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1 EXECUTIVE SUMMARY 

The California State Coastal Conservancy (Conservancy) initiated the Invasive Spartina Project (ISP) 
in 2000 to stave off the invasion of non-native Spartina and its potential impacts. The ISP is a 
regionally-coordinated effort of Federal, State, and local agencies, private landowners, and other 
interested parties, with the ultimate goal of arresting and reversing the spread of non-native Spartina 
in the San Francisco Estuary. Non-native Spartina poses many serious threats to the Estuary 
including destruction of endangered species habitat, loss of flood control capacity, creation of 
mosquito-breeding areas, failure of salt marsh restoration efforts and the possible extinction of 
native species.  

The ISP Control Program compiled three-year Site-Specific Plans (SSPs) in 2005 for all 133 non-
native Spartina infestation sites around the Bay; these comply with requirements of the ISP’s 
Programmatic Environmental Impact Report (PEIR) adopted by the Conservancy in 2003. The 
plans detail the important aspects of each site, present the Integrated Vegetation Management (IVM) 
strategy for controlling the Spartina present, and evaluate any potential impacts from treatment. The 
plans chart a continued regional approach to the problem, and incorporate recommendations from 
the 3rd International Spartina Conference in 2004 to pursue eradication aggressively by targeting the 
entire Baywide infestation. The SSP’s were submitted to the USFWS for a formal intra-Service 
Section 7 consultation regarding impacts to endangered species, and a Biological Opinion was issued 
on September 7, 2005 allowing the Treatment Season to commence. 

The 2005 Treatment Season was the most comprehensive Spartina eradication effort to date in the 
Estuary, and represented a significant expansion over the work in 2004, while utilizing the lessons 
learned from the previous year’s pilot work. Treatment continued at all 16 site complexes begun in 
2004, and five of the six remaining complexes initiated work in 2005 on at least a portion of their 
infestations. The Treatment Season was relatively short in 2005 because of the late arrival of the 
Biological Opinion, lasting only from September 8 to October 19, but ISP’s many partners were 
poised for action and accomplished a great deal. Of the 133 known infestations around the Estuary, 
76 sites were treated (57%). This represents 1,010 net acres of Spartina, about 67% of the known 
infestation acreage. The efficiency of aerial applications enabled the ISP to address large Spartina 
meadows for the first time, with 752 acres (70%) treated using helicopters with boom sprayers. The 
control work in 2005 represents a 232% increase in treated acres from the 2004 season.   

More non-native Spartina was killed as a result of 2005 treatments than at any other time in the 
history of the effort in the San Francisco Estuary. A key component of this success was the 
incorporation of a new aquatic herbicide, imazapyr (Habitat®). Bay area land managers and 
academic researchers had been using glyphosate (the only herbicide that was approved for use in 
estuaries in California) in an attempt to control invasive Spartina, but low levels of treatment efficacy 
were insufficient to stay ahead of Spartina’s rate of spread. Imazapyr does not share the major 
constraints that cause glyphosate to have such low efficacy on Spartina, and it can be applied at low 
volume from helicopter, a key element of ISP’s treatment strategy on challenging sites with large 
infestations or significant access issues. The ISP commissioned an independent review of this 
herbicide specifically related to its use on invasive Spartina in San Francisco Bay. The review found 
that imazapyr herbicides can be a safe, highly effective treatment for control and eradication of non-
native Spartina species in the San Francisco Estuary, offering an improved risk scenario over the 
treatment plan previously proposed with glyphosate as the herbicide. The California Department of 
Pesticide Regulation registered imazapyr for use in California on August 30, 2005. As a result, 96% 
of the 2005 Spartina treatment effort utilized imazapyr over glyphosate in just this first year. 
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The preliminary results from 2005 treatment have already provided the ISP with valuable lessons 
that will be used to adaptively manage and refine the Control Program. The goals for the 2006 
Treatment Season are to expand control efforts to as many of the existing sites as possible. With 
USFWS approval of the three-year SSP’s, control work can commence as early as June in 2006, with 
aerial treatments in clapper rail marshes by July 15. This results in a much longer window of 
treatment, allowing many more sites to potentially be completed. Research has shown that early 
treatment when the plants are still actively growing is far more effective, and by treating plants 
before they flower, the ISP can also halt seed production on vast stretches of the Estuary shoreline. 

In addition, the ISP Control Program will seek to reinforce the relationships built with partners 
around the Bay, and strive for improvements in the consistency of treatment methods across the 
many infestation sites. A Field Operations Meeting will be held in the spring of 2006 to give partners 
an opportunity to share their experiences in 2005 and focus on the challenges ahead, and a field-
based application calibration training is also planned that should improve the consistency of 
treatment and reduce the chance of costly over-application. 
Figure 1: 2005-2007 Spartina Treatment Sites 
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2 INTRODUCTION 

2.1 Summary of Spartina Invasion 

2.1.1 History of Invasion 

Four species of non-native Spartina (cordgrass) have become established in the San Francisco 
Estuary since the 1970s from three areas of the world. Three of these species were introduced to the 
Estuary purposely by humans. How the remaining species arrived in the Estuary is unknown. 

Spartina alterniflora (Smooth or Atlantic cordgrass) and its hybrids with the California native Spartina 
foliosa (Pacific coast cordgrass) comprise the largest population of non-native Spartina in the Estuary. 
S. alterniflora was introduced from the east coast of North America into the San Francisco Estuary at 
a few locations in the early 1970’s as part of an effort by the US Army Corps of Engineers to 
stabilize levees in the central portion of the East Bay. These original plants rapidly spread from their 
introduction sites to other tidal marsh areas in the Central Bay. In the late 1990’s researchers 
discovered that the original introduced parent strain of S. alterniflora had hybridized with the native S. 
foliosa and produced a vigorous hybrid swarm.  

Soon thereafter, the hybrid swarm in the Estuary began a supra-exponential population expansion. 
By virtue of increased rates of pollen production, seed production and vegetative growth, the hybrid 
clones were able to move rapidly into previously un-invaded portions of the Estuary. This included 
historical marshes, mudflats and newly restored tidal marshes.  

Spartina densiflora (dense-flowered or Chilean cordgrass) was introduced into the North Bay in Marin 
County in the 80’s as part of a revegetation effort in a newly restored marsh along Corte Madera 
Creek. This non-native Spartina species was imported from Humboldt Bay, California, where a large, 
established infestation of S. densiflora was thriving. Introduced to Humboldt Bay as ballast on 
shipments from South America, these plants were misidentified by consulting biologists working on 
the Marin project as a variant of the native S. foliosa, and incorporated as part of the suite of marsh 
plants used in the revegetation work. Since that time, S. densiflora has spread throughout the Corte 
Madera Creek Watershed in Marin, along the eastern shoreline of Marin County, and to a few sites 
in Contra Costa and San Mateo Counties. 

Also planted at the Corte Madera Creek restoration site was S. anglica (English cordgrass). This 
cordgrass species is itself a hybrid between S. alterniflora and S. maritima, a European native. S. anglica 
is widely recognized as one of the most invasive cordgrass species in the world. However, it remains 
in only the original introduction site on Corte Madera Creek, and has not spread to additional 
locations within the Estuary, possibly because it is at the southern extent of its range. It has been a 
significant invader in Puget Sound, WA and the focus of successful control efforts there. 

S. patens (salt-meadow cordgrass) is also a native of eastern North America marshes, and is found at 
only one location in the northern San Francisco Estuary. How this species came to the Estuary is 
unknown. The current population is confined to a single marsh in Solano County, and is slowly 
expanding within that area.  

2.1.2 Impact of Invasion 

The spread of non-native invasive Spartina could have tremendous long-term effects on the natural 
ecology of the San Francisco Estuary. Left uncontrolled, these effects would likely include the 
following long-term consequences: 
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 Genetic assimilation and extinction of native S. foliosa. Native S. foliosa cannot effectively reproduce by seed 
in the presence of S. alterniflora hybrids. The much larger pollen loads and the greater fertility of the 
pollen of hybrids results in "swamping" of the native species. Thus, seeds produced by native plants 
that are in the vicinity of S. alterniflora hybrids are themselves hybrid. The net result is continued and 
accelerated formation of hybrid seeds, and progressive decline in native Spartina seed reproduction. 
S. foliosa, though not previously threatened, may now be endangered due to aggressive hybridization 
and outright displacement by the competitively superior invader.  

Extensive regional loss of tidal flats. Native S. foliosa, with rare exception, doesn't tend to colonize open 
tidal flats that are subject to high wind and wave energy. S. alterniflora and its hybrids do, and they 
would likely eventually invade up to half of existing tidal flats in the Central and South Bays.  

Elimination of critical foraging habitat for migratory shorebirds. During the spring and fall, the Estuary is an 
important feeding stopover on the Pacific Flyway for many migrating birds. These birds require 
extensive open intertidal mudflats for foraging. The invasion of the Estuary by S. alterniflora and its 
hybrids has the potential to transform these feeding areas into dense meadows, with little or no 
foraging value. The same loss of foraging habitat would also impact the many resident shorebird 
species of the Estuary. 

Failure of efforts to restore native tidal marsh vegetation in diked baylands. Attempts to restore naturally 
diverse native tidal marsh vegetation and structure in the San Francisco Estuary would result instead 
in establishment of persistent stands of hybrid S. alterniflora as has already occurred at several marsh 
restoration sites on the eastern San Francisco Bay shoreline. Greater than 16,000 acres of diked 
baylands (former commercial salt ponds) are slated for restoration to tidal marsh in the coming 
decade, and these areas would be lost to non-native Spartina infestations.  

Regional loss of tidal sloughs and channels. Small tidal sloughs, essential to the movement of wildlife and 
habitat for native estuarine fish, may become choked with non-native Spartina and trapped sediment. 
Larger sloughs and the mouths of larger creeks would eventually become clogged, causing slowed 
river discharge and upstream flooding.  

Increased need for dredging and loss of flood control capacity. Non-native Spartina may invade sloughs and 
channels, trapping sediment and eventually causing significant reduction in channel capacity. The 
need for maintenance dredging of tidal reaches of flood control and navigational channels has the 
potential to increase significantly, particularly where channels cross what are now broad intertidal 
flats, where the Spartina can easily invade the channel. Invasive Spartina can also attract endangered 
clapper rails during early stages of colonization, which could affect regulatory requirements for 
dredging. 

Alteration of estuarine beaches and beach-forming processes. Non-native Spartina freely establishes along 
exposed shorelines and in sandy substrates, and it has colonized tidal flats in front of beaches and 
along sand spits in the Estuary. The presence of Spartina precludes the natural beach-forming 
processes along the shoreline.  

Marginalization of endangered California clapper rail habitat. In the early stages of Spartina invasion, habitat 
alterations appear to favor the California clapper rail by providing additional nesting and foraging 
habitat in the young, tall Spartina stands. However, in the long-term succession of S. alterniflora in its 
native range, the tall, robust plants are eventually replaced by short, sparse stands, which have little 
or no value for clapper rails - except along the fringes of the stand where the young, tall plants 
continue to grow. In addition, Spartina meadows would eventually spread to cover much of the 
remaining mudflat and eliminate foraging opportunities for the bird. Thus, survival of the California 
clapper rail in the San Francisco Estuary would be threatened, and the distribution of the 
endangered species would be radically altered.  
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Reduction or elimination of salt marsh harvest mouse habitat. Pickleweed (Salicornia virginica syn. Sarcocornia 
pacifica) habitat is essential to the endangered salt marsh harvest mouse and would be replaced in 
lower tidal reaches by "short form" S. alterniflora hybrids, and in upper tidal reaches by S. densiflora 
and S. patens. At best, this would reduce the mouse's potential for recovery in its native ecosystem, 
and at worst, it could push the species to local extinctions. 

Create mosquito-breeding areas. By accreting sediment along the advancing front of the invasion, non-
native Spartina can create impounded areas where water will pool in the upper marsh. These are 
optimal breeding areas for salt marsh mosquitoes, vectors for West Nile Virus that can impact 
Corvids (jays and crows) and many other wildlife species, and can have major public health impacts 
to the human population. 

Precluded Recovery of California sea-blite and other endangered plants. The recovery of federally endangered 
California sea-blite (Sueda californica) depends on the species' reestablishment in the San Francisco 
Estuary. Reestablishment of independent populations in the Estuary depends on protection and 
restoration of local sandy high tide lines between sandy beaches and salt marsh. These important 
features cannot be established or sustained in the presence of wave-damping, sediment-trapping S. 
alterniflora hybrids. The S. patens population threatens a local population of another endangered plant, 
soft bird's-beak (Cordylanthus mollis mollis).  

Spread of invasive Spartina to other California estuaries. The San Francisco Estuary would become a 
dispersal source of invasive hybrid S. alterniflora, threatening vulnerable and relatively pristine 
estuaries of the central California coast. Pioneer colonies of invasive Spartina species have already 
been discovered in all of the estuaries along the Marin County shoreline, and are believed to have 
spread from the San Francisco Estuary. 

2.1.3 Limiting Factors for Spartina Control 

Successful control of Spartina in the San Francisco Estuary is complicated by numerous limiting 
factors. When taken together, the result is that very few suitable treatment dates are available during 
a given treatment season. The following is a summary of the main constraints facing the Invasive 
Spartina Project and its Partners. 

California Clapper Rail. The endangered California clapper rail has lost much of its habitat in the 
Estuary through years of impacts associated with human development.  Up to 85% of the salt marsh 
habitat of the Bay has been lost. During these early stages of the Spartina invasion, the birds have 
taken to using non-native Spartina stands as surrogate nesting habitat. These areas are directly 
targeted for non-native Spartina treatment activities, and resident populations of rail could be 
temporarily impacted by the removal of the invasive vegetation. As a result, the US Fish and Wildlife 
Service (USFWS) identified three specific phases of treatment activity within a given season.  

For those sites without rail, treatment may begin in mid-May, when the Spartina has grown 
sufficiently to accept translocation of herbicide. For those sites with populations of clapper rail, two 
separate windows of opportunity have been defined. The first begins on July 15 of each year, where 
treatments may begin via aerial applications in suitable marshes. The last phase of treatment begins 
on September 1 (after clapper rail nesting), where all ground-based control work may take place. 
This last phase is relatively short, as all herbicide-based control work must be completed by mid-
October when the plants begin to die back for the winter. Please see Section 4.3.3 for more detail on 
phased treatment schedules. 

Within these three main phases of treatment activity, control operations are reliant upon suitable 
tidal windows at individual targeted marshes. Herbicide applications must take place on an outgoing 
(receding) or low tide, to give the plants sufficient ‘dry time’, where the herbicide is not washed from 
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the plants via inundation. In the San Francisco Estuary, suitable tidal windows occur most often in 
August. In July and in September, there are very limited opportunities for successful applications. 

Further complicating the timing of treatments are summer weather conditions. Herbicide-based 
treatment activities are restricted to weather conditions where the wind speed does not exceed 10 
mph. A typical summer day in the Estuary begins with very light onshore breezes. However, 
onshore gusts can begin from 10:00 a.m. onward, and herbicide-based treatment work is typically 
halted by noon or 1:00 due to these winds.  

Identification of targeted areas can also pose difficulties.  The hybridization of S. alterniflora with S. 
foliosa has produced plants with intermediate and transgressive morphologies and characteristics. 
This makes distinguishing some Spartina hybrids difficult without time-consuming genetic testing, 
increasing the chances that hybrid plants may be missed (left untreated) during a given season’s 
treatment activities.  

In sum, when suitable treatment techniques are combined with available treatment windows on 
properly identified stands of non-native Spartina, there can be less than 25 days available in a given 
year for Spartina treatment, give or take a week. This short window of opportunity necessitates a 
high level of pre-treatment coordination Bay-wide, and increases the chances that unanticipated 
complications can delay a given season’s treatments. 

2.2 Summary of Invasive Spartina Project 

The California State Coastal Conservancy (Conservancy) and the US Fish and Wildlife Service 
(USFWS) initiated the ISP in 2000 to stave off the invasion of non-native Spartina and its potential 
impacts. The ISP is a regionally-coordinated effort of Federal, State, and local agencies, private 
landowners, and other interested parties, with the ultimate goal of arresting and reversing the spread 
of non-native Spartina in the San Francisco Estuary. The ISP provides opportunities to maximize 
resources, effectively disseminate information, facilitate regional monitoring, and reduce the 
occurrence of Spartina re-infestation. The geographic focus of the ISP includes the nearly 40,000 
acres of tidal marsh and 29,000 acres of tidal flats that comprise the shoreline areas of the nine Bay 
Area counties, including Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa 
Clara, Solano, and Sonoma Counties.  

The ISP is comprised of a number of components including public education and outreach, 
scientific research, monitoring and mapping, regulatory coordination, and eradication. The 
eradication component of the ISP, under which the actual treatment of vegetation occurs (and 
where funding for such treatment is allocated), is called the Spartina Control Program. The Spartina 
Control Program coordinates treatment activities throughout the Estuary, working with regional 
stakeholders to implement Spartina control strategies. 

2.2.1 Regional Planning Approach 

The ISP was brought into being by the rising concern of landowners and managers throughout the 
Estuary. In the late 1990s, these groups were increasingly engaged in Spartina control activities on 
their respective lands. However, this work was done on an individual basis, and not all affected 
landowners participated to the same degree. Several of the larger landowners began to question the 
validity of continued Spartina control work in the absence of a regionally coordinated control and 
eradication effort, as many areas where control work was underway were located directly adjacent to 
areas where thriving stands of non-native Spartina were left uncontrolled. As a result of these 
concerns, the ISP was tasked with establishing a Spartina control and eradication program that 
coordinated the efforts of all affected regional landowners into a comprehensive, region-wide effort. 
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2.2.2 Identify Partners – Provide Grants  

The ISP works with regional landowners, land managers and other stakeholders to determine 
appropriate entities to engage in Spartina control activities around the Estuary. These groups are 
considered ISP ‘Partners’, and work with the Conservancy and the ISP to implement control 
strategies throughout the Estuary. 

Each ISP Partner involved in the Spartina control effort in the Estuary requires some level of 
assistance in order to implement control work on their lands. In many cases, this takes the form of 
monetary grants from the Conservancy.  These grants are awarded based on individual landowner 
circumstances, including the extent of the infestation on the targeted areas, availability of resources 
to complete treatment activities, partner’s ability to provide matching funds, and inability to 
complete the necessary control work in the absence of grant moneys. Grants are awarded on a yearly 
basis for that season’s control work. This enables land managers and the ISP to make yearly re-
evaluations of need based on the previous season’s efficacy, efficiency, and lessons learned. 

2.2.3 Prepare Environmental Documents 

ISP Partners may also require assistance in acquiring the various permits necessary to begin work on 
their lands. The ISP assists in this effort by providing consultation and coordination of permitting 
applications where necessary, and using a programmatic approach to regional permitting needs (as is 
the case with the Programmatic Environmental Impact Statement and Report, Programmatic 
Biological Opinion and the National Pollutant Discharge Elimination System Permit). It is often the 
case that ISP Partners would be unable to dedicate the necessary time and staff to compile sufficient 
permitting, which could compromise or eliminate the implementation of control work in a given 
season. The ISP assists where necessary to assure that all ISP-related Spartina control activities are in 
full compliance with Federal, State and local permitting requirements. 

2.2.4 Regional Spartina Monitoring 

The ISP conducts yearly surveys of the tidal marshes of the San Francisco Estuary and the outer 
coast to determine the location and abundance of non-native Spartina on those lands. This 
information is compiled into yearly monitoring reports that analyze the rate of spread of the 
invaders and other Estuary-wide or local trends. The ISP’s Mapping and Monitoring Program also 
provides real-time mapping information to the Control Program, to inform treatment decisions and 
priorities. 

2.2.5 Clapper Rail Monitoring 

According to the USFWS, California clapper rail (Rallus longirostris obsoletus) actively establish and 
defend nesting sites from February 1 through September 1 each year. During this time, ground-
based activities that might result in any disturbance to nesting birds is severely restricted. Since 
clapper rail occupy portions of tidal marsh within the Estuary that are susceptible to, and in many 
cases contain, infestations of non-native Spartina, the specific locations of clapper rail within targeted 
marshes informs treatment scheduling and strategy on a site by site basis. 

The ISP surveys populations of clapper rail in sites where Spartina control treatments are planned  
each winter. In the winter of 2004-2005, the Invasive Spartina Project teamed up with researchers 
from the East Bay Regional Parks District, CA Department of Fish and Game, USFWS, Point Reyes 
Bird Observatory, and Avocet Research to comprehensively survey non-native Spartina-infested 
marshes for California clapper rail. The ISP itself conducted surveys on 53 sites. Each of these 
groups of surveyors agreed to a uniform set of survey protocols, and worked to provide survey 
results in a timely manner aimed to inform the development of site-specific Spartina control plans. 
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The results of the surveys conducted in one area of the Bay (within Alameda County) are contained 
within Appendix I.  

2.2.6 Prepare Site Specific Plans 

As part of the CEQA process (described in Section 3.3, below), the ISP coordinates with its Spartina 
Control Partners to develop site-specific plans for each control season. These plans incorporate the 
available knowledge of each non-native Spartina infested site, treatment techniques, funding 
mechanisms, and other factors into a comprehensive document that serves as the work program for 
Spartina control activities on the site. A detailed description of the 2005 Site-Specific Plans is 
included in Section 4.3, below. 

2.3 Regulatory Requirements 

2.3.1 CEQA/NEPA 

2.3.1.1 Programmatic PEIS/EIR 

On September 25, 2003 the Conservancy adopted the San Francisco Estuary Invasive Spartina 
Project Spartina Control Program Programmatic Environmental Impact Statement and 
Environmental Impact Report (PEIS/EIR). The site-specific Spartina Control Plans comply with 
requirements of the PEIS/EIR Mitigation Monitoring and Reporting Program (MMRP). The 
MMRP requires that each Spartina control project undergo a thorough evaluation of all potential 
impacts identified in the PEIS/EIR using the checklist approach defined in the MMRP. An example 
of the mitigation checklist used for each site is provided in Attachment 3  of each Site-Specific Plan. 
Attachment 3 also includes a list of all mitigations that must be implemented, and identifies when 
and by whom the measure must be implemented. The mitigation checklist includes an area where 
the partner and an ISP representative must sign off, usually while on site during the control work, 
certifying that the mitigations were properly implemented.  

2.3.1.2 Tiered CEQA documents 

The Site-Specific Plans developed for each of the individual marshes targeted for Spartina control 
activities serve as tiered CEQA documents under the ISP’s PEIS/EIR. The plans serve as legal 
extensions of the original programmatic CEQA document. Whereas the PEIS/EIR describes the 
programmatic extent of the Invasive Spartina Project, the Site-Specific Plans describe the individual 
site conditions, treatment approaches, potential impacts and appropriate mitigations. The Site-
Specific Plans include a detailed analysis of potential impacts, and assign specific mitigations for each 
Spartina control project based on those identified in the PEIS/EIR. For a detailed description of the 
Site-Specific Plans for 2005, please see section 4.3 Regulatory Compliance. 

2.3.2 ESA Section 7 

2.3.2.1 Programmatic BO 

The USFWS completed a formal, intra-service endangered species consultation and issued a 
programmatic biological opinion (PBO) for the ISP Spartina Control Program in 2003. As required 
by the PBO, Site-Specific Spartina Control Plans have been written to provide the level of detail 
necessary to evaluate affects on each species of concern to USFWS, and to quantify the amount and 
extent of incidental “take” (as defined by the Endangered Species Act) associated with site-specific 
and cumulative actions. The SSP’s identify endangered species likely to be present at each site and 
specify measures necessary to avoid and minimize adverse impacts from Spartina treatment activities, 



San Francisco Estuary Invasive Spartina Project 2005 Control Program Report 

Page 9 of 27 

in compliance with the Best Management Practices and Mitigation Measures from the Programmatic 
Environmental Impact Statement, and the Conservation Measures from the PBO. 

2.4 Summary of 2004 Activities 

2.4.1 2004 Summary 

In 2004, the San Francisco Estuary Invasive Spartina Project (ISP) initiated its first year of region-
wide, coordinated Spartina control, beginning with a subset of the known infestation sites. The 
strategies for selection of the treatment locations and the coordination of the projects were 
developed jointly by the ISP and its partners, which include a number of local, regional, state, and 
federal agencies and organizations. The Conservancy provided the major funding for the work with 
grants from the CalFed Bay Delta Program, and many of the ISP partners also contributed. In 2004, 
the Conservancy developed grant partnerships with the USFWS, East Bay Regional Parks District, 
Alameda County Public Works, California Department of Transportation, the City of Palo Alto, 
Friends of Corte Madera Creek Watershed, Tiburon Audubon Society, Marin Conservation Corps 
and the California Department of Parks and Recreation. In sum, these partners received over 
$350,000 in grant funding to initiate control work on the first-year sites. With these partners, the ISP 
developed initial single-year control plans, and facilitated the acquisition of permits, grants, and 
contracts for the control work.  

Approximately 435 acres (39%) of the estimated total 1,100 acres of non-native Spartina were treated 
in 2004. A variety of methods were employed including smothering (covering with landscape fabric), 
digging, and treatment with glyphosate herbicide. These treatment methods had varying rates of 
success. The non-chemical methods were very successful, with up to 100% efficacy at several sites. 
However, they are considered inappropriate for larger areas of infestation, including the large 
meadows of S. alterniflora hybrids, as well as established infestations of S. densiflora. Chemical 
methods were much less efficacious, on the order of less than 10%. Appendix II includes a 
summary of 2004 activities. 

Limited trials of the herbicide imazapyr were conducted at a single site in the East Bay, under a 
Department of Pesticide Regulation Experimental Use Permit. Imazapyr was applied via helicopter 
to 60 acres of monocultural Spartina at rates and concentrations derived from similar work in 
Willapa Bay, Washington, and manufacturer recommendations. This work eventually showed greater 
efficacy than any of the glyphosate treatments, though not at the highest levels of efficacy seen in 
Willapa.  

2.4.2 International Conference on Invasive Spartina  

The ISP hosted the Third International Conference on invasive Spartina in San Francisco on 
November 8-10, 2004. The conference provided a forum for the best and latest Spartina research, 
and an opportunity to hear and discuss the experience of a wide range of marsh managers and 
technical experts.  The theme of the conference, “Linking Science and Management,” reflected the 
desire of the ISP to integrate knowledge on invasive Spartina from both fields through interaction 
with other professionals, and to follow in the tradition of the first two Spartina conferences 
(Appendix III). 

The conference also provided a forum for the ISP to display both the scope of the non-native 
Spartina infestation in the Estuary and the treatment methods and approaches being proposed. To 
this end, the ISP coordinated field trips for conference attendees via ground and helicopter, so that 
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any recommendations or critiques of the ISP’s approach would be based on participants’ direct 
observations of the singular problem faced in the Estuary. 

On the last day of the conference, a Science Panel discussion and workshop was convened to 
summarize the recommendations of the assembled Spartina experts relative to the infestation in the 
San Francisco Estuary. Among many recommendations, the panel emphasized that the current 
infestation of Spartina was still at a manageable level, but would not remain so for long; control 
should encompass all known locations of Spartina in the Estuary, and it should begin immediately 
and be pursued aggressively. 

2.4.3 Lessons Learned in 2004 

In 2004, the only herbicide available for use in estuarine environments in California was glyphosate, 
in the aquatic formulation Aquamaster® (Monsanto) or Rodeo® (Dow). The ISP discovered several 
problems with using glyphosate for Spartina control. First, glyphosate binds readily to sediments, 
dusts and salts that have been deposited on the Spartina plants, rendering the herbicide inactive. 
Secondly, the entire plant must be sprayed with the herbicide, from top to bottom on all sides, 
which is very difficult to achieve in the field where Spartina stands can reach 2.5 meters high and 
several tens of meters in diameter. Thirdly, the herbicide should also be allowed to dry for 6-24 
hours before the next inundation, which is not feasible in the tidal environment. Finally, aerial 
applications of glyphosate have not proven effective, probably because these treatments are not able 
to deliver a sufficient amount of the herbicide. Because of these problems, 2004 treatments achieved 
very poor efficacy results, on the order of less than 10%, which was insufficient to arrest the spread 
of the Spartina infestation in the Estuary. As a result, at the end of the 2004 treatment season, the 
ISP was very interested in pursuing imazapyr herbicide for use in the Estuary. 

Beyond the specific herbicide used, however, the 2004 treatment season allowed the ISP and its 
partners to conduct a full Spartina control program implementation schedule. The opportunity to 
move from planning and funding to actual control work on the ground served to highlight the 
strengths and weaknesses of the approach. One of the largest weaknesses associated with the 2004 
effort was the constrained timeline. Given the restrictions of tide, herbicide and endangered species, 
there was precious little time to actually get work done. From this, the ISP determined that future 
efforts must be allowed to operate over a larger treatment window in order to achieve success. To 
this end, the ISP worked with the USFWS to determine which treatment methods might be 
employed earlier in the year, as well as how we might develop an approach to planning and 
permitting that obviated yearly re-initiation of the process. This collaboration enabled a longer 
treatment season in 2005, as well as federal permitting that was good for three years. 

Other lessons learned included: 

• The need to incorporate flexibility in treatment scheduling in order to buffer against the vagaries of wind, 
weather, tides, equipment failure and other factors.  

• Some mitigations identified in the PEIS/EIR do not properly fit with real-world implementation of plans, 
and are unduly restrictive. However, barring a specific Addenda to the PEIS/EIR addressing 
issues such as buffer zones, appropriate work days and site staging the ISP and its partners 
must continue to implement control plans within the PEIS/EIR. 

• Helicopter application of herbicide is an extremely efficient and cost-effective method on appropriate sites, and 
its use should be maximized in future efforts. 

• Each ISP partnership offers lessons that other ISP partners can benefit from. The infestations scattered 
around the Estuary each present unique challenges for those who implement control. As a 
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result the ISP schedules yearly Field Operations Workshops where ISP partners can 
exchange information on the work they are accomplishing on their lands.  

• ISP Field Operations requires a greater investment in staff in order to accomplish its oversight responsibilities. 
Part of the work of the ISP is to draw up yearly control plans and conduct CEQA/NEPA 
oversight on all Spartina control work undertaken in the Estuary. Since the control season is 
so short, site-specific oversight was difficult to achieve in 2004.  For the 2005 season, 
additional staff were added to the ISP to accomplish its goals. 

• Herbicide applications do not necessarily generate high levels of public concern. Despite large-scale use of 
herbicide in the San Francisco Estuary in 2004, and the public acknowledgement of such in 
newspapers, newsletters, public meetings, signage and websites, there was very little negative 
reaction to the effort. The ISP believes this to be a direct result of our outreach efforts, 
which specifically target environmental groups, municipalities and local neighborhood 
organizations where the actual applications are to take place. In subsequent treatment 
seasons, this outreach effort will be continued and expanded. 

3 2005 SPARTINA CONTROL PROGRAM 

Based on its experience in 2004 and the recommendations from the 2004 Spartina Conference, the 
ISP started into 2005 with two primary objectives: (1) to expand the treatment program to include 
all known non-native Spartina in the Bay, and (2) to lay the groundwork to allow the use of the more 
effective herbicide, imazapyr, in the 2005 season. To do this, the ISP was required to critically 
analyze the effects of rapidly expanding the treatment program on the endangered California clapper 
rail, and to comprehensively evaluate the potential effects of imazapyr use. Further, the ISP needed 
to work through the appropriate channels to make imazapyr available by the start of treatment..  

3.1 Site Specific Plans 

 In the spring of 2005, the ISP prepared Site-Specific Spartina Control Plans (SSPs) in coordination 
with the many landowners and managers (partners) involved, with guidance from USFWS and other 
permitting agencies, and based on the experience gained from pilot project control work in 2004. 
Twenty-two plans were prepared, encompassing more than 14,000 acres of marsh and 1,000 known 
acres of non-native Spartina (Table 1). 

Consistent with the ISP’s regional strategy, each SSP was developed based on the concepts of 
Integrated Vegetation Management (IVM), whereby a broad range of site-specific factors were 
considered to determine the optimal combination of treatment methods (manual, mechanical, 
and/or chemical) and strategies for use at the site. Each SSP also described the site and the non-
native Spartina infestation there, provided information on the site owners, managers, and other 
partners, examined the threat posed by Spartina at the site, and evaluated the need for control. For 
compliance with CEQA, alternative courses of action were evaluated in addition to the “no action 
alternative”. Within the 22 SSPs, detailed treatment plans were outlined for 133 sub-areas, covering 
the three years from 2005 through 2007.  

Each SSP examined the management objectives on the site, outlined the preferred treatment 
method(s) and strategy, and provided details on the access and timing as well as the equipment and 
materials needed to complete the control work. The size of the treatment area for the two 
subsequent years was projected as a range based on initial acreage and the anticipated efficacy of a 
given method.  Separate environmental assessments were conducted for each sub-area including the 
presence of special status species, potential impacts of Spartina control to cultural and visual 
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resources, and the potential impacts to adjacent land uses. For each sub-area, mitigation measures 
were identified to minimize adverse environmental impact from implementation of the plans. The 
Permitting and Environmental Compliance section of the SSPs addressed permits and 
authorizations, mitigation measures, compliance monitoring and reporting, and any additional 
restoration or enhancement planned for the site beyond the control of the non-native Spartina.  

The SSPs may be modified over time as new scientific information becomes available, and based on 
site-specific conditions. Please refer to Appendix IV for an example of a complete Site-Specific 
Plan.  

3.2 Imazapyr Herbicide 

3.2.1 Evaluation of Imazapyr for use by ISP 

As described previously, prior to the 2005 Treatment Season, the only herbicide that was approved 
for use on Spartina in estuaries in California was glyphosate, sold commonly as Aquamaster® or 
Rodeo®. Bay area land managers and academic researchers had been using glyphosate in an attempt 
to control invasive Spartina, but low levels of treatment efficacy were insufficient to stay ahead of 
Spartina’s rate of spread. This lack of efficacy was the same experience researchers and land 

Table 1. San Francisco Estuary Non-native Spartina Treatment Sites, 2005 

Site # Site Name County 
Site Area 
(Acres) 

2005 Estimated Non-
Native Spartina 

(Acres) 

1 Alameda Flood Control Channel Alameda 470 150 

2 Bair/Greco Islands San Mateo 3060 116 

3 Blackie's Pasture Marin 1.6 0.8 

4 Corte Madera Creek Complex Marin 470 12 

5 Coyote Creek/Mowry Complex Santa Clara & 
Alameda 

3652 15 

6 Emeryville Crescent Alameda 104 2.6 

7 Oro Loma Marsh Alameda 324 100 

8 Palo Alto Baylands Santa Clara 1030 0.4 

9 Pickleweed Park Marin 10 0.05 

10 Point Pinole Marshes Contra Costa 36 0.70 

11 Southampton Marsh Contra Costa 184 0.5 

12 Southeast San Francisco San Francisco 76.7 8.2 

13 Whale's Tail Complex Alameda 564 82 

15 South Bay Marshes Santa Clara 1754 4 

16 Cooley Landing  San Mateo 165 12 

17 Alameda/San Leandro Bay Complex Alameda 314 89 

18 Colma Creek/San Bruno Marsh 
Complex 

San Mateo 100 56 

19 West San Francisco Bay San Mateo 361 86 

20 San Leandro/Hayward Shoreline Alameda 579 204 

21 Ideal Marsh Alameda 179 65 

22 Two Points Complex Alameda 599 1 

23 Marin Outliers Marin 130 2.6 

 TOTAL  14,163.3 1,007.85 
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managers were having in Willapa Bay, Washington, the location of the largest infestation of non-
native Spartina alterniflora in the western United States where approximately 8,500 acres are spread 
over 20,000 acres of salt marsh.  

These challenges led Dr. Kim Patten and other researchers with Washington State University to 
begin investigations with imazapyr herbicide for use on Spartina. Imazapyr does not share the major 
constraints that cause glyphosate to have such low efficacy on Spartina. Imazapyr does not bind to 
and become inactivated by sediments or salts that are deposited on the plants, and the dry time 
required for sufficient herbicide uptake is short enough to permit its use in the tidal marsh 
(minimum is approximately four hours). Unlike glyphosate, it can be applied at low volume from 
helicopter, a key element of ISP’s treatment strategy on challenging sites with large infestations or 
significant access issues. In addition, BASF (the manufacturer) recommends that imazapyr be 
applied at much lower volumes than glyphosate, which enables applicators to more effectively treat 
dense meadows of cordgrass from the ground, allows for significant reduction in the amount of 
herbicide entering the environment, and increases the overall efficiency of treatment.  

After nearly 10 years of study under Experimental Use Permits, US EPA registered the aquatic 
formulation of imazapyr under the trade name Habitat® in December 2003, and the Washington 
State Department of Ecology completed their risk assessment shortly thereafter and included it in 
their NPDES permit. These authorizations enabled the successes of the 2004 Spartina Treatment 
Season in Willapa Bay by producing an overall decline in the invader for the first time in the history 
of the program.  

As a result of the work done in Washington State, the ISP decided to conduct a pilot project under a 
California Department of Pesticide Regulation (CDPR) Experimental Use Permit to test the efficacy 
of aerial application of imazapyr on the San Francisco Estuary infestation of hybrid S. alterniflora. 
Approximately 60 acres were treated along Old Alameda Creek and at the mouth of the Alameda 
Flood Control Channel, and the observed efficacy was much higher than had ever been achieved 
with glyphosate. The results of this experimental work confirmed that aerial applications could be 
effectively used to help accomplish the ISP’s goals, and enabled this herbicide delivery system to be 
included in the SSP’s written in 2005.  

Before adopting imazapyr as the primary herbicide to be utilized in Spartina control in the San 
Francisco Estuary infestation, the ISP commissioned an independent evaluation from Leson & 
Associates on the “Use of Imazapyr Herbicide to Control Invasive Cordgrass (Spartina spp.) in the 
San Francisco Estuary” (Appendix V). This analysis synthesized all available literature on the 
potential impacts on water quality, biological resources, and human health and safety from the use of 
imazapyr in the specific amounts and scenarios envisioned by the ISP’s PEIR. 

In addition to the greater efficacy from imazapyr, an important aspect of Habitat® is its very low 
toxicity, a fundamental concern when selecting an IVM tool for use in the estuarine environment. 
The US EPA considers imazapyr “practically non-toxic” to animals, which includes aquatic 
invertebrates, a key component of the estuarine food web. 

Since imazapyr degrades rapidly in water via photolysis and is subsequently diluted through tidal 
fluctuation, it is not environmentally persistent in the Estuary, and does not result in material 
impacts to water quality. Studies have shown rapid dissipation from both receiving waters and marsh 
sediments, within 40 and 400 hours, respectively. The application rates to be used in the Estuary do 
not result in aquatic concentrations or terrestrial doses that exceeded screening levels for toxicity to 
aquatic or terrestrial mammals, birds, invertebrates, or benthos, even under the extremely 
conservative assumptions and risk scenarios evaluated. Imazapyr has also been demonstrated to be 
less toxic to aquatic organisms than even glyphosate, previously the only option for emergent 
vegetation control in estuarine environments due to its low toxicity.  
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Worst-case scenarios were evaluated for both workers and members of the general public (e.g., 
recreational users or residents), and based on typical exposures, these groups are not expected to 
experience substantial risk from acute or longer-term exposure to imazapyr. With the mammalian 
oral LD50 for imazapyr at > 5,000 mg/kg, an average-sized person would need to drink 25 gallons 
(400 cups) of the standard 1.5% tank mix to reach lethal levels. At the highest application rate, an 
applicator would have to wear a contaminated glove for 50 hours (2 days) to reach a level of 
concern. The overall weight of evidence from the Leson & Associates analysis suggests that 
imazapyr herbicides can be a safe, highly effective treatment for control and eradication of non-
native Spartina species in the San Francisco Estuary, offering an improved risk scenario over the 
treatment plan previously proposed with glyphosate as the herbicide. 

3.2.2 CDPR Registration of Habitat® Herbicide 

Before imazapyr could be incorporated into the 2005 Spartina Treatment Season, it needed to be 
registered for use in estuarine environments by the State of California. After the ISP’s pilot project 
with aerial imazapyr applications in 2004, BASF submitted an application for California registration 
to CDPR in February 2005. As the window of opportunity for the 2005 treatment season drew 
closer, progress towards the registration of Habitat® stalled within CDPR as a low priority. The ISP 
became gravely concerned that the entire treatment season was potentially in jeopardy. The ISP and 
its partners were extremely hesitant to continue wide-scale use of glyphosate, especially land 
managers that had seen so little efficacy from previous use of this product. This left a number of ISP 
partners to question the value proceeding for another treatment season with glyphosate.  

In an effort to raise the priority level of the review of the imazapyr registration application, the 
Deputy Executive Officer and the Project Manager at the Conservancy made a direct plea to the 
Director of CDPR to complete the necessary review of this product, which would enable its use 
during the 2005 treatment season. Finally, the pleas were heard, and due to the extremely low 
toxicity profile of imazapyr, this herbicide was officially registered in California on August 30, 2005 
(Appendix VI).  

The late registration of imazapyr, just one week before the USFWS Biological Opinion would arrive 
and officially mark the beginning of the 2005 treatment window, meant that the ISP had only a 
matter of days to work with BASF’s distributors to get approximately 1000 acres worth of Habitat® 
brought in from neighboring states (prior to California registration, it was illegal to store imazapyr in 
warehouses located within the state). The tight timeline for scheduled control work created 
significant concerns from ISP partners. Fortunately, the ISP had alerted the three Habitat® 
distributors of the near-certain registration after receiving word from CDPR, and stockpiles of 
Habitat® were positioned in Nevada and Oregon to enable quick delivery to California warehouses 
upon word of final registration. As a result of extraordinary efforts on the part of delivery drivers 
and the distributors, the ISP partners were able to start treatment work on the earliest possible day, 
September 8, 2005. As a result, 96% of the Spartina sites treated chemically in 2005 utilized the more 
effective imazapyr over glyphosate. 

3.3 Evaluation of Potential Clapper Rail Impacts 

Clapper rail surveys in 2005 provided population estimates for marshes targeted for Spartina 
treatment, and these were then used to evaluate the potential for proposed treatment approaches to 
negatively impact clapper rail in the short and medium terms.  To this end, the ISP and the USFWS 
jointly developed the Spartina Control Impact Evaluation Model (SCIEM; Appendix VII). For each 
site, this model integrated existing site conditions (including marsh size, extent of the non-native 
Spartina infestation, adjacency to other marsh habitats, and clapper rail population numbers) with 
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treatment methodologies, expected efficacy of treatments, anticipated Spartina expansion rate, native 
revegetation of treated marshes, and other factors. Also included were estimates of habitat value of 
treated marshes vs. untreated marshes and the estimated marsh area used by clapper rail during the 
breeding season. 

The results of this analysis were expressed as projected impacts to clapper rail carrying capacity 
units. Carrying capacity units (expressed in acres) were derived from radio telemetry studies done in 
clapper rail-occupied marshes showing minimum core use areas of 3.4 acres for breeding pairs of 
clapper rail. In an effort to tease out potential impacts to clapper rail, the SCIEM model assumes a 
minimum core use area of 3.4 acres per rail, rather than per rail pair. In this way, the SCIEM model 
attempts to maximize the sensitivity of its assessment of potential rail impacts.  

For example, in a given site, if post-treatment habitat values (expressed in acres) provide sufficient 
carrying capacity for the existing (surveyed) population of clapper rail, then the impact to that 
marsh’s carrying capacity would be 0. A negative habitat value would indicate that treatment efforts 
would result in the loss of some carrying capacity from a given marsh, while a positive value would 
indicate that the existing population of clapper rail would have habitat available for potential 
expansion following treatment, or would, at a minimum, support the existing rail population. The 
ISP and USFWS reviewed the results of the SCIEM analysis on both a site-specific and regional 
basis to determine acceptable levels of impact or ‘take’ of rail associated with non-native Spartina 
control work in the Estuary, and adjusted site specific control strategies where appropriate. The 
SCIEM projects impacts through the 2009 treatment season, and will be refined yearly based on the 
observed efficacy of treatment methods, clapper rail population numbers, Spartina expansion rates, 
and other pertinent input variables.  

3.4 Grants & Collaboration with Partners 

The Conservancy executed grant agreements with nine regional landowners or managers in August 
2005 to fund the Spartina control efforts. These are the keystone partners of the ISP that facilitated 
the completion of multiple sites by either performing the treatment work with their staff or 
contracting with licensed aquatic herbicide applicators. The grants covered both the 2005 and 2006 
treatment seasons and totaled over $800,000. The Calfed funds from grant #4600001875 were 
combined with grant funds administered by the Conservancy from the Wildlife Conservation Board 
(WCB), and disbursed to the nine treatment grantees. Many of these partners also matched the 
Conservancy grant money with different in-kind contributions, and these are estimated to total just 
under $400,000 for the two-year period. Most of the partners are government agencies or 
municipalities, such as the Alameda County Flood Control District, California Department of Parks 
& Recreation, City of Alameda, City of Palo Alto, East Bay Regional Parks District, USFWS, and 
San Mateo County Mosquito Abatement District (Table 2). 

The efforts of several of these partners stand out from the group. The City of Alameda was a model 
for how to initiate a municipal community outreach effort for invasive Spartina control. With 
assistance from the ISP, they conducted a series of public meetings and issued several press releases. 
Their extensive involvement with onsite public relations during the control efforts allowed the work 
to be completed smoothly.  

San Mateo County Mosquito Abatement District (SMCMAD) set an ambitious goal of 
implementing control on all infestation sites from San Francisco International Airport to the 
Dumbarton Bridge in this first year. Although not all the work was completed because of the very 
short timeline in 2005, the ISP effort benefited greatly from the salt marsh expertise of these 
professionals, and many sites were treated for the first time. With a much longer timeline in 2006, 
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SMCMAD expects to expand their target area up to Brisbane and treat most of the more than 20 
ISP sub-areas along this section of West Bay shoreline.  

Although East Bay Regional Parks District (EBRPD) scaled back their target acreage for 2005 
because of concerns that they needed to implement more public outreach ahead of control in some 
high profile marshes, over 140 acres were treated with imazapyr by aerial application from 
helicopter, along with about 40 acres of ground-based applications at other key sites. EBRPD has set 
much higher goals for 2006, with targets of 100% treatment at most of their infestation sites. 

The list of other keystone partners/grantees includes two non-profit groups, the Friends of Corte 
Madera Creek Watershed and the California Wildlife Foundation. Friends of Corte Madera Creek 
had an excellent public outreach effort already in place, and strong support from within their 
community allowed them to move forward with control work, including the first herbicide 
applications, far more rapidly than anticipated. In addition, there are a number of sites funded 
entirely by others including the Santa Clara Valley Water District in the far South Bay, and Cherokee 
Simeon Venture I sponsoring the treatment of many of our Marin Outliers as well as sites in the 
Two Points Complex near Richmond as part of a mitigation arrangement for one of their clients. 
Literacy for Environmental Justice (LEJ) is a non-profit urban environmental education and 

Table 2. Summary of the Spartina Control Grants for the 2005 & 2006 Treatment Seasons 

No. Grant Recipient/Project Sponsor Acres Treated 
Spartina 

Total Conservancy 
Grant ($) 

Estimated Match 
from Partner ($) 

CONSERVANCY PROJECTS    
1 Alameda County Flood Control District 332.45 62,246.17 30,000.00 

2 California Department of Parks & Recreation 12.26 7,283.00 1,300.00 

3 California Wildlife Foundation 139.92 51,907.14 0.00 

4 City of Alameda 22.83 21,897.15 10,000.00 

5 City of Palo Alto 0.66 1,150.00 500.00 

6 City of San Leandro 82.78 24,035.00 3,000.00 

7 East Bay Regional Parks District 563.86 227,950.70 60,000.00 

8 Friends of Corte Madera Creek Watershed 17.51 111,517.15 198,400.00 

9 San Mateo County Mosquito Abatement District 232.24 187,326.95 30,000.00 

10 USFWS - Don Edwards National Wildlife Refuge 349.62 119,411.80 60,000.00 

 CONSERVANCY TOTAL: 1,754.12 $814,725.06 $393,200.00 

ISP PROJECTS FUNDED ENTIRELY BY OTHERS 
1 Cherokee Simeon Venture I 7.79 0.00 25,196.50 

2 Golden Gate Audubon & Port of San Francisco 0.01 0.00 1,150.00 

3 Literacy for Environmental Justice 0.08 0.00 1,782.50 

4 Santa Clara Valley Water District 3.18 0.00 3,657.00 

5 Rhone Poulanc, Inc. 19.28 0.00 21,187.60 

 “OTHERS” TOTAL: 30.33 $0.00 $52,973.60 

ALL 2005-2006 ISP PROJECTS 

 TOTAL: 1,784.46 $814,725.06 $446,173.60 
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empowerment organization that is in charge of the invasive Spartina control efforts at Heron’s Head 
Park (Pier 98) in San Francisco, a stewardship site they have been involved with for years. 

3.5 Herbicide/Surfactant Trials  

The ISP initiated an Herbicide Test Plot Study in July 2005 to examine the effectiveness of imazapyr 
on San Francisco Bay Spartina in a controlled field setting. The study evaluated various 
concentrations, application rates, and surfactants, and compared results to both glyphosate and to 
controls. The ISP uses the study results to make informed recommendations to our partners as to 
how to apply this herbicide efficiently and effectively. Since Habitat® is expensive (costing $270 per 
gallon), testing of various concentrations could potentially help to tease out some economies if the 
study were to show little difference in efficacy between the maximum of 6 pints/acre and a lower 
dose (4-5 pints/acre). Various application rates were tested including those that would be used in 
ground-based applications (25-60 gal/acre), and aerial broadcast work (10-15 gal/acre).  

Surfactants are added to aquatic herbicides to improve efficacy. These agents work by improving the 
spreading of the liquid over the leaf surface, improving adherence of the formulation to the leaf, and 
enhancing the penetration of the leaf cuticle. Five aquatic surfactants were tested at each of the 
application rates, including Competitor®, Liberate®, Agri-Dex®, Dyne-Amic®, and Cygnet Plus®. 
Finally, a few specialty applications were tested, such as combining small amounts of the more 
expensive imazapyr with glyphosate to determine if there is any heightened efficacy, using a small 
amount of glyphosate to aid as a “brown-down indicator” to allow for rapid identification of missed 
plants, and use of glyphosate in a weak concentration to “chemically mow” the Spartina to preserve 
above-ground biomass for endangered California clapper rail at selected sites. See Appendix XIII 
for a full list of the 72 different combinations tested. 

We selected a uniform invasive Spartina meadow (dense, 90-100% cover) along the Alameda Flood 
Control Channel that promised low vandalism of the PVC-marked plots. Data was collected on the 
236 individual 120 ft2-plots on August 9, 2005 prior to the application of herbicide on August 18 
and 19, 2005. Several simple measures of Spartina alterniflora hybrid cover and vigor were taken, 
including the percent cover of Spartina, height of Spartina to the last branching node (because flower 
length varies so greatly), growth stage, vigor, percent of dead Spartina, and percent cover of Salicornia 
virginica (the only native present in any measurable amounts in the test plots). Any other native 
species were also recorded when found. Please refer to the section below on Efficacy of Treatment 
for a summary of the initial results of this study. 

3.6 Regulatory Compliance 

3.6.1 CEQA Addendum for Imazapyr Herbicide 

Before the ISP can proceed with actions that may potentially deviate in any substantive way from 
the PEIS/R, especially if the actions have the potential to increase environmental impacts not 
identified and mitigated for in the PEIS/R, the Conservancy must review the proposed actions and 
determine whether or not additional mitigations are required for the actions to be in compliance 
with CEQA. Once this analysis is complete, the Conservancy can adopt these changes in the form 
of a CEQA Addendum.   

The addition of imazapyr herbicide to the suite of control options available was not anticipated in 
the PEIS/R because this herbicide was not yet registered in California and the ISP had not predicted 
how ineffective glyphosate would be at controlling invasive Spartina. As a result, the ISP 
commissioned an independent review of the toxicity of imazapyr in relation to its use in the San 
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Francisco Estuary on invasive Spartina to determine if additional mitigations would be required to 
integrate this additional tool into the ISP’s IVM strategy. This analysis indicated that additional 
impacts, not previously identified in the PEIS/R for the herbicide glyphosate, were unlikely; 
mitigations already in place for glyphosate use were sufficient for the use of imazapyr and posed no 
additional risk. (Please see Section 4.3.4, Imazapyr, for more details on this analysis). As a result, an 
Addendum to the PEIS/R regarding the use of imazapyr by the ISP received Conservancy Board 
approval on June 16, 2005 (Appendix IX). 

3.6.2 Tiered Biological Opinion 

In June 2005 the ISP submitted the three-year SSPs to USFWS for a formal, site-specific intra-
Service Section 7 consultation on the potential effects of plan implementation on endangered 
species. On September 7, 2005, USFWS issued a Biological Opinion, allowing the treatment season 
to commence on the following day, and establishing the authorizations for three consecutive years 
of control work (Appendix X). 

Although numerous special status species were evaluated, USFWS determined that only the 
California clapper rail showed a potential “take” due to possible loss of carrying capacity as a result 
of Spartina removal, and this was only at three sites. USFWS used the SCIEM (described previously) 
in assessing the potential impacts of the proposed work in the Estuary. At the three sites that 
indicated a potential loss of clapper rail carrying capacity, USFWS required that treatment be phased 
over three-four years by treating selected portions of sites and allowing the rest to remain as interim 
habitat and refugia. Treatment at two of these sites was initiated in 2005 (Alameda Island South 
(17a) and Cogswell Marsh (20n)) and the remainder will begin in 2006 (Arrowhead Marsh (17c), 
Martin Luther King Shoreline (17d), Martin Luther King Jr. Marsh (17h), Colma Creek (18), and the 
remainder of Cogswell Marsh (20m and 20o)). Details regarding the phasing at each of these sites are 
included in the respective Control Plan.  

On sites with lower densities of clapper rail or less established infestations of non-native Spartina, 
USFWS determined that Spartina removal activities would present a relatively lower risk. In these 
rail-occupied sites, treatment timing windows were established based on the breeding ecology of the 
rail, the various control methods, and their degree of intrusion. The initiation of treatment at all sites 
will be timed each year according to the treatment method and the presence or absence of California 
clapper rails. The initiation of treatment in a typical control season will be timed as follows: 

Phase 1- mid-June:   

Initiate treatment of areas where clapper rails are absent. The start time for Phase 1 is approximate because it 
is based on the Spartina having completed enough vegetative growth (produced sufficient leaf 
surface area) to receive and translocate the herbicide. Based on estimated 2005 site acreages, this 
would include approximately 80-100 acres of Spartina at 30-40 sub areas, or less than 10% of the 
total Spartina acreage. All treatment methods will be allowed during this time, but the primary 
method will be ground application of herbicide. 

Phase 2 - July 15th:   

Initiate aerial herbicide treatment on appropriate clapper rail-occupied sites. Although clapper rail breeding 
season officially ends September 1, most birds that have successfully bred have also fledged their 
chicks by July 15. Sites must be greater than 1500 feet from sensitive human receptors to be 
considered appropriate for aerial applications. Based on estimated 2005 acreages, this would include 
approximately 400-500 acres of Spartina at 15-20 sites, or approximately 40%-50% of total Spartina 
acreage. 

Phase 3 - September 1st:   



San Francisco Estuary Invasive Spartina Project 2005 Control Program Report 

Page 19 of 27 

Initiate ground-based treatment (herbicide and manual) on all remaining clapper rail-occupied sites. Based on 
estimated 2005 acreages, this would include approximately 400-500 acres of Spartina at 75-85 sites, or 
approximately 40%-50% of the total Spartina acreage. During this phase the ISP may also conduct 
follow-up treatment on Phase 1 and 2 sites. 

3.6.3 NPDES Permit 

As of 2001, according to the U.S. Ninth Circuit Court, the application of pesticides into waters of 
the United States, or onto aquatic plants growing in waters of the United States, results in discharges 
of “pollutants” and requires coverage under a National Pollutant Discharge Elimination System 
(NPDES) permit. Referred to as the Talent decision (from Headwaters Inc. v. Talent Irrigation District), 
this judgment was issued just prior to the major season for applying aquatic herbicides in 2001. 
Consequently, the State Water Resources Control Board adopted an interim NPDES permit because 
of the potentially serious public health, safety, and economic implications of delaying scheduled 
treatment activities.  

In a settlement agreement to a lawsuit filed by Waterkeepers Northern California, the State Water 
Board agreed to fund a comprehensive Aquatic Pesticide Monitoring Program (APMP) that would 
assess pesticide alternatives, receiving water toxicity caused by residual aquatic pesticides, and other 
monitoring parameters. After two years of assessment, the State issued the Statewide General 
NPDES Permit for the Discharge of Aquatic Pesticides for Aquatic Weed Control in Waters of the 
United States (General Permit; Order No. 2004-0009-DWQ) for application of specific herbicides 
under certain conditions. 

The current General Permit allows the use of a small list of aquatic herbicides, and can be reopened 
to add coverage for products that have been newly registered by CDPR. Habitat® (imazapyr) was 
added to the list shortly after registration in 2005, which enabled the ISP’s partners to obtain 
coverage for the 2005 treatment season. Currently, there are no State or USEPA-based numeric 
objectives or criteria for imazapyr. Therefore, the General Permit does not have receiving water 
limitations for this herbicide. However, it requires dischargers who use imazapyr to monitor their 
applications. 

3.6.3.1 NOI’s filed by Partners 

To obtain coverage under the General Permit, a discharger must submit a completed Notice of 
Intent (NOI) to Comply with the Terms of this General Permit (see Appendix XI, for a sample of 
the NOI’s filed by ISP partners for 2005), a vicinity map, and the first annual fee to the appropriate 
Regional Water Quality Control Board (Regional Water Board). These items constitute a complete 
application package, the submittal of which authorizes the discharge of pollutants associated with 
the application of aquatic pesticides in compliance with this General Permit, unless the Regional 
Water Board requests additional information necessary to determine the applicability of the 
discharge to this General Permit. Each of the Conservancy grant recipients and major ISP partners 
filed their individual NOI with the appropriate Regional Water Board. 

3.6.3.2 Annual APAP 

The General Permit also requires submittal of an Aquatic Pesticide Application Plan (APAP). The 
ISP prepared and submitted a programmatic APAP (see Appendix XII) covering all planned 
invasive Spartina treatment in the Estuary, and each partner adopted and implemented the details of 
this plan. As required by the General Permit, the APAP described the water body being treated, the 
weed species involved and reasons for the control work, the project’s control tolerances, the pros 
and cons of choosing herbicide in this situation, the type of aquatic pesticide and application rates, 
the treatment areas (with maps), and any alternative methods. As part of the APAP and to help ISP 
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partners monitor and report their herbicide use, the ISP developed an Herbicide Treatment 
Tracking Form and distributed it before the season began (Appendix XIII).  

3.6.3.3 Water Quality Monitoring 

The APAP included a Water Quality Monitoring Plan (WQMP) that the ISP implemented during 
control activities. The ISP contracted with SFEI to conduct water quality sampling at a 
representative subset of herbicide application sites. In accordance with the General Permit 
requirements, greater than ten percent (10%) of the treatment sites were monitored (13 out of 76 
sites, or 17% if the sites), which were selected to represent the four general treatment site types: tidal 
marsh, mudflat or Bayfront strip marsh, sloughs or creeks, and urbanized riprap areas. Since 
glyphosate was being phased out in favor of the more versatile and effective imazapyr, and this 
herbicide was used at only a handful of sites in 2005, only one of the sampled sites was a glyphosate 
application. 

The General Permit protocols for imazapyr or glyphosate monitoring require that three sampling 
events take place: background sampling up to 24 hours prior to the application, application event 
monitoring, and post-application event monitoring. All pre-application samples were collected 
within 24 hours of the treatment. Application event samples were collected 1-6 hours after the 
treatment, depending on tidal cycle (allowing enough time to pass for site water to mix with Bay 
water) and allow access to the area. All post application samples were collected six to seven days 
after the treatment had occurred. Samples were collected using sampling procedures developed for 
the State Water Resources Control Board (SWRCB) APMP. All procedures are outlined in the 2004 
APMP Quality Assurance Program Plan (QAPP). The results of the 2005 ISP’s NPDES water 
quality monitoring are discussed later in this document. 

3.7 2005 Results 

3.7.1 Implementation of Plans 

All 16 of the site complexes treated in 2004 received full or partial treatment in 2005, and most with 
the more effective imazapyr herbicide. In addition, five of the six remaining complexes initiated 
treatment in 2005 on at least a portion of their infestations. Managers of some sites with high public 
visibility and large populations of California clapper rail utilized the 2005 treatment season to 
implement public outreach efforts as a prelude to treatment planned to begin in 2006. See 
Appendix XIV for maps of all 2005 Spartina control sites. 

With the USFWS Biological Opinion arriving on September 7, the treatment window for 2005 was 
only from September 8 through October 19, although several sites were controlled manually in 
Corte Madera Creek, Marin County over the winter. However, as described in previous sections, the 
current ISP permissions include three seasons, and treatment will begin much earlier in 2006 when 
possible. Even with the late start, ISP’s partners were able to complete an impressive amount of 
Spartina control work in 2005, including: 

• Treatment of 76 of the 133 known infestation sites (57% of sites) 

• Treatment of 1,010 net acres of Spartina (67% of the estimated Spartina acreage) 

• Treatment of 752 acres (70%) aerially using helicopters with boom sprayers 

This work represents a 232% increase in treated acres from 2004 season. 
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Please refer to Appendix XV for a complete list of sites and treatment methods from 2005, 
including the entity that performed the work, delivery system, and the estimated herbicide 
concentration applied (where applicable).  

Some small, discrete sites were controlled by digging or covering, while the remainder were treated 
with herbicide applied from amphibious tracked vehicle, helicopter, airboat, backpack sprayer, or 
trucks working from levees or the adjacent upland. Not surprisingly, helicopter broadcast 
applications were found to be the most efficient herbicide delivery system, enabling the ISP to treat 
large Spartina monocultures very rapidly with precise application rates and herbicide concentrations. 
ISP partners contracted with two helicopter companies in 2005, Alpine Helicopters from 
Woodbridge, CA and Sinton Helicopters from Paso Robles, CA.  A number of large, remote sites 
were treated by these two contractors including the Bair & Greco Island complex, Alameda Flood 
Control Channel, Ideal Marsh, Old Alameda Creek, Cargill Mitigation Marsh, Whale’s Tail, Oro 
Loma, and a portion of Cogswell Marsh. According to the ISP’s PEIS/R, helicopter applications 
cannot occur within 400 meters of sensitive receptors, so these treatments were restricted to those 
areas that are more than ¼ mile from residential development. 

Amphibious tracked vehicles were found to be invaluable. Their low ground pressure allows them to 
cross soft Bay mud and marsh, areas that even an experienced human applicator cannot reach on 
foot. In addition, they can transport a much larger herbicide tank than a backpack, so they don’t 
need to refill as often. This also translates into fewer repeat trips across the marsh and less 
compaction of the marsh plants and substrate along those access routes. Several municipalities made 
extensive use of the small tracked vehicles known as Argos or Hydrotraxx, including the San Mateo 
County Mosquito Abatement District (SMCMAD), Alameda County Flood Control District 
(ACFCD), and East Bay Regional Parks District (EBRPD). SMCMAD targeted the entire group of 
Spartina infestation sites along the shoreline of the West Bay from San Francisco International 
Airport to the Dumbarton Bridge, and completed much of their work from Argos. ACFCD treated 
the Oakland Coliseum channels by Argo, and also used these vehicles to follow up after helicopter 
applications at AFCC and Old Alameda Creek. 

A larger tracked vehicle called the Marsh Mog was unveiled in 2005 by Clean Lakes Inc. and was 
used to treat several invasive Spartina sites including Elsie Roemer Bird Sanctuary and Whale’s Tail 
North and South. The Marsh Mog is a modified snowcat with an enclosed cab, two 25-gallon tanks, 
and an articulating boom spray apparatus off the back. Because it is much larger than its Argo 
cousin, it can haul more herbicide, yet still has a low ground pressure of only 0.6 psi. It uses GPS-
linked hydraulics to meter herbicide output based on speed, and displays maps of what has been 
treated to make sure the entire invasive meadow gets adequate coverage.  

The remaining sites were treated either by hauling hose from a conventional spray truck, or by 
backpack sprayers, with a handful of additional sites sprayed from boat. According to estimates 
from applicators, the use of imazapyr (and its significant reduction in required spray volume) 
increased the efficiency of treatment operations such as these by as much as 1/3. Of the sites treated 
with herbicide, 96% utilized imazapyr over glyphosate in just this first year, even with the 
registration of the herbicide happening just a week before treatment began.  

3.7.2 Efficacy of Treatment 

Efficacy estimates for 2005 treatment of Spartina alterniflora hybrids show a very wide range from 
minimal results at some sites to 100% control at others. The average efficacy on hybrid sites was 
51% from a subset of 44 sites that received imazapyr applications with either Competitor® or 
Liberate® as the surfactant, ranging from a low of 15% to a high of 100%. Nine sites (20%) from 
this subset of hybrid Spartina had greater than 85% mortality. Results on Spartina densiflora were even 
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more promising and had a narrower range, with an average of 83% mortality over seven sites, 
ranging from 75-100%.  

Although these preliminary results show imazapyr to be far superior to glyphosate for invasive 
Spartina control, several factors may have contributed to lower efficacy than we hope to experience 
in the future. Due to the late release of the three-year USFWS Biological Opinion on September 7, 
2005, much of the treatment occurred after mid-September, when most of the Spartina has already 
flowered and begun to set seed, and in some cases the plants had already begun to senesce or die 
back for the year. Since systemic herbicides work best on plants that are actively growing, which 
enables the herbicide to be effectively circulated throughout the plant and down into the extensive 
below-ground rhizome system, older plants near senescence show limited efficacy from foliar 
treatments. This has also been the experience of the researchers in Willapa Bay, WA, where early 
season treatments provided far better control. In addition, Willapa had generally greater efficacy and 
far better consistency with aerial applications over any other delivery system. The ISP will be able to 
begin aerial treatment on July 15 in subsequent years, a full two months earlier than in 2005, and the 
Control Program hopes this will provide a significant advantage by treating with this more 
consistent method while the plants are still actively growing and before they have even begun to 
flower. Not only should we see greater efficacy on established mature plants, but we can also stop 
seed production in vast areas of the Bay, which will assist control efforts in future years and contain 
the spread of invasive Spartina to other marshes. 

The ISP has also been very pleased with the initial observations of the minimal impacts of herbicide 
treatments to the surrounding native marsh plants. In particular, the most prevalent native species 
growing amongst the invasive Spartina is pickleweed (Salicornia virginica syn. Sarcocornia pacifica), and it 
appears to have an unexpectedly high tolerance for imazapyr exposure. The speculation is that this 
plant has evolved to exclude solutes, and it may be able to either block the absorption of imazapyr 
into its succulent leaf structures, or it may sacrifice these leaves and simply return from its stored 
root resources in the following spring. Whatever the biological reason may be, the extensive 
pickleweed areas adjacent to most treatment sites appear to bounce back from imazapyr application 
quite well. This is a very exciting result if it holds true; the ISP needs to initially rely on broadcast 
treatment methods at some heavily infested sites, and it would be highly beneficial to the control 
efforts as well as to the marsh’s habitat value if pickleweed was only marginally impacted during 
treatment. In addition to pickleweed, a number of other native marsh plant species were found 
colonizing treated areas in the first spring following treatment with imazapyr, and these include 
Jaumea carnosa, Atriplex triangularis, and Frankenia salina. 

Efficacy data for the ISP Herbicide Study Plots was collected at 11 months post-treatment in July 
2006. The complete analysis of this data has not been completed, but we gained some key insights 
that will be used to inform the 2006 Treatment Season. The most effective surfactants were 
Liberate® and Competitor®, with very little mortality from the other choices. Imazapyr appeared to 
be slightly more effective at the lower ground-based rates (25 gal/acre as opposed to 60 gal/acre), 
and the high concentration aerial rates were also effective. Glyphosate was completely ineffective 
even at high rates of 5% or more, but we did not test it at the very high volumes (greater than 200 
gal/acre) with which some land managers have gotten at least marginal results. Potent mixtures of 
these two herbicides did appear effective, but probably no more so than full-strength imazapyr on its 
own, and adding a small amount of imazapyr to glyphosate did not appear to work. 

3.7.3 Water Quality Monitoring Results 

ISP partners treated 71 locations with herbicide, and thirteen sites were monitored for water 
chemistry and conventional water quality parameters. The results for conventional water quality 
parameters (temperature, dissolved oxygen, electrical conductivity, and pH) showed no significant 
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changes (p > 0.05) between pre and post treatment over the sampling period of seven days. The 
average measurements at all sites were very similar before, during, and after the treatment with 
imazapyr and/or glyphosate. Detectable concentrations of imazapyr (0.5 - 40µg/L) and glyphosate 
(30,000 µg/L) were found immediately after treatment at all 13 monitored sites. Imazapyr 
concentrations at all sites were below any reported acute or chronic effect concentrations for aquatic 
wildlife. Glyphosate concentrations at one monitored site were elevated but below toxicity 
thresholds for fish and most invertebrates. Only 3 of the 13 sites (23%) had any detectable herbicide 
residue at one-week post treatment, and these levels revealed significant reductions had occurred 
over the 7-day period, indicating a clear expected trajectory towards non-detectable levels within 
several more days. Please refer to Appendix XVI for the full report. 

3.7.4 Habitat Enhancement 

Grindelia stricta (marsh gumplant) habitat enhancement plantings: The ISP expects that for 
most of the control sites, simply eliminating the invasive Spartina and monitoring will be all the 
restoration needed. Invaded mudflats should transition back to their natural, unvegetated condition, 
and mid-marsh pickleweed plains and Grindelia-lined channels can rebound after the removal. Over 
time the common salt marsh plant species will return and establish in their appropriate niches by 
natural recruitment from the surrounding Estuary. 

However, a handful of control sites may take much longer to establish a healthy native plant 
assemblage, which is most problematic where the endangered California clapper rail has been 
present in high densities. This scenario is likely at mudflat sites with extensive established 
infestations (such as Colma Creek/San Bruno Marsh and Elsie Roemer Bird Sanctuary), and also at 
somewhat recent restoration sites that were heavily invaded by Spartina before establishing a native 
plant community (such as Cargill Mitigation Marsh and Oro Loma). The ISP has researched the 
potential for “jump starting” native plant establishment at some of these sites, and settled on G. 
stricta (marsh gumplant) as the best plant species to use for enhancement. G. stricta is the preferred 
nesting plant for the clapper rail in the South Bay, and establishes taller refugia than any other 
appropriate marsh plant. It is restricted to well-drained tidal channel banks, or the upper transition 
zone of the marsh, so it can only replace a portion of the cover of invasive Spartina, but may provide 
valuable habitat in the interim. 

The ISP began a pilot project in 2005 to determine the costs and benefits of growing out G. stricta 
for habitat enhancement. We contracted with three native plant nurseries to grow out a total of 
10,000 G. stricta plugs for out-planting in January 2006. The three nurseries were the Watershed 
Nursery in Berkeley, Save the Bay nursery in Oakland, and Acterra Nursery in the hills of Palo Alto. 
All three nurseries started their plants in July 2005 using seed collected by Save the Bay volunteers in 
2003 in the Central Bay. The germination rate was extremely high, around 98%.  

The first planting occurred at the end of January 2006 at two Spartina control sites with high rail 
populations. This work was done just before clapper rail breeding season officially began and 
precluded work in the marsh. Approximately 1,200 G. stricta plugs were planted in two areas of 
Cogswell Marsh north, the banks of the upper channels in the northeastern section and the 
transition zone along the western edge of a small hill near the main channel feeding this upper 
section. Approximately 1,000 G. stricta were also planted in the upper transition zone of Elsie 
Roemer Bird Sanctuary, adjacent to the section treated in 2005. The majority of the plants were 
supposed to be planted on the side-cast berms of the constructed channels at the Elsie Roemer 
habitat enhancement, but permits were held up and the project needed to be postponed until after 
the 2006 treatment season. We took delivery of the rest of the plants from the nurseries, and built 
some tables and a spray irrigation system to keep the plants healthy over the summer until they 
could be out-planted after the channel construction in autumn 2006. 
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3.8 Public Outreach & Relations 

3.8.1 Media Coverage 

In 2005, the ISP’s public relations got some assistance with its outreach efforts from the media. Two 
major newspapers, the San Jose Mercury News and San Francisco Chronicle, picked up on the story 
of the Spartina invasion and the Conservancy’s efforts to stem the tide, and wrote excellent articles 
on the topic. The Mercury News story on June 15, 2005 was generated by our early press release 
while we were still waiting for imazapyr registration and our Biological Opinion, focusing on the 
threats from Spartina invasion and the plans being generated. The Chronicle article on October 11, 
2005 by Glen Martin was on the front page of the local section, with a large color photo of an ISP 
herbicide application that week at Blackie’s Pasture, Marin County. This article focused on the 
control work completed in this first large-scale treatment season. Both articles were well-researched, 
included interview comments from other stakeholders around the Bay, and accurately and positively 
portrayed the ISP’s Spartina control efforts. In addition to these articles in major news outlets, the 
press releases and public meetings in Alameda generated two articles in their major local paper, the 
Alameda Journal. Appendix XVII includes copies of three of the newspaper articles from 2005. 
All of these articles generated some citizen responses on various levels. The vast majority of these 
calls and emails were positive, simply requesting additional information or inquiring about the plans 
for Spartina control near a citizen’s home. A handful of new infestations were also reported and 
added to the list of sites. After the article in the Chronicle, which provided a summary of the control 
work for 2005, there were a couple of concerned letters to the editor. Letter writers expressed 
concern over the use of herbicides in general, and their desire for more information about the ISP’s 
plans. 
In addition to these newspaper articles, the ISP Control Program was interviewed for an Alameda 
public access television channel during work at the Elsie Roemer Bird Sanctuary. This footage was 
broadcast several times and included an explanation of the Marsh Mog while the machine being 
unloaded from its trailer in the background. The City of Alameda also used several ISP photos for a 
public service announcement that was broadcast regularly throughout September on this same 
public access station. 

3.8.2 Informational Signage 

The Conservancy provided a grant to the Association of Bay Area Governments (ABAG) to design 
and install signs at treatment sites. ABAG and the ISP, with assistance from staff of the Estuary 
Project and in coordination with the landowners, produced two types of signs to help educate 
citizens about the Spartina control efforts. Eighteen portable sandwich board signs were created that 
can be displayed at sites while control work is in progress. They briefly explained the invasive 
Spartina problem, and described the work occurring in the marsh and what one could expect to see 
over the next few seasons. They had text, color photos, and brochure holders on both sides, and 
proved very useful for helping with trail closures and at public shoreline access points. Some of the 
major ISP partners kept a few of the sandwich boards to move around to their control sites 
throughout the season, while others were shuttled by the ISP to numerous sites around the Bay. 
These signs clearly helped engage the public by providing a starting point to talk with passersby on 
trails, and could assuage concerns by immediately informing people as to what was going on. Both 
the ISP partners and many members of the general public were very appreciative that the ISP took 
the time to produce these signs and provide this necessary education. 

There was also a need for a more permanent sign at some marshes that could provide more 
education on the Estuary resources, biological invasions, and the goals of the Spartina control 
efforts. These were designed for placement at sites that have large infestations that will take multiple 
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seasons to eliminate, and high visitation sites. The permanent signs were large (36 in. wide and 24 in. 
tall) and were designed to remain for at least several years to explain the transition of the marsh that 
people will witness as they visit over time. The design of the signs is complete, and they will be 
installed in summer 2006 at approximately 15 sites. East Bay Regional Parks District has also 
designed a similar permanent sign incorporating a number of aerial photos from the ISP, and these 
will also be installed in 2006. 

Appendix XVIII includes images of both the sandwich board sign and permanent sign. 

3.9 Lessons Learned and Implications for 2006 

More non-native Spartina was killed as a result of 2005 treatments than at any other time in the 
history of the effort in the San Francisco Estuary. The ISP’s extensive inventory monitoring is 
conducted from August until October, and the 2006 monitoring results will provide a detailed 
accounting of the invasive Spartina remaining at each site (post 2005 treatment) when the data is 
analyzed over the winter of 2006-2007. However, the ISP conducts efficacy monitoring at a 
representative subset of treated sites to get a general sense of the infested area remaining on each 
site for use in treatment planning and budgeting purposes. Photo points are taken at each site while 
several simple infestation parameters are recorded in GPS dataloggers. This monitoring usually takes 
place from viewpoints in the adjacent upland or on levees since we cannot enter many of the 
marshes during California clapper rail breeding season (Feb. 1 – Aug. 31). 

The preliminary results from 2005 treatment have already provided the ISP with valuable lessons 
that will be used to adaptively manage and refine the Control Program. One very important finding 
enabled us to eliminate one surfactant, Cygnet Plus®, from our list of approved products for Spartina 
control. This product was only used on one site complex, Alameda Island south, but clearly showed 
very low efficacy over a large area, results not seen at any other ISP site around the Estuary. As a 
result, we narrowed our primary surfactant list to the two products that have consistently shown 
good results, Competitor® and Liberate®, and discontinued all use of Cygnet Plus®. 

The first season of Baywide Spartina treatment provided many lessons simply from the experience of 
moving from the planning stage to field implementation. The influence of tidal inundation on both 
efficacy and access was significant at many sites, and it became clear just how important it was to 
determine appropriate tidal windows and start work on time on low or receding tides (usually at 
sunrise) to maximize dry time. This appears especially true at the edge of channels or fringe marsh, 
where efficacy was definitely impacted by tidal inundation or the action of some biological 
mechanism of the plants that thrive that low in the hydrologic gradient. Treating as early as possible 
in the late vegetative stage of the plant (pre-flower when possible) is preferable to late season 
treatment, and it can also stop seed production, which benefits control efforts in future years. 
Although the frequent afternoon onshore winds of the Bay were considered in planning (herbicide 
treatment must cease when sustained winds reach 10mph), it was very instructive to see how often 
they can have an impact and shorten a control day to just a few hours.  Once again, this emphasized 
the importance of planning and preparation to maximize the potential control window on a given 
day. 

Every jurisdiction around the Bay is different, and learning the requirements of each landowner or 
municipality through actual Site-Specific Plan implementation will prove invaluable as the Control 
Program moves forward. Since public notification requirements may need to be up to two weeks in 
advance in some areas, it is important to include an appropriate number of contingency days in the 
first notification so that work may be completed closer to the target date (with the optimal tides and 
Spartina growth stage), and to avoid postponing work. This is also a good general rule for sites that 
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will take multiple days, enabling contractors or municipality staff to plan enough time to fully 
complete a site without interruption or scheduling conflicts from postponed work. 

In 2006, the ISP Control Program will seek to reinforce the relationships built with partners around 
the Bay, and strive for improvements in the consistency of treatment methods across the many 
infestation sites. A Field Operations Meeting will be held in spring 2006 to bring together the major 
partners and stakeholders before the next Treatment Season begins. Land managers and contractors 
will be asked to prepare PowerPoint presentations to highlight their accomplishments in 2005 and 
share what they see as the challenges for the future. The Control Program also plans to host a field-
based workshop on the proper techniques for applying imazapyr herbicide, to help calibrate 
treatment to maximize efficacy and reduce costly waste from over-application. Both of these pre-
season workshops should provide CDPR-approved Continuing Education credits that applicators 
may apply towards their license renewals. 
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