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Inverted river delta – one of only a few worldwide
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1873 Delta:

| Long residence time

" Marsh connections

| Two rivers connect
to bay

Waterways dendritic




Modern delta

Short residence times

¥ Rip-rapped

Cross Delta flows

Rare San Joaquin
connection to bay

Waterways web-like
5




Estuarine habitat conceptual

model
(Peterson 2003)
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Delta spelt

Most fishes follow salinities

Splittail
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What Changes As Flow Increases?
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What Physically Changes As Flow

Increases?
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What chemically changes?

Loadings
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Nutrients
Contaminants
Organic matter
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What Biologically Changes As Flow Increasess

Adult spawners move up:
Salmon
Green and White Sturgeon

Longfin smelt Yo }~ move down:
Delta smelt almon
Splittail Longfin smelt

)eltasmelt
splittal
American shad
triped bass

American shad

Pacific herring g

oung Marine fish move up:
Starry flounder
White croaker
Pacific halibut




How much water do fish need?
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Give brief explanation of the results presented here.


Lower trophic levels show
few relationships of
abundance to freshwater

flow
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Delta Smelt Striped Bass
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Delta Smelt Striped Bass
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In investigations like these, we start out with the known associates of the victims….friends and relatives.
Our first and major suspect therefore are the parents.


Stock - Recruitment Effects
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Low stocks compared to historical values – how about other estuaries? 


Have Delta Smelt Dropped Below
Critical Population Levels?

Juvenile (TNS)

Adults (FMWT)

Source: Anke Mueller-Solger (DWR)
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Moving on to the next part of the basic conceptual model…habitat
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In this case, we define habitat as water quality variables such as salinity, turbidity, contaminants and other toxics that could affect pelagic fish and other organisms.



Fall “habitat quality” deteriorated

0.7
0.6
0.5 +
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0.3 1
0.2
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Fall EQ index

Delta smelt
O | | |
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Year

Source: Feyrer et al. (CJFAS 2007)
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Long term decline in fall habitat as defined by WQ (EC, turbidity)
Recent step change in habitat quality.


Other habitat stressors

+ Bioassays showed little effect (< %) in
2005 or 2006.

» <15% adult delta smelt impaired

» 100 % of young striped bass show
multiple infections

Source: Inge Werner, Swee Teh, and Dave Ostrach (UCD)



Monthly Ammonia Loads in the Sacramento River at Hood
and in Effluent from the Sacramento Regional WWTP

® Sacramento River at
Hood/Greenes Landing

2 SRWTP Effluent
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Widespread blooms of the
toxic alga Microcystisin 2007

August Levels: 1.3 million cells/mL

Core Habitat of Delta Smelt
Source: Peggy Lehman (DWR)
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In our conceptual model, we recognize mortality affects from both traditional predators, like larger fish
But also non-traditional sources, like water diversion.


Water Project Losses

Fish Facilities Provide Data on Numbers "Salvaged”



Winter Salvage (Nov-Mar)
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Exports in acre-feet

1233 kiloliters

1 acre-foot =325,851 gallons

SWP,

CVP \
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OMR = Old and Middle River flows




Negative Old & Middle River Flows Apparently Increase
Adult Delta Smelt Entrainment
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Here, we’re trying to address food availability and quality.
However, today the talks will be focusing on the food availability part of the model.
Particularly, the effects of invasive species.


Food Affects Summer Smelt Survival
But Recent Levels Were Not Remarkable
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Source: Wim Kimmerer
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Need Wim’s slide here….


No Major Change in Zooplankton Biomass,
But Big Change In Species
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Source: Anke Mueller-Solger (DWR); IEP (2007)
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Summer for delta smelt habitat 


Little Ammonia Lots
Low . Contaminants High
Highly variable , Flow Low and Constant
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Little j Ammonia . Lots

Low Contaminants High
Highly variable Flow | ow and Constant
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CLIMATE CHANGE
Directions
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20 km
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When X2 = 85 km, the isohaline approaches Antioch and all connections to Suisun Bay and Marsh are lost.  A relatively high salinity zone moves into Suisun, Grizzly, and Honker bays; and the areal extent of estuarine habitat drops to 4262 hectares.  For years, under the current regulatory regime, the X2 position has been maintained at 85 km during the fall season, and these environmentally-unfavorable salinity conditions have prevailed. 
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2011 Had High In- & Outflows and Record High Exports

I Total Annual Export Volume (MAF)
——Total Annual Inflow Volume (MAF)
—==Total Annual Outflow Volume (MAF)
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... And a Westward Low Salinity Zone in the Fall.
(September-October)
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Some Fish Abundance Indices Improved in 2011

Delta Smelt

ESA Listed since 1993
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Delta Smelt: Spring highest since 2006, Summer highest since 2004, Fall highest since 2001 – fall just above long-term median
Diff from last year: 
DS FMWT: almost 12 times higher, DS TNS: almost 3 times higher, DS 20 mm: almost 3 times higher
LFS FMWT:  2.5 times higher



Some fish indices did not improve in 2011

Threadfin Shad (non- natlve)
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Results are PRELIMINARY & subject to

change!

Abundance Index

Abundance Index

Abundance Index
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Delta smelt indices increased throughout 2011

Spring: Larval Delta Smelt Index (20 mm)

I Larval Delta Smelt Index (20 mm) ~ ceeceeeee 1995-2011 Median (8.2)

39.7

Summer: Juvenile Delta Smelt Index (TNS)

N Juvenile Delta Smelt Index (TNS) ~ ceeeeeeee 1995-2011 Median (2.9) 1959-2011 Median (5.4)
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Fall: Subadult Delta Smelt Index (FMWT)
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Was the fall 2011 phytoplankton bloom unusual?

Central & Suisun
San Pablo Bays Bay Fall
Chl a
(ng/L)

Data: EMP, USGS-

Polaris, DFG “NZ”, _8

Graph: A. Mueller- (T
Solger, DSC a

Fall Blooms
common in
Suisun/West Delta
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Was the fall 2011 phytoplankton bloom unusual?

Central & 5 = Suisun ;| Western
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Zooplankton Biomass (2)
High total zooplankton biomass in LSZ in fall 2011
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Delta smelt grew
well in 2011

Data and Graphs:
J. Hobbs, UC Dauvis o
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What Next?




Today?

| | q )

Zebra and Quagga Mussel Sightings Distribution

Dreissena polymorpha and D. rostriformis bugensis

Zebra Quagga
Mussel Mussel

Zebra mussel occurrences
Quagga mussel occurrences
Both species occurrences
Zebra mussels eradicated

e 0 e

\ j
Map produced by the U.S. Geological Survey, Nonindigenous:Aquatic Species Database, December 10, 2012




Earthquake or flood
64% chance in 50 years




1 M sea level rise (21007)
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So…based on the work to date, there is already a decent case for:
-habitat effects
-top down effects from water diversions
-bottom up effects from food web changes.
-


B 1 G Disclaimer:

Many graphs and data and their interpretation
In this presentation are PRELIMINARY and
subject to change!!!

Many thanks to everyone who provided data
and graphs — all errors in display and
Interpretation are mine, not theirs.

Results are PRELIMINARY & subject to
change!



Adults — December-March

Larvae — March-June

Contaminants

(runoff risk)
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Entrainment
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Hydrology
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Temperature (spawning window )
Entrainment & Transport

= First flush toxicity? | Predation by MSS in FW? &
=

g . Food ? | Food ni
g2 £
o c Food Food g
O a Turbidity | Turbidity <
Temperature (metabolism) | Temperature (metabolism) =

HAB HAB

Size & Location of LSZ
Predation by SB in LSZ?

Weather

Outflow
Clam grazing

Weather

Hydrology
Clam grazing

Subadults—September-December

Juveniles — June-September




2011 Was Very Wet

Morthern Sierra Precipitation: 8-Station Index, April 25, 2012
Percent of Average for this Date: B4%

19821983 (wettest

2005-2006 Daily Precip.

2010-2011 Daily Precip.

Current Daily Precip:37.8
Average (1922-1998)
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Graph. CDEC Water Year (October 1 - September 30)




Average Fall Outflow (cfs)
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Causes of Changes in Fall Turbidity

Reduced
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In recent years, spread continued at a rate of over 12%/year


Net Delta Outflow, 2005-6 and 2010-11
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Causes of Changes in Fall Salinity

Suisun Marsh
Salinity
Control Gates

~ Delta Cross |
Channel

E/I Ratios
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Source: Marianne Guerin (CCWD), Dave Fullerton (MWDWim Kimmer'er"l
Chris Enright (DWR)

SFSV),






Mean number of Days with X2 west of

Chipps Island (Feb-Jun)

Critical |Dry |Below |[Above |Wet

Normal | Normal
1930-39 |108 133 150 150
1940-49 131 |148 151 150
1950-59 129 126 145 150
1960-75 9 |99 131 145
1976-90 |7 45 117 147 129
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Redo this up to 1999


POD & Nutrients
Example: Ammonia pollution

_. Sewage Treatment Plants
D _( JEN

Increasing Ammonia
levels in Delta and
Suisun Bay

Potential Ecosystem
Effects
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Need to emphasize that more work is needed


Position of Peak (km)

Pelagic organisms follow salinity:
The copepod Eurytemora affinis

| —— Regression Line

1:1 =

Kimmerer 1998

Location of 2 ppt

76



Unionized ammonia is toxic to fish
» Salmonids and smelt are particularly sensitive

* But levels generally not high enough

- Invertebrates can be affected at observed
concentrations and some impacts demonstrated

» Occasional Diatom inhibition, but light usual limiter

+ Phytoplankton species compositions very likely changed
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Map from Dr. William Bowen
California Geographical Survey - http://geogdata.csun.edu/
Department of Geography
California State University, Northridge




womm . BaY AQUEDUGT

Barg,,
BARKER SLOUG!

PUMPING PLANT DELTA
a2 cROSS

o~ CHANNEL

Terminous

EMPIRE N,

vJ
T

\, \_stogge

330,000

J TRACY
TA PUMPING PLANT T PUMPING PLA

AGUEDICT.
" SOUTH BAY
Typical maximum flows over a ¥ PUMPING PLANT
25-hour cycle in summer conditions
(values in cubic feet per second)

sou™

SACRAMENTO - SAN JOAQUIN DELTA

2 2 4 ]
——
™

SCALE IN MILES

Delta Tidal Flows

TERMINOUS

TVER

LODle
S RIO BLANCO -
) TRacr - e 3
[rem— ¥ S
xivg || il

ISLAND

‘l BISHOP 5 = r g 5

8,000

LOWER ROBEATS

MIDDLE ROBERTS

Ay

e

MANTECA ®




Evidence of Increased Entrainment of Adult
Delta Smelt During Winter

300000

# fish
salvaged

Source: IEP (2005), Grimaldo (In prep)
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Presentation Notes
Recent high winter salvage
Most disturbing, similar for all the other pelagic fish species
Not unprecedented levels, but could still be important to population


Zooplankton Biomass (1)
High adult calanoid copepod biomass in LSZ & Cache/DWSC in fall 2011
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Clam grazing in the LSZ is higher in fall than in spring

Filtration Rate (m/d)
May 2009511 Corbicula

Potamocorbula
Data: IEP EMP “GRTS” &
Jan Thompson, USGS;
g Graphs:
Jan Thompson, USGS
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o
Fall "habitat quality” matters to the

delta smelt population

i
Gl
- - i“l
L
B
Ul
- - |‘r
I
- o~ |‘r
v
"
T
- - l‘l
. L
——— . 1] 4‘
“
Tl
bl
-

Fall EQ + Fall Abundance predicts juvenile production


Presenter
Presentation Notes
Also note relationship:
Fall abundance + fall WQ = predicts following summer townet index


Secchi Depth (m)

Secchi Depth (m)

N
o

1-6 ppt (=LSZ)

Turbidity (1)
Monthly Secchi depths lowest in the LSZ and CS/SDWSC (= most turbid).
In LSZ, lowest Secchi depths in Sep & Oct 2011.
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1994 X2 requirements

 Inflow on 8 Rivers In previous month, Feb- Jun
 Sets number of days for X2 west of each
location,

— More westward days when wet
— Less In later months
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Higher Bathymetric Complexity Lower
Higher Erodible Sediment Supply Lower
Many in South, Fewer in North Contaminant Sources Many
Fewer Entrainment Sites More
griable Fall O 0 REg e U 0 ADIC apItd 0 DONE 0 all O 0 Reqg
Higher After Wet Springs Net Total Delta Fall Outflow Always Low
Higher After Wet Springs San Joaquin River Contribution to Fall Qutflow Always Low

After Wet Springs, Broad Fall LSZ
Overlaps Suisun Region
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X2=74km

Location and Extent of the Fall LSZ (1-6 psu)

Salinity [psu]
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Narrow Fall LSZ In River Channels,
Never Overlaps Suisun Region

Higher After Wet Springs

Hydrodynamic Complexity in the Fall LSZ

Always Lower

Higher After Wet Springs

Wind speed in the Fall LSZ

Always Lower

More Variable, Higher After Wet Springs

Turbidity in the Fall LSZ

Always Less Variable, Lower

More Variable, Maybe Lower After Wet Springs

Contaminant Concentrations in the Fall LSZ

Less Variable, Maybe Higher
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Pre-1880: Freshwater Tidal Marsh

Anaerobic

D 4 F
ecay Vertical Accretion

COy CHy of Marsh Platform Water Table
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1900’s: Elevation Loss
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Presentation Notes
Conceptual diagram illustrating evolution of Delta islands due to levee construction and
island subsidence. Modified from Ingebritsen et al. (2000).  Mount and Twiss: http://deltarevision.com/2005_docs/Subsidence,%20Sea%20Level%20Rise,%20and%20Seismicity%20in%20the%20Sacramento-San%20Joaquin%20Delta.pdf

Most levees were built in the 1800s by Chinese laborers who converted much of the Delta marshlands were “reclaimed” for farmland.  The levees were not designed for long-term flood protection of homes and infrastructure.
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Presentation Notes
2004 levee break at Jones Tract flooded 12,000 acres.  Aquafornia. http://aquafornia.com/archives/category/levees/page/3


Flows are important
.. but so Is geometry
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Presentation Notes
Map from Dr. William Bowen
California Geographical Survey - http://geogdata.csun.edu/
Department of Geography
California State University, Northridge
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Conceptual Model:

Physical effects on estuarine ecosystem PE
_» Production
”
”
Physical _ I fe‘idng;k
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Vernalis Adaptive
Management Program



VAMP

e 12 year study on delta survival of San
Joaquin salmon; 5 years done

« 5 experimental flow/export combinations

o Midwater trawl, Kodiak trawl and adult
ocean captures supply data



Head of Old River Barrier



VAMP Target conditions
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Discharge (cf5s)

Actual VAMP flows

San Joaquin River near Vernalis
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Presenter
Presentation Notes
This graph is of the actual VAMP flows in the SJR near Vernalis is from Bruce. On the Y axis is discharge. On the days preceding VAMP you can see the baseline SJR flow. During the VAMP period, 4/20 to 5/20. The flow in the SJR has been amplified as a result of the release of water from upstream and the barrier at the head of Old River. Following the VAMP period, you can see that flows return to the baseline level or below.
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Management Implications

Actual adaptive management

Protective of salmon and estuarine species
Short-term support

Long-term implications
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