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PROPOSED RESEARCH 
 
Introduction 

Many studies have been conducted on the variable effects of salinity, inundation, and competition 
on wetland plants on the East and Gulf coasts of the United States (McKee and Mendelssohn 1989; 
Lessman 1997; Baldwin and Mendelssohn 1998; Howard and Mendelssohn 2000; Donnelly and Bertness 
2001; Crain et al. 2004; Konisky and Burdick 2004; Pennings et al. 2005), but, to date, a comprehensive 
investigation has not occurred in wetlands along the Pacific coast.  Differences in climate, hydrology, 
vegetation, and landscape context require the examination of vegetative responses to changes in salinity, 
inundation, and competition in this system.  More importantly, predictions of regional effects of climate 
change for the San Francisco Bay-Delta and other coastal California watersheds present a future with 
reduced summer freshwater input and increased sea levels. These effects would result in higher water 
salinities throughout the growing season, increased saline influence in brackish and freshwater marshes, 
and increased depth and duration of inundation.  Because marshes act as ecotones between terrestrial and 
marine environments, it is crucial to understand how these vital ecosystems might respond to predicted 
climate change.  Testing, analyzing, and spatially modeling the responses of dominant wetland vegetation 
to the substantial changes that are predicted with climate change are the critical links to understanding 
how this estuary and others along the Pacific coast might respond to significant changes in physical 
drivers.   
 
Importance of Tidal Marshes of San Francisco Bay-Delta 

Most of coastal California is characterized by a mediterranean-type climate, with warm, dry 
summers and rainy, cool winters (Josselyn 1983).  Within the San Francisco Bay-Delta (Bay-Delta), run-
off from Sierran snow pack and rain creates fresher water conditions in the estuary during the winter and 
spring, after which the estuary receives drastically reduced freshwater influx during the summer and fall 
(Conomos 1979).  This, combined with high evapotranspiration rates, causes salt accumulation on marsh 
and upland surfaces, resulting in marshes with mixes of halophytic and freshwater species.   

The Bay-Delta wetland landscape is an intricate mosaic of natural and restored wetlands 
intermixed with diked baylands, all surrounded by one of the country’s largest urban areas.  Since 
European settlement, roughly 90% of the wetlands in the Bay-Delta have been destroyed, primarily 
through agricultural practices and urban development (SFEP 1991; Fretwell et al. 1996).  This has caused 
dramatic functional changes to the region over the last 150 years, including alterations in salinity regimes 
and nutrient cycling, that have made the estuary more vulnerable to plant and animal invasions than any 
other coastal environment in the U.S (Nichols et al. 1986; Cohen and Carlton 1998).  These changes had a 
devastating impact on the region’s natural ecosystem functions that continue presently.  Loss of wetland 
habitat affects endangered endemic species, such as the salt marsh harvest mouse (Reithrodontomys 
raviventris), the California clapper rail (Rallus longirostris obsoletus), and the soft bird’s beak 
(Cordylanthus mollis spp mollis).  Therefore, there is considerable interest to maintain the integrity of 
current wetlands and facilitate restoration of the multiple diked baylands throughout the Bay-Delta. 

Tidal marshes of the Bay-Delta line the bay and river margins, and in most cases, abut levees 
along urban and agricultural land.  They are characterized by a mixed semi-diurnal tide cycle and span a 
salinity gradient from fresh to saline conditions.  Salt marshes are found along San Francisco and San 
Pablo Bays, brackish marshes are located along the Napa River and Suisun Bay, and freshwater marshes 
occur in the Sacramento-San Joaquin delta.  Each habitat type has a distinctive assemblage of plant 
species that is often species-rich (Grewell et al. 2007); however, there can be broad overlap in species 
occurrence.  Tidal salt marshes within the Bay-Delta are dominated by Sarcocornia pacifica (pickleweed; 
formerly known as Salicornia virginica) throughout the majority of the marsh and dense stands of 
Spartina foliosa (California cordgrass) line channel edges and bay margins. Despite the dominance of 
these two species, Pacific coast salt marshes are diverse compared to Atlantic and Gulf Coast marshes 
(Zedler et al. 1999).  In brackish tidal marshes, Bolboschoenus maritimus (alkali bulrush; formerly known 
as Scirpus maritimus), S. pacifica, Typha angustifolia (cattail), and S. foliosa are the most common plant 
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species.  Bolboschoenus maritimus and S. pacifica tend to occupy mid to high marsh elevations whereas 
T. angustifolia and S. foliosa are abundant at mid to low marsh elevations.  All species commonly co-
occur.  The majority of sub-dominant diversity occurs along channel edges, with diversity reaching up to 
13 species within four meters of a channel edge (Schile, Parker, Callaway, and Vasey, unpublished 
IRWM data).  Further up the estuary into the delta, freshwater tidal marshes are dominated by 
Schoenoplectus acutus (tule; formerly known as Scirpus acutus), Schoenoplectus californicus (California 
tule; formerly known as Scirpus californicus), Typha species, Phragmites australis (common reed), 
Schoenoplectus americanus (common three-square; formerly known as Scirpus americanus), and Salix 
lasiolepis (arroyo willow).  The latter two species are more abundant at higher marsh elevations whereas 
the other species are commonly found in lower marsh regions.  As with the brackish marsh communities, 
there is broad overlap in species distributions. Freshwater tidal marshes have a very species-rich 
subdominant community, and species assemblages differ depending on marsh location (Vasey, Parker, 
Callaway, and Schile, unpublished IRWM data). 

The estuarine setting within the Bay-Delta provides an ideal study location to examine how 
altered inundation and salinity regimes might affect species assemblages and dominance.  Within each 
marsh type, particular species are more commonly found at lower marsh elevations (i.e. S. foliosa, Typha 
species, and S. acutus) whereas others are more abundant at higher marsh locations (i.e. S. pacifica, B. 
maritimus, and S. americanus).  The influences of flooding, salinity, and competition have been shown to 
drive plant zonation patterns in southern California salt marshes (Pennings and Callaway 1992), but few 
data exist to document how plants will respond across an estuarine salinity gradient.  Significant changes 
in estuarine conditions, specifically predicted effects of climate change, would likely shift species 
distributions across the Bay-Delta, both along salinity and inundation gradients.  Thus, we need a better 
understanding of specific plant responses to changes in edaphic conditions to predict how these 
distributions might change in the future. 
 
Effects of salt, inundation, and competition on plant growth 
 Plants growing in estuaries have specific morphologic and physiologic characters that enable 
them to persist in saline and regularly inundated environments.  Salt can not only be directly toxic to most 
plant species but also can alter the osmotic potential within a plant, resulting in dehydration, wilting, and 
death (Mitsch and Gosselink 2000).  Halophytic plants have adapted to saline environments by a variety 
of methods, such as excluding salt at the root surface, excreting salt directly from glands on the leaf 
surface, and sequestering salt solutes in enlarged vacuoles within the cells, producing thick, succulent 
leaves (Cronk and Fennessy 2001; Grewell et al. 2007).  The main effects of inundation on plant growth 
are the reduction in soil aeration and excessive inundation (Chapman 1974; Ungar 1991).  To tolerate 
growth under these low oxygen conditions, wetland plants commonly have aerenchyma, which is a tissue 
type with large air-filled cavities, have lenticels that enable increased oxygen uptake, or create 
rhizospheres, which are intentionally oxygenated areas directly around the root surface (Mitsch and 
Gosselink 2000).  All of these adaptations facilitate growth in environments that most plants cannot 
tolerate; however, there are often limitations associated with growing in a wet environment that can result 
in reduced performance and even mortality.  Data from a New England salt marsh have documented a 
landward shift in distribution for low marsh plants with accelerated sea-level rise, resulting in a decrease 
in area and performance of high marsh plant communities (Donnelly and Bertness 2001). Additionally, 
increases in sea level have been shown to reduce high salt marsh metabolism (Miller et al. 2001).  Under 
water-logged conditions, toxins, such as hydrogen sulfide, can be produced as a result of the reduced soil 
environment and adversely affect rhizomes and roots (Goodman and Williams 1961; Cronk and Fennessy 
2001) and limit nutrient uptake, growth, and biomass (Mendelssohn and Seneca 1980; Koch and 
Mendelssohn 1989), among other deleterious effects.  Not all wetland plants are capable of existing under 
saline and/or water-logged conditions; therefore, measuring dominant tidal marsh plant survival, growth, 
and fecundity is crucial to understanding how plants will respond to changes in salinity and inundation 
predicted under future climate change scenarios. 
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 Competition amongst co-occurring species is another crucial driver in plant distributions in tidal 
marshes (Crain et al. 2004).  Sharp boundaries are often found within marshes where changes in edaphic 
conditions are gradual, which suggests that competition is important in structuring communities (Ungar 
1998).  Many studies have supported the hypothesis that the combined effect of salinity, inundation, and 
competition structure tidal wetland communities (Barbour 1978; Bertness 1991a,b; Pennings and 
Callaway 1992; Crain et al. 2004).  Therefore, it is important to consider how species interactions will 
change under altered edaphic conditions predicted from climate change. 

 
Predicted Effects of Climate Change 

Mediterranean-climate tidal wetlands are particularly susceptible to the effects of climate change.  
As with other tidal wetlands, they share the threat of submersion if accretion rates are not in equilibrium 
with sea-level rise (SLR) (Morris et al. 2002, Turner et al. 2004) and differential impacts of CO2 
fertilization on C3 and C4 plants (Rasse et al. 2005).  However, Mediterranean-climate tidal systems are 
additionally threatened by salt accumulation during the lengthy dry summers that will accelerate with 
warmer temperatures.  Changes in patterns of precipitation and water management will exacerbate this 
impact, especially given the increased societal demands for water in a semi-arid climate.  The 
composition, structure and dynamics of tidal wetland plant communities, among others, will be 
significantly changed by these influences, but current predictions are merely speculative.  Consequently, a 
relatively limited history of basic research informs our current understanding of how tidal systems will 
respond, as well as management and policy actions. 

Multiple models predict that a warmer global climate in a mediterranean-climate system will 
result in a reduced snowpack storage in mountain ranges, increased flooding during the rainy season, and 
reduced input of snowmelt during the summer, (Gleick 1987a,b; Roos 1989; Lettenmaier and Gan 1990; 
Gleick and Chalecki 1999; Knowles and Cayan 2002, 2004; Dettinger et al. 2004; Knowles et al. 2006); 
most of these models concur for changes in the California climate (Dettinger 2005).  These hydrologic 
changes would influence ecosystems downstream, resulting in an altered salinity regime (Knowles and 
Cayan 2002).  During the late spring and summer, the lower stream flows and increased salinities would 
affect many species that depend on the estuary and rivers.  While several studies have examined current 
ecological conditions along the salinity gradient (Atwater et al. 1979, Pearcy and Ustin 1984), few have 
investigated how ecological systems in the estuary would respond to these changing conditions (Josselyn 
and Callaway 1988; Williams 1989). 

Sea-level rise (SLR) is also likely to affect estuarine conditions and is projected to increase up to 
89 cm over the next 100 years (Cayan et al. 2005; IPCC 2007), an acceleration of the recent rate of 23 
cm/century (Flick and Cayan 1984).  In response to increased rates of SLR, tidal marshes must either 
accumulate more sediment to keep pace with SLR, migrate inland to adjacent terrestrial areas, or face 
increased inundation (Donnelly and Bertness 2001; Morris et al. 2002).  Most tidal marshes accumulate 2-
8 mm of sediment per year (Stevenson et al. 1986; Reed 1995; Callaway et al. 1996), and this 
compensates for SLR and other processes.  However, substantial data from Louisiana, Chesapeake Bay 
and modeling studies have shown that as increases in relative sea level get close to 10 to 12 mm/yr, most 
marshes can not keep pace and vegetation eventually may be inundated and converted to open 
water/mudflats (Baumann et al. 1984; Kearney and Stevenson 1991; Boesch et al. 1994; Morris et al. 
2002; Rasse et al. 2005).  Historic data from other systems have shown that slower increases in relative 
sea level (or loss in elevation) can lead to shifts in vegetation communities over time (Warren and Niering 
1993).  Although it may be possible for marsh accretion in the San Francisco Bay to keep up with SLR 
(Orr et al. 2003), bathymetric mapping studies have shown a decline in bay sediments over time 
(Foxgrover et al. 2004), and future large-scale tidal marsh restoration projects will further deplete existing 
bay sediments.  Furthermore, in the heavily impacted Bay-Delta system, filled, diked, and developed 
baylands tidal systems are severely restricted in terms of adjacent terrestrial habitats for upslope migration 
in response to SLR.  Thus there is a high level of uncertainty about tidal marsh responses to SLR.  SLR 
contributes another significant stressor to the Bay-Delta system because most of the delta region is leveed 
and under agricultural practices. 
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Modeling Species Distributions 
Species distribution models (SDM), also known as niche models or bioclimatic models, are 

growing in popularity as tools for predicting potential shifts in species’ distributions as a result of climate 
change (Pearson and Dawson 2003; Thuiller 2004; Araujo et al. 2005). This empirical approach has 
distinct practical advantages because it provides more data-driven predictions than theoretical/analytical 
models, has greater precision than mechanistic or process-based models, and can also provide a high level 
of generality given proper inputs and informed ecological assumptions (Guisan and Zimmerman 2000). 
Most SDM work has been conducted at a broad scale, often at spatial resolutions of grid cells 1 km2 or 
greater. Furthermore, the great majority of such modeling work has been done for upland terrestrial 
habitats. Very little species distribution modeling work has been conducted explicitly for coastal systems 
(but see Rehfisch et al. 2004), which necessitate a relatively fine-scale approach due to their limited 
narrow extent.  An integrated approach using field surveys, field and greenhouses experiments, and 
predictions of changes in estuarine physical processes with climate change is necessary to produce 
accurate species distribution models, and all will be used in this proposed research. 
 
Objectives and Hypotheses 

Using a combination of field sampling, greenhouse and field transplant experiments, I propose to 
address the following overall question: How will alterations in salinity and tidal inundation due to 
predicted climate change influence the distribution of dominant tidal marsh plant species? To address 
this question, I will incorporate observational surveys, field experiments addressing individual and mixed 
species’ responses to changes in inundation and salinity, and individual species responses to specific 
inundation and salinity regimes in a greenhouse experiment.  Specific objectives and hypotheses are as 
follows: 
 
Objective 1. Through intensive vegetation sampling tied in with elevation surveys and measures of 
inundation depth and duration, I plan to determine the lower elevation limits of dominant plant species 
across all habitat types and document patterns in inundation regime and salinity ranges within 
monospecific and assemblages of dominant species.  I will collect baseline species and physical processes 
data through these surveys. 

Objective 2. Through the field transplant experiments, I will examine how dominant species from 
freshwater, brackish, and salt marshes respond to increases in salinity and inundation when transplanted 
to marshes with higher salinity and into low marsh regions both within its current site and sites with 
higher salinity. Additionally, I will examine how those responses change when plants are in competition 
with co-occurring species, since competition can play a crucial role in wetland species distributions 
(Pennings and Callaway 1992; Crain et al. 2004).  The control species for testing inundation effects are 
those that are currently found in the low marsh (i.e. Typha species, S. acutus, and S. foliosa), and the 
control species for measuring salinity effects are those that are found in brackish marshes (i.e. B. 
maritimus and S. pacifica).  Specific hypotheses include, but are not limited to: 
 Hypothesis 1. Species transplanted into regions of either increased salinity or increased  

inundation will have lower performance (i.e., shorter stature, lower fecundity, and increased 
mortality) compared to species transplanted into their native habitat and marsh location. 
Hypothesis 2. The combined effect of increased salinity and inundation will have the strongest 
negative effect on plant performance compared to the individual effects alone. 
Hypothesis 3.  Plants in competition with plants of another species will have lower performance 
under increased salinity and inundation regimes than plants that are transplanted with 
conspecifics only. 

 
Objective 3. Through a greenhouse experiment, I will measure the performance of individual dominant 
species and one common invasive species from salt, brackish, and freshwater marshes under a variety of 
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salinity and inundation regimes.  Data collected will provide parameters for species and habitat 
distribution models.  Specific hypotheses include, but are not limited to: 

Hypothesis 4.  Species adapted to saline conditions will have maximum performance when grown 
under brackish salinity conditions than either fresh or salt water (i.e., sea water) conditions. 
Hypothesis 5.  Species that commonly occur in low marsh regions will be less affected by 
increases in inundation than increases in salinity. 
Hypothesis 6.  Species that commonly occur in mid to high marsh regions will be less affected by 
increases in salinity than increases in inundation. 
Hypothesis 7.  The combined effects of increased salinity and inundation will result in the lowest 
performance when compared to individual stressors alone. 

 
Objective 4. Using existing spatially explicit species distribution models (i.e., MaxEnt), I will model the 
potential niche of each of the target species, conditioned by salinity, inundation, elevation, and land use 
parameters derived in Objectives 1 through 3 for current Bay-Delta conditions and predicted climate 
change scenarios.  I will incorporate previously collected data, including data from five CALFED-funded 
grants.  My goal with this objective is to understand large scale potential habitat shifts and losses under 
these scenarios.  The likely model outcomes will show an increase in salt and brackish marsh habitat 
further up into the estuary and a resulting decrease in freshwater marsh area.   Additionally, species 
adapted to frequent tidal inundation will likely increase in cover across the entire estuary. 
 
Approach / Plan of Work 

This study will examine the effects of increased salinity and inundation on dominant tidal marsh 
plant species through a combination of field surveys, field transplants, and greenhouse experiments.  Data 
collection and analysis will complement a recent CALFED-funded grant exploring the relationship 
between pelagic food webs and tidal wetlands in the Bay-Delta.  The data collected under this fellowship 
will provide parameters for species occurrence and spatial modeling of marsh habitat change under a 
variety of predicted climate change scenarios.  Although not explicitly defined in this proposal, I will 
work closely with the Principal Investigators involved in the CALFED-funded project and provide crucial 
inputs and calibration for the species distribution modeling that I will conduct by incorporating the effects 
of climate change on pelagic food web and plant distributions throughout the Bay-Delta.  Although there 
is a small amount of overlap in the field surveys with this CALFED grant, the majority of the proposed 
research is independent of, but complimentary to, the funded grant. 
 
Study Location 

Research will be conducted at six natural marshes throughout the northern San Francisco Bay-
Delta: China Camp State Park, Petaluma River Marsh, Coon Island, Rush Ranch Open Space Preserve, 
Brown Island, and Sandmound Slough (Figure 1). The sites span the estuarine salinity gradient and 
represent two each of salt, brackish, and freshwater wetlands. China Camp and Rush Ranch are part of the 
SF Bay National Estuarine Research Reserve. 
 
Field Surveys 

At each site, multiple vegetation and elevation surveys will be conducted along transects.  Plant 
presence, abundance, and average height will be recorded within a 1 m-radius circular plot.  Using real-
time kinetic (RTK) GPS equipment, elevations of each vegetation survey will be measured, and the 
transect locations will be marked.  Appropriate benchmarks will be located and geoid models will be 
created for each site in order to achieve positional accuracy of less than 5 cm.  Two pressure transducers 
will be installed at each site, one along a channel edge and one within the marsh plain. Sandmound 
Slough, however, will only have one pressure transducer due to its small size.  Data will be recorded at 
regular intervals to characterize inundation patterns, specifically depth and duration of inundation.  
During specific periods important to plant growth (early spring and mid summer), a simple technique to 
measure inundation depths utilizing wooden dowels and water soluble glue will be included to measure 
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specific inundation depths in areas close to the pressure transducers.  The depth measurements will be 
calibrated using data from the pressure transducers.  Data from these surveys will address Objective 1.  
Data will be analyzed using general linear models. 

Some of the data collection methods described above will be conducted under the CALFED 
funded pelagic food web grant and are, therefore, not novel to this proposal; however, the incorporation 
of monitoring inundation and focusing on the distributional extremes of plant species are unique to this 
proposal and are necessary for a clearer understanding of these systems. 
 
Transplant experiment 

In order to monitor the individual and combined effects of competition and salinity and 
inundation regimes on plant communities, I will conduct a transplant experiment using dominant species 
from fresh, brackish, and saline sites.  The goal of the experiment is to measure how plants grow under 
natural marsh conditions in areas of increased salinity and inundation regimes and to quantify how plant 
performance changes when grown in competition with regularly co-occurring species.  Since the majority 
of predicted outcomes of climate change in the Bay-Delta assume increased inundation and salinity, I will 
not focus on plant responses to decreased salinity and inundation (i.e., transplanting species into fresher 
marshes under drier conditions).  Additionally, I acknowledge the importance of monitoring the responses 
of subdominant plant communities to changes in edaphic conditions; however, the focus of this research 
is specifically on responses of dominant plant species assemblages.  Soil plugs roughly 0.027 m3 
containing monospecific and fully-factorial mixtures of dominant freshwater species, specifically S. 
acutus, Typha species, and S. americanus, will be removed and transplanted into each brackish marsh 
(Table 1).  This will result in seven different conspecific and mixed species combinations.  Additionally, 
soil plugs of each species and species mixture will be transplanted within their native habitat to monitor 
effects of transplantation and also transplanted into areas of increased inundation within its native marsh.  
The same procedure will be followed with species from the brackish sites, specifically B. maritimus, S. 
americanus, and T. angustifolia, which will be transplanted only into the salt marsh sites (Table 1).  In the 
salt marshes, plugs of S. pacifica will be transplanted into areas with increased inundation only (Table 1).  
Ideally, Lepidium latifolium (pepperweed; invasive) should be incorporated into this experiment, but I 
will not introduce an invasive plant to areas where it currently is not found. 

Differences in the inundation regime will be manipulated by locating the plots in low marsh 
areas, both within the native marsh and marshes with increased salinity. The effects of increased salinity 
will be addressed by moving plants downstream in the estuary.  I will also address competitive 
interactions by 1) transplanting plugs with mixtures of species and 2) placing the plugs into plots with and 
without existing vegetation. A variety of plant characteristics, including but not limited to height, number 
of inflorescences, and survival, and physical characters, including depth and duration of inundation, redox 
potential (a measure of soil saturation and potential plant stress), and pore water salinity, will be measured 
on a monthly basis for two growing seasons, after which plants will be removed to determine biomass. 
This experimental approach will address Objective 2 and Hypotheses 1 through 3.  Data will be analyzed 
using general linear models and structural equation modeling. 
 
Greenhouse experiment 

A greenhouse experiment will be conducted in two phases. I will conduct a preliminary growth 
experiment to address variation in growth between multiple individuals of the same species collected 
from different sites.  The amount of variation in measured response variables will determine the sample 
size and number of replicates for the main experiment.  Data will be entered into to the software PASS to 
determine adequate sample sizes for the maximum statistical power. 

In the main greenhouse experiment, multiple individuals of the following plant species will be 
collected from two to three sites each: S. pacifica, S. foliosa, B. maritimus, S. americanus, S. acutus, T. 
angustifolia, and L. latifolium (invasive).  Plants will be rinsed of native soil, transplanted into a clay-sand 
soil mixture, fertilized, and left to acclimate for two months.  After acclimation, replicates of each species 
will be subjected to multiple salinity regimes, with target salinity levels of 0, 5, 15, 25, and 35 ‰ NaCl, 
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and two to three inundation regimes representing current and predicted sea levels (i.e., 10 (current), 20, 
and 40 cm depth). Each group of containers with a specific salinity will be connected to its own reservoir 
and water will be pumped every 12 hours to mimic diurnal tides.  Weekly soil salinity and redox potential 
measurements will be taken. A variety of plant characteristics, including but not limited to survival, 
height, and number of inflorescences, will be measured every two weeks for 6 months, after which all 
surviving plants will be rinsed of all sediment and dried to a constant weight to determine biomass.  This 
experiment will address Objective 3 and Hypotheses 4 through 7.  Data will be analyzed using general 
linear models incorporating effects of species, site, salinity, inundation, and the resulting interactions. 
 
Species and Habitat Modeling 
 With the guidance of a community mentor, the faculty mentor, and researchers involved in the 
CALFED-funded grant on the effects of climate change on pelagic food webs and tidal marshes, I will 
incorporate the data collected from the experiments and observational studies into species-specific and 
habitat models.  Species occupancy models will be populated with data collected in the field surveys to 
determine the probability of occurrence given certain site parameters (MacKenzie et al. 2006).  
Additionally, spatially explicit species distribution modeling, specifically maximum entropy models (i.e., 
MaxEnt; Phillips et al. 2006) will be run using GIS (geographic information system) layers, such as 
topography, land use, and seasonal salinity, to predict changes in species distribution.  Other modeling 
methods, such as classification and regression trees (CART), generalized linear models (GLM) and 
generalized additive models (GAM), will also be incorporated.   

Using these models, I will predict changes in tidal wetland habitat distribution under a range of 
climate change scenarios.  The species data that will be used in the model will come from a variety of 
sources. Specifically, data from this proposed research will be fundamental in parameterizing the models.  
From the work that I have conducted in collaboration with multiple Principal Investigators on the 
Integrated Regional Wetland Monitoring (IRWM) program, a CALFED-funded project conducted from 
2003 through 2007, species distributions and elevation, salinity, and inundation data will be incorporated.  
Additionally, vegetation data collected during the BREACH 1 and 2 studies, another grant that received 
CALFED funding, will be used.  For estimates of future salinity, I will incorporate predictions generated 
by the CALFED-funded CASCaDE project (http://sfbay.wr.usgs.gov/cascade/), an extension of previous 
California climate modeling work conducted by the principal investigators (Knowles and Cayan 2002; 
Dettinger et al. 2004; Knowles et al. 2006).  For estimates of future inundation data, I will model tidal 
inundation data using continuous water level data from NOAA, various municipalities, and restoration 
projects, including sites monitored during the IRWM program.  I will develop tidal inundation graphs for 
each tide gauge location and calculate total monthly and maximum daily tidal inundation during the 
growing season (June/July), as well as tidal range. Inundation metrics will be interpolated across the 
subtidal and intertidal portions of the Bay-Delta, and adjusted for each SLR scenario to estimate future 
inundation metrics.  Sediment accretion will be incorporated using a variety of conditions, including 
scenarios where marshes maintain elevation with SLR, gain sediment but at rates not in equilibrium to 
SLR, or remain at current elevations.  All data will be maintained with common projection and GIS 
metadata standards. 
 
Anticipated Products 
 The results from this proposed research will help local resource managers and researchers to 
manage and predict changes in this valuable ecosystem under an uncertain future.  First, a greater 
understanding of edaphic factors driving current species distributions will be produced.  I will document 
species distributions along salinity, elevation, and inundation gradients, which will aid in restoration 
planning for resource managers and policy makers.  Second, comprehensive data on species responses to 
altered salinity and inundation regimes will be produced, which will provide critical parameterization of 
climate change models for the Bay-Delta and other Pacific coast watersheds.  Additionally, understanding 
how species respond to changes in their physical environment both individually and in competition with 
others is critical for predicting changes in species assemblages.  Third, I will collaborate with my faculty 
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mentor, Dr. Maggi Kelly, and one of my community mentors, Dr. Mark Herzog, to generate scientifically 
valid models of dominant plant species occurrence and predicted habitat changes throughout the Bay-
Delta under various climate change scenarios.  The model outputs will benefit multiple agencies, 
including but not limited to, PRBO Conservation Science, which might use the predicted habitat changes 
to predict bird species distribution, and the San Francisco Estuary Institute (SFEI), which conducts broad 
landscape monitoring of tidal wetlands.  Fourth, I will actively promote and disseminate the findings of 
this research to policy makers, resource managers, academics, and the general public in order to raise 
awareness of how predicted climate change will affect local tidal marsh communities.  As examples of 
planned outreach, I will create a webGIS of the data produced and of the model outputs, I will attend 
multiple regional and national science conferences, and I will collaborate with one of my community 
mentors, Dr. Drew Talley, to generate other effective methods to disseminate the data and other priority 
topics for CALFED research.  Additionally, Dr. Kelly, my faculty mentor, is part of the Cooperative 
Extension program at the University of California, Berkeley.  She incorporates short courses, workshops, 
presentations, printed material and use of the web to disseminate information to the general public and I 
will be involved in incorporating my finding inter her Cooperative Extension model.  Finally, I will 
incorporate data generated from five CALFED-funded projects in addition to the proposed research to 
generate comprehensive models that not only aid in climate change research but directly benefit CALFED 
by consolidating long-term data and integrating them into cohesive, Bay-wide models. 
 Over the past three and a half years, I have worked intensely in many natural and restored 
marshes across the Bay-Delta through my involvement in the IRWM grant and a grant monitoring 
sedimentation rates in the South Bay salt pond island ponds.  This work has solidified my strong desire to 
preserve and restore wetlands and has provided a solid background in estuarine processes in the Bay-
Delta.  The research proposed in this grant would build upon my current understanding of tidal wetlands 
and will enable me to interact further with local and state agencies to expand and disseminate my 
knowledge.  

The results from this proposal will directly apply to two of CALFED’s main PSP priority areas:  
‘Trends and Patterns of Populations and System Response to a Changing Environment’ and ‘Habitat 
Availability and Response to Change’.  The first PSP priority area is addressed directly through the 
experimental investigation into tidal wetland plant tolerance to changes in key physical processes and the 
spatial modeling of plant distributions under a variety of predicted climate change scenarios.  The second 
PSP priority area is addressed through the spatial modeling exercises as well.  Model outputs will be 
highly beneficial to other researchers and resource managers who are modeling Bay-Delta dynamics. 

The objectives presented in this proposal will be addressed over three years of research (Table 2). 
The first objective relating to observational studies of dominant plant distribution along elevation, 
inundation, and salinity gradients will be addressed during the late spring/early summer of years 1 and 2 
of the study.  I will initiate the transplant experiment addressed under the second objective during year 1, 
and I will monitor plant responses monthly over two years.  The initial stage of the greenhouse 
experiment discussed in Objective 3 will be conducted during year 1, while the main experiment will 
occur during year 2.  All of the modeling described in objective 4 will occur during the third year of 
research.  Across all years, data will be entered, analyzed and summarized to expedite report and 
manuscript generation during year 3.  Combined, these research objectives will produce a thorough 
investigation of how dominant tidal marsh plant species might respond to predicted climate change in the 
San Francisco Bay-Delta. 
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Table 1.  Proposed experimental design for the transplant experiment.  In each species group, soil plugs 
containing individual species, all combinations of paired species assemblages, and a mixture of all three 
species will be transplanted into each marsh and marsh location.  

    
Typha sp., S. acutus, S. 

americanus group 

T. angustifolia, B. 
maritimus, and S. 
americanus group S. pacifica 

Site 
Marsh 
Type 

Collect 
From Transplant To 

Collect 
From Transplant To 

Collect 
From Transplant To 

Sandmound 
Slough freshwater X low marsh         
Browns 
Island freshwater X low marsh         
 
Rush Ranch brackish   mid & low marsh X low marsh     
 
Coon Island brackish   mid & low marsh X low marsh     
Petaluma 
River Marsh salt       mid & low marsh X low marsh 
 
China Camp salt       mid & low marsh X low marsh 
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Table 2. Schedule for proposed research. 
  2007         
  Sep Oct Nov Dec         

                Locate areas for surveys 
and transplant experiment                 

                Compile existing data on 
Bay-Delta marshes                 
  2008 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

                        
Conduct field surveys                         

               Collect plants for 
preliminary greenhouse 
experiment                

                        Run preliminary 
greenhouse experiment                         

                        Field transplant 
experiment                         

                        
Summarize data                         

              Analyze data and run 
spatial models                         
 2009 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

                        Conduct field surveys, 
cont                         

               Collect plants for 
greenhouse experiment                

                        Run greenhouse 
experiment                         

                        Field transplant 
experiment, cont.                         

                        
Summarize data, cont.                         
 2010     
 Jan Feb Mar Apr May Jun Jul Aug     

                   Field transplant 
experiment, cont.                    

                    
Summarize data                     

                Analyze data and run 
spatial models                     

                    Write reports and 
manuscripts                     
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Figure 1. Distribution of study sites across the northern stretch of the San Francisco Bay-Delta. 
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