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Management Strategy

* Large algae blooms
* Low DO

) H a r m f u | a | g a e , t 0 X i n S San Francisco Bay Regional Water Quality Control Board

Ecosystem health

N and P

* Motivated by observed changes in ecosystem response to N and P
* Collaborative effort: multi-stakeholder/regulator steering committee

* Science Program: 10 year science plan
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Simulated salinity

Lower South Bay

— Complex system, slow flushing

— Highest Nitrogen and Phosphorous
concentrations in the Bay

Source: Holleman 2012

— 3 WWTPs

— Parameters of interest: algal biomass (chl-a),
dissolved oxygen (DO), algal community, toxins, N and P
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Conceptualization of water quality/source in LSB as a function of tide

Flood tide™ _ Margin Water:

Sloughs/Creeks/Marshes

Open Bay Water:
Originating north
of Dumbarton

Ebb tide

Hypotheses:
- Waters in sloughs/creeks have low(er) DO and higher algal biomass

- Exchange with restored salt ponds is one of several contributing factors



Need to measure...
- The right things

- In the right places
- At the right times

Long-term USGS Polaris
(1970s — present)

A Moored sensors: SFEI / USGS-Sac / UC Berkeley (2013 — present)

/ High-resolution biogeochemical mapping — USGS-Sac / SFEI / UCSC  (2015)



Need to measure...
- The right things

- In the right places
- At the right times
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A Moored sensors: SFEI / USGS-Sac / UC Berkeley
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- Low DO is common feature in
a L LS Ll sloughs and creeks

- Complex, variable among sloughs
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- - Complex, variable among sloughs
Strong tidal influence
- What regulates condition?

Evidence for salt pond influence?
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Alviso : Evidence of salt pond
influence on water quality?

Chlorophyll-a (RFU)
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Alviso : Evidence of salt pond
influence on water quality?
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Guadalupe: Evidence of salt pond
influence on water quality?

Chlorophyll-a (RFU) — Summer 2015
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Need to measure...
- The right things

- In the right places
- At the right times

/ High-resolution biogeochemical mapping — USGS-Sac / SFEI / UCSC
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Flood tide July 15-16 2015 Ebb tide




Salt Pond - Algae Production

- DO production/consumption

Net flux to sloughs

WWTP
Nutrients




Interannual variability

0 Alviso Slough DO (mg/L)
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Could biogeochemical processes in restored salt ponds influence open
Bay water quality?

e A

Restored Ponds

B
Area  ~30x 106 m? Onen Bay
D, 1m Area ~30x 10° m?
Dpho’tic 1.8 m Davg 3m
D 1.5m

photic



Could biogeochemical processes in restored salt ponds influence open
Bay water quality?

Dumbarton: Surface DO, Summer 2014
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Could production in restored salt ponds influence openBay C and DO budgets?

Very rough numbers...

Restored ponds:
Production: >50000 kg C/d

Open Bay:
Production 12000 kg C/d

10% of salt pond production would have a 40% impact on open Bay OC budget
Transport feasible? 2% of tidal prism, containing 50 mg/m3 chl-a

Open questions: Actual transport, better production estimates, linked N-C-O cycles



Dissolved oxygen (DO) monitoring in

South San Francisco Bay has historically _*
occured 1-2x monthly and average
concentrations are typically 6-8 mg/L B
despite high nutrient loading to this region.

DO (mg/t)
s

o5 200 2005 2000
Data: USGS.

E
S However, recent high frequency data at
2. the Dumbarton Bridge has shown DO
g q can dip below 5 mg/L in the deep channel
. ® Lowrae ‘ on spring ebb tides.
Mg me1 A Aen
!

We hypothesize that this is caused by exchange with low DO water in
sloughs and wetlands, where intital observations at one moored
slough site show DO frequently drops below 5 mg/L and is often 2-3
mg/L. In this project, we established a network of continuous

sensors at slough and channel sites to answer the following questions:

1. How do DO concentrations in sloughs vary in space and time?

2. What mechanisms control the frequency, duration and
severity of low-DO events?

3. How does exchange with sloughs affect conditions in the
open Bay?
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( WHAT MECHANISMS REGULATE OXYGEN

CONCENTRATION? &

Production/Respiration

@ Chl-a concentrations in sloughs are
higher than in the open Bay, as
much as 5-10x higher at some sites
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low DO by restricting reaeration of s
bottom waters. Stratification has been observed preVIoust II'I Asto Slough

@ Respiration of chl-a and other
organic matter could draw DO
down more in sloughs with low
volume:area ratios

® DO is a minimum in Alviso and Guadalupe Sloughs on neap tides, when less
flushing occurs with higher-DO waters of the open Bay

HOW MIGHT SLOUGHS AFFECT CONDITIONS
IN THE OPEN BAY? o

® DO at Dumbarton is lowest on ebb tides,
particularly spring ebb tides, suggesting
drainage of low-DO water from the sloughs.
Alag correlation analysis shows that N T e
Guadalupe and Newark Sloughs are in phase with Dumbarton.

@ \We estimate total slough and salt pond volume to be about half of that in the
open Bay. Even conservative estimates of exchange suggest the slough
contribution to water conditions in the open-Bay is non-trivial.

. W

NEXT STEPS

@ Collect high-spatial resolution data (longitudinally and vertically) to complement
the moored data to better characterize DO in sloughs

@ Characterize the relative importance of biological and physical processes in
controlling how sloughs respond to organic matter inputs

@ Quantify how sloughs could affect conditions in the open Bay through a
simple box-model (and ultimately complex 3D modeling)



Key Messages

Lower South Bay is a complex and heterogeneous biogeochemical
reactor: N transformations / Dissolved Oxygen / Blooms

Low(er) DO in sloughs
— Strong tidal variability

— Variability: within sloughs, among sloughs, multiple time scales (tidal,
seasonal, event

— Influenced by multiple factors

Continuing work...

— Field investigations ...physical/biogeochemical processes in sloughs, ponds
— Modeling

— Is the low DO adversely impacting biota?

— Importance of Nutrient <> Salt Pond restoration

— Algal toxins and HAB-forming organisms??

Opportunities for co-management of Nutrients and Salt Ponds ?
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