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2 

10 Years Ago, Review for CALFED with 

Little Data Available and a Few Ideas 



Asked to do an update of the paper as part of 

Ecosystem Restoration Program (ERP) project 

Draft manuscript 

• Darcy Austin, initial literature search and writing 

• Judith Drexler, sustainability 

• Robin Stewart, contaminants 

• Stuart Siegel, general wetland ecology 

Tidal wetlands revisited: An update on the 

importance of tidal marshes to native fishes of 

the San Francisco Estuary 



This Talk 

• After Don’s talk, focus down on SFE 

 



This Talk 

• Highlight a couple areas of interest 

 



This Talk 

• Lead-in to some of the more detailed 

presentations following 

 



This Talk 

• Understanding “tidal marsh/wetlands” 

requires consideration of all habitats 

– Littoral/submerged aquatic vegetation 

– Shallow open water 

 



Reminder of changes since 

1850s 



Tidal Wetlands in 1990 

(90% loss in SFE and 95% in Delta) 

 



CALFED started (1990s) from the idea 

of “Build it and they will come” 



• Brown 2003 and others summarized 

available data indicating the situation 

might be more complex 

CALFED started (1990s) from the idea 

of “Build it and they will come” 



Major assumption behind 

current plans for restoration 

• Restoration/construction of thousands of 

acres of tidal marsh habitat will have major 

benefits to fish, making up in part for the 

negative effects of altered flows and water 

diversions on these fish (latest: Carl Wilcox). 



Major assumption behind 

current plans for restoration 

• Tidal wetland restoration as a tool to re-

establish processes that will aid species and 

systems of interest 



SFE tidal marshes 

Where? What fish?   

How many species? 

• 80 species from sources reviewed (34 

species in Brown 2003) 

– 28 freshwater resident 

• 22 alien 

– 52 brackish or marine 

• 8 alien 

 



South Bay salt pond 

restoration 

Delta 

North Delta: Cache Slough, Liberty Island, 

Sacramento Deepwater Ship Channel 

Suisun Marsh 

Napa, Sonoma, Petaluma 

- Salt pond restoration 

- Flood control project 

(Base image provided by Mick van der Wegen) 



42 species 

   11 alien (26%) 

 

Very marine 

   Sharks and rays (3) 

   Flatfish (6) 

 

Sub-estuary, freshwater 

inflows add diversity (6): 

FW & AN 

 

Meija et al. 2008 

Saiki and Meija 2009 

Hobbs et al. 2012 



43 species 

   15 alien (35%) 

 

A sub-estuary 

   FW species 

   AN species 

   MAR species 

 

Splittail! Delta smelt 

captured from tidal channel 

 

Takekawa et al. 2004, 2006 

USACOE 2006 

Gewant and Bollens 2011 



56 species (30+ yrs sampling) 

   25 alien (45%) 

 

A mixing zone, leaning toward 

brackish (depends on hydrology) 

   FW species (few centrarchids 

      abundant) 

   fewer MAR species common 

 

Delta smelt, longfin smelt, splittail, 

    tule perch 

 

Moyle and many, many others (me 

Don, and Bruce!) 



50 species 

   30 alien (60%) 

 

Mostly freshwater 

   FW species dominated by aliens 

   natives present but rare    

 

Delta smelt, splittail, tule perch 

 

Delta smelt captured from tidal  

channel in Sherman Island/Lake 

 
Feyrer and Healey 2003 

Grimaldo et al. 2004, 2012 

Nobriga et al. 2005 

Brown and May 2006 

Brown and Michniuk 2007 

Gewant and Bollens 2011 



44 species 

   28 alien (64%) 

 

Mostly freshwater 

   FW species dominated by aliens 

   but natives present 

 

Delta smelt, longfin smelt, splittail, 

    using Yolo Bypass 

 

Delta smelt found all year at 

variable abundance around Liberty 

Island and ship channel 

 
USFWS, unpubl data, 2002-04, 2010-12 

Harrell and Sommer 2003 

Sommer et al. 2004 

McLain and Castillo 2010 



Do Tidal Marshes Support Fish and 

Export Organic Matter (OM)? 

 
Thanks to Emily Howe for original slides 

(modifications mine) 

 

(Howe and Simenstad 2007, 2011) 



Napa River: OM sources fueling food web 

Bull Island 

Coon Island 

Pond 2A 
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(modified by Larry Brown from Emily Howe) 



Menidia beryllina: OM sources at 

base of diet (based on stable isotopes) 
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Coon Island Bull Island Pond 2A 

         middle                          upstream                   downstream                          

(modified by Larry Brown from Emily Howe) 

Data are percent 

contribution of each 

OM source. Each 

pie=100% 



Menidia beryllina: OM sources at 

base of diet (based on stable isotopes) 

Bull Island 

Coon Island 

Pond 2A 
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(modified by Larry Brown from Emily Howe) 



OM sources at base of mussel diet: March 
(based on stable isotopes) 
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Coon Island Bull Island Pond 2A=3, non-veg 

         middle                          upstream                     downstream                          

(modified by Larry Brown from Emily Howe) 

Data are percent 

contribution of each 

OM source. Each 

pie=100% 



Interpretation 

• Tidal marsh OM supporting a transient 

fish 

• Regional context 

• Hydrology dependent 

• Tidal marsh OM is exchanged among 

areas 

• Hydrodynamics dependent 



Napa River Results Seem Encouraging 
Do They Apply in the Delta? 

 
It depends… 



It depends on… 

• Food web supporting fish of interest 

• Pelagic 

• Littoral 

• Tidal marsh 



It depends on… 

• Connectivity as affected by: 

• Egeria densa, invasive SAV 

• Invasive clams, grazers 



Bay-Delta Conservation Plan (BDCP): 

“The restoration is expected to provide increased 

production of periphyton, phytoplankton, zooplankton, 

macroinvertebrates, insects, and small fish ...” 

 

“Increased food productivity is expected in all 

Restoration Opportunity Areas.” 

- BDCP Administrative 

Draft, Ch. 5, 2/12 

- (more from Carl Wilcox) 

(Courtesy of Lisa Lucas) 



Current Paradigm: 

Phytoplankton production is the dominant energy 

source to the Delta’s pelagic food web* 

Threatened 

fish 
Zooplankton 

(food for small fish) 

Phytoplankton 
(food for zooplankton) 

Hungry, bummed  

out zooplankter Hungry, lonely fish 

Delta smelt 

*Mueller-Solger et al. 2002, Sobczak et al. 2002 (Modified from Lisa Lucas) 

(Wim will present more detail) 



Current Paradigm: 

Other sources? 

Threatened 

fish 
Zooplankton 

(food for small fish) 

Phytoplankton 
(food for zooplankton) 

Hungry, bummed  

out zooplankter Hungry, lonely fish 

Delta smelt 

*Mueller-Solger et al. 2002, Sobczak et al. 2002 (modified from Lisa Lucas) 

Riverine OM pulse 

Low quality 



Future Paradigm?: 

What are the impediments? 

Threatened 

fish 
Zooplankton 

(food for small fish) 

Phytoplankton 
(food for zooplankton) 

Fat, happy 

zooplankter Fat fish with 

Lots of friends 

Delta smelt 

*Mueller-Solger et al. 2002, Sobczak et al. 2002 (modified from Lisa Lucas) 

Tidal Marsh OM 

High quality 



Egeria densa, invasive Ecosystem Engineer 

(ca. 13% of surface area of Delta) 



Egeria densa, Ecosystem Engineer 



Egeria densa, Ecosystem Engineer 

Egeria densa extremely important 
because it provides ideal habitat 

for many alien fishes 



Centrarchids 

Tule perch 

Prickly Sculpin 

 

Chinook salmon 

Inland silverside 

Threadfin shad 

 

Adult largemouth 

Black crappie 

Splittail 

Golden shiner 

(Courtesy of Lenny Grimaldo) 

Delta smelt 

American shad 

 



FW tidal 

wetlands, Egeria 

can cause a 

disconnect  
• White arrows = 

movement 

• Red arrows = 

predation 

• Red spp. are alien 

• Dark green = dense 

Egeria 

• Light green = sparse 

SAV 

 

Tules 

Open 

water 
(L. Brown 2003) 



Phytoplankton 

SAV 

  Tules 

Juvenile centrarchids 
splittail, prickly sculpin,  
hitch, killifish,  
 

Threadfin shad 
 

~ -16—27 δ13C ‰ 

Zooplankton 
      Clams 

Dominant food web pathways of the Delta 

Amphipods,  
damselflies,  
chironomids 

< -27 δ13C ‰ 

? 

δ15N 

Miss. 
silversides 

Epiphytes 
Filamentous 
algae 

Sub-adult 
largemouth bass  
& striped bass 

(Courtesy of Lenny Grimaldo) 



Possible Losses of Tidal Marsh Organic Matter 

with Egeria densa 

Let’s discuss these clams 



So, What About Those Clams? 

Corbicula fluminea 

freshwater 

Potamocorbula amurensis 

brackish water 



2 Underlying Conceptual Models for 

Increasing Phytoplankton Production 

Shallower is Greener 

shallower 

deeper 
(Courtesy of Lisa Lucas) 



Shallower is Greener Slower is Greener 

shallower 

deeper 

slower 

faster 

2 Underlying Conceptual Models for 

Increasing Phytoplankton Production 

(Courtesy of Lisa Lucas) 

(residence time) 



Shallower is Greener Slower is Greener 

shallower 

deeper 

slower 

faster 

2 Underlying Conceptual Models for 

Increasing Phytoplankton Production 

(Courtesy of Lisa Lucas) 



less effective 

depletion by 

clams 

more effective 

depletion by 

clams 

less average 

light, less 

photosynthesis 

more average 

light, more  

photosynthesis 

If only light-driven 

algal growth is 

happening... 

... shallower  

is greener! 

If only clam 

grazing is 

happening... 

...shallower is 

LESS green! 

In reality  

(and in the model), 

growth and grazing 

happen 

simultaneously... 

??? 

??? 

...shallower may be 

more or less green! 

(It’s not so simple) 

(Courtesy of Lisa Lucas) 

Is SHALLOWER always greener ?  
 



(Lucas & Thompson , 2012) 

Is SLOWER always greener ? NO!  
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grazing 

faster 

than 

growth 

meff <0 



North Delta: Area of Interest 

“Natural” 

Sloughs 

Distributary 

Channels 

Shallow 

Open water 

Emergent 

vegetation 

Deep 

Channels 

New 

projects 

Yolo 

Bypass 



North Delta Appears to Have 

Advantages for Restoration 
• Clams are present but not in especially high 

densities (that I am aware of) 

• Egeria densa has not invaded to a great 

degree 

• Delta smelt are already using the area 

• There are a variety of habitats that seem to be 

productive 

• Can a regional “hot spot” be created? 

• Depends on fluxes (Peggy) 



Final Thoughts 
• Tidal marshes are productive habitats 

• How much can we get back? 

• Will it provide the services we expect? 



Final Thoughts 

• There may well be merit in the idea of creating 

"regional hotspots" of tidal wetland and other 

habitats 

• In the Delta, North Delta seems to be a 

good candidate 



Final Thoughts 

• Restoring and reconnecting habitats likely a 

good idea for aquatic ecosystems 

• Challenge: our desire to channel benefits to 

a subset of currently rare consumers. 

 



Final Thoughts 
• Monitor and do research to understand 

successes and failures 

• Don’t just count things 

• Look at processes 



Final Thoughts 

• Take at least the regional view for planning 

• Hydrodynamics 

• Water quality 

• Connectivity for productivity and organisms 



Final Thoughts 

• Expect change 

• Climate change, invasions, other 

• Retain flexibility to adapt 


