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1.0 Introduction

This report has been produced to meet special conditions in Water Use Permit 2011794.01 and
20002923.010, issued by the Southwest Florida Water Management District (SWFWMD) to the
City of North Port (City) for surface water withdrawals from Myakkahatchee Creek and
Cocoplum Waterway. Implementation of comprehensive Hydrobiological Monitoring Programs
(HBMPs) for this water supply project was required as specific conditions of approval for this
Water Use Permit (WUP). The permit also requires a Data Summary Report be submitted every
three years, beginning in 2009. This first Data Summary Report provides graphical and
statistical analyses of data collected through the HBMP since its inception in 2004 through June
30, 2009. Additionally, all previously unreported raw data (October 2008-September 2009) are
included in an Appendix to this report.

1.1. Myakkahatchee Creek Watershed

Myakkahatchee Creek, also known as Big Slough, flows into the Myakka River several
kilometers upstream of the Myakka River’s mouth. Approximately seven miles of Big
Slough/Myakkahatchee Creek are located within the City of North Port (City) boundaries. The
portion of the watershed upstream of the City’s boundaries is estimated to be approximately 104
square miles, while the total drainage basin is estimated at 195.6 square miles (Ardaman &
Assoc. 2007).

Approximately 4 km upstream of the confluence of Myakkahatchee Creek and the Myakka River
are two water control structures. One impounds Myakkahatchee Creek (WCS-101) and the other
impounds Cocoplum Canal (WCS-106; Figure 1.1). Myakkahatchee Creek downstream of the
control structures is a tidally influenced, estuarine system. The creek upstream of the control
structure is a freshwater system. The creek channel upstream of the control structure is
channelized. The historic creek channel remains as an open water wetland system immediately
east of the channelized creek.

Myakkahatchee Creek downstream of the dam is a natural waterway that has been dredged and
channelized for small boat navigation. The 2 kilometers of Myakkahatchee Creek immediately
below the dam are surrounded by residential development and dominated by seawalls and other
hardened shoreline. This upper half of the creek is not as deep as the lower half. A substantial
portion of the lower creek shoreline is dredge spoil from the original channelization. However,
the northern shore of the first kilometer (at the junction with the Myakka River) is comprised of
marsh. This marsh is primarily needlerush (Juncus romerianus), but there are narrow fringes of
bulrush (Scirpus validus) along the edge of the creek channel.

1.2. City of North Port Water Use Permit
Fresh water diversions are made immediately upstream of WCS-101. The most recent WUP

issued by the Southwest Florida Water Management District (SWFWMD) for the City of North
Port withdrawals of surface waters from Myakkahatchee Creek and Cocoplum Waterway was
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Introduction

issued July 31, 2006 (WUP # 20002923.010). The magnitude of permitted withdrawals is based
on flows calculated from water levels measured at a gage station at WCS-101 (Table 1.1).
USGS flow gages at West Price Boulevard on Myakkahatchee Creek and near WCS-106 on
Cocoplum Canal did not exist when the water use permit was issued. Water levels on the
upstream side of WCS-101 are measured using a staff gage and are recorded on a daily basis. A
rating curve specified by the water use permit is used by the City to convert the upstream water
height at WCS-101 to an equivalent discharge in cubic feet per second (Boyle 2003). The water
use permit also requires the City to continue implementation of a hydrobiological monitoring
program for Myakkahatchee Creek.

1.3. The Hydrobiological Monitoring Program

The Myakkahatchee Creek Hydrobiological Monitoring Program (HBMP) was initiated in July
2004 in support of the City’s efforts to renew a SWFWMD water use permit. SWFWMD
advised the City of certain types of hydrologic, water quality, and environmental data that should
be gathered in support of renewal of the water use permit including continuous salinity data on
Myakkahatchee Creek.

The current Myakkahatchee hydrobiological monitoring program can be defined in terms of
three tasks:

e Task 1 — Continuous Salinity MONItOring.........cccccevvveveeieereeresiennns Began July 2004
e Task 2 — Monthly Water Column Profiles & Chemistry................... Began Sept. 2004
e Task 3 — Monthly Water Column Profiles Alone ..........ccccceeveeene. Began Sept. 2004

1.3.1. Task 1 - Continuous Salinity Monitoring

In July 2004, two sensor-recorders were installed at fixed depths on the Biscayne Drive Bridge
over Myakkahatchee Creek (PBSJ CR-1 on Figure 1.2). This bridge is located just downstream
of the US41 Bridge and the Myakkahatchee’s confluence with the Cocoplum Waterway (Map 2)
and approximately 3.06 km upstream of the Myakkahatchee’s confluence with the Myakka
River. One sensor, the “bottom” recorder, is suspended just above the bottom of the water
column. The second “top” or “surface” sensor is suspended just below the elevation of mean
lower low water.

In September 2007, a second pair of sensor-recorders was installed at fixed depths on a manatee
zone sign piling at the confluence of Myakkahatchee Creek with the Myakka River (PBSJ CR-2
on Figure 1.2). One sensor, the “bottom” recorder, is suspended just above the bottom of the
canal. The second “top” or “surface” sensor is suspended just below the elevation of mean lower
low water.

These sensors collect and store readings at a minimum of 1-hour intervals (typically at 15-
minute intervals). They collect and store readings for temperature, specific conductance
(temperature-corrected conductance), salinity (calculated from specific conductance) and the
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Introduction

water depth above the sensor. Water elevation can be calculated by subtracting the recorded
water depth value from the actual elevation of the respective sensor.

1.3.2. Task 2 - Monthly Water Column Profiles & Chemistry

On a once per month basis, Mote Marine Lab and the City of North Port collect water quality
grab samples and water column profiles from six locations in tidal Myakkahatchee Creek (Figure
2.3; Stations 3-8), one location in freshwater Myakkahatchee Creek above the control structure at
Appomattox Road (Figure 1.3; Station 1), one location in Cocoplum Canal at Sumter Blvd
(Figure 1.3; Station 2), and two locations in the Myakka River (Stations 9 and 10). The locations
of these stations relative to the junction of Myakkahatchee Creek and the Myakka River are
shown in Table 1.2. Stations 1 and 2 are sampled by the City, while the remaining stations are
collected by Mote Marine Laboratory (Mote). Water column profiles are taken at all stations
while grab samples are collected from a subset of 5 stations (1, 2, 4, 6 and 7). Water chemistry
grab samples are analyzed for the following parameters:

e Ammonium nitrogen
Chlorophyll-a

Color

Nitrate-nitrite nitrogen
Orthophosphorus
Specific conductance
Total Kjeldahl nitrogen
Total Phosphorus
Total suspended solids
Turbidity

The following parameters are recorded in the water column profile measurements:

Specific conductance
Salinity

pH

Temperature
Dissolved oxygen

1.3.3. Task 3 - Monthly Water Column Profiles Alone

Once monthly, water column profiles are collected at the ten stations described in Task 2. No
water quality grab samples are collected as part of Task 3. This task occurs approximately two
weeks after the Task 2 event.
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Introduction

1.4. Data Sources

Flow data were obtained from the U.S. Geological Survey (USGS) network of flow monitoring
gaging sites. There are three USGS gaging sites in the Myakkahatchee Creek watershed that
were used to summarize and evaluate patterns in flows.

e USGS 02299450 Big Slough at Tropicaire Blvd near North Port FL
e USGS 02299473 Big Slough at West Price Blvd near North Port FL
e USGS 02299482 Cocoplum Waterway at North Port FL

Withdrawal data for Myakkahatchee Creek and Cocoplum Canal were obtained from the City.
The City also provided flow data as calculated from water elevation at a gage station at WCS-
101 (District ID No. 12). Rainfall data were obtained for Sarasota ARMS Station BS-1 North
Port as well as the SWFWMD ROMP 9 NORTH PORT station. Water quality data were
obtained from two continuous recorders and multiple water column profile and grab sample
stations as described above in Section 1.3.

1.5. Report Organization

This document includes a summary of the HBMP design, methods, results, and a discussion of
the findings and conclusions of analyses for data collected between 2004 and June 30, 2009.
Raw data are provided in the appendices.

Section 1.0 provides a brief overview of the City’s permit and conditions and the study elements
within the HBMP, and summarizes the report’s organization and primary objectives.

Section 2.0 provides graphical plots and regression analyses of flows in the Myakkahatchee
Creek Watershed. A summary of City withdrawals is also included.

Section 3.0 provides a basic characterization of the salinity regime of Myakkahatchee Creek and
examines relationships between salinity at various stations. This section also includes a
characterization of water quality gradients (primarily dissolved oxygen and chlorophyll-a)
downstream of the control structures and relationships with freshwater inflow.

Section 4.0 provides statistical relationships between inflows and salinity in Myakkahatchee
Creek including regression equations that were developed to predict salinity from inflow at the
two continuous recorders.

Section 5.0 provides a general summary of the report, including any pertinent conclusions
reached and any suggested HBMP modifications.
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Table 1.1. Permitted City of North Port diversion schedule for withdrawals for water from the
Myakkahatchee Creek.

Flow at WCS-101 (cfs) Maximum withdrawal (mgd)
<10 2.08
>10 and <30 4.0
>=30 6.0




Figure 1.1. HBMP study area including Myakkahatchee Creek, Cocoplum Canal, and the Myakka River near the confluence of
Myakkahatchee Creek. WCS = Water Control Structure.



Figure 1.2. Locations of continuous salinity recorders (PBSJ CR1 and CR2) and flow gauges
(USGS labels).



Figure 1.3. Locations of monthly water column profile and water chemistry grab samples (red
squares).



2.0 Flows and Facility Withdrawals

This section provides graphical and regression analyses of flows in the Myakkahatchee Creek
Watershed as well as a summary of City withdrawals.

2.1. Comparison of Flow Measurements

Data from three USGS flow monitoring gages in the Myakkahatchee Creek watershed were
utilized to summarize and evaluate patterns in flows.

e USGS 02299450 Big Slough at Tropicaire Blvd near North Port FL
e USGS 02299473 Big Slough at West Price Blvd near North Port FL
e USGS 02299482 Cocoplum Waterway at North Port FL

The period of record differed for each of these gages. Data for all three were available through
June 30, 2009. However, the start date for the Tropicaire gage is much earlier than the other two.
Records for the Tropicaire gage are available beginning June 28, 2001, for Cocoplum beginning
April 18, 2007 and for West Price beginning July 18, 2007.

The mid-2007 to June 30, 2009 period where data for Cocoplum and West Price are available
was considerably dryer than the 2001-June 30, 2009 period as a whole as evidenced by the
differing flow regimes measured at Tropicaire (Table 2.1, Figures 2.1 and 2.2). Flows measured
at West Price were higher than those measured at Tropicaire (Figure 2.2). This is probably due
to the addition of water to Myakkahatchee Creek from Snover Canal which is downstream of the
Tropicaire gage and upstream of the West Price gage. Flows in Cocoplum Canal were frequently
higher than those measured at either gage on Myakkahatchee Creek (Figure 2.2) for the 2007-
2009 period when data were available for all three gages.

More of the total flow reaching WCS-101 is accounted for by the West Price gage than the
Tropicaire gage, which makes it desirable to generate a historic flow record for dates prior July,
2007. If appropriate regressions were available between the Tropicaire and West Price gages, a
longer period of estimated flow at West Price could be utilized in analyses of salinity/flow
relationships, etc. for the length of the HBMP. The best-fit model between flows at Tropicaire
and West Price (R? = 0.84) is shown in Figure 2.3 (see Appendix A for output from the
regression analysis). There was a significant relationship (p<0.001) however, as stated above,
the range of flows during the 2007- June 30, 2009 period was much narrower than the period of
record for Tropicaire. For this reason, it was deemed premature to use the developed regressions
to calculate historic flow estimates at West Price. These regressions will be revisited in a future
Data Summary Report, along with predictive regressions for the estimation of salinity from flow.
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Flow and Facility Withdrawals

2.2. City of North Port Withdrawals

The City’s permitted withdrawals are based upon flow as calculated from a staff gage using a
rating curve specified by the water use permit (see Section 1.2). USGS flow gages at Price
Boulevard on Myakkahatchee Creek and near WCS-106 on Cocoplum Canal did not exist when
the water use permit was issued. The monthly withdrawals made by the City relative to these
calculated flows are shown in Figure 2.4. Withdrawals over the period of record have generally
been less than the permitted quantity (Figure 2.5). The flows calculated according to the water
use permit specifications appear to be representative of the total flows reaching the downstream
portion of Myakkahatchee Creek from Myakkahatchee Creek above the control structure and
Cocoplum Canal (e.g., the sum of USGS-measured flows at West Price and Cocoplum; Figure
2.6).
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Table 2.1. Summary statistics of flow for three gages in the Myakkahatchee Creek Watershed during two time periods (2001-2009 = all available
data for Tropicaire through June, 30, 2007; 2007-2009 = overlapping period of available data for all three gages from July 18, 2007 through June

30, 2009).

25th 75th Standard
Location Time Period Minimum |Percentile [Median Percentile [Maximum |Mean Deviation
Big Slough at Tropicaire  |[2001-2009 3028 0.0 2.3 10.0 57.0 4480.0 71.2 201.3
Big Slough at Tropicaire 2007-2009 817 0.0 1.1 3.8 20.0 190.0 18.2 31.4
Cocoplum Waterway 2007-2009 803 0.3 5.0 10.0 29.0 520.0 27.9 47.4
Big Slough at Price Blvd 2007-2009 728 0.0 16.0 24.0 40.0 444.0 36.7 39.9




Flow (cfs)

5000

4000

3000

2000

GDOOO@O 0O 0 ©

1000 : °
S}

01JAN2000 01JAN2002 01JAN2004 01JAN2006 01JAN2008 01JAN2010
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3.0 Water Quality

This section provides a basic characterization of the salinity regime of Myakkahatchee Creek and
examines relationships between salinity at various stations downstream of the water control
structures. This section also includes a characterization of water quality gradients (primarily
dissolved oxygen and chlorophyll-a) and relationships with freshwater inflow.

3.1. Salinity

As described in Section 1.3, salinity is measured both through the use of two continuous recorder
stations (with surface and bottom instruments at each location) and through water column
profiles at ten stations that are sampled bimonthly. Salinity measurements were analyzed for
patterns over time, horizontal salinity gradients, vertical stratification and relations to freshwater
inflow.

3.1.1. Temporal and Spatial Salinity Patterns

Median daily bottom and surface salinity over time for both continuous recorder locations
(Figure 1.2; CR1 upstream and CR2 downstream) is shown in Figure 3.1. The period of record
is longer for CR1 as it was installed several years prior to CR2. In general, bottom salinity at
each recorder tended to be higher than surface salinity. As illustrated in Figure 3.2, bottom and
surface salinity at CR1 was lower during the earlier part of the period of record (2004-2005); this
is due to differences in rainfall between the earlier and later parts of the period of record (Figure
3.3). Daily salinity followed a seasonal cycle with the lowest values occurring during the wetter
summer months (Figure 3.4).

Salinity over time for the profile/grab sample stations is illustrated in Figures 3.5a- b. Stations 1
and 2 are above the control structures on Myakkahatchee Creek and Cocoplum Canal (Figure
1.3) and are thus non-tidal freshwater stations. As with the continuous recorder stations, the
profile stations downstream of the structure tended to have higher salinity at the bottom than at
the surface, salinities were lower during the earlier portion of the sampling period, and salinity
varied seasonally (wet versus dry periods; Figure 3.6a-f).

3.1.2. Variations in Salinity with Freshwater Inflow

A combined flow value was calculated by summing the flows measured at West Price and
Cocoplum to investigate salinity relative to flow downstream of the structures. Data from these
instruments are not available for the entire period of record, given the dates of installation of
these gages (see Section 2.1). Thus, salinity values were also plotted against the longer term flow
data available at Tropicaire. Both continuous recorder and fixed profile station salinity data were
graphically analyzed versus flow. Additionally variation in vertical stratification (difference in
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salinity between surface and bottom measurements) versus flow was graphically analyzed for
continuous recorders and profile stations.

Figure 3.7 illustrates salinity at the two continuous recorder stations versus flow as measured
during the 2007-2009 period for West Price and Cocoplum combined (A) and for the period of
record (since 2004) at Tropicaire (B). Both continuous recorders logged freshwater values at
flows greater than 200 cfs (Tropicaire or total combined flow). Salinity versus flow for flow
values less than 200 cfs are shown in Figure 3.8. As flow values increase, surface salinity values
are reduced more quickly than are bottom salinity values.

The difference between bottom and surface salinity (vertical stratification) is shown in Figure 3.9
for both continuous recorders for the respective periods of record (see above) for (A) West Price
and Cocoplum combined flow, and (B) Tropicaire flow. This difference was typically greater at
CR1 than at CR2. The vertical stratification is reduced to zero or near-zero at both continuous
recorders at flows greater than 160 cfs combined West Price and Cocoplum flows, or about 60
cfs for flow measured at Tropicaire.

Plots of salinity versus flow (both combined and as measured at Tropicaire) are provided in
Appendix B. Salinity (bottom and surface) at Stations 1 and 2 above the water control structures
(see Figure 1.3 for station locations) was always below 0.7 regardless of flow. As with the
continuous recorders, bottom and surface salinities at the profile stations were reduced to fresh or
near-fresh water values at flows greater than 200 cfs.

The greatest observed differences between bottom and surface salinity at the profile stations
(Figures 3.10 — 3.11) occurred at combined West Price/Cocoplum flows near 60 cfs or at flows
less than 10 cfs as measured at Tropicaire. As with the continuous recorder, profile stations
further upstream were likely to have greater vertical stratification in salinity than profile stations
closer to the confluence with the Myakka River. The vertical stratification of salinity was
reduced to zero or near-zero at all stations at flows greater than 160 cfs combined West
Price/Cocoplum, or about 60 cfs for flow measured at Tropicaire.

Statistical relationships between freshwater inflow and salinity are examined in Section 4.

3.2. Chlorophyll-a and Dissolved Oxygen

As described in Section 1.3, dissolved oxygen is measured through water column profiles at ten
stations that are sampled bimonthly. Chlorophyll-a values are measured once per month at a
subset of these stations. Dissolved oxygen (DO) and chlorophyll-a measurements were analyzed
for patterns over time, for spatial patterns, and for relations to freshwater inflow.

3.2.1. Temporal and Spatial Patterns in Chlorophyll-a and DO

Dissolved oxygen and chlorophyll-a values reported over time are shown in Figures 3.12-3.14.
Bottom DO values tended to be lower than surface DO values for a given sampling event. While
the Station 1 median surface DO value was slightly lower than medians for the other stations,
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DO values were generally similar among stations (Figures 3.15-3.16; notches in the boxes
indicate the confidence interval around the median). The mean and median chlorophyll-a values
were also lower than those for other sampled stations (Figure 3.17; dot on each box indicates the
mean). Boxplots of DO by month at each station are provided in Appendix C. Typically there
was a narrower range of DO values observed during the summer wet season than during the
cooler, dryer months.

3.2.2. Variations in Chlorophyll and DO with Freshwater Inflow

Dissolved oxygen and chlorophyll-a values were plotted against freshwater inflow as recorded at
Tropicaire for the period of record (see all plots in Appendix D). All stations illustrated the same
patterns. The range of DO values was greatest at low flows and the DO values stabilized near
the middle of the range at higher flows (around 60-80 cfs). Higher chlorophyll-a values were
typically observed during flows of less than 100 cfs.

3.3. Other Water Quality Parameters

Several other water quality parameters are recorded for the grab samples taken at five of the ten
water column profile stations (Figures 3.18 — 3.24). Recorded values were similar for all five
stations with the exception of certain parameters that had lower concentrations at station 2
(Cocoplum Canal). The parameters with lower observed median values at station 2 included
phosphorus, orthophosphate, turbidity and color.

3.4. Investigations of Data Similarity from Profile Stations

A total of ten water column profile stations are visited twice monthly as part of HBMP (Figure
1.3). Two of these stations (1 and 2) are located above water control structures on
Myakkahatchee Creek and Cocoplum Canal. Station 9 is in the Myakka River, upstream of the
Myakkahatchee Creek confluence, while Station 10 is also in the Myakka River below the
confluence. Station 8 occurs at the confluence of the Myakka River and Myakkahatchee Creek.
The five remaining stations (3-7) occur within a 4 kilometer stretch of Myakkahatchee Creek
below the water control structure and upstream of the confluence.

As detailed above, there is great similarity in water quality among the stations downstream of the
water control structures. Dissolved oxygen and chlorophyll-a values varied very little amongst
stations 3-7 (Figures 3.15 - 3.17). Similarly nitrate+nitrite, TKN, phosphorus, orthophosphate,
total suspended solids, turbidity and color exhibited little variation among stations 4, 6, and 7
(the subset of downstream stations where grab samples are performed; Figures 3.18 — 3.24).

There are continuous recorders that measure salinity (as computed from temperature corrected
specific conductance) at each end of Myakkahatchee Creek downstream of the control structures
(CR1 and CR2, Figure 1.2). Salinity is also recorded through the bimonthly water column
profile sampling. There is a slight estuarine gradient evident along the 4 km stretch of
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Myakkahatchee Creek covered by stations 3-7 (Figures 3.25 — 3.26, Tables 3.1 — 3.2). However,
the confidence intervals around the median salinity values (Figure 3.25-3.26) overlap.

In light of this data summary, it would appear that twice-monthly profile sampling as part of the
HBMP is no longer necessary now that a large amount of data has been collected over a five year
period. The continuous recorders appear to capture any difference in salinity that may occur
along the gradient between the water control structure and the confluence of Myakkahatchee
Creek with the Myakka River. Water column profiles taken in conjunction with once monthly
grab samples should suffice. It is proposed that the City’s 2" monthly sampling of water column
profiles (i.e. Task 3) be dropped from the HBMP.
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Table 3.1 Summary statistics for surface salinity at the stations downstream of WSC-101

Coeff.

Standard | of 75th 25th Number
Station | Mean Dev. Var. | Max | Percentile| Median | Percentile| Min | of Obs
3 4.04 5.36 | 132.60 | 20.50 5.100 1.120 0.305| 0.09 112
4 4.65 5.86 | 126.16 | 20.70 7.110 1.570 0.400| 0.09 113
5 5.14 6.05 | 117.74 | 21.00 7.900 2.300 0.400| 0.09 113
6 5.48 6.17 | 112.59 | 21.40 9.710 2.710 0.410| 0.09 113
7 6.48 6.63 | 102.40 | 23.90 10.050 4.270 0.700| 0.09 113
8 8.12 7.39| 91.03|26.20 13.200 6.480 1.510| 0.09 113
9 8.28 756 | 91.37 | 25.90 12.990 6.510 1.250| 0.09 113
10 9.55 8.03| 84.13|27.20 15.745 8.155 2.075| 0.10 112
CR1 7.95 7.04| 88.49|25.89 13.270 6.600 0.980| 0.00| 133944
CR2 11.53 7.22| 62.60|29.10 16.690 | 12.090 5.530| 0.19 62990




Table 3.2 Summary statistics for bottom salinity at the stations downstream of WSC-101

Coeff.

Standard | of 75th 25th Number
Station | Mean Dev. Var. | Max | Percentile| Median | Percentile| Min | of Obs
3 7.57 7.41| 97.98|24.30 13.02 6.19 0.38| 0.08 112
4 7.36 7.31| 99.35|24.10 13.30 5.20 0.40 | 0.09 113
5 8.64 7.68| 88.86 | 24.90 15.15 7.69 0.40 | 0.09 113
6 9.49 7.76 | 8179 | 25.20 15.66 8.90 1.00| 0.10 113
7 10.16 7.77| 76.55 | 26.00 16.39 10.10 1.21| 0.09 113
8 9.38 7.76 | 82.77 | 26.30 15.30 8.10 1.80| 0.09 113
9 8.86 7.65| 86.41 | 26.00 14.25 7.10 1.43| 0.10 113
10 9.80 8.17 | 83.37|27.20 15.77 8.35 2.00| 0.10 112
CR1 10.69 7.69| 7192|2743 16.77 11.40 2.86| 0.00| 133944
CR2 12.93 7.34| 56.75|29.02 18.34 14.19 7.44| 0.18 62990
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Figure 3.7. Salinity measured by the continuous recorders versus flow measured at A) West Price
and Cocoplum combined, and B) Tropicaire for the respective period of record for each flow gage
through June 30, 2009.



Figure 3.8. Salinity measured by the continuous recorders versus flow less than or equal to 200 cfs
as measured at A) West Price and Cocoplum combined, and B) Tropicaire for the respective period
of record for each flow gage through June 30, 2009.
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Figure 3.9. The difference in bottom and surface salinity at the continuous recorder locations versus
flow less than or equal to 200 cfs as measured at A) West Price and Cocoplum combined, and B)
Tropicaire for the respective period of record for each flow gage through June 30, 2009.
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Figure 3.10. The difference in bottom and surface salinity at profile stations 3-6 versus flow less
than or equal to 200 cfs as measured at A) West Price and Cocoplum combined, and B) Tropicaire
for the respective period of record for each flow gage through June 30, 2009.
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Figure 3.11. The difference in bottom and surface salinity at profile stations 7-10 versus flow less
than or equal to 200 cfs as measured at A) West Price and Cocoplum combined, and B) Tropicaire
for the respective period of record for each flow gage through June 30, 2009.
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Figure 3.13. Bottom Dissolved Oxygen at profile stations.
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Figure 3.22. Total suspended solids values at the sampled profile stations.
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Figure 3.23. Turbidity values at the sampled profile stations.
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Figure 3.24. Color values at the sampled profile stations.
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4.0 Salinity/Flow Relationships

The primary objective of this section is to investigate statistical relationships between freshwater
inflow and salinity in Myakkahatchee Creek. These models advance the purely qualitative
graphical analyses of salinity and flow that were presented in Section 3. Regression equations
were developed to predict surface and bottom salinity at the two continuous recorders as well as
two water column profile stations (4 and 7) from freshwater inflow (at Tropicaire). These
regressions were then utilized to estimate the sensitivity of salinity at the four locations in the
creek to changes in freshwater flows.

4.1. Model Development

Graphical review of the flow/salinity relationships indicated that at flows greater than 150 cfs (as
measured at Tropicaire) salinity downstream of WCS-101 was uniformly low. Therefore, in
creating relationships between flow and salinity only dates with flow less than or equal to 150 cfs
were included. In order to determine the best fit relationships between salinity and flow a series
of lagged average flow terms, ranging from 2-day average flow to 60-day average flow were
created. These flow terms were then modeled against observed salinity at the four selected
stations (daily average salinity at CR1 and CR2) using Statgraphics Centurion XV (v 15.0.08) to
identify the best fit transformations for each flow term. After the best transformations were
identified both multivariate (short and long term flow versus salinity) and univariate regressions
were performed using Proc GLM in SAS v9.1.

These regression equations were reviewed and the models that best predicted salinity while
covering the largest portion of the observed salinity range were selected. The resulting
multivariate equations were not substantially better than the univariate equations in terms of fit
and R?, consequently univariate equations were selected for inclusion in this report. The selected
models were then applied to a series of flow scenarios in order to determine the predicted
impacts of changing flow, compared to the observed salinity. These flow scenarios are:

“0” Observed salinity

“1” Salinity predicted by Tropicaire flow

“2” Salinity predicted by Tropicaire flow — 5%
“3” Salinity predicted by Tropicaire flow — 10%
“4” Salinity predicted by Tropicaire flow — 20%
“5” Salinity predicted by Tropicaire flow — 30%

For practical purposes, predicted salinity was constrained to the range of 0 to 35 psu. If the
predicted salinity was less than O psu it was adjusted to 0 psu, and if greater than 35 psu it was
adjusted to 35 psu.
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4.2. Continuous Recorder 1 (Biscayne Boulevard)

The regression selected for CR1 surface salinity utilized the natural log transformed 40-day
average flow to predict salinity:

Salinity = 11.756 — (2.77 * In(40 day average flow)

The model was statistically significant (p<0.0001) with an R? value of 0.78. The results of the
modeled flow scenarios are presented in Figure 4.1. The modeled salinities had higher maximum
values than was observed, and the interquartile range (values falling between the 25" and 75"
percentiles) was smaller for the modeled data than the observed, with a lower 75" percentile and
a higher 25" percentile. The mean and median values were higher for the predicted salinity than
the observed salinity (Table 4.1). The 30% flow reduction scenario resulted in a predicted mean
salinity increase of 0.91 psu, and a predicted median increase of 0.97 psu.

The regression selected for CR1 bottom salinity utilized the natural log transformed 50-day
average flow to predict salinity:

Salinity = 16.613 — (3.766* In(50 day average flow)

The model was statistically significant (p<0.0001) with an R? value of 0.83. The results of the
modeled flow scenarios are presented in Figure 4.2. The comparison of this model to the
observed data followed the same pattern as the surface model for CR1. The modeled salinities
had higher maximum values than were observed, and the interquartile range was smaller for the
modeled data than the observed, with a lower 75" percentile and a higher 25" percentile. The
mean predicted salinity was slightly higher than the mean observed salinity, and median
predicted salinity was lower than the median observed salinity (Table 4.2). The predicted effect
of flow reductions was slightly larger than the surface prediction, with a 30% flow reduction
resulting in a predicted mean salinity increase of 1.33 psu, and a predicted median increase of
1.34 psu.

4.3. Continuous Recorder 2 (Myakka River Confluence)

The regression selected for CR2 surface salinity utilized the 15-day average flow to predict
salinity:

Salinity = 1/(0.0028 + (0.0269*15 day average flow))

The model was statistically significant (p<0.0001) with an R? value of 0.87. The results of the
modeled flow scenarios are presented in Figure 4.3. The modeled salinities had higher maximum
values than were observed, and the interquartile range was larger for the modeled data than the
observed, with a higher 75" percentile and a higher 25" percentile. The mean predicted salinity
was quite a bit higher than observed, and median predicted salinity was lower for the predicted
salinity than the observed salinity (Table 4.3). This model predicted higher than likely salinity in
the upper percentiles, and it is therefore not reasonable to rely on the upper percentile predictions
of this model. Similarly, these high values skew the mean upwards. The median values are thus
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the best metric to utilize with this model. The 30% flow reduction scenario resulted in a
predicted mean salinity increase of 1.82 psu, and a predicted median increase of 2.23 psu.

The regression selected for CR2 bottom salinity utilized the square root transformed 25-day
average flow to predict salinity:

Salinity = 19.547 — (2.537* SQRT (25 day average flow)

The model was statistically significant (p<0.0001) with an R? value of 0.74. There were other
models with higher R? values, however this model provided a better estimate of the high
salinities at low flows than did the other models, which severely underpredicted salinity at low
flows. The results of the modeled flow scenarios are presented in Figure 4.4. The modeled
salinities had lower maximum values than were observed, and the interquartile range was smaller
for the modeled data than the observed, with a lower 75™ percentile and a higher 25™ percentile.
The mean and median values were higher for the predicted salinity than the observed salinity
(Table 4.4). The 30% flow reduction scenario resulted in a predicted mean salinity increase of
0.83 psu, and a predicted median increase of 0.72 psu.

4.4. Profile Station 4

The regression selected for Station 4 surface salinity utilizes the natural log transformed 40-day
average flow to predict salinity:

Salinity = 9.561 - (2.476*In(40 day average flow))

The model was statistically significant (p<0.0001) with an R? value of 0.73. The results of the
modeled flow scenarios are presented in Figure 4.5. The modeled salinities had higher maximum
values than were observed, and the predicted salinities had a higher 75" percentile and a higher
25" percentile. The mean predicted salinity was slightly higher than observed, and median
predicted salinity was higher than the observed salinity (Table 4.5). The 30% flow reduction
scenario resulted in a predicted mean salinity increase of 0.76 psu, and a predicted median
increase of 0.89 psu.

The regression selected for Station 4 bottom salinity utilizes the natural log transformed 50 day
average flow to predict salinity:

Salinity = 14.769 - (3.569*In(50 day average flow))

The model is statistically significant (p<0.0001) with an R? value of 0.82. The results of the
modeled flow scenarios are presented in Figure 4.6. The predicted salinities had higher
maximum values than were observed, and the predicted salinities had a lower 75™ percentile and
a higher 25" percentile, meaning a smaller interquartile range than was observed. The mean
predicted salinity was slightly higher than observed, and median predicted salinity was higher the
observed salinity (Table 4.6). The 30% flow reduction scenario resulted in a predicted mean
salinity increase of 1.18 psu, and a predicted median increase of 1.27 psu.
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Salinity/Flow Relationships

45, Profile Station 7

The regression selected for Station 7 surface salinity utilized the natural log transformed 40-day
average flow to predict salinity:

Salinity = 12.404 - (2.938*In(50 day average flow))

The model was statistically significant (p<0.0001) with an R? value of 0.81. The results of the
modeled flow scenarios are presented in Figure 4.7. The predicted salinities had higher
maximum values than were observed, and the predicted salinities had a lower 75™ percentile and
a higher 25" percentile, meaning a smaller interquartile range than was observed. The mean
predicted salinity was slightly higher than observed, and median predicted salinity was higher
than the observed salinity (Table 4.7). The 30% flow reduction scenario resulted in a predicted
mean salinity increase of 0.98 psu, and a predicted median increase of 1.05 psu.

The regression selected for Station 4 bottom salinity utilized the natural log transformed 50-day
average flow to predict salinity:

Salinity = 17.967 - (3.700*In(50 day average flow))

The model was statistically significant (p<0.0001) with an R? value of 0.79. The results of the
modeled flow scenarios are presented in Figure 4.8. The predicted salinities had higher
maximum values than were observed, and the predicted salinities had a lower 75™ percentile and
a higher 25" percentile, meaning a smaller interquartile range than was observed. The mean
predicted salinity was slightly higher than observed, and median predicted salinity was lower the
observed salinity (Table 4.8). The 30% flow reduction scenario resulted in a predicted mean
salinity increase of 1.32 psu, and a predicted median increase of 1.32 psu.

4.6. Future Analyses

The regressions reported in this Section were based on flow as measured at Tropicaire. As stated
in Section 2, flow measurements of Tropicaire do not account for a large portion of the actual
flow that reaches the lower portion of Myakkahatchee Creek below WCS-101. Combining the
flows measured at West Price and Cocoplum would provide a more complete flow value.
However, the period of record for these gages is currently too short to consider in these
regressions. A future Data Summary Report should readdress the analyses of flow/salinity
relationships utilizing a combined flow value from West Price and Cocoplum. Also at that time,
whole-creek regressions investigating the change in bottom area and volume in specified salinity
zones as a result of changing flow conditions could be considered.
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Table 4.1 Summary statistics for observed and predicted surface salinity at CR1

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0| 6.67|24.12 11.45 4.45 0.46 | 0.06
1| 6.79]32.83 9.89 5.22 2.47 | 0.00
2|1 6.90|32.95 10.01 5.34 2.59| 0.00
3| 7.0433.10 10.16 5.49 2.74 | 0.00
4| 7.35|33.43 10.49 5.82 3.07 | 0.00
5| 7.70 | 33.80 10.86 6.19 3.44 | 0.00




Table 4.2 Summary statistics for observed and predicted bottom salinity at CR1

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0| 891)27.04 15.26 8.00 0.44 | 0.00
1| 8.93[3285 13.01 7.43 3.57| 0.00
20 9.12/33.05 13.20 7.62 3.76 | 0.00
3| 9.3233.25 13.41 7.82 3.97| 0.00
41 9.76 | 33.69 13.85 8.27 4.41| 0.00
5| 10.26 | 34.20 14.35 8.77 491 0.38




Table 4.3 Summary statistics for observed and predicted surface salinity at CR2

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0| 6.67|24.12 11.45 4.45 0.46 | 0.06
1] 12.97]35.00 28.07 5.32 141 0.27
2| 13.23|35.00 29.42 5.59 1.48 | 0.29
3| 13.49 | 35.00 30.90 5.90 1.56 | 0.30
41 14.09 | 35.00 34.37 6.62 1.76 | 0.34
5| 14.79 | 35.00 35.00 7.55 2.01| 0.39




Table 4.4 Summary statistics for observed and predicted bottom salinity at CR2

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0] 1291|2743 18.16 14.33 7.93| 0.29
1] 13.18]19.55 16.94 15.16 10.56 | 0.00
2] 13.30|19.55 17.00 15.28 10.79 | 0.00
3| 13.4219.55 17.07 15.39 11.02 | 0.00
41 13.69|19.55 17.21 15.63 11.51| 0.00
5| 14.01 | 19.55 17.36 15.88 12.03 | 0.00




Table 4.5 Summary statistics for observed and predicted surface salinity at Station 4

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0| 4.65|20.70 7.11 1.57 0.40 | 0.09
1| 4.95|2223 731 3.55 1.32| 0.00
2| 5.06)22.36 7.44 3.68 1.45| 0.00
3| 5172249 7.57 3.82 1.58 | 0.00
4| 5422278 7.86 4.11 1.87 | 0.00
50 5.71)|23.11 8.19 4.44 2.20 | 0.00




Table 4.6 Summary statistics for observed and predicted bottom salinity at Station 4

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0 7.36|24.10 13.30 5.20 0.40 | 0.09
1| 7.6626.82 11.21 6.04 3.15| 0.00
2| 7.8227.00 11.39 6.22 3.33| 0.00
3| 8.00|27.19 11.59 6.41 3.52| 0.00
4| 8392761 12.01 6.83 3.94 | 0.00
5| 8.8428.09 12.48 731 4.42 | 0.00




Table 4.7 Summary statistics for observed and predicted surface salinity at Station 7

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0| 6.48)23.90 10.05 4.27 0.70 | 0.09
1| 6.81]27.46 9.76 531 2.65| 0.00
2| 6.95)|27.62 9.92 5.46 2.80 | 0.00
3| 7.09)27.77 10.07 5.62 2.96 | 0.00
4| 7.41)28.12 10.42 5.96 3.31| 0.00
50 7.79|28.51 10.81 6.36 3.70 | 0.00




Table 4.8 Summary statistics for observed and predicted bottom salinity at Station 7

75th 25th
Scenario | Mean | Max | Percentile | Median | Percentile| Min
0] 10.16 | 26.00 16.39 10.10 1.21 | 0.09
1| 10.34|30.46 14.22 8.69 5.85| 0.56
2| 10.53|30.65 14.41 8.88 6.04 | 0.75
3| 10.73 | 30.85 14.61 9.08 6.24 | 0.95
4| 11.17|31.28 15.05 9.52 6.67 | 1.39
5| 11.66 | 31.78 15.54 10.01 7.17| 1.88
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Figure 4.1. Observed (0) and Predicted (1-5) surface salinity at CR1 in Myakkahatchee Creek based on flow at Tropicaire.
Flow range of 0-150 cfs

City of North Port 2009 Data Summary Report



Salinity (psu)

40

30

20

10

O —_ ‘ =1 ‘ =1 ‘ =T ‘ =T ‘ \

0 1 2 3 4 5

0=Observed, 1=Tropicaire, 2=Tropicaire - 5%, 3=Tropicaire - 10%, 4=Tropicaire - 20%, S5=Tropicaire - 30%

Figure 4.2. Observed (0) and Predicted (1-5) bottom salinity at CR1 in Myakkahatchee Creek based on flow at Tropicaire.
Flow range of 0-150 cfs
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Figure 4.3. Observed (0) and Predicted (1-5) surface salinity at CR2 in Myakkahatchee Creek based on flow at Tropicaire.

Flow range of 0-150 cfs
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Figure 4.4. Observed (0) and Predicted (1-5) bottom salinity at CR2 in Myakkahatchee Creek based on flow at Tropicaire.

Flow range of 0-150 cfs
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Figure 4.5. Observed (0) and Predicted (1-5) surface salinity at Station 4 in Myakkahatchee Creek based on flow at Tropicaire.

Flow range of 0-150 cfs
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Figure 4.6. Observed (0) and Predicted (1-5) bottom salinity at Station 4 in Myakkahatchee Creek based on flow at Tropicaire.

Flow range of 0-150 cfs
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Figure 4.7. Observed (0) and Predicted (1-5) surface salinity at Station 7 in Myakkahatchee Creek based on flow at Tropicaire.

Flow range of 0-150 cfs
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Figure 4.8. Observed (0) and Predicted (1-5) bottom salinity at Station 7 in Myakkahatchee Creek based on flow at Tropicaire.

Flow range of 0-150 cfs
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5.0 Summary

This first Data Summary Report for the City of North Port Hydrobiological Monitoring Program
provided graphical and statistical analyses of data collected through the HBMP since its
inception in 2004 through June 30, 2009. Data analyzed included various flow parameters, City
of North Port withdrawals, water quality in Myakkahatchee Creek, and salinity/flow regressions.
Additionally, a proposed modification to the HBMP was made. An overview of these analyses
and conclusions is provided below.

5.1. Flows

Previous reports for the HBMP included analyses of flow at Tropicaire and the relationship of
various water quality parameters to these flow measurements. This Data Summary Report
illustrates that flow at Tropicaire does not account for a substantial proportion of flow reaching
Myakkahatchee Creek downstream of the water control structures. The total flow entering the
lower Myakkahatchee Creek is captured by the combined flow measurements at West Price
Boulevard and Cocoplum which have only recently been gaged. Future reports shall focus on
the combined flow entering the lower portion of the creek as measured at West Price and
Cocoplum.

5.2. Withdrawals

Withdrawals over the period of record have generally been lower than the permitted quantity.
The flows calculated as specified in the current WUP are representative of the total flows
reaching the downstream portion of Myakkahatchee Creek, i.e. the sum of flows as measured at
West Price and Cocoplum.

5.3. Salinity

Patterns in salinity were analyzed for both continuous recorder locations as well as water column
profile stations. In general, bottom salinity was higher than surface salinity at the continuous
recorders and profile stations downstream of WCS-101. Salinity was generally lower during the
earlier portion of the study period due to large differences in annual rainfall. Daily salinity
followed a seasonal cycle with the lowest values occurring during the wetter summer months.

Both continuous recorders logged freshwater values at flows greater than 200 cfs (Tropicaire or
total combined flow). Surface salinity values were reduced more quickly with increasing flow
than bottom salinity values. As with the continuous recorders, bottom and surface salinities at the
profile stations were reduced to fresh or near-fresh water values at flows greater than 200 cfs.

The difference between bottom and surface salinity was typically greater at CR1 than at CR2.
The vertical stratification was reduced to zero or near-zero at both continuous recorders at flows
greater than 160 cfs combined West Price and Cocoplum flows, or about 60 cfs for flow
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measured at Tropicaire. The greatest vertical stratification at the profile stations (Figures 3.10 —
3.11) occurred at combined West Price/Cocoplum flows near 60 cfs or at flows less than 10 cfs
as measured at Tropicaire. Profile stations further upstream were likely to have greater vertical
stratification in salinity than profile stations closer to the confluence with the Myakka River.
The vertical stratification of salinity was reduced to zero or near-zero at all stations at flows
greater than 160 cfs combined West Price/Cocoplum, or about 60 cfs for flow measured at
Tropicaire.

5.4. Dissolved Oxygen and Chlorophyll-a

While the Station 1 median surface DO value was slightly lower than medians for the other
stations, DO values were generally similar among stations. The mean and median chlorophyll-a
values were also lower than those for other sampled stations. Typically there was a narrower
range of DO values observed during the summer wet season than during the cooler, dryer
months.

All stations illustrated the same pattern when DO or chlorophyll-a was plotted against freshwater
inflow (Tropicaire). The range of DO values was greatest at low flows and the DO values
stabilized near the middle of the range at higher flows (around 60-80 cfs). Higher chlorophyll-a
values were typically observed during flows of less than 100 cfs.

5.5. Salinity/Flow Relationships

Regression equations were developed to predict surface and bottom salinity from freshwater
inflow at the two continuous recorders as well as two water column profile stations (4 and 7).
These regressions were then utilized to estimate the sensitivity of salinity at the four locations in
the creek to changes in freshwater flows. Models for all stations/depths were significant with R
values of 0.73 or greater. The greatest increase in salinity was predicted at the CR2 (recorder at
the confluence with the Myakka River) surface (mean increase 1.82 psu; median increase 2.23
psu) under the 30% flow reduction scenario. A future Data Summary Report should reexamine
these models utilizing a combined flow value from West Price Boulevard and Cocoplum to
better account for the actual flow that discharges to the lower portion of Myakkahatchee Creek.

5.6. Proposed HBMP Modification

There was great similarity in water quality amongst the profile stations downstream of WCS-
101. Dissolved oxygen and chlorophyll-a values exhibited little variability amongst stations 3-7.
Similarly nitrate+nitrite, TKN, phosphorus, orthophosphate, total suspended solids, turbidity and
color exhibited little variation amongst stations 4, 6, and 7 (the subset of tidal stations where grab
samples are performed). There are continuous recorders that measure salinity (as computed from
temperature corrected specific conductance) at each end of the Creek below WCS-101 (CR1 and
CR?2) and salinity is also recorded through the bimonthly water column profile sampling. There
was a slight estuarine gradient evident along the 4 km stretch of Myakkahatchee Creek covered
by stations 3-7, however, the confidence intervals around the median salinity values overlapped.
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Summary

The analyses completed in this Data Summary Report suggest that twice-monthly profile
sampling as part of the HBMP is no longer necessary. The continuous recorders appear to
capture any difference in salinity that may occur along the gradient between the water control
structure and the confluence of Myakkahatchee Creek with the Myakka River. Water column
profiles should continue to be taken in conjunction with once monthly grab samples. Itis

proposed that the 2" monthly sampling of water column profiles (i.e. Task 3) be dropped from
the HBMP.
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Appendix A
Examination of Various Flow Measurements in the Myakkahatchee Creek Watershed

SAS Output



Means and Ranges for the Period-of-Record through June 30, 2009

The MEANS Procedure
AnalysisVariable: Trop Big Slough at Tropicaire
Blvd
N M ean Std Dev | Minimum | Maximum

2925 | 71.8711966 | 204.5630065 0 4480.00




Means and Ranges for the 2007- June 30, 2009 Period

The MEANS Procedure
Variable| Label N Mean Std Dev | Minimum | Maximum
Coco Cocoplum Waterway 719 | 27.7378303 | 23.5353581 0 | 302.0000000
Price Big Slough at West Price Blvd | 713 | 18.5917251 | 26.5271670 | 0.2500000 | 195.0000000
Trop Big Slough at Tropicaire Blvd | 912 | 11.6906469 | 22.7643012 0| 139.0000000




Univariates for Big Slough at Tropicaire 2001-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Moments
N 2925 | Sum Weights 2925
Mean 71.8711966 | Sum Observations| 210223.25
Std Deviation | 204.563007 | Variance 41846.0236
Skewness 9.51946581 | Kurtosis 149.121963
Uncorrected SS| 137466770 | Corrected SS 122357773
Coeff Variation | 284.624462 | Std Error Mean | 3.78237133

Basic Statistical Measures
L ocation Variability
Mean 71.87120 | Std Deviation 204.56301
Median | 9.90000 | Variance 41846
Mode 0.00000 | Range 4480

Interquartile Range| 53.80000

Testsfor Location: Mu0=0

Test Statistic p Value

Student'st |t 19.00162 | Pr > |t| <.0001
Sign M 1397 | Pr >= |M| | <.0001
Signed Rank | S 1952308 | Pr >=|§| | <.0001




Univariates for Big Slough at Tropicaire 2001-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Testsfor Normality
Test Statistic p Value
K olmogor ov-Smirnov | D 0.362667 | Pr > D <0.0100
Cramer-von Mises W-Sq | 116.8321 | Pr > W-Sq | <0.0050
Ander son-Darling A-Sq | 570.1677 | Pr > A-Sg | <0.0050

Quantiles (Definition 5)
Quantile Estimate
100% M ax 4480.00
99% 923.00
95% 345.00
90% 198.00
75% Q3 56.00
50% Median 9.90
25% Q1 2.20
10% 0.30
5% 0.02
1% 0.00
0% Min 0.00




Univariates for Big Slough at Tropicaire 2001-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Extreme Observations
L owest Highest
Value| Obs| Value| Obs

0|2880| 1950|1147
2879 | 1970|1146
2878 | 2560| 728
2877 | 4120| 727
2876 | 4480| 726

o|Oo| O] O




Univariates for Big Slough at Tropicaire 2001-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Histogram # Boxplot
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Univariates for Big Slough at Tropicaire 2001-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)
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Univariates for Big Slough at Tropicaire 2007-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Moments
N 912 | Sum Weights 912
Mean 11.6906469 | Sum Observations| 10661.87
Std Deviation | 22.7643012 | Variance 518.213408
Skewness 3.08796506 | Kurtosis 10.2505529
Uncorrected SS| 596736.573 | Corrected SS 472092.415
Coeff Variation | 194.722339 | Std Error Mean | 0.75380134

Basic Statistical M easures
Variability

Std Deviation

Variance

L ocation

11.69065
2.60000
0.00000

22.76430
518.21341
139.00000

9.59000

Mean
Median
M ode

Range

Interquartile Range

Testsfor Location: Mu0=0

Statistic p Value

15.50892 | Pr > |t| <.0001
4115 | Pr >= M| | <.0001
169538 | Pr >=|§| | <.0001

Test
Student'st |t
Sign M
Signed Rank | S




Univariates for Big Slough at Tropicaire 2007-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Testsfor Normality

Test Statistic p Value
Shapiro-Wilk W 0.552414 | Pr < W <0.0001
K olmogor ov-Smirnov | D 0.303783 | Pr > D <0.0100

Cramer-von Mises W-Sq | 29.29778 | Pr > W-Sq | <0.0050
Ander son-Darling A-Sq | 148.0923 | Pr > A-Sg | <0.0050

Quantiles (Definition 5)
Quantile Estimate
100% Max 139.00
99% 109.00
95% 69.00
90% 36.00
75% Q3 10.00
50% Median 2.60
25% Q1 0.41
10% 0.01
5% 0.00
1% 0.00
0% Min 0.00




Univariates for Big Slough at Tropicaire 2007-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Extreme Observations
L owest Highest
Value | Obs| Value | Obs

0| 867| 135| 609
866 | 136| 606
865| 137 605
864 | 139 607
863| 139 608

o|Oo|O| O




Univariates for Big Slough at Tropicaire 2007-June 30, 2009

The UNIVARIATE Procedure
Variable: Trop (Big Slough at Tropicaire Blvd)

Histogram # Boxplot
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Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Price (Big Slough at West Price Blvd)

Moments
N 713 | Sum Weights 713
Mean 18.5917251 | Sum Observations 13255.9
Std Deviation 26.527167 | Variance 703.69059
Skewness 3.09584952 | Kurtosis 11.3897681
Uncorrected SS| 747477.749 | Corrected SS 501027.7
Coeff Variation | 142.682655 | Std Error Mean | 0.99345021

Basic Statistical Measures
L ocation Variability
Mean |18.59173 | Std Deviation 26.52717
Median | 8.70000 | Variance 703.69059
Mode | 12.00000 | Range 194.75000
Interquartile Range| 14.20000

Testsfor Location: Mu0=0

Test Statistic p Value

Student'st |t 18.7143 | Pr > |t| <.0001
Sign M 356.5 | Pr >= |M|| <.0001
Signed Rank | S 1272705 | Pr >=|S| | <.0001




Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Price (Big Slough at West Price Blvd)

Testsfor Normality

Test Statistic p Value
Shapiro-Wilk W 0.618457 | Pr < W <0.0001
Kolmogor ov-Smirnov | D 0.251834 | Pr > D <0.0100

Cramer-von Mises W-Sq | 16.73438 | Pr > W-Sq | <0.0050
Ander son-Darling A-Sq | 87.31566 | Pr > A-Sg | <0.0050

Quantiles (Definition 5)
Quantile Estimate
100% Max 195.00
99% 141.00
95% 76.00
90% 45.00
75% Q3 19.00
50% Median 8.70
25% Q1 4.80
10% 3.20
5% 0.55
1% 0.38
0% Min 0.25




Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Price (Big Slough at West Price Blvd)

Extreme Observations
L owest Highest
Value | Obs| Value | Obs
0.25| 851| 154 | 604
0.33| 861| 155| 610
0.34| 847| 167 | 632
0.36| 866| 173| 564
0.36| 853| 195| 596

Missing Values

Per cent Of

Missing Missing
Value | Count | All Obs Obs

199 21.82 100.00




Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Price (Big Slough at West Price Blvd)

Histogram # Boxplot
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Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Coco (Cocoplum Waterway)

Moments
N 719 | Sum Weights 719
Mean 27.7378303 | Sum Observations 19943.5
Std Deviation | 23.5353581 | Variance 553.913079
Skewness 4.36089099 | Kurtosis 33.8226283
Uncorrected SS| 950899.01 | Corrected SS 397709.591
Coeff Variation | 84.8493116 | Std Error Mean | 0.87772075

Basic Statistical Measures
L ocation Variability
Mean | 27.73783 | Std Deviation 23.53536
Median | 21.00000 | Variance 553.91308
Mode | 16.00000 | Range 302.00000
Interquartile Range| 19.00000

Testsfor Location: Mu0=0

Test Statistic p Value

Student'st |t 31.60211 | Pr > |t| <.0001
Sign M 357 | Pr >= |M|| <.0001
Signed Rank | S 127627.5 | Pr >=|S| | <.0001




Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Coco (Cocoplum Waterway)

Testsfor Normality

Test Statistic p Value
Shapiro-Wilk W 0.663685 | Pr < W <0.0001
K olmogor ov-Smirnov | D 0.176807 | Pr > D <0.0100

Cramer-von Mises | W-Sqg | 9.686469 | Pr > W-Sq | <0.0050
Ander son-Darling A-Sq | 53.0451 | Pr > A-Sg | <0.0050

Quantiles (Definition 5)
Quantile Estimate
100% M ax 302.0
99% 118.0
95% 66.0
90% 49.0
75% Q3 34.0
50% Median 21.0
25% Q1 15.0
10% 12.0
5% 8.9
1% 2.1
0% Min 0.0




Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Coco (Cocoplum Waterway)

Extreme Observations
L owest Highest

Value | Obs| Value | Obs

0| 864 150 | 631

0| 861 175| 564

0| 860 175| 619

0| 859 182 | 632

0| 858 302 | 596

Missing Values
Per cent Of

Missing Missing
Value | Count | All Obs Obs
193 21.16 100.00




Univariates for Big Slough at West Price & Cocoplum Waterway 2007- June 30, 2009

The UNIVARIATE Procedure
Variable: Coco (Cocoplum Waterway)

Histogram # Boxplot
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Results of Stepwise Regression for USGS West Price Blvd Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure
Model: MODEL1
Dependent Variable: Price Big Slough at West Price Blvd

Number of Observations Read 912
Number of Observations Used 713
Number of Observationswith Missing Values| 199

Stepwise Selection: Step 1
Variable Trop Entered: R-Square = 0.8391 and C(p) = 77.0893

Analysisof Variance

Sum of Mean
Sour ce DF | Squares| Square|F Value|Pr>F
M odel 1| 420420 420420 | 3708.32| <.0001
Error 711 80608 | 113.37217
Corrected Total | 712| 501028

Parameter | Standard
Variable | Estimate Error | Typell SS| F Value| Pr >F

I nter cept 5.57915 0.45240 17242 | 152.08 | <.0001
Trop 0.99932 0.01641 420420 | 3708.32 | <.0001

Bounds on condition number: 1, 1



Results of Stepwise Regression for USGS West Price Blvd Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure
Model: MODEL1
Dependent Variable: Price Big Slough at West Price Blvd
Stepwise Selection: Step 2

Variable AVG_2 Entered: R-Square = 0.8497 and C(p) = 27.4454

Analysisof Variance

Sum of Mean

Sour ce DF | Squares| Square|F Value|Pr>F
M odel 2| 425716| 212858 | 2006.71| <.0001
Error 710| 75312 | 106.07311

Corrected Total | 712| 501028

Parameter | Standard
Variable | Estimate Error | Typell SS| F Value| Pr>F

I nter cept 5.73440 0.43815 18169 | 171.29| <.0001
Trop 2.11910 0.15927 18777 | 177.02 | <.0001
AVG_ 2 -1.13171 0.16017 | 5295.70547 49.93 | <.0001

Bounds on condition number: 100.68, 402.73



Variable LOG_AVG3 Entered: R-Square = 0.8539 and C(p) = 8.7237

The STEPWI SE Procedure
Model: MODEL1
Dependent Variable: Price Big Slough at West Price Blvd
Stepwise Selection: Step 3

Results of Stepwise Regression for USGS West Price Blvd Flows Relative to Gaged Tropicaire Flows

Analysisof Variance
Sum of M ean

Sour ce DF | Squares| Square|F Value|Pr>F

Model 3| 427841 142614 | 1381.57 | <.0001

Error 709 73187 | 103.22574

Corrected Total | 712| 501028

Parameter | Standard

Variable Estimate Error | Typell SS| F Value| Pr >F
Inter cept 6.09258 0.43938 19848 192.28 | <.0001
Trop 2.12810 0.15713 18934 183.42 | <.0001
AVG 2 -1.17417 0.15828 | 5680.55962 55.03 | <.0001
LOG_AVG3 0.99903 0.22020 | 2124.85733 20.58 | <.0001

Bounds on condition number: 101.04, 608.86




Results of Stepwise Regression for USGS West Price Blvd Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure
Model: MODEL1
Dependent Variable: Price Big Slough at West Price Blvd
Stepwise Selection: Step 4

Variable AVG_3 Entered: R-Square = 0.8555 and C(p) = 3.2709

Analysisof Variance

Sum of Mean

Sour ce DF | Squares| Square|F Value|Pr>F
M odel 4| 428605| 107151 | 1047.50 | <.0001
Error 708 |  72423|102.29213

Corrected Total | 712| 501028

Parameter | Standard
Variable Estimate Error | Typell SS| F Value| Pr >F
Inter cept 5.98342 0.43921 18985 185.59 | <.0001
Trop 2.59964 0.23287 12748 124.62 | <.0001
AVG 2 -2.37202 0.46570 | 2653.72878 25.94 | <.0001
AVG 3 0.73461 0.26876 | 764.22740 7.47| 0.0064
LOG_AVG3 0.96277 0.21960 | 1966.18178 19.22 | <.0001

Bounds on condition number: 882.65, 5589.5
All variablesleft in the model are significant at the 0.1500 level.

No other variable met the 0.1500 significance level for entry into the model.



Results of Stepwise Regression for USGS West Price Blvd Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure

Model: MODEL1

Dependent Variable: Price Big Slough at West Price Blvd

Summary of Stepwise Selection

Variable | Variable Number Partial M odel
Step | Entered Removed | Label Varsin| R-Square | R-Square| C(p)|F Value|Pr>F
1| Trop Big Slough at Tropicaire Blvd 1 0.8391 0.8391| 77.0893 | 3708.32 | <.0001
2(AVG 2 2 0.0106 0.8497 | 27.4454 49.93 | <.0001
3| LOG AVG3 3 0.0042 0.8539 | 8.7237 20.58 | <.0001
4| AVG 3 4 0.0015 0.8555| 3.2709 7.47 | 0.0064




The STEPWI SE Procedure
Modd: MODEL1
Dependent Variable: Coco Cocoplum Waterway

Results of Stepwise Regression for USGS Cocoplum Waterway Flows Relative to Gaged Tropicaire Flows

Number of Observations Read

912

Number of Observations Used

719

Number of Observationswith Missing Values

193

Stepwise Selection: Step 1

Variable Trop Entered: R-Square = 0.2596 and C(p) = 81.2132

Analysisof Variance
Sum of M ean
Sour ce DF | Squares| Square|F Value|Pr>F
Model 1| 103250 103250 251.41 | <.0001
Error 717 | 294459 | 410.68235
Corrected Total | 718| 397710
Parameter | Standard
Variable | Estimate Error | Typell SS| F Value| Pr >F
Inter cept 21.38881 0.85529 256834 625.38 | <.0001
Trop 0.48642 0.03068 103250 251.41 | <.0001

Bounds on condition number: 1, 1



Results of Stepwise Regression for USGS Cocoplum Waterway Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure
Modd: MODEL1
Dependent Variable: Coco Cocoplum Waterway
Stepwise Selection: Step 2

Variable AVG_2 Entered: R-Square = 0.2944 and C(p) = 45.8393

Analysisof Variance

Sum of Mean

Sour ce DF | Squares| Square|F Value|Pr>F
M odel 2| 117072 58536 | 149.35| <.0001
Error 716 | 280637 | 391.95173

Corrected Total | 718| 397710

Parameter | Standard
Variable | Estimate Error | Typell SS| F Value| Pr>F

I nter cept 21.59451 0.83628 261349 | 666.79 | <.0001
Trop 2.19834 0.28983 22549 57.53 | <.0001
AVG_ 2 -1.72702 0.29082 13822 35.26 | <.0001

Bounds on condition number: 93.526, 374.11



Results of Stepwise Regression for USGS Cocoplum Waterway Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure
Modd: MODEL1
Dependent Variable: Coco Cocoplum Waterway
Stepwise Selection: Step 3

Variable AVG_3 Entered: R-Square = 0.3191 and C(p) = 21.2200

Analysisof Variance
Sum of M ean
Sour ce DF | Squares| Square|F Value|Pr>F
Model 3| 126917 42306 111.70 | <.0001
Error 715| 270793 | 378.73144
Corrected Total | 718| 397710
Parameter | Standard
Variable | Estimate Error | Typell SS| F Value| Pr>F
Inter cept 21.26210 0.82463 251781 664.80 | <.0001
Trop 3.92599 0.44272 29783 78.64 | <.0001
AVG 2 -6.14909 0.91325 17170 45.34 | <.0001
AVG 3 2.71507 0.53254 | 9844.46003 25.99 | <.0001

Bounds on condition number: 954.45, 4509.4




Results of Stepwise Regression for USGS Cocoplum Waterway Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure
Modd: MODEL1
Dependent Variable: Coco Cocoplum Waterway
Stepwise Selection: Step 4

Variable LOG_AVG3 Entered: R-Square = 0.3377 and C(p) = 3.2212

Analysisof Variance

Sum of Mean

Sour ce DF | Squares| Square|F Value|Pr>F
M odel 4| 134313 33578 91.02 | <.0001
Error 714| 263397 | 368.90325

Corrected Total | 718| 397710

Parameter | Standard
Variable Estimate Error | Typell SS| F Value| Pr >F
Inter cept 22.59097 0.86629 250876 680.06 | <.0001
Trop 3.83314 0.43743 28327 76.79 | <.0001
AVG 2 -5.96646 0.90224 16132 43.73 | <.0001
AVG 3 2.56148 0.52670 | 8725.00439 23.65 | <.0001
LOG_AVG3 1.49304 0.33345 | 7396.05909 20.05 | <.0001

Bounds on condition number: 956.4, 6032.8
All variablesleft in the model are significant at the 0.1500 level.

No other variable met the 0.1500 significance level for entry into the model.



Results of Stepwise Regression for USGS Cocoplum Waterway Flows Relative to Gaged Tropicaire Flows

The STEPWI SE Procedure

Model: MODEL1

Dependent Variable: Coco Cocoplum Waterway

Summary of Stepwise Selection
Variable | Variable Number Partial M odel
Step | Entered Removed | Label Varsin| R-Square | R-Square| C(p)|F Value|Pr>F
1| Trop Big Slough at Tropicaire Blvd 1 0.2596 0.2596 | 81.2132 | 251.41 | <.0001
2(AVG 2 2 0.0348 0.2944 | 45.8393 35.26 | <.0001
3| AVG_ 3 3 0.0248 0.3191 | 21.2200 25.99 | <.0001
4| LOG AVGS3 4 0.0186 0.3377| 3.2212 20.05| <.0001




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Number of Observations Read | 912
Number of Observations Used | 713




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure
Dependent Variable: Price Big Slough at West Price Blvd

Sum of

Source DF Squares| Mean Square | F Value | Pr > F

M odel 1| 420420.0845 420420.0845 | 3708.32 | <.0001

Error 711| 80607.6153 113.3722

Corrected Total | 712 | 501027.6998

R-Square

Coeff Var

Root M SE

PriceMean

0.839115

57.27084

10.64764

18.59173

Source | DF

Typel SS

Mean Square

F Value

Pr>F

Trop

420420.0845

420420.0845

3708.32

<.0001

Source| DF

Typelll SS

Mean Square

F Value

Pr>F

Trop

420420.0845

420420.0845

3708.32

<.0001

Parameter

Estimate

Standard

Error |t

Value| Pr > [t|

I nter cept

5.579154360

0.45240320

12.33 | <.0001

Trop

0.999317444

0.01641024

60.90 | <.0001




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Number of Observations Read | 912
Number of Observations Used | 713




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure
Dependent Variable: Price Big Slough at West Price Blvd

Sum of

Source DF Squares| Mean Square | F Value | Pr > F

M odel 1| 420420.0845 420420.0845 | 3708.32 | <.0001

Error 711| 80607.6153 113.3722

Corrected Total | 712 | 501027.6998

R-Square

Coeff Var

Root M SE

PriceMean

0.839115

57.27084

10.64764

18.59173

Source | DF

Typel SS

Mean Square

F Value

Pr>F

Trop

420420.0845

420420.0845

3708.32

<.0001

Source| DF

Typelll SS

Mean Square

F Value

Pr>F

Trop

420420.0845

420420.0845

3708.32

<.0001

Parameter

Estimate

Standard

Error |t

Value| Pr > [t|

I nter cept

5.579154360

0.45240320

12.33 | <.0001

Trop

0.999317444

0.01641024

60.90 | <.0001




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Number of Observations Read | 912
Number of Observations Used | 713




Dependent Variable: LOG_PRICE

DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Sum of
Source DF Squares| Mean Square | F Value | Pr > F
M odel 1|132.2685431 | 132.2685431| 1370.59 | <.0001
Error 711| 68.6148999 0.0965048
Corrected Total | 712 | 200.8834430
R-Square | Coeff Var | Root MSE | LOG_PRICE Mean
0.658434 | 32.09059 | 0.310652 0.968048
Source DF| Typel SS|Mean Square | F Value | Pr > F
LOG TROP| 1|1322685431| 132.2685431| 1370.59| <.0001
Source DF | Typelll SS| Mean Square | F Value | Pr > F
LOG TROP| 1| 1322685431 | 132.2685431| 1370.59| <.0001
Standard
Par ameter Estimate Error | t Value| Pr > [t|
I nter cept 0.9691172601 | 0.01163405| 83.30| <.0001
LOG_TROP | 0.2081892163 | 0.00562347 | 37.02| <.0001




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Number of Observations Read | 912
Number of Observations Used | 719




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Dependent Variable: Coco Cocoplum Waterway

Sum of

Source Squares

DF Mean Square | F Value | Pr >F

M odel 1| 103250.3448 103250.3448 | 251.41 | <.0001

Error 717 | 294459.2462 410.6824

Corrected Total | 718 | 397709.5910

R-Square
0.259612

Coeff Var
73.06015

Root M SE
20.26530

Coco Mean
27.73783

Source | DF | Typel SS|Mean Square| F Value| Pr > F

Trop

103250.3448

103250.3448

251.41

<.0001

Source| DF

Typelll SS

Mean Square

F Value

Pr>F

Trop

103250.3448

103250.3448

251.41

<.0001

Parameter

Estimate

Standard
Error

t Value

Pr > [t]

I nter cept

21.38880847

0.85528966

25.01| <.0001

Trop

0.48642177

0.03067752

15.86 | <.0001




DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Number of Observations Read | 912
Number of Observations Used | 719




Dependent Variable: LOG_COCO

DEVELOPMENT OF BEST FIT GLM MODELS

The GLM Procedure

Sum of
Source DF Squares| Mean Square | F Value | Pr > F
M odel 1| 51.2392452 51.2392452 | 104.43 | <.0001
Error 717 | 351.8084635 0.4906673
Corrected Total | 718 | 403.0477086
R-Square | Coeff Var | Root MSE | LOG_COCO Mean
0.127129 | 54.17684| 0.700476 1.292945
Source DF| Typel SS|Mean Square | F Value | Pr > F
LOG TROP| 1|51.23924516| 51.23924516| 104.43| <.0001
Source DF | Typelll SS| Mean Square | F Value | Pr > F
LOG TROP| 1| 51.23924516| 51.23924516| 104.43| <.0001
Standard
Par ameter Estimate Error | t Value| Pr > [t|
I nter cept 1.342065112 | 0.02656192 | 50.53 | <.0001
LOG_TROP | 0.102169319 | 0.00999799 | 10.22| <.0001




Appendix B

Plots of Salinity versus Flow at the Profile Stations
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Appendix C

Plots of Dissolved Oxygen and Chlorophyll-a at the Profile Stations



Depth=Near Bottom

Dissolved Oxygen (mg/l)

SURIE il

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Station — 1 — 2

City of North Port 2009 Data Summary Report



Dissolved Oxygen (mg/l)

20

15

10

Depth=Surface

MI@ : |

I

HL— H
[ {1l !
H-T 1
-1

Jén

Feb Mar Apr May Jun Jul

Station

Month
— 1 — 2

Aug Sep O‘ct Nbv Déc

City of North Port 2009 Data Summary Report



MMMMM




MMMMM




Depth=Near Bottom

Hﬂﬂﬂ

itk

Month




MMMMM




Chlorophyll-a (ug/l)

o
o

o
o

IN
Q

w
i

N
o

—
o

o

it hQHg lﬂ%ﬂ% Hl@% f@ ﬁﬂuTﬂ ﬁﬂ% I

G o

|

1

I f%f

Fﬁ G?Hg

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
Staton —1 — 2 — 4 — 6 — 7




Appendix D

Plots of Dissolved Oxygen and Chlorophyll-a versus Flow at the Profile Stations
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Appendix E
On CD

Tabulated Data from the Various Data Tables Maintained in the Master HBMP Database
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