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Appendix 5C-3:  1 

Evaluation of Phosphorus Sources, 2 

Forms, Flux, and Transformation 3 

Processes in the Stormwater 4 

Treatment Areas 5 

INTRODUCTION 6 

The overarching goal of the phosphorus (P) flux study is to enhance the understanding of the 7 
mechanisms and factors that affect P treatment performance of stormwater treatment areas (STAs), 8 
particularly those that are key performance drivers at the lower reaches of the treatment trains. In order to 9 
understand the mechanisms and factors that affect STA performance at low total phosphorus (TP) 10 
concentrations, it is imperative to evaluate the P sources, forms, flux, and transformation processes along 11 
the STA flow-ways. A better understanding of the mechanisms and factors that affect P treatment 12 
performance of the STAs at low TP concentrations is vital to develop strategies that could improve 13 
capabilities of the STAs to achieve permit compliance with water quality based effluent limits (WQBELs). 14 
The P flux study was designed to address two key Restoration Strategies Science Plan questions: 15 

• How can internal loading of P to the water column be reduced or controlled, especially in 16 
the lower reaches of the treatment trains? 17 

• How can the biogeochemical or physical mechanisms be managed to further reduce soluble 18 
reactive phosphorus (SRP), particulate phosphorus (PP), and dissolved organic phosphorus 19 
(DOP) concentrations in the outflow of the STAs?  20 

The P flux study consists of several substudies designed to collectively address the two key questions, 21 
and they include (1) data mining, (2) organic P speciation, (3) flow-way assessments at different flow 22 
conditions, (4) in situ particle dynamics, (5) in situ P flux measurements, (6) soil characterization, (7) 23 
assessment of enzyme and microbial activity, (8) vegetation assessments, and (9) quantification of faunal 24 
role in P cycling. In addition, limited data will be collected at Water Conservation Area 2A (WCA-2A) for 25 
comparison purposes. These substudies are in various stages of implementation. Preliminary results from 26 
the following four substudies are presented in this appendix: 27 

• Evaluation of Historical Surface Water, Porewater, and Soil Data Collected within Selected 28 
Flow-Ways 29 

• Flow-Way Water Quality Assessments 30 

• Phosphorus Flux Measurements 31 

• Effects of Faunal Communities on the Water Quality in the Everglades Stormwater 32 
Treatment Areas  33 
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Several terms pertaining to P cycling appear throughout this section and are defined as follows: 34 

• Flux: movement or exchange of P between two compartments or matrices (e.g., soil and 35 
surface water). The term “flux” is directionless and does not imply movement into or out 36 
of any particular compartment.  37 

• Diffusive flux: movement of dissolved constituents between soil/porewater and the surface 38 
water, as driven by unequal concentrations. According to the laws of diffusion, this flux 39 
moves dissolved molecules from regions of higher concentrations to regions of lower 40 
concentrations, but otherwise implies no particular direction of movement.  41 

• Flux potential: the negative of the slope of porewater P concentrations measured across 42 
the -4 to +4 centimeter (cm) soil-water interface (based on porewater equilibrator data). 43 
Positive flux potential values indicate an upward P gradient between soil porewater and the 44 
lower water column, and negative values indicate a downward gradient between soil 45 
porewater and the lower water column.  46 

• Net flux: the combined (net) movement of P into or out of the surface water, including all 47 
potential interacting compartments or matrices, such as soil, porewater, algae, or 48 
macrophytes. Processes contributing to net flux may include diffusive flux, resuspension, 49 
and decomposition. The term “net flux” is directionless, but reflects results in the surface 50 
water column.  51 

EVALUATION OF HISTORICAL SURFACE WATER, 52 
POREWATER, AND SOIL DATA COLLECTED WITHIN 53 

SELECTED FLOW-WAYS 54 

John Juston1 55 

INTRODUCTION AND METHODS 56 

To complement the many new and diverse data collections in the P flux study, additional data mining 57 
was conducted based on data from different STA flow-ways collected from 2005 to 2010. Primarily, this 58 
effort was to determine trends and relationships among P-related variables in STA soils, porewater, and 59 
surface water, particularly in the lower reaches of the treatment flow-way. Analysis was completed across 60 
a pooled database and within individual flow-way data sets.  61 

The assembled database represented 86 separate sites from sampling events along standardized internal 62 
grids in STA-2 Cells 1, 2, and 3; STA-3/4 Flow-way 2; and STA-5 Flow-way 2. The strength of this 63 
collective database is that measurements were conducted at co-located sites, although not all variables were 64 
measured at all sites or in all data sets. Data were analyzed using bivariate correlation analysis and 65 
multivariate principal component analysis (PCA). Bivariate correlations were developed for two data 66 
treatments: (1) the complete pooled data set (n = 86), and (2) a low-P data subset representing typically 67 
back-end STA locations with water TP levels of less than 20 micrograms per liter (µg/L) at the time of soil 68 
and porewater sampling (n = 25). 69 

                                                      
1 Juston Hydro AB, Stockholm, Sweden  
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RESULTS  70 

Key results indicated that a chain of significant correlations exists between soil P, porewater P, and 71 
water column P concentrations, even in the subset of data that represented only low-P conditions. Based on 72 
the strength of correlations, soil TP appeared to be an acceptable indicator of P flux potential from STA 73 
soils, but the data suggest that the labile P fraction derived using sodium bicarbonate (NaHCO3)-extraction 74 
(i.e., Olsen-P) (Olsen et al. 1954) is a better indicator. The potential for P flux appeared to exhibit 75 
breakpoint-type behavior with Olsen-P and soil TP concentration levels. Specifically, low or no P gradients 76 
were evident at low soil P concentrations (< 60 milligrams per kilogram [mg/kg] Olsen-P; < 800 mg/kg soil 77 
TP); above these thresholds, elevated and increasing vertical gradients were observed. Finally, some non-P 78 
porewater variables that were hypothesized to influence P flux had no apparent relationships (e.g., redox 79 
potential), while others were correlated (e.g., ammonium [NH4

+], pH). These relationships should be further 80 
investigated using the new data collected from the P flux study before drawing strong conclusions. Results 81 
from PCA support an assessment of cohesion of P-related variables across soil, porewater, and water 82 
column matrices. Taken together, these results support and help refine the South Florida Water 83 
Management District’s (SFWMD’s or District’s) conceptual P cycle models, and should be useful to help 84 
guide the current P flux study.  85 

Complete methods and results are reported in DB Environmental, Inc. (DBE 2016b). Selected key 86 
results are presented in further detail below. Bivariate relationships were grouped sequentially by (1) P and 87 
non-P porewater variables, (2) soils and porewater P variables, and (3) porewater and water column P 88 
variables. These results are followed by the multi-variate PCA. 89 

Porewater Variable Correlations 90 

Table 1 shows a correlation matrix that focuses on interrelationships between measured porewater 91 
variables only. Results are shown symbolically, in the table index; the symbols also pertain to subsequent 92 
tables. Results indicate that all non-P variables were significantly correlated with one another, either 93 
positively or negatively, in the full and low-P database sets (Table 1). For example, alkalinity shows a 94 
strong positive correlation to dissolved calcium concentrations and is negatively correlated with 95 
redox potential.  96 

Positive correlations exist between all the measured porewater P variables, including SRP and DOP 97 
concentrations and calculated SRP and DOP flux potentials (Table 1). Flux potentials were defined as the 98 
negative of the slope of porewater P concentrations measured across the -4 to +4 cm soil-water interface 99 
(based on porewater equilibrator data). Positive flux potential values indicate an upward P gradient between 100 
soil porewater and the lower water column. For example, as expected, there was a strong positive correlation 101 
between SRP concentrations and flux potentials. This occurs as elevated porewater concentrations create 102 
higher concentration differentials across the soil-water interface, thus driving the potential for diffusive 103 
fluxes. As an example of how some of these relationships appear in cross-plots, Figure 1 shows calculated 104 
SRP flux potential values versus measured SRP concentrations (0–4 cm average) for all available data and 105 
for the low-P subset. Figure 2 shows similar trends for DOP and DOP flux potentials, which were strongly 106 
correlated within both data sets. In the low-P domain, the potential for flux from soils to the water-column 107 
were almost the same for SRP and DOP species (compare ranges in Figures 1 and 2). 108 

The correlation results in Table 1 suggest that the only significant relationships crossing between P and 109 
non-P porewater variables were with ammonium and pH levels. Other variables, including redox potential, 110 
had no correlation with porewater P concentrations or flux potentials across both data sets. The lack of 111 
correlation with redox, which is contrary to what was expected in a wetland system, will be 112 
investigated further.  113 
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Table 1. Symbolic correlation matrix showing results for porewater variables only. The matrix is 114 
symmetric about the diagonal, such that columns and corresponding rows show the same results. 115 

Heavy interior lines group non-P and P variables. 116 
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Alkalinity 1 ++ ++ -- 0-     
Ammonium ++ 1 ++ -- -- ++ + + ++ 
Calcium ++ ++ 1 - --     
Eh (Redox) -- -- - 1 0+     
pH 0- -- -- 0+ 1 -  - -- 

SRP  ++   - 1 ++ ++ ++ 
DOP  +   0 ++ 1 + ++ 
SRPflux_pot  +   - ++ + 1 + 
DOPflux_pot  ++   -- ++ ++ + 1 

Index of Symbols Used   

blank no significant relationship 

+ significant positive Spearman ranked correlation coefficient (rs) across all data sets 

+ significant correlation has rs > 0.7 

- significant negative correlations across all data sets 

++ significant positive correlations in both the full pooled database and in the low-P database subset 

++ significant correlations in both the full and low-P data; the correlation in low-P subset has rs > 0.7 

++ highly significant correlations in both the full and low-P data (rs > 0.7) 

0+; 0- significant positive or negative correlations in the low-P subset only. 

 117 
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 118 
Figure 1. Cross-plots of porewater SRP concentrations and SRP flux potentials based on all data and 119 

the low-P data set (defined as those from sites with surface water TP < 20 µg/L at the time of soil and 120 
porewater sampling). Dots are color-coded by flow-way, as shown in the legend. Open dot symbols 121 

indicate submerged aquatic vegetation (SAV)-dominated sites, closed dots indicate emergent aquatic 122 
vegetation (EAV)-dominated sites. Net sample sizes are noted in the upper left of each plot; not all 123 

data sets contained all data variables. X and Y axis scales are different in each plot. 124 

 125 
Figure 2. Cross-plots of porewater DOP concentrations and calculated DOP flux potentials.   126 
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Soils and Porewater Phosphorus Variable Correlations 127 

Table 2 shows a symbolic correlation matrix that focuses on interrelationships between bulk soil 128 
properties and porewater P data variables. The four non-P variables were strongly correlated to one another 129 
based on the complete database and the low-P data subset. For example, soil total carbon showed a strong 130 
positive correlation to total nitrogen (TN) concentrations, and was inversely related to soil total calcium 131 
levels. Relationships among soil P variables generally were not as strong or consistent as the non-P 132 
variables. For example, soil TP was weakly correlated to Olsen-P levels, but only when all available data 133 
are considered and not in the low-P subset.  134 

Table 2. Symbolic correlation matrix for soils and porewater variables. Symbols are the same as 135 
those defined in Table 1. Heavy interior lines delineate soils and porewater variables. Not all variable 136 

pairs were available for calculating correlation statistics (shown with ‘NaN’). 137 
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 138 

The results in Table 2 suggest that the only significant relationships crossing between soil and 139 
porewater P variables were through soil TP, Olsen-P, and the sum of labile and semi-labile P (in low-P 140 
regions only) variables. Non-P soil variables were not correlated with porewater P variables (Table 2), or 141 
non-P porewater variables for that matter. 142 

Soil Olsen-P appears to be a more consistent and sensitive indicator of SRP and DOP flux potentials 143 
than soil TP (Table 2). Olsen-P values were significantly correlated to porewater SRP concentrations and 144 
flux potentials based on all available data and on the low-P data subset, and correlated to DOP flux 145 
potentials at low-P sites. On the other hand, at low-P sites, soil TP concentrations were not correlated to 146 
porewater SRP variables or to DOP variables (Table 2). 147 

Figures 3 and 4 show cross-plots of SRP flux potential versus soil TP and Olsen-P values to support 148 
the finding described in the previous paragraph. Visual examination of these plots indicates a possible 149 
breakpoint or threshold behavior of flux potentials and STA soils P concentrations. This is particularly 150 
evident in the relationships with Olsen-P (Figure 5), which show flattened, near-zero flux potentials below 151 
60 mg/kg Olsen-P, and a tendency toward elevated values with greater variance above that. Data from three 152 
different data sets contribute values above and below this apparent breakpoint. These observations are 153 
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furthered in Figure 6, which plots porewater SRP profiles lumped into two categories of Olsen-P, above 154 
and below 60 mg/kg. Here again, low porewater SRP concentrations and flattened profiles (i.e., low flux 155 
potentials) are consistently found and clearly demonstrated at sites with low Olsen-P concentrations. For 156 
soil TP, a possible breakpoint appears at about 800 mg/kg (Figure 3); however there are still many sites 157 
with soil TP greater than 800 mg/kg with low flux potentials. Figure 6 shows a supporting plot of all 158 
available porewater SRP profiles (n = 49) grouped into three different categories of soil-TP: below 800 159 
mg/kg, above 1,500 mg/kg, and in between.  160 

 161 
Figure 3. Cross-plots of soil TP concentrations and calculated SRP flux potentials. 162 

 163 
Figure 4. Cross-plots of soil Olsen-P concentrations and calculated SRP flux potentials. 164 



2017 South Florida Environmental Report – Volume I Appendix 5C-3 

DRAFT 5C-3-8 10/5/2016  

 165 
Figure 5. Available porewater SRP profiles classified by magnitude of soil TP. Data from STA-5 Flow-166 

way 2 was available and included, which was performing poorly during this time. 167 

 168 
Figure 6. All available porewater SRP profiles classified by magnitude of soil Olsen-P. 169 
Olsen-P groupings were determined by visual assessment. The three available data 170 

sets in this plot represent three well-performing STAs. 171 

Surface and Porewater Phosphorus Variable Correlations 172 

The previous two subsections identified correlations that connect soil P properties to porewater P 173 
concentrations and porewater P concentrations to flux potentials in the STAs. The following analysis was 174 
performed to determine the relationship between porewater flux potentials and surface water P 175 
concentrations (Table 3). 176 

Significant correlations exist between surface water SRP concentrations and porewater SRP flux 177 
potentials based on all available data and the low-P subset (Table 3). Figure 7 shows cross-plots of these 178 
data relationships. In the low-P subset, all surface water SRP concentrations were below 4 µg/L, yet a 179 
significant relationship still exists between the extreme low values and independently measured porewater 180 
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SRP concentrations and flux potentials. Also, note that within the surface water P variables, PP was the P 181 
fraction with strongest and most consistent correlation to TP concentrations based on the full pooled STA 182 
data set and low-P subset. 183 

Table 3. Symbolic correlation matrix for surface- and porewater variables. Results among the four 184 
porewater P variables are the same as shown in Table 1. 185 
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 186 
Figure 7. Cross-plots of porewater SRP flux potential and surface water SRP 187 

concentrations. (Note that visual inspection, which is most akin to a Pearson-type 188 
assessment of correlation, of the low-P subset does not strongly suggest an existing 189 

correlation; however, significant Spearman rank correlations were identified [Table 3]). 190 
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Principal Component Analysis 191 

PCA was used to explore the structure of the data sets for internal STA measurements (conducted within 192 
the interior of the flow-ways). Due to wide differences in data dimensionality, data variables were 193 
standardized (z-scale transformation) to avoid misclassification prior to PCA. Bi-plots representing results 194 
of PCA are shown in Figure 8. Bi-plots are graphical tools used to represent the first two or three principal 195 
components from PCA. The plots show the first two components from two data subset screenings (31 sites 196 
representing 11 data variables, and 29 sites representing 15 data variables), where the dominant component 197 
in each was rotated to align with the x-axis. Data variables are shown as vectors in bi-plots, where vector 198 
orientation indicates the extent to which the variance in those variables was captured by component 1 or 2. 199 
In general, the two components explain a sufficient amount of the variance to provide a meaningful visual 200 
representation of the structure of variables in the two database subsets (68 and 60 percent, respectively). 201 
Three-dimensional plots quickly become difficult to interpret.  202 

In both PCAs, the available non-P variables align mostly along the first principal component direction, 203 
and P variables align essentially orthogonally with the second component (excepting DOPflux pot in PCA2, 204 
which is intermediate). Thus, data values for P-related variables in soil (Olsen-P), porewater (SRP and DOP 205 
concentrations, SRP flux potential), surface water concentrations (TP, SRP, and DOP), and incubation 206 
studies (14-day SRP release) tend to cluster together in regards to covariance, while variability in non-P 207 
related porewater variables was largely independent (i.e., orthogonal), but with strong interrelationships to 208 
one another. The PCA results provide strong support for the findings of the bivariate correlation analyses 209 
in the preceding section.  210 

 211 
Figure 8. PCA results for PCA1 and PCA2 data subsets. The two data eigenvectors illustrated in each 212 

panel described 68 and 60 percent of the total variance in the source data sets, respectively. 213 

 214 



2017 South Florida Environmental Report – Volume I Appendix 5C-3 

DRAFT 5C-3-11 10/5/2016  

FLOW-WAY WATER QUALITY ASSESSMENTS 215 

 Odi Villapando, Rupesh Bhomia2, Jill King, and Paul Julian2  216 

INTRODUCTION 217 

This field study is an evaluation of the biogeochemical responses of the different regions along the 218 
selected STA flow-ways to three different flow scenarios: stagnant, low flow, and high flow. These flow 219 
tests will provide quantitative and qualitative information on nutrient dynamics in the water column under 220 
different flow scenarios that will be used to determine the factors influencing the measured biogeochemical 221 
responses and their relative magnitudes, particularly those related to P sources, P flux, and P species 222 
transformations.  223 

METHODS 224 

The STA flow-ways chosen for this study were STA-2 Cell 1, STA-2 Cell 3, and STA-3/4 Cells 3A 225 
and 3B. These specific flow-ways were selected to represent good performing flow-ways (those that have 226 
achieved outflow TP concentration of 13 µg/L or lower) versus less effective flow-ways (those that have 227 
achieved outflow TP concentration between 13 and 30 µg/L), and represent different cell configurations, 228 
vegetation communities, and soil conditions. Three flow events have been completed so far, two in STA-2 229 
Cell 1 and one in STA-2 Cell 3. The results presented here are from the last flow event conducted in Cell 3 230 
of STA-2 (Figure 9). This is a single cell flow-way with predominantly submerged aquatic vegetation 231 
(SAV) and a large patch of emergent aquatic vegetation (EAV) in the eastern region of the cell. The native 232 
soil in the cell is highly organic but the current soil in the STA has inorganic floc deposited over the organic 233 
soil layer. The annual outflow flow-weighted mean TP concentration for this cell is 17 µg/L. 234 

The flow event in STA-2 Cell 3 was conducted from February 22 to April 11, 2016. This event consisted 235 
of a “high flow” (average 325 cubic feet per second [cfs]) period from February 22 to March 6, 2016, 236 
followed by a stagnant (no inflow) period from March 7 to 28, 2016, and then a post-stagnation operational 237 
period from March 29 to April 11, 2016. (Figure 10). The post-stagnation operational flows were defined 238 
as inflows to the cell that occur in response to upstream basin runoff. During the post-stagnant operational 239 
period, the cell received an average flow of 51 cfs.  240 

Continuous monitoring of water quality and field conditions during the flow event was conducted at 241 
six water quality monitoring stations installed along the middle transect of the treatment flow-way 242 
(Figure 9). The stations were equipped with autosamplers, EXO-sondes, water level loggers, and HOBO 243 
light meters. The autosamplers collected water samples every 4 hours (2 am, 6 am, 10 am, 2 pm, 6 pm, and 244 
10 pm), which were analyzed for TP on discrete samples and TN and total organic carbon (TOC) on daily 245 
composited samples. Weekly surface grab samples were also collected from these sites and analyzed for 246 
TP, SRP, total dissolved P (TDP), dissolved organic carbon (DOC), TN, calcium (Ca), magnesium (Mg), 247 
potassium (K), sodium (Na), ammonium, nitrogen oxides (NOx), iron (Fe), sulfate (SO4

2-), chloride (Cl), 248 
alkalinity, color, total suspended solids (TSS), hardness, and chlorophyll. In situ measurements of pH, 249 
temperature, specific conductivity, and dissolved oxygen at 15-minute intervals were collected using EXO-250 
sondes. PP was calculated as the difference between TP and TDP, and DOP was calculated as the difference 251 
between TDP and SRP. The following section focuses on autosampler TP data and P forms from weekly 252 
grab sampling and other selected water quality parameters. 253 

                                                      
2 Wetland Biogeochemistry Laboratory, University of Florida, Gainesville, FL 
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 254 
Figure 9. STA-2 Cell 3 map showing the water quality monitoring stations. 255 

 256 
Figure 10. Hydrologic conditions during the flow event. HLR is hydraulic loading rate in centimeters 257 

per day (cm/d) and PLR is phosphorus loading rate in grams per square meter per day (g m2/d).  258 
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RESULTS 259 

Autosampler Total Phosphorus Concentrations 260 

Autosampler TP data were screened for outliers using a non-parametric approach, in which values 261 
greater than the 99th percentile for a given station and flow period were identified as an outlier and removed 262 
from further statistical analysis (Julian and Hill 2012). Overall, 893 samples were collected with 31 of these 263 
identified as outliers. Almost 50 percent of the outliers (15 out of 31) came from Station C56 under stagnant 264 
condition where wildlife activity documented on March 18–22, 2016 could have compromised sample 265 
integrity.  266 

There was a clear TP concentration gradient along the treatment flow-way at all phases of the flow 267 
event (Figure 11). Water column TP concentrations at all stations were lowest during the high-flow period 268 
and highest under stagnant condition. The occurrence of the high TP concentrations observed under 269 
stagnant conditions will be investigated further in additional flow scenarios and in concert with other 270 
substudies that are being implemented as part of the P flux study. TP concentrations at all stations following 271 
the stagnant phase exhibited a decreasing trend. TP concentration at Station C20 was unusually high due to 272 
high-velocity flows that came through the cell during the first three days of post-stagnation period 273 
(Figure 10). Differences in TP concentrations for all stations across flow events were significantly different 274 
at a significance level of α = 0.05 using Kruskal-Wallis Rank Sum Test (χ2 = 163.70, DF = 5, p < 0.05) 275 
(Figure 12). While the spatial pattern in TP concentrations along the treatment flow-way demonstrates 276 
distinct reduction, the spike in TP concentration at Station C92 particularly under stagnant condition 277 
suggests localized internal P loading. An evaluation of the soils, vegetation, and microbial data collected 278 
along the transect will be conducted to provide plausible explanations for P release/reduction mechanisms 279 
operating within this region of the cell.  280 

 281 
Figure 11. Autosampler TP concentrations at the different locations along the treatment flow-way for 282 

the entire flow event. Note y-axis is on a log-scale and outliers were removed. 283 
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 284 
Figure 12. Boxplot of 4-hour TP data for all stations across flow periods. Mean TP concentrations for 285 
any two stations with the same letter are not significantly different at α = 0.05 using Dunn’s test of 286 

multiple comparisons. Note y-axis is on a log-scale. 287 

Weekly Grab Water Column Phosphorus Concentrations and Forms 288 

The changes in P forms and concentrations along the treatment path during the flow event were 289 
monitored in weekly grab samples. Consistent with autosampler TP, the weekly grab TP showed P 290 
reduction at all phases of the flow event (Figure 13). Mean outflow TP concentrations were 12, 24, and 291 
15 µg/L at the end of high, stagnant, and post-stagnant operational flow periods, respectively, for an average 292 
reduction in concentration of approximately 20 percent. The majority of the reduction in TP is due to 293 
reduction in PP, which accounted for 32 to 73 percent of TP. Both DOP and SRP were reduced gradually 294 
along the flow-way; SRP reduction was more consistent and greater than that for DOP. SRP reached 295 
minimum detection limit (2 µg/L) starting at the mid-region of the cell (Station C128) during the entire 296 
flow event, indicating that this P fraction was consumed much more quickly by biotic and abiotic 297 
components of the wetland as the water traveled down the flow-way. Similar to autosampler TP, the grab 298 
TP concentrations were elevated following the high-flow event and during the stagnant period, but started 299 
to decline upon resumption of post-stagnation operational period. The release of P under stagnant conditions 300 
has important implications for STA operations and performance.  301 
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 302 

                  303 

                         304 
                Figure 13. Water column P forms and concentrations along the transect during the flow 305 

event. Error bars represent standard error of the mean.  306 

Other Water Quality Parameters 307 

The following analyses describe observations on spatial patterns for surface water temperature, pH, 308 
specific conductance, dissolved oxygen, chlorophyll, ammonium, nitrogen oxides (NOx), TN, DOC, 309 
calcium, magnesium, potassium, and iron. Further data analysis and data collection would determine 310 
correlation with spatial and temporal P cycling and reduction.  311 
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Surface Water Temperature 312 
Surface water temperatures for all stations ranged from 13.7 degrees Celsius (° C) to 33.1° C (Figure 313 

14). Daily mean water temperatures did not significantly differ between stations during the entire flow event 314 
(χ2 = 0.77, DF = 5, p = 0.98), presumably due to the relatively consistent water depths across the cell. 315 
Mixing driven by wind across a relatively open water SAV-dominated cell may have had an impact on the 316 
results.   317 

 318 
Figure 14. Boxplot of 15-minute surface water temperature data for all stations across flow periods. 319 

Surface Water pH 320 
Water pH varied widely from 7.3 to 10.4 during the flow event (Figure 15). Daily mean water pH 321 

significantly differed between stations (χ2 = 28.9, DF = 5, p < 0.01) with stations in the mid-regions of the 322 
flow-way experiencing larger diel swings than stations closer to the inflow and outflow regions (Figure 323 
15). Generally, surface water pH was highest at the mid-regions of the cell (Stations C92 and C128). 324 
Changes in pH between flow periods increased over time. Large differences in diel pH are common in 325 
freshwater SAV communities. Dierberg et al. (2002) reported pH values that ranged from 7.36 to 10.76 for 326 
different SAV mesocosms. Differences in pH (and dissolved oxygen) could be the result of intense SAV 327 
and periphyton photosynthesis and respiration throughout the diel cycle. Elevated pH values can lead to 328 
calcium carbonate (CaCO3) supersaturation, which in turn may facilitate removal of P via co-precipitation 329 
(Dierberg et al. 2002, Reddy and DeLaune 2008). Furthermore, high pH values could cause low dissolved 330 
inorganic carbon, which acts as the primary carbon source for most photosynthetic organisms, ultimately 331 
influencing productivity and biomass turnover (Findlay et al. 2002, Bossio et al. 2006).  332 

 333 
Figure 15. Boxplot of 15-minute surface water pH data across flow events. Mean 334 

surface water pH for any two stations with the same letter are not significantly 335 
different at α = 0.05 using Dunn’s test of multiple comparisons.  336 
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Dissolved Oxygen 337 
Dissolved oxygen concentrations exhibited large diel swings. Dissolved oxygen concentrations ranged 338 

from 0.0 to 33.6 mg/L, with significant differences between stations (Figure 16) (χ2 = 12.58, DF = 5, 339 
p < 0.05). The highest variability in DO concentrations during this flow event occurred in the middle of the 340 
flow-way (Stations C92 and C128) while concentrations at the inflow were less variable than all other 341 
regions (Figure 16). Dissolved oxygen concentrations differed between flow periods for all stations. 342 
Generally, at most stations DO concentrations were slightly lower in the post-stagnant operational 343 
flow period.  344 

            345 
Figure 16. Boxplot of 15-minute dissolved oxygen (DO) 346 

concentrations across all flow phases. Mean DO values for any two 347 
stations with the same letter are not significantly different at α = 0.05 348 

by Dunn’s test of multiple comparisons. 349 

Chlorophyll  350 
Chlorophyll concentrations generally followed a diel trend with lower nighttime and higher daytime 351 

concentrations. Along the flow-way, chlorophyll concentrations were significantly different by stations 352 
(χ2 = 173.91, DF = 5, p < 0.01) with concentrations being highest at the inflow (Station C20) and decreasing 353 
along the flow-way (Figure 17). Chlorophyll concentrations varied between flow periods for Station C20, 354 
and less for other stations along the flow-way with an average concentration of about 20 µg/L toward the 355 
end of the flow-way (Figure 17). 356 
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 357 
Figure 17. Boxplot of 15-minute chlorophyll data across all flow phases. Mean 358 

concentrations for any two stations with the same letter are not significantly different 359 
at α = 0.05 using Dunn’s test of multiple comparisons. 360 

Other Nutrients and Metals 361 
TN concentrations in weekly grab samples did not change appreciably during the course of the flow 362 

test. Although TN showed a reduction of almost 17 percent, TN concentrations between inflow (Station 363 
C20) and outflow (Station C200) stations were variable (Table 4). Inorganic N fractions (ammonium and 364 
nitrogen oxides) were very low and accounted for less than 2 to 15 percent of TN concentrations at the 365 
different stations (Table 4). Ammonium mimicked TN trend but nitrogen oxides were effectively removed 366 
along the treatment flow-way, with a concentration reduction of 96 percent. DOC was fairly stable, with 367 
mean values ranging narrowly from 30 to 32 mg/L (Table 4). There were no noticeable changes in 368 
magnesium and potassium concentrations, but calcium and iron showed consistent reductions along the 369 
treatment flow-way during the entire flow event (Table 4). Mean calcium concentrations from inflow to 370 
outflow ranged from 88.9 to 61.6 mg/L, for a 31 percent reduction. Compared to calcium, mean iron 371 
concentrations were much lower and ranged from 49.3 µg/L at the inflow to 6.4 µg/L at the outflow (Table 372 
4). The reduction of calcium and iron along the treatment flow-way suggests active participation of both 373 
metals in P sorption/precipitation reactions, calcium more so than iron due to a huge difference 374 
in concentrations.   375 
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Table 4. Mean concentrations of nutrients and metals in the water column along the transect during 376 
the entire flow event. Values are arithmetic averages of seven weekly grab samples. 377 

Station TN 
mg/L 

NH4+ 
mg/L 

NOX 
mg/L 

DOC 
mg/L 

Ca 
mg/L 

Mg 
mg/L 

K 
mg/L 

Fe 
µg/L 

C20 2.49 0.042 0.332 30.0 88.9 29.4 8.5 49.3 
C56 2.26 0.034 0.207 30.7 81.1 28.6 8.4 15.6 
C92 2.36 0.039 0.158 31.5 68.6 27.6 7.9 13.7 
C128 2.27 0.042 0.094 32.1 63.2 27.4 8.0 11.0 
C164 2.15 0.028 0.010 31.9 62.4 28.5 8.3 9.4 
C200 2.07 0.041 0.013 30.9 61.6 29.7 8.3 6.4 

 378 

SUMMARY 379 

The results presented here were obtained from the flow event (two weeks of high flows, three weeks 380 
of stagnation, and two weeks of post-stagnation operational flow period with an average of 51 cfs) 381 
conducted in STA-2 Cell 3 from February 22 to April 11, 2016: 382 

• There was a TP concentration gradient from inflow to outflow at all phases of the flow 383 
event. At the lower reaches of the treatment flow-way, TP concentrations were highest 384 
during the stagnant condition. Although TP concentrations decreased from inflow to 385 
outflow at all phases of the flow event, the spike in TP concentration at Station C92 under 386 
the stagnant and post-stagnation flow periods warrants further investigation of P 387 
release/reduction mechanisms operating within this region of the cell.  388 

• TP in the water column was dominated by PP, followed by DOP and SRP. Reduction in 389 
TP along the flow-way was a result of reduction in all P forms. Relative to other P fractions, 390 
SRP was reduced consistently and quickly at all phases of the flow event, with outflow 391 
concentrations reaching minimum detection limit by the middle region of the flow-way at 392 
all phases of the flow event. The reduction of calcium along the treatment flow-way may 393 
suggest co-precipitation reactions with SRP and consumption by the SAV. There was a 394 
small reduction in TN concentrations along the treatment flow-way. Water pH, 395 
temperature, and dissolved oxygen demonstrated a diel pattern with low nighttime and high 396 
daytime value, and were highest at the middle region of the cell.  397 

• Results from this flow event are preliminary. Further data analyses are underway and the 398 
results will be presented in future reports. Additional flow events are planned in this 399 
flow-way under different flow scenarios. It is anticipated that this event and a series of flow 400 
events to be conducted over the next four years at different flow-ways will provide critical 401 
information that will better explain the factors and processes influencing STA performance 402 
and develop management strategies that will help the STAs achieve lower TP 403 
discharge concentrations. 404 



2017 South Florida Environmental Report – Volume I Appendix 5C-3 

DRAFT 5C-3-20 10/5/2016  

PHOSPHORUS FLUX MEASUREMENTS 405 

Mike Jerauld3 and Tom DeBusk3 406 

INTRODUCTION 407 

This field investigation was intended to identify and quantify process-level P flux pathways in the 408 
STAs. Specifically, the objectives are to (1) measure net P flux rates along the inflow to outflow gradient 409 
of selected flow-ways, (2) isolate the relative contributions of vegetation and diffusive flux to net P flux, 410 
and (3) identify soil variables that influence P flux. The processes contributing to surface water TP 411 
concentration include interactions between the soil, water, and biota, particularly primary producers. Based 412 
on published information on P cycling in wetlands and historical data in the STAs, it has been hypothesized 413 
that there is a relationship between soil P and water column TP through direct diffusion, resuspension, and 414 
plant uptake and turnover, but this relationship has not been quantified. Also, the relative contribution of 415 
each of these processes along the inflow to outflow gradient in STA flow-ways is unknown. Although 416 
diffusion of P from porewater to surface water has been studied in many wetlands (Fisher and Reddy 2001, 417 
Dunne et al. 2010), there is evidence that sediment P-mining and turnover of aquatic macrophytes (e.g., 418 
SAV) can contribute substantially to surface water P concentrations (Juston et al. 2013). It also is possible 419 
that burrowing macroinvertebrates can contribute to the flux of soil P to the water column, but this 420 
phenomenon has not been investigated. 421 

METHODS 422 

Flux measurements are made using porewater equilibrators (peepers) and in situ flux chambers (5-foot 423 
diameter bottomless high-density polypropylene) (Figure 18). Flux chambers are installed in triplicate in 424 
vegetated and unvegetated patches at inflow, mid-flow, and outflow regions (total 18 chambers per 425 
flow-way). To date, chambers have been installed in STA-2 Cells 1 and 3. The chambers have large open 426 
windows that allow free water exchange with the surrounding marsh, so that the enclosure experiences the 427 
same effects of P loading and other forcing factors as the rest of the cell. Following controlled, prescribed 428 
flow events, panels are installed over the windows, isolating an area of the cell. The water column in the 429 
chambers is sampled serially over a 14-day incubation period. Simultaneously, duplicate peepers are 430 
installed alongside each set of chambers, and are sampled after 14 days. The change in concentration over 431 
time inside the chambers is the net flux into or out of the water column. The diffusive flux component is 432 
calculated from the vertical profile of porewater concentrations determined by the peepers.  433 

To date, one full-scale deployment of chambers and peepers has been conducted in Cells 1 and 3 of 434 
STA-2. The results presented here were from Cell 3 following a “high-flow” event that was implemented 435 
from February 22 to March 7, 2016 (which was preceded by high flow and high loading following heavy 436 
rainfall in January and February 2016). The chambers and peepers were sampled between March 7 and 437 
March 22, 2016. Complete descriptions of the methodology, event conditions, and full results are available 438 
in a quarterly report (DBE 2016a). 439 

                                                      
3 DB Environmental Inc. (DBE) Rockledge, FL 
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 440 
Figure 18. Flux chamber installed in vegetated patch in STA-2 Cell 1 (left) and porewater equilibrator 441 

(“peeper”) installed in unvegetated patch in STA-2 Cell 3. 442 

RESULTS 443 

The flow event in STA-2 Cell 3 was opportunistically timed at the tail end of an unusual dry season 444 
hydraulic pulse to capture high flow conditions and the response of the cell. Nominally, the P flux study 445 
defines “high” flow conditions in Cell 3 as 8.5–10 cubic meters per second (m3/s) (300–350 cfs), giving a 446 
HLR of 8–9 centimeters per day (cm/d). The actual daily average HLR was 7–10 cm/d for the two weeks 447 
of chamber sampling. The high loading preceding the sampling in the chambers likely contributed to 448 
general P enrichment of the cell, evidenced by elevated porewater P concentrations observed at inflow and 449 
mid regions during this monitoring period (Figure 19). 450 
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 451 

 452 
Figure 19. Mean (n = 4) porewater (0 to -4 cm) SRP concentration over time at inflow (INF), mid, 453 

and outflow (OUT) regions of STA-2 Cell 3, averaged across vegetation conditions. Error bars 454 
represent ± 1 standard error. Three of four peepers at INF were disturbed during the March 2016 455 

deployment, so results are presented only for the single undisturbed unit. 456 

A distinct but anticipated inflow to outflow spatial trend was evident in the concentrations of TP 457 
(Figure 20) and SRP (not shown) within the chambers at each measurement event. Also, TP concentrations 458 
inside the chambers increased over the 14-day period, particularly during the first 7 days, plateauing slightly 459 
thereafter, especially at mid-region and outflow stations (Figure 21). This indicates that, during stagnant 460 
conditions within the chambers, P was released into the water column from other sources. 461 

At each site, the particulate fraction of TP increased over the course of the incubation. For example, in 462 
the chambers at the inflow region, PP increased from approximately 40 percent of TP on day 0 to 70 percent 463 
on day 14 (Figure 21). This indicates that P accumulated in the water column principally as PP, rather than 464 
soluble P fractions, as might be expected if net flux is driven mainly by diffusion. The source of that PP is 465 
not yet known, but several alternative pathways are possible, including phytoplankton uptake of SRP that 466 
may have come from the soil, senescence of SAV and attached algae (biomass turnover), and bioturbation. 467 

Macrophytes are expected to play a significant role in net flux processes in the STAs through mining 468 
and translocation of porewater P into the water column, transpiration-driven advective flux into the 469 
soil/porewater (particularly for EAV), uptake of labile P from the water column (particularly for SAV), or 470 
combinations thereof. However, the TP response during this event generally was similar in the vegetated 471 
and unvegetated chambers (Figure 20). The lack of differentiation will be investigated further as additional 472 
data are collected. Vegetation effects on P flux are anticipated to be more distinct during future incubations 473 
under less P-enriched conditions.  474 
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 475 

 476 
Figure 20. Average (n = 3) concentrations of TP with respect to time (days since 477 
chamber closure) in sealed flux chambers in vegetated (V) and unvegetated (UV) 478 

patches at the inflow (INF), middle (MID), and outflow (OUT) locations in STA-2 Cell 3 479 
during March 2016. Error bars represent ± 1 standard error. 480 
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 481 
Figure 21. Average (n = 6) concentrations of SRP, DOP, and PP in surface waters of 482 

flux chambers at the inflow region of STA-2 Cell 3 during March 2016. Total bar height 483 
indicates the TP concentration, averaged between vegetation variables. 484 

The diffusive flux rates estimated from the porewater P gradients ranged from 0.55 milligrams per 485 
square meter per day (mg/m2/d) to slightly less than zero along the inflow to outflow gradient (Figure 22). 486 
This range of values is similar to those reported for the WCA-2A enrichment gradient (0 to 0.8 mg/m2/d) 487 
(Fisher and Reddy 2001), and near the low end of diffuse flux rates measured during the initial hydration 488 
of STA-1W (0.3 to 1.5 milligrams per square meter per year [mg/m2/yr]) (Newman and Pietro 2001). In 489 
general, these initial results from STA-2 Cell 3 suggest that diffusive flux may be a more important 490 
mechanism in the inflow region of this cell than in the outflow region of this cell (Figure 22). 491 

Likewise, 14-day average net TP flux rates decreased from inflow (approximately 2 mg/m2/d) to 492 
outflow (0.5 mg/m2/d) (Figure 22), comparable to those obtained by Fisher and Reddy (2001) along the 493 
WCA-2A enrichment gradient using benthic flux chambers.  494 

The magnitudes of diffusive fluxes co-vary with chamber-determined net flux rates (Figure 22); 495 
however, net flux rates were markedly higher than apparent diffusive flux rates. Similar results were 496 
reported for WCA-2A, where Fisher and Reddy (2001) observed greater net flux rates in their benthic 497 
chambers than the diffusive flux rates estimated from peepers. The data suggest that non-diffusive fluxes 498 
generally are greater than the measured diffusive fluxes along the entire gradient. In particular, net measured 499 
P flux in the outflow area of the cell seemed to be primarily from non-diffusive fluxes (Figure 22). 500 
Continued investigation and more data collection are needed to further understand this mechanism and its 501 
role in overall P reduction performance of the STAs. 502 
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 503 
Figure 22. Mean (n = 2) TP net flux rates (green bars) calculated 504 

from flux chambers and SRP diffusive flux rates (blue bars) calculated 505 
from peepers for vegetated and unvegetated patches at each inflow 506 
(INF), middle (MID), and outflow (OUT) regions in STA-2 Cell 3 in 507 

March 2016. Error bars represent ± 1 standard error for net flux and 508 
an estimated uncertainty of ±25 percent for diffusive flux. One of the 509 
peeper units in the vegetated patch and both units in the unvegetated 510 

patch at INF were disturbed during deployment, so results are 511 
presented only for the single undisturbed unit. 512 

 SUMMARY 513 

Initial results for porewater P concentrations and gradients suggest that the flow-way was enriched with 514 
P during this high-flow event, likely as a result of high loading in January/February 2016 that preceded the 515 
flow event. Following the cessation of flows into or out of the cell, surface water TP concentrations in the 516 
cell increased at all monitoring locations and inside the sealed flux chambers during the incubation period. 517 
This observation raises a key question that needs further investigation regarding what specific mechanisms 518 
are causing the increase of P in surface waters during stagnant conditions.  519 

The porewater equilibrators and flux chambers detected P flux (into the water column) decreasing along 520 
a longitudinal gradient from inflow to outflow in this cell. Although chambers with macrophytes appeared 521 
to process nitrogen normally, the effects of vegetation on the P flux response were more ambiguous, perhaps 522 
as a result of the P-enriched conditions during this monitoring period. Importantly, the net fluxes measured 523 
by the chambers were substantially greater than the diffusive fluxes calculated from the peeper data at all 524 
sites, indicating contributions from non-diffusive flux mechanisms. The study will continue to focus on 525 
identifying the mechanisms responsible for this flux of P, and how those mechanisms might be manipulated. 526 
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EFFECTS OF FAUNAL COMMUNITIES ON THE 527 
WATER QUALITY IN THE EVERGLADES 528 

STORMWATER TREATMENT AREAS 529 

Mark Cook and Joel Trexler4 530 

INTRODUCTION 531 

The influence of animals on P forms, fluxes, and transformations in the Everglades STAs has been 532 
identified as a potentially important uncertainty in their efficient management for P removal. Fauna, 533 
including waterbirds, fish, and macroinvertebrates, are increasingly recognized as important in nutrient 534 
cycling of aquatic ecosystems (Vanni 2002, Doughty et al. 2016. The abundance and mix of aquatic animals 535 
can affect water column nutrient concentration through several pathways. First, animals function as a source 536 
of internal nutrient loading by directly mobilizing benthic or particulate nutrients through feeding and 537 
excretion (Vanni et al. 2006). Second, they can have important indirect effects through modifications of the 538 
environment (e.g., bioturbation) (Vanni et al. 2006) and through top-down consumptive effects involving 539 
predator limitation of food resources and cascading interactive effects (Kellog and Dorn 2012, Dorn 2013). 540 
Bioturbation elevates water column nutrients through the resuspension of benthic nutrients and seston. Top-541 
down effects may impact nutrient cycles if they alter the abundance of key grazers or bioturbators, altering 542 
the efficiency of animal-mediated nutrient cycles. Finally, aquatic animals can act as important P sinks and 543 
vectors of P transport (Vanni et al. 2006), especially by large mobile animals such as birds, crocodilians, 544 
and fish.  545 

While the ecological literature points to a pivotal role of fauna in nutrient cycling, the direct and indirect 546 
roles of animals on nutrient cycles have not been studied or estimated in STAs, and their impact on P 547 
transformations are currently unknown. To gain an improved understanding of the magnitudes of these 548 
processes within the STAs, and ultimately the effect of fauna on water column total P concentrations in the 549 
STA outflow cells, the following will be provided in this substudy:  (1) estimates of standing stock biomass 550 
of waterbirds (STAs 1E, 1W, and 2), fish and aquatic macroinvertebrates (STA 2), and aquatic faunal 551 
community compositional data (STAs 1E and 1W); (2) estimates of mass-specific P consumption and 552 
excretion rates of the most abundant species; and (3) experimental evaluation of the potential of benthic 553 
aquatic species to enhance water column nutrient concentrations through bioturbation. Biomass and 554 
excretion estimates will be combined to estimate areal (per hectare [ha]) P excretion by the entire faunal 555 
assemblage in STA 2 (i.e., rates of P released to the water column via excretion, micrograms of phosphorus 556 
per hectare per hour [μg P/ha/hr]). Excreted loads of P will be compared to external loads of P and the 557 
nutrient demand of SAV. Bioturbation estimates will be used to evaluate the potential of animals to alter 558 
the efficiency of benthic sequestration of total P that may be included in future P budgets and provide 559 
guidance to management actions aimed at improving P retention efficiency. 560 

METHODS 561 

Aquatic Fauna Sampling 562 

Aquatic faunal sampling will be accomplished by a combination of field sampling, field 563 
experimentation, laboratory processing, and analyses. Exact procedures and sampling locations are yet to 564 
be determined but will be located within selected STA cells where other data related to the P flux study are 565 
being collected. The sampling methods (e.g., stratified or random placement) are being developed to 566 

                                                      
4 Florida International University, Miami, FL 
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adequately incorporate the spatial heterogeneity in biomass of large-bodied fish and small-bodied 567 
fish/macroinvertebrates in STA outflow cells. The areal biomass (kilograms per hectare [kg/ha]) and 568 
community composition of large-bodied fish (> 4 cm standard length), small-bodied fish (< 4 cm standard 569 
length), and macroinvertebrates (e.g., crustaceans, gastropods) in STA-2 outflow cells will be estimated 570 
from throw trap surveys and electrofishing. Less intensive sampling to provide species compositional data 571 
will be gathered in STAs 1E and 1W. Mass-specific P excretion rates of the most abundant species will be 572 
estimated from a literature review and aquarium experiments. The potential for fish to re-suspend benthic 573 
nutrients will be evaluated in field mesocosm experiments. 574 

Waterbird Surveys 575 

Wintering populations of waterbirds of the orders Cicconiformes (storks), Pelecaniformes (herons, 576 
ibises, spoonbills), Gruiformes (rails, limpkin) and Anseriformes (ducks), were quantified using aerial 577 
video surveys. Surveys were conducted of the SAV cells in three STAs (STA-1E, STA-1W, and STA-2) 578 
on a bi-weekly basis from October through May during 2014-2015 and 2015-2016.  579 

Aerial video surveys typically involve a special case of plot sampling called strip-transect sampling 580 
(e.g., Briggs et al. 1985), in which the camera covers long narrow strips vertically below the aircraft. 581 
Strip-transect sampling assumes that the sampled plots constitute a random sample that is representative of 582 
the entire study region, and that all individuals within a strip are detected. Thus, the number of birds counted 583 
divided by the total plot area gives an estimate of the avian density of the plot. The mean density for the 584 
plots is estimated and then applied to the entire study region.  585 

The survey design comprised a systematic grid of parallel strip-transects oriented perpendicular to the 586 
long axis of the wetland cells (east to west) with a minimum separation distance of 500 meters (m) between 587 
successive transects. This maximized the number of transects within each STA (minimum of 20 transects 588 
per STA) to improve precision, while minimizing the likelihood that any birds disturbed during the survey 589 
were double-counted in subsequent transects. Locations of transects were determined using the survey 590 
design tool in DISTANCE 6.1 (Thomas et al. 2010), which randomly placed a grid of transect lines over 591 
the SAV cells of a given STA. The strip transects covered approximately 10 percent of the total area of the 592 
SAV cells of each STA. 593 

Aerial surveys were conducted using a Bell 407 helicopter. A GoPro camera was attached to the pitot 594 
tube on the nose cone of the helicopter facing forward and downward at a 45° angle. Transects were flown 595 
at a speed of 60 knots and at an altitude of 30 m, which produced a video footprint 65 m in width. The three 596 
STA transects were completed in a single 3-hour flight. Flights were conducted when wind speeds were 597 
less than 30 km/h, there was no rain or fog, and visibility was more than 10 kilometers (km).  598 

The video data are being analyzed by two trained reviewers. Double reviews are being conducted on 599 
20 percent of the data, which was selected at random. Density estimates for each species will be analyzed 600 
using a uniform detection function in software DISTANCE (Thomas et al. 2010). 601 

RESULTS 602 

The aquatic fauna sampling methodology was under development in early 2016; surveys and sampling 603 
will be initiated later in the year and will proceed for two years. The results presented below are from initial 604 
assessments based on avian survey video data. While insufficient video data have been analyzed to estimate 605 
avian population sizes and densities at the scale of the STA outflow cells, a preliminary examination of the 606 
count data suggests that some groups of waterbirds can be extremely abundant and have the potential to 607 
significantly impact water quality in the treatment train. Figure 39 shows the total number of birds, 608 
categorized into basic waterbird groups, observed from the video surveys of STA-1W and STA-2 on 609 
November 21, 2014. This survey date was selected at random and the numbers of birds are comparable to 610 
those from other survey in the STAs. Of note is the large number of American coots (Fulica americana) 611 
with 14,605 and 12,130 individuals for STA-1W and STA-2, respectively, which overwinter in the STAs 612 
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and feed largely on SAV. Indeed, the final estimated population sizes will be considerably greater than 613 
these counts because the surveys covered only 10 percent of the area of the SAV cells. 614 

 615 

 616 
Figure 23. Numbers of waterbirds counted from aerial video surveys conducted at STAs 1W and 2 on 617 
November 21, 2014. Note that the final population estimates are expected to be considerably greater 618 

than these counts because the surveys covered only 10 percent of the area of the SAV cells. 619 

Assuming that the average American coot consumes 90 grams of SAV (dry weight) and excretes 620 
54 grams of guano (dry weight) per day (Kear 2005), the 14,605 birds counted in STA-1W are consuming 621 
approximately 1,315 kg SAV and producing 789 kg guano per day. Given that coot guano comprises 622 
1.4 percent P (Kear 2005) and the population winters in the STAs for approximately six months of the year 623 
(182 days), the coots are recycling approximately 2,016 kg of TP per year. At the scale of the entire STA 624 
(STA-1W is 26,483,000 m2), this amounts to an areal internal TP loading of approximately 0.08 g/m2/yr. 625 
This loading represents 4 percent of the total external stormwater inputs of 1.9 g/m2/yr TP for this STA, 626 
and is a new contribution to the STA P budget that has not previously been addressed. While 4 percent 627 
represents only a modest contribution to TP loading, it may have a significant impact on the ability of this 628 
STA to meet the WQBEL. Moreover, four percent is a highly conservative estimate. The current count used 629 
in the calculation is based on a survey of 10 percent of the area of the SAV cells; when this is replaced by 630 
the much larger population estimate for the entire SAV cell area, and the population estimates for other 631 
waterfowl species are also included, total population estimates for STA-1W SAV cells could approach 632 
200,000 birds. If so, the contribution to loading by waterfowl could equal that of the external loading. When 633 
interacting effects are also considered (e.g., considerable reductions in SAV cover by waterfowl 634 
consumption), it seems likely that TP concentrations in the outflow cells could be increased substantially 635 
by the presence of waterfowl. Additional data analysis and surveys are planned; results will be reported in 636 
a future SFER. 637 
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