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Nutrient-rich Algae grow, Zooplankton
water flows in feed and die eat algae
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Chesapeake Bay, Maryland/Virginia:
1989 severe oxygen depletion.

Bay is about 180 km long.
Maximum depth is about 40 m.

Red =<1 mg/l = <2mg/l
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They are increasing
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Figure 3. The Yangtze River drainage basin and the estimated hypoxy areas in the ECS (3

Li and Daler 2004

NO;-N /Mg dm™

East China Sea
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o 960 970
Annual Hypoxia ' ' -

Figure 5. Historical variations of nitrate concentrations at Datong
station (33).




dead zones”

Land-Ocean
Interactions in the
Coastal Zone
(LOICZ/IGBP) Open
Science Meeting,
Bahia Blanca,
Argentina, November
1999




Goolshy et al. 1999, Rabalais 2002
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0.6% Urban land
58% Predominantly agricultural land
18% Predominantly woodland
21% Predominantly range or barren land
[w & w Wetlands
2.4%)] Water B |




Mississippi River -
Gulf of Mexlco Eco s’rem Con’rmuum
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Mid-summer shelfwide cruise
Monthly lines C and F

Deployed oxygen meters
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Extensive Field Measurements




Stratification

(mid-summer)
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Harmful and Noxious Algal Blooms
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Northern Gulf of Mexica'May 2011 Heterosigma akashiwo
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e Shallow (<10 m)
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Mississippi River Discharge at Tarbert Landing, 1935 — 2015
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Station CSI-6, LSU/WAVCIS F Full meteorological suite
& wave meters

Station C6C/BI10O2 C/T/DO/TB/F 2.4 m

& Dissolved Oxygen DO
Conductivity C
Temperature T

Turbidity TB

In vivo Fluorescence F
Currents ADCP

Nutrient Experiments

CIT 6.6 m

C/T/DO/TB/F 10.7 m

(selected)
Light Meter Deployments \ C/IT 14 m
(selected)
ADCP
C/T/IDO/TB/F 19 m

Source: N. Rabalais



Dissolved Oxygen
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More Nutrients >>>
More Phytoplankton >>>
More Carbon Reaches the Bottom >>>
More Oxygen Consumed >>>
More Hypoxia
Verified by Paleoindicators

Photo: N. Rabalais, LUMCON
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<_|'—Point Source—

Other
Commercial and
Public Enterprises

10%

11%

Variety of

Munic Industrial

Waste Sources
Treatment 25%

65%

PHOSPHORUS

Sources

~"M Corn and soybean crops
] Other crops
[H Pasture and range
B Urban and population-related sources
B Atmospheric deposition
B Natural land

i

U.S. Department of the Interior
U.5. Geological Survey

NITROGEN

Alexander et al. 2008 & http://water.usgs.gov/nawqga/sparrow/gulf_findings/
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We know where it comes from, what it does, and what we should do.
Unfortunately, this is not the EU.
Multi-jurisdictional authorities and engrained social structure create a quagmire



Predicting Hypoxia in summer

(nitrate flux in May, year)
Only years without storms

©® Observed
© Predicted

20.000- ©- 2015 actual

km?

10,000-

1980 1990 2000 2010
Year

Similar analyses with PO,, TP, TN, Si, various Si:N:P ratios indicate that N, in
the form of NO3+NO,, is the major driving factor influencing the size of hypoxia
on the Louisiana shelf.
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Relationship Between
Biogenic Silica and Nutrient
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AE index
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Catch per unit effort

(CPUE: kg/ha)
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The Consequences

Fisheries resources at risk
Altered migration

Reduced habitat

Changes in food resources

Susceptibility of early life stages
Growth & reproduction
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Size of bottom-water hypoxia in mid-summer

Size (square kilometers)
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Zaitsev 1992

N and P Loads
Correspond
to Fertilizer Use
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Fertilizer Use in Danube Basin
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The Future

Climate Change
Biofuels
Increased Population
Increased Agribusiness
Increased Atmospheric
Deposmon




Anthropogenic BN Climate variability
activities climate change
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Harmful &
Nnoxious
algal blooms

!

Sedimentary carbon
and nutrient pools

Bottom-water hypoxia
pCO, (+)
pH (-)
H,S (+)
efflux of NH,*, PO,3, silicate (+)

Rabalais et al., 2014



