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Studies of Nitrogen Enrichment Studies of Nitrogen Enrichment 
Began Over a Century AgoBegan Over a Century Ago……

Karl BrandtKarl Brandt

““Denitrifying bacteria in Denitrifying bacteria in 
the ocean remove the the ocean remove the 
excess of nitrogen excess of nitrogen 
compounds and it is they compounds and it is they 
that restore the prevailing that restore the prevailing 
equilibrium of nature's equilibrium of nature's 
household.household.””

(Brandt, 1899)(Brandt, 1899)



Dr. John Dr. John RytherRyther: Seminal Work on Nitrogen: Seminal Work on Nitrogen
Enrichment and Harmful Algal BloomsEnrichment and Harmful Algal Blooms





••Using best available information, determine the Using best available information, determine the ““normal normal 

structure and functionstructure and function”” of the aquatic system in areasof the aquatic system in areas

least affected by humans (reference conditions).least affected by humans (reference conditions).

Imbalance Determination: 
Nutrient Threshold Research in 

South Florida’s Everglades

••By sampling across nutrient gradients, determine whereBy sampling across nutrient gradients, determine where

significant departures from the reference conditions occursignificant departures from the reference conditions occur

using multiple lines of evidenceusing multiple lines of evidence

••Determine causation through analysis of Determine causation through analysis of mesocosmmesocosm & & 
flume studiesflume studies





Summary of Findings
Examined relationships between various measures of the structure and function of 
Everglades biological communities and P-enrichment.  Examples of changes in 
biological communities observed with increasing P-enrichment include: 

Microbial:Microbial:
•• Decreased production of alkaline Decreased production of alkaline phosphatasephosphatase
•• Increased metabolic ratesIncreased metabolic rates

Periphyton:Periphyton:
•• Calcareous blueCalcareous blue--green taxa eliminatedgreen taxa eliminated
•• Abundance of pollution and phosphorus sensitive taxa decreaseAbundance of pollution and phosphorus sensitive taxa decrease
•• Pollution tolerant taxa increasePollution tolerant taxa increase

Macrophytes:Macrophytes:
•• Increased spatial distribution of cattail Increased spatial distribution of cattail 
•• Loss of native sawgrass and slough vegetationLoss of native sawgrass and slough vegetation

MacroinverebratesMacroinverebrates::
•• Altered invertebrate community structure (may be related to chanAltered invertebrate community structure (may be related to changes in ges in 

D.O., food, habitat)D.O., food, habitat)
Dissolved Oxygen:Dissolved Oxygen:

•• Depressed dissolved oxygen regime (lower daily average and dailyDepressed dissolved oxygen regime (lower daily average and daily
minimum). minimum). 



Relative Dominance ModelRelative Dominance Model
Littler, M. M. and D. S. Littler. 1984. Prog. Phycol. Res. 3:323-364



Effects of Nutrients on Coral Reefs
Microbial: Microbial: 

•• increased metabolic ratesincreased metabolic rates
•• increased coral diseasesincreased coral diseases

ScleractineanScleractinean corals:corals:
•• biochemical alteration of symbiosisbiochemical alteration of symbiosis
•• increased increased zooxanthellaezooxanthellae biomassbiomass
•• increased respiration (COincreased respiration (CO22))
•• decreased calcificationdecreased calcification

MacroalgaeMacroalgae/turfs: /turfs: 
•• increased growth, reproduction, and spatial distribution increased growth, reproduction, and spatial distribution 
•• appearance of indicator speciesappearance of indicator species
•• alteration of biogeochemical cyclesalteration of biogeochemical cycles

Invertebrates: Invertebrates: 
•• increased growth of herbivores (sea urchins)increased growth of herbivores (sea urchins)
•• increase in increase in corallivorescorallivores (COT)(COT)

Fish Assemblages:Fish Assemblages:
•• decreased diversity and relative abundancedecreased diversity and relative abundance
•• increase in herbivores increase in herbivores 

Dissolved OxygenDissolved Oxygen
•• Altered Altered dieldiel DO concentrations and cyclesDO concentrations and cycles



Nutrient Gradient Research on the Nutrient Gradient Research on the 
Belize Barrier Reef: 1985Belize Barrier Reef: 1985--19901990

R/V Cape Hatteras

Proposed Thresholds:Proposed Thresholds:
DIN: 1 DIN: 1 µµM, SRP: 0.1 M, SRP: 0.1 µµMM

LapointeLapointe, B. E., M. M. Littler, and D. S. Littler. 1993.  Modification o, B. E., M. M. Littler, and D. S. Littler. 1993.  Modification of benthic f benthic 
community structure by natural eutrophication: the Belize Barriecommunity structure by natural eutrophication: the Belize Barrier Reef. r Reef. 
Proceedings of the 7th International Coral Reef SymposiumProceedings of the 7th International Coral Reef Symposium, Guam 1: 323, Guam 1: 323--334. 334. 



Nutrient Threshold Research Down Nutrient Threshold Research Down 
Under: AustraliaUnder: Australia’’s Great Barrier Reefs Great Barrier Reef

Daydream IslandDaydream Island

Proposed Nutrient Thresholds:Proposed Nutrient Thresholds:
DIN: 1 DIN: 1 µµMM

SRP: 0.2 SRP: 0.2 µµMM
ChlChl aa: 0.5 : 0.5 µµg/lg/l

Bell, P.R.F. 1992. Eutrophication and Coral Bell, P.R.F. 1992. Eutrophication and Coral 
ReefsReefs--Some Examples in the Great Barrier Some Examples in the Great Barrier 
Reef Lagoon. Reef Lagoon. Water Research 26Water Research 26, 553, 553--568.  568.  



DIN Thresholds: DIN Thresholds: MacroalgalMacroalgal HABsHABs on Coral Reefson Coral Reefs

How much DIN How much DIN 
is enoughis enough ??

Lapointe, B. E. 1999 L&O 44(6):1586-1592

Outer GBROuter GBR



South Florida South Florida 

Everglades Agricultural AreaEverglades Agricultural Area

Florida BayFlorida Bay

Florida KeysFlorida Keys

St. Lucie, Martin, Palm Beach, St. Lucie, Martin, Palm Beach, 
Broward, and Dade counties Broward, and Dade counties 

Shark River SloughShark River Slough

Taylor SloughTaylor Slough



LandLand--Based Nutrient Enrichment and Coastal Based Nutrient Enrichment and Coastal 
Eutrophication in the Florida Keys:1989Eutrophication in the Florida Keys:1989--19901990

Florida Keys Land & Sea TrustFlorida Keys Land & Sea Trust



Effects of Nutrient Enrichment on Growth Effects of Nutrient Enrichment on Growth 
and Productivity of and Productivity of SeagrassesSeagrasses: 1990: 1990--19941994

David David TomaskoTomasko

ThalassiaThalassia testudinumtestudinum SeagrassSeagrass epiphytesepiphytes MacroalgalMacroalgal HABsHABs



Florida Keys National Marine Sanctuary ActFlorida Keys National Marine Sanctuary Act--19901990



Ron Jones, FIU Florida Bay outflow in Upper Keys

Summer 1992: Hypersalinity Hypothesis Promoted







LooeLooe Key  Water Column Nutrients  1984Key  Water Column Nutrients  1984--20042004

““Tipping PointTipping Point””
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““FingerprintingFingerprinting”” Nitrogen Sources Using Stable Nitrogen Sources Using Stable 
Nitrogen Isotopes in Nitrogen Isotopes in MacroalgaeMacroalgae: 1996 : 1996 -- Present Present 

LooeLooe Key, October 20, 2006Key, October 20, 2006

Little Palm Island, October 21, 2006Little Palm Island, October 21, 2006

LapointeLapointe et al. 2004. JEMBE 308:23et al. 2004. JEMBE 308:23--58.58.







Percent Total of Percent Total of IndividualsIndividuals, 1984, 19841    1    versus  Percent Total of Individuals, 2002versus  Percent Total of Individuals, 2002
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Trophic Distribution of Fish Assemblages in the Trophic Distribution of Fish Assemblages in the 
LooeLooe Key Sanctuary Protection AreaKey Sanctuary Protection Area

1.  Adapted from Bohnsack, et.al, 1987.
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Pew Oceans Pew Oceans 
CommissionCommission
Report Report -- 20032003

Sea urchinsSea urchins
bloom in FLbloom in FL
Bay in 1996 !Bay in 1996 !





Human Sources of Nutrient Input toHuman Sources of Nutrient Input to
Coastal Southeast FloridaCoastal Southeast Florida

Ocean OutfallsOcean Outfalls
(~400 MGD)(~400 MGD)

Submarine Submarine 
GroundwaterGroundwater

Discharge Discharge 
(~500 MGD)(~500 MGD)

Surface WaterSurface Water
Inlet DischargeInlet Discharge

Deep-well sewage 
injection

Manheim, 1967



QuickTime™ and a
DV/DVCPRO - NTSC decompressor

are needed to see this picture.



Invasive Macroalgal Blooms on Invasive Macroalgal Blooms on 
Southeast Florida Coral ReefsSoutheast Florida Coral Reefs

““InvasionalInvasional MeltdownMeltdown””
19901990

Codium isthmocladumCodium isthmocladum

19971997
Caulerpa Caulerpa verticillataverticillata

C. racemosaC. racemosa

20012001
Caulerpa brachypusCaulerpa brachypus

(Pacific native)(Pacific native)



Nutrient Pollution and Invasive SpeciesNutrient Pollution and Invasive Species

CaulerpaCaulerpa taxifoliataxifolia in thein the
Mediterranean SeaMediterranean Sea

www.jadran4you.com/ caulerpa.htm





Preferential Uptake of Ammonium vs. Preferential Uptake of Ammonium vs. 
Nitrate by Nitrate by CaulerpaCaulerpa brachypusbrachypus and and 

CodiumCodium isthmocladumisthmocladum

C. brachypus C. isthmocladum



% Coverage of% Coverage of
CaulerpaCaulerpa brachypusbrachypus

formaforma parvifoliaparvifolia
(Harvey) (Harvey) CribbCribb

August 2004August 2004



MacroalgalMacroalgal HABsHABs in SE FL Supported byin SE FL Supported by
Sewage Nitrogen ? Sewage Nitrogen ? 





Dissolved Inorganic NutrientsDissolved Inorganic Nutrients
Dissolved Inorganic Nitrogen Dissolved Inorganic Nitrogen -- DINDIN
Soluble Reactive Phosphorus Soluble Reactive Phosphorus -- SRPSRP



Macroalgal Tissue Macroalgal Tissue 
NutrientsNutrients

Carbon:Nitrogen:Carbon:Nitrogen:
Phosphorus RatiosPhosphorus Ratios

•• C:N ratios > 15:1 indicate C:N ratios > 15:1 indicate 
N limitationN limitation

•• C:P ratios > 700:1 indicate C:P ratios > 700:1 indicate 
P limitationP limitation

•• N:P ratios > 35:1  indicate N:P ratios > 35:1  indicate 
P limitationP limitation



Latitudinal Changes in Latitudinal Changes in MacroalgalMacroalgal HABsHABs
on SE FL Coral Reefson SE FL Coral Reefs

LyngbyaLyngbya DictyotaDictyota menstrualismenstrualis

CodiumCodium isthmocladumisthmocladum CaulerpaCaulerpa racemosaracemosa



Stable Carbon and Nitrogen Isotopes in SE FL Stable Carbon and Nitrogen Isotopes in SE FL MacroalgaeMacroalgae

δδ1515N Source Values (N Source Values (o/ooo/oo))

Peat Peat + 1 to + 3 + 1 to + 3 
Fertilizers  Fertilizers  -- 3 to + 33 to + 3
SewageSewage + 3 to + 12+ 3 to + 12
NN--FixationFixation 0 to + 1.00 to + 1.0
Upwelling Upwelling + 4.7+ 4.7

δδ1313C Source Values (C Source Values (o/ooo/oo))

Marine carbonate  0Marine carbonate  0
Atmospheric COAtmospheric CO2   2   --88
Aquatic Plants       Aquatic Plants       --10 to 10 to -- 5050
CAM PlantsCAM Plants -- 10 to 10 to -- 3232



Using Using OctocoralsOctocorals to to HindcastHindcast Sewage Sewage 
Pollution on SE Florida ReefsPollution on SE Florida Reefs

PlexauraPlexaura homomallahomomalla Annual growth bandsAnnual growth bands



Experimental Evidence of Nutrient Pollution: Experimental Evidence of Nutrient Pollution: 
The Wreck of the The Wreck of the ArimoraArimora, , Egg Island, BahamasEgg Island, Bahamas



U. S. National U. S. National AcademyAcademy of Sciencesof Sciences

"The fundamental "The fundamental 
driving force is the driving force is the 

accumulation of accumulation of 
nitrogen and nitrogen and 

phosphorus in fresh phosphorus in fresh 
water on its way to the water on its way to the 

sea." sea." 

Clean Coastal Waters: 
Understanding and Reducing the Effects 

of 
Nutrient Pollution.

(NRC, 2000)



““For too long ourFor too long our
oceans have beenoceans have been
dumping grounds.dumping grounds.””

““EPA and the states shouldEPA and the states should
establish water qualityestablish water quality
standards for nutrients,standards for nutrients,
especially nitrogen,especially nitrogen,
as quickly as possible.as quickly as possible.””



State of Hawaii Water Quality State of Hawaii Water Quality 
Standards for Open Coastal WatersStandards for Open Coastal Waters11

ConstituentConstituent

Total Nitrogen (Total Nitrogen (µµM)M)

Ammonium (Ammonium (µµM)M)

Nitrate + Nitrite (Nitrate + Nitrite (µµM)M)

Total P (Total P (µµM)M)

ChlChl a (a (µµg/lg/l))

Turbidity (NTU)Turbidity (NTU)

Geometric Mean Geometric Mean 
Not to Exceed the Not to Exceed the 

GivenValueGivenValue::

10.710.7
0.250.25
0.360.36
0.650.65
0.300.30
0.500.50

1: HAR 111: HAR 11--54.654.6

Not to Exceed the Not to Exceed the 
GivenValueGivenValue More More 

than 10% of the Time:than 10% of the Time:

17.817.8
0.610.61
1.01.0

1.291.29
0.900.90
1.251.25

Not to Exceed the Not to Exceed the 
GivenValueGivenValue More More 

than 2% of the Time:than 2% of the Time:

25.025.0
1.071.07
1.791.79
1.941.94
1.751.75
2.002.00



What Are Ambient Nutrient What Are Ambient Nutrient 
Concentrations in SE Florida ?Concentrations in SE Florida ?



What Are Ambient Nutrient What Are Ambient Nutrient 
Concentrations in SE Florida ?Concentrations in SE Florida ?

SEFLOE II report prepared by Hazen & Sawyer, 1994SEFLOE II report prepared by Hazen & Sawyer, 1994



S.E. FL Ocean Outfall Sewage EffluentS.E. FL Ocean Outfall Sewage Effluent
Nitrogen Nitrogen ConcentratonsConcentratons



S.E. FL Ocean Outfall Sewage EffluentS.E. FL Ocean Outfall Sewage Effluent
δδ1515N ValuesN Values



S.E. FL Ocean Outfall Sewage EffluentS.E. FL Ocean Outfall Sewage Effluent
Phosphorus Phosphorus ConcentratonsConcentratons & TDN:TDP& TDN:TDP



S.E. Florida Chlorophyll S.E. Florida Chlorophyll aa ConcentrationsConcentrations
20052005--0606



MilleniumMillenium Ecosystem Assessment: 2005Ecosystem Assessment: 2005

•• Involved 1,300 environmental scientists from 95 countries,Involved 1,300 environmental scientists from 95 countries,
22 National Academies of Science22 National Academies of Science

•• Concluded that excessive nutrient loading into freshwaterConcluded that excessive nutrient loading into freshwater
and marine ecosystems is one of the biggest problemsand marine ecosystems is one of the biggest problems

•• This issue is where they found the biggest This issue is where they found the biggest ““disconnectdisconnect””
between a major problem related to ecosystem services and between a major problem related to ecosystem services and 
the lack of policy action in responsethe lack of policy action in response

•• Specifically cited nutrient enrichment from terrestrial Specifically cited nutrient enrichment from terrestrial 
sources as an example of a sources as an example of a ““tipping tipping pointpoint””thatthat caused caused 
JamaicaJamaica’’s coral reefs to be overgrown by s coral reefs to be overgrown by macroalgaemacroalgae



Summary Summary 
•• Nutrient enrichment of coastal waters is Nutrient enrichment of coastal waters is 
supporting the trend of increasing eutrophication supporting the trend of increasing eutrophication 
and decline of coral reefs worldwideand decline of coral reefs worldwide

•• In South Florida, nutrient concentrations vary as In South Florida, nutrient concentrations vary as 
a function of wastewater loading and a function of wastewater loading and stormwaterstormwater
runoffrunoff

•• Spatial pattern in nutrient concentrations and algal Spatial pattern in nutrient concentrations and algal 
blooms a function of physical & geochemical controlsblooms a function of physical & geochemical controls

•• Nutrient standards similar to those adopted in HawaiiNutrient standards similar to those adopted in Hawaii
would provide engineers with an ecologically relevantwould provide engineers with an ecologically relevant
““endpointendpoint”” for dilution models for dilution models 



Thank You !Thank You !



How You Can Help Support Water How You Can Help Support Water 
Quality Research in FloridaQuality Research in Florida
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““BiostitutesBiostitutes”” in South Floridain South Florida







Nutrient Pollution: Effects on Optical Nutrient Pollution: Effects on Optical 
Properties of Coastal Waters in the Florida KeysProperties of Coastal Waters in the Florida Keys

Charles Charles YentschYentsch

Increasing Increasing ChlChl aa





The Future is in Your Hands !The Future is in Your Hands !
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