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Studies of Nitrogen Enrichment
Began Over a Century Ago...
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“Denitrifying bacteria in
the ocean remove the
excess of nitrogen
compounds and It Is they
that restore the prevailing
equilibrium of nature's
household.”

(Brandt, 1899)

Karl Brandt



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

Biological Bulletin 106: 198-209 (1954).

THE ECOLOGY OF PHYTOPLANKTON BLOOMS IN
MORICHES BAY AND GREAT SOUTH BAY,
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|Imbalance Determination:
Nutrient Threshold Research in
South Florida’s Everglades

*Using best available information, determine the “normal

structure and function” of the aquatic system in areas
least affected by humans (reference conditions).

By sampling across nutrient gradients, determine where
significant departures from the reference conditions occur

using multiple lines of evidence

sDetermine causation through analysis of mesocosm &
flume studies
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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:

» Decreased production of alkaline phosphatase
 Increased metabolic rates

> Periphyton:
» Calcareous blue-green taxa eliminated
» Abundance of pollution and phosphorus sensitive taxa decrease
 Pollution tolerant taxa increase
» Macrophytes:
* Increased spatial distribution of cattail
» Loss of native sawgrass and slough vegetation
» Macroinverebrates:
 Altered invertebrate community structure (may be related to changes in
D.O., food, habitat)

» Dissolved Oxygen:

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



Relative Dominance Model
Littler, M. M. and D. S. Littler. 1984. Prog. Phycol. Res. 3:323-364
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Effects of Nutrients on Coral Reefs

Microbial:
e increased metabolic rates
e increased coral diseases
Scleractinean corals:
 biochemical alteration of symbiosis
e increased zooxanthellae biomass
e increased respiration (CO,)
* decreased calcification
Macroalgae/turfs:
e increased growth, reproduction, and spatial distribution
 appearance of indicator species
» alteration of biogeochemical cycles
Invertebrates:
* increased growth of herbivores (sea urchins)
e increase in corallivores (COT)
Fish Assemblages:
» decreased diversity and relative abundance
e Increase in herbivores
Dissolved Oxygen
» Altered diel DO concentrations and cycles



Nutrient Gradient Research on the
Belize Barrier Reef: 1985-1990

332 Lapointe et al.

Table 2. Water column nutrient concentrations (uh) a1 four sites on the Belizean Barrier Reef. Values represent means + |
SE {n = 2). U.D. = Undeteciable; N/A = Not Available.

Mitrate/
Location Systemn Sampling Are=a Date Ammonium Witrite NP
Mar-af-War Cay  Maagrove Bird 28+021
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Proposed Thresholds:
DIN: 1 pM, SRP: 0.1 pM

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




Nutrient Threshold Research Down
Under Australla s Great Barrler Reef

Dayd ream Island

Proposed Nutrient Thresholds:
DIN: 1 uM
SRP: 0.2 uM
Chl a: 0.5 pg/l

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



DIN Thresholds: Macroalgal HABs on Coral Reefs
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South Florda

1992

NORTH

South Florida

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

Everglades Agricultural Area

Shark River Slough

Taylor Slough

Florida Bay
Florida Keys



Land-Based Nutrient Enrichment and Coastal
Eutrophication in the Florlda Keys:1989-1990
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Effects of Nutrient Enrichment on Growth

e

Thalassia testudinum

and Productivity of Seagrasses: 1990-1994
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orida Keys National Marine Sanctuary Act-1990

Marine sanctuary
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Summer 1992: Hypersalinity Hypothesis Promoted
Eﬁt St o)
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Decline of corals blamed on water










R Looe Key Water Column Nutrients 1984-2004

ENO3+NO2 B NH4

“Tipping Point”

—e— TN Flux
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Total N (tons/yr)




Percent Cover

Acropora palmata (Lamarck, 1816)
Eastern Dry Rocks Reef, Key West, FL
(1994-2000)
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“Fingerprinting” Nitrogen Sources Using Stable
Nitrogen Isotopes in Macroalgae: 1996 - Present

-

B3 Juy 2000

B3 march 2001

R T L TR Lapointe et al. 2004. JEMBE 308:23-58.
Little Palm Island, October 21, 2006
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Biologist downplays pollution’s role in spoiling coral reefs

By CYRIL T. ZAMESK]
Herakd Stall Wieilar

The decline in numbers of
algaec-cating fish and sca urchins is
fouling Floridas coral reefs far
more than poliutants in the water,
g to findings of a Gearg

form waler spewing
ged coastline arg

i a.nd.nwmmt. in
are to blame, but

;’nrl L:uﬁm:h‘g Radisson B:.hin
odel. - ¥, - . - -

else going on out there s e Scientists are only sga;hﬂg to learn how to

(oo IS Sw Sy Sty 0 look for culprits behind what many say 1s a

behind what many say is & world- ldwide epidemic of coral diseases and
wid:': epidemic l:t% :ﬁ:‘ﬂ :‘I.‘iliiﬁ ot de p f

I:os:mg the three-day gath
ich has dawn scientists and
guw:m_mw. officials from 31

degradation. is.

Thomas said. *We need to gt to inp.” Thomas said,
the oexi level. We need to know n;fh fioe 1F
what groups of animals or plants  world's coral reefs are in crisis. or the conference.

ould be looking at to tell us  Among the many

mate and pollution.

lengi includes workshops in which =
scientific  entists — who are known for
10 intensc arguments among them-
selves — might work 1o resolve
disputes, tecting reefs and 1
“That should be very interest-  ronment that sustains

MIAMI HERALD
15 APRIL, 1999

“experiments off the

Flonida Keys strongly suggest that
and storm water spewing

from the crowded coastline are
not responsible for the algae
smothering some reefs."

Hay, a biologist at the Georgia
Institute of Technology, led off
the conference with his controver-
sigl suggestion that auirents from
sewage may not be the smoking
gan thal environmental activists
and researchers maintain that i

“Some of the few things we
really “know” about reefs apper to
bt wrong,” Hay said bluntly in a
ere is no disputing that the Summasy of his research written

As 3 result, be added, a lot of
epidemics of mysterious dlsnaaﬁ. maoney and Energy may bedu;mg
overfishing, 2 changing global cli-  the wrong problems while ignor-
ing more damaging factors,
Alarmed by the declining health Hay has been conducting exper-
of the reels and a hﬁ: of informa-  iments along the Keys since 1997,
? He uses cages to exclude algae-eat-
ing stoplight parretfish from live
corals growing on concrete blocks
Lo test the importance of plant-
':il:m;g, animals. And he built a
simple mechanism to 2pply fertil-

wzers darectly Lo corals Lo test the
role nutrient pollution may be
pla: ngm the degradation of the

Th»e fertilizer had na unpaut m
spurring algal growth on
mature corals, he said,

“Perhaps,” he said, “nutnents
are overrated in reef studies,™

It is possible, he conceded, thai
the waters are already so overfer-
tilized that the nutrients he added
were imelevant. But be gives the
latter theory less weight because
algal growih on Florida's reefs is
comparable (o that seen in arcas
much f[arther from developed
coasts,

Meanwhile, parrotfish cleaned
algae from the reel in & couple.of
days. The problem is that prolific
algac eaters, including the sea
urchin, have vanished in recent
years and the reefs have grown
shapgy with weedy algae.






Trophic Distribution of Fish Assemblages in the
_ooe Key Sanctuary Protection Area

Percent Total of Individuals, 1984, versus Percent Total of Individuals, 2002

B Planktivores
B Herbivores 40%

48% O Microinvertivores

B Piscivores

O Macroinvertivores

O Browsers

1. Adapted from Bohnsack, et.al, 1987.



U.S. Coastal Dead Zones Associated with Human Activity

Many coastal scosystems around tha United Statos have documentod low levals of disscivad oxygon, a condition known as hypenia. Oftan these hypoxio P O

oieas—also known os dead zones—are 8 result of both natuzal and anthropogenic events. The map below shows the distribution of dead zones in U5, coastal

watars that arg sssocisted with hisman activity. : : eW Ceans

Doad Zones &ro concentratad elong the Atantic and Guif coasts becausa of tha proxmity of hoavily populatod amas and tha intonen Spncultural practicos that < :Om m ission
creats the discharge of lorge quantities of nutrents into coastal watars. Warmer summer temperatures in thesa waolers stratify the watar column, & componant
n tha desslopment of hypoxia. Watars along the Pacific coast of tha U.5. & not prona to stratification of the watar column.

The color-coded flags indicato the docade or year in which the hypoxc ovent was first discov- Re po rt - 2003

ered [s8a map key). A lacation with more than one flag indicates it was dantified ns a
£k H | IypoKic area from dats in mors than one decads of year. Tha pravakncs of mullipks
o b cvonts shows hypooic conditions have not mproved in amy of our coastal snd
. = estuaring systamsa.

Sea urchins
bloom Iin FL
Bay in 1996 !

'f'f 1 L T | o
e NiT A Chranclogy of Hypexic Events
d 1970 .

L1840
|- 1990s

1 Hood Canal 10 Mobila Bay 19 Pamiico Rivar 28 Bamiogat Inlot Eonla vasas in thix pecsectin,

2 Los Angelos Harhor 11 Pordice Bay 2y e 20 Now York Bigit

3 Corpus Christl Bay 12 §t. Jesoph Bay 21 Rappahannock River 30 Rarfan Bay

4 Toxas Shelf, Shallow 13 Hilishorough Bay 22 Potomac Fiver 31 MNow York City Harbor

& Toxas Shalf, Doop 14 Florida Koys Z3 Chesapoako Bay Manstam 32 Flushing Hay

G Frooport 15 5t. Lucio Rivor 24 Townsond-Horoford Inlot 33 Hudson River

7 Loulsiana Sholt 16 5t. Johns River 25 Delowaro Rivor 34 Long Island Sound

8 Lake Pomtchartrain 17 Copo Fear River 26 Creat Egg Harbor River 35 Pottaquamscutt Rivor

9 Hon Socour Hay 18 Mouso Rbmer 27 Mullica River 36 Waquoit Bay

Source: Robert |. Diaz, College of William and Mary, Yirginia Institute of Marine Sdonce. This map is based solely on data from pehlished soontific reseanch

Mape jorome M, Cookson







Human Sources of Nutrient Input to
Coastal Southeast Florida

SR~ Surface Water
. Inlet Discharge

Deep-well sewage
injection

Submarine
Groundwater

Discharge

Ocean Outfalls (~500 MGD)

(~400 MG D) Manheim, 1967







Invasive Macroalgal Blooms on
Southeast Florida Coral Reefs

Ll

“Invasional Meltdown”

1990
Codium isthmocladum

1 |
1997
Caulerpa verticillata
C. racemosa

1

2001
Caulerpa brachypus
(Pacific native)




Nutrient Pollution and Invasive Species

Caulerpa taxifolia in the
PR Mediterranean Sea

THE TRUE TALE OF A BIOLOGICAL INVASION

ALEXANDRE MEINES?Z

Translated by Daniel Simberloff

With » Foreword by David Quammen www.jadran4you.com/ caulerpa.htm
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Preferential Uptake of Ammonium vs.
Nitrate by Caulerpa brachypus and
Codium isthmocladum
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% Coverage of
Caulerpa brachypus
forma parvifolia
(Harvey) Cribb
August 2004
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Macroalgal HABs in SE FL Supported by
Sewage Nitrogen ?

Princess Anne N. Colonel’s Ledge Barrier Reef
Palm Beach Co., FL Palm Beach Co., FL Abaco, Bahamas

5.18+1.74 4.94+1.99 1.20 £ 0.55
(n= 100) | (n=100), (n=16)




. FWRI HAB Study 2004-05
: ®*0 o Site Locations

® Video
o Environmental

FPalm Beach

Broward

60 Kilometers




Dissolved Inorganic Nutrients

Dissolved Inorganic Nitrogen - DIN
Soluble Reactive Phosphorus - SRP

DIN, SRP FWRI 2004-2005
B Fall 2004 B Spring 2005

Dade Broward Palm Martin St. Lucie
Beach




Macroalgal Tissue

i C:N:P Ratios - S.E. FL, 2004-2005
N Utrlents M Fall 2004 @ Spring 2005

Carbon:Nitrogen:
Phosphorus Ratios

1200

e C:N ratios > 15:1 indicate 900
N limitation C:P 600

300

e C:P ratios > 700:1 indicate 0
P [imitation 90

(i1l]
e N:P ratios > 35:1 indicate [k "
P limitation

0
Dade Broward Palm Beh. Martin St. Lucie




Latitudinal Changes in Macroalgal HABsS
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Stable Carbon and Nitrogen Isotopes in SE FL Macroalgae

0'°N Source Values (0/00)

J15N & 213C FWRI 2004-2005
@ Fall 2004 H Spring 2005

Peat +]1to+3
Fertilizers - 3to+ 3
Sewage +3to+ 12
N-Fixation Oto+ 1.0

Upwelling + 4.7

Broward Palm Bech. Martin St. Lucie

01°C Source Values (0/00)

Marine carbonate 0
Atmospheric CO, -8
Aqguatic Plants  -10to - 50

CAM Plants - 10 to - 32




Using Octocorals to Hindcast Sewage
Pollution on SE Florida Reefs

B Winter 2006 B Late 1990s EEarly 1990s
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Experimental Evidence of Nutrient Pollution:
The Wreck of the Arimora, Egg Island, Bahamas

L



U. S. National Academy of Sciences

Understanding and

Reducing the Effects of
Nutrient Pollution

‘ -
e =
e s~ =l
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"The fundamental
driving force Is the
accumulation of
nitrogen and
phosphorus in fresh
water on Its way to the
sea.’’

Clean Coastal Waters:
Understanding and Reducing the Effects
of
Nutrient Pollution.

(NRC, 2000)
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Chap.ter Five

“EPA and the states should
| establish water quality

= standards for nutrients,

s especially nitrogen,

as quickly as possible.”

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




State of Hawall Water Quality
Standards for Open Coastal Waters?

Geometric Mean Not to Exceed the Not to Exceed the

Constituent e o 1096 o e v than 25 of he Time:
Tl Strogsn (4, 10.7 17.8 25.0
Ammonium (LM) 0.25 0.61 1.07
Nitrate + Nitrite (M) 0.36 1.0 1.79
Total P (uM) 0.65 1.29 1.94
Chi a (ug/l) 0.30 0.90 1.75
Turbidity (NTU) 0.50 1.25 2.00

1: HAR 11-54.6



What Are Ambient Nutrient
Concentrations in SE Florida ?

Ammonium Nitrate DIN TDN
2004-06 n (uM) (nM) (uM) (uM)

Dade 24 0.39 + 0.46 0.59 + 0.28 0.97 £ 0.57 11.91 +£ 3.65
Broward 153 0.17 £ 0.66 098 £ 0.74 11.63 +£ 3.24
Palm Beach 143 0.08 +£030 ~©B76+07  0.84+082

Mean 320 0.21 £ 0.15 '

2004-06

Dade 24 0.09 + 0.05 0.20 + 0.07

Broward 153 0.15 £ 0.10 031 £0.17

Palm Beach 143 0.11+007 024 +£0.11
Mean 320 0.12 £0.03 0.25 £0.05




What Are Ambient Nutrient
Concentrations in SE Florida ?

SEFLOE II Ambient HBOI/FFWCC
Hollywood N. Broward Broward 2004-06

n Mean (uM) n Mean (uM) n pM =£18D

Ammonium 8 6.4 28 6.4 153 <0.21 + 0.66
Nitrate 9 7.9 ] 11.4 153  0.81 + 0.41
DIN - 14.3 - 17.8 153  0.98+ 0.74
Total Phophorus 2.9 17 2.6 153 031+ 0.17

Miami-Dade North Dade Co. 2004-05

n Mean (uM) n pM +18D

Ammonium 4 47.1 24 0.39 = 0.46
Total Kjeldahl N 14 S1.4 24 11.32 £ 3.74

SEFLOE Il report prepared by Hazen & Sawyer, 1994




S.E. FL Ocean Outfall Sewage Effluent
Nitrogen Concentratons

Sampling Site n

Ammonium

(uM)

Nitrate
(uM)

TDN
(nM)

Fall 2005 N. Broward

Delray
Hollywood

Winter 2006 Delray
Boca Raton
N. Broward
Hollywood

3
3
3
Mean 9
3
3
3
3

685.6 £ 156.7
943.1 +£ 202.1
7293 £ 1184

854 +£ 6.5
008 £ 227
1192 + 24.6

842.1 = 77.1
1117.1 £ 241.0
085.2 £ 147 4

786.0 £ 137.8

531.7 £ 51.7
257.7 £ 10.3
1519.6 + 36.0
843.6 = 7.9

121.4 £ 17.0

170.3 £ 21.1
1280 £ 3.6
116.3 + 1.5
130.7 £ 0.6

1021.5 £ 137.5

843.8 = 81.1
5346+ 7.0
1694.2 + 66.9
1133.7 £ 31.7

Mean 12 788.1 £ 543.2
Grand Mean 21 787.2 + 392.2

1363 £ 23.5
121.4 + 26.8

1051.6 = 4933
1021.5 + 359.7




S.E. FL Ocean Outfall Sewage Effluent

d°N Values

Site 615NH4

Sampling
(%00)

5°NO,
(%60)

Fall 2005 N.Broward 4 13.54 = 1.86
Delray 4 1542 £ 4.60
Hollywood 2 12.35 £+ 0.39

0.59 * 2.24
3.66 + 0.69
3.98 + 0.08

Mean 10 13.77 £ 1.55
13.62 + 0.30

Winter 2006 Delray 2

BocaRaton 4 2132+ 0.192
2
2

N. Broward
Hollywood

21.52 £ 0.42]
1432 £ 2.423

2.74 £ 1.87

15.61 £ 0.51
10.68 £ 0.89
15.34 = 0.87
4.14 £ 1.82

_Mean 10 1573 £4316

Grand Mean 20 16.01 + 3.811

7.09 £ 537
7.71 £ 6.1




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

Sampling Site n

SRP
(uM)

TDP
(uM)

TDN:TDP
Ratio

Fall 2005 N. Broward
Delray
Hollywood

415 £ 8.7
651+ 12.7
151 +1.5

426 + 8.9
692 + 15.0
19.7 + 2.6

203 +£ 472
16.1 £ 0.1
50.0 £ 3.2

Winter 2006 Delray
Boca Raton
N. Broward
Hollywood

3
3
3
Mean 9
3
3
3
3

306 £ 25.0

281 +22
219+ 14
301 £ 03
12.6 + 0.1

338 248

31.0+ 2.3
254 £ 2.1
34.6 £ 0.9
14.0 + 0.1

33.8 £ 18.5

272+ 07
211+ 14
400 4+ 0.7
81.2 + 3.1

A

Grand Mean 21

23 2 :I: ? 8 [P ——
306i180

262 £9.0

338i133

446 x272

3791135




S.E. Florida Chlorophyll a Concentrations
2005-06

0.80
0.60

0.40

0.20

0.00

Broward Palm Beach Martin




Millenium Ecosystem Assessment: 2005

e |[nvolved 1,300 environmental scientists from 95 countries,
22 National Academies of Science

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

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

o Specifically cited nutrient enrichment from terrestrial
sources as an example of a “tipping point”’that caused
Jamaica’s coral reefs to be overgrown by macroalgae



Summary

e Nutrient enrichment of coastal waters Is
supporting the trend of increasing eutrophication
and decline of coral reefs worldwide

 In South Florida, nutrient concentrations vary as
a function of wastewater loading and stormwater

runoff

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

» Nutrient standards similar to those adopted in Hawaii
would provide engineers with an ecologically relevant
“endpoint” for dilution models
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How You Can Help Support Water
Quality Research in Florida
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“Biostitutes” 1n South Florida
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Nutrient Pollution: Effects on Optical
Properties of Coastal Waters in the Florida Keys

C.5. Yemtnch of ol /J. Exp, Mar: Biol. Ecol 268 (2002) 171153

Charles Yentsch

S

Fig. 5. Nomograph for the relstionship of light irradisnce (£ in pmelim®s) on a log scale vs. depth (Z in m) on o

lingar scale. So-callod coastal wasers sre heavilly shaded; so-called clear oceanic waters are hghtly shaded. The

lines for the smounts of mmadisnce al depth are fisted with valoes for amenustion for water types, The

compensation intensity when extended with depth intersocts water masses of different K values and defines the

= compersation depth. These depths are shown for zooxsnthellss alone a3 black dots. Crosses and clear dots
Increasing Chl a o ety e b=




SUNDAY

fos Angeles Times

e e —— e

JUI‘I 3{_], EI;JUr.r (S S TR AU HHY TR 5]

ALTERED OCEANS

‘A PRIMEVAL

Runoff from modern life is
teeding an explosion of
primitive organisms. This
‘rise of slime,” as one scientist
callsit, is killing larger

species and sickening people.
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The Future 1s Iin Your Hands !




27 July 2001

Science 265: 1547-1551 5 September 1894

Catastrophes, Phase Shifts, and
Large-Scale Degradation of a
Caribbean Coral Reef

Terence P. Hughes

Science 203 629-838 27 July 2001

— EcoLOoGY THROUGH TIME —— —

Historical Gverfiﬁiiing and the Recent
Collapse of Coastal Ecosystems
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