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v"ﬂ? Salmon Slough: “The stream bed is full of logs

) | and the boats grounded two or three times.”
(Abella 1811)

“The small fish run into the sloughs and lakes as

soon as the water gets sufficiently high, and

return to the river when it begins to get low.”
(Sacramento Daily Union, 6 June 1854)

2 mi«,m\a 5 Tule marsh water was “so thoroughly
v’é’ g PR impregnated with decaying vegetable matter
<[ that it looked more like sherry than water...”

(Wright ca. 1850)




Conceptual models of historical landscapes

Morth Delta: where flood basins flank rivers

360,000 acres

Cantral Delta: where tides dominate
300,000 acres
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grassland 120,000 acres South Delta: where floodplains meet tides
e woodland/savanna
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IEP Tidal Wetlands Monitoring
Project Work Team
DRAFT Conceptual Models

Developed principally by: Adam Ballard, Jenny Bigman, Larry Brown,
Louise Conrad, Dave Contreras, Steve Culberson, Chris Enright,
Pascale Goetler, Rosemary Hartman, Bruce Herbold, Jim Hobbs,
Joseph Kirsh, Alice Low, Anitra Pawley, Ted Sommer, Hildie Spautz,
Stacy Sherman, Jan Thompson, and Dave Zezulak.

With liberal borrowing from:

— DRERIP models (https://www.dfg.ca.gov/erp/conceptual models.asp)
— the MAST draft report (Baxter et al 2013), and the
— Suisun Marsh conceptual models draft (Siegel et al, 2010).



https://www.dfg.ca.gov/erp/conceptual_models.asp
https://www.dfg.ca.gov/erp/conceptual_models.asp

Tidal Wetland model

Developed by Rosemary Hartman, Stacy
Sherman, Dave Contreras, Alice Low, and
Bruce Herbold, based on the DRERIP tidal

marsh model, Kneib et al 2008

Tier 1: Landscape
Attributes

Land use
Diversions
Outfalls

Seasonality

Transport model

Position on ecocline

Proximity to ocean
Distance from midchannel


https://www.dfg.ca.gov/erp/conceptual_models.asp
https://www.dfg.ca.gov/erp/conceptual_models.asp

Ti d a I Wet I a n d m od el Developed by Rosemary Hartman, Stacy
Sherman, Dave Contreras, Alice Low, and
Bruce Herbold, based on the DRERIP tidal
marsh model, Kneib et al 2008

Tier 2: Local [ | I
attributes | I |

Primary and Hydrology  Water Primary and Sediment Hydrology Water
Weather secondary Quality secondary Supply Quality
production production -
Terrestrial t‘\quat:c
interface

interface 1 1

Tier 1: Landscape
Attributes Transport model

Land use .
. . Seasonality
Diversions

Outfalls General tidal wetland model documentation

Position on ecocline



DRERIP_Sediment_Conceptual_Model_for_final_sign-off_2007-082.pdf
DRERIP_Sediment_Conceptual_Model_for_final_sign-off_2007-082.pdf
RevisedDRERIP_Tidal_Marsh_new_text_draft rkh.doc
https://www.dfg.ca.gov/erp/conceptual_models.asp
https://www.dfg.ca.gov/erp/conceptual_models.asp

Ti d a I Wet I a n d m od e I Developed by Rosemary Hartman, Stacy
Sherman, Dave Contreras, Alice Low, and
Bruce Herbold, based on the DRERIP tidal
marsh model, Kneib et al 2008

Tier 3: Physical
site attributes

Water Quality Topographic Hydrology Wetland evolution
heterogeneity model

—— = = = e = == g
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Tier 2: Local I I I
attributes |
Primary and Hydrology  Water Primary and Sediment Hydrology: Water
Weather secondary Quality secondary Supply Quality
production production -
Terrestrial f\quat:c
interface interface
Tier 1: Landscape 1 N .
Attributes Land Transport model Position on ecocline
- and use )
Diversions s
Outfalls

General tidal wetland model documentation



DRERIP_Sediment_Conceptual_Model_for_final_sign-off_2007-082.pdf
DRERIP_Sediment_Conceptual_Model_for_final_sign-off_2007-082.pdf
RevisedDRERIP_Tidal_Marsh_new_text_draft rkh.doc
https://www.dfg.ca.gov/erp/conceptual_models.asp
https://www.dfg.ca.gov/erp/conceptual_models.asp

H 1 Developed by Rosemary Hartman, Stacy
TI d a I WEtI a n d m Od EI :qu ?tf prquCtlon’ Sal%and Sm;elt Sherman, Dave Contreras, Alice Low, and
. . arget species presence models Bruce Herbold, based on the DRERIP tidal
Tier 5: Wetland Production getsp P marsh model, Knelb et al 2008 =

Food web model )
Tier 4: Biotic site »  Clams model Aquatic veg model

attributes

Tier 3: Physical
site attributes

Water Quality Topographic Hydrology Wetland evolution

¢« DRERIP mercury and het it del
chemical stressors mofiels eéterogeneity moadel

", iy Wiy Nl
Tier.z: Local  1orrestrial | | Aquatic I |
attributes interface 1 I interface
Primary and Hydrology = Water Primary and Sediment Hydrology: Water
Weather secondgry Quality secondz_iry Supply Quality
production production
Tier 1: Landscape 1 - )
Attributes Land use Transport model Position on ecocline
Diversions s
Outfalls

General tidal wetland model documentation



DRERIP_Sediment_Conceptual_Model_for_final_sign-off_2007-082.pdf
DRERIP_Sediment_Conceptual_Model_for_final_sign-off_2007-082.pdf
RevisedDRERIP_Tidal_Marsh_new_text_draft rkh.doc
DRERIP_Mercury_Alpers-et-al_24Jan08_Final_w_cvr.pdf
DRERIP_Chemical_stressors_from_Inge_28Jan_w_cvrpg.pdf
https://www.dfg.ca.gov/erp/conceptual_models.asp
https://www.dfg.ca.gov/erp/conceptual_models.asp

Transport model

Exchange of Specified Material between Source and Target sites
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Seasonal Wetland Change model

Proximity to ocean, water diversion sites, Transport model
contaminant sources, and other wetlands

Tier 1 - Landscape Attributes

ier 3 — Wetland physical processes
Wetland Sediment accretion and erosion, Mobilization of materials,

evolution . . . .
Connection to surroundmg water and terrestrial environments

model

Tier 4 — Wetland biotic processes

Greater flux of organisms and detritus across WINTER/
aquatic interface SPRING:

Tier 5 — Wetland Production Connective
season

Smelt and smolt presence

SUMMER/
FALL: In situ
season

Plant growth, phytoplankton production

Higher metabolic and growth rates, Clam grazing

Longer Residence Time, lower DO, higher salinity,
soil compaction/desiccation

Wind, Turbidity, Contaminants




Tidal Wetland Restoration Evolution model

Vegetated intertidal wetland

Sub-tidal H Shallow intertidal* H * marsh plain

Tier 5: Tidal Wetland Response - Restoration Trajectory * channels & ponds

Autochthonous Processes . .
belowground Biomase <«—» Peat accumulation <« > Allochthonous Sediment

« above ground biomass deposition and erosion =~
Tier 4: Tidal wetland elevation — processes of change
i e ] [
i | Aquatic vegetation i i | Restorati i
i ; estoration
§| model i Internal Substrate Geomorphology ! L*: Baseline tion/| i
i ' Hydrology 11T conditions action/ievee
i ! o breaches :
1 1 11 S ]
i L e —m e —— e e i
e o e e o o o o o o e o o o o o o o L}
Tier 3: Internal Drivers TS
model
VT e i
i Tectonic action Salinity Weather External Hydrology i
! ° tides Sediment Supply |
: * riverine input :
i i
Tier 2: External Drivers f
T e e i
i Position on ecocline  Regional tidal habitat restoration Climate change & i
1 .
i sea level rise i Back
1
Tier 1: Landscape At;Tr-iBI;t-e-s---------------------------------------------------------T)Ev-eBEe-d'BVﬁiﬁﬁa-sﬁamt-z,-lchrisEnrightand Rosemary Hartma

Modified from: Siegel et al 2010


Tidal_CM_Ch3_Tidal_Marsh.pdf
DRERIP_Sediment_Conceptual_Model_for_final_sign-off_2007-082.pdf

Aquatic Vegetation (AV) Conceptual Model for Tidal Wetland Restoration Draft 8/14/2014

Tidal Wetland Responses
Wetland evolution model [« |
Food web model Salmon and smelt Habitat
A | G—
I Models, other fish species structure
Y |
Colonization ==y A\ Growth FAV SAV EAV Species
Ecosystem A Composition
AV Responses Engineerin ‘ ‘
Site Attributes Hydr odynami-c &
_ I I Weather Attributes
! I Light
Peossa phossosos A I N S e
| Nutrients DO  Salinity WaterTemp | | Turbidity | » - Wind/wave Stress
| (water) | = —— 2 _ 1 consumers Substrate type Nutrients WVI
e o o on o e e e @ Ee e e e o -y I (sediment) I . ater eOCIty

______________ :  Inundation Regime :

Transport model and Position along
connectivity

Proximity to existing vegetation Tides a nd Rive rine FIOWS

patches

Ecocline




[ Terrestrial and Transition Zone

Developed by Jim Hobbs, Larry Brown, Adam Ballard, Bruce Herbold and Rosemary Hartman
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Invasive clams Conceptual Model for Tidal Wetland Restoration

Food web Alteration

Food web model
* Phytoplankton biomass
* Zooplankton biomass

Draft 9/01/2014

Salmon and
Smelt models

I
I Control of phytoplankton biomass

Clam Colonization
Responses - Clam population
probability  mesly
* Clam species grOWth
Site
Attributes l
I Dependent on clam species (.

e |

[ . Substrate T T T 7 .
j Contaminants* | Temperature  Salinity o
I

Bed loading DO

Landscape Attr

Transport model Bathymetry
* Proximity to parent populations

Water Residence

depth

time

Sediment

Turbidity

Riverine Flows

Tides



http://dx.doi.org/10.1890/ES12-00251.1
http://dx.doi.org/10.1890/ES12-00251.1
DRERIP_Corbula_2012_final.pdf
DRERIP_Corbula_2012_final.pdf
DRERIP_Corbula_2012_final.pdf

Delta smelt model Tier 1 - Landscape Attributes
Erodible Sediment Supply, Proximity to Ocean, Discharges & Diversions,
Bathymetry (Proximity to and Extent of Shallow Areas)

Tier 2 — Environmental Drivers

Air Temperature, Flows, Turbidity, Weather, Exports, Hydrology, Turbidity,
Contaminant Loading, Water Diversions Contaminants
Tier 3 - Habitat Attributes

Food, Predation, Temperature, Entrainment, Toxicity
Tier 4 - Delta Smelt Responses

Spawning

ier 5 - Life Stage Transition

Survival December-May " March-June

SIGULL B september-December June-September 8 EEREL

Survival  Growth

Size and Location of LSZ Harmful Algal Blooms

Weather, Hydrology, Turbidity, Clam grazing, Nutrients, Contaminants

Based on the MAST report by Baxter et al: 2014




Chinook Salmon Tidal Wetland Model

Ocean — Upper

Growth, Life History Diversity, Timing, Survival, Residence Time, Foraging Success EStua ry

Juvenile Salmon Responses

I Capacity

Toxicity I{

Food Availability Predation : ' Entrainment

& Quality Competition . Temperature ;I Risk
I = —— :
i

Tier 3:
Habitat
Attributes

Food web
I Transport

Environmet tal
Drivers
A A o
Proximity to I : Proximity to Proximity to
N : Erodible pygition Water established
Contaminant Vegetation sedi
SIS gl Diversion Marshes and

Discharge Sites Supply  Ecocline Sites Migration

Tier 1: )
Landscape Bathymetry Corridors

Attributes




Habitat Projects
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Subsidies from wetland

Restored Marsh Existing Open-Water Area



Subsidies from marsh vary with exchange

0.0 0.2

Relative Plankton Flux

0.4 0.6 0.8 1.0

Exchange Rate:

Phytoplankton Growth Rate

Exchange rate =

Model
Steady state

Single limiting nutrient

Saturating uptake

No grazing

Negligible phytoplankton
conc. in estuary

Daily exchange volume / marsh volume

1 / Residence time of marsh



Subsidies from wetland: phyto model

Area

Depth
Phytoplankton
Growth rate p
Microzoo grazing
Residence time

1000 ha Volume 0.5 km3

2m Phytoplankton 73 mgC m-3
900 mgC m3

0.86 d-1

60% p

Resulting subsidy:

5% of existing phytoplankton biomass d-1



Subsidies from wetland: copepod model

HETE | e |15 o -

Area 1000 ha Volume 0.5 km3
Depth 2m Copepods 3 mgC m3
Copepods 23 mgC m3

Growth rate p 0.1d+?

Residence time 10d Behavior

Resulting subsidy:
3% of existing copepod biomass d-1



=)

Depth and residence time control growth rates, grazing and biomass

Thanks to Wim Kimmerer
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Lower Yolo Ranch
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Prospect Island

Thanks to Stuart Siegel, Carol Atkins and many other great folks on the Prospect Island project
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Low marsh’
Mid marshy’
Open water

Upland

(rmparian woodland.
native grassland,
transitional habitat,
habitat levee, or tonilroad )

Dunc

Tidal channel’

Marsh drainage divade
Habitat levee

Flood fevee

Walter control structure
or levee breach

Dutch Slough

Jersey Island

WA Dutch Slough

Burroughs

Gilbert Parcel
Parcel

5nosg vng 8|

Yinoys; vossowsy

Dutch Slough
Community Park



What Next?




Zabra mussel agcurmances
Ouagga mussal aceLrences
Bath species occurmenoes
Zabea mussais eradicated

Map prodeced by e U 5. Ceanges Survey. Nonindgeroun Aguele Specers Database  December 19, 20132




Earthquake or flood
64% chance in 50 years




1 M sea level rise in 100 years?
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