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This report was prepared by the Florida Department of Environmental Protection (FDEP), in cooperation with the Environmental Protection Agency (EPA) and local scientists, to support the development of site specific numeric nutrient criteria for the Florida Keys.  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.   This report presents approaches for setting criteria for the Florida Keys in both the nearshore (at  500 m from shore) and offshore (500-12,100 m) waters.  
The Florida Keys are an archipelago of islands in Monroe County, FL that extend from the southern tip of Florida over 354 km to the southwest (Collado-Vides et al. 2007, Figure 1).  Consisting of 822 islands, of which about 30 are inhabited, the Florida Keys are traversed by U.S. Highway 1 (a.k.a., US 1 or Overseas Highway) with 19 miles of bridges (FDEP 2008). The Florida Keys National Marine Sanctuary (FKNMS),  consisting of 9500 km2 of coastal and oceanic waters and submerged lands that surround the entire Florida Keys island chain, was established in 1990 (Figure 1).  The Keys are generally divided into three geographical areas which include the Upper, Middle, and Lower Keys (Figure 2).  The three regions are further divided into ocean-side and bay-side.  The bay-side regions of the Lower and Middle Keys are known as Backcountry and Sluiceway respectively.  
There are both anthropogenic and natural sources for the local and external nutrient loads.  The Florida Keys are directly influenced by the Florida Current, the Gulf of Mexico Loop Current, inshore currents of the SW Florida Shelf (Shelf), discharge from the Everglades through the Shark River Slough, and by tidal exchange with both Florida Bay and Biscayne Bay (Lee et al. 2002).  The Florida Keys Reasonable Assurance Documentation (FKRAD) (FDEP 2008) identified local nutrient sources in the Keys including wastewater and stormwater originating in the unincorporated Monroe County in the Key Largo area, the Villages of Islamorada, Marathon, Key Colony Beach, Layton, the City of Key West, the Florida Department of Transportation (FDOT), and the Florida State Park Service.  Additionally, in the south-central and southern Keys, there is stormwater and wastewater originating in the U.S. Navy facilities in Boca Chico and those adjacent to the City of Key West.
The three dominant habitats that make up the coastal marine ecosystems of the Florida Keys are seagrass meadows, coral reefs, and mangroves.  Seagrasses are the principle component of benthic marine habitats in the Florida Keys and they occupy over 70% of the FKNMS (Fourqurean et al., FL Keys Carrying Capacity Study).   Coral reefs, patch reefs, and hardbottom habitats cover approximately 7%, 1% and 19% of the FKNMS, respectively.  Mangroves are a dominant feature of the land-sea margin throughout the Florida Keys.
Long term monitoring of water quality indicates that nitrate and TOC follow a concentration gradient, with higher levels in the near shore area and declining concentrations away from shore, implying a land-based source (Boyer and Briceño 2009).  However, neither TP nor chlorophyll a concentrations show a trend with distance from land.  The nearshore Florida Keys waters are considered impaired for nutrients based on the 1998 303(d) list.  As provided for in the Impaired Waters Rule (Chapter 62-303), the Florida Keys Reasonable Assurance Document (FKRAD) was developed in place of a Total Maximum Daily Load (TMDL) by FDEP to ensure reductions of nutrient loads from local sources.  
Table 1 shows a checklist of nutrient enrichment symptoms and describes whether or not each symptom has been historically or is currently observed in the Florida Keys.    
FDEP recommends two approaches to numeric nutrient criteria in the Keys.  One is to use the criteria established in the FK RAD which are based on improving water quality in the inshore halo zone (up to 500 m offshore) to targets based on conditions from 1985 at the time of OFW designation.  The second approach is to subdivide the offshore waters (500-12,100 m) into zones of similar water quality and set the criteria to maintain the existing healthy condition.  
Table 1.  Checklist of nutrient enrichment symptoms in the Florida Keys.
	Response variable 
	Observed historically or currently?
	Explanation 
	Source

	 Low DO (hypoxia/anoxia)
	Yes
	Low DO concentrations have been observed in canals in the Keys and were observed at several nearshore stations during sampling in 1985 for the OFW designation.
	FDEP (2008)

	Reduced clarity 
	
	Turbidity declines with distance from shore.
	Boyer and Jones (2002)

	Increased chlorophyll a concentrations
	No
	There are no trends with chlorophyll a and distance from land and median concentrations are low (0.19 µg l-1) for the monitoring period 1995-2008. 
	Boyer and Briceño (2009)

	Phytoplankton blooms (nuisance or toxic)
	Yes
	Periodic algae blooms originate on the gulf side of the Keys in Florida Bay or along the southwest Shelf.  The Blackwater event in 2002 was a non-toxic bloom that was carried south through the Keys.  More recently, in 2005 and 2006, blooms in northeastern Florida Bay and southern Biscayne Bay, were associated with highway development and hurricane activity. 
	

	Problematic epiphyte growth 
	No
	Epiphyte growth is highly seasonal and recent studies have not found correlations with nutrients, but this may be due to the activity of grazers.
	e.g. Fourqurean et al. (in press)

	Problematic macroalgal growth
	Yes
	Abundance of macroalgae in the FKNMS has increased over time.  Sites closest to land and with the highest N concentrations have the highest abundance.  Some sites with increased macroalgal growth also have seagrass loss.
	e.g. Lapointe et al. (2004),  Collado-Vides et al. (2005) and (2007), Fourqurean et al. (in press)

	SAV community changes or loss
	Yes
	Data from the FKNMS monitoring program’s permanent stations has not shown significant sanctuary wide changes in either seagrass tissue N:P ratios or seagrass community composition using the FKNMS indicator criteria EI or SCI, although there have been changes observed at specific sites.
	e.g. Fourqurean and Escorcia (2009)

	Emergent or shoreline vegetation community changes or loss 
	Yes
	Shoreline vegetation has changed from development.
	

	Coral/hardbottom community changes or loss 
	Yes
	Coral cover has declined and there have been outbreaks of disease such as black band and other disease conditions in the Keys.  Overall mean percent stony coral cover has been stable since 1999.  Spatial patterns in coral indicators do not indicate that the Keys reef tract condition is directly related to water quality gradients influenced by land based sources of nutrients.
	Donahue et al. (2008), Callahan et al. (2007)
LIrman and Fong (2007)

	Impacts to benthic community
	
	
	

	Fish kills 
	Yes
	There are periodic fish kills attributed to low DO, red tide, algal blooms, cold, and other factors.
	FWRI fish kill database





[bookmark: _Toc263862794] Geographical and Physical Description
The Florida Keys are an archipelago of islands in Monroe County, FL that extend from the southern tip of Florida over 354 km to the southwest (Collado-Vides et al. 2007, Figure 1).  Approximately 34% of the land area in the Keys portion of Monroe County is conserved (Monroe County 2010).  The Florida Keys have been designated an Outstanding Florida Water (OFW) since 1985.  In 1990 the Florida Keys National Marine Sanctuary (FKNMS),  consisting of 9500 km2 of coastal and oceanic waters and submerged lands that surround the entire Florida Keys island chain, was established (See Figure 1).  The Keys are bordered to the north and northwest by Biscayne National Park and Everglades National Park.  There are also 2 aquatic preserves and 10 state parks located in the Keys (Table 1).
The Florida Keys region is underlain by the extremely permeable Key Largo Formation limestone and the Keys have little vertical relief (5 m maximum at Windley Key).  The islands function as a discontinuous, semipermeable dam that separates Florida Bay from the Atlantic Ocean (Reich et al. 2002).  
[image: Map of the Florida Keys National Marine Sanctuary with preserve, refuge, park and other management areas delineated.]
Figure 1. Map of the Florida Keys and FKNMS boundary.
The Keys are generally divided into three geographical areas which include the Upper, Middle, and Lower Keys (Figure 2).  The Lower Keys are most influenced by cyclonic gyres that spin off the Florida Current, the Middle Keys by exchange with Florida Bay, and the Upper Keys by Florida Current frontal eddies and somewhat by exchange with Biscayne Bay (Figure 2; Boyer and Briceño 2008).  The three regions are further divided into ocean-side and bay-side.  The bay-side regions of the Lower and Middle Keys are known as Backcountry and Sluiceway respectively.   
Table 1. State parks and aquatic preserves.
	Name
	Description

	Coupon Bight Aquatic Preserve
	· 4,600 acres of seagrass meadows, hard bottom communities, mangrove wetlands and coral reefs
· The patch reef community includes sponges, soft and hard corals, and algae
· Home to rare wading birds and the endangered Key Deer

	Lignumvitae Key Aquatic Preserve
	· 7,000 acres of seagrass meadows, deep water channels, hard bottom communities and mangrove wetlands
· Lignumvitae Key Botanical State Park overlaps with much of the preserve

	Dagny Johnson Key Largo Hammock Botanical State Park
	· Contains one of the largest tracts of West Indian tropical hardwood hammock in the U.S.
· Home to 84 protected species of plants and animals

	John Pennekamp Coral Reef State Park
	· First underwater park in the U.S.
· 70 nautical square miles with coral reefs and associated marine life
· Upland area includes mangrove swamps and tropical hammocks

	Windley Key Fossil Reef Geological State Park
	· Formed of Key Largo limestone, fossilized coral
· Historically was a quarry used for stone to build the Flagler Railroad

	Indian Key Historic State Park
	· Tiny island accessible only by canoe or kayak

	San Pedro Underwater Archaeological Preserve State Park
	· Underwater archeological preserve that features a submerged shipwreck

	Lignumvitae Key Botanical State Park
	· Virgin tropical hardwood hammock only accessible by boat

	Long Key State Park
	· Profusion of plant and animal life
· Known for bonefishing

	Curry Hammock State Park
	· Group of islands
· Hardwood hammocks support a large population of thatch pines
· Other communities include mangrove swamps, seagrass beds and wetlands

	Bahia Honda State Park
	· Site of hawksbill turtle nesting

	Fort Zachary Taylor Historic State Park
	· Fort was constructed in the mid 1800s to defend the nation’s southern coastline



[image: Map of circulation patterns in the Florida Keys.]
Figure 2. Regional circulation patterns in the Florida Keys (Boyer 2010).
Description of the Florida Keys from the FDEP FL Keys Reasonable Assurance Documentation (FKRAD) (FDEP 2008):
The Florida Keys is a chain of islands approximately 220 miles long, extending from the end of the Florida peninsula curving southwest toward the Dry Tortugas. Consisting of 822 islands, of which about 30 are inhabited, the Florida Keys are traversed by U.S. Highway 1 (a.k.a., US 1 or Overseas Highway) with 19 miles of bridges. The Keys are entirely within Monroe County and includes the municipalities of Islamorada, Key Colony Beach, Layton, Marathon and Key West. Key West represents about 30 percent (24,000 people) of the population of Monroe County, which, according to the 2000 Census, was about 79,600 people.  In general, Florida watersheds are characterized by a large land mass that concentrates and directs runoff to a relatively small waterbody. Thus, runoff is discharged to receiving waters wherein pollutants are concentrated. Soils allow infiltration and percolation slowing down nutrient runoff and soils facilitate the treatment of nutrients due the availability of land for conventional stormwater best management practices (BMPs).  Similarly, with the large watersheds, wastewater can be controlled using septic tanks and large regional treatment facilities. Septic discharges through a drainfield can be absorbed into the soils and regional treatment discharges can be via reuse, storage, land application, deep well injection and in some cases, surface water discharge to receiving waters. 
The Florida Keys, in contrast, is a 220 miles-long string of small narrow linear islands surrounded by a very large receiving waterbody.  As a result, local runoff is not focused and pollutants are dispersed in the Gulf of Mexico and Straits of Florida.  Soils are such that infiltration and percolation are relatively enhanced, moving infiltrated runoff and its pollutants to nearshore waters quickly, yielding little or no nutrient entrapment or treatment in the soils matrix. The limited size of the land area limits the ability to place land intensive stormwater BMPs (such as detention or retention ponds).  Also unique to the Florida Keys is the degree to which external farfield pollutants circulating in marine waters impact local waters.  Due to the existing soils, high water table, and tides, septic tanks have limited treatment capability and “regional” wastewater systems are historically limited to small package plants.  Finally, pollutant sources outside of the control of the local governments provide the dominant influence on the receiving waters of the area.  In this case, unconventional approaches to pollutant controls are required.
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Water quality of the FKNMS may be directly affected both by local nutrient loading sources and external nutrient transport (Boyer and Briceño 2009).  There are both anthropogenic and natural sources for the local and external nutrient loads.  The FKNMS is directly influenced by the Florida Current, the Gulf of Mexico Loop Current, inshore currents of the SW Florida Shelf, discharge from the Everglades through the Shark River Slough, and by tidal exchange with both Florida Bay and Biscayne Bay (Lee et al. 2002).   Advection from these external sources has significant effects on the physical, chemical, and biological composition of waters within the FKNMS, as does internal nutrient loading and freshwater runoff from the Keys themselves (Boyer and Jones 2002).       
Local anthropogenic nutrient sources within the Keys include point source discharges and nonpoint source inputs, such as septic tanks and stormwater.  The FKRAD (FDEP 2008) identified local nutrient sources in the Keys including wastewater and stormwater originating in the unincorporated Monroe County in the Key Largo area, the Villages of Islamorada, Marathon, Key Colony Beach, Layton, the City of Key West, the Florida Department of Transportation (FDOT), and the Florida State Park Service.  Additionally, in the south-central and southern Keys there is stormwater and wastewater originating in the U.S. Navy facilities both in Boca Chico and those adjacent to the City of Key West.   
Lapointe and Clark (1992) characterized nutrient concentrations at 30 sites along a gradient from the watershed-coastal zone to offshore regions, including sites in Florida Bay and along the reef tract.  They observed elevated NH4+, NO3-, and PN concentrations in canal and seagrass meadows compared to patch and bank reef stations.  SRP and PP concentrations were significantly higher in canal systems compared to seagrass, patch reef, and bank reef stations.  Chlorophyll a was also higher in nearshore canal and seagrass systems compared to the reef stations.  
Boyer and Jones (2002) also reported results of declining inshore to offshore trends for NO3-, NH4+, TOC, TON, and turbidity.   In the Lower Keys inorganic N and TP were elevated in the Backcountry area.  TP concentrations in the Lower Keys decreased with distance offshore, but increased along transects in the Upper Keys.   Water quality sampling was conducted quarterly at over 200 stations in the FKNMS and Shelf, and was conducted monthly in Florida Bay, Biscayne Bay, and the southwest coast mangrove estuaries.  Sampling stations were stratified according to depth, geography, distance from shore, proximity to tidal passes, and influence of shelf waters.  Geographically, the Upper Keys generally had lower nutrient concentrations than the Lower and Middle Keys.   Ambient water quality in the Lower Keys and Marquesas is most influenced by the southwest Florida Shelf; the Middle Keys by southwest Florida Shelf and Florida Bay; the Backcountry by internal nutrient sources; and the Upper Keys water quality is most influenced by intrusion of the Florida Current.  
In addition to surface runoff, submarine groundwater discharge is also a component of nutrient input in the Keys (Lapointe et al. 1990, Lapointe and Matzie 1996).  Lapointe et al. (1990) assessed the degree of nutrient enrichment of limestone groundwaters by on-site sewage disposal systems (OSDS) and seasonal relations between nutrient enriched groundwaters and adjacent surface waters.  They observed that groundwaters associated with OSDS had elevated nutrient concentrations compared to controls.  Lapointe and Matzie (1996) measured nutrients, chlorophyll a, dissolved oxygen, salinity, and tidal stage on a 9 km transect from Big Pine Key to Looe Key National Marine Sanctuary.  Monitoring occurred from April 9 – August 6, 1992 during the transition period from the dry season to wet season.  Their results indicated both spatial and temporal inshore to offshore gradients following rainfall events with the most significant effects (e.g., decreased salinity, increased chlorophyll a) observed first nearshore and then observed later further offshore.  
Reich et al. (2002) verified natural gradient flow of groundwater from Florida Bay beneath Key Largo and ultimately into the Atlantic Ocean using multidepth wells and injection of Fluorescein and Rhodamine dyes as tracers.  The study included clusters of deep (13.6 m) and shallow (6.1 m) wells on the bayside and oceanside of an undeveloped area of Key Largo.  They observed that the greatest forcing factor in groundwater movement is the difference in water level between Florida Bay and the Atlantic Ocean.  For over 6 months Florida Bay was on average 12 to 15 cm higher than the Atlantic side.  There was both horizontal and vertical flow of groundwater with the predominant direction of horizontal flow to the southeast, towards the reef tract.  Their results indicate that a component of vertical flow likely contributes groundwater seepage up into overlying surface waters and could transport nutrients and pollutants into nearshore waters as well as to the reef tract.
External sources of nutrients to the Keys include the natural and regulated discharges from the Everglades to Florida Bay, regulated discharges from Lake Okeechobee through the Peace River, Caloosahatchee River and Mississippi River discharge to the Gulf of Mexico, and atmospheric deposition (FDEP 2008; Lapointe et al. 2004).   Lapointe et al. (2004) quantified the role of physical forcing and water management in South Florida on nutrient enrichment and blooms of phytoplankton, macroalgae and seagrass epiphytes in the Keys.   Results suggested that regional-scale agricultural runoff (from the mainland Everglades watersheds) and local sewage discharges from the Keys are both significant N sources that potentially contribute to eutrophication and algal blooms in seagrass and coral reef communities.  Additionally, upwelling is a natural source of external nutrients to the FKNMS.
Benchmark annual nutrient loadings for the Central Keys Area were calculated from the Carrying Capacity Impact Assessment Model (CCIAM), developed as part of the Florida Keys Carrying Capacity Study, and were based upon the number of EDUs, their estimated daily flows and the effluent characteristics of their wastewater treatment methods (Table 2; FDEP 2008).

Table 2.   Baseline (1999) estimated annual anthropogenic nutrient loadings to the Keys (FDEP 2008).
	Region
	Estimated Annual Wastewater and Stormwater Load (MT year-1)

	
	Total Nitrogen
	Total Phosphorus

	Northern Keys
	163.5
	40.9

	Central Keys
	74.7
	18.4

	South-Central Keys
	91
	21.2

	Southern Keys
	108.8
	31.3

	Total
	438
	111.8


    
Gibson et al. (2008) quantified the exchange of water and nutrients through Long Key Channel using long-term, high-resolution, mass flow measurements combined with periodic tidal-scale observations of nutrient concentrations.  Loads were compared with other published values of regional nutrient fluxes (Figures 3 and 4).  Their results indicated that the contribution of Florida Bay water through Long Key Channel to the nutrient pool of the Keys coral reef tract was small relative to offshore inputs.  
[image: Map showing total nitrogen loading from various sources to Florida Bay and the Florida Keys.]
Figure 3. Nitrogen loading (Gibson et al. 2008).

[image: Map showing total phosphorus loading to Florida Bay and the Florida Keys.]
Figure 4. Phosphorus loading (Gibson et al. 2008).
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The dominant primary producers in the Keys are seagrasses and macroalgae.  There is typically a gradient of water column and sediment nutrient availability with low N offshore and low P nearshore (Boyer and Jones 2002; Szmant and Forrester 1996).  In seagrass dominated systems, it can be difficult to determine the actual nutrient status of the water column because of rapid uptake of soluble nutrients (Tomasko and Lapointe 1991).      
Elevated epiphyte loads on seagrass have been observed under eutrophic conditions and in response to N and P fertilization (Tomasko and Lapointe 1991; Ferdie and Fourqurean 2004). However, Fourqurean et al. (in press) did not find a correlation between epiphyte load on turtle grass, Thalassia testudinum, and water column or sediment nutrient concentrations.  Fourqurean et al. (in press) proposes that top-down grazer removal of epiphytes may obscure the influence of nutrients on the epiphyte community.
In a field comparison of a T. testudinum seagrass site with anthropogenic nutrient enrichment (Big Pine Key) versus a control seagrass site (Cudjoe Key), seagrasses at Big Pine Key had higher epiphyte levels and lower areal productivity (Tomasko and Lapointe 1991).  Shallow (0.5 m depth) areal productivity rates were 0.306 g dwt m-2 day-1 and 0.768 g dwt m-2 day-1 for Big Pine Key and Cudjoe Key respectively.  The annual mean areal productivity in South Florida from 1995-1998 by Fourqurean et al. (2001) for T. testudinum was 0.7 g m-2 day-1.            
[bookmark: _Toc263862798]Biological Summary 
The three dominant habitats that make up the coastal marine ecosystems of the Florida Keys are seagrass meadows, coral reefs, and mangroves.  Seagrasses are the principle component of benthic marine habitats in the Florida Keys and they occupy over 70% of the FKNMS (Fourqurean et al., FL Keys Carrying Capacity Study).   Coral reefs, patch reefs, and hardbottom habitats cover approximately 7%, 1% and 19% of the FKNMS, respectively.  Mangroves are a dominant feature of the land-sea margin throughout the Florida Keys. 
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One of the world’s most extensive seagrass beds, approximately 14,000 km2, surrounds the Florida Keys (Fourqurean and Zieman 2002). The structure and distribution of seagrass communities varies throughout the Keys; they form extensive meadows and patchy beds, and are also found scattered throughout other habitats (Fourqurean et al. 2001).  The distribution and species composition of seagrasses in south Florida results from many factors, with the most important being water depth, water clarity, and nutrient availability (Fourqurean et al. 2002).   
Seagrass beds are important habitat for other species including pink shrimp (Farfantepenaeus), spiny lobster (Panulirus argus), queen conch (Strombus gigas), and the spotted seatrout (Cynoscion nebulosus) (Fourqurean et al. 2001).   Lapointe et al. (1994) note that since densities of benthic invertebrates and fishes that inhabit seagrass meadows are positively correlated with seagrass density and productivity, eutrophication of seagrass meadows could also lead to reductions in secondary productivity.
Fourqurean et al. (2001) documented distribution and abundance of seagrasses in south Florida in a larger study area that included the FKNMS during 1995-1998 and found T. testudinum to be the most common seagrass at 67.2% of the sites.  Other seagrasses observed included Syringodium filiforme at 38.9% of sites and Halodule wrightii and Halophila decipens at about 15% each of the sites.   A survey of seagrass species composition and density in the FKNMS during 1996-1997 found water depth related to the density of all observed seagrass species except for Halophila engelmanni.  Densities of T. testudinum, H. wrightii, and Ruppia maritime were higher in shallow water, while S. filiforme and H. decipens density were higher in deeper water (Fourqurean et al. 2002).
The ratio of N:P in seagrass leaf tissues has been used to infer the relative availability of nutrients and spatial patterns in limiting nutrients (Fourqurean and Zieman 2002, Burkholder et al. 2007).  Fourqurean and Zieman (2002) sampled T. testudinum in the Keys and observed strong spatial patterns in the relative amount of N and P in tissues.  On the Gulf side of the Keys, the N:P ratios indicated P limitation except at the western margin of Florida Bay.  There was also a signal of P-limitation in the near-shore area along the Atlantic side of the Keys, however further offshore the ratios indicated N limitation.  It is important to note that factors other than nutrient availability, such as variation in light availability or any other factor that limits growth rate, can affect the nutrient content of seagrass tissue.  The spatial patterns of N:P ratios in this study are consistent with estimates of nutrient loading in different areas and sediment nutrient ratios. 
Results of a 14 month fertilization experiment in the FKNMS indicated that there are taxon-specific responses to nutrient enrichment and that nutrient limitation differs for nearshore and offshore sites and for seagrass and algae (Ferdie and Fourqurean 2004).  The authors measured the response of seagrasses, macroalgae, epiphytes and microalgae to additions of N and P fertilizer to assess gradients of nutrient limitation nearshore and offshore in the FL Keys.  Sites were located on the east side of the upper Keys between the Keys and the reef tract.  Fertilization increased sediment nutrient content and increased plant nutrient content.  There was rapid uptake of N by T. testudinum at both nearshore and offshore sites, but compared to N, P uptake was delayed.  There was an increase in T. testudinum leaf length, standing crop, and growth rates in response to N, but not P, at offshore sites, implying that seagrass in offshore habitats in the upper Keys are N-limited.  However, there was no clear increase in biomass or primary productivity of seagrasses at nearshore sites to P addition.  Overall, nutrient enrichment resulted in an increase in seagrass biomass at offshore sites and an increase in algal biomass at nearshore sites.   
Seagrasses have been monitored in the FKNMS since 1995 (Fourqurean and Escorcia 2009). The seagrass monitoring program in the FKNMS collects data on the distribution and abundance of seagrasses and other benthic plants and animals, seagrass tissue nutrient concentration and isotopic composition, and water quality data (Fourqurean and Escorcia 2009).  The general objective of seagrass monitoring in the FKNMS is to measure the status and trends of seagrass communities to evaluate progress toward protection and restoration of the living marine resources (Fourqurean and Escorcia 2009). The goals of the monitoring project are:
· Define the present distribution of seagrasses within the FKNMS
· Provide high-quality, quantitative data on the status of seagrasses within the FKNMS
· Quantify the importance of seagrass primary production in the FKNMS
· Define the baseline conditions for seagrass communities
· Determine relationships between water quality and seagrass status
· Detect trends in the distribution and status of the seagrass communities
The FKNMS uses two indicator criteria to assess status and trends in the seagrass communities.  The first indicator EI, for elemental indicator, is based on a conceptual model that predicts that T. testudinum is likely to be replaced by faster-growing competitors if nutrient availability is such that leaf tissue concentration is near the critical N:P  ratio of approximately 30:1.  The N:P of 30:1 in seagrass leaves  indicates a balance in the availability of N and P and monitoring deviations from this ratio can be used to infer whether N or P availabilities are limiting this species’ growth.  A change in the N:P ratio over time from a N or P limited ratio to a value closer to 30:1 would be indicative of eutrophication (Figure 5). 
[image: ]
Figure 5. Conceptual model of the relationship between seagrass leaf nutrient content and nutrient availability in south Florida (Fourqurean and Rutten 2003).
EI is calculated from the mean absolute difference in N:P from the ideal 30:1 for the 30 permanent monitoring sites based on the 10 year (1995-2005) mean N:P ratio at each of those sites.    
[image: ]
The second indicator criteria, termed the SCI for Species Composition Indicator, measures whether the abundance of the slowest growing seagrass species, T. testudinum, has changed relative to the abundance of other seagrass species.   The SCI is based on a dominance-eutrophication gradient conceptual model where each of the six seagrass species can potentially dominate over a range of nutrient availability (Figure 6).  The model predicts a change in species dominance as nutrient availability changes.  Field evidence suggests that species replacements may take place on a time scale of a decade or more.  The first responses to eutrophication would be evidenced by an increase in the relative abundance of faster-growing seagrass species (H. wrightii and S. filiforme) at the expense of the now-dominant, slow-growing T. testudinum.   At later stages of eutrophication, macroalgae and microalgae would become the dominant primary producers.  
[image: ]
Figure 6. Conceptual model relating nutrient availability (trophic state) to the abundance of primary producers in near-shore marine waters of south Florida (Fourqurean and Rutten 2003).
The change in T. testudinum abundance relative to other species at a site is defined as SLOW.  Distribution and abundance of seagrasses are measured using rapid assessment Braun-Blanquet surveys.  The SCI is defined as the mean of SLOW over the 30 monitoring sites.
ATt = long term mean abundance of T. testudinum
ASf = long term mean abundance of S. filiforme
AHw = long term mean abundance of H. wrightti
Amacroalgae = long term mean abundance of macroalgal taxa

[image: ]
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The long term, 1995-2005, EI is 8.28 ± 1.47 (± 1 standard error) and the SCI is 0.48 ± 0.04 (± 1 standard error).  Despite a slight decreasing trend in the mean values for both EI and SCI for the years 2006, 2007, and 2008, the means were all within the confidence estimate of the long-term averages for 1995-2005 (Figures 7 and 8).  Since the EI and SCI are not significantly different from the long term mean, they do not indicate symptoms of increases in eutrophication for the years 2006, 2007, or 2008 across the FKNMS.  
[image: ]
Figure 7.  Elemental Indicator (EI) status of seagrasses in the FKNMS for 2006, 2007 and 2008 compared to the long term mean EI for 1995-2005.
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Figure 8. Species Composition Indicator (SCI) status of seagrasses in the FKNMS for 2006, 2007 and 2008 compared to the long term mean SCI for 1995-2005.
There have been observations of increased macroalgal abundance in nearshore areas of the Keys that have higher N concentrations.  Seagrass and macroalgal abundance was sampled quarterly from 1996-2002 at 28 permanent sites in the FKNMS (Collado-Vides et al. 2005).  The principal species of calcareous green algae in the seagrass meadows were Halimeda incrassata, H. monile, H. tuna, H. opuntia, Penicillus capitatus, P. dumetosus, P. pyryformis, Rhipocephalus phoenix, Udotea cyathiformis, and U. flabellum.  Each genus had a unique distribution and seasonal pattern of abundance, with lower abundance in winter and higher abundance in the summer.  In addition, the four genera studied have increased in abundance at most sites over the 7 year study period.  Regional scale gradients in environmental conditions, such as salinity and water temperature, did not appear to influence abundance.  The only significant gradient was with distance from land, with sites closer to land showing higher values.  
Collado-Vides et al. (2007) used data from the long term seagrass monitoring program and the water quality monitoring program in the FKNMS to detect the long term abundance trends of macroalgae groups and their correlations with median nutrient concentrations for 30 different sites between March 1996 and May 2003.  Their analyses suggest that the abundance and long-term increases in abundance of major macroalgal groups in the FKNMS were highest in areas with the highest availability of N.  The dominant group in the seagrass beds was calcareous green algae, dominated by Halimeda, followed by the “red other” group, dominated by Laurencia.  Results indicated that the abundance of almost all macroalgae groups was increasing over the course of the study and show a slow and steady increase of slow-growing calcareaous green algae, as opposed to bloom condition.
Lapointe et al. (1994) assessed the relationships among TN and TP concentration and the productivity, biomass and epiphyte levels of T.  testudinum and H. wrightii. Epiphytes included unidentified taxa of microscopic filamentous algae, calcareous species, diatoms, and other taxa.  There were significant differences in epiphyte loads among the trophic strata of the transects.  At the oligotrophic strata epiphyte levels were frequently higher than at the mesotrophic strata because of the growth of dense calcareous algae (Melobesia membranaceae and Fosliella farinose).  Diatoms and fleshy filamentous taxa were more common at the more nutrient enriched strata and epiphyte levels in both seasons were highest at the hyper-eutrophic and eutrophic strata when compared to the other less enriched oligotrophic and mesotrophic strata. 
Fourqurean et al. (in press) found no correlation between epiphyte loads on seagrass, or the relative contribution of algal epiphytes to the epiphyte community, with either water column or sediment nutrient concentrations (Figure 10).  Epiphyte loads on seagrasses in the FKNMS are highly seasonal with peaks in early spring and minimum abundance in early fall (Figure 9, Fourqurean and Escorcia 2009, Fourqurean et al. in press; Lapointe et al. 1994).    
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Figure 9. Seasonality of epiphyte load, averaged across all 30 level 1 sites for the period of 2001-2009 (Fourqurean et al. in press)
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Figure 10.  Seagrass epiphyte load was not positively correlated with water column, sediment or seagrass measures of nutrient availability (Fourqurean et al. in press).
The seagrass beds in the Florida Keys are part of one of the most extensive seagrass beds in the world.  Seagrass monitoring in the FKNMS does not indicate a decrease in abundance of seagrass overall in the sanctuary nor do indicators used in the FKNMS seagrass monitoring program show any significant change in N:P ratios or community composition for 2006-2008 as compared to 1995-2005 conditions (Fourqurean and Escorcia 2009).  Increased macroalgal growth, indicative of eutrophication, is limited to nearshore areas and is correlated with areas that receive increased N loading (Collado-Vides et al. 2007).         
[bookmark: _Toc263862800]Coral Reefs
Much of the information in the following section is summarized from the State of Coral Reef Ecosystems of the Florida Keys report (Donahue et al. 2008) and the 2006 Executive Summary of the Coral Reef Evaluation and Monitoring Project (Callahan et al. 2007). 
There have been numerous studies that report loss of coral in recent decades.  For example, Chiappone and Sullivan (1994) reported changes observed after 4 years of monitoring, from 1989-1992, at two hardbottom sites in the Keys.  The Craig Key site (CKS) is located about 100 m offshore on the Atlantic side of Craig Key.  The Fiesta Key site (FKS) is located about 100 m from the shore on the FL Bay side of Fiesta Key.  At each site benthic lifeforms were estimated visually in 1 m2 quadrats and included algae, sponges, octocorals, and stony corals.  During the study period there were reductions in species numbers and abundance at the FKS.  At the CKS there were increases in abundance of sessile benthic invertebrates, with the exception of a loss of coral coverage from 1990-91 from the mortality of Millepora alcicornis colonies. 
The Florida Fish and Wildlife Research Institute collects annual data on the status of coral habitats in the Florida reef tract through the Coral Reef Evaluation and Monitoring Project (CREMP) which began monitoring with 40 sites in 1996 and has since expanded to include sites in the Dry Tortugas and along the SE coast (Donahue et al. 2008; Callahan et al. 2007).  CREMP sites encompass four reef habitat categories: hardbottom, patch reef, and offshore deep and shallow reefs.   By region, stony coral species richness has declined slightly in the Middle Keys and more significantly in the Upper and Lower Keys since 1996 (Figure 11; Porter et al. 2002).  Sanctuary-wide mean percent stony coral cover significantly declined between 1996 and 1999, but cover since 1999 has remained relatively stable (Figure 12). The five most common stony coral species have been Monastraea annularis, Montastraea cavernosa, Siderastrea sidereal, Porites astreoides and Colpophyllis natans.  Percent cover of M. cavernosa, S. sidereal, P. astreoides and C. natans has been stable between 1997 and 2006, but between 1996 and 1999 there were drastic declines of Acropora palmata and Mellepora complanata which contributed significantly to the overall decline of mean percent coral cover.  The continued decline of M. annularis has contributed to the general decline of stony coral cover since 1999.    
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Figure 11. Mean percent stony coral cover for Upper, Middle, and Lower Keys stations (Callahan et al. 2007).
[image: ]
Figure 12. Sanctuary wide mean percent cover of major biotic functional groups at CREMP stations (Callahan et al. 2007).
The incidence of black band disease peaked in 1998 and has never been recorded at more than 10 stations since then (Figure 13).  White diseases and “other” disease conditions have generally declined, although there were peaks in 1998-1999 and 2001-2002.  Observations of the long spined sea urchin (Diadema antillarum) have fluctuated with highs reported in 2002 and 2005 and a general increasing trend since 1996.  There are three species of clionid sponges (Cliona delitrix, C. lampa, and C. caribbaea) monitored by CREMP.  By habitat, clionid area increased between 2002 and 2006 at hardbottom sites.  At shallow, offshore and patch reef sites the populations have had minor fluctuations in mean clionid area through time.  In general the patch reef sites have had higher clionid area than shallow or deep reef sites.  
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Figure 13. Number of stations with stony coral disease recorded (Callahan et al. 2007).
Swart et al. (2005) reported temporal and spatial variability in δ13C and δ15N of the tissues and zooxanthellae of corals from nearshore and offshore reefs over a 2 year period from 1995-1996.  There were no significant seasonal variations in the δ15N of coral or zooxanthellae at any of the sites, but there was a significant decrease in δ15N over the course of the study.  The decrease was greater in the zooxanthellae than the coral tissue and correlated with a decrease in the concentration of NH4+ and NO2- in the water column.  The δ13C values of the coral tissues did show seasonal patterns at some, but not all, sites.  The authors note that in the literature there is a discrepancy in interpretation of δ15N values in marine organisms.  In this study, there was no difference in δ15N in coral tissues and zooxanthellae from nearshore and offshore environments.  Assuming that the δ15N can be considered an indicator of anthropogenic influence, these results suggest that the FL reefs are not affected by anthropogenic N.  Similar to the N results, they also found no differences in δ13C between the inner and outer reefs.
Furman and Heck (2008) tested the single and interactive effects of the urchin Diadema antillarum grazing and nutrient enrichment on macroalgal community dynamics at a site in the FKNMS in the lower FL Keys in the summer of 2004.  The objective of their study was to assess the relative importance of top-down and bottom-up processes in controlling macroalgal recruitment in a sub-tropical coral reef system.  Although algal succession differed from what had been expected, the results demonstrated the important role of herbivory in controlling benthic primary production, especially related to nutrient enrichment.  Results of fish counts and grazing assays suggested that piscine grazing was dominant as opposed to the expected echinoderm grazing.  Total fish abundance and herbivore density was consistently greater at enriched plots and likely kept down development of the algal communities.
Nutrient enrichment is considered to be one of several factors contributing to coral declines.  In an evaluation of whether proximity to shore and connections to coastal bays (two measures of potential land-based sources of disturbance) influence coral community and population structure and the abundance, distribution, and condition of corals within the Florida Reef Tract, Lirman and Fong (2007) found that spatial patterns in coral indicators do not appear to be directly related to water quality gradients influenced by land-based sources of disturbance.  Szmant (2002) evaluated reports based on the supporting evidence for nutrient enrichment and other factors that could simultaneously affect coral reefs.  She proposes that many factors other than nutrient enrichment, which include decreased abundance of grazing fishes by fishing and of grazing urchins by disease, grazing preferences of remaining grazers, lethal temperature stress, sedimentation, coral diseases, and outbreaks of coral predators and sea urchins (possibly as secondary effects of over fishing) can all be significant causes of coral death and also cause changes in algal cover.  In the Florida Keys, Szmant (2002) found no reports to indicate that there is a clear connection between present water quality conditions and coral health that explain the declines in the reefs.  In fact, higher algal cover and lower adult coral cover and recruitment has been observed on outer reefs than on reefs closer to shore which are closer to sources of land-based nutrients, temperature stress, and sedimentation (Chiappone 1996 and Miller et al. 2000 in Szmant 2002).
[bookmark: _Toc263862801]Mangroves 
Mangrove forests provide valuable habitat for a wide range of invertebrates, fishes, amphibians, reptiles, birds, and mammals in Florida (Odum and McIvor 1990).  Mangrove islands in the Florida Keys are classifies as fringing forests which are flushed by tidal waters but do not generally receive as much runoff of nutrients as more terrestrial forests (Odum and McIvor 1990).  
[bookmark: _Toc263862802]Additional Biological Resources
There are recreational, commercial, and “headboat” fisheries in the Florida Keys with fishers including both residents and visitors (Donahue et al. 2008).   The Keys have been heavily fished and pressure has increased because of greater fishing power per vessel and a much larger recreational fishery (Ault et al. 1997).  Estimated fishery exploitation rates suggest that many of the FL Keys reef fish stocks are overfished according to definitions for U.S. fisheries and results show the classic pattern of serial overfishing where more vulnerable species are progressively depleted.  The data also suggests that there may have been changes in the composition of the biomass and abundance of the reef fish community over the past several decades. In 1985 fisheries for conch (Strombas gigas), Goliath and Nassau groupers were closed.  In 1997 the FKNMS established a series of Sanctuary Preservation Areas (SPAs).  
Bohnsack et al. (2004) reported trends in reef fish landings for the period 1981 to 1992 for the Florida Keys. Depending on the year, recreational landings comprised between 40 and 66% of total landings.  Reef fishes accounted for 58% of total fish landings, 69% of recreational landings and 16% of commercial landings.  Commercial landings were dominated by invertebrates (spiny lobster, shrimp and stone crabs), which comprised 63% of total landings.
The Fish and Wildlife Conservation Commission (FWC) conducts visual censuses between April and October to monitor finfish populations along the Atlantic margin of the Florida Keys in the FKNMS (Donahue et al. 2008).  The goal is to evaluate the relative abundance, size structure and habitat utilization of the reef fish species that comprise local, commercial and recreational fisheries (Figure 14, table 3).
The FWC began a spiny lobster monitoring program in 1997 to test the effectiveness of no-take zones (Donahue et al. 2008).  Since protection, mean lobster size in reserves has been larger than legal size, but in exploited areas it has remained below the legal limit in most years.  In most years, abundance of lobsters declined in both reserves and exploited areas during the open season, but the declines were lower in the reserves.  Decline in abundance inside reserves during the open season indicates that the reserves are too small to adequately protect the lobsters from harvest.  The FWC also monitors the recovery of the queen conch population (Donahue et al. 2008).  Since the fishery was closed in 1985 there have been signs of recovery.  
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Figure 14. Mean fish density by year (2000-2006) as recorded during visual surveys in the Florida Keys (Donahue et al. 2008).



Table. 3. Catch statistics for the 15 more abundant Reef Fish Species observed during the Florida Keys visual sampling 1999-2006.  Percent (%) is the percentage of the total observations represented by that species; percent occurrence (% Occur) is the percentage of samples in which the species was observed; CV is the coefficient of variation.  Taxa are ranked in order of decreasing mean density. (Reference in Donahue et al. 2008).
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[bookmark: _Toc263862803]Water Quality Studies
Information below is selected from the 2008 Annual report of the water quality monitoring project for the water quality protection program of the Florida Keys National Marine Sanctuary (Boyer and Briceño 2009).   
The report includes information on data collected between March 1995 and December 2008.  Figure 15 shows the study area and sub-regions and Figure 16 shows the location of the monitoring sites (Boyer).  The 2008 report includes data from 50 quarterly sampling events at 154 stations within the FKNMS.  
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Figure 15. Map of study area (Boyer 2010)
Figure 17 shows the median distribution of salinity across the region. Both freshwater sources and marine influences are visible using this approach. The major freshwater sources to the region are the Shark River/Slough system on the SW coast and the Taylor Slough/C-111 Basin in eastern Florida Bay. Southerly currents along the SW coast and Shelf moves water through the Keys passes and may impact the reef tract.
The usual distribution of dissolved NO3- and NH4+ are very different than that for salinity (Figure 17 and 18). This implies that there are other factors responsible for their distributions, such a phytoplankton and seagrass uptake as well as N2 fixation and benthic remineralization.
In contrast, total phosphorus distributions often are very similar to salinity patterns, but only on the west coast (Figure 17 and 19). This implies that the source of P on the Shelf is partially terrestrial and partly from southward transport of coastal waters from above Cape Romano. It is important to note that the CHLA concentrations are tightly coupled to TP availability (Figure 19 and 20).

[image: Map showing the water quality monitoring stations in Florida Bay, Biscayne Bay, and the Florida Keys.]
Figure 16. FIU SERC Water Quality Monitoring Network (Boyer and Briceño 2009).




Table 4. Water quality variables measured in FKNMS, March 1995 to December 2008 (Boyer and Briceño 2009).
	Variable
	Depth
	Median
	Minimum
	Maximum

	NO3- (mg L-1)
	Surface
	0.00252
	0
	0.03066

	
	Bottom
	0.00168
	0
	0.02576

	NO2- (mg L-1)
	Surface
	0.00056
	0
	0.00462

	
	Bottom
	0.00042
	0
	0.00266

	NH4+ (mg L-1)
	Surface
	0.00686
	0.00042
	0.10598

	
	Bottom
	0.0042
	0.00014
	0.04676

	TN (mg L-1)
	Surface
	0.1435
	0.0546
	0.69188

	
	Bottom
	0.1211
	0.04438
	1.35772

	TON (mg L-1)
	Surface
	0.12362
	0
	0.68754

	
	Bottom
	0.1106
	0.02688
	1.3566

	TP (mg L-1)
	Surface
	0.0066
	0.003
	0.0441

	
	Bottom
	0.006
	0.0027
	0.0177

	SRP (mg L-1)
	Surface
	0.0009
	-0.0003
	0.0234

	
	Bottom
	0.0009
	-0.0009
	0.0204

	Turbidity (NTU)
	Surface
	0.51
	0
	10.73

	
	Bottom
	0.37
	0.01
	5.78

	Salinity
	Surface
	36.25
	23.49
	47.3

	
	Bottom
	36.37
	33.68
	38.9

	Temperature °C
	Surface
	26.96
	18.87
	33.2

	
	Bottom
	26.75
	18.8
	33

	DO (mg L-1)
	Surface
	5.26
	2.07
	9.5

	
	Bottom
	4.88
	2.97
	8

	DO Saturation (%)
	Surface
	80.05
	0
	134.7

	
	Bottom
	73.34
	0
	119.3

	CHLA (µg L-1)
	Surface
	0.19
	0
	9.18




[image: Map showing salinity patterns in Florida Bay and the Florida Keys from 1995-2009.]
Figure 17. Median salinity 1995-2009 (Boyer and Briceño 2009).
[image: ]
Figure 18. Dissolved inorganic nitrogen (µM) median from 1995-2007 (Boyer and Briceño 2009).
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Figure 19. Total phosphorus (µM) median from 1995-2007 (Boyer and Briceño 2009).
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Figure 20. Chlorophyll a (µg L-1) median from 1995-2007 (Boyer and Briceño 2009).
Several important results have been realized from this monitoring project. First, is documentation of elevated nitrate in the inshore waters of the Keys (Figure 21). This result was evident from the first sampling event in 1995 and continues to be a characteristic of the ecosystem. Interestingly, this gradient was not observed in a comparison transect from the Tortugas (no human impact). This type of distribution implies an inshore source which is diluted by low nutrient Atlantic Ocean waters. Presence of a similar gradient in TOC and decreased variability in salinity from land to reef also support this concept. There were no trends in either TP or CHLA with distance from land. Second, highest CHLA concentrations are seen on the SW Florida Shelf with a strong gradient towards the Marquesas and Tortugas (Figure 22). This is due to higher TP concentrations on the Shelf as a result of southerly advection of water along the coast.
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Figure 21. Dissolved inorganic nitrogen (µM) (Boyer and Briceño 2009).
[bookmark: _Toc263862804]Waters on 303(d) List 
[bookmark: _Toc263862805]Northern Keys
In the Northern Keys region, halo zone waters surrounding the Northern Keys area are up to 500 meters offshore and nearshore waters up to 12,100 meters offshore are classified as Class III (Recreation, Propagation and Maintenance of a Healthy, Well Balanced Population of Fish and Wildlife) and Outstanding Florida Waters (OFW).  These waters are impaired for nutrients (in particular nitrogen and phosphorus) on 1998 303(d) List. Water Body Identification (WBID) numbers include: 6019, 6017, 6009, 6006A, 6006B, and 6005EB, which are the Halo Zone WBIDs surrounding the islands of Lower Matecumbe Key, Upper Matecumbe Key, Windley Key, Plantation Key and Largo Key (Figure 24).
[bookmark: _Toc263862806]Central Keys
Halo zone waters surrounding the Central Keys Area are up to 500 meters offshore and nearshore waters up to 12,100 meters offshore are classified as Class III (Recreation, Propagation and Maintenance of a Healthy, Well Balanced Population of Fish and Wildlife) and Outstanding Florida Waters (OFW). Waters are impaired for nutrients (in particular, nitrogen and phosphorus) based on 1998 303(d) List. Water Body Identification (WBID) numbers include: 6011A, 6011B, 6011C, and 6016, which are the Halo Zone WBIDs surrounding Marathon, Key Colony Beach, Duck Key and Layton/Long Key (Figure 24). 
[bookmark: _Toc263862807]South-Central Keys
Halo zone waters surrounding the South-Central Keys Area are up to 500 meters offshore and nearshore waters up to 12,100 meters offshore are classified as Class III (Recreation, Propagation and Maintenance of a Healthy, Well Balanced Population of Fish and Wildlife) and Outstanding Florida Waters (OFW). Waters are impaired for nutrients (in particular, nitrogen and phosphorus) based on 1998 303(d) List. WBIDs include 6014C, 6013A, 6013B, 6013C, 6013D, 6012A, 6012B, 6012C, 6012D, and 6018, which are the Halo Zone WBIDs surrounding the islands of Boca Chica Key, Saddlebunch Key, Sugarloaf Key, Cudjoe Key, Summerland Key, Ramrod Key, Big Torch Key, Big Pine Key, Long Beach, No Name Key and Bahia Honda Key (Figure 24).
[bookmark: _Toc263862808]Southern Keys
Halo zone waters surrounding the Southern Keys Area are up to 500 meters offshore and nearshore waters up to 12,100 meters offshore are classified as Class III (Recreation, Propagation and Maintenance of a Healthy, Well Balanced Population of Fish and Wildlife) and Outstanding Florida Waters (OFW). Waters are impaired for nutrients (in particular, nitrogen and phosphorus) based on 1998 303(d) List. WBIDs include 6014A and 6014B which are the Halo Zone WBIDs surrounding the islands of Key West and Stock Island (Figure 24).
In addition to nutrients, waters in the Florida Keys are listed as impaired for several other parameters:  mercury (in fish tissue), bacteria, and fecal coliform bacteria.  Mercury impairments are not related to anthropogenic nutrient inputs.  The relationship between bacteria and anthropogenic nutrients is more complex, because although potential sources of bacteria may also be sources of nutrients, the presence of fecal coliform or enterococci bacteria does not necessarily indicate the presence of anthropogenic nutrients.    

[image: Map of WBID models in the Florida Keys.]
Figure 24. WBID models (McClelland 2010).
[bookmark: _Toc263862809]Numeric Nutrient Criteria Recommendations
There are two approaches to setting numeric nutrient criteria in the Florida Keys described below.  The first approach uses targets established by the Florida Keys Reasonable Assurance Documentation (FDEP 2008).  The RAD will reduce nutrient loads from the Keys to the nearshore waters, where there has been evidence of nutrient enrichment, in particular N.  The second uses water quality data collected by FIU SERC to set targets for waters outside of 500 m at the existing healthy condition.
FKRAD (2008) Water Quality Target: The FKRAD uses 2 approaches to setting nutrient targets.  One target is defined as an insignificant increase above TN and TP background at 500 meters.  The second uses the nutrient concentrations measured during the 1985 designation as an OFW.  We suggest setting the target based on the data collected for the OFW designation.  
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Figure 24. Northern Keys RAD water quality targets(FDEP 2008)
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Figure 25. Central Keys RAD water quality targets (FDEP 2008)
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Figure 26. South-Central Keys RAD water quality targets (FDEP 2008)
[image: ]
Figure 27. Southern Keys RAD water quality targets (FDEP 2008)
The second approach to setting numeric nutrient criteria would use water quality data collected by FIU SERC as part of the FKNMS water quality monitoring network.  The criteria would apply to zones of similar water quality outside of the 500 m limit of the RAD criteria.  
Biological indicators:
1. Coral (CREMP)
2. Seagrass (Jim Fourqurean – FKNMS seagrass monitoring program)
3. Chlorophyll a (Boyer et al. 2009)
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