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1.0 INTRODUCTION 

The San Francisco Estuary Invasive Spartina Project was established by the California Coastal Conservancy in 
2000 in response to the invasion of hybridized non-native Spartina into the marshes and mudflats of the San 
Francisco Estuary (Estuary). Four non-native cordgrasses, including Spartina alterniflora (Atlantic cordgrass), S. 
densiflora (Chilean cordgrass), S. anglica (English cordgrass), and S. patens (saltmeadow cordgrass), were intro-
duced to the Estuary. Each of these species is known to be an aggressive invader outside of its native range, 
and each has demonstrated varying degrees of invasiveness since establishing in the Estuary. Both S. al-
terniflora and S. densiflora hybridized with native S. foliosa (Daehler and Strong 1996, Ayres et al. 2003). Of par-
ticular concern, offspring of S. alterniflora x foliosa hybrids backcrossed with the parent species and with one 
another, producing an extremely robust and fertile “hybrid swarm,” which has invaded habitat throughout the 
Estuary, threatening the ecological integrity of the Estuary’s existing and potential future restored tidal wet-
lands and mudflats (Daehler and Strong 1996; Goals Project 1999; Ayres et al. 2003; California Coastal Con-
servancy 2003; Ayres et al. 2004).  

The purpose of the ISP is to implement a coordinated, regionwide program to control and eventually eradi-
cate the S. alterniflora/hybrids and other non-native Spartina species from the Estuary and outer California 
coast marshes. Treatment efforts began with small-scale manual removal in 2002 and 2003. In 2004, the her-
bicide glyphosate was applied at most treated sites, and testing of aerial applications of the herbicide imazapyr 
began at a few trial locations. The ISP Control Program has coordinated annual region-wide Spartina control 
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efforts using the highly effective herbicide imazapyr in aerial and ground-based applications from 2005 to 
present. Treatment methods are generally described in the ISP’s Programmatic EIS/R (Conservancy 2003). 
Specific treatment approaches are described in site-specific control plan prepared for each site (ISP 2004, 
2005). Spartina treatment operations are reported annually by the ISP Control Program (Grijalva 2004, Gri-
jalva and Kerr 2006). Figure 1 shows the location of the ISP treatment site complexes.  

As part of its regional program, the ISP conducts annual baywide and outer coast monitoring to track and 
map the extent and rate of spread of nonnative Spartina, and to monitor the efficacy of the ISP’s Spartina 
Control Program’s treatment efforts. This report presents the results of regionwide monitoring conducted by 
the ISP in 2007.  

1.1  Inventory Monitoring 

The ISP has conducted regionwide inventory monitoring since 2000 to track and map the extent and rate of 
spread of non-native Spartina. At the time of the 2000-2001 survey, there were 483 net acres (total acres of solid 
cover) of non-native Spartina in the Estuary, with 470 net acres being S. alterniflora hybrids (Ayres et al. 2004).  

Monitoring was next conducted in 2003, but at only a subset of sites. The ISP Monitoring Program resumed 
annual regionwide inventory in 2004, using a combination of field monitoring and aerial photograph interpre-
tation techniques. Total area impacted by all invasive Spartina species and their hybrids (total gross area) 
throughout the Estuary in 2005 was 1,395 acres, with 99% of this area (1,386 acres) infested with the aggres-
sive S. alterniflora/hybrids (Hogle et al. 2007). Net area of invasive Spartina decreased throughout the Estuary 
and outer coast by 27% in 2006 following one year of imazapyr treatment at most sites (Hogle 2008). Net 
area of the most abundant invasive Spartina, S. alterniflora/hybrids, decreased by 27%, down to 562 acres. Net 
area of S. densiflora decreased by 11%, down to less than four acres. The S. densiflora hybrids identified in 2005 
were almost eliminated; a decrease of 96% brought net cover down to 0.004 acre (174 square feet). Likewise, 
S. patens was reduced by 98% to a net cover of 0.013 acre (566 square feet). S. anglica net cover increased by 
0.031 acre (1,350 square feet).  

In 2006, the majority of invasive Spartina in the Estuary was treated with imazapyr. A limited number of Con-
trol Program subsites (also called “sub-areas”) received no or partial treatment in 2006, including Belmont 
and Steinberger Sloughs (2a), Bair Island North Quadrant (2c), India Basin (subsite 12c), Arrowhead (17c), 
MLK Regional Shoreline (17d), SFO (19h), Bunker Marsh (20g), and Cogswell Quadrant B (20n). Manual 
treatment methods (digging or covering) were used to control several small infestations, including those in the 
Outer Coast sites of Tomales Bay and Drakes Estero. The results of our 2007 invasive Spartina inventory 
monitoring presented in this report demonstrate the effects of these control efforts on remaining acreage of 
invasive Spartina in the Estuary and Outer Coast. 

1.3 Treatment Efficacy Monitoring 

The ISP conducts two types of monitoring annually to assess the effectiveness of Spartina treatment actions 
implemented by the ISP Control Program. The first, “spring efficacy monitoring,” is a visual assessment of all 
treated sites, conducted in the spring to estimate the effectiveness of the previous season’s control efforts and 
to enable planning for the current control season. The second, “summer efficacy monitoring,” is a quantita-
tive survey conducted at a pre-selected subset of sites (stratified across all treatment sites by Spartina species, 
treatment method, and habitat or marsh type) during the peak of the growing season to measure the efficacy 
of Spartina treatment methods. 

Spring efficacy monitoring is designed to inform current-year control efforts through observation and subjec-
tive analysis of the efficacy of the previous year’s treatment. Spring efficacy monitoring was initiated in 2006 
with the establishment of photo points at selected treatment locations (Hogle 2008). 

Summer treatment efficacy monitoring was initiated in 2004 at the sub-areas treated in 2003 and at sub-areas 
slated for treatment in 2004, to provide baseline information for the evaluation of future treatment actions 
(Zaremba and McGowan 2004). In 2004 and 2005, efficacy monitoring was conducted at 22 and 44 sub-
areas, respectively (Hogle et al. 2007). Additional sub-areas were added in 2006, and a total of 56 sub-areas 
were monitored for treatment efficacy. A total of 55 sub-areas were monitored for treatment efficacy in 2007.  
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2.0 METHODS  

2.1 Inventory Monitoring Methods 

Inventory monitoring methods are described in the ISP Quality Assurance Document (QAD; Hogle et al. 
2007). These methods are briefly described below, noting any variation from the methods described in the 
QAD. 

2.1.1  Field Surveys 
Field monitoring was conducted by five field biologists beginning on June 11, 2007, with the majority of 
monitoring completed by November 30, 2007.  

Field data was collected using GPS units to collect point, line and polygon data containing Spartina species 
and percent cover data, as described in the QAD. Species mapped included S. alterniflora/hybrids, S. densiflora, 
S. densiflora x foliosa, S. anglica, and S. patens. Due to the difficulty of field identification of some Spartina plants, 
especially within highly backcrossed hybrid populations, morphologically ambiguous plants or patches were 
mapped as “Possible S. alterniflora x foliosa hybrids”, “Possible S. anglica”, or “Possible S. densiflora x foliosa”. 
Where possible, samples were collected for genetic testing of ambiguous populations. Samples of plants iden-
tified by field staff as S. alterniflora/hybrids and S. foliosa with high confidence were also sampled at monitoring 
sites throughout the season to confirm species identification.   

Inventory data was processed from GPS data to GIS layers, checked for accuracy and edited by the field staff 
that collected the data, and subsequently mapped in GIS.  

Genetic results were linked to the point layer indicating where genetic samples were collected, then overlaid 
onto the inventory data. All lab-based species identifications were recorded in a “lab identification” column. 
Final species determinations were based on a review of these lab identification results. 

All inventory features were reviewed by all ISP staff to ensure that all known non-native Spartina locations 
were recorded in GIS, including confirmation that allfeatures recorded in a GPS were included in the final 
GIS inventory layer. The Monitoring Program Manager also checked for and corrected duplicated features or 
feature overlap in GIS using topology rules. 

2.1.2  Aerial Surveys 
As described in the QAD, aerial photo interpretation is used to inventory larger Spartina infestations that 
would be extremely time-consuming to map using the field based monitoring methods. Digitizing involves 
mapping Spartina populations by using a computer mouse or tablet pen to manually trace the outline of visible 
Spartina patches over color infrared imagery displayed on a computer monitor (a method called heads-up 
digitization), determining the species of Spartina and assigning each patch a cover class. Polygons delineating 
the boundaries of Spartina meadows and patches were digitized at 1:500 scale by trained photo interpreters 
familiar with the sites to be digitized. Photo interpreters use ground truthing, inventory data and treatment 
efficacy monitoring data to distinguish invasive Spartina from mud/sand, channel and other marsh vegetation 
based on the color, texture, and growth form of vegetation in the imagery.  

Orthorectified color infrared digital and film photography, flown September and October 2007, was used for 
all aerial photos. All sites digitized in 2007 are listed in the QAD. Orthorectification duties were shared by the 
ISP and by the aerial imagery contractor, and were completed for all images in January 2008. 

Ground truthing of sites for digitization was performed January - March 2007 using a combination of field 
map mark-up, partial inventory, and random ground truthing point data collection at selected locations. Digi-
tizers used marked-up field maps along with a GIS map containing the 2007 color IR orthophotos, GPS-
collected ground truthing data, field-collected inventory data, and summer efficacy monitoring plot data to 
inform their photo interpretation and digitizing.  

Heads-up digitization of ground-truthed data was performed January - May 2008, while heads-up digitization 
of all aerial imagery is ongoing.  
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2.2 Treatment Efficacy Monitoring Methods 

2.2.1 Spring Efficacy Monitoring 
Spring efficacy monitoring took place beginning in late May following the protocol described in the QAD. 
Photos were taken at all photo point locations, with exact locations and attribute data assessing treatment 
efficacy recorded in the field using GPS.  

2.2.2 Summer Efficacy Monitoring 
Summer efficacy monitoring was conducted at 22 sub-areas in 2004, 44 sub-areas in 2005, 56 sub-areas in 
2006, and 55 sub-areas in 2007. Sub-areas were selected to encompass a range of marsh types and treatment 
methods.  

Summer efficacy monitoring assesses treatment efficacy through the annual sampling of permanent monitor-
ing plots which were established and sampled prior to the first year of treatment. The methods for collecting 
treatment efficacy data in 2006 are fully described in the QAD. At each sampled sub-area, percent cover of all 
vegetation and density of invasive Spartina is recorded at up to 30 plots and a central quadrat with each plot. 
The methodology for sampling quadrat data has not changed since plot establishment. The methodology of 
sampling plot data changed between 2005 and 2006 due to the high efficacy in treating invasive Spartina. 
Prior to 2006, treatment plot size was based on the size of the Spartina clone within which the permanent 
quadrat was located. In 2006, contiguous clones of Spartina were no longer identifiable due to the impact of 
treatment, and so plot sizes could no longer be based on clone size. As described in the QAD, plot size was 
standardized to a three meter radius circle centered on the permanent quadrat starting in 2006. 

The effects of treatment are detectible one year post-treatment, so the effects of 2006 treatment are docu-
mented with 2007 treatment efficacy monitoring. 

2.3 Data Analysis  

2.3.1  Inventory Data Analysis 
Two methods are used to measure and report area of non-native Spartina, “net area” and “gross area.” “Net 
area” refers to the actual amount of the Spartina, and is calculated to represent the coverage as if all non-
native Spartina plants were contiguous (i.e., compacted onto one discrete area). This is the same calculation 
used to determine “total area of solid cover” reported in Ayres et al. (2004), and is useful for documenting 
change over time. Net area is not very useful for planning and management purposes, as it does not give an 
accurate picture of the marsh area that will need to be treated or monitored. For this purpose, “gross area” is 
used, which is defined as the area invaded to some extent by non-native Spartina. Gross area is calculated 
using GIS and a point/line-buffering strategy. Cover class categories (low, moderate, high) are used to define 
Spartina impact within gross areas for planning and management purposes. 

Summary statistics of invasive Spartina inventory monitoring data were calculated based on the summation of 
gross and net area within sub-area boundaries.  Every invasive Spartina inventory feature recorded in the field 
or during digitization was assigned a cover class, Gross area was calculated as the area of the GIS features 
recorded. The net Spartina area of each feature was calculated as gross area x percent Spartina cover (using the 
mean of the percent cover class recorded in the field as the percent cover multiplier). The reported net area is 
the sum of the net Spartina area of individual features within a cover class.  

Summary of invasive Spartina by region and for the entire Estuary is pending completion of digitizing efforts. 
A thorough review of the digitization layers by ISP Field Operations Manager and Assistant Manager and 
Monitorring Program Manager revealed that several sites had been missed, and that invasive Spartina cover 
had been severely underestimated at several other sites, for a total of 20 sites with missing or underestimating 
invasive Spartina cover. On further analysis, the Monitoring Program Manager concluded that field staff had 
digitized what they saw on-the-ground at the time of ground truthing, rather than digitizing the extent and 
cover of invasive Spartina as seen in the imagery, at sites with underestimated cover. This led to the drastic 
underestimation of invasive Spartina cover due to the fact that ground truthing was conducted in winter, when 
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Spartina has senesced. Missing and underestimated data are noted as “in progress” in Table 1, and are not 
included in the analyses presented in this report. 

Summary data for two Southern South Bay sub-areas (5a: Mowry Marsh-Newark Slough to Calaveras Point 
and 15a: South Bay Marshes) are presented in the Santa Clara Valley Water District’s 2007 monitoring report 
(Porcella 2008), and are not included in the analyses presented in this report. 

2.3.2  Treatment Efficacy Data Analysis 
Spring efficacy monitoring photo point data and images were visually analyzed by the ISP Control Program 
Field Operations Manager and Assistant Manager within several days of data acquisition. Due to the subjec-
tive nature of spring efficacy monitoring data, this information is not statistically analyzed, but is rather used 
to inform field operations planning on an as-needed basis. 

Summer efficacy monitoring data were analyzed by plotting mean invasive Spartina stem counts within quad-
rats over time by species and 2006 treatment type (Table 2). Changes in stem counts document changes in 
invasive Spartina density within a plot. Mean stem count values were calculated by species and treatment type 
from the pool of all sites; plots were not blocked by site. Values were calculated for every year in which stems 
were counted, starting in 2004. 

As reported in the Monitoring Report for 2004 and 2005 (Hogle et al. 2007), due to unequal sample sizes 
among sites, data could not be blocked by site for analysis. Independence among all plots was tested in Ar-
cGIS 9.1 using the Spatial Autocorrelation Moran’s I (Spatial Statistics) Tool prior to regression analysis to 
avoid violating assumptions of data independence. This tool uses feature locations and feature values to 
evaluate whether patterns in feature similarity are clustered, dispersed or random. The tool calculates both the 
Moran’s I Index value and a Z score evaluating the significance of the index value (ESRI Developers Net-
work 2007). We tested for spatial autocorrelation of stem density percent reduction at all plots. Test results 
indicated that stem density reduction values were neither clustered nor dispersed, but were randomly distrib-
uted among sites (Moran's Index = 0.281, Z Score = 0.014 standard deviations). The results of the Moran’s I 
test allowed for the analysis of unblocked data by indicating independence between sampling points. 

3.0 RESULTS 

3.1 Inventory Monitoring Results 

Inventory results for 2007 are presented by sub-area in Table 1. Both gross and net Spartina area are pre-
sented. As explained above, gross area indicates the spatial extent of area mapped, and cover class category 
indicates the degree of infestation within this extent. While gross area can change from year to year as the size 
of the mapped patch changes, net cover is a consistent measurement from year to year. Both are helpful in 
estimating the extent of non-native Spartina infestation in the Estuary. 

Net cover of non-native Spartina continued to decrease throughout the Estuary and outer coast in 2007. Of 
160 sub-areas, 5% (8 sub-areas) contain no invasive Spartina. Results for 20 sites are pending completion of 
digitizing efforts due to the underestimation or incomplete set of initial digitizing efforts. Of the 138 sub-
areas containing invasive Spartina for which inventory is finalized, 74% (96 sub-areas) have less than one net 
acre of invasive Spartina remaining. Thirty-two (25%) contain one to five acres of invasive Spartina. Only 4% 
(five sub-areas) have more than five acres of invasive Spartina. These include the untreated portions of 
Cogswell Marsh (sub-area 20n), Arrowhead Marsh (sub-area 17c), and sub-areas with limited treatment in 
2006 – Belmont and Steinberger Sloughs (2a), Bair Island North Quadrant (2c), and MLK Regional Shoreline 
(17d). 

Only the two major invasive forms of Spartina – S. alterniflora/hybrids and S. densiflora – were found to have 
spread to new locations in 2007. Small populations of both were discovered and controlled for the first time 
at San Pablo Bay National Wildlife Refuge along the bayfront shore of Mare Island. A new population of S. 
alterniflora hybrids was found in Vallejo on the eastern section of a White Slough restoration project in No-
vember 2007. This population was discovered too late in the growing season for effective treatment, and will 
be targeted for treatment in 2008. 

2007 ISP Monitoring Report  5. June 9, 2008 
CALFED ERP 



 

The single, small populations of S. anglica at Creekside Park (sub-area 4g) in the Central Bay, and S. patens is at 
Benecia State Recreation Area in Suisun Bay have decreased in size, and these two forms of Spartina have not 
spread to any other locations.  

3.2 Treatment Efficacy Monitoring Results 

Treatment took place in both 2005 and 2006 at most sub-areas monitored post-treatment in 2007 (Hogle 
2008). Manual treatment included covering and/or digging. Herbicide control consisted of treatment with an 
aquatic formulation of the herbicide imazapyr using a variety of application methods (helicopter, truck, Argo, 
backpack and boat). Methods used in 2006 and number of plots analyzed are listed by sub-area inTable 2. 

Spring efficacy monitoring photos and associated data collected in early 2007 were used by the ISP Control 
Program to quickly assess and plan for the 2007 treatment season. Photo monitoring was completed at 54 
sites, with a total of 121 photos taken over three rounds. Digital photos are saved to the ISP server, where 
they are organized by photo point to allow ease of viewing change over time using photo-viewing software.  

Summer efficacy monitoring in 2007 documented a dramatic post-treatment decrease in S. alterniflora/hybrid 
and S. patens density in 40 sites treated with imazapyr in 2006 (Figure 2). Density continued to increased from 
2004-2007 in those quadrats located within five sub-areas where patches of S. alterniflora/hybrids were left 
untreated. At only one sub-area, Pier 98/Heron’s Head (sub-area 12b) S. alterniflora/hybrids were treated by 
digging or covering; stem counts increased one year post-treatment at this site. 

Stem counts decreased dramatically in the 36 quadrats of S. densiflora treated by digging at two sub-areas. Stem 
counts showed little change in the 98 quadrats over seven sub-areas where S. densiflora was treated with 
imazapyr in 2006.  

4.0 DISCUSSION 

4.1 Inventory Monitoring  

Finalized 2007 inventory monitoring data results clearly indicate that all populations of invasive Spartina 
which have been treated are decreasing, with the majority of sub-areas each containing less than one acre of 
invasive Spartina. At those few sites where little or no treatment has been initiated (Cogswell B, Arrowhead 
east), the gross and net cover of invasive Spartina continues to expand. 

Unfinalized 2007 digitizing efforts are expected to document the decrease in invasive Spartina cover observed 
during ground truthing and our spring and summer efficacy monitoring efforts at those sites which were 
treated with imazapyr in 2006. Those populations which were not treated in 2006 have continued to maintain 
or expand in size and cover. This is documented in the aerial imagery, and is expected be reflected in the 
summarization of the digitized polygons. 

The small remaining populations of S. patens, S. anglica and S. densiflora hybrid were clearly impacted by several 
years of highly effective control efforts (see Grijalva and Kerr 2006). The small population of S. anglica con-
tinued to stay contained within Creekside Park in Marin (Central Bay), its only location in the Estuary.  

The discovery of new populations of S. alterniflora/hybrids and S. densiflora in the North Bay (Mare Island and 
White Slough) highlights the importance of continued vigilance in monitoring all areas with potential Spartina 
habitat. As eradication efforts progress it will be imperative to discover and treat all invasive Spartina in the 
Estuary to prevent re-infestation from undetected populations. 

4.2 Efficacy Monitoring  

The information on site-specific efficacy collected through spring efficacy monitoring was used by the ISP 
Control Program to plan for 2007 field operations. This photo monitoring effort is strengthening the docu-
mentation of observed efficacy of Spartina treatment efforts throughout the Bay. 
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Both spring and summer efficacy monitoring documented that treatment with imazapyr was shown to be 
more effective than other treatment methods for the control of S. alterniflora/hybrids and S. patens in both 
2006 (Hogle 2008) and 2007.  

Analysis of 2007 summer efficacy monitoring data results (Figure 2) clearly demonstrate that treatment with 
imazapyr is significantly more effective than other methods of controlling S. alterniflora/hybrids. Density of 
imazapyr-treated S. alterniflora/hybrids dropped following treatment with imazapyr, while density clearly in-
creased at those sites receiving no treatment. Digging or covering to treat S. alterniflora/hybrids at Pier 
98/Heron’s Head (sub-area 12b) was not effective. Manual treatment of Spartina is extremely labor-intensive 
and requires frequent monitoring throughout the growing season to monitor and repair tarps and to follow-
up on the removal of plants missed or regenerating from root stock left from digging. The post-treatment 
increase in invasive Spartina density at this site could be due to a surge in regrowth of small shoots from roots 
not completely covered or removed, and may also be a result of seed set prior to digging or covering. The 
increasingly large infestation at this site will be targeted for treatment with imazapyr in 2008.  

Manual methods of digging or covering are effective for S. densiflora, as has been seen in the treatment efficacy 
monitoring data from 2007 and 2006 (Hogle 2008). Because this treatment method is only applicable for very 
small populations and is extremely labor-intensive, it has not been widely used in highly infested sites. As 
eradication of invasive Spartina progresses and population sizes decrease, the ISP Control Program is adapting 
their control recommendations to use the most efficient methods of treating S. densiflora for the most effective 
results. 

5.0 CONCLUSIONS 

The 2007 ISP monitoring efforts have shown that the invasive Spartina in the San Francisco Estuary is de-
creasing in response to control efforts. The dominant invaders, S. alterniflora/hybrids, which represent 99% of 
the acreage of invasive Spartina species around the Estuary, have been reduced to less than one acre at the 
majority of sub-areas treated. The herbicide imazapyr has been shown to be highly effective in controlling 
Spartina, and will be used as appropriate in the following seasons. Herbicide efforts are expected to take sev-
eral years to accomplish elimination of target populations. The decreases in invasive Spartina cover docu-
mented by 2007 inventory and efficacy monitoring efforts demonstrate that the coordinated control of non-
native Spartina is proceeding on the right trajectory to achieve the goals of the California Coastal Conser-
vancy’s Invasive Spartina Project. 
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Figure 1. Location of 2007 treatment sites within the San Francisco Estuary and adjacent outer coast marshes. Each 
treatment site may be comprised of two or more “sub-areas”, which are identified by letters (a through z). The ISP 
Monitoring Report for 2006 (Hogle 2008) contains a complete list of treatment sites and sub-areas. 
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Figure 2. Results of 2007  treatment efficacy monitoring for invasive Spartina sites treated in 2006. Bars 
indicate average (mean) number of stems per 0.25 x 0.25 m quadrat each year. 
 



 

Table 1.  2007 Inventory Totals by Sub Area. Area of invasive Spartina in gross acres (area invaded to some extent 
by invasive Spartina) and net acres (area of invasive Spartina as if all plants were contiguous), by Bay region and ISP 
Control Program sub area. 

Region Sub Area Total Gross Acres Total Net Acres 

Central Bay 3a: Blackie's Creek (above bridge) <1 <1 
 3b: Blackie's Creek Mouth <1 <1 
 4a: Corte Madera Marsh Reserve <1 <1 
 4b: College of Marin Ecological Reserve <1 <1 
 4c: Piper Park East <1 <1 
 4d: Piper Park West <1 <1 
 4e: Larkspur Ferry Landing Area <1 <1 
 4f: Riviera Circle <1 <1 
 4g: Creekside Park 1-5 1-5 
 4h: Upper Corte Madera Creek (Above Bon Air Rd) 1-5 <1 
 4i: Lower Corte Madera Creek (Bon Air Rd to HWY 101) 1-5 <1 
 4j: Corte Madera Creek Mouth (Below HWY 101) 1-5 1-5 
 4k: Boardwalk Number One (Arkites) <1 <1 
 4l: Murphy Creek <1 <1 
 6a: Emeryville Crescent East 1-5 <1 
 6b: Emeryville Crescent West 1-5 <1 
 9: Pickleweed Park <1 <1 
 12a: Pier 94 <1 <1 
 12b: Pier 98/Heron's Head <1 <1 
 12c: India Basin <1 <1 
 12d: Hunters Point Naval Reserve <1 <1 
 12e: Yosemite Channel <1 <1 
 12f: Candlestick Cove 1-5 <1 
 12h: Yerba Buena Island <1 <1 
 12i: Mission Creek <1 <1 
 17a: Alameda Island South (Elsie, Crown, Crab Cove) 10-15 1-5 
 17b: Bay Farm 1-5 1-5 
 17c: Arrowhead Marsh >30 10-15 
 17d: MLK Regional Shoreline/Garretson Point 15-20 5-10 
 17e: San Leandro Creek 1-5 1-5 
 17f: Oakland Inner Harbor 1-5 1-5 
 17g: Coast Guard Island 1-5 1-5 
 17h: MLK Marsh Digitization in progress 
 17i: Coliseum Channels 1-5 1-5 
 17j: Fan Marsh Digitization in progress 
 17k: Airport Channel 1-5 <1 
 17l: Doolittle Pond 1-5 <1 
 17m: Alameda Island East (Aeolian Club & East Shore) 1-5 1-5 
 18a: Colma Creek 5-10 1-5 
 18b: Navigable Slough 1-5 1-5 
 18c: Old Marina Digitization in progress 
 18d: Inner Harbor Digitization in progress 
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Table 1. Continued 

2007 ISP Monitoring Report  12. June 9, 2008 

Region Sub Area Total Gross Acres Total Net Acres 

Central Bay 18e: Sam Trans Peninsula Digitization in progress 
(Continued) 18f: Confluence Marsh Digitization in progress 
 18g: San Bruno Marsh Digitization in progress 
 18h: San Bruno Creek 1-5 <1 
 19a: Brisbane Lagoon 1-5 <1 
 19b: Sierra Point 1-5 <1 
 19c: Oyster Cove <1 <1 
 19d: Oyster Point Marina <1 <1 
 19e: Oyster Point Park 1-5 <1 
 19f: Point San Bruno 1-5 1-5 
 19g: Seaplane Harbor 1-5 1-5 
 19h: SFO 5-10 1-5 
 19i: Mills Creek Mouth 5-10 1-5 
 19j: Easton Creek Mouth 1-5 <1 
 19k: Sanchez Marsh 1-5 <1 
 19l: Burlingame Lagoon 1-5 <1 
 19r: Anza Lagoon 5-10 <1 
 20a: Oyster Bay Regional Shoreline 5-10 1-5 
 20b: Lew Galbraith Golf Course 1-5 <1 
 20r: Oakland Airport Shoreline and Channels 1-5 1-5 
 22d: Stege Marsh <1 <1 
 22e: Hoffman Marsh <1 <1 
 22f: Albany/South Richmond Shoreline <1 <1 
 23a: Brickyard Cove <1 <1 
 23b: Beach Drive <1 <1 
 23c: Loch Lomond Marina <1 <1 
 23d: San Rafael Canal Mouth North <1 <1 
 23e: Muzzi & Martas Marsh <1 <1 
 23f: Paradise Cay <1 <1 
 23g: Greenwood Beach Road/Harbor <1 <1 
 23h: Strawberry Point <1 <1 
 23i: Strawberry Cove 0 0 
 23j: Bothin Marsh <1 <1 
 23k: Sausalito <1 <1 
 23l: Starkweather Park <1 <1 
 23n: Triangle Marsh <1 <1 
North Bay 10a: Whittel Marsh <1 <1 
 10b: Southern Marsh <1 <1 
 22a: Wildcat Marsh <1 <1 
 22b: San Pablo Marsh 5-10 1-5 
 22c: Rheem Creek Area <1 <1 
 23m: Novato <1 <1 
 24a: Upper Petaluma River- Upstream of Grey's Field <1 <1 
 24b: Grey's Field 0 0 
 24c: Petaluma Marsh <1 <1 
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Table 1. Continued 

2007 ISP Monitoring Report  13. June 9, 2008 

Region Sub Area Total Gross Acres Total Net Acres 

North Bay 24d: Lower Petaluma River-Downstream of San Antonio Cr <1 <1 
(Continued) 26a: White Slough/Napa River <1 <1 
 26b: San Pablo Bay NWR 0 0 
Outer Coast 25: Outer Coast <1 <1 
South Bay 1a: Channel Mouth 1-5 1-5 
 1b: Lower Channel Digitization in progress 
 1c: Upper Channel Digitization in progress 
 1d: Upper Channel - Union City Blvd to I-880 1-5 <1 
 1e: Strip Marsh No. of Channel Mouth <1 <1 
 1f: Pond 3-AFCC 5-10 <1 
 2a: Belmont Slough/Island, North Point, Bird Isl, Steinber-

ger Sl/Redwood Shores 
>30 5-10 

 2b: Steinberger Sl South, Corkscrew Sl, Redwood Cr North 20-25 1-5 

 2c: B2 North Quadrant >30 10-15 
 2d: B2 South Quadrant - Rookery 25-30 1-5 
 2e: East Marsh Digitization in progress 
 2f: Greco Island North 15-20 1-5 
 2g: West Point Slough SW and East 1-5 1-5 
 2h: Greco Island South 15-20 1-5 
 2i: Ravenswood Slough & Mouth 20-25 1-5 
 2j: Ravenswood Open Space Preserve 1-5 <1 
 2k: Redwood Creek 1-5 1-5 
 2l: Inner Bair 0 0 
 2m: Pond B3 (Middle Bair) 0 0 
 5c: Newark Slough 1-5 <1 
 5d: LaRiviere Marsh Digitization in progress 
 5e: Mayhew's Landing 1-5 <1 
 5g: Cargill Pond (W Hotel) <1 <1 
 7a: Oro Loma Marsh-east 10-15 <1 
 7b: Oro Loma Marsh-west 25-30 <1 
 13 a,b,c: Old Alameda Creek 5-10 1-5 
 13d: Whale's Tail North Fluke Digitization in progress 
 13e: Whale's Tail South Fluke 1-5 <1 
 13f: Cargill Mitigation Marsh 10-15 1-5 
 13g: Upstream of 20 Tide Gates <1 <1 
 13h: Eden Landing-North Creek 1-5 <1 
 13i: Eden Landing-Pond 10 <1 <1 
 13j: Eden Landing-Mt Eden Creek <1 <1 
 19m: Fisherman's Park <1 <1 
 19n: Coyote Point Marina/Marsh 1-5 <1 
 19o: San Mateo Creek/Ryder Park 1-5 <1 
 19p: Seal Slough Mouth >30 1-5 
 19q: Foster City 1-5 <1 
 20c: Dog Bone Marsh Digitization in progress 
 20d: Citation Marsh Digitization in progress 
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Table 1. Continued 

2007 ISP Monitoring Report  14. June 9, 2008 

Region Sub Area Total Gross Acres Total Net Acres 

South Bay 20e: East Marsh Digitization in progress 
(Continued)  20f: North Marsh Digitization in progress 
 20g: Bunker Marsh Digitization in progress 
 20h: San Lorenzo Creek & Mouth Digitization in progress 
 20i: Bockmann Channel <1 <1 
 20j: Sulphur Creek <1 <1 
 20k: Hayward Landing <1 <1 
 20l: Johnson's Landing <1 <1 
 20m: Cogswell Marsh, Quadrant A 25-30 <1 
 20n: Cogswell Marsh, Quadrant B >30 25-30 
 20o: Cogswell Marsh, Quadrant C >30 <1 
 20p: Hayward Shoreline Outliers <1 <1 
 20q: San Leandro Shoreline Outliers <1 <1 
 20s: H.A.R.D. Marsh <1 <1 
 20t: San Leandro Marina <1 <1 
 20u: Estudillo Creek Channel 1-5 <1 
 20v: Winton Channel Digitization in progress 
 20w: Triangle marsh Digitization in progress 
 21a: Ideal Marsh North 1-5 <1 
 21b: Ideal Marsh South 1-5 <1 
Southern South 
Bay 

5a: Mowry Marsh-Newark Slough to Calaveras Point See SCVWD report (Porcella 2008) 

 5b: Dumbarton/Audubon 15-20 1-5 
 5f: Coyote Creek- Alameda County <1 <1 
 8: Palo Alto Baylands <1 <1 
 15a: South Bay Marshes See SCVWD report (Porcella 2008) 
 15b: Faber/Laumeister Marsh <1 <1 
 15c: Shoreline Regional Park at Mountain View 1-5 1-5 
 16: Cooley Landing (Ravenswood Open Space Preserve) 25-30 1-5 
Suisun Bay 11: Southampton Marsh <1 <1 
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Table 2. Treatment type in 2006 and number of quadrats monitored for post-treatment efficacy in 2007; listed by 
Spartina species within ISP Control Program sub area. 

Spartina Species Treatment Method 
(2006) 

Sub Area 
Number 

Number of 
 Quadrats Analyzed 

S. alterniflora/hybrid Dig, Cover 12b 16 
  Imazapyr 01a 4 
    01b 19 
    01c 27 
    02d 22 
    02h 19 
    02i 26 
    02j 30 
    03a 28 
    03b 21 
    04a 1 
    05b 21 
    05d 20 
    05e 14 
    06a 7 
    06b 22 
    07a 26 
    07b 30 
    08 16 
    10b 5 
    12e 30 
    13 a, b, c 30 
    13d 20 
    13f 30 
    17a 31 
    17c 36 
    17e 29 
    17h 26 
    19d 13 
    19e 14 
    19n 25 
    19o 29 
    19p 29 
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Table 2. Continued 
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Spartina Species Treatment Method 
(2006) 

Sub Area 
Number 

Number of 
 Quadrats Analyzed 

 S. alterniflora/hybrid   20g 16 
(Continued)   20h 13 
   20m 24 
    20n 14 
    20o 29 
    20q 13 
    23b 15 
  None 12c 2 
    17c 23 
    19h 29 
    20g 15 
    20n 16 
S. densiflora Dig 04c 27 
    25a 9 
  Imazapyr 03b 2 
    04a 20 
    04g 32 
    04h 18 
    09 10 
    10a 10 
    10b 6 
S. patens Imazapyr 11 30 
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I.  PROJECT BACKGROUND 
 
The Santa Clara Valley Water District’s (District’s) Smooth Cordgrass Control Program was required to 
compensate for time-lag between immediate impacts to tidal wetlands from Stream Maintenance Program 
(SMP) activities and the delay in creation of a functional tidal wetland restoration project (i.e., Pond A4 
tidal restoration). This program was not incorporated into the District’s SMP CEQA analysis, but was 
included as a permit condition in several of the SMP permits: California Department of Fish and Game 
1601 Agreement No. R3-2001-0119; U.S. Fish and Wildlife Service Permit No. 1-1-01-F-0314; and the 
U.S. Army Corps of Engineers Permit No. 22525S.  
 
The purpose of the Smooth Cordgrass Control Program is to control existing stands and limit future 
infestations of invasive smooth cordgrass, Spartina alterniflora, in the South San Francisco Bay tidal 
marshes. The program area consists of 100 lineal miles of shoreline in the extreme South San Francisco 
Bay, including all current Santa Clara County non-diked tidelands and the adjacent Coyote Slough 
tidelands in Alameda County (Figure 1).   
 
Smooth cordgrass is highly invasive and is considered one of the three most significant invasive plant 
threats to the San Francisco Bay (Grossinger et al., 1998).  Smooth Cordgrass was introduced to the San 
Francisco Bay approximately 25 years ago.  Since then it has begun to hybridize with native California 
cordgrass (Spartina foliosa), displacing existing stands of native cordgrass and invading previously 
unvegetated mud flats.  Conversion of native cordgrass stands and mudflats to smooth cordgrass or 
hybrid-dominated vegetation has resulted in the alteration of habitat characteristics and ultimately 
affected species composition.  
 
Partial surveys of the South Bay, conducted in 2000 - 2001 by the Coastal Conservancy’s San Francisco 
Estuary Invasive Spartina Project (ISP), found 35 patches scattered along the proposed program area’s 
shorelines, accounting for less than one acre of infestation. However, much larger infestations occur just 
to the north in both Alameda and San Mateo Counties (ISP, 2002).  Therefore, the opportunity exists to 
effectively control current infestations and pro-actively prevent further expansion within the program 
area, rather than retroactively remediate a serious invasive species problem. Without action, smooth 
cordgrass is expected to significantly expand in the District’s program area, as it has in other parts of the 
San Francisco Bay and other west coast bays (e.g. Willapa Bay in Washington State). 
 
The ISP has identified the District’s program area as a high priority because it comprises outlying 
populations. This program supports the ISP’s goal of drawing the current infestation back to the 
Dumbarton Bridge.  Control of cordgrass in the program area will enhance the future value of local tidal 
marsh restoration projects (e.g. South Bay salt pond restoration project). 
 
  
II. OVERVIEW OF PROGRAM ELEMENTS, TIMELINES AND PERFORMANCE CRITERIA 
 
Under the program, the District will provide regional coordination, education, monitoring, and treatment 
services for a 5-year period with an additional 3 years of re-treatment work if necessary.     
 
A systematic baseline inventory will be completed by year 2 of the program to identify the location and 
extent of existing infestations.  Follow-up monitoring will be conducted on a periodic basis during the 
five year program with those areas most likely to be infested monitored at a greater frequency.  Methods 
will be consistent with the monitoring guidelines and recommendations of the ISP (Collins et al., 2001). 
The District will collaborate with other groups within the San Francisco Bay that are currently addressing 
this issue to ensure that all efforts are complementary and to maximize efficiency and effectiveness. 
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A maximum of 10 acres of invasive smooth cordgrass identified within the program area will be treated 
within the first five years of the program. If the infestations within the program area increase beyond 10 
acres, treatment efforts will be prioritized to most effectively limit further expansion. The District’s 
treatment efforts will be consistent with the Programmatic estuary-wide EIS/EIR prepared by the ISP and 
the US Fish and Wildlife Service (USFWS) (ISP et al., 2003).   All control efforts will be conducted by 
either the District or cooperating land owners.  Areas will be re-treated as necessary for 2 to 3 additional 
years.  A subset of treated patches will be monitored to track eradication effectiveness and determine the 
re-treatment schedule.    .  
 

Performance and Success Criteria for the Program 
 

• A baseline inventory of existing stands of smooth cordgrass within the entire program 
area completed by year 2 (2004) 

• Initial control efforts of existing stands identified in year 1 to begin by year 2 (2004) 
• Infestations will be treated within 1 year of identification 
• Ongoing up-date monitoring and mapping of distribution and extent of selected areas in 

years 3, 4, and 5 (2005-2007) 
• Treatment of all clones, up to 10 acres, initiated by year 6 (2008) 
• Treated clones to be successfully controlled by year 8 (2010) 

 
2007 marked the fifth and final year of the District’s monitoring commitment for the program. The  
District will continue to conduct re-treatment work for an additional 3 years, until 2010 to complete its 
program obligations.  The 2008-2010 annual reporting will be incorporated into the annual SMP 
mitigation status report. 
 
III. SUMMARY OF PROGRESS  
 
2003 – Year 1 
 
SMP permits were acquired during the mid to late summer of 2002. During that time, District staff began 
regional coordination efforts with the SF Bay National Wildlife Refuge (SFBNWR) and the ISP 
regarding the project elements, survey methodology, site access constraints, survey coordination, and 
permitting issues. District staff also attended the ISP regional coordination meetings and workshops for 
the San Francisco Estuary-wide draft programmatic EIS/EIR. Staff reviewed and commented on the draft 
programmatic EIS/EIR.  
 
July through November of 2003, the District conducted baseline survey and mapping efforts which 
covered approximately 90 out of the total 100 lineal miles of shoreline in the program area. The mapping 
effort identified 1.94 acres of invasive smooth cordgrass spread amongst 94 different locations. In 
September 2003, the ISP, Coastal Conservancy and the USFWS finalized the programmatic EIS/EIR for 
the San Francisco Estuary-wide Spartina control efforts (ISP et al., 2003). Discussions ensued with the 
ISP and the SFBNWR regarding future coordination of control efforts. Because the District’s control 
efforts were not covered under the SMP CEQA analysis, District staff took on the role of a “Responsible 
Agency” in order to adopt the ISP’s programmatic EIS/EIR and obtain the necessary permits for 
implementation of control work for fall 2004. 
 
2004 – Year 2 
 
Year two of the program began with the finalization of the 2003 annual monitoring report and the 
preparation of a 2004 site-specific control plan for the District’s program area. As directed by the 
Biological Opinion, “site-specific” Section 7 consultation was initiated for the District’s 2004 control 
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plan. The District Board of Directors adopted the ISP’s EIS/EIR and approved the District’s 2004 site- 
specific control plan. As part of the role of a Responsible Agency, the District produced a Mitigation and 
Monitoring Reporting Program and filed a Notice of Determination. Modifications were made to the 
District’s NPDES permit to include the smooth cordgrass control program and allow the use of Agridex 
as a surfactant in the program. In early September, Section 7 approval was granted for the control plan 
and control efforts began soon afterward. District staff continued to communicate with project partners, 
the ISP and the SFBNWR, so that control efforts were coordinated and complimentary. Based on the 
2003 survey results, 1.94 acres of smooth cordgrass were projected to be treated, however, due to an 
additional year of growth, over 3.3 acres of smooth cordgrass was treated during the 2004 season using 2 
- 5% Glyphosate herbicide solution. Additionally in 2004, District staff concluded the baseline survey 
effort for the program area.  
 
2005 – Year 3  
 
Year three of the program began with the completion of the 2004 annual monitoring report. The ISP again 
took the lead in the preparation of all site-specific control plans for the 2005-2007 seasons. The SFBNWR 
initiated Section 7 consultation with the USFWS for the corresponding treatment efforts. District staff 
obtained approval from the District’s Board of Directors for the 2005-2007 site-specific control plan 
along with future re-treatment efforts for the District’s program. Modifications were made to the 
District’s NPDES permit to include the use of a newly approved and more effective aquatic herbicide 
known as Imazapyr for smooth cordgrass control activities. In September, Section 7 approval was granted 
for the District’s 2005-2007 control plan and treatment activities commenced soon afterward. The 
District’s 2005 treatment monitoring showed there was extremely low efficacy (<  5% control) from the 
2004 herbicide control efforts, regardless of the herbicide concentration used (2 - 5% Glyphosate solution 
was used). For the 2005 control efforts, District staff utilized a 1.25 – 3% Imazapyr solution (Habitat®) to 
re-treat the 3.3 acres of smooth cordgrass from the 2004 control efforts and conducted new control efforts 
on an additional 2.6 acres of newly identified invasive cordgrass within the program area.  
 
2006 – Year 4  
 
Year four began with the completion of the 2005 annual monitoring report. Treatment monitoring and 
control efforts began concurrently in the fall of 2006. Several patches which were treated in previous 
years required re-treatment in 2006, however herbicide efficacy from the 2005 treatment efforts showed 
substantial improvement over the 2004 results (~ 40% herbicide effectiveness vs. < 5% effectiveness 
respectively). During the 2006 control efforts, District staff and licensed contractors (Clean Lakes Inc.) 
used a 1.25- 3% Imazapyr solution (Habitat®) to treat a total of 4.5 acres of invasive cordgrass within 
Santa Clara County. Additionally, the ISP treated ~14.4 acres within the program area, along the Alameda 
County coastline, using a new helicopter spray-ball technique. In total, 18.9 acres were treated in the 
program area in 2006. Although diked tidal marshes are not part of the District’s program, in 2006 
District and ISP staff performed an inventory of invasive cordgrass within two of the City of Mountain 
View’s managed tidal marshes (Inner Charleston Slough and Stevens Creek Tidal marsh).  
 
2007 – Year 5 
 
Year five began with the completion of the 2006 annual monitoring report. Monitoring and control work 
began concurrently in the fall of 2007. This was the final year of the monitoring effort for the District’s 
program. Herbicide efficacy from 2006 showed a mixed result throughout the program area with an 
average of 40% efficacy. District staff using a ground based approach treated 6.1 acres of invasive 
cordgrass, while the ISP treated 6 acres using the helicopter sprayball and 0.92 acres by backpack. 
Overall, 13 acres were treated in the program area.  (Additional monitoring and control effort details are 
in the Methods and Results sections below.)
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2008 – Year 6 – Next Steps  
 
2007 marked the fifth and final year of the District’s monitoring commitment. In 2008, the District will 
continue to complete its obligations by performing re-treatment work throughout the program area. It is 
anticipated that the ISP will take the lead in the preparation of all site-specific control plans for the 2008-
2010 seasons and that the SFBNWR will initiate Section 7 consultation with the USFWS for the 
corresponding treatment efforts. The District plans to coordinate closely with the SFBNWR and the ISP 
for 2008 control efforts. The District anticipates re-treatment of several of last year’s plants will be 
necessary and plans to resume control efforts in September 2008.  
 
 
IV. METHODS  
 
2007 District Monitoring and Mapping Methods 
 
The District finished the baseline survey and mapping efforts within the program area during the 2003 
and 2004 seasons (Figure 1). From 2005 through 2007, the District continued to monitor the previously 
identified smooth cordgrass patches and mapped any new sightings which appeared within the program 
area. Mapping methodologies for new patches were consistent with the 2003/2004 baseline survey 
methods. For more detail on mapping methodologies, see the Annual Monitoring Report (Porcella, 2005).   
 
Monitoring the previously treated smooth cordgrass patches required tracking back to each location using 
a Trimble GPS unit accurate to sub-one meter. Once a patch was located, the current area was measured 
(length by width or diameter) and the overall health and vigor of the stand was documented. To further 
document the condition of each patch a percent cover category was assigned (0-1, 1-10, 10-30, 30-60, 60-
90, 90-100%) and flowering status was documented.  
 
Since 2003, a handful of areas within Palo Alto Baylands Park (i.e., the old marina area and Hook’s 
Island) have been monitored by the ISP in conjunction with the City of Palo Alto’s High School students. 
These locations were once again monitored by this collaborative team in 2007. Additionally in 2007, with 
the help of District staff, the ISP conducted monitoring activities at the “Calaveras Point Marsh” in 
Alameda County using a shallow draft boat. 
 
The total acreage of invasive cordgrass in the District’s program area was tabulated from measurements 
of newly identified patches and existing patches. All of the locations were imported into ArcView GIS, to 
produce a working field map for future control efforts and to continue tracking the spread of smooth 
cordgrass over the life of the project. 
 
2007 District Control Efforts 
 
All patches of invasive cordgrass identified in Santa Clara County during the 2006 control season were 
targeted for treatment in 2007 efforts. It was anticipated that there would be some measure of success 
associated with the 2006 control efforts; and therefore, the total acreage targeted for treatment in 2007 
was assumed to be less than the 4.5 acres treated in 2006.  
 
The District’s 2007 control efforts occurred between September 4th and October 2nd to avoid the 
California clapper rail nesting season and to coincide with the cordgrass growing season. The District 
complied with all of the mitigation measures identified in the 2005-2007 site-specific control plan. Access 
routes through the marsh were minimized to avoid impacts to the salt marsh harvest mouse, and a 
qualified Field Biologist accompanied all spray crews.
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Treatment efforts were initiated at low or receding tides to allow a maximum drying time for the 
herbicide. Patches adjacent to or within 200 feet of levee roads were treated with a conventional spray 
truck. Outlying populations in the center of the marsh or on the waterline were treated on foot or by boat 
using individual backpack spray units. Spray drift to non-target vegetation and adjacent waterways was 
minimized by adjusting the spray nozzle to increase target accuracy as well as ceasing work when wind 
speeds increased beyond 10 miles per hour.  
 
Treatment consisted of herbicide application of a 3% Imazapyr solution, commonly known as Habitat®. 
The surfactant, Competitor (a modified vegetable oil) was added at a one percent ratio to aid cohesion of 
the herbicide to the plants. A half percent of Blazon colorant was added to act as a marker.  All herbicide 
concentrations and spray techniques utilized complied with the specific herbicide label recommendations. 
All spray work was performed by licensed herbicide applicators from the District. 
 
As discussed above in the section on Monitoring Methods, patch size and health and vigor were 
documented prior to applying the herbicide treatment so the same locations could be re-evaluated in 2008.  
 
Patches along the Alameda County coastline in the area known as the Calaveras Point Marsh were again 
treated by the ISP in 2007 using a helicopter sprayball technique in late July. This marsh had not been 
targeted for treatment by the District in prior years because the District’s NPDES permit and Pesticide 
Control Authority does not extend to Alameda County. In addition, the District’s site specific control plan 
and Section 7 clearance does not include the use of appropriate treatment methods to effectively and 
efficiently control a marsh of this size (e.g., Marsh Mog, Argos, and helicopter spray).  
 
Other treatment efforts which occurred within the District’s program area in 2007 included efforts by the 
City of Palo Alto and the ISP. Using grant money from the Coastal Conservancy, the City of Palo Alto 
Parks Department hired a licensed contractor to conduct backpack herbicide control efforts within Palo 
Alto Baylands Park.  
 
 
V. RESULTS  
 
2007 District & ISP Surveys 
 
From September through October 2007, all invasive patches treated in 2006 were revisited to determine 
their extent of growth in one year’s time, and to determine whether new patches were forming nearby.  In 
2006, the District treated 4.5 acres of non-native cordgrass within the program area. When these same 
patches were re-measured in 2007 they had shrunk to 4.16 acres, accounting for an 8% decrease in patch 
size from 2006 to 2007.  
 
Nonetheless, new patches of invasive cordgrass were still documented within the program area in 2007. 
Based on positive field identification 62 new patches were determined to be either non-native or hybrid 
plants. The newly mapped invasive patches ranged in size from 7 ft2 to 7850 ft2 and accounted for 1.94 
acres of newly documented infestation in 2007. The majority of this increase occurred along Alviso 
Slough in the marsh adjacent to Pond A6 (Knapp Tract), where a large hybrid invasion seems to have 
occurred. 
 
The Calaveras Point infestation appeared to notably decrease in size from 2006 to 2007 (estimated 13.5 
acres in 2006 vs. 6 acres in 2007). This decrease cannot solely be attributed to prior control efforts and is 
likely the result of different monitoring techniques (i.e., airboat vs. shallow draft boat vs. levee-top 
surveys) and different survey staff from one year to the next. This marsh is difficult to access and requires 
estimations of patch size since it is not feasible to measure each patch on foot. Therefore, it is possible to 
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have either over or underestimations of patch size dependent on the estimation skills and perspective of 
the individual surveyors each year. 
 
The portion of the Palo Alto Baylands that was surveyed by the ISP from 2003 to 2007 also showed a 
slight decrease in size. The total infestation went from 0.94 acres spread over 46 patches in 2006, to 0.92 
acres spread over 65 patches in 2007. Although this is only a minor decrease in acreage and new patches 
were documented in the survey area, the site did not double in size as it has in previous years.  
 
Based on both the District’s and the ISP’s 2007 survey efforts, the total infestation in the program area is 
currently estimated to be 13 acres spread amongst 286 separate patches (Table 1). This is a 31% decrease 
in acreage from 2006 to 2007. 
 
Table 1. Invasive Cordgrass Mapping Efforts in the District’s Program Area 
 
Survey Year Acreage Mapped 

by District Efforts 
Additional Acreage 

Mapped by ISP Efforts 
Total Acreage in 

Program Area 
Annual Percent 

Change in Acreage 
2000/01 - 1.0 1.0 - 

2003 1.94 0.15 2.09 109%  
2004 3.9 0.32 4.22 102%  
2005 8.1 0.61 8.71 106%  
2006 4.5 14.4 18.9 117%  
2007 6.1 6.92 13.02 -31%  

 
 
2007 District & Regional Control Efforts 
 
From September 4 through October 2, 2007, 6.1 acres of invasive smooth cordgrass spread amongst 167 
separate patches along the Santa Clara County shoreline were treated by District staff and licensed 
contractors using 3% Imazapyr solution (Table 2 & Figure 2). Of the 167 patches treated, 105 had been 
previously treated in 2006, while the remaining 62 patches were identified and treated for the first time 
during the 2007 control efforts.  
 
73 patches which were treated in the 2006 control effort were either completely eradicated and/or could 
not be located (i.e., could not be distinguished from surrounding native cordgrass) and therefore required 
no herbicide application in 2007.  
 
All patches identified in the 2006 survey effort within the Calaveras Point Marsh were targeted for 
treatment by the ISP using the helicopter spray-ball technique. On July 31 and August 1, 2007, the ISP 
treated all 54 patches which encompassed an estimated 6 acres of invasive cordgrass with a 3% Imazapyr 
solution.  
 
With oversight from the ISP, the City of Palo Alto’s contractor utilized a 3% Imazapyr solution to treat 
the remaining infestation within the old Marina and Hook’s Island areas. The total acreage treated in the 
Palo Alto Baylands was 0.92 acres during the 2007 control season (Figure 2). 
 
Herbicide efficacy from the 2007 treatment efforts are unclear at this time. Patch health and vigor will be 
reassessed during the 2008 control work. 
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All in all, every invasive cordgrass patch identified within the District’s program area was treated during 
the 2007 control efforts by either the District or the ISP, for a total of 13 acres spread amongst 286 
patches (Table 2). 
 
Table 2. Control Activities in the District’s Program Area 
 
Control Year Acreage Treated by 

District Efforts 
Acreage Treated by 

ISP Efforts 
Total Acreage Treated 

in Program Area 
Herbicide 
Efficacy* 

2004 3.3 0.1 3.4 ~   < 5% 
2005 5.9 0.61 6.5 ~   40% 
2006 4.5 14.4 18.9 ~   40% 
2007 6.1 6.92 13.02 unknown 

*2004 control activities utilized a 2-5% Glyphosate solution (AquaMaster™) 
  2005 control activities utilized a 1.25-3% Imazapyr solution (Habitat®) 
  2006 control activities utilized a 1.25-3% Imazapyr solution (Habitat®) 
  2007 control activities utilized a 3% Imazapyr solution (Habitat®) 
 
 
VI. DISCUSSION AND CONCLUSIONS 
 
Although survey extent and methodologies differed slightly from 2001 to 2007, it is apparent that current 
control efforts are beginning to shrink the spread of invasive cordgrass throughout the Bay.  From 2001 to 
2005 the population of invasive cordgrass roughly doubled in size on an annual basis in the District’s 
program area. In 2005, the program switched herbicides from Glyphosate to Imazapyr and as a result 
smooth cordgrass infestations began to either die-back or at a minimum their growth rate was suppressed.  
Control efforts since 2005 have yielded approximately 40% effective control in the District’s program 
area.  
 
Although new patches were identified in the program area in 2007, overall acreage has declined by 31% 
from 2006 to 2007. Currently, 13 acres spread over 286 patches occurs within the District’s program area. 
This decrease in acreage may be a slight over estimate due to the estimation difficulties in the Calaveras 
Point area. Nonetheless, control activities definitely suppressed the growth of invasive cordgrass 
throughout the District’s program area in 2007. 
 
In 2007, new patches were identified in Alviso Slough, adjacent to Pond A6 (Knapp Tract). These areas 
were not identified in prior years possibly due to their hybrid nature and ability to blend in with native 
cordgrass, or alternatively because of recent ‘pollen swamping’ by hybrids in the area.  
 
Pond A6 is planned for full tidal restoration as part of Phase 1 of the South Bay Salt Pond Restoration 
Project. Since this is a high priority site, these new patches will be targeted by the ISP for early treatment 
in 2008 utilizing the helicopter spray-ball technique. These early helicopter treatments have proven very 
effective at minimizing the growth and spread of invasive cordgrass throughout the Bay.  
 
It is anticipated that the ISP will take the lead in the preparation of all site-specific control plans for the 
2008-2010 seasons and that the SFBNWR will initiate Section 7 consultation with the USFWS for the 
corresponding treatment efforts. With assistance from the Coastal Conservancy, ISP, and the cooperation 
from several City and County agencies, all invasive cordgrass populations within the San Francisco Bay 
are expected to be treated in 2008.
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The District is planning to again coordinate closely with the SFBNWR and the ISP for the 2008 control 
efforts. District staff intends to revisit the patches identified in 2007 and re-treat them as needed. 
Imazapyr will once again be utilized as the herbicide of choice for the District’s program area in 2008.  
 
Currently, the District’s program is on schedule with the completion of five years of monitoring (2003-
2007) and four years of control work (2004-2007).  The District has fulfilled the monitoring component 
of the program and intends to complete the control obligations by conducting an additional 3 years of re-
treatment work. In total, the District’s program treated 3.3 acres in 2004, 5.9 acres in 2005, 4.5 acres in 
2006 and 6.1 acres in 2007. The District’s control activities are planned to continue through 2010. 
The 2008-2010 reporting for this program will be incorporated into the annual SMP mitigation status 
report. 
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