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SUMMARY

Lake Okeechobee is the largest lake in the southeastern United States. The lake is shallow, turbid,
eutrophic, and it is a central component of the hydrology and environment of South Florida. Lake
Okeechobee and its wetlands are at the center of a much larger watershed, the Greater Everglades, that
stretches from the Kissimmee River through the Everglades and finally into Florida Bay. Lake Okeechobee
is also a key component of South Florida's water supply and flood control systems. Notably, Lake
Okeechobee provides natural habitat for fish, wading birds, and other wildlife, and it supplies essential
water for people, farms, and the environment. The lake also provides flood protection, attracts boating and
recreation enthusiasts from around the world, and is home to sport and commercial fisheries.

Lake Okeechobee has been subject to three long-term stresses: (1) excessive total phosphorus (TP)
loads, (2) extreme water level fluctuations, and (3) rapid spread of exotic and nuisance plants in the littoral
zone. Despite these influences, Lake Okeechobee continues to be a vital freshwater resource for South
Florida, with irreplaceable natural and community values. The South Florida Water Management District
(SFWMD or District), Florida Department of Environmental Protection (FDEP), and Florida Department
of Agriculture and Consumer Services (FDACS), work cooperatively with the United States Army Corps
of Engineers (USACE) and other federal agencies, the Florida Fish and Wildlife Conservation Commission
(FWC), local governments, and other stakeholders to address these interconnected issues in order to
rehabilitate the lake and enhance the ecosystem and the services it provides, while maintaining other
societal functions such as water supply and flood control.

For more than three decades, restoration efforts have progressed to improve the water quality and
hydrology of the Lake Okeechobee Watershed (LOW) through implementation of a suite of projects and
programs. The nutrient reductions due to the dairy buyout (1987), FDEP dairy technology-based rule

! The authors acknowledge Susan Gray, Lawrence Glenn, Lesley Bertolotti, Stacey Ollis, and staff from the Florida Department of
Environmental Protection for providing valuable comments and suggestions to this document. Appreciation also is extended
to Bonnie Ibsen and Cordella Miessau for providing map support.

2 Florida Fish and Wildlife Conservation Commission, Vero Beach, FL.
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(1987), the 1989 Lake Okeechobee Works of the District Rule (Chapter 40E-61, Florida Administrative
Code [F.A.C.]) and other early initiatives reduced TP loads for the first several years, but leveled off in the
1990s. As a result, in 2000, the Florida legislature passed the Lake Okeechobee Protection Act (LOPA),
which requires the coordinating agencies—the District, FDACS, and FDEP—to work together to reduce
TP loading and control exotic species. LOPA was amended in 2007 to expand restoration efforts to include
the St. Lucie River and Caloosahatchee River watersheds, and is now called the Northern Everglades and
Estuaries Protection Program (NEEPP) (Section 373.4595, Florida Statutes [F.S.]). The Lake Okeechobee
Watershed Protection Plan (LOWPP) is required under NEEPP, which promotes a comprehensive,
interconnected watershed approach to protecting the lake and its downstream estuaries—Caloosahatchee
and St. Lucie. It is a cooperative effort between the District, FDEP, and FDACS. NEEPP was amended in
2016. During the 2016 legislative session, the Florida legislature further clarified the roles and
responsibilities, coordination, implementation, and reporting efforts among the three coordinating agencies.

This chapter presents Lake Okeechobee and its watershed conditions and research activities for Water
Year 2016 (WY2016) (May 1, 2015-April 30, 2016). It includes updates on, conditions of hydrology, water
guality, and aquatic habitat in the lake and its watershed as required by Subsection 373.4595(6), F.S. This
chapter, in conjunction with Chapter 8A (NEEPP Annual Progress Report) and Chapter 8C (St. Lucie and
Caloosahatchee River Watershed Research and Water Quality Monitoring Results and Activities), fulfills
the specific reporting requirements outlined in NEEPP for the annual progress report. In accordance with
NEEPP, the Northern Everglades Fiscal Year 2015-2016 (October 1, 2015-September 30, 2016)
expenditures and Northern Everglades Annual Work Plan for Fiscal Year 2015-2016 are also included in
Chapter 8A. Further information on the Kissimmee Chain of Lakes and the Kissimmee River and
nonindigenous species status in South Florida is presented in Chapters 9 and 7 of this volume, respectively.
the annual permit report for Lake Okeechobee water control structure operation is documented in Volume
I11, Appendix 4-1 of this year’s South Florida Environmental Report (SFER).

WATERSHED UPDATE
A summary of watershed conditions and findings is as follows:

e As required by NEEPP, the District in cooperation with FDEP and FDACS, continues to
implement a comprehensive Research and Water Quality Monitoring Program (RWQMP)
for the lake and its watershed. In support of these efforts, various research, monitoring,
modeling, and assessment projects were initiated, ongoing and/or completed in WY2016.
The District completed nutrient loading trend analyses for 14-tributary nutrient loading
stations based on monthly data for the period of record (POR) from WY2006 through
WY2015 and a trend analyses for six subwatersheds north of Lake Okeechobee. Two
subwatersheds had decreasing trend in all five parameters studied: flow, TP load, TP flow-
weighted mean (FWM) concentration, total nitrogen (TN) load, and TN FWM
concentration. Among these two subwatersheds, one had significant decreasing trend in TP
FWM concentration.

e In WY2016, the surface water flow to Lake Okeechobee was 3.012 million acre-feet (ac-
ft) or about 3,715 million cubic meters (m®), which is about five percent more than the
WY 2015 value of 2.863 million ac-ft, or about 3,530 million m®. However, TP loads to the
lake from tributaries and atmospheric deposition, estimated as 35 metric tons (mt) totaled
543 mt in WY2016, which was 93 mt (21 percent) more than the previous water year of
450 mt of TP. This year’s load increase could be mostly attributed to water discharging to
the lake with a higher FWM concentration of 137 micrograms per liter (ug/L or parts per
billion [ppb]) compared to 117 pg/L in WY2015.

e The current five-year (WY2012-WY2016) average TP load from all drainage basins was
510 mt, which is 74 mt more than the previous five-year (WY2011-WY2015) average of
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436 mt. The previous five-year average includes one regional drought that lasted from
December 2010 to October 2011, resulting in a very low TP load of 177 mt in WY2011.
The current five-year average TP load exceeded the lake’s total maximum daily load
(TMDL) by 370 mt.

¢ In-lake TP concentrations declined from a high of 233 pg/L in WY2005 to 93 pg/L in
WY2012. In WY2016, the in-lake TP concentration was 118 pg/L (the same as the
WY2014 value), which is about 12 percent lower as compared to the WY2015 value of
134 pg/L. These in-lake TP concentration values exceed the TP in-lake goal of 40 pg/L.
The current five-year moving (WY2012-WY2016) average TP concentration is 117 pg/L,
which is within the pre-hurricane (pre-2004) range.

e In WY2016, TN load to the lake from all drainage basins and atmospheric deposition
(estimated as 1,233 mt) was 6,875 mt, which is 684 mt (11 percent) more than WY2015.
The TN concentration averaged 1.52 mg/L, which is 0.12 mg/L (9 percent) more than
WY2015 for the LOW. The FWM TN concentration averaged 1.52 milligrams per liter
(mg/L) for the LOW.

e Lake Okeechobee water level was at an elevation of 13.87 feet (ft, 4.23 meters [m])
National Geodetic Vertical Datum of 1929 (NGVD29) on May 1, 2015, which placed water
levels in the Low Lake Management Band. Water levels declined to 11.98 ft NGVD29
(3.65 m) on July 17, 2015, and then steadily increased to 14.82 ft (4.52 m) NGVD29 on
October 12, 2015. Due to EI Nifio conditions, the winter dry season was extremely wet (see
Chapter 2, Volume | of this SFER). A strong rain event from January 27 to 28 resulted in
an increase in lake stage from 15.34 ft (4.68 m) NGVD29 on January 27, to a high of
16.40 ft (5.0 m) on February 9, 2016. Despite the extremely wet dry season, the total inflow
to the lake was only 5 percent greater as compared to WY2015. The small difference can
be attributed to the timing of flow and rainfall, with a drier wet season in WY2016 than in
WY2015 and a wetter dry season in WY2016 than WY2015.

e Over 2.3 million ac-ft (2,837 million m?) of water was released from Lake Okeechobee in
WY2016, which was 21 percent greater than in WY2015 (1.91 million ac-ft or
2,356 million m®). Regulatory releases to the estuaries comprised more than half
(1.36 million ac-ft or 1,678 million m®) of this discharge and were made throughout the
water year based on the current Lake Okeechobee regulation schedule, LORS2008.
Increased regulatory releases of water to the estuaries resulted in the lowering of lake stage
to 14.25 ft (4.34 m) NGVD29 on April 30, the end of WY2016. Detailed information on
regional WY 2016 hydrology is presented in Chapter 2 of this volume.

ECOLOGY UPDATE

Submerged aquatic vegetation (SAV) in Lake Okeechobee increased slightly to a total coverage of
33,345 acres (ac or 13,494 hectares [ha]) as compared to 32,357 ac (13,094 ha) the previous year. Coverage
by the macroalgae Chara spp. has increased over the previous three years. However, even with the recent
increase of 5,228 ac (2,116 ha), Chara spp. coverage has decreased significantly since WY2012 when it
covered almost 25,000 ac (10,117 ha). The beds of pondweed (Potamogeton spp.), a highly valued vascular
species, that were identified in the southern region of the lake after being largely absent since the hurricane
years of the mid-2000s, continued to survive but increased only slightly. Vascular SAV accounted for
56 percent of the total SAV acreage. Overall, the lake appears to be maintaining a healthy SAV community.
However, the trend of SAV being replaced by spikerush (Eleocharis spp.) and other emergent aquatic
vegetation (EAV) in previously open water nearshore areas, especially in the southern bays, appears to
be continuing.

DRAFT 8B-3 9/26/2016



125
126
127
128
129
130
131
132
133
134
135
136
137

138
139
140
141
142
143

144
145
146
147
148

149
150
151
152
153
154

155
156
157
158
159
160
161
162
163
164

2017 South Florida Environmental Report — Volume | Chapter 8B

Based on comparisons of aerial imagery of the northwestern marsh in 2011 and 2015, hydrologic
conditions have been favorable for cattail (Typha spp.) with cattail becoming the single most dominant
plant type in this geographic region of the marsh, accounting for 31 percent of total areal coverage.
Spikerush (Eleocharis cellulosa) dominance also increased more than tenfold, with nearly half of the
increase occurring in areas where the exotic plant, torpedograss (Panicum repens) had been dominant in
the landscape four years earlier. Lily (Nymphaea spp.) and lotus (Nelumbo lutea) dominance also increased
while torpedograss and treated torpedograss dominance declined. Exotic control efforts resulted in
approximately 12,000 ac (4,856 ha) of nuisance and exotic species being treated throughout the entire
marsh, allowing the more desirable spikerush, lily, and lotus to recolonize and providing more suitable
habitat for fish and wildlife. It is unclear what these shifts in the areal coverage of EAV, vascular SAV, and
non-vascular SAV are having on habitat values in the littoral and nearshore zones of Lake Okeechobee,
although conditions are substantially better than they were during the generally higher lake stages that
characterized the mid to late 1990s, or in the years immediately following the 2004 and 2005 hurricanes.

Algal bloom activity and associated microcystin concentrations decreased dramatically in WY2016
compared to WY2014 and WY2015 and remained well below the levels encountered immediately
following the hurricane years of the mid-2000s. In contrast to the two previous water years, more blooms
occurred in the pelagic region than in the nearshore region in WY2016. Shortly after the close of WY20186,
the lake began to experience bloom conditions over much of its surface that continue to persist at this time
(late August 2016).

Satellite imagery is now regularly being used to assess bloom conditions on the lake, and good
coincidence has been found with routine monthly grab samples, although the development of a Lake
Okeechobee-specific algorithm relating spectral imagery to chlorophyll a (Chla) concentrations is still
being developed. Anticipated changes in available satellite imagery may further enhance our ability to use
this tool in the next water year.

The Lake Okeechobee fishery continues to be in good condition, and both nearshore and pelagic zone
sport fish and forage fish populations appear to be stable. Overall, values for most species remain
comparable to historic levels. Largemouth bass (Micropterus salmoides) production and recruitment has
occurred annually and has slowly rebounded from the negative hurricane effects. Although the black
crappie (Pomoxis nigromaculatus) abundance has declined somewhat in recent years, a strong size class
distribution is evident, which suggests positive population growth.

In 2016, wading bird use of the lake for foraging declined for the fourth year in a row with the lowest
single monthly survey foraging numbers and total season foraging numbers encountered since surveys
began in 2010. The birds were responding to an El Nifio weather pattern that raised lake levels to 16.4 ft
one month into the breeding season and left the littoral zone inaccessible to wading birds for almost
2 months. Although the lake experienced a steady recession in succeeding months, and foraging use
increased, a reversal in lake stage (higher stage) in mid-May 2016 ended the lake’s suitability as foraging
habitat for the duration of the breeding season. The difficult foraging conditions caused by the high water
levels and two major reversals also translated into a low nesting effort for 2016. (Note: full nesting results
for the lake will not be available until the final publication of the annual South Florida Wading Bird Report
in December 2016.)
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INTRODUCTION

Lake Okeechobee (located at 27° North latitude and 81° West longitude) has a surface area of
445,560 ac (1,800 square kilometers [km?]), and is extremely shallow with a mean depth of 9 ft (2.7 m) and
maximal depth of 12.1 ft (3.7 m) for the past 10 years. The lake is a central part of the interconnected South
Florida aquatic ecosystem and the USACE regional flood control project. Lake Okeechobee provides
numerous services to diverse users with tremendous economic interest in its health and fate. The lake is the
primary water supply for the Okeechobee Utility Authority and the backup water supply for much of South
Florida. It supports multimillion-dollar sport and commercial fisheries, and various recreational activities.
It also provides habitat for migratory waterfowl, wading birds, alligators (Alligator mississippiensis), and
the Everglade snail kite (Rostrhamus sociabilis plumbeus) (Aumen 1995). The lake is also used for flood
control during the wet season (June—October) and water supply during the dry season (November—May).
The lake faces three major environmental challenges: (1) excessive TP loads, (2) extreme water level
fluctuations, and (3) the rapid spread of exotic and nuisance plants.

Lake Okeechobee receives water mainly from four distinct tributary systems: Kissimmee River Valley,
Lake Istokpoga—Indian Prairie/Harney Pond, Fisheating Creek, and Taylor Creek/Nubbin Slough
(Figure 8B-1). With the exception of Fisheating Creek, all major inflows to Lake Okeechobee are
controlled by gravity-fed or pump-driven water control structures. These four major tributary systems are
generally bound by the drainage divides of the major water bodies and are further divisible into 61 drainage
basins and grouped by nine subwatersheds based on hydrology and geography.

The nine subwatersheds comprising the LOW are the Upper Kissimmee (above structure S-65), Lower
Kissimmee (between structures S-65E and S-65), Taylor Creek/Nubbin Slough (S-191, S-133, S-135,
S-154, and S-154C basins), Lake Istokpoga (above structure S-68), Indian Prairie (C-40, C-41AN, C-41AS,
C-41N, C41S, L-48, L-49, L-59E, L-59W, L-60E, L-60W, L-61E, and S-131 basins), Fisheating Creek
(Fisheating Creek, L-61W, and Nicodemus Slough North basins), East Lake Okeechobee (Basin 8, C-44,
S-153, and L-8 basins), West Lake Okeechobee (East Caloosahatchee, Hicpochee North, and Nicodemus
Slough South), and South Lake Okeechobee, which includes the S-4 Basin, and most basins in the
Everglades Agricultural Area (EAA), as well as Chapter 298, F.S., Districts (Figure 8B-2).

The Upper Kissimmee, Lower Kissimmee, Taylor Creek/Nubbin Slough, Lake Istokpoga, Indian
Prairie, and Fisheating Creek subwatersheds primarily drain into Lake Okeechobee by gravity. The S-133
Basin (part of the Taylor Creek/Nubbin Slough Subwatershed) and other urban areas can also pump water
into the lake from the north. When high lake stages make gravity flows impossible, urban areas north of the
lake are drained via pumps. The Eastern and Western Lake Okeechobee subwatersheds contribute flow by
gravity, but only when Lake Okeechobee water levels are below 14.5 and 11.5 ft (4.4 and 3.5 m),
respectively, in relation to NGVD29.

Land uses shown in Figure 8B-3 are part of a 2008—-2009 land use data set with modifications to the
dairy land uses made in January 2013 as part of the Nutrient Budget Tool (PN-Budget) Upgrade and
Calibration Project (JGH Engineering 2013). As some of the LOW area lies within the St. Johns River and
Southwest Florida water management districts (SJRWMD and SWFWMD, respectively), the land use data
set was created by merging the SWFWMD 2009, SIRWMD 2009, and SFWMD 2008-2009 Florida Land
Cover Classification System (FLUCCS) land use data sets and then clipping these to the study area.
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Figure 8B-1. LOW detailing major hydrologic features and subwatersheds.
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Agricultural land use accounts for 51 percent of the LOW total area (1.75 million ac or 706,000 ha);
followed by natural areas including wetlands, upland forests, and water bodies (31 percent). Urban areas
comprise approximately 10 percent of the land use. The majority of agricultural land uses are improved
pasture (20 percent), followed by unimproved/woodland pasture (9 percent) for beef cattle grazing north of
the lake. Sugarcane production is primarily south of the lake within the EAA and citrus groves are located
primarily within the East Lake Okeechobee and Lake Istokpoga subwatersheds. Sod farms, row crops,
dairies, and other agriculture make up the remaining land uses within the watershed. Further information
on detailed land use breakdown is presented in the 2014 LOWPP Update (Bertolotti et al. 2014).

For the East Lake Okeechobee Subwatershed, the major land use is agriculture, followed by wetland,
upland forest, and urban land uses. The Fisheating Creek and the West Lake Okeechobee subwatersheds
are dominated by agricultural land uses, followed by wetland and upland forest. The Indian Prairie and
Lower Kissimmee subwatersheds are dominated by agricultural land uses, followed by wetland and
rangeland. For Lake Istokpoga and the Upper Kissimmee subwatersheds, the major land use is agriculture,
followed by wetland and urban land uses. The South Lake Okeechobee and Taylor Creek/Nubbin Slough
subwatersheds are dominated by agricultural land uses, followed by urban, wetland, and water.

LAKE OKEECHOBEE WATERSHED

WATERSHED MONITORING AND ASSESSMENT

As required by NEEPP, the District monitors the water quality of inflows to and outflows from Lake
Okeechobee at District-operated control structures and maintains a long-term water quality monitoring
network within the LOW (Figure 8B-4). This network is continuously reviewed for efficiency and to ensure
all data objectives associated with legislatively mandated and permit required monitoring are being met.
This informs stakeholders and the public on the progress of federally and state-funded restoration efforts.
In addition, the District coordinates monitoring efforts with FDACS, FDEP, and the United States
Geological Survey (USGS) to leverage monitoring sites and reduce duplication of efforts. This information
is also leveraged in FDEP’s LOW basin management action plan (BMAP; FDEP and Lake Okeechobee
Stakeholders 2014, 2016).

The District’s current monitoring network includes sample locations at two hydrologic levels within
the LOW: (1) subwatershed and drainage basin level (basin loading stations), and (2) subbasin level
(ambient/tributary stations that consist of multiple projects). Flow monitoring is conducted at stations at the
subwatershed and drainage basin level and load is calculated (basin loading stations). Basin loading stations
are monitored for flow, TP, and TN concentrations. The Lake Okeechobee Operating Permit issued by
FDEP requires additional Class | water quality parameters be collected from 34 control structures with
direct discharges into Lake Okeechobee. The subbasin-level TP and TN concentration monitoring is
conducted at ambient/tributary monitoring stations throughout the Northern Everglades Watershed
(Figure 8B-4). These monitoring networks (projects) are generally for the purpose of collecting ambient
data and tracking changes in water quality over time within the watershed. The ambient/tributary long-term
trend projects include the Kissimmee River Eutrophication Abatement (KREA); the Taylor Creek/Nubbin
Slough (TCNS) project; Tributaries of the Upper Kissimmee (TUK); sites formerly part of the subbasin
loading project (OKUSGS); and the Lake Okeechobee Watershed Assessment (LOWA). Additionally, the
OKUSGS project, under contract from FDACS, maintains flow data from several of these sites which
allows load to be calculated at those stations. Data from all these monitoring efforts reside in the District’s
corporate environmental database, DBHYDRO, and are associated with the project names listed above in
parentheses. The TP concentration data from all of the upstream tributary monitoring sites shown in
Figure 8B-4 for WY2016 are presented in Appendix 8B-1 of this chapter. This appended information is
supplemental to the main chapter.
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Total Phosphorus and Total Nitrogen Loads to Lake Okeechobee

TP and TN loading rates into Lake Okeechobee varied over time as a result of a combination of climatic
conditions, land use changes, and changes in water management conditions. The El Nifio climatic event
experienced in WY2016 resulted in a very wet dry season in the Lake Okeechobee and Lower Kissimmee
regions (Figure 8B-5). In particular, an extreme rain event on January 27-28, 2016 resulted in more than
4 inches of rainfall District-wide, resulting in a back pumping event at S-2 and S-3 (James and Mo 2016),
high flows to the lake, and an increase of water levels by over one foot from January 27 to February 9.
When comparing WY2016 and WY 2015, rainfall, totals were nearly the same or a bit less in WY2016 due
to the drier wet season conditions in WY2016, which compensated for the wetter dry season conditions.
The three rainfall regions evaluated are the Upper Kissimmee, which includes the Upper Kissimmee
Subwatershed; the Lower Kissimmee, which includes the Lower Kissimmee, Indian Prairie, and Lake
Istokpoga subwatersheds; and the Lake Okeechobee rainfall region, which includes the Fisheating Creek
and Taylor Creek/Nubbin Slough subwatersheds, and Lake Okeechobee. Further information on rainfall in
WY2016 is presented in Appendix 2-1 of this volume.
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__70
v
260
()
£ 50
S 40
c
‘s 30
o
@ 20
©
5 10
2 o
a Q @ @ @ @
2 s o s 8 g 5 o s 2
tl.) Q Q tl.)
g2 2 E = g g2 2 E 2 g
c 9 9% n s 9 S @ ‘@
- o - 9 2 a —- o - 2 2 4
Q - - Q .- o
K X x x b4 x
o o
2015 2016

Figure 8B-5. Rainfall in the Upper Kissimmee, Lower Kissimmee, and Lake Okeechobee regions in
WY2015 and WY2016 by season. The Upper Kissimmee region is the same as the Upper Kissimmee
Subwatershed. The Lower Kissimmee region includes the Lower Kissimmee, Indian Prairie, and Lake
Istokpoga subwatersheds. The Lake Okeechobee region includes the Fisheating Creek and Taylor
Creek/Nubbin Slough subwatersheds and Lake Okeechobee.

As shown in Table 8B-1, TP loads to the lake from tributaries and atmospheric deposition (estimated
as 35 mt per year) totaled 543 mt in WY2016. This was 21 percent (93 mt) more than the previous water
year and is attributable to the five percent increase in inflow and 17 percent increase in TP concentrations
to the lake. From WY1981 through WY2016 (Table 8B-1), the highest TP loading rate was 1,189 mt in
WY1983, followed by 960 mt in WY 2005, and 913 mt in WY1998. The highest five-year average load was
714 mt during the WY2002-WY 2006 POR (mainly due to the high discharges to the lake during and after
the 2004 and 2005 hurricanes). The five-year average from WY2007 through WY2011 was the lowest
average value since 1981 because it included three of the driest years (WY2007, WY2008, and WY2011)
on record. The most recent five-year average load was 510 mt (WY2012-WY2016), which exceed the
TMDL by 370 mt. This five-year average was 74 mt more than the previous five-year average from
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WY2011 to WY2015, which included one regional drought that lasted from December 2010 to

October 2011.
Table 8B-1. Annual TP loads to Lake Okeechobee from WY1981
through WY2016. (Note: NA — not available.)
Long-Term Load Long-Term Over-Target
(Five-Year Moving Load (Five-Year Moving
Water Year Measured TP Load?® Average)? Average)®”

(May-April) (mt) (mt) (mt)
1981 151 NA NA
1982 440 NA NA
1983 1,189 NA NA
1984 369 NA NA
1985 500 530 390
1986 421 584 444
1987 562 608 468
1988 488 468 328
1989 229 440 300
1990 365 413 273
1991 401 409 269
1992 408 378 238
1993 519 385 245
1994 180 375 235
1995 617 425 285
1996 644 474 334
1997 167 425 285
1998 913 504 364
1999 312 531 391
2000 685 544 404
2001 134 442 302
2002 624 533 393
2003 639 479 339
2004 553 527 387
2005 960 582 442
2006 795 715 575
2007 203 630 490
2008 246 551 411
2009 656 572 432
2010 478 496 356
2011 177 352 212
2012 377 387 247
2013 569 451 311
2014 609 442 302
2015 450 436 296
2016 543 510 370

a. Includes an atmospheric load of 35 metric tons per year based on the Lake Okeechobee TMDL

(FDEP 2001).

b. Target is the Lake Okeechobee TMDL of 140 mt compared to the five-year moving average.
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As shown in Table 8B-2, from WY2000 through WY2016, the highest TN loading rate was 8,775 mt
in WY2005, followed by 8,279 mt in WY2003 and 7,992 mt in WY2006. The highest five-year average
load was 7,880 mt during the WY2002-WY 2006 POR (mainly due to the high discharges to the lake during
and after the 2004 and 2005 hurricanes). The five-year average from WY2007 through WY2011 was the
lowest average value (4,457 mt) since 2004 because it included three of the driest years (WY2007,
WY2008, and WY2011) on record. The WY2016 TN load was estimated at 6,875 mt, which is an increase
of 684 mt (11 percent) compared to the previous WY2015 load of 6,191 mt. The most recent five-year
(WY2012-WY2016) TN load averaged 6,167 mt, a 793 mt (15 percent) increase from the WY2011-
WY2015 average of 5,374 mt.

Table 8B-2. Annual TN loads to Lake Okeechobee from WY2000
through WY2016. (Note: NA — not available.)

Long-Term TN Load
(Five-Year Moving

Water Year Measured TN Load? Average)®

May—April (mt) (mt)
2000 6,693 NA
2001 2,517 NA
2002 7,826 NA
2003 8,279 NA
2004 6,526 6,368
2005 8,775 6,785
2006 7,992 7,880
2007 2,965 6,907
2008 3,393 5,930
2009 6,689 5,963
2010 6,325 5,473
2011 2,913 4,457
2012 4,620 4,788
2013 6,397 5,389
2014 6,750 5,401
2015 6,191 5,374
2016 6,875 6,167

a. Includes atmospheric load of 1,233 metric tons per year to account for
atmospheric deposition.

Total Phosphorus and Total Nitrogen Loading Data by Drainage Basin

Surface water flow and TP and TN loads to the lake for WY 2016 were calculated for the major drainage
basins using the basin loading stations. These calculations include discharges from Lakes Istokpoga and
Kissimmee. These lakes are the outfalls of subwatersheds that collect water flow and nutrient loads from
smaller surrounding drainage basins (Figure 8B-4). Data are based on monitoring stations where flow is
continuously monitored and TP and TN samples are collected biweekly, based on flow, or monthly at
a minimum.
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As shown in Table 8B-3, the TP load to the lake from all drainage basins and atmospheric deposition—
estimated at 35 mt (FDEP 2001)—in WY 2016 was 543 mt and total discharge to the lake from all drainage
basins was 3,012,129 ac-ft (3,715 million m?). The TP load was 21 percent (93 mt) more than the previous
water year of 450 mt and is attributable to the five percent (148,632 ac-ft or 183 million m®) increase in
inflow and 17 percent (20 pg/L) increase in TP concentrations (Table 8B-3) compared with the WY2015
values for the LOW (Zhang et al. 2016). The watershed-wide inflow TP concentration of 137 pg/L was
about 16 percent more than the in-lake TP concentration estimate of 118 ug/L, which exceeded the in-lake
goal of 40 pg/L (discussed in In-Lake Status section of this chapter). The primary source of this water with
a higher TP concentration was the Taylor Creek/Nubbin Slough Subwatershed, which discharge 6.5 percent
of water and 18 percent of TP load; and followed by the Indian Prairie Subwatershed, which discharged 11
percent of water and 17 percent of TP loads.

The watershed-wide unit area load of TP averaged 0.32 pounds per acre (lbs/ac or 0.36 kilogram per
hectare [kg/ha]) in WY2016, a 19 percent increase comparing with the WY 2015 value of 0.27 Ibs/ac (0.30
kg/ha). At the drainage basin level, the highest unit area load of TP in WY 2016 was from the L-59W Basin
(2.73 lbs/ac or 3.06 kg/ha) in the Indian Prairie Subwatershed, followed by the S-4 Basin (1.61 Ibs/ac or
1.80 kg/ha) in the South Lake Okeechobee Subwatershed, and the S-154C Basin (1.50 Ibs/ac or 1.68 kg/ha)
in the Taylor Creek/Nubbin Slough Subwatershed. The S-154C Basin had the highest FWM TP
concentration value (564 pg/L), followed by the S-191 Basin (563 pg/L) in the Taylor Creek/Nubbin Slough
Subwatershed, the C-41 Basin (459 ug/L), and the C-40 Basin (439 ug/L) in the Indian Prairie
Subwatershed during WY2016.

A summary of data at the subwatershed level is provided in Table 8B-4. During WY 2016, the largest
surface water inflow was from the Upper Kissimmee Subwatershed (above structure S-65) (941,590 ac-ft
or 1,161 million m?), followed by the Lake Istokpoga Subwatershed (498,495 ac-ft or 615 million m?) and
Fisheating Creek Subwatershed (466,189 ac-ft or 575 million m®). The Upper Kissimmee Subwatershed
covers about 30 percent of the drainage area in the LOW, and contributed approximately 31 percent of total
inflow and 19 percent of total TP loads during WY2016. The Lake Istokpoga Subwatershed comprises
11 percent of the drainage area in the LOW and contributed about 16.5 percent of total inflow and 12 percent
TP loads during WY2016. The Fisheating Creek Subwatershed covers 9 percent of the drainage area in the
LOW and contributed about 15.5 percent of the total inflow and 14 percent of TP loads in WY2016.
Figure 8B-6 shows the comparative values of discharges and TP loads to Lake Okeechobee from each
subwatershed in WY2016.

At the subwatershed level, the highest unit area load of TP in WY2016 was from Taylor Creek/Nubbin
Slough Subwatershed (1.03 Ibs/ac or 1.15 kg/ac), followed by the Indian Prairie Subwatershed (0.68 Ibs/ac
or 0.76 kg/ha) and the Fisheating Creek Subwatershed (0.49 Ibs/ac or 0.55 kg/ha). In terms of FWM TP
concentrations, the Taylor Creek/Nubbin Slough Subwatershed had the highest value (381 pg/L), followed
by the combined East, West, and South Lake Okeechobee subwatersheds (271 pg/L), and the Indian Prairie
Subwatershed (208 pg/L) during WY2016. Unlike the subwatersheds north of the lake, the discharges to
the lake from East, West, and South Lake Okeechobee subwatersheds are highly managed based on the
hydrologic and human factors. Moreover, the majority of runoff from these subwatersheds is typically
directed away from the lake. The WY2016 average runoff for the watershed was about 10.5 inches (26.7
centimeters [cm]). The highest surface runoff that reached the lake comes from the Fisheating Creek
Subwatershed (17.6 inches or 44.7 cm), followed by the Lake Istokpoga Subwatershed (15.2 inches or
38.6 cm) and the Indian Prairie Subwatershed (14.5 inches or 36.8 cm).
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Table 8B-3. WY2016 surface water inflows, TP loads and concentrations,
and unit area loads from the drainage basins to Lake Okeechobee.?
Source Area Discharge TP Load UnthO:;ea 'I"Algecrsgs.
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) (ug/L)
East Lake Okeechobee Sub-watershed 239,013 6.9 31,669 1.1 5.7 1.1 0.05 145
C-44/S-153/Basin 8 (S-308 at St. Lucie Canal) 132,572 3.8 14,546 0.5 3.2 0.6 0.05 181
L-8 Basin (Culvert 10A) 106,440 3.1 17,123 0.6 2.4 0.5 0.05 114
Fisheating Creek Sub-watershed 318,042 9.2 466,189 15.5 71.0 14.0 0.49 123
Fisheating Creek at Lakeport/L-61W Basin 298,713 8.7 466,019 15.5 71.0 14.0 0.52 123
Nicodemus Slough North (Culvert 5) 19,329 0.6 171 0.0 0.0 0.0 0.00 45
Indian Prairie Sub-watershed 276,577 8.0 333,906 111 859 16.9 0.68 208
C-40 Basin [(S-72) — (S-68)] 24,076 0.7 11,901 0.4 6.4 13 0.59 439
C-41 Basin [(S-71) — (S-68)] 112,880 3.3 43,101 1.4 244 48 0.48 459
C-41A Basin [(S-84) — (S-68)] 57,748 1.7 153,003 5.1 294 58 1.12 156
L-48 Basin (S-127 total) 20,798 0.6 24,416 0.8 4.7 0.9 0.50 157
L-49 Basin (S-129 total) 11,966 0.3 14,251 0.5 1.1 0.2 0.21 65
L-59E Basin [(G-33)+(G-34)] 12,589 0.4 2,973 0.1 0.3 0.1 0.06 92
L-59W Basin (G-74) 6,596 0.2 25,240 0.8 8.2 1.6 2.73 263
L-60E Basin (G-75) 4,944 0.1 7,978 0.3 2.5 0.5 1.10 251
L-60W Basin (G-76) 3,453 0.1 3,301 0.1 0.5 0.1 0.34 131
L-61E Basin 14,407 0.4 37,786 1.3 6.9 1.4 1.06 149
S-131 Basin 7,122 0.2 9,955 0.3 1.3 0.3 0.39 104
Taylor Creek/Nubbin Slough Sub-watershed 197,795 5.7 196,062 6.5 92.1 18.1 1.038 381
S-133 Basin 25,626 0.7 28,369 0.9 6.5 1.3 0.56 185
S-135 Basin 17,756 0.5 46,742 1.6 7.4 15 0.92 128
S-154 Basin 31,815 0.9 30,639 1.0 15.6 3.1 1.08 413
S-154C Basin 2,134 01 2,086 0.1 15 0.3 1.50 564
S-191 Basin 120,464 3.5 88,226 2.9 61.2 12.0 1.12 563
South Lake Okeechobee Sub-watershed 363,141 10.5 88,573 2.9 34.6 6.8 0.21 316
715 Farms (Culvert 12A) 3,353 0.1 0 - 0.0 0.0 0.00 no flow
East Beach Drainage District (Culvert 10) 6,657 0.2 187 0.0 0.1 0.0 0.03 no flow
East Shore Drainage District (Culvert 12) 8,409 0.2 0 - 0.0 0.0 0.00 no flow
Industrial Canal 13,024 0.4 15,997 0.5 2.8 0.6 0.48 143
S-2 Basin 106,274 3.1 19,444 0.6 7.0 1.4 0.14 291
S-3 Basin 63,134 1.8 13,145 0.4 3.3 0.6 0.11 201
S-4 Basin 29,121 0.8 39,476 1.3 213 4.2 1.61 437
South Florida Conservancy Drainage District (S-236) 9931 0.3 325 0.0 0.1 0.0 0.03 no flow
South Shore/South Bay Drainage District (Culvert 4A) 4,036 0.1 0 - 0.0 0.0 0.00 no flow
S-5A Basin (S-352 West Palm Beach Canal) 119,202 3.5 0 - 0.0 0.0 0.00 no flow
West Lake Okeechobee Sub-watershed (S-77) 204,094 5.9 0 - 0.0 0.0 0.00 no flow
East Caloosahatchee Basin (S-77) 198,178 5.7 0 - 0.0 0.0 0.00 no flow
Nicodemus Slough South (Culvert 5A) 5916 0.2 0 - 0.0 0.0 0.00 no flow
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 498,495 16.5 61.0 12.0 0.34 99
Lower Kissimmee Sub-watershed [(S-65E) - (S-65)] 429,188 12.4 455,644 15.1 594 117 0.31 106
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 941,590 313 98.6 19.4 0.21 85
Totals from Lake Okeechobee Watershed 3,450,475 100 3,012,129 100 508 100

Average Values 0.32 137

Atmospheric Deposition 35

Total Loads to Lake Okeechobee 543

a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. It does not capture contributions
from these basins to other basins or other surface waters.
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Table 8B-4. The average surface water inflows, TP loads and concentration, and unit area loads from
subwatersheds to Lake Okeechobee during WY2016.2

; Unit Area| Average
Al Disch TP L
Source rea ischarge oad Load |TP Conc. Runoff
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) (ng/L) | (inches)
Fisheating Creek Sub-watershed 318,042 9.2 466,189 155 71 14.0 0.49 123
Indian Prairie Sub-watershed 276,577 8.0 333,906 11.1 86 16.9 0.68
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 498,495 16.5 61 12.0 0.34
(Lsc"gg)r] Kissimmee Sub-watershed [(S-65E) 1 5q 108 124| 455644 15.1 59 17| o031
Taylor Creek/Nubbin Slough Sub- 197,795 57| 196,062 6.5 92 181 103
watershed |
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 941,590 31.3 99 19.4 0.21
Sub-totals for East, West and South Lake T i
' 806,248 23.4 120,242 4.0 40 7.9 0.11
Okeechobee Sub-watersheds ' j ' L
Totals from Lake Okeechobee Watershed| 3,450,475 E 100.0 | 3,012,129 100.0 508 |! 100.0
Average Values 0.32
Atmospheric Deposition (mt) 35
Total Loads to Lake Okeechobee (mt) 543

a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. The East, West, and South Lake
Okeechobee subwatersheds drain primarily to the east, west, and south, respectively. This table only represents the portion of runoff from
these areas that are discharged to the lake. It does not capture contributions from these basins to other basins or other surface waters.
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Figure 8B-6. The comparative values of discharge and TP load to Lake Okeechobee from the

contributing subwatersheds in WY2016.
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As shown in Table 8B-5, during WY2016, TN load to the lake from all drainage basins and atmospheric
deposition (estimated as 1,233 mt by James et al. 2005) was 6,875 mt, which is 684 mt (11 percent) more
than the last water year. The unit area load of TN averaged 3.60 Ib/ac (4.03 kg/ha) for the LOW. At the
drainage basin level, the highest unit area load of TN was from the L-59W Basin (21.04 Ibs/ac or
23.56 kg/ha), followed by the C-41A Basin (16.74 Ibs/fac or 18.75 kg/ha), in the Indian Prairie
Subwatershed), and the S-4 Basin (13.55 Ibs/ac or 15.18 kg/ha) in the South Lake Okeechobee
Subwatershed during WY2016. The FWM TN concentration averaged 1.52 mg/L for the LOW, which is
9 percent higher than the WY2015 FWM TN value (1.4 mg/L). The S-2 Basin in the South Lake
Okeechobee Subwatershed had the highest FWM TN concentration (10.26 mg/L), followed by the S-3
Basin (7.02 mg/L), in the South Lake Okeechobee Subwatershed, and the C-41 Basin (4.23 mg/L) in the
Indian Prairie Subwatershed during WY2016.

At the subwatershed level, the highest TN loads were from the Upper Kissimmee Subwatershed
(1,261 mt), followed by the Indian Prairie Subwatershed (972 mt) and Lake Istokpoga Subwatershed
(937 mt) (Table 8B-6). The highest unit area load was from the Indian Prairie Subwatershed (7.75 Ibs/ac
or 8.68 kg/ha), followed by the Fisheating Creek Subwatershed (5.35 Ibs/ac or 5.99 kg/ha) and Lake
Istokpoga Subwatershed (5.24 Ibs/ac or 5.87 kg/ha). In terms of FWM TN concentrations from the
subwatersheds, the combined East, West, and South Lake Okeechobee subwatersheds had the highest value
(4.44 mg/L), followed by the Indian Prairie Subwatershed (2.36 mg/L) and the Taylor Creek/Nubbin Slough
Subwatershed (1.73 mg/L) during WY2016. Figure 8B-7 shows the comparative values of discharges and
TN loads to Lake Okeechobee from each subwatershed in WY2016.

In order to evaluate the annual changes when comparing with the long-term average values, the average
annual load and discharge to the lake from all drainage basins and atmospheric deposition for the most
recent five-year period (WY2012-\WY2016) are presented in Tables 8B-7 through 8B-10. The average TP
load to the lake for this five-year period was 510 mt (Table 8B-7), which was 33 mt (6 percent) less than
the annual value of 543 mt for WY2016. The average annual discharge to the lake was 2.56 million ac-ft
(3,156 million m3), which was 18 percent (0.45 million ac-ft or 557 million m?) less than the annual value
for WY2016. The watershed-wide FWM TP concentration to the lake was 150 pg/L, which was 9 percent
(13 pg/L) higher than the annual value for WY2016. During this five-year period, the largest surface water
inflow came from the Upper Kissimmee Subwatershed, followed by the Lower Kissimmee Subwatershed
and Lake Istokpoga Subwatershed (Table 8B-8). The Taylor Creek/Nubbin Slough Subwatershed
contributed the largest TP loads to the lake (90 mt), followed by Indian Prairie Subwatershed (88 mt) and
the Lower Kissimmee Subwatershed (84 mt). The Taylor Creek/Nubbin Slough Subwatershed has 6 percent
of total drainage area, and it contributed 6 percent of flow and 19 percent of TP load to the lake. The Indian
Prairie Subwatershed has 8 percent of total drainage area, and it contributed 12 percent of flow and
19 percent of TP load to the lake. The Lower Kissimmee Subwatershed has 12 percent of total drainage
area, and it contributed 17 percent of flow and 18 percent of TP load to the lake. In contrary, the Upper
Kissimmee Subwatershed has 30 percent of the total drainage area, and it contributed about 32 percent of
flow and only 16 percent of TP load. Figure 8B-8 shows the comparative values of discharges and TP loads
to Lake Okeechobee from each subwatershed in for this five-year period (WY2012-WY2016).
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418 Table 8B-5. WY2016 surface water inflows, TN loads and concentrations,
419 and unit area loads from the drainage basins to Lake Okeechobee.?
Source Area Discharge TN Load UnthO;;ea 'I"A\I\\l/ecrggs
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) (mg/L)
East Lake Okeechobee Sub-watershed 239,013 6.9 31,669 11 69.8 1.2 0.64 1.79
C-44/S-153/Basin 8 (S-308 at St. Lucie Canal) 132,572 3.8 14,546 0.5 26.9 0.5 0.45 1.50
L-8 Basin (Culvert 10A) 106,440 3.1 17,123 0.6 42.9 0.8 0.89 2.03
Fisheating Creek Sub-watershed 318,042 9.2 466,189 15.5 772.4 137 5.35 1.34
Fisheating Creek at Lakeport/L-61W Basin 298,713 8.7 466,019 15.5 772.0 13.7 5.70 1.34
Nicodemus Slough North (Culvert 5) 19,329 0.6 171 0.0 0.4 0.0 0.04 1.82
Indian Prairie Sub-watershed 276,577 8.0 333,906 11.1 971.8 17.2 7.75 2.36
C-40 Basin [(S-72) — (S-68)] 24,076 0.7 11,901 0.4 48.9 0.9 4.48 3.33
C-41 Basin [(S-71) — (S-68)] 112,880 3.3 43,101 1.4 2248 4.0 4.39 4.23
C-41A Basin [(S-84) — (S-68)] 57,748 1.7 153,003 5.1 438.6 7.8 16.74 2.32
L-48 Basin (S-127 total) 20,798 0.6 24,416 0.8 57.7 1.0 6.12 1.92
L-49 Basin (S-129 total) 11,966 0.3 14,251 0.5 27.6 0.5 5.08 1.57
L-59E Basin [(G-33)+(G-34)] 12,589 0.4 2,973 0.1 7.4 0.1 1.29 2.01
L-59W Basin (G-74) 6,596 0.2 25,240 0.8 63.0 1.1 21.04 2.02
L-60E Basin (G-75) 4,944 0.1 7,978 0.3 19.2 0.3 8.55 1.95
L-60W Basin (G-76) 3,453 0.1 3,301 0.1 6.7 0.1 4.26 1.64
L-61E Basin 14,407 0.4 37,786 1.3 58.2 1.0 8.91 1.25
S-131 Basin 7,122 0.2 9,955 0.3 19.8 0.4 6.12 1.61
Taylor Creek/Nubbin Slough Sub-watershed 197,795 5.7 196,062 6.5 418.6 7.4 4.67 1.73
S-133 Basin 25,626 0.7 28,369 0.9 60.6 1.1 5.21 1.73
S-135 Basin 17,756 0.5 46,742 1.6 84.5 15 10.49 1.47
S-154 Basin 31,815 0.9 30,639 1.0 71.7 1.3 4.97 1.90
S-154C Basin 2,134 0.1 2,086 0.1 6.1 0.1 6.27 2.36
S-191 Basin 120,464 3.5 88,226 2.9 195.8 3.5 3.58 1.80
South Lake Okeechobee Sub-watershed 363,141 10.5 88,573 2.9 588.4 10.4 3.57 5.39
715 Farms (Culvert 12A) 3,353 0.1 0 - 00 0.0 0.00 no flow
East Beach Drainage District (Culvert 10) 6,657 0.2 187 0.0 1.0 0.0 0.34 no flow
East Shore Drainage District (Culvert 12) 8,409 0.2 0 - 0.0 0.0 0.00 no flow
Industrial Canal 13,024 0.4 15,997 0.5 46.8 0.8 7.91 2.37
S-2 Basin 106,274 3.1 19,444 0.6 246.1 4.4 5.10 10.26
S-3 Basin 63,134 1.8 13,145 0.4 113.9 2.0 3.98 7.02
S-4 Basin 29,121 0.8 39,476 13 179.0 3.2 13.55 3.68
South Florida Conservancy Drainage District (S-236) 9931 0.3 325 0.0 1.7 0.0 0.38 no flow
South Shore/South Bay Drainage District (Culvert 4A) 4,036 0.1 0 - 0.0 0.0 0.00 no flow
S-5A Basin (S-352 West Palm Beach Canal) 119,202 3.5 0 - 0.0 0.0 0.00 no flow
West Lake Okeechobee Sub-watershed 204,094 5.9 0 - 0.0 0.0 0.00 no flow
East Caloosahatchee Basin (S-77) 198,178 5.7 0 - 0.0 0.0 0.00 no flow
Nicodemus Slough South (Culvert 5A) 5916 0.2 0 - 0.0 0.0 0.00 no flow
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 498,495 16.5 936.6 16.6 5.24 1.52
Lower Kissimmee Sub-watershed [(S-65E) - (S-65)] 429,188 12.4 455,644 15.1 623.9 11.1 3.20 1.11
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 941,590 31.3 1260.7 22.3 2.70 1.09
Totals from Lake Okeechobee Watershed 3,450,475 100 3,012,129 100 5,642 100
Average Values 3.60 1.52
Atmospheric Deposition 1,233
420 Total Loads to Lake Okeechobee 6,875
421 a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. It does not capture contributions

422 from these basins to other basins or other surface waters.
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423 Table 8B-6. The average surface water inflows, TN loads and concentrations,
424 and unit area loads from subwatersheds to Lake Okeechobee during WY2016.2
; Unit Area| Average
Source Area Discharge TN Load Load |TN Conc. Runoff
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) | (mg/L) [ (inches)
Fisheating Creek Sub-watershed 318,042 9.2 466,189 155 772 13.7 5.35
Indian Prairie Sub-watershed 276,577 8.0 333,906 11.1 972 17.2 7.75
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 498,495 16.5 937 16.6 5.24
(Lsc"gg)r] Kissimmee Sub-watershed [(S-65E) 1 5q 108 124| 455644 51| 624 11| 320
Taylor Creek/Nubbin Slough Sub- 197,795 57| 196,062 65| 419 74| 467
watershed |
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 941,590 31.3 1,261 22.3 2.70

Sub-totals for East, West and South Lake

Okeechobee Sub-watersheds 806,248

23.4 120,242 4.0 658 J 11.7 1.80

Totals from Lake Okeechobee Watershed| 3,450,475

|

100.0 { 3,012,129 100.0 5,642 ElO0.0

Average Values 3.60
Atmospheric Deposition (mt) 1,233
Total Loads to Lake Okeechobee (mt) 6,875
425
426 a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. The East, West, and South Lake
427 Okeechobee subwatersheds drain primarily to the east, west and south, respectively. This table only represents the portion of runoff from
428 these areas that are discharged to the lake. It does not capture contributions from these basins to other basins or other surface waters.
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430 Figure 8B-7. The comparative values of discharge and TN load to Lake Okeechobee from the
431 contributing subwatersheds in WY2016.
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432 Table 8B-7. Five-year average of surface water inflows, TP loads and concentrations, and unit area
433 loads from the drainage basins to Lake Okeechobee during WY2012-WY2016.2
Source Area Discharge TP Load Unljt(),;\;ea _?F\,/zsgs
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) (ng/L)
East Lake Okeechobee Sub-watershed 239,013 6.9 88,703 3.5 16.9 3.6 0.16 154
C-44/S-153/Basin 8 (S-308 at St. Lucie Canal) 132,572 3.8 36,938 14 9.5 2.0 0.16 209
L-8 Basin (Culvert 10A) 106,440 3.1 51,765 2.0 7.3 1.5 0.15 115
Fisheating Creek Sub-watershed 318,042 9.2 270,216 10.6 545 11.5 0.38 164
Fisheating Creek at Lakeport/L-61W Basin 298,713 8.7 266,459 10.4 54.3 11.4 0.40 165
Nicodemus Slough North (Culvert 5) 19,329 0.6 3,757 0.1 0.2 0.1 0.03 54
Indian Prairie Sub-watershed 276,577 8.0 310,329 12.1 88.2 18.6 0.70 230
C-40 Basin [(S-72) — (S-68)] 24,076 0.7 17,928 0.7 9.5 2.0 0.87 430
C-41 Basin [(S-71) — (S-68)] 112,880 3.3 62,741 2.5 34.1 7.2 0.67 441
C-41A Basin [(S-84) — (S-68)] 57,748 1.7 124,228 4.9 21.7 4.6 0.83 141
L-48 Basin (S-127 total) 20,798 0.6 16,466 0.6 4.5 0.9 0.47 220
L-49 Basin (S-129 total) 11,966 0.3 10,756 0.4 0.8 0.2 0.15 61
L-59E Basin [(G-33)+(G-34)] 12,589 0.4 6,311 0.2 1.1 0.2 0.19 141
L-59W Basin (G-74) 6,596 0.2 26,899 11 8.8 1.9 2.95 266
L-60E Basin (G-75) 4,944 0.1 7,126 0.3 2.0 0.4 0.89 227
L-60W Basin (G-76) 3,453 0.1 3,206 0.1 0.6 0.1 0.37 146
L-61E Basin 14,407 0.4 27,076 1.1 4.4 0.9 0.67 132
S-131 Basin 7,122 0.2 7,591 0.3 0.8 0.2 0.24 84
Taylor Creek/Nubbin Slough Sub-watershed 197,795 5.7 164,450 6.4 90.5 19.1 1.01 446
S-133 Basin 25,626 0.7 21,765 0.9 6.2 1.3 0.54 232
S-135 Basin 17,756 0.5 24,234 0.9 2.8 0.6 0.35 95
S-154 Basin 31,815 0.9 28,951 1.1 19.2 4.0 1.33 537
S-154C Basin 2,134 0.1 2,422 0.1 2.1 0.5 2.22 719
S-191 Basin 120,464 3.5 87,078 34 60.0 12.6 1.10 559
South Lake Okeechobee Sub-watershed 363,141 10.5 69,283 2.7 21.5 4.5 0.13 251
715 Farms (Culvert 12A) 3,353 0.1 - - - 0.0 0.00 no flow
East Beach Drainage District (Culvert 10) 6,657 0.2 438 0.0 0.2 0.1 0.08 no flow
East Shore Drainage District (Culvert 12) 8,409 0.2 784 0.0 0.2 0.0 0.05 no flow
Industrial Canal 13,024 0.4 20,648 0.8 4.1 0.9 0.69 161
S-2 Basin 106,274 3.1 17,167 0.7 5.9 1.2 0.12 277
S-3 Basin 63,134 1.8 4,047 0.2 0.9 0.2 0.03 181
S-4 Basin 29,121 0.8 25,828 1.0 10.0 2.1 0.76 315
South Florida Conservancy Drainage District (S-236) 9,931 0.3 149 0.0 0.0 0.0 0.01 no flow
South Shore/South Bay Drainage District (Culvert 4A) 4,036 0.1 88 0.0 0.0 0.0 0.01 no flow
S-5A Basin (S-352 West Palm Beach Canal) 119,202 3.5 134 0.0 0.1 0.0 0.00 no flow
West Lake Okeechobee Sub-watershed 204,094 5.9 41,238 1.6 7.9 1.7 0.08 no flow
East Caloosahatchee Basin (S-77) 198,178 5.7 25,492 1.0 5.3 1.1 0.06 no flow
Nicodemus Slough South (Culvert 5A) 5916 0.2 15,745 0.6 2.6 0.5 0.96 no flow
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 354,519 13.8 36.6 7.7 0.20 84
Lower Kissimmee Sub-watershed [(S-65E) - (S-65)] 429,188 12.4 435,075 17.0 84.2 17.7 0.43 157
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 826,260 32.3 74.4 15.7 0.16 73
Totals from Lake Okeechobee Watershed 3,450,475 100 2,560,072 100 475 100
Average Values 0.30 150
Atmospheric Deposition 35
434 Total Loads to Lake Okeechobee 510
435 a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. It does not capture contributions
436 from these basins to other basins or other surface waters.
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Table 8B-8. Five-year average of surface water inflows, TP loads and concentrations, and unit area
loads from subwatersheds to Lake Okeechobee during WY2012-WY2016.2

; Unit Area| Average
Al Disch TP L
Source rea ischarge oad Load |TP Conc. Runoff
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) (ng/L) | (inches)
Fisheating Creek Sub-watershed 318,042 9.2 270,216 10.6 55 115 0.38
Indian Prairie Sub-watershed 276,577 8.0 310,329 121 88 18.6 0.70
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 354,519 13.8 37 7.7 0.20
(Lsc"gg)r] Kissimmee Sub-watershed [(S-65E) 1 5q 108 124| 435075 17.0 84 177 043
Taylor Creek/Nubbin Slough Sub- 197,795 57| 164,450 6.4 ) 191 1oz
watershed | .
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 826,260 32.3 74 15.7 0.16
Sub-totals for East, West and South Lake 1l 1l
' 806,248 23.4 199,223 7.8 46 9.7 0.13
Okeechobee Sub-watersheds ' L4 ' J
Totals from Lake Okeechobee Watershed| 3,450,475 100.0 | 2,560,072 100.0 475 E 100.0
Average Values 0.30
Atmospheric Deposition (mt) 35
Total Loads to Lake Okeechobee (mt) 510

a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. The East, West, and South Lake

Okeechobee subwatersheds drain primarily to the east, west, and south, respectively. This table only represents the portion of runoff from
these areas that are discharged to the lake. It does not capture contributions from these basins to other basins or other surface waters.
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Figure 8B-8. The comparative five-year average values of discharge and TP load to Lake Okeechobee
from the contributing subwatersheds during WY2012-WY2016.
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The highest subwatershed unit area load (UAL) of TP came from the Taylor Creek/Nubbin Slough
Subwatershed (1.01 Ib/ac or 1.13 kg/ha), followed by the Indian Prairie Subwatershed (0.70 Ib/ac or
0.78 kg/ha) and the Lower Kissimmee Subwatershed (0.43 Ib/ac or 0.48 kg/ha). This is the second year
where the UAL of TP for the Lower Kissimmee Subwatershed were lower than the five-year average values
(0.33, 0.34, and 0.43 Ib/ac for WY 2015, WY 2016, and the WY2012-2016 average, respectively). In terms
of FWM TP concentrations from subwatersheds, the Taylor Creek/Nubbin Slough Subwatershed had the
highest value (446 pg/L), followed by the Indian Prairie Subwatershed (230 pg/L) and the combined East,
West and South Lake Okeechobee subwatersheds (188 pg/L). There continues to be disproportionally high
TP loads from Taylor/Nubbin and Indian Prairie subwatersheds due to higher TP concentrations. The Upper
Kissimmee and Lake Istokpoga subwatersheds have displayed disproportionally low loads compared to
flows due to lower TP concentrations.

The average annual TN load to the lake for the most recent five-year period (WY2012-WY2016) from
all drainage basins and atmospheric deposition was 6,187 mt (Table 8B-9), which is 708 mt (10 percent)
less than the WY2016 value of 6,875 mt. The Upper Kissimmee Subwatershed contributed the largest
subwatershed TN loads to Lake Okeechobee, followed by the Indian Prairie and Lake Istokpoga
subwatersheds (Table 8B-10). The highest subwatershed UAL came from the Indian Prairie Subwatershed
(6.84 Ib/ac or 7.66 kg/ha), followed by the Taylor Creek/Nubbin Slough Subwatershed (4.29 Ib/ac or
4.80 kg/ha) and Lake Istokpoga Subwatershed (3.77 Ib/ac or 4.22 kg/ha). In terms of FWM TN
concentrations from subwatersheds, the combined East, West and South Lake Okeechobee subwatersheds
had the highest value (2.67 mg/L), followed by the Indian Prairie Subwatershed (2.24 mg/L) and the Taylor
Creek/Nubbin Slough Subwatershed (1.90 mg/L). Figure 8B-9 shows the comparative values of discharges
and TN loads to Lake Okeechobee from each subwatershed in for this five-year period (WY2012-
WY2016).
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Table 8B-9. Five-year average of surface water inflows, TN loads and concentrations, and unit area
loads from the drainage basins to Lake Okeechobee during WY2012-WY2016.2

Unit Area  Average

Source Area Discharge TN Load Load TN Conc.
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) (mg/L)
East Lake Okeechobee Sub-watershed 239,013 6.9 88,703 35 207.1 4.2 1.91 1.89
C-44/S-153/Basin 8 (S-308 at St. Lucie Canal) 132,572 3.8 36,938 1.4 71.3 1.4 1.19 1.56
L-8 Basin (Culvert 10A) 106,440 3.1 51,765 2.0 135.8 2.8 2.81 2.13
Fisheating Creek Sub-watershed 318,042 9.2 270,216 10.6 523.5 10.6 3.63 1.57
Fisheating Creek at Lakeport/L-61W Basin 298,713 8.7 266,459 10.4 516.1 105 3.81 1.57
Nicodemus Slough North (Culvert 5) 19,329 0.6 3,757 0.1 7.4 0.2 0.85 1.61
Indian Prairie Sub-watershed 276,577 8.0 310,329 12.1 857.6 17.4 6.84 2.24
C-40 Basin [(S-72) — (S-68)] 24,076 0.7 17,928 0.7 65.8 1.3 6.02 2.97
C-41 Basin [(S-71) — (S-68)] 112,880 3.3 62,741 25 247.5 5.0 4.83 3.20
C-41A Basin [(S-84) — (S-68)] 57,748 1.7 124,228 4.9 306.4 6.2 11.70 2.00
L-48 Basin (S-127 total) 20,798 0.6 16,466 0.6 43.0 0.9 4.56 2.12
L-49 Basin (S-129 total) 11,966 0.3 10,756 0.4 20.9 0.4 3.84 1.57
L-59E Basin [(G-33)+(G-34)] 12,589 0.4 6,311 0.2 17.0 0.3 2.97 2.18
L-59W Basin (G-74) 6,596 0.2 26,899 11 64.7 1.3 21.63 1.95
L-60E Basin (G-75) 4,944 0.1 7,126 0.3 17.1 0.3 7.62 1.94
L-60W Basin (G-76) 3,453 0.1 3,206 0.1 6.8 0.1 4.32 1.71
L-61E Basin 14,407 0.4 27,076 11 54.7 1.1 8.37 1.64
S-131 Basin 7,122 0.2 7,591 0.3 14 0.3 4.28 1.48
Taylor Creek/Nubbin Slough Sub-watershed 197,795 5.7 164,450 6.4 384.7 7.8 4.29 1.90
S-133 Basin 25,626 0.7 21,765 0.9 46.3 0.9 3.99 1.73
S-135 Basin 17,756 0.5 24,234 0.9 45.2 0.9 5.62 151
S-154 Basin 31,815 0.9 28,951 1.1 76.5 15 5.30 2.14
S-154C Basin 2,134 0.1 2,422 0.1 7.4 0.1 7.64 2.47
S-191 Basin 120,464 3.5 87,078 3.4 209.2 4.2 3.83 1.95
South Lake Okeechobee Sub-watershed 363,141 10.5 69,283 2.7 366.6 7.4 2.23 4.29
715 Farms (Culvert 12A) 3,353 0.1 - - - 0.0 0.00 no flow
East Beach Drainage District (Culvert 10) 6,657 0.2 438 0.0 2.2 0.0 0.73 no flow
East Shore Drainage District (Culvert 12) 8,409 0.2 784 0.0 4.1 0.1 1.09 no flow
Industrial Canal 13,024 0.4 20,648 0.8 54.0 1.1 9.14 2.12
S-2 Basin 106,274 3.1 17,167 0.7 172.9 3.5 3.59 8.17
S-3 Basin 63,134 1.8 4,047 0.2 34.8 0.7 1.22 6.98
S-4 Basin 29,121 0.8 25,828 1.0 95.6 1.9 7.24 3.00
South Florida Conservancy Drainage District (S-236) 9,931 0.3 149 0.0 0.6 0.0 0.13 no flow
South Shore/South Bay Drainage District (Culvert 4A) 4036 0.1 88 0.0 0.4 0.0 0.19 no flow
S-5A Basin (S-352 West Palm Beach Canal) 119,202 3.5 134 0.0 1.9 0.0 0.04 no flow
West Lake Okeechobee Sub-watershed 204,094 5.9 41,238 1.6 83.4 1.7 0.90 no flow
East Caloosahatchee Basin (S-77) 198,178 5.7 25,492 1.0 50.1 1.0 0.56 no flow
Nicodemus Slough South (Culvert 5A) 5916 0.2 15,745 0.6 33.3 0.7 12.42 no flow
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 354,519 13.8 673.6 13.7 3.77 1.54
Lower Kissimmee Sub-watershed [(S-65E) - (S-65)] 429,188 12.4 435,075 17.0 672.4 13.6 3.45 1.25
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 826,260 32.3 1,164.7  23.6 2.50 1.14
Totals from Lake Okeechobee Watershed 3,450,475 100 2,560,072 100 4,934 100
Average Values 3.15 1.56
Atmospheric Deposition 1,233
Total Loads to Lake Okeechobee 6,167

a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. It does not capture contributions from these
basins to other basins or other surface waters.
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Table 8B-10. Five-year average of surface water inflows, TN loads and concentrations, and unit area
loads from subwatersheds to Lake Okeechobee during WY2012-WY2016.2

; Unit Area| Average
Al Disch TN L
Source rea ischarge oad Load |TN Conc. Runoff
(acres) (%) (ac-ft) (%) (mt) (%) (Ib/ac) | (mg/L) [ (inches)
Fisheating Creek Sub-watershed 318,042 9.2 270,216 10.6 524 10.6 3.63 I 1.
Indian Prairie Sub-watershed 276,577 8.0 310,329 12.1 858 17.4 6.84 E
Lake Istokpoga Sub-watershed (S-68) 394,203 11.4 354,519 13.8 674 13.7 3.77 1,
(Lso‘gg)r] Kissimmee Sub-watershed [(S-65E) 1 5q 108 124| 435075 170|672 136 345 [ 1
Taylor Creek/Nubbin Slough Sub- 197,795 57| 164,450 64| 385 78| 420 [ 19
watershed | >
Upper Kissimmee Sub-watershed (S-65) 1,028,421 29.8 826,260 32.3 1,165 23.6 2.50 1.14
Sub-totals for East, West and South Lake 806,248 234 199,223 78 657 J 13.3 1.80
Okeechobee Sub-watersheds L3
Totals from Lake Okeechobee Watershed| 3,450,475 100.0 | 2,560,072 100.0 4,934 E 100.0
Average Values 3.15 I 1.
Atmospheric Deposition (mt) 1,233
Total Loads to Lake Okeechobee (mt) 6,167

a. Values shown in this table only account for contributions from the basins to Lake Okeechobee. The East, West, and South Lake
Okeechobee subwatersheds drain primarily to the east, west, and south, respectively. This table only represents the portion of runoff from
these areas that are discharged to the lake. It does not capture contributions from these basins to other basins or other surface waters.
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Figure 8B-9. The comparative five-year average values of discharge and TN load to Lake Okeechobee
from the contributing subwatersheds during WY2012-WY2016.
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Ambient Water Quality Data Analysis

The long-term tributary or ambient water quality stations under projects KREA and TCNS consist of
river and basin-level monitoring locations that are sampled on a biweekly basis when flow is present. This
analysis also considers concentration data from tributary-level monitoring sites collected under project the
Lake Okeechobee Tributary Loadings Project (OKUSGS), which was initiated in 2003 (Figure 8B-4). It is
also important to note that the tributary concentration stations for C-41 and C-41A are located well upstream
compared to the basin loading stations discussed earlier. TP and TN concentrations were collected at these
38 monitoring stations (7 OKUSGS sites and 31 ambient SFWMD sites) during WY2016. A site usually
used for assessment of water quality entering the Taylor Creek Stormwater Treatment Area (STA) at the
inflow pump station (S390) was included in this analysis because it represents the water in Taylor Creek
directly downstream of an OKUSGS flow site where water quality collections were discontinued in 2009
to eliminate redundancy. This water year marked a six-year period of record for water quality data at S390
and it is now included in the long-term data set for the Taylor Creek drainage basin. The ambient water
quality network has primarily focused on the assessment of those basins considered critical to the nutrient
concentration issues in the LOW (Figure 8B-4). In the future additional monitoring sites from the LOWA
and TUK networks may also be included in this analysis.

Concentration data from sites established for the OKUSGS Project are included in statistical summaries
(Tables 8B-11 and 8B-12). This project was formally run by USGS under contract from the District,
FDACS, and USACE and consisted of 16 locations equipped with autosamplers programmed to collect
flow-proportional samples. This project was reduced and now includes two sites with autosamplers
collecting on a timed program, and five of the original stations are sampled via grab collections. All seven
water quality stations and five of the historical USGS program sites are still collecting flow data via a
contract from FDACS. Several of the OKUSGS water quality sampling sites were leveraged against
existing nearby KREA or TCNS sites. Redundancy between the two programs was eliminated once the
District brought the water quality sampling in-house in 2011. Future reporting will summarize loadings
from these 12 tributary sites once there is enough long-term data to establish statistical significance and the
historical data are verified by the District. The TN samples from unrefrigerated autosamplers presented in
this assessment should be viewed as experimental. Until recently, there was no FDEP approved method to
maintain TN samples in an unrefrigerated environment over a seven-day period if the TN was calculated
by adding total Kjeldahl nitrogen and nitrate + nitrite analyses. The District laboratory is now certified to
analyze samples for TN directly. TN data collected via autosampler in the future will have much more
validity. The POR for TN is lacking from several of the basins and this data may help to provide preliminary
insight into additional sources of nitrogen in the watershed.

For WY 2016, the mean TP concentrations of the 11 basins—developed from the 38 sites—ranged from
57 pg/L at the S-65A Basin to 472 ug/L at the S-154 Basin (Table 8B-11). For comparison purposes, data
from 10-year averages for WY2006-WY2015 are also included. Due to its size and the number of
monitoring stations, the S-191 Basin (Taylor Creek/Nubbin Slough) is further divided into two subbasins:
Taylor Creek (S-191TC) and Nubbin Slough (S-191NS). During WY 20186, six of the basins displayed lower
TP concentrations than during the WY2006-WY 2015 POR, while five displayed higher TP concentrations.
The highest mean TP concentration at the S-154 Basin (472 ug/L) was followed by S-191NS (469 ug/L)
and S-191TC basins (442 pg/L). Among the four original priority basins (S-154, S-191, S-65D, and S-65E),
S-65D continued to have a relatively lower TP concentration (176 pg/L) and both S-65E and S-154 basins
have concentrations that are lower than the long-term averages. The WY2016 mean TP concentrations from
the C-41 Basin displayed the highest percent increase (53 percent) when compared with data collected in
WY2006-WY2015. The basins with the highest percent decrease in TP concentrations were the S-65D (28
percent), followed by Fisheating Creek (26 percent decrease) and the S-65A (22 percent decrease) basins.

During WY 2016, the C-41 Basin had the highest mean TN value (2.84 mg/L), followed by the S-154
(2.16 mg/L) and S-191TC (2.13 mg/L) basins (Table 8B-12). The mean TN values were lower in eight of
the basins and higher in three of the 11 basins in WY 2016 as compared to the WY2006-WY 2015 values.
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The WY2016 mean TN concentrations from the C-41 Basin displayed the highest percent increase
(23 percent) when compared with data collected in WY2006-WY2015. Two of the basins with the greatest
decrease in TN concentrations in WY2016 compared to the WY?2006-WY 2015 values were Fisheating
Creek (24 percent decrease) and S-65D (18 percent decrease).

Table 8B-11. Statistics of TP data collected from the ambient network in the LOW.
WY2016 values are included to show annual changes. [Note: Max — Maximum;
Min — Minimum; and Std Dev — Standard Deviation.]

WY2006-2015 (TP) WY2016 (TP)
BASIN Mean Median Std Dev Nur:fber Max Min | Mean Median Std Nur;]fber Max Min
(Mg/L)  (ngl/L) Samples (Mg/L)  (ug/L) | (Mg/L) (pg/L) Dev Samples (Mg/L)  (ng/L)
C-41 278 187 257 221 1921 27 424 392 279 14 913 94
C-41A 75 73 28 439 170 6 90 84 36 93 363 48
Fisheating Creek 235 192 176 449 1283 17 174 157 60 24 390 98
Lake Istokpoga 113 89 68 582 474 26 114 102 44 101 234 37
S-65A 73 65 40 449 271 23 57 58 18 36 109 21
S-65BC 79 68 41 446 273 22 66 69 14 36 99 40
S-65D 244 152 224 1018 1494 11 176 129 141 75 618 28
S-65E 427 221 522 345 3330 23 413 240 537 37 3064 38
S-154 595 506 430 322 2330 14 472 452 231 20 1122 213
S-191TC (Taylor Creek) 392 324 288 2431 2909 14 442 415 233 185 1343 59
S-191NS (Nubbin Slough) 420 390 243 934 1852 10 469 421 271 61 1487 83

Table 8B-12. Statistics of TN data collected from the ambient network in the LOW.
WY2016 values are included to show annual changes. [Note: Max — Maximum;
Min — Minimum; and Std Dev — Standard Deviation.]

WY2006-2015 (TN) WY2016 (TN)

BASIN Mean Median Std Dev Nur:fber Max Min | Mean Median Std Nur:fber Max Min

(mg/L) (mg/L) Samples (mg/L) (mg/L) | (mg/L) (mg/L) Dev Samples (mg/L) (mg/L)

C-41 2.31 1.99 1.09 225 5.90 0.15 284 | 282 114 14 492 142
C-41A 1.52 1.58 0.63 304 5.80 0.00 1.54 1.38 0.39 41 252  0.69
Fisheating Creek 2.35 2.04 1.11 416 7.90 0.29 1.79 1.68 0.51 24 3.62 1.22
Lake Istokpoga 1.36 1.33 0.29 363 2.43 0.46 | 1.22 1.27 0.16 51 157 0.82
S-65A 1.34 1.25 0.41 444 3.69 0.77 | 1.17 114 024 36 202 081
S-65BC 1.27 1.18 0.29 443 2.38 0.58 | 1.10 1.09 0.16 36 138  0.80
S-65D 1.61 1.53 0.52 987 6.47 0.49 1.32 131 025 75 186  0.53
S-65E 2.15 1.89 1.22 344 1265 0.28 | 2.08 1.82 135 37 797 091
S-154 2.31 2.30 0.73 317 4.75 006 | 216 2.09 0.63 20 316 0.29
S-191TC (Taylor Creek) 1.98 1.80 1.14 2021 1337 014 | 213 1.96 0.82 102 537 0.59
S-191NS (Nubbin Slough) 211 2.02 0.83 910 9.40 0.57 1.99 1.87 0.64 61 460 094
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WATERSHED RESEARCH AND MODELING

The District, in cooperation with FDACS, FDEP, and other agencies and interested parties, continues
to implement a comprehensive research and assessment program for the lake and its watershed. Various
research, monitoring, and assessment projects were under way or completed in WY2016 (Table 8B-13).
The ongoing study efforts discussed in the In-Lake Ecological Monitoring subsection of this chapter were
also included in this table. Two of the watershed projects (one completed and one ongoing) are highlighted
in detail in this subsection. More information on some of the projects included in Table 8B-13 can be found
on the District’s website at www.sfwmd.gov/okeechobee.

Table 8B-13. Status of key LOW and lake modeling, monitoring,
research, and assessment projects during WY2016.

Project Name

(Investigator) Description, Major Objectives, and Results Status
Lake The study period was from WY2001 through WY2015. This study is the continuation of
Okeechobee trend analyses conducted in 2011 as part of the Lake Okeechobee Protection Plan update
Subwatershed (SFWMD et al. 2011). Summary statistics included mean, median, minimum, maximum,
Nutrient and standard deviation. Monthly mean values were used for all statistical analyses. Trends Completed
Loading Trends of five parameters: mean monthly flow, TP load, FWM TP concentration, TN load, and
(SFWMD) FWM TN concentration for the six subwatersheds north of Lake Okeechobee were
analyzed with a Seasonal Kendall Tau test. The detailed analyses and results were
included in this section.
The focus of this project was a subwatershed suitability analysis for various types of water
Northern storage features. Storage features considered were deep and shallow storage, aquifer
Everglades storage and recovery and water storage on ranchlands and fallow citrus (dispersed water c leted
Water Storage management). This project is helping inform the reformulation of the Comprehensive ompiete
(SFWMD) Everglades Restoration Plan (CERP) LOW Project, which USACE kicked off on
July 25, 2016.
Summary statistics included mean, median, minimum, maximum, and standard deviation.
Tributary Monthly mean values for the POR, WY2006-WY2015, were used for all statistical
Nutrient analyses. Trends of five parameters: mean monthly flow, TP load, FWM TP concentration,
Loading Trends TN load, and FWM TN concentration for the 14 tributary loading stations in the LOW were Ongoing
analyzed with a Seasonal Kendall Tau test to examine the relationship between the
(SFWMD) tributary-level and its downstream basin-level data sets. The basin-level trend analysis will
be completed in 2017.
This project involves implementing the two remaining recommendations for enhancing
Watershed WAM that are included in the Peer Review of the Watershed Assessment Model (WAM)
e — (Graham _gt _aI. 2009)._The two recomm_endations _for enhancing W_AM are the performance
Model (WAM) of a sensitivity analysis and an uncertainty analysis. All 'the other f|ye recomme_r!d_atlons by
Sensitivity and the peer review panel have been completed. As part of implementing the sensitivity and
Uncertainty uncertainty anal)_/se_s, WAM will b_e recalibrated resultin_g in increased confidence of t_he Ongoing
Analysis model’s results, it will add a margin-of-safety value derived through a formal uncertainty
analysis and the sensitivity analysis will allow us to identify the model's most sensitive
(FDACS/ parameters, which can then be refined as appropriate. The project was started in February
SFWMD) 2015 and is expected to be completed in 2017. The brief description of the project is
included in this section.
This long-term zooplankton monitoring project was initiated in 1994. Standard field and
Routine laboratory analyses for zooplankton biomass and taanomic composition were developed_.
Plankton Zooplankton samples are collected on a quarterly basis from permanent stations located in _
Monitoring each of the four ecologically distinct pelagic zones. These zones approximately correspond Ongoing
to north, east central, southwest edge, and west central regions of the pelagic region. The
(SFWMD) stations are a subset of those sampled during Lake Okeechobee Environmental Study so
the long-term data can be compared to those obtained in the historical database.
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Table 8B-13. Continued.
PITEEEL NEITTiE Description, Major Objectives, and Results Status

(Investigator)

Algal Bloom
and Toxin
Monitoring?

(SFWMD)

Satellite
Imagery for
Algal Bloom
Monitoring

(SFWMD)

Vegetation
Mapping?
(SFWMD)

Annual
Fisheries
Monitoring®
(SFWMD)

Plant Tissue
Decomposition
Study

(SFWMD)

Lake
Okeechobee
Nutrient Budget
Analyses

(SFWMD)

Over the past 20 years, phytoplankton community structure has shifted from the non-bloom-
forming, highly desirable diatoms to the noxious, bloom-forming cyanobacteria. The dominance by
bloom-forming blue-greens in Lake Okeechobee has been linked to low total and soluble nitrogen
to phosphorus (N:P) ratios in the water, which in turn, are thought to be caused by the lake’s history
of excessive phosphorus inputs from non-point source agricultural pollution. The frequency of
bloom occurrence also appears to be statistically related to lake stages at critical periods in the
year. One of the goals of ongoing state and federal restoration programs is to reduce the absolute
and relative biomass of blue-green algae in the lake water through reductions in nutrient inputs to
the lake, while the LOW Project will be investigating water storage options in the lake's watershed
to reduce the frequency of excessively high or low lake stages. This project provides standardized
data that will assist in documenting the success of these efforts.

The objective of bloom and water quality monitoring is to determine if CERP and various state
sponsored projects result in a reduced level of stress on the lake’s flora and fauna, including
reductions in the occurrence of cyanobacterial blooms and their associated toxins. Current bloom
monitoring methods are expensive, time consuming, and are both spatially and temporally
inadequate to thoroughly characterize bloom occurrence. Results to date have been mixed. When
there is little cloud cover and sun glint, Moderate Resolution Imaging Spectroradiometer (MODIS)
images generally correspond to traditional water quality monitoring data and/or visual observations.
However, interference from clouds or glint can at times render the images equivocal and difficult to
interpret. It is anticipated that these problems will be substantially reduced when the new sensor
aboard the Sentinel 3 satellite comes on line.

The emergent marsh in Lake Okeechobee provides important habitat for fish, wading birds and
other wildlife. The composition, distribution, and areal coverage of the plant communities in the
marsh are strongly influenced by hydrologic conditions, vegetation management activities, and
competition between species, especially when native habitats are impacted by invasive exotic
plants. To document and quantify how Lake Okeechobee’s emergent marsh community responds
to variable hydrologic conditions, management activity, and species competition, detailed
vegetation maps are created.

Fish are an integral component of Lake Okeechobee’s trophic structure and a major source of
revenue for the lakeside communities through both commercial and sport fishing. Fish abundance,
distribution, and population age structure integrate many important aspects of ecosystem health
including hydrology, and the condition of the lake's SAV and EAV communities. Results over the
last decade have clearly shown the devastating impacts of high lake stages and the mid-2000s
hurricane impacts on the fishery, and the gradually improving conditions since; particularly to the
black crappie fishery. Of particular importance are the age class distributions of juvenile largemouth
bass and black crappie obtained from this monitoring, since they provide a direct measurement of
ongoing successful breeding and recruitment of new individuals.

This stdy is part of the Lake Okeechobee Water Quality Model and Analyses Research Plan (James
2016). Rapid increases in water levels due to major storm events can result in the uprooting and
submersion of aquatic plants. How rapidly this material mineralizes can affect the nutrient
conditions in the water column and consequently influence the achievement of the TMDL and its
associated target in lake phosphorus concentration. The first experiment was conducted from
March to June 2014 and the second from June 2015 to January 2016. Data for cattail and bulrush,
two species that are particularly sensitive to uprooting and inundation due to their location near the
outer edge of the marsh, suggest that there is a more rapid removal of nutrients under wet
conditions than dry. The change is more pronounced for phosphorus than for nitrogen with a rapid
reduction in the first two weeks followed by a much slower rate thereafter. A third experiment will
be deployed in late 2016 and results will be reported in 2017 with a completion expected in 2018

This study, which relies primarily on nutrient and flow data collected for regulatory purposes under
the Lake Okeechobee Operating Permit, evaluates lake responses to nutrient loads and is directly
tied to the lake phosphorus TMDL and is an integral part of the annual evaluation of water flows
inflows and outflows, and phosphorus loads and nutrient partitioning within the lake. Results, based
on Lake Okeechobee regulatory water quality monitoring, are reported each year in the SFER and
include trend analysis of inflows and nutrient concentrations and loads and net sedimentation
coefficient both for the current year, and as a means of tracking changes in nutrient dynamics over
time; with special emphasis on how they relate to changing operations, climate, and
stochastic events.

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing
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Table 8B-13. Continued.

Project Name
(Investigator)

Description, Major Objectives and Results

Status

Western Marsh
Food Web
Evaluation?

(SFWMD)

Wading Bird
Foraging®
(SFWMD)

Secretive
Marsh Birds
(SFWMD)

Wading bird
Prey
Availability and
Selection Study

(SFWMD)

Annual SAV
Mapping®
(SFWMD)

Five major emergent vegetation communities in the Lake Okeechobee marsh (spike rush,
torpedograss, lily, smart weed, and duck potato) are among the most common habitat types in
which wading bird foraging activities occur. Understanding how similar/dissimilar the food webs
are in these plant habitats and whether any habitat(s) contain more robust food web(s) provides
important information for vegetation management activities. The spike rush and torpedograss
communities have already been thoroughly studied and this work builds on that study to include
lily-, smartweed-, and duck potato-dominated habitats. Overall, the preliminary data analyses
suggest that smartweed may provide better habitat for fish, macroinvertebrates, periphyton, and
zooplankton than either lily or duck potato although the disappearance of smartweed habitat
prior to and during the 2015 sampling period does not lend strong support to this theory because
of smartweed’s possibly ephemeral nature.

Trends in wading bird foraging can be used as an indicator of habitat quality and as an important
tool in analyzing the function of hydrology, restoration efforts, and the cascading effects of
changes at other trophic levels. Locations of foraging flocks are primarily driven by lake water
levels which influence the availability of prey. Abundance of wading birds is influenced by
suitable foraging conditions on the lake and conditions of wetlands outside of the lake. A benefit
of the large size of the lake is that it acts as a buffer against all but very large localized and
regional rain events. This emphasizes the importance of the lake as a refuge during seasons
with poor hydrological conditions in the Everglades and is likely a contributing factor to the
overall success of wading birds in other parts of the system. Continuing to monitor wading bird
foraging trends will help further our understanding of how management of lake levels influences
foraging conditions for nesting wading birds.

The habitat and food requirements of marsh birds like bitterns, night herons, and rails differ
significantly from those of wading birds. Consequently, resource management plans that focus
only on wading birds, the federally endangered Everglade snail kite, or the sport fishery may not
support these obligate wetland species. Current vegetation management plans focus principally
on the removal of dense EAV and, consequently, reduce habitat for these other bird species.
Overall abundance estimated for Lake Okeechobee indicates that the common gallinule is the
most common marsh bird species followed by purple gallinule, least bittern, purple swamphen,
limpkin, and pied-billed grebe respectively. Initial results indicate that Lake Okeechobee may be
an important breeding ground for the purple gallinule and least bittern (a designated species of
special concern in Florida) based on higher detection rates compared to similar studies
conducted on other freshwater marshes throughout the state. Further understanding of habitat
preferences and management needs could be a key to reversing the downward population trend
of these two species.

Wading birds are connected to hydrology through numerous aspects of their life history. Nesting
effort and success, prey availability, and foraging selection all can be influenced by variations in
water management. Wading bird nesting success is necessarily related to the abundance and
availability of different types of prey during the chick-rearing stages of the nesting season. Initial
results from the first year of this study describe the overall diet and selection of important prey
items from the three different wading bird species that were selected. The great egret is primarily
a piscivorous species selecting large fish with individual specialization in terrestrial vertebrates.
The snowy egret is similar to the great egret in having a diet consisting mostly of fish, but keys
in on small species like the mosquito fish. The white ibis has a population specialization in
crawfish with small fishes and terrestrial invertebrates being selected when conditions are less
optimal. Further data collection and analysis will help describe how these species select prey
items in relation to changing hydrological conditions and how this correlates to nesting effort and
success is ongoing.

The condition of the nearshore SAV community is intimately linked to lake hydrology, and in
turn, is a critical factor in the status of nearly every trophic level within the lake from
phytoplankton and cyanobacterial blooms to top carnivores. Understanding what influences the
dynamics of the SAV community is therefore critical to understanding the ecology of Lake
Okeechobee. These data has been collected on a regular basis since 2001 and, over that time,
have clearly demonstrated the effects of hydrology and stochastic events such as droughts and
hurricanes on both the areal extent and species composition of the SAV community. When the
lake remains within a temporally appropriate stage envelope of 12.5-15.5 ft NGVD29, the SAV
community thrives. However, either excessively high, or excessively low lake stages, or high
wind and wave conditions generated by storms passing near or over the lake have negative
impacts of varying severity on SAV.

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

a. Additional information on this project is available in the In-Lake Ecological Monitoring subsection of this chapter.
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Lake Okeechobee Subwatershed Nutrient Loading Trends

As part of Lake Okeechobee Protection Plan update in 2011 (SFWMD et al. 2011), the trends of five
parameters—flow (ac-ft), TP load (mt), FWM TP concentration (pg/L), TN load (mt), and FWM TN
concentration (mg/L)—were conducted based on data from Calendar Year 2001 (CY2001) to CY20009.
This study is a continuation of this previous study with an extended data period up to WY2015 (from
WY2001 to WY2015). A Seasonal Kendall Tau test was used to determine statistical significance for the
six subwatersheds north of the lake: Fisheating Creek, Indian Prairie, Lake Istokpoga, Lower Kissimmee,
Taylor Creek/Nubbin Slough, and Upper Kissimmee. The Seasonal Kendall Tau is a non-parametric test
frequently used to detect trends for water quality time series data. It is a rank order statistic that can be
applied to time series data exhibiting seasonal cycles, missing and censored data, and indications of non-
normality (Yu and Zou 1993). When data are collected over time, significant autocorrelation may exist
between data values. The Seasonal Kendall Tau provides an adjusted p-value for data that exhibit a
significant level of dependence (Reckhow et al. 1992). For the purpose of determining statistical
significance, an alpha (a) level of 0.05 was selected. Results indicating a statistically significant increase
or decrease in flow, TP load, TP FWM concentration, TN load, and TN FWM concentration are present at
the subwatershed level.

Each subwatershed consists of one or more drainage basins that ultimately flow into the lake through
designated water control structures (Figure 8B-4). The Seasonal Kendall Tau test requires monthly data
inputs to determine an annual slope statistic (trend). Two subwatersheds (Lower Kissimmee and Indian
Prairie) included in this analysis do not have well defined groundwater drainage boundaries and can be
influenced over shorter data intervals (i.e., monthly) by seepage through structures and groundwater
interactions. The program normally used to calculate annual loads for these two subwatersheds involves
subtracting out upstream subbasins to get a more reliable overall annual flow value. Since this method could
not be employed for this analysis when computing the monthly basin-level flow and load using structure
measurements in these two subwatersheds, monthly data represented by the S-65E structure for the Lower
Kissimmee and S-70, S-71, and S-84 for Indian Prairie were used.

The trend analysis results including the Sen Slope and p-value are shown in Table 8B-14. The monthly
values, 12-month moving averages, and the Seasonal Kendall trend lines are presented in Figures 8B-10
through 8B-14 for these parameters, respectively. While the presence of significant trends (Sen Slope)—+
(increase) or — (decrease)—provides the most valuable management tool for determining how a
subwatershed is reacting to regulatory or restoration measures, other statistics represented in Table 8B-14
can be used to predict likely trends and help focus resources on the most efficient ways to achieve water
quality improvements for the northern LOW. For instance, the Sen slope indicates the change in annual
value for a constituent, which, taken into consideration the p-value, can indicate if a subwatershed is more
likely to continue to follow its current direction in the next few years and if these changes will be significant.
Subwatersheds with highly negative or positive slopes where p-values are close to 0.05, though not showing
a statistically significant trend, could still be targeted for in-depth investigations to help evaluate success
stories or identify areas where more intense nutrient control measures need to be implemented.
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599 Table 8B-14. Seasonal Kendall Tau trend analyses of flow, TP load, TP FWM concentration, TN load,
600 and TN FWM concentration for WY2001-WY2015 for the six subwatersheds north of Lake Okeechobee.

601 Bold and italic parameters indicate statistically significant changes (p-value < 0.05).
Number of \ Sen
Subwatershed Parameter (unit) Months of Ken:lzll s Slope Intercept p Value Significant
Data (Trend)
Flow (ac-ft X103) 180 -0.14 -0.181 7.27 0.250 No
TP load (mt) 180 -0.15 -0.027 1.05 0.225 No
Fisheating Creek TP FWMC (pg/L) 178 011 -1.392  136.53  0.249 No
TN Load (mt) 180 -0.16 -0.382 13.85 0.193 No
TN FWMC (mg/L) 178 -0.01  -0.002 1.56  0.928 No
Flow (ac-ft X103) 174 0.13 0.510 3.88 0.265 No
TP load (mt) 174 0.01 0.008 1.66 0.907 No
Indian Prairie TP FWMC (ug/L) 143 -0.22 -8.842 309.73  0.001 Yes
TN Load (mt) 174 0.02 0.135 20.06 0.887 No
TN FWMC (mg/L) 139 -0.32 -0.069 2.73 0.014 Yes
Flow (ac-ft X103) 180 0.02 0.054 11.32 0.885 No
TP load (mt) 180 0.06  0.012 1.07  0.317 No
Lake istokpoga TP FWMC (ug/L) 168 007 0.860 6572 0.215 No
TN Load (mt) 180 0.06 0.284 19.95 0.663 No
TN FWMC (mg/L) 168 0.28 0.022 1.20 0.054 No
Flow (ac-ft X103) 171 -0.14 -0.908 15.10 0.229 No
TP load (mt) 171 -0.07 -0.049 0.71 0.209 No
Lower Kissimee TP FWMC (pg/L) 96 0.02 0.275 124.55 0.869 No
TN Load (mt) 171 -0.08 -0.829 8.28 0.150 No
TN FWMC (mg/L) 93 0.15 0.020 1.01 0.185 No
Flow (ac-ft X10°%) 180 0.01  0.000 2.92  0.971 No
Taylor TP load (mt) 180 -0.04 -0.003 0.76 0.726 No
Creek/Nubbin 7P FWMC (ug/L) 165 -0.22  -9.960 409.58  0.009 Yes
Slough TN Load (mt) 180 0.00  0.000 541  0.989 No
TN FWMC (mg/L) 166 -0.05 -0.004 1.78 0.560 No
Flow (ac-ft X10%) 180 0.10  1.028  25.06  0.489 No
TP load (mt) 180 0.09 0.091 2.15 0.519 No
Upper Kissimmee TP FWMC (pg/L) 164 -0.06 -0.356 72.90 0.618 No
TN Load (mt) 180 0.05 1.073 44.67 0.706 No
602 TN FWMC (mg/L) 164 -0.24 -0.012 1.34 0.063 No
603
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Figure 8B-10. Monthly flows from WY2001 to WY2015. Gray dots represent monthly values, black
line presents 12-month moving average, and red line represents Seasonal Kendall Tau trend line. No
statistically significant changes (p-value < 0.05) are observed.
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Figure 8B-11. Monthly TP loads from WY2001 to WY2015. Gray dots represent monthly values, black
line presents 12-month moving average, and red line represents Seasonal Kendall Tau trend line. No
statistically significant changes (p-value < 0.05) were observed.
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Figure 8B-12. Monthly TP FWM concentrations from WY2001 to WY2015. Gray dots
represent monthly values, black line presents 12-month moving average, and red line
represents Seasonal Kendall Tau trend line. Bolded and italicized subwatershed labels
indicate statistically significant changes (p-value < 0.05).
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618 Figure 8B-13. Monthly TN loads from WY2001 to WY2015. Gray dots represent monthly values, black
619 line presents 12-month moving average, and red line represents Seasonal Kendall Tau trend line. No
620 statistically significant changes (p-value < 0.05) were observed.
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TN Flow Weighted Mean Concentration (mg/L)
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Figure 8B-14. Monthly TN FWM concentrations from WY2001 to WY2015. Gray dots

represent monthly values, black line presents 12-month moving average, and red line

represents Seasonal Kendall Tau trend line. Bolded and italicized subwatershed labels
indicate statistically significant changes (p-value < 0.05).

DRAFT

8B-36 9/26/2016



626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641

642
643
644
645
646
647
648
649
650

651
652
653
654
655
656
657
658
659

660
661

662
663
664
665

666
667

668
669
670

2017 South Florida Environmental Report — Volume | Chapter 8B

Two of the six subwatersheds analyzed revealed significant trends for one or more parameters
(Table 8B-14). The Indian Prairie Subwatershed showed a statistically significant decreasing trend in both
FWM TP and TN concentrations. However, both flow and TP and TN loads had positive slope (not
statistically significant but increasing trend). Although the TP load had a positive slope, it was close to zero
and the positive slope for flow, while not significant, was powerful enough to drive the load results in
general. A decreasing trend in FWM concentrations may not always result in a decreasing trend in load if
the rate of flow stayed the same or increased over time. The flow rate increased more than the loading rate
during WY2001 to WY2015, which resulted in lower concentrations over time and a decreasing trend in
concentrations for the Indian Prairie Subwatershed. There was no significant trends in these two parameters
in the previous study (SFWMD et al. 2011) with nine years of data (CY2001 to CY2009). The Taylor
Creek/Nubbin Slough Subwatershed showed a significant decreasing trend in FWM TP concentration. This
subwatershed had a decreasing trend for FWM TP concentration in the previous study, but not a statistically
significant decreasing trend. The Fisheating Creek Subwatershed had negative slopes (decreasing trend) for
all five parameters, but no parameter with a statistically significant trend with p-value < 0.05. The Lake
Istokpoga Subwatershed showed an increasing trend in all five parameters where the p-value for FWM TN
concentration is close to 0.05.

The trends for monthly subwatershed flows and TP loads are shown in Figures 8B-10 and 8B-11,
respectively. No subwatershed indicated statistically significant changes for these two parameters. The
trend for monthly FWM TP concentrations is shown in Figure 8B-12. The Taylor Creek/Nubbin Slough
Subwatershed displayed a significant decreasing trend with a Sen slope value of -9.96, which indicated the
annual change in pg/L. The Indian Prairie Subwatershed displayed a significant decreasing trend with a
Sen slope value of -8.84 ug/L per year. No subwatershed indicated statistically significant changes for TN
loads (Figure 8B-13). The Indian Prairie Subwatershed had a statistically significant decreasing trend for
FWM TN concentrations with a Sen slope of -0.069, which indicate the annual change in mg/L
(Figure 8B-14).

The continued efforts of the coordinating agencies to implement programmatic improvements and
construct water quality restoration projects in the northern LOW warrant the maintenance of a robust
monitoring network. The ability to track trends and seasonal signals in flow and nutrient concentrations at
the tributary, basin and subwatershed levels remains a critical component to the Northern Everglades
monitoring complex and BMAP. The highly variable nature of the data from these subwatersheds—and the
influence of storm events on those data—make continuous evaluations a critical management tool.
Evaluations that show no significant trends over several years can also be useful in helping to determine if
the system has stabilized and what measures need to be taken if the stabilized state is still not meeting target
water quality goals.

Watershed Assessment Model Calibration and
Sensitivity and Uncertainty Analyses

The Watershed Assessment Model (WAM) is a geographic information systems (GI1S)-based model
that simulates the complex hydrology and water quality responses within a watershed based on detailed
characterization data (SWET 2011a). It can be used to perform hydrological and water quality analysis to
do the following:

e Simulate flows and nutrient loads for existing land uses, soils, and land
management practices.

e Analyze the hydrological and water quality impacts on streams and lakes for management
scenarios, such as land use changes, implementation of best management practices (BMPs)
or the addition of regional STAs and other features in the LOW.

DRAFT 8B-37 9/26/2016



671
672

673

674
675
676
677
678
679
680
681
682
683
684

685
686
687
688
689
690
691
692

693
694
695
696
697
698

699
700
701
702
703
704
705
706

707
708
709
710
711
712
713
714
715

2017 South Florida Environmental Report — Volume | Chapter 8B

¢ View and analyze the simulated flow and concentrations for every source cell and stream
reach within LOW under the ArcGIS platform.

o Prioritize geographical areas where BMP efforts are to be focused.

The coordinating agencies (District, FDACS, and FDEP) invested in improving the tool through the
WAM Enhancement and Application in the LOW project (HDR and SWET 2009), which included the
application of WAM to the northern LOW. This 2009 project was updated in 2012 to extend the POR from
the original period covering CY1999-CY2007 to the 33-year period from CY1978 to CY2010. In April
2009, a panel of five experts completed a peer review of the WAM and provided seven major
recommendations in a final report (Graham et al. 2009). The coordinating agencies implemented five of the
seven recommendations when the WAM Documentation and Validation Project was completed in 2011
(SWET 2011). The two remaining recommendations by the panel were the performance of a sensitivity
analysis and an uncertainty analysis. The coordinating agencies have therefore decided to implement the
last two of the panel’s recommendation, with FDACS taking the lead for this effort. The project was started
in February 2015 and is expected to be completed in 2017.

The sensitivity analysis, through a formal process, will identify the model parameters that when
modified cause the largest change in model output. Users, who wish to increase the accuracy of the model
output to meet specific needs, can use the sensitivity analysis results to select which parameters to improve
through additional data analysis or experimentation. The uncertainty analysis will quantify the uncertainty
in the model simulation results, and therefore, provide users with a level of confidence for the flow, loads,
and concentration outputs. These two analyses will improve the defensibility and understanding of the
model, allow it to be used for purposes beyond the relative comparisons when data to calibrate against are
not available, and enable future focused improvement of WAM if desired.

This project is being conducted under three phases. Under Phase I, the model data sets were updated
and the simulation period was extended through 2013 for the six subwatersheds north of Lake Okeechobee:
Upper Kissimmee, Lower Kissimmee, Lake Istokpoga, Taylor Creek/Nubbin Slough, Fisheating Creek,
and Indian Prairie (Figure 8B-1). A literature review and draft work plan for the sensitivity and uncertainty
analyses were completed. A work plan for the expansion of the WAM to include the East, West, and South
Lake Okeechobee subwatersheds was also completed.

In Phase 11, the sensitivity and uncertainty analyses were conducted and model recalibration for the six
subwatersheds were completed (SWET 2016). The methodology for applying the sensitivity and
uncertainty analyses to WAM was developed and a study area with representative land uses and soil types
was selected. A set of parameters for each submodel included in WAM were altered with a screening
method, as well as the variance-based sensitivity methods. A training workshop, including a presentation
of the main findings was presented, followed by a hands-on training at the SFWMD’s headquarters in West
Palm Beach, Florida. WAM model setup, updates, and modifications were presented for the coordinating
agencies that cover the WAM for the six northern subwatersheds.

The Phase 111 of the project was led by FDEP for BMAP efforts. This phase applies WAM to the three
subwatersheds south of Lake Okeechobee: East, West, and South Lake Okeechobee subwatersheds, as well
as the extended area due to the hydrological connections (Figure 8B-15). Both the East and West Lake
Okeechobee subwatersheds were modeled as part of the previously mentioned 2009 project. A base scenario
and model calibration are being conducted. Calibration targets will be consistent with the targets being
developed for the northern subwatersheds, and goodness-of-fit measurements will also be used in a
consistent manner across all model domains. This calibrated model will be used to evaluate TP load
reduction potential where BMP efforts are to be focused. The last phase of this project is expected to be
completed in 2017.
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Figure 8B-15. Land use map detailing Florida FLUCCS Level Ill for agriculture and Level | for other
land use types for the Phase |1l study area of the WAM project.
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LAKE STATUS

HYDROLOGY

Lake Okeechobee was at an elevation of 13.87 ft (4.23 m) NGVD29 on May 1, 2015, which placed
water levels in the Low Lake Management Band (Figure 8B-16). Water levels declined to 11.98 ft
NGVD29 (3.65 m) on July 17, 2015, and then steadily increased to 14.82 ft (4.52 m) NGVD29 on October
12, 2015. Due to El Nifio conditions, the winter dry season was extremely wet (see Chapter 2, Volume | of
this SFER). A strong rain event from January 27 to 28 resulted in an increase in lake stage from 15.34 ft
(4.68 m) NGVD29 on January 27, 2016, to a high of 16.40 ft (5.0 m) on February 9, 2016. Despite the
extremely wet dry season, the total inflow to the lake was only 5 percent greater as compared to WY 2015.
The small difference can be attributed to the timing of flow and rainfall, with a drier wet season in WY 2016
than in WY 2015 and a wetter dry season in WY2016 than WY2015. Increased regulatory releases of water
to the estuaries resulted in the lowering of lake stage to 14.25 ft (4.34 m) NGVD29 on April 30, 2016, the
end of WY2016.
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Figure 8B-16. Annotated Lake Okeechobee stage hydrograph. (Note: cfs — cubic feet per second; ft —
feet; NGVD29 — National Geodetic Vertical Datum of 1929; and WCAs — Water Conservation Areas.)
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Over 2.3 million ac-ft of water was released from Lake Okeechobee in WY 2016, which was 21 percent
greater than in WY2015 (1.91 million ac-ft). Regulatory releases to the estuaries comprised more than half
(2.36 million ac-ft) of this discharge and were made throughout the water year based on LORS2008. Pulse
releases to the estuaries occurred from May 1 to June 4, 2015, October 21, 2015, to January 30, 2016, and
March 16 to April 30, 2016. Constant releases occurred from September 23 to October 6, 2015, and from
January 30, 2016, to March 15, 2016. These discharges were primarily to the Caloosahatchee River through
the S-77 structure (972,890 ac-ft), with smaller, less frequent releases being made to the St. Lucie Estuary
through the S-308 structure (388,298 ac-ft). Most of these regulatory releases occurred from February to
April 2016 (Figure 8B-17). Releases of 903,658 ac-ft were made south through the S-351, S-352, and
S-354 structures and Culvert 10A, constituting 40 percent of the water discharged from the lake during
WY2016, with 283,900 ac-ft of this water being directed to the Everglades STAs and flow equalization
basins (FEBS).

mCaloosahatchee @South ®St. Lucie
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Figure 8B-17. Water discharges from Lake Okeechobee to the Caloosahatchee through S-77, the St.
Lucie through S-308, and south through S-351, S-352, S-354, and CULV-10A.

NUTRIENT BUDGETS

TP loads to the lake from tributaries and atmospheric deposition, estimated as 35 metric tons per year
(mt/yr) (FDEP 2001) totaled 543 mt in WY2016 (Table 8B-15 and Figure 8B-18). This is a 21 percent
increase from the previous year, despite total inflows to the lake being only 5 percent larger. The majority
of this load increase can be attributed to water entering the lake during January and February, which
contributed over 30 percent of the annual flow and 38 percent of the load (see Volume 11, Appendix 4-1
of this SFER). Because of the rain event in January, a backpumping event occurred at S-2 and S-3 (James
and Mo 2016). This event contributed 9 mt of phosphorous and 351 mt of nitrogen to the nutrient loads for
WY2016. These loads amounted to 2 and 6 percent of the phosphorus and nitrogen loads to lake for
WY 2016, respectively.
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Table 8B-15. TP budget (mt) for Lake Okeechobee for the most recent 10 water years.

_ Mean Net . Net

May 1-April 30 Lake Qhange Load Load Net Sedlmeqt Sedimentation

Water Year TP in Lake InP Out Load®  Accumulation® Coefficient (ay)

Mass Content?

2007 599 -288 203 184 19 307 0.51
2008 459 113 246 27 219 106 0.23
2009 608 -257 656 243 413 670 1.10
2010 500 283 481 79 402 119 0.24
2011 439 -320 170 210 -40 280 0.64
2012 318 11 373 88 285 274 0.86
2013 545 280 569 126 443 163 0.30
2014 542 -34 609 332 277 311 0.57
2015 604 -63 450 298 152 215 0.36
2016 520 188 543 357 187 -1 0.00
Average 514 -9 430 194 236 244 0.48

a. Net change from the start (May 1) through the end (April 30) of each water year.

b. Includes 35 mt/yr to account for atmospheric deposition.

c. Difference between load in and load out.

d. Difference between net change in lake content and net load (positive value is accumulation in sediments).
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Figure 8B-18. Timelines of water year TP load and inflow entering Lake Okeechobee from its
tributaries calculated from the TP budget of the lake.
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Mean lake TP mass in WY2016 was lower than the previous water year due primarily to lower in-lake
concentrations (Table 8B-15 and Figure 8B-19). Loads out of the lake in WY2016 were higher than in
WY 2015 as discharge was higher by 21 percent. As with the load into the lake, the net load (inputs minus
outputs) in WY2016 was 187 mt or a 23 percent increase from WY2015. Based on the difference between
net load and net change in lake content there was an estimated 1 mt of phosphorus released from the
sediments in WY2016, which resulted in a net sedimentation coefficient of 0.00 (Table 8B-15 and
Figure 8B-20). The net sedimentation coefficient, oy (per year), of the phosphorus budget is the amount of
TP that accumulates in the sediment per year divided by the average lake water TP mass. A low oy indicates
that the lake absorbed less excess TP load from the watershed. For WY2016, the net sedimentation
coefficient indicates that little if any TP from the watershed was absorbed by lake sediments.

TN loads to the lake were 11 percent higher than the previous water year (Table 8B-16 and
Figure 8B-21). This is a result of the small increase of flow and concentration as compared to WY2015
(Figure 8B-22). Discharge TN loads also were higher than the previous year (Table 8B-16 and
Figure 8B-22) as reflected by the higher concentration and discharge from the lake. Unlike the phosphorus
budget, the net TN load in WY2016 was lower than in WY2015. The lake removed a smaller amount of
nitrogen as compared to the previous water year. This removal resulted in an adsorption coefficient that is
lower than both the previous year and the 10-year average. These contrasting results relative to phosphorus
suggest the significant role that biological processes (nitrogen uptake and denitrification) have on the lake
(James et al. 2011).
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Figure 8B-19. Timelines of inflow and lake average TP concentrations (five-year moving average
trend lines calculated from the phosphorus budget of Lake Okeechobee).
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Figure 8B-20. Timeline of the net sedimentation coefficient (oy) calculated from the phosphorus
budget of Lake Okeechobee. (Trend line is a second-order polynomial.)

Table 8B-16. Nitrogen budget (mt) for Lake Okeechobee (WY2007—-WY2016)

May 1—

Net

ABTE Lg/lkia'rllN CERYR ) Load In® Load Out A Lakg d Ads’c\)lre;tion
Water Mass Lake Load® Adsorption Coefficient(oy)
Year Content?

2007 4,873 -3,460 2,965 2,023 942 4,402 0.90
2008 3,772 2,128 3,393 392 3,001 873 0.23
2009 6,566 -1,075 6,689 2,841 3,848 4,923 0.75
2010 6,659 2,735 6,325 1,106 5,219 2,484 0.37
2011 5,762 -3,402 2,913 3,018 -105 3,297 0.57
2012 4,427 487 4,620 1,460 3,160 2,673 0.60
2013 6,178 1,705 6,397 1,879 4,518 2,813 0.46
2014 5,900 -81 6,750 4,258 2,492 2,573 0.44
2015 6,159 -1,021 6,191 3,311 2,879 3,901 0.63
2016 5,690 1,346 6,875 4,404 2,471 1,125 0.20
Average 5,599 -64 5,312 2,469 2,843 2,906 0.52

a. Net change from the start (May 1) through the end (April 30) of each water year.

b. Includes 1233 mt/yr to account for atmospheric deposition.

c. Difference between load in and load out.

d. Difference between net change in lake content and net load (positive value is adsorption from water column).
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Figure 8B-21. Timeline of water year inflow and outflow nitrogen load to and from
Lake Okeechobee calculated from the lake nitrogen budget.
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Figure 8B-22. Timelines of inflow, outflow, and lake average TN concentrations
calculated from the lake nitrogen budget.

PERFORMANCE MEASURES

Measurements of TP, Chla, phytoplankton, SAV, and water levels are used as quantitative in-lake
performance measures. These measures describe the status of the ecosystem and its responses to
implemented restoration programs. Measures are five-year averages to ensure consistency with TMDL
reporting, reduce year-to-year variation due to climate and hydrology, and improved understanding of
underlying trends. These values are compared to quantitative restoration goals (Table 8B-17). The Lake
Okeechobee Protection Program report provides a technical foundation for these restoration goals
(SFWMD et al. 2004). The WY2016 averaged observations document this year’s water quality and lake
level conditions.
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806 Table 8B-17. Summary of Lake Okeechobee rehabilitation performance
807 measures, rehabilitation program goals, and lake conditions for the five-year
808 average (WY2012-WY2016), WY2016, and WY2015.
Performance Measure Goal Five-Year Average WY2016 WY2015
Nutrients
TP load 140 mt/yr2d 509 mt/yr 543 mtlyr 450 mt/yr
TN load N/AP 6,176 mt/yr 6875 mt/yr 6,191 mt/yr
Pelagic TP 40 pg/L 117 pg/L 118 pg/L 134 ug/L
Pelagic TN N/A 1.39 mg/L 1.29 mg/L 1.36 mg/L
Pelagic soluble reactive
phosphorus (SRP) N/A 38 pg/L 38 pg/L 43 pg/L
Pelagic dissolved
inorganic nitrogen (DIN) R 1E5 ek LI L2 ik
Pelagic TN: TP >22:1 11.8:1 10.9:1 10.2:1
Pelagic DIN:SRP >10:1 45:1 45:1 3.6:1
Nearshore TP Below 40 ug/L 73 pg/L 79 ug/L 97 ug/L
Biota
Plankton nutrient . Nitrogen >>> Nitrogen >>> Nitrogen >>>
limitation Phosphorus > Nitrogen Phosphorus Phosphorus Phosphorus
Dlatom:cyapobacterla >15 14 251 d 11
ratio
0 .
< 5% of pelagic chlorophyll 9.90% 6.80% 16%

Algal bloom frequency

a exceeding 40 pg/L

Total SAV > 40,000 acres 36,259 acres

32,357 acres

33,345 acres

SAVE Vascular SAV > 50% of
Y ° 60% 74% 59%
total acres
Physical Parameters
Secchi disk visible on lake
Water clarity bottom at a_II nearshore 46% 16% 53%
SAV sampling locations
from May to September
Hydrology
Extremes in low lake
stage (current water Maintain stages above 10 ft N/A Goal attained Goal attained

year)

Extremes in high lake
stage (current water
year)

Spring recession
(January to June 2015)

Maintain stages below 17 ft;
stage not exceeding 15 ft N/A
for more than 4 months

Stage recession from near
15.5 ft in January to near N/A
12.5 ftin June

Goal attained

Goal not attained

Goal attained

Goal partially attained
(stage declined from
15.23 ft in January to
12.2 ft in June with
two reversals of more

than 0.2 ft)
a. Based on a 5-year rolling average.
b. N/A — Not applicable.
c. Mean yearly acreages (from August 2011-2015 maps).
d. Based on May 2015 samples only.
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The 21 percent increase in TP loads and 11 percent increase of TN loads in WY?2016 compared to
WY2015 can be attributed in part to the 5 percent increase of inflow from the LOW in the past year (see
Hydrology section). Because of the extremely wet dry season there was more flow and load from November
to January than was observed in the previous water year. Despite these increased loads all nutrient
conditions improved, with the exception of pelagic dissolved inorganic nitrogen (DIN) which increased in
WY2016 as compared to WY2015 (Table 8B-17).

The diatom to cyanobacterial ratio for WY2016 met the biological performance measure goal of > 1.5,
however this included only the samples collected in May 2015, since the analysis of the remaining samples
for WY 2016 was not finished at the time of this report, it is therefore not a good representation of the entire
WY2016. However, this will be updated in the final report. The five-year average was just under the goal
(this did not include the May 2015 observations). The frequency of algal blooms in WY?2016 was lower
than WY 2015 and lower than the 5-year average. SAV coverage in August 2015 was slightly higher than
in the previous year. However, the SAV coverage goal was not reached in August 2015, although the five-
year average was just 10 percent short of the annual goal of 40,000 acres. The five-year average indicated
that 60 percent of the SAV was comprised of vascular plants, which met the annual performance criterion.
(August 2011-August 2015; Table 8B-17). A further evaluation of the last survey is provided in the
Submerged Aquatic Vegetation section of this chapter.

Calculation of Secchi to total water depth ratio indicates the depth of light penetration in the water
column. Generally, a Secchi depth to total depth ratio of 0.5 indicates that sufficient light is reaching the
bottom to allow for the growth of SAV. However, a more stringent criterion of the Secchi depth being
visible on the bottom (a Secchi depth to total depth ratio of 1) is used for this performance measure. For
WY2016, only 16 percent of the samples met the criteria, a major decline from the previous year. This can
be attributed to higher lake levels in May 2015 (average 13.4 ft NGVD) as compared to the May 2014
(average of 12.85 ft NGVD), which resulted in Secchi depth to total depth ratios of less than 1 at all
measured locations. For the five-year period, the average percent of samples meeting the criteria was
46 percent.

Lake stage remained above the 10 ft (3.05 m) goal and below the 17 ft (5.18 m) goal throughout the
year, meeting the extreme low and high lake stage criteria, respectively. Lake waters exceeded 15.0 ft
(4.57 m) NGVD29 in WY2016 for 89 days, which is within the acceptable time frame for the high lake
stage criteria. During the annual winter/spring recession, lake stage increased from 14.77 ft (4.50 m)
NGVD29 on January 1, 2016, to 16.25 ft (4.95 m) NGVD29 in on February 22, 2016. Water levels then
declined steadily to 13.64 ft (4.16 m) NGVD29 on May 17, 2016. This was followed by a major reversal
with stage increasing 1.3 ft (0.4 m) to 14.92 ft (4.55 m) NGVD29 on June 21, 2016 (Figure 8B-16). Due
to the high water levels and the reversals during this spring recession period, there was a major negative
effect on wading bird foraging and nesting (see section on Avian Monitoring).

IN-LAKE ECOLOGICAL MONITORING

The following sections provide WY 2016 updates on a number of long-term in-lake monitoring projects
that are used to track the ecological condition of the lake and its response to operational, climatologic, and
restoration activities. A number of these monitoring activities are components of the Comprehensive
Everglades Restoration Plan (CERP) Restoration Coordination and Verification Program (RECOVER)
CERP Monitoring and Assessment Plan (RECOVER 2009) and most of them also satisfy mandated
ecological monitoring required by NEEPP (see Table 8B-13).

SUBMERGED AQUATIC VEGETATION

SAV abundance, a key indicator of the lake’s overall ecological health, has been routinely monitored
using a standard grid cell size since WY2001. SAV is sampled in two ways that vary in temporal and spatial
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scale. On a yearly basis, the entire nearshore and marsh zones of the lake are mapped to determine the
spatial extent of each SAV species. On a quarterly basis, SAV is sampled at a subset of these annual sites
in the south, west, and north nearshore zone. Further details of current methods and sampling sites are
presented in the 2012 and 2013 SFER — Volume I, Chapter 8 (Zhang and Sharfstein 2012 and 2013,
respectively).

Annual Mapping

In August of WY2011, the 1-km? nearshore sampling grid was extended into the marsh to incorporate
SAV present in this habitat, when water levels are high enough for this reason to be inundated as well
(Figure 8B-23). This resulted in an additional 357 sites, for a potential grand total of 985 sampling sites.
Because only nearshore sites were sampled prior to WY2011, and because marsh sites are not sampled
every year due to fluctuating water levels, the spatial extent of SAV for the nearshore sites are reported
separately from the SAV coverage for the marsh sites.

M
- 7
Lake Okeechobee: pas
. I
Annual SAV Mapping Jris N,
/ N

GIS sampling grids were added in 2010 to cove: T /

the area of the entire marsh and potential SAV

habitat and to make each grid uniform in size. Wy

77777% 0 R
\]
J
r
R
\
\
i \
Legend N\ N :
D Nearshore Grid Cells Sampled 2000 - Present “%'
- Marsh Grid Cells Sampled 2010 - Present :
o 125 25

Figure 8B-23. Map showing the geographic areas defined as nearshore (628 grid
cells) and marsh (357 grids cells) SAV sites. The grid cells outlined in red are the
nearshore grid cells that have been sampled since WY2001. The grid cells outlined in
black are the marsh grid cells that were added in WY2011. Grid cell size = 1 km?.
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A modification to how species areal coverages are calculated was implemented for this water year and
applied to previous water years to make it easier to compare total acres of plants and acres of coverage
expressed on an individual species basis. In previous years, species acreages were calculated by multiplying
the number of grid cells a species was present in by the area of one grid cell (247 ac or 100 ha). If multiple
species were present in the same grid cell, this method resulted in an overestimation of spatial extent. For
example, if two species were present in the same grid cell, each species would be given a coverage of 247 ac
(100 ha) for a total of 494 ac (200 ha) of SAV in the 1-km? grid. Consequently, the resulting summed
species areal coverages were always greater than the total areal coverage (calculated as the sum of 1-km?
grid cells with plants present) preventing the use of these data in conjunction with total areal coverage data.
A more accurate representation of species coverage would be to divide the area of a grid cell by the number
of species present and give each species an equal portion of the area. So if there are three species present in
a grid cell then each species gets one-third of the coverage and summing the areal coverages of each species
results in a value equivalent to an acre of SAV coverage. Given the coarse scale of the SAV mapping, it
was felt that the additional assumption involved in this calculation method (namely that when multiple
species are present in a grid cell their coverage is fractionally proportional to the number of species present)
was justified by rectifying the total areal coverage and species specific areal coverages into a single
comparable value.

Nearshore Results

Over the past six water years, total areal coverage of SAV in the nearshore region, as measured in
August of each year, ranged from 32,357 ac (13,094 ha) in WY2015 to 44,706 ac (18,092 ha) in WY2013,
but has been stable over the past three water years, varying by less than 2,225 ac (900 ha) (Figure 8B-24).
During the two years with the highest total SAV coverage (WY20012 and WY2013), lake levels were the
lowest not only during the August sampling event but also six to eight months prior to sampling
(Figure 8B-25). Over the past three water years, lake levels were similar from spring through early summer
then diverged in early June with steep increases in WY2014 and WY2015 and a decline in WY2016. At
the time of sampling in WY 2014, stage was 15.7 ft (4.8 m) compared to 14.3 ft (4.4 m) and 12.3 ft (3.7 m)
in WY2015 and WY 2016, respectively.

On an individual species basis over the last two water years, areal coverage of muskgrass (Chara spp.)
increased the most followed by tape grass (Vallisneria americana), pondweed (Potamogeton spp.), and
southern naiad (Najas guadalupensis), although the three latter species increased by less than 650 ac
(263 ha) each. Coverage of hydrilla (Hydrilla verticillata), bladderwort (Utricularia spp.), and coontail
(Ceratophyllum spp.) declined (Figure 8B-26). The vascular species were dominated by H. verticillata
(6,360 ac or 2,574 ha) followed by Utricularia spp. (5,187 ac or 2,099 ha), Ceratophyllum spp. (3,582 ac
or 1,450 ha), V. americana (1,791 ac or 725 ha), Potamogeton spp. (1,050 ac or 425 ha) and
N. guadalupensis (803 ac or 325 ha). The increase in coverage of the non-vascular Chara spp. seen from
WY2014 to WY2016 may be the result of the lack of a steep increase in lake levels in the two months
leading up to the most recent August sampling creating more favorable conditions to maintain growth. Even
with the recent increase of 5,228 ac (2,116 ha), Chara spp. coverage has decreased significantly since
WY2012 when it covered almost 25,000 ac (10,117 ha). Water levels in WY2012 were extremely low
(10.26 ft NGVD29 at the time of sampling) providing exceptional light conditions for Chara germination
and growth.

A number of shifts in species distribution have also occurred over the past several water years. The
Vallisneria beds that had been present along the southwestern shoreline since the WY2009 surveys have
diminished, although there was a slight increase in areal coverage in the most recent mapping effort.
Utricularia spp., which was the dominant vascular species in WY2014, showed the biggest decrease in
coverage in both of the last two water years, mostly in Fisheating Bay. Encouragingly, the beds of
Potamogeton that were found in the southern end of the lake in WY 2015 continued to thrive, reaching their
highest coverage reported in this area during annual mapping since before the hurricanes of WY 2005.
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Lake Okeechobee Nearshore Submerged Aquatic Vegetation
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Figure 8B-24. Annual nearshore SAV mapping results for WY2011 to WY2016. Vascular species
include Hydrilla verticillata, Utricularia spp., Ceratophyllum spp., Vallisneria americana, Potamogeton
spp., and Najas guadalupensis. Chara spp. and Nitella spp. are the only non-vascular species. Mixed
indicates the presence of both vascular and non-vascular species in the same grid cell.
Sampling was conducted in August of each year.
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Figure 8B-25. Lake stage from January to August for WY2011 to
WY2016 prior to the annual August SAV mapping.
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Figure 8B-26. Total nearshore acres for each SAV species for WY2015 and
WY2016. Vascular species include Hydrilla verticillata, Utricularia spp., Ceratophyllum
spp., Vallisneria americana, Potamogeton spp., and Najas guadalupensis. Chara spp. is
the only non-vascular species reported herein although Nitella spp occupied a portion
of a grid cell in WY2015. Sampling was conducted in August of each year.
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Since WY2011, SAV areal coverage has been greater than 30,000 ac (12,140 ha) but only on one
occasion (WY2013) did the total acres of SAV meet the RECOVER performance measure target of greater
than 40,000 ac (16,181 ha). That water year was preceded by low lake stage conditions. In that same
timeframe, the RECOVER target that at least half of the total acreage be comprised of vascular species was
met in every water year except WY2012 when only 31 percent of the total acres of SAV was vascular.

Recently, an evaluation of this RECOVER SAV performance measure, developed in 2007, was
conducted and a revised version was proposed. In contrast to the current Lake Okeechobee performance
measure, which was based exclusively on estimates of the depth of the photic zone and best professional
judgment, the proposed version used the past 15 years of Lake Okeechobee SAV data to determine the
potential colonizable nearshore area (defined as the furthest offshore elevation contour at which SAV has
been found). Results indicated that, under ideal growth conditions, SAV could be expected to cover all of
the nearshore region between the inshore 12 ft (3.7 m) elevation contour (the approximate offshore edge of
EAYV in the nearshore region) and the offshore 5.5 ft (1.7 m) elevation contour; corresponding to a total
colonizable are of 100,000 ac (40,469 ha). The proposed target would be to have 50 percent of the entire
100,000 ac (40,469 ha) nearshore zone vegetated by either vascular or non-vascular SAV. The interim goal
would be to have at least 35 percent of this potentially colonizable area vegetated with vascular and non-
vascular SAV during the peak summer growing season (July—August). Using these metrics, the interim goal
was achieved in three of the past six water years (WY2011, WY2012, and WY2013).

Marsh Results

Although SAV mapping in the marsh began in WY2011 and there were over 11,000 ac (4,450 ha) of
SAV present, lake levels were so low in WY2012 and WY 2013 that the marsh was dry and inaccessible.
The higher lake stages in WY2014 and WY 2015 allowed for sampling at many more marsh grids and total
marsh SAV acreages were 27,923 ac (11,300 ha) and 18,533 ac (7,500 ha), respectively. Most of the
decrease in coverage from WY 2014 to WY 2015 was seen in the extreme interior of the western marsh close
to the Herbert Hoover Dike. Additionally, and in contrast to the WY2011 sampling effort, sites that were
not navigable by boat were visited by helicopter in WY2014 and WY 2015 to allow a better estimate of how
much total potential habitat exists in these interior areas of the marsh. Observations made from the air
confirmed the assumption that many of the interior marsh grid cells primarily consisted of woody or
terrestrial vegetation but also often had ponds that contained SAV. Utricularia spp. was the dominant SAV
species in the marsh and accounted for 57 percent, 82 percent, and 83 percent of the SAV community in
WY2011, WY2014, and WY 2015, respectively. Lake levels were too low to sample the marsh in WY2016.

Quarterly Mapping

Since WY2012, SAV has been sampled on a quarterly basis in a subset of the annual grid sites in the
south, west, and north nearshore zones. In February WY 2015, the grid cell selection was reevaluated and a
subset more representative of nearshore habitat was chosen. Figure 8B-27 shows the location of the current
subset of 44 quarterly grid cells in relation to both the previous subset of 54 quarterly grid cells and to the
original 16 quarterly transects. Further details of the evolution of the current methods and sampling sites
are presented in the 2012, 2013, and 2016 SFER - VVolume I, Chapter 8 (Zhang and Sharfstein 2012, 2013,
and Zhang et al. 2016, respectively). Because the quarterly grid cells are a subset of the annual grid, yearly
comparisons of SAV distribution and relative abundance of these 44 grid cells can be made by extracting
the data collected during the annual sampling event.
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Lake Okeechobee:
Annual SAV and Quarterly SAV
Sampling Site Locations
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976 Figure 8B-27. Changes in SAV quarterly mapping locations over the 15-year
977 sampling period. Both the 44 current (blue cross hatch) and the 54 previous (red cross
978 hatch) grid cell sites are a subset of the annual mapping grid (grid cell size = 1 km?).
979 The 16 transects sampled prior to WY2012 are depicted by yellow lines.
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Results

Results from the quarterly grid mapping show a pattern similar to the annual nearshore results with
an increase in numbers of sites with plants from August WY2015 to August WY2016 (Figure 8B-28).
Much of the increase was due to the presence of Chara in the south and west. However, in the six months
since the WY2016 sampling, lake stage increased from 12.25 ft (3.7 m) to 16.38 ft (5.0 m) in February
WY2016 and the number of sites with plants decreased from 29 to 13. Of the 16 sites that lost plants during
this time period, 13 had previously had only Chara, one had only vascular species, two had both vascular
SAV and Chara and all were in the southern and western regions (Figure 8B-24 and Figure 8B-29). Loss
of Chara during the winter months is a typical seasonal pattern for SAV in Lake Okeechobee as Chara is
easily uprooted during windy cold fronts and lake levels tend to be higher in winter. Chara densities
generally increase slowly over the spring and summer months, peak in late August, then slowly decline
through the winter months. However, the extent of the losses in February 2016 exceeded those that have
been experienced in recent years.

Quarterly Grid Sites
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Figure 8B-28. Number of grid cells with plants, without plants, and that were inaccessible (dry or too
much terrestrial or emergent vegetation) for the 44 sites on an annual basis from WY2011 to WY2016
(data from the August annual mapping grid cells) and quarterly from February WY2015 to February
WY2016. Total SAV acreage from the annual mapping is shown in parentheses below the sample date.
Lake stage in ft NGVD29 at time of sampling is shown above graph.
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Figure 8B-29. Quarterly mapping results for August WY2016 and February WY2016. The August data
were extracted from the annual mapping grid cells.
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LAKE OKEECHOBEE EMERGENT VEGETATION MAPPING

The emergent marsh in Lake Okeechobee provides important habitat for fish, wading birds, and other
wildlife. The composition, distribution, and areal coverage of the plant communities in the marsh are
strongly influenced by hydrologic conditions, vegetation management activities, and competition between
species; especially when native habitats are impacted by invasive exotic plants. To document and quantify
how Lake Okeechobee’s emergent marsh community responds to these variables a number of monitoring
and mapping activities are performed on a regular basis.

Because of the vast size of Lake Okeechobee’s emergent marsh (> 40,000 ha) it is not feasible to map
the entire marsh annually. In CY2015, the distribution of the dominant emergent plant communities in the
western marsh north of Fisheating Bay and a small area south of Fisheating Bay were mapped while in
CY2016, the rest of the area south of Fisheating Bay and the southern islands are being mapped. The
vegetation maps are created by identifying the dominant and subdominant plant communities within a series
of one hectare grids (100 m x 100 m). Because each grid is spatially identified by a permanent unique
number, it is possible to evaluate and quantify temporal changes in plant communities (wildlife habitat) that
occur across the littoral landscape in response to changing environmental conditions.

The aerial imagery used to evaluate the emergent marsh north of Fisheating Bay was collected in June
2015. The final map consisted of more than 19,000 grids dominated by vegetation and 8,600 grids
dominated by open water. Cattail (Typha spp.) was the most abundant plant community and was dominant
in 31 percent of the emergent marsh (5,984 grids). Lily (Nymphaea spp.) and lotus (Nelumbo lutea) were
the second most abundant communities and accounted for 21 percent of the marsh vegetation followed by
the woody species willow (Salix caroliniana), buttonbush (Cephalanthus occidentalis), and saltbush
(Baccharis angustifolia), and herbaceous hibiscus (Hibiscus spp.) that collectively were dominant in 13
percent of the grids (2,385 grids). Spike rush (Eleocharis sp.) dominated wet prairie, a preferred habitat for
foraging Everglade snail kites and many wading birds, occupied 465 grids (Figure 8B-30).

The previous vegetation map showing the spatial distribution and areal coverage of emergent plant
communities in Lake Okeechobee’s northwestern marsh was created in 2011. A comparison of the two
maps reveals some of the spatial vegetative changes that occurred across the littoral landscape during the
four-year period. Because the boundary extent of the two maps were not identical, only grids that were
evaluated in both years were included in the analysis. The comparison maps each contained 22,833 grids.

Hydrologic conditions strongly influence plant community distribution and abundance in the marsh;
however, there often will be a lag in the plant community’s response to changing conditions. Thus
antecedent hydrologic conditions were evaluated for the five-month period, January 1-May 31, that
preceded the June plant and habitat evaluations. Hydrologic conditions were much drier in the marsh during
the winter—spring season in 2011 compared to 2015. Lake stage never exceeded 13 ft. NGVD29 (3.9 m
NGVD29) during winter—spring 2011 causing the upper marsh to remain dry during the 5-month period. In
addition, much of the mid-marsh also remained dry as lake stage was less than 12 ft. NGVD29 (3.6 m
NGVD29) more than 50 percent of the time. In contrast, much of the marsh remained inundated (stage >
14ft NGVD29 or > 4.2 m NGVD29) and flooding depths were greater during winter—spring 2015
(Figure 8B-31).
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Figure 8B-30. Lake Okeechobee’s northwest marsh June 2015. The dominant plant communities
observed in 27,659 100 m X 100 m (1 ha) grids are displayed.
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Figure 8B-31. Lake stage recorded at LZ40 during the five-month periods of January 1-May 31, 2011
(blue bars), and January 1-May 31, 2015 (orange bars).

The wetter conditions in 2015 appeared favorable for cattail as it dominated 29 percent of the grids
(4,375) compared to only 13 percent in 2011. Spikerush (Eleocharis cellulosa) dominance also increased
more than 10 fold, from 45 grids to 465 grids. Nearly half of the increase in spikerush occurred in areas
where the exotic plant, torpedograss (Panicum repens), had been dominant in the landscape in 2011.
Following herbicide treatments, torpedograss coverage declined and spikerush became established from the
apparent germination of an existing seed bank. In addition, spikerush became dominant in 88 grids that
were labeled as dry/exposed soils in 2011. Compared to the 2011 map, lily and lotus dominance also
increased by 302 grids covering 20 percent of the marsh landscape (percent reported here is lower than in
earlier portion of this section because a different number of grid cells were used to compare the 2011 to the
2015 map). Collectively, torpedograss and treated torpedograss dominance declined from 19 percent in
2011 to 13 percent of the northwest marsh in 2015 (Figure 8B-32).
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Dominant emergent vegetation in Lake Okeechobee's
northwest marsh in 2011 and 2015.
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Figure 8B-32. Comparison of the dominant plant communities present in Lake Okeechobee’s
northwest marsh in 2011 and 2015. The evaluated area included 22,833 1-ha grids.

DRAFT 8B-59

9/26/2016



1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075

1076
1077
1078
1079
1080
1081

1082

1083
1084
1085

2017 South Florida Environmental Report — Volume | Chapter 8B

Historically, the mostly open water marsh in Moonshine Bay was dominated by spikerush and water
lily and provided important habitat for sportfish, wading birds, Everglade snail kites and other wildlife. In
recent years, the aggressive expansion of cattail replaced much of the open water habitat in this area.
Management efforts to reestablish more desirable fish and wildlife habitat in Moonshine Bay included
treating more than 3,000 acres of cattail during summer 2015 (Figure 8B-33). Following the treatments,
the dead cattail thatch was burned in November 2015 (Figure 8B-34). Burning the dead biomass prevented
most of the plant material from accumulating over the sandy marsh sediments and further degrading fish
habitat. The prescribed burn was conducted when water depth in the treatment site was approximately 0.5 m
which left dead, unburned stems below the water line and served to protect benthic species from the effects
of the fire. As lake stage declined, the dead stems provided structure for apple snails (Pomacea spp.), which
had survived the burn, to use as laying substrate. Everglade snail kites appeared to benefit from this
approach to the cattail treatments and prescribed burns. By March 2016, 14 snail kite nests were observed
along the edge of the cattail burn (Figure 8B-35). Most nests were located in willow that was intentionally
left untreated along the perimeter of the burn. In addition to utilizing the area for nesting, numerous
Everglade snail kites were observed foraging for apple snails over the burned areas.

FWC and the District will continue working together in 2016 to reduce cattail coverage and reestablish
a mix of open water and desirable native plant habitat in Moonshine Bay and in other areas of the marsh.
When properly managed, hydrologic variability and exotic and nuisance vegetation management can lead
to and support the development of a healthy and productive marsh. Annual monitoring and mapping of the
dominant plant communities provides a quantifiable method to monitor and evaluate temporal changes that
occur across the marsh landscape.

Figure 8B-33. (Left panel) Cattail treatment in Moonshine Bay (August 2015). (Right
panel) Prescribed burn of dead cattail in Moonshine Bay (November 2015). More than
3,000 acres of cattail were treated and burned.
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Figure 8B-34. Treated and burned cattail site in Moonshine Bay April 2016. Unburned dead plant
stubble provided structure for apple snails to lay their eggs above the water line as lake stage
declined. Untreated cattail is located to the left of the open water.

@® 2016 Snall Kite Nests (Moonshine Bay)

Cattail Treatment and Burn

Figure 8B-35. (Left panel) Endangered Everglade snail kite in Lake Okeechobee. (Right panel)
Location of > 3,000 acre cattail treatments (red polygons) in Moonshine Bay during summer 2015 and
location of 14 Everglade snail kits nests (black dots) in Moonshine Bay during March 2016.
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EXOTIC SPECIES CONTROL PROGRAM

The Exotic Species Control Program is required to identify the exotic species that threaten native flora
and fauna within the LOW, and develop and implement measures to protect native species. The exotic
plants and animals identified as threatening native species will require management or in the case of some
animal species, monitoring of possible future invasions (see Chapter 7 of this volume for additional details).

The Lake Okeechobee exotic and nuisance vegetation management program is designed to protect
threatened native habitat in Lake Okeechobee and to restore areas of the marsh that have been impacted by
non-desirable species. Torpedograss (Panicum repens) is the most common emergent exotic plant in the
lake’s marsh and extensive efforts to reduce its coverage are ongoing. Cattail (Typha spp.) has also been
targeted by lake managers because its expansion has degraded important habitat for sportfish, wading birds,
and other wildlife. An evaluation of treatments that were made in CY2014 and CY2015 to reduce the areal
coverage of these two species was conducted in May 2016 (Figure 8B-36).

Legend
®  Treatment Evaluation Site
[ 2014 cattail treatment
B 2014 torpedograss treatment
I 2015 torpedograss treatment
B 2015 cattail treatment

Kilometers
6

Figure 8B-36. Location of cattail and torpedograss treatment sites
and efficacy evaluation sites in Lake Okeechobee’s western marsh.
Treatments were evaluated in May 2016.
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Treatment efficacy for the CY2014 torpedograss treatments averaged 80 percent control (range 40-100
percent) while control in the CY2015 treatment sites averaged only 47 percent (range 15-95 percent)
(Figure 8B-37). In areas where torpedograss coverage was reduced significantly, the native species
spikerush (Eleocharis cellulosa) often became dominant. Cattail treated in 2015 had not recolonized the
treated areas as control averaged 98 percent at the seven evaluation sites. Cattail control in areas treated in
CY2014 remained relatively high (76 percent).
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Figure 8B-37. Average treatment efficacy for CY2014 and CY2015
cattail and torpedograss treatments. Treatment efficacy was evaluated
at 5 to 7 sites for each treatment and the average value is shown.

Torpedograss and cattail treatments reduce the occurrence of dense monocultures of plant species that
provide limited habitat for fish and wildlife. When torpedograss is removed, native plants including
spikerush, water lily, pickerelweed (Pontederia cordata), and arrowhead (Sagittaria lancifolia) commonly
recolonize treated sites. Replacing torpedograss with shallow open water sites that include a mix of native
vegetation can provide productive foraging habitat for wading birds, and spawning and foraging habitat for
fish. This was observed in many areas throughout the marsh during the CY2016 wading bird survey (Figure
8B-38). Removing cattail has also proved to have immediate wildlife benefits as noted in the preceding
vegetation mapping section.

From May 2015 to May 2016 the District and the FWC together treated 13,579 acres of floating plants
(water hyacinth [Eichhornia crassipes] and water lettuce [Pistia spp.]), 8,665 acres of cattail, 2,156 acres
of torpedograss, 412 acres of Phragmites australis, 148 acres of Luziola subintegra, and over 100 acres of
other exotic or nuisance species (Figure 8B-39).

It is important to continue treating the thousands of acres of torpedograss and cattail in Lake
Okeechobee’s interior marsh and infestations of torpedograss and exotic water grass (Luziola subintegra)
that have recently established in productive fish habitat near the outer edge of the marsh. Although no
additional torpedograss has been treated in Lake Okeechobee since May 2015, more than 1,000 acres will
be treated during summer 2016.
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Figure 8B-38. (Left panel) Access to sand bottom spawning habitat was increased following herbicide
treatments that reduced torpedograss coverage. Fish beds were commonly observed in these areas
following a treatment. (Right panel) Spikerush frequently became the dominant plant species following
a torpedograss treatment and wading birds were often observed foraging in the enhanced habitat.
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Figure 8B-39. Number of acres of the most commonly treated exotic or invasive
plants in Lake Okeechobee’s western marsh. Treatments were conducted by SFWMD
and FWC during the period of May 2015 to May 2016.
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ALGAL BLOOM MONITORING

The District collects chlorophyll samples at a number of stations on Lake Okeechobee as part of its
routine water quality monitoring activities. Data from these samples, and additional samples for microcystin
and algal species composition are collected monthly at 6 sites and can be used to obtain a rough estimate
of the prevalence and distribution of algal (cyanobacterial) blooms on the lake. Results of these analyses
are reported to FDEP, which may collect additional samples. The Florida Department of Health issues
health advisories and posts warning signs when there is a health risk. Algal bloom proliferation is triggered
by multiple factors, including but not limited to, light, temperature, nutrients, and hydrology. However, our
understanding of bloom dynamics is still extremely rudimentary. An overview of the most recent five-year
(WY2012-WY2016) and WY 2016 monitoring results from SFWMD routine algal monitoring is presented
in this subsection.

Monthly Grab Sampling

Chlorophyll a (Chla) concentrations, indicative of phytoplankton densities, and microcystin-LR toxin
concentrations, one of several known toxins produced by some cyanobacterial species, were monitored on
a monthly basis at 9 nearshore sites from May 2004 (WY2005) through April 2012 (WY2012). In May
WY2012, this sampling effort was combined with the agency’s long-term water quality monitoring effort.
Currently, Chla concentrations are reported from 10 nearshore and 9 pelagic sites and microcystin
concentrations are reported from 6 of those same sites (Figure 8B-40). Further details describing this
relocation rationale are presented in the 2013 SFER - Volume I, Chapter 8 (Zhang and Sharfstein 2013).

In the past five water years, there have been a total of 109 occurrences of algal blooms (defined by the
District as a Chla concentration of 40 pg/L or greater) at the 19 sampling locations. In WY2012 and
WY2013, there were a total of 17 times when site specific Chla values exceeded this concentration while
during WY 2014, WY 2015, and WY 2016, site specific blooms occurred 44, 33, and 15 times, respectively
(Figure 8B-41). Of the 109 occurrences, 61 percent occurred at the nearshore sites and 39 percent occurred
at the pelagic sites. In WY2014, when algal bloom occurrence peaked, 73 percent of the blooms occurred
at nearshore sites and 27 percent occurred at pelagic sites. In WY2016, algal bloom occurrence not only
decreased over twofold from WY2015 but the opposite pattern was seen with more blooms occurring at the
pelagic sites (10) than at the nearshore sites (5). Overall, the highest frequency of blooms occurred at the
pelagic site, L005, followed by the nearshore site PALMOUT, 18 and 16 times, respectively
(Figure 8B-42). On a yearly basis, the highest bloom frequency occurred in WY2014 at RITTAE2 with
eight blooms. In that same water year, three sites along the western shoreline (L005, PALMOUT, and
POLE3S) had bloom conditions seven times each. In WY2016 the highest frequency of blooms occurred
at LO05 (5 blooms) and all other sites had 2 or fewer blooms. Over the past 5 water years, most of the
blooms occurred at southern and western sites. A few blooms occurred at the northern sites and only within
the last water year were blooms reported at the eastern sites. From WY2012 through WY2016, bloom
conditions occurred more frequently during summer and fall and less frequently during winter. The highest
Chla concentration (142 pg/L) occurred in June at LO05 during WY2014. The second highest Chla value
was 117 pg/L which occurred in May WY2016 at LZ2. These values suggest moderate to severe bloom
conditions.

Although WY2016 was a relatively mild year for algal blooms, almost immediately following its close,
in May 2016, the lake began to experience expansive and long lasting bloom conditions; possibly related
to elevated spring water levels resulting from the interaction of a wetter than normal winter and USACE
water management activities. Details of this resurgence in bloom activity will be presented in the
2018 SFER.
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Monthly Water Quality Stations
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1191 Figure 8B-40. Nineteen Chla and six microcystin-LR (yellow outline)
1192 sampling locations in Lake Okeechobee.
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Chlorophyll a > 40 pg/L

WY2012 to WY2016
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Figure 8B-41. Frequency of blooms at the nineteen sites in Lake Okeechobee from WY2012 to WY2016. A
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Chla concentration of 40 pug/L or greater indicates bloom conditions.
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Chlorophyll a > 40 ug/L
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1197 Figure 8B-42. Frequency of blooms (Chla concentrations of 40 ug/L or greater) for the (top panel)
1198 ten nearshore and (bottom panel) nine pelagic sites in Lake Okeechobee from WY2012 to WY2016.
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Algal bloom proliferation generally results from a combination of environmental factors including
available nutrients, water temperatures, water column stability, light, and hydrology. Analysis suggests
Chla concentrations in Lake Okeechobee are inversely correlated with DIN concentrations (r = -0.45,
p < 0.0001) and soluble reactive phosphorus (SRP) concentrations (r = -0.40, p <0.0001), and positively
correlated with TN concentrations ( r= 0.45, p <0.0001). Average DIN concentrations over the past three
water years increased from 0.117 mg/L (range of 0.005 to 0.496 mg/L) in WY2014 to 0.140 mg/L (range
of 0.001 to 0.485 mg/L) in WY2016. During that same time period, average Chla concentrations decreased
from 24.5 to 18.1 pg/L. Additionally, the five sites that had a high frequency (> 10) of bloom occurrences
(LO05, PALMOUT, POLESS, RITTAEZ2, and POLESOUT) had higher average Chla concentrations and
lower average DIN and SRP concentrations compared to all of the other sites.

There have been a total of 46 occurrences when microcystin concentrations were detected (analytical
detection limit of 0.2 pg/L) over the past five water years (Figure 8B-43). Microcystin concentrations at
the 6 monitoring sites in the 2012 and 2013 water years were relatively low, with averages across all sites
of 0.14 and 0.13 pg/L, respectively. There were only two occasions in each of these water years when
microcystin concentrations were above 0.2 pg/L. In WY2012, both instances occurred at the northern
KISSRO0.0 site and, in WY2013, one instance occurred at the southern LZ30 site and the other occurred at
POLESOUT, a site along the northwest shoreline. Average microcystin concentrations increased in
WY2014, WY2015, and WY2016 to 0.20, 0.25, and 0.37 pg/L, respectively. In contrast to WY2012 and
WY 2013, there were 42 occurrences of values greater than the detection limit in the last 3 water years, 8 of
them occurring in WY2014, 10 occurring in WY2015, and 24 occurring in WY2016 (Figure 8B-43). Over
the past 5 years, 18 of the 46 occurrences were at the northern KISSRO.0 site, 9 of which were in WY2016
(Figure 8B-44). Additionally, 74 percent of the occurrences were in the nearshore region, 19 of which were
in WY2016.

The highest toxin value over the past five water years was reported at LZ30 in July WY2015 where
toxin concentrations reached 2.5 pg/L. The second highest value (2.2 pg/L) was reported from the
easternmost site (CLV10A) in August WY2014. Even though these 2 sites had the highest toxin values, the
concomitant Chla values were well below the bloom threshold value of 40 pg/L, suggesting that there were
blooms at the sites prior to sampling but not during the sampling event. The same situation occurred at
KISSRO0.0 where there were 18 instances of toxin detections but no bloom occurrences (Figures 8B-42 and
8B-44). It is not clear what factors influence microcystin production in Lake Okeechobee as correlations
have shown very weak relationships with inflows and temperature. In other Florida subtropical lakes,
temperature does influence microcystin concentrations, with the majority of elevated concentrations
(> 1.0 pg/L) occurring from May to November (Bigham et al. 2009). This pattern has also been seen in
Lake Okeechobee over the past five water years with the most occurrences of above detection limit
microcystin values occurring from June through August.
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1235 Figure 8B-43. Frequency of microcystin concentrations detections (method detection limit of
1236 0.2 pg/L) at the six monitoring sites for WY2012 and WY2016.
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Microcystin > 0.2 ug/L
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Figure 8B-44. Frequency of microcystin concentrations detections (method detection
limit of 0.2 pg/L) for the three nearshore (blue bars) and three pelagic sites (orange
bars) in Lake Okeechobee for WY2012 and WY2016.

The average microcystin concentrations have gradually increased from 0.14 pg/L in WY2012 to
0.25 pg/L in WY2015; the maximum toxin value observed over the four water years was 2.2 pg/L. The
recreational guidance values are 20 pg/L for activities in direct contact with water, and 100 pg/L for
activities having indirect contact with water (Chorus and Bartram 1999).

Over the past four to five years, the toxin values during the summer months have been surprising low
given the relatively high Chla values, especially during isolated blooms. It has been suggested that shallow,
eutrophic, subtropical systems have low microcystin to chlorophyll ratios, which may explain the low toxin
values. However, it should be noted that while our present analytical method for Chla includes all types of
phytoplankton, only certain species of cyanobacteria are microcystin—-LR producers so elevated Chla
concentrations may frequently occur when toxin producing species are not present.

It should be noted that because the Lake Okeechobee algal bloom monitoring program is based on a
finite number of stations sampled once monthly, it is primarily useful for providing an estimate of seasonal
or annual trends. Algal blooms tend to be transient and ephemeral; therefore, the algal bloom monitoring
program is in no way meant to be a comprehensive assessment of bloom or cyanotoxin events on Lake
Okeechobee. The data presented above needs to be interpreted with these limitations in mind.

A more frequent, less time consuming and quicker determination of algal bloom conditions on Lake
Okeechobee would allow for a more thorough understanding of bloom dynamics and might lead to
information that would allow for the development of management strategies to prevent or disrupt the
progress of ongoing blooms. The following section describes a project that is being implemented in an
effort to address this capability.

Satellite Imagery for Algal Bloom Monitoring

The District has partnered with the National Oceanic and Atmospheric Administration’s National
Centers for Coastal Ocean Science (NCCOS) since 2014 to evaluate using satellite imagery as a tool for
frequently monitoring and forecasting algal blooms on Lake Okeechobee. NCCOS has developed a
cyanobacteria bloom satellite image product that is being used to forecast blooms of the cyanobacterium
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Microcystis aeruginosa in western Lake Erie. This product has also been provided periodically by the
Florida Department of Health as an indicator of potential cyanobacteria bloom conditions in Florida lakes,
and was distributed to lake managers via the Inland Harmful Algal Blooms Health Bulletin or more recently
through a direct internet link (Figure 8B-45).

Following a training session in February 2014, District staff began collecting instantaneous surface
reflectance data using a NCCOS above water radiometer (a Satlantic Hypergun) at the monthly water
quality/Chla monitoring stations in addition to the chlorophyll, toxin, and phytoplankton samples already
being collected (Figure 8B-43). NCCOS is currently comparing the instantaneous surface reflectance data
to the corresponding Moderate Resolution Imaging Spectroradiometer (MODIS) cyanobacteria index
imagery (Figure 8B-46). The cyanobacteria index being used to detect blooms in Lake Erie was applied to
MODIS-aqua imagery on Lake Okeechobee on August 6, 2014. The cyanobacteria index is essentially a
measure of the shape of the remote sensing reflectance curve centered at 681 nanometers (nm). A more
negative shape (or decrease) at 681 nm indicates a higher concentration of cyanobacteria and is represented
by the light blue to orange (warm) colors in the MODIS cyanobacteria index image (Figure 8B-46, right
side). Both the MODIS cyanobacteria index image and the field spectral scan at PALMOUT (Figure 8B-
46, left side; note decrease at 681 nm) indicated a cyanobacterial bloom. Field data also confirmed that
bloom conditions (Chla>40 ug/L) occurred at PALMOUT, RITTAE2, L007, POLESOUT, and
PELBAY3 and that a mixed cyanobacteria bloom, dominated by Cylindrospermopsis raciborskii and
Anabaena spp., was present on August 6, 2014, in the western portion of the lake. Additionally, the
microcystin concentration observed at LZ30 was 2.62 pg/L which is above the Districts analytical detection
limit of 0.2 pg/L and above the FDEP laboratories detection limit of 1.0 pg/L.

These preliminary results show promise for satellite detection in Lake Okeechobee. However, as
NCCOS continues its evaluation, functional issues with the radiometer have resulted in a limited number
of quality data points for comparisons. Additionally, the cyanobacteria index algorithms were initially
developed for the Ocean Land Colour Instrument (OLCI) sensor on the Medium Resolution Imaging
Spectrometer (MERIS) satellite. In 2012, the MERIS satellite went out of commission and the
cyanobacteria index was then modified to use with the MODIS satellite. Unfortunately, the MODIS satellite
had reduced spatial resolution (from 300 m to 1 kilometer) and suboptimal spectral bands available in the
near infrared that reduced the detection quality of reflectance at 681 nm. Although initial comparisons with
in-situ surface reflectance data were positive, there are still increased predictive uncertainties in the products
produced with cyanobacteria index modified for MODIS.

A new satellite, Sentinel 3, with an OLCI sensor, was launched in February 2016. This new sensor has
the same spatial and spectral characteristics as MERIS. Initial validation and testing of the satellite is
currently being conducted by the European Space Agency and initial data products from this sensor could
be available as soon as summer 2016.

Future plans are to collect additional instantaneous readings from Lake Okeechobee, especially during
bloom conditions, and compare them to the Sentinel 3 imagery. An effort will also be made to evaluate the
phytoplankton species composition when MERIS detects blooms coincident with routine surface sampling
to try and assess the degree of specificity for cyanobacteria of the algorithms being used to generate the
satellite data.

It is anticipated that the increase in spectral band resolution will result in an increase in surface
reflectance to OLCI correlations. If successful, this satellite technology has the potential to be a rapid,
effective, and affordable option for monitoring blooms at a lakewide scale and their potential severity on a
routine and near real-time basis. Additional potential uses for the imagery include (1) linking to current and
future models (e.g., Lake Okeechobee Ecological Model) to allow predictions of bloom movements as is
currently being done with Great Lakes data, and (2) providing algal bloom data for other District water
bodies that are large enough to be “seen” by the MERIS satellite.
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Tampa Bay's seagrass beds to take big hit from rain-fueled alzae blooms

Lake M § = D . By Keith Morelli | Tribune St
Published: August 19, 2015 | Updated: Auguest 20, 2015 at 06:27 AM
TAMPA — Besides the standing water in yards and homes and the cars left half submerged in the streets,
the constant rains over the past month are poised to claim another victim: '['a.an:l;J
Bay. The rain runaff, much of which carries substantal amounts of nitrogen a
other nutrients, wound up in the bay. The huge influx of nutrients ks expected to
result in algae blooms that will claud the water, block the sun from reaching the
baittom and likely kil off vast beds of seagrass, considersd one of the key budldin
blocks of a hieal y:nanmmmﬁanm:rﬂl officials said. “We are fun n.g
an awful kot of storm water runoff into the bay,” sadd Tampa Bay Estuary Pro
spoiceswoman Nanette Holland {°'Hara. *There are lots of things in the na rm.1nl}' nitregen loadings,
wiiich spark the growth of algae, turns the water green and conmames oxygen. *l would not be surprised
il to see localized fich kills as well " she smid, “particolarly in areas of the bay that kave limited ciroalation,
Itke upper Tampa Bay." A Fish kill was reported along Eayshare Boulevard in Hillsborough Bay Last
Ll week.. Seagrass beds, which flourish in less than & feet of clear water, are among the bay's mast vital

| matitats. The beds are important nurseries and feeding grounds for numerous species in Tampa Bay,
ml:luf!? shrimp, spotted sea trout, red drum and snook.._ In the winter of 1957 -54, parts of Tampa
received about 10 inches of rain in two days, resulting In an algae bloom that led ko the less of about 1,200
acres of seagrass n the hay, (O'Hara) sadd. This year is much worse. Some local areas saw more than 30
inches of raln fall within a two-week pericd at the end of July and beginning of Augast .. 0'Hara said a
particn of 0ld Tampa Bay near Clearwater already has a bloom that is visible from the Bayside Eridge..-
Seagrass beds bave made a remaricable comebaci since the 19705 and now cover more than 40,000 aoes
of bay bottom. “Unforbunately,” said Tom Ash, assstant director of water management with the Hilks-
barough County Emviranmental Frotection Commission, “seagrass beds will take a step backwands this
year. They will take a hit" ... The seagrass damage from algae blooms |:d|shn.1rh:mng. I:rut noi p-enmnen.t.
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Figure 8B-45. Inland Harmful Algal Bloom Health Bulletin distributed by the Florida Department of Health
reporting bloom conditions in major water bodies in SIRWMD and Lake Okeechobee.
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Figure 8B-46. Reflectance data at (left panel) PALMOUT and (right panel) MODIS cyanobacteria index image with Chla and microcystin data
for Lake Okeechobee on August 6, 2014. The magnitude of the decrease at 681 nm in spectral image on left (red arrow) translates into the
relative magnitude of a cyanobacterial bloom and is represented by the light blue to orange colors on the MODIS image on the right.
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Satellite technology does have limitations including reduced image quality or the inability to collect
images during periods of heavy cloud cover or sun glint and the lack of penetration below a few centimeters
of the water’s surface. The latter limitation does not allow the depth of bloom dispersal through the water
column to be detected thus field observations will continue to be needed to fully describe blooms of interest.
However, with the satellite tool the District could conduct targeted rather than hit-or-miss sampling of
algal blooms.

STATUS OF THE FISHERY

Lake Okeechobee’s fishery is monitored annually by FWC. They use a standardized lakewide
electrofishing protocol to monitor the nearshore fishery and a lakewide trawling protocol to monitor
pelagic species.

Electrofishing

Lakewide electrofishing conducted at 22 nearshore sites during October 2015 resulted in the capture of
8,016 fish with a combined biomass of 1,010 kilograms (kg). Forty-one species were represented in the
catch. Six dominant species (more than 5 percent composition) collectively comprised 76 percent of the
catch by number and were, in order of abundance: threadfin shad (Dorosoma petenense), bluegill (Lepomis
macrochirus), eastern mosquitofish (Gambusia holbrooki), largemouth bass (LMB; Micropterus
salmoides), gizzard shad (Dorosoma cepedianum), and golden shiner (Notemigonus crysoleucas). Seven
dominant species collectively comprised 78 percent of the catch by weight and were in order of biomass:
LMB, Florida gar (Lepisosteus platyrhincus), lake chubsucker (Erimyzon sucetta), gizzard shad, bluegill,
bowfin (Amia calva), and striped mullet (Mugil cephalus).

Approximately 4,300 to 7,200 fish were collected annually between 2010 and 2013 (Figure 8B-47).
The large increase in the number of fish collected in 2014 (11,858 fish) was mostly due to an increase in
small forage fish including eastern mosquitofish and threadfin shad. The decline in the total number of fish
in 2015 resulted mostly from a reduction in the number of small forage fish collected and a reduction in
sampling effort. Although sampling effort was reduced by 50 minutes due to a technical error, the total
number of fish collected in 2015 remained greater than the number of fish collected in 2010-2013. Total
fish biomass collected in 2015 decreased by 162 kg compared to 2014 but remained greater than total
biomass collected in 2010-2013 (Figure 8B-47). Reductions in stripped mullet, bluegill, and LMB biomass
accounted for most of the decline in 2015.

Temporal changes in the fish community, as indicated by changes in proportions of selected prey and
predator species, are common in the nearshore fishery (Figure 8B-48). Collectively, shad species and
mosquitofish accounted for 16 to 22 percent of the total catch in 2010 and 2011. Since 2012, the abundance
of these forage species has increased, accounting for 39 to 56 percent of the total catch. The somewhat large
increase in forage fish abundance resulted in a relative decline in the percent of the total catch comprised
of LMB, bluegill, and redear sunfish (Lepomis microlophus). In 2010 and 2011, these sportfish accounted
for 50 to 54 percent of the total catch but more recently (2012-2015) they have accounted for only 21 to
37 percent of the catch.
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Figure 8B-47. Lake-wide electrofishing data indicating the total number of fish (blue bars) and the
total fish biomass (orange bars) collected October 2010-2015. Sampling effort was 990 minutes in
2010-2014 but was reduced to 940 minutes in 2015.
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Figure 8B-48. Percent of total catch of selected prey and piscivorous species collected by
electrofishing October 2010-2015.
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In addition to fish abundance and biomass, the size and composition of the fish community can be
evaluated using catch per unit effort (CPUE) data. Catch rates for LMB have remained greater than 0.4 fish
per minute since 2010 and greater than 0.6 fish per minute during four of the past six years. Catch rate
trends for bluegill and redear sunfish during the 6-year period (2010-2015) were similar. Catch rates for
both species peaked in 2010, were lowest in 2013, then increased to 1.6 bluegill per minute and 0.3 redear
sunfish per minute in 2015. Catch rates of eastern mosquitofish and threadfin shad were greatest in 2014
and 2015 (Figure 8B-49).
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Figure 8B-49. Electrofishing CPUE values for selected species collected October 2010-2015.

Trawling

Lakewide trawl sampling at 27 pelagic sites during December 2015 resulted in the capture of 3,109 fish
with a combined biomass of 188 kg. These were the lowest values for the total number of fish and biomass
collected during the 6-year period, 2010-2015 (Figure 8B-50). Twelve fish species were represented in the
catch. Three dominant species collectively comprised 92 percent of the catch by number and were, in order
of abundance: threadfin shad, black crappie (Pomoxis nigromaculatus), and bluegill. Five dominant species
collectively comprised 90 percent of the catch by weight and were, in order of biomass: black crappie,
Florida gar, threadfin shad, white catfish (Ameriucus catus), and bluegill.

Black crappie comprised less than five percent of the total catch in 2010. The relative abundance of
black crappie increased in 2011 and since 2012 has accounted for 19 to 29 percent of the total catch
(Figure 8B-51). Bluegill and white catfish accounted for 13 to 19 percent and 9 to 17 percent of the total
catch, respectively, in 2010-2014. The relative abundance of both species decreased to less than 6 percent
in 2015. Threadfin shad were abundant in all years accounting for 31 to 41 percent of the trawl catch in
2010-2014 and 62 percent of the catch in 2015 (Figure 8B-51). Even though the relative abundance of
black crappie increased in 2015, there were 202 fewer crappie collected in 2015 compared to 2014.
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1389 Figure 8B-50. Comparison of lakewide trawling data (27 pelagic sites) indicating the total number of
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1392 Figure 8B-51. Percent of total catch of selected prey and piscivorous species collected by trawling in
1393 the pelagic region of the lake during December 2010—2015.
1394 Threadfin shad were most abundant in 2010 as evidenced by a catch rate that exceeded 9 fish per

1395  minute. The catch rate declined to 2.2 fish per minute in 2011 but since 2013 it has remained above 3.5 fish
1396  per minute (Figure 8B-52). There were large decreases in the catch rate of bluegill and white catfish in
1397 2011 following peak catch rates reported in 2010. Catch rates for these species were relatively stable from
1398 2011 to 2014 then decreased nearly fivefold in 2015 (Figure 8B-52). Black crappie abundance appeared
1399  lowest in 2010 and 2011 and likely peaked in 2012 when the reported catch rate was 2.5 fish per minute.
1400  Since 2012, the catch rate has gradually declined but is still greater than the rate reported in 2010 and 2011.
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Figure 8B-52. CPUE of selected prey and piscivorous species collected by trawling in the pelagic
region of the lake during December 2010-2015.

Selected Sportfish

Low catch rates were reported for LMB and other sport fish in 2005-2008 following damaging
hurricanes that negatively impacted important habitat and food chain links. In 2008, LMB abundance was
low and the catch rate was reported as 0.05 fish per minute. During 2008, there was limited evidence of
production and recruitment of yearling fish. Since 2008, LMB abundance has increased. The 2015 catch
rate of 0.67 fish per minute was similar to the 2014 rate of 0.68 fish per minute. There also was strong
evidence of production and recruitment of juvenile fish. The bi-modal size class peaks (10 to 16 cm and 22
to 38 cm) indicate that recruitment has occurred for a number of years and that the population currently
consists of a relatively large group of subadults (< 25 cm) and adult LMB (Figure 8B-53).

A total of 765 black crappie were collected by trawl from 27 pelagic sites in 2015. The catch rate of
1.42 fish per minute was lower than the values reported the previous two years (Figure 8B-52). Forty-four
percent of the black crappie were adult fish (> 20 cm) and the remainder were subadults (Figure 8B-54).
Although the abundance of black crappie may have declined in recent years, having such a large number
of subadult black crappie is a positive indicator for the population.
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Figure 8B-53. Length distribution per 2-cm size class for LMB collected by electrofishing at 22
nearshore sites in October 2008 and 2015.
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Figure 8B-54. Length distribution per 2-cm size class for black crappie (n = 765) collected in
December 2015 lakewide trawl samples.

AVIAN MONITORING

Wading Bird Surveys

Wading bird foraging has been monitored in Lake Okeechobee since 2010. These data can be used as
indicators of habitat quality and provide an important tool for examining the effects of hydrology,
restoration efforts, and changes in the trophic levels that constitute their prey base. This monitoring can
also provide insight into habitat suitability and utilization based on climatology and water management
decisions and allows for a general overall assessment of ecological conditions within the lake. It also
provides important supporting data for the annual Lake Okeechobee wading bird nesting surveys carried
out by Florida Atlantic University for RECOVER.

Methods

Wading bird surveys were conducted every two weeks via helicopter from December 2015 through
June 2016 along east-west transects established at 2-kilometer (km) intervals throughout the entire littoral
zone of Lake Okeechobee. Survey frequency was increased to biweekly starting in March 2013. Further
details regarding survey methods are described in the 2012 SFER — Volume I, Chapter 8 (Zhang and
Sharfstein 2012).

Foraging

At the beginning of the survey season for WY 2016, lake levels were at 14.49 ft NGVD29, just above
the 10-year average (Figure 8B-55). A “super” El Nifio weather pattern led to higher than normal rainfall
throughout the watershed resulting in unusually high lake levels and low amounts of suitable foraging
habitat for wading birds throughout the season. WY 2016 survey results mirrored expected behaviors as the
numbers of birds foraging increased with appropriate recession rates and water levels and decreased with
high water levels and/or rising levels or reversals. The season was driven by two major events that occurred
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at the beginning and end of the nesting season. An almost continuous reversal starting on January 5, 2016,
and lasting approximately 54 days pushed lake levels to 16.4 ft NGVD29, the highest point seen during a
nesting season in 13 years. The length and magnitude of this reversal, which raised water levels 1.92 ft, left
most of the littoral zone inaccessible to wading birds for an extended period of time. Two surveys conducted
during this period coincided with near peak water levels resulting in 80 and zero birds foraging on the lake.
These were the lowest numbers recorded since surveys were initiated in 2010 and ultimately may have
caused some birds to leave the system. The lake experienced a steady recession for the next 100 days
dropping lake levels to a season low of 13.88 ft NGVD29, with wading birds steadily increasing during this
period to a high of 2,184 on May 12, 2016. Heavy rainfall and increased inputs led to a second major
reversal starting on May 18, 2016, and lasted through June 2016, again dramatically reducing available
foraging habitat. Overall, wading birds responded to poor conditions on the lake by having the lowest
number of birds seen since surveys began (Figure 8B-56). This serves as an example of wading birds
limited tolerance to high lake water levels and their response to rising water levels.
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Figure 8B-55. A monthly look at WY2016 with the number of foraging wading birds per survey
compared to lake stage. The red segments represent high water or reversal periods. The gray dashed
line represents the idealized, ecologically preferred hydrograph.
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Figure 8B-56. A comparison of the total number of foraging birds surveyed each month from
WY2010 to WY2016 in relation to lake stage. The shaded region of the graph represents the survey
period, which coincides with the dry season. The blue dashed line represents the average number of

foraging wading birds found from WY2010 to WY2016. The red line is the actual stage hydrograph
while the gray dashed line represents the idealized, ecologically preferred hydrograph.

Nesting

Nesting effort data for wading birds on Lake Okeechobee are collected by Florida Atlantic University
as part of the RECOVER baseline monitoring program. Difficult foraging conditions caused by high water
levels and two major reversals translated into a low nesting effort for 2016 equal to approximately half the
nests seen on average over the last 10 years (Figure 8B-57). A total of 2,356 nests—total includes great
egret (Ardea alba), snowy egret (Egretta thula), great blue heron (Ardea herodias), white ibis (Eudocimus
albus), tricolored heron (Egretta tricolor), little blue heron (Egretta caerulea), and glossy ibis (Plegadis
falcinellus)—in 13 colonies (two off-lake) were estimated from monthly aerial surveys taken from March
to June. Great egrets and snowy egrets comprised 80 percent of the total nests while white ibis saw the most
significant decline with nest numbers equal to about 80 percent or the nests recorded in the previous year.
White ibis were delayed in their nesting efforts due to high water and unfavorable foraging conditions but
presented in large numbers early in May only to be thwarted by the second reversal where approximately
90 percent of their nests failed shortly thereafter. Additional information on wading bird nesting will be
available in the next South Florida Wading Bird Report, which will be published by the District in
January 2017.
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Figure 8B-57. A comparison of nesting effort from 2007 until 2015. Total number of
nests include seven species: great egret, snowy egret, great blue heron, white ibis,
tricolored heron, little blue heron, and glossy ibis.

Secretive Marsh Bird Monitoring

Emergent wetlands have declined precipitously in the past century (Tiner 1984), and the many species
of birds that rely on these wetlands for their survival appear to be declining as well (Tate 1986, Conway
2008). Secretive marsh birds, such as bitterns and rails, which tend to be solitary and difficult to detect, are
of heightened conservation status at the local and regional level as a direct result of habitat loss. The need
to monitor populations of these birds is critical to effective conservation and management.

Under an appropriate range of lake levels, Lake Okeechobee has extensive suitable habitat to sustain a
secretive marsh bird population, but the current status of the overwintering and breeding population is
unknown. The paucity of data on population status and trends has led to very little consideration for
management of this group of species. Resource management plans that focus only on wading birds may not
support other obligate wetland species. For example, whereas wading birds require sparsely vegetated areas
for foraging, secretive marsh birds require dense vegetation such as cattail for foraging and nesting, thus
removal of dense EAV reduces habitat for these bird species. This is important information for Lake
Okeechobee since current vegetation management practices primarily focus on creating open marsh habitat,
whereas a habitat management plan that considers all native wetland avifauna might call for the
maintenance of a mosaic of sparse and dense EAV habitats to support a greater diversity of bird species,
and the avoidance of vegetation removal during critical breeding periods.

As a result of these considerations, the District has begun monitoring the secretive marsh bird
population of Lake Okeechobee. Specific goals of this effort include (1) establishing baseline estimates of
breeding pairs, (2) developing habitat and hydrologic management approaches to benefit marsh birds,
(3) evaluating the impacts of habitat restoration success and assessing wetland ecosystem quality and,
(4) assessing the potential impacts of invasive species on marsh birds (e.g., Burmese pythons [Python
bivittatus] and other predatory species).
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Methods

Methodology remained essentially unchanged from the approach reported in VVolume 1, Chapter 8 of
the 2016 SFER except for the timing of when surveys were conducted. Based on observations made last
breeding season, the surveys were pushed back to May/June to better coincide with peak breeding of the
targeted marsh birds. Also, because of frequent inclement weather, only three out of the four transects were
sampled twice. The Clewiston transect was not sampled in 2016 due to inclement weather (Figure 8B-58).

SECRETIVE MARSHBIRD
TRANSECTS

0 12525 5 7.5 10
e w— Miles

Figure 8B-58. Location of secretive marsh bird sampling transects.
The Clewiston transect was not sampled in the 2016 surveys.

Results and Discussion

Preliminary results from the 2015 and 2016 breeding season surveys have been examined and are
discussed in this section. One of the most abundant marsh birds in South Florida, the common gallinule
(Gallinula galeata), was also the most common bird detected in both survey years with very little change
between years (Figure 8B-59). Two species, whose populations have been steadily declining (Sauer et al.
2014), the purple gallinule (Porphyrio martinicus) and the least bittern (Ixobrychus exilis) were the next
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most abundant birds, respectively. Both of these species saw significant changes in detections between the
two years with a significant increase in purple gallinules and a significant decrease in least bitterns in 2016.
It is possible that the change in survey dates and/or unusually high water levels during the breeding season
could be responsible for the changes observed. Again, the king rail (Rallus elegans) was noticeably absent
from all transects even though continued confirmed presence/breeding has been observed on the lake
(personal observation, M. Baranski, SFWMD). It is assumed that higher than average water levels made
the habitat unsuitable for king rail and black rail (Laterallus jamaicensis) breeding since preferred depths
are approximately 25 cm (Rabe 2001) and depths along survey routes ranged from 70 t0150 cm in 2016.
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Figure 8B-59. Combined results of all transects for detections per point count by secretive marsh
bird species during the 2015 and 2016 breeding seasons.

Overall abundance data as estimated by these transects continue to show the importance of the littoral
zone as a breeding ground for secretive marsh birds. It is possible that Lake Okeechobee may be a
stronghold for the purple gallinule and least bittern based on the high detection rates. Therefore,
understanding habitat preferences for this species and adapting management activities accordingly could
be a key factor in reversing their downward population trend. Further analysis on relating density estimates
to emergent and floating vegetation is ongoing. These densities when combined with their associated habitat
characterization will provide information on each species preferred breeding habitat, including hydrology
and vegetation type and density. Comparing estimated marsh bird densities for Lake Okeechobee to those
for surrounding wetlands that have been surveyed in the North American Marsh Bird Monitoring
Database (http://ag.arizona.edu/research/azfwru/NationalMarshBird/index.htm) indicates that much quality
habitat exists for marsh birds on the lake.

Food Webs in Littoral Marsh Plant Communities

This study, is designed to elucidate the relationship between the wading bird prey food web and various
components of the littoral zone EAV community; specifically small fish taxa, macroinvertebrates
(especially crayfish), epiphytes, phytoplankton, and zooplankton collected in communities dominated by
arrowhead (Sagittaria lancifolia), smartweed (Polygonum sp.) and water lily (Nymphaea odorata and
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mexicana). Data were collected between February and June during 2014 and 2015. Water depths were too
deep between July and January to collect data and the smartweed habitat disappeared and therefore was not
sampled during 2015. The sampling regime can be found in Volume I, Chapter 8 of SFER 2016.

These EAV communities may be utilized by wading bird populations during the winter/spring breeding
seasons and these data will be used to address two primary questions: (1) what type of habitat utilization is
occurring in these plant communities, and (2) how similar or different are the food webs among these three
vegetation types.

Results

The most abundant fish taxa in all three communities during both sampling years remained the eastern
mosquitofish and least killifish (Heterandia formosa) with significantly higher densities in the Polygonum
habitat in 2014 relative to the two other habitats. Overall, average fish densities were statistically higher (t-
test) in the Polygonum habitat with Sagitarria and Nymphaea showing no statistical differences between
habitat type and year (Table 8B-17). Species richness was surprisingly low during the two-year period with
no habitat having more than eight taxa (Sagitarria 2015); with two of those taxa, the spotted sunfish
(Lepomis punctatus) and African jewelfish (Hemichromis letourneuxi) only recorded once (Trexler
et al 2001).

Table 8B-17. Comparison of average fish density (number of individuals per square meter) and
standard deviation (in parentheses) within three habitats in 2014 and 2015.

Polygunum Sagitarria Nymphaea
2014 128.1 (14.2) 50.1 (29.9) 49.7 (22.7)
2015 N/A 44.2 (13.8) 73.5 (29.5)

Macroinvertebrate densities in Nymphaea were statistically higher in 2014 than the other two habitats
and differed statistically between years in Sagitarria with 2015 being higher. Grass shrimp (Palaemonetes
paludosus) were the most abundant taxa at all sites for both years and was statistically higher between sites
in the Nymphaea habitat in 2014 while within sites Sagittaria had statistically higher densities in 2015
versus 2014. The only crayfish taxa found was the slough crayfish (Procambus fallax) which was only
observed in the Sagitarria habitat with statistically higher densities found in 2015.

Mean monthly epiphytic biovolumes were not statistically (t-tests) different among the three habitats
during 2014 nor between the Sagittaria and Nymphaea habitats during 2015. Diatoms were the most
abundant epiphytic algal taxa in the Sagittaria and Polygonum habitats while green algae taxa were the
most abundant in the Nymphaea habitat during 2014. During 2015, green algae became the most abundant
in the Sagittaria habitat while diatoms were dominant in the Nymphaea habitat. During both years, blue-
green algal taxa were the least abundant in the Sagittaria and Nymphaea habitats and had a very similar
mean abundance with the green algal taxa in the Polygonum habitat.

Mean monthly phytoplankton biovolumes also were not statistically different among the three habitats
during 2014 while they were statistically higher in the Sagittaria habitat compared to the Nymphaea habitat
during 2015. Blue-green algae were dominant in the Polygonum habitat while diatoms dominated in the
Sagittaria habitat and blue-green and diatoms were roughly co-dominant in the Nymphaea habitat during
2014. During 2015, diatoms became dominant in the Nymphaea habitat while diatoms and green algae were
roughly co-dominant in the Sagittaria habitat.

Mean monthly zooplankton biomass was not statistically different among the three habitats during 2014
while the mean number of individuals were statistically higher in the Polygonum habitat compared to the
other two habitats, while there was no statistical difference either year among mean zooplankton individual
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numbers among the Sagittaria and Nymphaea habitats. Rotifer taxa dominated in all three habitats and
cladocerans and copepods generally comprised small percentages (< 10 percent) of the mean total
percentage of zooplankton group individuals, although copepods did account for 41 percent of the mean
total zooplankton individuals at the Nymphaea site during 2014.

These data analyses indicate that fish may prefer Polygonum over the other two habitats but overall all
three provide refuge for similar species composition. Except for the slough crayfish, macroinvertebrates do
not seem to consistently benefit from one habitat over another, which can also be said about epiphytes and
plankton. The food webs among the three habitats appear to be fairly comparable in providing ecologically
beneficial refuge to a diversity of organisms. Further analysis will be performed that may bring forth new
insight into the specific value of these habitats. However, at present, it appears that water depth, direction
of water level change, and emergent vegetation structure may be the primary characteristics determining
choice of foraging location in wading birds in Lake Okeechobee, rather than any emergent vegetation-
specific food web characteristics.

SIGNIFICANT FINDINGS FOR WATER YEAR 2016

Response of Key Ecological Parameters to Lake Levels

The nearshore and pelagic regions of Lake Okeechobee contain a number of ecological communities
that have been monitored for extended periods of time and are used to evaluate the environmental health of
the lake as a function of their responses to changing hydrologic conditions. Statistically significant
relationships were found between six of the monitored ecological indicators and lake stage. These six
ecological indicators and their strongest correlation with lake stages are as follows:

¢ July cyanobacteria abundance and prior average May lake stage

e Spring and fall periphyton abundances and average previous month (epiphytes) and
average same month during the prior year (epipelon) lake stages

e January and February panfish (bluegill and redear sunfish) creel data and average prior
November and December lake stages

e Annual summer nearshore vascular SAV and chara coverage and average July lake stage

Quantitative scoring has been developed based on each empirically derived statistical relationship
between lake stage and associated measured ecological responses and these scores have been used to
produce the first ecologically-based evaluative performance measure for Lake Okeechobee hydrology.
These performance measures are currently undergoing RECOVER review.

Data-Driven Submerged Aquatic Vegetation Assessment Tool

SAV coverage is an important ecological indicator for Lake Okeechobee because SAV provides habitat
for fish, macroinvertebrates, zooplankton and other aquatic taxa, and also provides a substrate for epiphytic
periphyton, which competes with phytoplankton for water column nutrients, thereby indirectly reducing
phytoplankton biomass and potential bloom formation.

An analysis of annual summer peak SAV coverage data collected between 2001 and 2015 was used to
estimate the potential maximum SAV coverage area under the current Lake Okeechobee regulation
schedule. Under ideal growth conditions, SAV would be expected to cover all of the nearshore region
between the inshore 12 ft elevation contour (the approximate offshore edge of EAV in the nearshore region)
to approximately the offshore 5.5 ft elevation contour the furthest offshore point at which SAV (Chara sp.)
has been found during the past 15 years of summer SAV sampling; an area comprising approximately
100,000 ac (40,468 ha; Figure 8B-60). In subsequent years, we will begin using this relationship to assess
the annual condition of SAV in the lake rather than the currently used 40,000 ac (16,187 ha), which was an
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arbitrary performance indicator based primarily on estimated depth of the photic zone and best professional

judgement and which predated the acquisition of the current robust data set.

Lake Okeechobee Nearshore
Submerged Aquatic Vegetation
Potentially Colonizable Area

O Lake Extent
6 Littoral Zone

Suitable Area from 5.5 ft to 12 ft Elevation (NGVD27)

Figure 8B-60. Area in green indicates the potential maximum nearshore SAV
colonizable area in the Lake Okeechobee nearshore zone.

Emergent Vegetation Mosaic Assessment Tool

As landscapes that consist of a moderately diverse mosaic of emergent plants in Lake Okeechobee’s
littoral zone provide important habitat for wading birds, fish and other wildlife, revised emergent vegetation
targets for the littoral zone have been developed from data collected during the Pesnell and Brown 1973
littoral zone vegetation survey (Pesnell and Brown 1976). The Pesnell and Brown 1973 vegetation map was
chosen as the basis for establishing restoration targets for the Lake Okeechobee littoral zone because it is
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1648  probably the earliest scientifically documentable vegetation map for the marsh and because it was prepared
1649  during a period of moderate lake levels, after the Herbert Hoover Dike was completed (circa 1969), but
1650  probably before the full effects of the rapid and acyclic fluctuations in lake levels and elevating nutrient
1651  concentrations that the combination of the dike, water control operations, and development of the watershed
1652  have imposed over the intervening 40 plus years occurred.

1653 Because a complete mapping of the littoral marsh does not occur each year, when data from a complete
1654  mapping is unavailable, annual assessment scoring is based on evaluating the plant communities at
1655 23 representative sentinel sites distributed throughout the marsh (Figure 8B-61).

1656 B o moomg Sios 11 SH) )

1657 Figure 8B-61. Lake Okeechobee littoral marsh mapping units and the location of the

1658 23 representative sentinel sites.

1659 The targets for whole marsh surveys and sentinel site surveys are given below in Tables 8B-18 and

1660  8B-19). These targets will be used to assess the annual condition of the marsh, providing a simple approach
1661  to emergent vegetation change trend analysis, and informing appropriate vegetation management activities.

1662
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Table 8B-18. Littoral zone emergent vegetation mosaic targets for whole marsh mapping

Vegetation Target Hectares
Bulrush 900 or greater
Beakrush/Spikerush 10,000 or greater
Cattail 4,000-8,000
Willow 3,000-5,000
Floating leaf 2,500 or less
Torpedograss 2,000 or less
Other Invasive Exotics 25 or less
Woody Vegetation, Not Willow 500-1,500

Table 8B-18. Littoral zone emergent vegetation mosaic targets for sentinel sites

Vegetation Target Hectares
Bulrush 30 or greater
Beakrush/Spikerush 375 or greater

Cattail 150-300

Willow 110-190

Floating leaf 90 or less

Torpedograss 75 or less

Other Invasive Exotics 0
Woody Vegetation, Not Willow 15-60
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