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2017 Annual Lakes Report 

Executive Summary 
 

he residents of Winter Haven have continually recognized the significant role lakes play 

in the social, economic, and ecologic fabric of the community. This report is presented by 

the Lakes Advisory Committee which is comprised of members representing a variety of local 

interests, serving the community by:  

¶ Receiving input on the state of local lakes. 

¶ Advising on the direction of management strategies. 

¶ Communicating that information with the City Commission. 

This report strives to achieve that through three main sections:  

1.) An introduction 

o Providing a brief background on the ecological processes that drive the health 

of local waterbodies and the metrics that are applied to assess them.  

 

2.) A presentation and analysis of the data. 

o Serving as a snapshot in time of the current local trends in lake health. 

 

3.) An overview of major management strategies.  

o Outlining the action taken by the City to improve lake health. 

There is a strong relationship between water quality and hydrology in the area. Since 2017 

had one of the driest dry seasons in recent years, resulting in low lake levels that did not 

rebound until after Hurricane Irma, there have been some annual average declines in water 

quality from last year, however the long term trends still provide an optimistic outlook.  An-

other shining insight from this year is that the Southern Chain of Lakes vegetative communi-

ties are made up of less than 15% invasive species and we hope to continue to see these 

low numbers through interagency cooperation.  

As a community that identifies so closely with its natural resources, it is important that the 

City continue to have an advantageous understanding of the function of these systems, the 

regulations that surround them, and an ability to apply management strategies to secure their 

health. Many of the lake health challenges we face today, created over generations, will not 

be overcome with quick fix solutions, but with long term management strategy.  

The Natural Resources Division, with the advice of the Lakes Advisory Committee, and in 

cooperation with various community partners and other City of Winter Haven staff, continu-

ously strive to be good stewards of the communityôs natural resources. We live in a unique 

community and I hope you find this report informational and enjoyable. If this peaks your 

interest, I invite you to reach out to us with any additional questions, thoughts, or comments 

you may have. 

M.J. Carnevale, Natural Resources Manager 
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1.  Introduction 
 

1.1 Purpose 
 

The lakes of the greater Winter Haven area are considered some of its most important 

assetsðecologically, recreationally, and economically. This report was drafted as part of 

the Cityôs mission to preserve the wellness of these natural commodities for future use by 

its citizens. Ultimately, the goal was to incorporate data from various sources and metrics 

into a comprehensive, annual status report in a format that is technically sound, yet ac-

cessible. The selection of lakes studied, while not all-encompassing, are representative 

of the various lake types found in the Winter Haven Ridge and Polk Uplands geographic 

regions; including the greater part of the Winter Haven Chain of Lakes as well as several 

waterbodies independent of the chain. The metrics chosen for this report represent the 

various facets of limnology (the study of lakes) and help to demonstrate the dynamic 

nature of lake systems; the interaction between and amongst water chemistry, biology, 

and hydrology. Finally, this report details the developing management strategies that the 

Cityôs Natural Resources Division as well as Federal, State and Regional agencies em-

ploy to help improve and maintain the health of Winter Havenôs lakes. 

 

1.2 Background on the Waterbodies 
 

The 35 lakes included in this study area all possess improved public access and are 

located within or adjacent to Winter Havenôs city limits or share a connection with a lake 

that is. These lakes were categorized into three groups: the Northern Chain comprised of 

lakes Conine, Fannie, Haines, Hamilton, Little Hamilton, Middle Hamilton, Rochelle, and 

Smart; the Southern Chain comprised of lakes Cannon, Eloise, Hartridge, Howard, Idyl-

wild, Jessie, Lulu, May, Mirror, Roy, Shipp, Spring, Summit, and Winterset; and the Inte-

rior lakes comprised of lakes Blue, Buckeye, Deer, Elbert, Idyl, Link, Mariam, Mariana, 

Martha, Maude, Otis, Pansy, and Silver. Lake Henry was not included in this study due 

to an absence of accessibility which has resulted in a lack of valid water quality data. 

Winter Havenôs lakes are part of the Peace Creek sub-basin of the Peace River water-

shed. Figure 1-1 details the lakes in the study area as well as the flow pathways through 

the watershed. The lakes of the Southern Chain are maintained at a roughly equalized 

level, but collectively sit at a higher elevation than the Northern Chain. A lock structure, 

operated and maintained by the Lakes Region Lakes Management District, connects 
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Lake Hartridge to Lake Conine and regulates flow from the Southern Chain to the North-

ern Chain. Lakes Conine, Haines, Rochelle, and Smart operate at an equalized level and 

flow downstream to lakes Fannie and Hamilton chain, and ultimately drain via the Peace 

Creek Drainage Canalða major outfall on the south side of Lake Hamilton. The Southern 

Chain primarily drains to the Northern Chain, but can also flow out of a major outfall on 

the south side of Lake Lulu via the Wahneta Farms Drainage Canal when surface level 

rises to minimum flood level (132 ft NGVD). Several of the Interior Lakes share connec-

tions with Winter Havenôs Chain of Lakes via drainage ditches or pipes. However, these 

flow-ways typically only convey water during periods of higher than average surface level.  
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Figure 1-1 Winter Haven lakes with improved public access: major outflows, equalized ca-
nals, and flow-ways indicating water pathways through the watershed 
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1.3 Background on the Metrics 
 

Water Quality/NNC3:  
In 2010, the US Environmental Protection Agency (EPA) and Florida Department of En-

vironmental Protection (FDEP) mutually agreed to adopt a system to assess the status of 

Floridaôs waterbodies under section 303(d) of the Clean Water Act. Numeric Nutrient Cri-

teria (NNC), as part of this system, aims to establish impairment thresholds for chlorophyll 

a (Chla), total phosphorus (TP) and total nitrogen (TN). Nitrogen and phosphorus are 

nutrients present in all natural waterbodies and have been determined to have a strong 

relationship with Chla productionða measurement of phytoplankton (algae) concentra-

tion.  

Chlorophyll and nutrient concentrations are indicative of the trophic state or productivity 

of waterbodies where low, medium, and high productivity correspond with oligotrophic, 

mesotrophic, and eutrophic classifications respectively. The increase in productivity is a 

process known as eutrophication which occurs naturally as lakes age. However, increas-

ing anthropogenic influence expedites eutrophication and can yield adverse effects in-

cluding algal blooms, fish kills resulting from hypoxic (low oxygen) conditions, and growth 

of nuisance macrophytes1.  

Secchi depth, a parameter that represents water clarity, is a measure of the depth of light 

penetration in the water column. Although Chla concentration has since replaced Secchi 

depth as a primary trophic state metric, clarity still remains a useful means to determine 

the amount of suspended solids and phytoplankton in a waterbody. While clarity is often 

associated with lake cleanliness by the public, this perception can be misleading. The 

clarity in some lakes is naturally higher or lower than others independent of the health of 

the waterbody. The water in a shallow lake may be less clear than that of its deeper 

counterparts due to the effect of wind and waves on the suspension of sediments. While 

clarity may play a role in the quality of a lakeôs water, myriad other factors interact dynam-

ically to give rise to the overall health of a waterbody. 

Since water chemistry plays a major role in the response of nutrients in a system, thresh-

olds are calculated on a per-lake basis using color (measured in platinum-cobalt units 

[PCU]) and alkalinity (measured in milligrams per liter calcium carbonate [mg/L CaCO3]). 

Color is present due to dissolved tannic and humic acids in a waterbody and can be ob-

served as a brown tint or staining. Lake color, as well as clarity, affect light penetration in 

the water column and subsequently Chla production. Algae requires light to photosynthe-

size, therefore reduced light penetration in the water column limits phytoplankton growth2. 
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Color represents the concentration of dissolved matter while clarity measures the amount 

of undissolved (particulate) matter in the water column. Despite their shared effects on 

light penetration, care should be taken not to confuse water color and clarity.  

Alkalinity is the measure of the buffering capacity (ability to neutralize an acid) or strength 

of the dissolved bases in a waterbody. In short, an alkaline waterbody will maintain a 

relatively stable pH over time.  Due to the karst geology (limestone/carbonate rock) un-

derlying Central Florida, most of Winter Havenôs lakes are naturally alkaline. The lakes in 

the study area fall into three categories: Colored lakes (> 40 PCU); Clear, alkaline lakes 

(Ò 40 PCU and >20 mg/L CaCO3); and Clear, acidic lakes (Ò 40 PCU and Ò 20 mg/L 

CaCO3)ðderived from measured long-term geometric mean (average) values of color 

and alkalinity. Long-term refers to a minimum of ten data points over at least three years 

with at least one data point in each year8. 

Impairment for each NNC parameter is determined when annual geometric mean values 

exceed the threshold numeric interpretation more than once in a consecutive three year 

period. Determination of impairment for each parameter follows a specific progression 

tree beginning with classification of lake type based on color and alkalinity. After lake type 

is established, Chla impairment it determined. Waterbodies above and below the Chla 

threshold utilize different nutrient concentrations to determine Chla, TN, and TP impair-

ment. Figure 1-2 depicts a flowchart that explains the numeric criteria interpretation based 

on thresholds determined by the FDEP3. Given these criteria, the City Natural Resources 

Division (NRD) tracks lake impairment based on Chla, TN, and TP. The FDEP ultimately 

determines the impairment status of each waterbody, but by monitoring water quality in 

relation to these thresholds allows the NRD to pre-emptively develop management strat-

egies before lakes are added to any verified lists.  
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Figure 1-2 FDEP Numeric Nutrient Interpretation flowchart 
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Total Maximum Daily Load (TMDL)4:  
A TMDL is the maximum rate of loading of a pollutant that can be assimilated by a water-

body and still meet water quality standards based on the designated use classification of 

that waterbody. Floridaôs surface waters are classified into five designated use categories 

and Winter Havenôs lakes fall into Class III: Recreation; propagation, and maintenance of 

a healthy, well balanced population of fish and wildlife. TMDLs are used to develop res-

toration goals for impaired waterbodiesðas established by the NNCðby setting a base-

line for the necessary reduction in nutrient loading in order to meet water quality stand-

ards. The TMDL metric is recorded in kilograms per year (kg/yr) of the limiting nutrient(s) 

for each lake. A limiting nutrient is one that is present in the lowest concentration relative 

to other nutrients or is the first to be used up by photosynthetic organisms. Once the 

limiting nutrient is gone, plant and algal growth cannot continue. Most of Winter Havenôs 

lakes are phosphorus limited, but several are co-limited by nitrogen and phosphorus4. It 

is for this reason that management practices are focused on reducing TN or TP inputs to 

the lakes.   

Nutrient loading values can be determined through the modeling of surface water flow, 

groundwater interaction, nutrient assimilation by plants and algae as well as sediment 

processes. Point and non-point sources of pollution are taken into consideration in the 

load modelling. Since all point source (wastewater) inputs to Winter Havenôs lakes were 

removed circa 1992, loading allocations are calculated based on the modelling of non-

point (stormwater and internal) sources. Despite the removal of point source inputs, leg-

acy nutrients still remain within lake sediments from historic dischargeðcontributing to 

internal pollutant loading. Once TMDLs are established for a waterbody, the FDEP typi-

cally develops basin management action plans (BMAPs) to detail protocols for reducing 

the nutrient load in a waterbody. These protocols range from sediment removal to planting 

aquatic vegetation in order to drive nutrient concentrations toward acceptable levels. Due 

to Floridaôs incredible abundance of waterbodies, the FDEP follows a cyclical schedule 

to assess the impairment of each major Floridian watershed once every five years. Mod-

elling nutrient inputs to a waterbody is a very extensive and laborious process with priority 

given to more severe cases of pollution. As a result, TMDLs and BMAPs cannot always 

be established for each waterbody. Despite these limitations, TMDLs and subsequent 

BMAPs are especially useful in the development of supplementary lake management 

strategies when available.   

According to the FDEPôs 2007 TMDL report, eight lakes of the Southern Chain exceeded 

impairment thresholds and require reductions in phosphorus loading: Cannon, Howard, 

Idylwild, Jessie, Lulu, May, Mirror, and Shipp. Table 1-1 provides an example of the TP 

load reductions required under the TMDL protocol. In addition to the lakes listed above, 
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a TMDL has been established for Lake Deer and the FDEP is currently developing TMDLs 

for several lakes in the Winter Haven area, including most of the North Chain of Lakes. 

 

Table 0-1 TMDL Values for the Southern Chain of Lakes: existing TP loading and required TP load reductions 

Waterbody Existing TP Load (kg/yr) TP Reduction Required (kg/yr) TP % Reduction Required 

Cannon 280.2 142.9 51.0 

Howard 336.4 143.0 42.5 

Idylwild 103.9 64.4 62.0 

Jessie 254.1 139.8 55.0 

Lulu 167.3 83.7 50.0 

May 184.8 87.8 47.5 

Mirror 70.6 54.7 77.5 

Shipp 241.4 96.6 40.0 

 

Biology:  
The metrics in this section are representative of the interactions between aquatic vegeta-

tion and the physical characteristics of waterbodies. Vegetative biological volume and 

abundance quantify macrophyte (plant) growth in a given waterbody. Abundance 

measures the number of individual organisms while volume is a calculation of the amount 

of space in the water column taken up by vegetation. The amount of vegetation in lakes 

affects habitat area, water color, and nutrient concentrations as they cycle through the 

aquatic system.  

Nitrogen (N) and phosphorus (P) go through natural cycles in aquatic environments. Bio-

logically available N and P enter aquatic systems through external loading (surface runoff, 

stormwater discharge, and atmospheric deposition) as well as internal loading (sedi-

ments). Aquatic plants and algae assimilate these dissolved nutrients in their cellular tis-

sue, are consumed or die, and decompose. This detritus settles on lake floors, eventually 

depositing N and P in the sediment. Certain types of bacteria are able to convert bioavail-

able nitrogen into atmospheric nitrogen (N2) which makes up 78% of the air we breatheð

essentially removing a portion of it from the aquatic system. Unfortunately, there is no 

similar process of P removal. The only way to practically extract large amounts of P from 

lake systems is through the physical removal of nutrients bound in fauna, vegetation, or 

sediments. This process is exceedingly expensive which is why limiting anthropogenic 

sources of P loading to the lakes is more fiscally responsible. It should be noted that 

promoting healthy aquatic plant communities provides a temporary sink for both of these 

nutrients and limits the available N and P for phytoplankton growth. Aquatic vegetation 
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can act as a buffer against changing nutrient levels and provide a measurable amount of 

stability to lake systems. Moreover, monitoring vegetation abundance and biovolume can 

help quantify the amount of nutrients bound in plant tissues and are integral in the calcu-

lation of nutrient budgets for each waterbody. 

Species richness and evenness are metrics that describe the diversity of aquatic plant 

communities. A lake with high abundance values may not necessarily be healthy from an 

ecological standpoint if diversity is low. In order to remain qualified as a Class III water-

body, lakes must promote healthy communities of flora and fauna. Competition of invasive 

macrophytes, such as hydrilla, with native species can minimize spawning and hunting 

habitat for fauna and choke the water column to the detriment of recreational use. Addi-

tionally, a vegetative community with low diversity is more susceptible to decimation by 

disease, climate change or pests. Limiting competition between native and invasive spe-

cies is essential in ensuring a robust, healthy aquatic plant community. Herbicide appli-

cation can be an effective management strategy that requires careful planning to prevent 

native casualties. An early detection and rapid response system is essential to eliminate 

invasives before they are able to outcompete native species.  

 

Hydrology:   
The observation of the physical characteristics of water and the way it interacts with the 

land is known as the study of hydrology. Rainfall, groundwater, topography, and lake sur-

face elevation are all part of a dynamic system that affects lake health. For example: 

rainfall directly contributes to the surface flow in a watershed, increasing lake level as well 

as recharging groundwater reservoirs. Precipitation can also significantly impact nutrient 

discharge to the lakes via surface runoff from agricultural, urban, and other land uses. 

Finally, monitoring rainfall is necessary in the development of a watershed water budget 

as well as forecasting system responses for potential drought and flooding scenarios. 

Groundwater in Florida is stored in different layers: the upper layer known as the surficial 

aquifer or water table and the deeper, confined Floridan aquifer. Piezometric or potenti-

ometric level represents the static head pressure of the aquifer and can be measured as 

the height above sea level that water rises inside a well pipe (Figure 1-3). Consequently, 

surface level in some lakes is impacted significantly by the potentiometric surface level. 

When the potentiometric surface is low, water drains from lakes more quickly through 

breaks in the confining layerðcausing surface elevation to drop. The opposite occurs 

when aquifer levels are high: lakes drain more slowly, allowing for rainfall and surface 

water flow to raise surface level. 
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Topography also significantly 

impacts how groundwater in-

teracts with each waterbody. 

Winter Havenôs lakes are gen-

erally categorized into two 

groups: ridge lakes and valley 

lakes12. Ridge lakes are char-

acterized by their locations at 

higher elevation with more 

pronounced groundwater in-

teraction, steeper slopes, 

deeper bottoms, modest wet-

land areas, and narrow littoral 

zones. Valley lakes, on the 

other hand, are defined by 

their lower elevation, large areas of surrounding marshy and forested wetlands, broad 

littoral zones, and flatter, shallower lake bottoms. Lake elevation determines position rel-

ative to the potentiometric surface. Ridge lake surface elevations are typically located 

above the piezometric level and quickly drain to the aquifer through underlying lime-

stoneðthis quality denotes these lakes as areas of good aquifer recharge. On the other 

hand, valley lakes are often known as water storage and treatment areas. These large, 

shallow lakes drain to the Floridan aquifer much more slowly. This equates to longer re-

tention times which allow for more treatment via the surrounding wetlands.  

It has been established that lake surface level is dependent on the combined interactions 

of rainfall, groundwater level, and topography. Worth noting, is that surface level plays a 

major role in the cycling of nutrients in lake systems. As surface elevation fluctuates, 

wetlands and littoral zones can be drained or inundatedðaffecting the amount of nutrient 

uptake by aquatic vegetation. Nutrients bound within lake sediments behave differently 

dependent on surface level as well. A changing volume of water in a reservoir can create 

gradients that dissolved nitrogen and phosphorus move along to reach equilibrium. This 

process of nutrients moving back and forth between the water column and sediments is 

known as nutrient flux. Fluctuations in surface level can transform lake sediments into a 

massive nutrient sink or source depending on the gradient direction while resuspension 

of settled bottom sediments can pull additional nutrients out into the water column as 

more surface area comes in contact with the nutrient gradient. Resuspension of sedi-

ments can be exacerbated by lower surface levels as wind and wave action has a greater 

opportunity to stir up the lake bottom. In conclusion, these cumulative sediment interac-

tions account for what is known as internal nutrient loading in lakes.  

Figure 1-3 Diagram of the water table and the potentiometric surface of a 
confined aquifer 
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2. Data Presentation and Analysis 
 

The following is a presentation of the analytical and inferential viewpoints that take into 

account short and long-term trends in all applicable lake health metrics. This section fo-

cuses on the interpretation of Numeric Nutrient Criteria (NNC), hydrologic, and aquatic 

vegetation parameters, seeks to elucidate on the results, and presents potential manage-

ment strategies to improve lake health. In order to make this report possible, the City has 

utilized data from a variety of sources including: the Polk County Water Atlas11, the Lakes 

Region Lakes Management District, the Southwest Florida Water Management District, 

and the City Natural Resources Division itself.    

 

2.1 Northern Chain of Lakes 
 

The Northern Chain of Lakes mostly consist of large, shallow waterbodies that are typi-

cally fringed with dense emergent vegetation and some forested wetland. These lakes 

are located at the edge of the Winter Haven Ridgeðputting them at a lower collective 

elevation relative to the other lake groups. It can be inferred that the characteristics that 

designate the majority of the Northern Chain as valley lakes also play a role in their impact 

to water quality. The following water quality data and trends are explained with references 

to the hydrologic and biological processes that take place in these waterbodies.  

The Northern Chain of Lakes collectively exhibited a moderate decline in water quality 

from 2016 ï 2017 with an overall average 37.5% increase in Chlorophyll a (Chla), 14.4% 

increase in Total Nitrogen (TN), and a 13.5% increase in Total Phosphorus (TP). Figure 

2-1 shows the percentage increase or decrease in the annual average concentration of 

the NNC parameters for each lake. Of the eight lakes in this group, four displayed a 

marked increase in all three NNC parametersðLakes Hamilton, Smart, Little Hamilton, 

and Middle Hamilton. Lakes Rochelle and Conine showed a moderate increase in Chla 

and TP while TN remained static. Overall water quality improvement was observed in 

Lake Fannie during this period while Lake Haines showed a marginal decrease in Chla 

and TN, albeit with a slight increase in TP. Figure 2-2 illustrates the changes in the annual 

average Chla, TN, and TP from 2016 ï 2017 and how these changes relate to the NNC 

impairment levels. The TP increases in Lake Haines, Hamilton, and Middle Hamilton were 

sufficient to push them beyond the impairment threshold while the impairment threshold 

in Little Hamilton was surpassed for all three NNC parameters.  
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Despite the short-

term decline in wa-

ter quality in the 

Northern Chain, 

the long-term 

trends remain 

fairly positive. Fig-

ure 2-3 depicts the 

trends in Chla, TN, 

TP, and water clar-

ity (Secchi depth) 

over the last 15 

years using a 2-

point moving aver-

age. Included in 

this graph is the 

annual average 

surface level 

which provides in-

sight into the hy-

drologic impacts 

on water quality. 

Secchi depth and TP both display positive trends over the period of study, while Chla and 

TN have only deviated slightly from initial concentrations. The data indicates fairly strong 

correlation between lake surface level and each water quality metric. Secchi depth fluc-

tuates congruently with lake levelðincreasing and decreasing with the surface elevation. 

Whereas Chla and TN display an inverse relationship with the lake stageðincreasing in 

concentration when the level falls. A notable trend is the consistent decrease in TP con-

centration independent of surface level. This indicates that nutrient reduction methods 

may be succeeding in reducing TP concentrations over the long-term. Based on this data, 

the latest decline in water quality from 2016 ï 2017 appears to be attributable to a de-

crease in lake surface elevation in the last year. Even a minimal drop in surface level in 

these shallow lakes can reduce wetland connectivity and exaggerate sediment suspen-

sionðboth leading to an increase in nutrient concentrations, an uptick in algal blooms, 

and a decrease in clarity. 
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Figure 2-1 Northern Chain of Lakes NNC Percent Change 
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Figure 2-2 Northern Chain of Lakes NNC Impairment Comparison Map 

À Impairment indicators in this figure do not represent the official ruling by the FDEP. 
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Just as important as the emergent vegetation found along most lakeshores is the sub-

merged aquatic vegetation (SAV) found under the waterôs surface. Figure 2-4 compares 

the relative biovolume as well as the invasive percentage of SAV for the Northern Chain. 

Logistical constraints have prevented the Natural Resources Division (NRD) from survey-

ing the Hamilton chain, however plans are in place to assess these lakes in 2018. The 

lakes of the Northern Chain as a group possess relatively low biovolume percentages on 

average [13.8%] compared with the Southern Chain [23.1%] and Interior Lakes [17.5%]. 

The bathymetry (depth profile) data shows that the Northern Chain are all fairly shallow 

and flat-bottomed lakes, which would normally provide copious habitat for aquatic plants 

to grow. However, the shallowness of these lakes may also prove to be a detriment as 

sediments are easily suspendedðreducing water clarity and limiting the depth at which 

aquatic plants can utilize sunlight for photosynthesis. Data supports this as the 2017 av-

erage Secchi depth for the Northern Chain [3.0 ft] is significantly lower than both the 

Southern Chain [3.9 ft] and Interior Lakes [4.6 ft].  

Figure 2-3 Northern Chain of Lakes Long-Term NNC Trends 














































































