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Executive Summary

This report was prepared by the Florida Department of Environmental Protection (FDEP), in cooperation
with local scientists, to support the development of numeric nutrient criteria for Biscayne Bay. The
primary purpose of the proposed numeric nutrient criteria is to protect healthy, well-balanced natural
populations of flora and fauna from the effects of excess nutrient enrichment.

All waters in Biscayne Bay are designated as Class lll, with a designated use of fish consumption and
recreation, propagation and maintenance of a healthy, well-balanced population of fish and wildlife.
Biscayne Bay is also a designated Outstanding Florida Water (OFW).

Watershed development has led to a variety of intermittently observed adverse effects in portions of
Biscayne Bay, including hypersalinity, algal blooms, seagrass mortality, and the loss of some fish species
(Table 1; South Florida Water Management District [SFWMD] 1995). Water quality appears to be
related to land use in the basin, and water quality in the bay differs among the North, Central and South
regions.

Additionally, nutrients exhibit a declining gradient from the land to the open bay (Caccia and Boyer
2005). Sources of nutrients include agricultural activities, landfill leachate, stormwater runoff (both
urban and residential), atmospheric deposition, and sewage contamination (Caccia and Boyer 2005).
Despite the proximity of Biscayne Bay to these human activities, chlorophyll a concentrations in the bay
remain very low, with the highest levels observed (in North Bay) still usually less than 3 micrograms per

liter (ug I'").

Table 1 shows a checklist of nutrient enrichment symptoms and describes whether they have occurred,
either historically or currently, in Biscayne Bay. Despite rapid urbanization and hydrologic changes to
the south Florida system, the 1999 National Estuarine Eutrophication Assessment report found that
Biscayne Bay was predominately an oligotrophic system (National Oceanic and Atmospheric
Administration [NOAA] 1999).

The proposed numeric nutrient criteria are based on a “maintain existing conditions” approach using the
water quality monitoring data collected from 1995 to 2009 by Florida International University’s (FIU)
Southeast Environmental Research Center (SERC). FDEP recommends regionalizing the bay into sub-
basins with similar water quality characteristics, and believes that Biscayne Bay is supporting healthy
biological communities and meeting its designated use during this period of record. For each sub-basin,
the proposed criteria are expressed as a long-term geometric mean nutrient concentration target
derived as the long-term geometric mean concentration plus 10%.

Draft 1 September 2011



Nutrient Criteria Technical Support Document

Table 1. Checklist of nutrient enrichment symptoms in Biscayne Bay

- = Empty cell/no data

Low dissolved
oxygen (DO)
(hypoxia/anoxia)
Reduced clarity

Increased
chlorophyll a
concentrations
Phytoplankton
blooms (nuisance
or toxic)

Problematic
epiphyte growth
Problematic
macroalgal growth

Submerged
aquatic vegetation
(SAV) community
changes or loss

Emergent or
shoreline
vegetation
community
changes or loss
Coral/hardbottom
community
changes or loss
Impacts to benthic
community

Fish kills

Draft

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Low DO is localized in the North Bay near canal
inputs, where it is chronically low due to
stratification.

Turbidity is an issue in parts of North Biscayne Bay
near historical dredge-and-fill activities and near
industrial complexes, such as the Port of Miami.

Median chlorophyll a concentrations have
increased in the North Bay, but chlorophyll a
concentrations are still generally below 3 ug I
Historically (1925-76), the Miami River discharged
nutrients into northern Biscayne Bay, leading to
occasional blooms. In 2005-06, there was an
algal bloom in Blackwater Sound.

None reported.

Drift algae is sometimes found near canal
discharge sites but does not adversely affect the
bay proper.

Although SAV is stable in most of Biscayne Bay,
the abundance and community composition of
seagrasses have changed near canal outputs,
potentially due to freshwater inputs. SAV remains
healthy throughout the interior of the bay.
Diversion of fresh water and development of
shorelines have reduced mangrove habitat.

Coverage and species abundance have declined,
but there is no indication that nutrients were
responsible.

None reported.

Fish kills of generally limited extent and severity
have occurred from low DO, cold, red tide, fishing
violations, and other unknown causes.

Biscayne Bay

Caccia and Boyer 2005,
2007

Caccia and Boyer 2005 and
references within; Harlem
1979

Boyer and Bricefio 2008

Markley 2010;
Harlem 1979

Biber and Irlandi 2006

Comprehensive Everglades
Restoration Plan (CERP)
2010; Meeder and Boyer
2001

Browder et al. 2005

Robles et al. 2005

Florida Fish and Wildlife
Conservation Commission
(FWCC) Fish and Wildlife
Research Institute (FWRI)
2010

September 2011



Nutrient Criteria Technical Support Document Biscayne Bay

Geographic and Physical Description

Biscayne Bay is located along the coast of Miami-Dade and northern Monroe Counties. The bay is
bordered to the west by the mainland of Florida and to the east by a series of barrier islands and the
northern Florida Keys (Comprehensive Everglades Restoration Plan [CERP] 2010). It is a shallow
carbonate estuary with an area of approximately 700 square kilometers (km?) and a watershed area of
about 2,429 km? (Figure 1; Caccia and Boyer 2005).

In general, the bay is shallow and well mixed. Depth ranges from about 0.5 to 3.0 meters (m), except for
dredged areas, where depths may exceed 12 m (Caccia and Boyer 2007; Roessler et al. 1975 in Caccia
and Boyer 2005). The width of the bay ranges from 1.6 to 16 km, and its length is approximately 88.5
km, extending in a southwesterly direction from Dumfoundling Bay in the north to Barnes Sound in the
south (Caccia and Boyer 2007). Tidal exchange with the Atlantic Ocean occurs through the Safety Valve,
a wide series of shoals and shallow cuts in central Biscayne Bay, and through narrow cuts and creeks in
other parts of the bay (CERP 2010).

Biscayne Bay was designated as an OFW in 1978 and is a state Aquatic Preserve. The bay also includes
Biscayne National Park (BNP), which is surrounded by natural areas under some form of protection,
including marine waters and lands managed by the state (John Pennekamp Coral Reef State Park, Bill
Baggs Cape Florida State Park, and Biscayne Bay Aquatic Reserve) or the federal government (Florida
Keys National Marine Sanctuary).

The bay was historically divided into three general areas: North, Central, and South Bays. North
Biscayne Bay is the most altered by dredging and bulkheading, and approximately 40% of the area is too
deep or turbid to support productive bottom habitats. Central Biscayne Bay, which includes much of
BNP, is more marine and heavily influenced by tidal flushing. South Biscayne Bay includes Card Sound,
Little Card Sound, Barnes Sound, and Manatee Bay. This area has seen the largest reduction in historical
freshwater flows and becomes hypersaline during periods of low rainfall.

Biscayne Bay is further subdivided into the following regions by water chemistry characteristics: north
central inner (NCI), north central outer (NCO), south central inner (SCI), south central middle (SCM),
south Card Sound (SCS), south Manatee Bay (SMB), and south Barnes Sound (SBS).

The Biscayne Bay Basin currently has intensive urban development in the northern portions and
extensive agricultural development in the southern regions (Irlandi et al. 2004). Biscayne Bay, Florida
Bay, and the Everglades were once part of a larger system of hydrologically interconnected wetlands
and coastal lagoons, with Biscayne Bay receiving and draining a significant amount of fresh water from
the Everglades to the Atlantic (Robles et al. 2005). To promote agricultural and urban uses, a series of
massive water diversion and drainage projects in south Florida (Light and Dineen 1994) transformed the
natural hydrology of the region, from a process driven by diffuse sheet flow to one now driven by pulsed
releases of water. Within the bay, the system has been further altered as a result of the construction of
bridges, artificial islands, and an Intracoastal Highway, and the dredging of the bay bottom (Robles et al.
2005).

The 2009 draft RECOVER SSR (CERP 2010) notes the importance of the constructed canals on the
hydrology of Biscayne Bay. There are 12 major conveyance canals that discharge fresh water into the
bay. Flood control canals drain the watershed, and the timing and quality of freshwater discharges have
been significantly modified from historical natural conditions. A number of adverse effects—such as
lowered regional and coastal water tables (Parker et al. 1955), reduced water storage in the watershed,
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Biscayne Bay

decreased ground water flow, and the elimination of natural tributaries—have occurred as a result of
the construction of major canals and dredging of natural tributaries (CERP 2010). In addition,
constructed drainage systems have resulted in pulsed, point source discharges that degraded estuarine
habitat near canal mouths by creating biologically damaging zones of bottom scouring and rapid salinity
fluctuation (CERP 2010). Draining the watershed and opening inlets have greatly affected natural
salinity gradients and reduced or eliminated critical estuarine habitat for bay species requiring low- to

moderate-salinity waters (CERP 2010).
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Figure 1. Map of the southeast Florida coast, showing Biscayne Bay, its protected areas, and BNP
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Sources and Fates of Nutrients

Historically, coastal wetlands and sloughs connected the Everglades to Biscayne Bay. Point and
nonpoint sources of nutrients now reach the bay, either directly as discharge from canals, which drain
much of the watershed, or indirectly as ground water. Flood control canals have hydrologically isolated
tidal creeks and changed the timing and delivery of fresh water to the coastal system from what was
slow seepage to larger pulsed inputs. The timing of freshwater delivery is also altered for agricultural
purposes and in anticipation of storm events.

Activities associated with CERP will change terrestrial flows within the upstream watershed, potentially
increasing freshwater and nutrient inputs to Biscayne Bay. CERP aims to restore some of the historical
flow and the natural timing and distribution of water to enhance the Everglades’ wetlands and
associated lakes, rivers, and bays in south Florida (CERP 2010). Historical volumes of water to Biscayne
Bay were undoubtedly higher than present, but the degree to which external nitrogen (N) and
phosphorus (P) inputs affected the system is unknown because no predevelopment water quality data
exist (CERP 2010). The 2009 Draft RECOVER SSR noted the importance of freshwater inputs to the
system and the need to balance the positive effects of freshwater inputs with the negative impacts of
their concomitant nutrient loads (CERP 2010): “... it follows that a balance exists whereby the benefits
afforded by increased flow and improved salinity regime for faunal utilization are not undone by
potential adverse effects from increased nutrient loading.”

The water quality of Biscayne Bay is highly dependent on land use and influence from the surrounding
watershed (Caccia and Boyer 2005). Water quality at stations sampled nearer to the coast, with greater
canal inputs, are more affected by nutrient loading sources than stations farther from shore (Caccia and
Boyer 2005). Nutrient sources to Biscayne Bay include urban stormwater runoff, sewage contamination,
landfill leachate, sewage plant discharge, agricultural runoff, groundwater inputs, and atmospheric
deposition. Figure 2 shows land uses in the basin and the locations of major sources of nutrient inputs;
these sources differ by region. Table 2 summarizes the major sources of nutrients to each of the regions
of Biscayne Bay.

Table 2. Major nutrient sources by region in Biscayne Bay (Caccia and Boyer 2005).
North Bay e Urban stormwater

e Sewage contamination
e Shoreline erosion from the action of waves against unstabilized shorelines

e Dredging
e  Munisport landfill
Central Bay e  Residential stormwater
South Bay e  Runoff from the south Dade County agricultural basins

e Black Point landfill leaching
e Black Point Sewage Treatment Plant discharge
e Homestead Air Force Base
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Biscayne Bay
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Figure 2. Land uses and sources of nutrient inputs to Biscayne Bay (Caccia and Boyer 2005).
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Most nutrients derived from watershed sources are delivered to Biscayne Bay via the canal system.
North Bay receives the most freshwater canal input, followed by South Bay and Central Bay, which
receive minimal canal inputs (Table 3). The Miami River, Snake Creek, and Little River deliver
approximately half of the entire freshwater contribution to Biscayne Bay in the North Bay region (Caccia
and Boyer 2005, 2007). Table 3 shows the annual mean, wet season, and dry season discharge from the
canals in each region of the bay.

Table 3. Ten-year (1994-04) annual mean, wet season, and dry season canal inputs in cubic feet per
second (cfs) from the canals in the three zones of Biscayne Bay (Caccia and Boyer 2005).

Canal mput (CFS)

Annual mean Wet season  Dry season

North Bay

Snake Creek 3358 537.3 191.9
Arch Creek 1.4 1.4 1.5
Biscayne Canal 132.5 224.2 66.9
Little River 220.0 306.6 1582
Miami River Canals 530 535 526
Total 1219.7 16045 044.5
Central Bay

Coral Gables Waterway 159 0.6 5.4
Snapper Creek 186.7 ileg 93.8
Cutler Drain 46.1 26.6 19.0
Total 2487 4340 1182
South Bay

Military Canal 219 36.0 11.8
Mowry Canal 2315 3549 1433
Black Creek 2234 3571 1279
Princeton Canal 126.3 187.8 £2.4
Total 603.1 0358 654
Grand mean 2071.5 2974.3 1428.1

Caccia and Boyer (2007) calculated nutrient loads from canals, ground water, and the atmosphere to
Biscayne Bay. For the canals, they observed that nitrogen oxide (NO,’) loading was triple that of
ammonia (NH,") and was the most abundant form of dissolved inorganic nitrogen (DIN) (Table 4; Caccia
and Boyer 2007). NO, loading from Mowry and Princeton canals into South Bay accounted for 74% of
total NO, to the bay (Table 5), reflecting the contribution of more agricultural land use in that region.
North Bay, however, received the largest NH," load from the Miami River, Little River, and Snake Creek,
which together accounted for 74% of the total NH," load. Overall, DIN and freshwater flow were
correlated.

Like NH,", the highest total phosphorus (TP) loads were also from the Miami River, Little River, and
Snake Creek to North Bay. These 3 inputs accounted for 60% of the entire canal TP load to the bay.
However, unlike DIN, TP load was not significantly related to flow.
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Caccia and Boyer (2007) also compared DIN and TP loads from canals to Biscayne Bay with loads from
atmospheric wet deposition and ground water (Tables 5 and 6, respectively). In the North and South
regions of Biscayne Bay, the DIN contributions from canals were significantly higher than from the
atmosphere. For TP, however, contributions from canals were higher than the atmosphere only in
North Bay. Although ground water loading estimates are only given for South Bay, they show that the
relative load contribution is comparable to atmospheric or canal inputs for DIN and TP, respectively.

Table 4. Mean canal loads of NO,,, NH,*, DIN, TP (all in tons per year), and DIN:TP (molar) to the bay
regions and the entire bay, 1994-2002 (data from Caccia and Boyer 2007).

North Bay 235 312 547 18.6 65.1
Central Bay 39 28 67 3.4 43.6
South Bay 1,021 52 1,073 5.4 440.0
Biscayne Bay 1,294.5 392.6 1,687.2 27.5 143.5

Table 5. Comparison of DIN loads to regions of Biscayne Bay (tons per year) from the atmosphere,
canals, and ground water (data from Caccia and Boyer 2007).

- = Empty cell/no data

Atmosphere 46 51 134
Canal 547 67 1,073
Ground water - - 141

Table 6. Comparison of TP loads to regions of Biscayne Bay (tons per year) from the atmosphere,
canals, and ground water (data from Caccia and Boyer 2007).

- = Empty cell/no data

Atmosphere 2.8 3.1 8.1
Canal 18.6 3.4 59
Ground water - - 5.4

Biological Summary

The principal habitat types in Biscayne Bay are seagrass meadows, coastal wetlands (including
mangroves), and the coral reef community (Robles et al. 2005). Figure 3 shows the distribution of
habitat types in Biscayne Bay. The bay’s habitats support a variety of wildlife, including fish,
invertebrates, dolphins, manatees, sea turtles, American crocodiles, bald eagles, and many species of
wading birds (Caccia and Boyer 2005).

Prior to the development of Miami-Dade County, mangroves and herbaceous wetlands bordered much
of Biscayne Bay (CERP 2010). Productivity is largely benthic based because of the bay’s shallow depths
and naturally clear waters (Roessler and Beardsley 1974). There is heavy development along North Bay,
although benthic communities do exist and are dominated by seagrasses intermixed with calcareous
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green algae (CERP 2010). There is less development along Central and South Bay, and natural mangrove
wetlands are intact along the western shore and eastern barrier islands (CERP 2010). The benthic
communities in Central and South Bay comprise several seagrass species, including Thalassia testudinum
(turtle grass), Halodule wrightii (shoal grass), Syringodium filiforme (manatee grass), and algae. There
are also hardbottom communities of hard and soft corals, sponges, and other organisms found in
distinct patches along the north-south axis of the middle of the bay (CERP 2010).

R
|

Barebottom \ —
Mangrove |
Seagrass/Alga
Hardbottom/S
Coral Reef

G2 5 s 10 Miles
1 T T

Figure 3. Map of Biscayne Bay habitats (modified from J. Serafy).

Seagrasses

The predominant seagrass in Biscayne Bay is T. testudinum (Irlandi et al. 2002). Other seagrasses
include S. filiforme and H. wrightii. Combined, these seagrasses cover approximately 65% of the bay
(Miami-Dade Department of Environmental Resources Management [DERM] 1985). The seagrass cover
is most extensive in Central Bay, covering 75% of the bottom, and least extensive in North Bay, covering
only 25% of the bottom. The lower percentage coverage in the Northern Bay is predominately due to
the influence of dredge-and-fill activities and canal discharge. The bottom of South Bay is over 50%
seagrass and approximately 35% hardbottom. Seagrass species generally shift from H. wrightii in
nearshore waters to T. testudinum interspersed with H. wrightii and S. filiforme in deeper waters
(Lirman and Cropper 2003).
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As part of CERP restoration activities, there will likely be a diversion of fresh water from canals that flow
into Biscayne Bay west to the Everglades. Much of the research described below focuses on the role of
freshwater influxes on the structure and function of the seagrass community.

Biber and Irlandi (2006) characterized the species composition, biomass, and percent cover of drift algae
and rhizophytes at T. testudinum-dominated sites with different salinity conditions from 1996 to 1999.
Sites were canal influenced (low salinity), had natural sheet flow conditions (intermediate salinity), or
had oceanic conditions (normal 35 practical salinity units [psu] salinity). The authors suggest that canal
discharge poses an unnatural stress to the seagrass habitats of western Biscayne Bay. While stress
effects were not particularly obvious in the standing stock biomass of T. testudinum, the influence of the
canal discharge was evident in the composition of the macroalgal community found within seagrass
beds at the three salinity regimes—in particular, changes in abundance and dominance from drift algae
at the canal sites to rhizophytic algae at the oceanic sites.

It is important to note that macroalgae are an important component of the benthic community of
Biscayne Bay. The many species of algae in the bay are roughly grouped into drift algae (e.g., Chondria
spp., Laurencia spp.) and rhizophytic algae (e.g. Caulerpa spp., Halimeda spp., and Penicillus spp.) (Biber
and Irlandi 2006). Clumps of detached drift algae may alter seagrass productivity through shading;
however, benthic rhizophytic algae can facilitate seagrass succession by stabilizing sediments and adding
organic matter. Irlandi et al. (2004) investigated drift algae-epiphyte-seagrass interactions ina T.
testudinum meadow and found no negative response on the short-term growth of T. testudinum by drift
algae.

Meeder and Boyer (2001) found that high NH," concentrations associated with the Black Point landfill in
South Bay were correlated with the decreased abundance of T. testudinum and increased abundance of
filamentous red algae cover. Szmant (1987) found nutrient-related canal impacts at the discharge points
of the Mowry and Princeton Canals. These included increased periphyton growth on artificial seagrass
blades and the replacement of T. testudinum with H. wrightii.

Irlandi et al. (2002) determined the biomass, morphometrics, and production of T. testudinum at sites
exposed to varying degrees of freshwater runoff to evaluate the possible effects of changes in
freshwater inputs to Biscayne Bay. Their results indicate that freshwater runoff only affected the
biomass and morphometry of T. testudinum during years with particularly high rainfall, where the
seagrasses were exposed to prolonged conditions of low salinity. They concluded that as long as
reductions in freshwater inputs to Biscayne Bay do not result in hypersaline conditions, the diversion of
fresh water to the Everglades should have a positive effect on T. testudinum.

In addition to the research described above, there are several ongoing long-term monitoring programs
collecting data on SAV and water quality in Biscayne Bay, specifically to establish baseline conditions
against which changes associated with the implementation of CERP can be assessed (CERP 2010).

Figure 4 shows the locations of monitoring sites in the south Florida estuaries. For Biscayne Bay,
monitoring programs include nearshore and benthic monitoring of SAV (CERP 2010 and references
within).
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Figure 4. Location of SAV monitoring sites (CERP 2010).

Miami-Dade DERM, in partnership with SFWMD, has conducted a benthic habitat monitoring program in
Biscayne Bay since 1985. The monitoring program was initiated with 13 fixed locations throughout the
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bay, 10 of which remain active. Figure 5 shows the study area. Sampling was conducted quarterly at
fixed strategic locations from 1985 to 1996, when it was decreased to once annually. In addition,
stratified random sampling has been conducted annually since 1999 (Fourqurean et al. 2002).

g

35 s

- I R R R TR ]

L

Fixed Transect Stations

Haulover

79th Street
Julia Tutle
Rickenbacker
Dinner Key
Mid Bay
Snapper Creek
Saftey Valve
Ragged Keys
Black Point

Figure 5. Location of fixed benthic and random stations (CERP 2010).

The nearshore (less than 500 m from shore) benthic habitats of Biscayne Bay have been monitored since
2003 to evaluate the spatial patterns of SAV abundance in relation to distance from shore and the inflow
of fresh water from canals, ground water, and overland sources (Lirman et al. 2008; CERP 2010). The
monitoring project provides baseline data for seasonal species composition and distribution and SAV

abundance in the nearshore habitat, which is sensitive to changes in freshwater input.

The main results from the DERM and Lirman et al. (2008) monitoring programs are as follows:

e Patterns of T. testudinum cover in South Bay follow relationships with salinity
regimes, water depth, and sediment depth. All three seagrass species showed

significant relationships with mean salinity; H. wrightii had a higher probability of
occurrence at low mean salinity, while T. testudinum and S. filiforme had a higher

probability of occurrence at high mean salinity (Figure 6).
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e The abundance of T. testudinum increased linearly with increasing distance from
shore and depth, while the abundance of H. wrightii had the opposite pattern.

e H. wrightii and S. filiforme have had stable benthic cover since 2002, while T.
testudinum showed a steady decline from greater than 40% in 2003 to less than 20%
in 2008, and macroalgal cover remained stable between 2003 and 2008 (Figure 7).

e The proportion of the densest patches, which had greater than 70% cover, declined
greatly from 2003 to 2008, suggesting that the decline in cover was especially
pronounced within the densest T. testudinum beds.

e H. wrightii is second to T. testudinum in overall presence. Reviews of 3-year
groupings of data show H. wrightii was consistently found in the northern and
southern regions, with low (less than 5%) to moderate cover (25%). It also occurs
sporadically along the western shore, and in the hardbottom areas at low cover (less
than 5%). S. filiforme is primarily located in the northern and southern sections, with
infrequent records in western nearshore and eastern polygons.

e Low percent cover (less than 5%) is common in the hardbottom habitats of the
southern mid-bay. Additional areas of lower cover also occur in habitats with
greater depth (northern and southern) and/or lower salinity.
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8 H. wrightii
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Figure 6. Probability of occurrence of seagrasses in relation to mean salinity during the wet
season fitted with logistic regression (CERP 2010).
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Figure 7. Percent cover of SAV in nearshore habitats of Biscayne Bay, 2003—08 (CERP 2010).

Coastal Wetlands

Biscayne Bay has a narrow strip of coastal wetlands consisting primarily of mangroves and sawgrass.
Development has reduced the extent and composition of the wetlands by reducing freshwater inputs
(via diversion for agriculture or residential uses) (CERP 2010). According to the 2009 Draft RECOVER SSR
(CERP 2010), the coastal wetlands are an important influence on the inshore areas of the bay and
numerous important sport and commercial fish that have been monitored in the mangrove shoreline
zone since 1998 as a gauge of Everglades restoration impacts (CERP 2010). Although little is known
about predevelopment communities, community composition is likely to change further as restoration
efforts increase natural freshwater flows to the area.

Coral Reefs

The reef tract of BNP is a complex assortment of approximately 4,000 patch reefs located on a shallow
Holocene platform on the eastern edge of Hawk Channel (Jaap 1984 in Robles 2005). Coral reefs in
Florida face a number of different stressors. The Florida Reef Tract and adjoining Biscayne Bay are sites
of extensive recreational and commercial fishing, an activity that has a large impact on coral reefs
(Robles 2005). Additional stressors include coral bleaching, diseases, water pollution, physical impacts
(such as groundings, dredging activities, and beach renourishment), tropical storms, and winter cold
fronts (Banks et al. 2005). The areal coverage and species abundance on coral reefs within BNP and the
south Florida Reef Tract have declined over the past several decades, although the cause of the decline
is not understood (Dustin and Halas 1987; Porter and Meier 1992).

Other Biological Resources

The seagrass habitat supports many other organisms, including pink shrimp (Penaeus duorarum), spiny
lobster (Panulirus argus), and many recreationally and commercially important fish such as spotted sea
trout (Cynoscion nebulosus), red drum (Sciaenops ocellata), snook (Centropomus undecimalis), and
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mangrove snapper (Lutjanus griseus) (Robles et al. 2005). Biscayne Bay is also a refuge for juvenile spiny
lobster, and a large portion of the bay is a designated lobster sanctuary (Robles et al. 2005).

Summary of Existing Water Quality Studies

Water quality in Biscayne Bay is generally good, with diminished quality limited to the North Bay and the
western margin of the bay. Water quality has been monitored in Biscayne Bay for over 30 years through
state, local, federal, and university partnerships. Sources of water quality data include FIU, University of
Miami (UM), NOAA, BNP, and DERM.

Nutrient loads and concentrations in Biscayne Bay are strongly driven by canal inputs (Caccia and Boyer
2007; Browder et al. 2005). Concentrations of several water quality parameters in a number of the
canals and rivers that discharge to the bay are high compared with the open waters of the bay (Browder
et al. 2005). Precipitation patterns have a great impact on the bay, both directly as rainfall and
indirectly by influencing runoff and canal discharge.

Caccia and Boyer (2005) report water quality results for sampling conducted from 1994 to 2003 by
season (Table 7). TP values ranged from 0.00 to 0.049 milligrams per liter (mg I') with a median of 0.006
mg I™. All N species concentrations were highest in the wet season, when canal inputs are greater.
There was also a strong gradient from inshore out to the open bay. Contrary to total nitrogen (TN),
concentrations of TP and soluble reactive phosphorus (SRP) did not show a gradient with distance from
land; however, TP was similarly higher during the wet season in areas receiving inputs from canals. TP in
North Bay was significantly higher than the other regions at all times of the year.

The highest median chlorophyll a concentrations were also found in the North Bay zone and lowest in
South Bay. An earlier water quality study found similarly high chlorophyll @ in North Bay (8.6 pg I') and
low chlorophyll a in South Bay (0.2 pug I'") (Brand 1998). Brand et al. (1991) also noted that the highest
chlorophyll a concentrations were always associated with lower salinities, suggesting that the source of
nutrients generating phytoplankton blooms is freshwater runoff.

Table 7. Summary statistics for water quality in Biscayne Bay, 1994-2003, by season (all
concentrations are mg I', except chlorophyll a, which is ug I'') (Caccia and Boyer 2005).

Variable Overall Wet season Dry season

Minimum Maximum Median Minimum Maximum Median Minimum Maximum Median
NO3 0.000 1.082 0.007 0.000 1.082 0.013 0.000 0458 0.005
NS 0.000 0.060 0.001 0.000 0.060 0.002 0.000 0.032 0.001
NHy 0.000 0228 n.oll 0.000 0228 0.016 0.000 011z 0.009
TON 0.000 1288 0227 0.000 0877 0.250 0.020 1.288 0215
TP 0.000 0.049 0.006 0.001 0.049 0.006 0.000 0038 0.005
SRP 0.000 0.021 0.001 0.000 0.021 0.001 0.000 0.005 0.001
APA 0.01 321 0.13 0.02 211 0.17 0.01 izl 0.11
CHL A 0.00 9.18 028 0.04 9.18 0.30 0.00 452 026
TOC 0.459 11.982 1261 1.090 11.982 1614 0.459 9.330 1052
Salinity 6.21 4230 3350 6.21 3860 Eich! 12.80 4230 31390
Temperature 10.20 33.30 26.50 2290 33.30 29.50 10.20 31.00 23.30
DO 280 11.60 6.34 280 11.30 5.70 172 11.60 6.72
Turbidity 0.00 2235 0.69 0.00 2235 0.66 0.00 19.00 0.70
DO, 421 161.0 92.0 42.1 156.6 855 471.2 161.0 249
TN:TP 26 1092.7 91.5 54 RO9 2 97.4 26 1092.7 EE4

DIN:TP 0.2 5754 T8 0.2 5754 10.7 0.2 258.6 6.3
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The FIU Coastal Water Quality Monitoring Network has collected water quality data monthly at 25
stations in Biscayne Bay since fall 1993 (Boyer and Bricefio 2008). Boyer and Bricefio (2008) found 6
groups of stations with similar water quality (Figure 8): the Alongshore group (AS), Inshore group (IS),
main Bay group (MAIN), ocean channel group (not shown in Figure 8), Card Sound group (SCARD), and
Turkey Point station, which comprised its own group (not shown in Figure 8).

The 2008 Cumulative Annual Report for the Coastal Water Quality Monitoring Network provides
summary figures for each parameter by station group (Boyer and Bricefio 2008). Figures 9 through 13
also show the long-term data for each of the parameters by group. In general, chlorophyll a, DIN, and
TP concentrations were highest nearshore and decreased with distance away from shore, and North Bay
had the highest DIN and TP concentrations. In most areas chlorophyll a was low and followed the same
gradient as TP.

Waters on the 303(d) List

Table 8 provides the complete list of waters that are verified impaired in the Southeast Coast—Biscayne
Bay Basin, and Table 9 identifies the waters that are proposed for delisting. See Appendix A for the
Cycle 2 draft list of all verified impairments for both estuary and stream waters (FDEP 20104, b).

Draft 16 September 2011



Nutrient Criteria Technical Support Document Biscayne Bay

Figure 8. Zones of similar water quality in Biscayne Bay (Boyer and Briceiio 2008).
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Figure 9. Box-and-whisker plots of water quality in the Alongshore zone (Boyer and Bricefio 2008).
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Figure 10. Box-and-whisker plots of water quality in the Inshore zone (Boyer and Bricefio 2008).
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Figure 11. Box-and-whisker plots of water quality in the Main Bay zone (Boyer and Bricefio 2008).
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Figure 12. Box-and-whisker plots of water quality in the South Card zone (Boyer and Bricefio 2008).
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Table 8. Waterbodies on the 2010 Verified List for impairments in Biscayne Bay (FDEP).

I1IM = Class Il Marine

IIIF = Class Ill Freshwater

Chla = Chlorophyll a

Planning
Unit

Waterbody
ID
(WBID)

Waterbody
Segment

Waterbody
Type

Waterbody
Class®

Parameters
Assessed
Using 2001
IWR

Concentration
Causing

o 2
Impairment

Priority for
TMDL
Development3

Biscayne Bay

Comments

(# Exceedances/#
Samples)

PP = Planning Period
VP = Verified Period”

Southeast Biscayne 3226H ICWW Estuary 1M Fecal >400 colonies/ Medium PP =311/2525;

Coast— Bay (Miami-Dade Coliform 100mL VP =218/1397

Biscayne Intracoastal County)

Bay

Southeast Broward 3274 C-13 East Estuary 111\ Fecal >400 colonies/ Medium PP =19/168;

Coast— County (Middle River Coliform 100mL VP =39/205

Biscayne Canal) Data based on updated

Bay Run 22 from 10-26-05.

Southeast Broward 3274 C-13 East Estuary 1LY Nutrients TN =1.34 mg/L Medium VP: Annual average chla

Coast— County (Middle River (Historic TP =0.08 mg/L values in verified period

Biscayne Canal) chla) exceeded historical

Bay minimum (of 2.5 pg/L for
1992-96) by more than
50% in 2001 (5.0825 pg/L),
2002 (9.5931 pg/L), 2003
(8.0321 pg/L) and 2004
(8.1306 ng/L). Data
indicate that WBID is co-
limited (TN/TP median =
18.674, standard deviation
15.003, range 4.96 to
81.07, 71 observations).
Data based on updated
Run 22 from 10-26-05.

Southeast Broward 3226G4 Las Olas Isles Estuary 111\ Fecal >400 colonies/ Medium PP =199/563;

Coast— County Finger Canal Coliform 100mL VP =20/74

Biscayne System Data based on updated

Bay Run 22 from 10-26-05.

Southeast Broward 3276A New River Estuary 1M DO < 4.0 mg/L Medium PP =28/ 86;

Coast— County (North Fork) VP =28 /83 Verified

Biscayne impaired and nutrients

Bay were found to be causative
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Planning
Unit

Waterbody
ID
(WBID)

Waterbody
Segment

Waterbody
Type

Waterbody
Class®

Parameters
Assessed
Using 2001
IWR

Concentration
Causing

o 2
Impairment

Priority for
TMDL
Development3

Biscayne Bay

Comments

(# Exceedances/#
Samples)

PP = Planning Period

VP = Verified Period”
pollutant. Data based on
updated Run 22 from 10-
26-05.

Southeast Broward 3276A New River Estuary 111\ Fecal >400 colonies/ Medium PP =147/265;

Coast— County (North Fork) Coliform 100mL VP =45/104.

Biscayne Data based on updated

Bay Run 22 from 10-26-05.

Southeast Broward 3276A New River Estuary 1LY Nutrients TN =1.62 mg/L Medium VP: Chla values exceeded

Coast— County (North Fork) (Chl a) TP =0.11 mg/L IWR threshold in 1998

Biscayne (28.18 pg/L), 1999 (29.42

Bay ug/L), 2000 (16.3 pg/L),
2001 (14.04 pg/L) and
2004 (26.27 pg/L). Data
indicate that WBID is co-
limited (TN/TP median =
13.818, standard deviation
8.7913, range 5.609 to
62.0, 88 observations).
Data based on updated
Run 22 from 10-26-05.

Southeast Broward 3276A New River Estuary 1M Total >2,400 colonies/ Medium PP =56/151;

Coast— County (North Fork) Coliform 100mL VP =13/53

Biscayne Data based on updated

Bay Run 22 from 10-26-05.

Southeast Broward 3277A New River Canal Estuary 111\ Fecal >400 colonies/ Low PP =23/184;

Coast— County (South) Coliform 100mL VP =22/144

Biscayne Data based on updated

Bay Run 22 from 10-26-05.

Southeast Broward 3277A New River Canal Estuary 1LY Nutrients TN =1.84 mg/L Low VP: Annual average chla

Coast— County (South) (Historic Chl TP =0.07 mg/L values in verified period

Biscayne a) exceeded historical

Bay minimum value (of 4.8
pg/L for 1995-99) by more
than 50% in 2003 (7.9892
pg/L) and 2004 (7.2405
ug/L). Data indicate that
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Planning Waterbody  Waterbody Waterbody Waterbody Parameters Concentration Priority for Comments
Unit ID Segment Type Class® Assessed Causing TMDL (# Exceedances/#

(WBID) Using 2001 Impairment2 Development3 Samples)
IWR PP = Planning Period
VP = Verified Period*

WBID is co-limited (TN/TP
median = 29.521, standard
deviation 50.263, range
7.337 247.9, 94
observations). Data based
on updated Run 22 from
10-26-05.

Southeast North Dade 3288 C-6/Miami River Estuary 1nm Copper >3.7 ug/L Medium PP = 18/69;

Coast— County VP = 14/46

Biscayne

Bay

Southeast North Dade 3288 C-6/Miami River Estuary 111\ Fecal >400 colonies/ Low PP =253/631;

Coast— County Coliform 100mL VP =202/434

Biscayne

Bay

Southeast North Dade 3288 C-6/Miami River Estuary 1M Total >2,400 colonies/ Low PP =191/629;

Coast— County Coliform 100mL VP =152/432

Biscayne

Bay

Southeast North Dade 3290 C-6/Miami River Estuary IIF Fecal >400 colonies/ Medium PP =27/167;

Coast— County Coliform 100 mL VP =33/149

Biscayne

Bay

Southeast North Dade 3288A Wagner Creek Estuary 1LY Dioxin >7 ppt Medium Verified impaired based on

Coast— County fish advisory for checkered

Biscayne puffer, striped majarra,

Bay and yellow fin mojarra.

Southeast North Dade 3288A Wagner Creek Estuary 1M Fecal >400 colonies/ High PP =198/223;

Coast— County Coliform 100mL VP =139/157

Biscayne

Bay

Southeast North Dade  3288A Wagner Creek Estuary 111\ Total >2,400 colonies/  High PP =193/223;

Coast— County Coliform 100mL VP =137/157

Biscayne

Bay
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Planning
Unit

Waterbody
ID
(WBID)

Waterbody
Segment

Waterbody
Type

Waterbody
Class’

Parameters
Assessed
Using 2001
IWR

Concentration
Causing
Impairment2

Priority for
TMDL

Development3

Biscayne Bay

Comments

(# Exceedances/#
Samples)

PP = Planning Period
VP = Verified Period*

Southeast North Dade  3288B C-6/Miami River Estuary 111\ Fecal >400 colonies/ Medium PP =38/74;
Coast— County (Lower Segment) Coliform 100mL VP =16/26
Biscayne

Bay

Southeast North Dade  3288B C-6/Miami River Estuary 111\ Total >2,400 colonies/ Medium PP =31/73;
Coast— County (Lower Segment) Coliform 100mL VP =15/26
Biscayne

Bay
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Table 9. Estuarine waterbodies in Biscayne Bay that are proposed for delisting (FDEP).

Chla = Chlorophyll a
11IM = Class Il Marine

Planning Waterbody Waterbody Type  Waterbody 1998 303(D) Parameters Comments
Unit Segment Class Parameters of Concern Evaluated Using (with # of Exceedances/
IWR # of Samples
Southeast Broward 3282 Hollywood Canal Estuary 1LY Nutrients Nutrients (Chl a) Chla values exceeded IWR threshold
Coast— County in 1998 (22.74 ug/L), but annual
Biscayne average chla values did not exceed
Bay IWR threshold of 11.0 pg/L in 1999

(10.4 pg/L), 2000 (4.123 pg/L), 2001
(7.063 pg/L), 2002 (5.623 pg/L) and
2004 (4.51 pg/L). TN (1.0295 mg/L)
exceeds threshold of 1.0 mg/L. TP
(0.0625 mg/L) does not exceed
screening threshold of 0.19 mg/L.
Data based on updated Run 22 from

10-26-05.
Southeast Broward 3277A  South New River Estuary 1Nm Nutrients Nutrients (Chl a) Annual average chla values do not
Coast— County Canal exceed IWR threshold of 11.0 pg/Lin
Biscayne 1998 (4.177 ug/L), 1999 (4.597 ug/L),
Bay 2000 (5.326 pg/L), 2001 (7.486 pg/L),

2002 (3.28 pg/L), 2003 (7.989 pg/L)
and 2004 (7.241 pg/L). TN (1.5835
mg/L) exceeds screening threshold of
1.0 mg/L. TP (0.051 mg/L) does not
exceed screening threshold of 0.19
mg/L. Data based on updated Run 22
from 10-26-05.

Southeast Broward 3277A  South New River Estuary 1M Coliforms Total Coliform PP = 6/146;

Coast- County Canal VP =8/93

Biscayne Data based on updated Run 22 from
Bay 10-26-05. Not impaired.
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Proposed Numeric Nutrient Targets

FDEP recommends regionalizing the bay into sub-basins with similar water quality characteristics and
applying the “maintain existing conditions” approach to setting nutrient criteria. FDEP proposes criteria
calculated using long-term water quality data collected from 1995 to 2009 by FIU, with the exception of
Manatee Bay-Barnes Sound where only data collected prior to 2006 were used to calculate criteria. The
period of record was truncated for Manatee Bay-Barnes Sound because the trophic status of this sub-
basin was potentially altered as result of upstream road construction and a hurricane in 2006.

Regionalization

FIU has used the data collected as part of its Coastal Water Quality Monitoring Network initiated in 1992
to spatially aggregate monitoring sites located in south Florida based on similar water quality
characteristics (Boyer and Bricefio 2008). Based on the unique water quality and geologic characteristics
observed in south Florida, Everglades National Park (ENP) and FIU have proposed that the estuarine and
coastal waters of south Florida be divided into sub-basins for the purpose of deriving nutrient criteria.

On behalf of ENP, FIU recently completed an extensive statistical characterization of coastal waters from
Biscayne Bay to Dry Tortugas to Pine Island Sound. The recent analysis was similar to the earlier spatial
regionalization method used by FIU, but used a longer period of record and a modified set of
parameters. The analysis, which used a combination of Principal Component Analysis and Hierarchical
Clustering of multiple (from 8 to 13) parameters, produced a division of the bays as shown in Table 10
and Figure 14. Appendix A provides more detail on the analysis conducted by Henry Bricefio, Joe Boyer,
and Peter Harlem from FIU.

This regionalization scheme will be the basis for proposing numeric criteria for each sub-basin. A final
step in the process will be to evaluate the similarity of the derived criteria with the purpose of
combining sub-basins with similar criteria (i.e., criteria that are not statistically different) for TP, TN, and
chlorophyll a.

On the basis of the statistical analysis performed, the south Florida bays and coastal waters, including
those of Biscayne Bay, were divided as detailed in Table 10 and illustrated in Figure 14. Table 10 lists the
sub-basins for Biscayne Bay.

Table 10. Proposed regionalization for Biscayne Bay.

(o) Card Sound

MBS Manatee Bay-Barnes Sound
NCI North Central Inshore

NCO North Central Outer-Bay
SCI South Central Inshore

SCM South Central Mid-Bay

SCO South Central Outer-Bay
NNB Northern North Bay

SNB Southern North Bay

CS Card Sound
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Figure 14. Proposed estuarine and coastal nutrient criteria sub-basins for south Florida.
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Proposed Numeric Criteria

To be applied consistently and to provide an appropriate level of protection, water quality criteria need
to include magnitude, frequency, and duration components. The magnitude is a measure of how much
of a pollutant may be present in the water without an unacceptable adverse effect. Durationis a
measure of how long a pollutant may be above the magnitude, and frequency relates to how often the
magnitude may be exceeded without adverse effects. It is preferable to derive the magnitude
component of a criterion through a cause-effect relationship (such as that measured through toxicity
testing). The magnitude would then be set at a level that would protect a majority of the sensitive
aquatic organisms inhabiting the system. Absent sufficient data to demonstrate a cause-effect
relationship, the magnitude may be set at a level designed to maintain the current data distribution,
accounting for natural temporal variability, assuming the current conditions are protective of the
designated uses of the waterbody. Since a criterion derived based on the existing data distribution has
no direct link to any observed cause-and effect relationship, it is assumed that maintaining the current
data distribution will preserve the uses associated with that distribution.

The frequency and duration components of the criteria are best established as additional descriptors of
the reference condition data distribution. Specifically, these components should be part of a statistical
test designed to determine whether the long-term distribution of data has shifted upward from the
reference distribution. This test would then be used to determine whether future monitoring data are
consistent with the magnitude (long-term average) defined by the reference dataset. It is critical to
account for the natural variability surrounding the magnitude expression and to control for statistical
errors. The magnitude component can be set at the long-term central tendency (geometric mean) of
the distribution, while the frequency and duration components describe how often and by how much
nutrient concentrations can be above the central tendency while still being consistent with the
reference distribution. The derivation of the magnitude, frequency and duration components of
numeric nutrient criteria for the Southwest Coastal area is described briefly below. More details
concerning the statistical approaches used can be found in the document, Overview of FDEP Approaches
for Nutrient Criteria Development in Marine Waters (Appendix B).

Magnitude

The magnitude component represents a level of nutrients demonstrated to be protective of the
designated use. For the “healthy existing conditions” approach, the magnitude can be interpreted as
the central tendency of the baseline distribution and may be set at a level that represents a long-term
average condition of that distribution. For the “healthy existing conditions” approach, the Department
proposes establishing the magnitude at the following:

1. An annual geometric mean, not to be exceeded more than once over a five- year period;
and
2. A long-term geometric mean of the distribution, expressed as a five-year geometric

mean, never to be exceeded.

The objective of these two magnitude components is to maintain the long-term average concentration
at the level observed in the baseline data set. Exceedance of one or both of these components would
provide strong evidence that waterbody nutrient levels had increased above the baseline distribution.
The 5-year geometric mean is intended to preserve the baseline central tendency, while the annual limit
accounts for natural variability above the central tendency.
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Frequency and Duration

To provide a consistent and appropriate level of protection, the duration and frequency components of
the criteria must be consistent with the derivation of the magnitude component. While the magnitude
component of the criteria is being expressed as a long-term geometric mean concentration, it is not
practical to assess compliance with the criteria on the same long-term basis. Instead, a statistical test
can be developed to allow the application of the criteria on a shorter-term basis. For the criteria to be
protective, the duration component of the criteria (e.g., single sample maximum, annual geometric
mean) must be linked to the response time frame of the sensitive endpoint. Short-term averaging
periods (e.g., 1 to 30 days) would be appropriate for nutrient criteria where a sufficiently robust cause-
effect relationship has demonstrated that a eutrophic response occurs over such time frames. If,
however, such a short-term response cannot be demonstrated, or there is no indication of use
impairment, then longer averaging periods should be considered.

For example, since the relationship between nutrient and chlorophyll a response in Florida lakes was
extremely weak, with a much more robust relationship found when data were evaluated based on
annually averaged log-transformed data, FDEP and EPA used an averaging period of a year to assess the
enrichment in Florida lakes with the criteria being expressed as an annual geometric mean. Likewise,
the nutrient criteria for estuaries will be assessed annually. Since the duration and frequency
components of the criteria must be consistent with the derivation of the magnitude component to
provide a consistent and appropriate level of protection, the long-term geometric mean target cannot
simply be applied as an annual mean. Doing so would result in unacceptably high Type I failure rate
(identifying a healthy system as being impaired), since approximately 50% of the individual years can be
expected to be above the long-term mean. Therefore, the long-term target must be adjusted to allow
for the application to a shorter duration with an acceptable Type | error rate of no more than 10%. This
assessment of the Type | error rate is related only to addressing the null hypothesis that future
monitoring data are equivalent to the baseline distribution. This Type | error does not take into account
the possibility that a higher nutrient threshold would be fully protective of the use. The Type | error
rate, for the current application, may be defined as the rate of incorrectly identifying waters as nutrient
impaired, based simply on an exceedance of the statistically derived threshold, when in fact the system
is biologically healthy.

An annual target concentration with an approximate 10% Type | error rate for a given frequency can be
derived by appropriately accounting for the annual variability above the mean. This annual target
concentration can be derived as an upper percentile of the distribution of the annual geometric mean
concentrations. Previous proposals by EPA have used 3-year assessment periods to express the
magnitude and duration nutrient criteria components. Although it is possible to construct a test that
achieves the 10% Type | error rate target, a slightly longer period (e.g., 5 years) will provide better
control for Type Il error and will more fully capture climatic cycles (e.g., El Nifio, La Nifa), which tend to
be longer than 3 years in Florida and may actually be on a multidecadal scale. Furthermore, a 5-year
period is more consistent with both the state’s 5-year 303(d) assessment and permit renewal cycles.

Assuming a 5-year assessment period, it can be statistically determined that using the 90" percentile of
the annual geometric means from the long-term dataset with a frequency and duration of no more than
once during the 5-year period will achieve the targeted 10% error rate. Therefore the proposed criteria
will be applied such that the 90" percentile of the annual geometric mean concentrations cannot be
exceeded in more than 1 out of 5 years.

Summary of the Proposed Criteria
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FDEP proposes that the magnitude component of protective nutrient criteria be expressed as a long- For

a “healthy existing conditions” dataset, the Department is considering several potential ways to express

the NNC. The Department’s proposed approach is to set magnitude expressions at shorter durations

(one and five years), as follows, to assess whether future monitoring data are consistent with the long-

term criterion:

1. Establish a 5-year geometric mean limit at the upper 90" percentile prediction

limit of the 5-year, spatially averaged geometric means, with an exceedance

frequency not to be exceeded; and

1. Establish an annual geometric mean limit at the upper 90" percentile prediction

limit of the spatially averaged annual geometric means, with a frequency and

duration of no more than 1 annual geometric mean exceeding the limit in a 5-

year period.

For example, the TP criterion for Card Sound would then be expressed as follows: “the five-year
geometric mean shall not surpass 7.14 pg/L, and the annual geometric mean TP shall not surpass 8.8
pg/L more than once a year in a 5-year period.” This establishes the magnitude components as both a
5-year geometric mean and an annual geometric mean of a network of sites, with the frequency and
duration components used to assess whether the inter-annual variability is consistent with the
maintenance of the long-term geometric mean (5.90 pg/L), considering natural variability around that
average. Duration is expressed as both 1- and 5-year periods.

Tables 11 through 13 provide the proposed long-term targets as well the annual limits for each sub-
basin in Biscayne Bay. The next step in finalizing the proposed criteria is to evaluate the similarities
among the different sub-basins to determine if any of the sub-basins could be combined in respect to
criteria development. The process of evaluating the similarities among sub-basins is currently under

way, and the results will be provided once the analysis has been completed.

Table 11. Proposed numeric nutrient criteria for all segments of the Southwest Coast, including TP,
TN, and chlorophyll a. For compliance purposes, the 5-year geometric mean shall not exceed the 5-
year geometric limit nor shall the average of all stations in a segment exceed the network average
more than once in a 5 year period.

Total Phosphorus (ug- I'')

Existing Long Term Maximum Allowed 5- Maximum Annual Geometric Mean
Geometric Mean year Geometric Mean (1 of 5-year exceedance rate)
Card Sound 5.90 7.14 8.80
Manatee Bay-Barnes Sound 5.72 6.70 7.95
North Central Inshore 5.59 6.81 8.43
North Central Outer-Bay 6.35 7.39 8.72
Northern North Bay 9.86 11.11 12.65
South Central Inshore 5.88 6.99 8.44
South Central Mid-Bay 5.31 6.41 7.87
South Central Outer-Bay 5.20 6.07 7.19
Southern North Bay 7.86 9.07 10.59
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Total Nitrogen (ug- I'')

Existing Long Term
Geometric Mean

Maximum Allowed 5-
year Geometric Mean

Maximum Annual Geometric Mean
(1 of 5-year exceedance rate)

Card Sound 257 317 399
Manatee Bay-Barnes Sound 469 555 665
North Central Inshore 247 296 360
North Central Outer-Bay 221 260 311
Northern North Bay 235 282 343
South Central Inshore 391 457 543
South Central Mid-Bay 282 331 395
South Central Outer-Bay 190 227 275
Southern North Bay 231 272 324

Chlorophyll a (ug- ")

Existing Long Term
Geometric Mean

Annual Geometric Mean
(1 of 5-year exceedance

Maximum Allowed 5-year
Geometric Mean

rate)
Card Sound 0.34 0.47 0.67
Manatee Bay-Barnes Sound 0.36 0.43 0.53
North Central Inshore 0.32 0.42 0.56
North Central Outer-Bay 0.49 0.66 0.90
Northern North Bay 1.41 1.64 1.95
South Central Inshore 0.28 0.34 0.43
South Central Mid-Bay 0.25 0.31 0.38
South Central Outer-Bay 0.21 0.24 0.29
Southern North Bay 0.85 1.00 1.21
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Appendix A. Impaired Waters in the Biscayne Bay Basin
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ey T | onrempang | 3FTAT I Coforms | Fecal Colform pori 2 H H Impained High 8123 - o the 20318, 3
Canal)
E"AD““"T“ 3271 |FomganoCana | Steam I Fecal Coftorm B -COG:.IL'IS. ol 2 H 5 Imparsg Low B4 mpaired based on nuTber of exsedances.
. - Vierfied Impairment basad on DOH marine feh
C-13 East Exceeds DoH Assessment based on
Erwar - 3 Mertury (n fisn 2 . consumption achisony data from 2005-2008 for 75
ey 3774 mn:;:lw Estuary 3 8 —“-;;E_.-:l:.:q 3 H H Impaired High ncpsmm g et et -
! i conceniragon of 0.50 pom
2003 (B.41 pgiL) TTis waleody I= mpared because he annua
12 East . T = 1.052 in= 100 004 (B4Zpgl) | average Chiavaue smesded the btng Sreshod
5‘,,""‘"""_; 274 (Midcie Fiver Estuary M Medrients | e MB'- TP = 0051 (rm3S) 511 gl 2 H H Impained 040 2005 (B57 ppfl) | of 11 ugl in 3006, Based on THITF rafio medin
Carai) 00 = Me Daa 2006 (1244 i) of 20,35, TN and TF wer idenined as co-imiing
2007 (545 ko) nutrisns.
Erowar 27 = o < 400 Courts ! 100| ac Impaired based on Rumber of excesdances This
Cournty 378 c-12 Htrmam aF Comorms | Fecal Colform gy 2 H H Impaired High 11m3 e ‘2n the 3034d) =
- Vierfied Impairment based on DOH marine fsh
Exceeds DoH Assessment based on = -
Bmwan - Hew Rler (Morn) . Mestury (n fish N . consumphion achésony data fram 2005-200 for 75|
i 27758 il Estuary m ) We:::a::_uﬁ:.a £ 5 5 Impaired Hgh DGI—;:.LTW “ng e et 3 o
: concentagon of 0.50 pom
Historic chiorophy ks one part of fue TR nubient
assescment. HsoNCaly cbsenved minimum value
e 2004 (26 27 1oL = 28,45 fom 1998 - 2002 The annus Crea
Ermwan . Hew Fler (Morn) N ) . 300 (3527 pgl) | smrage swceeded the minkmum Ristorical average
Corty | ITSA Furt) Extuary . C"'Hﬂ" c SZEasuaL 2 5 5 Imeaire e 2006 (3755 gl Dy Mone than SO% In af ast o Consecute
g 2007 (3501 pgA) | y=ars. Excluded foe peniod of recond assassment
Damed on more FeCcent data. Mew Estng Tom cycle
F
5,_‘:“‘“’"“; Estuary ET Copper s3Tppl o 5 5 Irrpared M rpaired based on number of exseedances
& = DoH Werfisd Impairment bassd on DOH manne fsh
Ermawan 3 MeTury (R fish - - - . consumphion ackésony data from 2005-200E for 76
Courty Estuary ELY] " We;:-:g_m:.: 3 H 5 Impaired High DGI—;:.LT::J& g et s 2 -
~ concentrason of 0.50 pom
Eroward 1 o & 400 Coums /100 g Impaired Ezed on number of esmeedances. Thiz
Py Estuary 3 Coforms | Fecal Colform i 2 H H Impaired High 125 o o e T
Eroward - -~ & 400 Counts ! 100 Impaired Ezed on number of esmeedances. Thiz
Coursy Stream IF Coiforms Fecal Colform mL 2 5 s Imgairea High 1428 will on the 3034} k=
=isionc chiorophyl i one part of T IAR nutrient
M assessment. Hiswoncally cbsened minimum vaiue
Browan . Mmw Rver Canal [ _ kg = 273 from 1333 - 1337 The annual Sria
7 trea F Mdrients Hismne S 409 gL 2 H = Imgaireg H
Coury (Eoutn) = S = " average exceeded the minkum Ristorical average,
- by mane: than S0% In al leest o Consecule
YT
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Parametsrs Pravious EP&| Curment EPA
w Diasoived DO Hutrient ! | o i qr i £ 4 Current o
ooccaza | Planning WAE | oserhoy | watsrboay | 1998 303(0) | Using QyEn ! | ginogy -TH, TR, | of Criterionor | Report Report | Wegalsd | Cument | Priorty Viermad Pariod
WBID Segment Parameter | Impalrsd Blology 1 +_ | Category- | Assessment |Year for TMOL| Comments
Mumiber Unit Type Clasg’ BOD Medlan Threahold Mot | Category® - | Category T- sasssament Data”
Harne ofConcem| Suracs Poliutant of Mt 1 2 Firal Status Dievelopment”
Walera Ruls | Congsm | VaUes (malL] Cycls1 Cyee? | cssssment'
teaseament” | Assaasment”
(TWR)
Ercwar Snake £ 400 Counes ! 100) Irpsinen barsedd on number of eceedances. This
Couriy 3773 Cm::!:m Etream F Coforms | Fecal Color mL I 5 g Impaired High sns wil on the 3036} 1=
Impaired baser on numer of ewesdances. TH
exresded s threshoid of 1.6 mgll. TNTF
Eroward S . - Deszohied Dissohed - . - sndand devimon 35.51, ange
Couty 28 -1 [East) B IF o g Tob MEmgen = 5.0 mglL 3 5 5 Imnpairsa High 1527 721 etmrreirs 75 Fairat
period of record assessment based on mone
recentdnta. This will remsin on S 303d) st
Ercward T 1 5 P =400 Counts ! 100 - z Impaimd based on number of exmeedances. This
Coury 28 C-11 (East Stream F Caiforms Fecal Colform mL Ic 5 5 Impaired High s il o the 3034} 1=
Irpaired based on nuTber of excesdances TH
™ 25 (rmz3) exreeded s threshoid of 1.0 mgfl. THTF
Eroward 1 Dissohed -0 " - medan = 22,40, standand deviztion 14.77, range
Coursy 3282 Holywood Canal Eshuary M e Tolal Nkrogen | TR I:.:I:G:lr\-n, z4.0mglL 2 5 5 Impaired Medum 4 1034 - B2 57 nibrmery =77 Evchuded fom
- penicd of repord assessment based on more
negent data.
5,‘:"""“’_: 1282 |Hohwood Canal|  Estuary E Facal Cobior “'W':’Dm"l_'“ ! 1 5 5 Impair=d Low a4 moaied bazed on nu-ber of emesdances
B Werfied impairment based on DOH marine Tsh
Expeeds DoH Assessment based on = o T
Erowar - - Mzrcury i fin - . CorEumpton Sdsory dat from 2005-2005 for 75|
Courty 3|2 Holywood Canal Estuary £ g _"I'E‘;Fﬁllcﬂj Za H 5 Impained High' DO\‘-GT:HMJE wing S — oy
- concentraion of 0.50 pom.
B Werfied impairment based on DOH marine fsh
Exceeds DoH Agsessment based on
Horth Dade - C~4Tamiami o - Memury (n fish . consumption advisony data fom 2008 for 24
plle 1 pliin Srmm IF 3 Teresnoid <03 ;' 5 5 e High m\\—_ﬁﬁm L Zar '
o) = conosnbraon of 025 ppm
B Werfied impairment based on DOH marine fsh
Expeeds DoH Assessment based on
Fout Cade C~4Tamiami - Mencury il fish - corsumpton advizory daia fom 2008 for 21
Courty 3285E Canal (Wed) Etrmam 3F _"I'E‘;'I:ldll-c 03 b H H Impained High' DO\‘-::LM Larg: Easz wth an average mermury
Fem = concentraon of 0.5 pom
B Werfied impairment based on DOH marine fsh
Exceeds DoH Agszzsment based on e
Horth Dade - - Mencury {in fish . consumption advisory data from 2005-2002 for 75|
Court 3288 C-EMEami Rbeer Estuary EL g _"I'E‘;;':’ﬁll-c 03 L H H Impained High' DO\‘-‘;:LM King SR — ury
concentragon of 0.50 pom.
Feadh D;‘* 32384 | WagnerCreek | Estuary e Copper S3Tpgl E 5 5 J— Hediu B33 mpaired based on nuTber of Emesdances
= Verfied mpaiment basad on DOH marine fsh
Exceedts DoH Azsezsment based on o
Merth Dade . . Merury i fisn . N eonsumption achisony dats tmm 2005-2008 for 75
Pl IIREA | Wogner Cresk Estuary 1T ) —n-;:ﬁ_.-::.a £ H 5 Impaired High no\\-aﬁum g o it 3 -
i concentraion of 0.50 ppm.
o = Werfied impairment based on DOH marine fsh
C-EMEami Rheer Expeeds DoH Azsessment based on . i e
NorhDade | 3005 (Lower Estuary m Memury i fisty Trresnoid (= 0.3 £ 5 5 Ipared Hign® DOH Fizh Tgue | SOMEUMRHoN addsony data fmm 20052005 for 78
Sy Segmers Eosue) i Shides BIng Mack ersl with an awerage memury
N ! concentraton of 0.50 pom
= Verfied mpaiment basad on DOH marine fsh
Exceedts DoH Azsemsment based on
Horih Dade - o = Merury (n s - consumption advisory data from 20052008 for T
Py S0 | CSMam Canal|  Steam IF ¥ Threshoid (<03 £ H 5 Impaired High m_ﬁﬁm “ng e i 3 -
o) = conoenbraton of 0.50 ppm.
B Werfied impairment based on DOH marine Tsh
Expeeds DoH Assessment based on = o T
Merth Dade . . Merury i fisn . N eonsumption achisony dats tmm 2005-2008 for 75
Courty 3= DA Estuary £ g _"I'E‘;Fﬁllcﬂj Za H 5 Impained High' DO\‘-GT:HMJE wing S — oy
- concentraion of 0.50 pom.
B Werfied impairment based on DOH marine fsh
Exceeds DoH Agseszment based on e
NorhDade | o... Coral Gabies - Mestury in sl 1 - consumption advisory data from 20052008 for T
32524 Eshy £ Threshold (= 0.3 5 5 Impaired Hi DOH Fish Tissue:
Courty Canal (East) - EBmsue) ",.": = o Studes Bing Mack el with an average mermury
Ll = conosnbragon of 050 ppm
B Werfied impairment based on DOH marine fsh
Expeeds DoH Assessment based on
Horth Ciace ClEnapper 3 Mescury n sl z - consumption advisory data from 20052008 for T
Courty 3283 - { " Estuary £ 0 _"I'E‘;'rddllcﬂj Za H H Impained High' DO\‘-::LM.E wing rp—— oy
R = concentraon of .50 pom
Souf Dad 4060 Counts. ! 100
emey | == c-100 St ¥ Fecal Cattar FenE = H s Imgar=g Low 1376 meired based on muTber of exssdances.
HISINC chionopyl 15 one par of T TR nutnent
asseszment Hisoricaly observed minimuam vaiue
Sout Dade Mutriants k£2.31 from 1988 - 2002 Tha annual Thi-a
e 3235 C-100 ‘Siream IF {Hisiorc =345 ugl R 5 H Impained Fhedur average sxreeded the minkwm Risiorical average|
e Chiomohyia) by more: than S0% in af least wo consecufe:
years. Exriuded o peniod of recond assessmen
based on mone recent data
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Parameters Pravious EPA| Cursnt EPA
mmﬁ Diaz0ived DO Hutrsnt ! | o r Curreat o
06C Caze | Planning WHE | ysterhoay | watsrboay | 1398 300 | Using Oeygen ! | oinogy -TH, TP, | of Critenionor | Raport Report | Wiegrated | curment | Priorty Vermad Pariod
Uit WBID Segment Parametsr | Impalrsd Blology Hot ' +. | Category- | Assesament |Yearfor TMDL) Comments
mier Hame L G288’ | oreoncem| Surtace | Polutantor | DOD Medlan L Category " - | Category - | oy Stz | Dovelopment’| ASSESament Data®
‘Walers Rule | Concam e Cycle2 tzzaszment’
fzasesment’ | Azssazment”
(W)
Impaied based on number of scesdances. TH
‘Soum Dade Desohed et etan = 17125 s eyt 15 5%
- o 3 = - = 17183, 3
Coursy 3298 Biack Creek Eztuary EL - Toka NEmgen z4.0mglL 3c H H Impained Fbedium 3578 range 8257 - 550 "
peniod of nerom assezsment hased on Mo
recent data. This will be added to e 3034d) ist
B Verfied Impairment based on DOH marine fsh
8 Exceeds DoH Agzezsment based on = g
Souf Dade - -~ Memcury 0n fish . . consumption adhisony data from Z005-2005 for 76
County 3298 Sacs Cresk Estuary am " —w;réﬂ';'_un.a Za 5 5 Iparss High' nm—;&m xng e it 2 2, o
- concentraton of 0.50 pom.
Irpaired based on rUMBer of EEsdances. TN
ewreeded s threshold of 1.6 mgiL THTF
‘Soufh Dade i Dissohed = 2 " median = 318.57, standand deviadon £18.37,
Courdy 384 Gouwids Canal Stneam 3F Corvgen Tokal HEnogen z S0 mglL 3c 5 5 Impained Medium 1344 range 13,48 - 1848 obsarabions I5. Sxuded
from period of recond assessment based on more
recent data This will be added bo £ 3030d) st
Impaired based of nUMBbEr O SXCESEarces, and
Toka NEmgen Th was found o b= the causative poluiant. TH
Sous Dade Cimsohed and TH = 1.519 A= exresded i threshold of 1.0 mgll. TNTF
. 32666 DA Estusry am coeyen Biochemical | TR = 003 jmm i) = 4.0 mgl T 5 5 Impars: e mmcdian = 7233, shancdand devisfion 57,11, range
o Cuwygen BOD = 2.15 iR=12) 3023 - 333 8 observatons 5. Excluded fom
Demand peviod of necond assessment based on more
recent data. This will be added to e 3034d) ist
& Vierfisd Impairment bassd on DOH manne fish
o Excezds DoH Assezssment based on .. i
SoumDade | 4000 n Estuary m Mercury i fish Thm=rold (=03 - 5 5 \ High* 'DOH Fish T consumption advsony dats frm 2005-2008 for 76
Courty s i e il KIng MASCR Ered With 3N SVEragE MEnCury
FRm = concentraton of 0.50 pom
& Vierfisd Impairment bassd on DOH manne fish
Excesds DoH Assezsment based on
Fouth Cade 1 Homesizad 3 Merury n s . consumption adhisony data from Z005-2005 for 76
Coursy 3258E Cuttal Estuary e g _"IL‘:'lDld.l‘:E.E 3b 5 5 Impaired High' DOF_ELM wing Y r—— rr
FRmi = concentraon of 0.50 pm.
B Verfied Impairment based on DOH marine fsh
8 Exceeds DoH Agzezsment based on = g
Souf Dade Moy Canal Merury n sl . . consumption adhisony data from Z005-2005 for 76
County 3298E2 s Estuary am " —w;réﬂ';'_un.a Za 5 5 Iparss High' nm—;&m xng e it 2 2, o
- concentraton of 0.50 pom.
Verfisd Imparment based on DOH marne feh
o Excezds DoH Assezssment based on
Soumibade | . - - Mencury iir fisn N N Eorsurpbon advisary dat o 2005 e H
30 c1 tre: IF Threshold (<03 5 5 Impaired Hi DOH Fish Tissue:
County = eeam timsue) ;’“_H = i Shudes Largemouth Bass with an average mercury
: oncentaton of 055 pom.
Whertuny = Verfied Impairment based on DOH marine fsh
8 Exceeds DoH Agzezsment based on
Souf Dade 2 P N o ibasad on fsh | Mercury dnfish 2 . corsumption advizory daia fom 2008 for 21
Coursy 2303 ST fEouth) Stream F cons g Wréﬂ';'_l-ﬂ:.] 3 5 5 Imnpainza High' DG{—;:LT::J& Lar Sass with an J—
advizony) : conceniraion of 0.52 pom.
& Vierfisd Impairment bassd on DOH manne fish
o Excesds DoH Assezsment based on e
Sous Dade ot ) Mearcury i fish . . consumption advsony dats frm 2005-2008 for 76
iy 3B | C-11 (Coasinl) | Estuary am ) Wu:-\;“u_ur:.: I 5 5 Irpared High nm—;ja:ﬁm g e it o -
- conceniraion of 0.50 pom.
Vierfisd Impairment bassd on DOH marne fish
8 Exceeds DoH Agzessment based on R
Bouf Dade | . = Merury n sl 1 . consumption adhisony data from Z005-2005 for 76
IMIE ‘ayior Sho Eshy: £ Thresfold (< 0.3 5 5 Impaired Hi DOH Fish Tissue
Couriy - o Bzsue) n-'l-: = o Studes King Wack e with an awerage menoury
pem = concentraton of .50 pom.
Impaired based on number of messdances. TH
exomeded it threshoid of 1.6 mpL. TH'TF median
SoumDade | _ Cemsohen . . ! = 31386, Stancian deviation 392,40, range 2437
County 3e Morth Canal Stream IF Cygen Toka NEmgen z S0 mglL 3c H H Impained Fbedium 1324 ) reations 44, Exciuded from period of
recond assessment based on maone recent data
This wil be added fo the 303(d) Ist
& Vierfisd Impairment bassd on DOH marne fish
Excesds DoH Assezsment based on
South Dade - . Memury infish - . consumption advisory data from 2005-2005 for 75|
Couney 60024 | Rows 1 KeyA Estuary am y Thresnoid (<03 Za 5 5 Iparss High' nm—_r—::ﬁm xng et it 2 o
pom) = conoeniraon of 050 ppm
Slzcame Bay) z Van Buren Eacieris (Beach & 21 days of beach| 2 =nm3 3 " This walerbody & Impained because of beach
ntcoazs | CLAeh Eest Beach B Advsones) advsones = 5 5 Impaired High 2003 (35 days) advisories = 29 dayzhye n 20030
Blscayne Bay Naorth Beach Easctaris (Beach = 21 clays of biesch I . This watertady s impains because: of bench
L Beach EL ad " ad 3a H H Imnpained High 2003 (22 days) advizaries = 21 daysiy n 20034
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Pravious EPA
Dissolved | o Nytient! | concentraton | Intsgratsd
o0 casa | Planming | o mt Watarbody | Watarbody oygEn! | gioiogy - TH, TP, | of Criterlonor | Report

Huminer Hame or | BOD Median Tna:tuuot ﬁnwr"-
Folldmniol |\ e (oL Cycls

Aggesament’

sl
§

Cument EPA

it

il

ml "'““'“".'1 Viertfiad Pariod

T rh—n—tndl'

1 - Polable waler supples.

2~ SRAREh pRODSgAOr OF harvestng

IF - Recreaton, popsgabon, and markenancs of 3 hestey, we-aanred Dopuiton of fn and wid fe in e watsr
3K - FRecreation, propagaton, and manienance o a heathy, wel-balanced population of fsh and widie iR marne waier
4 - Agricufiural walsr supples

£~ Nanigation, utlfy, and indusTial use
¥ s equal o e number of sampies. When sampies are coliecied 2 the same location less fian £ days apart, the median of fose resuls represents 2 singis sampie or the purRoze of determining n.

“The Cyce 1 assessment was done i 2004 and incuded daby Fom that Verfied Period (January 1, 1957 through June 30, 2004].
*The Cyce 2 assessmnt Is the CuTent assessment and Inciudes data Tom the Verfied Ferod [Jdanury 1, 2002 though June 30, 2005).
T EPA'z Inteprated Rapon Categony
1 - Afains all designaied uses
2 - Amains some designaled uses and RsuTicient or no Information oF dats are present o determing F remaining uses are ataned
33 - Mo s and FPoratan A prEsart tn SsterTine £ ATy SRsigrated e 5 assnad
b~ Eorme data and imoration ane present but not enough fo defermine Tany designated use i aitained
3c - Enough dats and inormation are present b deterine that one or more designaied uses may nof be afained acconding & the Planning List meSodaiogy
43 - pained 40 DN OF MO desigrated e but does not raguire TMOL deveoprant berasime 3 TMDL has simady besn compisted.
48 - pained 4o one or more Sesigriated Usas bt Soes not regurs TMOL deveinnmant barsuss the watsr wil 3y waner qualty Shrcwes fus b S¢stng or [roposen messures.
40 - Impained for one oF More Crhena o desigratesd uses but does not reguine TMDL Seveiopment ecause mparment £ notcaused by 2 polutant.
4d - The walerbody does not mest applicable criteria, but no polutant can be dentled thus 2 TMOL wil not be developed af this e,
4e - mpained, but receny completed or on-going nesiomtion aclies ar underway i resions the designaisd uses of the watebody.
£ - Water quaity standards are niof afained and a TMDL & requined.
“\Where a parameter was 1538 303id) isted, fe priordy for TMDL deveiopment is the: year provided and bs assigned based on the comsent decres: schedule.
Where a parameter was oniy identfied as impaired undes e IR, a priorty of *medium® was assigned. Excepfions ans waiers whers the impairment poses a Freat io potable waber or
Fruman heaif, which have besn assigned a high® priorty, and fecal colfor impaimments, which have besn assigned 2 ow” priorty. Al othes IsSngs 2 of Fis CyCie are priofized based
on the folowing: ts our inkent that kstings with 2 "High” priory be addressed within the next S years, Istings with 2 "Medium™ priority be addnessed within 5-10 y=ars as resources allow,
and Enngs wet 8 "Low” priorty be sodressen witin the newt 10 years.
" P - Verfied Period (Janusry 1, 2003 tyough Jurs 30, 2090); Dt Inciade chicrmphyi-3 annussl aversges, anrul aversge TS and coior valles,
" statewide TMDIL for mesTury, that will address this wabsbody, ks stheduied bo be compistsd In 2012
* E:ach adwisories are based on FL Dept of Healifh entercoocous (103 CFUMO0mL) or fecal cofform (2400 CFUDOML] ofera.

results and 2 of of sampies.

Beach advisory data |s based on "2010 Beach Adhésories” created 3001 by Barbara Donner (FOEFR Walershed Assessment Section |
Fish advisory dala = based on "2008 Fish Acvisores” crested 2001 and updated 2008 by Samars Donner of (FOEP Walershed Assessment Section ).
The Group 4 Southeast Coast - Btscayne: Bay Draft YVerifed List s based on WWR Run 40.
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Appendix B: Overview of FDEP Approaches for Nutrient Criteria Development in Marine
Waters

To be inserted.
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