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My name is Giselle Block and I am biologist for the USFWS and stationed at San Pablo Bay National Wildlife Refuge  
My co-authors are 



Control of Perennial Pepperweed 
(Lepidium latifolium) 

in 

Tidal Marsh of San Pablo Bay
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The subject of my talk is the control of Lepidium latifolium, or pepperweed, in tidal marsh of San Pablo Bay
Essentially I will take you on a tour of the program we began back in 2005 to control and reduce spread of this species in a tidal marsh environment, including first year results of our control efforts




Pepperweed (Lepidium latifolium)

Highly invasive herbaceous perennial

Forms monocultures and displaces native species
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For review
Lepidium latifolium or perennial pepperweed is a:
Widesprread and invasive weed throughout the western US
Once established, the species develops into monocultures and displaces native species
Adapted to freshwater, brackish, and saline environments
Pepperweed is known to spread vegetatively and by seed and once established forms a large and vigorous creeping root system
A non-intervention approach will likely result in an expanding population 
There is a breadth of information on this species in the literature but little information exists within tidal systems, especially as it relates to control
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The region where our control program occurs is in the northern portion of the San Francisco Estuary on the San Pablo Bay NWR and adjacent state lands.  The approved boundary of the Refuge is outlined here in red and the project area is identified by the black dot.
The environment of the project area is characterized as estuarine tidal
Pepperweed is known to occur throughout the San Francisco Estuary and it’s watersheds and in some parts of the Estuary it covers acres and acres of marsh.




Sarcocornia pacifica

Frankenia salina

Grindelia stricta

Spartina foliosa

Presenter
Presentation Notes
Tidal marsh of the project area supports a wide array of species that are uniquely adapted to an estuarine environment
Dominant native plants include pickleweed, alkali heath, gumplant, and cordgrass
The area also supports federally and state endangered species such as the salt marsh harvest mouse and the CA clapper rail



Control Program Goals

1. Significantly reduce the abundance of 
pepperweed in tidal marsh of San Pablo 
Bay

2. Prevent reinfestion of pepperweed
(spatially expand control efforts, native 
plant restoration)
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The primary goals of our pepperweed control program are to :
Significantly reduce the presence of pepperweed in tidal marsh of San Pablo Bay
Reduce continued spread of pepperweed where possible




Control Program Objectives

• Determine distribution and abundance 

• Develop a plan for control

• Implement control actions

• Evaluate efficacy of control 

• Adapt plan
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To meet the goal of reducing pepperweed cover we established the following objectives. They are:
Determine distribution and abundance 
Develop a plan for control
Implement control actions
Evaluate efficacy of control actions
Adapt plan as new information is acquired




Distribution and Abundance: 
USFWS Volunteer Invasives Monitoring Program

Train volunteers and interns

GPS: Trimble Geo XT’s

ArcPad software

Weed Information 
Management System (WIMS)
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To determine pepperweed abundance and distribution we took advantage of a National USFWS initiative to encourage use of volunteers in the fight against invasive species in the National Wildlife Refuge System

In addition to myself, I trained volunteers and interns to map pepperweed using Trimble Geo XT’s, ArcPad software, and the Weed Information Management System




Mapping Results

• 1,500 acres of tidal marsh surveyed (2005)
• Result: 60 gross acres
• Patterns:  

– Levees (45%), bay edge (31%), channels (18%)
– Areas of tidal disturbance
– All restoration sites
– Absence patterns
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Results of this effort were 
The detection of 60 acres of pepperweed within 1,500 acres of tidal marsh
An analysis of this data showed that the majority of occurrences were found where tidal marsh meets levess, the bay edge, and channels.  Over half of gross acres of LELA were found where the marsh meets the levee.
What these sites have in common is that all experience a tidal disturbance.  These are areas where large amounts of DOM are deposited following extreme high tides.  These deposition events and subsequent changes in the environment such as the production of bare patches likely provide opportunities for pepperweed to colonize and take hold.  From these sites, the species expands into the larger marsh plain.
What we also found was that pepperweed had colonized all tidal marsh restoration sites
Pepperweed was less abundant in muted tidal areas and we rarely encountered patches in the larger marsh plain that were unassociated with either a channel or an interior berm or levee.  We did find patches in the marsh plain but they were always associated with a disturbance edge.  From these sites, patches of pepperweed then expand into the marsh plain



The data showed Results from these surveys show that of that 1,500 acres surveys, over 60 gross acres of pepperweed were discovered, of which 33 acres are infested, meaning 100% cover
SPB has also built a volunteer program centered on invasive plant management
Volunteer activities include mapping with WIMS, data editing, and native plant propagation  
Since 2004, volunteers have contributed over 1,000 hours of their time towards mapping and other activities related to the control program
Because we now have the ability to accurately quantify the extent of our problem and monitor our actions, the ability to successfully attain funding has increased
One of the other factors that has increased our ability to find control $$ is the establishment of new partnerships, these include the county weed management area, adjacent state and private landowners, U.C. Davis, and local non-profit education groups
We have used the mapping data collected to conduct spatial analyses in GIS and develop a draft control plan.  
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This map shows the full extent of pepperweed within our project area
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This map is a different depiction of the same data that shows differences in percent cover of pepperweed across the landscape..  
Here it is easy to see the pattern of distribution along the bay edge and channel edges
These maps and associated spatial data are have been extremely useful tools for guiding treatment, monitoring changes in cover through time, and obtaining support for our efforts 



Objectives

1. Determine distribution and abundance 

2. Develop a plan for control

3. Implement control actions

4. Evaluate efficacy of control 

5. Adapt plan
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The next objectives we tackled were the development of a control plan and implementation of that plan



Control Plan: Adaptive Approach (2006)
PLAN

Weed ecology
Distribution and abundance

Patterns 
Treatment methods

Treatment prioritization 
Monitoring methods

Research
Control and Monitor

Research

Results
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In 2006 we completed a plan to guide control of pepperweed in San Pablo Bay.
The plan was developed using the best available information on pepperweed ecology and control.  
The plan incorporated our mapping data, summarized patterns found to date, identified preferred treatment methods, and identified research needs
The plan is meant to be adaptive, meaning we will use monitoring results from our control efforts or research to adapt the original plan and guide future control actions.




Control 
(2007-2008)

Herbicide: Habitat (imazapyr)

Late bud to flower stage (May)

Backpack sprayers (2007)

Helicopter + backpack (2008)

Cost: approximately $250/acre
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In 2007 and 2008 we applied the herbicide imazapyr to approximately 60 acres of perennial pepperweed within 1,500 acres of tidal marsh
The application was timed to coincide with the late bud to flower stage of pepperweed, which in our environment was during May
In 2007 we used backpack sprayers but in 2008 we also incorporated use of helicopters for application
During both seasons the cost came to approximately $250/acre



Objectives

1. Determine distribution and abundance 

2. Develop a plan for control

3. Implement control actions

4. Evaluate efficacy of control 

5. Adapt plan
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Our next objective was to evaluate the efficacy of our control efforts.
In 2007 we initiated a study examining effects of herbicide controls on pepperweed  and the native plant community



Study Questions
Effects of imazapyr on pepperweed cover?

Effects of herbicide mixture (imazapyr+glyphosate) on 
pepperweed cover?

Does efficacy vary by environment?

Effects on native plants?

Presenter
Presentation Notes
Questions we hoped to answer included:

What are the effects of our primary control method?
What are the effects of an alternative method that involves the use of imazapyr plus glyphosate cocktail?
Does efficacy of vary by tidal environment?
What are the effects of these herbicides on native plants? 



Methods
Random spatial sampling (N = 36)
Stratified by Environment

1m2 monitoring plots nested within 
16m2 treatment plot

Random assignment of treatments 
within each environment: 

1. imazapyr 
2.  imazapyr+glyphosate
3.  control-inflourescence    

removal

Measures: pepperweed stem count, 
% native cover

Analysis: ANOVA, Comparison of 
means (Tukey’s HSD), Least 
Squares fit test
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We used our existing spatial data on pepperweed to randomly select 36 points within 50 acres of tidal marsh.
These points were also stratified by environment
At each point we established a 1-m2 monitoring plot within a 16-m2 treatment plot
We randomly assigned treatments within each environment
The treatments were
We measured pepperweed stem counts and % cover of native species during late spring both before and after treatment
We used ANOVA, Comparison of means tests, and least squares fit tests to evaluate differences in treatment effects between controls and treatments and to evaluate effects of treatments on native species



2007 Results-1st year
Treatment % 

Reduction
Mean

Reduction
SE

Imazapyr (N = 9) (-20)-100 79.4 12.7

Imazapyr + 
Glyphosate (N = 11)

86-100 98.5 1.21

Control (N = 16) (-308)-67 -39.2 23.6

Positive values indicate a reduction in pepperweed
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Preliminary results for 2007 treatments show a -20 to 100% reduction in pepperweed stems within the imazapyr plots with a mean of 79.4.




Control Imazapyr only Glyphosate+
Imazapyr
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This graph shows the mean percent change in pepperweed stem count following 1st year treatments.
Positive values represent a reduction in pepperweed stem counts
We found that either treatment type had significantly greater efficacy in stem reduction than control plots 
And that chemical treatment had a significant explanatory effect on the % change in total stem count.  
Environment did not have a significant effect on % change in pepperweed.
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This chart shows mean pepperweed stem count on the Y axis and treatment type along the X axis 
lthough stem reduction appeared greater in th eI+G plots they were found statistically equivalented






Pickleweed (Sarcocornia pacifica)
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Describe chart
A significant difference in the cover of SAPA in the I+G plots relative to controls.  No significant difference was found between I and C or I and IG.
Where SAPA did occur in I+G plots it was dominated by young plants
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Alkali heath (Frankenia salina)
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No significant differences found



Native Plant Cover

Scientific Name Common Name Number of Plots
(pre-/post-treatment)

Sarcocornia pacifica perennial pickleweed 31/31

Frankenia salina alkali heath 18/23

Grindelia stricta gumplant 8/11

Jaumea carnosa jaumea 3/4

Distichlis spicata saltgrass 1/0

Atriplex triangularis fat hen 0/5
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We encountered a number of other naïve species in our plots but did not have the sample sizes needed for statistical analyses.  
Despite this, we did notice a couple of interesting patterns worth mentioning.



Management Implications 
Next Steps

Continue study (1-2 years)

Continue large-scale treatment and monitoring 

Treatment methods?

Plant Restoration-species?

Expand scope of control
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Presentation Notes
Mgt Implications Statement.  Habitat, effects to endangered species
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Education and Outreach

Volunteers are Awesome!

Invasive Plant Mapping

Plant Restoration
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About a year after we began the pepperweed control program we established a native plant nursery at the Refuge  
We have produced over 6,000 plants the last two years and placed these plants in areas where invasive pepperweed ocurred or is likely to occur.  We have planting dates planned for this fall if anyone is interested….best fun is with the kids.
The mapping, plant propagation at the nursery, and planting in the fall are administered by the refuge and it’s partners but volunteers do the majority of the work.
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