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Executive Summary

FDEP's Bureau of Laboratorieswasre-
guested to assess the status of select-
ed lakesto determineif they should be
on the 303(d) list by conducting habi-
tat, water quality and biological moni-
toring of the lakes. Water bodies on
the 303(d) list are required by EPA to
have a Total Maximum Daily Load
(TMDL) study conducted. The pur-
pose of the TMDL isto determine the
amount of pollution reduction needed
to restore the system to a condition
suitablefor itsdesignated use. For this
study, three lakes in Central Florida
were sampled to assess their status.

Nutrient enrichment in theform of total
Kjeldahl nitrogen (TKN) was observed
at LakesCarltonand Deaton, and chlo-
rophyll a at those two lakes also was
elevated. Total phosphorus was ele-
vated at Lake Lulu, and algal growth
potential (AGP) at that |ake was above
the5 mg dry wt/L "problem threshold".
Turbidity valuesfor Lakes Carlton and
Deaton exceeded the values observed
in 70% of other lakesin Florida. How-
ever, no exceedances of the State of
Florida Class I11 criterion for turbidity
of 29 NTU above background were ob-
served. Total organic carbon (TOC)
concentrations for all three lakes were
elevated (18-25 mg/L).

Exceedance of the State of FloridaClass
Il surface water quality criterion for
dissolved oxygen occurred at Lake L ulu
(3.9 mg/L).

Habitat assessment scores all were in
the "suboptimal" range. Primary con-
tributors to lowered habitat quality
werelow Secchi depths, "poor" bottom
substrate diversity and "suboptimal"
riparian zone alteration and upland land
use scores.

It is recommended that Lakes Carlton
and Lulu remain on the 303(d) list and
that L ake Deaton be added to the 303(d)
list.

Figure 1: Overview Map




Introduction

The lakes from this study are located
within Lake, Polk or Sumter Counties.
Lake Carlton (Lake County) and Lake
Deaton (Sumter County) both are lo-
cated within the southern portion of the
Central Valley area. TheCentral Valley
area tends toward large, shallow,
eutrophic lakes with abundant macro-
phytes or green algae. The southern
lakesinthisareaoften receive mineral -
ized groundwater and surface water
flows from nutrient rich soils, leading
to eutrophic, hardwater lakes (Griffin et
al., 1997). Predominant land useinthe
basinsfor Lakes Carlton and Deatonis
agricultural. Lake Lulu (Polk County)
islocated withinthe Winter Haven/L ake
Henry Ridges. Thisisan areaof small
to medium sized lakes which typically
arecharacterized asalkaline, moderate-
ly hard water lakes of relatively high
mineral content and which are eutrophic
(Griffinetal., 1997). TheLakeLuluba
siniscomprised predominantly of resi-
dential and lake areas. Figure 1 shows
the locations of the three lakes.

FDEP's Environmental Assessment
Section was requested to assess the
status of these three Central Florida
lakes, two of which (Lakes Carlton and
Lulu) were placed on the Total Maxi-
mum Daily Load (TMDL or 303(d)) list
with limited data. Lake Deaton is not
on the current 303(d) list. Prior to this
assessment, thedataavailablefor these
lakes consisted of less than 10 obser-
vationsinthe STORET database, some-
what dated, pre-1990 information, or
qualitative non-point source survey
data only.

Water bodies on the 303(d) list are re-
quired by EPA to havea TMDL study
conducted to assess the quality of the
water body with respect to chemical

parameters and biological function.
The purpose of the TMDL isto deter-
mine theamount of pollution reduction
needed to restore the system to a con-
dition suitable for its designated use.
Inthiscase, the designated use of each
of the three Central Floridalakes of in-
terest is for recreation and the mainte-
nanceof ahealthy, well-balanced aquat-
ic community.

Methods

The focus of thisinvestigation was to
determineif human activitiesare affect-
ing the water quality or health of re-
ceiving water biota in Lakes Carlton,
Deaton and Lulu, by collecting habitat,
physical/chemical and biological infor-
mation fromthelakes. Sampling of the
|akes was conducted on September 14,
1998.

A habitat assessment (FDEP, 19973,
Biology Section Standard Operating
Procedure, BA-18) and physical/chem-
ical characterization (FDEP 1997b, Biol-
ogy Section Standard Operating Pro-
cedure, BA-17) were conducted at each
lakesite. Field measurementswerecon-
ducted by FDEP Central Laboratory
staff at each site for surface water dis-
solved oxygen (D.0O.), pH and conduc-
tivity, with bottom, mid and surface
depth horizons being measured for
most sites. Water quality datain this
report are from the mid-depth horizon,
unless otherwise indicated. Surface
water samples were collected from the
center of each lake and analyzed in the
FDEP Central Laboratory for nitrite-ni-
trate, total Kjeldahl nitrogen (TKN),
total ammonia, total phosphorus (TP),
total organic carbon (TOC), turbidity,
total suspended solids (TSS), chloro-
phyll a, biochemical oxygen demand

(BOD), algal growth potential (AGP),
and color. Measurements also were
conducted on each samplefor fecal and
total coliforms. Sediment collection
and analysis were conducted to char-
acterize sediment grain size and percent
organic content.

Each of the three lakes also was sam-
pled to determine the biological health
of the systems. Benthic macroinverte-
brate samples were collected at each
siteusing a Petite PONAR sampler. For
these sampl es, the 2-4m sublittoral zone
of each site basin was divided into 12
equal segments, a grab was collected
in each segment with the Petite PONAR
sampler and combined into a single
composite sample for each site, as de-
scribed in FDEP, 1996. Each composite
samplewasrandomly subsampledinthe
laboratory to acount of at least 100 or-
ganisms, which were identified to the
lowest practical taxonomic level using
a dissecting microscope.

Explanation of Measurements of
Community Hedlth

Selected measurements of community
health were applied to assess each | ake
site. These measurements are briefly
described here:

Habitat Assessment: Five attributes
known to have potential effectson the
|ake biotawere evaluated and scored at
thesite, with 20 points possiblefor each
factor. The five attributes are: Sub-
merged and Floating V egetation Quali-
ty; Bottom Substrate Diversity; Ripari-
an Zone Alterations; and Visible Up-
land Land Use. Overall habitat quality
is assigned to one of four categories
based on the sum of individual scores
for those five attributes: Optimal (76-



100 Points); Suboptimal (51-75 points),
Marginal (26-50 points); and Poor (0-25
points).

Taxa Richness. This measurement is
based on the total number of macroin-
vertebrate taxa found at a site. Stress
tendsto reduce the number of different
types of macroinvertebrates present in
asystem.

Numbers of pollution sensitive taxa:
Some organisms becomerare or absent
as the intensity or duration of distur-
bance increases. The Hulbert Index
assigns pointsto lake-dwelling macro-
invertebrate taxa (0, 1 or 2) based on
their sensitivity to pollution (Hulbert,
1990). A high scorefor the Hulbert In-
dex typically isconsidered anindicator
of good health for a waterbody.

Community structure: A system gen-
erally is considered degraded if a sub-
stantial shift in the proportions of the
major taxonomic groups is observed.
Increasesin the percentage of dipteran
organismsin asample areindicative of
poorer health of the system.

Ephemeroptera/Trichoptera/Odonata
(ETO) Index: Thisindex isexpressedin
two ways: as the sum of the number of
ETO taxa present; and as the percent-
age of ETO organisms in the sample.
This index is analogous to the
Ephemeroptera/Plecoptera/ Trichoptera
Index used in stream systems. Higher
numbers of ETO taxa and higher per-
centages of ETO organisms typically
are associated with healthier systems.

Shannon-Weaver Diversity Index: This
index isspecified inthe Florida Admin-
istrative Code as a measure of biologi-
cal integrity. Low diversity values are
undesirable, inthat they represent con-
ditionswhereonly afew organismsare
abundant, to the exclusion of other
taxa. Such values may be associated

with organic/nutrient enrichment and
decreased dissolved oxygen.

Algal Biomass. The density of algal
cells and the chlorophyll-a concentra-
tion of phytoplanktontypically areused
asestimators of biomass. A laketradi-
tionally has been considered stressed
when biomass exceeds problem thresh-
old levels (e.g., approximately 20 mg/L
of chlorophyll &), although far smaller
increasesin chlorophyll amay beamong
thefirst signsof troubleinasystem. In
thisstudy, algal biomassestimateswere
based on chlorophyll a concentration
of phytoplankton.

Descriptions of Study Sites

Lake Carlton coversan areaof lessthan
100 acres. Upland land useinthe Lake
Carlton Outlet basin (1,469 acres) ispre-
dominantly agricultural according to
1988 land useinformation for St. John's
River Water Management District. The
lands directly bordering the lake are

mainly residential with somerecreation-
a and agricultural areas. Lake Carlton
currently isonthe 303(d) list asaresult
of concerns about dissolved oxygen,
nutrientsand unionized anmoniainthe
Oklawaha River basinin whichitislo-
cated.

L ake Deaton covers an area of approx-
imately 550 acres. Land useinthelLake
Deaton Outlet basin (6,615 acres) ispre-
dominantly agricultural (~75-80%) ac-
cording to 1998 land use information
for the Southwest Florida Water Man-
agement District (SWFWMD). Areas
directly around thelake consist of wet-
lands bordered by agriculture to the
north, east and west, and residential
areas or wetlands bordered by residen-
tial, rangeland and upland foreststo the
south. Lake Deaton is not on the cur-
rent 303(d) list, but was on the 1996 list
because of concernswith nutrient con-
centrations based on limited pre-1990
data.

LakeLuluislessthan 100 acresinsize.
According to 1988 SWFWMD land use
information, land use in the Lake Lulu
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Outlet basin (15,030 acres) is an equal
mixture of predominantly residential and
lake areas (approximately 75-80%), with
commercial, industrial and agriculture
comprising approximately 15-20%. Di-
rectly surrounding Lake Lulu, land use
isindustrial and commercial with some
residential, open urban and upland for-
estareas. LakeLulucurrently isonthe
303(d) list because of potential con-
cernswith dissolved oxygen and nutri-
entsin the Lake Lulu Outlet water seg-
ment of the Peace River basin.

Results and
Discussion

Summary of Results by Site

The habitat assessment for Lake Carl-
tonindicated overall "suboptimal" qual-
ity (52 pointsout of 100), witha"poor"
score for Secchi depth and "subopti-
mal" scoresfor all other habitat assess-
ment categories. Littoral zoneemergent
vegetation was dominated by macro-
phytes. Slightlocal watershed erosion
was noted at the time of sampling, as
well as a moderate potential for local
watershed non point source (NPS) pol-
lution. Water visibility was noted to
be extremely reduced dueto high color,
with green algae and turbidity being
observed. Lake Carlton exhibited ele-
vated TKN (3.2 mg/L; higher than con-
centrationsfound in 90% of other Flor-
idalakes; Table 1; refer to Appendix B,
Typical Vauesfor Selected Parameters
inFloridaWaters) and avery high chlo-
rophyll a concentration (132 mg/L;
higher than 95% of other Floridalakes).
However, AGP was low (0.82 mg dry
wt/L). Turbidity also waselevated (15
NTU; higher than 80% of other Florida
lakes), although it was below the State

of Florida Class Il criterion, and TSS
was 16 mg/L. Totad ammoniawas0.034
mg/L for the lake, which is below the
concentrations found in 40% of other
Florida Lakes, and nitrate-nitrite was
below the limit of detection (4 mg/L).
TP, at 0.048 mg/L, also was below the
concentrations found in 40% of other
Florida lakes. Lake Carlton was alka-
line (pH of 8.77 SU), and exhibited spe-
cific conductivity of 400 mmhos/cm?2

and color of 140 PCU. While D.O. was
good (7.54 mg/L), BOD was high (4.9
mg/L). Thelow percent of organic mat-
ter in the sediment (0.76%) for Lake
Carlton does not suggest that it is a
major factor inthe BOD concentration.
However TOC in the water sasmplewas
elevated (25 mg/L). Fecal and Total

coliformlevelswerelow (6 and 30 colo-
nies/100 mL, respectively). It should

be noted that the 6-hour holding time
for bacteriological analyses was ex-

ceeded for all samplesfrom Lakes Carl-

ton, Deaton and Lulu. Sediment parti-

clesizewasapproximately equally sand
to gravel (45%) and very fine sand

(51%) with only asmall fraction of silt/

clay (3%). Macroinvertebrate measures
yielded low values for several of the
metrics of interest. However, recent
information based on the devel opment
of aFloridaLake Condition Index indi-
cates that macroinvertebrates are not
useful indicatorsof biological condition
in peninsular Florida lakes. More in-
formation on this finding and on the
macroinvertebrate parameter valuesfor
Lakes Carlton, Deaton and Luluispro-
vided later in this report.

Thehabitat assessment for Lake Deaton
indicated overall "suboptimal" quality
(53 points out of 100), with "poor”
scores for Secchi depth and bottom
substrate diversity and a" suboptimal"
scoreforvisibleuplandland use. Trees
were noted as the predominant littoral
Zone emergent vegetation at the sam-
pling site. No local watershed erosion
was observed at the time of sampling,
and local watershed NPS pollution was
noted to be slight. Water visibility was
noted to be extremely reduced due to
high color, with an additional notation
of turbidity. Withregardtowater qual-
ity, Lake Deaton exhibited agood D.O.
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Table 1: Data Summary Table

Site Take Carlton

Take Deaton

Cake Lalu

Storet Number
Sampling Date
MACROINVERTEBRATE DATA:

# Total Taxg

Hulbert Index|

%Dipterg

#ETO Taxg

YETO]

Shannon-Weaver Inde:

WATER QUALITY DATA:
DO (mg/L)
pPH (SU)|
Cond (umhos/cm?)
Color (PCU)
BODS5 (mg/L)|
Turbidity (NTU)|
TSS (mg/L)|
NO,NO, (mg/L) 0.

TKN|

TOC (mg/L)
Fecal Coliforms (#/100 mL)

ALGAL BIOMASS DATA:
Chl-a (ug/L)|

SEDIMENT DATA:
Sand to Gravel (0.25 mm and greater
Very Fine Sand (0.125 mm to 0.25 mm
Silt/Clay Fraction (<0.063 mm to 0.125 mm

HABITAT ASSESSMENT DATA:
Secchi Score]

Submerged and Floating Veg Score]
Bottom Substrate Diver Score|

Riparian Zone Alterations Score|

Visible Upland Land Use|

Total Habitat Scorg

20020361
9/14/1998

Ammonia (mg/L)| 0.034

TP (mg/L) 0.048

Total Coliforms (#/100 mL)| 30Q
AGP (mg dry wt/L) 0.82 1

Percent Organic] 0.76

12
14
13
11
52

28500728159012
9/14/1998

16

16
14
53

25020144
9/14/1998

5
o
46
o
(o]
1.6

3.90
5.10

200
1.1
1.2
4U
0.02 U
0.059
0.7
0.24

1KQ

10Q
6.1Q

19

76.37

9
17
5.5
15
15
61.5

a Indicates field data are from upper sampling depth. All other field data are from mid-depth sampling.
A Indicates value reported is the mean of two or more determinations.
| Indicates value reported is between the method detection limit (MDL) and the practical quantitation limit (PQL).

K Indicates the actual value is known to be less than the value reported (actual value is off-scale low).
Q Indicates the sample was analyzed outside the holding time.
U Indicates parameter was not detected at or above this method detection limit.

concentration (7.7 mg/L), while BOD
was 3.3 mg/L. Water column TOC was
high (18 mg/L ), aswas percent organic
content of the sediment (78%). Thelake
wasalkaline (pH of 8.42 SU) with aspe-
cific conductivity of 170 mmhos/cm2
and color of 60 PCU. TKN was elevat-
edinLakeDeaton (1.8 mg/L; higher than
80% of other Floridalakes), aswastur-
bidity (10 NTU; higher than 70% of oth-
er Floridalakes), although the latter was
below the State of Florida Class ||| cri-
terion. Nitrate-nitritewasbelow the limit
of detection (4 mg/L), and total ammo-
nia (0.21 mg/L) and TP (0.025 mg/L)
were lower than concentrations mea-
sured in the lower 30th percentile of
other Floridalakes. AGP waslow (0.3
mg dry wt/L), but chlorophyll awasel-
evated (35.7 mg/L; higher than 70% of
other Florida lakes). Fecal and Total
coliform counts (330 and 650 colonies/
100 mL, respectively) were below the
respective State of FloridaClass|11 sur-
facewater criteria (800 colonies/100 mL

and 2400 colonies/100 mL). Sediment
particle size showed a good mix, with
40% sand to gravel, 36% very fine sand
and 24% silt/clay fraction.

TheLakeLulu habitat assessment indi-
cated overall "suboptimal” quality (61.5
pointsout of 100), with a"poor"/ "mar-
gina" scorefor bottom substrate diver-
sity, a"marginal" scorefor Secchi depth
and "suboptimal" scores for riparian
zonealterationsand visible upland land
use. Littoral zone emergent vegetation
at the sampling site was noted as pre-
dominantly trees. No local watershed
erosion was observed at the time of
sampling, and local watershed NPS pol-
lution was noted to be slight. Water
visibility was observed to be extremely
reduced due to high color, with the
water being tannic but clear. LakeLulu
exhibited a D.O. concentration of 3.9
mg/L, whichisbelow the State of Flori-
da Class Il criterion of 5 mg/L, but a
BOD of only 1.1 mg/L. Althoughitisin

an area said to be characterized by al-
kaline, hardwater lakes, Lake Lulu ex-
hibited anacidic pH of 5.1 SU and alow
specific conductance of 57 mmhos/cm?2.
Lake Lulu water was highly colored at
200 PCU. Turbidity (1.2NTU) and TSS
(undetected; <4 mg/L) both were low.
At 0.7 mg/L, TKN was low relative to
most other Florida lakes (lower 30%),
andtotal ammoniawas0.059 mg/L (low-
er 50%). Nitrate-nitrite was not detect-
ed above an elevated detection limit of
0.02 mg/L. TP in Lake Lulu was quite
high (0.24 mg/L), exceeding the 90th
percentile concentration for all Florida
Lakes. While chlorophyll awas unde-
tected (<1 mg/L), AGP exceeded the
"problem threshold" of 5 mg dry wt/L
(Raschke and Schultz, 1987) at Lake
Lulu (6.1 mg dry wt/L). It should be
noted that the 72-hour holding timefor
AGP analysis was exceeded for the
Lake Lulu sample. The potential effect
of analyzing the sample outside the
holding time would be adepression in
the AGPresult, sincethetest isamea-
sure of the amount of bioavailable nu-
trientsin asample. TOC was elevated
at 18 mg/L. Fecal and total coliform
countsof 1 colony/100 mL and 10 colo-
nies/100 m/L, respectively, were very
low. The Lake Lulu sediments exhibit-
ed a high percent of organic content
(76%), and sediment particleswere pre-
dominantly silt/clay (72%), with 19%

very fine sand and 9% sand to gravel
fractions.

Macroinvertebrate Parameter
Reaults

Macroinvertebrate community mea-
suresappear tobelow for al threelakes
sampled. However, recent information
based on development of a composite
LakeConditionIndex (LCI), whichranks
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alake based on its attainment of eco-
regional expectations, indicates that
lake macroinvertebrate metrics for the
Florida peninsular ecoregion (75) will
be inconclusive. Reference and non-
reference lakes from the Florida penin-
sula did not show a clear distinction
when compared using the six metrics
described previously, namely: taxarich-
ness; Hulbert Index, % Diptera; #£ETO
taxa; %ETO; and Shannon-Weaver di-
versity. Theconclusionwasmadethat
macroinvertebrates aren't sensitive bi-
ological indicatorsinthehighly colored,
organic rich lakes of Ecoregion 75 and
it was recommended that they not be
used as lake assessment tools for this
ecoregion. All three lakes from this
study are highly colored |akes located
in Ecoregion 75. Therefore, while the
macroinvertebrate metric values are
summarized in this report (refer to Ta-
ble 1), no definitive conclusionsregard-
ing biological condition can be drawn
from those data at thistime.

Conclusions

Nutrient enrichment in theform of TKN
was observed at L ake Carlton and Lake

Deaton in concentrations above those
observed in 80% to 90% of other Flori-
dalakes. Chlorophyll aat those two
lakes also was elevated, with Lake
Deaton exceeding the concentration
observed in 70% of other Floridalakes
and L ake Carlton exceeding the concen-
trations observed in 95% of other Flor-
idalakes. Total phosphorus was ele-
vated at Lake Lulu, exceeding the con-
centrations observed in 90% of other
Florida Lakes. AGP at Lake Lulu was
above the 5 mg dry wt/L "problem

threshold". Turbidity valuesfor Lakes
Carlton and Deaton exceeded the val-
ues observed in 70% of other lakesin
Florida. However, no exceedances of
the State of Florida Class |1 criterion
for turbidity of 29 NTU above back-
ground were observed. TOC concen-
trations for all three lakes were elevat-
ed (18-25 mg/L).

Exceedance of State of FloridaClassl||
surface water quality criterion for dis-
solved oxygen occurred at Lake Lulu
(3.9mg/L).

Habitat assessment scores all werein
the "suboptimal” range. Primary con-
tributors to lowered habitat quality
werelow Secchi depths, "poor" bottom
substrate diversity and "suboptimal™
riparian zone alterations and upland
land use.

Initial specific reasonsfor two of these
three lakes being on the current 303(d)
list include potential concerns about
dissolved oxygen, nutrientsand union-
ized ammoniafor Lake Carlton, and dis-
solved oxygen and nutrients for Lake
Lulu. Dissolved oxygen and unionized
ammoniado not appear to beissues of
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concern for Lake Carlton, based on the
recent sampling. However, the data
collected in September, 1998, do indi-
cate concerns with nutrients and other
water quality parametersat L akes Carl-
ton, Deaton and Lulu, as described in
thisreport.

The assessment of lake condition will
be more meaningful when biological
indicatorsare used in conjunction with
physical/chemical measurements.
There are plans to develop biological

indices for phytoplankton and aquatic
macrophytes for use as assessment
tools for lake condition. Such indices
are particularly needed for areas like
Ecoregion 75, where macroinvertebrate
measures have been judged not to be
useful. In the meantime, on the basis
of the physical/chemical and algal bio-
mass data collected in September 1998,
it is recommended that Lakes Carlton
and Lulu remain on the 303(d) list and
that L ake Deaton be added to the 303(d)
list.
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