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Executive Summary

EXECUTIVE SUMMARY

BACKGROUND

The 2009 System Status Report (SSR) provides an in-depth assessment of the monitoring data
provided by the Restoration Coordination and Verification (RECOVER) Monitoring and
Assessment Plan (MAP) in conjunction with historical data and data from non-MAP sources.
These monitoring data on the status and trends of physical (e.g., hydrology), chemical (e.g.,
nutrients), and biological (e.g., wading birds) parameters are assessed to establish pre-
Comprehensive Everglades Restoration Plan (CERP) reference conditions and ultimately
determine whether the goals and objectives of the CERP are being met. The goal of the SSR is
to provide a synthesis of data for each of the four geographic regions (Lake Okeechobee,
Northern Estuaries, Greater Everglades and the Southern Coastal Systems) as well as the
ecosystem as a whole. A robust system-wide monitoring and assessment program like the MAP
is also a key component of the CERP Adaptive Management Program. Adaptive management is
a structured management approach that links science to decision-making in order to improve the
probability of restoration success. Scientific information collected by the MAP and reported in
the SSR is fed into the decision-making process, allowing managers and decision-makers to use
the best available science during CERP implementation. Information about the application of
adaptive management to CERP is detailed in the CERP Adaptive Management Integration Guide
(AMIG).

THE 2009 SSR PROVIDES THE FOLLOWING INFORMATION

1. A geographic and temporal synthesis of MAP findings to provide a holistic description of
the status and trends of the defining attributes of the South Florida and Everglades
ecosystem.

2. An interpretation of assessment results in relation to hypothesis clusters, performance
measures, and achieving system-wide Interim Goals.

3. A summary of those changes in the ecosystem that are consistent with the goals and
purposes of the CERP and MAP hypotheses.

4. A discussion, when necessary, of why the goals are not being met and/or why the MAP
hypotheses should be revised.

5. Identification of major unanticipated findings that may require attention and correction
via processes outlined in the CERP Adaptive Management Strategy.
ASSESSING PRE-CERP CONDITIONS FROM A SYSTEM-WIDE PERSPECTIVE

¢ Monitoring results summarized in the 2009 SSR confirm and support the detailed
hydrological, ecological, and water quality restoration goals and objectives identified in
the Water Resources Development Act (WRDA) 2000 (Section 601).

e Ecological components of the South Florida ecosystem identified as Interim Goals
continue to be stressed, but still have the capacity for restoration. Examples of such
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Interim Goals include juvenile oysters in the Northern Estuaries and crocodiles in the
Greater Everglades.

e The South Florida ecosystem is dynamic and continues to respond to hydrologic and
water quality drivers. Examples include salinity in the Southern Coastal Systems and
phosphorous in Lake Okeechobee.

« The 2009 SSR extensively assesses and validates cause-and-effect relationships described
by the MAP hypothesis clusters, such as the relationship between wading bird nest
numbers and aquatic prey production in the Greater Everglades.

e The relevance of monitoring to ecosystem restoration was evidenced by the identification
of a contiguous swath of marsh running through Water Conservation Areas 3A and 3B,
eastern Big Cypress National Preserve, and Everglades National Park. The area has been
identified as possessing potential for full restoration of sheetflow.

¢ Findings from the 2009 SSR reaffirm that a robust and sustainable monitoring program
supports the implementation of adaptive management and the integration of science into
decision-making.

ASSESSING PRE-CERP CONDITIONS BY GEOGRAPHIC REGION
Lake Okeechobee

The goal of restoration for Lake Okeechobee is to reduce total phosphorus concentrations and to
maintain submerged aquatic vegetation in order to provide suitable fish habitat. Over the past
decade, total phosphorus concentrations have increased due to sediment and fertilizer runoff
from the watershed and resuspension of bottom sediments by the 2004-2005 hurricanes. The
continued high total phosphorus concentrations indicate that additional watershed and in-lake
phosphorus control projects will be necessary to reduce the frequency of undesirable large-scale
algal blooms. Submerged aquatic vegetation cover was extremely variable between 2000 and
2009, reflecting both hurricane activity and the 2001 and 2007-2008 droughts. Maintaining the
lake stage between 12.5 and 15.5 feet above National Geodetic Vertical Datum (NGVD) is
essential in maximizing the amount of nutrients that submerged aquatic vegetation and attached
periphyton (algae growing on surfaces) can store, which will in turn help reduce total phosphorus
concentrations. Both watershed and in-lake nutrient management options are being pursued.

Northern Estuaries

Freshwater flows to the Northern Estuaries are typically too high in the wet season (May to
October) and vary with rainfall, and too low or infrequent in the dry season (November to April)
to maintain optimal salinities and sustain well-balanced estuarine communities. Wet season
freshwater releases from canals and watershed runoff after storms overlap with the time of year
that oysters produce their offspring (May to October). This increased water flow can flush oyster
larvae downstream where salinity and other conditions are not as favorable for growth or
survival. Large releases of stormwater due to hurricanes in 2004 and 2005 caused significant
declines in salinities and stirred up sediments, damaging submerged aquatic vegetation coverage
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and density, and altering the locations of several species. Better management options for water
coming into and from Lake Okeechobee, including construction of reservoirs to hold stormwater
and repairs to Herbert Hoover Dike, are needed to minimize damaging releases in the wet season
and increase dry season flows. Adding freshwater to the estuaries during the dry season is
necessary to help reduce oyster disease and predation, as well as increase recruitment and
survival of the tape grass, Vallisneria americana, in the Caloosahatchee Estuary. Re-
establishment of favorable salinities in the St. Lucie Estuary revealed that submerged aquatic
vegetation and oyster populations can increase in areas currently inhabited, as well as spread to
areas left bare by hurricane activity.

Greater Everglades

The status of the Greater Everglades ecosystem over the last few years (2005-2009) reflects that
existing infrastructure prevents natural processes from allowing the ecosystem to fully recover.
The combination of inherently variable climate conditions and existing infrastructure resulted in
very low biomass of prey base fish and crayfish in Everglades National Park in three of the last
four years. As a result, wading birds in the Greater Everglades continue to be less than 70
percent of their pre-drainage population size. Alligators and crocodiles continue to exhibit low
population numbers in marshes and coastal wetlands relative to their historical numbers. The
ridge, slough, and tree island habitats that covered over a thousand square miles of the historical
ecosystem continue to degrade due to prolonged periods of higher water depths upstream of
levees and overdrained conditions downstream of levees. Additionally, unexpected cattail
expansion in Upper Taylor Slough highlights the challenges faced during restoration. Careful
physical, chemical, and biological monitoring before, during, and after CERP implementation is
critical in order to avoid unintended impacts to hydrologic restoration.

Fortunately, there were positive indicators for restoration in the last four years as well. Water
management in the Loxahatchee National Wildlife Refuge led to a consistently productive prey
base, successful wading bird nesting, and healthy alligators. Roseate spoonbills in Florida Bay
responded positively to a combination of rainfall patterns and recent alterations in C-111 canal
operations. Crocodile populations found near the outlet of Shark Slough are increasing
following the repair of plugs that block saltwater intrusion into canals. The information learned
reinforces the conclusion that implementing restoration projects in an expedited fashion can lead
to a restored Everglades ecosystem.

Southern Coastal Systems

Salinity was found to be the most important physical parameter in determining species and
community composition in South Florida’s coastal waters. Salinity monitoring warrants high
priority as it will be directly affected by restoration. In the absence of increased freshwater
flows, the existing salinity regime does not support the desired estuarine communities expected
under restored conditions. New analyses undertaken to estimate the restored condition in Florida
Bay predict that suitable habitat could increase from 25,000 to 44,000 acres once favorable
salinities are re-established. Increased nutrients in the water caused widespread algal blooms
that persisted for as long as two years. The efficacy of the current submerged aquatic vegetation
monitoring strategy to detect restoration-induced change was independently verified. The
observed patterns in natural variability underscore the need to better integrate salinity and
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submerged aquatic vegetation monitoring to evaluate the effects of restoration. Pink shrimp
density has been statistically related to hydrology, with higher densities in wet years and lower
densities in dry years. Overall, wet-season pink shrimp abundances evidence a significant
downward trend from 2005 to 2009.

READING THE 2009 SYSTEM STATUS REPORT

The 2009 SSR is formatted as an interactive webpage accessible at
http://www.evergladesplan.org/pm/ssr_2009/ssr_main.aspx. This web-based approach allows
managers, stakeholders, and scientists with different degrees of technical expertise to easily
explore the SSR according to their interests and desired level of detail. Information is presented
in a hierarchical manner, allowing users to initially access very general information about each
assessment (e.g., overall trends in wading birds), then slightly more detailed information (e.g.,
location and number of wading bird nests in Big Cypress) and finally very detailed information
(e.g., specific wading bird survey techniques by location).

Housed on the homepage is an interactive map encompassing the four MAP geographic regions
and a navigation toolbar with links to major topics addressed within the document including:
Data Management, Adaptive Management, Ecosystem Components, and Interim Goals and
Interim Targets. Also on the homepage is a link to the Key Findings document, a high-level
synthesis highlighting the SSR findings with the greatest implications for restoration.

Users can search for information geographically (via a map) or by ecosystem component (via a
navigation toolbar). Both pathways lead to webpages containing summaries of assessments and
associated graphics addressing (1) the validity of the hypothesis cluster concept and established
functional relationships, (2) the status/trends of ecosystem components, and (3) the use of
hypothesis-based assessments to provide the scientific foundation for evaluating Interim Goals
and applying adaptive management. Additional hyperlinks are provided (either embedded in the
text or at the bottom of the webpage) for related links (e.g., MAP 2006 and 2009, diagrams of
conceptual models and hypothesis clusters, Performance Measure documentation sheets, Interim
Goals and Interim Targets documentation, etc.).

Although the 2009 SSR is being presented as an interactive webpage, print capabilities (via PDF)
will be available for the Key Findings, each geographic region within the MAP, and the
document in its entirety.
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KEY FINDINGS FROM THE 2009 SYSTEM STATUS REPORT

INTRODUCTION TO THE SYSTEM STATUS REPORT

The 2009 System Status Report (SSR) provides an in-depth assessment of the monitoring data
provided by the Restoration Coordination and Verification (RECOVER) Monitoring and
Assessment Plan (MAP)' in conjuction with historical data and data from non-MAP sources.
These monitoring data on the status and trends of physical (e.g., hydrology), chemical (e.g.,
nutrients), and biological (e.g., wading birds) parameters are assessed to establish pre-
Comprehensive Everglades Restoration Plan (CERP) reference conditions and ultimately
determine whether the goals and objectives of CERP are being met. The goal of the SSR is to
provide a synthesis of data for each of the four geographic regions (Lake Okeechobee, Northern
Estuaries, Greater Everglades, and Southern Coastal Systems) as well as the ecosystem as a
whole. A robust system-wide monitoring and assessment program like the MAP is also a key
component of the CERP Adaptive Management Program. Adaptive management is a structured
management approach that links science to decision-making in order to improve the probability
of restoration success. Scientific information collected by the MAP and reported in the SSR is
fed into the decision-making process, allowing managers and decision-makers to use the best
available science during CERP implementation. Information about the application of adaptive
management to CERP is detailed in the CERP Adaptive Management Integration Guide
(AMIG)".

PURPOSE OF THE KEY FINDINGS

Only findings with the greatest implication for restoration are highlighted in this document. The
remaining  information is  provided on the 2009 SSR web pages at
http://www.evergladesplan.org/pm/ssr 2009/ssr_main.aspx. For each key finding, two types of
information are provided: (1) new scientific findings garnered from the MAP; and (2) how this
information reaffirms key CERP hypotheses, which are the foundation for restoration activities.
The key findings are organized by geographic region, hypothesis cluster, and Interim Goal.

Interim Goals are a means by which restoration success is evaluated at specific points throughout
the overall planning and implementation process. It is critical that MAP components link to
Interim Goals in order to provide incremental evaluations of CERP implementation and to allow
for adjustments if necessary. A full list of the CERP Interim Goals can be found in the
Programmatic Regulations Interim Goals Agreement (2007)". The 2009 SSR does not address
every Interim Goal listed in the agreement for one of two reasons, either: (a) information about a
specific Interim Goal is captured via reporting on another; or (b) the data record is not yet
sufficient to allow for reporting.

The South Florida Ecosystem Restoration Task Force has developed a set of stoplight indicators
for use in assessing restoration efforts. The status of these indicators were summarized in the
System-Wide Indicators for Everglades Restoration 2008 Assessment (referred to as the
Stoplight Indicator Report in this document). As part of the ongoing integration of reporting
efforts in south Florida,these stoplight indicators are discussed with the 2009 SSR key findings
where appropriate. However, stoplight indictors are often assessed with a slightly different
approach and may not always be directly comparable to results in the 2009 SSR. A table has
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been added at the end of this document to show the linkages between Interim Goals, MAP
hypothesis clusters, and stoplight indicators (7Table KF-1).

DOCUMENT OVERVIEW

Science from the 2009 SSR provides information for CERP projects and/or initiatives such as
the: (1) Indian River Lagoon— South Project; (2) Decompartmentalization and Sheetflow Project
(DECOMP) Adaptive Management Physical Model; (3) Tamiami Trail Modification (part of
Modified Water Deliveries to Everglades National Park); (4) Everglades Restoration Transition
Plan (ERTP) — Phase 1; (5) C-111 Spreader Canal Project; and (6) Picayune Strand Restoration
Project. Assessments of system-wide monitoring efforts assist with tracking the spectrum of
hydrological and ecological responses to operational changes, project implementation, and
ecosystem restoration.

The 2009 SSR demonstrates that the Northern Estuaries continue to be impacted by too much
freshwater flow in the summer months and too little freshwater flow in the winter months.
Improved Lake Okeechobee management options, wetland rehydration, and the construction and
operation of reservoirs and stormwater treatment areas are needed to minimize damaging flows,
improve salinity regimes, and improve water quality. Initial steps taken to control flow volumes
(e.g., Lake Okeechobee Regulation Schedule) have proven to be effective management
techniques in improving conditions for oysters and submerged aquatic vegetation (SAV). For
example, oyster populations in the St. Lucie Estuary rebounded upon re-establishment of a
favorable salinity regime.

For Lake Okeechobee, the 2009 SSR highlights the importance of maintaining the lake stage
within the desired envelope to maximize nutrient storage, encourage growth and survival of
SAV, and inhibit growth of invasive plant species. Water storage projects north of Lake
Okeechobee will provide additonal storage and enable better regulation of lake stage.

In the Greater Everglades, restoration of rainfall-driven multi-year hydroperiods in the slough
systems of Everglades National Park will increase the spatial extent and duration of aquatic
habitats for prey-base fish, wading birds, and alligators. The disruption of sheetflow, evidenced
in impounded or overdrained areas, has degraded ridge, slough, and tree island landscapes, and
restoration activities are needed to reduce the risk of further degradation. In addition, the return
of rainfall-driven freshwater flows to the coastal wetlands, particularly Florida Bay, will re-
establish salinities critical for crocodiles, fish in the marsh-mangrove interface, and roseate
spoonbill foraging. In some areas, such as the A.R.M Loxahatchee National Wildlife Refuge,
ongoing water management actions are resulting in consistently higher populations of prey-base
fish, successful wading bird nesting, and healthy alligators. In other parts of the system,
ecosystem impacts (e.g., cattail expansion in upper Taylor Slough) highlight the challenges of
delivering water with higher nutrient concentrations than historical levels.

In the Southern Coastal Systems, the 2009 SSR found that in Florida Bay, increased nutrient
availability can initiate persistent, detrimental algal blooms. Additionally, the current salinity
regime exerts adverse impacts on desired species (e.g., shrimp, fish, and SAV) and community
composition.
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SYSTEM-WIDE KEY FINDINGS

The system-wide key findings from the SSR and their management relevance yield the following
broad conclusions that apply to most of the south Florida ecosystem:

* Monitoring results summarized in the 2009 SSR confirm and support the detailed
hydrological, ecological, and water quality restoration goals and objectives identified in
the Water Resources Development Act (WRDA) 2000 (Section 601).

e Ecological components of the South Florida ecosystem identified as Interim Goals
continue to be stressed, but still have the capacity for restoration. Examples of such
Interim Goals include juvenile oysters in the Northern Estuaries and crocodiles in the
Greater Everglades.

e The South Florida ecosystem is dynamic and continues to respond to hydrologic and
water quality drivers. Examples include salinity in the Southern Coastal Systems and
phosphorus in Lake Okeechobee.

e The 2009 SSR extensively assesses and validates cause-and-effect relationships described
by the MAP hypothesis clusters, such as the relationship between wading bird nest
numbers and aquatic prey production in the Greater Everglades.

e The relevance of monitoring results to ecosystem restoration was evidenced by the
identification of a contiguous swath of marsh running through Water Conservation Areas
3A and 3B, eastern Big Cypress National Preserve, and Everglades National Park. This
area has been identified as possessing potential for full restoration of sheetflow.

e Findings from the 2009 SSR reaffirm that a robust and sustainable monitoring program
supports the implementation of adaptive management and the integration of science into
decision-making.

NORTHERN ESTUARIES KEY FINDINGS
Northern Estuaries Oysters

Interim Goal: MAP Hypothesis Cluster:

American Oysters in Northern Estuaries Opyster Health and Abundance

Interim Goal: The desired restoration condition is to establish approximately 900 acres of living
oyster beds in the St. Lucie Estuary and 500 acres in the Caloosahatchee River Estuary. Specific
targets for the Loxahatchee River Estuary and Lake Worth Lagoon have not yet been established,
but restoration should result in increases in all of the Northern Estuaries.

Key Findings from the SSR:

e The density of living American oysters (Crassostrea virginica) is higher in the
Caloosahatchee River Estuary sites than the east coast estuaries, a result of higher
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recruitment at the end of the spawning season (fall). However, during the winter months,
juvenile mortality increases due to predation as a result of elevated salinity. Until a more
favorable salinity regime is established and maintained, juvenile oyster mortality will
continue to be high.

Opysters in the Caloosahatchee River Estuary actively spawn between May and October
when freshwater releases and watershed runoff are at their peak. As a result, oyster
larvae are flushed to downstream locations and settle. Subsequent growth rate and
survival of juveniles are poor at these locations due to higher than optimal salinity.

Low salinities in the St. Lucie Estuary during late summer 2008 resulted in widespread
oyster mortality; however, with an increase in salinity by November, new recruits
exhibited rapid growth. Oyster populations can rebound with a positive trend upon re-
establishment of a favorable salinity regime.

Data collected during the recent drought indicate predation induced by sustained higher
salinities may be a substantial stressor. Given that predation pressure is significant in
some locations, such information is necessary and a longer data set will statistically
provide greater confidence in the ability of the oyster habitat suitability index to predict
potential suitable habitat.

The St. Lucie Estuary has the greatest variation in adult density due to large variability in
the magnitude and extent of high flow events, resulting in unfavorable salinity.

2008 Stoplight Indicator:

The oysters in the Caloosahatchee River Estuary continue to be impacted by too much
freshwater in summer and too little freshwater in winter. Too much freshwater adversely
impacts reproduction, larval recruitment, survival, and growth, while too little freshwater
impacts the survival of oysters due to higher prevalence and intensity of the disease
Dermo (caused by the pathogen Perkinsus marinus) and predation.

The 2009 SSR and the Stoplight Indicator Report were in general agreement, although
the methods used to derive the results were not identical.

Potential Management Relevance:

Improvements in Lake Okeechobee management options, rehydration of watershed
wetlands, repair of the Herbert Hoover Dike, and construction and operation of reservoirs
are needed to minimize damaging releases that adversely impact oyster recruitment,
particularly in the summer and fall months.

Freshwater releases to the Caloosahatchee River Estuary should be less than 2,800 cubic
feet per second (cfs) during summer and fall recruitment months to curb flushing of
oyster larvae to downstream locations and to create favorable conditions for spat
recruitment and survival upstream in areas where they are more likely to survive.
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Mean weekly target flows from the S-79 structure along the C-43 canal should be
between 450-2,800 cfs with no flows in excess of 4,500 cfs to sustain the most favorable
salinity regime in the Caloosahatchee River Estuary."

Controlling the volume of late summer/early fall inflows has proven to be an effective
management technique resulting in improved rates of recruitment, growth and survival
even after extreme wet season conditions.

Dry season base flows are necessary to help reduce oyster disease and increase
recruitment and survival.

Northern Estuaries Submerged Aquatic Vegetation

Interim Goal: MAP Hypothesis Cluster:

Submerged Aquatic Vegetation in Submerged Aquatic Vegetation
Northern Estuaries

Interim Goal: The desired restoration condition is to increase the spatial extent and improve the
functionality of submerged aquatic vegetation in the Northern Estuaries.

Key Findings from the SSR:

In the upper Caloosahatchee River Estuary, high salinity conditions adversely impacted
the historically-present freshwater tape grass (Valisneria americana). Subsequent low
light conditions associated with freshwater inflows and a lack of propagules into these
areas may inhibit the ability of tape grass to reestablish.

The Southern Indian River Lagoon region was impacted by hurricanes and associated
freshwater discharges in 2004 and 2005. Impacts included significant declines in
coverage and density, as well as localized losses due to burial by shifting bottom
sediments and altered bathymetry.

Within the Loxahatchee River Estuary, the ephemeral and pioneering species shoal grass
(Halodule wrightii) and Johnson’s grass (Halophila johnsonii) are widely distributed.
Due to wide salinity fluctuations in the estuary, the more tolerant species shoal grass
would be expected to dominate. However, Johnson’s grass was surprisingly more
prevalent (approximately 354 acres) than shoal grass (256 acres) in 2007. Continued
monitoring of SAV, including the threatened Johnson’s grass, is important in
understanding the complexity and resiliency of the Loxahatchee River Estuary as
restoration projects are planned and implemented.

High turbidity, muck deposits, and poor water quality adversely affected seagrass
coverage in the central and southern segments of Lake Worth Lagoon. Seagrass coverage
varied throughout the lagoon with more seagrass in the north.
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2008 Stoplight Indicator:
* No Stoplight Indicator exists.
Potential Management Relevance:

e Meeting the Caloosahatchee River minimum flow and level (MFL) of 300 cfs at S-79
will allow tape grass to survive and be ecologically beneficial to the estuary.

» Restoration projects, such as reservoirs, stormwater treatment areas, and wetland
rehydration will improve salinity regimes and decrease problems associated with
turbidity, muck deposits, and poor water quality. Monitoring data, particularly in the St.
Lucie Estuary, indicates the potential for expansion of SAV.

Northern Estuaries Water Quality

Interim Goal: MAP Hypothesis Cluster:

None Salinity, Water Quality and Nutrients
As Primary Stressors Affecting Northern
Estuaries

Interim Goal: An Interim Goal for water quality in the Northern Estuaries has not been
developed.

Key Findings from the SSR:

e In the Caloosahatchee River Estuary, long-term trends show the majority of the
phosphorus load and about half of the freshwater and nitrogen load is run-off from the
local drainage basin, not Lake Okeechobee.

e In the St. Lucie Estuary, long-term trends show greater than half of the wet season
nitrogen load and greater than two-thirds of the phosphorus load comes from the local
drainage basin other than the C-44, not Lake Okeechobee.

2008 Stoplight Indicator:
e No Stoplight Indicator exists.
Potential Management Relevance:

« Documentation of the sources of nutrient loading is required to properly locate and
schedule restoration projects that will alleviate adverse water quality conditions.
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LAKE OKEECHOBEE KEY FINDINGS
Lake Okeechobee Water Quality

Interim Goal: MAP Hypothesis Cluster:

Lake Okeechobee Phosphorus Water Quality and Phytoplankton

Interim Goal: The desired restoration condition for Lake Okeechobee is to reduce pelagic total
phosphorus concentrations in the lake to 40 parts per billion (ppb).

Key Findings from the SSR:

* Between 2000 and 2009, large-scale disturbances (i.e., hurricanes, droughts, and lake
stage fluctuations) affected the lake and resulted in measurable changes in water quality.

« Mean water column total phosphorus concentrations have increased over the past decade.
The five-year (2004-2009) rolling average for mean water column total phosphorus
concentrations was greater than 150 micrograms per liter (ng/l).

e Annual total phosphorus loading between 2000 and 2009 consistently exceeded the 2015
target of 140 metric tons. The five-year (2004-2009) rolling average for annual total
phosphorus loading was approximately 580 metric tons, or four times the 2015 target.

2008 Stoplight Indicator:
+ No Stoplight Indicator exists.

Potential Management Relevance:

* Additional watershed and in-lake phosphorus control projects will be necessary to reduce
water column phosphorus concentrations.

e The desired lake stage envelope of 12.5-15.5 feet above National Geodetic Vertical
Datum (NGVD) will maximize the nutrient storage potential of SAV and attached
periphyton, thus enhancing water column phosphorus concentration reduction.

Lake Okeechobee Submerged Aquatic Vegetation

Interim Goal: MAP Hypothesis Cluster:
Lake Okeechobee Aquatic Vegetation Emergent-Submerged Vegetation
Mosaic

Interim Goal: The desired restoration condition is to maintain at least 40,000 acres of SAV and
at least 20,000 acres of vascular SAV in the nearshore region of the lake.
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Key Findings from the SSR:

Submerged aquatic vegetation areal coverage was extremely dynamic between 2000 and
2009, reflecting the frequent large-scale disturbances that impacted the lake (e.g.,
hurricanes, droughts, and lake stage fluctuations).

The target for nearshore submerged plants is for 50 percent of the total coverage to be
comprised of vascular plants. As a result of extremely low lake stages from 2006-2008,
approximately 80 percent of the SAV was comprised of the non-vascular macroalga
Chara spp. However, the presence of this species represents a first step towards recovery
of nearshore SAV given the ability to manage the lake within target stages.

As the 2007-2008 drought subsided, recovery of vascular SAV was delayed as compared
to previous droughts. This was due to the fact that nearshore areas were not favorable for
SAV growth because (1) the inshore portion of the lake had become dominated by
terrestrial and emergent vegetation, and (2) the inshore region was subjected to
alternating dry and wet cycles.

Subsequent monitoring during 2009 indicated SAV coverage continued to expand beyond
that documented for 2008, with summer SAV coverage of approximately 46,400 acres.
Additionally, vascular SAV coverage rapidly expanded during 2009, with summer
coverage comprising 66 percent of the total SAV coverage. The Interim Goal of at least
40,000 acres of SAV, with at least 50 percent of that being comprised of vascular taxa,
was attained during 2009, the first time the Interim Goal was met since 2004.

2008 Stoplight Indicator:

Submerged aquatic vegetation coverage, especially vascular plant coverage, decreased
dramatically since the fall of 2004. This decline in areal coverage was caused by physical
disturbance (uprooting) from three hurricanes (Frances, Jeanne, and Wilma) followed by
prolonged water column turbidity. Coverage of the non-vascular macroalga Chara spp.
dramatically increased during 2007, covering approximately 27,700 acres. However,
vascular plants accounted for only approximately 500 total acres.

The 2009 SSR and the Stoplight Indicator Report were in agreement.

Potential Management Relevance:

The length of time needed for recovery of SAV reaffirms the importance of maximizing
the time the lake is within the stage envelope of 12.5-15.5 feet above NGVD.

A sufficient number of water storage projects north of Lake Okeechobee will enable lake
stage to be better regulated.

If lower lake stages occur more frequently, a rapid increase in exotic vegetation, such as
Hydrilla (Hydrilla verticillata), might ensue. If this occurs, alternative management
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strategies and additional funding to control these types of non-native plants will be
required.

GREATER EVERGLADES KEY FINDINGS

Greater Everglades Sheetflow and Hydropattern

Interim Goals: MAP Hypothesis Cluster:
Sheetflow Sheet Flow and Water Depth
Hydropattern Patterns

Interim Goals: The desired restoration condition for sheetflow i1s to establish more historic
magnitudes and directions of sheetflow in the natural areas of the Everglades.

The desired restoration condition for hydropattern is to restore the natural timing and pattern of
inundation throughout the ecological communities of South Florida, matching long-term
averages and interannual variability.

Key Findings from the SSR:

Due to compartmentalization and elimination of sheetflow, variability in water depth and
hydroperiod do not correlate with variability in rainfall and topography in the present
system. Flow barriers that have been installed perpendicular to pre-drainage patterns of
sheetflow have produced ponding of water upstream and over-drainage downstream of
barriers.

The hydroperiod in southern Water Conservation Area (WCA) 3A is currently
characterized by prolonged periods of standing water that inundate sawgrass ridges and
tree islands for unnaturally long durations, without perceptible flow. This is in contrast to
the best understanding of how the pre-drainage system responded to seasonal and
interannual variability and rainfall. The resulting pool lasted for over four years spanning
a regional drought during 2007 and 2008.

Even during the wettest years, water deliveries from WCA 3 were inadequate to maintain
multi-year hydroperiods in the major slough systems of Everglades National Park (ENP),
where pre-drainage hydroperiods exceeded one year.

In contrast to other areas of the Everglades, water stages in the Loxahatchee National
Wildlife Refuge during the last four years approximated beneficial long-term averages,
even during the two years of regional drought.

2008 Stoplight Indicator:

No stoplight indicator exists.

Final 2009 System Status Report KF-9 September 2010



Key Findings

Potential Management Relevance:

e A contiguous swath of marsh running through WCA 3A, WCA 3B, eastern Big Cypress
National Preserve and ENP has recently been identified as an area possessing potential
for full restoration of sheetflow. Hydrologic restoration merits high prioritization in the
future implementation of CERP projects.

¢ Rainfall-driven multi-year wet and dry cycles, including extended hydroperiods in slough
systems of ENP, are key components of hydrologic restoration.

o Full prehistoric hydrologic restoration requires: (1) pre-drainage volume and timing of
water deliveries based on antecedent rainfall; (2) sheetflow and water depth patterns not
distorted by levees and canals; (3) curtailment of seepage loss across the eastern
protective levee system into developed areas; and (4) topographic restoration to pre-
drainage conditions.

¢ Continuing the hydrologic management efforts that are presently in place in the
Loxahatchee National Wildlife Refuge will further increase understanding of wading bird
predator-prey dynamics and alligator populations.

Greater Everglades Aquatic Fauna Regional Populations and System-wide Wading Bird
Nesting Pattern

Interim Goals: MAP Hypothesis Cluster:
Aquatic Fauna Regional Populations in Wading Bird Nesting in the
Everglades Wetlands Mainland and Coastal Everglades
System-wide Wading Bird Nesting Pattern in Relation to the Aquatic Fauna

Forage Base

Interim Goals: The desired restoration condition for aquatic fauna regional populations is to
achieve late wet season population densities, size distributions, and taxonomic compositions of
marsh fishes and other selected groups of aquatic fauna consistent with pre-drainage hydrologic
and salinity patterns in the Everglades wetlands and to provide high-density patches of prey
availability across the Everglades landscape where wading birds can feed effectively as water
levels recede during the dry season. The desired restoration condition for system wide wading
bird nesting patterns is for over 50 percent of 80,000 pairs to nest in estuarine locations, wood
stork nesting initiation to occur in the December /January time period, and for wading bird super
colony events to occur once every four years.

Key Findings from the SSR:

Wet Season Aquatic Prey Production and Dry Season Prey Concentration

+ Relatively low prey production across most of the system during water years 2006 and
2007 is consistent with the hypothesis that prey production is limited by hydroperiod.
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e Prey production increases during water years 2008 and 2009 are consistent with the
hypothesis that drought stimulates pulses in prey production, and post-drought pulses in
production involve surges in crayfish populations.

 During water years 2006-2009, aquatic prey biomass produced during the wet season
became concentrated three to four-fold during the dry season as surface water receded
into isolated pools.

Wading Bird Nesting

* Magnitude and success of wading bird nesting were high during 2006 and 2009 when
prolonged water level recession concentrated aquatic prey without hydrologic reversals
and/or marsh dry downs during the nesting season.

¢ Wading bird nest numbers were very high in 2009 after a pulse in aquatic prey
production during the preceding wet season. During 2009, nest numbers of white ibis
(Eudocimus albus) and wood stork (Mycteria americana) exceeded the 90" percentile of
annual nesting for each species for the period of record beginning in 1931.

¢ Magnitude and success of wading bird nesting were low during 2007 and 2008 when
water level recession patterns were not favorable for nesting, regardless of prey
production during the preceding wet seasons.

e Only 6 to 21 percent of the total wading bird nests throughout the Everglades were
located in ENP, in comparison to the 70 percent minimum proposed for restored
conditions.

e The Loxahatchee National Wildlife Refuge is the only area of the Everglades that has
consistently produced high aquatic prey biomass and successful nesting by white ibis and
other wading birds over the last four years.

2008 Stoplight Indicator:

Wet Season Aquatic Prey Production and Dry Season Prey Concentration

e Low stoplight scores for total forage-base fish density in ENP are consistent with results
in the SSR. The inclusion of crayfish and the extension of monitoring through the 2008
wet season for assessment in the SSR revealed generally low prey biomass throughout
much of the Everglades, and strong interannual variation in prey biomass with multi-year
wet and dry cycles. These results were not evident in the stoplight assessments.

Wading Bird Nesting

» Red stoplight scores for overall wading bird nesting are consistent with MAP monitoring
results indicating a low proportion of total wading birds nesting in ENP. A green
stoplight score for the mean interval between exceptional white ibis nesting years is
consistent with MAP monitoring results for the 2009 nesting season.
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Potential Management Relevance: Monitoring of wading bird nesting in relation to the aquatic
fauna forage-base supports the broader management recommendations from hydrology
monitoring:

Restoration of rainfall-driven multi-year wet and dry cycles in the southern Everglades,
including extended hydroperiods in the slough systems of ENP, would increase the prey
base for wading birds by: (1) supporting population buildup of marsh fish and grass
shrimp during sequential wet years; (2) producing surges in crayfish populations after
drought years; and (3) decreasing the frequency of rising stage that disrupts wading bird
nesting during the dry season.

The status of wading bird predator-prey dynamics in the Loxahatchee National Wildlife
Refuge support the maintenance of the current hydrologic management efforts as
recommended above.

Greater Everglades American Alligator

Interim Goal: MAP Hypothesis Cluster:

American Alligator American Alligator Density and Body

Condition in Relation to Hydrologic Patterns
and Artificial Canal Habitats in the
Everglades

Interim Goal:  The desired restoration condition for the American alligator (Alligator
mississippiensis) 1s to restore more natural numbers and distribution patterns for alligators across
south Florida’s major freshwater and estuarine landscapes.

Key Findings from the SSR:

Relative density of alligators is extremely low in the ridge and slough landscapes of ENP
where naturally occurring multi-year hydroperiods are reduced to less than one year.

Alligator density is higher in areas where hydroperiod is longer, most likely because of
increased extent and duration of the aquatic habitat upon which alligators depend.
However, alligator body condition is low throughout most of the Everglades because
oligotrophic (low) nutrient status may limit the production of aquatic organisms that
alligators feed upon.

The Loxahatchee National Wildlife Refuge is the only area of the Everglades that has
consistently supported restoration targets for alligator relative density during the last four
years. This successful outcome was a direct consequence of minimizing withdrawals
from the refuge for water supply purposes during droughts, and limiting the rate of water
depth increases during wet conditions. These actions maintained favorable habitat
conditions for alligators.
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2008 Stoplight Indicator:

* Red stoplight scores for alligators in ENP are calcualted using a combination of relative
density and body condition. MAP assessments are based only on relative density because
body condition appeared less sensitive to contrasting hydrologic regimes. Although these
assessment methods for alligators are not directly comparable, results from both are
consistent in showing very low relative densities in ENP.

Potential Management Relevance: Monitoring of alligator populations supports the broader
management recommendation from hydrology monitoring:

* Restoration of multi-year hydroperiods in the slough systems of ENP would increase the
spatial extent and duration of aquatic habitats, which in turn should increase the density

and distribution of alligator populations in the park.

¢ Continuing the hydrologic management efforts presently in place in the Loxahatchee
National Wildlife Refuge will increase further understanding of alligator populations.

Ecosystem Characteristics of Everglades Coastal Wetlands and the American Crocodile

Interim Goals: MAP Hypothesis Cluster:
Freshwater Flow to Florida Bay Ecosystem Characteristics of
American Crocodile Everglades Coastal Wetlands

In Relation to Freshwater Inflows

Interim Goals: The desired restoration condition for freshwater flow to Florida Bay is to restore
the natural spatial and temporal patterns of salinity, linking freshwater discharges to seasonal
rainfall patterns (volume and timing) and natural wetland hydrologic functions. The desired
restoration condition for the American crocodile (Crocodylus acutus) is to maintain high
frequencies of salinities below 20 practical salinity units (psu) for optimal survival and growth of
juvenile crocodiles.

Key Findings from the SSR:

Salinity Gradients

e Monitoring of coastal salinity gradients during 2003-2008 indicated an absence of
persistent freshwater-oligohaline zones at headwater sites across most of the marsh-
mangrove interface of the coastal Everglades.

e The limited spatial extent and duration of the oligohaline zone is caused by altered
quantity and timing of freshwater flows to coastal regions due to disrupted sheetflow and
connectivity, in combination with operations/management of the system upstream.

* The oligohaline zone is a key driver determining the ecological health of the Everglades
coastal wetlands.
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Prey-base Fishes

Monitoring of prey-base fishes in the mangrove zone indicates high salinity values are
correlated with low fish biomass.

Fish located within mangrove zone concentrate in deeper creeks and pools when surface
water depths in the surrounding wetlands decrease to 12.5 centimeters. These conditions
are favorable for roseate spoonbill (Platalea ajaja) foraging.

Roseate Spoonbill Nesting

The total number of roseate spoonbill nests in Florida Bay increased during nesting years
2005-2006, 2006-2007 and 2007-2008 when compared to past years. During these
nesting years, the roseate spoonbill colonies in northeast and northwest Florida Bay
produced on average 1.5 chicks per nest resulting in three consecutive successful nesting
years.

The recent increase in roseate spoonbill nesting success is attributed to beneficial rainfall
patterns combined with recent (since 2005-2006) revisions to the rules governing C-111
canal operations during the dry season in the Taylor Slough/C-111 basin. Previous
operational rules chronically disrupted the seasonal dry downs by out-of-phase releases
from the C-111 basin.

American Crocodile

Growth and survival of juvenile crocodiles drops when salinity exceeds 20 psu.

Growth, survival and dispersal of juvenile American crocodiles were low in ENP in
comparison to other primary crocodile nesting areas (i.e., Crocodile Lake National
Wildlife Refuge and Turkey Point Nuclear Power Plant) during the monitoring period
beginning in 2005.

A trend of higher numbers of crocodile nests in ENP since 2000 resulted mainly from
increased nesting on artificial substrates on Cape Sable after plugging of the East Cape
Canal blocked saltwater intrusion to the interior of the cape.

2008 Stoplight Indicators:

Salinity Gradients

No stoplight indicator exists.

Prey-base Fishes

A red stoplight score for prey-base fish community structure in northeast Florida Bay is
based on the low abundance of freshwater species at roseate spoonbill foraging sites.
This is consistent with the SSR results indicating an absence of persistent freshwater-

Final 2009 System Status Report KF-14 September 2010



Key Findings

oligohaline zones at headwater sites across most of the marsh-mangrove interface of the
coastal Everglades.

Roseate Spoonbill Nesting

o A red stoplight score for overall nest production and success of roseate spoonbills in
Florida Bay is consistent with the continued decline in total nests during the last three
consecutive years reported in the SSR. The troubling decline in roseate spoonbill nest
numbers is mitigated somewhat by the fact that the few remaining nests have been
successfully fledging at least one chick. The hope is that as these young birds reach
reproductive maturity, they will return to Florida Bay and increase the number of nests
each season.

American Crocodile

e A yellow stoplight score for crocodile juvenile growth and survival in ENP is consistent
with low growth and survival in the park compared to other primary crocodile nesting
areas during the MAP monitoring period beginning in 2005.

Potential Management Relevance: Monitoring of ecosystem characteristics of Everglades
coastal wetlands supports the broader management recommendations from hydrology
monitoring:

* Restoration of rainfall-driven volume, timing and distribution of freshwater flow to the
Everglades coastal wetlands should re-establish persistent zones of freshwater-to-
oligohaline salinity. These zones should include mesohaline areas (less than 20 psu) that
encompass wide expanses of the freshwater-marine interface. It must be noted that this
interface may eventually move inland with rising sea level.

Greater Everglades Ridge and Slough Pattern and Tree Islands

Interim Goals: MAP Hypothesis Cluster:
Ridge and Slough Pattern Landscape Patterns of Ridge and
Everglades Tree Islands Slough Peatlands and Adjacent

Marl Prairies in Relation to
Sheetflow, Water Depth Patterns, and
Eutrophication

Interim Goals: The desired restoration condition for ridge and slough pattern is to restore the
ridge and slough landscape directionality and pattern by supporting natural soil forming
processes and the restoration of ridge and slough microtopography. The desired restoration
condition for Everglades tree islands is to improve the health of islands considered to be stressed
or degraded, maintain the status of healthy islands, and prevent areal reductions of tree islands
except for islands that have expanded due to over-drainage.

Final 2009 System Status Report KF-15 September 2010



Key Findings

Key Findings from the SSR:

Ridge and Slough Landscape Patterns

The coherence of the ridge and slough patterning has deteriorated in areas characterized
by the absence of sheetflow.

In areas where sheetflow has been disrupted, as in impounded or over-drained areas, the
differences in ridge and slough elevation are reduced.

Altered patterns of sheetflow and related variables have caused disequilibrium of
accretion and loss processes. That disequilibrium causes degradation of the ridge, slough
and tree island microtopography, driving the trend toward a flattening of the landscape.

Tree Islands

The distribution of woody species across the landscape is related to their flood and
drought tolerance. For example, canopy growth rates in ENP indicate relative growth
rates are reduced at very wet and very dry conditions.

Water Conservation Area 3B presents a special case — the surviving tree islands are
dominated by plants adapted to very wet conditions, yet are currently experiencing very
dry conditions. There is concern these tree islands are likely not sustainable in the
existing hydrologic regime.

2008 Stoplight Indicators:

No stoplight indicators exist.

Potential Management Relevance: Monitoring of landscape patterns of ridge and slough
peatlands and tree islands reaffirms the broader management recommendations from hydrology
monitoring.

To slow and potentially reverse the degradation of the Everglades tree islands and ridge
and slough landscape, it is necessary to restore sheetflow and allow the naturally
occurring, rainfall-driven fluctuation of water levels to pulse across the landscape.

Landscapes that are overdrained or overhydrated due to impoundment are degrading at
higher rates. Important steps to resolve these impairments should be made to reduce the
risk of long-term degradation even as restoration is being implemented.

Greater Everglades Total Phosphorus, Periphyton Mat Cover, Structure and Composition

Interim Goals: MAP Hypothesis Cluster:

Everglades Total Phosphorus Oligotrophic Nutrient Status
Periphyton Mat Cover, Structure and Composition
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Interim Goals: The desired restoration condition for Everglades total phosphorus is water
column phosphorus concentrations of 10 micrograms/liter. The desired restoration condition for
periphyton mats is to restore periphyton communities that were characteristic of the spatially
distinct hydroperiods (short and long hydroperiod) and low nutrient conditions in the greater
Everglades wetland communities.

Key Findings from the SSR: The overall synthesis from markers of nutrient status (i.e., soil,
surface water and periphyton) show similar trends and findings.

* A north to south declining nutrient gradient exists and eutrophication is especially evident
at discharge points and near canals.

e The Loxahatchee National Wildlife Refuge and the WCAs are the most impacted by
eutrophication as a result of their proximity to surface water inflows.

2008 Stoplight Indicator:

e Red stoplight scores for periphyton-epiphyton in areas close to canal sources of
phosphorus, and yellow scores in areas downstream to canal inputs of phosphorus, are
consistent with the key findings in the SSR. This indicates nutrients targets have not yet
been met as defined by the stoplight indictors and corrective action is required.

Potential Management Relevance:

e A major concern for CERP implementation is that additional water provided for
restoration of sheetflow and water depth patterns in the Everglades needs to be of
sufficient quality so that it does not further degrade the ecosystem.

¢ A key management uncertainty is whether the capacity of stormwater treatment areas and
water storage facilities is enough to sufficiently reduce total phosphorus concentrations in
water needed for Everglades restoration.

e [t is critical that total phosphorus concentrations in water intended for restoration meet
the scientifically-identified conditions needed to avoid detrimental effects to the
contiguous swath of marsh running through WCA 3A, WCA 3B, eastern Big Cypress
National Preserve and ENP.

SOUTHERN COASTAL SYSTEMS KEY FINDINGS

Salinity Patterns

Interim Goal: MAP Hypothesis Cluster:
Salinity Patterns in Florida Bay Salinity

and Biscayne Bay
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Interim Goals: The desired restoration condition is to reduce the intensity, frequency, duration,
and spatial extent of high salinity events, reestablish common mesohaline to oligohaline
conditions in mainland nearshore zones, and reduce the frequency and rapidity of salinity
fluctuations derived from pulse releases of fresh water from canals.

Key Findings from the SSR:

Salinity emerged as the most important physical parameter for determining species and
community composition in coastal waters.

Multi-agency salinity data leveraged in the 2009 SSR was used to enhance salinity
modeling efforts. Salinity modeling results focused on restoration conditions in Florida
Bay estimate suitable habitat could increase from 25,000 to 44,000 acres once favorable
salinities are reestablished.

Salinity modeling in Florida Bay indicated a reduction of hypersaline events in all basins
except for Barnes Sound, which showed a slight increase.

Evaluation of the Salinity Performance Measure" indicated targets are currently being
met in only 3 of 11 zones in Florida Bay. In addition, some performance measure
components were found to be inaccurate and must be revised.

Salinity and flow relationships in the Picayune Strand Restoration Project area were
incorporated into the Southern Coastal Systems assessment and reported for the first time
in the 2009 SSR.

2008 Stoplight Indicator:

No Stoplight Indicator exists.

Potential Management Relevance:

The existing salinity regime does not support the desired species and community
composition expected under restored conditions. Increases in freshwater inflows are
required.

Florida Bay Algal Blooms

Interim Goals: MAP Hypothesis Cluster:
Florida Bay Algal Blooms Water Quality and
Phytoplankton

Interim Goals: The desired restoration condition is to sustain good water quality in Florida Bay,
minimizing the magnitude, duration, and spatial extent of algal blooms in the bay such that light
penetration is sufficient to sustain healthy and productive seagrass habitat.
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Key Findings from the SSR:

o The sensitivity of the ecosystem to small increases in nutrient availability was
documented. These small changes resulted in a damaging algal bloom in Barnes Sound,
Manatee Bay, and Blackwater Bay that persisted from 2005 to 2007 and abated in 2008.

e Of the 19 metric tons of phosphorus that fueled the 2005 algal bloom event, only 14
percent was attributed to C-111 discharges with the remainder attributed to other
unquantifiable sources.

2008 Stoplight Indicator:

¢ Conditions reported for 2008 evidence an overall regional improvement in comparison to
2006 and 2007. No sub-regions were designated as “poor” in 2008.

Potential Management Relevance:

e Small nutrient increases can lead to damaging algal blooms. Early detection and source
determination of small changes are critical for an appropriate and timely response in
order to mitigate nutrient increases.

Southern Coastal Systems Submerged Aquatic Vegetation

Interim Goals: MAP Hypothesis Cluster:
Submerged Aquatic Vegetation in Submerged Aquatic
Southern Estuaries Vegetation

Interim Goals: The desired restoration condition is a diverse seagrass community with moderate
plant densities, more natural seasonality, and with 65-70 percent of Florida Bay having suitable
habitat for seagrass growth.

Key Findings from SSR:

¢ In nearshore Biscayne Bay, shoal grass had a higher probability of being present at lower
salinities, while turtle grass (Thalassia testudinum) and manatee grass (Syringodium
filiforme) predominated at higher salinities.

¢ An independent review of the current monitoring strategy concluded the design will
adequately measure SAV changes as restoration progresses.

2008 Stoplight Indicator:

e In Florida Bay, a “fair” status was designated for the Transition, Central, and Southern
Zones and “good” status in Northeast and Western Zones.

» Stoplight scores for SAV were not directly comparable to SSR assessments.
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Potential Management Relevance:

o The newly established salinity and SAV relationships further understanding of the
connection between hydrology and biological responses. This information will be used
in the adaptive management process as restoration progresses.

Juvenile Shrimp Densities in Florida and Biscayne Bay

Interim Goals: MAP Hypothesis Cluster:
Juvenile Shrimp Densities in Florida Estuarine Nursery Habitat
Bay and Biscayne Bay

Interim Goals: The desired restoration condition is a range of annual densities from 2 to 17
juvenile shrimp per square meter (shrimp/m?), depending upon region and season.

Key Findings from the SSR:

e Pink shrimp (Farfantepenaeus duorarum) density has been statistically related to
hydrology, with higher densities in wet years and lower densities in dry years.

¢ Overall wet season pink shrimp abundance evidences a significant downward trend from
2005 through 2009.

e Variation in annual abundance of juvenile pink shrimp reflects not only annual
recruitment but environmental conditions in the nursery grounds.

2008 Stoplight Indicator:

e The SSR presents a complete update to the previously reported stoplight, resolving data
errors and refining the methods used to calculate stoplights.

e Dry season differences from 2005 through 2009 have been variable; wet season quality
has declined except in south Biscayne Bay, which has consistently remained green.

Potential Management Relevance:
e Ranges for species-specific salinity preferences were established for pink shrimp, gray

snapper (Lutjanus griseus), spotted seatrout (Cynoscion nebulosus), and other species.
These relationships can be used to predict and assess various restoration scenarios.
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TABLE KF-1. INTERIM GOALS, MAP HYPOTHESIS CLUSTERS, AND STOPLIGHT

INDICATORS
Geographic Interim Goals MAP Hypothesis Cluster Stoplight
Region (2007) (2009) Indicator
Report
(2008)
Northern American  Oysters  in | Oyster Health and Abundance Yes
Estuaries Northern Estuaries
Submerged Aquatic | Submerged Aquatic Vegetation No
Vegetation in Northern
Estuaries
Flows to the Northern [ No No
Estuaries
Lake Lake Okeechobee | Water Quality and Phytoplankton No
Okeechobee | Phosphorus
Water Levels in Lake [ Water Quality and Phytoplankton No
Okeechobee
Lake Okeechobee Algal | Water Quality and Phytoplankton No
Blooms
Lake Okeechobee Aquatic | Emergent-Submerged Vegetation Mosaic Yes
Vegetation
Greater Water Volume No No
Everglades Sheet Flow Sheet Flow and Water Depth Patterns No
Hydropattern Sheet Flow and Water Depth Patterns No
System-wide Spatial | No No
Extent of Natural Habitat
Everglades Total | Oligotrophic Nutrient Status No
Phosphorus
Periphyton Mat Cover, | Oligotrophic Nutrient Status and Sheet Flow and Yes
Structure, and Composition | Water Depth Patterns
Ridge and Slough Pattern Landscape Patterns of Ridge and Slough Peatlands No
and Adjacent Marl Prairies in Relation to Sheet
Flow, Water Depth Patterns, and Eutrophication
Everglades Tree Islands Landscape Patterns of Ridge and Slough Peatlands No
and Adjacent Marl Prairies in Relation to Sheet
Flow, Water Depth Patterns, and Eutrophication
Aquatic Fauna Regional | Wading Bird Nesting in the Mainland and Coastal Yes
Populations in Everglades | Everglades in Relation to the Aquatic Fauna Forage
Wetlands Base
American Alligator American Alligator Density and Body Condition in Yes
Relation to the Hydrologic Patterns and Artificial
Canal Habitats in the Everglades
System-wide Wading Bird | Wading Bird Nesting in the Mainland and Coastal Yes
Nesting Pattern Everglades in Relation to the Aquatic Fauna Forage
Base
Snail Kite No No
Flows to Northern | No No
Boundaries of the WCAs
Flows to ENP No No
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Southern Salinity Patterns in Florida | Salinity No
Coastal Bay and Biscayne Bay
Systems Submerged Aquatic | Submerged Aquatic Vegetation Yes
Vegetation in Southern
Estuaries
Juvenile Shrimp Densities | Estuarine Nursery Habitat Yes
in Florida Bay and
Biscayne Bay
American Crocodile Monitored in the Greater Everglades along with Yes
“Ecosystem Characteristics of Everglades Coastal
Wetlands in Relation to Freshwater Inflows”
Florida Bay Algal Blooms | Water Quality and Phytoplankton Yes
Freshwater Flow to Florida | Monitored in the Greater Everglades along with No
Bay “Ecosystem Characteristics of Everglades Coastal
Wetlands in Relation to Freshwater Inflows”
Freshwater Flow to [ No No
Biscayne Bay
System-wide | Quantity of Freshwater | No No
Lost to Tide
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Chapter 1 Introduction

CHAPTER 1 INTRODUCTION
1.1 OVERVIEW

The Comprehensive Everglades Restoration Plan (CERP or Plan) is one of the largest ecosystem
restoration programs in United States. Authorized by the Water Resources Development Act
(WRDA) of 2000 and the Programmatic Regulations (Pro Regs) (Section 601(h)(3)) (WRDA
2000), the goal of the Plan is to restore the South Florida ecosystem' while meeting the other
water related needs of the region including water supply and flood protection (WS/FP). Per the
Pro Regs, REstoration COordination and VERification (RECOVER) 1is charged with
implementing a system-wide® monitoring and assessment program to assess implementation of
the Plan. This monitoring and assessment plan is essential to determining the success of CERP
and is an integral feature of the CERP Adaptive Management (AM) Program.

Formal assessments of data generated from the RECOVER Monitoring and Assessment Plan
(MAP), Part 1 (Monitoring and Supporting Research)
(http://www.evergladesplan.org/pm/recover/recover map 2004.aspx) are reported in the System
Status Report (SSR), which is developed twice every five years by RECOVER. Assessments of
MAP monitoring data (i.e., MAP monitoring data is augmented with historical and experimental
data as well as non-CERP data provided by partner agencies) are performed using the assessment
strategy detailed in the MAP, Part 2 (2006 Assessment Strategy for the MAP
(http://www.evergladesplan.org/pm/recover/recover map_part2.aspx). The SSR plays an
important role within CERP and represents the accumulation of multiple years of data on the
status, condition, and trends of performance measures critical to restoration. Future SSRs will
present an assessment of whether the goals and purposes of the Plan are being achieved,
including whether the interim goals and targets (IG/IT) are being achieved or are likely to be
achieved. Additionally, future SSRs will also address the status of WS/FC, another critical
aspect of CERP. While scientific data is currently being assessed for continued refinement of
pre-CERP reference conditions, an assessment of whether or not the Plan is meeting its goals and
objectives is not yet possible since no CERP projects have yet been fully implemented.

1.2 FORMAT OF 2009 SYSTEM STATUS REPORT

The 2009 SSR will be formatted as an interactive web page accessible from
www.evergladesplan.org.  This web-based approach allows managers, stakeholders and
scientists with many different interests and degrees of technical expertise to easily find the
information they want and need. Key findings, which provide a high-level synthesis of the
assessments, will be available directly from the SSR home page. Key findings will be organized
both geographically and thematicly. Key findings can be accessed from both the SSR homepage
as well as from each geographic MAP module webpage. Detailed information about each
geographic MAP Module (e.g., Lake Okeechobee, Northern Estuaries, Greater Everglades and
Southern Coastal Systems) will be housed on the interactive webpage as well. Each MAP

' The South Florida ecosystem includes the Kissimmee Region south through the Florida Keys including
? For the 2009 SSR, “system-wide” is synonymous with the definition of the South Florida Ecosystem.
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module will address the following topics using the most recent scientific data from the 2009
SSR:

¢ Validity of the hypothesis cluster concept;
* Metrics and functional relationships;
e Status/trend of key ecological indicators;

e Management issues that communicate high priority areas of concern to the
decision makers and managers; and

e Use of hypothesis-based assessments to provide the scientific foundation for
evaluating IGs and applying AM.

Information will be presented in a hierarchical way — very general information about each
assessment (i.e., general trends in wading birds), slightly more detailed information (i.e., location
and number of wading bird nests in Big Cypress) or very detailed information (i.e., specific
wading bird survey techniques by location) by downloading reports developed by MAP principal
investigators. Even though the 2009 SSR is being presented via an interactive webpage, print
capabilities (via PDF) will be available for each MAP module and the document in its entirety.

1.3 BACKGROUND

South Florida was once a diverse mosaic of interconnected landscapes and communities
encompassing approximately 3.6 million hectare (ha) that included the expansive, 1.2 million ha
freshwater Everglades (Davis and Ogden, 1994). The pre-drainage South Florida ecosystem has
been characterized as a hydrologically interconnected, slow flowing, oligotrophic system that
extended from the Kissimmee River and Lake Okeechobee southward to the estuaries of
Biscayne Bay, Ten Thousand Islands, and Florida Bay
(Error! Reference source not found.). This system is the product of a unique combination of
climate, soil, and topography (Obeysekera et al., 1999). Water depth and distribution,
temporally and spatially, are largely determined by seasonal and annual rainfall, evaporation,
transpiration, natural topography, overflow through natural streams in the ocean, and the
system’s capacity for surface- and ground- water storage (SFWMD, 1992). The large water
storage capacity that characterized the pre-drainage conditions resulted in a hydrologic system
that was much wetter than the current system; this dampened hydroperiod extremes. The system
was characterized by alternating high and low water depths, distribution patterns of surface and
ground water, and variations in water flow volumes and rates through wetlands into estuaries.
These characteristics largely determined the soil and vegetation patterns as well as the
distribution, abundance, and seasonal movements and reproductive dynamics of all aquatic and
many terrestrial animals in the South Florida ecosystem. The large spatial extent and
connectivity of the South Florida system including the Everglades were essential for sustaining
populations of species with narrow habitat requirements or large feeding ranges and sustaining
regional levels of both primary and secondary aquatic production necessary to support large
numbers of higher vertebrates (Ogden et al., 2005).
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South Florida’s rapidly increasing population has resulted in the need for extensive water
management particularly in the low-lying wetland areas. Land has been drained for agricultural
development and canals and conservation areas constructed for flood control, water retention,
water supply, irrigation, and transport. South Florida now contains one of the largest water
management systems in the world, the Central and Southern Florida (C&SF) Project (USACE,
1960), which was constructed during the 1950s-1970s to accommodate projected increases in
population. Population projections for South Florida are estimated to be approximately 36
million by 2060 (Zwick & Carr, 2006). Presently approximately one-third of the original extent
of the greater wetland systems has been lost by conversion to other land uses and the true
Everglades has lost 50 percent of it’s habitat (Figure I-1) and 70 percent less water flows
through the system because more than 1.7 billion gallons are lost to the ocean every day for flood
control and water demand for human uses (USACE and SFWMD, 1999). As a result of this
environmental degradation and an increasing human population, Congress authorized the CERP
in 2000 (USACE and SFWMD, 1999; WRDA 2000) to assist in the restoration of South Florida
natural systems (SFERTF, 2000). The primary restoration objectives of the CERP are to
increase water storage capacity of the system substantially and distribute water in a manner to
reestablish ecologically-desirable patterns of depth, distribution, and flow in freshwater wetlands
and desirable salinity regimes in estuaries (Ogden et al., 2003). The plan is based upon the best
available science and will employ the concept of adaptive assessment and management to assure
the plan is flexible so modifications can be made based upon new information (Ogden et al.,
2003).

1.4 COMPREHENSIVE EVERGLADES RESTORATION PLAN

The CERP (www.evergladesplan.org), authorized by WRDA 2000 Section 601(h)(3) (WRDA
2000), is designed to restore the Everglades and South Florida ecosystem while meeting the
other water related needs of the region including water supply and flood protection. The
ProRegs charge the RECOVER program with developing a system-wide MAP and SSR that is
essential to determining the success of CERP and is an integral component of the CERP AM
Program.

1.5 MONITORING AND ASSESSMENT PLAN

The goal of the CERP MAP is to establish a framework for measuring and interpreting system-
wide responses to CERP, to determine how well CERP is meeting its goals and objectives and,
through AM, provide the framework for improving performance of CERP as needed. The MAP
(RECOVER, 2004; 2006; 2009) is the primary tool by which the RECOVER program assesses
the performance of the South Florida ecosystem as it responds to CERP implementation. The
overarching goal for implementation of the MAP is to have a single, integrated, system-wide
monitoring and assessment plan that can be used and supported by all participating agencies and
tribal governments as the means of holistically tracking and measuring the status of the South
Florida and Everglades ecosystem restoration. The intent of MAP is to implement a
scientifically robust, long-term monitoring plan with the following objectives: 1) establish a pre-
CERP reference condition that includes estimates of condition and variability for each of the
attributes used to assess status and trends; 2) provide an assessment of system-wide responses of
CERP implementation; and 3) detect unanticipated responses of the ecosystem to changes in
stressors resulting from CERP activities. The scientific and technical information generated
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from MAP implementation will be organized to provide a process for RECOVER to not only
evaluate CERP performance and system responses, but to produce assessment reports describing
and interpreting these responses.

Sy

A

Sawgians

McVoy, 2005
FIGURE 1-1.
SPATIAL EXTENT OF HISTORICAL GREATER EVERGLADES (LEFT)
SPATIAL EXTENT OF CURRENT GREATER EVERGLADES (RIGHT)

1.5.1 Evolution of the Monitoring and Assessment Plan

Recently the MAP, originally developed in 2004, has undergone additional refinement
(http://www.evergladesplan.org/pm/recover/recover map 2009.aspx). While retaining its focus
on long-term system-wide monitoring, assessment and AM, the MAP 2009 provides the added
flexibility to address project-level monitoring (PLM). Another key refinement included in MAP
2009 and a direct result of applying the MAP Assessment Strategy (MAP, Part 2) was the
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development of the hypothesis cluster concept; hypothesis clusters integrate multiple stressor-
response pathways (e.g., interface of wading birds, prey-based fish, and flow) contained within a
conceptual ecological model (CEM) instead of only addressing a single stressor-response
relationship (e.g., the response of wading birds to changes in water levels). The MAP 2009 is
focused around hypothesis clusters that address the integration of the important stressor-response
elements within a CEM and better capture and represent the complex relationships inherent in
the ecosystem.

1.5.2 Monitoring and Assessment Plan Sustainability

Assuring the MAP continues to be based on sound, defensible science is critical to the successful
implementation of CERP. The MAP provides this assurance by tightly coupling monitoring,
assessment and decision-making through its linkage to AM (see Chapter 3). The MAP
addresses five principles central to sustaining and managing healthy ecosystems. These five
principles are: 1) socially-defined goals and management objectives; 2) integrated holistic
science; 3) broad spatial and temporal scales; 4) adaptable institutions; and 5) collaborative
decision making (Machlis et al., 2005). Application of these principles in the MAP allows for
the integration of both the ecological and social sciences as an organizing framework with the
added benefit of social learning in an AM setting.

1.6 ASSESSMENT APPROACH

The assessment approach utilized by the MAP is outlined in the MAP, Part 2
(http://www.evergladesplan.org/pm/recover/recover map_part2.aspx). The purpose of the MAP,
Part 2 is to provide a systematic framework for analyzing monitoring data and assessing it using
a multi-step approach consisting of: (1) monitoring design; (2) data acquisition and
management; (3) data analysis; (4) interpretation; (5) assessment; and (6) subsequent evaluation
of system-wide performance. The assessment guidance is based on the use of CEMs and
hypothesis clusters and utilizes monitoring and assessment to detect changes in the status and
trends of ecosystem attributes (including IG/IT — see Chapter 4) and ultimately determine the
effectiveness of the Plan. Guidance is provided at the monitoring component, module, and
system-wide scales. CEMs were developed for each of the major physiographic regions in South
Florida (Wetlands, 2005) and provide an explicit representation of the relationships between
natural and anthropogenic activities, the stresses they create, and the resultant ecosystem
responses. Hypothesis clusters (see Section 1.5.1) address the integration of the important
stressor-response elements contained within a CEM and better capture and represent the complex
stressor-response relationships of the system. This strategy provides an assessment of the status
and trends of ecosystem attributes, a snapshot in time of “what” is occurring with an attribute
which satisfies the need to address IG/IT, and insight to “why” the change is occurring, which is
critical to the application of AM (see Chapter 3) (RECOVER, 2006).

1.7 THE SYSTEM STATUS REPORT

The formal assessments of data generated from the MAP are reported in the SSR, which is
developed biennially by RECOVER as part of the CERP reporting requirements. The SSR plays
an important role within CERP and represents the accumulation of multiple years of data on the
status, condition and trends of physical (e.g., hydrology), chemical (e.g., nutrients), and
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biological (e.g., wading birds) performance measures. These metrics can be linked to MAP
hypothesis clusters and Interim Goals and are the scientific basis for evaluating the status and
progress of restoration. Assessments of MAP monitoring data (i.e., MAP monitoring data is
augmented with historical and experimental data as well as non-CERP data provided by partner
agencies) are conducted using the assessment strategy outlined in the MAP, Part 2. The SSR is a
major source of technical information for the RECOVER Technical Report as mandated by the
Pro Regs (to be produced no less often than every five years) as well as provides information to
the National Research Council’s (NRC) Committee on Independent Scientific Review of
Everglades Restoration Progress, the Interim Goals Report (as established by the Programmatic
Regulations; Section 385.38), and the Five-Year Report to Congress.

The goal of the SSR is to provide a synthesis of current and previously collected hydrological,
water quality, and ecological data for each of the geographic modules (Lake Okeechobee,
Northern Estuaries, Greater Everglades and the Southern Coastal Systems). This data is
compiled, analyzed and interpreted to provide a quantitative assessment of the hypothesis
clusters, associated performance measures, and progress toward achieving system-wide IGs.
This report identifies those changes from previous year (s) that are inconsistent with the goals
and hypotheses and system performance for which corrective action may be required. The SSR
is intended to provide the following information:

1. a geographic and temporal synthesis of MAP findings to provide a holistic description of
the status and trends of the defining attributes and the validity of hypotheses describing
the South Florida and Everglades ecosystem restoration;

2. an interpretation of assessment results in relation to supporting hypothesis clusters,
performance measures and achieving system-wide IGs;

3. a summary of those changes in the ecosystem that are consistent with the goals and
purposes of the plan and MAP hypotheses;

4. a discussion, when necessary, of why the goals are not being met and/or why the MAP
hypotheses should be revised; and

5. identification of major unanticipated findings that may require attention and correction
via processes outline in the CERP AM Strategy.

1.7.1 2006 System Status Report

The 2006 SSR was the pilot assessment and represents the initial application of the assessment
strategy detailed in the MAP, Part 2. The focus of this 2006 SSR was to use the assessment
strategy to determine whether current sampling designs, data quality objectives, variability,
power analyses, and relevant spatial-temporal patterns were sufficient to establish a reference
state (condition) for important variables and performance measures and to be able to detect
change with specified degrees of certainty. The 2006 SSR also characterizes the status of
monitoring and data availability for each of the MAP modules and identifies the lessons learned
from the assessment process, which will be used to guide future efforts. However, the 2006 SSR
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is not intended to provide a comprehensive assessment of the ecological condition nor the status
of either the MAP modules or the South Florida ecosystem as a whole.

1.7.2 2007 System Status Report

The 2007 SSR was the first comprehensive technical assessment of monitoring data developed
using the MAP. Because few CERP projects had been implemented, the 2007 SSR provides
estimates of pre-CERP conditions for ecosystem indicators monitored by the MAP, in
conjunction with data from other sources. Assessment is done by MAP module. Many of the
data sets used in the 2007 SSR are limited to a few years, and thus estimates of pre-CERP
reference conditions remain uncertain pending completion of needed monitoring. Sustained
multi-year monitoring is a prerequisite for establishing sound estimates of pre-CERP conditions
and trends.

1.7.3 2009 System Status Report

The 2009 SSR continues to build upon the comprehensive assessment initiated in 2007 through
analysis of additional data; this includes information from new sources (incorporation of non-
MAP data) as well as continued compilation of data from ongoing monitoring. Similarly to the
2007 SSR, the 2009 SSR utilizes a hypothesis-based approach to continue establishing pre-
CERP reference conditions. Ultimately, the SSR will assess whether the Plan is meeting is goals
and objectives but this is currently not possible given that no CERP projects have been fully
implemented. The 2009 SSR assesses MAP data by module and begins the complex process of
integrating it across geographic regions (i.e., integrated assessment of wading birds in the
Greater Everglades as well as the Southern Coastal Systems).

1.8 GLOBAL UNCERTAINTIES AND IMPACTS TO COMPREHENSIVE
EVERGLADES RESTORATION PLAN AND THE MONITORING AND
ASSESSMENT PLAN

The goal of CERP is “the restoration, preservation, and protection of the South Florida
ecosystem while providing for other water-related needs of the region, including water supply
and flood protection“(WRDA, 2000). To achieve this goal, the CERP is directed to implement
infrastructure changes to enhance water storage, reduce excessive water discharges as a part of
existing flood protection procedures, and create a more natural hydrological regime that supports
healthy natural communities and enhances regional water supply. A program this complex and
extensive in both space and time has uncertainties associated with program planning,
implementation, monitoring and assessment. There are a number of approaches that can be used
to address uncertainty planning in restoration ecology, including principles of ecological risk
assessment (Harwell et al., 2009). While the application of state-of-the-art science and
engineering practices can reduce many of the uncertainties, global uncertainties remain. Global
uncertainties are factor that have wide-ranging effects and cut across and affect the success of all
restoration programs. While it is not the intent here to provide a comprehensive, in depth
discussion, it is important to recognize that major uncertainties associated with climate change
and sea level rise, invasive and exotic species, and fire can easily re-shape status and trends of
ecosystem attributes and impact restoration progress. Clearly South Florida weather is highly
dynamic and variable. Within the five-year period covered in this report there have been two
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consecutive years with four hurricanes followed by two consecutive years of severe drought
conditions. The resulting annual, inter-annual, and spatial variability in precipitation has a major
affect on hydrology and consequently the status and trends in important ecosystem attributes.
Thus it is critical that the success of the MAP and CERP lies in the ability of this program to
continue to maintain its long-term monitoring program in order to capture and account for this
variability in its trend analysis so that it can effectively discriminate changes that are due to
system variability from those resulting from CERP activities.
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CHAPTER 2 ENVIRONMENTAL CHARACTERISTICS OF THE 2008 AND 2009
WATER YEARS

The following is a brief overview of WY 2008 and WY 2009. WY 2008 extends from 1 May
2007 through 30 April 2008 and WY 2009 extends from 1 May 2008 through 30 April 2009.
The description of each WY is intended to provide context from a hydrologic perspective for the
findings presented in the 2009 SSR. Details about both WY's can be found in the annual South
Florida Environmental Report, Volume I
(https://my.sfwmd.gov/portal/page/portal/pg grp sfwmd sfer/pg sfwmd sfer home) in the
2009 and 2010 Reports.

2.1 WATER YEAR 2008

During WY 2008, the effects of a multi-year rainfall deficit continued to influence south Florida.
Following several years of unprecedented hurricane activity and higher-than-normal rainfall,
drought conditions continued through WY 2008 and caused far-ranging hydrologic effects in the
south Florida ecosystem. Increased rainfall affected the region in late summer 2008 due to the
passing of Tropical Storm Fay in August 2008.

Drought Conditions - The 2006-2008 drought ranks in the top six of the most severe regional
droughts based on the rainfall received across south Florida during the wet and dry seasons of
WY 2007 and WY 2008. Areal rainfall (within the South Florida Water Management District
[SFWMD]) in WY 2008 (49.0 inches) was slightly lower than the historical average (52.8
inches) but a marked improvement over the previous WY, which was approximately 12 inches
below the average. The Upper Kissimmee Basin, Lake Okeechobee, East Everglades
Agricultural Area (EAA), West Everglades Agricultural Area, and the Lower West Coast areas
had very low rainfall. Conversely, the Southeast (Broward, Miami-Dade, Everglades National
Park), Palm Beach, and Water Conservation Areas (WCAs) 1 and 2 received above-average
rainfall. Despite such localized increases, there was not enough rain over the Lake Okeechobee
watershed to generate runoff sufficient enough to raise the lake level, thereby placing further
constraints on regional water management during the water year.

Drought Effects in South Florida - The 2006-2008 drought caused an imbalance in water inputs
and outputs, considerably altering the region’s hydrology and reducing surface water flows from
the Northern Everglades into the Southern Everglades. During WY 2008, discharges from
northern Florida (Lake Kissimmee and Lake Istokpoga) were approximately half of historical
average flows, respectively. Lake Okeechobee inflow was half of the historical average and one
and a half times that of WY 2007 inflows. Outflows from Lake Okeechobee to the EAA and the
Caloosahatchee and St. Lucie estuaries were sharply reduced due to the limited storage in the
lake as well as the diminished inflows into the lake. Notably, the WY 2008 outflow from Lake
Okeechobee was a record low of 12 percent of the average outflow. Flows into and out of the
Everglades Protection area were also drastically reduced.

During WY 2008, water levels in lakes in the Kissimmee and Okeechobee watersheds and the
WCAs were lower than their respective historical averages as a result of the extended rainfall
deficits. In July 2007, Lake Okeechobee’s water level declined to 8.82 feet NGVD — the lowest
recorded stage since 1931, the start of the period of record. As lake levels dropped, the amount
of available water for storage and supply decreased drastically for all of south Florida. It is
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important to note that prolonged drought continued through late summer 2008, until Tropical
Storm Fay brought drought relief in August 2008.

2.2  WATER YEAR 2009

The hydrology of south Florida for WY 2009 reflects a severe drought with a temporary wet
condition in the summer. Meteorologically, WY 2009 was far below average in with respect to
rainfall with the exception of the Lower Kissimmee which received average rainfall. There was
a distinct difference between dry season (November through May) and wet season (June through
October) rainfall. Generally, the wet season was wetter than normal in all rain areas except Palm
Beach, Broward County, and the Everglades National Park. Tropical Storm Fay’s passage in
August 2008 had a significant contribution in making the wet season wetter while the months of
September and October during the wet season were drier than average. The dry season was
extremely dry with drought return periods of 100-year or more in most areas.

Overview - At the beginning of WY 2009, Lake Okeechobee, continued to show record low
water and storage levels. Gravity discharge from the lake was restricted due to persistent low
water levels (stage). Since the watersheds of Lake Okeechobee were in continual drought, there
was not enough surface water inflow to raise the lake level. Wet season rainfall continued
through August, with a major increase in rainfall resulting from Tropical Storm Fay. Rainfall
from Tropical Storm Fay was as high as 15.47 inches at some locations. Runoff from Tropical
Storm Fay and other rains in August and early September raised Lake Okeechobee’s water level
by four feet, ending drought conditions temporarily. Rainfall patterns changed to below-average
conditions in September 2008 and the pattern continued through the remainder of the WY. As a
result, drought conditions returned to the region and drought management was re-initiated. At
the beginning of WY 2009, the Lake Okeechobee water level was 10.25 feet NGVD, rising to a
maximum of 15.16 feet NGVD in September 2009, but falling back to 11.14 feet NGVD at the
end of the WY.

The 2009 Atlantic Hurricane Season — The WY 2009 hurricane season (June 1-November 30,
2008) ended with 16 named storms, eight of which were hurricanes. Four of these systems,
Gustav, Hanna, Ike, and Fay, threatened south Florida. Hurricane Gustav passed through the
Gulf of Mexico west of the Florida peninsula from August 31-September 1, 2008, and
contributed rainfall to south Florida. Hurricane Hanna passed east of south Florida on
September 5 and 6, 2008, contributing rainfall to the coastal areas from Palm Beach to the Indian
River counties. Hurricane Ike, which devastated Galveston, Texas, contributed rainfall to south
Florida as it passed through the Gulf of Mexico from Cuba to Galveston from September 8—13,
2008. Tropical Storm Fay made direct landfall in south Florida, moving across the region

longitudinally from the southwest to the northeast and impacting all 16 counties managed by the
SFWMD.

Impacts of Tropical Storm Fay - According to the National Oceanic and Atmospheric
Administration’s (NOAA’s) National Hurricane Center, Tropical Storm Fay originated as a
tropical wave off the coast of Africa on August 6, 2008. By August 18, the storm had moved
northeast of the Florida Keys after a landfall on the keys. On the morning of August 19, 2008,
Tropical Storm Fay landed in southwest Florida, near Cape Romano, moving inland across Lake
Okeechobee and moving on to the Atlantic Ocean near Melbourne. After lingering for three
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days off the coast of the Kennedy Space Center, Tropical Storm Fay made its third landfall in
Florida in Volusia County. The storm moved west and northwest across Florida and crossed into
Gulf of Mexico. It made a fourth landfall in the panhandle of Florida. Rainfall from the tropical
system affected all of the state, with central and south Florida getting storm-related rainfall from
August 17-23, 2008.

South Florida had been in severe drought since 2006 when Tropical Storm Fay arrived. The high
rainfall and its distribution over the whole region resulted in surface water runoff to fill storage
and relieve the drought. Tropical Storm Fay generated enough runoff to fill available storage
and created flood conditions in some areas. When the tropical system reached south Florida, the
Lake Okeechobee water level was low from an extended drought at 11.25 feet NGVD. The lake
water level rose to 15.16 feet NGVD by September 15, 2008, mainly from runoff generated by
Tropical Storm Fay. A 3.91 feet water level rise in 30 days for Lake Okeechobee is an extreme
event. Inflows to Lake Okeechobee over this period were 1,153,631 acre-feet. These inflows
were higher than inflows for WY 2008 (1,012,875 acre feet) and represented 55 percent of the
historical average annual inflows.
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CHAPTER 3 ADAPTIVE MANAGEMENT
3.1 BACKGROUND

The WRDA 2000 conveyed the expectation that AM principles would be applied during CERP
or Plan implementation. The 2003 Pro Regs specified development of an AM program that
includes monitoring and assessment of ecosystem restoration performance, periodic updates of
CERP, and continuous improvement of the Plan. These requirements clearly recognized that
AM application would be very beneficial to CERP.

By definition, AM is a structured management approach that links science to decision-making,
thereby improving the probability of restoration success. Founded on science, AM provides an
efficient process to address risk and uncertainty inherent within ecosystem restoration by
encouraging flexible plans and designs. When integrated into existing CERP processes, AM
improves the implementation of CERP through iterative refinement of project plans, designs and
operations.

A multi-agency team, the AM Integration Team, has facilitated development of the CERP AM
Program (http://www.evergladesplan.org/pm/program_docs/adaptive_mgmt.aspx), which is
composed of two parts: (1) the AM Strategy; and (2) the AM Integration Guide (AMIG). The
AM Strategy is used as the restoration framework for CERP. It maps a process for seeking a
better understanding of the South Florida ecosystem by using new scientific/technical
information to improve the Plan. The AMIG was developed for use by scientists, project
delivery teams (PDTs), and managers working on CERP; it is designed to be a more detailed
companion document to the AM Strategy. The AMIG identifies: (1) the nine activities required
to implement AM at the program and project levels; (2) the significance of those activities; (3)
how the activities should be implemented within the existing planning process; and (4) who
should conduct the activities.

3.2 THE ROLE OF MONITORING AND ASSESSMENT IN ADAPTIVE
MANAGEMENT

There are nine AM activities used to help guide CERP agencies, tribes and stakeholders through
the AM process (Figure 3-1). The details of each activity are provided in the AMIG. Though
RECOVER interfaces directly with each AM activity throughout the implementation process, the
RECOVER Assessment Team (AT) is most engaged through participation in the following AM
activities:

e Activity 1 Stakeholder Engagement and Interagency Collaboration

s Activity 2 Establish/Refine Restoration Goals and Objectives

e Activity 3 Identify and Prioritize Uncertainties

e Activity 4 Apply Conceptual Models, and Develop Hypotheses and Performance
Measures

o Activity 6 Monitoring Ecosystem Restoration

e Activity 7 Assessment

Activity 8 Feedback to Decision-making
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The focus of the AT is on implementing the MAP (Activity 6 — Monitoring) and developing the
biennial system status report (Activity 7 — Assessment). There two activities play a critical role
in the CERP AM Program because AM advocates using sound science to better inform decision-
making and update the Plan as implementation progresses.

Plan Formulation Design/Construction Operations/Maintenance

=)

Activity 1: Stakeholder Engagement and Interagency Collaboration ]

Restoration Goals and Design and Implementation

Objectives
N
a [Activity 6: Monitor Ecosystem Respoﬁe ]
Activity 3: Identify and
Prioritize Uncertainties
.

inity 7: Assessmer}

[Activity 8: Feedback to Decision-Making

e
Activity 2: Establish/Refine } [Activity 5: Integrate AM into Alternative Plan]

/Activity 4: Apply Conceptual
Models, and Develop
Hypotheses, and
Performance Measures

[ Activity 9: Adjustment ]

\-

FIGURE 3-1: THE NINE COMPREHENSIVE EVERGLADES RESTORATION PLAN
ADAPTIVE MANAGEMENT ACTIVITIES

33 ACTIVITY 6 - SYSTEM-WIDE AND PROJECT-LEVEL MONITORING

There are two types of monitoring for CERP: (1) program-level (system-wide); and (2) project-
level. An essential element of AM is the development and execution of a scientifically rigorous
system-wide/regional monitoring program. The MAP, through implementation of monitoring
components, generates information to support understanding of ecosystem responses to CERP
implementation.  Scientific information is gathered through a comparison of model-based
predictions or those based on the best available science, against measurements of ecological
response in order to test hypotheses. CERP projects must also address monitoring via
development of project-level monitoring plans (PLMP). A PLMP is part of the project
implementation report (PIR) and development is a collaborative effort between the PDT and
RECOVER. This PDT-RECOVER interaction is critical to both ensure that the PDT is aware of
the biological/ecological monitoring implemented by the MAP and for RECOVER to identify
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existing monitoring being conducted in the project area. This will help ensure project-level and
system-wide monitoring are coordinated.

3.4  ACTIVITY 7 - ASSESSMENT

The goals of Activity 7 (Assessment) are to analyze monitoring results and determine if
restoration targets are being met in response to CERP implementation, as well as identify
potential performance issues. Monitoring information collected via both the MAP and PLMPs
must be synthesized, assessed and reported in the appropriate context in order to inform
managers about restoration progress; this includes any challenges encountered limiting the
achievement of restoration objectives. This information will be used by managers/decision-
makers to determine which performance issues should be addressed.

3.4.1 Assessment at the System-wide Scale

Data from the MAP provides the foundation for assessing ecosystem status and trends based on
CERP goals and objectives. This data is used to evaluate hypotheses at project-level, regional
and system-wide scales. The MAP Module Leads and principal investigators (PIs) are likely to
be the first to notice system-wide performance issues (e.g., reduction in wading bird population,
increased nutrient concentrations) resulting from Plan implementation. Each PI annual report
contains a section that clearly identifies ecosystem performance issues, suggests potential
scientific explanations for unexpected performance, and recommends general approaches to
address needed adjustments to CERP. Potential performance issues may also be identified by the
MAP module leads or during development of the SSR since performance issues may be larger
than a single geographic region (i.e., wading birds are flourishing in the Greater Everglades but
as a whole, the population is declining when monitoring from all areas is considered together).
These performance issues are incorporated into the SSR and the MAP module lead(s) initiate the
steps necessary to validate, or invalidate, them. Module leads elevate performance issues to the
AT Chairs and then the AT develops a detailed analysis of the issue and its potential
ramifications in coordination with the RECOVER Leadership Group (RLG). The RLG will
present this analysis to managers. The majority of the 2009 SSR is focused on assessment at the
system-wide scale.

3.4.2 Project-Level Assessment

The project-level assessment process compares data gathered before the project initiation
(construction) (i.e., pre-CERP project conditions) to monitoring data gathered after project
construction (i.e., post-CERP project conditions). Ecosystem changes observed between pre-
CERP and post-CERP project conditions are compared to predicted ecosystem response to
project implementation specified during the planning process. The results of the comparisons
(e.g., change/no change in conditions, identification of trends) address project hypotheses and
guide management. It is envisioned that RECOVER Module Leads will review both system-
wide and project-level monitoring and assessment reports. The AT Chairs will coordinate during
the course of each year with those coordinating project-level monitoring in order to integrate
project-level performance results with the SSR. The SSR will contain a clearly identified section
that summarizes project assessment results, clearly identifies performance issues, and suggests
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potential scientific explanations for any unanticipated performance issues. The 2009 SSR
presents limited project-level assessments; primarily for Picayune Strand.

3.5 LINKING MONITORING TO DECISION-MAKING

It is important to note that the identification of performance issues via system-wide assessment
can affect the CERP in two ways. First, discovery of an ecosystem performance issue and
subsequently the management actions identified to address it can be used to alter CERP
implementation (i.e., alter the Plan to ensure its meeting its goals and objectives, including
resolution of the performance issue identified). Alternatively, the information garnered from
system-wide assessment can be used to refine the MAP and other system-wide/regional
monitoring efforts. During implementation of both CERP system-wide/regional and project-
level monitoring, it is critical to consider potential outcomes (i.e., the results of monitoring) and
how those outcomes could inform decision-making by managers. While this was captured
conceptually in the development of the MAP, Part 2 (2006 Assessment Strategy for the MAP),
management option matrices are needed for interpreting the management actions associated with
each monitoring component (Table 3-1) for example management option matrix; these matrices
are also described in the AMIG). Some management actions may depend on the results of
multiple monitoring components. For example, decisions to add or stock oyster larvae require
information from various MAP monitoring components, each of which addresses a different
variable. Adding or stocking oyster larvae would require information about whether desired
salinity ranges are addressed, if the stocking area is part of a defined oyster habitat compatibility
area, and if larvae sources are limited to the area.

The table below presents an example of a hypothetical management option matrix for the
Northern Estuaries; it includes salinity, water quality, submerged aquatic vegetation (SAV),
oysters, macroinvertebrates and fish hypotheses for the Caloosahatchee Estuary. The
Caloosahatchee hypotheses are monitored and assessed based on drivers and/or stressors and
ecological/biological attributes (e.g., salinity, suitable oyster habitat, water quality
sedimentation). Stressors and attributes each have restoration targets and ultimately will be
linked to Interim Goals and Interim Targets.
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TABLE 3-1: EXAMPLE OF PROGRAMMATIC MANAGEMENT OPTION MATRIX
FOR THE CALOOSAHATCHEE ESTUARY

Stressor/Attribute | Target (Timeframe) | Management | Management | Management
Metric Action Action Action
Option 1 Option 2 Option 3
Salinity 5-30 practical salinity units | Change
(operational tests may | (Psu) range operations to meet
be required to achieve (virtually immediate after flow requirements
balance between all projects are operational. | to achieve salinity
multiple project Note that this range is the range and zones
objectives, i.e., full range over the spatial
seagrass, oysters, extent of the entire
water quality) Caloosahatchee system)
Oyster HSI Optimal oyster habitat areas | Conduct
(1-2 years HSI completed) | management
actions in optimal
areas
Oyster Substrate Acres of suitable habitat If salinity range is | Add oyster Dredge muck
(1-2 years surveys met, add least cultch
completed) expensive hard
bottom substrates
such as concrete
rubble if limiting
Water Qua]ity Decrease total suspended Adjust flows to Look for
Sedimentation solids (TSS) entering the minimize opportunities to
estuary (2-3 years) sediment transport | reduce sediment
loads from the
watershed such
agricultural best
management
practices (BMPs)
Water Quality Reduce total nitrogen (TN) | Increase Decrease overall | Implement urban
Nitrogen/ and total phosphorus (TP) stormwater flows and and agriculture
Phosphorus concentrations to 0.80-0.85 | treatment area associated loads | BMPs
or less and 0.079 mg/L (STA) acreage in
respectively (2-3 years) C-43 PIR 2
Oyster Presence/absence adults Seed with Stock adults Change
Recruitment and larvae juveniles operations to
(2-3 years) avoid too much
or too little flow
in key months
Oyster Juvenile Attain natural levels of If flow/salinity Excessive Assess the
Growth and growth and mortality events are predation may availability of
. (2-4 years) affecting growth require salinity quality food
Mortality or mortality, adjustments source
adjust operations | through
to eliminate or operations
minimize events
Oyster Reef Presence/absence/height of | Adjust flows to Add additional Decrease
Development reefs in targeted areas(5-7 obtain optimal cultch sedimentation
years) salinities
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Oyster Disease

Reduction or Elimination

Operate flows to

Lower salinity

maintain salinity threshold and
below maximum adjust operations
threshold accordingly
Seagrass Increase biomass and range | If water quality If desired salinity | Implement
of Valisenaria Halodule targets have not range is met, seagrass
Seagrass (2-5 years) been met, address | change plantings in
first operations to coordination

adjust flows
based on new
hypothesis

with state, the
Department of
the Interior
(DOI), and
National Oceanic
and Atmospheric
Administration
(NOAA)
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CHAPTER 4 INTERIM GOALS/INTERIM TARGETS

When the CERP was authorized by Congress in WRDA 2000, establishment of IGs was
recommended “to ensure the protection of the natural system is consistent with the goals and
purposes of the Plan [CERP]” (Section 601). The Pro Regs (2003) further developed the concept
of IGs as “a means by which the restoration success of the Plan may be evaluated throughout the
implementation process” (33 Code of Federal Regulations [C.F.R] Part 385.38). Additionally,
the Pro Regs required the development of ITs for “evaluating progress towards achieving other
water-related needs of the region, including water supply and flood protection” (33 C.F.R Part
385.39). IG/ITs are to be established in five-year increments, beginning with a baseline and
ending at full implementation. IG/ITs not only provide a means for agency managers, the State
of Florida, and Congress to evaluate progress throughout the overall planning and
implementation process of the CERP, but also facilitate the use of AM. The use of AM helps
monitor project performance, detect unexpected results, and provides the opportunity for
adjustments as necessary.

In 2005, RECOVER used the best science and information available to draft recommendations
for IG/ITs. During this process, ecosystem attributes (indicators) were selected that related to the
purposes of the CERP, and predictions were made regarding how these indicators would change
as CERP projects were implemented. Based upon these recommendations, the State of Florida,
DOI, and USACE executed an Intergovernmental Agreement (2007) to establish a set of IGs
(Column 2 in Table 4-1), and the State of Florida and the USACE executed an
Intergovernmental Agreement (2007) to establish a set of ITs (Column 1 in Table 4-2) for the
CERP. It was understood that certain assumptions (e.g., that the hydrologic model used to
formulate CERP was accurate, that projects would be fully funded and constructed consistent
with the original CERP schedule) and limitations (e.g., uncertainties with models and science,
inability of models to provide incremental interim target performance predictions for certain
indicator conditions) were associated with RECOVER’s recommendations; thus, it was noted
that RECOVER would continue to refine 1G/ITs, develop predictive measures, and improve
incremental performance predictions.

As of the 2009 SSR, no CERP projects have been fully implemented; however, through system-
wide monitoring and assessment, pre-CERP status and trends of important ecosystem attributes
have been established. Efforts are now focused on revising the existing set of IGs to establish
more explicit linkages to ongoing MAP monitoring and assessment activities. In parallel, an
initiative is underway to explore merging the SSR (i.e., hypothesis-cluster analyses that describe
stressor-response functions) with the System-Wide Indicators for Everglades Restoration Report
(i.e., stoplight indicators that describe the status/trends of specific ecological attributes). By
creating an interface between the two reporting vehicles, RECOVER will be better able to revise
and define the IGs necessary to achieve successful restoration (Table 4-1). Although the SSR
and MAP are not directly addressing ITs, aspects of the ITs are being addressed in the
development of performance measures and assessment models (Table 4-2). Since establishment
of the Intergovernmental Agreements in 2007, the Integrated Delivery Schedule has evolved. As
a result, future activities will be required to explore how the current approach of five-year
modeling increments corresponds to future planning efforts for IG/ITs.
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TABLE 4-1. INTERIM GOALS, MONITORING AND ASSESSMENT PLAN
HYPOTHESIS CLUSTERS, SYSTEM STATUS REPORT, AND STOPLIGHT

INDICATORS
Geographic Interim Goals Monitoring and Assessment Plan System Status Stoplight
Region (2007) Hypothesis Cluster (2009) Report (2009) Indicator
Report (2008)
Northern American Oysters Opyster Health and Abundance Yes Yes
Estuaries Submerged Submerged Aquatic Vegetation Yes No
Aquatic Vegetation
Flows No No No
Lake Phosphorus Water Quality and Phytoplankton Yes No
Okeechobee | Concentrations
Water Levels No Yes No
Algal Bloom | Water Quality and Phytoplankton Yes No
Frequency
Aquatic Vegetation | Emergent-Submerged Vegetation Mosaic | Yes Yes
Greater Water Volume No Yes No
Everglades Sheet Flow Sheet Flow and Water Depth Patterns Yes No
Hydropattern Sheet Flow and Water Depth Patterns Yes No
Spatial Extent of | No No No
Natural Habitat
Phosphorus Oligotrophic Nutrient Status Yes No
Concentrations
Periphyton No Yes Yes
Ridge and Slough | Landscape Patterns of Ridge & Slough | Yes No
Pattern Peatlands and Adjacent Marl Prairies in
Relation to Sheet Flow, Water Depth
Patterns, and Eutrophication
Tree Islands Landscape Patterns of Ridge & Slough | Yes No
Peatlands and Adjacent Marl Prairies in
Relation to Sheet Flow, Water Depth
Patterns, and Eutrophication
Aquatic Fauna Wading Bird Nesting in the Mainland and | Yes Yes
(Fish) Coastal Everglades in Relation to the
Aquatic Fauna Forage Base
American Alligator | American Alligator Density and Body | Yes Yes
Condition in Relation to the Hydrologic
Patterns and Artificial Canal Habitats in
the Everglades
Wading Bird | Wading Bird Nesting in the Mainland and | Yes Yes
Nesting Coastal Everglades in Relation to the
Aquatic Fauna Forage Base
Snail Kite No No No
Flows to Water | Ecosystem Characteristics of Everglades | Yes No
Conservation Areas | Coastal Wetlands in Relation to
(WCAs) Freshwater Inflows
Flows to | Ecosystem Characteristics of Everglades | Yes No
Everglades Coastal Wetlands in Relation to
National Park Freshwater Inflows
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Southern Salinity in Florida | Salinity Yes No
Coastal and Biscayne Bays
Systems Submerged Submerged Aquatic Vegetation Yes Yes
Aquatic Vegetation
Juvenile Pink | Estuarine Nursery Habitat Yes Yes
Shrimp
American No Yes
Crocodile
Algal Blooms in | Water Quality and Phytoplankton Yes Yes
Florida Bay
Freshwater Flow to | No No No
Florida Bay
Freshwater Flow to | No No No
Biscayne Bay
System- Freshwater Lost to | No No No
Wide Tide

Note: This table lists the IGs by MAP geographic region and describes whether aspects of the 1Gs are captured
within the MAP monitoring and assessed within the SSR and/or the System-Wide Indicators for Everglades
Restoration 2008 Assessment (Stoplight Indicator Report).
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TABLE 4-2. INTERIM TARGETS, EVALUATION PERFORMANCE MEASURES AND

ASSESSMENT METRICS

Interim Targets

Evaluation PMs

Assessment Models

Water Volume Sheet Flow in the Everglades Ridge | EDEN
and Slough Landscape (Greater | SFWMM
Everglades Sheetflow)

Water Supply for Lower East Coast Frequency of Water Restrictions for | EDEN
the Lower East Coast Service Area | SFWMM

(WS-2)

Water Supply for Lake Okeechobee

Lake Okeechobee Stage (LO-1, LO-
2, LO-3), Frequency of Water
Restrictions for the Lake Okeechobee

Lake Okeechobee hydrodynamic
model, Lake Okeechobee Water
Quality Model (LOWQM), Lake

Service Area (WS-1) Okeechobee Environmental
Model (LOEM)

Protect Biscayne Bay from Saltwater | Prevent Saltwater Intrusion of the | HYCOM, CAFE3D Numerical

Intrusion Biscayne Aquifer — Meet MFL | Hydrodynamic and Mass
Criteria for Biscayne Aquifer (WS- | Transport Model of Biscayne
4), Prevent Saltwater Intrusion of the | Bay, TABS-MDS, Saltwater
Biscayne Aquifer in South Miami- | Intrusion Model
Dade County (WS-5), Southern
Coastal Systems Salinity (under
revision)

Flood Control: Root Zone | Comparison of Stage Differences of | SFWMM

Groundwater Levels in the South | Water Levels in South Miami-Dade

Miami-Dade Agricultural Area East | Agricultural Area (WS-6)

of L-31IN

Flood Control: Groundwater Stages | Comparison of Stage Differences of | SFWMM

for Miami-Dade, Broward, and Palm | Water Levels in South Miami-Dade

Beach Counties and Seminole Tribe | Agricultural Area (WS-6)

Surface Water Management Basins

Flood Control: Flood Water Removal | Potential for High Water Levels in | No

Rate for the Everglades Agrigculture | South Miami-Dade Agricultural Area

Area (EAA) (WS-3)

Surface Water Storage Capacity Appendix to Band 1 No

Note: This table lists the ITs and describes whether aspects of the ITs are captured within evaluation performance
measures and assessment models that have been developed, or are under development.
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CHAPTER 5 DATA MANAGEMENT
5.1 INTRODUCTION

The approach for assessing the status of the Everglades ecosystem depends on compiling and
integrating biological, chemical and physical data collected by multiple organizations and
scientists. A data management system is a necessary component of this effort as data collected
to this point are distributed among a variety of information storage systems. Integration of
information would greatly facilitate interpreting ecological change as restoration progresses, and
as such, is a critical element in the implementation of AM. Tools and applications for supporting
data management, system assessment and system evaluation continue to be developed. Many of
these tools have been and will be used to produce SSRs.

Standards for data, documentation and coding, established earlier in the program are facilitating
the pursuit of seamless data set integration where applicable. Documentation of these standards
are part of the CERP Guidance Memoranda (GM) and can be found at
www.evergladesplan.org/pm/program_docs/cerp-guidance-memo.aspx. In addition to the GM,
the Information and Data Management Program Management Plan (USACE and SFWMD,
2007) can be found at www.evergladesplan.org/pm/progr data mgmt.aspx. In order to
comprehensively document collected scientific data, Ecological Metadata Language (EML), has
been adopted to standardize documentation of ecological data sets.

5.2 SUMMARY OF COMPREHENSIVE EVERGLADES RESTORATION PLAN
DATA MANAGEMENT APPLICATIONS

Tools and applications for supporting data management, system assessment and system
evaluation have been and are being developed within an information technology environment
known as the CERPZone (www.cerpzone.org). The CERPZone provides a collaborative
environment for facilitating the multi-agency effort to implement the CERP MAP using an AM
approach. The tools and applications fall into several categories based on their use: 1) project
and program management, 2) document and data storage and management, 3) geographic
information system (GIS), 4) assessment applications, 5) evaluation (predictive and planning)
applications and 6) project-level applications. Many of the functions of these tools and
applications overlap. As they are being developed, consideration is being given to integration
among the tools and applications and their functionality. A summary of these tools and
applications is provided here while some are discussed in more detail in the following sections.

The tools and applications that have been developed or are under development for CERP data
management are as follows:

1. Project and program management
= MapTrack

2. Document and data storage and management
» Documentum
» Data Access, Search and Retrieval (DASR)
» Electronic Data Catalog (EdCat)
« Morpho (metadata tool)
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3. GIS
« Monitoring Locator
» Gazateer
« Map Library
» CERP GIS Data Catalog
» Survey Monuments Locator
» Opyster Habitat Suitability Index (HSI)
« Everglades Depth Estimation Network (EDEN) Client

4. Assessment
« RECOVER Assessment Application
o salinity
o oysters
o periphyton
o surface water nutrients
» Oyster HSI
= Geo-referenced Interactive Data Analysis System Tool (GIDAST)
« EDEN Client

5. Evaluation
» CERP Model Management System (CERP MMS)

s GIDAST
e Across Trophic Level System Simulation (ATLSS) High Resolution Hydrology
(HRH)

= Four-dimensional High Resolution Hydrology (4DHRH)
= Everview

6. Project-level
= Aquifer storage and recovery (ASR) database

Figure 5-1 and Figure 5-2 both show the relationships between these applications and tools.
Figure 5-1 represents the applications and tools that were available and under development at
the time the 2007 SSR (RECOVER, 2007) was published. Figure 5-2 presents the applications
and tools that are now available or under development. Comparison of these two figures
illustrates the progress achieved in the last two years. The overlap of objects in the diagrams
represent integration among the applications and their functionality. Dotted lines indicate
applications and tools planned for development and implementation. While a great deal of
progress has been made, most of these tools and applications are implemented in phases, and
require ongoing enhancements and upgrades to support the dynamic needs of the RECOVER
program assessment and evaluation initiatives.
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FIGURE 5-1. DATA MANAGEMENT APPLICATIONS AND TOOLS DEVELOPED
OR IN DEVELOPMENT IN 2007 AND THEIR RELATIONSHIP TO EACH OTHER

- Project anaprogram 2009
Management Applications
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FIGURE 5-2. DATA MANAGEMENT APPLICATIONS AND TOOLS THAT HAVE
BEEN DEVELOPED TO DATE OR ARE UNDER DEVELOPMENT AND THEIR
RELATIONSHIP TO EACH OTHER

Final 2009 System Status Report 5-3 September 2010



Chapter 5 Data Management

5.3  APPLICATIONS UTILIZED IN DEVELOPMENT OF 2009 SYSTEM STATUS
REPORT

The EDEN Client is considered both an assessment and a GIS application, which provides an
interface to the U.S. Geological Survey (USGS) integrated network of real-time water level
monitoring, and ground elevation and water surface modeling data. It provides scientists and
managers with 1999 to present water depth information for the entire freshwater portion of the
Greater Everglades. The target users are biologists and ecologists examining trophic-level
responses to hydrodynamic changes in the Everglades. EDEN offers a consistent and
documented data set that can be used not only by scientists, but also managers, to 1) guide large-
scale field operations, 2) integrate hydrologic and ecological responses, and 3) support biological
and ecological assessments that measure ecosystem responses to CERP implementation

The Oyster HSI is also considered both an assessment and GIS application. It is used to predict
the locations of future suitable habitat for the eastern oyster (Crassostrea virginica). This
application supports the study of HSI of an oyster lifecycle given various scenarios of inputs
such as flow rate, temperature, salinity and length of oyster life cycle.

The RECOVER Assessment Application serves as the data integration mechanism for system-
wide assessments. Data is integrated across agencies and disciplines for RECOVER module-
and system-level analysis. A direct link to SFWMD’s DBHYDRO database from the
RECOVER Assessment Application supports the integration of hydrology, meteorological and
surface water nutrient data. To date, the RECOVER Assessment Application has been used to
integrate east coast oyster data obtained from the U.S. Fish and Wildlife Service (USFWS) and
west coast oyster data obtained from Florida Gulf Coast University. It automates various
statistical analyses and delivers results to graphing and analytical third party software. Flow data
from DBHYDRO is integrated with the west coast oyster data. These collective data sets support
the Oyster HSI application. Salinity and water quality data from multiple agencies were
integrated to produce indices and wet and dry season subsets that were geospatially analyzed
(kriged) for the Southern Coastal Systems and Northern Estuaries Modules of this SSR.
Integration of periphyton species and nutrient data sets from the South Florida Water
Management District (SFWMD) and Florida International University is underway. These data
sets will be compiled, aggregated, and processed in the coming year for future integrated
assessments for the Greater Everglades Wetlands Module. A pilot spatial interface and viewer
for the RECOVER Assessment Application has been developed, but is not yet ready for release
into production.

5.4 OTHER APPLICATIONS RELEVANT FOR MONITORING AND
ASSESSMENT PLAN IMPLEMENTATION AND FUTURE SYSTEM STATUS
REPORT DEVELOPMENT

5.4.1 Project and Program Management Applications

The MapTrack combines SFWMD and the US Army Corps of Engineers (USACE) financial
and project information to facilitate contract management.
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54.2 Document and Data Storage and Management Applications

RECOVER and CERP documents are stored in a centralized database using Documentum for
organization and version control. Data generated by implementation of the MAP is archived in
DASR. Recently implemented in the CERPZone, is a metadata creation and maintenance
application, Morpho. This application serves to standardize documentation of ecological
metadata for data stored in DASR. EDCat, an electronic data catalog, provides Google-like
searches in Documentum, and has been augmented with MetaCarta technology to allow a
spatially-based search of Documentum, DASR, the CERP GIS Catalog (discussed below), and
the public website www.EvergladesPlan.org. The search results from this tool provide statistical
relevance by location and a preview of the data items returned without accessing the storage
applications.

5.4.3 Geographic Information System Applications

Several GIS applications have been developed for CERP. The Gazetteer application is a GIS
database that aims to standardize place names and footprints for “officially named” places. The
CERP GIS Data Catalog is a mechanism to facilitate locating CERP GIS data and is a core
element of the CERP GIS data publishing process. The Survey Monuments Locator displays
CERP monument locations and allows the user to search for an area of interest and find
information such as elevation heights, where the monuments are in relation to roads and
highways, and links to data sheets from the National Geodetic Survey website. The CERP MMS
application is a web-based modeling management system that facilitates the accessibility and
availability of CERP and non-CERP modeling information, including pre- and post-processed
data and modeling documentation, using a GIS-based internet software.

The Map Library is used by CERP staff as a cataloging application that both stores map products
and allows the user community to search and download map metadata and images. The
application utilizes Gazetteer place names to enable interactive spatial searches for maps
associated with a number of spatial features including projects, counties, cities and water
features. The new Map Library utilizing ArcGIS Server technology will be available early in
2010.

The Monitoring Locator application will allow users to query feature attributes, identifying what
data is being collected, where and by whom. It will access metadata, but will not store or display
the monitoring data itself. The prototype application was available for review at the end of 2009.
The upload data process is currently being programmed and the final application should be
available mid-2010.

5.4.4 Evaluation Applications

Several evaluation applications support the predictive and planning portions of the program.
This set of applications is intended to be the conduit for processing and integrating model output,
as well as integrating assessment information input into models and model analysis.

The GIDAST tool, which is considered an assessment application, provides an interactive spatial
viewer to explore modeled and observed salinity data at specific locations of interest to facilitate
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interpretation of ecological observations. This tool is currently functional for Biscayne Bay, St.
Lucie Estuary and Indian River Lagoon, and Caloosahatchee River Estuary.

A multitude of model output data is used for both evaluation and assessment processes. Various
tools have been developed to post-process South Florida Water Management Model (SFWMM)
output for use in evaluating plans. One of these tools is the ATLSS HRH model. From this
model a four-dimensional HRH model, #DHRH, has been developed, which encompasses four
dimensions: north-south, east-west, depth and time. These tools can be used when developing
assessments from monitoring data. Both of these tools have been implemented in the CERPZone
with a user interface to facilitate iterative usage of these tools. A pilot version of an enhanced
viewer, Everview, is in the final stages of development by the USGS’s National Wetlands
Research Center and will be implemented in CERPZone in 2010. This will provide a
comprehensive and versatile interface for the numerous eco-tools utilized by the evaluation and
assessment teams of RECOVER.

CERP MMS enhances communication among project managers, modeling liaisons and modelers
by providing modeling support and materials in a timely and efficient manner. Using selection
criteria, the user can find information regarding CERP Projects and related models. Once the
desired model is identified, the user can download model code, input and output files and
documentation through the application interface.

545 Project-Level Applications

To date, only one application has been developed specifically for CERP project management. A
database has been developed in the CERPZone to manage the data associated with the ASR pilot
studies. Much of this data is stored in DASR.
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CHAPTER 6 LAKE OKEECHOBEE MODULE
6.1 INTRODUCTION

Lake Okeechobee is a shallow, eutrophic lake located in central south Florida. Historical and
background information, including its importance to the south Florida ecosystem and the impacts
development has had on the lake can be found in the 2007 SSR (RECOVER, 2007), which can
be found at www.evergladesplan.org/pm/recover/assess_team_ ssr_2007.aspx. A prolonged
drought between 2006 and 2008 resulted in a record low lake stage of 8.82 feet above mean sea
level (msl) on July 2, 2008. Vast inshore areas of the lake became exposed to the air and
terrestrial emergent vegetation replaced open water habitat. A map of Lake Okeechobee is
provided in Figure 6-1.
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FIGURE 6-1. LAKE OKEECHOBEE SUBREGIONS
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As a result of the varied and widely held concerns, CEMs and hypothesis clusters were
developed for Lake Okeechobee to provide a science-based path forward toward restoration
(RECOVER, 2006). These models and hypotheses succinctly depict the interrelationships that
exist between water level and nutrient condition, and those key flora and faunal communities that
respond to or are affected by them. The models account for Lake Okeechobee’s three subregions
that are functionally dissimilar and, as a consequence, may respond to changes in water level and
water quality quite differently. These subregions are a littoral marsh, a nearshore region and an
open water region (Figure 6-1). The status of Lake Okeechobee is assessed using these CEM
and hypotheses.

This module is organized into ten subsections, including this introductory section. The next two
subsections provide an overview of the two main stressors on Lake Okeechobee: lake stage and
water quality. Following the stressor discussions are subsections for each of the hypothesis
clusters for this module: phytoplankton, periphytion, SAV, native fish, and macroinvertebrates.
Finally, an overall assessment of the module and references are provided.

6.2 STAGE STRESSOR
6.2.1 Introduction and Background

Water level in Lake Okeechobee is a primary factor affecting both the aquatic vegetation and the
community of animals that use these plants for habitat and sustenance (Johnson et al., 2007). It
is a stressor in all of the Lake Okeechobee Module hypothesis clusters
(Figure 6-2). Lake Okeechobee stage history between January 2008 and May 2010, which is the
most recent stage plot, is superimposed over the regulatory discharge zones in
Figure 6-3. Water discharges can occur in water management zones A-C, while smaller pulse
releases can occur in water management zones D and E. The seasonal range in lake stages
encompassed by each zone reflects variability in rainfall and watershed runoff typically observed
between the dry and wet seasons. The white sub-band lines in Zone D denote the upper and
lower boundaries for pulse release consideration. The solid colored line denotes actual lake
stage (text box in upper right hand corner shows the most recent lake stage), while the dotted
colored lines denote the projected quartile probabilities for lake stage position (Figure 6-3).
During the fall of 2006, water restrictions were enacted, which continued through 2008 (SFER,
2009). Currently, lake stage operations in Lake Okeechobee follow the Lake Okeechobee
Regulation Schedule (LORS) 2008. Lake Okeechobee stage is also a performance measure.
Further information and documentation for this performance measure can be found at
www.evergladesplan.org/pm/recover/recover_docs/et/lo_pm_stage.pdf. ~An interim goal has
been developed for Lake Okeechobee lake stage, documentation for which can be found at
www.evergladesplan.org/pm/recover/recover_docs/igit/igit_mar_2005_report/ig_2-
2_lakeowaterlevels.pdf.
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Lake Okeechobee Stage
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FIGURE 6-2. STAGE AS A PRIMARY STRESSOR AFFECTING ALL LAKE
OKEECHOBEE HYPOTHESIS CLUSTERS

Lake Okeechobee Water Level History and Projected Stages
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FIGURE 6-3. LAKE OKEECHOBEE 2008 — 2010 STAGE AND REGULATORY
DISCHARGE HISTORY AND PROJECTION

Extreme high or low lake levels of any duration, or moderately high or low lake levels of
prolonged duration greater than six months can cause significant harm to the lake’s ecosystem
(Havens and Gawlik, 2005), and results in loss of habitat for fish, birds and other aquatic fauna.
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Higher lake stages can result in elevated nutrient concentrations and increased frequency of algal
blooms, increased nearshore wave energy, transport of nutrient rich muds to the nearshore
region, and drowning of shallow marshes. It is important to note that the nearshore and littoral
marsh zones are where most of the beneficial ecosystem functions occur. Higher stages have
been shown to result in decreased water clarity, which in turn limits the depth at which SAV can
effectively establish (Havens, 2003).

Extreme low lake stage results in the desiccation of the western littoral marsh, which promotes
the spread of invasive and exotic vegetation. Lake Okeechobee experienced extreme low stages
between fall 2006 and 2008. Extreme low lake stages can be beneficial by encouraging brush
fires that help control invasive and exotic species and permit oxidation of organic muck
sediments, which will expose the underlying native seed bank and reduce the volume of organic
muck material that might otherwise become resuspended.

A certain degree of natural variation in lake stage has been shown to benefit Lake Okeechobee
plant and animal communities (Havens et al., 2001a; 2002; 2005; Havens, 2003). Declining
water levels in late winter and early spring benefit wading birds by concentrating prey resources
(Smith et al., 1995a). Water levels near 12.5 feet msl benefit SAV and emergent vegetation by
providing optimal light levels in the summer months (Havens et al., 2004). Variation in the
prescribed lake stage range favors development of a diverse emergent plant community
(Richardson et al., 1995). A more detailed discussion of the effects lake stage has on the Lake
Okeechobee ecosystem can be found in the 2007 SSR (RECOVER, 2007), which can be found at
www.evergladesplan.org/pm/recover/assess_team_ssr_2007.aspx.

The beneficial high, low and varied lake stages have been defined as follows:

» Avoid extreme high water stage greater than 17 feet msl

= Avoid stages greater than 15 feet msl for more than 12 consecutive months

» Avoid extreme low water stage less than 11 feet msl

= Avoid stage less than 12 feet msl for more than 12 consecutive months

= Increase the frequency of spring recessions, which are yearly stage declines from near
15.5 feet msl in January to near 12.5 feet msl in June, with no reversal greater than 0.5
feet.

= One extreme low stage event once per decade

6.2.2 Monitoring
Daily lake stage is recorded at sites around the lake and within the lake itself; current lake stage

status may be obtained from www.saj.usace.army.mil/h2o/reports/r-oke.txt. Data regarding lake
stage is also maintained in the SFWMD DBHYDRO database.
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6.2.3 Results

Maintaining stage within the desired envelope has been hampered by lack of external storage, the
need to maintain flood control in the greater lake basin, and the vagaries of south Florida rainfall.
As a result, lake stage has been outside of the desired range for a significant amount of time
despite efforts to maintain the appropriate stage (Figure 6-5).
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FIGURE 6-5. MEAN MONTHLY STAGE DATA
Key:
red desired recession rates from January high of 15.5 feet msl to June low of 12.5 feet msl
blue smoothed loess of mean monthly stage
black  mean monthly stage in feet above mean sea-level 1984 through 2008

The overarching driver affecting lake stage has been, in the absence of alternative controls,
watershedrainfall (Figure 6-6) ), which depicts monthly stage in feet above sea level versus
previous two years of rainfall for that month. The apparent decrease in the last few years in the
ability to maintain lake stage above an adequate minimum level is a reflection of the perceptible
decrease in watershed rainfall over this same timeframe (Figure 6-7). The drawdowns that
occurred in 2005 and 2006 were made after high lake stages and concerns of dike integrity
following hurricanes Frances, Jeanne and Wilma in 2004-2005. These drawdowns preceded the
unexpected drought which resulted in unprecedented low lake stages. However, these
drawdowns only accounted for approximatley 0.2 feet of additional lowered stage.

In April 2008, the USACE approved a new regulation schedule for Lake Okeechobee, referred to
as LORS2008, which replaced the WSE Operating Schedule. LORS20008 was intended to be
temporary schedule which focused on public health and general welfare considerations
associated with the Herbert Hoover Dike. This plan can be found on the USACE web site at
www.saj.usace.army.mil/Divisions/Planning/Branches/Environmental/DOCS/OnLine/Glades/La
keO/LORSS/2007/ACOE_STATEMENT APPENDICES A-G.pdf. LORS2008 is expected to
be in effect until either the risk of dike failure is reduced with improvements to Reaches 1, 2 and
3 of the dike, or the initial CERP projects are implemented, whichever comes first.
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Lake Okeechobee Stage versus Rainfall
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FIGURE 6-6. LAKE STAGE IS SIGNIFICANTLY CORRELATED (P<0.001) TO THE
SUM OF RAINFALL FALLING ON LAKE OKEECHOBEE’S WATERSHED FOR THE

PREVIOUS TWO YEARS
Lake Okeechobee Basin Rainfall
in |
- .
o
: L ]
= L[]
E -
= o » - - .
Aol adll .
.-E - " » - H
[ 1 LI " . - w ®
e . . e
'E : q " » : - am * -f: y . - Ly
g s ; L] 3 . ™ ) L] - =
= . = - P | : I - " ot .. % .
E - 2 ¥ " . .. . a ® .- . " L
5 = w =1 i . . o _tegs . . .'I; -'
o X [ o I;..n'l.u . :l -
g .lu 'l- .,:" :‘ ....o. :: ': 1 A il . Ll " . *
- ".l " .. ‘,'.‘,E..! -'..' _!I'
‘:f' -.."f”".:f-:.- ':_ '-":.;_*,' .:: "".':'
=T - L] .
T 1 T I 1 I
1980 1985 1990 1995 2000 2005

2010

FIGURE 6-7. WEIGHTED LAKE OKEECHOBEE BASIN RAIN FALL

Note blue line denotes smoothed loess average

Final 2009 System Status Report

September 2010



Chapter 6 Lake Okeechobee Module

6.3 WATER QUALITY STRESSOR

6.3.1 Introduction and Background

Lake water quality is a stressor in all of Lake Okeechobee’s hypothesis clusters (Figure 6-8). In
addition, Lake Okeechobee is a primary source of water for Everglades and estuarine restoration
and reductions in nutrient concentrations in the lake will improve water quality for all these
downstream areas. Development of the lake’s watershed has increased phosphorus (P) loading
to the lake over the last half century, and has accelerated eutrophication (Engstrom et al., 2006).
Additionally, Lake Okeechobee is designated as a Class I drinking water source by the Florida
Department of Environmental Protection (FDEP). Approximately 60,000 people rely on Lake
Okeechobee as their primary source of potable water. Periodic large-scale surficial blooms since
the 1980s are a consequence of the lake’s deteriorated water quality regime. The last of these
occurred during summer 2005, and has elevated concerns about cyanotoxins and potential
adverse health effects for wildlife, livestock and humans.

Lake Okeechoboe Lake Okeechobes

Stage Water Quality
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FIGURE 6-8. WATER QUALITY, WHICH IS AFFECTED BY STAGE, IS A PRIMARY
STRESSOR AFFECTING ALL LAKE OKEECHOBEE HYPOTHESIS CLUSTERS

Key water quality characteristics of concern for Lake Okeechobee are P concentration, the ratio
of nitrogen (N) to P, algal bloom frequency and composition, light climate, turbidity,
sedimentation rates, sediment resuspension, and cycling of nutrients sequestered in the bottom
sediments. The greatest concern is the increased P concentration within the lake, P has been
associated with periodically large algal blooms (Jones, 1987; Havens et al., 2003), and has led to
numerous efforts to reduce P loads to the lake.

Excessive P loads to Lake Okeechobee originate from agricultural and residential activities that
dominate land use in the watershed. TP loads were 558 metric tons per year (mt/yr) on average
from water year (WY) 2003 to WY 2008 (WY is May to April) (Zhang et al., 2009b), a loading
that includes several extreme events (e.g., hurricanes). These loads are nearly four times the
total maximum daily load (TMDL) of 140 mt/yr considered necessary to achieve the target in-
lake P goal of 40 micrograms per liter (ug/L) (FDEP, 2001; Havens and Walker, 2002).
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Reducing watershed nutrient loads to Lake Okeechobee is only part of the process leading to a
less eutrophic system. As a result of excessive nutrient loading, primarily over the past 60 years
(Brezonik and Engstrom, 1998), over 30,000 mt of P is sequestered in Lake Okeechobee’s
sediment (Reddy et al., 1995). Since Lake Okeechobee is shallow, with an average depth of 2.7
meters, and a large fetch, up to 50 kilometers, wind generated waves can easily resuspend these
sediments (Jin and Ji, 2004) and, through equilibrium processes, release P back into the water
column. The release of P into the water column through sediment resuspension is of particular
concern during hurricanes when massive disturbance of the shallow sediment can result in large
spikes in post-hurricane water column P concentration.

Sediment P assimilative capacity appears to be diminishing, thus contributing to increases in P
concentration in the water column despite an overall reduction in external P loading since the
1980s (Havens and James, 2005). Clearly, understanding the role that sediments play in the
lake’s P cycle is paramount in developing restorative measures to reduce in-lake P
concentrations. Three alternatives were considered in a sediment management study: dredging,
chemical treatment and achieving the lake P-loading goal (Blasland Bouck and Lee Inc., 2003a).
Dredging may be cost prohibitive and would take several decades to complete. Chemical
treatment of the sediments to prevent P release has never been attempted on a scale that would be
needed to treat the central mud zone sediments in Lake Okeechobee. A 32-day laboratory bench
test study using chemical compounds to prevent P-release from pelagic mud sediments suggested
that ferric chloride at 50 milligrams per liter (mg/L) and alum at 30 to 40 mg/L. were the most
effective in reducing P release from the sediments (Golder Associates Inc., 2008). TP and
soluble reactive P (SRP) release was reduced roughly 50 percent or greater at these doses both in
cores where the sediment was periodically resuspended and in those in which the sediments were
undisturbed. TP and SRP concentrations were typically between 20 and 100 mg/L depending on
the treatment (undisturbed or resuspended) and day. A larger-scale evaluation of these two
compounds may be conducted in the future. Expectations from other studies are that if external
P loads are reduced, nutrient reduction and ecological recovery will occur over time (Sas, 1989;
Jeppesen et al., 2005). The current estimate for positive effects after meeting the watershed
loading goal is a few decades (Blasland Bouck and Lee Inc., 2003b).

The presence of easily resuspended mud sediments on the bottom of the central area of Lake
Okeechobee presents additional water quality concerns. Resuspended sediments reduce light
transmission through the water column. High lake levels enhance the transport of suspended
sediments to nearshore regions of Lake Okeechobee, reducing light availability for SAV growth
(James and Havens, 2005), which affects animals that use these plant communities as a food
source or for habitat (Havens et al., 2005). Wind waves created by hurricanes in 2004 and 2005
resuspended large amounts of mud sediments into the water column and transported these mud
sediments throughout the pelagic and nearshore regions. Consequently, turbidity and P
concentrations have remained above pre-2004 levels and have negatively affected SAV (James et
al., 2008) and fish (Zhang et al., 2009a).

A more detailed discussion of Lake Okeechobee water quality can be found in the 2007 SSR
(RECOVER, 2007), which is available on line at
www.evergladesplan.org/pm/recover/assess_team_ssr 2007.aspx.  Thorough discussions of
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water quality issues during WY 2005 through WY 2009 surrounding Lake Okeechobee can be
found in Chapter 10 of the 2009 South Florida Environmental Report (SFER) (Zhang et al.,
2009b), which is available online at my.sfwmd.gov/sfer ).

Water quality goals for Lake Okeechobee are as follows:

e Decrease P inputs as part of restoration implementation and basin control efforts

« Pelagic TP concentrations should not exceed 40 ng/L

e Increase the TN to TP ratio to above 22:1

e Chlorophyll a concentrations should not exceed 40 pg/L (indicative of algal blooms) in
no more than five percent of all samples collected in the pelagic region

» Ratio of dissolved inorganic nitrogen (DIN) to SRP should be greater than 10:1.

« Water transparency clear enough to see a Secchi disk on the lake bottom from May to
September in nearshore areas

Two performance measures and two interim goals have been developed for Lake Okeechobee
water quality. The performance measures are for water quality mosaic and diatom to
cyanobacteria (www.evergladesplan.org/pm/recover/perf low.aspx). The interim goals are for P
and algal blooms (www.evergladesplan.org/pm/recover/igit_subteam.aspx).

6.3.2 Monitoring

A number of studies and long-term monitoring efforts are underway to examine processes
occurring in Lake Okeechobee and its watershed. Details of these efforts are reported in the
2009 SFER (Zhang et al., 2009b). Water quality data for Lake Okeechobee are available on the
SFWMD’s DBHYDRO database. Lake Okeechobee water quality was evaluated with data from
the pelagic water quality monitoring stations (Figure 6-9) for the period from 1988 to 2008 and
from the nearshore monitoring stations for the period of 2004 to 2008.

Correlations among water quality parameters were determined using the nonparametric
Spearman rank method using the last ten years of data (1999 to 2008). Data over the last five
years (2004 to 2008) were averaged and compared to specific numeric goals as defined in the
Lake Okeechobee Protection Plan (SFWMD et al., 2007). These included TP concentration, TN
to TP ratio, SRP to DIN ratio, percent algal blooms and TP loads to the lake. Water quality
trends for the 1981 to 2007 period were developed by James et al. (2009) using seasonal
Kendall’s Tau analyses.

Additional water quality data from the nearshore stations (Figure 6-9) were averaged for the
five-year period 2004 to 2008 and compared to nearshore goals. These included nearshore TP
and the percent of samples where Secchi disk transparency was equal to water depth (i.e. the
water was clear enough to see a Secchi disk on the bottom of the lake) from May to October.
While no TN to TP ratio goals have been set for the nearshore region, this team compared the
observed nearshore ratio to the pelagic goals.
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6.3.3 Results

The pelagic stations indicate long-term trends in the offshore region of Lake Okeechobee.
Sediment water interactions are major factors driving nutrient dynamics in this region. Five-year
averages (2004-2008) were compared against quantitative restoration goals. Of the restoration
goals for the pelagic region, only the algal bloom (chlorophyll a) criteria have been met. The
observed reduction in algal bloom frequency is attributed to decreased water clarity caused by
disturbances from the 2004 and 2005 hurricanes. Water quality goals for the nearshore region
include water transparency clear enough to see a Secchi disk on the lake bottom from May to
September and TP less than or equal to 40 pg/L. Neither has been achieved in the past five
years. While no TN to TP and DIN to SRP ratio goals have been established for the nearshore
region, the observed values were 15.8:1 and 4.6:1, respectively. Trends determined for the
offshore region of Lake Okeechobee 1981 to 2007 indicated TP, SRP and turbidity increased
significantly, while chlorophyll @ and TN had no significant change. Because nutrients are in
excess, algae in this region of Lake Okeechobee have been mostly light limited. While
implementation of restoration projects should improve water quality attributes through reduced
water column N, P, TSS and chlorophyll a concentrations, the detection of these improvements
will require a long-term data set because system responses take time. Restoration success in
Lake Okeechobee and its watershed would significantly enhance the restoration success of the
Everglades and the coastal estuaries in terms of improved quantity, quality and timing of water
leaving Lake Okeechobee.

Phosphorus loads in WY 2007 and WY 2008 were 202 and 246 mt, respectively
(Figure 6-10). These loads were lower than the five year rolling average because of reduced
flows due to drought conditions. In WY 2009, drought conditions eased and P loads rose to 657
mt. There is no detectable trend in P load entering the lake — albeit any changes in load pattern
that might be present may be being obscured by the large year-to-year climatic variability.
However, there is a significant upward trend (Kendall tau, p=0.009) in P loads being discharged
and a corresponding downward trend (Kendall tau, p=0.032) in the fraction of the annual P load
being retained in the lake (i.e., “net”, or loading into lake minus load out). These trends reflect
the reduced assimilative capacity of Lake Okeechobee (Havens and James 1997, 2005). If
excessive loads into the lake continue, it is likely that loads out will correspondingly increase.
Alternatively, if future loading rates decrease due to the complementary success of various
efforts to accomplish exactly that end, the internal recycling from P built up in the sediments
may delay the corresponding reduction in loading exiting the lake (Sas 1989; Jeppesen et al.
2005) .

The total inflow to Lake Okeechobee was greater in WY 2008 than in WY 2007 (1,012,785 acre-
feet versus 575,283 acre-feet), but inflow P concentration was lower in WY2008 (Figure 6-11).
The five-year average load (WY 2004 to WY 2008) was 588 mt. This load includes 35 mt from
atmospheric deposition as specified by the FDEP (2001). The five-year average load is about
four times greater than the goal of 140 mt/yr (Table 6-1). Note the decrease in inflow
concentration from 1982 through 1997 and increases in some years thereafter. Internal
concentrations in 2005 to 2006 were for the first time observed higher than inflow
concentrations. The decreased loadings in 2007 and 2008 reflect the prolonged drought that
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occurred during that timeframe. Detailed nutrient and flow data from the Lake Okeechobee
watershed can be found in the annual SFER updates.
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TABLE 6-1. GOALS AND FIVE-YEAR AVERAGES FOR WATER QUALITY

PARAMETERS
Five-Year
Average
(WY2005-
Parameter Goal WY2008)
140 mt/yr
TP load (to be met by 2015) 558 mt/yr
Pelagic TP 40 pg/L 193 pug/L
. : 1.72 parts per million
Pelagic TN not applicable
s PP (ppm)
Pelagic SRP not applicable 61 ng/L
Pelagic DIN not applicable 313 pug/L
Pelagic TN to TP >22:1 10:1
Pelagic DIN to SRP >10:1 54:1
< 5 percent of pelagic chlorophyll a o
Algal bloom frequency exceeding 40 pg/L. 4.57%
Secchi disk visible on lake bottom
Water clarity at all nearshore SAV sampling 19.38%
locations from May to September
Nearshore TP below 40 pg/L 129 pg/L
Nearshore TN to TP not applicable 15.8:1
Nearshore SRP to DIN not applicable 4.6:1

Among the canals and streams that discharge into Lake Okeechobee, the largest source of
surface water inflow is from the Kissimmee River. The combined Upper Kissimmee sub-
watershed (above structure S-65), the Lower Kissimmee basins and the Lake Istokpoga sub-
watershed comprise about 53 percent of the Lake’s watershed, and account for approximately 50
percent of the surface water flows entering Lake Okeechobee. As measured at the lower S-65E
structure, the Kissimmee River contributes the majority of P loading to Lake Okeechobee
(approximately 30 percent of the total), followed by the Taylor Creek/Nubbin Slough and the C-
41 drainage basins. The load from the Kissimmee/Istokpoga basin alone has, in most five-year
timeframes since 1994 (Figure 6-12), accounted for loads in excess of the regulatory TMDL
target of 140 mt/yr for the entire Lake. Although the Kissimmee River Restoration project is an
effort separate from Everglades restoration, the two are nevertheless interdependent. The
Kissimmee River restoration aims to re-establish hydrologic conditions similar to pre-
channelization. Historical flow and volume characteristics will be achieved through increased
storage in the headwater lakes. These changes coupled with expanded area and quality of lake
littoral zone and river riparian area will result in P load reduction to the lake. Amelioriation of P
loads to Lake Okeechobee will ultimately result in trickle-down benefits to the STAs, the
Everglades, and South Florida’s estuaries, in the form of reduced nutrients, algal bloom
frequency and turbidity.
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The hurricanes in 2004 and 2005 resulted in an increase of TSS in the water column
(Figure 6-13a). The values are much higher than before the hurricanes, despite samples being
taken weeks after the storms. The amount of suspended sediment in the water column during the
storms was most likely orders of magnitude greater than that measured in the weeks after the
storms (Jin et al., 2009). Turbidity, which is very closely related to TSS in Lake Okeechobee,
has increased significantly over time (Figure 6-13b; Table 6-2).

The flocculent mud sediments in this large shallow lake are easily resuspended as demonstrated
by spikes in TSS concentration in non-hurricane years (i.e., 1990, 1994, 2000 and 2001; Figure
6-13a). The resuspension occurs primarily from wind-induced waves and secondarily from
currents (Jin and Ji, 2004).

The average percent (19.4) of time that nearshore Secchi disk visibility extended to the lake
bottom during the May to September period over the last five years has been low (Table 6-1).
Variability in this measurement among years is high and related to water levels, with low water
years having greater number of measurements with visibility to the lake bottom than high water
years (Figure 6-13¢). Caution should be taken in interpreting these data since the number of
observations in the low lake years are small (Figure 6-13f).
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FIGURE 6-13. PELAGIC TOTAL SUSPENDED SOLIDS CONCENTRATION

JANUARY 1988 TO DECEMBER 2008
Key:  a) Sampling data
b) TSS versus turbidity
¢) TN
d) TP
e) Percent nearshore observations May to September where Secchi disk is visible on lake bed
f) Number of nearshore observations of water transparency
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TABLE 6-2. SPEARMAN RANK CORRELATION COEFFICIENTS (TOP VALUE),
PROBABILITIES (MIDDLE), AND NUMBER OF COMPARISONS (BOTTOM) FOR
SELECTED WATER QUALITY PARAMETERS FROM LAKE OKEECHOBEE FOR

1998 TO 2008
TP TN TSS Chlorophyll @ | Turbidity SRP
0.742
TN <.0001
1634
0.824 0.743
TSS <.0001 <.0001
1645 1633
-0.243 -0.026 0.011
Chlorophyll a <.0001 0.291 0.652
1645 1633 1648
0.925 0.742 0.890 -0.229
Turbidity <.0001 <.0001 <.0001 <.0001
1646 1634 1649 1649
0.757 0.387 0.388 -0.527 0.622
SRP <.0001 <.0001 <.0001 <.0001 <.0001
1635 1634 1638 1638 1639
0.721 0.646 0.478 -0.499 0.697 0.727
DIN <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
1634 1634 1637 1637 1638 1638

TSS are closely correlated to turbidity, TN and TP (Figure 6-13b, ¢ and d; Table 6-2). The
correlations to TP and TN correspond with resuspended sediments that contain large amounts of
P and N. The increases in resuspended sediments also were associated with increases in SRP
(P<0.005, data not shown). The effect of the 2004 and 2005 hurricanes on P is observed in the
marked increased concentration seen in both of those years. P has slowly declined since 2004
(Figure 6-14b). However, concentrations had not declined to pre-2004 values by the end of the
measurement period. This is attributed to the much more easily resuspended sediments that
maintained high P levels in the water column after the 2004 hurricanes (James et al., 2008). A
seasonal pattern of higher TP concentrations in the winter than summer (Figure 6-14c) is a
product of higher wind velocities that occur in winter and spring. The significant upward trend
in TP concentration is at a rate of 2 to 3 pg/L per year (Figure 6-15; Table 6-3; James et al.,
2009). The current five-year average of TP is 193 ug/L or nearly five times the goal of 40 pg/L
(Table 6-1). The nearshore five-year average of 123 pg/L is three times the target goal. The P
trophic state index (TSI), computed using the formula specified in the Florida Administrative
Code(F.A.C.) rule 62-302, indicates increasing eutrophic conditions(Figure 6-14d).
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TABLE 6-3. SEASONAL KENDALL’S TAU TREND ANALYSIS OF MONTHLY
AVERAGED DATA FOR LAKE OKEECHOBEE FROM 1981 TO 2007

Slope
per
Statistic Tau Year P
Chloride -0.5555 -1.8074 <0.0001
TP 0.4321 0.0026 <0.0001
SRP 0.3848 0.0011 <0.0001
TN -0.1207 -0.0062 0.1197
DIN 0.2137 0.0026 0.0133
Turbidity 0.3703 0.8465 0.0001
Secchi transparency -0.4253 -0.0113 <0.0001
Chlorophyll a -0.0904 -0.1402 0.2724

The pattern of SRP concentration over time (Figure 6-16a) mimics the TP timeline. Both the
SRP concentration as well as the SRP to TP ratio (Figure 6-16¢) exhibit significant (P < 0.001)
increasing trends. The increasing trend in the SRP to TP ratio indicates that not only is more P
present in the water, but more of it is in the more bioavailable form. As with TP concentration,
SRP and SRP to TP ratios peaked after the 2004 hurricanes and have declined slowly since, but

remain above pre-2004 levels.
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TN concentrations are correlated with TP concentrations (P < 0.005), despite the lack of a
significant temporal trend in TN (7able 6-3), which suggests that similar seasonal and annual
factors that affect P also affect N. TN was also correlated with TSS (Figure 6-13c;
Table 6-2).
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FIGURE 6-17. PELAGIC TOTAL NITROGEN CONCENTRATION FOR JANUARY

1988 TO DECEMBER 2008
Key:  a)sampling data; means and 95 percent confidence intervals by
b) year and
¢) month; and
d) TN TSI by year

Annual average chlorophyll a reached the lowest values in 2005 and 2006 (Figure 6-18a and b).
However, the long-term trend is not significant (Table 6-3). The lower values in 2005 and 2006
are attributed to increased light limitation (James et al., 2008). Thus, while Lake Okeechobee
met the less than five percent algal bloom frequency restoration target during the past five years,
this achievement was a consequence of poor light conditions rather than declining nutrient levels.
The seasonal pattern of greater chlorophyll during the summer is related to higher water
temperatures and greater light penetration due to less wind-induced mixing during the summer
months compared to the cooler, windy winter months
(Figure 6-18c). The chlorophyll TSI was calculated as referenced in the F.A.C.
(Figure 6-18d). Values for the lake index above 60 units denote eutrophic conditions. All but
three of the years evaluated exceeded this threshold.
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Key:  a)sampling data; means and 95 percent confidence intervals by
b) year and
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d) Chl TSI by year (above orange line indicates eutrophic conditions)

6.3.4 Summary

Numerous control efforts are planned or underway in the Lake Okeechobee watershed to capture
a percentage of P that would otherwise enter the lake (SFWMD et al.,, 2007). However,
watershed P loads are merely part of the issue, because a large reservoir of P is sequestered in
Lake Okeechobee’s sediments (Reddy et al., 1995). The decreasing trend in assimilative
capacity of Lake Okeechobee suggests that the sediments are losing their capacity to bind P
(Havens and James, 2005). When watershed restoration is completed and inflow P
concentrations and loads to Lake Okeechobee decline, it is expected to take several decades
before in-lake concentrations decline to the in-lake goal of 40 pg/L because of the reduced
sediment P assimilation and excess P content in sediments.

Of the four restoration goals for the pelagic region, only the algal bloom criteria have been met.
The observed reduction in algal bloom frequency is attributed to decreased water clarity caused
by disturbances from the 2004 and 2005 hurricanes. Water quality goals for the nearshore region
have not been achieved in the past five years. While no TN to TP and DIN to SRP ratio goals
have been established for the nearshore region, the observed values were 15.8:1 and 4.6:1,
respectively. Trends determined for the pelagic region of Lake Okeechobee for 1981 to 2007
indicated TP, SRP and turbidity increased significantly, while chlorophyll a and TN did not
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change significantly. Because nutrients are in excess, algae in this region of the lake have been
mostly light limited.

In addition to management of water levels, ecological improvements in Lake Okeechobee are
dependent on a reduction in nutrient loads and the eventual stabilization of lake sediments
through natural processes (e.g., compaction). A significant portion of water quality variability is
attributed to sediment water interactions. Long-term increases of P are specifically related to
excessive loads to Lake Okeechobee. In-lake responses to incremental reductions in watershed P
loads will be undetectable against the backdrop of the sediment water interactions. Even if
internal loading does delay full recovery of Lake Okeechobee, observations of shallow eutrophic
systems elsewhere around the world demonstrate measurable improvement in water column P
and chlorophyll a concentrations and increased Secchi disc transparency in as little as ten to 15
years (Sas, 1989; Jeppesen et al., 2005). These improved water quality conditions in terms of
reduced nutrient, TSS and chlorophyll a concentrations, coupled with maintenance of
appropriate water levels as a result of restoration should result in benefits in the nearshore and
littoral regions of Lake Okeechobee, where most ecological functions and societal values of the
lake reside (Havens et al., 2007). However, since internal loading likely will delay the onset of
environmental benefits from improved management of Lake Okeechobee and its basin detecting
these changes will require a commitment to water quality and ecological monitoring extending to
2050 and perhaps beyond.

6.4 PHYTOPLANKTON HYPOTHESIS CLUSTER

6.4.1 Introduction and Background

Phytoplankton monitoring is an important component of Lake Okeechobee research for two
reasons. First, the lake is designated as a Class I drinking water source by the FDEP. An algal
bloom is defined as chlorophyll a concentrations greater than or equal to 40 ppb. Second,
phytoplankton is one of the primary producers at the base of the pelagic and nearshore food webs
and as such may be an important food source for higher trophic-level grazers such as
macroinvertebrates and fish.

Data collected as part of a long-term monitoring program indicate that the Lake Okeechobee
phytoplankton community has been shifting from one dominated by diatoms in the 1970s to
being dominated by cyanobacteria since the 1990s (Havens et al., 1996). Cyanobacteria
dominance of the phytoplankton assemblage in Lake Okeechobee is considered to be undesirable
since these taxa are not readily grazed by zooplankton, suggesting that energy transfer from
phytoplankton up the food web to the higher trophic levels may be reduced. When less energy is
transferred up the food web, reduced yields of desirable fish may result (Smith et al., 1995b). A
measurement of carbon flow by Work et al. (2005) suggested that a significant fraction of the
energy source in Lake Okeechobee was from bacteria. Continued excessive nutrient loading
from the watershed, fluctuating climactic events ranging between excessively dry and wet years,
and the passage of three hurricanes during 2004 and 2005 may be factors that are influencing
changes in the phytoplankton community (Figure 6-19). The long-term data set suggests a shift
from cyanobacterial dominance between 1994 and 2003, to one dominated by diatoms thereafter.
These data are useful in establishing pre-restoration conditions and suggest that over the past
decade the phytoplankton community has been dynamic. These data will be useful in assessing
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if restoration will contribute to a return to a more heterogeneous phytoplankton assemblage that
was thought to occur prior to anthropogenic disturbance; one that is dominated or co-dominated
by diatoms rather than cyanobacteria. A more detailed discussion of phytoplankton in Lake
Okeechobee can be found in the 2007 SSR (RECOVER, 2007a) at
www.evergladesplan.org/pm/recover/assess_team_ssr 2007.aspx.

Nutrient
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FIGURE 6-19. CONCEPTUAL MODEL FOR PHYTOPLANKTON
IN LAKE OKEECHOBEE

Bioassay experiments have been conducted since 1994 on the factors limiting phytoplankton
production in Lake Okeechobee. Resource-limitation assays are used to assess trends in the
importance of nutrient and light availability for algal blooms in the lake zones most prone to
planktonic algal blooms. Integrated samples of the water column were collected quarterly from
four stations representing the four ecological zones found in Lake Okeechobee. These bioassays
show that from 1997 to 2008 algal growth in Lake Okeechobee is generally light limited but may
be periodically limited by N: 55 percent light limitation and 40 percent N or N+P limitation with
five percent showing no significant difference.
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The RECOVER program has developed a performance measure for the diatom to cyanobacteria
ratio, which can be found online at
www.evergladesplan.org/pm/recover/recover_docs/et/lo_pm_cyano-diatom.pdf. An interim goal
has been developed for algal blooms and can be found online at
www.evergladesplan.org/pm/recover/recover_docs/igit/igit_mar_2005_report/ig_2-

3 _lakeoalgalblooms.pdf .

The restoration goals for phytoplankton are as follows:

» Alter bloom composition with cyanobacteria comprising less than 50 percent

» Decrease cyanobacterial bloom frequency

« Reduce cyanobacteria dominance and increase diatoms such that the diatom to
cyanobacteria ratio becomes greater than 1.5:1 (data collected since 2003 indicates that
the target formulation should be revisited)

6.4.2 Monitoring

Phytoplankton monitoring was initiated in 1994 and is currently conducted on a quarterly basis at
the sites shown on Figure 6-20 (East and Sharfstein, 2006). Biomass as chlorophyll a, and
community taxonomic composition are determined. Laboratory bioassays are conducted on
samples to determine whether light or nutrients are potentially limiting phytoplankton growth.
Photosynthesis irradiance curves are generated to evaluate how photosynthetic characteristics
varied among sites located in ecologically distinct regions of the lake (Phlips et al., 1993a; Maki
et al., 2004). Diatom to cyanobacteria ratios are calculated from the percent total biovolumes.
Cyanotoxin concentrations were also determined. The monitoring and analysis is discussed in
more detail in the 2007 SSR (RECOVER 2007), which can be found online at
www.evergladesplan.org/pm/recover/assess_team_ssr_2007.aspx.
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6.4.3 Results
6.4.3.1 Community Composition

Non-metric multi-dimensional scaling ordination analysis of the community data suggests that
year and then season were the two most significant factors. The clearest separation (R=0.85,
p=0.001) occurred among years and then among seasons (Figure 6-21). The group patterns
suggest that there was very clear separation (R>0.80) between most years with the differences
becoming more pronounced as the interval between years increased. Some of the most
significant (R>0.9, p=0.001) among-years differences occurred between 2000, 2001 and each of
the subsequent years. During 2001, a lake recession and prolonged drought occurred and lake
stage decreased by May of that year to roughly 1.7 meters below the long-term seasonal average,
which was, at that time, the lowest lake stage ever recorded, which has since been exceeded in
June 2007. Conversely, the phytoplankton communities were not substantially different between
2004 and 2005 (R=0.29, p=0.003), and 2005 and 2006 (R=0.37, p=0.001) (Figure 6-21). These
years were marked by the passage of hurricanes, lake stage greater than 16 feet above msl, and
prolonged high turbidity. As lake stage decreased during the second half of 2006 and remained
less than 12 feet for most of 2007 and 2008, differences among the phytoplankton communities
became more pronounced. Moderate separation (R=0.54, p=0.001) among the phytoplankton
communities was observed between 2006 and 2007 and separation was relatively clear (R=0.77,
p=0.001) between 2006 and 2008. Among all but one seasonal classification, the phytoplankton
communities were moderately separated (R-value ranges 0.47 to 0.63) (Figure 6-21). The
assemblages were most different between fall-spring and fall-winter whereas these assemblages
were least different among the winter and spring seasons (R=0.25, p=0.001).

The within-year phytoplankton communities had mean similarity percentages that ranged from a
high of 59 percent in 1994 and 29 percent in 2005. The higher similarity percentages tended to
be earlier in the data period, though they began to increase between 2006 and 2008. These
values represent mean taxon contribution to the community structural similarity among samples
for each year and suggest that within-year variability was greatest during the period from 2002 to
2006.

In general, cyanobacteria taxa comprised three or four of the top five taxa that contributed most
to the greatest among-years relative dissimilarities. Diatoms were less important, although they
did comprise one or two taxa that made significant contributions to the among-years dissimilarity
values. In these cases, it was diatom taxa that were found primarily in 2001 to 2008. Among the
2000 to 2008 group comparisons, three diatom and one or two cyanobacteria taxa generally
contributed most significantly to the among-years dissimilarity values. From 2003 to 2008,
diatom taxa contributed most to the among-years dissimilarity values and diatoms contributed
most to the within-year similarity values from 2004 to 2008. These results suggest that the
phytoplankton assemblage experienced an increase in diatom importance and variability after
2000, while cyanobacteria became less important. Diatoms also became the dominant algal
division from 2004 to 2008, while most of the cyanobacteria taxa contributed to a very small
proportion of the community similarity and among-communities dissimilarity values. However,
some of the among-years community variability also may have been due in part to variability in
sample identifications (i.e. taxonomic drift).
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Separation among the community on a seasonal basis was less though still somewhat clear
(R<0.47, p=0.001, Figure 6-21). The largest separation among phytoplankton communities on a
seasonal basis was between winter and fall (R=0.62, p=0.001). The smallest separation, which
was marginal (R=0.25, p=0.001), was between the winter and spring phytoplankton
communities. Diatom taxa contributed most to the winter and spring community similarity
values, while cyanobacteria and a mix of cyanobacteria and diatom taxa contributed most to the
summer and fall similarity values, respectively. Between seasons, the highest dissimilarity
values were contributed by differences in diatom taxa abundances (fall-winter) and
cyanobacteria and diatom taxa (summer-winter). It should be noted that the stress value
associated with both the two-dimensional among-years and seasons and the among-years and
lake stages plots was sufficiently high to caution their use for anything beyond examination of
general trends per guidelines presented in Clarke and Warwick (2001).
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FIGURE 6-21. PHYTOPLANKTON COMMUNITY ORDINATION PLOT
BY YEAR AND SEASON

Little difference was found in the phytoplankton communities when classifying the lake stage as
either “high” (>15.5 feet msl), “medium” (12.5 to 15.5 feet msl) or “low” (<12.5 feet msl)
(R=0.08), although marginal differences were observed (R=0.31, p<0.001) among these stage
classifications when year was the second factor (Figure 6-22). The greatest separation was
observed between medium and low lake stage classifications (R=0.42, p=0.001), suggesting
larger changes in the phytoplankton community occurred as the lake varied between medium and
low stages, relative to community changes between high and medium, and high and low lake
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stages. Very little difference occurred among sites (R=0.10, p=0.003), whether examined on an
among-years or among-seasons basis. The largest separation was between the communities at
3POLE (near the northwestern tip of Ritta Island in the southern nearshore region) and LZ40 (in
the center of the lake), but the amount of separation (R=0.31, p=0.001) was marginal. These
comparisons suggest that temporal factors were more important in influencing community
structure than variability in either lake stage or geographic location. Since photosynthetic
behavior was shown to be homogenous among sites during higher lake stages and heterogeneous
under lower lake stages (Maki et al., 2004), it is perhaps surprising that larger differences in the
phytoplankton communities were not observed under different lake stages. The marginal
separation observed in the phytoplankton community under lake stage classifications may reflect
the decreased representation of two of the nearshore sites during periods of low lake stage as
sampling was not conducted because these sites were inaccessible.
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FIGURE 6-22. PHYTOPLANKTON COMMUNITY ORDINATION PLOT
BY YEAR AND LAKE STAGE

Stepwise addition of water quality variables suggested a positive but weak relationship
(Spearman p=0.29, P=0.001) between a combination of specific conductance, the ratio of DIN to
SRP, ammonia, SRP, TP, and mean daily lake stage and wind speed and the phytoplankton
community composition. Similarly weak positive correlations between combinations of subsets
of these variables also were observed.

6.4.3.2 Biomass Determination

Biomass defined as mean annual total biovolumes were variable among the nearshore and
pelagic sites, and appears to be similar among both regions for most years (Figure 6-23). The
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mean annual pelagic biovolume appears to be significantly lower in 2006 relative to the other
years and may be related to extremely low light levels in the water column after the passage of
the hurricanes in 2004 and 2005. Mean annual biovolumes varied between 48,000 cubic
micrometers per milliliter (um’/mL) in 2006 (pelagic sites) to 1,900,000 pm’/mL in 2001
(nearshore sites).
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FIGURE 6-23. ANNUAL MEAN PHYTOPLANKTON BIOMASS IN TOTAL
BIOVOLUMES + 1 STANDARD DEVIATION AT BOTH

NEARSHORE AND PELAGIC SITES
Key: SD standard deviation

Biomass as mean annual chlorophyll a concentrations was less variable and very similar among
site types for all years (Figure 6-24). Mean annual chlorophyll a concentrations were generally
between 10 and 20 pg/L. Algal bloom frequency, as previously defined (Havens et al., 1995)
was infrequent during this period. Blooms were generally observed on average once a year
(from quarterly samples) at either one of the nearshore or pelagic sites. A large-scale surficial
bloom has not been observed since August 2005. In the case of that particular bloom, it occurred
between the summer and fall quarterly sampling events and was therefore not captured as part of
these data.
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FIGURE 6-24. ANNUAL MEAN PHYTOPLANKTON BIOMASS AS CHLOROPHYLL
A+1SD AT BOTH NEARSHORE AND PELAGIC SITES
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6.4.3.3 Light and Nutrient Bioassays

Long-term (1997-2000) bioassay results indicate that light limited phytoplankton growth
approximately 60 percent of the time, while N-limited growth the remaining time (East and
Sharfstein, 2006). These bioassays continue to be conducted on a quarterly basis.

6.4.3.4 Diatom to Cyanobacteria Ratio

Diatom to cyanobacteria ratios have been less than 1:1 since the mid-1990s. Since 2003,
however, the ratios have been increasing at both the nearshore and pelagic sites, such that since
2004, they have exceeded the desired target ratio of 1.5:1 (red horizontal bar in
Figure 6-25). Since 2004, the diatom genera Fragilaria, Aulacoseria and Cyclotella have
become increasingly important in both biovolumes and frequency of detection. Meroplankton
has been found in the water column during low lake levels and this resuspended meroplankton,
rather than the diatom and cyanobacteria assemblage, makes an accurate ratio difficult to obtain.
Meeting and exceeding the restoration target prior to a period of time when water quality has not
noticeably improved in Lake Okeechobee, perchance as an unrelated result of the hurricanes and
water levels, brings into question the validity of the performance measure target. This suggests
that the current performance measure should be modified.
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FIGURE 6-25. ANNUAL MEAN DIATOM TO CYANOBACTERIA RATIO AT BOTH
NEARSHORE AND PELAGIC SITES

6.4.3.5 Cyanotoxin

Mean monthly microcystin concentrations measured at six sites located in the north, west and
southeast areas of the nearshore region of Lake Okeechobee since May 2004 have generally been
below the World Health Organization drinking water standard of 1 pg/L. This standard was
exceeded during the period after Hurricanes Frances and Jeanne but prior to Hurricane Wilma
passing very near or over the lake in the fall 2004 and 2005 (Figure 6-26).
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The highest mean microcystin concentrations were recorded during a large Microcystis-
dominated bloom in August 2005, when mean concentrations were between 15 pg/L and
approximately 25 ug/L. The passage of Hurricane Wilma, which resuspended bottom sediments,
thus increasing TSS concentrations, appears to have disrupted the large algal bloom, which
greatly reduced microcystin concentrations.

Previous regression analysis suggested that the best relationship between microcystin and mean
chlorophyll a concentrations was temporally-lagged between microcystin and the subsequent
month’s mean chlorophyll a concentration. Mean chlorophyll @ concentrations were measured at
the six sites monitored for microcystin, as well as at an additional three sites, one each located at
the mouths of the Kissimmee River and Taylor Creek, plus a site on the west side of King’s Bar.
Mean chlorophyll a concentrations at these sites have generally ranged between 5 pg/L and 15
pg/L, though higher concentrations were observed during late spring-early summer 2004 and
during the August to September 2005 large surficial bloom.
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FIGURE 6-26. MEAN MICROCYSTIN AND PREVIOUS MONTH MEAN
CHLOROPHYLL A CONCENTRATIONS
6.4.4 Summary

The variability in the 1994 to 1995 and 2000 to 2008 community composition data suggest that
these changes may be a reflection of the dynamic climatic events experienced by Lake
Okeechobee over the past decade. Lake stage has fluctuated between a historical high of 18.5
feet msl during an extremely wet 1995 and a historical low of 8.97 feet msl following a lake
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recession and prolonged drought in 2001. Since then, a new historical low lake stage of 8.82 feet
msl was established during the 2007 drought. The extremely high turbidity, over 100 ppm TSS,
after the 2004 and 2005 hurricanes remained until 2006. During 1994 and 1995, taxa that
contributed most significantly to within-year similarity values were predominantly the
cyanobacteria genera Lyngbya, Anabaena, and Oscillatoria along with the diatom Melosira and
the cryptomonad genera Cryptomonas and Rodomonas. While the cyanobacteria taxa Lyngbya
and Oscillatoria continued to play the most significant part in within-group similarity for 2000
through 2002, these groups have been increasingly influenced by diatom genera such as
Fragilaria, Aulacoseria and Cyclotella. Since 2004, at least four of the top five most similar
within-year taxa have been diatoms, suggesting that they are more consistently being found in
samples. Several of these taxa, such as Thalassiosira proschkinae, and species of the genera
Aulacoseria, Cyclotella and Stephanodiscus are nutrient tolerant and indicative of eutrophic or
hyper eutrophic conditions (Yang et al., 2005).

Little spatial difference is observed among sites, which suggests that phytoplankton is most
strongly influenced by temporal and seasonal factors. This contrasts with previous spatially
heterogeneous ecological characterizations of the lake (Phlips et al., 1993a), including
phytoplankton (Aldridge et al., 1995; Cichra et al., 1995). However, the lack of significant
spatial differences in algal communities among the sites may be in part due to lack of data from
nearshore sites when lake stage was so low as to preclude sample collection.

Correlations between water quality variables and community composition remained weak when
examined with additional data collected from 2007 and 2008. This continues to suggest that
relationships are complex and community structure is likely dependent on dynamically varying
individual or composites of water quality factors at different times and under different
conditions. An alternative explanation might be that unmeasured variables are more influential
in the phytoplankton community structure relative to those that were measured.

It is anticipated that restoration would result in reduced nearshore and pelagic zone nutrient
concentrations, with less frequent algal blooms. Blooms could be comprised of a smaller portion
of cyanobacteria than has been observed over the past 20 years.

6.5 PERIPHYTON HYPOTHESIS CLUSTER
6.5.1 Introduction and Background

Periphyton may serve two important roles in the nearshore and littoral marsh regions of Lake
Okeechobee (Figure 6-27). First, periphyton may be an important food source for higher trophic
level grazers such as macroinvertebrates and fish (Zimba, 1995; Carrick and Steinman, 2001).
Secondly, periphyton may indirectly suppress phytoplankton biomass and bloom frequency
through competition for nutrients (Phlips et al., 1993a; Havens et al., 1996). This nutrient
competition may occur once light limitation of the periphyton is relieved, typically during the
less windy summer months, or during periods of low lake stage.
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FIGURE 6-27. CONCEPTUAL MODEL FOR PERIPHYTON
IN LAKE OKEECHOBEE

Periphyton monitoring and research has been conducted in the nearshore and littoral marsh
regions of Lake Okeechobee since the late 1980s. Early studies focused on epiphyte (algae
growing on emergent plant and SAV hosts) abundance, community composition, nutrient
limitation, and phosphorus P storage capacity (Hopson and Zimba, 1993; Zimba, 1995; Hopson
et al., 1998; Zimba, 1998). Two subsequent studies monitored both epiphytic and epipelic
(bottom sediment-associated algae) abundance and community composition (Carrick and
Steinman, 2001; Rodusky, in press). The more recent study also examined nutrient storage.

Nearshore periphyton abundance has been variable over the past roughly 20 years. Diatoms
dominated the epiphytic assemblage during 1990 to 1991 (Hopson et al., 1998), a year in which
Lake Okeechobee was generally at low (less than four meters) lake stages. Concurrent stable
isotope analyses suggested that epiphytes were potentially important sources of carbon (C) and N
to the higher trophic levels (Zimba, 1995). A synoptic study conducted during 1995, which was
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a year of very high (greater than five meters) lake stage, suggested that diatoms were weakly
dominant in the epiphytic communities, while cyanobacteria dominated the epipelon. Periphyton
biovolumes were low that year compared to other eutrophic lakes (Carrick and Steinman, 2001).
A subsequent study was conducted in the nearshore region after a lake drawdown in 2000,
followed by a prolonged drought and the passage of three hurricanes very near the lake during
2004 and 2005. These climatic events resulted in several large lake stage fluctuations and a large
decline in nearshore emergent plant and SAV coverage. Both the epiphytic and epipelic
communities between summer 2002 and winter 2006 were strongly dominated (greater than 80
percent) by diatoms, but periphyton biovolume was generally less than that found during the
1995 Carrick and Steinman study (Rodusky, in press). Lake stage as it relates to light
availability and host substrate areal coverage in the nearshore region of Lake Okeechobee may
be the most influential factors of periphyton abundance.

Nearshore and littoral marsh periphyton nutrient dynamics also have been studied in Lake
Okeechobee. Both N and silica were found to limit epiphytic growth on artificial plants in a
Hydrilla bed (Zimba, 1998). A subsequent study found that usually N, but occasionally P, was
found to limit periphyton growth on nutrient-diffusing substrates in the nearshore region of the
lake once water depths decreased and light limitation was relieved (Rodusky et al., 2001). Both
N and P co-limited periphyton and phytoplankton growth at a southwestern site in the nearshore
region and in littoral marsh mesocosms, suggesting that periphyton had the potential to indirectly
limit phytoplankton biomass via nutrient competition (Havens et al., 1996; Havens et al., 1999).
In the case of the marsh mesocosms; however, high N and P loading did not lead to
phytoplankton dominance (Havens et al., 1999).

Examination of periphyton nutrient storage indicated that most of the epiphytic P storage was
found to be on the SAV host associated substrates relative to that on emergent taxa (Zimba,
1995; Rodusky, in press). A recent estimate of periphyton P storage for the entire nearshore
region (Rodusky, in press) was found to be low (8 mt) and approximately nine times lower than
an earlier estimate (Zimba, 1995). Several factors may have contributed to the difference in P
storage estimates. First, lake stage was generally 0.5 to 1 meter lower and SAV coverage was
approximately three times higher during the Zimba (1995) study, relative to the more recent
study. Secondly, epiphytic P storage estimates for Chara and Hydrilla, which comprised
approximately 80 percent of the total mean SAV areal coverage during the more recent study,
were not included because the samples usually did not contain enough epiphytic material to
analyze for nutrients. Finally, the more recent nutrient storage estimates were derived from
periphyton tissue samples, whereas the estimates calculated by Zimba (1995) were derived by
assuming a 1:1 chlorophyll to phosphorus ratio. It may be that directly measuring periphyton
nutrient content provides a more accurate estimate of nutrient storage relative to assuming a
biomass to nutrient ratio.

In the case of the marsh and nearshore sites, studies have suggested that greater periphyton
abundance led to an overall higher amount of P storage relative to that for phytoplankton during
“clear water” phases or periods of low lake stage and increased light penetration into the water
column (Havens et al., 2001b). This was observed despite higher phytoplankton P-uptake rates.
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A decrease in P inputs to Lake Okeechobee, as part of CERP implementation, is expected to
increase the water column N to P ratio above 22:1, decrease phytoplankton cyanobacteria bloom
frequency, and alter bloom composition, with cyanobacteria comprising less than 50 percent of
future blooms. A decrease in phytoplankton bloom frequency may result in less shading of the
water column, thus enabling SAV and emergent plants to maintain higher areal coverage, which
would provide more substrate for periphyton growth. Currently, periphyton abundance or
nutrient storage targets for CERP have not been established.

6.5.2 Monitoring

Quarterly nearshore periphyton monitoring, which commenced in 2002, was suspended in early
2006 following the loss of nearly all nearshore SAV and most of the nearshore emergent
vegetation. Monitoring recommenced in 2007 after a year of generally very low lake stages (e.g.
less than 12 feet msl). Periphyton monitoring currently consists of collecting epiphytes from
SAV shoots, emergent plant stems and epipelic cores collected from the bottom sediments.
Sampling is conducted in the northern, western and southern areas of the nearshore region of
Lake Okeechobee (Figure 6-28) on a semi-annual basis during March and September or
October. During October 2007 and March 2008, no SAV or emergent sites had host plants to
sample, so only epipelic data were collected. Some of the inshore sites (Pelbayl, Pelbay2,
Southbayl, Ritta E1, RittaW 1, RittaW2, KbarW1, KbarW2, EagleBay1 and EagleBay2) have not
been sampled because either they were dry, or have upland or emergent plants as dominants.
Physical water quality data are also collected. Community biomass, biovolume, composition,
and tissue nutrient content (C, N and P) were determined.

6.5.3 Results
6.5.3.1 Biomass

Mean epipelic biomass declined between 2007 and 2008 in the northern and southern regions
while it generally increased over the same time period in the western region (Figure 6-29). The
2002 to 2006 data are from a single site in each region whereas the 2007 to 2008 data are means
for each region. No sampling was conducted between February 2006 and August 2007. Mean
biomass between 2007 and 2008 + SD was highest in the northern (288 + 88 milligrams per
square centimeter [mg/cm?]) and western (203 + 130 mg/cm®) regions and lowest in the southern
region (49 + 30 mg/cm?). These results are similar to those for the 2002 to 2006 data, wherein
epipelic biomass was highest at the northern site and significantly lower at the southern site.
Epipelon during 2002 to 2006 varied significantly by both site and season. Seasonally, mean
epipelic biomass was significantly higher during spring 2005 and winter 2006 relative to the
spring periods in 2003 and 2004.
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FIGURE 6-28. PERIPHYTON MONITORING SITES IN LAKE OKEECHOBEE

Note: Sites may change year to year as a function of lake stage, plant cover or physical access
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FIGURE 6-29. EPIPELIC BIOMASS +1 STANDARD DEVIATION
BY DATE AND REGION

Mean epiphyte biomass for October 2008 was highest on Vallisneria at two sites in the western
region (311 + 72 milligram per gram [mg/g]) and lowest and approximately the same (10 mg/g)
on Typha in all three regions. Mean Vallisneria-associated epiphyte biomass from two sites in
the northern region (36 = 18 mg/g) was considerably less than that for the corresponding mean
western region Vallisneria-associated epiphytes (Figure 6-30). Mean Chara-associated
epiphytic biomass (195 + 65 mg/g) was higher than that for the remaining epiphytic
communities. These results contrast with those from the 2002 to 2006 data, wherein epiphyte
biomass was highest on Chara, lowest on Scirpus, and similar among the vascular SAV taxa
(Figure 6-31). Scheffe’s test on ranked data suggested that epiphytic biomass between 2002 and
2006 varied significantly among dates and among the replicate Vallisneria sites (p less than
0.001); the latter result contrasts with the corresponding biovolume data (7Table 6-5). Epiphytic
biomass displayed the same temporal patterns as was observed for their respective host
substrates. For the among-site comparisons, the Scirpus at site WES and the Vallisneria at site
WV had significantly higher mean epiphytic biomass than at the Scirpus site SS and the
remaining Vallisneria sites, respectively. Figure 6-32 presents Potamogeton data.

Despite higher than desired lake stages for the majority of the 2002 to 2006 study period,
corresponding areal epiphytic biomass ranges were similar to those recently reported in other
shallow waters. Data ranged from roughly less than 1 gram per square meter (g/m?) to 109 g/m*
for the SAV epiphytes and less than 1 g/m* to 12 g/m” for Scirpus-associated epiphytes. Kiss et
al (2003) reported biomass of less than 20 g/m” to greater than 40 g/m” for epiphytes on differing
age classes of Phragmites stems in a shallow Hungarian reservoir and restored wetland.
Liboriussen and Jeppesen (2006) reported epiphytic biomass of 10 g/m” to 23 g/m” on plastic
strips in shallow temperate Danish lakes of varying trophic status. These comparisons suggest
that a consistently lower lake stage in Lake Okeechobee also might result in epiphytic biomass
that exceeds biomass reported for these temperate lakes.
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Epiphytic Biomass for Hydrilla and Vallisneria 2002-2006
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FIGURE 6-30. MEAN 2002-2006 EPIPHYTIC BIOMASS +1 STANDARD DEVIATION
PER UNIT HOST, HYDRILLA AND REPLICATE VALLISNERIA, BY DATE AND
SITE

Note: site names in legend
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Epiphytic Biomass for Potamogeton 2002-2006
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FIGURE 6-32. MEAN 2002-2006 EPIPHYTIC BIOMASS PER UNIT HOST,

POTAMOGETON, DRY WEIGHT (MG/G, +1 SD)
Note: By date and site

6.5.3.2 Biovolume

Mean epipelic biovolumes were highest (2.1x10° cubic micromoles per square centimeters
[umB/cmZ]) in the northern and southern regions during fall 2007 and highest (2.4x10° pm’/cm?)
in the western region during 2008 (Figure 6-33). The lowest mean epipelic biovolumes (5.1x10’
um’/cm?) were in the southern region during 2008.
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FIGURE 6-33. MEAN REGIONAL EPIPELIC CELL BIOVOLUMES 2007 - 2008

Epipelic data were square root transformed, which yielded slightly greater separation compared
to untransformed and fourth root transformed data, in the analysis of similarities (ANOSIM)
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routine. The ANOSIM tests suggested that lake stage (R=0.40, p <0.01) and season (R=0.24,
p<0.01) were the most influential combination of factors and this combination was more
influential than any single factor on epipelic biovolume between fall 2007 and fall 2008. The R-
value for lake stage suggests that the stage fluctuations between “desired” stage (between 12.5
and 15.5 feet msl) and low stages experienced by Lake Okeechboee during this year were
marginally influential in the amount of biovolume differences among the epipelic communities.
Other factors examined (e.g., region, sediment composition) and combinations of these factors
were much less influential (e.g., R <0.20) relative to lake stage and season.

The taxonomic similarity percentage (SIMPER) routine suggested that diatom taxa accounted for
greater than 80 percent of the most consistently found taxa during both fall 2007 and fall 2008,
when lake stage was either below or within the desired lake stage envelope. Diatom dominance
during spring 2008 was even more pronounced, comprising greater than 90 percent of the within-
group similarity percentage value. Dominant diatom taxa were Fragilaria sp., Navicula sp. and
Aulacoseira sp. The few non-diatom taxa that contributed to the within-group similarity
percentages were the cyanobacteria Leptolyngbya sp and Oscillatoria spp. Among-groups most
dissimilar taxa were the green algae Oedegonium sp. for the among-lake stage comparisons and
Aulacoseira sp. for fall-spring comparisons.

Total annual epipelic biovolumes between 2003 and 2005 were highest during 2004 (6.4x10°
um’/cm?) and lowest during 2005 (1.8x10° pm’/cm?®). Decreased epipelic biovolumes over this
period may have reflected a substantially reduced light regime in the water column following the
passage of two hurricanes during fall 2004. The reduced light regime reflected a roughly two
meter increase in lake stage and six to eight months of elevated (greater than100 mg/L) TSS
concentrations in the nearshore region of Lake okeechobee.

When matching the 2002 to 2008 epipelic assemblage data to available water quality data, the
combination of depth, Secchi disc depth to total depth ratio (SD to TD), P and the ratio of DIN to
SRP had the strongest Spearman correlation (p=0.34, p=0.01) with the epipelic assemblages.
These pattern matches suggest that light-related variables dissolved N and P may have had some
influence on the epipelic communities. The periphyton water quality variable data were
transformed in the same manner as that for the phytoplankton water quality data. Water column
temperature, specific conductance and ammonia data were omitted from this analysis because of
missing data.

Fall and spring data were used to compare the 2003 to 2005 and the 2007 to 2008 epipelic data
sets, since data was not collected during the summer and winter from 2007 to 2008. The
combination of stage (R=0.78, p<0.01) and season (R-0.56, p<0.01) (Figure 6-34) were the most
influential factors and that the among-groups separation was clear when examining by lake stage.
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FIGURE 6-34. SEPARATION OF EPIPELIC COMMUNITIES UNDER LOW,
DESIRED (MED;12.5-15.5 FEET) AND HIGH LAKE STAGES
BETWEEN 2003 AND 2008

The same diatom taxa previously mentioned dominated the within-group similarity percentages,
comprising greater than 83 percent of the mean value under low lake stage, to greater than 90
percent at high lake stages. Among the groups, diatom biovolume differences were greatest
between the low and high lake stages and most similar among the desired and low lake stages.
An inverse relationship existed between the high and low lake stages and the dominant diatom
taxa biovolumes, while some variability was observed among the taxa between the desired and
low lake stages. Only Oedogonium sp., at low lake stages, accounted for more than five percent
of the mean dissimilarity percentage value among any of the taxa when grouped by lake stage.

Greater similarity was observed among the epipelic taxa in the fall, and biovolumes of the
dominant taxa (diatoms) were typically higher in the fall, relative to those observed for the spring
assemblages. Among these two groups, diatom taxa accounted for approximately 80 percent of
the dissimilarity percentage value among the fall and spring assemblages.

Mean epiphytic biovolume per unit of host substrate dry weight cubic micromoles per gram
(um’/g) for fall 2008 was highest on Chara in the southern region of Lake Okeechobee (Table
6-4). Vallisneria-associated epiphytes had higher mean biovolumes than did those on Typha in
both the northern and western regions, while mean 7ypha-associated epiphytic biovolume was
highest in the southern region and lowest in the western region.
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TABLE 6-4. MEAN EPIPHYTIC BIOVOLUMES (uM3/G) FOR FALL 2008 SAMPLING

PERIOD
Region
Northern Western Southern
Typha —2.1x10° Typha — 6.4x10’ Chara —3.5x10°
Vallisneria —9.8x10° | Vallisneria —2.0x10® Typha — 4.4x10°

Mean fall biovolumes during 2003, 2004 and 2008 for Chara (southern region) and Vallisneria
(northern and western regions) were always highest during 2008 and lowest during 2004 (Table
6-5). No Chara epiphyte data is included for fall 2004. Low lake stage and subsequent generally
high light penetration (e.g., more than 250 micromoles of photons per second per square meter
[um/sec/m*]) during 2008, and contrasting high lake stage and turbidity (e.g., more than 100
mg/L) following the nearby passage of Hurricanes Francis and Jeanne during September 2004
coincided with these biovolume differences.

TABLE 6-5. MEAN FALL BIOVOLUMES (uM’/G + SD) BY SITE (2003-2004) AND
REPLICATE SITES (2008) FOR CHARA AND VALLISNERIA-ASSOCIATED

EPIPHYTES
Northern Western
Year Chara Vallisneria Vallisneria
2003 2.7x10%+1.6x10° 1.7x10%£2.0x10’ 6.7x10"+5.3x10°
2004 No Data 1.7x107+4.8x10° 1.5x107+1.5x10°
2008 3.4x10°+2.4x10° 9.8x10%+5.4x10° 2.0x10%+2.6x10’

Water quality variables appeared to be less influential on the epiphytic assemblage composition
compared to that for the epipelon. A combination of P and TSS has the highest, but weak
(p=0.19, p=0.01) correlation with epiphytic assemblage patterns. The relative weakness of this
correlation suggests that water quality variables were not very influential in the epiphytic
assemblage patterns. The influence of water quality variables on the periphyton commmunities
may have been stronger if water quality data collected during the prior month were used
(McCarthy et al. 2009), although this approach was previously used (Rodusky, in press) and the
strength of the water quality variable — epiphytic composition correlations was similar to that
reported herein. The generally weak correlations between the water quality variables and both
the epiphytic and epipelic assemblages lends additional support to the idea that substrate or some
other factor such as light limitation rather than water column nutrients is a more important factor
in influencing periphyton communities in Lake Okeechobee. Water column chlorophyll a
concentration, specific conductance and nitrate+nitrite data were omitted from this analysis
because of missing data.
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The ANOSIM analysis of the 2002 to 2008 epiphytic data suggested that host plant type
(R=0.49, p<0.01) was the most influential factor in the epiphytic assemblage ordination patterns.
The combination of plant type (R=0.52, p<0.01) and season (R=0.13, p<0.01) provided slightly
more differentiation among the epiphytic assemblages. Site location (R=0.44, p<0.01) and lake
stage (R=0.11, p<0.01), and combinations of all of these factors were less influential relative to
plant type alone.

Diatom taxa likewise dominated the epiphytic SIMPER results. The epiphytic assemblages were
most similar on the Potamogeton and least similar on the Typha and Chara substrates. Among
the plant hosts sampled in at least two of the regions, the most similar epiphytic communities
were found on Scirpus. Diatom taxa, typically Cocconeis spp., Fragilaria sp., Synedra spp. and
Aulacoseira spp. were the most consistently found within each plant host epiphytic assemblage.
Diatoms accounted for between 85 and 91 percent of the mean within-group percentage
similarity value for all host substrates except for Typha, wherein diatoms comprised roughly 65
percent of the mean similarity value. In the case of Typha, the cyanobacteria Leptolyngbya sp.
and QOedegonium sp. contributed 17 and 5 percent to the overall mean similarity value,
respectively. The epiphytic assemblages were most dissimilar among the Chara and Scirpus
hosts and most similar among the Pofamogeton and Vallisneria hosts. In both comparisons, it
was primarily diatom taxa that contributed most of the mean dissimilarity values. The second
highest mean dissimilarity value was between the epiphytic communities on the two emergent
plant hosts (Scirpus and Typha). Leptolyngbya sp., and the chlorophytes Chaetophora sp. and
Oedogonium sp., jointly contributed 23 percent to the dissimilarity value among the two
epiphytic assemblages. While diatom taxa still dominated contributions to the among-host
dissimilarity value, this was the only instance where non-diatom taxa contributed more than
roughly five percent to the assemblage differences. Epiphytic biovolumes were generally higher
on the Typha host stems relative to that on the Scirpus.

6.5.3.3 Nutrient Storage

Epiphytic tissue nutrient content, measured during 2002 through 2006, suggests that on average,
approximately 8 mt of P was bound in the nearshore periphyton (Rodusky, submitted). This
estimated storage was 10 percent of Zimba’s (1995) estimate. However, mean vascular SAV
coverage during that study was approximately three times higher than it was during the 2002 to
2006 study period. Additionally, Zimba’s (1995) P storage estimate included ten mt from
Typha-associated epiphytes, which were not measured during the recent study because of low
areal coverage. The remaining discrepancy between the two P storage estimates may reflect that
the current estimates were derived from direct epiphytic P measurements whereas the Zimba
(1995) estimate was derived from an assumption of a 1:1 chlorophyll to P ratio, which was used
to estimate P equivalents per unit area. Using this ratio may have overestimated P storage for
epiphytic assemblages on some of the SAV taxa. Since the 2002 to 2006 epiphytic P storage
data are similar to those measured in epiphytes on artificial substrate carriers in German
mesoeutrophic gravel pit lakes (Jobgen et al., 2004), the current estimates of P storage seem to
be reasonable and suggest that measuring epiphytic nutrients rather than using a conversion
factor may provide a more realistic estimate of total epiphytic P storage.

While the recent nutrient storage data suggest that periphyton in Lake Okeechobee do not appear
to be important as a short-term nutrient sink, it is likely that the actual amount of P storage has
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been underestimated. The recent estimate does not include P stored by Chara, Hydrilla and
epipelon. While the amount of epiphytic material collected from these two SAV taxa usually
was too small to analyze for nutrient content, mean areal coverage for these two SAV taxa were
roughly 80 percent of the total SAV mean coverage during the study period. The amount and
inter-annual variability in P stored by the epiphytic communities in this amount of SAV may
have been significant. For example, nutrient data from the one date where there was sufficient
epiphytic material from Hydrilla suggested that between 9 and 12 mt of P may have been stored
by these epiphytes. Combined with an almost three times increase in areal coverage between
2002 and 2004, the amount of nutrients stored by Hydrilla-associated epiphytes alone may have
significantly increased during the first half of the study period. Additionally, the amount of P
stored by Hydrilla was approximately three times higher than that estimated for collective TP
storage by epiphytes on Potamogeton, Scirpus and Vallisneria. Nutrient storage estimates for
epipelon were not included, since data were lacking on its areal extent and given the lack of a
water column depth - epipelic biomass relationship in the nearshore region. When considering
that the epipelic community, which had the highest nutrient content, was not included in the
nearshore estimate, the overall amount of P storage that could not be accounted for may have
been substantial.

6.5.4 Conclusions

Colonizable substrate for epiphytes and the water column light regime for periphyton were
greatly reduced after the passage of three hurricanes during 2004 and 2005. Thus, unfavorable
environmental conditions appear to have existed for periphytic growth and corresponding
nutrient storage capacity after the hurricanes passed. A prolonged drought and subsequent
extremely low lake stages during 2007 and 2008 appear to have reversed those conditions and
has created favorable conditions for the re-establishment of SAV in Lake Okeechobee.
Expansion of SAV in the lake has provided increased substrate for epiphytic assemblages and the
extremely low lake stages have facilitated greatly improved light penetration to the sediments,
which has greatly improving conditions for epipelic growth. While the amount of post-drought
periphyton data is limited, the available data suggest that both periphyton biomass and
biovolumes are similar to or exceed those recorded prior to the hurricanes.

Periphyton abundance and P storage may be especially important in the nearshore region of Lake
Okeechobee over the next few years since the post-hurricane annual water column mean P
concentrations have been greater than 100 pg/L. Reestablishing large SAV areal coverage in
Lake Okeechobee appears to be very important, since this P concentration is within the range
considered optimal in eutrophic temperate lakes for periphyton growth when host substrate is
available to colonize (Liboriussen and Jeppesen, 2006). This P concentration is within the range
where shallow subtropical eutrophic lakes might switch from SAV to phytoplankton dominance
(Yang et al., 2008).

The importance of periphyton in Lake Okeechobee is still poorly understood. Diatom taxa have
dominated the pre- and post-hurricane period data, despite a recent dramatic improvement in the
water column light regime, which, coupled with high water column nutrient concentrations,
would be considered more favorable for cyanobacteria growth. The role of the nearshore
periphyton as a nutrient sink would benefit from additional research, especially under lower lake
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stages that are expected to occur once CERP water storage projects are completed. Semi-annual
monitoring efforts would continue to document the periphyton abundance, assemblage
composition, and nutrient storage potential to gain a better understanding of the role and
importance of periphyton in the food web and as a nutrient sink in the nearshore region of Lake
Okeechobee.

6.6 SUBMERGED AQUATIC VEGETATION HYPOTHESIS CLUSTER

6.6.1 Introduction and Background

SAYV plays a key role in shallow lakes, providing diverse spawning and foraging habitat for fish
and provides an important food and habitat resource for wading birds, and other wildlife (Havens
and Gawlik, 2005). It directly affects water quality attributes such as nutrient concentrations,
water column transparency and phytoplankton biomass. Lake level, periodic wind-driven high
turbidity, and major physical perturbations such as hurricanes act as external drivers to Lake
Okeechobee SAV (Figure 6-35). The key characteristics of concern for the spatial extent,
density and species composition of SAV in Lake Okeechobee are lake stage, major wind and
wave events, nutrient concentrations, light climate, algal bloom frequency and composition,
turbidity, sedimentation rates, sediment resuspension and cycling of nutrients sequestered in the
bottom sediments. Under existing watershed uses and lake management activities, the spatial
extent and abundance of SAV varies widely from year to year. A more detailed discussion of the
SAV hypothesis cluster and the role of SAV in Lake Okeechobee is provided in the 2007 SSR
(RECOVER 2007) available online at
www.evergladesplan.org/pm/recover/assess_team_ssr_2007.aspx.

RECOVER targets currently specify an annual standing stock of 49,420 acres of total SAV, with
at least 50 percent composed of native species. A CERP systemwide performance measure and
an interim goal have been developed for Lake Okeechobee vegetation, which are available online
at  www.evergladesplan.org/pm/recover/recover_docs/et/lo_pm_vegetationmosaic.pdf  and
www.evergladesplan.org/pm/recover/recover_docs/igit/igit_mar_2005_report/ig_2-

4 lakeoaquaticveg.pdf, respectively.

6.6.2 Monitoring

SAV and its relationship to the health of Lake Okeechobee is assessed by periodically sampling
plant biomass and species composition along strategically located fixed transects, and by large-
scale mapping of species specific vegetative coverage. A SAV monitoring program has been in
place in Lake Okeechobee since spring 1999 and encompasses data collected over a wide range
of hydrological and environmental conditions. A change in collection methodology, however,
allows a comparison only of the data collected since summer 2000. Additionally, historical SAV
biomass and distribution data exists from transect studies conducted in the late 1980s and early
1990s (Zimba et al., 1995), which can be compared to the current SAV distribution and
abundance.

SAV is monitored at two different spatio-temporal scales. Both methods rely on a boat-based
sampling methodology, as areas with SAV are generally characterized by water with poor

Final 2009 System Status Report 6-45 September 2010



Chapter 6

Lake Okeechobee Module

transparency or that is highly colored by dissolved organics, which has thus far prevented the use
of remote sensing techniques.
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6.6.2.1 Transect Monitoring

In order to obtain relatively rapid quantitative estimates of plant species biomass, sampling is
conducted at up to 78 sites located along 16 transects in areas of Lake Okeechobee that support
submerged plants (Figure 6-36). The sites represent a subset of sites that were sampled in the in
the late 1980s and early 1990s (Zimba et al., 1995), allowing for a comparison to historical data.
Sampling frequency varies from quarterly to monthly depending on how dynamic anticipated
changes in the plant population are expected to be (e.g., more frequent sampling is done during
periods of recovery from hurricanes). This sampling effort provides information on plant
responses and relative plant distribution and density to changing water levels on a shorter time
scale than that for the annual SAV mapping and can be used as input to real-time operations.
More details on the transect monitoring methodology can be found in the 2007 SSR, available at
www.evergladesplan.org/pm/recover/assess_team_ssr 2007.aspx, and in Rodusky et al. (2005).

Area of Interest

SAV_cmn4598.mxd

ps\LakeO,

Lake Okeechobee

Littoral Zones™ "

- . *—{~\ '.'
- / - ’ -

p_docs\cmn4598_SSR_07May

M_03\map_t

IS\PR

Map Location:

T
81°0'0"W

‘ 1
" Legend
w E
Y SAV Transects T Miles @
8
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6.6.2.2 Annual Mapping

The total spatial extent, species distribution, and acreage of SAV is determined by an intensive
sampling program that is carried out at the end of the peak SAV growing season, which occurs
August through September (Havens et al., 2002). Rather than sampling random locations, the
entire nearshore area is evaluated at a spatial scale sufficient to detect significant changes.
Figure 6-37 shows the annual mapping sampling grid. More details on the annual mapping can
be found in the 2007 SSR, which can be found online at
www.evergladesplan.org/pm/recover/assess_team_ssr 2007.aspx.

Lake Okeechobee

| Kilometers

FIGURE 6-37. ANNUAL SUBMERGED AQUATIC VEGETATIVE MAPPING
SAMPLING GRID

This sampling effort provides information on the total number of acres of plants that the lake
gained or lost under the prevailing hydrologic conditions of a given growth cycle year. Due to
annual growth season fluctuations that might result in months other than August and September
containing peak SAV abundance (Havens et al., 2002), these data should be used in the context
of a coarse temporal scale trend analysis. This information is used to provide a yearly score for
the RECOVER performance measure.

The underlying assumption of the timing of the annual large-scale SAV mapping is that the most
active growing season would not deviate significantly from the August through September
timeframe; however, stage and photoperiod undoubtedly varies year to year. As a consequence,
the annual mapping data lends itself most appropriately to evaluation of longer-term trends and

Final 2009 System Status Report 6-48 September 2010



Chapter 6 Lake Okeechobee Module

should only be cautiously employed as regards to between-year differences. Conversely,
sampling along transects is better suited for identifying and understanding short-term changes
(Havens et al., 2002). The two approaches are thus complimentary, and sufficiently define the
appropriate timescales as to allow interpretation.

6.6.3 Results

6.6.3.1 Transect Monitoring

Over the nine-year sampling period, two multi-year droughts, 2000 to 2001 and 2007 to 2008,
and three hurricanes in 2004 and 2005 impacted Lake Okeechobee. Lake stage varied from a

high of 17.8 feet National Geodetic Vertical Datum (NGVD) in October 2004 to a record low of
8.82 feet NGVD in July 2007 (Figure 6-38a and Figure 6-39a).
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6.6.3.1.1 2000-2001 Drought Trends

Prior to the 2000 and 2001 drought, lake water levels were high, average SAV biomass was low
and the community was dominated by sparse beds of Vallisneria and Potamogeton. As water
levels decreased during the drought, SAV biomass increased in response to greater irradiance at
the sediment surface (Figure 6-38a). Chara became dominant, accounting for between 50 and
100 percent of SAV biomass (Figure 6-38b). The Chara beds with scattered and sparse vascular
plants began colonizing in the southern end of Lake Okeechobee in summer 2000, and they
expanded around the lake shore by fall 2000. This Chara dominant phase lasted for over a year
until a strong frontal system, with winds in excess of 30 kilometers per hour, passed over the
lake in a three-day period in November 2001. From November 2001 until summer 2004, the
community structure changed as vascular plants increased and Chara dramatically declined to no

Final 2009 System Status Report 6-50 September 2010



Chapter 6 Lake Okeechobee Module

more than five percent of the relative biomass. The dominant taxa became Hydrilla, followed by
Vallisneria, and a mixed community of Potamogeten, Najas and Utricularia (Figure 6-38b).

0.6.3.1.2 2004-2005 Hurricane Trends

A substantial short-term perturbation occurred between July 2004 (pre-hurricanes) and October
2004 (post-hurricanes), which would not have been captured by the annual mapping effort. In
the months prior to the 2004 hurricanes, average SAV biomass ranged from 19.1 grams dry
weight per square meter (g dw/m?) to 37.6 g dw/m” (Figure 6-39a). Immediately after the 2004
hurricanes, average SAV biomass declined to approximately 5.4 g dw/m?, probably as a result of
increased TSS and decreased light penetration as reflected in Secchi to TD ratios brought about
by direct wind, wave, seiche (standing wave in an enclosed body of water), and lake stage
impacts. Although declines over the winter period are expected due to seasonal conditions such
as lower temperatures, increased turbidity and shorter photoperiod, the significant declines
observed are primarily a result of long-term light deprivation related to water quality and lake
stage effects. Further declines occurred as a result of Hurricane Wilma in 2005 with biomass
averaging less than 1.0 g dw/m” where it remained throughout 2006 and into summer 2007
(Figure 6-39a). Hydrilla dominated the community immediately following the hurricanes but by
summer 2006 Chara accounted for 100 percent of the community (Figure 6-39b). The vascular
community, specifically Vallisneria, began to emerge in the innermost littoral areas during fall
2006 and winter 2007, although the biomass was low.

6.6.3.1.3 2007 - Present Trends

Since the beginning of 2007, Lake Okeechobee has experienced a longer and more severe
drought than that of 2000 and 2001, with a record low of 8.82 feet msl recorded in July 2007
(Figure 6-39a). The initial biomass and species composition responses were similar to that
observed during the previous drought. As lake levels receded, many of the nearshore areas that
supported SAV dried out but the shallow water levels resulted in improved light conditions at
more lakeward areas and average SAV biomass slowly increased to a peak of 9.1 g dw/m” in
October 2007 (Figure 6-39a). Chara was again the dominant species accounting for 100 percent
of the biomass and rapidly expanded across the southern and western shorelines (Figure 6-39b).
During the winter months, Chara biomass declined, giving way to sparse beds of vascular
species.

Unlike the previous drought, however, lake levels did not immediately increase. They remained
far below the long-term mean and fluctuated in a manner that resulted in the alternate wetting and
drying of areas where SAV was beginning to recover. This oscillation in lake levels may be the
reason SAV biomass has not rebounded as quickly as it did in the previous drought. Alternately,
promoting seed germination and seedling desiccation and mortality may have depleted the seed
bank in shoreline areas, delaying recovery. If a viable seed bank remains in these areas, then a
return to more typical stages, i.e. greater than 12 feet msl but less than 15 feet msl, may result in
SAV conditions similar to 2003 and 2004. The full extent of SAV recovery from the current
drought conditions may not be known for up to three years following the drought.
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6.6.3.2 Annual Mapping

6.6.3.2.1 Current Trends

The most recent SAV map (August 2008) indicates approximately 35,834 acres of SAV in Lake
Okeechobee (Figure 6-40). This is a substantial increase over the 28,180 acres found in late
summer 2007 (Figure 6-40). The increase in SAV was a response to low water levels and
improved light conditions caused by drought conditions during the year prior to sampling.
Chara, a macroalgae with a competitive advantage under these conditions, became the dominant
species and rapidly expanded across the southern and western shoreline accounting for 79
percent of the SAV  community during the  August 2008  mapping
(Table 6-6). These spatial distributions and coverages are similar to those seen during the
August 2001 mapping, which was also a drought recovery period.

TABLE 6-6. ACREAGE OF DOMINANT PLANTS IN LAKE OKEECHOBEE

2007 - 2008
Acreage
Common August August
Scientific Name Name 2007 2008
Chara shrimp grass 27,686 28,268
Vallisneria eel grass 494 9,405
Hydrilla verticillata hydrilla 0 1,150
Ceratophyllum coontail 0 477
Potamogeton peppergrass 0 247
Najas (not depicted in figure) | water nymph 0 1,208
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FIGURE 6-40. ANNUAL SUBMERGED AQUATIC VEGETATIVE MAPPING
RESULTS FOR AUGUST 2007 AND AUGUST 2008

6.6.3.2.2 Long-term Trends

Over the past nine years, the abundance of SAV has varied from a minimum of less than 3,000
acres in 2006 to a maximum of over 54,500 acres in 2004 (Figure 6-41a). In that time, Lake
Okeechobee experienced two separate periods of extended drought conditions: 2000 to 2001 and
2007). These droughts resulted in the drying of large areas of littoral and nearshore habitat that
normally support SAV growth, but the shallow water levels also resulted in lower turbidity levels
and improved light conditions at more offshore sites that do not typically support SAV. SAV
slowly responded to the improved conditions in the years following the two droughts; however,
the initial increase was due to dominance by Chara, a non-vascular species (Figure 6-41b).
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RESULTS 2000 THROUGH 2008

Key: a) total acres of SAV and
b) percent of total acres of vascular and non-vascular species; dotted line represents the performance

measure target

A series of three hurricanes directly impacted Lake Okeechobee between the two drought events:
Frances and Jeanne in 2004 and Wilma in 2005. These perturbations resulted in dramatic
declines in SAV areal coverage from over 50,000 acres in 2004 to less than 3,000 acres in 2006.
Physical disturbance (e.g., uprooting of plants) and prolonged turbidity resulted in the decline in
SAV coverage, especially that of vascular plants such as Vallisneria americana, Hydrilla
verticillata, and Potamogeton illinoensis. Chara areal coverage began rebounding in 2006 and
by August 2008 both the vascular and non-vascular areal coverages and relative percentages
(Figure 6-41) were similar to the coverage seen during summer 2001 when conditions were
similar.
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Information on past SAV mapping and sampling efforts are available for the following:

e Monthly transect assessments:
http://www.evergladesplan.org/pm/ssr_2009/ssr_docs/hc_lake o_sav_monthly surveys.p
df

¢ Annual mapping assessments:
http://www.evergladesplan.org/pm/ssr_2009/ssr_docs/hc_lake o_sav_annual mapping.p
df

* SAV density by species maps for 2008 and 2009:
http://www.evergladesplan.org/pm/ssr 2009/ssr docs/hc lake o sav density by specie

s.pdf

The 2000 to 2007 annual distribution and spatial coverage maps for the major SAV taxa reflect
the dynamic nature of SAV distribution and spatial coverage in Lake Okeechobee.

As restoration projects and other complimentary efforts improve conditions within Lake
Okeechobee, detectable trends of expansion in SAV areal coverage and increased biomass are
expected. Except perhaps for the impacts of major physical perturbations like hurricanes and
droughts, the probability for successful utilization of this assessment tool is high.

6.7 NATIVE FISH HYPOTHESIS CLUSTER

6.7.1 Introduction and Background

Fish, besides being the most visible and sought after commodity in most water bodies, are at the
trophic pinnacle among aquatic organisms, integrating the effects of both water management and
basin development. Fish have been used for many years to indicate whether waters are clean or
polluted, doing better or getting worse. Lake Okeechobee has supported valuable commercial
and recreational fisheries estimated at times in the hundreds of millions of dollars. Among
important species taken from Lake Okeechobee are white catfish (Ameiurus catus), bluegill
(Lepomis macrochirus), largemouth bass (Micropterus salmoides), black crappie (Pomaxis
nigromaculatus), and readear sunfish (L. microlophus).

Fish require a viable food web and require suitable habitat to avoid predation and ensure
reproductive success. A conceptual model has been developed that relates the various stressors
and drivers in Lake Okeechobee to responses in the native fish community
(Figure 6-42). A performance measure has been developed for fish population density, age
structure and condition (www.evergladesplan.org/pm/recover/recover _docs/et/lo_pm_fish.pdf).

6.7.2 Monitoring

Native fish populations in the littoral edge, interior marsh and open water areas of Lake
Okeechobee were sampled (Figure 6-43) to assess relative abundance, and acquire statistics for
evaluation of length frequency and length-weight relationship determination. Fish populations
from 1973 to 2008 were sampled in open water areas utilizing a trawl methodology (Bull et al.,
1995). Fish populations in the littoral edge and interior marsh were sampled utilizing
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electrofishing techniques using the procedures of Havens et al. (2005) developed for evaluation
of the largemouth bass population. Methods used allowed comparison to previous Florida Fish
and Wildlife Conservation Commission (FWC) surveys.

6.7.3 Results

Lake-wide electrofishing did not take place in 2007 due to low lake levels. With the increasing
lake level due to Tropical Storm Fay, depths were sufficient to complete lakewide electrofishing
and lakewide trawling at all sites during fall 2008. Electrofishing resulted in the capture of 4,974
fish with a combined biomass of 360.9 kilograms. Thirty fish species were represented in the
catch. Four species collectively comprised 82 percent of the catch by number and were, in order
of abundance, threadfin shad (Dorosoma petenense), gizzard shad (Dorosoma cepedianum),
eastern mosquitofish (Gambusia holbrooki), and bluegill. Six species collectively comprised 78
percent of the catch by weight and were, in order of biomass, Florida gar (Lepisosteus
platyrhincus), gizzard shad, bluegill, largemouth bass, bowfin (4dmia calva), and redear sunfish.
Trawl sampling resulted in the capture of 2,816 fish with a combined biomass of 221.2
kilograms. Seventeen fish species were represented in the catch. Three species collectively
comprised 84 percent of the catch by number and were, in order of abundance, threadfin shad,
white catfish, and bluegill. Three species collectively comprised 79 percent of the catch by
weight and were, in order of biomass, white catfish, Florida gar, and bluegill.
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Comparison of lakewide electrofishing data from 2005, 2006 and 2008 shows a change in
abundance of prey species while piscivorous species have either declined or remained steady
(Figure 6-44). Comparison of lakewide trawl sampling data for selected dominant species
shows an increase in abundance of threadfin shad and white catfish, while black crappie shows a
continued decline in abundance (Figure 6-45). The decline in black crappie relative abundance
is due to extremely poor recruitment since 2002 and the short-lived nature of the species. The
decline in crappie was anticipated and was the reason the FWC implemented the ten-inch
minimum in July 2008. The high abundance of white catfish in the 2008 lakewide trawl
sampling was skewed by an abnormally large number captured at one site during sampling. A
majority of both threadfin and gizzard shad captured in 2008 were young-of-year fish. Threadfin
shad abundances have increased since 2005 but remain well below levels observed during 1988
to 1991, a period when black crappie abundances were high. Food habit analyses have shown
that young-of-year shad are primary forage of adult black crappie in Lake Okeechobee. Low
shad numbers are a major contributing factor to extremely low relative abundance of crappie;
thus, the increase in shad observed in 2008 is an important indicator for the potential to rebuild
crappie stock levels. This, along with the large number of eastern mosquito fish is key in the
recovery of the largemouth bass populations of Lake Okeechobee because without prey,
predatory fish populations would continue to decline.
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FIGURE 6-44. COMPARISON OF LAKEWIDE ELECTROFISHING DATA PERCENT
COMPOSITION BY NUMBER FOR SELECTED DOMINANT SPECIES
Key: 2005 (n=1,629 fish)
2006 (n=1,122 fish)
2008 (n=4,974 fish)
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FIGURE 6-45. COMPARISON OF LAKE-WIDE TRAWL SAMPLING DATA

PERCENT COMPOSITION BY NUMBER FOR SELECTED DOMINANT SPECIES
Key: 1988 to 1991 (average n=6,053 fish)

2007 (n=1,172 fish)

2008 (n=2,816 fish)

With a resurgence of these lower trophic level fish species, a project was developed to determine
if the largemouth bass population in a relative small area of a much larger water body could be
jump started with a supplemental stocking strategy. Stocking is generally reserved for water
bodies with limited or no natural reproduction of the fish species being stocked. In January
2009, 80 adult, sexually mature, largemouth bass were collected from the Lake Okeechobee area
and transported to the FWC Florida Bass Conservation Center for spawning. Genetic markers
for the 80 parent fish were determined at the FWC Fish and Wildlife Research Institute. During
March and April 2009, approximately 100,000 largemouth bass fingerlings (one to two inches)
were stocked in the Cody’s Cove area. This was the first stocking of fish to ever occur in Lake
Okeechobee. Fish population sampling will occur throughout 2009 to determine the contribution
of the stocked fish to the overall relative abundance of largemouth bass in the Cody’s Cove area.
Fin clips will be removed from collected juvenile largemouth bass for genetic analysis for
determination if they were from stocking or in-lake natural reproduction sources. Food habit
analyses will be conducted on a subsample of collected juvenile largemouth bass to determine if
variation in food habits occurs between hatchery stocked and natural spawned fingerlings.

An additional important driving factor affecting Lake Okeechobee’s fish population density and
structure i1s the reduction in numbers of chironomidae macroinvertebrates (Figure 6-46).
Chironomid larvae are the primary food source of juvenile black crappie and the decline in the
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former is another causative factor, along with the decline in threadfin shad, explaining the
decline of black crappie. Bluegill, also known as bream or brim, feed on very small fish and
invertebrates. In 2005 and 2006, bluegill abundance decreased in comparison to the 1987 to
1991 data by 94 and 92 percent, respectively, which mirrors the decline in invertebrates as their
direct prey and that of many of the smaller fish upon which they feed. However, concern
regarding these precipitous declines in black crappie population must be tempered by observing
that 1986 to 1990 was an unusually productive period (Figure 6-47), and, accordingly, the 1987
to 1991 dataset was biased high. Although the 2005 to 2007 timeframe denotes the lowest catch
rate on record, other periods of time have been similarly poor. Nevertheless, the preceding
clearly illustrates the intertwined relationships among all the lake health attributes (e.g., SAV,
water quality, lake stage, macroinvertebrates) and demonstrates the necessity to assess and
manage Lake Okeechobee from the widest holistic perspective of balanced ecosystem function
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FIGURE 6-46. COUNTS OF CHIRONOMIDAE SAMPLED PER YEAR PER

SUBSTRATE TYPE
Note: redline depicts locally weighted scatter plot smoothing (LOESS) trend line for the the three substrates
combined
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FIGURE 6-47. CATCH RATE OF BLACK CRAPPIE COLLECTED 1973 TO 2008
FROM LAKE OKEECHOBEE

6.7.4 Summary

The abundance and diversity of the native fish population in Lake Okeechobee is dependent on a
variety of related factors. Most ostensible among these factors are SAV as habitat and the
macroinvertebrate community as the primary food web. Water and basin management directly
affect lake stage and lake water quality, with consequence to SAV coverage and algal bloom
severity and duration. The fish population evidences considerable year-to-year variation, with
periodic very good years interspersed with years less so. Factors related to lake stage and
nutrient loading may coincide with changes in the fish community. Extremely high or low lake
stage may negatively affect emergent and SAV coverage, thereby reducing the amount of
available fish habitat. If lake stages are more frequently within the desirable range of 12.5 — 15.5
feet emergent and SAV coverage might be maximized, thereby increasing the amount of habitat
for fish and fish prey to utilize. However, continuous excessive nutrient loading may indirectly
negatively impact the fish communities by shifting their macroinvertebrate prey-base from
preferred taxa such as chironomids (non-biting midges) to one dominated by less utilized
oligochaete (annelid worm) taxa. Recent downturns in fish community health following three
hurricanes in 2004-2005 are worrisome, but additional data will be necessary to determine if
these are cyclic events.
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6.8 MACROINVERTEBRATES HYPOTHESIS CLUSTER

6.8.1 Introduction and Background

Freshwater invertebrate communities are extremely sensitive to existing water quality conditions,
and reflect a lake’s trophic status because they are unable to escape perturbations (Warren et al.,
2007). Species composition, absolute abundance, relative abundance, diversity, species richness
and evenness are metrics commonly used to evaluate the ecological condition of lakes. As
eutrophication progresses, macroinvertebrate species richness and diversity are reduced, while
the community composition shifts to one dominated by pollution-tolerant taxa. As a lake
becomes increasingly eutrophic, macroinvertebrates that require higher levels of dissolved
oxygen, such as many mussels (Pelecypoda), mayflies (Ephemeroptera), caddisflies
(Trichoptera), dragonflies (Anisoptera), and damselflies (Zygoptera), are eliminated. The
invertebrate communities then become dominated by groups of species physiologically adapted
to withstand high degrees of organic loading and extended periods of low (less than 4.0 ppm)
dissolved oxygen (Brinkhurst, 1974; Warren et al., 2007). If Lake Okeechobee becomes hyper
eutrophic, all but the most tolerant segmented worm species, those within Oligochaeta, may be
eliminated (Brinkhurst, 1974; Wetzel, 1983). Since macroinvertebrates are an important
component of freshwater food webs, adverse changes in the macroinvertebrate community
negatively impact fish and other higher trophic level organisms. Principle drivers affecting the
quality of the macroinvertebrate community in Lake Okeechobee are water management
activities and excessive nutrient loading (Figure 6-48). A CERP system-wide performance
measure has been developed for macroinvertebrates. The documentation for this measure can be
found online at
www.evergladesplan.org/pm/recover/recover_docs/et/lo_pm_macroinvertebrate.pdf.

Restoration aims to augment the current infrastructure such that the lake stage can be better
controlled, allowing the marsh to be better stabilized, with those improvements being translated
and realized in the macroinvertebrate community within the lake. Excessive nutrient loading
from Lake Okeechobee’s basin as well as internal loading from the sediments causes algal
blooms, which augment undesirable characteristics of the lake’s sediment in which the
macroinvertebrate community must survive. Restoration efforts to decrease external loading,
and, to the extent feasible, internal loading, would improve bottom conditions with the attendant
improvement in macroinvertebrate community structure.
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FIGURE 6-48. CONCEPTUAL MODEL FOR MACROINVERTEBRATES IN LAKE
OKEECHOBEE

6.8.2 Monitoring

Macroinvertebrates in the pelagic zone of Lake Okeechobee have been intermittently monitored
since 1969 (Warren et al., 1995). Currently, monitoring is being conducted at 18 synoptic sites
located in peat, mud and sand sediments of the lake (Figure 6-49). These are the same sites
utilized during previous monitoring efforts. A more detailed description of monitoring methods
can be found in the 2007 SSR (RECOVER, 2007) available online at
www.evergladesplan.org/pm/recover/assess_team_ssr 2007.aspx.

6.8.3 Results
6.8.3.1 Overall Lake Community
The 2005 to 2008 pelagic zone data indicated that a total of 118 individual aquatic invertebrate

taxa representing 28 major taxonomic groups were collected from Lake Okeechobee.
Segmented worms (Oligochaetes) and non-biting larval midges (Chironomids) accounted for 73
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of the 118 taxa, were numerically dominant, and comprised 64 percent (lakewide mean = 7,869
individuals per square meter [m°]) of the total number of organisms collected during the study
year. Segmented worms accounted for approximately 41 percent and midge fly larvae accounted
for 24 percent of the total number of organisms. Only three other groups (Pelecypoda, aquatic
Acari and Amphipoda) accounted for greater than five percent of the total organisms. Other
groups typically dominant in Florida lakes, gastropods, isopods, ephemeropterans and
trichopterans, accounted for less than two percent each of the pelagic zone abundance total
during the 2005 to 2008 study period.

The most abundant macroinvertebrate taxon, at 1,351/m?* (17.2 percent), was the tubificid worm
Limnodrilus hoffmeisteri. This worm has been among the most abundant macroinvertebrate
taxon in Lake Okeechobee since 1987 and is well adapted to high organic loading. Corbicula
fluminea, an exotic Asian clam, was the second most abundant at 965/m” (12.3 percent). Several
taxa that were numerically important during the 1987 to 1997 study period, such as Pyrgophorus
platyrachis, Viviparus georgianus and Melanoides sp (snails); Hydalella azteca and Corophium
lousianum (amphipods); Cyathura polita and Cassidinidea ovalis (isopods); Nectopsyche and
Oecetis (caddisflies); and several chironomids, were either rare or absent during the 2005 to
2008 study period. The detritivorous chironomid Chironomus crassicaudatus, an important prey
item for game fish during the past study, also was found at very low densities (0.3/m”) during the
2005 to 2008 study period.
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Mean species richness (8.8), diversity (1.9), evenness (0.67) and total density were in the low to
average range relative to other Florida lakes and Lake Okeechobee between 1987 and 1997
(Warren et al., 2008). These measures of macroinvertebrate community health increased
significantly (p<0.05) over the three-year study period (Table 6-7). Mean evenness did not
increase significantly. Overall, it declined from 0.69 to 0.66, but this decline was not significant.
While increases in several undesirable taxa (e.g., L. hoffmeisteri, Corbicula fluminea) were
observed during each year or during successive years of the 2005 to 2008 study period, densities
of taxa important for the Lake Okeechobee food web increased. These taxa included gastropods,
amphipods, isopods, ephemeropterans (mayflies) and chironomids.

TABLE 6-7. PELAGIC BENTHIC MACROINVERTEBRATE COMMUNITY HEALTH
INDICES 2005 - 2008"

Study Year
2005- 2006- 2007-
Descriptor 2006 2007 2008
Total taxa 48 68 94
Mean species richness 5.7° 8.9" 11.8°
Mean diversity 1.54° 1.88° 2.18°
Mean evenness 0.69" 0.66" 0.66"
Mean total organisms per m” 3,338 7,591° 12,678¢

"Means with the same superscript are not significantly different (ANOVA, p 0.05). Total organisms
per m® were transformed by LOG(X+1). Taken from Warren et al., 2008.

6.8.3.2 Habitat and Seasonal Influences

Bottom substrate type is the primary determinant of invertebrate community structure in the
Lake Okeechobee sublittoral zone (Warren et al., 1995). Three primary benthic habitat regions
characterize the sublittoral zone: mud, sand and peat (Reddy, 1993) (Figure 6-50).
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The 2005 to 2008 data indicate that the benthic communities associated with the three habitat
types continued to remain taxonomically and structurally distinct, but all three also exhibited
dynamic change. The macroinvertebrates in all three habitat zones were numerically dominated
by taxa that are collectors or filtering detritivores as adults. Total taxa richness and mean species
richness and diversity per sample continued to be lowest in the mud zone. The mean number of
total organisms per square meter increased significantly (p < 0.05) in the mud habitat every year
and increased by a factor greater than two over the course of the three-year study period (Table
6-8). However, the mud habitat macroinvertebrate diversity and evenness declined over this
period. These dynamics were attributable to large, statistically significant (analysis of variance
[ANOVA], p=<0.05) increases in the densities of two segmented worm species, L. hoffineisteri
and I. templetoni, which together accounted for over 70 percent of all organisms collected from
the mud habitat each year (Table 6-9). Increases in mud habitat taxa abundances during the
three-year study period were attributable primarily to the return of other segmented worm taxa
that were present in the mud zone during the 1987 to 1997 study period, but were absent during
2005 and 2006.
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TABLE 6-8. PELAGIC BENTHIC MACROINVERTEBRATE COMMUNITY HEALTH
INDICES 2005 - 2008'

Study Year
2005- 2006- 2007-
Descriptor 2006 2007 2008
Mud Habitat
Total taxa 15 23 22
Mean taxa richness 3.3% 4.3° 4.2°
Mean diversity 1.52% 1.36" 1.24%
Mean evenness 0.71° 0.66™ 0.61°
Mean total organisms per m” 1,522 2,741° 4,151°
Sand Habitat
Total taxa 35 43 61
Mean taxa richness 7.4% 8.5% 12.5°
Mean diversity 1.79° 1.97° 2.38°
Mean evenness 0.65° 0.66° 0.67°
Mean total organisms per m” 5,841% 6,081° 10,058°
Peat Habitat
Total taxa 34 54 64
Mean taxa richness 6.3% 14.0° 18.8¢
Mean diversity 1.67° 2.32° 2.94°
Mean evenness 0.71° 0.66" 0.71°
Mean total organisms per m” 2,652° 13,952° 23,825°¢
T Wlcans with the same superscrpt ane not signibcantly diiferent (ARNDVA, p 0.0F)
Total organisms per m2 were transformed by LOG(X+1). Taken from Warren et al. 2008.
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TABLE 6-9. ABUNDANCE AND PERCENT COMPOSITION OF NUMERICALLY
DOMINANT (>5 PERCENT OF TOTAL ORGANISMS) INDIVIDUAL TAXA IN THE

THREE BENTHIC HABITATS 2005 - 2008'

Descriptor Study Year
2005-2006 | 2006-2007 2007-2008
Abundance Percent Abundance Percent Abundance Percent
(no./m?) Composition (no./m?) Composition (no./m?) Composition
Mud Habitat
Limnodrilus 895 58.8 1,356 49.5 2,710° 65.3
hoffineisteri
Ilyodrilus templetoni 215° 14.1 606° 22.1 847" 20.4
Stephensoniana 58* 3.8 457° 16.7 307° 7.4
trivandrana
Coelotanypus sp 95° 6.2 74° 2.7 96° 2.3
Gammarus nr. 7 0.5 100 3.6 22° 0.5
tigrinus
Sand Habitat
Limnodrilus 1,928 33.0 1,664° 27.4 2,941° 29.2
hoffineisteri
Corbicula fluminea 577° 9.9 1,631° 26.8 1,532° 15.2
Haber speciosus 1,740° 29.8 311° 5.1 144° 1.4
Djalmabatista 1° <0.1 0 0.0 1,322° 13.1
pulchra
Stephensoniana 257" 4.4 274° 45 578° 5.7
trivandrana
Cladotanytarsus sp. 4 <0.1 432° 7.1 653° 6.5
Gammarus nr. 212% 3.6 717° 11.8 101° 1.0
tigrinus
Peat Habitat
Corbicula fluminea 364" 13.7 4,318° 30.9 212° 0.8
Cladotanytarsus sp. 0 0.0 20° 0.1 4,701° 19.7
Hydracarina 303° 11.4 3,283° 23.5 1,003° 4.2
Pseudochironomus 0* 0.0 0* 0.0 3,955° 16.6
Sp.
Nais variabilis 0 0.0 890° 6.4 2,929 12.3
Gammarus nr. 207* 7.8 1,157° 8.3 1,462% 6.1
tigrinus
T Means wiih ithe sanse superscript are nol signilicanly difleeent (ANOVA, pU 003} Tomal organisms per m2 werne irnnsionmed

by LOG(X+1). Taken from Warren et al. 2008.

Both the sand and peat habitat zone invertebrate communities were characterized by large annual
increases in mean total organisms per mz, total taxa collected, mean taxa richness, and mean
diversity (Table 6-8). Most of these increases were statistically significant (ANOVA, p=<0.05).
The increases in total organisms per m” can be attributed to rapid growth in the populations of
benthic taxa whose numbers may have been negatively impacted by sediment resuspension
resulting from the 2004 and 2005 hurricanes.

The macroinvertebrate communities appear to have responded positively to the drought
conditions that followed the hurricanes. These drought conditions were characterized by low
water levels, low turbidity, improved water column light penetration, low TP, greatly reduced
allochthanous organic loading, and transport of mud sediments from the center of the pelagic
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zone. The taxa that responded favorable to the drought conditions included multi-voltine midges
such as Cladotanytarsus sp., Pseudochironomus sp. and Djalmabatista pulchra, as well as the
segmented worms L. hoffmeisteri and Nais variabilis, the Asian clam C. fluminea, and water
mites (Hydracarina). Added benthic habitat complexity provided by expansion of the macro-
alga Chara during 2007 and 2008 may have been partially responsible for increases in density
and taxa richness in the peat-associated community.

6.8.3.3 Comparison of 2005-2008 and 1987-1997 Study Periods

Data from the 2005 to 2008 study were combined with the FWC 1987 to 1997 dataset to enable a
more substantive pre-CERP baseline to be examined. Conclusions drawn from the 1987 to 1997
and 2005 to 2008 data comparisons should be tempered due to the data gap that encompassed
several weather-related disturbances such as a drought in 2000 and 2001, high lake stages during
1998, 1999, 2002 and 2003 and hurricane impacts during 2004 and 2005.

Nonmetric multiple dimensional scaling (Ludwig and Reynolds, 1988; Jongman et al., 1995;
McCune et al., 2002) ordination analysis was used to examine patterns in the long-term
macroinvertebrate community data. Density data from the 1987 through 2008 data sets were
converted to percents and arcsine transformed. The data were then sorted by habitat zone (mud,
sand or peat), season (August, October and November-wet, February and May-dry), and sample
year. Mean values were calculated for each habitat zone by season and year (e.g., 15 mud
samples collected in spring 1987). The relativized data was analyzed for assemblage differences
using the Sorenson (Bray-Curtis) distance measure in PC-ORD version 4 (McCune and Mefford,
1999). The ordination analysis plotted axis scores for each site and species and the site scores
were compared to corresponding water quality data (e.g., water depth, conductivity, dissolved
oxygen and temperature) for possible correlations. Extreme dominance (71 percent of total
abundance) of February 1997 sand habitat sites by the segmented worm Haber speciosus
resulted in an outlier that was removed from the analysis.

The resulting ordination suggested that there were differences in the macroinvertebrate
communities based on substrate and season (Figure 6-51). Taxonomic changes over the entire
study period were least at the mud sites and greatest at the peat sites. Differences in the wet
season species assemblages compared to those in the dry season for the mud and sand sites were
small, while the seasonal differences were more pronounced at the peat sites. Of the individual
taxa, 15 were associated with mud sites, six with both mud and sand sites, 46 with sand, 13 with
sand and peat, and 90 with the peat sites.
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FIGURE 6-51. NON-METRIC MULTI-DIMENSIONAL SCALING OF LAKE
OKEECHOBEE RELATIVIZED INVERTEBRATE MEAN TAXA DENSITIES BY
SUBSTRATE TYPE (MUD, SAND OR PEAT) AND SEASON (WET OR DRY)

To better illustrate temporal pattern variability, date labels were used for the same ordination
(Figure 6-52). Annual changes in species composition were least apparent in the mud habitat
and greatest in the peat habitat; however, the amount of separation among the 1987 to 1997 and
2005 to 2008 sample dates was small.

Pearson correlations between depth at site/lake stage and axis scores revealed weak but
significant (p=0.05) correlations. A significant negative correlation was observed between Axis
1 scores and site depths. A significant negative correlation was observed between
Axis 1 scores for sand and mean lake stage. A significant negative correlation was observed
between Axis 2 scores for peat and mean lake stage. All remaining correlations were not
statistically significant (p>0.05).

The Lake Okeechobee pelagic benthic macroinvertebrate assemblages exhibited rapid and
considerable change during the 2005 to 2008 study period. Macroinvertebrate communities
during this time were likely influenced by the weather disturbances (e.g., hurricanes, prolonged
drought) that impacted the lake. Wave action during the storms scoured and displaced bottom
sediments, and undoubtedly severely impacted embenthic and epibenthic species at all sites. The
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extended period of high turbidity (approximately six months) following the storms limited
primary and secondary production in sublittoral habitats where light typically penetrates to the
bottom and indirectly structures invertebrate communities. The pre-hurricane macroinvertebrate
communities were not monitored, so it is difficult to say how much change in the community
structure was influenced by the preceding weather events. However, data collected immediately
following the storms showed that taxa richness, diversity and densities of many important taxa,
including the pollution-tolerant worm taxa that dominated the mud sites, were at the lowest
levels measured since 1987. The low macroinvertebrate index scores may have been the result
of the hurricane impacts on the lake. An additional potential consequence of the storm impacts
was disappearance of key species, such as the tubicolous non-biting midge Chironomus
crassicaudatus. C. crassicaudatus was the third most abundant taxon present in the mud zone
during 1987 to 1997, but was almost completely absent from all collections during 2005 to 2008.
Studies of the black crappie diet preferences in Lake Okeechobee during the early 1990s found
C. crassicaudatus to be the principal prey item during summer months. Permanent elimination
of C. crassicaudatus from the food web, therefore, could have consequences to an economically
important fish species. Other species with similar ecological value were either absent or rare
during the 2005-2008 study period. These included the amphipods Gammarus nr. tigrinus and
Corophium louisianum, the isopods Cyathura polita and Cassinididea ovalis, and the snail
Viviparus georgianus.
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FIGURE 6-52. NON-METRIC MULTI-DIMENSIONAL SCALING OF LAKE
OKEECHOBEE RELATIVIZED INVERTEBRATE MEAN TAXA BY SUBSTRATE,
SEASON AND YEAR
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The prolonged drought that began during the second half of 2006 resulted in lake levels dropping
to an historic low monthly mean of 8.8 feet msl in July 2007, greatly reduced turbidity, and
expansion of the macro-alga Chara in shallow areas of the nearshore region of Lake
Okeechobee. The rapid increases in macroinvertebrate pioneer taxa densities at shallower sand
and peat sites suggested that environmental conditions conducive to macroinvertebrate growth
returned to Lake Okeechobee. The chironomids Cladotanytarsus sp. and Pseudochironomus sp.
and the naided worm Nais variabilis are examples of multi-voltine taxa that were rapidly
reproducing while water levels were low. Populations of these taxa were very low during 2005
and 2006, but rapidly increased shortly thereafter, illustrating that, despite problems related to
eutrophication, invertebrate communities of Lake Okeechobee have retained some level of
viability.

However, despite some signs of recovery of the macroinvertebrate community at the sand and
peat sites during 2007 and 2008, the benthic macroinvertebrate community as a whole still
reflects a less diverse assemblage comprised of a higher percentage of pollution-tolerant taxa,
relative to that during 1987 to 1997. The tubificid worms Limnodrilus hoffmeisteri and
Ilyodrilus templetoni have consistently dominated the mud zone community; however, their
densities, as well as the densities of most other dominant taxa of the mud zone, appear to have
declined by approximately an order of magnitude between the 1987 to 1996 study period and the
2005 to 2008 study period.

The sand sites appear to be more hospitable for macroinvertebrate growth relative to the mud
sites. The sand sites appear to provide more heterogeneity for the benthic macroinvertebrates, as
evidenced by higher annual and seasonal variation in assemblage composition and higher species
richness. The majority of species associated with sand habitat have an affinity for fine substrates
and are tolerant of low dissolved oxygen; thus the sand sites are not favorable for pollutant-
intolerant taxa growth. The species assemblages inhabiting the sand habitat during the 2005 to
2008 study period were more similar to the peat habitat assemblages compared to previous study
years. This response probably reflects that some sand sites were characterized by an intrusion of
organic material as a consequence of the hurricane passages.

The coarse texture of the peat sediments zone provides the most heterogeneous habitat for
macroinvertebrates, as evidenced by the highest annual and seasonal variation in assemblage
composition and the highest values for total and mean taxa richness relative to the other substrate
sites. The peat sites are typically inhabited by the most densely populated, species rich and
diverse benthic community of the entire pelagic region. It is apparent, however, that despite the
increases in some populations during 2007 to 2008, species richness, total organisms and
densities of the individual dominant species within this zone have declined since 1987 to 1996.
The majority of the species currently associated with the peat habitat are detritivores that have an
affinity for fine substrates, and many are tolerant of low levels of dissolved oxygen. The higher
annual and seasonal variation in assemblage composition relative to the mud and sand sites
reflects the more heterogeneous habitat provided by the peat sediments.

Overall, the results from 2005 to 2008 show that benthic invertebrate communities of the Lake
Okeechobee pelagic region have clearly declined in quality relative to the 1987-1997 study
period. The poor community quality that characterized the 2005 to 2006 study year appears to
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be related to impacts of the 2004 and 2005 hurricanes. Taxonomic composition, densities,
species richness and diversity documented during 2007 to 2008 suggest that some segments of
the macroinvertebrate community are recovering and, at the sand and peat sites, appear to be
progressing through successional changes indicative of response to large-scale weather
disturbance. If this is the case, the 2005-2008 data may not be suitable to characterize as a pre-
CERP baseline. If important prey taxa such as Viviparus georgianus, Corophium louisianum,
Cyathura polita and Chironomus crassicaudatus continue to be absent or rare in the
macroinvertebrate communities, the likelihood of a complete recovery of the lake’s invertebrate
fauna, even after CERP projects are in place, may be substantially decreased.

6.8.4 Summary

The macroinvertebrate community in Lake Okeechobee has continued to reflect the eutrophic
conditions that preceded initiation of benthic sampling. Although there is an apparent large
variation in Lake Okeechobee’s condition year to year, the range of that variation has continued
to swing somewhere between moderate and poor. The macroinvertebrate community monitoring
reflects that variability, but continues to portray a stressed community not amenable to long-term
establishment of sensitive, pollution-intolerant species. Against this backdrop, a high probability
exists that improving conditions within Lake Okeechobee would result in a demonstrably
improving benthic community. Such improvements in the foundation of the food web would
foment positive effects on fisheries and the ecological health of the lake as a whole. After CERP
projects are online and nutrient and sediment loads to Lake Okeechobee are reduced, the
dominance by taxa tolerant to organic pollution is anticipated to decrease, while numbers of
nutrient and organic intolerant taxa, species diversity, species richness and evenness of
distribution are expected to increase.

Future plans include sampling the macroinvertebrate communities in the SAV and emergent
vegetation. This monitoring will coincide with the return of SAV (Hydrilla, Vallisneria) and
bulrush (Scirpus californicus), which mostly disappeared from Lake Okeechobee after the
hurricanes in 2004 and 2005, and may begin in the near future.

6.9 CONCLUSIONS

Although historic biological data (prior to 1985) for Lake Okeechobee is patchy and often
anecdotal, most of the existing evidence suggests that the lake has undergone rapid
eutrophication over the past 60 to 80 years. Recently collected paleolimnoligical nutrient and
algal data supports this pattern of recent change and suggests that increased nutrient loading to
Lake Okeechobee can be attributed to post-1950s anthropogenic watershed alterations (Engstrom
et al., 2006). Thus, it is rather certain that Lake Okeechobee has changed from a mesotrophic or
mildly eutrophic lake in the early 1900s, to one which is currently strongly eutrophic or may be
in the beginning stages of hyper-eutropy.

Prior to development of the watershed, Lake Okeechobee was underlain by sand and peat
sediments and ancedotal evidence suggests that the water column was much less turbid than it is
presently. This water clarity permitted adequate light penetration to occur to deeper depths than
seen today, and as a result the lake quite probably supported very extensive beds of native
submerged and emergent vegetation. This widespread aquatic plant community in turn sustained
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thriving forage and sport fish populations, which likely explained the popularity of the lake with
the pre-modern settlement population. Following the development of the Lake Okeechobee
basin and nearly complete hydrologic alteration, the lake has accumulated a large flocculent mud
sediment zone, and experiences elevated nutrient concentrations, high turbidity and periodic
algal blooms. The submerged and emergent plant and fish communities are highly variable and
dependent on widely fluctuating conditions and have been supplanted to varying degree by
invasive and exotic species. These changes have resulted from a combination of factors
including restricted outflow capacity resulting from the construction of the Herbert Hoover Dike,
a large input of terrigenous materials from the surrounding highly agricultural watershed, and
prolonged excessively high and low lake stages. These severe fluctuations in lake stage reflect
the interaction of climactic variability and Lake Okeechobee’s role as the key water supply and
flood control storage structure in south Florida.

A number of restoration projects are currently in the development phase in the watershed, to
reduce nutrient influxes to Lake Okeechobee and to improve lake hydrology. These projects
consist of ASR wells, STAs, and water storage reservoirs. Additional projects such as dredging
and chemical inactivation of the sediments are being contemplated to reduce the lake’s internal
nutrient load as a means of accelerating ecological improvements to the system, since internal
loading may delay the ecological restoration of the lake on the order of many decades. However,
restoration of Lake Okeechobee, extends beyond the boundaries of the lake. Due to the lake’s
central location and hence, its influence on water quality and quantity in the Northern Estuaries
and Everglades, the restoration of these upstream and downstream ecosystems also depends on
successfully reducing nutrients in the lake and addressing water storage and lake stage issues.

Currently, periodic monitoring is in place for lake water quality and hydrology, submerged and
emergent aquatic vegetation, fish, macroinvertebrates, bacterioplankton, phytoplankton,
zooplankton and periphyton. In addition, the littoral portion of Lake Okeechobee is included in
system-level monitoring for wading birds and their prey species, and for the Everglades snail
kite. A number of other ongoing research studies aim to elucidate key ecological relationships
between various ecosystem components. At present, research and monitoring efforts on Lake
Okeechobee appear to be sufficient to detect significant changes expected to be brought about by
restoration activities. However, only a small proportion of these monitoring and research
activities are funded by RECOVER, with the majority being funded through other mandated or
non-mandated SFWMD programs or directly by cooperating state agencies (e.g., FWC). This
places RECOVER in a role not particularly unique to Lake Okeechobee - as the situation of
disparate funding sources for various important monitoring exists throughout south Florida - of
holistically compiling data from numerous sources to decipher ecological change and adaptively
manage restoration progress.

6.9.1 Lessons Learned

As a consequence of both natural (e.g., climatic) and man-made perturbations, all of the
parameters in Lake Okeechobee exhibit a wide range of variability. It is quite clear that
extensive, long duration monitoring is required to separate changes due to restoration against this
backdrop of variability. Even with all restoration projects in place, there will continue to be
good years and bad years and the ability to detect systemwide improvement may depend on
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factors such as the ability to identify changes in the relative frequency or magnitude of these
good and bad years.

Continued monitoring may show that certain monitoring parameters, such as SAV and
macroinvertebrates, may prove more responsive to environmental restoration than others. As
ongoing research continues to elucidate relationships between key environmental components, it
may become possible to monitor fewer parameters without sacrificing assurances that the entire
ecosystem 1is benefiting from restoration activities, and that no untoward effect ensues
undetected.
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CHAPTER 7 NORTHERN ESTUARIES MODULE
71 INTRODUCTION

The Northern Estuaries Module contains estuaries on both coasts of south Florida with the
Caloosahatchee River Estuary on the west coast and the St. Lucie Estuary, Southern Indian River
Lagoon, Loxahatchee River Estuary and Lake Worth Lagoon on the east coast
(Figure 7-1). Detailed descriptions of these individual water bodies can be found in the 2006
SSR (RECOVER, 2007a), which is available at
www.evergladesplan.org/pm/recover/recover_docs/at_ssr/020807 rec_at_ssr 3 _mod_ne.pdf.

ITWEN

SN

8t Lucie Estuary,

L hee River E '
and Lake Worth Lagoon
§ &
& &
Caloosahatchee ¥ &
River Estuary

654N

BMEN

Mep Updated: June 29, 2000

Map Location: Yeerp progects' GISPRGM_0Ymap_docs cmnGd78_ModuleMorvtor MAP2000NENE_Ste_BX11_omnG478 mad

-
-

it 4o

/N County Bosnderkes

FIGURE 7-1. NORTHERN ESTUARIES BOUNDARIES

Final 2009 System Status Report 7-1 September 2010



Chapter 7 Northern Estuaries Module

Historically, natural freshwater discharges into these water bodies sustained an ecologically
appropriate range of salinity conditions to facilitate the presence of healthy floral and faunal
communities. The recent urbanization of Florida“s coastal regions and the ensuing increased
demand for water and flood control has led to frequent high and low salinity extremes within the
coastal water bodies. Managing for these demands has subsequently resulted in a shift in the
ecological components that historically defined the coastal water bodies to communities that
have been deemed less desirable. Current management goals of restoration activities are to
develop strategies that will mitigate the impacts of historical water management practices by
developing more realistic scenarios for controlling 1) water levels for flood management, 2)
frequency and duration of water releases and consequent rapid salinity shifts, and 3) introduction
of point and non-point source pollutants. Implementation of projects to reach these goals will
require a comprehensive approach of both CERP and non-CERP constructed storage and water
quality features as well as restoration of natural wetlands and both urban and agricultural BMPs.
Removal of anthropogenically produced mucky sediments in the water bodies would be needed
to achieve the water quality and clarity goals. These goals, if achieved, should curtail current
habitat loss and allow the recovery of more desirable communities.

7.2 WATER QUALITY STRESSOR

7.2.1 Introduction and Background

Key elements defining water quality in the Northern Estuaries are salinity, water clarity and
nutrients. These primary factors determine the health of both aquatic vegetation and animal
communities that make up the interwoven web of estuarine life, which characterizes and makes
unique each of the five estuaries within the Northern Estuaries Module. Water clarity is a
stressor in the SAV Hypothesis Cluster, nutrients are a stressor in the SAV, Benthic
Macroinvertebrates and Fish Hypothesis Clusters, and salinity is a stressor in all hypothesis
clusters (Figure 7-2). The RECOVER program has developed performance measures for
salinity, water clarity and nutrients. These performance measures can be found online at
www.evergladesplan.org/pm/recover/perf ne.aspx.

Water Clarity

Submerged :
Aquatic Oysler ?::h;rr:g:- Fish
k| thokems| | Wpeas| | i
Cluster Cluster

FIGURE 7-2. SALINITY, WATER CLARITY AND NUTRIENTS AS PRIMARY
STRESSORS AFFECTING NORTHERN ESTUARIES HYPOTHESIS CLUSTERS
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7.2.2 Caloosahatchee River Estuary

7.2.2.1 Monitoring

Water quality monitoring sites within the Caloosahatchee River Estuary are shown in

Figure 7-3.
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FIGURE 7-3. WATER QUALITY MONITORING SITES IN THE
CALOOSAHATCHEE ESTUARY, PINE ISLAND SOUND AND ESTERO BAY

7.2.2.2 Results

Water quality in the Caloosahatchee River Estuary is very dependent on surface water inputs,
especially from the S79 water control structure, which conveys water from both the watershed
and Lake Okeechobee. When calculated as an 18-year average, the source of the water volume
and the N load entering the estuary through the S79 structure is about evenly split between flows
that originate from Lake Okeechobee and runoff from the Caloosahatchee River (C-43 Canal)
drainage basin (Figure 7-4). However, approximately 68% of the calculated P load discharged
to the estuary from the S79 structure can be attributed to basin input rather than from Lake
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Okeechobee (Figure 7-4). Nutrient loads from Lake Okeechobee are calculated at the S77
structure. The difference in loads at S77 and S79 structures reflect the basin nutrient load.

_— Hydraulic Load
Okeechobee
47.9%
C-43 Basin
52.1%
Nitrogen Load
Lake B
Okeechobee
52.9%
C-43 Basin
47.1%
Lake Phosphorus Load
Okeechobee
31.3%
C-43 Basin
68.7%

FIGURE 7-4. AVERAGE PERCENT CONTRIBUTION OF THE TOTAL HYDRAULIC,
NITROGEN AND PHOUSPHORUS LOADS TO THE CALOOSAHATCHEE RIVER
ESTUARY

When examined on an annual basis (Figure 7-5), it is clear that the ratio of load coming from
Lake Okeechobee versus the load coming from the C-43 Basin changes from year to year. High
nutrient loading events, which are typically associated with high flow events, also equate with
reduced residence time within the estuary. The direct consequence of high flow events are
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precipitous drops in salinity and sustained low salinity. As stated previously, loads at S77
represent the loads from Lake Okeechobee while those at S79 represent the sum of loads to the
Caloosahatchee River Estuary from both the lake and the drainage basin. The S78 structure is
located on the C-43 Canal at approximately mid-point between the S77 and S79 structures.
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FIGURE 7-5. ANNUAL LOADS OF FRESH WATER, NITROGEN AND PHOSPHORUS
FOR EACH OF THE STRUCTURES ALONG THE C-43 CANAL FROM 1991
THROUGH 2008

In consequence of the loading to the Caloosahatchee Estuary being from the S79 as a point
source, both P and N concentrations generally decrease with distance from the S79 structure
(Figure 7-6). However, chlorophyll a concentrations exhibit a peak in the upper and mid-
estuary. Algal (or phytoplankton) blooms require both nutrients and water clarity, both of which
are a function of proximity to the S79 and the Gulf of Mexico, respectively. Thus higher
chlorophyll concentration events occur in those intermediate locations where both water clarity
and nutrient availability are sufficiently appropriate to promote the observed localized algal
response.
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FIGURE 7-6. NOTCHED BOX-AND-WHISKER PLOTS COMPARING SEASONAL
CONCENTRATIONS FOR DISSOLVED INORGANIC NITROGEN, TOTAL
PHOSPHORUS AND CHLOROPHYLL A MEASURED IN THE FIVE REGIONS OF
THE CALOOSAHATCHEE RIVER ESTUARY FROM 1991 THROUGH 2008

DIN coupled with adequate water clarity, temperature and available P can result in algal blooms,
a concern in the Caloosahatchee River Estuary. When evaluated on the basis of mean condition
over the most recent decade (Figure 7-7), comparatively elevated N concentrations appear to be
sustained in the upper estuary for both dry and wet seasons, suggesting a source originating
within the basin, not the lake. Wet season N concentrations are elevated approximately 0.2 to
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over 0.3 mg/L DIN in both the upper and mid-estuary. The impact from these elevated
concentrations extends to the Gulf of Mexico. The ,,pocket™ of higher DIN depicted in mid-Pine
Island Sound is a consequence of N input from S79 flows and restricted circulation. Estero Bay
N inputs appear to be associated with flows coming from Hendry/Mullock Creeks; however,
current data with which to evaluate this apparent relationship was not available.

In the dry season, P levels measured in the Caloosahatchee Estuary reflect lower freshwater
inflows and longer residence time of P in the narrow confines of the upper estuary
(Figure 7-8). A slight increase in TP is apparent and is presumably associated with the Imperial
River/Spring Creek, which drain the Bonita Springs urban area. In the wet season, the signature
of increased loads, primarily from the C-43 Basin, are evident in the upper estuary and dimish to
the west. Also suggestive is the plume of elevated P originating in the Peace River/Charlotte
Harbor area, which appears capable of affecting the Caloosahatchee River Estuary TP regime;
however, this area was outside the SFWMD boundary and circulation patterns and water quality
data from the SFWMD was not evaluated in this SSR. The inclusion of such analyses will be
evaluated for appropriateness of inclusion in future SSRs. Wet season Estero Bay P regime
reflects the inflow of Imperial River/Spring Creek as well as Hendry/Mullock Creeks.

The ten-year mean chlorophyll a concentration in the dry season is approximately 10 to 14 pg/L
(Figure 7-9). These values are a concern since the chlorophyll limit used to delineated impaired
estuaries is 11 pg/L (62-303 F.A.C.). Chlorophyll a concentrations, and thus the
frequency/intensity of blooms, in the rest of the estuary during the dry season are comparatively
minimal. In the wet season, a large reach of the Caloosahatchee River Estuary experiences
frequent algal blooms, with the average concentration above the impairment criteria. Wet season
blooms in the area southwest of Pine Island Sound may be a result of nutrient loads being
transported into the area during incoming tide. Nutrients from Charlotte Harbor may have some
influence on the region, but the data necessary to evaluate this connection comes from water
quality monitoring efforts north of the SFWMD boundary and was not obtained in time for the
preparation of this SSR.

As expected, salinity is lowest in the upper estuary (being closer to the source of freshwater) and
highest in the lower estuary and San Carlos Bay (Figure 7-10). Apparent color decreases in
response to increased salinity as the colored fresh water becomes diluted by seawater, whereupon
flocullation of the dissolved organic matter responsible for the majority of water color occurs.
The apparent maxima in chlorophyll within the mid-estuary are a result of increased water clarity
in an area where nutrient concentrations remain moderate. A general decrease in turbidity is
observed from the upper estuary to the Gulf of Mexico (Figure 7-10), albeit difficult to visualize
in the figure due to the log scale necessary to depict the large range of values. Turbidity maxima
at the mid-estuary (similar to chlorophyll a) suggests that some of the turbidity measured may
be associated with algal blooms.
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FIGURE 7-10. NOTCHED BOX-AND-WHISKER PLOTS SHOWING MEASURED
CONCENTRATIONS OF SALINITY, APPARENT COLOR AND TURBIDITY FOR
THE FIVE REGIONS IN THE CALOOSAHATCHEE RIVER ESTUARY FROM 1991
THROUGH 2008

The direct physical consequence of high flow events to the estuary are precipitous drops in
salinity and sustained low salinity. Natural variation in freshwater flow and the resultant
changes in salinity are part of the estuarine dynamic; however, modification of water delivery
patterns necessary to afford flood protection and assure public safety can create unstable salinity
conditions that can adversely affect biota. Salinity can rapidly decrease from polyhaline or
mesohaline to oligohaline condition in the Caloosahatchee River Estuary. Conversely, as
freshwater flows to the estuary diminish, salinity rebounds. These fluctuations in salinity
(especially bottom water salinity) make it difficult for benthic organisms to get established,
reproduce and, in general, survive. From 1992 to 2009, during three-quarters of those years
bottom salinity at the Fort Myers Yacht Basin shifted more than 7 psu in a single week, with
shifts as high as 16 psu in a single week recorded (1996). Much of the rest of the estuarine food
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web is dependent in one way or another on the health of the benthic flora and fauna. The
continuous bottom salinity data collected at the Fort Myers Yacht Basin is shown in Figure 7-11.
The salinity probe is mounted at a depth of seven (7) feet below the surface, such that flows
below 300 cubic feet per second (cfs) typically have little effect on salinities at this depth.
Bottom salinity of shallower areas would change more responsively to the input of freshwater;
however, the actual salinity regime experienced at any location is a function both of flow volume
and duration of flow.
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FIGURE 7-11. BOTTOM SALINITY AT FORT MYERS YACHT BASIN AS A
FUNCTION OF FLOW VOLUME AT THE S79 STRUCTURE
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7.2.3 St. Lucie Estuary
7.2.3.1 Monitoring

Water quality monitoring sites within the St. Lucie Estuary and canal inflow structure locations
are shown in Figure 7-12.
7.2.3.2 Results

Water flows from Lake Okeechobee into the St. Lucie Estuary via the C-44 Canal, with flows
from the local basin entering via the C-44, C-23 and C-24 canals, the North and South Forks, and
other minor local tributaries. Water flow and nutrient concentrations are measured at the S80,
S48 and S49 structures for the C-44, C-23 and C-24 canals, respectively. The North Fork of the
St. Lucie River is a major tributary to the estuary on par with the canals and the wet season flow
volume to the estuary has been dominated by runoff from the basin, not Lake Okeechobee, but it
is not currently possible to quantify flows or nutrient coming from the North Fork and
contributions from this basin are not included in the analyses presented here. Infrastructure
necessary to incorporate the North Fork and its basin into future water quality analyses is being
implemented.

Figure 7-13 presents hydraulic load (freshwater flow) as well as N and P loads entering the St.
Lucie Estuary from the C-44, C-23 and C-24 canals. It is clear from Figure 7-13a that dry
season flow is dominated by that flowing through structure S80 (C-44); however, during the wet
season, the S48 (C-23) and S49 (C-24) structures contribute flows whose sum is equal to that
from S80.

In both wet and dry seasons, the relative sources of N load (Figure 7-13b) appear to follow the
same general pattern as does the hydraulic load. During the dry season, most of the TP load (73
percent) comes from the C-44 Canal, but in the wet season, the load from each of the three canals
is nearly equal (Figure 7-13c). Since concentrations of P in the North Fork is comparable to that
in the C-23 Canal, it follows that the wet season load from the North Fork may be fairly
equivalent to that from the canals in the wet season. If these assumptions are borne out by
impending modeling and monitoring exercises, the C-44 Canal may only be delivering a quarter
of the wet season load of P to the estuary, an idea that is surprising given that the C-44 Canal wet
season load includes those loads delivered by Lake Okeechobee releases.
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FIGURE 7-13. SEASONAL CONTRIBUTIONS OF TOTAL ANNUAL
A) FRESHWATER INFLOWS (HYDRAULIC LOAD) B) NITROGEN LOAD AND C)
PHOSPHORUS LOAD BY THE THREE GAUGED STRUCTURES TO THE ST. LUCIE
RIVER ESTUARY 1991 -2008

In order to better understand the contribution of loads entering the estuary from S80 structure
(C-44), a great local concern, it is necessary to differentiate loads originating from Lake
Okeechobee versus those loads coming from the C-44 drainage basin itself (Figure 7-14).
Percent contribution from the C-44 Basin was calculated as the net difference of flow and loads
entering the C-44 Canal from Lake Okeechobee at structure S308, versus those flow and loads
entering the St. Lucie Estuary from the C-44 Canal as measured at the S80 structure.
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Hydraulic Load

C-44 Basin
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FIGURE 7-14. SOURCE OF FRESHWATER FLOW (HYDRAULIC LOAD) AND
NITROGEN AND PHOSPHORUS LOADS FROM THE C-44 CANAL VERSUS LAKE
OKEECHOBEE BASED ON 1991-2008 DATA
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Under the current scenario of limited ability to store or move water south, the necessity of
managing Lake Okeechobee levels through mandated east-west discharges results in the lake
being the source of the majority of water and nutrient load entering the estuary from the S80
structure. However, it is important to reiterate that addressing loads from S80 is only part of the
problem and in the wet season only around a quarter of the total P load may be entering the
system via this route. The difference in the ratio of flow originating from the basin versus the
lake between the St. Lucie and Caloosahatchee River Estuaries is due to the much larger C-43
drainage basin; origination of flows over the S79 structure into the Caloosahatchee River Estuary
are about evenly split between Lake Okeechobee and the C-43 drainage basin (Figure 7-15).

_ Hydraulic Load

Okeechobee
47.9%

C-43 Basin
52.1%

s Nitrogen Load

Cheechobee
52.9%

C-43 Basin
47.1%

Lake Phosphorus Load

Dkeechobee.
31.3%

FIGURE 7-15. SOURCE OF FRESHWATER FLOW (HYDRAULIC LOAD) AND
NITROGEN AND PHOSPHORUS LOADS FROM THE C-44 CANAL VERSUS LAKE
OKEECHOBEE BASED ON 1991-2008 DATA
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The breakdown of flows and loads from C-44, C-24 and C-23 canals by year
(Figure 7-16) indicates that in all but perhaps five of the 18 years, flow volume and nutrient load
from the C-23 and C-24 canals has been a significant donor to the elevated estuarine nutrient
regime. The median TN concentration is approximately 1.25 mg/L (Figure 7-17), which is 1.7
times the median value of TN of all Florida®s estuaries that are not the recipient of flows from
geologic deposits of P, which is 0.74 mg/L (USACE and SFWMD, 2004). In addition, TP
concentrations measured at the US Highway 1 Bridge (site SE03) are approximately two to three
times higher than the target of 81 parts per billion (ppb) P set for the Indian River Lagoon -
South project and TMDLs (Figure 7-17).

Of the four parameters presented in Figure 7-18 for SE 03, two (TP and DIN) show an
increasing trend while the other two (TSS and chlorophyll a) show a decreasing trend for the
period from 1991 through 2008. None of the trends presented in this figure are statistically
significant; however, the apparent upward trend in estuarine TP at SEO 3 (Sen slope = 0.4 ppb
per year, Sen 1968) is arguably due to the observed increases in TP concentration in both the C-
23 and C-24 canals.
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FIGURE 7-17. NOTCHED BOX-AND-WHISKER PLOTS SHOWING DIFFERENCES
BETWEEN DRY AND WET SEASON CONCENTRATIONS OF TOTAL NITROGEN,
TOTAL PHOSPHORUS, DISSOLVED INORGANIC NITROGEN AND SOLUBLE
REACTIVE PHOSPHORUS MEASURED AT FIVE MONITORING STATIONS IN THE
ST. LUCIE ESTUARY FROM 1992 THROUGH 2008

Note: Overlapping notches suggest that a statistical difference does not exist at a significant level (a) of 0.05. The
filled circle and triange represent the mean concentration. Wet season is defined as the period of the year from May
through October.
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FIGURE 7-18. AVERAGE MONTHLY CONCENTRATIONS OF TOTAL
PHOSPHORUS, DISSOLVED INORGANIC NITROGEN, TOTAL SUSPENDED
SOLIDS AND CHLOROPHYLL A MEASURED AT SITE SE03 IN THE ST. LUCIE
ESTUARY FROM 1991 THROUGH 2008

Note: The solid lines in each plot represent moving average concentration. The dashed lines represent the seasonal
Kendall Tau trend lines. A positive Sen Slope indicates increasing trend, negative a decreasing trend. All
probability (p) values are greater than 0.05, which indicate that trends are apparent and not statistically significant.

Of particular concern in the St. Lucie Estuary, is the impact that freshwater flow volumes have
on salinity. Unlike nutrients, which can indirectly influence aquatic plants and animals
principally through phytoplankton blooms and other types of secondary stressors, deviations of
salinity beyond organism-specific thresholds can cause mortality, lack of reproductive success,
loss of habitat, and general avoidance of the area by motile species possessing the option to
leave. Organisms such as oysters or other benthic fauna must either ,,weather it out”or die. It is
of little surprise that large discharge events (Figure 7-19a) result in precipitous drops in salinity
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(Figure 7-19b), as occurred in 2004, 2005 and 2008. Sustained discharge events as those that
occurred in 2001, 2002 and 2003 can also result in adverse and damaging salinity events.
Because most of these events occur during the wet season and most of the flow originates in the
basin, resolving the salinity stability issue in the estuary (so shifts between higher and lower
salinity do not exceed the capacity of plants and animals to survive) require addressing basin
flows as well as large releases from Lake Okeechobee.
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FIGURE 7-19. SUM OF BASIN FLOWS, EXCLUDING NORTH FORK
CONTRIBUTIONS, AND BOTTOM SALINITY AT SITE SE03 IN
THE ST. LUCIE ESTUARY

7.2.4 Southern Indian River Lagoon

7.2.4.1 Monitoring

Water quality monitoring sites within the Southern Indian River Lagoon as well as canal control
structures are shown in Figure 7-20.
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FIGURE 7-20. WATER QUALITY MONITORING SITES IN SOUTHERN INDIAN
RIVER LAGOON

7.2.4.2 Results

Current estimates of loading are shown in Figure 7-21. These loadings are based on flow
measurements only from gauged structures. Measurements of flow coming from the North Fork
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of the St. Lucie River and from the Fort Pierce Farms canal (which is located just north of the C-
25 Canal in Fort Pierce) are not available. As a result loadings to both the Saint Lucie estuary
and Southern Indian River Lagoon are being underestimated. Samples from Fort Pierce Farms
indicate that water quality is comparable to that from C-25 (based on available 2001 — 2006 data,
mean TP = 0.24 and 0.21 mg/l, and mean TN = 1.05 and 1.31 mg/l, respectively). Assuming that
volumes discharged are equally similar, the actual hydraulic and nutrient load transported to the
IRL could be approximately twice that shown in Figure 7-21 (i.e., for C-25 alone). To the
degree these assumptions reflect true condition, contribution of water and loading from the C-25/
Fort Pierce Farms canals would fairly equal loads from the C-23, C-24 and C-44 canals
combined in at least 11 of the 18 years depicted (where C-44 hydraulic and nutrient load includes
that due to regulatory releases from Lake Okeechobee). All indications are that these
assumptions are correct, indicating that loading from C-25/ Fort Pierce Farms is not an
inconsequential concern
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FIGURE 7-21. ESTIMATES OF FRESHWATER INFLOWS (HYDRAULIC LOAD),
AND NITROGEN AND PHOSPHORUS LOADING FROM TWO MAJOR SOURCES
TO THE SOUTHERN INDIAN RIVER LAGOON

Note: St. Lucie loading is based on measurements at the S80, S48 and S49 structures. C-25 loading is based on
measurements at the S50 structure.
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Because these large potential sources enter the system near inlets, deciphering the complexities
involved requires a mathematical model that can predict the amount of water leaving the inlets
and being entrained into the lagoon by tide. The St. Lucie Estuary/Southern Indian River
Lagoon Curvilinear-grid Hydrodynamics Three-Dimensional (CH3D) hydrodynamic model
(Figure 7-22) is well calibrated hydrodynamically throughout the model domain (however,
current versions can only evaluate nutrient regime processes in the St. Lucie Estuary).

The morphology of Southern Indian River Lagoon is akin to a strip of water running generally
north and south separated from the Atlantic Ocean on the east by barrier islands and bounded by
the Atlantic Coastal Ridge on the west along most of its extent. Therefore, it is informative to
evaluate water quality as a band where the x-axis represents distance from the Jupiter Inlet
heading north and the y-axis represents time (Figure 7-23). Examination of the top panel in
Figure 7-23 reveals significant freshening of the lagoon where it is impacted by the St. Lucie
River in 1992 through 1998 and again in 2005. The constant influence of the Fort Pierce Inlet is
shown as a nearly unbroken darker area reflecting depth and width of the inlet as compared to
the St. Lucie Inlet. TN (mid-panel) and TP (bottom panel) clearly show (particularly the TP
panel) the loads from both the St. Lucie and C-25/Fort Pierce Farms canals, which discharge at a
location slightly north of the inlet in both cases, affect water quality predominately north of the
inlet; however, it is clear these discharges affect the lagoon both north and south of the inlets and
can at times affect large areas (e.g., TP in 2005).

The effect of St. Lucie River and C-25/Fort Pierce Farms discharges on the lagoon®s nitrate +
nitrite and soluble P regime (Figure 7-24) is readily evident. Chlorophyll blooms (top panel)
were apparent throughout the length of the lagoon during the 2005 Lake Okeechobee regulatory
release. Most of the algal blooms are occurring in the northern most section of the lagoon, north
of the Ft. Pierce inlet near the Indian River County boundary, which is a concern due to the
biological importance of this area.
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FIGURE 7-22. MODEL DOMAIN OF THE SOUTHERN INDIAN RIVER LAGOON
AND ST. LUCIE ESTUARY
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FIGURE 7-23. CONTOUR PLOTS SHOWING CHANGES IN SALINITY (TOP),
TOTAL NITROGEN (MIDDLE) AND TOTAL PHOSPHORUS (BOTTOM)
CONCENTRATIONS AS A FUNCTION OF DISTANCE FROM JUPITER INLET TO
THE NORTHERN BOUNDARY OF THE SOUTHERN INDIAN RIVER LAGOON
FROM 1992 THROUGH 2008

Note: Lighter colors are lower concentrations and darker colors are higher concentrations. Dashed lines are lagoon
segment boundaries. Freshwater and marine water source locations are indicated by arrows at the top of the figure.
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FIGURE 7-24. CONTOUR PLOTS SHOWING CHANGES IN CHLOROPHYLL A
(TOP), NO3 + NO2 (OR NITRATE + NITRITE; MIDDLE) AND SOLUBLE REACTIVE
PHOSPHORUS (BOTTOM) CONCENTRATIONS AS A FUNCTION OF DISTANCE
FROM JUPITER INLET TO THE NORTHERN BOUNDARY OF THE SOUTHERN
INDIAN RIVER LAGOON FROM 1992 THROUGH 2008

Key:  Lighter colors are lower concentrations and darker colors are higher concentrations.
Dashed lines are lagoon segment boundaries.
Freshwater and marine water source locations are indicated by arrows at the top of the figure.

The lagoon segments shown in Figure 7-23 and Figure 7-24 are the same segments shown in
Figure 4-55 in Section 4.3 Submerged Aquatic Vegetation Hypothesis Cluster, which follows
this section, but they are numbered differently e.g. segment 1 in Figure 7-23 and Figure 7-24
corresponds to segment 26 in Figure 4-55 segment 2 to segment 25.

Final 2009 System Status Report 7-27 September 2010



Chapter 7 Northern Estuaries Module

All five segments in the Southern Indian River Lagoon exhibited an apparent decreasing trend
for chlorophyll a from 1992 through 2008 (Figure 7-25). Only segment five exhibited a
decreasing trend. Chlorophyll a levels in this segment decreased at a rate of approximately 0.2
ppb per year. Such small changes in chlorophyll levels may be due to the recent drought.

The extensive seagrass beds in the Southern Indian River Lagoon depend upon adequate water
clarity to permit sunlight to promote adequate photosynthesis. In concert with water color, TSS
affects the depth to which light can penetrate effectively. All of the lagoon segments exhibited
apparent decreasing trend in TSS, with segments 3 and 4 exhibiting a statistically significant
decrease (Figure 7-26).

The increasing water clarity evidenced by the decreasing trend in TSS is also evident in apparent
color (Figure 7-27). All segments in the Southern Indian River Lagoon exhibited apparent
decreasing trend in color, with segments 2 and 3 exhibiting a statistically significant decrease in
apparent color at a significance level (a) of <0.05. All segments evidenced significance at the
0=0.10 (or 90 percent probability) criteria. Together, these reductions in color and TSS should
equate with increases in overall water clarity, expansion of seagrass, and to the degree that has
occurred, increases in faunal utilization.
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FIGURE 7-25. AVERAGE MONTHLY CHLOROPHYLL A LEVELS WITHIN EACH
SEGMENT OF SOUTHERN INDIAN RIVER LAGOON

Key:  The solid line represents the 12-month moving average concentration.
The dashed line represents the seasonal Kendall Tau trend line.
Probability (p) values less than 0.05 indicate statistical significance.
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FIGURE 7-26. AVERAGE MONTHLY TOTAL SUSPENDED SOLIDS
CONCENTRATIONS WITHIN EACH SEGMENT OF
SOUTHERN INDIAN RIVER LAGOON

Key:  The solid line represents the 12-month moving average concentration.
The dashed line represents the seasonal Kendall Tau trend line.
Probability (p) values less than 0.05 indicate statistical significance.
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FIGURE 7-27. AVERAGE MONTHLY APPARENT COLOR LEVELS WITHIN EACH
SEGMENT OF SOUTHERN INDIAN RIVER LAGOON

Key:  The solid line represents the 12-month moving average concentration.
The dashed line represents the seasonal Kendall Tau trend line.
Probability (p) values less than 0.05 indicate statistical significance.
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7.2.5 Loxahatchee River Estuary

7.2.5.1 Monitoring

Water quality monitoring sites within the Loxahatchee River Estuary are shown in

Figure 7-28.
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7.2.5.2 Results

To the degree that flows have been sustained in the dry season in the Loxahatchee River
Estuarys Northwest Fork, the relatively low levels of IN associated with those flows moves
down into the open area of the estuary (Figure 7-29). In comparison, flows from the Southwest
Fork are lower during the dry season and less influx of IN to the estuary is evident. With the
advent of the wet season, the concentration of IN decreases, presumably a consequence of
warmer temperatures, increased insolation and enhanced biological uptake. This is also observed
in the Indian River Lagoon in Indian River County where clear waters and a sustained dry season
inorganic source coincide (St. Johns River Water Management District data).

Table 7-1 presents the TP targets established for the Loxahatchee River Estuary and observed
mean values based on available data (SFWMD, 2006). The wet and dry season TP regime is the
general inverse of that observed in IN: low levels overall in the dry season and an increase in
concentration as wet season flows transport the nutrient into the estuary (Figure 7-30). In both
seasons, the dominant source of IN and TP was from the Northwest and Southwest Forks, with
the North Fork contributing comparatively less (Figure 7-29 and Figure 7-30).

TABLE 7-1. COMPARISON OF TOTAL PHOSPHORUS TARGETS AND OBSERVED
MEAN VALUES BASED ON AVAILABLE 1999-2008 DATA FOR THE
LOXAHATCHEE RIVER ESTUARY

Total Phosphorus (ppb)
Wild Freshwater
and Tributarie
Marine | Polyhaline Meso/Oligohaline Scenic s
Target 25 38 56 46 51
Observed 24 37 60 51 51

Dry season algal blooms, as typified by chlorophyll a concentration, are higher in the upper
reaches of the Southwest Fork, and this pattern extends into the wet season (Figure 7-31). The
Loxahatchee River Estuary possesses good water clarity with Secchi depths often over a meter.
Sunlight is able to penetrate to substantial depth in the water column and the presence of slightly
elevated available N and P can result in algal blooms. In the wet season, the estuary west of site
42 evidences a chlorophyll a concentration on the order of nine ppb chlorophyll a or above,
which is worrisome given the criteria for estuarine impairment is 11 ppb. Average annual
chlorophyll a concentration at site 72, which includes both wet and dry season values, is 11.7
pg/L. As restoration proceeds changes in water quality should be examined to ensure that
desirable outcomes in ecological function are realized.

Data from ten sites sampled on a monthly basis since 2007 and bi-monthly from 1999 through
2006 were examined for trends in IN, TP, dissolved oxygen or chlorophyll a
(Figure 7-32). Few were statistically significant (Sen, 1968). Of those that were, the rate of
change was, for all ecological purposes, essentially zero (e.g. 10 to 5 mg/L per year). The peak
in TP observed at site 65 may be a consequence of P desorbing from particles where fresh and
saltier water mix under the current flow regime. The depression in chlorophyll a observed at site
67 is likely a consequence of shading. Dissolved oxygen regimes typically exceed the 4 mg/L
criteria, and chlorophyll @ concentrations are generally below the 11 ppb criteria.
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FIGURE 7-32. COMPARISON OF TOTAL PHOSPHORUS, INORGANIC NITROGEN,
DISSOLVED OXYGEN AND CHLOROPHYLL A IN THE LOXAHATCHEE RIVER
ESTUARY BASED ON DATA FROM 1999 THROUGH 2008

Of these selected ten site sites, site 72 evidenced the highest chlorophyll a concentration, yet
exhibited a TP and IN regime lower than any of the other sites except sites 10 and 40, which are
near the inlet. The average Secchi depth at site 72 is 1.1 meters, which seems to support the
assertion that relatively low concentration of nutrients in exceptionally clear estuarine water can
be problematical insofar as chlorophyll a concentrations are concerned. The idea that algae are
uniformly distributed in the photic zone when chlorophyll a samples are collected is difficult to
sustain given that both flagellated and non-flagellated algal species can be highly motile.
Samples collected near the top of the water column during daylight may reflect this mobility, i.e.,
high chlorophyll a in moderate nutrient-rich waters due to large volume habitat and
advantageous behavior on the part of the algae to obtain more light.
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7.2.6 Lake Worth Lagoon
7.2.6.1 Monitoring

Water quality monitoring sites within the Lake Worth Lagoon are shown in Figure 7-33.
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The water quality monitoring design for Lake Worth Lagoon has undergone several iterations.
Initially, the monitoring began as an initiative of the Palm Beach County Environmental
Resources Management (PBCERM) program in 1990 as part of the NPDES permitting process.
The FDEP expanded on the monitoring effort and adopted a slightly different monitoring
configuration from 2000 to 2006. More recently (starting in 2007), a joint review of the
monitoring program by PBCERM and SFWMD resulted in a reconfiguration of sampling
stations and modification of the monitoring plan. As a result of these changes, the present water
quality monitoring in the Lake Worth Lagoon (LWL) is more consistent based on parameters
measured and methods used. The overall effect of these changes in data collection and analyses
resulted in a dataset where interpretation may be more affected by changes in monitoring plans
rather than ecological changes. To the degree that long-term individual stations are sustained in
the coming years, these problems will increasingly dissipate. Figure 7-33 depicts sites from
previous PBCERM and FDEP activities as well as the ongoing PBCERM/SFWMD sites, which
are prefixed with “LWL-".

7.2.6.2 Results

Evaluating the lagoon as a whole over the last decade indicates that the annual oxygen levels are
predominantly above the 4.0 mg/L criteria for Class III predominantly marine waters (Figure
7-34). Annual chlorophyll a levels are generally below the 11 pug/L (or ppb) criteria for estuarine
systems (Figure 7-34). A generally decreasing TP trend (Sen slope = 5 pg P/L per year) is
apparent. This decrease in P concentration over the later part of the decade is also evident in the
chlorophyll a concentrations, which also exhibit evidences a decreasing trend (Sen slope = 0.25
png/L per year). Trends were not apparent for TN nor dissolved oxygen regimes.
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FIGURE 7-34. COMPARISON OF YEAR-TO-YEAR (1999-2008) CHANGES IN TOTAL
PHOSPHORUS, TOTAL NITGROGEN, DISSOLVED OXYGEN AND CHLOROPHYLL
A CONCENTRATIONS FOR LAKE WORTH LAGOON

An examination of seasonal differences in nutrient concentrations suggests that concentrations
are slightly higher during the wet season (i.e., May through October)
(Figure 7-35). In response to increased nutrients and high water temperatures, chlorophyll a
levels appear to peak in August and continue somewhat abated through October. However, the
average chlorophyll levels for any month stays below the 11 pg/l. TMDL criteria. Dissolved
oxygen is lowest in September. The most variable dissolved oxygen level in the Lake Worth
Lagoon are observed during the month of August and may be associated with increased algal
levels observed for this month.
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FIGURE 7-35. COMPARISON OF SEASONAL (MONTH-TO-MONTH) CHANGES IN
TOTAL PHOSPHORUS, TOTAL NITROGEN, DISSOLVED OXYGEN AND
CHLOROPHYLL A CONCENTRATIONS FOR LAKE WORTH LAGOON BASED ON
1999-2008 DATA

The impact of the C-17 Canal and/or other sources further north in the Intracoastal Waterway
appear to present a slight impact on the lagoon“s DIN regime in both the dry and wet seasons,
with little difference in apparent extent (Figure 7-36). At the southern end of the lagoon, the C-
16 Canal is associated with a similar apparent increase in IN that is maintained in both the dry
and wet seasons, but again this pattern may be due to sources of N further south. The pattern due
to the C-51 Canal might be explained by low volume releases during the wet season that were
relatively high in N coupled with lack of flushing in the dry season, and/or build up of IN in the
canal during no flow conditions. In the wet season, the DIN zone around the C-51 Canal is more
extensive both to the north and south, but concentrations are lower, suggesting higher flows and
increased flushing.
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The C-17 Canal and/or other sources that affect the north end of the lagoon have little impact on
the P regime in the wet season (Figure 7-37). Wet season differences are apparent but the
concentration in the lagoon is low, on the order of less than a mean concentration of 0.05 mg/L.
As far as TP concentrations are concerned, the southern end of the lagoon exhibits the highest
concentrations, particularly in the wet season.

In the dry season, the northern end of the lagoon has few problems with algal blooms (Figure
7-38). The high dry season chlorophyll a levels near the C-51 Canal as depicted in this figure is
due to blooms occurring in the canal itself. During the wet season, the southern two-thirds of the
lagoon experiences moderate blooms, albeit on average, with less than a 11 pg/L chlorophyll a
concentration.

The apparent wet season contribution of P to the lagoon from the C-16 Canal (Figure 7-37) is
substantiated (Figure 7-39, top right panel), where the highest P concentrations observed are
being discharged by the C-16 Canal in the wet season. The high concentration in the dry season
DIN that appears associated with C-51 Canal in Figure 7-36 is substantiated by the elevated DIN
concentrations that occur in the C-51 Canal during the dry season in the middle bottom panel of
Figure 7-39. These dry season IN values (e.g., January and December) are higher than those
observed elsewhere in these canals.
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Chapter 7 Northern Estuaries Module

7.3 SUBMERGED AQUATIC VEGETATION HYPOTHESES CLUSTER
7.3.1 Introduction and Background

SAYV is a valued ecosystem component (VEC) within the Northern Estuaries. These estuaries are
the Caloosahatchee River Estuary, including San Carlos Bay, on the west coast of Florida, and
Southern Indian River Lagoon, St. Lucie Estuary, Loxahatchee River Estuary, and Lake Worth
Lagoon on the east coast.

The quantity and quality of freshwater discharge influence SAV presence or absence, community
structure, aerial extent and productivity (Figure 7-40). Salinity is lowered, nutrient loads are
increased, and sediments are resuspended by increased freshwater flow during the wet season as
water is released into estuaries to provide flood protection. During the dry season, salinities are
higher because fresh water that once flowed through the estuaries is now used for water supply.
A more detailed description of this hypothesis cluster can be found in the MAP, Part 2 2006
Assessment Strategy for the MAP (RECOVER, 2006;
www.evergladesplan.org/pm/recover/recover map part2.aspx) and the draft Revised CERP
Monitoring and Assessment Plan: Part 1 Monitoring and Supporting Research (RECOVER,
2008; www.evergladesplan.org/pm/recover/recover map 2008.aspx).

Increase Decrease
Freshwater Freshwater
Flow Flow

Increased
Phytoplankton
Macroalgae
Epiphytes

Increased Light
Attenuation

Inhibited Growth Enhanced Growth

FIGURE 7-40. CONCEPTUAL ECOLOGICAL MODEL FOR SUBMERGED AQUATIC
VEGETATION IN THE NORTHERN ESTUARIES
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CERP and other restoration projects within the Northern Estuaries and Lake Okeechobee regions
are expected to improve the timing, quality and quantity of water released to the Northern
Estuaries, which, in turn, is expected to improve the health of SAV within these estuaries. SAV
must be monitored and assessed prior to and during restoration implementation to determine if
restoration goals for SAV are being met. These goals include an increase in the areal extent of
SAV where it has been lost, improvement of SAV functionality, and restoration of SAV natural
temporal and spatial dynamics. The RECOVER Program has developed a performance measure
for Northern Estuaries SAV, which can be viewed online at
www.evergladesplan.org/pm/recover/recover_docs/et/ne_pm_sav.pdf. Northern Estuaries SAV
is also an interim goal (RECOVER 2005), which can be viewed online at
www.evergladesplan.org/pm/recover/recover_docs/igit/igit mar 2005_report/ig_1-2_nesav.pdf.

7.3.2 Monitoring

Aerial images are used to capture SAV change at a landscape scale. Aerial images should be
acquired every five years to calculate total SAV area. This portion of SAV area is compared
with an estimate of total area of appropriate SAV habitat. To augment this landscape-scale data,
species specific SAV percent cover is assessed every two to three years at the same sites used for
patch-scale sampling (described below) using 9-m? quadrats.

Patch-scale monitoring is also necessary because SAV response to restoration activities is
expected to be species specific. Most of the patch-scale data presented in this report was
conducted using fixed transects. A new SAV patch-scale monitoring methodology has been
developed and is now being used bimonthly in all of the Northern Estuaries. The new methods
include haphazardly deploying 30 1-m” quadrats within specified boundaries at each site.
Percent occurrence of seagrass species and macro-algal functional groups are determined within
25 quadrants of the 1-m” quadrats. Additionally, canopy height and quadrat location are
documented. Data collected by both patch-scale methods include species-specific percent cover
and canopy height estimates. Ancillary water quality data is also collected at each sampling site.

7.3.3 Caloosahatchee River Estuary and San Carlos Bay

The data presented in this report is from patch-scale SAV and water quality sampling undertaken
at seven sites using fixed transects within the upper and lower Caloosahatchee River Estuary and
San Carlos Bay (Figure 7-41) as part of a monthly sampling program from 2004 to 2008.
Landscape-scale mapping has not been done yet for this estuary. Based on salinity gradients and
SAV occurrence, the Caloosahatchee River Estuary is divided into three segments: upper, middle
and lower estuary. The middle portion of the estuary has not had significant amounts of SAV for
a number of years and is not monitored. Sites 1, 2 and 4 are located within the upper estuary.
Sites 5 and 6 are located within the lower estuary. Sites 7 and 8 are located within San Carlos
Bay.
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FIGURE 7-41. SUBMERGED AQUATIC VEGETATION AND WATER QUALITY
FIXED TRANSECT PATCH-SCALE SAMPLING SITES WITHIN THE
CALOOSAHATCHEE RIVER ESTUARY AND SAN CARLOS BAY
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7.3.3.1 Patch-Scale Fixed Transects
7.3.3.1.1 Upper Caloosahatchee River Estuary

In terms of distribution and abundance, Vallisneria americana, commonly known as tape grass,
has been the dominant species in the upper Caloosahatchee River Estuary, colonizing littoral
zones in water of less than one meter (Chamberlain and Doering, 1998a). In the early 1990s,
SAV covered approximately 1,000 acres and about 60 percent of the coverage occurred within
an 8-kilometer stretch between Beautiful Island and the Fort Myers Bridge (Hoffacker, 1994).
Total longitudinal cover ranged from 14 to 32 kilometers upstream from Shell Point
(Chamberlain and Doering, 1998b). By 2006, increases in salinity had led to the decline and
then the absence of V. americana in the upper estuary. Ruppia maritima, known as widgeon
grass, was the dominant species though it never achieved even the minimum abundance recorded
for V. americana (Burns et al., 2007).

V. americana was the overwhelmingly dominant species observed in Sites 1 and 2 in the upper
estuary from 2004 through 2006 (Table 7-2; Figure 7-42 through Figure 7-45). V. americana
can typically tolerate salinities of 3 to 5 psu with few long-term effects if light conditions are
sufficient (Haller et al., 1974; French and Moore, 2003; Jarvis and Moore, 2008) so the slightly
higher salinities from 2004 to 2006 were possibly not injurious. Dramatic declines in
V. americana at these two sites were observed beginning in late 2006 as a result of salinities
exceeding the species™tolerance (Bourn, 1932; Haller et al,. 1974; Doering et al., 1999; Kraemer
et al., 1999; Doering et al., 2001).

TABLE 7-2. SUBMERGED AQUATIC VEGETATION DOMINANT SPECIES AT
SAMPLING SITES IN THE CALOOSAHATCHEE RIVER ESTUARY

Site

Segment Number SAV Species

! Vallisneria americana

Upper Caloosahatchee 2 Ruppia maritima
River Estuary

Ruppia maritima

4 Vallisneria americana
Lower Caloosahatchee S Halodule wrightii
River Estuary 6 Ruppia maritima
7 Halodule wrightii
San Carlos Bay Thalassia testudinum
8

Ruppia maritima

At Site 4, Ruppia maritime, commonly known as widgeon grass, was the dominant species
though it only occurred at low cover (less than 15 percent) and densities (Table 7-2;
Figure 7-46 and Figure 7-47). Site 4 is in a transitional section of the estuary where salinities
are occasionally too high for the survival of freshwater SAV species such as V. americana and
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during other periods too low for the survival of higher salinity tolerant species such as Halodule
beuadettei (shoalweed), H. wrightii (shoal grass) or Thalassia testudinum (turtle grass).
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BOTTOM COVER AT MONITORING SITE 1 FROM 2004 TO 2008
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FIGURE 7-44. SUBMERGED AQUATIC VEGETATION MEAN (+SE) BOTTOM
COVER AT MONITORING SITE 2 FROM 2004 TO 2008

Final 2009 System Status Report




Chapter 7 Northern Estuaries Module

Seagrass Shoot Density Site 2

300

250 i —— Ruppia
-= Vallisneria

200

1

Shoots/m?
g

|
/A
|
|

N
o
o

(&)
o
1

0
< 4 85 ST T ST 00N W0 W0 W00 O O O O O ONMMDMINMDMDMMDIDND OO W O 0
C = > Q 2 C 5 > Q> C S >S5 > Cc S > > Cc 5 > a >
c S T3 00 8T 3 008 T3 oo 3 o0oo0acl8 T3 0o
S =S nzZz-o == nzZz-o=2=s nzZz-o == nzZz-o == n =z

FIGURE 7-45. SUBMERGED AQUATIC VEGETATION MEAN (+SE) SHOOT
DENSITY AT MONITORING SITE 2 FROM 2004 TO 2008

Seagrass Percent Cover Site 4

100
90 —+— Ruppia
80 -=— Vallisneria
70

[=2]
o

B
o

Percent Cover
()]
o

w
o

N
o

-_—

o o
1
-l
H

<t ¥ O S TS T OO0 W W0 N OO © © O© © NM~DNMNDNMNDNMNIDNIDNS OO OO O W 0 ©
PP TIILIIILLILIILILYIIRIII9YIRLILYSYS
e = XS 4 2 & 2 S L 4 3 L oL 5L 4 3 Lo 5L s S L s 5L s S
c & 3 00 0 &8 3 00 8 F® 3 00 8T 3 00 8 T3 0 O
S =2 = n Zz o =2 = 0w Z2 - == n 2 - == 0w Z2 - == n Z

FIGURE 7-46. SUBMERGED AQUATIC VEGETATION MEAN (+SE) BOTTOM
COVER AT MONITORING SITE 4 FROM 2004 TO 2008

Final 2009 System Status Report 7-53 September 2010



Chapter 7 Northern Estuaries Module

Seagrass Shoot Density Site 4

300

—— Ruppia
250 —= V/allisneria | |
200

Shoots/m?
a

-
o
o

o

o
—,
—
|

<t v ST S T T O 000N 0N O OO OO O©NMIMDMNMDMDMIDNDOOOOW O 0 W
RIYIYLIRLYIYIRLRIILLYILIYILYIYYYIRRYAIRRLYLRAYRR YR
C S >S5 QO 2 C 5 >2= Q> C 5 >2= Q> Cc 5 > Q> Cc s > a9 >
T8 032 0083 oo T3 0083 0o0c8T3 00
== nz-=2= nzoH== nz-o== nzoH=2= n =z

FIGURE 7-47. SUBMERGED AQUATIC VEGETATION MEAN (£SE) SHOOT
DENSITY AT MONITORING SITE 4 FROM 2004 TO 2008

The effects of hurricane water releases in 2005 resulted in decreased plant cover and density in
Sites 1 and 2 in the latter half of 2005 (Figure 7-43 and Figure 7-45). These water releases may
have affected SAV in Site 4 as well, but R. maritima cover was too low to quantify much effect.
Compounding the high turbidity impacts from freshwater releases in 2005, precipitous increases
in salinities beginning in October 2006 raised salinity levels to 10 to 25 psu from November
2006 through April 2008. During the December 2005 to April 2006 period, the lower water
clarity at Site 1 was associated with lower shoot density and cover compared to Site 2 (Figure
7-42 through Figure 7-45). The loss of plants was quite rapid with a significant end-of-year
dieback in 2006 followed by no regrowth in spring 2007. Salinities finally declined between
April and October 2008, but recovery has been slow. This may be related to a lack of propagules
as nearly all the V. americana was lost during the 2007 to 2008 high salinity period. It may also
be related to herbivory or other impacts on the initial recolonization of recruits into the area.
Leaves at these sites were sometimes noted as missing their tips. At Sites 1 and 2, exclosures
may need to be planted with either V. americana or R. maritima following high salinity events in
order to produce founder colonies to speed recovery.

In Site 4, 2007 coverage was similar to that in 2006 (Figure 7-46). K4 averaged 1.4 m™ in 2007
with no releases and a year of flushing. This suggests there should have been enough light for
plant growth at one meter without epiphyte shading. In 2004 and 2005, K4 averaged 2.7 and 3.2
per square meter, which may not allow growth at greater than 0.5 meter. Salinities were often 0
psu at Site 4 until September 2006 and this would prevent survival of seedlings of Halodule or
other seagrass species. Salinities stayed below 15 psu during wet years, which would support V.
americana, but much higher salinities during the drought in 2007 prevented long-term survival.
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The amount of flow at S79 that would be needed to ensure V. americana survival at Site 4 is well
over the sustained 300 cfs the MFL rule specifies based on Sanibel Captiva Conservation
Foundation River, Estuary and Coastal Observing Network 2008 data (see recon.sccf.org).

7.3.3.1.2 Lower Caloosahatchee River Estuary

Historically, two species of SAV have been routinely reported during surveys in the lower
Caloosahatchee River Estuary upstream of Shell Point. These include H. beuadettei or
H. wrightii and T. testudinum (Chamberlain and Doering, 1998a; Wilzbach et al., 2000; Burns et
al., 2007), which dominates this area. In more recent reports, Syringodium filiforme, commonly
known as manatee grass, has been reported in San Carlos and Tarpon Bays (Wilzbach et al.,
2000; Burns et al., 2007). H. wrightii coverage, described as abundant, has been at 300 acres;
approximately 75 percent of this occurred between two and eight kilometers upstream of Shell
Point (Chamberlain and Doering, 1998b. Species abundance followed the trend of 7. testudinum
greater than H. wrightii greater than S. filiforme. T. testudinum abundance was two and three-
times that of the H. wrightii and S. filiforme, respectively (Wilzbach et al., 2000). However,
after October 2005, H. wrightii replaced T. testudinum as the most abundant species at those sites
(Burns et al., 2007).

From 2004 to 2008, the lower estuary was dominated by H. wrightii (Table 7-2; Figure 7-48
through Figure 7-51). Although R. maritima was observed occasionally, it is difficult to
separate from H. wrightii when it is not flowering, so its abundance could be underestimated
slightly. Only very low densities of R. maritima were found in the lower estuary when surveys
were searching specifically for it. High salinity fluctuations with tides and shading by H.
wrightii may prevent R. maritima from growing. Low salinities during higher rainfall periods
and discharge events observed since 2004 likely prevented the survival of seagrass species such
as T testudinum. H. wrightii coverage and densities were lower at Site 6 than the slightly upriver
Site 5. This persistently lower abundance, compared to Site 5 since 2004, may be related to site-
specific differences in their physical settings or the impacts of storm events.

Water clarity was poor in 2004 and 2005 preventing SAV growth in waters greater than
0.7-meter deep. Water clarity conditions improved in 2007 and were sufficient for growth down
to 1.2 meters.

Hurricane effects lowering SAV abundance in 2005 and 2006 and subsequent H. wrightii
recovery in 2007 are evident with cover in 2007 e