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1 INTRODUCTION 

1.1 PURPOSE OF THE FINAL EIR 

Marin Municipal Water District (District) proposes to implement the Biodiversity, Fire, and 

Fuels Integrated Plan (“BFFIP” or “proposed project”). This Program Environmental Impact 

Report (EIR) has been prepared in accordance with the California Environmental Quality Act 

(CEQA) (Public Resources Code [PRC] § 21000 et seq.) and the amended Guidelines for the 

Implementation of CEQA (CEQA Guidelines) (14 California Code of Regulations [CCR] § 15000 

et seq.) and provides an assessment of the potentially significant environmental effects of the 

proposed BFFIP. 

The District is the "lead agency" for the BFFIP evaluated in this Final Program EIR and the 

Board of Directors is responsible for the certification of this Final Program EIR as adequate and 

complete. The District has prepared this Final Program EIR to: 

• Inform the general public and decision makers about the nature of the BFFIP, 

potentially significant environmental effects, feasible mitigation measures to avoid 

or mitigate those effects, and reasonable and feasible alternatives to the proposed 

project; 

• Enable the District to consider the environmental consequences of approving the 

BFFIP; and 

• Satisfy CEQA requirements. 

In accordance with the CEQA Guidelines, after completion of the Draft Program EIR, the 

District is required to consult with and obtain comments from affected public agencies, and to 

provide the public with an opportunity to comment on the Draft Program EIR. The District is 

then required to respond to significant environmental issues raised in the review and 

consultation process (CEQA Section 15132). 

As described in CEQA and the CEQA Guidelines, public agencies are charged with the duty to 

avoid or substantially lessen significant environmental effects of proposed projects, where 

feasible. A public agency is obligated to balance the proposed project’s significant effects on the 

environment with its benefits, including economic, social, technological, legal, and other 

benefits. The Program EIR is an informational document that, as required by CEQA, (1) assesses 

the potentially significant environmental effects of the proposed plan, including cumulative 

impacts, (2) identifies feasible mitigation measures to avoid or substantially reduce significant 

impacts, (3) identifies any significant and unavoidable adverse impacts that cannot be mitigated 

to less than significant levels, and (4) evaluates a range of reasonable alternatives to the 
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proposed project, including the No Project Alternative, that would eliminate or substantially 

reduce any significant adverse environmental effects of the proposed project. 

The CEQA lead agency is required to consider the information in the EIR, along with any other 

relevant information in the administrative record, in making its decision on a proposed project. 

Although the EIR does not determine the ultimate decision that will be made regarding 

implementation of the proposed project, CEQA requires the District to consider the information 

in the EIR and make findings regarding each significant effect identified in the EIR before it can 

approve the proposed project. The Board of Directors would need to certify this Final Program 

EIR prior to adopting the BFFIP. The Board of Directors is required to consider the information 

in the Program EIR, along with any other relevant information in the administrative record, in 

making its decision on the BFFIP. 

1.2 SUMMARY OF THE PROPOSED PROJECT 

The purpose of the BFFIP is, in a large part, to identify the tools and actions the District can take 

to reduce fuel loads and fire risks and improve ecosystem health. The BFFIP identifies 27 

specific actions that are designed to achieve the goals of minimizing the risk from wildfires, 

preserving and enhancing existing significant biological resources, and allowing for an adaptive 

framework for the periodic review and revision of BFFIP implementation in response to 

changing conditions and improved knowledge.  

Of these 27 actions, 19 are considered administrative and would include inventorying and 

monitoring resources, partner collaboration, and planning for various District activities. The 

remaining eight management actions include vegetation management in the field through the 

use of hand tools and mechanical equipment to establish and maintain fuelbreaks and 

defensible spaces; to remove invasive plant species; and to improve and restore native 

ecosystems on watershed lands.  

Herbicides are not included as part of the plan. All work would be performed using manual 

and mechanical tools and equipment, and prescribed burning. 

1.3 ENVIRONMENTAL REVIEW PROCESS 

The Draft Program EIR was prepared to analyze the environmental impacts of the proposed 

project. The Draft Program EIR considered the proposed project and alternatives that would 

reduce or avoid significant environmental impacts. The Draft Program EIR was circulated to 

affected public agencies and interested parties for a 90-day review period from March 21, 2019 

to June 19, 2019. Comments on the Draft Program EIR were to be submitted in writing by no 

later than 5:00 pm on June 19, 2019.  

In conformance with CEQA Guidelines Section 15151, EIRs should be prepared with a sufficient 

degree of analysis to provide decision-makers with information that enables them to decide on 

the project and considers environmental consequences. The Final Program EIR is required to 
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examine mitigation measures and alternatives to the project intended to reduce or eliminate 

significant environmental impacts.  

The Final Program EIR will also be available for review at the following locations: 

• San Rafael Public Library 

• Mill Valley Public Library 

• Bolinas Library 

• Stinson Beach Library 

• Larkspur Library 

• Fairfax Library 

• Corte Madera Library 

• Town of San Anselmo Public Library 

• Marin Municipal Water District Main Office 

• Marin Municipal Water District Project Website: www.marinwater.org/bffip 

In accordance with the CEQA guidelines, the Final Program EIR will be made available to the 

public and commenting agencies a minimum of 10 days prior to the EIR certification hearing. 

1.4 REPORT ORGANIZATION 

This document is organized as follows: 

• Chapter 1: Introduction. This chapter includes a discussion of the purpose and 

organization of the Final Program EIR. 

• Chapter 2: Responses to Comments. This chapter contains copies of comments 

received during the public review period and responses to those comments. Each 

comment letter is coded. Each comment is bracketed in the margin of the letter and 

assigned a secondary, comment-specific number. For example, the first comment 

in the letter from the California Native Plant Society is A1-1. Each comment letter 

is followed by a response corresponding to the bracketed comment. Master 

responses are also provided on topics raised by several commenters.  

• Chapter 3: Revisions to Text of Draft EIR. This chapter presents corrections or 

clarifications to the Draft Program EIR based on comments received. The text 

changes have not resulted in significant new information with respect to the 

proposed project, including any new potentially significant environmental impacts 

that cannot be mitigated to less than significant, or in any new mitigation 

measures. Corrections to the text and tables of the Draft EIR are contained in this 

chapter. Underlined text represents language that has been added to the Draft 

Program EIR; text with strikethrough has been deleted from the Draft Program 

EIR. 

• Chapter 4: Mitigation Monitoring and Reporting Program. This chapter identifies 

each significant impact and mitigation measure. The implementation 

responsibility, monitoring responsibility, and timing and performance standards 

are detailed for each specific mitigation measure. 
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• Appendix A: BFFIP Project Environmental Review and Checklist. This document 

details the actions to be taken for each individual project under the BFFIP. A flow 

chart for environmental review dictates the necessary documentation and review 

required. 
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2 RESPONSES TO COMMENTS 

2.1 INTRODUCTION 

This section contains the comments received during the public review period on the Draft 

Program EIR prepared for the BFFIP and the responses to those comments. Written and verbal 

comments on the Draft Program EIR were received from the organizations and private 

individuals identified in Table 2.1-1. No comments were received from State, regional, or local 

resource agencies during the public review period. A public meeting was held during the public 

review period at the District Main Office on April 10, 2019, to receive verbal comments. Four 

members of the public asked questions or made statements during the public meeting; the 

District has transcribed their comments and provided responses. 

The comments are organized into three categories (organizations, individuals, public meeting) 

and are listed with the name of the commenter and the date their letter was received or verbal 

comment taken in Table 2.1-1. Each comment letter has been assigned a code as shown in the 

table. Each specific comment within a particular letter has been bracketed and assigned a 

number. For example, the third comment in letter “A3” is identified as “Comment A3-3.” The 

corresponding response uses the same coding system. In this fashion, the reader will be able to 

identify the comment to which a response refers. 

 Table 2.1-1 Commenters on the Draft EIR and Corresponding Comment and 

Response Numbers 

Commenter Comment Code 

Date of 

Comment 

Organizations   

California Native Plant Society (CNPS), Carolyn Longstreth A1 6/4/2019 

Marin Group Sierra Club, Judy Schriebman A2 6/11/2019 

Marin Chapter of the California Native Plant Society, 

Carolyn and Paul DaSilva 

A3 6/15/2019 

Watershed Alliance of Marin, Laura Chariton A4 6/17/2019 

Friends of the Corte Madera Creek, Sandra Guldman A5 6/19/2019 

Marin Conservation League, Linda Novy A6 6/19/2019 

Marin Audubon Society, Barbara Salzman A7 6/19/2019 

Individuals    

Bill Rothman B1 4/9/2019 
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Commenter Comment Code 

Date of 

Comment 

Toni Shroyer B2 4/10/2019 

Martine Algier B3 4/12/2019 

Dora Howard B4 5/4/2019 

Mia Pritts B5 5/13/2019 

Roger Roberts B6 5/29/2019 

Ruth Todd B7 6/11/2019 

Georgia Gibbs B8 6/12/2019 

Christina Bertea B9 6/13/2019 

Lito Brindle B10 6/18/2019 

Larry Bragman B11 6/19/2019 

Larry Bragman B12 6/19/2019 

Aaron Gilliam B13 6/19/2019 

Public Meeting    

Marin Conservation League, Nona Dennis C1 4/10/2019 

Pesticide Free Zone, Ginger Souders-Mason C2 4/10/2019 

Larry Minikes C3 4/10/2019 

Marin Chapter of Native Plant Society, Eva Buxton  C4 4/10/2019 

2.2 MASTER RESPONSES 

2.2.1 Overview 
This section contains master responses to address comments on topics that were raised multiple 

times. Master responses provide information in a comprehensive discussion that clarifies and 

elaborates upon, as necessary, the analysis in the Draft Program EIR. As appropriate, the 

responses to individual comments refer back to master responses. 

2.2.2 Master Response 1: Definition and Location of New and Expanded 

Fuelbreaks 

2.2.2.1 Comments 

Several comments were made on how the Draft EIR defines the “project” under CEQA and on 

the adequacy of the project description as presented. Commenters stated that the project was 

not adequately defined under CEQA because the Draft EIR did not identify the specific 

locations where proposed fuelbreaks would be widened or created. A few commenters noted 

that Figure 2.7-1 on page 2-35 of the Draft EIR identifies the locations of the new and widened 

fuelbreaks but thought that the map did not provide enough detail due to its scale. One 
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commenter noted that readers are referred to Figures 2.6-1 to 2.6-5 of the Draft EIR and Figures 

3-12 to 3-16 of the BFFIP in the discussion of MA-21 (new fuelbreak construction); however, 

these figures only identify the categorization of existing fuelbreaks and do not show the new 

and expanded fuelbreaks. Some commenters appear to have confusion over the definition of a 

firebreak versus a fuelbreak when stating their concerns over impacts from fuelbreak creation. 

The primary issue raised by most commenters concerned with the detailed mapping of new 

fuelbreaks and fuelbreak expansions, and the definition of the project, is how these new and 

expanded fuelbreaks affect rare and listed plant species. 

2.2.2.2 Response 

Definitions 

As described in Chapter 2 Project Description, a fuelbreak is a swath or patch of land where 

dense vegetation has been thinned to reduce the fuels, increasing the success of suppressing a 

wildfire. A firebreak is a swath of land where vegetation has been entirely removed. Firebreaks 

are not proposed as part of the BFFIP. Medium-sized vegetation that acts as ladder fuels from 

the grass or forest floor to the crown of trees is minimized or eliminated within fuelbreaks. The 

type of fuelbreak proposed as part of the BFFIP can also be referred to as a “shaded fuelbreak” 

when conducted in forest or woodland habitats as the canopy remains intact. A study of shaded 

fuelbreaks generally1 did not find nonnative plant cover to be statistically different in the 

treated fuelbreak area compared to adjacent wildland (Merriam, Keeley, & Beyers, 2007). 

The Wide Area Fuel Reduction Zone (WAFRZ) is a natural area zone within which treatments 

to improve both fuels profile and ecosystem health through invasive species removal and forest 

management would occur. This zone is depicted on Figures 2.6-6 through 2.6-10 (pages 2-26 

through 2-30 of the Draft EIR). Within this zone, larger areas of land, as opposed to linear 

swaths of land for fuelbreaks, are treated to thin vegetation and minimize fuel loads. 

Existing Conditions and Size of Existing Fuelbreaks 

The District has completed approximately 450 acres of formal, permanent fuelbreak system, 

which includes defensible spaces, and treated another 450 acres of WAFRZ since adoption of 

the 1995 VMP, for a total of 900 acres of fuel-load reduction. Existing permanent fuelbreaks are 

generally located along roadways or other infrastructure. The existing fuelbreaks are shown in 

Figure 2.3-1. It should be noted that fuelbreak widths are very narrow in relation to the overall 

size of the watershed. The fuelbreak widths in Figure 2.3-1, therefore, are not to scale. The 

widths of existing fuelbreaks for each type of fuelbreak are described in the March 2019 Draft 

BFFIP on page 3-20. Primary containment fuelbreaks are 100 to 200 feet wide, secondary 

 

 

 

1 One studied shaded fuelbreak had lower relative nonnative cover within the fuelbreak than the adjacent 

wildland. 
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containment fuelbreaks are 60 to 100 feet wide, and ingress–egress fuelbreaks are 15 feet wide, 

extending from either the edge of the road. As noted above, these fuelbreaks are not denuded of 

vegetation; rather, these fuelbreaks are areas in which vegetation has been thinned. WAFRZs 

can be up to 0.25 mile or more in width and are variable as the width depends upon the type of 

adjacent habitat and where it transitions.  

Location of New and Widened Fuelbreaks 

MA-21 describes the creation of new fuelbreaks. The District would construct, as a part of this 

plan, approximately 50 additional acres of fuelbreaks by the end of five years following plan 

adoption and an additional 67 acres over the lifetime of the plan for a total of 567 acres of 

fuelbreak, as stated on page 2-34 of the Draft EIR. Figure 2.7-1 depicts the locations of the 117 

acres of proposed new and widened fuelbreaks. The proposed fuelbreaks would generally 

involve expansion of existing fuelbreaks, as opposed to creation of fuelbreaks in completely 

new areas and would be located along existing roadways and adjacent to other infrastructure.  

The District received a comment stating that Figures 2.1-1 through 2.1-4 of the Draft EIR show 

only the zoning of the existing fuelbreaks. This statement is correct. The figures have been 

revised in the BFFIP and EIR to also show the new and expanded fuelbreaks and the associated 

infrastructure zoning that would be applied to the new and expanded fuelbreaks. The revisions 

are shown in Chapter 3 Revisions and Corrections of this Final EIR, which shows revisions to 

the analysis in the Draft EIR. The revised maps provide some additional detail as compared 

with the map in Figure 2.7-1; however, it should be noted that the width of the lines presented 

in the revised figures is still not to scale. Fuelbreak expansions are typically 100 feet wide or 

less. The width of the lines on Figure 2.7-1 suggests that the fuelbreaks will be wider than 100 

feet. The scale of the lines as shown on the figure is a byproduct of the line drawing tools that 

have been used to prepare the figure. In fact, fuelbreaks are typically 100 feet wide or less.  

Impacts to Rare Plants Found in New and Expanded Fuelbreaks 

The level of detail presented in Figure 2.7-1 and the revised Figures 2.6-1 through 2.6-4 shows 

the general proximity of the new or expanded fuelbreaks adjacent to existing fuelbreaks. The 

impacts of the types of maintenance activities involved in fuelbreak creation and maintenance is 

analyzed in Section 3.3 Biological Resources of the Draft EIR. Rare plants that could occur by 

habitat type are identified in Section 3.3. Mitigation Measure (MM) Biology-2 (pages 3.3-124 

through 3.3-125 of the Draft EIR) defines the measures to be implemented to protect rare plants. 

Prior to constructing new or expanded fuelbreaks, if rare plants are potentially present based on 

the presence of suitable habitat and surveys have not been performed within at least five years, 

then further surveys would be performed to identify rare plants. If found, MM Biology-2 

identifies the actions to be taken to avoid or reduce impacts. The mitigation is not considered 

“deferred mitigation” because it does not involve the further discretion of staff to determine 

impacts. The measure spells out the standards and performance criteria that must be met if a 

rare plant species is found in an area of a new or expanded fuelbreak. Fuelbreaks would be 

created over the next several years and, therefore, it is more protective to prescribe surveys 

prior to fuelbreak construction and implement the identified avoidance and minimization 

measures of MM Biology-2 if sensitive species are found. Surveying the entire area is not 
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considered practical for two reasons. First, conditions may change over time, such that a given 

area would have to be resurveyed before a given fuelbreak is constructed or expanded. Second, 

new or expanded fuelbreaks may not be constructed on all the areas shown on Figure 2.7-1. For 

these reasons, if the entire area is surveyed now, much of this work may have to be repeated or 

may turn out to be unnecessary. The District would prefer to avoid the expense of performing 

unnecessary surveys, particularly where, as here, there is a commitment to perform pre-

construction surveys at the time they are needed. The District notes that, particularly for 

biological resources, there are numerous examples of instances in which pre-construction 

surveys have been accepted as a component of appropriate mitigation. 

Several other concerns over rare plants and MM Biology-2 were raised in the comments. See 

Master Response 3: Special-Status Plants for a discussion of rare plant impacts and mitigation.   

2.2.3 Master Response 2: Ecosystem and Fuels Deferred Action Zone 

2.2.3.1 Comments 

A few commenters expressed concern about the impacts associated with deferring treatments in 

the infrastructure zone identified as the “Deferred Action Zone” (page 2-31 of the Draft EIR). 

The commenters suggested that deferring action should be a management action and the 

impacts of not maintaining the vegetation should be addressed and identified as a significant 

impact. 

2.2.3.2 Response 

District lands are broken up into zones. One of these zones is the Ecosystem and Fuels Deferred 

Action Zone, as shown in Figures 2.6-6 through 2.6-10 (pages 2-26 through 2-30 of the Draft 

EIR). Management actions prescribe activities designed to achieve the plan’s overall goals. Each 

management action identifies strategies and locations (zones) where the strategies would be 

applied.  

The Ecosystem and Fuels Deferred Action Zone is characterized by the dominance of large, 

persistent populations of perennial weeds, hard-to-access stands of diseased trees, lack of 

special-status species, and diminished ecosystem function. Vegetation management is a lower 

priority in this zone compared to areas where success can be more readily attained. The strategy 

for this zone is to defer large-scale action but contain weeds where strategically possible. 

Maintenance activities occur in this zone under existing conditions and would continue to occur 

following implementation of the BFFIP. No change in the management of this zone would occur 

compared to existing conditions as a result of plan implementation. Any environmental effects 

associated with the existing weeds and diseased trees are part of the baseline conditions for the 

EIR (CEQA Guidelines Section 15125). No new impacts would occur as a result of the BFFIP. In 

effect, existing environmental conditions in this zone would remain the same.   
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2.2.4 Master Response 3: Special-Status Plants  

2.2.4.1 Comments 

Several commenters requested clear maps comparing the locations of the new and expanded 

fuelbreaks and rare plants (as discussed under Master Response 1: Definition and Location of 

New and Expanded Fuelbreaks). Several commenters stated that, in their view, the mitigation 

measures for plant species are inadequate, deferred, or vague. They expressed concern that five-

year intervals for plant surveys were not adequate and that such surveys should occur more 

frequently. Commenters also stated that the sensitivity rating of plant species, as defined in MM 

Biology-2, is not clearly identified. The commenters stated that “low sensitivity species” are not 

adequately identified and impacts to them are not properly mitigated. Commenters also 

expressed concern over the vagueness of the term “hand methods” with regard to vegetation 

management near special-status plant species.  

Concern was raised about the potential for an influx of invasive species following fuelbreak 

creation, which would increase the number of weeds on the Watershed instead of reducing 

them. The commenters were concerned over the impact weeds would have on special-status 

plant species. 

2.2.4.2 Response 

Special-Status Plant Species Impacts  

The project area encompasses approximately 21,600 acres. Therefore, only currently mapped 

locations of special-status plant species are shown in Figures 3.3-12 through 3.3-16 on pages 3.3-

39 through 3.3-40 of the Draft EIR (and 2-9 to 2-14 on pages 2-19 through 2-24 of the March 2019 

Draft BFFIP). Figure 3.3-21 Special-Status Plant Species Locations and BFFIP Zones, on page 3.3-

92 of the Draft EIR, shows the locations of special-status plants in relation to the various zones, 

including the infrastructure zone, that generally encompass the new fuelbreaks as shown in 

revised Figures 2.6-1 through 2.6-4. It is acknowledged that the locations of special-status plants 

are not presented in detailed maps in the Draft EIR and individual rare plants are not shown on 

the maps. Known species occurrences are grouped together and shown by a single symbology. 

While individual species could be shown, the data is not comprehensive and may or may not 

reflect actual locations of rare plants at the time of fuelbreak construction (or any other activity). 

All rare plant species with habitat on District lands, however, were identified in the Draft EIR in 

Table 3.3-5 on pages 3.3-30 through 3.3-37. The table provides the requisite detail on the habitat 

in which the species can be found and the potential to occur on District lands. The types of 

impacts that could occur from BFFIP activities on rare plants, including fuelbreak creation and 

maintenance, are presented on pages 3.3-73 through 3.3-75, 3.3-91 through 3.3-92, and 3.3-97 

through 3.3-98 of the Draft EIR. The impacts to any species of rare plant are related to manual 

and mechanical ground disturbance in the case of new or expanded fuelbreaks. Impacts include 

direct damage to or removal of individual plants or populations. The impacts would not differ 

based on species. The mitigation (discussed in more detail below) to reduce effects to rare plants 

focuses on surveying and identifying rare plants and habitat prior to work and on avoidance. 

The measure also identifies specific requirements depending on the special-status species of 
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plant found and its life form if the species cannot be avoided. Revisions to bolster the mitigation 

measure have been included in the Final EIR, as noted below, and shown in Chapter 3 of this 

Final EIR.  

Mitigation Measures 

A five-year time limit for plant survey data is a reasonable approach. Approved wetland 

delineations, which include surveys for plant species and communities, are valid for five years, 

in accordance with the U.S. Army Corps of Engineers, Regulatory Guidance Letter No. 16-01, 

dated October 2016, which states that an approved Jurisdictional Delineation will remain valid 

for a period of five years (subject to certain limited exceptions explained in Regulatory 

Guidance Letter 05-02). If conditions were to change (such as a fire or listing of a new species), 

surveys could be completed more frequently by District staff. The District often follows up on 

known or previously mapped populations of rare plants on a more frequent basis.  

The use of sensitivity ranking has been removed from MM Biology-2 per the commenter’s 

concerns on implementation and determination of “low sensitivity.” MM Biology-2 has been 

revised to address potential impacts on special-status plants with known rarity or declining 

populations and all other special-status plants with California Rare Plant Rank (CRPR) of 1B or 

2. The revisions to the measure are shown in Chapter 3 of this Final EIR. Special-status plants 

with known rarity or declining populations on District lands would not be removed as part of 

any vegetation management activity. These plants would be flagged or demarcated and a buffer 

of 100 feet around the individual or population established. Hand methods would be used to 

carefully avoid the marked plant species. Hand methods would include hand pulling of 

vegetation or use of non-powered or powered hand tools so that the operator can be precise and 

avoid the plant. The mitigation measure has been revised to provide more specificity as to what 

is meant by hand methods, as shown in Chapter 3.  

MM Biology-2 identifies mitigation for other special-status perennials and annuals with habitat 

on District land. These species are known rare or have declining populations, including CRPR 

1B or 2. No net loss of these species can occur. The populations would be marked in the field 

and avoided if possible. If an individual or population must be removed, one or two options 

can be employed (subject to California Department of Fish and Wildlife [CDFW] approval) and 

monitoring conducted to ensure that no net loss of the population occurs. Options include 1) 

relocating/reseeding; or, 2) planting nursery-grown seedlings in appropriate habitat outside the 

work area or in the work area following completion of work. The BFFIP may have some impacts 

on other CRPR Rank 4 species (as identified in Table 3.5-5 on page 3.3-30 of the Draft EIR) not 

listed in part b of the revised MM Biology-2; however, impacts would not be considered 

significant because either these species are abundant and stable or the BFFIP would not have an 

impact on them as they are not documented on District lands. 
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2.2.5 Master Response 4: Wildlife 

2.2.5.1 Comments 

Several commenters stated that the Draft EIR did not address impacts to common wildlife 

species and their populations. Other commenters stated that the analysis focuses exclusively on 

the construction and active management phase of vegetation removal, and the commenters 

disagreed with the Draft EIR’s conclusion that longer-term habitat alteration would be largely 

beneficial. The commenters stated that fuelbreaks create a barrier and exposure hazard for 

reptiles and small mammals and would increase invasive species on the Watershed.  

Some commenters stated that the creation of new and expanded fuelbreaks would have 

substantial impacts on ground-nesting species and common wildlife by removing cover and 

habitat. Commenters also expressed concern that the Draft EIR did not address impacts to prey 

species of northern spotted owl following fuelbreak creation or maintenance, particularly 

woodrat nests. The commenters had specific concerns that mitigation did not protect woodrats 

because clearing around nests while avoiding nests would still expose the woodrats to 

significant predation and, potentially, population impacts.  

2.2.5.2 Response 

Significance Criteria under CEQA  

The EIR was prepared in accordance with CEQA (PRC § 21000 et seq.) and the amended 

Guidelines for the Implementation of CEQA (CEQA Guidelines) (14 CCR § 15000 et seq.) to 

provide an assessment of the potentially significant environmental effects of the proposed plan. 

The resource topics and questions analyzed in the Program EIR are in accordance with 

Appendix G of the CEQA Guidelines. The CEQA Guidelines do not contain a question 

regarding substantial adverse effects on all common species. Several of the Appendix G 

questions pertain to certain common wildlife species, including nesting birds, migratory birds, 

and nursery sites or habitat corridors for native species, which are addressed in Section 3.3 

Biological Resources of the Draft EIR.  

Fuelbreak Impacts on Wildlife, including Ground Nesting Species, from Habitat Alteration 

As discussed under Master Response 1: Definition and Location of New and Expanded 

Fuelbreaks, and in the Draft EIR, a fuelbreak is not a denuded area without trees or other 

vegetative cover that could create a barrier or an exposure hazard for small or slow-moving 

wildlife species. Section 2.8.2 of the Draft EIR describes the specific processes by which 

fuelbreaks would be created or maintained. For example, shrubs would be removed or thinned 

until spacing between individual shrubs or shrub islands is more than double the height of the 

canopy (e.g., for shrub canopies six feet in height, 12-foot gaps will be created). The forest 

canopy would be retained. Shaded fuelbreaks are vegetated, providing a degree of cover, 

foraging, and nesting habitat for species (as stated on page 3.3-122 of the Draft EIR) although 

density of vegetation is reduced. Predation of ground-dwelling birds, reptiles, or mammals 

would not increase substantially due to maintenance of cover vegetation on the ground and the 

abundant surrounding areas of habitat for these types of common species. New or expanded 

fuelbreaks represent a very small fraction of the watershed lands available for common wildlife 
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(approximately 0.5 percent). While some increased predation is possible due to reduced density 

of vegetation in fuelbreaks, it would not substantially impact population sizes of common 

species since the habitat alteration is so limited compared with surrounding areas. Fuelbreaks 

proposed as part of the BFFIP would not create a major barrier for movement of wildlife or 

fragment habitat, and the analysis as presented in the Draft EIR is adequate.  

Ground-nesting species tend to make their nests within protected areas where they can find 

clumps of grass or at the base of a shrub, where they are less visible. Ground nesting birds may 

be deterred from nesting in fuelbreak areas if the vegetation does not provide the protection 

that they typically need. As previously stated, new and expanded fuelbreaks would comprise 

only 0.5 percent of the overall plan area and, therefore, the loss of potential nesting areas should 

not have a substantial impact on populations of ground-nesting birds.  

One of the goals of the BFFIP is to reduce invasive and weed species through various methods. 

Reducing invasive weeds to allow native species to diversify will benefit biodiversity. Common 

species, including small mammals and reptiles, will benefit from increased biodiversity. 

Direct Impacts to Special-Status Species  

Direct impacts on special-status animal species could occur from injury or death through direct 

contact with equipment used for vegetation removal. Noise from mechanical equipment and 

workers could impact animal species, as could smoke from prescribed burns, particularly 

during their breeding season. Hand-removal methods and planting generally would not have 

direct impacts on species given the limited noise and limited ground disturbance involved. 

Most species can move out of harm’s way to prevent injury or death from activities performed 

by hand. Mitigation measures are identified to reduce impacts to less than significant levels for 

each species that could occur in the plan area, where appropriate. Some revisions were made to 

MM Biology-5: Roosting Bats to add specificity to the measure for impacts to roosting bats from 

prescribed burning. The revisions are shown in Chapter 3.  

Impacts to Northern Spotted Owl from Habitat Loss and Loss of Prey Base 

The impacts on northern spotted owl are analyzed in Section 3.3 Biological Resources of the 

Draft EIR. Only a small fraction of the overall Watershed would be impacted by any activities in 

a single year. Once management actions are complete, habitat health would improve over time. 

Some degree of habitat alteration would occur from removal of ladder fuels and invasive 

species. Several BMPs and mitigation measures would be implemented during work activities 

to minimize the risk of spreading invasive species and forest diseases. 

Some vegetation management activities would involve removal of woody debris, which could 

result in destruction of woodrat nests, the main prey of the northern spotted owl. Mitigation 

measures require avoidance of woodrat stick nests to minimize impacts on northern spotted 

owl from diminished prey populations. The comment that avoiding woodrat nests may still 

expose woodrats if the area around the nests is cleared is noted. A study of dusky-footed 

woodrats in the redwood region of California did not find an association between abundances 

of woodrats and different intensities of forest thinning (Hamm & Diller, 2009). However, MM 
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Biology-14 has been revised to state under item 2 that woodrat stick nests and the areas around 

the nests would be avoided during vegetation management activities, as shown in Chapter 3. 

The locations of woodrat nests in relation to existing fuelbreaks have not been mapped. It 

should also be noted that woodrats prefer to build nests in dense chaparral and in areas near 

streams. These areas generally do not correspond to new fuelbreak areas. Population declines 

are not anticipated as few nests are expected to be impacted given the location of fuelbreaks and 

the limited acreage that would be impacted as compared with the plan area (0.5 percent of plan 

area is new or expanded fuelbreak).  

2.2.6 Master Response 5: Grazing 

2.2.6.1 Comments 

Many commenters expressed an interest in and support for grazing as a management tool. 

Some commenters felt that grazing was not given enough attention or detail in the BFFIP and 

Draft EIR, as the activity was limited to MA-27, which is mostly for experimental studies. One 

commenter suggested grazing could replace several of the other methods of vegetation removal 

and requested that a side-by-side comparison of grazing and mechanical methods/prescribed 

burning be presented to show that grazing reduces greenhouse gas (GHG) emissions.  

2.2.6.2 Response 

The BFFIP allows for grazing as a tool that can be used for fuel load and invasive species 

management under MA-27. As part of MA-27, grazing may also occur to achieve the restoration 

and reintroduction objectives under MA-25 and MA-26. Grazing is fully analyzed throughout 

the Draft EIR in equal detail as mechanical and manual methods and prescribed burning. 

Should experimental trials show grazing to be successful, use of grazing can be expanded under 

adaptive management. Heavy grazing by domestic goats for four or five years during the 

growing season is reported to effectively control broom in New Zealand (Hosking, Smith, & 

Sheppard, 1996) and has been tried in Marin County. There are disadvantages to grazing as a 

means of reducing fuel loads and invasive species. Goats are not selective, and they also eat 

native species. Goats can be used in selective areas, but no alternative is identified or feasible 

that completely replaces equipment use or broadcast burning with grazing. Many management 

actions including MA-23 and MA-24, such as Douglas-fir thinning and sudden oak death (SOD) 

treatments, would not be achievable with grazing instead of use of mechanical equipment. 

Broadcast burning is a tool used to address not just fuel loading but also habitat enhancement. 

Under MA-27, the District could perform a study of grazing to understand its efficacy, the 

resources needed, and environmental impacts and to compare these parameters with other 

methods. The adaptive management approach of the plan could allow for greater use of grazing 

should data show that grazing is a better tool with fewer impacts. . Air quality and GHG 

impacts of all other methods, except prescribed burning, were less than significant as proposed.  
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2.2.7 Master Response 6: Limited Use of Herbicides Alternative 

2.2.7.1 Comments 

Support of Limited Use of Herbicides Alternative 

Some commenters expressed support for the Limited Use of Herbicides Alternative and 

recommended adoption of this alternative over the proposed plan. Comments were made that 

community opposition to herbicides is not an adequate justification for rejection under CEQA. 

Those commenters stated that the community opposition is misplaced because it is based 

largely on widespread aerial spraying of glyphosate to control weeds of food crops, which is 

not the same as the “limited herbicide” alternative presented in the Draft EIR and as should be 

used in Integrated Pest Management (IPM). IPM with limited herbicide use is the standard 

approach of public land managers for weed control. Limited use of glyphosate is recommended 

by Cal-IPC despite its classification by the International Agency for Research on Cancer (IARC), 

a branch of the World Health Organization, as “probably carcinogenic to humans.” 

Commenters brought up various studies and classifications debating glyphosate’s toxicity, 

especially when considering the method of application proposed in the alternative. Supporters 

of the Limited Use of Herbicides Alternative also stated that herbicide use would result in 

removal of more invasive species with fewer impacts.  

Opposition to the Limited Use of Herbicides Alternative  

Other commenters suggested that the analysis of herbicide use under the Limited Use of 

Herbicides Alternative did not adequately describe the severity of impacts and that calling 

impacts to human health less than significant was incorrect. One commenter stated that 

“limited” was not defined and therefore the statements of effects were meaningless. The 

commenter also stated that the effects of endocrine disruptors are significant regardless of dose 

and that inert ingredients can be more toxic than active ingredients. The commenter identified 

studies that suggest glyphosate is a negative factor in SOD as it is taken up by oaks, weakening 

the tree and allowing opportunistic infections.  

2.2.7.2 Response 

Scientific Community 

Under this alternative, the use of three conventional herbicides—Aquamaster® (53.8 percent 

glyphosate, isopropylamine salt), Garlon® 4 Ultra (60.5 percent triclopyr, butoxy ethyl ester), 

and Transline® (40.9 percent clopyrad, monoethanolamine salt) would be allowed in addition 

to all of the tools for weed control available under the proposed BFFIP. 

Different agencies have come to varying conclusions about whether there are health risks 

associated with glyphosate use. As analyzed in Chapter 4 Alternatives to the Proposed Plan of 

the Draft EIR, and noted by some commenters, the IARC classified glyphosate as “probably 

carcinogenic to humans” (IARC, 2017). The community in Marin County has raised 

considerable concern resulting from this classification of glyphosate as “probably carcinogenic 

to humans.” The District has not allowed herbicide use in the Watershed since 2005. Since 

release of the Draft Program EIR, the Agency for Toxic Substances and Disease Registry 
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(ATSDR) released the Draft Toxicological Profile for Glyphosate, which details scientific studies 

that show a link between glyphosate and animal and human health effects, including cancer 

(ATSDR, 2019). Conversely, the United States Environmental Protection Agency (USEPA) has 

maintained the classification of “Not Likely to be Carcinogenic to Humans” (USEPA, 2017). 

Several points identified in Comment Letter A3 (Marin CNPS) are valid regarding Cal-IPC’s 

continued recommendation for limited herbicide use of glyphosate for weed control despite the 

IARC’s classification. The Marin CNPS also noted that other agencies, such as the European 

Food Safety Authority, have recently reached different conclusions regarding toxicity from 

those of the IARC. The scientific community has not come to a consensus on the human and 

environmental health hazards of glyphosate.  

While triclopyr and clopyralid have not been identified as potential carcinogens, they have not 

been extensively studied to conclusively rule out carcinogenicity. According to the National 

Pesticide Information Center (NPIC), more studies are needed to determine if triclopyr 

exposures could be linked to human cancer risks (as stated on page 4-29 of the Draft EIR). The 

USEPA had determined that they are unable to classify human carcinogenicity of triclopyr. 

There is only weak evidence for breast cancer in female rats and kidney tumors in male rats 

(National Pesticide Information Center, n.d.). Likewise, the USEPA has not evaluated the ability 

of clopyralid to cause cancer. No publicly available studies of the cancer-causing ability of 

clopyralid-containing products are known.  

One commenter cited studies claiming that glyphosate intensifies and can hasten the spread of 

SOD. The comment is noted; however, other sources state that glyphosate is not known to 

spread or intensify SOD (UC Berkeley, 2019). Under the alternative, only small quantities would 

be used on target species and in controlled applications. Exposure of healthy oak and other 

SOD-susceptible trees to herbicides would be very minimal and, therefore, significant effects of 

glyphosate use to intensify SOD would not be expected.  

Impacts 

Animals, applicators, and the public could be exposed to varying concentrations of herbicide 

from spraying and other methods of controlled application as proposed as part of the Limited 

Use of Herbicides Alternative. Potential for exposure, however, would be very limited due to 

several protection measures that minimize the probability of the applicators, the public, and 

animals coming into unintentional contact with sprayed or applied herbicide. The limited 

potential for public exposure from the District’s use of herbicides provides reasonable assurance 

that the public would not experience acute or chronic effects, including endocrine effects. Given 

the uncertainty around the environmental fate of herbicides, however, the health effects on 

animals and humans pose a potentially greater effect than not using herbicides at all. The 

impacts are identified as less than significant due to the limited use and the many restrictions 

placed under the Limited Use of Herbicides Alternative that would greatly minimize exposure.  

Herbicides have the potential to drift, leave residues, or be spilled, as identified by some of the 

commenters. Quantities that would be used under the Limited Use of Herbicides Alternative 

would be so small that these exposures would not have effects on water quality (and therefore 
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would not have an impact humans and animals). Herbicide quantities proposed for use would 

be so limited that it would not be detectable in reservoirs (for example, 20 gallons of herbicide 

in the smallest reservoir of 114,047,850 gallons would be non-detectable). Herbicides were used 

on the Watershed from 1995 until 2005. MMWD has conducted at least annual monitoring of 

glyphosate since 1993 in its seven reservoirs, two plant influents, and its groundwater source 

(Sonoma County Water Agency). There have been no detections since testing began, and 

clopyralid was not detected, either (Grabow, 2012). The Meadow Club golf course, which is 

northeast of the plan area, utilizes herbicides. MMWD sampled the pond at the Meadow Club, 

to which all greens and fairways drain, and which drains to Alpine Lake, in late November 

2010. Samples had non-detectable concentrations of herbicides (Grabow, 2012). Herbicides 

would only be used in compliance with numerous restrictions, as previously stated. The 

restrictions include limitations on quantity and frequency of use, timing, and proximity to 

water, which would minimize potential for contamination to less than significant. While 

impacts from herbicide use could be minimized, some impacts could still occur that would not 

occur under the proposed BFFIP.  

The Limited Use of Herbicides Alternative would not minimize the potentially significant and 

unavoidable impacts on air quality and GHGs from prescribed burning. Impact conclusions 

would be the same, but the level of severity for several resource analyses would differ. The 

severity of impacts from erosion, noise, and traffic would be less, but the severity of impacts 

related to hazards would be greater than under the proposed plan.  

Conclusion 

The Draft EIR identifies that the use of herbicides has limited community acceptance. However, 

the alternative was not identified as the environmentally superior because it did not address the 

significant and unavoidable air quality impacts of the BFFIP from prescribed burning. 

Herbicides cannot replace prescribed burning, as herbicide use does not have the same 

ecological benefits as prescribed burning. Herbicide use, even limited use, could introduce new 

impacts related to health hazards, the extent of which is likely less than significant but not 

definitively known. The BFFIP is designed to reduce the impacts of invasive species and 

improve ecological health on the watershed, even without herbicides. The plan includes criteria 

and goals to be addressed to the District’s Board annually. The adaptive management aspect of 

the program will allow for reassessment of methodologies and their effectiveness in meeting the 

District’s targets.  

Adoption of the BFFIP, as proposed, does not preclude future use of herbicides. Conditions on 

District lands or in specific locations may change in unforeseen ways. In the event more 

information becomes available from the scientific community regarding risks, and if a need for 

herbicide use on District lands arises, the District could propose to amend the BFFIP to include 

the limited use of herbicides. The District would perform further CEQA analysis to permit use 

of herbicides. 



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-14 

2.2.8 Master Response 7: Benefits of the BFFIP and Program EIR 

2.2.8.1 Comments 

Some commenters inquired about how the Program EIR would address and cover future 

activities under the BFFIP and whether additional CEQA review would be required and how 

the need for additional review would be determined.  

2.2.8.2 Responses 

In accordance with the CEQA Guidelines a “Program EIR is an EIR which may be prepared on a 

series of actions that can be characterized as one large project that are related in some way” 

(Section 15168(a)).  

The California Supreme Court has described the use of program EIRs in the following manner: 

An advantage of using a program EIR is that it can “[a]llow the lead agency to 

consider broad policy alternatives and program wide mitigation measures at an 

early time when the agency has greater flexibility to deal with basic problems or 

cumulative impacts.” ([CEQA Guidelines], § 15168, subd. (b)(4).) Accordingly, a 

program EIR is distinct from a project EIR, which is prepared for a specific 

project and must examine in detail site-specific considerations. (Id., § 15161.) 

Program EIR's are commonly used in conjunction with the process of tiering. 

[Citation.] Tiering is “the coverage of general matters in broader EIRs (such as on 

general plans or policy statements) with subsequent narrower EIRs … .” ([CEQA 

Guidelines], § 15385.) Tiering is proper “when it helps a public agency to focus 

upon the issues ripe for decision at each level of environmental review and in 

order to exclude duplicative analysis of environmental effects examined in 

previous environmental impact reports.” (Pub. Resources Code, § 21093, subd. 

(a); see also [CEQA Guidelines], § 15385, subd. (b).) 

In addressing the appropriate amount of detail required at different stages in the 

tiering process, the CEQA Guidelines state that “[w]here a lead agency is using 

the tiering process in connection with an EIR for a large-scale planning approval, 

such as a general plan or component thereof … , the development of detailed, 

site-specific information may not be feasible but can be deferred, in many 

instances, until such time as the lead agency prepares a future environmental 

document in connection with a project of a more limited geographic scale, as 

long as deferral does not prevent adequate identification of significant effects of 

the planning approval at hand.” ([CEQA Guidelines], § 15152, subd. (c).) “ … 

“Tiering is properly used to defer analysis of environmental impacts and 

mitigation measures to later phases when the impacts or mitigation measures are 

not determined by the first-tier approval decision but are specific to the later 

phases” [Citation.]. 
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(In re: Bay Delta Programmatic Environmental Impact Report Coordinated Proceedings (2008) 

43 Cal.4th 1143.) 

The BFFIP appears to be well suited for the preparation of a program EIR. The BFFIP includes a 

series of actions that are related “geographically” and as “logical parts in the chain of a 

contemplated action” (CEQA Guidelines, § 15168(a)(1) and (2)).  

As specific activities are proposed, the District will review them to determine whether the 

effects were adequately analyzed in the Program EIR (per Section 15168(c)). As part of this 

review, the District would identify mitigation measures and management actions adopted as 

part of the BFFIP and, if they are applicable to the proposed action, the District would 

incorporate them into its approval of the specific activities. If the effects of the activity were not 

examined in the Program EIR, then further environmental review would be performed. As part 

of the Mitigation Monitoring and Reporting Program that must be approved at the certification 

of the Final EIR (PRC Section 21081.6(a)(1)), a Project Environmental Checklist form has been 

prepared and is presented in Appendix A of this Final EIR. The form allows the District to 

document whether future activities are covered under the Program EIR, or if additional review 

is required. Completion of this form may occur concurrently with the preparation of each 

annual workplan, covering all activities anticipated for the upcoming year.  

In the absence of an approved BFFIP and Program EIR, work could potentially continue under 

the 1995 Program EIR. The 1995 Program EIR, however, does not cover some of the actions 

included in the BFFIP, such as forestry actions to address SOD, increased weed treatment levels 

through manual and mechanical removal, and Douglas-fir thinning, among many others. In the 

District’s view, these actions are part of an overarching program and, as such, the actions  are 

well-suited to analysis in a program EIR.  

Alternatively, the District could analyze each activity as a discrete proposal, subject to project-

specific environmental review. The CEQA Guidelines state, “Where individual projects are . . . 

to be undertaken and where the total undertaking comprises a project with significant 

environmental effect, the Lead Agency shall prepare a single program EIR for the ultimate 

project. . . .Where one project is one of several similar projects of a public agency, but is not 

deemed a part of a larger undertaking or a larger project, the agency may prepare one EIR for 

all projects, or one for each project, but shall in either case comment upon the cumulative 

effect.” (CEQA Guidelines, § 15165.) Such review could consist of a categorical exemption, an 

Initial Study/Negative Declaration, or an EIR.  

Thus, CEQA does not require the District to prepare a program EIR. Rather, CEQA provides 

that an agency has discretion to prepare a program EIR, with project-specific review to follow, if 

the agency determines that this approach has merit. In this case, the District has concluded that 

approval of the BFFIP and Program EIR ensures compliance under CEQA regarding 

considerations of cumulative effects and the application of mitigation when performing 

vegetation management activities.  
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The BFFIP and Program EIR process provides additional benefits and protections. The checklist 

in Appendix A for the BFFIP requires documentation of program activities and their impacts. 

Additionally, if a permit from a resource agency is required, such as from the California 

Department of Fish and Wildlife, that agency can rely on the Program EIR to issue that permit.   
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2.3 RESPONSES TO ORGANIZATION COMMENTS 

This section presents all comments received on the Draft EIR, including comments received 

during the public hearing on April 10, 2019, and responses to all comments received. Where a 

comment is addressed in a Master Response, that Master Response number is indicated.  
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2.3.1 Letter A1: Carolyn Longstreth, California Native Plant Society  

Response to Comment A1-1 

The commenter is asking where new fuelbreaks are planned and widened in the plan. Refer to 

Master Response 1: Definition and Location of New and Expanded Fuelbreaks. New and 

expanded fuelbreak locations are shown in Figure 2.7-1 of the Draft EIR. Figures 2.6-1 through 

2.6-4 have been revised to show the new and expanded fuelbreaks and their zoning in addition 

to the existing fuelbreaks and their zoning. The fuelbreaks are not shown to scale due to their 

narrow widths as compared with the overall watershed size, but the relative position of the new 

and expanded fuelbreaks as compared with the existing fuelbreaks is shown.   
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2.3.2 Letter A2: Judy Schriebman, Marin Group Sierra Club 

Response to Comment A2-1 

The commenter notes that the Sierra Club is pleased with the direction MMWD has taken 

regarding the programmatic DEIR. The comment is noted. 

Response to Comment A2-2 

The commenter suggests the use of mycoremediation and phytoremediation as mitigation to 

enhance and rebuild forests to combat climate change by rebuilding pesticide treated and/or 

disturbed soils. The comment regarding climate change and its influence on the natural 

environment is noted. The BFFIP was developed in part to address the threats facing District 

lands. Climate change is one of the four key threats, as identified in Section 2.4.1 of the Draft 

EIR. The shift to hotter, drier climates and relationship to increased fire severity and frequency 

as well as effects on wildlife is acknowledged and accounted for in the BFFIP.  

The commenter questions if the mitigation in the Draft EIR “goes far enough.” In accordance 

with CEQA caselaw, mitigation measures must have an essential nexus and be generally 

proportional to the identified adverse impact (14 CCR, § 15126.4(a)(4)(A), (B), citing Nollan v. 

California Coastal Com’n (1987) 483 U.S. 825, 837; Dolan v. City of Tigard (1994) 512 U.S. 374, 

391; Ehrlich v. City of Culver City (1996) 12 Cal.4th 854, 866-877). The commenter mentions that 

the mitigation should include bioremediation2 methods such as mycoremediation3 and 

phytoremediation4 to treat contaminated soils and water. Implementation of the plan, however, 

would not result in soil or water contamination that would require such mitigation. These 

techniques have not been included in the plan as the plan is a vegetation management plan and 

remediation activities are not a part of its purview. An EIR is not required to mitigate for effects 

that would not result from the action proposed. 

Mitigation measures were prepared to address each identified impact of the BFFIP’s 

implementation using the best available science. Refer to Section 3.3 Biological Resources, 

Section 3.5 Geology and Soils, Section 3.6 Greenhouse Gases, and Section 3.8 Hydrology and 

Water Quality of the Draft EIR for analyses of the resources mentioned.  

 

 

 

2 Bioremediation is the use of either naturally occurring or deliberately introduced microorganisms or 

other forms of life for decontamination 
3 Mycoremediation is a form of bioremediation in which fungi-based technology is used to decontaminate 

the environment 
4 Phytoremediation is a form of bioremediation that uses various types of plants to decontaminate the 

environment 
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Response to Comment A2-3 

The commenter suggests that carbon sequestration need to be an active part in actions 

undertaken by the District, including vegetation management. The commenter notes that 

MMWD should explore options that enhance carbon sequestration in other biomes already 

acting as carbon sequestration areas. The comment is noted as is the suggestion that the BFFIP 

should include actions to enhance carbon sequestration in other biomes. Refer to Section 3.6 

Greenhouse Gases of the Draft EIR for an analysis regarding whether the BFFIP could 

substantially decrease the overall ability of District lands in the plan area to sequester carbon. 

Chipping, mulching, and burning would result in a temporary drop in carbon in live 

vegetation. In the long-term, the carbon losses would be offset by increased growth of existing 

trees and improved forest health, as identified on pages 3.6-11 through 3.6-17 of the Draft EIR. 

The impact on carbon sequestration within District lands from implementation of the BFFIP, as 

proposed, would be less than significant. 

The commenter mentions that direction should be taken from and information incorporated 

from the Marin Carbon Project, the COMET-Planner, and the California Forest Carbon Plan to 

explore and plan for options and practices that enhance carbon sequestration in other biomes 

already acting as carbon sequestration areas, such as coast chaparral, oak woodlands, meadows 

and grasslands, freshwater wetlands, and riparian zones. The Marin Carbon Project is a 

consortium of agricultural institutions who seek to enhance carbon sequestration in rangeland, 

agricultural, and forest soils. The COMET-Planner is a tool to predict the carbon benefits from 

implementing recommended National Resource Conservation Service practices on farms and 

ranches. These references and tools are noted; however, the plan is focused on vegetation 

management in open space and forest land and not specifically on actions to increase carbon 

sequestration in agricultural practice. The plan does not preclude the use of practices to enhance 

carbon sequestration as part of vegetation management activities, where it is relevant to 

vegetation removal and mulching or replanting.  

The California Forest Carbon Plan is discussed on page 3.6-11 of the Draft EIR. The Forest 

Carbon Plan identifies acceptable forestry actions that may have some short-term reductions in 

carbon sequestration for long-term benefits of reduced catastrophic wildfire. The BFFIP is 

consistent with the 2018 Forest Carbon Plan as stated in Section 3.6 of the Draft EIR.  

Response to Comment A2-4 

The comment notes that grazing should be used more widely as a tool for vegetation removal 

and removal of invasive weeds. Refer to Master Response 5: Grazing for more information 

about grazing as a tool for vegetation management under the BFFIP. The plan allows for 

grazing, but more extensive use may not be appropriate given the types and extent of weeds 

present.  

Response to Comment A2-5 

The commenter supports the BFFIP as a project in its “no herbicide use” approach to vegetation 

management. The comment is noted regarding the commenter’s support of the BFFIP for its “no 

herbicide use” approach and the Board requirements for approval of any future decisions to use 
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herbicides. Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion 

of the herbicide alternative.  

Response to Comment A2-6 

The commenter explains that fir removal needs to be evaluated to reduce long-term impacts, 

including selective rather than wholesale thinning. Douglas-fir thinning is described on pages 6-

9 and 6-10 of the March 2019 Draft BFFIP. The focus would be on selective removal of mid-

canopy Douglas-fir and in areas where it is encroaching on grassland and oak woodland 

habitat. The BFFIP states, 

Priority is given to grasslands and oak woodlands where Douglas-firs are small, 

restricted to the margins, and/or are present in small numbers… The vast majority of 

Douglas-firs removed will be less than 12 inches DBH; limbs will be removed and piled 

for burning and trunks left in contact with the ground to decompose. Some larger 

Douglas-firs (up to 24 inches), or conifers that will damage oaks if felled, may be girdled 

and left as habitat trees. 

Impacts associated with habitat alteration (including for avian species) are discussed on page 

3.3-77 of the Draft EIR. The analysis states that  

…nesting birds, including special-status avian species, would have abundant areas to 

nest, even given management actions that may result in removal of dead trees and thick 

understory. Only a small fraction of the overall Watershed would be impacted by any 

activities in a year. Once management actions are complete, forest health would improve 

over time. Healthy forests would provide more native species and diversity and a more 

diverse prey-base, supporting the overall ecosystem health.  

Nesting birds, including special-status avian species, would have abundant areas to nest, even 

given management actions that may result in removal of dead trees and thick understory, such 

as Douglas-fir thinning. 

Response to Comment A2-7 

The commenter notes that the timing of Broom and Barbed goatgrass removal needs to be 

considered. The comment is noted regarding timing of barbed goatgrass removal, risks of 

burning Scotch broom, and broom germination after prescribed burning. The District would 

conduct invasive species management using industry practices and knowledge from decades of 

management on District lands. Safety precautions implemented during prescribed burning are 

described on pages 3.7-25 to 3.7-26 of the Draft EIR. Vegetation would be pre-treated to reduce 

the potential for uncontrolled spread of fire, such as into the canopy.  

Response to Comment A2-8 

The commenter notes that an expert in special-status species and habitats must be on site 

frequently to oversee work being done. The recommendation for having an on-site expert, 

skilled in special-status species and habitats, is noted. The mitigation does not require the 

presence of a biologist with every work crew, as it is not practical. Several measures beyond just 
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training would serve to protect sensitive biological resources and habitats when work is being 

performed. These protections are integrated into the planning phase of the work. The measures 

primarily require surveys by qualified biologists and avoidance of any resources or species 

found. These measures would reduce the potential for inadvertent damage by workers to 

sensitive species. For example, MM Biology-2 requires surveys prior to work and flagging and 

avoidance of special-status plant species. MM Biology-5 requires focused tree and habitat 

assessments to minimize impacts to roosting bats and a specific roosting bat protection plan. 

MM Biology-6 requires surveys for badger dens prior to burning or use of heavy equipment in 

denning habitat and avoidance or passive relocation by a qualified biologist. MM Biology-7 

requires nesting bird surveys prior to certain types of work that could disturb nesting activity 

and implementation of protective buffers by a biologist if active nests are found. MM Biology-8 

includes several measures to protect northern spotted owl, including surveys, establishment of 

buffers, and avoidance. MM Biology-9, MM Biology-10, and MM Biology-12 require surveys for 

western pond turtles, California red-legged frogs, and foothill yellow-legged frogs and moving 

or avoiding individuals if found. MM Biology-15 and MM Biology-16 require surveys for and 

protection through flagging and avoidance of wetlands and native grasslands. 

Mitigation to minimize or avoid impacts is required. If the District finds risks of non-

compliance with mitigation are valid, the District can, as part of their implementation strategy, 

have a biologist on site to ensure that mitigation is being implemented.  

Response to Comment A2-9 

The commenter notes that impacts to soil from clearing vegetation can also be mitigated by 

leaving large wood on the ground. The recommendation to leave large logs in place to reduce 

impacts to soils is noted. Refer to Section 3.5 Geology and Soils of the Draft EIR for an analysis 

of erosion and loss of topsoil. MM Geology-1 requires short- and long-term erosion control 

measures for areas at risk of erosion and loss of topsoil, including use of logs (page 3.5-39 of the 

Draft EIR). Impacts to soils would be less than significant with implementation of the proposed 

mitigation.  

Response to Comment A2-10 

The commenter notes that precipitation predictions must be taken into account before 

commencing work. The commenter also states that soil composition and slope steepness should 

be considered prior to using heavy equipment. MM Geology-1 requires a site inspection prior to 

conducting any management action that may result in erosion or slope instability, including 

consideration of slope and soil compaction, and many other factors like ground cover. The slope 

and existing conditions of a work area would be considered to determine the erosion control 

measures and restrictions that would be appropriate. Many of these restrictions apply to 

specific times of year, such as rainy season. Revisions have been made to MM Geology-1 to 

clarify that prior to conducting ground disturbing work, the weather forecast would be 

consulted to determine if rain is predicted. Revisions to the mitigation are shown in Chapter 3.  
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Response to Comment A2-11 

The commenter states that enhancement of carbon sequestration by planting trees should be 

another action of this plan to combat climate change. The comment regarding enhancement of 

carbon sequestration is noted. Refer to Responses to Comments A2-2 and A2-3. 

Response to Comment A2-12 

The commenter notes that the potential of invasive species to spread between watersheds 

should be avoided by implementing proper decontamination techniques. New Zealand mud 

snails are not currently known to occur on District lands; however, the sighting referred to by 

the commenter was in San Anselmo Creek in the Town of Fairfax, in close proximity to 

Watershed lands. The vegetation management activities proposed as part of the BFFIP would 

generally avoid riparian corridors, and no in-stream or reservoir work is proposed. The 

potential for encountering and spreading invasive aquatic species during implementation of the 

BFFIP is very low and considered less than significant and, therefore, does not merit mitigation 

under CEQA.  

Response to Comment A2-13 

The commenter states that non-geosynthetic materials should be used to protect wildlife to 

avoid polluting the area with plastic that is non-biodegradable. MM Geology-1, as presented in 

the Draft EIR, requires erosion control measures and non-filament-based geotextiles to be 

approved prior to use. Approved control measures would not be permitted to cause harm to 

wildlife species or other impacts. MM Geology-1 has been revised, as shown in Chapter 3, to 

indicate that the non-filamentous-based geotextiles should also be biodegradable and biobased.  

Response to Comment A2-14 

The commenter states that noise-sensitive receptors, such as the Northern Spotted Owl, should 

be protected from construction noise or recreationalists as a result of the plan. Northern spotted 

owl and other special-status wildlife are not noise-sensitive receptors for the purposes of the 

analysis presented in Section 3.9 Noise of the Draft EIR; however, noise impacts on these species 

was thoroughly addressed in the Draft EIR in Section 3.3 Biological Resources.  

Any effects associated with recreationalists or other ongoing activities is a part of the baseline 

conditions (CEQA Guidelines Section 15125). Section 3.3 Biological Resources of the Draft EIR 

analyzes the effect of noise from implementation of the BFFIP on special-status wildlife, 

including northern spotted owl. Noise from vegetation management activities could directly 

impact northern spotted owl. Table 3.3-8 presents analyses of direct impacts from each 

vegetation management tool and technique. Noise impacts could occur from use of heavy 

equipment and vehicles. MM Biology-1 (Worker Training) requires a training program that 

describes special-status species and how to avoid harming the species for all staff, contractors, 

or volunteers who would perform vegetation-management work. MM Biology-8 (Northern 

Spotted Owl Avoidance During Nesting Season) requires avoidance of noise-generating 

activities within 0.25 mile of an active nest until young have fledged or to determine a 

minimum buffer needed to avoid impacts on northern spotted owls from noise generation. 

Manual methods would not be allowed within 131 feet of line-of-site to a nesting pair. In 
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accordance with the analysis, MM Biology-1 and MM Biology-8 would reduce direct impacts on 

northern spotted owl to less than significant. 

Response to Comment A2-15 

The commenter states that the plan needs to add in frequent jobsite oversight of work crews by 

trained biological specialists, depending on the project’s focus. The recommendation to add 

frequent jobsite oversight by a biologist is noted. Refer to Response to Comment A2-8. Several 

mitigation measures in Section 3.3 Biological Resources, Section 3.5 Geology and Soils, and 

Section 3.7 Hydrology and Water Quality of the Draft EIR include requirements for pre-activity 

surveys or data review in addition to worker training, with specific requirements and 

restrictions dependent upon the survey results. The District can, as part of its implementation 

strategy, have a biologist or other technical specialist on site to ensure that mitigation is being 

implemented in areas when risks of non-compliance are deemed to be greater than typical.  

Response to Comment A2-16 

The commenter states that the plan should prevent the spread of the invasive New Zealand 

Mud Snail by implementing decontaminating techniques when working in waters near where 

the species exists. Refer to Response to Comment A2-12 regarding the New Zealand mud snail. 

Implementation of the BFFIP is not likely to result in the spread of New Zealand mud snails 

since it would not include instream activities.  

Response to Comment A2-17 

The commenter states that the relocation of the giant salamander should be avoided to protect 

the species. California giant salamanders are typically nocturnal but are sometimes active 

during daytime in wet weather. They are typically found close to permanent bodies of water. 

Encountering a California giant salamander would be unlikely during implementation of the 

BFFIP for these reasons. Should a California giant salamander be encountered during work, 

MM Biology-17 allows for a qualified biologist to safely and legally guide the individual 

California giant salamander out of harm’s way or to avoid the area. The mitigation serves to 

preserve and prevent injury to any individuals encountered. Impacts to California giant 

salamanders would be less than significant with mitigation.  

Response to Comment A2-18 

The commenter notes that heavy equipment should not be used on saturated soils and that a 48-

hour dry period should occur prior to commencement of work. Refer to Response to Comment 

A2-10. The third bullet under MM Geology-1 prevents heavy equipment from operating on 

saturated soils if it has rained within 48 hours, as the commenter states. MM Biology-15 requires 

heavy equipment used in wetland areas to be designed to operate within wet or saturated soils. 

Both mitigation measures would ensure that heavy equipment does not cause rutting, erosion, 

or compaction of soils, including in sensitive wetland soils. 

Response to Comment A2-19 

The commenter questions if ES-54 (final bullet point) should read “…no substantial ground 

disturbing work…48 hours after a rain event defined as 0.5 (or greater) amount of rain within a 

48-hour period.” Refer to Response to Comment A2-10. The measure has been revised for 
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clarity to include that prior to conducting ground disturbing work, the weather forecast would 

be consulted to determine if rain is predicted, as shown in Chapter 3 of this Final EIR.  

Response to Comment A2-20 

The commenter states that remediation of the contaminated Mill Valley Air Force Station 

should be avoided due to wildfire threats. The recommendation to remediate the Mill Valley 

Air Force Station is noted. Refer to Response to Comment A2-2 that details the requirement for 

mitigation measures to have an essential nexus and be proportional to impacts. Implementation 

of the BFFIP would not cause wildfires but is rather intended to reduce wildfire risk. MM 

Hazards-2 requires avoidance of areas within the Mill Valley Air Force Station, which would 

ensure that any impacts that could occur from disturbing contamination during vegetation 

management activities is entirely avoided. Remediation of the Mill Valley Air Force Station is 

beyond the scope of the BFFIP and EIR.  

Response to Comment A2-21 

The commenter states that the use of “limited” should be more defined as it relates to use of 

herbicides. The commenter also notes that there are long-term dangers that should not be 

considered less than significant on human health when using toxic pesticides that are endocrine 

disruptors. The inclusion of the word “limited” in the alternative’s moniker is defined in 

substantially more detail in Section 4.5.4, on pages 4-22 through 4-26 of the Draft EIR. This 

section of the Draft EIR identifies the three conventional herbicides that would be used under 

the alternative, Aquamaster® (53.8 percent glyphosate, isopropylamine salt), Garlon® 4 Ultra 

(60.5 percent triclopyr, butoxy ethyl ester), and Transline® (40.9 percent clopyrad, 

monoethanolamine salt) and the conditions under which they could be used.  

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of why the 

impacts of herbicide use are considered less than significant given the numerous precautions 

and requirements for application. The methods of application would minimize or avoid public 

exposure to herbicides, which would avoid or reduce impacts. Herbicide impacts on SOD and 

herbicide drying that can increase fire risks are also addressed in Master Response 6: Limited 

Use of Herbicides Alternative.  

Response to Comment A2-22 

The commenter states that any leases entered into by MMWD and a third party needs to hold 

the third party to the terms of the BFFIP for watershed protection. The comment regarding lease 

agreements with other parties is noted. Agencies managing land adjacent to District lands or 

within District lands have developed and implement their own management plans. Different 

parcels of land have unique management issues and challenges. While the District coordinates 

with the surrounding jurisdictions and the intent is to develop mutually beneficial management 

actions for shared boundaries, the District cannot impose the BFFIP on fuelbreaks on the 

perimeter of the District but not owned by the District (as implied by the comment). Easements 

within District lands are generally subject to the requirements imposed on all District lands, 

including for vegetation management. Entities such as Pacific Gas and Electric Company 

(PG&E), however, have other vegetation requirements that must be met, as imposed by the 
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California Public Utilities Commission, to address the threats unique to their infrastructure. The 

BFFIP only covers and dictates the activities to be conducted by the District.  

Response to Comment A2-23 

The commenter states that erosion caused by mountain bikers cutting new trails and county 

workers performing grading activities is not addressed. The erosion impacts associated with 

implementation of the BFFIP are analyzed in Section 3.5 Geology and Soils of the Draft EIR. The 

list presented under Section 3.5.2.4 of the Draft EIR is not a complete list, but rather identifies 

the major contributors according to the Mount Tamalpais Roads and Trail Management Plan. 

The additional contributors to erosion on the Watershed identified by the commenter are noted 

but adding these contributors would not change the impact analysis as presented in the Draft 

EIR.  

Response to Comment A2-24 

The commenter states that specific road building techniques that prevent erosion as covered in 

the Updated Handbook for Forest, Ranch and Rural Roads published by Pacific Watershed 

Associates should be investigated. The recommendation to investigate Pacific Watershed 

Associate’s Updated Handbook of Forest, Ranch and Rural Roads is noted. No new roads and 

trails are proposed as part of the BFFIP. Former logging skid roads could be cleared temporarily 

to access sites; however, permanent or significant road work would not occur. No grading or 

scraping would occur, and no material or base would be added. The recommendations of the 

commenter are not relevant to the BFFIP.  

Response to Comment A2-25 

The commenter notes that protection of vegetation in riparian areas is important for fire safety 

and should be added in the DEIR discussion. The recommendation to protect the vegetation in 

riparian areas is noted. The information provided in the setting of Section 3.7 Hazardous 

Materials and Fire Hazards of the Draft EIR pertains to general characteristics that influence 

flammability. The section acknowledges that fuel with low moisture and high quantities of dead 

biomass are more flammable (page 3.7-5 of the Draft EIR), which would indicate that moist and 

lush environments, such as those found in riparian areas, would be less flammable.  

Impact Biology-2 in Section 3.3 Biological Resources of the Draft EIR provides a clear 

understanding of the types of activities that could not and would not occur in riparian areas. 

Vegetation removal in riparian habitat would generally consist of invasive species removal. 

Broadcast burns could occur within riparian habitats, but MM Geology-1 prohibits broadcast 

burning within a 50-foot buffer around perennial and intermittent streams when the broadcast 

burn is proposed on a slope greater than 30 percent and upslope of the stream (and, therefore, 

associated riparian habitat) so that impacts would be avoided. Riparian corridors would not be 

significantly impacted by implementation of the BFFIP.  

Response to Comment A2-26 

The commenter notes that Page 1 of the Cultural Resources Memo in Appendix G shows the 

usage of herbicides contradicts the BFFIP. The language in Appendix G Cultural Resources 
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Memo erroneously mentioned herbicides as part of the proposed BFFIP. The language has been 

revised to remove herbicides and reflect the language of the BFFIP, as shown in Chapter 3. 

Response to Comment A2-27 

The commenter notes that a site-specific evaluation should be made to address the potential to 

encounter cultural resources. Impacts on cultural resources from implementation of the BFFIP 

are analyzed in Section 3.4 Cultural and Tribal Cultural Resources of the Draft EIR. MM 

Cultural-2 requires the District’s program manager to review confidential Geographic 

Information Systems (GIS) data prior to conducting work to determine if the area has been 

surveyed previously and whether any resources were found. If the GIS data shows that the 

areas where soil disturbance below the surface through use of heavy equipment or burning is 

proposed have not been previously surveyed, a pre-activity cultural resources survey would be 

conducted by a qualified archaeologist or cultural resources specialist in accordance with 

industry standards prior to performing work. In the event vegetation is too dense, making a 

pre-activity survey challenging or impossible, the training conducted under MM Cultural-1, 

would be sufficient to permit work to be conducted using only manual techniques accessed on 

foot. This measure is consistent with the commenter’s recommendation.   
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2.3.3 Letter A3: Carolyn and Paul DaSilva, Marin Chapter of California Native 

Plant Society 

Response to Comment A3-1 

The commenter states that the Marin Chapter of CNPS has 10,000 members dedicated to 

protecting native plants and their habitats. The comment about the role of the California Native 

Plant Society (CNPS) is noted. 

Response to Comment A3-2 

The commenter notes that the DEIR’s description of the project is inadequate because it fails to 

mention where fuelbreak construction projects will occur related to the locations of special-

status plants and that mitigation measures for rare plants are vague. The comment also states 

that the DEIR improperly categorizes special-status plants as having high or low sensitivity. 

Refer to Master Response 1: Definition and Location of New and Expanded Fuelbreaks. Refer 

to Master Response 3: Special-Status Plants for a response to the comments pertaining to 

special-status plant species mitigation measures and mapping information available in the EIR. 

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of the 

herbicide alternative and the assessment of the environmentally superior alternative per CEQA.  

Response to Comment A3-3 

The commenter states that the DEIR fails to disclose where specific fuelbreak construction or 

widening projects are to be undertaken. The Draft EIR adequately identifies and focuses on the 

significant effects of the program on the environment. The biological setting and impacts are 

presented in Section 3.3 Biological Resources, including over 140 pages of detail. The section 

describes the various biological resources found in the plan area (Section 3.3.3 on pages 3.3-3 

through 3.3-66 of the Draft EIR), and the physical changes that would occur as a result of 

implementation of the plan (Section 3.3.6 on pages 3.3-73 through 3.3-123 of the Draft EIR), 

including alterations to ecological systems and in population distribution.  

The commenter states that the Draft EIR does not identify special-status plant species locations 

in relation to new fuelbreaks. Refer to Master Response 1: Definition and Location of New and 

Expanded Fuelbreaks for a discussion of new and expanded fuelbreak locations as shown in 

Figures 2.6-1 through 2.6-4 and Figure 2.7-1. Refer to Master Response 3: Special-Status Plants 

for a discussion as to how the impacts from creation of new and expanded fuelbreaks on 

special-status plants is adequately addressed in the Draft EIR. The Draft EIR focuses on 

identification of rare plants during pre-work surveys and avoidance based on the species found 

and its life form, as defined in MM Biology-2. Minor revisions to MM Biology-2 have been made 

and are shown in Chapter 3 of this Final EIR.  

Response to Comment A3-4 

The commenter states that it is impossible to determine whether the siting of new fuelbreaks 

conforms to the recently developed scientific support for the concept of shifting vegetation 

treatment closer to the preserve perimeter. Section 3.4 on pages 3-17 through 3-18 of the March 

2019 Draft BFFIP discusses how the District assessed fuelbreak needs and locations, based in 
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part on an assessment of risks and the location of the Wildland Urban Interface (WUI). Master 

Response 1: Definition and Location of New and Expanded Fuelbreaks provides additional 

response to concerns over the location of new and expanded fuelbreaks. 

Response to Comment A3-5 

The commenter notes that the BFFIP could cause significant direct/indirect impacts on special-

status plant species. The commenter also notes that the DEIR fails to address the situation 

where a rare plant cannot be avoided, such as in the path of a new fuelbreak. The commenter 

also states that the DEIR improperly downgrades the status of certain rare plants and fails to 

provide proper mitigation. Refer to Master Response 3: Special-Status Plants for a discussion 

of MM Biology-2 and how the measure adequately addresses impacts on special-status plant 

species with minor revisions to strengthen the measure. Potential impacts on special-status 

plants with known rarity or declining populations and special-status plants with CRPR rank of 

1B or 2 and some rank 4 species that are known rare are addressed with the minor revisions to 

MM Biology-2, presented in Chapter 3. Tamalpais lessingia, Marin County navarretia, Tiburon 

buckwheat, Mt. Tamalpais Manzanita, Mt. Tamalpais thistle, and Tamalpais bristly jewelflower, 

as identified by the commenter, are CRPR rank 1B and are addressed by the mitigation 

measure. MM Biology-2 has been revised in Chapter 3 to indicate the process required should a 

perennial or annual population of rare plant not be avoidable. Oakland star-tulip was not 

added to the mitigation as it is a rank 4.2 but is “abundant and stable on the Watershed,” (see 

page 3.3-31 of the Draft EIR). Serpentine reed, also, was not added to the mitigation. Serpentine 

reed grass is a rank 4.3 but is “abundant, stable, and widespread through serpentine chaparral 

habitats in the Watershed” (see page 3.3-31 of the Draft EIR).  

Response to Comment A3-6 

The commenter states that the mitigation is sometimes improperly deferred, particularly for 

rare plants that require ongoing monitoring. An agency may defer committing to specific 

mitigation measures when it approves a project if the measures that will be considered 

subsequently are described and performance criteria are identified (Sacramento Old City Assn. v. 

City Council (1991) 229 Cal.App.3d 1011; see CEQA Guidelines, § 15126.4, subd. (a)(1)(B)). 

Deferred mitigation is a complex concept under CEQA. Per a paper by Curtis Alling  (2011) on 

the topic, he describes,  

It is adequate to recognize a significant effect, adopt a measure that commits the lead 

agency to mitigate, and describe the specific performance criteria for mitigation, if the 

plans, design details, or precise means to mitigate are not practical to define at the time 

of project approval… The commitment to mitigate should be accompanied by a list of 

potential approaches to achieve the avoidance or lessening of the significant effect to 

demonstrate that the eventually selected measures are reasonably expected to be feasible 

and effective. 

MM Biology-2 describes the performance criteria and a list of approaches to achieve avoidance 

or lessening of the significant effects. Performance criteria include determining if habitat is 

present, consulting the GIS database to see what known populations are in the area of work, 
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conducting a survey if the area has not been surveyed within the last five years, and then 

flagging or demarcating individual plants or populations for avoidance, establishing a 100-foot 

buffer, and requiring BMPs  to minimize the potential for spread of invasive species. Criteria 

specific to perennial sensitive plants and annual sensitive plants are also defined, including no 

net loss of an annual species and the methods to employ if an individual or population must be 

removed. The measure also requires a monitoring plan with standards to meet and actions to 

take if standards are not met.  

To further solidify the approach to demonstrate that the measure can reduce effects, the text of 

MM Biology-2 has been revised to indicate that, at a minimum, one of the options presented 

would be taken should a population decrease following vegetation management activities. 

Response to Comment A3-7 

The commenter states that the expansion of fuelbreaks may increase spread of invasive species. 

The purpose of the fuelbreak is to provide an area of defense and improve containment in the 

event of a wildfire, which is consistent with the District’s main goals for the BFFIP. Once a 

fuelbreak is created, it would be maintained per MA-20, including to reduce invasive species in 

the new fuelbreak.  

Response to Comment A3-8 

CEQA Guidelines 

The commenter states that the District will implement most management activities set forth in 

the BFFIP without any project-level review. CEQA Guidelines section 15168, subdivision (c), 

applies to the use of a program EIR for later activities. If a later activity would have effects not 

examined in the Program EIR, an Initial Study would need to be prepared leading to an EIR or a 

Negative Declaration. (CEQA Guidelines, § 15168, subd. (c)(1).) See Master Response 7: 

Benefits of the BFFIP and Program EIR for a discussion of when a Program EIR applies and 

should be prepared. A Project Environmental Checklist form has been prepared and is 

presented in Appendix A of this Final EIR. The form allows the District to provide the 

substantial evidence necessary to document whether or not future activities are covered under 

the Program EIR or if additional review is required.  

Level of Information Available 

Chapter 2 Project Description, with incorporation of the BFFIP by reference, provides detailed 

project information. Each management action is described with annual performance criteria 

clearly identified in Table 2.7-1 of the Draft EIR, with activity ramping up in intensity from Year 

1 through Year 5. The types of tools and techniques proposed to implement the performance 

criteria for each management action are identified in Table 2.9-1 of the Draft EIR. A clear 

description of each tool and technique proposed for use as part of the BFFIP is provided under 

Section 2.9 of the Draft EIR. The level of detail available for each management action generally 

allows a project-level analysis for all but MA-26 and MA-27. The analyses of MA-26 and MA-27 

are conducted using the data available at the time this EIR was prepared. The specific actions 

that may occur under MA-26 and MA-27 have not been identified to the same level of detail as 

the other management actions. When specific activities are proposed for either management 
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action, the District would perform project-level environmental review, presented on Project 

Environmental Checklist (Appendix A of this Final EIR) to document whether or not future 

activities are covered under the Program EIR or if additional review is required. See Master 

Response 7: Benefits of the BFFIP and Program EIR for more information. Prior to approving 

site-specific activities under these management actions, the District would evaluate the selected 

site by completing the checklist, which has been adapted from the Initial Study checklist in the 

CEQA Guidelines, and from the information in this Program EIR. The Project Environmental 

Checklist would be used to determine whether the activity proposed under MA-26 or MA-27 is 

within the scope of the analysis in this Program EIR. Subsequent environmental review would 

be conducted if determined to be necessary. The checklist would also identify those mitigation 

measures set forth in this Program EIR that are relevant to the activity under consideration. The 

analysis of management actions is comprehensive using the level of detail known at the time of 

the EIR. For the majority of actions proposed, the analysis is project level and will enable the 

District to conduct the actions without further environmental review.  

Response to Comment A3-9 

The commenter states that the DEIR lacks specifics pertaining to locations of fuelbreak projects 

and the species and communities to be adversely affect as a result. Refer to Master Response 1: 

Definition and Location of New and Expanded Fuelbreaks for locations of new fuelbreaks 

within the EIR. Refer to Master Response 3: Special-Status Plants for information about the 

data and maps available for special-status plant species in the EIR. 

Response to Comment A3-10 

The commenter states that CNPS supports the use of controlled burns to suppress weeds and 

re-introduce fire to the landscape. The support for prescribed burning is noted. Appropriate 

mitigation measures were included in the Draft EIR to safeguard the public. These measures 

address impacts on air quality, public safety, and fire hazards and include MM Air-1, MM Air-

4, MM Hazards-4, and MM Hazards-5. 

Response to Comment A3-11 

The commenter notes that the CNPS supports the Limited Use of Herbicides Alternative. The 

support for the Limited Use of Herbicides Alternative is noted. Refer to Master Response 6: 

Limited Use of Herbicides Alternative for a discussion of the herbicide alternative and why it 

was not identified as the environmentally superior alternative. While the Draft EIR identifies 

that the use of herbicides had limited community acceptance, the alternative was not identified 

as the environmentally superior alternative because it did not address the significant and 

unavoidable air quality impacts of the BFFIP (from prescribed burning) and it could introduce 

new impacts related to health hazards, the extent of which are likely less than significant but 

not well known. The numerous points regarding conflicting conclusions on glyphosate toxicity 

and carcinogenic potential as well as on IPM are noted; however, these points raised do not 

merit changing the analysis presented in the Draft EIR. These points do not change the fact that 

some impacts from herbicides could occur that would otherwise not occur under the BFFIP, as 

identified in the master response. The commenter’s identification of the increased costs 

associated with not using herbicides is noted and can be considered by the Board when 
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evaluating whether to approve the BFFIP or an alternative. CEQA, however, is not about 

analysis of economic impacts per se (PRC § 21080(e)(2) ['evidence of social or economic impacts 

which do not contribute to, or are not caused by, physical impacts on the environment' are 

beyond the scope of CEQA]; see also PRC § 21082.2(c); Guidelines § 15384). The economic 

impacts of a project are only subject to CEQA if those financial impacts cause physical impacts. 

Added costs for manual or mechanical removal over herbicide usage do not have physical 

impacts on the environment.  The BFFIP is designed to reduce the impacts of invasive species 

and improve ecological health on the watershed, even without herbicides. The plan includes 

criteria and goals to be addressed to the District’s Board annually. The adaptive management 

aspect of the program will allow for reassessment of methodology, noting that herbicides would 

not be included without further environmental review and District Board approval.  

The commenter is incorrect that the community opposition to glyphosate use is based on 

widespread aerial spraying in agriculture. Community opposition in Marin County is highly 

specific to the introduction of any herbicide into the environment due to the potential for 

endocrine disruption and carcinogenicity, among other health effects. This opposition that was 

specific to limited use of herbicide was extensively expressed and documented when the 2012 

Draft of the Wildfire Protection and Habitat Improvement Plan (WPHIP) was released.  

The BFFIP does not preclude the future use of herbicides by the District; however, any future 

proposals for herbicide use are explicitly not covered under the BFFIP and BFFIP EIR. Use 

would require additional review under CEQA and District Board approval.  

Response to Comment A3-12 

The commenter notes that the BFFIP DEIR should specify locations of new fuelbreaks and those 

to be widened, identify special-status plants in reference to the locations, and provide adequate 

mitigation to address the species. Refer to Master Response 1: Definition and Location of New 

and Expanded Fuelbreaks and Master Response 3: Special-Status Plants, which identify how 

the Draft EIR addresses new and expanded fuelbreaks and their impacts on special-status 

plants.  

Response to Comment A3-13 

The commenter notes that the BFFIP DEIR should eliminate “low sensitivity” rare plants and 

vague mitigation addressing them. Refer to Master Response 3: Special-Status Plants for a 

discussion of the ranking system used for special-status plant species and the mitigation 

measures required to address impacts on these species. 

Response to Comment A3-14 

The commenter notes that the BFFIP DEIR should include sufficient detail on management 

actions and mitigation to eliminate need for project review. Refer to Response to Comment A3-8 

for the requirements for a Program EIR and the level of detail available at the time the EIR was 

prepared. 
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Response to Comment A3-15 

The commenter notes that the BFFIP DEIR should include additional evidence supporting 

limited broadcast burning. Broadcast burning is included in the BFFIP and addressed 

throughout the EIR. The impacts of broadcast burning are analyzed as applicable under each 

resource topic in the EIR. Broadcast burning is becoming an important tool for land managers to 

address fuel loading and habitat enhancement. The emissions and carbon release from 

broadcast burning areas of a natural landscape under controlled conditions would be 

considerably less than the emissions if the area were subject to a wildfire. The benefits of 

broadcast burning may outweigh the cost of temporary significant emissions during the burn. 

The use of broadcast burning is sufficiently supported in the Draft EIR.  

Chapter 4 Alternatives to the Proposed Plan, as presented in the Draft EIR, provides a detailed 

analysis of the Refocused Effort Alternative, which limits broadcast burning to 22 acres or less 

to treat weeds such as starthistle. No broadcast burning would occur in grasslands and oak 

woodlands for habitat enhancement. Although this alternative would reduce some direct 

impacts, other impacts would be greater than for the proposed plan. The alternative would only 

marginally meet some of the plan’s main objectives. The Refocused Effort Alternative was not 

identified as environmentally superior to the proposed plan. 

Response to Comment A3-16 

The commenter notes that the BFFIP DEIR should adopt the Limited Use of Herbicides 

Alternative. The support for the Limited Use of Herbicides Alternative is noted. Refer to Master 

Response 6: Limited Use of Herbicides Alternative for a discussion of the herbicide alternative 

and why it was not identified as the environmentally superior alternative.  
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2.3.4 Letter A4: Laura Chariton, Watershed Alliance of Marin 

Response to Comment A4-1 

The commenter states that the Watershed Alliance of Marin agrees with the Sierra Club’s 

comment letter on the DEIR. The comment regarding the role of the Watershed Alliance of 

Marin is noted. Refer to responses to comments under Letter A2, Sierra Club Marin Group.  

Response to Comment A4-2 

The commenter states that the only addition to the Sierra Club’s comment letter would be to 

include managing fuel loads with carbon sequestering char production. The recommendation to 

manage fuel loads with carbon sequestration char production is noted. Refer to Response to 

Comment A2-3 for a summary of the carbon sequestration analysis presented in the Draft EIR. 

Biochar is an organic charcoal material that is the final product of pyrolysis, or high 

temperature burning of agricultural biomass without the presence of oxygen. This type of 

activity is outside the scope of the BFFIP, which is focused on vegetation management. 

Response to Comment A4-3 

The commenter states support that the Federated Indians of Graton Rancheria will continue to 

be consulted. The comment is noted. Section 3.4.2.3 of the Draft EIR discusses the tribal 

outreach and consultation that has been conducted to date.  

Response to Comment A4-4 

The commenter states that all sites must be evaluated that have had recorded sensitive 

resources. The comment also states that the Master Sargent Cypress site should be evaluated 

prior to work commencing. As discussed under Response to Comment A2-27, impacts on 

cultural resources from implementation of the BFFIP are analyzed in Section 3.4 Cultural and 

Tribal Cultural Resources of the Draft EIR. It is acknowledged that cultural surveys have only 

been conducted in discrete locations and not for most of the plan area. MM Cultural-2, as stated 

in the Draft EIR, requires review of confidential GIS data prior to conducting work to determine 

if the area has been surveyed previously and whether any resources were found. Any resources 

that have not been evaluated would be avoided or, if they cannot be avoided and the activity 

would have an impact on the resource, they would be evaluated. If the GIS data shows that the 

areas where soil disturbance below the surface through use of heavy equipment or burning is 

proposed have not been previously surveyed, a pre-activity cultural resources survey would be 

conducted by a qualified archaeologist or cultural resources specialist in accordance with 

industry standards prior to performing work, and any resources found would either be avoided 

or evaluated and data collected per a Cultural Resources Management Plan. Implementation of 

this measure would either avoid impacts to unevaluated or known eligible resources or would 

include evaluation and data collection for unavoidable resources, effectively mitigating impacts.  

Section 3.3 Biological Resources of the Draft EIR analyzes impacts on the sensitive Sargent 

cypress woodland community, within which the Master Sargent Cypress referred to by the 

commenter is found. With implementation of mitigation measures, impacts on the sensitive 

Sargent cypress woodland community would be less than significant. The tree has not been 

identified as a cultural resource but would be protected under biological resource mitigation.  
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2.3.5 Letter A5: Sandy Guldman, Friends of the Corte Madera Creek 

Watershed  

Response to Comment A5-1 

The commenter states that Friends of Corte Madera Creek Watershed is eager to see a 

vegetation management plan that can be successfully implemented. The comment is noted 

regarding the role of the Friends of Corte Madera Creek Watershed’s purpose and role.  

Response to Comment A5-2 

The commenter states that the definition of IPM calls for using the method that is economically 

feasible and uses herbicide application. The comment is noted regarding the definition of IPM. 

The BFFIP is not a true IPM program, as the commenter notes, because it does not include the 

judicious use of herbicides. The Limited Use of Herbicides Alternative would include the 

judicious use of herbicides; however, it was not the environmentally superior alternative, as 

explained in Master Response 6: Limited Use of Herbicides Alternative. While the plan is not 

a true IPM program, the BFFIP is designed to reduce the impacts of invasive species and 

improve ecological health on the watershed, even without herbicides. The plan includes criteria 

and goals to be addressed to the District’s Board annually. The adaptive management aspect of 

the program will allow for reassessment of methodology. The BFFIP does not preclude the 

future use of herbicides by the District; however, any future proposals for herbicide use are 

explicitly not covered under the BFFIP and BFFIP EIR. Use would require additional review 

under CEQA and District Board approval. 

Response to Comment A5-3 

The commenter questions if the performance criteria in the BFFIP have increased to reflect the 

spread of invasive species in the years that the BFFIP was delayed in getting released. The 

performance criteria for each management action as presented in the March 2019 Draft BFFIP 

was revised and updated, as appropriate, since preparation and release of the September 2016 

Draft BFFIP. The BFFIP includes annual revision and adaptive management to move the plan 

towards meeting the targets. See Section 7.3 of the BFFIP, page 7-7, which states the following:  

If these targets are not being reached, the reasons will be documented in the Annual 

Board Reports and the success criteria may need to be modified or levels of effort to 

implement the Plan increased to more closely align what is actually being accomplished 

with what is planned. A balance between the costs and the benefits is inherently part of 

the evaluation and adaptive management strategy. 

Herbicide use, if added, would require additional review under CEQA and District Board 

approval, as stated in Response to Comment Af-2. No additional changes are needed.  

Response to Comment A5-4 

The commenter states that more funding should go to vegetation management. The comment 

identifying the costs from Chapter 7 of the BFFIP is noted.  
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Response to Comment A5-5 

The commenter states that there is no estimate of costs for the limited herbicide alternative. The 

comment also notes that the DEIR should be revised to include a cost analysis comparing 

effectiveness and cost of the proposed plan in the BFFIP and the limited herbicide alternative. 

The comment is noted regarding costs of the limited herbicide alternative. According to the 

CEQA Guidelines the “EIR shall include sufficient information about each alternative to allow 

meaningful evaluation, analysis, and comparison with the proposed project.” The description 

and analysis of an alternative does not need to be as robust as the proposed project (Section 

15126.6; County of Inyo v. City of Los Angeles (1981)124 Cal.App.3d 1). Chapter 4 Alternatives 

to the Proposed Plan of the Draft EIR evaluates the alternatives with respect to consistency with 

plan objectives, feasibility, and environmental effectiveness. The effectiveness of each 

alternative retained for analysis, including the Limited Use of Herbicides Alternative, to meet 

the plan objectives is summarized in Table 4.5-1 of the Draft EIR and within the analysis for 

each alternative. The Limited Use of Herbicides Alternative was found to meet plan objectives 

of reducing weeds and enhancing biodiversity while allowing for adaptive management. 

See Response to Comment A3-11 for an explanation as to how costs are considered (or not 

considered) under CEQA. The commenter’s identification of the increased costs associated with 

not using herbicides are noted and can be considered by the Board when evaluating whether to 

approve the BFFIP or an alternative. CEQA does not require analysis of economic impacts per 

se (PRC § 21080(e)(2) ['evidence of social or economic impacts which do not contribute to, or are 

not caused by, physical impacts on the environment' are beyond the scope of CEQA]; see also 

PRC § 21082.2(c); Guidelines § 15384). The economic impacts of a project are only subject to 

CEQA if those financial impacts cause physical impacts, which is not the case here, and thus the 

economics of implementing the BFFIP is not considered in the EIR.  

Response to Comment A5-6 

The commenter states that the District should implement fishery protection and enhancement 

activities in the tributaries of Corte Madera Creek as they are currently not addressed. The 

BFFIP provides protection to riparian habitat and would allow only limited activities to occur in 

riparian habitat. Refer to Response to Comment A2-25. Impact Biology-2 in Section 3.3 

Biological Resources of the Draft EIR provides a clear understanding of the types of activities 

that could and would not occur in riparian areas. Vegetation removal in riparian habitat would 

generally consist of invasive species removal. Broadcast burns could occur within riparian 

habitats, but MM Geology-1 prohibits broadcast burning within a 50-foot buffer around 

perennial and intermittent streams when the broadcast burn is proposed on a slope greater than 

30 percent and upslope of the stream (and, therefore, associated riparian habitat) so that impacts 

would be avoided. Riparian corridors would not be significantly and negatively impacted by 

implementation of the BFFIP.  

The Draft EIR also addresses indirect impacts to steelhead through sedimentation of streams. A 

description and analysis of steelhead (Oncorhynchus mykiss irideus) is provided in Section 3.3 

Biological Resources of the Draft EIR. It is noted that steelhead are known to occur not just in 

the mainstem of Lagunitas Creek and tributaries but also other creeks, including Corte Madera 
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Creek. Direct and indirect impacts on steelhead from implementation of the BFFIP are analyzed 

under Impact Biology-1 in text and in Table 3.3-8 of the Draft EIR. 

Response to Comment A5-7 

The commenter notes that disregarding the Deferred Action Zone should be considered a 

significant impact under the BFFIP. Refer to Master Response 2: Ecosystem and Fuels Deferred 

Action Zone for a description of the Ecosystem and Fuels Deferred Action Zone. Maintenance 

activities occur in this zone under existing conditions and would continue to occur following 

implementation of the BFFIP. No change in the management of this zone would occur 

compared to existing conditions as a result of plan implementation. Any environmental effects 

associated with the existing weeds and diseased trees are part of the baseline conditions for the 

EIR (CEQA Guidelines Section 15125). No new impacts would occur as a result of the BFFIP 

that need to be analyzed in the EIR.  

Response to Comment A5-8 

The commenter states that the Limited Use of Herbicides Alternative is superior to the 

proposed plan. The commenter’s support for the Limited Use of Herbicides Alternative is 

noted. Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of 

the herbicide alternative and why it was not identified as the environmentally superior 

alternative.  

Response to Comment A5-9 

The commenter states that the BFFIP should be updated to include the new population of 

foothill yellow-legged frog discovered in Marin County Park’s Cascade Canyon Open Space 

Preserve. Surveys for foothill yellow-legged frog have recently been conducted on Marin 

County Parks and District lands but are currently unpublished. Some additional information 

about sightings from these recent studies has been added to Table 3.3-6 as shown in Chapter 3 

of this Final EIR. 

Response to Comment A5-10 

The commenter noted that the steelhead trout occupying Larkspur Creek is an old data point 

and that there is unlikely to be a viable population currently. Larkspur Creek is considered a 

stream that Central California coast steelhead could occupy (Ettlinger, 2019). No change has 

been made. 
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2.3.6 Letter A6: Linda Novy, Marin Conservation League  

Response to Comment A6-1 

The commenter notes that the purpose of the comment letter is to provide the Marin 

Conservation League’s comments on the BFFIP. The comment is noted.  

Response to Comment A6-2 

The commenter states that a fifth threat, recreational uses on the Watershed, should be added to 

the four identified threats to the ecosystem listed in the BFFIP. The commenter suggests the 

DEIR describe the historic and ongoing impacts of recreational uses on Watershed resources 

and what BFFIP measures would be exacerbated by recreation. The comment is noted regarding 

Marin Conservation League’s (MCL) recommendation to add a fifth threat, recreation, to the 

BFFIP. The District finds that the three threats as described in the BFFIP are the primary threats 

that drive the goals of the program, and recreation is not appropriate to add to the list. 

Recreation is allowable on District lands and, in fact, the Mount Tamalpais Watershed “is held 

in trust as a natural wildland of great biodiversity, as scenic open space, and as an area for 

outdoor recreation for Marin and much of the Bay Area” (District, 2019). Recreation can cause 

spread of invasive species and spread of invasive species is identified as a primary threat in the 

BFFIP already but is allowed on the Watershed. Supporting recreation is an important 

responsibility of the District, so it should not be listed as a threat in the BFFIP. Indirect effects of 

recreation, such as spread of invasive species, is accounted for in the list of threats.  

Historic use and current recreation are described in Section 3.10.2 on pages 3.10-1 through 3.10-

9 of the Draft EIR. Ongoing recreational activities are a part of the baseline conditions, and 

therefore, it would be inappropriate to assess the existing impacts of recreation as the 

commenter requests (CEQA Guidelines Section 15125). Baseline conditions including erosion 

and spread of invasive species, such as from use of trails and roads, are adequately described in 

various setting sections of the Draft EIR.  

The EIR must only address the impacts of the proposed plan. The plan would not increase 

recreational usage nor involve recreational activities that could have an effect on the 

environment beyond existing or baseline conditions.  

Response to Comment A6-3 

The commenter notes to explain in the Final EIR why deferring action is not listed as a 

Management Action under the project description. Refer to Master Response 2: Ecosystem and 

Fuels Deferred Action Zone for an explanation as to why no impacts are associated with 

designation of this area as part of the BFFIP. The zoning defines the strategies that would be 

employed to achieve plan goals. The strategy for the Deferred Action Zone is to defer large-

scale action but contain weeds where strategically possible. Maintenance activities occur in this 

zone under existing conditions and would continue to occur following implementation of the 

BFFIP. No change in the management of this zone would occur compared to existing conditions 

as a result of plan implementation. Any environmental effects associated with the existing 

weeds and diseased trees is part of the baseline conditions for the EIR (CEQA Guidelines 
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Section 15125). No new impacts would occur as a result of the BFFIP that need to be analyzed in 

the EIR.  

Response to Comment A6-4 

The commenter notes that the Final EIR should provide a current table of anticipated outcomes 

listing annual targets and anticipated achievements of the five-year plan. Refer to Response to 

Comment A5-3 for a discussion of the annual performance criteria for the plan. The 

performance criteria for each management action are presented in Table 7-2 of the March 2019 

Draft BFFIP and Table 2.7-1 of the Draft EIR. These tables are current as presented in the March 

2019 Draft BFFIP and Draft EIR. The BFFIP is phased gradually starting in Year 1, with full 

implementation in Year 5. The BFFIP does not have a specific life span; Year 5 performance 

criteria are assumed to occur for each subsequent year throughout the life of the BFFIP. Further 

details of each management action, including the long-term build-out of fuelbreaks as part of 

MA-21, are provided in Chapter 6 of the March 2019 Draft BFFIP and Section 2.7 of the Draft 

EIR.  

Response to Comment A6-5 

The commenter notes that the Final EIR should explain how the District will monitor and report 

annually on the extent of invasive plant removal in terms of acreage and percent change in 

infested plant communities. As discussed in Section 2.14 on page 2-59 of the Draft EIR, the 

BFFIP would be implemented under an adaptive management framework. Activities to be 

completed each year would be presented in an Annual Work Plan. After each year, an Annual 

Report would be prepared and presented to the District’s Board of Directors. The Draft EIR 

already includes the information requested by the commenter.  

Response to Comment A6-6 

The commenter states that the DEIR should provide readable maps at a scale that shows 

fuelbreak construction in relation to the distribution of special-status plant populations. The 

commenter states that the Draft EIR does not identify special-status plant species locations in 

relation to new fuelbreaks. Refer to Master Response 1: Definition and Location of New and 

Expanded Fuelbreaks for a discussion of new and expanded fuelbreak locations as shown in 

Figures 2.6-1 through 2.6-4 and Figure 2.7-1. Refer to Master Response 3: Special-Status Plants 

for a discussion as to how the impacts from creation of new and expanded fuelbreaks on 

special-status plants is adequately addressed in the Draft EIR. The Draft EIR focuses on 

identification of rare plants during pre-work surveys and avoidance based on the species found 

and its life form, as defined in MM Biology-2. Some minor revisions were made to MM Biology-

2, as shown in Chapter 3 of this Final EIR.  

Response to Comment A6-7 

The commenter states that the DEIR should describe the significant impact of long-term habitat 

alteration due to cyclical maintenance and construction of new fuelbreaks on movement 

corridors. Refer to Master Response 4: Wildlife for a discussion of the scope of the biological 

resources’ analysis in accordance to CEQA and a summary of the analysis of impacts on 
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common wildlife species and habitat according to CEQA, as adequately presented in the Draft 

EIR.  

Response to Comment A6-8 

The commenter states that the Limited Use of Herbicides Alternative is superior to the 

proposed plan. The commenter also requests to provide greater detail on how reconsideration 

of the Limited Use of Herbicides Alterative would fulfill the intent of the plans goals and 

policies including Policy 2.2-G, the plan’s third goal, MA-27, and MA-13. The commenter’s 

support for the Limited Use of Herbicides Alternative is noted. The BFFIP is not a true IPM 

program, as the commenter notes, because it does not include the judicious use of herbicides. 

The Limited Use of Herbicides Alternative would include the judicious use of herbicides; 

however, it was not the environmentally superior alternative, as explained in Master Response 

6: Limited Use of Herbicides Alternative. The BFFIP is designed to reduce the impacts of 

invasive species and improve ecological health on the Watershed, even without herbicides. The 

plan includes criteria and goals to be presented to the District’s Board annually. The adaptive 

management aspect of the program will allow for reassessment of methodology, as noted by the 

commenter, per MA-13 and other provisions.  

MA-27 is described in detail on page 2-41 of the Draft EIR and includes non-herbicide 

experimental controls for invasive species. MA-13 is described on page 5-8 of the March 2019 

Draft BFFIP and requires review and updating of management actions but does not include 

addition of herbicides. The BFFIP does not preclude the future use of herbicides by the District; 

however, any future proposals for herbicide use are explicitly not covered under the BFFIP and 

BFFIP EIR. Use would require additional review under CEQA and District Board approval. 

According to the CEQA Guidelines the “EIR shall include sufficient information about each 

alternative to allow meaningful evaluation, analysis, and comparison with the proposed 

project.” The description and analysis of an alternative does not need to be as robust as the 

proposed project (Section 15126.6; County of Inyo v. City of Los Angeles (1981)124 Cal.App.3d 

1). A table comparing the labor requirements for each management action for the alternatives 

analyzed has not been prepared. This level of detail is not necessary to present the appropriate 

level of analysis for the impacts of the alternatives. It is noted that some reduction in labor 

would result from the limited use of herbicides. The Draft EIR identifies the reduced impacts 

associated with reduced labor and manual and mechanical methods on pages 4-27 through 4-28 

and includes reduced impacts associated with Air Quality/GHG emissions, Fire Hazards, 

Geology and Soils, Noise, Transportation, and Energy.  

Response to Comment A6-9 

The comment regarding MMWD’s work on the EIR is noted.  
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2.3.7 Letter A7: Barbara Salzman, Marin Audubon Society  

Response to Comment A7-1 

The commenter identifies the purpose of the plan and states that the plan is focused almost 

completely on fire protection with few discussions of special-status species. The commenter’s 

opinion regarding the adequacy of the analysis and mitigation is noted. The Draft EIR focuses 

on the environmental impacts of implementation of the BFFIP and not just on fire protection. 

Section 3.3 Biological Resources of the Draft EIR dedicates 140 pages to the baseline and 

assessment of plan impacts on special-status species, wildlife movement, and habitats including 

sensitive and riparian habitats.  The Draft EIR identified the following: 

• 20 sensitive plant communities found in the plan area (see Table 3.3-4 on pages 3.3-

26 to 3.3-28 of the Draft EIR);  

• 43 sensitive plants known to occur or with potential to occur in the plan area (see 

Table 3.3-5 on pages 3.3-30 to 3.3-37 of the Draft EIR); and  

• 46 special status wildlife species known to occur or with potential to occur in the 

plan area (see Table 3.3-6 on page 3.3-44 to 3.3-52 of the Draft EIR). 

The Draft EIR also identifies 17 “Biology” mitigation measures to protect sensitive communities, 

plants, and wildlife species.  

The analyses are supported by substantial evidence in the form of previously published field 

studies, data from natural resource databases, habitat mapping performed via fieldwork and 

lidar imagery, professional journal articles, GIS datasets from organizations such as Point Blue 

and from CDFW, the input and opinion of professional biologists, and many other sources. 

References cited in and supporting the biological analysis are presented on pages 3.3-134 to 3.3-

139 of the Draft EIR.   

The project objectives of the BFFIP are found in Section 2.4 on pages 2.2-12 to 2.2-17 of the Draft 

EIR and are presented in Table 2.6-1 on page 2.2-17 of the Draft EIR. The objectives and goals of 

the plan are to minimize the risks of wildfire, to preserve and enhance existing significant 

biological resources, and to provide an adaptive framework for the periodic review and 

revision of BFFIP implementation decision in response to changing conditions and improved 

knowledge.   

Response to Comment A7-2 

The commenter states that no technical and scientific data is presented to support the claimed 

outcomes of the plan to reduce fire risks and increase biodiversity. The comment is unclear in 

terms of the scientific information requested to support the actions. The analyses and 

conclusions in the Draft EIR are supported by substantial evidence in the form of previously 

published field studies, data from natural resource databases, habitat mapping performed via 

fieldwork and lidar imagery, professional journal articles, other reports issued by agencies on 

relevant topics, GIS datasets from organizations such as Point Blue and from CDFW, the input 

and opinion of professional biologists, and many other sources. The actions are proposed as 

part of the program. Outcomes will be assessed against performance criteria on an annual basis 
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to evaluate the effectiveness of the program. Modifications to the methodologies used would be 

implemented under the principles of adaptive management, in accordance with MA-13 and as 

described in Section 2.14 on page 2-59 of the Draft EIR. The outcome of the actions will be 

assessed against empirical evidence collected each year.  

The commenter states that the overriding mitigation for potentially significant impacts is that 

the project actions will reduce fire risks in the long term, and the commenter cites that no 

modeling was performed for fire spread, demonstrating the commenter’s opinion that the plan 

is solely based on assumptions that are not supported. The comment also seems to raise a 

question regarding supporting information on the efficacy of the proposed types of fuel 

treatments in reducing wildfire risks. The BFFIP includes many actions that are scientifically 

proven to reduce fire risks, including control of invasive species. The characteristics that 

influence flammability of vegetation are identified in Section 3.7 Hazardous Materials and Fire 

Hazards of the Draft EIR. Fire is identified as one of the key threats on District lands. Key 

factors present on District lands that relate to increased risk of catastrophic fire are decades of 

fire suppression and high levels of fuel, particularly from the thousands of trees that have been 

killed by SOD since 1995 and the spread of invasive species. The 1995 VMP was prepared 

decades ago and does not address many of the current threats. As noted in Chapter 3 Threats, 

Trends, and Strategies of the March 2019 Draft BFFIP, the general consensus among climate 

scientists is that global climate change will result in more frequent and larger fires in California 

(OEHHA and CalEPA, 2008). One of the three goals of the BFFIP is to reduce catastrophic 

wildfire risk. Several management actions would reduce fuel loads and fire risk, such as MA-20, 

MA-21, and MA-23.  

The greatest reductions in wildfire severity by vegetation management techniques have been 

found to come from vegetation thinning that changes canopy fuels, favors larger trees, and are 

followed by fuel load removal. Reducing surface fuels, particularly through prescribed burning, 

is well supported by science for moderating potential wildfire behavior for up to a decade 

(Martinson & Omi, 2013). Research has found that thinning of vegetation and broadcast burns 

in tandem have been found to reduce the severity of wildfires (Kalies & Kent, 2016). The BFFIP 

was prepared using knowledge collected from decades of vegetation management on District 

lands and the ever-evolving literature on land-management treatments.  

Section 3.7 Hazardous Materials and Fire Hazards of the Draft EIR provides a robust wildland 

fire-risk analysis. Each tool and technique is analyzed to determine whether risk of fire could 

increase during implementation. For example, pile or broadcast burns could escape and spread, 

resulting in an uncontrolled fire. This increase in fire risk during a pile or broadcast burn is 

identified as a potentially significant impact. Mitigation and compliance with applicable 

regulations would reduce this risk of a prescribed burn becoming uncontrolled. Extensive 

literature supports the use of fuel and vegetation management to reduce risk of catastrophic 

wildfire. Appendix C of the BFFIP includes a reference list of existing MMWD data and 

research. The BFFIP, Chapter 3.4, discusses the 2006 review of fuelbreaks and the modeling of 

fuelbreak placement for maximum benefit. A background report entitled Marin Municipal 

Water District Vegetation Management Plan Update, Background Report No. 6 Fire Hazard 
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Management  (Leonard Charles Associates and Wildand Resource Management, 2008), has been 

added to the BFFIP and Appendix C of the BFFIP to support the discussion of fire-hazard 

modeling used to determine fuelbreak locations. The fuelbreaks proposed in the BFFIP align 

with those identified in 2006. While conditions have changed, these locations along roads and 

near the WUI remain the most effective locations for fuelbreak expansion.  

The request to conduct wildfire modeling to determine the overall risk reduction following 

BFFIP implementation is noted. Such modeling is possible but is not considered necessary to 

assess hazards associated with implementation of the BFFIP.  Any environmental effects 

resulting from the CALFIRE Fire Hazard rating of “high” to “very high” are existing effects and 

considered part of the baseline conditions for the EIR (CEQA Guidelines Section 15125). The 

purpose of the BFFIP is to identify methods needed to reduce fuel loads and fire risks. 

Therefore, the statement quoted by the commenter that “…work performed under the plan 

would serve to reduce fire risks…” is accurate and reliable. 

The commenter is incorrect that the Draft EIR does not mitigate immediate significant adverse 

effects. Section 3.3 Biological Resources includes 17 mitigation measures to reduce significant 

adverse effects of the plan, including on a range of listed plant and wildlife species, avian 

species, and habitats. Contrary to the commenter’s assertion, the fact that the BFFIP will 

“ultimately reduce fire risk across the plan areas” is not intended as “overriding mitigation.”  

Without further specificity in the comment, no additional response is merited.  

Response to Comment A7-3 

The commenter states that the loss of vegetative habitats and removal of vegetation means the 

immediate loss of the current benefits the habitats provide and questions that the locations of 

vegetation removal may not be strategic to reduce fire and would generate more weeds. The 

commenter requests more data to support the actions and the individual and cumulative 

impacts of the BFFIP.  

Clearing of large areas of vegetation is not proposed as part of the BFFIP, and significant 

alteration of habitat, as the commenter suggests, would not occur under the BFFIP actions, 

including creation of 117 acres of new fuelbreaks. As discussed in the Master Response 1: 

Definition and Location of New and Expanded Fuelbreaks and in the Draft EIR, a fuelbreak is 

not a denuded area without trees or other vegetative cover. While the work alters the habitats, it 

does not destroy or completely remove the habitat such that habitat is lost. The total acreage of 

fuelbreaks is approximately 4 percent of the BFFIP program area. Expansion of fuelbreaks could 

result in the spread of invasive species, as the commenter notes (see Response to Comment A3-

7). The purpose of the fuelbreak is to provide an area of defense and improve containment in 

the event of a wildfire. Once a fuelbreak is created, it would be maintained per MA-20, 

including to reduce invasive species in the new fuelbreak. As stated under Response to 

Comment A7-2, the commenter’s request for data is unclear. The analyses and conclusions in 

the Draft EIR related to potential impacts to wildlife habitat are supported by substantial 

evidence in the form of previously published field studies, data from natural resource 

databases, habitat mapping performed via fieldwork and lidar imagery, professional journal 
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articles, GIS datasets from organizations such as Point Blue and from CDFW, the input and 

opinion of professional biologists, and many other sources.  

The individual impacts of implementation of the plan on species and native habitats are 

addressed in Section 3.3 Biological Resources of the Draft EIR. Refer to Master Response 4: 

Wildlife for a discussion of the scope of the biological resources analysis in accordance with 

CEQA, including habitat impacts. All potentially significant impacts to species and native 

habitats would be reduced to less than significant with mitigation. The cumulative impacts are 

addressed in Section 5.1.4.3 on pages 5-20 through 5-23 of the Draft EIR and would also be less 

than significant. The commenter does not provide enough specificity as to what aspects of the 

individual and cumulative impact analyses and mitigations they find deficient to enable the 

District to provide a more detailed response.  

Response to Comment A7-4 

The commenter states that the plan leaves in place huge untreated areas of invasive and 

flammable broom. The commenter appears to be referring to the Ecosystem and Fuels Deferred 

Action Zone and is therefore referred to Master Response 2: Ecosystem and Fuels Deferred 

Action Zone (and Responses to Comments A5-7 and A6-3). Maintenance activities occur in this 

zone under existing conditions and would continue to occur following implementation of the 

BFFIP. No change in the management of this zone would occur as compared to existing 

conditions. Any environmental effects associated with existing and ongoing activities in this 

zone to treat existing weeds and diseased trees are part of the baseline conditions for the EIR 

(CEQA Guidelines Section 15125). No new impacts would occur as a result of the BFFIP that 

need to be analyzed in the EIR. 

The commenter also states that “the DEIR actually presents data and analysis that supports a 

mitigation that could effectively rid the watershed of these flammable plants.” The commenter 

appears to be referring to the Limited Use of Herbicides Alternative.  Refer to Master Response 

6: Limited Use of Herbicides Alternative for a discussion of the herbicide alternative. The 

BFFIP is designed to reduce the impacts of invasive species, such as broom, and improve 

ecological health on the watershed, even without herbicides, through weed removal using hand 

and mechanical methods. As previously stated in Response to Comment A7-2, actions described 

under the plan reduce fire risks as compared with the existing condition. Broom invasions 

would not increase under the plan, as the commenter states, because the plan includes manual 

and mechanical methods of treating broom to a greater extent than is currently implemented.  

Response to Comment A7-5 

The commenter states that modeling should be performed to address fire hazards and to better 

inform proposed actions so that habitat can be protected, and fire risk reduced. Refer to 

Response to Comment A7-2 for a detailed response regarding the fire hazard analysis.  The 

BFFIP, in Chapter 3, Section 3.4, discusses the 2006 review of fuelbreaks and the modeling of 

fuelbreak placement for maximum benefit. A background report entitled Marin Municipal 

Water District Vegetation Management Plan Update, Background Report No. 6 Fire Hazard 

Management  (Leonard Charles Associates and Wildand Resource Management, 2008), has been 
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added to the BFFIP and Appendix C of the BFFIP to support the discussion of fire-hazard 

modeling used to determine fuelbreak locations, reason for their locations, and the basis for 

their section. The fuelbreaks proposed in the BFFIP align with those identified in 2006. While 

conditions have changed, the fuelbreak locations along roads and near the WUI remain the 

most effective locations for fuelbreak expansion in order to allow access to fight fires and to 

slow spread of fires.  

The commenter also notes that the management actions should be chosen to protect habitats. 

Habitat protection is addressed in the BFFIP. Section 3.3 Biological Resources of the Draft EIR 

provides a robust analysis of direct impacts on wildlife and indirect impacts on wildlife from 

changes to habitat. Appropriate mitigation measures are prepared to reduce the impacts on 

wildlife species, as stated under Response to Comment A7-3. All potentially significant impacts 

to habitat and biological resources would be reduced to less than significant with mitigation.  

Response to Comment A7-6 

The commenter states that the plan does not define or discuss biodiversity and that wildlife are 

not mentioned in the plan. Both statements are inaccurate. Chapter 1 of the March 2019 Draft 

BFFIP describes the importance of biodiversity in the Watershed and the need for a resilient 

ecosystem, including in the inset on page 1-3 of the March 2019 Draft BFFIP, which states,  

Biological diversity is often used as an indicator of ecosystem resilience and 

environmental goods and services such as clean air and water. On Mount Tamalpais, 

biodiversity is at risk from the expansion of non-native invasive species, climate change, 

and Sudden Oak Death and other diseases.  

For further clarification, a definition of “biodiversity” has been added to Chapter 1 of the BFFIP, 

page 1-1, as follows:  

Biodiversity is the short form of “biological” and “diversity.” The term biodiversity is 

defined as all the variety of life that can be found in an area, including communities, 

habitats, and species. 

Chapter 2 of the March 2019 Draft BFFIP elaborates on the existing setting, including 

identification of the diversity found on the watershed, as stated on page 2-1 of the March 2019 

Draft BFFIP,  

The Watershed supports a rich variety of vegetation communities, ranging from 

grasslands to chaparral, oak woodland, and redwood forests. Vegetative communities 

provide habitat for a wide range of wildlife, including a number of plants and animals 

with regulatory protections. The Watershed supports approximately 40 special-status 

plant species within 88 distinct plant assemblages as defined by the National Vegetation 

Classification System (CNPS 2014).  
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Section 2.4.2 of the March 2019 Draft BFFIP provides further background information on the 

biological resources found on District lands. The first paragraph under Section 2.4.2 on page 2-

16 of the March 2019 Draft BFFIP states, 

The total number of species within District lands is unknown, but it includes over 1,000 

species of vascular plants, over 200 species of lichens, and at least 400 species of 

vertebrate animals. Many more species of fungi, non-vascular plants, and invertebrates 

such as insects and other arthropods occur within District lands. District lands are 

included within the Golden Gate Biosphere Reserve, created by UNESCO in 1988, 

because they support high levels of biodiversity in a large-scale landscape that is 

protected from development (District 2012a).  

The commenter also states that the impact analysis should address how the actions will address, 

protect, and restore biodiversity, including for common native species, by management action. 

One of the goals of the BFFIP is to reduce invasive and weed species through various methods. 

Reducing invasive weeds to allow native species to diversify will benefit biodiversity. Invasive 

weeds disrupt the ecology of natural ecosystems by displacing native plants and the animal 

species that depend upon them, reducing native biodiversity. Next to habitat loss, over 50 

percent of the loss of native biodiversity globally has been attributed to introduced species, and 

nearly half of the species listed as threatened or endangered under the Endangered Species Act 

in the U.S. are at risk due to competition with alien or introduced species (Zevit, 2019). Invasive 

species reduce biodiversity by taking over ecosystems with one plant and habitat type, often 

replacing numerous other native species and reducing food sources that support a diversity of 

wildlife. It should also be noted that, as stated in Master Response 4: Wildlife, CEQA does not 

require the analysis of impacts to common species, except as it pertains to migratory species and 

corridors. One of the goals of the BFFIP is to reduce invasive and weed species through various 

methods. Reducing invasive weeds to allow native species to diversify will benefit biodiversity. 

Common species, including small mammals and reptiles, will benefit from increased 

biodiversity. 

The impacts and corresponding mitigation in Section 3.3 Biological Resources of the Draft EIR 

are presented by management action. Common native species, except migratory species, do not 

need to be addressed under CEQA, but sensitive communities, plants, and wildlife are 

addressed and the measures to minimize effects to these resources is presented in Section 3.3.7 

of the Draft EIR.  

Response to Comment A7-7 

The commenter states the plan only protects “significant biological resources” and does not 

even mention wildlife. Refer to Response to Comment A7-6 for a discussion of where and how 

the March 2019 Draft BFFIP addresses biodiversity and wildlife. The commenter states that the 

plan should address all taxa that depend on the project area. Identifying all taxa that could 

occur in the plan area is not necessary for the definition of the plan since the plan is focused on 

protecting structural and natural resources from the effects of wildfire and reducing invasive 

species. The prescriptions in the plan would not change given a broader list of all common 
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species that could occur in the area. The focus is on key habitats and maintaining those habitats.  

While the plan does not identify in detail all species and habitats in the area, including acreages 

and locations, the Draft EIR does include this information. The Draft EIR identifies all habitats 

within the plan area, including all plant communities, their acreages, and the common plant 

species found in that community (see Table 3.3-1 on pages 3.3-4 through 3.3-8 of the Draft EIR). 

Page 3.3-22 of the Draft EIR adequately explains the consideration of wildlife species in the 

Draft EIR as follows:  

The extent and diversity of habitat on District lands supports numerous mammal, bird, 

reptile, amphibian, and invertebrate species. A matrix of relatively undisturbed habitats 

is present, including coniferous forests, oak woodland and savannah, mixed hardwood 

forests, riparian woodland, chaparral, coastal scrub, grasslands, and aquatic and 

wetland habitats. These lands are used by numerous common wildlife species as 

movement, foraging, and breeding habitat. A comprehensive assessment of all wildlife 

species potentially occurring on a particular site can be difficult to both obtain and 

confirm because some species only occur in a particular area for a short period (such as 

during migration or dispersal from natal birthing areas), some are inactive during one or 

more seasons, and some are nocturnal or reclusive in nature. Therefore, the following 

discussion is intended to provide a general characterization of the types of common 

wildlife species occupying District lands and is not a comprehensive list of all wildlife 

species present. Appendix F provides more comprehensive lists of mammal, bird, 

reptile, and amphibian species known or likely to occur on District lands. 

Response to Comment A7-8 

The comment states that there is no mention of wildlife in the BFFIP, except for northern 

spotted owl, and that the Draft EIR needs to discuss potential impacts of management actions 

on all wildlife. Refer to Response to Comment A7-7 for a discussion as to why the plan does not 

need to identify all wildlife species that could occur in the plan area and the focus of the plan on 

protecting habitats from wildfire and enhancing biodiversity. Refer to Master Response 4: 

Wildlife for a discussion of the scope of the biological resources’ analysis in accordance to 

CEQA, including common wildlife species. CEQA does not require the analysis of impacts to 

common species except as it pertains to migratory species and corridors. Impacts to special-

status wildlife species are less than significant with mitigation.  

Response to Comment A7-9 

The commenter asks how the plan will avoid further declines in wildlife populations caused by 

fuel reduction and the failure to remove invasive species. CEQA does not require the analysis of 

impacts to common species except as it pertains to migratory species and corridors. Impacts of 

the plan on migratory birds are addressed in the Draft EIR as required under CEQA. The Draft 

EIR includes a discussion of impacts to nesting birds from plan implementation and includes 

mitigation (MM Biology-7 on page 3.3-128 of the Draft EIR) to reduce impacts. As stated in 

Response to Comment A7-3 and in Master Response 1: Definition and Location of New and 

Expanded Fuelbreaks, a fuelbreak is not a denuded area without trees or other vegetative 

cover. While the work alters the habitats, it does not destroy or completely remove the habitat. 



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-87 

Fuel reductions would not result in declines in wildlife populations as treating invasive species 

and forest diseases would allow for expansion of native plants and increased diversity. The 

plan would therefore not result in an increase in invasive species over baseline conditions that 

could impact wildlife.  

Response to Comment A7-10 

The commenter requests more information on the Point Blue 2014 monitoring of common 

species. Point Blue Conservation Science (Blue Point) monitored the abundance of land-birds on 

District lands from 1996 through the present and analyzed trends in abundance for 44 species. 

More information on this monitoring and results can be found on page 3.3-22 of the Draft EIR. 

This reference was cited for the data that it provides on general trends of the populations of 

common species on the Watershed, which can give some insight into common avian species’ 

response to on-going vegetation management. Common avian species in the study utilized 

mixed evergreen hardwood forest, oak woodland/savannah, coast redwood forest, chaparral, 

and grassland/edge habitats. Most if not all habitats on the Watershed thus would have been 

exposed to existing management activities over the timeframe of the study. Species were chosen 

that are common on the Watershed and whose populations are easy to monitor. The study did 

not include waterbirds, shorebirds, owls, non-breeding species, and species not well sampled 

within the point-count method such as non-territorial species, flocking species, and species with 

very large territories.  

Additional information on common species is not necessary to identify the actions of the plan, 

nor for the environmental analysis, since CEQA does not require the analysis of impacts to 

common species except as it pertains to migratory species and corridors. It is noted that 

additional information is available in the 2014 Point Blue study that has not been presented in 

the Draft EIR; however, inclusion of this information would not result in any changes to the 

analysis presented in the Draft EIR nor change the conclusions reached.  

The commenter also requests the measures to be taken to reverse declines of species such as 

pileated woodpecker and Stellar jay. It is not the function or intent of the BFFIP to reverse the 

existing declines of species such as pileated woodpecker and stellar jay since the program is a 

vegetation management plan.  

Response to Comment A7-11 

The commenter states that destruction of habitat for many native wildlife species should be 

identified as a significant impact and mitigation identified to reduce effects from leaving broom 

and from removing understory habitats for fuelbreaks and to reduce fuel loads.  

Destruction of habitat would not result from implementation of the BFFIP. The plan would 

result in a decrease in invasive species as compared with existing or baseline conditions and a 

decrease in catastrophic fire risks, contrary to the statement made by the commenter. Many of 

the native species listed by the commenter are common species. CEQA does not require the 

analysis of impacts to common species except as it pertains to migratory species and corridors. 

Impacts to special-status wildlife species (such as the avian species listed by the commenter that 
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are protected under the Migratory Bird Treaty Act) are less than significant with mitigation.  As 

stated in Response to Comment A7-3 and in the Master Response 1: Definition and Location 

of New and Expanded Fuelbreaks, a fuelbreak is not a denuded area without trees or other 

vegetative cover. While the work alters the habitats, it does not destroy or completely remove 

the habitat such that habitat loss would occur. Since impacts would not be significant with 

regard to loss or destruction of habitat, CEQA does not require the application of mitigation. 

See Section 3.3 Biological Resources, of the Draft EIR, for the 17 mitigation measures defined to 

minimize effects on habitat and species to less than significant levels.  

Response to Comment A7-12 

The commenter requests an impact analysis that addresses all ground-dwelling species and 

species that depend for some part of their life cycles on the habitats that will be impacted by the 

BFFIP. Refer to Master Response 4: Wildlife for a discussion of the scope of the biological 

resources’ analysis in accordance with CEQA, including common avian wildlife species and 

ground-dwelling species. As stated in Response to Comment A7-3 and in the Master Response 

1: Definition and Location of New and Expanded Fuelbreaks, a fuelbreak is not a denuded 

area without trees or other vegetative cover. While the work alters the habitats, it does not 

destroy or completely remove the habitat. Habitat for ground-dwelling species would remain. 

Existing and new fuelbreaks would only constitute approximately four percent of the plan area. 

Fuel reduction zones would reduce invasive species and diseased species but would not alter 

habitat such that it could not be used by nesting (either in trees or on the ground) birds. The 

commenter asks how the District will ensure that there are no habitat reductions for declining 

species. Refer to Response to Comment A7-10, which explains why the BFFIP does not address 

currently declining species and how the EIR addresses migratory birds. Impacts to migratory 

bird species are mitigated to less than significant.  

Response to Comment A7-13 

The commenter states that there are no population trend analyses for mammals, reptiles, or 

amphibians that could be impacted by the loss of understory habitat. The comment references 

the Draft EIR’s discussion of common wildlife species. Population trend analyses for common 

species has not been included. Refer to Master Response 4: Wildlife. The CEQA Guidelines do 

not contain a question regarding substantial adverse effects on all common species. Impacts to 

common species is not required under CEQA beyond impacts to migratory species and 

corridors. While impacts to common species are not directly addressed, the BFFIP would reduce 

invasive species and improve forest health. Fuelbreaks result in some alteration of habitat, but 

habitat would remain as fuelbreaks do not result in the denuding of the habitat. Refer to Master 

Response 1: Definition and Location of New and Expanded Fuelbreaks. New fuelbreaks 

would constitute approximately 0.5 percent of the plan area, and new and existing fuelbreaks 

constitute four percent of the plan area. While the loss of some ground cover in fuelbreak areas 

(and to a lesser extent in fuel reduction areas) would change ground cover for common species, 

surrounding areas would remain with abundant cover.  
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Response to Comment A7-14 

The commenter’s opinion regarding the mitigation measures’ ability to reduce significant effects 

is noted; however, the comment lacks detail as to what is lacking in the measures to enable a 

more detailed response.  

The commenter states that 20 special-status bird species are listed as nesting on District lands, 

but there is no discussion about the impacts to these species, except northern spotted owl. As 

stated in Responses to Comments A7-3 and A7-12, and in Master Response 1: Definition and 

Location of New and Expanded Fuelbreaks, a fuelbreak is not a denuded area without trees or 

other vegetative cover. While the work alters the habitats, it does not destroy or completely 

remove the habitat for migratory birds (see Master Response 4: Wildlife). The Draft EIR 

addresses special-status bird species and impacts to their habitat. Nesting birds would continue 

to have abundant areas to nest (see page 3.3-77 of the Draft EIR). New fuelbreaks would 

constitute approximately 0.5 percent of the plan area and would not have substantial impacts 

on nesting habitat for birds.  

Response to Comment A7-15 

The commenter asks how much of the northern spotted owl activity centers would be subject to 

understory clearing for fuel reduction or fuelbreaks and now much is native vegetation. Refer to 

Master Response 4: Wildlife for a summary of the analysis of impacts on northern spotted owl.  

Table 2.7-1 in Chapter 2 Project Description provides the maximum annual acreage of fuelbreak 

maintenance and fuel-load reduction on District lands. At full plan build-out, approximately 

2,000 acres per year of vegetation management actions could occur, which represents about nine 

percent of the total plan area, most of which is in the Watershed (versus Nicasio or Soulajule 

Reservoirs). Treatments proposed within a northern spotted owl activity center in any given 

year would only affect vegetation within a portion of the total 5,956 acres of activity centers 

present on District lands (5,581 acres within the Watershed). For example, of the 117 acres of 

new or widened fuelbreaks proposed for construction over the life of the BFFIP, approximately 

58 acres are within 0.25 mile of a known northern spotted owl activity center. New fuelbreak 

creation is the primary activity that would impact native vegetation, so up to 58 acres could be 

within 0.25 mile of an activity center. As stated in the master response, complete removal of 

native plant and habitat communities would not occur, so while the activity could result in 

alteration of habitat, it is only a small fraction of habitat and activity center that could be 

impacted (approximately one percent for fuelbreaks, for example). Fuel reduction zones could 

impact up to another 2,200 acres over the life of the plan, but in these areas, habitat and thinning 

would be much less intensive than fuelbreaks and would focus on invasive species removal and 

forest disease treatment, which would benefit habitat.  

The comment is correct that the Draft EIR acknowledges that fuelbreak creation could impact 

northern spotted owl and dusky-footed woodrat through removal and thinning of vegetation, 

and noise could also impact northern spotted owl. Refer to Master Response 4: Wildlife, the 

section entitled “Impacts to Northern Spotted Owl from Habitat Loss and Loss of Prey Base” for 

a discussion of the longer-term impacts to northern spotted owl from habitat alteration for the 

creation of fuelbreaks and why the impacts are less than significant. The master response also 
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discusses impacts to dusky-footed woodrat and explains how impacts to the northern spotted 

owl prey are reduced to less than significant.  

The commenter questions the statement that vegetation removal would promote the growth of 

a diversity of vegetation, which supports a wider prey base. The commenter’s disagreement 

with the statement that the BFFIP will promote growth of a diversity of vegetation is noted, but 

not valid. Removal of invasive species and forest disease over baseline conditions would 

improve habitat and species diversity because it would allow native species to grow and 

support the diversity of wildlife that invasive species cannot. The commenter notes that 

northern spotted owl primarily feed on woodrats and that vegetation removal in fuelbreaks 

would result in more broom and reduced diversity.  Several management actions include the 

treatment of broom and weed species, and therefore weed populations would not increase as a 

result of the plan’s implementation.  

The commenter states that mitigation addresses construction but that longer-term impacts of 

removing vegetative habitats must also be addressed. The analysis and mitigation also address 

long-term habitat impacts on northern spotted owl (and other special-status species). Refer to 

page 3.3-27 of the Draft EIR, under the heading Indirect (Habitat) Impacts from Various 

Vegetation Management Techniques. MM Biology-14 requires that  

areas proposed for vegetation management within 0.25 mile of a northern spotted owl 

“activity center maintain a mix of disturbed (i.e., under active vegetation management) 

and undisturbed habitat (i.e., not under active vegetation management), and avoidance 

of woodrat stick nests, to minimize impacts on northern spotted owl from diminished 

prey populations. If existing woodrat nests are avoided, impacts on prey (woodrat) 

density should not be affected; a study of dusky-footed woodrats in the redwood region 

of California did not find an association between abundances of woodrats and different 

intensities of forest thinning (Hamm & Diller, 2009). With implementation of mitigation, 

short-term, indirect impacts from habitat alteration on northern spotted owl would be 

less than significant. 

MM Biology-14 has been revised to state, under item 2, that woodrat stick nests and the areas 

around the nests would be avoided during vegetation management activities, as shown in 

Chapter 3. 

The commenter states that the “prolific northern spotted owl population in the State” on 

Watershed lands has no connection to impacts from fuelbreaks. The Draft EIR does not state 

that fuelbreak maintenance or creation has no impact, but rather that the population on District 

lands is doing better than other populations in California although fuelbreak maintenance 

occurs annually and has since 1995 (see page 3.3-8 of the Draft EIR4). This observation supports 

a conclusion that any ongoing environmental effects from fuelbreak maintenance are not at 

such a level that the population is doing more poorly than other populations where fuelbreaks 

may not maintained. Therefore, the Draft EIR concludes that on-going maintenance of 
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fuelbreaks, defensible spaces, and roadside areas would not result in a significant permanent 

change to the existing habitat conditions (see page 3.3-84 of the Draft EIR, p. 3.3-84). 

Response to Comment A7-16 

The commenter asks to explain why activities may need to occur during the nesting season, as 

stated in MM Biology-8. Allowing work to occur during the nesting season allows for more 

treatments to occur to meet BFFIP goals and to reduce fire hazards and invasive species that 

impact habitat and ecosystem health. The mitigation measure identifies the methods to 

implement if work occurs during the nesting season of northern spotted owl to avoid impacts to 

the species (see page 3.3-129 of the Draft EIR). The commenter states that the nesting season 

dates should be modified to extend from February 1 through July 31; however, these are the 

dates that are identified in the mitigation measure already. Trees with nests would be avoided 

during this period per item 1 in MM Biology-8. If the young have fledged, work can occur closer 

to the nest trees as young would not be impacted by the work.  

The commenter questions the long-term impacts of performing work even outside the nesting 

season, near areas that support northern spotted owl nesting. Refer to Master Response 4: 

Wildlife and Response to Comment A7-15 for a summary of the analysis of impacts on 

northern spotted owl, including the longer-term impacts from limited habitat alteration in 

fuelbreaks. As stated in the master response, complete removal of native plant and habitat 

communities would not occur and impacts to habitat would be minimal and less  than 

significant given the limited amount of work (new fuelbreaks comprise 0.5 percent of the plan 

area), and the fact that habitat is not destroyed or removed, only altered.  

The commenter states that the second option in MM Biology-8 to use USFWS guidance should 

be dropped because it is based on the lumbering areas of the Pacific northwest. The lumber 

areas in Northwestern California include large tracts of Douglas-fir trees, which are a primary 

timber tree species. The northern spotted owl habitat found in Northwestern California is 

similar to the suitable habitat found on District lands, as evidenced by Douglas-fir forests and 

presence of the owl. Due to these similarities, use of the guidance and methodology in the 

USFWS “Transmittal of Guidance: Estimating the Effects of Auditory and Visual Disturbance to 

Northern Spotted Owls and Marbled Murrelets in Northwestern California” as required by MM 

Biology-8 is appropriate. 

Response to Comment A7-17 

The commenter states that MM Biolgoy-14 is not an avoidance measure. MM Biology-14 is not 

meant to be avoidance of northern spotted owl core habitat as the commenter suggests. The 

measure is to ensure avoidance of nesting birds. The commenter also asks why MM Biology-14 

does not require consultation with GIS data collected by Blue Point on an annual basis. Point 

Blue data is, in fact, annually incorporated in the District’s GIS data that would be consulted as 

a requirement of MM Biology-24 and covers both MMWD land and Marin County Parks lands 

(formerly Marin County Open Space District). Any additional studies beyond those conducted 

by Point Blue would also be in the District’s GIS. The commenter states that 2017 and 2018 Blue 

Point data on the locations of northern spotted owl activity should be included in the Draft EIR. 
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The Draft EIR utilized the 2016 Blue Point data for northern spotted owl and is presented in 

Figure 3.3-19 on page 3.3-55. The data includes activity centers on MMWD and surrounding 

lands. The figure shows the populations on MMWD land as well as surrounding lands. The 

exact locations of the northern spotted owl activity centers are not presented in order to protect 

the species (the map is a small-scale view). The purpose of the figure is to give the reader a 

sense of the distribution and intensity of the spotted owl activity centers. While newer data has 

become available for 2017 and 2018, it would not change the analysis and conclusions of the 

Draft EIR nor the mitigation that requires annual updating of the northern spotted owl activity 

and avoidance of areas. Northern spotted owl activity will change to some degree annually.  

Response to Comment A7-18 

The commenter states that the EIR should analyze the areas that would be avoided (presumably 

because they are in northern spotted owl activity centers) and compare those areas with the 

planned fuel reduction and fuelbreak areas. The commenter also notes that areas where 

northern spotted owl nest should not be treated at all to avoid long-term impacts to habitat.  

Refer to Response to Comment A7-15 for a discussion of the acres of northern spotted owl 

habitat that could be impacted by the plan and why impacts to that habitat are less than 

significant, including the fact that habitat is only altered and not destroyed or removed and that 

the amount of habitat affected is minimal compared with the overall available habitat. There 

will be no long-term loss of northern spotted owl habitat. MM Biology-8 also requires that steps 

be taken annually to identify, during that year, the locations of northern spotted owl nesting 

activity and to avoid fuel treatment in nesting areas until the young have fledged or September 

1st, which reduces impacts to less than significant. 

Response to Comment A7-19 

The commenter asks what is meant by “a mix of disturbed and undisturbed habitats” and 

points out that maintaining a healthy prey base (i.e., woodrats) is critical for owl survival. Refer 

to Page 3.3-78 of the Draft EIR, which identifies what is meant by “disturbed and undisturbed 

habitats,” which is not vague:  

MM Biology-14 requires areas proposed for vegetation management within 0.25 mile of 

a northern spotted owl activity center maintain a mix of disturbed (i.e., under active 

vegetation management) and undisturbed habitat (i.e., not under active vegetation 

management).  

The commenter asks if the District knows where woodrat nests are located. Woodrat nest 

locations are not currently well known or mapped because this data has not been collected in 

the past. See Master Response 4: Wildlife under the section “Impacts to Northern Spotted Owl 

from Habitat Loss and Loss of Prey Base” for a discussion as to the impacts to prey base and 

how they are reduced to less than significant with mitigation. As stated in Master Response 4: 

Wildlife, woodrats prefer to build nests in dense chaparral and in areas near streams. These 

areas generally do not correspond to new fuelbreak areas. Population declines are not 

anticipated as few nests are expected to be impacted given the location of fuelbreaks and the 
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limited acreage that would be impacted as compared with the plan area (0.5 percent of plan 

area is new or expanded fuelbreak).  

The commenter also asks what habitat mix is adequate and why northern spotted owl activity 

centers must be disturbed at all. MM Biology-14’s purpose is primarily to ensure that an entire 

activity center is not being treated at one time. Vegetation treatment in activity centers would be 

designed to improve the habitat, and the habitat mix is described in MM Biology-17, which 

states: 

Opportunities to conduct vegetation management to enhance development of late- 

successional characteristics or to meet other restoration goals in a manner compatible 

with retaining resident northern spotted owls shall be evaluated and implemented. 

Restoration activities conducted near northern spotted owl sites shall first focus on areas 

of younger forest less likely to be used by northern spotted owls and less likely to 

develop late-successional forest characteristics without vegetation management. 

Vegetation management projects shall be designed to include a mix of disturbed and 

undisturbed areas, retention of woody debris, and development of understory structural 

diversity to maintain small mammal populations across the landscape. 

The acres of habitat to be treated would be determined annually. As previously stated, there 

will be no long-term loss of northern spotted owl habitat. 

Response to Comment A7-20 

The commenter states a concern over clearing of vegetation around woodrat nest structures. 

The commenter states that avoidance of the woodrat nests is not enough to ensure survival of 

the woodrats as clearing would leave the woodrats vulnerable to predation and/or reduced 

food. Avoidance of nests would reduce impacts, but some impacts could remain for nests in 

fuelbreak areas that may clear ground vegetation within their foraging range, as the commenter 

suggests. However, the overall population of woodrats is not anticipated to be significantly 

impacted. Impacts to woodrat populations and declines in woodrat populations are not 

anticipated due to the limited amount of habitat alteration resulting from plan implementation 

as compared with the Watershed size, as described in Master Response 4: Wildlife. As stated in 

Responses to Comments A7-13 and A7-14 and the master response, approximately 0.5 percent 

of the Watershed would be subject to new or expanded fuelbreak construction. It should also be 

noted that woodrats prefer to build nests in dense chaparral and in areas near streams. These 

areas generally do not correspond to new fuelbreak areas (see Figure 2.3-1 in the Draft EIR). 

Woodrat population declines are therefore not anticipated as few nests are expected to be 

impacted by clearing, given the location of fuelbreaks and the limited acreage that would be 

impacted in comparison to the overall plan area.  

The commenter asks how woodrat nests would be identified and whether pre-project surveys of 

woodrats would be required. Under MM Biology-14, the most recent data with northern 

spotted owl activity centers would be consulted and woodrat nests would be avoided through 

surveys by a qualified biologist. MM Biology-14 has been revised to state under item 2 that 
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woodrat stick nests and the areas around the nests would be temporarily demarcated during 

surveys and avoided during vegetation management activities, as shown in Chapter 3.  

The comment is noted regarding northern spotted owl foraging, hunting, and dispersal habitat. 

Habitat alterations would be limited as compared with overall foraging habitat available for 

northern spotted owl in the plan area.  

Response to Comment A7-21 

The commenter states that mitigations proposed for special-status species are the same for most 

species and includes conducting surveys and avoiding work during the nesting or breeding 

season if the species is nesting. This assessment of the mitigation is generally accurate.  

The commenter raises additional questions about badgers and why mitigation allows for 

relocation of badgers, and whether this method has been used before and with what success. As 

stated in MM Biology-6 in the Draft EIR, badgers would only be passively relocated, which 

involves use of one-way doors to burrows, allowing the badgers to exit the den but not reenter. 

The badger would choose a new location for a den. Badgers would not be actively relocated. 

Passive badger relocation is an acceptable measure, but only under the direction of a qualified 

biologist and with approval of CDFW, who can assess whether the relocation is appropriate and 

can be done in such a way that the badger is not impacted. These methods have likely been 

used before with success since they are allowed by CDFW. The provision to allow work within 

the 100-foot buffer has not been removed because the measure only allows the buffer to be 

reduced when a biologist determines that its reduction would not have a significant impact on 

the badger. The measure allows buffers to be modified by the qualified biologist, provided the 

badgers are protected, and the buffer should not be removed until the qualified biologist has 

determined that the den is no longer in use. As stated, the measure is protective and reduces 

impacts to less than significant.  

Response to Comment A7-22 

The commenter asks for further discussion of impacts to pond turtles, which can burrow into 

the mud during overwintering and, therefore, could be crushed. It is feasible that western pond 

turtle hatchlings overwintering in burrows near ponds could be crushed from use of heavy 

equipment. Additional measures have been added to MM Biology-9 to protect overwintering 

pond turtle hatchlings in nests. Refer to Chapter 3 for revisions to MM Biology-9. 

Response to Comment A7-23 

The commenter questions why mitigation requirements for California red-legged frog and 

foothill yellow-legged frog are different. Both mitigation measures for California red-legged 

frogs and for foothill yellow-legged frogs require surveys. MM Biology-12 allows for foothill-

yellow legged frogs to be relocated, but MM Biology-10 does not allow red-legged frog to be 

relocated. The reason for the difference is that each species has different sensitivities and listing 

statuses, with a higher listing status of endangered for red-legged frog. Relocation is allowed for 

either species under the appropriate permits; however, as a conservative precaution, MM 

Biology-12 has been modified to also require that no work commence until the yellow-legged 

frog has moved on its own, same as for red-legged frog, since yellow-legged frog is a Candidate 
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species and will now also require avoidance. The revisions are shown in Chapter 3 of this Final 

EIR.  

Response to Comment A7-24 

The commenter asks why relocation of California giant salamander is allowed and states that it 

should not be allowed. Relocation of California giant salamander is an appropriate mitigation 

measure and a standard practice conducted by qualified biologists, as described in Response to 

Comment A2-17. Should a California giant salamander be encountered during work, MM 

Biology-17 allows for a qualified biologist to safely and legally guide the individual California 

giant salamander out of harm’s way or to avoid the area. The mitigation serves to preserve and 

prevent injury to any individuals encountered. Impacts to California giant salamanders would 

be less than significant with the mitigation. 

Response to Comment A7-25 

The commenter asks for the conditions under which removing trees with active bat maternity 

nests would be needed. As noted in MM Biology-5, certain roost or maternal trees used by bats 

may be identified as hazardous or unsafe, necessitating removal. A tree could be considered 

hazardous if it is diseased or dead or could pose a hazard to workers or recreationalists. The 

recommendation to not remove maternal nests is noted, but no change has been made in MM 

Biology-5 as tree removal may be needed to address hazards and ensure the safety of workers.  

Response to Comment A7-26 

The commenter asks what work could adversely impact wetlands, including seasonal wetlands, 

and states that work that could adversely impact wetlands should be avoided. The commenter 

notes that filling, draining, or modifying wetlands and vegetation require permits. The 

comment is noted. Impact Hydrology-1 analyzes impacts on streams and wetlands. Alterations 

to either intermittent or perennial streams or to wetlands would generally be avoided, but if 

avoidance is not possible, work may require a Fish and Game Code Section 1602 Lake and 

Streambed Alteration Agreement and potentially a permit under Section 404 of the Clean Water 

Act and Section 401 Water Quality Certification from the San Francisco Regional Water Quality 

Control Board prior to performing the work. These permits are also listed in Table 2.15-1 in 

Chapter 2 Project Description (page 2-59 of the Draft EIR). 

Response to Comment A7-27 

The commenter states that the District should commit now to preparing an EIR or Mitigated 

Negative Declaration for restoration projects. Refer to Response to Comment A3-8 for 

information about the level of information available for MA-26 and MA-27 and the future 

evaluations that would be conducted to determine whether further environmental review is 

required. It is not feasible at this time to determine the level of environmental review that 

would be required for these two management actions. The type of CEQA document required 

would depend on the details of the plans prepared for the restoration projects.  

Response to Comment A7-28 

The commenter asks how many of the 19 “administrative” actions are new activities and how 

many are continuations of on-going activities. Refer to Chapter 5 of the March 2019 Draft BFFIP 
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for a description of the 19 administrative management actions. MA-1 through MA-7 are 

inventory actions that are currently underway, and the BFFIP prescribes completion of those 

inventories. MA-8 through MA-15 and MA-18 include management actions to continue 

working with neighboring jurisdictions and to revise and update toolboxes for vegetation 

management and best management practices and to conduct project planning. MA-16, MA-17, 

and MA-19 include new monitoring actions. These actions would result in no new 

environmental effects.  

The comment is generally correct that proposed management actions with potential for 

environmental effects generally encompass maintaining fuelbreaks, creation of new or 

expanded firebreaks, removing SOD, reducing fuels, prescribed burning, and removal of 

invasive species.  

Response to Comment A7-29 

The commenter requests all new and expanded fuelbreaks to be shown on a figure. Refer to 

Master Response 1: Definition and Location of New and Expanded Fuelbreaks for a 

discussion of the figures that show the new and expanded fuelbreaks. New and expanded 

fuelbreak locations are shown in Figure 2.7-1 of the Draft EIR. Figures 2.6-1 through 2.6-4 have 

been revised to show the new and expanded fuelbreaks and their zoning in addition to the 

existing fuelbreaks and their zoning. The fuelbreaks are not shown to scale due to their narrow 

widths as compared with the overall Watershed size, but the relative position of the new and 

expanded fuelbreaks as compared with the existing fuelbreaks is shown.  

The commenter requests that the discussion of each new and expanded fuelbreak describe 

whether the expanded area is vegetated with native or invasive species and what species of 

wildlife depend on the habitats where vegetation will be removed. The commenter also 

requests a discussion of habitat impacts from removal of vegetation and the acreage of new 

fuelbreak areas. The new and expanded fuelbreaks are almost entirely expansions of existing 

fuelbreaks. The condition of the existing fuelbreaks are shown in Figures 2.6-1 through 2.6-4 in 

Chapter 2 of the Draft EIR, based on the classification of the fuelbreaks as either “optimized,” 

“transitional,” or “compromised.” The description of each classification and the level of 

invasive and native species identified in the each fuelbreak category is presented in Section 3.5.2 

of the BFFIP. Figures 2.6-1 through 2.6-4 of the Draft EIR have been revised to show new 

fuelbreak areas (see Chapter 3 of this Final EIR). The extent of invasive species in these areas 

can be discerned by the classification of the adjacent fuelbreak. Invasive species would be 

removed when new or expanded fuelbreaks are created. Refer to Master Response 1: 

Definition and Location of New and Expanded Fuelbreaks for a discussion of the impacts and 

to species from new fuelbreaks and the total acreage of new fuelbreaks and mapping. Habitat 

would not be destroyed or lost. The acreage of new fuelbreaks is presented in several places in 

the March 2019 Draft BFFIP and the Draft EIR, such as on page 2-36 of the Draft EIR. New 

fuelbreak areas are generally expansions of existing fuelbreaks and are shown on revised 

figures 2.6-1 through 2.6-4 in Chapter 3 of this Final EIR. One-hundred seventeen acres of new 

fuelbreaks would be constructed. Impacts to habitat and wildlife from fuelbreak construction is 

presented on pages 3.3-97 to 3.3-98 and 3.3-114 to 3.3-115 of the Draft EIR. The commenter asks 
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again for the criteria used to decide which fuelbreaks to expand. Section 3.4 on pages 3-17 

through 3-18 of the March 2019 Draft BFFIP discusses how the District assessed fuelbreak needs 

and locations, based in part on an assessment of risks, GIS analysis, and the location of the WUI. 

Choice of fuelbreak locations is not arbitrary as the commenter states. This discussion addresses 

the criteria used to decide which fuelbreaks to expand and the location of fuelbreaks, which 

includes the location of the WUI and includes providing access to fight fires (so generally along 

existing access roads). Fuelbreaks are intended to slow fires and provide a place from which 

fires can be fought. It is difficult to know the intensity of fire that the fuel breaks will assist in 

reducing as fire spread depends on many factors including wind direction, flame lengths, and 

climatic and weather conditions. The fuelbreaks are designed to allow for an area within which 

firefighters can access the fire and that can slow spread of the fire before it reaches the WUI.  

Response to Comment A7-30 

The commenter states that maintenance of fuelbreaks will only occur every five years. This 

assertion is incorrect. Refer to Section 3.5.2 of the March 2019 Draft BFFIP on pages 3-26 through 

3-40 for a description of the treatments by type of fuelbreak, including frequency. Optimized 

fuelbreaks would be treated once every three to seven years. Transitional fuelbreaks would also 

be treated every three to seven years with annual, focused weed control. Compromised 

fuelbreaks are treated with annual brushing to cut back invasive species. On-going weed 

control is part of the plan.   

Response to Comment A7-31 

The commenter states that the fuel reduction zones are not discussed, nor criteria identified, nor 

figures shown identifying their locations. The comment is incorrect. Refer to Master Response 

1: Definition and Location of New and Expanded Fuelbreaks for the definition of a fuelbreak 

and description of WAFRZ. The master response provides information pertaining to the 

existing and proposed fuelbreaks and WAFRZ. The WAFRZ could be built within the 

Ecosystem Restoration zone, as shown in Figures 3-16 through 3-19 of Chapter 3 of the BFFIP 

and Figure 2.6-6 to Figure 2.6-10 on pages 2-26 to 2-30 of the Draft EIR. The Ecosystem 

Restoration/WAFRZ are described on page 2-31 of the Draft EIR. 

The criteria for designating WAFRZ and the type of work that would occur in them, and the 

goals of the work is described on page 2-31 of the Draft EIR, is as follows: 

The restoration/wide area fuel reduction zones (WAFRZ) share many of the 

characteristics of restoration zones in terms of natural habitat but are distinguished by 

their proximity to existing infrastructure and the presence of natural resources 

considered at high risk of permanent degradation int eh event of a high intensity 

wildfire. The District’s goals in this zone include both ecosystem improvement and 

wildfire risk reduction for both natural resources and human infrastructure. The 

District’s biological and wildfire goals are not met within these areas at this time, but 

significant gains are possible. Therefore, the long-term strategy is to increase effort to 

achieve measurable improvements in both fuels profile and ecosystem health through 

invasive species removal and forest management. 



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-98 

Fuel reduction in WAFRZ is described further in the BFFIP, page 2-9, and states:  

The other half of fuel load reduction acreage includes work conducted within wider 

areas of habitat and adjacent to infrastructure-bordering fuelbreaks. The District has 

reduced accumulated fuels across grassland, woodland, and forest habitat in these wider 

areas to achieve a combination of wildfire risk reduction and habitat enhancement (e.g., 

invasive weed control). 

The commenter asks how the fuel reduction will contribute to forest health. The commenter also 

asks whether fuel reduction zones would be in strategic locations that reduce fire hazards and 

disease and asks how whether removal of diseased trees would reduce disease. See response to 

Comment A7-20 for more information. The work within the WAFRZ would contribute to forest 

health by reducing invasive species, in particular, but also SOD and other accumulated fuels. 

Removal of SOD-infected trees would reduce the presence of the disease. WAFRZ are generally 

along fuelbreaks and expand the area from which fires can be slowed and invasive species 

treated, and so would be strategic for the reduction of fire hazards. Fuels reduced in WAFRZ 

would include some native, invasive, understory shrubs, forbes, downed trees, sticks, and 

leaves, as the commenter suggests, and similar to a fuelbreak, but with less intensity. Refer to 

Master Response 4: Wildlife for a summary of impacts on wildlife, e.g. the dusky footed 

woodrat, from fuelbreak creation and maintenance as well as other proposed activities, 

including fuel reduction zones.   

WAFRZ could increase the amount of areas with reduced vegetation. Page 3-26 of the BFFIP 

identifies that the District’s system includes 2,650 acres of WAFRZ, of which 450 have been 

treated between 1995 and 2015. Up to 2,200 more acres could be treated. The commenter asks 

how woodrat houses would be protected in these areas. The impacts to woodrat and other 

wildlife species would be less than significant since treatment would focus on removal of 

invasive species and forest disease. Some fuel density reduction would occur but would be less 

intense than for fuelbreaks. Habitat would remain for avian species, special-status species, and 

woodrats (as prey for northern spotted owl).  

Response to Comment A7-32 

The commenter asks for the current status of SOD on the Watershed and whether it is 

increasing or decreasing. Figure 2.4-1 and Figure 2.4-2 show the spread of SOD from 2004 to 

2014 within the Mount Tamalpais Watershed. SOD has been increasing across District lands. 

The acres of impact on Figure 2.4-2 have been revised as shown in Chapter 3. Environmental 

effects on plant communities and wildlife species as a result of SOD is a part of baseline 

conditions (CEQA Guidelines Section 15125). Research on the effect of removing SOD-infected 

trees does exist. One recent paper by scientists from Oregon State University looks at different 

methods of treatment of SOD infestations and their effectiveness. The paper concludes “that 

eradication of SOD from infested sites is difficult but not impossible. The disease usually does 

not persist after cutting infected trees” (Hansen, 2019). It follows the logic that removal of the 

tree removes the pest and reduces its ability to spread.  
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The commenter asks if it is the District’s intention to remove all or a portion of the trees infected 

with SOD and, if a portion, what portion. MA-23 addresses how the District would address 

SOD-impacted forests. Dead and dying trees would be removed to reduce fuel loads. The 

District cannot remove all trees infected with SOD as it does not have the resources to do so 

given the extent of SOD (covering over 11,000 acres of the Watershed in 2014, as shown in 

Figure 3-9 of Chapter 3 of the BFFIP). According to Chapter 7 of the BFFIP, Table 7-2, up to 60 

acres of fuel reduction (an unspecified subset of which could be SOD treatment) would be 

treated per year at full implementation.  

The commenter asks for a description of the habitat and wildlife impacts of the spread of SOD. 

The BFFIP would not result in the spread of SOD; therefore, the impacts of the spread of SOD 

are outside the scope of CEQA and the EIR as they are baseline.  

The commenter asks for a discussion of the ecological benefits of leaving some dead and dying 

trees in a forest and how the massive removal of dead trees would impact biodiversity, forest 

ecosystems, and resilience. As previously stated, the District would not be able to remove all 

dead trees impacted by SOD. Over 11,000 acres have been impacted. Some amount less than 60 

acres per year would be treated, and likely just a few acre plots per year. Massive removal of 

dead trees would not occur. The commenter requests that the benefits of dead and dying trees 

to insects and to foraging and nesting birds and animals be described. Some dead and dying 

trees provide habitat; however, the plan would not remove all dead and dying trees, as 

previously stated. Since many dead and dying trees would remain, the benefits would remain. 

Overall, treatment of SOD and removal of dead and dying trees that spread the disease would 

have benefits by creating more healthy habitats, with living trees that provide food, shelter, and 

moisture to special-status and other wildlife species.  

The commenter asks what “disease resistant” species would be used in restoration. Page 2-38 of 

the Draft EIR states that “native conifer and hardwood species” would be used to replace 

diseased tan oak. The appropriate species to plant would be selected dependent upon existing 

habitat and site conditions (some that do grow in the area of tanoak disease and removal).  

The commenter asks how different replacement trees would change the natural conditions of 

the habitat. Habitats would generally be maintained to those before disease (i.e., would remain 

native conifer and/or hardwood forest). Wildlife populations, therefore, would not be impacted 

and would utilize the areas in the same ways. The treated areas would have improved 

ecosystem functions.  

The commenter asks how decisions are made about trees to be removed or retained. These 

decisions would be made by District-qualified staff in the annual plan prior to treatment. The 

decisions would be based on resources and areas where success can be attained. The District has 

been conducting studies and monitoring treatment sites as part of the Resilient Forests Project 

and other projects. The knowledge gained from historic and ongoing SOD treatments was 

incorporated into and would be implemented as part of the BFFIP. Annual performance criteria 

for MA-23 are identified in Table 2.7-1 in Chapter 2 Project Description in the Draft EIR. 
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The commenter states that the only discussion of treatment of SOD is removing infected trees 

and asks if there are treatments that have been known to cure or halt SOD infections and if the 

District has considered chemical treatments. The commenter is correct that the primary method 

of SOD treatment addressed is removal and restoration of the sites with more resilient trees. 

The plan does not include chemical methods of control but does not rule out their use. Separate 

environmental review would be required. If chemical controls are effective and depending on 

the environmental impacts of the chemical methods, they could be incorporated into the plan 

via amendments and after additional CEQA review.  

The commenter’s description of 20 annual acres of treatment under MA-23 does not align with 

any of the data presented. MA-23 includes 60 acres of work, as identified in Table 7-2 on page 7-

5 of the BFFIP. The commenter asks how the areas are chosen for action. As previously stated, 

decisions regarding which acreages to treat within the designated zone, for up to 60 acres per 

year, would be made by District-qualified staff in the annual plan prior to treatment. The 

decisions would be based on resources and areas where success can be attained.  

The District has been conducting studies and monitoring treatment sites as part of the Resilient 

Forests Project and other projects, as the commenter notes and as noted above. The District’s 

ongoing SOD project for forest resilience had some results available in 2017 (Cobb, et al., 2017). 

The pilot study included a stand-level restoration experiment on Mount Tamalpais at three sites 

where SOD had killed most overstory tanoak and dramatically increased understory vegetation 

density and fuels. A separate experiment in an uninvaded, at risk forest was also conducted 

near Lacks Creek, in Humboldt County. The treatment was an attempt to increase forest 

resiliency to catastrophic loss of tanoak, increased fuels associated with tree mortality, and 

densification of the understory that are expected to accompany disease in these stands within 

the coming decade. Restoration experiments employed two types of mastication of understory 

vegetation and hand-crew thinning with pile burning; resiliency experiments employed hand 

crews. Treatments were compared to a set of reference conditions representing overly dense 

stands where intervention is needed and extensively managed stands that serve as management 

targets. Both restoration and resiliency treatments greatly reduced density of key sporulation 

supporting hosts with modest-to-minimal effects on stand basal area. The study found that 

prior land use, especially past harvesting, was a primary factor determining treatment costs and 

potential disease impacts in treated versus untreated stands. Although both restoration and 

resiliency management strategies were found to likely to reduce disease impacts, treatment 

costs vary substantially and greatly influence when and where each approach is optimal (Cobb, 

et al., 2017). 

The project is in its fifth year and the District has funded monitoring work on the project 

through the USFS for another year. At the end of the 2019 field season, the research team will 

begin working on another publication, which is expected to be completed in 2020. The 

publication will provide the results of the five-year pilot study and associated monitoring. This 

study will provide the District with scientific information to justify and guide future 

management actions to increase resiliency to SOD, climate change, and other threats. The 



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-101 

knowledge gained from ongoing SOD treatments will be incorporated into and will be 

implemented as part of the BFFIP. 

Response to Comment A7-33 

Broadcast burning is a technique that can reduce fuel loads and improve habitats, as the 

commenter states. The commenter questions why broadcast burning isn’t a more important 

feature of the District’s plan. Broadcast burning is, in fact, an important feature of the District’s 

plan. Broadcast burning is proposed under MA-23 through MA-27, as shown in Table 2.9-1 of 

the Draft EIR. At full implementation, the plan includes up to two broadcast burn projects per 

year for forest-stand structure improvement (MA-23) and up to three projects for grassland and 

oak woodland improvement (MA-24).  

The commenter notes that pile burning does not have the ecological benefits of broadcast 

burning, nor does flaming. The commenter is correct; however, the purpose of pile burning, and 

flaming, is to eliminate fuel loads cleared using mechanical and manual methods. It is not 

meant to be an ecological enhancement like broadcast burning. Pile burning and flaming are not 

“favored” over broadcast burning, as the commenter states, as these methods have very 

different functions from broadcast burning (namely, to eliminate fuel loads before manual or 

mechanical removal or after manual or mechanical removal). 

The commenter requests the expansion of prescribed burns. The comment is noted but no 

changes have been made as prescribed burning is an important part of the plan already. As 

stated in Response to Comment A7-21, not every management action individually would 

achieve every goal of the BFFIP; rather, all the activities proposed in tandem would achieve the 

goals of the BFFIP.  

Response to Comment A7-34 

The comment is noted that invasive species removal is essential to protect habitats, wildlife, and 

biodiversity. The statements made by the commenter regarding the District’s ability to keep up 

with spread of broom are generally factually correct.  

The commenter asks how the BFFIP will correct failures in keeping up with broom spread to 

reduce the broom spread in the future. The goal to reduce broom spread is one of the primary 

goals of the plan. Several of the approaches identified to achieve the goal of enhancing 

biological resources in the BFFIP, address weed invasions as well. Invasive plant species would 

be targeted specifically under MA-22 and MA-24 but would also be treated under other 

management actions, including MA-20 (where weeds occur in existing fuelbreaks), MA-21 

(where weeds are found in new fuelbreaks), and MA-22 (where new weed infestations can be 

treated with early detection), and rapid response (EDRR). MA-27 would involve 

implementation of weed control trials. Chapter 7 of the BFFIP identifies the goals of the plan 

and the increased resources that will be committed in the future to implementing the BFFIP.  

Response to Comment A7-35 

The commenter requests information on the conditions under which glyphosate use presents a 

risk to humans. Impacts of glyphosate on the public and applicators (humans) is discussed on 
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pages 4-29 through 4-30 of the Draft EIR. The District’s previous procedures for application of 

glyphosate were similar to those proposed under the Limited Use of Herbicides Alternative, 

including the numerous restrictions. The commenter asks for the District’s procedures for using 

glyphosate when it was successfully treating and to compare them to conditions that pose a 

health risk. The risks at that time are the same as would be under current conditions, which 

again, are addressed on pages 4-20 through 4-30 of the Draft EIR. Refer to Master Response 6: 

Limited Use of Herbicides Alternative for an additional discussion of the herbicide alternative 

and why it was not identified as the environmentally superior alternative. 

Response to Comment A7-36 

The commenter asks for how other jurisdictions use herbicides as part of broom control, the 

protocols of those agencies and the success of their efforts, and if other herbicides besides 

glyphosate are used. The intent of the comment appears to question the merits of the BFFIP as 

proposed without the use of herbicides. While other jurisdictions may use herbicides, it is 

beyond the scope of the CEQA analysis to address comments on the merits of the plan. The 

plan, as proposed and as is assessed under CEQA, does not include herbicides. The 

effectiveness of herbicides is not a CEQA consideration under the proposed plan. The 

alternatives analysis addresses herbicide use as an option and identifies the impacts of herbicide 

on District lands (see Master Response 6: Limited Use of Herbicides Alternative), but CEQA 

does not require the assessment of effects of not using herbicides.  

Response to Comment A7-37 

The commenter states that the District plans no action in areas of large broom infestations and 

that leaving these areas untreated will result in expansion of highly flammable broom, 

increased habitat loss, increased fire risk, and increased liabilities. The commenter is referring to 

the Deferred Action Zone. Refer to Master Response 2: Ecosystem and Fuels Deferred Action 

Zone for an explanation of the work that would occur in these areas. The strategy for this zone 

is to defer large-scale action but contain weeds where strategically possible. Maintenance 

activities occur in this zone under existing conditions and would continue to occur following 

implementation of the BFFIP. No change in the management of this zone would occur 

compared to existing conditions as a result of plan implementation. Any existing environmental 

effects associated with the maintenance activities in this zone are part of the baseline conditions 

for the EIR (CEQA Guidelines Section 15125). No new impacts would occur as a result of the 

BFFIP. 

Response to Comment A7-38 

The commenter asks about the District’s liability should a fire erupt. The District’s liability in 

the event of a wildfire is outside the scope of CEQA and the CEQA analysis. MA-10 includes 

attending monthly FIRESafe Marin meetings, which are also attended by landowners. MA-10 

also includes supporting local fire departments in improving community education regarding 

defensible space, vegetation maintenance, and emergency response (as stated on page 5-3 of the 

March 2019 Draft BFFIP).  
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Response to Comment A7-39 

The commenter asks if herbicides could be used under MA-27. No herbicides are included 

under the BFFIP management actions, as stated on pages 2-11 and 2-45 of the Draft EIR (and 

elsewhere). MA-27 is described on page 6-12 of the March 2019 Draft BFFIP. The management 

action includes grazing. The commenter also asks how an experimental method would be 

defined and if a method being used elsewhere would be considered experimental. The 

management action is open-ended, and the definition of methods would be up to the District 

staff but would generally be limited to small areas of less than 10 acres in size, including 

methods being used elsewhere but not by the District. These activities would be covered under 

the BFFIP and EIR as long as the impacts fall within those identified in the EIR. A Project 

Environmental Checklist form (Appendix A to the EIR) would be completed to determine 

whether or not the activity is covered under the EIR or if additional CEQA review is needed. 

Refer to Master Response 7: Benefits of the BFFIP and Program EIR for more information.  

Response to Comment A7-40 

The commenter states their opinion that the review of the proposed alternatives is flawed. The 

comment is noted. Chapter 4 of the Draft EIR identifies the increased, decreased, and 

unchanged environmental impacts of each alternative, including the benefits. Increased 

expansion of broom is not a significant impact of the plan, it is part of the baseline conditions. 

Response to Comment A7-41 

The commenter is correct in their summary of the refocused effort alternative. The commenter 

asks why the long-term impacts on habitat are likely to be greater under this alternative and 

why continuous removal of broom is considered a negative for this alternative. The Refocused 

Effort Alternative would refocus plan efforts from forestry actions to intensive treatment of 

weeds and habitat restoration in the areas most highly infested with broom and nearest to 

communities. This alternative is not as desirable as the proposed action because it would only 

address invasive species concerns. The management actions designed to enhance forest health 

would not occur as part of this alternative. Although more areas with broom infestations would 

be treated, areas impacted by SOD and encroachment of Douglas-fir would not be treated. Most 

of the broadcast burning for forest stand and oak woodlands included as part of the proposed 

plan would not occur.  

The referenced statement by the commenter that “more areas overall could be treated under the 

proposed plan” pertains to the proposed plan, not the Refocused Effort Alternative. The areas 

treated under the Refocused Effort Alternative are summarized in Chapter 4, under Section 

4.5.2 on pages 4-11 through 4-12 of the Draft EIR. Although the Refocused Effort Alternative 

would treat more areas heavily infested with broom, fewer locations and habitat types would 

be treated compared to the proposed plan. Increased treatment of broom is not in itself a 

negative, but in comparison to the proposed plan, the trade-off of increased treatment of broom 

compared to forest stand treatments would result in reduced benefits and effectiveness as 

compared with the proposed plan.  
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Response to Comment A7-42 

The comment is noted that the commenter has no comments on the No Broadcast Burn 

Alternative. The No Broadcast Burning Alternative was identified as superior by eliminating 

the significant and unavoidable impacts on air quality and GHG emissions; however, the Draft 

EIR notes that the alternative does not meet all of the goals of the plan (page 4-31 of the Draft 

EIR).  

Response to Comment A7-43 

The commenter’s summary of the Limited Use of Herbicides Alternative is accurate. 

Response to Comment A7-44 

The commenter asks for a discussion of the herbicide use of other jurisdictions, bringing the 

merits of the plan into question. Refer to the Response to Comment A7-36 for a discussion of the 

relevancy of the use of herbicides by other jurisdictions to the CEQA analysis in the BFFIP.  

Response to Comment A7-45 

The commenter asks if any other herbicides have been used to treat broom. The BFFIP does not 

include the use of any herbicides even though there are other herbicides available that can treat 

broom. The Limited Use of Herbicides Alternative includes use of other herbicides that could 

treat broom (triclopyr), which could have unknown health impacts, as stated in Master 

Response 6: Limited Use of Herbicides Alternative.  

Response to Comment A7-46 

The commenter asks how far in advance areas to be treated with herbicides (under the Limited 

Use of Herbicides Alternative) would be noticed. The duration of advance notice would be 

determined by District staff at the time of posting, given season, area, visitor-ship, and other 

factors to give people plenty of time to plan to avoid the areas under the Limited Use of 

Herbicides Alternative.  

Response to Comment A7-47 

The commenter states that application of herbicides near seasonal wetlands (under the Limited 

Use of Herbicides Alternative) should not be determined on a case-by-case basis and should be 

100 feet. This change has not been made because, as stated, the stipulation would still require 

the District to create a buffer that is protective of the resource, which under these provisions 

may be greater or less than 100 feet. It should be noted that the stipulation includes Class III or 

IV streams and seasonal wetlands together in the requirement for a case-by-case consideration 

of buffer distance. 

Response to Comment A7-48 

The concern by the commenter regarding impacts to nesting birds from the Limited Use of 

Herbicides Alternative is addressed later in the section on pages 4-28 through 4-29 of the Draft 

EIR and includes surveys and application of mitigation to reduce effects to birds to less than 

significant. Limited herbicide use could reduce the need for mechanical and manual methods, 

as the commenter states.  
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Response to Comment A7-49 

The commenter’s statement that the Limited Use of Herbicides as part of IPM would meet the 

goals and objective of the program is noted, as is their disagreement with the conclusion that 

the use of herbicides would bring increased risks to human health, habitat, and water quality. 

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of the 

herbicide alternative and why it was not identified as the environmentally superior alternative. 

Impacts of glyphosate on the public and applicators is discussed on pages 4-29 through 4-30 of 

the Draft EIR. The impacts are identified in this section of the Draft EIR as likely less than 

significant, but there generally is a lack of consensus in the scientific community on impacts of 

herbicides on health. These risks to health do not occur under the proposed plan.  

Response to Comment A7-50 

The commenter’s strong disagreement that the Limited Use of Herbicides received “minimal 

community acceptance” is noted. Refer to Master Response 6: Limited Use of Herbicides 

Alternative. While the Draft EIR identifies that the use of herbicides had limited community 

acceptance, the alternative was not identified as the environmentally superior because it did not 

address the significant and unavoidable air quality and GHG impacts of the BFFIP (from 

prescribed burning), and it could introduce new impacts related to health hazards, the extent of 

which is likely less than significant but not definitively known. The BFFIP is designed to reduce 

the impacts of invasive species and improve ecological health on the watershed, even without 

herbicides. The plan includes criteria and goals to be addressed annually by the District’s Board. 

The adaptive management aspect of the program will allow for reassessment of methodology, 

noting that herbicides would not be included without further environmental review and Board 

approval. 

Response to Comment A7-51 

The commenter’s opinion regarding the need to revise the impact discussions and the plan’s 

impact on wildlife and biodiversity is noted. Minor revisions have been made to the Final EIR to 

clarify and bolster some of the existing mitigation measures, as shown in Chapter 3 of this Final 

EIR. No new significant impacts that were not already addressed in the Draft EIR were 

identified, nor were any new mitigation measures required after review of the comments 

received.  
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2.4 RESPONSES TO INDIVIDUAL COMMENTS 

 

2.4.1 Letter B1:  Bill Rothman  

Response to Comment B1-1 

The support for the BFFIP as proposed, without the use of herbicides, is noted.   
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2.4.2 Letter B2:  Toni Shroyer 

Response to Comment B2-1 

The support for the BFFIP as proposed, without the use of herbicides, is noted.   
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2.4.3 Letter B3:  Martine Algier 

Response to Comment B3-1 

The support for the BFFIP as proposed, without the use of herbicides, is noted.   
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2.4.4 Letter B4:  Dora Howard 

Response to Comment B4-1 

One of the goals of the BFFIP is to minimize risk of catastrophic wildfires. Fuelbreak and 

WAFRZ maintenance and construction are some of the techniques proposed as part of the 

BFFIP to minimize wildfire risk. Grazing is included as a tool that can be used under the BFFIP. 

Refer to Master Response 5: Grazing for more information about grazing as a tool for 

vegetation management under the BFFIP.  
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2.4.5 Letter B5:  Mia Pritts 

Response to Comment B5-1 

One of the goals of the BFFIP is to minimize risk of catastrophic wildfires. Refer to Master 

Response 1: Definition and Location of New and Expanded Fuelbreaks for descriptions of the 

fuel load reductions proposed as part of the BFFIP. Fuelbreak and WAFRZ maintenance and 

construction are some of the techniques proposed as part of the BFFIP to minimize wildfire risk. 

Several of the management actions proposed as part of the BFFIP would reduce fuel loads, 

which can reduce the spread and intensity of a wildfire should one ignite.  

Grazing is included as a tool that can be used under the BFFIP. Refer to Master Response 5: 

Grazing for more information about grazing as a tool for vegetation management under the 

BFFIP.  
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2.4.6 Letter B6:  Roger Roberts 

Response to Comment B6-1 

The BFFIP is intended to supersede the 1995 Vegetation Management Plan (VMP), which the 

District is currently implementing on its lands. The BFFIP describes vegetation management 

actions that the District would take over many years to minimize fire hazards and improve 

ecological health on District lands. Performance criteria for each management action are 

identified in Table 2.7-1 and were analyzed in the Program EIR. Activities to be completed each 

year would be presented in an Annual Work Plan. The activities proposed each year may vary 

in focus, depending on outcomes from previous years.  

For future actions, the lead agency must evaluate and document whether the activity is within 

the scope of the Program EIR (Section 15168(4)). A Project Environmental Analysis form has 

been developed to assist the District in determining whether the activities proposed in each of 

the Annual Work Plans is within the scope of the Program EIR. Appendix A details the 

flowchart and steps the District would take to evaluate the Annual Work Plans for their 

coverage under the Program EIR.  

Refer to Master Response 7: Benefits of a Programmatic EIR for additional information on how 

vegetation management would be undertaken in the absence of an approved BFFIP and 

Program EIR and the advantages of having an approved BFFIP and Program EIR.   
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2.4.7 Letter B7:  Ruth Todd 

Response to Comment B7-1 

The comment is noted regarding the residency of goats. Grazing is included as a tool that can be 

used under the BFFIP. Refer to Master Response 5: Grazing for more information about 

grazing as a tool for vegetation management under the BFFIP. 
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2.4.8 Letter B8:  Georgia Gibbs 

Response to Comment B8-1 

One of the goals of the BFFIP is to minimize risk of catastrophic wildfires. Refer to Master 

Response 1: Definition and Location of New and Expanded Fuelbreaks for descriptions of the 

fuel load reductions proposed as part of the BFFIP. Fuelbreak and WAFRZ maintenance and 

construction are some of the techniques proposed as part of the BFFIP to minimize wildfire risk. 

Several of the management actions proposed as part of the BFFIP would reduce fuel loads, 

which can reduce the spread and intensity of a wildfire should one ignite.  

Grazing is included as a tool that can be used under the BFFIP. Refer to Master Response 5: 

Grazing for more information about grazing as a tool for vegetation management under the 

BFFIP.  
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2.4.9 Letter B9:  Christina Bertea 

Response to Comment B9-1 

The support for the BFFIP as proposed is noted. 

Response to Comment B9-2 

The comments regarding glyphosate are noted. Use of herbicides is not included in the BFFIP. 

Refer to Master Response 6: Limited Use of Herbicides Alternative for more information.   
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2.4.10 Letter B10:  Lito Brindle 

Response to Comment B10-1 

The comment is noted.  

Response to Comment B10-2 

As detailed in Section 3.11 Transportation, the Office of Planning and Research identifies the 

screening threshold of 110 vehicle trips per day (OPR, 2017). The analysis under Impact 

Transportation-1 has been revised to more accurately reflect the average daily vehicle trips 

associated with implementation of the BFFIP. Refer to Chapter 3 for these changes. The analysis 

quantifies the maximum and daily average vehicle trips under the BFFIP. Vehicle trips could 

not feasibly be innumerable due to level of need and ability to provide services for contractors. 

Contractors historically have commuted together and, when conducting treatments over a 

longer period, such as over a week, have camped in Marin County for the duration (Klein, 

2017). No significant impacts would occur, and mitigation measures are not proposed. 

Response to Comment B10-3 

The comment is noted. The management actions proposed as part of the BFFIP are intended to 

achieve the goals of wildfire risk reduction and increasing biodiversity. The BFFIP was 

prepared using knowledge collected from decades of vegetation management on District lands 

and the ever-evolving literature on land management treatments. 

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of the 

herbicide alternative and why it was not identified as the environmentally superior alternative.  

Response to Comment B10-4 

The comment and suggestions are noted. Broadcast burning is proposed under MA-23 through 

MA-27, as shown in Table 2.9-1. Detailed performance criteria for broadcast burning are 

identified for MA-23 and MA-24. The impacts of broadcast burning are analyzed as applicable 

under each resource topic in the EIR. Broadcast burning is becoming an important tool for land 

managers to address fuel loading and habitat enhancement. The emissions and carbon release 

from broadcast burning areas of a natural landscape under controlled conditions would be 

considerably less than the emissions if the area were subject to a wildfire. The benefits of 

broadcast burning may outweigh the cost of temporary significant emissions during the burn.  

Response to Comment B10-5 

The comment and suggestions are noted. Refer to Master Response 5: Grazing for more 

information about grazing as a tool for vegetation management under the BFFIP.  

Fuelbreaks are proposed as part of the BFFIP. Refer to Master Response 1: Definition and 

Location of New and Expanded Fuelbreaks for information about the proposed fuelbreaks. 

Response to Comment B10-6 

The comment and suggestions are noted.  
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Broadcast burning as well as pile burning is proposed under the BFFIP. Broadcast burning 

would be implemented under MA-23 through MA-27, as shown in Table 2.9-1. Both types of 

prescribed burning techniques are necessary and achieve different outcomes as part of the 

BFFIP.  

Prescribed burning is analyzed as applicable under each resource topic in the EIR. The 

significant and unavoidable impacts on air quality and GHG emissions are analyzed in detail 

and mitigated to the greatest extent feasible, in Section 3.2 Air Quality and Section 3.6 

Greenhouse Gases. Impacts on regional air quality and sensitive receptors are described in 

detail. Broadcast burning contributes most significantly to emissions. Pile burning, vehicles, and 

equipment emissions are comparatively much lower.  

Direct and indirect impacts from prescribed burning on biological resources, including 

California red-legged frog, are analyzed in Section 3.3 Biological Resources. The analysis details 

that prescribed burns could kill individual frogs. Mitigation measures require a training 

program and surveys for California red-legged frog prior to any work involving mechanical 

equipment or prescribed burning within 0.25 mile of Kent Lake, Lagunitas Creek downstream 

of Kent Lake, or around Soulajule Reservoir and avoidance of area, if found. 

Section 3.12 Energy addresses impacts related to energy use, including via combustion of 

petroleum products, including gas, diesel, and motor oil. The use of fuel to implement the 

BFFIP is considered beneficial and necessary and not wasteful given the outcome of the work. 

Response to Comment B10-7 

The comment and suggestions are noted. Fuelbreaks are proposed as part of the BFFIP. Refer to 

Master Response 1: Definition and Location of New and Expanded Fuelbreaks for 

information about the proposed fuelbreaks. 
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2.4.11 Letter B11:  Larry Bragman 

Response to Comment B11-1 

Refer to Master Response 5: Grazing for more information about grazing as a tool for 

vegetation management under the BFFIP. Grazing alone cannot replace equipment use or 

broadcast burning. Many management actions including MA-23 and MA-24, such as Douglas-

fir thinning and SOD treatments, would not be achievable with grazing. Broadcast burning is a 

tool used to address fuel loading and habitat enhancement. As stated under Master Response 5: 

Grazing, under MA-27, the District could perform a study of grazing to understand its efficacy, 

the resources needed, and environmental impacts and compare these parameters with other 

methods such as mechanical methods or prescribed fire. The adaptive management approach of 

the plan could allow for greater use of grazing should data show that grazing is a better tool 

with fewer impacts.  

The commenter cites a long article entitled “Soil Carbon Pools in California’s Annual Grassland 

Ecosystems.” The article and its contents are noted. The BFFIP is designed to be a vegetation 

management program and is not a soil health or carbon sequestration effort. That said, the 

benefits to soil health from grazing are useful to mention and, therefore, have been added to 

MA-27 in Chapter 6 of the BFFIP, as follows:  

It should be noted that grazing can also have benefits related to carbon health and 

increasing carbon sequestration. The expanded use of grazing could be incorporated 

into the plan to enhance these benefits. 

The impacts related to equipment and vehicle use are analyzed throughout the EIR, as 

applicable. All impacts associated with use are mitigable to less than significant levels. No 

significant and unavoidable impacts related to equipment and vehicle use are identified. As 

noted by the commenter, MM Geology-1 restricts heavy equipment use to slopes of 30 percent 

or less to prevent erosion and destabilization. Hand-held mechanical equipment or manual 

methods can still be employed in these areas, as could goats under MA-27.  

The significant and unavoidable impacts on air quality and GHG emissions are analyzed in 

detail and mitigated to the greatest extent feasible in Section 3.2 Air Quality and Section 3.6 

Greenhouse Gases. Broadcast burning contributes most significantly to emissions. Vehicles and 

equipment emissions are comparatively much lower and in isolation would not result in a 

significant and unavoidable impact. Grazing does not offer the same ecological benefits of 

prescribed burning and cannot replace it as a management tool. 

Section 3.12 Energy addresses impacts related to energy use, including via combustion of 

petroleum products including gas, diesel, and motor oil. The use of fuel to implement the BFFIP 

is considered beneficial and necessary and not wasteful given the outcome of the work. 

The successful grazing projects identified by the commenter are noted. The BFFIP allows for 

grazing under MA-27 and grazing is fully analyzed throughout the Draft EIR in equal detail as 
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mechanical and manual methods and prescribed burning. Should experimental trials show 

grazing to be successful, use of grazing can be expanded under adaptive management.  

Response to Comment B11-2 

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of the 

herbicide alternative, including the varying conclusions about the health risks associated with 

glyphosate use, based on various scientific studies. While the Draft EIR does not specifically 

address the scientific article referenced by commenter, several studies identifying glyphosate as 

likely and not likely carcinogenic are provided in Master Response 6: Limited Use of Herbicides 

Alternative, demonstrating the conflicting evidence available.   The method and amount of 

application can also influence the level of effects. For example, the limited use would not result 

in substantial areas of soil exposure to glyphosate that could experience the effects identified in 

the studies referenced.  

The EIR concludes that the herbicide alternative would have additional risks to humans and the 

environment and is not the environmentally superior alternative.  

  



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-142 



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-143 

  



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-144 

2.4.12 Letter B12:  Larry Bragman 

Response to Comment B12-1 

The suggestion is noted. MA-27 would involve implementation of weed control trials. Weed 

control trials would be used to study the efficacy of available techniques to determine whether 

they would be appropriate for use on a larger scale. The District could consider whether to 

support studies of  insect predators for control of invasive plant species as part of MA-27 

(noting that the study of insect predators and biocontrols is the purview of the U.S. Department 

of Agriculture Animal and Plant Health Inspection Service and the California Department of 

Food and Agriculture). Adoption of the BFFIP as proposed does not preclude experimental 

study of insect predators; however, additional, tiered environmental review may be required as 

the Draft EIR does not directly address the impacts of biological control agents.  

 

 

  



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-145 

 

  



2 RESPONSES TO COMMENTS 

 Final Program EIR for the BFFIP ● October 2019 

2-146 

2.4.13 Letter B13:  Aaron W. Gilliam 

Response to Comment B13-1 

The comment is being considered and is addressed.  

Response to Comment B13-2 

The comment and suggestions are noted. Refer to Master Response 5: Grazing and Response to 

Comment B11-1 for more information about grazing as a tool for vegetation management under 

the BFFIP. The BFFIP allows for grazing under MA-27, and grazing is fully analyzed 

throughout the Draft EIR in equal detail as mechanical and manual methods and prescribed 

burning. Should experimental trials show grazing to be successful, use of grazing can be 

expanded under adaptive management. The costs of grazing are beyond the scope of the EIR.  
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2.5 RESPONSES TO PUBLIC MEETING COMMENTS 
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2.5.1 Commenter C1: Nona Dennis, Marin Conservation League 

Response to Comment C1-1 

The commenter appears to be referring to the area on District lands within the Redwood Creek 

Watershed that does not drain into the reservoirs. In Chapter 2 Project Description of the Draft 

EIR, Figure 2.6-4 identifies the fuelbreaks within this area as mostly Transitional, and Figure 2.6-

9 identifies much of this area as an Ecosystem Preservation Zone intermixed with Ecosystem 

Restoration Zone. The areas identified as Ecosystem Preservation Zone are largely intact 

ecosystems with the long-term strategy to maintain existing conditions without increasing 

effort. Table 2.7-1 in Chapter 2 Project Description of the Draft EIR, identifies the management 

actions that would involve treatment within Transitional Fuelbreaks and the Ecosystem 

Restoration Zone. Maintenance and creation of fuelbreaks would occur in this area under MA-

20 and MA-21. The Douglas-fir thinning and broadcast burning proposed under MA-24 would 

occur within the Ecosystem Restoration Zone. 

Response to Comment C1-2 

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of the 

herbicide alternative and why it is not superior to the BFFIP as proposed. According to the 

CEQA Guidelines, the “EIR shall include sufficient information about each alternative to allow 

meaningful evaluation, analysis, and comparison with the proposed project.” The description 

and analysis of an alternative does not need to be as robust as the proposed project (Section 

15126.6; County of Inyo v. City of Los Angeles (1981)124 Cal.App.3d 1). Chapter 4 Alternatives 

to the Proposed Plan of the Draft EIR evaluates the alternatives with respect to consistency with 

plan objectives, feasibility, and environmental effectiveness. The effectiveness of each 

alternative retained for analysis, including the Limited Use of Herbicides Alternative, to meet 

the plan objectives is summarized in Table 4.5-1 of the Draft EIR and within the analysis for 

each alternative.  

2.5.2 Commenter C2: Ginger Souders-Mason, Pesticide Free Zone 

Response to Comment C2-1  

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of the 

herbicide alternative and why it was not identified as the environmentally superior alternative.  

Response to Comment C2-2 

The comment is noted. PG&E performs maintenance of vegetation for safety within the power 

line rights-of-way. Ongoing maintenance activities conducted by PG&E are a part of the 

baseline conditions. Existing coordination between the District and PG&E would continue to 

occur following implementation of the BFFIP. 

MA-24, proposed as part of the BFFIP, would involve vegetation management activities 

intended to improve grassland habitat. Broadcast burning would be conducted in grasslands, 

which would minimize fuel loads and spread of invasive species. Douglas-fir thinning and 

targeted invasive plant species removal would also occur within grasslands.  
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2.5.3 Commenter C3: Larry Minikes 

Response to Comment C3-1 

Refer to Master Response 5: Grazing for more information about grazing as a tool for 

vegetation management under the BFFIP. Several management actions proposed under the 

BFFIP, including MA-22, MA-24, and MA-27, would involve management and removal of 

invasive plant species using varying tools and techniques. Grazing would constitute only a 

small portion of the proposed invasive species management. Other tools and techniques 

proposed including hand pulling, use of equipment, and broadcast burning. 

Response to Comment C3-2 

The WUI around District lands is identified and discussed in Section 3.7 Hazardous Materials 

and Fire Hazards of the Draft EIR. One of the goals of the BFFIP is to minimize risk of wildfires, 

particularly due to the large number of structures and residents within the WUI. Fuelbreak 

maintenance and construction and fuel load control in WAFRZ, proposed under MA-20, MA-

21, and 23, would minimize wildfire risks, including for those in the WUI. Refer to Master 

Response 1: Definition and Location of New and Expanded Fuelbreaks for description of 

fuelbreaks and WAFRZ. 

Response to Comment C3-3 

The comment is noted. The cost of the BFFIP is not relevant to the analysis of environmental 

impacts under CEQA. See Response to Comment A3-11. 

2.5.4 Commenter C4: Eva Buxton, Marin Chapter of the California Native Plant 

Society 

Response to Comment C4-1 

Refer to Master Response 6: Limited Use of Herbicides Alternative for a discussion of the 

herbicide alternative and why it was not identified as the environmentally superior alternative. 

The description of the Limited Use of Herbicides Alternatives in Chapter 4 Alternatives to the 

Proposed Plan in the Draft EIR includes many limitations and restrictions. Refer to the various 

bulleted and numbered lists in Section 4.5.4 of the Draft EIR. 
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3 REVISIONS TO TEXT OF DRAFT EIR 

3.1 INTRODUCTION  

This chapter presents revisions that have been made to the Draft Program EIR text. These 

revisions provide corrections, additions, or clarifications. The text revisions are organized by 

resource topics. Underlined text represents language that has been added to the Draft Program 

EIR; text with strikethrough has been deleted from the Draft Program EIR. 

3.2 DRAFT EIR REVISIONS  

3.2.1 Executive Summary 
All references to MM Biology-9 in Table ES-1 on pages ES-27 through ES-41 are revised as 

follows: 

MM Biology-9: Protection of Western Pond Turtle Nesting and Overwintering Habitat  

Table ES-1 on pages ES-27 through ES-41 is revised as follows: 
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

Biological Resources 

Impact Biology-1: The 

proposed plan could have 

a substantial adverse 

effect, either directly or 

through habitat 

modifications, on any 

species identified as a 

candidate, sensitive, or 

special-status species in 

local or regional plans, 

policies, or regulations, or 

by CDFW or USFWS. 

Potentially significant MM Biology-1: Worker Training 

An environmental training program shall be developed and 

presented by a qualified biologist to all vegetation management 

workers before they are allowed to perform work under the BFFIP. 

The training shall describe special-status species and sensitive 

habitats that could occur within vegetation management areas, 

protection afforded these species and habitats, and the 

avoidance and minimization measures required to avoid and/or 

minimize impacts on these species and habitats, including 

maintaining avoidance areas, identification of species for 

avoidance, and protocols to follow, including protocols for 

minimizing the spread of invasive species and forest diseases. 

 

MM Biology-2: Protection of Special-Status Plants 

The following measures shall be implemented to protect special-

status plants: 

c. Prior to conducting any vegetation management activity 

(mechanical or manual removal), prescribed (broadcast 

and pile) burning, propane flaming, and animal grazing the 

area shall be reviewed by the District’s botanist against the 

most current mapping data of special-status plant species 

and habitats. If the work is to occur in in serpentine habitat, 

within 500 feet of known special-status plant populations, 

near wetlands, or within other habitats with potential to 

support special-status plant populations, botanical surveys 

shall be conducted by a qualified botanist ahead of the 

planned work. The surveys shall be specific to the species of 

plants that could occur, must be conducted during a period 

when the special-status species that could occur in that 

habitat can be most readily detected (e.g. blooming 

period), and shall include the entire footprint of the proposed 

work.  Any species identified during surveys shall be added to 

the GIS of current mapping data. Areas only need to be 

surveyed within the previous 5 years. If work is to occur again 

in the same area within 5 years (e.g., new fuelbreaks or 

Less than significant 

with mitigation 
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

retreatment areas for forestry actions), a new survey is not 

required.  

d. For special-status species of low sensitivity ranking and that 

are common on District lands and resilient to disturbance 

(e.g., Mount Saint Helena morning-glory), disturbances shall 

be minimized to the degree practical but complete 

avoidance is not necessary, as directed by the MMWD 

botanist.  

b. For listed species of moderate or high sensitivity ranking, with 

known rarity or declining including CRPR Rank 1B, 2, and 

some rank 4 species that are known rare), as determined and 

listed below by the MMWD botanical staff (but not limited to 

this list), the MMWD’s botanical staff shall identify the 

appropriate avoidance measures to be implemented based 

on the life form: 

i. Flag or otherwise demarcate the individual or 

population to ensure workers avoid the species for no 

loss of individuals. 

ii.     Establish a buffer of 100 feet around the individual or 

population. 

iii.    Require implementation of BMP-1 through BMP-3 for 

work conducted adjacent to these species to 

minimize the spread of invasive species. 

• Brewer's milk vetch 

(Astragalus breweri) 

• Thin-lobed horkelia 

(Horkelia tenuiloba) 

• Brewer's calandrinia 

(Calandrinia breweri) 

• Small groundcone 

(Kopsiopsis hookeri) 

• Johnny-nip (Castilleja 

ambigua var. ambigua) 

• Gairdner’s yampah 

(Perideridia gairdneri 

ssp. gairdneri) 

• Marin western flax 

(Hesperolinon congestum) 

• North coast semaphore 

grass (Pleuropogon 

hooverianus) 

• Bristly leptosiphon 

(Leptosiphon acicularis) 

• Marin manzanita 

(Arctostaphylos virgata) 
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

• Santa Cruz microseris 

(Stebbinsoseris decipiens) 

* 

• Glory brush (Ceanothus 

gloriosus var. exaltatus) 

• Coast rockcress (Arabis 

blepharophylla) 

• Mason’s ceanothus 

(Ceanothus masonii) 

• Pink star-tulip (Calochortus 

uniflorus) 

 

* This species is likely extirpated 

Species Life Form 

Mount Tamalpais oak (1B.3) Perennial evergreen 

shrub 

Mount Tamalpais manzanita (1B.3) Perennial evergreen 

shrub 

Marin manzanita (1B.2) Perennial evergreen 

shrub 

Glory brush (4.3) Perennial evergreen 

shrub 

Mason's ceanothus (SR, Rank 1B.2) Perennial evergreen 

shrub 

Western leatherwood (1B.2) Perennial deciduous 

shrub 

Napa false indigo (Rank 1B.2) Perennial deciduous 

shrub 

Serpentinite reed grass (4.3) Perennial herb 

Mount Tamalpais thistle (1B.2) Perennial herb 

California bottle-brush grass (4.3) Perennial herb 

Thin-lobed horkelia (1.B.2)  Perennial herb 
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

Small groundcone (2B.3) Perennial herb 

Marsh zigadenus (Rank 4.2) Perennial bulbiferous 

herb 

Oakland star-tulip (4.2) Perennial bulbiferous 

herb 

Tiburon buckwheat (1B.2) Annual herb 

Marin western flax (FT, ST, Rank 1B.1) Annual herb 

Tamalpais lessingia (1B.2) Annual herb 

Marin County navarretia (Rank 1B.2) Annual herb 

Tamalpais jewel-flower (1B.3) Annual herb 

Mount Tamalpais bristly jewel-flower 

(1B.2) 

Annual herb 

c. For other listed species of CRPR rank 1B or 2 (beyond those 

identified in part b, above) with the potential to occur on 

District lands, the following measures shall be implemented 

i. Perennials: 

1) Mark populations in the field with distinct flagging. 

Ensure that worker training is complete per MM Biology-

1. 

2) Avoid populations. If mowing cannot be safely 

performed up to the perimeter of the individuals, or 

timed for when they are senescent, then hand methods 

(i.e., hand pulling or use of non-powered or powered 

hand tools) shall be employed to prevent damage or 

removal of listed species.   

3) Where tree or shrub species must be trimmed, such as 

Mount Tamalpais manzanita, follow any protocols or 

recommendations available, such as including the 

following the Status and Management 

Recommendations for Arctostaphylos virgata (Marin 
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

Manzanita) in Point Reyes National Seashore (Parker, 

2007) and plant specific pruning tips (Las Pilitas Nursery, 

2012) and perform the work by hand. 

4) No net loss of an annual special-status species can 

occur. The population size shall be determined from the 

most recent survey data of the species. 

5) If an individual or population must be removed, one or 

two options can be employed (subject to CDFW 

approval) and monitoring conducted to ensure that no 

net loss of the species occurs.  

• (1)The individual or population can be dug up and 

relocated to appropriate habitat outside the work 

area. (2) A nursery with experience growing 

special-status plants can be employed to grow 

seedlings of the species that shall be planted in 

appropriate habitat outside the work area or in the 

work area following completion of work. If located 

outside the work area, appropriate habitat shall be 

within the same watershed as the impact area, 

and shall be identified or approved of by MMWD 

botanical staff. 

• A monitoring plan shall be developed that details 

the following components. Conduct annual 

monitoring of seeded or replanted locations for a 

minimum of 3 years and up to 5 years, dependent 

upon the MMWD botanical staff recommendation 

and monitoring results. If the new population is not 

matching the pre-removal population data, more 

seeding or planting shall be conducted until pre-

removal population is met  

ii. Annuals: 

1) Flag or otherwise demarcate and ensure workers 

avoid the species as feasible; or, 

2) Time vegetation management activities for when 

the special-status species occurring in the work area 

is senescent and/or after the seed has set.  
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

3) Monitor populations between vegetation 

management activities to ensure that population 

sizes are not decreasing. If populations are 

decreasing and a correlation can be made to the 

maintenance activities, measures shall be identified 

by MMWD botanical staff and taken to improve the 

population, such as including but not limited to one 

of the following: avoiding the area in question or 

altering the management activity frequency. 

4) No net loss of an annual special-status species can 

occur. The population size shall be determined from 

the most recent survey data of the species. 

If an individual or population must be removed, one 

or two options can be employed and monitoring 

conducted to ensure that no net loss of the species 

occurs/ 

• (1) Seeds of the annuals shall be collected from 

existing on-site populations or from the same 

watershed (to maintain local genetic stock) and 

distributed in appropriate habitat outside the work 

area (within the same watershed) or in the work 

area following completion of work. (2) A nursery 

with experience growing special-status plants can 

be employed to grow seedlings of the species 

(from seeds collected locally) that shall be planted 

in appropriate habitat outside the work area or in 

the work area following completion of work. It 

should be noted that seeds derived from plants in 

the same watershed as the impact area may be 

available from local nurseries, and local nurseries 

may also be able to propagate seeds from adults 

grown from collected seeds.  In this case, seeds do 

not need to be collected from a specific impact 

area site. Appropriate habitat shall be identified or 

approved of by MMWD botanical staff. 

• A monitoring plan shall be developed that details 

the following components. Conduct annual 
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

monitoring of seeded or replanted locations for a 

minimum of 3 years and up to 5 years, dependent 

upon the MMWD botanical staff recommendation 

and monitoring results. If the new population is not 

matching the average population data, more 

seeding or planting shall be conducted until pre-

removal population levels are met. 

 

MM Biology-3: Prevent the Spread of Invasive Species 

Precautions shall be taken to minimize the introduction of any 

invasive weeds or to prevent the spread of existing infestations. 

Prior to conducting an activity that requires the use of mechanical 

equipment; the area shall be reviewed by a qualified biologist 

against the most recent maps of invasive species infestation. The 

biologist shall direct the work crews as to the need for vehicle 

cleaning and/or the order in which work should be conducted to 

minimize the possible spread of invasive species.  If work is to 

commence in an area of known invasive species infestation, the 

work shall be limited to the area of infestation and no equipment 

shall move to uninfested areas without being washed first. 

Alternatively, work shall start in the uninfested areas and progress 

to the more heavily infested areas last. 

Areas of broadcast burns shall be monitored annually to ensure 

that invasive species/weeds are not taking over. Invasive species 

shall be removed until native vegetation establishes. 

 

MM Biology-4: Prevent the Spread of Forest Diseases from Plan 

Activities 

Forest disease spread shall be evaluated by District biologists 

when management actions are being performed. on an annual 

or more frequent basis, as dictated by the progression of the 

disease and the amount of habitat or vegetation impacted. An 

evaluation shall be triggered when a District biologist observes 

that a native vegetation type within the BFFIP area has been 

impacted by the disease. The biologists shall determine if 

mechanical methods of vegetation removal could result in the 
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Impact Statement 

Level of Significance 

before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

spread of the disease in a given project area, prior to 

implementing the project. This evaluation shall be conducted by 

looking at the location of the disease, the types of species that 

are being impacted, and the methods by which the disease is 

spreading. If the disease is spread by soil contact, then the 

biologist shall prescribe methodologies for reducing spread from 

mechanical methods of vegetation management. These methods 

would likely be similar to those identified in BMP-4 through BMP-7 

including, but not be limited to, washing equipment after working 

in infected areas, and planning work to progress from uninfected 

areas to infected areas. 

 

MM Biology-5: Roosting Bats 

Broadcast Burning 

Prior to conducting broadcast burning, a qualified biologist shall 

review the selected location to determine whether potential 

roosting bat habitat is present. If adequate roosting trees are 

present, one of two options may be pursued: (1) A qualified bat 

biologist shall first conduct a focused assessment of the roosting 

habitat within 2 days of burning to determine whether bats are 

present. If bats are present. the bat biologist shall determine 

whether the broadcast burn poses a threat to the roosting bats 

based on the location of the bats as compared with the 

prescribed burn location, wind directions, and type of fuel to be 

burned. If bats could be within direct line of smoke, a threat would 

occur If a threat could occur, the broadcast burn must be 

conducted when ambient temperatures are warmer to allow 

escape of the bats or the tree(s) avoided. (2) The broadcast burn 

will be conducted, avoiding the potential roosting trees. 

Tree Removal 

Prior to the removal of trees with a DBH of greater than 10”, a 

qualified biologist shall conduct a focused tree habitat 

assessment. Trees containing suitable potential bat roost habitat 

features shall be clearly marked or identified. If day roosts are 

found to be potentially present, the biologist shall prepare a site-

specific roosting bat protection plan to be implemented. Based 
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before Mitigation Mitigation Measures 

Level of Significance 

after Mitigation 

on site-specific conditions, the plan should incorporate the 

following guidance as appropriate: 

Roost Avoidance 

When possible, removal of trees identified as providing suitable 

roosting habitat should be conducted during seasonal periods of 

bat activity, including: 

• Between March 1 and April 15, or after evening temperatures 

rise above 45 degrees Fahrenheit and/or no more than ½ inch 

of rainfall within 24 hours occurs; or 

• Between September 1 and about October 15, or before 

evening temperatures fall below 45 degrees Fahrenheit 

and/or more than ½ inch of rainfall within 24 hours occurs. 

If it is determined that a colonial maternity roost is potentially 

present, the roost shall be avoided and shall not be removed 

during the breeding season (April 15 to August 31) unless removal 

is necessary to address an imminent safety hazard. Operation of 

mechanical equipment producing high noise levels (e.g., 

chainsaws, heavy equipment) in proximity to buildings/structures 

supporting or potentially supporting a colonial bat roost shall be 

restricted to periods of seasonal bat activity (as defined above), 

when possible.   

Assessment 

If work with loud, mechanical equipment must occur near a 

known or potential roosting structure/building during the maternity 

or hibernation roosting periods, then a qualified bat biologist shall 

first conduct a focused assessment of the structure. The site-

specific plan shall be implemented to prevent noise-related 

impacts on roosting bats.    

Roost Removal 

If a tree potentially containing a colonial maternity roost must be 

removed, such as in the event of unsafe conditions requiring 

treatment, during the breeding season, then the following or other 

measures recommended by the qualified bat biologist may be 

implemented: 
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before Mitigation Mitigation Measures 
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after Mitigation 

• Acoustic emergence surveys or other appropriate methods 

shall be conducted/implemented to further evaluate if the 

roost is an active maternity roost.  

• If it is determined that the roost is not an active maternity 

roost, then the roost may be removed in accordance with the 

other requirements of this measure;  

• If it is found that an active maternity roost of a colonial 

roosting species is present, the roost shall not be disturbed 

during the breeding season. 

Potential colonial hibernation roosts will only be removed during 

seasonal periods of bat activity (i.e., non-hibernation periods). 

Potential non-colonial roosts that cannot be avoided shall be 

removed on warm days in late morning to afternoon when any 

bats present are likely to be warm and able to fly. Appropriate 

methods shall be used to minimize the potential of harm to bats 

during tree removal. Such methods may include using a two-step 

tree removal process. This method is conducted over two 

consecutive days, and works by creating noise and vibration by 

cutting non-habitat branches and limbs from habitat trees using 

chainsaws only (no excavators or other heavy machinery) on Day 

1. The noise and vibration disturbance, together with the visible 

alteration of the tree, is very effective in causing bats that emerge 

nightly to feed, to not return to the roost that night. The remainder 

of the tree is removed on Day 2. 

 

MM Biology-6: Protection of Badgers 

Prior to prescribed (broadcast and pile) burning, or prior to use of 

heavy equipment to remove and/or masticate vegetation in 

badger denning habitat, which is characterized by herbaceous, 

shrub, and open stages of most habitats with dry, friable soils, a 

qualified wildlife biologist shall conduct a survey to identify any 

American badger burrows/dens. These surveys shall be 

conducted not more than 15 days prior to the start of work.  

American badger dens determined to be occupied during the 

breeding season (February 15 through June 30) shall be flagged, 

and ground-disturbing activities avoided within 100 feet to protect 

adults and nursing young. Buffers may be modified by the 
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qualified biologist, provided the badgers are protected, and shall 

not be removed until the qualified biologist has determined that 

the den is no longer in use.   

If the den is occupied during the non-maternity period (July 1 

through February 14) and avoidance is not feasible, a passive 

badger relocation plan will be prepared and submitted to the 

CDFW for approval.  Any passive relocation of American badgers 

shall occur only under the direction of a qualified biologist and 

with CDFW approval. 

 

MM Biology-7: Protection of Nesting Birds 

If mowing with heavy equipment or other vegetation (including 

tree) removal activities or prescribed (broadcast and pile) burning 

would commence anytime during the nesting/breeding season of 

native bird species (February 1 to September 1), a pre-

construction survey for nesting birds shall be conducted by a 

qualified biologist within seven days of the habitat disturbance. 

The survey shall include visually surveying all suitable nesting 

habitat in the survey area, and be conducted during periods of 

high bird activity (i.e., 1-3 hours after sunrise and 1-3 hours before 

sunset). When the activity would occur along an existing fuel 

break or in other areas that are currently maintained such as 

along roads and in defensible spaces, then the survey area shall 

include only the disturbance footprint. During the construction of 

new fuelbreaks or during vegetation removal with heavy 

equipment in areas that were not previously managed (such as 

under MA-23 and MA-24), the survey area shall include the 

disturbance area and a surrounding buffer to be determined by a 

qualified biologist depending on type of equipment used, 

vegetation community, topography, resident bird species, and 

any other relevant factors.   

If active nests of bird species protected by the Migratory Bird 

Treaty Act and/or the California Fish and Game Code are found 

in areas that could be directly or indirectly disturbed (noise), a no-

disturbance buffer zone shall be created around active nests 

during the breeding season or until a qualified biologist determines 

that all young have fledged. The size of the buffer zone shall be 
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determined by the biologist, by taking into account factors such 

as including but not limited to the following: 

1. Noise and human disturbance levels at the site at the time 

of the survey and the noise and disturbance expected 

during the vegetation management activity; 

2. Distance and amount of vegetation or other screening 

between the site and the nest; and 

3. Sensitivity of individual nesting species and behaviors of 

the nesting birds. 

 

MM Biology-8: Northern Spotted Owl Avoidance During Nesting 

Season 

If mowing with heavy equipment, the mechanical removal of 

vegetation, or prescribed burning, including pile and broadcast 

burning, is to occur within the northern spotted owl nesting season 

(February 1 to July 31), the District shall commission two surveys for 

nesting northern spotted owls during the months of April and May 

preceding the commencement of these activities. At a minimum, 

the survey area shall include all suitable nesting habitats within 

0.25 mile of any planned activity sites, and then one of the two 

options listed below shall be implemented: 

1. Following a round of protocol-level northern spotted owl 

surveys in accordance with the USFWS Protocol for 

Surveying Proposed Management Activities that may 

Impact Northern Spotted Owls (USFWS, 2012), if it is 

conclusively determined that there are nesting northern 

spotted owls, planned activities that generate noise (e.g., 

mowing, heavy equipment usage) that are within 0.25-

mile of an identified active nest shall not begin prior to 

September 1 unless the young have fledged, at which 

time work may begin no earlier than July 10. Prescribed 

burns may only occur within suitable northern spotted owl 

habitat (as determined by a qualified biologist) during the 

nesting season if protocol surveys have determined that 

northern spotted owl nesting is not occurring.   
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2. Alternatively, the District shall perform a calculation to 

determine the minimum buffer needed to avoid impacts 

on this species from noise generation by equipment. The 

calculation shall be based on the guidance and 

methodology in the USFWS “Transmittal of Guidance: 

Estimating the Effects of Auditory and Visual Disturbance 

to Northern Spotted Owls and Marbled Murrelets in 

Northwestern California,” (USFWS, 2006) which takes into 

consideration the baseline noise levels, the noise and 

duration of noise generated by the loudest equipment, 

and the topography of the landscape. The resulting buffer 

calculated using these methods shall be a minimum 

buffer, but in no case shall the buffer be less than 500 feet. 

If the calculation is not performed, a conservative 0.25-

mile buffer shall be implemented per (1), above. If nesting 

northern spotted owls are found, activities shall not occur 

prior to September 1 unless the young have fledged, at 

which time work may begin no earlier than July 10. 

Manual methods shall not occur within 131 feet of the line-of-site 

of a nesting northern spotted owl. 

 

MM Biology-9: Protection of Western Pond Turtle Nesting and 

Overwintering Habitat  

Nesting 

Any mechanical method of vegetation management that could 

crush turtle nests (i.e., heavy equipment), vehicle travel, or 

prescribed (broadcast and pile) burning that could occur where 

suitable western pond turtle nesting habitat is present shall be 

reviewed by a qualified biologist to determine if western pond 

turtle nesting could be present in the area.  If the work with heavy 

equipment were to occur in loose soils in oak woodlands, mixed 

coniferous forests, broadleaf forests, or grasslands that are within 

100 feet of ponds, during the western pond turtle egg-laying 

season (May to August) as determined by the qualified biologist, 

the activity shall either be rescheduled to occur outside of the 

egg-laying period; or a survey shall be conducted to determine if 
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eggs and nests are present in the work area and any identified 

eggs or nests and young turtles shall be avoided. 

Overwintering of Hatchlings in Nests  

Any mechanical method of vegetation management (i.e., heavy 

equipment) or vehicle travel that could occur where suitable 

overwintering habitat for hatchlings is present shall be reviewed by 

a qualified biologist to determine if any hatchlings could be 

present in the area. If  work with heavy equipment were to occur 

in loose soils in oak woodlands, mixed coniferous forests, broadleaf 

forests, or grasslands that is within 225 meters of ponds known to 

be used by the western pond turtle, during the overwintering 

season (October to April) (Holland, 1994) as determined by the 

qualified biologist, the activity shall either be rescheduled to occur 

outside of the overwintering period, or a survey shall be 

conducted to determine if hatchlings are present in the work area 

and any identified nests shall be avoided. 

 

MM Biology-10: California Red-Legged Frog Avoidance 

Prior to implementing any vegetation management activities 

involving vehicles or equipment (i.e., mowers, graders, skid steer 

loader) within 0.25 mile of Lagunitas Creek downstream of Kent 

Lake, or around Soulajule Reservoir (or any location where 

California red-legged frogs have been found), a qualified biologist 

shall conduct protocol-level in accordance with the USFWS 

Revised Guidance on Site Assessments and Field Surveys for the 

California Red-legged Frog (USFWS, 2015) surveys the areas where 

activities are to occur to ensure that no California red-legged 

frogs are present in the activity footprint. The biologist shall also 

mark the work area and the maintenance crew shall be directed 

to stay within the marked activity areas. If California red-legged 

frogs are found, no work shall occur until the frogs have moved on 

their own from the activity area. 

 

MM Biology-11: Marin Elfin Butterfly Host Plant Avoidance 

Prior to vegetation management activities in the limited areas 

where stonecrop is known to occur (steep slopes on southeast 
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shore of Lake Lagunitas, north-facing slopes south of Alpine Lake, 

and north of Kent Lake), District botanical staff shall be notified. If 

the activity would occur in an area containing or potentially 

containing stonecrop, then a survey shall be conducted to flag all 

stonecrop plants within and bordering the work area. Work crews 

shall be instructed to avoid flagged plants or larger areas, and 

work crews shall be trained in identification of stonecrop. 

 

MM Biology-12: Protection of Foot-Hill Yellow Legged Frog 

Immediately prior to the use of heavy equipment, any other 

ground disturbing Plan activities, or prescribed (broadcast and 

pile) burning within 50 feet of Big Carson Creek, Little Carson 

Creek, or their tributaries, a clearance survey for foothill yellow-

legged frog shall be conducted by an individual trained in the 

identification of the species. Any identified foothill yellow-legged 

frogs shall be relocated (by a qualified biologist in possession of a 

valid Scientific Collecting Permit, or appropriate permit at the time 

of work if listing status changes) to a suitable location downstream 

of the activity area.  Alternatively, the activity may be delayed 

until the frog has left the area on its own. Should the relocation of 

frogs be required, exclusionary fencing may be installed to 

prevent individual frogs from re-entering the activity area. If foothill 

yellow-legged frogs are found, no work shall occur until the frogs 

have moved on their own from the activity area.  

 

MM Biology-13: Mollusk Avoidance 

Only hand methods of removal shall be used when working 

directly in seeps or springs, unless a survey for Marin Hesperian and 

robust walker is undertaken. If the species are not found in surveys, 

the work can proceed. If individuals are found, the area should be 

avoided or work shall only proceed using hand methods, 

supervised by a qualified biologist.  

If the use of equipment other than hand tools are required in 

Potrero Meadow, then a site-specific protection plan for Marin 

Hesperian and robust walker shall be prepared by a qualified 

biologist.  The plan may include conducting clearance surveys 
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and having a qualified monitor onsite during construction 

activities, as well as ensuring that activities in that area would 

protect and/or enhance habitat in that area in the long-term. 

 

MM Biology-14: Northern Spotted Owl Avoidance of Nesting 

Season and Habitat 

Projects Within 0.25 Mile of an Activity Center 

Determine Type of Habitat Present 

Prior to vegetation management within an area the latest GIS 

data available for northern spotted owl activity centers shall be 

consulted to determine whether the project is within 0.25 miles of 

an activity center. Once determined to be within 0.25 miles of an 

activity center, the habitat shall be reviewed to determine 

whether the project is proposed to occur within a forest habitat 

type that provides potential northern spotted owl foraging, 

roosting, and/or nesting habitat. This may be accomplished as 

follows: 

1. A review of GIS data shall be conducted to determine if 

the activity is proposed to occur in a forest type 

potentially used by northern spotted owls (i.e., Douglas-fir, 

redwood, mixed conifer/hardwood forest, mature 

broadleaf/evergreen forest types). If the activity would 

not occur within a forest type potentially used by northern 

spotted owls, then no further actions is required to protect 

northern spotted owl habitat. 

2. If the project is proposed to occur in a forest type 

potentially used by northern spotted owls, then a site-

specific habitat evaluation shall be conducted within the 

month of February prior to the activity by a qualified 

northern spotted owl biologist to determine if the area 

provides the required habitat characteristics to provide 

northern spotted owl foraging, roosting, and/or nesting 

habitat. 

Projects Within Appropriate Habitat 
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For projects which are proposed to occur in potential northern 

spotted owl foraging, roosting, or nesting habitat, the following 

action shall be implemented prior to management activities: 

3. Habitat alteration within core use areas (nesting and 

roosting habitat) shall be planned and conducted under 

the guidance of a qualified northern spotted owl biologist. 

Opportunities to conduct vegetation management to 

enhance development of late- successional 

characteristics or to meet other restoration goals in a 

manner compatible with retaining resident northern 

spotted owls shall be evaluated and implemented. 

Restoration activities conducted near northern spotted 

owl sites shall first focus on areas of younger forest less 

likely to be used by northern spotted owls and less likely to 

develop late-successional forest characteristics without 

vegetation management. Vegetation management 

projects shall be designed to include a mix of disturbed 

and undisturbed areas, retention of woody debris, and 

development of understory structural diversity to maintain 

small mammal populations across the landscape.  

4. Presumed active woodrat stick nests (i.e., with visible signs 

of activity as determined by the qualified biologist) would 

be temporarily demarcated during surveys by the 

qualified biologist. Woodrat stick nests and areas around 

the nests, shall be avoided during vegetation clearing 

management activities. Any flagging or other markings 

would be removed following the activity.   

  

MM Biology-17: Protection of California Giant Salamander 

Immediately prior to the use of heavy equipment, any other 

ground disturbing Plan activities, or prescribed (pile and 

broadcast) burning within 50 feet of a stream or within riparian 

habitat, a clearance survey for California giant salamander shall 

be conducted by an individual trained in the identification of the 

species. Any identified California giant salamander shall be 

relocated (by a qualified biologist in possession of a valid Scientific 

Collecting Permit, or appropriate permit at the time of work if 
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listing status changes) to a suitable nearby location at least 250 

feet from the original location. Alternatively, the activity may be 

delayed until the salamander has left the area on its own. 

  

MM Geology-1: Erosion Control and Slope Stability Measures 

Refer to Geology and Soils subheading below 

 

MM Geology-3: Grazing Land and Trail Control 

Refer to Geology and Soils subheading below 

 

MM Hydrology-1: Water Quality Protection During Waterway 

Crossing or Work Near Waterbodies 

Refer to Hydrology and Water Quality subheading below 

Table ES-1 on pages ES-52 through ES-54 has been revised as follows: 

Impact Statement 

Level of Significance 

before Mitigation  Mitigation Measures 

Level of Significance 

after Mitigation  

Geology and Soils  

Impact Geology and Soils-

1: The proposed plan 

could result in substantial 

soil erosion or the loss of 

topsoil. 

Potentially significant MM Geology-1: Erosion Control and Slope Stability Measures 

Best management practices (BMPs) for forestry shall be 

implemented to ensure vegetation management does not result 

in erosion, loss of topsoil, or slope instability in areas where work 

could result in the exposure of bare soils or the loss of root-soil 

matrix strength. If groundcover is determined to be less than 70 

percenta following work, then BMPs, as identified here, shall be 

implemented.  

Prior to conducting work in any given area under any 

management action that could result in erosion or slope instability 

(e.g., broadcast burns, tree removal, weed removal, or forest 

treatments that could reduce the groundcover and expose soil) 

the area shall be inspected for existing signs of erosion or slope 

instability (e.g. rills, slumped soil). Depending on the slope and the 

downslope resources (roads that could be impacted if a slope 

Less than significant 

with mitigation 
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failed, waterbodies or habitat that could be impacted from 

erosion, important habitat, etc.), erosion and slope stabilization 

measures shall be determined prior to implementation of work, 

based on the list below. Generally, if an action would expose soils 

(groundcover less than 70 percent), then measures to protect 

soils, minimize erosion, and prevent slope instability shall be 

implemented. The measures to be implemented shall depend on 

the site’s specific characteristics and the type and extent of 

vegetation management work to be performed. The inspection 

and determination of appropriate measures shall be made by 

personnel with knowledge and experience in the application of 

erosion and slope stabilization BMPs through training or field 

experience with BMP installation. The personnel shall memorialize 

in writing their field observations, and corresponding 

recommendations regarding installation of BMPs.  

The following measures shall be implemented during work, if the 

activity would reduce groundcover by 70 percent or more and as 

applicable:  

• Minimize areas to be disturbed to the greatest extent feasible 

• Avoid use of heavy equipment on slopes greater than 

30 percent 

• Shut down use of heavy equipment, skidding, and truck traffic 

when soils become saturated and unable to support the 

machines 

• Sow native grasses and other herbs on denuded areas where 

natural colonization or other replanting shall not occur rapidly; 

use slash or chips to prevent erosion on such areas 

• Use surface mounds, depressions, logs, rocks, trees and 

stumps, slash and brush, the litter layer, and native 

herbaceous vegetation downslope of denuded areas to 

reduce sedimentation and erosion, as necessary to prevent 

erosion or slope destabilization 

• Stabilize steep slopes (i.e., greater than 30 percent) with mats 

or natural materials after tree removal or weed removal and 

prior to planting, where soils are exposed and could erode 

• Broadcast burns shall be performed outside of perennial and 

intermittent streams, and riparian forest/woodland. A 50-foot 
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buffer around perennial and intermittent streams shall be 

maintained when the broadcast burn is proposed on a slope 

greater than 30 percent and upslope of the stream.  

• Install approved erosion control measures and non-filament-

based geotextiles when: 

- conducting substantial ground disturbing work (i.e., use of 

heavy equipment, pulling large vegetation) within 100 feetb 

and upslope of currently flowing or wet wetlands, streams, 

lakes and riparian areas; 

- causing soil disturbance on moderate to steep (10 percent 

slope and greater) slopes; and  

- following the removal of invasive plants from stream banks 

to prevent sediment movement into watercourses and to 

protect bank stability 

• Sediment control devices, if installed, shall be certified weed-

free, as appropriate. Sediment control devices shall be 

inspected daily to ensure that they are in good repair and 

working as needed to prevent sediment transport into the 

waterbodies (and repaired as needed) 

• Prior to conducting ground disturbing work the weather 

forecast shall be consulted; No substantial ground disturbing 

work (i.e., use of heavy equipment, pulling large vegetation) 

shall occur during rain events and 48 hours after a rain event, 

defined as 0.5 inch of rain or greater within a 48-hour or 

greater period, or until soils are determined to not be 

saturated. 

Once work is completed the areas shall be inspected as needed 

and as accessible but at least annually until groundcover exceeds 

70 percent and it is clear that significant erosion and slope 

instability are not occurring. At that time, erosion control and slope 

stability devices shall be removed. 
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3.2.2 Chapter 2 Project Description 
Figure 2.4-2 on page 2-14 is revised as shown below. 

Figures 2.6-1 through 2.6-4 on pages 2-20 through 2-23 are revised as shown below. 

Page 2-36 is revised as follows: 

The target is to complete approximately 50 percent of the proposed fuelbreak expansion 

(59 50 acres) within 5 years of BFFIP adoption. 

Page 2-55 is revised as follows: 

Up to 84 workers could be conducting vegetation management activities on District 

lands on a single day, but generally, only a few crews for a total of up to 20 workers, 

would be operating simultaneously.  

3.2.3 Section 3.3 Biological Resources 
Table 3.3-5 on page 3.3-30 is revised as follows: 

Scientific 

Name 

Common 

Name 

Listing Status 

Federal/State/Other Habitat 

Potential to Occur  

within District Lands 

Pleuropogon 

hooverianus 

North coast 

semaphore 

grass 

- ST 1B.1 Broadleaved 

upland forest, 

meadows and 

seeps, North Coast 

conifer forest 

understory, wet sites, 

grassy and 

sometimes shaded 

areas 

Known to occur. Of the 

4 documented Marin 

County sites, one 

population occurs in 

the Mt. Tamalpais 

watershed near 

Lagunitas Meadows 

but was presumed 

extirpated until re-

discovery in 2019. 

Table 3.3-6 on page 3.3-48 is revised as follows: 

Scientific 

Name 

Common 

Name 

Listing Status 

Federal/State/Other Habitat 

Potential to Occur  

within District Lands 

Rana boylii 

 

Foothill 

yellow-legged 

frog 

 

- SPT/CSC - Foothill woodlands 

and chaparral near 

streams and ponds, 

riparian woodlands, 

wet meadows, also 

inhabits mixed 

conifer forest 

streams, slow 

streams and rivers 

with sunny, sandy 

and rocky or 

gravelly banks at 

6,000 ft. and below 

in elevation.  

Present in the 

Watershed and 

breeding in Little Carson 

Creek and Big Carson 

Creek. Also observed in 

Walker Creek, Cascade 

Creek, San Anselmo 

Creek, Carey Camp 

Creek, and Salmon 

Creek (downstream of 

Soulajule Reservoir).  
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Figure 2.4-2 Distribution of SOD in 2014 
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Figure 2.6-1 Infrastructure Zone (Map 1 of 5) 
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Figure 2.6-2 Infrastructure Zone (Map 2 of 5) 
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Figure 2.6-3 Infrastructure Zone (Map 3 of 5) 
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Figure 2.6-4 Infrastructure Zone (Map 4 of 5) 
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Page 3.3-58 is revised as follows: 

During the 2016 survey of District lands and Marin County open space land, 42 sites 

were surveyed, of which 36 sites were occupied by pairs and 18 pairs attempted to nest.  

All references to MM Biology-9 and MM Biology-14 in Section 3.3.6 are revised as follows: 

MM Biology-9: Protection of Western Pond Turtle Nesting and Overwintering Habitat  

MM Biology-14 (Northern Spotted Owl Avoidance of Nesting Season and Habitat) 

Page 3.3-76 is revised as follows: 

MM Geology-3 requires appropriate stocking of livestock in an area dependent upon 

applicable factors and insuring ensuring that overgrazing is not occurring and also 

prohibits grazing within 100 feet of waterways or waterbodies where special-status 

plants may grow. 

Page 3.3-78 is revised as follows: 

With implementation of mitigation, short-term, indirect impacts from habitat alteration 

on northern spotted owl would be less than significant. 

Page 3.3-79 is revised as follows: 

Prescribed pile burns would be limited in size and extent. Temporary smoke would be 

limited in extent and most piles would burn in a matter of a few hours. Impacts on bats 

from pile burning would be less than significant.  

Low intensity burns, with shorter flame lengths (less than 1.6 meters) are unlikely to 

cause direct mortality or increase carbon monoxide levels to dangerous levels, since bats 

typically roost relatively high in tree canopies. Heat and smoke could still disturb bats 

roosting in trees, regardless of roost height (Perry, 2011). During times of lower ambient 

temperature, bats may not be able to rouse quickly enough to escape, or may expend too 

much energy escaping, placing them at risk of mortality. Broadcast burning could 

impact colonial and solitary roosting bats through the generation of smoke and heat 

from flames, were the burns to occur in the immediate vicinity of an individual roost, 

maternity roost, or bat colony. Impacts would be potentially significant.  

Potentially Significant. 

Page 3.3-82 is revised as follows: 

Manual and mechanical methods of vegetation removal could occur in upland areas 

near reservoirs that are used for egg laying. These Mechanical activities could result in 

the loss of western pond turtle eggs or harm to individuals. The impact on western pond 

turtle would be potentially significant. 
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Page 3.3-88 is revised as follows: 

Heavy equipment has Manual and mechanical activities have the potential to crush 

stonecrop, the host plant for Marin elfin butterfly, or kill individual larvae or pupae. . 

Given the rarity of this species, the loss of individual larvae and stands of its host plant 

(stonecrop) would be a potentially significant impact. 

Page 3.3-112 is revised as follows: 

Planting 

Preparation activities for planting would involve clearing of some vegetation by pulling 

or cutting. These activities could occur in or adjacent to sensitive plant communities but 

would be used to enhance the communities by planting rare plants that historically grew 

in the area. Plant species that are critical to a sensitive plant community could be 

accidentally removed or harmed. Equipment used to remove or trim vegetation could 

transmit forest pathogens to previously unaffected areas. The impact from loss of plants 

critical to a sensitive plant community would be potentially significant. BMP-4 through 

BMP-7 require the District to implement techniques to minimize the spread of forest 

diseases. The impact from forest diseases could remain significant. MM Biology-4 

(Prevent the Spread of Forest Diseases from Plan Activities) and MM Biology-16 

(Protection of Native Grasslands) would reduce the impacts on sensitive plant 

communities to less than significant. 

MM Biology-2 on page 3.3-124 is revised as follows: 

MM Biology-2: Protection of Special-Status Plants 

The following measures shall be implemented to protect special-status plants: 

a. Prior to conducting any vegetation management activity (mechanical or manual removal), 

prescribed (broadcast and pile) burning, propane flaming, and animal grazing the area shall 

be reviewed by the District’s botanist against the most current mapping data of special-

status plant species and habitats. If the work is to occur in in serpentine habitat, within 

500 feet of known special-status plant populations, near wetlands, or within other habitats 

with potential to support special-status plant populations, botanical surveys shall be 

conducted by a qualified botanist ahead of the planned work. The surveys shall be specific 

to the species of plants that could occur, must be conducted during a period when the 

special-status species that could occur in that habitat can be most readily detected (e.g. 

blooming period), and shall include the entire footprint of the proposed work. Any species 

identified during surveys shall be added to the GIS of current mapping data. Areas only need 

to be surveyed within the previous 5 years. If work is to occur again in the same area within 5 

years (e.g., new fuelbreaks or retreatment areas for forestry actions), a new survey is not 

required.  

b.  For special-status species of low sensitivity ranking and that are common on District lands and 

resilient to disturbance (e.g., Mount Saint Helena morning-glory), disturbances shall be 

minimized to the degree practical but complete avoidance is not necessary, as directed by 

the MMWD botanist.  

b. For listed species of moderate or high sensitivity ranking, with known rarity or declining 

populations including CRPR Rank 1B, 2, and some rank 4 species that are known rare), as 

determined and listed below by the MMWD botanical staff (but not limited to this list), the 
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MMWD’s botanical staff shall identify the appropriate avoidance measures to be 

implemented based on the life form: 

i. Flag or otherwise demarcate the individual or population to ensure workers avoid the 

species for no loss of individuals.  

ii.    Establish a buffer of 100 feet around the individual or population. 

iii.     Require implementation of BMP-1 through BMP-3 for work conducted adjacent to these 

species to minimize the spread of invasive species. 

• Brewer's milk vetch (Astragalus breweri) • Thin-lobed horkelia (Horkelia tenuiloba) 

• Brewer's calandrinia (Calandrinia breweri) • Small groundcone (Kopsiopsis hookeri) 

• Johnny-nip (Castilleja ambigua var. 

ambigua) 

• Gairdner’s yampah (Perideridia gairdneri 

ssp. gairdneri) 

• Marin western flax (Hesperolinon congestum) • North coast semaphore grass 

(Pleuropogon hooverianus) 

• Bristly leptosiphon (Leptosiphon acicularis) • Marin manzanita (Arctostaphylos virgata) 

• Santa Cruz microseris (Stebbinsoseris 

decipiens) * 

• Glory brush (Ceanothus gloriosus var. 

exaltatus) 

• Coast rockcress (Arabis blepharophylla) • Mason’s ceanothus (Ceanothus masonii) 

• Pink star-tulip (Calochortus uniflorus)  

* This species is likely extirpated. 

Species Life Form 

Mount Tamalpais oak (1B.3) Perennial evergreen shrub 

Mount Tamalpais manzanita (1B.3) Perennial evergreen shrub 

Marin manzanita (1B.2) Perennial evergreen shrub 

Glory brush (4.3) Perennial evergreen shrub 

Mason's ceanothus (SR, Rank 1B.2) Perennial evergreen shrub 

Western leatherwood (1B.2) Perennial deciduous shrub 

Napa false indigo (Rank 1B.2) Perennial deciduous shrub 

Serpentinite reed grass (4.3) Perennial herb 

Mount Tamalpais thistle (1B.2) Perennial herb 

California bottle-brush grass (4.3) Perennial herb 

Thin-lobed horkelia (1.B.2)  Perennial herb 

Small groundcone (2B.3) Perennial herb 

Marsh zigadenus (Rank 4.2) Perennial bulbiferous herb 

Oakland star-tulip (4.2) Perennial bulbiferous herb 

Tiburon buckwheat (1B.2) Annual herb 

Marin western flax (FT, ST, Rank 1B.1) Annual herb 

Tamalpais lessingia (1B.2) Annual herb 

Marin County navarretia (Rank 1B.2) Annual herb 

Tamalpais jewel-flower (1B.3) Annual herb 
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Mount Tamalpais bristly jewel-flower (1B.2) Annual herb 

c. For other listed species of CRPR rank 1B or 2 (beyond those identified in part b, above) with 

the potential to occur on District lands, the following measures shall be implemented: 

i.    Perennials: 

1) Mark populations in the field with distinct flagging. Ensure that worker training is complete 

per MM Biology-1. 

2) Avoid populations. If mowing cannot be safely performed up to the perimeter of the 

individuals, or timed for when they are senescent, then hand methods (i.e., hand pulling or 

use of non-powered or powered hand tools) shall be employed to prevent damage or 

removal of listed species.  

3) Where tree or shrub species must be trimmed, such as Mount Tamalpais manzanita, follow 

any protocols or recommendations available, such as including the following the Status 

and Management Recommendations for Arctostaphylos virgata (Marin Manzanita) in Point 

Reyes National Seashore (Parker, 2007) and plant specific pruning tips (Las Pilitas Nursery, 

2012) and perform the work by hand.  

4) No net loss of an annual special-status species can occur. The population size shall be 

determined from the most recent survey data of the species.  

If an individual or population must be removed, one or two options can be employed 

(subject to CDFW approval) and monitoring conducted to ensure that no net loss of the 

species occurs.  

• (1) The individual or population can be dug up and relocated to appropriate habitat 

outside the work area. (2) A nursery with experience growing special-status plants can be 

employed to grow seedlings of the species that shall be planted in appropriate habitat 

outside the work area or in the work area following completion of work. If located outside 

the work area, appropriate habitat shall be within the same watershed as the impact 

area, and shall be identified or approved of by MMWD botanical staff.  

• A monitoring plan shall be developed that details the following components. Conduct 

annual monitoring of seeded or replanted locations for a minimum of 3 years and up to 5 

years, dependent upon the MMWD botanical staff recommendation and monitoring 

results. If the new population is not matching the pre-removal population data, more 

seeding or planting shall be conducted until pre-removal population is met.   

ii. Annuals: 

1) Flag or otherwise demarcate and ensure workers avoid the species as feasible; or, 

2) Time vegetation management activities for when the special-status species occurring in 

the work area is senescent and/or after the seed has set.  

3) Monitor populations between vegetation management activities to ensure that population 

sizes are not decreasing. If populations are decreasing and a correlation can be made to 

the maintenance activities, measures shall be identified by MMWD botanical staff and 

taken to improve the population, such as including but not limited to one of the following: 

avoiding the area in question or altering the management activity frequency. 

4) No net loss of an annual special-status species can occur. The population size shall be 

determined from the most recent survey data of the species. 
If an individual or population must be removed, one or two options can be employed and 

monitoring conducted to ensure that no net loss of the species occurs.  
• (1) Seeds of the annuals shall be collected from existing on-site populations or from the 

same watershed (to maintain local genetic stock) and distributed in appropriate habitat 

outside the work area (within the same watershed) or in the work area following 

completion of work. (2) A nursery with experience growing special-status plants can be 

employed to grow seedlings of the species (from seeds collected locally) that shall be 

planted in appropriate habitat outside the work area or in the work area following 

completion of work. It should be noted that seeds derived from plants in the same 

watershed as the impact area may be available from local nurseries, and local nurseries 

may also be able to propagate seeds from adults grown from collected seeds.  In this 
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case, seeds do not need to be collected from a specific impact area site. Appropriate 

habitat shall be identified or approved of by MMWD botanical staff. 
• A monitoring plan shall be developed that details the following components. Conduct 

annual monitoring of seeded or replanted locations for a minimum of 3 years and up to 5 

years, dependent upon the MMWD botanical staff recommendation and monitoring 

results. If the new population is not matching the average population data, more seeding 

or planting shall be conducted until pre-removal population levels are met.   

Applicable Location(s): Serpentine habitat, within 500 feet of known special-status plant populations, 

near wetlands, or within other habitats with potential to support special-status plant populations 

Performance Standards and Timing:  

• Before Activity: (1) Check maps for habitat and known occurrences of special-status plants, (2) 

where applicable, conduct surveys in appropriate season (e.g. blooming season) before work is 

performed and record in GIS 

• During Activity: (1) Avoid any the identified special-status species, (2) Avoid CRPR rank 1B and 2 

special-status species or conduct reseeding/replanting  

• After Activity: Monitor populations and make adjustment to future maintenance activities, if needed  

MM Biology-4 on page 3.3-126 is revised as follows:  

MM Biology-4: Prevent the Spread of Forest Diseases from Plan Activities 

Forest disease spread shall be evaluated by District biologists when management actions are being 

performed. on an annual or more frequent basis, as dictated by the progression of the disease and the 

amount of habitat or vegetation impacted. An evaluation shall be triggered when a District biologist 

observes that a native vegetation type within the BFFIP area has been impacted by the disease. The 

biologists shall determine if mechanical methods of vegetation removal could result in the spread of the 

disease in a given project area, prior to implementing the project. This evaluation shall be conducted by 

looking at the location of the disease, the types of species that are being impacted, and the methods 

by which the disease is spreading. If the disease is spread by soil contact, then the biologist shall 

prescribe methodologies for reducing spread from mechanical methods of vegetation management. 

These methods would likely be similar to those identified in BMP-4 through BMP-7 including, but not be 

limited to, washing equipment after working in infected areas, and planning work to progress from 

uninfected areas to infected areas. 

Applicable Location(s): Where activities covering more than 5 acres could occur in areas of forest 

disease 

Performance Standards and Timing:  

• Before Activity: Determine the areas where infestations are located and plan work accordingly to 

prevent spread 

• During Activity: Implement measures to prevent spread, such as by cleaning vehicles between work 

locations, if needed 

• After Activity: N/A 

 

 

MM Biology-5 on page 3.3-126 is revised as follows: 

MM Biology-5: Roosting Bats 

Broadcast Burning 
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Prior to conducting broadcast burning, a qualified biologist shall review the selected location to 

determine whether potential roosting bat habitat is present. If adequate roosting trees are present, one 

of two options may be pursued: (1) A qualified bat biologist shall first conduct a focused assessment of 

the roosting habitat within 2 days of burning to determine whether bats are present. If bats are present. 

the bat biologist shall determine whether the broadcast burn poses a threat to the roosting bats based 

on the location of the bats as compared with the prescribed burn location, wind directions, and type of 

fuel to be burned. If bats could be within direct line of smoke, a threat would occur If a threat could 

occur, the broadcast burn must be conducted when ambient temperatures are warmer to allow 

escape of the bats or the tree(s) avoided. (2) The broadcast burn will be conducted, avoiding the 

potential roosting trees. 

Tree Removal 

Prior to the removal of trees with a DBH of greater than 10”, a qualified biologist shall conduct a focused 

tree habitat assessment. Trees containing suitable potential bat roost habitat features shall be clearly 

marked or identified. If day roosts are found to be potentially present, the biologist shall prepare a site-

specific roosting bat protection plan to be implemented. Based on site-specific conditions, the plan 

should incorporate the following guidance as appropriate: 

Roost Avoidance 

When possible, removal of trees identified as providing suitable roosting habitat should be conducted 

during seasonal periods of bat activity, including: 

• Between March 1 and April 15, or after evening temperatures rise above 45 degrees Fahrenheit 

and/or no more than ½ inch of rainfall within 24 hours occurs; or 

• Between September 1 and about October 15, or before evening temperatures fall below 

45 degrees Fahrenheit and/or more than ½ inch of rainfall within 24 hours occurs. 

If it is determined that a colonial maternity roost is potentially present, the roost shall be avoided and 

shall not be removed during the breeding season (April 15 to August 31) unless removal is necessary to 

address an imminent safety hazard.  

Operation of mechanical equipment producing high noise levels (e.g., chainsaws, heavy equipment) in 

proximity to buildings/structures supporting or potentially supporting a colonial bat roost shall be 

restricted to periods of seasonal bat activity (as defined above), when possible.  

Assessment 

If work with loud, mechanical equipment must occur near a known or potential roosting 

structure/building during the maternity or hibernation roosting periods, then a qualified bat biologist shall 

first conduct a focused assessment of the structure. The site-specific plan shall be implemented to 

prevent noise-related impacts on roosting bats.  

Roost Removal 

If a tree potentially containing a colonial maternity roost must be removed, such as in the event of 

unsafe conditions requiring treatment, during the breeding season, then the following or other measures 

recommended by the qualified bat biologist may be implemented: 

• Acoustic emergence surveys or other appropriate methods shall be conducted/implemented to 

further evaluate if the roost is an active maternity roost.  

• If it is determined that the roost is not an active maternity roost, then the roost may be removed in 

accordance with the other requirements of this measure;  

• If it is found that an active maternity roost of a colonial roosting species is present, the roost shall not 

be disturbed during the breeding season. 

Potential colonial hibernation roosts will only be removed during seasonal periods of bat activity (i.e., 

non-hibernation periods). Potential non-colonial roosts that cannot be avoided shall be removed on 

warm days in late morning to afternoon when any bats present are likely to be warm and able to fly. 

Appropriate methods shall be used to minimize the potential of harm to bats during tree removal. Such 

methods may include using a two-step tree removal process. This method is conducted over two 

consecutive days, and works by creating noise and vibration by cutting non-habitat branches and limbs 

from habitat trees using chainsaws only (no excavators or other heavy machinery) on Day 1. The noise 

and vibration disturbance, together with the visible alteration of the tree, is very effective in causing bats 
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that emerge nightly to feed, to not return to the roost that night. The remainder of the tree is removed on 

Day 2. 

Applicable Location(s): Where trees in bat roosting habitat could be impacted by activities 

(predominantly MA-21, MA-23, and MA-24) 

Performance Standards and Timing:  

• Before Activity: (1) Conduct surveys if tree removal could occur in bat roosting areas and work is 

occurring during roosting, (2) humanely evict bats, if appropriate 

• During Activity: Avoid roosting bats 

• After Activity: N/A 

MM Biology-7 on page 3.3-128 is revised as follows: 

MM Biology-7: Protection of Nesting Birds 

If mowing with heavy equipment or other vegetation (including tree) removal activities or prescribed 

(broadcast and pile) burning would commence anytime during the nesting/breeding season of native 

bird species (February 1 to September 1), a pre-construction survey for nesting birds shall be conducted 

by a qualified biologist within seven days of the habitat disturbance. The survey shall include visually 

surveying all suitable nesting habitat in the survey area, and be conducted during periods of high bird 

activity (i.e., 1-3 hours after sunrise and 1-3 hours before sunset). When the activity would occur along an 

existing fuelbreak or in other areas that are currently maintained such as along roads and in defensible 

spaces, then the survey area shall include only the disturbance footprint. During the construction of new 

fuelbreaks or during vegetation removal with heavy equipment in areas that were not previously 

managed (such as under MA-23 and MA-24), the survey area shall include the disturbance area and a 

surrounding buffer to be determined by a qualified biologist depending on type of equipment used, 

vegetation community, topography, resident bird species, and any other relevant factors.  

If active nests of bird species protected by the Migratory Bird Treaty Act and/or the California Fish and 

Game Code are found in areas that could be directly or indirectly disturbed (noise), a no-disturbance 

buffer zone shall be created around active nests during the breeding season or until a qualified biologist 

determines that all young have fledged. The size of the buffer zone shall be determined by the biologist, 

by taking into account factors such as including but not limited to the following: 

5. Noise and human disturbance levels at the site at the time of the survey and the noise and 

disturbance expected during the vegetation management activity; 

6. Distance and amount of vegetation or other screening between the site and the nest; and 

7. Sensitivity of individual nesting species and behaviors of the nesting birds.  

Applicable Location(s): Wherever heavy or noisy equipment is used to implement BFFIP management 

actions 

Performance Standards and Timing:  

• Before Activity: (1) Conduct surveys, if appropriate, (2) identify nest buffers as needed 

• During Activity: Maintain non-disturbance areas around active nests. 

• After Activity: N/A 

MM Biology-8 on page 3.3-129 is revised as follows:  

MM Biology-8: Northern Spotted Owl Avoidance During Nesting Season 

If mowing with heavy equipment, the mechanical removal of vegetation, or prescribed burning, 

including pile and broadcast burning, is to occur within the northern spotted owl nesting season 

(February 1 to July 31), the District shall commission two surveys for nesting northern spotted owls during 

the months of April and May preceding the commencement of these activities. At a minimum, the 
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survey area shall include all suitable nesting habitats within 0.25 miles of any planned activity sites, and 

then one of the two options listed below shall be implemented: 

1. Following a round of protocol-level northern spotted owl surveys in accordance with the USFWS 

Protocol for Surveying Proposed Management Activities that may Impact Northern Spotted Owls 

(USFWS, 2012b), if it is conclusively determined that there are nesting northern spotted owls, 

planned activities that generate noise (e.g., mowing, heavy equipment usage) that are within 

0.25-mile of an identified active nest shall not begin prior to September 1 unless the young have 

fledged, at which time work may begin no earlier than July 10. Prescribed burns may only occur 

within suitable northern spotted owl habitat (as determined by a qualified biologist) during the 

nesting season if protocol surveys have determined that northern spotted owl nesting is not 

occurring.  

2. Alternatively, the District shall perform a calculation to determine the minimum buffer needed to 

avoid impacts on this species from noise generation by equipment. The calculation shall be 

based on the guidance and methodology in the USFWS “Transmittal of Guidance: Estimating the 

Effects of Auditory and Visual Disturbance to Northern Spotted Owls and Marbled Murrelets in 

Northwestern California,” (USFWS, 2006) which takes into consideration the baseline noise levels, 

the noise and duration of noise generated by the loudest equipment, and the topography of 

the landscape. The resulting buffer calculated using these methods shall be a minimum buffer, 

but in no case shall the buffer be less than 500 feet. If the calculation is not performed, a 

conservative 0.25-mile buffer shall be implemented per (1), above. If nesting northern spotted 

owls are found, activities shall not occur prior to September 1 unless the young have fledged, at 

which time work may begin no earlier than July 10. 

Manual methods shall not occur within 131 feet of the line-of-site of a nesting northern spotted 

owl. 

 

Applicable Location(s): Any areas of the District’s lands where northern spotted owls can occur, 

including the Watershed and the Nicasio administrative unit 

Performance Standards and Timing:  

• Before Activity: (1) Conduct surveys, (2) as appropriate calculate buffer distances or conduct work 

outside of nesting season 

• During Activity: Maintain buffers  

• After Activity: N/A 

MM Biology-9 on page 3.3-129 is revised as follows: 

MM Biology-9: Protection of Western Pond Turtle Nesting and Overwintering Habitat  

Nesting 

Any mechanical method of vegetation management that could crush turtle nests (i.e., heavy 

equipment), vehicle travel, or prescribed (broadcast and pile) burning that could occur where suitable 

western pond turtle nesting habitat is present shall be reviewed by a qualified biologist to determine if 

western pond turtle nesting could be present in the area. If the work with heavy equipment were to 

occur in loose soils in oak woodlands, mixed coniferous forests, broadleaf forests, or grasslands that are 

within 100 feet of ponds, during the western pond turtle egg-laying season (May to August) as 

determined by the qualified biologist, the activity shall either be rescheduled to occur outside of the 

egg-laying period; or a survey shall be conducted to determine if eggs and nests are present in the work 

area and any identified eggs or nests and young turtles shall be avoided. 

Overwintering of Hatchlings in Nests  

Any mechanical method of vegetation management (i.e., heavy equipment) or vehicle travel that 

could occur where suitable overwintering habitat for hatchlings is present shall be reviewed by a 

qualified biologist to determine if any hatchlings could be present in the area. If  work with heavy 

equipment were to occur in loose soils in oak woodlands, mixed coniferous forests, broadleaf forests, or 

grasslands that is within 225 meters of ponds known to be used by the western pond turtle, during the 
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overwintering season (October to April) (Holland, 1994) as determined by the qualified biologist, the 

activity shall either be rescheduled to occur outside of the overwintering period, or a survey shall be 

conducted to determine if hatchlings are present in the work area and any identified nests shall be 

avoided. 

Applicable Location(s): Wherever heavy equipment, vehicle travel, or prescribed burning could occur in 

western pond turtle breeding habitat during their breeding season (May to August) or wherever heavy 

equipment and vehicle travel could occur during the overwintering season for hatchlings (October to 

April) 

Performance Standards and Timing:  

• Before Activity: (1) Biologist determines if the work area could support pond turtle breeding or 

overwintering based on the location of the work and proximity to ponds, (2) if no pond turtle could 

occur, work can proceed, (3) if pond turtle could be found in an area, the area shall be avoided or 

work rescheduled, (4) a survey can also be performed to rule out pond turtle eggs or overwintering 

hatchlings from the work area 

• During Activity: Avoid pond turtle nests or overwintering hatchlings, if any had been found in surveys 

• After Activity: N/A 

MM Biology-12 on page 3.3-30 to 3.3-31 of the Draft EIR is revised as follows:  

MM Biology-12: Protection of Foot-Hill Yellow Legged Frog 

Immediately prior to the use of heavy equipment, any other ground disturbing Plan activities, or 

prescribed (broadcast and pile) burning within 50 feet of Big Carson Creek, Little Carson Creek, or their 

tributaries, a clearance survey for foothill yellow-legged frog shall be conducted by an individual trained 

in the identification of the species. Any identified foothill yellow-legged frogs shall be relocated (by a 

qualified biologist in possession of a valid Scientific Collecting Permit, or appropriate permit at the time of 

work if listing status changes) to a suitable location downstream of the activity area. Alternatively, the 

activity may be delayed until the frog has left the area on its own. Should the relocation of frogs be 

required, exclusionary fencing may be installed to prevent individual frogs from re-entering the activity 

area. If foothill yellow-legged frogs are found, no work shall occur until the frogs have moved on their 

own from the activity area. 

Applicable Location(s): Activities (not including manual methods or planting) within 50 feet of Big Carson 

Creek, Little Carson Creek, or their tributaries 

Performance Standards and Timing:  

• Before Activity: (1) Survey for the species, (2) move any individuals found in the work footprint prior to 

conducting activities  

• During Activity: N/A If observed, activities must not occur until the individual(s) leave the area 

• After Activity: N/A 

MM Biology-14 on page 3.3-131 is revised as follows: 

MM Biology-14: Northern Spotted Owl Avoidance of Nesting Season and Habitat 

Projects Within 0.25 Mile of an Activity Center 

Determine Type of Habitat Present 

Prior to vegetation management within an area the latest GIS data available for northern spotted owl 

activity centers shall be consulted to determine whether the project is within 0.25 mile of an activity 

center. Once determined to be within 0.25 mile of an activity center, the habitat shall be reviewed to 

determine whether the project is proposed to occur within a forest habitat type that provides potential 

northern spotted owl foraging, roosting, and/or nesting habitat. This may be accomplished as follows: 

1. A review of GIS data shall be conducted to determine if the activity is proposed to occur in a 

forest type potentially used by northern spotted owls (i.e., Douglas-fir, redwood, mixed 
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conifer/hardwood forest, mature broadleaf/evergreen forest types). If the activity would not 

occur within a forest type potentially used by northern spotted owls, then no further actions is 

required to protect northern spotted owl habitat. 

2. If the project is proposed to occur in a forest type potentially used by northern spotted owls, 

then a site-specific habitat evaluation shall be conducted within the month of February prior to 

the activity by a qualified northern spotted owl biologist to determine if the area provides the 

required habitat characteristics to provide northern spotted owl foraging, roosting, and/or 

nesting habitat.  

Projects Within Appropriate Habitat 

For projects which are proposed to occur in potential northern spotted owl foraging, roosting, or nesting 

habitat, the following action shall be implemented prior to management activities: 

1. Habitat alteration within core use areas (nesting and roosting habitat) shall be planned and 

conducted under the guidance of a qualified northern spotted owl biologist. Opportunities to 

conduct vegetation management to enhance development of late- successional 

characteristics or to meet other restoration goals in a manner compatible with retaining resident 

northern spotted owls shall be evaluated and implemented. Restoration activities conducted 

near northern spotted owl sites shall first focus on areas of younger forest less likely to be used by 

northern spotted owls and less likely to develop late-successional forest characteristics without 

vegetation management. Vegetation management projects shall be designed to include a mix 

of disturbed and undisturbed areas, retention of woody debris, and development of understory 

structural diversity to maintain small mammal populations across the landscape.  

2. Presumed active woodrat stick nests (i.e., with visible signs of activity as determined by the 

qualified biologist) would be temporarily demarcated during surveys by the qualified biologist. 

Woodrat stick nests and areas around the nests, shall be avoided during vegetation clearing 

management activities. Any flagging or other markings would be removed following the activity. 

Applicable Location(s): Areas within 0.25-miles of where northern spotted owls could forage, roost, or 

nest 

Performance Standards and Timing:  

• Before Activity: (1) Consult GIS layers to determine if a project would occur in northern spotted owl 

activity areas, (2) conduct surveys to evaluate habitat if work is to occur in a forest that could 

support northern spotted owls 

• During Activity: Alter habitat as specified in measure, avoid woodrat stick nests 

• After Activity: N/A 

MM Biology-17 on page 3.3-133 is revised as follows: 

MM Biology-17: Protection of California Giant Salamander 

Immediately prior to the use of heavy equipment, any other ground disturbing Plan activities, or 

prescribed (pile and broadcast) burning within 50 feet of a stream or within riparian habitat, a clearance 

survey for California giant salamander shall be conducted by an individual trained in the identification of 

the species. Any identified California giant salamander shall be relocated (by a qualified biologist in 

possession of a valid Scientific Collecting Permit, or appropriate permit at the time of work if listing status 

changes) to a suitable nearby location at least 250 feet from the original location. Alternatively, the 

activity may be delayed until the salamander has left the area on its own. 

Applicable Location(s): Activities (not including manual methods or planting) within 50 feet of a stream 

or within riparian habitat 

Performance Standards and Timing:  

• Before Activity: (1) Survey for the species, (2) move any individuals found in the work footprint prior to 

conducting activities 

• During Activity: N/A 

• After Activity: N/A 
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A new reference has been added under Section 3.3.8 References. 

Dan C. Holland, P. (1994). The Western Pond Turtle: Habitat and History. Oregon 

Department of Fish and Wildlife. 

Las Pilitas Nursery. (2012, December 30). How to Prune Native Plants (without killing 

them). Retrieved from Native Gardens: 

https://www.laspilitas.com/garden/howto/pruning.htm 

Michl, Lisa. (2019, July 17). Marin County Parks Wildlife Biologist. (J. Schweitzer, 

Interviewer) 

Perry, R. W. (2011). A Review Of Fire Effects On Bats And Bat Habitat In The Eastern 

Oak Region. Proceedings of the 4th Fire in Eastern Oak Forests Conference, (pp. 170-

191). 

3.2.4 Section 3.5 Geology and Soils 
MM Geology-1 on page 3.5-38 has been revised as follows: 

MM Geology-1: Erosion Control and Slope Stability Measures 

Best management practices (BMPs) for forestry shall be implemented to ensure vegetation 

management does not result in erosion, loss of topsoil, or slope instability in areas where work could result 

in the exposure of bare soils or the loss of root-soil matrix strength. If groundcover is determined to be less 

than 70 percenta following work, then BMPs, as identified here, shall be implemented.  

Prior to conducting work in any given area under any management action that could result in erosion or 

slope instability (e.g., broadcast burns, tree removal, weed removal, or forest treatments that could 

reduce the groundcover and expose soil) the area shall be inspected for existing signs of erosion or slope 

instability (e.g. rills, slumped soil). Depending on the slope and the downslope resources (roads that 

could be impacted if a slope failed, waterbodies or habitat that could be impacted from erosion, 

important habitat, etc.), erosion and slope stabilization measures shall be determined prior to 

implementation of work, based on the list below. Generally, if an action would expose soils (groundcover 

less than 70 percent), then measures to protect soils, minimize erosion, and prevent slope instability shall 

be implemented. The measures to be implemented shall depend on the site’s specific characteristics 

and the type and extent of vegetation management work to be performed. The inspection and 

determination of appropriate measures shall be made by personnel with knowledge and experience in 

the application of erosion and slope stabilization BMPs through training or field experience with BMP 

installation. The personnel shall memorialize in writing their field observations, and corresponding 

recommendations regarding installation of BMPs.  

The following measures shall be implemented during work, if the activity would reduce groundcover by 

70 percent or more and as applicable:  

• Minimize areas to be disturbed to the greatest extent feasible 

• Avoid use of heavy equipment on slopes greater than 30 percent 

• Shut down use of heavy equipment, skidding, and truck traffic when soils become saturated and 

unable to support the machines 

• Sow native grasses and other herbs on denuded areas where natural colonization or other 

replanting shall not occur rapidly; use slash or chips to prevent erosion on such areas 

• Use surface mounds, depressions, logs, rocks, trees and stumps, slash and brush, the litter layer, and 

native herbaceous vegetation downslope of denuded areas to reduce sedimentation and erosion, 

as necessary to prevent erosion or slope destabilization 
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• Stabilize steep slopes (i.e., greater than 30 percent) with mats or natural materials after tree removal 

or weed removal and prior to planting, where soils are exposed and could erode 

• Broadcast burns shall be performed outside of perennial and intermittent streams, and riparian 

forest/woodland. A 50-foot buffer around perennial and intermittent streams shall be maintained 

when the broadcast burn is proposed on a slope greater than 30 percent and upslope of the 

stream.  

• Install approved erosion control measures and non-filament-based, biobased, biodegradable 

geotextiles when: 

- conducting substantial ground disturbing work (i.e., use of heavy equipment, pulling large 

vegetation) within 100 feetb and upslope of currently flowing or wet wetlands, streams, lakes and 

riparian areas; 

- causing soil disturbance on moderate to steep (10 percent slope and greater) slopes; and  

- following the removal of invasive plants from stream banks to prevent sediment movement into 

watercourses and to protect bank stability 

• Sediment control devices, if installed, shall be certified weed-free, as appropriate. Sediment control 

devices shall be inspected daily to ensure that they are in good repair and working as needed to 

prevent sediment transport into the waterbodies (and repaired as needed) 

• Prior to conducting ground disturbing work the weather forecast shall be consulted; No substantial 

ground disturbing work (i.e., use of heavy equipment, pulling large vegetation) shall occur during 

rain events and 48 hours after a rain event, defined as 0.5 inch of rain or greater within a 48-hour or 

greater period, or until soils are determined to not be saturated. 

Once work is completed the areas shall be inspected as needed and as accessible but at least annually 

until groundcover exceeds 70 percent and it is clear that significant erosion and slope instability are not 

occurring. At that time, erosion control and slope stability devices shall be removed.  

Applicable Location(s): Any areas where the ground is disturbed and soils are exposed through 

vegetation management actions 

Performance Standards and Timing:  

• Before Activity: Inspect areas for treatment prior to treatment to assess the potential for erosion and 

soil instability 

• During Activity: Implement the protection measures as needed to avoid or minimize erosion and 

slope instability 

• After Activity: Conduct inspections as needed after actions, depending on the size and nature of 

the work and the site, to ensure that erosion is not occurring and to remove any erosion control 

devices once they are no longer needed 

Note: 

a Groundcover less than 70 percent has been found to result in excessive run-off and erosion (Lang & 

McDonald, 2005). 

b The 100-foot-buffer may be conservative but is based on literature reviews and studies that suggest a 

100-foot-buffer is the adequate distance between streams and development to protect stream 

water quality, habitat, and organisms (Sweeney, 2014). 

3.2.5 Section 3.11 Transportation 
The analysis under Impact Transportation-1 on page 3.11-8 is revised as follows: 

Impact Transportation-1: The proposed plan could conflict with or be 

inconsistent with CEQA Guidelines section 15064.3, subdivision (b). 

Significance 

Determination 

Less than significant  

A maximum of 84 workers could be conducting vegetation management activities on 

District lands on a single day. The likelihood of this occurring is quite low. , but g 
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Generally, only a few crews for a total of approximately 20 workers (40 one-way vehicle 

trips) would be operating simultaneously, at most, similar to existing conditions. The 

number of hours and days when work would occur would increase by approximately 

300 percent compared to existing conditions. The annual average number of workers 

proposed under the BFFIP would increase from approximately one worker per day 

under existing conditions, to a maximum of 4 workers per day. Average daily, one-way 

vehicle trips throughout the year would increase from approximately 2 to 8 (or less). 

Assuming a worst-case scenario that no workers carpool together, 84 vehicles trips per 

day could occur. The net new, average daily number of one-way vehicle trips associated 

with the BFFIP would could increase nominally, but would not exceed 110 trips per day, 

the Office of Planning and Research’s screening threshold, as previously discussed. The 

BFFIP would not conflict with State CEQA Guidelines section 15064.3, subdivision (b). 

The impact would be less than significant. 

3.2.6 Chapter 4 Alternatives to the Proposed Plan 
Page 4-31 is revised as follows: 

The statement reflects the balancing of competing public objectives including factors 

such as environmental concerns, legal issues, technical, social, and economic factors. 

3.2.7 Appendix G Cultural Resources Memo 
Page 1 is revised as follows: 

Vegetation management will also include weed control and utilize manual and 

mechanical techniques, and prescribed burning, and herbicides for existing fuelbreak 

maintenance and defensible spaces. These actions may have temporary or permanent 

direct, indirect, and/or cumulative physical effects on both recorded and unknown 

cultural resources within the three administrative units. 

Page 25 is revised as follows: 

The MMWD plans to use various combinations of manual and mechanical techniques 

and prescribed burning to create fuelbreaks and defensible spaces depending on 

vegetation type (e.g., grasslands, shrublands, woodlands and forests). Vegetation 

management will also include weed control and utilize manual and mechanical 

techniques, and prescribed burning, and formulated organic herbicides (FOH) or 

conventional herbicides for existing fuelbreak maintenance and defensible spaces. 

Page 27 is revised as follows: 

The proposed management and control actions including prescribed burning, removal 

via equipment and herbicides, among others all possess the potential to change the 

known cultural resources. 
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4 MITIGATION MONITORING AND REPORTING PROGRAM  

4.1 INTRODUCTION  

When approving projects with mitigation measures that if implemented would avoid or lessen 

significant impacts, CEQA requires public agencies to adopt monitoring and reporting 

programs or conditions of project approval to mitigate or avoid the identified significant effects 

(Public Resources Code Section 21081.6(a)(1)). A public agency adopting measures to mitigate 

or avoid the significant impacts of a proposed project is required to ensure that the measures 

are fully enforceable, through permit conditions, agreements, or other means (Public Resources 

Code Section 21081.6(b)). The mitigation measures required by a public agency to reduce or 

avoid significant project impacts not incorporated into the design or program for the project 

may be made conditions of project approval as set forth in a Mitigation Monitoring and 

Reporting Program (MMRP), detailed in Table 4.3-1. The program must be designed to ensure 

project compliance with mitigation measures during project implementation. The District will 

use the Project Environmental Review Checklist, provided in Appendix A of this Final EIR, to 

evaluate if impacts of individual projects are covered in the Program EIR and to identify best 

management practices and mitigation measures that are applicable to those individual projects. 

Individual projects that do not conform to the scope of the Program EIR may require additional 

environmental analyses.  

4.2 FORMAT 

This MMRP is organized in a table format, keyed to each significant impact and mitigation 

measure.. Each mitigation measure is set out in full, followed by a tabular summary of 

monitoring requirements. The column headings in the tables are defined as follows: 

• Mitigation Measure. This column presents the significant impact and full 

mitigation measure. 

• Implementation Responsibility. This column assigns the party responsible for 

implementation of the measures 

• Monitoring Responsibility. This column assigns the party responsible for 

monitoring implementation. 

• Timing and Performance Standards: Identifies at which stage of the project, 

mitigation must be completed. Performance standards are identified that must 

occur during the specified stage of project implementation to determine that the 

objectives of the mitigation are met. 
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4.3 ENFORCEMENT 

This MMRP will be incorporated as a condition of project approval. All mitigation measures 

must be carried out to fulfill the requirements of approval.  
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Table 4.3-1 Biodiversity, Fire, and Fuels Integrated Plan Mitigation, Monitoring, and Reporting Program 

Best Management Practice and Mitigation Measure 

Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

Air Quality 

Impact Air-1 

MM Air-1: Broadcast Burn Emission Minimization Measures 

Methods for reducing air pollutant emissions shall include one or more of the following: 

• Reducing the broadcast burn areas in each year.

• When considering different types of prescribed burning projects, weigh the habitat

benefits of burning in a particular fuel type against the emissions. With all other

considerations being equal, choose lower emissions fuel types (such as grasslands versus

hardwood or evergreen forest) for prescribed burning projects.

Contractor The District Where broadcast burns could 

occur. 

Before Activity: (1) Reduce the 

acreage of broadcast burn, (2) 

Choose habitat types with fewer 

emissions, when other 

considerations are equal’ (3) 

Reduce the fuel load in the forest 

understory 

During Activity: (1) Burn when the 

fuel has lower moisture, (2) 

Minimize fire duration 

After Activity: Quickly mop up 

Impact Air-2  

MM Air-2: Asbestos Management 

Prior to conducting any activities requiring use of mechanical equipment (e.g., skid steer 

loader, backhoe) or off-road access of a project site, consult the map created using GIS that 

shows where serpentine soils and rock formations are located. If the project site or temporary 

access route passes through an area with serpentine soils or rock formations, implement the 

asbestos management measures (below). 

Prior to conducting any activities requiring manual soil-disturbing activities (e.g., pulling of 

small vegetation, planting seedlings), consult the GIS that shows where serpentine soils are 

located. If the project site is in an area with serpentine soils, implement the asbestos 

management measures (below). 

Asbestos Management Measures: 

• Areas known to have asbestos shall be watered during ground-disturbing activities (e.g.,

pulling of medium to large vegetation, digging large holes for planting) to ensure that the

soil remains moist during the extent of the activity.

• Vehicle speeds on unpaved roads shall be limited to 15 miles per hour.

• When mowing in serpentine soils, the mower head shall be set at least 6 inches above the

ground to minimize asbestos dust generation. If when mowing, dust is seen from the

mower pluming more than 4 feet above the ground surface, the mower shall be adjusted

to the minimum height needed to avoid generating dust plumes.

Contractor The District Areas with serpentine soils or 

rock formations where work 

could occur.  

Before Activity: Water areas with 

serpentine soils or exposed rock 

formations  

During Activity: Limit vehicle speeds 

After Activity: N/A 

Impact Air-2 

MM Air-3: Minimization of Air Pollutant Risk 

The District shall require that prescribed burns on its lands are conducted a minimum of 1,000 

feet away from sensitive receptors, specifically residences, schools, and childcare centers. 

The District shall require that prescribed burns on its lands are managed to reduce District 

worker exposure to CO concentrations and other air pollutants through implementation of the 

following measures: 

• Use of realtime CO monitors

• Rotate personnel out of heavy smoke areas

• Avoid burning heavy fuel loads on the ground, such as large logs, to avoid additional

mop-up

• Tested and approved by NIOSH full-face and half-face air purifying respirators shall be

equipped with filters for CO, formaldehyde, acrolein, and respirable particulate matter

Contractor The District Where broadcast and pile buns 

could occur.   

Before Activity: (1) Purchase 

realtime CO monitors, (2) Purchase 

respirators and filters tested and 

approved by NIOSH 

During Activity: (1) Provide realtime 

CO monitor to firefighters, (2) 

Rotate firefighters out of heavy 

smoke areas, (3) Avoid burning of 

areas with heavy fuel loads, (4) 

Provide appropriate respirators and 

filters to firefighters 

After Activity: N/A 
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Best Management Practice and Mitigation Measure 

Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

and available at all times for District staff or contractors working in the immediate vicinity 

of broadcast and pile burns 

Impact Air-2 

MM Air-4: Smoke Management Plan 

Key considerations for broadcast and pile burns include, fuel, wind, relative humidity, air 

temperature, soil moisture, slope of the burn area, smoke management, and neighbouring 

land owners. A Smoke Management Plan and Prescribed Burn Plan (in accordance with MM 

Hazards-4) address the specifics related to these key factors. The District shall prepare a Smoke 

Management Plan in accordance with BAAQMD’s Regulation 5 for all prescribed burns. The 

Smoke Management Plans shall be implemented for each burn. The Smoke Management 

Plan shall include all conditions and information detailed in Regulation 5, including the 

following: 

• Burns shall not be ignited or fueled during calm conditions when winds are less than 5

miles per hour (mph) except for crossfiring, or when the wind direction at the site shall be

such that the direction of smoke drift is toward a populated area in order to minimize

local nuisances caused by smoke and particulate fallouts.

• Burns shall not be ignited or fueled when winds are more than 15 mph (NRCS, 2012).

• Burns shall not be ignited or fueled when wind direction blows towards populated areas.

• Identify the contingency actions that would be taken if a burn unexpectedly impacts

sensitive receptors, identifiable by smoke complaints or presence of smoke in areas with

receptors. Contingency actions include:

- halting ignition, suppressing fire, and/or beginning immediate mop up.

The District and 

Contractor  

The District Where broadcast and pile buns 

could occur.   

Before Activity: Prepare a Smoke 

Management Plan including all 

identified details 

During Activity: Implement the 

Smoke Management Plan 

After Activity: N/A 

Impact Air-2: Implement Mitigation Measure MM Hazards-5 (see below) 

Impact Air-3: Implement Mitigation Measure MM Air-1 (see above) 

Impact Air-Cumulative: Implement Mitigation Measures MM Air-1, MM Air-2, and MM Air-3 (see above) 

Biological Resources 

Impact Biology-1 

BMP-1: Routine Operations and Project/Activity Implementation 

District operations encompass a variety of management activities ranging from day-to-day 

road maintenance to Incident Command emergency situations. The following measures shall 

be implemented: 

1. Prior planning may avoid the introduction and/or spread of weed species, such as by:

a. Implementing a periodic monitoring program for detecting new weed infestations

in highly susceptible locations such as pull outs, railheads, picnic areas, parking lots,

and concessionaire locations.

b. Defining “zero tolerance” zones in vulnerable, high-risk areas within the watershed

which you commit to keeping weed-free through frequent monitoring and weed

control efforts.

2. Minimize the extent and severity of soil disturbance, by:

a. Setting up staging areas and equipment in a way that will minimize soil disturbance

and avoid loss of desirable native vegetation.

b. When working in vegetation types with relatively closed canopies, retaining shade

to the extent possible to suppress weeds and prevent their establishment and

growth.

3. Maintain facilities by implementing the following techniques:

The District and 

Contractor 

The District BFFIP Area Before Activity: N/A 

During Activity: (1) Avoid 

introduction and/or spread of 

weed species, (2) Minimize soil 

disturbance, (3) Maintain facilities 

After Activity: N/A 
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Best Management Practice and Mitigation Measure 

Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

a. Maintain long-term staging areas, such as boneyards, dumps, and quarries in

weed-free condition if possible, or contain weeds therein. If necessary, treat sites

annually for weeds, and assign this duty to an appropriate, trained staff person.

Consider ways of hardening these sites, such as deep mulching or scraping and

tamping.

b. Maintain trailheads, picnic areas, roads leading to trailheads, and other areas of

concentrated public use in a weed-free condition. Make high-use recreation areas

a high priority for weed detection and eradication if not already heavily infested.

Impact Biology-1 

BMP-2: Pre-Work Assessments and Planning 

Prevention begins with pre-work assessments and planning. The following are guidelines for 

general construction and maintenance activities: 

1. Inspect all potential and current permitted activity sites. Incorporate invasive plant

prevention and containment practices such as mowing, flagging or fencing invasive

plant patches, designating invasive plant free travel routes and washing equipment.

Where possible, avoid permitting activities that would result in the transfer of weed

materials from an infested site to a non-infested site. Consider routes of travel,

transport, and equipment use and address pathways and spread concerns with

permittees.

2. Before ground-disturbing activities begin, inventory and prioritize weed infestations for

treatment in construction sites and along access routes. Identify what weeds are on

site or within the project's vicinity and do a risk assessment accordingly. Control these

weed infestations. Ideally, weeds should be managed prior to the planned

disturbance to minimize weed seeds in the soil.

3. Begin project operations in non-infested areas. Restrict movement of equipment or

machinery from weed-contaminated areas to non-contaminated areas.

4. Locate and use weed-free project staging areas. Avoid or minimize travel through

weed-infested areas, or restrict travel to those periods when spread of seed or

propagules is least likely, such as prior to seed development.

The District and 

Contractor 

The District BFFIP Area Before Activity: Conduct pre-work 

assessments and planning for 

construction and maintenance 

activities.  

During Activity: N/A 

After Activity: N/A 

Impact Biology-1 

BMP-3: Imports: Fills, Rock, Plant Material 

Knowing the sources of imported material is critical to prevent the introduction of invasive 

plants. If a project involves moving plants or soil, consider the following: 

1. Make sure plants and soil are not contaminated with weed seeds – use a certified

weed free source or sterilize soil prior to use.

2. When possible, get the plants and soil from the worksite, which is less likely to

introduce foreign material.

3. Inspect materials at the source to ensure that they are weed-free before transport

and use. If sources of sand, gravel, and fill are infested, eradicate the weeds, then

strip and stockpile the contaminated material for several years, if possible, to further

deplete the soil seed bank. Check regularly for weed re-emergence and treat as

needed.

4. Maintain stockpiled, non-infested material in a weed-free condition by preventing

weed seed contamination with physical barriers and by frequently monitoring and

quickly eradicating new weeds prior to seed production.

5. Use fill within the project area, or stockpile clean fill on-site for local use. Dispose of

excess excavation or spoils in a way that won't spread weeds within the watershed or

to neighbors.

Contractor The District BFFIP Area Before Activity: Import weed-free 

plants and soil 

During Activity: (1) Maintain 

stockpile in weed-free condition, 

(2) Use native fill material, (3) Train

staff to identify weeds and

inventory weed infestations and

schedule them for treatment

After Activity: (1) Monitor 

construction sites with imported 

material annually for at least 3 

years fate project completion, (2) 

Rehabilitate burn sites with seed 

and mulch, (3) Use native material 

to revegetate construction sites 



4  MITIGATION MONITORING AND REPORTING PROGRAM 

Final Program EIR for the BFFIP ● October 2019 

4-6

Best Management Practice and Mitigation Measure 

Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

6. Work with the weed specialist to develop guidelines for where earth materials can be

moved within the watershed.

7. For routine purchase of material, such as rock used for drain or road base, work with

the weed specialist to evaluate the risk, and if necessary develop a procedure for

procuring weed-free material and/or inspecting materials sources.

8. Maintain stockpiled, non-infested material in a weed-free condition by preventing

weed seed contamination with physical barriers (e.g. tarps) and by frequently

monitoring and quickly eradicating new weeds prior to seed production.

9. Survey for, document, and treat weeds on construction sites (or wherever fill/material

is brought in) annually for at least 3 years after project completion to ensure that any

weeds transported to the site are promptly detected and eradicated. For on-going

projects, continue to monitor until reasonably certain that weeds will not reappear.

Plan for follow-up treatments based on inspection results.

10. Seed and mulch to be used for burn rehabilitation or slope stabilization (for wattles,

straw bales, dams, etc.) all need to be inspected and certified that they are free of

weed seed and propagules. Follow-up inspections of straw treated sites should be

performed to insure any undetected source seed are treated.

11. Revegetation may include topsoil replacement, planting, seeding, and weed-free

mulching as necessary. Use native material to the greatest extent possible. Consider

stockpiling chipped local brush or cut and bale local weed-free grass for mulch – an

added benefit is that mature seeds in the grass or brush can help restore local

vegetation on the site.

12. Periodically inspect roads, trails, and rights-of-way for invasive plants. Train staff to

recognize weeds and report locations to the local weed specialist. Inventory weed

infestations and schedule them for treatment.

Impact Biology-1 

BMP-4: Prevent Contamination of Clean Nursery Stock or other Clean Plant materials. 

Planting stock shall be protected from potential contamination from the point that it leaves 

the production nursery or collection site until it has been planted. Note that container nursery 

stock has a high risk of infection by Phytophthora species if exposed to these pathogenic 

agents. Exclusion of these pathogens provides the only viable option for maintaining nursery 

plants free of Phytophthora. 

Maintaining Nursery Stock in a Holding Facility 

By definition, nursery stock produced by the District should be free of exotic Phytophthora to the 

maximum degree attainable. If such material is held for a period after delivery and before 

planting, the following clean nursery practices must be followed to prevent contamination of 

the nursery stock with Phytophthora: 

1. Water used for irrigating plants shall comply with standards listed below.

2. Delivered nursery plants that will be held before planting shall be transferred to

cleaned and sanitized raised benches and maintained as described below under

Handling and Transporting Nursery Plants BMPs.

Handling and Transporting Nursery Plants 

3. Nursery plants shall be transported on or in vehicles or equipment that has been

sanitized before loading the stock. Truck beds, racks, or other surfaces will be cleaned

(swept, blown with compressed air and/or power washed as needed) to be free of

soil and plant detritus. Cleaned surfaces shall be sanitized as described below under

Procedures for Sanitizing Tools, Surfaces, and Footwear.

4. Keep plants in sanitized vehicles or on sanitized carts, trailers, etc. until delivered to

their planting sites.

The District The District BFFIP Area Before Activity: N/A 

During Activity: (1) Maintain nursery 

stock in a holding facility with 

cleaned and sanitized raised 

benches, (2) Transport nursery stock 

with sanitized vehicles or 

equipment, and place nursery 

stock clean waterproof surfaces, 

(3) Use clean water sources for

washing, soaking, or irrigation, (4)

Use pre-approved materials for

mulch, compost, and soil

amendment, and inoculants, (5)

Use new and uncontaminated

irrigation supplies, erosion control

fabrics, fencing, stakes, posts, and

other planting site inputs

After Activity: N/A 
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Best Management Practice and Mitigation Measure 

Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

5. At the job site, plants shall be handled to prevent contamination until delivered to

each planting site. Nursery stock shall not be staged on the soil or other potentially

contaminated surfaces except that plants may be placed on the soil surface at their

specific planting sites.

6. If it is necessary to offload plants at the job site, plants may be placed on clean

waterproof plastic tarps or other clean, sanitized surfaces. If tarps are used for holding

plants, one surface will be dedicated for contact with nursery stock and will be

cleaned and sanitized as needed to maintain phytosanitary conditions.

Other Planting Site Inputs 

7. Washing, soaking, or irrigation of plant material shall be conducted using clean water

sources as specified below under Clean Water Specifications. Untreated surface

waters shall not be used for these purposes.

8. Mulch, compost, soil amendments, inoculants, and other organic products shall be

pre-approved for use before delivery to the planting site. Materials shall be free of

pathogen contamination due to composition, manufacturing conditions, or through

effective heat treatment and subsequently handled and maintained in a manner to

prevent contamination. If appropriate, testing may be required as specified by the

District. At the job site, delivered materials shall be handled to prevent contamination

until delivered to each planting site in the same manner specified above under

Handling and Transporting Nursery Plants.

9. All other materials to be installed at the site shall be of new material that has not been

stored in contact with soil, untreated surface waters, or other potentially

contaminated materials. This includes irrigation supplies (such as pipe, fittings, valves,

drip line, emitters, etc.), erosion control fabrics, fencing, stakes, posts, and other

planting site inputs.

Impact Biology-1 

BMP-5: Cleaning and Sanitation Required Before Entering Planting Area to Prevent Introducing 

Contamination from Other Locations 

Phytophthora contamination can be present in agricultural and landscaped areas, in 

commercial nursery stock, and in some infested native or restored habitat areas. 

Contamination can be spread via soil, plant material and debris, and water from infested 

areas. Arriving at the site with clean vehicles, equipment, tools, footwear, and clothing helps 

prevent unintentional contamination of the planting site from outside sources. 

Vehicles, Equipment, and Tools 

1. Equipment, vehicles and large tools must be free of soil and debris on tires, wheel

wells, vehicle undercarriages, and other surfaces before arriving at the planting area.

A high pressure washer and/or compressed air may be used to ensure that soil and

debris are completely removed. Vehicles that only travel and park on paved roads

do not require external cleaning.

2. Contractors will comply with this provision by demonstrating that the equipment has

been cleaned at a commercial vehicle or appropriate truck washing facility

3. The interior of equipment (cabs, etc.) must be free of mud, soil, gravel and other

debris. Interiors may be vacuumed or washed.

4. Small tools and other small equipment (including hoses, quick couplers, hose nozzles,

and irrigation wands) must be washed to be free of soil or other contamination and

sanitized as described below in Procedures for Sanitizing Tools, Surfaces, and

Footwear.

5. Hoses shall be new or previously used only for clean water sources as described below

in Clean Water Specifications.

Footwear and Clothing 

The District and 

Contractor 

The District BFFIP Area Before Activity: Clean and sanitize 

vehicles, equipment, tools, 

footwear, and clothing before 

entering planting areas  

During Activity: N/A 

After Activity: N/A 
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6. Soles and uppers of footwear must be free of debris and soil before arriving at the

planting area. Clean and sanitize footwear as described in Procedures for Sanitizing

Tools, Surfaces, and Footwear.

7. At the start of work at each new job site, worker clothing shall be free of all mud, soil

or detritus. If clothing is not freshly laundered, all debris and adhered soil should be

removed by brushing with a stiff brush.

Impact Biology-1 

BMP-6: Prevent Potential Spread of Contamination within Planting Areas 

Phytophthora can also be spread within plantings areas if some portions of the site are 

contaminated. However, it is not possible to identify every portion of a planting area that 

contains or is free of Phytophthora. Because Phytophthora contamination is not visible, 

working practices should minimize the movement of soil within the planting area to minimize 

the likelihood of spreading contamination. 

The District may designate specific portions of a planting area as having high or low risk of 

contamination. Areas with higher risk of contamination typically include areas adjacent to 

planted landscaping, areas previously planted with Phytophthora-infected stock, areas with 

existing or recently removed woody vegetation, areas directly along watercourses. Areas with 

low risk of contamination typically include upland sites with only grassy vegetation or sites 

where surface soils have been removed. 

Worker Training and Site Access 

1. Before entering the job site, field workers and contractors shall receive training that

includes information on Phytophthora diseases and how to prevent the spread of

these and other soil borne pathogens by following approved phytosanitary

procedures.

2. Do not bring more vehicles into the planting area than absolutely necessary. Within

the planting area, keep vehicles on surfaced or graveled roads whenever possible to

minimize potential for soil movement.

3. Travel off roads or on unsurfaced roads should be avoided when such roads are wet

enough that soil will stick to vehicle tires and undercarriages.

Especially from Higher to Lower Risk Areas 

4. Brush off substantial soil contamination from tools and gloves when moving between

successive planting sites to prevent repeated collection and deposition of soil across

multiple sites.

5. Avoid contaminating clothing with soil during planting operations. Use nonporous

knee pads that are cleaned between planting sites if kneeling is necessary.

6. When possible, plant nursery stock from a given block in the same local area rather

than spreading it widely. If a problem is associated with a given block of plants, it will

be easier to detect and deal with it if the plants are spatially grouped.

7. Phase work to minimize movement between areas with high and low risk of

contamination. Where possible, complete work in low risk areas before moving to

higher risk areas. Alternatively, restrict personnel to working in either high or low risk

areas exclusively to reduce the need for decontamination.

8. Clean soil and plant debris from large equipment and sanitize hand tools, buckets,

gloves, and footwear when moving from higher risk to lower risk areas or when moving

between widely separated portions of the planting area.

9. All non-plant materials to be installed at the site (irrigation equipment, erosion control

fabric, fencing, etc.) shall be handled to prevent movement of soil within the site,

especially movement from higher risk to lower risk areas. Materials should be kept free

of soil contamination by maintaining them in sanitized vehicles or on sanitized carts,

trailers, etc., or stockpiling in elevated dry areas on clean tarps until used.

The District and 

Contractor 

The District BFFIP Area Before Activity: (1) Any staff, 

contractors or volunteers 

performing any work in planting 

areas shall receive training about 

Phytophthora diseases and other 

soil borne pathogens, (2) 

Designate high and low risk 

contamination areas 

During Activity: (1) Avoid travelling 

on wet off roads or unsurfaced 

roads, (2) Clean and sanitize 

footwear and clothing when 

moving from higher to lower risk 

areas, (3) Keep all non-plant 

materials free of soil contamination 

After Activity: N/A 
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Impact Biology-1 

BMP-7: Procedures for Sanitizing Tools, Surfaces, and Footwear 

Surfaces and tools should be clean and sanitized before use. Tools and working surfaces (e.g., 

potting benches) should be smooth and nonporous to facilitate cleaning and sanitation. 

Wood handles on tools should be sealed with a waterproof coating to make them easier to 

sanitize. Before sanitizing, removal all soil and organic material (roots, sap, etc.) from the 

surface. If necessary, use a detergent solution and brush to scrub off surface contaminants. 

The sanitizing agent may also be used as a cleaning fluid. Screwdrivers or similar implements 

may be needed to clean soil out of crevices or shoe treads. Brushes and other implements 

used to help remove soil must be cleaned and sanitized after use. 

The District and 

Contractor 

The District BFFIP Area Before Activity: Clean and sanitize 

tools, surfaces, and footwear prior 

to working in planting areas  

During Activity: N/A 

After Activity: N/A 

Impact Biology-1 

MM Biology-1: Worker Training 

An environmental training program shall be developed and presented by a qualified biologist 

to all vegetation management workers before they are allowed to perform work under the 

BFFIP. The training shall describe special-status species and sensitive habitats that could occur 

within vegetation management areas, protection afforded these species and habitats, and 

the avoidance and minimization measures required to avoid and/or minimize impacts on 

these species and habitats, including maintaining avoidance areas, identification of species 

for avoidance, and protocols to follow, including protocols for minimizing the spread of 

invasive species and forest diseases. 

Contractor working 

with qualified 

biologist  

The District BFFIP Area. Before Activity: (1) This measure 

would be implemented prior to any 

staff, contractors or volunteers 

performing any work under the 

plan, (2) sign-in sheets for trained 

staff should be maintained by 

District staff 

During Activity: N/A 

After Activity: N/A 

Impact Biology-1 

MM Biology-2: Protection of Special-Status Plants 

The following measures shall be implemented to protect special-status plants: 

a. Prior to conducting any vegetation management activity (mechanical or manual

removal), prescribed (broadcast and pile) burning, propane flaming, and animal grazing

the area shall be reviewed by the District’s botanist against the most current mapping

data of special-status plant species and habitats. If the work is to occur in in serpentine

habitat, within 500 feet of known special-status plant populations, near wetlands, or

within other habitats with potential to support special-status plant populations, botanical

surveys shall be conducted by a qualified botanist ahead of the planned work. The

surveys shall be specific to the species of plants that could occur, must be conducted

during a period when the special-status species that could occur in that habitat can be

most readily detected (e.g. blooming period), and shall include the entire footprint of the

proposed work.  Any species identified during surveys shall be added to the GIS of current

mapping data. If work is to occur again in the same area within 5 years (e.g., new

fuelbreaks or retreatment areas for forestry actions), a new survey is not required.

b. For listed species with known rarity or declining populations including CRPR Rank 1B, 2,

and some rank 4 species that are known rare), as determined and listed below by the

MMWD botanical staff, the MMWD’s botanical staff shall:

i. Flag or otherwise demarcate the individual or population to ensure workers avoid the

species for no loss of individuals.

ii. Establish a buffer of 100 feet around the individual or population.

iii. Require implementation of BMP-1 through BMP-3 for work conducted adjacent to these

species to minimize the spread of invasive species.

• Brewer's milk vetch (Astragalus breweri) • Thin-lobed horkelia (Horkelia

tenuiloba)

• Brewer's calandrinia (Calandrinia

breweri)

• Small groundcone (Kopsiopsis

hookeri)

The District’s 

botanist and 

Contractor 

The District Serpentine habitat, within 500 

feet of known special-status 

plant populations, near 

wetlands, or within other 

habitats with potential to 

support special-status plant 

populations.  

Before Activity: (1) Check maps for 

habitat and known occurrences of 

special-status plants, (2) where 

applicable, conduct surveys in 

appropriate season (e.g. blooming 

season) before work is performed 

and record in GIS.  

During Activity: (1) Avoid the 

identified special-status species, (2) 

Avoid CRPR rank 1B and 2 special-

status species or conduct 

reseeding/replanting  

After Activity: Monitor populations 

and make adjustment to future 

maintenance activities, if need.  
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• Johnny-nip (Castilleja ambigua var.

ambigua)

• Gairdner’s yampah (Perideridia

gairdneri ssp. gairdneri)

• Marin western flax (Hesperolinon

congestum)

• North coast semaphore grass

(Pleuropogon hooverianus)

• Bristly leptosiphon (Leptosiphon

acicularis)

• Marin manzanita (Arctostaphylos

virgata)

• Santa Cruz microseris (Stebbinsoseris

decipiens) *

• Glory brush (Ceanothus gloriosus var.

exaltatus)

• Coast rockcress (Arabis blepharophylla) • Mason’s ceanothus (Ceanothus

masonii)

• Pink star-tulip (Calochortus uniflorus)

* This species is likely extirpated

c. For other listed species of CRPR rank 1B or 2 (beyond those identified in part b, above)

with the potential to occur on District lands, the following measures shall be

implemented:

i. Perennials:

1) Mark populations in the field with distinct flagging. Ensure that worker training is

complete per MM Biology-1.

2) Avoid populations. If mowing cannot be safely performed up to the perimeter of

the individuals, or timed for when they are senescent, then hand methods (i.e.,

hand pulling or use of non-powered or powered hand tools) shall be employed

to prevent damage or removal of listed species.

3) Where tree or shrub species must be trimmed, such as Mount Tamalpais

manzanita, follow any protocols or recommendations available, such as

including the following the Status and Management Recommendations for

Arctostaphylos virgata (Marin Manzanita) in Point Reyes National Seashore

(Parker, 2007) and plant specific pruning tips (Las Pilitas Nursery, 2012) and

perform the work by hand.

4) No net loss of an annual special-status species can occur. The population size

shall be determined from the most recent survey data of the species.

If an individual or population must be removed, one or two options can be

employed (subject to CDFW approval) and monitoring conducted to ensure

that no net loss of the species occurs.

• (1) The individual or population can be dug up and relocated to appropriate

habitat outside the work area. (2) A nursery with experience growing special-

status plants can be employed to grow seedlings of the species that shall be

planted in appropriate habitat outside the work area or in the work area

following completion of work. If located outside the work area, appropriate

habitat shall be within the same watershed as the impact area, and shall be

identified or approved of by MMWD botanical staff.

• A monitoring plan shall be developed that details the following components.

Conduct annual monitoring of seeded or replanted locations for a minimum of

3 years and up to 5 years, dependent upon the MMWD botanical staff

recommendation and monitoring results. If the new population is not matching

the pre-removal population data, more seeding or planting shall be

conducted until pre-removal population is met.

ii. Annuals:

1) Flag or otherwise demarcate and ensure workers avoid the species as feasible;

or,
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2) Time vegetation management activities for when the special-status species

occurring in the work area is senescent and/or after the seed has set.

3) Monitor populations between vegetation management activities to ensure that

population sizes are not decreasing. If populations are decreasing and a

correlation can be made to the maintenance activities, measures shall be

identified by MMWD botanical staff and taken to improve the population,

including but not limited to one of the following: avoiding the area in question or

altering the management activity frequency.

4) No net loss of an annual special-status species can occur. Due to the variations

in population from year to year as a result of weather fluctuations, average

population data can be calculated from several years of data collected during

the annual census conducted by MMWD or by volunteers as directed by

MMWD.

5) If an individual or population must be removed, one or two options can be

employed and monitoring conducted to ensure that no net loss of the species

occurs.

• (1) Seeds of the annuals shall be collected from existing on-site populations or

from the same watershed (to maintain local genetic stock) and distributed in

appropriate habitat outside the work area (within the same watershed) or in

the work area following completion of work. (2) A nursery with experience

growing special-status plants can be employed to grow seedlings of the

species (from seeds collected locally) that shall be planted in appropriate

habitat outside the work area or in the work area following completion of work.

It should be noted that seeds derived from plants in the same watershed as the

impact area may be available from local nurseries, and local nurseries may

also be able to propagate seeds from adults grown from collected seeds.  In

this case, seeds do not need to be collected from a specific impact area site.

Appropriate habitat shall be identified or approved of by MMWD botanical

staff.

• A monitoring plan shall be developed that details the following components.

Conduct annual monitoring of seeded or replanted locations for a minimum of

3 years and up to 5 years, dependent upon the MMWD botanical staff

recommendation and monitoring results. If the new population is not matching

the average population data, more seeding or planting shall be conducted

until pre-removal population levels are met.

Impact Biology-1 

MM Biology-3: Prevent the Spread of Invasive Species 

Precautions shall be taken to minimize the introduction of any invasive weeds or to prevent 

the spread of existing infestations. Prior to conducting an activity that requires the use of 

mechanical equipment; the area shall be reviewed by a qualified biologist against the most 

recent maps of invasive species infestation. The biologist shall direct the work crews as to the 

need for vehicle cleaning and/or the order in which work should be conducted to minimize 

the possible spread of invasive species.  If work is to commence in an area of known invasive 

species infestation, the work shall be limited to the area of infestation and no equipment shall 

move to uninfested areas without being washed first. Alternatively, work shall start in the 

uninfested areas and progress to the more heavily infested areas last. 

Areas of broadcast burns shall be monitored annually to ensure that invasive species/weeds 

are not taking over. Invasive species shall be removed until native vegetation establishes. 

Contractor working 

with qualified 

biologist 

The District Where activities covering more 

than 5 acres could occur in 

areas of invasive species.  

Before Activity: Determine the 

areas where infestations are 

located and plan work 

accordingly to prevent spread 

During Activity: Clean vehicles 

between locations, if needed 

After Activity: Monitor burn areas 

for invasive species and weeds 

Impact Biology-1 

MM Biology-4: Prevent the Spread of Forest Diseases from Plan Activities 

Contractor working 

with the District’s 

biologists  

The District Where activities covering more 

than 5 acres could occur in 

areas of forest disease 

Before Activity: Determine the 

areas where infestations are 
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Forest disease spread shall be evaluated by District biologists when management actions are 

being performed. An evaluation shall be triggered when a District biologist observes that a 

native vegetation type within the BFFIP area has been impacted by the disease. The biologists 

shall determine if mechanical methods of vegetation removal could result in the spread of the 

disease in a given project area, prior to implementing the project. This evaluation shall be 

conducted by looking at the location of the disease, the types of species that are being 

impacted, and the methods by which the disease is spreading. If the disease is spread by soil 

contact, then the biologist shall prescribe methodologies for reducing spread from 

mechanical methods of vegetation management. These methods would likely be similar to 

those identified in BMP-4 through BMP-7 including, but not be limited to, washing equipment 

after working in infected areas, and planning work to progress from uninfected areas to 

infected areas. 

located and plan work 

accordingly to prevent spread 

During Activity: Implement 

measures to prevent spread, such 

as by cleaning vehicles between 

work locations, if needed 

After Activity: N/A 

Impact Biology-1 

MM Biology-5: Roosting Bats 

Broadcast Burning 

Prior to conducting broadcast burning, a qualified biologist shall review the selected location 

to determine whether potential roosting bat habitat is present. If adequate roosting trees are 

present, one of two options may be pursued: (1) A qualified bat biologist shall first conduct a 

focused assessment of the roosting habitat within 2 days of burning to determine whether bats 

are present. If bats are present. the bat biologist shall determine whether the broadcast burn 

poses a threat to the roosting bats based on the location of the bats as compared with the 

prescribed burn location, wind directions, and type of fuel to be burned. If bats could be 

within direct line of smoke, a threat would occur If a threat could occur, the broadcast burn 

must be conducted when ambient temperatures are warmer to allow escape of the bats or 

the tree(s) avoided. (2) The broadcast burn will be conducted, avoiding the potential roosting 

trees. 

Tree Removal 

Prior to the removal of trees with a DBH of greater than 10”, a qualified biologist shall conduct 

a focused tree habitat assessment. Trees containing suitable potential bat roost habitat 

features shall be clearly marked or identified. If day roosts are found to be potentially present, 

the biologist shall prepare a site-specific roosting bat protection plan to be implemented. 

Based on site-specific conditions, the plan should incorporate the following guidance as 

appropriate: 

Roost Avoidance 

When possible, removal of trees identified as providing suitable roosting habitat should be 

conducted during seasonal periods of bat activity, including: 

• Between March 1 and April 15, or after evening temperatures rise above 45 degrees

Fahrenheit and/or no more than ½ inch of rainfall within 24 hours occurs; or

• Between September 1 and about October 15, or before evening temperatures fall below

45 degrees Fahrenheit and/or more than ½ inch of rainfall within 24 hours occurs.

If it is determined that a colonial maternity roost is potentially present, the roost shall be 

avoided and shall not be removed during the breeding season (April 15 to August 31) unless 

removal is necessary to address an imminent safety hazard. Operation of mechanical 

equipment producing high noise levels (e.g., chainsaws, heavy equipment) in proximity to 

buildings/structures supporting or potentially supporting a colonial bat roost shall be restricted 

to periods of seasonal bat activity (as defined above), when possible.   

Assessment 

If work with loud, mechanical equipment must occur near a known or potential roosting 

structure/building during the maternity or hibernation roosting periods, then a qualified bat 

Contractor working 

with qualified 

biologist  

The District Where trees in bat roosting 

habitat could be impacted by 

activities (predominantly MA-21, 

MA-23, and MA-24) 

Before Activity: (1) Conduct surveys 

if tree removal could occur in bat 

roosting areas and work is 

occurring during roosting, (2) 

humanely evict bats, if appropriate 

During Activity: Avoid roosting bats 

After Activity: N/A 
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biologist shall first conduct a focused assessment of the structure. The site-specific plan shall be 

implemented to prevent noise-related impacts on roosting bats.    

Roost Removal 

If a tree potentially containing a colonial maternity roost must be removed, such as in the 

event of unsafe conditions requiring treatment, during the breeding season, then the following 

or other measures recommended by the qualified bat biologist may be implemented: 

• Acoustic emergence surveys or other appropriate methods shall be

conducted/implemented to further evaluate if the roost is an active maternity roost.

• If it is determined that the roost is not an active maternity roost, then the roost may be

removed in accordance with the other requirements of this measure;

• If it is found that an active maternity roost of a colonial roosting species is present, the

roost shall not be disturbed during the breeding season.

Potential colonial hibernation roosts will only be removed during seasonal periods of bat 

activity (i.e., non-hibernation periods). Potential non-colonial roosts that cannot be avoided 

shall be removed on warm days in late morning to afternoon when any bats present are likely 

to be warm and able to fly. Appropriate methods shall be used to minimize the potential of 

harm to bats during tree removal. Such methods may include using a two-step tree removal 

process. This method is conducted over two consecutive days, and works by creating noise 

and vibration by cutting non-habitat branches and limbs from habitat trees using chainsaws 

only (no excavators or other heavy machinery) on Day 1. The noise and vibration disturbance, 

together with the visible alteration of the tree, is very effective in causing bats that emerge 

nightly to feed, to not return to the roost that night. The remainder of the tree is removed on 

Day 2. 

Impact Biology-1 

MM Biology-6: Protection of Badgers 

Prior to prescribed (broadcast and pile) burning, or prior to use of heavy equipment to remove 

and/or masticate vegetation in badger denning habitat, which is characterized by 

herbaceous, shrub, and open stages of most habitats with dry, friable soils, a qualified wildlife 

biologist shall conduct a survey to identify any American badger burrows/dens. These surveys 

shall be conducted not more than 15 days prior to the start of work.  

American badger dens determined to be occupied during the breeding season (February 15 

through June 30) shall be flagged, and ground-disturbing activities avoided within 100 feet to 

protect adults and nursing young. Buffers may be modified by the qualified biologist, provided 

the badgers are protected, and shall not be removed until the qualified biologist has 

determined that the den is no longer in use.   

If the den is occupied during the non-maternity period (July 1 through February 14) and 

avoidance is not feasible, a passive badger relocation plan will be prepared and submitted to 

the CDFW for approval.  Any passive relocation of American badgers shall occur only under 

the direction of a qualified biologist and with CDFW approval. 

Contractor working 

with qualified 

wildlife biologist  

The District Wherever broadcast burning or 

use of heavy equipment that 

could disturb ground (excluding 

mowers in fuelbreaks or 

defensible spaces) could be 

used in badger denning habitat 

Before Activity: Conduct surveys, as 

needed 

During Activity: Maintain non-

disturbance areas around active 

dens or evict, as appropriate 

After Activity: N/A 

Impact Biology-1 

MM Biology-7: Protection of Nesting Birds 

If mowing with heavy equipment or other vegetation (including tree) removal activities or 

prescribed (broadcast and pile) burning would commence anytime during the 

nesting/breeding season of native bird species (February 1 to September 1), a pre-

construction survey for nesting birds shall be conducted by a qualified biologist within seven 

days of the habitat disturbance. The survey shall include visually surveying all suitable nesting 

habitat in the survey area, and be conducted during periods of high bird activity (i.e., 1-3 

hours after sunrise and 1-3 hours before sunset). When the activity would occur along an 

existing fuel break or in other areas that are currently maintained such as along roads and in 

defensible spaces, then the survey area shall include only the disturbance footprint. During the 

Contractor working 

with qualified 

biologist  

The District Wherever heavy or noise 

equipment is used to implement 

BFFIP management actions  

Before Activity: (1) Conduct 

surveys, if appropriate, (2) identify 

nest buffers as needed 

During Activity: Maintain non-

disturbance areas around active 

nests.  

After Activity: N/A 
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construction of new fuelbreaks or during vegetation removal with heavy equipment in areas 

that were not previously managed (such as under MA-23 and MA-24), the survey area shall 

include the disturbance area and a surrounding buffer to be determined by a qualified 

biologist depending on type of equipment used, vegetation community, topography, resident 

bird species, and any other relevant factors.   

If active nests of bird species protected by the Migratory Bird Treaty Act and/or the California 

Fish and Game Code are found in areas that could be directly or indirectly disturbed (noise), 

a no-disturbance buffer zone shall be created around active nests during the breeding 

season or until a qualified biologist determines that all young have fledged. The size of the 

buffer zone shall be determined by the biologist, by taking into account factors including but 

not limited to the following: 

1. Noise and human disturbance levels at the site at the time of the survey and the noise

and disturbance expected during the vegetation management activity;

2. Distance and amount of vegetation or other screening between the site and the nest;

and

3. Sensitivity of individual nesting species and behaviors of the nesting birds.

Impact Biology-1 

MM Biology-8: Northern Spotted Owl Avoidance During Nesting Season 

If mowing with heavy equipment, the mechanical removal of vegetation, or prescribed 

burning, including pile and broadcast burning, is to occur within the northern spotted owl 

nesting season (February 1 to July 31), the District shall commission two surveys for nesting 

northern spotted owls during the months of April and May preceding the commencement of 

these activities. At a minimum, the survey area shall include all suitable nesting habitats within 

0.25 mile of any planned activity sites, and then one of the two options listed below shall be 

implemented: 

1. Following a round of protocol-level northern spotted owl surveys in accordance with

the USFWS Protocol for Surveying Proposed Management Activities that may Impact

Northern Spotted Owls (USFWS, 2012), if it is conclusively determined that there are

nesting northern spotted owls, planned activities that generate noise (e.g., mowing,

heavy equipment usage) that are within 0.25-mile of an identified active nest shall not

begin prior to September 1 unless the young have fledged, at which time work may

begin no earlier than July 10. Prescribed burns may only occur within suitable northern

spotted owl habitat (as determined by a qualified biologist) during the nesting season

if protocol surveys have determined that northern spotted owl nesting is not occurring.

2. Alternatively, the District shall perform a calculation to determine the minimum buffer

needed to avoid impacts on this species from noise generation by equipment. The

calculation shall be based on the guidance and methodology in the USFWS

“Transmittal of Guidance: Estimating the Effects of Auditory and Visual Disturbance to

Northern Spotted Owls and Marbled Murrelets in Northwestern California,” (USFWS,

2006) which takes into consideration the baseline noise levels, the noise and duration

of noise generated by the loudest equipment, and the topography of the landscape.

The resulting buffer calculated using these methods shall be a minimum buffer, but in

no case shall the buffer be less than 500 feet. If the calculation is not performed, a

conservative 0.25-mile buffer shall be implemented per (1), above. If nesting northern

spotted owls are found, activities shall not occur prior to September 1 unless the

young have fledged, at which time work may begin no earlier than July 10.

Manual methods shall not occur within 131 feet of the line-of-site of a nesting northern spotted 

owl. 

Contractor working 

with qualified 

biologist 

The District Any areas of the District’s lands 

where northern spotted owls 

can occur, including the 

Watershed and the Nicasio 

administrative unit 

Before Activity: (1) Conduct 

surveys, (2) as appropriate 

calculate buffer distances or 

conduct work outside of nesting 

season 

During Activity: Maintain buffers 

After Activity: N/A 
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Impact Biology-1 

MM Biology-9: Protection of Western Pond Turtle Nesting Habitat and Overwintering 

Nesting 

Any mechanical method of vegetation management (i.e., heavy equipment), vehicle travel, 

or prescribed (broadcast and pile) burning that could occur where suitable western pond 

turtle nesting habitat is present shall be reviewed by a qualified biologist to determine if 

western pond turtle nesting could be present in the area.  If the work with heavy equipment 

were to occur in loose soils in oak woodlands, mixed coniferous forests, broadleaf forests, or 

grasslands that are within 100 feet of ponds, during the western pond turtle egg-laying season 

(May to August) as determined by the qualified biologist, the activity shall either be 

rescheduled to occur outside of the egg-laying period; or a survey shall be conducted to 

determine if eggs and nests are present in the work area and any identified eggs or nests and 

young turtles shall be avoided. 

Overwintering of Hatchlings in Nests 

Any mechanical method of vegetation management (i.e., heavy equipment) or vehicle 

travel that could occur where suitable overwintering habitat for hatchlings is present shall be 

reviewed by a qualified biologist to determine if any hatchlings could be present in the area. If  

work with heavy equipment were to occur in loose soils in oak woodlands, mixed coniferous 

forests, broadleaf forests, or grasslands that is within 225 meters of ponds known to be used by 

the western pond turtle, during the overwintering season (October to April) (Holland, 1994) as 

determined by the qualified biologist, the activity shall either be rescheduled to occur outside 

of the overwintering period, or a survey shall be conducted to determine if hatchlings are 

present in the work area and any identified nests shall be avoided. 

Contractor working 

with qualified 

biologist  

The District Wherever heavy equipment, 

vehicle travel, or prescribed 

burning could occur in western 

pond turtle breeding habitat 

during their breeding season 

(May to August) or where heavy 

equipment and vehicle travel 

could occur during the 

overwintering season for 

hatchlings (October to April) 

Before Activity: (1) Biologist 

determines if the work area could 

support pond turtle breeding or 

overwintering based on the 

location of the work and proximity 

to ponds, (2) if no pond turtle could 

occur, work can proceed, (3) if 

pond turtle could be found in an 

area, the area shall be avoided or 

work rescheduled, (4) a survey can 

also be performed to rule out pond 

turtle eggs or overwintering 

hatchlings from the work area 

During Activity: Avoid pond turtle 

nests or overwintering hatchlings, if 

any had been found in surveys 

After Activity: N/A 

Impact Biology-1 

MM Biology-10: California Red-Legged Frog Avoidance 

Prior to implementing any vegetation management activities involving vehicles or equipment 

(i.e., mowers, graders, skid steer loader) within 0.25 mile of Lagunitas Creek downstream of 

Kent Lake, or around Soulajule Reservoir (or any location where California red-legged frogs 

have been found), a qualified biologist shall conduct protocol-level in accordance with the 

USFWS Revised Guidance on Site Assessments and Field Surveys for the California Red-legged 

Frog (USFWS, 2015) surveys the areas where activities are to occur to ensure that no California 

red-legged frogs are present in the activity footprint. The biologist shall also mark the work 

area and the maintenance crew shall be directed to stay within the marked activity areas. If 

California red-legged frogs are found, no work shall occur until the frogs have moved on their 

own from the activity area. 

Contractor working 

with qualified 

biologist 

The District Locations where California red-

legged frog have been 

observed or within designated 

critical habitat 

Before Activity: (1) Conduct a 

survey for any individuals in the 

work area, (2) if California red-

legged frogs have been observed 

or if work is to occur within 

designated critical habitat, prior 

use of vehicles or equipment 

During Activity: If observed, 

activities must not occur until the 

individual(s) leave the area 

After Activity: N/A 

Impact Biology-1 

MM Biology-11: Marin Elfin Butterfly Host Plant Avoidance 

Prior to vegetation management activities in the limited areas where stonecrop is known to 

occur (steep slopes on southeast shore of Lake Lagunitas, north-facing slopes south of Alpine 

Lake, and north of Kent Lake), District botanical staff shall be notified. If the activity would 

occur in an area containing or potentially containing stonecrop, then a survey shall be 

conducted to flag all stonecrop plants within and bordering the work area. Work crews shall 

be instructed to avoid flagged plants or larger areas, and work crews shall be trained in 

identification of stonecrop. 

Contractor working 

with the District’s 

botanical staff 

The District Locations where stonecrop is 

known to occur (steep slopes 

on southeast share of Lake 

Lagunitas, north-facing slopes 

south of Alpine Lake, and north 

of Kent Lake) 

Before Activity: (1) Determine if 

activity could occur in the limited 

areas where stonecrop may also 

occur, (2) conduct survey for 

stonecrop if there is overlap. 

During Activity: Avoid stonecrop 

After Activity: N/A 

Impact Biology-1 

MM Biology-12: Protection of Foot-Hill Yellow Legged Frog 

Immediately prior to the use of heavy equipment, any other ground disturbing Plan activities, 

or prescribed (broadcast and pile) burning within 50 feet of Big Carson Creek, Little Carson 

Creek, or their tributaries, a clearance survey for foothill yellow-legged frog shall be 

Contractor working 

with trained 

individual and 

qualified biologist  

The District Activities (not including manual 

methods or planting) within 50 

feet of Big Carson Creek, Little 

Carson Creek, or their tributaries 

Before Activity: (1) Survey for the 

species  

During Activity: If observed, 

activities must not occur until the 

individual(s) leave the area 
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conducted by an individual trained in the identification of the species. If foothill yellow-legged 

frogs are found, no work shall occur until the frogs have moved on their own from the activity 

center.  

After Activity: N/A 

Impact Biology-1 

MM Biology-13: Mollusk Avoidance 

Only hand methods of removal shall be used when working directly in seeps or springs, unless 

a survey for Marin Hesperian and robust walker is undertaken. If the species are not found in 

surveys, the work can proceed. If individuals are found, the area should be avoided or work 

shall only proceed using hand methods, supervised by a qualified biologist.  

If the use of equipment other than hand tools are required in Potrero Meadow, then a site-

specific protection plan for Marin Hesperian and robust walker shall be prepared by a 

qualified biologist.  The plan may include conducting clearance surveys and having a 

qualified monitor onsite during construction activities, as well as ensuring that activities in that 

area would protect and/or enhance habitat in that area in the long-term. 

Contractor working 

with qualified 

biologist  

The District The locations where treatments 

could need to occur in habitat 

suitable for Marin Hesperian and 

Robust Walker (i.e., springs or 

seeps)  

Before Activity: Survey for the 

species if work could occur in their 

habitat 

During Activity: Avoid the species 

or only perform hand work in the 

immediate vicinity of the species 

After Activity: N/A 

Impact Biology-1 

MM Biology-14: Northern Spotted Owl  

Projects Within 0.25 Mile of an Activity Center 

Determine Type of Habitat Present 

Prior to vegetation management within an area the latest GIS data available for northern 

spotted owl activity centers shall be consulted to determine whether the project is within 0.25 

mile of an activity center. Once determined to be within 0.25 mile of an activity center, the 

habitat shall be reviewed to determine whether the project is proposed to occur within a 

forest habitat type that provides potential northern spotted owl foraging, roosting, and/or 

nesting habitat. This may be accomplished as follows: 

1. A review of GIS data shall be conducted to determine if the activity is proposed to

occur in a forest type potentially used by northern spotted owls (i.e., Douglas-fir,

redwood, mixed conifer/hardwood forest, mature broadleaf/evergreen forest types).

If the activity would not occur within a forest type potentially used by northern

spotted owls, then no further actions is required to protect northern spotted owl

habitat.

2. If the project is proposed to occur in a forest type potentially used by northern spotted

owls, then a site-specific habitat evaluation shall be conducted within the month of

February prior to the activity by a qualified northern spotted owl biologist to determine

if the area provides the required habitat characteristics to provide northern spotted

owl foraging, roosting, and/or nesting habitat.

Projects Within Appropriate Habitat 

For projects which are proposed to occur in potential northern spotted owl foraging, roosting, 

or nesting habitat, the following action shall be implemented prior to management activities: 

1. Habitat alteration within core use areas (nesting and roosting habitat) shall be

planned and conducted under the guidance of a qualified northern spotted owl

biologist. Opportunities to conduct vegetation management to enhance

development of late- successional characteristics or to meet other restoration goals in

a manner compatible with retaining resident northern spotted owls shall be evaluated

and implemented. Restoration activities conducted near northern spotted owl sites

shall first focus on areas of younger forest less likely to be used by northern spotted

owls and less likely to develop late-successional forest characteristics without

vegetation management. Vegetation management projects shall be designed to

include a mix of disturbed and undisturbed areas, retention of woody debris, and

development of understory structural diversity to maintain small mammal populations

across the landscape.

Contractor working 

with qualified 

northern spotted 

owl biologist  

The District Areas within 0.25-mile of where 

northern spotted owls could 

forage, roost, or next 

Before Activity: (1) Consult GIS 

layers to determine if a project 

would occur in northern spotted 

owl activity areas, (2) conduct 

surveys to evaluate habitat if work 

is to occur in a forest that could 

support northern spotted owls 

During Activity: Alter habitat as 

specified in measure, avoid 

woodrat stick nests 

After Activity: N/A 
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2. Presumed active woodrat stick nests (i.e., with visible signs of activity as determined by

the qualified biologist) would be temporarily demarcated during surveys by the

qualified biologist. Woodrat stick nests and areas around the nests, shall be avoided

during vegetation management activities. Any flagging or other markings would be

removed following the activity.

Impact Biology-1 

MM Biology-17: Protection of California Giant Salamander 

Immediately prior to the use of heavy equipment, any other ground disturbing Plan activities, 

or prescribed (pile and broadcast) burning within 50 feet of a stream or within riparian habitat, 

a clearance survey for California giant salamander shall be conducted by an individual 

trained in the identification of the species. Any identified California giant salamander shall be 

relocated (by a qualified biologist in possession of a valid Scientific Collecting Permit, or 

appropriate permit at the time of work if listing status changes) to a suitable nearby location 

at least 250 feet from the original loction. Alternatively, the activity may be delayed until the 

salamander has left the area on its own. 

Contractor working 

with trained 

individual and 

qualified biologist 

The District Activities (not including manual 

methods or planting) within 50 

feet of a stream or within 

riparian habitat  

Before Activity: (1) Survey for the 

species, (2) move any individuals 

found in the work footprint prior to 

conducting activities 

During Activity: N/A 

After Activity: N/A 

Impact Biology-1: Implement Mitigation Measures MM Geology-1, MM Geology-3, and MM Hydrology-1 (see below) 

Impact Biology-2: Implement Mitigation Measures MM Biology-1, MM Biology-2, MM Biology-3, and MM Biology-4 (see above), MM Geology-1 and MM Geology-3 (see below), and Best Management Practices BMP-1 through BMP-7 (see above). 

Impact Biology-2 

MM Biology-15: Protection of Wetlands 

All projects involving mowing with heavy equipment or mechanical removal with heavy 

equipment shall be evaluated by a qualified biologist prior to initiation of the work. If the 

biologist determines that the project would occur in an area where wetlands are known or 

potentially present, the following avoidance and minimization measures shall be 

implemented:  

• Prior to mowing or mechanical removal, all wetlands in the disturbance area shall be

flagged (or otherwise demarcated) and heavy equipment shall not operate within the

flagged area(s); or

• Heavy equipment may be operated in a seasonal wetland only when the wetland is dry

(as determined by the biologist); or

• Only heavy equipment designed to operate within wet or saturated soils may be used.

The equipment must be able to operate without causing rutting, compaction of soils, or

other soil and topography disturbances. If rutting or soil compaction occurs, these areas

shall be restored prior to the wet season.

Contractor working 

with qualified 

biologist 

The District Areas where wetlands could 

occur 

Before Activity: (1) Biologist reviews 

work areas to determine if work 

could occur in a wetland, (2) if yes, 

areas of wetlands shall be flagged 

for avoidance prior to conducting 

work  

During Activity: Use only equipment 

designated for use in wet, 

saturated soils  

After Activity: Restore any rutting 

before the wet season 

Impact Biology-2 

MM Biology-16: Protection of Native Grasslands 

All projects involving mowing with heavy equipment, mechanical removal with heavy 

equipment, or grazing shall be evaluated by the District's biologist prior to initiation of the work. 

For the purposes of this measure, a native grassland community is defined as an area with a 

relative cover or absolute cover of native grasses that meets the “Membership Rules” defined 

in a Manual of California Vegetation (Sawyer, Keeler-Wolf, & Evens, 2009), and that has a 

minimum stand size of 0.25-acre. If the biologist determines that the project would occur in an 

area where native grassland communities are known or potentially present, the following 

avoidance and minimization measures shall be implemented:  

• Prior to mowing or mechanical removal, all native grassland communities in the

disturbance area shall be identified. The District biologist shall then evaluate if the

proposed activity may be detrimental to the grassland area.  At a minimum, MM Biology-3

shall be implemented to prevent the spread of invasive species.  As needed, the District

biologist may also require the following:

Contractor working 

with the District’s 

biologist 

The District Areas where mowing, heavy 

equipment, or grazing could be 

used in sensitive grasslands 

Before Activity: Biologist reviews 

work areas to determine if work 

could occur in a sensitive 

grassland, (2) if yes, areas sensitive 

communities shall be flagged for 

avoidance prior to conducting 

work  

During Activity: Avoid flagged 

areas and only enter the sensitive 

grasslands after grasses have gone 

to seed when soils are dry  

After Activity: Monitor the grassland 

areas following the disturbance for 

any changes in its size or 

composition  
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- Flagging the boundaries of the sensitive grassland area and heavy equipment shall not

operate within the flagged area(s); or

- Heavy equipment may be operated in the area only after the grasses have gone to

seed and when soils are dry; or

- Monitoring of the grassland area following the disturbance to ensure that the cover of

native grasses has not been altered by the activity, and the implementation of

restoration activities as needed.

Impact Biology-3: Implement Mitigation Measure MM Biology-1 (see above), MM Geology-3 and MM Hydrology-1(see below) 

Impact Biology-4: Implement Mitigation Measures MM Biology-3, MM Biology-5, MM Biology-6, MM Biology-7, MM Biology-8, and MM Biology-9 (see above), MM Geology-1, MM Geology-3, and MM Hydrology-1 (see below) 

Impact Biology-Cumulative: Implement Mitigation Measures MM Biology-1, MM Biology-2, MM Biology-3, MM Biology-4, MM Biology-5, MM Biology-6, MM Biology-7, MM Biology-8, MM Biology-9, and MM Biology-10 (see above), MM Geology-1, 

MM Geology-3, and MM Hydrology-1 (see below) 

Cultural and Tribal Cultural Resources 

Impact Cultural Resources-1 

MM Cultural-1: Cultural Resources Training 

All employees and contractors shall receive cultural resource training conducted by a 

qualified cultural resources specialist (e.g., an archaeologist or tribal monitor, if appropriate) 

prior to working on BFFIP projects. For tracking purposes, a list of individuals who have received 

training shall be maintained at the District headquarters. The training shall address appropriate 

work practices necessary to effectively implement the mitigation measures (MM Cultural-2, -3, 

and -4), for historical resources, archaeological resources, tribal cultural resources, and human 

remains. The training shall address the potential for exposing subsurface resources, recognizing 

basic signs of a potential resource, understanding required procedures if a potential resource 

is identified including reporting the resource to a qualified archaeologist or cultural resources 

specialist, and understanding all procedures required under Health and Safety Code § 7050.5 

and PRC §§ 5097.94, 5097.98, and 5097.99 for the discovery of human remains. 

Contractor working 

with qualified 

cultural resources 

specialist  

The District BFFIP Area Before Activity: Train employees 

and contractors how to implement 

the mitigation measures (MM 

Cultural-2 through MM Cultural-4) 

During Activity: N/A 

After Activity: N/A 

Impact Cultural Resources-1 

MM Cultural-2: Known Cultural Resources and Pre-Activity Surveys 

The District shall maintain a confidential GIS database of all survey areas and discovered 

historic and archaeological resources in the BFFIP area. In the event that a Native American 

tribe identifies a prehistoric trail alignment on District land, the alignment shall be added to the 

confidential GIS database. 

Prior to conducting any work associated with the BFFIP, the work areas shall be compared 

against the GIS data to determine if the area has been previously surveyed and if it has been 

surveyed, if any historic or archaeological resources are found in the work area. Any resources 

that have not been evaluated shall be assumed eligible for listing in the CRHR and assumed 

significant.  

If the GIS data shows that the areas where soil -disturbance below the surface through use of 

heavy equipment, or burning is proposed have not been previously surveyed, consultation 

with the Tribe shall occur. Notification with maps of the location of work shall be provided to a 

Native American tribe identified by the NAHC to be traditionally and culturally affiliated with 

the geographic area of the project site. A pre-activity cultural resources survey shall be 

conducted by a qualified archaeologist or cultural resources specialist in accordance with 

industry standards prior to performing work, unless vegetation is too dense making a survey 

impossible. In the event vegetation is too dense, making a pre-activity survey challenging or 

impossible, the training conducted under MM Cultural-1, shall be sufficient to permit work to 

be conducted using only manual techniques accessed on foot.  

If historical or archaeological resources are located in the work area (either as identified in 

previous surveys or during pre-activity surveys), the resource, plus a 50-foot buffer, shall be 

Contractor working 

with qualified 

archaeologist; the 

District 

The District BFFIP Area Before Activity: Consult the GIS 

cultural resources layer for the 

presence of recorded sites 

During Activity: (1) Avoid recorded 

resources or impacts on resources 

or use only hand methods in 

resource areas, (2) Examine area 

where piles are proposed for 

resources 

After Activity: Remove resource 

delineators  
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avoided. For resources that are not readily evident in the field, the boundaries around the 

resource shall be temporarily marked such as with fencing or flagging. If work must 

commence in the sensitive area, it can only be performed using hand tools or powered hand 

tools, cannot include ground disturbance below the topsoil layer, and can only be accessed 

on foot. Alternatively, the resource can be evaluated for eligibility for the CRHR and reviewed 

by a tribal monitor to determine whether it constitutes a tribal cultural resource, if the resource 

is archaeological. If found ineligible and not a tribal cultural resource, work could proceed as 

normal. If found eligible or to be a tribal cultural resource, impacts on the resource must be 

avoided (through total avoidance of the area, or through use of hand methods only in the 

area of the resource, as described here). After work is completed, all cultural resource 

delineators (flags, fencing) shall be removed in order to avoid potential vandalism, 

unauthorized excavation(s), etc. 

Prior to stashing slash for pile burning, the areas where piles are proposed for location shall be 

examined by the workers creating the piles to ensure that no resources are located on the 

ground surface under the piles. All workers shall be trained in the identification of cultural 

resources. If a potential resource is identified, piles for burning shall be moved to avoid the 

resource(s) and MM Cultural-3 implemented. 

Impact Cultural Resources-1 

MM Cultural-3: Previously Unidentified Cultural Resources 

In the event that a previously unidentified cultural resource is discovered during 

implementation of an activity all work within 165 feet (50 meters) of the discovery shall be 

halted. The resource shall be located, identified, and recorded in the District’s cultural 

resources GIS identified in MM Cultural-2. Data regarding archaeological resources shall be 

shared with Native American tribes identified by the NAHC to be traditionally and culturally 

affiliated with the geographic area of the project site. 

A qualified cultural resource specialist/archaeologist shall inspect the discovery and 

determine whether further investigation is required. If the discovery can be avoided and no 

further impacts shall occur, the resource shall be documented on California State Department 

of Parks and Recreation cultural resource record forms and no further effort shall be required. 

If work must commence in the sensitive area, it can only be performed using hand tools or 

powered hand tools, cannot include ground disturbance below the topsoil layer, and can 

only be accessed on foot. Alternatively, the cultural resource specialist/ archaeologist shall 

evaluate the resource and determine whether it is: 

• Eligible for the CRHR (and a historical resource for purposes of CEQA),

• A unique archaeological resource as defined by CEQA, and/or

• A potential tribal cultural resource (all archaeological resources could be a tribal cultural

resource).

If the cultural resources specialist/archaeologist determines that the resource could be a tribal 

cultural resource, he or she shall, within 48 hours of the discovery, notify each Native American 

tribe identified by the NAHC to be traditionally and culturally affiliated with the geographic 

area of the project site of the discovery. A tribal monitor shall inspect the resource to 

determine whether it constitutes a tribal cultural resource. If the resource is determined to be 

neither a unique archaeological, an historical resource, or a potential tribal cultural resource, 

work may commence in the area.  

If the resource meets the criteria for either a historical resource, unique archaeological 

resource, and/or tribal cultural resource, work shall remain halted and the cultural resources 

specialist/archaeologist shall consult with the District staff regarding methods to ensure that no 

substantial adverse change would occur to the significance of the resource pursuant to CEQA 

Guidelines Section 15064.5(b). The responding tribes shall be given an opportunity to 

participate in determining the appropriate mitigation methods for tribal cultural resources in 

consultation with the District. 

Contractor working 

with qualified 

archaeologist  

The District BFFIP Area Before Activity: N/A 

During Activity: (1) Cease activity if 

a cultural resource is uncovered, 

(2) Avoid resource if possible, (3)

Evaluate and determine whether

the resource is eligible, unique, or

could be a tribal cultural resource,

(4) If the resource could be a tribal

cultural resource, notify Native

American tribe identified by the

NAHC to be traditionally and

culturally affiliated with the

geographic area of the project

site, (5) If the resource is not

eligible, unique, and/or a tribal

cultural resource, work may

commence, (6) If the resource is

eligible, unique, and/or a tribal

cultural resource, work remains

halted and a method selected to

ensure that adverse change to the

resource does not occur, (7)

Preserve in place if possible, (8) If

not possible to preserve in place,

and as deemed appropriate by

the qualified cultural resource

specialist/archaeologist and tribal

monitor, for tribal cultural resources,

recover and record cultural

materials. Once recovered and

recorded, the activity can

commence in this area.

After Activity: Ensure resource has 

been appropriately recorded in 

District’s cultural resources GIS.  
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Avoidance of the area, or avoidance of impacts on the resource, is the preferred method of 

mitigation for impacts on cultural resources and shall be required unless there are other 

equally effective methods. Other methods to be considered shall include evaluation, 

collection, recordation, and analysis of any significant cultural materials in accordance with a 

Cultural Resources Management Plan prepared by the qualified cultural resource 

specialist/archaeologist. The methods and results of evaluation or data recovery work at an 

archaeological find shall be documented in a professional level technical report to be filed 

with California Historical Resources Information System (CHRIS).  

Work may commence upon completion of evaluation, collection, recordation, and analysis, 

as approved by the qualified archeologist and tribal monitor, for tribal cultural resources. 

Impact Cultural Resources-2 

MM Cultural-4: Human Remains 

The treatment of human remains and of associated or unassociated funerary objects 

discovered during any soil-disturbing activity within the proposed plan area shall comply with 

applicable State laws.  

• If human remains are at any time noted during activities around MRN-496/P-21-000445 or

in the plan area, work shall be halted within 165 feet (50 meters) of the discovery. The

professional archaeologist and the District shall notify the Marin County Coroner’s office

as prescribed in Public Resources Code §5097.98 and Health and Safety Code §7050.5.

• In the event of the coroner's determination that the human remains are Native American,

notification of the Native American Heritage Commission is required, who shall appoint a

Most Likely Descendant (MLD) (PRC §5097.98).

• The human remains shall be protected until a decision is reached on the final disposition

of the remains.

• The District, the professional archaeologist, and the MLD shall make all reasonable efforts

to develop an agreement for the treatment, with appropriate dignity, of human remains

and associated or unassociated funerary objects (CEQA Guidelines Section 15064.5[d]).

The agreement should take into consideration the appropriate excavation, removal,

recordation, analysis, custodianship, curation, and final disposition of the human remains

and associated or unassociated funerary objects. If the MLD and the other parties do not

agree on the disposition of the remains, the reburial method shall follow PRC §5097.98(b)

which states that:

. . . the landowner or his or her authorized representative shall reinter the human 

remains and items associated with Native American burials with appropriate dignity on 

the property in a location not subject to further subsurface disturbance. 

Contractor, 

coroner, the District, 

the professional 

archaeologist, the 

MLD 

Marin Municipal 

Water District 

BFFIP Area Before Activity: N/A 

During Activity: (1) Avoid known 

location of human remains, (2) 

Cease activity if human remains 

are uncovered, (3) Appoint a Most 

Likely Descendent, (4) Protect 

human remains until a decision is 

reached, (5) If avoidance is not 

possible, the District, professional 

archaeologist, and MLD, remove 

human remains and associated or 

unassociated funerary objects from 

the location and move to selected 

location in accordance to decision 

reached. Once moved then the 

activity can commence again in 

this area.  

After Activity: N/A 

Impact Cultural Resources-3: Implement Mitigation Measures MM Cultural-1, MM Cultural-2, MM Cultural-3, and MM Cultural-4 (see above) 

Impact Cultural Resources-Cumulative: Implement Mitigation Measures MM Cultural-1, MM Cultural-2, MM Cultural-3, and MM Cultural-4 (see above) 

Geology and Soils 

Impact Geology and Soils-1 

MM Geology-1: Erosion Control and Slope Stability Measures 

Best management practices (BMPs) for forestry shall be implemented to ensure vegetation 

management does not result in erosion, loss of topsoil, or slope instability in areas where work 

could result in the exposure of bare soils or the loss of root-soil matrix strength. If groundcover is 

determined to be less than 70 percenta following work, then BMPs, as identified here, shall be 

implemented.  

Prior to conducting work in any given area under any management action that could result in 

erosion or slope instability (e.g., broadcast burns, tree removal, weed removal, or forest 

treatments that could reduce the groundcover and expose soil) the area shall be inspected 

Contractor The District Any areas where the ground is 

disturbed and soils are exposed 

through vegetation 

management actions 

Before Activity: Inspect areas for 

treatment prior to treatment to 

assess the potential for erosion and 

soil instability  

During Activity: Implement the 

protection measures as needed to 

avoid or minimize erosion and 

slope instability  

After Activity: Conduct inspections 

as needed after actions, 

depending on the size and nature 
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for existing signs of erosion or slope instability (e.g. rills, slumped soil). Depending on the slope 

and the downslope resources (roads that could be impacted if a slope failed, waterbodies or 

habitat that could be impacted from erosion, important habitat, etc.), erosion and slope 

stabilization measures shall be determined prior to implementation of work, based on the list 

below. Generally, if an action would expose soils (groundcover less than 70 percent), then 

measures to protect soils, minimize erosion, and prevent slope instability shall be implemented. 

The measures to be implemented shall depend on the site’s specific characteristics and the 

type and extent of vegetation management work to be performed. The inspection and 

determination of appropriate measures shall be made by personnel with knowledge and 

experience in the application of erosion and slope stabilization BMPs through training or field 

experience with BMP installation. The personnel shall memorialize in writing their field 

observations, and corresponding recommendations regarding installation of BMPs.  

The following measures shall be implemented during work, if the activity would reduce 

groundcover by 70 percent or more and as applicable:  

• Minimize areas to be disturbed to the greatest extent feasible

• Avoid use of heavy equipment on slopes greater than 30 percent

• Shut down use of heavy equipment, skidding, and truck traffic when soils become

saturated and unable to support the machines

• Sow native grasses and other herbs on denuded areas where natural colonization or

other replanting shall not occur rapidly; use slash or chips to prevent erosion on such areas

• Use surface mounds, depressions, logs, rocks, trees and stumps, slash and brush, the litter

layer, and native herbaceous vegetation downslope of denuded areas to reduce

sedimentation and erosion, as necessary to prevent erosion or slope destabilization

• Stabilize steep slopes (i.e., greater than 30 percent) with mats or natural materials after

tree removal or weed removal and prior to planting, where soils are exposed and could

erode

• Broadcast burns shall be performed outside of perennial and intermittent streams, and

riparian forest/woodland. A 50-foot buffer around perennial and intermittent streams shall

be maintained when the broadcast burn is proposed on a slope greater than 30 percent

and upslope of the stream.

• Install approved erosion control measures and non-filament-based geotextiles when:

- conducting substantial ground disturbing work (i.e., use of heavy equipment, pulling

large vegetation) within 100 feetb and upslope of currently flowing or wet wetlands,

streams, lakes and riparian areas;

- causing soil disturbance on moderate to steep (10 percent slope and greater) slopes;

and

- following the removal of invasive plants from stream banks to prevent sediment

movement into watercourses and to protect bank stability

• Sediment control devices, if installed, shall be certified weed-free, as appropriate.

Sediment control devices shall be inspected daily to ensure that they are in good repair

and working as needed to prevent sediment transport into the waterbodies (and repaired

as needed)

• Prior to conducting ground disturbing work the weather forecast shall be consulted; No

substantial ground disturbing work (i.e., use of heavy equipment, pulling large vegetation)

shall occur during rain events and 48 hours after a rain event, defined as 0.5 inch of rain or

greater within a 48-hour period, or until soils are determined to not saturated

Once work is completed the areas shall be inspected as needed and as accessible but at 

least annually until groundcover exceeds 70 percent and it is clear that significant erosion and 

slope instability are not occurring. At that time, erosion control and slope stability devices shall 

be removed. 

of the work and the site, to ensure 

that erosion is not occurring and to 

remove any erosion control 

devices once they are no longer 

needed 

Impact Geology and Soils-1 Contractor The District Broadcast burn areas Before Activity: Determine fire lines 
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Implementation 

Responsibility 
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Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

MM Geology-2: Fire Lines During Broadcast Burns 

One or more of the following measures shall be implemented during broadcast burns to 

reduce erosion from fire lines: 

• Use existing barriers such as roads, trails, or wet lines as fire lines

• Restore fire lines upon completion of the burn if they would not be used again (unless they

are existing roads, trails, or other permanent elements). Utilize erosion control measures,

such as sediment traps, during restoration to reduce sedimentation impacts. Restoration

shall occur prior to one month after the fire line was created, assuming the fire line will not

be used by another burn in the same year

• Design broadcast burn boundaries to avoid gullies and highly erodible soils to the fullest

extent possible

During Activity: Set up provisions as 

specified in the measure 

After Activity: Restore fire lines upon 

completion of work  

Impact Geology and Soils-1 

MM Geology-3: Grazing Land and Trail Control 

Methods shall be implemented to reduce the possibility that grazing trails form include the 

following: 

• Prohibit grazing within 100 feet of lakes/reservoirs, creeks, streams, riparian corridors, and

wetlands. Install fencing 100 feet from streams and riparian areas to exclude livestock

• Implement methods, which could include rotating or providing multiple feeding areas, to

minimize congregation of animals in any one location

• Limit the number of animals spent grazing in a particular sized area, using the stocking

rate equation taking into account days assumed to graze, slope, yield of the land,

number of animals, weight of animals, and other appropriate factors

• Conduct surveys of the grazing area during active grazing, identify if trails or other erosion

features are forming

• Ensure there are appropriate rest periods between grazing in any one area to allow

regrowth of plants

• If grazing trails or damaged areas form, the bare area shall be remediated by

decompacting the soil and discontinuing grazing in the area until the trails are

revegetated

• Install off-stream watering tanks

• Install fencing to exclude livestock from grazing on steep slopes (generally slopes with

more than 30 percent grade), unless accounted for in stocking rate equation

• During surveys of active grazing, conduct ongoing surveillance of installed erosion control

features around riparian areas and fences around riparian areas

• Repair damaged fencing or erosion control features as necessary

Contractor Marin Municipal 

Water District 

Grazing areas Before Activity: Install fencing as 

needed 

During Activity: (1) Limit number of 

animals in an area based on 

appropriate calculations and 

minimize congregation of animals 

in any one location, (2) Repair 

damaged fencing or erosion 

control features, and (3) Conduct 

surveys during grazing to identify 

problem areas  

After Activity: (1) Permit 

appropriate rest periods after 

grazing, and (2) Remediate any 

bare areas   

Impact Geology and Soils-2: Implement Mitigation Measures MM Geology-1, MM Geology-2, and MM Geology-3 (see above) 

Impact Geology and Soils-Cumulative: Implement Mitigation Measures MM Geology-1, MM Geology-2, and MM Geology-3 (see above) 

Greenhouse Gas Emissions 

Impact GHG-1: Implement Mitigation Measure MM Air-1 

Impact GHG-2: Implement Mitigation Measure MM Air-1 

Impact GHG-Cumulative: Implement Mitigation Measure MM Air-1 

Hazardous Materials and Fire Hazards 

Impact Hazards-1 

MM Hazards-1: Spill Prevention and Response 

Contractor and the 

District 

The District BFFIP Area Before Activity: N/A 

During Activity: (1) Implement 

appropriate best management 
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Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

The District shall, at a minimum, implement best management practices that address the 

following procedures related to the use of hazardous materials during construction: 

• Proper disposal or management of contaminated soils and materials (i.e., clean up

materials)

• Daily inspection of vehicles and equipment for leaks and spill containment procedures

• Emergency response and reporting procedures to address hazardous material releases

• Emergency spill supplies and equipment shall be available to respond in a timely manner

if an incident should occur

• Response materials such as oil-absorbent material, tarps, and storage drums shall be

available in the plan area at all times during management activities and shall be used as

needed to contain and control any minor releases

• The absorbent material shall be removed promptly and disposed of properly

• Use of secondary containment and spill rags when fueling

• Discourage “topping-off” fuel tanks

• All workers shall be trained on the specific procedures for hazardous materials and

emergency response as an element of the required worker environmental training prior to

working in the plan area

practices that limit the potential for 

spills, (2) Cleanup any inadvertent 

spills appropriately  

After Activity: N/A 

Impact Hazards-2 

MM Hazards-2: Avoidance of MVAFS Hazards 

Workers shall avoid all existing and former buildings and facilities within MVAFS or until the site is 

found to not have contamination in excess of background levels. 

Contractor The District Projects within MVAFS Before Activity: N/A 

During Activity: Avoid existing and 

former buildings and facilities when 

conducting weed removal 

activities  

After Activity: N/A 

Impact Hazards-4: Implement Mitigation Measures MM Hazards-1 (see above) and MM 

Hazards-3 (see below) 

MM Hazards-3: Fire Risk Reduction for Stockpiling and Pile Burning 

Piles shall not be burned during the fire season. Pile burning shall only be allowed on days 

when fire is less likely to spread (e.g., wind speeds are less than 15 mph). All requirements of 

the BAAQMD shall be met, including any permit, notification, and reporting requirements. 

Public notification shall be provided at least 24 hours in advance of a burn to individuals within 

1 mile and at trailheads and fire roads leading to the area with piles proposed for burning. The 

public notification shall include current contact numbers to the appropriate burn coordinator. 

Contractor The District Wherever stockpiles of slash are 

made and piles burned  

Before Activity: Notify public and 

obtain all permits and make all 

necessary notifications as required 

by BAAQMD and MCFD 

During Activity: (1) Ensure that piles 

are away from highly ignitable 

areas (2) Ensure proper weather 

conditions during pile burning (3) 

Ensure proper fire-fighting 

equipment is on-hand during pile 

burning  

After Activity: N/A 

Impact Hazards-4 

MM Hazards-4: Prescribed Burn Plan 

Prescribed Burn Plans shall be prepared for each broadcast burn project or for a larger area 

covering several planned projects. The Prescribed Burn Plan shall include the following 

information, at a minimum: 

• Project purpose and predicted outcome

• Project location

• Fuel conditions (discussion of types of plants and trees within and adjacent to project

area)

Contractor The District Broadcast burn projects Before Activity: (1) Prepare 

Prescribed Burn Plan including all 

identified details, (2) Notify the 

public at least 24 hours prior to 

broadcast burn and obtain 

necessary permits form or provide 

necessary notifications to MCFD 

and BAAQMD, (3) Arrange for 

appropriate crew and equipment 

to be on-site 

During Activity: Implement 

Prescribed Burn Plan  
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Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

• Allowable atmospheric conditions and times to conduct the burn for safety and smoke

dispersal (i.e., wind speeds, temperature, humidity, moisture of vegetation). Prescribed

Burn Plans shall specify that burns generally occur:

- After the morning inversion layer and before the evening inversion layer

- When the atmosphere is neutral to unstable

- During the day, to avoid nighttime inversion layers

- When wind speeds are high enough that the air is not stagnant (i.e., 5 mph) and low

enough that the broadcast burn can be managed safely

• Avoidance of high fire danger days (e.g., Red Flag Days and Fire Weather Watch) Have

fire suppression crews on-site from the start of the fire season determined by CAL FIRE

(usually mid-May to early June) to the end of fire season (mid-November) during

broadcast and pile burns

• The broadcast burn specialist shall determine an appropriate buffer between flammable

infrastructure or buildings and the broadcast burn, which is dependent upon the types of

vegetation burned, moisture, weather, and topography

• Event day logistics (numbers and types of personnel and equipment required, personal

protective equipment)

• Contingency plans (i.e., location and response time of emergency response, secondary

fire lines)

• Public notification at least 24 hours in advance of the burn to individuals within 1.5 miles

and at trailheads and fire roads leading to the area proposed for burning. The public

notification shall include current contact numbers to the appropriate burn coordinator.

• Agency notification and coordination as required

• Requirements of BAAQMD and MCFD

After Activity: N/A 

Impact Hazards-4 

MM Hazards-5: Roads and Trails Around Broadcast Burns 

Trails and District-Use-Only Roads 

District-use-only roads and trails shall be closed to public recreational access within at least 

500 feet of the outermost edges of a broadcast burns. District-use-only roads and trails shall be 

posted and blockaded with temporary fencing or the like. Notices of closures shall be posted 

at the trail heads and on the District’s website. Additional measures such as staffing trail head 

closures can be implemented as needed.  

Public Roads 

If possible, public roads within 500 feet of the outermost edges of a broadcast burn shall be 

closed in coordination with the appropriate agency (e.g., Caltrans, Marin County). In the 

event this is not feasible, due to volume of traffic or lack of alternative routes, a Traffic Control 

Plan shall be prepared and adopted, in coordination with the appropriate agency. The Traffic 

Control Plan shall include the following at a minimum: 

• Requirement to coordinate with local law enforcement (e.g., County Sheriff, California

Highway Patrol)

• Installation of temporary signage at intervals ahead of and adjacent to the broadcast

burn indicating that a broadcast burn is in progress

• Use of flaggers to slow traffic during the burn or stop traffic if wind conditions shift, resulting

in smoke crossing the road

Contractor The District Within 500 feet of the outer 

edges of a broadcast burn  

Before Activity: (1) Post notices of 

closures at trailheads and online, 

(2) Prepare Traffic Control Plan

During Activity: (1) Place 

blockades along District-use-only 

roads and trails, (2) staff closures of 

District-use-only roads and trails, if 

needed, (3) Implement Traffic 

Control Plan for public roads 

adjacent to broadcast burns 

After Activity: Remove blockades 

and signage  

Impact Hazards-4 

MM Hazards-6: Propane Flaming Training 

Workers shall be trained prior to use of a propane torch. The training shall specify that, at a 

minimum, areas treated with a propane torch shall be monitored until it is clear that no smoke, 

smoldering vegetation, or flames are present. 

Contractor The District In areas treated with a propane 

torch  

Before Activity: Train workers for 

safe use of a propane torch 

During Activity: Monitor areas 

where propane flaming has been 
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Implementation 

Responsibility 

Monitoring 

Responsibility Applicable Locations Timing and Performance Standards Compliance Verification 

used for potential fires prior to 

leaving 

After Activity: N/A 

Impact Hazards-4: Implement Mitigation Measures MM Air-4 (see above) and MM Hazards-7 

(see below) 

MM Hazards-7: Fire Ignition and Spread Reduction 

The following provisions shall be implemented during all management actions that involve the 

use of equipment that can generate sparks or heat:  

• Maintain fire suppression equipment in work vehicles

• Closely monitor for ignited vegetation from equipment and tool use

• Observe Red Flag Day and Fire Weather Watch warnings

• Train workers to properly handle and store flammable materials, minimize potential ignition

sources

• Prohibit smoking in any vegetated areas

Contractor The District BFFIP Area Before Activity: N/A 

During Activity: Ensure that 

measures are being implemented 

After Activity: N/A 

Impact Hazards-5: Implement Mitigation Measures MM Hazards-1, MM Hazards-3, MM Hazards-4, MM Hazards-5, MM Hazards-6, MM Hazards-7, and MM Air-4 (see above) 

Impact Hazards-6: Refer to individual analyses of MA-20 and MA-21 for application of mitigation measures pertinent to installation of fuelbreaks. 

Impact Hazards-7: Implement Mitigation Measures MM Geology-1 and MM Geology-2 (see above) 

Impact Hazards-Cumulative: Implement Mitigation Measures MM Geology-1, MM Geology-2, MM Hazards-3, and MM Air-4 (see above) 

Hydrology and Water Quality 

Impact Hydrolgoy-1 

MM Hydrology-1: Water Quality Protection During Waterway Crossing or Work Near 

Waterbodies 

Vehicles and heavy equipment shall avoid instream crossings. If instream (waterway) crossings 

must occur because no other options for access are reasonably available, the crossing shall 

be performed when the stream is dry and soils are not saturated. The crossing shall be 

performed in a way that does not result in any permanent alteration of the stream bank or 

bed (e.g., choosing areas with stable soils and the least slope or with vegetation to protect 

the bed and bank). If water is flowing or the stream has flow or saturation, temporary plates or 

the equivalent shall be installed from bank to bank so for equipment to access across the 

waterway. If an instream crossing that could impact the bank or bed or riparian vegetation is 

needed, the crossing shall only be performed after and in accordance with the appropriate 

1600 Streambed Alteration permit from CDFW and Section 404 and 401 Clean Water Act 

permits. All soils shall be restored after the instream crossing and banks revegetated after the 

work is completed, in accordance with permits. 

Contractor The District Anywhere vehicles and heavy 

equipment must cross streams 

or creeks 

Before Activity: (1) Obtain permits, 

(2) install plates or record

vegetative conditions, as 

appropriate 

During Activity: Minimize soil or 

vegetation disturbance, as 

appropriate   

After Activity: Restore crossing area 

Impact Hydrolgoy-1: Implement Mitigation Measures MM Geology-1, MM Geology-2, MM Geology-3, and MM Hazards-1 (see above) 

Impact Hydrolgoy-3: Implement Mitigation Measures MM Hydrology-1, MM Geology-1, MM Geology-2, MM Geology-3, and MM Hazards-1 (see above) 

Impact Hydrology-Cumulative: Implement Mitigation Measures MM Hydrology-1, MM Geology-1, MM Geology-2, MM Geology-3, and MM Hazards-1 (see above) 

Noise 

Impact Noise-1: Implement Mitigation Measures MM Air-3 and MM Hazards-5 (see above), 

and MM Noise-1 (see below) 

MM Noise-1: Noise Reduction Measures 

Work Timeframe Restrictions Near Sensitive Receptors 

Contractor and the 

District  

The District BFFIP Area  Before Activity: (1) Notify affected 

parties 1 week before, if 

applicable; (2) Conduct noise 

study, if desired 
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Work within 180 feet of a sensitive receptor shall only occur Monday through Friday from 7 am 

to 6 pm and Saturdays from 9 am to 5 pm, with no work allowed on Sundays or holidays, to 

follow the requirements of the Marin Countywide Plan (NO-1.i).  

Near Residences and Ranger Residences 

For activities that occurs in any one location (1,000 square foot area) for longer than 5 days 

within a 30-day period, the following noise buffers for equipment shall be implemented: 

Equipment 

Buffer Between Equipment and Sensitive 

Receptors (feet) 

Backhoe/ Brushcutter 80 

Chainsaw/ Excavator 113 

Chipper 180 

Generator/ Water pump 127 

Fire engine 71 

Leaf blower 64 

Skid steer 90 

• If these restrictions are not implementable between residences and a given location, the

District shall notify the resident or contact at the sensitive receptor within 1 week of

conducting the work. Work shall be coordinated to minimize disturbance to the receptor,

such as conducting the work when no one is there. Noise barriers or other means could

also be used, if necessary, to keep noise levels below 70 dBA. The District shall designate a

disturbance coordinator to address any noise complaints under these circumstances.

• If these restrictions are not implementable between ranger residences and a given

location, the District shall coordinate work with rangers at ranger residences to conduct

work lasting more than 5 days within a 30-day period, to a time when rangers are not in

the residences or when they would not be disturbed by the noise.

Near Cushing Memorial Amphitheater 

• Coordinate with operators at Cushing Memorial Amphitheater to conduct work outside of

event times.

Near Schools 

• Coordinate work with Deer Park School and the San Anselmo Children’s Center to occur

when classes or other instructional activities are not occurring for any work involving

mechanical/powered equipment that would last longer than 1 day and could cause

noise to exceed 70 dBA at the school or childcare center.

Noise Study 

If the District, based on their extensive history of conducting vegetation management 

activities, questions whether a noise level of 70 dBA may actually be exceeded by equipment 

at a sensitive receptor per the analysis in this section, the District may undertake a noise study 

to measure actual noise levels from equipment used during management actions to 

recalibrate the distances listed here. The noise study would be conducted by a noise 

consultant to industry standards. Resultant noise levels at sensitive receptors cannot exceed 70 

dBA if the work lasts for more than 10 days near residences, ranger residences, and Cushing 

Memorial Amphitheater, or for more than 1 day near a school.  

During Activity: (1) A designated 

coordinator shall ensure setbacks 

or other conditions are 

implemented: (2) Maintain buffer 

between receptor and equipment, 

if needed 

After Activity: N/A 

Impact Noise-Cumulative: Implement Mitigation Measure MM Noise-1 (see above) 
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Responsibility 
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Recreation 

Impact Recreation-1: Implement Mitigation Measures MM Hazards-5 (see above) and MM 

Recreation-1 (see below) 

MM Recreation-1: Protection of Recreationalists Along Trails and Roads 

The following measures shall be implemented when management actions require heavy 

equipment or generate other hazardous conditions along roads and trails:  

• Close roads or trails when they are being used regularly by heavy trucks, transporting

heavy equipment, or other large equipment that poses a hazard to recreationalists

• Provide a road guard to usher recreationalists around hazards where work could impede

on a road or trail, such as for stockpiling removed trees or vegetation.

• Provide fencing to protect recreationalists from active work, as necessary.

• Provide signage at trailheads at least one week prior to closure indicating that work may

be occurring along the trails and for recreationalists to use caution.

Contractor The District Anywhere that implementation 

of management actions could 

pose a hazard to 

recreationalists  

Before Activity: Post notices at least 

one week prior to trail closure  

During Activity: Use road guards, 

fences, or implement closures as 

appropriate as work is being 

conducted 

After Activity: Remove signage, as 

appropriate  

Impact Recreation-Cumulative: Implement Mitigation Measure MM Recreation-1 (see above) 

Transportation 

Impact Transportation-2: Implement Mitigation Measures MM Recreation-1 and MM Hazards-5 (see above) 

Impact Transportation-3 

MM Transportation-1: Emergency Access 

The District shall ensure emergency access to the plan area along public roads is maintained 

during work. The following measures shall be implemented to ensure access is maintained:  

1. In the event of an emergency, roads blocked or obstructed for maintenance

activities shall be cleared to allow the vehicles to pass.

2. The District shall use road guards equipped with two-way radios during temporary

lane or road closures. During an emergency, road guards will radio to the crew to

cease operations and reopen the road to emergency vehicles.

3. All District authorized vehicles at the treatment site shall be parked so they do not

block roads when there is no operator present to move the vehicle.

The District shall contact the fire district or other emergency response agency with jurisdiction 

over the road subject to temporary closure to ensure that the agency is notified of the closure 

in advance. 

Contractor and the 

District 

The District All locations on district lands 

where roads or trails may be 

blocked to perform work  

Before Activity: N/A 

During Activity: Inform emergency 

responders of road closures and 

ensure road guards, and crew are 

equipped with two-way radios   

After Activity: N/A 

Impact Transportation-Cumulative: Implement Mitigation Measure MM Transportation-1 (see above) 
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A. PROJECT-SPECIFIC REVIEW 

A.1 INTRODUCTION 

The Biodiversity, Fire, and Fuels Integrated Plan (BFFIP) directs implementation of vegetation 

management actions in the Marin Municipal Water District’s (MMWD’s, or the District’s) lands 

within Mount Tamalpais Watershed, and the shorelines of Nicasio and Soulajule Reservoirs to 

reduce wildfire risks and to preserve and enhance existing biological resources. The Program 

Environmental Impact Report (EIR) evaluated the environmental impacts of the BFFIP. The 

BFFIP is described in Chapter 2: Project Description of the Program EIR and within the BFFIP 

that is incorporated into the Program EIR by reference. The Program EIR was prepared under 

the direction of the CEQA Lead Agency, MMWD, in accordance with the California 

Environmental Quality Act (CEQA) (Public Resources Code [PRC] Section 21000 et seq.), and as 

a Program EIR in accordance with CEQA Guidelines Section 15168 for streamlining of CEQA 

review of later activities consistent with the BFFIP Program EIR.  

The District will implement vegetation management actions consistent with the BFFIP. The 

District will prepare Annual Work Plans identifying the vegetation management actions 

proposed for each upcoming year. In accordance with the CEQA Guidelines, the lead agency 

must document evaluation of later activities to determine whether the environment effects of 

the activities are within the scope of the Program EIR (Section 15168(4)). The vegetation 

management activities proposed by the District each year constitute “later activities” in the 

context of the CEQA Guidelines. This document functions to aid the District in determining 

whether the later activities proposed by the District are within the scope of the BFFIP analyzed 

in the Program EIR or if additional environmental review is required. This document also 

serves to assist in the identification of Best Management Practices (BMPs) and Mitigation 

Measures (MMs) applicable to BFFIP actions taken, as required under the Program EIR.  

A.2 DETERMINING WHETHER ACTIONS ARE WITHIN THE SCOPE OF THE BFFIP 

PROGRAM EIR 

The purpose of the project-specific review is to determine and document whether the actions to 

be taken by MMWD are within the scope of the Program EIR. The BFFIP is comprised of 

Management Actions (MA). The MAs include various strategies, identify methods to implement 

the work, identify the zones where the work could occur, and identify the maximum acres of 

treatments that can be performed per year. The following table provides a summary of each of 

these components of the BFFIP, which were analyzed and included in the BFFIP Program EIR. 

Note that MA-1 through MA-18 include administrative and survey and monitoring actions that 

would not have impacts on the environment and are not included in the table. 
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Table 1 Summary of Scope of Program EIR 

Action No.  Strategy 

Tools and Techniques 

Analyzed in 2019 PEIR Locations Analyzed in 2019 PEIR Unit 

Units per Year 

Analyzed in 2019 

PEIR 

MA-20 Retreat fuels in existing 

fuelbreaks 

Pile burning; Cutting 

(manual and 

mechanical); Pulling 

(manual); Covering 

(mulching, chipping, 

and mastication) 

All Fuelbreak zones Acre 200 

Cyclical mowing of fine fuels All Fuelbreak zones, with a focus on 

ignition prone areas: parking lots, picnic 

areas, and defensible space around 

structures 

Acre 50 

Cyclical removal of broom in 

Optimized and Transitional 

Zones 

Optimized and Transitional Fuelbreaks Acre 260 

Roadside mowing Service Roads Acre 50 

Dam maintenance Dams Acre 50 

MA-21 New fuelbreak construction Pile burning; Cutting 

(manual and 

mechanical); Pulling 

(manual); Covering 

(mulching, chipping, 

and mastication) 

New Fuelbreaks Acre 15 

MA-22 

  

Annual surveys 1. Propane flaming; 

Cutting (manual and 

mechanical); Girdling 

(manual and 

mechanical); Pulling 

(manual and 

mechanical); Scalping 

(manual and 

mechanical); Covering 

(mulching, chipping, 

and mastication)  

Optimized Fuelbreaks, Ecosystem 

Preservation Zone, Transitional 

Fuelbreaks, Ecosystem Restoration Zone, 

and Ecosystem Restoration/WAFRZ 

Mile 150 

Weed control treatments Optimized Fuelbreaks, Ecosystem 

Preservation Zone, Transitional 

Fuelbreaks, Ecosystem Restoration Zone, 

and Ecosystem Restoration/WAFRZ 

Patch 100 

MA-23 

  

Initial reduction in 

accumulated fuels and brush 

Broadcast burning; Pile 

burning; Cutting 

(manual and 

Conifer and mixed hardwood forests 

adjacent to formal fuelbreaks, in 

Ecosystem Restoration/WAFRZ 

Acre 60      
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Action No.  Strategy 

Tools and Techniques 

Analyzed in 2019 PEIR Locations Analyzed in 2019 PEIR Unit 

Units per Year 

Analyzed in 2019 

PEIR 

Maintenance/ Planting mechanical); Girdling 

(manual and 

mechanical); Pulling 

(manual and 

mechanical); Scalping 

(mechanical); Covering 

(mulching, chipping, 

and mastication); 

Planting (manual) 

Ecosystem Restoration/WAFRZ Acre 100 

Broadcast burning Ecosystem Restoration/WAFRZ Project 2 

MA -24 Douglas-Fir thinning Broadcast burning; pile 

burning; Cutting 

(manual and 

mechanical); Girdling 

(manual and 

mechanical); Pulling 

(manual and 

mechanical); Scalping 

(mechanical); Covering 

(solarization); Planting 

(manual) 

Ecosystem Restoration Zone Acre 200 

Broadcast burning for habitat 

and weed removal 

Ecosystem Restoration Zone Project 3 

Broom: Initial removal Ecosystem Restoration Zone Acre 300 

Broom: Long-term 

maintenance 

Ecosystem Restoration Zone Acre 205 

Goatgrass Goatgrass at three locations within the 

Ecosystem Restoration/WAFRZ (see Error! 

Reference source not found. through 

Error! Reference source not found.) 

Acre 35 

Yellow Starthistle Yellow Starthistle within the Ecosystem 

Restoration Zone and Ecosystem 

Restoration/WAFRZ (see Error! Reference 

source not found. through Error! 

Reference source not found.) 

Acre 120 

Other Priority Weeds Optimized Fuelbreaks, Preservation 

Natural Areas, Transitional Fuelbreaks, 

Restoration Natural Areas, and 

Ecosystem Restoration/WAFRZ 

Patch - 

MA-25 Planting Broadcast burning; Pile 

burning; Propane 

Ecosystem Restoration and Ecosystem 

Restoration/WAFRZ 

Project 3 
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Action No.  Strategy 

Tools and Techniques 

Analyzed in 2019 PEIR Locations Analyzed in 2019 PEIR Unit 

Units per Year 

Analyzed in 2019 

PEIR 

  Habitat modification flaming; Cutting 

(manual and 

mechanical); Girdling 

(manual and 

mechanical); Pulling 

(manual and 

mechanical); Covering 

(mulching, chipping, 

and mastication); 

Planting (manual)  

Ecosystem Restoration and Ecosystem 

Restoration/WAFRZ 

Project 3 

MA-26 Restoration Plans Broadcast burning; Pile 

burning; Propane 

flaming; Cutting 

(manual and 

mechanical); Girdling 

(manual and 

mechanical); Pulling 

(manual and 

mechanical); Scalping 

(mechanical); Covering 

(mulching, chipping, 

mastication, and 

solarization); Planting 

(manual) 

-- -- 3 

MA-27 Implementation Broadcast burning; 

Propane flaming; 

Cutting (manual and 

mechanical); Girdling 

(manual and 

mechanical); Pulling 

(mechanical); Scalping 

(manual and 

mechanical); Covering 

(mulching, chipping, 

mastication, and 

solarization); Grazing; 

Planting (manual)  

Ecosystem Restoration and Ecosystem 

Restoration/WAFRZ 

Project  
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All MAs except for MA-26 that encompasses restoration plans, were analyzed in detail in the 

Program EIR. In most circumstances, work can be implemented without additional CEQA 

review. If work falls outside the parameters studied in the Program EIR, additional 

environmental review may be required.  

For any work proposed, an initial screening review can be used to determine whether the 

environmental effects of the work were adequately analyzed in the Program EIR. The District 

will compare the proposed vegetation management actions against the activities, locations, 

types of tools and techniques, and units analyzed for each management action in the Program 

EIR.  

If the proposed project does not fall within the scope of the analyzed management actions, the 

District will conduct an evaluation under a Project Environmental Checklist (PEC) (Chapter 2) 

to determine whether any new impacts could occur. Identification of new impacts will require 

further environmental review under CEQA. The type of review will be dependent upon the 

severity of the new impact. The flowchart in Figure 1 guides the process. The Project-Specific 

Screening Results Form and the Determination will be completed and saved with the Annual 

Work Plan. The PEC will be attached, if applicable. If the work is determined to be within the 

scope of the management actions proposed under the BFFIP, the appropriate best management 

practices (BMPs) and mitigation measures (MMs) will be identified and implemented (Chapter 

3). 
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Figure 1 Flow Chart for Determining a Within the Scope of the BFFIP Finding or if Additional Environmental Review is 

Required 

 



2  PROJECT-SPECIFIC SCREENING REVIEW 

BFFIP Project Environmental Review and Checklist  

A-1 

PROJECT-SPECIFIC SCREENING RESULTS FORM 

   

What MAs would the actions involve? 

List Management Actions 

 

 

 

 

Are the methods proposed addressed in the Program EIR? Yes No 

List methods 

 

 

 

  

Would the work be performed in areas covered under the Program EIR? Yes No 

List locations of work 

 

 

 

  

Does the work fall within the acreage or units allowed for the year?  Yes No 

Identify units/acreages 

 

 

 

  

If the actions involve any MA but MA-26 and the answers to all questions above are “yes” – the actions are within the scope 

of the BFFIP Program EIR – go to the Determination Form 

If the action involves MA-26 or the answer to any of the above questions is “no” – Complete the PEC and then complete 

the Determination Form 
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DETERMINATION FORM 

On the basis of this initial evaluation:  

 I find that all of the effects of the proposed project (a) have been analyzed 

adequately in the BFFIP Program EIR, (b) have been avoided or mitigated pursuant 

to the BFFIP Program EIR, and (c) all applicable mitigation measures and BMPs 

identified in the BFFIP Program EIR will be implemented. The proposed project is 

therefore WITHIN THE SCOPE of the BFFIP Program EIR. NO ADDITIONAL 

CEQA DOCUMENTATION is required. 

 I find that the proposed project will have effects that were not examined in the 

BFFIP Program EIR. These effects are less than significant without any mitigation 

beyond what is already required pursuant to the BFFIP Program EIR. A 

NEGATIVE DECLARATION will be prepared. 

 I find that the proposed project will have effects that were not examined in the 

BFFIP Program EIR. Although these effects might be significant in the absence of 

additional mitigation beyond what is already required pursuant to the BFIPP 

Program EIR, additional mitigation measures have been identified that would 

avoid or reduce the effects so that clearly no significant effects would occur. A 

MITIGATED NEGATIVE DECLARATION will be prepared 

 I find that the proposed project will have environmental effects that were not 

examined in the BFFIP Program EIR. Because these effects are or may be significant 

and cannot be clearly mitigated, an ENVIRONMENTAL IMPACT REPORT will 

be prepared. 

 

_____________________________________________________________________________________ 

Signature       Date 

 

_____________________________________________________________________________________ 

Printed Name       Title
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B. PROJECT ENVIRONMENTAL CHECKLIST 

If any portion of the project (tools and techniques, locations, and units) is not within the scope 

of the Program EIR, per the flowchart in Figure 1 and as indicated on the Project-Specific 

Screening Results Form, the District will complete a PEC, the template for which is provided 

below.  

The environmental resource areas included in the PEC are the same environmental resource 

analyzed in Chapter 3 of the Program EIR. The District will review the environmental analysis 

and mitigation measures in the Program EIR for each corresponding resource area in the Project 

Environmental Checklist. The District shall consider whether required BMPs and MMs would 

be effective in reducing or mitigating environmental impacts of the project considering the 

specific project activities and site-specific characteristics of the project area. Written 

explanations supporting all conclusions should be provided in the sections of the checklist 

available for discussion following the checklist questions presented for each resource area.  
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B.1 PROJECT INFORMATION 

Project Title/Year of Implementation:  

Contact Person and Phone Number: (Provide 

phone number and email address) 

 

Project Location(s):   

Total Area to be Treated (acres):  

Description of Project: (Describe the whole action 

involved, including but not limited to later phases 

(e.g., maintenance) of the project, and any 

secondary, support, or off-site features necessary 

for its implementation. Attach additional sheets if 

necessary.) 

 

Treatment Tools and Techniques:  

Surrounding Land Uses and Setting: (Briefly 

describe the Project’s surroundings) 

 

Other public agencies whose approval is required: 

(note status of any required approvals (permits)) 

 

Native American Consultation. Pursuant to PRC 

Sections 21080.3.1, 21080.3.2, and 21082.3, lead 

agencies undertaking CEQA review must, upon 

written request of a California Native American 

tribe, begin consultation before the release of an 

environmental impact report, negative 

declaration, or mitigated negative declaration. 

For treatment projects that require additional 

CEQA review and documentation, have California 

Native American tribes traditionally and culturally 

affiliated with the project area requested 

consultation pursuant to Public Resources Code 

section 21080.3.1? If so, is there a plan for 

consultation that includes, for example, the 

determination of significance of impacts to tribal 

cultural resources, procedures regarding 

confidentiality, etc.? Note: For treatment projects 

that are within the scope of this PEIR, AB 52 

consultation has been completed. The Board of 

Forestry and Fire Protection and CAL FIRE 

completed consultation pursuant to Public 

Resources Code section 21080.3.1 in preparation 

of the PEIR. 

 

Applicable Environmental Protection Measures. 

(Refer to Section 4) 
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B.2 EVALUATION OF ENVIRONMENTAL IMPACTS 

1. A brief explanation is required for all answers. Answers should consider whether 

the proposed project would result in new or more substantial environmental 

effects than described in the BFFIP Program EIR, after incorporation of applicable 

Environmental Protection Measures required by the BFFIP Program EIR.  

2. All answers must take account of the whole action involved, including off-site as 

well as on-site, cumulative as well as project-level, indirect as well as direct, and 

short-term as well as long-term impacts.  

3. Refer to the applicable resource analysis section in the BFFIP Program EIR for 

each environmental topic. If, after considering the specific location and 

characteristics of the proposed project, the project proponent determines that the 

proposed project would not result in new or more substantial environmental 

effects, then the checklist should indicate “No New Impact”.  

4. Once the project proponent has determined that a new or more substantial 

environmental effect may occur, then the checklist answers must indicate whether 

the impact is potentially significant, less than significant with mitigation, or less 

than significant without the need for mitigation. “Potentially Significant Impact” 

is appropriate if there is substantial evidence that an effect may be significant. If 

there are one or more “Potentially Significant Impact” entries when the 

determination is made, an EIR would be required.  

5. Where a Negative Declaration, Mitigated Negative Declaration is required, the 

environmental review would be guided by the directions for use of the Program 

EIR with later activities in Section 15168. Where an EIR is required, the 

environmental review would be guided by Sections 15162 and 15163. When 

preparing any environmental document, the environmental analysis may 

incorporate by reference the analysis from the BFFIP Program EIR and focus the 

environmental analysis solely on issues that were not addressed in the BFFIP 

Program EIR.  

6. Project proponents should incorporate into the environmental checklist references 

to information sources for potential impacts. Include a list of references cited in 

the environmental checklist and make copies of such references available to the 

public upon request. 

  



3  PROJECT ENVIRONMENTAL CHECKLIST  

BFFIP Project Environmental Review and Checklist  

B-4 

B.3 AESTHETICS 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant 

with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Aesthetics-1: The proposed 

project could have a substantial 

adverse effect on scenic vista and/or 

substantially degrade the existing visual 

character or quality of the non-

urbanized site and its surroundings 

(public views are those that are 

experienced from publicly accessible 

vantage point) and the associated 

recreational experience.  

    

B.3.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.4 AIR QUALITY  

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Air-1: The proposed project 

could result in a cumulatively 

considerable net increase of any 

criteria pollutant for which the 

project region is in nonattainment 

under an applicable federal or state 

ambient air quality standard.  

    

Impact Air-2: The proposed project 

could expose sensitive receptors to 

substantial pollutant concentrations.  

    

Impact Air-3: The proposed project 

could conflict with or obstruct 

implementation of the applicable 

air quality plan.  

    

B.4.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.5 BIOLOGICAL RESORUCES 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant 

with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Biology-1: The proposed project 

could have a substantial adverse effect, 

either directly or through habitat 

modifications, on any species identified 

as a candidate, sensitive, or special-

status species in local or regional plans, 

policies, or regulations, or by the 

California Department of Fish and Wildlife 

or the U.S. Fish and Wildlife Service.  

    

Impact Biology-2: The proposed project 

could have a substantial adverse effect 

on any riparian habitat or other sensitive 

natural community identified in local or 

regional plans, policies, or regulations or 

by the California Department of Fish and 

Wildlife or the U.S. Fish and Wildlife 

Service.  

    

Impact Biology-3: The proposed project 

could have a substantial adverse effect 

on State or federally protected wetlands 

(including, but not limited to, marsh, 

vernal pool, coastal, etc.) through direct 

removal, filling, hydrological interruption, 

or other means.  

    

Impact Biology-4: The proposed project 

could interfere substantially with the 

movement of any native resident or 

migratory wildlife corridors, or impede the 

use of native wildlife nursery sites.  

    

B.5.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.6 CULTURAL AND TRIBAL CULTURAL RESOURCES 

Impact Statement 

New Impact 

that is 

Significant 

or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant 

with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Cultural Resources-1: The proposed 

project could cause a substantial adverse 

change in the significance of a historical or 

archaeological resource pursuant to CEQA 

Guidelines Section 15064.5. 

    

Impact Cultural Resources-2: The proposed 

project could disturb human remains, 

including those interred outside of formal 

cemeteries.  

    

Impact Cultural Resources-3: The proposed 

project could cause a substantial adverse 

change in the significance of a tribal 

cultural resource as defined in PRC §21074 

as either a site, feature, place, cultural 

landscape that is geographically defined in 

terms of the size and scope of the 

landscape, sacred place, or object with 

cultural value to a California Native 

American tribe, and that is:  

i. Listed or eligible for listing in the 

California Register of Historical 

Resources, or in a local register of 

historical resources as defined in PRC 

§5020.1(k), or 

j. A resource determined by the lead 

agency, in its discretion and 

supported by substantial evidence 

and with consideration of the 

significance of the resource to a 

California Native American tribe, to 

be significant pursuant to criteria set 

forth in subdivision (c) of PRC 

§5024.1. 

    

Impact Cultural Resources-4: The proposed 

project could directly or indirectly destroy a 

unique paleontological resource or site or 

unique geologic feature.  

    

B.6.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 
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Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.7 GEOLOGY AND SOILS 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Geology and Soils-1: The 

proposed project could result in 

substantial soil erosion or the loss of 

topsoil.  

    

Impact Geology and Soils-2: The 

proposed project could result in 

substantial landslides or slope instability 

that could cause damage to important 

infrastructure or habitats in the water 

shed.  

    

B.7.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.8 GREENHOUSE GASES 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant 

with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact GHG-1: The proposed project 

could generate greenhouse gas 

emissions that may have a significant 

impact on the environment.  

    

Impact GHG-2: The proposed project 

could conflict with an applicable plan, 

policy, or regulation adopted for the 

purpose of reducing the emission of 

greenhouse gases.  

    

Impact GHG-3: The proposed project 

could substantially decrease the overall 

ability of District Lands in the plan area 

to sequester carbon.  

    

B.8.1 Discussion 
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.9 HAZARDOUS MATERIALS AND FIRE HAZARDS 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant 

with 

Mitigation 

Incorporated 

New 

Impact that 

is Less Than 

Significant 

Impact 

No New 

Impact 

Impact Hazards-1: The proposed project 

could compromise the health of individuals 

or create a significant hazard to the 

environment through emission of or 

exposure to hazardous materials.  

    

Impact Hazards-2: The proposed project 

could create a significant hazard to the 

public, workers, or environment from 

contamination on-site or nearby at an 

existing hazardous materials site pursuant to 

Government Code Section 65962.5. 

    

Impact Hazards-3: The proposed project 

could impair the implementation of or 

physically interfere with an adopted 

emergency response plan or emergency 

evacuation plan.  

    

Impact Hazards-4: The proposed project 

could expose people or structures, either 

directly or indirectly, to a significant risk of 

loss, injury, or death involving wildland fires.  

    

Impact Hazards-5: Due to slope, prevailing 

winds, and other factors, the proposed 

project could exacerbate wildfire risks and 

expose project occupants to, pollutant 

concentrations from a wildfire or the 

uncontrolled spread of a wildfire.  

    

Impact Hazards-6: The proposed project 

could require the installation or 

maintenance of associated infrastructure 

(such as roads, fuelbreaks, emergency 

water sources, power lines or other utilities) 

that may exacerbate fire risk or that may 

result in temporary or ongoing impacts to 

the environment.  

    

Impact Hazards-7: The proposed project 

could expose people or structures to 

significant risks, including downslope or 

downstream flooding or landslides, as a 

result of runoff, post-fire slope instability, or 

drainage changes.  

    

B.9.1 Discussion  
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The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.10 HYDROLOGY AND WATER QUALITY 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant 

with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Hydrology-1: The proposed 

project could violate any water quality 

standards or waste discharge 

requirements or otherwise substantially 

degrade surface or ground water 

quality, or substantially alter the existing 

drainage pattern of the sire or area, 

including through the alteration of the 

course of a stream or river or through 

the addition of impervious surfaces, in a 

manner which would result in 

substantial erosion or siltation on or off 

site.  

    

Impact Hydrology-2: The proposed 

project could substantially alter the 

existing drainage pattern of the site or 

area, including through the alteration 

of the course of a stream or river or 

through the addition of impervious 

surfaces, in a manner which would: 

• substantially increase the rate or 

amount of surface runoff in a 

manner which would result in 

flooding on- or offsite; 

• create or contribute runoff water 

which would exceed the capacity 

of existing or planned stormwater 

drainage systems or provide 

substantial additional sources of 

polluted runoff; or 

• impede or redirect flood flows. 

    

Impact Hydrology-3: The proposed 

project could conflict with or obstruct 

implementation of a water quality 

control plan or sustainable 

groundwater management plan.  

    

B.10.1 Discussion 
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.11 NOISE 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Noise-1: The proposed 

project could generate a 

substantial temporary or periodic 

increase in ambient noise levels in 

the plan vicinity above levels 

existing without the project in excess 

of standards established in local 

General Plan or noise ordinance, or 

applicable standards of other 

agencies. 

    

B.11.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.12 RECREATION  

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Recreation-1: The proposed 

project could substantially 

degrade recreational experiences.  

    

B.12.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.13 TRANSPORTATION AND TRAFFIC 

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant 

with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Transportation-1: The proposed 

project could conflict with or be 

inconsistent with CEQA Guidelines 

section 15064.3, subdivision (b).  

    

Impact Transportation-2: The proposed 

project could substantially increase 

hazards due to a design feature (e.g., 

sharp curves or dangerous 

intersections) or incompatible uses 

(e.g., farm equipment).  

    

Impact Transportation-3: The proposed 

project could result in inadequate 

emergency access.  

    

B.13.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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B.14 ENERGY  

Impact Statement 

New Impact 

that is 

Significant or 

Potentially 

Significant 

New Impact 

that is Less 

than 

Significant with 

Mitigation 

Incorporated 

New Impact 

that is Less 

Than 

Significant 

Impact 

No New 

Impact 

Impact Energy-1: The proposed 

project could result in potentially 

significant environmental impact due 

to the wasteful, inefficient and 

unnecessary consumption or energy 

resources, during project construction 

or operation. 

    

Impact Energy-2: The proposed 

project could conflict with or obstruct 

a state or local plan for renewable 

energy or energy efficiency.  

    

Impact Energy-3: The proposed 

project could result in a substantial 

increase in demand upon energy 

resources in relation to projected 

supplies.  

    

Impact Energy-4: The proposed 

project could result in longer overall 

distances between jobs and housing.  

    

B.14.1 Discussion  
The discussion should identify which impacts from the Program EIR would occur from implementation of 

the proposed vegetation management project, describe the significance of each relevant impact and 

identify each mitigation measure from the Program EIR that is relevant to the proposed project. 

Additionally, this discussion should describe how each measure will address site-specific conditions and 

reduce impacts of the proposed vegetation management project.  
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C. APPLICABLE ENVIRONMENTAL PROTECTION MEASURES 

The section identifies the surveys and GIS review and the environmental protection measures 

that are applicable to the proposed activities. These measures take the form of best management 

practices (BMPs) and Mitigation Measures (MMs). Some BMPs and MMs apply to all projects, 

while others only apply to projects that include specific treatment types, treatment activities, or 

locations. Table 2, below, provides a comprehensive list of BMPs and MMs applicable to each 

project type. MMWD shall verify that all applicable BMPs and MMs will be implemented. Refer 

to the Mitigation Monitoring and Reporting Plan for entity responsible for implementing and 

verifying or enforcing each measure. The applicable measures are shown with a checkmark.  

The form identifying the mitigation measures should be completed for each activity identified 

in the Annual Work Plan.  
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Table 2 Applicable Environmental Protection Measures Matrix 

BMPs and MMs 

 Tool/Technique 

 Prescribed Burning 

Propane 

Flaming 

Cutting Girdling Pulling Scalping Covering 

Grazing 

Planting 

Access and 

Vehicle 

Travel 

Broadcast 

burning 

Pile 

burning 

Cutting with 

heavy 

equipment 

Cutting with 

power 

hand tools 

Cutting 

with non-

power 

hand tools 

Manual and 

Mechanical 

Pulling with 

heavy 

equipment 

Pulling by 

hand or 

with non-

power 

tools 

Scalping 

with heavy 

equipment 

Scalping 

with power 

tools 

Scalping 

with hand 

tools 

Mulching/ 

Chipping/ 

Masticationa Solarization Manual 

Entire Plan Area  

BMP-1 √    √    √  √       

BMP-2 √    √    √  √       

BMP-3 √    √    √  √      √ 

BMP-4                 √ 

BMP-5 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

BMP-6                 √ 

BMP-7     √ √ √ √ √ √ √ √ √ √   √ 

MM Air-1  √                

MM Air-2 √    √    √ √ √      √ 

MM Air-3  √ √               

MM Air-4  √ √               

MM Biology-1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

MM Biology-2 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

MM Biology-3 √ √   √ √ √ √ √ √ √ √ √ √ √   

MM Biology-4 √    √ √  √ √  √ √  √    

MM Biology-7 √ √ √  √ √ √  √  √   √    

MM Cultural-1  √ √  √    √  √   √ 
   

MM Cultural-2  √ √  √    √  √   √ 
   

MM Cultural-3  √ √  √    √  √   √ 
  √ 

MM Cultural-4         √ √       √ 

MM Hazards-1 √    √ √  √√ √  √ √  √ 
   

MM Hazards-3   √               

MM Hazards-4  √                

MM Hazards-6    √              

MM Hazards-7 √    √    √  √   √ 
   

MM Hydrology-1 √    √    √  √       

MM Geology-1  √   √    √ √ √   √ 
 √ √ 
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BMPs and MMs 

 Tool/Technique 

 Prescribed Burning 

Propane 

Flaming 

Cutting Girdling Pulling Scalping Covering 

Grazing 

Planting 

Access and 

Vehicle 

Travel 

Broadcast 

burning 

Pile 

burning 

Cutting with 

heavy 

equipment 

Cutting with 

power 

hand tools 

Cutting 

with non-

power 

hand tools 

Manual and 

Mechanical 

Pulling with 

heavy 

equipment 

Pulling by 

hand or 

with non-

power 

tools 

Scalping 

with heavy 

equipment 

Scalping 

with power 

tools 

Scalping 

with hand 

tools 

Mulching/ 

Chipping/ 

Masticationa Solarization Manual 

MM Geology-2  √                

MM Geology-3                √  

MM Noise-1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

Stream, Riparian, and Wetland Habitats  

MM Biology-15 √    √    √  √       

MM Biology-17 √ √ √  √    √  √       

Bat Roosting Habitat 

MM Biology-5 √ √ √  √ √  √ √  √ √  √ 
   

Badger Denning Habitat  

MM Biology-6 √ √ √  √    √  √   √ 
 √  

Northern Spotted Owl Habitat and Activity Centers 

MM Biology-8 √ √ √  √ √ √ √ √ √ √ √ √ √ √  √ 

MM Biology-14 √ √ √ √ √ √ √ √ √ v √ √ √ √ √ √ √ 

Western Pond Turtle Habitat 

MM Biology-9 √ √ √  √    √  √   √ 
   

California Red-Legged Frog Habitat 

MM Biology-10 √ √ √  √    √  √   √ 
   

Stonecrop Habitat 

MM Biology-11 √ √ √  √    √ √ √   √ 
  √ 

Big Carson Creek, Little Carson Creek, and Their Tributaries 

MM Biology-12 √ √ √  √    √  √   √ 
   

 Seeps, Springs, and Potrero Meadow 

MM Biology-13 √ √ √  √ √  √ √  √   √ √ √  

Grassland Habitat  

MM Biology-16 √    √    √  √   √ 
 √  

Mill Valley Air Force Station  

MM Hazards-2 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

Roads and Trails  

MM Hazards-5  √                
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BMPs and MMs 

 Tool/Technique 

 Prescribed Burning 

Propane 

Flaming 

Cutting Girdling Pulling Scalping Covering 

Grazing 

Planting 

Access and 

Vehicle 

Travel 

Broadcast 

burning 

Pile 

burning 

Cutting with 

heavy 

equipment 

Cutting with 

power 

hand tools 

Cutting 

with non-

power 

hand tools 

Manual and 

Mechanical 

Pulling with 

heavy 

equipment 

Pulling by 

hand or 

with non-

power 

tools 

Scalping 

with heavy 

equipment 

Scalping 

with power 

tools 

Scalping 

with hand 

tools 

Mulching/ 

Chipping/ 

Masticationa Solarization Manual 

MM Recreation-1 √    √    √  √   √ 
   

MM Transportation-1 √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

Notes: 

a In the Program EIR analysis, the use of mechanical equipment to masticate, chip, or mulch vegetation for use under the covering technique was analyzed under “mechanical techniques for vegetation removal”.  
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LIST OF MITIGATION MEASURES APPLICABLE TO ACTION OR ACTIVITIES 

 

MAs to be performed 

 

 

 

 

 

Tools/techniques to be utilized 

 

 

 

 

Locations of work 

 

 

 

 

 

 

 

 

 

 

List of Applicable BMPs and MMs 
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Results of surveys and GIS review, if applicable and location specific considerations  
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Abstract
Rangeland ecosystems cover approximately one-third of the land area in the United States and half of the land area of
California. This large land area, coupled with the propensity of grasses to allocate a considerable proportion of their
photosynthate belowground, leads to high soil carbon (C) sequestration potential. Annual grasslands typical of the
Mediterranean climates of the western United States differ in their life history strategies from the well-studied perennial
grasslands of other regions and thus may also differ in their soil C pools and fluxes. In this study we use the literature to explore
patterns in soil C storage in annual grass-dominated rangelands in California. We show that soil C is highly predictable with
depth. Cumulative soil C content increased to 2–3-m depth in rangelands with a woody component and to at least 1-m depth in
open rangelands. Soil C within a given depth varied widely, with C content in the top 1-m depth spanning almost 200 Mg
C ? ha21 across sites. Soil C pools were not correlated with temperature or precipitation at a regional scale. The presence of
woody plants increased C by an average of 40 Mg ? ha21 in the top meter of soil. Grazed annual grasslands had similar soil C
content as ungrazed grassland at all depths examined, although few details on grazing management were available. Soil C pools
were weakly positively correlated with clay content and peaked at intermediated levels of aboveground net primary production.
Our results suggest that annual grasslands have similar soil C storage capacity as temperate perennial grasslands and offer an
important resource for mitigation of greenhouse gas emissions and climate change.

Resumen
Los ecosistemas de pastizales naturales cubren aproximadamente un tercio del área territorial de los EE. UU., y la mitad del área
de California. Esta gran superficie, sumada a la propensión de los pastos a asignar una proporción considerable de sus
fotosintatos a estructuras radiculares resulta en un alto potencial de secuestro de carbono (C). Los pastizales de especies anuales
tı́picos de los climas Mediterráneos del oeste de los EE.UU. presentan estrategias de historias de vida diferentes de los pastizales
perennes de otras regiones que han sido bien estudiados, y por lo tanto podrı́an también presentar diferencias en los flujos y
reservas de carbono del suelo. En este estudio nos basamos en la literatura para explorar los patrones de almacenamiento de
carbono en el suelo en pastizales dominados por especies anuales en California. Demostramos que el C en el suelo es altamente
predecible a partir de la profundidad del suelo. El contenido acumulado de C en el suelo aumentó hasta los 2–3 m de
profundidad en pastizales con un componente leñoso y hasta por lo menos 1m de profundidad en pastizales abiertos. El
contenido de C del suelo a una determinada profundidad varió ampliamente, con el C del primer metro de profundidad
oscilando en casi 200 Mg C ? ha21 a lo largo de los sitios muestreados. Las reservas de C del suelo no correlacionaron con
temperatura o precipitación a escala regional. La presencia de plantas leñosas incrementó el C en el primer metro de
profundidad del suelo en 40 Mg ? ha21 en promedio. Los pastizales anuales pastoreados tuvieron contenidos de C similares a los
pastizales no pastoreados a todas las profundidades del suelo examinadas, aunque se encontraron pocos detalles sobre el manejo
del pastoreo. Las reservas de C del suelo presentaron una correlación positiva débil con el contenido de arcillas, y fueron
máximas en sitios con niveles intermedios de productividad primaria aérea neta. Nuestros resultados sugieren que los pastizales
anuales presentan capacidades de almacenamiento de C similares a las de los pastizales de especies perennes de climas templados
y ofrecen un recurso importante en la mitigación de la emisión de gases de invernadero y cambio climático.

Key Words: annual grassland, climate change, Mediterranean climate, oak woodland, soil carbon sequestration

INTRODUCTION

Soil carbon (C) sequestration has been proposed as a means to
lower greenhouse gas concentrations and help offset emissions
(Intergovernmental Panel on Climate Change [IPCC] 2007). C
sequestration in soils is accomplished by increasing the amount
and/or mean residence time of C stored belowground. Several
approaches have been proposed for increasing rates of soil C
sequestration, including reforestation and afforestation of
cropland and rangeland (Post and Kwon 2000), use of
conservation tillage or no-till agriculture (Six et al. 2000; Del
Grasso et al. 2009), improved grazing practices (Conant et al.
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2001), and organic amendments such as biochar (Lehmann
2007) and compost (Lal 2004; Smith 2004).

Rangeland soils are widely recognized for their potential to
sequester C (Lal et al. 1995; Follett et al. 2001; Soussana et al.
2004; Smith et al. 2008), due in part to their extensive land
area. Rangeland covers approximately 31% of the land area in
the United States and an estimated 40–70% globally (Branson
et al. 1981; Havstad et al. 2009). Furthermore, the relatively
high ratio of evapotranspiration to precipitation in the
grassland biome drives considerable belowground allocation
by rangeland plants (Jackson et al. 1996). This high root
biomass contributes to soil C pools directly through organic
matter inputs and indirectly through increased soil aggregation
and the formation of recalcitrant humic substances (Miller and
Jastrow 1990; Balesdent and Balabane 1996).

Grazing management can affect soil C storage by altering
above- and belowground plant C allocation (Holland et al.
1992; Johnson and Matchett 2001), net primary productivity
(NPP; Frank and McNaughton 1993; Turner et al. 1993), and
soil respiration (Kieft 1994; Bremer et al. 1998; Cao et al.
2004). Moderate grazing often increases aboveground NPP
(ANPP; McNaughton 1985; Loeser et al. 2004), and in
perennial grasslands ANPP is frequently positively correlated
with soil C pools when controlling for precipitation (Parton et
al. 1994).

Despite the well-recognized potential for rangelands to store
C, there have been few regional surveys of soil C pools in
rangeland ecosystems (Bronson et al. 2004; Derner and
Schuman 2007; Smith et al. 2008). Regional-scale soil C
analyses that include information on patterns in climate, soil
type, cover type, or management allow us to explore the
relative sensitivity of soil C pools to the environment and to
management practices. This information can then be used to
identify promising approaches and technologies for C seques-
tration. Most of our understanding of C sequestration potential
in US rangelands is from the Great Plains (Follett et al. 2001;
Schuman et al. 2002; Derner and Schuman 2007). Although
these systems occur along a gradient of mean annual
precipitation and temperature, they are restricted to temperate
climatic conditions that differ greatly from the Mediterranean
climates of the western United States. These differences in
climate may lead to significant differences in the temporal and
spatial patterns in C storage and loss.

Rangelands cover approximately 50% of the state of Califor-
nia, a land area of approximately 24 million ha (Brown et al.
2004). Broadly defined, these ecosystems are characterized
as grasslands, scrub, and woodlands (californiarangeland.
ucdavis.edu), but the primary source of forage is from areas
dominated by annual grasses and forbs, open oak woodlands, and
occasional patches of both native and non-native perennial
grasses, particularly near the coast (George et al. 2001;
Jackson and Bartolome 2002). The climate varies throughout
the state (Holland and Kiel 1995), with increasing
precipitation from south to north, and from inland to coastal
environments.

California rangelands differ in several ways from the
perennial temperate grasslands of the Midwestern United
States. California’s climate is characterized by cool wet winters
and warm dry summers. These grasslands are dominated by
annual grasses and forbs, which germinate in the mid- to late

fall, grow slowly throughout the winter months, and increase
growth rates in the spring. They flower and die in late spring to
early summer, leaving the soil surface covered in a thick layer
of surface litter until rains commence again in the fall (Heady et
al. 1991). This life history strategy is likely to favor a lower
root-shoot allocation and shallower rooting depth than
perennial grasslands, as no active plant biomass occurs over
the dry summer months (Heady et al. 1991). A low root-shoot
ratio and shallow roots could lead to lower soil C storage
relative to perennial grasslands.

In California’s annual grassland, each season’s peak above-
ground biomass is equivalent to its ANPP. ANPP is partially
influenced by temperature, precipitation, soils, and the amount
of residual dry matter (RDM), the previous year’s aboveground
biomass remaining at the beginning of the growing season
(Hedrick 1948; Heady 1956, 1965; George et al. 1985).
Grazing management in annual grasslands is often based on
this relationship between RDM and the ensuing year’s
productivity (George et al. 1985) and may feed back on soil
C pools and fluxes. Aboveground NPP tends to peak at
moderate to high levels of RDM (indicator of moderate to no
grazing; Bartolome et al. 2007). In contrast, decreased RDM
(indicator of increased grazing) leads to higher root:shoot ratios
in these annual grasses (Betts 2003). Most temperate perennial
grasses have been found to decrease root:shoot ratios in
response to defoliation, highlighting that the different responses
of annual vs. perennial grasses to grazing limit our ability to
predict the impacts of grazing practices on these annual systems
based on data from perennial grasslands (reviewed in Barto-
lome et al. 2007).

We have compiled data from peer-reviewed literature to
estimate the quantity of C stored in rangeland soils in
California and to explore the effects of climate, soil type,
vegetation cover type, grazing, and ANPP. Our goals were to
provide an estimate of current levels of soil C storage in
California rangelands and to identify promising approaches for
increased C sequestration in the future.

METHODS

We extracted data from peer-reviewed journal articles that
reported sampling depth and soil organic C content, or
sampling depth, soil C concentration, and bulk density from
California rangelands (Table 1). Rangelands were defined
broadly and included grasslands, oak savanna, oak woodland,
coastal grassland complexes, and woody savannas. Only
studies that included data on soil C pools with at least partial
grass cover were included here (n 5 48 separate soil profiles,
216 data points). Using the same publications or others from
the same sites we collected information on soil order, latitude,
longitude, mean annual temperature, mean annual precipita-
tion, ANPP during the study period (ANPP of grass compo-
nent), clay concentration (%), and grazing management
(grazed, ungrazed). We also recorded the vegetation cover type
(presence or absence of woody plants, herbaceous perennial
plants, and nitrogen [N] fixers); however, insufficient data were
available for meta-analyses of all variables except presence or
absence of woody plants. Only profiles and depths reporting
direct measurements (i.e., not modeled values) were used.
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Sampling depths ranged from 2 cm to 365 cm and varied
widely within and among studies. Soil C content varies as a
function of the depth to which soil is sampled, and for this
reason some standardization is required to compare among
sites where different soil depths are sampled. This approach is
valid for regional scale analyses (Jobbagy and Jackson 2000;
Silver et al. 2000, 2002) but is less appropriate for site-specific
data. We used a simple modeling procedure to standardize
depths across the 48 profiles to facilitate comparisons among
studies (Jobbagy and Jackson 2000; Silver et al. 2000, 2002).
Soil C pools were summed by depth to estimate cumulative soil
C pools for every possible depth within a profile (e.g., for a
profile that sampled 0–2-cm, 2–10-cm, and 10–30-cm depth we
calculated C pools for 0–2-cm, 0–10-cm, and 0–30-cm depths).
We then used the entire dataset to plot cumulative soil C pools
with depth; we fit one curve to all the data, estimating the
goodness of fit using regression analyses. In our first analysis
we used all the data available, which allowed us to determine if
patterns existed and identify any obvious statistical outliers,
using analysis of variance (Systat 11; Systat Software Inc.,
Chicago, IL). Through this procedure, we identified eight
profiles derived from a single study in northwestern California
and one profile from central California as outliers. Outliers
were removed and treated separately in all subsequent analyses
and are discussed below (see Results). The remaining 39
profiles are hereafter referred to as primary profiles.

Using the primary profiles we again plotted cumulative soil C
with depth and derived the following equation:

y~{2:79x2z1 725xz13 241 [1]

where y is the soil C pool at depth x (r2 5 0.90, n 5 145). We
used Equation 1 to generate one modeled C value for each soil
depth increment reported in the literature (e.g., 0–2 cm, 0–
2.5 cm, 0–8 cm, etc.; n 5 80). We then estimated soil C pools at
target depths of 10 cm, 25 cm, 50 cm, and 100 cm for each

profile by multiplying the measured C content at the depth
from each profile that was closest to the target depth by a
conversion factor. The conversion factor was the ratio of
modeled C at the target depth (Eq. 1: y(x) 10 cm, 25 cm,
50 cm, or 100 cm) to the C modeled at the nearest depth
reported in the literature (Eq. 1 using the measured depth for x
that was closest to the target depth). For example, cumulative C
for a depth of 50 cm in a profile where the closest reported
depth is 40 cm was calculated as: measured C at 40 cm ? y(50) /
y(40).

We used data modeled to the four depths to determine the
effects of climate, grazing, and woody plants on soil C pools at
the four depths. We also explored relationships of soil C with
ANPP. Data were log transformed when appropriate to meet
the assumptions of analysis of variance. Statistical analyses
were performed using Systat 11. Statistical significance was
determined at the 95% level unless otherwise noted. Values in
the text are means 6 1 SE.

RESULTS

Cumulative soil C pools followed a predictable pattern with
depth when using the primary soil profiles (r2 5 0.90, n 5 39
profiles; Fig. 1A). The pattern was surprisingly linear for the
top 2 m and appeared to saturate only near 3 m in rangelands
with a woody component. Rangelands without a woody
component were sampled only to 1-m depth. Cumulative soil
C pools were greatest in the top 20 cm but were relatively
linear over most of this range. The outliers followed similar
patterns but were generally offset from the primary profiles
(Fig. 1B). One profile, reported in Gessler et al. (2000), had
higher-than-average soil C content at each of eight depth
increments (Fig. 1A). This profile was located in a small but
deep valley/canyon at the confluence of two drainages. Surface
soils had accumulated via runoff from the surrounding area,

Table 1. Studies reporting soil C content in California rangelands.1

Study
Profile Mean annual temperature Mean annual precipitation Latitude Longitude
(no.) (uC) (mm) (u) (u)

Dahlgren et al. (1997) 4 15 730 39.2 121.2

Herman et al. (2003) 3 15 730 39.2 121.2

Steenwerth et al. (2002) 4 14.25 425 NA NA

Fierer et al. (2005) 6 22 500 34.4 120.0

Camping et al. (2002) 3 15 730 39.2 121.7

Zavaleta and Kettley (2006) 2 14.5 605 NA NA

Waldrop and Firestone (2006) 1 15 940 NA NA

Jackson et al. (1988) 1 15 730 39.2 121.2

Chou et al. (2008) 1 16 750 39.2 121.2

Trumbore et al. (1996) 1 17.8 310 36.7 119.3

Carbone et al. (2008) 1 24 150 37.4 118.4

Sanderman et al. (2008); Sanderman and

Amundson (2008) 1 14 1 300 NA NA

Baisden et al. (2002a, 2002b); Baisden and

Parfitt (2007) 4 16 300 37.5 120.5

Gessler et al. (2000) 9 22 380 34.4 120.2

Masiello et al. (2004) 7 12 . 1 000 NA NA
1NA indicates data not available.
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leading to a very C-rich profile (O. Chadwick, personal
communication, May 2009). A set of profiles from a study
conducted by Masiello et al. (2004) on the northern California
coast did not follow the pattern of the primary profiles
(Fig. 1B). The soil C measured in this study exceeded that of
the other studies, with the exception of one profile in relatively
recent soils (, 3.9 thousand yr old). The high soil C content of
these soils is intriguing and may result from previous land cover
in forest, due to the presence of deep coarse roots found in
some pits (O. Chadwick, personal communication, May 2009).
Cumulative soil C pools reached an asymptote between 1-m
depth and 2-m depth at this site.

There was a wide range in soil C pools at all modeled depths,
and the range increased as more of the soil profile was
considered (Table 2; Fig. 2). Soil C pools from the primary
profiles ranged from 28 Mg C ? ha21 to 137 Mg C ? ha21 in the
0–50-cm depth and spanned 173 Mg C ? ha21 when considering
the top meter of soil. There was an average of 90 6 5 Mg
C ? ha21 to 50-cm depth and 140 6 7 Mg C ? ha21 to 1-m depth.
The potential controlling factors most likely to mediate this
variability that were available from the literature included soil
type, clay content, climate, ANPP, and grazing history. Alfisols
(n 5 18) and Mollisols (n 5 14) were the two dominant soil
orders and had similar soil C content (data not shown).
Although soil type did not significantly contribute to variation
in soil C, soil C pools were positively correlated with clay
content below 10-cm depth (Fig. 3). Mean annual temperature
across sampling points ranged from 14uC to 24uC, and mean
annual precipitation ranged between 150 mm ? yr21 and
1 300 mm ? yr21. There were no statistically significant trends
in soil C pools with temperature or precipitation. Aboveground
NPP was available for 19 profiles and varied from
129 kg ? ha21 ? yr21 to . 8 000 kg ? ha21 ? yr21. Rates of ANPP
were significantly greater above 500-mm mean annual precip-
itation and 20uC mean annual temperature, but much of the
variation in ANPP was not explained by climate variables. Soil

C content peaked at intermediate levels of ANPP (y 5
2 14.8x2 + 201.7x 2 55.6, r2 5 0.44, P , 0.01, F 5 6.3216;
50-cm depth).

The presence of a woody component in rangelands significantly
increased soil C pools for 0–25-cm, 0–50-cm, and 0–100-cm
depths (Table 2). In the top meter of soil, woody plants increased
soil C pools by approximately 40 Mg C ? ha21 (116 6 9 vs.
155 6 9 Mg C ? ha21 in nonwoody vs. woody rangelands).
Grazed sites had slightly more soil C at all modeled depths than
ungrazed ones, but the differences were small and statistically
insignificant at this level of resolution (Table 2). It is important to
note that grazing management likely varied among the studies
with regard to history, duration, and intensity.

Figure 2. Modeled soil carbon to 50-cm depth (ranked from highest to
lowest) for the primary profiles.

Figure 1. Cumulative carbon pools by depth in California rangeland soils. A, Primary profiles (n 5 40); y 5 2 2.79x 2 + 1 725x + 13 241; r 2 5 0.90;
filled dots are from Gessler et al. (2000). B, Data from Masiello et al. (2004).
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Published studies on soil C pools were concentrated at
relatively few research sites throughout the state (Fig. 4).
Eleven of the primary profiles were at the Sierra Foothills
Research and Extension Center, Browns Valley, Yuba County
(lat 39u159N, long 121u179W). Thirteen profiles were located
at the University of California Sedgewick Natural Reserve in
the Santa Ynez River Basin, Santa Barbara County (lat
34u429N, long 120u039W). Within site variability was relatively
high at sites with multiple profiles; this is not surprising given
that sampling locations were often selected to compare
contrasting environmental conditions and treatments. Very
few studies reporting soil C have been conducted in the more
arid southern and southeastern portions of the state.

DISCUSSION

Regional Patterns in Soil Carbon Pools
Few regional surveys have been performed of soil C pools in
rangeland ecosystems. Soil C pools in California rangelands
were slightly larger than the average values for grasslands and

pastures for the conterminous United States for the top 100 cm
(Guo et al. 2006). Soil C pools in this study averaged 90 Mg
C ? ha21 in the top 50 cm. This is lower than values reported
for perennial grasslands in Texas, which stored approximately
100 Mg C ? ha21 in the top 40 cm of soils (Potter and Derner
2006). Burke et al. (1989) estimated soil C pools to 20-cm
depth from 500 rangeland sites in the Great Plains using soil
survey data. They reported soil C pools that ranged from less
than 10 Mg C ? ha21 to almost 90 Mg C ? ha21 and were
correlated with broad climate differences across the region.
They found that cool, moist climates and clay soils led to the
largest soil C pools. California’s soil C pools in the top 20 cm
averaged 50 6 4 Mg C ? ha21. These fall within the range found
in the Great Plains, and when compared to sites in the Great
Plains with similar averaged climate values (mean annual
temperature was 19 6 0.3uC and mean annual precipitation
was 517 6 16 mm), soil C pools in California were greater than

Table 2. Patterns in soil carbon pools (Mg C ? ha21) with depth in California rangeland soils. Data are modeled using a simple quadratic equation
with soil carbon content and depth (see text).1

Depth
Overall

Woody
(mean 6 SE)

Nonwoody
(mean 6 SE)

Ungrazed
(mean 6 SE)

Grazed
(mean 6 SE)(cm) Mean 6 SE Min/max

0–10 33 6 4 11 / 152 36 6 7 27 6 3 32 6 5 34 6 4

0–25 58 6 4 16 / 158 66 6 7 44 6 4* 52 6 7 57 6 6

0–50 90 6 5 28 / 200 101 6 7 71 6 6* 80 6 9 89 6 8

0–100 140 6 7 47 / 246 155 6 9 116 6 9* 127 6 12 141 6 13
1Asterisks signify statistically significant differences among treatments (woody vs. nonwoody and ungrazed vs. grazed). Sample size (per depth) was 40 for overall data, 25 for woody

rangelands, 15 for nonwoody sites, 9 for ungrazed, and 11 for grazed rangelands.

Figure 3. Modeled soil carbon content (Mg C ? ha21) plotted against
soil clay content (%); r 2 5 0.27, P , 0.01; X 5 rangeland with woody
component; 0 5 rangeland without woody component.

Figure 4. Box and whisker plots showing range of soil carbon data
from the five dominant study sites. Numbers above each box indicate the
number of profiles used from that site.
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in Central Plains rangelands (,20 Mg C ? ha21) for the same
depth. Unlike the Great Plains, most rangelands in California
rarely experience prolonged low temperatures, and most of the
annual precipitation in California falls as rain during the
growing season. This likely maximizes the use of precipitation
by grasses, while during the warm summer months soil organic
matter decomposition is likely inhibited due to lack of adequate
soil moisture. We did not see a relationship between
precipitation and soil C in California rangeland soils. Soil C
pools increased with clay content in this study. Finely textured
soils have greater reactive surface area and tend to store more C
than more coarsely textured soils (Schimel et al. 1994). Soil C
pools were greatest at intermediate levels of ANPP. This may
result from patterns in plant allocation, with greater below-
ground allocation contributing proportionally more to soil C
pools (Balesdent and Balabane 1996; Christian and Wilson
1999; Puget and Drinkwater 2001).

Our analyses show that the cumulative C content of
rangeland soils in California was strongly predictable with
depth. The strong relationship of soil C pools with depth
suggests that although local properties may contribute to
variability in the baseline amount of C in these soils, inherent
properties of rangelands control patterns of C accumulation
and storage over the soil profile. Although our dataset includes
multiple profiles from a subset of sites, the studies used in this
analysis spanned multiple bioclimatic regions (semiarid to
mesic), soil types (alfisols and mollisols), cover types (annual
grasslands and oak woodlands), and management (ungrazed
and a range of grazing intensities). The trend in soil C
accumulation with depth was nearly linear over 2 m in
rangelands with a woody component and over 1 m in open
rangelands. Most of the rangelands in this study were
dominated by annual grasses, which are generally thought to
have shallow rooting depth relative to perennial grasses (Savelle
1977). Although C was concentrated in the surface 20–40 cm,
these data demonstrate significant C storage potential in deeper
soil horizons in grasslands dominated by annual plants. Woody
plants added significant soil C below 1 m, but annual
grasslands without a woody component still showed increasing
C content to 1-m depth. This may be due to the presence of
residual soil C from the historical presence of woody plants or
even perennial grasses, although annual grasses have dominat-
ed this region for more than 100 yr. Alternatively it is possible
that some grass species may be able to access deeper soils with
roots. Some annual grassland plants allocate over 30% of their
root mass below 30-cm depth (Gordon and Rice 1992). Soil C
may be also translocated down in the soil profile by
earthworms or water (Shuster et al. 2001; Mariani et al.
2007). Sequestering C deep in the soil profile could partially
offset increasing atmospheric CO2 concentrations. Soil C
stored in subsurface horizons is likely to be less biologically
active due to lower resource availability for decomposers,
lower redox potential, potentially higher concentrations of
more recalcitrant C compounds that resist decay (Silver et al.
1999; Chabbi et al. 2009), and lower probability of soil
physical disturbance.

Rangelands with a woody component had significantly more
soil C below 10-cm depth than open grasslands. In the top
100 cm this amounted to almost 40 Mg C ? ha21. Our analysis
could not account for the species composition, density,

biomass, or productivity of woody plants in the rangelands
surveyed, nor historical patterns of woody plant distribution
and biomass, all of which can impact soil C pools. Regardless,
sites that contained woody plants at the time of sampling
consistently had high soil C pools, even when controlling for
temperature and precipitation. Oak woodlands and wooded
savanna make up a significant proportion of the rangelands in
California (Griffen 1977). These ecosystems are characterized
by tree islands in a grassland matrix. Oak understories tend to
have higher soil C and nutrient pools and lower bulk densities
than the surrounding grasslands (Dahlgren et al. 1997). Oaks
have greater rooting depth than grasses, providing an
important contribution to deep soil C. These ecosystems may
also be better at retaining C over time due to more complete use
of seasonally available water (Ma et al. 2007). Rangeland
management, oak removal to increase forage production,
increasing urban development, vineyard expansion, and Sud-
den Oak Death have led to a decline in oaks in California
rangelands that may negatively impact C storage and nutrient
cycling in these soils (Dahlgren et al. 1997; Giusti et al. 2004;
Gaman and Firman 2006; but see Kroodsma and Field 2006).

Oaks are not the only woody plants that occur in California
rangelands. Coastal rangelands have been experiencing an
invasion of Baccharis pilularis over the last 50 yr (McBride and
Heady 1968; Hobbs and Mooney 1986; Stromberg et al. 2001;
Zavaleta and Kettley 2006). Baccharis invasion increased soil C
pools in a semiarid rangeland, but decreased total ANPP by
67% over 25 yr (Zavaletta and Kettley 2006). Woody
encroachment is increasing worldwide (Van Auken et al.
2000; Schroter et al. 2005; Hobbs et al. 2006) due to grazing
(Schlesinger et al. 1990) and fire management (Bond and
Keeley 2005), as well as anthropogenic N deposition (Kochy
and Wilson 2001) and elevated atmospheric CO2 concentra-
tions (Bond and Midgley 2000; Polley et al. 2003). Although
woody plants can significantly increase soil C pools, they also
present some ecological and economic costs in rangelands
(Jackson et al. 2005). Deep-rooting trees can alter the
hydrology of grassland ecosystems, increasing salinity and
altering nutrient dynamics (Jobbagy and Jackson 2004;
McCully et al. 2004; Jackson et al. 2005). Woody plants can
decrease forage for livestock, negatively impacting yields.
Woody invasion does not always increase soil C pools in
grasslands. Jackson et al. (2000) found that woody invasion
decreased soil C content in perennial grasslands receiving
$ 660 mm rainfall per year, amounts typical of many
Mediterranean climates.

Grazing can impact soil C pools by affecting C inputs via
NPP, turnover rates, root to shoot allocation, and C exports
via decomposition, erosion, and hydrologic losses. In a review
of largely perennial grasslands, Conant et al. (2001) found
that improved grazing practices such as moderate stocking
rates significantly increased rates of soil C sequestration,
averaging 0.35 Mg C ? ha21 ? yr21. They found that rates of
soil C sequestration were greatest in warm dry regions with
high potential evapotranspiration and with a long prior
history of grazing, similar to many rangelands in California.
In our analysis grazing appeared to have no significant impact
on soil C pools in California rangelands. This is not
necessarily surprising at the level to which this could be
evaluated in this dataset. The timing, frequency, and intensity
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of grazing, data that were not available for the current
analysis, strongly influence a system’s response to grazing. For
example, the timing of grazing has a strong impact on
vegetation composition, particularly the prevalence of later-
season, deeper-rooted species (reviewed in Huntsinger et al.
2007; Jackson and Bartolome 2007). The impacts of RDM, an
indicator of grazing intensity, on ANPP can vary by site and
year (Bartolome et al. 2007), and its impacts on a given site
may be masked by analyzing across broadly different
conditions. Consideration of such context-dependent interac-
tions is critical for effective ecosystem management (Eviner
and Hawkes 2008).

Distribution of Available Data on Soil Carbon Pools
Our review of the literature highlights the range of bioclimatic
zones that have been well studied in California and those that
are poorly studied. Thirty-nine of the 48 profiles used in our
analysis were located at just five sites throughout the state.
Obvious gaps in data include annual grasslands in arid regions
as well as montane rangelands. More data from these
environments will help facilitate modeling at a regional scale.
In this study we have focused on soil organic C, but significant
inorganic C can occur in some arid and semiarid environments
(Eshel et al. 2007) and deserves more attention.

MANAGEMENT IMPLICATIONS

Soil C sequestration has been proposed as a means to help
offset greenhouse gas emissions and reduce the atmospheric
burden of CO2 (IPCC 2007). Understanding patterns in soil C
storage is a first step to exploring soil C sequestration potential.
The wide range in soil C pools in California’s rangelands across
similar soil types and climate suggests considerable potential to
increase soil C storage in these ecosystems through manage-
ment. The presence of woody plants is likely to facilitate C
storage at depth. However, increased woody plant biomass
often comes at the expense of forage production, can result in
soil salinization, and result in significant water loss at an
ecosystem scale (Jobbagy and Jackson 2004; McCully et al.
2004; Jackson et al. 2005). Improved grazing practices, organic
amendments, and irrigation have been proposed as mechanisms
to increase C storage in rangeland soils. Soil C sequestration in
rangelands is likely to be a relatively inexpensive approach to
climate change mitigation, with many co-benefits in the form of
higher plant production, increased soil water-holding capacity,
and decreased soil erosion (Paustian et al. 1997).
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New effects of Roundup on amphibians: Predators reduce herbicide
mortality; herbicides induce antipredator morphology
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Abstract. The use of pesticides is important for growing crops and protecting human
health by reducing the prevalence of targeted pest species. However, less attention is given to
the potential unintended effects on nontarget species, including taxonomic groups that are of
current conservation concern. One issue raised in recent years is the potential for pesticides to
become more lethal in the presence of predatory cues, a phenomenon observed thus far only in
the laboratory. A second issue is whether pesticides can induce unintended trait changes in
nontarget species, particularly trait changes that might mimic adaptive responses to natural
environmental stressors. Using outdoor mesocosms, I created simple wetland communities
containing leaf litter, algae, zooplankton, and three species of tadpoles (wood frogs [Rana
sylvatica or Lithobates sylvaticus], leopard frogs [R. pipiens or L. pipiens], and American toads
[Bufo americanus or Anaxyrus americanus]). I exposed the communities to a factorial
combination of environmentally relevant herbicide concentrations (0, 1, 2, or 3 mg acid
equivalents [a.e.]/L of Roundup Original MAX) crossed with three predator-cue treatments
(no predators, adult newts [Notophthalmus viridescens], or larval dragonflies [Anax junius]).
Without predator cues, mortality rates from Roundup were consistent with past studies.
Combined with cues from the most risky predator (i.e., dragonflies), Roundup became less
lethal (in direct contrast to past laboratory studies). This reduction in mortality was likely
caused by the herbicide stratifying in the water column and predator cues scaring the tadpoles
down to the benthos where herbicide concentrations were lower. Even more striking was the
discovery that Roundup induced morphological changes in the tadpoles. In wood frog and
leopard frog tadpoles, Roundup induced relatively deeper tails in the same direction and of the
same magnitude as the adaptive changes induced by dragonfly cues. To my knowledge, this is
the first study to show that a pesticide can induce morphological changes in a vertebrate.
Moreover, the data suggest that the herbicide might be activating the tadpoles’ developmental
pathways used for antipredator responses. Collectively, these discoveries suggest that the
world’s most widely applied herbicide may have much further-reaching effects on nontarget
species than previous considered.

Key words: American toads (Bufo americanus or Anaxyrus americanus); amphibian decline;
dragonflies (Anax junius); glyphosphate; inducible defense; leopard frogs (Rana pipiens or Lithobates
pipiens); newts (Notophthalmus viridescens); phenotypic plasticity; synergy; wood frogs (Rana sylvatica or
Lithobates sylvaticus).

INTRODUCTION

To understand the impacts of anthropogenic chemi-

cals on natural communities, we often base predictions

on the plethora of single-species tests that are conducted

as part of the pesticide regulation process. While a

valuable first-step in determining the potential lethality

of contaminants in nature over short periods (i.e., 1–4

d), these tests may tell us little about the impacts of

contaminants on organisms under more natural condi-

tions and over longer periods (Relyea and Hoverman

2006, Clements and Rohr 2009). Thus, many ecologists

and toxicologists have moved to examine the impacts of

contaminants under more natural conditions and over

more realistic exposure times. In this manner, we can

gain a better understanding of the direct and indirect

effects of contaminants on nontarget organisms when

embedded within their natural community.

Natural communities contain a number of potential

factors that might interact with contaminants. Stressors,

broadly defined as environmental factors that impair

individual performance, can act either additively or

synergistically. For contaminants, a number of abiotic

and biotic stressors can make contaminants more or less

lethal (Relyea and Hoverman 2006). Among biotic

stressors, stress from low food or high competition can

increase the lethality of contaminants (Postma et al.

1994, Hanazato and Hirokawa 2004, Beketov and Liess

2005, Jones et al. 2011). In addition, stress from the

presence of predators can make several pesticides more

lethal (Relyea and Mills 2001, Relyea 2003b, 2004c,
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2005d). However, synergistic interactions between pes-

ticides and predatory stress have only been observed

under laboratory conditions. We need to determine

whether this lethal synergy occurs under more natural

conditions.

While experiments have primarily examined whether

natural stressors affect the lethality of contaminants, it is

equally important to examine whether contaminants

affect an organism’s ability to adaptively respond to

natural stressors. Any synergistic or antagonistic inter-

actions of contaminants with stressors could cause

organisms to become poorly suited to their environment.

For example, biotic stressors such as competition and

predation induce changes in the behavior, physiology,

morphology, and life history of individuals (Miner et al.

2005). We have a good understanding of how contam-

inants alter the behavioral traits of target and nontarget

animals, especially in the case of insecticides that

commonly act on the animal’s nervous system (reviewed

in Weis et al. 2001). However, we know considerably less

about the effects of contaminants on morphological

traits, including those that are induced as a result of

environmental stressors. For example, contaminants

could interfere with an individual’s normal environmen-

tal induction of morphology and cause the individual to

develop a morphological phenotype that is poorly suited

to the current environment. Such effects could alter

morphological traits in ways that increase or decrease an

individual’s performance and ultimately its fitness. In

some species of zooplankton, for example, insecticides

can either induce morphological changes typically

associated with predator defenses (Hanazato 1991,

Barry 1998, 1999) or inhibit the induction of such traits

(Hanazato 1999, Barry 1999, 2000). Beyond a few

species of zooplankton, we have little information on the

ability of contaminants to impact the induced morpho-

logical defenses of other taxonomic groups (but see

Teplitsky et al. 2005).

I addressed these challenges using a mesocosm

experiment in which I exposed an assemblage of three

tadpole species to three levels of predatory stress, each in

the presence of four concentrations of a globally

common herbicide (glyphosate; commercially sold under

many names including Roundup and Vision; Monsanto

Corporation, St. Louis, Missouri, USA). Commercial

formulations of glyphosate can be moderately to highly

toxic to tadpoles under environmentally relevant con-

centrations (Bernal et al. 2009, Relyea and Jones 2009).

Moreover, under laboratory conditions, the herbicide

can be more lethal to tadpoles in the presence of water-

borne cues emitted by predators (Relyea 2005d). To my

knowledge, it is unknown whether predators can make

the herbicide more lethal under mesocosm conditions

nor whether the herbicide can induce morphological

changes in any animal species. Tadpoles are an excellent

model system in this regard because they are well known

for expressing predator-induced changes in morphology

including the development of relatively deeper tail fins

(Van Buskirk 2002, Relyea 2003b, 2004a).

METHODS

Pesticide Background

Roundup Original MAX is one of numerous glyph-
osate-based herbicide formulations sold around the

world by a variety of manufacturers. Collectively,
glyphosate-based herbicides are the number one herbi-

cide in the world with sales growing rapidly with the
marketing of Roundup-Ready crops (Baylis 2000).

Glyphosate products are used by homeowners, industry,
and agriculture to kill undesirable plants. Glyphosate

kills plants by preventing them from producing essential
amino acids. For most plants, glyphosate alone has

difficulty penetrating plant tissues due to the presence of
the leaf cuticle layer, so a surfactant is typically added to

introduce glyphosate into the plant. Polyethoxylated
tallow amine (POEA) is one of the most commonly used
surfactants. This surfactant can be highly toxic to fish

and amphibians at application rates that are found in
nature (Relyea 2006). While the surfactant of Roundup

Original MAX is a trade secret (S. Mortenson, personal
communication), the formulation has a toxicity to

amphibians that is nearly identical to those formulations
that are known to contain POEA (Relyea 2005d, Relyea

and Jones 2009).
The concentrations of glyphosate-based herbicides in

wetlands depend on whether the applications are
inadvertent (e.g., applications over forests; Thompson

et al. 2004) or due to drift, soil run-off, and plant wash-
off. Expected worst-case concentrations, based on a

range of assumptions regarding application rates, water
depth, and interception by vegetation, range from 1.4 to

7.6 mg a.e./L (where a.e. stands for acid equivalents;
Boutin et al. 1995, Mann and Bidwell 1999, Giesy et al.

2000, Solomon and Thompson 2003). Observed worst-
case concentrations range from 1.7 to 5.2 mg a.e./L

(Edwards et al. 1980, Giesy et al. 2000, Thompson et al.
2004). The half-life of glyphosate in pond water ranges
from 8 to 120 d depending on environmental conditions

(Barolo 1993).

The mesocosm experiment

The experiment employed a completely randomized

design containing a factorial combination of four
nominal Roundup concentrations (0, 1, 2, or 3 mg

a.e./L of glyphosate) crossed with three predator
treatments (no predator, caged adult newts [Notophthal-

mus viridescens], and caged larval dragonflies [Anax
junius]). The resulting 12 treatment combinations were

replicated four times for a total of 48 experimental units.
The experimental units were 757-L, outdoor meso-

cosms that contained many components of natural
wetlands. The plastic mesocosms were filled with

approximately 570 L of well water on 18–20 April
2006. On 21 April, I added 200 g of leaf litter (Quercus

spp.) and 15 g of rabbit chow; both items serve as initial
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nutrient sources and the leaf litter also serves as a prey

refuge. On the same day, I collected pond water from

five ponds that contained zooplankton, phytoplankton,

and periphyton. After screening the water for predators,

I mixed water from all the ponds and added an aliquot

of the resulting slurry to each tank. Soil was not added

to the mesocosms because previous research has found

that adding soil has no effect on the toxicity of Roundup

under mesocosm conditions (Relyea 2005c). Each tank

was covered with a 65% shade cloth lid to prevent other

organisms from colonizing the tanks. Each tank also

was equipped with four plastic lids (area ¼ 45 cm2)

attached to a length of weighted plastic pipe and

oriented vertically to serve as periphyton samplers.

Algal and zooplankton communities developed for 20

d, after which I added three species of larval amphib-

ians. Amphibians were collected as newly oviposited

eggs (wood frogs, Rana sylvatica [Lithobates sylvaticus]¼
15 egg masses; northern leopard frogs, R. pipiens [L.

pipiens] ¼ 10 egg masses, American toads, Bufo

americanus [Anaxyrus americanus] ¼ 10 egg masses).

The eggs were hatched and raised in wading pools

containing aged well water and fed rabbit chow ad

libitum. On 10 May (defined as day 0), I added 30

tadpoles of each species to every mesocosm for a total

density of 90 tadpoles per mesocosm. This density of

tadpoles (22 per m2) is within the range of natural

densities for these species during early ontogeny (R.A.

Relyea, unpublished data). The tadpoles were early in

development (approximately Gosner stage 25; Gosner

1960) with the following initial mean masses (6SE):

wood frogs, 58 6 4 mg; leopard frogs, 36 6 1 mg;

American toads, 16 6 1 mg.

The predator treatments were added on day 1. Each

mesocosm was equipped with two predator cages

constructed from 236-mL plastic cups covered with a

screen held on with a rubber band. In mesocosms

assigned the no-predator treatment, the cages remained

empty. In mesocosms assigned the newt or dragonfly

treatments, each cage contained a single predator that

was fed approximately 300 mg of tadpoles (a mixture of

wood frogs and leopard frogs) three times per week. On

each feeding day, I also lifted the empty cages in the no-

predator treatment to equalize disturbance across all

tanks.

The herbicide treatments were applied on day 2. I

used a popular formulation of glyphosate (Roundup

Original MAX; Monsanto Corporation, St. Louis,

Missouri, USA) that contained 540 mg a.e./L of

glyphosate plus an undisclosed surfactant. To attain

the nominal concentrations of 0, 1, 2, and 3 mg a.e./L of

glyphosate, I added 0, 0.864, 1.728, and 2.592 mg of

formulated product to the mesocosms, respectively. The

formulated product was added to 300 mL well water and

then this mixture was distributed evenly across the

surface of the mesocosms. One hour after the applica-

tions, I sampled the water of all mesocosms in the

middle of the water column and pooled the samples by

herbicide treatment. The water samples were then frozen

and later shipped to the Mississippi State Chemical Lab

(Mississippi State, Mississippi, USA) for analysis using

high-pressure liquid chromatography. The analyses

indicated that the actual concentrations were 0.9, 1.8,

and 3.4 mg a.e./L. Given that these values are within

13% of the nominal values with no directional bias, the

concentrations will hereafter be referred to as 1, 2, and 3

mg a.e./L.

On the afternoon of day 9, I measured temperature,

pH, and dissolved oxygen of all mesocosms. Measure-

ments were taken with a calibrated, digital water meter.

Across all treatments, there was little variation in pH

(range, 7.8–8.0) or temperature (range, 11.7–11.98C). In

contrast, dissolved oxygen varied widely among treat-

ments (range, 10–20 mg/L), so I analyzed the treatment

effects on dissolved oxygen.

On days 15 and 21, I sampled the periphyton in each

mesocosm. On each date, I removed two periphyton

sampler discs from the same location in each mesocosm,

brushed them free of periphyton, and then rinsed the

samplers with well water. The slurry of periphyton and

water was filtered through pre-dried and pre-weighed

Whatman GF/C filters. After filtering the periphyton

slurry, the filters were dried for 24 h at 808C and re-

weighed to estimate periphyton availability in each

mesocosm.

On day 21, I terminated the experiment by removing

all water and leaf litter and recovering all surviving

tadpoles. The survivors were euthanized in 2% MS-222

and then preserved in 10% formalin. The preserved

animals were later counted and weighed to determine

survival and average individual mass for each species.

The amphibian response variables were the proportion

of each species surviving in each mesocosm and the

mean individual mass of each species in each mesocosm.

Morphological measurements

One of the objectives of this study was to examine

whether exposure to the herbicide affected tadpole

morphology. Because a large proportion of tadpoles

died in the highest herbicide treatment, I excluded this

treatment from the morphological analyses. Two of the

three species (wood frogs and leopard frogs) possess

highly plastic morphological responses to predators and

competitors (Relyea and Werner 1999, Relyea 2003a,

Schoeppner and Relyea 2009), so only these two species

were assessed for predator- and herbicide-induced

changes in relative morphology. Past studies on

American toads suggests that they are less plastic

(Relyea 2001). I measured seven morphological traits

on each surviving tadpole: tail depth and length, body

depth, length, and width, and tail muscle depth and

width (see Fig. 1 in Relyea 2000).

Statistical analyses

I analyzed the data using analyses of variance. I

conducted separate multivariate analyses of variance

RICK A. RELYEA636 Ecological Applications
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(MANOVAs) on survival and mass, because some

mesocosms at the highest glyphosate concentration

had no surviving animals to permit an assessment of
mass. The survival data for wood frogs and leopard

frogs were heteroscedastic and the data for leopard frogs
marginally non-normal. The data distribution could not

be improved by any transformation, but analyses of

variance are robust to such violations when the data are
balanced and independent (Quinn and Keough 2002),

particularly when the largest variance is not more than
four times larger than the smallest variance (which was

the case for leopard frog survival but not for wood frog

survival). The mass data were both homoscedastic and
normally distributed. The analysis of mass did not

include survival as a covariate because there was no

indication that treatments that caused tadpole mortality
were associated with increased individual mass due to

reduced competition.

To estimate the LC50 values (i.e., the concentration
required to kill 50% of a population) for each species

under each predator treatment, I conducted probit
analyses. Using 84% confidence intervals for these

estimates allows one to determine differences among

predator treatments because non-overlapping 84%
confidence intervals are significant at approximately a
¼ 0.05 (Payton et al. 2003).

The next set of analyses examined the effects of the
treatments on tadpole morphology. Because linear

morphological measurements are typically larger on
animals of larger mass, I examined mass-adjusted

morphological traits. To do this, I conducted a

MANCOVA on all seven log-transformed linear dimen-
sions and included log-transformed mass as a covariate

and the two treatments (predators and pesticides) as
fixed effects. For most traits in both species, I was able

to confirm that there were no significant two- or three-

way mass-by-treatment interactions (a key assumption
in mass-adjustment analyses). However, there was a

significant multivariate mass-by-predator interaction in
wood frogs. Examination of the univariate responses

indicated that there was an interaction of mass and

predators effect on tail depth; whereas the smallest
animals had tail depths of similar size, the magnitude of

predator induction on tail depth continually increased as

tadpole mass increased. This is not surprising given that

the ability to express a plastic response in morphology

increases with increased growth (Relyea 2004b). Ignor-

ing this mass-by-predator interaction would estimate the

magnitude of predator induction for a tadpole of

average mass. This overestimates predator induction of

the smallest tadpoles and underestimates predator

induction of the largest tadpoles, but provides an

unbiased estimate of predator induction for average

sized tadpoles. In contrast, there were no significant

mass-by-herbicide interactions on tadpole morphology,

so any herbicide induction of tadpole morphology could

be estimated without bias.

From the MANCOVA, I saved the residuals from

each tadpole and the estimated marginal means for each

treatment. I added these two values to determine the

mass-adjusted morphology of each tadpole. For wood

frog and leopard tadpoles, I then calculated mesocosm

means, which served as response variables.

The mass-adjusted morphological traits of the leopard

frogs and wood frogs were analyzed using separate

MANOVAs. The leopard frog data had homoscedastic

errors and were normally distributed. The wood frog

data had homoscedastic errors for all of the morpho-

logical traits except for muscle width and all data were

normally distributed. Significant multivariate effects

were followed by univariate tests and pairwise compar-

isons (Tukey’s hsd).

I also analyzed treatment effects on periphyton

biomass and dissolved oxygen concentrations. Periphy-

ton biomass was analyzed using a repeated-measures

analyses of variance (rm-ANOVA). The log-trans-

formed data were normally distributed and the errors

were either homoscedastic or marginally homoscedastic.

Dissolved oxygen data were analyzed using an ANOVA.

Assumptions of normality and homoscedasticity were

both met. All mean comparisons were conducted using

Tukey’s hsd.

RESULTS

Tadpole survival

There were multivariate effects of herbicide and

predators and a marginal concentration-by-predator

interaction (Table 1, Fig. 1). The subsequent ANOVAs

illuminated which species were driving these effects.

TABLE 1. Multivariate and univariate test results examining the effects of three predator cue
treatments crossed with four concentrations of glyphosphate (as the commercial formulation
Roundup Original MAX) on the survival of wood frog, leopard frog, and American toad
tadpoles.

Treatment

Multivariate test
(Wilks’ lambda)

Univariate tests (P)

df F P df

Wood
frog

survival

Leopard
frog

survival
Toad

survival

Herbicide 9,108 7.2 ,0.001 3,36 ,0.001 ,0.001 ,0.001
Predator 6,70 2.6 0.027 2,36 0.047 0.077 0.068
Herbicide 3 Predator 18,108 1.6 0.063 6,36 0.010 0.068 0.618

Note: In the univariate tests, only df and P values are reported.
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American toad survival was affected by the herbicide

and there was a marginal effect of predators, but no

herbicide-by-predator interaction (Table 1, Fig.1).

Toads in the controls averaged 88% survival and toads

exposed to 1 mg a.e./L exhibited no reduction in survival

(P ¼ 0.955). In contrast, toads exposed to 2 mg a.e./L

experienced an average survival of 75% (P¼ 0.011) and

toads exposed to 3 mg a.e./L experienced an average

survival of 24% (P , 0.001). Although the herbicide-by-

predator interaction was not significant, it is clear from

the data that the marginally significant predator effect

was driven by glyphosate’s lethal effects being reduced

in the presence of caged dragonflies. For example, at 2

mg a.e./L, survival was reduced by 16% with no

predators but was only reduced by 1% with caged

dragonflies. Similarly, at 3 mg a.e./L, survival was

reduced by 68% with no predators but was only reduced

by 58% with caged dragonflies. Based on the probit

analyses, the LC50 for toads ranged from 2.4 to 2.8 mg

a.e./L (Table 2).

FIG. 1. The survival of three species of tadpoles when exposed to a factorial combination of caged-predator treatments crossed
with four concentrations of glyphosphate (as the commercial formulation Roundup Original MAX). Data are means 6 SE; ‘‘a.e.’’
stands for acid equivalents.

TABLE 2. Estimated LC50 values (i.e., the concentration
required to kill 50% of a population) for three species of
tadpoles when exposed to a range of concentrations of
glyphosphate (as the commercial formulation Roundup
Original MAX) in the presence of three caged-predator
environments.

Species Caged predator LC50 84% CI

Wood frog no predator 2.95 -
caged newt 2.63 2.45, 2.84
caged dragonfly 3.09 2.75, 3.80

Leopard frog no predator 2.91 2.74, 3.03
caged newt 3.02 -
caged dragonfly 3.26 3.02, 3.90

American toad no predator 2.46 2.27, 2.69
caged newt 2.44 2.26, 2.64
caged dragonfly 2.82 2.66, 2.96

Notes: Estimates are followed by 84% confidence intervals;
nonoverlapping confidence intervals are significant at approx-
imately a¼ 0.05 (Payton et al. 2003). In two cases, indicated by
dashes, the confidence interval could not be estimated due to
the distribution of the data.
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Leopard frog survival was affected by the herbicide

and marginally affected by predators and the concen-

tration-by-predator interaction (Table 1, Fig.1). Once

again, the interaction occurred because the impact of the

herbicide was larger without predators than with caged

dragonflies. Increasing the herbicide from 0 to 3 mg a.e./

L caused 62% death without predators, but only 37%
death with caged newts and 33% death with caged

dragonflies (all P � 0.002). Based on the probit analyses,

the LC50 ranged from 2.9 to 3.2 mg a.e./L (Table 2).

Wood frog survival was affected by herbicide,

predator, and an herbicide-by-predator interaction

(Table 1, Fig.1). The interaction occurred because

increasing the herbicide concentration from 0 to 3 mg

a.e./L caused 74% death without predators and 73%
death with caged newts, but caused only 54% death with

caged dragonflies (all P , 0.001). Based on the probit

analyses, the LC50 for wood frogs ranged from 2.6 to

3.1 mg a.e./L (Table 2).

Tadpole mass

Tadpole mass exhibited significant effects of herbi-

cide, predators, and the herbicide-by-predator interac-

tion (Table 3, Fig. 2). Subsequent ANOVAs determined

which of the three tadpole species was driving these

multivariate effects. American toad mass exhibited no

effects of glyphosate or predators (Table 3, Fig. 2).

Leopard frog mass exhibited a main effect of

herbicide, no main effect of predators, and a significant

interaction (Table 3, Fig. 2). Without predators, there

was no effect of the herbicide (P . 0.3). With caged

newts, there also was no effect of the herbicide (P .

0.08). With caged dragonflies, however, there was no

effect of 1 or 2 mg a.e./L (P . 0.7) compared to the

control, but there was a large (37%) decline in mass with

3 mg a.e./L (P ¼ 0.001).

Wood frog mass was affected by herbicide, predators,

and their interaction (Table 3, Fig. 2). To understand

the nature of the interaction, I examined how increased

herbicide concentrations affected growth compared to

the control within each predator treatment. When

predators were absent, there was no effect of 1 mg

a.e./L (P ¼ 0.434) compared to the control, a marginal

decline in mass (13%) with 2 mg a.e./L (P¼0.070), and a

significant decline in mass (15%) with 3 mg a.e./L (P ¼
0.032). With caged newts, there was no effect of 1 or 2

mg a.e./L (P . 0.3) compared to the control, but there

was a marginal decline in mass (17%) with 3 mg a.e./L

(P¼ 0.054). With caged dragonflies, there was no effect

of 1 or 2 mg a.e./L (P . 0.9) compared to the control,

but there was a large (38%) decline in mass with 3 mg

a.e./L (P , 0.001).

Tadpole morphology

Leopard frogs.—The analysis of leopard frog mor-

phology found significant multivariate effects of the

herbicide and predator treatments, but no herbicide-by-

predator interaction (Fig. 3, Table 4). Univariate

analyses indicated that these effects were caused by

herbicide and predator effects on tail depth, body depth,

and body length (Table 4).

Tail depth was affected by both the predator and

herbicide treatments (Table 4). Compared to the no-

predator control, caged newts induced no change (P ¼
0.176) while caged dragonflies induced deeper tails (P¼
0.004). Compared to the herbicide control, 1 mg a.e./L

had no effect on tail depth (P¼ 0.984) while 2 mg a.e./L

induced deeper tails (P ¼ 0.006).

Body depth was affected by the herbicide treatments

but not by the predator treatments (Table 4). There was

no difference between 0 mg a.e./L and the other two

concentrations (both P . 0.2), but bodies were deeper

with 2 mg a.e./L than with 1 mg a.e./L (P ¼ 0.014).

Body length was affected by the predator treatments

but not by the herbicide treatments (Table 4). Com-

pared to the no-predator treatment, newts induced

similar body lengths (P ¼ 0.677) while dragonflies

induced shorter body lengths (P ¼ 0.044).

In summary, caged dragonflies induced leopard frogs

to develop deeper tails and shorter bodies than the no-

predator control. Interestingly, 2 mg a.e./L of the

herbicide also induced deeper tails as well as changes

in body depth.

Wood frogs.—The analysis of wood frog morphology

found significant multivariate effects of the herbicide

and predator treatments, but no herbicide-by-predator

interaction (Fig. 3, Table 5). Univariate tests indicated

that the treatments affected four morphological traits:

muscle depth, tail depth, body depth, and body length.

The muscle depth of wood frogs was only affected by

the herbicide treatments (Table 5). Compared to 0 mg

a.e./L, 1 mg a.e./L had no effect (P ¼ 0.933) but 2 mg

a.e./L induced deeper tail muscles (P ¼ 0.009).

Wood frog tail depth was affected by both the

predator and the herbicide treatments (Table 5).

Compared to the no-predator control, caged newts

had no effect (P¼ 0.123) and caged dragonflies induced

significantly deeper tails (P , 0.001). Compared to 0 mg

a.e./L, 1 mg a.e./L had no effect (P ¼ 0.990) but 2 mg

a.e./L induced deeper tails (P ¼ 0.011).

Body depth was marginally affected by the herbicide

but not by predators (Table 5). Bodies exposed to 0 mg

a.e./L tended to be deeper than 1 mg a.e./L (P¼ 0.057)

but not different from 2 mg a.e./L (P¼0.661). The latter

two concentrations did not differ (P ¼ 0.288).

Body length was affected by the predator treatments

but not by the herbicide treatments (Table 5). Compared

to the no-predator control, body length was marginally

reduced by caged newts (P ¼ 0.081) and significantly

reduced by caged dragonflies (P ¼ 0.005).

In summary, caged dragonflies induced wood frogs to

develop deeper tails and shorter bodies than the no-

predator control. An exposure to 2 mg a.e./L of the

herbicide induced deeper tails and tail muscles than 0 mg

a.e./L. The herbicide also induced changes in body

depth.
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Periphyton and dissolved oxygen

The analysis of periphyton found an effect of
herbicide (F3,34 ¼ 4.3, P ¼ 0.012) and time (F1,34 ¼
18.3, P , 0.001), but no predator effect (F2,34¼0.05, P¼
0.952) or any interactions (all P . 0.17; Fig. 4).

Periphyton declined over time, but averaged over time
and across all predator treatments, periphyton was

similarly abundant between the control and either 1 or 2

mg a.e./L (P . 0.9), but was 83% more abundant with

3 mg a.e./L (P ¼ 0.039).

The ANOVA on dissolved oxygen found a significant

effect of herbicide (F3,36¼ 14.4, P , 0.001), but no effect

of predator (F2,36 ¼ 0.2, P ¼ 0.797) or an herbicide-by-

predator interaction (F6,36 ¼ 0.6, P ¼ 0.707; Fig. 4).

Averaged across predators, dissolved oxygen was

highest in the absence of the herbicide. Compared to

TABLE 3. Multivariate and univariate test results examining the effects of three predator cue
treatments crossed with four concentrations of glyphosphate (as the commercial formulation
Roundup Original MAX) on the mass of wood frog, leopard frog, and American toad tadpoles.

Treatment

Multivariate test
(Wilks’ lambda)

Univariate tests (P)

df F P df
Wood

frog mass
Leopard
frog mass

Toad
mass

Herbicide 9,105 4.4 ,0.001 2,27 ,0.001 0.002 0.508
Predator 6,68 2.5 0.030 2,27 0.002 0.146 0.622
Herbicide 3 Predator 18,105 2.5 0.002 4,27 0.002 0.014 0.117

Note: In the univariate tests, only df and P values are reported.

FIG. 2. The mass of three species of tadpoles when exposed to a factorial combination of caged-predator treatments crossed
with three concentrations of glyphosphate (as the commercial formulation Roundup Original MAX). The highest nominal
concentration used in the experiment (3 mg a.e./L) resulted in too few survivors to reliably assess tadpole mass. Data are means
6 SE.
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the control, additions of 1, 2, or 3 mg a.e./L caused 28 to

35% reductions in dissolved oxygen (all P , 0.001). The

latter three treatments did not differ from each other (all

P . 0.6). Across all herbicide concentrations, dissolved

oxygen concentrations remained quite high.

DISCUSSION

The experiment demonstrated that glyphosate-based

herbicides and predator cues can have surprising effects

on amphibians and wetland communities. Environmen-

tally relevant concentrations of the herbicide caused

FIG. 3. The relative morphology of leopard frog and wood frog tadpoles when exposed to a factorial combination of caged-
predator treatments crossed with three concentrations of glyphosphate (as the commercial formulation Roundup Original MAX).
Because the predator and herbicide treatments did not interact, the displayed predator effects are averaged across herbicide treatments,
and the displayed herbicide effects are averaged predator treatments. The highest nominal concentration used in the experiment (3 mg
a.e./L) resulted in too few survivors to assess morphology. Data are means 6 SE. Only significant main effects are shown.
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high rates of mortality in three species of tadpoles,

reductions in growth for two of the three species (i.e.,

wood frogs and leopard frogs), and several indirect

effects including an increase in periphyton and a

decrease in dissolved oxygen (although oxygen concen-

trations were always well above those that would cause

any harmful effects). When the different concentrations

were crossed with the chemical cues emitted by

predators, the herbicide exposures became less lethal

which is in direct contrast to lab studies that have found

that predator cues can make the herbicide more lethal.

As in past studies, the tadpoles responded to the highest

level of predatory stress (i.e., caged dragonflies) by

altering their morphology in adaptive directions. Unex-

pectedly, however, the herbicide also induced changes in

the tadpole’s morphology with a direction and magni-

tude that were nearly identical to the morphological

changes induced by the caged dragonflies. To my

knowledge, this is the first example of pesticide-induced

morphological plasticity in amphibians or any other

vertebrate.

Predators facilitate tadpole survival when exposed

to herbicides

The mortality caused by the herbicide was within the

range observed in past experiments. Across the three

species and the three predator environments, LC50

values ranged from 2.4 to 3.3 mg a.e./L. A large number

of laboratory studies have been conducted on commer-

cial formulations of the herbicide containing either the

POEA surfactant or an undisclosed surfactant possess-

ing a toxicity similar to POEA (e.g., Roundup Original,

Roundup Original MAX, Roundup Weathermax, Vi-

sion, Cosmo-Flux). These lab studies, which typically

change the water and reapply the pesticide every 1–4 d,

have found LC50 values ranging from 0.4 to 11.6 mg

a.e./L (Mann and Bidwell 1999, Lajmanovich et al.

2003, Edginton et al. 2004, Howe et al. 2004, Relyea

2005d, Bernal et al. 2009, Relyea and Jones 2009,

Dinehart et al. 2010). Based on the standard toxicity

definitions used by the U.S. Environmental Protection

Agency, these commercial formulations range from

slightly toxic (10 mg/L , LC50 , 100 mg/L) to highly

toxic (0.1 mg/L , LC50 , 1 mg/L; toxicity definitions

available online).2

A growing number of toxicity studies have been

conducted under mesocosm conditions and have ob-

served effects that are consistent with the laboratory

studies. For example, Relyea (2005b) found that 3 mg

a.e./L caused high rates of tadpole mortality, with

several species including wood frogs, leopard frogs,

American toads, and gray tree frogs (Hyla versicolor)

being nearly or completely eliminated. A follow-up

study tested whether the addition of sand or loam soil

would ameliorate the effects of Roundup on three

species of tadpoles (leopard frogs, American toads, and

gray tree frogs). In that study, neither sand nor loam

reduced the high rates of tadpole mortality (Relyea

2005c). Using one-third as much Roundup (1 mg a.e./L),

Relyea et al. (2005) found no effect on gray tree frog

tadpoles, but observed 29% death in leopard frogs and

71% in American toads. As in the current experiment, all

of these mesocosm experiments were conducted using

well water that had an approximate pH ¼ 8. More

recently, Jones et al. (2010) observed similar high

mortality levels in wood frog and American toad

tadpoles exposed to Roundup concentrations up to 3

mg a.e./L, but found that applications later in ontogeny

were less lethal than applications earlier in ontogeny.

Using a different suite of species (American bullfrogs [R.

catesbeiana], green frogs [R. clamitans], and gray tree

frogs), Jones et al. (2011) found that the high rates of

mortality at 2 and 3 mg a.e./L can be further increased

under conditions of increased competition. Importantly,

experiments conducted at lower pH values have found

lower rates of mortality at similar concentrations of

glyphosate þ POEA (Wojtaszek et al. 2004). As noted

by past authors, this means that the toxicity of these

herbicide formulations are of particular concern in

wetlands on the upper end of the naturally occurring

pH range (Chen et al. 2004, Edginton et al. 2004).

As reviewed by Relyea (2011), a key issue in

evaluating the potential impact of glyphosate-based

herbicides is to consider the concentrations found in

nature. Unfortunately, there is a paucity of data on the

TABLE 4. Multivariate and univariate test results examining the effects of three predator cue treatments crossed with three
concentrations of glyphosphate (as the commercial formulation Roundup Original MAX) on the relative morphology of leopard
frog tadpoles.

Treatment

Multivariate test
(Wilks’ lambda)

Univariate tests (P)

df F P df

Tail Body Muscle

Depth Length Depth Length Width Depth Width

Herbicide 14,42 2.9 0.003 2,27 0.003 0.807 0.019 0.329 0.457 0.224 0.441
Predator 14,42 2.3 0.021 2,27 0.006 0.863 0.986 0.050 0.996 0.826 0.113
Herbicide 3 Predator 28,77 1.3 0.169

Note: In the univariate tests, only df and P values are reported.

2 http://www.epa.gov/espp/litstatus/effects/redleg-frog/
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concentrations of glyphosate in natural ponds and
wetlands because most major surveys of pesticides in

water bodies have been restricted to lakes, streams, and

rivers. In contrast, most amphibians do not live in these

habitats. For ponds and wetlands the expected worst-

case scenarios for terrestrial formulations of glyphosate
(which are generally not recommended for aquatic

applications) range from 1.4 to 7.6 mg a.e./L depending

on the assumptions used (Boutin et al. 1995, Mann and

Bidwell 1999, Giesy et al. 2000, Solomon and Thompson

2003). Actual worst-case scenarios range from 1.7 to 5.2

mg a.e./L (Edwards et al. 1980, Giesy et al. 2000,
Thompson et al. 2004). Mean concentrations across a

landscape of inadvertently oversprayed wetlands can be

considerably lower e.g., 0.33 mg a.e./L; Thompson et al.

2004). However, it is important to realize that a given

pond does not experience the mean concentration, but
instead receives a specific concentration. For example,

while Thompson et al. (2004) found that the mean

concentration in forested wetlands (after spraying to

favor conifer trees over broadleaf trees) was 0.33 mg

a.e./L, they found that individual wetlands had up to

1.95 mg a.e./L, a concentration that can cause high
amphibian mortality.

While the high toxicity of this globally common

herbicide has been well documented under both lab and

mesocosm conditions, the observation that predator

cues can make the herbicide less lethal under mesocosm

conditions is a novel discovery. The most likely
explanation for this observation is herbicide stratifica-

tion. Recent studies have discovered that the water

column can experience thermal stratification which, in

turn, causes glyphosate-based herbicides to be two to

four times more concentrated near the surface than near

the benthos (Jones et al. 2010, 2011). Although the
current experiment sampled the water in the middle of

the water column rather than separately sampling near

the surface and near the benthos, it is reasonable to

assume that the mesocosms in the current study also

experienced stratification, given that the current study
and Jones et al. (2010) were conducted in the same

location, during similar times of year, under similar

conditions, and using the same formulation of Round-

up. Because the stratification of lentic habitats is a

common phenomenon, it is not surprising in hindsight

that pesticides can stratify. Indeed, pesticide stratifica-

tion is a phenomenon that has been observed in natural

wetlands in at least two studies (Sudo et al. 2004, Ma

et al. 2008). The frequency of such stratification will

depend on ambient temperatures, pond depth, and the

existence of winds that can potentially cause a stratified

water column to mix. What is interesting is that the

stratification of Roundup sets the stage for the

interactive effects of predator cues and herbicide

concentrations.

The current study included three predator treatments

that represented increasing levels of predation risk to

tadpoles (Babbitt 2001, Relyea 2003a) that typically

induce different magnitudes of antipredator responses.

When predator cages are positioned at the surface,

FIG. 4. The biomass of periphyton (averaged across
samples taken on day 15 and 21) and the dissolved concentra-
tion of oxygen (on day 9) in mesocosms exposed to a factorial
combination of caged-predator treatments crossed with four
concentrations of glyphosphate (as the commercial formulation
Roundup Original MAX). Periphyton was sampled on two
dates. Samples are based on two 45-cm2 samplers per mesocosm
on each date. Data are means 6 SE.

TABLE 5. Multivariate and univariate test results examining the effects of three predator cue treatments crossed with three
concentrations of glyphosphate (as the commercial formulation Roundup Original MAX) on the relative morphology of wood
frog tadpoles.

Treatment

Multivariate test
(Wilks’ lambda)

Univariate tests (P)

df F P df

Tail Body Muscle

Depth Length Depth Length Width Depth Width

Herbicide 14,42 2.8 0.005 2,27 0.005 0.178 0.066 0.288 0.650 0.006 0.903
Predator 14,42 3.1 0.002 2,27 ,0.001 0.949 0.323 0.006 0.802 0.326 0.255
Herbicide 3 Predator 28,77 1.0 0.463

Note: In the univariate tests, only df and P values are reported.
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tadpoles typically move down to the benthos (Relyea

2001, Schoeppner and Relyea 2009) and this behavior was

noted in the current study (R. A. Relyea, personal

observation). This move to the benthos would have placed

the tadpoles in a region of the water column that had a

lower herbicide concentration and, as a result, fewer

tadpoles died. In short, herbicide stratification and

predator-induced changes in the habitat use of tadpoles

combined to reduce the amount of herbicide-caused

mortality by 20% in wood frogs, 29% in leopard frogs,

and 10% in toads. The smaller effect in toads might be due

to the caged predators being fed only tadpoles of wood

frogs and leopard frogs; past studies have shown that

tadpoles exhibit small differences in their antipredator

traits when predators consume tadpole diets that span

different families (Schoeppner and Relyea 2005). Given

that predator avoidance is common in a wide range of

aquatic taxa (Lima 2002), it is possible that predator cues

and the stratification of contaminants could cause

interactive effects in other taxonomic groups as well.

To my knowledge, the only experimental assessment

of predatory stress and glyphosate-based herbicides was

the lab experiment of Relyea (2005d) which tested six

species of tadpoles in 8-L tubs of water and found that

one of the species (wood frogs) experienced significantly

higher rates of mortality when the herbicide was

combined with predatory cues emitted by caged newts

(in that study, leopard frogs and American toads

exhibited no synergistic interactions). In the current

experiment, the synergy was observed for wood frogs

and leopards (significant for wood frogs, marginally

nonsignificant for leopard frogs), but in the opposite

direction. However, the density of caged newts in the lab

experiments (one newt in 8 L of water) was much higher

than the density of caged newts in the current mesocosm

experiment (four newts in 570 L of water). Although

each newt in the mesocosm experiment was also fed

three times more tadpole biomass per day than the lab

experiments, the concentration of predator cues in the

earlier lab experiments was still nearly six times more

concentrated than the current mesocosm experiment.

Assuming increased concentrations of predator cue lead

to stronger synergistic interactions with pesticides, this

difference should make it less likely that predator cues

would increase the lethality of the herbicide in the

mesocosm experiment. Importantly, however, this dif-

ference in predator cue concentration does not explain

the observation that predator cues actually decreased the

lethality of the herbicide in the mesocosm experiment.

Tadpole mass and periphyton abundance

Changes in tadpole survival were concomitant with

herbicide and predator effects on tadpole mass in two of

the three species (i.e., wood frogs and leopard frogs). In

general, the strongest reductions in tadpole mass

occurred when tadpoles were exposed to the most risky

predator (i.e., dragonflies) combined with the highest

concentration of the herbicide. Because the periphyton

was more abundant under the highest herbicide

concentration, due to fewer surviving tadpoles, the

reduced growth of the tadpoles was not due to the

herbicide inhibiting periphyton growth. Indeed, under

lab conditions in which tadpoles were fed a constant

per-capita food ration, many species of tadpoles grew

slower when exposed to 1.5 mg a.e./L of glyphosate þ
POEA (Relyea 2004b). Under laboratory conditions,

therefore, it seems that the herbicide can affect the

ability of tadpoles to consume their food or convert

their food into growth. Under mesocosm conditions,

however, a reduction in tadpole growth has not been

previously observed. For example, herbicide applica-

tions of 1 to 3 mg a.e./L (similar to the no-predator

treatments in the current experiment) early in tadpole

development had no effect on tadpole growth (Jones

et al. 2010). In another experiment that manipulated

herbicide concentration and tadpole competition, Jones

et al. (2011) found that tadpole growth actually

increased with higher herbicide concentrations. The

key observation in the current experiment is that the

decline in tadpole mass only occurred when cues from

the most dangerous predator (which induces reduced

foraging activity; Relyea 2002b, 2003a) were combined

with the highest concentration of the pesticide. In short,

it appears that a reduction in tadpole mass requires both

stressors to be present. Reductions in mass are

important to amphibians because reduced mass at

metamorphosis is associated with reduced post-meta-

morphic survival, longer times to reproductive maturity,

reduced size at maturity, reduced mating success, and

smaller clutches of eggs (Smith 1987, Semlitsch et al.

1988, Altwegg and Reyer 2003).

The sharp decline in tadpole survival caused by the

highest concentrations of Roundup was the most likely

cause of the increased standing crop of periphyton (i.e.,

the food source of tadpoles). If the herbicide had

negative direct effects on periphyton, they were more

than overcome by the indirect positive effects of

removing the tadpole grazers. Such an outcome would

be expected whenever consumers are food limited, as in

the current experiment in which a total of 90 tadpoles

were added to each mesocosm. A similar increase in

periphyton was observed in a previous mesocosm

experiment that was initiated with a high density of

periphyton consumers (i.e., 50 tadpoles and 30 snails).

In that experiment, adding 3 mg a.e./L of Roundup

caused high rates of tadpole mortality and a concom-

itant increase in periphyton (Relyea 2005b). Similarly,

an experiment using 60–140 tadpoles per mesocosm

found that adding 1–3 mg a.e./L of the herbicide caused

an increase in periphyton biomass (Jones et al. 2011). In

contrast, a mesocosm experiment that was initiated with

40 tadpoles found no effects on periphyton biomass

(Jones et al. 2010). Collectively, these studies suggest

that herbicide-caused increases in periphyton are more

likely when there is more intense competition among

tadpoles.
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Given that higher concentrations of the herbicide were

associated with increases in periphyton, it is perhaps

surprising that there was a decline in the concentration

of dissolved oxygen for all three herbicide additions

(although dissolved oxygen never approached a level

that would negatively impact the tadpoles). Increased

microbial decomposition of dead tadpoles in the 3 mg

a.e./L compared to 1 mg a.e./L treatment does not

explain this pattern because dissolved oxygen was

similar in these two treatments. Instead, it seems more

likely that the herbicide may have been inhibiting the

growth of the phytoplankton in the water column.

Indeed, past studies have shown that Roundup can

cause declines in phytoplankton (Perez et al. 2007), with

LC50 values ranging from 1.9 to 5.8 mg a.e./L (Tsui and

Chi 2003). Because phytoplankton was not measured in

this experiment, the hypothesized mechanism should be

examined in future work.

The induction of tadpole morphology

Leopard frogs and wood frogs exhibited changes in

relative morphology when exposed to predators and the

herbicide. Predator-induced morphology is taxonomi-

cally widespread and appears to be an adaptive response

to reduce the tadpole’s risk of being killed by predators

(Van Buskirk 2002, Relyea 2003a, 2004a, 2005a). In

most cases, tadpoles respond to predators by building a

relatively deep tail fin, which helps evade deadly

predator strikes, at the cost of building a relatively

smaller body, which leads to slower growth likely due to

reduced food consumption and reduced digestive

efficiency (Relyea 2000, Relyea and Auld 2004, 2005).

As in the case of behavioral responses, tadpoles typically

exhibit stronger morphological responses to the most

risky predators. Not surprisingly, the current study

found that both wood frog and leopard frog tadpoles

exhibited weak morphological induction in response to

the less risky newts but strong morphological induction

in response to dragonflies.

Surprisingly, the herbicide-induced changes in tadpole

morphology and did so in the same direction and with

the same magnitude as the caged dragonflies. The

change in tail depth was particularly striking; for

leopard frogs and wood frogs, respectively, the addition

of dragonfly chemical cues caused a 3.8% and 5.2%
increase in tail depth and the addition of Roundup

induced a 3.6% and 3.1% increase in tail depth. It is also

interesting that the two factors had additive effects on

tail depth, rather than synergistic or antagonistic effects.

The combination of dragonfly cues and the herbicide (at

2 mg a.e./L) induced a 6.7–9.3% increase in tail depth

for leopard frogs and wood frogs, respectively; this was

approximately twice as large as either factor induced

alone. The fitness consequences of herbicide-induced

plasticity is unknown. However, based on past studies of

predator-induced morphology, one would predict that

this herbicide induction would have an associated cost

of slower growth (Relyea 2002a), but this was not

observed within the 0 to 2 mg a.e./L range of

concentrations that caused morphological induction.

Although the mechanism underlying the ability of

Roundup to induce morphological changes in tadpoles

is unknown, it is a reasonable hypothesis that the

herbicide may be interfering with the stress hormones

that induce antipredator defenses (Glennemeier and

Denver 2002).

Examples of a pesticide inducing morphological

changes in animals are rare and limited to a few species

of cladocerans. Nearly two decades ago, Hanazato

(1991) reported that several organophosphate and

carbamate insecticides induced morphological changes

in Daphnia ambigua that resembled the same morpho-

logical changes induced by predators. Two more recent

studies have found insecticides can induce elongated

crests, a predator-induced phenotype, in Daphnia (Barry

1998, Oda et al. 2011). On the other hand, studies on

Bosmina fatalis have found that insecticides can impede

the induction of predator-induced morphology (Barry

1999, 2000, Sakamoto et al. 2006). There appear to be

no studies examining the effects of herbicides on the

defensive morphology of cladocerans.

Conclusions

The results of this study demonstrate that the impact

of the most widely applied herbicide in the world has a

number of unexpected effects that often interact with the

common natural stressor of predator cues. The high

rates of mortality demonstrated in previous studies at

environmentally relevant concentrations were fully

supported in the current study, further confirming that

glyphosate-based herbicides containing the POEA sur-

factant (or similar surfactants) have the potential to kill

large numbers of larval amphibians. The interactive

effects of predators and the herbicide are best explained

by the previously established stratification of the

herbicide. It is reasonable to expect that many other

pesticides can also stratify in lentic habitats. Perhaps the

most striking discovery was that the herbicide was

capable of inducing changes in tadpole morphology in a

direction and magnitude that appeared to mimic the

adaptive morphological changes induced by predators.

Future work should investigate the generality of this

phenomenon across all amphibians and across similar

types of pesticides. Future studies should also determine

the underlying mechanisms of herbicide-induced mor-

phology to determine if herbicides and predator cues

activate shared endocrinological pathways.
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Glyphosate herbicide affects
belowground interactions between
earthworms and symbiotic mycorrhizal
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Herbicides containing glyphosate are widely used in agriculture and private gardens, however, surprisingly
little is known on potential side effects on non-target soil organisms. In a greenhouse experiment with white
clover we investigated, to what extent a globally-used glyphosate herbicide affects interactions between
essential soil organisms such as earthworms and arbuscular mycorrhizal fungi (AMF). We found that
herbicides significantly decreased root mycorrhization, soil AMF spore biomass, vesicles and propagules.
Herbicide application and earthworms increased soil hyphal biomass and tended to reduce soil water
infiltration after a simulated heavy rainfall. Herbicide application in interaction with AMF led to slightly
heavier but less active earthworms. Leaching of glyphosate after a simulated rainfall was substantial and
altered by earthworms and AMF. These sizeable changes provide impetus for more general attention to
side-effects of glyphosate-based herbicides on key soil organisms and their associated ecosystem services.

E
arthworms and arbuscular mycorrhizal fungi (AMF) are important components in temperate ecosystems,
influencing nutrient cycling and overall ecosystem functioning1,2. Earthworms are considered to be eco-
system engineers because they shred and redistribute organic material in soil, increase soil penetrability for

roots, thus improving overall soil fertility3,4. Because of their importance, earthworms have also been used as
bioindicators of soil health and quality1,5,6. Mycorrhizal fungi form a symbiosis with over 80% of vascular plant
species and are also considered keystone species in temperate ecosystems because of their influence on plant
nutrient supply7 and soil aggregation8. In arable soils AMF are the dominant root symbionts that sustain plant
growth9. Mycorrhized plants commonly show a higher uptake of phosphorus and nitrogen, as the fungal
mycelium has more efficient mechanisms for absorbing mineral nutrients than roots and by extending the root
system enabling further exploration of the soil resources5,10,11. In return, host plants provide photoassimilates
(predominantly glucose and fructose) that are converted to lipids by the fungus and used for carbon transport and
storage9,12. Recently, the analysis of fatty acids as biochemical markers considerably improved our knowledge in
AMF distribution and foraging activity in soil13. Thereby, the soil phospholipid fatty acid (PLFA) 16:1v5 repre-
sents viable hyphal biomass, while the neutral lipid fatty acid (NLFA) reflects fungal storage reserves such as
spores, vesicles and propagules14,15. Moreover, the ratio of 16:1v5 NLFA to PLFA indicates fungal phenology such
as senescence or active colonization phases12,16.

Despite their important roles in ecosystems, our understanding on ecological interactions between earthworms
and AMF is rather limited. The few studies investigating earthworm-AMF interactions suggest that the response
patterns are dependent on the species involved; as a result effects range from additive, synergistic, antagonistic or
no interactive effects17–20. Here we examined, whether the interactions between earthworms and AMF are affected
by herbicide application. We experimented with two essential players in temperate soil ecosystems: the anecic,
vertically burrowing earthworm Lumbricus terrestris (Linnaeus 1758) and the arbuscular mycorrhizal fungi
Glomus mosseae (T.H. Nicolson & Gerd.). As a herbicide we used Roundup (RU), the most widely used pesticide
worldwide21 containing the active ingredient glyphosate. Glyphosate is a broad-spectrum, post-emergence, non-
selective chemical that kills plants by affecting the shikimate-pathway during photosynthesis22. Generally, gly-
phosate is regarded as environmentally friendly due to its fast biodegradation and strong adsorption to soil
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particles23. However, there is mounting evidence that many amphi-
bian species24–26 and other wildlife27 can be detrimentally affected by
glyphosate-based herbicides.

Contrary to the wide use of glyphosate surprisingly little is known
on potential side effects on interactions between key soil organisms
such as earthworms or AMF. Glyphosate effects on earthworms vary
from detrimental28–30 to no effects31–33, however, to what extent their
interaction with other soil organisms is affected by glyphosate has
never been investigated. Studies testing glyphosate effects on AMF
show an inhibition of AM fungal spore germination and germ tube
growth34 or reduced mycorrhiza in soil35, however only at concen-
trations greater than those recommended for field use. Several other
reports show no effect of glyphosate on mycorrhiza when applied at
recommended doses36–40. The fate of glyphosate in ecosystems is
another aspect which has rarely been investigated41,42. While glypho-
sate sorbs strongly to soil minerals43, leaching and soil erosion by
water or wind can transport glyphosate from land to water environ-
ments44. This glyphosate leaching is assumed to be affected by earth-
worms and/or AMF. Earthworms maintain soil structure and foster
macropores, which may influence water infiltration45 and thereby
increase glyphosate leaching. On the other hand, mycorrhiza could
lead to stronger absorption of glyphosate by binding and enmeshing
soil particles into larger aggregates46.

To investigate interrelationships between herbicide application,
earthworms and AMF we set up a full-factorial mesocosm green-
house experiment. We planted the mesocosms with the leguminous
forb white clover (Trifolium repens L.), which is frequently used as
green manure in agriculture. Three hypotheses were tested. First,
herbicide application will increase earthworm activity as an
increased amount of dead plant material will be available as food
for earthworms. Second, herbicide application will not affect AMF in
soil because of the very plant-specific mode of symbiotic interaction.
Third, herbicide-stimulated earthworm activity increases the pref-
erential flow of rainwater through burrows and therefore increase
leaching of glyphosate; whereas AMF counteract glyphosate leaching
as they enhance soil aggregation. Such terrestrial model ecosystems
have been proposed as an ideal tool to evaluate the effects of chemi-
cals in soil ecosystems in order to achieve a greater realism in the
ecotoxicological evaluation of chemicals to non-target organisms47.

Results
Plants. Trifolium leaves were killed by the herbicide within several
hours, whereas stolons remained partly green. Shoot biomass of T.
repens at harvest was significantly reduced by earthworms (F1;16 5
5.485, P 5 0.032) but not significantly affected by RU application
(F1;16 5 2.529, P 5 0.131) or AMF (F1;16 5 0.220, P 5 0.645; shoot
biomass across AMF and RU treatments: 2EW 23.724 6 2.283 g,
1EW 18.812 6 3.169 g). Root biomass of T. repens was unaffected
by RU (F1;16 5 0.190, P 5 0.668), AMF (F1;16 5 0.682, P 5 0.421) or
earthworms (F1;16 5 0.082, P 5 0.778; root biomass across
treatments: 1.775 6 0.361 g).

Earthworms. Earthworm activity was similar across treatments prior
to herbicide application with mean surface cast production of 1.5 6

0.1 casts day21 mesocosm21 and 3.6 6 0.4 moved toothpicks day21

mesocosm21. Earthworm activity measured by toothpicks was
marginally significantly lower after herbicide application (F1;10 5
4.490, P 5 0.060), however was not influenced by AMF (F1;10 5

0.001, P 5 0.977; Figure 1a11b). Herbicide application reduced
earthworm activity (toothpicks) in 1AMF mesocosms (F1;4 5

9.042, P 5 0.040; Figure 1b) but had no influence on earthworm
activity in 2AMF mesocosms (Figure 1a). Earthworm activity
measured by surface cast production was neither influenced by RU
nor AMF (Figure 1).

Earthworm fresh mass at harvest was on average 72% of the ini-
tially added fresh mass; neither AMF inoculation (F1;10 5 0.138, P 5

0.720) nor RU application (F1;10 5 2.903, P 5 0.127) affected recap-
tured earthworm fresh mass, but a significant AMF 3 RU interaction
occurred (F1;10 5 6.388, P 5 0.035). Earthworm mass in the different
treatments was: 2RU/2AMF 11.0 6 7.0 g, 1RU/2AMF 9.5 6

5.7 g; 2RU/1AMF 5.3 6 9.1 g, 1RU/1AMF 16.4 6 3.4 g.
Earthworm activity (both moved toothpicks and surface castings)
was not correlated to earthworm biomass or greenhouse mean air
temperature or relative humidity (data not shown).

Mycorrhizae. Thirty-six weeks after AMF inoculation, average
mycorrhization rates of Trifolium roots were 26% in 1AMF and
15% in 2AMF treatments. Across soil layers, herbicide application
significantly reduced mycorrhization in 1AMF (F1;10 5 7.887, P 5

0.023) but had no effect on mycorrhization rates in 2AMF
mesocosms (Figure 2). The reduction in mycorrhization due to
herbicide application was even more pronounced when soil layers
were considered separately (Table 1, Figure 2). In 2RU/2EW
mesocosms mycorrhization was significantly different between
layer 0–5 cm and layer 5–10 cm (F1;10 5 14.756, P 5 0.018). In
2RU 1 EW mesocosms mycorrhization differed significantly
between layer 0–5 cm and layer 10–30 cm (F1;10 5 23.093, P 5

0.009). In 1RU/2EW mesocosms mycorrhization differed signifi-
cantly between layer 0–5 cm and layer 10–30 cm (F1;10 5 20.050,
P 5 0.011). Earthworms had no influence on root AMF colonisation

Figure 1 | Earthworm activity measured by surface cast production and
moved toothpicks in mesocosms without (a) and with (b) AMF
inoculation and without (continuous line) and with herbicide application
(dotted line). Means 6 SE, n 5 3.

Figure 2 | Mycorrhization of T. repens roots in different soil layers
without (a) and with (b) earthworms in mesocosms without (white) or
with (grey) herbicide application. Means 6 SE, n 5 3.
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across soil depths (F1;10 5 2.575, P 5 0.147; also no RU 3 EW
interaction).

Hyphal biomass in soil assigned by 16:1v5 PLFAs was not
enhanced by AMF inoculation (Table 2, Figure 3). Highest PLFA
concentrations of 16:1v5 in soil were found in the layer 0–5 cm in
mesocosms without any manipulation (2EW, 2AMF, 2RU). A
significant herbicide AMF interaction occurred (no interaction
between the three treatment factors). We found higher PLFA con-
centrations of 16:1v5 in mesocosms with herbicide application, espe-
cially in combination with earthworms. AMF spores, vesicles and
propagules assigned by 16:1v5 in soil NLFAs were significantly
enhanced by AMF inoculation (Table 2, Figure 3). Most storage
reserves were found in mesocosms without any manipulation in layer
0–5 cm. Earthworms reduced the concentration of 16:1v5 NLFAs
and had a strong negative effect on storage structures of AMF
assigned by NLFA/PLFA ratio (Table 2, Figure 3). This effect dimin-
ished in presence of herbicide, but was still visible. A herbicide-
earthworm interaction occurred in layer 5–10 cm: means in NLFA
concentration in 2RU/2EW was higher than in 1RU/1EW meso-
cosms (Figure 3).

Water infiltration and herbicide leaching. Water infiltration rate
was unaffected by earthworms or AMF (Figure 4). Herbicide appli-
cation showed a trend towards reduced water infiltration (F1;22 5

3.796, P 5 0.069; there was no Roundup 3 AMF interaction).
Concentration of glyphosate or its metabolite AMPA in the lea-

chate was unaffected by earthworms or AMF (Figure 5). However,
concentrations of glyphosate were significantly (F1;10 5 7.572, P 5

0.025) and of AMPA marginally significantly (F1;10 5 4.515, P 5
0.066) interactively affected by earthworms and AMF with increas-
ing earthworm effects in 2AMF and decreasing earthworm effects in
1AMF mesocosms (Figure 5). In 2AMF mesocosms earthworms
significantly increased glyphosate leaching (F1;4 5 9.439, P 5 0.037).

Discussion
To our knowledge, this is among the first studies investigating the
impact of a glyphosate-based herbicide on ecological interactions
between a vertically burrowing earthworm species (Lumbricus ter-
restris) and symbiotic mycorrhizal fungi. Contrary to our hypothesis,
Roundup did not stimulate but rather decrease earthworm activity,
especially in mesocosms with AMF amendment. Also in the 1AMF
mesocosms, earthworm biomass was 50% higher after Roundup
application, than in 2AMF mesocosms. This suggests that over
the short duration of our experiment, Roundup led to heavier earth-
worms that were less active at the surface, probably because there was
abundant food in form of dead roots or AMF in the soil that pre-
cluded earthworms from foraging food from the surface. Other stud-
ies showed that earthworm biomass was unaffected by glyphosate-
based herbicides for endogeic species48, whereas in temperate epigeic
species30,49 and tropical earthworms strong mass loss after glyphosate
application was found50. Studies investigating effects of Roundup on
soil dwelling endogeic earthworm species (Aporrectodea caliginosa)
found no alteration of the energy status after acute exposure31.
Glyphosate had no effect on growth of A. caliginosa in a pot experi-
ment where the herbicide was mixed with soil51, in contrast, another
study showed that glyphosate reduces the growth of A. caliginosa
even at a rate lower than recommended by the manufacturer52.
Surface dwelling, epigeic earthworms showed no avoidance of
Roundup treated leaves (Eisenia andrei32) or response in their depth
distribution (E. fetida53) but avoided glyphosate treated soil28,29.
Previous studies found no influence of glyphosate on the survival
rate in temperate earthworm species Aporrectodea trapezoides, A.
rosea, A. caliginosa or A. longa populations30,48, whereas a 50% reduc-
tion in mortality was found for the tropical earthworm species
Pheretima elongata54. Effects of glyphosate had no influence on
reproduction of E. fetida49, whereas others reported a significant
reduction of hatched cocoons in glyphosate treated soil for this
species29,30.

Two things are important to note, when evaluating our current
results and previous results from the literature. First, we monitored
the surface activity of earthworms over a period of only two weeks
after Roundup application and therefore no conclusions on long-
term effects, consequences for reproduction or changes in below-
ground activity can be derived from this study. Second, findings on
herbicide effects on epigeic species such as E. fetida are important
contributions when testing possible mode of actions in ecotoxicolo-
gical tests, however they are of limited value when aiming to evaluate
pesticide effects under field situations as these species preferably live
in habitats with an abundant surface litter layer which is not the case
in arable agroecosystems where these herbicides are applied.

We found a 40% reduction of mycorrhization after Roundup
application in soils amended with the mycorrhizal fungi G. mosseae.
This is in contrast to what we hypothesized, based on the allegedly
fast biodegradation of the herbicide and the very plant-specific mode
of action. We explain this mainly by direct and indirect influences.
Roundup could have directly affected active metabolite production
in the plant with detrimental effects on root AMF colonisation38.
Indirect effects of Roundup on AMF could have affected the intrar-
adical phase of AMF that has been shown to be sensitive to several
host plant metabolites which regulate AMF abundance55–57.
Mycorrhizal infection of maize, soybean and cotton was influenced
by glyphosate in pasteurized soil but not in non-pasteurized soil38.
Our soil mixture was steam-sterilized, but afterwards amended with
a microbial wash from field soil, therefore only differing from field

Table 1 | ANOVA results on the effects of herbicide application
(RU) and earthworms (EW) on Trifolium repens root AMF colonisa-
tion. ANOVA with * for P , 0.05, ** for P , 0.01, *** for P ,

0.001

Soil layer
Roundup (RU) Earthworms (EW) RU 3 EW

F-value P-value F-value P-value F-value P-value

0–5 cm 29.826 0.001** 1.381 0.274 0.076 0.789
5–10 cm 0.994 0.348 5.133 0.053 0.994 0.348
10–30 cm 3.870 0.085 0.430 0.530 1.346 0.279

Table 2 | ANOVA results for effects of Arbuscular mycorrhizal
fungi (AMF), Earthworms (EW), Roundup (RU) and their interac-
tions on PLFA amount of 16:1v5 and NLFA amount of 16:1v5 in
different soil layers. ANOVA with * for P , 0.05, ** for P , 0.01,
*** for P , 0.001

PLFA NLFA NLFA5PLFA ratio

Parameter F P F P F P

Soil depth 0–5 cm
AMF 4.926 0.041* 0.296 0.594 0.046 0.832
EW 0.029 0.866 4.595 0.048* 5.445 0.033*
RU 1.154 0.299 0.064 0.803 0.520 0.481
AMF 3 EW 0.751 0.399 0.425 0.524 1.207 0.288
AMF 3 RU 9.069 0.008** 6.353 0.023* 2.730 0.118
EW 3 RU 5.957 0.027* 2.543 0.130 0.734 0.404
AMF 3 EW 3 RU 0.031 0.862 3.486 0.080 4.267 0.055
Soil depth 5–10 cm
AMF 0.011 0.918 4.485 0.050* 4.165 0.058
EW 8.047 0.011* 4.399 0.052 13.135 0.002**
RU 0.470 0.503 2.241 0.154 3.448 0.082
AMF 3 EW 4.146 0.059 3.126 0.096 0.411 0.530
AMF 3 RU 4.522 0.049* 3.424 0.083 0.454 0.510
EW 3 RU 2.050 0.171 5.449 0.033* 2.346 0.145
AMF 3 EW 3 RU 0.948 0.345 0.038 0.849 0.522 0.480
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soil by the presence or absence of the inoculated AMF taxa. However,
the latter did not enhance AMF hyphal biomass measured by 16:1v5
PLFA, whereas spores assigned by fungal storage lipids, i.e. 16:1v5
NLFA, were highest in soils without any manipulations (2AMF,
2RU, 2EW). These fungal propagules obviously have survived the
steam-sterilization procedure. The generally low impact of soil
amendment by the mycorrhiza inoculum points to competition with
the indigenous soil community hampering the establishment of
introduced G. mosseae. However, this cannot be assigned by the used
biomarker fatty acid, 16:1v5, as it is a measure for viable fungal
hyphae biomass and storage fat in spores across the genus
Glomus15,58,59.

Direct influence of Roundup on AM fungi are generally regarded
to be minor as soil fungi are well protected from direct contact with
the herbicide. Indeed reports show rather insignificant influence of
glyphosate on hyphal growth and germination of spores as well as
root AMF colonisation34,37,38,40,57. However, in the present experiment
Roundup application affected hyphal (i.e. amount of 16:1v5 PLFA)
and spore (i.e. amount of 16:1v5 NLFA) biomass in the soil. Spore
biomass generally declined with herbicide application, which is in
accordance with others who showed reduced spore viability even
under the lowest glyphosate rate60. Interestingly, the presence of
earthworms resulted in a comparable negative effect on fungal stor-
age structures. Earthworms are reported to influence AMF positively

Figure 3 | PLFA amount of 16:1v5, NLFA amount of 16:1v5 in nmol g21 DW soil and the ratio of 16:1v5 NLFA to PLFA in different soil layers without
(white) and with (grey) Roundup application, without/with earthworms in mesocosms without/with AMF inoculation. Mean 6 SE, n 5 3.

Figure 4 | Water infiltration rate measured in mesocosms without
earthworms (a) and with earthworms (b) in response to AMF, without
(white) and with (grey) Roundup application. Means 6 SE, n 5 3.

Figure 5 | Glyphosate concentration (a) and its metabolite AMPA (b) in
soil leachate. Illustrated are concentrations in mesocosms with herbicide

application, without and with AMF inoculation and without (white) and

with (grey) earthworms. Means 6 SE, n 5 3.
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by contribution to the dispersal of spores61,62 yet our results indicate
feeding rather than propagating fungal spores63, which is supported
by the corresponding changes in the NLFA to PLFA ratio. Spores,
hyphae and infected root pieces form the three types of AMF pro-
pagules in soil, however their importance varies due to fungal species.
In Glomeraceae, the extraradical mycelium is the most important
source of inoculum, whereas spores are the main propagules in
Gigasporaceae64. Thus, hyphae of Glomus are responsible for rapid
colonization of new hosts, and hyphal biomass was positively affec-
ted by herbicide application especially in combination with earth-
worms. This indicates that glyphosate application alters fungal
phenology, i.e. fosters fungal foraging over resting structures. Such
effects likely are mediated through the modification of host plant
physiology57. In sum the performance of AMF was distinctly altered
by both Roundup and earthworms, albeit the impact varied with
AMF propagule structures. Given the immense importance of
AMF for plant nutrition and soil structure9,46, these effects can have
ramification for the functioning of ecosystems.

Will effects of herbicide on earthworms and mycorrhiza influence
herbicide leaching? We found a tendency that water trickled away
more slowly after a simulated heavy rainfall in mesocosms treated
with Roundup as compared to those without Roundup application,
however water infiltration rate was not influenced by earthworms or
AMF. As Roundup had no effect on shoot and root mass of T. repens,
we assume that after Roundup application dead plant material
soaked up the excessive water and blocked the downflow of water.
We hypothesized that earthworms increase glyphosate leaching by a
preferential flow of contaminated rainwater through burrows, but
also expected AMF to decrease glyphosate leaching by binding and
enmeshing soil particles into larger aggregates46,65. Interestingly,
earthworms significantly increased glyphosate leaching only in
absence of AMF, while in presence of AMF earthworms tended to
decrease glyphosate leaching. It remains to be tested whether this is
due to glyphosate uptake and accumulation by AMF or whether
these AMF hyphae might have been consumed by earthworms thus
protecting glyphosate from leaching. Other studies have shown that
glyphosate is mostly located in the earthworm mucus31 which is
smeared along the walls of earthworm burrows66 and could therefore
increase herbicide leaching. Furthermore, a rapid preferential trans-
port for even strongly sorbing pesticides such as glyphosate and
pendimethalin was demonstrated44. In contrast, AMF hyphae and
other microorganisms could play a role in bonding glyphosate in the
burrow walls. Biopore walls represent hot spots for microbial activity
and pesticide mineralization67. The drilosphere of the burrows of L.
terrestris therefore created an ideal habitat for a diverse microbial
community. Many soil bacteria are known to degrade the organo-
phosphonate glyphosate, e.g. dominant rhizosphere colonizer such
as Pseudomonas68, bulk soil inhabitants such as Arthrobacter69, or
symbiotic groups such as the family Rhizobiaceae70. A higher phos-
phorus transport via fungal hyphae was reported after glyphosate
application for G. mosseae71. These processes in turn decreased gly-
phosate leaching as burrows transmitted clean water past the herbi-
cide-containing soil matrix72. For the current results this could mean
that without earthworms, water from the simulated heavy rainfall
seeped through the whole soil matrix and thus absorbing glyphosate
from the soil. The hyphae and other soil microorganisms absorbed
glyphosate and so decreased glyphosate leaching; because the bur-
rows transmitted clean water past the herbicide-containing soil
matrix72.

Taken together, our results show for the first time that Roundup
can affect important interactions between earthworms and AMF,
two of the most important soil organisms. While the short-term
influence of Roundup on earthworms seem rather minor, the det-
rimental effects on AMF in roots and soil can have wide conse-
quences for crop cultivation. Given AMFs and earthworms
eminent role in plant nutrition, a glyphosate-induced decline in

AM fungi would require more fertilization with economical and
ecological consequences for farmland management. The finding that
Roundup affects, together with earthworms and AMF, water infiltra-
tion requires more attention especially as climate change models
prognosticate heavier rainfalls. Results of this study also highlight
the importance of more complex experimental settings that invest-
igate interactions of several species in order to better assess potential
effects of pesticides on the environment.

Methods
Experimental setup. We conducted a full-factorial mesocosm experiment
manipulating the three factors Earthworms (two levels: earthworm addition, 1EW
vs. no earthworms, 2EW), AMF (two levels: AMF inoculation, 1AMF vs. no AMF
inoculation, 2AMF) and Herbicide application (two levels: Roundup application,
1RU vs. no Roundup application, 2RU; more details on the individual treatments
below). The experiment was conducted in December 2011 in a greenhouse of the
University of Natural Resources and Life Sciences Vienna (BOKU), Austria. During
the course of the experiment mean daytime air temperature inside the greenhouse was
20.1 6 3.2uC at a mean relative humidity of 55.2 6 5.4%; mean nighttime air
temperature was 15.3 6 2.6uC at a mean relative humidity of 68.3 6 6.7%; to ensure
optimal light conditions, three 1000-W Radium lamps (type HRI-T100W/D, WE-EF
Leuchten, Bispingen, Germany) were installed in 1.5 m distance above the
experimental units (14 hours light, 10 hours night).

We used 24 plastic pots (volume: 20 l, diameter: 31 cm, height: 30 cm; further
called mesocosms) which were lined out with two layers of garden fleece at the bottom
and extended at the upper rim with a 10 cm high barrier of transparent plastic to
prevent earthworms from escaping; the fleece and barriers were also installed in
mesocosms containing no earthworms to create similar microclimatic conditions
among treatments.

Treatments. AMF treatments were prepared in March 2011 by first filling the
mesocosms with 12 l steam-sterilized (3 hours at 100uC) field soil (Haplic
Chernozem, silt loam) mixed with quartz sand (grain size 1.4–2.2 mm) in a ratio of
40560 vol/vol. Characteristics of this soil mixture: Corg 5 24.1 g kg21, Ntot 5 0.98 g
kg21, K 5 111.2 mg kg21, P 5 58.42 mg kg21, pH 5 7.63. The upper 6 l of the 1AMF
treatments were filled with the same substrate mixture and amended with 25 g l21

inoculum of Glomus mosseae (T.H. Nicolson & Gerd.; synonymously Funneliformis
mosseae (T.H. Nicolson & Gerd.) C. Walker & A. Schüßler) obtained from a
commercial supplier (Symbio-m Ltd., Lanskroun, Czech Republic). The 2AMF
controls were filled with the same amount of steam-sterilized and thus inactive AMF
inoculum. We successfully used this substrate mixture in other experiments involving
the same earthworm and AMF taxa45,73,74. Then 400 ml of microbial wash was added
to each mesocosm to inoculate the steam-sterilized soil with microorganisms present
in field soil75. This microbial wash contained 300 ml soil suspension (3500 g fresh soil
dispensed in 7200 ml distilled H2O filtered through a sieve-cascade from 2000 mm to
25 mm mesh size) and 100 ml AMF suspension (466 g AMF-inoculum dispensed in
2400 ml distilled H2O filtered through the same sieve-cascade).

In April 2011 mesocosms were planted with white clover (Trifolium repens L.).
Therefore, T. repens was first propagated from seeds in steam-sterilized potting soil,
then 18 seedlings (average height about 10 mm, seedlings consisted of two cotyledons
and two real leaves) were transplanted into each mesocosm in a regular hexagonal
pattern with an equidistance to each other of 5 cm (240 seedlings m22). This seed
material is commonly used by farmers in mixtures for green manuring and was
obtained from the BOKU Department of Crop Sciences. No fertilizers were applied
during the course of the experiment.

In December 2011 we added 4 adult individuals of vertically burrowing Lumbricus
terrestris L. to the 1EW mesocosms (16.6 6 2.1 g mesocosm21, equivalent to 220.6 g
m22). Earthworm densities were roughly oriented on the average earthworm biomass
in temperate grasslands ranging between 52–305 g m22 where 50–75% of the biomass
consists of anecic species1. Earthworms were purchased from a local fishing bait shop.
To acquaint earthworms with experimental conditions, we cultivated them in plastic
boxes (climate chamber at 15uC) filled with steam-sterilized field soil and ground oat
flakes as food before they were introduced to the mesocosms. Before earthworms were
randomly added to the 1EW mesocosms, they were washed free of attached soil,
dried off on filter paper and weighed. All earthworms buried themselves in the soil
within a few minutes. The mesocosms were randomly placed on greenhouse tables
and randomly repositioned every second week to avoid treatment interactions with
potential microclimatic gradients inside the greenhouse. No additional food was
provided for earthworms in the mesocosms as there was abundant dead organic
material on the soil surface. An automatic irrigation system added on average 0.5 l tap
water day21 to each mesocosm.

Herbicide was applied five days after earthworm insertion on half of the meso-
cosms comprising all treatment combinations. We used Roundup Speed (Monsanto
Inc., St. Louis, Missouri, USA), a systemic, broad-spectrum herbicide containing 7.2 g
l21 of the active ingredient glyphosate. This herbicide is recommended for use in
home and garden areas and was obtained from a garden center in Vienna. Following
the instructions for use, we applied the herbicide directly onto the plants from the
original bottle with the attached fine mist spray nozzle. We applied the herbicide once
on day 5 after earthworm inserting at 4 p.m. without direct sunlight at an air tem-
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perature of 25uC. As recommended in the instruction text we sprayed the herbicide so
that the plant surface was homogeneously covered and shiny from the herbicide film.
This application needed 14 squirts of Roundup Speed with the spray nozzle meso-
cosm21 amounting to 177.48 ml m22.

These treatments were replicated three times in a full-factorial design: two earth-
worm treatments 3 two AMF treatments 3 two RU treatments 3 three replicates
equals totally 24 mesocosms.

Measurements and analyses. Earthworm activity was indirectly assessed during
nighttime by 30 toothpicks mesocosm21 that were vertically inserted (0.5 cm deep) in
a consistent pattern. In the following morning the number of toothpicks differing
from the original vertical position was considered as a measure of earthworm activity
because earthworms crawl over the soil surface when searching for food. Knocked
over toothpicks were counted as 1 and inclined toothpicks were counted as 0.5. As
another measure of earthworm activity we additionally measured the number of
freshly produced casts on the soil surface76. Both activity measurements were done
parallel three times before and six times after herbicide application.

Water infiltration and Roundup leaching was measured seven days after the
Roundup application by pouring 3 l of distilled water on top of the mesocosms
simulating a rain shower of about 40 l m22 (see also45). The time from pouring the
water onto the mesocosms until the last water pool disappeared from the soil surface
was recorded and used to calculate the water infiltration rate in l m22 s21. We collected
250 ml of the leachate from the saucers at bottom of the mesocosms immediately
stored it in a freezer at 220uC before it was analysed for glyphosate and its main
metabolite aminomethylphosphonic acid (AMPA) in the laboratories of the BOKU
Department of Forest and Soil Sciences using a HPLC-MS/MS method77,78.

Harvest of the mesocosms started 14 days after herbicide application by cutting the
remaining or untreated plants at the soil surface to obtain aboveground plant biomass
production. Afterwards, soil was removed from the mesocosms in three separate layers
0–5 cm, 5–10 cm and 10–30 cm. Earthworms present in these soil layers were care-
fully washed free of soil, placed on moist filter paper, counted, weighed and released to
the BOKU garden. Roots present in these soil layers were washed free of attached soil
particles under a jet of tap water over a 1-mm sieve and sorted out. Dry mass of shoots
and roots was determined after 48 hours oven-drying at 55uC. A portion of roots per
layer was collected, cleared with boiling KOH for four minutes and stained for one
minute with black Sheaffer ink79. Percentage of root length colonized by AMF con-
sidering arbuscules and vesicles (i.e. mycorrhization rate) was determined using the
grid-line method by counting at least 100 intersections per sample80.

Lipid extraction from pot soil was carried out by extracting 3–4 g of soil (wet
weight) with Bligh & Dyer solvent (chloroform: methanol: citrate buffer as 15250.8,
pH 4)81. The obtained lipids were fractionated into neutral lipid (NLFAs), glycolipid
and phospholipid fatty acids (PLFAs) on a silica column (HF Bond Elut - SI, Varian
Inc.) by elution with chloroform, acetone and methanol, respectively. NLFAs and
PLFAs were subjected to an alkaline methanolysis in 0.2 M methanolic KOH, and the
fatty acid methyl esters (FAMEs) were extracted with hexane-chloroform. Samples
were dissolved in isooctane and stored at 220uC until analysis. FAMEs were analyzed
using an Agilent 7890A gas chromatograph equipped with a flame ionization detector
(GC-FID) using a HP Ultra 2 capillary column (25 m 3 0.2 mm i.d., film thickness
0.33 mm). The oven temperature program started with 170uC and increased by 28uC
min21 to 288uC, followed by 60uC min21 to 310uC. FAMEs were identified with the
Sherlock Pattern Recognition Software (MIDIH) by comparing retention times to a
standard mixture, and quantifying based on the internal standard methylnonde-
canoate (1950). To verify correct identification (chain length and saturation) a range of
samples was additionally analyzed with the Agilent 7890A coupled to a Mass Selective
Detector (Agilent 7000 Triplequadrupole) equipped with a HP5MS capillary column
(30 m 3 0.25 mm i.d., film thickness 0.25 mm), operated in splitless mode with helium
as carrier gas. Oven temperature program started with 40uC and increased by 46uC
min21 to 200uC, followed by 5uC min21 to 238uC, 120uC min21 to 300uC. A mass range
of 40–400 m/z was monitored in Scan mode. The fatty acid 16:1v5 was applied as
general marker for AMF, predominantly Glomales, with the PLFA fraction repre-
senting hyphal membranes and the NLFA fraction storage lipids58,59.

Statistical analyses. All variables were tested for homogeneity of variances and
normality using the tests after Levene and Kolmogorow-Smirnow, respectively. Data
on PLFAs and NLFAs were log-transformed to meet the assumptions for parametric
tests. We conducted a three way analysis of variance (ANOVA) to test the effects of
Earthworms, AMF and Roundup on PLFAs, NLFAs, water infiltration and Roundup
leaching. Here analyses for treatment effects on PLFAs and NLFAs were conducted
for each soil layer separately. Earthworm activity (moved toothpicks and surface
castings) during the course of the experiment was analyzed conducting a repeated
measures ANOVA with Roundup and AMF as factors by only including data from
mesocosms containing earthworms. Root AMF colonisation was analyzed for each
soil layer using a two-way ANOVA considering the factors Earthworms and
Roundup; mesocosms without AMF inoculation were not included. We also
performed Pearson correlations between earthworm biomass and earthworm activity
(moved toothpicks and surface castings) and between earthworm activity and mean
air temperature or mean relative humidity. All statistical tests were performed in
PASW Statistics 18 (vers. 18.0.0, IBM Corp., Armonk, New York, USA). Values given
throughout the text are means 6 SE.
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INTRODUCTION 
Wildfires can cause serious damage to biological diversity and structure and can also 

promote significant erosion that reduces the capacity of reservoirs and degrades the 
quality of water that provides drinking water. To manage and reduce the risks of 
wildfires, Marin Municipal Water District (MMWD) is currently updating its Vegetation 
Management Plan (VMP) that was originally adopted in 1994. The VMP also addresses 
concerns about degradation of habitat and biological resources in the District’s 
watersheds. One of the severe threats is expansion of invasive weeds (e.g., Genista 
monspessulana) that provide fuels for wildfire and disturb ecological health. A part of 
this update is to identify feasible and safe methods of controlling weeds in the Mt. 
Tamalpais watersheds. Currently, chemical weed control by application of herbicides is 
being considered as one of the effective and cost-efficient weed management actions. 
However, due to possible impacts of herbicides on the health of humans and wildlife, 
considerable concerns about chemical weed control have arisen.  

Recently, MMWD is considering using a mixture of Aquamaster and Competitor to 
control weeds. Glyphosate is the active ingredient of Aquamaster that does not contain 
surfactants. Competitor is a mixture of surfactants (98% ethyl oleate) that are designed to 
increase the effects of herbicides. When herbicides are mixed with surfactants, typically 
they are more bioavailable and thus can be degraded more rapidly by microorganisms. 
Surfactants may also increase wash-off of soil bound glyphosate and its soil column 
infiltration rates. Reported environmental half-lives of glyphosate in forest soils range 
mostly between 10 and 60 days (Feng and Thompson, 1990; Newton et al., 1994; WHO, 
1994), depending on field conditions such as microbial activity, foliage litter coverage, 
and soil moisture content. Some studies reported even longer half-lives of up to 2 years 
(WHO, 1994). This wide variability of literature half-life values hampers MMWD from 
developing protective herbicide application strategies regarding the timing and rates of 
herbicide application for weed control. During winter, when frequent precipitation is 
expected, especially in northern California, residues of glyphosate can be washed away 
from the application areas by stormwater runoff that may enter receiving water bodies 
providing drinking water. Groundwater can also be contaminated through soil column 
infiltration of glyphosate. MMWD is considering an herbicide application window (July 
15 through September 15) to minimize possible wash off by stormwater runoff, if the 
herbicide application is adopted for weed control in the future in the Mt. Tamalpais 
watersheds. Herbicide mixtures applied at different portions of this window may decay at 
different rates because ambient environmental conditions are different. Herbicide 
mixtures applied in the late portion of the application window may not be degraded 
below safe levels before stormwater runoff washes them away from the application areas. 
However, no systematic research regarding the persistence of glyphosate and its potential 
impacts on the quality of surface water and groundwater has been conducted in the Mt. 
Tamalpais watersheds. 

This study was designed to investigate the decay of glyphosate in broom-infested soil 
in Mt. Tamalpais. Decay rates of glyphosate will provide critical information required to 
decide appropriate application timing to minimize any adverse effects of glyphosate. This 
study also investigated transport of glyphosate through stormwater runoff and soil 
infiltration. Due to limited budget, this study tested worst-case scenarios. The results will 
be incorporated into the existing risk assessment model built previously for the District.  
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BACKGROUND 
Glyphosate (N-phosphonomethylglycine) is a post-emergent and non-selective 

organophosphorus herbicide that is widely used to control weeds in agricultural, aquatic, 
forestry, and residential settings. Octanol-water partition coefficients (log Kow) of 
glyphosate vary from –2.8 to –3.5, indicating that its bioaccumulation potential is very 
low.  Detailed information about environmental fate and toxicity of glyphosate are 
available in reports published by WHO (1994), OEHHA (2007), and MMWD (2008).  

Once glyphosate reaches soil, typically it is strongly adsorbed onto the soil forming 
insoluble complexes with soil cation exchange sites. Major environmental dissipation 
processes include microbial degradation, hydrolysis, and photolysis. Due to the low vapor 
pressure of glyphosate, loss through evaporation is minimal. Glyphosate is mainly 
degraded to AMPA that is eventually transformed to inorganic constituents, including 
phosphate and carbon dioxide. The environmental half-life of glyphosate in soils 
typically ranges from 10 to 174 days (WHO, 1994), depending on soil and climate 
conditions. AMPA is equally or less stable in the environment and less toxic than 
glyphosate.  

Although the water solubility of glyphosate is high (12 g/L), glyphosate mainly exist 
in a particle bound form in aqueous solutions because of its relatively high solid-water 
partition coefficients (Kd), between 5,000 and 340,000 L/kg. This distribution coefficient 
indicates that, in the aqueous phase, glyphosate preferentially binds to soil particles and 
thus in flowing water such as stormwater runoff, particles are likely a major vector 
carrying glyphosate. Precipitation, soil composition, drainage type, and other parameters 
influence the leaching of glyphosate from soil. Field and laboratory studies indicate that 
glyphosate generally does not move vertically in the soil below the topmost 15 cm soil 
layer (U.S. EPA, 1993).  

There are large amounts of data on potential acute health effects related to human 
exposure to glyphosate. Serious poisonings are rare because glyphosate is not well 
absorbed through the skin or by inhalation, the most common routes of exposure. The 
California Office of Environmental Health and Hazard Assessment (OEHHA, 2007) 
reported a public health goal of 0.9 mg/L (900 ppb) for glyphosate in drinking water. 
They concluded that this public health goal provides adequate protection for the general 
population and potential sensitive subpopulations such as pregnant women and their 
fetuses, infants, and the elderly.  
 
 
SAMPLE COLLECTION AND CHEMICAL ANALYSIS 
 
Study sites 

Total 6 sites (Figure 1) were selected for the present study. Three sites (A, B, and C) 
were selected to investigate potential wash-off and transportation by stormwater runoff 
and soil infiltration of glyphosate. Glyphosate application area for both sites A and B was 
30 feet by 30 feet and smaller for site C (10 feet by 20 feet). For the sites A and B, the 
buffer zone was 30 feet. Under the draft, revised VMP, MMWD is considering buffer 
zones (at least 100 feet from creeks, streams, and  reservoirs used for drinking water 
production), in which herbicides will not be applied to minimize any possible input of 
herbicides to surface water through stormwater runoff. If no herbicide is detected in 
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stormwater runoff collected for the present study with narrower buffer zone, we can 
assume that herbicide will not be detected in settings with wider buffer zones. 
Environmental settings of the sites A and B are very different. The site A is within a 
relatively flat area and covered by a thin layer of plant litter, while the site B is within a 
relatively steep area and covered by a thick layer of plant litter, which could hold 
substantial amounts of water. Site C is within a flat, densely shaded area immediately 
adjacent to a newly constructed retaining wall where native soils were disturbed and 
amended with unconsolidated fill material during construction. The environmental 
settings of sites A, B, and C are typical for broom-infested sites in the Mt. Tamalpais 
watershed. 

Originally, the sites A and B were also supposed to be used for glyphosate 
degradation test. However, there was rainfall about a week after the application, which is 
very unusual at this time of year. Because the glyphosate degradation might be 
accelerated by the extra moisture supplied by this unexpected rain, we decided the 
environmental conditions did not represent typical conditions during the application 
window and thus we didn't continue glyphosate degradation study in summer of 2009.  

In the summer of the following year, two additional sites (D and E) were selected to 
investigate the degradation of glyphosate applied to broom leaves. Site D was selected as 
mostly exposed to sunlight and site E was selected as mostly shaded site, but it turned out 
that the site D was exposed to sunlight in the morning and shaded in the afternoon and 
vise versa for the site E. To minimize sampling errors resulting from an uneven spray 
pattern (see below), one site (F) near the Sky Oaks Ranger Station was selected for 
degradation of glyphosate in surface soil. This site had been shaded always and thus 
degradation by direct UV radiation was likely to be negligible.  
 
Glyphosate application 

MMWD is considering using a mixture of Aquamaster and Competitor to control 
weeds and thus the same herbicide mixture (2% Aquamaster, 3% Competitor, and 95% 
water) was applied to each site at a maximum rate (2 quarts per acre). Glyphosate is the 
active ingredient of Aquamaster that does not contain surfactants. Competitor is a 
mixture of surfactants (98% ethyl oleate) that are designed to increase the effects of 
herbicides. A blue dye (Blazon) was also added to the mixture as an indicator to show 
application patterns and application areas. Application method was targeted spraying 
onto individual plants with a backpack sprayer. For this reason, initial glyphosate 
concentrations in the surface soil were expected to be very heterogeneous. To account for 
errors that might be caused by sampling in the heterogeneous environment, the mixture 
was sprayed again on a separate site (F) where the application could be controlled. For 
this soil half-life study, the herbicide mixture was sprayed evenly.   
 
Sample collection 

Surface stormwater runoff samples were collected at the bottom end of the buffer 
zone (30 feet) of the sites A and B for three rain events. Two events were natural rain 
events and one event was artificial rain event simulated by spraying tap water with the 
help of a fire truck. For the two natural rain events, two pre-cleaned stainless cans (40 L) 
were installed on the ground for each site a few days prior to rainfalls. The cans were 
retreated and transported to the laboratory after the rainfalls. No leaves were collected 
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from the ground. Upon arrival at the laboratory, the stormwater runoff samples were 
filtered using glass fiber filters (Whatmann GF/F, 0.7 um pore size). Filtered water 
samples and particles on the filter papers were stored in a cold room (4 °C) and a freezer 
(-20 °C), respectively, until chemical analysis was performed. We were not able to collect 
any runoff samples from the site B from natural events, though this site is within a 
relatively steep area, because the surface of this area was covered by a thick layer of plant 
litters, which could hold substantial amount of water. Since this type of environmental 
setting is common in the Mt. Tamalpais watershed, transportation by direct runoff early 
in the rainy season when soils are not saturated is expected to be minimal.  When the 
artificial rain event was applied to this site, even about 15,000 L of tap water sprayed to 
the site B for two hours (equivalent to 215 cm/day (= 7 ft/day) of rainfall), failed to 
produce any runoff. 

Soil core samples (3 cores per each application plot) were collected using PVC pipes 
(3.18 cm ID ´ 60 cm long) in June 2010 to investigate the first year soil infiltration of 
glyphosate. Six additional soil cores were collected from the application site C to perform 
laboratory infiltration simulation study. All core samples were transported to the 
laboratory immediately. The cores for the first year infiltration were sliced by 5cm 
interval and stored in a freezer (-20 °C) until chemical analysis was performed. Because 
the core soils were compressed while pushing the pipes down through the soil, we 
marked the depth of core pipes pushed down through the soil and actual soil core depth 
inside the pipes to calculate soil core compression. Actual depth of the 5 cm of the 
collected soil layer was turned out to be 6 cm.   

Broom leaves were collected from the application sites D and E over 87 days (June 
10, 2010-August 30, 2010) with one or two weeks of interval. Broom leaves were 
randomly collected from at least 10 stems and placed in pre-cleaned aluminum foil and 
Ziploc bags. Blue dye could be observed clearly only up to two weeks until the broom 
leaves were still greenish yellow, so the blue dye could be used only as a short-term 
indicator. When the sites were visited again for sampling two weeks after the application, 
most broom died (Figure 2). Some broom remained alive up to 7 weeks after the 
application presumably because the amount of the herbicide mixture they received was 
insufficient to kill them. Visual inspection indicated that a significant fraction of dead 
leaves were still attached on the stems and branches and some dead leaves were detached 
and fell to the ground. No attempts were made to quantify fractions of detached leaves. 
For each sampling, stems or branches with dead leaves were collected. No leaves were 
collected from the ground. Collected samples were transported immediately to the 
laboratory and stored in a freezer (-20 °C) until chemical analysis was performed.   

Surface soil samples were collected from the application site F over 80 days (June 17, 
2010-August 30, 2010) with one or two weeks of interval. For each collection, three 
replicate of the top surface soils (0-0.5 cm) were collected in Teflon tubes. Each 
collection spot was marked after collection to avoid collecting soils from the spots 
previously collected. Collected samples were transported immediately to the laboratory 
and stored in a freezer (-20 °C) until chemical analysis was performed.     
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Figure 1. Study sites 
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Figure 2. Changes of broom leaves after the application of the herbicide mixture 
(glyphosate plus surfactant) in summer of the year 2010.   
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Laboratory infiltration simulation 
For the laboratory infiltration simulation, 200 mL of de-ionized Milli-Q water was 

added to each of three cores collected in June 2010 from the site C. The volume of water 
added to the cores is equivalent to 25 cm of rainfall. The added water was allowed to 
move down through the soil cores by gravity for three days until no dripping from the 
bottom of the cores was observed. The cores were sliced by 5 cm interval and stored in a 
freezer (-20 °C) until chemical analysis was performed. 
 
Sample analysis 

Solid samples were analyzed using a modification of the method (Huang et al., 2004) 
reported by our laboratory. Stormwater samples were analyzed using a modification of 
the method reported by U.S. Geological Survey (Lee et al., 2002). To extract glyphosate 
in water samples, 1 mL of filtered water and 100 μL of surrogate solution containing 13C-
labled glyphosate and 13C-labled AMPA was placed in 5 mL glass vials. Solution in the 
vials was concentrated to dryness using nitrogen gas. The target compounds were then 
redissolved with derivatization agents, 400 μL of TFF (2,2,2-trifluoroethanol) and 800 μL 
TFAA (trifluoroacetic anhydride), to change the target compounds into more volatile 
forms, which can be analyzed by gas chromatography. The vials were placed on a hot 
plate (80 ºC) for 1 hour to enhance derivatization. After the solutions were evaporated to 
dryness under nitrogen, they were redissolved with 1 mL of ethyl acetate. The extracts 
were transferred into 2 mL GC vials and internal standard (d10-pyrene) was added.  

To extract glyphosate in soil samples, about 5 g (fresh weight) of homogenized soil, 
and 100 μL of surrogate solution, and 10 mL of aqueous solutions containing 0.25 M 
NH4OH and 0.1 M KH2PO4 were added into Teflon vials. After 1 hour of extraction in a 
sonication bath, the vials were shaken on a rotary tumbler for 24 hours. After 
centrifugation at 2500 rpm for 30 minutes, the supernatant was transferred into 20 mL 
vials. The samples were extracted again with 10 mL of the aqueous solution and the 
supernatant was combined together. One mL of extracts was transferred into 5 mL glass 
vials and processed using the method identical to that used for water samples as described 
above. To extract target compounds in broom leaves, about 150 leaves were placed in 
Teflon vials and processed using the same procedure used for the soil samples.  

To measure water content, about 1 g of soil and leave samples were dried in an oven 
(60 ºC) for 24 hours. Derivatized glyphosate and AMPA were identified and quantified 
using a GC-MS (Agilent 6890 GC and Agilent 5973 MSD) equipped with an Agilent 
DB-5MS column (30 m x 0.25 mm, 0.25 μm film thickness). The injector temperature 
was 240 ºC. The initial oven temperature was 70 ºC and increased to 240 ºC at 15 ºC/min 
and held for 5 min. The mass selective detector was operated in EI (electron impact 
ionization) mode and SIM (selective ion monitoring) mode. All reported concentrations 
are dry weight basis. For QA/QC, each batch of the samples included a laboratory 
procedural blank and duplicate sample. Glyphosate and AMPA were not detected in all 
blank samples. Laboratory procedural blank samples contained only extraction solutions 
and surrogate compounds and were processed in the same way as that used for the field 
samples. Any detection of target compounds in blank samples indicates that samples are 
contaminated in the laboratory by unknown sources and target compounds detected in 
field samples might be also linked to laboratory contamination. Relative percent 
differences of the duplicate samples were less than 30%. To quantify target compound 
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concentrations more accurately, isotope labeled surrogate standards were spiked to all 
samples. Recoveries of surrogate standards were variable, ranging from 40 to 95%, which 
is commonly observed when target compounds need to be derivatized for GC analysis. 
Concentrations of target compounds in all samples were adjusted using the surrogate 
recovery percent. When surrogate recovery is 80%, then target compound recovery is 
also assumed to be 80%. It indicates that 20% of target compounds were not derivatized 
and/or lost while the samples were processed in the laboratory. In this case, the final 
concentration is adjusted for the loss (20%), which is a standard procedure that should be 
followed to analyze environmental samples for organic compounds. If no surrogate 
standards are used, especially when the target compounds need to be derivatized, 
analytical results are significantly less reliable.        

 
 
RESULTS AND DISCUSSION 
 
Half-life in soil 

Changes in glyphosate and AMPA concentrations in the surface soils are presented in 
Figure 3. Initial AMPA concentration was much lower than glyphosate concentrations 
and AMPA concentrations declined almost in the same rate as that of glyphosate. Other 
studies also found the same pattern (Feng and Thompson, 1990; Newton et al., 1994). 
Considering much lower concentrations and toxicity, environmental impacts of AMPA is 
likely to be negligible. Their half-lives in soil were calculated using a first-order 
degradation equation. Half-life of glyphosate in soil was 44 days, which is within the 
range (30 to 60 days) typically reported in the literature (Feng and Thompson, 1990; 
Newton et al., 1994; WHO, 1994), though some studies reported much shorter (3 days) or 
longer (2 years) half-lives in soil (WHO, 1994). Half-life of AMPA in soil was 46 days. 
The present study supports that the half-life (50 days) selected by Pesticide Research 
Institute for the prediction of the transport of glyphosate in broom-infested Mt. Tamalpais 
watershed is in good agreement with the field measured value. The observed half-life of 
glyphosate in soil implies that more than 50% of soil imbedded glyphosate would be 
degraded during the proposed application window (July 15 through September 15) if the 
application is made in early part of the application window. It is commonly known that 
pesticides aged in soil particles desorb much less than freshly applied pesticides 
(Alexander , 1995; Park et al., 2004; Regitano et al., 2006), indicating that aged 
glyphosate is less susceptible to wash-off by stormwater. Ratcliff et al. (2006) showed 
that glyphosate didn't cause any significant impacts on microbial community structure 
when glyphosate is applied at the recommended field rate (less than 5 kg/ha), which is 
much higher than the rate (less than 2 qt/ac = 1.14 kg/ac = 2.82 kg/ha) used in the present 
study.   
 
Half-life in broom leaves that failed to drop to ground 

Concentrations of glyphosate in broom leaves didn’t exhibit significant changes over 
the 84 days of study period for the both sites (Figure 4), indicating that half-life of 
glyphosate is likely to be much longer than 84 days as long as the leaves remain attached 
to the stems and branches. This slow degradation of glyphosate might be due to limited 
microbial activity on the leaves and time of year when plants are operating closer to 



 10 

dormancy. Photolysis also seemed to be insignificant. Large variations observed in 
glyphosate concentrations were presumably because the amount of glyphosate in each 
broom leaf was not homogeneous. As shown in Figure 2, many leaves were still attached 
to the stems and branches even 7 weeks after the application. Considering broom leaves 
were collected from multiple stems and branches randomly, glyphosate data indicates that 
broom leaves remained on the stems and branches still had herbicide mixture at levels 
similar to those found in early period samples. To calculate overall degradation of 
glyphosate, the slow degradation of glyphosate on leaves needs to be combined together 
with relatively faster degradation in soils. Because the present study didn’t quantify what 
fraction of the leaves remained on the stems and branches during the study period, the 
overall half-life remains inconclusive. 

The applied herbicide mixture dried within several hours of application so extra 
cautions are needed during this period to avoid any possible elevated exposure of humans 
to the applied mixture. Once the applied herbicide mixture dries, exposure of humans to 
the mixture through gentle brushing up against treated vegetation is expected to be 
substantially less than exposure to wet herbicide mixture. It is commonly known that 
glyphosate has a tendency to quickly penetrate into the internal structure of plant leaves 
(Gougler and Geiger, 1981; Feng et al., 1998, 1999). The fraction of the applied herbicide 
remained on the surface of the leaves likely declines over time, reducing the potential for 
dermal exposure. Although the present study was not designed to determine the extent of 
the exposure through dermal contact with the glyphosate treated vegetation, dermal 
contact is not likely a significant exposure route because glyphosate is poorly absorbed 
through the human skin. In a study using human autopsy samples, less than two percent 
of the applied glyphosate penetrated the skin when Roundup was applied in 1:20 to 1:32 
dilutions to thigh skin (Wester et al., 1991). Glyphosate is quickly absorbed by leaves and 
shoots of weeds but does not penetrate woody stems of trees and animal skins.       
 
Transport by surface stormwater runoff and soil infiltration 

Glyphosate and AMPA were not found in both dissolved and particle phases of all 
stormwater runoff collected from the application site A. Roy et al. (1989) also reported 
no glyphosate in surface runoff samples. It is likely to be because glyphosate and AMPA 
tend to be strongly adsorbed to plant litters and soil particles that generally do not move 
by runoff especially in forested environments. No stormwater runoff samples were 
collected from the application site B because the site failed to produce run-off.   

Glyphosate was detected in core soils up to 30 cm deep with the highest 
concentrations in the top layer (Figure 5). AMPA was not detected below 18 cm, which is 
presumably because AMPA is less water soluble than glyphosate. Other studies (Roy et 
al., 1989) also found similar depth profiles in forest core soils. Laboratory infiltration 
simulation exhibited that the glyphosate could penetrate deeper as water infiltration rate 
increases (Figure 6). But the water infiltration rate used for the laboratory study was not 
realistic. Considering relatively fast degradation of glyphosate in the surface soil and 
slower infiltration rates, this deeper infiltration is unlikely to happen under the real 
conditions    
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Figure 3. Changes of glyphosate and AMPA concentrations in the surface soils in Mt. 
Tamalpais.  
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Figure 4. Changes in concentrations of glyphosate in broom leaves (still attached to plant) 
after the application of the herbicide mixture (Aquamater plus Competitor). 
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Figure 5. Glyphosate concentrations in core soils collected from the application sites A, B, and C in June 2010.  
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Figure 6. Glyphosate concentrations in core soil layers after the laboratory infiltration 
simulation. Glyphosate concentrations are averages of two soil cores collected from the 
application site C. 
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Printed from: http://www.doc.govt.nz/news/mediareleases/2012/anewinsectweaponagainstbroom/

A new insect parasite has been released into the Mackenzie Basin and Upper Waitaki for the first time, to help control the spread of broom.

 
Gall on broom plant from gall mite

A new insect weapon against broom
Date:  05 April 2012

A new insect parasite has been released into the Mackenzie basin and upper Waitaki for the first time, to help control the spread of broom.

The Department of Conservation oversaw the release of the gall mites at three sites last month – Jollie Stream on the eastern side of Lake Pukaki, Mt Ostler near
Twizel and Otematata in the Waitaki valley – all with dense infestations of broom. The aim is to establish healthy populations of the mites, which can then be
moved to other sites as needed. 

Department of Conservation ranger Peter Willemse says the broom gall mite attacks broom plants in autumn and is
expected to work in concert with three other broomeating insects already established in the area, which target the plant in
spring and summer. 

“It is hoped that together the insects will weaken broom plants and reduce the spread of this introduced invasive weed,”
he says.

The other broomeating insects were also introduced into the area to help control broom. The broom psyllid, also released
by DOC, targets the plant’s spring growth. The caterpillar of the twig miner moth, which probably selfintroduced about 50
years ago, browses on the plant’s stems. While the broom seed beetle, released by Environment Canterbury over ten
years ago, has larvae that eats the soft green broom seeds. 

"These insects are already affecting the vigour of their host plants, in particular the twig miner, although a widespread
reduction is some time off", says Willemse.

“This is a long term strategic move – it’s not a quick fix.

"In five years we should start to see a noticeable knockback of broom as the pysllids and gall mites join forces with the other insects.”

The broom gall mite is native to Western Europe and was first brought into New Zealand by Landcare Research in 2006, with releases taking place two years
later.  The mite is hostspecific and is considered very unlikely to attack other plant species.  

The adult mites are so small you cannot see them with the naked eye and the best way to detect their presence is to look for the galls that form as the mites
feed.

Media contact
Kiersten McKinley: ph +64 3 435 3185 or +64 027 3063012

Peter Willemse: ph +64 3 435 3271 or +64 027 6171629
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Oregon Tries to Sweep Out Scotch Broom
Botany: A European native, the ornamental shrub came to the state in the late 1880s, but it has since become a noxiously invasive weed.

August 15, 1999 | JEFF BARNARD | ASSOCIATED PRESS

SUTHERLIN, Ore. — Driving around the corner of a logging road, botanist Jeanne Klein got a rude shock.

The golden yellow patch of Scotch broom where she had released a precious new bug was gone, ripped out by a U.S. Bureau of Land Management road crew
that failed to recognize it as one of just a dozen sites where a new biological agent was set loose to control Oregon's most noxious weed.

"I released them right about here," said the BLM botanist, standing in the raw earth at the side of the gravel road. "I chose this site because there were no
timber sales planned in here."

Chalk up another win for Scotch broom.

A symbol of the Plantagenet kings in its native Europe, the shrub with the brilliant golden blossoms came to Oregon in the late 1880s as an ornamental.
Nurseries still sell it for landscaping.

But in timber plantations, pasture, meadows and power line rightofways, the shrub is a scourge, causing $47 million a year in damage. That puts it at the top
of the list among noxious weeds in Oregon.

The greatest impacts are in timber plantations, where Scotch broom crowds out new seedlings. Along streams, it elbows aside native plants. In pastures and
meadows, it chokes out grasses. Along power lines, it creates a fire hazard and makes the ground impassable.

Despite volunteers ripping it out of the ground with root wrenches, road crews grubbing it out with backhoes and timber crews hacking and spraying it with
herbicides, Scotch broom has spread to 16 million of the some 20 million acres of western Oregon.

The march of Scotch broom could make a horror movie. The pods fling the seeds up to 35 feet, where they can lie dormant for 60 years, just waiting for a road
crew to come along and rip up the ground, creating the disturbed soil conditions that trigger the seeds to sprout.

Mowing doesn't work unless the plant is dried out by drought. Rootwrenching is effective but too laborious to make much of a dent in the current stands.

Enter a pair of lowly insects, which love nothing more than to munch on Scotch broom seeds. Like a fussy child, they will eat nothing else, a key factor in
winning approval as a biological control.

In 1983, the Oregon Department of Agriculture turned loose the first batch of a weevilknown to scientists as Apion fuscirostrewest of Salem.

Native to Europe, the bugs are harvested from broom on the East Coast, where they are well established, by whacking the bushes with a tennis racket and
catching the bugs in a tarp. The adults lay their eggs on the seedpods, and the larvae eat up to 80% of the seeds on a bush. But that still leaves lots of seeds.

Now a new bug has been added to the fight. It is a tiny hairy beetle known as Bruchidius villosus, also a European native.

"We're hoping that between the two of them we can control most of the seeds," said Tim Butler, a field operations manager for Oregon's agriculture
department.

Biological controls will never wipe out Scotch broom. The best hope is that they will make it just another member of the plant community, rather than a
rampaging new arrival.

But the search is expensive. Approval of a new bug can take $10 million and 20 years of research.

Butler had Bruchidius villosus for only 12 sites this year, and the 250 individuals that Klein released above Hubbard Creek represented the only site in Douglas
County.

Klein walked across the road to some surviving Scotch broom and shook the branches over a blue tarp, hoping to see some of her bugs. About 100 would need
to survive to start a viable population. Several Apion fuscirostre fell out, and perhaps one of the Bruchidius.

"This could be one," she said, reaching for the bug just as the wind blew it away. "Whoops. That was encouraging to at least think I had one for a moment."
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Host-specificity testing the French broom psyllid  
Arytinnis hakani (Loginova)

T. Thomann1 and A.W. Sheppard2

1CSIRO European Laboratory, Campus de Baillarguet, 34980 Montferrier-sur-Lez, France
2CSIRO Entomology, GPO Box 1700, Canberra, ACT 2601, Australia

The broom psyllids are known to have strong co-evolutionary relationships with their related host 
plants. For this reason, the French broom psyllid, Arytinnis hakani (Loginova) (Homoptera: Psyllidae), 
was selected as potential biological control agent against its host plant, Genista monspessulana (L.) 
Johnson, a Mediterranean leguminous shrub invasive in Australia and California. Between 2002 and 
2006, two types of host-specificity test were conducted on potted plants: (a) choice-without-target 
tests, which evaluated the capacity of the insect to lay eggs on test plant species in the absence of the 
natural host and (b) no-choice starvation tests, where the first-instar nymphs are forced to develop on 
test plant species other than the natural host. Over 92 species were tested in 47 genera covering ten 
plant families. The tests revealed that A. hakani can potentially develop on plant species from four 
genera within the Genisteae tribe (including the target), with nymphal development on species from 
two genera within the Thermopsidae tribe. The high number of species with nymph development in the 
genus Lupinus (16 of 25 tested) may lead us to reconsider A. hakani as a potential biological control 
agent against G. monspessulana in the USA. Further work on imported exotic lupines of economic 
importance to Australia is required to assess potential for release there.

Prospects for the biocontrol of Banana Passionfruit in  
New Zealand with a Septoria leaf pathogen

N.W. Waipara,1 A.H. Gourlay,2 A.F. Gianotti,1 J. Barton,2 L.S. Nagasawa3  
and E.M. Killgore3

1Landcare Research, Private Bag 92170, Auckland, New Zealand
2Landcare Research, PO Box 40, Lincoln, New Zealand

3Hawaii Department of Agriculture, 1428 South King Street, Honolulu, HI 96814, USA

Seven closely related vine species of Passiflora, all with the common name banana passion fruit and of 
South American origin, have naturalized and become serious environmental weeds in various regions 
throughout New Zealand. Banana passion fruit is capable of smothering trees, particularly those at 
forest margins and in forest gaps. It often prevents regeneration of native plants and has therefore been 
classified as a priority weed for biocontrol by invasive plant biosecurity managers in New Zealand. 
It is also a significant environmental threat in Hawaii where it is known as banana poka. A successful 
classical biological weed control programme was undertaken with the release in 1996 of a virulent leaf 
pathogen, Septoria passiflorae. A similar biological control programme was initiated in New Zealand 
to explore the efficacy and safety of S. passiflorae for its potential introduction against this rapidly 
expanding and hybridizing weedy complex. Pathogenicity testing showed the fungus to be a virulent 
pathogen against the banana passion fruit weed complex, with promising biocontrol prospects. How-
ever, its release in New Zealand may be prevented due to its potential damage to the closely related 
commercially cultivated species Passiflora edulis.
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