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1. Introduction 
This document provides a brief update and current plans for the five program areas defined in 
the California Clapper Rail Habitat Enhancement, Restoration and Monitoring Plan (“5-Year 
Plan”; Olofson Environmental, January 2012). The 5-Year Plan comprised a detailed strategy to 
provide enhanced habitat support for California clapper rail (Rallus longirostris obsoletus) in ar-
eas where non-native cordgrass (Spartina spp.) has been or is being eradicated from the San 
Francisco Estuary. The 5-Year Plan was prepared to comply with requirements of the U.S. Fish 
and Wildlife Service for the San Francisco Estuary Invasive Spartina Project (ISP), as the re-
quirements were described in the ISP’s Section 7 Biological Opinion (USFWS 2011) and in verbal 
and written comments on a previous draft restoration plan. Details regarding the history of 
non-native Spartina invasion and control, and the effects on the California clapper rail, were 
provided in the 5-Year Plan and will not be repeated here. 

The program approach in the 5-Year Plan included the following five program areas: 

(1) Deployment of floating islands to provide clapper rail refuge and nesting habitat 

(2) Construction of high marsh elevations, modification of hydrologic regime, or other engi-
neered solutions to reduce effects of extreme winter tides and storms and enhance tidal 
marsh function for California clapper rail 

(3) Predator control 

(4) Revegetation of habitat 

(5) Continued control of non-native Spartina  

A general picture of the progress in each of these areas follows. Greater detail, including the 
current plans for each program area, is provided in subsequent sections.  

Work Completed 
Coastal Conservancy and its contractors, grantees, and partners initiated work to implement 
the plan in fall 2011. By March 2012, they had raised funds, developed partnerships and put 
contracts in place, deployed 75 floating islands at three marshes, supplied 25 audio recorders to 
UC Davis for a study on clapper rail vocalization, completed a conceptual design for constructed 
“high tide refuge islands”, and propagated and installed nearly 70,000 native marsh plants at 25 
marsh locations. ISP prepared a report detailing the progress through March 2012 (Olofson En-
vironmental, May 2012).  
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ISP biologists conducted annual surveys of California clapper rail at 146 Spartina-invaded 
marshes between January and April 2012, and prepared a draft report of results showing gen-
erally stable clapper rail numbers regionally (Olofson Environmental, December 2012).  

Planning for the 2012-2013 habitat enhancement work began immediately upon completion of 
the previous year’s work in March. A protocol was developed for selecting, propagating, and 
monitoring “donor” or source populations for native Spartina foliosa, which included a method 
for assessing the impact of propagule collection on the donor marsh.  Several thousand 
Spartina foliosa stems were harvested from donor marshes and delivered to a contracted 
nursery for propagation to increase (by severalfold) the out-planting yield. Nurseries were also 
contracted to propagate more than 40,000 additional native plants for the coming season. ISP 
program managers began reviewing information on the process and results of the completed 
work to inform preliminary plans for maintaining and expanding plant installation.  Survivorship 
monitoring was conducted at planted sites to provide numerical data for analysis.   

Between December 2011 and September 2012, the Conservancy and USFWS completed anoth-
er Section 7 Consultation (USFWS 2012) for ISP treatment and restoration work in the 2012 
season. The Biological Opinion authorized treatment at 188 sites, but did not authorize treat-
ment at 11 locations, all in the East Bay, due to concerns regarding potential impacts of 
Spartina removal on California clapper rail.  At the same time as the Section 7 Consultation, ISP 
managers completed plans for Spartina control at the 188 authorized sites and staff began an-
nual inventory monitoring of invasive Spartina in 50,000 acres of tidal marsh throughout the 
Estuary. Spartina treatment began on August 22, 2012, the day after the Biological Opinion was 
received from USFWS, and by September 22, treatment had been completed at over half of the 
sites. Treatment and monitoring are still underway, and will continue until all sites have been com-
pleted for the season, or plant senescence or bad weather conditions preclude continued work. 

Project Review 
Coastal Conservancy established a Technical Advisory Committee (TAC) to provide external re-
view of the plans and progress of the 5-year habitat enhancement program, and particularly to 
advise the project managers regarding California clapper rail, monitoring methods, marsh vege-
tation planting design, and plant propagation. The TAC met on October 13, 2011, at which time 
it reviewed and provided comments on the general program approach and the draft 5-Year 
Plan. Two working groups were formed:  the Monitoring and Clapper Rail Workgroup, and the 
Planting Design and Propagation Workgroup, which met on November 17, 2011 and November 
18, 2011, respectively. These groups provided considerable input to improve the enhancement 
approach and design as it was to be implemented in December 2011-March 2012.  Coastal Con-
servancy also contracted an independent review of the 5-Year Plan that provided a technical 
memorandum with comments and recommendations (HT Harvey & Associates, 17 August 2012).  
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2. Floating Islands 
Program Objective (from 5-Year Plan): Deploy artificial floating islands at strategic loca-
tions at or near invasive Spartina eradication sites to provide near-term habitat cover for 
California clapper rail, including refuge habitat during December and January winter high 
tide events, and potential nesting habitat from February 1 through August 30. 

Pilot work investigating clapper rail use of artificial floating islands was initiated in 2010 by the 
USGS Western Ecological Research Center (USGS), and funded by the US Fish and Wildlife Ser-
vice (FWS) under Section 6.  In 2010, USGS deployed ten 5’ x 10’ artificial floating habitat islands 
at Arrowhead Marsh, San Leandro Bay to serve as high tide refuges during winter high tides 
(Figure 1 (right)). Initial use of the islands by roosting clapper rail was very high, with docu-
mented presence of clapper rail within three days of deployment.  It remains unknown whether 
the observed use of the artificial islands by clapper rail resulted in higher population growth 
rates. Although individual radio-marked birds from the USGS study were present in Arrowhead 
Marsh and will provide comparative survival rates to prior years when no artificial refuge was 
provided, small sample size makes it unlikely that a single season will be sufficient to detect dif-
ferences in survival rates due to the addition of artificial islands. Artificial islands may also in-
crease clapper rail reproductive rates. One artificial island designed for high tide refuge was 
used as nesting substrate by a pair of clapper rail that successfully hatched a nest in late May. 

In 2011, USGS modified the 5’ x 10’ design, originally designed primarily to provide high tide 
refuge habitat for rail, to one that could be used for nesting by rails.  Researchers thought the 
size was greater than needed for nesting activities per each pair of rails.  USGS modified the 
study design in 2 ways:  1) reduce the size to 20” x 28”, and 2) change the design to include sets 
of 25 floating nesting islands at each site, placed over the marsh plain adjacent to tidal channels 
(Figure 1 (left)).  Work at three of the marshes (Cogswell Marsh, Robert’s Landing Complex, and 
Whale’s Tail South Marsh in the Eden Landing Ecological Reserve) was funded by the State 
Coastal Conservancy.  Two of the marshes (Arrowhead Marsh and Greco Marsh) were incorpo-
rated into an existing study funded by FWS. Motion-sensing and time-elapse cameras taking 
one photo every five minutes were deployed on 10 randomly selected islands to monitor rail 
use, as well as any pre-nesting or other activity. Additionally, water elevation loggers were in-
stalled at each site to relate use of artificial islands to local tide conditions. 

To increase probability of placing an island within an existing clapper rail territory, islands were 
placed near randomly selected calling centers identified during surveys in 2011. Nest site selec-
tion studies of California clapper rail are limited in scope and represent mostly anecdotal sum-
maries. Therefore, USGS systematically placed pairs of nests at 4 distances from channels and 
attempted to vary the width of the corresponding channel and the surrounding habitat within 
which the artificial island was placed.   
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Deployment of nesting islands went very well, and included coordinated efforts of USGS, FWS, 
East Bay Regional Park personnel and the assistance of staff from the Invasive Spartina Project.  
The islands have remained in very good condition and there have been no problems with island 
flotation, loss of cover, or any noticeable impacts to surrounding marsh vegetation. Nearly 1.4 
million photos were taken during the first half of the 2012 California Clapper Rail nesting season 
and eight bi-weekly checks of all islands have been completed. No nesting activity was observed 
on the artificial islands, and only one active nest and two inactive nests at the Arrowhead 
Marsh site were discovered. Photo analysis is ongoing, but preliminary quality control checks 
have shown a variety of species using the nesting islands, particularly during tidal inundation of 
the marsh. Observed species visiting the islands included California clapper rail, Sora, and small 
mammals.  Rails have used the nesting islands for tidal refuge and foraging and one small ro-
dent (of unknown identity) made a nest on a floating island at Cogswell Marsh.  

The Coastal Conservancy and USGS are also cooperating with UC Davis on a complementary 
study of clapper rail vocalizations using acoustic recorders. Initial work is focused on developing 
an acoustic signature for each California clapper rail call to enable automatic detection of rails. 
USGS deployed 10 acoustic recorders in Arrowhead Marsh to initiate a library of vocalizations 
and field-test the techniques. 

Figure 1. Examples of artificial floating islands. Right: Floating island for high tide refugia at Arrowhead 
Marsh. Left: Floating island for nesting habitat at Bunker Marsh, Robert's Landing Complex. 

Artificial 
nesting island 
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Plans for 2012-2013 
In 2012, the Conservancy will work with USGS to implement 24 additional floating nesting is-
lands at 15 sites. Conservation and management benefits of floating high tide islands for provi-
sioning of refuge or nesting habitat remains poorly understood, so the research-based design 
has been modified to learn more about what can work. USGS will design, construct, and deploy 
24 floating islands from December 2012 through August 2013, including eight each from three 
prototype designs discussed below. Each site will have 1-3 floating nesting islands installed.  
Island design will be randomized and placement coordinated with construction of high tide ref-
uge islands and staff from the Coastal Conservancy, Invasive Spartina Project, and HT Harvey 
and Associates. All islands will be monitored once per month in coordination with ISP field ac-
tivities. A subset of islands will be fit with cameras including all pilot high tide refuge islands and 
adjacent floating islands.   

Table 1. Floating and High Tide Refuge Island Sites 

Site ISP Site Code Floating Island High Tide Ref-
uge Island 

(2012-2013) 

Future Island 

Alviso Slough 15a.3 1 0 1 

B2 South - Quad West 02d.1a 2 0 2 

B2 North - Quad East 02c.1a 2 0 2 

B2 North - Quad West 02c.1b 1 1 0 

Belmont Slough North 02a.1a 1 1 0 

Belmont Slough South 02a.1b 1 1 0 

Bird Island 02a.3 1 1 0 

Corte Madera Creek Mouth 
- North Bank 

04j.1 2 0 2 

Cooley Central 16.1 1 1 0 

MLK/New Marsh 17h 1 1 0 

Seal Slough 19p.1 2 0 2 

Calaveras 05a.2 3 0 3 

San Pablo Marsh East 22b.1 2 0 2 

Palo Alto Baylands 8 1 0 1 

SFO - NEW SITE TBD* placeholder* 2 0 2 

TOTAL Islands  23 6 17 
*14 total sites and 2 additional islands (from SFO) to be placed at other sites   
**Table produced from final BA table dated 6/22/12    
***All islands are "paired" - one floating island and one high tide refuge island will be placed together at a site 
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USGS will design and compare three prototype floating islands:  

1. Replicas of light-footed clapper rail red cedar floating islands ~24” x 33” 

2. 24” x 36”’ one-inch thick cross-linked polyethylene 3# foam 

3. 3 Linked nonwoven matrix islands (same type used individually in 2012) ~ 42” x 36” 

3. Constructed High Tide Refuge Islands 
Program Objective (from 5-Year Plan): Evaluate opportunities for, and implement 
as feasible, near-term construction of appropriate marsh elevations for high-tide 
flood refugia and other habitat features to benefit California clapper rail in exist-
ing tidal marshes and restoration projects at or near invasive Spartina eradication 
sites.  

The Conservancy, USFWS, ISP staff, and HT Harvey and Associates have jointly developed a 
new, innovative technique to enhance habitat for California clapper rail, termed “high tide ref-
uge islands”. The earthen islands are designed to be a cost-effective means to provide semi-
permanent high-tide refugia for the clapper rail.  

The Conservancy will install a total of 24 high tide refuge islands, at adjacent locations to the 
floating nesting islands (Table 1). Six pilot high tide refuge islands will be constructed prior to 
the 2013 clapper rail nesting season; and then an additional 17 high tide refuge islands will be 
constructed prior to the 2014 nesting season. Wildlife biologists and restoration ecologists with 
HT Harvey and Associates have finalized a conceptual design (HT Harvey 6/22/12) based on in-
put from the Coastal Conservancy, FWS, ISP staff, and input from clapper rail and regional 
marsh restoration experts on the ISP Technical Advisory Committee. Based on this input, we 
selected pilot earthen island locations situated as close as possible to known clapper rail loca-
tions (based on yearly call count surveys) and their foraging habitat, and as far as possible from 
existing high tide refugia and sources of predation and/or disturbance. We also selected six pi-
lot locations representing a range of likely construction effort (based on access difficulty and 
approximate existing elevations) to inform future construction cost estimates (Figure 2 map of 
locations). 

The conceptual plan is based on the following design objectives:  

• Provide clapper rail with high-tide refugia during extreme high tide events by creating 
earthen islands at least 0.5 ft above the high tide line (HTL) planted with marsh 
gumplant (Grindelia stricta) to provide a mature canopy that will extend approximately 
four feet above the HTL;  

• Mimic a short segment of a natural slough channel berm to provide suitable abiotic 
conditions for planted marsh gumplant to establish;  
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Figure 2. Map of Pilot High Tide Refuge Island Sites. 
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• Position the earthen islands at the top of slough channels and preferably near the con-
fluence of slough channels to facilitate clapper rail use;  

• Minimize temporary wetland habitat impact and construction cost by building small, yet 
functional islands and by utilizing in-situ bay mud excavated from the channel near the 
island location;  

• Avoid permanent loss of jurisdictional wetland habitat by setting the island design grade 
close to the HTL elevation and planting the island with native tidal salt marsh species, 
and;  

• Reduce the potential for erosion of channel edges via tidal flow where bay mud is exca-
vated by selecting locations for island construction along straight channel reaches, or on 
the inside of slough channel meanders.  

The small size of each earthen island (~12’ by 2’, situated above the high tide line) will facilitate 
construction using manual labor, thereby avoiding the relatively high mobilization cost of am-
phibious equipment. However, amphibious vehicles may be used in some areas where it may 
provide a more cost-effective, low-impact method to access the marsh in remote locations. Bay 
mud will be excavated from the slough channel bank from each island site, and used to create 
an earthen island situated above the HTL along the top of the slough channel bank (Figure 3). 
At the site of bay mud excavation, the slough channel segment will be excavated to create a 
low-elevation bench. This bench will naturally recover to the pre-construction condition over 
time via sedimentation and natural recruitment by, or revegetation with, Pacific cordgrass 
(Spartina foliosa), once invasive Spartina is eradicated from the vicinity. Weed control (e.g., in-
vasive Spartina removal, upland weed removal) will be provided as needed to maintain earthen 
islands as high-quality high tide refuge habitats, using methods described in the Biological As-
sessment for the ISP’s 2012 Program (HT Harvey 2012). 

All existing native marsh vegetation and topsoil (upper ~ 4 inches of soil) within the footprint of 
excavation and earthen island fill will be salvaged and installed along the side slopes of the cre-
ated island and slough channel excavation areas to facilitate habitat establishment and erosion 
control. The portion of the island above the HTL will then be densely planted with marsh 
gumplant (12 one-gallon container plants on 1.5 ft centers). Saltgrass (Distichlis spicata) will al-
so be installed from container stock at all islands, next to each of the marsh gumplant plantings 
(3-4 saltgrass plants per marsh gumplant). Perennial pickleweed (Salicornia pacifica) will be in-
stalled from salvaged material on 2-3 ft centers on the island side slopes only at sites where 
ample perennial pickleweed is not currently present for salvage and reuse. All nursery-grown 
container stock will be derived from San Francisco Bay ecotype(s).  
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Typical Plan View – High Tide Refuge Island Conceptual Plan 

Typical X-Section – High Tide Refuge Island Conceptual Plan 

Figure 3. Conceptual drawings for proposed high tide refuge islands. Top: Typical plan view.  Bottom: Typical 
cross-section. 
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The actual height of each island 
will be determined via measure-
ment (with a laser level) of the 
vertical difference between the 
marsh plain elevation at each 
island site and the HTL within the 
tidal marsh where each island is 
located. The HTL will be deter-
mined via visual observation of 
the wrack line at the intersection 
of the wetland and the upland 
transition zone of each tidal 
marsh site. Islands will be con-
structed such that the approxi-
mately 12 ft2 island crest will be 
situated above the HTL with the 
peak of the island at least 0.5 ft above the HTL (Figure 3). Island crests are expected to be 
roughly 1-3 ft above the existing marsh plain elevation, depending upon the selected island 
sites. The planted marsh gumplant shrubs will ultimately provide a canopy that extends approx-
imately 3-5 ft above the HTL, once they mature.  The use of excavated marsh soil/sediment that 
currently supports tidal salt marsh vegetation will create island substrate that is suitable for the 
establishment of native tidal salt marsh plant species, including marsh gumplant.  

The Conservancy is currently working with HTH on the permitting for both the floating nesting 
islands and the high tide refuge islands. The Conservancy welcomes input on the pilot, innova-
tive designs from all TAC members and stakeholders, and we will continue to provide updates 
on lessons learned as we continue the pilot projects. 

4. Predator Management Actions 
Program Objective (from 5-Year Plan): Coordinate or assist predator control ac-
tions in locations where predation by land mammals has a potentially significant 
impact on California clapper rail populations 

HT Harvey and Associates has also assisted the Conservancy in identifying sites that have 
perches for predators that could be removed, including derelict fencing and signage, telephone 
and other utility poles no longer in use, etc. The Conservancy is beginning to work with land-
owning agency partners to address these predator perches and facilitate planning for removal.  
The city of Hayward coincidentally removed six derelict telephone poles from Cogswell Marsh 
in the spring of 2012 (Figure 4), providing one critical tool out of a host of restoration actions 

Figure 4. Power poles and other debris removed from the marsh by 
East Bay Regional Parks District to reduce predator perches. 
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needed to protect clapper rail at the site. These simple actions can make a big difference, and 
landowning site partners can often efficiently fold these actions into existing projects to be 
cost-effective. 

HT Harvey also identified sites where berms could be cut so as to prevent shoreline access into 
marshes at sites where there is current land-based access from berms and levees. One such site 
is Seal Slough, where strategic cuts in the existing berm could limit movement into the marsh 
by mammalian predators. The Conservancy will start to contact landowners at these sites to 
further implementation planning for these actions. 

The Conservancy has been working with the San Francisco Bay Joint Venture and other partners 
to develop plans and outreach about predator issues and solutions to protect clapper rail popu-
lations. The Joint Venture Outreach Committee had discussed the issues with feral cat feeding 
stations along the bay shoreline, and has begun general education and outreach to Joint Ven-
ture partners to encourage removal of the feeding stations and public outreach to residents 
living near marshes with sensitive species habitat. Figure 5 shows examples of predators and 
their effects.  

Figure 5. Predation by mammals and raptors is a major cause of mortality for endangered wildlife. Clockwise from 
bottom left: A red fox at Cogswell Marsh in Hayward; raccoon footprints along a channel; feral cats at a feeding 
station on Colma Creek; a red tailed hawk hunting in a Hayward marsh; remains  of a California clapper rail at Fa-
ber Laumeister Marsh in San Mateo; a broken eggshell marks a former nest location. 
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5. Tidal Marsh Revegetation 
Program Objective (from 5-Year Plan): Initiate intensive planting of Grindelia 
stricta, Spartina foliosa and other native vegetation in strategic locations at or 
near invasive Spartina eradication sites, in an effort to rapidly establish enhanced 
cover, nesting and high tide refugia habitat for California clapper rail. 

Site-specific revegetation plans have been developed for 31 ISP and partner revegetation sites 
for 2012-2013. The ISP uses a large data spreadsheet, termed the Master Site-specific Revege-
tation Matrix, to internally manage the revegetation planning data for all sites. The Revegeta-
tion Matrix includes details regarding site management parameters (e.g., landowner permis-
sions), planting plan details such as plant species, species number, access issues, proposed in-
stallation crews, access details, number of estimated planting days, and proposed planting 
schedules. A copy of the 2012-2013 Master Site-specific Revegetation Matrix is provided here 
as Appendix 1.  In order to present the information in a more readable format, the Revegeta-
tion Matrix has been distilled into the narratives in the site plans that follow. Fifteen of the ISP 
2012-2013 revegetation sites will continue and expand work that was initiated at those sites 
last season, and 11 new sites have been added.  

This year’s plans have benefited from our experience last year, as well as from information 
gleaned from monitoring progress at the revegetation sites over the past several months. Also 
during this time, San Francisco State Romberg Tiburon Center researcher Whitney Thornton has 
been intensively studying progress of Spartina foliosa plantings at several research sites, and 
has shared important preliminary findings to inform our planning. In addition, members of the 
Technical Advisory Committee and workgroups have reviewed the past strategies, plans, and 
preliminary findings, and provided a number of useful recommendations. 

Planning for 2012-2013 revegetation began in March 2012, with the selection of sites and de-
velopment of draft revegetation maps. Based on the draft maps, plant numbers were estimated 
and allocated by site. Nurseries were contracted to propagate plants, and scopes of work were 
prepared for potential installation contractors.   

Collection of Spartina foliosa for propagation in raised beds started in March 2012 and was 
completed by the end of May 2012. The ISP and Conservancy are working with The Watershed 
Nursery and Central Coast Wilds for propagation, primarily of Spartina foliosa and Grindelia 
stricta. The Watershed Nursery is also growing additional transition zone species, including 
Grindelia stricta, Leymus triticoides, Baccharis douglasii and Artemisia californica. The proposed 
plant numbers at a minimum will be 70,000 seedlings.  
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The following are being propagated for out-planting in 2012-2013:

· Spartina foliosa: 29,000 (stems) 
· Grindelia stricta: 25,000 
· Leymus triticoides: 5,000 

·  Distichlis spicata: 5,000 
·  Baccharis douglasii: 450 
·  Artemisia californica: 450

 

In 2012-2013, the ISP program will focus largely on plantings of Grindelia stricta on the marsh 
plain, around the perimeter of islands and berms, and Spartina foliosa along marsh interior 
channels and on the mud-flat transition zone. All plantings are intended to enhance nesting and 
high tide refugia habitat for the California clapper rail. The Spartina foliosa mudflat transition 
zone plantings will also provide additional low tide foraging habitat for the California clapper 
rail. The ecotone or upland transition zone plantings by ISP in 2012-2013 will focus on re-
planting 2011-2012 upland transition zone sites to maintain survivorship goals. Figure 7 pro-
vides examples of high quality tidal marsh features that are the goal of the revegetation effort. 

The ISP’s plant installation in the upland transition zone has been reduced and simplified this 
season compared to last season in part because several other entities are already addressing 

Figure 6. Examples of tidal marsh habitat features that provide excellent support for California clapper rail. 
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this area. ISP partners Save the Bay and Friends of Corte Madera Creek Watershed have active 
transition zone planting programs. In addition, other entities, such as PRBO Conservation Sci-
ence’s Students and Teachers Restoring a Watershed (STRAW), Don Edwards National Wildlife 
Refuge, San Pablo Bay National Wildlife Refuge, Watershed Protection Services of San Mateo 
County Department of Public Works, Golden Gate Audubon, Marin Audubon, Richardson Bay 
Audubon and others do significant restoration work in the upland transition zone. While ISP will 
not focus revegetation efforts on the upland transition zone, ISP will continue to work and to 
collaborate with Save the Bay, Friends of Corte Madera Creek and these other partner organiza-
tions on upland transition zone restoration. 

5.1 2012-2013 Revegetation Sites 
The five-year California Clapper Rail Habitat Enhancement, Restoration and Monitoring Plan 
identified a number of invasive Spartina treatment sites where revegetation could benefit Cali-
fornia clapper rail through enhancement of nesting and high tide refuge habitat. Additional 
sites have been added to this list by FWS during Section 7 consultation, including 14 sites at 
which high tide refuge islands will be constructed and vegetated (as described in Section 3 
above). Table 2 lists the planned 2012–2013 revegetation sites, including those managed by the 
ISP and by restoration partners Save The Bay, Friends of Corte Madera Creek and San Francisco 
State University Romberg Tiburon Center, and including the six locations where pilot high tide 
refuge islands will be constructed this year. Figure 7 shows the location of the revegetation 
sites, while Figure 2 (on page 7) shows the locations for the pilot high tide refuge islands.   

Most of the ISP revegetation sites were selected primarily because there were existing clapper 
rail populations that would benefit in the near term from habitat enhancement. Additional sites 
were selected based on the presence of restoration work already underway by project part-
ners, and in one case, on the opportunity to develop field-based propagation techniques and 
establish propagule sources that will be needed in subsequent years. In addition, sites have 
been added where revegetation of High Tide Refuge Islands will occur per Section 7 Endan-
gered Species Act permit requirements from FWS.  Revegetation in 2012-2013 will include re-
planting sites where work was initiated in 2011-2012. If needed, patches planted in 2011-2012 
will be replanted to ensure that the proposed survivorship criteria threshold (40 %) is achieved 
at the site level. If poor localized site conditions (e.g., low elevation or high deposition wrack 
areas) are suspected to have caused low survivorship, individual planting patches may be 
dropped.  In addition, revegetation at most sites will include expanding planting to additional 
opportune locations for further clapper rail nesting and high tide refuge enhancement. Again, 
this Plan will focus on presenting the 2012-2013 revegetation sites planned and managed by 
the ISP. 
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Table 2. Planned 2012-2013 Revegetation Sites 

Sites 

Planted 
2011-

12 

Initiate 
Planting 

In 
2012-13 

Replant 
in  

2012-13 

Expand 
Planting 

in 
2012-13 

Marsh plain 
(M), 

Berm/Island 
(I) or Transi-

tion Zone (TZ) 

Pilot High 
Tide Ref-

uge Island 
Site 

Alameda Flood Control Channel (01a, 
01b, & 01c) 4 

X4   X X M   

Alameda Flood Control Channel-Pond 3 
(01f) 

  X     M    

Arrowhead Marsh (17c) 1, 5 X1   X1 X1 M1, I5, TZ1   

Bair Island – B2 North (02c) 5 X   X X M X 

Belmont Slough Mouth (02a.3) 4, 5    X     I 5 X 

Bird Island (02a.3) 5    X     I5 X 

Cogswell - Quad A (20m) X   X7 X M, I   

Cogswell - Quad C ( 20o) 5 X   X7 X M, I   

Cogswell – Quad B (20n) 5   X7     M, I   

Colma - San Bruno Marsh Complex (18a,  
18f, 18g)4 

X4        M   

Cooley Landing (16) 5   X       I5 X 

Creekside Park (4g)2,3 X2   X2, 3   M, TZ    

Damon Marsh (17d) 2,7 X1 X2,7  X1,2 X1,2 M, TZ1   

East Creek Slough (17d.3)1 X1    X1 X1   TZ   

Eden Landing – Eden Creek Marsh (13l)1 X1    X1 X1   TZ   

Eden Landing – Mt. Eden Creek (13j) X   X7 X M, I   

Eden Landing – North Creek Marsh (13k) 4 X3   X2 X2 M, TZ   

Eden Landing-Old Alameda Creek (13b) X      M   

Eden Landing - Whale’s Tail North (13d) X   X X M    

Eden Landing - Whale’s Tail South (13e) X   X X M, TZ   
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Sites 

Planted 
2011-

12 

Initiate 
Planting 

In 
2012-13 

Replant 
in  

2012-13 

Expand 
Planting 

in 
2012-13 

Marsh plain 
(M), 

Berm/Island 
(I) or Transi-

tion Zone (TZ) 

Pilot High 
Tide Ref-

uge Island 
Site 

Eden Landing - Eden 8a/91 X1    X1 X1  TZ   

Faber/Laumeister (15b) 1  X1    X1 X1  TZ    

Greco Island North (2f)  X   X X  M, I   

MLK Restoration Marsh (17h)1, 5 X1 X    X TZ1, I5, I X 

Oro Loma East (7b) X   X X M   

Oro Loma West (7a)  X   X X I   

Palo Alto Baylands (08)1 X1   X1 X1   TZ   

Ravenswood Open Space Preserve – SF2 
(02j)1 

X1    X1 X1   TZ   

Robert’s Landing – Bunker Marsh (20g)   X   M  

Robert’s Landing – Citation Marsh (20d)    X     M, I   

Robert’s Landing – North Marsh (20f)  5,6   X     I   

Robert’s Landing – San Lorenzo Creek 
Mouth (20 h.1) 

 X   M  

Notes: 

1.     Revegetation conducted by Save The Bay   

2.     Revegetation conducted by ISP and Save The Bay 

3.     Revegetation conducted by Friends of Corte Madera Creek Watershed  

4.     Revegetation conducted by Romberg Tiburon Center and ISP  

5.     Planting of high tide refuge islands included in Biological Assessment. 

6.     Enhancements included in Biological Assessment 
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Figure 7. : Map of revegetation sites for 2012-2013 
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5.2 Lessons from 2011-2012 Field Season  
The ISP Revegetation Program uses adaptive management to incorporate lessons learned from 
previous seasons to inform the planning for future seasons. The lessons learned from the 2011-
2012 revegetation planting season have served to guide planting design and strategy for the 
2012-2013 field season. Lessons have influenced such things as appropriate planting species, 
planting designs, plant installation methods, site access and permissions. The 2011-2012 reveg-
etation season was rushed for a variety of reasons, in particular because the 5-Year ISP Restora-
tion Plan was still under development and review at the start of the January-February 2012 
planting season. This season, ISP staff and partners had more time for planning, contracting, 
propagation, and “ground-truthing” in advance of installation. (Ground-truthing refers to marsh 
site visits in which trained clapper rail biologists walk the delineated available marsh habitat, 
mapping and flagging the most appropriate patch locations for plantings.)  The additional time 
for site mapping and flagging for the planting areas will also facilitate marsh access and patch 
location identification for the plant installation and nursery contractors.  

The ISP prepared a progress report in May 2012 that summarized work completed over the 
2011-2012 revegetation season, and presented preliminary plans for the 2012-2013 season.  
The Plant Installation and Plant Design and Propagation workgroups of the Technical Advisory 
Committee reviewed and discussed the report with the ISP at two respective meetings in April 
and May 2012. An end-of-season Installation Working Group meeting was held on April 24, 
2012. All installation and nursery/plant propagation contractors were invited to attend to share 
their accomplishments and experiences with ISP and SCC staff. California Wildlife Foundation 
staff also attended and provided feedback, needed timelines, and contracting advice needed to 
facilitate the 2012-2013 contracting process. The meeting included discussions focused on re-
viewing the specific installation and plant propagation lessons learned in 2011-2012.  

Survivorship monitoring of the 2011-2012 plantings was conducted from July through Septem-
ber 2012; and the preliminary analysis of the data (Appendix 3) has been completed. 

A brief technical memorandum (H.T. Harvey Memo ) commenting on, and providing recom-
mendations for the California Clapper Rail Habitat Enhancement, Restoration and Monitoring 
Plan was produced by H.T. Harvey and Associates. 

Consideration of the information summarized above has provided a number of important in-
sights that are summarized in this section and incorporated into the plans presented in the re-
mainder of this document.  
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Propagation 
General information: 

1. Salt Hardening:  The TAC confirmed adding the recommended salt hardening treatment 
for all plants prior to planting in order to acclimate salt marsh plant species to the Bay 
salinity (20 ppt [parts per thousand] of salt water) and to reduce transplant shock at the 
time of outplanting. The salinity will be incrementally increased 5 ppt every two weeks 
over 2 months to a final salinity of 20 ppt. 

2. Salt Hardening Survivorship Comparison:  Given the expense and labor required to 
maintain nursery plants at 20 ppt, it was recommended by the TAC and ISP staff that a 
subset of plants be withheld from salt hardening to allow for a comparison of survivor-
ship between salt-hardened and non-salt-hardened plants at a few selected sites.  

Spartina foliosa 

1. Revegetation Material:  2011-2012 efforts to find viable S. foliosa seed were unsuccess-
ful. For the 2012-2013 revegetation program, it was determined that all S. foliosa would 
be planted using material from propagation beds.  

2. Propagation beds:  In the 2012-2013, Spartina foliosa revegetation material will be 
propagated in above-ground nursery beds rather than using direct transplants for the 
following reasons. 

a. Nursery grown plugs are easily transplanted into the marsh. One planting instal-
lation contractor can carry more than 50 nursery propagated plugs, but can only 
carry 20-30 direct transplants. 

b. Nursery propagated S. foliosa from the 2011-2012 season had significantly better 
survivorship than the direct transplants. The increase in survivorship was espe-
cially marked in restoration material taken from Sonoma Baylands.  

c. Nursery propagated plants cut down on impact to native marshes. The TAC and 
ISP Restoration Program are concerned about the potential impact that contin-
ued annual collection of direct transplants at this scale will have on the sensitive 
native marsh systems. 

3. Donor Population: Selection of donor populations for Spartina foliosa can be difficult 
because of the limited number of genetically “pure” S. foliosa marshes, coupled with the 
need to maintain genetic diversity. Appendix 2 details how donor marshes are selected 
and screened prior to collection (The Spartina foliosa Collection Protocol.)  



 

2012-2013 ISP Revegetation Plan 20 December 11, 2012 

a. In the 2011-2012 propagation beds, only two donor populations were chosen for 
propagation. Anecdotal information noted that one source (Sonoma Baylands) 
seemed to propagate more rapidly than the other source (Golden Gate Fields).   

b. In 2011-2012, no significant difference was seen in survivorship between the two 
sources. However, at one site, one source produced more flowers while the oth-
er produced more tillers.  

c. Eight different donor populations were chosen for outplanting in 2012-2013.  
These populations were from both northern and southern San Francisco Bay. 
Collection from multiple Spartina foliosa sites for out planting was recommend-
ed by the TAC, restoration literature, and ISP Restoration Program management 
and staff. 

4. Nursery preparation of plants:  In the 2011-2012, ISP compared the use of burlap 
wrapped Spartina foliosa plugs with bare root transplants. The results from 2011-2012 
were inconclusive and will thus continue to be examined in 2012-2013.   

a. Burlap Spartina foliosa plugs were preferred by the installation contractors be-
cause they are more easily handled and planted. Burlap Spartina foliosa plugs al-
so appear to be sturdier than direct transplants, which may have resulted in less 
loss of plant material during transit between the nursery and installation. Burlap 
plants also had slightly higher growth rates in the first months of planting. How-
ever, the most recent survivorship monitoring anecdotally suggests that the sur-
vivorship of burlap-wrapped plantings may not be significantly different from 
their bare root counterparts after the first few months. Thus, it appears that this 
method may provide short term benefit from the soil plug or sturdy “packaging”, 
but in the long term survivorship may be the same or even reduced. Reduced 
long-term survivorship may be due to delayed transplant shock, or perhaps the re-
sult of constriction of either root or rhizome growth due to the burlap wrapping. 

5. Plug Size:  In 2011-2012, marshes that were planted early in the season had smaller plug 
sizes than marshes that were planted late in the season. Marshes planted early also had 
much lower survivorship of S. foliosa than marshes planted later in the season. Direct 
transplants that had fewer than three green stems had lower survivorship than plants 
with more than three green stems, regardless of rhizome.  

a. TAC input suggested that larger below ground biomass/root and rhizome and as-
sociated soil plug will increase plant survivorship.  

b. However, TAC members also suggested that stem number may not necessarily 
predict survivorship if associated rhizome is big enough. 
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c. In 2012-2013, how the number of stems may affect survivorship will be evaluat-
ed. The Watershed Nursery will separate plugs from the propagation beds into 
natural divisions of 3-14 stems, and ISP staff will monitor how this affects survi-
vorship on a subset of plots.  

Marsh Plain and Transition Zone Species: Grindelia stricta, Baccharis douglasii and Artemisia 
californica: 

1. Increase pot size for Grindelia stricta and the upland transition zone species Baccharis 
douglasii and Artemisia californica. Propagate Grindelia stricta in D40s and/or gallons. 
Propagate upland transition zone species Baccharis douglasii and Artemisia californica in 
D16s or D40s. 

a. Anecdotally, it appears that the greater above ground biomass of Grindelia stric-
ta in D40s or gallons may also improve the plant’s competitive abilities when 
planting in dense stands of Sarcocornia pacifica and Frankenia salina. 

b. Survivorship monitoring indicated that pot size had a significant effect on Grinde-
lia stricta survivorship. While D16 and gallon survivorship were not significantly 
different from each other, they had greater survivorship than stubbies and even 
greater than supercells. Supercells had the lowest survivorship. However, there 
may have been an interaction between plant size/age and marsh restoration site 
elevation. The supercells were smaller/younger plants and were planted at only 
two sites, Greco and Bair Island, sites that anecdotally appear to have lower ele-
vation marsh plains.  

2. Collect Grindelia stricta seed from 4-6 additional donor sites to increase diversity of fu-
ture propagated plants.  

a. TAC and ISP Restoration Program recommendation. 

Installation 
Spartina foliosa zone: 

1. Plantings of S. foliosa should be more uniform for ease of planting. Proposed dense 
planting designs. 

a. TAC, H.T. Harvey Memo and ISP Program recommendation. 

2. Cage all Spartina foliosa at the time of installation, in the marsh plain as well as on the 
mud flats, to prevent goose or other herbivory (grazing). 
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a. Spartina foliosa survivorship monitoring and analyses indicate that there is a sig-
nificant cage effect at North Creek Marsh. Old Alameda Creek caging early had a 
significant effect over caging late (4-5 weeks after installation). AFCC had no cag-
ing effect, early or late. (Note that only the AFCC and Old Alameda Creek sites 
had cage early vs. caged late and no un-caged for comparison.) 

b. Researchers also observed that two ropes may not be sufficient to keep geese 
away. Thus, the 2012-2013 cage design will be modified to include three ropes.   

c. Vexar caging used at Old Alameda Creek was found to be more effective at in-
creasing survivorship than the rope-PVC cages. The program will continue to as-
sess how caging affects survivorship of Spartina foliosa at Whales Tail North and 
South (where no plants were caged and overall survivorship was low) as well as 
at a subset of plantings at North Creek Marsh.  

3. Continue to research and monitor the effects of grazers (rodent and crab) on Spartina 
foliosa plantings. Romberg Tiburon Center researcher W. Thornton  recommends adding 
the following additional treatments: 

a. S. foliosa planted in firm substrate seemed better able to withstand herbivory.  
Firm substrate also seemed to have less burrowing.  Based on these anecdotal 
observations, an assessment of soil strength and effects on survivorship will be 
evaluated this season.   

b. Observations of animal signs will be recorded in 2012-2013 to better understand 
any links between herbivore presence and plant health.  

4. Collect data on more environmental parameters that may influence survivorship. 

a. Due to the rushed nature of the 2011-2012 field season, we were unable to col-
lect all the environmental parameters that were recommended by Romberg Ti-
buron Center researcher W. Thornton.  In the 2012-2013 field season, sulfide, 
pore water salinity, and soil composition data may be collected.  

b. Elevation data will be collected in 2012-2013 to inform survivorship data within 
and between sites. This may also inform the soil strength question mentioned 
above. Elevation data was recommended by the TAC, ISP program staff and H.T. 
Harvey Memo. 

5. Densely plant large, broad mudflat areas at appropriate elevations to establish founder 
populations of Spartina foliosa at sites that are currently lacking native Spartina.  
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a. H.T. Harvey Memo and ISP staff recommendation. 

6. Continue to test bamboo to reduce wave action effects at high flow sites.  

a. There was no significant difference in survivorship between bamboo, rock, and 
control wave action treatments at either Old Alameda Island or AFCC. However, 
the bamboo treatment had slightly higher survivorship than the rock treatment 
at Old Alameda Creek. The rock treatment was also cumbersome, in-efficient, 
and slow to implement and was not recommended by the installation contrac-
tors. 

b. Mt. Eden Creek has a considerable amount of Spartina foliosa plantings pro-
posed for 2012-2013 and CDFG (Ecological Preserve manager) has indicated that 
high flows may affect channel mouth plantings.  

Marsh plain Grindelia zone: 

7. Plant Grindelia stricta along higher order channels (3rd, 4th, 5th) in older, historic marshes 
and 1st or 2nd order channels in young/newly restored or strip marshes.  

a. The HT Harvey Memo recommended avoiding planting Grindelia stricta in loca-
tions near the bay-front that are presumably at lower elevations.  

8. Avoid planting Grindelia stricta low marsh plain areas of Greco North and Bair Islands, 
Oro Loma East and Cogswell C.  

a. Both Bair and Greco Islands had significantly lower survivorship on the marsh 
plain than on the edges of the higher elevation berms or mounds. This may have 
been the result of smaller (supercell) plants confounding the Bair/Greco results. 
There was no significant difference between marsh plain and mound or berm 
Grindelia stricta survivorship at Oro Loma East and West. 

9. Continue to use existing marsh vegetation as natural indicators of appropriate marsh el-
evation for Grindelia stricta patch planting location. 

a. Existing vegetation within planting patches had a limited effect on Grindelia stric-
ta survivorship. Planting in the presence of Sarcocornia pacifica and Frankenia 
salina had no significant effect on Grindelia stricta survivorship. Planting in the 
presence of Jaumea carnosa had a slightly positive effect and planting in the 
presence of Distichlis spicata and Spartina foliosa had a slight negative effect on 
Grindelia stricta survivorship.  
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b. Continue to collect data on how existing vegetation affects survivorship. High 
density patches of Sarcocornia pacifica and Frankenia salina appeared to anec-
dotally have a negative effect on Grindelia stricta survivorship. Preliminary survi-
vorship analyses indicate that there may have been an interaction between spe-
cies present and density of existing vegetation (descriptive notes collected dur-
ing survivorship monitoring) that affected Grindelia stricta survivorship. Sarco-
cornia pacifica is ubiquitous across the sites and is likely not a good indication of 
appropriate elevation, and dense Sarcocornia pacifica anecdotally had a negative 
effect on survivorship. Frankenia salina may be a good indicator of appropriate 
elevation for Grindelia stricta planting; however, highly dense patches of 
Frankenia salina may also have a negative effect. In other words, Frankenia sa-
lina may be a good indicator of appropriate elevation but any dense existing 
vegetation should be avoided. 

10. If feasible, collect elevation data to determine appropriate elevations for Grindelia stric-
ta planting at restoration sites. 

a. TAC and H.T. Harvey Memo recommendation. 

11. Avoid planting Grindelia stricta in the shallow, less well drained channels and focus on 
planting channels that are well drained. Continue to focus on planting smaller channels 
off of larger channel networks. 

a. Anecdotal observations during survivorship monitoring indicated shallow, less 
well drained channels had lower survivorship. 

12. Continue to plant both the inner and outer rows of Grindelia stricta patches and test 
relative survivorship for D40 and gallon size pots. 

a. Anecdotally, the D16 pot size survived better when planted in the inner row 
(0.25 meter from the channel edge) than the outer row (0.5 meter from the 
channel edge). D16s also had better survivorship when associated with gallons 
planted in the outer row. However, preliminary survivorship analyses did not in-
dicate that there was a significant difference in survivorship between inner and 
outer rows. It should be noted that the monitors had difficulty consistently dis-
tinguishing between inner and outer row plantings due to their close proximity 
and data collection errors may be affecting this comparison.  

b. In 2012-2013, the effect of pot size (gallon vs. D40) on survivorship will continue 
to be evaluated. The Grindelia stricta planting patch design will be modified so 
that gallon plants can be located in either the inner or the outer row (2011-2012 
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patch design placed gallon plants in outer row only) to control for distance from 
channel edge when comparing survivorship.   

13. Distichlis spicata: As in 2011-2012, this season a subset of Grindelia stricta patches will be 
planted with Distichlis spicata. Difficulty in relocating the Distichlis during survivorship mon-
itoring indicated that a new planting design was needed. ISP Program staff recommended, 
and the TAC approved, planting the Distichlis in a cluster of four ramets (divided from a gal-
lon size pot) around the center Grindelia plant in the outer row to encourage vertical 
growth that may provide additional cover for clapper rail.  

Ecotone/Upland transition zone: 

1. Include periodic watering of the upland transition zone plantings as needed, should there 
be a lack of winter precipitation. 

a. TAC and ISP Restoration Program staff recommendation. 

2. Cage Grindelia stricta in the upland transition zone and marsh plain island/berms plantings. 

a. Anecdotally, a day or two after planting, monitors observed significant amounts of 
herbivory (likely rabbits and/or rodents). 

b. TAC and ISP Restoration Program recommendation. 

3. Plant Leymus triticoides in multiple ramets per cluster in the patch design and locate the 
cluster closer to the Grindelia stricta plants so that they can more readily “climb” the verti-
cal structure provided by the Grindelia plants and provide potential cover for the rail.  

a. TAC and ISP Restoration Program staff recommendation. 

4. Change upland transition zone patch design to have a flexible patch width depending on site 
specific berm slope. Slope may function as a proxy for approximate elevation. 

a. According to the preliminary survivorship analyses, the slope of the upland transi-
tion zone (binned into categories of 1-10 degrees, 10-30 degrees, and 30-45 de-
grees) may have an effect on survivorship. Although not significant results, patches 
with a 30-45 degree slope had higher survivorship than those with 10-30 degree 
slopes, which had higher survivorship than patches with 0-10 degree slopes. Howev-
er, lack of winter precipitation and/or herbivory may have interacted with the slope. 
It was recommended by the ISP Restoration staff and TAC that the width of the tran-
sition zone patch vary to accommodate the slope of the different planting area. 
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b. The Grindelia stricta line (lower elevation line of the upland transition zone patch) 
may need to be placed in alignment with existing Grindelia stricta (which is what 
guided suitable elevation for patch placement in 2011-2012). However, one meter 
above this line, where the upper line of plants was placed, may not have been the 
appropriate elevation for the B. douglasii or A. californica. Varying the width of the 
transition zone patch will allow the upper line of plants to be placed at more appro-
priate elevations.  

c. The Leymus triticoides cluster will be placed 0.5 m down slope from the upper tran-
sition zone patch line. 

d. Grindelia stricta had very low survivorship on the upper line of the upland transition 
zone patch design. Patch design was modified to remove Grindelia stricta from the 
upper line. 

5. In the upland transition zone, avoid planting into very dense patches of Frankenia salina or 
areas with lots of debris (i.e., high wrack deposition zones) and excessive weeds that ha-
ven’t been treated prior to planting. 

a. Anecdotally from survivorship monitoring, there appeared to be lower survivorship 
in areas of dense vegetation and high deposition of wrack. 

6. Simplify and reduce the upland transition zone planting designs and palette. A simplified 
planting design and palette will ease the planning, propagation, delivery, installation and 
monitoring logistics.  

a. TAC and ISP Restoration Program recommendation. 

b. Preliminary survivorship analyses indicated that B. douglasii and B. pilularis survived 
the best. B. pilularis was not recommended by the TAC as it may serve as a predator 
perch and detrimentally impact California clapper rail in the area. 

c. While A. californica had low survivorship based on preliminary analyses, there was a 
very small sample size. It is recommended that this species be tested further in larg-
er pots with a watering treatment if needed. 
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Figure 8: The Watershed Nursery Spartina foliosa propagation beds, top left and right, and Grindelia stricta seed-
ling and gallon propagation bottom, left and right. 
   

5.3 2012-2013 Propagation and Collection 

Spartina foliosa 
In 2011 Spartina foliosa bed propagation was piloted at The Watershed Nursery (TWN). The 
relative survivorship of the bed-propagated plants was compared to that of the direct trans-
plants of plugs collected in the field and transferred directly to the revegetation site. Figure 8 
shows photographs of S. foliosa propagation beds. The bed-propagated plants were either 
planted as bare root plugs or wrapped in burlap. Anecdotal evidence and preliminary survivor-
ship analyses suggest that bed propagated Spartina foliosa have higher survivorship than direct 
transplants. However, Romberg Tiburon Center researcher W. Thornton’s research plots with 
direct transplants had high survivorship when sourced from marshes located closer to the res-
toration site.  There is concern that the handling of the direct transplant bare root plugs may 
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have had a detrimental effect; and the more established root and rhizome and soil supplements 
of the bed propagated plants may have enhanced bed propagated plant survivorship. The in-
stallation contractors also preferred working with the nursery propagated plugs, and in particu-
lar with those wrapped in burlap. The treatment effect of burlap bag requires further testing 
and analyses over time.   

Given the direction from the TAC, preliminary survivorship analyses, and anecdotal information 
on bed propagated Spartina foliosa, the ISP Restoration Program decided to expand the pro-
duction of Spartina foliosa propagation beds. In the spring of 2012, TWN built 30 additional 
raised beds for propagation of Spartina foliosa, for a total of 36 raised beds: 30 beds at 5 ft x 10 
ft and 6 beds at 5 ft x 5 ft. All of the beds were constructed by TWN with the assistance of West 
Coast Wildlands. All beds were planted with 200 plants (a plant is defined here as several stems 
and at least one rhizome), with the end goal of producing 1000 stems. 800 of these stems will 
be for outplanting next season, and 200 will be held in the beds to repopulate them for the 
2013-14 propagation. 

The ISP and West Coast Wildlands conducted the field collection of Spartina foliosa for the 
beds. 7,200 plants were required to fill the 36 beds. A protocol was developed prior to collec-
tion of the Spartina foliosa. The collection protocol took into account a number of considera-
tions to ensure the plants collected were pure Spartina foliosa, to maximize genetic diversity as 
well as to utilize any local adaptation to site conditions, and to minimize collection impacts on 
any one marsh throughout the San Francisco Estuary. The collection began in March and con-
tinued into early May 2012. Spartina foliosa was collected from eight source sites: 

· Golden Gate Fields 
· Port Sonoma Marina 
· Seminary Cove, Marin 
· Permanente Creek, Mountain View 

· Alviso Slough, FWS Refuge 
· Coyote Creek, FWS Refuge 
· Napa River 
· Starkweather Cove, Marin

The collection protocol is provided as Appendix 2. 

As noted above, 20% (200 stems) will be held back to re-populate the beds the following season 
with the goal to reduce field collection of additional plant material in following planting years.  

Grindelia stricta and other ecotone species 
The Watershed Nursery is also propagating 5000 Leymus triticoides and 5000 Distichlis spicata 
in raised beds, and 20,000 Grindelia stricta in containers (18,000 D40s and 2,000 1-gallon size 
pots). The Grindelia stricta plants are grown from seed collected from Newark Slough marshes 
by Pacific Coast Seed in the fall of 2011. Additional surplus plant material from the 2011-2012 
planting season is also being transferred from D16 to D40 and 1-gallon size pots. 450 Baccharis 
douglasii and 450 Artemisia californica are also being propagated by The Watershed Nursery. 
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These plants will supplement the upland transition zone/ecotone plantings. The upland transi-
tion zone or ecotone design is described below. 

Central Coast Wilds are propagating 5,000 more Grindelia stricta into D40 size pots using the 
same growing conditions and treatments as TWN. 

All the propagated plants at both nurseries will receive a salt-hardening treatment over the 
eight weeks prior to outplanting. The goal is to acclimate the plants to 20 ppt (parts per thou-
sand) of salt water to reduce transplant shock during outplanting. This is accomplished by in-
creasing salinity over a two month period by 5 ppt every two weeks, to an endpoint of 20 ppt. 
The nurseries will be given at least a two-month notification of the expected outplanting date 
to have the material acclimatized to 20 ppt. 

5.4 2012-2013 Planting Design   

The planting designs to be used this season are based on designs developed last season that 
have been modified based on TAC feedback, and applied knowledge from the 2011-2012 sea-
son, as noted in Section 3.1. As the program goal has evolved to focus on providing habitat en-
hancement for California clapper rail, the species palette includes a select set of plant species 
that will provide nesting and high tide refuge. Planting designs continue to be based on patch-
based clusters of high-density plantings. The primary species being planted again this season 
are Grindelia stricta and Spartina foliosa. The upland transition zone planting palette has been 
simplified by reducing the number of plant species. The upland transition zone species being 
planted this season will include:  Grindelia stricta, Baccharis douglasii, Artemisia californica and 
Leymus triticoides. The patch width of the upland transition zone design will be adapted to the 
site-specific or even patch-level slope to ensure the species are planted at appropriate elevations. 

The Grindelia stricta planting design focuses on planting small channels in the marsh plain that, 
if planted densely with Grindelia stricta, could provide nesting habitat. This will include higher 
order channels (3rd, 4th, 5th) in older, historic marshes and 1st or 2nd order channels in young, 
newly restored or strip marshes. The potential planting areas or channels are selected or digit-
ized initially using GIS. Linear patches 1 meter by 4 meters in length are mapped throughout the 
marsh plain. Typically, both sides of the channel will be planted primarily with Grindelia stricta 
in one row located approximately 0.25–0.5 meters from the channel edge and a second (outer) 
row located 0.25 meters further from the channel edge, totaling 20 plants per patch. The dis-
tance from channel edge where the first (inner) row is planted is determined by the high point 
in elevation where the channel edge levels off to the marsh plain. Existing patches of Grindelia 
stricta or Frankenia salina also act as natural guides for appropriate elevation for the planting 
areas. Two larger pot sizes of Grindelia stricta will be planted this season, D40 and one-gallon, 
to provide more immediate vertical structure as possible nesting or refuge habitat for the rail. 
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At selected patches and sites, gallons of Grindelia stricta and/or Distichlis spicata are included 
in the patch design to further increase the amount of vertical structure and cover for nesting 
habitat and cover. Figure 9 shows photographs of crews planting Grindelia stricta in the marsh 
plain in 2011-2012. Figures 11-12 illustrate the marsh plain Grindelia stricta patch design being 
applied this season.   

The upland transition zone planting design focuses on planting species that will provide the ver-
tical structure for high tide refuge for the California clapper rail. Based on preliminary survivor-
ship results, the upland transition zone species palette was reduced and design was limited to 
those species with better survivorship that also could provide vertical structure for the Califor-
nia clapper rail, while not providing perches for potential predators. The primary species plant-
ed in 2011-2012 within this zone of the marsh included: Artemisia californica, Baccharis doug-
lasii, Baccharis pilularis, Euthamia occidentalis, Eriophyllum staechadifolium, Distichlis spicata, 
and Leymus triticoides.  

Figure 9. Crews planting Grindelia stricta in the marsh plain in 2011-2012. 
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In 2011-2012 there were three sites that included upland transition zone plantings:  Cogswell 
Marsh A, Bair Island (B2 North) and Whale’s Tail South.  Cogswell A had two “islands” in the 
marsh interior that were planted at the elevation of existing Grindelia stricta. A berm at outer 
Bair Island was planted, also using existing Grindelia stricta or Frankenia salina patches as indi-
cators of appropriate transition zone planting elevation. The levee between Whale’s Tail South 
and Cargill Mitigation Marsh was planted, again using existing Grindelia stricta or Frankenia sa-
lina patches as indicators of appropriate elevation. Figure 10 shows an example of crews in-
stalling upland transition zone plantings in 2011-2012. As noted, in 2012-2013 these same three 
upland transition zone planting areas will be replanted using the simplified upland transition 
zone/ecotone patch design (Figure 13). The extent of the upland transition zone/ecotone plant-
ings will be reduced in 2012-2013 as efforts will be focused on marsh plain Grindelia stricta and 
Spartina foliosa restoration.  

Figure 10. Crews planting a mixed palette of native plant species in the upland transition zone of a tidal marsh in 
2011-2012. 
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Figure 11: Grindelia stricta marsh plain patch design 
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Figure 12: Grindelia stricta marsh plain berm/island patch design 
 

 

Figure 13: Upland transition zone patch design 
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This coming year will also include installation of six pilot High Tide Refuge Islands (described 
previously in Section 3), planted primarily with Grindelia stricta and Distichlis spicata. The pro-
posed plant palette and number for each island is 58 Grindelia stricta and 36 Distichlis spicata. 
If deemed appropriate for the islands, the H.T. Harvey design plan suggested transplanting 
some local perennial pickleweed (Sarcocornia pacifica). It may be deemed appropriate if the 
species is not present in the vicinity of the proposed island location and the existing local vege-
tation does not include many natives, but rather has been dominated by non-native hybrid 
Spartina. If this is the case, the Sarcocornia will be collected locally and transplanted.  

Spartina foliosa planting design: 

General Information:  Plants from eight different Spartina foliosa sources are being propagated 
in beds at The Watershed Nursery for out planting this season (see Section 5.3 for details on 
propagation). Plants from at least two Spartina foliosa source sites will be planted at each re-
vegetation site. 

Where feasible, Spartina foliosa patches will be paired with Grindelia stricta patches. Available 
elevation data will be used to guide the placement of the Spartina foliosa patches. If no elevation 
data exists, bioindicators will be used for placement. The most common indicators of appropriate 
elevation for Spartina foliosa planting will be the upper edge of hybrid Spartina “stubble”, pres-
ence of annual pickleweed (Salicornia depressa), or the lower edge of Sarcocornia pacifica.  

Basic planting unit:  In 2012-2013 for all sites, Spartina foliosa will be planted in clusters of five 
as shown in Figure 14. In the 2011-2012 field season, patch design of Spartina foliosa varied 
depending on the site in which it was being planted. Based on contractor feedback and re-
search experience, it was decided that design of Spartina foliosa plants would be simplified in 
the 2012-2013 field season.  It was decided that the units of five plants would aid with ease of 
monitoring. In order to keep this design simple, each of the five plants in the unit will always be 
from the same donor source site, and will always have the same treatment if a treatment is be-
ing tested. Figure 14 illustrates the primary Spartina foliosa planting unit developed in collabo-
ration with researcher Whitney Thornton at the SFSU Romberg Tiburon Center (RTC) that is be-
ing applied this season. 

In the 2012-2013 season, density of Spartina foliosa planting units will vary depending on site 
characteristics. At sites that have a well-developed marsh plain, planting will occur in 1st and 
2nd order marsh channels. As these channels have slope and cut banks with limited planting 
space groups of only two planting units will be planted. Other sites involve planting wide 
benches located along flood control channels. At these sites, there will be multiple groups of 
eight planting units. At new restoration sites that are primarily mudflats,  planting clusters will 
be 8-12 units on the mudflat. As in 2011-2012, various restoration techniques that may improve 
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survivorship will be tested.  Figure 15 shows photographs of Spartina foliosa installation in 
2011-2012, and illustrates the planting treatment of bare root vs. burlap bag that was tested. 
Figure 16 shows the planting design for the bare root vs. burlap bag treatment. Additionally, 
the effectiveness of a wave action reducing treatment was tested. The results of both of these 
were inconclusive, and will be repeated in 2012-2013 at two sites. Figure 17 shows how the 
Grindelia stricta patches will be paired with Spartina foliosa where feasible. 

Much of the available mudflat at North Creek Marsh is the appropriate elevation for Spartina fo-
liosa plantings. As discussed in a technical memo produced by HT Harvey, a large “meadow” of 
Spartina foliosa is to be planted at North Creek Marsh which will be refined per memo recom-
mendations, and located using the best elevation data available. As such, an extensive area of this 
site will be planted with Spartina foliosa. This site has been proposed for Spartina foliosa as it 
will serve as a good “nursery” or propagule source for much of the recently restored or future 
restoration occurring within the Eden Landing Ecological Reserve. 

Eight different Spartina foliosa sources are being propagated in beds at the Watershed Nursery 
for out planting this season (see Section 5.3 for details on propagation). At least four Spartina 
foliosa source sites will be planted at each revegetation site. 

 

 

Figure 14: Spartina foliosa basic planting unit 
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Figure 15: Spartina foliosa planting treatments. Left Top: Spartina  foliosa cage example; Left Middle: bare 
root method; Left Bottom: Spartina foliosa installation; Right: experimental burlap-wrapped method. 
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Figure 16: Spartina foliosa planting patch design: interior marsh channel cut banks - bare root vs. burlap 
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Figure 17: Paired G. stricta and S. foliosa design 
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Site Preparation 

Several of the revegetation sites will require some site preparation prior to planting. This will 
include pre-installation weeding as needed in upland transition zone/ecotone areas, island 
berms and high tide refuge islands. Ground truthing and flagging of planting areas will also take 
place in advance of installation to determine future planting patch locations, establish access 
routes and facilitate plantings for the installation contractors. 

5.5 Plant Installation 
Plant installation will be coordinated and managed by ISP biologists. All conservation measures 
required by the 2012 ISP BO will be implemented, including “walking in the marsh” and “work-
ing in sensitive species habitat” protocols. Training will be provided by ISP biologists to the in-
stallation contractors, who will be doing the actual plant installation, and providing the needed 
planting tools, appropriate marsh attire and access equipment.  

Plant installation will take place between the months of December 2012-February 2013 (March 
for non-rail sites if there are delays). The presence of clapper rail will indicate whether or not 
planting must take place “early” or prior to the breeding season which begins on February 1. If 
no clapper rail are present at a site, plantings may take place into February. (“Early” planting 
must take place by January 31, vs. “late”  planting that can take place after February 1.) 
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6. Site-specific Planting Plans: 2012-2013 Revegetion Sites 

6.1 Cogswell A 
Cogswell A is the northernmost quadrant of the Cogswell Marsh complex located at the Hay-
ward Regional Shoreline, part of the East Bay Regional Park District (see Figure 1). This restora-
tion site was opened to tidal action in 1980. This marsh was one of the first restoration sites to 
become highly invaded by the invasive hybrid Spartina alterniflora x Spartina foliosa. Cogswell 
A has undergone consistent yearly non-native Spartina control since 2005, and while the pick-
leweed plain has rebounded passively, native marsh plant diversity is low. Several components 
of a native marsh that are critical for a sustainable population of California clapper rail are ei-
ther very limited (Grindelia stricta), or missing completely (Spartina foliosa). Given the restrict-
ed amounts of Spartina control in recent years within the Cogswell Marsh complex, in particular 
Cogswell B and C that were not treated in 2011, there is a still a significant amount of non-
native cordgrass in the area. Thus, planting native Spartina foliosa would be premature for the 
2012-2013 planting season. 

 In 2006-2007, Grindelia stricta was actively planted along smaller, interior marsh channels 
within the northeast corner of Cogswell A and along the west side of “Duck Island”. While this 
revegetation was not formally monitored, anecdotally, the Grindelia stricta plantings along 
marsh channels appear to have had good survivorship.  

In 2011-2012, ISP revegetation included planting Grindelia stricta patches along channels within 
the marsh plain as well as ecotone/upland transition zone patch-based plantings around the 
perimeter of “Duck” and “Tern” islands within Cogswell A. Also planted in 2011-2012 were 
patches of Triglochin maritima, to augment native marsh diversity as well as potentially provide 
some seasonal cover for rail.  

Also in 2011-2012, USGS installed 11 temporary floating islands within this marsh with the goal 
of providing nesting habitat and high tide refuge for clapper rail. 

The 2012-2013 planting at this site will include Grindelia stricta patches in these same areas as 
well as expanding planting where there is any additional opportunity. Because of the extensive 
plantings in 2011-2012, the number of Grindelia stricta to be planted in 2012-2013 will be re-
duced. Based on the survivorship on the marsh plain for the 2011-2012 plantings, in 2012-2013 
planting will include approximately 1500 marsh plain Grindelia stricta and 400 upland transition 
zone plantings. A select number of Grindelia stricta marsh plain patches will include Distichlis 
spicata (1 gallon divided into 4 ramets) and 1-gallon size Grindelia stricta plants to compare 
growth and survivorship with D40 size pots. Triglochin maritima will not be replanted in 2012-
2013. 
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Clapper rails are present at this site, thus all planting must take place “early” or prior to the 
breeding season which begins on February 1. (“Early” planting must take place by January 31, 
vs. “late” planting that can take place after February 1.)  

The perimeter of this site is levee, and thus access to the site for planting can be by truck and 
foot. 

                                         Site-areaè 
Planning Consideration 
             ê 

Cogswell A (20m) 

ISP Site code 20m 

Planting notes 
2012-13 additional + 2011-12 replanting 

 (25% replant G. stricta marsh plain, 75% upland 
ecotone/transition zone). 

Number of Islands (FWS - HTH Table 6/22/12) 0  
Total California clapper rail habitat area (acres) at site 35 

G. stricta (D40s) 1060 

G. stricta (gal) 425 

D. spicata (ramets) 520 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  400 
Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 2405 

TOTAL Plants to be installed (S. foliosa counted as stems) 2405 

Estimated # planting days for 6 person crew 4.0 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 for marsh plain/ mid-Feb for upland 
transition zone  

Possible Installation dates 12/4-8/12, 12/18-22/12, 12/3-7/12, 12/17-21/12 

Propagation entity The Watershed Nursery 
Restoration Lead ISP 

Owner/Manager EBRPD 
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Figure 18: 2012-2013 Cogswell A planting plan 
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6.2 Cogswell B (Site to be initiated in 2012-2013 by ISP) 
Cogswell B is the southeast quadrant of Cogswell Marsh at Hayward Regional Shoreline, part of 
the East Bay Regional Park District. Like Cogswell A, this site has received a considerable 
amount of non-native Spartina control since 2005. However, no control occurred in 2011 and 
no control is planned for 2012. Post-Spartina removal, perennial pickleweed has rebounded 
passively; however, Grindelia stricta is limited at this site. Due to the lack of control and signifi-
cant presence of non-native cordgrass, in particular in the south-east corner of the marsh, 
planting of native Spartina foliosa is not planned for this season.   

Also in 2011-2012, USGS installed sixteen temporary floating islands within this marsh with the 
goal of providing nesting habitat and high tide refuge for clapper rail. 

In 2012-2013, planting will take place along interior marsh channels as well as around the pe-
rimeter of two islands within the marsh plain. Approximately 4,025 Grindelia stricta will be 
planted. A select number of Grindelia stricta patches will include Distichlis spicata (one gallon 
divided into four ramets) and one-gallon size Grindelia stricta plants to compare growth and 
survivorship with D40 size pots.  

Clapper rails are present at this site, thus all planting must take place prior to breeding season 
(by January 31) and this site is designated an “early” planting site. (“Early” planting must take 
place prior to January 31, vs. “late” planting that can take place after February 1.)  

The perimeter of this site is levee and thus access to the site for planting can be by truck and 
foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Cogswell B (20n) 

ISP Site code 20n 

Number of Islands (FWS - HTH Table 6/20/12)  0 

Total clapper rail habitat area (acres) at site 100.16 

G. stricta (D40s) 4025 

G. stricta (gal) 365 

D. spicata (ramets) 1760 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 6150 

TOTAL Plants to be installed (S. foliosa as stems) 6150 

Estimated # planting days for 6 person crew 10.0 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 12/4-8/12, 12/18-22/12, 12/3-7/12, 12/17-21/12 

Salt hardening to begin 10/4/12  
Propagation entity The Watershed Nursery 
Restoration Lead ISP 

Owner/Manager EBRPD 
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Figure 19: 2012-2013 Cogswell B planting plan 
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6.3 Cogswell C 
Cogswell C is the south-west quadrant of the Cogswell Marsh complex at the Hayward Regional 
Shoreline within the East Bay Regional Park District (see Figure 1). Similar to Cogswell A, this 
site has received a considerable amount of non-native Spartina control since 2005. However, 
control in 2010 was limited to a portion of Cogswell C, in 2011 no Spartina control was con-
ducted and in 2012 there will be no control. Perennial pickleweed has rebounded on the marsh 
plain extensively throughout Cogswell C, however, native marsh plant diversity is low. As in 
Cogswell A, several components of a native marsh that are critical for sustainable populations 
of clapper rail are either very limited (Grindelia stricta) or (Spartina foliosa). Given the contin-
ued presence of a significant amount of non-native cordgrass within Cogswell C, planting of 
Grindelia stricta will have to be carefully ground truthed, and native Spartina foliosa reintroduc-
tion will not take place at this site in 2012-2013.  

Also in 2011-2012, USGS installed four temporary floating islands within this marsh with the 
goal of providing nesting habitat and high tide refuge for clapper rail. 

In 2011-2012, ISP revegetation included planting Grindelia stricta patches on the interior chan-
nels of the marsh plain. Also planted in 2011-2012 were patches of Triglochin maritima. In 
2012-2013, Grindelia stricta will be planted in these same areas as well as expanding planting 
where there is opportunity.  In addition, Grindelia stricta will be planted around the perimeter 
of an interior marsh island.  Based on anecdotal evidence of reasonably good survivorship on 
the marsh plain in 2011-2012, in 2012-2013 approximately 2,285 Grindelia stricta will be plant-
ed. A select number of patches will include Distichlis spicata (1 gallon divided into 4 ramets) and 
1-gallon size Grindelia plants to compare growth and survivorship with D40 size pots.  

Clapper rails are present at this site, thus all planting must take place “early” or prior to the 
breeding season which begins on February 1. (“Early” planting must take place by January 31, 
vs. “late” planting that can take place after February 1.)  

The perimeter of this site is levee and thus access to the site for planting can be by truck and 
foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Cogswell C (20o) 

ISP Site code 20o 

Number of Islands (FWS - HTH Table 6/20/12)  0 
Total clapper rail habitat area (acres) at site 49.78 

G. stricta (D40s) 1960 

G. stricta (gal) 325 

D. spicata (ramets ) 850 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL plants to be installed (S. foliosa counted as plugs) 3,135 

TOTAL plants to be installed (S. foliosa counted as stems) 3,135 

Estimated # planting days for 6 person crew 5.0 
Installation note N/A 
Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 12/18-22/12, 12/3-7/12, 12/17-21/12, 1/1-4/13 

Salt hardening to begin 9/10/12 
Propagation entity The Watershed Nursery 
Restoration Lead ISP 
Owner/Manager EBRPD 
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Figure 20: 2012-2013 Cogswell C planting plan 
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6.4 Oro Loma East 
Oro Loma Marsh is located at the northern end of Hayward Regional Shoreline and is managed 
by the East Bay Regional Park District. Oro Loma is a restored salt pond that is bordered by lev-
ees on all sides (constructed in 1997). Directly adjacent to the north is a sewage treatment 
plant and Bockman Channel, and to the south is Sulphur Creek. The San Francisco Bay Trail runs 
along the levee on the west side of the marsh. As this marsh was in the early stages of restora-
tion during hybrid Spartina spread, the mudflats were extensively invaded. Hybrid Spartina con-
trol has occurred at this site since 2005. During construction, the site was graded to include 
higher elevation mounds or “refugial islands”, primarily on the west side of the marsh as well as 
channels. The eastern side of the marsh is generally higher in elevation, has more stable sub-
strate, and more developed marsh vegetation, including extensive stands of Grindelia stricta.  

The 2011-2012, ISP revegetation of Oro Loma East included planting patches of Grindelia stricta 
along available channel habitat and one higher elevation mound. In 2012-2013, approximately 
1535 Grindelia stricta will be planted at this site.  Given the extent of non-native Spartina that 
still exists within the site, no Spartina foliosa will be planted at this site this season. 

Clapper rails have been detected at this site. Thus planting must take place prior to the breed-
ing season (i.e., before January 31). This site is designated as an “early” planting site. (“Early” 
planting must take place prior to January 31, vs. “late” planting that can take place after Febru-
ary 1.)  

The site is bordered by a levee that can be accessed by truck and foot. The mudflats are quite 
soft in areas, and thus require experience in marsh walking as well as gear such as hip or chest 
waders. As occurred last year, an airboat is recommended to facilitate delivery of plants and 
installation crews. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Oro Loma East (07a) 

ISP Site code 07a 

Number of Islands (FWS - HTH Table 6/20/12) 0  

Total clapper rail habitat area (acres) at site 197.05 

G. stricta (D40s) 1360 

G. stricta (gal) 175 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 1535 

TOTAL Plants to be installed (S. foliosa counted as stems) 1535 

Estimated # planting days for 6 person crew 3 
Installation note airboat for access 
Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager EBRPD 
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Figure 21: 2012-2013 Oro Loma East planting plan 
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6.5 Oro Loma West 
Oro Loma Marsh is located at the northern end of Hayward Regional Shoreline and is managed 
by the East Bay Regional Park District. Oro Loma is a restored salt pond that is bordered by lev-
ees on all sides. Directly adjacent to the north is a sewage treatment plant and to the south is 
Sulphur Creek. The San Francisco Bay Trail runs along the levee that borders the west side of 
the marsh. During construction, the site was graded to include higher elevation mounds or “re-
fugial islands”, primarily on the west side of the marsh as well as channels. As this marsh was in 
the early stages of restoration during hybrid Spartina spread, the mudflats were extensively in-
vaded. Hybrid Spartina control has occurred at this site since 2005.  Marsh vegetation is rapidly 
colonizing the mudflats, primarily perennial pickleweed, with other higher elevation species oc-
curring on the refugial islands. 

The 2011-2012 ISP revegetation of Oro Loma West included planting patches of Grindelia stricta 
along available channel habitat, which was limited, and on a number of higher elevation/refuge 
mounds. In 2012-2013, approximately 1660 Grindelia stricta patches will be planted at this site.  
Given the extent of non-native Spartina that still exists in the site, no Spartina foliosa will be 
planted at this site this season. 

Clapper rails have been detected at this site. Thus planting must take place prior to the breed-
ing season (i.e., before January 31). This site is designated as an “early” planting site. (“Early” 
planting must take place prior to January 31, vs. “late” planting that can take place after Febru-
ary 1.)  

The site is bordered by levees that can be accessed by truck and foot. The mudflats are quite 
soft in areas and thus require experience in marsh walking as well as gear such as hip or chest 
waders. As occurred last year, an airboat is recommended to facilitate delivery of plants and 
installation crews. Once plants are delivered to the high elevation/refuge mounds, access for 
plant installation can occur by foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Oro Loma West (07b) 

ISP Site code 07a 

Number of Islands (FWS - HTH Table 6/20/12)  0 
Total clapper rail habitat area (acres) at site 130.73 

G. stricta (D40s) 1400 

G. stricta (gal) 260 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 1660 

TOTAL Plants to be installed (S. foliosa counted as stems) 1660 

Estimated # planting days for 6 person crew 3.0 
Installation note N/A 

Installation timing (clapper rail presence) Feb 1 or later 
Possible Installation dates  1/7-10/13, 1/21-25/13, 2/1-8/13, 2/11-15/13, 

2/18-22/13 
Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager EBRPD 
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Figure 22: 2012-2013 Oro Loma West planting plan 
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6.6 Damon Marsh (Site to be initiated in 2012-2013 by ISP) 
Damon Marsh is a small marsh located on the east shore of San Leandro Bay within the Martin 
Luther King Jr. Regional Shoreline. The site is managed by the East Bay Regional Park District. 
One main channel drains the marsh with outlets on both the northwestern and southern edges. 
Much of the marsh is vegetated with perennial pickleweed and Grindelia stricta is present along 
the channel and in limited higher elevation areas within the marsh. Some remnant native 
Spartina foliosa remains in the marsh that has been avoided during treatment. The remaining 
non-native Spartina population here consists of scattered patches along the channel and 
throughout the marsh; however, treatment is not planned in 2012. Damon Marsh is a Save the 
Bay restoration site where they have installed and plan to continue extensive upland transition 
zone plantings around the perimeter of this marsh. 

In 2012-2013, 470 Grindelia stricta will be planted along interior marsh channels at this site. A 
select number of patches will include 1-gallon size Grindelia stricta plants to compare growth 
and survivorship with D40 size pots. 

In 2012-2013, Save The Bay have 4000 additional upland transition zone/ecotone plants slated 
for planting around the perimeter of this site. 

Clapper rails are present at this site, thus all planting must take place prior to breeding season 
(i.e., before January 31). (“Early” planting must take place prior to January 31, vs. “late” plant-
ing that can take place after February 1.)  

The eastern side of marsh is bordered by a paved portion of the San Francisco Bay Trail and 
thus access to the site for planting will be by truck and foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Damon Marsh, MLK Shoreline (17d.4) 

ISP Site code 17d.4 

Planting notes 2012-13 additional  + Save The Bay plantings 

Number of Islands (FWS - HTH Table 6/20/12)  0 

Total clapper rail habitat area (acres) at site 10.6 

G. stricta (D40s) 435 

G. stricta (gal) 35 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone: Save The Bay  4000 

Upland transition zone Total  470 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 4470 

TOTAL Plants to be installed (S. foliosa counted as stems) 4470 

Estimated # planting days for 6 person crew 1.0 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 12/18-22/12, 12/3-7/12, 12/17-21/12, 1/1-4/13, 

1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery  & Save The Bay 

Restoration Lead ISP & Save The Bay 

Owner/Manager EBRPD 
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Figure 23: 2012-2013 Damon Marsh planting plan 
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6.7 MLK New Marsh (Site to be initiated in 2012-2013 by ISP) 
The Martin Luther King Jr. Wetlands Project, or MLK New Marsh, is located to the southeast of 
Arrowhead Marsh within the Martin Luther King Jr. Regional Shoreline. This marsh was opened 
to tidal action in 1998. The site was designed to provide several habitat types including damped 
tidal, high marsh, and loafing islands. Marsh vegetation is primarily perennial pickleweed and 
hybrid Spartina. Several constructed channels drain the center of the marsh out to the north, 
and the outlet of the marsh is an armored channel that flows into the San Leandro Bay under a 
pedestrian walkway.  

Save The Bay has extensively planted the upland transition zone/ecotone with a diverse palette 
of native species and an almost continuous band of mature native vegetation exists along the 
western and northern sides of the marsh.  

In 2012-2013, ISP will begin planting 330 Grindelia stricta in the marsh interior around the pe-
rimeter of the more eastern roosting island. The ISP enhancement to this site in 2012-2013 will 
also include a pilot high tide refuge island and associated plantings, including 58 1-gallon Grin-
delia stricta plants. An additional artificial floating island will also be included at this site with 
the overall goal of providing interim nesting habitat and high tide refuge. 

Clapper rails are present at this site, thus all planting must take place prior to breeding season 
(i.e., before January 31). (“Early” planting must take place prior to Jan 31, vs. “late” planting 
that can take place after February 1.)  

The east and west side of the site are accessed by levee trail and parking lots, thus access to the 
site for planting will be by truck and foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

MLK New Marsh (17h) 

ISP Site code 17h 

Planting notes 
2012-13 additional (Islands instead of Arrowhead 
for pilot, plant perimeter of roosting island (Save 

The Bay) completed planting at this site)) 

Number of Islands (FWS - HTH Table 6/20/12) 0 

Total clapper rail habitat area (acres) at site 2.91 

G. stricta (D40s) 330 

G. stricta (gal) 0 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 58 

Refuge Island:  D. spicata (36 plugs/isl) 36 

TOTAL Plants to be installed (S. foliosa as plugs) 424 

TOTAL Plants to be installed (S. foliosa as stems) 424 

Estimated # planting days for 6 person crew 0.5 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 12/18-22/12, 12/3-7/12, 12/17-21/12, 1/1-4/13, 
1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager EBRPD 
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Figure 24: 2012-2013 MLK New Marsh planting plan 
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6.8 Alameda Flood Control Channel 
The Alameda Flood Control Channel (AFCC) is a large flood control channel in Newark, CA. The 
channel is lined with broad benches of accreted sediment that function as a marsh plain. Much 
of this channel was lined with dense, monospecific stands of non-native cordgrass which have 
now been significantly controlled. The levees on both sides of the channel are also multi-use 
trails that are a part of the San Francisco Bay Trail, Alameda Creek Regional Trail and Coyote 
Hills Regional Park.  

Post non-native Spartina control, in areas where treatment occurred,  perennial pickleweed has 
rebounded passively, but  two components of a native marsh that are critical for a sustainable 
population of clapper rail are either very limited (Grindelia stricta) or missing completely 
(Spartina foliosa). 

In 2011-2012, ISP revegetation included planting Spartina foliosa as well as Grindelia stricta in 
three distinct planting areas (mouth, middle and upper reaches). Spartina foliosa patches were 
primarily “paired” with Grindelia stricta patches with the goal of providing clapper rail with po-
tential nesting habitat as well as enhanced cover for foraging on the main channel (Figure 10). 
Spartina foliosa patches were planted on the bench located along the main channel edge, and 
Grindelia stricta patches were planted along smaller channels that run perpendicular to the 
main channel. Spartina foliosa survivorship was relatively high (72%) at this site in 2012. In 
2012-2013, planting will continue in two of the threeareas. Based onpreliminary survivorship 
data and limited side channel habitat potential for Grindelia stricta, only the mouth (Figure 26) 
and upper reaches (Figure 25) of the channel will be planted. There is additional opportunity at 
this site for restoration plantings to enhance habitat for clapper rail. Given the anecdotal evi-
dence of reasonable survivorship for both the Spartina foliosa and Grindelia stricta, in 2012-
2013 approximately 885 Grindelia stricta patches and 820 Spartina foliosa plugs will be planted. 
A select number of patches will include 1-gallon size Distichlis spicata (1 gallon divided into 4 
ramets) and Grindelia stricta plants to compare growth and survivorship with D40 size pots.  

Clapper rails are present at this site, thus all planting must take place “early” or prior to the 
breeding season, which begins on February 1. (“Early” planting must take place by January 31, 
vs. “late” planting that can take place after February 1.)  

The site is accessible by drivable levee and access for planting can be by truck and foot.  
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                                         Site-areaè 
Planning Consideration 
            ê 

Alameda Flood Control Channel Mouth, Lower & 
Upper (01a, b & c) 

ISP Site code 01a, b & c 

Number of Islands (FWS - HTH Table 6/20/12) 0  
Total clapper rail habitat area (acres) at site 233.91 

G. stricta (D40s) 720 

G. stricta (gal) 165 

D. spicata 132 

S. foliosa (plugs) 800 

S. foliosa (stems) 4000 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL PLANTS TO BE INSTALLED (S. foliosa as plugs) 1837 

TOTAL PLANTS TO BE INSTALLED (S. foliosa as stems) 5017 

Estimated # planting days for 6 person crew 3.0 
Installation note N/A 

Installation timing (clapper rail presence) Channel Mouth/Lower by Jan 31, Upper by mid-Feb 
Possible Installation dates  1/7-10/13, 1/21-25/13, 2/1-8/13, 2/11-15/13, 2/18-

22/13 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager AFCD 
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Figure 25: 2012-2013 Alameda Flood Control Channel – Upper Channel planting plan 
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6.9 AFCC Pond 3(Site to be initiated in 2012-2013 by ISP) 
AFCC (Alameda Flood Control Channel) Pond 3, or Ecology Marsh, is located on the northern 
side of the flood control channel in the city of Newark, and is part of the FWS Don Edwards San 
Francisco Bay National Wildlife Refuge. Pond 3 is the site of the first intentional planting (ca. 
1976) of Spartina alterniflora by the US Army Corps of Engineers as part of their restoration and 
bank stabilization efforts. Pond 3 is a former salt pond that lacks significant channelization and 
is primarily vegetated with perennial pickleweed.  This marsh is bordered on the north, south 
and east by levees. 

This site has received a considerable amount of non-native Spartina control since 2005.  In are-
as where treatment has occurred and non-native Spartina has been successfully removed, per-
ennial pickleweed has rebounded passively but Grindelia stricta is still limited.   

A limited amount of 2012-2013 planting will take place at this site with approximately 220 
Grindelia stricta planned to be planted.  

Clapper rails are present at this site, thus all planting must take place prior to breeding season 
(i.e., January 31 and this site is designated an “early” planting site. (“Early” planting must take 
place prior to January 31, vs. “late” planting that can take place after February 1.)  

The perimeter of this site is levee and thus access to the site for planting will be by truck and 
foot. 
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                                                      Site-areaè 
Planning Consideration 
            ê 

AFCC Pond 3 (01f) 

ISP Site code 01f 

Number of Islands (FWS -HTH Table 6/20/12)  0 

Total clapper rail habitat area (acres) at site 130.93 

G. stricta (D40s) 200 

G. stricta (gal) 20 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 
TOTAL Plants to be installed (S. foliosa counted as 
plugs) 220 

TOTAL Plants to be installed (S. foliosa counted as 
stems) 220 

Estimated # planting days for 6 person crew 0.5 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager FWS Refuge 
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Figure 26: 2012-2013 Lower AFCC and Pond 3 Marsh planting plans 
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6.10 Whales Tail South 
Whales Tail South is a part of the Eden Landing Ecological Reserve, located in Hayward and 
managed by CDFG. The Reserve consists primarily of former salt ponds that are now part of the 
South Bay Salt Pond Restoration Project. To the north of the site is the mouth of Alameda Creek 
and to the east separated by a remnant levee is a former salt pond restored to tidal action in 
1998 known as Cargill Mitigation Marsh.  On the north side of Alameda Creek is Whales Tail 
North – these two restoration sites (Whales Tail North and South) are named for their shapes 
which resemble the two flukes of a whale’s tail. Whales Tail South consists of primarily pickle-
weed plain with a healthy network of interior channels and salt pans. The site has undergone 
non-native Spartina control since 2005 with very high efficacy, and is now appropriate for 
Spartina foliosa reintroduction. In areas where treatment occurred, perennial pickleweed has 
rebounded passively, but two components of a native marsh that are critical for a sustainable 
population of clapper rail are either limited (Grindelia stricta), or missing completely (Spartina 
foliosa). 

In 2011-2012, ISP revegetation included planting patches of Grindelia stricta within the chan-
nels of the marsh plain, in some cases paired with Spartina foliosa plantings along benches of 
interior marsh channels. In addition, the levee between Whales Tail South and Cargill Mitigation 
Marsh was extensively planted with upland transition zone/ecotone plantings. The survivorship 
of S. foliosa at Whales Tail South for 2011-2012 was low (10%). Field observation by W. 
Thornton suggests this was likely caused by herbivory or inappropriate elevation. The 2012-
2013 season will include caging and further examination of patch elevation.  

In 2012-2013, planting will continue in the same or similar nearby marsh plain areas. As 
Spartina foliosa was locally extirpated from the site by hybrid Spartina, there is ample oppor-
tunity for additional Spartina foliosa plantings. Given the extensive existing Grindelia stricta at 
the site and the additional Grindelia stricta planted in 2011-2012, there may be limited oppor-
tunity to expand Grindelia stricta plantings at this site. In 2012-2013, approximately 618 Grinde-
lia stricta and 800 Spartina foliosa plugs will be planted, as well as approximately 1340 upland 
transition zone/ecotone plants.  A select number of patches will include one-gallon size Grinde-
lia stricta plants to compare growth and survivorship with D40 size pots.  

Clapper rails are present at this site. Thus planting will take place prior to the breeding season 
(before January 31). (“Early” planting must take place prior to January 31, vs. “late” sites plant-
ing that can take place after February 1.)  

This site is readily accessed via a levee on the east side of the marsh. However, numerous 
channels need to be crossed to completely access the marsh plain. In addition, a breach in the 
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levee is currently crossable via a wooden footbridge, which will need periodic maintenance to 
remain functional. 

 

                                         Site-areaè 
Planning Consideration 
            ê 

Whales Tail South (13e) 

ISP Site code 13e 

Number of Islands (FWS -HTH Table 6/20/12)  0 

Total clapper rail habitat area (acres) at site 149.35 

G. stricta (D40s) 408 

G. stricta (gal) 210 

D. spicata 0 

S. foliosa (plugs) 800 

S. foliosa (stems) 4000 

Upland transition zone Total  1340 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 2758 

TOTAL Plants to be installed (S. foliosa counted as stems) 5958 

Estimated # planting days for 6 person crew 5.0 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13 

Propagation entity The Watershed Nursery 
Restoration Lead ISP 

Owner/Manager CDFG 
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Figure 27: 2012-2013 Whales Tail South planting plan 
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6.11 Whales Tail North 
Whales Tail North is part of the Eden Landing Ecological Reserve, located in Hayward and man-
aged by CDFG. The Reserve consists primarily of former salt ponds that are now part of the 
South Bay Salt Pond Restoration Project. To the south of the site is the mouth of Alameda 
Creek, to the north is the newly re-engineered mouth of Mt. Eden Creek and to the east is a 
newly graded lowered levee that separates the site from two newly breached former salt ponds 
(Ponds A8 and 9). On the south side of Alameda Creek is Whales Tail South. These two restora-
tion sites are named for their shapes, which resemble the two flukes of a whales tail.  

Whales Tail North consists of primarily pickleweed plain with a healthy network of interior 
channels. The site has undergone non-native Spartina control since 2005 with very high effica-
cy, and is now an appropriate area for Spartina foliosa reintroduction. In areas where treatment 
occurred, perennial pickleweed has rebounded passively, but two components of a native 
marsh that are critical for a sustainable population of clapper rail are either limited (Grindelia 
stricta), or missing completely (Spartina foliosa). 

In 2011-2012, ISP revegetation included planting patches of Grindelia stricta within the chan-
nels of the marsh plain, in some cases paired with Spartina foliosa along channel benches.  

Also in 2011-2012, USGS installed twenty-two floating islands within this marsh, with the goal 
of providing nesting habitat and high tide refuge for clapper rail. 

In 2012-2013, planting will continue in the same, or similar, nearby marsh plain areas. In 2012-
2013, approximately 728 Grindelia stricta and 400 Spartina foliosa plugs will be planted. A se-
lect number of patches will include one-gallon size Grindelia stricta plants to compare growth 
and survivorship with D40 size pots. 

Clapper rails are present at this site. Thus planting will take place prior to the breeding season 
(before January 31). (“Early” planting must take place prior to January 31, vs. “late” sites plant-
ing that can take place after February 1.) 

A boat is required to access this site due to the new breach at the northeast corner of the 
marsh that restored adjacent Pond 9 to tidal action. A number of boats have been used for ac-
cess including an aluminum Jon boat (simple flat-bottomed boat), kayak and Achilles Inflatable 
two chamber pontoon boat. As in 2011-2012, for the upcoming planting season plant delivery is 
anticipated to be by airboat one day prior to planting. Plants can be staged along the remnant 
levee on the east side of the marsh plain. The plant installation crew will need to use a boat to 
get across the new breach at the northeast corner of the marsh. The site also has numerous 
channels that need to be crossed throughout the marsh plain. 

 

http://en.wikipedia.org/wiki/Flat-bottomed_boat
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                                         Site-areaè 
Planning Consideration 
            ê 

Whales Tail North (13d) 

ISP Site code 13d 

Number of Islands (FWS -HTH Table 6/20/12)  0 
Total clapper rail habitat area (acres) at site 149 

G. stricta (D40s) 543 

G. stricta (gal) 185 

D. spicata 0 

S. foliosa (plugs) 400 

S. foliosa (stems) 2000 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 1128 

TOTAL Plants to be installed (S. foliosa counted as stems) 2185 

Estimated # planting days for 6 person crew 2.0 
Installation note boat to cross channel 

Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 
Owner/Manager CDFG 
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Figure 28: 2012-2013 Whales Tail North planting plan 
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6.12 North Creek Marsh 
North Creek Marsh is part of the Eden Landing Ecological Reserve, located in Hayward and 
managed by CDFG. The Reserve consists primarily of former salt ponds that are now part of the 
South Bay Salt Pond Restoration Project. North Creek Marsh is a former salt pond located in the 
interior of the complex that was only reopened to tidal exchange in 2006. This timing coincided 
with high hybrid Spartina infestation levels around the Bay, and the site was immediately in-
vaded. Significant hybrid Spartina control has occurred here since 2008. As a result of the high 
non-native Spartina treatment efficacy, this site is appropriate for the reintroduction Spartina 
foliosa. Restoration at this site is still in the early stages, and the site consists of mudflat with 
rapidly expanding areas of perennial pickleweed.  Given its young age, this site lacks a healthy 
network of developed interior channels and has low plant species diversity. 

In 2011-2012, ISP revegetation included planting patches of Spartina foliosa along the main 
marsh channel, paired with Grindelia stricta on the marsh plain. Elevation data collected for the 
site suggested the majority of the site is at an appropriate elevation for plantings of Spartina 
foliosa. In some cases, areas of higher elevation, as indicated by the presence of other marsh 
species including Frankenia salina, were planted with Grindelia stricta patches as well as addi-
tional Frankenia salina and Triglochin maritima. Upland transition zone/ecotone patches were 
planted opportunistically, again using existing vegetation as indicators of appropriate elevation, 
along the levee on the west side of the marsh. 

This site is at an early stage of restoration and elevation data indicates there is ample oppor-
tunity for significant Spartina foliosa plantings at this site. Established Spartina foliosa at this 
site would serve as a great propagule source for other restoration sites throughout the Reserve.  
In 2012-2013, planting will continue in the same or similar nearby marsh plain areas within the 
marsh interior, while significantly expanding the areas planted with Spartina foliosa.  In 2012-
2013, approximately 1800 Grindelia stricta, 200 upland transition zone/ecotone patches and 
3450 Spartina foliosa plugs will be planted. 

As a “young” restoration site, clapper rails are not expected to be detected at this site until the 
marsh vegetation has reached a density and vertical structure that is suitable. Thus planting can 
take place during the breeding season (i.e., after January 31). This site is thus designated as a 
“late” planting site. (“Early” planting must take place prior to January 31, vs. “late” planting that 
can take place after February 1.)  

The site is bordered by levees that can be accessed by truck and foot. The levee on the west 
side of the marsh is all-weather and accessible during rain. Use of the access road on the east 
side requires dry weather and, because it is restricted in width and functions as a public trail, 
cannot have more than one or two small vehicles parked along it (i.e., no trucks). The marsh 
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interior and mudflats are quite soft in areas, and thus require experience in marsh walking as 
well as gear such as hip or chest waders, especially for planting Spartina foliosa. 

 

                                         Site-areaè 
Planning Consideration 
            ê 

North Creek Marsh (Eden Landing Reserve 
South) (13k) 

ISP Site code 13k 

Planting notes ISP + STB upland ecotone/transition zone upland 
ecotone/transition zone (Eden B)) 

Number of Islands (FWS - HTH Table 6/20/12) 0  
Total clapper rail habitat area (acres) at site 239.4 

G. stricta (D40s) 1700 

G. stricta (gal) 100 

D. spicata spicata 0 

S. foliosa (plugs) 3450 

S. foliosa (stems) 17250 

ISP Upland transition zone  0 

Save The Bay Upland transition zone  2000 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa as plugs) 7450 

TOTAL Plants to be installed (S. foliosa as stems) 21250 

Estimated # planting days for 6 person crew 9.0 
Installation note N/A 
Installation timing (clapper rail presence) Feb 1 or later 
Possible Installation dates  1/21-25/13, 2/1-8/12, 211-15/13, 2/18-22/13 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 
Owner/Manager CDFG 
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Figure 29: 2012-2013 North Creek Marsh planting plan 
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6.13 Mt. Eden Creek 
Mt. Eden Creek is part of the Eden Landing Ecological Reserve, located in Hayward and man-
aged by CDFG. The Reserve consists primarily of former salt ponds that are now part of the 
South Bay Salt Pond Restoration Project. As part of Phase 1 of the South Bay Salt Pond Restora-
tion Project, the mouth of Mt. Eden Creek was recently breached and restored. The creek runs 
more or less east-west between multiple former salt ponds just south of the San Mateo Bridge, 
across the northern section of the Reserve. The channel has fairly wide benches of tidal marsh 
populated primarily by perennial pickleweed and large wide open areas of mudflats. Mt. Eden 
Creek has also received significant non-native Spartina control in the recent years that has had 
very high efficacy, and as a result, this site is now an appropriate area for Spartina foliosa rein-
troduction.   

Also in 2011-2012, USGS installed three floating islands within this marsh with the goal of 
providing nesting habitat and high tide refuge for clapper rail. 

In 2011-2012, ISP revegetation included planting patches of Spartina foliosa along the main 
marsh channel paired with Grindelia stricta on smaller marsh plain channels that lead into the 
main channel.  

There is further opportunity for additional Spartina foliosa plantings within the current revege-
tation area as well as further upstream. In 2012-2013, planting will continue in the same or sim-
ilar areas along the main channel.  In 2012-2013, approximately 2255 Grindelia stricta and 900 
Spartina foliosa plugs will be planted. 

Clapper rails were not detected at this site during 2012 surveys, however, there have been de-
tections in previous years. Thus planting should take place prior to the breeding season (i.e., 
before January 31). This site is designated as an “early” planting site. (“Early” planting must take 
place prior to January 31, vs. “late” planting that can take place after February 1.) However, 
given the lack of clapper rail detections in 2012, if added time is needed, planting may take 
place into early February. 

The site is bordered by a levee that can be accessed by truck and foot. The mudflats are quite 
soft in areas, and thus require experience in marsh walking as well as gear such as hip waders, 
especially for planting Spartina foliosa. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Mt. Eden Creek (13j) 

ISP Site code 13j 

Number of Islands (FWS - HTH Table 6/20/12)  0 
Total clapper rail habitat area (acres) at site 124.83 

G. stricta (D40s) 1755 

G. stricta (gal) 500 

D. spicata spicata 0 

S. foliosa (plugs) 900 

S. foliosa (stems) 4500 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 3155 

TOTAL Plants to be installed (S. foliosa counted as stems) 6755 

Estimated # planting days for 6 person crew 5.0 
Installation note N/A 
Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13 

Propagation entity The Watershed Nursery 
Restoration Lead ISP 
Owner/Manager CDFG 
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Figure 30: 2012-2013 Mt. Eden Creek planting plan 
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6.14 Greco Island North 
Greco Island is the largest remaining prehistoric tidal marsh in the western portion of the South 
Bay. The site is part of the FWS Don Edwards San Francisco Bay National Wildlife Refuge. Greco 
Island is located just southeast of Bair Island and Redwood Creek. The southern shore borders 
West Point Slough and Bayfront Park in Menlo Park. While the north shore is comprised of 
mudflats, the majority of the island can be characterized as pickleweed plain interspersed with 
numerous tidal channels. Treatment has removed non-native Spartina from most of the site 
and the native marsh is relatively intact. There are existing extensive stands of Spartina foliosa 
throughout the site. 

However, the northern portion of the island is less populated with Grindelia stricta, compared 
to the southeastern portion of the island. Thus, the northern lobe, “Greco Island North” was 
selected for Grindelia stricta plantings to enhance habitat for clapper rail. 

Also in 2011-2012, USGS installed twenty-five floating islands within this marsh with the goal of 
providing nesting habitat and high tide refuge for clapper rail. 

In 2011-2012, ISP revegetation included planting patches of Grindelia stricta within marsh plain 
channels, as well as along a remnant levee berm at appropriate high tide refuge elevation.  

There is ample opportunity for further plantings at this large site. In 2012-2013, planting will 
continue in these same or similar nearby areas. In 2012-2013, approximately 3270 Grindelia 
stricta will be planted across Greco Island North.  A select number of patches will include one-
gallon size Grindelia stricta plants to compare growth and survivorship with D40 size pots.  

Clapper rails are present at this site. Thus planting will take place before January 31, prior to 
breeding season. (“Early” planting must take place prior to January 31, vs. “late” planting that 
can take place after February 1.)  

Access to Greco Island North requires a boat. Typically, an airboat is used to ensure accessibility 
during all tide heights.  
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                                         Site-areaè 
Planning Consideration 
            ê 

Greco Island North (02f)  

ISP Site code 02f 
Number of Islands  0 
Total clapper rail habitat area (acres) at site 498.5 

G. stricta (D40s) 3120 

G. stricta (gal) 150 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 3270 

TOTAL Plants to be installed (S. foliosa counted as stems) 3270 

Estimated # planting days for 6 person crew 5.0 
Installation note access by boat 

Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates  1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery & Central Coast Wild 

Restoration Lead ISP 
Owner/Manager FWS Refuge 
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Figure 31: 2012-2013 Greco Island North planting plan 
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6.15 Bair B2 North Quadrant 
Bair Island-B2 North is a formerly diked area in the northern section of Bair Island adjacent to 
Steinberger Slough in Redwood City. This site is part of the Bair Island Restoration and En-
hancement Project, and is part of the FWS Don Edwards San Francisco Bay National Wildlife 
Refuge. 

This site consists of primarily pickleweed plain with hybrid Spartina at lower elevations and 
along interior sloughs. The revegetation plantings at this site are in the western portion of the 
marsh, which has been treated yearly since 2005. Non-native cordgrass is still prevalent in the 
eastern portion of this site which was not treated in 2011 and will undergo seed suppression 
treatment in 2012.  

In 2011-2012, ISP revegetation included planting patches of Grindelia stricta along marsh plain 
channels as well as ecotone/transition zone planting (using a patch design) along the “berm  
island“ that runs along the northwest side of the site.  

In 2012-2013, planting will continue in the same or similar marsh plain areas. In 2012-2013, ap-
proximately 1500 Grindelia stricta plants and 250 upland transition zone plants will be planted.  
A select number of patches will include one-gallon size Grindelia stricta plants to compare 
growth and survivorship with D40 size pots. An additional enhancement to this site will include 
a pilot high tide refuge island and associated plantings, including 58 one-gallon Grindelia stricta 
plants. 

Clapper rails are present at this site. Thus planting will be completed before January 31, prior to 
the breeding season. (“Early” planting must take place prior to January 31, vs. “late” sites plant-
ing that can take place after February 1.)  

This site functions as a large island, with wide tidal channels separating the marsh from the 
mainland and the rest of Bair Island.  An airboat is highly recommended for efficient access and 
plant delivery. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Bair B2 North Quadrant  
(02c.1) 

ISP Site code 02c.1 

Number of Islands  1 

Total clapper rail habitat area (acres) at site 283.6 

G. stricta (D40s) 1379 

G. stricta (gal) 100 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  241 

Refuge Island: G. stricta (58 gal/isl) 58 

Refuge Island: D. spicata (36 plugs/isl) 36 

TOTAL Plants to be installed (S. foliosa counted as plugs) 1814 

TOTAL Plants to be installed (S. foliosa counted as stems) 1814 

Estimated # planting days for 6 person crew 3.0 
Installation note access by boat 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery & Central Coast Wilds 
Restoration Lead ISP 

Owner/Manager FWS Refuge 
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Figure 32: 2012-2013 Bair Island - B2 North planting plan 
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Citation Marsh (Site to be initiated in 2012-2013) 

Citation Marsh is the northeast quadrant of the Roberts Landing marsh complex in the City of 
San Leandro. The marsh is bordered by Estudillo Creek to the north, and a paved portion of the 
San Francisco Bay Trail to the south. The marsh can be characterized as mixed pickleweed plain, 
with constructed channels, mudflats, pans and scattered upland areas including several islands 
that are currently covered with ruderal vegetation. The marsh plain is rarely inundated by the 
tide as one wide main channel bisects the marsh, north to south, and tide height at the site is 
controlled by tide gates at the north end along Estudillo Creek. 

This site received a considerable amount of non-native Spartina control from 2005 to 2010. 
However, no Spartina control took place in 2011 and no treatment is planned for 2012. In areas 
where treatment has occurred and non-native Spartina has been successfully removed, peren-
nial pickleweed has rebounded passively but Grindelia stricta is still limited.  Due to the contin-
ued uncontrolled presence of non-native Spartina at this site, native Spartina foliosa plantings 
are not planned.  

In 2011-2012, USGS installed eight floating islands within this marsh with the goal of providing 
nesting habitat and high-tide refuge for clapper rail. 

In 2012-2013, planting will take place along interior marsh channels as well as around the pe-
rimeter of the island in the northeast corner of the marsh. Approximately 550 of Grindelia stric-
ta will be planted and a select number of these patches will include one-gallon size Grindelia 
stricta plants, to compare growth and survivorship with D40 size pots. 

Clapper rails are present at this site, thus all planting must take place by January 31, prior to 
breeding season. This site is designated an “early” planting site. (“Early” planting must take 
place prior to January 31, vs. “late” planting that can take place after February 1.)  

Most of the perimeter of this site is levee, and thus access to the site for planting can be by 
truck and foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Citation Marsh (20d) 

ISP Site code 20d 

Number of Islands (FWS - HTH Table 6/20/12)  0 
Total clapper rail habitat area (acres) at site 111.41 

G. stricta (D40s) 500 

G. stricta (gal) 50 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 550 

TOTAL Plants to be installed (S. foliosa counted as stems) 550 

Estimated # planting days for 6 person crew 0.9 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery & Central Coast Wilds 
Restoration Lead ISP 
Owner/Manager City of San Leandro 
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Figure 33: 2012-2013 Citation Marsh planting plan 
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6.16 North Marsh (Site to be initiated in 2012-2013) 
North Marsh is the northwest quadrant of the Roberts Landing marsh complex in the City of San 
Leandro. The marsh is bordered by the Tony Lema Golf Course to the north, Citation Marsh to 
the east, and separated from the bay front by the San Francisco Bay Trail to the west and south-
west. The marsh can be characterized as mixed pickleweed plain, with constructed channels, 
mudflats, pans and scattered upland and ponded areas. The marsh plain is rarely inundated by 
the tide as the site is well drained through an open tidal gate on the west side of the site.  

This site received a considerable amount of non-native Spartina control from 2005 to 
2010.However, no Spartina control took place in 2011, and no treatment is planned for 2012. In 
areas where treatment has occurred and non-native Spartina has been successfully removed, 
perennial pickleweed has rebounded passively but Grindelia stricta is still limited.  Due to the 
continued uncontrolled presence of non-native Spartina at this site, native Spartina foliosa 
plantings are not planned.  

In 2011-2012, the USGS installed eight floating islands within this marsh with the goal of provid-
ing nesting habitat and high tide refuge for clapper rail. 

In 2012-2013, planting will take place on several of the existing islands within the marsh plain. 
Approximately 550 Grindelia stricta will be planted and a select number of these patches will 
include 1-gallon size Grindelia stricta plants to compare growth and survivorship with D40 size 
pots.  

Clapper rails are present at this site, thus all planting must take place before January 31, prior 
to breeding season. This site is designated an “early” planting site. (“Early” planting must take 
place prior to January 31, vs. “late” planting that can take place after February 1.)  

The perimeter of this site is levee, and thus access to the site for planting can be by truck and 
foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

North Marsh (20f)  

ISP Site code 20f 

Number of Islands (FWS - HTH Table 6/20/12)  0 

Total clapper rail habitat area (acres) at site 88.94 

G. stricta (D40s) 500 

G. stricta (gal) 50 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 550 

TOTAL Plants to be installed (S. foliosa counted as stems) 550 

Estimated # planting days for 6 person crew 0.9 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery & Central Coast Wilds 
Restoration Lead ISP 

Owner/Manager City of San Leandro 
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Figure 34: 2012-2013 North Marsh planting plan 
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6.17 Bunker Marsh (Site to be initiated in 2012-2013) 
Bunker Marsh is the southwest quadrant of the Roberts Landing marsh complex in the City of 
San Leandro. The marsh is bordered by North Marsh to the north, East Marsh to the east, the 
bay front to the west, and San Lorenzo Creek to the south. The marsh can be characterized as 
mixed pickleweed plain, with multiple channels, mudflat, and continuous upland transition 
zone/ecotone along the eastern side of the marsh.  

This site received a considerable amount of non-native Spartina control from 2005-2010. How-
ever, no Spartina control took place in 2011, and no treatment is planned for 2012. In areas 
where treatment has occurred and non-native Spartina has been successfully removed, peren-
nial pickleweed has rebounded passively, but Grindelia stricta is still limited.  Due to the contin-
ued uncontrolled presence of non-native Spartina at this site, native Spartina foliosa plantings 
are not yet planned for this site.  

In 2011-2012, the USGS installed six floating islands within this marsh with the goal of providing 
nesting habitat and high tide refugia for clapper rail. 

In 2012-2013, planting will take place along interior channels and on higher elevation pickle-
weed mounds in the central and southern reach of the site. Approximately 550 of Grindelia 
stricta will be planted in these areas. A select number of patches will include one-gallon size 
Grindelia stricta plants to compare growth and survivorship with D40 size pots. Clapper rails are 
present at this site, thus all planting must take place before January 31, prior to breeding sea-
son. This site is designated an “early” planting site. (“Early” planting must take place prior to 
January 31, vs. “late” planting that can take place after February 1.)  

The perimeter of this site is levee, and thus access to the site for planting will be by truck and 
foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Bunker Marsh (20g) 

ISP Site code 20g 

Number of Islands (FWS - HTH Table 6/20/12) 0  
Total clapper rail habitat area (acres) at site 35.81 

G. stricta (D40s) 400 

G. stricta (gal) 40 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 440 

TOTAL Plants to be installed (S. foliosa counted as stems) 440 

Estimated # planting days for 6 person crew 0.7 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 1/1-4/13, 1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery & Central Coast Wilds 
Restoration Lead ISP 
Owner/Manager City of San Leandro 
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Figure 35: 2012-2013 Bunker Marsh planting plan 
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6.18 San Lorenzo Creek and Mouth (Site to be initiated in 2012-2013) 
San Lorenzo Creek and Mouth is located at the southern end of the Roberts Landing marsh 
complex in the City of San Leandro. The creek borders the southern end of Bunker and East 
marshes. The creek is primarily vegetated with perennial pickleweed and leads to a delta that 
has formed at the creek mouth. The alluvial fan that has formed at the mouth of the creek has 
rapidly accreted sediment, likely in part due to the presence of non-native cordgrass that facili-
tates the accretion of sediments.  

This site received a considerable amount of non-native Spartina control from 2005 to 2010. 
However, limited Spartina control took place in 2011, and limited treatment is planned for 
2012. In areas where treatment has occurred and non-native Spartina has been successfully 
removed, perennial pickleweed has rebounded passively but Grindelia stricta is still limited.  
There is a large stand of Grindelia stricta near the northern edge of this site. Due to the contin-
ued uncontrolled presence of non-native Spartina at this site, native Spartina foliosa plantings 
are not yet planned for this site.  

In 2011-2012, the USGS installed three floating islands within this marsh with the goal of 
providing nesting habitat and high tide refuge for clapper rail. 

A limited amount of 2012-2013 planting will take place on higher elevation pickleweed plain on 
the northern end of the channel mouth.  Approximately 440 of Grindelia stricta will be planted 
in this area.  

Clapper rails are present at this site, thus all planting must take place before January 31, prior 
to breeding season. This site is designated an “early” planting site. (“Early” planting must take 
place prior to January 31, vs. “late” planting that can take place after February 1.)  

The perimeter of this site is levee, and thus access to the site for planting will be by truck and 
foot. 
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                                         Site-areaè 
Planning Consideration 
            ê 

San Lorenzo Creek and Mouth (20h.1) 

ISP Site code 20h.1 

Planting notes 2012-13 additional (GRST on main channel) 

Number of Islands (FWS - HTH Table 6/20/12)  0 
Total clapper rail habitat area (acres) at site 8 

G. stricta (D40s) 400 

G. stricta (gal) 40 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 440 

TOTAL Plants to be installed (S. foliosa counted as stems) 440 

Estimated # planting days for 6 person crew 0.7 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 
Possible Installation dates 12/4-8/12, 12/18-22/12, 12/3-7/12, 12/17-

21/12, 1/1-4/13, 1/7-10/13, 1/21-25/13, 2/1-
8/13 

Propagation entity The Watershed Nursery & Central Coast Wilds 

Restoration Lead ISP 

Owner/Manager City of San Leandro 
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Figure 36: 2012-2013 San Lorenzo Creek Mouth planting plan 
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6.19 Creekside Park 
Creekside Park is a partner-led revegetation site. Plants will be provided by the ISP Revegeta-
tion Program, but will be led by Save The Bay and Friends of Corte Madera Creek.  Creekside 
Park is located in the Corte Madera Creek watershed in Marin County. Corte Madera Creek 
flows into the northwest corner of San Francisco Bay near San Quentin State Prison. Creekside 
Park is located upstream on the north side of Corte Madera Creek in the City of Kentfield. In 
1976 a channel system was excavated at this restoration site, upland areas were graded to in-
tertidal elevations, central islands were constructed to provide upland refugia, and the site was 
planted with cordgrass and perennial pickleweed. 

Three species of non-native Spartina have been found at this site: Spartina densiflora, Spartina 
anglica and Spartina  alterniflora x Spartina  foliosa hybrids. The Spartina densiflora and 
Spartina anglica were planted on site, unfortunately the results of a misguided restoration ef-
fort. The main invader at the site was Spartina densiflora, which also hybridized with the native 
Spartina foliosa and spread into the site and adjacent watershed. The species have been well-
managed in partnership with Friends of Corte Madera Creek Watershed (FRCMC). Little non-
native cordgrass remains, however the Spartina densiflora seedlings and seed bank are persis-
tent and require vigilant attention. 

In 2011-2012, Friends of Corte Madera Creek Watershed (FRCMC) planted Grindelia stricta at 
this site on both channel banks and areas of higher elevation that were previously covered with 
S. densiflora. Distichlis spicata were also transplanted from the northern end of the marsh and 
added around the Grindelia stricta within the higher elevation areas. In addition, rakes were 
used to break up the dead Spartina densiflora root mass, that takes years to fully decompose, in 
an effort to speed up the passive recruitment of native marsh plants such as perennial pickle-
weed and Jaumea carnosa. 

In 2012-2013, FRCMC and Save The Bay (STB) will plant 6950 upland transition zone plants and 
600 Grindelia stricta with ISP propagated plants in the same or similar habitat as 2011-2012. 

Clapper rails are present at this site, thus all planting must take place before January 31, prior 
breeding season. (“Early” planting must take place prior to January 31, vs. “late” planting that 
can take place after February 1.)  

The perimeter of this site is levee, and thus access to the site for planting will be by truck and 
foot. The site is readily accessed from the levee trail and park to the west and southwest of the 
site. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Creekside Park (04g) 

ISP Site code 04g 

Planting notes Partner led site (STB and FOCMC)) 

Number of Islands (FWS - HTH Table 6/20/12)  0 

Total clapper rail habitat area (acres) at site 20.75 

G. stricta (D40s) 600 

G. stricta (gal) 0 

D. spicata 0 

TOTAL Plants to be installed (S. foliosa counted as plugs) 600 

TOTAL Plants to be installed (S. foliosa counted as stems) 600 

Upland transition zone: Save The Bay/Friends of Corte 
Madera Creek                      

6950 

Upland transition zone Total  6950 

Refuge Island: G. stricta (58 gal/isl) 0 

Refuge Island: D. spicata (36 plugs/isl) 0 

TOTAL Plants to be installed    7550 

TOTAL Plants to be installed    7550 

Estimated # planting days for 6 person crew 8.0 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates  1/2-5/13, 1/7-10/13, 1/21-25/13, 2/1-8/13 

Propagation entity The Watershed Nursery and Marin County Parks 
Department 

Restoration Lead ISP/Save The Bay/Friends of Corte Madera Creek 

Owner/Manager County of Marin 
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Figure 37: 2012-2013 Creekside Park planting plan 
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6.20 High Tide Refuge Islands (only) 
This section includes the few sites at which revegetation will only be done in association with construct-
ed high tide refuge islands. 

Cooley Landing 
Cooley Landing is located on the southwest side of San Francisco Bay, just south of the Dumbar-
ton Bridge in the City of East Palo Alto. Cooley Landing is part of the Ravenswood Open Space 
Preserve. Primarily a former salt pond that was restored to tidal action in 2000, native vegeta-
tion including perennial pickleweed and native cordgrass has colonized this area of the marsh 
complex. The western portion of the main marsh is bordered by a levee and public trail on the 
west side and the PG&E power line boardwalk on the east. Marsh vegetation in this area con-
sists primarily of perennial pickleweed (mixed with scattered Grindelia stricta, Jaumea carnosa, 
Distichlis spicata and Frankenia salina), native Spartina stands and stands of hybrid Spartina. 
The remainder of the restored marsh, to the east of the PG&E power lines, as well as the sur-
rounding marsh and channels that border the former salt pond area to the north, west and 
south has similar vegetation. Large areas at lower elevation near the breaches remain as un-
vegetated open mudflats. The marsh to the west and north of the levee/public trail contains 
limited non-native Spartina and significant stands of mature Grindelia stricta, native Spartina 
and mixed pickleweed mid-marsh. 

The ISP enhancement to this site in 2012-2013 will be a pilot high tide refuge island and associ-
ated plantings, including 58 one-gallon Grindelia stricta plants. An additional artificial floating 
island will also be included at this site with the goal of providing interim nesting habitat and 
high tide refuge. 

Clapper rails are present at this site, thus all planting must take place before January 31, prior 
to breeding season. (“Early” planting must take place prior to January 31, vs. “late” planting 
that can take place after February 1.)  

The southwest and north sides of the site are accessed by levee trail. However, there are nu-
merous channels to cross, and low, soft mudflat areas in the interior. Thus, access to the site for 
planting will be by truck and foot. However, given the soft sediment, personnel experienced in 
marsh walking and appropriate field gear will be required. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Cooley Landing (16) 

ISP Site code 16 

Number of Islands (FWS - HTH Table 6/20/12) 1 

Total clapper rail habitat area (acres) at site 177.8 

G. stricta (D40s) 0 

G. stricta (gal) 0 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 58 

Refuge Island: D. spicata (36 plugs/isl) 36 

TOTAL Plants to be installed (S. foliosa counted as plugs) 94 

TOTAL PLANTS TO BE INSTALLED (S. foliosa counted as stems) 94 

Estimated # planting days for 2 person crew 0.5 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 12/17-21/12, 1/1-4/13, 1/7-10/13, 1/21-25/13.  

Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager MPOD, SS Papadopulos & Associates, Inc. 
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Figure 38: 2012-2013 Cooley Landing  high tide refuge island location 
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Bird Island 
Bird Island is located at the mouth of Belmont Slough on the southwest side of San Francisco 
Bay in Redwood City. This island is part of the FWS Don Edwards San Francisco Bay National 
Wildlife Refuge. The island consists of moderate-width mudflats grading into native Spartina 
marsh and pickleweed/gumplant (Grindelia stricta) marsh at higher elevations. 

The ISP enhancement to this site in 2012-2013 will be a pilot high tide refuge island and associ-
ated plantings, including 58 one-gallon Grindelia stricta plants. An additional artificial floating 
island will also be included at this with the goal of providing interim nesting habitat and high 
tide refuge. 

Clapper rails are present at this site, thus all planting must take place before January 31, prior 
to breeding season. (“Early” planting must take place prior to January 31, vs. “late” planting 
that can take place after February 1.)  

Access to this site will require a boat, not only for the creation of the island, but also to access 
the island for delivery of plants and plant installation. 
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                                         Site-areaè 
Planning Consideration 
            ê 

Bird Island (02a.3) 

ISP Site code 02a.3 

Number of Islands (FWS - HTH Table 6/20/12) 1 
Total clapper rail habitat area (acres) at site 91.35 

G. stricta (D40s) 0 

G. stricta (gal) 0 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 58 

Refuge Island: D. spicata (36 plugs/isl) 36 

TOTAL PLANTS TO BE INSTALLED (S. foliosa as plugs) 248 

TOTAL PLANTS TO BE INSTALLED (S. foliosa as stems) 248 

Estimated # planting days for 2 person crew 0.5 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 12/17-21/12, 1/1-4/13, 1/7-10/13, 1/21-25/13. 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager FWS Refuge 
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Figure 39: 2012-2013 Bird Island high tide refuge island location 
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Belmont Slough 
Belmont Slough is located on the west side of San Francisco Bay between the cities of Foster 
City and Redwood City. Marsh habitat within the slough is managed as part of the FWS Don 
Edwards San Francisco Bay National Wildlife Refuge. The slough is a wide, completely tidal 
channel lined with fringing marsh of varying widths composed of mixed pickleweed/Spartina 
foliosa.  

The ISP enhancement to this site in 2012-2013 will be two pilot high tide refuge islands and as-
sociated plantings, including 58 one-gallon Grindelia stricta and Distichlis spicata plants. (Note 
second island location still to be determined.) An additional artificial floating island will also be 
included at this site, with the goal of providing interim nesting habitat and high tide refuge. 

Clapper rails are present at this site, thus all planting must place before January 31, prior to 
breeding season. (“Early” planting must take place prior to January 31, vs. “late” planting that 
can take place after February 1.)  

Patches of marsh run the length of this site that can be accessed from the shoreline of Red-
wood City. Airboats maybe needed to facilitate access and delivery of plants and installation 
crew. 
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                                         Sub-areaè 
Planning Consideration 
            ê 

Belmont Slough (02a.1b) 

ISP Site code 020a.1b 
Number of Islands (FWS - HTH Table 6/20/12, up-
dated according to HTH plans) 2 

Total clapper rail habitat area (acres) at site 68.24 

G. stricta (D40s) 0 

G. stricta (gal) 0 

D. spicata 0 

S. foliosa (plugs) 0 

S. foliosa (stems) 0 

Upland transition zone Total  0 

Refuge Island: G. stricta (58 gal/isl) 116 

Refuge Island: D. spicata (36 plugs/isl) 72 
TOTAL Plants to be installed (S. foliosa counted as 
plugs) 188 

TOTAL Plants to be installed (S. foliosa counted as 
stems) 188 

Estimated # planting days for 6 person crew 0.5 
Installation note N/A 

Installation timing (clapper rail presence) by Jan 31 

Possible Installation dates 12/17-21/12, 1/1-4/13, 1/7-10/13, 1/21-25/13. 

Propagation entity The Watershed Nursery 

Restoration Lead ISP 

Owner/Manager State Lands 
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Figure 40: 2012-2013 Belmont Slough Mouth high tide refuge island location (note: second island location still to 
be determined). 
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6.21 2012-2013 Potential Planting Total Across All Sites 
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7. 2012-2013 Next Steps 
The next steps in the Revegetation Program will be to continue the ground truthing and re-
finement of the site-specific plans. Clapper rails have been detected at a majority of the sites, 
and thus most of the planting will take place between December 2012 and February 1, 2013, 
prior to the beginning of the clapper rail breeding season. Final coordination, site plans, and 
access routes are planned in partnership with all land owners. Just prior to installation, planting 
areas and access routes will be flagged for the installation contractors, and updated site maps 
and species numbers will be provided to the contractors. Where rail are not present, planting 
will continue through February with the goal of wrapping up the 2012-2013 planting season as 
early as possible. 

  

Figure 41. Timeline for tasks associated with the 2012-2013 Revegetation Program 
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Figure  41. Timeline for tasks associated with the 2012-2013 Revegetation Program (continued) 
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Revegetation Plan:
  Master ISP Site Specific Planning Matrix

                                         Site-area

Planning Consideration

             

Cogswell A (20m) Cogswell B (20n) Cogswell C (20o)
Oro Loma East 

(07a)

Oro Loma West 

(07b)

Damon Marsh, MLK 

Shoreline (17d.4)

MLK New Marsh 

(17h)

ISP Site code 20m 20n 20o 13b 07a 17d.4 17h

Total CLRA Habitat Area (acres) at site 35 100.16 49.78 197.05 130.73 10.6 2.91

Restoration Lead ISP ISP ISP ISP ISP ISP & STB ISP & STB

Number of Islands (2012-2013) 0 0 0 0 0 0 1

Marsh plain: G. stricta (D40s) 1060 4025 1960 1360 1400 435 330

Marsh plain: G. stricta (gal) 425 365 325 175 260 35 0

Marsh Plain Grindelia Total 1485 4390 2285 1535 1660 470 330

Marsh plain: D. spicata (ramets) 520 1760 850 0 0 0 0
Marsh plain/flats: S. foliosa (plugs) 0 0 0 0 0 0 0

Marsh plain/flats: S. foliosa (stems) 0 0 0 0 0 0 0

Marsh plain Total (S. foliosa counted as plugs) 2005 6150 3135 1535 1660 470 330

Marsh plain total (S. foliosa counted as stems) 2005 6150 3135 1535 1660 470 330

Transition Zone ISP Total  (including 3   L. triticoides/patch) 400 0 0 0 0 0 0

Transition Zone Total: STB and Friends of Corte Madera Creek 0 0 0 0 0 4000 0

Refuge Island: Total G. stricta (58 gal/Isl) 0 0 0 0 0 0 58

Refuge Island: Total D. spicata (36 plugs/isl) 0 0 0 0 0 0 36

TOTAL PLANTS TO BE INSTALLED 

 (S. foliosa counted as plugs)
2405 6150 3135 1535 1660 4470 424

TOTAL PLANTS TO BE INSTALLED 

(S. foliosa  counted as stems)
2405 6150 3135 1535 1660 4470 424

TOTAL ISP PLANTS TO BE INSTALLED  

(S. foliosa counted as  plugs)
2405 6150 3135 1535 1660 470 424

TOTAL ISP PLANTS TO BE INSTALLED 

 (S. foliosa counted as  stems)
2405 6150 3135 1535 1660 470 424

Estimated # planting days for 6 person crew 4 10 5 3 3 1 1
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Alameda FC 

Channel Mouth, 

Lower & Upper 

(01a, b & c)

AFCC 

Pond 3 (01f)

Whales Tail South 

(13e)

Whales Tail North 

(13d)

North Cr Marsh (Eden 

Landing Reserve 

South) (13k)

Mt. Eden Creek 

(13j)

Greco Island North 

(02f) 

Bair B2 North 

Quadrant 

(02c.1)

Citation Marsh 

(20d)
North Marsh (20f) 

01a, b & c 01f 13e 13d (13k 13j 02f 02c.1 20d 20f

233.91 130.93 149.35 149 239.4 124.83 498.5 283.6 111.41 88.94

ISP ISP ISP ISP ISP ISP ISP ISP ISP ISP

0 0 0 0 0 0 0 1 0 0

720 200 408 543 1700 1755 3120 1379 500 500

165 20 210 185 100 500 150 100 50 50

885 220 618 728 1800 2255 3270 1479 550 550

132 0 0 0 0 0 0 0 0 0
800 0 800 400 3450 900 0 0 0 0

4000 0 4000 2000 17250 4500 0 0 0 0

1817 220 1418 1128 5250 3155 3270 1479 550 550

5017 220 4618 2728 19050 6755 3270 1479 550 550

0 0 1340 0 0 0 0 241 0 0

0 0 0 0 2000 0 0 0 0 0

0 0 0 0 0 0 0 58 0 0

0 0 0 0 0 0 0 36 0 0

1817 220 2758 1128 7250 3155 3270 1814 550 550

5017 220 5958 2728 21050 6755 3270 1814 550 550

1817 220 2758 1128 5250 3155 3270 1814 550 550

5017 220 5958 2728 19050 6755 3270 1814 550 550

3 0.5 5 2 9 5 5 3 1 1
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Bunker Marsh 

(20g)

San Lorenzo Creek 

and Mouth (20h.1)

Creekside Park 

(04g)
Cooley Landing 

(16)
Bird Island (02a.3)

Seal Slough Mouth - 

Central Marsh 

(19p.1)

Belmont Slough 

(02a.1a/b)

Total 

2012-2013

20g 20h.1 04g 16 02a.3 19p.1 020a.1b

35.81 8 20.75 177.8 91.35 37.75 68.24

ISP ISP FCMC & STB ISP ISP ISP ISP

0 0 0 1 1 1 2

400 400 600 0 0 0 0 22795

40 40 0 0 0 0 0 3195

440 440 600 0 0 0 0 25990

0 0 0 0 0 0 0 3262
0 0 0 0 0 0 0 6350

0 0 0 0 0 0 0 31750

440 440 600 0 0 0 0 35602

440 440 600 0 0 0 0 61002

0 0 0 0 0 0 0 1981

0 0 6950 0 0 0 0 32450

0 0 0 58 58 0 116 348

0 0 0 36 36 0 72 216

440 440 7550 94 94 0 188 70597

440 440 7550 94 94 0 188 95997

440 440 600 94 94 0 188 38147

440 440 600 94 94 0 188 63547

1 1 1 0 0 0 0 64
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1 Introduction 

The State Coastal Conservancy’s San Francisco Estuary Invasive Spartina Project (ISP) prepared 

a five-year “California Clapper Rail Habitat Enhancement, Restoration and Monitoring Plan” 

(Olofson Environmental, 2012) as a strategy to rapidly provide increased support for California 

clapper rails  (Rallus longirostris obsoletus) in tidal marshes that had been badly affected by the 

invasion and subsequent control of non-native Spartina (cordgrass). The plan included a number 

of components; key among them was the intensive planting of native vegetation to “rapidly es-

tablish enhanced cover, nesting, and high tide refugia habitat for California clapper rail”. The 

plan described the specific habitat requirements for clapper rails, and identified two species of 

native plants, Grindelia stricta (gumplant) and Spartina foliosa (Pacific cordgrass), as being the 

most critical to clapper rail support. Both plant species provide clapper rails cover for foraging 

and nesting, and substrate for nesting. S. foliosa is particularly important for cover in the low 

marsh zone, where G. stricta and other native marsh plants do not grow. Both G. stricta and S. 

foliosa had been displaced from highly invaded marshes, or in some cases, precluded from estab-

lishing there. As the invasive non-native Spartina was controlled, some marshes were left with 

insufficient plant structure to continue to support clapper rails, and reintroducing these native 

plants is considered necessary for continued survival of local clapper rail populations. 

Reintroducing G. stricta is a relatively straight-forward process of growing plants from harvested 

seeds, and planting them in the marsh. Reintroducing S. foliosa, however, is more complicated. 

This is because the primary, and most damaging, Spartina invader in San Francisco Estuary was 

actually a highly fertile hybrid (or more correctly, a suite of hybrids), formed between the non-

native Spartina alterniflora (Atlantic cordgrass), and the native Spartina foliosa. The hybrid 

Spartina readily fertilizes native Spartina, thus producing hybrid seed, and spreading the inva-

sion. 

This makes the task of reintroducing the native difficult for two reasons: (1) care must be taken 

to not reintroduce S. foliosa in areas where there might still possibly be hybrid present, because 

the hybrid produces significantly more pollen than the native, and will “swamp” the native flow-

ers, producing more invasive hybrid offspring; and (2) great caution must be taken to only plant 

pure Spartina foliosa; that is, to not mistakenly plant hybrid Spartina into a restoration site. This 

second issue is of great concern, because in some cases, successful control (kill) of the most dis-
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cernible hybrids (which tended to be much taller or otherwise physically distinct from the na-

tive), has inadvertently resulted in selection for hybrid Spartina forms that look and act (in the 

short term) very much like the native.  

It is for this second reason that the protocol presented in this document was initially developed: 

to assure a rigorous procedure by which potential Spartina foliosa donor populations (places 

from which seed or propagules would be taken for replanting) would be screened for genetic pu-

rity, and to provide safeguards for assuring that any “mistakes” would be quickly discovered and 

appropriately addressed. In the process of developing the protocol, ISP staff decided to also ad-

dress other factors that were important for selecting a donor population, including the relative 

salinity of the source location vs. the target restoration sites; the type of growth substrate; the po-

tential presence of invasive invertebrates; the potential impact of plant harvesting on the donor 

marsh or wildlife; and basic logistics associated with access and harvesting.  

 The protocol includes guidelines for selecting S. foliosa source populations, harvesting plant 

material, propagating collected plant material, and planting S. foliosa at selected ISP revegetation 

site. The protocol also outlines genetic sampling to be conducted during all three phases of the S. 

foliosa revegetation effort: collection, propagation, and planting. Finally, the protocol includes 

methods for monitoring revegetation sites, and strategies for responding in the event that hybrid 

Spartina is detected in a donor marsh, propagation bed, or planted area within a revegetation site. 

2 Selection of Donor Sites for Spartina foliosa Collection 

This section covers a number of considerations, from general to specific, for determining suitable 

donor sites from which to collect S. foliosa. Appendix I to this document lists various marshes 

that may be considered as potential donor populations.  

2.1 General Considerations and Restoration Theory 

A fundamental practical concern for selecting donor sites for S. foliosa is to avoid selecting loca-

tions with hybrid S. alterniflora x foliosa (which so far has only been documented within and 

near the San Francisco Estuary). However, there are reasons why it may also be important to se-

lect donor sites as near the planned restoration project as possible. The natural current range of 

Spartina foliosa is from Baja California to Bodega Bay, California, with the largest populations 
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being around the Tijuana Estuary south of San Diego and in the San Francisco Estuary. The ge-

netic variation within this range has not been fully explored, but evidence collected by the ISP 

(ISP data 2011), and popular theories of ecological and population genetics, suggest that there 

has been distinct genetic development between areas within the range. Within the field of Resto-

ration Biology, it is considered that these distinctions may be valuable and warrant preservation. 

In addition to genetic variability, there may also be distinct important physical adaptations to the 

environment, such as adaptations to salinity or temperature, which are shared by nearby plant 

populations and which will give the new plant starts a better chance of survival in the restoration 

project. 

The condition of the site to be restored also plays an important role in determining the appropri-

ate source of plant material to be used (Lesica and Allendorf 1999). Both the degree and the ex-

tent of disturbance can influence what donor material should be used. In areas that are slightly 

disturbed, restoration practitioners might favor use of “local” plant sources. “Local” generally 

refers to restoration material that has evolved in similar conditions and in an area close to a given 

restoration site. It is expected that plants from a local source will have evolved favorable adapta-

tions to the slightly disturbed site and will be more likely to survive (Lesica and Allendorf 1999).  

If the restoration site contains a population of the species to be planted, then introducing local 

genotypes of the same species will help to prevent genetic dilution events. Genetic dilution oc-

curs when a less fit genotype is introduced into a population, breeds, and lowers the general fit-

ness of a population (Hufford and Mazer 2003). Further, planting locally adapted stock helps to 

prevent mortality caused by transplant shock. For example, Trnka and Zedler (2000) showed that 

when S. foliosa from a benign site is planted into a site with less nutrients and higher salinity, 

plants suffered higher mortalities than donor plants collected from a more stressed environment.  

However, planting locally evolved plants is not always practical or advisable. For example, if 

there is a high level of disturbance at the restoration site, the local plant population may not have 

evolved for these unique conditions. In this case, it might be preferable to introduce a variety of 

different donor materials in order to find the material best suited to the site (Lesica and Allendorf 

1999). Additionally, introducing a diverse amount of donor material may also be important for 

the long term sustainability of a restoration site (Williams 2001). Other studies in clonal species 
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have determined that more diverse stands are able to better withstand extreme events such as 

heat shock (Reusch et al. 2005) or grazing pressures (Hughes and Stachowicz 2004).  

While it is useful to have a sense generally of how restoration practitioners choose donor materi-

al, there are special considerations for restoration of S. foliosa in the San Francisco Bay.  

2.2 History of Hybrid Spartina at and Near the Donor Site 

In choosing donor sites for collecting Spartina foliosa, one of the most important considerations 

is the history of hybrid Spartina presence at and in proximity to the site. ISP has mapped hybrid 

Spartina locations around the Bay since 2001, with intensified efforts beginning in 2008 to com-

prehensively inventory all marshes, including those at low risk of invasion (Hogle 2008). Loca-

tions of hybrid Spartina are precisely mapped using a mapping grade GPS unit. This method of 

mapping has led to extensive knowledge about the distribution of hybrid Spartina that is main-

tained in a GIS database.  

In addition to mapped information, experienced ISP biologists and Treatment Program managers 

have intimate knowledge of many marshes and regions of the Bay, having traversed them dozens 

of times over the past years. Staff is often aware of a specific marsh’s evolution as hybrid 

Spartina has been eradicated, and they can identify areas where conditions have been stable and 

evolving towards healthy native marsh for a period of time. Staff also may be aware of specific 

conditions, such as hydrology or physical barriers, that have precluded hybrid Spartina from 

coming into a marsh, even though proximity might suggest a high level of risk for a S. foliosa 

population.    

Genetic testing of plant samples (discussed further below) can provide reliable evidence regard-

ing whether a specific Spartina plant has S. alterniflora genetic material, however, the cost of 

testing every plant, or even every clone, precludes reliance on this tool for selecting source stock.  

Therefore, when considering candidates for Spartina foliosa donor sites, the ISP will carefully 

review the available information regarding the site location, the history of hybrid Spartina pres-

ence, and proximity to current and historic hybrid Spartina populations, to ascertain a relative 

level of risk of S. alterniflora genetic material being present in the Spartina population. Low or 

no risk site options will always be preferred over higher risk options, unless an overriding con-
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sideration, such as the presence of critical physical adaptations, supports continued consideration 

of a site. (Factors such as convenience for collection will not be considered an “overriding con-

sideration”.) Use of sites with a relative risk above “low” will be preceded by extensive genetic 

sampling and analysis to confirm pure genetics, followed also by increased sampling and analy-

sis during propagation. 

 Particular Issues in the East Bay  2.2.1

As noted previously, an ideal donor marsh would have similar physical characteristics as well as 

S. foliosa that is closely related to any S. foliosa within the selected restoration sites. Sites like 

this are difficult to identify in areas along the eastern shore of Central San Francisco Bay (“East 

Bay”), where much of the ISP restoration is focused, as S. foliosa has been extirpated by hybrid 

assimilation in most marshes there. This means local donor populations for proposed restoration 

efforts are limited to a small number of pocket marshes not colonized by hybrid Spartina. Alt-

hough not infested, these sources are proximate to known hybrid Spartina locations and, thus, 

are at higher risk of containing cryptic hybrid Spartina (i.e., more difficult to visually identify). 

Therefore, particular caution will be taken when determining local sources for S. foliosa in the 

East Bay.  All available genetic tools and historic data as discussed in the previous section will 

be applied to aid in determining acceptable marshes that are also proximate to restoration sites. If 

a choice must be made between choosing a more distant source population or choosing a nearby 

source with a higher risk of containing cryptic hybrid, the more distant location will be given 

preference.  

2.3 Potential Movement of Hybrid Seed or Seedlings 

Certain areas have experienced increases in hybrid presence in recent years, which would sug-

gest the presence of a viable hybrid seed bank or nearby seed or propagule source that has not yet 

been identified or controlled.  Similarly, hybrid seedlings may appear unexpectedly in a marsh 

where hybrid has not been previously detected. In both of these circumstances, while the target S. 

foliosa population  might not be suspect (due to genetic confirmation or other factors), there 

could be a risk of inadvertently collecting and transferring hybrid seed or very small seedlings 

along with the collected S. foliosa plants. 
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Therefore, when considering candidates for Spartina foliosa donor sites, the ISP will avoid areas 

with new or recently increased hybrid detections, unless there is clear evidence that the cause of 

the hybrid occurrence was limited in scope and would not have affected the rest of candidate site. 

For example, the presence of a single hybrid clone in the mid marsh plain of China Camp Marsh 

was unlikely and incongruous, considering the marsh is distant from other hybrid populations 

and no other hybrids have been detected, even in areas that would most likely be populated first 

by natural methods. It has since been hypothesized that a seed or limited number of hybrid seeds 

may have been introduced to the marsh inadvertently by Spartina researchers, and so China 

Camp S. foliosa would not be precluded from consideration as a donor population for that rea-

son.  

2.4 Spartina foliosa Morphology 

Marshes around the Bay have been monitored extensively by ISP staff for several years. This has 

led to considerable institutional knowledge about morphologies of S. foliosa. As a clonal species, 

S. foliosa tends to grow in uniform stands, with the population height tending to vary according 

to regional conditions, such as salinity.  However, S. foliosa morphology does tend to vary with 

microtopology within a given marsh. For example, S. foliosa growing in a salt panne will appear 

stunted and spiky when compared to S. foliosa on the adjacent bayfront.  

Because non-uniform stands and spiky morphology are strong indicators for hybrid Spartina, 

candidate donor sites with these characteristics will be subjected to greater scrutiny before being 

chosen. All morphologies and phenologies of plants will be genetically sampled, and the site will 

be visited in two or more seasons to determine if “odd” morphologies continue to persist. As an 

additional consideration, a S. foliosa population with atypical morphology may be determined to 

be unsuitable as a donor population simply because of potential difficulties that could accompa-

ny future identification and monitoring of the plants in the restoration marsh. 

2.5 Transplant Shock 

When direct transplants are used as a restoration method, it is necessary to compare donor and 

restoration site characteristics.  A plant can suffer transplant shock if moved from a relatively 

benign to a harsher environment. For example, S. foliosa transplanted from high salinity to low 

salinity increased in robustness, while S. foliosa harvested from areas of low salinity tend to suf-
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fer high transplant shock when planted into higher salinity. Sloughs with greater fresh water in-

fluence such as Coyote Creek or Sonoma Creek may not be appropriate as donor populations for 

Central Bay marshes that tend to have higher salinities.  

Therefore, donor sites with salinity levels that approximate restoration marshes will be preferred 

for plant collection (especially for direct transplants). When possible, “salt hardening” will be 

conducted in propagation beds during the final weeks of plant growth prior to outplanting. Also, 

an experiment to salt harden direct transplants after harvesting and prior to outplanting may be 

conducted.   

2.6 Presence of Invasive Invertebrates 

Certain marshes in the Bay have an invasive burrowing isopod (Sphaeroma quoianum). This 

species is a ‘direct developer’ which means that it does not have a larval stage, and, consequent-

ly, it is not yet widespread throughout the Bay (Baye pers. comm. 2012). However, once at a 

site, this animal has the potential to increase erosion rates.  This is because these isopods make 

distinctive burrows in the cut bank of marsh channels.  Finding these invertebrates is easy when 

one targets looking for these structures.  Marshes that contain this isopod will not be used for di-

rect transplants. Sites where presence of this isopod has been documented are Muzzi Marsh 

(Corte Madera Ecological Reserve), McInnis Marsh, Greco Island, and China Camp State Park.  

There may also be other types of non-native invertebrates present in donor marsh sediment that 

could harm restoration marshes should they be introduced. This should not generally be a prob-

lem for plants that are harvested and then propagated in nursery beds, because the long growth 

period with fresh water would preclude their survival. However, if direct transplanting is to be 

conducted, the presence of potentially deleterious invertebrates will be assessed.  

2.7 Logistics 

Preferred sites for collection will be logistically simple, ideally having existing access agree-

ments and easy access.  For example, S. foliosa collection has not been considered on lands that 

are part of the San Francisco International Airport due to airport security measures. In some situ-

ations, ISP may use boats to access donor sites for collection.  
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2.8 Minimize Impacts to Clapper Rails  

Sites selected for S. foliosa collection will primarily be sites determined by assessment of the 

available habitat or by appropriate surveys to not support breeding California clapper rails. For 

example, Golden Gate Fields was chosen as a donor site due to small size, muted hydrology and 

multiple years of ISP survey data that all indicate the marsh does not support clapper rail.   

Collection of S. foliosa from marshes that are known to support clapper rail will be extremely 

limited, will occur during the non-breeding season (Nov 1 – Jan 31), and would only occur in 

areas of the marsh that are unlikely to support nesting clapper rail (e.g., 700 ft. from calling cen-

ter locations from recent survey,).   In addition, S. foliosa will be collected during the winter 

when it is senescent thus providing minimal cover for clapper rail. 

3 Considerations during Harvesting from Donor Sites   

The scale of restoration being undertaken by the ISP is relatively large (40,000-80,000 plants of 

all species per year) and the amount of Spartina foliosa material needed to support the effort is 

considerable. To minimize any potential negative effect of large-scale harvesting of S. foliosa, 

the Restoration Plan includes the use of propagation beds, which allows a smaller amount of 

plant material to be harvested from the native marsh, and then grown out to a larger volume be-

fore planting to the restoration site. This worked very well during the first year of the project, 

and the amount planted out of the propagation bed was several times greater than what was ini-

tially harvested and put into the bed. However, there would be potential for overharvesting from 

smaller donor marshes or for causing marsh deterioration by repeated harvesting from the same 

marsh. In some cases, such as when the plants are harvested as a salvage effort prior to dredging 

or maintenance of a harbor facility, removal of a large percentage of the S. foliosa is not a con-

cern. However, if the S. foliosa is part of a marsh that supports wildlife or provides other benefi-

cial uses, potential deterioration must be avoided.  

Therefore, if harvesting is to be conducted from a donor site that provides habitat value, care will 

be taken to harvest from locations within the marsh where the least amount of effect will be had, 

and to space harvest patches such that ample contiguous habitat remains unaffected. The plan for 

each site will limit harvesting to some maximum percentage of the collection area, typically 

10%, based on criteria used in other types of restoration efforts. Also, donor sites that are pro-
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posed for use more than one year will be surveyed prior to subsequent harvesting to determine 

whether the site is fully recovered from the previous harvest, and thus suitable for a second har-

vest. Harvest sites showing signs of stress or deterioration will not be used until conditions have 

fully recovered. 

4 Genetic Sampling for Collection, Propagation, and Planting 

4.1 Genetic Screening of S. foliosa from Donor Sites  

Once a potential donor site has been selected considering the factors outlined in Section 2, DNA 

samples will be collected to ensure the purity of S. foliosa within the potential harvest area at 

each site. The number of samples collected will be based on consideration of the relative risk of 

hybrids being present, with the higher risk requiring more testing. At the current time, the ISP is 

considering the risk to be directly associated with the distance from known Hybrid locations, and 

has established the following tentative criteria: 

 For sites that are within 1000 meters of a known hybrid Spartina location, ten DNA 

samples will be collected for every 100m2 of potential plant harvest area.  

 For sites that are over 1000 meters from hybrid, 10 DNA samples will be taken over the 

entire harvest area.   

 For both types of sites, additional samples will be taken of any plants that appear to be 

different from the dominant morphology or phenology of S. foliosa at that site, or as oth-

erwise determined by a trained ISP biologist.  

This testing frequency will be reevaluated periodically to determine whether it is adequate or 

excessive, and adjusted accordingly. The general DNA sampling and analysis protocols to be 

used are described in various ISP reports (e.g., Hogle 2011). Donor populations will be selected 

that are deemed genetically pure S. foliosa using these protocols.  

DNA sample locations will be mapped using GPS units running ArcPad software (customized 

data forms) and data collected will be maintained in a GIS database. Plant collection areas within 

donor marshes and individual DNA sample locations within plant collection areas will be 

mapped as GIS features (points, lines or polygons) so they can be relocated easily. During map-

ping of features, detailed feature-specific data will be collected (e.g., morphological characteris-
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tics, plant phenology, site conditions) that will be maintained in the GIS database. Detailed sam-

ple-specific data will also be collected including morphological characteristics used for identifi-

cation purposes, plant phenology and site conditions. 

4.2 Genetic Sampling for Direct Transplants and for Propagation Beds 

Plant collection for direct transplants and for propagation beds will be conducted in areas that 

have been genetically screened prior to collection as described above in Section 4.1. If an area 

was prescreened in a year prior to plant collection, the site will be re-surveyed and re-sampled 

due to the possibility that new plants may have colonized the collection area subsequent to pre-

vious sampling efforts. The number of samples taken in subsequent years will follow the guide-

lines identified in Section 3.  

 Direct Transplants  4.2.1

Direct transplants are defined as vegetative material that is translocated from a donor marsh di-

rectly to a restoration marsh without an intermediary step. Because direct transplanting does not 

allow the additional time for observation that use of propagation beds does, these plants will be 

subject to additional genetic analysis after the initial screening described above. Depending on 

the source location and its proximity to uncontrolled hybrids, between 1 and 10% of all harvested 

material will be randomly sampled during harvest (i.e., leaf samples will be taken from bins 

holding collected plant material at site). In 2010/2011, the Romberg Tiburon Center working 

with ISP used direct transplants at several marshes in survivorship experiments (Thornton 2011). 

In 2011/2012, both the Romberg Tiburon Center and ISP used direct transplants at several re-

vegetation sites (i.e., Eden Landing and Alameda Flood Control Channel).  

 Propagation Beds  4.2.2

The use of propagation beds is intended to minimize impacts to donor marshes by reducing the 

amount of collected material needed. Donor material will be collected at least 6 months prior to 

outplanting to allow the plants to grow and expand within the beds maximizing the amount of 

material available for outplanting at restoration sites. The beds will be monitored during the 

growing period and at the time of outplanting to identify any differing morphologies or phenolo-

gies within each bed or source site. Additional genetic samples will be taken of any plants that 

are visually identified as ‘different’ during monitoring. For donor material collected from  sites 
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within 1000 m of known hybrid Spartina locations,  additional genetic sampling will be conduct-

ed on 1-5% of harvested  material during collection (i.e., leaf samples will be taken from bins 

holding collected plant material at site).   

 Propagation Beds Prior to Outplanting 4.2.3

ISP staff will visually assess the propagation beds monthly throughout the growing season in or-

der to assess morphologies and phenologies of S. foliosa.  If a plant or bed seems to behave dif-

ferently from other beds from the same source site, then additional genetic samples will be taken 

from this bed.  Different morphologies that might indicate hybrid Spartina presence in a bed 

could include height variability, faster growth rate, or pink stems.  Any plant that is identified as 

exhibiting a different morphology or phenology from other plants at that source site, will be ge-

netically tested and verified as S. foliosa prior to outplanting.  

 Laboratory Genetic Results and Analysis  4.2.4

General DNA analysis is described in various ISP reports (e.g., Hogle 2010, Hogle 2008). ISP 

expects to continue to use the UCLA Human Genomics Lab to process DNA samples and ISP 

staff to analyze results using the program Structure TM (cluster analysis). However, the cluster 

analysis will be modified to reflect that S. foliosa is a “diploidized” hexaploid species. While this 

means that S. foliosa has six homologous chromosomes, enough genetic differentiation has oc-

curred between these chromosomes that the species can be analyzed as if it was diploid. In order 

to analyze this species as a diploid, an additional quality control step has been incorporated that 

involves a human visually reviewing and interpreting the “peak” files (.fsa files) generated by 

UCLA’s sequencer (ABI 3730XL). This additional quality control step will ensure that problems 

such as contaminated extractions, amplification issues and false “peaks” are discovered and 

problem samples are flagged for further investigation and/or possible elimination from analysis. 

5 Outplanting and Monitoring Methods 

ISP has developed and extensively tested inventory and treatment monitoring methods that will 

be used during outplanting and subsequent monitoring of all revegetation sites (e.g., Hogle 

2010).  All outplantings will be mapped using GPS units and the GIS data generated from field-

work will be maintained in a GIS database by the ISP. All outplanting areas will be mapped as 
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GIS features (points, lines or polygons) so they can be relocated easily. During mapping of fea-

tures, detailed feature-specific data will be collected (e.g., morphological characteristics, plant 

phenology, site conditions) that will be maintained in the GIS database.  

5.1 Timing of Monitoring 

 ISP Spartina treatment sites are typically monitored two times during each growing season:  

first a complete inventory of all treatment sites is conducted (mapping of all hybrid Spartina 

patches), and subsequently, ISP staff lead contractors to previously mapped hybrid Spartina 

patches at a site during treatment activities. During these two survey periods, ISP staff will also 

conduct thorough targeted surveys of all S. foliosa planting areas to search for suspicious plant 

morphologies or phenologies (e.g., plants presenting characteristics that differ from those ob-

served within the donor population). If any plant appears suspect then that plant will be mapped 

using existing protocols and a DNA sample will be taken. Survivorship monitoring (on a sub-

sample of planted areas) will be conducted at all revegetation sites after September 1 (outside of 

California clapper rail breeding season) for three years post-planting. During survivorship moni-

toring at sites where S. foliosa was planted, ISP staff will conduct an additional complete survey 

to look for suspicious morphologies and take genetic samples if appropriate. These three survey 

periods ensure that ISP staff will be looking for suspicious plants during the most appropriate 

temporal period for identification of hybrid Spartina based on known phenology (June – Sep-

tember).  New plants colonizing planting areas are likely to be S. foliosa plants, however, if hy-

brid Spartina is detected nearby (e.g., within 100 meters of planting zones), representative sam-

ples will be taken of any new plants that recruit within planting areas, and submitted for genetic 

analysis. 

6 Strategy for Response to Hybrid Spartina Genetic Results 

 If DNA results, analysis and interpretation indicate that hybrid Spartina is present in a proposed 

plant collection area of a donor marsh, or propagation bed or outplanted area, immediate re-

sponse will be needed. In the case of a plant collection area within a donor marsh, plants will not 

be “harvested” for use in either propagation beds or for outplanting. In the case of propagation 

beds, plants will be destroyed and not used for outplanting. In the event that plants are discov-

ered to be hybrid Spartina that were either outplanted at a revegetation site or as a result of rein-

festation within the planted area, the ISP’s Control Program will be notified and provided all 
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available information. The Control Program managers will take all appropriate action to (1) pre-

vent pollen or seed is exported from the site, and (2) assure that the plants are killed as quickly as 

feasible.  Treatment may involve manual removal of the plants or application of herbicide 

7 Future Review of Genetic Sampling Protocol 

Review of ISP’s genetic sampling protocol will occur periodically to ensure that the ISP is con-

ducting appropriate levels of genetic sampling based on best available techniques, methods and 

data.
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Appendix	I:		Spartina	foliosa	Collection	
Sites	
Characteristics	of	sites	with	native	cordgrass	stands	selected	for	nursery	
propagation	in	2012. 		

Purpose	of	Document	
This document provides a brief description of the eight sites that were selected as donor populations for 
Spartina foliosa bed propagation in 2012 (see Figure 1). The merits and issues with each of these sites 
are also described.   Plant material from these donor sites has been planted in 36 propagation beds at 
The Watershed Nursery in Richmond, CA. All donor populations were genetically sampled to confirm 
that collection occurred in pure Spartina foliosa stands. Genetic sampling intensity varied based on a 
number of considerations (discussed in detail in the Collection Protocol) including distance from known 
hybrid Spartina. Additionally, sites were chosen that are not known to support nesting California clapper 
rail (Rallus longirostris obsoletus).  

The number of Spartina foliosa beds propagated from each source is listed under the individual site 
descriptions. Each bed was initially planted with 200 S. foliosa ramets. A ramet is defined here as the 
smallest division of donor material that will vegetatively propagate. Ramets generally consist of one 
rhizome and one to three stems.   

Central	Bay	and	South	Bay	Locations		

Golden	Gate	Fields	Marsh:	Albany,	CA	
5 	propagation	beds		

Golden Gate Fields is a four‐acre pocket marsh with muted tidal action. It is isolated from the Albany 
Shoreline by a two‐lane road. Tidal water enters this marsh through two culverts. In terms of vegetation, 
the marsh is an even meadow of Spartina foliosa mixed with Sarcocornia pacifica (perennial 
pickleweed).  No hybrid Spartina has ever been detected at this marsh. This site was chosen because of 
it’s location in the central Bay and proximity to ISP restoration sites.  It was also chosen because it has 
been well sampled genetically and because it does not support breeding California clapper rail. Golden 
Gate Fields is not large enough to support large scale collection efforts over multiple years and should 
be reassessed annually to determine if it is suitable for additional Spartina foliosa collection.  

Permanente	Creek:	Mountain	View,	CA	
3 	propagation	beds		

The collection area for this site is a one‐meter‐wide band of Spartina foliosa in the narrow upstream 
reach of Permanente Creek bordered by golf course on both sides. Spartina foliosa grows tall at this site 
likely due to golf course and urban runoff that typically low in salinity and high in nitrogen.. This site is 
over 1000 meters from known hybrid Spartina and has been genetically sampled since 2008. This site 
does not support clapper rail. This reach of Permanente Creek is not large enough to support large scale 
collection efforts over multiple years and should be reassessed annually to determine if it is suitable for 
additional S. foliosa collection.    
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Santa Clara Valley Water District granted access permission in this reach of the creek for Spartina foliosa 
collection. Additionally, there is a small pocket marsh just downstream from the ISP collection area  that 
would be appropriate for future collection. However, ownership of this parcel could not be determined 
and will require additional research to acquire access permission.  

Alviso	Slough:	Don	Edwards	San	Francisco	Bay	National	Wildlife	Refuge,	CA	
3 	propagation	beds		

The collection area for this site is a one‐half‐ to one‐meter‐wide band of Spartina foliosa in the upstream 
reach of Alviso Slough. The collection area is brackish  as indicated by the co‐occurrence of S. foliosa  
and sedge species such as Bolboschoenus maritimus. The collection area was selected to be  1000 
meters upstream from the nearest known hybrid Spartina. However, collecting from an area with mixed 
species increased the time needed for collection. Although this site was not expected to have California 
clapper rail, ISP conducted a pre‐collection survey on the morning of collection to verify that no rail 
were present. Due to logistical constraints, this site is unlikely to be used for S. foliosa collection in 
future efforts.  

Coyote	Creek:	Don	Edwards	San	Francisco	Bay	National	Wildlife	Refuge,	CA	
6 	Propagation	beds	

The collection area at this site consists of a three‐meter‐wide band of Spartina foliosa along   the south 
bank of Coyote Creek just east of Artesian Slough/Mallard Slough.  Spartina foliosa grows here in a 
uniform and almost continuous band along the creek bank.  The collection area  is 800 meters upstream 
from the nearest known hybrid Spartina location. However, due to the upstream location of the 
collection area, salinity levels are lower and Bolboschoenus maritimus co‐occurrs with Spartina foliosa.  
Spartina foliosa within the collection area grows densely and abundantly, and was easily avoided during 
collection.. 2012 clapper rail surveys conducted by USFWS did not detect clapper rail at the site, 
however, ISP conducted a pre‐collection survey on the morning of collection to verify that clapper rail 
were not present. Under Refuge staff direction, ISP also conducted a pre‐collection survey for western 
snowy plover (Charadrius nivosus nivosus) along the levee access route out to the collection area.  

North	Bay	Locations	

Port	Sonoma	Marina:	Sonoma,	CA	
6 	propagation	beds		

The collection area at this site was originally dredged to be a  marina (adjacent to the current Port 
Sonoma Marina near the mouth of the Petaluma River) but  is not in use and has been rapidly accreting 
sediment. Spartina foliosa that occurs at this site is rapidly colonizing the area, grows uniformly and has 
long rhizomes. Spartina The collection area is located over 1000 meters from the nearest known hybrid 
Spartina.  This site can present some logistical problems as it involves collecting S. foliosa from an 
extremely soft substrate. Sections of the collection area that consist of a firmer substrate tend to have 
co‐occurring tule and sedges. Port Sonoma Marina is not developed enough as a marsh to support large 
scale collection efforts over multiple years and should be reassessed annually to determine if it is 
suitable for additional Spartina foliosa collection.  
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Starkweather	Marsh:	Marin,	CA	
3 	propagation	beds		

Starkweather Marsh is a 12‐year‐old restoration marsh with muted tidal flows via two underground 
culverts connect it to San Francisco Bay. No hybrid Spartina has been detected at this site, but it was 
invaded by Spartina densiflora. The S. densiflora invasion has significantly decreased and the marsh is 
currently predominantly vegetated with Sarcocornia pacifica and a wide band of Spartina foliosa  in a 
ring around a central mudflat. The wide band of S. foliosa has been observed to be rapidly expanding. 
Due to the small size, surrounding developed land uses and distance to other marshes, this marsh is 
unlikely to support breeding clapper rail. ISP has conducted yearly clapper rail surveys at this site with 
no detections. While this site has easy access, it can present some logistical problems as it involves 
collecting S. foliosa from an extremely soft substrate. At the same time, this soft substrate allows for 
easy harvest of ramets. This site will likely be used for future collections as more S. foliosa could easily 
be collected from this site.  

Seminary	Cove:	Marin,	CA	
5 	propagation	beds		

Seminary Cove(also known as Strawberry Marsh) is a small bounded historic marsh adjacent to Highway 
101 in Tiburon. This relatively small marsh has a complex channel network allowing full tidal exchange 
through a wide breach in the outboard levee. The site has many ponds, covering about 30% of the site.  
Salinity in these ponds is higher than seawater throughout most of year.  The short form of native 
Spartina foliosa and Sarcocornia pacifica cover most of the marsh. Due to the small size, surrounding 
developed land uses and distance to other marshes, this marsh is unlikely to support breeding clapper 
rail. ISP has conducted yearly clapper rail surveys at this site with no detections. This site has easy access 
with dense growing Spartina foliosa.  Collection  at this site went very smooth due to ease of walking in 
the marsh.  This site will likely be used for future collection. 

_Napa	River	Units	–	Ponds	3,	4	and	5:	California	Dept.	of	Fish	and	Game	Napa‐Sonoma	
Marshes	Wildlife	Area,	CA	
5 	propagation	beds		

 Several collection areas were selected along the Napa River, each consisting of  a five to 10‐meter‐wide 
band of Spartina foliosa that extends for 50 to 100 meters located on the outboard edge of the west 
bank of the river.. S. foliosa occurs here in dense, uniform linear patches .  Collection areas along the 
river are over 2000 meters upstream from the nearest known hybrid Spartina location.  However, the 
site is relatively fresh and far from restoration sites. Additionally, this site required collection by boat. 
While it is easiest to see S. foliosa collection areas at low tide, a higher tide is necessary to gain access to 
these sites by boat. Spartina foliosa was very easy to harvest from this area due to the soft substrate, 
although at higher elevations Bulboschoenus maritimus co‐occurred. A large number of ramets were 
collected in only a portion of the collection area, so if logistics allow this site could be used for future S. 
foliosa collection. 
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Appendix	II:	Assessing	Impacts	of	
Spartina	foliosa	Collection	on	Marsh	
Draft	Document	of	the	Invasive	Spartina	Project, 	Prepared	May	3, 	2012		

Introduction	
Nursery propagation of Spartina foliosa necessarily entails the collection of vegetative material from 
existing salt marshes.   In order to minimize plant collection impacts to donor marshes, a protocol was 
established in March 2012 to determine the maximum amount of S.foliosa that may be taken from a 
marsh in a given field season. This protocol is reviewed in the section below labeled Stem Counts.   In 
order to assure that S. foliosa collection has not negatively impacted a native marsh, photo monitoring 
will occur at selected collection sites.   The protocol for this is below in the section labeled Photo Points.     

Stem	Counts	
In order to determine the amount of S. foliosa which may appropriately be gathered from a donor site, 

the amount of native cordgrass present at the site must first be determined.  The Invasive Spartina 

Project will use stem count data in order to extrapolate information related to S. foliosa abundance.  

This specific methodology relies on having S. foliosa in prospective collection area mapped or digitized 

prior to gathering.  Using ArcGIS, a set of points within the S. foliosa zone will be randomly generated.  

In the field, a monitor will arrive at the collection site prior to beginning collection with a 1 m2 quadrat 

and a GPS unit with these randomly generated points loaded into it.  The monitor will navigate to each 

point, at which they will place the quadrat on the ground and count all live S. foliosa stems which within 

the quadrat.  This will be repeated at a minimum of ten points in each collection site, but may be 

repeated at more points in sites for which the stem counts are highly variable.  After completing the 

stem counts, the monitor will calculate the total number of stems in the collection site based on the 

mean of these stem counts and on the area of S. foliosa which has been mapped within the collection 

site.  Based on this total number of stems, the monitor will verify that the number of plugs collected will 

not remove more than specified percentage (typically 10 percent) of the total amount of S. foliosa in the 

collection site, as specified in the sampling plan.   

This data may also be used subsequently to quantitatively assess the impact of collection post‐

collection. The collection site may be revisited after approximately one year and another set of stem 

count data taken using this same protocol in order to compare stem counts of Spartina foliosa between 

years. This information considered along with data from a similar but unharvested marshes, would 

provide a quantitative estimate of the effect of harvest. 

Photo	Points	
Several sites will be selected to be monitored before and after plug collection using photo points.   Five 

to ten georeferenced locations (taken using Trimble GPS units) will be distributed throughout the 

collection area.  Each of these locations will be a point adjacent to a patch of S. foliosa from which plugs 

are to be collected.  Prior to collection, a bamboo stake will be placed at each georeferenced point.  The 
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monitor will stand directly on this point and take a compass bearing toward the patch of S. foliosa from 

which plugs are to be collected.  The monitor will then take a photo of the S. foliosa patch on this 

bearing.  This first photo will be taken looking down on the patch and will provide a close‐up view of the 

collection patch prior to collection.  The monitor will then back up approximately 4 meters and take a 

second photo of the collection patch along the same bearing.  This second photo is intended to provide 

a broader view of the collection patch prior to collection.  After S. foliosa plugs have been collected from 

this site, a second pair of photographs will be taken to show condition immediately after collection.  

These photographs will be taken in the manner described for the previous set of photos.  The bamboo 

stake will be left in place as a navigational aid when returning to the site to monitor impacts.  These 

photos will be repeated in approximately one year to visually assess how the areas are responding to 

plug collection. 
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Preliminary Analysis of 2012 Revegetation 
Monitoring Data 

Jeff Lewis and Whitney Thornton 

September 25, 2012 (2)

Notes on Analysis 
This is an analysis of survivorship for revegetation plantings installed by the Invasive Spartina 

Project during the winter of 2012. Survivorship was calculated as a proportion of the number of 

plants observed to be alive during the July to September monitoring season to the number of plants 

which were installed during the January to March planting season. Survivorship of D. spicata was not 

included in this analysis due to generally low survivorship of this species and uncertainty in 

relocating plantings. Distribution of survivorship data was found to be highly non-normal across all 

species, sites, and planting methods. Due to a large number of zeros in the data set, there was no 

transformation which could be used to achieve normal distribution. Therefore, all statistical analysis 

relied on the nonparametric Wilcoxon and Kruskal-Wallis rank sum tests. All analysis was conducted 

using JMP 10.0 and all graphs were created using Kaleidagraph 4.03. 

Marsh Plantings 

Spartina foliosa 
Survivorship of S. foliosa was calculated as the proportion of the total number plugs found to be alive 

during August-September  monitoring to the total number of plugs planted per plot.   

S. foliosa plantings were designed to test a diverse set of planting methods. The exact set of methods 

which were tested varied among revegetation sites and revegetation sites vary considerably in 

physical and biotic characteristics.  Because these variations make it inappropriate to lump all sites 

into a single analysis, the effects of planting method on S. foliosa plug survivorship were examined on 

a site by site basis. It is important to note that while this preliminary analysis focuses on differences 

in survivorship, data was collected on several other parameters.  Analysis of these other parameters 

as well as a more thorough analysis of plug survivorship will be included in the final analysis. 

Difference in mean survivorship of S. foliosa among sites was found to be highly significant (Kruskal-

Wallis p<0.0001). Mean survivorship by site is displayed below in Table 1 and Figure 1. 
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Table 1: Survivorship of S. foliosa plugs by site 

Site Survivorship Standard Error N 

AFCC 71.5% 3.5 96 

Mt. Eden Creek 5.7% 5.7 7 

North Creek Marsh 60.0% 3.4 121 

Old Alameda Creek 21.9% 3.0 117 

Whale’s Tail South 10.0% 2.8 52 

Whale’s Tail North 13.3% 4.5 12 
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Figure 1: Survivorship of S. foliosa plugs by site 

 

S. foliosa plugs were collected from two donor sites, Golden Gate Fields, and Port Sonoma Marina.  

For these donor sources, some plugs were directly transplanted from the donor source (direct 

APPENDIX 3. PRELIMINARY ANALYSIS OF SURVIVORSHIP DATA



  

Preliminary Analysis of 2012 Revegetation 3 September 25, 2012 
Monitoring Data 

transplants) and some plugs were propagated at The Watershed Nursery in Richmond, CA (nursery 

transplants) and then later transplanted to the revegetation sites.  The effect of donor site on mean 

survivorship was examined at  revegetation sites:  AFCC, North Creek Marsh, Old Alameda Creek 

and Whale’s Tail South.  AFCC was the only one of these sites for which a significant difference in 

survivorship was found between donor sites (Wilcoxon, p=0.0440), with plants from  Golden Gate 

Fields  having a mean survivorship of 79.9% (SE=3.9, N=48) and plants from Sonoma having a 

mean survivorship of 63.2% (SE=5.6, N=48). No significant differences in survivorship between 

donor sites were found at North Creek Marsh, Old Alameda Creek or Whale’s Tail South 

(Wilcoxon, p=0.9894, 0.725, and 0.5378 respectively). Results are displayed in Figure 2. 
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Figure 2. Differences in survivorship of S. foliosa between differenct donor marhses by site (error bars represent standard 
error).    

The effect of source (direct transplant vs. nursery) on survivorship was examined at three 

revegetation sites: AFCC, North Creek Marsh, and Old Alameda Creek. At all three of these sites, 

plants propagated at the nursery were found to have higher survivorship than direct transplants.  At 

AFCC, nursery plugs had a survivorship of 95.1% (SE=2.2, N=48), significantly higher than direct 

transplant survivorship of 47.9% (SE=4.6, N=48) (Wilcoxon p<0.0001).  At North Creek Marsh, 
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nursery plugs had a survivorship of 63.6% (SE=3.7, N=100), significantly higher than direct 

transplant survivorship of 42.9% (SE=7.7, N=21) (Wilcoxon p=0.0136).  At Old Alameda Creek, 

nursery plugs had a survivorship of 32.2% (SE=4.4, N=60), significantly higher than direct 

transplant survivorship of 11.1% (SE=3.4, N=57) (Wilcoxon p<0.0001).  These data are displayed 

below in Figures 3. 
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Figure 3. Differences in survivorship of S. foliosa between difference sources by site (error bars represent standard error). 
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The effect of burlap on survivorship was examined at North Creek Marsh and Whale’s Tail South by 

comparing survivorship in plots in which the roots of plugs had been wrapped in burlap with 

survivorship in control plots that had bare roots.  At both North Creek Marsh and Whale’s Tail 

South, no significant effect of burlap on survivorship was observed (Wilcoxon p=0.8624 and 0.8268 

respectively). 

The effect of bamboo and rock wave action treatments on survivorship was examined at AFCC and 

Old Alameda Creek by comparing survivorship in plots with bamboo treatment, survivorship in 

plots with rock treatment and survivorship in control plots.  At both AFCC and Old Alameda 

Creek, no significant effect of wave action on survivorship was observed (Kruskal-Wallis p=0.8802 

and 0.5139 respectively) 

The effect of caging was examined at AFCC, Old Alameda Creek, and North Creek Marsh.  At 

AFCC and Old Alameda Creek, some plots were caged early, at the time of planting, and some plots 

were caged late, a period of weeks after planting. At North Creek Marsh, some plots were caged 

early, at time of planting and some plots were left uncaged.  At AFCC, no significant difference in 

survivorship was observed between plots caged early and those caged late (Wilcoxon p=0.5820).  At 

Old Alameda Creek, there was a significant difference in survivorship (Wilcoxon p<0.0001) with 

plots that were caged early having a mean survivorship of 33.9% (SE=4.8, N=60) and plots that 

were caged late having a mean survivorship of 10.5% (SE=2.8, N=57).  At North Creek Marsh, 

there was a significant difference in survivorship (Wilcoxon p=0.0004), with plants that were caged 

early having a survivorship of 69.0% (SE=3.8, N=80) and plots that were left uncaged having a 

survivorship of 42.4% (SE=6.0, N=41). These data are displayed below in Figure 4. 
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Figure 4: Differences in survivorship of S. foliosa between different caging treatments by site (error bars represent standard 
error) 
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Grindelia stricta 
Mean survivorship within G. stricta plots across all sites was 31.6% (SE=1.0, N=866).   Difference in 

mean survivorship among sites was found to be highly significant (Kruskal-Wallis, p<0.0001). Mean 

survivorship by site is summarized in Table 2 and Figure 5. 

To examine the effects of plant species which were found naturally occurring in the vicinity of the 

G. stricta plots, we used notes taken by surveyors at the time of plant installation (such notes were 

taken on 811 of 866 monitored G. stricta plots). Surveyor notes on existing plant species were 

translated into dichotomous categorical variables indicating presence or absence of each of the five 

most commonly reported existing plant species (Salicornia pacifica, Frankenia salina, Jaumea carnosa, 

Distichilis spicata, and Spartina folisosa). These five variables were then used to construct a least squares 

regression model to explain G. stricta planting survivorship based on existing vegetation. This model 

explained only a small portion of variation in G. stricta survivorship as a function of existing plant 

species (R2=0.0939). No significant effect on G. stricta survivorship was associated with presence of 

S. pacifica (p=0.5504) or F. salina (p=0.6831). Presence of J. carnosa was found to be associated with a 

mean 3.2% increase in G. stricta survivorship (p=0.0252). Presence of D. spicata was found to be 

associated with a mean 6.8% decrease in G. stricta survivorship (p=0.0008). Presence of S. foliosa was 

found to be associated with a mean 9.3% decrease in G. stricta survivorship (p<0.0001). 

Table 2: Mean survivorship of G. stricta among planting sites 

 

 

Site Mean 
Survivorship 

Standard Error N 

AFCC 40.0% 4.9 49 

Bair Island 3.8% 1.3 47 

Cogswell A 48.6% 5.7 34 

Cogswell C 42.7% 3.6 63 

Greco Island 15.1% 1.4 184 

Mt. Eden Creek 43.5% 4.9 39 

North Creek Marsh 21.6% 3.9 34 

Old Alameda Creek 37.1% 4.1 49 

Oro Loma East 32.3% 5.3 34 

Oro Loma West 33.1% 6.0 17 

Whale’s Tail North 44.3% 2.9 128 

Whale’s Tail South 40.4% 2.2 188 
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Figure 5: Mean survivorship of G. stricta among sites (error bars represent standard error) 
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During monitoring, surveyors sometimes took notes on presence or absence of factors that may 

have affected G. stricta survivorship. Two of these factors, presence of dense vegetation and 

appearance of particularly low elevation were translated into binary categorical variables and 

subjected to a series of Wilcoxon tests to determine whether there was a noticeable effect. This data 

should be viewed with the understanding that, because surveyor notes on these were subjective and 

non-standardized and because notes were taken inconsistently, it is primarily anecdotal. With this 

caveat in mind, it was found that plots in which dense vegetation was noted had significantly lower 

G. stricta survival than plots in which lack of dense vegetation was noted (Wilcoxon p=0.0062) and 

that plots in which low elevation was noted had a significantly lower survival than plots in which 

elevation was noted to be appropriate (Wilcoxon p<0.0001). 

Survivorship of the inner row of G. stricta plantings was compared with survivorship of the outer 

row of G. stricta plantings.  Monitors often had a difficult time determining whether surviving plants 

belonged to the inner or outer row so there is a possibility that data collection errors affected this 

comparison. No significant difference was found between survivorship of the inner and outer rows 

(Wilcoxon p=0.9994). 

Pot sizes used to grow G. stricta plants prior to planting installation were gallons, D-16s, stubbies, 

and super stubbies. As pot size sometime varied between the inner and outer planting row, 

survivorship within row was used as the basic unit of comparison rather than survivorship within 

each plot. Comparison of survivorship among these different pot sizes found significant differences 

in G. stricta survivorship (Kruskal-Wallis p<0.0001) (See Figure 6).  D-16s and gallons showed the 

highest survivorship rates, 37.8% (SE=1.1, N=847) and 37.4% (SE=3.4, N=90) respectively. 

Survivorship of stubbies was considerably lower, 28.6% (SE=1.1, N=677) and survivorship of super 

stubbies trailed behind at 10.8% (SE=2.4, N=114). A series of posthoc Wilcoxon pairwise tests 

found no significant difference between survivorship in gallons and survivorship in D-16s, however 

did find that the difference between both of these and survivorship in stubbies was statistically 

significant and that survivorship in super stubbies was significantly lower than survivorship in all 

other pot sizes. It is important to note that super stubbies were primarily used at Bair Island and 

Greco Island, sites that had very low overall survivorship, so site conditions may have negatively 

influenced their survivorship.  
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Figure 6: Mean survivorship of G. stricta varies among pot sizes (error bars represent standard error) 

 

At Oro Loma and Greco Island, some G. stricta plantings were installed on the edges of berms or 

mounds and some were installed along small small channels in the marsh plain. Differences in 

survivorship between these two installation zones were investigated within each of these two sites. 

Oro Loma East and Oro Loma West were lumped together in this analysis in order to increase 

statistical power. At Greco Island, the difference between the two zones was found to be significant 

(Wilcoxon p=0.0002) with the berm/mound plantings having a higher survivorship, 36.8% (SE=6.2, 

N=20) than the marsh plain plantings, 14.7% (SE=1.5, N=164).  At Oro Loma, no significant 

survivorship differences were found between the two planting zones (Wilcoxon p=0.9236).  These 

results are displayed in Figure 7 below.   

APPENDIX 3. PRELIMINARY ANALYSIS OF SURVIVORSHIP DATA



  

Preliminary Analysis of 2012 Revegetation 12 September 25, 2012 
Monitoring Data 

0

10

20

30

40

Marsh Plain Marsh Plain

S
u

rv
iv

o
rs

h
ip

 (
%

)

Zone

Greco

Berm/Mound Berm/Mound

Oro Loma

A

B

 

Figure 7: Mean survivorship of G. stricta among planting zone (error bars represent standard error) 
 

Frankenia salina 
F. salina was planted only in North Creek Marsh. Mean survivorship within F. salina plots was found 

to be 35.7% (SE=6.5%, N=34). 

Limonium californicum 
L. californicum was planted only in North Creek Marsh. Mean survivorship within L. californicum plots 

was found to be 81.3% (SE=5.2%, N=16). 
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Triglochin maritima 
T. maritima was planted at North Creek Marsh, Cogswell Marsh (A and C), and Whale’s Tail South. 

Mean survivorship within T. maritima plots across all three sites was 31.0% (SE=4.2, N=62). Among 

the three sites, survivorship was highest in Whale’s Tail South at 40.0% (SE=5.9, N=29), followed 

by Cogswell Marsh at 30.7% (SE=8.5, N=14) and North Creek Marsh at 17.4% (SE=7.3, N=19). 

Differences in survivorship among sites were statistically significant (Kruskal-Wallis, p=0.0404) (see 

Figure 8). A posthoc series of pairwise Wilcoxon tests found that T. maritima survivorship at 

Whale’s Tail South and Cogswell Marsh was significantly higher than survivorship at North Creek 

Marsh, but that there was no significant difference between survivorship at Whale’s Tail South and 

Cogswell Marsh. 
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Figure 8: Mean survivorship of T. maritima among sites (error bars represent standard error) 
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Upland Transition Zone Plantings 

North Creek Marsh was planted with a small number of upland transition zone plantings which did 

not conform to the standard planting design used at other sites. Therefore, in all analysis of upland 

transition zone plantings, the North Creek Marsh plantings were not taken into consideration. 

The inner row of upland transition zone plantings (the row closest to the marsh) was planted 

exclusively with Grindelia stricta. Mean survivorship for the inner row of G. stricta plantings across all 

sites was 14.2% (SE=1.8, N=248). Significant differences in survivorship among sites was observed 

(Kruskal-Wallis p<0.0001) (See Figure 9). Bair Island and Cogswell A had relatively high mean 

survivorship, 35.9% (SE=5.7, N=34) and 31.9% (SE=8.7, N=22) respectively, whereas Whale’s Tail 

South had a relatively low mean survivorship at 8.3% (SE=1.6, N=192).  A posthoc series of 

Wilcoxon pairwise comparisons found that there was no statistically significant difference in 

survivorship between inner row plantings at Bair Island and Cogswell A, but that both of these sites 

had significantly higher survivorship than did Whale’s Tail South. 
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Figure 9: Mean survivorship of G. stricta inner row upland transition zone plantings varies among sites (error bars represent 
standard error) 
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The outer row of upland transition zone plantings (the row farther from the marsh edge) was 

planted with a mixture of G. stricta, Artemisia californica, Baccharis douglassii, Baccharis pilularis, and 

Euthamia occidentalis. Overall mean survivorship for the outer row across all species and all sites was 

28.0% (SE=1.8, N=244). There were significant differences in outer row survivorship among sites 

(Kruskal-Wallis p=0.0274) (See Figure 10). Mean survivorship was highest at Bair Island, 37.9% 

(SE=4.5, N=36), followed by Cogswell A, 34.5% (SE=5.8, N=22), and Whale’s Tail South, 25.3% 

(SE=2.0, N=186). A series of posthoc Wilcoxon pairwise comparisons showed that the only 

significantly significant difference in survivorship between sites was the difference between Bair 

Island and Whale’s Tail South. 
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Figure 10: Mean survivorship of mixed species, outer row upland transition zone plantings varies among sites (error bars 
represent standard error) 
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Among species planted in the outer row of all upland transition zone plantings, the highest 

survivorship was observed in the two species of Baccharis. B. douglassii had a mean survivorship of 

45.9% (SE=3.6, N=148) and B. pilularis had a mean survivorship of 38.4% (SE=4.3, N=86). E. 

occidentalis had a mean survivorship of 20.3% (SE=2.3, N=234), A. californica had a mean 

survivorship of 19.0% (SE=3.9, N=100), and G. stricta had a mean survivorship of 15.8% (SE=2.8, 

N=177) (See Figure 11). 
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Figure 11: Mean survivorship of species planted in outer row of upland transition zone plantings (error bars represent 
standard error) 
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Monitors took data on the slope of the bank where each upland transition zone planting was 

installed, binned into categories of 0-10 degrees, 10-30 degrees, and 30-45 degrees. Because distance 

between the inner and outer rows was kept constant, slope may function as a proxy for approximate 

elevation of the outer row relative to the marsh plain, with a higher slope being correlated with a 

higher elevation above the marsh plain. Mean survivorship in the outer row displayed a general trend 

toward higher survivorship with increasing slope. Mean survivorship in the 0-10 degree slope 

category was 24.7% (SE=2.9, N=89), mean survivorship in the 10-30 degree slope category was 

27.4% (SE=2.2, N=139), and mean survivorship in the 30-45 degree slope category was 35.0% 

(SE=5.0. N=8). There was, however, no statistically significant difference among slope categories 

(Kruskal-Wallis p=0.2368) (See Figure 12).  
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Figure 12: Mean survivorship of mixed species, outer row upland transition zone plantings varies among slopes (degrees) 
(error bars represent standard error) 
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