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Executive Summary 

Permit Numbers 
 

• U.S. Army Corps of Engineers (USACE) File #18881S 

• Regional Water Quality Control Board (RWQCB) File #2188.07(JRW); Site No. 02-43-C0116 

• California Department of Fish and Game Notification No. 0101-97 
 
Background 
 
The goal for the Tasman Corridor Wetland Mitigation Site (Tasman site) is to restore a fully tidal brackish 
marsh similar to the wetland habitat adjacent to the Tasman site along the Guadalupe River. The Tasman site 
provides mitigation for impacts on 0.73 acre (ac) of USACE and RWQCB jurisdictional wetlands and 1.82 ac 
of California Department of Fish and Wildlife (CDFW) jurisdictional areas that resulted from extension of 
the Valley Transportation Authority (VTA) light rail and from the construction of the Tasman site. The 
USACE and the RWQCB require 1.46 ac and 2.20 ac of new jurisdictional wetlands, respectively, and the 
CDFW requires 4.80 ac of new CDFW jurisdictional areas to mitigate for these impacts. Restoration of the 
Tasman site is expected to accommodate these acreages.  
 
To verify that the Tasman site meets its mitigation goals, the project’s permits require the VTA to monitor 
habitat evolution on the Tasman site for 6 years or until attainment of the project success criteria, as 
described in the Tasman Corridor Mitigation and Monitoring Plan (MMP).  
 
Results 
 
This section compares Year 6 monitoring results with the final success criteria.  
 
Hydrology/Sedimentation Monitoring 
 
Hydrology. High tides were similar between the Tasman site and the Guadalupe River in Year 6. The 
average high tide was 0.08 feet (ft) lower in the Tasman site then the Guadalupe River in Year 6. As in all 
previous monitoring years, the Tasman site met the 0.5-ft hydrologic similarity criterion established in the 
MMP (Table ES-1). The site functions as a natural hydrologic extension of the Guadalupe River and, 
therefore, meets the hydrology final success criterion identified in the MMP. 
 
Sedimentation. Habitat elevation measurements found that the Tasman site marsh plain increased in 
elevation by 0.09 ft between Year 5 and Year 6. Sediment accumulation was greatest in portions of the marsh 
plain situated lowest in elevation. The average annual sedimentation rate on the marsh plain over 6 years was 
0.16 ft per year and below the MMP’s predicted rate of 0.25 ± 0.04 ft per year. The average marsh plain 
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elevation was 2.91 ft National Geodetic Vertical Datum 1929 (NGVD) in Year 6, below the final success 
criterion of 4.5 ft NGVD.  
 
The average annual sedimentation rate in feldspar plots over 6 years of monitoring was 0.04 ft per year. 
Feldspar plots are situated at relatively high elevations on the marsh plain. The sedimentation rate observed in 
feldspar plots is similar to the rate seen in the habitat elevation measurements at relatively high elevations on 
the marsh plain. 
 
Salinity. Salinity has increased between Year 1 and Year 6 at the Tasman Site by 212%, from about 4 parts 
per thousand (ppt) to about 12 ppt. Salinity was highest (18.3 ppt) in the spring of Year 6 (2014). This is the 
same time during which 1000 California bulrush plantings were installed. The relatively high salinity in the 
spring of 2014 is likely the main reason these plantings have not established and spread.  
 
Table ES-1. Tasman Wetland Mitigation Site Monitoring Requirements and Year 6 Results 
 

Monitoring 
Parameter 

Method Final Success 
Criterion 

Final Success 
Criterion Met? 

Recommended Action  

Hydrology/ 
sedimentation 
 

Water level 
datasondes 

Site will function as 
natural hydrologic 
extension of existing 
Guadalupe River 
marsh. Site will have 
slightly muted tidal 
action.  

Yes. Average high 
tide water level on 
the Tasman site was 
comparable to that 
on the Guadalupe 
River in Year 6.  

6 years of monitoring has 
shown that the site’s 
hydrology functions as 
intended. Therefore, 
cease hydrology 
monitoring.  

 Habitat 
elevation 
measurements 

Marsh plain1 
elevation will be 4.5 
feet NGVD by Year 
6.  

No. The average 
marsh plain 
elevation in Year 6 
was 2.91 feet 
NGVD. 

The marsh plain is at an 
elevation suitable to 
support tidal marsh 
plants. Therefore, cease 
habitat elevation 
monitoring. 

Feldspar plots No success criterion 
was identified. 

N/A. Sedimentation 
rate was 0.04 foot 
per year in feldspar 
plots. 

Cease feldspar plot 
monitoring. 

Vegetation  Quadrat 
sampling 

Site will achieve 
85% absolute cover 
of wetland 
vegetation, 
dominated by 
native species. 

No. Site achieved 
16.8% absolute 
average cover of 
wetland vegetation 
dominated by 
native species in 
Year 6. 

Discuss final vegetation 
cover criterion with 
regulatory agencies in 
light of salinity 
fluctuations. 

 Wetland 
delineation 
using USACE 
protocol 

Site will have 2.2 
acres of new 
USACE jurisdictional 
wetland habitat.  

No wetland 
delineation was 
conducted. 

Discuss timing of wetland 
delineation with 
regulatory agencies 

Wildlife 
monitoring 

Avian wildlife 
monitoring 

No success criterion 
was identified. 

N/A. No final avian 
wildlife monitoring 
was conducted. 

Discuss timing/need for 
avian wildlife monitoring 
with regulatory agencies  
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Notes: N/A = not applicable; NGVD = National Geodetic Vertical Datum 1929; USACE = U.S. Army Corps 
of Engineers. 

1 The term marsh plain refers to the excavated portion of the marsh plain as documented in the project’s as-built plan. 
 

Vegetation Monitoring 
 
Percent Cover. Wetland vegetation cover decreased slightly, from 17.7% to 16.8%, between Year 5 and Year 
6 and remained below the final success criterion of 85% cover. In Year 6, 94.0% of the vegetation was 
composed of native wetland plant species and therefore met the final success criterion that vegetation be 
dominated by native wetland plants. The slight reduction in vegetation cover in the mitigation site between 
Year 5 and Year 6 can be attributed to abnormally high water salinity observed on the Tasman site in spring 
2014, which likely reduced germination of the annual species that established on the marsh plain in Year 5. 
Brackish marsh vegetation continued to spread on the marsh plain in Year 6, including California bulrush 
(Schoenoplectus californicus) and alkali bulrush (Bolboschoenus maritimus).  
 
Invasive Species. Perennial pepperweed (Lepidium latifiolium) recruited along the high-tide line of the Tasman 
site in Year 6. Perennial pepperweed should be controlled to prevent its spread onto the marsh plain. Two 
other invasive plants, Bermuda grass (Cynodon dactylon) and creeping bent grass (Agrostis stolonifera), remain 
present at the margin of the marsh plain in Year 6. Both are more sensitive to inundation and salinity stress 
than pepperweed and therefore are likely to remain restricted to the upper margins of the Tasman site and do 
not currently warrant control. 
 
California Bulrush Planting and Installation of Herbivore Deterrent. VTA installed 500 California 
bulrush plantings at the Tasman site in Year 4 (2012) and 1000 California bulrush plantings in Year 5. 
Herbivore deterrents (posts and string) were installed to protect the plantings. No plantings were installed in 
Year 6. Vegetation monitoring in Year 6 found that average percent vegetation cover was higher on the 
marsh plain where plantings were installed and protected from herbivores (19.6% cover) than in sections that 
received no plantings or protection (15.3% cover). This difference was not statistically significant (P = 0.27; 
student’s t-test). 
 
Wetland Delineation. The project MMP calls for a wetland delineation in Year 3 to identify the acreage of 
USACE jurisdictional habitat created at the Tasman site. However, vegetation cover was too low to meet the 
USACE wetland definition (at least 5% cover) in the northern portion of the site in Years 3–6. Therefore, we 
did not conduct the wetland delineation in Years 3–6. We expect that this northern, lower elevation portion 
of the marsh plain will become vegetated in the next few years. 
 
Wildlife Monitoring 
 
Wildlife monitoring is required by the MMP to compare avian use of the Tasman site and the Guadalupe 
River. Wildlife was monitored in Years 1 and 3. Final wildlife monitoring scheduled in the MMP for Year 6 
was postponed because vegetation cover on the Tasman site is considerably lower than on the Guadalupe 
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River and, therefore, avian use between the two locations is likely to differ substantially. We suggest 
discussing the need for final wildlife monitoring with the project regulatory agencies. 

Management Recommendations 

• The Tasman site MMP calls for habitat monitoring for 6 years or until the site meets its final success
criteria. The Tasman site has met the hydrology success criterion but not the final sedimentation or
vegetation cover success criteria. However, the success of experimental wetland plantings and natural
wetland plant colonization has shown that marsh plain elevations on the site are largely suitable for
establishing a diverse brackish tidal marsh plant community. Therefore, we recommend that VTA
cease hydrology and sedimentation monitoring but continue to monitor vegetation cover to meet the
ultimate goal of restoring a fully tidal brackish marsh similar to the wetland habitat along the
Guadalupe River. The timing of the wetland delineation and timing/need for wildlife monitoring
should be determined in conversation with the regulatory agencies.

We recommend the following site maintenance actions: 

• Control perennial pepperweed. We recommend that VTA treat perennial pepperweed on the
slopes of the Tasman site with an herbicide in March and May annually until the weed has been
eradicated. The herbicide type and application rate should be based on a recommendation from a
certified pest control advisor. The herbicide should be approved by the U.S. Environmental
Protection Agency for use in and adjacent to aquatic environments. We recommend that the VTA’s
pest control advisor consider the use of imazapyr. Mature pepperweed seed heads, if present, should
be clipped, bagged, and removed from the site before the herbicide is applied.

• Maintain herbivore deterrents. We recommend that VTA maintain herbivore deterrents in the
configuration installed on the marsh plain in Year 5 to facilitate natural recruitment of vegetation.

• Monitor Bermuda grass and creeping bent grass. We recommend that VTA monitor the spread
of Bermuda grass and creeping bent grass during annual vegetation surveys. If either species begins
to substantially invade the marsh plain (qualitative observation), the VTA should seek a
recommendation to control these species from a certified pest control advisor.

Agency Requests 

In a memo dated February 13, 2014 to regulatory agency staff, VTA proposed to install an additional 1000 
California bulrush plantings and extend monitoring beyond Year 6 (2014/2015). The bulrush planting were 
installed in March 2014; however, they did not establish as well as expected, which is likely attributable to the 
abnormally high salinity levels in 2014. Therefore, VTA requests a site visit with the regulators and further 
discussion of future monitoring requirements and success criteria required to meet the ultimate goal of 
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restoring a fully tidal brackish marsh similar to the wetland habitat along the Guadalupe River. It should be 
noted that the site appears to be adapting to changed environmental conditions, with natural recruitment of 
pickleweed (Salicornia pacifica) on the marsh plain (Photo 1).  
 

 
Photo 1. Pickleweed (Salicornia pacifica) on the marsh plain in June 2015 
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Section 1.0   Introduction 

1.1  Permit Numbers 

• U.S. Army Corps of Engineers (USACE) File #18881S 

• Regional Water Quality Control Board (RWQCB) File #2188.07(JRW); Site No. 02-43-C0116 

• California Department of Fish and Game Notification No. 0101-97 

1.2  Background 

The Tasman Corridor Project, sponsored by the Santa Clara Valley Transportation Authority (VTA), 
involved the construction of a light rail public transit line from east San José to the city of Mountain View in 
Santa Clara County, California. Impacts on USACE, RWQCB, and California Department of Fish and 
Wildlife (CDFW) jurisdictional areas resulted from extending the light rail line across the following creeks and 
drainages: Calabazas Creek, Stevens Creek, the Sunnyvale East channel, and the Sunnyvale West channel.  
 
A mitigation and monitoring plan (MMP) was prepared to compensate for impacts on USACE, RWQCB, 
and CDFW jurisdictional areas through creation of the Tasman Corridor Wetland Mitigation Site (hereafter, 
the Tasman site) (H. T. Harvey & Associates 1997). The Tasman site is located north of State Route 237 and 
on the west side of the Guadalupe River, in northern San Jose (Figure 1). Initially, both the RWQCB and 
USACE required the creation of a minimum of 1.46 acres (ac) of new jurisdictional wetlands to compensate 
for 0.73 ac of impacts on RWQCB and USACE jurisdictional wetlands (H. T. Harvey & Associates 1997). 
However, because of the time lapse between project construction and implementation of mitigation, the 
RWQCB subsequently required 2.20 ac of wetland mitigation, changing the mitigation ratio from 2:1 to 3:1 
(Appendix A). The CDFW required that 4.80 ac of new CDFW jurisdictional areas (bed and banks) be 
created to compensate for 1.82 ac of impacts (H. T. Harvey & Associates 1997). These impacts and 
mitigation requirements are summarized in Table 1. 
 
Table 1. Impacts and Mitigation Requirements by Permitting Agency 

Permitting Agency Impact 
(acres) 

Mitigation 
Required (acres) 

Regulated Habitat Type 

U.S. Army Corps of Engineers 0.73 1.46 Jurisdictional wetlands  

Regional Water Quality Control Board 0.73 2.20 1 Jurisdictional wetlands  

California Department of Fish and 
Wildlife 

1.82 4.80 Wetlands, open water, and 
ruderal habitats(on levee slopes) 

1 The Regional Water Quality Control Board requires 2.20 acres of jurisdictional wetland mitigation, composed of 1.46 
acres (in accordance with the mitigation and monitoring plan) and 0.74 acre (for additional temporal loss [see Appendix 
A]). 
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Before construction, the 3.2-ac Tasman site was composed primarily of ruderal upland habitat established on 
imported fill. It also included 0.57 ac of preexisting jurisdictional other waters habitat and 0.36 ac of 
jurisdictional wetland habitat (0.93 ac total) that were not subsequently affected by Tasman site construction 
(H. T. Harvey & Associates 1997). Therefore, to meet RWQCB regulatory permit requirements, the Tasman 
site must contain at least 2.56 ac of jurisdictional wetlands (2.20 ac of new jurisdictional wetlands + 0.36 ac of 
preexisting wetlands) and 0.57 ac of jurisdictional wetlands or other waters.  
 
The Tasman site restoration design called for the excavation and removal of concrete rubble and soil from 
within the ruderal upland habitat to lower elevations to 3.0 feet (ft) National Geodetic Vertical Datum 1929 
(NGVD) and to convert uplands to jurisdictional wetlands. The design also included the installation of four 
48-inch culverts through the existing levee (two paired culverts at two locations), construction of inlet 
channels, and construction of a setback levee approximately 1300 ft long connecting to the Guadalupe River 
levee (Figure 2). The culvert invert elevations were built between 0.0 and 0.2 ft NGVD on the Tasman site 
side and 0.4 to 0.5 ft NGVD on the Guadalupe River side. Pilot slough channels in the Tasman site were 
excavated to -1.1 to -1.5 ft NGVD (H. T. Harvey & Associates 1999). 
 
Tasman site excavation, culvert installation, inlet channel excavation, and rear levee construction were 
completed in October 1998 (H. T. Harvey & Associates 1999). However, opening of the tide gates was 
delayed until a maintenance agreement for the new levee between the Santa Clara Valley Water District 
(SCVWD) and VTA was completed and a determination was made that the new levee met Federal 
Emergency Management Agency (FEMA) and USACE requirements for flood protection. The 
SCVWD/VTA levee maintenance memorandum of understanding was completed on 18 December 2001. In 
2009, an assessment was conducted to determine whether the new levee met FEMA and USACE flood 
protection requirements (Schaaf & Wheeler 2009). 
 
The Guadalupe levees upstream (south) of State Route 237 are certified by FEMA as protective levees against 
the 100-year riverine flood. However, the levee evaluation determined that the existing levees downstream of 
State Route 237, including the new Tasman site levee, cannot be certified by FEMA, since these levees were 
not designed to provide 100-year protection from coastal flooding. However, these levees do protect against 
the 100-year riverine flood. Since FEMA’s regulations cannot be met for the existing SCVWD levees or 
VTA’s Tasman site levee, the USACE criteria was used as the basis of determining adequacy of the Tasman 
site levee. 
 
The levee evaluation determined that VTA’s Tasman site levee meets the USACE geotechnical requirements 
(Schaaf & Wheeler 2009) and provides protection equal to or exceeding the protection formerly provided by 
the Guadalupe River levee. On 28 May 2009, immediately following the results of the levee evaluation, VTA 
opened the culvert screw gates, introducing tidal action to the Tasman site.  
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1.3  Basis of Design and Ecological Monitoring 

1.3.1  Final Success Criteria 

Final success criteria identified in the project’s MMP are presented in Table 2. 
 
Table 2. Tasman Wetland Mitigation Site Monitoring Requirements 

Monitoring 
Parameter 

Method Final Success Criteria 

Hydrology/ 
sedimentation 

Water level 
datasondes 

Site will function as natural hydrologic extension of existing 
Guadalupe River marsh with slightly muted tidal action.  

 Habitat elevation 
measurements 

Marsh plain1 elevation will be 4.5 feet NGVD by Year 6. 

Feldspar plots None. 
   

Vegetation  Quadrat sampling Site will achieve 85% absolute cover of wetland vegetation, 
dominated by native species. 

 Wetland 
delineation using 
USACE protocol 

Site will have 2.2 acres of new U.S. Army Corps of Engineers 
jurisdictional wetland habitat. 

   

Wildlife  Avian wildlife 
monitoring 

None. 

   
1 The term marsh plain refers to the excavated portion of the marsh plain as documented in the project’s as-built plan (H. 
T. Harvey & Associates 1999). 
 

1.3.2  Basis of Design  

The Tasman site’s long-term habitat mitigation goal is to restore at least 2.2 ac of ruderal upland habitat to 
high-quality tidal freshwater/brackish marsh (H. T. Harvey & Associates 1997). The mitigation design called 
for the installation of culverts at two locations through the Guadalupe River levee to introduce tidal flows and 
sediment transport to the site and thereby restore abiotic conditions suitable for the establishment of tidal 
brackish marsh habitat. The site was intentionally excavated to approximately 1.6 ft below expected 
equilibrium marsh plain elevations to remove imported fill and debris and to allow sedimentation processes 
to naturally build a suitable marsh plain for wetland vegetation establishment. The average as-built elevation 
of the marsh plain was 2.9 ft NGVD, and the marsh plain is expected to accrete to approximately 4.5 ft 
NGVD, comparable to marsh plain elevations in the adjacent Guadalupe River, which average 5.0 NGVD 
(H. T. Harvey & Associates 1997, 1999). For the purpose of this report, the term marsh plain refers to the 
excavated portion of the marsh plain as documented in the project’s as-built plan (H. T. Harvey & Associates 
1999). Accretion to target marsh plain elevations was expected to take approximately 6 years given the 
suspended sediment loads in the Guadalupe River at the time of the design (H. T. Harvey & Associates 1997). 
The ecological monitoring program is tailored to test the assumptions of the basis of design and determine 
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whether the site is on a trajectory to ultimately attain the long-term mitigation goal to restore high-quality tidal 
brackish marsh habitat. 

1.3.3  Ecological Monitoring 

The MMP requires that the Tasman site be monitored annually for a period of 6 years or until its final success 
criteria are met. Ecological monitoring requirements in the MMP address hydrology/sedimentation, 
vegetation, and wildlife (Table 2). Hydrology/sedimentation monitoring involves conducting a visual 
assessment of the slough channels, water level monitoring, habitat elevation measurements along fixed 
transects, and sedimentation monitoring using feldspar plots. Vegetation monitoring involves conducting a 
quantitative assessment of average percent cover of native wetland species, making natural recruitment 
observations, assessing the presence of invasive species, and performing a wetland delineation to determine 
whether the minimum required mitigation acreage of restored USACE jurisdictional habitat is achieved. 
Wildlife monitoring consists of conducting surveys to quantify avian species richness and abundance and 
assessing the similarity of the bird communities on the Tasman site and the adjacent tidal wetlands in the 
Guadalupe River.  

1.3.4  California Bulrush Planting and Installation of Herbivore Deterrents 

H. T. Harvey & Associates observed in Year 2 (2010) that vegetation was establishing more slowly at the 
Tasman site than predicted in the MMP (H. T. Harvey & Associates 1997, 2012a). Therefore, the VTA 
directed H. T. Harvey & Associates to experimentally transplant 60 plugs of California bulrush (Schoenoplectus 
californicus) along habitat elevation transect XS-5 at the Tasman site to investigate ways to accelerate plant 
establishment (Figure 3). Experimental plantings were installed in 2011 (Year 3). During subsequent visits, H. 
T. Harvey & Associates observed avian species (e.g., Canada goose [Branta canadensis]) grazing on the marsh 
plain in the vicinity of the plantings, and the planted California bulrush appeared to have been heavily grazed 
by birds.  
 
In response, H. T. Harvey & Associates established lines of string supported by T-posts above the 
experimental plantings during monitoring Year 3 (2011) to deter herbivores (following Lowney 1993). 
Protected from herbivores, the California bulrush plantings resprouted and expanded on the marsh plain 
through vegetative growth during Year 4 (2012). During topography monitoring in Year 4, California bulrush 
was measured growing between 1.86 ft and 3.70 ft NGVD at the Tasman site, a range that encompasses 
nearly all the Tasman site marsh plain (H. T. Harvey & Associates 2013; XS-1 through XS-6 in Appendix B). 
Furthermore, natural recruitment of wetland plants increased under the string. On the basis of these findings, 
H. T. Harvey & Associates concluded that grazing pressure by herbivores was a dominant factor slowing 
plant establishment on the marsh plain. 
 
In Year 4 (2012), H. T. Harvey & Associates recommended installation of 500 additional California bulrush 
plantings with herbivore protection to increase the rate of establishment of native, emergent wetland 
vegetation cover on the Tasman site (H. T. Harvey & Associates 2012b). This recommendation is based on  
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the prediction that California bulrush plantings will spread through lateral rhizomatous growth and become 
naturally resistant to goose herbivory as patches increase in size. Permitting agencies and VTA agreed to this 
action at a site meeting (23 July 2012), and VTA installed 500 California bulrush plugs protected by herbivore 
deterrents on the marsh plain in winter (January and February) of Year 4 (2012) (H. T. Harvey & Associates 
2013). A few months after installation, H. T. Harvey & Associates observed that approximately 80–90% of 
the 500 installed California bulrush plugs survived transplanting and began to spread on the marsh plain, and 
herbivore posts and wire appeared to effectively protect the plantings from herbivores. 
 
In Year 5 (2013), VTA proposed planting another 1000 California bulrush plugs, again protected by herbivore 
deterrents. The planting plan was presented in a memorandum to permitting agencies dated 13 February 2014 
(H. T. Harvey & Associates 2014a). Plants and herbivore deterrents were installed in March and April 2014.  
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Section 2.0  Methods 

2.1  Hydrology/Sedimentation Monitoring 

Hydrology/sedimentation monitoring included qualitative observations of sedimentation and erosion, 
quantitative water level monitoring, habitat elevation measurements along fixed transects, and sedimentation 
monitoring using feldspar plots. The methods are described in the following sections. 

2.1.1  Qualitative Observations 

H.T. Harvey & Associates restoration ecologists inspected the Tasman site and the culvert inlet channels for 
areas of substantial sedimentation and erosion during low tides on 12 and 16 February 2015.  

2.1.2  Quantitative Water Level Monitoring 

We collected water level data to determine the difference in hydrologic function between the Tasman site and 
the Guadalupe River. Two YSI datasondes (Model #6920), which recorded water levels continuously, were 
installed by H. T. Harvey & Associates restoration ecologists G. Archbald and E. Borgnis at low tide on 12 
February 2015: one on the Tasman site near the northern culverts (Station 1) and one in the Guadalupe River 
below the State Route 237 bridge (Station 2) (Figure 3). The datasondes recorded water levels from 12 
February through 26 February 2015 (a 14-day period) during a spring tide series. They were installed using the 
hardware and methodology described in the Year 1 monitoring report (H. T. Harvey & Associates 2010). The 
elevation of the pressure transducer in each datasonde was surveyed during installation and retrieval relative 
to a local, fixed benchmark installed by RJA & Associates (Schaaf & Wheeler 2009) to allow depth 
measurements to be converted to feet NGVD (Table 3).  
 
Table 3. Surveyed Elevation of Datasonde Pressure Transducers in Year 6 

Location Elevation (feet NGVD) 

Tasman Corridor Wetland Mitigation Site 0.60 
Guadalupe River 0.26 
Note: NGVD = National Geodetic Vertical Datum 1929. 

 
Following data retrieval, we calculated the average difference during high tides between the depth of the 
pressure transducer on the Tasman site and the depth of the pressure transducer in the Guadalupe River. The 
average difference in high-tide depth was used to assess whether the tidal range on the Tasman site above the 
culvert inlet was within 0.5 ft of the tidal range on the Guadalupe River marsh plain. 
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2.1.3  Habitat Elevation Measurements 

H. T. Harvey & Associates restoration ecologists G. Archbald and E. Borgnis measured habitat elevations on 
the Tasman site and inlet channels on 12 February and 26 February 2015. Surveys were carried out relative to 
the local benchmark installed by RJA & Associates (Schaaf & Wheeler 2009). We surveyed along six fixed 
transects on the Tasman site and three fixed transects at each inlet channel (Figure 3). Measurements were 
made along a transect tape established between previously installed T-posts. Elevations were measured using 
a laser level and stadia rod. The start and end of each transect, the toe-of-slopes, the edge and centerline of 
channels, and substantive elevation breaks were measured. In locations where these features were not 
encountered, elevations every 5 ft across the mudflat surface were measured. Where the water depth 
precluded the use of a laser level and stadia rod (portions of XS-1 and XS-2), we collected depth readings at 
10-ft intervals from a boat using a measuring tape with a weighted bottom. We then subtracted water depth 
readings from the water level elevation to determine the sediment surface elevation.  
 
We graphed habitat elevation results from 2015 relative to prior results (2009–2014) to visualize 
sedimentation patterns on the marsh plain at the Tasman site and scour patterns along the constructed inlet 
channels (Appendix B). We determined the average marsh plain elevation on the Tasman site by averaging 
habitat elevation measurements collected on the excavated marsh plain surface excluding points measured in 
marsh channels, in depressions, and on levee slopes above the high-tide line. We assessed the average Year 6 
Sedimentation Rate as = [(Average Year 6 Marsh Plain Elevation – Average Year 5 Marsh Plain Elevation)/(1 
Year)]. We assessed the overall Average Annual Sedimentation Rate as = [(Average Marsh Plain Elevation 
Year 6 – Average Marsh Plain Elevation Year-0)/(6 Years)]. 

2.1.4  Monitoring of Feldspar Marker Horizon Plots 

As an additional monitoring measure, H. T. Harvey & Associates installed sedimentation monitoring plots 
(Figure 3) at the Tasman site on 2 September 2009, 4 months after culvert screw gates were opened to allow 
tidal inundation. Feldspar marker horizon plots (0.25 square meter) were installed to measure short-term 
vertical accretion (Cahoon and Turner 1989; Ball 2005). Seven feldspar plots were established on the Tasman 
site’s excavated marsh plain, and three sites were established in the marsh adjacent to the Guadalupe River to 
determine whether differences in sedimentation patterns exist between the two areas. We measured sediment 
accumulation in feldspar plots several times during monitoring Year 1 (at 1, 2, 3, and 9 months after plot 
installation) and annually thereafter (during Years 2–6). Sedimentation monitoring results are summarized for 
Years 2–6.  

2.1.5  Salinity Monitoring 

In 2014, we observed the following indications of heightened salinity at the Tasman site: (1) lower seedling 
recruitment and fewer annual plants on the marsh plain relative to past years and (2) die-off of vegetation 
with low salinity tolerance at the edge of the Tasman site (e.g., creeping bent grass [Agrostis stolonifera]). To 
investigate possible shifts in salinity, we compiled water conductivity data from the Tasman site (collected 
with datasondes from 2009–2015), and during site visits in 2014 and 2015, we collected site water salinity 
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samples at the Tasman site using a hand-held refractometer. The purpose of this salinity monitoring was to 
determine whether the Tasman site experienced unusually high salinity during 2014 and, if so, whether the 
high-salinity condition persisted into 2015.  

2.2  Vegetation Monitoring 

H. T. Harvey & Associates restoration ecologists G. Archbald and K. Schott monitored vegetation near the 
end of the growing season, on 30 October 2014. Percent cover of native wetland species was quantitatively 
evaluated on the Tasman site to allow comparison with the final success criterion. 

2.2.1  Percent Cover  

Average percent cover of plant species was estimated using the quadrat method (Bonham 1989). Vegetation 
was sampled on the Tasman site marsh plain at stratified-random locations using a 1-square-meter quadrat 
along six permanent transects (Figure 4). In each sample location, absolute percent cover of each species was 
estimated to the nearest 1%. Plants were identified to species using The Jepson Manual (Baldwin et al. 2012). 
Approximately 0.5% of the Tasman site tidal marsh surface (quadrat number n = 70) was sampled.  

2.2.2  California Bulrush Planting and Installation of Herbivore Deterrents 

We assessed the effect of California bulrush plantings and herbivore deterrents installed in Year 4 (500 plugs) 
and Year 5 (1000 plugs) on the percent cover of vegetation on the Tasman site in Year 6 (2014). To conduct 
this assessment, we noted whether each quadrat sampled (described above) was located inside or outside of 
the herbivore deterrents. Twenty-six of the quadrats were located inside herbivore deterrents, and 44 were 
located outside of the deterrents. We compared average percent cover of vegetation inside versus outside of 
the deterrents and tested whether there was a statistically significant increase in cover under the herbivore 
deterrents using a one-tailed student’s t-test (alpha = 0.05).  

2.2.3  Natural Recruitment 

Qualitative surveys were conducted throughout the Tasman site to detect naturally recruiting plant species 
during site visits on 5 September 2014, 30 October 2014, 12 February 2015, 26 February 2015, and 12 March 
2015. Plant species not encountered by vegetation transects were noted.  

2.2.4  Invasive Plant Species and Site Maintenance 

We inspected the Tasman site for invasive and native plant colonization, culvert/pilot channel function, trash, 
and other general maintenance issues during site visits. 

2.2.5  Wetland Delineation 

The project’s MMP calls for a wetland delineation in Year 3 to identify the acreage and type of habitat created 
on the Tasman site. However, in Years 3–6, vegetation cover was below 5% on the northern portion of the 
marsh plain (portions of XS-6; Appendix B). In this lower elevation area, cover was too low to meet   
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the USACE’s definition of wetland (USACE 2008), although California bulrush had begun to spread into this 
area from the site’s edge, and we anticipate that this area will become vegetated.  The timing of the final 
wetland delineation will be determined in consultation with regulatory agency staff. 

2.2.6  Photodocumentation 

Photographs were taken from 15 photodocumentation points during low tide. Figure 4 shows the locations 
of the photodocumentation points. The photographs are presented in Appendix C. 
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Section 3.0  Results and Discussion 

This section presents the results of the Year 6 annual monitoring. Subsections entitled “Comparison to Final 
Success Criterion” are included below to describe whether the results meet the final success criteria identified 
in the MMP.  

3.1  Hydrology/Sedimentation Monitoring 

3.1.1  Qualitative Observations 

No substantive erosion was observed on the Tasman site in channels or along the side slopes (Appendix B; 
Figures B1–B6). Minor erosion near the high-tide line was seen along the eastern and southern edges of the 
site. This erosion is likely the result of minor wind waves. By contrast, as noted in previous monitoring years, 
substantial erosion has occurred in the two inlet channels on the Guadalupe River side (Appendix B; Figures 
B7–B12). The inlet channels were expected to reshape through erosion to accommodate the tidal prism of 
the Tasman site.  

3.1.2  Water Level Monitoring 

As in previous monitoring years, water level measurements show that the Tasman site received mixed 
semidiurnal tidal flushing through two high and two low tides each day during the monitoring period (Figure 
5). High tide water surface elevations were nearly identical between the Guadalupe River reference site 
(station 2) and the Tasman site (station 1) (Figure 3).  The marsh plain on the Tasman site was inundated by 
two high tides each day during the monitoring period, which occurred during a typical spring tide series. By 
contrast, the Guadalupe River marsh plain was inundated once or twice per day because it is situated 
approximately 1 ft higher in the tidal frame relative to the Tasman site. The Tasman site drains to within a 
few inches above culvert inverts during low tide (Figure 6). 
 
Comparison to Final Success Criterion. One of the MMP’s final success criteria is that the Tasman site 
should “function as a natural hydrologic extension of the existing marsh bordering the Guadalupe River. It 
will be open to slightly muted tidal action.” The performance criteria specify that “reduced tidal elevations 
should not deviate from those in the Guadalupe River by more than 0.5 ft.” This language refers to the 
portion of the tidal range that is above the site’s culvert bottom (invert) elevation. The results of annual 
hydrology monitoring over a 6-year period show that high tides on the Tasman site are consistently within 0.5 
ft of high tides along the Guadalupe River and that the site typically drains to within 0.5 ft of the culvert 
invert elevations (H. T. Harvey & Associates 2010, 2011, 2012a, 2013, 2014b) (Figures 5 and 6). Therefore, 
the Tasman site meets the final success criterion for hydrology.  
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Figure 5. Continuous Water Level Measurements Comparing the Tasman and Guadalupe River 

(Reference) Sites 
 

 
Figure 6. Tasman Site during Low Tide (Photo of Northern Culverts on 12 March 2015) 
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3.1.3  Habitat Elevation Measurements 

Appendix B provides the habitat elevation measurements for the Tasman site and the inlet channels 
connecting the site to Guadalupe River in Year 6 relative to data from prior years. 
 
Marsh Plain. In Year 5 and Year 6, the average elevation of the marsh plain on the Tasman site increased by 
approximately 0.1 ft. Since culverts were opened in 2009, the average elevation of the marsh plain at the 
Tasman site has increased 0.3 ft (Table 4), or 0.05 ft per year. By contrast, the predicted rate of sedimentation 
was 0.25 ft per year (H. T. Harvey & Associates 1997). The average marsh plain elevation in Year 6 was 2.91 
ft NGVD.  
 
Table 4. Annual Habitat Elevation Measurement Data from Tasman Wetland Mitigation Site (2009–

2015)  

 Monitoring Year  

 As-built  
(1998) 

Prior to Culvert 
Opening   
 (2009) 

Year 1 
(2010) 

Year 2 
 (2011) 

Year 3 
(2012) 

Year 4 
(2013) 

Year 5   
(2014) 

Year 6  
(2015) 

 Average marsh 
plain elevation 
(feet) (NGVD) 

2.9 2.61 2.51 2.51 2.66 2.68 2.82 2.91 

Elevation Change 
(feet) from previous 

measurement 

Not 
applicable -0.29 -0.10 0.00 +0.15 +0.02 +0.20 +0.09 

Note: NGVD = National Geodetic Vertical Datum 1929. 
 
Variation in Sedimentation. Lower intertidal elevations in marshes are subject to more frequent inundation 
than higher elevation areas and therefore typically accumulate sediment more rapidly (Williams and Orr 2002; 
Callaway et al. 2013). This explains why sediment has accumulated most rapidly in subtidal depressions and 
lower-elevation portions of the marsh plain on the Tasman site. For example, since 2010, over 4 ft of 
sediment have accumulated (or 0.8 ft per year) along the portion of XS-2 where the site was initially deepest. 
Sediment has also accumulated quickly in other (less deep) subtidal areas, such as along the eastern end of 
XS-1 and XS-3 (approximately 2 ft of sedimentation since 2009, or 0.3 ft per year). Portions of the marsh 
plain, too, have accumulated sediment more rapidly than the average marsh plain sediment accumulation rate. 
For example, along the eastern half of XS-6, where the average marsh plain elevation in 2009 was 
approximately 1.5 ft below the average marsh plain elevation on the Tasman site, the elevation of the marsh 
plain has increased approximately 1.5 ft between Year 1 and Year 6 (or 0.25 ft per year). By contrast, little 
sediment has accumulated where marsh plain elevations were initially relatively high (e.g., above 3 ft NGVD 
along XS-3).  
 
Tidal Channels. The tidal channels on the Tasman site have resized slightly since the site was opened to 
tides, becoming slightly wider (due to scour) and shallower (due to sediment accumulation) in 2015 than they 
were in 2009.  
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Inlet Channels. Since the Tasman site was opened to tides, the inlet channels connecting the Tasman site to 
the Guadalupe River have continued to increase in width and depth relative to previous years. This trend 
continued in Year 6 (Appendix B, Figures B7–B12). Erosion in the downstream inlet channel (XS-10, XS-11, 
and XS-12) has been greater than in the upstream inlet channel (XS-7, XS-8, and XS-9). This indicates that 
the tidal prism (volume of water between draining from the site between high and low tides) draining out of 
the downstream culverts is greater than that draining out of the upstream culverts. The inlet channels were 
expected to widen as the result of tidal action. 
 
Comparison to Final Success Criterion. One of the project’s final success criteria is that the Tasman site 
marsh plain naturally accumulates sediment to reach an equilibrium marsh plain elevation of approximately 
4.5 ft NGVD after 6 years (H. T. Harvey & Associates 1997). In Year 6, the average marsh plain elevation at 
the Tasman site was 2.91 ft.  
 
The results of 6 years of sedimentation monitoring have shown that marsh plain elevations above 3 ft NGVD 
have accumulated little sediment (Appendix B, Figures B1–B6). These results suggest that the equilibrium 
elevation of the marsh plain on the Tasman site may be lower than the predicted equilibrium elevation of 4.5 
ft NGVD. Our habitat elevation cross-sections show that the marsh plain in the adjacent Guadalupe river 
reference area is situated between 4.0 and 4.5 ft NGVD (Appendix B7–B12). 
 
Although the elevation of the marsh plain on the Tasman site remains below 4.5 ft NGVD, the elevation is 
appropriate for the establishment of the MMP’s target wetland habitat. We have measured California bulrush 
growing between 1.86 ft and 3.70 ft NGVD on the Tasman site (H. T. Harvey & Associates 2014b). Most of 
the Tasman site falls within this elevation range (e.g., the marsh plain along XS-1, XS-2, XS-3, XS-4, XS-5). 
Only a small portion of the marsh plain along the eastern half of XS-6 (at the northern end of the site) is 
below this range (at 1.6 ft NGVD). However, this northern area is rapidly accreting sediment (0.25 ft per 
year) and will likely reach the low end of California bulrush’s vertical elevation range in 1–2 years.  

3.1.4  Monitoring of Feldspar Marker Horizon Plots 

On average, 0.18 ft of sediment has accumulated in feldspar plots over 5 years (Table 5). The average annual 
sedimentation rate on the marsh plain measured by feldspar plots was 0.04 ft per year for the 5 years of 
sediment accumulation data (Years 2–6). This rate is consistent with the lower rate of sedimentation seen at 
higher elevations on the marsh plain in the habitat elevation measurements. Some erosion has occurred at 
feldspar plot 6 (Table 5). However, the results of habitat elevation measurements indicate that this section of 
the marsh plain remains stable overall (Appendix B, XS-1). 
 
The depth of sediment on the marsh plain along the Guadalupe River has increased and decreased annually, 
suggesting alternating years of deposition and scour. This has resulted in little net change in the elevation of 
the marsh plain along the Guadalupe River and suggests that the Guadalupe River marsh plain has reached an 
equilibrium elevation (approximately 4.0–5.0 ft NGVD).  
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No success criteria are associated with the sampling of feldspar marker horizon plots.  
 
Table 5. Sedimentation above Feldspar Markers  

Plot Location Sediment Depth (ft) in Each Monitoring Year1 Annual 
Sedimentation 
Rate (ft/year)  

Year 2 
(2010) 

Year 3  
(2011) 

Year 4 
(2012) 

Year 5  
(2013) 

Year 6 
(2014) 

Tasman Site Plots 
1 0.04 0.13 0.15 0.14 0.20 0.04 
2 0.08 0.14 0.15 0.16 0.13 0.03 
3 0.04 * 0.11 0.12 0.20 0.04 
4 0.03 0.10 0.12 0.15 0.18 0.04 
5 * * * * * * 
6 0.02 0.11 0.11 0.13 0.06 0.01 
7 0.06 0.12 0.13 0.11 0.29 0.06 

Tasman site plot 
average  

      0.04 0.12 0.13 0.14 0.18 0.04 

Guadalupe River Plots 
8 0.08 * * * * * 
9 0.06 0.01 0.09 0.04    0.13 0.03 

10 0.08 * * * * * 
Guadalupe River 
plot average 

0.07 0.01 0.09 0.04 0.13 0.03 

1 The first year of feldspar sedimentation data was collected in Year 2; therefore, no Year 1 data (collected 1, 2, 3, and 9 
months after installation) are included. 
* indicates plots could not be located during feldspar plot monitoring. 
 

3.1.5  Salinity Monitoring 

Salinity on the Tasman site has increased substantially over the past several years at the Tasman site (Table 6). 
From Year 1 to Year 6, salinity increased overall by 212%, an approximate 4 fold increase. The greatest year-
over-year increase occurred from Year 4 to Year 5, when salinity doubled (from 7.1 parts per thousand[ppt] 
to 14.4 ppt). Salinity then increased an additional 27.1% from Year 5 to Year 6. The maximum salinity 
measured was 18.3 ppt in March of Year 6 (2014). 
 
California bulrush occurs mostly in the south San Francisco Bay tidal marshes where water column salinities 
are relatively low (water column salinities of ~0-5 ppt) (H. T. Harvey & Associates 2005). California bulrush 
is also found in brackish marshes where salinity in the summer generally does not exceed 18 ppt for more 
than a few weeks (Baye 2007). Therefore, the poor performance of California bulrush plantings installed in 
March 2014 (see Section 3.2.4) is likely attributable to high salinity levels in 2014. Heightened salinity on the 
Tasman site likely was caused (primarily) by persistent drought conditions, which have decreased freshwater 
flow into the Guadalupe River and increased the salinity of San Francisco Estuary water brought onto the 
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Tasman site by tides. In addition, beginning in June of 2011, the South Bay Salt Pond Restoration Project 
opened a tidal connection between Pond A8 and Alviso Slough (SBSPRP 2013). The Pond A8 connection 
was anticipated to heighten salinity in Alviso Slough (EDAW et al 2007) and, therefore, may also have 
increased salinity at the Tasman site, which is located less than 1 mile upstream along the Guadalupe River 
from the Pond A8 connection to Alviso Slough. Heightened salinity continued on the Tasman site into 2015, 
although salinity levels were lower than measured in spring 2014.  
 
Table 6. Water Salinity on the Tasman Site, 2009–2015, Relative to California Bulrush Planting 

Monitoring 
Year 

Monitoring 
Month 

Water 
Salinity 
(ppt) 

Collection 
Method 

Revegetation Action and Response 

Year 1 
(2009) 

October 4.0 Datasonde None 

Year 2 
(2010) 

June 1.8 Datasonde None 

Year 3 
(2011) 

N/A N/A N/A 60 experimental California bulrush plantings 
installed 

Year 4 
(2012) 

September 7.1 Datasonde Experimental California bulrush plantings 
spread after installation of herbivore 
deterrents 

Year 5 
(2013) 

July 14.4 Datasonde 500 California bulrush were plantings installed 
and rapidly spread 

Year 6 
(2014) 

March and 
April 

18.3 Refractometer 1000 California bulrush plantings installed and 
remained dormant  

Year 6 
(2015) 

February 12.5 Datasonde California bulrush planted in 2011 and 2013 
spread. California bulrush planted in 2014 
spread somewhat 

Notes: N/A = not available; ppt = parts per thousand 

 

3.2  Wetland Vegetation 

3.2.1  Percent Cover 

Percent cover of wetland vegetation decreased slightly, from 17.7% to 16.8%, between Years 5 and 6 (Table 
7). This reduction was driven primarily by a decrease in cover of two species that began to spread onto the 
marsh plain in previous years: creeping bent grass, an invasive grass, declined in cover from 3.2% to 0.9%, 
and eastern annual saltmarsh aster (Symphyotrichum subulatum), a native annual plant, declined in cover from 
8.0% to 0.7%. Declines in cover of these species were likely the result of elevated salinity on the Tasman site 
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during spring 2014 (see Section 3.1.5). Creeping bent grass, a perennial species, has low salinity tolerance and 
we observed that it died back around the edge of the Tasman site and on the marsh plain in 2015. Eastern 
annual saltmarsh aster recruits annually by seed, and the higher salinity in spring 2014 may have reduced 
seedling germination relative to conditions in 2014.  
 
In spite of the higher salinity, alkali bulrush and California bulrush, native brackish species continued to 
spread from established patches growing on the marsh plain. Alkali bulrush increased in cover by 4.5% and 
California bulrush increased by 3.4% between Year 5 and Year 6, suggesting that both species were able to 
grow even with the heightened salinity. In Year-6, California bulrush was the most common plant on the 
marsh plain, followed by alkali bulrush (Table 7). 
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Table 7. Average Percent Cover of Vegetation  

Common Name or 
Habitat Type Scientific Name Native or 

Nonnative 

Wetland 
Indicator 

Status1 

Average Percent Cover 

Year 1 
(2009) 

Year 2 
(2010) 

Year 3 
(2011) 

 Year 4 
(2012) 

Year 5 
(2013) 

Year 6 
(2014)  

Creeping bent grass Agrostis stolonifera Nonnative FACW 0.0 0.0 0.0 3.0 3.2 0.9 
Spearscale/fat hen Atriplex prostrata Nonnative FACW 0.0 0.0 0.1 1.2 <0.1 0.0 
Sea beet Beta vulgaris Nonnative NI 0.0 0.0 0.0 0.1 0.0 <0.1 

Alkali bulrush Bulboschoenis maritimus Native OBL 
0.0 0.0 0.0 <0.1 0.2 4.7 

Brass buttons Cotula coronopifolia Nonnative OBL 0.0 0.0 0.0 0.7 0.5 <0.1 
Tall flatsedge Cyperus eragrostis Native FACW 0.0 0.0 0.0 0.1 0.0 0.0 

Bristly ox tongue Helminthotheca echioides Nonnative FACU 
0.0 0.0 0.3 <0.1 0.1 0.0 

Bermuda grass Cynodon dactylon Nonnative FACU 0.0 0.0 0.0 0.0 0.0 0.1 
Fleshy jaumea Jaumea carnosa Native OBL 0.0 0.0 0.0 0.0 0.0 <0.1 
Perennial pepperweed Lepidium latifolium Nonnative FAC 8.9 0.0 0.0 0.1 0.0 0.0 
California loosestrife Lythrum californicum Native OBL 0.0 0.0 0.7 0.0 0.0 <0.1 
Threebracted loosestrife Lythrum tribracteatum Nonnative OBL 0.0 0.0 0.0 1.2 0.0 0.0 
Mallow Malva spp. N/A N/A 0.0 0.0 <0.1 0.0 0.0 0.0 

Water parsley Oenanthe sarmentosa Native OBL 
0.0 0.0 0.0 0.5 <0.1 0.0 

Broadleaf plantain Plantago major Nonnative FAC 0.0 0.0 0.1 0.3 0.1 0.0 
Dock Rumex crispus Nonnative FAC 0.7 0.2 0.2 0.2 0.1 <0.1 
Perennial pickleweed Salicornia pacifica Native OBL 0.0 0.0 0.0 0.0 0.0 0.3 

Common tule Schoenoplectus acutus Native OBL 
0.0 0.0 0.0 0.0 0.0 0.6 

California bulrush  Schoenoplectus 
californicus Native OBL 

0.0 0.0 0.1 1.6 5.7 9.1 
Smilograss Stipa miliaceum Nonnative NI 0.1 0.0 0.1 0.0 0.0 0.0 
Eastern annual saltmarsh 
aster 

Symphyotrichum 
subulatum Native OBL 

0.0 0.0 0.0 2.0 8.0 0.7 
Cattail Typha angustifolia Native OBL 0.0 0.0 0.0 0.0 0.0 0.3 
Mixed ruderal2 N/A N/A N/A 1.4 2.8 0.0 0.0 0.0 0.0 
Dead/thatch N/A N/A N/A 20.0 0.8 0.0 5.0 0.0 1.8 
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Common Name or 
Habitat Type Scientific Name Native or 

Nonnative 

Wetland 
Indicator 

Status1 

Average Percent Cover 

Year 1 
(2009) 

Year 2 
(2010) 

Year 3 
(2011) 

 Year 4 
(2012) 

Year 5 
(2013) 

Year 6 
(2014)  

Mud N/A N/A N/A 48.8 77.3 87.4 81.2 79.3 71.3 
Water N/A N/A N/A 20.1 18.9 11.0 2.9 2.8 10.1 

Total absolute percent cover of wetland vegetation3 9.6 0.2 1.3 10.9 17.7 16.8 

Total absolute percent cover of native wetland vegetation3 0 0 0.8 4.2 13.9 15.8 

Relative percent cover of native wetland vegetation3 0 0 61.5 38.5 78.3 94.0 

Wetland vegetation3 dominated by native species? No No Yes No Yes Yes 

Note: N/A = not applicable. 
1 Wetland indicator status taken from Lichvar et al. (2014). 
2 Ruderal includes a mix of weedy plants with each species in amounts too small to quantify. 
3 Wetland vegetation includes OBL, FACW, and FAC species. 

 



 

Native species were far more abundant in the plant community on the Tasman site in Year 6 than nonnative 
species. The relative cover of native species was 94.0%. Creeping bent grass was the most abundant 
nonnative species present.  
 
Comparison to Final Success Criterion. One of the final success criteria is that the Tasman site marsh 
plain achieve 85% cover by obligate, facultative wetland, and facultative wetland species and be dominated by 
native species. In Year 6, the Tasman site had 16.8% cover by obligate, facultative wetland and facultative 
wetland species and therefore did not meet the final success criterion. However, native species made up more 
than 50% of the relative cover of the wetland vegetation. Therefore, the criterion that most of the site be 
dominated by native wetland vegetation was met.  

3.2.2  Natural Recruitment  

As in previous years, California bulrush and alkali bulrush continued to establish on the marsh plain, 
particularly along the high-tide line. Both bulrush species also expanded laterally through rhizomatous growth 
toward lower elevations on the marsh plain. Native salt marsh plants established on the marsh plain, including 
perennial pickleweed, fleshy jaumea (Jaumea carnosa), saltgrass (Distichlis spicata), and alkali heath (Frankenia 
salina). These species are indicative of the higher salinities observed in 2013-2015. 
 
A small patch of common reed (Phragmites australis) was observed in spring 2014 and persisted in 2015. The 
Jepson Manual lists common reed as native, but the species is divided into two native subspecies and “a third 
naturalized entity whose taxonomic identity has yet to be determined” (Baldwin et al. 2012). Nonnative 
common reed genotypes have caused the species to become invasive on the East and Gulf coasts, but the 
California Invasive Plant Council rates common reed as having a “limited” impact on native ecosystems in 
California (Calflora 2014). In spring 2015, we assessed the morphological traits associated with the native and 
nonnative genotypes and determined that the common reed on the Tasman site is native. 
 
Mixed ruderal species continue to be the primary colonizers of the upland slopes around the site. The 
nonnative field marigold (Calendula arvensis) continued to expand rapidly on upland slopes during Year 6. 

3.2.3  Invasive Species 

The MMP calls for the control of invasive wetland species if they colonize the site. In Year 6, no pepperweed 
was found on the marsh plain; however, pepperweed remains present on the levee slopes and has the 
potential to compete with native plants on the marsh plain. Therefore, control of pepperweed should remain 
a priority on the Tasman site.  
 
Two other invasive species remained present at the margin of the marsh plain in Year 6: Bermuda grass and 
creeping bent grass. Both are likely to remain restricted to the upper margins of the site and are unlikely to 
substantially invade the marsh plain. Bermuda grass is rated by the California Invasive Plant Council as having 
a “moderate” impact on native ecosystems. Creeping bent grass is rated by the council as having a “limited” 
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impact on native ecosystems. Both species died back in 2015, likely as the result of increased salinity on the 
Tasman site marsh plain. 

3.2.4  California Bulrush Planting and Installation of an Herbivore Deterrent 

By the time of vegetation monitoring in Year 6 (2014), few of the 1000 bulrush plugs planted in 2014 had 
begun to grow. This was likely the result of high salinity observed on the Tasman site in spring 2014 (see 
Section 3.1.5). However, site observations in spring 2015 by H. T. Harvey & Associates indicate that some of 
the 1000 plugs planted in 2014 have begun to establish, 1 year after planting (Figure 7). 
 

 
Figure 7. New California Bulrush Growth Observed in Spring 2015  
 
Monitoring in Year 6 (2014) found that average percent vegetation cover was higher on the marsh plain 
where plantings were installed and protected from herbivores (19.6% cover) than in sections that received no 
plantings or protection (15.3% cover). This difference was not statistically significant (P = 0.20; student’s t-
test) at alpha = 0.05. This result suggests that in 2014, plantings and herbivore protection did not lead to 
increased vegetation cover on the marsh plain. This may be partially attributable to the low vegetation 
recruitment on the marsh plain in 2014 resulting from the elevated salinity. By contrast, in Year 5 (2013), we 
did detect a significant effect of the deterrents on the vegetation cover. This is likely because more annual 
species recruited on the marsh plain in Year 5 when salinity was lower than in Year- 6 and, therefore, more 
seedlings were present to receive protection from herbivores by the deterrents. However, regardless of 
whether or not salinity remains relatively high in future years, we expect herbivore deterrents (if properly 
maintained) to have a positive effect on vegetation spread in future years. This is because herbivore deterrents 
protect both recently recruited seedlings (with greatest recruitment during years with low winter/spring 
salinity) and plants that spread through vegetative growth. Vegetative growth will occur during years with low, 
moderate or high salinity because freshwater, brackish, and salt marsh species are all present in substantial 
patches on the Tasman site.  

New growth 
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3.2.5  Site Maintenance 

The general condition of the site continued to be good in Year 6. A shopping cart was observed on the 
Tasman site in February 2015 on the riprap above the southern culverts. We recommend removing this trash. 

3.3  Photodocumentation 

Photographs taken from fixed photodocumentation locations are presented in Appendix C. 
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Section 4.0  Management Recommendations 

• The Tasman site MMP calls for habitat monitoring for 6 years or until the site meets its final success 
criteria. The Tasman site has met the hydrology success criterion but not the final sedimentation or 
vegetation cover success criteria. However, the success of experimental wetland plantings and natural 
wetland plant colonization has shown that marsh plain elevations on the site are largely suitable for 
establishing a diverse brackish tidal marsh plant community. Therefore, we recommend that VTA 
cease hydrology and sedimentation monitoring but continue to monitor vegetation cover to meet the 
ultimate goal of restoring a fully tidal brackish marsh similar to the wetland habitat along the 
Guadalupe River. The timing of the wetland delineation and timing/need for wildlife monitoring 
should be determined in conversation with the regulatory agencies. 

 
We recommend the following site maintenance actions: 
 

• Control perennial pepperweed. We recommend that VTA treat perennial pepperweed on the 
slopes of the Tasman site with an herbicide in March and May annually until the weed has been 
eradicated. The herbicide type and application rate should be based on a recommendation from a 
certified pest control advisor. The herbicide should be approved by the U.S. Environmental 
Protection Agency for use in and adjacent to aquatic environments. Mature pepperweed seed heads, 
if present, should be clipped, bagged, and removed from the site before the herbicide is applied.  
 

• Maintain herbivore deterrents. We recommend that VTA maintain herbivore deterrents in the 
configuration installed on the marsh plain in Year 5 to facilitate natural recruitment of vegetation.  

 

• Monitor Bermuda grass and creeping bent grass. We recommend that the VTA monitor the 
spread of Bermuda grass and creeping bent grass during annual vegetation surveys. If either species 
begins to substantially invade the marsh plain (qualitative observation), the VTA should seek a 
recommendation to control these species from a certified pest control advisor.  
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Section 5.0  Agency Requests 

We request that the regulatory agencies meet with the VTA to discuss future monitoring and the vegetation 
cover success criterion at the Tasman site. 
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Appendix A. Letter from VTA Adjusting Required Mitigation 
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Appendix B. Habitat Elevation Measurement Results 
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Figure B-1.  Tasman Corridor Wetland Mitigation Site; Cross-Section 1 
 
 

 
Figure B-2.  Tasman Corridor Wetland Mitigation Site; Cross-Section 2 
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Figure B-3.  Tasman Corridor Wetland Mitigation Site; Cross-Section 3 
 

 
 

Figure B-4.  Tasman Corridor Wetland Mitigation Site; Cross-Section 4 
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Figure B-5.  Tasman Corridor Wetland Mitigation Site; Cross-Section 5 
 
 

 
 
Figure B-6.  Tasman Corridor Wetland Mitigation Site; Cross-Section 6 
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 Figure B-7.  Upstream Inlet Channel; Cross-Section 7 Figure B-8.  Upstream Inlet Channel; Cross-Section 8  Figure B-9. Upstream Inlet Channel; Cross-Section 9 
 

 
 

  
Figure B-10.  Downstream Inlet Channel; Cross-Section 10 Figure B-11.  Downstream Inlet Channel; Cross-Section 11  Figure B-12.  Downstream Inlet Channel; Cross-Section 12 
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Appendix C. Photodocumentation from September 2010 
and February 2015 
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September 2009                       February 2015   

      
A-1.  Photo Point 1  
  
September 2009                       February 2015 

       
A-2.  Photo Point 2 
 
September 2009                    February 2015 

            
A-3.  Photo Point 3  
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September 2009                         February 2015 

             
A-4.  Photo Point 4  
  
September 2009                      February 2015 

       
A-5.  Photo Point 5  
 
September 2009                    February 2015 

       
A-6.  Photo Point 6  
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September 2009           February 2015 

           
A-7.  Photo Point 7  
 
September 2009                     February 2015 

       
A-8.  Photo Point 8  
 
September 2009                     February 2015 

       
A-9.  Photo Point 9  
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September 2009             February 2015 

     
A-10.  Photo Point 10 
 
September 2009                       February 2015 

        
A-11.  Photo Point 11  
 
September 2009                      February 2015 

       
A-12.  Photo Point 12 
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March 2014             February 2015 

      
A-13.  Photo Point 13 (added in 2014, therefore, no 2009 photo is available) 
 
March 2014           February 2015 

    
A-14.  Photo Point 14 (added in 2014, therefore, no 2009 photo is available) 
 
March 2014           February 2015 

    
A-15.  Photo Point 15 (added in 2014, therefore, no 2009 photo is available) 
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