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1.0  Executive Summary 
 
Goal 
The goal of the Dutch Slough Adaptive Management Plan (DSAMP) is to generate 
scientific information that can be used to guide future tidal marsh restoration projects 
elsewhere in the Delta.  The DSAMP focuses on generating information regarding native 
fish and water quality, but the DSAMP is only one component of the larger Dutch Slough 
restoration project.  The Dutch Slough project is also designed to provide numerous 
ecological benefits as well as provide public access to the Delta shoreline.  
 
Purpose of Plan 
The purpose of this plan is to document the process used to design the Dutch Slough 
Adaptive Management Restoration Project and to provide a framework for future 
monitoring and design of the project.  This plan should not be viewed as a rigid 
prescription, but rather should be viewed as a framework for future monitoring and 
design.    The plan should evolve and grow in detail as information is generated or new 
opportunities arise. 
 
Strategic Focus 
The DSAMP strategically focuses on the effects of various types of tidal marsh on water 
quality parameters and native fish growth and survival.  Specifically, the plan focuses on 
the role of  tidal marsh elevation and size in  growth and survival of juvenile Chinook 
salmon and Sacramento splittail as well as the production of methylmercury and 
dissolved organic carbon.  Despite this focus, the Dutch Slough project will be designed 
and managed to facilitate research on other subjects such as subsidence reversal, marsh 
plain evolution, and wildlife habitat relationships. 
 
Approach 
The Dutch Slough management team worked with a group of scientists to design large-
scale project features to test specific hypotheses regarding fish and water quality 
responses to different tidal wetland types.  The scientists also identified a number of 
smaller scale features that could be incorporated into the project to evaluate 
environmental factors that influence subsidence reversal, avian habitat, invasive species, 
and production of methylmercury and dissolved organic carbon.    
 
The DSAMP is primarily designed to generate information that can guide the design of 
future restoration projects elsewhere in the Delta.  The plan does not anticipate 
reconstruction of the project to maximize fishery benefits or other ecological values if the 
original project does not perform optimally.  In many cases, adaptive management 
implies that a management or restoration treatment will be iteratively revised based on 
monitoring data to maximize benefits.  Restoration at Dutch Slough, however, involves 
millions of dollars of earthmoving to create tidal wetlands.  This plan assumes that the 
financial costs and permitting challenges associated with regrading or reconstructing a 
restored tidal wetland would be prohibitive.  The plan does, however, provide for smaller 
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changes in management practices to improve the ecological performance of the project 
over time.  For example, the plan anticipates testing and refining management techniques 
for controlling invasive plant species. 
 
The DSAMP will also generate information to determine the best long-term strategy for 
managing Marsh Creek and the deeply subsided areas along the northern boundary of the 
Dutch Slough project.  Diverting Marsh Creek onto the Dutch Slough site could create 
major benefits, but there is a risk that routing the creek onto the site would pollute the 
restored wetland.  Further studies, including water quality monitoring will help determine 
whether it would be beneficial to route Marsh Creek onto the restoration site.  
Additionally, a suite of pilot studies in the more subsided areas along the northern portion 
of the site will guide the long-term management of those areas to either reverse 
subsidence, maximize avian habitat, or minimize the adverse impacts of exotic 
submerged aquatic vegetation. 
 
Phased Implementation 
Implementation of the project will be phased due to practical construction and financial 
considerations.   

·  Phase 1: The first phase will extend 2-3 years and entail baseline monitoring, 
borrowing material from the Ironhouse Sanitary District parcel, reinforcing the 
levee toe berms, minor grading, tule cultivation on the lowest portions of the site, 
and management of upland vegetation to minimize colonization of exotics.   

·  Phase 2: The second phase will extend 1-3 years and will include continued water 
quality monitoring of Marsh Creek, major grading, widespread tule cultivation in 
the future subtidal zones, and active riparian planting of the levees.   

·  Phase 3: The third phase would include construction of a new levee along Jersey 
Island Road, breaching of the existing levees and possibly reconfiguration of 
Marsh Creek.  This phased approach will be easier to finance and will allow for 
information gained in initial phases to shape subsequent phases.  Financing the 
project in these phases will be easier than raising all of the implementation funds 
before commencing any construction. 

 
The Dutch Slough Management Team and the Adaptive Management Working Group 
(AMWG) considered restoring each of the parcels in sequence so that lessons learned 
from restoration of the first parcel could be applied on the second and third parcels.  They 
rejected this approach because it would significantly prolong the implementation period 
and would confound scientific comparison between different parcels.  Since it would take 
a minimum of 3-5 years of post project monitoring to obtain useful data from the first 
parcel, design of the second parcel, let alone the third parcel, could not begin for several 
years.  Furthermore, chronological variations such as year type or an exotic species 
invasion, would greatly confound potentially interesting comparison between restoration 
treatments on different parcels that were implemented in different years.  As a result, full 
restoration will proceed simultaneously on all three parcels to yield information as soon 
as possible that can guide future restoration efforts elsewhere in the Delta. 
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2.0 Adaptive Management  
 
Adaptive management is a high-priority of the CALFED Ecosystem Restoration Program 
(ERP) (ERP Strategic Plan), the primary funding source for the Dutch Slough Project.  
Adaptive management is a strategy for reducing uncertainty by learning from restoration 
and management actions.  It is particularly important for tidal marsh restoration projects 
like Dutch Slough since there is so much scientific uncertainty about how best to restore 
tidal marsh to benefit endangered fish species – a key goal of the CALFED ERP. 
 
The key to successful adaptive management is learning from restoration and management 
actions.  Subsequent restoration actions can then be revised or redesigned to be more 
effective or instructive.  Lessons learned at Dutch Slough can be used to change future 
management actions at Dutch Slough or simply to inform the design of similar restoration 
projects elsewhere in the Delta. 
 
2.1 Description of Adaptive Management 
 
Adaptive management employs the scientific method to maximize the information value 
of restoration and management actions.  Resource managers identify competing 
hypotheses about ecosystem structure and function based upon the best available 
information, and then they design restoration actions to test these competing hypotheses.  
In this respect, adaptive management interventions are conducted as experiments.  This 
does not suggest that management interventions are conducted on a trial-and-error basis, 
because management actions are guided by the best understanding of the ecosystem at the 
time of implementation.   
 
Adaptive management can be practiced both actively and passively.  Passive adaptive 
management entails monitoring the effectiveness of restoration actions and making 
management changes based on the results of monitoring data.  Active adaptive 
management, however, requires specifically designing the restoration project to test 
hypotheses regarding various management strategies. The Dutch Slough project pursues 
an active adaptive management approach, but will also include passive adaptive 
management elements. 
 
A comprehensive and integrated adaptive management approach involves the following 
steps: 
 

1) Define the problem, 
2) Articulate measurable goals and objectives, 
3) Develop a conceptual model that synthesizes existing knowledge and theories, 

and identifies and describes the key attributes of the system, the interrelations 
among them, and the important environmental factors (including stressors) that 
influence them, 

4) Generate hypotheses about what management actions are necessary to achieve 
objectives and incorporate these hypotheses into the conceptual model,  
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5) Explicitly disclose assumptions and uncertainties regarding how the biophysical 
system will respond to these hypothetical management interventions, 

6) Test and refine the conceptual model with a numerical model(s),  
7) Design management interventions to test competing  hypotheses and achieve 

goals and objectives,  
8) Implement interventions, pilot or demonstration projects, targeted research, or 

some combination of these,  
9) Monitor and analyze results using Bayesian statistical techniques to judge 

progress and update probabilities among competing hypotheses, and adjust 
models to reflect analyzed results, 

10) Adjust and design future management interventions according to results of 
monitoring. 

 

 
 
Figure 1:  Adaptive Management Process Flow Diagram 
 
 
These decision steps are diagrammatically presented in Figure, 1 which was adapted from 
the California Bay-Delta Authority’s Strategic Plan for Ecosystem Restoration.  The 
Dutch Slough project management team and the Dutch Slough AMWG have both agreed 
to use the Strategic Plan as a foundational, guiding document in the implementation of 
the Dutch Slough Project. 
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2.2 Dutch Slough Adaptive Management Working Group Process 
 
Process 
 
The Dutch Slough restoration design and adaptive management plan grew out of the 
AMWG process and coordination with the CALFED Bay-Delta Science Program.  The 
AMWG is a group of scientists convened by the Dutch Slough management team to 
develop a restoration and adaptive management monitoring design for the project.  The 
project team and the chair of the AMWG solicited input from the CALFED Science 
Board.  The Science Board convened a sub-committee that consisted of Dr. Peter Moyle, 
Dr. Denise Reid, and Dr. Robert Spies. 
 
Scientists who regularly participated in the AMWG included: 
 
Bruce Herbold, USEPA (chair) 
Mark Stacey, UC Berkeley 
Joan Florsheim, UC Davis 
Peter Baye, Consultant 
John Takekawa, USGS 
David Sedlak, UC Berkeley 
Lars Anderson, UC Davis 
Stuart Siegel, Consultant 
 
They were assisted by members of the Dutch Slough management and consultant team by 
the following scientists, planners, and managers: 
 
Sarah Beamish Puckett, NHI 
John Cain, NHI 
Nick Garrity, Philip Williams and Associates 
Tom Hall, DWR 
Lauren Hastings, CALFED Bay-Delta Program 
Jeff Melby, State Coastal Conservancy 
Michelle Orr, Philip Williams and Associates 
Si Simenstadt, University of Washington 
Mary Small, State Coastal Conservancy 
Philip Williams, Philip Williams and Associates 
 
 
2.3 Modes of Adaptive Management  
 
The Dutch Slough project site is easily subdivided into three similar parcels that will 
allow the project managers to treat each parcel differently to test restoration techniques 
and hypotheses in the spirit of adaptive management.   
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The AMWG discussed three adaptive management restoration approaches that could be 
employed at Dutch Slough: sequential implementation and learning, a compare and 
contrast approach, and an iterative management approach.  These three approaches are 
not mutually exclusive and all of them could be applied at Dutch Slough.  Sequential 
implementation would allow lessons learned from restoration of the first parcel to be 
applied on subsequent parcels.  The comparative approach would test various restoration 
strategies to determine the most effective strategies for application elsewhere in the 
Delta.  An iterative management approach would entail changing management actions or 
reconstructing restoration treatments as the project management team monitored the 
project and gained new information about ecosystem function and the efficacy of 
different restoration treatments. 
 
The main problem with the sequential approach is that it would require 10-20 years or 
more to complete implementation and draw reliable conclusions, since planning, 
implementation, and post project monitoring would require 5-10 years for each parcel.  A 
faster schedule for implementation and monitoring would more quickly yield results and 
would inform design of restoration projects elsewhere in the Delta.   Further complicating 
the merits of a sequential approach is the probability that preliminary conclusions 
regarding the success of the site will change as the different parcels evolve over time.  
After 5 years of monitoring on the first site, we might develop the second parcel very 
differently because we don’t like how the first parcel is proceeding.  But after 10 years of 
monitoring on the first site, we may conclude that the restoration of the first site was 
actually performing effectively. 
 
The iterative approach entails trying one approach and then modifying it based on the 
monitoring data it if it does not perform as expected.  This approach is well suited for 
periodic management interventions such as ocean fishery harvest regulations, but it is less 
useful for tidal marsh restoration actions that involve substantial earthwork.  For 
example, the report of the Delta Habitats Group prepared by the Adaptive Management 
Subcommittee of the CALFED Independent Science Board (ISB) proposed restoring tidal 
action on one parcel without grading tidal channels.  If channels did not form naturally 
after five years, the report suggested that the “marsh surfaces would be graded and 
sculpted to initiate channel development.”  The Dutch Slough management team 
concluded that it was not realistic to assume that it would be possible to get funding and 
permits to reconstruct a wetland that was created at considerable public expense only five 
years previously.   The iterative approach, however, may make sense for improving 
periodic management interventions at Dutch Slough such as controlling exotic plant 
species.   
 
The Dutch Slough AMWG ultimately recommended focusing on a comparative approach 
that involves comparing a range of treatments to determine the most effective treatment.  
The AMWG warned, however, that the comparison would not be a statistically valid 
scientific replication, because numerous factors would preclude establishment of true 
replicates or control treatments.  Nevertheless, the AMWG, along with input from the 
CALFED ISB, concluded that such a comparison would still yield useful information.  
Both the ISB and the AMWG recommended that all of the different treatments (the entire 
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project) be implemented at the same time, to facilitate comparison between the different 
treatments.  They cautioned that temporal and chronological factors such as age of 
treatment, meteorological variations, and episodic events would make it difficult to 
compare treatments started at different times. 
 
 
3.0 Problem Statement 
 
The Sacramento-San Joaquin Delta was historically composed of over 350,000 acres of 
tidal marsh and adjoining seasonal wetlands (Atwater, 1982). Over 97 percent of the 
Delta’s tidal marshes have been eliminated (The Bay Institute, 1998) and many of the 
native fish species that once depended upon them are in danger of extinction.  
 
The CALFED Ecosystem Restoration Program Plan (ERP, 2000) assumes that restoring 
large tracts of tidal marsh will improve conditions for the Delta’s native fish assemblages.  
Unfortunately, there is considerable uncertainty regarding how best to restore tidal marsh 
and the extent to which restored marshes may benefit or impact native fish and water 
quality in the Delta.   Restoring some types of tidal habitat could simply provide habitat 
for exotic species or could degrade water quality conditions in the Delta.  And restoring 
the Delta’s subsided lands to tidal marsh could be prohibitively expensive unless we 
identify strategies for reducing costs.    
 
The Dutch Slough restoration project is an opportunity to both restore tidal marsh and 
learn more about the function of tidal marsh in the Bay-Delta ecosystem.   The site is one 
of the only locations in the Western Delta with suitable elevations for tidal marsh 
restoration and is configured in three separate tracts which will allow scientists to 
compare and contrast the efficacy of different approaches on the different parcels. 
 
 
4.0 Goals and Objectives 
 
Adaptive management is one of three broad goals for the Dutch Slough restoration 
project: 
 

1. Provide shoreline access, educational and recreational opportunities.  
 
2. Benefit native species by re-establishing natural ecological processes and habitats. 

 
3. Contribute to scientific understanding of ecological restoration by implementing 

the project under an adaptive management framework. 
 
Several objectives are associated with each goal and described in greater detail below as 
well as in appendix A.  As is the case with many projects, there is an unavoidable tension 
between the three different goals.  This section describes the distinct purposes of goals 2 
and 3 and the tension between these two goals. 
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The restoration objectives of the Dutch Slough project are substantially broader and 
distinctly different than the more focused adaptive management goal.  The restoration 
objectives are oriented to provide broad ecological benefits while the research objectives 
are primarily focused on generating information about native fish and water quality.   
While there is potential for conflict between the ecological objectives and the research 
oriented, adaptive management objectives, the overall approach is to achieve the adaptive 
management objectives within a larger effort aimed at achieving the restoration 
objectives of the project.  The restoration objectives are: 
 

·  Reestablish the hydrologic, geomorphic, and ecological processes necessary for 
the long-term sustainability of native habitats and the plant and animal 
communities that depend upon them. ��

·  Restore a mosaic of wetland and upland habitats.  
·  Contribute to the recovery of endangered and other at-risk species and native 

biotic communities.  
·  Minimize establishment of and reduce impacts from non-native invasive species. 

 
For comparison, the adaptive management objectives are: 
 

·  Generate information that will guide the design and effectiveness of future 
wetland restoration projects in the Delta.   

·  Generate information regarding the ecological function of different types and 
sizes of freshwater tidal marsh habitats and their value to native fish species, 
particularly Sacramento splittail and juvenile salmon. 

·  Generate information regarding the processes that control the production and 
dispersal of both methylmercury and dissolved organic carbon in different types 
of wetlands. 

·  Provide the opportunity to establish field scale research projects at Dutch Slough 
to measure ecological processes and test the efficacy of management interventions 
for a variety of reasons including exotic species control, avian habitat 
enhancement, wetland species restoration, control of mercury methylation and 
subsidence reversal.  

 
The measurable, ecological objectives or “performance measures” guiding design of the 
Dutch Slough experimental adaptive management project are far narrower: 
 

·  Juvenile salmon rearing (growth and survival) 
·  Splittail spawning and rearing (reproduction, growth, and survival) 
·  Minimize mercury methylation and dissolved organic carbon formation 
·  Food production for pelagic organisms (phytoplankton and zooplankton 

abundance) 
 
The tension between restoration objectives and research objectives was a recurring theme 
at the AMWG meetings.  Some members felt strongly that the research objectives should 
not in any way reduce the restoration benefits of the project.  They worried that designing 
the physical restoration as an experiment to generate information might limit the 
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ecological benefits of the project.  Others argued, however, that the choice between 
restoration and research was a false dichotomy.  Equally important, they countered that 
we did not know which type of treatment would have the greatest benefit for native fish 
and would therefore never be able to design the project to maximize benefits for native 
fish without the benefit of an adaptive management restoration experiment.   
 
This debate was never fully resolved, but the ultimate restoration design for the Dutch 
Slough project reflects a give and take between these two positions throughout the design 
process.  The project is designed to benefit a wide array of species, but is configured in 
large part to generate information about how native fish respond to different types of tidal 
wetland habitat.  Existing upland areas are maintained within some of the restored marsh 
treatments to provide for a diverse range of habitats and species, despite the fact that 
these uplands might confound analysis of how different wetland types affect native fish.  
Similarly, the opportunity to route Marsh Creek onto the Emerson Parcel is held open due 
to its unique ecological value, even though that might preclude comparing treatments on 
the Emerson Parcel with treatments on the other parcels. These potential benefits thus 
outweighed the desire to create a more controlled experiment that could facilitate 
comparison between treatments.  The configuration of the overall project, however, is 
based on an experimental strategy designed to generate information regarding the value 
of a range of wetland types for a limited number of native fish species. 
 
 
5.0 Conceptual Model 
 
5.1 Purpose and Definition 
 
The purpose of this section is to explain the underlying scientific assumptions that guided 
the development of the Dutch Slough restoration and adaptive management design.  It 
should provide a benchmark from which to measure future evolution in our 
understanding of the processes that shape structure and function of freshwater tidal 
marshes and the species dependent upon them.  The conceptual model and accompanying 
text provided below are both a starting point and a history of how and why the Dutch 
Slough AMWG arrived at this starting point.  The conceptual model was developed prior 
to the Delta Restoration Implementation Plan (CALFED, 2008) conceptual models and 
should be revised to be consistent with them. 
 
The CALFED Strategic Plan for Ecosystem Restoration (pg. 16-17) describes the 
definition and purpose of conceptual models and guided the development of conceptual 
models for the Dutch Slough project: 
 

“Many resource managers, scientists, and stakeholders interested in the 
restoration and management of the Bay-Delta ecosystem have implicit beliefs 
about how the ecosystem functions, how it has been altered or degraded, and how 
various actions might improve conditions in the system.  That is, they have 
simplified mental illustrations about the most critical cause-and-effect pathways.  



 10

Conceptual modeling is the process of articulating these implicit models to make 
them explicit.” 

 
The Plan also points out that “conceptual models are based on concepts that can and 
should change as monitoring, research, and adaptive probing provide new knowledge 
about the ecosystem.” 
 
Future revisions or wholesale changes to the model will constitute progress in our 
understanding of the Delta ecosystem.  Given how difficult it was for the AMWG to 
develop a conceptual model, it is entirely predictable that future managers and scientists 
will avoid the difficult task of re-articulating the model as it evolves and changes.  For 
the DSAMP to succeed, however, future managers and scientists working at Dutch 
Slough must make it a priority to routinely revisit, revise, and explicitly restate the 
underlying scientific assumptions that will guide long term implementation of the Dutch 
Slough Adaptive Management and Restoration Project.    
 
In the difficult process of  developing a conceptual model, the AMWG 1) articulated how 
they believe the ecosystem functions, 2) evaluated competing models, 3) identified key 
uncertainties that could be effectively addressed through experimental manipulations at 
Dutch Slough, and 4) designed experimental manipulations for implementation at Dutch 
Slough given the opportunities and constraints associated with the site.  
 
 
5.2 Delta Habitat Groups Conceptual Model 
 
The CALFED Bay-Delta program convened a group of scientists, the Delta Habitat 
Group (DHG), to develop a conceptual model for tidal marsh restoration in the Bay-Delta 
ecosystem (Figure 2).  The Dutch Slough management team and restoration consultant, 
PWA, presented the DHG’s model and experimental design as a starting point for the 
Dutch Slough Conceptual Model.  The AMWG, however, concluded that the conceptual 
model and experimental design proposed by the CBDA DHG was not suited to the Dutch 
Slough project in a few important respects regarding the following issues. 
  
Limitations of the DHG Conceptual Model 

·  The model assumes that dendritic channels will increase tidal velocities and that 
increased velocities will significantly reduce submerged aquatic vegetation 
(SAV), which is not consistent with AMWG observations in the Delta.  AMWG 
members referenced high velocity environments such as Franks Tract or tidal 
channels on Sherman Lake where SAV persists despite relatively high velocities. 

·  The model does not distinguish between different marsh plain and floodplain 
elevations and their respective benefits for native fish or inhibition of exotic 
species. 

·  The model does not encompass the unique opportunities to create other habitats 
beneficial to fish at Dutch Slough, such as the Marsh Creek delta and riparian 
habitat. 
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·  The model assumes that sedimentation will be the dominant process contributing 
to marsh plain accretion and ignores the potential for marsh plain accretion from 
tule growth, and overstates the potential for accretion from sedimentation.   

 
 
Figure 2: CALFED Delta Habitats Group Conceptual Model for Tidal Marsh Restoration 

(Reed and Digenero, 2002) 
 
 
 
Problems with the DHG Experimental Design 
The experimental design proposes 3 treatments for comparison, but there is some 
question whether some of these treatments would yield ecological benefits or new 
information.   
 

o Treatment 1, no intervention:  At Dutch Slough this treatment would most likely 
result in large areas of shallow water infested with Egeria densa.  Even though 
some additional information about fish utilization of such a habitat could be 
gained, the AMWG generally agreed that creation of more of this habitat type was 
not necessary to develop more information regarding its attributes.  There are 
plenty of these types of habitats in the Delta already. 

o Treatment 2, fill to intertidal elevation – no channel excavation:  While such a 
treatment may be warranted in a saline environment, the AMWG were not 
confident that channels would form under this treatment.  The vigorous growth of 
tules in fresh water would allow them to rapidly colonize the entire marsh plain, 
greatly diminishing the prospect for formation of small channels or a high-order 
channel network.   

o Treatment 3, fill marsh plain to intertidal elevation – excavate channels: This 
treatment is most likely to succeed, but it is unlikely that steep, vertical banked 
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channels would form in soft fill sediments, increasing the likelihood that small 
channels will be colonized by tules.    

 
5.3 Dutch Slough Adaptive Management Working Group Conceptual Model 
 
The AMWG and the consultant labored to develop an alternative conceptual model.  This 
effort involved identifying the limitations of the DHG model (discussed above), 
attempting to develop a comprehensive and unifying conceptual model, identifying a 
broad range of uncertainties regarding tidal marsh restoration, and finally narrowing their 
efforts to a set of nested models focused solely on resolving a limited number of 
uncertainties associated with the role of wetlands on native fish growth and survival and 
the production of problematic water quality constituents (methylmercury [MeHg] and 
dissolved organic carbon [DOC]). 
 
Figure 3 illustrates the AMWG critique of the Delta Habitats Group model and identifies 
numerous factors that were not addressed.  The DHG model was clear and concise, but, 
as discussed above, the AMWG considered it an oversimplification based on an 
erroneous assumption about Egeria densa and an overly general model that did not cater 
to the site-specific opportunities at Dutch Slough. 
 
Figure 4 depicts the initial efforts to develop a comprehensive conceptual model.  
Although the model illustrates important linkages and factors, the AMWG concluded that 
it neither simplified nor focused the planning effort at Dutch Slough.  It encompasses the 
full set of issues that might be interesting to scientists studying tidal marshes, but did not 
prioritize the issues that might be addressed through a field scale experiment at Dutch 
Slough.   
 
Equally important, Figure 4 did not clearly communicate the basic assumptions about 
how physical processes drive ecological structure and function and it did not illuminate 
the key issues and uncertainties that should guide future management.  To remedy this, 
the AMWG developed a more generic conceptual model (Figures 5 and 6) to clearly 
represent the relationship between physical processes and ecological outcomes and 
identified key uncertainties (Table 1).
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Figure 3: Diagrammatic illustration of AMWG questions regarding the CALFED DHG Tidal Marsh Conceptual Model 
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Figure 4:  Initial Conceptual Model 
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Figure 5:  Generalized conceptual model for Dutch Slough project. 
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Figure 6:  Generalized conceptual model for Dutch Slough Project. 
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Figure 7: Conceptual Model for Chinook Salmon growth 
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Figure 8: Conceptual model for Chinook salmon survival 
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Figure 9: Simplified conceptual model for mercury methylation showing outcomes (blue diamonds), processes (blue rectangles), and 
restoration interventions (yellow circles). 
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6.0  Identifying and Prioritizing Key Uncertainties  
 
The conceptual models described in the previous section and further in this section are 
approximations of how the ecosystem works and the relationship between restoration, 
physical processes, habitats, and species. There are, however, large and important 
uncertainties regarding how physical processes shape habitat and how various habitats 
affect target species.  Explicitly identifying these uncertainties and designing restoration 
actions or management interventions to generate information that can reduce uncertainty 
is the purpose of adaptive management.  The purpose of this section is to list the 
uncertainties identified by the AMWG and describe why the AMWG winnowed the large 
and general list of uncertainties down to a limited number of key uncertainties for 
focused research at Dutch Slough. 
 
The AMWG quickly recognized that a field-scale experiment would only succeed if it 
was focused on a very narrow set of variables.  There are many important uncertainties, 
but it is not possible to configure a large, field-scale experiment at Dutch Slough to 
address them all.  After reviewing the DHG model and discussing research priorities, the 
AMWG recommended maintaining the experimental design focus on native fish and 
revising the conceptual model with a series of nested sub-models (Figures 7, 8, 9) that 
illustrate how we addressed the following measurable phenomena:   
 

·  Chinook salmon survival and growth 
·  Splittail spawning and rearing 
·  Delta smelt spawning (high uncertainty) 
·  Production and dispersal of dissolved organic carbon and methylmercury 

 
The project management team and AMWG also wanted to address questions associated 
with avian utilization and water quality impacts (DOC and MeHg production) of marsh 
habitats.  Avian and water quality experts on the AMWG, however, did not believe that 
the overall spatial configuration of the project needed to be configured to test avian and 
water quality hypotheses.  Rather, they were confident that important water quality and 
avian questions could be addressed as smaller scale projects within a larger experimental 
configuration designed to address questions associated with native fish growth and 
survival1.  Other questions, such as how best to control exotic plant species or reverse 
subsidence, could also be addressed on a smaller scale. 
 
There are two distinct parts of the water quality problem: (a) formation of methylmercury 
and dissolved organic carbon (DOC); and, (b) transport of methylmercury and dissolved 
organic carbon from the wetland.  Due to the highly toxic effects of methylmercury, 

                                                 
1 After the results of a CALFED research program on mercury identified the temporal and spatial patterns 
of mercury methylation in the Delta and developed new methods for measuring methylmercury production, 
the Dutch Slough management team realized that the large scale experimental design configuration for fish 
was also well suited for testing water quality hypotheses.  In short, key water quality questions could be 
addressed both at micro and meso scales as originally envisioned as well as at a very large scale across 
hundreds of acres.    
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transport of methylmercury from the wetlands is a very important issue for the Delta and 
San Francisco Bay TMDLs.  Formation of methylmercury in the wetland could be an 
issue because it could pose risks to birds and fish that feed within the wetland, but it will 
not be a significant problem for the larger Delta ecosystem unless methylmercury formed 
in the marsh is transported out of the marsh.  Similarly, DOC formation is not a problem 
unless it is exported from the wetland in significant amounts, and then it is only a 
problem if it becomes entrained into drinking water diversions. 
 
The AMWG identified the key uncertainties that directly or indirectly influence outcomes 
for fish and water quality.  The uncertainties are grouped in the following five categories 
and organized accordingly in table 1.   
 

1. Fish Limiting Factor Uncertainties 
2. Uncertainties Regarding Linkages between Geomorphic Habitat Type 

Uncertainties and Functional Response (fish or bird density, MeHg, DOC) 
3. Geomorphic Process Uncertainties 
4. Submerged Aquatic Vegetation (SAV) Uncertainties 
5. Construction Feasibility Uncertainties 

 
6.1 Prioritization Criteria  
 
All of the uncertainties identified in Table 1 are important, but it is not possible to 
physically design the Dutch Slough restoration to address all of these uncertainties.  
Many of these uncertainties cannot be effectively evaluated at Dutch Slough because they 
are controlled by factors outside of the project boundaries.  Other uncertainties could be 
better or more cost effectively resolved through research at other sites.  Other 
uncertainties could be evaluated on a smaller scale at the site, but the entire site would 
not be physically configured to specifically evaluate these other uncertainties. 
 
The AMWG loosely applied the following criteria, in no order of priority, to identify 
which uncertainties could be most effectively addressed through field-scale experimental 
manipulations at Dutch Slough. 
 

���� What variables/uncertainties have the greatest implications for the future cost and 
feasibility of marsh restoration elsewhere in the Delta? ��

2. What variables can we test at Dutch Slough?  What variables can be just as easily 
tested elsewhere?  

3. What design feature variables will maximize the chances of seeing a response?  
4. What variables can be experimentally tested while still maximizing the restoration 

value of the project?  
5. What variables can be experimentally tested without significantly increasing the 

restoration costs?  
6. Which variables can we control? 
7. Which variables need to be tested on a large scale vs. variables that can be 

effectively tested on a smaller scale within the larger project. 
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Table 1: Categories of Uncertainties 
 
1. Fish Uncertainties 

a. Are target fish populations habitat limited? 
b. Are target fish populations food limited? 
c. Are target fish populations predation limited? 

fish predators? 
bird predators? 

d. Are fish populations limited by contaminants? 
e. Do Delta smelt spawn in marshes or channels? 
 

2. Geomorphic-Habitat Type Uncertainties 
a. What are important characteristics of open water vs. dendritic marsh for fish growth and 
reproduction, avian habitat, and MeHg and DOC production and dispersal? 
b. Role and value of large channels vs. small channels for fish and birds? 
c. Role and value of large order channel networks vs. small order for fish habitat and MeHg 
and DOC production and dispersal? 
d. Relationship of channel density to fish utilization? 
e. Value and role of high and low marsh for fish growth and reproduction, avian habitat, 
and MeHg and DOC production and dispersal? 
f. What is the transport connection (fish, food, sediment, HG, DOC) between marshes and 
channels? 
*g. How does shallow water habitat adjacent to tidal marsh affect the value of the marsh for 
fish? 

 
3.Geomorphic Process Uncertainties 

a. What factors influence slough channel development and sustainability? 
b. What elevation of marsh plain will allow channel development or maintenance through 
scour? 

c. Is Marsh plain elevation influenced by sediment supply, peat accumulation, tidal range, 
initial elevation, subsidence and compaction? 
d. Will marsh plain accretion keep pace with sea level rise? 
e. What is the lowest elevation tules will establish and persist? 
f. How will system respond to extreme events? 

 
4. Submerged Aquatic Vegetation Uncertainties 

a. What is the relative stability of native SAV population? 
b. Linkages of different SAV structure and fish habitat? 
c. Role of SAV as habitat for invertebrates? 
d. Fish and bird benefits of different aquatic plants? 
e. Can we control SAV by managing submerged substrate? 

 
5. Construction Feasibility Uncertainties 

*a. Can we build steep banked channels presumably preferred by fish? 
*b. Can we restore subsided lands with techniques other than placement of mineral soil fill 
material? 

* Denotes uncertainties added by John Cain after the 5/28/04 AMWG meeting. 
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The following is a discussion of how the criteria applied to the five general categories of 
uncertainties. 
 
Category 1: Fish Limiting Factor Uncertainties 
Are native fish limited by habitat or food or predation or contaminants?  This question 
did not fare well against criteria #2, since it cannot be answered at Dutch Slough alone.  
Even if many fish use habitat at Dutch Slough and the total population goes up, it will be 
nearly impossible to determine whether it was due to habitat or food created at Dutch 
Slough or whether it was associated with some other factor elsewhere in the Delta.   
 
Category 2: Uncertainties Regarding Linkages between Geomorphic Habitat Type 
Uncertainties and Functional Response (fish or bird density, MeHg, DOC)   
 
How do various configurations and types of habitat and channels influence the number of 
native fish and birds or the production and dispersal  of MeHg and DOC?   
 
Questions in this category can be divided into meso-scale features and macro-scale 
features, both of which can easily be cost effectively tested at Dutch Slough (criteria #2 
and #5).  Macro-scale features are larger scale, defining features such as marsh plain 
elevation, channel density, and channel order that will control the flow of water, 
nutrients, and chemicals onto and off the site.  The elevation of the marsh plain will 
influence wetting and drying cycles – key parameters affecting fish utilization, mercury 
methylation, and DOC production.  Both the density of channels and marsh plain 
elevation will strongly influence the flow of water, nutrients, and fish in the restored site 
and thus are likely to increase the likelihood of a clear and measurable response (criteria 
#3).  In short, these macro-scale features will determine biogeochemical cycles on the 
restored site as well as the biogeochemical connectivity of the site to the waters of the 
Bay-Delta system. 
 
Marsh plain elevation is also a key factor in the cost and feasibility of future restoration 
elsewhere in the Delta (criteria #1).  Clean sources of fill to restore subsided lands to 
marsh are extremely limited and the cost of transporting and placing fill is significant.  If 
lower marsh plains provide as much value for fish, we could restore fish habitat for 
significantly less money.  Constructing high-density channels may be more expensive 
than low-density channels, but it is not nearly as significant a cost consideration as marsh 
plain elevation.  Many AMWG members concluded that higher density channels were 
likely to provide more habitat and therefore any experimental design that called for lower 
density channels would violate criteria #4. 
 
Meso-scale features include channel shape, depth, size, and substrate, and localized 
habitat types.  These may affect local fish and bird density or localized rates of DOC and 
MeHg production, but they don’t significantly affect the overall pattern and flow of 
inundation, nutrients, and chemicals.  Even where they might influence these factors, the 
AMWG was not confident in our ability to control some factors such as channel shape 
due to constructability uncertainties (criteria #6).  Once we construct the project, we may 



 24

be able to collect some useful data regarding how species use deep channels vs. shallow 
channels, but it is problematic to design the project around these difficult to control, 
meso-scale features.   Rather, as John Takekawa has suggested repeatedly, we can 
overlay studies of bird (and fish) utilization of meso-scale habitat types on top of a 
restoration design that focuses on macro-scale features such as channel density or marsh 
plain elevation. 
 
Scale and topology are important variables that should be considered in any experimental 
design that evaluates the relative value of both meso and macro scale features.  The scale 
of the site will greatly influence the order, size, and diversity of channel features and 
therefore is likely to produce a clear response (criteria #3).  Without achieving some 
threshold of size, it will be more difficult to measure differences between small channels 
and large channels or low order and high order channels.  Without differences in scale, it 
will be impossible to compare the value of low order channel networks to high order 
networks.   
 
Topology, the spatial relationship between different geographic features, can determine 
the value of those features.  Brood ponds adjacent to nesting grasslands are far more 
valuable to breeding waterfowl than ponds surrounded by water.  An expanse of egeria-
infested shallow water habitat between the restored marsh and the existing sloughs would 
reduce the value of the marsh for fish.  Low marsh adjacent and hydrologically connected 
to high marsh or uplands may be less or more valuable to fish than an expanse of low 
marsh.  To some degree, these issues could be tested on a smaller scale within a larger 
scale project and therefore should not dictate overall design (criteria #7). 
 
Category 3: Geomorphic Process Uncertainties 
What factors influence channel and marsh plain structure, sustainability, and evolution? 
Since these processes shape the marsh plain and channel habitat discussed in category 2 
above, they are important to understand.  Controlling some major geomorphic factors 
such as tidal range, however, would involve major infrastructure such as gates and major 
interventions over time (operations).  These would be expensive and score poorly against 
criteria #5.  Some AMWG members were dubious about their potential environmental 
impact (criteria #4). Restoring diverse channel types on marsh plains of varying 
elevations as would occur when addressing uncertainty #2 above and measuring change 
over time would largely test the questions in this category.  In other words, it should be 
possible to address questions in this category by designing a project to address 
uncertainty #2.  But a more detailed description of these uncertainties and the underlying 
conceptual model may be needed to design a meso-scale experiment around them.  For 
example, more specific hypotheses about the processes that maintain channels and 
prevent them from filling or being colonized by tules is necessary to design an 
experiment around this question.  Is channel depth the key factor that prevents vegetation 
encroachment?  If so, what prevents deposition and subsequent channel shallowing?  
Perhaps tidal pannes are important for maintaining small, terminal channels?  If so, 
perhaps meso-scale features such as tidal pannes should be designed into the larger 
experiment to test these meso-scale processes.  These features could also be evaluated on 
a smaller scale and therefore should dictate overall design (criteria #7). 
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Category 4: SAV Uncertainties 
What are the fish and bird values of various SAV and can we manage to enhance SAV 
that benefits target species? 
 
In order to test these uncertainties, the project design would need to include shallow 
water habitat areas suitable for SAV.  We would then need to manage shallow open water 
areas differently to obtain a diversity of SAV types.  There is a relatively high level of 
certainty, however, that non-native SAV will colonize these habitats without active 
management and a high probability that such habitat would not be beneficial for target 
native fish species.  Thus, designing the project to specifically test the effects of SAV 
appears to conflict with criteria # 4 since it would probably diminish the restoration value 
of the project.  Equally important, there are other sites with an abundance of non-native 
SAV where the value of SAV for native species could be evaluated obviating the need to 
spend millions of dollars to do it at Dutch Slough to the detriment of other research 
priorities (criteria #2).   
 
Conversely, it appears likely that cost and feasibility considerations may dictate the 
inclusion of tidal or non-tidal open water areas on subsided portions of the site (criteria 
#5).  This may create an opportunity to study these issues at Dutch Slough, but the overall 
project should not be designed to answer these questions (criteria #7)..   
 
Category 5: Construction Feasibility Uncertainties 
Can we cost effectively build the type of channels and the elevation of marsh plains we 
think fish prefer? 
 
These are important questions that will inform future restoration projects, but are best 
addressed as small-scale pilot projects on the site rather than as the focus of the large-
scale site configuration and experimental design (criteria #7).  For example, a novel 
channel construction technique could be tested on 1,000 feet of channel.  Thus, although 
important, these questions should not drive the overall design of the project, because they 
can easily be addressed on a smaller scale within a larger project design. 
 
 
6.2 Key Uncertainties Selected 
 
The Dutch Slough AMWG recommended focusing experimental design on the following 
key attributes and questions: 
 

Marsh Plain Elevation 
 
What is the relationship between elevation of marsh plain:   

�  to salmon and splittail growth and survival? 
�  fish food production and access or transport to fish? 
�  splittail and Delta smelt spawning? 
�  methylmercury formation and dispersal? 
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�  dissolved organic carbon formation and dispersal? 
 

Channel Planform and Scale 
 

What is the relationship between the density, length, order (scale of marsh plain), 
width, depth, and shape of tidal channels to:��

�  rearing and foraging habitat for salmon and splittail? 
�  avian predation? 
�  fish predation? 
�  access to marsh food supply? 
�  transport and dispersal of food, water, sediment, DOC, and MeHg into and 

out of the Marsh? 
 
 
6.2.1 Role of Marsh Plain Elevation 
 
The AMWG recommended Marsh plain elevation for experimental design for the 
following reasons: 
 

·  Marsh plain elevation controls the frequency of wetting and drying, which is a 
key driver that determines all of the following factors: vegetation type and 
character, access for native fish, habitat for fish and birds, residence time and 
primary productivity, mercury methylation and dissolved organic carbon 
formation. 

·  Marsh plain elevation is also a key cost factor, since it costs far more to 
restore high marsh on subsided lands. 

 
Several of the geomorphologists and ecologists participating on the AMWG struggled 
with the distinction between high marsh and low marsh since low, emergent marsh was 
naturally rare or non-existent in the Delta.  Although there is not a clear natural 
distinction between lower and higher marshes in the Delta, the intent is to compare 
“lower” and “higher” marsh plains that differ enough in elevation to show different 
ecological responses, while not making the “higher” marsh so high that it becomes fill-
limited or cost prohibitive. 
 
The origins of higher and lower marshes vary substantially.  High freshwater marsh in the 
Delta was formed naturally over the last 6,000 years as sea level rose and formation of 
organic soil from deposition of wetland vegetation kept pace (Atwater, 1982). The 
persistence of tule marshes even as sea level rose is evidence that biological accretion of 
the marsh plain was faster or equal to sea level rise and was apparently limited by the 
upper extent of common high tides.  As a result, the elevation of natural marsh plains in 
freshwater environments generally corresponds with mean higher high tide.    
 
Low emergent marsh, in contrast, is an artifact of human settlement in the Delta.   
Vegetated marsh plain lower then mean high tide occurs in the Delta where subsided 
islands have been intentionally or unintentionally restored to tidal inundation.  Tules 
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persist below mean lower low water in some freshwater tidal environments, because they 
can apparently tolerate frequent and persistent inundation.  (Simenstad et al, 2000)   
 
AMWG members also cautioned that constructed high marsh may perform very 
differently then natural high freshwater marsh.   Natural marsh plains in the Delta would 
have been characterized by hummocky, organic soils built over centuries by decomposing 
tules and rafted organic material including large woody debris.  Constructing high marsh 
plain with earth moving equipment and mineral soil would provide a far different and 
presumably less diverse environment.  Rather, they recommend that we not attempt to 
construct high marsh, but rather let it grow to high marsh from a constructed mean tidal 
elevation marsh plain.  For this reason, and because constructing high marsh would cost 
significantly more, the experimental design will compare low marsh plain environments 
(-0.5 to 0.5 MLLW) to mid marsh (MTL) as described below.  We believe that the 
constructed marsh plains will gradually accrete biologically until they reach an elevation 
approximating mean higher high water, provided that biological accretion of tules occurs 
faster then sea level rise as it did during the last 6,000 years.  A ten year pilot project by 
DWR and USGS on Twitchel Island measured tule accretion rates of more than one inch 
per year which far exceeds estimates for sea level rise.      
  
6.2.2 Role of Marsh Plain Scale 
 
Channel geometry and scale also influence potential fish access, residence time and 
primary productivity, wetting and drying of channel edge, and fate and transport of water 
quality constituents.  The AMWG considered a range of channel geometry measures such 
as channel density, cross sectional area, and channel order.  Channel density was 
eliminated from further consideration based on the assumption that higher density was 
better for fish and more consistent with the overall ecological objectives.2  Although 
channel cross section shape is important, the AMWG recognized that it was not a good 
experimental variable both because it would be difficult to control on a large scale due to 
constructability issues and because it is determined in part by marsh plain elevation, the 
other independent variable they wanted to design the experiment around.  
 
The AMWG decided to focus on the role of the size of the channel network (i.e., the size 
of the marsh drainage), because it could be tested independent of marsh plain elevation 
and because it influences a number of meso- and macro-scale factors including tidal 
exchange, the diversity and size of channels in a given marsh drainage, the exchange of 
nutrients and other water quality constituents between the marsh and neighboring 
sloughs, wetting and drying of the marsh plain, and the extent of low water refugia for 
target and predatory fish.  As discussed in the hypothesis section below, small-scale 
marsh areas are more likely to fully drain on low tide while large areas are less likely to 
fully drain.  
 

                                                 
2 According to AMWG consultant, Si Simenstadt, target fish species such as juvenile salmon will only 
occupy channels where they feed along the edge and will not utilize interior marsh plains.  Thus, more 
channels and channel edge would provide more habitat for juvenile salmon to feed and would provide more 
restoration benefit than less channel. 
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6.3 Comparison of Dutch Slough Priorities to Delta Habitat Group Uncertainties 
 
The CALFED Delta Habitats Group (DHG) previously identified several key 
uncertainties that should be addressed through future tidal marsh restoration projects 
(Reed and DiGenero, 2002).  The purpose of this section is to explain why the Dutch 
Slough project does not address many of the uncertainties identified by the DHG.  The 
annotated list below identifies the key uncertainties addressed by the CALFED Delta 
Habitats Group, and provides the reasoning why some of these uncertainties are not 
targeted by the Dutch Slough Adaptive Management Restoration Program.  
 
  

���� Will SAV colonize and persist in and immediately adjacent to a dendritic channel 
system adjoining an active distributary channel?   The AMWG did not believe 
that this was a key uncertainty.  Although they recognized that SAV was probably 
a major issue limiting native fish restoration, they were relatively certain that 
SAV would colonize and persist in and adjacent to any freshwater dendritic 
channel system in the Delta as evidenced by the persistence of SAV at Sherman 
Lake wetlands.  While it is possible that high velocity, dentritic channels may 
limit SAV at Dutch Slough and thereby provide information on the factors 
controlling SAV, the AMWG opted not to configure the multi-million dollar 
restoration treatment around this question.  ��

 
2. Can tidal action alone develop and maintain dendritic channels?  At least two 

members of the AMWG emphatically believed that dendritic channels would not 
form on their own (i.e., without excavation).  Rather, they believed that tule 
vegetation would rapidly colonize tidal flats and preclude the development of 
small tidal channels for the foreseeable future.  Although naturally formed 
channels would probably be superior to artificially excavated channels, the 
AMWG recognized that artificial channels are far more beneficial to native target 
fish species than no channels at all.  The Delta Habitat Group had proposed that 
channels could be excavated post restoration if they did not form on their own 
accord within the first five years, but the AMWG and the Dutch Slough 
Management Team did not believe that it was realistic to assume that a restored 
wetland could be re-excavated due to regulatory and fiscal constraints.   

 
3. What are fish responses to dendritic tidal marsh habitat in estuarine vs. tidal 

riverine dominated systems?  Although important, this question can only be 
addressed by evaluating a variety of sites across a gradient extending from the 
saline bay marshes to the river dominated freshwater tidal marshes.   

 
4. What is the relationship between marsh channel pattern, hydrodynamics, and 

marsh plain vegetation characteristics?  This question will be informed by the 
Dutch Slough experimental design, but is not the focus of that design. 
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5. What are the important characteristics of dendritic channels and adjacent marsh 
that benefit native fishes?  This question is the focus of the Dutch Slough 
experimental design. 

 
6. What are the process linkages that lead to these benefits? This question will also 

be addressed in the Dutch Slough experimental design.  The process linkages are 
posited in the fish hypotheses listed in the following section. 

 
7. Can we cost effectively design and construct tidal marsh plain channel systems 

that are stable and sustainable in the long term (over decades)?  This is an 
engineering question that will undoubtedly be informed by the Dutch Slough 
project.  Since marsh elevation and fill material is the key cost factor, evaluation 
of the value of varying marsh elevations is the fundamental factor that needs to be 
addressed in order to limit restoration costs in the future. 

 
 
7.0 HYPOTHESES AND MONITORING STRATEGY 
 
The AMWG crafted several specific hypotheses to guide research to reduce the key 
uncertainties identified in the previous section.   
 
These hypotheses are identified below along with a general description of the monitoring 
strategy for testing each hypotheses.  More detailed monitoring methods must be 
developed prior to implementation in order to effectively test these hypotheses.  The 
hypotheses are divided into three categories: fish, water quality, and miscellaneous bio-
geomorphic. Most of the fish and water quality hypothesis are targeted to address the key 
uncertainties identified in the previous section.  They are the highest priority for 
monitoring and research, since the  overall physical configuration of the restoration 
project is intentionally designed to test them.  Some of the water quality hypotheses and 
all of the miscellaneous hypotheses are not targeted to the key uncertainties, but they can 
be tested in smaller-scale experimental plots that will be integrated into the larger 
restoration project to the extent that they are consistent with funding and scientific 
priorities.  As the project evolves, project managers should remain flexible and 
accommodate meso-scale experiments to test additional hypotheses as scientific priorities 
evolve. 
 
7.1 Fish Hypotheses 
 

1. Food resources for splittail and juvenile salmon will be greater in lower 
marsh due to increased residence times and increased water column volume 
in the photic zone.  Water will remain on the marsh plain for longer periods 
(increased residence time) and more water per area will be available for 
photosynthetic activity which drives primary productivity.  The relative 
abundance of food resources will be measured by sampling phytoplankton and 
zooplankton resources in both mid elevation marshes (MTL) and low marshes 
(MLLW) at the project site. 
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2. Low marshes will export more food resources to adjacent Delta channels 

than mid elevation marshes due to increased food production on low marshes 
and greater tidal prism.  Exported food resources can be measured by dissolved 
organic carbon, phytoplankton, and zooplankton exiting and entering restored 
tidal marsh zones during different seasons of the year. 

 
3. Splittail and juvenile salmon growth will be greater in lower marsh and 

channels that drain less often due to increased feeding opportunities.  This 
would largely be a function of greater food resources in lower marshes, but could 
also stem from increased feeding opportunity since low marshes would drain less 
frequently and thereby potentially provide longer duration wetted channel edge 
for feeding.  Caged and/or tagged fish experiments would probably be necessary 
to measure relative growth rates in various types of marshes since fish might 
travel between marsh plots. 

 
4. Fish survival will be greatest within a intermediate-scale channel marsh 

areas, because higher order networks will harbor predators and lower order 
networks lack sufficient refuge during low tides.  The amount of channel 
inundated to a depth of over 0.5 meter at low tide is a function of marsh size.  
This hypothesis is based on the assumption that most predator fish require depths 
of greater then 0.5 meter3and would therefore be more abundant in the largest 
marshes or at the mouth of small marshes that completely drain on each tide 
cycle.  Intermediate sized marshes would drain enough to limit predator habitat in 
the marsh channel, but would not drain so completely as to force target juvenile 
fish into the main sloughs where predators are known to be abundant.   This 
hypothesis could be tested directly by releasing tagged fish into varying marshes 
and then measuring survival.  The underlying physical and biological assumptions 
could be tested by field surveys at low tides to measure the abundance of deep 
water and predator fish in varying size marshes. 

 
5. Fish growth will be greatest in intermediate- and large-scale channel marsh 

areas, because higher order networks are more likely to maintain wetted 
channel feeding opportunities during low tides.  The mechanisms are similar to 
hypothesis 4 above.  Small marshes will drain completely at low tide, limiting 
feeding opportunities.  Large marshes will provide feeding opportunities at low 
tide.  This hypothesis assumes that smaller marshes will always drain completely, 
but they may not drain completely during late winter and spring months when 
Delta water levels are often higher than normal due to river inflow.  To the extent 
target fish (juvenile salmon and splittail) are most abundant in late winter and 
spring, the actual extent and effect of marsh drainage may not significantly limit 
feeding and growth during this life stage when it is most important. 

 
 

                                                 
3 This assumption was based on the professional opinion of AMWG members, but should be verified with 
published literature before commencing with design of project. 
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7.2 Water Quality Hypotheses 
 
Many of the water quality hypotheses discussed below involve measuring fluxes of 
MeHg or DOC off of restored marshes.  The accuracy of the flux measurements will 
depend in large part on the ability to accurately quantify tidal inflow and outflow.  
Therefore, a high priority of the monitoring program will be to develop a numerical 
hydrodynamic model and a reliable method for measuring flow into and out of the 
various marshes to calibrate the model.  It may be efficient to do this through 
establishment of a network of tidal gauges and optimal backscatter devices.   Utilizing a 
calibrated model is an important first step for cost effectively testing hypotheses one 
through four below. 
 

1. Methylmercury production will be greatest on mid elevation marshes 
characterized by periodic wetting and drying and lowest on perennially 
inundated emergent marsh.  This hypothesis is based on the assumption that 
flooding of vegetated wetlands or uplands or fluctuating water levels during tidal 
cycles could stimulate microbial methylation of inorganic mercury, increasing 
concentrations of methylmercury in water and biota.  Measurements of 
methylmercury in fish from the Bay-Delta reveal that fish have higher levels in 
areas subject to periodic inundation such as high marshes and seasonal 
floodplains (Ye, et al, 2006). In contrast, fish from perennially inundated areas 
such as the Central Delta have relatively low levels of methylmercury suggesting 
that the more frequent and continuous inundation that would occur on lower 
marshes would result in lower methylmercury production (Slotton, 2007).  
Methylmercury production could be measured with soil and water samples from 
small plots, caged fish bioassays from various marshes, and on larger scales by 
measuring import and export of methylmercury or its surrogate (DOC) on tidal 
cycles.  Monitoring techniques at Dutch Slough would be based on methods 
recently developed by the USGS, Moss Landing Marine Laboratory, and the UC 
Davis Mercury Group as part of the CALFED funded mercury monitoring 
program.   

 
2. Methylmercury and DOC flux from the marsh to Delta channels will be 

greatest during extreme low tides during spring tide cycles.  Data collected by 
both USGS and the Moss Landing Marine Laboratory indicate that fluxes of 
methylmercury and DOC from tidal marshes fluctuate greatly across the tidal 
cycle and that exports from marshes are greatest during extreme low tide events 
when tidal sloughs, banks, and associated pore water drain from the marsh.  
Methylmercury levels may concentrate in the pore waters where residence time 
and microbial activity are both high and then diffuse to adjacent channels and 
sloughs when the pore water drains from the soil.  This hypothesis could be tested 
by measuring fluxes of DOC and methylmercury at the mouth of different 
marshes across the tidal cycle or by collecting water samples from marsh channels 
across the tidal cycle.  These techniques were recently developed by the 
CALFED-funded mercury monitoring program. 
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3. Total methylmercury and DOC flux from the restored marsh to the Delta 
will be highest on small-scale, mid elevation marshes that drain frequently 
and lowest on large-scale, low marshes that seldom drain completely.  This 
hypothesis is based on the assumption that methylmercury production will be 
greatest on higher marshes (hypothesis 1 above) and that fluxes will be greatest 
on smaller marshes since they are more likely to drain completely on low tides 
(hypothesis 2).  This assumes that DOC and methylmercury produced on the 
marsh plain will be efficiently exported out of the marsh.  On larger marshes, in 
contrast, it would be cycled within the marsh.  Pore water rich in DOC and 
methylmercury would not have time to drain from the marsh before flood tides 
would redisperse it across the marsh plain.  However, to the extent that tidal prism 
and total volume of water draining lower marshes is greater per unit area, it is 
possible that total methylmercury and DOC flux from lower marshes could be 
greater than mid elevation marshes even if hypothesis 1 and 2 are correct.  This 
hypothesis could be tested with monitoring approaches described for hypothesis 1 
and 2 above. 

 
4. For a given marshplain elevation, total methylmercury and DOC export 

from the marsh to Delta channels will be greatest per unit area for small 
drainage areas and least for large marsh drainage areas.  This hypothesis is 
very similar to hypothesis 3 above and could be tested with similar monitoring 
methods.  This hypothesis may be particularly policy relevant since it may be far 
easier to implement many small restoration sites then it is to implement one large 
restoration site.  If this hypothesis is correct, however, many small sites may have 
significantly greater water quality impacts then a equal area of large sites.  

 
5. Photo-demethylation in open water areas significantly reduces net-

methylmercury production.   Photo-demethylation may be the most important 
factor limiting methylmercury levels in the central Delta and is one of the key 
uncertainties in the Delta mercury mass balance.  It may be possible to test this 
hypothesis by discharging waters with relatively high methylmercury levels into 
the freshwater ponds on the north side of each parcel.  Water control structures on 
the ponds could be operated to maximize diversion of methylymercury laden 
waters into the ponds during the end of spring ebb tides when pore water drains 
out of the soil.  Changes in concentrations of methyl mercury could then be 
measured in the ponds after the diversion event.   

 
6. Soil substrate and vegetation characteristics influence methylmercury levels.  

Vegetation and soil type may influence the size of the reactive mercury pool, the 
rate microbial activity and corresponding methylation, and the cycling of 
methylmercury.  This hypothesis could be tested by establishing numerous small 
scale experimental plots with a range of soil and vegetation types.  Measurements 
would include reactive mercury pool as well as methylmercury levels in soil, pore 
water, vegetation, and resident biota.  Techniques developed by USGS and SFEI 
as part of the CALFED mercury monitoring program would be used (CBDA, 
2007). Vegetation type, which is closely correlated to elevation on the marsh 
plain, will influence rates of mercury methylation and DOC formation.  Certain 
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plants may alter the rhizosphere by production of organic acids or release of 
dissolved oxygen, both of which are likely to affect mercury methylation rates.  
The effects of plant species on water quality could be investigated in test plots on 
a small scale. 

 
7. Soil amendments such as iron will limit mercury methylation.  Soil 

amendments could be added to experimental plots to evaluate mitigative effects.  
Data collected from the experimental plots could be compared with one another 
and with data generated from sampling conducted from the general restoration 
area to evaluate the respective impact on methylmercury production.  This could 
be tested with similar measurements as described for hypothesis 5 above. 

 
8. The diversion of Marsh Creek onto the restoration site will not significantly 

increase the methylmercury levels in restored marshes.  Although there is an 
abandoned mercury mine and elevated mercury levels in the upper Marsh Creek 
watershed, fish from the mouth of Marsh Creek and nearby Big Break actually 
have the lowest mercury levels of all fish measured in the Bay-Delta watershed 
(Slotton, 2007).  Even if inorganic mercury levels are high in Marsh Creek, they 
will not necessarily increase mercurymethylation in restored marshes since levels 
of methylmercury may be controlled by microbial activity in methylating 
environments, not the total amount of mercury available.  This hypothesis can be 
tested by comparing methylmercury levels from marshes connected to Marsh 
Creek with similar marshes not connected to Marsh Creek. 

 
9. The diversion of Marsh Creek onto the restoration site will filter, trap, 

and/or bio-remediate pollutants in Marsh Creek and thereby reduce 
pollutant loads to the Delta.  Water quality in Marsh Creek is poor.  Creation of 
a wetland at the mouth of Marsh Creek may improve Marsh Creek water quality 
before it enters the Delta.  Alternatively, wetlands at the mouth of Marsh Creek 
may simply accumulate heavy metals such as copper or increase the levels of 
methylmercury.  Even if the hypothesis is correct, acute toxicity events 
(pesticides, herbicides, chemical spill during low summer flows) in Marsh Creek 
could significantly harm biota in the restored wetland at the mouth of Marsh 
Creek.  For this reason, it is not prudent to assume that a wetland at the mouth of 
this urban creek can both provide stable habitat for biota and filter pollutants that 
would otherwise flow into the Delta.   This hypothesis could be tested by 
measuring Marsh Creek water quality upstream, in, and downstream of the 
restored Marsh, and before and after Marsh restoration.   

 
10. Tidal marsh restoration will increase production of dissolved organic carbon,  

result in net positive export of DOC out of the restored marsh, and thereby 
increase the level of DOC at the Delta’s drinking water diversions.   There are 
three parts to this hypothesis: 1) increase production of DOC, 2) export out of the 
marsh, and 3) entrainment in drinking water diversions.   Even if restoration 
increases both production and export, it will not create negative water quality 
impacts unless DOC is transported from the restoration site to the drinking water 
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intakes when water is being diverted.  Due to Dutch Slough’s westerly location in 
the Delta, DOC produced at Dutch Slough will most often be transported 
westward into Suisuin Marsh and San Francisco Bay and therefore is not likely to 
increase DOC at drinking water intakes.    Westward movement of DOC from 
Dutch Slough will be most pronounced in periods when net westward flow is 
greatest (presumably winter and spring).  Conversely, the potential for eastward 
flow and dispersion is greatest when net-flow is lowest (summer and fall).  
Therefore, evaluation of the timing of net DOC production at Dutch Slough is 
directly relevant to questions regarding the impact of Dutch Slough on DOC 
concentrations at the Delta drinking water diversions.  Furthermore, since some 
type of DOC is more likely to form trihalomethanes (THM), monitoring efforts 
should focus on the timing and potential transport of these more reactive species. 

 
 
7.3 Miscellaneous Bio-geomorphic Hypotheses 
 

1. Marsh plains will accrete at rates equal to or greater than sea level rise in a 
variety of wetland environments.  This is based on USGS measurements of non-
tidal tule ponds on Twitchell Island where organic material has accreted on the 
marsh plain at 1-2 inches per year and has enormous implications for the long-
term restoration potential of tidal marsh in the Delta. This can be tested by 
measuring marsh plain accretion in a variety of different wetland environments 
across the Dutch Slough site.  Feldspar markers could be deposited on the as-built 
surface shortly after construction and periodic sediment cores could be used to 
measure accretion from that surface over time. 

 
2. Deposition of organic material is the dominant process driving marsh plain 

accretion and greatly exceeds marsh plain accretion from deposition of 
mineral soil.  In freshwater environments with low sediment loads such as the 
Delta, biological processes drive marsh plain accretion.  This could be tested by 
measuring the ratio of organic to inorganic material in sediment cores. 

 
3. Subtidal emergent marshes (below MLLW) will accrete orders of magnitude 

faster than open water (including vegetation) areas with the same elevation.  
This hypothesis is based on the assumption that the presence of emergent 
vegetation is a catalyst for both physical and biological accretion processes that 
enable accretion rates to cross a threshold from very slow (mm per year) to 
relatively fast (cm per year).  This could be tested by measuring accretion rates 
and sediment cores in restored emergent marshes compared to open water areas at 
Dutch Slough or in nearby Big Break and Franks Tract. 

 
4. Tule vegetation established on subtidal elevations prior to tidal inundation 

will persist at elevations 1 foot below MLLW, but will not survive at greater 
depths. Confirmation of this hypothesis is critical to knowing the minimum 
elevation for establishing tidal marsh and achieving the accretion threshold 
addressed in hypothesis 3 above.  If tule vegetation persists at greater depths, then 
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it may be possible to restore non-tidal subsidence reversal ponds to tidal marsh at 
a lower elevation.   This hypothesis can be tested by measuring the presence, 
density, growth, and persistence of emergent marsh established at various subtidal 
elevations.  Tules will be cultivated on a variety of surface elevations above and 
below MLLW prior to tidal inundation and then monitored after tidal inundation. 

 
5. SAV will not colonize subtidal areas that are vegetated with emergent tule 

marsh.  Colonization of shallow water zones by invasive, exotic submerged 
aquatic vegetation (SAV) is a major, pervasive problem.  Pre-inundation 
cultivation of tules at subtidal elevation as described in hypothesis 4 may preempt 
establishment of undesirable SAV, even if the tule do not persist.  Even dead, 
submerged tules may prevent establishment of SAV.  

 
6. Non-native SAV will colonize areas vegetated with native SAV at slower 

rates than similar open water areas without native SAV.  Establishment of 
native SAV may preempt or otherwise limit establishment of non-native SAV.  
This hypothesis may only be tested if the northern cells are managed for tidal or 
non-tidal open water rather than subsidence reversal or managed marsh. 

 
7. Geomorphic and habitat factors such as marsh plain elevation and channel 

depth will affect utilization by avian species.  This hypothesis is a general place 
holder for more specific hypotheses that might be tested regarding habitat factors 
that might influence avian species distribution and abundance.  As more detailed 
construction plans are developed, the Dutch Slough management team will work 
with avian ecologists to design meso-scale experiments into the project design. 

 
8. Wetlands (tidal and non-tidal) can be managed to optimize subsidence 

reversal.  The USGS has demonstrated that subsidence reversal wetlands on 
Twitchell Island can accrete up to two inches of organic material each year.  This 
process sequesters atmospheric carbon and depending on methane emissions from 
the wetlands, may substantially reduce greenhouse gases.  This hypothesis can be 
tested by measuring carbon accretion and methane fluxes in managed wetlands. 

 
9. Rice straw bales can be used to build-up subsided surfaces and sequester 

carbon without degrading water quality or marsh vegetation growth.  Rice 
straw bales could be used to build-up subsided lands, but there are concerns about 
how rice straw bales could affect water quality or marsh vegetation.  If rice straw 
bales are buried under 1-3 feet of mineral soil, tules and other wetland vegetation 
may be able to grow normally on the restored surfaces.  Vegetation over 
shallower soils may be limited by competition for nutrients with organisms 
decomposing rice straw in the shallow soil.   Decomposing rice straw could also 
increase DOC or other undesirable water quality constituents.  This hypothesis 
could be tested through a pilot project using rice straw to rebuild subsided 
surfaces as a substrate for restored marsh. 
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10. Deep non-tidal ponds could provide breeding ponds for the extirpated 
Sacramento perch.  Sacramento perch were once common in the Delta but were 
extirpated in the last century due to loss of habitat and predation by exotic fish 
such as bass.   Non-tidal ponds managed to exclude predators could provide 
excellent breeding habitat.  Raised perch could be used to control mosquitoes and 
potentially repatriate perch where habitat conditions are favorable.   

��
 
8.0 EXPERIMENTAL DESIGN 
 
The Dutch Slough project will be constructed and managed to test the hypotheses 
described above and new hypotheses that may be generated as the project evolves.  The 
overall project will be configured to test a limited number of hypotheses regarding the 
role of marsh plain elevation and scale (fish hypotheses 1-5 and water quality hypotheses 
1, 3, and 4 above) but smaller experimental plots may be established within the larger 
project to test hypotheses relating to a range of factors including but not limited to 
subsidence reversal, exotic species management, dissolved organic carbon formation, 
mercury methylation, and avian habitat (Table 2). 
 
Figure 10 depicts the experimental design recommended by the AMWG and shows 
several different marsh plots of varying sizes and elevation.  Hypotheses regarding the 
role of marsh plain elevation and scale will be tested by comparing how the different 
parcels affect factors such as native fish growth and survival, primary productivity, and 
methylmercury production and export.  Hypotheses regarding subsidence reversal, 
managed wetlands, or submerged aquatic vegetation can be tested in the areas labeled 
open water on the north end of the three parcels.  The role of creeks and fluvial processes 
in tidal marshes could be tested by restoring a natural delta for Marsh Creek as depicted 
in Figure 11.  
 
8.1 Marsh Plain Elevation and scale 
 
The marsh plain and channel configurations of the Gilbert and Burroughs parcels (Figure 
10) will allow scientists to test the adaptive management hypotheses related to marsh 
plain elevation and spatial scale. These experiments will compare low marsh and mid 
marsh areas drained by large channel networks (approximately 80 to 90 acres), medium 
sized channel networks (approximately 30 to 40 acres), and small networks 
(approximately 10 to 15 acres). Paired sampling of low and mid marsh will allow for 
comparison between low and mid marsh at different scales. A very large area of low 
marsh on the Burroughs parcel (approximately 150 acres) will also be compared to the 
smaller paired-sample marsh areas. The scale of each marsh area and channel network 
may be refined in future design phases for the purpose of the adaptive management 
experiments. 
 
The configuration of channel networks draining to the same inlet channel (Little Dutch 
Slough) is expected to aid in the comparison of results. Each marsh area and channel 
network will be drained by one breach to Little Dutch Slough. As possible, the channels 
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draining paired sample areas will be located equidistant from the mouth of Little Dutch 
Slough and designed to have similar hydraulic properties. For example, breach channels 
will be aligned along Little Dutch Slough for the small marsh areas, medium marsh areas, 
and large and very large low marsh areas. The marsh drainage area for each channel 
network will be defined by high marsh drainage divides, which will minimize the 
potential for new channel connections to form between and connect marsh areas.  
 
Until such time as Marsh Creek is diverted onto the Emerson parcel, should this occur, 
this parcel will provide an additional sample for the adaptive management experiments. 
In the Emerson parcel, the large area of “mixed” marsh could be compared to the very 
large area of low marsh on the Burroughs parcel to test the benefits of topographic 
diversity. The fact that the marsh will drain to different sloughs may complicate 
experimental comparison. If and when Marsh Creek is diverted onto the Emerson parcel, 
the marshes in this parcel would no longer be comparable to the other marsh areas due to 
the complicating factor of Marsh Creek. 
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Figure 10: Preferred experimental, conceptual design for the Dutch Slough Project. 
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Figure 11:  Adaptive management options for restoration of Marsh Creek delta on Emerson Parcel 
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Figure 12: Option 4 Routes Marsh Creek to the 
West and Restores delta on ISD land 
west of Marsh Creek 
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8.2 Subsided Land Management 
 
The “open water” areas on the northern portion of each parcel in figure 10 are not proposed for 
tidal marsh restoration at this time due to cost considerations associated with raising these 
subsided lands to sea level in the short-term.  These areas will not necessarily be managed as open 
water, but rather may be managed to test a range of options for managing subsided lands including 
subsidence reversal, carbon sequestration, open water habitat, managed waterfowl habitat, or 
native submerged aquatic vegetation habitat.    
 
8.3 Marsh Creek 
 
Restoration of a natural delta on Marsh Creek would enable managers to evaluate the effects of 
creek deltas on tidal marsh function.  Creek deltas periodically deposit pulses of sediment on their 
delta burying established marsh, triggering primary succession of new vegetation, and creating a 
diverse mosaic of habitat and hydrologic patterns.  Comparison of the tidal marsh parcels on the 
Burroughs and Gilbert Parcels with the restored delta of Marsh Creek could generate important 
information regarding the role of fluvial geomorphic disturbance events or habitat diversity on 
water quality and species utilization.   
 
Restoring a natural delta at the mouth of Marsh Creek, however, could result in water quality or 
flood management impacts.  In early phases of the project, water quality and sedimentation 
patterns in Marsh Creek will be monitored to determine the best strategy for restoring a delta at the 
mouth of Marsh Creek.   
 
The AMWG identified four potential strategies for restoring a delta on Marsh Creek three of 
which are illustrated in figure 11.  They are: 
 

·  Diverting Marsh Creek onto the Ironhouse Sanitary District immediately 
downstream of the railroad crossing (Figure 12). 

·  Diverting Marsh Creek on to the Emerson parcel immediately downstream of 
the Contra Costa Canal. 

·  Diverting Marsh Creek on to the Emerson parcel immediately downstream of 
the Contra Costa Canal. 

·  Diverting Marsh Creek on to the Emerson parcel near the northern boundary of 
the Emerson parcel. 

 
It may make sense to divert Marsh Creek onto the restored marshes at more than one of these 
locations. 
 
9.0 PHASED IMPLEMENTATION 
 
The Dutch Slough project implementation will be phased to facilitate adaptive management and 
construction.  Large areas of tidal marsh will be restored to all three parcels simultaneously to 
facilitate comparison of the different tidal marsh restoration treatments, but construction will be 
phased leading up to full scale tidal marsh allowing managers to incorporate new information into 
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final tidal marsh restoration.  Phased implementation will also allow managers to gather 
information that will inform future decisions regarding restoration of Marsh Creek and the 
subsidence management on the northern portion of each parcel. 
 
The project phasing approach described below is not a rigid prescription for how the project will 
be constructed, but rather as an illustration of how early phases of the project could inform later 
phases of project development. 
 
Phase I:  West Marsh Creek Grading and Restoration and Dutch Slough Levee Improvements  
 
Phase I could include the following elements: 
 

1. Base-line monitoring program.  The base-line monitoring program should include the 
following elements: 

a. Continue bi-annual bio-sentinel monitoring in Big Break, lower Marsh Creek, and 
Emerson Slough to determine trends in mercury levels in fish (Slotton).   

b. Periodic (semi-annual) wildlife monitoring programs on Dutch Slough parcels 
following protocol used in first round of monitoring by DWR.    

c. Establish new Interagency Ecological Program monitoring station at confluence of 
Dutch Slough and Emerson Slough to measure trends in fish abundance and 
distribution, hydrodynamics, and water quality. 

d. Geomorphic monitoring of Marsh Creek to measure sedimentation and changes in 
channel cross section or bed elevation.   

e. Continue monitoring water quality in Marsh Creek to identify water quality 
problems and trends to determine whether remedial actions are needed upstream to 
protect Delta waters or whether it would be beneficial to divert Marsh Creek onto 
the ISD or Dutch Slough restoration areas.  Details of the water quality monitoring 
plan including exact parameters to be measured will be informed by the existing 
Marsh Creek monitoring program (appendix) as well as results of related programs 
such as the mercury biosentinel monitoring program being conducted by the UC 
Davis mercury group. 

 
2. Upland vegetation management and monitoring to limit invasive weeds.  The purpose of 

this element is to assure that the site is not overwhelmed by exotic weeds in the transition 
from grazing to tidal marsh restoration.  The primary concern is establishment of invasive 
species above the high tide level such as pepper grass.  Invasives that become established 
below the mean tide elevations prior to tidal inundation will most likely not survive tidal 
inundation.  Therefore, this activity should focus on management practices to limit 
establishment of weedy vegetation on the upland portions of the site (>3 NGVD). 

3. Grade 100-acre area west of Marsh Creek and deposit material on the Dutch Slough 
parcel for marsh restoration and levee improvements.  Borrowing fill material from 
Ironhouse Sanitary District (ISD) land west of Marsh Creek is the least cost option, and 
perhaps the only option for obtaining fill material to construct the preferred restoration 
design.  This material must be excavated and placed on the Dutch Slough site before tidal 
restoration can occur and therefore must occur during an early phase of the project.  Most 
of the material excavated from ISD lands will probably be deposited on the central and 



 

 43

northwestern portions of the Emerson Parcel.  Phase 2 grading efforts will probably entail 
transporting material from the southwestern portion of the Emerson parcel to the Gilbert 
and Burroughs properties. 

4. Construct habitat levee section.  Use borrow from ISD or from on-site to enlarge levee toe 
berms and create a 5:1 or 10:1 interior levee slope that can eventually be vegetated to serve 
as a habitat levee.  To prevent destabilizing the levee, it will take twoto three annual 
applications to build-up the toe berm.  

5. Restore 100-acre area west of Marsh Creek to tidal marsh.  Excavation of the ISD land 
west of Marsh Creek would create the opportunity for restoring tidal marsh west of Marsh 
Creek.  Once the area is excavated to tidal elevations, the area could be tidally inundated in 
phase 1 or phase 2 by breaching the levee on Marsh Creek near the East Bay Regional Park 
District pedestrian bridge.  Breaching the levee on the downstream portion of the site 
would allow tidal inundation without diverting flood flows and sediment onto the ISD 
parcel.  Breaching the levee and restoring 100 acres of tidal marsh in phase 1 would 
provide an opportunity to monitor the restored site and gain information that could inform 
design and restoration of later phases of the project.  During a later phase of the project, it 
may be beneficial to breach the levee on the upstream portion of the site to divert creek 
flows and sediment through the ISD parcel.  Information on water quality and sediment 
loads collected during phase 1 will be used to determine if it would be beneficial to breach 
the upstream levee of Marsh Creek and route the creek through the restored site. 

6. Cultivate tules in selected  areas.  Cultivate tules in areas that are already at elevations 
suitable for tidal marsh or areas that will be managed for subsidence reversal over the long-
term provided that selection of tule cultivation areas does not interfere with large scale 
grading contemplated in phase 2.  Widespread tule cultivation before the large-scale 
earthwork planned for phase 2 would be premature, but it would be advantageous to 
cultivate tules on areas that will not be graded in phase 2.  These include areas that are 
already at design tidal marsh elevations or subsided areas that will not be elevated during 
phase II grading.  During phase I, it may be worthwhile to grade berms to facilitate tule 
pond cultivation.    

7. Limited upland and riparian planting:  Plant areas and establish test plots in areas that will 
not be graded or disturbed in subsequent phases.  Test plots can help establish the most 
effective planting strategies. 

 
Phase II: Major Grading and Tule Cultivation  

 
1. Continue Baseline Monitoring Program.  Monitor water quality in Marsh Creek.  Continue 

water and sediment quality monitoring in Marsh Creek to determine whether it would be 
beneficial to reroute Marsh Creek through restored tidal marsh on Dutch Slough or ISD. 

2. Monitor tidal marsh restoration site on ISD lands west of Marsh Creek.  Monitor site to 
evaluate success of restoration strategies with focus on tule establishment on subtidal 
elevations, persistence of small tidal channels, sedimentation patterns in Marsh Creek, and 
construction techniques particularly for tidal sloughs.   

3. Continue upland vegetation management and monitoring to limit invasive weeds. 
4. Large-scale site grading:  Grade the site to tidal restoration elevations.  This is the single 

most expensive implementation measure.  It could occur in phase I if funds are available, 
but does not have to occur until phase II.  Under this schedule, phase II grading efforts will 
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probably entail transporting material from the southwestern portion of the Emerson parcel 
to the Gilbert and Burroughs properties, while phase I grading will entail moving material 
from ISD to the north and central Emerson parcel.   

5. Widespread tule cultivation:  Once large-scale grading is completed, the site will be ready 
for wide-scale tule cultivation.  At least one to two years of tule cultivation in sub-tidal 
zones may be necessary before tidal inundation of the site under the assumption that pre-
cultivation of the tules will serve two critical functions: accelerating marsh plain accretion 
and discouraging colonization of non-native, invasive SAV.  Monitoring data from ISD 
restoration site may help inform how long it takes for tules to become established. 

6. Riparian and Upland Vegetation Planting 
 
Phase III:  Tidal Inundation 
 

1. Construct east levee parallel to Jersey Island Road:  This is one of the most expensive 
elements of the restoration project, but is not needed until a final decision has been made to 
restore tidal inundation on the Burroughs property. 

2. Grade tidal channels:  Grading tidal channels could either occur in phase II or in phase III.  
Since it will be difficult to grade desired, steep banked channels in mineral soil during 
phase II, it may be worth developing strategies for grading channels through non-tidal tule 
marsh on the assumption that established tule vegetation will help maintain vertical banks.  
This could be tested in phase I or II on the ISD parcel.  

3. Grade and vegetate levee segments: Prior to tidal breaching, large portions of the levees 
will be graded down during the low water season to allow for greater connectivity between 
the restored tidal marsh and the existing tidal sloughs.  To avoid uncontrolled flooding of 
the site, this step probably cannot be done until the summer before tidal breaching occurs.   

4. Breach Levees:   Breach levees and allow tidal inundation.  
 
Phase IV: Long-term monitoring and adaptive management 
 
 
10.0 Long-Term Adaptive Management Program  
 
10.1 Future Decision Points 
 
As implementation and monitoring proceed over the next 10-20 years, managers may need to 
make a half dozen key decisions including:   
 

1. How best to treat subsided portions of the site: subsidence reversal or open water creation? 
2. Where and whether to divert Marsh Creek onto restored tidal marsh? 
3. Whether to manipulate tidal hydrology to minimize water quality impacts, if any? 
4. Whether to aggregate smaller marsh areas into larger ones if larger ones are better? 
5. Whether to raise the elevation of low marsh areas if mid elevation marsh areas perform 

better? 
 
Managers will need to make decisions on the first issue in the next 2-3 years, while decisions on 
the subsequent issues could wait indefinitely.   
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Treatment of subsided lands:  Should the subsided lands on the northern edge of the Dutch Slough 
site be managed as open water or for subsidence reversal and eventual marsh restoration?   This 
decision should be made based on research priorities, capital costs, maintenance costs, ecological 
benefits, potential risks, and long-term sustainability.   If managed as open water, the areas could 
provide opportunities for restoring native SAV habitat but could risk invasion by exotic species 
such as Egeria densa.  Management as open water probably forecloses any future opportunity to 
restore these areas to tidal marsh.  Management for subsidence reversal will not provide estuarine 
fish habitat in the next 20 years, but promises to restore a sustainable habitat for estuarine fish. 
   
Diversion of Marsh Creek:  Diversion of Marsh Creek onto restored marshes on either Emerson or 
ISD parcels would allow for the restoration of a natural delta at the mouth of Marsh Creek, but 
could degrade habitat quality on the restored marsh with polluted water or increase flood risk on 
lower Marsh Creek due to sediment deposition.  These issues need to be monitored and analyzed 
further before diverting Marsh Creek to create a natural delta. 
 
Manipulate tidal hydrology to minimize water quality impacts:  Several water quality hypotheses 
identified above suggest that water quality impacts may be greatest at lowest tides when the marsh 
fully drains.  If these impacts materialize and are serious, it may be worthwhile to consider 
installing water control structures to limit drainage of the marsh during extreme low tides. 
 
Aggregate small marshes into larger marshes:  If large marshes prove to be far more beneficial 
for fish then small marshes, it may make sense to aggregate the marsh cells into one or more larger 
marsh areas.  This would require blocking the mouths of the small marshes and then connecting 
them to larger marshes by excavating a new tidal channel between the small marsh and 
neighboring larger marshes.  During the detailed design phase, the tidal slough planform should be 
designed to facilitate future connection of neighboring marshes. 
 
Raise low marsh to mid elevation marsh:  If mid elevation marshes prove to be far more beneficial 
for fish then low marshes, it may make sense to raise the low marsh.  The most plausible 
technique for raising low marsh would be to slurry or spray clean dredged materials onto the 
marsh surface.  This could be done all at once or over a period of years.  The regulatory issues 
associated with altering wetlands with sediment may prohibit raising the marsh.  
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