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A.11 LAKE WORTH LAGOON CONCEPTUAL ECOLOGICAL MODEL
A.11.1 Model Leads

Dianne Crigger, Greg Graves, Dana Fike

A.11.2 Introduction

The Lake Worth Lagoon is the principa estuarine water body in Pam Beach County. Historically, Lake
Worth Lagoon was a freshwater lake with drainage from swamps along its western edge. The barrier
island to the east separates Lake Worth from the Atlantic Ocean. In the late 1800s, settlers arrived on the
banks of Lake Worth and immediately began making changes to the lagoon environment that continue to
this day. Extreme high tides, waves, high lake water levels, and storms occasionaly caused the formation
of temporary inlets. Several early attempts were made to create navigable inlets from the ocean, and in
1877 construction of a stable inlet was achieved. This inlet had an immediate effect on the freshwater
dynamics and the lake began to change to a saltwater lagoon system. During the 1890s the completion of
a navigation canad from the north end of Lake Worth Lagoon to Jupiter Inlet resulted in increased
freshwater discharges to the lagoon. Also, during this decade devel opers began filling the wetland edges of
the lagoon, an activity that continued into the 1970s.

In the early 1900s, the Atlantic Intracoastal Waterway was completed from the south end of the lagoon to
Biscayne Bay. By 1915, the Port of Palm Beach created a permanent inlet four feet deep at the north end
of Lake Worth Lagoon. In 1925, the inlet was deepened to 16 feet, and dredge spoils deposited in Lake
Worth Lagoon resulted in the creation of Peanut 1and. In 1917, the South Lake Worth Inlet was created
in a faled effort to improve tida circulation and provide flushing to the south end of the bgoon. The
completion of the West Palm Beach Cana (C-51) in 1925 resulted in significant freshwater inflow to Lake
Worth Lagoon and provided the drainage necessary for the development of the west shore of the lagoon.

Today, Lake Worth Lagoon is connected to the Atlantic Ocean by two permanent inlets (Figure A-36).
The Lake Worth Inlet is 800 feet wide by 35 feet deep; the South Lake Worth Inlet is 130 feet wide by 6
to 12 feet deep. The Atlantic Intracoastal Waterway runs the entire length of the lagoon. Eight causeways
and bridges connect the mainland to the barrier idand. Twenty-eight marinas and hundreds of private
docks are scattered along the shoreline. Approximately 65 percent of the shoreline is bulkheaded; only 19
percent of the shoreline remains fringed by mangroves (PBCERM 1992). While the cumulative impact of
the anthropogenic activities over the past 100 years has significantly altered the Lake Worth Lagoon from
its previous character and diminished its value as a hedthy estuarine ecosystem, significant regionaly
important natura resources remain. The fish and wildlife, water quaity and recreational values that remain
are being identified and evaluated, for protection under the auspices of the Lake Worth Lagoon
Management Plan (PBCERM and FDEP 1998).
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Figure A-36: The Boundary of the Lake Worth Lagoon Conceptual Ecological Model
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Recreational and commercial fish species, invertebrates, birds, species of specia concern and endangered
species utilize the existing natural estuarine communities of the lagoon. The West Indian manatee is an
endangered marine mammal found in Florida's rivers, estuaries and inshore areas. The section of Lake
Worth Lagoon just south of the Lake Worth Inlet has the greatest overall abundance of manatees during
the winter season. Palm Beach County waters provide maor warm water refuge and travel corridors for
the entire East Coast population of manatees. Severa bird sanctuaries and/or rookeries are aso located in
the Lake Worth Lagoon, including Bingham Idands, Bird Idand, Fisherman’s Idand, Hunter's Idand,
John's Idand, and Munyon Idand. A list of pratected plant and animal species that have been identified in
Lake Worth Lagoon or are likely to naturaly inhabit the lagoon was compiled in the Lake Worth Lagoon
Natural Resources Inventory and Enhancement Study (Dames and Moore and PBCERM 1990). Thisligt
includes atotal of 40 speciesincluding 13 plants, 1 mammal, 4 reptiles, 18 birds and 4 fishes.

Water quality, sediment quality and hydrology of the Lake Worth Lagoon reflect a highly atered and
stressed environment resulting from decades of nonpoint and direct discharges from the surrounding urban
development. Alterations affecting hydrology include construction of canas, channelization of natural
waterways, filling, drainage, and/or impoundment of wetlands, and stabilization and cregtion of inletsto the
Atlantic Ocean. Creation of permanent inlets to the lagoon changed its character from freshwater to
estuarine. Connection of the G51 @nd led to episodic inflows of large amounts of fresh water that
disrupt the estuarine biologica communities of Lake Worth Lagoon.

A conceptual ecological model in the risk assessment framework has been developed for the Lake Worth
Lagoon (Figure A-38). The modd depicts the general pathways by which driving forces (in rectangles),
particularly those related to modern human culture, affect “attributes’ of the ecosystem (in hexagons) that
are intringcally important to ecosystem function or are generally viewed by humans as valuable and
important to maintain. Drivers are manifested as stressors (ovals) that exert their impact on the ecosystem
in various ways, or “effects’ (diamonds). “Performance measures’ (trapezoids) provide the parameters
about the attributes that can be measured to determine the direction (positive or negative) and intensity of
effects.

A.11.3 External Driversand Ecological Stressors

Sources of ecological stressors in the Lake Worth Lagoon originate from agricultura and urban
development and the concurrent construction and operation of water management systems. Sea level rise
is also a factor that affects the ecology of the lagoon and must be taken into consideration during
restoration efforts. The resultant mgjor stressors to the Lake Worth Lagoon are altered hydrology;
altered estuarine salinity; elevated loads of nutrients, suspended and dissolved organic matter;
input of contaminants and toxins; boating and fishing pressure; and physical alterations.

Altered hydrology results from altered freshwater flow volume and timing. The interconnected network
of cands, often across natura drainage basin boundaries, and the need to provide adequate flood
protection for those areas developed as a result of the network of canas, has resulted in unnatural
discharges during basin flood releases. Additionaly, water withdrawals for irrigation and other water
supply purposes reduce flow volumes to the lagoon during drought conditions. Altered estuarine salinity
isadirect result of the atered hydrology but is also affected by sealeve rise.

Elevated loads of nutrients, suspended and dissolved organic matter has resulted from the
transformation of the lagoon drainage basin from one dominated by wetland mosaics and forested areas to
urban and agricultura land uses. In addition, the drainage basin has been extended and cross-connected to
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afford flood protection; however, the absence of adequate storage and treatment facilities requires
delivering flood waters rapidly into the lagoon with little potential for amelioration of nutrient and dissolved
organic matter loads. High peak flow rates also scour canal bottoms as well as exacerbate erosion of
cand banks, thus ddlivering elevated suspended solids loads to the lagoon during sporadic rain-driven
events.

Input of contaminants and toxins result from the establishment of pathways whereby substances
commonly used within both urban and agricultura settings are delivered to the lagoon via overland flow or
through cana discharges. Such substances include pesticides, metals and oils from wear and use of
automobiles, as well as from other industrial and urban practices.

In addition to the construction of water management system canals, many other physical alterations
have been made to the laggon. These include opening and widening of inlets, dredging and maintenance of
navigation channels, development of the shoreline and interior basin, and draining and filling wetlands.

The extensve basin drainage modifications made possible an increase in population and facilities along the
laggon. This has resulted in increased boating and fishing pressure from both recreationa and
commercial demands.

A.11.4 Ecological Attributes
A.11.4.1 Salinity Envelope

The Lake Worth Lagoon is a syssem dominated by polyhaine conditions adversely affected by large
volume freshwater releases. The ided restoration scenario may thus be to minimize perturbation from
those large-scale cana discharges. Natural estuaries tend to reach a steady state where the salinity
gradient remains relatively stable in position, subject to seasond and tida oscillations (Pickard and Emery
1990). The concept of a naturd distribution of sdinity gradients and variability acceptable to and
supportive of aquatic life is an important prerequisite for environmental health. Mortality and/or impairment
have been documented in many species exposed to sainities outside their idea ranges (Kingsford and
Gray 1996).

Prolonged discharge events may create a plume of fresh water that prevents tidal marine waters from
entering the lagoon. The low salinity plume described above may act as a "plug” or barrier to successful
colonization of habitats in e lagoon by many organisms. In a typical natural scenario, offshore areas
provide larvae and juveniles to the lagoon, and in turn, the lagoon provides adult fish to spawn offshore.
Sdlinity disruption or blockage could interfere with both processes. The early larval and juvenile stages are
particularly vulnerable to being adversaly affected by poor water conditions including lowered sdinity.
Organisms may potentialy avoid the low sdinity area, and thus delay settling in nursery habitats exposing
them to enhanced risk of predation, or they may die or suffer reduced fitness due to exposure to
deleterious salinity levels. Low salinity exposure may cause eggs or larvae to settle prematurely in
inappropriate habitats, leading to reduced fitness or death (Forward 1989, Reagan 1985). The haocline
produced by the low sdlinity front may cause larval organisms to gather aong the edge of the plume,
exacerbating the life-history risks Kingsford and Gray 1996). The potential for deleterious effects is
greater when discharges occur closer to the inlets that provide tidal marine water, because alarger portion
of the lagoon is unavailable for the norma migrations of colonizing species.
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A.11.4.2 Water Quality

The Lake Worth Lagoon receives mgjor inflows of fresh water from the regional canas. The C-17 canal
discharges to the upper segment of the Lake Worth Lagoon. The C-51, C-16, and C-15 canals discharge
to the middle and lower segments of the lagoon (Figure A-36). While inlets provide some mechanism for
flushing and restoration of sdinity equilibrium, the middle and lower segments of the lagoon are subject to
less circulation and have longer periods of low sdinity (Zarillo 2003). Canal influences extend to nutrient
and sediment loads as well.

The Lake Worth Lagoon and Palm Beach Coast Basin Status Report (FDEP 2003) contains data from a
recent water quality assessment for the Lake Worth Lagoon that indicates that the northern and southern
segments of the lagoon are potentially impaired for copper. The northern segment was also identified as
potentialy impaired for lead. The report shows that ecological data gathered for the Lake Worth Lagoon
in recent years reflect the degraded state of the lagoon that have been caused by cand inflows and the
altered shoreline. However, some data do indicate moderate improvement in water quality with respect to
nutrients, possibly due to reductions in point source discharges. The data in the Impaired Waters Rule
database was insufficient to evaluate water quality in the central segment of the lagoon.

A.11.4.3 Submerged Aquatic Vegetation

Submerged bottom resources in the Lake Worth Lagoon include seagrass beds, macro-algae, oyster
habitat, corals and sponges. Seagrasses first became established in Lake Worth Lagoon when the system
was converted from freshwater to marine due to the influences of permanent inlets. Many areas that
would otherwise be suitable for seagrass colonization have been lost due to dredging and filling activities,
however seagrasses reportedly have never been abundant (Harris et al. 1983). In general, seagrasses are
most common and dense in shallow areas and in areas that maintain good water clarity due to sheltering or
tidal flushing.

Seagrass beds provide habitat for myriad animas, including the juveniles of many commerciadly and
recregtionaly valuable species. Like al plants, seagrasses require adequate sunlight, and this is a function
of water clarity. A 1940 inventory found 4,271 acres of seagrass within the lagoon. In 1975, asurvey
found a mere 161 acres. However, in 2001, some 1,630 acres were documented, indicating that conditions
amenabl e to seagrass recolonization had improved (Applied Technology and Management, Inc. 2002).

All submerged aguatic vegetation SAV) species have a preferred and tolerable sdinity range. They
respond unfavorably when salinity alterations exceed these ranges. Degraded water quality and physical
aterations have been shown to cause aregiona decrease in coverage (Chamberlain and Doering 19983).
This decline negatively impacts fish and invertebrate communities. It also causes destabilization of
sediments and a shift in primary productivity from benthic macrophytes to phytoplankton, both of which
provide negative biofeedback that further affect seagrass beds.

Seagrass communities can be found throughout Lake Worth Lagoon. Six species of seagrasses are known
to occur in Lake Worth Lagoon. Turtle grass (Thalassia testudinum) is capable of forming dense beds.
Shoal grass (Halodule wrightii) is the most tolerant of temperature and salinity changes. Manatee grass
(Syringodium filiforme) mixes with other species in small beds. Halophila engelmannii, Halophila
johnsoni, and Halophila decipiens populate deeper areas. In Lake Worth Lagoon, Halodule wrightii is
the most abundant species of seagrass in terms of coverage, and occurs primarily in shalow areas. A
2001 seagrass survey identified 70 percent of the seagrasses in the northern segment of the lagoon (Little
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Lake Worth just north of North Ocean Drive), 20 percent of the seagrasses in the central segment of the
lagoon (Royal Park Bridge to Ocean Avenue bridge in Lantana), and 10 percent of the seagrasses in the
southern segment of the lagoon (Ocean Avenue bridge in Lantana to Ocean Avenue bridge in Boynton
Beach). Corresponding seagrass coverage within each segment is 30 percent in the northern, 12 percent in
the central and 15 percent in the southern segment of the lagoon. Halophila engelmanni was observed in
asingle occurrence in north Lake Worth Lagoon (PBCERM and Dames and Moore1990).

Species of macro-algae also become attached to the bottom or form drifting mats. Seagrass and macro-
algd communities are very important habitat for many marine species. Their continued survival in Lake
Worth Lagoon is dependent upon protection from direct impacts and maintenance of good water qudlity.

While not as abundant as seagrass communities, other types of bottom resources including oyster bars,
coras and sponges also provide important habitat functions for marine organisms. Oyster bars can be
found in the vicinity of John D. MacArthur State Recreation Area, and in the vicinity of the Bingham
Idands and at the north end of Hypoluxo Idand. Corals and sponges are limited in occurrence to areas
within close proximity to the inlets.

A.11.4.4 Benthic Communities

The Lake Worth Lagoon benthic community composition varies with the substrate encountered. Every
anima has limits of sadinity extremes and rates of sdinity change beyond which the organism will not
survive. Benthic organisms provide essential ecological and biologica functions in the lagoon and can
influence the quality of the environment. These communities filter/trap particulates, serve as refuge, and
provide a food source for fish and macroinvertebrates. Benthic communities can serve as important
indicators of environmental quality that respond to changes in freshwater inflow or water qudity via
change in cover, density or community composition. A healthy benthic community represents an important
habitat that will support diverse fish and motile invertebrate populations. Degradation or loss of benthic
communities will diminish the ability of the lagoon to maintain the mosaic of conditions that support high
habitat diversity and productivity.

Macroinvertebrates provide an ideal measure of the response of the benthic community to environmental
perturbations (Boesh and Rosenberg 1981, Reish 1986). Benthos are primarily sedentary, thus, have
limited escape mechanisms to avoid disturbances (Bilyard 1987). They provide a record of effects of short
and long-term environmental changes through species composition and abundance changes. Therefore,
they are often used as water-qudity indicators. They are relatively easy to monitor and tend to reflect the
cumulative impacts of environmental perturbations, thereby providing good indicators of the changes in
ecosystems over time. They have been used extensively as indicators of impacts of both pollution and
natural fluctuations in the estuarine environments (Gaston et a. 1985, Bilyard 1987, Holland et a. 1987,
Boesh and Rabalais 1991).

The theory underlying use of species indicators to assess water quality condition assumes that benthic
assemblages, which are often comprised of a variety of species across multiple phyla, represent a range of
predictable biotic responses to potential pollutant impacts. Their use in water-quality studies requires
assumptions that communities remain at steady state except when influenced by human activity. Long-
term studies show that natural variation over a variety of time scales often masks anthropogenic (human
induced) changes. Therefore, species indicator(s) associated with changes and shiftsin biota diversity are
used to access the status of a habitat.
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Benthic macraoinvertebrate communities in the Lake Worth Lagoon are sengtive to bottom type, water
quality and sdlinity fluctuations. Furthermore, the fluctuation between periods of high and low discharge
causes dternating shifts between estuarine and freshwater species (Haunert and Startzman 1985). Reed
(1975) reported that species diversity and species richness values from sites sampled both near cana
outfals and from mud-dominated areas were low, Similar to those reported from pollution-stressed areas in
other studies. Deis et a. (1983) attributed differences in macroinvertebrate community structure to
physical effects arising primarily from the West Palm Beach Candl.

A.11.4.5 Fishery Species

At least 70 percent of Floridas recreationally sought fishes depend on estuaries for at least part of their
life histories (Harris et a. 1983, Estevez 1998, Linddl 1973). Within the lagoon, seagrass communities
provide critica refugia for juvenile fish such as redfish (Sciaenops ocellatus), grouper, snook
(Centropomus undecimalus), and spotted seatrout (Cynoscion nebul osus).

Several studies of Lake Worth Lagoon’s fish populations have been conducted over the past twenty years.
A total of 261 species of fish have been collected in Lake Worth Lagoon including fish species found in
the vicinity of the inlets. Both resident and transient populations are found in the lagoon, but population
sizesaswell astiming and nature of utilization by various species are largely unknown.

The greatest numbers of fish species have been collected near Munyon Idand, northwest of Palm Beach
Shores, near the Lake Worth Inlet, near Hunters Idand and in the vicinity of South Lake Worth Inlet
These areas contain some of the lagoon’s most diverse marine habitats and are essential nursery habitats
for juvenile marine reef fishes (Gilmore et al. 1981).

The total number of species collected in Lake Worth Lagoon (195), and in the lagoon including the vicinity
of theinlets (261), is comparable to the total for the Loxahatchee River area where 286 species have been
collected (Christensen 1965), the Indian River Lagoon where 286 species have been collected (Gilmore et
al. 1981), and Biscayne Bay where 193 species have been collected (DERM 1984).

While conclusive data documenting the population trends of various fish species in Lake Worth Lagoon
are not available, it is clear from review of hstorical accounts and catch records that commercial and
recreational fisheries resources in the lagoon have greatly declined over the past forty years (Harris et al.
1983, Lewis et a. 1985, McCray et d. 1985, WPB Fishing Club 1989, Woodburn 1961). The nmogt likely
reasons for fisheries declines are habitat destruction and water quality degradation (PBCERM and Dames
and Moore 1990). Improperly regulated fish harvesting is aso probably a contributing factor.

A.11.4.6 Shoreline Habitat Functionality

The ecological \dlue of mangrove communities has been well documented in the scientific literature.
Mangrove communities provide habitat for marine organisms, protect shorelines from erosion, and enhance
water quality by acting as natural filters. Detrital material produced by mangrovesiis the basis of the food
chain for South Florida s marine and estuarine ecosystems. Mangroves support fish and macroinvertebrate
communities by providing protected nursery areas for fishes, crustaceans, and shdlfish, and food for a
multitude of important commercial and recreational marine species such as snook, snapper, tarpon, jack,
sheepshead, red drum, oyster and shrimp (Harris et a. 1983, Lindal 1973). Mangrove roots act to trap
sediments and prevent shoreline erosion and provide attachment surfaces for various marine organisms.
Additionally, mangrove forests provide habitat for a highly diverse population of birds (Odum et a. 1982).
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Mangroves are senditive to aterations in upland drainage. In some areas, drainage for agricultural and
urban development has reduced overland flows of fresh water to the mangroves. This results in an
increased amount of concentrated runoff, which in turn changes the salinity balance, reduces the flushing
of detritus, and washes nutrients directly into the lagoon without the benefit of filtration by the mangrove
system (Estevez 1998).

Most of the Lake Worth Lagoon shoreline has been altered by dredging, filling and bulkhead construction.
Between 1940 and 1975, an estimated 87 percent of shoreline mangroves were eliminated by shoreline
development (Harris et a. 1983). Currently only about 19 percent of the shoreline (including idands) has
fringing mangroves. Bulkheads have been constructed on approximately 65 percent of the shoreline
(including canals).

A.11.4.7 Near-Shor e Reef

Cord reef systems are highly oligotrophic, and potentialy vulnerable to changes resulting from nutrient
enrichment. Reef development is typically slow and occurs over geologic time scales, so impacts to reefs
may cause ecological problems that require long time frames for recovery. The areas near North and
South Lake Worth Inlets (i.e., PAlm Beach and Boynton Inlets) are unique and important resources for the
State of Horida. The extensive hard cora systems present within a few kilometers of the shoreline provide
habitat for many marine species of socio-economic value to tourism and local fisheries. These reefs
represent the most northward extension of tropical reefs on the east coast of the United States, and
trangition into worm reef/limestone habitat near the Jupiter Inlet (Japp and Hallock 1990). The recreationa
and commercia importance for this area of northern Palm Beach County cannot be overstated, and the
hedlth of Florida's reef system is of specia concern. The quantity and quality of water discharged from
the Lake Worth Lagoon has effects on near-shore habitats near the ocean inlets of the Lake Worth
Lagoon, and changes to the water management strategies as a result of Comprehensive Everglades
Restoration Plan (CERP) activities may ater the current conditions. Alteration of flows delivered to C-16,
C-17 and G51 will directly affect the transport of sediments to near-shore reef areas, as well as light
penetration through alteration of watercolor and clarity. These factors may directly or indirectly affect the
health of corals through a variety of mechanisms. Decreasing the volume of fresh water “put to tide”
through existing water conveyances will most likey be beneficia to the overal hedth of these
hardgrounds. Systemrwide effects expected as a result of the implementation of the CERP include
decreased nutrient and sediment transport to these tropical reefs, and decreased color, which will improve
the light regime needed by symbiotic zooxanthellae found in many sessile invertetrates (e.g., stony corals,
octocorals, sponges and tunicates). Indirectly, these reef animals will benefit from an expected decrease in
overgrowth by macro-algal species that readily respond to increased nutrients.

A.11.5 Ecological Effects
Critical Linkages between Stressors and Attributes/'Working Hypotheses

The most significant ecological impact to the Lake Worth Lagoon is the dteration of estuarine salinity
regime. Sdinity is one of the principa factors influencing the distribution and abundance of organisms
inhabiting estuaries (Kennish 1990). Changes in the digtribution, timing and rapidity of change of sdinity
include low saline events, primarily due to regulatory water releases from the S155 structure, but aso
include discharges from the S41 and S-44 structures.

The large-scale water releases transport massive volumes of organic and inorganic sediments, which
contribute to deposits of muck in the estuaries (Shrader 1984, Gunter and Hall 1963, Fitt 1972). The large
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accumulations of muck covering the bottom of the lagoon dramatically decrease the quality and quantity of
habitat for benthic macroinvertebrates, oysters and finfish. Together, atered salinity and siltation can have
negative impacts to important components of estuarine and near-shore reef ecosystems, including SAV,
phytoplankton, fish and macro-invertebrate communities, fish-eating birds, and reef-building polychaetes
(Haunert 1988). Changes in temporal and spatial patterns of salinity envelopes can be significant stressors
to fish and shellfish populations.

The above conditions are exacerbated by the loss and fragmentation of shoreline habitat and by the input
of toxins, nutrientsand dissolved organics (Haunert et a. 1994). The loss and fragmentation of habitat due
to human development results in the direct loss of mangrove wetlands and emergent bank vegetation upon
which fish and macro-invertebrate communities depend. Increased inputs of nutrients and dissolved
organics degrade water quality, contribute to the accumulation of muck, which in turn covers hard bottom
habitat, and contributes to changes in phytoplankton and SAV communities. Increased levels of toxicants,
from agriculturd run-off, urban development and the boating industry including metds, pesticides and their
residues, can cause adverse impacts to aguatic food chains leading to fish-eating birds.

The ecologica effects and critical linkages described above are based on key hypotheses. The hypotheses
are presented below, organized by attribute.

A.11.6 Submerged Aquatic Vegetation
Effects of Altered Salinity on Submerged Aquatic Vegetation

Tabb et al (1962) stated: “Most of the effects of man-made changes on plant and animal populations in
Florida estuaries are a result of dterations in salinity and turbidity.” Altered estuarine sdinity resulting
from hydrologic alterations, water management practices, and sea level rise has had a negative effect on
SAV and has resulted in large decreases in the spatial extent of SAV in the Lake Worth Lagoon.
Different species of SAV have different desirable salinity ranges (Zieman 1982, Doering et a. 2002).
When sdlinity falls outside of these ranges, the SAV is negatively impacted and may result in a reduction
in dengities and distribution (Chamberlain and Doering 1998b). Increases or decreases in sdinity may give
one species a competitive advantage over another (Livingston 1987).

Level of certainty - moderate
Relationships among Submerged Aquatic Vegetation, Salinity and Fishes.

Negative changes in SAV community structure and function aong with changes in the natura sdinity
regime have resulted in a decrease in larval and adult fish recruitment into the lagoon. Fish densities are
typically greater in grass bed habitat within South Florida's estuaries and coastal lagoons than in adjacent
hebitats (Reid 1954, Tabb et al. 1962, Roesder 1965, Yoke 1975, Weingtein et d. 1977). The SAV beds
provide protection from predation for animas living in it. The dense seagrass blades and rhizomes
associated with the grasses provide cover for invertebrates and small fishes while also providing sanctuary
from predators (Zieman 1982). Reduction in size and health of SAV beds effects the location, abundance
and speciation of fisheriesin the lagoon.

Level of certainty - moderate
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Effects of Nutrients, Turbidity and Dissolved Organic Matter on Submerged Aquatic Vegetation

The input of increased levels of nutrients, dissolved organic matter and turbidity affect SAV abundance
and hedlth by increasing phytoplankton levels and water color which in turn decreases the amount of light
that penetrates the water column to become available to SAV.

Level of certainty - moderate
Effects of Increased Epiphyte Growth on Submerged Aquatic Vegetation

Increased epiphyte growth can be caused by both increases in available nutrients that accelerate their
growth and/or a decrease in grazing pressure. This increase in epiphytes can shade the blade of the SAV,
thus decreasing the amount of light that can be absorbed by the plant and used for photosynthesis.

Level of certainty - moderate
Effects of Muck Accumulation on Submerged Aquatic Vegetation

Large deposits of highly organic, silt and clay materids, i.e., muck, have displaced norma sandy substrate
in the lagoon contributing to the decrease in extent of SAV beds. SAV need suitable sibstrate for
successful recruitment and establishment. Muck sediments are easily resuspended in the water column by
boat wakes, wind and wave action, decreasing the amount of light which penetrates the water column to
become availableto SAV.

Level of certainty - moderate
Effects of Boating Pressure on Submerged Aquatic Vegetation

The increase in the numbers of boats in the lagoon has contributed to the decrease in extent of SAV beds.
Shallow areas, which normally contain the healthiest and most abundant beds, are most likely to be
impacted when boats run aground, or boat props come in close proximity to the grass beds.

Level of certainty - low

Effects of Physical Alterations in the lagoon to Submerged Aquatic Vegetation Distribution,
Abundance and Health.

The physica dterations in the lagoon that have an adverse impact on SAV include the destruction of
natural shoreline and replacement with hardened shoreline such as bulkhead and seawalls. As the shallow
doping shorelines are diminated, the area available with the correct depth for SAV recruitment and
growth declines.

Level of certainty - high
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A.11.7 Benthic Communities
Effects of Altered Salinity Envelope on Macroinvertebrate Community

Sudden and extreme shifts in sdinity lead to changes in the diversity and species composition of benthic
invertebrates in the lagoon. Community composition varies with the substrate encountered, however, for
any animal there are limits of salinity extremes and rates of sdlinity change beyond which the cells and the
organs will not function (McLusky 1971).

Level of certainty — high
Effects of Elevated Nutrients on Macroinvertebrate Community

Benthic infauna organisms are often used as indicators of perturbations in the estuarine environment
because they are relatively nonmobile, short-lived, and, therefore, cannot avoid environmental problems.
The response of benthic communities to dterations in sediment and water quality is relaively well
understood and is often expressed as changes in community structure, density, and diversity (USEPA
1999). For example, excess nutrients can create enhanced feeding opportunities for some tolerant
organisms, while eliminating niches, habitats and food supply for other sensitive organisms.

Level of certainty — noderate
Effects of Shift in Sediment Characteristics on Macroinvertebrate Community
Rapid deposition of new sediments or sudden shifting of unstable sediments during excessive stormwater
discharges can make conditions inhospitable for certain classes of sessile organisms that require stability
for survival and reproduction.

Level of certainty - moderate

Effects of Shift to Toxic Substances and Contaminants on Macr oinvertebrate Community

Since macroinvertebrates physicaly live either on or in the sediments, they are directly exposed to and
affected by heavy metals, pesticides and other toxins in the sediment. Many of these substances are either
insoluble in water or tend to associate with particulate matter that flocculates, often resulting in
concentrations much higher in the estuarine sediments than that observed within the overlying water
column. This increase in toxins can cause a shift to more pollutant tolerant species. Toxins can aso
bioaccumulate causing a decline in the health of the communities.

Level of certainty - moderate
Effects of Shift to Anoxic and Hypoxic Conditions on Macroinvertebrate Community

Different species may be better adapted than other less tolerant types to endure low oxygen conditions.
Sustained low dissolved oxygen levels will generdly result in extirpation of more sensitive taxa, such as
bivalves, with a resultant shift toward a macroinvertebrate community dominated by less sensitive taxa
such as Oligochaeta the polychaete Capitellidae.

Level of certainty - moderate
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A.11.7.1 Fishery Species
Effects of Reduced Coverage and Health of Submerged Aquatic Vegetation on Fishery Species

Economicaly and ecologically vauable fishery species include both fish and shdllfish (e.g., lobster and
shrimp). Reduction in size and hedth of SAV beds effects the location, abundance and speciation of
fisheriesin the lagoon. SAV provide nursery grounds for many fish and invertebrate communities and the
destruction of these nursery grounds has a negative effect on the estuarine fish communities.

Level of certainty - moderate
Effects of Toxic Substances on Fishery Species

Toxic substances that can deleterioudy affect fish hedth include pesticides, various heavy metals,
polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHS), etc. These substances are
delivered to the lagoon with freshwater inflows from both agricultural and urban stormwater runoff, or
released in Situ via various maritime activities and practices. Such substances can affect fish health either
sangly, additively or synergisticaly, such that a clear understanding of the potential ramifications of often
low level concentrations is difficult. Additionaly, toxic compounds can compound the effects of biologica
toxins produced by certain species of algae, either during blooms or during minor species shiftsin agd
communities, or permit opportunistic organisms to adversely affect fish hedlth. Fish hedlth effects include
avoidance, fish abnormalities such as lesons, genetic changes, and loss of reproductive success.
Documented pathways for toxic substances to affect fish hedth include bioaccumulation through the
underlying chain of foodstuffs, direct exposure to compounds in the water column, and/or exposure to
contaminated surficial sediments. Certain species of fish appear to be more prone then others to the
effects of toxic materials.

Level of certainty - low
Effects of Loss of Mangrove Habitat on Fishery Species

Destruction of the mangrove shordine that once lined large areas of the lagoon has negatively impacted
fisheries. Mangroves supply a structural refuge for juvenile fish, a substrate for fish food sources, and are
an important component in the detrital food chain for the lagoon. In large areas of the lagoon, natura
shoreline has been lost to devel opment.

Level of certainty — high
A.11.7.2 Shoreline Habitat Functionality
Relationship of Loss of Mangroves to Physical Alterations to the Lagoon

Physical aterations to the lagoon caused by increased population in the coastd zone has lead to the
conversion of natura shoreline, both mangrove and freshwater floodplain, to seawalls, bulkheads and other
types of hardened shoreline. This loss of habitat impacts many other important components of the lagoon
including fisheries, crabs, benthic invertebrates and birds.

Level of certainty - high
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A.11.7.3 Near-Shore Reef
Relationship of Near-Shore Reef to Altered Freshwater Flows

Increased flows may aso equate with increased loads and a concomitant increased potential impact to the
health and abundance of near-shore reefs. Competition is an important process determining the structure
and composition of benthic communities on reefs, and competition from macro-algae is an important step
during reef degradation (Mcook et a. 2001). Even dight increases in nutrients can present catastrophic
conseguences, and can result in blooms of macro- and filamentous a gae (Lapointe 2000).

Level of certainty - low
A.11.8 Research Questions

Research questions were developed for the critical linkages discussed in Section A.11.4 and displayed in
the conceptual ecologica modd (Figure A-38, Section A.11.9) based on relative importance to project
outcome in consideration of relative certainty of those linkages. Ecological changes resulting from the
reduction of stormwater discharges to the Lake Worth Lagoon will be influenced by interrelated causal
relationships with low levels of certainty. All of these uncertainties involve the estimated reductions in
freshwater flow and sediment loading into the lagoon. Several of these relationships are based purely on
the volume, timing and digtribution of the fresh water itsdf, while others involve reductions of nutrient,
toxin, suspended solids and dissolved organic loads that are associated with discharges from the devel oped
watershed.

Effects of Altered Salinity on Submerged Aquatic Vegetation

What effect do undesirable sdinity shifts have on the diversity and community species composition of
Syringodium filiforme and macro-algae?

Rel ationships among Submerged Aquatic Vegetation, Salinity and Fishes
Wheat is the tempord utilization of SAV by fish and how is that interaction affected by salinity?

Relationship of Submerged Aquatic Vegetation to Input of Nutrients, Turbidity and Dissolved
Organic Matter

What effect does increased levels of nutrients and dissolved organics have on light attenuation and its
subsequent effect on the distribution, density and abundance of SAV in the Lake Worth Lagoon?

Relationship of Submerged Aquatic Vegetation to Increased Epiphyte Growth

What is the relationship of the amount of epiphyte coverage found on SAV with the location, abundance
and diversity of different speciesin the Lake Worth Lagoon?

Relationship of Submerged Aquatic Vegetation to Accumulation of Muck

What is the present distribution of muck deposits and how do they relate to SAV reestablishment?
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Relationship of Physical Alterations in the Lagoon to Submerged Aquatic Vegetation Distribution,
Abundance and Health

What is the best way to reestablish SAV in areas that have been physically impacted?
Relationship of Macroinvertebrate Community Shift to Altered Salinity Envelope

What effect do undesirable salinity shifts have on the diversity and community species composition of
macroinvertebrates in the lagoon?

Relationship of Macr oinvertebrate Community Shift to Elevated Nutrients

What effect do elevated nutrients have on the diversity and community species composition of
macroinvertebratesin the lagoon?

Relationship of Macroinvertebrate Community Shift to Sediment Characteristics

What effect do sediment characteristics have on the diversity and community species composition d
macroinvertebrates in the lagoon?

Relationship of Macroinvertebrate Community Shift to Toxins and Contaminants

What effect do contaminants have on the diversity and community species composition of
macroinvertebrates in the lagoon?

Relationship of Macroinvertebrate Community Shift to Anoxic and Hypoxic Conditions

What effect does oxygen regime have on the diversty and community species composition of
macroinvertebrates in the lagoon?

Effects of Reduced Coverage and Health of Submerged Aquatic Vegetation on Fishery Species
What is the relationship of habitat oss and fishery species?
Effects of Increased Levels of Toxins on Fishery Species

To what extent do fish within the lagoon exhibit the abnormalities and/or lesions documented in nearby
associated waters (i.e., Loxahatchee Estuary, St. Lucie Estuary and the Indian River Lagoon)? What is
the functional relationship between toxins and abnormalities and/or lesions found on fish in the Lake Worth
Lagoon?

Effects of Loss of Mangrove Habitat on Fishery Species

What is the effect of loss of mangrove habitat on fishery species? What is the best way to enhance or
reestablish viable shoreline habitat?

Relationship of Tidal Inundation into the Lake Worth Lagoon Due to Sea Level Rise

Wheat is the relationship of sealevel riseto the lagoon’s salinity regime?
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Relationship of Macroinvertebrate Community Shift to Altered Salinity Envelope

What effect do undesirable sdlinity shifts have on the diversity and community species composition of
macroinvertebrates in the Lake Worth Lagoon?

Relationship of Water Quality in Lake Worth Lagoon to Water Management

What is the quantitative link between water management and flow at the boundary of the lagoon
ecosystem?

Relationship between Turbidity and Nutrient Concentrations and the Reestablishment of Seagrasses
in Lake Worth Lagoon

What limits seagrass distribution in the central and southern segments of the lagoon and are changes in
water management going to improve this?

Relationship between Actual Freshwater Inflow to Lake Worth Lagoon and Water Management

Is there a direct relationship between the inflow of fresh water to Lake Worth Lagoon and water
management practices in the watershed?

Relationship of Habitat Loss and Estuarine Fish Communities

What is the appropriate salinity gradient to maintain from interior coastal wetlands through the near-shore
zone in order to optimize the diversity and abundance of estuarine fish speciesin Lake Worth Lagoon?

Relationship of Freshwater Flow to Estuarine Habitat
How is estuarine habitat affected by the quantity, timing and distribution of freshwater inflow?
Relationship of Mangroves and Freshwater Inflow Changes and Sea Level Rise

What are the effects of freshwater inflow change and sea leve rise on mangrove distribution?

A.11.9 Hydrologic Performance M easur es
A.11.9.1 Polyhaline Pattern and Stability

Improving the timing, quantity and duration of freshwater discharges is the primary mechanism for
changing salinity patterns within Lake Worth Lagoon. The goa is to moderate wet season flood releases
and augment dry season inflows to provide an ecologicaly appropriate salinity envelope. The god is
maximize the balance, diversity and distribution of the polyhaline and stenohaline community, and to reduce
to the extent possible of mesohaline conditions. The centra and southern segments of the lagoon should
more closaly resemble conditions currently present in the northern segment.

The preliminary salinity target performance measure for the Lake Worth Lagoon is an inflow of 500 cubic
feet per second (cfs) during the wet season. This inflow is expected to achieve minimum bottom salinity of
23 parts per thousand (ppt) during the wet season at a distance of 0.5 miles north of the mouth of the C-51
canal.
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A target sdinity envelope is being developed by the North Palm Beach Comprehensive Everglades
Restoration Project Delivery Team. The team has established a Receiving Waterbodies Focus Group that
will use an integrated modeling approach to develop a sdlinity gradient that would result in a more stable
and persistent natura biologica communities in the lagoon. The modeling approach will be completed by
December 2003.

A.11.10Ecological Performance M easures
A.11.10.1 Water Quality

Water quality performance measures for Lake Worth Lagoon includes the following indicators: nutrients,
alga bloom frequency, and water clarity measured by photosyntheticaly-active radiation (PAR). Current
levels of surface water nutrient (total phosphorus and total nitrogen) concentrations and loads must be
maintained or reduced to historica background levels. Frequency of aga bloom occurrences must not
increase. Existing water clarity must be maintained or improved in those regions where reduced water
clarity is limiting growth of seagrasses. Reduce loads of nutrients, toxins, dissolved organic maiter and total
suspended solids that originate from agricultural and urban land use practices and are exacerbated by
regulatory and flood releases during wet periods and from the enlargement of the local drainage basins.

A.11.10.2  Sediment Quality

Restoration efforts and changes in water management practices may affect the conveyance of
contaminants in sediments; therefore, toxicant concentrations are also a recommended indicator for a
performance measure. The target is to decrease the geographic extent and concentration of sediment
contamination and decrease the extent of unstable or muck sediments, which inhibit formation of baanced
benthic community.

A.11.10.3 Benthic Community

Benthic performance measures recommended for the lagoon include increased species richness,
abundance and diversity of benthic species. Ungtable sdinity, low dissolved oxygen, presence of toxic
substances and elevated concentrations of nutrients (via algal response to nutrient enrichment) can
separately or in concert with one another adversely affect the composition of the lagoon’s benthos.
Maintenance of suitable conditions will alow establishment of sensitive groups (e.g., filter feeders such as
Pelecypoda and Porifera, and grazers such as Telmatogetoninae), resulting in an overall balanced and
diverse benthic community typical of that of a healthy lagoona system.

A.11.10.4 Submerged Aquatic Vegetation

The indicators for a SAV performance measure include cover, density and species composition. The
target is to reestablish SAV beds in areas presently devoid d SAV, to improve cover where currently
inhibited, and to maintain existing cover in areas where plants currently flourish.

A.11.10.5 Fishery Species

Indicators recommended for performance measures relative to the fish and shellfish communities include
abundance, density and species composition. The overdl target is to increase the diversity and density of
fishery assemblages at benchmark locations in the Lake Worth Lagoon. More specifically the target is as
follows:
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Increase representation of juvenile stages of reef and recreationdly important fishes, including
gray snapper (Lutjanus griseus), mutton snapper (Lutjanus analis), yellowtail snapper (Ocyurus
chrysurus), lane snapper (utjanus synagris), yellowtail parrot fish (Sparisoma rubripinne),
gag grouper (Mycteroperca microlepis), grunt (Haemulon sp.), snook (Centropomus
undecimalis), red drum (Sciaenops ocellata), and spotted seatrout (Cynoscion nebul osus) from
present basaline conditions.

Increase abundance of mullet (Mugil sp.), menhaden (Brevoortia sp.) and anchovy (Anchoa sp.)

based on catch per unit effort.
Performance
Measure

Increase post-larval and juvenile densities of spotted seatrout in representative seagrass beds,
particularly shoagrass from present basdline conditions.

Ecological

Sources Effect

Drivers/ [ Stressor ]

Increase juvenile settlement rates of the common and fat snook (Centropomus parallelus) at
representative sites in the Lake Worth Lagoon from present baseline conditions.

Increase abundance of juvenile and adult red drum at representative lagoon sites from basdline
conditions.

A.11.10.6 Shoreline Habitat Functionality

The indicators for a performance measure shoreline habitat functiondity is the percent of restored
shoreline mangrove habitat, species diversity, and quality of habitat as defined by height, depth and density
of fringing mangrove stands. The target or restoration expectation is to increase spatial extent of
mangrove and emergent shoreline plant communities.

A.11.10.7 Near-Shor e Reef Health

Indicators recommended for performance measures relative to the near-shore reef system include cora
dengity, diversity and abundance. Water clarity, sediment quaity and deposition rate must not inhibit or
adversely affect the near-shore reef system such that there is a net loss or degradation of coral.

A.11.11Model

The diagram for the Lake Worth Lagoon Conceptua Ecologica Modd is presented in Figure A-38. The
key to the symbols used in the diagram is presented in Figure A-37.

Figure A-37: Key tothe Symbols Used in the Following Diagram

CERP Monitoring and Assessment Plan A-297 January 15, 2004



Appendix A: Draft Lake Worth Lagoon Conceptual Ecological Model

‘.u..!.__unt
umdeg [y
..;..ﬂ

ik Fi
\ .wh__._n.._....m_ H.__misﬁm \\ aa!a__ \
E._.E._ Lall=al
[P Ty

Ll L=

| Amges pasmg |

o

e i o) o e iy

ENi§ e fep ooy RaBonoy [eianuas oo 4o, ey

Figure A-38: LakeWorth Lagoon Conceptual Ecological Model Diagram

January 15, 2004

A-298

CERP Monitoring and Assessment Plan



Appendix A: Draft Lake Worth Lagoon Conceptual Ecological Model

A.11.12Literature Cited

Applied Technology and Management, Inc. 2002. Seagrass Monitoring in Lake Worth Lagoon Report for
2000 and 2001. Prepared for Pam Beach County Department of Environmental Resources
Management, West Palm Beach, Florida.

Bilyard, G.R. 1987. The value of benthic infauna in marine pollution monitoring studies. Marine Pollution
Bulletin. 18(11) 581-585.

Boesch, D.F., and N.N. Rabalais. 1992. Effects of Hypoxia on Continental Shelf Benthos. Comparisons
between the New York Bight and the Northern Gulf of Mexico. Geologica Society, Specia
Publication 58:27-34.

Boesch, D.F., and R Rosenberg. 1981. Response to stress in marine benthic communities. In: Barrett,
G.M., and R. Rosenberg (eds). Stress Effects on Natural Ecosystems, John Wiley, New Y ork, pp.
179-200.

Chamberlain, R.H., and P.H. Doering. 1998a. Freshwater inflow to the Caloosahatchee Estuary and the
resource-based method for evaluation. In: Treat, S.F. (ed.). Proceedings of the Charlotte Harbor
Public Conference and Technical Symposium. Technica Report No. 98-02, Charlotte Harbor
Estuary Program, North Fort Myers, Florida, pp. 88-91.

Chamberlain, R.H., and P.H. Doering. 1998b. Preliminary estimate of freshwater inflow to the
Caloosahatchee Estuary: A resource based approach. In: Treat, S.F. (ed.). Proceedings of the
Charlotte Harbor Public Conference and Technica Symposium. Technical Report No. 98-02,
Charlotte Harbor Estuary Program, North Fort Myers, Florida, pp. 111-120.

Christensen, R. F. 1965. An Ichthyological Survey of Jupiter Inlet and Loxahatchee River, Florida M.S.
Thes's, Florida State University, Tallahassee, Florida

Dames and Moore and PBCERM. 1990. Lake Worth Lagoon Natural Resources Inventory and Resource
Enhancement Study. Palm Beach County Environmental Resources Management, West Palm
Beach, Florida

Deis, D.R., RE. Wdesky, and H.D. Rudolph. 1985. A Reevaluation of the Benthic Macroinvertebrate
Associations in Lake Worth, Florida. Tropica Ecosystems, Inc., West Palm Beach, Florida.

DERM. 1984. Fisheries Assessment. Miami-Dade Department of Environmental Resource Management,
Miami, Horida.

Gilmore, R.G., Jr. 1988. Subtropical Seagrass Fish Communities: Population Dynamics, Species Guilds and
Microhabitat Associations in the Indian River Lagoon, Florida. PhD dissertation, Florida Ingtitute
of Technology, Mebourne, Horida.

Gunter G., and G.E. Hall. 1963. Biologica investigations of the St. Lucie Estuary (Florida) in Connection
with Lake Okeechobee Discharges through the St. Lucie Canal. Gulf Research Reports 1(5), Gulf
States Marine Fisheries Commission, Ocean Springs, Mississippi.

CERP Monitoring and Assessment Plan A-299 January 15, 2004



Appendix A: Draft Lake Worth Lagoon Conceptual Ecological Model

Doering. P.H., R.H. Chamverlain, and D.E. Haunert. 2002 Using submerged aquatic vegetation to
establish minimum and maximum freshwater inflows to the Caloosahatchee Estuary, Florida
Estuaries 25(6b): 1343-1354.

Esteves, E 1998. The Story of the Greater Charlotte Harbor Watershed. Charlotte Harbor National
Estuary Program, Fort Meyers, Florida.

FDEP. 2003. Basin Status Report, Lake Worth Lagoon and Palm Beach Coast. Florida Department of
Environmental Protection, West Palm Beach, Horida.

Forward, R. 1989. Behaviora responses of crustacean larvae to rates of salinity change. The Biological
Bulletin. June 1989 v176 N3.

Gaston, G.R., PA. Rutledge, and M.L. Walther. 1985. Effects of hypoxia and brine on recolonization by
microbenthos off Cameron, Louisiana (USA). Contributions in Marine Sciences 28:79-93.

Gilmore, R.G. C.J. Donahoe, D.W. Cooke, and D.J. Herema. 1981. Fishes of the Indian River lagoon and
adjacent waters, Florida. Technical Report 41, Harbor Branch Foundation, Fort Pierce, Horida.

Harris, B., K.D. Haddad, R.A. Steindinger, and JA. Huff. 1983. Assessment of Fisheries Habitat:
Charlotte Harbor and Lake Worth. Florida Department of Natural Resources, Tallahassee, Horida

Haunert, D.E. 1988. Sediment Characteristics and Toxic Substances in the St. Lucie Estuary, Florida.
Technica Publication DRE-259, South Florida Water Management District, West Palm Beach,
Florida

Haunert, D.E., and R.J. Startzman. 1985. Some Short-Term Effects of a Freshwater Discharge on Biota
of the S. Lucie Estuary, Florida. Technicad Publication DRE-213, South Florida Water
Management District, West Palm Beach, Florida.

Haunert, D.E., F. Lund, J. Steward, and R. Virnstein (editors). 1994. Surface Water Improvement and
Management (SWIM) Plan for the Indian River Lagoon. South Florida Water Management
Didtrict, West Palm Beach, Florida

Holland, A.F. et d. 1987. Long term variation in mesohaline Chesapeake Bay macrobenthos: spatia and
tempora patterns. Estuaries 10:227-245.

Japp, W.C., and Pamela Hallock. 1990. Chapter 17, Cora Reefs. In: Myers, R.L., and J.J. Ewel (eds).
Ecosystems of Florida, University of Central Florida Press, Orlando, Florida, pp. 574-616.

Kennish, M.J. 1990. Ecology of Estuaries. Volume 2. CRC Press, Boca Raton, Florida

Kingsford, M.J.,, and C.A. Gray. 1996. Influence of pollutants and oceanography on abundance and
deformities of wild fish larvae. In: Schmitt, R.J., and C.W. Osenberg (eds). Detecting Ecological
Impacts. Concepts and Applicationsin Coastal Hahitats. Academic Press, New Y ork.

Lapointe, B.E. 2000. Nutrient over-enrichment of South Florida's cora reefs. Proceedings, Fourth Bay of
Funcy Science Workshop, New Brunswick, Canada.

CERP Monitoring and Assessment Plan A-300 January 15, 2004



Appendix A: Draft Lake Worth Lagoon Conceptual Ecological Model

Lewis, R.R, Ill, R.G. Gilmore, Jr., D.W. Crewz, and W.E. Odum. 1985. Mangrove habitat and fisheries
resources of Florida. In: Seaman, W., Jr. (ed). Florida Aquatic Habitat and Fishery Resources.
Florida Chapter, American Fisheries Society, Kissmmee, Florida, pp.281-336.

Lindal, W.N., Jr. 1973. Alterations of Estuaries of Suth Florida: A Threat to Its Fish Resources. Marine
Fisheries Review 35(10): 1-8.

Livingston, R.J. 1987. Historic trends of human impacts on seagrass meadows of Forida In Durako,
M.J.,, R.C. Phillips, and R.R. Lewis, Il (eds). In: Proceedings of the Symposium of Subtropica-
Tropica Seagrasses of the Southeastern United States. Publications No. 42, Florida Marine
Research Institute, St. Petersburg, Florida, pp. 139-152.

McCook, L. J., J. Jompa, and G. Diaz-Pulido. 2001. Competition between coras and algae on coral reefs:
areview of evidence and mechanism. Cora Reefs 19:400-417.

Mclusky, D. 1971. Ecology of Estuaries. Heineman Educational Books Limited.

McCrary, J.P., JW. Jdley, C. Tapp, and R.E. Waldner. 1985. Overview of the Habitat Degradation in
Florida. Palm Beach County Chapter, Florida Conservation Association, Forida.

Odum, W.E., C.C. Mclvor, and T.J. Smith 111. 1982. The Ecology of the Mangroves of South Florida: A
Community Profile. FWS/OBS-81/24, United States Fish and Wildlife Service, Washington, D.C.

PBCERM and Dames and Moore. 1990. Lake Worth Lagoon Natural Resources Inventory and Resource
Enhancement Study. Palm Beach County Environmental Resource Management, West Palm
Beach, Florida.

PBCERM. 1992. Pdm Beach County, Florida Estuarine and Natura Resources Inventory and
Enhancement Study. Palm Beach County Environmental Resource Management, West Palm
Beach, Florida

PBCERM and FDEP. 1998. Lake Worth Lagoon Management Plan. Palm Beach County Environmenta
Resource Management and Forida Department of Environmenta Protection, West Palm Beach,
Florida.

Pearse, A.S., and G.W. Wharton. 1938. The Oyster Leech Stylocus inimicus Palombi associated with
oysters on the coasts of Florida. Ecological Monographs. 8:605-655.

Pickard, G.L., and W.J. Emery. 1990. Descriptive Physical Oceanography: An Introduction. Fifth
Enlarged Edition. Pergamon Press, New Y ork.

Fitt, W.A., J. 1972. Sediment loads in cands 18, 23, 24 in southeastern Florida. Open File Report 72013,
United States Geological Survey, Talahassee, Florida

Reagan, R.E. 1985. Species profiles. Life histories and environmenta requirements of coastal fishes and
invertebrates (Gulf of Mexico) - red drum. Biologica Report 82(11), United States Fish and
Wildlife Service, Washington, D.C.

CERP Monitoring and Assessment Plan A-301 January 15, 2004



Appendix A: Draft Lake Worth Lagoon Conceptual Ecological Model

Reed, J.K. 1975. Benthic macrofaunal associations in Lake Worth, Florida, and their use as indicators of
water quality. Masters of Science Thesis, Florida Atlantic University, Boca Raton, Horida.

Red, G.K., J. 1954. An eologicd study of the Gulf of Mexico fishes in the vicinity of Cedar Key,
Florida. Bulletin of Marine Science of the Gulf and Caribbean. 4(1): 1-94.

Reish, D.J. 1986. Benthic Invertebrates as indicators marine pollution: 35 Years of Study. Oceans 86
3:885-888.

Roesder, M.A. 1965. An analyss of the variability of fish populations taken by otter trawl in Biscayne
Bay, Florida. Trans. Am. Fish. Soc. 94: 311-318.

Shrader, D.C. 1984. Holocene sedimentation in a low energy microtidd estuary, St. Lucie River, Florida
Masters thesis, University of Florida, Gainesville, Florida

Tabb, D.C., D.L. Dubrow, and R.B. Manning. 1962. The ecology of Northern Florida Bay and adjacent
estuaries. Fla. State Board Conserv. Tech. Ser. 39: 1-81.

TCRPC. 1995. Boat Fecility Siting Plan for PAm Beach County. Treasure Coast Regional Planning
Council, CITY, STATE.

USEPA. 1999. The Ecologicd Condition of Estuariesin the Gulf of Mexico. EPA 620-R-98-004, Office of
Research and Devel opment, United States Environmental Protection Agency, Washington, D.C.

Weingein, M.P., C.M. Courtney, and J.C. Kinch. 1977. The Marco Idand Estuary: a summary of
physiochemical and biological parameters. Fla. Sci. 40(2): 98-124.

Woodburn, K.D. 1961 Biologica Survey of North Lake Worth (PaAm Beach County) with Specia
Reference to Bulkhead Lines. Marine Lab, Sat Water Fish Divison, Florida State Board of
Conservation, Horida.

WPB Fishing Club. 1989. Letter to Riviera Beach City Council from the West PAlm Beach Fishing Club
concerning Proposed Ordinance No. 2011883.

Yokd, B.J. 1975. Rookery Bay Land Use Studies. Environmental Planning Strategies for Development of
a Mangrove Shoreline, No. 5, Estuarine Biology. Conservation Foundation, Washington, D.C.

Zaillo, G. 2003. Sdlinity Digtribution and Flow Management Studies for Lake Worth Lagoon. SEA, Inc.
Proceedings of Lake Worth Lagoon Symposium, January 29, 2003.

Zieman, J.C. 1982. The Ecology of the Seagrasses of South Florida: a Community Profile. FWS/OBS-
82/25, United States Fish and Wildlife Service, Office of Biologica Services, Washington, D.C.

CERP Monitoring and Assessment Plan A-302 January 15, 2004



	Lake Worth Lagoon Conceptual Ecological Model
	Model Leads
	Introduction
	External Drivers & Ecological Stressors
	Ecological Attributes
	Salinity Envelope
	Water Quality
	Submerged Aquatic Vegetation
	Benthic Communities
	Fishery Species
	Shoreline Habitat Functionality
	Near-Shore Reef

	Ecological Effects-Critical Linkages between Stressors & Attributes/Working Hypotheses
	Submerged Aquatic Vegetation
	Benthic Communities
	Fishery Species
	Shoreline Habitat Functionality
	Near-Shore Reef

	Research Questions
	Hydrologic Performance Measures
	Polyhaline Pattern & Stability

	Ecological Performance Measures
	Water Quality
	Sediment Quality
	Benthic Community
	Submerged Aquatic Vegetation
	Fishery Species
	Shoreline Habitat Functionality
	Near-Shore Reef Health

	Model
	Literature Cited


