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In the longer term, the WRMP will integrate this SET network into a broader monitoring approach for

understanding accretion using marker-horizon transects and total station leveling/RTK transects (see

Section 5.3, Elevation Transects, below). Through this integrated network, the WRMP will assess

trends in local accretion rates as well as relationships between elevation, vegetation cover, sediment

supply and accretion rates. These relationships can help restoration projects anticipate likely accretion

rates at their sites based on correlations with parameters that are easier to measure or already

monitored (such as elevation, vegetation cover, and/or suspended sediment concentrations).

Figure 6. Diagram of Rod Surface Elevation Table (Callaway et al. 2013).

5.2.1 Approach and Methods

Consistent with the goals of this monitoring plan, the WRMP will leverage existing SET-MH sites

established by the USGS, NERR, EBRPD, USFWS, and others. Detailed methods for the installation and

monitoring of SET-MH sites are included in the HGM SOP (WRMP 2023b). The WRMP may monitor

SET-MHs concurrently with other Level 3 data collection activities (e.g., elevation surveys, vegetation

surveys, photopoint monitoring, etc.). The WRMP proposes to read each SET-MH annually, ideally in

the fall outside the breeding season for special-status wildlife (e.g., Ridgway's rail, salt marsh harvest

mouse) and with permissions and permits from relevant land managers and resource agencies.

The locations and status of existing and potential future SET-MHs in SFE are shown in Table 4 and

Figure 7. Recommended future SET-MHs within and outside of the Priority Monitoring Site Network

are included for reference pending further discussions with the TAC/SC, landowners, and as

opportunities arise and funding becomes available. Additional sites for consideration in the future may
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include Central Bay sites such as Dumbarton Marsh, Whale’s Tail, Oro Loma Marsh, Arrowhead Marsh,

as well as the Highway 37 Strip Marsh, Southampton Marsh, Point Edith, and sites in Richardson Bay.

Table 4. Location of known existing and proposed SET-MH sites in the San Francisco Estuary.

WRMP Site
Network

Wetland Site WRMP
Site Type

Monitoring Entity,
Landowner

Status

Alameda Creek Whale’s Tail South Benchmark CDFW Proposed

Belmont Redwood
Creek

Greco Island Benchmark USFWS Proposed
and
Existing
(Callaway),
USFWS

Belmont Redwood
Creek

Ravenswood Pond R4 Other project
site

USGS, USFWS Existing
(Dec 2023)

Corte Madera Heerdt Marsh Benchmark Marin Audubon
Society

Proposed

Montezuma -
Cache Slough

Brown’s Island Benchmark USGS, EBRPD Existing

Mowry Mowry Outboard
Marsh

Other project
site

USGS, USFWS Existing

Napa Sonoma Older Raccoon Island Benchmark CDFW New WRMP
installation
(March
2024)

Novato - Gallinas China Camp Benchmark USGS, SFBNERR Existing
(Fall 2023)

Novato - Gallinas Hamilton Wetlands Project ESA, SCC, USACE Existing

Petaluma Petaluma Marsh Benchmark USGS, CDFW

Santa Clara Valley Coyote Triangle Marsh Reference USGS, USFWS Existing

Santa Clara Valley Calaveras Point Reference USGS, USFWS, John
Callaway

Existing

Santa Clara Valley Guadalupe Marsh Other project
site

USGS, USFWS Existing

San Francisquito Laumeister Benchmark USGS, USFWS Existing

Suisun Slough Rush Ranch Benchmark USGS, SFBNERR Existing

Wildcat Creek Dotson Family Marsh-
Existing

Reference USGS, EBRPD Existing
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Wildcat Creek Dotson Family Marsh-
Restoration

Project USGS, EBRPD Existing

Figure 7. Map of known existing SET-MH installations in the estuary.

5.2.2 Data Analysis and Products

WRMP monitoring of SET-MHs will utilize the standard approaches for data collection, analysis, and

QA/QC described in the HGM SOP (WRMP 2023b). For the near-term re-surveying of all SET-MHs, the

WRMP is using a Leica survey-grade GNSS rover (GS15 and GS14 models) using GPS real-time

kinematic (RTK) corrections (manufacturer-published horizontal precision ±1 cm and vertical precision

±4 cm; Leica Geosystems Inc., Norcross, GA). Data corrections are streamed to the rover via an

internet connection to GNSS base-station networks (Leica Smartnet, www.smartnetna.com), with the

average measured vertical error being within the ±2 cm error of the RTK at local benchmarks. The

WRMP will calculate total elevation change and accretion for each SET-MH, and summarize statistics

by edge/interior sites and for the overall marsh. Anticipated information products include:

● Map and graphs displaying accretion and wetland surface elevation trends at SET-MH sites

relative to SLR rates and (where data are available) inundation regimes.

● Analyses of the relationships between observed elevation change and shoreline

retreat/progradation, unvegetated to vegetated ratio (UVVR), and/or other Level 1

indicators.
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5.2.3 Data Management, Reporting, and Visualization

The WRMP will publish raw data and metadata from the near-term SET-MH re-survey in a USGS data

release (sciencebase.gov) within six months after data collection is complete, and update this

database annually with new data collection. The WRMP will make these data available through the

WRMP Geospatial Database, and present an annual summary report to the WRMP TAC, SC, and other

interested groups. The needs of the TAC and SC will guide SET-MH data visualization; some examples

are shown below in Figure 8.

Figure 8. Examples of accretion and surface elevation change (mm ± standard error) over time from

Surface Elevation Table (SET)-marker horizon (MH) sites across SFE (note missing data for low SET-MH

accretion at San Pablo; From Thorne et al. 2022). WRMP-funded monitoring will enable partners to

create similar graphics with extended time periods and more sites across the region.

5.3 Elevation Transects
Marsh surface elevation, relative to tidal flooding, exerts a primary control on many tidal marsh

ecosystem processes. For example, marsh species have unique tolerances to flooding and tend to

organize into zones characterized by elevation (Pennings et al. 2005; Janousek et al. 2019). Rates of

sediment deposition are inversely correlated with elevation, as areas higher in the tidal frame are

flooded for shorter durations and less frequently than areas lower in the tidal frame. The concept of

elevation ‘capital’ is also key for understanding vulnerability of marshes to sea-level rise; the higher a

marsh is in the tidal frame, the longer it will take to transition or submerge, while marshes with less

elevation capital are low in the tide frame and more susceptible to sea-level rise (Cahoon et al. 2019).
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While monitoring elevation at a region-wide scale over time is best done vie LiDAR and creation of

digital elevation models (see Regional Elevation Mapping section above), monitoring elevation at a

site-scale is important for ground-truthing aerial-based products, tracking elevation change more

frequently or with greater accuracy, and for discerning relationships between elevation data and other

site-scale indicators. The elevation transects can help determine accretion rates across the transect (at

a coarser resolution than SET-MHs, but finer than LiDAR), which can help identify how accretion differs

within a site and how accretion rates vary with features such as distance from marsh edge. Monitoring

elevation across dominant marsh gradients at all network sites can help expand our understanding of

elevation and accretion processes developed through the SET-MH network described above. Elevation

transects can also help identify subtle changes in the elevations and morphology of important tidal

wetland landscape features, such as channels and bayward edges, that are in many cases too fine to

be effectively captured by remote sensing approaches. These changes can illuminate key processes

such as bayward edge erosion, marsh plain subsidence/drowning, and the expansion/contraction of

channel networks. Capturing tidal channel cross-sections is especially important, as changes in channel

geometry are indicative of changes in tidal prisms within a marsh. In addition, by co-locating elevation

transects with vegetation monitoring, we will improve our understanding of the distributional drivers

and limits of wetland vegetation, improving regional mapping and predictive understanding of range

shifts and migration potential under future SLR scenarios. Elevation transects will help answer: How

are the elevations of high and low marsh (including high tide refugia) changing over time?

(Management questions 2-4 and Indicator 2)

5.3.1 Approach and Methods

The WRMP will establish elevation transects according to the procedures outlined in the HGM SOP

(WRMP 2023b), often (but not always) co-located with vegetation transects (see Section 5.4 below) to

maximize data collection during field campaigns. Where practicable, the WRMP will establish elevation

transects in locations that can be tied into existing geodetic control, to maintain the horizontal and

vertical accuracy of survey readings. At sites selected for elevation monitoring, the WRMP science

team will work with the TAC to identify key landscape gradients and lay out proposed transects. Key

gradients include, but are not limited to:

● Along interior marsh drainage divides from a marsh’s estuarine-terrestrial transition zone,

across the marsh plain, to its bayward edge

● Perpendicular from interior marsh plain drainage divides, across tidal channels, to opposite

drainage divides

● Across ponds/pannes, interior high tide refugia, fringing bayfront beaches, and other key

habitat features

As outlined in the Accretion and Erosion section of the HGM SOP (WRMP 2023b), staff will collect

elevation measurements along transects using Real-time Kinematic GNSS Surveying. At each site,

transect layout should consider the need for replication (to increase confidence in change detection),

the level of effort needed to collect data along the transect, and the potential for data collection along
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a transect to disturb sensitive plant/wildlife species. An example of a potential elevation/vegetation

transect layout at a WRMP priority monitoring site is shown in Figure XX.

Figure XX. Conceptual arrangement of Level 3 monitoring elements at a site, including elevation

transects (dashed lines).

5.3.2 Data Analysis and Products

Elevation transect data is intended to be analyzed in conjunction with other Level 3 data such as

inundation, accretion/elevation change, and vegetation. For example, transect data can indicate how

marsh vegetation communities are responding to changes in elevation, and how those communities

may continue to change in the future. Transect data can be analyzed together with inundation data to

determine if/how changes in hydrology (e.g. from sea level rise or prolonged seasonal inundation in

wet years) are driving changes in marsh elevation and morphology. Over time, repeated transect data

can indicate if measurements of elevation change at nearby SET-MHs are indicative of elevation

change at broader site- and landscape-scales.

5.3.3 Data Management, Reporting, and Visualization

The WRMP will store QA/QC’d elevation transect data and relevant metadata in an online data

visualization platform that allows viewers to select established transects at sites of interest and

view/download data. Section 4.6 contains additional detail about this proposed database.
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5.4 Vegetation Transects
Vegetation monitoring is one of the most common approaches to assess ambient wetland health and

functions as well as restoration project success. Monitoring of percent cover and species composition

is almost always required by permits for restoration projects, often in conjunction with photo-point

monitoring and hydrologic monitoring. The vegetation monitoring proposed in this Plan is designed to

be consistent with typical current permit-driven monitoring requirements.

In order to assess percent cover and composition of vegetation across dominant elevation gradients at

various types of WRMP Network Sites (Benchmark, Reference and Project) and to complement and

calibrate/validate the remote sensing of vegetation alliances at regional scales, the WRMP Vegetation

SOP (WRMP 2023c) recommends field-based (Level 3) vegetation monitoring. The Vegetation SOP

recommends field-based monitoring to track percent cover and composition of vegetation to answer

the following monitoring questions:

● How does vegetation cover and composition at restoration Project Sites develop and compare

to Benchmark and Reference sites along key hydrogeomorphic gradients such as

inundation/elevation and salinity?

○ Percent cover of vegetation across elevational gradients in Project, Reference and

Benchmark sites (Management Questions 1-4 and Indicator 24)

● How does site-specific vegetation cover and composition at Benchmark and Reference Sites

relate to environmental shifts due to climate change such as sea-level rise and changes in

salinity?

○ Percent cover and composition of vegetation across transition zones in Benchmark

and Reference sites (Management Questions 1-4 and Indicator 24)

5.4.1 Approach and Methods

The Vegetation Monitoring SOP outlines three approaches to field-based vegetation monitoring,

differentiated by the levels of funding and programmatic resources that are available to inform and

answer the monitoring questions above. Photo-point monitoring is a relatively low investment,

non-invasive approach that is particularly useful for monitoring vegetation succession at project sites.

Photo-points at Project Sites can be compared with photo-point monitoring stations at Benchmark and

Reference Sites to compare shifts in species composition and habitat structure over time. As more

programmatic resources become available, transect monitoring across elevational gradients at

Benchmark, Reference and Project (that meet a minimum % cover threshold) sites can track

vegetation percent cover and composition. The Vegetation Monitoring SOP explains the ideal

distribution of replicate transects where permanent quadrats for quantifying vegetation cover are

spaced across the elevational gradient of the marsh (WRMP 2023c). A special study across transition

zones (upland/marsh plain, channel edges, and low marsh/marsh plain) at a subset of Benchmark sites

can track fine scale changes in vegetation cover in species rich, narrow marsh zones, and indicate early

responses of vegetation to varying environmental drivers such as rising sea levels and shifts in salinity.

5.4.2 Data Analysis and Products
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The WRMP’s initial monitoring investment will develop a baseline dataset describing vegetation

patterns; repeat surveys over time will enable change detection in parameters of interest. These data

can be used to compare vegetation cover at Project Sites with Reference and Benchmark Sites.

Repeated photo-point monitoring of the same location can help document quantitative and/or

qualitative change in wetland vegetation composition, phenology, and other indicators. Digital images

can be fed into software to help measure indicators such as percent vegetation cover, assess changes

in channel geomorphology, or quantify changes within each grid cell of an image. Images may be

qualitatively analyzed to assess spatial patterns of vegetation growth, the presence of invasive species,

and large-scale erosion/deposition. Ultimately, the primary objective of this photo-point monitoring is

to document landscape change and provide valuable insights into the evolving dynamics of the tidal

wetland ecosystem.

In field transect monitoring, the primary vegetation metric collected in each sampling plot is percent

cover for each individual species present in the plot. Using these data, the following derived metrics

can be computed at the following scales for a single sampling period:

● Mean (±SD) percent cover by species at the transect and site scale

● Total plant cover (±SD) of all species per site at the plot, transect, and site scale (total cover is a

measure of canopy complexity)

● Mean (±SD) species richness at the plot and transect scale

● Frequency of occurrence of each species at the site scale

● Species composition

● Estimates of total plant species richness at the site scale (by species accumulation curves or

Chao metrics)

Additionally, the following derived metrics can be computed at the following scales when data are

combined for two or more sampling periods/locations:

● Change in percent cover at the transect, site, or sub-region scale for all plant species

● Change in frequency of occurrence at the site or sub-region scale for all species

● Change in species richness at the plot, transect, site, or sub-region scale

● How accurately does Level 1 vegetation mapping reflect Level 3 vegetation data?

By co-locating vegetation transects with Level 3 monitoring of elevation, porewater salinity, tidal

inundation, and other indicators, we can correlate patterns in vegetation percent cover and species

richness with key physical parameters, and investigate relationships between physical drivers and

vegetation change over time. For example, we can ask:

● How sensitive are different vegetation communities to these changes, and what are the

leading thresholds of change in hydrogeomorphic factors that can lead to early actions?

● How does vegetation species distribution relate to elevation?

● How does vegetation species distribution relate to pore water salinity?
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Products for vegetation transects include site-scale maps and analyses:

● Quantifying vegetation assemblages along the transects and calculating the change in

vegetation cover across the transects.

● Species presence within elevation ranges and salinity within the site, OLU and across the

region

● How percent vegetation cover changes with elevation, inundation and salinity at the site and

OLU-scale

● Calculate modified Restoration Performance Index (RPI) that summarizes vegetation and

hydrogeomorphic metrics for linked Benchmark, Reference, and Project sites within each

network (Raposa et al. 2018)

The Vegetation SOP proposes a special study to monitor vegetation within transition zones (e.g.

estuarine-terrestrial transition zones, high marsh-low marsh transition zones, etc.). Vegetation

transition zone monitoring can help detect fine-scale, long-term shifts in species composition due to

landscape-scale drivers such as sea level rise and shifts in salinity fields. Detecting change at

Benchmark sites can serve as a leading indicator of change at Reference and Project sites, and provide

valuable context for interpreting observations of change at the latter.

5.4.3 Data Management, Reporting, and Visualization

The WRMP will store QA/QC’d vegetation transect data and relevant metadata in an online data

visualization platform that allows viewers to select established transects at sites of interest and

view/download data. Section 4.6 contains additional detail abFish and Fish Habitat (FFH) Monitoring

In the SFE, monitoring of aquatic communities can provide valuable information regarding the status

and trends in water quality and ecosystem health, both of which are critical for guiding management

and restoration. The diversity and structure of fish communities, for example, reflect the overall

ecological integrity (i.e., chemical, physical, and biological integrity) of an ecosystem. Thus, in addition

to providing information to help manage individually regulated fish populations, the monitoring of fish

and aquatic communities can also be important for understanding broader integrated patterns of

biotic integrity (Whitfield and Elliott 2002; Cooper et al. 2018). This is because the cumulative effects

of multiple factors such as eutrophication, pollutants, temperature, and sediment loading are

integrated by biological communities over time, with changes in aquatic communities reflecting how

well a habitat can support aquatic life. The FFH SOP recommends fish monitoring to track fish

populations and abundance over time and to to answer the following monitoring questions:

What are long-term trends in the estuary’s tidal wetland fish communities? Are the region’s tidal

wetlands and tidal wetland restoration projects contributing to the recovery of listed fish species?

How can the estuary’s tidal wetlands and tidal wetland restoration projects be adaptively managed

to support rare and common fish taxa? (Management Question 2-4 , Indicator 21)

5.4.4 Approach and Methods

The WRMP’s FFH Workgroup conducted a rigorous literature review of existing fish data from prior

surveys conducted in wetlands of the lower SFE, and used this information to inform the development
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of the WRMP FFH SOP (see Appendix 2 of FFH SOP). The FFH SOP and its appendices identify where

and how sampling has previously been conducted, sampling options for aquatic taxa, common and

best practices, and key information gaps. This information guided the development of FFH sampling

recommendations in the SOP to inform future coordinated monitoring of fishes in brackish and saline

wetland habitats throughout the lower SFE.

The FFH SOP recommends quantifying the abundance and size structure of 3 focal groups

(large-bodied species, small bodied species, and marsh-plain species) using 3 sampling approaches

(otter trawls, trammel nets, and beach seines) that can be implemented depending on the available

funding. Along with biological metrics, physical environmental data should be collected during

monitoring efforts, including dissolved oxygen (concentration, mg/L), dissolved oxygen (saturation, %),

temperature (degrees Celsius, °C), specific conductance (μS/cm at 25 °C), salinity (practical salinity

units, psu), Secchi depth (m), and turbidity (nephelometric turbidity unit, ntu). The pairing of

biological and physical environmental metrics with each sample will facilitate quantification of suitable

water quality parameters for a variety of wetland-associated taxa.

The UC Davis Otolith Chemistry & Fish Ecology Laboratory received independent funding to pilot

implementation of the FFH SOP in sloughs and restored ponds within the Alviso Marsh complex in

summer-fall 2023 and 2024. UC Davis has also received funding from the SBSPRP to develop a

subregional meta-analysis of fish community data from over a decade of monitoring in the Santa Clara

Network that can inform monitoring of future tidal wetland restoration projects in the region. In 2024,

the WRMP science team (including the TAC) will work with UC Davis, NMFS, CDFW, USFWS, and other

program partners to integrate additional FFH monitoring into the Implementation Work Plan. Based on

the results of the regional meta-analysis completed by the FFH workgroup in 2022 and the 2023 pilot

implementation, additional implementation of the FFH SOP in relatively under-sampled regions with

existing and planned tidal wetland restoration projects, such as the Napa-Sonoma and Alameda Creek

networks, could be beneficial.

5.4.5 Data Analysis and Products

Likely analyses include assessments of the long-term trends in wetland fish communities throughout

the SFE, including presence/absence, local abundance/biomass (index/CPUE), and community

structure of juvenile and adult stages of select focal species and functional groups at Benchmark,

Reference, and Project sites (Indicator 21). Further analyses could include:

● Site-specific and network-specific synthesis of geospatial habitat metrics with corresponding

fish community data

● Spatial and temporal analysis of presence/absence of FESA/CESA listed fish species in tidal

wetland and associated habitats

● Spatial and temporal analysis of how aquatic communities (including key native and special

status fish species) respond to tidal wetland restoration activities

● Spatial and temporal analysis of how physical environmental metrics vary and how aquatic

communities respond to environmental variation
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Data analyses and products can also be aligned with the State of the San Francisco Estuary Report (e.g.

calculation of a wetland fish index).

5.4.6 Data Management, Reporting, and Visualization

Maps, analysis, and linked reports from the Appendix 2 of the FFH SOP will be uploaded online

through a Shiny dashboard, EcoAtlas, or the WRMP Geospatial Catalog. New fish data will be added to

the WRMP Geospatial Catalog and the online database described above in Section 4.6.

5.5

5.6 Bird Monitoring
The Monitoring Questions listed in the Monitoring Matrix of the WRMP Program Plan focus on the

response of resident tidal marsh birds to tidal wetland restoration, climate change, and other drivers

of tidal wetland distribution/abundance/condition. While a formal Bird Workgroup of the WRMP has

not yet convened, members of the SC, TAC and other interested parties have expressed interest in

monitoring bird populations that use tidal wetlands and associated habitats more broadly. As a critical

stop on the Pacific Flyway for a variety of bird groups, it is also important to understand how tidal flats,

managed ponds, restoring marshes, and other habitats support these SFE bird populations. Therefore,

monitoring how marshes provide habitat for waterbird and ground nesting birds as restored former

ponds develop into marsh habitat is also critical.

At the time of the writing of this Monitoring Plan, a WRMP Workgroup focused specifically on birds

does not exist, but can be formed in 2024 at the direction of the Steering Committee. The following

Guiding and Management Questions from the Program Plan can guide the initial work of the

Workgroup to develop a monitoring strategy and SOPs for monitoring protocols. The SC will direct the

Workgroup on the level of effort for different types of bird monitoring based on available funding.

How do projects to protect and restore tidal marshes affect the distribution, abundance, and health

of plants and animals? (GQ4). How are habitats for assemblages of resident species of fish and

wildlife in tidal marsh ecosystems changing over time? (MQ4A). How are the distribution and

abundance of key resident species of fish and wildlife of tidal marsh ecosystems changing over time?

(MQ4B).

Additional Questions specific to tidal wetland birds: What are long-term trends in the estuary’s tidal

wetland bird communities? Are the region’s tidal wetlands and tidal wetland restoration projects

contributing to the recovery of listed bird species? How can the estuary’s tidal wetlands and tidal

wetland restoration projects be adaptively managed to support rare and common bird taxa?

5.6.1 Approach and Methods

TBD - topic should be addressed in 2024. The Bird Workgroup will be tasked with developing

or incorporating existing methods to form the basis of the Bird Monitoring SOP. The existing

tidal marsh bird monitoring effort comprises two complementary efforts representing two

distinct field protocols: 1) tidal marsh bird species of special concern and 2) secretive marsh

birds (rails). There are also existing protocols for monitoring pond-associated birds that also
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utilize tidal marshes/restoring marshes. The Bird Workgroup will take these into account in

developing monitoring recommendations and SOP/methods.

5.6.2 Data Analysis and Products

TBD - topic should be addressed in 2024

5.6.3 Data Management, Reporting, and Visualization

TBD - topic should be addressed in 2024

5.7 Mammal Monitoring
Section in progress. Will be completed in the future when a Mammal Workgroup is convened.

5.8 Carbon Sequestration
Section in progress: While Carbon Sequestration is not featured as an indicator in the initial WRMP

Monitoring Matrix, this section is included here due to TAC and other partner interest, importance for

climate change mitigation and stabilization, its potential value as Carbon markets invest in

sequestration, and the unique opportunity regional monitoring could offer. The inclusion of carbon

sequestration here is intended as a place-holder to capture ideas, and will be expanded, elevated and

implemented in the future should there be interest, funding, and guidance from program directors.

Coastal wetlands are an important sink for carbon due to their high annual productivity, anoxic soils

that limit decomposition, and their ability to trap and accrete sediments and organic material and

grow vertically. Because of these properties, coastal wetlands have become known as Blue Carbon

sinks with focus on understanding and accounting for their ability to sequester carbon dioxide from

the atmosphere and store it in belowground biomass. Carbon sequestration is of particular interest to

restoration practitioners who could potentially use the Carbon markets to fund restoration of stable

Blue Carbon wetlands. Due to the importance and monetary value of Blue Carbon stocks, monitoring

Carbon sequestration at marshes across the SFE that vary in their age, species composition and salinity

could aid the region in understanding carbon storage dynamics, stability and restoration potential.

What are rates of carbon sequestration in the estuary’s tidal wetlands, and how are they changing

over time? How are rates of carbon sequestration in the estuary’s tidal wetlands affected by shifts in

ecogeomorphic factors such as inundation, salinity, sediment supplies, and vegetation communities?

5.8.1 Approach and methods

Methods are in development but should leverage existing data such as trace gas flux data available at

towers located in Eden Landing, Rush Ranch and Hill Slough (available at https://ameriflux.lbl.gov/).

Existing SET-MH data and dated sediment cores are also useful for carbon sequestration

measurements since accretion is related to belowground carbon storage through recalcitrant roots and

rhizomes. Furthermore, remote sensing can be paired with carbon flux models such as PEPRMT to

estimate gross primary production (Oikawa et al. 2017; Miller et al. 2019). Additional flux towers,

cores or SET-MH measurements can be useful to get a higher spatial resolution. Should funding and

interest arise, a more throughout and thorough methods and approach section can be developed with

an accompanying SOP.
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5.8.2 Data Analysis and Products

Products can include regional and site-scale estimates of short-term carbon sequestration estimated

from SET-MH data, loss on ignition (LOI), biological demand, and local LOI-%C relationship. Note that

short-term carbon sequestration rates overestimate ecosystem-atmosphere carbon exchange because

they don’t account for turnover of new, labile carbon.

Regional and site-scale analyses of long-term carbon sequestration can be estimated from:

○ Method 1: modeled from long-term vertical accretion and carbon sequestration using

CWEM (Morris et al. 2022) or another accretion model

○ Method 2: measured as net ecosystem exchange (from tower data) minus lateral

carbon losses

A comparison of multiple metrics includes an analysis of carbon sequestration rates relative to

inundation, salinity, SSC, and vegetation communities. This can be evaluated across space,

longitudinally at specific sites, or both. Again, if funding and interest arise in monitoring carbon

sequestration this section can be more thoroughly described and expanded.

5.8.3 Data Management, Reporting, and Visualization

TBD - If funding and interest arise in monitoring carbon sequestration, this section can be described.

6 Conclusions and Next Steps
The initial WRMP Monitoring Plan (v.1), completed December 31, 2023 will serve as an initial guiding

document for WRMP monitoring activities. This Monitoring Plan is intended as a framework for the

program and provides a holistic vision for monitoring in the SFE to address WRMP Guiding and

Management questions and enable the program to begin to systematically initiate monitoring

activities to reach this goal. The Monitoring Plan is thus aspirational and inclusive of a large suite of

potential monitoring activities, but also attempts to provide a holistic model that is achievable over

time. Using this Monitoring Plan as a guiding framework, the WRMP science team in collaboration

with the TAC and SC will next be developing a short-term Implementation Plan/work plan that will

prioritize the monitoring activities identified in this Plan for early implementation.

The WRMP continues to strive for integration and coordination with regulatory agencies. Near-term

work in this regard will incorporate findings from coordination with regulatory agencies into WRMP

monitoring efforts and program development. We will continue work with agencies and project

proponents to look for opportunities to align WRMP monitoring with permitting requirements,

streamline monitoring efforts for projects, leverage historic monitoring data, and support restoration

projects by providing regional context with the goal of alleviating monitoring requirements.

This Monitoring Plan is a living document that will be regularly updated and revised. In addition to the

planned revisions in the coming phases of the WRMP grant cycles, the Monitoring Plan will be updated

as new workgroups establish and identify monitoring protocols and plans (such as birds and

mammals), as monitoring is initiated and existing SOPs need to be modified, as new technologies and

approaches alter the best practices for accomplishing monitoring, as Guiding and Management
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questions are answered and new questions rise in priority, and as other unforeseen needs of the

program emerge.
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Appendix 1: Regulatory Alignment

The WRMP charter states, “The WRMP will improve wetland restoration project success by

putting in place regional-scale monitoring to increase the impact, utility, quality, cost

effectiveness, consistency, and application of permit-driven monitoring to inform science-based

decision-making.” To realize this vision, WRMP program staff are working to identify

opportunities to support effective and efficient permit-driven wetland monitoring and to design

regional wetland data collection so that it can inform decision-making, including at regulatory

agencies.

The WRMP enlisted the Consensus Building Institute (CBI) to assist in advancing regulatory

agency alignment and monitoring recommendations by conducting a regulatory needs

assessment, drafting and refining findings, and finally, developing recommendations for a

Regulatory Engagement Strategic Roadmap, to map out key decision points, define roles and

responsibilities, and identify approaches, commitments, and next steps. CBI’s work on this goes

through June 2023.

As a first step, CBI conducted a Regulatory Needs Assessment through focus groups and

interviews with regulatory agency staff and restoration project practitioners, which was

completed in June 2023. The Regulatory Needs Assessment identified ways in which current

permit-driven monitoring does and does not meet the needs of regulatory agencies, and

pinpointed opportunities for the WRMP to meet some of those needs while providing

regional efficiencies. The Regulatory Needs Assessment found widespread agency interest in,

and WRMP opportunities for, improving data consistency, quality, and sharing of

project-based monitoring data, thereby contributing to better science and information to

inform stewardship and adaptive management for conserving, restoring, and enhancing the

San Francisco Bay’s wetlands.

The Regulatory Needs Assessment also found that some regulatory agencies are skeptical about

the potential for substitution of site-based permit driven monitoring with WRMP regional

monitoring in the short term. Some agencies expressed that some permit-driven, site-specific

monitoring is essential for ensuring that wetland restoration projects achieve their intended

goals, comply with all relevant regulations, and avoid negative impacts to listed species and

water quality. Regional data are unlikely to be able to provide this level of information.

The WRMP SOPs outline a suite of methods for data collection that may eventually facilitate

standardized data collection and regional analysis. The WRMP may select all or part of the SOPs

for monitoring activities in the region or at a site, based on the monitoring plan and available

funding. It is important to note that the WRMP SOPs in their entirety are not immediately

suitable for adoption by regulatory agencies to be written into permit monitoring requirements.
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If regulatory agencies were to require all the monitoring procedures in the SOPS to be written

into permits, it would increase rather than reduce the current permit-driven monitoring

required of project implementers. Ongoing discussion between the WRMP and regulatory

agencies will clarify whether specific portions of the SOPs may be suitable for meeting

permit-driven monitoring requirements while also providing relevant data for regional analysis.

Most regulatory agencies:

● Agreed that current permit-driven monitoring faces challenges in data

consistency, comparability, quality, and sharing, and that it did not necessarily

serve the needs of regional scientific understanding.

● Welcomed the addition of regional-scale science and topic-specific SOPs to

better inform understanding of tidal wetlands.

● Were generally open to suggestions on more standardized sampling protocols

and monitoring methodologies as well as opportunities for better data sharing,

as long as the WRMP could ensure high quality of data and address proprietary

data issues.

The WRMP Regulatory Engagement Strategic Roadmap will be complete by June 2024.

Appendix 2: Preliminary Costs Estimates
Costs of labor and materials change over time; the information presented below represent preliminary

estimates for 2023. To be made into a Table.

Regional

For the regional habitat map, the mapping and interpretation relies on several component parts: 1)

obtaining appropriate imagery, 2) obtaining LiDAR (see estimates on regional elevation map below), 3)

staff time for data management and processing (training and validating e-Cognition software), and 4)

conducting relevant analyses using mapping results.

● The cost estimate for obtaining imagery for 4 band 60 cm spatial resolution (~ $175/sq mile)

tide controlled and collected in the summer is $120,000. Alternatively the frequency of

remapping could be shifted to an even number of years (e.g. 4 or 6 years vs 5 years) in order to

use free NAIP imagery collections (4 spectral bands and 60 cm spatial resolution, but likely

without tide controlled collection). Opportunities to coordinate aerial imagery collection with

partners (e.g. Bay-area Counties, NASA, others) for cost-sharing benefits can be explored.

● Cost estimates for staff time to manage habitat map: (e.g. number of hours x average rate)

● The regional elevation map cost estimate is based on past NOAA Coastal Geospatial Services

Contracts. It is estimated that a tide-controlled LiDAR collection and delivery of QL1 LiDAR

products would cost roughly $280/square mile. Assuming a study area of 678.6 square miles
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that is approximately $190,000. Ideally LiDAR data will be collected as close in time to imagery

collected for the bayland habitat mapping effort.

● Additional costs (staff time for processing, other?) associated with creating updated DEM

using LiDAR and best available tidal datums (see section below):

● Cost estimates for staff time to analyze maps for change detection and analysis of interest:

particularly Shoreline Change Detection and other early analyses such as UVVR.

● Cost estimates for vegetation mapping is based on both Pacific VegMap and HEMP-type

vegetation mapping. Upper cost estimate is $2M, with an estimated cost of $3-$5 per acre for

detailed classification. These cost estimates include field work, software and staff time, while

leveraging free multispectral imagery and LiDAR. Between 1⁄3 and ½ of the budget could be

spent on a field campaign for calibration/validation, which potentially could be reduced if

paired with other field campaigns.

Subregional

Many sensors collecting subregional data are hosted by larger organizations such as USGS, NOAA or a

county’s Flood Control and Water Conservation District. Costs can include the equipment, installation,

maintenance and if applicable costs to read the instrumentation (such as with SET-MHs).

● For tide gauges, installation costs for each new WRMP tide gauge are estimated at roughly

$11,000 per site. Long-term installations will have estimated annual costs for

maintenance/calibration at roughly $600 per site. Installation costs include field time for staff

that can simultaneously be used to support installation of other field sampling equipment to

measure salinity (see Section 4.3 above), suspended sediment (see Section 4.4 above), and

other WRMP indicators. See the HGM SOP for additional details.

● Costs for water quality sensors such as DO, SSC, and surface water salinity can be bundled

together within a sensor. Multiparameter sondes such as a YSI EXO2 Multi-parameter water

quality sonde costs roughly $20,000 with 6 sensors and a wiper port. Costs for a

multi-parameter sonde depends on the number of sensors included. Costs estimates for

instrumentation maintenance, sample collection and analysis is $9,400.

● For porewater salinity or groundwater salinity, either a shallow well with an electrical

conductivity sensor or a porewater sampling device (eg., sipper or a Rhizon sampler) needs to

be used. The cost for Rhizon samplers is about $200 for a pack of 10 with an accompanying

syringe. A conductivity, temperature and depth sensor, which can be used for groundwater

monitoring, cost in the range of $500 - $1000. Costs for processing pore water salinity is

estimated at $100.

Site-scale

Site-scale cost estimates involve considering factors such as equipment procurement, personnel

training and field time, data collection frequency, and laboratory analysis, with a focus on ensuring

comprehensive coverage and accurate representation of ecological dynamics. Cost estimates are

originally taken from (WRMP 2020b) and have subsequently been updated where possible/necessary.
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● CRAM practitioners have proposed an initial cost estimate of $90,000 to implement CRAM at

roughly 30 AAs at WRMP sites during the first year of monitoring. This estimate includes

startup time for experts to coordinate with the TAC to outline the initial goals of the Level-2

monitoring for the WRMP. Other costs include: (1) developing a detailed near-term sampling

and analysis plan, (2) executing the CRAM assessments in the field, (3) conducting data entry,

QA/QC and data analysis, and (4) reporting back to the TAC with a brief summary

memorandum of the WRMP’s CRAM monitoring effort. It is expected that future annual

monitoring costs may be reduced once the WRMP establishes a long-term plan for Level-2

assessments within the program. For now, however, startup and science advisory planning

costs are included in this initial annual cost estimate.

● Estimated costs for new SET-MH installation are approximately $13,000 per site. Estimated

costs for annual reading of the regional SET-MH network and associated data

analysis/reporting with the current number of network sites are roughly $20,000 per year with

those costs increasing as sites are added.

● Costs for vegetation transects include purchasing and pre-programming tablets for data

collection, which can cost $1,000. If vegetation transects are done concurrently with elevation

transects, a high precision GPS unit is not required since latitude and longitude can be

recorded with an RTK-GNSS. However if a high precision GPS unit (centimeter accuracy) is

required they range from $6,000 - $15,000. Ongoing field work costs for gradsects or standard

vegetation surveys can range from $1,500 to $3,500 per site. Elevation transects Costs of a

new RTK-GNSS system can cost upwards of $15,000 however these systems can be rented or

bought used. Costs to do field transects alone for elevation cost roughly $1,900 - 2,300 per

site. If concurrently conducting vegetation surveys with elevation transects, the cost per site is

reduced.

● Fish survey costs depend significantly on the sampling methods and frequency; therefore, the

cost estimate is a wide range. Costs for monthly fish sampling for abundance, community

composition, and distribution is between $50,000 - 200,000.

● Cost for a site-visit is estimated at $2,000 and ongoing surveys between $2,500 and $9,500 for

two tidal marsh bird surveys or for a secretive marsh bird survey (mainly focused on the

endangered California ridgway’s rail) that require boat access. TBD (separate estimates for

tidal marsh birds at regional, sub-regional, and project levels).

● For mammal surveys such as the salt marsh harvest mouse, costs include initial start-up time.

This includes about 8 hours of setting up a survey grid (2 people/4 hours), and an ongoing cost

of $5,000 for one survey by a consulting firm. However, some marsh mammal monitoring,

mainly focused on the endangered salt marsh harvest mouse, currently occurs throughout the

Estuary

● Carbon sequestration - costs estimates for carbon sequestration are not yet available, however

in the future if there is more interest and funding available this section can be expanded and a

cost estimate developed.
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Appendix 3: CRAM Analysis in WRMP Sites

Using historic and existing CRAM data collected from 2010 through 2023, the WRMP will analyze

results of CRAM assessments in the WRMP priority monitoring network. This analysis will assist in

developing the strategy for new CRAM sampling in 2024. This report will be included as an appendix

upon completion of the initial study in early 2024.

Appendix 4: Justification for Subregional Monitoring Installations

4-1: Water Surface Elevations
● Suisun Slough Network: WAITING ON INFO FROM DWR/CDFW.

● Napa-Sonoma Network: The only tide gauge near the vast marshes of the Napa-Sonoma

baylands is the one installed by the Napa County Flood Control District in 2017 at the Brazos

bridge. This gauge is more than a mile upstream of Older Racoon Island (Benchmark Site),

roughly three quarters of a mile downstream of Bull Island (Reference Site), and many miles

from Project Sites at Pond 2A, Pond 3, Cullinan Ranch, and other CDFW and USFWS tidal wetland

restoration sites. The nearest tide gauges with long-term records are the NOAA gauges at Port

Chicago and Richmond, which are roughly 19 and 20 miles away (as the crow flies), respectively).

○ Proposal: This region represents a considerable spatial and temporal gap in regional

monitoring of water levels, inundation, and sea level rise. This gap makes it challenging

for land managers and project proponents such as CDFW, USFWS, Ducks Unlimited, and

the Sonoma Land Trust to understand if/how the region’s many existing restoration

projects are achieving target conditions, and to plan for future restoration and adaptive

management. To fill these gaps, the WRMP proposes two new long-term tide gauge

installations, and numerous short-term tide gauge installations. The opportunity to

re-occupy former IRWM WSE monitoring sites at Older Racoon Island, Bull Island, and

Pond 2A is relatively unique among WRMP sites, and provides a valuable opportunity to

leverage legacy data to develop new analyses of change over time.

■ New long-term installations: The WRMP will install a new long-term gauge at

Older Raccoon Island in order to link proposed site-specific observations of

accretion/elevation change, vegetation, and other key indicators (see Section 5)

to inundation. Data from this sensor can also be compared to data from the

Integrated Regional Wetland Monitoring (IRWM) deployment almost 20 years

ago, to support analyses of multi-decadal trends in conditions at the site. The

program will also install a new long-term gauge in Dutchman Slough to

represent water levels in the lower Napa River basin, to provide an inundation

reference for multiple existing and future Project Sites including Pond 3 and

Cullinan Ranch. This gauge will eliminate the need for those projects to install

their own reference gauges to compare how tides in those sites compare with

source tides. Finally, the WRMP will also install a long-term gauge at Steamboat
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Slough, to support planning and monitoring of tidal wetland restoration projects

that are likely to result from implementation of the Sonoma Creek Baylands

Strategy.

■ New short-term installations: The WRMP tide gauges at the Bull Island

Reference Site and Pond 2A Project Site. These installations will be temporary,

with an aim of collecting enough data to (1) compare data from the Bull Island

and Pond 2A sensors to the former IRWM sensors to support analyses of

multi-decadal trends in conditions at the site, and (2) determine if data from

Napa Flood Control’s Brazos gauge can serve as a surrogate for data from Bull

Island.

■ Installations at anticipated future Project Sites: The beneficial reuse (eastern)

portion of Cullinan Ranch is expected to be restored to tidal action sometime in

late 2024/early 2025. The WRMP will work with the Coastal Conservancy,

USFWS, and Ducks Unlimited to install a tide gauge at this site before it’s

restored to tidal action. Data from this gauge will be compared with data from

the proposed Dutchman Slough gauge to assess post-restoration hydrology.

● Novato/Gallinas/West San Pablo Bay Network: This network currently supports four long-term

tide gauges: two at the China Camp Benchmark Site operated by SFBNERR, and two along

Novato Creek (one at its mouth, one at the Rowland bridge) operated by the Marin County Flood

Control District. Environmental Science Associates (ESA) also periodically installs tide gauges at

the Hamilton Wetlands Project Site as part of permit-required monitoring for that project.

Whenever ESA deploys gauges at Hamilton, they also deploy a gauge at the historic railroad

bridge at the mouth of the Petaluma River to represent background water levels within San

Pablo Bay.

○ Proposal: For the most part, existing monitoring at China Camp and Hamilton Wetlands

provides suitable coverage for the Gallinas OLU and the southern portion of the Novato

OLU. Existing monitoring along Novato Creek provides suitable coverage for the northern

portion of the Novato OLU. Together, these gauges can represent reference WSEs for

planned tidal wetland restoration projects at Bel Marin Keys Unit V and Inner McInnis

Marsh. However, coverage for the many existing and proposed restoration projects in

the lower Petaluma baylands is lacking. In addition, regulatory/resource agencies will

likely require site-specific monitoring of WSEs within tidal restoration projects that have

yet to be implemented.

■ New short-term installation: The WRMP will install a new short-term gauge at

the Carl’s Marsh Project Site to (1) assess mathematical differences between

tides at the mouths of Novato Creek and the Petaluma River, and (2) support

analyses of multi-decadal trends in conditions at the site through comparison

with data from the site’s Integrated Regional Wetland Monitoring (IRWM)
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deployment almost 20 years ago. Short-term installations at Carl’s Marsh can be

timed with ESA’s deployment of gauges at Hamilton Wetlands, and eliminate the

need for ESA to install a reference gauge for Hamilton at the railroad bridge. If

the TAC determines that tides at Carl’s Marsh reflect tides at the Novato Creek

mouth, then the latter can support monitoring of Project Sites at Sonoma

Baylands, Sears Point, and perhaps even at Bahia, as well as select future tidal

wetland restorations that may result from implementation of the Petaluma River

Baylands Strategy. If the TAC determines that tides at Carl’s Marsh are

sufficiently different from tides at the Novato Creek mouth, then the TAC may

decide to convert Carl’s Marsh into a long-term installation.

■ Installations at anticipated future Project Sites: The Bel Marin Keys Unit V and

Inner McInnis Marsh Project Sites are still in their planning stages; the timelines

for implementation of both are unclear. When these projects move forward, the

WRMP will work with Marin County Parks, the Coastal Conservancy, and other

partners to install tide gauges at these sites. Data from the BMKV and Inner

McInnis gauges can be compared to data from the Carl’s Marsh and China Camp

gauges, respectively, to assess post-restoration hydrology.

● Wildcat Creek Network: The Wildcat Creek network of WRMP sites is separated from the

long-term NOAA tide gauge at Richmond by the Potrero Hills of the Richmond shoreline, and is

hemmed in by Point San Pablo to the south and Point Pinole to the north. The network does not

currently support any long-term gauges of its own, despite significant tidal wetland restoration

and living shoreline projects at the Dotson Family Marsh Project Site, and plans to restore and

enhance tidal wetlands near the Wildcat Creek Marsh Reference Site. A USGS tide gauge at Point

San Pablo installed in 1989 was discontinued in 2006.

○ Proposal: Tidal wetlands play an important role in protecting economically

disadvantaged and environmental justice-impacted communities in North Richmond

from flooding, so this network represents an important spatial and temporal gap in WSE

monitoring that the WRMP can fill.

■ New long-term installation: The WRMP will install a new long-term tide gauge

at the San Pablo Creek Marsh Benchmark Site in order to link site-specific

observations of accretion/elevation change, vegetation, and other key indicators

(see Section 5) to inundation. By comparing these data to data from the

Richmond gauge, the WRMP can help to identify how flows from San Pablo

Creek influence hydrology at the site. Data from this gauge can also help land

managers and other WRMP partners to understand how sea level rise and

related long-term landscape processes are affecting the Richmond shoreline.

■ New short-term installation: The WRMP will work with the Coastal Conservancy,

East Bay Regional Parks, local NGOs, and other partners to periodically deploy a
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tide gauge at the Dotson Family Marsh (Restoration) Project Site. The duration

and frequency of deployments will be tailored to address the specific needs of

this site, including assessing the effects of offshore subtidal habitat

enhancement actions on nearshore waves and WSEs. These installations will

also be designed to assess post-restoration hydrology at the site (tidal datums,

etc.), and determine if data from the proposed San Pablo Creek Marsh gauge can

serve as a surrogate for WSE data from the restoration site.

■ Installations at anticipated future Project Sites: A broad coalition of program

partners including the West County Wastewater District, East Bay Regional Parks

District, San Francisco Estuary Partnership, and local NGOs are partnering to

develop the North Richmond Shoreline Living Levee Project, an effort to expand

the footprint of the Wildcat Creek Marsh Reference Site and design and build a

subsurface wastewater seepage or “horizontal” levee between the West County

Wastewater District’s treatment plant and the marsh. When this project is

implemented, the WRMP can work with the living levee team to install a tide

gauge in the restored tidal wetland and monitor its development over time.

● Alameda Creek Network: The Alameda Creek network is home to CDFW’s 5,500-acre Eden

Landing Ecological Reserve, one of the three areas that comprise the South Bay Salt Pond

Restoration Project (SBSPRP). Phase 1 of SBSPRP restored roughly 1,700 acres of former salt

ponds north of the Old Alameda Creek channel to tidal action from 2006 through 2010; Phase 2

proposes to restore another 2,200 acres south of the creek to tidal action beginning in

(hopefully) 2024. In 2020, to support the Nutrient Management Strategy (NMS), SFEI installed

three multi-parameter (WSEs, salinity, DO, and more) sensors offshore of Eden Landing. Since

2020, USGS has periodically installed multiple tide gauges at the Whale’s Tail South Benchmark

Site as part of a special study into tidally- and wave-mediated transport of sediment between the

marsh and offshore tidal flats.

○ Proposal: The Alameda Creek network represents a considerable opportunity for the

WRMP to add value to the many monitoring efforts being implemented by the SBSPRP

and NMS, and reduce the amount of time, money, and staff resources that SBSPRP and

CDFW invest in monitoring. To support monitoring and adaptive management of earlier

Phase 1 restorations, and implementation/monitoring of Phase 2 restorations, the

WRMP proposes two new long-term tide gauge installations at the Whale’s Tail South

Benchmark Site and the North Creek Marsh Project Site. These two locations should

roughly bracket tidal ranges and the influences of waves/storms within the Eden Landing

complex, and will help provide context for site-specific observations of elevation change,

vegetation, and other WRMP indicators at these marshes.
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● Santa Clara Valley Network: The Santa Clara Valley network is home to the Alviso Ponds of

USFWS’s Edwards National Wildlife Refuge4, another of the three areas that comprise the South

Bay Salt Pond Restoration Project (SBSPRP). Phase 1 of the SBSPRP restored 480 acres of tidal

habitat within Ponds A19, A20, and A21 (the Island Ponds) in 2006, and 462 acres of tidal habitat

within Ponds A6 and A17 in 2010 and 2012, respectively. Phase 2 of the SBSPRP proposes further

enhancement of tidal connections at the Island Ponds, as well as tidal restoration of 710 acres of

tidal habitat within Ponds A1 and A2W (within the Stevens Creek OLU) beginning in 2023. The

SBSPRP is also working with Valley Water on planned full tidal restoration of Pond A8 (currently

muted tidal). Finally, the South Bay Shoreline Protection Project proposes to restore 2,900 acres

of tidal habitats within Ponds A9 through A13, A15, and A18 over roughly 30 years. In 2015, SFEI

installed three multi-parameter (WSEs, salinity, DO, and more) sensors in this network, at Alviso

Slough, Guadalupe Slough, and the Pond A8 feeder channel.

○ Proposal: Like the Alameda Creek network, the Santa Clara Valley network represents a

considerable opportunity for the WRMP to add value to the many monitoring efforts

being implemented by SBSPRP, NMS, the South Bay Shoreline Protection Project, and

other program partners in support of tidal restoration planning, implementation, and

adaptive management. Given the already considerable investment in WSE monitoring in

this region, the WRMP is proposing just one additional tide gauge installation, at Coyote

Creek near the Older Warm Springs Marsh Benchmark Site and Warm Springs Marsh

Project Site. Data from this site can help support site-scale observations of accretion,

vegetation, and other WRMP indicators at these marshes.

Table A4.1. Existing and proposed WRMP tide gauge deployments. Blue cells reflect priority WRMP

monitoring site networks; white cells reflect Operational Landscape Units (OLUs) that could

comprise future priority monitoring networks.

Network or OLU Site WRMP Site
Type

Existing Tide Gauge
Installation

Proposed WRMP
Tide Gauge
Installation

Alameda Creek
Network

North Creek Marsh Project Site New long-term
tide gauge

Whale’s Tail South Benchmark
Site

New long-term
tide gauge

Belmont
Redwood OLU

Port of Redwood
City

NOAA

Carquinez South
OLU

Martinez-AMORCO
Pier

NOAA

Corte Madera
OLU

Corte Madera
Creek

Marin Flood Control

4 Pond A18 is owned by the City of San Jose.
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Golden Gate OLU San Francisco @
Golden Gate

NOAA

Montezuma
Network

Montezuma
Wetlands

Montezuma
Wetlands LLC

Beldon Landing feeder channel
to potential
future Project
Sites

DWR

Blacklock Project Site DWR

Montezuma Slough
at National Steel

feeder channel
to potential
future Project
Sites

DWR

Montezuma Slough
at Roaring River

feeder channel
to potential
future Project
Sites

DWR

Napa-Sonoma
Network

Napa River (at
Brazos and Napa
downtown)

Napa Flood Control

Older Raccoon
Island

Benchmark
Site

New long-term
tide gauge

Dutchman Slough feeder channel
for multiple
Project Sites

New long-term
tide gauge

Steamboat Slough feeder channel
for multiple
future Project
Sites

New long-term
tide gauge

Bull Island Reference Site New short-term
tide gauge

Pond 2A Project Site New short-term
tide gauge

Cullinan Ranch
(east)

future Project
Site

New short-term
tide gauge

Port Chicago OLU Port Chicago NOAA

Mallard Island DWR

Point Richmond Richmond Inner NOAA
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OLU Harbor

Richardson OLU Coyote Creek Marin Flood Control

San Francisquito
OLU

Dumbarton Bridge SFEI*

Mowry OLU Mowry Slough SFEI*

Newark Slough SFEI*

San Leandro OLU Alameda NOAA

San Mateo OLU San Mateo Bridge SFEI*

Santa Clara Valley
Network

Coyote Creek near
Older Warm
Springs Marsh and
Warm Springs
Marsh restoration

feeder channel
to Older Warm
Springs Marsh
Benchmark
Site and Warm
Springs Marsh
Project Site

New long-term
tide gauge

Coyote Creek at
Alviso

feeder channel
to Calaveras
Point
(Reference
Site) and Pond
A6 (Project
Site)

USGS

Coyote Creek near
Calaveras Point

Reference SFEI*

Alviso Slough feeder channel
to existing
Project Site
(Pond A6) and
multiple future
Project Sites
(Ponds A7-A12)

SFEI*

Guadalupe Slough feeder channel
to existing
Project Site
(Pond A6) and
multiple future
Project Sites
(Ponds A5, A8)

SFEI*

Pond A8 feeder
channel

feeder channel
to future
Project Site

SFEI*
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(Pond A8)

Suisun Slough
Network

Rush Ranch Benchmark
Site

SFBNERR

Hill Slough feeder channel
to Hill Slough
(existing)
Reference Site
and HIll Slough
(restoration)
Project Site

DWR

Goodyear Slough feeder channel
to potential
future Project
Sites

DWR

Cordelia Slough feeder channel
to potential
future Project
Sites

DWR

Hunter Cut feeder channel
to potential
future Project
Sites

DWR

Sunrise Cut feeder channel
to potential
future Project
Sites

DWR

Gallinas/Novato/
West San Pablo
Bay

China Camp Benchmark
Site

SFBNERR

Novato Creek -
Mouth and
Rowland Bridge

Marin Flood Control

Hamilton Wetlands Project Site ESA

Carl’s Marsh Project Site New short-term
tide gauge

Bel Marin Keys Unit
V

future Project
Site

TBD

Inner McInnis
Marsh

future Project
Site

TBD

Wildcat Creek
Network

San Pablo Creek
Marsh

Benchmark New long-term
tide gauge
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Dotson Family
Marsh (restoration)

Project New short-term
tide gauge

North Richmond
Living Levee

future Project
Site

TBD

*SFEI moorings for the Nutrient Management Strategy measure WSEs, salinity, temperature, chlorophyll a,
dissolved organic matter (DOM) fluorescence, dissolved oxygen, and turbidity at 15-minute intervals.

4-2: Salinity
● Suisun Slough Network: The Suisun Slough network of WRMP sites has excellent salinity data

coverage due to the suite of sensors deployed and managed by DWR, USGS, and SFBNERR. The

WRMP is not proposing new sensors in this network in the near-term. If new tidal restoration

projects come online in this OLU that are not adequately covered by the existing suite of

sensors, the WRMP will work with DWR, USGS, SFBNERR, and other partners to develop

proposals for new salinity gauges.

● Napa-Sonoma Network: The Napa-Sonoma Network does not currently support any salinity

gauges, despite the fact that the Napa River - Sonoma Creek estuarine subgradients are among

the largest in SFE, and support regionally significant acreages of existing tidal wetlands, tidal

habitat restoration projects, and future/planned restoration projects.

○ Proposal: This region represents a considerable spatial and temporal gap in regional

monitoring of salinity, and like WSEs, this gap makes it challenging for land managers

and project proponents such as CDFW, USFWS, Ducks Unlimited, and the Sonoma

Land Trust to understand if/how the region’s many existing restoration projects are

achieving target conditions, and to plan for future restoration and adaptive

management. To fill these gaps, the WRMP proposes new long-term salinity gauges at

the following locations, co-located with tide gauges: Napa River at Brazos Bridge,

Older Raccoon Island (Benchmark Site), Dutchman Slough, and Steamboat Slough.

These locations will provide data coverage throughout the Napa River and Sonoma

Creek estuarine subgradients, including for the Bull Island Reference Site, existing

Project Sites at Napa Plant Site, Napa Ponds 3, 4, and 5, and Cullinan Ranch, as well as

anticipated future Project Sites within the Sonoma baylands.

● Gallinas/Novato/West San Pablo Bay Network: The only current salinity gauge in this network

is at the China Camp Benchmark Site. This monitoring location provides adequate salinity

coverage for the Outer McInnis Reference Site and Hamilton Wetlands Project Site, which like

the China Camp tidal marshes are largely disconnected from upland watershed sources and

have hydrology dominated by San Pablo Bay tides. However, the China Camp salinity gauge will

likely not provide adequate coverage for planned tidal wetland restoration projects in the

Novato Creek baylands, including at the Bel Marin Keys Unit V and Deer Island Basin Project

Sites that will receive significant freshwater inputs from the Novato Creek watershed. It also
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may not be adequate to describe salinity in the future Inner McInnis Project Site, which will be

directly connected to Gallinas Creek and possibly Miller Creek.

○ Proposal: The WRMP will install a long-term salinity gauge at the mouth of Novato

Creek (co-located with the existing tide gauge) to provide salinity data coverage for

existing restoration projects in the region including Carl’s Marsh, Sonoma Baylands,

and Sears Point, as well as future restoration projects at BMKV and Deer Island Basin.

When the Inner McInnis restoration project is implemented, the WRMP will work with

partners including the Coastal Conservancy and Marin Parks to discuss the need for a

short- or long-term salinity gauge at this site.

● Wildcat Creek Network: This network is relatively close to the continuous USGS salinity gauge

at the Richmond-San Rafael (RSR) bridge, however, due to the local influence of runoff from

Wildcat and San Pablo Creeks, it’s unclear how well data from this gauge reflects conditions at

WRMP monitoring sites within the Wildcat Creek Network (San Pablo Creek Marsh

Benchmark Site, Wildcat Creek Marsh and Dotson Family Marsh [Existing] Reference Sites,

and Dotson Family Marsh [Restoration] Project Site).

○ Proposal: The WRMP will co-locate a salinity gauge with the proposed tide gauge at

the San Pablo Creek Marsh Benchmark Site to assess if/how local salinity conditions

(including at the nearby Dotson Family Marsh Existing and Restoration sites) deviate

significantly from conditions at the USGS RSR gauge. If not, then the WRMP will

discontinue monitoring salinity at this location.

● Alameda Creek Network: The restoring tidal wetlands of Phase 1 of the SBSPRP are directly

connected to freshwater flows from Old Alameda Creek, and planned restoration in Phase 2 is

expected to eventually include direct connections to the considerable freshwater flows in the

Alameda Creek flood control channel. Though these freshwater sources likely exert a

considerable influence on the condition and evolution of the OLU’s tidal habitats, this network

currently supports no continuous salinity gauges. This network therefore represents a

considerable opportunity for the WRMP to add value to the many monitoring efforts being

implemented by the SBSPRP and NMS, and reduce the amount of time, money, and staff

resources that SBSPRP and CDFW invest in monitoring.

○ Proposal: The WRMP will install two continuous salinity gauges in this network, both

co-located with proposed WSE gauges: One at the Whale’s Tail South Benchmark Site,

and one at the North Creek Marsh Project Site. These gauge locations will help bracket

the relative influences of estuarine-derived (more saline) and watershed-derived

(more freshwater) flows on the network’s tidal baylands, and provide context for

site-specific observations of accretion, vegetation, and other WRMP indicators.

● Santa Clara Valley Network: This network receives continuous freshwater inputs from the San

Jose-Santa Clara Wastewater Pollution Control Plant at Artesian Slough, as well as winter

storm flows and year-round urban runoff from Coyote Creek, Guadalupe River/Alviso Slough,
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San Tomas Aquino + Calabazas Creeks/Guadalupe Slough, and other local flood control

channels. The salinity sensors installed by SFEI in the Lower South Bay in support of the NMS

provide adequate spatial coverage for Reference Sites at Calaveras Point and Coyote Triangle

Marsh, as well as Project Sites at Ponds A6, A21, and A17. The only priority locations in this

network that are not well-represented by existing salinity gauges are the Older Warm Springs

Benchmark Site and the Warm Springs Marsh Project Site, which represent an area with

considerable freshwater influence from Coyote Creek.

○ Proposal: The WRMP will co-locate a salinity gauge with the tide gauges proposed for

Coyote Creek near the Older Warm Springs Benchmark Site and the Warm Springs

Marsh Project Site. These gauge locations will help bracket the influence of freshwater

flows from Coyote Creek on the network’s tidal baylands, and provide context for

site-specific observations of accretion, vegetation, and other WRMP indicators.

Table A4.2. Existing and proposed continuous salinity loggers in SFE. Blue cells reflect priority WRMP

monitoring site networks; white cells reflect Operational Landscape Units (OLUs) that could

comprise future priority monitoring networks.

WRMP Site
Network or OLU

Site WRMP
Site Type

Existing Salinity
Gauge

Installation

Proposed
WRMP Salinity

Gauge
Installation

Suisun Slough
Network

Rush Ranch Benchmark
Site

SFBNERR &
USGS

SUISUN CREEK AT
CORDELIA RD

DWR

Hill Slough DWR

First Mallard Branch USGS

Montezuma
Network

Montezuma Wetlands Project Site

GRIZZLY BAY A SUISUN
SLOUGH NR AVON CA

USGS

Port Chicago OLU SUISUN BAY A BUOY
19 NR PORT CHICAGO
CA

USGS

SUISUN BAY AT
CHANNEL MARKER
24A

USGS

SACRAMENTO R A
CHANNEL MARKER 5
A COLLINSVILLE CA

USGS
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SUISUN BAY AT VAN
SICKLE ISLAND

USGS

Carquinez
North/South
OLUs

Carquinez Bridge USGS

Napa-Sonoma
Network

Brazos?

Older Racoon Island Benchmark
Site

New long-term
salinity gauge

Dutchman Slough feeder channel
to multiple
Project Sites

New long-term
salinity gauge

Steamboat Slough feeder channel
to potential
future Project
Sites

New long-term
salinity gauge

Novato/
Gallinas/West
San Pablo Bay
Network

China Camp Benchmark
Site

SFBNERR

Gallinas Creek Benchmark
Site

SFBNERR

SAN PABLO BAY A
PETALUMA R
CHANNEL MARKER 1
CA

USGS

San Rafael
OLU/Point
Richmond
OLU/Corte
Madera
OLU/Wildcat
Creek Network

Richmond-San Rafael
Bridge

USGS

San Pablo Creek
Marsh

Benchmark
Site

New long-term
salinity gauge

Mission - Islais
OLU

SF Pier 17 USGS

SF Pier 24

Golden Gate OLU SAN FRANCISCO BAY A
NE SHORE ALCATRAZ
ISLAND CA

USGS

Alameda Creek
Network

Whale’s Tail South Benchmark
Site

New long-term
salinity gauge

North Creek Marsh Project Site New long-term
salinity gauge
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Belmont-Redwoo
d OLU/San Mateo
OLU

San Mateo Bridge at
Foster City

USGS

San Mateo Bridge at
Foster City

SFEI*

San Francisquito
OLU

Dumbarton Bridge USGS

Dumbarton Bridge SFEI*

Mowry OLU Mowry Slough SFEI*

Santa Clara Valley
Network

Alviso Slough SFEI*

Guadalupe Slough SFEI*

Pond A8 SFEI*

Alviso Slough Feeder
Channel

USGS

Older Warm Springs
Marsh

Benchmark
Site

New long-term
salinity gauge

*SFEI moorings for the Nutrient Management Strategy measure WSEs, salinity, temperature, chlorophyll a,
dissolved organic matter (DOM) fluorescence, dissolved oxygen, and turbidity at 15-minute intervals.

4-3: Suspended Sediment Concentrations

Table 4.3. Existing and proposed WRMP turbidity/SSC sensor deployments. Blue cells reflect priority

WRMP monitoring site networks; white cells reflect Operational Landscape Units (OLUs) that could

comprise future priority monitoring networks.

Network Site Site Type Existing Sensor
Deployment

Proposed WRMP
Sensor

Deployment

Carquinez
North/South
OLUs, Walnut
OLU

Benicia and
Carquinez Bridge

USGS - Time
series turbidity
w/ SSC
calibration

Alameda Creek
Network

Whale’s Tail
South

Benchmark Time series
turbidity w/ 36
SSC calibration
samples

North Creek
Marsh

Project Time series
turbidity w/ 36
SSC calibration
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samples

Napa-Sonoma
Network

Older Raccoon
Island

Benchmark Time series
turbidity w/ 36
SSC calibration
samples

Brazos Bridge Feeder channel
to multiple sites
(relatively more
fluvial)

Time series
turbidity w/ 36
SSC calibration
samples

Dutchman Slough Feeder channel
to multiple sites
(relatively more
estuarine)

Time series
turbidity w/ 36
SSC calibration
samples

Tolay Bridge?
Sonoma Creek?

Belmont-Redwoo
d OLU/San Mateo
OLU

San Mateo Bridge
at Foster City

USGS - Time
series turbidity
w/ SSC
calibration

San Francisquito
OLU, Mowry OLU

Dumbarton
Bridge

Other USGS - Time
series turbidity
w/ SSC
calibration

Santa Clara Valley
Network

Coyote Creek at
Hwy 237

Feeder channel
to Older Warm
Springs Marsh
Benchmark Site

USGS - Time
series turbidity
w/ SSC
calibration

Coyote Creek at
Alviso
Slough/Calaveras
Pt

Feeder channel
to multiple sites

SFEI - Time series
turbidity
deployment from
2015-2020

Re-occupy and
calibrate to SSC?

Alviso Slough SFEI - Time series
turbidity

Guadalupe
Slough

SFEI - Time series
turbidity

Pond A8 SFEI - Time series
turbidity

Alviso Slough
Feeder Channel

SFEI - Time series
turbidity

Suisun Slough Rush Ranch Benchmark SFBNERR - Time
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Network series turbidity

Gallinas/Novato/
West San Pablo
Bay Network

China Camp Benchmark SFBNERR - Time
series turbidity

Wildcat Creek
Network

Richmond San
Rafael Bridge

Other USGS - Time
series turbidity
w/ SSC
calibration

San Pablo Creek
Mouth

Benchmark Time series
turbidity w/ 36
SSC calibration
samples
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