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APPENDIX 2A

Characterization of rainfall records for Pasco County and the Pithlachascotee River
Watershed during the period of streamflow record at the Pithlachascotee River near
New Port Richey gage.
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Analysis of the Pasco County rainfall estimates and rainfall stations within the
Pithlachascotee River watershed

Two sources of rainfall data for the Pithlachascotee River basin were available for examination
as part of the minimum flows study.

#1 Pasco County Rainfall Estimates - This is a record of estimated monthly rainfall totals
combined from several data sources by the Southwest Florida Water Management District. For
the period 1915 through the 1970, most rainfall data were from observer sites and data recorder
sites operated and/or maintained by the National Oceanic and Atmospheric Administration
(NOAA). After 1970, the District began collecting its own rainfall data from within the 16-county
region. This data set was augmented with the District’'s near-real time SCADA (Supervisory
Control and Data Acquisition) system beginning in 1989. The number of recording sites varied
greatly during the 1915 through 2000 period. After QA/QC screening, selected data were then
used to estimate rainfall from geographical information system (GIS) constructed Thiessen
polygons. Since 1999, rainfall data has been acquired from NexRad weather radar. The
NexRad estimates are calibrated against to the SCADA rainfall data to generate daily rainfall for
a 2 km? grid resolution for the county. These combined data sources were used to create a
record of monthly rainfall totals that begin in 1915 and extend to present.

Because the Pithlachascotee River watershed lies principally in Pasco County, monthly rainfall
totals for Pasco County were retrieved from the District data base. To compare seasonal and
inter-annual rainfall patterns to streamflow in the river, rainfall data that were assessed for the
minimum flows project were limited to the period that the Pithlachascotee River near New Port
Richey streamflow gage has been operation (April 1, 1963 to present). To correspond to the
most recent period when streamflow data for were available (September 2013), the analyses of
both the rainfall and streamflow records utilized water years that ran from October 15t through
September 30", with the final water year ending September 30, 2013. The year in which the
water year ends is used to denote the water year (the final water year was 2013).

#2 Pithlachascotee River Watershed Values — An alternate source of rainfall data for the
minimum flows analysis was obtained from various daily rainfall recording stations in or very
close to the Pithlachascotee River watershed (Figure 2A-1). Based on availability of historical
data, the District selected six stations to be representative of the Pithlachascotee River
watershed: 20186, 20187, 20188, 20189, 20384, and 2044. These stations are all located
below Crews Lake, where most of the streamflow in the river is generated. There were no
historical daily rainfall data of significant length available for the watershed above Crews Lake.

The period of coverage for the watershed stations was from June 1, 1973 through September
30, 2013. However, none of the stations covered this entire period. To increase the period of
daily rainfall record for analysis, daily rainfall data were averaged from different stations to
create a continuous periods of average daily values for the watershed from June 1, 1973
through September 30, 2013 (Table 2A-1).
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Table 2A-1. Stations used for computation of average daily rainfall values during
different periods in the Pithlachascotee River Watershed

Period Stations used in daily average
Jun 1, 1973 — Dec 31, 1975 20189
Jan 1, 1976 — Dec 31, 1982 20189 20187 20188
Jan 1, 1983 — Dec 31, 1984 20189 20384
Jan 1, 1985 — Oct 31, 1986 20186 20189 20384
Nov 1, 1986 — Nov 30, 1991 20186 20189 20384 20442
Dec 1, 1991 — April 30, 1997 20189 20384 20442
May 1, 1997 — Sep. 30, 2013 20384 20442

Figure 2A-1. Location of daily rainfall sites in or near the Pithlachascotee River
watershed selected for analysis with the Pithlachascotee River watershed below

Crews Lake shaded in green.
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Comparison of yearly and seasonal rainfall totals from the two data sources

The average daily rainfall values from the Pithlachascotee watershed stations were summed to create
total yearly rainfall values using the October to September water year designation previously
described. Additionally, two seasonal rainfall indices were created by summing daily values for June
through September (Wet Season) and October through May (Dry Season). Monthly rainfall values
from the Pasco County rainfall estimates were similarly summed to produce yearly and seasonal
rainfall totals.

A comparison of data from the two data sources is limited to the 40 —year period when the watershed
values are available from October 1973 through September 2013. Summary statistics for yearly and
seasonal rainfall totals during this period for the county rainfall estimates and the watershed rainfall
values are listed in Table 2A-2.

Table 2A-2. Summary statistics for yearly, dry season, and wet season rainfall
totals for the Pasco County rainfall estimates and the average values for stations
within the Pithlachascotee River watershed for water years 1974 - 2013.

Yearly Rainfall Mean | St.Dev. | Minimum Maximum
Pasco County 52.6 9.0 37.7 74.7
Pithlachascotee Watershed 55.1 12.4 31.0 85.9

Dry Season (Oct. - May)

Pasco County 22.2 7.8 9.9 45.9
Pithlachascotee Watershed 22.4 8.69 8.8 54.6

Wet Season (Jun. - Sep.)

Pasco County 30.5 6.0 21.0 46.2
Pithlachascotee Watershed 32.1 9.5 19.1 61.2

Mean values for dry season rainfall for the two data sources were very similar (22.2 and 22.4 inches).
However, the mean yearly rainfall total was slightly greater for the watershed stations (55.1 inches)
compared to 52.6 inches for county estimates. A statistical comparison of yearly rainfall totals using
the Wilcoxon Sign rank test found the watershed values to be significantly greater (p < 0.024) than the
county estimates. The mean wet season total for the watershed stations was 32.1 inches compared
to a mean of 30.5 for the Pasco County estimates. The Wilcoxon sign rank test also found the wet
season rainfall totals at the watershed stations were significantly greater (p <0 .016) than the county
rainfall estimates. There was no significant difference in the dry season rainfall totals.

A plot of yearly rainfall totals for the watershed stations vs. the Pasco County estimates with a 1 to 1
agreement line shows that there was not a clear tendency for either data source to have greater
values for years with near average (= 55 inches) or below average rainfall. However, in wet years
there was a tendency for the rainfall totals to be greater for the watershed station values.

A plot of cumulative distributions of yearly rainfall values for the county estimates and watershed
station values shows the watershed stations to have higher rainfall totals in the upper 20 percent of
the yearly values. However, using the Kolmogorov-Smirnov test, the overall distributions of these
yearly rainfall totals were not found to be significantly different (P < 0.704).
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Figure 2A-2. Yearly rainfall totals for the Pithlachascotee River watershed stations vs.
the Pasco County rainfall estimates for the years 1974 — 2013 with a 1 to 1
agreement line.
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Figure 2A-3. Cumulative distribution functions of yearly rainfall totals for the
Pithlachascotee River watershed stations and the Pasco County rainfall
estimates for the years 1974 — 2013.

2A-5



Given the differences in these two data sets, it was concluded that data from both sources
would be assessed in the minimum flows study to characterize inter-annual rainfall patterns and
trends. The watershed stations are informative because they occur below Crews Lake, where
most of the streamflow in the river is generated. However, these data are limited to water years
since 1974. The County data are informative because they cover the entire period of data
collection at the Pithlachascotee River near New Port Richey streamflow gage, which began in
1963.

Differences in Rainfall Before and After Relocation of New Port Richey Flow Gage

As described in Chapter 2 of the minimum flows report, the Pithlachascotee River near New
Port Richey gage was moved 1.1 miles upstream on May 21, 1981. To evaluate to the extent
changes in rainfall may have affected flow after relocation of the gage, rainfall data were
summarized for the periods of flow record before and after the gage was moved. The analysis
was limited to the county rainfall estimates as these values covered the entire period of
streamflow record. In order to use complete water years for comparison, water year 1981,
during which the gage was moved, was omitted from the analysis. Also, the partial water year
in 1963 (April 1 to September 30, 1963) when the flow record began was omitted from the
analysis. Thus, the period before relocation of the gage included 17 water years from 1964 to
1980 and the period after relocation of the gage included 32 water years from 1982 to 2013.

Summary statistics for yearly and seasonal rainfall totals for the periods before and after
relocation of the gage are listed in Table 2A-3. The mean yearly rainfall for before gage
relocation (55.3 inches) was three inches greater than the mean value for after relocation.
However, the non-parametric Kruskal-Wallis text found but there was no significant difference in
yearly rainfall totals between the two periods (p < 0.147).  Similarly, mean values for both dry
season and wet season rainfall totals were slightly greater for the before relocation period (1.8
inches difference in dry season, 1.1 inches in the wet), but there were no statistically significant
differences in values between the two periods (Kruskal-Wallis test, p < 0.334 for dry season, p
< 0.475 for wet season).

Table 2A-3. Summary statistics for yearly, dry season, and wet season rainfall
totals for the Pasco County rainfall estimates for water years before (1964-1980)
and after (1982-2013) movement of the Pithlachascotee River near New Port
Richey streamflow gage

Yearly Rainfall N Mean | St.Dev. | Minimum | Maximum
Pre (1964 - 1980) 17 55.3 8.0 42.0 68.3
Post (1982 - 2013) 32 52.3 8.9 37.7 74.7

Dry Season (Oct. - May)

Pre (1964 - 1980) 17 23.8 6.8 10.5 35.7
Post (1982 - 2013) 32 22 8.2 9.9 46.0

Wet Season (Jun. - Sep.)

Pre (1964 - 1980) 17 31.4 6.5 21.0 42.2
Post (1982 - 2013) 32 30.3 5.7 21.8 46.2

2A-6



Rainfall Trend Analysis

The non-parametric Mann-Kendall test was used to examine trends in yearly and seasonal rainfall
totals for the Pasco County rainfall estimates and the watershed rainfall totals. Results of these tests
for the county data are summarized in Table 2A-4. Trends were examined for the period of flow
record before and after relocation of the long-term streamflow gage and for the entire period of
streamflow record. Plots of these yearly and seasonal totals vs. water year generated by Minitab®
software are shown in Figure 2A-4 through 2A-6, with lines shown corresponding to the Theil Seil-
Kendall slope generated by the Mann-Kendall test and for a slope resulting from an ordinary least
squares regression fitted to the data. However, both slope lines were generated automatically for
each graphic and the presence of a slope line does not mean it was statistically significant.  That
information for the Mann-Kendall test is presented in Table 2A-4. No statistical results were
generated corresponding to the plotted linear regression.

Table 2A-4. Results of Mann-Kendall tests of trends in yearly and wet and dry season rainfall totals for the
Pasco County rainfall estimates for the entire period of streamflow record at the Pithlachascotee River near
New Port Richey gage and the periods before and after relocation of the gage.

Yearly totals Dry Season Wet Season
Water . Number
Period Tau P value Tau P value Tau P value
Years of years
1964 - 2013 |Entire period 50 -0.179 0.068 -0.151 0.124 -0.046 0.654
1964 - 1980 |Before gage relocation 17 -0.177 0.343 0.118 0.536 -0.265 0.149
1982 - 2013 |After gage relocation 32 -0.129 0.307 -0.226 0.072 0.115 0.364

There were no significant trends in yearly or seasonal rainfall for the entire period of streamflow
record at the p< .05 confidence level, but there was some indication (p< 0.068) of a declining trend in
yearly rainfall totals over this period (Figure 2A-4A). Although the Tau values were negative, there
were no significant declining trends in yearly rainfall totals within the periods either before or after
relocation of the streamflow gage. There only indication (p<.072) of a significant trend for dry season
rainfall was during the period after relocation of the streamflow gage (Figure 2A-5C).  There were no
indications of any significant trends for wet season rainfall during any of the periods examined.

Trends were also examined for yearly and seasonal rainfall totals for the watershed station values.
The results of those tests are listed in Table 2A-5, while plots of the data are shown in Figure 2A-7
and 2A-8. With data beginning in 1974, the watershed stations do not cover the entire length of flow
record at the long-term streamflow gage. However, trends were examined for the entire period of
rainfall record (1974 forward) and for the period after relocation of the long-term streamflow gage.

Table 2A-5. Results of Mann-Kendall tests of trends in yearly and wet and dry season rainfall totals for the
watershed based rainfall values for the period since those records began and for the period after relocation of
the Pithlachascotee River near New Port Richey gage.

Yearly totals Dry Season Wet Season
Water i Number
Period Tau P value Tau P value Tau P value
Years of years
1974 - 2013 |Entire rainfall record 40 -0.123 0.268 -0.239 0.033 0.013 0.916
1982 - 2013 |After gage relocation 32 -0.080 0.540 -0.247 0.053 0.045 0.733
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There were no significant trends in yearly rainfall totals for entire period of rainfall record or for the
period after relocation of the streamflow gage. Similarly, there were no significant trends in wet
season rainfall in either period. However, there significant or near significant trends in dry season
rainfall for the entire period of rainfall record (p < 0.033) and the period after relocation of the
streamflow gage (p < 0.053).

In comparing the results of the County and watershed rainfall values, the only consistent trend is a
near significant decline in dry season rainfall after relocation of the long-term streamflow gage. As
describe in Chapter 2 of the minimum flows report, this has likely contributed to declining low flows in
the Pithlachascotee River in recent decades.

2A-8



Figure 2A-4. Yearly rainfall totals vs. water year for the Pasco County rainfall estimates for the periods covering the
combined period of record at the Pithlachascotee River near New Port Richey gage (A) and the periods before (A) and after
(B) relocation of the gage.  Slopes are shown for a Sen-Theil line generated by the Mann-Kendall test and by a linear
regression (SLR) fitted to the data.

2A-9



Figure 2A-5. Dry season (October — May) rainfall totals vs. water year for the Pasco County rainfall estimates for the
periods covering the combined period of record at the Pithlachascotee River near New Port Richey gage (A) and the
periods before (A) and after (B) relocation of the gage. Slopes are shown for a Sen-Theil line generated by the Mann-
Kendall test and by a linear regression (SLR) fitted to the data.
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Figure 2A-6. Wet season (June - September) rainfall totals vs. water year for the Pasco County rainfall estimates for the
periods covering the combined period of record at the Pithlachascotee River near New Port Richey gage (A) and the
periods before (A) and after (B) relocation of the gage. Slopes are shown for a Sen-Theil line generated by the Mann-
Kendall test and by a linear regression (SLR) fitted to the data.
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Figure 2A-7. Yearly rainfall totals vs. water year for the watershed station based values
for the periods covering the combined period of record at the Pithlachascotee River near
New Port Richey gage (A) and the period after (B) relocation of the gage. Slopes are
shown for a Sen-Theil line generated by the Mann-Kendall test and by a linear regression
(SLR) fitted to the data.
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Figure 2A-8. Dry season (October — May) rainfall totals vs. water year for the watershed
station based values for the periods covering the combined period of record at the
Pithlachascotee River near New Port Richey gage (A) and the period after (B) relocation
of the gage. Slopes are shown for a Sen-Theil line generated by the Mann-Kendall test
and by a linear regression (SLR) fitted to the data.
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Figure 2A-9. Wet season (June — September) rainfall totals vs. water year for the
watershed station based values for the periods covering the combined period of record
at the Pithlachascotee River near New Port Richey gage (A) and the period after (B)
relocation of the gage. Slopes are shown for a Sen-Theil line generated by the Mann-
Kendall test and by a linear regression (SLR) fitted to the data.
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APPENDIX 2B

Basso, R. 2014. Technical memorandum, dated February 10, 2014. Subject: predicted
groundwater withdrawal impacts to the Pithlachascotee River based on numerical
modeling results. Southwest Florida Water Management District, Brooksville, Florida.
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Technical Memorandum
February 10, 2014

TO: Sid Flannery, Chief Environmental Scientist, Natural Systems & Restoration
Section
Gary Williams, Ph. D., Senior Environmental Scientist, Natural Systems &
Restoration Section
Tammy Hinkle, Environmental Scientist, Natural Systems & Restoration Section
Veronica Craw, Manager, Natural Systems & Restoration Section

THROUGH: Jerry Mallams, P.G., Manager, Resource Evaluation Section

FROM: Ron Basso, P.G., Senior Hydrogeologist, Resource Evaluation Section

Subject: Predicted groundwater withdrawal impacts to the Pithlachascotee River based
on numerical model results

1.0 Introduction

The Pithlachascotee River is located in southwest Pasco County and contains a drainage basin
area of 182 square miles upstream of the New Port Richey gage (Figure 1). Mean annual
discharge for the Pithlachascotee River near New Port Richey gage averaged 25.5 cubic feet
per second (cfs) or 16.7 million gallons per day (mgd) from April 1963 through November 2010.

Prior to establishment of a Minimum Flow (MF), an evaluation of hydrologic changes in the
vicinity of the river is necessary to determine if the water body has been significantly impacted
by existing groundwater withdrawals. The establishment of the MF for the Pithlachascotee
River is not part of this report. This memorandum describes the hydrogeologic setting near the
river and provides the results of several numerical model simulations of predicted stream flow
change due to existing groundwater withdrawals.

2.0 Hydrogeologic Framework

The hydrogeology of the area includes a surficial sand aquifer; a discontinuous, intermediate
clay confining unit and the thick carbonate Upper Floridan aquifer (UFA). In general, the surficial
aquifer is in good hydraulic connection with the underlying UFA because the clay confining unit
is generally thin, discontinuous, and breeched by numerous karst features. The surficial sand
aquifer is generally a few tens of feet thick and overlies the limestone of the UFA that averages
nearly 1,000 feet thick in the area (Miller, 1986). In between these two aquifers is the Hawthorn
Group clay that varies between a few feet to as much as 25 feet thick. Because the clay unit is
breached by buried karst features and has previously been exposed to erosional processes,
preferential pathways locally connect the overlying surficial aquifer to the UFA resulting in
moderate-to-high leakage to the UFA (SWFWMD, 1996). Thus the UFA is defined as a leaky
artesian aquifer system.

The UFA is the principal aquifer in the watershed area and is the major source of water for
municipal water use. Tampa Bay Water, a regional utility service for portions of Hillsborough,
Pasco, and Pinellas Counties, has seven major wellfields within or adjacent to the
Pithlachascotee River watershed (Figure 1). In the mid-to late 1990s, these wellfields withdrew
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an average annual total of about 120 mgd of groundwater from the UFA. Since 2008,
reductions in groundwater withdrawals as part of the partnership plan reduced TBW withdrawals
from these seven wellfields to approximately 60 mgd from 2008 through 2010.

Figure 1. Location of Pithlachascotee River and drainage basin.

3.0 Numerical Model Results

A number of regional groundwater flow models have included the Pithlachascotee River area.
Ryder (1982) simulated the entire extent of the Southwest Florida Water Management District.

In 1993, the District completed the Northern Tampa Bay groundwater flow model that covered a
2,000 square mile area of Hillsborough, Pinellas, Pasco, and Hernando Counties (SWFWMD,
1993). In

2002, the USGS simulated the entire Florida peninsula in their Mega Model of regional
groundwater flow (Sepulveda, 2002). The most recent and advanced simulation of southwest
Pasco County and the surrounding area is the Integrated Northern Tampa Bay (INTB) model
(Geurink and Basso, 2013). The construction and calibration of this model was part of a
cooperative effort between the SWFWMD and Tampa Bay Water, a regional water utility that
operates 11 major wellfields in the area. The INTB Model covers a 4,000 square-mile area of the
Northern Tampa Bay region (Figure 2).
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An integrated model represents the most advanced simulation tool available to the scientific
community in water resources investigations. It combines the traditional ground-water flow model
with a surface water model and contains an interprocessor code that links both systems. One of
the many advantages of an integrated model is that it simulates the entire hydrologic system. It
represents the “state-of-art” tool in assessing changes due to rainfall, drainage alterations, and
withdrawals.

The model code used to run the INTB simulation is called the Integrated Hydrologic Model (IHM)
which combines the HSPF surface water code and the MODFLOW ground-water code using
interprocessor software. During the INTB development phase, several new enhancements were
made to move the code toward a more physically-based simulation. The most important of these
enhancements was the partitioning of the surface into seven major land use segments: urban,
irrigated land, grass/pasture, forested, open water, wetlands, and mining/other. For each land
segment, parameters were applied in the HSPF model consistent with the land cover, depth-to-

14 Miles

Figure 2. Groundwater grid used in the INTB model.

water table, and slope. Recharge and evapotranspiration (ET) potential were then passed to
each underlying MODFLOW grid cell based on an area weighted-average of land segment
processes above it. Other new software improvements included a new ET algorithm/hierarchy
plus allowing the model code to transiently vary specific yield and vadose zone storages. The
model underwent peer review by a team of outside consultants in early 2013 (West and others,
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2013). Their findings found that the INTB model was “...extremely well conceived, that the
model made good use of the tremendous amount of available data, and that the final
model was well calibrated.”

The INTB model contains 172 subbasin delineations in HSPF (Figure 3). There is also an
extensive data input time series of 15-minute rainfall from 300 stations for the period 1989-1998,
a well pumping database that is independent of integration time step (1-7 days), a methodology
to incorporate irrigation flux into the model simulation, construction of an approximate 150,000
river cell package that allows simulation of hydrography from major rivers to small isolated
wetlands, and GIS-based definition of land cover/topography. An empirical estimation of ET was
also developed to constrain model derived ET based on land use and depth-to-water table
relationships.

The MODFLOW gridded domain of the INTB contains 207 rows by 183 columns of variable
spacing ranging from 0.25 to one mile. The groundwater portion is comprised of three layers: a
surficial aquifer (layer 1), an intermediate confining unit or aquifer (layer 2), and the Upper Floridan
aquifer (layer 3). The model simulates leakage between layers in a quasi-3D manner through a
leakance coefficient term.

Figure 3. HSPF subbasins in the INTB model.
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The INTB model is a regional simulation and has been calibrated to meet global metrics. The
model is calibrated using a daily integration step for a transient 10-year period from 1989-1998.
A model verification period from 1999 through 2006 has recently been added. Model-wide mean
error for all wells in both the surficial (SAS) and Upper Floridan aquifers is less than 0.2 feet.
Mean absolute error was less than two feet for both the SAS and UFA. Total stream flow and
spring flow mean error averaged for the model domain is each less than 10 percent for both the
calibration and verification periods. Further information regarding the construction and calibration
of the INTB model is found in Geurink and Basso (2013).

3.1 INTB Model Scenarios

Seven different groundwater withdrawal scenarios were run with the INTB model using the
pumping period from 1989-2000. Each scenario consisted of turning off pumping in a certain
wellfield or region and then comparing heads and flows with the base model run. The difference
between the zero pumping run and the base run is the predicted impact due to that feature. The
first scenario consisted of simulating the impacts from all groundwater withdrawn within the
Central West-Central Florida Groundwater Basin (CWCFGWB). The area of withdrawals totaled
239.4 mgd (average 1989-2000 conditions) and is shown in Figure 4. The simulated monthly
average stream flow hydrograph of the Pithlachascotee River at the New Port Richey gage
showing both current conditions and zero withdrawals within the CWCFGWB is illustrated in
Figure 5. The predicted mean and median stream flow decline over the 12-year period for the
Pithlachascotee River is 8.3 cfs and 4.5 cfs, respectively due to 239.4 mgd of groundwater
extraction in the CWCFGWB. Figures 6 and 7 depict the predicted mean drawdown in the surficial
and Upper Floridan aquifers over the 12-year simulation period due to pumping in the
CWCFGWB.
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Figure 4. INTB scenario 1 where impacts to the hydrologic system were simulated due to groundwater withdrawals
of 239.4 mgd (1989-2000 average) in the shaded area.
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Figure 5. Simulated monthly stream flow to the Pithlachascotee River near New Port Richey due to 239.4 mgd of
groundwater withdrawn and zero pumping within the Central West-Central Florida Groundwater Basin.
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Figure 6. Predicted mean drawdown in the Surficial Aquifer due to 239.4 mgd of groundwater withdrawals within the
Central West-Central Florida Groundwater Basin from 1989-2000.
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Figure 7. Predicted mean drawdown in the Upper Floridan Aquifer due to 239.4 mgd of groundwater withdrawals
within the Central West-Central Florida Groundwater Basin from 1989-2000.

To estimate the historic impact on stream flow, seven major wellfields within or near the
Pithlachascotee Basin were modeled either individually (Eldridge-Wilde, Cosme-Odessa, Section
21, and South Pasco) or as groups (Cypress Creek-Cross Bar and Starkey-North Pasco).

Table 1 summarizes the mean and median flow declines as predicted by the INTB model for
each scenario. Appendix A depicts the predicted drawdown in the surficial and Upper Floridan
aquifers for each of the six scenarios.

4.0 Estimation of groundwater impacts to Pithlachascotee River Flow from 1955 to 2007

The earliest groundwater withdrawals for public supply began as early as the 1930s at Cosme-
Odessa wellfield. However, stream flow measurements did not originate from the New Port
Richey gage on the Pithlachascotee River until 1963. After Cosme-Odessa, the Eldridge—Wilde
wellfield began pumping in 1956. Thereafter, Section 21, South Pasco, and the Starkey
wellfield initiated withdrawals in 1963, 1973, and 1976, respectively. In 1976 and 1980, Cypress
Creek and Cross Bar wellfields began operations, respectively. All of these wellfields extracted
a combined average of about 120 mgd during the 1990s. Figure 8 displays the groundwater
withdrawal history of these wellfields that are within or near the Pithlachascotee River Basin.
Since 2008, reductions in groundwater withdrawals as part of the partnership plan reduced TBW
central system wellfield withdrawals from approximately 150 mgd to 90 mgd. Groundwater
withdrawals from the seven major wellfields within or near the Pithlachascotee Basin averaged
about 60 mgd from 2008 through 2010.
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To estimate the approximate impact to the Pithlachascotee River through time due to groundwater
extraction, a ratio of stream flow decline of the Pithlachascotee River at the New Port Richey gage
per one mgd groundwater withdrawal quantity was calculated for each of the wellfields based on
the scenario runs (Table 1). Due to their distance from the Pithlachascotee River watershed, both
the

Table 1. Description and results of changes to Pithlachascotee River stream flow from seven
different INTB model scenarios (1989-2000 simulation period).

Mean Stream Flow Median Stream Flow
Model Groundwater Reduction (cfs) Reduction (cfs)
Scenario Extraction Pithlachascotee Pithlachascotee
No. (mgd)* Description River near New Port | River near New Port
Richey Richey
Central West-central
1 239.4 Florida Groundwater 8.3 4.5
Basin
Starkey, North Pasco
2 14 .4 Wellfields 4.4 3.2
Cypress Creek and
3 57.5 Cross Bar Wellfields 25 04
Eldridge-Wilde
4 27.6 Wellfield 0.2 0.2
South Pasco
5 15.5 Wellfield 0.2 0.1
6 10.8 Section 21 Wellfield 0 0
Cosme-Odessa
7 10.7 Wellfield 0 0

* = 1989-2000 Average Quantities
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Figure 8. Groundwater withdrawal history from seven wellfields within or near the Pithlachascotee River Basin.
Cosme-Odessa and Section 21 wellfields have a negligible impact on Pithlachascotee River
flow. In addition to these wellfields, one cfs of impact to Pithlachascotee River flow is predicted
from the model from all other users. Description and results of changes to Pithlachascotee
River stream flow from seven different INTB model scenarios (1989-2000) are found in Table 1.
The seven TBW wellfields account for 88 percent of total predicted mean flow decline at the
New Port Richey gage due to groundwater withdrawals.

The projected decline in Pithlachascotee River stream flow through time was developed by
multiplying the mean and median flow declines per mgd of pumping listed in Table 1 by the
actual wellfield extraction through time. The flow decline was estimated each year beginning in
1955 and ending in 2007 based on each year’s distribution of average annual wellfield
withdrawals.

The total projected stream flow decline from other users was simply incrementally apportioned
through time from 1955 to the full impact in 1993 since water use history of these withdrawals is
poorly understood. After 1993, other user’s impact was held steady. The chronological history
of projected impacts to Pithlachascotee River stream flow is shown in Figure 9 and summarized
in Table 2.

5.0 Estimation of groundwater impacts to Pithlachascotee River Flow from 2008 to 2010

Due to implementation of the partnership plan, TBW’s groundwater withdrawals declined
significantly from 2008 through 2010. Groundwater withdrawals during 2008 through 2010 from
the TBW central system wellfields averaged 85.8 mgd. Groundwater withdrawals from the
seven wellfields previously modeled averaged 59.3 mgd from 2008 through 2010. The INTB
model was run again to simulate the impacts from all groundwater withdrawn within the Central
West-Central Florida Groundwater Basin (CWCFGWB). Except this time, the model was run
from 1996 through 2006 and TBW wellfield pumpage was adjusted to match their recovery
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quantities of 90 mgd from their central system wellfields. The TBW wellfield distribution run for
this 11-year period was based
on calendar year 2008 adjusted slightly upward to account for a total of 90 mgd.

The area of withdrawals totaled 184.3 mgd (average 1996-2006 conditions). The results of this
simulation was again compared to the zero withdrawal simulation within the basin. Based on the
INTB model results, current mean and median withdrawal impacts to Pithlachascotee River
stream flow at the New Port Richey gage from all users are 5.2 and 2.2 cfs, respectively, based
on current conditions. TBW wellfield mean and median withdrawal impacts to Pithlachascotee
River stream flow at the New Port Richey gage represent 4.0 and 1.6 cfs, respectively, of the
total impact. As a note of caution, varying the distribution of individual wellfield pumping will
result in differing groundwater withdrawal impacts to the Pithlachascotee River. In this case, we
assumed a distribution that closely matched 2008. Actual wellfield pumping may vary
significantly from this distribution in the future.

Figure 9. Projected mean and median annual stream flow impact to the Pithlachascotee River at New Port Richey
gage due to groundwater withdrawals in the region (1955-2007).
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Table 2. Projected mean and median annual stream flow impact to the Pithlachascotee River at New Port Richey gage due to groundwater

withdrawals (1955-2007).

TBW Mean TBW Median Other User Mean Other User Median Total Mean Total Median
Wellfield Pith River Impact | Pith River Impact Pith River Impact Pith River Impact Pith River Impact | Pith River Impact
Year Total (mgd) at NPR (cfs) at NPR (cfs) at NPR (cfs) at NPR (cfs) at NPR (cfs) at NPR (cfs)
1955 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1956 6.0 0.0 0.0 0.0 0.0 0.1 0.1
1957 7.5 0.1 0.1 0.1 0.0 0.1 0.1
1958 7.8 0.1 0.1 0.1 0.0 0.1 0.1
1959 7.7 0.1 0.1 0.1 0.1 0.2 0.1
1960 11.0 0.1 0.1 0.1 0.1 0.2 0.2
1961 14.0 0.1 0.1 0.2 0.1 0.3 0.2
1962 14.0 0.1 0.1 0.2 0.1 0.3 0.2
1963 15.5 0.1 0.1 0.2 0.1 0.3 0.2
1964 16.0 0.1 0.1 0.2 0.1 0.3 0.3
1965 16.1 0.1 0.1 0.3 0.2 0.4 0.3
1966 17.4 0.1 0.1 0.3 0.2 0.4 0.3
1967 20.6 0.1 0.1 0.3 0.2 0.4 0.3
1968 21.6 0.2 0.2 0.3 0.2 0.5 0.4
1969 23.1 0.2 0.2 0.4 0.2 0.5 0.4
1970 26.6 0.2 0.2 0.4 0.2 0.6 0.4
1971 30.5 0.2 0.2 0.4 0.2 0.6 0.5
1972 34.8 0.3 0.3 0.4 0.3 0.7 0.5
1973 45.6 0.4 0.3 0.5 0.3 0.8 0.6
1974 50.3 0.5 0.3 0.5 0.3 0.9 0.6
1975 46.5 0.8 0.6 0.5 0.3 1.3 0.9
1976 52.6 1.1 0.7 0.5 0.3 1.6 1.1
1977 57.4 1.6 0.9 0.6 0.3 2.1 1.2
1978 68.8 2.1 1.0 0.6 0.3 2.7 1.3
1979 75.0 2.5 1.1 0.6 0.4 3.1 1.4
1980 78.8 2.8 1.1 0.6 0.4 3.4 1.5
1981 81.3 3.2 1.2 0.7 0.4 3.8 1.6
1982 80.9 3.2 1.3 0.7 0.4 3.9 1.7
1983 84.1 4.2 2.0 0.7 0.4 4.9 2.5
1984 94.1 4.8 2.4 0.7 0.4 5.5 2.9

2B-14




1985 94.7 5.0 2.6 0.8 0.5 5.7 3.0
1986 98.1 5.4 2.8 0.8 0.5 6.2 3.2
TBW Mean TBW Median Other User Mean Other User Median Total Mean Total Median
Wellfield Pith River Impact | Pith River Impact Pith River Impact Pith River Impact Pith River Impact | Pith River Impact
Year Total (mgd) at NPR (cfs) at NPR (cfs) at NPR (cfs) at NPR (cfs) at NPR (cfs) at NPR (cfs)
1987 99.2 5.7 2.9 0.8 0.5 6.5 3.4
1988 104.8 6.2 34 0.8 0.5 7.0 3.9
1989 109.5 6.6 3.6 0.9 0.5 7.5 4.1
1990 112.3 6.9 3.7 0.9 0.5 7.8 4.2
1991 103.5 6.7 3.6 0.9 0.5 7.6 4.2
1992 106.5 6.6 34 0.9 0.6 7.6 3.9
1993 109.8 7.2 3.9 1.0 0.6 8.2 4.5
1994 107.1 6.9 3.8 1.0 0.6 7.8 4.4
1995 104.2 6.9 3.8 1.0 0.6 7.9 4.4
1996 101.1 6.4 3.4 1.0 0.6 7.4 4.0
1997 101.3 6.6 3.6 1.0 0.6 7.6 4.2
1998 97.3 6.6 3.7 1.0 0.6 7.6 4.3
1999 101.8 6.8 3.8 1.0 0.6 7.8 4.4
2000 111.6 6.8 3.6 1.0 0.6 7.8 4.2
2001 93.1 6.1 3.3 1.0 0.6 7.1 3.9
2002 86.4 6.2 3.5 1.0 0.6 7.2 4.1
2003 50.2 5.2 3.4 1.0 0.6 6.2 4.0
2004 57.2 6.0 3.8 1.0 0.6 7.0 4.4
2005 65.5 5.5 3.1 1.0 0.6 6.5 3.7
2006 71.1 5.9 3.4 1.0 0.6 6.9 4.0
2007 71.4 5.5 3.1 1.0 0.6 6.5 3.7
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Appendix A
(Surficial and Upper Floridan Aquifer Average Drawdown by Wellfield for the period 1989-2000)
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Predicted mean drawdown in the surficial aquifer due to Cosme-Odessa wellfield withdrawals from 1989-2000.
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Predicted mean drawdown in the Upper Floridan aquifer due to Cosme-Odessa wellfield withdrawals from 1989-
2000.
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Predicted mean drawdown in the surficial aquifer due to Section 21 wellfield withdrawals from 1989-2000.
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Predicted mean drawdown in the Upper Floridan aquifer due to Section 21 wellfield withdrawals from 1989-2000.
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Predicted mean drawdown in the surficial aquifer due to South Pasco wellfield withdrawals from 1989-2000.
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Predicted mean drawdown in the Upper Floridan aquifer due to South Pasco wellfield withdrawals from 1989-2000.
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Predicted mean drawdown in the surficial aquifer due to Eldridge-Wilde wellfield withdrawals from 1989-2000.
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Predicted mean drawdown in the Upper Floridan aquifer due to Eldridge-Wilde wellfield withdrawals from 1989-2000.
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Predicted mean drawdown in the surficial aquifer due to Starkey-North Pasco wellfield withdrawals from 1989-2000.

2B-26



Predicted mean drawdown in the Upper Floridan aquifer due to Starkey-North Pasco wellfield withdrawals from 1989-
2000.
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Predicted mean drawdown in the surficial aquifer due to Cypress Creek and Cross Bar wellfield withdrawals from
1989-2000.
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Predicted mean drawdown in the Upper Floridan aquifer due to Cypress Creek and Cross Bar wellfield withdrawals
from 1989-2000.
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INTRODUCTION

The Pithlachascotee (Cotee) River system survey project included: 1) the
Pithlachascotee (Cotee) River and all the side creeks, 2) the Millers Bayou, and 3) the
river mouth area. The project included two tasks: 1) mapping of the shoreline and 2)
surveying of the bathymetry.

The shoreline configuration was mapped in the field using a RTK (Real-Time
Kinematics) global positioning system (GPS). The shoreline position was obtained by
navigating the survey vessel along the shoreline. The bathymetry was measured using a
synchronized precision echo sounder with the GPS. Sections across the water body and

centerlines were surveyed.

STUDY AREA

The project area along the Pithlachascotee (Cotee) River system is shown in Figure 1.
The survey extended from its entrance to Gulf of Mexico to approximately 300 river
meters upstream of Rowan Road, which is roughly 1800 meters downstream of the Little
Road intersection and the furthest upstream location we could reach due to many
blockages by falling trees. All the navigable branches and side creeks were included in
the survey. Miller Bayou and the associated canals are also surveyed. The bathymetry
measurement included cross-section surveys spaced at 500 ft (150 m) or less and at least
one centerline survey. At narrow sections of the river, zigzag survey lines were
sometimes added to ensure adequate coverage and are considered part of the river

centerline. The shoreline of the main river and all the branches were mapped in the field



by navigating the survey vessel along the shoreline. To cover the entire stretch of the

river, the GPS base station (control point) was established at two different locations.

Figure 1. Study area at the Pithlachascotee (Cotee) River and Millers Bayou system.
The project area is within the red lines.



FIELD METHODOLOGY

A 24-ft pontoon boat and a 15-ft aluminum boat were used for the shoreline and
bathymetry survey (Figure 2). Both boats require only 1 ft (0.3 m) or less draft, but needs
calm water to operate. The smaller boat was used to survey the shoreline and most of the
narrow tidal creeks and the upper stretch of the river. These boats are ideal for this

project.

Figure 2. The survey vessels, upper: the pontoon boat; lower: the 15-ft aluminum boat.



Shoreline Mapping

The shoreline was mapped with the RTK GPS mounted on board the survey vessels.
The shoreline positions were obtained by navigating the survey vessel as close to the
vegetated shoreline as possible. In the present study, the shoreline is defined as the clear
boundary between vegetated land and water. Same definition would apply to digitize
shoreline from aerial photos or maps. Given the relatively low tidal range, typically less
than 3 ft (1 m), the shoreline (as defined here) position is not significantly influenced by
tidal water-level variations in most areas. The shoreline survey was mostly conducted
during high tide. Most of the vegetated boundary remains clear regardless of tidal stage.

The shoreline survey was conducted using the 15-ft boat. The shoreline mapped here
is typically 3 to 6 ft from the actual vegetation line along the riverbank. Given the typical
width of several hundred feet, this limitation should not have any significant influence on
the mapping of the river configuration. However, this limitation may induce considerable
uncertainty in the shoreline position at some of the narrow creeks, simply because 3- to 6-
ft length equals a considerable portion of the creek width.

The upper stream of Pithlachascotee (Cotee) River is very narrow and covered, from
bank to bank at most places, by heavy vegetation. The quality of the GPS receiving is
influenced by the vegetation coverage. Along a large portion of the river upstream of the
Colony Cove mobile home park, the RTK GPS encountered constant difficulties of
acquiring “fixed” position (the “fixed” reading from RTK GPS provides accurate
position). A WAAS-enabled sub-meter accuracy DGPS was used to supplement the

RTK GPS at places with dense vegetation.



The positions of the actual shoreline, used in the generation of a final map, were
corrected during the data processing phase by manually moving the survey points about
4.5 feet (1.5 m) landward, as discussed and agreed with the SWFWMD researchers. The
moved shoreline, or edited shoreline, position is double-checked with rectified LABIN
aerial photos. At places where the surveyed shoreline was obviously far from the actual
shoreline due to protruding docks, very shallow water, rock outcrops, or protruding
vegetation, the LABIN photo was used to position the moved shoreline. No elevation
values were assigned to this “edited” shoreline position. Water depth was measured
during the mapping of the shoreline. These water depths were used in the mapping of the
bathymetric contours.

The software HYPACK version 6.2 was used to manage the sampling of the RTK
GPS system and the Odom survey grade echo sounder. Dynamic sampling regulated
largely by the quality of the RTK GPS position reading was conducted using this newest
version of HYPACK. The close spacing reduced the uncertainty of interpolation between
points. Given the complicated shoreline configuration, closely spaced sampling is
important for accurate mapping.

Additional uncertainties in the shoreline mapping were caused by obstacle intrusions,
both natural and artificial. Along some parts of the populated shoreline, the protruding
boat docks caused some uncertainties for shoreline mapping (Figure 3). The survey
vessel had to be navigated around the docks. The relative errors caused by the boat docks
are not high because they tend to concentrate in areas with relatively wide water body.

The shoreline mapping is also influenced by various protruding natural objects,

particularly overturned tree trunks. These tree trunks might become dangerous



navigational hazard because many of them extending underwater. The survey vessel had
to be navigated around them. Another shoreline-mapping obstacle is the low
overhanging trees (Figure 4). It was not possible for the survey vessel to be navigated
under the trees. Therefore, the vessel had to deviate from the shoreline to avoid the trees.
Some of the obvious shoreline intrusions, e.g., those that created a sharp concave
shape along an otherwise straight stretch of shoreline, were corrected in the lab during the
processing of the shoreline data. Also, field notes were taken at some of the substantial
intrusions. These were also corrected based on the field notes, and rectified 2006 DOQQ

aerial photos.

Figure 3. Protruding boat docks caused some problem in shoreline mapping.



Figure 4. Protruding palm trees caused some problem in the shoreline mapping.

These obstacles, both artificial and natural, did not have significant influence on the
shoreline mapping along most of the river. Their impacts were mostly scarce and local.
Limited by the scope and budget of the present project, most of their locations were not
marked in the shoreline mapping. These artificial and natural protruding obstacles had
minimal impact on the bathymetry survey. The survey lines were selected such that the
obstacles were avoided. However, along the very narrow upper stream of Pithlachascotee
(Cotee) River, as discussed above, the dense vegetation had considerable influence on the

survey.



Bathymetry Survey

The bathymetry was measured with a narrow-beam (2.8 degrees) echo sounder. The
narrow beam sensor was designed to obtain accurate depth measurement over steep
slope, which is ideal for the present project. The sensor was mounted at 18 cm below the
water surface on the pontoon boat (Figure 5) and 12 cm below on the aluminum Jon boat.
The sensor has a minimum range of approximately 20 cm. Therefore, the minimum
measurable water depth for the present system is roughly 30 cm.

Under most circumstances, the cross-section survey lines are roughly perpendicular to
the shoreline (Figure 6). The cross-section survey lines were space at 500 ft (150 m) or
less to ensure adequate spatial coverage. Additional survey lines were added at areas
with complicated bathymetry. A considerable portion of the upstream reach of the
Pithlachascotee (Cotee) River and some of the creeks and are too narrow, e.g., less than
60 ft (18 m) wide. A large portion of the creek could not be covered by the survey vessel
simply because the river is too narrow for the vessel to go across. In this case, in addition
to cross sections, a survey line following a zigzag pattern over mostly the center of the
creek was added. A centerline was surveyed over the entire project area.

The echo sounder is synchronized and co-located with the GPS system. The GPS
yields horizontal position, in terms of latitude and longitude, and the echo sounder
provides water depth measured at the same time as the geographic position. The survey

was administrated using the most recent HYPACK survey software version 6.2.



Figure 5. The survey echo sounder was mounted at 18 cm below water surface.

Figure 6. Surveying cross sections.
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Several sources may induce errors in the survey. The soundings sometimes collected
abnormal readings in shallower water, mostly when water depth became shallower than
0.3 m in combination with relatively rough conditions. This is particularly notable in
areas of dense river bottom vegetation. Occasionally, the echo sounder will return a
reading of zero under these circumstances. These erroneous readings were removed
during the data processing. The reason for zero soundings recorded in Hypack is
attributed to the echo sounder processing algorithms.

Occasionally, the echo sounder returned a reading that was apparently twice the water
depth (Figure 7). This seems to be caused by multiple reflections of the sound signal,
i.e., the signal was reflected back and forth twice between the bottom and the sensor.
Very rarely the signal was reflected back and forth for more than two times. These points
were corrected by simply dividing the recorded depth by the number of multiple
reflections. The data processing part of the Hypack software provides a routine to correct
these apparent multi-reflections. The program will check the general trend of water depth
and compare with adjacent depth. If a point was approximately twice of those adjacent
measurement, it would be corrected by dividing by two. Figure 7 illustrates the multiple
reflections and the corrected water depth (solid square). The reason for the multiple
reflections is not clear. Bottom conditions, e.g., hard sand and oyster-reef bottom versus
soft mud bottom, may have some influences. The HYPACK software also allows a

certain degree of data smoothing during the initial data quality check and processing.
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Figure 7. Multiple reflections in the echo sounder record. The solid squares are
corrected water depth. An example of a cross section at Peace River (from an earlier
SWFWMD project).

Because the echo sounder is mounted on a floating platform, wave motions can cause
errors in the measurement. Various software packages are available to remove
uncertainties caused by wave motion. Typically, a certain filter is applied to remove
regulated wave motions. For the present project, influences of wave motions were
minimal due to the relatively restricted water bodies.

The field operation over relatively open water, e.g., at the Cotee River entrance, was
conducted during calm conditions to minimize influences of waves. No field operation
was conducted when the waves were higher than 1 ft. The waves in the project area were
largely local-wind generated, with short wavelength and wave period. Most of the time,
the wavelength is shorter than the length of the survey vessel. Motions caused by these

short waves are not apparent in the record and are not possible to remove. Given that all
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the field operations were conducted with waves far less than 1 ft, it was decided that
wave-motion filtering was not necessary and was not likely to improve the data accuracy.

Wave motions seemed to have some influence on the performance of the echo
sounder. Under relatively rough conditions, more zero readings and more multiple
reflections were observed. The reason for the reduced sensor performance under rough
conditions is not clear. The wave motion may also induce pitch and roll of the survey
vessel. The influences of the pitch and roll are not apparent in the data record. It was
difficult to detect because of the short wave period and wavelength, which tend to induce
rather irregular motion. No procedure was adopted to remove the potential influence of
pitch and roll. Their influences are believed to be negligible for this project, due to
narrow water body of the Cotee River.

Another uncertainty associated with the floating platform survey was caused by the
tidal water-level variations. A large portion of the study area is influenced by tides, both
astronomical and meteorological. To improve the sensor performance, especially in
shallow areas, the field operations were mostly conducted during high tides. It is
necessary to remove the influence of tidal water-level variations. The elevation of the
water surface was measured by the RTK GPS. The trend of tidal water level change was
clearly reflected in the GPS elevation measurements. The elevation of the bed level is
obtained by subtracting the depth reading obtained from the echo sounder from the water
surface elevation obtained from the RTK GPS. This is an improvement from the
previous method of using tidal gages that are distributed typically several miles apart.

The vertical datum NAVDS88 was used in the survey.
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Data Format and Organization
The horizontal latitude and longitude positions were recorded by the GPS in reference
to NAD83. The latitude and longitude positions were converted to Florida State Plane
coordinates (NAD 83) and UTM 17, in meters, using the CORPSCON (Version 5)
software developed by the U.S. Army Corps of Engineers. The digital files are submitted
in the formats of Excel spreadsheet and ASCII Text. The data are submitted in four sets
includes:
Set I: Surveyed data, which include
a) Surveyed shoreline positions in Florida State Plane and UTM 17 coordinates
in meters and elevations in centimeters (NGVD88 — cm);
b) Surveyed centerline positions in Florida State Plane and UTM 17 coordinates
in meters and elevations in centimeters (NAVD88 — cm);
c) Surveyed cross-sections in State Plane and UTM17 Northing in meters, State
Plane and UTM17 Easting in meters, and elevation in centimeters (NAVD88-
cm);
Set II: Edited data, which include
a) Edited shoreline positions in UTM17 coordinates in meters with no elevation
information;
b) Edited centerline positions in UTM17 coordinates in meters and elevations in
centimeters (NAVDS88 — cm), largely the same as the surveyed data;
c) Edited cross-sections in UTM17 Northing in meters, UTM17 Easting in
meters, and elevation in centimeters (NGVD88-cm), largely the same as the

surveyed data;
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Set IIl: ~ GIS maps including the bathymetry contour and shoreline maps of the
entire project area, in UTM17 coordinate system.
Set IV:  JPG format of the GIS maps including the bathymetry contour and

shoreline maps of the entire project area.

The GIS maps are preliminary in the sense that detailed work to improve the map
presentation was not conducted. However, the data processing was completed. The
details of the contour maps can also be improved by improving the data interpolation
schemes in areas with complicated sinuosity. However, the overall bathymetric
characteristics are clearly reflected in the present maps. It is beyond the scope of this
project to produce detailed local bathymetry maps although the coverage of the field data
is adequate to do so. It is worth emphasizing that the bathymetry here is interpreted by
the USF researchers and may be different from other interpretations, although the

differences are expected to be minor.

Deliverables

The final deliverables include a final report, consisting of two parts. Part I (this
volume) documents the field operation procedures, data processing schemes, estimates of
uncertainties, and data organization. Part II (accompanying volume) includes the GIS
maps (in UTM17 Coordinates in meters, bathymetry in centimeters). All the processed

data are delivered on one CD with each set as one folder.
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1.0 Introduction

The Southwest Florida Water Management District (SWFWMD) is responsible for protection
and management of water resources in southwest Florida. Establishment of minimum flows
and levels (MFLs) for freshwater streams and estuarine waters is one of SWFWMD’s
charges. To that end, the project objectives are to quantify the relationship of physical
characteristics, particularly salinity, and the spatial distribution of benthic macroinvertebrates
in the Pithlachascotee River.

1.1 Minimum Flows and Levels

Florida Statute 372.042 defines MFLs as “the limit at which further withdrawals would be
significantly harmful to the water resources or the ecology of the area.” MFLs are not static
and vary seasonally and spatially. The MFL process establishes relationships between key
ecological components, such as salinity and flow, to the structure of biological communities,
such as benthic macroinvertebrates.

1.2 Benthic Macroinvertebrates

Benthic macroinvertebrates are small, typically sedentary, bottom-dwelling organisms that
live on or in sediments of waterbodies or wetlands. Examples include shrimp, snails, worms,
aquatic insects, and clams, among others. Benthic macroinvertebrates are ecologically
important organisms in food webs and are integral in establishing trophic structure of an
aquatic ecosystem. They also mix the sediments allowing exchange of oxygen, nutrients and
pollutants between the water column and the bottom. Because of their inability to escape
exposure to changing conditions (relative to more motile aquatic fauna), benthic
macroinvertebrates are often used to assess the condition of an aquatic system since they
integrate numerous environmental factors over time spans exceeding those of typical water
quality monitoring programs.

1.3 Relationship between Flow and Benthos

Flow regimes are an important characteristic of a river influencing a wide array of biological
communities, including benthic macroinvertebrates. Flow is a measure of both volume and
velocity and is typically measured in cubic feet per second (cfs) of water. Additionally, flows
affect salinity, dissolved oxygen, sediments, and nutrients.

Salinity of tidal rivers shift based on flow conditions and tidal state. Salinity affects the
biological communities of the rivers, including the benthic community. A species distribution
and abundance, as well as the community structure, are affected by salinity. Under low flow
conditions, estuarine species habitat will increase upstream. Conversely, under high flow
conditions, some freshwater species may occupy sediment areas farther downstream.

Changes in freshwater inflow can affect the benthic community structure, alter the availability
of sediment types, and change water chemistry. The dynamic shifts that occur between
freshwater and estuarine benthic species in a tidal river are driven by the osmotic tolerances
of the individual species. In general, estuarine species are better adapted to these changes
than are freshwater species. Also, sediment type significantly affects the type of benthic
community present. An altered salinity regime along a reach of river can exclude those
benthic organisms that normally inhabit a given sediment or substrate type. River inflows
alter residence times and stratification, ultimately influencing availability of dissolved oxygen
along the river course. Water quality constituents, such as nutrients and metals, become
more concentrated at lower flows. Increased residence times under low flow conditions allow
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phytoplankton to take up more nutrients, whereas under high flow conditions downstream,
nutrient loading is increased. Sediment loading increases during periods of higher flow and
can bury and suffocate benthic communities.

The type of substrate available in a stream for colonization by benthic organisms is
determined by native soil material and geology, current velocity, and organic inputs.
Substrate composition is also affected by grain size and the interstitial space between the
grains. In general, increased substrate stability and presence of organic detritus as a food
resource lead to an increase in invertebrate abundance and diversity.

1.4 Quantitative Response of Benthos to Changes in Freshwater
Inflow

Benthic macroinvertebrates integrate responses to direct and indirect changes in freshwater
inflows in tidal rivers. Although a high degree of natural variation exists, predictable
responses can be discerned in species distribution, abundance, and composition. Species
distributions are controlled by the degree to which the invertebrate fauna can physiologically
adapt to changing water chemistry, particularly salinity. Species abundances are affected by
altered flow due to: increased stress placed on individual species at the extremes of optimal
salinity ranges; differential affects on early life stages of the organism, and affects on the
availability of prey organisms. Community structure depends upon the integration of species
presence and abundance on the entire benthic community. Measurements of the benthic
community response to altered freshwater flows include the univariate metrics, species
richness, abundance, and diversity among others. Multivariate ordinations and multivariate
procedures can be used to assess responses at the community level.

1.5 Study Area

The Pithlachascotee watershed begins in south-central Hernando County, and the
headwaters of the river is Crews Lake in northern Pasco County. The drainage basin
extends approximately 195 square miles (Figure 1-1; USGS 2009a, Station 02310308 at
Main Street, New Port Richey, Florida). The Pithlachascotee is a blackwater river that flows
approximately 25 miles (40 km) southwest through Pasco County and empties into the Gulf
of Mexico through Millers Bayou at Port Richey (SWFWMD 2001). Tributaries of the
Pithlachascotee River include Five-mile Creek which is approximately 20 miles (32 km)
upstream of the mouth of the river. The river is highly urbanized in its lower reaches and is
tidally influenced. Submerged aquatic vegetation is present in shallow areas at the river
mouth approximately to river kilometer (RK) 0.3. Stream-side hardened river banks occur
from the mouth of the river to approximately RK 7.5. The study area includes those portions
of the Pithlachascotee River from approximately RK 11.0 at Rowan Road downstream to the
mouth.
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Figure 1-1. The Pithlachascotee River and Drainage Basin.
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The source of freshwater to the Pithlachascotee River is largely from rainfall and surface
water runoff, rather than artesian flow from the Floridan Aquifer. Flow from Crews Lake to the
river is not directly monitored. Discharge from the lake to the river occurs when lake levels
exceed 54.1 feet NGVD at a high spot in the riverine wetlands south of the lake (Ardaman &
Associates, Inc. 2007). At RK 16.9 (USGS Station 02310300), the river has no flow at times
during the dry season for the period of record March 1963 to present (USGS 2009b). Peak
flow at this monitoring station occurred in September 1988 of 1480 cfs, and average annual
flow has varied from 0.4 cfs (2007) to 67.2 cfs (1967) for the period of record.

Historical data show brackish water rarely penetrating above RK 12 (personal
communication with Sid Flannery, SWFWMD, 2009). Coble (1973) showed the upstream
extent of the transitional zone (mixing of salt and freshwater) to be at 9.6 RK. SWFWMD and
USF (1997) described the extent of saltwater influence extending to between approximately
RK 9.0 and RK 11.0. Salinity characteristics were investigated by the SWFWMD at six
locations and analyses between flow and salinity were reported in Dames & Moore and
Environmental Research and Design (1991). The most upstream site at mile 6.11 (RK 9.8)
had limited saltwater influence with maximum salinity of 2 parts per thousand (ppt) at
insignificant river flow. Salinity was below 0.5 ppt for river flows over 5 cfs. This study
concluded that the upstream extent of salt water influence was between Rowan and Little
Roads (upstream of RK 11.0).

Previous studies and reports on the Pithlachascotee River watershed from Crews Lake
downstream include river water quality assessment and management (Coble 1973; Dames &
Moore and Environmental Research and Design 1991; SWFWMD and USF 1997; FDEP
2009), floodplain analyses and flood profiles (Coble 1973; Turner, et al. 1979; Ghioto &
Associates 1996 and 1997; Kane 2005), syntheses of the area (Cherry et al. 1970; Wolfe
1990; Estevez et al. 1991; SWFWMD 2001), and Crews Lake water quality and management
(Mote Marine Laboratory 1992; SWFWMD 2006; Ardaman & Associates 2007).

2.0 Methods
2.1 Field Methods

Water & Air staff conducted benthic infauna sampling, sediment sampling, water column
physical-chemical measurements, and oyster bed mapping during a period of dry, low flow
conditions on May 13-14, 2009 in the saline/brackish areas of the lower river, downstream of
river kilometer RK 12.0.

Oyster beds and resources were mapped at low tide from the river mouth to their upstream
extent. Locations of emergent oyster beds were recorded using a GPS. Data collected
included oyster bar orientation, presence of live oysters, and presence of emergent
vegetation. In addition, the location and presence of encrusting oyster clumps was noted on
both man-made and natural substrates along the river course.

Benthic infauna sampling transects were established at the following locations: RK 0, 2, 3.5,
5,6.5, 8, 9.5, 10.5, and 11.2 (Figure 2-1). Benthic infauna samples were collected using a
stainless steel petite Ponar dredge with sample surface area of 0.0232 square meters. Three
sample grabs were collected at varying depths across the river channel at each transect
location. Each benthic sample was placed in a plastic bag with magnesium sulfate solution
added to relax the organisms. Bags were placed on ice until further processing and
preservation was completed within 12 hours of sample collection. Samples were sieved
using a 500-um mesh screen to remove fine sediments. Sieved samples were placed in
plastic wide-mouth containers of appropriate size and fixed in 10% buffered formalin with
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Rose Bengal stain added to the solution to facilitate sorting efficiency in the laboratory. Water
temperature, dissolved oxygen, salinity/conductivity, and pH were measured at the water
surface, just above the bottom and at one-meter intervals between surface and bottom.
Three sediment samples were collected and composited at each transect for grain size
analysis (gravimetric method) and organic fraction (loss on ignition) analyses.

Figure 2-1. Location of Benthic Infauna and Sediment Sampling Stations in the Pithlachascotee
River.
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2.2 Laboratory Methods

Benthic infauna samples were processed and analyzed in Water & Air’s biological laboratory
using methods and quality assurance checks consistent with Water & Air's Quality Manual.
Macroinvertebrates were identified and enumerated to the Lowest Practical Identification
Level, usually to species or genus level. Analysis of sediment grain size distribution was
performed by MACTEC, Jacksonville, Florida using methods ASTM D 422 and ASTM D
1140. Analysis of organic content of sediments as percent volatile solids by wet weight was
performed by Advanced Environmental Laboratories, Gainesville, Florida.

2.3 Data Analysis

The biological, chemical, and physical data were entered into a database and reviewed for
accuracy. Both pooled and unpooled data were statistically analyzed using a variety of
univariate, regression, and multivariate techniques available through Primer and MINITAB
statistical software programs as described below. Particular emphasis was given to analysis
of relationships between univariate biological metrics and chemical parameters that are
known to influence macroinvertebrate spatial distribution and are known to be affected by
water flow (e.g., salinity).

2.3.1 Historical and Primary Data

Historical salinity and flow data provided by Sid Flannery, SWFWMD, were reviewed. Data
included in the review were measured at longitudinal river locations in close proximity to the
benthic infauna sampling location chosen for the current study. Trend analysis of historical
flow data was performed using fitted time series values in a linear trend model. Historical
(1985-1987) longitudinal mean salinity values were compared with current data.

Other studies relating benthic macroinvertebrate communities to salinity conditions in
southwest Florida rivers in the context of minimum flows and levels assessments have
utilized salinity and/or flow data for antecedent periods (often 30 days) prior to sampling as a
factor explaining distribution and occurrence of benthic fauna (Grabe and Janicki 2007;
Janicki 2007; Mote Marine Laboratory 2003). While the merits of this approach are
recognized, this approach was not feasible for the current study. Antecedent water quality
data were not available for the study area. Flow data were available (for USGS flow station
02310300 at river kilometer 16.9), but zero flow was recorded for this station from

March 9, 2009, through the sampling dates of May 13-14, 2009, and no flows were recorded
over 1 cfs after February 9, 2009.

Assuming this station represents most or all of the freshwater input to the sampling reach,
the lack of flow precludes including antecedent data in the analyses. The lack of flow for an
extended period prior to sampling provides some assurance that the physico-chemical data
recorded at the time of sampling represented the conditions present during development of
the benthic communities sampled in the study reach, and provides some justification for the
use of these data in the analyses.

The primary data collected and analyzed from the Pithlachascotee River include: river
location (as RK from the river mouth), water quality data from sample locations
(conductivity/salinity, temperature, dissolved oxygen, and pH), sediment characteristics,
benthic macroinvertebrate data, and oyster resource location. The benthic macroinvertebrate
data were used to calculate community metrics of species richness diversity and total
abundance.
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2.3.2 Univariate Analyses

Conventional statistical analyses were performed using MINITAB® version 15.1.1.0 (Minitab
2000). Results were considered significant if P<0.05. All analyses were performed on raw,
untransformed data unless otherwise noted. Trend and regression analyses were performed
using a linear model. Regression analyses were performed on the same data as the trend
analyses in order to determine if the trends observed were significant. These data were
regressed versus a column of sequential numbers representing sampling dates in order (as
advised by MINITAB® help section staff), resulting in a regression equation that was the
same as that produced by the trend analysis. Significance levels for Spearman’s rank
correlation coefficients were determined using Table A-11 from Snedecor and Cochran
(1967). Mann-Whitney tests were performed to compare medians, and one-way Analysis of
Variance (ANOVA) was used to compare means for salinity data from various sources.

The fifty dominant taxa for this study were determined using a procedure developed by
Janicki Environmental Inc. (2007) and Grabe and Janicki (2008).

The Dominance Index (DI) was calculated for all taxa as the geometric mean of the
frequency of occurrence (P,) and the relative abundance (P,) where:

Po = Number of Samples with Taxon/Total Number of Samples Collected X100

P, = Total Number of Taxon Individuals in all Samples/Total Number of Individuals of all
Species in all Samples X100

The geometric mean of these terms equals the square root of their product:

DI = (P, * P,)°°

P, was calculated from the unpooled data (replicates separate). P, was calculated from the
pooled data (replicates combined).

The center of abundance river kilometer for the 50 most dominant taxa was determined
using a weighted averaging method. The number of individuals for the taxon for each site
where the taxon occurred was multiplied by the river kilometer. This was repeated for each
site where the taxon was identified, and then the sum of these products was divided by the
sum of all the individuals for that species. Salinity data were also treated in this manner, and
these data are presented in a table that also gives mean salinity and densities (number of
individuals per square meter) for the sites where the 50 most dominant taxa occurred.

Other univariate metrics calculated included number of taxa (species richness) and
abundance (raw counts of individuals). Three diversity indices were calculated including
Shannon-Wiener H’, Margalef’s d, and Simpson’s d. Pielou’s evenness was also calculated.
The diversity indices use various mathematical formulations of the number of taxa and
number of individuals to calculate a value representing the diversity of a given sample.
Higher values indicate a sample with higher diversity. The Shannon-Wiener index
incorporates a measure of the evenness of distribution of individuals that can be represented
by the value for Pielou’s evenness for a given sample. Further details about these measures
can be found in Washington (1984). Three Shannon-Wiener index permutations are given in
the metrics tables (base €, 2, and 10) for comparison purposes. The base 2 value was used
in data analyses herein.

Forward stepwise multiple linear regression (with P=0.5) was performed to identify
relationships between taxa richness, Shannon-Wiener diversity (base 2), and abundance
and the physicochemical variable measured at the time of collection of macroinvertebrate
samples. This analysis was intended to generate equations significantly relating these
community metrics to the abiotic variables (Janicki 2008).

Fully nested ANOVA was used to identify significant differences among macroinvertebrate
metrics for each river kilometer group. Where significant differences were found, one-way
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ANOVA was used with the Tukey method to determine which site metrics were significantly
different. Fully nested ANOVA could not be used to find significant differences for the means
of river kilometer groups for the physicochemical data because the number of records
between sites was uneven. One-way ANOVA was used instead to determine if there were
any significant differences among the means for those data. Conductivity was excluded from
this analysis, since it is correlated to the salinity data, and dissolved oxygen percent
saturation was excluded from this analysis, since it is correlated to the dissolved oxygen
(mg/L) data.

All univariate outputs from the statistical software are given in Appendix A.

2.3.3 Multivariate Analyses

Multivariate ordinations and procedures were performed using Primer version 6.1.8 (Clarke
and Gorley 2001 and 2006; Clarke and Warwick 2001). Bray-Curtis similarity matrices were
used to construct cluster diagrams and non-metric multidimensional scaling (MDS) ordination
plots for the unpooled and pooled macroinvertebrate data.

A Principal Components Analysis (PCA) ordination for the mean values of the
physicochemical data (excluding the non-independent variables conductivity and dissolved
oxygen percent saturation) was performed as an independent method to determine site
groups. PCA was performed on the normalized environmental data.

A Bray-Curtis similarity matrix for the unpooled macroinvertebrate data was used for the
Primer ANOSIM procedure to test for significant differences among replicates for each river
kilometer group and among salinity groups determined using PCA. Fourth root transformed
unpooled macroinvertebrate density (individuals per square meter) data were used for these
tests. 9999 permutations were performed.

Where significant differences were found by the ANOSIM procedure, the Primer SIMPER
method was used to identify taxa contributing most to the differences between the groups.

Organism abundance, a calculated dominance index, and SIMPER output of average
contribution to dissimilarity were used to identify eleven dominant taxa having the greatest
contribution toward differences in benthic invertebrate community structure along the salinity
gradient. This selection method is further described in Section 3.3.5.

The Primer BEST procedure was run to determine which variables best explained the
multivariate relationship between the biotic and abiotic matrices.

Primer Statistical Outputs are given in Appendix B, except for the SIMPER results, which are
presented in Appendix C.

3.0 Results

3.1 Abiotic Physicochemical Factors

Trends in historical flow and salinity are discussed in this section. Primary physicochemical
water and sediment data are described, and some interrelationships between these factors
are discussed.

3.1.1 Historical Trends in Flow and Salinity

Trend analysis of historical flow data from 1963 to 2009 shows a gradual but significant
decrease in flow over time (p=0.011; Figure 3.1.1-1). USGS notes that for the flow station
02310300, “PERIOD OF RECORD. -- March 1963 to current year. March 1963 to May 1981,
at [a] site 1.1 mi [1.77 kilometers] downstream [data were] not equivalent due to differences
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in base flow characteristics of the different drainage areas” (USGS 2009). This refers to
relocation of site 02310300 to the current location from a previous location 1.77 kilometers
downstream. While there may have been a slight difference in flow for these two locations,
this difference is not thought to be great enough to negate the results of the trend analysis
given herein.

Trend Analysis Plot for Average_Flow
Linear Trend Model
Yt = 37.02 - 0.492817*t

701 Variable
—&— Actual
60 - — m — Fits

Accuracy Measures
50 A MAPE  336.120
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2 404 MSD  285.999
GJl -
c’ -
g 30 .
> - )
< 204
g,
104
0 .

T T T T T T T T T T
1963 1967 1972 1977 1982 1987 1992 1997 2002 2007
Date

Figure 3.1.1-1. Trend Analysis for Pithlachascotee River flow data from the USGS station 02310300
at RK 16.9. The y-intercept is 37.02, and the value representing decrease over time is -0.493
multiplied by a time factor. These values indicate that river flow at this station is decreasing
over time. Regression analysis indicated that the decreasing trend was significant (P=0.011).
Mean Absolute Percentage Error (MAPE) is a measure of the accuracy of fitted time series
values given as a percentage. Mean Absolute Deviation (MAD) is another measure of the
fitted time series values given in the same units of the data. Mean Squared Deviation (MSD)
is another commonly used measure of accuracy of fitted time series values.

Gage height daily minima and maxima for the 30-day period prior to the May 2009 sampling

event illustrate tidal influence at the mouth of the river (Figure 3.1.1-2). To illustrate temporal

changes in salinity, 1985-1987 data are plotted with the May 2009 data, showing an
apparent increase in salinity over a 20-year period (Figure 3.1.1-3). The single sampling
event performed by Water & Air in May 2009 occurred after a sustained period of low flow
and was meant to capture near maximum salinity conditions in the river. Figure 3.1.1-3

illustrates the anticipated high salinity conditions during May 2009 relative to historical 1985-

1987 mean salinity concentrations recorded at or near the May 2009 sampling locations.
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Figure 3.1.1-2. Gage height daily minim and maxima recorded for USGS flow station 02310308 near
the mouth of the Pithlachascotee River.
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Figure 3.1.1-3. Historical Salinity Concentrations in the Pithlachascotee River.
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Although a rigorous analysis of historical conditions in the Pithlachascotee River is not within
the scope of this study, the historical flow data reviewed suggest an overall decline in flow
during the periods reviewed. This finding has direct relevance within the context of the MFL
framework.

Comparison of May 2009 salinity concentrations with historical mean concentrations shows
the May 2009 sampling event captured near maximum salinity conditions on the river.

3.1.2 Sediments

Based on PCA analysis of grain size data collected from five Tampa Bay rivers including the
Manatee and Braden Rivers, Janicki Environmental (2007) classified sediments of 18% or
less silt and clay are classified as sand, and those with > 18% silt and clay are classified as
mud. This convention is followed herein. Percent silt + clay in Pithlachascotee River sand
sediments ranged from 6.4% to 17.4%, with the exception of one duplicate sample at RK 5
that was 19.8% silt + clay and tentatively classified as mud (Table 3.1.2-1). Sediment grain
size was generally similar at all sites. Sediments at RK 0, RK 2, and RK 3.5 had a slightly
higher fine gravel and coarse sand content. Organic content of sediments ranged from 1.3%
to 9.7% dry weight Table 3.1.2-1). Descriptive summary statistics for sediment
characteristics are given in Appendix D; Table D-1.

Grain Size
Gravel Gravel [Sand Sand Sand Fines |Fines |SUM
%
% Coarse Coarse % Percent
Sample Date| Sample No. | %>3" Gravel | % Fine | Gravel | Medium| % Fine | % Silt | % Clay | % Silt+Clay| Classification | Organics
05/13/09 RK 0 0.0 1.5 17.2 6.2 29 65.1 2.1 5.0 71 Sand 1.3
05/13/09 RK 2 0.0 0.0 6.6 1.6 2.8 77.9 4.5 6.6 111 Sand 1.3
05/13/09 RK 3.5 0.0 0.0 1.2 1.1 1.9 784 8.7 8.7 174 Sand 3.1
05/13/09 RK 5-A 0.0 0.0 0.0 0.0 4.2 79.3 8.2 8.3 16.5 Sand 55
05/13/09 RK 5-B 0.0 0.0 0.0 0.0 5.2 75.0 10.5 9.3 19.8 Mud 74
05/13/09 RK 6.5 0.0 0.0 0.3 1.3 1.0 83.2 6.8 74 14.2 Sand 33
05/13/09 RK 8 0.0 0.0 0.0 0.0 1.7 82.1 8.4 7.8 16.2 Sand 8.6
05/14/09 RK 9.5 0.0 0.0 0.0 0.0 1.6 85.0 8.1 5.3 134 Sand 6.4
05/14/09 RK 10.5 0.0 0.0 0.0 0.0 0.6 91.7 3.1 4.6 7.7 Sand 37
05/14/09 RK 11.2 0.0 0.0 0.0 0.0 0.3 93.3 2.6 3.8 6.4 Sand 9.7

Table 3.1.2-1. Pithlachascotee River Benthic Infauna Survey-Characteristics of Composite Sediment
Samples.

3.1.3 Water

Salinity and dissolved oxygen at the water surface and bottom were similar at all sites,
suggesting that waters were relatively well mixed (Table 3.1.3-1, Figures 3.1.3-1 and 3.1.3-
2). Mean water column salinity ranged from 0.48 ppt at RK 11.2 to 33.46 ppt at the river
mouth (Table 3.1.3-2, Figure 3.1.3-3). Descriptive summary statistics for water column
physical and chemical data are given in Appendix D; Table D-2.
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Depth of Total Site
Station | Date Time Collection Temperature pH Conductivity | Salinity DO DO Depth Tidal Stage
(meters) (C) (umhos/cm) (ppt) (% Saturation) (mg/L) (meters)
RK0.0 [5/13/09] 9:06 0.5 26.47 7.89 50820 33.42 53.0 3.49 1.5 Outgoing (low)
5/13/09 [ 9:09 1.2 26.48 7.89 50901 33.49 51.5 3.39
RK2.0 [5/13/09] 10:50 0.5 27.35 7.76 49039 32.12 53.7 3.51 1.7 Incoming (low)
5/13/09 | 10:52 1.0 27.23 7.76 49161 32.18 49.8 3.28
5/13/09 | 10:54 1.5 27.23 7.75 49144 32.20 47.7 3.07
RK3.5 [5/13/09] 11:58 0.5 28.20 7.69 44210 28.85 58.8 3.83 1.7 Incoming
5/13/09 [ 11:59 1.0 27.86 7.67 45936 29.87 57.5 3.76
5/13/09 | 12:00 1.5 27.86 7.66 46043 29.93 56.8 3.71
RK5.0 [5/13/09] 13:22 0.5 28.81 7.52 39109 24.91 57.5 3.83 2.8 Incoming
5/13/09 | 13:23 1.0 28.61 7.52 41100 26.39 54.0 3.59
5/13/09 | 13:24 2.0 28.26 7.54 43311 28.04 50.8 3.33
5/13/09| 13:25 25 28.15 7.54 43960 28.36 48.3 3.19
RK6.5 [5/13/09] 14:39 0.5 29.22 7.53 35788 22.60 60.5 4.04 2.7 Incoming (high)
5/13/09 [ 14:40 1.0 28.74 7.51 38337 24.46 52.0 3.46
5/13/09 | 14:41 2.0 28.49 7.50 40211 25.71 48.8 3.25
5/13/09 | 14:42 25 28.49 7.50 40205 25.71 48.7 3.25
RK 8.0 [5/13/09] 15:35 0.5 29.37 7.52 28008 17.01 67.2 4.60 1.8 Incoming (high)
5/13/09| 15:36 1.0 29.17 7.46 30088 18.61 56.7 3.88
5/13/09 | 15:37 1.6 28.97 7.43 31458 19.55 51.6 3.52
RK9.5 [5/14/09] 9:45 0.5 26.47 7.25 14148 8.18 40.3 3.03 1.6 Outgoing
5/14/09 | 9:46 1.0 26.59 7.24 14699 8.56 31.6 2.39
5/14/09 | 9:47 1.5 26.94 7.31 16047 9.30 28.9 2.16
RK 10.5 |5/14/09] 10:25 0.5 24.83 7.43 4254 2.32 31.2 2.54 26 Outgoing
5/14/09 [ 10:36 1.0 24.90 7.39 5133 2.84 28.8 2.33
5/14/09 | 10:37 2.0 25.88 7.29 10136 5.72 19.8 1.55
5/14/09 | 10:38 25 26.05 7.27 10875 6.18 17.3 1.35
RK 11.2 [5/14/09] 11:33 0.5 24.03 7.46 929.3 0.48 31.9 2.65 1.2 Outgoing
5/14/09 11:34 1.0 23.99 7.45 926.3 0.48 29.9 247
Table 3.1.3-1. Pithlachascotee River Physicochemical Data
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Figure 3.1.3-1. Salinity for River Kilometer Top and Bottom Strata for the Pithlachascotee
River May 2009.
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Figure 3.1.3-2. Dissolved Oxygen for River Kilometer Top and Bottom Strata for the Pithlachascotee

River May 2009.
Station| Temperature pH Conductivity | Salinity DO DO Total Site Depth Tidal Stage
(C) (umhos/cm) (ppt) (% Saturation) (mg/L) (meters)

RK 0.0 26.48 7.89 50860.50 33.46 52.25 3.44 1.5 Outgoing (low)
RK 2.0 27.27 7.76 49114.67 32.17 50.40 3.29 1.7 Incoming (low)
RK 3.5 27.97 7.67 45396.33 29.55 57.70 3.77 1.7 Incoming
RK 5.0 28.46 7.53 41870.00 26.93 52.65 3.49 2.8 Incoming
RK 6.5 28.74 7.51 38635.25 24.62 52.50 3.50 27 Incoming (high)
RK 8.0 29.17 7.47 29851.33 18.39 58.50 4.00 1.8 Incoming (high)
RK 9.5 26.67 7.27 14964.67 8.68 33.60 2.53 1.6 Outgoing
RK 10.5 25.42 7.35 7599.50 4.27 24.28 1.94 2.6 Outgoing
RK 11.2 24.01 7.46 927.80 0.48 30.90 2.56 1.2 Outgoing

Table 3.1.3-2. Pithlachascotee River Mean Values of Water Column Physicochemical Data Profiles.
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Figure 3.1.3-3. Mean Water Column Salinity Concentrations in the Pithlachascotee River, May 13-14,
2009.

Janicki (2007) divided river segments into the following salinity zones based on PCA analysis
of benthic community structure occurring along a wide range of salinities within multiple river
systems along Florida’s west coast: Oligohaline (0-7 ppt), Mesohaline (7-18 ppt), Polyhaline
(18-29 ppt), and euhaline (>29 ppt). This classification is used as a frame of reference for the
current study of the Pithlachascotee River: Oligohaline (RK 10.5 and RK 11.2); Mesohaline
(RK 9.5); Polyhaline (RK 5, RK 6.5, and RK 8); and Euhaline (RK 0, RK 2, and RK 3.5).

Mean water column dissolved oxygen ranged from 1.94 to 4.00 mg/L at approximately 25 -
60% saturation. pH was slightly above 7 throughout the study area.

One-way ANOVA was employed to determine significant differences among river kilometer
groups for the physicochemical data. No significant differences were found for the site depth
data. Mean temperature for site RK 8 was higher than that for all stations except RK 6.5
(P=0.0001). Site RK 6.5 temperature was higher than that for all stations except RK 8, RK 5,
and RK 3.5. Site RK 5 temperature was higher than that for all stations except RK 8, RK 6.5,
RK 5, and RK 3.5. Site RK 3.5 temperature was higher than that for stations RK 0, RK 9.5,
RK 10.5, and RK 11.2. Site RK 2 temperature was higher than that for stations RK 10.5 and
RK 11.2. Site RK 0 temperatures was higher than that for stations RK 10.5 and RK 11.2, and
RK 10.5 temperature was higher than that for RK 11.2 (Appendix A).

Mean pH for RK 0 was higher than that for all the other sites. pH for RK 2 was higher than
that for all the other sites except RK 0 and RK 3.5. pH for RK 3.5 was higher than that for all
the other sites except RK 0 and RK 2. Mean pH for sites RK 5, RK 6.5, RK 8, and RK 11.2
was higher than pH for sites RK 10 and RK 9.5. Mean salinity for RK 0 was significantly
higher than that for sites RK 9.5, RK 10.5, and RK 11.2 (but RK 0 salinity was not
significantly different from salinity for sites RK 2, RK 3.5, RK 5, RK 6.5, and RK 8). Site RK
9.5 salinity was higher than that for sites RK 10.5 and RK 11.2. Site RK 10.5 salinity was
significantly higher than that for site RK 11.2. Site RK 8 mean dissolved oxygen (DO) was
higher than DO for sites RK 9.5, RK 10.5, and RK 11.2. Site RK 3.5 dissolved oxygen was
higher than DO for sites RK 10.5 and RK 11.2. Site RK 0 dissolved oxygen was higher than
DO for site RK 10.5 (Appendix A).
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3.2 Opyster Distribution

Oyster bars were defined as intertidal mounds of living oysters and dead shell. Five (5)
oyster bars were observed in the river channel occurring within 2.5 km of the river mouth
(Figure 3.2-1). Oyster bar #1 was located at RK 0.6 closest to the mouth of the river, and
oyster bar # 5 was located farthest upstream at RK 2.4 (Table 3.2-1).

Figure 3.2-1. Oyster Bars and Upstream Oyster Extent in the Pithlachascotee River.
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*Tidal Stage
ID Date Time Latitude Longitude R.lver Emergent Vegetation Present Orientation (Feet Above
Kilometer Mean Lower
Low Water)
5/13/2009 9:56 28.27681 -82.73782 0.6 Spartina sp. North-South 1.39
2 5/13/2009 10:10 28.27357 -82.73516 1.6 n/a North-South 1.39
Spartina sp. Rhizophora
mangle Laguncularia racemosa
3 5/13/2009 10:23]  28.27303 -82.72896 1.7 Avicennia germinans East-West 1.41
4 5/13/2009 10:30 28.27322 -82.72798 1.0 n/a East-West 1.43
5 5/13/2009 11:33 28.26834 -82.72424 24 n/a North-South 1.78

* Source of tidal stage data:
http://tbone.biol.sc.edu/tide/tideshow.cgi?site=Hwy.+19+bridge%2C+Pithlachascotee+River%2C+Florida&units=f

Table 3.2-1. Locations of Oyster Beds Observed in the Lower Pithlachascotee River.

Above RK 2.5 optimal oyster substrate consists of concrete bridge and dock pilings in the
main river channel (pictured below). Colonization of these structures is made possible by the
longevity of the structures as well as the presence of adequate river flow (Figure 3.2-2).

Figure 3.2-2. Oyster Colonization of Artificial Substrates at Mid-Channel.
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Along the edge of the river channel, suboptimal oyster substrate exists in the form of rocks
and concrete seawalls (Figure 3.2-3).

Figure 3.2-3. Oyster Colonization of Rocks Along River Shoreline.

Based on live oyster sightings in both optimal (main channel) and suboptimal (river margins)
habitats, the upstream extent of oyster is approximately RK 6.6. Clumps of oysters were
observed growing on concrete pilings of the Main Street Bridge at RK 5.1. However, no
oysters were observed growing on the concrete pilings of the Grand Boulevard Bridge at RK
6.7. Live submerged oysters were viewed, in approximately 1 foot of water, at the base of a
concrete seawall at RK 6.6. No live oysters were found further upstream of this point.
However, some dead shells were found on a concrete seawall close to RK 6.8.

3.3 Macroinvertebrate Community Analyses

Characteristic benthic macroinvertebrate taxa and benthic community metrics of the
Pithlachascotee River are discussed in relation to longitudinal distribution, the salinity
gradient, and other physical-chemical parameters.

3.3.1 Dominant Pithlachascotee River Macroinvertebrate Taxa

Characteristic macroinvertebrates of the river were tabulated based on their dominance
index score. The 50 macroinvertebrate taxa with the highest dominance scores are listed in a
table also giving values for mean density, river kilometer center of abundance, mean salinity
of capture, and the abundance-weighted salinity (Table 3.3.1-1). These 50 taxa made up
89.3 percent of the total number of organisms collected during this study.
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Abundance-

Mean Density | Dominance Center of Mean Salinity of | weighted Salinity

Taxa (m?) Index Abundance (RK) Capture (ppt) (ppt)
Grandidierella bonnieroides 2634 26.79 7.30 22.57 20.67
Apocorophium louisianum 2224 26.44 8.11 17.82 18.27
Fabricinuda trilobata 2027 17.24 1.39 31.87 32.59
Hobsonia florida 618 14.39 8.27 21.60 16.54
Mediomastus ambiseta 554 12.28 3.35 29.94 30.33
Edotia triloba 393 9.51 7.79 24.18 19.42
Americorophium sp. A Lecroy 565 9.10 10.10 5.32 7.14
Ampelisca sp. 396 8.64 3.56 24.48 29.68
Polypedilum halterale group Epler 399 8.18 10.54 5.32 5.69
Axiothella sp. 449 8.11 1.88 31.87 32.27
Uromunna reynoldsi 278 7.63 10.03 8.88 7.67
Laeonereis culveri 520 7.38 7.25 18.19 22.60
Pyrgophorus platyrachis 631 7.27 6.50 25.71 25.71
Capitella capitata 246 7.18 2.27 28.21 34.55
Streblospio sp. 208 6.92 6.37 25.89 24.27
Prionospio heterobranchia 212 5.58 1.20 31.87 32.64
Xenanthura brevitelson 241 5.50 3.61 30.16 29.87
Halmyrapseudes cf. bahamensis Heard 348 5.40 2.37 31.07 31.64
Gammarus cf. tigrinus LeCroy 310 5.09 11.13 3.33 1.07
Syllis sp. 177 4.31 0.36 32.85 33.26
Tubificoid Naididae imm. w/o hair setae (L 85 4.21 8.66 14.93 13.73
Ampelisca holmesi 417 4.18 3.46 31.71 29.97
Mooreonuphis pallidula 166 4.17 1.81 32.85 32.32
Hydrobiidae (LPIL) 118 4.16 7.49 24.13 19.60
Leptochelia sp. 104 3.90 5.65 22.57 26.12
Cyclaspis varians 86 3.56 3.11 29.05 30.61
Angulus versicolor 97 3.50 1.52 31.87 32.38
Turbellaria (LPIL) 70 3.21 9.42 20.58 10.57
Nemertea (LPIL) 53 3.15 2.68 29.94 53.00
Monticellina dorsobranchialis 94 2.81 1.97 32.85 32.22
Cirrophorus sp. 105 2.57 0.00 33.49 33.49
Procladius (Holotanypus) sp. 99 2.49 10.18 7.74 7.19
Melinna sp. 56 2.42 2.26 30.16 31.85
Cerapus benthophilus 53 2.35 6.14 27.04 26.35
Parandalia tricuspis 38 2.19 5.38 27.15 26.96
Oxyurostylis smithi 54 2.13 1.85 31.87 32.22
Scolelepis texana 41 2.09 1.54 32.85 32.50
Duridrilus tardus 48 2.00 0.40 32.85 33.23
Merisca sp. 61 1.95 2.00 32.20 32.20
Aoridae (LPIL) 57 1.90 217 31.07 31.95
Caecidotea sp. 57 1.90 10.58 3.33 5.55
Tubificoides sp. 37 1.75 6.96 25.88 21.75
Polypedilum scalaenum group Epler 48 1.74 8.40 14.43 16.82
Aulodrilus pigueti 35 1.72 10.63 3.33 5.14
Potamethus spathiferus 45 1.68 2.00 32.20 32.20
Tanytarsus sp. G Epler 45 1.68 10.21 7.74 7.07
Apocorophium lacustre 62 1.62 8.81 17.51 13.09
Gammarus sp. 42 1.62 10.35 7.74 6.66
Procladius sp. 41 1.62 9.58 7.74 9.06
Ablabesmyia rhamphe group Epler 38 1.55 10.50 6.18 6.18

Table 3.3.1-1. 50 Dominant benthic taxa, mean abundance, mean center of abundance
(as river kilometer; RK), and mean salinity of capture in the Pithlachascotee River,

May 2009.
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The amphipods Grandidierella bonnieroides and Apocorophium louisianum and the
polychaete, Fabricinuda trilobata, were ranked highest in dominance with index scores of
26.79, 26.44, and 17.24, respectively. These three species made up 39 percent of the total
number of organisms collected during this study.

3.3.2 Longitudinal Patterns in Macroinvertebrate Community Metrics

The macroinvertebrate metrics number of taxa, density, and the Margalef's and Shannon-
Wiener diversity indices were used to explore the longitudinal distribution of
macroinvertebrate community characteristics (Tables 3.3.2-1 and 3.3.2-2). Both number of
taxa and the diversity indices showed a bowl-shaped longitudinal distribution (Figures 3.3.2-1
and 3.3.2-2). Number of taxa decreased to a nadir (the artenminimum) at station RK 9.5,
while the diversity indices were lowest value at RK 8.
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Figure 3.3.2-1. Number of taxa for pooled Pithlachascotee River macroinvertebrate data.
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Figure 3.3.2-2. Shannon-Wiener Diversity (base 2) for pooled Pithlachascotee River
macroinvertebrate data.
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Unpooled Petite Ponar Metrics
Site/Metrics Taxa Individuals | Margalef's d Pielou’s Shannon Diversity Simpson’s d
Evenness (1-A)
S N d J' H'(loge) [ H'(log2) | H'(log10) | 1-Lambda’
RK-0-A 30 147 5.811 0.790 2.688 3.878 1.168 0.877
RK-0-B 30 795 4.342 0.586 1.992 2.874 0.865 0.722
RK-0-C 28 109 5.755 0.872 2.906 4.193 1.262 0.936
RK-2-A 37 1014 5.201 0.646 2.332 3.365 1.013 0.843
RK-2-B 42 846 6.083 0.535 1.999 2.884 0.868 0.662
RK-2-C 47 512 7.374 0.791 3.045 4.393 1.322 0.913
RK-3.5-A 19 425 2.974 0.525 1.547 2.232 0.672 0.607
RK-3.5-B 23 386 3.694 0.702 2.202 3.176 0.956 0.841
RK-3.5-C 21 288 3.5632 0.728 2.217 3.199 0.963 0.833
RK-5-A 15 123 2.909 0.618 1.675 2.416 0.727 0.684
RK-5-B 19 234 3.300 0.635 1.868 2.696 0.811 0.764
RK-5-C 19 225 3.323 0.660 1.943 2.802 0.844 0.750
RK-6.5-A 15 330 2414 0.637 1.725 2.489 0.749 0.715
RK-6.5-B 24 284 4.072 0.560 1.779 2.567 0.773 0.719
RK-6.5-C 16 816 2.237 0.632 1.752 2.528 0.761 0.727
RK-8-A 22 1365 2.909 0.533 1.648 2.378 0.716 0.685
RK-8-B 15 644 2.165 0.698 1.890 2.727 0.821 0.800
RK-8-C 5 276 0.712 0.729 1.174 1.693 0.510 0.649
RK-9.5-A 13 284 2.124 0.625 1.603 2.313 0.696 0.651
RK-9.5-B 12 444 1.805 0.663 1.647 2.376 0.715 0.671
RK-9.5-C 12 248 1.995 0.702 1.745 2.517 0.758 0.760
RK-10.5-A 10 140 1.821 0.845 1.946 2.808 0.845 0.840
RK-10.5-B 16 330 2.587 0.748 2.074 2.992 0.901 0.831
RK-10.5-C 16 452 2.454 0.806 2.235 3.225 0.971 0.863
RK-11.2-A 18 176 3.288 0.555 1.604 2.314 0.697 0.596
RK-11.2-B 12 102 2.378 0.698 1.734 2.502 0.753 0.733
RK-11.2-C 17 78 3.672 0.889 2.519 3.634 1.094 0.904

Table 3.3.2-1. Pithlachascotee River Macroinvertebrate Data, May 2009.

Pooled Petite Ponar Metrics

Site/Metrics Taxa Individuals Margalef's d Pielou’s Shannon Diversity Simpson’s d
Evenness (1-A)
S N d J' H'(loge) H'(log2) H'(log10) 1-Lambda’
RK-0 65 1051 9.199 0.649 2.709 3.908 1.176 0.833
RK-2 71 2372 9.007 0.637 2.717 3.919 1.180 0.840
RK-3.5 42 1099 5.855 0.703 2.627 3.790 1.141 0.880
RK-5 36 582 5.498 0.590 2.113 3.049 0.918 0.772
RK-6.5 38 1430 5.093 0.608 2.212 3.191 0.961 0.823
RK-8 28 2285 3.491 0.564 1.879 2.710 0.816 0.760
RK-9.5 24 976 3.341 0.694 2.207 3.184 0.958 0.822
RK-10.5 24 922 3.369 0.735 2.335 3.368 1.014 0.865
RK-11.2 28 356 4.596 0.650 2.165 3.124 0.940 0.743

Table 3.3.2-2. Pithlachascotee River Macroinvertebrate Data, May 2009.

Macroinvertebrate density did not show any regular longitudinal relationship. Density was
highest at stations RK 2 (34,080 individuals per square meter) and RK 8 (32,830 individuals

per square meter) and lowest at RK 5 (8,362 individuals per square meter) and RK 11.2
(5,115 individuals per square meter; Figure 3.3.2-3). Descriptive summary statistics for
unpooled and pooled macroinvertebrate metrics are given in Appendix D; Tables D-3 and D-

4, respectively.
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Figure 3.3.2-3. Number of Individuals per square meter for pooled Pithlachascotee River
macroinvertebrate data.

3.3.3 Association of Macroinvertebrate Metrics with Physiochemical Parameters

Forward stepwise linear regression was used to seek relationships between univariate
metrics and the physical-chemical variables collected at the time of sampling. Number of
taxa, Shannon-Wiener diversity, and density were the metrics selected for this exercise. A
significant relationship (whereby the variables included in the model met the condition of P<
0.05) was found between number of taxa and river kilometer. For Shannon-Wiener diversity
and density, significant relationships were not found (Table 3.3.3-1.). In the future, a more
robust sampling design with more stations and/or replicates per station may result in a better
outcome for this procedure (e.g., Grabe and Janicki 2008).

The Spearman’s rank correlation method was used to reveal correlations among and
between physicochemical parameters and select macroinvertebrate metrics (Table 3.3.3-2).
No significant correlations were found with temperature or total site depth. Dissolved oxygen
percent saturation was significantly correlated to dissolved oxygen (mg/L). pH was found to
be significantly correlated with conductivity, salinity, number of taxa, and Margalef’s d index.
pH was inversely correlated with river kilometer. Conductivity was significantly correlated
with number of taxa and pH, and highly correlated with salinity. Conductivity had a highly
significant inverse correlation with river kilometer. Salinity was significantly correlated with pH
and number of taxa. Salinity was highly correlated with conductivity, and had a highly
significant inverse correlation with river kilometer. River kilometer had significant inverse
correlations with pH and number of taxa. River kilometer had highly significant inverse
correlations with conductivity and salinity.

There were no significant correlations for number of individuals, Pielou’s evenness,
Shannon-Wiener diversity, or the Simpson’s d index. Number of taxa was significantly
correlated with pH, conductivity, salinity, and Margalef’s d index. Number of taxa had a
significant inverse correlation with river kilometer. Margalef's d index was significantly
correlated with pH and number of taxa.
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The high degree of correlation between conductivity and salinity and the correlation between
dissolved oxygen percent saturation and dissolved oxygen (mg/L) can be explained by the
fact that the instrument used to record these parameters used the same data to calculate
their values. In other words, conductivity data are used to calculate salinity, and dissolved
oxygen data are used in the calculation of dissolved oxygen percent saturation. This justifies
the exclusion of conductivity and dissolved oxygen percent saturation from many of the
analyses performed due to the redundancy of these variables with salinity and dissolved
oxygen (mg/L), respectively.

The influence of salinity (or, alternatively, conductivity as a surrogate for salinity) on
macroinvertebrate community composition can be seen in its correlation with number of taxa.
There is a well-known relationship between estuarine salinity and numbers of species. Taxa
richness is highest in full strength seawater. Marine species decline in richness as salinity
decreases, with some tolerant estuarine opportunistic species appearing. Between 5 and 10
ppt, taxa richness reaches a nadir, with most species captured being estuarine specialists
with some freshwater taxa also present. Below 5 ppt, taxa richness increases as freshwater
taxa begin to predominate (Remane 1934; Remane and Schlieper 1971; Attrill 2002).

The correlation of pH with conductivity and salinity and its inverse correlation with river
kilometer can be explained by the buffering capacity of seawater. Full strength seawater has
a large capacity for buffering acids due to its calcium-magnesium hardness content (Mitchell
and Rakestraw 1933). Thus, at the mouth of the river where salinity is high, the acid content
of the inflowing freshwater is neutralized. At further upstream stations, the seawater buffering
capacity is reduced due to dilution, and the natural acidity due to humic and tannic acids
picked up from vegetation and carried by the freshwater runoff of a blackwater river is less
neutralized, resulting in lower pH. At the upstream sites sampled (RK 9 through RK 11.2),
salinity is negligible, and pH reaches its lowest values. Although these pH correlations are
significant, due to the small range of difference in pH along the river
kilometer/conductivity/salinity gradient, it is doubted that pH is a key direct factor influencing
the macroinvertebrate community composition. It is suggested that significant correlations of
pH with number of taxa and Margalef’s d index are coincidental to pH correlation with
conductivity, salinity, and river kilometer.

The fully nested ANOVA revealed that mean number of taxa (P=0.001), abundance
(P=0.022), Margalef’s d (P=0.001), and Shannon-Wiener diversity (P=0.037), were
significantly different among some subset of river kilometer groups. One-way ANOVA
showed that mean number of taxa was significantly higher for station RK 0 than for stations
RK 8, RK 9.5, and RK 10.5. Number of taxa was significantly higher for station RK 2 than all
the stations except RK 0 and RK 3.5. Mean abundance was significantly higher for RK 2 than
for RK 5 and RK 11.2, and the RK 8 mean abundance was higher than that for RK 11.2.
Mean RK 0 Margalef’s d was significantly higher than that for stations RK 8, RK 9.5, and RK
10.5. Mean RK-2 Margalef’s d was significantly higher than that for stations RK 6.5, RK 8,
RK 9.5, and RK 10.5. Mean base 2 Shannon-Wiener for RK 0 was significantly higher than
that for stations RK 8 and RK 9.5. Mean base 2 Shannon-Wiener for RK 2 was significantly
higher than that for station RK 8 (Appendix A).

3.3.4 Multivariate Community Analyses

Relationships among the macroinvertebrate communities for unpooled (replicates separate)
and pooled (replicates combined) data were explored using cluster diagrams and MDS. Both
of these methods employ Bray-Curtis similarity matrices (Appendix E). The Primer ANOSIM
procedure was used to determine if a priori groups were significantly different from each
other. To determine the taxa most responsible for dissimilarity among the groups, the Primer
SIMPER procedure was applied. The Primer BEST procedure was used to determine which
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abiotic variables best matched or explained the multivariate distribution of the

macroinvertebrate communities.

The cluster diagram with the replicates (river kilometer groups) separate (unpooled) shows
that most of the replicates for a given site transect were very similar to each other, and thus
clustered together, though there was some inter-digitation of replicates for stations RK 6.5
and RK 9.5 with adjacent station replicates (Figure 3.3.4-1). The generally close relationship
among these replicates supports the idea that samples taken at the same longitudinal
position in the river will share similar macroinvertebrate communities, and justifies pooling
the transect replicates. The MDS ordination diagram (drawn from the same Bray-Curtis
similarity matrix used to create the cluster diagram) shows that the replicates group together,
and also shows a curvilinear trend from the downstream RK 0 group (in the left bottom
corner) to the upstream RK 11.2 group (in the right bottom corner) along the longitudinal
salinity gradient (Figure 3.3.4-2). The stress value associated with this MDS of 0.077
“corresponds to a good ordination with no real prospect of a misleading interpretation”

(Clarke and Warwick 2001).

Group average

Transform: Square root
Standardise Samples by Total
Resemblance: S17 Bray Curtis similarity
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Figure 3.3.4-1. Agglomerative hierarchical cluster diagram for unpooled Pithlachascotee River
macroinvertebrate data. Data were square root transformed prior to being standardized and
converted to a Bray-Curtis similarity matrix. The cluster diagram was constructed using the

group averaging method.
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Transform: Fourth root
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Figure 3.3.4-2. Non-metric multidimensional scaling ordination for unpooled Pithlachascotee River
macroinvertebrate data. Data were fourth root transformed and converted to a Bray-Curtis
similarity matrix. The Primer 6 Kruskal fit option 1 was selected, and 100 restarts were
performed. The stress level of 0.077 “corresponds to a good ordination with no real
prospect of a misleading interpretation” (Clarke and Warwick 2001).

The cluster diagram with the replicates combined (pooled) shows two main groups —

RK 0, RK 2, and RK 3.5 in one group, and the rest of the stations in another group (Figure

3.3.4-3). The MDS diagram for the pooled data shows a curvilinear relationship similar to that

of the unpooled data (but inverted) in order of their longitudinal river locations. The closeness
of RK 5 and RK 6.5 indicates that the macroinvertebrate communities of these stations were
very similar to each other (Figure 3.3.4-4). The stress value of 0.033 associated with this
ordination suggests that it “gives an excellent representation with no prospect of

misinterpretation” (Clarke and Warwick 2001).
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Figure 3.3.4-3. Agglomerative hierarchical cluster diagram for pooled Pithlachascotee River
macroinvertebrate data. Data were square root transformed prior to being standardized and
converted to a Bray-Curtis similarity matrix. The cluster diagram was constructed using the
group averaging method.
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Figure 3.3.4-4. Non-metric multidimensional scaling ordination for pooled Pithlachascotee River
macroinvertebrate data. Data were fourth root transformed prior to being standardized and
converted to a Bray-Curtis similarity matrix. The Primer 6 Kruskal fit option 1 was selected,
and 100 restarts were performed. The stress level of 0.033 “gives an excellent
representation with no prospect of misinterpretation” (Clarke and Warwick 2001).

A PCA ordination for the mean values of the physicochemical data (excluding the non-

independent correlated variables conductivity and dissolved oxygen percent saturation) was

performed as an independent method to determine site groups. The PCA ordination diagram
shows the sites in relation to gradients for the included parameters (Figure 3.3.4-5). There is

a distinct separation between a group composed of RK 9.5, RK 10.5, and RK 11.2 on the left

side of the diagram, and all the other sites on the right side. The pointers representing the

physicochemical parameters indicate that salinity and dissolved oxygen (and to a lesser
extent temperature and pH) increase to the right side of the diagram and decrease to the left.

Site depth is shown to increase to the top of the diagram and decrease towards the bottom.

There is some separation of two groups of sites along the right side of this gradient, with a

group composed of RK 0, RK 2, and RK 3.5 towards the bottom and another group including

RK 5, RK 6.5, and RK 8 at the top. The PCA diagram showed that the sites RK 5 and RK 6.5

(which exhibited very similar macroinvertebrate communities with the highest Bray-Curtis

similarity of all pairs of stations; Appendix E, Table E-2) also were very similar in water

quality characteristics as measured at the time of sampling.
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Figure 3.3.4-5. Principal Components Analysis ordination for the mean values of the physiochemical
data excluding conductivity and dissolved oxygen percent saturation. PCA was performed
on the normalized environmental data.

The Primer ANOSIM procedure was performed on river kilometer groups and on two

arrangements of salinity groups identified by the PCA on the environmental data. The

ANOSIM test was conducted on river kilometer groups as the factor. The test was performed

on a Bray-Curtis similarity matrix constructed from standardized, fourth root transformed

unpooled abundance data. All of the adjacent groups had R-values below the global R-

statistic of 0.852 (significance level of 0.0001), except for the pairs of RK 2

and RK 3.5 (R=0.889) and RK 10.5 and RK 11.2 (R=0.963). PCA ordination results suggest
the latter result (RK 10.5 versus RK 11.2) may be due to the difference in site depth between
these two stations. None of the pairwise comparisons were significant at P<0.05 (P=0.10),
although more emphasis is placed on the global R-statistic than the pairwise significance
level for this procedure. The high P-value was likely due to the low number of replicates per
site (3); according to Clarke and Gorley (2006), “The significance level is very dependent on
the number of replicates in the comparison.” The cluster diagrams based on the Bray-Curtis
similarity matrix also illustrate these differences (Figures 3.3.4-1 and 3.3.4-3).
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Given the ANOSIM results described above, it is appropriate to explore in more detail a
comparison of taxa contributing to the observed differences in benthic community structure.
Mean densities of dominant taxa (> 5 percent) are summarized by river kilometer in Table
3.3.4-1. The polychaetes, Fabricinuda trilobata, Axiothella sp., Capitella capitata, Prionospio
heterobranchiata, and Syllis sp. and the tanaid, Halmyrapseudes cf. bahamensis, were
notably more abundant at RK 2 than at RK 3.5. The amphipods, Grandidierella bonnieroides,
Ampelisca holmesi, Ampelisca sp., the isopod, Xenanthura brevitelson, and the polychaete,
Streblospio sp., were more abundant at RK 3.5. SIMPER results showed that many of the
polychaete taxa in relatively high abundance at RK 2 contributed the most toward
dissimilarity between these benthic communities at these sites (Table 3.3.4-2). The average
dissimilarity between these groups was 76.25 percent.

Taxa Contributing Greater than 5 Percent of Abundance in at Least One Sample. Highest Abundance (raw count) is Indicated with
Bold Font.

Taxa RK-0 RK-2 | RK-3.5| RK-5 | RK-6.5| RK-8 | RK-9.5| RK-10.5| RK-11.2 | Total
Grandidierella bonnieroides 0 0 76 251 379 604 340 0 0 1650
Apocorophium louisianum 0 0 0 53 173 891 122 154 0 1393
Fabricinuda trilobata 398 862 10 0 0 0 0 0 0 1270
Pyrgophorus platyrachis 0 0 0 1 394 0 0 0 0 395
Hobsonia florida 0 5 14 4 31 195 68 70 0 387
Americorophium sp. A Lecroy 0 0 0 0 0 0 160 166 28 354
Mediomastus ambiseta 4 128 116 95 4 0 0 0 0 347
Laeonereis culveri 0 0 0 0 168 154 4 0 0 326
Axiothella sp. 19 260 2 0 0 0 0 0 0 281
Ampelisca holmesi 3 0 258 0 0 0 0 0 0 261
Polypedilum halterale group Epler 0 0 0 0 0 0 8 216 26 250
Ampelisca sp. 0 28 198 17 1 0 0 4 0 248
Edotia triloba 0 4 2 10 29 165 36 0 0 246
Halmyrapseudes cf. bahamensis Heard 0 164 54 0 0 0 0 0 0 218
Gammarus cf. tigrinus LeCroy 0 0 0 0 0 0 0 20 174 194
Uromunna reynoldsi 0 0 0 0 0 6 72 88 8 174
Capitella capitata 12 130 6 1 2 3 0 0 0 154
Xenanthura brevitelson 0 12 116 23 0 0 0 0 0 151
Prionospio heterobranchia 59 66 8 0 0 0 0 0 0 133
Streblospio sp. 0 0 18 31 25 56 0 0 0 130
Syllis sp. 91 20 0 0 0 0 0 0 0 111
Paradialychone sp. 72 0 0 0 0 0 0 0 0 72
Cirrophorus sp. 66 0 0 0 0 0 0 0 0 66
Turbellaria (LPIL) 0 0 0 1 3 16 4 0 20 44

Table 3.3.4-1. Pithlachascotee River Macroinvertebrate Data. Number per Square Meter Conversion
Factor = Multiply Count by 14.3678.
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Twenty-five Taxa Identified by the Primer SIMPER Procedure as Contributing Most to the Dissimilarity
Between the RK-2 and RK-3.5 River Kilometer Groups

Group RK-2 (Group RK-3.5

Species Av.Abund Av.Abund |Av.Diss |Diss/SD |Contrib% [Cum.%

Fabricinuda trilobata 10.25 2.45 2.95 3.02 3.87 3.87
Axiothella sp. 6.71 1.02 2.19 1.86 2.87 6.74
Mooreonuphis pallidula 5.6 0 2.1 3.72 2.76 9.49
Monticellina dorsobranchialis 5.32 0 2 18.32 2.63] 1212
Potamethus spathiferus 4.21 0 1.58 4.36 2.08 14.2
Merisca sp. 4.09 0 1.56 2.41 2.04] 16.24
Syllis sp. 4 0 1.51 5.71 1.99] 18.23
Ampelisca sp. 4.43 5.38 1.48 5.9 1.94] 20.16
Prionospio heterobranchia 5.27 1.44 1.47 1.68 1.93 22.1
Halmyrapseudes cf. bahamensis Hed 4.24 3.66 1.47 1.3 1.93] 24.02
Scolelepis texana 3.87 0 1.47 4.09 1.92] 25.95
Grandidierella bonnieroides 0 3.89 1.44 1.23 1.89] 27.83
Xenanthura brevitelson 2.64 4.71 1.44 1.72 1.88] 29.71
Piromis roberti 3.79 0 1.42 7.9 1.87] 31.58
Capitella capitata 5.95 2.22 1.41 1.56 1.84| 33.42
Streblospio sp. 0 3.68 1.39 3.76 1.82| 35.25
Ampelisca holmesi 0 3.42 1.33 0.67 1.74] 36.99
Melinna sp. 4.48 1.02 1.29 217 1.69] 38.68
Nemertea sp. J 3.37 0 1.26 9.28 1.66] 40.34
Angulus versicolor 4.71 1.34 1.26 1.66 1.65] 41.99
Scoloplos rubra 3.24 0 1.22 17.3 1.6] 43.59
Oxyurostylis smithi 3.3 1.02 1.12 1.37 1.46| 45.05
Aricidea taylori 2.9 0 1.07 1.21 1.4 46.45
Aoridae (LPIL) 3.17 1.21 1.03 1.18 1.35 47.8
Onuphidae (LPIL) 2.67 0 1 1.21 1.31 49.1

Table 3.3.4-2. Pithlachascotee River Macroinvertebrate Data.

Apocorophium louisianum, Hobsonia florida, Americorophium sp. A, Polypedilum halterale
group, Uromunna reynoldsi, and Ablabesmyia rhamphe group Epler were notably more

abundant at RK 10.5 than at RK 11.2. Gammarus cf. tigrinus and unidentified turbellarians

were more abundant at RK 11.2. SIMPER results indicated that these taxa were among the
greatest contributors to dissimilarity in benthic community structure between these two sites
(Table 3.3.4-3). The average dissimilarity between these groups was 71.2 percent

(Appendix C).
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Twenty-five Taxa Identified by the Primer SIMPER Procedure as Contributing Most to the Dissimilarity
Between the RK-10.5 and RK-11.2.5 River Kilometer Groups

Group RK-10.5 |Group RK-11.2
Species Av.Abund Av.Abund Av.Diss [Diss/SD [Contrib% [Cum.%
Apocorophium louisianum 6.35 0 4.99 5.6 7.01 7.01
Hobsonia florida 5.61 0 4.55 7.64 6.4 13.41
Gammarus cf. tigrinus LeCroy 1.81 6.72 3.76 1.88 5.28 18.69
Ablabesmyia rhamphe group Epler 4.26 0 3.45 7.22 4.85)| 23.54
Turbellaria (LPIL) 0 3.87 3.21 2.91 4.51[ 28.05
Procladius (Holotanypus) sp. 3.62 0 2.65 1.32 3.72 31.78
Caecidotea sp. 2.03 2.03 2.33 1.4 3.27( 35.04
Polypedilum halterale group Epler 7.18 4.16 2.27 2.22 3.19[ 38.23
Gammarus sp. 3.05 0 2.23 1.31 3.13[ 41.36
Americorophium sp. A LeCroy 6.91 4.21 2.14 2.57 3.01[ 44.37
Tanytarsus sp. G Epler 2.92 0 2.13 1.29 2.99| 47.36
Cernotina sp. 1.02 3.37 1.97 14 2.77] 50.13
Ceratopogonidae (LPIL) 2.54 0 1.87 1.31 2.63| 52.76
Aulodrilus pigueti 2.96 2.03 1.84 1.46 2.59| 55.35
Cryptotendipes sp. 0 2.35 1.82 1.28 2.55 57.9
Stenochironomus sp. 0 2.35 1.82 1.28 2.55| 60.45
Amnicola dalli 2.45 0 1.79 1.29 2.52] 62.96
Dicrotendipes sp. 0 2.22 1.72 1.28 242| 65.38
Uromunna reynoldsi 5.32 3.24 1.63 1.37 2.29| 67.67
Tubificoid Naididae imm. w/o hair
setae (LPIL) 1.21 2.22 1.57 1.09 2.21] 69.88
Coelotanypus tricolor 0 2.03 1.57 1.3 2.21 72.09
Dicrotendipes neomodestus 0 1.65 1.31 0.66 1.84] 73.93
Tanytarsus sp. T Epler 1.02 1.34 1.3 0.9 1.83| 75.76
Tubificoid Naididae imm. w/ hair setae
(LPIL) 1.02 0 0.99 0.66 14| 77.16
Procladius sp. 1.02 0 0.99 0.66 14| 7855

Table 3.3.4-3. Pithlachascotee River Macroinvertebrate Data.

ANOSIM was also run on these same data with salinity groups derived from PCA of the
mean values for the measured physico-chemical data (excluding the non-independent
variables conductivity and dissolved oxygen percent saturation). A test run on three groups
separated on the PCA by salinity and total site depth did not reveal any significant
differences among the multivariate distribution of macroinvertebrate communities. The
ANOSIM procedure was then run on two groups separated along an upstream/downstream
gradient of salinity alone (see discussion of the PCA results above). The upstream group
included sample replicates from the RK 9.5, RK 10.5, and RK 11.2 stations. The downstream
group included sample replicates from all the other stations. These groups correspond to
salinities of less than or equal to 8.68 ppt (the oligohaline upstream group) and greater than
18 ppt (poly- to euhaline downstream group). The test exceeded the global R-value of 0.486
(P=0.0002; Appendix B). Interestingly, there is a zone of rapid change in salinity along the
longitudinal river axis between RK 8 and RK 9.5 that roughly represents the mesohaline
zone described by Janicki (2007; Figure 3.1.3-3). Although the sampling design was
insufficient to characterize benthic assemblages within the relatively “short” (1.5 km)
mesohaline zone, this portion of the river is now recognized as an important zone of
transition during low flow conditions.

Taxa tending to be more abundant in the upstream oligohaline group (RK 9.5, RK 10.5, RK
11.2) included Americorophium sp. A LeCroy, Polypedilum halterale group Epler, Gammarus
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cf. tigrinus LeCroy, and Uromunna reynoldsi. All other dominant taxa were more abundant
downstream (Table 3.3.4-1).

Potential biological indicators of the upper longitudinal limit of mesohaline zone, where
salinity approaches 8 ppt, include: Americorophium sp. A, Uromunna reynoldsi, and
Polypedilum halterale group. Potential biological indicators of the lower longitudinal limit of
the mesohaline, with salinities approaching 18 ppt, include: Apocorophium louisianum,
Edotia triloba, and Laeonereis culveri. Collectively these are the most important taxa
representing the dissimilarity in benthic community structure at RK 8 and RK 9.5 (based on a
review of Table 3.3.4-1).

The Primer SIMPER procedure was performed on the Bray-Curtis similarity matrix
constructed from fourth root transformed unpooled abundance data to identify the taxa most
contributing to the difference between the upstream (oligohaline to freshwater) and
downstream (polyhaline to euhaline) salinity groups. The average dissimilarity between these
groups was 81.18 percent. The twenty-five taxa contributing most to the dissimilarity
between upstream and downstream groups are given in Table 3.3.4-4. These taxa account
for 46.24 percent of the dissimilarity between the upstream and downstream salinity groups.

Twenty-five Taxa Identified by the Primer SIMPER Procedure as Contributing Most to the Dissimilarity Between the Upstream and Downstream
Salinity Groups
Group Group
Downstream Upstream
Average Average Average Dissimilarity Percent Cumulative
Species Abundance Abundance | Dissimilarity | Standard Dev. | Contribution | % Contribution
Grandidierella bonnieroides 4.94 2.02 2.95 1.15 3.64 3.64
Americorophium sp. A LeCroy 0 4.72 2.69 1.47 3.31 6.95
Polypedilum halterale group Epler 0 4.58 2.61 1.86 3.22 10.17
Uromunna reynoldsi 0.22 4.59 2.51 2.35 3.09 13.26
Apocorophium louisianum 3.45 4.26 2.28 1.33 2.8 16.06
Mediomastus ambiseta 3.63 0 1.99 1.28 2.45 18.52
Hobsonia florida 2.66 3.59 1.78 1.32 2.19 20.71
Gammarus cf. tigrinus LeCroy 0 2.84 1.72 0.83 2.12 22.82
Streblospio sp. 2.7 0 1.66 1.14 2.05 24.87
Edotia triloba 2.33 1.13 1.48 0.99 1.82 26.69
Tubificoid Naididae imm. w/o hair setae (LPIL) 0.8 2.55 1.33 1.21 1.64 28.33
Fabricinuda trilobata 2.92 0 1.28 0.71 1.58 31.5
Ampelisca sp. 2.26 0.4 1.23 0.81 1.52 33.02
Laeonereis culveri 1.57 04 1.14 0.56 1.41 34.43
Capitella capitata 2.31 0 1.14 1.05 1.41 35.83
Turbellaria (LPIL) 0.61 1.69 1.08 0.9 1.32 37.16
Hydrobiidae (LPIL) 1.32 0.53 1 0.67 1.23 38.39
Leptochelia sp. 1.42 0.4 0.95 0.74 1.18 39.57
Procladius (Holotanypus) sp. 0 1.81 0.95 0.68 1.18 40.74
Xenanthura brevitelson 1.73 0 0.94 0.64 1.16 41.91
Aulodrilus pigueti 0 1.66 0.91 0.85 1.13 43.03
Axiothella sp. 1.95 0 0.87 0.73 1.08 44.11
Nemertea (LPIL) 1.69 0 0.87 0.98 1.08 45.19
Prionospio heterobranchia 1.86 0 0.86 0.76 1.05 46.24
Caecidotea sp. 0 1.35 0.85 0.62 1.05 47.29

Table 3.3.4-4. Pithlachascotee River Macroinvertebrate Data.

The Primer BEST procedure was run with the Bray-Curtis similarity matrix of the pooled data
(data square root transformed) and select abiotic parameters (river kilometer, temperature,
pH, salinity, DO mg/L, total site depth, and percent silt & clay) square root transformed and
normalized. The procedure found that the variables best explaining the multivariate
relationship between the biotic and abiotic matrices were river kilometer, pH, and salinity
(p=0.932; P<0.001). When pH was excluded from the procedure, the variables best
explaining the multivariate relationship between the biotic and abiotic matrices were river
kilometer and salinity (p=0.917; P<0.001). Excluding river kilometer, the variables best
explaining the multivariate relationship between the biotic and abiotic matrices were pH and
salinity (p=0.880; P<0.001). Excluding salinity, the variables best explaining the multivariate
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relationship between the biotic and abiotic matrices were river kilometer, temperature, and
(p=0.899; P<0.001). Excluding river kilometer and pH, the variables best explaining the
multivariate relationship between the biotic and abiotic matrices were salinity and percent silt
and clay (p=0.701; P<0.008). Interestingly, the one variable solution with salinity was next
ranked in this iteration (p=0.670). This result emphasizes the importance of salinity in
shaping the benthic macroinvertebrate assemblages along the river’s longitudinal axis.
Applying the principle of parsimony, the solution with river kilometer and salinity is regarded
as the optimum solution. This solution had the highest p value with the fewest variables
included (Appendix B).

3.3.5 River Longitudinal Distribution of Eleven Important Taxa and Relationships
with Salinity Concentration

A rank analysis was performed to determine which of the dominant taxa had the greatest
contribution to differences in benthic macroinvertebrate community structure along the river
longitudinal and salinity gradients. Taxa were ranked by descending dominance index value
(Table 3.3.1-1), total abundance (Table 3.3.4-1), and average contribution to dissimilarity
(Table 3.3.4-4). Based on these three rankings, an average ranking was calculated to
identify the following eleven important taxa:

Amphipoda Grandidierella bonnieroides
Amphipoda  Apocorophium louisianum
Polychaeta Fabricinuda trilobata
Polychaeta Hobsonia florida

Amphipoda  Americorophium sp. A Lecroy
Polychaeta Mediomastus ambiseta
Amphipoda  Ampelisca sp.

Isopoda Uromunna reynoldsi

Isopoda Edotia triloba

Polychaeta Laeonereis culveri

Insecta Polypedilum halterale group Epler

Total abundance (raw count) of the eleven select taxa (as well as other dominant taxa) by
river kilometer is presented in Table 3.3.4-1. Abundance-weighted salinity for each taxon and
center of abundance for each taxon is presented in Table 3.3.1-1. Figure 3.3.5-1 depicts
salinity ranges and abundance-weighted salinity (referenced below as “optimal” salinity) for
each of the eleven taxa. Additional figures showing total abundance (raw count) of these
taxa by river kilometer and salinity concentrations are given in Appendix F. Collectively,
these taxa occurred across the salinity gradient, with three taxa dominating the euhaline
zone with rather narrow distributions (Fabricinuda trilobata, Mediomastus ambiseta, and
Laeonereis culveri), five taxa spanning the polyhaline zone with wide ranges of salinity
tolerance (Grandidierella bonnieroides, Apocorophium louisianum, Hobsonia florida, Edotia
triloba, and Laeonereis culveri), and three other taxa that typify the oligohaline to freshwater
zone. Of these dominant taxa from the oligohaline to freshwater zone, two (Americorophium
sp. A and Polypedilum halterale) had narrow longitudinal distributions, while the third taxon
(Uromunna reynoldsi) had a wider distribution.
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Figure 3.3.5-1. Optimal Salinity and Salinity Ranges for Eleven Important Taxa

Pithlachascotee River sampling in May 2009 occurred after a sustained period of low flow
and was meant to capture near maximum salinity conditions in the river. In comparing results
for these species to studies in which sampling occurred throughout the year (e.g., Janicki
2007), higher optimal salinities at capture might be expected in the Pithlachascotee River
where high salinity conditions were prevalent at the time of the single sampling event.
Grandidierella bonnieroides was observed from RK 3.5 to RK 9.5 with a center of abundance
at RK 7.3. Salinities for this species ranged from around 8 to 30 ppt with an abundance-
weighted salinity of 20.67 ppt.

Apocorophium louisianum was collected from RK 5 to RK 10.5 with a center of abundance at
RK 8.1. A. louisianum was associated with salinities ranging from 4 to 27 ppt (optimal
salinity was 18.3 ppt).

Fabricinuda trilobata had a relatively narrow longitudinal range in the euhaline zone

(29 to 34 ppt, optimal was 32) near the river mouth (RK 0 to RK 2, center at RK 1.4).
Hobsonia florida had a wide range of salinity tolerance (4 to 32 ppt, optimal salinity 16.5 ppt),
occurring from RK 2 to RK 10.5 (center at RK 8.3).

Americorophium sp. A was observed in the oligohaline portion of the river (RK 9.5 to RK
11.2, center at RK 10.1). It was associated with salinities from near 0 to 9 ppt

(optimal was 7.1 ppt).

Mediomastus ambiseta was found in the lower river (RK 0 to RK 6.5, center at RK 3.4) where
salinity concentrations ranged from 25 to 33 ppt (optimal was 30 ppt).

Ampelisca sp. occurred primarily along the lower river from RK 2 to RK 10.5 with center at
RK 3.6. Optimal salinity for this taxon was approximately 30 ppt.

Uromunna reynoldsi occurred in the upper river (RK 8 to RK 11.2; center at RK 10) where
salinities ranged from 0 to 18 ppt (optimal was 8 ppt).
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Edotia triloba was observed from RK 2 to RK 9.5 (center at RK 8) in a wide range of salinity
concentrations (8 to 32 ppt; optimal was19 ppt).

Laeonereis culveri exhibited tolerance to a moderately wide range in salinity (8 to 25 ppt,
optimal was 22.6 ppt) and was observed from RK 6.5 to RK 9.5 (center at RK 7).

Polypedilum halterale group tolerates low salinity concentrations in the oligohaline zone (0 to
8 ppt, abundance-weighted salinity was 6 ppt) where fresh and salt water meet at the upper
end of the study area (RK 9.5 to RK 11.2; center at RK 10.5).

4.0 Conclusions

In order to establish minimum flow for tidal rivers, it is necessary to establish quantitative
relationships between flow or factors influenced by flow (salinity) and important biological
communities, including benthic infauna. One objective of this work is to document
quantitative relationships that explain the spatial distribution of the benthic invertebrate
assemblages.

Mean water column salinity ranged from 0.48 ppt at RK 11.2 to 33.46 ppt at the river mouth.
During low flow conditions, there is a zone of rapid change in salinity along the longitudinal
river axis between RK 8 and RK 9.5 that roughly represents the mesohaline zone (salinity of
8 to 18 ppt).

Live oysters were observed from the river mouth upstream approximately to RK 6.6 where
mean water column salinity was approximately 25 ppt at the time of sample collection.

The dominant species contributing most towards explaining longitudinal variability in benthic
infauna distribution were the amphipods Grandidierella bonnieroides and Apocorophium
louisianum and the polychaete, Fabricinuda trilobata. These three species represented 39
percent of the total number of organisms collected.

Number of taxa declined longitudinally from the river mouth traveling upstream.

Forward stepwise regression revealed a significant relationship between number of taxa and
river kilometer. Rank correlation indicated a significant decline in number of taxa with
decreasing salinity. Number of taxa declined from 71 taxa at RK 2 to 24 taxa observed
between RK 9.5 and RK 10.5. The decline in benthic community number of benthic
invertebrate species with decreasing salinity is a commonly observed spatial pattern in
estuaries that may, in part, be attributed to relatively wide fluctuations in environmental
conditions along the river longitudinal axis.

Diversity index values (Shannon’s and Margalef’s) generally declined longitudinally with
increasing river kilometer and decreasing salinity, but the Spearman rank correlation
technique did not indicate statistically significant relationships of these metrics to
physicochemical variables.

A forward stepwise linear regression model indicated number of taxa was significantly
related to river kilometer. No significant relationships were found between other biotic metrics
(Shannon-Wiener diversity and density) and abiotic factors. Lack of significant relationships
with salinity may be attributed to relatively small sample size. A more robust sampling design
(e.g., collection of a larger number of samples) might change this outcome. Total
macroinvertebrate density (number per square meter) did not show any regular longitudinal
relationship.

Benthic community structure varied longitudinally along the river axis. ANOSIM benthic
infauna assemblages at RK 0 through RK 8 significantly differed from assemblages at RK
9.5 through RK 11.2, and this difference was strongly driven by the salinity gradient. During
low flow conditions, there is a zone of rapid change in salinity along the longitudinal river axis
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between RK 8 and RK 9.5 that roughly represents the mesohaline zone (8-18 ppt). Although
the sampling design was insufficient to adequately characterize benthic assemblages within
the relatively short (1.5 km) mesohaline zone, this portion of the river is now recognized as
an important zone of transition during low flow conditions.

Benthic community structure was very similar at RK 5 and RK 6.5, and physicochemical
conditions were also very similar at those sites during the May 2009 sampling event.

The following eleven dominant taxa were identified as having the greatest influence on
dissimilarity in benthic community structure along the river’s longitudinal axis:

Amphipoda Grandidierella bonnieroides
Amphipoda  Apocorophium louisianum
Polychaeta Fabricinuda trilobata
Polychaeta Hobsonia florida

Amphipoda  Americorophium sp. A Lecroy
Polychaeta Mediomastus ambiseta
Amphipoda  Ampelisca sp.

Isopoda Uromunna reynoldsi

Isopoda Edotia triloba

Polychaeta Laeonereis culveri

Insecta Polypedilum halterale group Epler

Potential biological indicators of the upper longitudinal limit of mesohaline zone, where
salinity approaches 8 ppt, include: Americorophium sp. A, Uromunna reynoldsi, and
Polypedilum halterale group. Potential biological indicators of the lower longitudinal limit of
the mesohaline, with salinities approaching 18 ppt. include: Apocorophium louisianum,
Edotia triloba, and Laeonereis culveri. Collectively, these are the most important taxa
representing the dissimilarity in benthic community structure at RK 8 and RK 9.5, and the
transition in species assemblages associated with the mesohaline zone.

Pithlachascotee River sampling in May 2009 occurred after a sustained period of low flow
and was intended to capture near maximum salinity conditions in the river. In comparing
current results for these species to studies in which sampling occurred throughout the year
(e.g., Janicki 2007), higher optimal salinities at capture might be expected in the
Pithlachascotee River due to the high salinity conditions at the time of the single sampling
event.

Sustained decline in river flow and elevated salinity concentrations might lead to an increase
in number of taxa, an increase in number of salt-tolerant taxa, and perhaps a decrease in
chironomids (e.g., Polypedilum halterale group), Gammarus cf. tigrinus, and other taxa
characteristic of the oligohaline and freshwater zones of the river.
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Appendix A

Univariate Statistical Outputs



Appendix A: Conventional Statistical Analysis Documentation



Cotee River Data Analysis Documentation

Salinity Data

Descriptive Statistics

Variable N N* Mean SE Mean StDev Minimum Q1 Median
Water&AirSalinity 9 0 20.58 4.11 12.33 0.48 7.74 25.71
SWEWMD Mean 1985-87 Sali 8 1 8.77 2.60 7.37 0.46 1.58 7.86
SWEWMD May 5 09 Salinity 9 0 17.20 3.57 10.72 0.37 9.38 15.56
SWEWMD May 26 09 Salinit 8 1 17.10 3.85 10.90 0.89 6.01 20.04
SWEFWMD Mean May 5&26 09 9 0 17.93 3.60 10.79 0.63 8.24 19.71
Variable Q03 Maximum
Water&AirSalinity 31.07 33.49
SWEWMD Mean 1985-87 Sali 15.94 19.63
SWFWMD May 5 09 Salinity 28.55 31.18
SWFWMD May 26 09 Salinit 27.04 27.97
SWEWMD Mean May 5&26 09  28.06 31.18

*N indicates missing data values.

Mann-Whitney Tests

Mann-Whitney Test and CI: Water&AirSalinity, SWFWMD _Mean_1985-87_Salinity

N Median
Water&AirSalinity 9 25.71
SWEWMD Mean 1985-87 Salinity 8 7.86

Point estimate for ETA1-ETA2 is 13.48

95.1 Percent CI for ETA1-ETA2 is (-0.08,24.45)

W = 101.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.0606

Mann-Whitney Test and Cl: Water&AirSalinity, SWFWMD_May_5_09_Salinity

N Median
Water&AirSalinity 9 25.71
SWFWMD May 5 09 Salinity 9  15.56

Point estimate for ETA1-ETA2 is 2.96

95.8 Percent CI for ETA1-ETA2 is (-9.37,17.93)

W = 92.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.5962

Mann-Whitney Test and Cl: Water&AirSalinity, SWFWMD_May_ 26_09_Salinity

N Median
Water&AirSalinity 9 25.71



SWFWMD May 26 09 Salinity 8  20.04

Point estimate for ETA1-ETA2 is 3.79

95.1 Percent CI for ETA1-ETA2 is (-8.42,17.29)

W = 91.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.3606

Mann-Whitney Test and Cl: Water&AirSalinity,
SWFWMD_Mean_May_5&26_09_Salinit

N Median
Water&AirSalinity 9 25.71
SWEWMD Mean May 5&26 09 Salinit 9 19.71

Point estimate for ETA1-ETA2 is 2.87

95.8 Percent CI for ETA1-ETA2 is (-9.62,16.32)

W = 91.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.6588

Mann-Whitney Test and Cl: SWFWMD _Mean_1985-87_Salinity,
SWFWMD_May_5_09_Salinit

N Median
SWEWMD Mean 1985-87 Salinity 8 7.86
SWEWMD May 5 09 Salinity 9 15.56

Point estimate for ETA1-ETA2 is -9.16

95.1 Percent CI for ETA1-ETA2 is (-19.35,2.13)

W = 56.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.1358

Mann-Whitney Test and Cl: SWFWMD_Mean_1985, SWFWMD_May_26_09

N Median
SWEWMD Mean 1985-87 Salinity 8 7.86
SWFWMD May 26 09 Salinity 8 20.04

Point estimate for ETA1-ETA2 is -8.46

95.9 Percent CI for ETA1-ETA2 is (-21.36,3.42)

W = 54.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.1563

Mann-Whitney Test and Cl: SWFWMD _Mean_1985, SWFWMD_Mean_May _

N Median
SWEWMD Mean 1985-87 Salinity 8 7.86
SWEWMD Mean May 5&26 09 Salinit 9 19.71

Point estimate for ETA1-ETA2 is -9.67

95.1 Percent CI for ETA1-ETA2 is (-21.13,0.63)

W = 53.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.0750



Mann-Whitney Test and Cl: SWFWMD_May_5_09_Salinity,
SWFWMD_May_26_09_Salinity

N Median
SWEWMD May 5 09 Salinity 9  15.56
SWEFWMD May 26 09 Salinity 8  20.04

Point estimate for ETA1-ETA2 is 1.14

95.1 Percent CI for ETA1-ETA2 is (-12.83,10.75)

W = 82.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.9616

Mann-Whitney Test and Cl: SWFWMD_May_5_09_, SWFWMD_Mean_May _

N Median
SWEWMD May 5 09 Salinity 9 15.56
SWEWMD Mean May 5&26 09 Salinit 9 19.71

Point estimate for ETA1-ETA2 is -0.10

95.8 Percent CI for ETAl-ETA2 is (-13.25,10.50)

W = 84.5

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.9648

Mann-Whitney Test and Cl: SWFWMD_May_26_09, SWFWMD_Mean_May _

N Median
SWFWMD May 26 09 Salinity 8 20.04
SWEWMD Mean May 5&26 09 Salinit 9 19.71

Point estimate for ETA1-ETA2 is -1.08

95.1 Percent CI for ETA1-ETA2 is (-12.85,13.05)

W = 70.0

Test of ETAl = ETA2 vs ETAl not = ETA2 is significant at 0.8852



One-way ANOVA

Source DF SS MS F P
Factor 4 654 163 1.45 0.236
Error 38 4278 113

Total 42 4932

S = 10.61 R-Sq = 13.25% R-Sq(adj) = 4.12%

Mean StDev
20.58 12.33
8.77 7.37
17.20 10.72
17.10 10.90
17.93 10.79

Level

Water&AirSalinity

SWEWMD Mean 1985-87 Sali
SWEFWMD May 5 09 Salinity
SWFWMD May 26 09 Salinit
SWEWMD Mean May 5&26 09

O W YW W=

Individual 95% CIs For Mean Based on
Pooled StDev

Level  —==————= F-——————— Fo——————- Fo——————- +-
Water&AirSalinity (=== Fommmm o )
SWFWMD Mean 1985-87 Sali (--—-------- Kmmmm )
SWEWMD May 5 09 Salinity e Homm oo )
SWFWMD May 26 09 Salinit (-———m———- e )
SWEWMD Mean May 5&26 09 (=== Hmm oo )

- o [ — . — Hom e tom e +-

7.0 14.0 21.0 28.0

Pooled StDev = 10.61



Flow Data

Trend and Regression Analysis

Trend Analysis Plot for Mean Flow
Linear Trend Model
Yt = 37.02 - 0.492817*t
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Years Since 1963
Regression Analysis: Average Flow versus Date
The regression equation is
Average Flow = 1004 - 0.493 Date
Predictor Coef SE Coef T P
Constant 1003.9 369.1 2.72 0.009
Date -0.4928 0.1859 =-2.65 0.011
S = 17.2832 R-Sg = 13.5% R-Sg(adj) = 11.6%
Analysis of Variance
Source DF SS MS F P
Regression 1 2100.3 2100.3 7.03 0.011
Residual Error 45 13441.9 298.7
Total 46 15542.3
Unusual Observations
Obs Date Average Flow Fit SE Fit Residual St Resid
36 1998 59.04 19.28 3.37 39.76 2.35R
42 2004 54.55 16.33 4.19 38.23 2.28R

R denotes an observation with a large standardized residual.




Macroinvertebrate Numbers of Taxa, Diversity, and Number of
Individuals per Square Meter Related to Physico-chemical Variables

Physico-Chemical/Water Quality Data

Descriptive Statistics

Variable N N* Mean SE Mean StDev Minimum Q1
Depth of Collection (m) 28 0 1.189 0.127 0.671 0.500 0.500
Temperature ( C) 28 0 27.309 0.296 1.564 23.990 26.470
PH 28 0 7.5261 0.0339 0.1795 7.2400 7.4300
Conductivity 28 0 31213 3242 17155 926 14286
Salinity 28 0 19.91 2.16 11.44 0.48 8.28
DO% 28 0 45.88 2.48 13.14 17.30 31.68
DO mg/1 28 0 3.159 0.141 0.745 1.350 2.567
Total Site Depth 9 18 1.956 0.195 0.585 1.200 1.550
Variable Median Q03 Maximum
Depth of Collection (m) 1.000 1.575 2.500
Temperature ( C) 27.605 28.580 29.370
PH 7.5150 7.6675 7.8900
Conductivity 38723 45505 50901
Salinity 24.69 29.62 33.49
DO% 50.30 56.03 67.20
DO mg/1 3.305 3.680 4.600
Total Site Depth 1.700 2.650 2.800

Unpooled Macroinvertebrate Metrics

Descriptive Statistics

Variable N N* Mean SE Mean StDev  Minimum Q1
N Taxa 27 0 20.48 1.89 9.80 5.00 15.00
N Individuals 27 0 410.1 60.8 315.8 78.0 176.0
Margalefs d 27 0 3.368 0.297 1.545 0.712 2.237
Pielous Evenness 27 0 0.6818 0.0200 0.1037 0.5254 0.6183
Shannon Diversity(loge) 27 0 1.9811 0.0829 0.4305 1.1738 1.6745
Shannon Diversity(log2) 27 0 2.858 0.120 0.621 1.693 2.416
Shannon Diversity(loglO) 27 0 0.8604 0.0360 0.1870 0.5098 0.7272
Simpsons d (1-2) 27 0 0.7621 0.0185 0.0964 0.5964 0.6844
Variable Median Q3 Maximum
N Taxa 18.00 24.00 47.00
N Individuals 288.0 512.0 1365.0
Margalefs d 2.974 4.072 7.374
Pielous Evenness 0.6628 0.7480 0.8890
Shannon Diversity(loge) 1.8899 2.2171 3.0448
Shannon Diversity(log2) 2.727 3.199 4,393
Shannon Diversity(loglO) 0.8208 0.9629 1.3224
Simpsons d (1-A) 0.7496 0.8410 0.9365



Pooled Macroinvertebrate Metrics

Descriptive Statistics

Variable

N Taxa

N Individuals

Margalefs d

Pielous Evenness
Shannon Diversity(loge)
Shannon Diversity(log2)
Shannon Diversity(loglO)
Simpsons d (1-A)

Variable

N Taxa

N Individuals

Margalefs d

Pielous Evenness
Shannon Diversity(loge)
Shannon Diversity(log2)
Shannon Diversity(loglO)
Simpsons d (1-A)

N*

W VYWY Loo=Z

0
0
0
0
0
0
0
0

Median
36.00
1051
5.093
0.6489
2.2119
3.191
0.9606
0.8228

Mean
39.56
1230
5.494
0.6477
2.3292
3.360
1.0116
0.8153

03
53.50
1858
7.431
0.6986
2.6678
3.849
1.1586
0.8525

SE Mean
5.78
231
0.748
0.0186
0.0978
0.141
0.0425
0.0158

Maximum
71.00
2372
9.199
0.7346
2.7167
3.919
1.1799
0.8803

StDev
17.35
694
2.245
0.0557
0.2933
0.423
0.1274
0.0474

Minimum
24.00
356
3.341
0.5638
1.8786
2.710
0.8159
0.7428

01
26.00
752
3.430
0.5989
2.1392
3.086
0.9291
0.7657



Forward Stepwise Multiple Regression

Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is Taxa on 8 predictors, with N = 9

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35
R-Sq 84.29
R-Sqg(adj) 82.04

Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is Taxa on 8 predictors, with N = 9

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35
R-Sq 84.29
R-Sqg(adj) 82.04
PRESS 671.712
R-Sq (pred) 72.11

Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.05

Response is Taxa on 8 predictors, with N = 9

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35



R-Sq 84.29
R-Sqg(adj) 82.04
PRESS 671.712
R-Sq (pred) 72.11

Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Alpha-to-Enter: 0.05

Response is Taxa on 8 predictors,

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35
R-Sq 84.29
R-Sqg(adj) 82.04
PRESS 671.712
R-Sq (pred) 72.11

MTB > Stepwise 'Taxa'

CONT>
SUBC>
SUBC>
SUBC>
SUBC>
SUBC>
SUBC>

Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Alpha-to-Enter: 0.05

Response is Taxa on 8 predictors,

'Salinity’
AEnter 0.05;
ARemove 0.05;
Best 0;

Steps 8;
Constant;
Press.

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35
R-Sq 84.29
R-Sqg(adj) 82.04
PRESS 671.712
R-Sq (pred) 72.11

Regression Analysis: Taxa versus RK, Temperature ( C), ...

'RK'
DO

'Temperature ( C)' 'pH' 'Conductivity'
'Total Site Depth';

'DO mg/1'

Alpha-to-Remove: 0.05

with N = 9

Alpha-to-Remove: 0.05

with N = 9

10

&



The regression equation is
Taxa = - 2281 - 4.60 RK + 56.2 Temperature ( C) + 147 pH - 0.0434 Conductivity
+ 66.0 Salinity - 18.6 DO% + 203 DO mg/l - 19.9 Total Site Depth

SE
Predictor Coef Coef T P
Constant -2280.95 xook K
RK -4.59667 KooKk
Temperature ( C) 56.2280 Kook x
pH 147.248 *oox %
Conductivity -0.0434161 *oook K
Salinity 65.9506 ook *
DO% -18.5638 kKK
DO mg/1 202.645 xoK K
Total Site Depth -19.8831 koKX
S = *
Analysis of Variance
Source DF SS MS F P
Regression 8 2408.222 301.028 * ~*
Residual Error 0 * *
Total 8 2408.222
Source DF Seq SS
RK 1 1955.345
Temperature ( C) 1 152.858
pH 1 21.112
Conductivity 1 22.845
Salinity 1 112.291
DO% 1 0.000
DO mg/1 1 10.203
Total Site Depth 1 133.569

MTB > Stepwise 'Taxa' 'RK' 'Temperature ( C)' 'pH' 'Conductivity' &
CONT> 'Salinity' 'DO%' 'DO mg/l' 'Total Site Depth';

SUBC> Forward;

SUBC> AEnter 0.05;

SUBC> Best 0;

SUBC> Steps 8;

SUBC> Constant;

SUBC> Press.

11



Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.05

Response is Taxa on 8 predictors, with N = 9

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35
R-Sq 84.29
R-Sqg(adj) 82.04
PRESS 671.712
R-Sq (pred) 72.11

More? (Yes, No, Subcommand, or Help)
SUBC> yes
No variables entered or removed

More? (Yes, No, Subcommand, or Help)

SUBC> no
MTB > Stepwise 'H(log2)' 'RK' 'Temperature ( C)' 'pH' 'Conductivity'
CONT> 'Salinity' 'DO%' 'DO mg/l' 'Total Site Depth';

SUBC> Forward;
SUBC> AEnter 0.05;
SUBC> Best 0;
SUBC> Steps 8;
SUBC> Constant;
SUBC> Press.

Stepwise Regression: H(log2) versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.05

Response is H(log2) on 8 predictors, with N = 9

Step 1
Constant -8.468
pH 1.57
T-Value 2.85
P-Value 0.025
S 0.308
R-Sq 53.71
R-Sqg(adj) 47.09
PRESS 1.01452
R-Sqg (pred) 29.17

More? (Yes, No, Subcommand, or Help)

12
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SUBC> yes
No variables entered or removed

More? (Yes, No, Subcommand, or Help)

SUBC> no
MTB > Regress 'H(log2)' 8 'RK' 'Temperature ( C)' 'pH' 'Conductivity' &
CONT> 'Salinity' 'DO%' 'DO mg/l' 'Total Site Depth';

SUBC> Constant;
SUBC> Brief 2.

Regression Analysis: H(log2) versus RK, Temperature ( C), ...

The regression equation is

H(log2) = 30.2 + 0.509 RK - 1.46 Temperature ( C) + 0.791 pH
+ 0.00121 Conductivity - 1.70 Salinity + 0.631 DO% - 9.08 DO mg/l
- 0.232 Total Site Depth

SE
Predictor Coef Coef T P
Constant 30.2319 koKX
RK 0.508964 kKK
Temperature ( C) -1.45706 Kook x
pH 0.791383 xook K
Conductivity 0.00120802 Kook K
Salinity -1.69803 *ookx
DO% 0.630525 KooKk
DO mg/1 -9.07628 * ook K
Total Site Depth -0.231888 Kook x
S:*
Analysis of Variance
Source DF SS MS F P
Regression 8 1.432357 0.179045 * *
Residual Error 0 * *
Total 8 1.432357
Source DF Seq SS
RK 1 0.734099
Temperature ( C) 1 0.391042
pH 1 0.029316
Conductivity 1 0.028310
Salinity 1 0.010424
DO% 1 0.009931
DO mg/1 1 0.211068
Total Site Depth 1 0.018167

MTB > Save "V:\7180-SWFWMD Tampa\DLE\08-7180-02-Cotee and Homosassa
River\WorkFile\Cotee River\MINITAB\Cotee R Data for Linear Regression.MTW";
SUBC> Replace.

Saving file as: 'V:\7180-SWFWMD Tampa\DLE\08-7180-02-Cotee and Homosassa
River\WorkFile\Cotee River\MINITAB\Cotee R Data for Linear Regression.MTW'
Existing file replaced.

MTB > Stepwise 'N Ind m2' 'RK' 'Temperature ( C)' 'pH' 'Conductivity' &
CONT> 'Salinity' 'DO%' 'DO mg/l' 'Total Site Depth';

SUBC> Forward;

13



SUBC> AEnter 0.05;
SUBC> Best 0;
SUBC> Steps 8;
SUBC> Constant;
SUBC> Press.

Stepwise Regression: N_Ind_m2 versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.05

Response is N Ind m2 on 8 predictors, with N = 9

No variables entered or removed
More? (Yes, No, Subcommand, or Help)
SUBC> yes

No variables entered or removed
More? (Yes, No, Subcommand, or Help)

SUBC> no
MTB > Stepwise 'N Ind m2' 'RK' 'Temperature ( C)' 'pH'

'Conductivity'

CONT> 'Salinity' "DO%' 'DO mg/l' 'Total Site Depth';

SUBC> Forward;
SUBC> AEnter 0.05;
SUBC> Best 0;
SUBC> Steps 8;
SUBC> Constant;
SUBC> Press.

Stepwise Regression: N_Ind_m2 versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is N Ind m2 on 8 predictors, with N = 9

Step 1
Constant -214178
Temperature ( C) 9849
T-Value 1.76
P-Value 0.122
S 26630
R-Sq 30.59
R-Sqg(adj) 20.67
PRESS 7417976907
R-Sqg (pred) 0.00

Best alternatives:

Variable DO%
T-Value 1.55
P-Value 0.166
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Regression Analysis: N_Ind_m2 versus RK, Temperature ( C), ...

The regression equation is

N Ind m2 = - 9966420 - 20853 RK + 242850 Temperature ( C) + 661989 pH
- 156 Conductivity + 221103 Salinity - 41575 DO% + 342338 DO mg/l
- 86786 Total Site Depth

SE

Predictor Coef Coef T P
Constant -9966420 * ook
RK -20853.3 * ook %
Temperature ( C) 242850 * ook
pH 661989 * ook %
Conductivity -155.582 xRk
Salinity 221103 ook K
DO% -41575.2 * ok %
DO mg/1 342338 xR K

* * *

Total Site Depth -86786.0

Analysis of Variance

Source DF SS MS F P
Regression 8 7151378532 893922317 * *
Residual Error 0 * *

Total 8 7151378532

Source DF Seq SS

RK 1 770684731

Temperature ( C) 1 1519142094

pH 1 350733606

Conductivity 1 304936783

Salinity 1 1492184628

DO% 1 76911491

DO mg/1 1 92100402

Total Site Depth 1 2544684796

Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is Taxa on 8 predictors, with N = 9

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35
R-Sq 84.29
R-Sqg(adj) 82.04
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PRESS 671.712
R-Sqg (pred) 72.11

Best alternatives:

Variable RK
T-Value -5.50
P-Value 0.001

Stepwise Regression: H(log2) versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is H(log2) on 8 predictors, with N = 9

Step 1
Constant -8.468
pH 1.57
T-Value 2.85
P-Value 0.025
S 0.308
R-Sq 53.71
R-Sqg(adj) 47.09
PRESS 1.01452
R-Sqg (pred) 29.17

Best alternatives:

Variable RK
T-Value -2.71
P-Value 0.030
Step 2
Constant -12.54
pH 2.26
T-Value 4.46
P-Value 0.004
DO mg/1 -0.36
T-Value -2.44
P-Value 0.050
S 0.235
R-Sq 76.79
R-Sqg(adj) 69.06
PRESS 0.720441
R-Sqg (pred) 49.70

Best alternatives:

Variable DO%
T-Value -1.97
P-Value 0.097
Step 3

16



Constant

pH
T-Value
P-Value

DO mg/1
T-Value
P-Value

DO%
T-Value
P-Value

S

R-Sg

R-Sqg (adj)
PRESS
R-Sqg (pred)

0.4

Best alternative

Variable
T-Value
P-Value

Step
Constant

pH
T-Value
P-Value

DO mg/1
T-Value
P-Value

DO%
T-Value
P-Value

Total Site Depth
T-Value
P-Value

S

R-Sg

R-Sqg (adj)
PRESS
R-Sqg (pred)

Best alternative
Variable

T-Value
P-Value

Step
Constant

pH

8.381

1.80
3.39
0.019
-1.61
-2.06
0.094
0.071
1.62
0.166
0.209
84.78
75.66
73920
66.91
S:

RK
-1.48
0.198

4

-1.038

0.98

1.91

0.128

-2.86

-3.71

0.021

0.145

3.27

0.031

-0.32

-2.38

0.076

0.150

93.69

87.38

0.458134

68.02

S:

Temperature ( C)

-1.49

0.211

-10.55

.28



T-Value 2.65

P-Value 0.077
DO mg/1 -5.1
T-Value -3.55
P-Value 0.038
DO% 0.280
T-Value 3.25
P-Value 0.047
Total Site Depth -0.46
T-Value -3.36
P-Value 0.044
RK 0.139
T-Value 1.73
P-Value 0.182
S 0.123
R-Sq 96.84
R-Sg (adj) 91.57
PRESS 0.366901
R-Sqg (pred) 74.38

Best alternatives:

Variable Conductivity
T-Value -1.55
P-Value 0.220
Step 6
Constant 6.224
PH 0.8
T-Value 0.71
P-Value 0.552
DO mg/1 -6.2
T-Value -4.64
P-Value 0.043
DO% 0.381
T-Value 4.13
P-Value 0.054
Total Site Depth -0.41
T-Value -3.54
P-Value 0.072
RK 0.139
T-Value 2.15
P-Value 0.164
Temperature ( C) -0.25
T-Value -1.64
P-Value 0.243
S 0.0983
R-Sq 98.65
R-Sqg(adj) 94.61
PRESS 0.554800
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R-Sqg (pred) 61.27

Best alternatives:

Variable Conductivity
T-Value -0.33
P-Value 0.776

Stepwise Regression: Taxa versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is Taxa on 8 predictors, with N = 9

Step 1
Constant -568.0
pH 81
T-Value 6.13
P-Value 0.000
S 7.35
R-Sq 84.29
R-Sqg(adj) 82.04
PRESS 671.712
R-Sq (pred) 72.11

Best alternatives:

Variable RK
T-Value -5.50
P-Value 0.001

Stepwise Regression: H(log2) versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is H(log2) on 8 predictors, with N = 9

Step 1
Constant -8.468
pH 1.57
T-Value 2.85
P-Value 0.025
S 0.308
R-Sq 53.71
R-Sqg(adj) 47.09
PRESS 1.01452
R-Sqg (pred) 29.17

Best alternatives:
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Variable RK

T-Value -2.71
P-Value 0.030
Step 2
Constant -12.54
pH 2.26
T-Value 4.46
P-Value 0.004
DO mg/1 -0.36
T-Value -2.44
P-Value 0.050
S 0.235
R-Sq 76.79
R-Sqg(adj) 69.06
PRESS 0.720441
R-Sqg (pred) 49.70

Best alternatives:

Variable DO%
T-Value -1.97
P-Value 0.097
Step 3
Constant -8.381
pH 1.80
T-Value 3.39
P-Value 0.019
DO mg/1 -1.61
T-Value -2.06
P-Value 0.094
DO% 0.071
T-Value 1.62
P-Value 0.166
S 0.209
R-Sq 84.78
R-Sqg(adj) 75.66
PRESS 0.473920
R-Sqg (pred) 66.91

Best alternatives:

Variable RK
T-Value -1.48
P-Value 0.198

Step
Constant

pH
T-Value
P-Value

-1.038

0.98
1.91
0.128
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DO mg/1
T-Value
P-Value

DO%
T-Value
P-Value

Total Site Depth
T-Value
P-Value

S

R-Sg

R-Sq (adj)
PRESS
R-Sqg (pred)

Best alternatives:

Variable
T-Value
P-Value

Step
Constant

pH
T-Value
P-Value

DO mg/1
T-Value
P-Value

DO%
T-Value
P-Value

Total Site Depth
T-Value
P-Value

RK
T-Value
P-Value

S

R-Sg

R-Sq (adj)
PRESS
R-Sqg (pred)

Best alternatives:

Variable
T-Value
P-Value

Step

-2.86
-3.71
0.021

0.145
3.27
0.031

-0.32
-2.38
0.076

0.150
93.69
87.38
0.458134
68.02

Temperature ( C)
-1.49
0.211

5
-10.55

2.28
2.65
0.077

-5.1
-3.55
0.038

0.280
3.25
0.047

-0.46
-3.36
0.044

0.139
1.73
0.182

0.123
96.84
91.57
0.366901
74.38

Conductivity
-1.55
0.220
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Constant 6.224

pH 0.8
T-Value 0.71
P-Value 0.552
DO mg/1 -6.2
T-Value -4.64
P-Value 0.043
DO% 0.381
T-Value 4.13
P-Value 0.054
Total Site Depth -0.41
T-Value -3.54
P-Value 0.072
RK 0.139
T-Value 2.15
P-Value 0.164
Temperature ( C) -0.25
T-Value -1.64
P-Value 0.243
S 0.0983
R-Sq 98.65
R-Sqg(adj) 94.61
PRESS 0.554800
R-Sqg (pred) 61.27

Best alternatives:

Variable Conductivity
T-Value -0.33
P-Value 0.776

Stepwise Regression: Taxa versus RK, Salinity, DO mg/l, Total Site Depth

Forward selection. Alpha-to-Enter: 0.25

Response is Taxa on 4 predictors, with N = 9

Step 1
Constant 64.50
RK -4.00
T-Value -5.50
P-Value 0.001
S 8.04
R-Sq 81.19
R-Sg (adj) 78.51
Mallows Cp 1.6
PRESS 768.156
R-Sqg (pred) 68.10

Best alternatives:
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Variable Salinity

T-Value 3.49
P-Value 0.010
Step 2
Constant 90.13
RK -4.71
T-Value -5.35
P-Value 0.002
DO mg/1 -6.7
T-Value -1.31
P-Value 0.238
S 7.66
R-Sq 85.38
R-Sqg(adj) 80.50
Mallows Cp 2.1
PRESS 730.173
R-Sqg (pred) 69.68

Best alternatives:

Variable Salinity
T-Value -1.31
P-Value 0.239

Stepwise Regression: Taxa versus RK

Forward selection. Alpha-to-Enter: 0.25

Response is Taxa on 1 predictors, with N = 9

Step 1
Constant 64.50
RK -4.00
T-Value -5.50
P-Value 0.001
S 8.04
R-Sq 81.19
R-Sg (adj) 78.51
Mallows Cp 2.0
PRESS 768.156
R-Sqg (pred) 68.10

Regression Analysis: Taxa versus RK

The regression equation is
Taxa = 64.5 - 4.00 RK

Predictor Coef SE Coef T P
Constant 64.503 5.271 12.24 0.000
RK -3.9952 0.7267 =-=5.50 0.001
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S = 8.04343 R-Sq = 81.2% R-Sq(adj) = 78.5%

Analysis of Variance

Source DF SS MS F P
Regression 1 1955.3 1955.3 30.22 0.001
Residual Error 7 452.9 64.7

Total 8 2408.2

Unusual Observations

Obs RK Taxa Fit SE Fit Residual St Resid
2 2.0 71.00 56.51 4.09 14.49 2.09R

R denotes an observation with a large standardized residual.

Stepwise Regression: H(log2) versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25

Response is H(log2) on 8 predictors, with N = 9

Step 1
Constant -8.468
pH 1.57
T-Value 2.85
P-Value 0.025
S 0.308
R-Sq 53.71
R-Sqg(adj) 47.09
PRESS 1.01452
R-Sqg (pred) 29.17

Best alternatives:

Variable RK
T-Value -2.71
P-Value 0.030
Step 2
Constant -12.54
pH 2.26
T-Value 4.46
P-Value 0.004
DO mg/1 -0.36
T-Value -2.44
P-Value 0.050
S 0.235
R-Sq 76.79
R-Sqg(adj) 69.06
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PRESS 0.720441
R-Sqg (pred) 49.70

Best alternatives:

Variable DO%
T-Value -1.97
P-Value 0.097
Step 3
Constant -8.381
pH 1.80
T-Value 3.39
P-Value 0.019
DO mg/1 -1.61
T-Value -2.06
P-Value 0.094
DO% 0.071
T-Value 1.62
P-Value 0.166
S 0.209
R-Sq 84.78
R-Sqg (adj) 75.66
PRESS 0.473920
R-Sqg (pred) 66.91

Best alternatives:

Variable RK
T-Value -1.48
P-Value 0.198

Step
Constant

pH
T-Value
P-Value

DO mg/1
T-Value
P-Value

DO%
T-Value
P-Value

Total Site Depth
T-Value
P-Value

S

R-Sg

R-Sq (adj)
PRESS
R-Sqg (pred)

4
-1.038

0.98
1.91
0.128

-2.86
-3.71
0.021

0.145
3.27
0.031

-0.32
-2.38
0.076

0.150
93.69
87.38
0.458134
68.02
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Best alternatives:

Variable
T-Value
P-Value

Step
Constant

pH
T-Value
P-Value

DO mg/1
T-Value
P-Value

DO%
T-Value
P-Value

Total Site Depth
T-Value
P-Value

RK
T-Value
P-Value

S

R-Sg

R-Sqg (adj)
PRESS
R-Sqg (pred)

Best alternatives:

Variable
T-Value
P-Value

Step
Constant

pH
T-Value
P-Value

DO mg/1
T-Value
P-Value

DO%
T-Value
P-Value

Total Site Depth
T-Value
P-Value

RK

Temperature ( C)
-1.49
0.211

5
-10.55

2.28
2.65
0.077

-5.1
-3.55
0.038

0.280
3.25
0.047

-0.46
-3.36
0.044

0.139
1.73
0.182

0.123
96.84
91.57
0.366901
74.38

Conductivity
-1.55
0.220

6.224

0.8
0.71
0.552

-6.2
-4.64
0.043

0.381
4.13
0.054

-0.41
-3.54
0.072

0.139
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T-Value 2.15

P-Value 0.164
Temperature ( C) -0.25
T-Value -1.64
P-Value 0.243
S 0.0983
R-Sq 98.65
R-Sqg(adj) 94.61
PRESS 0.554800
R-Sqg (pred) 61.27

Best alternatives:

Variable Conductivity
T-Value -0.33
P-Value 0.776

Regression Analysis: H(log2) versus DO mg/I

The regression equation is
H(log2) = 3.34 + 0.007 DO mg/1l

Predictor Coef SE Coef T P
Constant 3.3392 0.7667 4.36 0.003
DO mg/1 0.0067 0.2373 0.03 0.978

S = 0.452326 R-Sq = 0.0% R-Sq(adj) = 0.0%

Analysis of Variance

Source DF SS MS F P
Regression 1 0.0002 0.0002 0.00 0.978
Residual Error 7 1.4322 0.2046

Total 8 1.4324

Stepwise Regression: H(log2) versus DO mg/l

Forward selection. Alpha-to-Enter: 0.25
Response is H(log2) on 1 predictors, with N = 9
No variables entered or removed

Stepwise Regression: N_Ind_m2 versus RK, Temperature ( C), ...

Forward selection. Alpha-to-Enter: 0.25
Response is N Ind m2 on 8 predictors, with N = 9

Step 1
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Constant -214178

Temperature ( C) 9849
T-Value 1.76
P-Value 0.122
S 26630
R-Sqg 30.59
R-Sqg(adj) 20.67
PRESS 7417976907
R-Sqg (pred) 0.00

Best alternatives:

Variable DO%
T-Value 1.55
P-Value 0.166

28



Macroinvertebrate Metrics and Physicochemical Data Significant
Differences

Nested ANOVA

Nested ANOVA: Taxa versus Site

Analysis of Variance for Taxa

Source DF SS MS F P
Site 8 4.1563 0.5195 5.675 0.001
Error 18 1.6480 0.0916

Total 26 5.8042

Variance Components

% of
Source Var Comp. Total StDev
Site 0.143 60.91 0.378
Error 0.092 39.09 0.303
Total 0.234 0.484

Expected Mean Squares

1 Site 1.00(2) + 3.00(1)
2 Error 1.00(2)

Nested ANOVA: Abundance versus Site

Analysis of Variance for Abundance

Source DF SS MS F P
Site 8 8.4153 1.0519 3.112 0.022
Error 18 6.0851 0.3381

Total 26 14.5004

Variance Components

% of
Source Var Comp. Total StDev
Site 0.238 41.31 0.488
Error 0.338 58.69 0.581
Total 0.576 0.759

Expected Mean Squares

1 Site 1.00(2) + 3.00(1)
2 Error 1.00(2)

Nested ANOVA: Margalefs d versus Site

Analysis of Variance for Margalefs d
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Source DF SS MS F P
Site 8 4.4036 0.5505 5.986 0.001
Error 18 1.6551 0.0920
Total 26 6.0588
Variance Components
% of
Source Var Comp. Total StDev
Site 0.153 62.44 0.391
Error 0.092 37.56 0.303
Total 0.245 0.495
Expected Mean Squares
1 Site 1.00(2) + 3.00¢(1)
2 Error 1.00(2)

Nested ANOVA: Pielous Evenness versus Site

Analysis of Variance for Pielous Evenness

Source DF SS MS F P
Site 8 0.1731 0.0216 0.923 0.521
Error 18 0.4221 0.0234

Total 26  0.5952

Variance Components

Source Var Comp. % of Total StDev
Site -0.001%* 0.00 0.000
Error 0.023 100.00 0.153
Total 0.023 0.153

* Value is negative, and is estimated by zero.

Expected Mean Squares

1
2

Site
Error

1.00(2)
1.00(2)

+ 3.00(1)

Nested ANOVA: Shannon Diversity versus Site

Analysis of Variance for Shannon Diversity

Source DF SS MS F P
Site 8 0.6267 0.0783 2.727 0.037
Error 18 0.5171 0.0287
Total 26 1.1438
Variance Components

% of
Source Var Comp. Total StDev
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Site 0.017 36.53 0.129
Error 0.029 63.47 0.169
Total 0.045 0.213
Expected Mean Squares

1 Site 1.00(2) + 3.00(1)
2 Error 1.00(2)

Nested ANOVA: Simpsons d versus Site

Analysis of Variance for Simpsons d

Source DF SS MS F P
Site 8 0.1280 0.0160 0.985 0.479
Error 18 0.2924 0.0162

Total 26 0.4204

Variance Components

Source Var Comp. % of Total StDev
Site -0.000%* 0.00 0.000
Error 0.016 100.00 0.127
Total 0.016 0.127

* Value is negative,

Expected Mean Squares

1 Site
2 Error

1.00(2)
1.00(2)

+ 3.00(1)

One-way ANOVA: Taxa versus Site

and is estimated by zero.

DF

8 4
18 1
26 5

Source
Site
Error
Total

S 0.3026

Level
RK-0
RK-10.5
RK-11.2
RK-2
RK-3.
RK-5
RK-6.
RK-8
RK-9.

WWWwWwwwwww=z
NN NN WWNND W

SS
.1563
. 6480
.8042

R-Sg

Mean
.3782
.6159
.7362
L7329
.0415
.8656
.8862
.4695
.5116

0.
0.

MS
5195
0916

71.61%

[eNoNoloNoNeoNeNelNe)

F P
5.67 0.001
R-Sg(adj) = 58.99%

Individual 95%
Pooled StDev

CIs For Mean Based on

———————— o
(—mmmmmn *ommmee )
(—===- Hommmm e )
(—mmmmmn Hommn )
( _______ R J——
(—=mmmn Hommmee )
(=== Hommme e )
(—=mmmmn Hommmee )
(=== Hommn )
(-===- Hommmm e )
———————— oo
2.50 3.00 3.50
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Pooled StDev = 0.3026

Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Site

Individual confidence level = 99.7

Site

Site

RK-10.5
RK-11.2

RK-2

RK-3.

RK-5

RK-6.

RK-8

RK-9.

Site

Site

RK-11.2

RK-2

RK-3.

RK-5

RK-6.

RK-8

RK-9.

Site

Site
RK-2

RK-3.

RK-5

RK-6.

RK-8

RK-9.

Site

Site

RK-3.

RK-5

RK-6.

RK-8

RK-9.

5

5

RK-0 subtracted from:

RK-10.5 subtracted

RK-11.2 subtracted

Lower
1.6288
1.5085
0.5118
1.2032
1.3790
1.3584
1.7752
1.7331

Lower
0.7462
0.2505
0.4409
0.6168
0.5962
1.0129
0.9708

Lower
.1303
.5612
.7370
.7164
.1331
.0911

C
0

0.

C

OO OO OoOr o

enter
.7623
6420
.3547
.3367
.5126
.4920
.9087
.8666

enter
.1202
L1170
L4256
.2497
.2703
.1464
.1043

Center
0.
0.
0.
0.
-0.
-0.

9967
3053
1295
1501
2667
2246

O OO OOoOr oo
w
[€)]
w
\e]

from:

COoOR R RERREO
[
[
oy
N

oOoOoORr OoORr K
o
=
o
ol

RK-2 subtracted from:

-1.
-1.
-1.

-2
-2

Lower
5579
7337
7132
.1299
.0878

Center
-0.
-0.
-0.
.2634
L2213

-1
-1

6914
8673
8467

5%

———————— e e e T
(-====-- *ommm e )
(—===-—- *ommme )
(—==-—- *omm e )
(-==-—- *ommme )
(—==--- *ommm e )
(mmmmmm* oo )
(—===-- Hommm e )
(-===-- *ommme )
———————— et Rt
-1.2 0.0 1.2 2.4
———————— it R e
(-—==-- *ommm e )
(-—==-- Hommm oo )
(-===-—- *ommmee )
(-mmmmm*mmmmm - )
(mmmmmm* oo )
(mmmmmm* oo )
(mmmmmm* oo )
———————— it R e
-1.2 0.0 1.2 2.4
———————— it S o
(-—==-- Hommmme )
(-===-—- *ommme )
(-mmmmm* oo )
(mmmmmm %o )
(mmmmmm*mmmm - )
(mmmmmm* oo )
———————— it S ettt T
-1.2 0.0 1.2 2.4
———————— it R e
(-—=--- *ommme )
(-==--- *ommm e )
(mmmmmm* oo )
(-==--- Hommm oo )
(-—=--- *ommm e )
———————— it R e
-1.2 0.0 1.2 2.4
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Site

Site
RK-5

RK-6.

RK-8

RK-9.

Site

Site

RK-6.

RK-8

RK-9.

Site

Site
RK-8

RK-9.

Site

Site

RK-9.

5

RK-3.5 subtracted

Lower
-1.0423
-1.0217
-1.4385
-1.3964

Center
-0.1758
-0.1553
-0.5720
-0.5299

from:

RK-5 subtracted from:

Lower
-0.8459
-1.2626
-1.2205

Center
0.0206
-0.3961
-0.3541

RK-6.5 subtracted

Lower
-1.2832
-1.2411

Center
-0.4167
-0.3746

from:

RK-8 subtracted from:

Lower
-0.8244

Center
0.0421

Upper
0.9086

|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
o
o 4+ * +
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-===)
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0 1.2 2.4
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One-way ANOVA: Abundance versus Site

Source
Site
Error
Total

S 0.5

Level
RK-0
RK-10.5
RK-11.2
RK-2
RK-3.
RK-5
RK-6.
RK-8
RK-9.

Pooled

DF SS MS
8 8.415 1.052
18 6.085 0.338
26 14.500

814 R-Sg = 58.03%
N Mean StDev
3 5.4534 1.0713
3 5.6181 0.6066
3 4.7174 0.4147
3 6.6335 0.3540
3 5.8903 0.2027
3 5.2279 0.3605
3 6.0508 0.5710
3 6.4357 0.7997
3 5.7527 0.3047

StDev = 0.5814

3.

F P
11 0.022
R-Sq(adj) = 39.38%

Individual 95%

CIs For Mean Based on Pooled StDev

—————— et e
(—=mmmn *ommmen )
(—=—- Hommm e )
—_———K e — )
(—==—- *ommm e )
(=== *ommmee )
(—==—- Hommm e )
(—mmmmn Hommmee )
(-==—- Hommm e )
(—=mmmn Hommm e )
—————— it
5.0 6.0 7.0

Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Site

Individual confidence level

Site
Site
RK-10.5
RK-11.2
RK-2

RK-3.
RK-5

RK-6.
RK-8

RK-9.

5

5

Site =
Site

RK-11.2
RK-2
RK-3.
RK-5
RK-6.
RK-8
RK-9.

Site

RK-0 subtracted from:

Lower
-1.5003
-2.4010
-0.4849
-1.2281
-1.8905
-1.0676
-0.6827
-1.3657

Center

0.

-0

1.
0.
-0.

O O O

1648
.7360
1801
4369
2255
.5975
.9823
.2994

RK-10.5 subtracted

Lower
-2.5658
-0.6497
-1.3929
-2.0553
-1.2323
-0.8475
-1.5304

Center

-0

1.
0.
-0.

O O O

.9008
0154
2722
3903
L4327
.8175
.1346

fr

R NN NN OB

99.

om:

RK-11.2 subtracted from:

o)

°

———————— ittt R e
(=== Hommm oo )
(-===--- Hommmm oo )
(-===-—- Hommmm e )
(-===-—- Hommmm oo )
(-===--- Fommo oo )
(-—==--- Hommmoe )
(-===--- Hommm oo )
(-===--- Homm e )
———————— ittt R e
-2.0 0.0 2.0 4.0
———————— it R e
(-====-- Hommm oo ee )
(-===--- Hommm oo )
(-===--- Hommm oo ee )
(-===-—- Hommmm e )
(-—==-—- Hommmm e )
(-===-—- Hommmmee )
(-===-- Hommm oo )
———————— e B ettt
-2.0 0.0 2.0 4.0
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Site
RK-2

RK-3.

RK-5

RK-6.

RK-8

RK-9.

Site

Site

RK-3.

RK-5

RK-6.

RK-8

RK-9.

Site

Site
RK-5

RK-6.

RK-8

RK-9.

Site

Site

RK-6.

RK-8

RK-9.

Site

Site
RK-8

RK-9.

Site

Site

RK-9.

5

Lower
0.2511
-0.4921
-1.1545
-0.3316
0.0533
-0.6297

RK-2 subtracted from:

Lower
-2.4082
-3.0707
-2.2477
-1.8629
-2.5458

Center
-0.7432
-1.4056
-0.5827
-0.1978
-0.8808

RK-3.5 subtracted

Lower
-2.3274
-1.5045
-1.1196
-1.8026

Center
-0.6624
0.1605
0.5454
-0.1376

O P OO
o
[ee]
N
w

from:

RK-5 subtracted from:

Lower
-0.8421
-0.4572
-1.1401

Center
0.8230
1.2078
0.5249

Upper
2.4880
2.8728
2.1899

RK-6.5 subtracted from:

Lower
-1.2802
-1.9631

Center
0.3848
-0.2981

RK-8 subtracted from:

Lower
-2.3479

Center
-0.6829

Upper
0.9821

———————— e e L
(=== Koo )
(m====- Koo )
(=== Koo )
(m==—mmm- Koo )
(m==mmmm- Koo )
(=== e )
———————— e it e o
-2.0 0.0 2.0 4.0
———————— e R
(=== Koo )
(=== Koo )
(=== KXo )
(=== Koo )
(m==mmmm- Koo )
———————— e e et o
-2.0 0.0 2.0 4.0
———————— e et
(=== Koo )
(=== Koo )
(=== Koo )
(=== Koo )
———————— et St TR
-2.0 0.0 2.0 4.0
———————— it B e
(m====—- Koo )
(=====—- Koo )
(=== Koo )
———————— it R e
-2.0 0.0 2.0 4.0
———————— it S E e TR
(=== Koo )
(=== Koo )
———————— it St TR
-2.0 0.0 2.0 4.0
———————— it et
(m===mm- Koo )
———————— it S t T
-2.0 0.0 2.0 4.0
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One-way ANOVA: Margalefs d versus Site

Source DF SS MS F P
Site 8 4.4036 0.5505 5.99 0.001
Error 18 1.6551 0.0920

Total 26 6.0588

S = 0.3032 R-Sgq = 72.68% R-Sg(adj) = 60.54%

Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDev —-———————- t——— e I +-
RK-0 3 1.6594 0.1655 (————- [ )
RK-10.5 3 0.8158 0.1892 (==—=———- L )
RK-11.2 3 1.1192 0.2258 (————- * e )
RK-2 3 1.8174 0.1748 [—— * )
RK-3.5 3 1.2195 0.1144 (————-— * o )
RK-5 3 1.1542 0.0748 (————- [ )
RK-6.5 3 1.0302 0.3259 (-———- L )
RK-8 3 0.5000 0.7424 (===—= e — )
RK-9.5 3 0.6781 0.0823 (————- e )
———————— -t}
0.60 1.20 1.80

Pooled StDhev = 0.3032

Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Site

o)

Individual confidence level = 99.75%

Site = RK-0 subtracted from:

Site Lower Center Upper —-----—-- - o e ——_—— +-
RK-10.5 -1.7120 -0.8436 0.0247 (——==——- T ——— )
RK-11.2 -1.4086 -0.5403 0.3281 (——==——- [T p——— )
RK-2 -0.7104 0.1580 1.0263 (—==———-— [ )
RK-3.5 -1.3083 -0.4400 0.4284 (mmmmm e )
RK-5 -1.3736 -0.5052  0.3631 [ )
RK-6.5 -1.4976 -0.6292 0.2391 (——==——- T ——— )
RK-8 -2.0278 -1.1595 -0.2911 (—————- e — )
RK-9.5 -1.8497 -0.9813 -0.1129 (——==——- e )
———————— o

-1.2 0.0 1
Site = RK-10.5 subtracted from:
Site Lower Center Upper -—-—------- e Fomm—————— b +-
RK-11.2 -0.5650 0.3034 1.1717 e Kmm oo )
RK-2 0.1332 1.0016 1.8700 (-————- [ )
RK-3.5 -0.4647  0.4037 1.2720 (m—m—mm ke
RK-5 -0.5299  0.3384 1.2068 (mmmmm K mmmm e )
RK-6.5 -0.6539 0.2144 1.0828 (—=—=———- Ko )
RK-8 -1.1842 -0.3158 0.5525 (——=——- [T ——— )
RK-9.5 -1.0060 -0.1377 0.7307 (—————- Kmm )

———————— it ittt R L TR P
-1.2 0.0 1.2
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Site

Site
RK-2

RK-3.

RK-5

RK-6.

RK-8

RK-9.

Site

Site

RK-3.

RK-5

RK-6.

RK-8

RK-9.

Site

Site
RK-5

RK-6.

RK-8

RK-9.

Site

Site

RK-6.

RK-8

RK-9.

Site

Site
RK-8

RK-9.

Site

Site

RK-9.

5

5

RK-11.2 subtracted

Lower
-0.1701
-0.7681
-0.8333
-0.9573
-1.4876
-1.3094

Center
0.6982
0.1003
0.0350
-0.0890
-0.6192
-0.4410

O OO OO
~J
~J
e}
IS

RK-2 subtracted from:

Lower
-1.4663
-1.5315
-1.6556
-2.1858
-2.0076

Center
-0.5979
-0.6632
-0.7872
-1.3174
-1.1393

RK-3.5 subtracted

Lower
-0.9336
-1.0576
-1.5879
-1.4097

Center
-0.0652
-0.1893
-0.7195
-0.5413

from:

RK-5 subtracted from:

Lower
-0.9924
-1.5226
-1.3444

Center
-0.1240
-0.6542
-0.4761

RK-6.5 subtracted

Lower
-1.3986
-1.2204

Center
-0.5302
-0.3521

from:

RK-8 subtracted from:

Lower
-0.6902

Center
0.1782

Upper
1.0465

———————— et e
(-—==-- *ommm e )
(-==--- *ommm e )
(-===-- Hommm oo )
(-===—- *omm e )
(-===-- Homm e )
(—===-- Hommm oo )
—————