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1. INTRODUCTION 
 
 
 
1.1 PROJECT DESCRIPTION  
  
 
The Sonoma Baylands Wetland Demonstration Project (Sonoma Baylands) is located on 348 acres of 
formerly diked farmland in southwestern Sonoma County, California.  The project site is on the northern 
shoreline of San Pablo Bay just east of the mouth of the Petaluma River (Figure 1). 
 
The 289-acre interior of the restoration site was designed to restore the ecological function of a tidal 
marsh habitat. The Sonoma Baylands site was once part of an extensive tidal wetland system along the 
north margin of San Pablo Bay.  It had an original elevation of approximately Mean Higher-High Water 
(MHHW = 3.43 feet National Geodetic Vertical Datum of 1929 [NGVD]).  The area was diked and 
drained for agriculture in the late 1800's.  Since then, up to 6 feet of subsidence has occurred at the site.  
Before opening the Sonoma Baylands to tidal action, clean dredged materials were used to raise the 
surface elevation in order to speed the geologic and biologic evolution of the marsh. 
 
The design approach for Sonoma Baylands was to create the appropriate conditions whereby a marsh 
would evolve in response to natural processes occurring at the site. This meant taking advantage of 
natural sedimentation to raise the marshplain above the dredged material placed on the site. Slough 
channels will form as tidal exchange is increased, sedimentation occurs, and marsh vegetation is 
established within the restoration area.  More complete information on project design is contained in U.S. 
Army Corps of Engineers (USACE, 1994), Williams and Florsheim (1994), and ENTRIX (1991). 
 
The design features of the project can be seen in Figure 2.  The bayfront levee has two breaches that 
restore the site to tidal action.  In addition, the bayfront levee has been graded lower to permit 
overtopping of the levee during higher tides. An 11,600 feet peripheral levee provides flood protection to 
the contiguous low-lying agricultural lands, highway, and railroad.  The interior levee, which provides 
maintenance access to two high voltage electrical transmission line towers, also divides the restoration 
site into the functionally independent areas of the west side Pilot Unit and east side Main Unit.  The series 
of low interior berms or “peninsulas” throughout the marsh restoration area were built to limit the length 
of wind-wave fetches across the site.  The peninsulas also direct the formation of major tidal channels 
away from the toe of the peripheral levee. 
 
Placement of dredged material from the Petaluma River Navigation channel in the Pilot Unit was 
completed in November 1994.  The 29-acre Pilot Unit was opened to tidal action on January 24, 1996. 
The 260-acre Main Unit received dredged material from the Oakland Harbor, and the levee was breached 
on October 25, 1996.  This provided the opportunity to monitor the evolution of the Pilot Unit prior to 
breaching the Main Unit.  Because of the difference in the date of tidal inundation, each unit is in a 
different stage of evolution. This monitoring report separates the monitoring results for the Pilot Unit and 
the Main Unit. 
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1.2 MONITORING PROGRAM  
  
 
The Congressional authorization for the Sonoma Baylands Wetland Demonstration Project includes 
monitoring of the development of the restored tidal marsh.  Implementation of the monitoring program is 
required by the Project Cooperation Agreement for the Sonoma Baylands project between the USACE 
and the California State Coastal Conservancy (Conservancy), the Dredged Materials Re-use 
Requirements issued for the project by the San Francisco Bay Regional Water Quality Control Board 
(RWQCB), and the conditions of the endangered species consultations for the project (USACE, 1995).  
The project authorization also includes a provision for remediation (adaptive management and 
monitoring) if the monitoring results indicate that the project requires corrective action. 
 
The USACE and the Conservancy approved the Sonoma Baylands Wetland Demonstration Project 
Monitoring Plan in October 1996, with the concurrence of the U.S. Fish and Wildlife Service (FWS), 
RWQCB, and the National Marine Fisheries Service. This report constitutes the seventh annual 
monitoring report, which documents monitoring results from the 2002 Spring and Fall monitoring 
programs carried out by Philip Williams & Associates, Ltd. (PWA), under contract to the USACE (Table 
1).   
 
 Table 1.  Monitoring Report History  

Report No. Period 

1 October 1994 - July 1996 

2 July 1996 - June 1997 

3 March 1997 - April 1998 

4 August 1998 – October 1999 

5 March 2000 – December 2000 

6 March 2001 – December 2001 

7 January 2002 – December 2002 

 
1.2.1 Year 2002 Monitoring Program Changes 
 
The approved monitoring plan for the project, requires information on tidal hydrology and tide elevations; 
current benchmark elevations and position of the 21 resistivity staffs; tidal sedimentation and 
establishment of tidal marsh vegetation; and the taxa occurrence, density, and standing stock of benthic 
macroinvertebrate in fauna and fish.  
 
Due to contracting issues during the beginning of this monitoring period, certain data were not collected. 
Sedimentation data as reported by the 21 resistivity staffs were not collected, bird surveys were not 
conducted and data on benthic and fish communities were not collected during the fall 2002 sampling 
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period; however, benthic and fish usage data were collected during the spring 2002 period as part of the 
2001 budget.  
  
Despite the lack of resistivity data, sedimentation rates and trends for this monitoring period are 
characterized through the analysis of topographic survey data from the interior elevation transects 
(Section 4.0).  
 
The 2002 monitoring scope was extended to include a detailed digital terrain model (DTM) of both the 
Pilot and Main Units, and data regarding vegetation establishment included extensive cordgrass mapping. 
 
Year 2002 monitoring data is used to characterize the rate and pattern of outboard slough channel erosion; 
changes in tidal prism within the units; sediment deposition and consolidation; constructed levee and 
peninsula subsidence; vegetation establishment; and the development of benthic communities and 
fisheries and their value as a food source for higher trophic levels of organisms.  
 
Table 2 outlines the data sets collected and the team member responsible for the collection, analysis and 
quality control.  A history by report number of all Sonoma Baylands monitoring to date is summarized in 
Table 3. 

 
        Table 2.  Monitoring Team Tasks  

Parameter Team Member 

Tidal Hydrology PWA 

Tidal Elevations PWA 

Outboard Slough Channel Geometry Surveys PWA 

Control Point Surveys Gahagan & Bryant Assoc. 

Position of Resistivity Staffs Gahagan & Bryant Assoc. 

Tidal Sedimentation via Resistivity Staff Data* SP Surveys* 

Tidal Sedimentation via Interior Mudflat Transects PWA 

Subsidence Surveys PWA 

Establishment of Marsh Vegetation Phyllis Faber and Associates 

Presence and Abundance of Bird Species  Avocet Research Associates* 

Benthic Macroinvertebrate Establishment  Entrix Inc. 

Fish Usage  Entrix Inc. 

*data collection did not occur during the monitoring period 
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Table 3. Sonoma Baylands Monitoring Report History 

Report No. Monitoring Period Data Collected 

1 OCTOBER 1994 – JULY 1996 EXTERIOR CROSS SECTIONS 
Tidal Monitoring 
Water Quality Monitoring 
Vegetation 
Aerial Photographs 
START SP Surveys Resistivity Monitoring 
(reported directly to ACOE) 

2 JULY 1996 – SEPTEMBER 1997 EXTERIOR CROSS SECTIONS 
START Interior Transect Monitoring 
Tidal Monitoring 
Water Quality Monitoring 
START Photo Documentation 
Gahagan & Bryant Surveys 
Faber Vegetation 
Avocet Birds 
Entrix Benthic 
SP Surveys Resistivity 

3 
 
Final to ACOE and 
Coastal Conservancy 
in September 1998. 
 
Note odd monitoring 
period coverage up to 
this point. ACOE starts 
“regular scheduled 
monitoring periods at 
this point.” 

MARCH 1998 – JUNE 1998 Exterior Cross Sections 
Interior Transect Monitoring 
START Peninsula Centerline Surveys 
Tidal Monitoring 
STOP Water Quality Monitoring 
Photo Documentation 
NO Aerial Photographs 
Gahagan & Bryant Surveys 
Faber Vegetation 
Avocet Birds 
Entrix Benthic 
NO SP Surveys Resistivity 
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Report No. Monitoring Period Data Collected 
4 

 
Final to ACOE in 
April 2001. 

MARCH 1999 – OCTOBER 1999 
(Includes Fall 1998 data) 

EXTERIOR CROSS SECTIONS 
Interior Transect Monitoring 
Peninsula Centerline Surveys 
Tidal Monitoring 
PHOTO DOCUMENTATION 
Aerial Photographs 
Pilot Unit Channel Excavation 
Gahagan & Bryant Surveys 
Faber Vegetation 
Avocet Birds 
Entrix Fish and Benthic 
SP SURVEYS RESISTIVITY 

5 
 
Final to ACOE in 
December 2002. 

MARCH 2000 – DECEMBER 
2000 

EXTERIOR CROSS SECTIONS 
START Main Unit Exterior Mudflat Cross Section 
Interior Transect Monitoring 
Peninsula Centerline Surveys 
Tidal Monitoring 
PHOTO DOCUMENTATION 
NO Aerial Photographs 
Gahagan & Bryant Surveys 
Faber Vegetation 
Avocet Birds 
Entrix Fish and Benthic 
SP SURVEYS RESISTIVITY 

6 
 
Final to ACOE in 
February 2003. 

MARCH 2001 – DECEMBER 
2001 

EXTERIOR CROSS SECTIONS 
Main Unit Exterior Mudflat Cross Section 
Interior Transect Monitoring 
STOP Peninsula Centerline Surveys 
Tidal Monitoring (START year round monitoring) 
Photo Documentation 
NO Aerial Photographs 
Gahagan & Bryant Surveys 
Faber Vegetation 
Avocet Birds 
Entrix Fish and Benthic (Fall monitoring only, due 
to late contract signing with ACOE) 
NO SP Surveys Resistivity 
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Report No. Monitoring Period Data Collected 
7 

 
Draft to ACOE in 
April 2003. 

JANUARY 2002 – DECEMBER 
2002 

Exterior Cross Sections 
Main Unit Exterior Mudflat Cross Section 
Interior Transect Monitoring 
Tidal Monitoring (year round monitoring) 
Photo Documentation 
Aerial Photographs 
Gahagan & Bryant Surveys 
Faber Vegetation 
NO Avocet Birds 
Entrix Fish and Benthic (Spring monitoring only, as 
part of 2001 budget) 
NO SP Surveys Resistivity 
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2. TIDAL CHANNEL GEOMETRY SURVEYS 
 
 
 
The primary objectives of the outboard tidal channel geometry surveys are: 
 
§ To characterize the current geometry of the outboard slough channels and relate changes in 

width and depth to tidal prism changes and marsh formation within both sites. 
 
§ To characterize the rate and pattern of channel erosion within these slough channels. 

 
§ To identify areas which are not eroding at expected rates. 

 
 
2.1 METHODS  
  
Each cross section is tied into a local benchmark for elevation control. The local cross section 
benchmarks are resurveyed annually, prior to each cross section survey (see Section 5 for more detail on 
site control points [Figure 12]). Each cross section is marked by a monumented endpoint (at each end of 
the cross section), which consists of a pipe driven into the marshplain with a flange attached at the top. 
 
Cross section elevations (marshplain, slope breaks, channel banks and bottom) are recorded using a multi-
parameter recording total station that records elevation and stationing as the rod-person traverses the cross 
section.  
 
2.2 SURVEY LOCATIONS AND DATES 
 
2.2.1 Pilot Unit  
 
To document changes in slough channel geometry, PWA surveyed pre-breach cross sections at three 
locations between the breach and the Petaluma River (XS 1, 9 and 6; Figure 3) on the outboard tidal 
slough channel. Tidal action from San Pablo Bay enters the Pilot Unit through this 1,800-foot tidal slough 
channel. PWA also surveyed cross sections of other slough channels that might be affected by the Pilot 
Unit restoration (XS 2, 4, 5a and 5b; Figure 3) and a nearby reference slough channel unaffected by the 
restoration (XS 7; Figure 3). Cross sections along the outboard tidal slough channel and on nearby control 
channels in the outboard marsh were surveyed in April/May 2002 and September 2002 (Table 4). 
Resurveys of these outboard slough channels (Pilot and Main units) have been conducted since 
monitoring began in 1994.  
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Figure 3. Outboard Cross Section Locations 
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Table 4. Tidal Channel Survey Summary  
Cross 

Section 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Pilot Unit 

1 10/24 ndc 8/6 6/10,9/22 3/24,10/23 4/23, 9/28 3/24, 10/18 4/11, 10/18 4/11, 9/13 

2 10/24 ndc 2/12 6/10,9/30 3/19, 10/23 4/20 3/24 4/16 9/13 

4 10/24 ndc 2/12 6/10, 9/23 3/19, 10/13 4/20, 9/28 3/24, 10/18 4/16, 10/18 4/11, 9/13 

5a+b 10/17 ndc ndc 9/22 3/19, 10/25 4/20, 9/28 3/24, 10/18 4/16, 10/18 4/11, 9/13 

6 10/24 ndc 2/12, 7/16 2/13, 6/10, 9/22 3/19, 10/24 4/9, 9/10 3/24, 10/18 4/11, 10/18 4/11, 9/13 

7 10/25 ndc 8/6 2/22, 6/10, 9/22 3/24, 10/23 4/12, 9/28 3/23, 10/31 4/25, 11/30 5/9, 9/13 

9 10/25 ndc 8/6 6/10, 9/22 3/24, 10/23 4/19, 9/10 3/23, 10/18 4/11, 10/18 4/11, 9/16 

11 (Breach) ndc ndc 3/29, 8/6 6/10, 9/30 3/24, 10/28 4/9, 10/7 3/24, 10/31 4/24, 10/18 5/9, 9/13 

Thalweg 10/25 ndc 2/12, 3/12, 2/13, 6/10, 9/25 3/24,4/28,8/18,9/1,12/2 3/3, 9/8 3/24, 10/31 4/17, 10/18 4/9, 9/16 

Main Unit 

8 10/24 ndc 8/6 3/14, 9/22 3/31, 10/13 4/7, 10/6 3/29, 10/16 4/11, 10/2 4/12, 10/9 

12 ndc ndc 11/4 3/14, 9/30 3/26, 10/23 4/7, 10/6 3/29, 10/16 4/10, 10/2 4/16, 10/9 

13 ndc ndc 8/6 3/14, 9/30 3/31, 10/13 4/7, 10/6 3/29, 10/16 4/10, 10/2 4/12, 10/9 

14 ndc ndc 11/4 3/14, 9/27 3/31, 10/13 ndc ndc 4/10, 10/2 4/16, 10/9 

15 ndc ndc 8/6 3/14, 9/30 3/31, 10/13 4/7, 10/6 3/29, 10/18 4/11, 10/2 4/16, 10/9 

16  (Breach) ndc ndc 8/6 3/14, 9/30 3/31, 10/13 4/7, 10/6 4/4, 11/01 4/26, 12/4 4/16, 10/9 

Mudflat ndc ndc ndc ndc ndc 7/1 2/28 6/6, 10/2 4/16 

Thalweg ndc ndc 10/1 3/4, 9/25 3/31, 10/23 4/7, 10/6 3/29, 11/01 6/6, 10/2 4/12, 10/9 

    NOTE: ndc = No Data Collected 

 
In addition to tidal channel cross sections, one cross section through the breach (XS 11) was established 
to monitor breach geometry changes as the site evolves and reaches an equilibrium. 
 
A thalweg profile was established to track the channel bottom elevation from the San Pablo Bay Mudflat, 
and up into each site. A survey point is recorded approximately every 50 feet along the channel to track 
the rate of scour (or deposition) as the tidal prism increases with the natural evolution of the site. 
 
2.2.2 Main Unit  
 
Tidal action enters the Main Unit through a 1,000-foot natural tidal slough channel that flows directly to 
San Pablo Bay across the outboard marsh (Figure 2). To document changes in slough channel geometry, 
PWA surveyed pre-breach cross sections at three locations between the breach and San Pablo Bay (XS 8, 
15 and 13; Figure 3).  PWA also established cross sections on other slough channels that might be 
affected by the restoration (XS 12 and 14).  All cross sections along this channel and on nearby control 
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channels in the outboard marsh were surveyed in April 2002, and October 2002 (Table 4). The location of 
the breach cross section (XS 16) and the slough channel thalweg longitudinal profile is also shown in 
Figure 3.  The first survey of the longitudinal profile established baseline conditions and was performed 
before the breach on October 1, 1996.   
 
Before this monitoring period, these surveys last occurred on October 2, 2001; a detailed description and 
analysis of this data is located in the “2001 Final Annual Monitoring Report #6”. Table 4 outlines the 
history of surveys at each monitoring location. 
  
2.3 RESULTS   
  
Cross section graphs for the Pilot and Main Units are located in Appendix A. 
 
2.3.1 Pilot Unit  
 
Cross sections 1, 6 and 9 are shown in Figures A-1, A-5 and A-7. These surveys show continual widening 
due to slump block formation and bank erosion; deposited slump blocks also appear to be eroding 
(Figures A-5 and A-7).  Thalweg elevations, which had mostly stabilized during the 1999 – 2000 
monitoring periods (Report #5), have resumed a decreasing trend (Figure 4). In addition, the cross 
sectional areas of the tidal slough channel show the rapid widening and deepening of the channel since 
year 2000 monitoring (Figure 5). Cross sectional areas have increased by approximately 150% since 
2000. 
 
In general, cross sections 2 and 7 (Figures A-2 and A-6) have remained relatively stable. Cross sections 4, 
5a and 5b (Figures A-3 and A-4) continue to show deepening of the thalweg and slump block formation. 
Changes in the geometry were first noticed in 2000 (Report #5). As with the Year 2000 monitoring 
period, PWA field personnel continue to note increased tidal action within this channel. 
 
The Breach cross section (XS 11 - Figure A-8) has continued to widen and deepen compared to the 1999 
surveys in which there was slight stabilization in width and depth.   
 
The Pilot Unit thalweg profile (Figure A-9) shows continued deepening throughout most of the length of 
the channel bottom. This deepening includes the reach of channel through the San Pablo Bay mudflat. 
The erosive-resistant sill at station 1250 has lowered more than 2 feet since adaptive measures were taken 
in 1999 (see Report #4 for details). The sill’s affect on tidal drainage is negligible at this time. 
 
The dominant mechanism of tidal channel erosion continues to be bed deepening that destabilizes the 
banks resulting in blocks of marshplain slumping into the channel where they are subsequently eroded.  In 
the lower half of the main tidal slough, slumped blocks can be observed along most of the channel.  Areas 
of submerged Salicornia (pickleweed) at low tide indicate recent slump block movement; the transition 
from Salicornia to Spartina foliosa (cordgrass) on the blocks indicates a lowering of the slump block 
elevation due to erosion. Hydraulic conveyance continues to increase as channel geometry increases. 
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2.3.2 Main Unit  
 
Cross sections 8, 13 and 15 are shown in Figures A-10, A-12, and A-14.  These graphs show significant 
widening of the channel due to slump block fracture and erosion. Previously deposited slump blocks that 
had caused the thalweg elevations and cross sectional areas of the tidal slough channel to stabilize during 
the 1999 – 2000 monitoring periods (Figures 6 and 7), have completely eroded in cross sections 8, 13 and 
15, increasing the cross sectional area of the channel by approximately 200 – 300% since 2000. The 
eastern bank on cross section 15 (Figure A-14) which had receded approximately 8 feet between the April 
and October 2001 surveys, has stabilized in 2002. 
 
The trend of material filling-in at the breach cross section (XS 16, Figure A-15) has reversed; the thalweg 
section of the channel has become wider and deeper, resorting back to original breach elevations (-5.5 feet 
NGVD) (Figure 6). The cross sectional area has increased by approximately 150% since 2000 (Figure 7) 
as a result of the geometry increases in the outboard channel.  The previous trend of subsidence on the 
levee-based portion of the cross section has stabilized. 
 
The Main Unit thalweg profile (Figure A-16) indicates a renewed trend of rapid erosion and down cutting 
from the outboard mudflat to the breach. This has occurred after a long period of minimal yearly 
decreases in elevation (~1997 – 2000). The overall elevation has decreased approximately 1 foot since the 
October 2001 surveys.  
 
The geometry of the outboard mudflat cross section (Figure A-17) has undergone great transformation 
between the February 2000 and April 2002 surveys. Width and depth have substantially increased in the 
short time period between the October 2001 and April 2002 surveys.  
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Figure 4. Pilot Unit Entrance Channel Thalweg Depth  
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Figure 5. Pilot Unit Entrance Channel Cross Sectional Area  
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Figure 6. Main Unit Entrance Channel Thalweg Depth  
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Figure 7. Main Unit Entrance Channel Cross-Sectional Area  
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3. TIDE ELEVATIONS 
 
 
 
The primary objectives of measuring and recording tidal elevations within both units and in San Pablo 
Bay are: 
 

• To compare tidal elevations within the sites to tidal elevations in San Pablo Bay and relate these 
data to the hydraulic conveyance of the tidal channels. 

 
• To relate tidal elevations within the sites to marshplain formation. 

 
• Eventually to relate tidal elevations to vegetation establishment within the sites. 

 
3.1  METHODS  
  
Continuous water level measuring stations consisted first, of an Instrumentation Northwest (INW) 
stainless-steel submersible pressure transducer (model #PS9800), and then a transition to a Druck 
titanium submersible pressure transducer (model #PTX 1830), inside a 3-inch, perforated aluminum 
stilling well. The stilling well was vibrated into the mud until refusal and a lock box was bolted to the top 
of the well, above the highest water level. The pressure transducer was placed inside the stilling well and 
connected by cable to the data logger, which was located within the lock box. The data loggers were 
programmed to record one sample every ten minutes. 
 
Typically, the data loggers were downloaded after one month of recording; a spreadsheet program was 
used to tabulate and plot the accumulated data. Quality control of the electronic measurements were made 
at the time of downloading and included a visual observation of the tide gage to check for equipment 
degradation, an open air calibration reading, and a water surface elevation survey to check for instrument 
drift. 
 
The elevation of the pressure transducers were surveyed into the 1929 NGVD datum from the site vertical 
control described in Section 5.  For each data record, all measurements were adjusted by the difference 
between the gage datum and NGVD in order to convert the measurements to feet NGVD. 
 
Over the years, several problems were encountered during the sampling periods that resulted in data loss. 
The most common problems were the clogging of the stilling well with sediment and the fouling of the 
sensor heads. Suspended sediment in the water column, deposition in the station location, channel 
migration and small aquatic organisms repeatedly clogged the sensor heads at several of the stations. 
Furthermore, the salinity levels in the marsh are significant enough that over the long time periods of 
sampling, corrosion of the sensor heads had occurred. In order to eliminate these issues, PWA field 
personnel transitioned from the INW stainless-steel models to a more robust titanium-based sensor 
(Druck) for long term monitoring.  This type of sensor carries a five-year warranty against salt-water 
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corrosion. In addition to this monitoring change, PWA field personnel increased site visits to service and 
clean the sensor heads. 
 
During the 2000 and 2001 monitoring seasons, PWA experimented with the use of a non-contact acoustic 
water level sensor at the main unit breach. This monitoring device eliminates fouling due to sediment, 
aquatic organisms and salinity corrosion.  However, it was found that the acoustic sensor was affected by 
changes in the ambient air temperature. It was then decided to resume tidal monitoring with submersible 
pressure transducers. Data collected between the dates of 4/6/2000 and 6/5/2001 were included within the 
results provided in Figure B-21. However, data collected between the dates of 6/6/2001 through 8/2/2001 
were not included in the final results due to temperature fluctuations in the data. 
 
3.2 TIDE STATION LOCATIONS AND DATES 
 
2002 was the first year of continuous, year round tide monitoring. Throughout the year, a total of three 
stations were used to collect water surface measurements. The locations of all measuring stations are 
shown in Figure 8. Table 5 lists the dates of deployment for each location. One of the locations, the 
Railroad (RR) bridge station, was located outside the site at the mouth of the Petaluma River. Tide data 
was collected for two weeks during spring and fall monitoring. 
 
3.2.1 Pilot Unit  
 
There is one measuring station in the Pilot Unit, located near the breach (Figure 8). This is now a 
permanently maintained station. 
 
As part of the regular maintenance program for this tide station, periodic location adjustments are 
necessary due to the evolving interior tidal channel. The PWA field team made an effort to maintain the 
tide gage within the deeper waters of the channel. Due to channel migration, the location of the station has 
been moved to keep the station within the channel thalweg. 
 
3.2.2 Main Unit  
 
There are currently two measuring stations in the Main Unit: the northeast station and the new Main Unit 
breach station (Figure 8). The new Main Unit breach station was relocated approximately 150 yards north 
of the old location in November 1998. This relocation was necessary due to sedimentation that had 
occurred at the old location. The USGS bridge station was abandoned in 2002 because the channel has 
widened sufficiently to destroy the bridge.   
 
3.2.3 Control 
 
A tide gage is installed outside of the project site on the Petaluma River railroad bridge to show the 
amount of tidal dampening within the project site. Predicted tides from the Presidio Gage located on the 
Golden Gate Bridge (station ID 9414290) are also used as control. During Spring monitoring the RR 
bridge station stilling well became clogged with sediment thereby corrupting the data set. 



 
\\Orca\pwa\Projects\son_bay_master\Files_for_pdf\2002Report\2002_Sonoma_Baylands_Final.doc 11/12/03 
 20 

 
Figure 8. Water Level Recording Stations 
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      Table 5.  Tide Recorder Locations and Dates of Deployment  
Name Location 1996 1997 1998 1999 2000 2001 2002 

USGS Bridge On footbridge S 

of M.U. Breach 

no data 1/19 - 2/14 

12/9 - 12/23 

1/1 - 1/25 

(data corrupted) 

11/24 - 12/21 

4/29 - 5/5 

6/15 - 7/1 

4/22 - 6/4 

no winter 

data 

4/2 - 5/4 

9/24 - 11/1 

Station 

abandoned 

Northeast In extreme NE 

corner of M.U. 

12/18 - 12/31 1/1 - 2/14 

12/10 - 12/25 

2/13 - 3/30 

11/24 - 12/21 

(data corrupted) 

4/29 - 5/27 

(gage 

malfunction) 

5/28 - 6/1 

6/17 - 8/6 

9/3 - 10/12 

4/22 - 6/4 

11/8 - 12/9 

3/26 - 5/4 

9/24 - 11/1 

4/5 – 7/9 

(gage 

malfunction) 

7/9 – 12/31 

Main Unit 

Breach 

150' N of 

breach in 

thalweg of 

developing 

M.U. interior 

channel 

11/5 - 12/12 1/17 - 2/14 

3/25 - 4/30 

9/10 - 10/14 

11/12 - 12/2 

12/9 - 12/31 

1/1 - 1/21 

2/13 - 3/30 

11/24 - 12/21 

5/11 - 7/1 4/22 - 6/4 

11/8 - 12/9 

1/23 - 5/18 

8/27 - 11/1 

1/1 - 12/31 

RR Bridge On Petaluma 

River RR 

bridge, 8th 

trestle from 

riverleft. 

11/4 - 12/31 1/1 - 2/14 

12/6 - 12/31 

1/1 - 1/25 

2/12 - 3/30 

12/4 - 12/21 

3/26 - 7/1 5/10 - 7/20 

11/24 - 12/31 

1/1 - 2/7 

4/3 - 5/4 

4/5 - 5/9 

(data 

corrupted) 

9/11 - 10/1 

Pilot Unit 

Breach 

In thalweg of 

P.U. interior 

channel near 

breach. 

2/5 - 11/1 12/31 - 3/3 

8/14 - 9/19 

12/6 - 12/31 

1/1 - 1/21 

2/13 - 4/10 

7/9 - 8/24 

(gage fouling) 

10/13 - 11/16 

11/25 - 12/21 

1/29 - 3/9 

3/28 - 8/12 

10/29 - 11/14 

3/24 - 6/ 6 

11/28 - 12/31 

(corrupted) 

1/23 - 5/18 

8/27 - 11/1 

1/1 - 12/31 
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3.3 RESULTS 
 
Tide elevation graphs for the Pilot and Main Units are located in Appendix B. 
 
3.3.1 Pilot Unit  
 
Figures B-1 to B-16 show tide elevations at the Pilot Unit breach station from February 5, 1996 to 
December 31, 2002. These data are correlated with predicted tide data from the Presidio Gage and 
measured tides at the RR bridge station. The 2002 tidal data set includes three time series: January to 
April (Figure B-14), May to August (Figure B-15), and September to December (Figure B-16).  
 
During August 2002, the data set is truncated at approximately 0.55 feet NGVD. This truncation was the 
result of the stilling well becoming clogged with sediment. The stilling well was replaced on September 
5, 2002, which alleviated the problem. 
 
Tidal exchange in the Pilot Unit has increased dramatically since breaching (Figure 9). The diurnal range 
is now on the average of 2 feet – consistently. The lowest water levels now occur within the interior tide 
channel, thus exposing the surrounding mudflats. During Spring tide periods, the lowest water levels in 
the channel reach  –0.30 feet. The elevation of the base of the stilling well is –0.91 feet NGVD.  
 
The rate of erosion of the outboard slough channel continues to control the lowering of the minimum 
water level in the Pilot Unit (Section 2). As the hydraulic conveyance becomes less restricted, increased 
drainage occurs, leading to lower water levels. These low tide levels are sufficient to expose the entire 
mudflat in the southern half of the unit during most low tide events. 
 
Overall, tidal ranges varied during the 2002 monitoring period from approximately –0.3 to a high of 5.2 
feet NGVD; Water levels reached 5.2 feet NGVD during winter storms which moved through the area in 
December 2002 (Figure B-16). In general, spring tides produced the largest tidal ranges and the highest 
water levels, while neap tides produced the smallest tidal ranges and lowest water levels. 
 
3.3.2 Main Unit  
 
Figures B-17 to B-27 show tidal elevations at each of the stations in the Main Unit (breach and northeast) 
from November 4, 1996 to December 31, 2002. These data are correlated with measured tide data from 
the RR bridge station. Year 2002 Main Unit measurements include three data sets: January – April 
(Figure B-25), May – August (Figure B-26) and September – December (Figure B-27).   
 
The breach tide signal is truncated from January 10 to July 9 due to the gage sitting too high within the 
stilling well to record the low water levels.  The gage was lowered approximately 0.2 feet to capture more 
of the tidal signal.  
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The stainless steel gage that had been installed at the northeast station malfunctioned through the Spring 
2002 monitoring period. It was replaced with a titanium gage on July 9, 2002 and is now included in the 
year round continuous monitoring plan. 
 
The diurnal tidal range within the main unit has increased during the 2002 monitoring year.  The diurnal 
range in 2002 was 0.5 – 0.7 feet, whereas in 2001 the diurnal range was 0.3 – 0.4 feet (Report #6).  The 
outboard slough channel continues to experience rapid geometry increases as described in Section 2; this 
increase in hydraulic conveyance results in an increase in tidal flushing. However, the outboard channel is 
still considerably undersized to convey the large tidal prism required to significantly affect water levels in 
the 260-acre site. The lowest tides are still insufficient to expose a large area of mudflat, and the small 
tidal range is insufficient to permit significant amounts of estuarine sedimentation.  
 
Figure 10 shows a segment of the water surface elevation time series from the breach station comparing 
1997, 2000 and 2002. This figure shows the dramatically increased diurnal range. 
 
It is expected that the tidal regime in the Main Unit will evolve to show a greater range in tidal elevations 
as the entrance channel continues to erode. The continuing erosion of the tidal channel indicates that the 
evolution is proceeding and that the tidal range will continue to develop. 
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Figure 9. Pilot Unit Tidal Monitoring – Changes in Diurnal Range 
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Figure 10.  Main Unit Tidal Monitoring – Changes in Diurnal Range 
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4. SEDIMENTATION AND SUBSIDENCE 
 
 
 
Twelve interior transects (Figure 11) were established to determine the amount of sedimentation and/or 
erosion occurring on the interior mudflats. The primary objective of the interior mudflat surveys is to 
track the evolution (sedimentation) of the mudflats, which ultimately control the evolution of the tidal 
drainage system, vegetation establishment and, in the end, biotic usage.  
 
There are currently enough surveys in the database to start tracking seasonal patterns in 
sedimentation/erosion. 
 
4.1 METHODS  
 
Elevations and horizontal position data were collected with a total station set up over a known benchmark 
on the levee crest near each transect.  Eastings, northings and elevations were recorded for each position 
along the transect (refer to Section 5). 
 
A two-person rod crew in a small boat utilized a rigid 12-inch diameter disk fitted to the bottom of the 
prism rod to reduce penetration of the rod into the soft sediment.  Flagged range poles and resistivity 
staffs were used to keep the rod crew in line along each transect. 
 
4.2 SURVEY LOCATIONS AND DATES  
 
Table 6 lists the dates of all interior transect surveys for the Pilot Unit and Main Unit. Figure 11 shows 
the locations of each transect. 
 
4.2.1 Pilot Unit 
 
Interior Transects 1, 3 and 6 within the Pilot Unit, have been measured since 1997. Interior Transect 6 
crosses the recently formed interior tidal channel within the Pilot Unit. 
 
4.2.2 Main Unit 
 
The Main Unit contains three transects, Interior Transects 12, 16 and 20, that have been monitored twice a 
year since 1997. Six new transects, Interior Transects 7, 12a, 13s, 13n, 20a, and 20b, were added to the 
comprehensive monitoring program in the Main Unit in 1998.  
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Table 6.  Interior Transect Survey Summary  

Transect 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Pilot Unit          

1 ndc ndc ndc September March, Oct. April, Oct. April, Oct. April, Oct. April, Sept. 

3 ndc ndc ndc September March, Oct. April, Oct. April, Oct. April, Oct. April, Sept. 

6 ndc ndc ndc September March, Oct. April, Oct. April, Oct. April, Oct. April, Sept. 

Main Unit          

7 ndc ndc ndc ndc October April, Oct. April, Oct. April, Oct. April, Sept. 

12 ndc ndc ndc September March, Oct. April, Oct. April, Oct. April, Oct. May, Sept. 

12a ndc ndc ndc ndc October April, Oct. April, Oct. April, Oct. May, Sept. 

13n+s ndc ndc ndc ndc October April, Oct. ndc April May, Sept. 

16 ndc ndc ndc September March, Oct. April, Oct. April, Oct. June, Oct. April, Sept. 

20 ndc ndc ndc September March, Oct. April, Oct. April, Oct. June, Oct. April, Sept. 

20a ndc ndc ndc ndc October April, Oct. April, Oct. June, Oct. April, Sept. 

20b ndc ndc ndc ndc October April, Oct. April, Oct. June, Oct. April, Sept. 
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Figure 11. Interior Mudflat Transect Locations 
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4.3 RESULTS 
 
Appendix C contains updated plots for the Pilot Unit and Main Unit. 
 
4.3.1 Pilot Unit  
 
The original seasonal pattern of winter scour and summer deposition (Reports #3 and 4) was not as 
pronounced in 2002 as in earlier years in the Pilot Unit. All transects gained approximately 0.20 – 0.30 
feet of elevation between the spring and fall 2002 surveys (Figures C-1 to C-6). This steady increase in 
sedimentation is a result of the increased tidal prism within the Pilot Unit. 
 
During 2002, the interior tidal channel on Transect 6 has continued to scour compared to the October 
2001 survey, causing the thalweg to lower approximately 0.25 feet between October 2001 and October 
2002 (Figure C-6). The channel thalweg is now at -0.90 feet NGVD, giving the channel a total depth of 
approximately 2.2 feet. 
 
4.3.2 Main Unit  
 
Transects 7 and 12a (Figures C-7 and C-9) run through areas of higher elevation at the base of the 
perimeter levee. These areas are remnants of sandy deltas formed at the mouth of the dredge material 
discharge pipes, which were in place during construction. The transects show relative stabilization in 
areas of placed dredged material, and no appreciable sedimentation. 
 
Transects 13s and 13n (Figures C-10 and C-11) have the highest elevation (approximately 1.5 feet 
NGVD) and show no appreciable sedimentation.  
 
Transect 16 (Figure C-12), although appearing to have stabilized in 2001 shows an elevation increase in 
2002. On average, 0.10 – 0.20 feet of sedimentation has occurred. 
 
Transects 20, 20a and 20b show a slight increase in elevation from the 2001 to 2002 surveys (Figures C-
13 – 15).  
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5. BENCHMARK AND RESISTIVITY STAFF ELEVATIONS 
 
 
 
The Sonoma Baylands site has seven elevation control points throughout the site (Figure 12). All surveys 
(outboard marsh cross sections, thalweg profiles and interior transects) and tidal elevation data are tied 
into these elevation control points. 
 
Once a year, these control points are re-leveled to establish new elevations; control points in this area are 
subject to either subsidence or upheaval. 
 
5.1 BENCHMARKS  
  
5.1.1 Methods  
 
On January 31 and February 1, 2002, Gahagan & Bryant Associates, Inc., in conjunction with their joint 
venture partner, NorthStar Engineering, performed a survey of these seven permanent elevation 
benchmarks to establish the current elevations.  The seven existing benchmarks and the corresponding 
locations and elevations are listed in Table 7. 
 
The basis of the survey used to establish elevations at the seven benchmarks was the US Coast and 
Geodetic Survey benchmark (“Tidal 8”, elevation +6.16 feet NGVD 29) located at the east abutment of 
the Petaluma River Railroad Bridge (Figure 12).  A differential level circuit was performed, tying the 
seven benchmarks into the “Tidal 8” benchmark.  
 
Cross sections, channel thalweg profiles, interior transects, and tidal heights were referenced to feet 
NGVD 1929 using these seven benchmarks and control points established by Gahagan and Bryant during 
their level circuit.  As the DTM (Section 11) also required horizontal control, PWA survey crews set up a 
network of control points within the site based on the Gahagan and Bryant surveys.  All horizontal 
coordinates were founded on the State of California Coordinate System, Lambert Conformal Projection, 
Zone III.  
 
Section 2.1 describes the process of leveling an elevation to all cross sections, interior transects, and tidal 
monitoring stations at the time of each bi-annual survey. Figure 12 illustrates the line of levels taken from 
the main site control points to all of the monitoring locations. 
 
5.1.2 Results  
 
Table 7 shows the results of the Gahagan and Bryant 2002 level-line survey of all site control points.  The 
power tower footing control points continue to subside. Monuments A, B and C were disturbed due to the 
railroad right-of-way maintenance between the 1999 and 2000 surveys. 
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Figure 12. Primary and Secondary Site Control Points 
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Table 7.  Sonoma Baylands Wetland Demonstration Project — Control Benchmarks  
Basis of Survey:  US Coast and Geodetic Survey Benchmark "Tidal 8", el. +6.16 feet NGVD29; located at the east abutment of the railroad bridge 
over the Petaluma River.  All elevations have been corrected to this survey benchmark elevation. 

Monuments Northing Easting 
1997 

Elevation 
1999 

Elevation 
2000 

Elevation 

2002 

Elevation 

Elevation 

Change (since  

1997) Description 

A 596052.749 1427288.959 1.15 1.12 -1.20 -1.19 2.34 
Bronze disk set in concrete adjacent to and north of railroad 
tracks; on east side of western road crossing into Sonoma 
Baylands site; stamped “G.B. Star Point A”. 

B 596832.358 1428718.067 0.96 1.03 0.88 0.96 0.00 
Bronze disk set in concrete adjacent to and north of railroad 
tracks; near drainage culvert approximately 1,620 feet east of 
Monument A; stamped “G.B. Star Point B”. 

C 598952.334 1433276.033 1.12 1.03 0.88 0.91 0.21 
Bronze disk set in concrete adjacent to and south of railroad 
tracks; on east side of the road crossing into Sonoma Baylands 
site; stamped “G.B. Star Point C”. 

SB1 594257.747 1426747.361 8.36 ndc 8.19 8.21 0.15 
Bronze disk set in concrete on bayfront levee crest; southwest of 
pump station at south end of western drainage channel at Sonoma 
Baylands site; stamped “6 TRONOFF”. 

North PG&E 
Tower 

  13.08 12.85 12.69 12.56 0.52 
Scribed 2" x 2" cross on top of concrete cross brace on south side 
of transmission tower located on Peninsula 5 within the Sonoma 
Baylands site. 

Middle 
PG&E 
Tower 

  13.04 12.81 12.66 12.53 0.51 
Scribed 2" x 2" cross on top of concrete cross brace on 
southwestern side of transmission tower located on Interior Levee 
within the Sonoma Baylands site. 

South PG&E 
Tower 

  12.09 11.83 11.65 11.49 0.60 
Scribed 2" x 2" cross on top of concrete cross brace on south side 
of transmission tower located on Interior Levee (marked “Elev. = 
12.69”) within the Sonoma Baylands site. 
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It should be noted that the PWA Field Team did not use the Monument A or B control points for year 
2002 surveys. 
 
These elevation changes do not have an impact on site surveys because the basis for all site control, Tidal 
benchmark “8”, is on a stable concrete pylon which is normally not subject to subsidence. These elevation 
losses are typical for a newly constructed site and are expected to stabilize over time (Jack Fink, Pers. 
Com., 1999). 
  
5.2 RESISTIVITY STAFF ELEVATIONS  
  
5.2.1 Methods  
 
In addition to the seven benchmarks, the current vertical position of the 21 resistivity staffs within the 
project area were also surveyed (Figure 11).  Using the previously established benchmark elevations, 
elevation readings of the 10-foot markings of the staff gauge strips were taken, using a small, shallow 
draft boat.   
 
5.2.2 Results  
 
A tabulation of the elevation changes from previous year surveys is shown in Table 8.  The current 
elevation readings of the 10-foot markings are shown in Table 9.   
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Table 8.  Changes in Electrical Resistivity Staff Elevations   
Staff No. Change from Design Elevation  (Feet) Change 

 6/14/95 7/28/95 10/26/95 5/9/96 7/28/97 4/13/99 9/29/00 2/1/02 2/02 - 6/95 

Pilot Unit 

1 0.17 0.17 0.18 0.17 0.16 0.18 0.14 N/a N/a 

2 0.25 0.24 0.22 0.25 0.23 0.19 N/a N/a N/a 

3 0.05 0.04 0.07 0.08 0.07 0.05 0.05 0.06 0.01 

4 0.12 0.12 0.11 0.12 0.13 0.10 0.08 0.10 0.02 

5 0.05 0.02 0.04 0.04 0.02 0.01 N/a N/a N/a 

6 0.16 0.17 0.15 0.18 0.17 0.15 0.12 0.15 0.01 

Mean 0.13 0.13 0.13 0.14 0.13 0.11 0.10 0.10 0.01 

Min. 0.05 0.02 0.04 0.04 0.02 0.01 0.05 0.06 0.01 

Max. 0.25 0.24 0.22 0.25 0.23 0.19 0.14 0.15 0.02 

Main Unit 

7 0.26 0.27 0.32 0.36 0.32 0.31 0.31 0.34 0.08 

8 0.32 0.32 0.39 0.45 0.38 0.40 N/a N/a N/a 

9 0.11 0.08 0.14 0.20 0.15 0.17 0.13 0.17 0.06 

10 0.03 0.01 0.08 0.09 0.03 0.08 0.02 0.07 0.04 

11 0.05 0.04 0.10 0.10 0.11 0.12 0.07 0.13 0.08 

12 0.15 0.17 0.23 0.28 0.23 0.26 0.24 0.26 0.11 

13 0.20 0.22 0.26 0.28 0.27 0.30 0.24 0.27 0.07 

14 0.22 0.20 0.27 0.32 1.32 1.26 N/a N/a N/a 

15 0.06 0.03 0.11 0.15 0.12 0.16 N/a N/a N/a 

16 0.07 0.03 0.09 0.17 0.11 0.19 N/a N/a N/a 

17 0.03 0.02 0.02 0.13 0.03 0.03 0.01 0.02 0.01 

18 0.08 0.10 0.02 0.03 0.05 Out N/a N/a N/a 

19 0.05 0.07 0.03 0.06 0.01 0.05 0.10 0.05 0.00 

20 0.03 0.01 0.05 0.16 0.06 0.00 0.04 0.01 0.02 

21 0.08 0.07 0.12 0.15 0.13 0.10 0.09 0.12 0.04 

Mean 0.10 0.09 0.14 0.18 0.21 0.24 0.10 0.13 0.04 

Min. 0.03 0.01 0.02 0.03 0.01 0.00 0.01 0.01 0.00 

Max. 0.32 0.32 0.39 0.45 1.32 1.26 0.31 0.34 0.08 

Notes: 
1.   All 1995 surveys by Towill, Inc. for Corps of Engineers. 
2.   May 1996 survey by Bestor Engineers, Inc. for Corps of Engineers. 
3.  July 1997, April 1999, September 2000 and February 2002 surveys by Gahagan & Bryant Associates, 
Inc./NorthStar Engineering for Corps of Engineers. 
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Table 9.   Electrical Resistivity Staff Elevations  
Basis of Survey:  US Coast and Geodetic Survey Benchmark “Tidal 8”, el. +6.16 feet NGVD 29; located 
at the east abutment of the railroad bridge over the Petaluma River.  All elevations have been corrected to 
this survey benchmark elevation. 

Pilot Unit Staffs 

Staff Number Northing Easting 1997 Elevation 1999 Elevation 2000 Elevation 2002 Elevation 

1 595650.194 1427820.228 4.84 4.82 4.86 Destroyed 

2 595219.272 1427499.190 4.77 4.81 Destroyed Destroyed 

3 595140.653 1427750.445 4.93 4.95 4.95 4.94 

4 594870.074 1427340.127 4.87 4.90 4.92 4.90 

5 594630.332 1427478.123 4.98 5.01 N/a N/a 

6 594570.011 1427179.931 4.83 4.85 4.88 4.85 

Main Unit Staffs 

Staff Number Northing Easting 1997 Elevation 1999 Elevation 2000 Elevation 2002 Elevation 

7 596006.783 1428346.348 3.68 3.69 3.69 3.66 

8 596425.269 1429226.537 3.62 3.60 N/a N/a 

9 596600.297 1429749.998 3.85 3.83 3.87 3.83 

10 597000.080 1430650.098 3.97 3.92 3.98 3.93 

11 597400.038 1431500.391 3.89 3.88 3.93 3.87 

12 598000.215 1432500.192 3.77 3.74 3.76 3.74 

13 595452.872 1428694.683 3.73 3.70 3.76 3.73 

14 595909.768 1429560.680 2.68 2.74 N/a N/a 

15 596099.986 1430350.246 3.88 3.84 N/a N/a 

16 596059.959 1431000.197 3.89 3.81 N/a N/a 

17 597126.398 1432235.040 3.97 3.97 4.01 3.98 

18 594700.001 1428300.239 4.05 Destroyed Destroyed Destroyed 

19 595010.305 1429696.122 4.01 4.05 4.10 4.05 

20 595199.510 1431069.404 3.94 4 4.04 3.99 

21 596000.100 1431999.927 3.87 3.90 3.91 3.88 

Note:  All horizontal coordinates listed above are NAD 1927, California State Plane Lambert Zone III. 
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6. FISH SAMPLING 
 
 
6.1 METHODS AND SAMPLING LOCATIONS 
  
Fish surveys were conducted in the tidal channels to the Pilot Unit and Main Unit on April 15, 2002. 
Collections were made using a beach seine (4 feet x 20 feet) with a 1/8th-inch mesh size.  At each of the 
sample sites, replicate seine hauls were collected until no additional species were collected in the site 
area.  During ebb tides, to the extent practicable, seine hauls were made at slack tide.  When this was not 
practicable, seine hauls were made in an “upcurrent” direction.  The catch was identified to the lowest 
possible taxonomic level, enumerated and returned to the water from which it was collected. 

6.1.1 Pilot Unit 
 
The tidal channel for the Pilot Unit is approximately 35 feet wide and 1,800 feet long.  The channel flows 
south and enters a ditch that runs roughly in an east-west direction.  At the southern end of the channel, it 
becomes too deep (>6 feet) to sample effectively. 
 
The Pilot Unit channel was sampled from 1215 to 1305 hours using two replicate tows averaging 35 feet 
in length.  Sampling in this channel was complicated by fine soft substrate that made walking difficult.  
Sampling was confined to the end of the channel nearest the pilot unit, because the more downstream end 
of this channel tended to overtop the net.  The channel here was approximately 30 feet wide and could not 
be sampled in its entirety. 

6.1.2 Main Unit 
 
The tidal channel into the Main Unit is now approximately 30 feet wide, with an approximate depth of 8 
feet at mean higher high tide.  The channel banks are actively sloughing, leaving large (3 – 6 foot) clods 
both submerged and emergent in the channel.   

The Main Unit channel was sampled from 1115 to 1200 hours using two replicate tows averaging 45 feet 
in length.  Conditions for seining were poor, due to large chunks of bank that had fallen into the channel 
creating an irregular bottom and a varying width of channel that could be seined.  Soft silt and slick clays 
along the bottom also hampered sampling. 
 
6.2  RESULTS  
  
The results of the fish captured in the beach seines from both units are shown in Table 10.  A total of 779 
individuals and six species were collected.  Additionally, four groups of invertebrates were captured.  
Two of the six fish species collected at the sites are native to California: Pacific staghorn sculpin and bay 
pipefish (Moyle 2002 and Ganssle 1966).  The other four fish species (yellowfin goby, shimofuri goby, 
rainwater killifish and inland silverside) were introduced to California. 
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The results of all fish captured from both the Pilot Unit and Main Unit since March 1999 are shown in 
Table 11.  Based on the results, the greatest numbers of fish were captured from both units in April 2002 
than in previous years, but the number of species collected from each unit has stayed relatively the same 
over the sampling periods. 

A total of 13 fish species have been collected between the two units since March 1999.  The most 
abundant species caught in the 2002 spring surveys was the native Pacific staghorn sculpin.  As shown in 
Table 10, the large number of Pacific staghorn sculpin (742 in total) captured from both units ranged in 
size from 25 to 148 mm in length, virtually all young-of-year age fish (Jones 1962 in Moyle 2002).  
Spawning typically takes place from October to April, but it occurs mostly in January and February in 
California, in areas of stable salinity.  Most staghorn sculpins complete their entire life cycle in salt water 
(usually estuaries) and a relatively small fraction of the population moves into freshwater (Moyle 2002).  
Five of the 13 species collected during all the surveys from 1997 to 2002 are native to California; bay 
pipefish (Ganssle 1966), prickly sculpin, Pacific staghorn sculpin, threespine stickleback, and topsmelt 
(Moyle 2002).  The other eight species (brown bullhead, rainwater killifish, yellowfin goby, chameleon 
goby, shimofuri goby, inland silverside, Atherinid sp. and striped bass) were introduced to California.  All 
the species listed in the table are well adapted to estuarine living and are capable of withstanding abrupt 
changes between fresh and salt water. 
 
6.2.1 Pilot Unit 
 
Five species of fish and four types of invertebrates were captured in the channel to the Pilot Unit.  The 
fish species captured included 4 inland silverside, 1 shimofuri goby, 6 rainwater killifish, 678 Pacific 
staghorn sculpin, and 2 bay pipefish.  The invertebrates captured consisted of over 100 shrimp (both 
Paleomon sp. and Heptacarpus sp.), isopods, and mitten crabs. 

6.2.2 Main Unit 
 
A total of five species of fish and four types of invertebrates were captured in the tidal channel to the 
Main Unit.  The fish species captured included 21 inland silverside, 1 yellowfin goby, 1 shimofuri goby, 1 
rainwater killifish, and 64 Pacific staghorn sculpin.  The invertebrates captured consisted of over 50 
shrimp, both Paleomon sp. and Heptacarpus sp., isopods, and mitten crabs. 
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Table 10.  Fish Species Captured from the Sonoma Baylands Main Unit and Pilot Unit on 
April 15, 2002 
 

Main Unit Pilot Unit 

Species Count 
Size 

Range 
(mm) 

Count 
Size 

Range 
(mm) 

Inland silverside 
  Menidia beryllina 

21 15-38 4 59-78 

Yellowfin goby 
  Acanthogobius flavimanus 
 

1 45 0  

Shimofuri goby 
  Tridentiger bifsciatus 

1 85 1 105 

Rainwater killifish 
  Lucania parva 
 

1 37 6 29-47 

Pacific staghorn 
  Leptocottus armatus 

64 25-65 678 33-148 

Bay pipefish 
  Syngnathus leptorhynchus 

0  2 157-206 

Total # of Individuals 88  691  

Source:  ENTRIX Inc. files     
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Table 11.   Trends in the Fish Captured from the Sonoma Baylands Pilot Unit and Main Unit from March 1999 to April 2002 

Source:  ENTRIX Inc. files 
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7.  BENTHIC MACROINVERTEBRATE SURVEY 
 
 
7.1 METHODS AND SAMPLING LOCATIONS 
 
Benthic macroinvertebrate samples were collected within the Pilot Unit near water quality Stations 1 and 
3 on April 15, 2002 and near station 6 on April 24, 2002 (Figure 13).  On April 15, 2002, the sampling 
crew arrived before the low tide to attempt to collect benthic samples.  At 0845 hours, there was sufficient 
water at Stations 1 and 3 to collect the samples, but by the time Station 3 was completed (1045), Station 6 
was exposed.  The sampling crew then returned on April 24th, to collect the benthic samples at Station 6. 
 
Station 6 is located closest to the inlet of the tidal channel to the pilot unit, while Station 1 is located most 
distant from the tidal channel inlet (Figure 13).  Near each water quality station, six core samples were 
collected at randomly selected locations within 16 feet of the designated water quality station.  The cores 
were 2 inches in diameter and taken to a depth of 8 inches.  Samples were collected near water quality 
Stations 1 and 3 at about 0845 hours and 1000 hours respectively on April 15th.  Samples were collected 
near Station 6 at about 0840 hours on April 24th.  The cores were sieved on site through a 1 millimeter 
(mm) mesh screen, and the first three cores to contain invertebrates were retained.  Invertebrates from 
these cores were then preserved in a 10% buffered formalin solution and later transferred to a 70% 
ethanol solution and placed in storage.  The samples were shipped to Dr. Howard Jones of Marine 
Taxonomic Services for identification. 
 
For each station (1, 3, and 6), the densities (#/0.1 m2) of each species and phyletic group, total density of 
invertebrates (sum of species densities), total standing stock (total wet weight [grams/0.1 m2]), standing 
stock of each phyletic group, and number of species (species richness) collected were calculated.  Indices 
for species diversity (Shannon-Weaver H´) and evenness (Pielou’s J´) (1966) were calculated according 
to the following formulas (Zar 1974): 

H' = n log n - Σ fi log fi  
       n 

where,  H´ = Shannon-Weaver Diversity Index 
fi = observed frequencies of individuals 
n = total number of individuals 

 
and 

J´ = H´/log N 
 
where,   J´ = Pielou’s Index of Evenness 

N = number of species 
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Figure 13. Benthos Stations  
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7.2 RESULTS 
 
Eleven species were represented in benthic macroinvertebrate samples collected near each of the three 
water quality stations in the 2002 sampling.  These included one species of segmented worms (Class 
Polychaeta), three species of molluscs (Phylum Mollusca), and seven species of crustaceans (Subphylum 
Crustacea) (Table 12).  The total mean density of invertebrates collected across the three water quality 
stations was 150.0 m2, and mean standing stock was 0.055 grams/0.1 m2 (Tables 12 and 13, respectively).  
The most abundant species collected was the crustacean, Leucon subnasica.  The indices for species 
diversity and evenness were similar between Stations 1 and 3 but considerably higher for Station 6.  The 
mean Shannon-Weaver Diversity Index for the combined stations was 0.29 and Pielou’s Index of 
Evenness was 0.28 (Table 14). 

Samples collected near water quality Station 1 had the highest number of taxa (n=6) and the greatest 
number of organisms (n=200) (Table 15).  The greatest difference between stations for density of a 
particular species occurred for the crustacean, Leucon subnasica.  This species was absent from samples 
collected at Station 6, found in all three replicates at Station 3 with a combined total of 50, but occurred at 
a much higher level at station 1 with a combined total of 186.  Some of the other invertebrates occurred 
singly in a given replicate (i.e. Ampelisca lobata, Amphipoda sp. Indet, Melitidae sp. Indet, Insecta, 
Mediomastus sp. Indet, Barleeia sp. Indet, Gastropoda sp. Indet, and Mactridae sp. Juv).  The crustacean, 
Corophiidae sp. Indet, was observed at both Stations 1 and 3, but the molluscs and segmented worm 
species were only observed at Station 6. 
 
Table 12.  Densities (no./0.1m2) of Invertebrates Collected from the Sonoma Baylands Pilot 
Unit on April 15 [Stations 1 & 3] and April 24 [Station 6], 2002 (Source: ENTRIX Inc. files) 

 Station 1 Station 3 Station 6 All stations 

Polychaeta     

Mediomastus sp. Indet. 0 0 3.4+2.9 1.1+2.2 

Mollusca     

Barleeia sp. Indet. 0 0 10.2+8.8 3.4+6.7 

Gastropoda sp. Juv. 0 0 3.4+2.9 1.1+2.2 

Mactridae sp. Juv. 0 0 3.4+2.9 1.1+2.2 

Crustacea     

Ampelisca Iobata 3.4+2.9 0 0 1.1+2.3 

Amphipoda sp. Indet. 1.7+2.9 0 0 0.6+1.7 

Corophiidae sp. Indet. 6.8+7.8 3.4+2.9 0 3.4+5.1 

Insecta 0 1.7+2.9 0 0.6+1.7 

Leucon subnasica 315.8+364.6 84.9+66.5 0 133.6+233.2 

Melitidae sp. Indet. 1.7+2.9 0 0 0.6+1.7 

Sinocorophium alienense 10.2+17.6 0 0 3.4+10.2 

Total Density 339.6 90 20.4 150 

Number of Species 6 3 4 11 
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Table 13. Biomass (grams/0.1 m2) of Invertebrate Groups Collected from the Sonoma 
Baylands Pilot Unit on April 15 [Stations 1 & 3] and April 24 [Station 6], 2002 

Taxon Station 1 Station 3 Station 6 All Stations 

Polychaetes 0 0 0.035+0.040 0.012+0.023 

Mollusks 0 0 0.012+0.009 0.004+0.005 

Crustacea 0.094+0.082 0.022+0.013 0 0.039+0.044 

TOTALS 0.094 0.022 0.047 0.055 

Source:  ENTRIX Inc. files   

 
 
 
Table 14. Shannon-Weaver Diversity Indices and Pielou's Evenness Indices for the Sonoma 
Baylands Pilot Unit on April 15 [Stations 1 & 3] and April 24 [Station 6], 2002 

 Station 1 Station 3 Station 6 All Stations 

Diversity 0.17 0.12 1.03 0.29 

Evenness 0.21 0.25 1.71 0.28 

Source:  ENTRIX Inc. files    
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Table 15. The Number of Individuals (Species Richness) Collected at Each Water Quality Station on April 15 [Stations 1 & 3] and 
April 24 [Station 6], 2002 
 

Date 04/15/2002 04/15/2002 04/15/2002 04/15/2002 04/15/2002 04/15/2002 04/24/2002 04/24/2002 04/24/2002 
TAXON 

Sample/Rep 1-1 1-2 1-3 3-1 3-2 3-3 6-1 6-2 6-3 

POLYCHAETA          

  Mediomastus sp. Indet.       1 1*  

MOLLUSCA          

  Barleeia sp. Indet.       1 4 1 

  Gastropoda sp. Indet.        1 1 

  Mactridae sp. Juv.        1 1 

CRUSTACEA          

  Ampelisca lobata 1  1       

  Amphipoda sp. Indet. 1         

  Corophiidae sp. Indet.  3 1 1 1     

  Insecta      1    

  Leucon subnasica 12 144 30 29 18 3    

  Melitidae sp. Indet.   1       

  Sinocorophium alienense  6        

Source:  Marine Taxonomic Services 
*Fragment 
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7.3 DISCUSSION 
 

The compiled data to date shows that the total density of invertebrates collected from the pilot unit was 
highest in April 2002 due to the large number of Leucon subnasica collected, while the total standing 
stock was highest in March 1997 (Tables 16 and 17; Appendix Figures D-2 and D-4, respectively).  Both 
the September 1997 and April 2002 efforts appear to have had an unusually high number of invertebrates 
collected.  Densities of invertebrates were lowest in October 2000 when compared to other sampling 
periods.  Molluscs were the most abundant group in March 1997, crustaceans were most abundant during 
spring sampling in 2002 (primarily Leucon subnasica) and fall sampling in 1997, 2000, and 2001, and 
polycheates were most abundant in March and November 1999 samples (Table 11). 
 
The total number of species observed was also highest in 1997 but has remained relatively constant in 
samples collected between March 1998 and October 2001.  Total species diversity has remained relatively 
high (ranging from 0.56-0.80/0.1 m2) since March 1997 with the exception of March 1999 and April 2002 
when species diversity dropped to 0.31/0.1 m2 and 0.29/0.1 m2, respectively.  Species evenness has fallen 
within the range of 0.73 to 0.84, except in March 1997 and March 1999, when it dropped to 0.51 and in 
April 2002 when it dropped even lower to 0.28.  The values for species diversity and evenness are lowest 
for the 2002 sampling because of the strong dominance of Leucon subnasica.  If this species is eliminated 
from the data set, species diversity and eveness increase to levels similar to those observed during 
previous sampling events.   
 
The observed biomass in samples collected in March 1997 was nearly 8 times greater than that observed 
in any other sampling event (Table 17).  The second highest biomass occurred in September 1997.  The 
lowest biomass observed was in March 1999.  The biomass observed during sampling efforts in April 
2002 was fairly low with 0.055 grams/0.1m2. 
 
No trends are evident in the data to indicate that the invertebrate community is changing in a consistent 
pattern over time.  Fish population data in April 2002 is largely qualitative.  The species observed are 
common and widely spread throughout the San Francisco Bay. 
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Table 16. Trends in the Benthic Invertebrate Community [Densities (per 0.1m2), Shannon-
Weaver Diversity Index and Pielou's Evenness Index] from March 1997 to April 2002 

 
Mar 
1997 

Sep 
1997 

Mar 
1998 

Mar 
1999 

Oct 
1999 

Oct 
2000 

Oct 
2001 

Apr 
2002 

POLYCHAETA         

  Capitella capitata 
'hyperspecies' 

 4.5+7.8  13.6+9.5 9.5+13.2  0.6+1.7  

  Capitellidae sp. Indet. 0.3+0.5        

  Heteromastus sp. Indet. 0.6+1.0     0.6+1.7 1.1+3.4  

  Malacocerus indicus 0.3+0.5        

  Mediomastus sp. Indet.        1.1+2.2 

  Neanthes succinea 2.0+0.5     0.6+1.7   

  Oligochaeta 0.6+0.5 1.7+1.7 2.8+4.9  20.4+28.9    

  Polydora nuchalis  10.8+14.2     1.1+2.3  

  Polydora sp. Indet. 0.9+1.5        

  Pseudopolydora kempi     12.1+13.6    

  Streblospio benedicti  9.6+9.3 1.1+2.0 1.7+4.2 7.6+15.9    

Total for Polychaeta 4.7 26.6 3.9 15.3 49.6 1.2 2.8 1.1 

MOLLUSCA         

  Alvania compacta    0.8+2.1 0.6+1.8    

  Anisodoris nobilis    0.8+2.1     

  Barleeia sp. Indet.        3.4+6.7 

  Bivalvia sp. juv. 1.2+0.5 0.6+1.0       

  Cryptomya californica 17.6+7.0 4.5+7.8       

  Gastropoda sp. juv.      0.6+1.7  1.1+2.2 

  Macoma balthica 
54.0+21.

7 
1.7+2.9 1.1+2.0  0.6+1.8 1.1+2.2 3.4+3.6  

  Mactridae sp. juv.        1.1+2.2 

  Mya arenaria 0.6+0.5        

  Olea hansineensis  0.6+1.0       

  Periploma planiusculum 1.2+2.0     1.1+3.4   
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Mar 
1997 

Sep 
1997 

Mar 
1998 

Mar 
1999 

Oct 
1999 

Oct 
2000 

Oct 
2001 

Apr 
2002 

  Psephidia lordi 0.3+0.5        

Total for Mollusca 74.9 7.4 1.1 1.6 1.2 2.8 3.4 5.6 

CRUSTACEA         

  Americorophium 
spinicorne 

 36.8+47.7 7.9+7.7      

  Ampelisca lobata        1.1+2.3 

  Amphipoda sp. Indet.      0.6+1.7  0.6+1.7 

  Corophiidae sp. Indet.        3.4+5.1 

  Corophium sp. Indet.  7.4+4.9 1.1+2.0      

  Grandidierella japonica 
43.6+45.

0 
9.1+3.9 0.6+1.0  9.5+8.4 5.7+5.9 5.7+6.5  

  Insecta        0.6+1.7 

  Leucon subnasica      0.6+1.7  
133.6+23

3.2 

  Melitidae sp. Indet.        0.6+1.7 

  Sinocorophium cf. 
Alienense 

      13.6+22.9 3.4+10.2 

Total for Crustacea 43.6 53.3 9.6 0 9.5 6.9 19.3 143.3 

Total Invertebrate Density 123.2 87.3 14.6 16.9 60.3 10.9 25.5 150.0 

Number of Species 13 11 6 4 7 8 6 11 

Diversity 0.57 0.80 0.59 0.31 0.71 0.69 0.56 0.29 

Evenness 0.51 0.77 0.76 0.51 0.84 0.76 0.73 0.28 

Source:  ENTRIX Inc. files 
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Table 17. Trends in the Benthic Invertebrate Community [Biomass (grams/0.1 m2)] from March 1997 to April 2002 

 
Mar 
1997 

Sep 
1997 

Mar 
1998 

Mar 
1999 

Oct 
1999 

Oct 
2000 

Oct 
2001 

Apr 
2002 

POLYCHAETA 
0.124 +/- 

0.057 
0.218 +/-  

0.170 
0.089 +/- 
0.0078 

0.028 +/- 
0.025 

0.108 +/- 
0.057 

0.018 +/- 
0.023 

0.077 +/- 
0.044 

0.012 +/- 
 0.023 

MOLLUSCA 
3.722 +/- 

1.136 
0.176 +/- 

0.305 
0.097 +/- 

0.166 
0.007 +/- 

0.013 
0.023 +/- 

0.033 
0.084 +/- 

0.178 
0.256 +/- 

0.316 
0.004 +/- 

0.005 

CRUSTACEA 
0.137 +/- 

0.129 
0.161 +/- 

0.171 
0.037 +/- 

0.038 
0.000 

0.028 +/- 
0.021 

0.012 +/- 
0.004 

0.043 +/- 
0.050 

0.039 +/- 
0.044 

Total Biomass 3.983 0.555 0.223 0.036 0.159 0.114 0.376 0.055 

Source:ENTRIX,Inc. files 
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8. VEGETATION 
 
 
8.1 METHODS AND SAMPLING LOCATIONS 
  
Six PWA interior transects were examined for the presence of vascular vegetation (Table 18). The 
perimeter of the Pilot and Main project units were examined for wetland vegetative cover, and extensive 
cordgrass mapping was performed. Counts were made only on plants in bloom, however many small 
clones were visible and will likely become large enough to be included in future counts.  Species 
distribution and condition were noted. 
 
Sampling locations included the six transects at the perimeter of the land/water interface of the Pilot and 
Main Units (Figure 11) along with the cordgrass counts along the perimeter of the Pilot and Main Units. 
 
8.2 RESULTS  
  
The vegetation maps with cordgrass counts from 1997, 1999 and 2002 are presented in Appendix E.   
 
8.2.1 Pilot Unit  
 
Tidal fluctuation in the pilot unit has increased over the past year allowing extensive stretches of mudflat 
to become exposed at low tide with noticeable populations of golden diatoms on the exposed mudflat.  
Establishment of cordgrass (Spartina foliosa) was mapped in 1997, 1999, and 2002 (Figures E1-E3).  
There is a sizeable stand of cordgrass around Peninsula 1 and on both sides of the breach. Between 1997 
and 2002, many small clumps have coalesced into large stands.   
 
Vegetation around the perimeter has not changed significantly except for the area between the pilot unit 
and the outboard marsh where the dike was lowered. Here, the marsh has become an abundant-looking 
mid to upper zone marsh with healthy looking pickleweed (Salicornia virginica), alkali heath (Frankenia 
salina), gumplant (Grindelia stricta), and curly dock (Rumex crispus). The remainder of the margin is a 
nearly continuous band of pickleweed (Salicornia virginica) that ranges from 3 feet to 15 feet wide 
depending on the steepness of the surrounding dike. Some areas have heavy infestations of star thistle, 
making access difficult. 
 
Above the pickleweed band and higher on the levees, coyote bush (Baccharis pilularis), Australian 
saltbush (Atriplex semibaccata), lotus (Lotus corniculata), curly dock (Rumex crispus), tarweed 
(Hemizonia congesta var. congesta), bristly oxtongue (Pichris ecioides), horseweed (Conzya canadensis), 
peppergrass (Lepidium latifolia), radish (Raphanus sativa and R. raphanistrum) and thistle (Circium 
vulgare) grow intermittently with grasses. Areas where the dike was removed along the southern border 
of both the Pilot and Main Unit provide a range of middle to upper marsh habitat. Wetland plants such as 
pickleweed, sandspurrey (Spergularia marina), fat hen, alkali heath, brass buttons (Cotula coronipifolia), 
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and gumplant (Grindelia humilis) have colonized the area extensively along with several upland species 
such as Australian saltbush, dock, tarweed, and lotus.  
 
The largest change in appearance between the 1997 and 2002 visits is the increasing tidal exposure of 
mudflat, the increased density and aerial extent of newly established cordgrass and gumplant around the 
pickleweed band, and the colonization of the removed dike area by wetland vegetation. There is 
considerable diversity of wetland species and a vigorous appearance to the site.     
 
8.2.2 Main Unit  
 
All Main Unit interior mudflat transects are still subtidal in nature; as a result, vegetation monitoring is 
concentrated on the upland (levee) portions of each transect.  
 
Year 2002 monitoring yields exposed areas of mud in the main unit that also are covered with golden 
diatoms, visible when the mud is exposed.  While tidal flushing is improving, there are still stagnant 
conditions in the northeast section where Ruppia grows and its seeds are blown.   
 
Cordgrass was mapped in the Main Unit for years 1997, 1999 and 2002 (Figures E-4-E6).  A vast amount 
of cordgrass has colonized the Main Unit in recent years, occupying the fringe elevations between the 
pickleweed border and the mudflat. Cordgrass can now be found along approximately one third of the 
Main Unit perimeter levees (Figure E-6).  This indicates a healthy seed source that has arrived as a result 
of increased tidal flushing.  There is no establishment of cordgrass in the northeastern section where the 
wind prevents good circulation and is likely an indication that conditions are too saline for seeds to 
germinate.  Star-thistle continues to be a problem on the banks and makes access difficult.  There is good 
plant diversity throughout the unit with most plants found in the salt marshes in this part of San Francisco 
Bay represented. 
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Table 18.Vegetation Establishment Along Interior Transects  

Transect Location 

Elevation 
(NGVD) Distance (feet) 

Total Length of 
Vegetation (feet) Notes 

Pilot Unit 

1 East end 
3.04 
2.20 

35.67 
40.49 4.82 

Upper edge of pickleweed 
Lower edge of pickleweed 

3 West end 
2.98 
1.97 

43.79 
55.65 11.86 

Upper edge of pickleweed 
Lower edge of pickleweed 

3 East end 
3.22 
2.28 

769.96 
761.76 8.20 

Upper edge of pickleweed 
Lower edge of pickleweed 

6 West end 
2.96 
1.98 

38.61 
43.38 4.77 

Upper edge of pickleweed 
Lower edge of pickleweed 

6 East end 
2.92 
2.31 

750.60 
746.03 4.57 

Upper edge of pickleweed 
Lower edge of pickleweed 

Main Unit 

12 South end 
2.18 
1.89 

344.31 
340.51 3.80 

Upper edge of pickleweed 
Lower edge of pickleweed 

16 East end 
3.91 
2.50 

1420.98 
1411.06 9.92 

Upper edge of pickleweed 
Lower edge of pickleweed 

16 West end 
3.22 
1.94 

26.49 
33.63 7.14 

Upper edge of pickleweed 
Lower edge of pickleweed 

20 
 

North end   0 No vegetation noted 

 
  
8.3 DISCUSSION  
  
Significant changes between the 1997, 1999 and 2002 visits to both the Pilot and Main Units include: 
increasing tidal exposure of mudflat particularly in the Pilot Unit; vigorous spread of cordgrass 
throughout both units; pickleweed and gumplant around the upper margin, particularly in the Pilot Unit; 
and, the creation of upper marsh habitat between the outboard marshes of both project units with 
extensive colonization by wetland species.  There is considerable diversity of wetland species in both the 
Pilot and the Main Units of Sonoma Baylands and an increasingly dynamic appearance to the vegetation 
of the site. 
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9. PHOTO DOCUMENTATION 
 
 
9.1 METHODS  
  
A series of 46 (22 for the Pilot Unit and 24 for the Main Unit) photographic benchmarks were established 
to photographically document the evolution of the channels and embayments of both the Pilot and Main 
Units of Sonoma Baylands.  The techniques used in this year’s photographic documentation were based 
on the principals of re-photography, also known as repeat photography—a “technique of landscape study 
in which a scene depicted in an earlier photograph is ‘re-photographed,’ generally after an interval of 
some months or years, to determine the nature of the changes that have occurred between the time of the 
original photograph and the time of the repeat photograph (Lambert, 1984).”  
 
In order to provide for the opportunity of a re-photographic survey at Sonoma Baylands, detailed records 
were kept for each of the benchmarks and the photographs.  For each benchmark the GPS latitude, 
longitude and elevation were recorded.  In addition, a photograph was taken of the tripod set up over the 
benchmark to further facilitate its relocation.  For each photograph the following information was 
recorded: 
 

1. Equipment: This included the makes and models of the camera, lenses and tripod  as well as the 
format, manufacturer, ISO and type of film; 

 
2. Camera Orientation: This included the magnetic bearing, zenith and roll angles as well as the 

height of the camera above the benchmark (on the levees) or above the ground (in the 
marshplain); and 

 
3. Camera Settings: This included the focal length of the lens, aperture and shutter speed. 

 
  
9.2 PHOTO DOCUMENTATION STATIONS  
  
Figure 14 displays the locations of the photographic benchmarks and the photographs that are presented 
in this report.  
 
9.3 RESULTS 
 
Appendix F contains photo documentation from 1994 to 2002.  
 
9.3.1 Pilot Unit 
 
The current photographs reveal the increasing width of the tidal slough channel as discussed in Section 2. 
There is a notable disappearance of the slump blocks with established cordgrass in the 2002 photos 
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(Figures F-1 to F-5). In these instances the channel evolves from a narrow ditch, navigable with a small 
ladder to a significant tidal slough channel, the width of which extends beyond the full reach of the stadia 
rod (25 feet). 
 
9.3.2 Main Unit 
 
The Main Unit tidal slough channel photographs show a similar widening trend as that in the Pilot Unit 
(Figures F-6 to F-10). There is also a healthy stand of cordgrass beyond the pickleweed at the mouth of 
the channel near San Pablo Bay (Figure F-6a and 6b). 
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Figure 14. Photodocumentation Benchmarks   
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10. AERIAL PHOTOGRAPHS 
 
 
10.1 METHODS 
 
Air Flight Services, Inc. took a series of aerial photographs of the Sonoma Baylands project site on 
August 8, 2002 at 8:23 a.m.  The photos were taken at an extreme low tide (–1.0 feet MLLW; 1.40 feet 
NGVD in the Pilot Unit and 1.77 feet NGVD in the Main Unit) and show channel and vegetation 
development within the project site. 
 
10.2 RESULTS 
 
Appendix G contains aerial photo plates from August 1995, August 1999, October 1999 and August 
2002. The 2002 photos reveal the evolving interior tidal channel within the Pilot Unit and the beginning 
stages of channel development at the Main Unit breach (Figures G-4 and G-5). 
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11. DIGITAL TERRAIN MODEL (DTM) 
 
 
Year 2002 Monitoring was extended to include the production of a Digital Terrain Model (DTM).  The 
primary objective of the DTM is to calculate volumetric changes of sediment over time.  This gives us an 
estimate of the amount of accretion or erosion of sediment throughout the site, which can be invaluable 
when looking at vegetation establishment and channel formation.  The Year 2002 DTM is the first step in 
this process; this survey will be compared to future DTM’s to calculate changes in sediment volumes.  
 
11.1 METHODS 
 
Creation of the DTM began with an extensive elevation survey of all existing benchmarks within the site 
(Section 5).  As the DTM also required horizontal control, PWA survey crews set up a network of control 
points based on the Gahagan and Bryant surveys.  All horizontal coordinates were founded on the State of 
California Coordinate System, Lambert Conformal Projection, Zone III. 
 
11.1.1 Pilot Unit Surveys 
 
Detailed surveys of the Pilot Unit included interior transect surveys (Section 4), contours of levees, 
peninsulas, scarps, pickleweed and cordgrass transitions, random mudflat shots and mapping the exterior 
tide channel.  PWA survey crews also followed the exterior tide channel into the site to define the reaches 
of the evolving interior channel. 
 
11.1.2 Main Unit Surveys 
 
Due to the size of the Main Unit and budget restrictions, the Main Unit DTM survey was not nearly as 
detailed as that in the Pilot Unit.  Main Unit interior transect surveys (Section 4) were supplemented with 
additional survey points on the mudflats and along the peninsulas.  A concentrated effort was made in the 
vicinity of the breach where channelization of the mudflat is beginning. 
 
11.1.3 DTM Development 
 
PWA DTM surveys were imported into CAD graphing software. According to survey notes, selected 
survey points at grade breaks were connected by 3-dimensional lines to form break lines which facilitated 
generation of the DTM. The remaining survey points acted as spot elevations to further refine the DTM 
network. 
 
2002 infrared aerial photography was scanned and overlayed in the CAD survey file. The infrared photo 
was then rubbersheeted to match the ground survey. It should be noted that raw aerial photo data was not 
rectified to the geographic coordinate system and contains inherent errors due to camera lens distortion 
and image centering. This rubbersheeting technique uses multiple match points to stretch the image and 
match known ground points, contorting individual pixels in the image like a rubber sheet, resulting in an 
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approximate correlation to the geographic coordinate system. Water surface elevations (Section 10) were 
digitized from the aerial photo and used as additional break lines in the DTM. 
 
Using the above survey and photo data, the DTM was compiled and draft contours were generated. The 
draft contours were inspected to identify anomalies and provide feedback to locate additional required 
break lines. DTM compilation and contour generation was iterated until the topography smoothed out to 
natural landforms.  
 
The DTM in the Pilot Unit had a much more extensive ground survey and is considered more accurate 
than the Main Unit DTM. The Main Unit DTM provides a good approximation of the topography, which 
utilized interpolated cross section data and approximate aerial photography data. Also note the 
development of the DTM was more focused on accurately showing the elevations of the tidal flats and the 
channels within the tidal flats.  Elevations and shapes of the tops of peninsulas were estimated. 
 
11.2 RESULTS 
 
Appendix H contains the DTM plots.   
 
11.2.1 Pilot Unit 
 
Mudflat elevations are typically higher in the Pilot Unit (averaging 1.34 feet NGVD) where there is a 
greater amount of sedimentation and extensive cordgrass establishment (average elevation of 1.50 feet 
NGVD) (Figure H-1).  The interior channel shows thalweg elevations of –0.9 to –0.3 feet NGVD. 
 
11.2.2 Main Unit 
 
The beginning stages of channelization at the Main Unit breach can be seen in Figure H-2 with elevations 
on the order of –1.0 feet NGVD. Average Main Unit mudflat elevations range from 1.32 feet NGVD at 
the breach to 1.24 feet NGVD towards the northeast corner of the site.   
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12. SUMMARY 
 
 
 
12.1 GEOMORPHIC EVOLUTION AND PHYSICAL HYDROLOGY  
  
12.1.1 Pilot Unit  
 
Since tidal action was restored to the site in January 1996, the diurnal tidal amplitudes have progressively 
increased and the minimum tide level has gradually been lowering.  The lowest tides now drain the site to 
about –0.3 feet NGVD, which is low enough to expose significant areas of mudflats.  
 
In the 7-year period since the site was breached, estuarine sedimentation has occurred. Up to about one 
foot of sedimentation has occurred since breaching. This monitoring period also documented the 
formation and continued scouring of a main tidal channel within the Pilot Unit. The depth of this channel 
increased to –0.9’ NGVD in September 2002.  
 
The capacity of the outboard slough channel continues to control tidal action within the Pilot Unit. Cross 
section views of the slough channel described in Section 2 demonstrate that a slumping and erosion 
process is occurring along the Pilot Unit slough channel, significantly widening the channel and 
increasing its hydraulic conveyance. This increased hydraulic conveyance is manifested through increased 
drainage and tidal exchange within the Pilot Unit. This increased tidal exchange will further estuarine 
sedimentation, interior tidal channel formation and the establishment of vegetation within the site. 
 
12.1.2 Main Unit  
 
Diurnal tidal fluctuations continue to be muted in the 260-acre Main Unit. The lowest tides are 
insufficient to expose large areas of mudflat, and the small tidal range is insufficient to permit significant 
amounts of estuarine sedimentation and ultimately vegetation establishment. However, 2002 monitoring 
data shows that the tidal range is increasing, with the measured lows being close to current mudflat 
elevations (1.32 feet NGVD). In addition, the area near the breach is beginning to show signs of 
channelization, with elevations measured as low as –1.0 feet NGVD.  
 
None of the Main Unit interior mudflat surveys indicate a significant increase in mudflat surface elevation 
during the past year. Although increased channel conveyance has been measured, better drainage during 
low tides is required to expose significant areas of mudflat to allow for sedimentation and vegetation 
colonization.  
 
As with the Pilot Unit, the rate of evolution is controlled by the rate of erosion of the outboard tidal 
slough channel. The channel appears to be scouring uniformly and the hydraulic conveyance of the 
channel is progressively increasing.   
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12.2 ECOLOGY  
  
The Sonoma Baylands Wetland Demonstration Project was designed to allow the evolution of inter-tidal 
mudflats that would be colonized by cordgrass (Spartina foliosa). 2002 monitoring of the physical 
hydrology at Sonoma Baylands shows that while marsh evolution is rapidly proceeding, most of the site 
currently continues to be subtidal habitat.   
 
On the perimeter of both units there is a healthy colonization of the common plants that occur in San 
Francisco Bay salt marshes. Both units have continuous bands of pickleweed growing around the 
perimeter. In the second growing season following the dike breaching, cordgrass colonized the Pilot Unit 
in several places and is spreading effectively throughout both units. 2002 vegetation mapping shows the 
dramatic colonization over the past 5 years. 
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APPENDIX A 
Tidal Slough Channel Surveys 
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APPENDIX B 
Tidal Elevation Figures 
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Interior Mudflat Surveys 
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APPENDIX D 
Benthic Macroinvertebrate Data 
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APPENDIX E 
Vegetation Maps 
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APPENDIX F 
Photo Documentation Plates 
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APPENDIX G 
 Aerial Photo Plates 

Air Flight Services, Inc. 
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APPENDIX H 
Digital Terrain Model (DTM) 
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