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RFS Cleanup and Restoration Project  
 

• 1999 Regional Water Quality Control Board oversight 
 

• October 2001 RWQCB Site Cleanup Requirements 
 
• 2002- 2004: Principal source areas cleaned up 

 
• 2005- 2011 Department of Toxic Substances Control 

(DTSC) Order 
 
 
 

 
 

 



Western Stege Marsh cleanup 2002-2004 

Former Zeneca Site 

RFS 





 

The first outplantings occurred on a 
blank canvas. 

Presenter
Presentation Notes
Transplanting the first Spartina divisions January 2004.



 

Propagule collection 
- genetic diversity & pollution 

(local vs. non-local genotypes) 
- Impact to collection populations 
- Ripening season 
- Seeds, cuttings, transplants 
- Natural recruitment 

Presenter
Presentation Notes
Seeds should be collected several times and from many populations throughout the seed ripening season to ensure genetic diversity.  However, ideally seeds should be collected within the same watershed to preserve local genotypes.  No more than 5% of the seed from a given population is collected.





 

~40,000 plants propagated 

Presenter
Presentation Notes
In the shade house.  Greenhouse pictured in inset.



 

Presenter
Presentation Notes
Transplanting seedlings to their own pots.



Presenter
Presentation Notes
Pruning



Presenter
Presentation Notes
Spartina foliosa divisions. December 2003: 2,000 from Western Stege Marsh
December 2005: 1,200 from Goodman’s Lumber Marsh San Raphael
January 2006: 2,275 Goodman’s Lumber Marsh
Total divisions: 5,575



• Add shot of full size plants 

Presenter
Presentation Notes
Planting the ecotone



Tidal Marsh Species 
marsh lavender 

salty Susan 

marsh heliotrope 

alkali heath 

Presenter
Presentation Notes
Less aggressive species were planted in order to create a more diverse marsh.  Here are some of the more showy flowers found in the marsh.

Clockwise from upper right:  marsh lavender, alkali heath, salty Susan,
marsh heliotrope.



Invasive Weed 
Management 



Western Stege Marsh 2009 



Marsh Restoration and Monitoring Program 

US Army Corps of Engineers NW38 Permit 28135S September 3, 2003 
 
5 Year Mitigation Monitoring Program-  
 Annual reports submitted 8/05,11/07, 3/09, 8/09, 9/10.  
 Final (Y5) report 9/30/2010 
  
 Targets 
 1. Restore hydrologic complexity 
 2. Improve water quality 
 3. Restore low, middle, and high marshes 
 4. Create quality Clapper Rail habitat (compositionally and structurally 
  complex ecosystem) 

USFWS Section 7 B.O. incidental take requirements for Clapper Rail 
 
 1. Invasive species control (in particular pepperweed and 
   invasive spartina) 
 2. Feral animal management 
 



Old Marsh 

Marsh Monitoring Program 

Presenter
Presentation Notes
Map showing the locations of monitoring transects in the marsh and ecotone.  Each box along the line indicates a point where quadrat monitoring takes place.



Target 1: Restore hydrologic complexity 
- Daily inundations support vegetative design 
- Channel geometry shows healthy marsh evolution 

September 28, 2011 6.9 ft high tide 

Target 2: Improve water quality 
- WQ results consistent with SF Bay ambient 
- No indication of continued impact from former contaminants of concern 



Target 3: Restore low (cordgrass), 
middle (pickleweed), emergent, and 
coastal scrub native plant communities 
 
Quadrat surveys show goals met 
-   Native cover, cordgrass and 
 pickpleweed acreage 
- Plant vigor excellent 

Presenter
Presentation Notes
Quadrats are photographed in order to have a visual comparison from year to year.



 

Tidal Salt Marsh 
Target 4: Establish a compostionally and structurally 
complex ecosystem with attributes important to wildlife 
focused on increasing habitat functions for the California 
Clapper Rail. 

Presenter
Presentation Notes
The tidal marsh is dominated by pickleweed and saltgrass.



Clapper Rail Surveys 

Presenter
Presentation Notes
Professional Clapper Rail Surveys are conducted annually.  Numbered circles indicate locations of the listening stations and concentric circles indicate where the surveyor heard the birds. Interns also conduct 2 bird censuses a month.  Species and number observed are recorded.  




An adult rail and two chicks near 
Meeker Slough 

Photo courtesy of Denise White 

Presenter
Presentation Notes
Photographed in August 2008. 
Rails can be heard at dusk, especially in the winter when they are pairing up for mating.  The call is a loud “kek-kek-kek.”  



Peregrine Falcon Alameda Song Sparrow 

Saltmarsh Common Yellowthroat 

Other Special Status 
species also use the marsh 
and surrounding uplands  

Presenter
Presentation Notes
These species are either recognized as “Bird Species of Special Concern” (CDFG) or “Birds of Conservation Concern” (USFWS)
Song sparrows are known to nest at RFS.  Peregrine Falcons have been seen hunting over the marsh and surrounding uplands.



Feral animal management: 
138 days 9/04 – 6/10 
114 skunks, 68 raccoons, 55 cats 
 



Community Outreach 

RFS  Environmental Website 
http://rfs-env.berkeley.edu 





 
Conclusions 
 
Western Stege Marsh is progressing toward providing the functions of a typical SF Bay tidal salt marsh. 
 

- Hydrologic complexity is established. 
- Previous water quality problems eliminated. 
- Diverse native salt marsh and marsh edge habitats have been created. 
- Clapper rails and other marsh species present in WSM. 



Two Ecologically Valuable Habitats 

Tidal Saltmarsh Coastal Terrace Prairie 



Coastal Terrace Prairie 
A rare ecosystem… 

8th rarest 
ecosystem in 
the US 
 
99% of native 
grasslands lost 
 
Only 5 patches 
remain in the 
East Bay   

Presenter
Presentation Notes
99% of our native California grasslands have been lost.  Most of our grasslands are now dominated by invasive European annual grasses. 

Suncups are a common sight in the RFS prairie in early spring.




 

 
 

 88% of CA 
grasslands are on 
private property 

 

 14 acres of 
Coastal Prairie 
located on RFS  

 

 4 acres have 
been restored 

 

Presenter
Presentation Notes
The majority of California’s grasslands are unprotected.  That’s  why it’s vital that private landowners are educated about the importance of this vanishing ecosystem.

The background shows a large population of mules’ ears in the RFS prairie blooming in late spring.



Upland Scrub 

coffee berry 

sticky monkey flower 

yarrow 
Marsh gum plant 

Lizard tail 

sun cups 

Meadow barley 
Hairy gumplant 

Purple owls clover 

Oregon timwort 

Hedge nettle 

Big squirrel tail 
Hill morning glory 

At least 12 locally 
rare species 

Presenter
Presentation Notes
The upland is an important refuge for California Clapper Rail during high tides.  These are a few of the species commonly seen in the ecotone and upland.

Clockwise from upper right:  lizard tail, marsh gum plant, yarrow, sticky monkey flower, coffee berry.



 

California’s 
State Grass 

Presenter
Presentation Notes
The prairie is also home to our state grass, Purple needle grass.  Blue-eyed grass (upper right) and mule’s ears (lower right) are 2 other commonly seen species.



Harding grass in RFS grassland 
 

•Association with cessation of mowing? 

•Effect on soil topography 

•Association with water table? 

Presenter
Presentation Notes
- Introduced from mediterranean, widespread invasive throughout much of CA
-Most literature focuses on usefulness as forage; very little found concerning impacts or control.
-Distribution of Harding grass in RFS grasland :  The map on the right shows the distribution of Harding grass in the RFS grassland.  Dark brown is high density.  As you can see, Harding grass is invasive throughout much of the grassland.
-Characteristics associated with the Harding grass (Phalaris aquatica, “phaq”) at RFS:  
The grassland used to be mowed regularly until it was stopped by people concerned it would harm the native plants.  Since then, phaq has spread extensively.  It is now believed that mowing was keeping it under control.  
Phaq tends to change the soil topography by raising the soil level due to the extensive resprouting from the same rootball.  What results are large raised clumps.  It is possible that phaq also dries out the area it has invaded.  We are currently doing a study which seeks to understand the water relations in this grassland.





Prioritization and control of 
Harding grass 

1. Prioritization: done through 
development of an innovative 
monitoring program  

2. Control: experimentation with over 7 
different methods 

Presenter
Presentation Notes
Over the last 3 years, we’ve focused our efforts on this problem in two different ways...



Presenter
Presentation Notes
We wanted to understand how natives are distributed throughout the grassland, how abundant they are, and what areas have the highest species richness in order to prioritize management decisions. 
We’ve surveyed 41 native species throughout this grassland. This is a sample data sheet that we used. Essentially we created a virtual grid over the grassland, walked the entire grassland, grid by grid, species by species, marking where species occur and how abundant.



Presenter
Presentation Notes
The data was then put into GIS.  
darker blue = higher abundance
We created 41 of these maps.



Presenter
Presentation Notes
We then took each of those 41 species maps and overlaid them atop one another in order to create a composite map which shows us species richness throughout the grassland.  
again, darker blue= higher sp richness



Presenter
Presentation Notes
Again, here’s a map created using gps that shows the distribution of harding grass throughout the grassland.





Presenter
Presentation Notes
And now what you see is the harding grass map overlaid onto the species richness map.
orange hatching= Harding grass 
It is not very surprising that areas with the most density of Harding grass also have very low native species richness.  It is quite clear from this map that Harding grass crowds out native species, essentially creating a monoculture.
You can see how this would be very useful to a manager: given that we have limited resources, where should we concentrate our efforts?
First priority for phaq control should be isolated, colonizing populations in the midst of high native species richness.  Next, we should focus on small “island” populations that are adjacent to or surrounded by high species richness. 
While this was a time-intensive effort not directly applicable over large areas, this method could be adapted to work over larger scales. 





Experimental control methods 

• Hand Removal 
• Herbicide: one application, May 
• Straw mulch 
• Mowing & brushcutting 
• Scraping 
• Limited experience: Hydro-mechanical 

obliteration, herbicide followed by sheet 
mulch, carpet cover 

Presenter
Presentation Notes
Various methods of phaq control have been tested.





Hand removal 

Presenter
Presentation Notes
Hand removal is by far the most effective.  However, the drawback is that it’s very labor intensive.  And this would be impossible on any large scale.
	




Presenter
Presentation Notes
- This shows a plot after hand removal.  As a result of so much biomass being removed, the topography was greatly lowered.  It looked like we tried to dig out a small pond. The water level came to the surface in large sections (not all) and in these wetter areas,  wet loving native populations exploded.  Many plants filled in on their own due to the daylighted seedbank.



Presenter
Presentation Notes
This plot used to be covered with over 70% cover of phaq, now most plants in foreground are native.
- Presence of emerging native seeds confirmed our suspicion that Harding grass caused the soil level to rise.
- Method effective because it 1.) gets the whole rootball as well as non-native seed bank, 2.) “daylights” original soil level and native seed bank that became artificially buried under approx 6” of soil and 3.) changes topography, in some cases, allowing wet native areas to re-establish.





Herbicide, one application  

Presenter
Presentation Notes
- One application of glyphosphate herbicide in May. 
- Note pic: the uniform composition of the area being sprayed- primarily phaq- and the adjacent plot in the foreground, hand removal treatment followed by planting one year prior. same as the picture we just saw. Before treatment, the hand removal plot looked very similar to this herbicide plot
- Herbicide appeared initially successful, but phaq resprouted heavily (two months later, Danthonia californica and Juncus phaeocephalus were resprouting- it took till the following spring, almost a year later, and after the rains, before the harding grass heavily resprouted. 
- More than one application may be necessary. It has been suggested that with large perennial root system one application just isn’t enough. OR, herbicide needs to be used in conjunction with another method. We are currently trying herbicide followed up with sheet mulching. Another good idea would be to do hydroweeding followed up by herbicide. Those root fragments that resprout following hydroweeding are so small that they should be easily killed by herbicide. 
- Comment from Mark Heath at Shelterbelt: Herbicides specifically for grasses are intriguing, especially in our areas where harding grass is mixed in with lots of rushes and sedges. Two major drawbacks however: first, it needs to be applied very early in the season, when the grass is just begining to grow- say in Jan - Feb. But at this time, especially in our grassland and in areas where rushes and sedges grow, we may have standing water and grass herbicides can’t be used with standing water. Also, it currently uses a carcinogenic ingredient that has been banned for use by the NPS.   It’s possible that in a few years time, the manufacturers will be able to make it without the carcinogenic ingredient. 



Straw mulch  

Presenter
Presentation Notes
- We applied heavy layers of certified weed free rice straw (12”) to areas following other treatments
- Our experience has been that it’s useful in conjunction with other control methods - does reduce resprouts, though mulch would do little on its own.  Sometimes we have had to reapply a couple of months later due to the breakdown of the mulch.




Mowing and brushcutting  

Presenter
Presentation Notes
- Anecdotally, we’ve been told that this grassland had been regularly mowed up till the 90s when the program was halted due to concern over the native plant populations. Ironically, this may have been responsible for the rapid increase of harding grass over this last decade. 
- Now we have more information that suggests that mowing may actually provide a competitive advantage to natives over Harding grass - at least in this setting.
-Therefore, we have begun re-implementing a mowing program with the aim that it will do two things: reduce vigor and prohibit development of seed
- This is an inexpensive means of containing Harding grass (assuming your site is accesible to mowers), keeping things from getting worse
- ONE caveat: we were told that if you mow too early in the season- before the plants bolt, that mowing can actually increase tillering and be counter-productive.  We have been mowing in the later spring when the stalks are quite tall but before the seed sets.




Scraping 

Presenter
Presentation Notes
A year ago, we decided to look for ways to achieve the same effect we had with our hand removal plots but without the laborious work, and through means that could be applicable on a larger scale. Again, we believed our hand-removal efforts were so effective for two reasons: 1. They physically removed all Harding grass plants, and roots, and most of the Harding grass seed bank. Because our plots were so overwhelmingly covered in Harding grass, their removal essentially  resulted in stripping off the top 6” of soil 2. The new lower soil level changed the site’s hydrology, in many areas making it possible for wet loving natives to re-establish. The wet native areas are more resistant to Harding grass than the dryer areas.   
We decided to use a mini-excavator - plot was scraped in early November (before the rains).
- It is high disturbance and difficult to be precise in terms of exact grading. is there a better, more precise tool that can be used by restoration staff?  One idea is a sod cutter?
- It is important to remove the piles of soil offsite immediately.  We didn’t get ours removed for several weeks and now have a large weed problem in the areas where there were piles.



Presenter
Presentation Notes
This plot was scraped November 2006.  As you can see it became very wet during the rainy season.  Wet loving species were planted in the puddles and drier species were planted in the surrounding areas.  



Presenter
Presentation Notes
This is the same plot later, winter 2007.  As you can see it really filled up with water forming a small lake.  Most of the drier species we planted did not survive.  We later came back and planted more wet loving species after the water receded some.



Presenter
Presentation Notes
About a month after scraping and a few weeks after the rains started, seedlings began to emerge . Here you see Juncus phaeocephalus and Eringium armatum  emerging in “plot claire” within a month after scraping. We scraped Nov 1 06, and we had resprouts like this Dec 1 06.
This was very encouraging and suggested that the Harding grass had indeed artificially built up the soil level. Because the seedlings that emerged are wet-loving, this also shows that the hydrology of this site had changed from wet to dry with the presence of Harding grass. 



Hydro-mechanical obliteration
  

Presenter
Presentation Notes
Hydro-mechanical obliteration is a new method of weed control.  It uses a stream of water that is shot out at such high pressure that it obliterates the plant.  It is a very localized method of control and we were very hopeful because we are trying to find a good method that doesn’t use herbicide.
We did a test run.  The picture in the upper left corner shows a bunch of Harding grass.  It is early in the season so the grass is very short.  The picture in the lower left shows the same spot after obliteration.  The spot looked like a mud pie.  It did not look like any part of the plant would survive. In the pictures on the right you can see that there were actually a high level of resprouts. 
Worth trying to increase the time spent per root ball or to plan on using a follow up application, or to follow up with herbicide. Unclear whether this can be cost-effective.



THANK YOU 

Richmond Green Academy 2009 
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