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ABSTRACT

A 1iﬁnological survey of 165 Florida lakes was conducted between
September 1979 and August 1980 to determine chemical and trophic state
characteristics. A wide range of limnological conditions was found.
Mean pH ranged from 4.1 to 9.2 and mean total alkalinity concentrations
ranged from 0 to 204 mg/l as CaCO3. Mean specific conductance ranged
from 11 to 5600 umhos/cm. Total hardness concentrations averaged
between 2 and 730 mg/l as CaCO3 and calcium hardness concentrations
averaged between 1 and 215 mg/l1 as CéCO3. Mean total nitrogen
concentrations ranged from 63 to 4600 mg/m3 and total phosphorus
concentrations éveraged between 3 and 834 mg/m3. Mean-chlorbphylllg
concentrations ranged from 0.5 to 157 mg/m3 and Secchi disc transparency
vaveraged between 0.1 and 8.1 m. Lake trophic states ranged from ultra-
oligotrophic to hyper—eutrophic. As a group,hbwever, Florida lakes
can be characterized as productive, soft-water lakes. Over 75% of the
sampled lakes had total alkalinity concentrations below 40 mg/l as CaCOj
and total hardness concentrations below 75 mg/1l as CaCO3. Total phosphorus
concentrations ranged above 10 m.g/m3 in over 75% of the study lakes.
Consequently, ﬁost of Florida's lakes are_eifher mesotrophic (42%) or
eutrophic (35%). Similar to the findings of regional limnology studies
in other parts of the wdrld, there is a strong relationship between
the mineral composition of Florida's freshwater lakes and the surface

geology and physiography.
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INTRODUCTION

The State -of Florida has 0verv7,700 natural and artificial lakes
(Florida Board of Conservation 1969). These lakes, which range in size from
small 0.4 haponds to the 181,000 ha Lake Okeechobee, are an extremely valuable
natural resource becauée they provide habitat for a diverse fiora and
fauna as well as water for many of man's domestic, industrial, agricultural,
and recreational activities.v During the 1ést 80 years, however,
development acpivities have caused changes in the quality oé many lakes.
Unfortunately, these changes have often been‘undesirable. For example,
the disposal of dqmestic, industrial, and agricultural wastes as well as
increased urbanization have greatly increased plant nutrient inputs to
many lakes. This nutrient enrichment or cultural eutrophication has
caused the development of excessive growths of aquatic macrophytes and
plankton algae. For the foreseeable fﬁture, however, the development of
Florida will probably continue at a very rapid rate. With an expanding
‘population and rapid economic growth, demands for water will increase.

To meet these demands and miﬁimize environmental damage, Florida'a lakes
will have to be intensively managed.

The practical management of Florida'svlakes, however, is complicated
by their phycical, chemical, and biological diversity. Therefore, godd
management can occur only if the general limnological capabilities and
potenfials of the lakes are understood. Previous research has provided

information on the mechanisms involved in the formation and destruction



of lake basins (Sellards 1914; Cooke 1939; Stubbs 1940; Parker and
Cooke 1944; Pirkle and. Brooks 1959) as well as general information on
the chemical and biological characteristics of select Florida lakes
(Collins and Howard 1927; Carr 1934; Harkness and Pierce 1940; Pierce
1941; Reid 1950; Black and Brown 1951; Odum 1953; McLane 19555 Moody
1957). In addition, limnologi?él research has documented the impact
of cultural eutrophication on a number of Florida lakes (Reid 1964;
Huffstutler 1965; Holcomb 1968, 1969; Duchrow 1970; 1971; Shannon 1970;
Duchrow and Starling 1972; Shannon and Brezonik 1972; Holcomb and
Starling 1973; Joyﬁer 1974; Cowell et al. 1975; Nordlie 1976; Goolshy
and McPherson 1978; Milleson 1978). Despite all this work;.however,
the limnological capabilities and potentials of the Florida lakes, as
a group, remain pborly understood. This has occurred primarily because
the factors influencing the productivity and species composition of
lakes in différent regions of Florida have not been studied.

Although there are a multitudeiof factors which can influence the
productivity aﬁd species composition of lakes, limnological research
(Moyle 1954, 1956; Sakamoto 1966; Dillon and Rigler 1974; Jomes and
Bachmann 1976; Larsen and Mercier 1976) has shown water chemistry is
often the single most important fagtor. For aﬁy particular regioﬁ,
the minefal composition of freshwaters is largely determined by
atmospheric precipitafion (Gibbs 1970) and surface geology (Naumann
19323 Deevey 1940; Moyle 1954; 1956; Bachmann 1965; Jonés and Bachmann
1978). 1In Florida, there have been statewide studies on water quality
in streams which have shown a relationship between surface ﬁater chemistry

and surface geology (Odum 1953; Kaufman 1975a, 1975b, 1975c, 1975d;



Slack and Kaufman 1975), but there have been no statewide limnological
studies to determine if such a relationship exists in lakes. Because
information about the edaphic influence on the mineral composition of
lake water is important for separating lake types and for determining
the limnologiﬁal capabilities and potentials‘of lakes, this study was
designed to determine the chemical composition and trophic state
characteristics of Florida l;kes located in diffefent physiographic
regions. The primary purpose was to deterﬁine if there were regional
differences in chemical compbsiﬁion which might be of some biological

. —""""importance.



DESCRIPTION OF STUDY AREA

A. Location

The State of Florida, which has an area of approximately 152,000
km? (Pride and Crooks 1962), is located on the southeast Qorher of the
North American continent between latitudes 24°30' N and 31° N and
longitudes 80° W and 87°30' W. Floriﬂa is bordered on the east by
waters of the‘Atlaﬂtic Ocean, on the south by waters of the Straits
of Florida and on the west by waters of the Gulf of Mexico. To the

 north, Florida is bordered by Alabama and Georgia.

B. Climate

General climatic conditions range'from a zone of transition between
temperate and subtropical conditions in northern Florida to tropical
conditions in the Florida Keys (Bradley 1975). Mean annual temperatures
range from 18-20 C in the northern areas to 22-25 C in south Florida.
Summer temperatures generally average in the high 20s but can range
over 38 C.  Thundershowers, however, can drop temperatures 6-12 C in
a short period of time. Minimum winter temperatures generally average
from 4 C to 9 C in north Florida andrfrom 10 C to 15 C in south Florida.
Strong ¢old fronts, ﬁowever, can drop temperatures thrdﬁghqut Florida
below O C.

Atmospheric precipitation in the form of rain is the major source
of water in Florida (Hughes et al. 1971). Rainfall generally averages

around 135 cm/yr but varies from 102 cm/yr in the Florida keys to more
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than 163 cm/yr in southe#st and northwest Florida (Figure 1). This
rainfall, however, tends to be highly seasonal (Figure 2). Rainfall

is normaliy greateét betwéen June and September when summer thunderstorms
and hurricanes occur. These storms generally provide over half of

the annual rainfall (Bradley 1975). Winter tends to be the season with
the least rainfall (Bradley 1975). Large seasonal and annual variations,
however, charactefize rainfall throughout Florida;thus,dfoughts and
floods are common (Bradley 1975). Beéause mean annual gvaporation rates
vary from 117 cm/yr to 137 cm/yr (Kohier et al. 1959), drqughté can be
very severe. In addition to seasonal and annual variations in the quantity
of rainfali; the chemical quality of the rainfall can vary (Irwin and
Kirkland 1980). On thé average, sodium, chloride, and calcium fend

to be the dominant ioms, but Floridé's rainfall also has relatively high
concentrations of total nitrogen and totaliphosphorus (Table A).

Table A. Mean and range values for selected chemical parameters in
. Florida rainfall (From Irwin and Kirkland 1980).

Parameter Mean ‘ Range
pH : . *kk 4.7-8.8
Specific Conductance (umhos/cm) 32 20-66
Calcium (mg/1l) 2.1 1.1-3.4
Sodium (mg/l) 1.7 0.5-4.4
Chloride (mg/1) 3.2 1.1-7.9
Iron (ug/l) kkk 40-340
Total Nitrogen (mg/l) 1.1 0.5-2.4
Total Phosphorus (mg/l) 0.10 .03-.30

C. Geology
Florida is part of the eastern Culf of Mexico sedimentary basin
(Puri and Vernon 1964). Pressler (1947) has divided this basin into

two sedimentary provinces; the North Gulf Coast and the Florida
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Figure 1. Mean annual rainfall (cm) in Florida. Modified from Hughes et
al. (1971).



(’\
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Figure 2. Mean seasonal rainfall (cm) in Florida.
et al. (1971).
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Peninsula. The North Gulf Coast sedimentary province, which includes
all of Florida north of a lime drawn between Levy and Nassau Counties,
consists mainly of clastic sediments (Puri and Vermom 1964). The Florida
Peninsula sedimentary province, which includes the I'l'oridan Plateau
of which present—day pemimsular Florida is a part, comsists mainly of
carbonates and anbiypdrites (Puri and Vermem 1964).

Presemt;&'ay surface geology in Florida is shown in Figure 3.
This geology has been strongly influenced by the rise amd fall of sea
lewel. From the Cretaceous to the end of the Oligocene, sediments
containing calcium and magmesium carbomates were deposited throughout
mech of Florida (Puri and Vernom 1964). Only in western Florida, where
streams deposited clastics, were non-calcareous sediments deposited.
Sedimentary deposits eonsiéted of essentially pure calcium carbonate until
late Tertiary times. After the Oligocene, streams began to emcroach
from the mainland and depositb large amounts of clastic sediments over
calcareous sediments (Puri and Vermon 1964). During the Miocene, sediments
containing large amounts of phosphorite, alkapulgite, and kaolin were
deposited (Puri amd Vermon 1964). Durimg the last geological period,
the Pliestocene, deposits consisted mostly of sand (Puri and Vernon 1964).
Deposits during the Recent have largely been alluviums, freshwater marls,
peats and muds, and phosphorus emriched estuarine deposits (Puri and Vernon

1964).

b. Topography
The State of Florida lies in the Coastal Plain Province, a major
' physiographic division of the United States (Femmeman 1938). Topography,

which has been described in detail by Matson and Sanford (1913), Femnmeman
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Figure 3. Geologic map of Florida. Modified
1.0 = Lake Okeechobee.

ORI

from Vernon and Puri (1964).
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(1938), Cooke (1945), White (1958, 1970), and Puri and Vernon (1964),
is relatively flat with elevations ranging from sea level to a high
of approximately 105 m. Nearly 7% or 9,800 km? of Florida's total
_surface area is water (Pride and Crooks 1962). Florida also has over
13,000 km of coastline and no inland point in Florida is further than
113 km from saltwater.

Florida can be divided into three ﬁajor physiographic zones: the
Northern, Central, and Southern zones (Figure 4; Puri and Vernon 1964;
White 1970). The Northern physiographic zone is distinguished by a
region of continuous high ground which forms a broad upland in north
Florida. Most of the~Northern zone is above the pieéometric‘surface
(White 1970); therefore the region is characterized by features of
dry highland or dead zome karst. Dry sinkholeé,,springheads; and
beds of former broad shallow lakes abound and there are many lakes which
periodically drain dry (White 1970). The Central physiographic‘zone
is characterized by discontinuous highlands (White 1970). These
highlands form subparéllelkridges and are generally separated by broad
valleys. The ridges are generally above the piezometric surface while
the valley floors are generally below it (White 1970). Sinkhole lakes
are common on the ridges, while broad shallow lakes are common on the
Qalley floors. The Southern physiographic zone is characterized by
large expanses of wetlands (Puri and Vernon 1964; White 1970). The
entire area is generally below the piezometric level, but other than
Lake Okeechobee, the region contains few lakes. Each major physiographic
region, however, can be divided into additional distinct subdivisioms

of variable character (Figure 4).-
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Figure 4.

2345
b
T
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CENTRAL ZONE

SOUTHERN ‘ZONE

Physiographic map of Florida. Modified from Puri and Vernon
(1964) and White (1970). Regions are: 1) Western Highlands;
2) Marianna Lowlands; 3) New Hope Ridge; 4) Greenhead Slope;

5) Grand Ridge; 6) Lake Munson Hills; 7) Tallahassee Hills;

8) Northern Highlands; 9) Trail Ridge; 10) Crescent. City

Ridge; 11) Marion Upland; 12) Deland Ridge; 13) Mount Dora
Ridge; 14) Orlando Ridge; 15) Eastern Valley; 16) Lake Wales
Ridge; 17) Osceola Plain; 18) Intraridge Valley; 19) Okeechobee
Plain; 20) Atlantic Coastal Ridge; 21) Immokalee Rise; 22)

Polk Upland; 23) Winter Haven Ridge; 24) Gulf Coastal Lowlands;
25) Lake Upland; 26) Brooksville Ridge; 27) Tsala Apopka Plain;
28) Sumter Upland; 29) Central Valley. LO = Lake Okeechobee.
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METHODS
A, Sampling Methods

Between September 1, 1979 and August 30, 1980, surface water (0.5 m)
 samples were collected by boat on three occasions from 165 lakes located

throughout Florida (Table 1). Lakes thought to be representative of

Florida's physiographic regions were selected fof study. At each lake,
water samples were collected at three midlake locations in acid-cleaned
nalgene bottles. On larger lakes, like Lake Okeechobee, samples were
collected from near-shore waters. All samples were placed on ice and

transported by truck to the laboratory at Gainesville, Florida for

analysis.

B. Physical Measurements

Water clarity at each lake was measured at each sampling site by

use of a 20 cm black and white Secchi disc. Water temperatures were

measured in the deepest area of each lake at 1 m intervals from the
surface to the bottom by use of a Yellow Springs Instrument Company
Model 51A oxygen-temperature meter. All temperature measurements are

listed in Appendix A.

C. Chemical Measurements
The following chemical analyses were made on unfiltered water

samples. Specific conductance was measured by use of a Yellow Springs
Instrument Company Model 31 conductivity bridge. An Orion Model 601A
pH meter was used to measure pH. Total and phenol alkalinity was

determined by titration with 0.02 N sulfuric acid (A.P.H.A. 1976).

Endpoint determination was made by use of an Orion 601A pH meter

and phenolphthalein and bromcresol green-methyl red indicators. Total
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and calcium hardness concentrations were determined by titration with
HexaVer chelating reagent (Hach Chemical Company 1975). ManVer hardness
indicator and CalVer calcium indicator (Hach Chemical Company 1975)

were used for endpoint determinatibn. Calcium concentrations were
calculated from calcium hardness concentrations while magnesium
concentrations were estimated from the difference between total and
calcium hardness concentrations. Chloride concentrations were

determined by titration with 0.0141 N mercuric nitrate. Diphenylcarbazone
was used for endpoint determination (A.P.H.A. 1976). Silica concentrations
were determined by using the heteropoly blue method (A.P.H.A. 1976)

and total iron concentrations were determined by using the ferrozine
method (Hach Chemical Company.l975). Total phosphorus concentrations

were determined by using the procedures of Murphy and Riley (1962)

with a persulfate digestion (Menzel and Corwin 1965). Total nitrogen
. concentrations were determined by using a modified Kjeldahl technique
described by Nelson and Sommers (1975).

The following chemical analyses wére'made-on water which was
filtered through a Gelman type A-E glass fiber filter. Sulfate
concentrations were determined by use of a turbidimetric method with
SulfaVer IV sulfate reagent (Hach Chemical Company 1975). Color was
determined by use of the platinum-cobalt method and Nessler tubes
(A.P.H.A. 1976). Sodium and potassium concentrations were determined
by flame photometry (A,P.H.A. 1976). Results of all mineral analyses
were expressed in meq/l. With few exceptions, the balance between
positive and negative ions (as meq/l) in each lake was within the

range found acceptable by Golterman (1969). Results from individual
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‘analyses are found in Appendix B.

D. Biological Measurements

The concentration of -plankton algae in each lake was estimated
by measuring éhlorophyll a concentrations. For chlorophyll a analysis,
a measured volume of lake water was filtered through a Gelman type A-E
glass fiber filter. Filters were stored over dessicant and frozen
until analyses could be completed. Chlorophyll g'concentrationé were
determined'by using the methods of Richards with Thompson (1952) and
Yentsch and Menzel (1963). Chlorophyll a values were calcul#ted by
uéing the equations of Parsons and Strickland (1963). Corrections
for phaeophyéin were not made. Resﬁlts of individual analysés are

listed in Appendix B.
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RESULTS AND. DISCUSSION

A. Chemical and Trophic State Characteristics of Lakes Located in
Northern Physiographié¢ Zome.

1. Western Highlands: The Western Highlands is a gently sloping

plateau located in portions of Escambia, Santa Rosa, Okaloosa, Walton,
and Holmes counties (Figure 4). This region is a remnant of the
continuous highlands which once stretched across north Florida.
Throughout the region,,nﬁmerous streams dissect the plateau. The
"eastern portion of the Westerﬁ Highlands is composed largely of fossil-
iferous marl from the Chipola Formation while the western portibn con—
sists mostly of sands, gravels, and clays from the Citronelle Formation
(Vernon and Puri 1964); The region has very few natural lakes and
these exist primarily in the eastern portion of the highlands.‘ In this
study, 6 lakés including 2 natural (LakelJackson and Lake Stanley) and
4 artificial (Bear Lake, Hurricane Lake? Juniper Bay and Lake Karick)
 lakes were sampled. Data for these lakes are presented in Table 2.

Based on the collected data, the lakes of the Western Highlands cén
be characterized as acidic, soft-water lakes. Mean pH values ranged from 4.5
to 6.4 and mean total alkalinity concentrations ranged from 2 to 9 mg/1
as CaCO3. Mean total hardness concentrations ranged from 2.1 to 10 mg/1
as CaCO3 and mean calcium hardness concentrations ranged from 0.7 to 4.6
mg/l as CaCO3. In general, the artificial lakes had lower average values
than the natural lakes, which are located in the Chipola Formation.

The only exception was Lake Karick, which was being artificially limed
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and fertilized to enhance fish production (Mr. Norman Yéung, Florida
Game and Fresh Water Fish Commission, personal communication).

Mineral content of lakes in this region is extremely low (Table 2), Mean
specific conductance ranged from 13 to 28 ﬁmhos/cm. In nearly all the
lakes, the dominént-cation was sodium and the dominant anions were
sulfate and chloride (Table 3). Exceptions iﬁclude Lake Karick, which
was being limed, and Lake Jackson»which received surface inputs from
the fossiliferous marl deposits of the Chipola Formation. Based on
criteria established by Gibbs (1970) and a comparison of chemical analyses
on Florida rainfall (Table A), atmospheric precipitation seems to be
the dominant mechanism controlling the chemical composition of the lakes.
Surface geology does not greatly influence lake watér chemistry, iargély
because surface and subsurface flows come from sandy, non-calcereous
soils. |

Table 4 shows some of the general characteristics of oligotrophic,
mesotrophic, and eutrophic lakes. Fof the lakes sampled in this study

Table 4. Generalized trophic state classification standards.
Compressed from Likens (1975).

Trophic Total Total Chlorophyll a
Status Phosphorus Nitrogen (mg/m3)
(ng/m3) (mg/m3)
Oligotrophic 0-10 1-600 0-3
Mesotrophic 10-30  500-1100 2-15
Futrophic >30 >1000 » >15

(Table 2), mean total phosphorus values ranged from 11.1 to 19.7 mg/m3,

which is in the range reported for mesotrophic lakes. Mean total nitrogen
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values, however, ranged between 239 and 388 mg/m3 which is in the

range reported for oligotrophic lakes. Chlorophyll a values ranged

from an average of 2.7 mg/m3, an oligotrophic characteristic, to 10.9 mg/ms,
a mesotrophic characteristic. Based on these data and similar long~-term
data collected by the Flﬁrida Game and Fresh Water Fish Commission on

Bear Lake and Lake Karick (Table 5), the lakes of the Western Highlands

probably should be classified as oligo-mesotrophic lakes.

2. Marianna Lowlands: The Marianna Lowlands are located in Holmes,
Jackson, and Washington counties. This area encompasses 5,000 km? of
lowland formed by stream and soiutiop procgsseS’(Figure 43 Puri and
Vernon 1964). The geology of the region is dominated by limestone of -
the Crystal River Formation and Marianna Limestone (Puri and Veinon 1964).
Sand and clay, however, cover these 1imestoné formations in many areas
(Puri and Vernon 1964).

The region is generally‘well—drained. Numerous natural springs
occur in this region, but there are few natural lakes. 1Imn tﬁis study,

6 lakes, including 1 natural (Pate Pond), and 5 artificial (Charles'
Bay, Merritts Mill Pond, Lake Seminole, Sun Lake, and Lake Victor) lakes
were sampled. Data are presented in Table 6. |

With the exceptionof Merritts Mill Pond, an alkaline (mean pH 8.1),
hard-water (mean total alkalinity 96 mg/l as CaCO3; mean total hardness
104 mg/1l as CaCO3; mean calcium hardness 97 mg/1 as CaCO3,) spring~fed
lake, the lakes of the Marianna Lowlands can bercharacterized as acidie,
soft-water lakes. Mean pH values ranged from 4.5 to 6.8 and mean
total alkalinity values ranged from 0 to 20 mg/l as CaCO3. Mean total

hardness concentrations ranged from 2.3 to 20 mg/l as CaCO3 and calcium
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hardness concentrations averaged 1.3 to 16 mg/l as CaCO3. As reflected

by the low average specific conductance values (range 11-66 umhos/cm),

the concentrations of sodium (1.4-5.8 mg/l), potassium (0.2-1.4 mg/1),

chloride (1.7-3.3 mg/l) and sulfate (4.6-10 mg/l) were also low.

In Merritts Mill Pond, calcium was the dominant cation and
bicarbonate was the dominant anion (Table 7.). This is typical of
hard-water lakes of the bicarbondate type (Hutchinson 1957) and éf
Florida springs (Ferguson et al. 1947). The ionic composition of
other lakes in the Marianna Lowlands,bhowever, is variable (Table 7).

In Pate Pond and Sun Lake, impermeable clays and sands isolate the
lakes from the underlying limestone, thus.sodium,'sulfate, and chloride
jons derived from atmospheric precipitation are dominant. In Charles'
Bay, Laké'Seminole, and Lake Victor the influence of surface geology

is greater thus the ionic composifion is mixed.

Based on crite:ia 1isted in Table 4 and data in Table 7, the trophic
status of the lakes in the’Marianna Lowlands would probably be
chﬁracterized as oligo—mesotrophi; or mesotrophic.™ With the exception
of Merritts Mill Pond, mean total nitrogen values (297-514 mg/m3) in
these lakes were in the range reported for oligotrophic lakes. Total
nitrogen, however, averaged 1500 mg/m31n Merritts Mill Pond, which
is characteristic of eutrophic lakes. Mean total phosphorus values
(13.5-43.6 mg/m3) were characteristic of mesotrophic lakes. Only turbid
Lake Seminole had an a#erage phosphorus value (43.6 mg/ms) in the eutrophic
category. Algal biomass as measured by chlofophyll a concentrations
was very low in Charles' Bay (mganbchlorophyll a of 2.5 mg/m3), Merritts
Mill Pond (mean chlorophyll a of 1.1 mg/m3), Sun Lake (mean chlorophyll

2 of 2.0 mg/m3), and Lake Victor (mean chlorophyll a of 2.8 mg/m3), thus

suggesting the lakes are oligotrophic. All of these lakes, however,
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had maximum algal chlorophyll levels in the range reported for mesotrophic
lakes and Merritts Mill Pond had substantial growths of submerged aquatic
macrophytes. This suggests these lakes are best classifiéd as

oligo-mesotrophic or mesotrophic.

3. New Hope Ridge: The New Hope Ridge is a narrow, gently sloping

plateau located in portions of Bay, Calhoun, Jackson, and Washington
counties (Figure 4). The region is a remnant portion of the highlands
which once stretched cbmpletély across north Florida. The geology of
the region is dominated by sands of the Fort Preston Formation (Vernon and
Puri 1964). As 1is typiéal of other regions in Florida dominated by
this formation (Puri and Vernon 1964; White 1970), the New Hopé Ridge
contains numerous sinkhole lakes. Five of these lakes (Compass Lake,
' Léke McKenzie, Mirrow Lake, Round Lake, and Turkey Pen Pond) were
sampled. Data are presented in Table 8. |

From the data collected in this study, the lakes of the New Hope
Ridge can be chemicaiiy characterized as acidic, soft-water lakes of
extremely low mineral content. Mean pH values ranged from 4.7 to 6.3
and total alkalinity values averaged between 1 and 4 mg/l as CaCo3,
Total hardness concentrations averaged below_7 mg/1 as CaCO3, and
mean calcium concentrations ranged between 1.2 and 4.7 mg/l as CaCO3,
Mean specific conductance ranged between 16 and 25 umhos/cm. With the
exception of Round Lake (several local residents have repofted the
presence of a small spring) sodiﬁm was the dominant cation and sulfate

was the dominant anion (Table 9). The low salinity and mean ionic

composition of the study lakes strongly suggest atmospheric precipitation
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is the dominant mechanism determining the chemical composition of lakes
on the New Hope Ridge.

Data on trophic state characteristics (Table 8) shows the study
~lakes on the New Hope Ridge are highly oligotrophic. Mean total nitrogen
values ranged between 68 and 176 mg/mB. Mean total phosphorus concentra-
tions ranged between 3.4 and 5.7 mg/m3. Chlorophyll a concentrations averaged
between 0.6 and 1 mg/m3 and water clarity averaged between 4,7 and 7.1m,
These data are very similar to the total nitrogen (220 mg/m3), total’
phosphorus (5 mg/m3), chlorophyll g_(0.6-mg/m3) and water clarity (12.8 m)
values repdrted for Lake Tahoe, ﬁevada by the U. S. Environmental
Protection Agency (1978a). This suggests the lakes on the New Hope

Ridge are among the most oligotrophic lakes found in the United States.

4, Greenhead Slope: The Greenhead Slope (Figure 4) is located

in Washington and Bay counties. Like the New Hope Ridge and the Western
Highlands, this region is a remnant of the once continuous nofthern
highlands. Vernon and Puri (1964) suggest sands of the Jackson Bluff
Formation dominate the regional geology. Thréughout the region, there
are numefous sinkhole lakes. In this study, 4 natural lakes (Crystal
Lake, Dunford Pond, Gap Pond, and Merial Lake) were studied. Data are
presented in Table 10. Additional data for Porter Pond (Table 11) were
obtained from the Florida Game and Fresh Water Fish Commission.

‘Lakes on the Greenhead Slope are characterized as acidic, soft-water
lakes of low mineral content. Mean pH (Table 10) ranged from 4.7 to 5.7.
Total alkaiinity values averaged ffom 1 to 2 mg/l as CaCO3. Mean total

hardness concentratioﬁs ranged from 2.0 to 2.5 mg/1 as CaCO3 while
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calcium hardness concentrations averaged between 1.5 and 1.8 mg/1l as
CaCO3. Mean specifié conductance ranged from 13 to 19 umhos/cm. Data
for Porter Pond (Table 1l1) are similar.

In all lakes, mineral analyses (Table 12) showed sodium was the
dominant cation and sulfate followed by éhloride were the dominant
anions. Similar to New Hope Ridge lakes, the low salinity and chemical
composition of the lakes located on the Greenhead Slope suggest the
chemical composition of these lakes is largely determined by atmospheric
precipitation.

As a group, lakes on the Greenhead Slope can be éharacterized as
oligotrohpic. With the exception of Gap Pond~aﬁd Portér Pond, which
are relatively’shalloﬁ lakes, mean total phosphorus values' (Table 10)
averaged below 10 mg/m3. Mean total nitrogen concentrations ranged
from 64 to 308 mg/m3. In all the lakes, chlorophyll g‘concentrations
averaged between 0.5 and 1.5 mg/m3. These low algal levels coupled
with low average color values (0-6 mg/l as Pt) result in high water

transparency. Mean Secchi disc readings ranged from 3.2 to 8.1 m.

5. Grand Ridge:»The Grand Ridge, which is located in Calhopn and
Jackson counties, is a remnant high area left by the Chipola and
Apalachicola Rivers when they dissected the original northern highlands
(Figure 4). Regional geology is dominated by sands of the Fort Preston
Formation (Vernon and Puri 1964), but unlike other regions within ;his
geolbgié formation, the Graﬁd Ridge has very few iakes. Consequently,
only one lake, Ocheesee Pond, was sampled. Data are presented in Table 13.

Ocheesee Pond, similar to other sand-hill lakes in western Florida,
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is an acid, soft-water lake of low mineral content. Mean pH was 5.6 and
mean total alkalinity was 3 mg/1 as CaCO3, Total and calcium hardness
concentrations (Table 13) averaged less than 4 mg/l as CaCO3 and mean
specific conductance was‘l6,umhos/cm. Sulfate and chloride were the
dominant anioné (Table 14). Sodium was the dominant cation (48%) but
calcium also contributed significantly to the ionic composition of
Ocﬁeesee Pond (Table 14). Based on the ionic composition and low mineral
content (Gibbs 1970), atmospheric precipitation probably is the déminant
mechanism controlling surface water chemistry in Ocheesee Pond.

Ocheesee Pond probably can be characterizéd as an oligotrophic lake.
Total nitrogen concentrations averaged 328 mg/m3 and total phosphorus
concentrations averaged 8.7 mg/m3. Chlorophyll a concentrations averaged
2.6 mg/m3 and Secchi disc readings averaged 3.3 m. Though the average
values are characteristic of oligotrophic lakes, examination of the
maximum measured total phosphorus énd chlorophyll a values suggests
Ocheesee Pond is not as oligotrophic as other sand-hill lakes in western

Florida and may actually be an oligo-mesotrophic lake.

6. Tallahassee Hills: The Tallahassee Hills (Figure 4) are a 40 km

wide strip of uplands located in Gadsen, Jefferson, Leon, Liberty and
Madison counties. The upland extends from the Withlacoochee River on
the east westward to the Apalachicola River. The geology in the eastern
portion of the uplands is dominated by the yellowish-red, clay-sands of

the Miccosukee Formation (Vernon and Puri 1964). Deposits of the‘Hawthorn»
Formation, a phosphatic deposit, generally dominate the geology westward

from the Ocholockonee River (Vernon and Puri 1964). However, thick deposits
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of clastics overlie the main geological formations in many areas. Where
these deposits occur, there are often many lakes ranging fromvlarge
shallow lakes to relatively deep ginkhole lakes. Five natural lakes (Carr
Lake, Cherry Lake, Lake Iamonia, Lake Jackson, and Mystic Lake) and one
artificial lake (Lake Talquin) were gsampled during this study. Data are
presented_in Table 15. Additional‘data obtained from the Florida Game
and Fresh Water Fish Commission are presented in Table 16.

As a group, the lakes in the Tallahasseé Hills can be characterized
as acidic, soft-water lakes of low mineral content. Mean pH values
ranged from 5.6 to 6.7. Total alkaliﬁity levels avéraged between 4 and
12 mg/1 as CaCO3. Total hardmess concentrations averaged between 5.2 and
19 mg/1l as CaCO3 while calcium hardness concentrations averaged between
2.5 and 10 mg/l as CaCOj, v

" Unlike lakes located on the New Hope Ridge and the Greenhead Slope,
chemical composition of lakes in the Tallahassee Hills was mixed. (Table
17). Because calcium and magnesium occur in réughly the game propoftions
as sédium (Table 17) and mean specific conductance values (16-71 umhos/cm)
are generally higher than values found in lakes to the west, the ‘geology _‘
of this region probably influences éhe water chemistry of these lakes at
least as much as atmospheric precipitation.

Based on data collected in this study (Table 15) and the criteria
given in Table 4, the trophic status'of most of the lakes in the
Tallahassee Hills can be classifiéd as oligo—mes;trophic or mesotrophic.
Total nitrogen values averaged between 287 and 746 mg/m3.' Total
phosphorus values, with the exception of Lake Talquin, averaged between

6.8 and 27.2 mg/m3 and chlorophyll a values averaged between 3.7 and 10
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mg/ms. Lake Talquin, however, probably should be classified as a .
eutrophic lake as total phosphorus concentrations averaged over 100
mg/m3 (Table 15). This results primarily because the Ochlockonee
River drains the phésphor;s deposits of the Hawthorn Formation. In
addition to the high phosphorus values, chlorophyll g_éoncentrations
were measured up to 29.5 mg/m3 (Table 15) which is decidedly eutrophic.
The low average chlorophyll a values (10 mg/m3) measured in Lake
Talquin most likely result from the high turbidity or rapid flushing

rates of this lake.

" 7. Lake Munson Hills: The Lake Munson Hills (Figure 4) are located in

Leon Count§ south of the Tallahassee Hills. The region has an area of about
104 km?. Geology of the region is dominated by sands overlying Suwannee
Limestone (Vernon and Puri 1964). In the western portion of this region,
there are numerous circular sinkhole lakes. In this study, only one lake,
Lake Munson, was sampled. .Data are presented in Table 18.

Lake Munson is an alkaline, hard-water lake of relatively high mineral
content. Mean lake pH was 7.7 but ranged up to 9.6. Total alkalinity
averaged 58 mg/l as CaCO3. Mean total hardness and mean calcium hardness
concentrations averaged 60 and 44 mg/1l as CaCOj3 respectively. Lake
specific conductance averaged 187 umh&s/cm, but ranged up to 240
umhos/cm. Calcium and magnesium (Table 19) were the domihant cations
and bicarbonate and carbonate were the dominant anions. This is similar
to many of the world's hard-water lakes (Hutchinson 1957). Lake Munson's
chemical éomposition and quality, however, are probably not typical |

of other lakes in this region because the lake receives inputs of
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treated domestic wastes from the City‘of Tallahassee.

Because the lake receives Earge inputs of plant nutrients from v ”
Tallahassee (U.S. Environmental Protection Agency 1978b), the lake is g
highly eutrophic. Total nitrogen and totél phosphorus concentrations

-averaged 2900 and 622 mg/m3 respectively. Chlorophyll a concentrations

i 4

averaged 145 mg/m? but ranged up to 255 mg/m3. Consequently, lake wdte
clarity was extremely low (mean Secchi disc 0.4 m) as is typical of

most eutrophic lakes with heavy algal blooms.

8. Northern Highlands: The Northern Highlands (Figure 4) is a
large piateau located in Hamilton, Suwannee, Columbia, Baker, Union
Bradford, Clay,Putnam and Alachua counties. -Generaliy, the‘topogrgphy
is flat, but along the peripheral zdne, gentle hills appear. The
region's geology is largely dominated by deposits of clastics, but
along the periphery, major deposits of the‘phoéphatic Hawthorn Formation
and Suwannee Limestone occur (Pufi and Vernon 1964; Vernon and Puri 1964;
White 1970). In Clay and Putnam counties, clays cap the Hawthorn and
limestone deposits. Here, a karstic landscape has developed and the
area contains many mulitform solution depressions. Many of these
depressions contain lakes. In this study, 13 lakes including one
artificial lake (Suwannee Lake) were studied. Data are presented in
Table 20. Additional data were obtained from the Florida Game and
Fresh Water Fish Commission (Table 21), Shannon (1970)(Table 22), and
Shannon aﬁd Brezonik (1972).

Inspection of the data reveals water quality in the Northern

Highlands is highly variable, but much of this variation can
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be attributed to variations in the regional geology. In the eastern
karstic zone, the lakes (Anderson—Cue Brooklyn, Clearwater, Cowpen,
Gallilee , Geneva, McCloud, Santa Rosa, Swan and Winnot) can be
characterized as'clear, acidic, soft-water lakes of ‘low mineral
content. Mean water clarity ranged from 3.1 m to 6.4 m. Aiailable pH
data indicates mean pH ranged from 4.9 to 6.4. Shannon and Brezonik
(1972) in their study of this region's limmology found the mecian pﬁ

to be,5.8 the median alkalinity to be 2.8 mg/l as CaCO4, the median
conductivity to be 48 umhos/cm and the median calcium concentration to
be 3.0 mg/l. As can ‘be seen by the data for Lake Geneva (Table 23),
sodium was the dominant cation and chloride followed by sulfate were
the dominant anions in the lakes. Ihis chemical compositian reflects‘
the importance of atmospheric precipitation as a majcr mechanisﬁ

‘ determining surface water chemistry. As a group, the lakes in this
region can also be characterized as oligotrophic or oligo—mesotrophic
Mean chlcrophyll a concentrations averaged below 3 mg/m3 in all the
study lakes‘which indicates the lakes are oligotrophic, but high
phosphorus concentrations (see Lake Genevaj; Table 20) were occasionally
measured which suggests the lake may’occasionallykshow the characteristics
of oligo-mesotrophic lakes.

Qutside the eastefn”karstic zone, there is a group of lakes (Adaho,
Altho, Butler, Crosby,»Elisébeth,'Hampton, HickoryiPond, Little Santa
Fé, Louise, Moss Lee, Ocean Pccd, Palestine, Santa Fc, StillfPond;
Suggs, and Wall) located in clastic deposits from the Recent which
can be characterized asvcolored, acid, soft-water lakes. Water
clarity, as measured by a-Seccht disc, averaged between 0.6 m and

2.2 m. The low to moderate water clarity readiﬁgs result largely from
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high cglor 1évels. Mean color wvalues rénged from 26 to‘336 mg/l as

- Pt. Mean pH values averaged between 4.1 and 6.0 and mean total
alkalinity concentrations averaged petween 0 and 5 mg/l as CaCO3{
Shannon and Brezonik (1972) report a median pH of 5.7 and a median
alkalinity of 2.4 mg/l as CaC03. Conductivity was low;‘ayeragiﬁg
between 35 and 54 pmhos/cm. Calcium concentrations averaged between

1 and 5 mg/1l and sodium concentrations avefgged between 4 and 8 mg/l.
In this group of lakes (Table 23), sodium~was generally the dominant
cation and chloride the dominant anion. This results because most

of the lakes receive the bulk of their water from atm@spheric precipi-
tation or from surface/subsurface runaff which comes from sandy, low-
calcareous soils. The trophic status of these lakes can be char—
acterized as mesotrophic. Total phosphorus values averaged between

10 and 30 mg/m3 (Tables 20, 21, and 22) l#rgely becéﬁse‘surface inflows
pass through sands that are slightly enriched with phagphoruss 'Chlofo-
phyll a concentrations averaged between 3.3 and 11 mg/m3.

A third distinct group of lakes in the Northgrﬁ‘ﬁighlaﬁds consists
of lakes located in the phosphstic Hawthorn Formationm. This includes
Beville's Pond, Cooter Pond, Lake Mize, and Suwannee Lake, Similar to
lakes located in deposits from the Recent, these lakes can be charact—
erized as colored, acid, soft-water lakes of low mineral content. Mean
conductivity ranged between 38 and 60 uymhos/cm. Mean pH averaged less
than 7 and calcium concentrations averaged between 3 and 6 mg/l. Color

values averaged between 20 and 433 mg/l as Pt. Dissimilar to the lakes

located in deposits from the Recent, the lakes on the Hawthorn Formation
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Table 21. (cont.).
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(1/3m)
KﬂID’WD

: (1/3)
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FONVIONANCD JI4103dS

(1/3m)
ALINITVYIV TONIRI

(t/%m)

ALINITVXIV TVIOL

(Ar0o3ea0qRT) Hd

(PT?T4) Hd

7.3 52 0.0 148 37 7.9 5.3
(6.4-8.1) (34-73) (0.0~-0.0) (105-190) (35-38) (2.4-25) (2.3-7.6)

4
€7.0-7.6)

Watertown

o
(0.0-19)
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¥OT0D

(gm/3u))

€ TTXHJOY0IHD

: (1/23)
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BATHOTHD

(1/%w)
RAISSVIOd

3.9
(2.3-7.3)

20
(20-20)

0.174 15.5
{0.010-0.360) (4.8-32.1)

,

. 0,180
(0.080-0.230)

8.6 6.7 1.3
(7.2-10) (0.0-25) 1.2-1.3)

3.9
(2.5-6.9)
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be attributed to variations in the regional geology. In the eastern
karstic zone, the lakes (Anderson—Cue Brooklyn, Clearwater, Cowpen,
Gallilee , Geneva, McCloud, Santa Rosa, Swan and Winnot) can be
characterized as'clear, acidic, soft-water lakes of ‘low mineral
content. Mean water clarity ranged from 3.1 m to 6.4 m. Aiailable pH
data indicates mean pH ranged from 4.9 to 6.4. Shannon and Brezonik
(1972) in their study of this region's limmology found the mecian pﬁ

to be,5.8 the median alkalinity to be 2.8 mg/l as CaCO4, the median
conductivity to be 48 umhos/cm and the median calcium concentration to
be 3.0 mg/l. As can ‘be seen by the data for Lake Geneva (Table 23),
sodium was the dominant cation and chloride followed by sulfate were
the dominant anions in the lakes. Ihis chemical compositian reflects‘
the importance of atmospheric precipitation as a majcr mechanisﬁ

‘ determining surface water chemistry. As a group, the lakes in this
region can also be characterized as oligotrophic or oligo—mesotrophic
Mean chlcrophyll a concentrations averaged below 3 mg/m3 in all the
study lakes‘which indicates the lakes are oligotrophic, but high
phosphorus concentrations (see Lake Genevaj; Table 20) were occasionally
measured which suggests the lake may’occasionallykshow the characteristics
of oligo-mesotrophic lakes.

Qutside the eastefn”karstic zone, there is a group of lakes (Adaho,
Altho, Butler, Crosby,»Elisébeth,'Hampton, HickoryiPond, Little Santa
Fé, Louise, Moss Lee, Ocean Pccd, Palestine, Santa Fc, StillfPond;
Suggs, and Wall) located in clastic deposits from the Recent which
can be characterized asvcolored, acid, soft-water lakes. Water
clarity, as measured by a-Seccht disc, averaged between 0.6 m and

2.2 m. The low to moderate water clarity readiﬁgs result largely from
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high cglor 1évels. Mean color wvalues rénged from 26 to‘336 mg/l as

- Pt. Mean pH values averaged between 4.1 and 6.0 and mean total
alkalinity concentrations averaged petween 0 and 5 mg/l as CaCO3{
Shannon and Brezonik (1972) report a median pH of 5.7 and a median
alkalinity of 2.4 mg/l as CaC03. Conductivity was low;‘ayeragiﬁg
between 35 and 54 pmhos/cm. Calcium concentrations averaged between

1 and 5 mg/1l and sodium concentrations avefgged between 4 and 8 mg/l.
In this group of lakes (Table 23), sodium~was generally the dominant
cation and chloride the dominant anion. This results because most

of the lakes receive the bulk of their water from atm@spheric precipi-
tation or from surface/subsurface runaff which comes from sandy, low-
calcareous soils. The trophic status of these lakes can be char—
acterized as mesotrophic. Total phosphorus values averaged between

10 and 30 mg/m3 (Tables 20, 21, and 22) l#rgely becéﬁse‘surface inflows
pass through sands that are slightly enriched with phagphoruss 'Chlofo-
phyll a concentrations averaged between 3.3 and 11 mg/m3.

A third distinct group of lakes in the Northgrﬁ‘ﬁighlaﬁds consists
of lakes located in the phosphstic Hawthorn Formationm. This includes
Beville's Pond, Cooter Pond, Lake Mize, and Suwannee Lake, Similar to
lakes located in deposits from the Recent, these lakes can be charact—
erized as colored, acid, soft-water lakes of low mineral content. Mean
conductivity ranged between 38 and 60 uymhos/cm. Mean pH averaged less
than 7 and calcium concentrations averaged between 3 and 6 mg/l. Color

values averaged between 20 and 433 mg/l as Pt. Dissimilar to the lakes

located in deposits from the Recent, the lakes on the Hawthorn Formation
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are all eutrophic. Total phosphorus values (Table 20 and 22) averaged
well above 30 mg/m3 as a result of natural phosphorus inputs originating
from the highly phosphatic sands of the Hawthorn Formation. Consequently;
the lakes support high levels of plankton algae with mean chlorpphyll
g.concentratiqns averaging between 21 and 34 mg/m3.

Finally, there remains a group of lakes of variable water quality.
This group includes Lake Alice,.Alligator Lake, Lake Rowell, Lake Sampson,
~ and Watertown Lake. With the exception of Watertown Lake, all of these
lakes have received, either directly or indirectly, nutrient inputs
from municipal treatment plants. Consequently, the_lakes can be
characterized as eutrophic. Mean total phosphorus values averaged over
30 mg/m3. Thus, all of the lakes, with the.exception of Lake Alice
and Lake Sampson (which recelves indirect inputs from Lake Rowell),
experienced chlorophyll a levels greater than 15 mg/m . Lake Alice,
when sampled by Shannon (1970), was covered with water hyacinths, but
today supports excessive growths of planktonic algae (personal
observations). Watertown Lake, similar to Alligator Lake, is a
hard-water lake. Mean total hardness avefaged 78 mg/1l as CaCoO3.
This hardness, however, cannot be attributed to artificial inputs such
as domestic wastes. Both Watertown Lake and Alligator Lake are located
on deposits of limestone and are connected to the groundwater by lime-
stone sinks (Holcomb 1968). This suggests there may be a group of
hard-water lakes located along the periphery of the Northern Highlands,

especially where Suwannee Limestone occurs.

9. Trail Ridge: The Trail Ridge (Figure 4) which is located in
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portions of Baker, Bradford and Clay counties, is a relict marine
littoral feature (White 1970). The ridge crowns the eastern edge of
the Northern Highlands just north of the Northern Highlands' karstic
zone. The geology“of the region is dominated by sands of the Fort
Preston Formation (Vernon and Puri 1964). Like other regions with
this formation, the Trail Ridge has a karstic landscape filled with »
numerous sinkhole lakes. In this study, 3 lakes (Kingsley Lake, Lowr&
Lake, and Magnolia Lake) were sampled. Data are presented iﬁ Table 24;

Lowry Lake and Magnolia Lake can be characterized as acid, soft-water
lakes. Both lakes had an'average pH of 5.1. Total alkalinity averaged
1 mg/1 as CaCOj and total hardness concentrations averaged 3.3 mg/l
as CaC05. Mineral content in these lakes was very low as reflected by
the mean specific conductance of 23 umhos/cm. In both lakes, sodium
was the dominant cation and chloride and sulfate were the dominant anions
(Table 25). This, as with other sinkhole lakes, probably results because
atmospheric precipitation is the dominant mechanism influencing water
chemistry and all surface/subsurface inflows come from sandy, non-calcareous
soils.

Kingsley Lake, however, is chemically different. The lake had a
mean pH of 7.0 and an average total alkalinity of 10 mg/1 as CaCOj.
Total hardness averaged 15 mg/l as CaCO3 and mean specific conductance
was 54 umhos/cm. Calcium and magnesium, rather than sodium, were the
dominant cations and bicarbonate occurred in roughly equal proportions
with chloride (Table 25). These differences result largely from inputs
of mineralized groundwater (Clark at al. 1964).

Although there are differences in water chemistry, the trophic
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status of the Trail Ridge lakes is very similar. All the lakes studied
can be characterlzed as oligotrophic or oligo-mesotrophic. Total nitrogen
concentrations averaged between 91 and 279 mg/m and chlorophyll a
concentrations averaged between 1.4 and 2.0 mg/m3. These values are

well within the range characteristic of oligotrophic lakes (Table 4).

In nddition, water clarity was very high, ranging from an average of
3.8 to 4.8 m. Total phosphorus values, however, averaged between 10.9
and 13 mg/m® which is characteristic of mesotrophic lakes. Based on

these results., however, lakes on the Trail Ridge are probably oligo-
trophic at best and oligo-mesotrophic at worst.

10. Gulf Coastal Lowlands The Gnlf Coastal Lowlands of morthern

Florida (Figure 4) consist of the 1ow, poorly—drained lands which lie
between the Gulf of Mexico and the scarp of the inland highlands. This
physiographicregionincludes a number of geological formations (Figure
3; Vernon and Puri 1964). In western panhandle Florida marine and
estuarine sediments dominate (Vernon and Puri 1964). These deposits
extend east to Wakulla County where sands of‘the Jackson Bluff Formation
occur (Vernon and Puri 1964). In easternm Wakulla County, deposits from
the St; Marks Formntion (Vernon an& Puri 1964) dominate. Suwannee

Limestone is dominant in Taylor County and limestone of the Crystal
River Formation is dominant in LaFayette and Dixie counties (Vernon

and Puri 1964.) Along the coast where barrier sand dunes occur, there
are numerous barrier lagoon lakes. Inland, in the poorly-drained areas,

lakes are found in shallow depressions that occur in sandy soils.

In this study, 9 lakes (Corn Lénding Lake, Dead Lake, Deer Point

Lake, Lake Ellen, Otter Lake, Oyster Lake, Townsend Pond, Western Lake,

and Lake Wimico were sampled. Data are presented in Table 26. Additional
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data (Table 27) were also obtained from the Florida Game and Fresh Water
Fish Commission. From this data, it can be seen water quality in Florida's
northern Gulf Coastal Lowlands is highly variable. This variability is

not unexpected, however, as the region's geology is diverse; but, most of the
 variability in water quality seems attributable to the lake's water

source. Consequently, patterns in the lake water chemistry caﬁ be dis-
cerned if the lakes are divided into groups based on the lake's water

source.

A ﬁajor lake grouping in the Gulf CoastalyLowlands is the barrier
lagoon lakes. Though these lakes receive freshwater inputs via direct
tainfall and surface runoff, saltwater inputs via breeches in the barrier
sand dunes or saltwater intrusion are dominant. In this study, two of
these lakes, Oyster Lake, and Western Lake, were sampled (Table 26).

Mean pH was 6.5 in Oyster Lake and 6.6 in Western Lake. Total alkalinity
averaged 20 mg/l as CaCO3. Total hardness concentrations averaged 523
mg/1l as CaCOg in Oyster Lake and 730 mg/l as CaCO3 in Western Lake.
Sulfate concentrations averaged 135 mg/1l and 186 mg/l in Oyster Lake and
Western Lake respectively. Sodium and chloride concentrations averaged
837 mg/1 and 1600 mg/l respectively in Oyster Lake’and-1200 mg/l and

2300 mg/1 repectively in Western Lake. Mineral analyses (Table 28)
showed sodium comprises over 75% of the measured cations and chloride
comprises over 90% of the measured anions. From the data on Oyster
Lake and Western Lake, the barrier lagoon lakes can be chemically
characterized as slightly acidic, hard-water lakes of‘high mineral
content. The overall chemistry of these lakes, however, can change as‘
the proportion of freshwater inputs increases. The barrier lagoon

lakes may freshen considerably with time and even support a freshwater
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fauna, as has happened in Western Lake (Staff, Grayton Beach State Park;
personal communication). The lakes, however, can become highly saline
in a short period of time if a storm should cause a breach in the barrier
dunes or if deficiencies iﬁ rainfall result in increased saltwater intrusion.
A second major grouping of lakes in the Gulf Coastal Lowlands consists
of those lakes that receive the majority of their water from direct
rainfall and runoff from sﬁrrounding poorly drained, sandy soils. This
lake type is‘represented by Lake Ellen and Townsend Pond (Table 26). In
these lakes, pH averaged 4.9 and 5.1.. Total alkalinity averaged less
than 5 mg/l as CaCOj and total'hérdness concentrations averaged less
than 10 mg/1 as CaC03. Specific conductance averaged 23 umhos/cﬁ in
each lake and the ionic composition was dominated by sodium, sulfate,
and chloride (Table 28). Calcium and magnesium ions, however, were mofe
prevalent in Townsend Pond than Lake Ellen (Table 28). This results
primarily because Townsend Pond is located in a limestone region.v Based
on the data from Lake Ellen and Townsend Pond, lakes inthis group can be
chemically characterized és acid, soft-water lakes of low mineral content.
A third distinctive group ofvlakes in Florida's northern Gulf
Coastal Lowlands is those lakes that receive a significant input of
groundWater which has been in contact with underlying limestone formations.
In this study, this group is represented by Dead Lake, Deer Point.Lake;
and Covernor Hill Lake. -Governor Hill Lake, which lies on limestone of
the Crystal River Formation,‘receives nearly all of its water from
limestone formations. Consequently, the lake's pH (mean field pH of 8.3)
was high. Total alkalinity (Table 27) averaged 54 mg/1 as CaCO3 and

total hardness concentrations averaged 63 mg/l as CaCO3. Specific
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conductance averaged 136 uymhos/cm. In Dead Lake and Deer Point Lake,
howevef, pH averaged 6.1 and 6.8 respectiveiy. Mean total alkalinity
rénged between 12 and 23 mg/1l as CaCO3 and mean total hardness ranged
between 15 and 25 mg/l as CaCO3. Specific conductance averaged 38

and 60 ymhos/cm respectively. These lower values result because water
which has been in conta;t'With 1imestone makes up a small percentage of
each lake's total water budget. In all these lakes, however, the ionic
composition (Table 28) was dominated by calcium, magnesium, and bicarbonate
ions.

Finélly, there is a group of lakes which exhibit chemical charact-
eristicsi;hibh are intermediate to those exhibited by the other lake types.
This group includes Corn Landing Lake, Otter Lake, and Lake Wimico. Mean
pH in this_group ranged from 4.5 to 7.0. Total alkalinity averaged between
2 and 27 mg/l as CaCO3 and mean total hardness concentrations averaged
betﬁgen 18 and 41 mg/l as CaCO3. Mean specific conductance ranged from

126 to 199 uymhos/cm. In Otter Lake, sodium was the dominant cation and
chloride was the dominant anion (Table 28). In Corn Landing Lake and
Lake Wimico,vsodium and chloride were the dominant ions but calcium,
magnesium and bicarbonate jons were also common. Overall, this group

of lakes can probably be best characterized as lakes of moderate mineral

content.

Although the surface water chemistry of lakes located on the Gulf
Coastal Lowlands in highly variable, the trophic status of these lakes
is generally quite similar. Nearly all the lakes can be characterized

as oligotrophic or oligo-mesotrophic. Mean total nitrogen concentrations

ranged from 184 to 633 mg/m3. Mean total phosphorus concentrations

ranged from 5.7 to 34 mg/m3. Although some of the measured total phosphorus
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values are in the range characteristic of eutrophic lakes, most of this
phosphorus was associated with suspended sediments and thus probably unavail-
able for plant growth. This is reflected by low levels of planktonic

algae. Mean chlorophyll a concentrations ranged from 1.2 mg/m3 to 5.6

mg/m3. Although planktohic algae are few, water clarity is moderate. Mean
Secchi disc readings ranged from 0.5 m to 21lm. 1In Lake Wimico, a very
shallow lake, the low water clarity readings are the result of high concen-
trations of suspended sedimenés. In the other lakes, high color values

moderate water clarity.

B. Chemical and Trophic State Characteristics of Lakes Located in the

Central and Southern Physiographic Zones.

1. Gulf Coastal Lowlands: The Gulf Coastal Lowlands of peninsular

Florida (Figure 4), like the coastal lowlands of north Florida, are
rcomposgd of the low lying lands located befween the Gulf of Mexico and\
the inland highlands. Geology in this physiographic region is diverse.
In Levy Cognty ;nd Citrus County, limestones of the Avon Park, Inglis,
Williston and Crystal River Formations are dominant (Verﬁon and Puri
‘1964). In Hernando County and northern Pasco County, Suwannee Limestone
is the dominant geologic formation. Sandy, chalky limestone of the

St. Marks Formation is dominant in southern Pasco County, northern
Pinellas County, and northwestern Hillsborough County (Vernon an& Puri
1964). South of the St. Marks Formation, deposits of the Hawthorn and
Bone Valley Formations, the principal fhosphatic deposits in Florida, .

are dominant (Vernon and Puri 1964). Sand and clay deposits, however
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cover the dominant geological formations in many areas. In these regioms,
numerous” lakes can be found. Most natural lakes in the Gulf Coastal Lowlands,
however, are found in southern Pasco County, northern Pinellas County, and
northwestern Hillsborough County in association wi#h deposits of  the St.
Marks Formation.

In this study, 10 lakes including 7 natural (Crews Lake, Lake Maggiore,
Moon Lake, Lake Padgett, Lake Tarpon, Lake Thonotosassa, and Upper
Myakka Lake) and 3 artificial (Lake Manatee, Lake Rousseau, and Lake
Seminole) lakes were sampled. Data are presented in Table 29. Additional
data from the Florida Game and Fresh Water Fish Commission are presented
in Table 30. As can be seen from this data, water quality in the Gulf
Coastal Lowlands is highly variable. Mean pH ranged from 6.7 to 8.8.
Total alkalinity averaged between 8 and 110 mg/1 as CaCOj3 and total hardness
concentrations averaged between 18 and 282 mg/1l as CaCO3. Mean specific
conductance ranged ffom 78 to 1000 umhos/cm. Total phosphorus concentrations
averaged between 12.7 and 834 mg/m3 and chlorophyll a concentrations
averaged between 2.3 and 66.8 mg/ms. Much of this variability, however,
is directly related to geological differences that occur in the Gulf
Coastal Lowlands and in inland areas that drain into the Gulf Coastal
Lowlands.

Lake Rousseau, a mainstream reservoir on the Withlacoochee River,
can be chemically characterized as an alkaline, hard-water lake (Table 29).
Measured pH averaged 7.3 and total alkalinity averaged 92 mg/l as CaCOj.
Total and calcium hardness concentrations averaged 110 and 95 mg/1l as CaCO3
respectively. As is typical of many hard—ﬁater lakes (Hutchinson 1957),

calcium (79%) and bicarbonate (83%) ions dominated the mineral. composition
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(Table 31). These values result because Lake Rousseau is located in a
region dominated by limestone of the‘Inglis Formation»(Vernon and Puri 1964).
In addition, the Withlacoochee River drains extensive inland limestone
deposits.

Geology also influences the tpophic status of Lake Rousseau. Mean
total nitrogen concentratlons "and mean chlorophyll a concentrations averaged
462 and 2.3 mg/m3 respectively.b These low values, which are characteristlc
of oligotrophic lakes, result because Lake Rousseau has a high flushing
rate and extensive growths of aquatic macrophytes. Total phosphorus
concentrations, however, averaged 47.9 mg/m and ‘ranged up to 65. 8 mg/m
These values, which are characteristic of eutrophic lakes, result primarlly
because the uppef Withlacoochee River drains deposits of the phosphatic
Hawthorn Formation (Vernon'and Puri 1964). Because total phosphorus levels
are natu:ally'high and extensive growths of aquatic macrophytes occur, Lake
Rousseau probably should be classified as a naturally eutrophic lake.

Crews Lake is located in a deposit of Suwammee Limestone (Vernon and
Puri 1964). Similar to Lake Rousseau, pH in Crews Lake Crable 29) averaged
slightly above 7.0. Calcium (Table 32) was the dominant cation (59%) and
bicarbonate was the dominant anion (49%). However, in contrast to Lake
Rousseau, total alkalinity only averaged 21 mg/1l as CaCOj. Total and
calcium hardness concentrations'averaged 30 and 25 mg/1l as CaCO3 respectively.
Specific conductance averaged 78 ymhos/cm. These lower values have two
probable causes. First, sand and clay deposits tend to isolate Crews
Lake from the underlying iimestone. Second, relative to Lake Rousseau,
Crews Lake has a very small watershed. This reduces the chance for surfece

and groundwater inflows to contact limestone deposits. In addition, it
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increases the importance of direct rainfall as a water source. ‘The small
watershed and the absence of major phosphate deposits also contribute to
lower plant nutrient levels in Crews Lake. Total phosphorus and total
nitrogen concentrations averaged 12.7 and 714 mg/m3 respectively. Chlorophyll
a concentrations averaged 3.6 mg/ma. Based on conventional criteria
(Taple 4), Crews Lake would be classified as an oligo-mesotrophic lake.
Moon lake is located on the sandy, chalk deposits of the St. Marks
Formation, The lake can be chemicaliy characterized as a slightly acidic,
soft-water lake. Measured pH (Table 29) averaged 6.7 and total alkalinity
averaged 8 mg/l as CaCO3. Total hardness averaged 18 mg/1 as CaCO5 and
calcium hardness averaged 14 mg/1l as CaCO3. Specific conductance averaged
78 umhoé/cm. Sodium (Table 31) was the‘dominant anion (55%). These
values result because Moon Lake, which is located very close to the Gulf
of Mexico, has a small watershed and direct rainfall in the major source
of water.
In contrast, Lake Padgett, which is locéted further inland and has
a larger watershed, can be chemically characterized as a slightly alkaline,
moderately hard-water lake. Measured pH (Table 29) averaged 7.3 and
total alkalinity averaged 23 mg/l as CaCO3. Total and calcium hardness
* concentrations averaged 45 and 31 mg/l as CaCOj respectively. Specific
conductance averaged 134 pmhos/cm. Calcium (43%) and magnesium (20%)
were the dominant cations (Table 31) and bicarbonate (36%) occurred in

equal proportion to sulfate and chloride.

The trophic status of these lakes, however, is similar. Total
nitrogen concentrations averaged 663 mg/m3 in Moon Lake and 530 mg/m3 in

. Lake Padgett. Total phosphorus concentrations averaged 13.6 and 14.1

nx
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mg/m3 respectively and chlorophyll a concentrations averaged 3.4 and 2.4
mg/m3 respectively in Moon Lake and Lake Padgett. La;; Padgett also had
substantial growths of aquatic macrophytes. Based on these data, Moon
Lake and Lake Padgett should probably be classified as oligo-mesotrophic,
This is probably typical of other lakes in this area.

Lake Tarpon (Table 29) is also located close to the Gulf of Mexico
and is slightly acidic (mean pH 6.8). Sodium is the dominant cation
(64%) and chloride is the dominant anion (78%) (Table 31). Total
nitrogen concentrations averaged 635 mg/m3 and chlorophyll a concentra-
tions averaged 3.8 mg/m3. Unlike Moon Lake, howevef, Lake Tarpon has
a high mineral content. Specific conductance averaged 596 pmhos/cm.
Total and calcium hardness concentrations averaged 103 and 62 mg/l as
CaC04. Sodium averaged 89 mg/l and chloride averaged 172 mg/l. Sulfate
concentrations averaged 51 mg/l. Total phosphorus concentrations
averaged 39.4 mg/m3. These valués result because Lake Tarpon is
apparently connected by sinks to highly mineralized groundwater (Holcomb
1968).

Lake Thonotosassa is also located in deposits of the St. Marks
Formation. This lake is inland and has a relatively.large watershed.
Chemically, Lake Thonotosassa can be characterized as an alkaline,
moderately hard-water lake. Measured pH values averaged 8.1 and total
alkalinity averaged 48 mg/l as CaCO3. Total hardness averaged 64 mg/1
as CaCO3 and calcium hardness averaged 51 mg/l as CaCO3.  Lake
Thonotosassa can also be characterized as a highly eutrophic 1ake (Cowell

et al. 1975). Total nitrogen concentrations (Table 29) averaged 1500

-

mg/m3 and total phosphorus concentrations averagedA83ﬁ mg/ma. Chloro-

phyll a concentrations averaged 66.8 mg/m3 but ranged up to 8l1.4 mg/m3.
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These values result in part because Lake Thonotosassa receives drain-
age from phosphate deposits of the Hawthorn Formation. In addition,
nutrients from the municipal treatment plant‘at Plant City contribute
-.to the lake's total nutrient load (Holcomb 1968). In this study, it
was not possible to determine the relative importance of each of these
sources, If the drainage from the Hawthorn Formation is significant,
Lake Thonotosassa was probably naturally eutrophic even before the
discharge of waste»products elevated nutrient levels.

Alligator Lake, Lake Maggiore, and Lake Seminole are located in a
region dominated by deposits of the phosphatic Hawthorn Formation (Vernon
and Puri 1964). As a group (Table 29 and Table 30), these lakes can be
characterized as eutrophic. In this study, total nitrogen and total
phosphorus concentrations in Lake Maggiore average 2300 m,g/m3 and 76.5
mg/m3 respectively. In Lake Seminole, total nitrogen concentrations
averaged 1900 mg/m3 and total phosphorus concentrations averaged 122
mg/ms. Chlorophyll a concentrations averaged 66.7 m.g/m3 in Lake Maggiore
and 64.9 mg/m3 in Lake Seminole. Although these lakes are located 1n‘
an urbanized area, the presence of the Hawthorn Formation probably means
these lakes were naturally eutrophic even before major development occurred.

Chemically, these lakes can be characterized as alkaline, hard-water
lakes of high mineral content. Measured pH values (Table 29 and Table 30)
averaged between 7.7 and 8.8. Mean total alkalinity averaged between
89 and 110 mg/1 as CaCOj. ‘Total hardness concentrations averaged between
115 and 282’mg/1 as CaCO3 and mean specific conductance ranged between
363 and 1000 pmhos/cm. Thesé values result because of saltwater intrusions.
For example, Lake Seminole and Alligator Lake were formed from a bayou

and a tidal creek (Holcomb 1968, 1969). The high mineral content of

these lakes is, therefore, probably natural and not a result of increased
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urbanization.

Lake Manatee and Upper Myakka Lake are also located in regions
dominated by deposits of the Hawthorn Formation (Vernon and Puri 1964).
In addition, the Manatee River and the Myakka River drain deposits of the
Bone Valley Formation. Consequently,vthese'lakes (Table 29) have high
phosphorus concentrations. Total phosphorus concentrations averaged 163
mg/m3 in Lake Manatee and 207 mg/m3 in Upper Myakka Lake. Though total
nitrogen values andghlorophyll a concentrations (Table 29) averaged below
values characteristic of eutrophic 1akes (Table 4), these lakes should be
characterized as eutrophic. High flushing rates and growths of aquatic

macrophytes reduce algal levels in these lakes. In the case of Upper

Myakka Lake, dense growths of Hydrilla verticillata completely covered
the lake during the study ﬁeriod. |

Chemically, lakes in this region can be characterized as moderately
hard-water lakes. In Lake Manatee, pH averaged 6.7 while pH in Upper
Myakka Lake (as a result of hydrilla growth) averaged 7.6. Total alkalinity
averaged 30 mg/l as Cacos'in Lake Manatee and 41 mg/l as CaCOj3 in Upper
Myakka Lake. Total hardness concentrations averaged 54 ana 80 mg/1 as
CaC03 and specific conductance averaged 134 and 201 pmhos/cm. In both
lakes (Table 31), calcium and magnesium were the dominanﬁ cations and
sulfate and chloride were the dominant anions.

In the Gulf Coastal Lowlands, there are also a number of lakes which
receive groundwater inputs via artesian wells. Webb Area (Table 30),
located ip Charlotte County, is such a lake (Holcomb 1969). Measured pH
values averaged above 8.0. Total alkalinity averaged 74 mg/l as CaCOj3 '

and total hardness concentrations averaged 675 mg/l as CaCO3. Specific

. ~
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conductance averaged 888 umhos/cm. Sodium and chloride concentrations
averaged 355 and 840 mg/l respectively and sulfate concentrations averaged
300 mg/1. While these values are probably not typical of all lakes that
receive artesian inputs, they do suggest inputs from artesian wells may
alter surface water chemistry. 'Fof any particular lake, changes in lake
water Quality will depend upon the amount of water entering amd the

chemical quality of the source aquifer.

2. Brooksville Ridge: The Brooksville Ridge (Figure 4) is a long

north-south ridge located in parts of Pasco, Sumter, Hernando, Citrus,
Marion, Levy, Alachua, and Gilchrist counties. White (1970) observed

that the southern portion of the ridge is about 97 km long and variesfin
width from 16 to 24 km. The northern extension is about 80 km long and
varies in width from 6 to 10 km. Along most of the ridge, sand, clay,
and sandy-clay deposits of the Alachua Formation are dominant (Vernon and
"Puri 1964).. In thé southern reaches of the ridge, deposits of Suwannee
Limestone and the Hawthorn Formation occur (Vernonvand Puri 1964). Along
the western edge of the ridge, thick deposits of white sand occur (White
1970). The Brooksville Ridge has an extremely irregular sufface and there
" are a number of lakes located in low lying areas. In this study, four

of these lakes, Lake Iola, Lake Lindsey, Mountain Lake, and Lake Pasadena,
were sampled. Data for these lakes are preseﬁted in Table 32. Additional
data from the Florida Game and Fresh Water Fish Commission are presented
in Table 33 and data for Watermelon Pond (Shannon 1970) are presented in
Table 34.

From the available data, lakes on the Brooksville Ridge can be
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chemically divided into two groups. The first group, which includes
Lake Lindsey, Mountain Lake, Lake Pasadena, and Watermelon Pond, can be
characterized as acidic, soft-water lakes. 1In this study (Table 32),
mean pH ranged from 6.0 to 6.4. Total alkalinity averaged between 4 and
12 mg/l as CaCO3, Total hardness concentrations avereged between 14
and 26 mg/l as CaCO3. 1In all the lakes, mean specific conductance aver-
aged between 38 and 93 umhos/cm. These chemical values probably result
because direct rainfall is a major source of water and because surface
and subsurface inputs flow through sandy soils. The second group, which
includes Lake Iola and Clear Lake, can be characterized as alkaline,
relatively hard, soft-water lakes. Measured pH averaged close tov7.5 in
both lakes. Total alkalinity averaged 27 mg/1l as CaCO3 in Lake Iola

aed 37:mg/l as CaC03 in Clear’Lake. Total hardness concentrations aver-—

aged 48 mg/l as CaCO3 in Laka Iola and 46 mg/l as CaCO3 in Clear Lake.

Whereas sodium and chloride ions contribute considerably to the mineral
composition of many lakes in the first group (Table 35)