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1. EXECUTIVE SUMMARY 

There is growing concern over the degradation of coral reefs throughout the world, and 

especially throughout Southeast Florida.  The National Action Plan of the United States 

Coral Reef Task Force (USCRTF) has provided guidance on the conservation of coral 

reefs.  A team of agency and non-agency marine resource scientists, professionals, users 

and stakeholders, coordinated by Florida DEP and the FFWCC formed the Southeast 

Florida Coral Reef Initiative (SEFCRI).  The SEFCRI team developed local action 

strategies for the reefs of southeast Florida.  One of the four focus groups, Land Based 

Sources of Pollution, was charged to produce a technical document which combined the 

efforts of two projects into one effort.  This document is the result of that effort. Goals 

have included assimilation of existing published information regarding quantity and 

sources of pollutants, evaluation of the relative contributions of point and non-point 

sources to local coral reef ecosystems, and a review of existing water quality laws and 

regulations on the federal, state, and local levels to determine which, if any, are 

applicable to coral reef ecosystems. 

 
Project objectives have included: 

 Develop a list of probable land-based sources of pollution to Southeast Florida 
coral reef communities. 

 Collect and review existing literature reports as readily available in the peer 
reviewed and grey literature that quantify and characterize these sources. 

 Identify, as possible, the relative contributions of these sources, including point 
and non-point, or information gaps that prevent identification 

 Assemble a list of applicable federal, state, and local water quality standards. 

 Review relevant coral reef and pollution literature to quantify and characterize 
regional southeast Florida pollutants and their sources. 

 Compile a list of recommendations regarding future research and possible 
modifications/additions to existing regulations. 

 
The pollutants identified for this project include: nutrients, heavy metals, 

pharmaceuticals/organics, herbicides/pesticides, salinity, carbon dioxide, temperature, 

turbidity, sedimentation, and disease/pathogens/viruses/bacteria. Upon review of peer- 

reviewed literature it has been discovered that very little research has been conducted in 

Southeast Florida regarding the individual effects of these pollutants on coral reefs. 

However, general findings on each of the individual pollutants, based on global research, 

can be applied the local level.  Most of these pollutants are not present individually in 

marine waters, and many can act synergistically with one another.  However, little to no 

information is available on the synergistic effects pollutants on coral reef communities in 

SE Florida or on a global scale.  General findings for each pollutant are as follows: 
 
Nutrients 

Increases in dissolved inorganic nutrients may reduce coral calcification rates, reduce 

fertilization success, and promote the growth of macroalgae which compete with coral for 

space.  There is ongoing discussion among researchers regarding the balance of herbivory 

and nutrients. 
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Heavy Metals 

While many heavy metals are biologically essential to coral reefs, they can become toxic if 
their concentrations exceed a certain threshold values.  Above these threshold values many 
heavy metals have detrimental effects of coral fertilization and larval settlement success. 
Current research interests are focusing on determining the processes by which corals 
accumulate, transport and store heavy metals. 

 
Pharmaceuticals/Organics 

There is growing concern regarding Emergent Pollutants like pharmaceutical and organic 
compounds in marine environments.  Much of the research on organic compounds has 
focused on oil spills and dispersants in combination with oil spills.  Small scale chronic 
spills may be more toxic than single large scale spills.  Exposure to organic pollutants 
increases coral mortality and may cause reduced fecundity in some species.  Dispersants 
used to treat oil spills may actually exacerbate these effects. 

 
Pharmaceutical products like lotions, fragrances, medications and synthetic hormones 

that are washed off and/or flushed away may end up in marine environments.  Although 

this is a relatively new area of study, researchers have found that estrogens, in particular, 

are present in marine waters and are biologically active in coral.  Exposure to these 

contaminants is likely to cause tissue thickening, reduced skeletal growth, and reduced 

fecundity. 

 
Herbicides/Pesticides 

Herbicides and pesticides are widely used and can be introduced into marine environments 
through terrestrial runoff and marine antifouling paints.  These chemicals and their 
degradation products can be highly toxic at very low concentrations.  Herbicides and 
pesticides are known to inhibit coral photosynthesis and may cause reduced fertilization 
success and resulting significant changes in community structure. 

 
Salinity 

Reef coral are able to adapt to certain physical stresses.  However, changes in salinity 
have been shown to cause sublethal effects.  These include a significant reduction in 
photosynthetic ability in zooxanthellae and inhibit ion of coral ability to adapt to other 
stressors.  Lower salinity levels may inhibit a corals ability to survive exposure to 
elevated temperatures.  Large fluctuations in salinity may also lead to increased coral 
mortality. 

 
Carbon Dioxide 

Calcification of coral is controlled by the saturation of seawater with aragonite. An 
increase in the partial pressure of carbon dioxide can have a negative effect on coral 
calcification due to a decrease in the aragonite saturation state.  Decreased coral 
calcification rates will make coral more susceptible to mechanical damage, such as 
storms and bioerosion, as well as make them less capable of responding to sea level 
rise or competing with other faster growing organisms for light and space. 
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Temperature 

There has been much concern regarding the response of coral to elevated sea water 
temperatures.  One of the most prominent concerns is large scale coral bleaching events 
caused by increased temperature and solar radiation.  It has been suggested that most coral 
are unable to adapt quickly enough to cope with the predicted rate of temperature increase.  
In addition to coral bleaching, reductions in fecundity, and primary production, as well as 
increases and decreases of coral calcification rates can also occur in response to elevated 
sea water temperatures. 

 
Turbidity 

Turbidity naturally varies in time and space because it is related to physical forces acting 
on the seabed as well as terrestrial runoff.  Increased terrestrial sediment runoff or 
physical activities such as dredging operations lead to increased turbidity.  Increased 
turbidity reduces water clarity which subsequently reduces light availability and coral 
photosynthesis. 
 
Sedimentation 

Sedimentation can cause coral mortality by inhibition of feeding, and physically 

smothering or burying the coral.  Sedimentation can also decrease coral growth rates 

through shading or abrasion.  Effects of sedimentation also include increased respiration 

and mucus production, as well as decreased photosynthesis, reproduction and larval 

survival rates. 

 
Disease/Pathogens/Viruses/Bacteria 

There have been 18 coral diseases described to date.  Of these, four have been reported 

globally while the other fourteen are confined to the Caribbean area.  There is limited 

knowledge regarding modes of infection and disease transmission.  It has been proposed 

that some disease-causing organisms may be deposited into local oceans via atmospheric 

dust transported from Africa, however, linking the components of this dust to any 

specific disease has proved a difficult task. 
 
Potential local sources of pollutants have been identified as wastewater outfalls, inlets, 

coastal ocean processes/seasonal upwelling, submarine groundwater discharge, effects of 

Everglades restoration, and carbon dioxide rise.  Existing reports in both peer-reviewed 

and grey literature that quantify and characterize these sources included monitoring 

reports, coral reef studies, hydrodynamic studies, water quality studies, geochemical 

cycling studies, hydrogeologic studies, and permit reviews.  In general, there was little 

information on potential sources of pollutants that were specific to Southeast Florida. 

The records that were specific to Southeast Florida were for outfalls.  These records 

contained data collected by each of the wastewater treatment facilities as part their 

NPDES permits.  General findings for each potential source are as follows: 

 
Outfalls 

When evaluating the potent ial impact of outfalls, monitoring performed at wastewater 
treatment plants should be taken into consideration.  Annual monitoring reports of the 
outfalls of southeast Florida are available, however, the physical oceanography of coastal 
waters must also be thoroughly understood in order to track the movement of effluent 
water.  Understanding how discharged effluent undergoes dispersion, mixing, and 
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dilution in the ocean is particularly important for the risk assessment of outfalls. 

 
Inlets 

Research associated with inlets focused on estuaries and rivers; addressing the 
hydrodynamics of the system.  Research on pollutant inputs from inlet discharges is largely 
overlooked in the literature, especially in southeast Florida waters. 

 
Coastal Ocean Processes/Seasonal Upwelling 

There is not a clear understanding of costal ocean processes and upwelling along the 
southeast Florida coast.  No existing studies focus on coastal ocean processes as a potential 
source of pollution to coastal waters in this region.  Episodic delivery of nutrients to coral 
reef systems through both coastal ocean processes and upwelling events warrant additional 
study. 
 
Submarine Groundwater Discharge 

There is very little data available on the quantity and composition of groundwater 

entering the coastal ocean by way of submarine groundwater discharge onto the reefs off 

southeast Florida. New technologies and models are needed in order to estimate fluxes 

and differentiate between factors that influence submarine groundwater discharge so this 

source of pollutants to coral reef communities can be quantified. 

 
Effects of Everglades Restoration 

The Comprehensive Everglades Restoration Plan (CERP) will result in the increased 

delivery of freshwater and sediments to Florida Bay, Biscayne Bay, and the Florida Keys. 

There have been some concerns that CERP will reduce the amount of freshwater flowing 

into freshwater canals and estuarine systems in the southeast Florida region which may 

lead to local hypersalinization.  This may also lead to a buildup of contaminants within 

the canals that could lead to high levels being flushed out during drainage events.  Some 

potential benefits of a reduction of freshwater flows to areas north of Biscayne Bay 

include: tabilization of estuarine salinity regimes and increased seagrass distribution. 

Changes brought about to the environment by the CERP program need to be investigated 

to the fullest extent in order to determine the impacts to southeast Florida coastal waters. 

 
Carbon Dioxide Rise 

The effects of rising carbon dioxide in the atmosphere on ocean alkalinity as well as coral 
calcification need to be thoroughly understood.  Climatic changes due to carbon dioxide 
rise and fluctuations in sea surface temperatures have had both positive and negative effects 
on a local scale.  At present, there is no basis for predicting widespread deleterious effects.  
Laboratory studies need to be applied to larger spatial and temporal scales to address global 
issues of climate change. 

 
A listing of applicable federal, state and local water quality standards has been compiled. 

Overall there are some regulations that define water quality standards.  However, coral 

reef ecosystems are not considered specifically in water quality regulations.  No numeric 

criteria for water quality in coral reef systems has been established which causes 

difficulty in determining management/enforcement strategies and responsibilities. 

 
Recommendations from this investigation include identifying directions for future 
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research and possible amendments or additions to the existing regulations. Additional 

interdisciplinary research needs to be conducted which specifically examines the effects 

of multiple stressors.  Researchers should also focus on quantifying the relative 

contributions of potential sources of pollutants in Southeast Florida. Before any 

regulations can be imposed to reduce pollutant loadings to coral reefs, researchers need to 

develop numerical criteria for acceptable levels of each contaminant in marine waters, 

and more specifically on the reefs.  We further propose that coastal waters that contain 

coral reefs in Southeast Florida should be considered for an Outstanding Florida Water 

designation.  For additional information on Outstanding Florida Waters, refer to section 

7.3.2.1 Florida Statues, Chapter 403 Environmental Control.  Doing so would provide 

guidance to regulatory agencies and designate special protection to the reefs.  Protections 

would include water quality standards and permitting practices already in place for other 

Outstanding Florida Waters.  The outcome of this designation would provide a 

coordinated plan to address causes of coral reef degradation and provide a roadmap for 

successful conservation and management. 
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2. INTRODUCTION TO SEFCRI 

 

The United States Coral Reef Task Force (USCRTF) was formed in June 1998 by the 

Presidential Executive Order #13089 in order to “lead, coordinate, and strengthen U.S. 

government actions to better preserve and protect coral reef ecosystems” (Federal 

Register 1998). The purpose of the Presidential Executive Order is to increase protection 

of the U.S. coral reefs by mandating that all Federal agencies whose actions may affect 

coral reef ecosystems: (a) identify their actions that may affect coral reef ecosystems; (b) 

utilize programs and authorities to protect and enhance the conditions of these 

ecosystems; and (c) as permitted by law, ensure that any authorized actions will not 

degrade the conditions of coral reef ecosystems.  In 2000, the USCRTF adopted the 

National Action Plan (NAP) to Coral Reef Conservation in order to address the most 

pressing threats to coral reefs in the United States.  The two aims of the NAP are “to 

understand coral reef ecosystems and the natural and anthropogenic processes that 

determine their health and viability; and to quickly reduce the adverse impacts of human 

activities on coral reefs and associated ecosystems” (United States Department of the 

Interior and United States Department of Commerce 2000).  There are thirteen distinct 

goals of the NAP and they include: mapping; assessments, inventories, and monitoring; 

strategic research; social and economic factors; marine protected areas; sustainable 

fishing; managing coastal impacts; reduce pollution; restoration; outreach and education; 

international threats; international trade; and coordination, accountability, and 

partnerships.  This long-term plan serves as a framework for the priorities, strategies, and 

implementation of plans the Task Force (United States Department of the Interior and 

United States Department of Commerce 2000). 
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In 2002, the USCRTF produced a document, A National Coral Reef Action 

Strategy (National Action Strategy) in order to address priorities and strategies in the 

short term.  The “Puerto Rico Resolution” was also adopted in 2002 by the USCRTF and 

called for the development of Local Action Strategies (LAS) by each of the seven 

member U.S. states, territories, and commonwealths (United States Coral Reef Task 

Force 2002).  The LAS are strategies driven by local groups for collaborative and 

cooperative action among federal, state, territory, and non-governmental partners in order 

to identify and implement priority actions to reduce key threats to coral reefs. Six threats 

were prioritized from the thirteen goals of the NAS for local action: over- fishing, land- 

based sources of pollution, recreational overuse and misuse, lack of public awareness, 

climate change and coral bleaching, and disease (Florida Department of Environmental 

Protection et al. 2004). 

The Local Action Strategy in Florida was named the Southeast Florida Coral Reef 

Initiative (SEFCRI), which is comprised of Miami-Dade, Broward, Palm Beach, and 

Martin Counties.  Within the SEFCRI group are four teams each responsible for 

addressing one of the four focus areas of concern: Awareness and Appreciation; Fishing, 

Diving, and Other Uses; Land-based Sources of Pollution and Water Quality; and 

Maritime Industry and Coastal Impacts (Florida Department of Environmental Protection 

et al. 2004). Projects 1 and 2 are products of the Land-based Sources of Pollution 

(LBSP) focus group.  These two projects were combined into one effort.  This document 

is the result of this effort. 
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3. STATEMENT OF PURPOSE 

The purpose of this project is to review existing data reports (as readily available 

in the gray and published literature), to provide information on quantities and sources of 

pollution; to identify and discuss the relative contributions of point and non-point 

sources; to review federal, state, and local water quality standards applicable to coral reef 

communities; and to conduct literature searches to identify the links between pollution 

and coral reef communities. 

This project consisted of five tasks.  Task 1 included compiling a list of 

pollutants, defining why each pollutant was considered important, and using this list as a 

guideline to search relevant coral reef and pollution literature.  This effort focused 

primarily on stony corals, octocorals, reef associated sponges, and macroalgae.  This 

literature search covered primarily peer-reviewed articles. A bibliography of the 

annotated citations can be found at the end of this document. 

Task 2 involved identifying specific sources of pollutants and the concentrations 

of these pollutants in coastal waters of South Florida, based on the list of pollutants and 

literature findings in Task 1.  The sources investigated include: wastewater outfalls, 

inlets, coastal ocean processes/upwelling, submarine groundwater discharge, effects of 

Everglades restoration, and carbon dioxide rise.  Information on pollutant sources was 

found primarily in gray literature. 

Task 3 was a review of federal, state, and local water quality standards.  Initial 

contacts of regulatory, research, and conservation agency staff was done to determine 

whether any existing water quality standards had been identified, evaluated, or researched 

relative to coral reefs.  An initial compilation of existing land-based water quality 

standards was done using this compiled information. 
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Tasks 4 and 5 consisted of developing this document which combines all 

previously mentioned tasks.  This document identified data gaps and made 

recommendations to help alleviate these gaps for South Florida waters. 
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4. POLLUTANTS 

4.1. Overview 

A stressor is considered to be any kind of input, process or activity that impacts on 

the functioning of an ecosystem over time. Stressors can be naturally occurring events, 

e.g. hurricanes, El Niño-Southern Oscillation (ENSO) or be related to human activities  

(Moss et al. 2005).  A pollutant is defined as an anthropogenic stressor. Pollutants may 

include synthetic/man- made substances and/or elevated loadings of constituent s already 

present in the system (nutrients, metals and sediments).  Pollutant levels become 

unacceptable when they result in detrimental changes to an organism or the biological 

community (Kruczynski 2002). Synergistic and cumulative effects of natural and human 

stressors on a system will result in the degradation of habitat and loss of ecosystem 

function.  The pollutant categories identified for the purpose of this project are: nutrients, 

heavy metals, pharmaceuticals/organics, herbicides/pesticides, salinity, carbon dioxide, 

temperature, turbidity, sedimentation, and disease/pathogens/viruses/bacteria. 

4.2. Pollutant Definitions 

4.2.1. Nutrients 

A nutrient is defined as any substance, element, or compound that is assimilated 

and necessary for growth, development, and reproduction. Nutrients as pollutants are any 

element or compound, such as phosphorus or nitrogen, that fuels abnormally high organic 

growth in aquatic ecosystems (e.g. eutrophication of a lake) (Howarth et al. 2000). 

Changes in nutrient concentrations alter nutrient ratios.  Changes in nutrient ratios may 

not increase total biomass but can influence community composition and diversity. 
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4.2.2. Heavy Metals 

Bodies of water naturally contain different amounts of various metals (copper, 

mercury, lead, cadmium, arsenic, chromium, nickel, zinc, manganese, magnesium, and 

iron).  Metals may exist as dissolved ions in the water column, or may precipitate out as 

particles in the sediment. A number of metal ion species are important trace element 

components of vital to physiological pathways in flora and fauna.  Metals are considered 

pollutants when their concentrations reach a level that is toxic to organisms.  For example, 

high concentrations of heavy metals have been implicated in having adverse effects on 

urchin larval development (Quiniuo et al. 1999).  In some cases metals, such as iron, act 

as a limiting micronutrient.  Excess conc entrations of this metal act as a pollutant and 

may stimulate growth of one species over another. 

4.2.3. Pharmaceuticals/Organics 

Pharmaceutical and personal care products, (PPCPs) are substances containing 

pharmaceutical drugs and or the metabolite compounds of these drugs.  PPCPs are a 

diverse group of chemicals that include all human and veterinary drugs (e.g. prescription 

or over the counter), diagnostic agents (e.g. X-ray contrast media), “nutraceuticals” (e.g. 

bioactive food supplements such as huperzine A), and other consumer chemicals, such as 

fragrances (e.g. synthetic musks) and sun-screen agents (e.g. methylbenzylidene 

camphor).  PPCPs are considered pollutants because many have biochemical mechanisms 

of action outside the scope of their intended purpose.  These “side effects” may be 

harmless to the subjects of their intended use, but highly toxic to flora and fauna that 

receive incidental exposure via waste disposal (Daughton 2003).  For example, some 

pharmaceutical compounds are known endocrine disrupting chemicals (EDCs), which 

have been implicated in adversely affecting reproduction of marine fauna. 
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Organic compounds as pollutants are referred to as persistent organic pollutants. 

Persistent organic pollutants (POPs) are chemical substances that persist in the 

environment, bioaccumulate through the food web, and pose a risk of causing adverse 

effects to human health and the environment” (United Nations Environment Programme 

1999).  Some examples include, hydrocarbons (petroleum products), non-aromatic 

hydrocarbons (NAHs), long-chain linear alkylbenzenes (LABs), polycyclic aromatic 

hydrocarbons (PAHs), organochlorine pesticides (e.g. DDTs) and polychlorinated 

biphenyls (PCBs). 

4.2.4. Herbicides/Pesticides 

In agriculture, the term “pesticide” is often used as an umbrella term that includes 

all pest control chemicals including herbicides (weeds), insecticides (insects), fungicides 

(fungi), nematocides (nematodes), and rodenticides (vertebrate poisons).  Several 

components of pesticides can be considered pollutants including: the active ingredient in 

the pesticide; contaminants in the active ingredient; additives (wetting agents, diluents or 

solvents, extenders, adhesives, buffers, preservatives and emulsifiers); and/or degradation 

of the active ingredient (Ongley 1996). These factors have been shown to negatively 

affect seagrass productivity and have been implicated in localized mangrove die back 

(Haynes et al. 2000; Duke et al. 2005). 

4.2.5. Salinity 

Salinity is a measure of the saltiness or dissolved salt content of a body of water. 

Salinity is an important ecological factor influencing the types of organisms able to 

survive in a certain body of water (Wikipedia Webpage 2005. http://en.wikipedia.org). 

Changes in salinity combined with other factors, compound stress on coral reefs (Sakami 

2000). 
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4.2.6. Carbon Dioxide 

Carbon dioxide is an atmospheric gas composed of one carbon and two oxygen 

atoms which results from the oxidation of organic matter if sufficient amounts of oxygen 

are present.  The Earth’s oceans contain huge reservoirs of carbon dioxide as bicarbonate 

and carbonate ions (Wikipedia Webpage. 2006. http://en.wikipedia.org). Increases in 

carbon dioxide may fuel the greenhouse effect, warm the atmosphere, and disrupt the 

natural carbon cycle. Coral reefs are threatened because increased atmospheric carbon 

dioxide can decrease the saturation state of aragonite in surface waters; a mineral that 

coral calcification is dependent on (Kleypas et al. 1999). 

4.2.7. Temperature 

Temperature is the measure of the hot or coldness of a body or environment 

(Wordnet Database Webpage. 2006. http://wordnet.princeton.edu).  Temperature is 

considered a pollutant/stressor in marine systems when abnormal fluctuations in ocean 

temperatures lead to degradation of habitat and loss of function of that system (e.g. coral 

bleaching).  Loss of habitat and function may be directly related to elevated temperatures   

or be a consequence of synergistic effects with other pollutants or stressors. Bleaching is 

the loss of algal symbionts and/or their pigments as the result of environmental stresses 

such as: decreased salinity, increased temperature, decreased temperature, disease, 

exposure at low tide, sedimentation, absence of light, and solar radiation, or a combination 

of these factors (Fitt et al. 2001). 

4.2.8. Turbidity 

Turbidity is a measure of water clarity. It is an optical property based on the 

amount of light reflected by suspended particles in water. The term turbidity simply 

refers to the decrease in water clarity due to particles in suspension (Telesnicki and 
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Goldberg 1995).  Turbidity cannot be directly equated to total suspended load because 

small particles will reflect more light than the same amount of large particles and white 

particles reflect more light than dark-colored particles. Highly turbid waters have a large 

number of scattering particulates and visibility is reduced.  Topsoil and land degradation 

lead to excessive levels of turbidity in receiving waters and to off-site ecological and 

physical impacts.  Turbidity limits penetration of sunlight into the water column, thereby 

limiting photosynthetic ability leading to habitat degradation (Ongley 1996). 

4.2.9. Sedimentation 

Sediment is any particulate matter that can be transported by fluid flow and 

eventually deposited as a layer of solid particles on the bed or bottom of a body of water. 

Sedimentation is the deposition by settling of a suspended material (Wikipedia Webpage. 

2006. http://en.wikipedia.org).  Sediments are the primary carrier of absorbed chemicals 

into aquatic environment (Ongley 1996).  Excessive sedimentation can blanket substrate 

reducing suitable habit for colonization of benthic organisms such as corals. Sedimentation 

can also depress rates of photosynthesis and enhances respiration and mucus production.  

As coral growth rate declines, zooxanthellae are expelled and the underlying tissue dies 

(Philipp and Fabricius 2003). 

4.2.10. Disease/Pathogens/Viruses/Bacteria 

A pathogen is a biological agent that can cause disease in its host. Pathogens are 

considered an infectious agent.  An infection is the colonization of a host organism by a 

foreign species which negatively affects the host.  Many pathogens are bacteria.  Bacteria 

are a major group of microscopic prokaryotic organisms.  Viruses are also considered 

pathogens. A virus is a small particle that infects cells in biological organisms and can 

also cause disease (Wikipedia Webpage. 2006. http://en.wikipedia.org). 
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4.3. Pollutant General Findings 

4.3.1. Nutrients 

Nutrients are considered a pollutant when elevated concentrations have a negative 

effect on coral reef systems.  Increases in dissolved inorganic nutrients have been shown 

to reduce coral calcification rates, reduce fertilization success, and possibly promote the 

growth of macroalgae that compete for space with corals (Fabricus 2005).  Various 

research activities conducted by Lapointe and colleagues (1997, 2004, 2005a, 2005b) 

have shown that increased nitrogen (N) and/or phosphorous (P) concentrations can cause 

an increase in macroalgal production resulting in an increase in harmful algal blooms. 

The abundance of Clionid sponges has also been shown to increase with increased 

nutrient concentrations (Rose and Risk 1985; Summarco 1996; Holmes et al. 2000). 

Declines in coral cover have been associated with increased density of Clionid sponges 

along a Florida reef tract (Ward-Paige et al. 2005). There is some discussion regarding 

the relative importance of nutrification (increased nutrient concentrations) versus 

herbivory. Several studies have indicated that with normal herbivory rates, moderate 

nutrification would not result in a change in algal community structure or biomass 

(McCook 1999; Szmant 2002).  Others have shown that herbivory had little effect on 

reducing the bio mass of harmful algae while nutrient enrichment caused a significant 

increase in algal biomass that would then out compete the existing corals (Lapointe et al. 

2004). McClanahan et al. (2005) suggest there is a complicated interaction between 

herbivory, nutrients, and organic matter affecting coral reefs. 

There is consensus that nutrients are being introduced into marine systems via 

runoff, sewage discharge, and other anthropogenic activities, and that the concentrations 

of these nutrients tend to decrease with distance from the shoreline.  In some regions of 
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the world, it has been shown that most or all of the nutrients that enter the coastal waters 

are immediately taken up by microbes and never reach the reef system.  Nutrient budget 

calculations have indicated that microbial mineralization rates exceed the total nutrient 

load in these places (Alongi and McKinnon 2005). Estimates of N and P demand by 

phytoplankton in nearshore waters shows that daily water column nutrient demand far 

exceeds the average daily amount supplied by benthic mineralization, river input, 

upwelling events and sewage discharges combined near the Great Barrier Reef (GBR) 

(Furnas et al. 2005).  Pulses of nutrients due to episodic events may exceed 

phytoplankton demand, supplying excess nutrients to the reef (Furnas et al. 2005). 

4.3.2. Heavy Metals 

Many heavy metals, or trace metals, are biologically essential to coral reefs, 

however, these metals can become toxic of their concentrations increase above a certain 

threshold value (Great Barrier Reef Marine Park Authority Webpage. 2006. 

http://www.gbrmpa. gov.au/corpsite/key_issues/water_quality/principal_influences.html). 

Elevated metal concentrations have been shown to have negative impact on coral 

fecundity (Negri and Heyward 2001; Reichelt-Brushett and Harrison 2005; Reichelt- 

Brushett and Michalek 2005; Victor and Richmond 2005). Several studies have also 

shown the detrimental effects of heavy metals on coral fertilization and larval settlement 

success (Reichelt-Brushett 2000; Reichelt-Brushett and Harrison 2005; Reichelt-Brushett 

and Michalek 2005). Copper, lead, zinc, cadmium, and nickel had significant effects on 

fertilization success on scleractinian coral, with copper being the most toxic.  The EC 50 

(concentration that reduces fertilization rate by 50% relative to a control group) for copper 

was between 15 and 40 ugl-1 (Reichelt-Bruschett and Harrison 2005). Copper (Cu) also 

caused a significant decrease in fertilization rates in a laboratory study by Victor and 
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Richmond (2005).  A study by Negri and Heyward (2001) also indicated that copper 

inhibited fertilization, even at concentrations close to acceptable levels given by the 

United States Environmental Protection Agency (US EPA) guidelines. 

Additional research has focused on the mechanisms by which corals accumulate, 

transport, and store metals.  Coral take up and store different metals in different 

compartments including: the polyps, zooxanthellae, and the skeleton (Esslemont et al. 

2000).  Bastidas and Garcia (2004) suggested that coral polyps actively diverted mercury 

(Hg) to other coral compartments as a method of detoxification.  Others have suggested 

that some coral may intentionally bleach, using expulsion of symbiotes as a means of 

eliminating heavy metals from the coral (Peters et al. 1997).  Harland and Brown (1989) 

also showed a marked decrease in symbiont concentration in Porites lutea as a result of 

exposure to elevated iron (Fe) concentrations. 

Pollution by heavy metals can also interfere with reef building processes. 

Carbonic anhydrase (an enzyme used in building carbonate skeleton) activity has been 

found to decrease with increased heavy metal concentrations in coral colonies and sea 

anemones (Gilbert and Guzman 2001).  Reduced growth rates, measured by linear 

extension and calcium carbonate accumulation, were observed in colonies of Pocillopora 

damicornis near a tin smelter.  The researchers suggested that increased metal 

concentrations inhibit chitin synthetase production, the enzyme used for calcification 

(Howard and Brown 1987).  Another study by Howard and Brown (1984) indicated that 

heavy metals are being incorporated into coral through feeding and are subsequently 

being deposited into coral skeletal tissues, compromising the integrity of the coral 

structure and making it more susceptible to mechanical and physical damages. 

4.3.3. Pharmaceuticals/Organics 
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Organic pollution occurs when organic hydrocarbons, NAHs, LABs, and PAHs 

are released into the environment via sewage effluent, terrestrial runoff, ballast water 

discharge, or oil spills (Peters et al. 1997).  Much of the research on organic pollutants 

has focused on the effects of oil spills and oil spills combined with dispersants on reefs 

(Peters et al. 1981; Dodge et al. 1984, 1985; Wyers et al. 1986;). 

Research suggests that small scale chronic oil spills may be more toxic tha n single 

large scale spills and that dispersants in combination with oil caused increased tissue 

death and bleaching events in coral (Peters et al. 1997).  A by Dodge et al. (1985) 

indicated that short term exposure to a chemically dispersed oil spill resulted in changes 

in coral calcification rates and prominent signs of stress for a short period of time. 

Manicina areolata colonies that were exposed to fuel oil treatments for a period of three 

months showed signs of hydrocarbon contamination even after being transferred to clean 

seawater for two weeks.  Exposure to hydrocarbons caused tissue atrophy, degeneration, 

and reduced fecundity (Peters et al. 1981). 

Exposure to orga nic pollutants increases mortality rates and may cause reduced 

fecundity of some coral species, and that chemical dispersants do little to improve the 

situation and may actually exacerbate the condition (Peters et al. 1981; Dodge et al.1985; 

Peters et al. 1997). 

The effect of pharmaceutical products on coral reef communities is a relatively 

new area of study (Isidori et al. 2005).  Pharmaceutical products, like lotions, fragrances, 

medications, and synthetic hormones that are washed off and/or flushed away may end up 

in marine environments.  In a field study, Atkinson et al. (2003) measured the 

concentrations of steroidal estrogens at 20 sites in the waters surrounding the United 

States.  Estrogen concentrations varied from undetectable in the open ocean to 
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approximately 2000 pg/l near the Florida and Delaware coasts.  Less than 20% of 

estrogens per week measured in the water column were found to be deposited in the 

sediments while 80% remained in the water column.  The authors suggest that estrogens 

could easily leach from septic fields and groundwater into the surrounding marine 

environment.  Mean estrogen concentrations at twelve of the sites were above 300 pg/l; 

the concentration at which coral begin to take up estrogen from the surrounding water 

column (Atkinson et al. 2003). 

The effects of steroidal estrogens on coral communities are generally unknown 

(Atkinson et al. 2003).  However, laboratory studies by Tarrant et al. (2004) have 

indicated that exposure to estradiol caused a 29% reduction in the number of egg-sperm 

bundles released by Montipora capitata colonies compared to control groups.  Porites 

compressa grew significantly slower than controls, with 13-24% reduced growth rates, 

when exposed to estrone (Tarrant et al. 2004).  Tarrant et al. (2004) also found that coral 

treated with estrone had thicker tissues.  Based on these studies, the authors suggested 

that estrogens are biologically active in corals, and that exposure is likely to cause tissue 

thickening, reduced skeletal growth, and reduced fecundity (Tarrant et al. 2004). 

4.3.4. Herbicides/Pesticides 

Herbicides and pesticides are widely used and can be introduced into marine 

environments via terrestrial runoff (Olafson 1978), via vessel antifouling paints 

(Connelly et al. 2001).  These che micals, as well as their degradation products, can be 

extremely harmful to corals in very low concentrations.  Tributyl tin (TBT) has been 

found to cause detrimental effects to coral reefs in concentrations below 0.5ng/l, and is 

said to be the most toxic substance ever introduced to the environment (Goldberg 1986; 

Maguire 1987).  In an effort to reduce TBT pollution, new copper-based antifouling 
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paints like Irgarol 1051 have been developed (Dahl and Blank 1996).  These new 

antifouling paints are also toxic to coral (Dahl and Blank 1996; Owen et al. 2002).  A 

study by Dahl and Blanck (1996) indicated that periphyton photosynthetic ability was 

significantly reduced within hours of exposure to Irgarol 1051, and that long term 

exposure (weeks) yielded significant changes in community structure.  Irgarol 1051 is 

present in tropical marine waters and inhibits coral photosynthesis and zooxanthellae 

carbon 14 (
14

C) incorporation (Owen et al. 2002). 

Studies show increasing levels of pesticides in nearly 100% of coral in the GBR and 

reefs off the Florida Keys (Peters et al. 1997).  Chemicals like TBT, diuron, atrazine, and 

other organochlorines caused a significant decrease in photosynthetic activity and 

zooxanthellae incorporation on coral reefs (Raberg et al. 2003; Jones and Kerswel 2003; 

Harrington et al. 2005).  Many of these compounds have high solubility and relatively long 

half-lives especially diuron (Negri et al. 2005).  Diuron is of concern because it interferes 

with photosynthesis by inhibiting photosystem II and could affect fertilization if introduced 

by a flood event that corresponded to a mass spawning event (Negri et al. 2005). 

Researchers agree that herbicides and pesticides are toxic not only coral reefs and 

marine ecosystems in general (Konstantinou and Albanis 2004, Moss et al. 2005). Some 

current research efforts are focused on determining concentrations of these compounds in 

the marine environment and making recommendations regarding water quality guidelines 

that specifically limit or ban these chemicals, particularly near coral reefs (Konstantinou 

and Albanis 2004; Moss et al. 2005). 

4.3.5. Salinity 

Reef corals were previously considered to be dependent on a narrow range of 

environmental conditions to survive (Coles and Jokiel 1978), but results within the last 
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twenty years suggest they can adapt to physical stresses more than previously believed 

(Muthiga and Szmant 1987).  A few studies have dealt with the effects of sublethal 

salinity changes to corals (Coles and Jokiel 1978; Muthiga and Szmant 1987; Moberg et 

al. 1997).  Findings of Muthiga and Szmant (1987) showed that an increase in salinity 

from 32 to 42 ppt causes no change in respiration, but did cause a significant reduction in 

photosynthesis.  These sublethal effects of salinity stress were shown in the Florida coral, 

Siderastrea siderea (Muthiga and Szmant 1987). In Porites lutea and Pocillopora 

damicornis, photosynthesis to respiration ratios were significantly lowered in both 

species when exposed to sudden salinity drops (hours) from ambient 30 psu to 20 and 10 

psu with P. lutea being slightly less affected (Moberg et al. 1997). 

Salinity and temperature may have synergistic effects on corals. Coles and Jokiel 

 
(1978) show that low salinity reduces a coral’s ability to survive during short term 

exposure to elevated temperatures. Coles and Jokiel (1978) also suggest that slight 

increases in resistance to thermal stress may be imparted by small increases in salinity 

above normal salinity values.  Jokiel et al. (1993) investigated the effe cts of storm floods 

on ocean salinity in 1987 which reduced salinities to 15 psu in the surface waters of 

Kaneohe Bay, Hawaii.  Findings showed that colonies of Pocillopora damicornis and 

Montipora verrucosa suffered total mortality when the salinity remained below 20 psu 

for more than 5 days. 

  The bulk of studies annotated for this project examined large variations in salinity 

over a short incubation time (hours-days).  A few studies did examine the effects of long 

term exposure to changes in salinity.  Hoegh-Guldberg and Smith (1989) studied the 

export of zooxanthellae under a small change in salinity (5 psu) during an incubation time 

of 20 days. This experiment also showed that extreme increases and decreases in 
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temperature and salinity were always lethal (Hoegh-Guldberg and Smith 1989). 

Synergistic effects from multiple stressors are frequently discussed in the literature, but 

there are relatively few experimental studies on the effects of multiple stressors on corals 

(but see Sakami 2000; Alutoin et al. 2001).  Alutoin et al. (2001) studied the effects of 

copper and reduced salinity acting simultaneously on the hermatypic coral Porites lutea. 

Sakami (2000) studied the effects of temperature, irradiation, salinity and inorganic 

nitrogen concentration on two strains of zooxanthellae isolated from the corals 

Pocillopora damicornis and Montipora verrucosa. Overall, low irradiation and high 

temperature reduced tolerance against low salinity.  Also, gross photosynthesis per cell 

was unaffected and cellular chlorophyll a content and cell density increased with 

ammonium enrichment up to 20 micromoles per day.  Experiments like this can help to 

clarify the effects of multiple environmental stresses on corals. 

4.3.6. Carbon Dioxide 

The metabolism of organic (photosynthesis and respiration) and inorganic 

(precipitation and dissolution of calcium carbonate) carbon are the two major biological 

processes affecting the carbon cycle of marine organisms (Leclercq et al. 2002).  Coral 

reefs are of interest because calcification and photosynthesis are physiologically linked  

(Leclercq et al. 2002).  Scleractinian corals, calcifying algae, and coral reef communities 

exhibit an increased rate of calcium carbonate deposition during the daylight period 

(Leclercq et al. 2002).  Both processes utilize dissolved inorganic carbon and respond to 

changes in environmental parameters such as light and temperature (Leclercq et al. 2002). 

The partial pressure of carbon dioxide (pCO2) increases in the atmosphere due to 

anthropogenic inp uts of carbon dioxide (Reynaud et al. 2003).  This has important 

consequences on the Earth’s climate, including air temperature, which has risen by 0.6 °C 
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between 1880 and 2000 (Reynaud et al. 2003). 

It is now well established that calcification of corals is controlled by the saturation 

of seawater with respect to aragonite (Gattuso et al. 1999a; Langdon et al. 2000; Leclercq 

et al. 2002).  An increase in the partial pressure of CO2 can have a negative effect on  

coral and reef community calcification rates due to a decrease in the aragonite saturation 

state (Gattuso et al. 1998; Kleypas et al. 1999; Langdon et al. 2000; Marubini et al.  

2001).  These studies found that a doubling of CO2 resulted in an 11-40% decline in 

calcification in corals and coralline algae measured over time periods ranging from 3 

hours to 2 years.  A decrease in coral calcification means that corals will be less able to; 

respond to sea level rise, and compete with faster growing organisms for space and light. 

They will also be more susceptible to storm damage and bioerosion, as well as other 

forms of stress, i.e. disease, bleaching, overfishing, pesticides, fertilizers, and 

sedimentation (Langdon et al. 2003). 

Some experimental evidence has been published that predicts changes in coral 

calcification rates when exposed to elevated pCO2 and its biogeochemical significance 

(Gattuso et al. 1999a; Kleypas et al. 1999).  The consensus is that calcification rates will 

decrease by 14-30% by 2100 (Gattuso et al. 1999a; Kleypas et al. 1999). 

Coral reef ecosystems are negatively affected by an increase in both temperature 

and pCO2 (Reynaud et al. 2003).  Increased temperature leads to the loss of zooxanthellae, 

or to a decrease in chlorophyll content per algal cell (Reynaud et al. 2003). Reynaud et al. 

(2003) found calcification decreased by 50% when temperature and pCO2 were both 

elevated, but calcification did not change in response to an increased pCO2 under normal 

temperature conditions. 

The exchange of CO2 between the ocean and the atmosphere is controlled by 
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complex physical and biological processes (Bates 2002).  In coral reef ecosystems, the 

balance of biological processes such as calcium carbonate (CaCO3) formation and 

organic carbon production can lead to CO2 being retained in the oceanic environment 

(sink of CO2) or returned to the atmosphere through gas exchange (source of CO2) (Bates 

2002). Some studies have demonstrated that coral-dominated reefs are sources of CO2 to 

the surrounding waters (Ware et al. 1991; Gattuso et al. 1999b).  Other studies have 

suggested that macroalgal-dominated reefs systems are sinks for CO2, but in a recent 

review, Gattuso et al. (1999b) found that “average” coral reef flats are sources of CO2 to 

the atmosphere.  Whether coral reef ecosystems act as sources or sinks of CO2 seems to 

depend on the balance of two processes: organic carbon production by macroalgae and 

CaCO3 production by corals.  This was illustrated by Bates (2002) who found that a 

Bermuda coral reef system acted as both an oceanic sink and source of CO2 depending on 

the season and community make-up (i.e., coral-dominated vs. macroalgal-dominated 

ecosystem) and the pre-existing air-sea CO2 disequilibrium of waters surrounding the reef 

system. 

Human activities increase atmospheric CO2 partial pressure mostly through fossil 

fuel utilization, cement production and biomass burning (Gattuso et al. 1998).  Most 

concerns regarding rising concentrations of atmospheric CO2 center on how it will affect 

climate change (Gattuso and Buddemeier 2000).  However, there have been many 

indications of negative biological responses in the marine environment (Gattuso and 

Buddemeier 2000). 

4.3.7. Temperature 

Substantial loss of coral cover has occurred throughout the world’s coral reefs as 

a result of anomalously warm water due to global warming and thermal anomalies such 

as the El Niño-Southern Oscillation (ENSO) over the past three decades (Brown 1997; 
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Goreau et al. 2000; Aronson et al. 2002). Concern over the future of the world’s coral 

reefs has increased in the face of rising sea surface temperatures (McClanahan et al. 

2004).  Hoegh-Guldberg (1999) concluded that most corals could not adapt quickly 

enough to cope with the predicted rate of rise in sea surface temperatures predicted by 

various climate-change models.  These models predict that sea surface temperatures will 

exceed the current thermal tolerance of corals on the Great Barrier Reef by the year 2020 

(Hoegh-Guldberg 1999). 

During the last decade, the effects of elevated seawater temperatures on coral reef 

communities have received attention in coral reef literature (Nordemar et al. 2003). 

Predicting the effects that rising sea surface temperatures (SSTs) will have on local coral  

reef communities is hampered by a lack of thorough understand ing of the capacity of 

corals to acclimate to local temperature regimes (Jokiel and Coles 1990; Hughes et al. 

2003). One established consequence of elevated SSTs on coral reefs has been bleaching. 

Bleaching is defined as the loss of algal symbionts and/or their pigments, a classic 

response of corals to a variety of environmental stresses including elevated SSTs (Fitt et 

al. 2001).  Bleaching of corals is a global phenomenon that is possibly linked to global 

climate change and increasing ocean temperatures (Brown 1997; Hoegh-Guldberg 1999). 

Large-scale bleaching is not attributed only to elevated sea surface temperatures, 

but also to increased solar radiation (Hoegh-Guldberg and Smith 1989; Brown et al. 

1994; Brown 1997; Salih et al. 1997; Hoegh-Guldberg 1999; Fitt et al. 2001; Lesser and 

Farrell 2004).  Stress responses of corals to elevated seawater temperature involve 

malfunctioning algal photosystems (Salih et al. 1997; Fitt et al. 2001), reduced primary 

production (Porter et al. 1999), altered respiration (Porter et al. 1999; Fitt et al. 2001), 

coral bleaching (Brown 1997; Loya et al. 2001; Fitt et al. 2001), reduced fecundity 
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(Szmant and Gassman 1990) and calcification (Howe and Marshall 2002; Reynaud et al. 

2003). Lesser and Farrel (2004) examined the synergistic role of solar radiation on 

thermally induced stress and subsequent bleaching in Montastraea faveolata. Under high 

solar radiation and elevated temperature conditions: photosystem II fluorescence in the 

zooxanthellae, photosynthetic pigments, and mycosporine-like amino acids (MAAs) were 

depressed.  Host DNA damage was exacerbated under high light conditions.  Thermal 

stress during exposure to high irradiance caused damage to photosystem II ability and 

carbon fixation in the zooxanthellae.  It also caused DNA damage, apoptosis, and necrosis 

in the host tissue (Lesser and Farrell 2004). 

The adaptive bleaching hypothesis (ABH) states that the loss of zooxanthellae 

may allow other representative algae to re-establish a symbiosis with the host coral 

species, creating a new holobiont (also known as ecospecies or host-symbiont unit) 

(Fautin and Buddemeier 2004).  This hypothesis makes five assumptions: (1) multiple 

types of both zooxanthellae and host species commonly exist; (2) a diversity of 

photosymbionts can live with many hosts, and vice- versa; (3) different host-symbiont 

combinations may differ physiologically in aspects that affect the survival of the 

holobiont, host, and symbiont; (4) bleaching provides the opportunity for repopulation of 

a host with different dominant photosymbionts; and (5) stress-sensitive holobionts have 

competitive advantages in the absence of stress which implies a reversion to stress-prone 

combinations under non-stressful conditions (Fautin and Buddemeier 2004).  The 

adaptive bleaching hypothesis has potential importance in determining the outcomes of 

non- lethal bleaching and set the possible path for how some symbiont communities might 

be able to recover (Fautin and Buddemeier 2004). 

There have been some efforts to investigate interactions between other common 
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stressors and elevated temperature (e.g. Berkelmans and Oliver 1999; Porter et al. 1999; 

Nordemar et al. 2003; Schlöder and D’Croz 2004).  Several authors have described the 

influence of nutrients and high temperature together as a potential stressor for the coral 

zooxanthellae symbiosis (e.g. Nordemar et al. 2003; Schlöder and D’Croz 2004). 

Impacts of global warming often coincide with various common anthropogenic 

disturbances, resulting in pollution (Nordema r et al. 2003).  Nordemar et al. (2003) 

investigated the physiological response of Porites cylindrica when exposed to elevated 

seawater temperature in combination with enrichment of dissolved inorganic nutrients. 

Findings showed that corals on nutrient-exposed reefs may be more stressed during 

periods of elevated temperature, compared to corals in more pristine areas. 

Loya et al. (2001) suggested that Pocillopora damicornis and Stylophora 

pistillata in Okinawa, Japan are bleaching-susceptible species that show high mortality 

under conditions of elevated sea surface temperature.  Investigating a large number of 

corals, McClanahan et al. (2004) showed a clear species-dependence in bleaching 

susceptibility and mortality in the Great Barrier Reef (GBR) and Kenyan Reef.  These 

reports have provided essential information on inter-species differences in bleaching 

tolerance, but do not account for intra-species differences that have been observed in the 

field (Brown 1997).  Nakamura and Yamasaki (2005) further investigated Pocillopora 

damicornis and Stylophora pistillata in order to determine if water flow was a mitigating 

factor for bleaching.  They found that although bleaching was observed with elevated sea 

surface temperatures, both species showed a shorter period or no visible bleaching under 

flow conditions; in addition, better colony growth was observed under flow conditions 

when compared to still conditions (Nakamura and Yamasaki 2005). 

Reduced temperatures can also cause corals to bleach (Hoegh-Guldberg et al. 
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2005). Hoegh-Guldberg et al. (2005) investigated cold stress on the southern GBR which 

resulted in a mass bleaching event.  Exposure to cold stress led to the complete loss of 

photosynthetic efficiency by photosystem II and death of the exposed coral (Hoegh- 

Guldberg et al. 2005). 

Temperature is also an important factor affecting calcification rate in corals 

(Howe and Marshall 2002).  Calcification in reef corals generally increases with 

temperature, with maximum growth reported within the range of 25-28°C (Jokiel and 
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Coles 1977; Coles and Jokiel 1978).  Corals generally calcify most rapidly close to the 

maximum summer temperature, however, prolonged increases of 1-2°C above this will 

impair skeletal growth (Jokiel and Coles 1977; Coles and Jokiel 1978).  Howe and 

Marshall (2002) investigated whether calcification rates in the temperate coral, 

Plesiastrea, changed with temperature in a similar manner to tropical reef corals, and 

whether calcification was retarded in relatively cold waters.  Findings showed 

calcification in the temperate coral Plesiastrea was lower than in tropical reef corals, but 

followed a similar trend with a trend towards higher rates at higher temperatures, ~18°C 

(Howe and Marshall 2002). 

There is overwhelming evidence in the literature to suggest temperature changes 

negatively affect coral reefs.  Even under moderate greenhouse scenarios, present and 

future increases in sea temperature are likely to have severe effects on the world’s coral 

reefs within 20-30 years (Hoegh-Guldberg 1999).  Mass bleaching of corals is a major 

contributing factor to their degradation worldwide (Brown 1997; Hoegh-Guldberg 1999). 

If the mortality of reef building corals continues to increase, changes in the distribution of 

corals will occur and is likely to have detrimental effects on the health of coral reefs 

world-wide (Hoegh-Guldberg 1999). 

4.3.8. Turbidity 

Turbidity is a transient phenomenon that is temporally and spatially variable 

because it is related to physical forces acting on the sea bed (Larcombe and Woolfe 1999) 

as well as terrestrial runoff which results in light reduction in the water column (Fabricius 
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2005). The term turbidity simply refers to the decrease in water clarity due to particles in 

suspension (Telesnicki and Goldberg 1995). 

Benthic communities in nearshore marine environments are subject to large 

natural variations in turbidity (Rogers 1990).  Extreme elevation in turbidity levels can 

cause stress in many organisms (Rogers 1990).  The photosynthetic and respiratory 

responses of two coral species common to Florida waters, Dichocoenia stokesii and 

Meandrina meandrites, were examined under conditions of elevated turbidity for three 

weeks (Telesnicki and Goldberg 1995).  Turbidity ranges were tested and compared to 

controls with the highest range corresponding with the Florida standard for coastal water 

turbidity, 29 Nephelometric Turbidity Units (NTU) (Telesnicki and Goldberg 1995). 

Results showed high levels of mucus production of both species and reduced 

photosynthesis to respiration ratios when exposed to the high turbidity levels (Telesnicki 

and Goldberg 1995).  These results suggest that turbidity-related water quality as 

presently defined in South Florida (29 NTU set by FDEP using a turbidimeter) is not a 

conservative value and may result in short term stress and long term decline for some 

coral species (Telesnicki and Goldberg 1995).  Orpin et al. (2004) state that researchers 

and managers seeking to understand the responses of inshore ecosystems to turbidity in 

order to minimize the potential impacts of anthropogenic disturbances should incorporate 

a turbidity safety margin, i.e. any turbidity increase above the natural regime should be 

under conditions that pose minimal environmental risk.  Natural turbidity regimes are 

highly variable in space and time (Larcombe et al. 1995) which complicates any 

assessment of ecological stress on coral assemblages and their responses (Anthony and 

Fabricius 2000).  Orpin et al. (2004) measured the natural variability in turbidity on the 
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Central GBR, and recommended using one standard deviation from ambient conditions as 

a possible conservative upper limit of an acceptable projected increase in turbidity. 

4.3.9. Sedimentation 

Sediment accumulation describes an increase in thickne ss of a sediment body 

caused by addition of material at its upper surface (Larcombe and Woolfe 1999). 

Sedimentation is an important physical parameter that influences coral growth and 

community composition and is considered a significant potential mechanism leading to 

reef degradation (Rogers 1990; Riegl 1995).  Normal sediment loading levels on fringing 

reefs have been quoted as ranging from ~5 mg/l (Larcombe et al. 1995) to <10 mg/l 

(Rogers 1990).  Rogers (1990) reviewed the responses of corals and reef organisms to 

sedimentation and emphasized the need for measures of physical processes to 

compliment organism and ecosystem responses and for long-term data sets. 

Sedimentation can affect corals in several different ways: (1) it can cause their 

death by smothering or burial (Loya 1976; Cortés and Risk 1985; Riegl 1995; Fabricius 

and Wolanski 2000; Nugues and Roberts 2003a; Philipp and Fabricius 2003); (2) it can 

decrease adult coral growth by abrasion, shading or resuspension (Dodge et al. 1974; 

Loya 1976; Anthony 1999); (3) it can depress zooxanthellae densities and photosynthetic 

activity, and increase respiration and mucus production (Riegl and Branch 1995; Yentsch 

et al. 2002; Philipp and Fabricius 2003); and (4) it can reduce coral reproduction, coral 

larval settlement, and early survival (Hodgson 1990; Babcock and Davies 1991; Hunte 

and Wittenberg 1992; Stafford-Smith 1993; Gilmour 1999). 

Sedimentation of the suspended particles out of the water column can smother 

epibenthic organisms (Rogers 1990; Stafford-Smith 1993; Fabricius and Wolanski 2000). 

However, some corals enhance their chances of survival by cleaning off deposits before 



[Type here] 
 

they cause damage.  Corals remove sediment through active and passive sediment 

rejection (Stafford-Smith 1993; Riegl 1995).  Active rejection includes polyp expansion, 

tentacular and cilliary movement, sediment ingestion and mucus formation.  This 

mechanism is often used by scleractinian corals (Stafford-Smith 1993). Passive rejection 

relies on water movement and gravity to shed sediment and is used by alcyonacean corals 

(Riegl 1995).  The effectiveness of the two strategies, active vs. passive, is dependent on 

the degree of turbulence in the reef zone and community composition.  Many corals can 

tolerate exposure to short term sedimentation events, but extended exposure will 

eventually cause death of all colonies (Riegl and Branch 1995). 

4.3.10. Disease/Pathogens/Viruses/Bacterias 

One of the most important and least understood aspects of coral reef degradation 

is the relationship between coral disease incidence, effects on corals, and environmental 

conditions (Richardson 1998).  There is an understanding of the relationship between 

thermal- induced bleaching for both coral and zooxanthellae physiologies (Fitt et al. 2001) 

due to the clear connection between coral bleaching and increased seawater temperature 

(Brown 1997).  However, there is little known concerning the many diseases affecting 

corals (Richardson 1998). 

Within the last 30 years, the number of coral diseases has increased from 2 to 18 

(Sutherland et al. 2004).  In the last decade, there has been a considerable increase in the  

number of different coral diseases described (Bruckner 2002; Sutherland et al. 2004). Of 

the 18 diseases described to date, 4 are reported globally: black band disease, white 

plague-like diseases, shut-down reaction, and skeletal anomalies; 9 are found exclusively 

in the Caribbean: white band Types I and II, white plague Types I, II, and III, 

aspergillosis, white pox, yellow blotch/band, dark spots; and 6 are endemic to the Indo- 
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Pacific: yellow band (YBD), skeleton eroding band, pink- line syndrome, fungal- 

protozoan syndrome, Vibrio shiloi-induced bleaching, and Vibrio coralliilyticus- induced 

bleaching and disease (Sutherland et al. 2004).  However, there is a lack of knowledge 

about the causative agents of many diseases affecting corals (Richardson 1998). 

New diseases are responsible for significant mortality in many coral species 

(Sutherland et al. 2004).  Many hypotheses have been proposed to explain the decline of 

coral reefs, but none adequately explain the lack of recovery or the wide distribution of 

coral diseases (Garrison et al. 2003).  Elevated temperatures and transport of aeolian dust 

from Saharan Africa, leading to a decline in water quality, have been proposed as 

potential causal agents of coral disease (Harvell et al. 2002; Garrison et al. 2003).  It has 

also been suggested that transmission of pathogens by predators can exacerbate disease 

outbreaks among remnant populations (Williams and Miller 2005).  However, studies to 

date have been hampered by the multitude of confounding factors such as lack of 

experimental studies and limited knowledge about reservoirs and modes of disease 

transmission (Harvell et al. 2002; Sutherland et al. 2004). 

Hundreds of millions of tons of dust transported annually from Africa and Asia to 

the Americas may be adversely affecting coral reef ecosystems by carrying 

microorganisms (bacteria, viruses, and fungi), macro- and micronutrients, trace me tals, 

and organic contaminants which are deposited into the oceans (Shinn et al. 2000; Ryan 

2001; Griffin et al. 2002; Garrison et al. 2003).  Linking components of the dust to 

specific diseases is a difficult task, and proponents of the dust hypothesis ha ve had to rely 

on circumstantial evidence (Ryan 2001). 

It is now known that some coral diseases are associated with high water 

temperature: black band disease (Kuta and Richardson 2002), plague (Richardson et al. 
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1998), dark spots disease (Borger 2005), and yellow blotch/band disease (Cervino et al. 

2004a, Cervino et al. 2004b).  One syndrome currently affecting many corals is dark 

spots syndrome or “dark spots disease” (Borger 2005).  A study conducted by Borger 

(2005) performed long-term monitoring of affected colonies over time.  Findings showed 

that the presence of dark spots syndrome is a stress response to elevated water 

temperatures (Borger 2005).  Cervino et al. (2004b) investigated the factors leading to 

yellow blotch/band disease which affects the major reef-building Caribbean corals 

Montastrea spp.  Elevated water temperatures increased the rate of YBD spreading and 

induced greater coral mortality (Cervino et al. 2004b).  Furthermore, YBD did not 

produce the same physiological response observed in corals undergoing temperature- 

related bleaching (Cervino et al. 2004b). 

Members of the genus Vibrio are common marine bacteria (Cervino et al. 2004b). 

 
A member of this genus, Vibrio coralyticus was isolated for study by Ben-Haim and 

Rosenberg (2002).  Vibrio coralyticus was determined to be a temperature-dependent 

bacterial pathogen of the coral Pocillopora damicornis and caused rapid destruction of 

coral tissue within 2 weeks of exposure (Ben-Haim and Rosenberg 2002).  Direct contact  

between infected tissue and healthy corals caused transmission of the disease, 

demonstrating its infectious nature (Ben-Haim and Rosenberg 2002). 

Marine virology has been transformed in recent years following the discovery of 

their overwhelming presence in seawater, so it is surprising that they have not been 

implicated in coral disease, coral bleaching events or general coral reef health (e.g., 

Harvell et al. 1999).  Wilson et al. (2005) investigated virus- like particles in stressed and 

non-stressed corals and found that elevated temperatures increases virus abundance.  In 

1995, a virulent disease, called white plague type II, killed up to 38% of Dichocoenia 
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stokesi colonies in the Florida Keys (Richardson et al. 1998).  Since then, this disease has 

spread throughout the Caribbean and affected most coral species (Nugues 2002).  Nugues 

et al. (2004) found the green calcareous alga Halimeda opuntia present at the origin of 

infection on coral colonies in the Netherlands Antilles.  Nugues et al. (2004) investigated 

the link between the presence of Halimeda and white plague incidence and found that 

physical contact to the macroalga can trigger the white plague disease and suggested that 

this connection could account for the elevated incidence of coral over the past decades. 

Halimeda is one of several genera of macroalgae that has increased in abundance in the 

Caribbean over the last 2 decades (Hughes 1994). 

Coral disease is becoming more widespread but knowledge of its reservoirs, 

transmission, pathogenesis, and epizootiology remains limited (Sutherland et al. 2004). 

An inability to identify most causative agents and a lack of standard epidemiological data 

for diseased populations limits the ability of researchers to identify host-pathogen 

interactions, analyze changes in disease dynamics, and assess the impact of diseases on 

host populations and associated communities in the oceans (Harvell et al. 1999). 
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5. POTENTIAL SOURCES 

5.1. Overview 

In order to determine which of the identified pollutants are actually or potentially 

present in the coastal waters of southeast Florida, probable sources were identified for 

investigation.  The potential sources included: wastewater outfalls, inlets, coastal ocean 

processes/seasonal upwelling, submarine groundwater discharge, effects of Everglades 

restoration, and carbon dioxide rise.  Information gathered in the grey literature included: 

monitoring reports, reef-related studies, hydrodynamic studies, water quality studies, 

geochemical cycling studies, hydrogeology studies and permit reviews. After potential 

sources were identified, available information was gathered to determine the presence 

and/or concentrations of pollutants affecting southeast Florida coral reef communities in 

coastal waters. 

5.2. Potential Sources General Findings 

5.2.1. Outfalls 

The four methods of effluent disposal in Florida are: ocean outfalls, surface 

discharges, deep well injection, and reuse (Bloetscher and Gokgoz 2001).  A common 

practice of coastal cities is the use of ocean outfalls for disposal of domestic and 

industrial effluents (Huang et al. 1994).  In Florida there are six open ocean outfalls 

spanning Dade, Broward, and Palm Beach counties as shown in Figure 1 (Bloetscher and 

Gokgoz 2001).  Table 1 shows characteristics for the six outfalls.  Ocean outfall use 

requires secondary treatment of the effluent (Bloetscher and Gokgoz 2001).  This 

involves the removal of biodegradable organics (CBOD) and suspended solids through 

activated sludge processes, fixed film reactors, extended aeration, or 

modifications/combinations of these (Bloetscher and Gokgoz 2001).  As stated in the 

Florida Administrative Code, secondary treatment of water for release from outfalls must 
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achieve an effluent discharge of no more than 30 mg/L CBOD and 30 mg/L total 

suspended solids (TSS) or 85% removal of these pollutants from the influent, whichever 

is more stringent (Bloetscher and Gokgoz 2001). 

Initial dilution is an important characteristic in outfall design and environment 

impact assessment of effluent discharges (Proni et al. 1994).  Environmental factors 

affecting initial dilution include parameters such as: currents, water depth above 

discharge, and density stratification (Huang et al. 1994).  Effluent parameters affecting 

initial dilution include: effluent discharge rate, effluent density, and outfall outlet 

(diffuser) geometry (Huang et al. 1994).  For both economic feasibility and marine 

environmental protection, it is essential to develop realistic initial dilution design criteria 

for water quality management (Huang et al. 1994). Huang et al. (1994) propose a 

probabilistic approach to initial dilution from field data for the Hollywood and Miami- 

Central outfalls.  This approach is presented as an improvement to the “worst case 

approach” where each factor affecting the initial dilution is taken at the worst 10 

percentile on cumulative frequency distributions (Huang et al. 1994).  The advantage of 

the probabilistic approach is that the statistics of initial dilution can be obtained so that 

the exposure risk level can be estimated from the cumulative probability of initial 

dilution, and outfall design criteria or water quality standards for initial dilutions can be 

set statistically (Huang et al. 1994). 

The Southeast Florida Ocean Outfall Experiment (SEFLOE) studies were initiated 

in the early 1990’s.  These studies provided a significant amount of information 

concerning the mixing, dispersion, and dilution of wastewater plumes originating from 

the six southeast Florida ocean outfalls.  The SEFLOE I study focused on characterizing 

initial and farfield dilution properties on ocean outfall plumes using acoustical  
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backscatter techniques, determining the nutrient and bacterial content of the effluent and 

receiving waters, characterizing marine conditions, and evaluating concerns about 

nondegradable substances in the discharged treated effluent.  Physical, chemical, and 

biological data were collected during the project and these data were used to characterize 

the outfall plumes and current environmental conditions.  The SEFLOE II study 

continued to improve understanding of year-round physical oceanographic conditions at 

four ocean outfalls off southeast Florida (Miami-Dade Central, Miami-Dade North, 

Hollywood, and Broward).  These outfalls discharge secondary treated domestic sewage 

(Carr et al. 2000).  Both the Miami- Dade Central and Miami- Dade North outfalls have 

multi-port diffusers as shown in Table 5-1, while the Hollywood and Broward outfalls 

have single port outlets (Carr et al. 2000).  This study aimed to define rapid dilution and 

mixing zones through modeling of near- field and farfield conditions to determine if the 

outfalls were contributing to unreasonable degradation of the local marine environment 

(Carr et al. 2000).  Monitoring of nutrient concentrations in the effluent plumes was 

performed along with examination of the toxic characteristics of the receiving 

water/effluent mixture with and without chlorination, as well as measurements of the 

diluted wastewater to determine if it met water-quality standards for priority pollutants, 

bacteria, oil, and grease (EPA 2003). Plant effluents were analyzed for 126 priority 

pollutants and findings showed that the outfalls are “environmentally acceptable ” and 

“create no unreasonable degradatio n” to the marine environment in southeast Florida 

based on the fact that none of the pollutants detected exceeded the acute toxicity criteria 

listed under the State of Florida Maximum Allowable Effluent Level (Carr et al. 2000). 

The southeast Florida outfalls discharge along the western boundary of the Florida 

Current.  This is a fast-flowing current with maximum speeds occurring in the Florida 
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Strait between southeast Florida and the Bahamas, in the vicinity of the southeast Florida 

outfalls.  Maximum current speeds measured at the outfall sites during the SEFLOE 

studies were measured to be 60 to 70 centimeters per second; the speed and strength of 

the Florida Current causes effluent plumes to be rapidly dispursed (Huang et al. 1998; 

EPA 2003). From the SEFLOE studies, three mixing zone models were developed and 

are currently available for analysis of outfall mixing: CORMIX, PLUMES, and OMZA 

(Huang et al. 1998).  Huang et al. (1998) evaluated these models using field data of the 

Hollywood and Miami-Dade Central outfalls obtained during the SEFLOE II project.  

Both nearfield and farfield (up to 800 m range from outfall) measurements were derived 

from dye and salinity studies. Findings showed reasonable agreement with field data for 

initial dilution predictions from all three models (Huang et al. 1998).  Farfield predictions 

for dye concentrations from the three models were not consistent and only OMZA 

predictions showed good agreement with field data (Huang et al. 1998). 

Iverson and Corcoran (1976) performed an off-shore environmental study in 

Broward County to investigate whether secondary treated effluent released by the outfalls 

was degrading the environment and whether this treatment should be upgraded to the level 

of advanced wastewater treatment.  Findings showed that the presence of other sources of 

pollution (i.e. coastal runoff, fuel from vessels, boats without sewage holding tanks) around 

the outfalls made it difficult to measure the sole effect of the effluent. Improvements in the 

current methods could be made to remedy this problem. Overall conclusions were that 

some environmental degradation was present, however, the ecology of the area was 

healthy.  Evidence showed that high levels of chemical pollutants in the water column 

were not solely the result of outfall effluent but also boat pollution and coastal runoff. 

Secondary treatment of sewage was adequate even at high levels of effluent flow and 
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reduced current.  However, environmental damage may result if the level of effluent flow 

is increased dramatically and the current flow is also greatly reduced at the same time. 

An environmental assessment conducted by Fisher (1980) was performed to 

determine if the presence of the North Broward (Pompano) outfall and its discharge has 

had any effect on the physical conditions of the surrounding environment. Nine sites 

were tested around the terminus of the outfall pipe with one site acting as the control. 

Analysis of grain size distribution was done to determine if bottom sediment consistency 

had remained the unchanged.  Sediment analysis was performed to look for the presence 

of selected trace metals, pesticides, and PCB's attributed to the discharge.  Results of the 

grain size distribution analysis showed no significant difference between the control site 

and the outfall site.  The chemical analysis of bottom sediments showed no pesticides or 

PCB's above the detection limits. Comparison of chemical analyses of the study in 1980 

with one performed in 1978-79 shows slight increases for cadmium, chromium, lead, 

zinc, and nickel with no change or decreases for copper, iron and all chlorinated  

hydrocarbons. Chromium showed a significant decrease at the terminus of the outfall, 

lead at the terminus is twice the amount of other sites surrounding the terminus, and 

nickel showed a high concentration at the easternmost and deepest site.  Overall, no 

changes had occurred in the consistency of bottom sediments between control and outfall 

samples.  Differences (positive or negative) observed for the trace metals, pesticides, and 

PCB's may or may not have been real; the variability may occur naturally in the 

sediment.  No visual changes in the outfall environment were observed. 

The Broward County Environmental Quality Control Board (1981) produced an 

annual update on the environmental assessment of the north and south regional 

wastewater outfalls in Broward County.  This annual update discussed two wastewater 
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treatment plants in Broward County: the North Regional Wastewater Treatment Plant, 

with discharge out of the Pompano outfall; and the South Regional Wastewater 

Treatment Plant, with discharge out the Hollywood outfall.  A study was conducted to 

determine if the effluent from these outfalls had effects on the physical conditions of the 

surrounding environment through visual diver observation, bivalve collection, and 

photographic documentation.  Six sites were studied for three experimental areas and 

three "control" areas.  Control areas were considered areas not under the direct influence 

of an outfall discharge.  Bivalves were collected and examined for the presence of zinc, 

cadmium, PCB's and pesticides.  Examination the bivalve tissue samples for pesticides 

and PCB's contained less than the minimum detection limits in all cases.  The minimum 

detection limit for cadmium was 0.25 mg/kg.  Seven of the 24 samples were reported as 

less than the detection limit for cadmium while the remained of samples were above the 

minimum detection limit. Statistical analysis showed site 3 (onshore, south side of North 

Regional Discharge outfall) to have a significantly greater mean zinc value than the other 

sites.  Site 4 (offshore, ~3 miles south of the Pompano outfall) had a significantly higher 

mean cadmium value than the other sites.  Since site 3 was close to the Hillsboro inlet it 

was presumably under a greater influence from land runoff and tidal exchange and this 

could have been the reason for the zinc content.  Overall, one sample from each site 

resulted in no detection of pesticides of PCB's.  Examination of four samples from each 

of the six sites for zinc and cadmium showed that bivalves from the shoal area south of 

the Hillsboro Inlet had significantly higher zinc content and animals from the third reef 

due west of Commercial Blvd. contained significantly higher amounts of cadmium.  The 

results implied that urban runoff is the probable source of these measured differences. 

The six wastewater treatment plants that discharge effluent through their 
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associated outfalls (Miami Central, Miami North, Hollywood, Broward/Pompano, Boca 

Raton, and Delray) are required to measure and report a number of parameters to the 

Florida Department of Environmental Protection (FDEP) as a part of their individual 

National Pollutant Elimination System (NPDES) permits.  The data presented below span 

a 5 year period, January 2000 to August 2005 (obtained from the Florida Department of 

Environmental Protection (FDEP) Linda Horne and Lisa Self per. comm. 2006).  The 

wastewater treatment plants were required to take water samples from the effluent before 

it entered the outfall pipe and report on a variety and sometimes dissimilar set of 

parameters depending on their individual permit requirements.  However, all plants did 

sample and report total nitrogen (TN) and total phosphorus (TP) concentrations in plant 

effluent.  TN and TP values were obtained from composite effluent samples collected 

over a 24 hour period once a month from each of the plants. Treatment facilities were not 

required to sample end of pipe discharges nor the ocean water near the outfalls during 

this time period (2000-2005).  There were no additional sampling requirements and 

numeric limits have not yet been established for maximum allowable concentrations of 

nutrients in the effluent exiting the wastewater treatment plants.  The US EPA does 

provide technical guidance on nutrient criteria for estuarine and coastal marine waters to 

the states, but it is up to each state to develop its own water quality standards for these 

parameters (United States Environmental Protection Agency 2001).  The FDEP has set 

up a Nutrient Criteria Technical Advisory Committee which is presently working on 

establishing criteria for fresh water systems.  Coastal and marine criteria will be 

established after freshwater criteria have been developed. 

(http://www.dep.state.fl.us/water/wqssp/nutrients/index.htm, Kevin Carter Broward 

County’s Environmental Protection Department (BC EPD) per. comm. 2006). 

http://www.dep.state.fl.us/water/wqssp/nutrients/index.htm
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Flow rates were measured on a continuous basis and reported to the FDEP as a 

monthly average flow.  Flow rates varied over time as well as between the six plants (Fig. 

2).  The lowest flows were at the two most northerly plants, Delray and Boca Raton, with 

flow rates between ~ 15-22 million gallons/day (MGD).  The two Broward County 

treatment plants had intermediate flows which varied between 20 to 45 MGD.  The 

Miami- Dade treatment plants had the highest and most variable monthly flows rates. 

Flows ranged ~62 MGD to over 150 MGD. 

A comparison of average monthly flow and total N and P concentrations in 

effluent samples collected at each of the plants did not show any clear relationship 

between flow rate and nutrient levels (Fig. 3a and b). (Please note that on 08/31/00, a TN 

value of 193 mg/l was measured at the Boca Raton facility and on 09/30/00, a TP value  

of 54 mg/l was also measured at the Boca Raton plant.  These two values are noted but 

not shown on figures 3-6 as they appear to be anomalous).  A comparison of TN and TP 

concentrations between the different facilities suggests median TN values in the effluent 

from the six facilities were similar, ranging from 16.17 mg/l to 18.45 mg/l.  Median TP 

values were more variable, ranging from 0.7 mg/l at the Boca Raton facility to a high of 

1.68 mg/l at the Miami North plant.  The data suggests that flow (MGD) will likely be an 

important consideration when estimating the mass loads for these facilities (Fig. 4a and 

b). 

Mass load estimates for total nitrogen and phosphorus were calculated using treatment 

plant effluent concentrations and average monthly flow rates from each of the six plants 

Mass Load Estimate = Flow (MGD) x Concentration of TN or TP (mg/l) x Conversion 

Factor. The conversion factor = 8.64 (lb/gal) (United States Environmental Protection 

Agency 1998; Mississippi River/Gulf of MexicoWatershed Nutrient Task Force 2001). 
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These mass load estimates are discharge loads and not equivalent to loads 

delivered to the reefs offshore SE Florida. Physical and biological processes will 

strongly impact loading levels as the effluent travels through and exits the outfalls and 

mixes with the surrounding sea water.  To establish delivered loads, delivery factors need 

to be applied to the discharged load in order to assess attenuation factors as loads mix 

into the local environment (United States Environmental Protection Agency 1998; 

Mississippi River/Gulf of MexicoWatershed Nutrient Task Force 2001). Mass load 

estimates for both the Miami Central and Miami North facilities appear to be consistently 

higher than the other four plants (Fig. 5a and b).  Mass load estimates varied over time 

with no obvious pattern for these two facilities.  A more detailed examination of mass 

load estimates from the 4 other facilities (Delray, Boca Raton, Broward/Pompano, and 

Hollywood) suggests that in general, that mass load estimates for both TN and TP were 

higher at the two Broward facilities compared to the Delray and Boca Raton plants, 

though the data is variable (Fig. 6a and b).  No clear trends in TN load estimates were 

apparent at any of the plants (Fig. 6a).  TP mass load estimates for the two Broward 

facilities appeared to increase with time over the last several months of 2005, however, 

there is a gap in the data between September 2000 and March 2003 (Fig. 6b).  Mass load 

estimates from the Delray and Boca Raton facilities were somewhat variable but 

typically had the lowest loadings of the six facilities.  No discernible trends were noted 

for either TN or TP load estimates for these facilities (Fig. 6a and b). 
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Map taken from Christie (1997) with revisions.  Distance of outfall pipes from shore is not to scale. 

 

Figure 1: Map of Southeast Florida Ocean Outfalls 
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Table 1: Characteristics of Southeast Florida Ocean Outfalls 

 
 
 

Characteristics 

Miami -
Dade 

Central 

Miami -
Dade 
North 

 
Hollywood 

Broward 
(Pompano) 

Boca 
Raton 

Delray 
Beach 

 

Outfall 
Pipe: 
Distance 
(ft) 

 
 

18971 

 
 

11091 

 
 

100987 

 
 

7052 

 
 

5016 

 
 

5297 

 

Off Shore (m) 
 

5730 
 

3350 
 

3050 
 

2130 
 

1515 
 

1600 

 

Discharge 
depth (m) 

 
 

28.2 

 
 

29.0 

 
 

28.5 

 
 

32.5 

 
 

29.0 

 
 

29.0 

 

S-Single Port M-
Multiport 

 
M 

 
M 

 
S 

 
S 

 
S 

 
S 

 

Number of ports 
 

5 
 

12 
 

1 
 

1 
 

1 
 

1 

 

Diameter of 
ports (m) 

 
 

1.22 

 
 

0.61 

 
 

1.52 

 
 

1.37 

 
 

0.76 

 
 

n/a 

 

Spacing of 
ports (m) 

 
 

9.8 

 
 

12.2 

 
 

0 

 
 

0 

 
 

0 

 
 

0 

 

Port orientation 
 

vertical 
 

horizontal 
 

horizontal 
 

horizontal 
 

n/a 
 

n/a 

 

Permitted 

Discharge 

Capacity 

 
 

 
143 

MGD 

 
 

 
112.5 

MGD 

 
 

47.5 

MGD* 

 
 

 
66 MGD 

 
 

17.5 

MGD 

 
 

 
24.0 

MGD 
* Combined permitted flow for Hollywood, Cooper City, and Davie WWTP's 

Table represents data from the following: (Proni et al. 1994; Christie 1997; Huang et al. 1998; EPA 2003; 

Fergen et al. 2004) 
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Figure 2: Effluent flow rates over a 5 year period, (2000-2005) from each of the six 

wastewater facilities that discharge effluent through ocean outfalls off the coast of 

southeast Florida 
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Figure 3a and b: Total nitrogen (TN) and total phosphorus (TP) concentrations as a 

function of flow rates from the 6 wastewater treatment facilities.  The legend is the same for 

both plots. 
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Figure 4a and b: Total nitrogen (TN) and total phosphorus (TP) concentrations (mg/l) for 

the six wastewater facilities discharging effluent through the ocean outfalls. January 2000 

thru August 2005. 
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Figure 5a and b: Mass load estimates for total nitrogen (TN) and total phosphorus (TP) 

were calculated from TN and TP concentrations in effluent collected at each facility prior 

to the  effluent being discharged through the outfalls of the six wastewater treatment 

facilities.  These mass load estimates are discharge loads from the facilities and should not 

be considered delivery loads to the coral reefs off SE Florida.  The two Miami-Dade 

facilities had consistently higher discharge loads compared to the four other facilities.  

Please note a TN concentration of 193 mg/l on 08/31/00, and a TP value of 54 mg/l 

measured 09/30/00 at the Boca Raton plant were not used to calculate the loadings in 

Figures 5 and 6 as they appear to be anomalous. 
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Figure 6 and b: Mass load estimates for total nitrogen (TN) and total phosphorus (TP) 

from the Hollywood, Broward/Pompano, Boca Raton and Delray facilities only.
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5.2.2. Inlets 

Inlets located within our area of study include: Jupiter, Lake Worth, Boynton, 

Boca Raton, and Hillsboro Inlets; Port Everglades, and Port of Miami as shown in Figure 

7. Inlets are an important component to water dynamics in southeast Florida, however, 

there is a lack of detailed information on the hydrodynamic regimes as well as the 

composition of the waters moving through them. 

Broward County’s Environmental Protection Department (BC EPD) does have 

some data on the chemical, biological and physical characteristics of surface waters 

entering two of the inlets; Port Everglades and the Hillsboro Inlet.  BC EPD has 

maintained a surface water quality network since 1972.  This network contains sites 

located within the primary freshwater canals, remnant major rivers and the Intercoastal 

Waterway (ICW) as shown in Figure 8.  The initial impetus for establishing this surface 

water quality monitoring network was to monitor the effects of discharging effluent from 

wastewater treatment plants into these waterways.  Direct discharge of effluent into 

surface waters stopped in 1988 so emphasis shifted to identifying ambient water quality 

conditions (Broward County Department of Planning and Environmental Protection 

2001).  Sites are sampled on a quarterly basis and since 1992 the following parameters 

have been sampled: nutrients, bacteria, chlorophyll a, total organic carbon, dissolved 

oxygen (DO), pH, temperature, and specific conductivity.  Data from all ambient sites is 

entered into the State and National Storet databases.  A detailed report on surface water 

quality in Broward County from 1972 through 1997 can be found in the “Broward 

County, Florida Historical Atlas: 1972-1997 Technical Report TR: 01-03.  The atlas is 

now being updated by the BC EPD to include data collected since 1997. 
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The following research provides examples of work being done on inlets along the 

east coast of Florida.  Tidal inlets and bays behind them are subject to a wide range of 

forces that create unique hydrodynamic conditions.  Understanding of sedimentation and 

scour patterns within inlets can be improved by resolving circulation patterns; for 

instance, tidal motion will dominate the flow of an inlet (Militello and Zarillo 2000). 

Militello and Zarillo (2000) investigated tidal motion and inlet processes in Ponce de 

Leon Inlet by field measurements and a depth- integrated hydrodynamic numerical model. 

Water level and current were measured at six locations spanning the ebb shoal, inlet, and 

bay channels.  Findings revealed the inlet was flood dominated (Militello and Zarillo 

2000). 

The Indian River Lagoon (IRL) system extends from Ponce de Leon Inlet to 

Jupiter Inlet is comprised of three interconnected estuarine lagoons: the Mosquito 

Lagoon, the Banana River Lagoon, and the Indian River Lagoon (subdivid ed into north 

and south regions) (Sigua et al. 2000).   The IRL system is a biogeographic transition 

zone rich in habitats and high species diversity (Sigua et al. 2000).  It receives inputs of 

salt water from the ocean through inlets and fresh water from direct precipitation, 

groundwater seepage, surface runoff, and discharges from creeks and streams (Sigua et 

al. 2000).  Sigua et al. (2000) describe site-specific differences and temporal variability of 

water quality and nutrient loading distributions at various segments of the IRL system. 

The authors determined that long-term monitoring of living resources, sediments, and 

surface water quality in the IRL is useful information to resource managers and decision- 

makers.  Overall recommendations were: (1) to develop water quality management 

priorities and plans that direct pollution control resources toward point and non-point 

sources; and (2) implement water quality management programs such as establishing 
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limits for point and non-point sources (Sigua et al. 2000). 

South Florida, particularly Biscayne Bay and the Ten Thousand Islands are 

considered to have some of the most unique estuarine areas on the United States 

(Macauley et al. 2002).  Over this century, the South Florida ecosystem has been subjected 

to loss of wetland acreage, expansion of agricultural and urban areas, and wide spread 

runoff control through canals and flood control gates (Macauley et al. 2002).  The climate 

and geographical location of South Florida makes it a desirable area for human 

population; with an expected increase to 8 million people by 2010 (Macauley et al. 2002). 

The estuarine system of South Florida includes mangrove fringes, barrier islands, shallow 

bays, and large embayments (e.g. Tampa, Biscayne, and Florida Bays) (Macauley et al. 

2002).  Each system supports a unique plant and animal community that can potentially 

be impacted by anthropogenic materials transported from inland activities (Macauley et al. 

2002). 

  



[Type here] 
 

Figure 7: Map of Southeast Florida Inlets 

 

Map taken from Finkl and Charlier (2003) with revisions. 
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Figure 8: Map of Broward County’s surface water quality network 
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5.2.3. Coastal Ocean Processes/Seasonal Upwelling 

The coastal region along with its adjacent waters represent a dynamic system 

subject to complex and interlinked processes, including currents, mixing, eddies, tidal 

bores, upwelling events, and atmospheric deposition (Jahnke et al. 2002).  Ekman 

transport, tidal jets, nearshore winds, and internal tidal bores are all processes that can 

result in upwelling (Leichter and Miller 1999).  No studies were found that specifically 

focused on coastal processes in southeast Florida, however, the following studies were 

completed in nearby regions and have applications to local systems.  Jahnke et al. (2002) 

estimate that approximately 90% of the nutrient input to the South Atlantic Bight region 

comes from upwelling events caused by the Gulf Stream current.  High frequency 

upwelling near Conch Reef in the Florida Keys is influenced by the meandering Florida 

Current (Leichter and Miller 1999).  The authors suggested that these upwelling events 

are a key source of nutrients and suspended particulate matter to the reef.  Upwelling also 

delivers colder water to the surface and can cause temperature stress to coral (Leichter 

and Miller 1999). 

Internal tidal bores, caused by breaking of internal waves, are also typical of 

coastal systems (Leichter et al. 1996 and 2003).  Internal tidal bores cause striking and 

recurrent variations in nutrient concentrations, temperature and salinity to Conch Reef 

(Leichter et al. 1996 and 2003).  Physical forcing of subthermocline waters is likely to 

deliver elevated concentrations of N and P which may contribute to phase shifts and algal 

dominance (Leichter et al. 1996 and 2003). 

Atmospheric deposition occurs when pollutants in the air fall on the land on in the 

water.  Air pollution can be deposition into water bodies either directly from the air onto 

the surface of the water, or through indirect deposition where pollutants settle on land and 
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are carried into a water body by runoff or through natural processes such as movement of 

groundwater through the soil. One source of atmospheric deposition pollution is African 

dust (Ryan 2001; Griffin et al. 2002; Garrison et al. 2003).  African dust is lifted into the 

Earth’s atmosphere every year carrying particles containing herbicides, pesticides, and a 

number of microorganisms (Griffin et al. 2002).  Yet the potential impacts of African dust 

pollution on the marine and terrestrial environments remain unknown.  Thus far, findings 

have been presented as a working hypothesis in need of further testing (Ryan 2001). 

Due to the effects of coastal ocean processes, pollutants in coastal surface waters 

may persist near the shoreline instead of being transported offshore. Lagrangian 

mechanisms are responsible for chaotic mixing in turbulent flows and determine the 

spread of contaminants at the ocean’s surface (Lekein et al. 2005).  Lagrangian motion is 

highly dependent on the initial conditions (exact time and location) under which the 

contaminant is released (Lekein et al. 2005).  Lekein et al. (2005) used very high 

frequency radar to locate Lagrangian coherent structures (LCS) which are hidden amongst 

the surface currents along the Hollywood, Florida coastline.  The barrier point, where 

LCS intersects the coastline, can be used to minimize the effects of coastal pollution 

(Lekein et al. 2005).  Lekein et al. (2005) introduced an automated prediction algorithm 

which determined that the impacts of releasing pollutants into the coastal area would be 

considerably reduced if they were released at a time when the Lagrangian coherent 

structures were south of the release site.  This would allow contaminants to be promptly 

transported away from the coastal system, reducing the local effects of the pollutant 

(Lekein et al. 2005). 

5.2.4. Submarine Groundwater Discharge 

Burnett et al. (2003) defined submarine groundwater discharge (SGD) as “any and 
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all flow of water on continental margins from the seabed to the coastal ocean regardless 

of fluid composition or driving force.”  Direct groundwater flow into the ocean occurs 

through springs and seeps in nearshore regions (Scientific Committee on Oceanic 

Research (SCOR) Land-Ocean Interactions in the Coastal Zone (LOICZ) 2004). Since 

SGD eventually ends up in the coastal ocean, any contaminant that is picked up along the 

way will ultimately become a marine pollution problem and may contribute to poor water 

quality and algal blooms (Corbett et al. 2001). 

Studies have presented compelling evidence that direct groundwater flow to the 

ocean can be a significant source of nutrients in some areas (Scientific Committee on 

Oceanic Research (SCOR) Land-Ocean Interactions in the Coastal Zone (LOICZ) 2004). 

In areas with a shallow freshwater system, where sewage treatment systems are normally 

less than 1 meter above the water table, nutrients and bacteria are prone to leaching and 

can easily pollute the groundwater (Corbett et al. 2001).  This may cause a marine 

contamination problem when the groundwater enters the coastal system (Corbett et al. 

2001). There have been a limited number of studies that examine the effects of SGD in 

southeast Florida.  Finkl and Charlier (2003) found that SGD causes an increase in 

nutrients to the Florida Reef Tract through the Biscayne Aquifer.  Estimated nutrient 

fluxes from SGD to the Palm Beach coast were 5727 metric tons per year of phosphorus 

and 414 metric tons per year of nitrogen (Finkl and Charlier 2003).  Corbett et al. (1999) 

also measured elevated nitrogen concentrations along the shoreline of Florida Bay, and 

suggested groundwater seepage as the source.  Swarzenski et al. (2001) found nutrient 

concentrations to be 3-5 times higher in seepage water over the Indian River Lagoon, 

indicating that SGD is important to the coastal nutrient budget.  Nutrients like N and P 

can operate as fertilizers to nutrient-poor surface waters (Corbett et al. 2001).  However, 
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if supplied in excess, these nutrients may degrade water quality and stimulate growth of 

harmful algal blooms (Corbett et al. 2001). 

In an effort to quantify the input of nutrients from SGD, the Scientific Committee 

 
on Oceanic Research (SCOR) and the Land-Ocean Interactions in the Coastal Zone 

(LOICZ) Project of the International Geosphere-Biosphere Program (IGBP) have 

established a working group of experts to specifically examine groundwater discharge 

into the coastal zone (Scientific Committee on Oceanic Research (SCOR) Land-Ocean 

Interactions in the Coastal Zone (LOICZ) 2004).  Much of the research is centered on 

determining groundwater flux estimates as well as flow and exchange with coastal 

systems through the use of radioactive or other tracer techniques.  Groundwater 

concentrations of radioactive tracers are altered by interactions with seawater in coastal 

aquifers allowing researchers to determine SGD flux and differentiate groundwater from 

surface water (Paytan et al. 2006).  Swarzenski et al. (2003) determined seepage rates 

into the IRL using isotope rations, nutrients, chloride concentrations, conductivity, pH, 

temperature, and dissolved oxygen levels.  Seepage rates were between 3 and 100 ml/m
2 

/min during the dry season and 22-144 ml/m
2
/min in the wet season (Swarzenski et al. 

2001).  The authors suggest that there may be a connection between increased rainfall 

and increased SGD (Swarzenski et al. 2001).  Paul et al. (1996) used bacteriophages as 

tracers to determine that if wastewater were injected into a subsurface well near the 

Florida Keys, it would quickly mix with surface waters (within 10-53 hours) where it 

could then be transported to the reef system and may contribute to nitrification. 

Depending on the water table and hydraulic features of an area, SGD as a nutrient source 

can have highly localized to regional consequences (Paerl 1997). 

5.2.5. Effects of Everglades Restoration 
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Approximately 40% of the water that originally flowed from Lake Okeechobee 

into the Florida Everglades is directly diverted into the Gulf of Mexico (Schaffranek 

1999).  The Comprehensive Everglades Restoration Plan (CERP) was designed to restore 

the flow of this freshwater to the Everglades and prevent it from being lost to tide (United 

States Army Corps of Engineers Jacksonville District, South Florida Water Management 

District 1999).  The estimated time to complete CERP is more than 30 years and an 

associated cost is $7.8 billion (United States Army Corps of Engine ers Jacksonville 

District, South Florida Water Management District 1999). Water quality criteria for the 

Everglades Protection Area (EPA) are specified by the Florida Administration Code 

(Weaver and Payne 2004). During a 2004 study, Weaver and Payne found evidence of 

fifteen pesticides, including atrazine, chlorpyrifos ethyl, and diazinon at inflows 

throughout the region.  Dissolved oxygen was also identified as a concern, with levels 

below the recommended 5 mg/l (Weaver and Payne 2004).  The authors suggested that 

dissolved oxygen in this area is depressed by nutrient enrichment possibly due to 

groundwater seepage. 

The Everglades is an oligotrophic system; and even small increases in nutrient 

concentrations, especially phosphorus (P), can have significant deleterious effects on the 

ecosystem.  These findings have led the Florida Department of Environmental Protection 

(FDEP) to suggest a total phosphorus (TP) criterion of 10 ug/l (Weaver and Payne 2004). 

Weaver and Payne (2004) determined TP concentrations during 2003 ranged from 14.8 

ug/l near the northern inflow at Arthur R. Marsha ll Loxahatchee National Wildlife 

Refuge, to 4.6 ug/l at the southern end of the interior of the Everglades National Park. 

The authors suggested that this gradient is due to P rich runoff from the Everglades 

Agricultural Area in the northern portion of the system.  Total nitrogen (TN) 



[Type here] 
 

concentration exhibited a similar gradient to TP, with concentrations ranging from 0.9 

2.2 ug/l in the north (Weaver and Payne 2004). 

 
Recognition of the importance of phosphorus concentrations in controlling the 

ecosystem structure has led to the Everglades Nutrient Removal (ENR) project (Guardo 

1999).  The ENR project was developed to remove nutrients from agricultural and 

stormwater runo ff before the water enters the South Florida region and the Everglades 

Protection Area (EPA) (Guardo 1999).  The ENR project, which was designed by the 

South Florida Water Management District (SFWMD), mainly focused on the reduction of 

P (Guardo 1999).  Treatment consists of exposing runoff water to emergent or submerged 

aquatic vegetation which apply natural biogeochemical processes to sequester nutrients, 

reducing the total outflow of P (Guardo 1999; Juston and DeBusk 2005). 

The changes instituted by the CERP have altered the amount and composition of 

freshwater flowing through the Everglades, into the Florida Bay (Rudnick et al. 1999). A 

study by Lirman et al. (2003) indicated that increased delivery of freshwater and sediments 

from CERP could to cause a reduction in coral diversity, abundance and survivorship in 

Biscayne Bay.  Results of a 26 year study off Broward County also indicated that there was 

significant correlation of growth with salinity. Analysis of growth bands showed increased 

freshwater input was correlated with decreased growth rates in stony coral (Dodge and 

Helmle 2003).  Reefs off Broward County are especially affected because they are already 

located near the extreme northern end of their habitat range causing them to be more 

susceptible changing environmental conditions (Dodge and Helmle 2003). 

Waters flowing out of the EPA are also enriched with nutrients (Rudnick et al. 

 
1999; Porter and Porter 2002).  In an effort to make certain that this water is of proper 

quantity and quality, state and federal authorities have developed and are implementing 
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several projects as a part of the CERP.  If not treated, increased quantities of  nutrient rich 

fresh waters from the EPAs will be pumped into Florida Bay at the southern extent of the 

Everglades, and likely cause an increase in algal blooms and exacerbate already present 

ecological problems (Porter and Porter 2002). 

5.2.6. Carbon Dioxide Rise 

Rising atmospheric carbon dioxide (CO2) concentrations are expected to lead to a 

significant global climatic change with fossil fuels as a major contributor to this increase 

(Tans et al. 1990).  Dissolved inorganic carbon occurs in three basic forms: carbon 

dioxide (CO2 + H2CO3), bicarbonate (HCO3-), and carbonate ion (CO3) (Kleypas et al. 

1999).  Under normal seawater conditions (pH 8.0 to 8.2), HCO3- is roughly 6 to 10 times 

CO3 (Kleypas et al. 1999). When CO2 dissolves in seawater, less than 1% remains as  

CO2 and most dissociates into HCO3- and CO3, and the acid formed by dissolution of 

CO2 in seawater lowers the pH so that some CO3 combines with H+ to form HCO3-; thus, 

the addition of fossil fuel CO2 decreases CO3 (Kleypas et al. 1999). 

Organisms and ecosystems respond to their local environment without regard for 

the ultimate cause of environmental conditions (Smith and Buddemeier 1992). 

Understanding the global carbon cycle requires a better knowledge of carbon sinks and 

sources, but large uncertainties remain unknown (Tans et al. 1990).  Often it is not 

possible to distinguish between the effects of climate change, natural environment 

variability, or anthropogenic alteration; effects may be interactive, or a single stress may 

have multiple sources (Smith and Buddemeier 1992).  A major characteristic of coral 

reefs is the precipitation of substantial quantities of calcium carbonate from the overlying 

water which modifies the chemical balance of the local marine CO2 system (Smith and 

Buddemeier 1992).  Estimates of increased atmospheric carbon dioxide (CO2) invasion 
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into the upper ocean are modeled and discussed (Smith and Buddemeier 1992).   There is 

still uncertainty on the quantity of CO2 invasion into the ocean, however, it is reasonably 

well understood in comparison to other aspects of the global carbon budget (Broecker et 

al. 1979; Tans et al. 1990). 

Despite the potential for a link between oceanic CO2 composition and the process 

of calcification, there is limited information about the responses of reef organisms to 

changes in the carbonate saturation state (Smith and Buddemeier 1992).  The partial 

pressure of CO2 (pCO2) increases in the atmosphere due to anthropogenic inputs of 

carbon dioxide (Reynaud et al. 2003).  This has important consequences on the Earth’s 

climate, including air temperature, which has risen by 0.6 °C between 1880 and 2000 

(Houghton et al. 2001).  Coral reef ecosystems are negatively affected by the increase of 

both temperature and pCO2 (Reynaud et al. 2003).  Increased temperature leads to the 

loss of zooxanthellae, or to a decrease in chlorophyll content per algal cell (Reynaud et 

al. 2003).  Reynaud et al. (2003) found calcification decreased by 50% when 

temperature and pCO2 were both elevated, but calcification under normal temperature did 

not change in response to an increased pCO2. 

As calcification decreases, the ability of reefs to keep up with rising sea level may 

diminish, skeletal density may decrease, and the mineralogy of calcifying organisms may 

shift toward the less soluble mineral phases (Smith and Buddemeier 1992).  The aragonite 

saturation state decreases as a function of decreasing pH and it has been estimated that a 

doubling of the preindustrial pCO2 could reduce tropical sea surface carbonate saturation 

levels to about two-thirds of present values (Smith and Buddemeier 1992).  The fate of 

CO2 in the coral reef ecosystem is subject to seasonal changes and the annual balance of 

CO2 in such systems is uncertain (Bates 2002).  The effect of a change in seawater on 
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calcification has very important evolutionary and ecological consequences because 

carbonates vary over time and space (Marubini et al. 2003).  Past, present, and future 

changes in sea water carbonate chemistry may have implications for rates of 

photosynthetic CO2 fixation (photosynthesis) and calcium carbonate precipitation 

(calcification) for marine organisms and ecosystems (Gattuso et al. 1998). 
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6. POLLUTANTS AND POTENTIAL SOURCES DATA GAPS 

6.1. Overview 

After reviewing the available literature, data and information gaps have been 

identified.  The decline of coral cover and species diversity in South Florida cannot 

necessarily be attributed to a single factor, but most likely involve multiple stressors. 

Information on the duration and frequency of exposure to multiple stressors is required 

before a meaningful relationship between stressors and subsequent ecosystem decline can 

be established. Studies investigating the synergistic effects of pollutants are lacking in 

the literature yet are necessary to accurately characterize the effects on the coral reef 

community. It is especially important to conduct experiments examining the long-term 

effects of environmentally realistic stresses on coral growth and survival. 

Monitoring is an essential part of research and its design and implementation 

should be one of the highest priorities in the research community.  A focus of the 

administrative problem is the need for long-term, regionally integrated, and stable yet 

technically evolving data acquisition programs.  One of the greatest challenges is the 

need for funding and research institutions to develop an effectively coordinated approach 

to problems (Smith and Buddemeier 1992). 

The majority of the research done regarding these pollutants has been conducted 

in Caribbean, Australia, Asian-Pacific, and Hawaii.  Most of the studies taking place off 

the coast of Florida have been focused in the Florida Keys and Biscayne Bay.  Less 

attention has been paid to the coral reef communities off the southeast coast of Florida. 

6.2. Nutrients 

Coral reef degradation resulting from nutrient enrichment is of growing concern, 

however, there is limited in situ evidence on the effects of nutrient enrichment on coral 

reefs (Koop et al. 2001).  Increased concentrations of nutrients may lead to increased 
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growth of macroalgae which could lead to a phase shift from coral to algal dominated 

reefs (Koop et al. 2001).  The actual concentrations required to initiate this phase shift are 

still unknown (Koop et al. 2001).  Another gap in nutrient research lies in determining the 

amount of nutrients that are taken up by phytoplankton and microorganisms prior to 

reaching the reef system (Nixon et al. 1986).  It is not yet known whether the nutrient 

budget allows for excess nutrients that could contribute to overgrowth of reefs by 

macroalgae.  Nutrient budget calculations by Alongi and McKinnon (2005) have indicated 

that microbial mineralization rates exceeded the total nutrient load near the GBR. A better 

understanding of the mechanisms of nutrient transport is also needed. Coastal ocean 

processes, currents, upwelling, etc. all affect the way nutrients are transported offshore.  

These are complicated processes which require intense scrutiny before any generalization 

can be made to say where nutrients are going once they enter coastal waters.  The 

geography and oceanography of the coastal zone may also restrict offshore transport of 

nutrients (Alongi and McKinnon 2005). Concentrations of dissolved nutrients in the 

water column should be combined with measurements of nutrient inputs, consumption, 

and turnover rates to quantify nutrient flow through the food chain to the point where it 

affects coral reefs (Furnas et al. 2005). 

There is still a great deal of discussion regarding the relative roles of nutrients vs. 

herbivory.  Moderate increases in nutrients can substantially increase coral susceptibility to 

bleaching and disease, but are not sufficient to cause coral phase shifts. (Szmant 2002; 

Bruno et al. 2003).  Lapointe et al. (2004) suggested that nutrients had a greater effect on 

macroalgal biomass (specifically Digenea simplex) than herbivory.  There is a complicated 

interaction between herbivory, nutrients, and organic matter affecting coral reefs 

(McClanahan et al. 2005).  Future management decisions should focus on protecting and or 
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restoring herbivore populations and reducing terrigenous runoff of nutrients (McCook 

1999). 

6.3. Heavy Metals 

There are few studies on the effects of heavy metals on coral reefs, however, those 

that are available focus on using corals as bioindicators of heavy metal pollution in marine 

waters (Howard and Brown 1984).  Although there was some success with this approach 

(Dodge and Gilbert 1984; Bastidas and Garcia 1999; David 2002), most findings were 

inconclusive and did not determine the effects of metals on the coral community. Another 

area of study focused on the impacts of heavy metals on coral health and reproduction.  

Elevated metal concentrations have been shown to have negative impact on coral 

fecundity, reproduction, and recruitment (Negri and Heyward 2001; Reichelt-Brushett 

and Harrison 2005; Reichelt-Brushett and Michalek 2005; Victor and Richmond 2005).  

Copper, lead, zinc, cadmium, and nickel had a significant effect on fertilization success 

on scleractinian coral, with copper being the most toxic (Reichelt- Brushett and Harrison 

2005; Reichelt-Brushett and Michalek 2005). The use of fertilization success in 

determining the effects of heavy metals on coral is limited and the mechanisms of toxicity 

are not clearly understood (Reichelt-Brushett and Harrison 2005; Reichelt-Brushett and 

Michalek 2005; Victor and Richmond 2005).  Future research should focus on 

determining levels of metals that have toxicological effects on coral (Reichelt-Brushett 

and Harrison 2005).  Another information gap is the lack of data on the uptake and 

storage of metals within coral.  While there is some information on how coral take up 

heavy metals out of the water column, the transport and storage of these metals within the 

organism remains unclear (Howard and Brown 1986; Peters et al. 1997; Esslemont et al. 

2000).  Several studies have focused on measuring heavy metal concentrations in 
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sediments, waters, and coral (Brown and Holley 1982; Howard and Brown 1986, 1987; 

Esslemont et al. 2000).  However, these parameters are usually not measured at the same 

time in the same location (Peters et al. 1997).  Therefore, it is difficult to correlate the 

amounts of metals in sediments and water column to the amounts found in coral tissues. 

6.4. Pharmaceuticals/Organics 

Advances in technology and improved analytical capabilities have directed 

scientists to the study of xenobiotic compounds as a pollutant in marine systems (Wu 

1999).  This is a relatively new and growing area of research so there is less information 

available compared to some of the other pollutants listed in this report. 

Since 1998, the U.S. Geological Survey (USGS) has been developing analytical techniques 

to measure pharmaceutical contaminants in the marine environment (Kolpin et al. 2002). 

Some of those that are most common contaminants include cholesterol, caffeine, 

prescription drugs and hormones and sterols.  Not much information is available regarding 

the persistence and degradation of these chemicals in the marine environment; or the 

possible interactions with non-target aquatic organisms (Isidori et al. 2005). Atkinson et al. 

(2003) measured estrogen concentrations present in sewage at injection wells, coastal, and 

offshore waters around the U.S., including regions near the Florida Keys.  Estrogen was 

undetectable in the open ocean, but increased to approximately 2,000 pg/l near Key West 

(Atkinson et al. 2003).  The aut hors stated that the impacts of estrogens on corals were, at 

this point, unknown (Atkinson et al. 2003).  Other studies conducted by Tarrant et al. 2004 

indicated that exposure of Montipora capitata to estradiol caused a 29% reduction in the 

number of egg-sperm bundles compared to controls. Colonies of Porites compressa 

exposed to estrone grew significantly slower than control groups, estrone exposure also 

caused tissue thickening in one of the experiments. (Tarrant et al. 2004).  The authors 



[Type here] 
 

suggested that future research focus on determining dose-response relationships as well as 

effects of exposure to different types of estrogen (Tarrant et al. 2004).  Research regarding 

other pharmaceutical compounds should focus on identifying concentrations of the 

compounds and their derivatives as well as assessing their impacts to coral reefs and marine 

ecosystems in general (Isidori et al. 2005). 

Another area of research regarding xenobiotic compounds includes work on 

organic hydrocarbons like those found in oil spills (Peters et al. 1981; Dodge et al. 1984). 

Studies indicated that small scale chronic spills may be more toxic than single large scale 

spills (Peters et al. 1997).  Petroleum products released by oil spills remaining near the 

surface of the water may ne ver contact the reef directly, however, these compounds can 

still affect developing larvae which tend to float near the surface (Peters et al. 1997). 

Some studies have focused on the toxicity of oil spills in combination with dispersants 

(Dodge et al. 1984, 1985; Wyers et al. 1986).  Research suggests that oil spills treated 

with dispersants may be more toxic than spills that are left untreated (Peters et al. 1997). 

Other literature addressing organic pollution focuses on the possibility of coral recovery 

from organic pollution.  While some research indicates that coral may be able to recover 

from some organic pollution if the pollutant were to be removed and the coral were 

grown in clean seawater (Wyers et al. 1986); a study by Peters et al. (1981) has shown 

that coral colonies exposed to fuel oil for three months still exhibited hydrocarbon 

contamination even after being transferred to clean seawater for two weeks. 

Xenobiotic compounds are found in the marine environment in very low 

concentrations (Wu 1999).  The long term effects of these compounds are not well 

understood (Wu 1999).  Much of the available knowledge on the subject is a result of short 

term laboratory studies which have exposed a single species to a constant high 
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concentration of one compound (Peters et al. 1997; Wu 1999). The authors suggest that 

these short term studies cannot accurately predict the long term ecological effects in the 

field (Peters et al. 1997; Wu 1999).  As with many of the other pollutants, transport 

mechanisms, uptake and storage methods will be important to understand in order to better 

establish the possible effects of these chemicals on reefs. 

6.5. Herbicides/Pesticides 

Studies show increasing levels of pesticides, particularly lindane, DDT, and 

chlordane in nearly 100% of corals in the Great Barrier Reef and reefs off the Florida 

Keys (Peters et al. 1997).  In general, data on pollutants and biological responses is much 

more complete for temperate marine and freshwater systems (Peters et al. 1997).  It has 

not yet been established if the fate and transport of pollutants in tropical marine systems is 

similar to that of temperate systems (Peters et al. 1997).  Sources of herbicides and 

pesticides include agricultural runoff and antifouling paints (Jones and Kerswell 2003). 

One of the main ways that herbicides and pesticides can negatively affect coral is by 

interfering with photosynthesis (Raberg et al. 2003, Jones and Kerswel 2003, and 

Harrington et al. 2005).  Agricultural runoff can introduce sedimentation in combination 

with herbicides and pesticides (Harrington et al. 2005).  Harrington et al. (2005) suggested 

that the effects of sedimentation on crustose coralline algae are significantly enhanced in 

combination with increased concentrations of diuron. 

Prior to being banned in 1990, TBT was the most common compound found in 

antifouling paints (Connelly et al. 2001).  Researchers have stated that TBT is the most 

toxic substance ever introduced to the environment (Goldberg 1986; Maguire 1987). 

Organic booster biocides have since been introduced as an alternative to TBT 

(Konstantinou and Albanis 2004).  These include copper based antifouling agents like 
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Irgarol 1051 and diuron (Konstantinou and Albanis 2004).  Several studies have indicated 

that these compounds are also toxic to coral (Dahl and Blank 1996; Owen et al. 2002; 

Jones and Kerswel 2003; Jones et al. 2003).  The chronic effects of these compounds are 

unknown and difficult to determine (Konstantinou and Albanis 2004).  Authors suggest 

that further research should be conducted to determine these effects as well as 

concentrations and effects of potentially toxic degradation products of these chemicals 

(Konstantinou and Albanis 2004). 

Despite widespread usage of chemical herbicides and pesticides there is relatively 

little data on the long term environmental effects on coral and other marine organisms 

(Haynes et al. 2000; Raberg et al. 2003).  Data on toxic pollutant levels that cause 

adverse effects in the field are limited (Peters et al. 1997).  Additionally, studies on 

multiple stressors and their interactions with herbicides and pesticides are limited (Raberg 

et al. 2003).  Future research should focus on synergistic effects as well as effects on 

coral reproduction and larval settlement (Raberg et al. 2003). 

 

6.6. Salinity 

 
So far, salinity fluctuations have not been considered a serious threat to coral reefs 

in most areas.  However, there is a growing concern regarding the detrimental role salinity 

fluctuations play in the survivorship of already stressed coral reef organisms or organisms 

existing in marginal environments.  The ability of corals in marginal habitats to survive 

both short- and long-term salinity fluctuations is a growing area of research essential for 

their persistence in such environments.  For example, sub-optimal salinity patterns can 

persist in the near-shore environment of coastal lagoons like Biscayne Bay for several 

days due to canal runoff or storm events (Manzello and Lirman 2003). 
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Long-term low- level stress salinity studies are needed in order to assess the 

potential impact of salinity fluctuations on coral reef communities, especially those in 

marginal habitats or under stress.  Porter et al. (1999) studied the combined effects of 

temperature and salinity in Florida Bay and found exposure to elevated temperatures and 

salinities after 36 hours caused coral mortality (Porter et al. 1999).  Similar experiments 

focus on short (hours) exposure times.  Further research into the effects of multiple 

stressors combined with salinity fluctuations should be investigated.  Many environmental 

factors affect coral reefs and fluctuations in salinity should not be overlooked. 

6.7. Carbon Dioxide and Carbon Dioxide Rise 

 
Given the uncertainties of the global CO2 budget, it is important that the role of 

coral reefs in global carbon cycles should be accurately understood (Ware et al. 1991). In 

their review of calcification and CO2, Gattuso and Buddemeier (2000) make the following 

recommendations for future CO2 research: the role of photosynthetically coupled 

calcification in the global carbon cycle, and its sensitivity to ocean chemistry requires 

further exploration; marine biological responses to high levels of CO2 should be 

researched in the long-term; and interactions of CO2 with other environmental changes 

such as increased temperature and nutrient concentrations should be investigated. 

Kleypas et al. (1999) suggest that reduced reef calcification warrants a much closer look 

at the biogeochemistry of shallow water carbonate secretors. Better quantification of the 

calcification-saturation relationship through laboratory and field studies as well as 

examination of geologic records is needed.  Climatic changes and fluctuations in sea 

surface temperatures may have positive or negative effects on a local scale.  At present, 

there is no basis for predicting widespread deleterious effects.  For example, little is 

known about the effects of increasing UV exposure and the decrease of carbonate 
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saturation state (Smith and Buddemeier 1992).  

Human-related stress differs from naturally induced stress due to its increased 

frequency and variable intensity.  The long-term impacts of altering natural disturbance 

regimes needs to be better understood in order to address issues encountered regarding 

biodiversity and cumulative impacts to the coral reef community.  Many CO2 studies take 

place in the laboratory using a mesocosm within which CO2 can be manipulated.  This is 

inherently different from a natural reef for many reasons including the lack of a water- 

motion regime.  However, there is still a need to pursue experimental studies using 

controlled environmental conditions to unravel the response of corals to global 

environmental changes. 

The scientific community needs to find better ways for integration across 

disciplinary boundaries as well as across time and space scales within disciplines.  Reef 

research has long been dominated by biologists and geologists, yet climate and stresses 

induced by climate change are defined and studied in physical and chemical terms. A 

concerted effort to match studies of physical/chemical forcing with the 

biological/geological responses is the only way to synthesize an effective approach to 

global change issues (Smith and Buddemeier 1992). 

6.8. Temperature 

Increased sea-surface temperatures are correlated with mass coral bleaching 

events; however, the cellular mechanism behind this phenomenon remains uncertain 

(Downs et al. 2002).  Coral bleaching is typically used as an indicator of the upper 

thermal limit for a coral species, however, Fitt et al. (2001) suggest bleaching bears little 

relationship to physiological processes occurring in corals and their symbionts.  In other 

words, corals appear to experience the physiological stress of reduced tissue biomass and 
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loss of algal symbionts weeks to months before the human eye can detect any signal of 

stress.  If bleaching is going to be used as a proxy for death in studies of thermal limits 

for corals, it is necessary to unequivocally link the sublethal bleaching (which sometimes 

corals recover from) response to the point of death of the coral.  Exposure times, and 

irradiances, and temperatures used in experiments must be specified if experiments in the 

laboratory are to have any relevance to the natural world. 

The ability of corals to adapt to episodes of bleaching is not known; whether 

tolerance against bleaching depends on properties of the host or the zooxanthellae, or a 

combination of both is unknown, nor is it clear whether they relate to genetic or 

phenotypic differences in zooxanthellae (Brown 1997).  It remains unknown as to the 

processes by which symbiont shifts occur in coral populations and whether there could be 

differential mortality of coral hosts and/or bleaching- induced symbiont change (Baker et 

al. 2004).  Numerous documents from a variety of geographical areas report on wide- 

scale coral bleaching resulting in mass mortality, but only a few studies have presented 

detailed quantitative data on community structure and species diversity before and after a 

bleaching event (Loya et al. 2001).  This has limited the ability to project long-term 

effects of coral community structures.  Research on the induced synthesis of heat shock 

proteins (HSPs) has increased as a result of widespread bleaching episodes.  Robbart et al. 

2004 addressed the hypothesis that variable HSP expression following an ENSO event 

may be important in determining the ability of certain coral species to recover (Robbart et 

al. 2004).  Such differences in resilience following a large-scale event such as an ENSO 

may drive change in coral species abundance patterns (Robbart et al. 2004). 

Coral bleaching does not always result in mortality.  A number of studies have 

documented coral recovery from a bleaching event.  The adaptive bleaching hypothesis 
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(ABH) states that the loss of zooxanthellae may allow other representative algae to re 

establish a symbiosis with the host coral species, creating a new holobiont (also known as 

ecospecies or host-symbiont unit) (Fautin and Buddemeier 2004).  Another hypothesis for 

this phenomenon is that the outcome of mortality or recovery is determined by the extent 

of oxidative damage experienced by the coral, however, further research is needed to 

support this (Downs et al. 2002).  Even with moderate predictions, present and future 

increases in sea surface temperature are likely to have severe effects on coral reef systems.  

A better understanding of the capacity for corals and zooxanthellae to adapt to rapid and 

on-going changes is required.  Given the central role of corals and zooxanthellae in the 

structure and function of coral reefs, these changes are likely to have severe and negative 

effects on the heath of coral reefs world-wide. 

The ecological and economic effects of these changes have not been adequately 

assessed and should be a priority for research (Hoegh-Guldberg 1999).  The need to 

implement long-term, international monitoring programs for coral reef ecosystems has 

been documented and supported by many scientists in the field of research.  Major goals 

for this field of research should be to determine the ability of reefs to recover from stress, 

develop and amplify methods of restoring damaged coral reef habitats, and study the 

effects of large-scale bleaching and mortality on ecological services provided by coral 

reef systems (Goreau et al. 2000). 

6.9. Turbidity 

Turbidity in the marine environment has been long overlooked by the scientific 

community.  Research on particles in the marine environment has focused primarily on 

sedimentation rather than turbidity.  Assessment of turbidity of inshore ecosystems should 

address two questions: (1) what constitutes a significant increase in turbidity? and 
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(2) what is the turbidity threshold above which significant environmental change is 

expected?  These factors are critical for researchers and managers to understand when 

seeking to establish thresholds or trigger levels (Orpin et al. 2004).  Turbidity effects are 

infrequently examined, and then only at extremely high levels for short periods of time or 

in association with toxic byproducts. 

While some studies have addressed the problems of turbidity on coral 

assemblages, findings have been inconsistent.  The turbidity regime in the marine 

environment can have a significant effect on the energetics of corals.  Exposure time to 

high-turbidity levels is a crucial factor in determining ecological stress (Anthony and 

Fabricius 2000).  Few studies have attempted to quantify this stress as a function of 

turbidity exposure.  Orpin et al. (2004) suggest weather forecasts (wind monitoring 

stations) as a cost effective and empirically based field tool that could provide 

environmental managers with a way to forecast the likely range of ambient turbidity. 

Availability of light in the water column decreases with increased concentration of 

suspended particles. 

Historic data on water clarity in tropical coastal marine systems is sparse.  The 

records that do exist are from areas where research stations are located or in areas of 

extreme pollution.  Given the strong link between turbidity, light reduction and lower 

depth limits for coral reefs, more research is needed to understand conditions leading to 

long-term changes in water clarity in coastal systems (Fabricius 2005). 

6.10. Sedimentation 

Along with turbidity, sedimentation has been long overlooked by the scientific 

community and the majority of research done on this topic has been performed within the 

last fifteen years.  It is generally accepted that high rates of sedimentation lead to 
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smothering and death of coral polyps, but the impact of low level accumulation is 

unknown.  Sedimentation is considered a major cause of coral degradation; however, the 

impact of sedimentation on coral-algal interactions has been largely overlooked.  Nugues 

and Roberts (2003a) suggest that algal overgrowth in high sediment conditions may not 

be an important cause of mortality, but that sedimentation and algae act synergistically to 

lead to coral decline.  Sedimentation may cause reef decline by: (1) directly causing 

mortality through sediment burial and smothering; then (2) suppressing the regrowth of 

surviving adult colonies and the settlement of new recruits through increased competition 

with algae.  Further research is needed to clarify this connection. 

Corals have the ability to survive the death of parts of their living tissue due to 

sedimentation.  However, much remains to be learned about the significance of partial 

mortality and whether it can be used as a rapid and effective means of detecting sediment 

stress on coral reefs (Nugues and Roberts 2003b). 

More rigorous, comprehensive research is needed to quantify the response of 

individual reef organisms and the reef system as a whole to sedimentation from dredging 

and runoff.  Emphasis should be on changes in abundance and spatial arrangement of 

dominant benthic organisms so scientists can effectively assess changes and trends on 

coral reefs.  Standardization of monitoring methods and long-term data sets are necessary 

for this to happen (Rogers 1990). 

Additional research is needed on the threshold levels for reef species above which 

sedimentation has lethal effects for a particular species and above which normal 

functioning of the reef ceases.  The limit between high and low sediment accumulation is 

poorly defined due to hydrodynamic interactions in the environment such as: magnitude, 

rate, duration, and timing, all which add to the complexity of its measurement (Thomas 
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and Ridd 2005).  

6.11. Disease/Pathogens/Viruses/Bacteria 

There is a lack of knowledge about the causative agents of many diseases affecting 

corals and their symbiotic algae.  The ongoing characterization of coral diseases is 

important to identify coral disease pathogens to determine possible treatment or 

prevention. New areas of research include: discerning mechanisms of aspergillosis 

resistance in sea fans, applying molecular technology to confirm identities of pathogens 

in outbreaks, manipulating corals to trigger disease occurrence, and determining if any 

relationship exists between increased nutrients and disease occurrence (Richardson 1998). 

Anthropogenic inputs such as organic carbon (starch, lactose, arabinose, and mannose) 

and nutrient loading are also becoming increasingly important in relating species-specific 

and carbon-specific pathologies and rates of mortality (Kuntz et al. 2005). While declines 

in corals have led to the identification of some diseases, impacts of these diseases are 

poorly understood.  Future research will indicate whether plague- like signs in coral 

species represent a single disease condition by a single pathogen, or if plague-like diseases 

represent different diseases caused by a variety of pathogens (Sutherland et al. 2004). 

The occurrence of pathogenic human enteric viruses in marine waters is not well 

characterized.  Any understanding of this topic has been hampered by a limited number 

of studies, lack of available and accurate detection assays, and erroneous assumptions 

regarding virus viability and infectivity.  The contamination of marine waters with 

viruses should be considered an important issue (Griffin et al. 2003). 

Declines in Caribbean coral reefs due to black band disease and coral bleaching 

have occurred during peak years of African dust loading.  Linking components of dust to 

specific diseases is difficult because scientists have yet to identify the causative agents 
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for the vast majority of coral diseases.  While researches are involved in exploring the 

potential impacts of African dust, any findings are presented as a working hypothesis in 

need of further testing (Ryan 2001). 

Very few studies focus on the physiological impairments of the coral host and its 

symbiont that relate specifically to pathogenic stress.  An understanding between the 

stability between the coral host and its symbiotic zooxanthellae is germane to 

understanding homeostasis within this relationship.  Integrating the links between thermal 

expulsion and coral diseases may provide a better understanding of the cellular 

mechanisms that induce the breakdown of the coral and zooxanthellae.  It is imperative to 

distinguish between the mechanisms of coral bleaching and coral disease infection for 

accurate field measurements of reef health (Cervino et al. 2004a). 

Disease occurrence in the oceans is on the rise.  Most new diseases occur by host 

shifts and not the emergence of new microorganisms.  Contributing to the emergence of 

diseases is a long-term warming trend coupled with human activities.  The inability to 

identify most causative agents and lack of standard epidemiological data for diseased 

populations limit the ability to examine host-pathogen interactions, to analyze changes in 

disease dynamics, and to assess the impact of diseases on host populations worldwide. 

There is an urgent need for interdisciplinary studies of marine diseases, focusing on the 

development of better molecular and computational tools and understanding the 

mechanisms of disease resistance in marine organisms (Harvell et al. 1999). 

6.12. Outfalls 

 
The initial dilution of effluent discharges is an important characteristic for 

determining environmental impact.  For economic feasibility and marine environmental 

protection, it is essential to develop realistic initial dilution design criteria or standards for 



[Type here] 
 

water quality management (Huang et al. 1994).  The Florida Current plays a major role in 

the mixing and dispersing of effluent plumes.  Physical oceanography of coastal waters 

must be thoroughly understood in order to track the movement of effluent water. 

Theories on the initial mixing of out fall plumes has been established, however, these 

theories were mainly compared with laboratory experiments and verification of these 

theories with field data is rare (Proni et al. 1994). Mixing zone models have been 

developed (CORMIX, PLUMES, and OMZA) but minimal research has shown the 

accuracy of their predictive ability in repetitive studies (Huang et al. 1998). 

Surveys on water quality parameters in treatment plants in south Florida have been 

performed which indicate that routinely monitored constituents are at allowable levels 

(Bloetscher and Gokgoz 2001), however, the fate of pesticides, solvents, and cleaners is 

less well studied.  Further research and better analytical techniques are 

necessary to understand their impacts and detect concentrations that may exist in south 

Florida wastewater treatment plants. 

Factors that decrease risk from ocean outfalls include the rapid dispersal and 

dilution of plumes by the Florida Current (EPA 2003) but also the distance of the outfalls 

from land; the lowest risk outfalls are farthest from land (Miami- Dade Central outfall) 

while the highest risk outfalls are closest to land (Boca Raton, Del Ray Beach outfalls). 

While the use of multi-port diffusers appears to aid in dispersal of the effluent compared 

to single-port diffusers, discharging the effluent at a faster speed appears to also increase 

the rate of dispersal and dilution (EPA 2003). 

While evaluating the potential impacts of the southeast Florida ocean outfall 

discharges on the marine environment, South Florida wastewater utilities and regulatory 

agencies need to recognize that additional information is needed to develop conditions for 
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outfall permitting.  Understanding how discharged effluent undergoes dispersion, mixing, 

and dilution in the ocean is particularly important for the risk assessment of outfalls. In 

order to maintain that outfalls are not causing environmental degradation, active sampling 

and pretreatment inspections should be ongoing; sampling techniques should also be 

cohesive among the different cities in southeast Florida for testing of their respective 

outfalls; and laboratory tests should be maintained for comparison to field work. 

6.13. Inlets 

Research in the field of inlets is lacking in Florida, especially along the southeast 

coast. The flow of water movement associated with inlets, as well as the make-up of this 

water is largely unknown.  Existing research deals mostly with estuaries, canals and rivers 

in other areas of Florida as well as addresses hydrodynamics and water quality issues 

(Militello and Zarillo 2000; Sigua et al. 2000; Macauley et al. 2002).  The South Florida 

Water Management District maintains a database of historical and current hydrologic, 

meteorologic, and hydrogeologic water quality data collected at the ir coastal salinity 

control structures (fire hydrants in Fig. 8) (South Florida Water Management District 

(SFWMD): DBHYDRO Water hydrological and quality data. 2006. 

http://www.sfwmd.gov/org/ema/dbhydro/index.html).  The coastal salinity control 

structure are located several miles inland and separate the freshwater portion of the system 

from the saline part.  Data from these structures could be used to calculate loadings into 

the estuarine portion of the canal system.  Characterization of pollutant concentrations in 

inlet discharges and quantification of flow rates into and out of the inlets is an area largely 

overlooked in the literature.  In order to quantify the relative and absolute magnitudes of 

pollutant discharges into the coastal ocean off southeast Florida, physical, and 

biogeochemical processes characterizing those waters must be investigated such as: 

http://www.sfwmd.gov/org/ema/dbhydro/index.html
http://www.sfwmd.gov/org/ema/dbhydro/index.html
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hydrodynamic data, sediments, surface water quality, living organisms, and the benthic 

community.  Inlets are an important component to the complex waterway system of 

southeast Florida and they should not be ignored by the scientific community.  

6.14. Coastal Ocean Processes/Seasonal Upwelling 

The fundamental processes that control coastal dynamics operate over a wide 

range of space and time scales (Jahnke et al. 2002).  The study of these processes has 

been recognized as a crucial step in the understanding of any marine system (Jahnke et al. 

2002).  In order to determine the fate of anthropogenic materials that are introduced into 

the coastal system, long term measurements of boundary layer and seabed parameters are 

necessary (Jahnke et al. 2002).  This is because much of the transport and dispersal of 

these materials is often episodic and occurs in the near-bottom boundary layer (Jahnke et 

al. 2002).  The authors also suggested that continuous measurements of all coastal 

conditions be undertaken, an integrated coastal observatory system was proposed (Jahnke 

et al. 2002). 

Upwelling events are a key source of nutrients and suspended particulate matter to 

some coral reefs (Leichter and Miller 1999; Jahnke et al. 2002).  Upwelling also delivers 

colder water to the surface and can cause temperature stress to coral (Leichter and Miller 

1999). However, there is also some evidence that localized upwelling events may actually 

help to relieve heat stress in some coral species (Grimsditch and Salm 2005). Ekman 

transport, tidal jets, near shore winds, and internal tidal bores are all processes that can 

result in upwelling (Leichter and Miller 1999).  The biological and ecological effects of 

upwelling events are not well understood (Leichter and Miller 1999).  Internal tidal bores 

can introduce cooler, nutrient rich, high salinity water from below the thermocline to coral 

reefs (Letichter et al. 1996; Leichter et al. 2003).  The authors suggest that there is a 
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critical need to understand coastal dynamics and their  consequences for coral and other 

marine ecosystems (Leichter et al. 2003). 

Again, there are no studies that focused specifically on coastal ocean processes as 

 
a source of pollutants to the southeast Florida region. 
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6.15. Submarine Groundwater Discharge 

The amount of water and dissolved constituents released by submarine 

groundwater discharge (SGD) into the coastal ocean is unknown due to the difficulty 

involved in measuring it (Corbett et al. 2001).  There are three ways available to describe 

SGD, modeling, direct physical measurement, and tracer techniques (Corbet et al. 2001; 

Burnett et al. 2003).  In each of these situations there are many assumptions made in the 

calculations, and very rarely are any two or more approaches used within the same study 

(Burnett et al. 2003).  The authors suggest that new technologies and modeling strategies 

need to be developed in order to estimate fluxes and differentiate between the factors that 

influence SGD (Burnett et al. 2003). 

Studies have presented compelling evidence that direct groundwater flow to the 

ocean can be a significant source of nutrients in some areas (Scientific Committee on 

Oceanic Research (SCOR) Land-Ocean Interactions in the Coastal Zone (LOICZ) 2004). 

According to Payton et al. (2006) nutrient concentrations were higher in groundwater 

than in coastal waters near the Florida Keys by one to two orders of magnitude.  The 

contribution from SGD was highly variable between samples due to the many factors that 

influence SGD, but there was a general concentration gradient for nutrients with 

concentrations being highest near the shoreline (Paytan et al. 2006).  The authors noted, 

however, that the reef tract off the Florida Keys is several kilometers offshore and 

therefore it is not clear whether the groundwater is ever being transported all the way to 

the reef (Paytan et al. 2006) 

Submarine groundwater discharge (SGD) may also be a source of pathogens, 

bacteria and other chemicals (Corbett et al. 2001; Paytan et al. 2006).  Since SGD 

eventually ends up in the coastal ocean, any contaminant that is picked up along the way 
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will ultimately become a marine pollution problem and may contribute to poor water 

quality and algal blooms (Corbett et al. 2001).  The sources of pollutants to the 

groundwater, mechanisms that enhance SGD, and the impacts on coral reefs all need to 

be further evaluated (Paytan et al. 2006).  Researchers suggest that specific pollutant 

fluxes and pathways need to be studied in direct relation to their effects on coral reefs 

(Paytan et al. 2006).  It is also important to note that no studies were found that 

specifically center on the effects of SGD in southeast Florida. 

6.16. Effects of Everglades Restoration 

The Comprehensive Everglades Restoration Plan (CERP) was designed to restore 

the flow of this freshwater to the Everglades and prevent it from being lost to tide (United 

States Army Corps of Engineers Jacksonville District, South Florida Water Management 

District 1999). CERP will also restore a more natural historic flow of water to Biscayne 

Bay.  This will result in increased delivery of freshwater and sediments to Florida Bay, 

Biscayne Bay, and the Florida Keys (Lirman et al. 2003).  Increasing the amount of 

freshwater also means decreasing salinity.  Lirman et al. (2003) suggests that the flow be 

delivered via overland flows rather than canals in order to reduce the localized impacts of 

salinity fluctuations.  Waters flowing out of the EPA (Everglades Protected Area) due to 

CERP are also enriched with nutrients and runoff from the Everglades Agricultural Area 

(Rudnick et al. 1999; Porter and Porter 2002).  In an effort to reduce the concentrations of 

nutrients, the Everglades Nutrient Removal (ENR) project was established (Guardo 

1999). Studies regarding the effectiveness of this project have centered on the removal of 

phosphorus (P).  Although the total outflow of P was reduced in the studies, it was not 

reduced to the desired concentration of < 10 µg/l (Juston and DeBusk 2005).  It has been 

suggested that since the ENR is made up of different cells with different treatment 
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characteristics, each cell needs to be analyzed separately to gain a better understanding of 

the effectiveness of the system (Guardo 1999). 

There have been some concerns that CERP will actually reduce the amount of 

freshwater flowing into estuarine systems in the southeast Florida region which may lead 

to local hypersalinization.  This may also lead to a buildup of contaminants within the 

canals that could lead to high levels being flushed out during drainage events.  There has 

been no research found that addresses these concerns at this time. 
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7. REVIEW OF FEDERAL, STATE AND LOCAL WATER QUALITY 

STANDARDS 

7.1. Overview 

Task 3 of SEFCRI Land-based Sources of Pollution and Water Quality Local 

Action Strategy involves the location, identification, and review of federal, state, and 

local water quality laws. The environmental laws, regulations, and ordinances that 

contain water qua lity standards and criteria on the federal, state, regional and local levels 

have been reviewed.  The review was expanded to include other laws and regulations that 

could be construed to be used or applied to protect coral reefs from land based sources of 

pollution. These include laws that include prohibitions and laws that address damages to 

natural resources. 

Each regulatory document was evaluated to determine: whether coral reefs were 

specifically addressed, whether marine resources were addressed, whether there were 

specific quantitative or qualitative water quality standards, and whether there were any 

planning or prohibition clauses that would allow for current or future application to coral 

reefs.  When a law was found that could be applied, it was analyzed and pertinent 

sections are included in the Appendices of the report. 

In addition to finding promulgated and published laws, contacts were attempted 

with regulatory, research, and conservation agency staff to determine whether any 

existing water quality standards have been identified, evaluated, or researched specific to 

coral reefs. 

7.2. Federal Laws & Regulations 

 

Federal Water Pollution Control Act (Clean Water Act) 

33 United States Code (U.S.C.) 1251 et. seq. 

Sections 101, 303, 304, 305, 319, 401, 402, 403 
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Code of Federal Regulations, Part 131 

7.2.1. Clean Water Act 

See APPENDIX 1, Code of Federal Regulations See APPENDIX 2 

 
The main federal law that addresses surface water quality standards is the Federal 

Water Pollution Control Act which is also known as the Clean Water Act (CWA).  The 

CWA has five main elements: (1) a system that creates minimum effluents standards 

based on an industrial category, (2) water quality standards, (3) a discharge program that 

creates a permitting system for standards and enforcement, (4) special provisions for 

problems such as toxic chemicals and oil spills, and (5) grants and loans for treatment 

facilities that are publicly owned. 

The first main element is based on assessments and guidelines that have been 

developed for each industry. Effluent limitations and guidelines have been developed by 

assessments and information gathered from industrial facilities. 

Water quality standards are set based on Sections 303 and 304. They have been 

developed primarily based on state activities under the guidelines of the Code of Federal 

Regulations, Part 131, Water Quality Standards (Appendix 2), which provides federal 

guidance and requirements to states based on the goal of designating the use of water 

bodies and then accordingly developing an appropriate standard. The water quality 

standards are standards for the overall quality of water.  Waters are classified by their 

beneficial use and standards are developed for that use.  States are required to establish 

water quality standards for the beneficial use of water bodies in the state. 

Discharge regulatory requirements of the law apply primarily to industrial and 

municipal dischargers.  The concept is that all discharges into waters of the United States 

are prohibited unless authorized by a permit. The permitting authority can be delegated to 



[Type here] 
 

the states.  The Act uses both the water quality standards and technology based effluent 

limitations to protect water quality. The permit for point source industrial municipal and 

storm water discharges to surface water is called the National Pollutant Discharge 

Elimination System (NPDES) and is outlined in Section 402 of the CWA. 

The CWA, Section 305(a) requires that states assess water bodies and produce an 

inventory report on the conditions of state waters including the identification of point 

sources, a description of non-point sources and programs that are needed to control each 

category of pollution. Waters that are not meeting the criteria for designated uses are 

called impaired waters. Under CWA Section 303(d) the state must develop a list of 

impaired waters. Thermal pollution is also addressed to identify where controls are not 

stringent enough to protect populations of shellfish, fish and wildlife. This is known as the 

303(d) List. States are required to develop total maximum daily loads (TMDL) that 

specify limits for the addition of pollutants responsible for water quality impairment. A 

TMDL specifies the maximum amount of a pollutant that can go into a water body for the 

water body to meet water quality standards. EPA approves or disapproves impaired water 

lists and TMDLs submitted by the state.  States are required to have an EPA approved 

continuing planning process that provides for periodic updates of the requirements for 

assessing impaired waters and TMDLs. 

Section 304 of the CWA establishes a requirement of publishing water quality 

criteria on the kind and extent of effects on health and welfare to plankton, fish, shellfish, 

wildlife, plant life, shorelines, beaches, esthetics and recreation from pollutants, on the 

concentration and dispersal of pollutants and their effects on biological community 

diversity, productivity, stability, eutrophication, sedimentation for receiving water bodies. 

Under this provision the EPA must also provide information on the restoration, 
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maintenance, of the chemical, physical, biological integrity of waters as well as factors 

needed to protect and propagate shellfish, fish, and wildlife, and on the measurement, and 

classification of water quality. 

Section 319 of the CWA was an added during the 1987 when it was recognized 

that the effluent and permitting provisions of CWA addressing point sources were not 

sufficient to improve water quality without strengthening the approach to non-point 

source pollution. This section directs states to develop reports and management plans 

that address non-point sources.  Management plans are approved by EPA and states are 

encouraged to develop these on a watershed basis.  Approved plans are eligible for 

federal implementation grants. 

Application to Coral Reef Water Quality 

 
The applicable existing provisions of the CWA can be applied, even though there 

is no explicit language addressing the coral reef resources. However, the language of the 

water quality provisions is clear in their application to waters where coral reefs occur. 

Section 101 states the goal of water quality which provides for protection and 

propagation of fish, shellfish, and wildlife and provides for recreation in and on the 

water.  In addressing the creation of the water quality standards of Section 303, standards 

are to be based on use and take into account the use and value “for public water supplies, 

propagation of fish and wildlife, recreational purposes …” Section 303(i) specifically 

addresses aspects of Coastal Recreation Water Quality criteria and standards for coastal 

recreation waters of the state. Section 304, in addressing the development of information 

and guidelines, also specifies the applicability to plankton, fish, shellfish….shorelines, 

beaches etc. The water quality inventory in Section 305(a)(1) refers to taking into 

account tidal variations of all navigable waters including waters of the contiguous zone. 
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Coral reefs are found in water that is navigable and some reefs may be located in the 

contiguous zone. 

7.2.2. Safe Drinking Water Act 

The Safe Drinking Water Act (SDWA) provides standards for drinking water to 

protect against natural and manmade contaminants. Initially, the focus of the Act was for 

treatment of drinking water. Later amendments in 1986 and 1996 focused on protection 

of drinking water sources including surface and groundwater. Local laws including 

zoning and local pollution prohibition laws exist to protect sources of drinking water. 

Some of these laws include water quality criteria. 

Application to Coral Reef Water Quality 

 
SDWA is not drafted to protect general surface water quality. However, any of 

the local pollution prohibitions that address surface or ground water quality may benefit 

marine and reef resources by reduction of pollutants. 

7.3. State Laws 

Florida Constitution 

Florida Statutes, 403, 376, 373, 380 

 

7.3.1. Florida Constitution 

 
Article II, Section 7 of the Florida Constitution provides for abatement of water 

pollution and conservation and protection of Florida’s natural resources and scenic 

beauty.  This provides for the statutory basis for those sections of the Florida Statutes that 

protect water resources and other natural resources including coral reefs. 

ARTICLE II: GENERAL PROVISIONS 
 

SECTION 7. Natural resources and scenic beauty. 
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(a) It shall be the policy of the state to conserve and protect its natural resources and 

scenic beauty. Adequate provision shall be made by law for the abatement of air and 

water pollution and of excessive and unnecessary noise and for the conservation and 

protection of natural resources. 

7.3.2. Florida Statues 

7.3.2.1. Chapter 403, Environmental Control 

Chapter 403 is known as the Florida Air and Water Pollution Control Act. This act 

addresses water, air and noise.  The legislative declaration recognizes pollution of water 

as harmful, including harm to aquatic life. The public policy of the state is declared to 

“conserve the waters of the state and to protect, maintain, and improve the quality thereof 

for public water supplies, for the propagation of wildlife and fish and other aquatic life, 

and for domestic, agricultural, industrial, recreational, and other beneficial uses and to 

prove that no wastes be discharged into any waters of the state” without treatment. The 

legislative declaration includes for the provision of a statewide program of air and water 

pollution prevention and “for the securing and maintenance for appropriate levels of air 

and water quality.” The Department empowered to carry out this declaration is the 

Florida Department of Environmental Protection (FDEP) under the police powers of the 

state. The FDEP is designated as the state water quality protection agency. 

Chapter 403 defines pollution as “the presence in the outdoor atmosphere or 

waters of the state of any substances, contaminants, noise, or man- made or human- 

induced impairment of air or waters or alteration of the chemical, physical, biological, or 

radiological integrity of air or water in quantities or at levels which are or may be 

potentially harmful or injurious to human health or welfare, animal or plant life….” 

Waters are defined to include “rivers, lakes, streams, springs, impoundments, wetlands 
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and other waters or water bodies that include fresh, saline, tidal, surface, or underground 

waters.” 

The FDEP is empowered to control and prohibit pollution of air and water by law 

and rules that the department promulgates.  The department is charged with developing a 

“comprehensive program for the prevention, abatement, and control of the waters of the 

state”.  Chapter 403 allows for the grouping of water into classes. 

The FDEP is also charged with establishing water quality standards for the state. 

The department is also charged with establishing and administering a program for 

“restoration and preservation of bodies of water within the state” and to establish 

“Outstanding Florida Waters” which are a special category of waters that warrant special 

protection. In addition to these waters the department is charged with adopting rules 

allowing for stricter permitting within aquatic preserves, areas of critical state concern 

and other waters subject to the provisions under Chapter 380, Florida Statutes. Under 

Section 403.062 the department has general control and supervision of waters that include 

coastal waters when pollution may affect public health or interests of the public. 

Application to Coral Reef Water Quality 

The statute does not specifically address water quality as it relates to coral reef 

resources. However, the statute specifically includes saline, coastal and tidal waters 

where coral reefs occur. 

There is no limitation on location or kind of pollution sources nor is there a 

distinction made in the origins of the pollution sources as being land or water based. 

There is no language that excludes seepage either from land based surface or ground 

water, or a direct water pollution source. 

There are four program areas that are applicable to waters surrounding the reefs: 
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Water Quality Standards, (Section 403.061(10) & 403.061(11), and Total Maximum 

Daily Loads, (Section 403.067) Ocean Outfalls (Section 403.085) and National Pollutant 

Discharge Elimination System (NPDES, Section 403.0885). 

7.3.2.2. Water Quality Standards 

 
i. Florida Statute Section 403.061(10) 

 
Section 403.061(10) provides the FDEP with authority to develop a program to 

prevent, abate and control the waters of the state. It provides for the grouping of state 

waters into classes based on present and future beneficial use. 

ii. Florida Statute Section 403.061(11) 

Section 403.061(11) provides FDEP with the authority to establish ambient water 

quality standards.  These standards appear in Florida Administrative Code (F.A.C. 

Chapter 62-302). 

iii. Florida Administrative Code Chapter 62-302, Surface Water Quality 

Standards 

 
All surface waters of the state are classified into Class I (potable water supplies), 

Class II (shellfish propagation or harvesting), Class III (recreation, propagation and 

maintenance of a healthy, well-balanced population of fish and wildlife, Class IV 

(agricultural water supplies), Class V (navigation, utility an industrial use). Some waters, 

including many waters where coral reefs are located, have additional special designations 

and protection. These waters receive highest protection and include: Outstanding Florida 

Waters, Outstanding National Resource Waters. Under F.A.C. in these waters, there can 

be no degradation of water quality. Coastal waters that are not included in these special 

designations are classified as Class III waters.  Southern Florida, where reefs may occur, 

that have special designation include: Biscayne National Park, Dry Tortugas National 
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Park, Everglades National Park, Crocodile Lake National Wildlife Refuge, Green Heron 

National Wildlife Refuge, Hobe Sound National Wildlife Refuge, Key West National 

Wildlife Refuge, Bahia Honda State Park, Bill Baggs Cape Florida State Recreation  

Area, John Pennekamp Coral Reef State Park, Long Key State Recreation Area, Windley 

Key Fossil Reef State Geological Site, San Pedro State Underwater Archeological 

Preserve. 

Without a non-degradation designation waters would be classified as Class III, 

predominantly marine waters.  This classification applies even when reefs may occur in 

these waters. The quantitative water quality criteria tables (Table 2) in Chapter 62 

302.530 follow: 

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Table 2: 62-302.530 Criteria for Surface Water Quality Classifications 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(1) Alkalinity  Milligrams/L as 

CaCO3  

Shall not be 

depressed below 

20  

  Shall not be 

depressed below 

20  

  < 600    

(2) Aluminum  Milligrams/L    < 1.5     < 1.5      

(3) Ammonia  

 (un-ionized)  

Milligrams/L as 

NH3  

< 0.02    < 0.02        

(4) Antimony  Micrograms/L  < 14.0  < 4,300  < 4,300  < 4,300      

(5) (a) Arsenic  

 (total)  

Micrograms/L  ≤ 10  < 50  < 50  < 50  < 50  < 50  

(5) (b) Arsenic  

 (trivalent)  

Micrograms/L  

measured as total 

recoverable 

Arsenic  

 < 36    < 36      



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(6) 

Bacteriological 

Quality (Fecal 

Coliform 

Bacteria)  

Number per 100 

ml (Most 

Probable 

Number (MPN) 

or Membrane 

Filter (MF))  

MPN or MF 

counts shall not 

exceed a 

monthly average 

of 200, nor 

exceed 400 in 

10% of the 

samples, nor 

exceed 800 on 

any one day. 

Monthly 

averages shall be 

expressed as 

geometric means 

based on a 

minimum of 5 

samples taken 

over a 30 day 

period.  

MPN shall not 

exceed a median 

value of 14 with 

not more than 

10% of the 

samples 

exceeding 43, 

nor exceed 800 

on any one day.  

MPN or MF 

counts shall not 

exceed a 

monthly average 

of 200, nor 

exceed 400 in 

10% of the 

samples, nor 

exceed 800 on 

any one day. 

Monthly 

averages shall be 

expressed as 

geometric means 

based on a 

minimum of 10 

samples taken 

over a 30 day 

period.  

MPN or MF 

counts shall not 

exceed a 

monthly average 

of 200, nor 

exceed 400 in 

10% of the 

samples, nor 

exceed 800 on 

any one day. 

Monthly 

averages shall be 

expressed as 

geometric means 

based on a 

minimum of 10 

samples taken 

over a 30 day 

period.  

  

(7) Barium  Milligrams/L  <      

(8) Benzene  Micrograms/L  < 1.18  < 71.28 annual 

avg. 

< 71.28 annual 

avg.  

< 71.28 annual 

avg. 

    

(9) Beryllium  Micrograms/L  

 

 

< 0.0077 annual 

avg.  

< 0.13 annual 

avg. 

< 0.13 annual 

avg.  

< 0.13 annual 

avg. 

< 100 in waters 

with a hardness 

in mg/L of 

CaCO3 of less 

than 250 and 

shall not exceed 

500 in harder 

waters  

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(15) Cadmium  Micrograms/L  

See Notes (1) 

and (3).  

 Cd <  

e
(0.7409[lnH]-4.719)

 

  

< 8.8  

  

 Cd <  

e
(0.7409[lnH]-4.719)

 

  

< 8.8  

  

  

(16) Carbon 

tetra-chloride  

Micrograms/L  < 0.25 annual 

avg.;  

 3.0 max  

< 4.42 annual 

avg. 

< 4.42 annual 

avg.  

< 4.42 annual 

avg. 

    

(17) Chlorides  Milligrams/L  < 250  Not increased 

more than 10% 

above normal 

back-ground. 

Normal daily and 

seasonal 

fluctuations shall 

be maintained.  

  Not increased 

more than 10% 

above normal 

back-ground. 

Normal daily and 

seasonal 

fluctuations shall 

be maintained.  

 In 

predominantlym

arine waters, not 

increased more 

than 10% above 

normal back-

ground. Normal 

daily and 

seasonal 

fluctuations shall 

be maintained.  

(18) Chlorine 

(total residual)  

Milligrams/L  < 0.01  < 0.01  < 0.01  < 0.01      

(19) (a) 

Chromium 

(trivalent)  

Micrograms/L  

measured as total 

recoverable 

Chromium  

See Notes (1) 

and (3).  

Cr (III) ≤ 

e
(0.819[lnH]+0.6848)

 

  

  Cr (III) ≤ 

e
(0.819[lnH]+0.6848)

 

  

  Cr (III) ≤ 

e
(0.819[lnH]+0.6848)

 

  

In predominantly 

fresh waters, ≤ 

e
(0.819[lnH]+0.6848)

 

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(19) (b) 

Chromium  

 (hexavalent)  

Micrograms/L  

See Note (3)  

< 11  < 50  < 11  < 50  < 11  In predominantly 

fresh waters, 

<11. In 

predominantly 

marine waters,  

< 50  

(20) Chronic 

Toxicity (see 

definition in 

Section 62-

302.200(4), 

F.A.C. and also 

see below, 

"Substances in 

concentrations 

which...")  

       

(21) Color, etc. 

(see also 

Minimum 

Criteria, Odor, 

Phenols, etc.)  

Color, odor, and 

taste producing 

substances and 

other deleterious 

substances, 

including other 

chemical 

compounds 

attributable to 

domestic wastes, 

industrial wastes, 

and other wastes  

    Only 

suchamountsas 

will not render 

the waters 

unsuitable for 

agricultural 

irrigation, 

livestock 

watering, 

industrial 

cooling, 

industrial 

process water 

supply purposes, 

or fish survival.  

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(22) 

Conductance, 

Specific  

Micromhos/cm  Shall not be 

increased more 

than 50% above 

background or to 

1275, whichever 

is greater.  

  Shall not be 

increased more 

than 50% above 

background or to 

1275, whichever 

is greater.  

  Shall not be 

increased more 

than 50% above 

background or to 

1275, whichever 

is greater.  

Shall not exceed 

4,000  

(23) Copper  Micrograms/L  

See Notes (1) 

and (3).  

 Cu ≤  

e
(0.8545[lnH]-1.702)

 

  

≤ 3.7 

  

 Cu ≤  

e
(0.8545[lnH]-1.702)

 

  

≤ 3.7 

  

< 500  < 500  

(24) Cyanide  Micrograms/L  < 5.2  < 1.0  < 5.2  < 1.0  < 5.0  < 5.0  

(25) Definitions 

(see Section 62-

302.200, F.A.C.)  

       

(26) Detergents  Milligrams/L  < 0.5  < 0.5  < 0.5  < 0.5  < 0.5  < 0.5  

(27) 1,1-

Dichloro-

ethylene (1,1-

dichloroethene)  

Micrograms/L  < 0.057 annual 

avg.;  

 < 7.0 max  

< 3.2 annual avg.  < 3.2 annual avg.  < 3.2 annual avg.      

(28) 

Dichloromethane 

(methylene 

chloride)  

Micrograms/L  < 4.65 annual 

avg. 

< 1,580 annual 

avg. 

< 1,580 annual 

avg.  

< 1,580 annual 

avg. 

    

(29) 2,4-Dinitro-

toluene  

Micrograms/L  < 0.11 annual 

avg. 

< 9.1 annual avg.  < 9.1 annual avg.  < 9.1 annual avg.      



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(30) Dissolved 

Oxygen 

  

Milligrams/L  Shall not be less 

than 5.0. Normal 

daily and 

seasonal 

fluctuations 

above this level 

shall be 

maintained.  

Shall not average 

less than 5.0 in a 

24-hour period 

and shall never 

be less than 4.0. 

Normal daily and 

seasonal 

fluctuations 

above these 

levels shall be 

maintained.  

Shall not be less 

than 5.0. Normal 

daily and 

seasonal 

fluctuations 

above these 

levels shall be 

maintained.  

Shall not average 

less than 5.0 in a 

24-hour period 

and shall never 

be less than 4.0. 

Normal daily and 

seasonal 

fluctuations 

above these 

levels shall be 

maintained.  

Shall not average 

less than 4.0 in a 

24-hour period 

and shall never 

be less than 3.0.  

Shall not be less 

than 0.3, fifty 

percent of the 

time on an 

annual basis for 

flows greater 

than or equal to 

250 cubic feet 

per second and 

shall never be 

less than 0.1. 

Normal daily and 

seasonal fluc-

tuations above 

these levels shall 

be maintained.  

(31) Dissolved 

Solids  

Milligrams/L  < 500 as a 

monthly avg.; < 

1,000 max  

     

(32) Fluorides  Milligrams/L  < 1.5  < 1.5   < 10.0  < 5.0  < 10.0  < 10.0  

(33) "Free 

Froms" (see 

Minimum 

Criteria in 

Section 62-

302.500, F.A.C.)  

       



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(34) "General 

Criteria" (see 

Section 62-

302.500, F.A.C. 

and individual 

criteria)  

       

(35) (a) 

Halometh-anes 

(Total trihalo-

methanes) (total 

of bromoform, 

chlorodibromo-

methane, 

dichlorobromom

e- thane, and 

chloro-form). 

Individual 

halomethanes 

shall not exceed 

(b)1. to (b)5. 

below.  

Micrograms/L <80 

  

     

(35) (b) 1. 

Halomethanes 

(individual): 

Bromoform  

Micrograms/L 

  

< 4.3 annual avg.  

  

< 360 annual 

avg.  

  

< 360 annual 

avg.  

  

< 360 annual 

avg.  

  

  

(35) (b) 2. 

Halomethanes 

(individual): 

Chlorodibromo-

methane  

Micrograms/L 

  

< 0.41 annual 

avg. 

  

< 34 annual avg.  

  

< 34 annual avg.  

  

< 34 annual avg.  

  

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(35) (b) 3. 

Halomethanes 

(individual): 

Chloroform  

Micrograms/L 

  

< 5.67 annual 

avg. 

  

< 470.8 annual 

avg.  

  

< 470.8 annual 

avg.  

  

< 470.8 annual 

avg.  

  

  

(35) (b) 4. 

Halomethanes 

(individual): 

Chloromethane 

(methyl chloride)  

Micrograms/L 

  

< 5.67 annual 

avg. 

< 470.8 annual 

avg. 

  

< 470.8 annual 

avg.  

  

< 470.8 annual 

avg. 

  

  

(35) (b) 5. 

Halomethanes 

(individual): 

Dichlorobromo-

methane  

Micrograms/L 

  

< 0.27 annual 

avg. 

  

< 22 annual avg.  

  

< 22 annual avg.  

  

< 22 annual avg.  

  

  

(36) 

Hexachlorobuta-

diene  

Micrograms/L  < 0.45 annual 

avg. 

< 49.7 annual 

avg. 

< 49.7 annual 

avg.  

< 49.7 annual 

avg. 

    

(37) Imbalance 

(see Nutrients)  

       

(38) Iron  Milligrams/L  < 1.0  < 0.3   < 1.0   < 0.3  < 1.0    

(39) Lead  Micrograms/L  

See Notes (1) 

and (3).  

Pb <  

 e(1.273[lnH]-  

 4.705);  

  

≤ 8.5 

  

Pb <  

 e(1.273 [lnH] -  

 4.705);  

  

≤ 8.5 

  

< 50  < 50  

(40) Manganese  Milligrams/L    < 0.1          

(41) Mercury  Micrograms/L  0.012  0.025  0.012  0.025  < 0.2  < 0.2  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(42) Minimum 

Criteria (see 

Section 62-302. 

500, F.A.C.)  

        

(43) Mixing 

Zones (See 

Section 62-4.244 

, F.A.C.)  

       

(44) Nickel  Micrograms/L  

See Notes (1) 

and (3).  

Ni ≤ 

e
(0.846[lnH]+0.0584)

 

  

< 8.3  Ni ≤ 

e
(0.846[lnH]+0.0584)

 

  

< 8.3  < 100    

(45) Nitrate  Milligrams/L as 

N  

< 10 or that con-

centration that 

exceeds the 

nutrient criteria  

     

(46) Nuisance 

Species  

  Substances in concentrations which result in the dominance of nuisance species: none shall be present.  

(47) (a) Nutrients    The discharge of nutrients shall continue to be limited as needed to prevent violations of other standards contained in 

this chapter. Man-induced nutrient enrichment (total nitrogen or total phosphorus) shall be considered degradation in 

relation to the provisions of Sections 62-302.300, 62-302.700, and 62-4.242, F.A.C.  

(47) (b) 

Nutrients  

  

  In no case shall nutrient concentrations of a body of water be altered so as to 

cause an imbalance in natural populations of aquatic flora or fauna.  

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(48) Odor (also 

see Color, 

Minimum 

Criteria, 

Phenolic 

Compounds, 

etc.)  

Threshold odor 

number  

  Shall not exceed 

24 at 60 degrees 

C as a daily 

average.  

    Odor 

producingsubsta

nces: only in 

such amounts as 

will not 

unreasonably 

interfere with use 

of the water for 

the designated 

purpose of this 

classifi-cation.  

(49) (a) Oils and 

Greases  

Milligrams/L Dissolvedoremul

sified oils and 

greases shall not 

exceed 5.0  

Dissolved or 

emulsified oils 

and greases shall 

not exceed 5.0  

Dissolved or 

emulsified oils 

and greases shall 

not exceed 5.0  

Dissolved or 

emulsified oils 

and greases shall 

not exceed 5.0  

Dissolved or 

emulsified oils 

and greases shall 

not exceed 5.0  

Dissolved or 

emulsified oils 

and greases shall 

not exceed 10.0  

(49) (b) Oils and 

Greases  

  No undissolved oil, or visible oil defined as iridescence, shall be present so as to cause taste or odor, or other-wise 

interfere with the beneficial use of waters.  

(50) Pesticides 

and Herbicides  

       

(50) (a) 2,4,5-TP  Micrograms/L  <10      

(50) (b) 2-4-D  Micrograms/L  <100      

(50) (c) Aldrin  Micrograms/L  < .00013 annual 

avg.;  

3.0 max  

< .00014 annual 

avg.;  

1.3 max  

< .00014 annual 

avg.;  

3.0 max  

< .00014 annual 

avg.;  

1.3 max  

  

(50) (d) Beta-

hexachlorocyclo-

hexane (b-BHC)  

Micrograms/L  < 0.014 annual 

avg.  

< 0.046 annual 

avg. 

< 0.046 annual 

avg.  

< 0.046 annual 

avg. 

    



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(50) (e) 

Chlordane  

Micrograms/L  < 0.00058 annual 

avg.;  

0.0043 max  

< 0.00059 annual 

avg.;  

0.004 max  

< 0.00059 annual 

avg.;  

0.0043 max  

< 0.00059 annual 

avg.;  

 0.004 max  

  

(50) (f) DDT  Micrograms/L  < 0.00059 annual 

avg.;  

0.001 max  

< 0.00059 annual 

avg.;  

 0.001 max  

< 0.00059 annual 

avg.;  

 0.001 max  

< 0.00059 annual 

avg.;  

 0.001 max  

  

(50) (g) Demeton  Micrograms/L  < 0.1  < 0.1  < 0.1  < 0.1      

(50) (h) Dieldrin  Micrograms/L  < 0.00014 annual 

avg.;  

 0.0019 max  

< 0.00014 annual 

avg.;  

 0.0019 max  

< 0.00014 annual 

avg.;  

 0.0019 max  

< 0.00014 annual 

avg.;  

 0.0019 max  

  

(50) (i) 

Endosulfan,  

Micrograms/L  < 0.056  < 0.0087  < 0.056   < 0.0087      

(50) (j) Endrin  Micrograms/L  < 0.0023  < 0.0023  < 0.0023  < 0.0023      

(50) (k) Guthion  Micrograms/L  < 0.01  < 0.01  < 0.01  < 0.01      

(50) (l) 

Heptachlor  

Micrograms/L  < 0.00021 annual 

avg.; 0.0038 max  

< 0.00021 annual 

avg.; 0.0036 max  

< 0.00021 annual 

avg.; 0.0038 max  

< 0.00021 annual 

avg.; 0.0036 max  

  

(50) (m) Lindane 

(g-benzene 

hexachloride)  

Micrograms/L  < 0.019 annual 

avg.;  

 0.08 max  

< 0.063 annual 

avg.;  

 0.16 max  

< 0.063 annual 

avg.;  

 0.08 max  

 < 0.063. annual 

avg.;  

 0.16 max  

  

(50) (n) 

Malathion  

Micrograms/L  < 0.1  < 0.1  < 0.1  < 0.1      

(50) (o) 

Methoxychlor  

Micrograms/L  < 0.03  < 0.03  < 0.03  < 0.03      

(50) (p) Mirex  Micrograms/L  < 0.001  < 0.001  < 0.001  < 0.001      

(50) (q) 

Parathion  

Micrograms/L  < 0.04  < 0.04  < 0.04  < 0.04      



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(50) (r) 

Toxaphene  

Micrograms/L  < 0.0002  < 0.0002  < 0.0002  < 0.0002      

(51) (a) pH 

(Class I and 

Class IV Waters)  

Standard Units  Shall not vary more than one unit above or below natural background provided that the pH is not lowered to less than 6 

units or raised above 8.5 units. If natural background is less than 6 units, the pH shall not vary below natural 

background or vary more than one unit above natural background. If natural background is higher than 8.5 units, the 

pH shall not vary above natural background or vary more than one unit below background.  

(51) (b) pH 

(Class II Waters)  

Standard Units  Shall not vary more than one unit above or below natural background of coastal waters as defined in Section 62-

302.520(3)(b), F.A.C., or more than two-tenths unit above or below natural background of open waters as defined in 

Section 62-302.520(3)(f), F.A.C., provided that the pH is not lowered to less than 6.5 units or raised above 8.5 units. If 

natural background is less than 6.5 units, the pH shall not vary below natural background or vary more than one unit 

above natural background for coastal waters or more than two-tenths unit above natural background for open waters. If 

natural background is higher than 8.5 units, the pH shall not vary above natural background or vary more than one unit 

below natural background of coastal waters or more than two-tenths unit below natural background of open waters.  

(51) (c) pH 

(Class III 

Waters)  

Standard Units  Shall not vary more than one unit above or below natural background of predominantly fresh waters and coastal waters 

as defined in Section 62-302.520(3)(b), F.A.C. or more than two-tenths unit above or below natural background of 

open waters as defined in Section 62-302.520(3)(f), F.A.C., provided that the pH is not lowered to less than 6 units in 

predominantly fresh waters, or less than 6.5 units in predominantly marine waters, or raised above 8.5 units. If natural 

background is less than 6 units, in predominantly fresh waters or 6.5 units in predominantly marine waters, the pH 

shall not vary below natural background or vary more than one unit above natural background of predominantly fresh 

waters and coastal waters, or more than two-tenths unit above natural background of open waters. If natural 

background is higher than 8.5 units, the pH shall not vary above natural background or vary more than one unit below 

natural background of predominantly fresh waters and coastal waters, or more than two-tenths unit below natural 

background of open waters.  

(51) (d) pH 

(Class V Waters)  

Standard Units  Not lower than 5.0 nor greater than 9.5 except certain swamp waters which may be as low as 4.5.  

(52) (a) Phenolic 

Compounds: 

Total  

  Phenolic compounds other than those produced by the natural decay of plant material, listed or unlisted, shall not taint 

the flesh of edible fish or shellfish or produce objectionable taste or odor in a drinking water supply. 

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(52) (b) Total 

Chlorinated 

Phenols and 

Chlorinated 

Cresols  

Micrograms/L  1. The total of all chlorinated phenols, and chlorinated cresols, except as set forth in (c) 1. to (c) 4. 

below, shall not exceed 1.0 unless higher values are shown not to be chronically toxic. Such higher 

values shall be approved in writing by the Secretary.  

2. The compounds listed in (c) 1. to (c) 6. below shall not exceed the limits specified for each 

compound.  

1. The total of 

the following 

Phenolic 

compounds shall 

not exceed 50:  

a) Chlorinated 

phenols;  

b) Chlorinated 

cresols; and  

c) 2,4-

dinitrophenol.  

  

(52) (c) 1. 

Phenolic 

Compound: 2-

chlorophenol  

Micrograms/L  < 120  

  

 < 400  

See Note (2).  

 < 400  

See Note (2).  

 < 400  

See Note (2).  

 < 400  

See Note (2).  

  

  

(52)(c) 2. 

Phenolic 

Compound: 2,4-

dichlorophenol  

Micrograms/L <93 

See Note (2).  

< 790  

See Note (2).  

< 790  

See Note (2).  

< 790  

See Note (2).  

< 790  

See Note (2).  

  

  

(52) (c) 3. 

Phenolic Com-

pound: Penta-

chlorophenol  

Micrograms/L  < 30 max;  

< 0.28 annual 

avg; 

< e(1.005[pH]-

5.29)  

< 7.9  

  

< 30 max;  

< 8.2 annual avg;  

< e(1.005[pH]-

5.29)  

< 7.9  

  

< 30  

  

  

  

(52)(c) 4. 

Phenolic 

Compound: 

2,4,6-

trichlorophenol  

Micrograms/L  < 2.1 annual avg.  

  

< 6.5 annual avg.  

  

< 6.5 annual avg.  

  

< 6.5 annual avg.  

  

< 6.5 annual avg.  

  

  

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(52) (c) 5. 

Phenolic 

Compound: 2,4-

dinitrophenol  

Milligrams/L  < 0.0697  

See Note (2).  

< 14.26  

See Note (2).  

< 14.26  

See Note (2).  

< 14.26  

See Note (2).  

< 14.26  

See Note (2).  

  

  

(52) (c) 6. 

Phenolic Com-

pound: Phenol  

Milligrams/L  

  

< 0.3  

  

< 0.3  

  

< 0.3  

  

< 0.3  

  

< 0.3  

  

< 0.3  

  

(53) Phosphorus 

(Elemental)  

Micrograms/L  < 0.1     < 0.1      

(54) Phthalate 

Esters  

Micrograms/L  < 3.0     < 3.0        

(55) 

Polychlorinated 

Biphenyls 

(PCBs)  

Micrograms/L  < 0.000044 

annual avg.; 

0.014 max  

< 0.000045 

annual avg.; 0.03 

max  

< 0.000045 

annual avg.; 

0.014 max  

< 0.000045 

annual avg.; 0.03 

max  

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(56) (a) 

Polycyclic 

Aromatic 

Hydrocarbons 

(PAHs). Total 

of: 

Acenaphthylene; 

Ben-

zo(a)anthracene; 

Benzo(a)pyrene; 

Benzo(b)fluoran-

thene; Benzo-

(ghi)perylene; 

Benzo(k)fluorant

h-ene; Chrysene; 

Dibenzo-

(a,h)anthracene; 

Indeno(1,2,3-

cd)pyrene; and 

Phenanthrene  

Micrograms/L  < 0.0028 annual 

avg.  

< 0.031 annual 

avg. 

< 0.031annual 

avg.  

< 0.031 annual 

avg. 

    

(56) (b) 1 

(Individual 

PAHs): 

Acenaphthene  

Milligrams/L <1.2 

See Note (2).  

< 2.7  

See Note (2).  

< 2.7  

See Note (2).  

< 2.7  

See Note (2).  

  

(56)(b) 2. 

(Individual 

PAHs): 

Anthracene  

Milligrams/L <9.6 

See Note (2).  

< 110  

See Note (2).  

< 110  

See Note (2).  

< 110  

See Note (2).  

  



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(56) (b) 3. 

(Individual 

PAHs): 

Fluoranthene  

Milligrams/L <0.3 

See Note (2).  

< 0.370  

See Note (2).  

< 0.370  

See Note (2).  

< 0.370  

See Note (2).  

  

(56) (b) 4. 

(Individual 

PAHs): Fluorene  

Milligrams/L <1.3 

See Note (2).  

< 14  

See Note (2).  

< 14  

See Note (2).  

< 14  

See Note (2).  

  

(56) (b) 5. 

(Individual 

PAHs): Pyrene  

Milligrams/L <0.96 

See Note (2).  

< 11  

See Note (2).  

< 11  

See Note (2).  

< 11  

See Note (2).  

  

(57)(a) 

Radioactive 

substances 

(Combined 

radium 226 and 

228)  

Picocuries/L  < 5  < 5  < 5  < 5  < 5  < 5  

(57) (b) 

Radioactive 

substances 

(Gross alpha 

particle activity 

including radium 

226, but 

excluding radon 

and uranium)  

Picocuries/L  < 15  < 15  < 15  < 15  < 15  < 15  

(58) Selenium  Micrograms/L  < 5.0  < 71   < 5.0  < 71      



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(59) Silver  Micrograms/L  

See Note (3).  

< 0.07  See Minimum 

criteria in 

Section 62-

302.500(1)(c)  

  

< 0.07  See Minimum 

criteria in 

Section 62-

302.500(1)(c)  

  

  

(60) Specific 

Conductance 

(see 

Conductance, 

Specific, above)  

       

(61) Substances 

in concentrations 

which injure, are 

chronically toxic 

to, or produce 

adverse 

physiological or 

behavioral 

response in 

humans, plants, 

or animals  

 None shall be present. 

  

(62) 1,1,2,2-

Tetra-

chloroethane  

Micrograms/L  < 0.17 annual 

avg. 

< 10.8 annual 

avg. 

< 10.8 annual 

avg.  

< 10.8 annual 

avg. 

    

(63) 

Tetrachloroethyl-

ene (1,1,2,2-

tetrachloroethene

)  

Micrograms/L  < 0.8 annual 

avg.,  

< 3.0 max  

< 8.85 annual 

avg. 

< 8.85 annual 

avg.  

< 8.85 annual 

avg. 

    

(64) Thallium  Micrograms/L  < 1.7  < 6.3  < 6.3  < 6.3      



Notes: (1) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaC0:3   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardnessis< 25 mg/L and set at 400 mgi\.if actual hardness is> 400 mgi\. (2) This criterion is 
protective of human heallh not of aquatic life (3) For application of dissolved metals criteria see 62-302 500(2) (d) FA C 
 
 

Parameter Units 
Class I:  

Potable Water 

Supply 

Class II: 

Shellfish 

Propagation or 

Harvesting 

Class III: Fresh Class III: Marine 

Class IV: 

Agricultural 

Water Supplies 

Class V: 

Navigation, 

Utility and 

Industrial Use 

(65) Thermal 

Criteria (See 

Section 62-

302.520)  

       

(66) Total 

Dissolved Gases  

Percent of the 

saturation value 

for gases at the 

existing 

atmospheric and 

hydrostatic 

pressures  

< 110% of 

saturation value  

< 110% of 

saturation value  

< 110% of 

saturation value  

< 110% of 

saturation value  

  

(67) 

(Transparency  

Depth of the 

com-pensation 

point for 

photosynthetic 

activity  

Shall not be 

reduced by more 

than 10% as 

com-pared to the 

natural 

background 

value.  

Shall not be 

reduced by more 

than 10% as 

com-pared to the 

natural 

background 

value.  

Shall not be 

reduced by more 

than 10% as 

com-pared to the 

natural 

background 

value.  

Shall not be 

reduced by more 

than 10% as 

com-pared to the 

natural 

background 

value.  

  

(68) 

Trichloroethylen

e 

(trichloroethene)  

Micrograms/L  < 2.7 annual 

avg.,  

< 3.0 max  

< 80.7 annual 

avg. 

< 80.7 annual 

avg.  

< 80.7 annual 

avg. 

    

(69) Turbidity  Nephelometric 

Turbidity Units 

(NTU)  

< 29 above 

natural 

background 

conditions  

< 29 above 

natural 

background 

conditions  

< 29 above 

natural 

background 

conditions  

< 29 above 

natural 

background 

conditions  

< 29 above 

natural 

background 

conditions  

< 29 above 

natural 

background 

conditions  

(70) Zinc  Micrograms/L  

See Notes (1) 

and (3).  

Zn ≤ 

e
(0.8473[lnH]+0.884)

 

  

< 86  Zn ≤ 

e
(0.8473[lnH]+0.884)

 

  

< 86  < 1,000  < 1,000  



 

7.3.2.3. Total Maximum Daily Loads 

 
Florida Statue 403.067 Establishment and implementation of maximum daily 

loads.  In Florida, F.A.C. 62-303 defines impaired waters as when water quality 

assessments determine that water bodies are not meeting the water quality standards for 

their designated use due in whole or in part to discharges of pollutants form point and 

non-point sources. The designated use of water bodies in Florida are classified based on 

Florida Administrative Code Chapter 62-302 where the water quality standards are also 

defined. 

 

7.3.2.4. Ocean Outfalls 

 
Florida Statute 403.085, Sanitary sewage disposal units; advanced and secondary 

waste treatment; industrial waste, ocean outfall, inland outfall, or disposal well waste 

treatment.  This prohibits sanitary sewage disposal into the ocean without secondary 

treatment. This is not a standard, it is a prohibition. 

7.3.2.5. National Pollutant Discharge Elimination System 

 
Florida Statute 403.0855, Establishment of federally approved National Pollutant 

Discharge Elimination System (NPDES) Program; Chapter 62-620, Florida 

Administrative Code, Wastewater Facility and Activities Permitting 

This is a program that has been delegated to Florida by the US EPA.  The premise 

is that all discharges into state waters are unlawful unless authorized by a permit. The 

permit is an NPDES permit. 



 

7.3.2.6. Chapter 373, Water Resources 

 
See APPENDIX 8 

 
Part I of Chapter 373 is the State Water Resource Plan which describes the 

planning duties and powers of the Department of Environmental Protection and the 

working plan with district water management. The water resources plan of the state 

includes reference to the water quality standards of FDEP.   The management of water 

resources includes the purpose of environmental protection and the preservation and 

enhancement of the water quality of the state. Part IV is titled “Management and Storage 

of Surface Waters”.  Section 373.453 is Surface Water improvement and management 

(SWIM) plans and programs.  This provides for water management districts and other 

government entities to develop plans for the improvement of surface waters that need 

improvement, restoration, or additional protection.  The language does not exclude the 

development of water quality criteria and standards as part of management under the 

SWIM plan.  Section 373.4592, Everglades Improvement and Management, provides for 

a phospho rus limit of 10 parts per billion in the surface water of the Everglades. This is 

part of the Comprehensive Everglades Restoration Plan. 

Application to Coral Reefs 

 
Part VI includes the miscellaneous provisions of Chapter 373.  This provides for a 

liberal construction of the Chapter. The SWIM plan could include activities and criteria 

that promote water quality to enhance reef resources. 



 

7.3.2.7. Chapter 376, Pollutant Discharge Prevention & Removal 

 
See APPENDIX 9 

 
This chapter records the legislative intent of preserving and maintaining resources that 

include coastal waters, estuaries, tidal flats, beaches and lands adjoining the seacoast. It 

recognizes that pollution events may occur and provides a prohibition of pollution into waters 

and lands of the State in Section 376.041.  The statute also provides for liability for natural 

resource damages caused by pollutant discharge. 

Application to Coral Reefs 
 

Coral reef ecosystems are specifically addressed in this chapter, however, the location 

of the reefs in coastal waters would give applicability for damages to the reef ecosystem.  

Pollutants are not specifically addressed in terms of any specific water quality standard. 

7.3.2.8. Chapter 380, Land & Water Management 

 
See APPENDIX 10 

 
This law provides for the land planning framework for the State including the 

designation of Areas of Critical State Concern. The chapter provides the process for permitting, 

designating and protecting the Florida Keys, an area of Critical State Concern (Section 380.051 

and Section 380.0552). 

Application to Coral Reefs 

 
This chapter (Section 380.0558) defines coral reefs as “the assemblage of corals and 

other organisms that are actively building three-dimensional reef structures off the southern 

coast of Florida. The chapter provides for the establishment of a trust fund for coral reefs and 

natural resources within areas of Critical State Concern. The fund is for the reimbursement of 

costs incurred by the Department of Environmental Protection in obtaining damages to coral 

reefs and other resources. This does not provide for any prohibition of pollutants nor does it 



 

include any water quality standards. 

7.4. Local Laws 

Broward County,  

Martin County,  

Miami-Dade County,  

Monroe County,  

Palm Beach County 

 

7.4.1. Broward County 

 
See APPENDIX 11 

 
Chapter 27 of the Broward County Code is entitled “Pollution Control”.  This chapter 

makes the distinction between surface and ground water and specifically includes marine waters 

in the definition of surface water. Section 27-193 is a prohibition against discharges to receiving 

waters that would cause quality less stringent than the water quality standards. The chapter 

includes marine water quality standards in Section 27-195. 

F.A.C. Chapter 62-302-530 standards are incorporated by reference. Water quality standards 

and the prohibition could be applied in the waters where coral reefs occur in Broward County.  

Table 3 shows the Broward County water quality standards for marine, fresh (surface) and 

ground water. Unless otherwise stated, all criteria express the maximum not to be exceeded at 

any time. In some cases there are separate or additional limits, such as annual average criteria, 

which apply independently of the maximum not to be exceeded at any time. N.S. appears for 

compounds where no standard has been set. 

  



 

Table 3: Broward County Water Quality Standards for Marine, Fresh (Surface) and Ground 

Water 

CAS# COMPOUND MARINE FRESH GROUND 

 

83-32-9 

 

ACENAPHTHENE 

 

2,700 µg/L 

 

2,700 µg/L 

 

N.S. 
 
 
15972-60 

8 

 
 

ALACHLOR 

 
 

N.S. 

 
 

N.S. 

 
 

2 µg/L 

 
 
309-00-2 

 
 

ALDRIN 

 
 

1.3 µg/L 

 
 

3.0 µg/L 

 
 

1.0 µg/L total 

 
 
 
 

ALKALINITY 

 
 
 

N.S. 

 

Shall not 

be 

depressed 

below  20,000µg/L 

 
 
 

N.S. 

 

7429-90-5 

 

ALUMINUM 

 

1,500 µg/L 

 

N.S. 

 

200 µg/L 
 
 
7664-41-7 

 
 

AMMONIA  (UN-IONIZED) 

 
 

N.S. 

 
 

20 µg/L 

 
 

N.S. 

 

120-12-7 

 

ANTHRACENE 

 

110,000 µg/L 

 

110,000µg/L 

 

N.S. 
 
 
7440-36-0 

 
 

ANTIMONY 

 
 

4,300 µg/L 

 
 

4,300 µg/L 

 
 

6µg/L 

 

7440-38-2 

 

ARSENIC (TOTAL) 

 

50 µg/L 

 

50 µg/L 

 

50µg/L 

 

7440-38-2 

 

ARSENIC  (TRIVALENT) 

 

36 µg/L 

 

N.S. 

 

N.S. 
 
 
1912-24-9 

 
 

ATRAZINE 

 
 

N.S. 

 
 

N.S. 

 
 

3 µg/L 

 

7440-39-3 

 

BARIUM 

 

N.S. 

 

N.S. 

 

2,000 µg/L 

 
 
71-43-2 

 
 

BENZENE 

 
71 µg/L annual 

average 

 
71 µg/L annual 

average 

 
 

1 µg/L 

 
 
50-32-8 

 
 

BENZO(A)PYRENE 

 
 

N.S. 

 
 

N.S. 

 
 

0.20 µg/L 

 

7440-41-7 

 

BERYLLIUM 

 

0.13 µg/L 

 

0.13 µg/L 

 

4µg/L 

 
 
319-85-7 

 
BETA 

HEXACHLOROCYCLOHEXANE 

 
 

0.046µg/L 

annual 

average 

 
 

0.046 µg/L 

annual average 

 
 

N.S. 

 BOD 5  

7,000 µg/L 

 

5,000 µg/L 

 

5,000µg/L 

 BROMATES  

100,000 µg/L 

 

N.S. 

 

N.S. 



 

CAS# COMPOUND MARINE FRESH GROUND 

 
7726-95-6 

 
BROMINE (FREE 

MOLECULAR) 

 
 

100µg/L 

 
 

N.S. 

 
 

N.S. 
 
 
 
75-25-2 

 
 
 

BROMOFORM 

 
Less than or equal to 

360 µg/L annual 

average 

 

Less than or 

equal to 360 µg/L 

annual average 

 
 
 

N.S. 

 

7440-43-9 

 

CADMIUM 

 

5 µg/L 

 

1 µg/L 

 

5 µg/L 

 
 
1563-66-2 

 
 

CARBOFURAN 

 
 

N.S. 

 
 

N.S. 

 
 

40 µg/L 

 
 
56-23-5 

 
 

CARBON  TETRACHLORIDE 

 

4.42 µg/L 

annual 

average 

 

4.42 µg/L annual 

average 

 
 

3 µg/L 

 
 
 

CBOD 5 

 
 

7,000 µg/L 

 
 

10,000 µg/L 

 
 

N.S. 

 

57-74-9 

 

CHLORDANE 

 

0.004 µg/L 

 

0.0043 µg/L 

 

2µg/L 

 CHLORIDE 
 
 

10% above normal 

background. Normal 

and daily seasonal 

fluctuations shall be 

maintained 

N.S. 250,000 µg/L 

 
 
 

CHLORINATED 

HYDROCARBONS  (NOT 

OTHERWISE IDENTIFIED 

BY NAME) 

 
 

 

10 µg/L 

 
 

 

10 µg/L 

 
 

 

10 µg/L 

 

7782-50-5 

 

CHLORINE (TOTAL 

RESIDUAL) 

 

10 µg/L 

 

10µg/L 

 

1,000 µg/L 

 
 

 

124-48-1 

 
 

 

CHLORODIBROMOMETHANE 

 
 
 

Less than or equal to 

34 

µg/L annual 

average 

 
 

Less than or 

equal to 34 

µg/L 

annual 

average 

 
 

 

N.S. 

 
 
75-01-4 

 

CHLOROETHYLENE 

(VINYL CHLORIDE) 

 
 

N.S. 

 
 

N.S. 

 
 

1µg/L 

 
 

 

68-66-3 

 
 

 

CHLOROFORM 

 
Less than or equal 

to 

470.8 µg/L 

annual average 

 
Less than or 

equal to 470.8 

µg/L 

annual 

average 

 
 

 

N.S. 



 

CAS# COMPOUND MARINE FRESH GROUND 

 

74-87-3 

 
 

CHLOROMETHANE   

(METHYL CHLORIDE) 

 
 

Less than or equal to 

470.8 µg/L annual 

average 

 

Less than or equal 

to 470.8 µg/L 

annual average 

 

N.S. 

 
 
95-57-8 

 
 

2-CHLOROPHENOL 

 
 

400 µg/L 

 
 

400 µg/L 

 
 

N.S. 

 

16065-83 

1 

 
 

CHROMIUM  (HEXAVALENT) 

 
 

50µg/L 

 
 

11µg/L 

 
 

N.S. 

16065-83 

1 

 

CHROMIUM  (TRIVALENT) 

 

673,000µg/L 

 

N.S. 

 

N.S. 
 
 
165065-

831 

 
 

CHROMIUM  (TOTAL) 

 
 

N.S. 

 
 

50 µg/L 

 
 

100µg/L 

  

COD 

 

N.S. 

 

N.S. 

 

10,000 µg/L 

 COLIFORM (FECAL)  
 
A. 200 colonies per 

100 ml for monthly 

average 

 
 

A. 200 colonies 

per 100 ml for 

monthly average 

 
 

A. 200 

colonies per 

100 ml for 

monthly 

average 

   
 
B. 400 colonies per 

100 ml for 10% of 

samples 

 
 

B. 400 colonies 

per 100 ml for 

10% of samples 

 
 

B. 400 

colonies per 

100 ml for 

10% of 

samples 

   
 
C. 800 colonies per 

100 ml in any 

sample 

 
 

C. 800 colonies 

per 100 ml in any 

sample 

 
 

C. 800 colonies 

per 100 ml in 

any sample 

 COLIFORM  (TOTAL) 
 
 

A. 1,000 colonies 

per 100 ml for 

monthly average 

 
 

A. 1,000 

colonies per 100 

ml for monthly 

average 

 
 

1,000 colonies 

per 

100 ml 

   

B. 1,000 colonies 

per 100 ml for 20% 

of samples 

 

B. 1,000 colonies 

per 100 ml for 

20% of 

samples 



 

CAS# COMPOUND MARINE FRESH GROUND 

   
C. 2,400 colonies 

per 100 ml in any 

sample 

C. 2,400 

colonies per 100 

ml in any sample 

 COLOR  
 

No unnatural 

discoloration shall be 

apparent except for 

that resulting from 

scientific investigation 

or environmental 

monitoring 

 
 

No unnatural 

discoloration 

shall be apparent 

except for that 

resulting from 

scientific 

investigation or 

environmental 

monitoring 

No unnatural 

discoloration 

 

7440-50-8 

 

COPPER 

 

3 µg/L 

 

3 µg/L 

 

1,000 µg/L 

  
 
 

CYANIDE 

 
 
 

1 µg/L 

 
 
 

5 µg/L 

 
 
 

200 µg/L 

 
 
94-75-7 

 
 

2,4-D  (2,4-DICHLORO 

PHENOXYACETIC  ACID) 

 
 

N.S. 

 
 

N.S. 

 
 

70 µg/L 

 
 
75-99-0 

 
 

DALAPON  (2,2-DICHLORO 

PROPIONIC ACID) 

 
 

N.S. 

 
 

N.S. 

 
 

200 µg/L 

 

50-29-3 

 

DDT 

 

0.001 µg/L 

 

0.001 µg/L 

 

0.1 µg/L 
 
 
8065-48-3 

 
 

DEMETON 

 
 

0.1 µg/L 

 
 

0.1 µg/L 

 
 

0.1 µg/L 

  

DETERGENT (AS MBAS) 

 

500 µg/L 

 

500 µg/L 

 

N.S. 

 
 
96-12-8 

 
 

DIBROMOCHLOROPROPANE 

(DBCP) 

 
 

N.S. 

 
 

N.S. 

 
 

0.2µg/L 

 
 
106-93-4 

 
 

1,2-DIBROMOETHANE  (EDB) 

 
 

N.S. 

 
 

N.S. 

 
 

0.02 µg/L 

 
 
95-50-1 

 

1,2-DICHLOROBENZENE (o-

DICHLOROBENZENE) 

 
 

N.S. 

 
 

N.S. 

 
 

600 µg/L 

 
 
106-46-7 

 
 

1,4-DICHLOROBENZENE (p-

DICHLOROBENZENE) 

 
 

N.S. 

 
 

N.S. 

 
 

75 µg/L 

 
 
75-09-2 

 
 

DICHLOROMETHANE 

(METHYLENE  CHLORIDE) 

 
 

1,580µg/L 

 
 

N.S. 

 
 

N.S. 



 

CAS# COMPOUND MARINE FRESH GROUND 

 
 
 
75-27-4 

 
 
 

DICHLOROBROMOMETHANE 

 
Less than or equal to 

22µg/L annual average 

Less than or 

equal to 22 

µg/L 

annual 

average 

 
 
 

N.S. 

 
 
107-06-02 

 

1,2-DICHLOROETHANE 

(ETHYLENE  DICHLORIDE) 

 
 

N.S. 

 
 

N.S. 

 
 

3 µg/L 

 
 
75-35-4 

 
 

1,1-DICHLOROETHYLENE 

(VINYLIDENE  CHLORIDE) 

 
 

3.2µg/L 

 
 

3.2 µg/L 

 
 

7 µg/L 

 
 
156-59-2 

 
 

CIS-1,2 

DICHLOROETHYLENE 

 
 

N.S. 

 
 

N.S. 

 
 

70µg/L 

 
 
156-60-5 

 
 

TRANS-1,2 

DICHLOROETHYLENE 

 
 

N.S. 

 
 

N.S. 

 
 

100µg/L 

 
 
75-09-2 

 

DICHLOROMETHANE 

(METHYLENE  CHLORIDE) 

 
 

1,580µg/L 

 
 

1,580 µg/L 

 
 

5 µg/L 

 

51-28-5 

 

2,4-DICHLOROPHENOL 

 

790 µg/L 

 

790µg/L 

 

N.S. 

 
 
94-75-7 

 
 

2,4-

DICHLOROPHENOXY 

-ACETIC ACID (2,4-

D) 

 
 

N.S. 

 
 

N.S. 

 
 

70 µg/L 

 
 
75-99-0 

 

2,2-DICHLOROPROPIONIC  

ACID (DALAPON) 

 
 

N.S. 

 
 

N.S. 

 
 

200 µg/L 

 

78-87-5 

 

1,2-  DICHLOROPROPANE 

 

N.S. 

 

N.S. 

 

5 µg/L 

 
 
103-23-1 

 
 

DI-(2-ETHYLHEXYL) 

ADIPATE 

 
 

N.S. 

 
 

N.S. 

 
 

400µg/L 

 
 
117-81-7 

 

DI-(2-ETHYLHEXY) 

PHTHALATE 

 
 

N.S. 

 
 

N.S. 

 
 

6µg/L 

 

60-57-1 

 

DIELDRIN 

 

0.0019 µg/L 

 

0.0019 µg/L 

 

N.S. 
 
 
51-28-5 

 
 

2,4 - DINITROPHENOL 

 
 

14,260 µg/L 

 
 

14,260µg/L 

 
 

N.S. 

 

121-14-2 

 

2,4 - DINITROTOLUENE 

 

9.1 µg/L 

 

9.1µg/L 

 

N.S. 
 
 
88-85-7 

 
 

DINOSEB 

 
 

N.S. 

 
 

N.S. 

 
 

7 µg/L 

 

85-00-7 

 

DIQUAT 

 

N.S. 

 

N.S. 

 

20 µg/L 



 

CAS# COMPOUND MARINE FRESH GROUND 

 
 
115-29-7 

 
 

ENDOSULFAN 

 
 

0.0087 µg/L 

 
 

0.003 µg/L 

 
 

0.1µg/L 

145-73-3 ENDOTHALL N.S. N.S. 100 µg/L 

 

72-20-8 

 

ENDRIN 

 

0.0023 µg/L 

 

0.0023 µg/L 

 

2 µg/L 
 
 
100-41-4 

 
 

ETHYLBENZENE 

 
 

N.S. 

 
 

N.S. 

 
 

30 µg/L 

 
 
107-06-2 

 

ETHYLENE DICHLORIDE (1,2 

DICHOLOROETHANE,  EDC) 

 
 

N.S. 

 
 

N.S. 

 
 

3 µg/L 

 
 
206-49-0 

 
 

FLUORANTHENE 

 
 

370 µg/L 

 
 

370 µg/L 

 
 

N.S. 

 

86-73-7 

 

FLUORENE 

 

14,000 µg/L 

 

14,000 µg/L 

 

N.S. 

 
 
 

FLUORIDE 

 
 

5,000 µg/L 

 
 

10,000 µg/L 

 
 

2,000 µg/L 

 
 
58-89-9 

 

GAMMA-HEXACHLORO 

CYCLOHEXANE  (LINDANE) 

 
 

0.004µg/L 

 
 

0.01 µg/L 

 
 

0.2 µg/L 

 

1071-83-6 

 

GLYPHOSATE  (ROUNDUP) 

 

N.S. 

 

N.S. 

 

700 µg/L 

 
 
 

GROSS ALPHA 

 
 

N.S. 

 
 

N.S. 

 
 

15 pCi/l 

 
 
86-50-0 

 

GUTHION  (AZINPHOS 

METHYL) 

 
 

0.01 µg/L 

 
 

0.01µg/L 

 
 

0.1 µg/L 

 
 
76-44-8 

 
 

HEPTACHLOR 

 
 

0.0036 µg/L 

 
 

0.001 µg/L 

 
 

0.4µg/L 

 

1024-57-3 

 

HEPTACHLOR  EPOXIDE 

 

N.S. 

 

N.S. 

 

0.2 µg/L 
 
 
87-68-3 

 
 

HEXACHLOROBUTADIENE 

 
 

49.7 µg/L 

 
 

49.7µg/L 

 
 

N.S. 

 
 
77-47-4 

 

HEXA-CHLOROCYCLO  

PENTADIENE 

 
 

N.S. 

 
 

N.S. 

 
 

50µg/L 

 
 
7439-89-6 

 
 

IRON 

 
 

300 µg/L 

 
 

1,000 µg/L 

 
 

300 µg/L 

 

7439-92-1 

 

LEAD 

 

5.6 µg/L 

 

30 µg/L 

 

15 µg/L 

 
 
58-89-9 

 
 

LINDANE  (GAMMA-HEXA 

CHLOROCYCLOHEXANE) 

 
 

0.004µg/L 

 
 

0.01 µg/L 

 
 

0.2 µg/L 

 
 
121-75-5 

 
 

MALATHION 

 
 

0.1 µg/L 

 
 

0.1 µg/L 

 
 

0.1µg/L 



 

CAS# COMPOUND MARINE FRESH GROUND 

 

7439-96-5 

 

MANGANESE 

 

N.S. 

 

N.S. 

 

50 µg/L 

 

7439-97-6 

 

MERCURY 

 

0.025 µg/L 

 

0.012 µg/L 

 

2µg/L 
 
 
72-43-5 

 
 

METHOXYCHLOR 

 
 

0.03 µg/L 

 
 

0.03 µg/L 

 
 

40µg/L 

 
 
75-09-2 

 

METHYLENE  CHLORIDE 

(Dichloromethane) 

 
 

N.S. 

 
 

N.S. 

 
 

5µg/L 

 
 
2385-55-5 

 
 

MIREX 

 
 

0.001 µg/L 

 
 

0.001 µg/L 

 
 

0.1 µg/L 

 

108-90-7 

 

MONOCHLOROBENZENE 

 

N.S. 

 

N.S. 

 

100 µg/L 
 
 
7440-02-0 

 
 

NICKEL 

 
 

8.3 µg/L 

 
 

100 µg/L 

 
 

100 µg/L 

  

NITROGEN: 

TOTAL NITROGEN 

AS N 

(Nitrate, Nitrite, NH 3 , and 
Organic) 

 
 
 

1,500 µg/L 

 
 
 

1,500 µg/L 

 
 
 

N.S. 

  

NITRATE (as N) 

 

N.S. 

 

N.S. 

 

10,000 µg/L 

 
 
 

NITRITE (as N) 

 
 

N.S. 

 
 

N.S. 

 
 

1,000 µg/L 

  

TOTAL NITRATE + NITRITE 

(as N) 

 
 

N.S. 

 
 

N.S. 

 
 

10,000 µg/L 

 
 
 
 

ODORS 

 
 
 

N.S. 

 
 
 

N.S. 

 

None detectable 

due to sewage 

or industrial 

waste  OIL AND GREASE 
 
 
 

Dissolved or 

emulsified oil or 

grease shall not 

exceed 1.0 ppm; no 

undissolved or visible 

oil as iridescence shall 

be present 

 

Dissolved or 

emulsified oil or 

grease shall not 

exceed 1.0 ppm; 

no undissolved or 

visible oil as 

iridescence shall 

be present 

 

Dissolved or 

emulsified oil or 

grease shall not 

exceed 10.0 

ppm; no 

undissolved or 

visible oil as 

iridescence shall 

be present 

 

23135-22 

0 

 
 

OXAMYL 

 
 

N.S. 

 
 

N.S. 

 
 

200 µg/L 



 

CAS# COMPOUND MARINE FRESH GROUND 

7782-44-7 OXYGEN,  DISSOLVED  
 
Daily average not less 

than 5,000 µg/l. 

Single reading never 

less than 4,000 µg/l 

 
 
Daily average not 

less than 

5,000µg/l. 

Single reading 

never less 

than 4,000 

µg/l 

N.S. 

56-38-2 PARATHION 0.04 µg/L 0.04 µg/L 42µg/L 

  

PATHOGENS (excluding 

coliforms) 

 

1 per gallon 

 

1 per gallon 

 

1 per gallon 

 
 
87-86-5 

 
 

PENTACHLOROPHENOL 

 
 

1 µg/L 

 
 

8.2 µg/L annual 

average 

 
 

1 µg/L 

 
 
 
127-18-4 

 

PERC (PERCHLORO  

ETHYLENE,  

TETRACHLORO  ETHYLENE, 

PCE) 

 
 
 

N.S. 

 
 
 

N.S. 

 
 
 

3 µg/L 

 
 
1918-02-1 

 
 

PICLORAM 

 
 

N.S. 

 
 

N.S. 

 
 

500 µg/L 

 
 
 
 

pH 

 
 

Not less than 6.5 nor 

more than 8.5 Units 

 

Not less than 6.5 

nor more than 

8.5 Units 

 

Not less than 6.5 

nor more than 

8.5 units 

 

108-95-2 

 

PHENOL 

 

300 µg/L 

 

300 µg/L 

 

N.S. 

 
 
 

PHENOLIC  COMPOUNDS 

 
 

N.S. 

 
 

N.S. 

 
 

0.1 µg/L 

  

PHOSPHATES (TOTAL as P) 

 

N.S. 

 

N.S. 

 

10 µg/L 
 
 
7723-14-0 

 
 

PHOSPHORUS  (TOTAL) 

 
 

50 µg/L 

 
 

20µg/L 

 
 

N.S. 

  

PHTHALATE ESTERS 

 

N.S. 

 

3.0 µg/L 

 

N.S. 

 

1918-02-1 

 

PICLORAM 

 

N.S. 

 

N.S. 

 

500 µg/L 

 
 
1336-36-3 

 
 

POLYCHLORINATED 

BIPHENYLS (PCBs) 

 
 

0.03µg/L 

 
 

0.04 µg/L 

 
 

0.5 µg/L 



 

CAS# COMPOUND MARINE FRESH GROUND 

 
 
 

POLYAROMATIC  

HYDRO 

CARBONS (PAHs). Total of: 

Acenaphthylene,  

Benzo(a)anthracene, 

Benzo(a)pyrene, 

Benzo(b)fluoranthene, 

Benzo(ghi)perylene, 

Benzo(k)fluoranthene,  Chrysene, 

Dibenzo-(a,h)-  anthracene, 

Indeno(1,2,3-cd)pyrene,  and 

Phenanthrene 

0.031 µg/L annual 

average 

0.031 µg/L 

annual 

average 

500 µg/L 

 

129-00-0 

 

PYRENE 

 

11,000 µg/L 

 

11,000 µg/L 

 

N.S. 

 RADIOACTIVITY:    

  
GROSS BETA 

RADIUM 226 

STRONTIUM 90 

 

1,000 

pCi/L 

3 pCi/L 

10 pCi/L 

 

1,000 

pCi/L 

3 pCi/L 

10 pCiL 

 

1,000 pCi/l 

3 pCi/l 

10 pCi/l 

  
(in Picocuries/L) 

   

 
 
7782-49-2 

 
 

SELENIUM 

 
 

25 µg/L 

 
 

5 µg/L 

 
 

50 µg/L 

 

7440-22-4 

 

SILVER 

 

0.05 µg/L 

 

0.07 µg/L 

 

100 µg/L 
 
 
93-72-1 

 
 

SILVEX (2,3,5-TP) 

 
 

N.S. 

 
 

N.S. 

 
 

50 µg/L 

  

SOLIDS (Floating, Suspended or 

Settleable) 

 

None attributable to 

wastes 

 

None attributable 

to wastes 

 

None attributable 

to wastes 

 
 
122-34-9 

 
 

SIMAZINE 

 
 

N.S. 

 
 

N.S. 

 
 

4 µg/L 

 

7440-23-5 

 

SODIUM 

 

N.S. 

 

N.S. 

 

160,000 µg/L 
 
 
100-42-5 

 
 

STYRENE (Vinyl Benzene) 

 
 

N.S. 

 
 

N.S. 

 
 

100 µg/L 

  

SULFATE 

 

N.S. 

 

N.S. 

 

250,000 µg/L 
 
 
79-01-6 

 
 

TCE  (Trichloro-ethylene) 

 
 

N.S. 

 
 

N.S. 

 
 

3 µg/L 



 

CAS# COMPOUND MARINE FRESH GROUND 

  
 

TEMPERATURE 

 
 

Not to be above 90°F 

 

Not to be above 

90°F 

 

Not to be above 

90°F 

 
 
79-34-6 

 

1,1,2,2-TETRA - 

CHLOROETHANE 

 
 

10.8 µg/L 

 
 

10.8µg/L 

 
 

N.S. 

 
 
127-18-4 

 
 

TETRACHLOROETHYLENE 

 
 

8.85 µg/L 

 
 

8.85µg/L 

 
 

3 µg/L 

 

7440-28-0 

 

THALLIUM 

 

6.3 µg/L 

 

48.0 µg/L 

 

2 µg/L 
 
 
108-88-3 

 
 

TOLUENE 

 
 

N.S. 

 
 

N.S. 

 
 

40 µg/L 

 TOTAL DISSOLVED GASES  
 

110% of saturation 

value at the 

existing 

atmospheric and 

hydrostatic  

pressures 

 

110% of saturation 

value at the 

existing 

atmospheric and 

hydrostatic 

pressures 

N.S. 

 TOTAL DISSOLVED SOLIDS N.S. N.S. 500,000 µg/L 

 

8001-35-2 

 

TOXAPHENE 

 

0.0002 µg/L 

 

0.0002 µg/L 

 

3µg/L 

 TRANSPARENCY  
 

Not to be reduced by 

more than 10% as 

compared to the 

natural background 

value 

 
 
Not to be reduced 

by more than 10% 

as compared to 

the natural  

background value 

N.S. 

 

120-82-1 

 

1,2,4-TRICHLORO -BENZENE 

 

N.S. 

 

N.S. 

 

70 µg/L 
 
 
71-55-6 

 
 

1,1,1-TRICHLOROETHANE 

 
 

173 µg/L 

 
 

173µg/L 

 
 

200 µg/L 

 

79-01-6 

 

TRICHLOROETHYLENE  (TCE) 

 

80.7 µg/L 

 

80.7µg/L 

 

3 µg/L 
 
 
79-00-5 

 
 

1,1,2-TRICHLOROETHANE 

 
 

N.S. 

 
 

N.S. 

 
 

5 µg/L 

 
 
88-06-2 

 
 

2,4,6-TRICHLOROPHENOL 

 
 
6.5 µg/L annual 

average 

 

6.5µg/L annual 

average 

 
 

N.S. 



 

CAS# COMPOUND MARINE FRESH GROUND 

  

TRIHALOMETHANES,  

TOTAL 

(Total Trihalomethanes equals the 

sum of the concentrations of 

Bromodichloromethane, 

Chlorodibromomethane, 

Tribromomethane (Bromoform) 

and Trichloromethane  

(Chloroform)) 

N.S. N.S. 100 µg/L 

  

TURBIDITY 

 

10 NTUs 

 

10 NTUs 

 

10 NTUs 

 
 
75-01-4 

 
 

VINYL  

CHLORIDE 

(Chloroethylene) 

 
 

N.S. 

 
 

N.S. 

 
 

1µg/L 

 
 
1330-20-7 

 
 

XYLENES,  Total 

 
 

N.S. 

 
 

N.S. 

 
 

20 µg/L 

 

7440-66-6 

 

ZINC 

 

86 µg/L 

 

86 µg/L 

 

5,000 µg/L 

(d) Other compounds: If toxic or undesirable compounds other than those listed in Subsection 
(a), (b), or (c) of this Section, or listed compounds contained in Rules 62-302.530 and 62 
520.420, F.A.C., are present, EPD, based on the latest scientific knowledge concerning toxicity 
and adverse effects on the intended water use, may specify limits. 

(e) Synergistic action: Whenever evidence indicates that a combination of pollutants exerts a 

greater effect than the individual pollutants, the EPD may, on the basis of these findings, lower 

the limits established in Subsections (a), (b), or (c) of this Section. 

7.4.2. Martin County 

 
See APPENDIX 12 

 
Chapter 67 of the Martin County Code is titled “Environmental Control”. Section 

 
67.1 has a prohibition against a change in the beneficial use of water. The chapter does 

not include water quality standards. State law is specifically incorporated by reference 

which could be applied in the waters where coral reefs occur in Martin County. 



 

7.4.3. Miami -Dade County See APPENDIX 13 

Chapter 24 of the Miami-Dade County Code includes water quality standards in 

Section 24-42(4). The prohibition against violating water quality standards specifically 

addresses tidal salt water in Miami- Dade County where coral reefs may occur. Further, 

Section 24-25 incorporates the rules of the State of Florida Department of Environmental 

Protection and the United States Environmental Protection Agency by reference.  

Specific standards in this code appear in Table 4. 

 

Table 4: Water Quality Standards for Miami- Dade County 

 
Chemical, Physical 

or Biological 

Characteristic 

 
 

Fresh Water (water containing 

less than 500 ppm chlorides) 

 
 

Tidal Salt Water (water containing 

more than 500 ppm chlorides) 

 

 
 

Groundwater 

 
 
Dissolved oxygen 

(mg /l) 

 
5 ppm during at least 10 hours per 24 -hour period, never less than 4 ppm, 

unless acceptable data indicate that the natural background dissolved oxygen 

is lower than the values established herein. 

 

 
 
 

 
 
Biochemical  oxygen 

demand (mg/l) 

 
Shall not exceed a value which would cause dissolved oxygen to be 

depressed below values listed under dissolved oxygen and in no case shall be 

great enough to produce nuisance conditions. 

 

 
 
 

 

 
pH 

 

 
6.0--8.5 1 

 
 
6.0--8.5 1 

 
 
6.0--8.5 1 

 

 
Floating solids, 

settleable solids, 

sludge deposits 

 
 
None attributable to sewage, 

industrial wastes or other wastes. 

 
 
None attributable to sewage, industrial 

wastes, or other wastes. 

 
 
 
 

 
Oil and grease (mg/l) 

 
 
15 2 

 
 
15 2 

 
 
15 2 

 

Odor-producing 

substances 

 

None attributable to sewage, industrial wastes, or other wastes. Threshold 

odor number not to exceed 24 at 60°C as a daily average. 

 
 
 

 

 
Temperature 

   

 

Sources  permitted 

prior to July 1, 1972 

 
Shall cause no environmental damage. 

 

Sources  permitted 

after July 1, 1972 

 
3° above ambient. 

(June--September) 2° above ambient. 

(October--May) 4° above ambient. 

 
 



 

 
Chemical, Physical 

or Biological 

Characteristic 

 
 

Fresh Water (water containing 

less than 500 ppm chlorides) 

 
 

Tidal Salt Water (water containing 

more than 500 ppm chlorides) 

 

 
 

Groundwater 

Turbidity 29 NTU above background  

 

 
Ammonia (mg/l) 

 

 
.5 ppm as N 

 
 
.5 ppm as N 

 
 
.5 ppm as N 

 

 
Chlorides (mg/l) 

 

 
500 3 

 
 
3 

 
 
500 3 

 
Chromium  (mg/l) 

total 

 
 
.05 

 
 
.05 

 
 
.05 

 
 
Cyanides (mg/l) 

 
 
None detectable 

 

 
None detectable 

 

 
None 

detectable 

Detergents  (mg/l) 0.5 Insufficient to cause foaming 0.5 

 

 
Fluoride (mg/l) 

 

 
1.4 as F 

 
 
10 as F 

 
 
1.4 as F 

 

 
Lead (mg/l) 

 

 
0.95 

 
 
0.35 

 
 
0.05 

 

 
Phenol (mg/l) 

 

 
0.001 

 
 
0.005 

 
 
0.001 

 

 
Zinc (mg/l) 

 

 
1.0 

 
 
1.0 

 
 
1.0 

 

 
Sulfides (mg/l) 

 

 
0.2 

 
 
1.0 

 
 
0.2 

 
Coliform  organisms 

(MPN/100 ml) 

 
 
1,000 4 

 
 
1,000 5 

 
 
50 

 
 
Mercury 

 
 
None detectable 

 

 
None detectable 

 

 
None 

detectable 

 

 
Iron 

 

 
0.3 mg/l 

 
 
0.3 mg/l 

 
 
0.3 mg/l 

 

 
Arsenic 

 

 
0.05 mg/l 

 
 
0.05 mg/l 

 
 
0.05 mg/l 

 

 
Specific  conductance 

 

500 microohms per cm (fresh water). Not more than 100% above background, in waters 

other than fresh. 

 
Dissolved solids 

 

Not to exceed 500 mg/l for monthly average or 1000 mg/l at any time. 



 

 
Chemical, Physical 

or Biological 

Characteristic 

 
 

Fresh Water (water containing 

less than 500 ppm chlorides) 

 
 

Tidal Salt Water (water containing 

more than 500 ppm chlorides) 

 

 
 

Groundwater 

 

 
Radioactive 

substances 

 

Gross beta activity (in known absence of strontium 90 and alpha emitters), not to exceed 

1000 micro -microcuries at any time. 

 

 
 
Other compounds 

Other toxic or undesirable compounds than those listed above may occur in individual 

waste streams. Limits for these components may be specified by the Pollution Control 

Officer based on the latest scientific knowledge concerning toxicity and adverse effect of 

the intended water use. 

 

 
 
Synergistic  action 

Whenever scientific evidence indicates that a combination of pollutants exert a greater 

effect than the individual pollutants, the Pollution Control Officer may, on the basis of 

these findings, lower the herein established limits to the level necessary to prevent damage 

to the waters of the county. 

1 Shall not cause the pH of the receiving waters to vary more than 1.0 unit. When the natural background pH lies 
outside the limits established, the introduction of a waste shall not displace the pH of the receiving waters more than 
0.5 pH units from these standards. 
2 Shall not be visible, defined as iridescence, or cause taste 

or odors. 3 Waste shall not increase natural background 

more than 10 percent. 

4 Maximum MPN/100 ml in surface water used as a drinking water supply shall be 100. 

5 Maximum MPN/100 ml in a tidal water from which shellfish are harvested for human consumption 
shall be 70. (Ord. No. 04-214, §§ 1, 5, 12-2-04) 

 

7.4.4. Monroe County 

See APPENDIX 14 

 
Chapter 5.5 of the Monroe County Code includes no water quality standards and 

does not reference State law. However, the Monroe County Code establishes “No 

discharge zones”. These are defined as: 

“No discharge zone means any of the areas located within State waters within the 

boundaries of the Florida Keys National Marine Sanctuary, as identified in Federal Register 

Notice 66:144, pp 38967--38969, promulgated on 26 July 2001, and as shown in 

Attachment A of this Ordinance.” 

The Federal Register Notice appears at the end of APPENDIX 14. 
 

 

7.4.5. Palm Beach County  

See APPENDIX 15 

 
Chapter 11 of the Palm Beach County Code is titled “Environmental Regulation 



 

and Control”.  The chapter does not include water quality standards. State law is 

specifically incorporated by reference. 

 

7.5. Miscellaneous Laws & Provisions 

7.5.1. Endangered Species Act  

See APPENDIX 16 

The Endangered Species Act is a comprehensive law designed to identify, protect, 

conserve and recover endangered and threatened species in the United States. The 

Endangered Species Act uses an ecosystems approach to address habitats that will 

provide for recovery of species.  Some identified species that utilize marine waters are: 

Parrot fishes, Florida Manatee, Brown Pelican, American Crocodile, Key Mud Turtle, 

Kemp’s Ridley Sea Turtle, Leatherback Turtle, Atlantic Green Turtle, and the Hawksbill 

Turtle.  In March 2005, National Marine Fisheries Service, and the National Oceanic and 

Atmospheric Administration filed a notice of a 12 month finding on a petition to add the 

elk horn coral, stag horn coral and fused-stag horn coral to the list of threatened and 

endangered species.  When these additions are added to the listed species they will place 

the coral reef ecosystem clearly within the provisions of the act. 

The act prohibits the “take” of any listed species. The term “take” under Section 3 
 
(19) of the act “means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 

collect, or to attempt to engage in any such conduct”.  Water quality degradation in the 

coral reef system can be construed to inflict harm to the proposed listed species, which 

would then give the Endangered Species Act authority over water quality at the reef 

system. Under Section 11(f) (Penalties and Enforcement, Regulations) there is 

authorization to promulgate regulations to enforce the act.  Consequently, water quality 

could become a regulatory issue under this act. 



 

7.5.2. National Marine Sanctuaries Act See APPENDIX 17 

The National Marine Sanctuaries Act primarily functions to give the Secretary of 

Commerce Authority to designate portions of the marine environment as National 

Marine Sanctuaries.  Along with the designation there is authority for management that 

complements existing regulatory authority. In Section 306, the act includes prohibitions 

against destruction or causing the loss or injury to sanctuary resources.  These resources 

would include coral reefs within a designated National Marine Sanctuary. The act does 

not include water quality standards or regulations nor does it address promulgating rules 

for this. 

7.5.3. National Marine Sanctuaries Regulations See APPENDIX 18 

Under the National Marine Sanctuaries Act these regulations define the specific 

standards and procedures for designating an area a National Marine Sanctuary. There are 

no water quality standards or criteria in these regulations.  Within this regulation are the 

regulations that implement the comprehensive management plan for the Florida Keys 

National Marine Sanctuary Act. Included in the regulation in Section 922.164(d)(i) is a 

prohibition in Ecological Reserves and Sanctuary Preservation Areas against the 

discharge or deposit of any material or other matter except cooling water or engine 

exhaust. 

7.5.4. Florida Keys National Marine Sanctuary; Draft Management Report  

See APPENDIX 19 

The Florida Keys National Marine Sanctuary Draft Management Report was 

revised in February, 2005.  It is a five year review of a 1997 Management Plan and 

Environmental Impact Statement. It includes strategies for management for a period of 

five years.  One management division addresses enforcement and resource protection 

which includes in Section 3.4.4, a Water Quality Action Plan.  This plan identifies both 



 

accomplishments of the last five years as well as strategies for the next five years.  The 

main accomplishment in the last five years has been the establishment of a prohibition for 

no discharges in all state waters in the Florida Keys National Marine Sanctuary and in 

waters surrounding the City of Key West.  One of the strategies (W.5) is the development 

of Water Quality Standards. Until research indicates the need for more rigorous standards, 

Outstanding Florida Water (Florida Administrative Code Rule 62-302) standards will be 

used. 

7.5.5. Oil Pollution Act 

 
See APPENDIX 20 and Regulations APPENDIX 21 

 
The Oil Pollution Act (OPA) established a liability scheme for vessels and 

facilities that spill oil in the United States waters. The law enumerates compensable 

damages, claims procedures, financial responsibility requirements and how an Oil Spill 

Liability Trust Fund is used. If damage from an oil spill or vessel occurs to a coral reef 

the OPA applies. However, the OPA does not include water quality standards. 

7.5.1 Coral Reef Conservation Act 

See APPENDIX 22 

Among the purposes of The Coral Reef Conservation Act of 2000 is to preserve, 

sustain, and restore the condition of coral reef ecosystems.  This law is primarily a 

funding law for the additional study and assessment of reefs. It does specify that 

management of reefs is an authorized activity under this act.  Although the act does not 

specifically mention the development of reef specific water quality standards or 

regulatory programs, the development of management strategies may include regulation 

and enforcement. 

7.5.6. Presidential Order 13089, Coral Reef Protection See APPENDIX 23 



 

In 1998, President Clinton signed Executive Order 13089. This order addresses 

coral reef protection and defines the composition of a Coral Reef Task Force. Among the 

duties of the Task Force is an evaluation of land-based sources of pollution, and a 

determination of whether additional legislation is needed to carry out policies that protect 

coral reefs. There is no specific reference to water quality standards. 

7.5.7 Natural Resources Damage Assessment  

See APPENDIX 24 

Natural Resources Damage Assessment authorizes the government to seek 

remediation of environmental damages resulting from the release of hazardous substances 

or pollutants or other damage to natural resources including coral reefs.  The government 

may seek to abate the action, require restoration and recover costs as well as seek 

compensation for damages.  There are no water quality standards identified in this law as 

its focus is remediation and damage liability under the Oil Pollution Act, Comprehensive 

Environmental Response, Compensation and Liability Act or the National Marine 

Sanctuaries Act. 

7.5.8 Ocean and Coastal Resources Management Act  

See APPENDIX 25 

In 2005, Part IV of Chapter 161, Florida Statutes was amended to include the 

 
Ocean and Coastal Resources Act. This law creates a Council to review information that 

is available on the resources and also to identify information that is needed for the 

development of future ocean and coastal policies. 

7.6. Water Quality Standards: Synthesis & Conclusion 

 

 

Language addressing water quality standards or criteria for the specific purpose of 

protecting coral reefs is lacking in the laws and regulations.  Water quality standards do 

exist for predominantly marine waters (State of Florida), marine waters (Broward 



 

County) and tidal salt water (Miami- Dade County).  These standards could be applied 

when coral reefs occur in the waters of these jurisdictions. 

Other federal, state and local laws and regulations qualitatively prohibit pollution 

or discharge into waters, however, they do not set quantitative water quality standards. 

Some laws address physical or discharge damage to coral reef resources and they provide 

for the calculation of liability, restoration and damage. The State of Florida clearly 

recognizes the value of ocean, and coastal resources and in 2005 established the Florida 

Oceans and Coastal Resource Act which will provide for the evaluation of studies, 

monitoring and research efforts to protect these resources. Ultimately, this may lead to 

additional research and the collection of scientific data that could be the basis for water 

quality standards that specifically address the protection of reef systems.  A strong base 

of water quality data will necessarily precede any legislation or rulemaking that leads to 

regulatory protection specific to waters where reef systems occur.  The precedent for an 

extensive data base to support the promulgation of new laws has been experienced with 

the phosphorus standard promulgation for Everglades restoration.  The development of 

this standard was contentious even with the existence of substantial data. 

Perhaps the most likely practical protection to waters that harbor reefs would be 

the designation of these waters as Outstanding Florida Waters. For this designation to 

attach, the process would not necessarily require as extensive a data base that would be 

needed to promulgate quantitative water quality standards.  However, this would serve as 

additional protection for these reef containing waters.  It would provide for a protection 

from a decrease in water quality or indirect discharges. 

  



 

8. RECOMMENDATIONS & CONCLUSIONS 
 

This report has examined potential sources and types of pollutants that can 

negatively affect coral reef communities in the coastal waters of southeast Florida. 

Federal, state, and local water quality standards have also been reviewed to determine 

connections between existing regulations and the pollutants of interest. 

Research in the field of pollutant impacts on coral reefs is weighted heavily in the 

areas of temperature and nutrients.  Much less work has been accomplished in the areas of 

pharmaceuticals/organics, sedimentation, and turbidity.  For all pollutants investigated, 

there is a lack of work done specific to southeast Florida coastal waters.  Most work 

performed in Florida is focused mainly in Biscayne Bay and the Florida Keys area. 

Another major gap in research concerns the lack of studies investigating synergistic 

effects. Because the marine environment is extremely variable and subject to multiple 

stressors, such interacting effects need to be better understood.  Current research focuses 

on the impacts of stressors to individual species.  To better understand coral reef 

community response, research is needed at that level. 

A review of the federal, state, and local water quality standards and regulations has 

revealed that coral reefs were not well considered.  Water quality standards for this area 

do not exist, and any numeric criteria that do are unrelated to any possible negative 

impact on coral reefs.  Unfortunately, the lack of scientific evidence has made it difficult 

to develop new or updated regulations.  Information should be obtained as to the 

mechanism and feasibility of characterizing the coastal waters of southeast Florida, to be 

considered as an area of “outstanding waters”. 



 

Due to gaps that exist in both the pollution literature and laws/regulations, a major 

disconnect exists; the science cannot be tied into the regulations.  Overall 

recommendations are that the waters which surround the reef systems off the coast of 

southeast Florida should be considered part of outstanding Florida waters.  In addition, 

more interdisciplinary and community level research should be done in order to 

investigate the synergistic effects of multiple stressors on coral reef communities. 

  



 

9. ACKNOWLEDGEMENTS 
 

 

This report was prepared for the Florida Department of Environmental Protection by coral 

reefs scientists, managers, and graduate students from Broward County Environmental 

Protection Division (BC EPD) and Nova Southeastern University Oceanographic Center 

(NSU OC). The Land-Based Sources of Pollution (LBSP) Focus Team and the LBSP 

Technical Advisory Committee of the Southeast Florida Coral Reef Initiative provided 

invaluable input and support throughout the development of this report.  Funding for this 

report was provided in part by a Coral Reef Conservation Program grant from the U.S. 

Department of Commerce, National Oceanic and Atmospheric Administration, Office of 

Ocean and Coastal Resource Management, and by the Florida Department of 

Environmental Protection, through its Coral Reef Conservation Program. The NSU OC 

National Coral Reef Institute provided some additional funding and administrative support 

throughout the course of this project.  The statements, findings, conclusions, and 

recommendations are those of the authors and do not necessarily reflect the views of the 

National Oceanic and Atmospheric Administration or the Department of Commerce. 

  



 

10. REFERENCES CITED IN DOCUMENT 
 

Alongi, D. M. and A. D. McKinnon. 2005. The cycling and fate of terrestrially-derived 

sediments and nutrients in the coastal zone of the Great Barrier Reef shelf. Marine 

Pollution Bulletin. 51: 239-252. 
 
Alutoin, S., J. Boberg, M. Nyström and M. Tedengren. 2001. Effects of the multiple 

stressors copper and reduced salinity on the metabolism of the hermatypic 

coral Porites lutea. Marine Environmental Research 52: 289-299. 

 
Anthony, K. R. N. 1999. A tank system for studying benthic aquatic organisms at 

predictable levels of turbidity and sedimentation: Case study examining coral 

growth. Limnology and Oceanography 44: 1415-1422. 

 
Anthony, K. R. N. and K. E. Fabricius. 2000. Shifting roles of heterotrophy and 

autotrophy in coral energetics under varying turbidity. Journal of Experimental 
Marine Biology and Ecology 252: 221-253. 

 
Aronson, R. B., W. F. Precht, M. A. Toscano and K. H. Koltes. 2002. The 1998 

bleaching event and its aftermath on a coral reef in Belize. Marine Biology 141: 

435-447. 

 
Atkinson, S., M. Atkinson and A. Tarrant. 2003. Estrogens from sewage in coastal 

marine environments. Environmental Health Perspectives 111: 1-7. 
 
Babcock, R. and P. Davies. 1991. Effects of sedimentation on settlement of Acropora 

millepora. Coral Reefs 9: 205-208. 

 
Baker, A. C., C. J. Starger, T. R. McClanahan and P. W. Glynn. 2004. Corals' adaptive 

response to climate change. Nature 430: 741. 

 
Bastidas, C. and E. Garcia. 1999. Metal content on the reef coral Porites asteroides: and 

evaluation of river influence and 35 years of chronology. Marine Pollution 

Bulletin 38: 899-907. 
 
Bastidas, C. and E. M. Garcia. 2004. Sublethal effects of mercury and its distribution in 

the coral Porites asteroides. Marine Ecology Progress Series 267: 133-143. 
 
Bates, N. R. 2002. Seasonal variability of the effect of coral reefs on seawater Carbon 

Dioxide and air-sea Carbon Dioxide exchange. Limnology and Oceanography 47: 

43-52. 

 
Broward County Department of Planning and Environmental Protection. 2001. Broward 

County, Florida Historical Water Quality Atlas: 1972-1997. 415 pp. 



 

Bruckner, A.W. 2002. Priorities for effective management of coral diseases. NOAA 
Technical Memorandum. 47pp. 

 
Ben-Haim, Y. and E. Rosenberg. 2002. A novel Vibrio sp. Pathogen of the coral 

Pocillopora damicornis. Marine Biology 141: 47-55. 

 
Berkelmans, R. and J. K. Oliver. 1999. Large-scale bleaching of corals on the Great 

Barrier Reef. Coral Reefs 18: 55-60. 

 
Black, N. A., R. Voellmy and A. M. Szmant. 1995. Heat shock protein induction in 

Montastraea faveolata and Aiptasia pallida exposed to elevated temperatures. The 

Biological Bulletin 188: 234-240. 

 
Bloetscher, F. and S. Gokgoz. 2001. Comparison of water quality parameters from South 

Florida wastewater treatment plants versus potential receiving waters. Florida 

Water Resources Journal. 37-45. 
 
Borger, J. L. 2005. Dark spot syndrome: A scleractinian coral disease or a general stress 

response? Coral Reefs 24: 139-144. 

 
Broecker, W. S., T. Takahashi, H. J. Simpson and T. H.-. Peng. 1979. Fate of fossil fuel 

carbon dioxide and the global carbon budget. Science 206: 409-418. 

 
Broward County Environmental Quality Control Board. 1981. Annual update: 

Environmental assessment of the north and south regional wastewater outfalls in 

the Atlantic Ocean at Broward County, Florida. 21 pp. 
 
Brown, B. E. 1997. Coral bleaching: Causes and consequences. Coral Reefs 16: S129 

S138. 

 
Brown, B. E., R. P. Dunne, T. P. Scoffin and M. D. A. Le Tissier. 1994. Solar damage in 

intertidal corals. Marine Ecology Progress Series 105: 219-230. 

 
Brown, B. E. and M. C. Holley. 1982. Metal levels associated with tin dredging and 

smelting and their effect upon intertidal reef flats at Ko Phuket, Thailand. Coral 

Reefs 1: 131-137. 
 
Bruno, J. F., L. E. Petes, C. D. Harvell and A. Hettinger. 2003. Nutrient enrichment can 

increase the severity of coral diseases. Ecology Letters 6: 1056-1061. 
 
Burnett, W. C., H. Bokuniewicz, M. Huettel, W. S. Moore and M. Taniguchi. 2003. 

Groundwater and pore water inputs to the coastal zone. Biogeochemistry. 66: 3 

33. 
 
Carr, G. B., P. A. Davis, R. E. Fergen and F. Bloetscher. 2000. Water quality impacts of 

long-term effluent disposal strategies in Southeast Florida. Water Engineering & 

Management 147: 49-53. 



 

Cervino, J. M., R. Hayes, T. J. Goreau and G. W. Smith. 2004a. Zooxanthellae regulation 

in yellow blotch/band and other coral diseases contrasted with temperature related 

bleaching: in situ destruction vs. expulsion. Symbiosis 37: 63-85. 

 
Cervino, J. M., R. L. Hayes, S. W. Polson, S. C. Polson, T. J. Goreau, R. J. Martinez and 

G. W. Smith. 2004b. Relationship of Vibrio species infection and elevated 
temperatures to Yellow Blotch/Band disease in Caribbean corals. Applied and 

Environmental Microbiology 70: 6855-6864. 

 
Christie, D. R. 1997. Characteristics of Southeast Florida Publicly Owned Treatment 

Works. Southeastern Fisheries Association, Inc. 16 pp. 

 
Coles, S. L. and P. L. Jokiel. 1978. Synergistic effects of temperature, salinity and light 

on the hermatypic coral Montipora verrucosa. Marine Biology 49: 187-195. 

 
Connelly, D., J. Readman, A. Knaps and J. Davies. 2001. Contamination of the coastal 

waters of Bermuda by organotins and the Triazine herbicide Irgarol 1051. Marine 

Pollution Bulletin 42: 409-414. 
 
Corbett, D., W. Burnett and J. Chanton. 2001. Submarine groundwater discharge: and 

unseen yet potentially important coastal phenomenon. SGEB-54 by UF/IFAS. 1 

10. 
 
Corbett, D., J. Chanton, W. Burnett, K. Dillon, C. Rutowski and J. Fourqurean. 1999. 

Patterns of groundwater discharge into Florida Bay. Limnology and 
Oceanography 44: 1045-1055. 

 
Cortés, J. and M. J. Risk. 1985. A reef under siltation stress: Cahuita, Costa Rica. 

Bulletin of Marine Science 36: 339-356. 

 
Dahl, B. and H. Blanck. 1996. Toxic effects of the antifouling agent Irgarol 1051 on 

periphyton communities in coastal water microcosms. Marine Pollution Bulletin 

32: 342-350. 
 
Daughton, C. G. 2005. Pollution from the combined activities, actions, and behaviors of 

the public: Pharmaceuticals and Personal Care Products. NorCal SETAC News 

14: 5-15. 

 
David, C. P. 2002. Tracing a mine tailings spill using heavy metal concentrations in coral 

growth bands: Preliminary results and interpretation. Proceedings of the 9th 

International Coral Reef Symposium, 2000 2: 1213-1218. 

 
Dodge, R. E., R. C. Aller and J. Thomson. 1974. Coral growth related to resuspension of 

bottom sediments. Nature 247: 574-577. 
 
Dodge, R. E. and T. R. Gilbert. 1984. Chronology of lead pollution in banded coral 

skeletons. Marine Biology 82: 9-13. 



 

Dodge, R. and K. Helmle. 2003. Past stony coral growth (extension) rates on reefs of 
Broward County, Florida: Possible relationships with Everglades drainage. Joint 

Conference of the Science and Restoration of the Greater Everglades and Florida 
Bay Ecosystem, Palm Harbor, FL, April 13-18. 1-5. 

 
Dodge, R., A. Knap, S. Wyers, H. Frith, T. Sleeter and S. Smith. 1985. The effect of 

dispersed oil on the calcification rate of the reef-building coral Diploria strigosa. 

Proceedings of the 5th International Coral Reef Congress 6: 453-457. 
 
Dodge, R. E., S. C. Wyers, H. R. Frith, A. H. Knap, S. R. Smith and T. D. Sleeter. 1984. 

The effects of oil and oil dispersants on the skeletal growth of the hermatypic 
coral Diploria strigosa. Coral Reefs 3: 191-198. 

 
Downs, C. A., J. E. Fauth, J. C. Halas, P. Dustan, J. Bemiss and C. M. Woodley. 2002. 

Oxidative stress and seasonal coral bleaching. Free Radical Biology & Medicine 

33: 533-543. 

 
Duke, N. C., A. M. Bell, D. K. Pederson, C. M. Roelfsema, and S. B. Nash. 2005. 

Herbicides implicated as the cause of severe mangrove dieback in the Mackay 

region, NE Australia: consequences for marine plant habitats of the GBR World 
Heritage Area. Marine Pollution Bulletin 51: 308-324. 

 
EPA. 2003. Relative Risk Assessment of Management Options for Treated Wastewater in 

South Florida. United States Environmental Protection Agency 256 pp. 
 
Esslemont, G., V. J. Harriott and D. M. McConchie. 2000. Variability of trace- metal 

concentrations within and between colonies of Pocillopora damicornis. Marine 

Pollution Bulletin 40: 637-642. 
 
Fabricius, K. E. 2005. Effects of terrestrial runoff on the ecology of corals and coral 

reefs: Review and synthesis. Marine Pollution Bulletin 50: 125-146. 

 
Fabricius, K. E. and E. Wolanski. 2000. Rapid smothering of coral reef organisms by 

muddy marine snow. Estuarine, Coastal and Shelf Science 50: 115-120. 
 
Fautin, D. G. and R. W. Buddemeier. 2004. Adaptive bleaching: A general phenomenon. 

Hydrobiologia 530/531: 459-467. 
 
Federal Register. 1998. Executive Order 13089. Presidential Documents 63: 32701 

32703 
 
Fergen, R. E., P. A. Davis and F. Bloetscher. 2004. Ammonia dynamics on the ocean 

environment. Florida Water Resources Journal March. 33-36. 



 

Finkl, C. W. and R. H. Charlier. 2003. Sustainability of subtropical coastal zones in 
Southeastern Florida:  Challenges for urbanized coastal environments threatened 

by development, pollution, water supply and storm hazards. Journal of Coastal 
Research 19: 934-943. 

 
Fisher, L. E. 1980. Annual update: Environmental assessment of the Broward County 

North Regional Outfall. 15 pp. 

 
Fitt, W.K, B.E. Brown, M.E. Warner, and R.P. Dunne. 2001. Coral bleaching: 

interpretation of thermal tolerance limits and thermal thresholds in tropical corals. 

Coral Reefs 20: 51-65. 
 
Florida Department of Environmental Protection, Office of Coastal and Aquatic and 

Managed Areas, Coral Conservation Program. 2004. Southeast Florida Coral Reef 

Initiative: A local action strategy. 19pp. 

 
Furnas, M., A. Mitchell, M. Skuza and J. Brodie. 2005. In the other 90%: phytoplankton 

responses to enhanced nutrient availability in the Great Barrier Reef lagoon. 

Marine Pollution Bulletin 51: 253-265. 
 
Garrison, G., C. Gleann and G. McMurtry. 2003. Measurement of submarine 

groundwater discharge in Kahana Bay, O'ahu, Hawai'i. Limnology and 

Oceanography 48: 920-928. 
 
Garrison, V. H., E. A. Shinn, W. T. Foreman, D. W. Griffin, C. W. Holmes, C. A. 

Kellogg, M. S. Majewski, L. L. Richardson, K. B. Ritchie and G. W. Smith. 2003. 

African and Asian dust: From desert soils to coral reefs. BioScience 53: 469-480. 

 
Gattuso, J.-P., D. Allemand and M. Frankignoulle. 1999a. Photosynthesis and 

calcification at cellular, organismal, and community levels in coral reefs: A 
review on interactions and control by carbonate chemistry. American Zoologist 

39: 160-183. 

 
Gattuso, J.-P. and R. W. Buddemeier. 2000. Ocean biogeochemistry: Calcification and 

CO2. Nature 407: 311-313. 

 
Gattuso, J.-P., M. Frankignoulle, I. Bourge, S. Romaine and R. W. Buddemeier. 1998. 

Effect of calcium carbonate saturation of seawater on coral calcification. Global 
and Planetary Change 18: 37-46. 

 
Gattuso, J.-P., M. Frankignoulle and S. V. Smith. 1999b. Measurement of community 

metabolism and significance in the coral reef CO2 source-sink debate. 

Proceedings of the National Academy of Sciences 96: 13017-13022. 
 
Gilbert, A. and H. Guzman. 2001. Bioindication potential of carbonic anhydrase activity 

in anemones and corals. Marine Pollution Bulletin 42: 742-744. 



 

Gilmour, J. 1999. Experimental investigation into the effects of suspended sediment on 

fertilisation, larval survival and settlement in a scleractinian coral. Marine 

Biology 135: 451-462. 

 
Goldberg, E. 1986. TBT: An environmental dilemma. Environment ENTVAR 28: 17-20, 

42-44. 
 
Goreau, T. J., T. McClanahan, R. Hayes and A. Strong. 2000. Conservation of coral reefs 

after the 1998 global bleaching event. Conservation Biology 14: 5-15. 

 
Great Barrier Reef Marine Park Authority. 2006. 

http://www.gbrmpa.gov.au/corpsite/key_issues/water_quality/principal_influence 
s.html 

 
Griffin, D. W., K. A. Donaldson, J. H. Paul and J. B. Rose. 2003. Pathogenic human 

viruses in coastal waters. Clinical Microbiology Reviews 16: 129-143. 
 
Griffin, D. W., C. A. Kellogg, V. H. Garrison and E. A. Shinn. 2002. The global transport 

of dust. American Scientist 90: 228-235. 

 
Grimsditch, G. and R. Salm. 2005. Coral reef resilience and resistance to bleaching. 

IUCN World Conservation Union, Gland, Switzerland 1-54. 

 
Guardo, M. 1999. Hydrologic balance for a subtropical treatment wetland constructed for 

nutrient removal. Ecological Engineering 12: 315-337. 
 
Harrington, L., K. Fabricius, G. Eaglesham and A. Negri. 2005. Synergistic effects of 

diuron and sedimentation on photosynthesis and survival of crustose coralline 
algae. Marine Pollution Bulletin 51: 415-427. 

 
Harvell, C. D., K. Kim, J. M. Burkholder, R. R. Colwell, P. R. Epstein, D. J. Grimes, E. 

E. Hofmann, E. K. Lipp, A. D. M. E. Osterhaus, R. M. Overstreet, J. W. Porter, 

G. W. Smith and G. R. Vasta. 1999. Emerging marine diseases- climate links and 
anthropogenic factors. Science 285: 1505-1510. 

 
Harvell, C. D., C. E. Mitchell, J. R. Ward, S. Altizer, A. P. Dobson, R. S. Ostfeld and M. 

D. Samuel. 2002. Climate warming and disease risks for terrestrial and marine 

biota. Science 296: 2158-2162. 
 
Haynes, D., P. Ralph, J. Prange, and B. Dennison. 2000. The impact of the herbicide 

Diuron on photosynthesis in three species of tropical seagrass. Marine Pollution 

Bulletin 41: 288-293. 

 
Hodgson, G. 1990. Sediment and the settlement of larvae of the reef coral Pocillopora 

damicornis. Coral Reefs 9: 41-43. 

http://www.gbrmpa.gov.au/corpsite/key_issues/water_quality/principal_influence
http://www.gbrmpa.gov.au/corpsite/key_issues/water_quality/principal_influence


 

Hoegh-Guldberg, O. 1999. Climate change, coral bleaching and the future of the world's 
coral reefs. Marine and Freshwater Research 50: 839-866. 

 
Hoegh-Guldberg, O., M. Fine, W. Skirving, R. Johnstone, S. Dove and A. Strong. 2005. 

Coral bleaching following wintry weather. Limnology and Oceanography 50: 

265-271. 

 
Hoegh-Guldberg, O. and G. J. Smith. 1989. The effect of sudden changes in temperature, 

light and salinity on the population density and export of zooxanthellae from the 

reef corals Stylophora pistillata Esper and Seriatopora hystrix Dana. Journal of 
Experimental Marine Biology and Ecology 129: 279-303. 

 
Holmes, K., E. Edinger, Hariyadi, G. Limmon and M. Risk. 2000. Bioerosion of live 

massive corals and branching coral rubble on Indonesian coral reefs. Marine 

Pollution Bulletin 40: 606-617. 
 
Houghton, J.T., Y. Ding, D.J. Griggs, M. Noguer, P.J. van der Linden, X. Dai, K. 

Maskell, C.A. Johnson. 2001. Climate change 2001: The scientific basis. 

Cambridge University Press. 84 pp. 
 
Howard, L. S. and B. E. Brown. 1984. Heavy metals and reef corals. Oceanography and 

Marine Biology An Annual Review 22: 195-210. 
 
Howard, L. S. and B. E. Brown. 1986. Metals in tissues and skeleton of Fungia fungites 

from Phuket, Thailand. Marine Pollution Bulletin 17: 569-570. 
 
Howard, L. and B. Brown. 1987. Metals in Pocillopora damicornis exposed to tine 

smelter effluent. Marine Pollution Bulletin 18: 451-454. 
 
Howarth, R.W., D. Anderson, T. Church, H. Greening, C. Hopkinson, W. Juber, N. 

Marcus, R. Naiman, K. Segerson, A. Sharpley, and W. Wiseman. 2000. Clean 
Coastal Waters: Understanding and reducing the effects of nutrient pollution. 

Committee on the Causes and Management of Coastal Euthropication, Ocean 
Studies Board and Water Science and Technology Board, Commission on 

Geosciences, Environment and Resources, National Research Council, National 

Academy of Sciences, Washington D.C. 
 
Howe, S. A. and A. T. Marshall. 2002. Temperature effects on calcification rate and 

skeletal deposition in the temperate coral, Plesiastrea versipora. Journal of 

Experimental Marine Biology and Ecology 275: 63-81. 

 
Huang, H., R. E. Fergen, J. J. Tsai and J. R. Proni. 1998. Evaluation of mixing zone 

models: CORMIX, PLUMES and OMZA with field data from two Florida ocean 

outfalls. Environmental Hydraulics. 249-254. 

 
Huang, H., J. R. Proni and J. J. Tsai. 1994. Probabilistic approach to initial dilution of 

ocean outfalls. Water Environment Research 66: 787-793. 



 

Hughes, T. P. 1994. Catastrophes, phase shifts, and large-scale degradation of a 
Caribbean coral reef. Science 265: 1547-1551. 

 
Hughes, T. P., A. H. Baird, D. R. Bellwood, M. Card, S. R. Connolly, C. Folke, R. 

Grosberg, O. Hoegh-Guldberg, J. B. C. Jackson, J. Kleypas, J. M. Lough, P. 

Marshall, M. Nyström, S. R. Palumbi, J. M. Pandolfi, B. Rosen and J. 

Roughgarden. 2003. Climate change, human impacts, and the resilience of coral 

reefs. Science 301: 929-933. 

 
Hunte, W. and M. Wittenberg. 1992. Effects of eutrophication and sedimentation on 

juvenile corals. Marine Biology 114: 625-631. 

 
Isidori, M., M. Lavorgna, A. Nardelli, A. Parrella, L. Previtera and M. Rubino. 2005. 

Ecotoxicity of naproxen and its phototransformation products. Science of the 

Total Environment. 1-9. 
 
Iversen, E. S. and E. F. Corcoran. 1976. Broward county off-shore environmental study. 

Rosenstiel School of Marine and Atmospheric Science, University of Miami. 

143 pp. 

 
Jahnke, R., L. Atkinson, J. Barth, F. Chaves, K. Daly, J. Edson, P. Franks, J. O'Donnell 

and O. Schofield. 2002. Coastal ocean processes and observatories: Advancing 
coastal research. Report on CoOp Observatory Science Workshop, May 2002, 

Savannah GA. 1-18. 
 
Jokiel, P. L. and S. L. Coles. 1977. Effects of temperature on the mortality and growth of 

Hawaiian reef corals. Marine Biology 43: 201-208. 
 
Jokiel, P. L. and S. L. Coles. 1990. Response of Hawaiian and other Indo-Pacific reef 

corals to elevated temperature. Coral Reefs 8: 155-162. 

 
Jokiel, P. I., C. L. Hunter, S. Taguchi and L. Watarai. 1993. Ecological impact of a fresh 

water "reef kill" in Kaneohe Bay, Oahu, Hawaii. Coral Reefs 12: 177-184. 

 
Jones, R. J. and A. P. Kerswell. 2003. Phytotoxicity of photosystem II (PSII) herbicides 

to coral. Marine Ecology Progress Series 261: 149-159. 
 
Juston, J. and T. DeBusk. 2005. Phosphorus mass load and outflow concentration 

relationships in stormwater treatment areas for Everglades restoration. Ecological 
Engineering. 1-18. 

 
Kleypas, J.A., R.W. Buddemeier, D. Archer, J.-P. Gattuso, C. La ngdon, and B.N. 

Opdyke. 1999. Geochemical consequences of increased atmospheric carbon 

dioxide on coral reefs. Science 284: 118-120. 



 

Kolpin, D., F. Furlong, M. Meyer, F. Thurman, S. Zaugg, L. Barber, H. Buxton. 2002. 

Pharmaceuticals, hormones, and other organic wastewater contaminants in the US 

streams, 1999-2000: A national reconnaissance 36: 1202-1211. 

 
Konstantinou, I. and T. Albanis. 2004. Worldwide occurrence and effects of antifouling 

paint booster biocides in the aquatic environment: a review. Environment 
International 30: 235-248. 

 
Koop, K., D. Booth, A. Broadbent, J. Brodie, D. Bucher, D. Capone, J. Coll, W. 

Dennison, M. Erdman, P. Harrison, O. Hoegh-Guldberg, P. Hutchings, G. B. 
Jones, A. W. D. Larkum, J. O'neil, A. Steven, E. Tentori, S. Ward, J. Williamson 

and D. Yellowlees. 2001. ENCORE: The effect of nutrient enrichment on coral 
reefs. Synthesis of results and conclusions. Marine Pollution Bulletin 42: 91-120. 

 
Kuntz, N. M., D. I. Kline, S. A. Sandin and F. Rohwer. 2005. Pathologies and mortality 

rates caused by organic carbon and nutrient stressors in three Caribbean coral 

species. Marine Ecology Progress Series 294: 173-180. 
 
Kuta, K. G. and L. L. Richardson. 2002. Ecological aspects of black band disease of 

corals: relationships between disease incidence and environmental factors. Coral 

Reefs 21: 393-398. 

 
Langdon, C., W. S. Broecker, D. E. Hammond, E. Glenn, K. Fitzsimmons, S. G. Nelson, 

T.-H. Peng, I. Hajdas and G. Bona ni. 2003. Effect of elevated CO2 on the 
community metabolism of an experimental coral reef. Global Biogeochemical 
Cycles 17: 11-1 to 11-14. 

 
Langdon, C., T. Takahashi, C. Sweeney, D. Chipman, J. Goddard, F. Marubini, H. 

Aceves, H. Barnett and M. J. Atkinson. 2000. Effect of calcium carbonate 

saturation state on the calcification rate of an experimental coral reef. Global 
Biogeochemical Cycles 14: 639-654. 

 
Lapointe, B. E. 1997. Nutrient thresholds for bottom- up control of macroalgal blooms on 

coral reefs in Jamaica and southeast Florida. Limnology and Oceanography 42: 

1119-1131. 
 
Lapointe, B. E. 2004. Anthropogenic nutrient enrichment of seagrass and coral reef 

communities in the Lower Florida Keys: discrimination of local versus regional 
nitrogen sources. Journal of Experimental Marine Biology and Ecology. 308: 23 

58. 
 
Lapointe, B., P. Barile, M. Littler and D. Littler. 2005a. Macroalgal blooms on southeast 

Florida coral reefs II.  Cross-shelf discrimination of nitrogen sources indicates 

widespread assimilation of sewage nitrogen. Harmful Algae 4: 1106-1122. 



 

Lapointe, B., P. Barile, M. Littler, D. Littler, B. Bedford and C. Gasque. 2005b. 

Macroalgal blooms on southeast Florida coral reefs I. Nutrient stoichiometry of 

the invasive green alga Codium isthmocladum in the wider Caribbean indicates 
nutrient enrichment. Harmful Algae 4: 1092-1105. 

 
Larcombe, P., P. V. Ridd, A. Prytz and B. Wilson. 1995. Factors controlling suspended 

sediment on inner-shelf coral reefs, Townsville, Australia. Coral Reefs 14: 163 
171. 

 
Larcombe, P. and K. J. Woolfe. 1999. Increased sediment supply to the Great Barrier 

Reef will not increase sediment accumulation at most coral reefs. Coral Reefs 18: 

163-169. 

 
Leclercq, N., J.-P. Gattuso and J. Jaubert. 2002. Primary production, respiration, and 

calcification of a coral reef mesocosm under increased Carbon Dioxide partial 

pressure. Limnology and Oceanography 47: 558-564. 
 
Leichter, J. and S. Miller. 1999. Predicting high- frequency upwelling: Spatial and 

temporal patterns of temperature anomalies on a Florida coral reef. Continental 

Shelf Research 19: 911-928. 
 
Leichter, J. J., H. L. Stewart and S. L. Miller. 2003. Episodic nutrient transport to Florida 

coral reefs. Limnology and Oceanography 48: 1394-1407. 
 
Leichter, J., S. Wing, S. Miller and M.Denny. 1996. Pulsed delivery of subthermocline 

water to Conch Reef (Florida Keys) by internal tidal bores. Limnology and 

Oceanography 41: 1490-1501. 
 
Lesser, M. P. and J. H. Farrell. 2004. Exposure to solar radiation increases damage to 

both host tissues and algal symbionts of corals during thermal stress. Coral Reefs 
23: 367-377. 

 
Lirman, D., B. Orlando, S. Macia, D. Manzello, L. Kaufman, P. Biber and T. Jones. 

2003. Coral communities of Biscayne Bay, Florida and adjacent offshore areas: 
diversity, abundance, distribution, and environmental correlates. Aquatic 
Conservation Marine and Freshwater Ecosystems 13: 121-135. 

 
Loya, Y. 1976. Effects of water turbidity and sedimentation on the community structure 

of Puerto Rican corals. Bulletin of Marine Science 26: 450-466. 

 
Loya, Y., K. Sakai, K. Yamazato, Y. Nakano, H. Sambali and R.van Woesick. 2001. 

Coral bleaching: The winners and the losers. Ecology Letters 4: 122-131. 

 
Macauley, J. M., J. K. Summers, V. D. Engle and L. C. Harwell. 2002. The ecological 

condition of South Florida estuaries. Environmental Monitoring and Assessment 

75: 253-269. 



 

Maguire, R. 1987. Environmental aspects of tributyltin. Applied Organometallic 
Chemistry 1: 475-498. 

 
Manzello, D. and D. Lirman. 2003. The photosynthetic resilience of Porites furcata to 

salinity disturbance. Coral Reefs 22: 537-540. 

 
Marub ini, F., H. Barnett, C. Langdon and M. J. Atkinson. 2001. Dependence of 

calcification on light and carbonate ion concentration for the hermatypic coral 

Porites compressa. Marine Ecology Progress Series 220: 153-162. 

 
Marubini, F., C. Ferrier-Pages and J.-P. Cuif. 2003. Suppression of skeletal growth in 

scleractinian corals by decreasing ambient carbonate- ion concentrations: a cross- 
family comparison. Proceedings of the Royal Society B 270: 179-184. 

 
McClanahan, T. R., A. H. Baird, P. A. Marshall and M. A. Toscano. 2004. Comparing 

bleaching and mortality responses of hard corals between southern Kenya and the 

Great Barrier Reef, Australia. Marine Pollution Bulletin 48: 327-335. 

 
McClanahan, T., R. Steneck, D. Pietri, B. Cokos and S. Jones. 2005. Interaction between 

inorganic nutrients and organic matter in controlling coral reef communities in 

Glovers Reef Belize. Marine Pollution Bulletin 50: 566-575. 
 
McCook, L. J. 1999. Macroalgae, nutrients and phase shifts on coral reefs: scientific 

issues and management consequences for the Great Barrier Reef. Coral Reefs 18: 

357-367. 
 
Militello, A. and G. A. Zarillo. 2000. Tidal motion in a complex inlet and bay system, 

Ponce de Leon Inlet, Florida. Journal of Coastal Research 16: 840-852. 
 
Mississippi River/Gulf of MexicoWatershed Nutrient Task Force. 2001. Action plan for 

reducing, mitigating and controlling hypoxia in the Northern Gulf of Mexico. 

Washington, DC. 36 pp. 

http://www.epa.gov/msbasin/taskforce/pdf/actionplan.pdf 
 
Moberg, F., M. Nyström, N. Kautsky, M. Tedengren and P. Jarayabhand. 1997. Effects of 

reduced salinity on the rates of photosynthesis and respiration in the hermatypic 

corals Porites lutea and Pocillopora damicornis. Marine Ecology Progress Series 

157: 53-59. 
 
Moss, A., J. Brodie and M. Furnas. 2005. Water quality guidelines for the Great Barrier 

Reef World Heritage Area: a basis for development and preliminary values. 

Marine Pollution Bulletin. 51: 76-88. 
 
Muthiga, N. A. and A. M. Szmant. 1987. The effects of salinity stress on the rates of 

aerobic respiration and photosynthesis in the hermatypic coral Siderastrea siderea. 
Biological Bulletin 173: 539-551. 

http://www.epa.gov/msbasin/taskforce/pdf/actionplan.pdf


 

Nakamura, T. and H. Yamasaki. 2005. Requirement of water-flow for sustainable growth 

of Pocilloporid corals during high temperature periods. Marine Pollution Bulletin 

50: 1115-1120. 

 
Negri, A. and A. Heyward. 2001. Inhibition of coral fertilisation and larval 

metamorphosis by trubutyltin and copper. Marine Environmental Research 51: 

17-27. 
 
Negri, A., C. Vollhardt, C. Humphrey, A. Heyward, R. Jones, G. Eaglesham and K. 

Fabricius. 2005. Effects of the herbicide diuron on the early life history stages of 

coral. Marine Pollution Bulletin 51: 370-383. 
 
Nixon, S. W., C. A. Oviatt, J. Frithsen and B. Sullivan. 1986. Nutrients and the 

productivity of estuarine and coastal marine ecosystems. J. Limnol. Soc. Sth. Afr. 

12: 43-71. 
 
Nordemar, I., M. Nyström and R. Dizon. 2003. Effects of elevated seawater temperature 

and nitrate enrichment on the branching coral Porites cylindrica in the absence of 

particulate food. Marine Biology 142: 669-677. 

 
Nugues, M. M. 2002. Impact of a coral disease outbreak on coral communities in St. 

Lucia: What and how much has been lost? Marine Ecology Progress Series 229: 

61-71. 
 
Nugues, M. M. and C. M. Roberts. 2003a. Coral mortality and interaction with algae in 

relation to sedimentation. Coral Reefs 22: 507-516. 

 
Nugues, M. M., G. W. Smith, R. J. van Hooidonk, M. I. Seabra and R. P. M. Bak. 2004. 

Algal contact as a trigger for coral disease. Ecology Letters 7: 919-923. 

 
Olafson, R. W. 1978. Effect of agricultural activity on levels of organochlorine pesticides 

in hard corals, fish and molluscs from the Great Barrier Reef. Marine 

Environmental Research 1: 87-107. 
 
Ongley, E. D. 1996. Control of water pollution from agriculture. Food and Agriculture 

Organization of the United Nations 55: 68 pp. 
 
Orpin, A. R., P. V. Ridd, S. Thomas, K. R. N. Anthony, P. Marshall and J. Oliver. 2004. 

Natural turbidity variability and weather forecasts in risk management of 

anthropogenic sediment discharge near sensitive environments. Marine Pollution 
Bulletin 49: 602-612. 

 
Owen, R., A. Knap, M. Toaspern and K. Carbery. 2002. Inhibition of coral 

photosynthesis by the antifouling herbicide Irgarol 1051. Marine Pollution 

Bulletin 44: 623-632. 



 

Paerl, H. 1997. Coastal eutrophication and harmful algal blooms: Importance of 

atmospheric deposition and groundwater as "new" nitrogen and other nutrient 

sources. Limnology and Oceanography 42: 1154-1165. 
 
Paul, J., J. Rose, S. Jiang, X. Zhou, P. Cochran, C. Kellogg, J. Kang, D. Griffin, S. Farrah 

and J. Lukasik. 1996. Evidence for groundwater and surface marine water 

contamination by waste disposal wells in the Florida Keys. Water Resources 31: 

1448-1454. 
 
Paytan, A., G. Shellenbarger, J. Street, M. Gonneea, K. Davis, M. Young and W. Moore. 

2006. Submarine groundwater discharge: An important source of new inorganic 

nitrogen to coral reef ecosystems. Limnology and Oceanography 51: 343-348. 
 
Peters, E. C., N. J. Gassman, J. C. Firman, R. H. Richmond and E. A. Power. 1997. Eco- 

toxicology of tropical marine ecosystems. Environmental Toxicology and 

Chemistry 16: 12-40. 
 
Peters, E. C., P. Meuers, P. Yevich and N. Blake. 1981. Bioaccumulation and 

histopathological effects of oil on a stony coral. Marine Pollution Bulletin 12: 

333-339. 
 
Porter, J. W., S. K. Lewis and K. G. Porter. 1999. The effect of multiple stressors on the 

Florida Keys coral reef ecosystem: A landscape hypothesis and a physiological 

test. Limnology and Oceanography 44: 941-949. 

 
Philipp, E., and K. Fabricius. 2003. Photophysiological stress in scleractinian corals in 

response to short-term sedimentation. Journal of Experimental Marine Biology 

and Ecology 287: 57-78. 

 
Proni, J. R., H. Huang and W. P. Dammann. 1994. Initial dilution of Southeast Florida 

ocean outfalls. Journal of Hydraulic Engineering 120: 1409-1425. 

 
Quiniou, F., M. Guillou, and A. Judas. 1999. Arrest and delay in embryonic development 

in sea urchin populations of the Bay of Brest (Brittany, France): Link with 

environmental factors. Marine Pollution Bulletin 38: 401-406. 
 
Raberg, S., M. Nystrom, M. Eros and P. Plantman. 2003. Impact of the herbicides 2, 4-D 

and diuron on metabolism of the coral Porites cylindrica. Marine Environmental 

Research 56: 503-514. 

 
Reichelt - Brushett, A. J. and P. Harrison. 2005. The effect of selected trace metals on the 

fertilization success of several scleractinian coral species. Coral Reefs 24: 524 

534. 

 
Reichelt - Brushett, A. J. and K. Michalek-Wagner. 2005. Effects of copper on the 

fertilization success of the soft coral Lobophytum compactum. Aquatic 
Toxicology 74: 280-284. 



 

Reynaud, S., N. Leclercq, S. Romaine-Lioud, C. Ferrier-Pagès, J. Jaubert and J.-P. 
Gattuso. 2003. Interacting effects of CO2 partial pressure and temperature on 

photosynthesis and calcification in a scleractinian coral. Global Change Biology 
9: 1660-1668. 

Richardson, L. L. 1998. Coral diseases: What is really known? Tree 13: 438-443. 

Richardson, L. L., W. M. Goldberg, K. G. Kuta, R. B. Aronson, G. W. Smith, K. B. 

Ritchie, J. C. Halas, J. S. Feingold and S. L. Miller. 1998. Florida's mystery coral- 

killer identified. Nature 392: 557-558. 
 
Riegl, B. 1995. Effects of sand deposition on scleractinian and alcyonacean corals. 

Marine Biology 121: 517-526. 

 
Riegl, B. and G. M. Branch. 1995. Effects of sediment on the energy budgets of four 

scleractinian (Bourne 1900) and five alcyonacean (Lamouroux 1816) corals. 
Journal of Experimental Marine Biology and Ecology 186: 259-275. 

 
Robbart, M. L., P. Peckol, S. P. Scordilis, H. A. Curran and J. Brown-Saracino. 2004. 

Population recovery and differential heat shock protein expression for the corals 
Agaricia agaricites and A. tenuifolia in Belize. Marine Ecology Progress Series 
283: 151-160. 

 
Rogers, C. S. 1990. Responses of coral reefs and reef organisms to sedimentation. Marine 

Ecology Progress Series 62: 185-202. 

 
Rose, C. S. and M. Risk. 1985. Increase in Cliona delitrix infestation of Montastrea 

cavernosa heads on an organically polluted portion of the Grand Cayman fringing 

reef. Marine Ecology 6: 345-363. 
 
Rudnick, D., D. Childers, J. Boyer and T. Fontaine. 1999. Phosphorus and nitrogen inputs 

to Florida Bay: The importance of the Everglades watershed. Estuaries 22: 398 

416. 
 
Ryan, J. C. 2001. The Caribbean gets dusted. BioScience 51: 334-338. 

 
Sakami, T. 2000. Effects of temperature, irradiance, salinity and inorganic nitrogen 

concentration on coral zooxanthellae in culture. Fisheries Science 66: 1006-1013. 
 
Salih, A., O. Hoegh-Guldberg and G. Cox. 1997. Bleaching responses of symbiotic 

dinoflagellates in corals: The effects of light and elevated temperature on their 

morphology and physiology. Proceedings of the Australian Coral Reef Society 

75th Anniversary Conference. 199-216. 
 
Summarco, P. 1996. Comments on coral reef regeneration, bioerosion, biogeograph, and 

chemical ecology: Future directions. Journal of Experimental Marine Biology and 

Ecology 200: 135-168. 



 

Schaffranek, R. 1999. Hydrologic studies in support of South Florida ecosystem 

restoration. Annual Water Resources Planning and Management Conference, June 

6-9, 1999 Tempe, AZ. 1-9. 
 
Schlöder, C. and L. D'Croz. 2004. Responses of massive and branching coral species to 

the combined effects of water temperature and nitrate enrichment. Journal of 

Experimental Marine Biology and Ecology 313: 255-268. 

 
Scientific Committee on Oceanic Research (SCOR) Land-Ocean Interactions in the 

Coastal Zone (LOICZ). 2004. Submarine groundwater discharge: Management 

implications, measurements and effects. IHP-VI Series on Groundwater No. 
5/IOC Manuals and Guides 44: 1-35. 

 
Shinn, E. A., G. W. Smith, J. M. Prospero, P. Betzer, M. L. Hayes, V. H. Garrison and R. 

T. Barber. 2000. African dust and the demise of Caribbean coral reefs. 

Geophysical Research Letters 27: 3029-3032. 
 
Sigua, G. C., J. S. Steward and W. A. Tweedale. 2000. Water-quality monitoring and 

biological integrity assessment in the Indian River Lagoon, Florida: Status, 

Trends, and Loadings (1988-1994). Environmental Management 25: 199-209. 

 
Smith, S. V. and R. W. Buddemeier. 1992. Global change and coral reef ecosystems. 

Annual Review of Ecology and Systematics 23: 89-118. 

 
Stafford-Smith, M. G. 1993. Sediment-rejection efficiency of 22 species of Australian 

scleractinian corals. Marine Biology 115: 229-243. 
 
Sutherland, K. P., J. W. Porter and C. Torres. 2004. Disease and immunity in Caribbean 

and Indo-Pacific zooxanthellate corals. Marine Ecology Progress Series 266: 273 

302. 

 
Swarzenski, P., J. Martin and J. Cable. 2001. Submarine ground-water discharge in upper 

Indian River Lagoon, Florida. Water Resources Investigations Report 01-4011, 

USGS. 1-10. 
 
Szmant, A. M. 2002. Nutrient enrichment on coral reefs: Is it a major cause of coral reef 

decline? Estuaries 25: 743-766. 
 
Szmant, A. M. and N. J. Gassman. 1990. The effects of prolonged "bleaching" on the 

tissue biomass and reproduction of the reef coral Montastrea annularis. Coral 

Reefs 8: 217-224. 

 
Tans, P. P., I. Y. Fung and T. Takahashi. 1990. Observational constraints on the global 

atmospheric CO2 budget. Science 247: 1431-1438. 

 
Tarrant, A., M. Atkinson and S. Atkinson. 2004. Effects of steroidal estrogens on coral 

growth and reproduction. Marine Ecology Progress Series 269: 121-129. 



 

Telesnicki, G. J. and W. M. Goldberg. 1995. Effects of turbidity on the photosynthesis 

and respiration of two South Florida reef coral species. Bulletin of Marine 

Science 57: 527-539. 

 
Thomas, S., P. Ridd. 2005. Field assessment of innovative sensor for monitoring of 

sediment accumulation at inshore coral reefs. Marine Pollution Bulletin 51: 470 
480. 

 
United States Army Corps of Engineers Jacksonville District, South Florida Water 

Management District. 1999. Central and Southern Florida Project Comprehensive 

Review Study Final Integrated Feasibility Report and Programmatic 
Environmental Impact Statement. 

 
United States Coral Reef Task Force. 2002. Resolution 8-1: Improving Procedures of the 

U.S. Coral Reef Task Force. 8th Coral Reef Task Force Meeting. 4 pp. 
 
United States Department of the Interior and United States Department of Commerce. 

2000. The national action plan to conserve coral reefs. U.S. Coral Reef Task 
Force. 41 pp. 

 
United States Environmental Protection Agency. 1998. Point Source Nutrient Loading 

Analysis in the Mississippi River System. 

http://www.epa.gov/msbasin/taskforce/loadings.htm 

 
United States Environmental Protection Agency. 2001. Nutrient criteria technical 

guidance manual: Estuarine and coastal marine waters. Office of Water, Office of 

Science and Technology, Washington, DC. EPA-822-B01-003. 
http://www.epa.gov/waterscience/criteria/nutrient/guidance/marine. 

 
United Nations Environment Programme. 1999. Inventory of information sources on 

chemicals: Persistent organic pollutants. 148 pp. 

 
Victor, S. and R. Richmond. 2005. Effect of copper on fertilization success in the reef 

coral Acropora surculosa. Marine Pollution Bulletin 50: 1433-1456. 
 
Ward-Paige, C. A., M. Risk and O. Sherwood. 2005. Clionid sponge surveys on the 

Florida Reef Tract suggest land-based nutrient inputs. Marine Pollution Bulletin. 
In Press. 

 
Ware, J. R., S. V. Smith and M. L. Reaka-Kudla. 1991. Coral reefs: Sources or sinks of 

atmospheric CO2? Coral Reefs 11: 127-130. 

 
Weaver, K. and G. Payne. 2004. Status of water quality in the Everglades protection area. 

Everglades Consolidated Report. 1-19. 
 
Wikipedia: The Free Encyclopedia. 2006. http://en.wikipedia.org 

http://www.epa.gov/msbasin/taskforce/loadings.htm
http://www.epa.gov/waterscience/criteria/nutrient/guidance/marine
http://en.wikipedia.org/


 

Williams, D. E. and M. W. Miller. 2005. Coral disease outbreak: Pattern, prevalence and 

transmission in Acropora cervicornis. Marine Ecology Progress Series 301: 119 

128. 
 
Wilson, W. H., A. L. Dale, J. E. Davy and S. K. Davy. 2005. An enemy within? 

Observations of virus- like particles in reef corals. Coral Reefs 24: 145-148. 
 
WordNet Database: Cognitive Science Laboratory at Princeton University. 2006. 

http://wordnet.princeton.edu 

 
Wu, R. 1999. Eutrophication, water borne pathogens and xenobiotic compounds: 

Environmental risks and challenges. Marine Pollution Bulletin 39: 1-12, 11-22. 
 
Wyers, S. C., H. Frith, R. Dodge, S. Smith, A. Knap and T. Sleeter. 1986. Behavioural 

effects of chemically dispersed oil and subsequent recovery in Diploria strigosa 

(DANA). Marine Ecology 7: 23-42. 
 
Yentsch, C. S., C. M. Yentsch, J. J. Cullen, B. Lapointe, D. A. Phinney and S. W. 

Yentsch. 2002. Sunlight and water transparency: Cornerstones in coral research. 
Journal of Experimental Marine Biology and Ecology 268: 171-183. 

  

http://wordnet.princeton.edu/
http://wordnet.princeton.edu/


 

11. WEBPAGES OF INTEREST 
 

Australian Government: Australian Institute of Marine Science. 2006. 

http://www.aims.gov.au 
 
Carbon Dioxide Information Analysis Center: Oak Ridge National Laboratory. 2005. 

http://cdiac.esd.ornl.gov 

 
Center of Integrative Toxicology: Michigan State University. 2005. 

http://www.iet.msu.edu/Regs/glossaryofwater.htm 

 
Chesapeake Bay Program Webpage: Wedeman and Cosgrove. 1998. 

http://www.chesapeakebay.net/modsc.htm 

 
Comprehensive Everglades Restoration Plan (CERP ). 2006. 

http://www.evergladesplan.org 

Coris: NOAA’s Coral Reef Information System. 2006. http://www.coris.noaa.gov 

Coral Disease Page. 2000. 

http://ourworld.compuserve.com/homepages/mccarty_and_peters/Coraldis.htm 
 
Dana Kolpin Webpage. 2004. http://www.clw.csiro.au/video_html/danakolpinSep04.html 

Environment Canada. 2005. http://www.ec.gc.ca/water/en/info/gloss/e_gloss.htm 

EPA Water Quality Downloads. 2005. http://www.epa.gov/region4/water/uic/ra.htm 

 
Florida Department of Environmental Protection (FDEP): TMDL Program. 2006. 

http://www.dep.state.fl.us/water/tmdl/index.htm 
 
Florida Department of Environmental Protection (FDEP): Watershed Monitoring. 2006. 

http://www.dep.state.fl.us/water/monitoring/index.htm 

 
Florida Keys National Marine Sanctuary Water Quality Protection Program. 2006. 

http://ocean.floridamarine.org/fknms_wqpp/index.html 

 
Florida Lakewatch: University of Florida, Department of Fisheries and Aquatic Sciences. 

2006. http://lakewatch.ifas.ufl.edu 

Great Ba rrier Reef Marine Park Authority. 2006. http://www.gbrmpa.gov.au 

Great Barrier Reef Marine Park Authority. 2006. 

http://www.gbrmpa.gov.au/corpsite/key_issues/water_quality/principal_influence 

s.html 

http://www.aims.gov.au/
http://cdiac.esd.ornl.gov/
http://www.iet.msu.edu/Regs/glossaryofwater.htm
http://www.chesapeakebay.net/modsc.htm
http://www.chesapeakebay.net/modsc.htm
http://www.evergladesplan.org/
http://www.coris.noaa.gov/
http://ourworld.compuserve.com/homepages/mccarty_and_peters/Coraldis.htm
http://www.clw.csiro.au/video_html/danakolpinSep04.html
http://www.ec.gc.ca/water/en/info/gloss/e_gloss.htm
http://www.epa.gov/region4/water/uic/ra.htm
http://www.dep.state.fl.us/water/tmdl/index.htm
http://www.dep.state.fl.us/water/tmdl/index.htm
http://www.dep.state.fl.us/water/monitoring/index.htm
http://ocean.floridamarine.org/fknms_wqpp/index.html
http://ocean.floridamarine.org/fknms_wqpp/index.html
http://lakewatch.ifas.ufl.edu/
http://www.gbrmpa.gov.au/
http://www.gbrmpa.gov.au/corpsite/key_issues/water_quality/principal_influence


 

Institute for Wetland and Water Research: Radbound University Nijmegen, the 
Netherlands. 2005. http://www.eco.science.ru.nl 

 
Inter-Research Science Center. 2006. http://www.int-res.com 

 
Mississippi River Basin & Gulf of Mexico Hypoxia: Protocol for Point Source 

Nutrient Loading Analysis in the Mississippi River System. 1998. 

http://www.epa.gov/msbasin/taskforce/protocol.htm 

 
National Water Quality Management Strategy: Australian Government, Department of  

the Environment and Heritage. 2005. http://www.deh.gov.au/water/quality/nwqms 

 
NOAA Fisheries Service. 2006. http://www.nmfs.noaa.gov 

 
NOAA Satellite and Information Service: National Climatic Data Center. 2006. 

http://www.ncdc.noaa.gov/oa/ncdc.html 

 
NWIS Florida Web Data: USGS. 2006. http://waterdata.usgs.gov/fl/nwis 

Reef Relief. 2005. http://www.reefrelief.org 

SeaWeb. 2006. http://www.seaweb.org 

 
Scientific Committee on Oceanic Research, SCOR/LOICZ working group 112. 2006. 

http://www.jhu.edu 

Southeastern Fisheries Association, Inc. 2006. http://www.southeasternfish.org 

Southeast Florida Coral Reef Initiative (SEFCRI): Florida Department of Environmental 

Protection. 2004. http://www.dep.state.fl.us/coastal/programs/coral 
 
South Florida Water Management District (SFWMD): DBHYDRO Water hydrological 

and quality data. 2006. http://www.sfwmd.gov/org/ema/dbhydro/index.html 

 
United Nations Environment Programme. 2005. http://www.chem.unep.ch/pops 

United States Commission on Ocean Policy. 2004. http://www.oceancommission.gov 

United States Coral Reef Task Force (USCRTF). 2006. http://www.coralreef.gov 

United States Environmental Protection Age ncy (USEPA): Storet. 2006. 
http://epa.gov/storet/ 

 
United States Environmental Protection Agency (USEPA): Legacy Data Center. 2006. 

http://www.epa.gov/storpubl/legacy/gateway.htm 

http://www.eco.science.ru.nl/
http://www.int-res.com/
http://www.epa.gov/msbasin/taskforce/protocol.htm
http://www.epa.gov/msbasin/taskforce/protocol.htm
http://www.deh.gov.au/water/quality/nwqms
http://www.nmfs.noaa.gov/
http://www.ncdc.noaa.gov/oa/ncdc.html
http://www.ncdc.noaa.gov/oa/ncdc.html
http://waterdata.usgs.gov/fl/nwis
http://www.reefrelief.org/
http://www.seaweb.org/
http://www.jhu.edu/
http://www.southeasternfish.org/
http://www.dep.state.fl.us/coastal/programs/coral
http://www.sfwmd.gov/org/ema/dbhydro/index.html
http://www.chem.unep.ch/pops
http://www.oceancommission.gov/
http://www.coralreef.gov/
http://epa.gov/storet
http://www.epa.gov/storpubl/legacy/gateway.htm


 

United States Geological Survey (USGS). 2006. http://www.usgs.gov 

 
United States Geological Survey (USGS): Center for Coastal & Watershed Studies. 2006. 

http://coastal.er.usgs.gov/projects/topics/health.html 

 
United States Global Change Research Program. 2006. http://www.usgcrp.gov 

Wikipedia: The Free Encyclopedia. 2006. http://en.wikipedia.org 

WordNet Database: Cognitive Science Laboratory at Princeton University. 2006. 
http://wordnet.princeton.edu 

  

http://www.usgs.gov/
http://coastal.er.usgs.gov/projects/topics/health.html
http://coastal.er.usgs.gov/projects/topics/health.html
http://www.usgcrp.gov/
http://en.wikipedia.org/
http://wordnet.princeton.edu/


 

12. BIBLIOGRAPHY OF ANNOTATED PAPERS 
 

Abelson, A., R. Olinky and S. Gaines. 2005. Coral recruitment to the reefs of Eilat, Red 

Sea: temporal and spatial variation, and possible effects of anthropogenic 

disturbances. Marine Pollution Bulletin 50: 576-582. 
 
Abramovitch-Gottlib, L. D. Katoshevski and R. Vago. 2003. Responses of Stylophora 

pistillata and Millepora dichotoma to seawater temperature elevation. Bulletin of 

Marine Science 73: 745-755. 
 
Acevedo, R., J. Morelock and R. A. Olivieri. 1989. Modification of coral reef zonation by 

terrigenous sediment stress. Palaios 4: 92-100. 
 
Alcolado, P. M., R. Claro, G. Menendez and B. Martinez-Daranas. 1997. General status 

of Cuban coral reefs. Proceedings of the 8th International Coral Reef Symposium 

1: 341-344. 
 
Alongi, D. M. and A. D. McKinnon. 2005. The cycling and fate of terrestrially-derived 

sediments and nutrients in the coastal zone of the Great Barrier Reef shelf. Marine 
Pollution Bulletin. 51: 239-252. 

 
Alutoin, S., J. Boberg, M. Nyström and M. Tedengren. 2001. Effects of the multiple 

stressors copper and reduced salinity on the metabolism of the hermatypic coral 

Porites lutea. Marine Environmental Research 52: 289-299. 
 
Andréfoüet, S., P. J. Mumby, M. McField, C. Hu and F. E. Muller-Karger. 2002. 

Revisiting coral reef connectivity. Coral Reefs 21: 43-48. 
 
Anthony, K. R. N. 1999. A tank system for studying benthic aquatic organisms at 

predictable levels of turbidity and sedimentation: Case study examining coral 

growth. Limnology and Oceanography 44: 1415-1422. 
 
Anthony, K. R. N. 2000. Enhanced particle- feeding capacity of corals on turbid reefs 

(Great Barrier Reef, Australia). Coral Reefs 19: 59-67. 
 
Anthony, K. R. N. and K. E. Fabricius. 2000. Shifting roles of heterotrophy and 

autotrophy in coral energetics under varying turbidity. Journal of Experimental 

Marine Biology and Ecology 252: 221-253. 
 
Antonius, A. and J. Afonso-Carillo. 2001. Pneophyllum conicum killing reef-corals in 

Mauritius: A new indo-pacific syndrome? Bulletin of Marine Science 69: 613 

618. 
 
Antonius, A. and B. Riegl. 1998. Coral diseases and Drupella cornus invasion in the Red 

Sea. Coral Reefs 17: 48. 



 

Aronson, R. B., W. F. Precht, M. A. Toscano and K. H. Koltes. 2002. The 1998 

bleaching event and its aftermath on a coral reef in Belize. Marine Biology 141: 

435-447. 
 
Atkinson, S., M. Atkinson and A. Tarrant. 2003. Estrogens from sewage in coastal 

marine environments. Environmental Health Perspectives 111: 1-7. 
 
Babcock, R. and P. Davies. 1991. Effects of sedimentation on settlement of Acropora 

millepora. Coral Reefs 9: 205-208. 
 
Baker, A. C., C. J. Starger, T. R. McClanahan and P. W. Glynn. 2004. Corals' adaptive 

response to climate change. Nature 430: 741. 
 
Barile, P. J. 2004. Evidence of anthropogenic nitrogen enrichment of the littoral waters of 

east central Florida. Journal of Coastal Research 20: 1237-1245. 
 
Bastidas, C. and E. Garcia. 1999. Metal content on the reef coral Porites astreoides: and 

evaluation of river influence and 35 years of chronology. Marine Pollution 

Bulletin 38: 899-907. 
 
Bastidas, C. and E. M. Garcia. 2004. Sublethal effects of mercury and its distribution in 

the coral Porites asteroides. Marine Ecology Progress Series 267: 133-143. 
 
Bates, N. R. 2002. Seasonal variability of the effect of coral reefs on seawater Carbon 

Dioxide and air-sea Carbon Dioxide exchange. Limnology and Oceanography 47: 

43-52. 
 
Bell, P. 1992. Eutrophication and coral reefs-some examples in the Great Barrier Reef 

lagoon. Water Resources 26: 553-568. 
 
Bell, P. and I. Elmetri. 1995. Ecological indicators of large-scale eutrophication in the 

Great Barrier Reef lagoon. Ambio 24: 208-215. 
 
Bellwood, D. R., T. P. Hughes, C. Folke and M. Nystrom. 2004. Confronting the coral 

reef crisis. Nature 429: 827-833. 
 
Ben-Haim, Y. and E. Rosenberg. 2002. A novel Vibrio sp. Pathogen of the coral 

Pocillopora damicornis. Marine Biology 141: 47-55. 
 
Ben-Tzvi, O., Y. Loya and A. Abelson. 2004. Deterioration Index (DI): A suggested 

criterion for assessing the health of coral communities. Marine Pollution Bulletin 

48: 954-960. 
 
Berkelmans, R. and J. K. Oliver. 1999. Large-scale bleaching of corals on the Great 

Barrier Reef. Coral Reefs 18: 55-60. 



 

Berkelmans, R. and B. L. Willis. 1999. Seasonal and local spatial patterns in the upper 

thermal limits of corals on the inshore Central Great Barrier Reef. Coral Reefs 18: 

219-228. 
 
Bhagooli, R. and M. Hidaka. 2004. Release of zooxanthellae with intact photosynthetic 

activity by the coral Galaxea fascicularis in response to high temperature stress. 

Marine Biology 145: 329-337. 
 
Black, N. A., R. Voellmy and A. M. Szmant. 1995. Heat shock protein induction in 

Montastraea faveolata and Aiptasia pallida exposed to elevated temperatures. 

The Biological Bulletin 188: 234-240. 
 
Bloetscher, F. and S. Gokgoz. 2001. Comparison of water quality parameters from South 

Florida wastewater treatment plants versus potential receiving waters. Florida 
Water Resources Journal 37-45. 

 
Bloetscher, F., L. Meday-Futo, W. R. V. Cott and R. Fergan. 2000. City of Hollywood 

revises industrial pretreatment program. Water Engineering & Management 147: 

17-22. 
 
Broward County Environmental Quality Control Board. 1981. Annual update: 

Environmental assessment of the north and south regional wastewater outfalls in 

the Atlantic Ocean at Broward County, Florida. 21 pp. 
 
Borger, J. L. 2005. Dark spot syndrome: A scleractinian coral disease or a general stress 

response? Coral Reefs 24: 139-144. 
 
Brodie, J. 1994. Management of sewage discharges in the Great Barrier Reef Marine 

Park. The Sixth Pacific Congress on Marine science and technology. 9. 
 
Broecker, W. S., T. Takahashi, H. J. Simpson and T. H.-. Peng. 1979. Fate of fossil fuel 

carbon dioxide and the global carbon budget. Science 206: 409-418. 
 
Brown, B. E. 1987. Worldwide death of corals - natural cyclical events or man-made 

pollution? Marine Pollution Bulletin 18: 9-13. 
 
Brown, B. E. 1997. Coral bleaching: Causes and consequences. Coral Reefs 16: S129 

S138. 
 
Brown, B. E., R. P. Dunne, T. P. Scoffin and M. D. A. Le Tissier. 1994. Solar damage in 

intertidal corals. Marine Ecology Progress Series 105: 219-230. 
 
Brown, B. E. and M. C. Holley. 1982. Metal levels associated with tin dredging and 

smelting and their effect upon intertidal reef flats at Ko Phuket, Thailand. Coral 

Reefs 1: 131-137. 
 
Bruckner, A.W. 2002. Priorities for effective management of coral diseases. NOAA 

Technical Memorandum. 47pp. 



 

Bruno, J. F., L. E. Petes, C. D. Harvell and A. Hettinger. 2003. Nutrient enrichment can 
increase the severity of coral diseases. Ecology Letters 6: 1056-1061. 

 
Burnett, B. and J. Chanton. 2000. The role of groundwater in the nutrient budget of 

Florida Bay. 1-40. 
 
Burnett, W. C., H. Bokuniewicz, M. Huettel, W. S. Moore and M. Taniguchi. 2003. 

Groundwater and pore water inputs to the coastal zone. Biogeochemistry. 66: 3 
33. 

 
Caccia, V. and J. Boyer. 2005. Spatial patterning of water quality in Biscayne Bay, 

Florida as a function of land use and water ma nagement. Marine Pollution 

Bulletin 50: 1416-1429. 
 
Carr, G. B., P. A. Davis, R. E. Fergen and F. Bloetscher. 2000. Water quality impacts of 

long-term effluent disposal strategies in Southeast Florida. Water Engineering & 

Management 147: 49-53. 
 
Carricart-Ganivet, J. P. 2004. Sea surface temperature and the growth of the West 

Atlantic reef-building coral Montastraea annularis. Journal of Experimental 

Marine Biology and Ecology 302: 249-260. 
 
Carsey, T. P., R. Ferry, K. D. Goodwin, P. B. Ortner, J. Proni, P. K. Swart and J. Z. 

Zhang. 2005. Brevard County near shore ocean nutrification analysis. Report by: 

Near shore nutrification of Brevard County science panel 83. 
 
Cervino, J. M., R. Hayes, T. J. Goreau and G. W. Smith. 2004a. Zooxanthellae regulation 

in yellow blotch/band and other coral diseases contrasted with temperature related 
bleaching: in situ destruction vs. expulsion. Symbiosis 37: 63-85. 

 
Cervino, J. M., R. L. Hayes, S. W. Polson, S. C. Polson, T. J. Goreau, R. J. Martinez and 

G. W. Smith. 2004b. Relationship of Vibrio species infection and elevated 

temperatures to Yellow Blotch/Band disease in Caribbean corals. Applied and 
Environmental Microbiology 70: 6855-6864. 

 
Cheevaporn, V. and P. Menasveta. 2003. Water pollution and habitat degradation in the 

Gulf of Thailand. Marine Pollution Bulletin 47: 43-51. 
 
Christie, D. R. 1997. Characteristics of Southeast Florida Publicly Owned Treatment 

Works. Southeastern Fisheries Association, Inc. 16 pp. 
 
Coles, S. L. 1975. A comparison of effects of elevated temperature versus temperature 

fluctuations on reef corals at Kahe Point, Oahu. Pacific Science 29: 15-18. 
 
Coles, S. L. and Y. H. Fadlallah. 1991. Reef coral survival and mortality at low 

temperatures in the Arabian Gulf: New species-specific lower temperature limits. 

Coral Reefs 9: 231-237. 



 

Coles, S. L., P. I. Jokiel and C. R. Lewis. 1976. Thermal tolerance in tropical versus 
subtropical Pacific reef corals. Pacific Science 30: 159-166. 

 
Coles, S. L. and P. L. Jokiel. 1977. Effects of temperature on photosynthesis and 

respiration in hermatypic corals. Marine Biology 43: 209-216. 
 
Coles, S. L. and P. L. Jokiel. 1978. Synergistic effects of temperature, salinity and light 

on the hermatypic coral Montipora verrucosa. Marine Biology 49: 187-195. 
 
Connelly, D., J. Readman, A. Knaps and J. Davies. 2001. Contamination of the coastal 

waters of Bermuda by organotins and the Triazine herbicide Irgarol 1051. Marine 

Pollution Bulletin 42: 409-414. 
 
Cooper, S., J. Huvane, P. Vaithiyanathan and C. Richardson. 1999. Calibration of  

diatoms along a nutrient gradient in Florida Everglades Water Conservation Area 
2A, USA. Journal of Paleolimnology 22: 413-437. 

 
Corbett, D., W. Burnett and J. Chanton. 2001. Submarine groundwater discharge: and 

unseen yet potentially important coastal phenomenon. SGEB-54 by UF/IFAS 1 10. 
 
Corbett, D., J. Chanton, W. Burnett, K. Dillon, C. Rutowski and J. Fourqurean. 1999. 

Patterns of groundwater discharge into Florida Bay. Limnology and 

Oceanography 44: 1045-1055. 
 
Cornish, A. S. and E. M. DiDonato. 2004. Resurvey of a reef flat in American Samoa 

after 85 years reveals devastation to a soft coral (Alcyonacea) community. Marine 

Pollution Bulletin 48: 768-777. 
 
Cortés, J. and M. J. Risk. 1985. A reef under siltation stress: Cahuita, Costa Rica. 

Bulletin of Marine Science 36: 339-356. 
 
Costa Jr., O. S., Z. M. A. N. Leao, M. Nimmo and M. J. Attrill. 2000. Nutrification 

impacts on coral reefs from northern Bahia, Brazil. Hydrobiologia 440: 307-315. 
 
Costanzo, S. D., M. J. O'Donohue and W. C. Dennison. 2000. Gracilaria edulis 

(Rhodophyta) as a biological indicator of pulsed nutrients in oligotrophic waters. 

Journal of Phycology 36: 680-685. 
 
Dahl, B. and H. Blanck. 1996. Toxic effects of the antifouling agent Irgarol 1051 on 

periphyton communities in coastal water microcosms. Marine Pollution Bulletin 

32: 342-350. 
 
David, C. P. 2002. Tracing a mine tailings spill using heavy metal concentrations in coral 

growth bands: Preliminary results and interpretation. Proceedings of the 9th 

International Coral Reef Symposium, 2000 2: 1213-1218. 



 

Davies, J. M., R. P. Dunne and B. E. Brown. 1997. Coral bleaching and elevated sea 

water temperature in Milne Bay Province, Papua New Guinea, 1996. Marine and 

Freshwater Research 48: 513-516. 
 
Davies, P. S. 1990. A rapid method for assessing growth rates of corals in relation to 

water pollution. Marine Pollution Bulletin 21: 346-348. 
 
Delgado, O. and B. E. Lapointe. 1994. Nutrient-limited productivity of calcareous versus 

fleshy macroalgae in a eutrophic, carbonate-rich tropical marine environment. 

Coral Reefs 13: 151-159. 
 
Denton, G. R. W. and C. Burdon-Jones. 1986. Trace metals in corals from the Great 

Barrier Reef. Marine Pollution Bulletin 5: 209-213. 
 
DHI Water and Environment, Inc. 2003. Modeling of wave, hydrodynamic and sediment 

transport processes in connection with the bypassing of sand at Port Everglades 

entrance. Status Report 89 pp. 
 
Dodge, R. and K. Helmle. 2003. Past stony coral growth (extension) rates on reefs of 

Broward County, Florida: Possible relationships with Everglades drainage. Joint 

Conference of the Science and Restoration of the Greater Everglades and Florida 
Bay Ecosystem, Palm Harbor, FL,April 13-18 1-5. 

 
Dodge, R., A. Knap, S. Wyers, H. Frith, T. Sleeter and S. Smith. 1985. The effect of 

dispersed oil on the calcification rate of the reef-building coral Diploria strigosa. 

Proceedings of the 5th International Coral Reef Congress 6: 453-457. 
 
Dodge, R. E., R. C. Aller and J. Thomson. 1974. Coral growth related to resuspension of 

bottom sediments. Nature 247: 574-577. 
 
Dodge, R. E. and T. R. Gilbert. 1984. Chronology of lead pollution in banded coral 

skeletons. Marine Biology 82: 9-13. 
 
Dodge, R. E., S. C. Wyers, H. R. Frith, A. H. Knap, S. R. Smith and T. D. Sleeter. 1984. 

The effects of oil and oil dispersants on the skeletal growth of the hermatypic 
coral Diploria strigosa. Coral Reefs 3: 191-198. 

 
Downs, C., R. Owen, L. Buxton and A. Downs. Preliminary examination of cellular 

toxicological responses of the coral Madracis miabilis to acute Irgarol 1051 

exposure: application of cellular diagnostics. EnVirtue Biotechnologies 
Manuscript 1-30. 

 
Downs, C. A., J. E. Fauth, J. C. Halas, P. Dustan, J. Bemiss and C. M. Woodley. 2002. 

Oxidative stress and seasonal coral bleaching. Free Radical Biology & Medicine 

33: 533-543. 



 

Downs, C. A., J. E. Fauth, C. E. Robinson, R. Curry, B. Lazendorf, J. C. Halas, J. Halas 

and C. M. Woodley. 2005. Cellular diagnostics and coral health: Declining coral 

health in the Florida Keys. Marine Pollution Bulletin 51: 558-569. 
 
Dustan, P. and J. C. Halas. 1987. Changes in the reef-coral community of Carysfort Reef, 

Key Largo, Florida: 1974 to 1982. Coral Reefs 6: 91-106. 
 
Edinger, E. N., J. Jompa, G. V. Limmon, W. Widjatmoko and M. J. Risk. 1998. Reef 

degradation and coral biodiversity in Indonesia: effects of land-based pollution, 
destructive fishing practices and changes over time. Marine Pollution Bulletin 36: 

617-630. 
 
Edmunds, P. J. 2005. Effect of elevated temperature on aerobic respiration of coral 

recruits. Marine Biology 146: 655-663. 
 
Edwards, A. J., S. Clark, H. Zahir, A. Rajasuritya, A. Naseer and J. Rubens. 2001. Coral 

bleaching and mortality in artificial and natural reefs in Maldives in 1998, sea 

surface temperature anomalies and initial recovery. Marine Pollution Bulletin 42: 

7-15. 
 
EPA. 2003. Relative Risk Assessment of Management Options for Treated Wastewater in 

South Florida. United States Environmental Protection Agency 256 pp. 
 
Esslemont, G. 2000. Heavy metals in seawater, marine sediments and corals from the 

Townsville section, Great Barrier Reef Marine Park, Queensland. Marine 

Chemistry 71: 215-231. 
 
Esslemont, G., V. J. Harriott and D. M. McConchie. 2000. Variability of trace- metal 

concentrations within and between colonies of Pocillopora damicornis. Marine 

Pollution Bulletin 40: 637-642. 
 
Fabricius, K. 2005. Effects of terrestrial runoff on the ecology of corals and coral reefs: 

review and synthesis. Marine Pollution Bulletin 50: 125-146. 
 
Fabricius, K. and M. Dommisse. 2000. Depletion of suspended particulate matter over 

coastal reef communities dominated by zooxanthellate soft corals. Marine 

Ecology Progress Series 196: 157-167. 
 
Fabricius, K. E. 2005. Effects of terrestrial runoff on the ecology of corals and coral 

reefs: Review and synthesis. Marine Pollution Bulletin 50: 125-146. 
 
Fabricius, K. E. and E. Wolanski. 2000. Rapid smothering of coral reef organisms by 

muddy marine snow. Estuarine, Coastal and Shelf Science 50: 115-120. 
 
Fang, L.-S., S.-P. Huang and K.-L. Lin. 1997. High temperature induces the synthesis of 

heat-shock proteins and the elevation of intracellular calcium in the coral 

Acropora grand s. Coral Reefs 16: 127-131. 



 

Fauth, J., P. Dustan, E. Ponte, K. Banks, B. Vargas-Angel and C. Downs. 2005. 

Southeast Florida Coral Biomarker Local Action Study. DEP Report 1-69. 
 
Fautin, D. G. and R. W. Buddemeier. 2004. Adaptive bleaching: A general phenomenon. 

Hydrobiologia 530/531: 459-467. 
 
Federal Register. 1998. Executive Order 13089. Presidential Documents 63: 32701 

32703 

 
Fergen, R. E., P. A. Davis and F. Bloetscher. 2004. Ammonia dynamics on the ocean 

environment. Florida Water Resources Journal March: 33-36. 
 
Fergen, R. E., P. Vinci and F. Bloetscher. 1999. Water plant membrane reject water in an 

ocean outfall. Florida Water Resources Journal 24-26. 
 
Ferrier-Pagès, C., J.-P. Gattuso and J. Jaubert. 1999. Effect of small variations in salinity 

on the rates of photosynthesis and respiration of the zooxanthellate coral 

Stylophora pistillata. Marine Ecology Progress Series 181: 309-314. 
 
Ferrier-Pages, C., V. Schoelzke, J. Jaubert, L. Muscatine and O. Hoegh-Guldberg. 2001. 

Response of a scleractinian coral, Stylophora pistillata, to iron and nitrate 
enrichment. Journal of Experimental Marine Biology and Ecology 259: 249-261. 

 
Fichez, R., M. Adjeroud, U. Bozec, L. Breau, Y. Chancerelle, C. Chevillon, P. Douillet, 

J. Fernandez, P. Frouin, M. Kulbicki, B. Moreton, S. Ouillon, C. Payri, J. Perez, 

P. Sasal and J. Thebault. 2005. A review of selected indicators of particle, nutrient 
and metal inputs in coral reef lagoon systems. Aquatic Living Resources 18: 125 
147. 

 
Finkl, C. W. and R. H. Charlier. 2003. Sustainability of subtropical coastal zones in 

Southeastern Florida: Challenges for urbanized coastal environments threatened 
by development, pollution, water supply, and storm hazards. Journal of Coastal 

Research 19: 934-943. 
 
Finkl, C. W. and S. Krupa. 2003. Environmental impacts of coastal-plain activities on 

sandy beach systems: Hazards, perception and mitigation. Journal of Coastal 

Research 35: 132-150. 
 
Fisher, L. E. 1980. Annual update: Environmental assessment of the Broward County 

North Regional Outfall. 15 pp. 
 
Fitt, W. K., B. E. Brown, M. E. Warner and R. P. Dunne. 2001. Coral bleaching: 

interpretation of thermal tolerance limits and thermal thresholds in tropical corals. 

Coral Reefs 20: 51-65. 
 
Flammang, P., M. Warnau, A. Temara, D. J. W. Lane and M. Jangoux. 1997. Heavy 

metals in Diadema setosum (Echinodermata, Echinoidea) from Singapore coral 
reefs. Journal of Sea Research 38: 35-45. 



 

Fleury, B. G., J. C. Coll, P. W. Sammarco, E. Tentori and S. Duquesne. 2004. 

Complementary (secondary) metabolites in an octocoral competing with a 

scleractinian coral: effects of varying nutrient regimes. Journal of Experimental 
Biology and Ecology 303: 115-131. 

 
Florida Department of Environmental Protection, Office of Coastal and Aquatic and 

Managed Areas, Coral Conservation Program. 2004. Southeast Florida Coral Reef 
Initiative: A local action strategy. 19pp. 

 
Fokiel, P. L., E. K. Brown, A. Friedlander, S. K. Rodgers and W. R. Smith. 2004. Hawaii 

Coral Reef Assessment and Monitoring Program: Spatial patterns and temporal 

dynamics in reef coral communities. Pacific Science 58: 159-174. 
 
Frankignoulle, M., C. Cannon and J.-P. Gattuso. 1994. Marine calcification as a source of 

carbon dioxide: positive feedback of increasing atmospheric CO2. Limnology and 
Oceanography 39: 458-462. 

 
Furnas, M., A. Mitchell, M. Skuza and J. Brodie. 2005. In the other 90%: phytoplankton 

responses to enhanced nutrient availability in the Great Barrier Reef lagoon. 
Marine Pollution Bulletin 51: 253-265. 

 
Garrison, G., C. Gleann and G. McMurtry. 2003. Measurement of submarine 

groundwater discharge in Kahana Bay, O'ahu, Hawai'i. Limnology and 

Oceanography 48: 920-928. 
 
Garrison, V. H., E. A. Shinn, W. T. Foreman, D. W. Griffin, C. W. Holmes, C. A. 

Kellogg, M. S. Majewski, L. L. Richardson, K. B. Ritchie and G. W. Smith. 2003. 

African and Asian dust: From desert soils to coral reefs. Bioscience 53: 469-480. 
 
Gates, R. D. 1990. Seawater temperature and sublethal coral bleaching in Jamaica. Coral 

Reefs 8: 193-197. 
 
Gattuso, J.-P., D. Allemand and M. Frankignoulle. 1999a. Photosynthesis and 

calcification at cellular, organismal, and community levels in coral reefs: A 
review on interactions and control by carbonate chemistry. American Zoologist 

39: 160-183. 
 
Gattuso, J.-P. and R. W. Buddemeier. 2000. Ocean biogeochemistry: Calcification and 

CO2. Nature 407: 311-313. 
 
Gattuso, J.-P., M. Frankignoulle, I. Bourge, S. Romaine and R. W. Buddemeier. 1998. 

Effect of calcium carbonate saturation of seawater on coral calcification. Global 
and Planetary Change 18: 37-46. 

 
Gattuso, J.-P., M. Frankignoulle and S. V. Smith. 1999b. Measurement of community 

metabolism and significance in the coral reef CO2 source-sink debate. 
Proceedings of the National Academy of Sciences 96: 13017-13022. 



 

Gilbert, A. and H. Guzman. 2001. Bioindication potential of carbonic anhydrase activity 
in anemones and corals. Marine Pollution Bulletin 42: 742-744. 

 
Gilmour, J. 1999. Experimental investigation into the effects of suspended sediment on 

fertilisation, larval survival and settlement in a scleractinian coral. Marine 

Biology 135: 451-462. 
 
Gleason, M. G. 1993. Effects of disturbance on coral communities: Bleaching in Moorea, 

French Polynesia. Coral Reefs 12: 193-201. 
 
Glynn, P. W., A. M. Szmant, E. F. Corcoran and S. V. Cofer-Shabica. 1989. Condition of 

coral reef cnidarians from the northern Florida reef tract: Pesticides, heavy metals, 

and histopathological examination. Marine Pollution Bulletin 20: 568-576. 
 
Goldberg, E. 1986. TBT: An environmental dilemma. Environment ENTVAR 28: 17-20, 

42-44. 
 
Goreau, T. J., T. McClanahan, R. Hayes and A. Strong. 2000. Conservation of coral reefs 

after the 1998 global bleaching event. Conservation Biology 14: 5-15. 
 
Greiner, R., A. Herr, J. Brodie and D. Haynes. 2005. A multi-criteria approach to Great 

Barrier Reef catchment (Queensland, Australia) diffuse-source pollution problem. 
Marine Pollution Bulletin 51: 128-137. 

 
Griffin, D. W., K. A. Donaldson, J. H. Paul and J. B. Rose. 2003. Pathogenic human 

viruses in coastal waters. Clinical Microbiology Reviews 16: 129-143. 
 
Griffin, D. W., C. A. Kellogg, V. H. Garrison and E. A. Shinn. 2002. The global transport 

of dust. American Scientist 90: 228-235. 
 
Griffin, G. M. 1974. Case history of a typical dredge- fill project in the Northern Florida 

Keys - Effects on water clarity, sedimentation rates and biota. Harbor Branch 

Foundation, Inc. Publication No. 33: 67 pp. 
 
Guardo, M. 1999. Hydrologic balance for a subtropical treatment wetland constructed for 

nutrient removal. Ecological Engineering 12: 315-337. 
 
Guzman, H. and C. Jimenez. 1992. Contamination of coral reefs by heavy metals along 

the Caribbean coast of Central America. Marine Pollution Bulletin 24: 554-561. 
 
Hallock, P., K. Barnes and E. Fisher. 2004. Coral reef risk assessment from satellites to 

molecules: a multi-scale approach to environmental monitoring and risk 

assessment of coral reefs. Environmental Micropaleontology, Microbiology and 
Meiobenthology 1: 11-39. 

 
Harland, A. D. and B. E. Brown. 1989. Metal tolerances in the scleractinian coral Porites 

lutea. Marine Pollution Bulletin 20: 353-357. 



 

Harrington, L., K. Fabricius, G. Eaglesham and A. Negri. 2005. Synergistic effects of 

diuron and sedimentation on photosynthesis and survival of crustose coralline 

algae. Marine Pollution Bulletin 51: 415-427. 
 
Harriott, V. J. 1985. Mortality rates of scleractinian corals before and during a mass 

bleaching event. Marine Ecology Progress Series 21: 81-88. 
 
Harvell, C. D., K. Kim, J. M. Burkholder, R. R. Colwell, P. R. Epstein, D. J. Grimes, E. 

E. Hofmann, E. K. Lipp, A. D. M. E. Osterhaus, R. M. Overstreet, J. W. Porter, 

G. W. Smith and G. R. Vasta. 1999. Emerging marine diseases- climate links and 
anthropogenic factors. Science 285: 1505-1510. 

 
Harvell, C. D., C. E. Mitchell, J. R. Ward, S. Altize r, A. P. Dobson, R. S. Ostfeld and M. 

D. Samuel. 2002. Climate warming and disease risks for terrestrial and marine 
biota. Science 296: 2158-2162. 

 
Hodgson, G. 1990. Sediment and the settlement of larvae of the reef coral Pocillopora 

damicornis. Coral Reefs 9: 41-43. 
 
Hoegh-Guldberg, O. 1999. Climate change, coral bleaching and the future of the world's 

coral reefs. Marine and Freshwater Research 50: 839-866. 
 
Hoegh-Guldberg, O., M. Fine, W. Skirving, R. Johnstone, S. Dove and A. Strong. 2005. 

Coral bleaching following wintry weather. Limnology and Oceanography 50: 

265-271. 
 
Hoegh-Guldberg, O., L. Muscatine, C. Goiran, D. Siggaard and G. Marion. 2004. 

Nutrient- induced perturbations to 13C and 15N in symbiotic dinoflagellates and 
their coral hosts. Marine Ecology Progress Series 280: 105-114. 

 
Hoegh-Guldberg, O. and G. J. Smith. 1989. The effect of sudden changes in temperature, 

light and salinity on the population density and export of zooxanthellae from the 

reef corals Stylophora pistillata Esper and Seriatopora hystrix Dana. Journal of 
Experimental Marine Biology and Ecology 129: 279-303. 

 
Holmes, K., E. Edinger, Hariyadi, G. Limmon and M. Risk. 2000. Bioerosion of live 

massive corals and branching coral rubble on Indonesian coral reefs. Marine 

Pollution Bulletin 40: 606-617. 
 
Houghton, J.T., Y. Ding, D.J. Griggs, M. Noguer, P.J. van der Linden, X. Dai, K. 

Maskell, C.A. Johnson. 2001. Climate change 2001: The scientific basis. 
Cambridge University Press. 84 pp. 

 
Howard, L. and B. Brown. 1987. Metals in Pocillopora damicornis exposed to tin smelter 

effluent. Marine Pollution Bulletin 18: 451-454. 
 
Howard, L. S. and B. E. Brown. 1984. Heavy metals and reef corals. Oceanogr. Mar. 

Biol. Ann. Rev. 22: 195-210. 



 

Howard, L. S. and B. E. Brown. 1986. Metals in tissues and skele ton of Fungia fungites 

from Phuket, Thailand. Marine Pollution Bulletin 17: 569-570. 
 
Howarth, R.W., D. Anderson, T. Church, H. Greening, C. Hopkinson, W. Juber, N. 

Marcus, R. Naiman, K. Segerson, A. Sharpley, and W. Wiseman. 2000. Clean 

Coastal Waters: Understanding and reducing the effects of nutrient pollution. 
Committee on the Causes and Management of Coastal Euthropication, Ocean 

Studies Board and Water Science and Technology Board, Commission on 

Geosciences, Environment and Resources, National Research Council, National 
Academy of Sciences, Washington D.C. 

 
Howe, S. A. and A. T. Marshall. 2002. Temperature effects on calcification rate and 

skeletal deposition in the temperate coral, Plesiastrea versipora. Journal of 
Experimental Marine Biology and Ecology 275: 63-81. 

 
Hu, C., K. E. Hackett, M. K. Callahan, S. Andréfoüet, J. L. Wheaton, J. W. Porter and F. 

E. Muller-Karger. 2003. The 2002 ocean color anomaly in the Florida Bight: A 

cause of local coral reef decline? Geophysical Research Letters 30: 51-1 - 51-4. 
 
Hu, C., F. Muller-Karger, G. Vargo and M. Neely. 2004. Linkages between coastal runoff 

and the Florida Keys ecosystem:  A study of a dark plume event. Geophysical 

Research Letters 31: 1-4. 
 
Huang, H., R. E. Fergen, J. J. Tsai and J. R. Proni. 1998. Evaluation of mixing zone 

models: CORMIX, PLUMES and OMZA with field data from two Florida ocean 

outfalls. Environmental Hydraulics 249-254. 
 
Huang, H., J. R. Proni and J. J. Tsai. 1994. Probabilistic approach to initial dilution of 

ocean outfalls. Water Environment Research 66: 787-793. 
 
Hubbard, D. K. 1986. Sedimentation as a control of reef development: St. Croix, U.S.V.I. 

Coral Reefs 5: 117-125. 
 
Hughes, T., A. M. Szmant, R. Steneck, R. Carpenter and S. Miller. 1999. Algal blooms 

on coral reefs: What are the causes? Limnology and Oceanography 44: 1583 

1586. 
 
Hughes, T. P. 1994. Catastrophes, phase shifts, and large-scale degradation of a 

Caribbean coral reef. Science 265: 1547-1551. 
 
Hughes, T. P., A. H. Baird, D. R. Bellwood, M. Card, S. R. Connolly, C. Folke, R. 

Grosberg, O. Hoegh-Guldberg, J. B. C. Jackson, J. Kleypas, J. M. Lough, P. 

Marshall, M. Nyström, S. R. Palumbi, J. M. Pandolfi, B. Rosen and J. 

Roughgarden. 2003. Climate change, human impacts, and the resilience of coral 

reefs. Science 301: 929-933. 
 
Hunte, W. and M. Wittenberg. 1992. Effects of eutrophication and sedimentation on 

juvenile corals. Marine Biology 114: 625-631. 



 

Hutchings, P., M. Peyrot-Clausade and A. Osnorno. 2005. Influence of land runoff on 

rates and agents of bioerosion of coral substrates. Marine Pollution Bulletin 51: 

438-447. 
 
Iglesias-Prieto, R., J. L. Matta, W. A. Robins and R. K. Trench. 1992. Photosynthetic 

response to elevated temperature in the symbiotic dinoflagellate Symbiodinium 

microadriaticum in culture. Proceedings of the National Academy of Sciences 89: 

10302-10302. 
 
Isidori, M., M. Lavorgna, A. Nardelli, A. Parrella, L. Previtera and M. Rubino. 2005. 

Ecotoxicity of naproxen and its phototransformation products. Science of the 

Total Environment 1-9. 
 
Iversen, E. S. and E. F. Corcoran. 1976. Broward county off-shore environmental study. 

Rosenstiel School of Marine and Atmospheric Science, University of Miami 143 

pp. 
 
Jacques, T. G., N. Marshall and M. E. Q. Pilson. 1983. Experimental ecology of the 

temperate scleractinian coral Astrangia danae. Marine Biology 76: 135-148. 
 
Jahnke, R., L. Atkinson, J. Barth, F. Chaves, K. Daly, J. Edson, P. Franks, J. O'Donnell 

and O. Schofield. 2002. Coastal ocean processes and observatories: Advancing 
coastal research. Report on CoOp Observatory Science Workshop, May 2002, 

Savannah GA 1-18. 
 
Jokiel, P. I., C. L. Hunter, S. Taguchi and L. Watarai. 1993. Ecological impact of a fresh 

water "reef kill" in Kaneohe Bay, Oahu, Hawaii. Coral Reefs 12: 177-184. 
 
Jokiel, P. L. and S. L. Coles. 1974. Effects of heated effluent on hermatypic corals at 

Kahe Point, Oahu. Pacific Science 28: 1-18. 
 
Jokiel, P. L. and S. L. Coles. 1977. Effects of temperature on the mortality and growth of 

Hawaiian reef corals. Marine Biology 43: 201-208. 
 
Jokiel, P. L. and S. L. Coles. 1990. Response of Hawaiian and other Indo-Pacific reef 

corals to elevated temperature. Coral Reefs 8: 155-162. 
 
Jones, R. J. and A. P. Kerswell. 2003. Phytotoxicity of photosystem II (PSII) herbicides 

to coral. Marine Ecology Progress Series 261: 149-159. 
 
Jones, R. J., J. Muller, D. Haynes and U. Schreiber. 2003. Effects of herbicides diuron 

and atrazine on corals of the Great Barrier Reef, Australia. Marine Ecology 
Progress Series 251: 153-167. 

 
Juston, J. and T. DeBusk. 2005. Phosphorus mass load and outflow concentration 

relationships in stormwater treatment areas for Everglades restoration. Ecological 

Engineering 1-18. 



 

Kawahata, H., A. Suzuki and K. Goto. 1997. Coral reef ecosystems as a source of 
atmospheric Carbon Dioxide: evidence from PCO2 measurements of surface 
waters. Coral Reefs 16: 261-266. 

 
Kim, K., P. D. Kim, A. P. Alker and C. D. Harvell. 2000. Chemical resistance of 

gorgonian corals against fungal infections. Marine Biology 137: 393-401. 
 
Kleypas, J. A., R. W. Buddemeier, D. Archer, J.-P. Gattuso, C. Langdon and B. N. 

Opdyke. 1999. Geochemical consequences of increased atmospheric Carbon 

Dioxide on coral reefs. Science 284: 118-120. 
 
Knowlton, N. 2001. The future of coral reefs. Proceedings of the National Academy of 

Sciences 98: 5419-5425. 
 
Kolpin, D., F. Furlong, M. Meyer, F. Thurman, S. Zaugg, L. Barber, H. Buxton. 2002. 

Pharmaceuticals, hormones, and other organic wastewater contaminants in the US 

streams, 1999-2000: A national reconnaissance 36: 1202-1211. 

 
Konstantinou, I. and T. Albanis. 2004. Worldwide occurrence and effects of antifouling 

paint booster biocides in the aquatic environment: a review. Environment 
International 30: 235-248. 

 
Koop, K., D. Booth, A. Broadbent, J. Brodie, D. Bucher, D. Capone, J. Coll, W. 

Dennison, M. Erdman, P. Harrison, O. Hoegh-Guldberg, P. Hutchings, G. B. 
Jones, A. W. D. Larkum, J. O'neil, A. Steven, E. Tentori, S. Ward, J. Williamson 

and D. Yellowlees. 2001. ENCORE: The effect of nutrient enrichment on coral 
reefs. Synthesis of results and conclusions. Marine Pollution Bulletin 42: 91-120. 

 
Kruczynski, W. L. 2002. Water quality concerns in the Florida Keys: Sources, effects, 

and solutions. In: Porter J.W., Porter K.G. (eds) The Everglades, Florida Bay, and 

coral reefs of the Florida Keys: An ecosystem sourcebook CRC Press, Boca 

Raton: 827-881. 
 
Kuntz, N. M., D. I. Kline, S. A. Sandin and F. Rohwer. 2005. Pathologies and mortality 

rates caused by organic carbon and nutrient stressors in three Caribbean coral 

species. Marine Ecology Progress Series 294: 173-180. 
 
Kuta, K. G. and L. L. Richardson. 2002. Ecological aspects of black band disease of 

corals: relationships between disease incidence and environmental factors. Coral 
Reefs 21: 393-398. 

 
Lang, J. C., H. R. Lasker, E. H. Gladfelter, P. Hallock, W. C. Jaap, F. J. Losada and R. G. 

Muller. 1992. Spatial and temporal variability during periods of "recovery" after 

mass bleaching on Western Atlantic coral reefs. American Zoology 32: 696-706. 
 
Lang, J. C., R. I. Wicklund and R. F. Dill. 1988. Depth- and habitat- related bleaching of 

zooxanthellate reef organisms near Lee Stocking Island, Exuma Cays, Bahamas. 

Proceedings of the 6th International Coral Reef Symposium 3: 269-274. 



 

Langdon, C., W. S. Broecker, D. E. Hammond, E. Glenn, K. Fitzsimmons, S. G. Nelson, 
T.-H. Peng, I. Hajdas and G. Bonani. 2003. Effect of elevated CO2 on the 
community metabolism of an experimental coral reef. Global Biogeochemical 
Cycles 17: 11-1 to 11-14. 

 
Langdon, C., T. Takahashi, C. Sweeney, D. Chipman, J. Goddard, F. Marubini, H. 

Aceves, H. Barnett and M. J. Atkinson. 2000. Effect of calcium carbonate 
saturation state on the calcification rate of an experimental coral reef. Global 

Biogeochemical Cycles 14: 639-654. 
 
Lapointe, B., P. Barile, M. Littler and D. Littler. 2005a. Macroalgal blooms on southeast 

Florida coral reefs II.  Cross-shelf discrimination of nitrogen sources indicates 

widespread assimilation of sewage nitrogen. Harmful Algae 4: 1106-1122. 
 
Lapointe, B., P. Barile, M. Littler, D. Littler, B. Bedford and C. Gasque. 2005b. 

Macroalgal blooms on southeast Florida coral reefs I. Nutrient stoichiometry of 

the invasive green alga Codium isthmocladum in the wider Caribbean indicates 

nutrient enrichment. Harmful Algae 4: 1092-1105. 
 
Lapointe, B. E. 1997. Nutrient thresholds for bottom- up cont rol of macroalgal blooms on 

coral reefs in Jamaica and southeast Florida. Limnology and Oceanography 42: 

1119-1131. 
 
Lapointe, B. E. 1999. Simultaneous top-down and bottom- up forces control macroalgal 

blooms on coral reefs (reply to the comment by Hughes et al.). Limnology and 

Oceanography 44: 1586-1592. 
 
Lapointe, B. E. 2004. Anthropogenic nutrient enrichment of seagrass and coral reef 

communities in the Lower Florida Keys: discrimination of local versus regional 

nitrogen sources. Journal of Experimental Marine Biology and Ecology. 308: 23 

58. 
 
Lapointe, B. E. 2005. Draft Final Report - Distribution and Ecology of Invasive and 

Harmful Macroalgal Blooms on Coral Reefs off Southeast Florida. 23. 
 
Lapointe, B. E., P. J. Barile, C. S. Yentsch, M. M. Littler, D. S. Littler and B. Kakuk. 

2004. The relative importance of nutrient enrichment and herbivory on 

macroalgal communities near Norman's Pond Cay, Exuma Cays, Bahamas: a 
"natural" enrichment. Journal of Experimental Biology and Ecology 298: 275 
301. 

 
Lapointe, B. E. and M. W. Clark. 1992. Nutrient inputs from the watershed and coastal 

eutrophication in the Florida Keys. Estuaries 15: 465-476. 
 
Lapointe, B. E., M. M. Littler and D. S. Littler. 1987. A comparison of nutrient- limited 

productivity in macroalgae from a Caribbean barrier reef and from a mangrove 
ecosystem. Aquatic Botany 28: 243-255. 



 

Lapointe, B. E. and W. R. Matzie. 1996. Effects of stormwater nutrient discharges on 

eutrophication processes in nearshore waters of the Florida Keys. Estuaries 19: 

422-435. 
 
Lapointe, B. E. and J. O’Connell. 1989. Nutrient-enhanced growth of Cladophora 

prolifera in Harrington Sound, Bermuda: Eutrophicaiton of a confined, 

phosphorus- limited marine ecosystem. Estuarine, Coastal and Shelf Science 28: 

347-360. 
 
Larcombe, P., P. V. Ridd, A. Prytz and B. Wilson. 1995. Factors controlling suspended 

sediment on inner-shelf coral reefs, Townsville, Australia. Coral Reefs 14: 163 

171. 
 
Larcombe, P. and K. J. Woolfe. 1999. Increased sediment supply to the Great Barrier 

Reef will not increase sediment accumulation at most coral reefs. Coral Reefs 18: 

163-169. 
 
Larned, S. T. 1998. Nitrogen- versus phosphorus- limited growth and sources of nutrients 

for coral reef macroalgae. Marine Biology 132: 409-421. 
 
Leão, Z. M. A. N. and R. K. P. Kikuchi. 2005. A relic coral fauna threatened by global 

changes and human activities, Eastern Brazil. Marine Pollution Bulletin 51: 599 

611. 
 
Leclercq, N., J.-P. Gattuso and J. Jaubert. 2002. Primary production, respiration, and 

calcification of a coral reef mesocosm under increased Carbon Dioxide partial 

pressure. Limnology and Oceanography 47: 558-564. 
 
Lee, T. and D. Mayer. 1977. Low-frequency current variability and spin-off eddies along 

the shelf off Southeast Florida. Journal of Marine Research 35: 193-220. 
 
Leichter, J. and S. Miller. 1999. Predicting high- frequency upwelling: Spatial and 

temporal patterns of temperature anomalies on a Florida coral reef. Continental 

Shelf Research 19: 911-928. 
 
Leichter, J., S. Wing, S. Miller and M.Denny. 1996. Pulsed delivery of subthermocline 

water to Conch Reef (Florida Keys) by internal tidal bores. Limnology and 

Oceanography 41: 1490-1501. 
 
Leichter, J. J., H. L. Stewart and S. L. Miller. 2003. Episodic nutrient transport to Florida 

coral reefs. Limnology and Oceanography 48: 1394-1407. 
 
Lekien, F., C. Coulliette, A. Mariano, E. Ryan, L. Shay, G. Haller and J. Marsden. 2005. 

Pollution release tied to invariant manifolds: A case study for the coast of Florida. 
Physica 210: 1-20. 



 

Lenes, J. M., B. P. Darrow, C. Cattrall, C. A. Heil, M. Callahan, G. A. Vargo, R. H. 
Byrne, J. M. Prospero, D. E. Bates, K. A. Fanning and J. J. Walsh. 2001. Iron 

fertilization and the Trichodesmium response on the West Florida shelf. 
Limnology and Oceanography 46: 1261-1277. 

 
Lesser, M. P. 1997. Oxidative stress causes coral bleaching during exposure to elevated 

temperatures. Coral Reefs 16: 187-192. 
 
Lesser, M. P. and J. H. Farrell. 2004. Exposure to solar radiation increases damage to 

both host tissues and algal symbionts of corals during thermal stress. Coral Reefs 

23: 367-377. 
 
Lipp, E. K., J. L. Jarrell, D. W. Griffin, J. Lukasik, J. Jacukiewicz and J. B. Rose. 2002. 

Preliminary evidence for human fecal contamination in corals of the Florida Keys, 
USA. Marine Pollution Bulletin. 44: 666-670. 

 
Lirman, D., B. Orlando, S. Maciá, D. Manzello, L. Kaufman, P. Biber and T. Jones. 

2003. Coral communities of Biscayne Bay, Florida and adjacent offshore areas: 

Diversity, abundance, distribution, and environmental correlates. Aquatic 
Conservation: Marine and Freshwater Ecosystems 13: 121-135. 

 
Lough, J. M. and D. J. Barnes. 1997. Several centuries of variation in skeletal extension, 

density and calcification in massive Porites colonies from the Great Barrier Reef: 

A proxy for seawater temperature and a background of variability against which 

to identify unnatural change. Journal of Experimental Marine Biology and 

Ecology 211: 29-67. 
 
Loya, Y. 1976. Effects of water turbidity and sedimentation on the community structure 

of Puerto Rican corals. Bulletin of Marine Science 26: 450-466. 
 
Loya, Y., H. Lubinevsky, M. Rosenfeld and E. Kramarsky-Winter. 2004. Nutrient 

enrichment by in situ fish farms at Eilat, Red Sea is detrimental to coral 

reproduction. Marine Pollution Bulletin 49: 344-353. 
 
Loya, Y., K. Sakai, K. Yamazato, Y. Nakano, H. Sambali and R. v. Woesick. 2001. Coral 

bleaching: The winners and the losers. Ecology Letters 4: 122-131. 
 
Macauley, J. M., J. K. Summers, V. D. Engle and L. C. Harwell. 2002. The ecological 

condition of South Florida estuaries. Environmental Monitoring and Assessment 

75: 253-269. 
 
Maguire, R. 1987. Environmental aspects of tributyltin. Applied Organometallic 

Chemistry 1: 475-498. 
 
Manzello, D. and D. Lirman. 2003. The photosynthetic resilience of Porites furcata to 

salinity disturbance. Coral Reefs 22: 537-540. 



 

Marshall, A. T. and P. Clode. 2004. Calcification rate and the effect of temperature in a 

zooxanthellate and an azooxanthellate scleractinian reef coral. Coral Reefs 23: 

218-224. 
 
Marubini, F., H. Barnett, C. Langdon and M. J. Atkinson. 2001. Dependence of 

calcification on light and carbonate ion concentration for the hermatypic coral 

Porites compressa. Marine Ecology Progress Series 220: 153-162. 
 
Marubini, F., C. Ferrier-Pages and J.-P. Cuif. 2003. Suppression of skeletal growth in 

scleractinian corals by decreasing ambient carbonate- ion concentrations: a cross- 

family comparison. Proceedings of the Royal Society B 270: 179-184. 
 
Marubini, F. and B. Thake. 1999. Bicarbonate addition promotes coral growth. 

Limnology and Oceanography 44: 716-720. 
 
McClanahan, T., R. Steneck, D. Pietri, B. Cokos and S. Jones. 2005. Interaction between 

inorganic nutrients and organic matter in controlling coral reef communities in 

Glovers Reef Belize. Marine Pollution Bulletin 50: 566-575. 
 
McClanahan, T. R., A. H. Baird, P. A. Marshall and M. A. Toscano. 2004. Comparing 

bleaching and mortality responses of hard corals between southern Kenya and the 
Great Barrier Reef, Australia. Marine Pollution Bulletin 48: 327-335. 

 
McCook, L. J. 1999. Macroalgae, nutrients and phase shifts on coral reefs: scientific 

issues and management consequences for the Great Barrier Reef. Coral Reefs 18: 

357-367. 
 
McNeil, B. I., R. J. Matear and D. J. Barnes. 2004. Coral reef calcification and climate 

change: The effect of ocean warming. Geophysical Re search Letters 31: L22309 

(4 pages). 
 
Meyer, J. L. and E. T. Schultz. 1985. Migrating haemulid fishes as a source of nutrients 

and organic matter on coral reefs. Limnology and Oceanography 30: 146-156. 
 
Michel, J. F. 1972. Oceanographic studies pertaining to the proposed ocean outfall at 

Pompano Beach, Florida. Ross, Saarinen, Bolton and Wilder, Inc. 18 pp. 
 
Militello, A. and G. A. Zarillo. 2000. Tidal motion in a complex inlet and bay system, 

Ponce de Leon Inlet, Florida. Journal of Coastal Research 16: 840-852. 
 
Miller, M. W. 1995. Growth of a temperate coral: Effects of temperature, light, depth, 

and heterotrophy. Marine Ecology Progress Series 122: 217-225. 
 
Miller, M. W., M. E. Hay, S. L. Miller, D. Malone, E. E. Sotka and A. M. Szmant. 1999. 

Effects of nutrients versus herbivores on reef algae: A new method for 

manipulating nutrients on coral reefs. Limnology and Oceanography 44: 1847 

1861. 



 

Mississippi River/Gulf of MexicoWatershed Nutrient Task Force. 2001. Action plan for 
reducing, mitigating and controlling hypoxia in the Northern Gulf of Mexico. 

Washington, DC. 36 pp. 
http://www.epa.gov/msbasin/taskforce/pdf/actionplan.pdf 

 
Moberg, F., M. Nyström, N. Kautsky, M. Tedengren and P. Jarayabhand. 1997. Effects of 

reduced salinity on the rates of photosynthesis and respiration in the hermatypic 

corals Porites lutea and Pocillopora damicornis. Marine Ecology Progress Series 
157: 53-59. 

 
Mokhtar, M., A. Khalik, B. Wood, C. Hou-Weng, T. Ling and A. Sinniah. 2002. Trace 

metals in selected corals of Malaysia. Journal of Biological Sciences 2: 805-809. 
 
Moore, W. 2003. Sources and fluxes of submarine groundwater discharge delineated by 

radium isotopes. Biogeochemistry 66: 75-93. 
 
Morgan, M. and T. Snell. 2002. Characterizing stress gene expression in reef-building 

corals exposed to the mosquitoside dibrom. Marine Pollution Bulletin 44: 1206 

1218. 
 
Moss, A., J. Brodie and M. Furnas. 2005. Water quality guidelines for the Great Barrier 

Reef World Heritage Area: a basis for development and preliminary values. 

Marine Pollution Bulletin. 51: 76-88. 
 
Muller-Parker, G., C. Cook and C. D'Elia. 1994a. Elemental composition of the coral 

Pocillopora damicornis exposed to elevated seawater ammonium. Pacific Science 
48: 234-246. 

 
Muller-Parker, G., L. McCloskey, O. Hoegh-Guldberg and P. McAuley. 1994b. Effect of 

ammonium enrichment on animal and algal biomass of the coral Pocillopora 

damicornis. Pacific Science 48: 273-283. 
 
Muthiga, N. A. and A. M. Szmant. 1987. The effects of salinity stress on the rates of 

aerobic respiration and photosynthesis in the hermatypic coral Siderastrea 

siderea. Biological Bulletin 173: 539-551. 
 
Nakamura, T. and H. Yamasaki. 2005. Requirement of water-flow for sustainable growth 

of Pocilloporid corals during high temperature periods. Marine Pollution Bulletin 

50: 1115-1120. 
 
Negri, A. and A. Heyward. 2001. Inhibition of coral fertilisation and larval 

metamorphosis by tributyltin and copper. Marine Environmental Research 51: 17 

27. 
 
Negri, A., L. Smith, N. Webster and A. Heyward. 2002. Understanding ship- grounding 

impacts on a coral reef: potential effects of anti- foulant paint contamination on 
coral recruitment. Marine Pollution Bulletin 44: 111-117. 

http://www.epa.gov/msbasin/taskforce/pdf/actionplan.pdf


 

Negri, A., C. Vollhardt, C. Humphrey, A. Heyward, R. Jones, G. Eaglesham and K. 

Fabricius. 2005. Effects of the herbicide diuron on the early life history stages of 

coral. Marine Pollution Bulletin 51: 370-383. 
 
Neudecker, S. 1981. Growth and survival of scleractinian corals exposed to thermal 

effluents at Guam. Proceedings of the 4th International Coral Reef Symposium 1: 

173-180. 
 
Nixon, S. W. 1995. Coastal marine eutrophication: A definition, social causes, and future 

concerns. Ophelia 41: 199-219. 
 
Nixon, S. W., C. A. Oviatt, J. Frithsen and B. Sullivan. 1986. Nutrients and the 

productivity of estuarine and coastal marine ecosystems. J. Limnol. Soc. Sth. Afr. 

12: 43-71. 
 
Noe, G., D. Childers and R. Jones. 2001. Phosphorus Biogeochemistry and the Impact of 

Phosphorus Enrichment: Why is the Everglades so Unique? Ecosystems 4: 603 

624. 
 
Nordemar, I., M. Nyström and R. Dizon. 2003. Effects of elevated seawater temperature 

and nitrate enrichment on the branching coral Porites cylindrical in the absence of 
particulate food. Marine Biology 142: 669-677. 

 
Nugues, M. M. 2002. Impact of a coral disease outbreak on coral communities in St. 

Lucia: What and how much has been lost? Marine Ecology Progress Series 229: 

61-71. 
 
Nugues, M. M. and C. M. Roberts. 2003a. Coral mortality and interaction with algae in 

relation to sedimentation. Coral Reefs 22: 507-516. 
 
Nugues, M. M. and C. M. Roberts. 2003b. Partial mortality in massive reef corals as an 

indicator of sediment stress on coral reefs. Marine Pollution Bulletin 46: 314-323. 
 
Nugues, M. M., G. W. Smith, R. J. v. Hooidonk, M. I. Seabra and R. P. M. Bak. 2004. 

Algal contact as a trigger for coral disease. Ecology Letters 7: 919-923. 
 
Nyström, M., C. Folke and F. Moberg. 2000. Coral reef disturbance and resilience in a 

human-dominated environment. Tree 15: 413-417. 
 
Nystrom, M., I. Nordemar and M. Tedengren. 2001. Simultaneous and sequential stress 

from increased temperature and copper on the metabolism of the hermatypic coral 

Porites cylindrica. Marine Biology 138: 1225-1231. 
 
Olafson, R. W. 1978. Effect of agricultural activity on levels of organochlorine pesticides 

in hard corals, fish and molluscs from the Great Barrier Reef. Marine 

Environmental Research 1: 87-107. 



 

Ongley, E. D. 1996. Control of water pollution from agriculture. Food and Agriculture 
Organization of the United Nations 55: 68 pp. 

 
Orpin, A. R., P. V. Ridd, S. Thomas, K. R. N. Anthony, P. Marshall and J. Oliver. 2004. 

Natural turbidity variability and weather forecasts in risk management of 

anthropogenic sediment discharge near sensitive environments. Marine Pollution 
Bulletin 49: 602-612. 

 
Ostrander, G. K., K. M. Armstrong, E. T. Knobbe, D. Gerace and E. P. Scully. 2000. 

Rapid transition in the structure of a coral reef community: The effects of coral 

bleaching and physical disturbance. Proceedings of the National Academy of 

Sciences 97: 5297-5302. 
 
Owen, R., A. Knap, M. Toaspern and K. Carbery. 2002. Inhibition of coral 

photosynthesis by the antifouling herbicide Irgarol 1051. Marine Pollution 

Bulletin 44: 623-632. 
 
Owen, R., C. Mitchelmore, C. Woodley, H. Trapido-Rosenthal, T. Galloway, M. 

Depledge, J. Readman, L. Buxton, S. Sarkis, R. Jones and A. Knap. 2005. A 

common sense approach for confronting coral reef decline associated with human 

activities. Marine Pollution Bulletin 51: 481-485. 
 
Paerl, H. 1997. Coastal eutrophication and harmful algal blooms: Importance of 

atmospheric deposition and groundwater as "new" nitrogen and other nutrient 

sources. Limnology and Oceanography 42: 1154-1165. 
 
Pandolfi, J. M., R. H. Bradbury, E. Sala, T. P. Hughes, K. A. Bjorndal, R. G. Cooke, D. 

McArdale, L. McClenachan, M. J. H. Newman, G. Paredes, R. R. Warner and J. 

B. C. Jackson. 2003. Global trajectories of the long-term decline of coral reef 
ecosystems. Science 301: 955-957. 

 
Pandolfi, J. M., J. B. C. Jackson, N. Baron, R. H. Bradbury, H. M. Guzman, T. P. 

Hughes, C. V. Kappel, F. Micheli, J. C. Ogden, H. P. Possingham and E. Sala. 

2005. Are U.S. coral reefs on the slippery slope to slime? Science 307: 1725 

1726. 
 
Parnell, B. D. 1979. Environmental impact assessment of North Broward (Pompano) 

outfall. Environmental Quality Control Board 14 pp. 
 
Paul, J., J. Rose, S. Jiang, X. Zhou, P. Cochran, C. Kellogg, J. Kang, D. Griffin, S. Farrah 

and J. Lukasik. 1996. Evidence for groundwater and surface marine water 

contamination by waste disposal wells in the Florida Keys. Water Resources 31: 

1448-1454. 
 
Paytan, A., G. Shellenbarger, J. Street, M. Gonneea, K. Davis, M. Young and W. Moore. 

2006. Submarine groundwater discharge: An important source of new inorganic 
nitrogen to coral reef ecosystems. Limnology and Oceanography 51: 343-348. 



 

Peters, E. C., N. J. Gassman, J. C. Firman, R. H. Richmond and E. A. Power. 1997. Eco- 

toxicology of tropical marine ecosystems. Environmental Toxicology and 

Chemistry 16: 12-40. 
 
Peters, E. C., P. Meyers, P. Yevich and N. Blake. 1981. Bioaccumulation and 

histopathological effects of oil on a stony coral. Marine Pollution Bulletin 12: 

333-339. 
 
Peters, H., K. Shay, A. Mariano and T. Cook. 2002. Current variability on a narrow shelf 

with large ambient vorticity. Journal of Geophysical Research 107: 1-15. 
 
Philipp, E. and K. Fabricius. 2003. Photophysiological stress in scleractinian corals in 

response to short-term sedimentation. Journal of Experimental Marine Biology 

and Ecology 287: 57-78. 
 
Pitts, P. A. 2001. Hyperpycnal plumes in shelf waters of the Exuma Cays, Bahamas: A 

trigger for coral bleaching? Cold Water Diving for Science 95-100. 
 
Porter, J. W., W. K. Fitt, H. J. Spero, C. S. Rogers and M. W. White. 1989. Bleaching in 

reef corals: Physiological and stable isotopic responses. Proceedings of the 

National Academy of Sciences 86: 9342-9346. 
 
Porter, J. W., S. K. Lewis and K. G. Porter. 1999. The effect of multiple stressors on the 

Florida Keys coral reef ecosystem: A landscape hypothesis and a physiological 

test. Limnology and Oceanography 44: 941-949. 
 
Potts, D. C. and P. K. Swart. 1984. Water temperature as an indicator of environmental 

variability on a coral reef. Limnology and Oceanography 29: 504-516. 
 
Price, R., Z. Top, J. Happell and P. Swart. 2003. Use of tritium and helium to define 

groundwater flow conditions in Everglades Nationa l Park. Water Resources 

Research 39: 13-1-13-12. 
 
Proni, J. R. and P. Dammann. 1989. Southeast Florida Outfall Experiments (SEFLOE). 

Technical Report 58 pp. 
 
Proni, J. R., H. Huang and W. P. Dammann. 1994. Initial dilution of Southeast Florida 

ocean outfalls. Journal of Hydraulic Engineering 120: 1409-1425. 
 
Broward County Department of Planning and Environmental Protection. 2001. Broward 

County, Florida Historical Water Quality Atlas: 1972-1997. Technical Report 

TR: 01-03: 415 pp. 
 
Raberg, S., M. Nystrom, M. Eros and P. Plantman. 2003. Impact of the herbicides 2, 4-D 

and diuron on metabolism of the coral Porites cylindrica. Marine Environmental 

Research 56: 503-514. 



 

Ramos, A. A., Y. Inoue and S. Ohde. 2004. Metal contents in Porites corals: 

Anthropogenic input of river run -off into a coral reef from an urbanized area, 

Okinawa. Marine Pollution Bulletin 48: 281-294. 
 
Rasheed, M., M. I. Badran, C. Richter and M. Huettel. 2002. Effect of reef framework 

and bottom sediment on nutrient enrichment in a coral reef of the Gulf of Aqaba, 

Red Sea. Marine Ecology Progress Series 239: 277-285. 
 
Rees, J., D. Setiapermana, V. Sharp, J. Weeks and T. Williams. 1999. Evaluation of the 

impacts of land-based contaminants on the benthic faunas of Jakarta Bay, 

Indonesia. Oceanologica ACTA 22: 627-640. 
 
Reichelt-Brushett, A. and P. Harrsion. 2000. The effect of copper on the settlement 

success of larvae from the scleractinian coral Acropora tenuis. Marine Pollution 
Bulletin 41: 385-391. 

 
Reichelt-Brushett, A. J. and P. L. Harrison. 1999. The effect of copper, zinc and cadmium 

on fertilization success of gametes from scleractinian reef corals. Marine   

Pollution Bulletin 38: 182-187. 
 
Reichelt-Brushett, A. J. and G. McOrist. 2003. Trace metals in the living and nonliving 

components of scleractinian corals. Marine Pollution Bulletin 46: 1573-1582. 
 
Reichelt - Brushett, A. J. and P. Harrison. 2005a. The effect of selected trace metals on 

the fertilization success of several scleractinian coral species. Coral Reefs 24: 

524-534. 
 
Reichelt - Brushett, A. J. and K. Michalek-Wagner. 2005b. Effects of copper on the 

fertilization success of the soft coral Lobophytum compactum. Aquatic 

Toxicology 74: 280-284. 
 
Reynaud, S., N. Leclercq, S. Romaine-Lioud, C. Ferrier-Pagès, J. Jaubert and J.-P. 

Gattuso. 2003. Interacting effects of CO2 partial pressure and temperature on 
photosynthesis and calcification in a scleractinian coral. Global Change Biology 
9: 1660-1668. 

Richardson, L. L. 1998. Coral diseases: What is really known? Tree 13: 438-443. 

Richardson, L. L., W. M. Goldberg, K. G. Kuta, R. B. Aronson, G. W. Smith, K. B. 

Ritchie, J. C. Halas, J. S. Feingold and S. L. Miller. 1998. Florida's mystery coral- 
killer identified. Nature 392: 557-558. 

 
Riegl, B. 1995. Effects of sand deposition on scleractinian and alcyonacean corals. 

Marine Biology 121: 517-526. 
 
Riegl, B. and G. M. Branch. 1995. Effects of sediment on the energy budgets of four 

scleractinian (Bourne 1900) and five alcyonacean (Lamouroux 1816) corals. 

Journal of Experimental Marine Biology and Ecology 186: 259-275. 



 

Riegl, B. and B. Velimirov. 1991. How many damaged corals in Red Sea reef systems? A 
quantitative survey. Hydrobiologia 216/217: 249-256. 

 
Robbart, M. L., P. Peckol, S. P. Scordilis, H. A. Curran and J. Brown-Saracino. 2004. 

Population recovery and differential heat shock protein expression for the corals 

Agaricia agaricites and A. tenuifolia in Belize. Marine Ecology Progress Series 

283: 151-160. 
 
Rogers, C. S. 1990. Responses of coral reefs and reef organisms to sedimentation. Marine 

Ecology Progress Series 62: 185-202. 
 
Rose, C. S. and M. Risk. 1985. Increase in Cliona delitrix infestation of Montastrea 

cavernosa heads on an organically polluted portion of the Grand Cayman fringing 

reef. Marine Ecology 6: 345-363. 
 
Rowan, R. 2004. Thermal adaptation in reef coral symbionts. Nature 430: 742. 

 
Roy, R. E. 2004. Akumal's reefs: Stony coral communities along the developing Mexican 

Caribbean coastline. Revista de Biologia Tropical 52: 869-881. 
 
Rudnick, D., D. Childers, J. Boyer and T. Fontaine. 1999. Phosphorus and nitrogen inputs 

to Florida Bay: The importance of the Everglades watershed. Estuaries 22: 398 
416. 

 
Ryan, J. C. 2001. The Caribbean gets dusted. Bioscience 51: 334-338. 

 
Sakami, T. 2000. Effects of temperature, irradiance, salinity and inorganic nitrogen 

concentration on coral zooxanthellae in culture. Fisheries Science 66: 1006-1013. 
 
Salih, A., O. Hoegh-Guldberg and G. Cox. 1997. Bleaching responses of symbiotic 

dinoflagellates in corals: The effects of light and elevated temperature on their 

morphology and physiology. Proceedings of the Australian Coral Reef Society 

75th Anniversary Conference 199-216. 
 
Sammarco, P. 1996. Comments on coral reef regeneration, bioerosion, biogeography, and 

chemical ecology: future directions. Journal of Experimental Marine Biology and 
Ecology 200: 135-168. 

 
Schaffranek, R. 1999. Hydrologic studies in support of South Florida ecosystem 

restoration. Annual Water Resources Planning and Management Conference, June 

6-9, 1999 Tempe, AZ 1-9. 
 
Schleyer, M. H. and L. Celliers. 2003. Coral dominance at the reef-sediment interface in 

marginal coral communities at Sodwana Bay, South Africa. Marine and 

Freshwater Research 54: 967-972. 



 

Schlöder, C. and L. D'Croz. 2004. Responses of massive and branching coral species to 

the combined effects of water temperature and nitrate enrichment. Journal of 

Experimental Marine Biology and Ecology 313: 255-268. 
 
Scientific Committee on Oceanic Research (SCOR) Land-Ocean Interactions in the 

Coastal Zone (LOICZ). 2004. Submarine groundwater discharge : Management 

implications, measurements and effects. IHP-VI Series on Groundwater No. 
5/IOC Manuals and Guides 44: 1-35. 

 
Scott, P. and M. Davies. 1997. Retroactive determination of industrial contaminants in 

tropical marine communities. Marine Pollution Bulletin 34: 975-980. 
 
Scott, P. J. B. 1990. Chronic pollution recorded in coral skeletons in Hong Kong. Journal 

of Experimental Marine Biology and Ecology 139: 51-64. 
 
Shinn, E., R. Reese and C. Reich. 1994. Fate and pathways of injection-well effluent in 

the Florida Keys. USGS Report 94-276 1-4. 
 
Shinn, E. A., G. W. Smith, J. M. Prospero, P. Betzer, M. L. Hayes, V. H. Garrison and R. 

T. Barber. 2000. African dust and the demise of Caribbean coral reefs. 
Geophysical Research Letters 27: 3029-3032. 

 
Sigua, G. C., J. S. Steward and W. A. Tweedale. 2000. Water-quality monitoring and 

biological integrity assessment in the Indian River Lagoon, Florida: Status, 

Trends, and Loadings (1988-1994). Environmental Management 25: 199-209. 
 
Simmons, G. 1992. Importance of submarine groundwater discharge and seawater 

cycling to material flux across sediment/water interfaces in marine environments. 

Marine Ecology Progress Series 84: 173-184. 
 
Sloviev, A. 2003. Energetic baroclinic super-tidal oscillations on the southeast Florida 

shelf. Geophysical Research Letters 30: 1-4. 
 
Smith, S. V. and R. W. Buddemeier. 1992. Global change and coral reef ecosystems. 

Annual Review of Ecology and Systematics 23: 89-118. 
 
Smith, S. V., W. J. Kimmerer, E. A. Laws, R. E. Brock and T. W. Walsh. 1981. Kaneohe 

Bay sewage diversion experiment: perspectives on ecosystem responses to 

nutritional perturbation. Pacific Science 35: 279-397. 
 
Stafford-Smith, M. G. 1993. Sediment-rejection efficiency of 22 species of Australian 

scleractinian corals. Marine Biology 115: 229-243. 
 
Steneck, R. S. and J. C. Lang. 2003. Rapid assessment of Mexico's Yucatan reef in 1997 

and 1999: Pre- and post- 1998 mass bleaching and Hurricane Mitch (stony corals, 

algae and fishes). Atoll Research Bulletin 496: 294-317. 



 

Steven, A., M. Devlin, J. Brodie, M. Baer and M. Lourey (1995). Spatial influence and 
composition of river plumes in the central Great Barrier Reef. Downstream 

Effects of Land Use. Rockhampton, Australia, Great Barrier Reef Marine Park 
Authority: 4. 

 
Sutherland, K. P., J. W. Porter and C. Torres. 2004. Disease and immunity in Caribbean 

and Indo-Pacific zooxanthellate corals. Marine Ecology Progress Series 266: 273 
302. 

 
Swart, P. K. and R. Price. 2002. Origin of salinity variations in Florida Bay. Limnology 

and Oceanography 47: 1234-1241. 
 
Swart, P. K., A. Saied and K. Lamb. 2005. Temporal and spatial variation in the 

15
N and 

13C of coral tissue and zooxanthellae in Montastraea faveolata collected from the 
Florida reef tract. Limnology and Oceanography 50: 1049-1058. 

 
Swarzenski, P., B. Burnett, C. Reich, H. Dulaiova, T. Peterson and J. Meunier. 2004. 

Novel geophysical and geochemical techniques used to study submarine 

groundwater discharge in Biscayne Bay, Florida. USGS Report 2004-3117 1-5. 
 
Swarzenski, P., J. Martin and J. Cable. 2001. Submarine ground-water discharge in upper 

Indian River Lagoon, Florida. Water Resources Investigations Report 01-4011, 

USGS 1-10. 
 
Szmant, A. M. 2002. Nutrient enrichment on coral reefs: Is it a major cause of coral reef 

decline? Estuaries 25: 743-766. 
 
Szmant, A. M. and A. Forrester. 1995. Water column and sediment nitrogen and 

phosphorus distribution patterns in the Florida Keys, USA. Coral Reefs 15: 21-41. 
 
Szmant, A. M. and N. J. Gassman. 1990. The effects of prolonged "bleaching" on the 

tissue biomass and reproduction of the reef coral Montastrea annularis. Coral 

Reefs 8: 217-224. 
 
Tans, P. P., I. Y. Fung and T. Takahashi. 1990. Observational constraints on the global 

atmospheric CO2 budget. Science 247: 1431-1438. 
 
Tarrant, A., M. Atkinson and S. Atkinson. 2004. Effects of steroidal estrogens on coral 

growth and reproduction. Marine Ecology Progress Series 269: 121-129. 
 
Telesnicki, G. J. and W. M. Goldberg. 1995. Effects of turbidity on the photosynthesis 

and respiration of two South Florida reef coral species. Bulletin of Marine 
Science 57: 527-539. 

 
Thomas, S., P. Ridd. 2005. Field assessment of innovative sensor for monitoring of 

sediment accumulation at inshore coral reefs. Marine Pollution Bulletin 51: 470 

480. 



 

Thomas, S., P. V. Ridd and G. Day. 2003. Turbidity regimes over fringing coral reefs 

near a mining site at Lihir Island, Papua New Guinea. Marine Pollution Bulletin 

46: 1006-1014. 
 
United Nations Environment Programme. 1999. Inventory of information sources on 

chemicals: Persistent organic pollutants. 148 pp. 
 
United States Army Corps of Engineers Jacksonville District, South Florida Water 

Management District. 1999. Central and Southern Florida Project Comprehensive 

Review Study Final Integrated Feasibility Report and Programmatic 

Environmental Impact Statement. 
 
United States Environmental Protection Agency. 1998. Point Source Nutrient Loading 

Analysis in the Mississippi River System. 

http://www.epa.gov/msbasin/taskforce/loadings.htm 

 
United States Environmental Protection Agency. 2001. Nutrient criteria technical 

guidance manual: Estuarine and coastal marine waters. Office of Water, Office of 
Science and Technology, Washington, DC. EPA-822-B01-003. 

http://www.epa.gov/waterscience/criteria/nutrient/guidance/marine. 

 
United States Coral Reef Task Force. 2002. Resolution 8-1: Improving Procedures of the 

U.S. Coral Reef Task Force. 8th Coral Reef Task Force Meeting. 4 pp. 

 
United States Department of the Interior and United States Department of Commerce. 

2000. The national action plan to conserve coral reefs. U.S. Coral Reef Task 
Force. 41 pp. 

 
Vecsei, A. and W. H. Berger. 2004. Increase of atmospheric CO2 during deglaciation: 

constraints on the coral reef hypothesis from patterns of deposition. Global 
Biogeochemical Cycles 18: GB1035. 

 
Victor, S. and R. Richmond. 2005. Effect of copper on fertilization success in the reef 

coral Acropora surculosa. Marine Pollution Bulletin 50: 1433-1456. 
 
Walker, D. I. and R. F. G. Ormond. 1982. Coral death from sewage and phosphate 

pollution at Aqaba, Red Sea. Marine Pollution Bulletin 13: 21-25. 
 
Wang, J. D., J. Luo and J. S. Ault. 2003. Flows, salinity, and some implications for larval 

transport in South Biscayne Bay, Florida. Bulletin of Marine Science 72: 695 723. 
 
Ward-Paige, C. A., M. Risk and O. Sherwood. 2005. Clionid sponge surveys on the 

Florida Reef Tract suggest land-based nutrient inputs. Marine Pollution Bulletin 

In Press 

http://www.epa.gov/msbasin/taskforce/loadings.htm
http://www.epa.gov/waterscience/criteria/nutrient/guidance/marine


 

Ware, J. R., S. V. Smith and M. L. Reaka-Kudla. 1991. Coral reefs: Sources or sinks of 
atmospheric CO2? Coral Reefs 11: 127-130. 

 
Warner, M. E., W. K. Fitt and G. W. Schmidt. 1996. The effects of elevated temperature 

on the photosynthetic efficiency of zooxanthellae in hospite from four different 

species of reef coral: a novel approach. Plant, Cell and Environment 19: 291-299. 
 
Weave r, K. and G. Payne. 2004. Status of water quality in the Everglades protection area. 

Everglades Consolidated Report 2004 1-19. 
 
Wielgus, J., N. E. Chadwick-Furman and Z. Dubinsky. 2004. Coral cover and partial 

mortality on anthropogenically impacted coral reefs at Eilat, northern Red Sea. 

Marine Pollution Bulletin 48: 248-253. 
 
Wiens, M., M. S. A. Ammar, A. H. Nawar, C. Koziol, H. M. A. Hassanein, M. Eisinger, 

I. M. Müller and W. E. G. Müller. 2000. Induction of heat-shock (stress) protein 

gene expression by selected natural and anthropogenic disturbances in the 

octocoral Dendronephthya klunzingeri. Journal of Experimental Marine Biology 

and Ecology 245: 265-276. 
 
Wilkinson, C. R. 1999. Global and local threats to coral reef functioning and existence: 

review and predictions. Marine and Freshwater Research 50: 867-878. 
 
Williams, D. E. and M. W. Miller. 2005. Coral disease outbreak: Pattern, prevalence and 

transmission in Acropora cervicornis. Marine Ecology Progress Series 301: 119 

128. 
 
Wilson, W. H., A. L. Dale, J. E. Davy and S. K. Davy. 2005. An enemy within? 

Observations of virus- like particles in reef corals. Coral Reefs 24: 145-148. 
 
Winter, A., R. S. Appeldoorn, A. Bruckner, E. H. W. Jr. and C. Goenaga. 1998. Sea 

surface temperatures and coral reef bleaching off La Parguera, Puerto Rico 

(northeastern Caribbean Sea). Coral Reefs 17: 377-382. 
 
Wolanski, E., R. H. Richmond and L. McCook. 2004. A model of the effects of land- 

based, human activities on the health of coral reefs in the Great Barrier Reef and 

in the Fouha Bay, Guam, Micronesia. Journal of Marine Systems 46: 133-144. 
 
Wu, R. 1999. Eutrophication, water borne pathogens and xenobiotic compounds: 

Environmental risks and challenges. Marine Pollution Bulletin 39: 1-12, 11-22. 
 
Wyers, S. C., H. Frith, R. Dodge, S. Smith, A. Knap and T. Sleeter. 1986. Behavioural 

effects of chemically dispersed oil and subsequent recovery in Diploria strigosa 

(DANA). Marine Ecology 7: 23-42. 



 

Yamada, K., Y. Suzuki, B. E. Casareto and H. Komiyama. 2003. Possibility of high CO2 

fixation rate by coral reef ecosystems. In: Gale, J. and Y. Kaya (eds): Proceedings 
of the 6th International Conference on Greenhouse Gas Control Technologies 
Pergamon: 817-822. 

 
Yap, H. T. 2004. Differential survival of coral transplants on various substrates under 

elevated water temperatures. Marine Pollution Bulletin 49: 306-312. 
 
Yentsch, C. S., C. M. Yentsch, J. J. Cullen, B. Lapointe, D. A. Phinney and S. W. 

Yentsch. 2002. Sunlight and water transparency: Cornerstones in coral research. 

Journal of Experimental Marine Biology and Ecology 268: 171-183. 

 


	Land Based Sources of Pollution Local Action Strategy Combined Projects 1&2
	LAND-BASED SOURCES OF POLLUTION LOCAL ACTION STRATEGY COMBINED PROJECTS 1 & 2 
	APPENDICES 
	LIST OF FIGURES 
	LIST OF TABLES 
	LIST OF ACRONYMS 
	1. EXECUTIVE SUMMARY 
	2. INTRODUCTION TO SEFCRI 
	3. STATEMENT OF PURPOSE 
	4. POLLUTANTS 
	4.1. Overview 
	4.2. Pollutant Definitions 
	4.2.1. Nutrients 
	4.2.2. Heavy Metals 
	4.2.3. Pharmaceuticals/Organics 
	4.2.4. Herbicides/Pesticides 
	4.2.5. Salinity 
	4.2.6. Carbon Dioxide 
	4.2.7. Temperature 
	4.2.8. Turbidity 
	4.2.9. Sedimentation 
	4.2.10. Disease/Pathogens/Viruses/Bacteria 

	4.3. Pollutant General Findings 
	4.3.1. Nutrients 
	4.3.2. Heavy Metals 
	4.3.3. Pharmaceuticals/Organics 
	4.3.4. Herbicides/Pesticides 
	4.3.5. Salinity 
	4.3.6. Carbon Dioxide 
	4.3.7. Temperature 
	4.3.8. Turbidity 
	4.3.9. Sedimentation 
	4.3.10. Disease/Pathogens/Viruses/Bacterias 


	5. POTENTIAL SOURCES 
	5.1. Overview 
	5.2. Potential Sources General Findings 
	5.2.1. Outfalls 
	5.2.2. Inlets 
	5.2.3. Coastal Ocean Processes/Seasonal Upwelling 
	5.2.4. Submarine Groundwater Discharge 
	5.2.5. Effects of Everglades Restoration 
	5.2.6. Carbon Dioxide Rise 


	6. POLLUTANTS AND POTENTIAL SOURCES DATA GAPS 
	6.1. Overview 
	6.2. Nutrients 
	6.3. Heavy Metals 
	6.4. Pharmaceuticals/Organics 
	6.5. Herbicides/Pesticides 
	6.6. Salinity 
	6.7. Carbon Dioxide and Carbon Dioxide Rise 
	6.8. Temperature 
	6.9. Turbidity 
	6.10. Sedimentation 
	6.11. Disease/Pathogens/Viruses/Bacteria 
	6.12. Outfalls 
	6.13. Inlets 
	6.14. Coastal Ocean Processes/Seasonal Upwelling 
	6.15. Submarine Groundwater Discharge 
	6.16. Effects of Everglades Restoration 

	7. REVIEW OF FEDERAL, STATE AND LOCAL WATER QUALITY STANDARDS 
	7.1. Overview 
	7.2. Federal Laws & Regulations 
	7.2.1. Clean Water Act 
	7.2.2. Safe Drinking Water Act 

	7.3. State Laws 
	7.3.1. Florida Constitution 
	7.3.2. Florida Statues 
	7.3.2.1. Chapter 403, Environmental Control 
	7.3.2.2. Water Quality Standards 
	i. Florida Statute Section 403.061(10) 
	ii. Florida Statute Section 403.061(11) 
	iii. Florida Administrative Code Chapter 62-302, Surface Water Quality Standards 

	7.3.2.3. Total Maximum Daily Loads 
	7.3.2.4. Ocean Outfalls 
	7.3.2.5. National Pollutant Discharge Elimination System 
	7.3.2.6. Chapter 373, Water Resources 
	7.3.2.7. Chapter 376, Pollutant Discharge Prevention & Removal 
	7.3.2.8. Chapter 380, Land & Water Management 


	7.4. Local Laws 
	7.4.1. Broward County 
	7.4.2. Martin County 
	7.4.3. Miami -Dade County See APPENDIX 13 
	7.4.4. Monroe County 
	7.4.5. Palm Beach County  

	7.5. Miscellaneous Laws & Provisions 
	7.5.1. Endangered Species Act  
	7.5.2. National Marine Sanctuaries Act See APPENDIX 17 
	7.5.3. National Marine Sanctuaries Regulations See APPENDIX 18 
	7.5.4. Florida Keys National Marine Sanctuary; Draft Management Report  
	7.5.5. Oil Pollution Act 
	7.5.1 Coral Reef Conservation Act See APPENDIX 22 
	7.5.6. Presidential Order 13089, Coral Reef Protection See APPENDIX 23 
	7.5.7 Natural Resources Damage Assessment  
	7.5.8 Ocean and Coastal Resources Management Act  

	7.6. Water Quality Standards: Synthesis & Conclusion 

	8. RECOMMENDATIONS & CONCLUSIONS 
	9. ACKNOWLEDGEMENTS 
	10. REFERENCES CITED IN DOCUMENT 
	11. WEBPAGES OF INTEREST 
	12. BIBLIOGRAPHY OF ANNOTATED PAPERS 




