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Background 
 

What is Water Quality?  
 

Various sources define water quality as these:  
 

• Water quality is the physical, chemical and biological characteristics of water in 
relationship to a set of standards. (encyclopedia)  

• Constituent concentrations based on scientific data and judgments on the relationship 
between pollutant concentrations and environmental and human health effects. (fdep) 

• The physical, biological and chemical properties of the water that determine its 
suitability for human use or for its role in the biosphere. (serc) 

•  A generic term for the physical and chemical characteristics of water. Factors 
considered include such things as temperature, dissolved oxygen and the concentration of 
toxic substances or nutrients. Aesthetic characteristics such as taste, odor and turbidity 
are also considered. (dfo) 

• How good (adequate) a water is for a particular purpose. (unep) 
• The value or usefulness of water, determined by combined effects of its physical 

attributes and chemical constituents, and varying from user to user. (nwng) 
 
Water quality is a catchall phrase whose meaning depends largely upon what humans consider 
acceptable for both man and the environment. It is a set of physical, biological and chemical 
standards or guidelines that are used to determine if a particular water body is “polluted” or 
degraded dependant upon what the water is used for. Drinking water, for example, has a certain 
set of nutrient, chemical and physical standards that must be met that differ from the criteria in 
bodies of water that supports fish and wildlife.  Thus, there is no concrete answer to what water 
quality really means. Water Quality can be simply defined as a term used to describe the 
physical, chemical, mineral and biological characteristics with respect to its use, its suitability for 
a specific purpose like drinking, recreation, fishing, etc.  
 
Although scientific measurements are used to define a water's quality, it's not a simple thing to 
say that "this water is good," or "this water is bad." since, water that is “good “ enough to wash a 
car may not be “good” enough to drink. In estuaries or canal systems like Vanderbilt Lagoon, 
what is important is whether or not the water quality is within natural background levels.  
Natural background means the physical, biological and mineral levels that can be expected in the 
absence of significant human influence. If stormwater runoff that is high in nitrogen and 
phosphorus is introduced into an area that has nutrient levels that are within natural background 
or “Good” water quality, a change usually occurs overtime due to the influx of excessive 
nutrients. Over time nutrient levels could rise above natural background and the water quality 
could degrade or becomes “Poorer”. 
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This diagram depicts a simplistic view of the complicated interconnections and ways that water 
and thus nutrients and chemicals move. Water quality depends on a combination of natural 
interactions, climate and atmospheric contributions, and human activities related to different land 
uses and land-management practices. 
 
Nutrients are compounds found in the environment that plants and animals need to grow and 
survive. Nitrogen and phosphorus are nutrients that are important to aquatic life, but in high 
concentrations they can be toxic. Nutrient pollution has consistently ranked as one of the top 
causes of degradation in some U.S. waters for more than a decade and according to the United 
States Environmental Protection Agency nutrients are among the two leading causes of water-
quality degradation in rivers, lakes, and estuaries throughout the nation.  Excess nitrogen and 
phosphorus lead to significant water quality problems including harmful algal blooms, and 
declines in wildlife and wildlife habitat. Chemical concentrations are constantly in flux, nitrites 
turn into nitrates which turn into ammonia and so on.  This is why it is important to look at 
trends in nutrients in waterways overtime.   
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Phosphorus Cycle 
phos-cyclenc.tripod.com

www.fossweb.com
Nitrogen Cycle 

 

 

Some practices that contribute to nitrogen and phosphorus pollution include: 

• Overuse of fertilizers in both residential and agricultural settings 
• Rainfall flowing over cropland, and pastures, picking up animal waste that runs off into 

the water 
• Rainfall flowing over urban areas like parking lots, lawns, rooftops, and roads 
• Discharge of nitrogen and phosphorus from waste-water treatment plants 
• Overflow from septic systems 
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Nitrification increases primary production in plants. An increase in primary production can spur 
competition among and between primary producers (plants) that can lead to a shift in species 
assemblages. For example, if nutrients are introduced into the water through a storm pipe this 
will accelerate primary production in plants. Primary production within the water column is not 
necessarily detrimental since some nutrients are necessary for growth in plants that form the base 
of the food chain. The problem lies when the influx of nutrients is above natural requirements or 
excessive. Excessive nutrients can trigger huge algal blooms. If this occurs, sooner or later the 
nutrients in the water will be unable to sustain exponential algal growth rates. Competition 
among the algae ensues and the algae begin to die-off and decompose. The decomposition 
process removes oxygen from the water and if the oxygen levels go low enough a fish kill could 
occur.  
 
There is a healthy level of phytoplankton or algae that occur naturally, which fluctuates 
overtime. Fluctuations are normal and necessary to keep populations in check. However, 
problems can arise when nitrification is skewed to an extreme for a prolonged period. This can 
cause impacts to biological assemblages that are irreversible, as the system can no longer 
naturally return to less extreme levels.  
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Many of Florida’s nearshore waterways have been altered to provide boater accessibility and 
waterfront residential communities. Anthropogenic alterations to natural hydrology in Vanderbilt 
lagoon occurred in the 70’s. Alterations included the construction of canals and ditches, 
channelization of natural flow-ways, and diversion of stormwater runoff. Stormwater runoff is a 
major contributor of pollution to nearshore waterways. It introduces nutrients, organic debris, 
silt, metals, oil, gas, herbicides and pesticides into nearshore and marine ecosystems without the 
benefit of filtration from natural sheetflow. The diversion of stormwater runoff from roads and 
adjacent residential communites has altered natural sheetflow, (non-point source flow) into point 
source outflows (pipes). This shift from sheetflow to point source inflows can alter the natural 
salinity regime and thereby can reduce habitat suitability for numerous species of estuarine flora 
and fauna. Destruction of mangrove shorelines for development has destroyed or impaired 
natural filtering mechanisms for terrestrial runoff (Boyer, et. al., 2005).This holds true for the 
Vanderbilt Lagoon waterway where increased human usuage and loss of habitat could lead to 
degraded water quality and could create stress or even cause loss of estuarine species. Water 
quality degradation is among the leading stressors to estuarine and marine systems due to its 
numerous sources and the persistence existence of pollutants (Boyer, et. al., 2005). 
.  
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Vanderbilt 1969 photos by Ullmann  
 
 
 
 

INTRODUCTION 

 

Objective 

The purpose of this study is to assess water quality conditions in Vanderbilt Lagoon and 

Water Turkey Bay overtime to determine possible trends in the health of the waterway by 

evaluating basic water quality parameters. In this manner, declines in water quality can be 

spotted early, and hopefully rectified prior to irrevocable degredation. Additionally, long-term 

evaluations of this type can determine the long-term stability and the overall health of the 

waterbody.   
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METHODS 

Study Area 

The current study is being conducted in Vanderbilt Lagoon and Water Turkey Bay. 

Stations were established with the advice of the Vanderbilt Property Owners Association 

(VBPOA) currently known as the Vanderbilt Beach Residents Association (VBRA), Wiggins 

Pass Conservancy (WPC), currently known as the Estuary Conservation Association (ECA) and 

the Conservancy in December of 1995. A total of 15 stations were selected for sampling, 14 of 

which are located in Vanderbilt Lagoon and one in Water Turkey Bay (Fig. 1). Stations were 

scattered throughout the Vanderbilt canal system to include central sections of the channel and 

the deadend canals that have point source inflows that allow stormwater runoff to be directly 

discharged into the lagoon. Stormwater pipes are located in the near vicinity of Stations 2, 3, 7, 

9, and 12 with Station 2 having the largest diameter point source discharge. Water Turkey Bay 

located directly to the north of the Vanderbilt Lagoon system was also included as a relatively 

unimpacted (reference) station, since this area does not have any development directly adjacent 

to its periphery. 

   

 

Station 2 Station 15 
Water Turkey Bay 
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Water Turkey Bay was declared an Outstanding Florida Water (OFW) in 1982 according 

to DEP Declaration 62-302.700, Special Protection, Outstanding Florida Waters, Outstanding 

National Resource Waters. In order to qualify to be an OFW the State must declare the area to be 

“of exceptional recreational or ecological significance and that the environmental, social, and 

economic benefits of the designation outweigh the environmental, social, and economic costs” 

(DEP, 2006). An OFW designation affords the highest protection to Water Turkey Bay such that 

no degradation of water quality, other than that allowed in Rule 62-4.242(2) is to be permitted in 

the designated area. Water quality within an OFW should be maintained and protected under all 

circumstances other than temporary degradation allowed by Section 316 of the Federal Clean 

Water Act.  The area delineated by the Delnor-Wiggins Pass State Recreation Area OFW 

includes the Wiggins Pass Estuarine Area and the Cocohatchee River System. This includes the 

estuarine and marine waters from the Lee/Collier County line southward through and including 

Water Turkey Bay to 50 feet north of Bluebill Avenue; the Cocohatchee River downstream from 

50 feet West of U.S. 41 1995 right-of-way; and Wiggins Pass (DEP, 2006). 

 

Methods 

Water quality field parameter data are collected at all stations using a pre-calibrated 

YSI™ Model 85 datalogger and sonar depth gauge. Physical water parameters including depth, 

temperature, dissolved oxygen, salinity, conductivity, secchi depth and turbidity are measured on 

station and recorded during each bimonthly sampling event. Additionally, surface and bottom 

water grab samples are collected using a water column sampler at all stations. Samples are 

collected from near surface and near bottom when the total water depth is greater than six feet 

and mid-water when the total depth is less than six feet.  Stations 1, 2, 3, 7, 9, 11, 12 and 15 
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(deadend canal stations) were always less than 6 ft deep and were only measured at the surface, 

the remaining stations (channel stations) typically had depths greater than 6 ft and thus were 

sampled at the surface and bottom during the majority of sampling events. All samples are 

placed in polypropylene containers and WhirlPac sterile sample bags, and labeled with a unique 

sample number. Information recorded included: project, station number, date and time of 

collection and collectors initials. Water samples are transported to the water quality laboratory at 

the Conservancy. 

 Water samples are analyzed for ammonia, nitrite, nitrate, ortho-phosphorus, iron and 

turbidity. These parameters were chosen as they are well known water quality indicators for 

marine and brackish, as well as fresh water systems. The methods employed for the analysis of 

the water samples are in adherence with Standard Methods for the Examination of Water and 

Wastewater (Table 1).  

 

Data Analysis 

 The data were screened for outliers and other data errors, which were investigated and 

either included or excluded from analysis of the data set. Extremely high values that could not be 

validated were excluded from the data set. Values below the detection limit were reported as 

measured or given a value of “zero” if not detected at all given the restrictions of the test being 

employed. If the reported value failed to meet established laboratory quality control criteria or 

was questionable that value was eliminated from analysis. The data were placed into one of the 

following three parameter categories: 
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Parameter Type 
 

Description Parameters Tested 

Physical Physical parameters such as 
Depth, Temperature, Salinity, 
Conductivity, Dissolved 
Oxygen, Turbidity and Secchi 
Depth 

Depth, Surface and Bottom water 
Temperature, Salinity, Conductivity, 
Dissolved Oxygen, Turbidity, Secchi 
Depth 
 

Nutrient Nitrogen and Phosphorus and 
their derivatives 

Ammonia, Nitrate, Nitrite, Ortho-
Phosphorus 
 

Metals & 
Minerals 

Metals and their derivatives in 
one or more forms.  

Iron 

 

Criteria for Data Evaluation 

 

fvcom.smast.umassd.edu

          

The diagram depicted above illustrates some of the complicated interconnections and 

possible outcomes of nutrients within the water column. Currently water quality analysis is 

difficult since there are no State or Federal standards for many of the parameters critical to 

evaluation. Therefore, the methodology for interpreting water quality results is based on 
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standards that have been established by the State of Florida and targets for those parameters that 

have no established State standards as follows: 

  
1) Criteria for evaluating water quality parameters were based upon Florida State Water Quality 

Standards for Class III Predominately Marine Waters for the following parameters: 
 
 
Parameter Class III Standards for Predominately Marine Waters 
Dissolved Oxygen Not less than 4 mg/l and normal daily and seasonal fluctuations 

above this level should be maintained 

Turbidity Not elevated above 29 NTU 
Specific Conductance Not elevated above more than 50% of background  
Iron Not elevated above 0.3 mg/l 

 

2) For water quality parameters that do not have State standards the following criteria are used 
to evaluate data based upon Charlotte Harbor National Estuarine Preserve (CHNEP) 
acceptable levels, as identified by Janicki (2003) for the 25th percentile and Indian River 
Lagoon Program SWIM Restoration Program levels (IRL) as a not to exceed value:  

 
 
Parameter Criteria 
Phosphorus Greater than 0.1 mg/l could negatively impact downstream 

communities (CHNEP). Levels should not exceed avg 75th 
percentile. 

Dissolved Inorganic 
Nitrogen (DIN) = 
(ΣNH3, NOx) 
 

Not to exceed 0.40 mg/l at the 25th percentile or for the average 
concentration. 

 
 
3) For water quality parameters that do not have State standards or are not identified by Janicki 

(2003) or the Indian River Lagoon Program SWIM Restoration Program criteria for analysis 
are based upon the EPA Reference Nutrient Concentrations for Level III conditions for 
Ecoregion IX (Leib and Browne, 2002) as follows: 

 
 
Parameter Criteria 
Nitrite Not to exceed 0.995 mg/l at the 25th percentile or for the average 

concentration. 
Nitrate  
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4) Water parameter levels are also compared to levels found in most Florida waters (Ramsey, 

2003). 
 

Parameter Range in Florida Most Florida Waters 
Iron 0-2.4 mg/l 75% have less than 0.24 mg/l 
Phosphorus 1-1000 µg/l 60% have 1-24 µg/l 

 
 

5) For parameters that are not given criteria by the State or Federal governments the following 
guides are used during analysis.  

 
Ammonia Criteria (Sensitive Species Present) 

 Temperature °C 
pH 15 20-30 
6.5 0.026 0.036 
7 0.056 0.093 

7.5 0.128 0.181 
 

6) As salinity varies primarily in this case due to freshwater inflows, stations were also 
classified based on their average salinity. The natural salinity range for protection of marine 
wildlife habitats is between 13.5 to 35 ppt (EPA Gold Book, 1986). 

 
 

Salinity Modifiers (Mitsch and Gosselink, 2000) 
Salinity (ppt) Descriptor Category 

<0.5 Fresh Water Fresh Water 
0.5-5 Oligohaline Brackish 
5.0-18 Mesohaline Brackish 
18-30 Polyhaline Brackish 
30-40 Euhaline Marine 
>40 Hyperhaline Marine 

 

The results of a single measurement are actually less important than looking at how the 

properties vary over time. Its important to remember when assessing water quality that one 

sample doesn’t tell you very much.  It is like a snapshot in time that tells what the water quality 

was for that particular sample, on that particular day at that specific time. Two minutes later 
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someone could be fertilizing their lawn and accidentally spills some in the lagoon, so nitrogen 

and phosphorus levels would increase. Stations are monitored overtime to look for trends in the 

data. Are nutrient levels increasing, decreasing or do they stay the same over time? If the salinity 

or nutrient levels in the water begin to change, then something might be going on somewhere 

that is affecting the water, and possibly, the water quality. So, often, the changes in water 

measurements are more important than the actual measured values.  That’s why it’s important to 

use the same method in measuring the parameters you are measuring – so you can track change 

and since this study has employed the same methodology since 1996, change can be readily 

detected. 

RESULTS 

 
Physical water quality parameters from January 1996 – November 2008 were within 

ranges typical of nearshore canal systems that are accessible to the Gulf of Mexico. Water 

temperature ranged between 13.6°C to 33.2° C (mean 25.2°C) at the surface and ranged from 

14.9ºC to 32.2ºC (mean 25.5ºC) at the bottom stations. Salinity ranged between 13.0 ppt to 40.9 

ppt (mean 31.3 ppt) at the surface and from 25 ppt to 38.8 ppt (mean 32.6) at the bottom stations. 

Salinity values were typical of a marine environment with the exception of Station 2 in July of 

2003 (13.0 ppt) that is indicative of a brackish environment. Conductance ranged between 27.7 

mmho to 64.5 mmho (mean 48.1 mmho) at the surface and ranged from 38.4 mmho to 72.2 

mmho (mean 50.3 mmho) at the bottom.  Salinity and conductivity stratification between surface 

and bottom stations occurred primarily during the months of July through November with the 

greatest stratification (difference of 14.6 ppt between the surface and bottom stations) occurring 

in September of 2008 at Station 13. Dissolved oxygen ranged between 1.0 mg/l to 9.1 mg/l 
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(mean 5.2 mg/l) at the surface and from 0.04 mg/l to 8.7 mg/l (mean 4.7 mg/l) at the bottom. The 

average difference between surface and bottom dissolved oxygen levels was 1.0 mg/l with the 

largest stratification (8 mg/l) occurring at Station 4 in September of 2006. Turbidity ranged from 

0.04 NTU to 40 NTU (mean 5.9 NTU) at the surface and from 1.0 NTU to 300 NTU (mean 8.0 

NTU) at the bottom stations; and clarity ranged from 0% to 100% (Appendix A). 

Analytical nutrient results during the period of January of 1996 through November of 

2008 also were similar to other nearshore marine canal systems.  Ammonia ranged between 0.0 

mg/l to 0.69 mg/l (mean 0.07 mg/l) at the surface and from 0.0 mg/l to 0.65 mg/l (mean 0.06 

mg/l) at the bottom stations; nitrite ranged between 0.0 mg/l to 0.048 mg/l (mean 0.002 mg/l) at 

the surface and from 0.0 mg/l to 0.01 mg/l (mean 0.002 mg/l) at the bottom; nitrate ranged 

between 0 mg/l to 0.27 mg/l (mean 0.02 mg/l) at the surface and from 0 mg/l to 0.60 mg/l (mean 

0.02 mg/l) at the bottom; and phoshorus ranged between 0 mg/l to 1.9 mg/l (mean 0.09 mg/l) at 

the surface and from 0.0 mg/l to 1.55 mg/l (mean 0.088 mg/l) at the bottom stations. Analytical 

mineral results for iron during the same period ranged from 0 mg/l to 1.61 mg/l (mean 0.07 mg/l) 

at the surface and from 0 mg/l to 0.3 mg/l (mean 0.02 mg/l) at the bottom (Appendix A).  

 

Comparison of Surface Stations Among Deadend Canals and Channels 

 Deadend canal stations had a very slight tendency to have slightly higher mean 

temperature values (+0.35 ºC) than the channel stations one foot below the surface. Mean salinity 

and conductivity concentrations tended to be slightly lower at the deadend canal stations (-0.6 

ppt and -0.6 mmho respectively) than at the channels stations. Overall surface mean dissolved 

oxygen levels were slightly lower at the deadend canals (-0.8 mg/l) than in the channels surface 

stations. The deadend canal stations had higher instances (26%) of dissolved oxygen 
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concentrations below State standards, while the channel stations were below State standards 4% 

of the times sampled. Mean turbidity concentrations were slightly higher (+ 1.4 NTU) at the 

deadend canal stations than the channel stations, but all mean levels were within State standards. 

Mean clarity was higher in the deadend canal stations (+20.5%) than at the channel stations 

(Table 2).  

 Mean ammonia surface concentrations had a tendancy to be higher at the deadend canal 

stations (+ 0.05 mg/l) than the channel stations. The deadend canal stations had higher instances 

(43.8%) where the level could impact sensitive species than the channel stations (16.79%). Mean 

nitrite and nitrate levels were very similar between the deadend canals and channel stations. DIN 

mean surface levels were higher (+ 0.04 mg/l) at the deadend canal stations than at the channel 

stations. Orthophosphorus levels averaged higher levels (+ 0.01 mg/l) at the deadend stations 

than at the channel stations. Orthophosphorus levels exceeded guideline criteria 33.5% of the 

times sampled at the deadend canal stations, in comparison to 20% of the times sampled at the 

channel stations. Mean surface iron concentrations were higher at the deadend canal stations (+ 

0.08 mg/l) than at the channel stations. The channel surface levels exceeded State standards 0.5% 

of the times sampled, while the deadend canal stations were within State Standards 7.6% of the 

time primarily due to Station 2 which exceeded state standards 43% of the times sampled (Table 

2).     

 

Locational Comparison of Water Quality Parameters 

 Stations were categorized according to their geographic location as follows: 1) South 

included Stations 1 through 6; 2) Mid included Stations 7 through 10; and 3) North including 

Stations 11 through 15. Physical parameters varied slightly in accordance with station locations. 
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At the surface, mean water temperature had a tendency to be slightly higher at the mid stations. 

Mean water temperature at the bottom stations decreased slightly along a south-north gradient 

with the higher mean temperature occurring at the south stations. Mean salinity and conductivity 

at the surface and bottom tended to increase from south to north. All mean salinity and 

conductivity values exhibited euhaline characteristics. Overall mean surface dissolved oxygen 

levels were the lowest in the south and had the highest number of instances where values were 

lower than the State standard (19.8% of the times the surface was sampled in the south).  A clear 

south to north gradient occurred amongst the bottom stations with the south having the lowest 

mean value of dissolved oxygen and the highest number of occurrances where values were lower 

than State standards (33.7 % of the times the bottom was sampled in the south). The north 

surface stations had a higher mean turbidity, while the mid bottom stations had a higher mean 

turbidity. Mean clarity was higher in the south coincident with lower depths as two of the north 

stations (13 and 14) were consitantly much deeper than the other stations (Table 3).  

 Mean ammonia concentrations at the surface and the bottom exhibited a south-north 

gradient where the highest mean concentration was in the south. Mean ammonia surface 

concentrations in the south had a tendancy to be higher than in the mid or northern areas, which 

had similar mean values. The percent of the time that surface and bottom ammonia levels 

exceeded concentrations that could impact sensitive species exhibited a south-north gradient 

where the south had the highest percent of exceedences (36%). Mean nitrite and nitrate levels 

were very similar within the three geographical catagories at both the surface and bottom with 

nitrate levels slightly higher in the south than the mid and north stations along the south-north 

gradient. Mean DIN surface concentrations in the south had a tendancy to be higher than in the 

mid or northern areas, which had similar mean values. Whereas, the mean DIN concentration at 
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the bottom exhibited a south-north gradient, where the highest level was recorded in the south. 

Mean orthophosphorus exhibited mean levels along a south-north gradient at the surface, where 

the south had the higher average levels. This gradient was also reflected in the number of 

instances where levels exceeded criteria guidelines. There was no clearcut picture in regards to 

bottom mean orthophosphus levels when comparing geographical differences. The northern 

areas tended to have a slightly higher mean orthophosphorus concentration, while the mid area 

had the lowest mean orthophosphorus concentrations. Mean surface iron concentrations 

exhibited the familiar trend of being the highest in the south and the lowest in the north at both 

the surface and bottom stations. Interestingly, all three geographical locations had means that 

were within State standards (Table 3).    

 

Seasonal Comparisons       

For purposes of comparison, seasonal differences between parameters were standardized 

as follows: 1) Dry season included sampling events that occurred during the months of 

December through May and 2) Wet season included sampling events that occurred during the 

months of June through November. Seasonally, mean water temperature as expected was higher 

during the wet season than during the dry season, with the bottom stations exhibiting higher 

mean water temperatures than the surface stations regardless of season. Overall mean salinity 

and conductivity were higher during the dry season and salinity exhibited minimal signs of 

stratification between the mean values calculated at surface and bottom stations. Whereas during 

the wet season, salinity stratification was evident at some stations. Additionally, salinity and 

conductivity exhibited a wider range of values at the surface in the wet season than in the dry 

season. Overall mean dissolved oxygen levels were lower and exceeded State standards more 
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frequently during the wet season than the dry season, with the bottom stations exhibiting lower 

mean dissolved oxygen levels than the surface stations during the wet season. Dissolved oxygen 

levels exhibited the widest range of mean values during the wet season while the lesser 

variability occurred during the dry season. Overall mean turbidity levels were higher and 

exceeded State standards more frequently during the dry season than the wet season, with the 

bottom stations exhibiting higher mean turbidity than the surface stations regardless of season. 

Turbidity levels exhibited the widest range of mean values during the dry season, due to one 

extremely high reading recorded at bottom Station 8 in March of 1998 that skewed the mean. 

Overall mean clarity was slightly better in the dry season than the wet season (Table 4). 

Mean ammonia concentrations overall, were slightly higher in the wet season and higher 

at the surface than the bottom regardless of season. The average number of exceedances to 

guideline criteria was greater in the dry season than the wet season at both the surface and the 

bottom. Overall mean nitrite concentrations were similar in the wet and dry seasons. Overall 

mean nitrate concentrations in the dry season were slightly higher than concentrations overall in 

the wet season. Mean nitrate concentrations during the wet and dry seasons were similar among 

the surface during the wet season and slightly higher at the bottom overall than at the surface 

during the dry season. Overall mean DIN was slightly higher at the surface during the dry 

season, whereas overall mean DIN was slightly higer at the bottom during the wet season. Mean 

DIN was higher at the surface than the bottom regardless of season. Mean orthophosphorus 

concentrations were overall higher at the surface in the wet season than in the dry season. The 

average number of times that orthophosphorus exceeded recommended levels was higher in the 

wet season at the surface and higher in the dry season at the bottom. Overall there was a 

tendancy for orthophosphorus to be higher at the surface than the bottom. Overall mean iron 
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concentrations were slightly higher in the wet season than during the dry season. The wet season 

had slightly higher mean iron concentrations at the surface than at the bottom regardless of 

season. Overall iron concentrations exceeded State standards slightly more often during the wet 

season at the surface (4.75% of the times sampled) than during the dry season at the surface 

(2.88% of the times sampled). The reverse held true at the bottom where iron concentrations 

exceeded State standards slightly more often in the dry season (0.44% of the times sampled) 

(Table 4).  

 
Water Quality Parameters By Station 
 

Results that exceed State standards or listed criteria (detailed below) might indicate 

possible water quality problems that might warrant more intensive scrutiny or were just isolated 

spikes that occurred over time. Additionally, overtime levels can naturally fluctuate in a sine-

wave fashion over years or even decades and are often weather driven. Thus following water 

quality results are prefaced with the understanding that any results that are presented are meant 

to point out possible anomalies or trends that might require future investigation. 

At Station 1, dissolved oxygen was below State standards during 30% of the 74 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 

samples reflected a marine environment; turbidity levels were within State standards; and mean 

clarity was 60%. Ammonia levels were above levels that could impact sensitive species during 

57% of the sampling events. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 39% of the times 

sampled. Iron exceeded State standards 4% of the times sampled (Appendices A and B). 

At Station 2, dissolved oxygen was below State standards during 28% of the 74 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 
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samples reflected a marine environment with the exception of during July 2003, which was 

brackish; turbidity levels were within State standards during 99% of the times sampled; and 

mean clarity was 50%. Ammonia levels were above levels that could impact sensitive species 

during 73% of the sampling events. Nitrite, nitrate and DIN were within tolerances and 

orthophosphorus concentrations indicated that the station exceeded guideline criteria during 45% 

of the times sampled. Iron exceeded State standards 43% of the times sampled (Appendices A 

and B). 

At Station 3, dissolved oxygen was below State standards during 49% of the 74 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 

samples reflected a marine environment; turbidity levels were within State standards; and mean 

clarity was 76%. Ammonia levels were above levels that could impact sensitive species during 

46% of the sampling events. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 37% of the times 

sampled. Iron exceeded State standards 1% of the times sampled (Appendices A and B). 

At Station 4, dissolved oxygen was below State standards during 5% of the 74 separate 

water quality sampling events at the surface and 32% of the 59 times sampled at the bottom  

between January 1996 and November 2008. All samples reflected a marine environment; 

turbidity levels were within State standards; and mean clarity was 45%. Ammonia levels were 

above levels that could impact sensitive species during 23% of the sampling events at the surface 

and 29% at the bottom. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 21% of the times 

sampled at the surface and 71% of the times sampled at the bottom. Iron was within State 

standards at the surface and the bottom during all of the times sampled (Appendices A and B). 
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At Station 5, dissolved oxygen was below State standards during 7% of the 74 separate 

water quality sampling events at the surface and 33% of the 45 times sampled at the bottom  

between January 1996 and November 2008. All samples reflected a marine environment; 

turbidity levels were within State standards at the surface and exceeded State standards during 

2% of the times sampled at the bottom; and mean clarity was 52%. Ammonia levels were above 

levels that could impact sensitive species during 24% of the sampling events at the surface and 

19% at the bottom. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 28% of the times 

sampled at the surface and 64% of the times sampled at the bottom. Iron was within State 

standards at the surface and the bottom during all of the times sampled (Appendices A and B). 

At Station 6, dissolved oxygen was within State standards during the 74 separate water 

quality sampling events at the surface, but exceeded State standards 35% of the 68 times sampled 

at the bottom between January 1996 and November 2008. All samples reflected a marine 

environment; turbidity levels were within State standards at the surface and exceeded State 

standards during 4% of the times sampled at the bottom; and mean clarity was 44%. Ammonia 

levels were above levels that could impact sensitive species during 17% of the sampling events 

at the surface and 23% at the bottom. Nitrite, nitrate and DIN were within tolerances and 

orthophosphorus concentrations indicated that the station exceeded guideline criteria during 16% 

of the times sampled at the surface and 74% of the times sampled at the bottom. Iron exceeded 

State standards 1% at the surface and were within State standards at the bottom during all of the 

times sampled (Appendices A and B). 

At Station 7, dissolved oxygen was below State standards during 18% of the 74 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 
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samples reflected a marine environment; turbidity levels were within State standards; and mean 

clarity was 61%. Ammonia levels were above levels that could impact sensitive species during 

27% of the sampling events. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 29% of the times 

sampled. Iron exceeded State standards 1% of the times sampled (Appendices A and B). 

At Station 8, dissolved oxygen exceeded State standards 1% during the 74 separate water 

quality sampling events at the surface and 33% of the 73 times sampled at the bottom between 

January 1996 and November 2008. All samples reflected a marine environment; turbidity levels 

were within State standards at the surface and exceeded State standards during 3% of the times 

sampled at the bottom; and mean clarity was 40%. Ammonia levels were above levels that could 

impact sensitive species during 19% of the sampling events at the surface and 26% at the bottom. 

Nitrite, nitrate and DIN were within tolerances and orthophosphorus concentrations indicated 

that the station exceeded guideline criteria during 12% of the times sampled at the surface and 

66% of the times sampled at the bottom. Iron exceeded State standards 1% at the surface and 

were within State standards at the bottom during all of the times sampled (Appendices A and B). 

At Station 9, dissolved oxygen was below State standards during 12% of the 74 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 

samples reflected a marine environment; turbidity levels exceeded State standards during 1% of 

the times sampled; and mean clarity was 61%. Ammonia levels were above levels that could 

impact sensitive species during 31% of the sampling events. Nitrite, nitrate and DIN were within 

tolerances and orthophosphorus concentrations indicated that the station exceeded guideline 

criteria during 27% of the times sampled. Iron exceeded State standards 1% of the times sampled 

(Appendices A and B). 
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At Station 10, dissolved oxygen exceeded State standards 4% during the 74 separate 

water quality sampling events at the surface and 25% of the 73 times sampled at the bottom 

between January 1996 and November 2008. All samples reflected a marine environment; 

turbidity levels were within State standards at the surface and exceeded State standards during 

1% of the times sampled at the bottom; and mean clarity was 39%. Ammonia levels were above 

levels that could impact sensitive species during 17% of the sampling events at the surface and 

19% at the bottom. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 25% of the times 

sampled at the surface and 74% of the times sampled at the bottom. Iron was within State 

standards at the surface and exceeded State standards during 1% of the bottom samples 

(Appendices A and B). 

At Station 11, dissolved oxygen was below State standards during 5% of the 74 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 

samples reflected a marine environment; turbidity levels were within State standards; and mean 

clarity was 84%. Ammonia levels were above levels that could impact sensitive species during 

28% of the sampling events. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 25% of the times 

sampled. Iron was within State standards during the times sampled (Appendices A and B). 

At Station 12, dissolved oxygen was below State standards during 42% of the 74 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 

samples reflected a marine environment; turbidity levels exceeded State standards during 1% of 

the times sampled; and mean clarity was 58%. Ammonia levels were above levels that could 

impact sensitive species during 42% of the sampling events. Nitrite, nitrate and DIN were within 
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tolerances and orthophosphorus concentrations indicated that the station exceeded guideline 

criteria during 32% of the times sampled. Iron exceeded State standards 3% of the times sampled 

(Appendices A and B). 

At Station 13, dissolved oxygen exceeded State standards 5% during the 74 separate 

water quality sampling events at the surface and 18% of the 73 times sampled at the bottom 

between January 1996 and November 2008. All samples reflected a marine environment; 

turbidity levels were within State standards at the surface and exceeded State standards during 

1% of the times sampled at the bottom; and mean clarity was 29%. Ammonia levels were above 

levels that could impact sensitive species during 16% of the sampling events at the surface and 

13% at the bottom. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 17% of the times 

sampled at the surface and 76% of the times sampled at the bottom. Iron was within State 

standards at the surface and bottom stations during the times sampled (Appendices A and B). 

At Station 14, dissolved oxygen exceeded State standards 4% during the 74 separate 

water quality sampling events at the surface and 15% of the 73 times sampled at the bottom 

during the period between January 1996 and November 2008. All samples reflected a marine 

environment; turbidity levels were within State standards at the surface and the bottom; and 

mean clarity was 31%. Ammonia levels were above levels that could impact sensitive species 

during 10% of the sampling events at the surface and 16% at the bottom. Nitrite, nitrate and DIN 

were within tolerances and orthophosphorus concentrations indicated that the station exceeded 

guideline criteria during 19% of the times sampled at the surface and 75% of the times sampled 

at the bottom. Iron was within State standards at the surface and the bottom stations (Appendices 

A and B). 
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At Station 15, dissolved oxygen was below State standards during 3% of the 73 separate 

water quality sampling events at the surface between January 1996 and November 2008. All 

samples reflected a marine environment; turbidity levels were within State standards; and mean 

clarity was 68%. Ammonia levels were above levels that could impact sensitive species during 

7% of the sampling events. Nitrite, nitrate and DIN were within tolerances and orthophosphorus 

concentrations indicated that the station exceeded guideline criteria during 22% of the times 

sampled. Iron exceeded State standards 1% of the times sampled (Appendices A and B). 

 

 
 

DISCUSSION 

 
 

The effects of season and runoff are the two major causes of variation in water quality 

(Lietz, A.C., 2000). Climate can also contribute to long-term water quality trends. Physical water 

quality parameters varied seasonally, geographically and amongst stations. The data set suggests 

that anthropogenic disturbances have affected the water quality within Vanderbilt Lagoon. For 

example differences in trendlines are depicted below between station 2 located at the southern 

end of Vanderbilt lagoon near a huge stormwater pipe system and station 15 located in Water 

Turkey Bay. 
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The establishment of shallow open water areas created during canal excavation and 

overtime siltation in combination with increased point source stormwater runoff shunted directly 

into Vanderbilt Lagoon via pipes has clearly negatively affected the water quality particularily in 

the near vicinity of these stormwater pipes. Stations located at the terminus of deadend canals in 

the vicinity of pipes were consistentantly higher in temperature, turbidity and all nutrient and 

mineral parameters quantified during this study period in comparison to stations located in the 

main channels.  

Natural communities have adapted to seasonal environmental conditions. Human 

activities have interfered with this cycle and have exacerbated both wet and dry period extremes. 

The annual climatic cycle in southwest Florida typically consists of a dry season, where 

periodically severe drought conditions may persist resulting in higher salinities in near shore 
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areas. In the wet season we want water off of the roads and land to prevent flooding so we get it 

off of the land as quickily as possible usually into our waterways. In the dry season we water our 

lawns and lower our aquifers more than natural – thus creating 2 extremes. As expected, due to 

the inverse relationship between water temperature and dissolved oxygen, during the summer 

when water temperatures increased, dissolved oxygen decreased, and this trend was reversed 

during the winter due to normal seasonal temperature patterns (Appendix C).  
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Since dissolved oxygen levels were not recorded over a 24-hour period, interpretation of 

these data is slightly constrained. However, due to the robustness of this data set, which extends 

over a decade, the lack of 24 hour monitoring is of lesser importance than data sets that are short-
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term with lower n values. Surface water dissolved oxygen typical to this area usually exhibit a 

strong diel cycle with concentrations ranging from 0 mg/l in the early morning to 12 mg/l in the 

late afternoon (U.S. EPA, 2000). Low dissolved oxygen concentrations that were below State 

Standards could be indicative of shallow water and/or higher water temperatures typical to the 

area and, therefore, may not be indicative of impaired water quality. Alternatively, instances of 

low dissolved oxygen readings during the wet season could be indicative of heavy algal 

concentrations or vegetative decomposition of plants that has been exacerbated by heavy point 

source freshwater inflows carrying excess nutrients into this system.  

Algal blooms that cause severe lack of dissolved oxygen (hypoxia) can result in fish kills. 

Two-thirds of the United States coastal waters have been degraded by excessive algal blooms 

and worldwide the number of dead zones, indicative of areas of oxygen depletion, has doubled 

over the last decade (Pelley, 2008). Generally stations that had a higher percentage of instances 

of dissolved oxygen below State standards were located in the lagoon itself in comparison to the 

reference location in Water Turkey Bay. As depicted in the figure below, the southern end of 

Vanderbilt lagoon and the deadend have more instances where dissolved oxygen exceded state 

standards over the years. This suggests that anthropogenic disturbances within Vanderbilt 

Lagoon have led to dissolved oxygen concentrations lower than natural background.  
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Nitrification increases primary production of the phytoplankton communities, which can 

often cause eutrophication. An increase in primary production can spur competition among and 

between primary producers that can lead to a shift in species assemblages. Without primary 

production the base of the food chain is highly impaired. There is a healthy level of 

phytoplankton or algae that occur naturally, which fluctuate overtime (Beever and Thomas, 

2006). Fluctuations are normal and necessary to keep populations in check. However, problems 

can arise when nitrification is skewed to an extreme for a prolonged period. This can cause 

impacts to biological assemblages that are irreversible, as the system can no longer naturally 

return to less extreme levels (Margalef, 1969). Data indicated that surface Stations 1, 2, 3, and to 

a slightly lesser degree Station 12 were the most susceptible to increased nitrification as these 

stations were consistently higher in nitrogen derivatives and mean dissolved oxygen levels were 

more frequently below State standards. Surface orthophosphorus concentrations mirrored the 

results found concerning increased nitrification, suggesting that nutrient loading was the highest 

at Stations 1, 2, 3 and possibly 12.  Bottom parameter concentrations were only reflective of 

main channel conditions since these stations were the only ones deep enough for bottom 

sampling. Periodic spikes that sporatically occurred in the bottom station data could be due to 

sediment resuspension that occurred during sampling. As such, these spikes in turbidity and 

phosphorus that occurred periodically in various bottom samples could have contributed to mean 

bottom station values that implied that channels had a higher inclination of nutrient loading 

(bottom Stations 4, 6, 8, and 13).     

Nutrient and mineral parameters were for the most part within normal ranges for Florida 

waters. Some stations had instances where iron exceeded State standards and was outside of 

normal ranges, in particular at Station 2. Station 2 had the largest diameter pipe outflow within 
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the Vanderbilt Lagoon system. The occurrence of elevated iron concentrations at this station may 

be suggestive of pipe oxidation and/or associated metallic debris present within this area and 

other stations located in the deadend canals that exhibited higher than background iron 

concentrations.  
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Water quality results hinted at the possibility of a distinct separation between geographic 

locations. In general, the farther the station was from Wiggins Pass and Water Turkey Bay the 

higher the nutrient and mineral concentrations and the lower the physical parameters like 

dissolved oxygen and salinity during the wet season. In most instances there was a noticable 

division in parameters along a south to north gradient. This is indicative that the more southern 

parts of Vanderbilt lagoon that are the farthest from the pass could be exhibiting less tidal 

frequency and/ or amplification and therefore lower circulation and less flushing than the 

northern sections of the lagoon.  
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Overall, mean trends in water quality parmeters including nitrite, nitrate, phosphorus and 

clarity could be refective of a long-term sinesidal pattern of oscillation since on a minute scale 

the period of 1996-2008 resembles the posterior section of sinewave on a decadal or score-like 

scale (Appendix C). Overall mean turbidity on the other hand appears to resemble the inverse, 

the anterior section of a sinewave on a decadal or score-like scale (Appendix C). Alternatively, 

trends could indicate a slow rise or fall in these parameters respectively. Oveall mean ammonia 

and iron overtime appear to be in a more stable state than the other parameters so far during this 

study, although surface water trends overtime for iron shows possible evidence of a long-term 

sinesidal pattern (Appendix C). 

The establishment of shallow open water areas created during canal excavation and 

overtime siltation in combination with increased point source stormwater runoff shunted directly 

into Vanderbilt Lagoon via pipes has clearly negatively affected the water quality particularily in 

the near vicinity of these stormwater pipe outfalls. Stations located at the terminus of deadend 

canals in the vicinity of pipe outfalls were consistentantly higher in temperature, turbidity and 

the majority ofl nutrient and mineral parameters quantified during this study period in 

comparison to stations located in the main channels. Additionally, the deadend canals were lower 

in salinity and higher in the number of instances where dissolved oxygen concentrations were 

below State standards. Lower salinity values are often the result of freshwater inflows and results 

in stratification between the surface and bottom areas primarily in the wet season. As a regulator 

of salinity, freshwater inflow is probably the most important function in an estuary (Stickney, 

1984). While many estuaries are plagued by reductions in freshwater inflow, Vanderbilt Lagoon, 

along with other nearshore canal systems such as Aqualane Shores in Naples Bay and the 

Moorings system, receives a seasonal pattern of excessive inflow because of human-induced 
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changes to the watershed. The increased volume of inflow from storm-water systems has 

changed mixing and circulation patterns and could have negatively impacted the benthic 

invertebrate communities and may have also displaced planktonic organisms like we have seen 

in Naples Bay (Schmid, et. al., 2006). Accordingly, these freshwater pulses may also flush oyster 

larvae out of the area or create conditions that are unfavorable for their settlement (Tolley et al., 

2003). Permanent or long-term changes to salinity may cause the shifting of organisms to 

different regions of an estuary or eliminate them altogether. A variety of information exists on 

the impacts of freshwater inflow alterations on aquatic organisms and their habitats in the 

estuaries of the Caloosahatchee (Chamberlain and Doering, 1997a, 1997b; Doering and 

Chamberlain, 2000; Doering et al., 2002; La Peyre et al., 2003; Tolley et al., 2003), the Ten 

Thousand Islands (Browder, 1988; Browder et al., 1986; Shirley et al., 2004), or both systems 

(Volety et al., 2004; Tolley et al., 2005). However, to date this issue has received relatively little 

attention in the Cocohatchee Bay estuary.  

Slightly divergent water quality characteristics between Vanderbilt Lagoon and Water 

Turkey Bay (reference station) during this study raises several questions, such as how hydrology 

will change as buildout of the areas that drain into the lagoon commences and the associated 

impacts of increased stormwater into the lagoon. Additionally, will southern areas become more 

brackish and will this in turn result in vegetative and biological shifts overtime due to an 

expected higher influx of freshwater into Vanderbuilt Lagoon, as a result of buildout? Only time 

will answer these questions, emphasizing the importance of collecting long-term trend data 

within the Vanderbilt Lagoon system. 
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It is very important that we keep our fingers on the pulse of what is going on in our 
waterways. It is why the Conservancy continues to do water quality research. We 
started monitoring water quality in Vanderbilt lagoon in 1996 and we have 
continued every since so that we can determine trends in pollutants that are in our 
waterways and act as a watchdog for early signs of deterioration.  
 
.  

Notifying FDEP of 
Problems Early on and 
Investigating for a Source 
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Table 1. Water quality parameter instrumentation and laboratory analysis methodology and 
detection limits. 
 

Water Quality Parameter Instrumentation Specifications: 

 
 

Nutrient Parameters Laboratory Methods and Specifications:  

 
 

Parameter Standard Method (SM) 
 

Range 
% Accuracy or 

EMDL* 

Nitrite  SM 4500-NO2
- B  Colormetric 

0 to 0.3000mg/l  
0.004 mg/l 

OrthoPhosphorus SM 4500-PE Ascorbic Acid 
0 to 2.500 mg/l  

0.031mg/l 

Ammonia SM 4500-NH3 - Phenate (nessler) 
0 to 2.500 mg/l  

0.017 mg/l 

Nitrate SM 4500-N03
- E Cadmium Reduction 

0 to 0.50 mg/l  
0.01 mg/l 

Metal Parameters Laboratory Methods and Specifications: 

Parameter Standard Method (SM) 
 

Range 
% Accuracy or 

EMDL* 

Iron EPA 310.2 - Colormetric 
 

0 to 3.0 mg/l 
 

0.1 mg/l 
  *EMDL (Estimated Minimal Detectable Limit) 
 
 
 
 

Parameter Equipment or Standard Method (SM) 
 

Range Accuracy 
Water 
Temperature YSI Model 85 Water Quality Meter -5 to +65 ºC 

 
+/- 0.1 ºC 

Dissolved 
Oxygen YSI Model 85 Water Quality Meter 0 to 20 mg/l 

 
+/- 0.3 mg/l 

Salinity YSI Model 85 Water Quality Meter 0 to 80 ppt  
 

+/- 0.1 ppt  

Conductance YSI Model 85 Water Quality Meter 0 to 200.0 mS/cm +/- 0.5% full scale 

Depth Sonar Depth Gauge 
 

1.8 to 260 ft 
 

0.031 ft 

Secchi Depth  Secchi Disk 
 

1 to 25 ft 
 

NA 

Turbidity 2100A Turbidimeter 0 to 1000 NTU 
 

+/- 0.02 



Table 2. Comparison of Deadend Canals and Channels. 
 
Deadend Canals          
Parameter N Min 25th% Mean Median 75th% Max # Ext %Ext
Average Water Temperature (◦C) 525 13.6 21.6 25.4 26.0 29.5 33.2 n/a n/a 
Average Salinity (ppt) 525 13.0 28.7 31.0 31.6 33.7 40.6 n/a n/a 
Average Conductivity (mmho) 525 27.7 44.3 47.8 48.1 51.7 61.3 0 0 
Average Dissolved Oxygen (mg/L) 518 1.0 3.9 4.8 4.8 5.7 8.2 136 26.3 
Average Turbidity (NTU) 525 0.0 4.0 6.7 5.5 8.00 40.0 3 0.57 
Average Clarity (%) 441 0.0 42.9 64.0 60.0 95.24 100.0 n/a n/a 
Average Ammonia (mg/L) 491 0.0 0.04 0.09 0.07 0.12 0.69 215 43.8 
Average Nitrite (mg/L) 525 0 0.001 0.002 0.002 0.003 0.048 n/a n/a 
Average Nitrate (mg/L) 518 0 0.000 0.016 0.002 0.02 0.20 n/a n/a 
Average Dissolved Inorganic Nitrogen (mg/L) 525 0 0.05 0.11 0.08 0.14 0.72 0 0 
Average OrthoPhosphorus (mg/L) 525 0 0.05 0.099 0.077 0.122 0.89 176 33.5 
Average Iron (mg/L) 525 0 0.026 0.113 0.053 0.112 1.614 40 7.6 
          
Channels          
Parameter N Min 25th% Mean Median 75th% Max # Ext %Ext
Average Water Temperature (◦C) 599 14.6 21.4 25.15 25.7 29.2 31.8 n/a n/a 
Average Salinity (ppt) 599 17.6 29.4 31.6 32.3 34.1 40.9 n/a n/a 
Average Conductivity (mmho) 599 28.6 44.8 48.4 48.6 52.1 64.5 0 0 
Average Dissolved Oxygen (mg/L) 591 2.0 4.9 5.6 5.6 6.3 9.1 22 3.7 
Average Turbidity (NTU) 599 1.0 3.4 5.2 4.4 6.1 23.0 0 0 
Average Clarity (%) 503 10.6 29.76 43.5 40.0 51.63 100.0 n/a n/a 
Average Ammonia (mg/L) 556 0 0.02 0.05 0.04 0.07 0.24 93 16.7 
Average Nitrite (mg/L) 599 0 0.001 0.002 0.002 0.003 0.023 n/a n/a 
Average Nitrate (mg/L) 591 0 0.000 0.015 0.000 0.02 0.27 n/a n/a 
Average Dissolved Inorganic Nitrogen (mg/L) 599 0 0.02 0.06 0.05 0.08 0.48 0 0 
Average OrthoPhosphorus (mg/L) 599 0 0.041 0.086 0.062 0.092 1.938 120 20.0 
Average Iron (mg/L) 599 0 0.008 0.029 0.018 0.034 1.365 3 0.5 
 
 

 42



Table 3. Geographic Comparison Amongst Stations Located in the South, Mid and North. 
Parameter  N Min 25th% Mean Median 75th% Max # Ext %Ext
Average Surface Temperature (◦C) South 450 13.6 21.4 25.2 25.9 29.4 32.7 n/a n/a 
 Mid 300 15.3 21.6 25.3 25.8 29.1 32.6 n/a n/a 
 North 374 14.9 21.5 25.2 25.8 29.3 32.2 n/a n/a 
Average Bottom Temperature (◦C) South 163 15.1 22.8 26.2 27.7 30.0 32.2 n/a n/a 
 Mid 148 15.6 21.9 25.3 26.1 29.5 32.0 n/a n/a 
 North 148 14.9 21.4 24.8 25.2 29.0 31.7 n/a n/a 
Average Surface Salinity (ppt) South 450 13.0 28.2 30.6 31.2 33.5 39.8 n/a n/a 
 Mid 300 19.1 29.1 31.4 32.1 33.9 40.6 n/a n/a 
 North 374 17.6 30.1 32.0 32.6 34.3 40.9 n/a n/a 
Average Bottom Salinity (ppt) South 173 25.0 30.5 32.1 32.0 33.8 38.7 n/a n/a 
 Mid 148 28.0 31.0 32.6 32.6 34.0 38.8 n/a n/a 
 North 148 25.0 32.4 33.4 33.7 34.6 38.8 n/a n/a 
Average Surface Conductivity (mmho) South 450 28.0 43.5 47.2 47.6 51.2 61.3 0 0 
 Mid 300 30.7 44.6 48.3 48.4 51.9 60.2 0 0 
 North 374 27.7 45.6 49.0 49.2 52.4 64.5 0 0 
Average Bottom Conductivity (mmho) South 173 40.5 47.1 50.0 49.4 52.4 72.2 0 0 
 Mid 148 38.4 47.5 50.0 49.6 52.6 60.1 0 0 
 North 148 41.0 48.4 50.9 50.5 53.6 64.5 0 0 
Average Surface Dissolved Oxygen (mg/L) South 444 1.2 4.2 5.1 5.2 5.9 9.1 88 19.8 
 Mid 296 2.4 4.6 5.3 5.3 6.0 8.5 26 8.8 
 North 369 1.0 4.5 5.3 5.3 6.1 8.7 44 11.9 
Average Bottom Dissolved Oxygen (mg/L) South 172 0.04 3.4 4.3 4.6 5.6 8.2 58 33.7 
 Mid 146 0.2 3.8 4.6 4.6 5.6 7.9 42 28.8 
 North 146 2.1 4.3 5.2 5.0 6.0 8.7 24 16.4 
Average Surface Turbidity (NTU) South 450 1.1 3.5 5.9 4.9 6.6 40.0 1 0.2 
 Mid 300 1.5 3.5 5.7 4.6 6.3 30.0 1 0.3 
 North 374 0.04 3.6 6.2 5.0 7.4 30.0 1 0.3 
Average Bottom Turbidity (NTU) South 173 1.5 3.5 7.4 5 8.0 100.0 4 2.3 
 Mid 147 1.0 3.8 9.6 5.1 9.0 300.0 3 2.0 
 North 148 1.5 3.6 7.2 5.0 8.4 73.0 1 0.7 
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Table 3 cont. Geographic Comparison Amongst Stations Located in the South, Mid and North. 
 
Parameter  N Min 25th% Mean Median 75th% Max # Ext %Ext
Average Clarity (%) South 378 0.0 37.5 54.5 50.0 66.7 100.0 n/a n/a 
 Mid 252 5.6 34.1 49.9 43.8 61.4 100.0 n/a n/a 
 North 314 10.0 29.3 54.0 47.6 80.0 100.0 n/a n/a 
Average Surface Ammonia (mg/L) South 424 0.0 0.03 0.089 0.070 0.120 0.689 171 40.3 
 Mid 279 0.0 0.02 0.055 0.050 0.080 0.240 66 23.7 
 North 344 0.0 0.02 0.055 0.041 0.070 0.350 71 20.6 
Average Bottom Ammonia (mg/L) South 163 0.0 0.03 0.064 0.050 0.090 0.380 39 23.9 
 Mid 136 0.0 0.03 0.058 0.047 0.080 0.300 31 22.8 
 North 136 0.0 0.02 0.050 0.040 0.061 0.650 20 14.7 
Average Surface Nitrite (mg/L) South 450 0.0 0.001 0.003 0.002 0.004 0.048 n/a n/a 
 Mid 300 0.0 0.001 0.002 0.002 0.003 0.023 n/a n/a 
 North 374 0.0 0.000 0.002 0.001 0.003 0.011 n/a n/a 
Average Bottom Nitrite (mg/L) South 173 0.0 0.000 0.002 0.001 0.003 0.012 n/a n/a 
 Mid 148 0.0 0.000 0.002 0.001 0.003 0.013 n/a n/a 
 North 150 0.0 0.000 0.002 0.001 0.003 0.010 n/a n/a 
Average Surface Nitrate (mg/L) South 444 0.0 0.000 0.016 0.010 0.020 0.270 n/a n/a 
 Mid 296 0.0 0.000 0.015 0.000 0.020 0.180 n/a n/a 
 North 369 0.0 0.000 0.014 0.000 0.020 0.190 n/a n/a 
Average Bottom Nitrate (mg/L) South 170 0.0 0.000 0.018 0.010 0.028 0.200 n/a n/a 
 Mid 146 0.0 0.000 0.017 0.000 0.019 0.600 n/a n/a 
 North 148 0.0 0.000 0.017 0.000 0.020 0.210 n/a n/a 
Average Surface Dissolved Inorganic Nitrogen (mg/L) South 450 0.0 0.035 0.103 0.080 0.135 0.717 0 0 
 Mid 300 0.0 0.025 0.067 0.059 0.098 0.261 0 0 
 North 374 0.0 0.026 0.067 0.055 0.091 0.360 0 0 
Average Bottom Dissolved Inorganic Nitrogen (mg/L) South 179 0.0 0.022 0.077 0.061 0.112 0.444 0 0 
 Mid 148 0.0 0.030 0.072 0.051 0.095 0.677 0 0 
 North 150 0.0 0.015 0.063 0.054 0.081 0.653 0 0 
Average Surface OrthoPhosphorus (mg/L) South 450 0.0 0.045 0.099 0.072 0.117 1.938 140 31.1 
 Mid 300 0.0 0.047 0.090 0.070 0.098 0.729 70 23.3 
 North 374 0.0 0.044 0.086 0.065 0.098 1.406 86 23.0 
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Table 3 cont. Geographic Comparison Amongst Stations Located in the South, Mid and North. 
 
Parameter  N Min 25th% Mean Median 75th% Max # Ext %Ext
Average Bottom Ortho Phosphorus (mg/L) South 173 0.0 0.049 0.089 0.071 0.112 0.640 122 70.5 
 Mid 148 0.0 0.050 0.081 0.072 0.109 0.269 104 70.3 
 North 150 0.0 0.048 0.092 0.066 0.099 1.550 113 75.3 
Average Surface Iron (mg/L) South 450 0.0 0.02 0.108 0.040 0.08 1.61 37 8.2 
 Mid 300 0.0 0.02 0.049 0.031 0.07 0.49 3 1.0 
 North 374 0.0 0.01 0.036 0.018 0.04 0.646 3 0.8 
Average Bottom Iron (mg/L) South 171 0.0 0.01 0.029 0.020 0.04 0.250 0 0.0 
 Mid 148 0.0 0.01 0.020 0.013 0.02 0.303 1 0.7 
 North 150 0.0 0.00 0.014 0.008 0.019 0.138 0 0.00 
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Table 4. Wet and Dry Season Comparison. 
 
  Dry Season 
Parameter  N Min 25th% Mean Median 75th% Max # Ext %Ext
Depth (ft.) - 555 0.3 3.2 5.6 5.3 7.3 14.4 n/a n/a 
Average Water Temperature (◦C) Surface 555 13.6 18.7 22.9 22.7 27.5 30.5 n/a n/a 
 Bottom 227 14.9 19.2 23.2 23.6 27.5 30.1 n/a n/a 
Average Salinity (ppt) Surface 555 24.0 31.6 33.2 33.2 35.1 40.9 n/a n/a 
 Bottom 227 26.2 32.0 33.5 33.5 35.3 38.8 n/a n/a 
Average Conductivity (mmho) Surface 555 33.9 46.4 49.6 49.4 52.8 60.4 0.0 0.0 
 Bottom 227 38.4 47.5 50.4 50.1 53.4 72.2 0.0 0.0 
Average Dissolved Oxygen (mg/L) Surface 540 1.9 4.8 5.4 5.5 6.2 8.7 58 10.7 
 Bottom 222 0.2 4.7 5.4 5.4 6.0 8.5 13 5.9 
Average Turbidity (NTU) Surface 555 0.0 3.7 6.4 5.0 7.7 40.0 3 0.54 
 Bottom 468 1.8 3.9 10.0 5.6 10.00 300.0 6 1.28 
Average Clarity (%) - 465 5.6 34.1 54.4 48.8 71.4 100.0 n/a n/a 
Average Ammonia (mg/L) Surface 514 0.00 0.029 0.070 0.050 0.100 0.406 163 31.71
 Bottom 210 0.00 0.024 0.055 0.046 0.080 0.291 47 22.38
Average Nitrite (mg/L) Surface 555 0.00 0.001 0.002 0.002 0.003 0.048 n/a n/a 
 Bottom 227 0.00 0.000 0.002 0.001 0.003 0.013 n/a n/a 
Average Nitrate (mg/L) Surface 555 0.00 0.000 0.017 0.010 0.020 0.270 n/a n/a 
 Bottom 227 0.00 0.000 0.020 0.000 0.030 0.600 n/a n/a 
Average Dissolved Inorganic Nitrogen (mg/L) Surface 555 0. 00 0.030 0.084 0.068 0.115 0.480 0.00 0.00 
 Bottom 226 0.00 0.027 0.073 0.061 0.101 0.677 0.00 0.00 
Average OrthoPhosphorus (mg/L) Surface 555 0.00 0.045 0.086 0.066 0.093 1.938 115 20.72
 Bottom 227 0.00 0.046 0.081 0.060 0.087 1.550 182 80.18
Average Iron (mg/L) Surface 555 0.000 0.010 0.056 0.026 0.050 1.268 16 2.88 
 Bottom 227 0.000 0.002 0.019 0.011 0.025 0.303 1 0.44 
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Table 4. Wet and Dry Season Comparison cont. 
 
  Wet Season 
Parameter  N Min 25th% Mean Median 75th% Max # Ext %Ext
Depth (ft.) - 569 0.1 3.6 5.9 5.6 7.8 14.7 n/a n/a 
Average Water Temperature (◦C) Surface 569 17.9 23.6 27.5 29.1 30.4 33.2 n/a n/a 
 Bottom 242 18.4 23.6 27.6 29.4 30.6 32.2 n/a n/a 
Average Salinity (ppt) Surface 569 13.0 27.2 29.5 29.7 32.6 36.0 n/a n/a 
 Bottom 242 25.0 30.5 31.8 32.1 33.6 36.4 n/a n/a 
Average Conductivity (mmho) Surface 569 27.7 42.7 46.6 47.0 51.0 64.5 0.00 n/a 
 Bottom 242 40.5 47.7 50.2 49.7 52.5 64.5 0.00 n/a 
Average Dissolved Oxygen (mg/L) Surface 569 1.0 4.3 5.1 5.0 5.9 9.1 100 17.6 
 Bottom 242 0.04 3.0 4.0 4.0 4.9 8.7 111 45.9 
Average Turbidity (NTU) Surface 569 1.0 3.5 5.5 4.5 6.0 24.0 0 0.0 
 Bottom 341 1.0 3.5 6.2 4.8 6.8 37.0 2 0.6 
Average Clarity (%) - 479 0.0 33.3 51.9 46.2 66.7 100.0 n/a n/a 
Average Ammonia (mg/L) Surface 533 0.00 0.020 0.068 0.050 0.090 0.689 115 21.58
 Bottom 226 0.00 0.020 0.060 0.045 0.070 0.650 37 16.37
Average Nitrite (mg/L) Surface 569 0.00 0.001 0.002 0.002 0.003 0.011 n/a n/a 
 Bottom 275 0.00 0.001 0.002 0.001 0.003 0.012 n/a n/a 
Average Nitrate (mg/L) Surface 554 0.00 0.000 0.014 0.000 0.020 0.180 n/a n/a 
 Bottom 237 0.00 0.000 0.014 0.004 0.015 0.210 n/a n/a 
Average Dissolved Inorganic Nitrogen (mg/L) Surface 569 0.00 0.029 0.079 0.061 0.110 0.717 0.00 0.00 
 Bottom 250 0.000 0.0212 0.069 0.051 0.091 0.653 0.00 0.00 
Average OrthoPhosphorus (mg/L) Surface 569 0.00 0.046 0.098 0.071 0.121 0.890 181 31.81
 Bottom 244 0.00 0.055 0.094 0.077 0.121 0.468 157 64.34
Average Iron (mg/L) Surface 569 0.000 0.016 0.080 0.034 0.077 1.61 27 4.75 
 Bottom 212 0.000 0.009 0.023 0.017 0.029 0.250 0 0.00 
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Figure 1: Station Locations in Vanderbilt Lagoon and Water Turkey Bay 
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