 1s proposed that the Ten Year Flood Guidance Level, Hlgh Quldance Level, Low 
Quldance Level, and Hlatorlc P50 for Category 3 Lakes should be establlshed In a 
manner slmllar to that used for Category 1 and 2 Lakes. Establlshment of these levels 
Is contingent upon the compilation of lake stage data, classlflcatlon of lake stage data 
as Hlstorlc or Current, calculation of stage-duration percentlle statlstlcs, the 
development of a reglon-speclflc reference lake water reglme, the determlnatlon of the 
Normal Pool or Category 3 Lake Normal Pool, and control polnt elevatlons, lake 
classlflcatlon based on structural alteration and conveyance system conflguratlon and 
numerical and slmulatlon rnodellng. 

The Ten Year Flood Guidance Level is establlshed as an advlsory guldellne for lake 
shore development. The Ten Year Flood Guldance Level Incorporates the level of 
floodlng expected on a frequency of not less than the ten year recurring interval, or on a 
frequency of not greater than a ten percent probablllty of wcurrence In any given year. 
The Ten Year Flood Guldance Level Is establlshed uslng methods that correspond to 
the hydrology and type of conveyance system of the lake belng evaluated. 

The Ten Year Flood Quldance Level for 'open-bash lakes", whlch are lakes that have a 
surface water conveyance system that by Itself, or In series wlth other lakes, connects 
to or Is part of an ordered surface water conveyance system is derived through a 
frequency analysls of lake stage readlngs (statlstlcal method) or using nurnerlcal slngle 
storm event models. 

If lake stage records of sufflclent quallty and quantity are available, the Ten Year Flood 
Quldance Level for open-bash lakes wlll be establlshed uslng statistics derived from 
frequency analysls of the stage record (statlstlcal method). Annual peak stages will be 
ranked and fit to a dlstrlbutlon or plotted to estlmate the ten-year peak stage. As a 
general rule, at least thlrty years of hydrologic data from a perlod when structural 
alteratlons have been stable are requlred for establlshment of the Ten Year Flood 
Quldance Level uslng the statlstlcal method. 

Storm event modellng of open-bash lakes wlll be utlllzed when sufflclent stage data for 
use of the statlstlcal method are not avallable.. Ralnfall depths are taken from sources 
such as the Natlonal Weather Servlce Technlcal Paper 49, and Part D of the Dlstrlct's 
Environmental Resource Permitting Information Manual descrlbed and Incorporated by 
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reference In Rule 400-4.091, F.A.C. Runoff volumes are computed uslng conventlonal 
methods such as the Natural Resources Consetvatlon Servlce (NRCS) curve number 
method, or wlth standard lnflltratlon formulas (edge, Horton's Equatlon, Qreen-Ampt 
Equation). Runoff distributions are computed uslng conventlonal methods includlng the 
NRCS method or other unit hydrograph methods, or the klnematlc wave overland flow 
method. Modeling programs that account for tallwater and compute bacMlow (dynamic 
models) are preferred for the hydraulic routlng. 

The Ten Year Flood Guidance Level for 'closed-bash lakes", whlch are lakes that do 
not connect to, or are not part of an ordered surface water conveyance system Is 
derlved through a frequency analysls of lake stage readings (statlstlcal method), or 
simulated lake stages predlcted by a numerlcal slrnulatlon model (continuous simulatlon 
modellng), or an ernplrlcal simulation model derlved by regresslon methods (emplrical 
modellng). Reasonable sclentlflc Judgment is used to classlfy a lake as a closed-bash 
lake where hydrology or hydraullc characterlstlcs (e.g., Intermittent or perlodlc 
discharge) are assoclated wlth a lake such that the lake does not clearly meet the 
deflnltlon of a closed basin lake nor open bash lake. Selectlon of the method used to 
derlve the Ten Year Flood Guidance Level for closed-bash lakes Is based on 
reasonable sclentiflc judgement. 

If lake stage records of sufflclent quallty and quantlly are avallable, the Ten Year Flood 
Guldance Level for closed-basin lakes wlll be establlshed uslng statlstlca derived from 
frequency analysis of the stage record (statlstlcal method). Annual peak stages wlll be 
ranked and flt to a distribution or plotted to estlmate the ten-year peak stage. As a 
general rule, at least thlrty years of hydrologic data from a period when structural 
alteratlons have been stable are requlred for establishment of the Ten Year Flood 
Guldance Level using the statistical method. 

Numerical or emplrical modellng of closed-basin lakes will be utlllzed when sufflclent 
stage data for use of the statlstlcal method Is not avallable. Slrnulatlon periods for 
either numerical or empirical models wlll be based on thlrty or more years of contlnuous 
rainfall record. A composite of more than one ralnfall statlon In the reglon In whlch the 
sublect lake Is located Is acceptable. Calibration of the slmulatlon model shall be based 
on as many of the followlng lndlcators as possible: stage records and Hydrologlc 
lndlcators of water levels. If stage records or Hydrologic lndlcators do not exlst or the 
record does not contaln peak elevatlon readlngs, then eye-wltness accounts of peak 
stages may be consldered. Model slrnulatlons to determlne the Ten Year Flood 
Guidance Level WIII exclude effects of water wlthdrawals. 

The Hlgh Guldance Level (HGL) Is establlshed as an advlsory guldellne for local 
governments and lakeshore residents to ald In the proper sltlng of lakeshore 
development and water-related facilities, lncludlng docks and seawalls. The Hlgh 
Guldance Level may also be used by the District for operatlon of water control 
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structures. 

The Hlgh Guldance Level corresponds to the expected Hlstorlc P i 0  elevatlon and Is 
calculated for Category 3 Lakes uslng Hlstorlc data If avallable. or estimated uslng the 
Current P i  0 elevatlon, the control polnt elevatlon and the Category 3 Lake Normal Pool 
elevatlon (Flgure 5-2). If only Current data are available and the lake has been 
structurally altered, the Hlgh Quldance Level Is establlshed as the hlgher or the Current 
P10 or the control point elevation. Structurally Altered lakes are those where structural 
alteratlon has resulted In a lake control point which is lower than the Categoty 3 Lake 
Normal Pool elevatlon. If Current data are unavallable, and the lake has not been 
structurally altered, the Hlgh Quldance Level 1s establlshed as the hiuher of Current P10 
or the Category 3 Lake Normal Pool elevatlon. Lakes classlfled as Not Structurally 
Altered are those wlthout outlets, or those where structural alteratlon has not resulted In 
a control polnt elevatlon lower than the Category 3 Lake Normal Pool elevatlon. If 
Hlstorlc or Current data are not avallable, the High Guldance Level la establlshed at the 
control polnt elevatlon for Structurally Altered lakes and the Category 3 Lake Normal 
Pool elevatlon for lakes whlch are Not Structurally Altered. 

The Low Quldance Level (LQL) Is establlshed as an advlsory guideline for local 
governments and lakeshore resldents to ald In the proper sltlng of lakeshore facllltles, 
Including docks and seawalls and to inform lake users of expected low water levels. 
The Low Guldance Level may also be used by the Distrlct for operation of water control 
structures. 

The Low Guldance Level corresponds to the expected Historic PgO and Is calculated 
uslng Hlstorlc data If avallable, or estlrnated uslng the Current P10 and PQO, the Hlgh 
Quldance Level, and the RLWRDO for the reglon (Flgure 5-3). If only Current data are 
avallable, and the dlfference between the Current P10 and the Current P90 Is less than 
the RLRW90, the Low Guldance Level Is establlshed at an elevatlon correspondlng to 
the Hlgh Quldance Level rnlnus the dlfference between the Current P10 and the 
Current POO. If only Current data are avallable, and the dlfference between the Current 
P10 and Current PQO is greater than or equal to the RLWROO, the Low Quldance Level 
is established at an elevation correspondlng to the High Quldance Level rnlnus the 
RLWRSO. If Hlstoric or Current data are unavailable, the Low Quldance Level Is 
establlshed at an elevatlon corresponding to the Hlgh Guldance Level rnlnus the 
RLWRBO. 

The Historic P60 elevation is established uslng hlstorlc data (Hlstorlc P50), If avallable 
or current data (Current P50), the Hlgh Guldance Level and the RLWRSO for the reglon 
(Flgure 5-4). If only Current data are avallable and the dlfference between the Current 
P10 and Current P50 Is less than the RLWRSO, the Hlstorlc PSO Is established at an 
elevatlon correspondlng to the Hlgh Guldance Level mlnus the difference between the 
Current P i  0 and the Current P50. If only Current data are avallabla, and the dlfference 
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between the Current P10 and the Current P60 is greater than or equal to the RLWRSO, 
the Hlstorlc P50 Is establlshed at an elevatlon corresponding to the Hlgh Quldance 
Level rnlnus the RLWRSO. If Hlstorlc or Current data are unavailable, the Hlstorlc P50 
Is establlshed at an elevatlon correspondlng to the Hlgh Guidance Level mlnus the 
RLWRSO. 

Developlng Slgnlflcant Change Standards and Informatlon for Consldsratlon for 
Category 3 Lake. 

Dlstrlct Staff agree that the best approach for developlng rnlnlmum levels for Category 3 
Lakes is one that involves review of multlple lake characterlstlcs or parameters. The 
derlvatlon and potential use of several signlflcant change standards for thls purpose are 
descrlbed In detall In Sectlons 3 and 4 of this report. In thls sub-sectlon, step-by-step 
lnstructlons are provlded for developlng standards and revlewlng other lnformatlon 
whlch may be relevant to mlnlmum levels establishment tor Category 3 lakes. Each 
step In the recommended approach Involves the collection and evaluatlon of lake- 
speclflc data, or selection of approprlate descrlptlons of lake characteristics. The 
instructlons are deslgned for revlew of Informatlon In elght categorles, and for some 
categories, the development and evaluatlon of slgnlflcant change standards. 
Collectively, these instructlons provide the framework for a multlple-parameter 
approach for establlshlng mlnlrnum lake levels for Category 3 Lakes. 

Lake Mlxlno and Stratlflcatlon Informatlon for Conoldereilon 

Step 1 

Step 2 

Uslng bathymetrlc datdmaps, establlsh dynamic ratio values for varlous 
lake stages. 

If, over the range In elevatlon from the Hlgh Guldance Level to the Low 
Guidance Level, the dynamic ratio shifts from a value cO.8 to a value >0.8 
or from a value >O.B to a value ~ 0 . 8 ,  conslderatlon of change in water 
level and change In sedlrnent dlsturbance pattern may be warranted 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep2 

If, over the range In elevatlon from the Hlgh Guldance Level to the Low 
Guldance Level, the dynamlc ratlo does not shlft from a value ~ 0 . 8  to a 
value r0.8 or from a value 20.8 to a value sO.8, consideration of change 
In water level and change In sediment dlsturbance pattem may not be 
warranted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to Step 2 

Develop depth proflles of water column temperature, dlssolved oxygen, 
etc. durlng summer months. 

If stable patterns of thermal stratlflcatlon are evldent, consideration of 
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potentlal changes In water column mlxlng assoclated with water level 
change Is warranted 

If stable patterns of thermal stratlflcatlon are not evldent, conslderatlon of 
potentlal changes In water column mixing associated wlth water level 
change Is not warranted . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to Step 3 

Revlew all relevant lnformatlon pertaining to water column mlxlng and 
stratlflcatlon for development of rnlnlrnum levels. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep2 

Step 3 

Dock-Uoo Stenderd and Inform~tlon for Conolderatlon 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Conduct a slte vlslt to determlne whether boats or other watercraft are 
used on the lake. 

If boats or other watercraft are used on the lake, development of a Dock- 
Use Standard Is appropriate . . . . . . . . . . . . . . . . . . . .  Proceed to Step 2 

If boats or other watercraft are not used on the lake, development of a 
Dock-Use Standard Is not approprlate . . . . . . . . . . . . .  Proceed to Step 6 

Determlne the elevatlon of sedlments at the end of all exlstlng 
docks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to Step 3 

Establish the Dock-End Sediment elevation at the elevatlon exceeded 
by ten percent of the sedlment elevation values for existing docks 

ProceedtoStep4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Derive the Dock-Use Standard by addlng 2 feet and the approprlate 
reglon-speclflc RLWR5000 value (In feet) to the Dock-End Sedlment 
elevatlon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to step 5. 

Compare the Dock-Use Standard to the Hlstorlc P50 elevatlon. 

If the Dock-Use Standard is less than the Historlc P50 elevatlon, use of 
the standard may be approprlate for mlnimum levels development 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep6 

If the Dock-Use Standard Is greater than the Hlstorlc P50 elevatlon, use of 
the standard is not appropriate . . . . . . . . . . . . . . . . . . .  Proceed to Step 6 

Revlew all relevant lnformatlon pertalnlng to dock use and elevatlons 
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(Includlng the Dock-Use Standard, if appropriate) for development of 
mlnlmum levels. 

Besln Connectlvlty Standard and lnformstlon for Conslderstlon 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Conduct a site visit and revlew relevant lnformatlon (e.g., bathymetrlc 
data) to determlne whether basin morphology is such that hydrologlc 
connectlons exlst between the lake and other lakes or whether the basin 
may separate Into sub-baslns at some relatlvely low water level. 

If hydrologic connections between lake baslns or among sub-baslns wlthln 
the lake bash may be expected at some water levels, development of 
a Basln Connectlvlty Standard may be approprlate . . .  Proceed to Step 2 

If hydrologic connectlons between lake b a s h  or among sub-baalna wlthln 
the lake basin are not expected at most water levels, development of 
a Basln Connectlvlty Standard is not appropriate . . . . .  Proceed to Step 8 

Determlne high-spot elevatlons for areas of connectlvlty between lake 
baslns or between sub-baslns wlthin a lake basin. ldentlfy the hlghest 
elevatlon (or other approprlate hlgh-spot elevatlon) as the crltlcal high-spot 
elevatlon. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep3 

Conduct a site visit to determlne whether power boats are used on the 
lake. 

Power boats are used on the lake . . . . . . . . . . . . . . . .  Proceed to Step 4 

Power boats are not used on the lake . . . . . . . . . . . . . .  Proceed to Step 6 

Derive a Basln Connectlvlty Standard for use on a lake where power 
boats are used by addlng 2 feet and the appropriate region-speclfc 
RLWR5000 value (In feet) to the crltlcal hlgh spot elevation 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to Step6 

Compare the Basln Connectlvlty Standard to the Hlstorlc P50. 

If the Basin Connectlvlty Standard Is less than the Hlstorlc P50, use of the 
standard for mlnlmum levels development may be approprlate 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceedtostep8 

If the Basln Connectlvlty Standard Is greater than the Hlstorlc P50, use of 
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this standard is not appropriate . . . . . . . . . . . . . . . . . . .  Proceed to step 6 

Derive a Bash Connectlvlty Standard for lakes where power boats 818 not 
used by adding 1 foot and the approprlate reglon-speclflc RLWR5090 
value (in feet) to the critical hlgh spot elevatlon . . . . . .  Proceed to step 7 

Compare the Basin Connectivlty Standard to the Hlstorlc P50. 

If the Bash Connectlvlty Standard Is less than the Historic P60, use of the 
standard for Minimum Levels development may be approprlate. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceedtostep8 

if the Bash Connectlvlty Standard Is greater than the Historic P60, use of 
the standard for Mlnlmurn Levels development Is not approprlate. 

. . . . . . . . . . . . .  Proceed to step 8 

Step 6 

Step 7 

Step 8 Revlew relevant Information pertalnlng to Inter- and Intra-bash hydrologic 
connectlons (Includlng the Basin Connectlvlty Standard, If approprlate) for 
development of mlnlmum levels. 

Speclss Rlchnsss Standard and Iniormatlon ?or Consldsratlon 

Step 1 

Step 2 

Using bathymetrlc data, establlsh the total lake surface area assoclated 
with the Historic P60 elevation . . . . . . . . . . . . . . . . . . .  Proceed to Step 2 

Establlsh the Specles Rlchness Standard at an elevatlon correspondlng to 
a 15% decrease In the total lake area as measured from the Historic P50 
elevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to Step 3 

Revlew all relevant informatlon pertalnlng to blologlcal dlverslty withln the 
lake basin (including the Species Rlchness Standard) for development of 
minimum levels. 

Step 3 

Herbaceouo Wetlend Informptlon for Conolderatlon 

Step 1 

Step 2 

Establlsh the potentlal herbaceous wetland area (La, lake area wlth a 
water depth leas than or equal to 4 feet) associated wlth the Hlstoric 
P60 elevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to step 2 

Plot potentlal herbaceous wetland area (absolute In acres, or relatlve to 
the area at the Historic P60 elevation) versus lake stage to identlfy 
posslble changes In lake stage assoclated wlth substantlal changes In 
potentlal wetland area. ldentlfy bash elevations where change In lake 
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stage would result In substantlal change in potentlal wetland area. 
Conslder relatlonshlp between these elevatlons, the Hlstoric P60 
elevatlon and the use of slgnlflcant change standards for mlnlmum 
levels development . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to Step 3 

Revlew all relevant lnformatlon pertalnlng to herbaceous wetlands In the 
lake bash (e.g., elevation of connectlons between the lake bash and 
contlguous wetland areas) for development of mlnlmum levels. 

Step 3 

Submersed Aquatlc Macrophyte Information for Connlderatlon 

Step 1 

Step 2 

Step 3 

Step 4 

Step 6 

Establlsh the maxlmum depth of colonlzatlon by submersed aquatlc 
macropytes uslng a representatlve, lake-specific Secchi Di6k depth 
value and the ernplrlcal relatlonshlp reported In Canfleld eta/. (IQ86) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceedtostep2. 

Uslng bathyrnetrlc data, estimate the lake area sultable for colonlzatlon by 
Submersed aquatlc rnacrophytes for various lake stages by calculating the 
stage-speclflc lake areas of depth equal to or greater than the maxlmum 
depth of colonlzatlon. . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to step 3 

Determlne the change In area which could be colonlzed by submersed 
aquatlc rnacrophytes (relatlve to the Hlstorlc P50 elevatlon) for the varlous 
significant change standards (Cypress Wetland Standard, Dock-Use 
Standard, etc.). Consider substantial chanpes suggestlve of potentlal 
problems wlth use of the respectlve standards for mlnlmum levels 
development. Evaluate use of standards accordlngly . Proceed to step 4 

Plot area whlch may be colonized by submersed aquatlc macrophytes 
(absolute In acres, or relatlve to area at Hlstorlc P50 elevatlon) versus 
lake stage to ldentlfy changes In lake stage that may be assoclated wlth 
substantlal changes In potentlal colonlzed area. ldentlfy bash elevatlons 
where change in lake stape would result in substantial change In area 
potentially colonized by plants. Consider the relationship between these 
elevations, the Historic P60 elevation, and the use of significant change 
standards for rnlnlrnurn levels development . . . . . . . . .  Proceed to Step 6 

Review a11 relevant lnformatlon pertalnlng to aquatlc macrophyte coverage 
in the lake basin (e.g., coverage which may hinder navigation) for 
development of rnlnlrnum levels. 
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Aeothstlc8 Standard and Informatlon for Coneldsratlon 

Step 1 Establlsh the Aesthetlcs Standard at the Low Guldance Level 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep2 

Step 2 Revlew all relevant lnformatlon pertahhQ to aesthetics wlthln the lake 
basin (including the Aesthetlcs Standard) for development of mlnlmum 
levels. 

RecreatlotvSkl Standard and Informatlon for Consldsratlon 

Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Usinp bathymetrlc data, determlne whether the lake bash can contaln a 
skl corridor delineated as a circular area wlth a radius of 41 8 feet. 

If the bash can contaln such an area, development of a RecreationlSkl 
Standard may be approprlate . . . . . . . . . . . . . . . . . . . .  Proceed to Step 2 

If the basin cannot contaln such an area, development of a RecreatlodSkl 
Standard Is not appropriate . . . . . . . . . . . . . . . . . . . . .  Proceed to Step 6 

ldentlfy the crltlcal mlnimum elevatlon at which the lake bash could 
contaln a skl corrldor by addlng flve feet to the elevation at which the 
basin could contaln a clrcular skl corrldor wlth a radlua of 41 8 feet 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep3. 

Compare the critical minimum elevatlon to the Low Guldance Level. 

If the crltlcal mlnlmum elevatlon is greater than the Low Guldance Level, 
development of a RecreatiordSki Standard is appropriate 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Proceed to Step 4 

If the crltlcal mlnlmum elevatlon IS less than the Low Quldance Level, 
development of a Recreatlon/Skl Standard Is not approprlate 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep5 

Establish the RecreatioriSki Standard at an elevatlon correspondlng to 
the crltlcal mlnlmum elevation plus the approprlate RLWR5000 value 

Revlew all relevant lnformatlon pertalnlng to skllng and other recreational 
actlvltles wlthln the lake bash (Includlng the RecreatlodSkl Standard) for 
development of mlnlmum levels. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ProceedtoStep5 
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Establlshlng Mlnlmum Levels for Category 3 Lake# Uolng a Multlpl~Pararneter 
Approach 

Following development of lake-speclflc slgnlflcant change standards and compllatlon of 
other relevant Information, minimum levels for Category 3 lakes may be establlahed. 
Dlstrlct staff recommend that the Mlnlmum Lake Level be establlshed at the elevatlon 
correspondlng to the most conservatlve, be., the hlghest, significant change standard, 
with consideration given to other relevant Informatlon. lnformatlon conaldered relevant 
to thls process could include the Low Floor Slab elevation, substantlal changes In the 
coverage of herbaceous wetland vegetatlon or submersed aquatic macrophytes, or 
frequent submergence of dock platforms. 

Once the Mlnlmum Lake Level is identified, the Hlgh Mlnlmum Lake Level may be 
establlshed, using the reglon-specific reference lake water reglme statlatlcs, or Hlstorlc 
hydrologic data. If Historic data are avallable, the Hlgh Mlnlmum Lake Level may be 
establlshed at the elevation corresponding to the Minimum Lake Level plus the 
dlfference between the Hlstorlc P10 and the Hlatorlc P50. If Historic data are not 
avallable, the Hlgh Mlnlmum Lake Level may be establlahed at the elevation 
corresponding to the Minimum Lake Level plus the region-speclflc RLWR50 value. 
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Section 6 

lmplementatlon of Proposed and Exlstlng Methods for 
Establlshlng Mlnlmum Levels for Slxteen Lakes In Northwest 
Hlllsborough County, Florida and One Lake In Central Pasco 
County, Florida 

lntroductlon 

Proposed rnlnlmum and guldance levels for slxteen lakea In northwest Hlllsborough 
County (Figure & l ) ,  and one lake in north-central Pasco County (Flgure 6-2) were 
developed uslng the methods outllned in this report. Fourteen of the lakes are 
classlfled as Category 3 lakes. Levels for these lakes were developed using the 
multiple-parameter approach outllned In Sectlon 5. Three of the lakes are ContiQuous 
wlth frlnglng cypress wetlands. Levels for these lakes were developed USlIlQ methods 
contalned In current Dlstrlct rules and outllned In Sectlon 3. Recommended levels for 
all seventeen lakes are presented In thls sectlon along wlth lnforrnatlon used for levels 
development. 
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Blg FIoh Lake 

General Lake Deecrlptlon 

Blg Flsh Lake Is located In the Coastal Rlvers Basin in Pasco County, Florlda (Sectlons 
21,22,27,28 and 32 Townshlp 24S, Range 19E). The area surrounding the lake Is 
categorized as the Land-0-Lakes subdlvislon of the Tampa Plaln In the Ocala Upllft 
Physlographlc Dlstrlct; a reglon of many lakes on a moderately thlck plain of sllty sand 
overlylng Tampa Llmestone (Brooks 1981). As part of the Florlda Department of 
Environmental Protectlon's Lake Bloassessment/Reglonallzatlon Inltiative, the area has 
been identified as the Tampa Plaln Lake Reglon; an area of sllghtly acidlc, darkwater, 
mesotrophic lakes (Griffith ot a/. 1997). 

Surface elevatlon of the land surroundlng Big Flsh Lake ranges from approximately 66 
to 100 ft, NGVD. A sandy rldge running north to south through the lake's watershed to 
a berm located along the southern boundary of Sectlons 27 and 28 dlvldes the 
watershed Into eastern and western sub-baslns. Land surface elevations are lowest In 
the western sub-basln. An east-west orlented rldge In the eastern sub-basln further 
divides the sub-basin into numerous smaller baslns. Surface water pooled In the 
various sub-basins results in the development of a complex system of Interconnected 
and Isolated open water and wetland habitats, which collectively comprise Blg Flsh 
Lake. Slnce summer 2000, the lake has been lntermlttently augmented wlth ground 
water from the Florldan aqulfer. The lake has a dralnage area of 2.41 square miles and 
dlscharges to the west when water level exceed8 76.05 ft, NGVD (Flgure 6-3). 

The United States Geological Survey 1964 1:24,000 Masaryktown, Fla. and Ehren, Fla. 
(photorevlsed In 1988) quadrangle maps indlcate a water level elevatlon of 76 ft, 
NQVD, a level correspondlng to an area of 71 1 acres (based on a detailed topographlc 
map developed by SWFWMD staff; see dlscusslon below). The Florlda Lake Gazetteer 
(Shafer et el. 1086) lists the lake area at 270 acres at thls elevatlon. Thls dlscrepancy 
in reported area values for Big Fish Lake, may, in part, be explained by dlfferences In 
crlterla used to establlsh lake area. A study conducted by the Natural Resources 
Conservation Servlce In the mld-1990s (Werner 1996) Illustrates this polnt. The study 
provldes estlmatss of wetland acreage on the ranch containing Bip Flsh Lake, and llsts 
the surface area of the "maln body" of the lake at 31 3 acres, whlle the area 
encompassed by the connectlon of "flats" or low-lylng reglons between malor pools Is 
estlmated at 615 acres. These estimates, derlved uslng so11 maps of the Brea, 
approxlmate the surface area values of 71 1 and 270 acre8 clted above. Thus, the 
surface area reported In the Florida Lake Gazetteer (277 acres when the surface water 
elevatlon Is 76 ft, NGVD) corresponds to only a portion of the area wlthln the watershed 
where open water or wetland habltat exists. 

Because of the complex topography of the Blg Flsh Lake bash and the leglslatlve 
requlrement that mlnlmum levels be establlshed to prevent slgnlflcant harm to the water 
resources (h., lakes, wetland, streams, aqulfers) of a reglon, a detalled topographlc 
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Summary of Data and Analyses Supporting Recommended Mlnlmum and 
Quldance Levels 

Hydrologlc data are avallable for Blg Fish Lake for the perlod from June 1980 through 
February 1087 and from March lQQ6 to the present (December 2000) (Flgure 6-5; see 
Figure 6-3 for the locatlon of Dlstrlct water level gauges In the basin). For the entlre 
perlod of record, the hydrologlc data are classlfled as Current data. These data were 
used to calculate the Current P i  0, P50, PQO (Table 6-2). The Category 3 Lake Normal 
Pool elevatlon (Table 6-2) was established based on the mean elevatlon of the lowest 
extent of saw palmetto (Serenoa repens) shrubs frlnglng the lake (Table 6-3). The low 
floor slab elevatlon, structural alteratlon status and the control point elevatlon were 
determined using available one-foot contour interval aerlal maps, and fleld survey 
lnformatlon (Tables 6-2 and 6-4, Flgure 6-6). The Category 3 Lake Normal Pool 
elevation Is above the control polnt, so the lake Is consldered to be Structurally Altered. 

Based on the relatlonshlp between the control polnt elevatlon, the Categoty 3 Lake 
Normal Pool elevation, and the Current P10, the Hlgh Guldance Level was establlshed 
at the Current P10 elevation (Table 6-2). The Hlstorlc P50 and Low Guldance Level 
were determined using the High Guldance Level and RLWRSO (2.6 ft) and RLWROO 
(4.3 ft) established for the North Central Pasco and Central Hernando County Region 
(Table 6-2) . 

Blg Flsh Lake 1s not contlguous wlth any cypress-dominated wetlands and Is therefore 
classlfied as a Category 3 Lake. Stands of Panlcum sp., watershield (Brasen/a 
schreberi), and other aquatlc macrophytes are common In the lake. Development of a 
Dock-Use Standard Is not appropriate for Big Fish Lake, as the bash only contalns a 
slngle dock, whlch Is In dlsrepalr. Development of a Basin Connectlvlty Standard for 
the lake Is also not approprlate based on the complex arrangement of sub-baslns wlthln 
the greater Blg Fish Lake bash. A Specles Rlchness Standard was established at 
73.05 ft, based on a 15% reductlon In lake surface area from that at the Hlstoric P60 
elevatlon. An Aesthetic-Standard for Big Flsh Lake was establlshed at the Low 
Guldance Level elevatlon of 71.75 ft NGVD. A RecreatiotVSkl Standard was 
estabilahed at 78.7 ft, based on a crltlcal skl elevatlon of 77.0 ft and the RLWR5000 
(1.7 ft) for the central Hemando County and Central Pasco County reglon. Revlew of 
the dynamlc ratlo for lake stages bounded by the Current P10 and Current P90 
elevations dld not lndlcate that potentlal changes In bash susceptlblllty to wind-induced 
sediment resuspension would be a problem for mlnlmum levels development (Table 4- 
1, Flgure 6-7). Changes In potentlal hehaceous wetland area as a functlon of change 
In lake stage dld not lndlcate that use of any of the identified standards would be 
Inappropriate (Flgure 6-7). Coverage of aquatlc macrophytes In relatlon to water 
transparency was likewise not considered to be an Important factor for development of 
minlmum levels for Big Flsh Lake, based on the shallow nature of the lake. 

The Ten Year Flood Guldance Level was established for Big Flsh Lake uslng the 
methodology for open bash lakes descrlbed In Sectlon 5 of thls report. The Dlstrlct 
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6-46, Figure 6-48). The low floor slab elevation was established based on a field 
survey (Tables 6-45 and 6-47, Figure 6-46). There are no surface outlets from Lake 
Raleigh, so a control point elevation was not established. 

Based on the relationship between the Category 3 Lake Normal Pool elevation and the 
Current P10, the High Guidance Level was established at the Category 3 Lake Normal 
Pool elevation (Table 6-45). The Historic P50 and Low Guidance Level were 
determined using the High Guidance Level and the Northern Tampa Bay Region 
RLWRSO (1 .0 ft) and RLWRSO (2.1 ft) (Tzlble 6-45). 

Lake Raleigh is not contiguous with any cypress-dominated wetlands of 0.5 of more 
acres in size and is therefore classified as a Category 3 Lake. The Basin does contain 
sizable stands of maidencane (Panicurn hemitomum}, rush fuirena (Fuirena scifpoidea) 
and other wetland vegetation. No docks are located at the take, so development of a 
Dock-Use Standard is not appropriate. The Basin Connectivity Standard was 
established at 37.6 ft, based on use of power boats in the lake, a critical high-spat 
elevation of 34.5 ft and the RLWR5090 for the northern Tampa Bay area (1.1 ft). The 
Species Richness Standard was established at 42.0 ft, based on a 15% reduction in 
lake surface area from that at the Historic P50 elevation. The Aesthetic-Standard was 
established at the Low Guidance Level elevation of 42.82 ft. The Recreatim'dSki 
Standard was established at 46.1 ft, based on a critical ski elevation of 45.0 ft and the 
RLWR5090 for the northern Tampa Bay area (I . I  ft). Review of the dynamic ratio for 
lake stages bounded by the Current PI 0 and Current P90 elevations did not indicate 
that potential changes in basin susceptibility to wind-induced sediment resuspension 
would be of concern for minimum levels development (Table 4-1, Figure 6-50). 
Changes in potential herbaceous wetland area and area of potential aquatic 
macrophyte colonization with lake stage also did not indicate that use of any of the 
identified standards would be inappropriate (Figure 6-50). 

The Ten Year Flood Guidance Level (fable 6-44) was established for Lakes Raleigh 
using the methodology for closed basin lakes described in Section 5 of this repott. The 
closed basin criteria were selected because Lake Raleigh has no positive outfall. Lake 
stage in the basin appears to be impacted after 1961 by groundwater withdraws from 
the Cosme well field. In accordance with the methodology, the 10-year flood level was 
based on a frequency analysis of the lake stage record from 1930 to 1981 
frequency analysis on stages beyond 1961 would have lowered the lO-year flood level 
as a result of using lake stages impacted by groundwater withdrawals. 

A 
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Lake Rogers 

Lake Rogers is located in the Northwest Hillsborough Basin in Hillsborough County, 
Florida (Section 27, Township 27S, Range 17E). The area surrounding the lake is 
categorized as the Land-0-Lakes subdivision of the Tampa Plain in the Ocala Uplift 
Physiographic District (Brooks 1981 1; a region of many lakes an a moderately thick 
ptain of silty sand overlying Tampa Limestone. As part of the Florida Department of 
Environmental Protection’s Lake BioassessmentlRegiona~iza~i~n Initiative, the area has 
been identified as the Keystone Lakes region; an area of numerous slightly acidic, low 
nutrient, and mostly clear-water lakes (Griff ith et al. 1997). 

The United States Geological Survey 1956 (photorevised 1987) 1 :24,000 Citrus Park, 
Fla. quadrangle map indicates a water level elevation of 36 ft, NGVD. The Florida Lake 
Gazetteer (Shafer eta/. 1986) lists the lake area at 93 acres at this elevation. The lake 
has no outlet (Figure 6-51}. 

A detailed topographic map of the Lake Rogers basin (Figure 6-52) was developed for 
estimation of surface areas associated with various water level elevations. Data used 
for map production were obtained from field surveys and 1 :ZOO aerial photograph maps 
of the basin containing one-foot contour lines prepared using photogrammetric 
methods. 

The District has not previously estabtished management levels for Lake Rogers. 

Proposed Mlnlmum and Guidance Lawekt 

Recommended Minimum and Guidance Levels for Lake Rogers, a Category 3 Lake, 
are listed in Table 6-48, along with area values for each water level. The Basin 
Connectivity, Species Richness, Aesthetics and RecreatiodSki Standards for the lake 
are lower than the Historic P50 elevation, and were evaluated for development of 
minimum levels. The Aesthetics Standard, the most conservative of these standards, 
was used to establish the proposed Minimum Lake Level at 42.82 ft. The proposed 
Minimum Lake Level is 1.1 ft below the Historic P50 elevation. Lake area at the 
proposed Minimum Lake Level is about 95% of the area associated with the Historic 
P50 elevation. The proposed High Minimum Lake Level was established at 43.82 ft, an 
elevation corresponding to the Minimum Lake Level plus the RLWR50 (1 .O ft) for the 
northern Tampa Bay area. The proposed High Minimum Lake Level is 1 . I  f t  below the 
High Guidance Level. Lake area at the proposed High Minimum Lake Level is about 
95% of that associated with the High Guidance Level. Development of Guidance 
Levels is described in the following sub-section. 























Round Lake 

Round Lake is lake located in the Northwest Hillsborough Basin in Hillsborough County, 
Florida (Sections 21 and 22, Township 27$, Range 18E). The area surrounding the 
lake is categorized as the Land-0-Lakes subdivision of the Tampa Plain in the Ocala 
Uplift Physiographic District (Brooks 1881 1; a region of many lakes on a moderately 
thick plain of silty sand overlying Tampa Limestone. As part of the Florida Department 
of Environmental Protection’s Lake EioassessmentlRegionalization Initiative, the area 
ha5 been identified as the Land-0-Lakes lake region; an area of numerous neutral to 
slightly alkaline, low to moderate nutrient, clear-water lakes (Griffith et al. 1997). 

A lake surface elevation is not included on the 1956 United States Geological Survey 
(photorevised 1987) 1 :24,000 Sulphur Springs, Fla. quadrangle map or the 1956 
(photorevised 1987) Citrus Park, Fla. quadrangle map. The Florida Lake Gazetteer 
(Shafer et a/. 1986) lists the lake surface area a5 1 1 acres at an elevation of 53 ft, 
NGVD. The lake has a drainage area of 0.7 square miles. There are no intets to the 
lake, however, an augmentation well along the northeast shore has been used to 
supply the basin with water from the Floridan Aquifer since the mid-I 960s (Stewart and 
Hughes 1974) The lake drains through a partially filled-in ditch along the western shore 
which leads to Saddleback Lake (Figure 6-56). 

A detailed topographic map of the Round Lake basin (Figure 6-57) was developed for 
estimation of surface areas associated with various water level elevations. Data for 
map production were obtained from field surveys and 1 :200 aerial photograph maps of 
the basin containing one-foot contour lines prepared using photogrammetric methods. 

The District ha5 not previously established management levels for Round take. 

Prapmed Minimum and Guidance Levels 

Recommended Minimum and Guidance Levels for the Round Lake, a Category 3 Lake, 
are listed in Table 6-52, along with area values far each water level. The Dock-Use 
Species Richness, and Aesthetic Standards for the lake are lower than the Historic P50 
elevation, and were evaluated for development of minimum levels. The Dock-Use 
Standard, the most conservative of these standards, was used to establish the 
proposed Minimum Lake Level at 53.26 ft. The proposed Minimum Lake Level is 0.2 ft 
below the Historic P50 elevation. Lake area at the proposed Minimum Lake Level is 
about 93% of the area associated with the Historic P50 elevation. The proposed High 
Minimum Lake Level was established at 54.26 ft, an elevation corresponding to the 
Minimum Lake Level plus the RLWRSO (1 .O ft) for the northern Tampa Bay area. The 
proposed High Minimum Lake Level is 0.1 ft above the High Guidance Level and about 
3.3 ft lower than the Low Floor Slab elevation. Devetopment of Guidance Levels is 
described in the following sub-section. 
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