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1. Responses to
Nutrient Reductions
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2000 2010

Johansson 2010



Cienada Grande ¢ °
g 7 Swan

Chesapeake X okyo Bay

Saanich Inlet
Aarhus Ba
Long Island Sound § Neuse
Tampa Bay ,
8

Cochin Backwater g Ria de Viga

L J

Terminos Lagoon : .
f Bedford Basin

L]

@ San Francisco Bay)~_Westerschelde

[ 4
Delaware Bay §

.’ Bay of Brest
Tasman Bay j Kattegat

4
Seto Inland Sea f

Limfiord Douro Estuary

& Lower St. Lawrence
Gulf of Bothnia ,*
 §

Dumbell Bay , « " Gulf of Finland

s Great Belt

@
Colne

|¥ll| T 1\\\!' T T T ||\||

10 100 1000
Annual Primary Production (g C m-2 y'1)

L]
T

2: Variable Sensitivity
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Disappointing/Unexpected Responses to Nutrient Reductions

Chlorophyll a (pg I')

2005 5
* - Annual means 1977 Odense Fjord * - Annual means :373 Gulf of Riga
= 5-year moving average Danish estuary === S-year moving average Eastern Baltic Sea
1 20 40 60 80 100 120 140

Total nitrogen input from watershed (106 kg N yr-1) Total nitrogen input from Daugava River (108 kg N yr-1)

Duarte et al. 2009
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4: Things Change
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D Fish species, cumulative number found, J SAV area, 1013 ha, lower Potomac R., U.S.
Thames Estuary, u. K . —
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What are the Drivers?
= Examples from SF Bay

~+« damming rivers
« water diversions
e Wuced species
Msewage disposal
« environmental policy
» climate shifts
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Priority Management Issue: Endangered Native Fishes
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DRIVER #1: damming rivers
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RESPONSE: reduced sediment supply and sediment concentrations
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IMPLICATIONS:

increasing
transparency

sustainability of
tidal marshes ?

loss of mudflats

Evaluating Tidal Marsh Sustainability in the Face of Sea

A Hybrid Modeling Approach Applied to San




DRIVER #2: water consumption and diversions




RESPONSE:

39% reduction in
freshwater inflow
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Outflow from Delta to Bay

(% total unimpaired inflow)

Trend in flow (m3 s yr‘1)
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IMPLICATIONS:

Habitat index
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DRIVER #3: introduced species

"San Francisco Bay and Delta ecosystem
may be the most invaded estuary in the world"
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Accelerating Invasion Rate in a
Highly Invaded Estuary

Andrew N. Cohen* and James T. Carlton

Corbula amurensis



RESPONSE:
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5-fold reduction of phytoplankton
biomass and production



RESPONSE:

1970 1975 1980 1985 1990 1995 2000 2005

5-fold reduction of phytoplankton
biomass and production
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loss of zooplankton

Corbula chlorophyll  Synchaeta Eurytemora Neomysis
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IMPLICATIONS:

=

Longfin Smelt
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DRIVER #4: sewage disposal

4 M people
375 Mgal/day

11,000 tons/yr DIN
1,900 tons/yr DIP




RESPONSE: high N and P concentrations
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RESPONSE: high N and P concentrations
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IMPLICATIONS: potential for very high phytoplankton biomass

But South SF Bay has low phytoplankton biomass,
partly because of strong grazing by bivalves
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DiscreteChlorophyll




DRIVER #5: environmental policy

Clean Water Act

mandated secondary treatment to
remove BOD and NH,

Full title Federal Water Pollution Control

Amendments of 1972 "to restore and maintain the chemical, physical
Acronym CWA /Clean Water Act and biological integrity of the nation's waters"
Enacted by the 92nd United States Congress
Effective October 18, 1972 .

and attain
Citations

Public Law P.L.92-500 &
Stat, 86 Stat. 816 (1972) "fishable and swimmable waters"

Codification
Act(s) amended Federal Water Pollution Control Act
Title(s) amended 33 (Navigable Waters)

U.S.C. sections 33 U.S.C.§ 1251 & et seq.
created

H Summer DO, mg L', Potomac Estuary, U.S.

Legislative history

Introduced in the Senate as S. 2770 by Edmund Muskie
on October 28, 1971

Committee consideration by: Senate Public Works
Committee

Passed the Senate on November 2, 1971 ()

Passed the House on March 28, 1972 ()

Reported by the joint conference committee on
October 4, 1972; agreed to by the House on October 4,
1972 () and by the Senate on October 4, 1972 ()

Vetoed by President Richard Nixon on October 17, 1972
Overridden by the Senate on October 18, 1972 ()
Overridden by the House and became law on October
18,1972 ()
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advanced tertiary
treatment 1980




ammonium

San Jose annual load (1)

RESPONSE: elimination of
summer hypoxia
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DRIVER #6: climate shifts

1980 1985 1990 1995 2000 2005




RESPONSE: record-high
abundances of (juvenile)
flatfish, crabs, shrimp
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biomass
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IMPLICATION: nutrients have become a policy issue
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Bivalve Biomass (g DW/m?2)




crabs shrimp clams phytoplankton

5. Nutrient Management in
an Ecosystem Context



6: The Unique Value of Sustained Observations

\/Bhesapeake Bay Program

Science. Restoration. Partnership.
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