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Observations	of	DO
Understanding	physical,	biogeochemical	drivers

DO	and	habitat	quality:	workshop	update



Mooring	network:	high	resolution	measurements	
in	time	and	space
DO	levels	vary	greatly	between	sensors	and	tidally/seasonally
DO	in	open	Bay	is	less	variable	than	DO	in	sloughs
Low	DO	at	Dumbarton	at	low	tide:	possibly	slough-sourced	water Summer	2015
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Mooring	network:	high	resolution	measurements	
in	time	and	space

Now	that	we	know	something	
about	DO	in	LSB:

Is	low	DO	causing	problems	
ecologically?

What	are	the	dominant	
mechanisms?

Are	low-DO	episodes	different	
than	those	that	occur	naturally?

Do	nutrients play	a	role?

Summer	2015

Coyote	Creek

Dumbarton	Bridge

Newark	Slough

Alviso Slough

Guadalupe	Slough



Tidal	advection	of	water	with	different	
properties	past	a	fixed-location	 sensor,	
dispersion

Vertical	mixing	due	to	tidal	energy:	
Spring									vs.									Neap

Ebb													vs.									Flood

Possible	mechanisms	controlling	DO
Physical:	transport	of	water	
masses

Biogeochemical:	 in-situ	
transformations	(production,	
benthic/pelagic	respiration)

Physical-biogeochemical	
interaction:	stratification-
enhanced	respiration,	mixing	
of	oxygen	down	from	the	
surface,	sediment	
resuspension



Connect	observations	to	mechanisms



In	open	Bay,	low	
DO	occurs	at	
lowest	(spring)	
tides	→	
Advection	of	
slough-sourced	
water	mass



In	some	sloughs,	
there	is	evidence	
of	tidal	advection	
of	a	gradient,	but	
no	obvious	water	
masses



End	of	ebb:	
Pond	A8	effluent
(Advection)



Mid-ebb:	
O2 drawdown	in	
Alviso Slough
(Physical-BGC	
interaction?)



Open	Bay:	transport

Sloughs,	shoals,	
margins,	far	
reaches	of	
channels:

Complex	
interactions	

between	physical	
and	

biogeochemical	
processes	control	

DO	in	the	
environments	
connecting	the	
extremes.

Ponds:	BGC	reactions



Parsing	mechanisms	in	the	sloughs

• Goal:	estimate	DO	fluxes,	
where:
• DO	concentration	=	f(production	
+	pelagic	respiration	+	benthic	
respiration	+	air-sea	exchange +	
transport)

• Challenge:	tidal	advection	is	
strong!



Methods	for	calculating	BGC	DO	flux

• Control	volume	analysis:
• Intensive	field	study:	
summer	2016
• Characterize	DO	flux	into	and	

out	of	control	volumes	on	
Alviso,	Guadalupe

• ADCPs,	 CTDs,	vertical	arrays	of	
MiniDOTs

• Profiling	&	transecting

• Develop	a	new	method	
that	can	be	applied	to	
each	moored	sensor



A	new,	simple	method	for	estimating	DO	flux
• Control	for	advection
• Identify	times	when	the	same	
water	mass	passes	by	our	
sensor	twice	(on	flood,	then	on	
ebb)
• Determine	how	much	DO	was	
lost	between	those	times

• This	net	value	includes	all	
production	&	respiration

High	 tide
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Data	from	Alviso Slough

Can	be	used	at	every	mooring	for	broad	spatial	
coverage	of	DO	flux	estimates



DO	fluxes:	
preliminary	
results
• Alviso Slough	net	O2 flux	
is	negative	(dominated	
by	respiration)

• Magnitude	 is	on	the	
high	end	of	published	
values

• Respiration	is	even	
greater	(in	magnitude)	
since	net	flux	includes	
air-sea	exchange	and	
production

Low oxygen episodes in nutrient-enriched South 
San Francisco Bay: the role of perimeter habitats Lissa MacVean1, Rusty Holleman1, Phil Bresnahan1, 

Emily Novick1, Zephyr Sylvester1, 
Maureen Downing-Kunz2, and David Senn1

1 SFEI    2 USGS

Low oxygen in open Bay: rare
• So far, primary production in the open Bay has remained low, and DO levels fairly 

high, despite nutrient enrichment

• High turbidity and strong tidal mixing limit light availability and maintain low 
phytoplankton growth rates

• Recent studies show the Bay’s sediment supply is diminishing, potentially 
compromising this protective mechanism

Cloern et al, 2007; Schoellhamer 2011; Cloern and Jassby, 2012; SFEI 2015
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Restored salt ponds are phytoplankton incubators

Landscape-scale salt marsh 
restoration underway
Thousands of acres of salt 
ponds breached to tidal 
action
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A8

Gates Open
Alviso Slough, breached to 
A6 and A8
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Alviso Slough, breached to 
A6 only
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Compare periods when A8 
gates were open and closed

DO and Chl-a are highly 
correlated

DO and Chl-a are elevated 
in A8 effluent, measured in 
Alviso slough on ebb tides

DO mg/L DO mg/L DO mg/L

Gates closed

Gates open

Sloughs and ponds have high oxygen demand

Ponds contribute dissolved oxygen and biomass to the estuary

Pond A8Upstream 
slough

Bay water

Upstream 
slough Pond A8

Closed gates: less dispersion, greater range 
of salinities in slough 

Open gates: blending of pond water with 
slough water results in mixed conditions 
within the slough

Pond 
A8

Bay water

Upstream 
slough

Bay water

Initial estimates of net oxygen consumption

• Identify water masses passing the Alviso sensor on 
flood and ebb, using symmetry in salinity signal

• Calculate oxygen flux using DO differences centered 
on high slack tide

• Select time periods from when A8 gates were closed 
and open

• Note that phasing is impacted by pond A8: 

Chlorophyll reached a minimum at high slack tide     
when gates were open

Chlorophyll reached a maximum at high slack tide 
when gates were closed

Next steps

• Apply this technique to multiple years of data, all 
sites

• Validate with:
1) Control volume analysis using data from focused 
studies in Alviso and Guadalupe sloughs
2) Water mass identification based on conservative 
tracers (fDOM and Salinity)

For more information:

• www.sfbaynutrients.sfei.org
• Contact:

Lissa MacVean, lissam@sfei.org
David Senn, davids@sfei.org

The signature of distinct 
water masses is visible in 
property-property space.

Chl-a and DO are low. Mid-salinity water 
with slightly increased Chl-a is the 
influence of Pond A6.

Very high Chl-a and DO water mass is 
Pond A8 water blended with fresh water 
from upstream Alviso Slough.

Pond A6

Closed gates

Open gates

Pond A6 water is marked by fDOM that has 
cycled through the pond from Guadalupe 
Slough (separate study ongoing). 

Max salinity (15-17 PSU) water represents 
Pond A6 effluent and Bay-sourced water. 
fDOM is elevated in effluent from both 
ponds.

Similar tidal range as the ‘open gates’ case; 
far greater salinity range.

Pond A8 water, mixed with upstream slough 
flow, passes by our sensor starting at mid-
ebbs.  

A6

Low oxygen in fringing sloughs: common
• Recent observations demonstrate that low DO is a common occurrence

• Sloughs and ponds may be exporting low-DO water to the Bay

• Implications for the Bay as sediment supply declines and for eco-system health 
are unknown

• High-frequency measurements of water quality in the Bay and the sloughs are 
ongoing via mooring network and high-resolution spatial mapping

SFEI 2016

Examine Alviso Slough 
and two breached ponds
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High net oxygen consumption in Alviso Slough

• Calculated rates of DO consumption are higher than 
many values in the literature

• Include benthic and pelagic respiration
• There was no dependence of DO flux on irradiance 

or turbidity, and high turbidity means O2 production 
was likely small

• Preliminary conclusion: High phytoplankton 
production in the pond supplies the slough with 
easily decomposed material and high-DO water 
through tidal exchange



Positive:	DO	production
Negative:	consumption

Spatial	differences

Seasonal	differences

Production

Consumption
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Near	the	Alviso complex:	
Consumption	rates	are	high

Alviso Slough	has	the	
highest	O2 consumption	–
possible	interactions	with	
hydrodynamics

Production

Consumption

Winter

Summer



The	seasonal	difference	is	
irregular:	
not	strictly	seasonally-driven

Examine	time-series…

Production

Consumption

Winter

Summer



DO	flux	time-series

Monthly	median	value

25th percentile

75th percentile

Daily	
averages



DO	flux	time-series

• Highest	DO	consumption	is	
related	to	Chl-a	bloom	events
• 2015,	2016	events	were	linked	to	
annual	cycle
• 2014	“consumption	event”	did	
not	follow	a	sizeable	bloom	–
other	mechanism?
• Hard	to	interpret	winter	vs	
summer	DO	flux



DO	flux	time-series

• Decline	in	daily-averaged	DO	
concentration	reflects	increased	
consumption	rates
• DO	consumption	is	calculated	
using	measurements	10	to	60	
minutes	apart
• It	appears	that	the	DO	
consumption	flux	is	real,	across	
time-scales



Next	steps:	
(1)	validate	BGC	DO	flux	estimates	with	additional	
data



Control	volume	analysis	for	BGC	DO	flux

• 2016	special	
deployment
• Guadalupe,	
Alviso sloughs
• 2	weeks	of	
continuous	
data
• Profiles	+	
transects

ransect location ooring location





Control	volume	analysis	for	BGC	DO	flux

• If	dispersion	<<	advection:
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This	analysis	is	underway…

• Control	volume	estimates
• Estimate	u(z,t)	from	profiler	data
• Get	total	water	flux	through	the	cross-section	using	surveyed	bathymetry
• Get	total	mass	flux	of	O2

• à Get	d(uC)/dx
• Assume	mass	of	O2 in	control	volume	is	average	of	DO	at	either	end
• à Get	dC/dt
• BGCflux =	(d(uC)/dx	- dC/dt)H	in	g	O2 per	m2 per	day
• Preliminary	results	are	noisy!	Needs	refining.	Stay	tuned!



Next	steps:	
(2)	use	targeted	studies	to	investigate	physical-
BGC	interactions	





Next	steps:	
(3)	relate	DO	in	the	environment	to	biota	to	
characterize	habitat	quality:	direction	from	
workshop	in	April	2017:

Lower	South	Bay	DO-related	Habitat	Quality	



General	work-plan
• Evaluate	all	surveyed	LSB	animals:	

• determine	DO	preferences	from	data	using	catch	curves
• determine	DO	preferences	from	literature	using	family	or	genus,	as	needed,	to	link	LSB	species	

to	existing	studies	(a	la	VPA)
• Use	available	information	to	limit	the	animals	considered;	no	need	to	select	key	species	at	this	

stage

• Associate	animals	with	a	useful	functional	group,	such	as	life	stage	or	trophic	level.	DO	preferences	
within	functional	groups	can	be	used	as	illustrative	bands.	Importantly,	LSB	is	nursery	habitat	for	
many	species,	so	at	a	minimum,	an	early	life-stage	functional	group	will	be	used.

• Use	data	analyses and	mass-conservation	models	to	understand	DO(x,y,z,t)	

• From	DO(x,y,z,t),	identify	volumes	of	the	estuary	that	fall	below	specified	DO	values,	or	within	DO	
bands

• Account	for	multiple	stressors	(temperature,	salinity)	using	similar	analyses

• From	these,	habitat	quality	by	functional	group	can	be	characterized



Use	fish,	benthic	surveys	to	
illustrate	biological	preferences	
(DO,	T,	S)

Merge	biological	surveys	with	
moored	sensors

Low	tideHigh	 tide

X

X

XX

X

X
X

X

DO

Fraction	of	
fish	caught



DO(x,y,z,t)

Use	
environmental	
DO	to	determine	
what	volume	of	
the	estuary	is	not	
suitable	habitat	
(for	each	species)

Generate	index	in	
volume-days:	
how	much	under	
DO	threshold,	for	
how	long?



New	studies	and	analyses	to	narrow	
uncertainties
• (Observational)	Surveys	of	fish	and	benthos	at	low	tide,	which	is	coincident	with	low	DO
• (Analysis)	Link	DO	measurements	from	moored	sensors	to	survey	locations

• (Laboratory)	Laboratory	studies	on	hypoxia	of	LSB	species	(not	essential)
• (Analysis)	Generate	DO(x,y,z,t)	such	that	estuary	volume-days	can	be	calculated:	a	metric	
of	the	volume	and	duration	of	the	estuary	below	a	specific	DO	level	(2-3	mg/L	is	typical)

• (Observational)	Measure	exchange	with	managed	ponds,	such	as	A8.	The	flow	into	and	
out	of	these	ponds,	and	its	phasing,	are	not	yet	known.

• (Observational)	Continue	moored	sensor	studies	for	water	quality	following	this	
exceptionally	wet	winter.



Questions?


