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Executive Summary
The Conserving Our Watersheds program (COW) was created by the Marin Resource
Conservation District (MRCD) to assist ranchers with the planning and implementation
of conservation practices to improve water quality and wildlife habitat. MRCD was able
to continue the COW program with a third round of contract funding entitled
Conserving Our Watersheds Phase III: Grazing Waiver Implementation (COW III).
Agricultural producers within the Tomales Bay and Walker Creek watersheds
participated in COW I - II and continued to show interest in undertaking restoration and
enhancement projects at eroded and degraded water quality sites by participating in
COW III.
COW III implemented 34 Best Management Practices (BMP) to improve water quality
and habitat at six different ranches located within Tomales Bay’s East Shore and Walker
Creek’s subwatershed, Keys Creek. The addition of this funding brings the cumulative
number of BMPs completed for the COW program, Phases I-III to 115. The practices
implemented within the Keys Creek watershed were selected for installation with the
intention of reducing pathogen loading into Keys Creek, a watershed that repeatedly
exceeds accepted fecal coliform thresholds for water quality, according to the San
Francisco Bay Regional Water Quality Control Board (RWQCB). In addition to reducing
pathogen loading, the completed practices will reduce sediment runoff and nutrient
loading, thus satisfying total maximum daily load (TMDL) requirements identified in the
Tomales Bay Pathogen TMDL.
The COW III program encouraged the continuation of voluntary participation from
ranchers to implement pro-active conservation solutions towards improving water
quality while meeting the demands of the TMDL. This program enabled MRCD to offer
assistance, both financial and cooperative, to ranchers in West Marin, California (CA).
The implementation of habitat improvement projects satisfied the TMDL requirements
and in turn, improved water quality, reducing sediment and nutrients from entering
Keys Creek and direct tributaries along the eastern shore of Tomales Bay.
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Hydraulic Unit Codes of Projects with the COW III Program
PROJECT CODE
1

2013.01

Hydraulic Unit Codes
(HUC) 12

STREAM REACH CODE

180500050202

18050005001003

2013.04

180500050203

18050005001182
18050005000117
18050005001184

3

2013.05

180500050203

18050005001182

4

2013.06

180500050203

18050005001179

5

2013.07

180500050304

N/A

6

2015.011

180500050103

18050005000740

2

COW III Notable Achievements:
•
•
•
•
•
•
•
•
•

34 Best Management Practices implemented
Six ranches were assisted in this program
Over 32,362 linear feet of riparian fencing installed
21,009 linear feet riparian stream protected
2,404 linear feet streambank repaired
1,097 plants installed
21 species of native grasses, shrubs and trees planted
59 - 85% predicted stability at fence, revegetation and biotechnical sites
60 - 90% reduction in pathogen loading due to installed practices
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Historical Background & Problem Statement
Tomales Bay Watershed is located in Marin County about 40 miles northwest of San
Francisco, and is approximately 220 square miles in size. The Bay is a major estuary
along the California coast supporting large numbers of wintering and migratory water
fowl and shorebirds, and is designated a wetland of regional importance under the
Western Hemisphere Shorebird Reserve Network. Tomales Bay was incorporated into
the Gulf of the Farallones National Marine Sanctuary in 1981, one of three marine
sanctuaries in the state. Tomales Bay and its three primary tributaries: Lagunitas,
Walker, and Olema creeks provide habitat for multiple listed species, including Coho
salmon, steelhead trout, California Freshwater shrimp, tidewater goby, and California
red-legged frog. The Bay and its watershed receive more than 2.5 million tourists per
year visiting the Point Reyes National Seashore, the Golden Gate National Recreation
Area, and numerous state and county parks. Additional beneficial uses in the Tomales
Bay watershed include shellfish harvesting, sport fishing, municipal supply, water
contact recreation and noncontact water recreation, and agricultural supply.

Figure 1. Program Location Map.
Map of the northwestern section of the Bay Area showing Tomales Bay in relation to San Francisco.
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Animal agricultural is the dominant form of land use in the watershed, representing
over 60% of watershed area. The agricultural landscape is characterized by rolling hills
dotted with small family farms. Agricultural production began in the watershed around
1850 and included dairy farming, livestock ranching, and row crop production. Row
crop production declined in the early 1900s to less than 400 acres of specialty crops
today. In recent years, there has been a sharp increase and transition to organic food
production. There are also records of a native oyster fishery as far back as 1890, with an
even earlier use of shellfish by Native Americans. Commercial production of oysters
began in 1918. Approximately 600 acre of leased bay tidal lands is in active production.
Past and present land use activities within the Tomales Bay Watershed, including
residential development, septic disposal, agriculture, mining, construction of reservoirs
and roads, have impacted water quality, habitats, and special status species in Tomales
Bay and its tributaries. Over the years, water quality monitoring results showing
elevated levels of fecal coliform bacteria have resulted in the posting of human health
advisories for water contact and consumption, certain sport fish as well as the periodic
closure of shellfish harvesting. In 1993 the Shellfish Protection Act was created by the
State in an attempt to improve water quality by mandating the creation of a Tomales
Bay Shellfish Technical Advisory Committee to assess water quality issues, and to
develop recommendations to effect water quality improvements. Additionally, Total
Maximum Daily Load (TMDL) studies have been mandated by the State Water Resources
Control Board (SWRCB) for pathogens, mercury, sediment, and nutrients.
A Tomales Bay Pathogen TMDL Action Plan was adopted by RWQCB in September 2006
and the Tomales Bay Mercury TMDL was established in July 2012 since a Walker Creek
Mercury TMDL was approved in September 2008 and Lagunitas Creek Sediment TMDL
was approved on June 2014. The Tomales Bay Pathogen TMDL calls for over eighteen
implementation actions including those applied to grazing lands. A significant step in the
implementation of the Pathogen TMDL is the requirement of grazing landowners and
operators to comply with Waste Discharge Requirements (WDR) and individual permits.
Both the SWRCB’s Nonpoint Source Implementation and Enforcement Policy and the
RWQCB’s Pathogen TMDL provide an alternative to WDRs in the form of Conditional
Waivers. Since the approval of the Tomales Bay Pathogen TMDL in 2005, the RWQCB
developed and approved a Conditional Waiver program for grazing lands on July 8,
2008. In December 2013, the Conditional Waiver was revised for a second five-year
term to include Residual Dry Matter sampling. At this time, the RWQCB reported an
improvement in water quality conditions.
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The COW Program was designed to assist ranchers in complying with the requirements
of the Conditional Waiver. Phase I of the COW Program implemented 40 BMPs on 10
project sites within the Tomales Bay, Lagunitas, Walker and Stemple Creek watersheds.
Phase II provided workshops to prepare the ranching community for the requirements
of the Conditional Waiver and implemented 30 BMPs to improve habitat on nine project
sites within the Tomales Bay East Shore, Lagunitas Creek, and Walker Creek watersheds.
Phase III of the program was designed to continue to assist ranchers in complying with
the requirements of the Conditional Waiver, prioritizing in high priority watersheds.
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Project Goals
The goal of the COW III program was to support agriculture and the environment by
implementing at least 10 high priority Best Management Practices in high priority
watersheds through voluntary environmental TMDL improvements on agricultural
lands in the Tomales Bay Watersheds. High priority watersheds targeted by this
program are direct tributaries to Tomales Bay and the Walker Creek’s subwatershed
Keys Creek that repeatedly tested poorly in watershed-wide water quality trend
monitoring efforts. Implementing Best Management Practices would result in 60-90%
reduction in pathogen loading at individual project sites, 75-95% fine sediment delivery
reduction from headcuts, gullies and streambanks and a 50-75% sediment reduction
from riparian fencing and revegetation projects. Another important goal of COW III was
to continue incorporating excellent stewardship practices into the agricultural
operations in west Marin County; practices that would protect Tomales Bay and their
tributaries far into the future. These goals were to be accomplished by providing
landowners and producers with 1) project planning and permitting assistance, 2)
technical/engineering expertise, 3) construction contractors and, 4) maintenance and
monitoring assistance.

Figure 2. Project Photo. A Conserving Our Watersheds Phase III project under construction on a West
Marin ranch. A critical area planting practice and buffer strip is being installed by students and teachers
volunteering in Point Blue Conservation Science’s Students and Teachers Restoring a Watershed program.
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Site Map
Figure 3. Map of COW III Project Locations. Map displays the project number, locations and a color coded key along the right side of the map listing
the Best Management Practices implemented at each site. The projects names include: 2013.001, 2013.004, 2013.005, 2013.006, 2013.007 and
2015.011.
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Program Description
The COW III program resulted in the implementation of 34 Best Management Practices
(BMP) at six properties in the Tomales Bay East shore, Lagunitas Creek and Walker Creek
watersheds in west Marin County. The end result of 34 installed BMPs exceeded the
minimum 10 BPMs required by the contract. The goals and objectives of the COW III
program were realized through an intensive planning and implementation process
involving a variety of stakeholders including committed ranchers, partnering agencies
and organizations.

Selection Process
MRCD distributed a project funding announcement in November 2012; the flyer (see
Exhibit B) was mailed out to landowners in the Tomales Bay watershed and spread by
word of mouth through partnering organizations. The announcement informed
landowners within the Tomales Bay watershed of available funds for certain qualifying
practices. The notification solicited landowners to submit project proposals that
incorporated practices authorized by the Marin Coastal Watersheds Permit
Coordination Program.
Projects were selected through a Technical Advisory Committee (TAC) process that has
proven highly successful for several MRCD grant programs. The TAC was comprised of
professionals with backgrounds in: rangeland management, fisheries biology,
engineering, watershed advisory, water quality, revegetation, planning, design,
permitting, and hydrology. The various expertise of the TAC members enabled them to
collectively design solutions and allow agency staff to participate in the design of
projects to ensure permit requirements were met. The first step in the program was the
selection of the TAC based on individual qualifications and the organization they
represented. Below is a list of the TAC members:
Conserving Our Watersheds Phase III Technical Advisory Committee
• David Lewis, Watershed Advisor and Director – University of California
Cooperative Extension
• Kristan Flynn, Rangeland Management Specialist –USDA NRCS
• Leslie Ferguson, Biologist and Engineer – San Francisco Bay RWQCB
• Steve Chatham, Erosion Control and Principal – Prunuske Chatham, Inc.
• Sally Gale, Rancher and Director – MRCD
• Lynette Niebrugge, Conservation Scientist - MRCD
The TAC first reviewed and approved a project selection criteria used to rank the
proposals submitted, then the TAC studied the proposed project acquired through in an
Marin Resource Conservation District Final Report 8
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open solicitation process. Six proposals were submitted by six landowners for COW III
funding. The TAC visited the six sites to evaluate the projects before ranking them using
the selection criteria. The TAC eliminated two of the six proposals because one project
did not fit within the grant scope, while another project was already completed by the
landowner. The TAC recommended four proposals to be funded through COW III. In
addition, the two projects already ranked and screened by the TAC for COW II were also
recommended to the MRCD Board because the scope and goals of COW II coincide with
COW III; achieving the Tomales Bay TMDLs. The MRCD Board approved the project
ranking and the commencement of designing and constructing six projects.
The COW III grant had considerable construction match provided by the State Coastal
Conservancy and United States Department of Agriculture’s Natural Resources
Conservation Services’ Environmental Incentives Program (NRCS EQIP). The NRCS EQIP
provided a match contribution to all projects within the COW III program.

Design and Permitting
MRCD contracted with the consulting firm, Prunuske Chatham, Inc. (PCI) for permitting
assistance and design of the COW III projects. Point Blue Conservation Science’s
Students and Teachers Restoring a Watershed (STRAW) completed the designs for the
critical area planting projects within their scope of work , collaborating with NRCS and
PCI, when necessary. Each project received assistance from the following design teams:
Project Number
• 2013.001
• 2013.004
• 2013.005
• 2013.006
• 2013.007
• 2015.011

Design Team
NRCS, STRAW& PCI
NRCS, STRAW & PCI
NRCS & STRAW
NRCS, STRAW & PCI
NRCS , STRAW & PCI
NRCS, Point Reyes National Seashore
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Some projects required a stamped engineered design, but for projects that were of
standard practice (i.e. basic fencing, tank, and trough projects) the project design
consisted of standard specifications materials and a short description. All designs were
discussed and clarified to assure landowners’ management needs and project proposal
expectations were being met.
California Environmental Quality Act (CEQA) Notices of Exemption and necessary
permits for the projects were prepared and submitted to the appropriate agencies. The
COW III program utilized the Marin Coastal Watersheds Permit Coordination Program,
Which provides coordinated regulatory CEQA review for implementation, under the
sponsorship of the MRCD. Seventeen types of conservation and restoration practices
are included in the program and intended for grazing lands to reduce erosion, enhance
aquatic and terrestrial habitat.
Marin Coastal Watersheds Permit Coordination Program
List of Approved Conservation Practices
1. Access Roads
10. Sediment Basins
11. Spring Developments
2. Animal Trails & Walkways
12. Streambank Protection
3. Critical Area Plantings
4. Filter Strips
13. Stream Channel Stabilization
14. Stream Habitat Improvement
5. Fish Passage
15. Structures for Water Control
6. Grade Stabilization Structures
7. Grassed Waterways
16. Underground Outlets
17. Water & Sediment Control Basins
8. Lined Waterways
9. Pipelines
The National Oceanic and Atmospheric Administration, RWQCB, Environmental Action
Committee of West Marin, Sierra Club Marin Group and the US Department of the
Interior National Park Service reviewed and commented on Marin Coastal Watersheds
Permit Coordination Program and its seventeen practices in 2004. All regulatory
permitting agencies and local organizations accepted the Marin Coastal Watersheds
Permit Coordination Program and agreed to allow the MRCD to group projects, meeting
the practice criteria, to facilitate the CEQA and permitting approval process.
The proposed COW III projects were included in the 2013 Marin Coastal Watersheds
Permit Coordination Program. Each project was assigned a numerical code name for the
PCP list, which was publically posted to solicit comments for a period of 30 days. A
public notice was published in the Point Reyes Light and on MRCD’s website. Water
Board/Army Corps of Engineering §401/§404 permits was issued and Streambed
Alteration Agreements were issued by California Department of Fish and Wildlife for
M a r i n R e s o u r c e C o n s e r v a t i o n D i s t r i c t F i n a l R e p o r t 10
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Project 2013.001 and Project 2013.006: subsequently, those permits were provided to
construction contractors and all permit requirements were followed. In accordance
with permit requirements, PCI and NRCS staff conducted the required pre-construction
biological sweeps, biological training for the construction crew, during-construction
inspections and post-construction inspections. Planning meetings were held to ensure
projects were completed as designed and permitted.
The COW III program benefitted from monthly Advisory Team meetings. The formation
of an Advisory Team, made up mostly of partner organizations within the TAC, came out
of the first TAC for COW Phase I. Advisory Team meetings were held once a month and
were used to update one another on individual project details and plan for construction
activities. All partner organizations and consultants were represented on the TAC and in
the team meetings including:
Advisory Team Members
• Kristan Flynn, Rangeland Manager, NRCS
• Andrew Loganbill, Soil Conservationist, NRCS
• Patricia Hickey, MALT Stewardship Coordinator
• Jim Jensen, MALT Stewardship Project Manager
• Michele Cooper, MALT Stewardship Manager
• John Parodi, Restoration Manager, STRAW
• Vanessa Wyant, Project Manager, STRAW
• Kathie Lowrey, Principal Environmental Planner, PCI
• Michael Lennox, Staff Research Assistant, University of California Cooperative
Extension
Concurrently, the MRCD finalized the project landowner agreements and prepared the
projects that would go out for public bid in accordance with the MRCD procurement
procedures for the acquisition of construction services.

Construction
The MRCD circulated Request for Cost Proposals (RFCP) for each project going out for
public bid, held pre-bid site visits and received completed RFCPs. Each RFCP received
was reviewed to confirm that each bidder met the State Water Quality Control Board
(SWQCB) and the MRCD RFCP requirements (i.e. bond requirements, etc.). The
qualifying bids were reviewed by the design team, so they could make a
recommendation to the MRCD Board for approval. Contract awards were finalized, preconstruction biological sweeps and training were completed where needed and
construction commenced. Each contract included inspection points to ensure
construction was being completed according to plan.
M a r i n R e s o u r c e C o n s e r v a t i o n D i s t r i c t F i n a l R e p o r t 10
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The COW III program installed over 32,362 linear feet of fencing, 5 alternative water
sources were developed because installed riparian fence excluded livestock from
accessing their original water source (the creek), one lined waterway, two stream
crossings, sixteen grade stabilization structures, numerous troughs, tanks, solar pumps,
and revegetated/planted two acres of critical areas. Over 34 conservation practices
were completed at six ranches. Project Profiles describe individual projects in more
detail and are provided in Exhibit C: Project Profiles and Exhibit D: STRAW Project
Reports. The contract originally intended to complete a minimum of 10 practices, but
34 practices were completed with this program in partnership with the USDA NRCS EQIP
program.
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2015.011

2013.007

2013.006

2013.005

2013.004

2013.001

CODE

Table 1. Practices Implemented through Conserving Our Watershed Phase III
Table of projects and practices funded by Conserving Our Watershed Phase III. ‘CODE’ refers to the
numeric name of the project, while ‘PROJECT’ is the project name. Conservation Practice (CP) refers to
the United States Department of Agriculture Natural Resources Conservation Service’s (USDA NRCS)
classification of practices. For permitting reasons and compatibility with NRCS, MRCD tracks the number
and type of CPs implemented. The blue columns are the number of Best Management Practices (BMPs).
BMPs are similar to CPs, but USDA NRCS CPs are individual components, thus MRCD groups the
components together to become a functional unit, a BMP (i.e. pipeline and tanks are a water development).
PROJECTS
COMPLETED
2012-2015

Gully Repair,
Erosion
Control,
Revegetation
and Fencing
Project

Riparian
Planting,
Livestock
Fencing and
Water
Development
Project

Riparian
Fencing and
Water
Development
Improvement
Project

Livestock
Exclusion
Fencing and
Gully Repair
Project

Vegetative
Field Buffer
and Fencing
Project
Riparian
Fencing
Project
GRAND TOTAL

Conservation Practice (CP)

# CP
Installed

Best Management Practice
(BMP)

BMP
count

CRITICAL AREA PLANTING

2

CRITICAL AREA PLANTING

1

FENCING

1

FENCING

1

GRADE STABLIZATION STRUCTURE

7

GRADE STABLIZATION
STRUCTURE

2

LINED WATERWAY INLET/ OUTLET

1

LINED WATERWAY INLET/OUTLET

1

STREAM CROSSING

1

STREAM CROSSING

1

STREAMBANK STABLIZATION

1

STREAMBANK STABLIZATION

1

STRUCT. FOR WATER CONTROL

1

STRUCT. FOR WATER CONTROL

1

CRITICAL AREA PLANTING

1

CRITICAL AREA PLANTING

1

FENCING

2

FENCING

2

STREAMBANK STABLIZATION

1

STREAMBANK STABLIZATION

2

PIPELINE

2

SOLAR PUMP

2

TANK

2

TROUGH

6

FENCING

1

SPRING DEVELOPMENT

3

PIPELINE

1

8

7
WATER DEVELOPMENT

2

FENCING

1

WATER DEVELOPMENT

3

TANK

2

TROUGH

3

CRITICAL AREA PLANTING

5

CRITICAL AREA PLANTING

3

FENCING

1

1

GRADE STABLIZATION STRUCTURE

9

STREAMBANK STABLIZATION

1

FENCING
GRADE STABLIZATION
STRUCTURE
STREAMBANK STABLIZATION

STREAM CROSSING

1

STREAM CROSSING

1

OBSTRUCTION REMOVAL

1

VEGETATIVE FIELD BUFFER

1

4

4

11

1

OBSTRUCTION REMOVAL

1

CRITICAL AREA PLANTING

1

FIELD BUFFER

1

FENCING

1

FENCING

1

HEDGEROW

1

HEDGEROW

1

FENCING

1

FENCING

1

63

Total
BMPs

3

1

34
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Monitoring and Performance
The success of the COW III Program is measured using two methods: 1) the Project
Assessment and Evaluation Plan (PAEP: Exhibit D), and 2) the Riparian Zone Monitoring
Plan (RZMP: Exhibit E). The PAEP, a requirement of the contract, assesses programmatic
success by identifying the program goal, desired outcomes of the program and
performance measures. The success of the entire COW III Program is based on the
cumulative impact of the implemented ranch projects. The RZMP, a plan developed by
UCCE, MRCD and approved by RWQCB, provides a suite of protocols used by MRCD to
measure performance of the individual ranch projects. The information from the
individual ranch projects from the RZMP is then summarized in the PAEP performance
table (Table 2).
Table 2. COW III Program Output and Outcome Targets and Target Results. The Project Assessment
and Evaluation Plan requires projects to identify output and outcome targets. This table lists the output and
outcome targets for the Conserving Our Watershed Phase III program, as well as, target results from
program’s implemented projects.
COW III Targets
Output Targets
Results
1. 4 - 10 landowners assisted with 4 - 10 projects
6 landowners 6 projects
2. A minimum of 10 management practices completed
34
3. Plant 200 - 500 native plants
1,097
4. Install control fence along 2 - 3 mile of stream
3.97
Outcome Targets
Results
1. 20 - 40% of watershed parcels implementing practices
26%A
2. 2 acres of repaired riparian area
2
3. Reduce fine sediment delivery between pre & post-project by:
50-75%B fence/reveg.,
50 - 75% for riparian fencing & revegetation projects,
75-95% Bgullies
75- 95% from headcuts, gullies and streambank repairs
4. 60-90% reduction in pathogen loading at individual projects
60-90%BC
5a. Increase woody plant richness in the riparian zone by 50% at each
5a.467-800%B,E
site for revegetation projects by the end of the grantD
5b.75-100%B
5b. Increase native riparian tree/shrub cover by 65% at each site for
(predicted in 15 years)
revegetation projects over the course of 10 - 15 years
A. Percentage was determine from acreage in Keys Creek affected by implemented practices
B. Results are ranges based on several different projects completed at different times so no single result
is represents all projects together.
C. Based on research, it is estimated that the installed practices are reducing pathogens by 60% after
initial installation and it is anticipated these practices will reduce pathogens by 90% overtime.
D. % change = (new value - old value) / old value. Results > 100% was due to large increases such as:
establishing 89 trees where 2 existed pre-project.
E. Target to be achieved over a 20-year period. Current results are 1-2 years post-planting.
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Project Assessment and Evaluation Plan
The PAEP identifies the programmatic goal: ‘Implement Pathogen TMDL program goals
for grazing operations in the Tomales Bay Watershed’. The Performance Measures
Table within the PAEP outlines the program’s desired achievements by identifying
targets to be reported on at the conclusion of the contract. The COW III Program
successfully achieved most desired targets (Table 2).

Riparian Zone Monitoring Plan
The RZMP establishes the project monitoring guidelines for COW III. The PAEP mentions
that MRCD will use the protocol within the RZMP to monitoring restoration projects.
The RZMP outlines two types of monitoring objectives: implementation monitoring and
effectiveness monitoring. Implementation Monitoring consists of identifying
management practices at project sites, documenting landowner satisfaction, and
tracking revegetation survival. Effectiveness Monitoring consists of: assessing the
changes in site conditions over time by recording the outcomes from implemented
practices through qualitative data collection. Photographic documentation and Project
Assessment Checklists are tools used to document site conditions.
The first objective, implementation monitoring, was completed by conducting a postproject inspection to ensure the implementation objectives were achieved; all practices
were completed at each location, project satisfied landowner’s concern, and
survivorship of planted vegetation met targets for each site. The documented
information for each site was then used to create a final Project Report to document the
entire project from the initial site visit in 2013, to project design, permitting,
construction and finally monitoring. The reports contain project information, along with
the ranch information such as: ranch history, maps, environmental condition, past
restoration work, landowner satisfaction, monitoring results and project assessment
evaluations. A Project Report for each ranch is provided in Exhibit C.
The second objective, effectiveness monitoring, was accomplished by collecting both
qualitative and quantitative data to assess and document the site conditions as well as
the outcome of the results over time. The qualitative data collection consists of photo
monitoring, project assessment checklists, and completing a Landowner Questionnaire.
Qualitative monitoring was completed at six ranches for 34 BMPs. A Project Assessment
Checklist was completed for each project as a way to rapidly assess and document the
structural integrity of each project, rate the practices effectiveness (excellent, good, fair,
poor) and project success (Table 3). Data representing the project effectiveness and
success from the Project Assessment Checklist is compiled in Table 4.
M a r i n R e s o u r c e C o n s e r v a t i o n D i s t r i c t F i n a l R e p o r t 14
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Table 3. Project Assessment Checklist Guide: Project Effectiveness Chart
The project effectiveness chart details the meaning of the category ratings (excellent, good, fair and poor) a
project receives when a Project Assessment Checklist is completed. This chart is from the Riparian Zone
Monitoring Plan (Exhibit E, page 58).
STRUCTURAL
RATING
OBJECTIVES
TARGETS
UNINTENDED EFFECTS
CONDITION
No negative unintended
effects. Unintended
Excellent to Good.
Achieved all stated Met or exceeded
Excellent
positive effects may
Has the intended
objectives.
targeted values.
outweigh failure to
functional value.
achieve a target value.

Good

Fair

Poor

Fail

Achieved most
stated objectives.
Partially achieved
most objectives, or
objectives not
achieved were
outside the control
of practice.
Achieved at least 1
objective – those
not achieved were
the fault of the
practice.
Achieved no
objectives –
practice may be
completely gone.

Did not quite meet
all targeted values.
Nonnegative unintended
Or, if no targets were
effects.
specified, maximum
rating is Good.

Excellent to Fair.
Has the intended
functional value.

May or may not
meet all targeted
values.

May have minor
Excellent to Fair.
unintended negative
Has functional
effects that partially offset
value.
objectives.

May or may not
meet all targeted
values.

May have minor or major
unintended negative
effects that offsets or
negates a targeted gain.

Excellent to Poor.
Has some
functional value.

Did not meet
targeted values.

May have unintended
negative effects that are
degrading the habitat and
outweigh achieved
objectives.

Excellent to Fail.
Has no functional
value.

All sites are reported to be in good to excellent working order as designed; however,
three of the sites, 2013-001, 2013-006 and 2013-007 had aspects which were ranked as
“good-fair”, showing minor issues/unintended effects not related to the implementation
that were repaired and then converted to “good”. The concerns observed at each site
were documented and repaired and slated for ongoing MRCD monitoring; brief
descriptions of the concerns are described below. Additional photo monitoring and a
summary of the Project Assessment Checklists and Landowner Questionnaire for each
project can be found in the monitoring section of each Project Profile (Exhibits C).
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Table 4. Project Assessment Checklist Project Data
Summary of Project Assessment Checklists data collected from each Conserving Our Watersheds Phase III
(COW III) project. Each project in COW III is listed along with the number of BMPs and effectiveness
rating of each type of practice installed at that location. Effectiveness ratings are as follows: excellent (E),
good (G), fair (F) and poor (P). An overall effectiveness rating for each type of practice is derived from its
performance at each project.

E

G

G

E

E

3

Riparian Fencing

1

2015.011
2013.08

Excellent
RATING
Good
% TOTAL
Fair
Poor

11

G

E

G

0
0 20 80 0
0 100 80 20 100
0
0 0 0 0
0
0 0 0 0

E

E

E

E

RIPARIAN REVEGETAION

E

G

HEDGEROW/WINDROW

E

G

TROUGH

G

G

TANK

4

Vegetative Buffer Installation

2013.05

WATER CONTROL STRUCTURE

E

STREAMBANK PROTECTION

E

G

STREAM CHANNEL STABILIZATION

E

SPRING DEVELOPMENT

G

PUMP

7

2013.07

2013.04

PIPELINE

GRADE STABILIZATION STRUCTURE
G

8

LINED WATERWAY

FENCING
G

2013.06

2013.01

GRASSED WATERWAY

CA PLANTING
E

PROJECT SITES
Gully Repair, Erosion Control,
Revegetation and Fencing Project
Riparian Planting, Livestock Fencing and
Water Development Project
Livestock Pond Fence Exclusion and Water
Development Project
Livestock Exclusion Fencing and Gully
Repair Project

ACCESS ROADS

G

BMP's

CODE

LIVESTOCK CROSSING

COW III PROJECTS
PROJECT ASSESSMENT CHECKLIST DATA (PAC)

G

G
G

0
0
0
0

0 100 100
0 0 0
0 0 0
0 0 0

0
0
0
0

0 0 0 100 100 0 0
0 100 100 0 0 100 100
0 0 0 0 0 0 0
0 0 0 0 0 0 0

Project 2013.001
As evaluated in January 2015, the stream grade
stabilization headcut repairs both rated ‘fair’ in
effectiveness and stability. The larger headcut repair
below the culvert crossing and a side headcut located
upstream both needed attention post-construction due
to the smaller rocks within these rock repairs washing
out, exposing the erosion control fabric and leaving large
voids between the larger rocks (see photo to the right).
These issues were brought to the attention of both the design engineer and contractor
and subsequently repaired with chinking rock. After repairs, both headcuts were rated
“good” in the category of effectiveness and stability. All repairs will continue to be
monitored throughout the next three to five wet seasons to ensure restoration efforts
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are successful. The photo below shows the culvert crossing and the large headcut grade
stabilization structure, in the forefront, before the repair with chinking rock.

Project 2013.004 & Project 2013.005
No issues to report
Project 2013.006
The north gully large headcut streambank repair
post construction was given a rating of “good”
(see photo to the right). At the time of inspection
erosion control fabric was exposed around the
edges of the repair and was not keyed in properly
at specific locations. This compromised the
effectiveness and stability of the structure and
required attention post-construction. The
contract engineer brought these issues to the
attention of the construction contractor and were
corrected. The project will continued to be monitored and changes will be documented.
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Project 2013.007
The effectiveness rating for the
hedgerow/windbreak was rated initially as
“fair” due to a low plant survival count of
56.4% one-year post installation. The majority
of the plant loss was documented within the
first six months post-implementation. STRAW
overplanted the area; therefore, the low
survival rate is not an issue because the
remaining plants should achieve the desired
density and cover; therefore, the rating was
converted to “good”. Maintenance and
monitoring will continue to ensure the health and survival of the remaining plants. See
photo of hedgerow, taken immediately after planting.
In addition to evaluating project functionality using the Project Assessment Checklist,
effectiveness monitoring also includes the collection of quantitative data to document
management practice effectiveness at each project site as a means to systematically
assess change. Quantitative monitoring included the collection of field data at a subset
of 10% of the projects within the Marin Coastal Watersheds Permit Coordination
Program and calculating pollutant load reductions for all practices. The subset of
projects receiving closer monitoring is Project #2013.06. The data collection process
included taking geomorphic measurements (cross-section and thalweg profiles),
measuring the plant community (cover and species data at plot and transect scales),
assessing bank stability, and calculating revegetation survival. MRCD staff collected
baseline data in 2013, conducted projects surveys in 2014 - 2015 and plans to repeat
post-project surveys three to five years post-construction to document the outcome
results achieved.

Partnership Data
The primary goal of these efforts was to improve water quality in our local watersheds.
As stated in the PAEP, water monitoring data was collected by partnering organizations
and agencies (Salmon Protection and Watershed Network, Point Reyes National
Seashore, Tomales Bay Watershed Council, RWQCB, County of Marin, Inverness Public
Utility District) and documented throughout the duration of the projects. Data compiled
by RWQCB is being used for the purposes for this report. While there are numerous
monitoring stations around West Marin (Figure 2 and Table 5), only data from three
monitoring stations, collected by Tomales Bay Watershed Council (TBWC), are
applicable to this report due to their proximity to COW III project locations: WS-4, WS-8
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and WS-9. It is important to note that the Upper Chileno Creek sampling location (WS10) is located near an outlet of a natural shallow lake, which does not necessarily
represent the conditions of downstream Chileno Creek.

Figure 4. Water Quality Monitoring Station Map. The San Francisco Bay Regional Water Quality
Control Board’s map of water quality monitoring stations in the subwatersheds within the Tomales Bay
Watershed of West Marin County, CA. Subwatersheds include Olema Creek, Lagunitas Creek, Walker
Creek and the direct tributaries to Tomales Bay. The monitoring stations are shown as yellow dots with
Identification Numbers (i.e. LAG1 or WS-5).

From 2012 to present, TBWC collected one sample monthly from each station, while in
previous years (2008 - 2012) TBWC sampled more frequently. The change in sampling
frequency is due to changes in funding. TBWC’s water quality data was used to
determine the exceedance of the total coliform objective for water contact recreation
beneficial use set by the RWQCB. The bar graphs below (Figure 5 and 6) display the
percent exceedance of fecal coliform bacteria pre-TMDL (2004-2007) and post-TMDL
(2008-2014 and 2008-2015). The monitoring stations that are applicable to this report
are WS-4, WS-8 and WS-9, because a COW III project was completed within that section
of watershed. Figure 5 shows the percentage of exceedance in fecal coliform has
decreased from Pre-TMDL 2004-2007 to Post-TMDL 2008-2015 at WS-4, WS-8, and WSM a r i n R e s o u r c e C o n s e r v a t i o n D i s t r i c t F i n a l R e p o r t 19
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9. All three monitoring sites have average exceedances at or below 16%, which it is the
RWQCB’s threshold for considering delisting of a water body. Figure 6 displays the
results of any single sample exceeding > 400 mL/100 mL of fecal coliform bacteria.
Monitoring sites WS-4, WS-8 and WS-9 all show a slight decrease in samples exceeding
400 mL/100 mL from Post-TMDL 2008-2014 to 2008-2015.
Table 5. Water Quality Monitoring Station Information
The Identification Number (ID) and location description of water quality monitoring stations around West
Marin County, CA, as well as, the organization that takes the sample from that location, Sampling Party.
The four stations associated with projects within the Conserving Our Watersheds Phase III include WS-4,
WS-8 and WS-9.

According to RWQCB, the Walker Creek watershed, except for WS-10 at the shallow
lake, shows a positive trend of improving water quality. However, the TBWC
summarizes that they cannot state if water quality is improving or declining in quality,
due to drought conditions affecting the water samples, so additional data is necessary.
Water quality samples will continue to be analyzed and collected over time to
determine in order to access water quality in the Tomales Bay. Both the TBWC and
RWQCB along with various locally interested groups are working together to share data
and continue water quality sampling into the future in order to improve spatial
distribution and frequency of sampling.
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Figure 5 (top) & 6 (bottom). Graphs produced by Regional Water Quality Control Board (RWQCB)
displaying the percent exceedance of fecal coliform in water samples collected from sixteen monitoring
sites throughout the Tomales Bay Watershed. Only three sites are applicable to Conserving Our Watersheds
III, which are circled: WS-4, WS-8 and WS-9. Fecal coliform levels are quantified by most probable
number (MPN) per 100mL of sample water. RWQCB grouped the water samples by three different time
frames: before the implementation of Total Maximum Daily Load (Pre-TMDL) and two after the TMDL
(Post-TMDL) from 2008-2014 and the other including 2015 (2008-2015). RWQCB’s set 16% exceedance
as delisting threshold.
Figure 5 (top) Percent Exceedance of Fecal Coliform Geometric Mean Objective. The bars indicate the
percentage of the samples greater than the geometric mean of >200mL/100mL of fecal coliform bacteria,
which is the RWQCB’s concentration goal for recreational water contact.
Figure 6. Percent Exceedance of Fecal Single Sample Objective. This graph shows fecal coliform levels
are measure by most probable number (MPN) per 100mL of sample water.
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Funding
The RWQCB was provided funding from the U.S. Environmental Protection Agency (EPA)
to implement California’s Nonpoint Source Program pursuant to Clean Water Act
Section 319(h). A $600K contract was awarded to MRCD by the RWQCB to implement
the pathogen TMDL and associated sediment TMDL. MRCD secured $512,585.50 in
local and federal matching funds, exceeding the $470,000 match goal for the grant.
Cash match contributions for construction were secured from 1) landowner cash and inkind services, 2) USDA NRCS EQIP dollars, 3) MALT Stewardship Assistance Program
(SAP), 4) Marin County Measure A sales tax funds and/or 5) Point Blue Conservation
Science’s Students and Teachers Restoring a Watershed.
Table 6. Project Funding Sources and Expenses
Conserving Our Watershed Phase III: Grazing Waiver Implementation budget table including funding from
Regional Water Quality Control Board (RWQCB) and matching sources.

LINE ITEM

RWQCB

PERSONNEL SERVICES

$170,989.70

$4,962.50

$175,952.50

$7,992.00

$0.00

$7,992.00

$65,265.10

$37,623.00

$102,888.91

CONSTRUCTION

$380,757.44

$470,000.00

$850,844.00

TOTAL

$625,004.24

$512,585.50

$1,137,677.41

OPERATIONS
PROFESSIONAL/CONSULTANT SERVICES

Match Secured

Total Grant

STRAW provided a $61,120 in kind match contribution to the program, which included
services from student, teacher and parents. A professional/consulting match was
provided by NRCS and MALT for projects that received EQIP or MALT SAP funding. The
total match contributions for Professional Consultants from NRCS, STRAW, MALT and
some TAC members were $37,623.80 and the required match amount was $36,000. A
$5,962.50 match was provided by MRCD for Personnel services, not a required match.
New changes in NRCS agency requirements made it challenging to directly match dollars
on projects. For example, NRCS now requires design details from the consulting firms
working on the projects. The established contract with the consulting firm did not take
into account NRCS’ new standards that were executed while this grant was in progress.
The new requirements resulted in an increase of 50 cent to each $1 contributed by
NRCS, an expense which must be considered in future funding rounds.
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Funding provided by RWQCB for COW III helped MRCD leverage funds from the Bay
Area Integrated Regional Management Plan with monies derived from California’s Safe
Drinking Water, Water Quality and Supply, Flood Control, River and Coastal Protection
Bond Act of 2006 (Proposition 84). The fourth phase of COW is funded by the Bay Area
Integrated Regional Management Plan, which will continue to support agriculture and
the environment by implementing voluntary environmental improvements on
agricultural lands in the Tomales Bay, San Antonio, and Novato Creek watersheds.

Lessons Learned
The COW Program has been shaped over the years eliminating many obstacles;
nonetheless, this year had expected and unexpected issues that arose over the course
of this grant. Contract management throughout the grant was smooth; however, the
timeline for the grant had to be expanded due to the partial federal government
shutdown that halted project progress during the construction season. The permitting,
planning and construction management tasks experienced several major unforeseen
(i.e. see contract management below) obstacles that were overcome but required
flexibility and additional staff time hours. Lessons learned from COW III have already
improved MRCD’s management of COW IV and for the future COW V grant MRCD will
continue to streamline management.

Contract Management
An unexpected obstacle, the partial government shutdown, lead to the extension of the
grant timeline, which increased contract management hours required of MRCD staff.
Regardless of the extended timeframe of the grant, MRCD managed grant fund
appropriately and requested only one small line item change. Despite the numerous
contracts handled by MRCD, the organization and communication amongst the MRCD
staff, TAC and Advisory Team members functioned smoothly in an organized fashion.
Even though there were programmatic areas deserving of improvement, the MRCD
internal audit results demonstrated the MRCD’s thorough record keeping skills.
A problem that MRCD dealt with and continues to work on is handling the different
requirements associated with differing cost-share sources for project. Each project
requires a cost-share, which is to be derived from a source other than the grant’s source
(i.e. State dollars are matched with Federal dollars). These different funding source
have different requirements: one funding source requires prevailing wages while the
other does not, which is the case for projects that share NRCS and RWQCB funding.
NRCS cost estimates are not based on prevailing wages, thus their cost-share calculation
is low compared to RWQCB cost-share. This puts the landowner in a challenging
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situation of having to decide if the funding is worth participation, since the landowner
may have to pay more cost-share as well. It is also confusing to the contractor. The
complexities of matching dollars for projects consumes many personnel hours
throughout the grant process.
Upon the conclusion of COW II, MRCD submitted a list of improvements for RWQCB
consideration in 319(h) grant administration. The issues that arose for COW II were
occurring simultaneously for COW III, since timeframe for COW II and COW III
overlapped slightly, thus the improvements provided in the COW II Final Report are
repeated below for COW III. MRCD provides a list of recommendations below to
facilitate grant management for the RWQCB and MRCD:
• Minority Business Enterprise /Women Business Enterprise filing forms were
resubmitted several times due to confusing protocol that was eventually
resolved with the help of the RWQCB manager.
• This type of grant requires considerable project management to carry out
contract requirements: PAEP, Monitoring Plan, CEQA, etc. While independently
these tasks are achievable; however, cumulatively these tasks require numerous
project management hours, which ultimately takes away from implementation
dollars.
• The PAEP table is confusing. While the table allows the MRCD to implement a
program instead of specific projects, the terminology is confusing (outcome vs
output) and the expected timeline of realizing targets is not defined.
• It is important for MRCD to receive monthly payments due the limited
organizational budget of the MRCD. MRCD is grateful that monthly invoicing
option is available; however, along with each monthly invoice MRCD provides a
monthly report. Reports are lengthy, paper intensive―take up office space―,
and require considerable time to create. The MRCD recommends replacing
paper submittals with online submittals.

Permitting and Planning
COW III projects went smoothly through the permitting process due to the facilitated
structure of Marin Coastal Watersheds Permit Coordination Program, while the planning
process was easy for some and challenging for other projects. MRCD enlisted the
support of a committed Advisory Team, a group of partners that meet monthly to keep
projects on task, devoted many hours to ensuring that the projects were permitted and
well planned. The partnership between the Advisory Team members within this
program is very unique and has led to successful projects.
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During this phase of the COW Program, the organizations that were part of the Advisory
Team experienced some internal shifts in personnel and changes in project
requirements. These circumstances impacted communications between Advisory Team
members, which subsequently slowed project implementation. Two projects were
negatively impacted by unexpected changes in cost-share partner requirements; Project
2013-01 and Project 2013-06. NRCS was a cost-share partner on these projects and
experienced several changes that impacted project timelines, scale and scope. The
Advisory Team met in December 2013 to review the COW program and partnerships
because all members realized that there was some room for improvement. Advisory
Team members identified the following areas of improvement: plan projects early;
ensure that all cost-share partners on a project are on the same page throughout the
project; and keep the team informed of each organizations internal process and
upcoming changes in order to help Advisory Team members respect each other’s
internal operations and work more effectively together.
The planning process for one project, Project 2013.04, was drawn out due to several
concerns regarding project size, cost, location, and benefits that required consideration.
The ranch that proposed Project 2013.04 wanted to install almost two miles of riparian
fence along Keys Creek and retain the right to continue seasonally grazing the riparian
pasture. MRCD held several tours and met with partners to discuss the water quality
issues of Keys Creek and Walker Creek, the positive and negative effects of grazing a
riparian pasture, and the cost-benefit of implementing Project 2013.04. The group
determined and recommended that the MRCD Board of Director approve implementing
the project because the benefits outweigh the negatives, as long as, the ranch abides by
their Creek Conservation Management Plan with MALT. In addition, the group
recommended that an educational sign be installed on the property along State Route 1
to provide the public with information about how livestock management can be used as
a tool to promote ecosystem health.
MRCD is considering reducing our plant survival targets from 80% to 50% due to
California’s drought conditions are stressing plants. Other Resource Conservation
Districts are using 50% as the survival rate targets for their plantings to adjust
expectations due to climatic changes.

Construction Management
MRCD spent considerable time managing construction procurement, contracts and
complications that arose. The MRCD Environmental Planner handled several obstacles
that impacted the implementation of COW III projects. The partial federal government
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shutdown (sequester) and then the roll out of emergency drought funds impacted the
local NRCS office staff’s ability to work on EQIP projects, which impacted all projects
within the COW III program. Several COW III projects were stalled due to the
“sequester”. MRCD and NRCS staff worked together to find a solution to get projects in
the ground. MRCD requested a grant extension from the RWQCB, which helped MRCD
work around the delays. The contractors, landowners and TAC all worked well with the
MRCD which reflects on the level of professionalism and respect that the program
demands.
During the grant period, MRCD modified its procurement procedures to create flexibility
for landowners who wanted to be responsible for the installation of their fence. For
future projects, MRCD considered hiring in-house contractors to complete fencing
projects which would eliminate many hours spent on procurement and contracts. This
option would benefit the inspection process because the project inspectors would build
a rapport with one contractor and the grant director would be able to focus contract
communication with the in-house fencer instead of four to eight fencers. MRCD
continues to look into this option.
Lessons learned from the third phase of the COW program are extremely important to
the MRCD because COW III is one of many phases of a ten-year program. Each COW
phase continues to promote similar efforts improving water quality and helping
landowners improve their agricultural operations. MRCD continues to improve the
COW program to help landowners throughout the MRCD district and potentially beyond
MRCD boundary lines. Each phase of COW has the same overarching goal. It is a
programmatic approach that can easily be replicated in other watersheds.

Load Reduction
All BMPs in this program were installed to USDA NRCS specifications and have been
certified to be installed properly. Based on available literature 1, the fencing projects will
reduce delivery of waterborne pathogens by 90 - 99%, and stormwater runoff control
projects are expected to reduce pathogens by approximately 90% - 95%. In addition, it
is anticipated that the five alternative water developments will reduce pathogen loading
by 50% - 75%. Besides the scientific analysis of management practices mentioned
above, local analysis of water quality data will be utilized to refine concentration
reduction estimates and evaluate conservation practices contributions to reductions in
1

Introduction to Waterborne Pathogens in Agricultural Watersheds by USDA in 2012 and Conservation
Benefits of Rangeland Practices by Briske in 2011

M a r i n R e s o u r c e C o n s e r v a t i o n D i s t r i c t F i n a l R e p o r t 26

Conserving Our Watersheds Phase III
F i n a l R e p o r t P a g e |27

meeting the TMDL. In addition to reducing pathogens, the installed practices will also
reduce sediment loading into the Tomales Bay watershed.
To determine the sediment reduction for individual BMP’s measurements and data
were collected and utilized as input into the model. Methods of estimating gully and
stream bank erosion rates per EPA Region 5 Stabilization manual required the following
measurements: top and bottom width gully, length, depth, height of height of bank,
length of bank, soil type and a rating of slight to very severe with different lateral
erosion rates field measurements. For each installed BMP, Pollutant load reduction
estimates were calculated using the EPA, Spreadsheet Tool for Estimating Pollutant
Loads and Region 5 Model for site and practice characterization. The final input
estimated a total of 226 tons of sediment per year will be saved from entering into
Tomales Bay Watershed. The current results of the subset of the project are described
in more detail in the project Profile Reports, see Exhibit C.

Follow Up Activities
The follow up activities for the individual COW III projects will be accomplished in a
cooperative effort with landowner maintenance, MRCD monitoring and partner
monitoring as follows:
• Landowner Authorization Agreements specify Maintenance & Monitoring Term
Responsibilities to insure that participating landowners will maintain and
monitor their COW III program projects. The goal of the program is to achieve
water quality, habitat, and riparian improvements for a period of 20 years or
longer. Each Landowner Authorization Agreements specifies a set of monitoring
tasks per conservation project. For example, “Landowners will promptly
purchase and install fence materials as needed for repairs in order to effectively
control livestock access to the livestock exclusion area in accordance with the
grazing management plan.”
• The MRCD RZMP outlines a specific process to document short and long-term
project outcomes in order to evaluate and improve the management practices
utilized by the MRCD. Three types of post-project monitoring are described in
the report including implementation monitoring, effectiveness monitoring, and
validation monitoring. The monitoring conducted for each project depends on
the specific objectives and expected changes at the site; however, certain
monitoring parameters are to be completed at all project sites. One or more of
the following monitoring parameters will be tracked: site sketches, revegetation
survival, Project Assessment Checklists, Landowner Questionnaire, photos,
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•

sediment load estimates, streambank and riparian line transects and wildlife
surveys.
A few select projects will also be monitored by our partnering agencies. STRAW
monitors its planting sites of native container plants and conducts maintenance
for the first three years. NRCS follows up on their EQIP funded projects to track
structural integrity and MALT completes annual monitoring on their properties in
perpetuity.

Follow up activities to demonstrate watershed improvement will be accomplished by
landowner submittal of Annual Certifications, partner watershed monitoring and MRCD
continuation of the COW program with additional grant funding as follows:
• Each year Tomales Bay ranchers are required to submit Annual Certifications to
the San Francisco RWQCB by November 15th. Ranchers report on the
implementation and monitoring of each of the conservation projects they have
completed. Individual project descriptions are provided to ranchers in order to
update Ranch Plans and assist with Annual Certifications.
• Water quality trend monitoring for the Tomales Bay watershed will continue to
be conducted by the Tomales Bay Watershed Council (TBWC), SWRCB, and other
agencies. The MRCD will invite TBWC to MRCD meetings periodically to receive
updates on trend monitoring. TBWC attended MRCD’s September 2014 Board
Meeting and provided an update on TBWC funding status along with a general
update on water quality trends.
• Based on the success of the COW III program, the MRCD is continuing this
program with a 4th and 5th phase, COW IV and COW-PATI. COW IV expands the
program outside of the Tomales Bay Watershed into Novato and San Antonio
Creek Watersheds to implement practices that will improve water quality and
quantity as well as enhance habitat. COW-PATI will update Ranch Plans to
reflect the updated Grazing Waiver, implement projects to reduce pathogen
loading in Tomales Bay, and to renew the Marin Coastal Watersheds Permit
Coordination Program.
MRCD is committed to following up on the success of individual projects and watershed
health as described above. Project performance will be tracked along with landowner
satisfaction, success in accomplishing long-term project objectives, project planning,
design, implementation, maintenance and adaptive management to ensure success at
each site.
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Conclusions
The COW III program successfully supported agriculture and the environment by
providing Grazing Waiver compliance support to the ranching community and
implementing voluntary environmental TMDL improvements on agricultural lands in the
Tomales Bay and Walker Creek watersheds. The Tomales Bay and its surrounding
watersheds are an important coastal resource, of statewide significance, not only for
their crucial location but also for harboring a rich variety of endemic plant and animal
species.
The use of standardized monitoring methods across sites provided the ability to
compare outcomes of common restoration techniques. Project site locations were
selected based on visual surveys of potential erosion and sediment delivery.
Biotechnical and riparian revegetation treatments were implemented based on the
degree of severity of erosion at the project site. Fences were constructed to manage
livestock and protect existing and restored riparian areas. Preliminary monitoring
results demonstrate that the integration of multiple conservation practices may be
contributing to the success and efficiency of watershed improvements. Overall, projects
completed through the COW III program are reducing pathogen loads by 60 - 95% into
impaired water bodies and prevented 226 ton per year of sediment from entering the
Tomales Bay watershed, which helped improve water quality. When landowners who
participated in the project were asked to reflect on their experience in the COW III
program and to describe their opinion of their project, majority of the landowners
expressed their appreciation for the assistance and that they were satisfied with their
project.
The program facilitated MRCD’s ability to continue incorporating land stewardship
practices in the day-to-day work of ranching and farming in west Marin County; this was
accomplished by providing landowners and producers with planning and permitting
assistance, technical expertise, implementation, maintenance and monitoring
assistance. The COW III program was well received by landowners, producers and
agencies. Not only were local landowners and producers involved but also local
contractors were hired for the work, again the program provided for more outreach and
education of good land stewardship practices.
The reflection of the lessons learned continues as the monitoring and follow up
activities are being executed. MRCD is committed to the success of the individual
projects, watershed health and will continue to assist landowners with grazing waiver
compliance in two subsequent grant programs that have already been initiated,
respectively entitled COW IV and COW-PATI.
M a r i n R e s o u r c e C o n s e r v a t i o n D i s t r i c t F i n a l R e p o r t 29

Conserving Our Watersheds Phase III
F i n a l R e p o r t P a g e |30

Items for Review
Table of items submitted for review and submittal dates.
Work
Item

A.

1.
2.

Items for Review #

Stream Reach and all HUC-12s for
Project Site & Monitoring Locations
Project Assessment and Evaluation
Plan (PAEP)

Monitoring Plan (MP)
Monitoring Reports

4.
5.
6.
7.

Quality Assurance Project Plan
(QAPP)
Proof of Water Quality Data
Submission to CEDEN
Copy of final CEQA/NEPA
Documentation
Public Agency Approvals,
Entitlements or Permits

8.

Environmental Permits

B.

PROJECT-SPECIFIC
REQUIREMENTS

1.

BMP Project Criteria and Selection

1.1

List of TAC Members

1.2

TAC Meeting Minutes

1.3

List of Selection Criteria

1.4.1

Date Submitted

Day 90

100%

02/25/13, 03/21/16

Day 30

100%

01/15/14

Annually by
12/15

100%

01/15/13, 01/15/14

Day 90

100%

03/20/13

PLANS & GENERAL
COMPLIANCE REQUIREMENTS

Non-Point Source Pollution Reduction
Project Follow-up Survey Form
3.

Due Date

% of
Work
Complete

Solicitation Notice

N/A

N/A

N/A

N/A

Before Final
Invoice

N/A

N/A

July 2013

100%

Aug 2013,
2014

100%

07/20/13
07/30/14, 03/21/16
07/30/14, 12/04/15

Aug 2013,
2014

100%

07/30/14, 12/04/15

Sept 2012

100%

02/25/13

Mar-Apr
2013
& as
necessary
Oct 2012

100%

04/20/13, 05/20/13

100%

04/20/13

Nov 2012

100%

02/25/13
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Work
Item

Items for Review #

1.4.3

Maps and Proposals

1.5.2
1.6.
2.

2.2.2

Site Tour Itinerary and List of Sites
Visited
Prioritized List of Proposed Project
Sites

Jan 2013

% of
Work
Complete
100%

02/25/13, 04/20/13

Mar 2013

100%

04/20/13, 05/20/13

May 2013

100%

05/20/13

June 2013,
2014

100%

Sept 2013,
2014

100%

07/30/14, 12/03/15

Due Date

Date Submitted

Project Design Plans and
Specifications
Project Design Plans, Specifications,
and Maps

07/20/13
09/20/13
07/20/13

07/16/15
12/04/15

2.3

Copy of Awarded Contracts

3.

Construction of BMPs

3.1

Pre- and Post- Construction
Photographs

May 2014,
2015

100%

09/22/14, 12/03/15,
02/24/16

STRAW Restoration
Summaries/Photos

May 2015

100%

05/13/14, 02/19/15,
03/31/16

May 2014,
2015

100%

08/26/15, 03/31/16

Apr 2014,
2015

100%

03/21/16

May 2014,
2015

100%

03/31/16

3.4.2
3.5

Post-Construction Reports

4.

Riparian Zone Monitoring &
Assessment

4.3
4.4

Draft Monitoring and Assessment
Reports
Final Monitoring and Assessment
Reports

EXHIBIT B – INVOICING, BUDGET DETAIL, AND REPORTING PROVISIONS
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Work
Item

Items for Review #

A.

INVOICING

F.

REPORTS

1.

Progress Reports by the twentieth
(20th) of the month

Due Date

% of
Work
Complete

Monthly

100%

Monthly

100%

Date Submitted
02/25/13
03/20/13
04/20/13
05/20/13
07/20/13
08/20/13
09/20/13
10/20/13
11/27/13
12/16/13
01/15/14
02/27/14
03/13/14
04/17/14
05/13/14
06/20/14
07/30/14
08/20/14

09/22/14
10/30/14
12/20/14
01/22/15
02/19/15
03/16/15
04/20/15
05/28/15
06/23/15
07/16/15
08/26/15
12/03/15
12/04/15
12/04/15
12/16/15
02/24/16
03/21/16
03/21/16
03/31/16

02/25/13
03/20/13
04/20/13
05/20/13
07/20/13
08/20/13
09/20/13
10/20/13
11/27/13
01/15/14
02/27/14
12/16/13
03/13/14
04/17/14
05/13/14
07/30/14
06/20/140
8/20/14

09/22/14
10/30/14
12/20/14
01/22/15
02/19/15
03/16/15
04/20/15
05/28/15
06/23/15
07/16/15
08/26/15
12/03/15
12/04/15
12/04/15
12/16/15
02/24/16
03/21/16
03/21/16
03/31/16
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% of
Work
Complete
100%

Work
Item

Items for Review #

Due Date

2.

Draft Project Report

May 1, 2015
Feb. 1, 2015

100%

03/31/16

3.

Final Project Report

June 1, 2015
March 1,
2016

4.

Final Project Summary

100%

03/21/16

5.

Final Project Inspection and
Certification

Before final
invoice
Before final
invoice

100%

03/31/16

Date Submitted
03/21/16

EXHIBIT D – GRANT PROGRAM TERMS & CONDITIONS
1.

Lobbying Certification

With final
report

100%
100%

2.

MBE/WBE Documentation
(http://www.epa.gov/osbp/pdfs/5700_5
2a.pdf)

Quarterly

03/31/16
04/20/13
07/20/13
10/20/13
01/15/14
04/17/14
07/30/14

10/30/14
01/22/15
04/20/15
07/16/15
12/04/15
02/24/16
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Exhibit A: Selection Criteria

Marin Resource Conservation District Final Report A
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Exhibit B: Project Locations

Exhibit B: Solicitation Notice

Marin Resource Conservation District Final Report B
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Exhibit C: Project Profiles

Exhibit C: Project Profiles

Marin Resource Conservation District Final Report C

PROJECT PROFILE: #2013-001

2,001 linear feet
of riparian fence line

Project:
Watershed:
Practices:
Project Cost
and Partners:

1,020 linear feet
of streambank stablization

2013-001
Walker Creek, Subwatershed: Chileno Creek
Gully Repairs, Erosion Control, Revegetation and Fencing
(8 total BMPs)
$98,867.00
$74,258.34
Marin Resource Conservation District,
319(h) State Water Resources Control Board,
State Coastal Conservancy
$16,941.66
United States Department of Agriculture Natural
Resources Conservation Service Environmental Quality
Incentives Program 2013
$ 7,667.00
Point Blue Conservation Science’s Students and
Teachers Restoring A Watershed Program

Project 2013-001
Gully Repairs, Erosion Control, Revegetation and Fencing Project

Project Overview
The Gully Repairs, Erosion Control, Revegetation and Fencing Project, 2013-001, was
part of the Tomales Bay Watershed Habitat Enhancement Program funded by the State
Coastal Conservancy (SCC) and 319(h) State Water Resources Control Board (SWRCB)
included within the Conserving Our Watersheds (COW) Program. The program assists
agricultural operations with stewardship activities that improve water quality and native
habitat. The conservation practices in this project improve water quality and native habitat
by restoring and stabilizing portions of the 1,040 linear foot upland intermittent stream.
The project repairs included stabilizing several active headcuts with grade control
structures, riparian fencing, and critical area planting. The project also included restoring
livestock crossings: one structure for water control with rock armoring at the inlet and
outlet; and the other with a wet crossing.
In total, the ranch completed eight best management practices listed below with the United
States Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS)
conservation practice name: two biotechnical repairs (a large and small grade stabilization
structure/headcut repairs), one streambank stabilization, one structure for water control,
one lined waterway, one wet crossing, riparian fencing, and critical area plantings
throughout the gully with Juncus and willows. The conservation practices were
implemented to improve water quality by reducing erosion and approximately 87.3 tons/
year of sedimentation transportation into the unnamed tributary of Chileno Creek.

Ranch Location:
The ranch is located approximately 7.5 miles southeast of Tomales, California. The ranch is
accessible by Chileno Valley Rd near mile marker 2.09, just off Tomales–Petaluma Road.

Project Location:
The project is at the northern end of a 188.5-acre property off Chileno Valley Road. The
project addresses issues at an unnamed, intermittent, tributary of Chileno Creek, which
discharges into Walker Creek which outlets into Tomales Bay (Table 1 and Figure 1).
HUC 12: 180500050202
STREAM REACH CODE: 18050005001003

Environmental Conditions:
The site is located on coastal rangeland in Marin County, elevations ranging from 263 - 345
feet. The ranch supports a cattle livestock operation. There are two main soil types found
throughout project location. The upper area from the top of the tributary to the middle
consists of Tomales-Steinbeck loams with 5 - 15 % slopes and residuum weathered from
sandstone. These soils are moderately well-drained with a restrictive layer of 40 - 60
1
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inches. The lower tributary along the creek is dominantly Clear Lake Clay (113), with 0 2% slopes, which are very deep and poorly drained soils. Clear Lake Clay soils are typically
formed in fine-textured alluvium derived from sandstone or shale and generally located in
basins and swales of drainages.

The vegetation is composed of forbes, primarily supporting annual non‐native species such
as Italian ryegrass (Lolium multiflorum), rabbitsfoot grass (Polypogon monspeliensis),
Italian thistle (Carduus pycnocephalus), and other grasses not identifiable at the time of the
site visit. Along the unnamed seasonal stream, the riparian corridor is composed of a few
riparian clusters of low growing willows (Salix lasiolepis) and patches of native and non‐
native wetland plants including rushes (Juncus sp.), pennyroyal (Mentha pulegium), dock
(Rumex sp.) and Himalayan blackberry (Rubus armeniacus).
Table 1. Project area dimensions.
Project Information
Ranch Area
Project Area
Total Length of Headcut
Total Length of Stream (including side ephemerals/tributaries)

Area
188.5
1.2
180
1040

Unit
Acres
Acres
Linear feet
Linear feet

Historical Partnership and Commitment:
The ranch has undertaken numerous projects in cooperation with the Marin Resource
Conservation District (Marin RCD) and United States Department of Agriculture (USDA)
Natural Resources Conservation Services (NRCS) to improve and enhance the ecological
value of the land (Fig. 1).
Past and Current projects include:
•
•

•

2013 Gully Repairs, Erosion Control, Revegetation and Riparian Fencing
o Marin RCD, NRCS Environmental Quality Incentives Program (EQIP)
2002 Walker Creek Watershed Program: Biotechnical Erosion Control, Revegetation
and Riparian Fencing
o Marin RCD, SCC, SWRCB, Department of Conservation and Point Blue Conservation
Science’s Students and Teachers Restoring a Watershed (STRAW)
1990 Walker Creek Watershed Program: Gully Repair
o Marin RCD, SCC

Phase I. Design and Implementation

Design:
A conservation plan was developed in the spring of 2012 through 2014 by a USDA NRCS
Rangeland Specialist, NRCS Engineer and a consulting engineer from Prunuske Chatham,
2

Project 2013-001
Gully Repairs, Erosion Control, Revegetation and Fencing Project
Inc. (PCI). The plan was designed to meet the goals and objectives set by all partners and
the landowner. The plan involved stabilizing the active gully, repairing two cattle crossings
and a side headcut advancing outward. To address the site issues, the design included
biotechnical repairs and three types of critical area plantings along with riparian fencing to
encompass the entire project of the upper and lower portions of the unnamed stream. The
design consisted of a suite of NRCS conservation practices and specifications prescribed to
meet the matching funding requirements of NRCS’ EQIP.
The planned USDA NRCS’ conservation practices, practice number and associated practice
objectives included:
1. Critical Area Planting (342)
Objective 1: Stabilize soil by planting willows and grasses, on highly erodible or critically
eroding areas. This practice reduces damage from sediment and runoff to downstream
areas and improves wildlife habitat and visual resources.
2. Fencing (328)
Objective 2: Manage land impacts caused by livestock activity.

3. Grade Stabilization (410)
Objective 3: Stabilize and protect side bank of stream against erosion to reduce sediment
loads causing downstream damage and pollution, improve the stream for fish and wildlife
habitat, and protect adjacent land from erosion damage.

4. Lined Waterways (468)
Objective 4: Install lined waterways adjacent conservation structures provides safe
conveyance of runoff reducing sediment delivery to the creek.

5. Stream Crossing (578)
Objective 5: Convey water during high flow events and reduce the accumulated debris
deposits contributing to upside bank erosion while providing passage for cattle between
pastures.

6. Streambank Stabilization (580)
Objective 6: Stabilize and protect side bank of stream against erosion to reduce sediment
loads causing downstream damage and pollution, improve the stream for fish and wildlife
habitat, and protect adjacent land from erosion damage.

7. Structure for Water Control (587)
Objective 7: A structure for water control transports water controlling the rate of flow
throughout the lined waterway.
Implementation:
Gully Repairs, Erosion Control, Revegetation and Fencing – completed January 2015
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The Marin RCD Environmental Planner inspected the completed riparian fence. The fence
measured 2,001 linear feet, encompassing 1,040 linear feet of the stream (Table 1). The
fence installation started at the lower livestock crossing at the property boundary near
Chileno Valley Road and continued upstream encompassing the entire tributary and side
headcut (Figures 1 & 2). A series of gates were mounted along the fence line to allow for
managed livestock flash grazing.

The gully and erosion control repairs involved constructing seven rock grade stabilization
structures to arrest the actively eroding headcuts throughout the intermittent stream and
side gully. Overall there were five small and two large rock headcut repairs ranging in size
from 10 to nearly 40 linear feet and a width matching the size channel dimensions. Each
structure was excavated and installed at and below grade. Repairs were constructed using
¼-ton rock fill, ½ keyway rock, and 6-inch minus chinking rock fill and class two
permeable rocks. The 6-inch minus chinking-rock fill was carefully overlaid on top of a
filter fabric to create an interlocking matrix to support appropriate stream flows.
Surrounding all repairs, erosion control blankets, native grass seed and mulch were applied
to aid in stabilization.
Two degraded livestock crossings were improved upon. The upstream livestock crossing,
structure for water control repair involved replacing and restoring an existing culvert. This
structure included upgrading the a 24-inch diameter culvert to a 30-inch HDPE culvert
nearly 38-feet long to match the channel grade. The culvert inlet and outlet were armored
with 24 feet of rock to dissipate the energy on each end of the structure. The lower
livestock stream crossing was graded 10:1 slope and lined with 6-inch minus rock and is
approximately 12 feet wide along the streambank and 30 feet long across the stream
channel.
STRAW program completed one day of restoration work at the ranch. PCI designed the
planting plan that consisted of stabilizing the streambanks, headcuts and revegetation
placement with willow sprigs and Juncus plugs throughout the intermittent stream.

On January 22 2015, STRAW staff, 68 volunteers, students from Mary Collins Elementary
School planted a total of 532 plants: 90 Juncus patens, 442 Salix sp. and three 15-linear foot
long willow wattles.

The critical planting area consisted of three types of planting. The first type of planting
involved planting a 76 foot by 10 foot area (0.17 acres total) with Juncus plugs and a 711
foot by 22 foot area (0.36 acres total) with willow poles on each side of the streambank.
The second type of planting included willow poles and Juncus plugs to target specific areas
to address grade stabilization, headcuts or sidebank stabilizations. The third type of
planting was located in-stream where willow wattles were placed. Willow wattles were
installed at three locations in the upper stream to address small instream headcuts.
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Table 2. Completed project dimensions.
Project Information
Riparian Fencing
Intermittent Stream
Total Length of Stream Protected (fenced)
Length of Stream Planted
Total Length of Stream Restored
Sediment Load Reduction (Region 5 Model)

Area
2,001
860
1,020
790
960
87.3

Unit
Linear foot
Linear foot
Linear foot
Linear foot
Linear foot
Tons/Year

The following CEQA authorization and permits were obtained for this project:
CEQA authorization for this project, #2013.001, was provided by Marin RCD Permit
Coordination Program:
☐ No Permit Required
☒ §1600 CA Department of Fish and Wildlife
☒ §401 Water Quality Certification
☐ §404 US Army Corps Wetland
☐ County of Marin

Phase II. Monitoring

Marin RCD’s monitoring protocol is derived from the Riparian Management Zone Plan
(RZMP) written by University California Cooperative Extension in 2008. Standard
monitoring for Marin RCD restoration projects includes asking the landowner to reflect on
the project process using a Landowner Questionnaire form from the RZMP and evaluating
the functionality of the implemented project using a Project Assessment Checklist from the
RZMP.

Landowner Questionnaire:
Overall, the installation of the conservation practices met the intended goals of the
landowner. The landowner foresees an improvement in the way he can manage his
livestock and enhance the productivity of the land by implementing rotational grazing
through the division of fields. He also expects the project to reduce stress upon the
property’s natural resources by reducing sedimentation and increasing vegetation. During
the entire process, the landowner was pleased with the Marin RCD’s performance although
he did state the funding process and paperwork was confusing at times and could be
simplified. The landowner is definitely interested in working with Marin RCD again, but
has no specific project in mind at this time.
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Project Assessment Checklist:
A post-project monitoring visit was conducted in both January and June 2015. All
components of project met standards and specifications required by USDA NRCS. Overall,
the project rating is “Good” which is determined by using the effectiveness rating matrix
and Project Assessment Checklist, see details below:
The project effectiveness rating matrix summary for Project #2013.001:
• Objectives: Excellent
o Reduced sedimentation delivery.
o Reduced pathogens through the implementation of riparian livestock fence
exclusion.
• Target Values: Good
o Too early to determine whether targets have been met.
o Expected to meet intended target values set: early results show increased
ground cover stabilized soil, increased native woody and herbaceous
vegetative cover and increased plant diversity.
• Unintended Effects: Good
o No unforeseen consequences occurred from the implementation of the Best
Management Practices to create a negative effect to offset the objectives of
the project.
• Structural Condition: Good
o The project was excellent to fair and has the intended functional value.

Individual practices were rated as follows:

Erosion Control Repairs and Structures: Effectiveness Rating = Good/Fair
In early 2015, the Project Assessment Checklist was completed. At the time of inspection
the side gully headcut and grade stabilization repairs showed no evidence of erosion or
rock movement at the top or toe of the structures. All rock appeared to be secure and
holding in place. There was no evidence of erosion scour around the rock structure, soil
piping through or under the rock structures. The only flaw observed was evidence of
visible fabric remaining from the repairs. The contractor was asked to trim back the
remaining fabric surrounding the repairs before completion of the project. The
effectiveness and stability rating for post-project was ‘good’ for post-project construction.

The stream grade stabilization headcut repairs however both rated ‘fair’ in effectiveness
and stability and needed attention post-construction. The larger headcut repair below the
culvert crossing and the side headcut upstream showed evidence of rock movement. The
smaller rock washed out, exposing the erosion control fabric and leaving large voids
between the larger placed rocks. The side headcut experienced rock movement, exposing
the erosion control fabric and channeling the flow of water and cause additional erosion.
Both of these issues were brought to the attention of both the PCI design engineer and
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contractor. Repairs were made immediately following the post construction assessment
and the project rating improved from ‘fair’ to ‘good’ in effectiveness and stability.

Livestock Fence Exclusion: Effectiveness Rating = Excellent
Post-Construction inspection: The riparian fence surrounding the entire project was rated
‘excellent’ after installation. The H-braces were sound, all fence clips were present, no
evidence of cracked fence or livestock disturbance. The wire was taut throughout the fence
line. All gates were placed along the fence line according to the ranchers liking.
At the time of the assessment, STRAW completed the planting only one week prior;
therefore, plant survival will be re-evaluated at a later date.
Revegetation : Effectiveness Rating = TBD
At the time of the first assessment in June 2015, STRAW completed the planting six months
prior; therefore, plant survival will be re-evaluated later.

In June 2015, the project appeared to be successful with only a few minor flaws that were
corrected. All repairs will continue to be monitored throughout the next three to five wet
seasons to ensure restoration efforts and survivorship of the vegetation are successful.
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Figure 1. Map of Project 2013-001 showing the location of completed conservation practices implemented January 2014-2015.
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Pre-construction Photo 01/2012
Upstream view before riparian fence and grade stabilzation repairs
were installed.

Pre-construction Photo 02/2013
View of livestock culvert crossing and active side gully headcutting
before construction.

Post-construction Photo 01/2015
Upstream view after construction of the following practices:
riparian, fence, grade stabilization repairs and revegetation.

Post-construction Photo 06/2015
Project site after construction showing the riparian fence encompassing
the gully headcut and bordering a livestock culvert crossing repair.

Figure 2. Photo-monitoring documentation of project site before and after construction of conservation practice.
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Pre-construction Photo 02/2013
Pre-construction photo of project viewing active headcut side
gully before construction.

Pre-construction Photo 02/2012
Project site before construction displaying downstream view of
degraded stream channel riparian before fencing and vegetation.

Post-construction Photo 01/2015
Post-construction project photo displaying side headcut gully
repairs and fencing.

Post-construction Photo 06/2015
Downstream view after construction of the riparian fence, grade
stabilization repairs and STRAW plantings of willow sprigs and Juncus.

Figure 3. Photo-monitoring documentation of project site before and after construction of conservation practice.
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PROJECT PROFILE: #2013-004

1.67 acres revegetated
Project:
Watershed:
Practices:
Project Cost:
and Partners:

2.57 miles stream fenced

2013-004
Walker Creek, Subwatershed: Keys Creek
Riparian Planting, Livestock Fencing and Water
Development Project (6 total BMPs)
$173,712.67
$63,710.10 Marin Resource Conservation District,
319(h) State Water Resources Control Board
$90,656.72 United States Department of
Agriculture Natural
Resources Conservation Service Environmental
Quality Incentives Program
$12,036.82 Marin Agricultural Land Trust
$19,345.84 Landowner

Project 2013-004
Riparian Planting, Livestock Fencing and Water Development

Project Overview
The Riparian Planting, Livestock Fencing and Water Development Enhancement
Project, 2013-004, was part of the Conserving Our Watersheds (COW) Program, Phase III:
Grazing Waiver Implementation program, designed to assist ranchers with the planning
and implementation of conservation practices that promote and support the advancement
of water quality improvements. The goal of Project 2013-004 included reducing
pathogens, improving habitat and restoring and stabilizing the streambanks of Keys Creek.
The project was to be accomplished by establishing approximately 21,743 linear feet of
livestock exclusionary fencing to protect over two miles of Keys Creek and to improve
available livestock water sources at two locations of the ranch: the eastern parcels, Project
Site 1 and the western parcels, Project Site 2.
Site 1 is located on the eastern side of the ranch at the upper reach of Keys Creek, which is
adjacent to Tomales-Petaluma Road. Restoration work at Site 1 included the installation of
riparian fencing and the stabilization of a section of streambank with native plantings. A
livestock drinking water source was also enhanced. Site 2 is located on the western side of
the property and at the lower reach of Keys Creek, adjacent to Highway 1. Practices
installed at Site 2 included establishing permanent riparian fence along Keys Creek, a
nearby tributary, an existing pond, in addition to establishing a watering facility.

The ranch completed six (6) best management practices listed below with the United States
Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS)
conservation practice name and number: two livestock riparian fencing (#328); one critical
area planting (#342); one streambank stabilization (#580) and two water developments
(#516/614). The conservation practices will improve water quality by reducing erosion
and approximately 65.5 tons/year of sediment transport into Keys Creek before
discharging into Walker Creek thence Tomales Bay.
Ranch Location:
The ranch is located approximately a half mile from Tomales, in northwest Marin County,
California. The eastern parcels are located east of Highway 1 and north of TomalesPetaluma while the western parcels are located west of Highway 1.
Project Location:
Project sites 1 and 2, are located adjacent to Keys Creek (Figure 1).

HUC 12: 180500050203
STREAM REACH CODE (S): 18050005001182
18050005000117
18050005001184
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Environmental Conditions:
The ranch is located in coastal Marin County. Rangeland varies in elevation from 50 to 350
feet and supports a Highlander cattle livestock operation. The dominant soil mapped
throughout Keys Creek and the surrounding floodplain is 105: Blucher- Cole Complex with
a slope of 0 to 5%. The parent material is comprised of alluvium derived from sandstone
and shale. The Blucher-Cole Complex has a restrictive depth of 60 inches or greater and is
somewhat poorly drained. The soil has a moderate to high shrink swell potential and is
susceptible to flooding.
The upland hills of the project location is comprised of Tomales loam (191, 192 and 193),
with 0 to 50 % slopes and Sobega loam (173-174) with 9 to 30% slopes. The parent
material consists of a residuum weathered from sandstone. Tomales loam soils are
moderately well-drained and have a restrictive depth of 40 to 60 inch depth to the
paralithic bedrock (coastal loamy claypan). The Sobega loam soils are well drained with
restrictive paralithic bedrock ranging from 20 to 40 inches.
Rangeland vegetation consists of annual and perennial grasses, rushes and forbs with
Cypress trees scattered across the landscape. The riparian corridor harbors patches of
riparian tree stands, blackberry thickets, rushes, sedges and herbaceous wetland plants.
Table 1. Project area dimensions.
Project Information
Ranch Area
Project Area: Site 1
Project Area, Site 2
Keys Creek Watershed Area
Keys Creek (mainstem)
Keys Creek Total Length on Ranch (mainstem)

Area
499
215
265
3,035
3.5
2.06

Unit
Acres
Acres
Acres
Acres
Miles
Miles

Historical Partnership and Commitment:
The landowner has not engaged in past conservation projects with the Marin Resource
Conservation District (Marin RCD). The ranch is participating in the United States
Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS)
program to improve and enhance the ecological value of the land. Historical
documentation of past known partnership conservation improvements are listed below.
Past and current projects include:

•

2013 – Present: Weed abatement, Cross fencing
o NRCS, Environmental Quality Incentives Program (EQIP)
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•

Landowner has a Marin Agricultural Land Trust (MALT) easement

Phase I. Design and Implementation

Design:
In the spring of 2013, the landowner, a NRCS Rangeland Specialist, NRCS Engineer, Marin
RCD Conservation Scientist and MALT Stewardship Project Manager developed a
conservation plan to meet the goals and objectives of the program. The design involved
dividing the project into two sites: the eastern parcels, Site 1 and the western parcels, Site
2. The Site 1 design consisted of installing permanent fence along nearly 1.33 miles of Keys
Creek and an upland livestock water source. The riparian fence will prevent livestock from
accessing their previous water source, Keys Creek. The NRCS Rangeland Specialist and a
Rangeland Technical Service Provider (TSP), specializing in solar powered pump systems,
co-designed the alternate water facility. In addition to installing the riparian fence and
developing a water facility, a critical area planting was planned within the riparian
corridor. Point Blue Conservation Science’s Student and Teachers Restoring a Watershed
(STRAW) developed a planting pallet using a variety of native woody plant species with
assistance from Prunuske Chatham, Inc. (PCI). The planting design was designed to create
habitat connectivity from the lower wetland reach to upland habitat. The project would
thereby result in increased species and structural diversity within the corridor, while
simultaneously considering climate change adaptation in the selection of the native plants.
Revegetation was divided into two installations over a course of two years. The design
strategically placed the plantings on the south bank to shade the creek. The planting design
called for the area to be protected from livestock grazing and trampling for a three (3) year
period by permanent or break-away cross-fence.

The design for the western parcels, Site 2, required a special meeting with all partnering
organizations and the COW Program’s Technical Advisory Committee to discuss multiple
concerns around the project design and its ability to adequately address water quality
issues on Keys Creek. The final design included replacing an electric fence along 1.2 miles
of mainstem Keys Creek and a short tributary with permanent livestock fencing. The
project incorporated the MALT Creek Conservation Management Plan creating a Targeted
Grazing Plan designed specifically for this stream reach that experiences tidal influence.
The design also included fencing around a pond and specifications regarding constructing
near a historic railroad bed. The work at Site 2 was designed to improve livestock
management by preventing calves from slipping through the electric fence and accessing
the creek throughout the year. The NRCS Rangeland Specialist and TSP also designed a
water source as a supporting practice to aid in the distribution of livestock throughout the
ranch to reduce the amount of time cattle spend near or in bodies of water.
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The designs consisted of a suite of USDA NRCS conservation practices and specifications
prescribed to meet the match funding requirements of NRCS EQIP.

The planned USDA NRCS’ conservation practices, practice number and associated practice
objectives included:
1. Critical Area Planting (342)
Objective 1: Stabilization of soil by planting willows and grasses on highly erodible or
critically eroding areas. This practice reduces damage from sediment and runoff to
downstream areas and improves wildlife habitat and visual resources.

2. Fencing ( 328)
Objective 2: Manage land impacts caused by livestock activity. Prevent livestock from
slipping through the electric fence and accessing Keys Creek throughout the year.

3. Streambank Stabilization (580)
Objective 3: Stabilize and protect side bank of stream against erosion to reduce sediment
loads causing downstream damage. Improve fish and wildlife habitat and protect adjacent
land from erosion damage.

4. Water Development: Solar Pump, Pipeline, Tank and Troughs (516/614)
Objective 4: Distribute water sources along ridge tops to aid in the distribution of cattle
throughout the ranch. This will reduce the amount of time cattle spend near, or in, bodies of
water.

Implementation:
Project Site 1 included the construction of a 11,528 linear foot riparian livestock fence on
Keys Creek (Fig. 1). A watering facility was repaired at an existing well (location, based on
past well logs) by installing a solar pump (Grundfos 6SQF3) set at a 200-foot depth with a
1.25 inch schedule 80 drop pipe, stainless steel couplers, torque and safety rope at the 5inch diameter well. During installation of the pump, the contractor discovered the well
depth to be insufficient. The well was then inspected by a hired professional to determine
if enough water was available to supply the ranch with its water demand. Upon further
investigation the pump was lowered an additional 80-100 feet to reach a reliable water
source. The pump’s solar grouping consisted of three 260 watt Q Cell series modules, an
optional generator for foggy days and a battery operated timer. The solar pump supports a
5,000 gallon water tank leading to three 400 gallon water trough in the lower pasture. The
water tank was fitted with a float switch used to regulate overflow. Additionally, NRCS
funded 3,557 linear feet of pasture cross fencing which was installed to support a
rotational grazing system and support the conservation practices funded through the COW
III program.
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The STRAW program funded three days of restoration activities at the ranch through an
Integrated Regional Watershed Management Plan grant. Phase 1 implementation was
completed January 2015. A total of 185 native trees and shrubs were planted across 1.67
acres (886 feet x 82 feet= 72,652 square feet). The riparian vegetation planting consisted
of planting native woody plants at the top of bank and beyond (Table 3). Two critical area
planting sites were planted with willow plugs to control bank erosion; the average
dimensions for these plantings were 6 feet tall and 20 feet long. One headcut was repaired
by installing a willow revetment (2.5 feet tall x 4.5 feet long).

Phase 2 will be planted in March 2016. The completion of this phase will include planting
approximately 110 native shrubs and trees, and restoring two actively eroding side banks
with willow plug plantings. Due to rain delay the installation has been delayed therefore
final dimensions will be determined at the time of implementation.
At Project Site 2, the riparian livestock exclusionary fence totaled 10,215 linear feet,
enclosing a fresh water pond, tributary and approximately 4,052 linear feet of the lower
reach of Keys Creek (Fig. 1 & 2, Table 1&2). The five-strand wildlife friendly fence
surrounding the pond measured 1,600 linear feet. During installation of the fence, the
project came to a halt to avoid construction on the historic railroad grade. An alternate
route was established and fencing commenced.

During the project, an alternative water source was developed for livestock. A solar pump
(Grundfos 6SQF3), 40 feet of 8 inch N12 plastic culvert pipe were installed. A solar
grouping consisting of four 260-watt Q Cell series solar modules, an optional use generator
(foggy days) and a battery operated timer were installed. The pump at the pond is now the
source used to convey water to the upland pasture. Water is piped and distributed to the
newly installed 5,000-gallon tank and two 400-gallon troughs along the upper ridge. To
enhance rangeland management practices for this site location NRCS funded nearly 3,165
linear feet of cross fencing and weed management.
Table 2. Final dimensions of Project 2013-004.
Site Location and
Conservation Practice
Description
Eastern Parcels,
Riparian Fence Exclusion
Project Site 1
Streambank Stabilization/Willow
Wall
Revegetation Area
Water Development Pipeline
Tank-1
Troughs-3
Pump

Measurement Unit
11,528
4.5
1.67
4500
5000
400
2

Linear foot
Linear foot

Acres
Linear foot
Gallon
Gallon
Horsepower
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Western Parcels,
Project Site 2

Riparian Fence Exclusion, Mainstem
Riparian Fence Exclusion, Tributary
Livestock Pond Exclusion
Water Development Pipeline
Tank-1
Troughs- 3
Pump
Total Project Riparian Fencing
Total Length of Stream Protected, Site 1 (fenced,
mainstem only)
Total Length of Stream Protected, Site 2 (fenced,
mainstem only)
Total Length of Streams Protected (mainstem &
tributary)
Sediment Load Reduction (Region 5 Model)

4500
4115
1600
6500
5000
400
3
21,743
1.33

Linear foot
Linear foot
Linear foot
Linear foot
Gallon
Gallon
Horsepower
Linear Foot
Miles

0.80

Miles

2.58

Miles

65.5

Tons/Year

The following CEQA authorization and permits were obtained for this project:
This project, #2013-004, was authorized through Marin Resource Conservation District’s
Marin Coastal Watersheds Permit Coordination Program for CEQA compliance.
☒ No Permits Required
☐ §1600 CA Department of Fish and Wildlife
☐ §401 Water Quality Certification
☐ §404 US Army Corps of Engineers
☐ County of Marin

Phase II. Monitoring

Marin RCD’s monitoring protocol is derived from the Riparian Management Zone Plan
(RZMP) written by University California Cooperative Extension in 2008. Standard
monitoring for Marin RCD restoration projects includes asking the landowner to reflect on
the project process using a Landowner Questionnaire form from the RZMP and evaluating
the functionality of the implemented project using a Project Assessment Checklist from the
RZMP.

Landowner Questionnaire:
As of February 2016, the landowner and range manager were satisfied with the outcome of
the project. The range manager expressed interest in working with the Marin RCD again;
he and the landowner are motivated to implement additional conservation practices on the
ranch to improve both the management and health of the livestock and land. An official
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Landowner Questionnaire will be conducted after the second phase of the revegetation
planting is completed, March 2016

Project Assessment Checklist:
A total of three post project monitoring site visits have been conducted: November 2014,
July 2015 and December 2015. All components of project met standards and specifications
required by USDA NRCS. Overall, the project rated “Good” to “Excellent”. This rating was
determined by using the effectiveness rating matrix and Project Assessment Checklist, see
details below.

The project effectiveness rating matrix summary for Project #2013-004:
• Objectives: Excellent
o Reduced sedimentation delivery, improved wildlife habitat.
o Reduced pathogens through the implementation of riparian livestock fence
exclusion.
• Target Values: Good
o Anticipate meeting all target values. Met all other intended target values:
increased ground cover, stabilized soil, increased native woody and
herbaceous vegetative cover and increased plant diversity.
• Unintended Effects: Good
o No unforeseen consequences occurred from the implementation of the BMP’s
which would create a negative effect to offset the objectives of the project.
• Structural Condition: Excellent
o The project was good to excellent and has the intended functional value.
Individual practices were rated as follows:

Livestock Fence Exclusion: Effectiveness Rating = Excellent
Monitoring Assessments: Site 1 - November 2014, Site 2 - July and December 2015.
Post Construction: Upon inspection of Sites 1 & 2, there was no evidence of livestock
pressure, all H-braces were sturdy, wire was taught and no posts were broken or missing.
All gates were closed and there was no evidence of livestock present within the enclosure.

Water Development and Enhancement: Effectiveness Rating= Excellent
Monitoring Assessments: Site 1 - November, 2014 and May & June, 2015; Site 2 - December
2015.
All troughs and tanks contained adequate capacity to meet water requirements for
livestock. The float valve and wildlife friendly ramps were installed and functioning
properly.
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Critical Area Planting: Effectiveness Rating = Good
Monitoring Assessments: Site 1/Phase 1 - conducted by STRAW August 2015.
Approximately eight months post-planting, STRAW conducted a maintenance and
monitoring inspection to document the plant survival by species. Documentation of the
185 native plants survival and vigor is displayed in Table 3. STRAW reported 71.9%
survival, specific cause of mortality was not reported. Of the surviving plants, 95% were
categorized as having ‘high vigor’ which was determined by plant health and hardiness.
Table 3. Vegetation planting and survival from 2014 to 2015 of Phase 1 planting.
VEGETATION SURVIVAL
Plant Establishment Data
PROJECT #
Date Monitored:
Date(s) Planted:

2013.004
8/27/2015
01/ 08, 13 & 14/2015

Species

Common Name

Number
Planted

Acer negundo
Alnus rubra
Calycanthus occidentalis
Cornus sericea
Corylus cornuta
Crataegus douglasii
Fraxinus latifolia
Garrya elliptica
Holodiscus discolor
Lonicera involurata
Myrica californica
Rhamnus californica
Ribies sanguineum
Rubus parviflorus
Salix lucida ssp lasiandra
Sambucus nigra spp cerulea
Sambucus racemosa
Overall Survival

box elder
red alder*
spice bush
creek dogwood
hazelnut
hawthorn
Oregon ash
silk tassel bush
ocean spray
twinberry
wax myrtle
coffeeberry
flowering current
thimbleberry
yellow willow
blue elderberry
red elderberry

17
13
5
21
5
10
10
5
5
5
15
5
5
5
45
7
7
185

Total
Alive
2015

%
Survival

17
6
5
9
5
10
7
5
5
2
13
3
5
5
31
4
1
133

100.0%
46.2%
100.0%
42.9%
100.0%
100.0%
70.0%
100.0%
100.0%
40.0%
86.7%
60.0%
100.0%
100.0%
68.9%
57.1%
14.3%
71.9%
Percent

<3ft, <3ft, >3ft, >3ft,
Low High Low High
Vigor Vigor Vigor Vigor
16

1
1
1

1

2

6
5%

5
9
4
9
6
1
5
2
13
3
5
4
15
2

99
0
74% 0%

1
6

4

16

1
28
21%

Monitoring Assessments: Site 1/Phase 2
This planting is scheduled to occur in the Spring of 2016.
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11,528 Linear Feet

Figure 1. Map of Project 2012-003 showing the location of completed conservation practices.

Post-construction Photo 11/2014
Post-construction photo of exclusionary fencing at eastern
parcel, Site 1.

Post-construction Photo 05/2015
Post-construction photo riparian fencing encompassing the
critical area planting.

Pre-construction Photo 05/2014
Pre-construction photo of eastern parcel, Site 1 pre
exclusionary fencing and planting. View taken from Photo
Point 1.

Post-construction Photo 07/2015
Post-construstion photo of solar pump at well on eastern
parcel, Site 1.

Figure2. Photo-monitoring documentation of installed conservation practices.
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Pre-construction Photo 03/2013
Pre-construction photo of Site 1 (a landscape view).

Pre-construction Photo 07/2015
Pre-construction photo of Site 2 taken from the pond
embankment.

Post-construction Photo 01/2015
Post-construstion photo of the landscape view displaying
the riparian fencing.

Post-construction Photo 12/2015
Post-construction photo at Site 2. Photo displays
exclusionary livestock fencing encompassing the face of the
dam and solar pump.

Figure 3. Photo-monitoring documentation of installed conservation practice.
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PROJECT PROFILE: #2013-005

5,440 linear feet of riparian
fencing installed

Project:
Watershed:
Practices:
Project Cost
and Partners:

2,844 linear feet of stream
protected by fencing

2013-005
Walker Creek, Subwatershed: Keys Creek
Livestock Exclusion Fencing and Water Developments (4 total)
$60,893.18
$17,544.53
Marin Resource Conservation District,
319(h) State Water Resources Control Board,
State Coastal Conservancy
$34,444.19
United States Department of Agriculture Natural
Resources Conservation Service Environmental Quality
Incentives Program 2013
$ 1,904.96
Marin Agricultural Land Trust Stewardship Assistance
Program
In-Kind
Landowner

Project 2013-005
Livestock Exclusion Fencing and Water Developments

Project Overview
The Livestock Pond Fence Exclusion and Water Development Project, 2013-005, was
part of a Marin Resource Conservation District (Marin RCD) program called Conserving Our
Watersheds Phase III (COW). This particular phase of the program was designed to
promote and support the advancement of water quality improvements by reducing
pathogen and sediment loads into the Keys Creek Watershed and immediate tributaries to
Tomales Bay.
Project 2013-005 was designed to address the landowner’s goal to implement conservation
practices to address non-point source pollutants such as pathogens from entering into an
unnamed tributary discharging into Keys Creek. To accomplish this goal, the project
entailed constructing an exclusionary fence encompassing the unnamed tributary and an
on-stream livestock pond, as well as, developing alternative water source for the livestock
operation. The implemented conservation practices were established with the intent to
improve pond habitat, reduce pond degradation, reduce sedimentation and eliminate
pathogen transport into an unnamed stream discharging into Keys Creek a tributary to
Walker Creek thence Tomales Bay (see Table 1 for stream measurements).
The ranch implemented a total of four (4) Best Management Practices consisting of the
following United States Department of Agriculture (USDA) Natural Resources Conservation
Service (NRCS) conservation practices and number: one regular terrain fence (#382); three
water developments involving three spring developments (#574), livestock pipeline
(#516) and watering facilities (#614) (concrete water troughs and water tanks). The
conservation practices will improve water quality by reducing erosion and approximately
15.725 tons/year of sediment transport into Keys Creek

Ranch Location:
The ranch is located approximately 0.5 miles west of Tomales, in northwestern Marin
County, California. It is accessible from Dillion Beach Road. The driveway is adjacent to the
local cemetery and Middle Rd.

Project Location:
The project area is situated behind the homestead on a 283 acre ranch. The ranch has one
unnamed intermittent tributary with an on-stream pond which discharges into Keys Creek
thence Walker Creek then outlets into Tomales Bay and the Pacific Ocean (Fig. 1). The
project area includes the length of the unnamed intermittent stream, the one pond on the
parcel and the surrounding pastureland where the water developments were installed.
HUC: 180500050203
STREAM REACH CODE: 18050005001182
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Environmental Conditions:
The site is located on coastal rangeland in Marin County, elevations ranging from 150 to
350 feet. The ranch is comprised of rangeland continually grazed year round by cattle
livestock. The dominant soil type found throughout project location are the Tomales loam
(191, 192 and 193) 0- 50% slopes and residuum weathered from sandstone. These soils
are moderately well-drained with a restrictive depth of 40 - 60 inches.

The vegetation is composed of forbes, primarily supporting annual non‐native species such
as Italian ryegrass (Lolium multiflorum), rabbitsfoot grass (Polypogon monspeliensis),
Italian thistle (Carduus pycnocephalus), and other grasses not identifiable at the time of the
site visit. Along the unnamed seasonal stream, the riparian corridor is composed of a few
riparian clusters of Eucalyptus and low growing willows (Salix lasiolepis), toyon and
patches of native and non‐native wetland plants including: rushes (Juncus sp.) pennyroyal
(Mentha pulegium), dock (Rumex sp.) and Himalayan blackberry (Rubus armeniacus),
unidentified sedges and ferns.
Table 1. Project area dimensions.
Project Information
Keys Creek Watershed
Ranch Area
Total Length of Tributary
Total Length of Tributary on Ranch

Area
3,035
286
7,658
2,849

Unit
Acres
Acres
Linear feet
Linear feet

Historical Partnership and Commitment:
Project 2013.005 is the first time the landowner has participated in programs offered by
Marin RCD and USDA NRCS. The landowner has a Marin Agricultural Land Trust (MALT)
easement and has no past history of participating in MALT’s Stewardship Assistance
Program previous to this project.
Past and Current projects include:
•

2013-2015 Riparian Fencing, and Water Development
o Marin RCD, MALT and NRCS Environmental Quality Incentives Program (EQIP).

Phase I. Design and Implementation

Design:
A conservation design plan was developed in the spring of 2013 through 2015 by a USDA
NRCS Rangeland Specialist and Marin RCD Conservation Scientist. The plan was designed
to meet the goals and objectives set by all partners and the landowner. The plan involved
stabilizing the pond embankments, dam, spillway and streambanks of the unnamed
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tributary to Keys Creek. To address site issues, the design was comprised of a riparian
fence that would encompass the pond, spillway and unnamed tributary; three water
developments; and one water facility enhancement. The design consisted of a suite of
NRCS conservation practices and specifications prescribed to meet the match funding
requirements of NRCS’ EQIP.

The planned USDA NRCS’ conservation practices, practice number and associated practice
objectives included:

1. Regular Terrain Fence (328)
Objective 1: Construct an exclusionary fence encompassing livestock pond, spillway, dam
and intermittent stream which will eliminate land impacts caused by livestock activity (Fig.
2).

2. Spring Development and Piping (574/516)
Objective 2: The purpose of the piping system is to convey water up a steep slope to achieve
the adequate capacity for livestock watering and distribution (Fig. 1).
3. Watering Facility (614)
Objective 3: Additional water sources in remote locations will provide drinking water to
livestock and improve animal distribution while reducing non-point source pollutants and
grazing pressure on sensitive areas near and around the livestock pond (Fig. 3).

Implementation:
The regular terrain fence and water developments: spring development, piping and
watering facility were completed in November 2015. During summer and fall of 2015, the
Marin RCD Conservation Scientist and the NRCS Rangeland Specialist inspected the
completed fence exclusion and water development. The constructed fence measured 5,440
linear feet long and encompassed 2,512 linear feet of the unnamed intermittent stream
(Table 1). The fence was constructed around the pond, spillway and extended downstream
along the tributary to the front fields of the property (Fig.2).

Three water developments and one water source enhancement were established, two in
the west fields and two in the east field. The west front field water development consisted
of one spring development, one 5,000 gallon tank, one 342 gallon concrete trough and 470
linear feet of 1” polyvinyl chloride pipe. The spring was developed by placing a perforated
pipe along the slope wrapped in gravel and fabric to capture water and convey water to a
plastic culvert placed in a capture box, with a gravel base for clean water capture. An
additional water source was installed on the west back field consisting of 970 linear feet of
pipeline from an existing well to a 342 gallon concrete trough (Table 2).
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The water development in the east field consisted of two spring developments, one
centrally located 5,000 gallon tank, one 342 gallon concrete trough and 1,055 linear feet of
pipeline. The springs were developed similarly to the west field spring. Each spring
delivers water to the centrally located tank that fills the concrete trough (Fig.3).

All concrete troughs were designed to meet the water supply requirements of the livestock
operation and wildlife specification. Adequate access for wildlife was also incorporated by
adding an escape ramp per NRCS standards and specifications Both the tank and troughs
were placed on durable firm foundations, ¾” road base with greater than 6” depth, to
protect the surrounding areas from resource concerns, animal concentrations and
unexpected overflow. After construction was completed, the area was seeded and mulched
to reduce impacts from soil disturbance.
Table 2. Project 2013-005 final dimensions.

Project Information, Dimensions
Conservation
Practice
Regular Terrain Fence
Spring Developments
Watering Facilities

Description
5-strand barb wire,
livestock exclusion fence

Quantity Measurement

3
1
1
3
1
1
1
1

Tank
Tank
Troughs
Pipeline
East upper field
East front field
West front field
West back field
Total Riparian Fence Exclusion
Total Length of Stream Protected, (fenced mainstem only)
Total Length of Stream Protected, (fenced mainstem &
tributary)
Sediment Load Reduction (Region 5 Model)

5,440

Unit
Linear foot

5,000
2,500
400
340
715
470
970
5,400
2,612

Gallon
Gallon
Gallon
Linear foot
Linear foot
Linear foot
Linear foot
Linear foot
Linear foot
2,844 Linear foot
15.725 Tons/Year

The following CEQA authorization and permits were obtained for this project:
CEQA authorization for this project, #2013.001, was provided by Marin RCD Permit
Coordination Program.
☒ No Permit Required
☐ §1600 CA Department of Fish and Wildlife
☐ §401 Water Quality Certification
☐ §404 US Army Corps Wetland
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☐ County of Marin

Phase II. Monitoring
Marin RCD’s monitoring protocol is derived from the Riparian Management Zone Plan
(RZMP) written by University California Cooperative Extension in 2008. Standard
monitoring for Marin RCD restoration projects includes asking the landowner to reflect on
the project process using a Landowner Questionnaire form from the RZMP and evaluating
the functionality of the implemented project using a Project Assessment Checklist from the
RZMP.

Landowner Questionnaire:
Overall, the Project 2013.005 met the intended goals of the landowner. The landowner
foresees that the project will improve livestock management and land productivity with the
ability to implement a rotational grazing system. Rotational grazing is now possible due to
the construction of several water developments and the cross fencing of several fields. He
also expects the project to reduce livestock stress upon the spillway thereby increasing
ground cover and reducing sedimentation. During the entire process, the landowner was
pleased with the Marin RCD’s performance. The landowner is definitely interested in
working with Marin RCD again.

Project Assessment Checklist:
One post-project monitoring visit was conducted on January, 2015
All components of the project met the standards and specifications of the USDA NRCS.
Overall, the project rated “Excellent”; which was determined by using the effectiveness
rating matrix and Project Assessment Checklist; see details below.

The project effectiveness rating matrix for Project #2013.005
• Objectives: Excellent
o Achieved all stated objectives.
• Target Values: Excellent
o Met or exceeded targeted values.
• Unintended Effects: Excellent
o No unforeseen consequences occurred from the implementation of the four
Best Management Practices.
• Structural Condition: Excellent
o The project was excellent to good and has the intended function and value.

Individual practices were rated as follows:

Livestock Fence Exclusion: Effectiveness Rating = Excellent
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Post-construction inspection: No evidence of livestock pressure, all H- braces were sturdy,
wire was taught and no posts were broken or missing. All gates were closed and no
evidence of livestock activity was observed within the enclosure.
• Objectives: Achieved
o Exclusionary fence constructed encompassing pond and tributary: Reduce
sedimentation delivery to pond and tributary by fencing pond and riparian
tributary.
• Target Values: Achieved
o Exclusionary fencing will aid in stabilizing spillway, dam and streambanks as
indicated by an increase in ground cover (herbaceous vegetation) around the
pond embankment and streambanks.

Water Development and Enhancement: Effectiveness Rating = Excellent
Post-construction inspection: All areas surrounding the watering facilities were seeded and
mulched to reduce impacts from soil disturbance. All troughs and tanks contained
adequate capacity to meet water requirements for livestock. A float valve and wildlife
escape ramp per NRCS standards and specifications were installed and functioning
properly.
• Objective: Achieved
o Improved water collection and storage;
o Improved water facilities facilitated improved livestock distribution and
farm viability.
• Target Values: Achieved
o Enhanced water collection will improve on farm water use and allow ranch
to conserve water during drought years.
o Enhanced water distribution will assist in creating a grazing management
plan for the producer, as requested. This will improve livestock distribution
and erosion control.
o Distribution will improve pasture health, productivity and health of livestock.
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Figure 1. Map of Project 2013-005 showing the location of completed conservation practices implemented January 2014-2015.

Pre-construction Photo 02/2013
View of pond before the livestock exclusion fencing was installed.

Pre-construction Photo 02/2013
View of livestock pond pre fence exclusion. Photo displaying side
banks of pond and spillway.

Post-construction Photo 01/2015
After construction of the livestock exclusion fencing encompassing
the pond.

Post-construction Photo 01/2015
Project site after construction showing the riparian fence
encompassing the pond and spillway as well as increase in ground
cover.

Figure 2. Photo-monitoring documentation of project site before and after construction of conservation practice.

Project 2013-005
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Post-construction Photo 01/2015
Post-construction photo of project viewing east field water development;
5,000 gallon water tank and spring development in the background.

Post-construction Photo 01/2015
After construction of one of the three 342 gallon water. The photo displays
the protection pad and wildlife escape ramp.

Figure 3. Photo-monitoring documentation of project site before and after construction of conservation practices.
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1,754 linear feet
of riparian fence line

Project:
Watershed:
Practices:
Project Cost
and Partners:

0.19 acres of planting
of streambank stablization

2013-006
Walker Creek, Subwatershed: Keys Creek
Livestock Exclusion and Gully Repairs (16 total BMPs)
$101,556.75
$ 73,732.75 Marin Resource Conservation District,
319(h) State Water Resources Control Board
$ 27,824.00 United States Department of Agriculture Natural
Resources Conservation Service, Environmental Quality
Incentives Program 2013

Project 2013-006
Livestock Exclusion Fencing and Gully Repair

Project Overview
The Livestock Exclusion and Gully Repair Project, 2013-006, was part of a Marin
Resource Conservation District (Marin RCD) program entitled Conserving Our Watersheds
Phase III (COW). This particular phase of the program was designed to promote and
support the advancement of water quality improvements by reducing pathogen and
sediment loads into the Keys Creek Watershed and immediate tributaries draining into
Tomales Bay.

The intention of Project 2013.006 was to implement conservation practices to address
non-point source pollutants, specifically sediment and pathogens, from entering Tomales
Creek. To achieve this goal the project involved stabilizing and protecting two actively
eroding gullies; one located at the north end of the property along the upper bank of
Tomales Creek and the second located along a western intermittent tributary. The
conservation practices implemented included a riparian fence (1,754 LF) to keep livestock
out of the riparian zone and a series of biotechnical repairs to manage runoff from the
pasture into Tomales Creek. By implementing conservation practices on the ranch, the
Landowner and Lessee will be addressing non-point source loading into the Keys Creek
Watershed, a watershed that repeatedly tests poorly for water quality (Fig. 1).

Project 2013.006 included the implementation of 16 Best Management Practices listed
below with the United States Department of Agriculture (USDA) Natural Resources
Conservation Service (NRCS) conservation practice name and number consisted of: one
obstruction removal (#500), one livestock stream crossing (#578), nine grade stabilization
structures (#410) (four willow wattle headcut repairs, three small rock headcut repairs,
two large head cut repairs), one streambank stabilization shoreline protection (#580),
three Critical Area Plantings(#342) and riparian livestock fence exclusion (#328). The
conservation practices will improve water quality by reducing erosion and approximately
52.03 tons/year of sediment transport into Keys Creek before discharging into Walker
Creek thence Tomales Bay.
Ranch Location:
The ranch is located approximately 0.5 miles north of Tomales in northwestern Marin
County, California. The Ranch is accessible from State Route 1 near mile marker 46.00.

Project Location:
The project site is located along the eastern border of the 173-acre ranch along the length
of Tomales Creek. Tomales Creek is a direct tributary to Keys Creek that flows into Walker
Creek, then Tomales Bay and ultimately the Pacific Ocean (Fig. 1).
HUC 12: 180500050203
STREAM REACH CODE: 18050005001179
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Environmental Conditions:
The site is located on coastal rangeland in West Marin County with elevations ranging from
150 - 250 feet. The ranch supports cattle and sheep livestock operations. Historically, a
railway traveled through the main entrance of the property within the bed of Tomales
Creek, which runs parallel to the extant State Highway 1. Since the railway was built within
a creek, a berm was constructed to redirect hillslope runoff (33.5 acres) and the creek
pathway. In addition, a State Highway 1 culvert discharges flows creating a small channel
gulling towards the berm. Over time the efficiency of berm has failed to effectively
transport runoff into the creek bed due anthropogenic factors and the increased runoff has
concentrated to the point in which a sinkhole of nearly 100 linear foot has formed along
the outside of the berm. As a result, a section of the berm eroded into the tributary.

The dominant soils throughout project location are the Blucher Cole Complex (105) with 2
- 5% slopes. The parent material for this soil is comprised of alluvium derived from shale,
sandstone or granite. It is somewhat poorly drained and water movement in the most
restrictive layer is moderately low. This soil has potential for occasional flooding. Another
soil surrounding the project area is Tomales loam (191, 192 and 193), 0 - 50% slopes. The
parent material consists of residuum weathered from sandstone. The restrictive depth is
40 - 60 inches to the root restrictive layer consisting of paralithic bedrock. These areas are
moderately well drained, while water movement in the most restrictive layer is low. Both
the Blucher-Cole Complex and Tomales loam were identified as having a low soil
compaction resistance and high rutting hazard. This could be detrimental for land use and
increase erosion.
Rangeland vegetation is composed mainly of non-native grassland species, grasses and
forbs throughout the property. Sedges and rushes are common near natural springs and
drainages. While the riparian corridor is composed of thickets of deciduous riparian trees,
shrubs and other herbaceous riparian plants are found both up and downstream.
Table 1. Project area dimensions.
Project Information
Ranch Area
Ranch Area located within Keys Creek Watershed
Watershed Project Area (North Gully Repairs)
Watershed Project Area (West Gully Repairs)
Total Length of Tomales Creek Located on the Ranch

Area
173
90.16
33.5
19.6
1,319

Unit
Acres
Acres
Acres
Acres
Linear feet

Historical Partnership and Commitment:
Prior to Project 2013-006, the landowner had not undertaken projects in cooperation with
the Marin Resource Conservation District (Marin RCD). However, the ranch has
collaborated with the United States Department of Agriculture (USDA) Natural Resources
Conservation Services (NRCS) in the past to implement conservation practices.
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Past and Current projects include:
•

2000-2015: Cross Fencing, Water Facilities and Nutrient Management.
o NRCS, Environmental Quality Incentives Program (EQIP)

Phase I. Design and Implementation

Design:
A conservation design plan was developed between 2012-2015 with assistance from the
NRCS Soil Conservationist, NRCS Engineer and a consulting engineer from Prunuske
Chatham, Inc. (PCI). The plan was designed to meet the goals and objectives set by all
partners and the landowner. The conservation design plan included the identification of
projects including the following: obstruction removal of old fencing and other impending
materials from the tributaries, the need for grade stabilization and streambank
stabilization repairs to address the actively eroding headcuts and streambanks, livestock
stream crossing repairs, culvert removal, critical area plantings and riparian fencing to
encompass the entire project. The design consisted of a suite of NRCS conservation
practices and specifications prescribed to meet the match funding requirements of NRCS’
EQIP.

The planned USDA NRCS’ conservation practices, practice number, and associated practice
objectives included:
1. Critical Area Planting (342)
Objective 1: Stabilize soil by planting willows and grasses on highly erodible or critically
eroding areas. This practice reduces damage from sediment and runoff to downstream
areas and improves wildlife habitat and visual resources.
2. Regular Terrain Fence (328)
Objective 2: Manage land impacts caused by livestock activity.

3. Grade Stabilization (410)
Objective 3: Stabilize and control grade and head cutting in natural or artificial channels,
prevent the formation or advancement of gullies and to reduce sediment loads causing
downstream damage and pollution, improve the stream for fish and wildlife habitat, and
protect adjacent land from erosion damage.

4. Precision Land Forming (462)
Objective 4: To improve surface drainage, provide land-forming operations for drainage
and erosion control as well as other purposes such as moisture conservation, leaching, and
improving water quality
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5. Obstruction Removal (500)
Objective 5: To safely remove and dispose of unwanted obstructions in order to apply
conservation practices or facilitate the planned land use.

6. Stream Crossing (578)
Objective 6: Convey water during high flow events and reduce the accumulated debris
deposits contributing to upside bank erosion while providing passage for cattle between
pastures.
7. Streambank Stabilization (580)
Objective 7: Stabilize and protect stream bank against erosion to reduce sediment loads
causing downstream damage and pollution. Improve the stream for fish and wildlife
habitat and protect adjacent land from erosion damage.

Implementation:
The project was completed November 2015. The Marin RCD Conservation Scientist and
NRCS Soil Conservationist completed the inspection of the regular terrain fence. The fence
measured 1,754 linear feet long and it encompassed approximately 2.5 acres of the riparian
project area (Table 1).

The final construction and project repairs for the gully and headcuts were inspected and
certified in the winter of 2015 by an NRCS Conservation Specialist, NRCS Engineer and a
consulting engineer from PCI. Along Tomales Creek, the gully forming on the outside of the
berm was repaired using a series of biotechnical structures to treat three small headcuts
and the berm sinkhole. The streambank work involved the construction of a large headcut
repair, a drainage swale and a second large headcut repair combined with a rocked
channel. The succession of three small headcut repairs covered 180 linear feet of pasture.
The three structures were repaired with rock grade stabilization control structures ranging
from 6 - 8 feet wide x 10 - 11 feet long. In addition to the small headcut repairs, 350 square
feet of critical area planting was installed surrounding structures to aid in soil stabilization.
The streambank repair along the upper bank of Tomales Creek was installed to arrest the
actively eroding gully and berm sinkhole. The first repair addressed the large headcut
located at the top of the gully, approximately 15 feet long x 25 feet wide. This will arrest
the headcut from proceeding upward into the pasture. At the toe of the large headcut a
drainage swale was constructed by grading along 35 - 40 linear feet of the earth’s surface
down to a depth of 4 - 8 feet. The graded area received seed, mulch, and was covered with
erosion control matting. The drainage swale component ends at the top of the berm
sinkhole, which was repaired with a headcut and rock channel repair. The purpose of the
drainage swale is to direct concentrated flows down into the creek through the rocked
channel structure. The rocked channel structure was combined with a second headcut
repair and was keyed into the drainage swale located at the top of the berm. The rocked
channel extends down the sidebank 55-75 linear feet towards Tomales Creek.
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The objective of the series of repairs was to dissipate the energy of runoff prior to entering
Tomales Creek and to prevent the gully from increasing in size (Fig. 3). Repairs were
constructed using ¼ ton rock fill, ½ ton keyway rock, 6-inch minus chinking rock fill and
class 2 permeable rocks. The 6-inch minus chinking-rock fill was carefully fitted in
between larger rocks to create an interlocking matrix to support appropriate stream flows.
Surrounding all repairs, erosion control blankets, native grass seed and mulch were applied
to aid in stabilization.
Downstream from the large headcut repair is another berm sinkhole approximately 75
linear feet, which is predominantly stable with some bare banks active erosion is minimal.
This site was treated with critical area planting. Approximately 3,500 square feet of
streambank was planted with rushes and willow stakes to increase bank stability. The
establishment of these plants is essential to the recovery of the area; therefore, this repair
is within a livestock exclusion area.

The scope of the project also addressed a second gully which transports water to Tomales
Creek from the west. Repairs consisted of stabilizing and restoring sections of the 350 liner
foot western tributary, which once had three livestock crossings through it. The project
reduced the number of crossing from three to one. One of these old crossings, in the upper
reach of the tributary, had a 12-inch culvert that was in disrepair. The old culvert and
other debris were removed from the tributary, and restored with erosion control matting
and critical area planting. The project put in one livestock crossing positioned at the lower
end of the reach, which was constructed on a minor grade 10:1 slope and lined with 6-inch
minus rock. The final dimensions of the crossing are12 - 15 linear feet wide by 30 feet long
across the stream channel (Fig. 2). Throughout this western tributary, four willow wattles
were installed to address advancing headcuts upstream. The wattles were placed at the
face of the headcut along the contour to stabilize the actively eroding channel. Wattles
consisted of willow poles gathered together to create 9-inch diameter bundles ranging
from 10 to 14 feet long. The total length of the three willow wattles was 38 linear feet.
Overall, 1,250 square feet of the tributary was restored by critical area planting with Juncus
plugs and willow sprigs. The entire tributary was fenced: some sections of fence were new,
while along the south side of the tributary 164.5 linear foot of old fence line was removed
and replace.
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Table 2. Project 2013-006 completed dimensions.
Project Information, Dimensions
Site Location and Description

Total Project Area

Total Riparian Fencing
Total Critical Area Planting
Total Length of Streams Protected fencing ( tributary)
Total Length of Streams Protected fencing ( mainstem Tomales Creek)
Sediment Load Reduction (Region 5 Model)

Measurement

Unit
2.5 Acres

1,754
0.19
350
1,319
52.03

Linear foot
Acres
Linear foot
Linear foot
Tons/Year

Point Blue Conservation Science’s Students and Teachers Restoring a Watershed (STRAW)
program completed one day of restoration work at the ranch to install the critical area
plantings and willow wattles. On November, 17 2015, STRAW staff and 53 students,
teachers and parents from Mary Collins Elementary School, planted a total of 310 plants:
175 Juncus patens, 123 Salix sp. and 12 Carax barbarae. The critical planting area
throughout the project sites involved planting an area 558 feet by 15 feet, totaling 8,370
square feet (0.19. acres total).

The following CEQA authorization and permits were obtained for this project:
CEQA authorization for project, #2013.006, was provided by the Marin RCDs Marin Coastal
Watersheds Permit Coordination Program.
☐ No Permit Required
☒ §1600 CA Department of Fish and Wildlife
☒ §401 Water Quality Certification
☐ §404 US Army Corps Wetland
☐ County of Marin

Phase II. Monitoring
Marin RCD’s monitoring protocol is derived from the Riparian Management Zone Plan
(RZMP) written by University California Cooperative Extension in 2008. Standard
monitoring for Marin RCD restoration projects includes asking the landowner to reflect on
the project process using a Landowner Questionnaire form from the RZMP and evaluating
the functionality of the implemented project using a Project Assessment Checklist from the
RZMP.
Landowner Questionnaire:
The landowner questionnaire will be conducted nine to twelve months post project.

Project Assessment Checklist:
A post-project monitoring visit was conducted on December 2015. All components of
project met standards and specifications required by USDA NRCS. Overall, the project
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rating is “Good” which is determined by using the effectiveness rating matrix and Project
Assessment Checklist, see details below:

The project effectiveness rating matrix summary for Project #2013.006:
• Objectives: Excellent
o Reduced sedimentation delivery.
o Reduced pathogens through the implementation of riparian livestock fence
exclusion.
• Target Values: Good
o Too early to determine whether targets have been met.
o Expected to meet intended target values set: early results show increased
ground cover stabilized soil, increased native w oody and herbaceous
vegetative cover and increased plant diversity.
• Unintended Effects: Good
o No unforeseen consequences occurred from the implementation of the Best
Management Practices to create a negative effect to offset the objectives of
the project.
• Structural Condition: Good
o The project was excellent to fair, transitioned to good, and has the intended
functional value.
Individual practices were rated as follows:

Livestock Fence Exclusion: Effectiveness Rating = Good
Monitoring Assessment: December 2015, January and March 2016
Post-construction inspection: The riparian fence surrounding the entire project was rated
‘good’ after installation. The H-braces were sound, all fence clips were present. The wire
was taut throughout the fence line. All gates were placed along the fence line according to
the ranchers liking. All gates were closed although during monitoring inspection there was
evidence of livestock within the enclosure. Both landowner and lessee were notified.
March 2016 follow up inspection no evidence of livestock within enclosure.

Erosion Control Repairs and Structures: Effectiveness Rating = Good/Fair
Monitoring Assessment: December 2015 and January and March 2016
Large gully headcut repair: Rock at both the top and toe of the repair was secure. Erosion
control fabric was exposed around the edges of the repair and was not keyed in properly at
specific locations. This compromised the effectiveness and stability of the structure and
therefore needed attention post-construction. The contract engineer brought these issues
to the attention of the construction contractor and was addressed.
January 2016, the top of the large headcut repair experienced a failure due to natural
causes. The engineer was notified immediately and repairs were completed by midFebruary 2016. March 2016 follow up inspection, repairs were secure.
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Three small rock headcut repairs: Top and toe rock secure, no exposed fabric, a small
amount of erosion was noted at the toe of the upper structure. The erosion appeared to be
caused by livestock not a construction or natural error. Erosion will heal on its own as long
as livestock remain excluded from project area. Area will continue to be monitored.
Livestock crossing repair at the time of inspection showed little to no evidence of erosion
or rock movement at the top or toe of the structures. All the rock appeared to be secure
and holding in place. Erosion control fabric was not keyed in and was exposed along the
upstream edge of the repairs. The contract engineer brought this to the attention of the
construction contractor and the issue was addressed. The effectiveness and stability rating
for post-project was and ‘good’ for post-project construction.
Revegetation
At the time of the assessment, STRAW completed the planting only two weeks prior;
therefore, plant survival will be re-evaluated later.

All repairs will continued to be monitored throughout the next five to ten rain seasons to
ensure the success of the project.
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Figure 1. Map of Project 2013-006 showing the location of completed conservation practices implemented November 2015.
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Pre-construction Photo 11/2012
Upstream view of western tributary before riparian fence,
livestock crossing repairs were installed.

Pre-construction Photo 08/2015
View of Tomales Creek before photo of streambank stbilization
critical area planting .

Post-construction Photo 11/2015
Upstream view of western tributary after construction of the
following practices: riparian, fence and livestock crossing repairs.

Post-construction Photo 12/2015
Project site after revegetation of streambank stabilization critical area
plating above Tomalas, 3350 sq feet.

Figure 2. Photo-monitoring documentation of project site before and after construction of conservation practice.
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Pre-construction Photo 08/2015
Pre-construction photo of the active headcut adjacent to the
berm before construction above Tomales Creek.

Pre-construction Photo 08/2015
Project site before construction displaying view from the berm
sinkhole looking down into Tomales Creek.

Post-construction Photo 12/2015
Post-construction project photo displaying headcut repair
tieing into the drainage swale and and fencing .

Post-construction Photo 12/2015
View after construction of the rock channel headcut repair and
STRAW plantings of willow sprigs .

Figure 3. Photo-monitoring documentation of project site before and after construction of conservation practice.
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PROJECT PROFILE: #2013-007

234 linear feet of fencing
encompassing restored area

Project:
Watershed:
Practices:
Project Cost
and Partners:

56 students planted
55 trees and shrubs

2013-007
Tomales Bay
Vegetated Field Buffer, Hedgerow and Fencing (3 total)
$10,918.54
$4,051.92
Marin Resource Conservation District,
319(h) State Water Resources Control Board
$1,407.35
USDA Natural Resources Conservation Service
Environmental Quality Incentives Program
(EQIP) 2013
$5,459.27
Marin Agricultural Land Trust, Stewardship
Assistance Program and Landowner
0
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Project Overview
The Vegetative Buffer Installation Project, 2013-007, was part of an extensive regional
effort, Conserving Our Watersheds (COW) Program, to promote and support the
advancement of water quality improvements by focusing on pathogen reduction. The
implementation of this project aims to improve water quality on an immediate tributary to
Tomales Bay. The tributary is located directly behind a homestead at the headwaters of an
intermittent stream just below a silage field (Fig. 1). Three conservation practices were
implemented to improve 0.15 acres of a drainage area of the unnamed tributary.
Ranch Location:
The ranch is located approximately 12 miles north of Point Reyes Station, in northwestern
Marin County, California. The ranch is accessible from State Highway 1 just south of Nick’s
Cove. The 170-acre ranch currently supports a 25 - 50 organic dairy heifer herd. The herd
grazes the property including a one-time seasonal rotation through the silage field, postharvest. In addition to the livestock operation, the ranch promotes agritourist by renting
the historical home, which was recently converted to a bed and breakfast.

Project Location:
The project site is located within the Tomales Bay watershed on approximately 170 acres
of rangeland. The restoration project site is positioned behind the historical homestead,
adjacent to an unnamed intermittent stream that discharges directly into Tomales Bay (Fig.
1).
HUC 12: 180500050304

Environmental Conditions:
The ranch is situated on the coastal terrace along the east shore of Tomales Bay with
elevations ranging from 150 - 350 feet. The dominant soil type throughout the project
location is Olompali loam (149), with 9 -30% slopes. The parent material is comprised of
alluvium derived from various kinds of rock. These soils are characterized as deep and
somewhat poorly drained with a depth of less than 40 inches to the claypan/bedrock. The
permeability in the upper 13 inches of the soil is moderate, and below is very slow. The
available water holding capacity is moderate to high. The lower portion of project is
composed of Yorkville (205) clay loam, with 9 - 15 % slopes. The Yorkville loam is formed
in material derived from shale. These soils are also deep and moderately well drained with
a depth ≥ 40 - 60 inches to bedrock. Permeability is moderately slow from the surface to
14 inches deep; permeability becomes very slow below 14 inches deep. The available
water holding capacity is high to very high.

Rangeland vegetation consists of annual and perennial grasses and forbs throughout the
property. Above the project location, the silage field is seasonally planted with an annual
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silage seed mix. Downstream from the project, vegetation consists of herbaceous plants
such as sedges and rushes, blackberry thickets, willows, Eucalyptus trees and saplings from
a 2012 Point Blue Conservation Science, Students and Teachers Restoring a Watershed
(STRAW) planting.

Table 1. Project area dimensions.
Project Information
Ranch Area
Project Area
Total Length of Intermittent Stream on Property (approx.)

Area
170
0.15
600

Unit
Acres
Acres
Linear Feet

Historical Partnership and Commitment:
The ranch has undertaken numerous projects in cooperation with the Marin Resource
Conservation District (Marin RCD), United States Department of Agriculture (USDA)
Natural Resources Conservation Services (NRCS), Marin Agricultural Land Trust (MALT)
and STRAW to improve and enhance the ecological value of the land (Fig. 1).
Past and Current projects include:
•
•
•
•

2014 Riparian Fencing, in the planning phase
o MALT and NRCS Environmental Quality Incentives Program (EQIP)
2014 COWIII: Vegetated Buffer Installation
o SWRCB
2012 COWII: Riparian Restoration: One willow wall and critical area planting along two
lower tributaries.
o MALT/SWRCB/STRAW
2009 ARRA: Livestock crossing and water development.
o NRCS-EQIP

Phase I. Design and Implementation

Design:
In 2013, Marin RCD and USDA NRCS developed a conservation design plan to meet the
goals and objectives set by the landowner and Marin RCD. The overall plan consisted of
several components including installing a vegetative field buffer, which was made possible
with funding from COW and partnering organizations: NRCS and MALT. The installation of
the vegetated field buffer was planned and designed to enhance a degraded sediment
catchment basin below the silage field, which drains under an existing ranch road and
culvert then onward to an intermittent stream. The plan consisted of several USDA NRCS
conservation practices including: Fence (#382); Hedgerow/Windbreak (#422/380);
Critical Area Planting (#342); and Mulch (#484). The practices were intended to be
installed in stages in order to meet the funding requirements for the NRCS’ EQIP.
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The compilation of planned USDA NRCS’ conservation practices included:

1. Construction of an exclusionary fence (234 linear feet) to encompass the vegetative
field buffer intended to protect and allow new vegetation and planted saplings to
establish, as well as, decrease livestock impacts on the land (Fig. 1 & 2).

2. Establishment of a hedgerow/windbreak below the silage field, designed to reduce
wind/soil erosion, improve water quality, reduce wind speeds, mitigate odor and
increase infiltration. Hedgerow/windbreak species composition will improve wildlife
habitat and aesthetics―shrubs/trees will blossom throughout the year.

3. Installation of a buffer strip/critical area planting (215 linear feet) consisting of an
application of a seed mix and mulch. This practice will improve water quality, reduce
runoff and increase infiltration.

Implementation:
The regular terrain fence was completed in January 2014. The USDA NRCS Rangeland
Specialist designed and inspected the construction of the fence exclusion, which measured
234 linear feet of the planned 300 linear feet of 5-strand regular terrain fence (Table 3).
The final construction of the fence was slightly altered from the original plan and was built
to tie in with an existing gate allowing access into the silage field above the project site.
This modification decreased the total amount of fencing necessary (Fig. 1 & 2).
The hedgerow/windbreak and critical area planting was completed in February 2014. A
Registered Professional Forester and Certified Professional Soil Erosion and Sediment
Control Specialist from Prunuske Chatham, Inc. (PCI) and STRAW designed the vegetative
field buffer components: hedgerow/windbreak, biotechnical erosion control plans, plant
species list and seed mix for the critical planting area (Table 2 & 3). All of the planning was
conducted under the guidance of the USDA NRCS Rangeland Specialist/Planner using the
required USDA standards and specifications for conservation practices. A total of 56
students, 3 teachers and 18 parents installed the restoration project: a vegetative buffer
strip and a hedgerow/windbreak consisting restoring 0.15 acres with native species. The
hedgerow final specifications were 215 feet x 28 feet equaling 0.14 acres (6,020 feet
squared). A total of 55 native shrub and trees species were planted site specific to the area
and conditions (Table 2 & 4). At maturity the average growth for the native shrubs will
range from 4 - 10 meters and the average height of the trees will range from 20 - 25 meters.
After the installation of the native plants, a low-nitrogen, organic compost was applied to
the base of each plant for fertility and individually fenced to prevent wildlife disturbance
(Fig. 3).
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the project process using a Landowner Questionnaire form from the RZMP and evaluating
the functionality of the implemented project using a Project Assessment Checklist from the
RZMP.

Landowner Questionnaire:
Overall, the installation of the conservation practices successfully met the intended goals of
the landowner. The landowner expects the project to reduce stress upon the property’s
natural resources by reducing sedimentation, increasing vegetation and improving wildlife.
She indicated the project will also improve pasture management for the lessee by
restricting the livestock from riparian areas. During the entire process, the landowner was
very pleased with the Marin RCD’s performance, although she did state the funding process
was confusing at times and could be simplified. The landowner is definitely interested in
working with Marin RCD again and has started making a list of future projects.

Project Assessment Checklist:
Two post-project monitoring visits have been conducted: March 2014 and January 2015.
All components of project meet the standards and specifications required by USDA NRCS.
Overall, the project rating is “Excellent to Good”, which was determined by using the
effectiveness rating matrix and Project Assessment Checklist, see details below.

The project effectiveness rating matrix summary for Project #2013.007
• Objectives: Excellent
o Reduced sedimentation delivery, improved wildlife habitat.
o Reduced pathogens through the implementation of riparian livestock fence
exclusion.
• Target Values: Good
o Anticipated to meet target values.
o Met all other intended target values set: increased ground cover, stabilized
soil, increased native woody and herbaceous vegetative cover and increased
plant diversity.
• Unintended Effects: Good
o No unforeseen consequences occurred from the implementation of the BMP’s
which would create a negative effect to offset the objectives of the project.
• Structural condition: Excellent
o The project was excellent to good and has the intended function and value.

Individual practices were rated as follows:

Livestock Fence Exclusion: Effectiveness Rating = Excellent
Monitoring Assessment: 2014 and 2015
Post Construction: No evidence of livestock pressure, all H- braces were sound, wire was
taught, no posts were broken missing or cracked. Gate closed and no evidence of livestock
within enclosure.
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Table 2. Project 2013-007 final measurements of implemented conservation
practices.
Project Information
Measurements and Dimensions
Unit
234
Total Exclusionary Fencing
Linear feet
Total Area Restored (fenced)
0.15
Acre
2
Hedgerow/Windbreak
215 ft x 28 ft (6020 ft ) 0.14
Acre
2
Buffer Strip
60 ft x 10 ft (600 ft )
0.01
Acre
Sediment Reduction Load
Region 5 Model
9.7
Tons/ Year

In February 2014, a buffer strip/biotechnical erosion control mat was installed just above
an existing culvert and below the silage field to restore the existing buffer/sediment basin.
The dimensions of the buffer strip were 60 feet by 10 feet, totaling 0.01 acre (600 feet
squared) (Table 2). The participating STRAW members prepared the area by scraping the
bare ground to break up the top layer of soil and then spreading one-half inch thick layer of
screened organic, low-nitrogen compost. Native grass seed (Table 3) was spread at a rate of
1.2 pounds per 1,000 feet squared. Per specifications, a layer of straw/coir erosion control
blanket was installed over the seed mix using 12 inch and 18 inch “fabric pins” (Fig. 4). The
establishment of a vegetated grass buffer strip below the silage field and above the culvert
and will aid in improving the sediment trapping capacities on site.
Table 3. Buffer Strip Seed Mix.
Scientific Name
Common Name
Festuca rubra
Leymus triticoides

Molate Red Fescue
Creeping Wildrye

Quantity (%)
50%
50%

The following CEQA authorization and permits were obtained for this project:
CEQA authorization for this project, #2013.007, was provided by Marin RCD’s Permit
Coordination Program.
☒ No Permit Required
☐ §1600 CA Department of Fish and Wildlife
☐ §401 Water Quality Certification
☐ §404 US Army Corps Wetland
☐ County of Marin

Phase II. Monitoring

Marin RCD’s monitoring protocol is derived from the Riparian Management Zone Plan
(RZMP) written by University California Cooperative Extension in 2008. Standard
monitoring for Marin RCD restoration projects includes asking the landowner to reflect on
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Buffer Strip: Effectiveness Rating = Excellent
Monitoring Assessment: 2014 and 2015
Post Construction: No evidence of rilling or erosion present and no visibility of
biotechnical fabric. Percent vegetative cover exceeded 85%.

Hedgerow/Windbreak : Effectiveness Rating = Good-Fair
STRAW conducts the maintenance and monitoring inspection to document the plant
survival counts. Over the lifespan of the project maintenance occurs twice a month in the
summer (May through October) this includes watering, weeding and fixing plant protective
cages. The survival counts are conducted every fall and have been conducted twice;
8/20/2014 and one year later 8/25/15. Table 4 displays a detailed list of the 55 native
trees and shrubs survival. STRAW reported approximately 56.4% survival one year post
planting. The majority of the mortality occurred within the first six month of the planting.
The loss of 17 plants was attributed to gophers, girdling and deer browsing. In 2015, a loss
of seven plants (3 elderberry, 1 buckeye, 2 silk tassel, 1 live oak) was documented as lost to
gopher (10%), rodent (10%) and nursery stock/soil type (80%) mortalities. Over the last
year 31 surviving plants all were exhibiting high vigor. Due to the drought conditions over
the past years STRAW has seen reduced survival across several projects over the last few
years. Aside from any site specific challenges to survival, regional climate trends may have
the greatest effect on plant establishment. Specifically, the characteristic conditions of the
prolonged drought (mainly reduced winter precipitation, but also potentially reduced
coastal summer fog and cloud cover, reduced groundwater recharge, and lowered water
table) have contributed to lower establishment rates for revegetation projects.
Observations in the field indicate that soils have been dryer at the beginning of the planting
season and throughout most of the establishment period than in previous years, which
would affect both vigor and survival of the recent plantings. Additional effects of the
drought can be seen in surviving plants exhibiting reduced rates of growth, increased
evapotranspiration and water demand, and increased pressure from wildlife browse,
causing girdling and disruption of irrigation systems.
The Marin RCD is and will continue to monitoring the hedgerow closely. The hedgerow was
densely planted for the area and displays no signs of future gaps. At this time, it is in good
condition no additional planting is needed.

Project 2013-007
Vegetative Buffer Installation
Table 4. The hedgerow/windbreak species list (scientific and common names) and
quantities planted for Project 2013-007.
VEGETATION SURVIVAL
STRAW: Plant Establishment Data
PROJECT # 2013.007
Date Monitored:
8/20/2014 and 8/25/2015
Date(s) Planted:

2/11/2014

Species

Common Name

Total
Percent Total
Total
Percent <3ft
Survival Alive
Planted Alive
Survival Low
(2/2014) (8/2014) (8/2014) (8/2015) (8/2015) Vigor

<3ft
High
Vigor

>3ft >3ft
Low High
Vigor Vigor

Aesculus californica
Corylus cornut
Garrya eliptica var. james roof
Heteromeles arbutifolia
Myrica californica
Quercus agrifolia
Rhamnus (Frangula) californica
Ribies sanguineum
Sambucus mexicana (nigra)
Totals

CA buckeye
Hazelnut
Silktassle
Toyon
Waxmyrtle
Coast Live Oak
Coffeeberry
Flowering current
Elderberry

7
5
8
7
4
7
7
5
5
55

4
4
0
0
0
2
7
1
1
19
61%

0
0
0
0
0
0
0
0
0
0
0%

7
5
2
2
3
7
7
1
4
38

100.00%
100.00%
25.00%
28.60%
75.00%
100.00%
100.00%
20.00%
80.00%
69.10%

6
5
0
2
3
6
7
1
1
31

85.7%
100.0%
0.0%
28.6%
75.0%
85.7%
100.0%
20.0%
20.0%
56.4%
Percent

0
0
0
0
0
0
0
0
0
0
0%

2
1
0
2
3
4
0
0
0
12
39%

Project 2013-007
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Figure 1. Maps of Project 2013.007. Left: Past and current conservation practices implemented at the ranch. Top right: Close-up of current project. Bottom right: A USGS topography map with the ranch
boundary highlighted in orange and a red box identifying the general location of the project.

Project 2013-007
Vegetative Buffer Installation

Before Photos
• Pre-Construction 02/11/2012

After Photos
• Post-Construction 03/06/2013

Figure 2. Left photos: Pre-construction photos taken from photo monitoring point bearing
184°. The photos display the overall condition of the project site 1-year pre-project. Right
photos: Post-construction photos document the completed project. Top right: Photo shows
an entire view of the fence exclusion, buffer strip and hedgerow planting. Bottom right:
Photo displays the detail and placement of the plantings.

Project 2013-007
Vegetative Buffer Installation

Figure 3. Shrub and tree planting specification design produce by Prunuske Chatham and Point Blue Conservation Science’s STRAW.

MAP_DESIGNS

Figure 4. Erosion control matting installation design for the buffer strip.
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PROJECT PROFILE: #2015-011

1,919 linear feet of fencing
constructed
Project:
Watershed:
Practices:
Project Cost:
Partners:

1,706 linear foot of stream fenced

2015-011
Lagunitas Creek
Livestock Fencing and Water Development
Development Project (2 total)
$37,036.86
$18,197.98

$ 4,978.88

$13,860.00

Marin Resource Conservation District,
319(h) State Water Resources Control Board
United States Department of Agriculture
Natural Resources Conservation Service,
Environmental Quality Incentives Program 2013
Lessee, in kind

Project 2015-011
Livestock Fencing and Water Development

Project Overview
The Livestock Exclusion Project, 2015-011, was part of a Marin Resource Conservation
District (Marin RCD) program entitled Conserving Our Watersheds Phase III (COW). This
particular phase of the program was designed to promote and support the advancement of
water quality improvements by reducing pathogen and sediment loads into the Tomales
Bay watershed.

The intention of Project 2015.011 was to implement conservation practices to address
non-point source pollutants, specifically sediment and pathogens, from entering a tributary
to Lagunitas Creek thence Tomales Bay Watershed. The goal of the project was to reduce
livestock access to a tributary of Lagunitas Creek by installing a barb-wire fence to
complement another project providing livestock alternative water sources. The Point Reyes
National Seashore (PRNS)/ (landowner), lessee and United States Department of
Agriculture (USDA) Natural Resources Conservation Services (NRCS) partnered together
on an extensive water development project to distribute the livestock throughout the
property, which will reduce pathogen loading into the local creeks and streams. By
implementing conservation practices on the ranch, the landowner and lessee will be
addressing non-point source loading into a salmonid bearing creek, Lagunitas Creek and
the Tomales Bay.
Project 2015.011 included the implementation of one Best Management Practice ( BMP)
classified by NRCS as riparian livestock fence exclusion (#328). The landowner, in
partnership with NRCS, implemented an additional BMP, (#516) livestock pipeline.

Ranch Location:
The ranch is part of the PRNS located in West Marin, California. The project is located in
between the Platform Bridge and Tocaloma, which is northwest of Olema, California.

Project Location:
The project site is located along the southeastern border of the ranch along the riparian
corridor of Zanardi Gulch an intermittent tributary to Lagunitas Creek, which drains into
the Tomales Bay (Figure 1).
HUC 12: 180500050103
STREAM REACH CODE: 18050005000740

Environmental Conditions:
The ranch is located in coastal Marin County consisting of rangeland varying in elevation
from 100 - 750 feet. The 573 acre ranch is utilized by 45 head of cattle year round under a
rotational grazing regime.

Project 2015-011
Livestock Fencing and Water Development
The dominate soil throughout the project location are the Tocaloma-Saurin Association
(184) cover approximately, 277.1 acres, 50.3% of the property. This soil association is
composed of 40% Tocaloma, characterized as a loam to a very gravelly loam and 30%
Saurin, characterized as a clay loam. This soil is weathered from sandstone and shale,
containing a restrictive depth 20 - 40 inches to paralithic bedrock. It is well-drained, and
occurs on very steep slopes ranging 30 - 50%. The depth to water table is more than 80
inches.

The riparian corridor of the tributary to Lagunitas Creek supports a relatively dense forest
dominated by bay, alder, buckeye oaks, big leaf maple, boxelder, and willow. The
understory layer is dominated by tree saplings with shrubs such dogwood, blackberry and
poison oak. The herbaceous layer is composed of ferns, nettle, and scattered pockets of
sedge. The rangeland vegetation is composed mainly of non-native grassland species,
grasses and forbs throughout the property.
Table 1. Project area dimensions.
Project Information
Ranch Area
Zanardi Gulch Watershed Area, Estimate
Watershed Project Area, Estimate (Zanardi Gulch Riparian
Fencing)
Total Length of Zanardi Gulch

Area
573
195.65
67
4,685

Unit
Acres
Acres
Acres

Linear feet

Historical Partnership and Commitment:
Prior to Project 2015-011, PRNS and lessee had not undertaken projects in cooperation
with the Marin Resource Conservation District (Marin RCD). However, they have engaged
in project with the USDA NRCS to implement conservation practices over the last five year
to enhance the ecological value of the land.
Past and current projects include:
• 2016 – Present: Conserving Our Watersheds. MRCD
o NRCS, Environmental Quality Incentives Program (EQIP)
• 2011-2016: East Spring Stockwater System.
o NRCS, Environmental Quality Incentives Program

Phase I. Design and Implementation

Design:
A conservation design plan was developed by the NRCS Rangeland Specialist and the PRNS
Ecologist. The plan was designed to meet the goals and objectives set by all partners and
the landowner. The conservation design plan included the identification of practices
including the following: livestock watering facilities across the ranch and riparian fencing.

2

Project 2015-011
Livestock Fencing and Water Development
The design consisted of a suite of NRCS conservation practices and specifications
prescribed to meet NRCS’ EQIP requirements. MRCD planned to provide cost-share for the
riparian fence, while the lessee and NRCS completed the water developments together.
The planned USDA NRCS’ conservation practices, practice number, and associated practice
objectives included:
Regular/Difficult Terrain Fence (328)
Objective 1: Manage land impacts caused by livestock activity.

Spring Development and Piping (574/516)
Objective 2: The purpose of the piping system is to convey water up a steep slope to
achieve the adequate capacity for livestock watering and distribution (Fig. 1).

Watering Facility (614)
Objective 3: Additional water sources in remote locations will provide drinking water to
livestock and improve animal distribution while reducing non-point source pollutants and
grazing pressure on sensitive areas near and around the livestock pond (Fig. 3).

Implementation:
The Marin RCD staff, PRNS Staff and NRCS Partner Biologist inspected the completed
riparian fence, February 2016. The riparian fence measured 1,919 linear feet excluding
nearly 1,249 linear feet of Zanardi Gulch and 457 linear feet of a side tributary (Table 1). A
regular and difficult terrain fence was constructed starting at the front east corner of
property boundary near Platform Bridge. The fence (1,472 linear feet) was installed along
the edge of the riparian corridor traveling upstream along the tree line, through the
riparian vegetation along an ATV trail and ended near another fence adjacent to Zanardi
Gulch. The side tributary riparian fence (447 linear feet) connected to the main fence at the
intersection where the main fence linked in with the ATV trail and first side tributary. At
the intersection, a gate was installed along with the beginning of the side tributary riparian
fence, which traveled uphill along the tree line of the tributary and connected into an
existing fence line along the ridge.
Table 2. Final dimensions of Project 2015-011.

Project Dimensions
Riparian Fencing , Regular And Difficult Terrain Fencing
(Zanardi Gulch)
Riparian Fencing, Difficult Terrain
(Intermittent Side Tributary)
Total Riparian Fencing
Total Length of Intermittent Side Tributary Protected
Total Length of Zanardi Gulch Protected by Riparian Fencing

Area

Unit

1,472 Linear feet
447
1,919
457
1,249

Linear feet
Linear feet
Linear feet
Linear feet
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The following CEQA authorization and permits were obtained for this project:
Project #2015.011, the installation of a fence, was Categorically Exempt under California
Environment Quality Act.
☒ No Permits Required
☐ §1600 CA Department of Fish and Wildlife
☐ §401 Water Quality Certification
☐ §404 US Army Corps of Engineers
☐ County of Marin

Phase II. Monitoring

Marin RCD’s monitoring protocol is derived from the Riparian Management Zone Plan
written by University California Cooperative Extension in 2008. Standard monitoring for
Marin RCD restoration projects includes asking the landowner to reflect on the project
process using a Landowner Questionnaire form from the Riparian Management Zone Plan
and evaluating the functionality of the implemented project using a Project Assessment
Checklist from the Riparian Management Zone Plan.
Landowner Questionnaire:
The landowner questionnaire will be conducted nine to twelve months post project.

Project Assessment Checklist:
A post-project monitoring visit was conducted on March 2016. All components of project
met standards and specifications required by USDA NRCS. Overall, the project rating is
“Good” which is determined by using the effectiveness rating matrix and Project
Assessment Checklist, see details below,
The project effectiveness rating matrix summary for Project #2015.011:
• Objectives: Excellent
o Reduced sedimentation delivery to side tributary and Zanardi Gulch by
fencing riparian corridors.
o Reduced pathogens through the implementation of riparian livestock fence
exclusion.
• Target Values: Excellent
o Too early to determine whether targets have been met.
o Expected to meet intended target values set: early results show increased
ground cover stabilized soil, increased native woody and herbaceous
vegetative cover and increased plant diversity.
• Unintended Effects: Excellent
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•

o No unforeseen consequences occurred from the implementation of the Best
Management Practices to create a negative effect to offset the objectives of
the project.
Structural Condition: Good
o The project was excellent to good and has the intended functional value.

The practice was rated as follows:
Livestock Fence Exclusion: Effectiveness Rating = Good
Monitoring Assessment: March 2016
Post-construction inspection: The riparian fence surrounding the entire project was rated
‘good’ after installation. The H-braces were sound, a few fence clips were missing, the
contractor was notified. The wire was taut throughout the majority of the fence line.
Documentation was made noting the loose top strand of wire throughout one small section
of fencing the fence crossed over the wooden bridge, contractor was notified. All gates
were placed along the fence line according to the ranchers liking. All gates were closed
although during monitoring inspection there was no evidence of livestock within the
enclosure.
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Figure 1. Map of Project 2015-011 showing the location of completed conservation practices.

Project 2015-011
Livestock Fencing and Water Development
Pre-construction Photo 12/2015
View of riparian cooridor before fencing installation.

Pre-construction Photo 12/2015
Before photo of ATV trail above Zanardi Gulch and wooden
crossing a side tributarty.

Post-construction Photo 03/2016
Riparian fencing after construction excluding riparian
cooridor of Zanardi Gulch.

Post-construction Photo 03/2016
View of riparian fencing constructed along the ATV trail above
Zanardi Gulch, and wooden crossing over a side tributary .

Figure 2. Photo-monitoring documentation of installed conservation practice.

Project 2015-011
Livestock Fencing and Water Development
Pre-construction Photo 08/2015
Pre-construction photo of old degraded fence above
Zanardi Gulch.

Pre-construction Photo 08/2015
Pre- construction displaying riparian cooridor of side
tributary before fence installation.

Post-construction Photo 12/2015
Post-construction project photo displaying constructed
fence adjacent to old degraded fence above Zanardi Gulch.

Post-construction Photo 12/2015
Post- construction photo of constructed fence along the tree
line of the side tributary riparian cooridor.

Figure 3. Photo-monitoring documentation of installed conservation practice.
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PROJECT REPORT
Tomales Bay Watershed
Long Meadow Ranch
The STRAW Project
A Project of Point Blue Conservation Science

PROJECT GOALS
During the 2014/2015 season, Point Blue Conservation Science (Point Blue) Students
and Teachers Restoring A Watershed (STRAW ) Program, in partnership with Marin
Resource Conservation District (MRCD) and Marin Agricultural Land Trust (MALT),
completed three days of restoration work at Long Meadow Ranch in the Walker
Creek/Tomales Bay watershed. The work completed minimizes and controls erosion to
improve water quality, increases riparian vegetation and connects existing riparian
corridors. The planting project is part of the IRWMP Round 2 grant program and
complements the practices implemented on the property as part of the MRCD’s
Conserving Our Watersheds (COW III) Program.

PROJECT DESCRIPTION
The Long Meadow property lies near the town of Tomales and drains to Keyes Creek
which flows to Tomales Bay. The current land management is cattle range. Prunuske
Chatham, Inc. (PCI) designed the creek revegetation plan. Permanent exclusionary
fencing was installed by other contractors in the fall of 2014. STRAW staff and students
participating in the STRAW project installed the plantings.
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NUMBER AND TYPE OF PLANTING
Species
Acer negundo
Alnus rubra
Calycanthus occidentalis
Cornus sericea
Corylus cornuta
Crataegus douglasii
Fraxinus latifolia
Garrya elliptica
Holodiscus discolor
Lonicera involurata
Myrica californica
Rhamnus californica
Ribies sanguineum
Rubus parviflorus
Salix lucida ssp lasiandra
Sambucus nigra spp
cerulea
Sambucus racemosa

Common Name
box elder
red alder
spice bush
creek dogwood
hazelnut
hawthorn
Oregon ash
silk tassel bush
ocean spray
twinberry
wax myrtle
coffeeberry
flowering current
thimbleberry
yellow,pacific, or shining
willow

Site 1.1
17
13
5
21
5
10
10
5
5
5
15
5
5
5

blue elderberry
red elderberry

7
7
185

45

PROJECT SIZE
886 FT X 82 FT = 1.67 ACRES = 72,652 FT2
WILLOW WALL: 4.5 LINEAR FEET

PROJECT PARTICIPANTS
Date
1/8/15
1/13/15
1/14/15

School
Tomales High School
Valley Vista Elementary
Petaluma High School

Grade
9, 10, 11, 12
3
9, 10, 11

# Volunteers
50
63
89

Volunteer match for this implementation is being used towards Point Blue’s IRWMP
grant funding and may not be used by MRCD.
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SERVICES PROVIDED BY POINT BLUE
DESIGN AND IMPLEMENTATION:
 STRAW staff visited the Long Meadow property to determine planting plans.
 Staff and interns procured all materials for the project.
 Staff prepared site for student planting days, including layout marking and
identification and marking of hazards.
 Staff installed critical area plantings with student and community volunteers.
 Staff and interns oversaw the distribution of students, adult volunteers, and
supervisors throughout the work site to ensure project quality and success.
 Staff noted the number and type of plantings installed.
EDUCATION:
 Teachers had the opportunity to participate in our annual Watershed Week, a
three-day professional development workshop that focuses on the many aspects
of watershed science.
 Teachers had the opportunity to participate in one network event.
 Students received an in-class pre-planting presentation about their project,
including watershed and restoration science, as well as on-site training and
details.
 Classes received any additional in-class and/or field activities as requested by
their teacher to supplement their traditional class curriculum.
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LONG MEADOW RANCH PHOTOS

January 8, 2015: Tomales High School students and teachers, STRAW staff, interns and
volunteers planting willows along Keyes Creek at Long Meadow Ranch.

January 13, 2015: Valley Vista 3rd grade students and teachers, STRAW staff, interns
and volunteers planting along Keyes Creek at Long Meadow Ranch.
Point Blue STRAW Project Report to the Marin Resource Conservation District, February 2015
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January 14, 2015: Petaluma High School students and teachers, STRAW staff, interns
and volunteers in morning training circle for planting along Keyes Creek at Long
Meadow Ranch.

Completed willow wall at Long Meadow Ranch.
Point Blue STRAW Project Report to the Marin Resource Conservation District, February 2015
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PROJECT REPORT
Tomales Bay Watershed
Lawson Ranch
The STRAW Project
A Project of Point Blue Conservation Science

PROJECT GOALS
At the request of Marin Resource Conservation District (MRCD) staff, Point Blue
Conservation Science (Point Blue) Students and Teachers Restoring A Watershed
(STRAW ) Program completed one day of restoration work at Lawson Ranch in the
Tomales Bay watershed as determined by the MRCD Board. The work completed
minimizes and controls erosion to improve water quality. The project is part of the
MRCD Conserving Our Watersheds III (COW III) grant program.

PROJECT DESCRIPTION
The Lawson Ranch property lies between the town of Tomales and Dillon Beach and
drains into Tomales Bay. The current land management is sheep and cattle range.
Prunuske Chatham, Inc. (PCI) designed crossing improvement, bank regrading and
stabilization, and critical area revegetation. Construction and exclusionary fencing was
installed by other contractors in the fall of 2014. STRAW staff and students
participating in the STRAW project installed the critical area plantings.

NUMBER AND TYPE OF PLANTING
Type
Juncus patens
Salix spp.

Number
280
15

PROJECT SIZE
JUNCUS (ALL AREAS): 775 FT X 18 FT = 0.32 ACRES = 13,950 FT2
WILLOWS (LOWER AREA ONLY): 111 FT X 21 FT = 0.05 ACRES = 2,331 FT2

PROJECT PARTICIPANTS AND MATCH
Date

School

1/16/15 Ross Elementary School

Grade
4

#
volunteers
72

# hours
worked
5

Dollar value*
$8,118

*Dollar value based on $22.55/hr as estimated by Independent Sector for the value of
volunteer time in 2013
Point Blue STRAW Project Report to the Marin Resource Conservation District, February 2015
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SERVICES PROVIDED BY POINT BLUE
DESIGN AND IMPLEMENTATION:
 STRAW staff visited the Lawson property to determine planting plans.
 Staff and interns procured all materials for the project.
 Staff prepared site for student planting days, including layout marking and
identification and marking of hazards.
 Staff installed critical area plantings with student and community volunteers.
 Staff and interns oversaw the distribution of students, adult volunteers, and
supervisors throughout the work site to ensure project quality and success.
 Staff noted the number and type of plantings installed.
EDUCATION:
 Teachers had the opportunity to participate in our annual Watershed Week, a
three-day professional development workshop that focuses on the many aspects
of watershed science.
 Teachers had the opportunity to participate in one network event.
 Students received an in-class pre-planting presentation about their project,
including watershed and restoration science, as well as on-site training and
details.
 Classes received any additional in-class and/or field activities as requested by
their teacher to supplement their traditional class curriculum.
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JANUARY 16, 2015: LAWSON RANCH PHOTOS

Ross Elementary School students and teachers, STRAW staff and interns planting
juncus along the Lawson gully.

STRAW staff and interns leading a circle with Ross Elementary School to discuss the
work at the Lawson gully project.
Point Blue STRAW Project Report to the Marin Resource Conservation District, February 2015
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PROJECT REPORT
Walker Creek Watershed
Bloom Ranch
The STRAW Project
A Project of Point Blue Conservation Science

PROJECT GOALS
At the request of Marin Resource Conservation District (MRCD) staff, Point Blue
Conservation Science (Point Blue) Students and Teachers Restoring A Watershed
(STRAW ) Program completed one day of restoration work at Bloom Ranch in the
Walker Creek watershed as determined by the MRCD Board. The work completed
minimizes and controls erosion to improve water quality. The project is part of the
MRCD Conserving Our Watersheds III (COW III) grant program.

PROJECT DESCRIPTION
The Bloom Ranch property lies near Two Rock and drains to Chileno Creek which flows
to Walker Creek. The current land management is cattle range. Prunuske Chatham, Inc.
(PCI) designed crossing improvement, bank regrading and stabilization, and critical
area revegetation. Construction and exclusionary fencing was installed by other
contractors in the fall of 2014. STRAW staff and students participating in the STRAW
project installed the critical area plantings.

NUMBER AND TYPE OF PLANTING
Type
Juncus patens
Salix spp.

Number
90
442

PROJECT SIZE
JUNCUS: 76 FT X 10 FT = 0.17 ACRES = 760 FT2
WILLOWS: 711 FT X 22 FT = 0.36 ACRES = 15,642 FT2
WILLOW WATTLE: 15 LINEAR FEET
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PROJECT PARTICIPANTS AND MATCH
Date

School

Grade

1/22/15

Mary Collins Elementary
School

6

#
volunteers
68

# hours
worked
5

Dollar value*
$7,667

*Dollar value based on $22.55/hr as estimated by Independent Sector for the value of
volunteer time in 2013

SERVICES PROVIDED BY POINT BLUE
DESIGN AND IMPLEMENTATION:
 STRAW staff visited the Bloom property to determine planting plans.
 Staff and interns procured all materials for the project.
 Staff prepared site for student planting days, including layout marking and
identification and marking of hazards.
 Staff installed critical area plantings with student and community volunteers.
 Staff and interns oversaw the distribution of students, adult volunteers, and
supervisors throughout the work site to ensure project quality and success.
 Staff noted the number and type of plantings installed.
EDUCATION:
 Teachers had the opportunity to participate in our annual Watershed Week, a
three-day professional development workshop that focuses on the many aspects
of watershed science.
 Teachers had the opportunity to participate in one network event.
 Students received an in-class pre-planting presentation about their project,
including watershed and restoration science, as well as on-site training and
details.
 Classes received any additional in-class and/or field activities as requested by
their teacher to supplement their traditional class curriculum.
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JANUARY 22, 2015: BLOOM RANCH PHOTOS

Mary Collins Elementary School students and teachers, STRAW staff, interns and
volunteers planting willows along the Bloom gully.
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PROJECT REPORT
Tomales Bay Watershed
Straus Home Ranch
The STRAW Project
A Project of Point Blue Conservation Science

P ROJECT GOALS
At the request of Marin Resource Conservation District (MRCD) staff, Point Blue
Conservation Science (Point Blue) completed one day of restoration work at Straus
Home Ranch in the Tomales Bay watershed as determined by the MRCD Board.
Prunuske Chatham, Inc. (PCI) and Point Blue staff designed revegetation and
biotechnical erosion control plans to maximize water quality improvements. The
work completed is part of the MRCD Conserving Our Watersheds III (COW III) grant
program, funded by the State Water Resources Control Board 319(h) grant program.

P ROJECT DESCRIPTION
The Straus property lies near the town of Marshall and drains to Tomales Bay. The
current land management is organic cattle range. Students participating in the
STRAW project worked within a newly fenced buffer/hedgerow drainage area below
the silage field and just upstream from the North Exclosure.
Buffer Strip and Hedgerow
A grass buffer strip and hedgerow of native trees and shrubs were installed in this
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area. The hedgerow plants (see Table 1) were mulched and protected from deer
browse with individual fencing.
The bare dirt in the sediment basin was scarified, a one-half inch thick layer of
screened organic, low-nitrogen compost and native grass seed (see Table 2) was
broadcast at a rate of 1.2 pounds per 1,000 square feet. Over this mix, a layer of
straw/coir erosion control blanket was installed as per specifications, using 12-inch
and 18-inch “fabric pins.” The channel bottom received an additional layer of coir
mat approximately 4-feet wide.

Table 1. List of plants installed as hedgerow at Straus Home Ranch
Species

Quantity

Aesculus californica

CA buckeye

7

Corylus cornuta

Hazelnut

5

Garrya eliptica var. james roof

Silktassle

8

Heteromeles arbutifolia

Toyon

7

Myrica californica

Waxmyrtle

4

Quercus agrifolia

Coast live oak

7

Rhamnus (Frangula) californica

Coffeeberry

7

Flowering

Ribies sanguineum

current

5

Elderberry

5

Sambucus mexicana (nigra spp
caerula

or racemosa)

Total

55

Table 2. Native Seed Mix used in buffer strip

Festuca rubra

Molate red fescue

50%

Leymus triticoides

creeping wildrye

50%
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P ROJECT SIZE
HEDGEROW: 215 FT X 28 FT = 0.14 ACRES = 6020 FT2
BUFFER STRIP: 60 FT X 10 FT = 0.01 ACRES = 600 FT2

P ROJECT DATE
February 11, 2014

P ROJECT P ARTICIPANTS
Date
02/11/14

Site
Straus

School

Grade

Teachers

Ross Elementary

3rd

2

Manor Elementary

3rd

1

Total Participants:

77

Students

Parents

56

18
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SERVICES PROVIDED BY P OINT B LUE
DESIGN AND IMPLEMENTATION:
•

STRAW and PCI staff visited the Straus property to determine planting plans.
PCI staff developed plant species lists, planting specifications and work plans
for one planting day.

•

Staff and interns procured all materials for the project.

•

Staff, interns and PCI prepared site for student planting days, including layout,
pin-flagging, and identification and marking of hazards.

•

Implemented final design with student and community volunteers.

•

Oversaw the distribution of students, adult volunteers, and supervisors
throughout the work site to ensure project quality and success.

•

Noted the number and type of plantings installed at each site, as well as the
length of riparian corridor covered by the restoration.

MAINTENANCE AND MONITORING:
• Established photomonitoring points for annual photomonitoring using the State
Water Resources Control Board’s SOP 4.2.1.4.

EDUCATION
• Teachers participated in our annual Watershed Week, a three-day professional
development workshop that focuses on the many aspects of watershed science.
• Teachers had the opportunity to participate in one network event.
• Students received an in-class pre-planting presentation about their project,
including watershed and restoration science, as well as on-site training and
details.
• Classes received any additional in-class and/or field activities as requested by
their teacher to supplement their traditional class curriculum.
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FEBRUARY 11, 2014: STRAUS HOME RANCH PHOTOS

Photo 1. Buffer strip and hedgerow planting below silage field.
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Photo 2. Buffer strip and hedgerow planting below silage field (distance) and north exclosure
(right).
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Project Summary
The conservation of natural resources and agricultural viability has been the focus of
the Marin Resource Conservation District (RCD) for 50 years. Delivering financial
and technical support with partnering organizations to landowners has evolved over
the last half century in the face of increased demand for stream restoration and
locally produced food. Responding to societal needs and explaining the long-term
outcomes from natural resource enhancement efforts has continued to be a challenge
for agriculture.
Assisting landowners to meet their needs has changed as watershed and creek
management issues, such as water quality, are increasingly problematic. Solutions
for controlling erosion and managing the corridor along streams have improved
since the 1970’s. Marin RCD and its partners have pioneered advances in riparian
restoration technology and now provide concise, scientific approaches to watershed
restoration based on site conditions.
This Riparian Zone Monitoring Plan (RZMP) is for conservation projects
implemented in riparian areas targeted in watershed recovery efforts to control
erosion and sedimentation, increase aquatic, riparian, and upland habitat and
stabilize eroding stream channels. The RZMP applies to any stream from headwater
creeks or gullies to large streams or small rivers. Its goal is to provide funding and
permitting agencies the confidence that projects are systematically monitored while
guiding Marin RCD staff and partners to efficiently collect and report monitoring
results for integration with the Permit Coordination Program (MRCD 2004).
Overall, the RZMP provides a science-based guide to organize post-project
monitoring based on site-specific objectives to further understand agricultural
sustainability and ecosystem services. It standardizes monitoring protocols and
prioritizes questions for periodic evaluation. Consistent and systematic monitoring
of project outcomes will continue to improve conservation practices while
maintaining landowner confidentiality. Marin RCD’s watershed restoration program
is built upon the hard work by community residents, landowners, ranchers, farmers,
consultants, restoration practitioners, agencies, scientists, oyster growers, and other
stakeholders.
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INTRODUCTION
The mission of the Marin RCD is to conserve and enhance
Marin County's natural resources, including its soil, water,
vegetation, and wildlife. The RCD has administered
approximately $12 million of government and private
foundation grants since its inception in 1959 while
providing technical and other financial resources. Today,
the RCD continues to bring together state, federal, and local
agencies with private landowners to conserve soil and water
resources. Conservation projects focus on:







Control of soil erosion
Riparian habitat restoration
Protection and improvement of water quality
Education and outreach
Conservation of rangeland, cropland, and forestland
Active support of the district's agricultural economy
and heritage

The purpose of riparian enhancement and watershed conservation is to implement management
practices that improve water quality by reducing sediment, pathogen or nutrient levels in storm
runoff and increase habitat for wildlife, birds or fish. The links between streambank erosion,
water quality, and fish and wildlife habitat are a concern for agricultural production and
environmental conservation. The RCD seeks to improve natural resources, minimize non-point
source pollution such as the erosion of topsoil or fine sediment, and implement healthy land
management practices on Marin County farms.
The need to monitor conservation and restoration project outcomes has received increased
critical attention in recent years from both the popular press (Dean 2008) and the scientific
literature (Christian-Smith and Merenlender 2010). This is partly because few long-term
assessments have been completed. Riparian and watershed enhancement practices in particular
have received minimal documentation considering over $2 billion has been spent on these efforts
in the United States (Bernhardt et al. 2005, 2007). As a result, numerous researchers have
questioned project success (Dean 2008, Palmer et al. 2005), while others have produced
monitoring methods or guidance (Harris et al. 2005a, Harris et al. 2005b, Thayer et al. 2005,
Kondolf and Micheli 1995), and evaluated project outcomes (Lennox et al. 2011, Tompkins and
Kondolf 2007, Opperman and Merenlender 2004).
Multiple grant opportunities currently require some degree of project monitoring; however, few
funding opportunities offer long-term contract agreements to implement project monitoring over
five years (Reeve et al. 2006, Reeve and Towey 2007). Securing adequate funding will be an
ongoing challenge to complete the specifics detailed in the following plan. As a result, fast
assessments efficiently evaluate all project sites and intensive, quantitative protocols follow a
subset of project sites depending on available funding.
The objective of this Riparian Zone Monitoring Plan (RZMP) is to organize and standardize an
efficient process to document short and long-term project outcomes in order to evaluate and
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improve the management practices utilized by Marin RCD. The plan focuses on the following
fundamental questions:
1) Are projects performing as planned and satisfying landowner concerns?
2) Are long-term project objectives being accomplished?
3) How can project planning, design, implementation, maintenance, and adaptive
management be improved to ensure success at each site?
4) How can monitoring data be efficiently shared between RCD partners and reported to
funders while maintaining client confidentiality and educating the public about
conservation practices?
Landowner observations and permission to monitor sites are critical to understand project
outcomes over multiple decades (Figure 1). The greatest benefit resulting from monitoring is
having a jump-start on adaptive management needs which leads to greater project success.
Project evaluations may also be included in Ranch Water Quality Plans to meet regulatory
requirements (SFBRWQCB 2009). Incorporating the lessons learned from previous projects has
helped to fine-tune future projects for permit, funder and landowner requirements. This has
become an incentive for landowners and increased participation in natural resource conservation
and stewardship (MRCD 2004). A well planned and coordinated monitoring program provides
for numerous other opportunities, such as greater power to leverage grant funds for
implementing more conservation projects, assessing landowners’ satisfaction, and educating the
public. The RZMP formalizes this feedback loop by documenting how design, installation and
maintenance leads to effective projects on the ground.
A

B

C

D

Figure 1: Photo-point sequence of riparian revegetation project site at a tributary to Walker Creek
documents the vegetation response at zero (A), two (B), eight (C), and twelve years (D) since project
implementation.

The following plan lays out a step-by-step process for data collection, analysis and reporting that
begins before project implementation. This allows Marin RCD and its partners the capacity to
lead how project effectiveness is measured in order to provide consistency over time for useful
and meaningful results. The methods were compiled from the scientific literature and grant
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funders can have greater confidence in Marin RCD’s restoration program to document expected
and unintended outcomes beyond the contract period.
This document provides a guide to organize project monitoring based on site-specific objectives
by focusing on the commonly utilized conservation practices and those outlined in the Marin
Coastal Watershed Permit Coordination Program (PCI 2010). The RZMP components were a
collaborative effort among Marin RCD partners with field-testing conducted at numerous project
sites from 2008 to 2010. Overall, the RZMP standardizes monitoring protocols, streamlines the
reporting process among partners and prioritizes questions for periodic evaluation and analysis.
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CONSERVATION PRACTICES, PROJECT OBJECTIVES &
MONITORING TYPES
Partners & Collaboration
The Marin RCD collaborates with numerous local natural resource professionals to provide
landowners a broad base of expertise, skills and experience when implementing conservation
projects. Marin RCD partners use a watershed approach to conservation by integrating ecology,
sociology and geology to evaluate the aggregate effects of current and historic land use. The goal
is to provide an objective and scientific basis to treat the underlying causes of environmental
problems instead of the symptoms.
Landowner participation is important for the success of each project and for restoration to
succeed in privately owned watersheds overall. Conservation projects start with an interested
landowner that contacts Marin RCD staff to request assistance in addressing environmental
concerns or implementing specific practices. The planning and design of specific project
practices follows the guidance of locally experienced restoration professionals (MRCD 2004).
Landowner interest, participation and satisfaction have been found to be critical for Marin RCD
projects to be successful. When a landowner is willing and dedicated to project stewardship, they
can make it a success through sheer determination. Basically, investment equals outcome. Marin
RCD and partners build upon this land stewardship ethic to focus time and resources because of
landowners’ critical role in conservation. Aldo Leopold explained the philosophy of conservation
over 70 years ago in Sand County Almanac.
“The land ethic simply enlarges the boundaries of the community to include soils,
waters, plants, and animals, or collectively: the land.... In short, a land ethic
changes the role of Homo sapiens from conqueror of the land-community to plain
member and citizen of it. It implies respect for his fellow-members, and also respect
for the community as such.” (Leopold 1949)

Multiple roles are filled among Marin RCD partners to plan, implement and monitor each
conservation project. The partnership with the U.S. Department of Agriculture Natural Resources
Conservation Service (NRCS) offers technical and financial assistance to help solve natural
resource challenges, which often maintains or improves long-term economic viability. The
technical support provided by the NRCS to agricultural operators is based on conservation
systems and plans designed to sustain and improve soil and water quality (MRCD 2004, 2009).
Other Marin RCD partners provide numerous benefits to conservation and land management in
the County. Consulting firms prioritize sediment reduction opportunities, obtain permits, design
projects, engineer specifications, and conduct construction monitoring for Marin RCD. The Bay
Institute’s Students And Teachers Restoring A Watershed (STRAW) educates hundreds of
students about agricultural viability and watershed ecology while installing thousands of native
plants each year (Figure 2). STRAW monitors the survival and establishment of their plantings.
Point Reyes Bird Observatory (PRBO) assesses bird populations at stream restoration sites over
time and shares their results with participating landowners. The University of California
Cooperative Extension (UCCE) conducts monitoring research while providing publications and
workshops. These groups collaborate to offer resources to local agriculture along with other
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government and private organizations such as the Marin County Agricultural Commissioner,
Marin Agricultural Land Trust and Farm Bureau.

Figure 2: A gully site pre-project (left) and the STRAW revegetation day implementing critical area
planting practice (right) following spring development and grade stabilization structures. Control fencing
was constructed after the planting was completed.

Water quality monitoring of Marin County streams has been conducted by numerous agencies
and groups over the years including California Department of Fish and Game, Regional Water
Quality Control Board (RWQCB) and others. The Sonoma-Marin Farm Bureau’s Animal
Resource Management Committee provides a water quality monitoring service for dairy
operations assessing nutrients. Currently, the Tomales Bay Watershed Council conducts longterm monitoring for pathogens in streams flowing to Tomales Bay (TBWC 2003). NRCS,
UCCE, Marin RCD and Southern Sonoma County RCD collaborated to monitor nutrient and
sediment concentrations during storms from 2004-2006 for evaluating the effectiveness of
conservation practices on water quality in the Stemple Creek Watershed (USDA 2005). The
large-spatial and temporal variations in water quality dictate such monitoring be conducted
intensively and systematically across numerous sites.
Since water quality and fisheries of the Tomales Bay Watershed are being evaluated by other
organizations, the RCD monitoring program focuses on the effectiveness of projects at the site or
ranch scale. Such effectiveness monitoring of beneficial or Best Management Practices (BMP) is
the type of evaluation required by the RWQCB’s Conditional Grazing Waiver for Tomales Bay
(SFBRWQCB 2009), provides feedback to improve practices, identifies the need for future
projects, and offers education opportunities. Though the RCD does not regularly monitor water
quality, exceptions have been made to measure the quantity of flow from spring developments or
for other project-specific reasons and hydrology professionals will continue to be consulted.
Given the large amount of scientific research documenting how vegetation affects storm water
runoff, this RZMP details how vegetation will be monitored at a project site to document
expected water quality improvements for sediment, nutrient and pathogen pollutants.

Permit Coordination & Conservation Practices
The Marin RCD steadily works with private landowners to implement conservation projects has
been shown by their steady and consistent participation. A growing number of landowners in the
coastal watersheds of Marin County are interested in restoring streams or enhancing other natural
resources on their property (Prunuske et al. 1994, PCI 2001, MRCD 2004). However, the
regulatory review processes that were intended to protect natural resources has acted as a
disincentive to voluntary efforts reducing nonpoint source pollution and enhancing habitat. As a
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result, the Marin RCD created the Marin Coastal Watershed Permit Coordination Program (PCP)
(MRCD 2004), conducted a five year review (MRCD 2009), and is currently updating the PCP
(PCI 2010).
The Permit Coordination Program (PCP) provides the catalyst for high quality erosion control
and habitat restoration throughout the Tomales Bay watershed. It is based on a model of
coordinated, multi-agency project oversight and review that ensures the integrity of agency
mandates but makes permitting for stream enhancement accessible to farmers and ranchers.
Through the PCP, Marin RCD and partners work directly with landowners to promote voluntary
actions that will improve water quality and wildlife habitat values in the Stemple, Walker, and
Tomales Bay watersheds (Figure 3).

Figure 3: Map of previous (2004) and proposed (2010) Permit Coordination Program (PCP) area.
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The PCP applies to the conservation practices that require more intensive permit review. The
following 17 conservation practices were modified to fit local conditions for use by Marin RCD
and its partners with detailed specifications available in the PCP (PCI 2010):
1)
2)
3)
4)
5)
6)
7)
8)
9)

Access road,
Animal trail & walkway,
Critical area planting,
Filter strip,
Fish passage,
Stream habitat improvement & mngt.,
Grade stabilization structure,
Grassed waterway,
Lined waterway,

10)
11)
12)
13)
14)
15)
16)
17)

Pipeline,
Sediment basin,
Spring development,
Streambank protection,
Stream channel stabilization,
Structure for water control,
Underground outlet,
Water & sediment control basin,

Multiple practices are often combined at a single project site. For example, a riparian
revegetation project may include critical area planting, stream bank protection and stream
channel stabilization practices. Three additional practices are commonly used:
18)
19)
20)

Fencing, http://efotg.nrcs.usda.gov/references/public/CA/382std-04-07.pdf
Watering facility, http://efotg.nrcs.usda.gov/references/public/CA/614std-09-07.pdf
Prescribed grazing, http://efotg.nrcs.usda.gov/references/public/CA/528std-6-08.pdf

NRCS technical standards, specifications, and operations/ maintenance documents for these and
other conservation practices are available from the office in Petaluma and on the internet
(http://efotg.nrcs.usda.gov/efotg_locator.aspx?map=CA). To download the information, use the map to
select the county, wait for a few seconds, go to Section IV-B of the electronic Field Office
Technical Guide, and choose the practice desired (USDA 2010a).

Monitoring Types & Project Objectives
The monitoring conducted for each project depends on the specific objectives and expected
changes at the site; however, certain types of monitoring are done at all project sites. Numerous
documents describe methodologies and three types of post-project monitoring are common
(Lewis et al. 2009, Roni 2005). The common project objectives used by Marin RCD are
described below to facilitate a systematic planning process for how to monitor each project site.
Project Planning is the start of the monitoring process in order to have the resources and time
available to collect data before the project is installed. During planning, documentation of
current site conditions occurs to support project selection, objectives, design, and funding. The
most important step in monitoring conservation project is to document objectives on a site-bysite basis. This guides the attributes monitored for quantitative effectiveness purposes, and needs
to begin prior to project implementation. For example, project objectives may include the
success of plantings, aquatic habitat condition, native tree cover, and all three are often
combined. Refer to the PCP for detailed information about the planning process (PCI 2010).
The first post-project monitoring type is Implementation Monitoring to confirm what was done,
where is it located, did it live, and is the landowner satisfied? Marin RCD’s Construction
Monitoring coordinates design engineers with field inspectors to facilitate proper project
implementation and address contractors’ concerns or questions immediately (MRCD 2009, PCI
2010). This ensures that the project was installed according to the approved designs, plans,
permits and landowner agreements. Common implementation monitoring objectives include:
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1)

Completed practices location – Document the extent and location of practices at each site.

2)

Satisfy landowner concern – The landowner’s reasons to implement the project are satisfied.

3)

Revegetation survival – Survivorship of planted vegetation meets the target for the
project site or replanting is done.

Second is Effectiveness Monitoring, which assesses changes in site conditions over time to
document outcomes resulting from the implemented project. Did attributes or components at the
project site change in magnitude as expected over the appropriate time frame? The qualitative
methods provide a broad assessment of project site conditions, but the data is less comparable
following 10 to 20 years (Kocher and Harris 2005). Qualitative monitoring is able to rapidly
identify a range of concerns at each project site that might not be detected by a more narrowly
focused quantitative approach (Kocher and Harris 2005). Qualitative monitoring uses
photographs, interviews, counts, and effectiveness ratings (excellent, good, fair, poor, or fail) at
the majority of project sites. For example, the Project Assessment Checklist combines
implementation and effectiveness evaluations in a two-page form (Appendix B). The most
common qualitative tool is photo-point monitoring (Figures 1 and 2). Survivorship monitoring is
considered semi-quantitative (Harris et al. 2005b) and is organized with the qualitative protocols
in Appendix B.
Qualitative and quantitative monitoring attributes each have their purpose and compliment each
other in Marin RCD’s monitoring program. Quantitative monitoring approaches often use
transects with a tape measure, hip chain, or other means to systematically assess change in
project site characteristics (Figure 4). It provides objective data that is less subject to varying
interpretations of project outcomes, but more time is necessary to survey transects repeatedly.
Quantitative approaches include estimates of sediment saved at 100% of relevant projects and
formal transects on a subset of project sites (25%) often include canopy cover or streambank
stability over 10-20 years. They are surveyed before and after project implementation to
document a trajectory for when targets are reached. Quantitative methods are also used to
calibrate qualitative approaches by statistically correlating the two and comparing the change
over time with trend and trajectory analysis.
Common effectiveness monitoring objectives include:
1)

Benefit ranch/farm viability and/or productivity:
a. Improve/preserve farm field productivity – The production from pasture, agricultural
field, or ranch/farm system is improved or maintained.
b. Improve livestock management – The moving/handling or welfare/health of livestock
is improved or maintained.
c. Conserve on-farm water use – Less water is used in farm/ranch operations.

2)

Reduce/prevent sediment erosion/ delivery – Soil/fine sediment is stabilized and erosion
is controlled as indicated by reducing sediment loads and increasing streambank
stability/ground cover. Mercury pollution control is linked to erosion control of
Walker Creek floodplain sediments, and effectiveness monitoring is the same for both
objectives.
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3)

Reduce/prevent pathogen or nutrient delivery – Sources of nutrients or pathogens are
prevented from entering the stream as indicated by increasing ground cover and
Residual Dry Matter (RDM) at a site.

4)

Improve/preserve riparian habitat – Increase or protect native woody or herbaceous
vegetation cover and diversity along the stream while controlling or reducing invasive
exotic plant species.

5)

Improve/preserve aquatic habitat – The habitat available for aquatic species in the stream
(fish, amphibians, invertebrates) is improved or protected as indicated by increasing
pool depth, stream shade, woody debris, upstream access, etc.

Figure 4: Quantitative monitoring along transects for vegetation and bank/channel stability cover using
tape measure (left), aquatic habitat survey using hip chain, (middle), and cross-section channel dimensions
stadia rod/line level/tape measure (right).

The third post-project monitoring type is Validation Monitoring to confirm the cause and effect
relationship between the project and biotic (fish or wildlife) or physical (water quantity or
quality) response. For example, this includes the change in habitat use, presence, or abundance of
migratory songbirds or salmon and steelhead trout at the project site. These attributes are often
controlled by landscape-scale factors such as upstream land use or the proximity of desired
wildlife to the project site. Validation monitoring is coordinated with effectiveness efforts at the
same project sites and needs to occur over a sufficient period of time for wildlife use or water
quality to change as a result of the conservation practices. Did wildlife (e.g. birds), fish, or water
(e.g. temperature) respond to the changes in physical or biological attributes brought about by
the project? Common Marin RCD validation monitoring objectives include:
1)

Increase/ preserve terrestrial wildlife abundance/ diversity – The habitat use by
terrestrial wildlife, such as native birds, is greater or preserved as a result of the
project(s) indicated by population abundance or diversity.

2)

Increase/ preserve aquatic species abundance/ diversity – The habitat use by native
aquatic fauna (fish, amphibians, invertebrates) is greater or preserved as a result of
the project(s) indicated by population abundance, presence or diversity.

3)

Improve/ preserve water quantity/ quality – The amount or condition of water such as
storm runoff, waste water, spring development, or stream flow is improved or
preserved as a result of the project(s).
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Similar across all monitoring types is an opportunity to identify and address threats to project
success at the site into the future. In addition, some objectives pertain to all practices while
others are specific to certain practices (Table 1).
Table 1: NRCS conservation practices most commonly used by Marin RCD matched with potential
project objectives (shaded). Other objectives may be added.
Project Objective

Conservation Practice
(NRCS code)

Completed
practices
location

Landowner
concern
satisfied

Implementation
Access road (560)
Animal trail/ walkway (575)
Critical area planting (342)
Fencing (382)
Filter strip (393)
Fish passage (396)
Stream habitat improvement/ mngt. (395)
Grade stabilization structure (410)
Grassed waterway (412)
Lined waterway/ outlet (468)
Pipeline (516)
Prescribed Grazing (528)
Sediment basin (350)
Spring development (574)
Stream channel stabilization (584)
Streambank protection (580)
Structure for water control (587)
Underground outlet (620)
Water & sediment control basin (638)
Watering facility (614)

Reveg.
survival

Reduce/
Reduce/
Benefit/
Improve/ Improve/
prevent
prevent
sustain farm
preserve preserve
sediment pathogen or
viability/
riparian
aquatic
erosion/
nutrient
productivity
habitat
habitat
delivery
delivery
Effectiveness

Increase/
Increase/
preserve
preserve
terrestrial
aquatic
wildlife
species
abundance/ abundance/
diversity
diversity
Validation

Improve/
preserve
water
quantity/
quality
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MONITORING COMPONENTS & STRUCTURE
This section provides specific detail on how riparian enhancement project sites and associated
conservation practices are monitored by Marin RCD and its partners using existing scientific
protocols. Information is gathered from participating individuals and landowners to ascertain
how projects positively or negatively impacted ranch operations and viability. The timing of
monitoring visits, coordination, data management, reporting, and required resources are also
covered in this section.

Monitoring Attributes, Targets & Protocols
The attributes monitored depend on the specific objectives at each site. As a result, monitoring
begins during project planning before implementation by organizing project objectives,
prioritizing their importance, and estimating the time expected to reach target values. The target
values included represent biologically significant thresholds based on the scientific literature that
indicate the improved habitat conditions will benefit fish, wildlife, water quality, or all three. The
targets should be reviewed with the PCP in five years to assess their importance and
achievability. The targets are not mandatory programmatic goals and offer working expectations,
or hypotheses, for RCD partners to discuss further. Implementation and effectiveness monitoring
are the focus for RCD staff with specific forms provided in the appendices. Validation
monitoring is being conducted by RCD partners.
Project Planning
Pre-project site evaluations provide information for objectives, project selection, budget
estimates and permit needs. A few organizational steps begin before conservation projects are
implemented that guide and facilitate the post-project monitoring for each site. The Permit
Coordination Program (PCP) describes this process in detail (PCI 2010).
An easy and fast tool to help landowners prioritize project sites within a ranch is available for
ranches in west Marin. The Ranch Water Quality Plan Template (SFWQCB 2009) was the
product of collaboration among multiple agencies (California Cattelmen’s Association, Marin
Farm Bureau, Western United Dairymen, Marin RCD, NRCS, MALT, RWQCB, Point Reyes
National Seashore and Marin Organic) to comply with Conditional Grazing Waiver regulations
related to the Tomales Bay Total Maximum Daily Load (TMDL). The Ranch Plan Template
provides pasture and stream checklists to identify areas on the ranch to work on and potential
conservation practices needed, which helps to secure funding for fixing historic and legacy sites.
The better a landowner is able to describe their needs and ranch plans the better their chances
when competing for limited financial resources from NRCS, RCD, or other groups.
The first and most important step in project monitoring is to document objectives on a site-bysite basis once the project has been approved by the RCD Board of Directors. The commonly
used objectives listed in Table 1 offer a guide to completing the Project Objectives form in
Appendix A, but site-specific potential and limiting factors need to be considered. Project
objectives may include the success of plantings (implementation monitoring), the attainment of
certain habitat conditions (effectiveness monitoring), or both, and data collection at the project
site is conducted accordingly. Note the priority of each compared to the other objectives selected.
Also, estimate the target value if applicable and how long (# of years) until each target is
expected to be achieved using the professional judgment of RCD partners and restoration
trajectory research such as Lennox et al. (2011). Try to keep the targets both realistic and
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meaningful with periodic evaluations during PCP and programmatic reviews. Keep in mind
validation monitoring objectives require significantly greater expertise and resources.
The Monitoring Plan Checklist form is an organizational guide that begins once the project
objectives are set (Appendix A). Potential monitoring forms are listed based on when each is
used in the project timeline – pre-project, post-project for grant reports, and long-term
quantitative protocols (Table 2). The frequency that each protocol is used, a summary of each,
and space for noting when monitoring was done are included on the Checklist.
Table 2: Monitoring forms listed according to common project objective to facilitate developing the
monitoring plan for each project site. The phase in the project timeline when to use each form and the
goal for percent of project sites are included.
Project Objective

Monitoring Form/ Protocol (with location)

Completed
practices
location

Landowner
concern
satisfied

Reduce/
Benefit/ sustain prevent
Reveg.
farm viability/ sediment
survival
erosion/
productivity
delivery

Implementation

Reduce/
prevent
pathogen or
nutrient
delivery

Effectiveness

Improve/
preserve
riparian
habitat

Improve/
preserve
aquatic
habitat

Increase/
Increase/
preserve
preserve
terrestrial
aquatic species
wildlife
abundance/
abundance/
diversity
diversity

Improve/
preserve
water
quantity/
quality

Percent
of
Project
Sites

Validation

Pre-project:
Objectives/ Targets (Appx. A)

100%

Monitoring Plan Checklist (Appx. A)

100%

Post-project completed for grant reports (2-3 years):
Map/ Site Sketch (Appx. A)

100%

Revegetation Data (Appx. A)

100%

Project Assessment Checklist (Appx. B)

100%

Landowner Questionnaire (Appx. B)

100%

Revegetation Survival (Appx. B)

100%

Pre-project, post-project, for grant reports & repeated over time as funding allows:
Photo-points (Appx. A)

100%

Sediment Load Estimates (Appx. C)

100%

Streambank Stability Line Intercept Transect (Appx. C)

25%

Riparian Line Intercept Transect (Appx. C)

25%

Aquatic Habitat (Appx. C)

25%

Stream Shade (Appx. C)

25%

Tag Lines (Weaver et al. 2005 - p. 40)

25%

Bird Populations (Ralph et al. 1993, 1995)

25%

As needed for certain projects (pre-project, post-project, & repeated):
Channel Dimensions: cross-sections, long. profile (Appx. C)

5%

Maintenance & Event (Weaver et al. 2005 - p. 79)

5%

Water Quantity/ Quality (SWRCB 2001, MacDonald et al. 1991)

5%

Fish Passage (Collins 2009, Stockard and Harris 2005)

5%

Fish Populations (Duffy 2005, Dolloff et al. 1993)

5%

Freshwater Shrimp (Fong and Vandenberg 1998)

5%

Red-legged Frog (USFWS 2005, 2002)

5%

As the saying goes, pictures are “worth a thousand words” and are particularly valuable when
sharing project results with the public or other landowners. Use the Photo-Point Monitoring form
to help standardize the process (Appendix A). It is important to locate photo-points so that they
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capture a representative area of the field or a limiting factor at the site such as an eroding
streambank. The photo-point location must allow for repeated unobstructed photos once trees
become tall similar to Figure 1 and place points on the project map or site sketch. Detailed notes
on the precise location and direction of photo points are written on the Photo-Point Monitoring
form (Appendix B). The first photos are taken prior to installation of practices before grading is
conducted, during installation (Figure 2) and post-project as explained by Gerstein and Kocher
(2005). These are shared with landowners so they can be incorporated into ranch plans. For
further information, refer to McDougald et al. (2003), Ward et al. (2003a), Herrick et al. (2005a),
and Wildland Solutions (2008).
Collecting information regarding project design, layout and location on a Site Map (Figure 5) is
important to organize and guide monitoring at the project site. Site maps facilitate
communication between RCD partners for project planning, implementation and pre-project
baseline quantitative effectiveness monitoring. Monitoring sub-sections within the site are
delineated for collecting and managing quantitative effectiveness data. They are based on
channel and streambank stability, existing vegetation, or conservation practices implemented
such as bank stabilization and revegetation zones similar to Figure 5.

Figure 5: Example of a riparian revegetation project site with sub-sections, transects and photo-points
overlayed on site map. The polygons delineate the four separate sections of the site monitored
individually over time based on the planting design and site conditions. Quantitative monitoring includes
Streambank Stability Line Intercept Transects (red lines), Aquatic Habitat Transect (blue line), and
Riparian Line Intercept Transects (green lines). Photo-points are marked with camera icons.
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The data from each sub-section is tracked individually over time for sediment load estimates,
bank stability, vegetation and aquatic habitat changes. The boundaries between each subsection
are marked in the field with T-posts or other permanent identifying feature depending on
landowner preferences and the area of each section is measured in acres. The site map may be
from various sources with appropriate detail for each conservation practice planned including
Site Sketch form (Appendix A), GIS, Google, AutoDesk, or other mapping software. Large sites
or complex projects may have both site maps and an AutoCAD as-built (Figure 6).

Figure 6: An example of a pre-project as-built for grade stabilization practice at the site in Figure 2
depicting two grade stabilization structures in a plan view (top) and profile view (bottom). Image courtesy
of Prunuske Chatham, Inc.

Implementation Monitoring
Marin RCD’s implementation monitoring includes the location, extent, concerns, and
maintenance needs of each practice for every project site. Project success often depends on
adaptively responding to unforeseen circumstances at the site. Similar to the construction
monitoring process that provides quality control during installation, adapting and responding to
maintenance needs is the primary purpose of Marin RCD’s implementation monitoring.
Landowner feedback and participation is critical to finding and solving potential problems Table
2 summarizes the attributes, targets and protocols for each implementation project objective. The
timeline to complete these tasks does not include pre-project data and generally ends about three
years after project completion so the results may be included in final project reports.
After the project is implemented, update or redo the site map or sketch with accurate locations or
changes in extent of practices such as revegetation zones, fences, structures, water troughs, etc.
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Repeat photo-points immediately after construction and be sure the location is accurate on the
site map. Also, collect project statistics including the total distance of stream treated with
conservation practices, distance fenced, size area of each section within the site, etc. The
Revegetation Data form summarizes distance of stream planted, number of each species planted,
distance of biotechnical repairs, area of invasive plants removed, and student/ volunteer
participation (Appendix B). These steps set the foundation to conduct the more intensive project
monitoring components because qualitative and quantitative effectiveness monitoring depends
on the documentation of project location, as explained in Gerstein et al. (2005a) and Collins
(2009).
Table 2: Implementation monitoring attributes (with target value) and protocols organized by project
objective.

Project
Objective

Completed Practices Location

Landowner Concern

Revegetation
Survival

Measured
Attribute
(Target)

extent of each practice, as-built
changes, delineate reveg. zones,
# of each species planted/ area
seeded, etc. (95%)

landowner satisfied
(80%), problems fixed
(90%)

survivorship
(80%),
establishment
(40%)

Form/
Protocol

Site Map/ Sketch, Photo-points,
Reveg. Data, Project Assessment
Checklist

Landowner
Questionnaire, Project
Assessment Checklist,
Maintenance/Event

Revegetation
Survival

The Project Assessment Checklist (PAC) offers an important tool
to systematically assess implementation, maintenance and
landowner needs at the site following project installation
(Appendix B). It is adapted from an existing Marin RCD checklist
with questions to identify responsibility for adaptive management
needs at the site and includes both implementation and
effectiveness monitoring types. This qualitative assessment
evaluates repair needs for fences, structures, water troughs,
pipelines springs, crossings, roads, plantings, streambanks,
livestock grazing, etc. during the critical three years after installation. As a result, RCD
monitoring is designed to find potential problems and fix them before they undermine project
success instead of documenting implementation mistakes.
The Landowner Questionnaire assesses landowner or land manager opinion regarding project
success and how this perception may change over time (Appendix B). The intent is to assess
landowner satisfaction, ranch viability/ productivity, landowner confusion during planning/
implementation, and unintended side effects from the conservation project in order to reduce
potential miscommunication and future problems. The questionnaire is completed for most
Marin RCD projects less than three years after installation for summary in grant reports,
depending on landowner availability. The answers are quantified in a trend detection approach
using a 1 – 5 rating system (Dillman 2000). The questionnaire is designed to guide a personal
interview with each landowner in a systematic process.

Riparian Zone Monitoring Plan 2010

20

Survival of planted trees, shrubs and herbaceous plugs is monitored to
ensure adequate establishment and growth at revegetation projects.
The Revegetation Survival form (Appendix B) was the result of a
collaborative effort between the STRAW program and Prunuske
Chatham, Inc. This protocol quantifies survival and establishment in a
direct count census approach based on the vigor status (systemic stress
vs. healthy new growth) and height (more or less than three feet tall)
of each individual plant (Harris et al. 2005). Project sites are
subdivided into revegetation zones based on conservation practices,
left/right streambank, bioengineering structure or other project design
component. This permits collection of survival data using the site
sketch or other map. These revegetation zones, or subsections, allow
for incorporation of these factors into data analysis, allowing greater
accuracy of data collection and correlation with Line Intercept
Transect data. At each site, browse pressure, causes of mortality
(gopher, mowed, mis-planted, buried, erosion, livestock, irrigation,
rodent, etc.) and weed populations are characterized. Invasive weed populations encountered will
be reported to RCD staff and the landowner. Survival data is collected annually for three years
and replanting is usually done if the survival rate is less than 80%.
The Maintenance & Event Monitoring form is designed to document actions taken to fix eroded
and eroding soil, fill or sedimentation usually related to roads or stream crossings (Weaver et al.
2005, p. 79). This form provides a means to record the volume of soil that moved in cubic yards,
the location, and when it occurred. Though often obvious at the time erosion occurred, add the
eroded volume to Sediment Load Estimates for quantitative effectiveness monitoring instead of
relying on personal memory. In addition to reducing sediment delivery in a watershed, it is often
expected that conservation practices will reduce maintenance needs for landowners. Therefore,
one important measure of project success is the frequency at which maintenance activities occur
before and after restoration. Typical events monitored include frequency of culvert plugging and
occurrence of drainage facility-related erosion. (Weaver et al. 2005)
For further information regarding implementation monitoring, refer to Collins (2009) for updated
forms and protocols from the California Department of Fish and Game’s (CDFG) Coastal
Monitoring and Evaluation Program. CDFG collaborated with the University of California
Berkeley Center for Forestry to provide protocols and guidance regarding Photo Description
(Gerstein and Kocher 2005), Project Site Sketch, Site Access/ Location, Project Site Navigation,
and (Gerstein et al. 2005) and the pertinent tools have been integrated with this plan where
relevant to the RCD. Specific implementation monitoring protocols tailored to certain types of
restoration projects (Kocher and Harris 2005) may be referred to in the future for evaluating
certain RCD practices such as stream crossings, instream habitat, and fish passage from Collins
(2009). Not all the implementation monitoring methods used by CDFG pertain to the RCD
restoration program.
Effectiveness Monitoring
RCD effectiveness monitoring includes both qualitative and quantitative approaches to balance
intensive measurement of specific attributes with a broad overview of each project over time.
Thus, a subset (10-25%) of projects are evaluated using the quantitative protocols and the
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attributes selected for monitoring depend on site objectives (Table 3) with realistic targets that
indicate water quality (Lewis et al. 2011, 2010, Singer et al. 1982) and habitat improvements
(Lennox et al. 2011, Gardali et al. 2006). Before revisiting project sites for field data collection,
review the project objectives, site map, and previously collected data.
The objectives that benefit ranch/ farm viability (pasture productivity, livestock management,
water use, etc.) are primarily assessed by completing the Landowner Questionnaire (Appendix
B). It may be used in situations where there is a concern that the project may unintentionally
reduce pasture productivity or complicate livestock management. The Questionnaire can be
completed at the end of grant funding and potentially every five or ten years to monitor the longterm affects of projects over multiple decades. Landowner needs often change over time so the
Questionnaire and Project Assessment Checklist offer RCD staff tools to document those
changes, along with impacts to ranch productivity or management, such as broken fences and
invasive weed populations.
Table 3: Effectiveness monitoring attributes (with target value) and protocols organized by project
objective.

Project
Objective

Benefit ranch
viability/
productivity

Reduce/ prevent
sediment delivery/
erosion

Reduce/
prevent
pathogen
or nutrient
delivery

Improve/
preserve riparian
habitat

Improve/ preserve
aquatic habitat

Measured
Attribute
(Target)

landowner
observations,
electric/ vet./
water bill,
RDM

Eff. ratings (80%),
RDM (1000 lb/ac),
eff. rating (80%),
groundcover (90%),
bank stability (75%)

RDM (1000
lb/ac),
groundcover
(90%)

Eff. rating (80%),
Cover of native
tree (60%) shrub
(30%) inv. exotic
weeds (<30%),
& species #

shelter rating (80),
shade (90%), LWD
(2/100ft), max. pool
depth (1m), bankfull
W:D (<3:1)

Form/
Protocol

Landowner
Questionnaire,
Project
Assessment
Checklist,
Sediment Load
Estimates

Project Assessment
Checklist, Sediment
Load Estimates,
Streambank Stability
Line Intercept, Crosssections

Project
Assessment
Checklist,
Streambank/
Riparian
Line
Intercept

Project
Assessment
Checklist,
Streambank/
Riparian Line
Intercept

Project Assessment
Checklist, Aquatic
Habitat, Stream Shade,
Tag Lines, Resurvey
Site

The Project Assessment Checklist (PAC) offers a qualitative monitoring tool to rapidly assess
natural resource conditions for rating practice effectiveness and project success (Appendix B). In
addition, the PAC incorporates current science-based approaches to visually estimate residual
dry matter (RDM) (Wildland Solutions 2008), riparian vegetation (Ward et al. 2003a, Ward et
al. 2003b, USDA 1998), stability (Ward et al. 2003a, Ward et al. 2003b, USDA 1998), invasive
plants (NPS 2010, Cal-IPC 2006, Rew et al. 2006), and instream habitat (Collins 2009, Flosi et
al. 1998) including fish passage (NOAA 2001). The qualitative effectiveness ratings in the
Checklist have been field tested by CDFG’s Coastal Monitoring and Evaluation Program
(Collins 2009, Harris et al. 2005a, Kocher and Harris 2005). The visual estimation of RDM
requires calibration from local rangeland professionals with experience weighing biomass from
the coastal prairie and annual rangelands of Marin County. For setting objectives or interpreting
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RDM data, refer to Bartolome et al. (2006) and Guenther (2007). Invasive plant monitoring
collaborates with the Bay Area Early Detection Rapid Response (EDRR) program and MarinSonoma Weed Management Area (WMA) to prioritize species for removal and control on
private land given the succession of problem species over time (Figure 7, Lennox et al. 2010).
The accompanying Project Assessment Checklist Guide provides definitions for the categorical
effectiveness ratings and site condition assessments (Appendix B).

Figure 7: Milk thistle within the fenced area around a gully one year after grade stabilization/tree planting
(left), and Himalaya blackberry under willow 30 years after control fencing along a stream (right).

The timeline to complete quantitative monitoring tasks begins before project installation and
ideally includes three site visits for data collection (pre-project baseline, year 1, year 2 or 3)
before final project reports are completed. However, at a minimum, two site visits are needed at
a site receiving quantitative monitoring (one pre-project and one post-project) before project
reports are completed. Quantitative monitoring will continue with site visits every 3-5 years for
about 20 years or until the objectives are achieved, depending on landowner permission. Data is
collected and organized based on the subsections zones delineated on the site map or sketch. The
qualitative monitoring protocols are not completed as often – years 1 and 2 or 3, in general.
Reduction in fine sediment erosion and delivery is a common, high priority objective for Marin
RCD conservation projects. Sediment Load Estimates (Appendix C) are used to quantify
streambank and gully erosion by quantifying the volume of potential erosion at the project site
based on Lewis et al. (2000, 2001). Similar methods were used by Weaver et al. (2005) and
Klein (2003). The deliverable fine sediment saved by each project is the sum of each section
within the site and calculated by subtracting the post-project value from the pre-project results.
Unstable streambanks and channels are generally identified by the following morphological
features (Overton et al. 1997, Rosgen 2001, Gerstein and Harris 2005):
1. breakdown if clumps of bank are broken away and banks are unvegetated,
2. slumping if banks have slipped down recently,
3. tension cracks or fracture if a crack is visible on the bank, or
4. vertical and eroding if the bank is mostly uncovered, in other words, less than 50 percent
covered by perennial vegetation, roots, rocks of cobble size or larger, or logs of 0.1 meter
in diameter or larger, and the bank angle is steeper than 80 degrees from the horizontal.
Streambanks with an angle >80 degrees from horizontal are generally considered unstable, 45-80
degrees may be at risk of instability and banks that are at an angle of less than 45 degrees (1:1)
are stable. However, in some geologic settings of Marin County, vertical and unvegetated
streambanks may be stable for decades and headcuts may be armored where impervious bedrock
material is available (Figure 8). Undercut banks are considered stable unless tension fractures
show on the ground surface at the back of the undercut (Weaver et al. 2005, Klein 2003).
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Figure 8: Typical streambank erosion (top left), a similarly barren but more stable streambank (top right),
combined gully and bank erosion before project (bottom left), and after grade control structures and
planting is completed (bottom right).

For estimating sheet and rill erosion, models have evolved since the 1940s (Spaeth et al. 2003).
For grazed watersheds, the Rangeland Hydrology and Erosion Model (RHEM) is available on
the internet at http://apps.tucson.ars.ag.gov/rhem/ (Wei et al. 2009) and the Sediment Load
Estimates form provides a guide to field data collection (Appendix C). Though most sediment
controlled is from streambank or gully erosion types, conservation projects that increase
vegetation cover often reduce rates of sheet and rill erosion. The RHEM is used pre-project and
about two or three years post-project for streambanks and gullies to estimate sediment yield and
soil loss. Field data is collected with the Sediment Load Estimates form in Appendix C. It
assumes no concentrated flow using slope lengths less than 50 meters and is based on canopy,
basal and litter cover as well as slope, precipitation and soil texture factors. Internet based access
to soil information is available from NRCS (http://websoilsurvey.nrcs.usda.gov/app/) and UC
Davis (http://casoilresource.lawr.ucdavis.edu/drupal/node/902). RHEM does not quantify the
filtering capacity of overland flow entering riparian buffers and this will be investigated further.
Previous models were intended for prioritizing and
selecting future projects, such as the Universal Soil Loss
Equation (USLE), or based on row crop data, such as
Revised USLE (RUSLE), and have been found to over and
under estimate actual erosion rates on rangeland,
respectively (Spaeth et al. 2003, Tiwari et al. 2000). For
large-scale basin and watershed models, the Automated
Geospatial Watershed Assessment
(http://www.tucson.ars.ag.gov/agwa/) is available
(Goodrich et al. 2006).
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Quantitative effectiveness assessment of riparian habitat at
streambank and gully erosion control projects use the
Streambank Stability Line Intercept Transect (Appendix C)
at the toe of the bank near bankfull, following Gerstein and
Harris (2005). This protocol also collects ground cover and
plant diversity data along each transect, with the cover of
each species grouped in three height classes (0-3, 3-15, 15+
feet). Monitoring stability and riparian vegetation in one
transect located at the most sensitive location along the
stream (i.e. bankfull) offers an efficient tool to assess site change over time, similar to the
“greenline” (Winward 2000, Gerstein and Harris 2005, Herrick et al. 2005b). This protocol is
used for most riparian improvement practices, including control fencing of the riparian corridor,
planting of woody species, and other practices intending to reduce erosion or increase the
filtering potential of riparian areas (Pearce et al. 1998). Examples include modifying upland
management, groundcover and stability improvement and providing alternative water sources for
livestock, with or without riparian fencing (Prunuske et al. 1994, George et al. 2007).
Cross-section analysis occurs on a subset of quantitative
monitoring sites where gully erosion and stream bed
down-cutting may occur and jeopardize project success
or sedimentation may cause erosion or localized flooding
(Gerstein and Harris 2005, Harrelson et al. 1994). The
Channel Dimensions form is in Appendix C (Gerstein
and Harris 2005) or the Tag Lines form is used at gullies
(Weaver et al. 2005, p. 40). Resurveying and mapping the entire site with post-project contour
lines will be investigated further to estimate total eroded soil similar to displacement surveys
described by Weaver et al. (2005).
Pathogen and nutrient fate and delivery complex to document at the watershed scale. However,
numerous research studies have documented significant reductions in nutrient concentrations,
pathogen indicators, and specific pathogenic organisms resulting from greater amounts of
herbaceous vegetation (e.g. negative correlations) at the site and ranch scale. Thus, groundcover
and residual dry matter (RDM) changes at the project site indicate reductions in pathogen and
nutrient delivery. Recent studies in Marin County have found decreased pathogens in runoff as
groundcover increased, including fecal coliform (Lewis et al. 2011, Lewis et al. 2010, Lennox et
al. 2007), Giardia (Miller et al. 2007) and Cryptosporidium (Miller et al. 2008). Similarly,
increasing RDM reduced E. coli in an intensive field study of vegetated buffers in the Sierra
Nevada foothills (Tate et al. 2006) and reduced C. parvum in a controlled study (Tate et al.
2004). Concentrations of phosphorus and nitrogen, in runoff are reduced with more vegetation to
uptake excess nutrients or filter through the soil until the build up of litter and decadent plant
material may release nutrients (Dosskey et al 2007). Plus, restored floodplains have been
documented to function as nitrate sinks (Sheibley et al. 2006) and the greater extent of riparian
vegetation has correlated to less nutrients in runoff (Houlahan and Findlay 2004). Overall,
pathogen and nutrient delivery to streams decreases and the filtering capacity of the stream
increases as groundcover along the stream increases. Groundcover is assessed using the
Streambank Stability and/or Riparian Line Intercept Transects with an adapted gap intercept
approach to quantify the amount of bare ground along the transect over time (Herrick et al.
2005b.
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Riparian habitat improvement objectives commonly involve
increasing the abundance and diversity of native woody
vegetation along streams at historically grazed project sites in
Marin County. Harris et al. (2005) consolidated existing
protocols into an efficient method to assess plant species
cover over time since project installation at California riparian
restoration sites using the Riparian Line Intercept Transect
(Appendix C). This method is used for any practice intended
to improve or protect riparian vegetation, such as exclusionary fencing and other indirect passive
approaches, in addition to direct planting. The vegetation data collected is the same as the
Streambank Stability Line Intercept Transect, with species cover organized by three height
classes (0-3, 3-15, 15+ feet). Transects are placed where riparian vegetation is expected to
change as a result of the project. A typical revegetation project site may have two Riparian Line
Intercept Transects on each bank parallel to the stream with one below the top-of-bank (i.e.
hydrologic floodplain) and one on the upper bank (i.e. topographic floodplain), in addition to the
Streambank Stability Transect at bankfull (Figure 9). If the distance between transects is less
than 20 feet, one Riparian Transect on the upper bank is sufficient. For projects without an
objective to change or preserve upper bank vegetation, a Riparian Transect is not needed and the
Streambank Stability Transect suffices. The Riparian Transect may also be placed in any location
to survey and monitor isolated revegetation zones or species of interest such as native grass
patches, sedges (Carex spp.), or western dog violet (Viola adunca) which is the larval host plant
for Myrtle’s Silverspot butterfly (NPS 2007). Herbaceous species cover and composition are
assessed in the same transect as the woody species by adapting the gap intercept approach of
Herrick et al. (2005b).

Figure 9: Example cross-section of a small stream showing bankfull channel and riparian floodplains
(FISRWG 1998).

The extent of each transect depends on the revegetation zones and other subsections within each
project site, using the site map or sketch as previously discussed. For each transect surveyed, the
field data is collected and entered in the database according to the subsection zones to allow for
correlation to survival, aquatic habitat, or other data. Plant species identification will follow the
nomenclature in the NRCS PLANTS Database (USDA 2010b), while also utilizing local field
guides and professionals. This method may be integrated with specific case studies or research
projects to investigate the efficacy of weed removal techniques, planted versus colonized plants,
or how individual trees grow over time (Harris et al. 2005).
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Aquatic habitat improvements often target factors that may be
limiting to specific populations in the area, such as water
depth, cover, shade, etc. These objectives often apply to
riparian control fencing practices, which indirectly affect
aquatic habitat by allowing woody vegetation to colonize
passively, in addition to practices directly improving the
stream channel (Lennox et al. 2011). Similar to the previous
discussed methodologies, aquatic habitat data are collected,
recorded and analyzed by subsection zones based on the
project site map. Cover values and shelter ratings (Flosi et al.
1998) are calculated using the Project Assessment Checklist’s qualitative visual estimation
(Appendix B) and the Aquatic Habitat form (Appendix C) quantitative transect of the channel
thalweg, the deepest point in cross-section (Gerstein 2005). The Aquatic Habitat survey also
assesses habitat type (Flosi et al. 1998), residual pool depth (Lisle 1987), stream width and
woody debris (adapted from Gerstein, 2005). The Channel Dimensions form (Appendix C) is
also used for longitudinal profiles to calibrate residual pool depth results from Aquatic Habitat
surveys (Gerstein 2005, Harrelson et al. 1994).
Shade over the stream has been found to reduce stream temperature (Brown 1969). It is
quantified at project sites as canopy density from the thalweg using a Densiometer, following
Flosi et al. (1998) and the Stream Shade form adapted from Harris et al. (2005) (Appendix C).
Shade is measured at a minimum of three locations, stratified within each subsection of a project
site, but not less than 30-50 feet apart. Try to place these on riffles so the same location also
receives an assessment of bankfull channel width-to-depth ratio using the Tag Lines form for
small streams and gullies (Weaver et al. 2005, p. 40) or the Channel Dimensions form for rivers
and permanent cross-sections (Appendix C, Gerstein 2005, Gerstein and Harris 2005). Tag Lines
offer a time-efficient approach by confining measurements to the bankfull channel (Figure 10)
and avoiding permanent markers (Herrick et al. 2005b, Rosgen 1996). Permanent cross-sections
will calibrate the channel width-to-depth ratio results from Tag Line surveys. Three dimensional
surveys to efficiently map the project site will be investigated for future applicability to project
monitoring. For stream substrate monitoring, consult Gerstein et al. (2005b) and Hilton and Lisle
(1993).

Figure 10: Tag Line measuring bankfull channel width and average depth for width:depth ratio.

Fish passage projects are expensive and often need detailed engineering specifications.
Effectiveness monitoring uses both qualitative (Collins 2009, NMFS 2001) and quantitative
(Stockard and Harris 2005) assessments. Fish passage project database and updated monitoring
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protocols are available on the internet at the California Fish Passage Assessment Database
(CDFG 2010).
Control and reference sites have been recommended for confirming that the quantified changes
in site conditions resulted from the conservation project and associated practices implemented.
However, Marin RCD’s monitoring program focuses on systematically collecting pre-project
baseline data. Appropriately comparable control sites have not been located for the sites
monitored to date and monitoring them is an inefficient use of time compared to the usefulness
of pre-project data. The magnitude of change for the site conditions monitored is expected to be
statistically significant without comparisons to other sites (Lewis et al. 2009, Lennox et al.
2011). Thus, Marin RCD’s monitoring program does not utilize control sites for effectiveness
monitoring purposes. Reference sites may be considered for specific purposes in the future.
The focus of this plan is on site, or reach, scale effectiveness monitoring;
however, remote sensing options such as Geographic Information
Systems (GIS) with aerial photography (Wehren et al. 2002) and
infrared imagery can be applied to effectiveness monitoring at the
landscape scale (Roni 2005). Information collected from such a broad
scale can be used to help interpret the variability of data collected at a
finer scale similar to studies by Opperman et al. (2005) and Lennox
(2007). For further information on specific methods, refer to Roni
(2005) and Schilling et al. (2005). Essential to making this possible is
documenting project location with GIS or other mapping software. The
scale of maps produced will be large enough to not identify individual
properties and the accompanying data will remain confidential among
Marin RCD partners.
Residual dry matter (RDM) is assessed for refining grazing plans in pastures with streams,
riparian pastures or for targeted grazing within “riparian exclosures”. This may be done rapidly
using the visual estimation protocol in the Project Assessment Checklist (Wildland Solutions
2008). A more accurate and quantitative alternative uses a “double sampling” approach to
combine the accuracy of directly harvesting biomass with the speed of estimation (USDA 1997
Ch. 4, Herrick et al. 2005b). This double sampling transect may replace the Riparian Line
Intercept Transect’s assessment of groundcover and herbaceous species composition where
grazing will be used for vegetation management. To
document grazing schedules, efficient methods have been
provided for range managers by California NRCS (USDA
2009) and for landowners by UCCE (Ward et al. 2003a). The
NRCS Prescribed Grazing Support Tool assesses pasture
specific management, the timing of livestock use and the
constraints to productivity (water troughs, erosion,
compaction, water quality) using Animal Unit Days (AUD)
for planning rest periods and conservation alternatives.
For further information regarding qualitative effectiveness monitoring, refer to Collins (2009).
The forms and instructions are currently being used to assess projects funded through the CDFG
Fisheries Restoration Grant Program. Specific checklists that apply to RCD riparian
enhancement projects include Revegetation Treatments, Vegetation Control & Removal, Stream
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Crossings, Fish Passage, Instream Habitat & Bank Restoration and Land Use Treatments &
Exclusion Fencing. These forms and instructions are available online (see References section).
Validation Monitoring
Habitat use of restored streams by terrestrial wildlife (birds, deer, rodents, etc.) or aquatic species
(fish, amphibians, etc.) shows how, when, where and/or who is using the project site conditions
previously documented by effectiveness monitoring. Table 4 outlines a few of the many
validation monitoring opportunities. Field data collected is recorded by subsection zones within
the project site as much as possible in order to correlate habitat conditions with the habitat use
data.
Table 4: Validation monitoring attributes and protocols organized by project objective.

Project Objective

Increase/ preserve
terrestrial wildlife
abundance/ diversity

Increase/ preserve
aquatic species
abundance/ diversity

Improve/ preserve
water quantity/
quality

Measured Attribute

species #, species of
interest

Fish/amphibian/shrimp
density, presence,
species #

Spring/ summer stream
temp

Protocol

Area search,
Point-count survey

Snorkel/ visual surveys

Data loggers

Bird use of restored riparian habitat has been documented along the Sacramento River (Gardali
et al. 2006) and in Marin County (Kreitinger and Gardali 2006). PRBO has also led the effort in
validation monitoring of bird diversity and abundance at Marin RCD project sites using area
search and point-count methodologies following the standardized protocols of Ralph et al. (1993,
1995). The timeline for terrestrial habitat use monitoring tasks is the same as the quantitative
effectiveness monitoring components and begins before project implementation, especially if
grading or other earthwork occurs at the site. Validation monitoring of other wildlife species has
also been conducted at the Sacramento River in California (Golet et al. 2008) and will be further
investigated for Marin RCD project sites using an appropriate research design (Morrison et al.
1994).
Fisheries monitoring is an intensive undertaking
spanning over multiple years. Marin RCD
strategically collaborates with its partners who
undertake watershed scale monitoring programs to
validate aquatic habitat use from its conservation
projects. Basin-wide surveys beyond the project site
(Dolloff et al. 1993) are combined with systematic
site-scale data (Duffy 2005) to integrate landscape
connectivity and metapopulations dynamics. Fish
populations are monitored in the majority of Tomales
Bay watersheds at previously restored stream sites by partnering agencies such as:

Walker Creek – CDFG, Marin Municipal Water District (MMWD)

Lagunitas Creek – MMWD, Salmon Protection and Watershed Network (SPAWN)

Olema Creek and other coastal streams – Point Reyes National Seashore (PRNS)
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Marin RCD has led limiting factors investigations, implements fish habitat improvement project
where needed, seeks funding and assists with landowner access for partners to conduct
monitoring. The 30 years of perfecting instream enhancement practices is an example of how
Marin RCD monitoring documented unsuccessful projects (Kelley 1989) and collaborated to
refine restoration techniques which are now showing the intended results of more fish (Ferguson
2005). Project partners monitor fish at stream sites previously restored by Marin RCD.
Conservation projects have evolved to now focus resources on winter habitat for juvenile salmon
because of Marin RCD’s research (Stillwater Sciences 2008). As restored habitats connect and
watershed functions improve, validation monitoring is in place to document overall improvement
in native fish populations resulting from Marin RCD and partners’ conservation practices
(Andrew et al. 2010, MMWD 2010).
California freshwater shrimp (Syncaris pacifica) are
monitored by the Nature Conservancy at a few stream
restoration project sites where populations were known to
already exist such as Stemple Creek. By increasing
streamside vegetation and riparian forests, it is likely that
the shrimp are more abundant (Fong and Vandenberg
1998). It is not known if conservation practices have
increased the range into new habitat such as Walker or
Chileno creeks (Serpa 2010) and this may be investigated
further depending on landowner permission.
Amphibian validation monitoring for frogs (Bulger et al. 2006, USFWS 2005, USFWS 2002)
and newts using a cross-sectional approach to assess aquatic habitat use at previously installed
riparian and upland project sites is considered in conjunction with studies of native fish. The
abundance of stock ponds across the landscape of west Marin County may have contributed to
the continued presence of red-legged frogs in the county; however, the effect of conservation
practices and watershed restoration on amphibian abundance has not been documented. Benthic
macro-invertebrates (BMI) have been used as an indicator to monitor the quality of stream
habitat and as an index for long-term water quality (Barbour et al. 1999). The data analysis for
BMI’s and other aquatic fauna requires dedicated staff resources and a financial commitment.
Plus, controlling for the numerous environmental factors affecting populations, such as stream
substrate, requires a rigorous research design that incorporates a water quality monitoring
component.
Water quality and quantity monitoring is conducted at site, ranch, and watershed scales by Marin
RCD and its partners. Objectives are wide ranging and include conservation practices related to
water development, springs, troughs, tanks, irrigation, ponds, regulations, and increasing stream
flow available. Stream temperature monitoring (Tate et al. 2005a, Tate et al. 2005b, SWRCB
2001, MacDonald et al. 1991) or other water quality assessments concurrently quantify stream
flow (CARCD 2001, Tate 1995a, Tate 1995b). Projects that increase canopy cover and stream
shade reduce solar radiation and most likely stream temperature. Confirming this occurred as a
result of the project is an intensive undertaking that requires financial resources, staff time,
particular skills and equipment over multiple years of monitoring. Plus, the factors that drive
stream temperature and other water quality parameters often operate at a scale that is larger than
the project site. Various upstream conditions may hinder the ability of a monitoring program to
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detect a difference in water quality over time or above and below a particular project site. Thus,
validation monitoring of stream temperature, turbidity, pathogens, and/ or flow at riparian
restoration project sites is assessed in a multidisciplinary approach with partnering organizations.
The Automated Geospatial Watershed Assessment (AGWA) software previously discussed may
be an applicable modeling tool for assessing conservation’s ability to improve water quality in
Tomales Bay watersheds and this will be investigated further.
As riparian buffer connect and watershed functions improve, validation monitoring is being
conducted to document improvement in water quality resulting from Marin RCD’s conservation
practices. Currently, Marin RCD strategically collaborates with its partners to validate water
quality improvements at a watershed scale from its conservation projects such as:

Walker Creek – Tomales Bay Watershed Council (TBWC), MMWD, RWQCB

Lagunitas/ Olema Creeks – TBWC, MMWD, RWQCB, PRNS

Tomales Bay – TBWC, RWQCB, CDFG, Department of Health Services (DHS)
Given the difficulty of documenting changes in validation monitoring parameters resulting from
conservation projects, study designs incorporate some type of control site or measure of annual
variation for the species observed. If an increase in a desired population is measured at the
project site, how do we know it was caused by the project and not the result of annual, climatic
or ocean conditions? One approach utilized by PRBO incorporates results from Audubon’s
Christmas Bird Count to ascertain if the population changed on a large scale independent of the
project site conditions (Gardali et al. 2006). For aquatic species and water quality studies, a
nearby control watershed or subwatershed is utilized.

Monitoring Tasks, Timing & Partner Roles
When to collect monitoring data is standardized in order to
respond to needs at the project site and compare results over time
such as pooling the data from numerous project sites for periodic
programmatic evaluations. As mentioned, implementation
monitoring occurs post-project and generally within three years
after project implementation to summarize results for grant
reports. Late summer and early fall are ideal monitoring seasons
to evaluate groundcover as an indicator for water quality and fix
potential problems before the next winter begins. The Project
Assessment Checklist (PAC) and Landowner Questionnaire may
be repeated to check on particular project sites if the project
effectiveness rating was low (i.e. poor or fail) for any reason
during the initial evaluation and changes were made to fix
problems at the site.
In contrast, pre-project baseline data for quantified effectiveness monitoring and terrestrial
habitat use is collected before the project begins or immediately following the completion of a
practice, such as within a few weeks following the construction of a riparian fence (Table 2 & 5).
This demands coordination during project planning and installation to avoid conflicts with
construction activities and collect field data when the plants are identifiable and intermittent
streams are flowing. Vegetation and bank stability data is collected in late summer or early fall
while aquatic habitat surveys are conducted in early summer when streams are still flowing.
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The monitoring tasks are designed to be completed by the appropriate responsible partnering
organization data collection roles (Table 5). The coordination of partners to monitor project sites
is ultimately the responsibility of Marin RCD. Sharing the workload among partners based upon
their expertise, interest and availability has been crucial to Marin RCD’s success. Organization
and coordination among partners is important to maintain an efficient monitoring program. This
is especially critical for the site map and photo-point monitoring so these tasks are not
accidentally repeated and deadlines are met on time. Data management is a shared task among
partners to consolidate results for reporting requirements. Marin RCD is responsible for reports
to both landowners and funders. The raw data from monitoring will be pooled together for
analysis to conduct periodic programmatic reviews and is the shared responsibility of Marin
RCD and its partners.
Table 5: Monitoring tasks listed based on the monitoring form name (in Appendices or References),
organized by the timeline and who is responsible for conducting each task. The percent of relevant
projects to be monitored with each form is included.

Task
(monitoring form)
Monitoring Plan Checklist
Objectives/ Targets
Map/ Site Sketch
Revegetation Data
Project Assessment Checklist
Landowner Questionnaire
Revegetation Survival
Photo-points
Sediment Load Estimates
Streambank Stability Line
Intercept Transect
Riparian Line Intercept Transect
Aquatic Habitat
Stream Shade
Tag Lines
Bird Surveys

Timeline

Pre-project
Post-project
completed < 3
years and for
grants reports

Pre-project,
post-project,
for reports,
& repeated
over time as
funding allows

Data Collection Responsibility

% of
Projects

Project Manager
Project Planner, Manager
Project Planner, Manager
Consultant, Contractor, Manager
Project Manager, Consultant
Project Manager
Consultant, Contractor, Manager
Project Manager, Planner, Consultant
Project Manager, Planner, Consultant

90-100%
90-100%
90-100%
90-100%
90-100%
90-100%
90-100%
90-100%
90-100%

Consultant, Contractor

10-25%

Consultant, Contractor
Consultant, Contractor
Consultant, Contractor
Consultant, Contractor
Consultant (PRBO)

10-25%
10-25%
10-25%
10-25%
10-25%

The duration of effectiveness monitoring depends upon the amount of time required to
reasonably ascertain whether project objectives have been met. In other words, the monitoring
timeline depends on when target values are expected to be achieved as a result of the project and
should reflect the time necessary for identified attributes to change. For example, streambank
stability may be expected to improve within three years after project installation (Figure 11),
while native tree canopy may take 10 years and residual pool depth may take multiple decades to
manifest (Lennox et al. 2011). Therefore, subsequent visits to resurvey projects are repeated
between one and five years or following large floods to document trends and changes in
trajectory (Reeve et al. 2006, Lewis et al. 2009).
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One of the primary problems encountered when monitoring revegetation survival at riparian
planting projects over time is how to find the planted trees and shrubs among naturally
colonizing vegetation (Harris et al. 2005b, Lewis et al. 2009). Conditions become particularly
obscured along the edge of channels where alder (Alnus spp.), willow (Salix spp.) and
cottonwood (Populus spp.) are planted in high densities with no protective hardware or marking.
These trees may be washed out, buried by flood deposits, produce numerous sprouts, or natural
colonization may occur among the planted individuals. This is particularly true for shrub willow
species that propagate vegetatively, such as arroyo and narrow-leaved willow (Salix lasiolepis
and S. exigua). Interpreting the origin of low sprouting regrowth often becomes impractical 10 to
20 years after project implementation. Therefore, cover is measured using the Line Intercept
Transects for long-term effectiveness monitoring to systematically compare results over multiple
decades. Establishment of planted trees and shrubs may be assessed up to 10 years post-project
using the Revegetation Survival Form but this will depend on funding availability.

Figure 11: Photo-point sequence at a streambank stabilization project site pre-project (left) and during
construction with installation of willow wattles following grading (right).

Certain aquatic habitat attributes have been shown to improve 20 to 30 years following riparian
revegetation (Opperman and Merenlender 2004, Lennox et al. 2011). Documenting the habitat
available to aquatic species is a lot easier than intensively validating habitat use by fish or
amphibians, so more project sites can be evaluated in a relative and consistent manner over time.
The interaction of woody vegetation and watershed hydrology during flood events may alter
stream channel morphology and habitat complexity at certain sites. As trees grow, stream shade
can rapidly increase while woody debris recruitment may be slower, and changes to the stream
channel are the slowest. Monitoring these attributes should take this into consideration, being
careful to select revegetation sites where these potential changes may occur and these objectives
were clearly identified with the landowner during project implementation.
As previously discussed, effectiveness monitoring for 20 years or more is ideal in order to
document when objectives are met, successional changes in vegetation (Lennox 2007), indirect
improvements in aquatic habitat as a result of tree establishment, and unintended changes such as
weeds (Lennox et al. 2011). However, this is longer than funding for projects will allow because
most restoration contracts last about three years and may not fund monitoring. One notable
exception is the Booneville Environmental Foundation, which has watershed restoration grants
available for ten year funding cycles which include and require on well developed monitoring
programs (Reeve et al. 2006). The RZMP enables Marin RCD to now compete for such
opportunities.
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Site conditions two to five years post implementation offer reasonable indicators of whether the
conservation practices installed are likely to have the desired effects even if the duration of
monitoring is insufficient to ascertain a direct response and thorough achievement of project
objectives. The PAC provides a systematic tool for this important need. Environmental stresses,
project maintenance, site management and seasonal factors are considered when planning and
interpreting monitoring data because of their potential to influence results. For example, fences
are a common tool and the success of numerous other practices depends on their integrity such as
revegetation and channel stabilization. If a PAC survey finds an access point through a fence, the
database would have a low effectiveness rating for the fence practice at the site for the
monitoring date that may or may not slow the attainment of other objectives. Plus, the landowner
or manager is contacted to discuss options for remedial action and future PAC surveys should
observe higher effectiveness ratings. Other practices such as fish habitat, streambank protection,
sediment traps, filter strips, and floodplain plantings are assessed after high flow events to
determine site stability following extreme physical conditions and to plan repairs if problems are
encountered.

Data Management & Reporting
Similar to collecting field data, managing data with foresight of the end products will provide an
efficient process for reporting and collaborating among partners. Three types of reporting are
conducted for Marin RCD conservation projects:
1. Landowner reports offer important information to maintain project success and respond
to problems at the site while providing project details for incorporation into the
landowner’s ranch plan. Lessons learned from each project site are used to improve
future practices implemented.
2. Grant reports to funders summarize monitoring results from sites appropriate to each
funding source and deadlines need to be accommodated within one to three years.
3. Programmatic reviews of Marin RCD’s restoration program include five-year PCP
reviews (MRCD 2009) and compilations all of monitoring data available at the time.
These further help to understand the long-term outcomes of conservation practices and
offer recommendations for how to improve restoration efforts.
Privacy
As discussed, the participation of landowners is critical to watershed restoration in privately
owned landscapes. A common limiting factor to landowner involvement in government
conservation programs and grants are issues regarding data management and reporting
information back to regulatory agencies. Marin RCD staff, partners and board of directors give
this issue close attention in order to communicate clearly with interested landowners about what
is considered public information.
Landowner Reports
The first phase of landowner reporting is informal and involves communicating maintenance
needs encountered during monitoring visits back to the landowner or land manager in a timely
manner so corrective action may be taken as soon as possible from year one to two.
The second phase includes formal summaries of monitoring results similar to the information
included in the reports to funders. This allows for feedback and internal review of the
effectiveness ratings from the Project Assessment Checklist. Fundamental attributes quantified
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(e.g. streambank stability, volume erodible sediment saved, native tree cover, stream shade, etc.)
related to the project objectives, comparing pre-project and post project conditions, may also be
included. Landowners with grazing operations can add these reports to their ranch water quality
plan.
Reports to Funders
Grant reports focus on documenting implementation and qualitative effectiveness monitoring
results for the appropriate project sites funded. The project effectiveness ratings and photographs
offer insight regarding how, when and what was done with the funding regarding preliminary
project success. The landowner survey and quantitative effectiveness results may also be
included if appropriate.
Programmatic Review
A programmatic review of the RCD’s conservation projects is an opportunity to document broad
accomplishments across multiple grant projects and evaluate project success to enhance riparian
resources every five to ten years. Examples of such review include those completed for
Mendocino County RCD’s bioengineering projects (Wehren et al. 2002) and NRCS’s
bibliography reviews (USDA 2008a, b), as well as for specific regions such as the Russian River
Watershed (Christian-Smith and Merenlender 2010), California (Kondolf et al. 2007) and across
the United States (Bernhardt et al. 2007).
The Marin RCD programmatic review systematically documents conservation achievements and
lessons which may be used in future grant applications. They summarize project number and
practices within each watershed, project effectiveness, landowner satisfaction, plant survival and
establishment, long-term project outcomes with effectiveness monitoring results and any habitat
use documented. Landowner information and privacy continues to be preserved unless specific
permission is given to the RCD to highlight certain projects as case studies. Geographic
Information System (GIS) or other mapping software will be utilized to document what was done
where at a broad scale so the specific location on any one ranch is not revealed. Basically, all
monitoring data will be utilized and the RZMP will be reevaluated in the programmatic review.
A combination of practical and theoretical topics may be assessed in the programmatic review.
Important questions to be answered include which project objectives were accomplished and
how many landowner goals were satisfied? Also, were target values achieved in the expected
amount of time following project implementation? Which plants established and which did not
survive where? Do the species planted relate to species present? Does the number of plant
species, total cover of all species or landscape position affect bird abundance at restored stream
sites?

Monitoring Resources Required
Technical expertise and field experience needed to
complete surveys is minimal for some attributes and high
for others such as validation monitoring. All monitoring
methods require detailed notes regarding transect
location so someone else could repeat the survey in the
future or if the site becomes overgrown by woody
vegetation or fences are removed. Implementation
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monitoring requires organizational skills and an understanding of NRCS conservation practices. Plant
identification skills and a familiarity with the project site are necessary to conduct revegetation
survival surveys.
The resources required to conduct effectiveness monitoring depend on the specific protocol used.
The qualitative visual monitoring using the Project Assessment Checklist can be picked up after
minimal training with RCD partners or local rangeland managers to learn terminology, estimate
RDM and identify common invasive weeds. Quantitative monitoring requires experience
identifying plants and interpreting stream geomorphology. Equipment needs include:
 Clipboard, field sheets and sharp pencils
 Camera
 100+ foot tape measuring in tenths of a foot (1.25’) instead of inches (1’3”)
 GPS unit
 Clinometer
 Spray bottle
 Shovel
 Site map and topographic map
 Stadia rod (also tenths of a foot)
 Flagging with felt pens
 T-posts or other permanent markers
Transect surveys require an additional 300 foot tape measure, Densiometer (Flosi et al. 1998),
hip chain with extra string, bubble level with a wind-out role of string (for Tag Lines), transit,
stakes, and hammer. The data entry and analysis of transect data takes considerably more time to
complete.
The validation monitoring resources to document habitat use or estimate populations generally
require species identification skills as well as monitoring program design expertise. The aquatic
species also require special agency permits for electrofishing and handling, so dive surveys using
snorkel observations are a potential efficient long-term monitoring technique. Dive surveys
require two staff highly skilled in the method and minimal equipment (dry or wet suits,
underwater flashlights, small write in the rain notebook,
rubber gloves). In contrast, electrofishing requires three to
five staff and more permits and gear (electrofishers, dip nets,
block nets, rubber gloves, five gallon buckets, thermometer,
specific conductance meter, chest waders, anesthetic,
measuring board, portable electronic balance). Marin RCD is
thankful of its partners and relies on them to deliver the
details of this RZMP over the next ten years.
The field testing phase of the RZMP streamlined the field work and focused the reporting
components. The budget needs depend on the staff time to do each survey, which improves over
time. The references for each protocol will be reviewed annually prior to summer data collection.
Though the RZMP protocols are compiled from commonly used methods by natural resource
professionals, the monitoring data collected is evaluated for accuracy and calibration needs. Data
analysis will be done specific to the three reporting phases and statistical software will be
necessary for programmatic reviews.
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SUMMARY
Marin RCD staff and partners have the skill and experience to accomplish the monitoring goals
detailed in this plan. The protocols included offer the ability to systematically document the
performance of commonly used practices and should be applicable to other RCDs in California.
Since the primary focus of Marin RCD is to provide landowners quality conservation projects,
monitoring tasks and coordination have been woven into the project planning and maintenance
activities so as to not add unnecessary tasks for the people designing and installing projects.
However, additional economic resources will be necessary to continue the data collection,
management and analysis tasks outlined in this plan. Plus, it is critical during this process to
maintain landowner privacy and be clear how project site information will be shared with
funding agencies.
The information obtained through monitoring provides useful feedback to future project
participants and grantors as restoration professionals continue to decipher the reasons behind
project successes and failures and apply those lessons to their practice. When project outcomes
and the resulting conservation lessons are shared with the community at large, overall knowledge
increases to form a common understanding while guiding the sciences of agricultural
sustainability and ecological restoration. Even “unsuccessful” projects that fail to meet their
objectives or target values can contribute useful information to this process. As stated by Palmer
et al. (2005), “Assessment is a critical component of all restoration projects but achieving stated
goals is not a prerequisite to a valuable project. Indeed, well-documented projects that fall short
of initial objectives may contribute more to the future health of our waterways than projects that
fulfill predictions.”
The structure of this RZMP is based on the development of realistic, measurable project
objectives and collecting pre-project baseline data to determine how the project affected site
conditions. The protocols used in the field to assess project outcomes for decades into the future
depend on the clarity of objectives documented before project installation. In addition to
documenting the intended objectives, consistent and systematic monitoring also allows for
inadvertent outcomes to be documented and responded to, such as the encroachment by exotic
species over time. Though the project may
officially end after three years when the grant
terminates, this plan sets up a long-term process
to manage project sites and respond to
landowners’ needs over multiple decades while
learning more about the ability for riparian
vegetation to improve watersheds and sustain
ecosystem services in Marin County for
generations to come.

Riparian Zone Monitoring Plan 2010

37

REFERENCES
Andrew, G., E. Ettlinger, E. Childress, M. Piovarcsik, D. Morrell, and A. Wolf. 2010. Lagunitas
Creek Review and Evaluation Report 1997 – 2009, Draft. Marin Municipal Water District, Corte
Madera CA. 246 p. http://www.marinwater.org/controller?action=menuclick&id=442
Bartolome, James W. William E. Frost, Neil K. McDougald, Michael Connor. 2006. California
Guidelines for Residual Dry Matter (RDM) Management on Coastal and Foothill Annual
Rangelands. Division of Agriculture and Natural Resources Publication 8092.
http://anrcatalog.ucdavis.edu./pdf/8092.pdf
Bernhardt, E.S., M.A. Palmer, J.D. Allan, G. Alexander, K. Barnas, S. Brooks, J. Carr, S.
Clayton, C. Dahm, J. Follstad-Shah, D. Galat, S. Gloss, P. Goodwin, D. Hart, B. Hassett, R.
Jenkinson, S. Katz, G.M. Kondolf, P.S. Lake, R. Lave, J.L. Meyer, T.K. O’Donnell, L. Pagano,
B. Powell, and E. Sudduth. 2005. Synthesizing U.S. River Restoration Efforts. Science 308:
5722. p. 636-637.
Bernhardt, E.S., E.B Sudduth, M.A. Palmer, J.D. Allan, J.L. Meyer, G. Alexander, J. FollstadShah, B. Hassett, R. Jenkinson, R. Lave, J. Rumps, and L. Pagano. 2007. Restoring rivers one
reach at a time: results from a survey of U.S. river restoration practitioners. Restoration Ecology
15(3): 482-493.
Brown, G.W. 1969. Predicting temperatures of small streams. Water Resources Research 5:6875.
Bulger, J.B., N.J.Scott, and R.B. Seymour. 2003. Terrestrial activity and conservation of adult
California red-legged frogs Rana draytonii in coastal forests and grasslands. Biological
Conservation 110:85-95.
Cal-IPC. 2006. California Invasive Plant Inventory. Cal-IPC Publication 2006-02. California
Invasive Plant Council: Berkeley, CA. http://www.cal-ipc.org/ip/inventory/weedlist.php
CDFG (Ca. Department of Fish and Game). 2010. California Fish Passage Assessment Database
Project (PAD). CalFish: A Ca. Cooperative Anadromous Fish and Habitat Data Program.
http://www.calfish.org/tabid/83/Default.aspx
Christian-Smith, Juliet, and A. M. Merenlender. 2010. The Disconnect Between Restoration
Goals and Practices: a Case Study of Watershed Restoration in the Russian River Basin,
California. Restoration Ecology 18, 95–102.
Collins, B. 2009. Coastal Restoration Monitoring and Evaulation Program (CRMEP) Qualitative
Monitoring Forms. California Department of Fish and Game, Fort Bragg, California.
http://ftp.dfg.ca.gov/Appupdates/CHRPD/Qualitative_Monitoring_Forms/
Dahm, C.N., Cummins, K.W., Valett, H.M. and Coleman, R.L. 1995. An ecosystem view of the
restoration of the Kissimmee River. Restoration Ecology 3: 225–238.

Riparian Zone Monitoring Plan 2010

38

Dean, C. 2008. Follow The Silt. New York Times. November 24, 2008.
http://www.nytimes.com/2008/06/24/science/24stream.html?_r=2
Dillman, D.A. 2000. Mail and Internet Surveys: The Tailored Design Method. New York: J
Wiley. 464 p.
Dolloff, C.A., D.G. Hankin, and G.H. Reeves. 1993. Basinwide estimation of habitat and fish
populations in streams. General Technical Report SE-83. Ashville, North Carolina: U.S.
Department of Agriculture, Forest Service, Southeastern Forest Experiment Station. 25 p.
http://www.srs.fs.usda.gov/pubs/viewpub.jsp?index=1764
Dosskey, M.G., K.D. Hoagland, and J.R. Brandle. 2007. Change in filter strip performance over
ten years. Journal of Soil and Water Conservation 62: 21-23.
Duffy, W. 2005. Protocols for Monitoring the Response of Anadromous Salmon and Steelhead to
Watershed Restoration in California. Draft prepared for the California Department of Fish and
Game Salmon and Steelhead Trout Restoration Account. California Cooperative Fish Research
Unit, Humboldt State University. Arcata, California. 84 p.
http://www.dfg.ca.gov/fish/Resources/Reports/index.asp
FISRWG. 1998. Stream Corridor Restoration: Principles, Processes, and Practices. By the
Federal Interagency Stream Restoration Working Group (FISRWG)(15 Federal agencies of the
US gov't). GPO Item No. 0120-A; SuDocs No. A 57.6/2:EN 3/PT.653. ISBN-0-934213-59-3.
http://www.nrcs.usda.gov/technical/stream_restoration/
Flosi, G., S. Downie, J. Hopelain, M. Bird, R. Coey and B. Collins. 1998. California Salmonid
Stream Habitat Restoration Manual, Third Edition. Sacramento, California, California
Department of Fish and Game, Inland Fisheries Division. 497 p.
http://www.dfg.ca.gov/fish/Resources/HabitatManual.asp
Ferguson, L.C. 2005. Quantification of the Role of Large Woody Debris for Coho Habitat
Restoration. Masters Thesis, University of California Davis. Davis, Ca. 60 p.
Fong, D., and M. Vandenberg. 1998. Recovery Plan for the California Freshwater Shrimp
(Syncaris pacifica). U.S. Fish and Wildlife Service, Region I. Portland, Oregon.
http://www.fws.gov/ecos/ajax/docs/recovery_plan/980731a.pdf
Freeze, R.A. and J.A. Cherry. 1979. Groundwater. Prentice Hall, Englewood cliffs, New Jersey.
Gardali, T., A. L. Holmes, S. L. Small, N. Nur, G. R. Geupel and G. H. Gulet. 2006. Abundance
patterns of landbirds in restored and remnant riparian forests on the Sacramento River,
California, U.S.A. Restoration Ecology 14: 3.
George, M., D. Bailey, M. Borman, D. Ganskopp, G. Surber, and N. Harris. 2007. Factors that
Influence Livestock Distribution. U.C. Division of Agriculture and Natural Resource Publication
8217. Davis, Ca. http://californiarangeland.ucdavis.edu/Publications%20pdf/8217.pdf

Riparian Zone Monitoring Plan 2010

39

Gerstein, J.M. 2005. Monitoring the Effectiveness of Instream Habitat Restoration. University of
California, Center for Forestry, Berkeley, California. 45 p.
http://forestry.berkeley.edu/comp_proj/DFG/Monitoring%20the%20Effectiveness%20of%20Inst
ream%20Habitat%20Restoration.pdf
Gerstein, J.M. and R.R. Harris. 2005. Protocol for Monitoring the Effectiveness of Bank
Stabilization Restoration. University of California, Center for Forestry, Berkeley, CA. 24 p.
http://forestry.berkeley.edu/comp_proj/DFG/Monitoring%20the%20Effectiveness%20of%20Ban
k%20Stabilization%20Restorati.pdf
Gerstein, J.M. and S.D. Kocher. 2005. Photographic Monitoring of Salmonid Habitat
Restoration Projects. University of California, Center for Forestry, Berkeley, CA. 21 p.
http://forestry.berkeley.edu/comp_proj/DFG/Photographic%20Monitoring%20of%20Salmonid%
20Habitat%20March%202005.pdf
Gerstein, J.M., S.D. Kocher and W. Stockard. 2005a. Documenting Salmonid Habitat
Restoration Project Locations. University of California, Center for Forestry, Berkeley, CA. 22 p.
http://forestry.berkeley.edu/comp_proj/DFG/Documenting%20Salmonid%20Habitat%20Restora
tion%20March%202005.pdf
Gerstein, J.M., W. Stockard and R.R. Harris. 2005b. Monitoring the Effectiveness of Instream
Substrate Restoration. University of California, Center for Forestry, Berkeley, CA. 53 p.
http://forestry.berkeley.edu/comp_proj/DFG/Monitoring%20the%20Effectiveness%20of%20Inst
ream%20Substrate%20Restorati.pdf
Golet, G.H., T. Gardali, C.A. Howell, J. Hunt, R.A. Luster, W. Rainey, M.D. Roberts, J. Silveira,
H. Swagerty, and N. Williams. 2008. Wildlife Response to Riparian Restoration on the
Sacramento River. San Francisco Estuary and Watershed Science 6:1-26.
http://www.sacramentoriver.org/SRCAF/publications/Golet%20Compresed-2008.pdf
Goodrich, D.C., S. Scott, M. Hernandez, I.S. Burns, L. Levick, A. Cate, W. Kepner, D.
Semmens, S. Miller, P. Guertin, 2006. Automated Geospatial Watershed Assessment (AGWA):
A GIS-Based Hydrologic Modeling Tool for Watershed Management and Landscape
Assessment. In: Proceedings, Third Federal Interagency Hydrologic Modeling Conference,
Reno, NV, April 2-6, 2006. http://www.tucson.ars.ag.gov/agwa/docs/pubs/1D_Goodrich.pdf
Griggs, F. Thomas and Golet, Gregory H. 2002. Riparian valley oak (Quercus lobata) forest
restoration on the middle Sacramento River, California In: Standiford, Richard B., et al, tech.
editor. Proceedings of the Fifth Symposium on Oak Woodlands: Oaks in California's
Challenging Landscape. Gen. Tech. Rep. PSW-GTR-184, Albany, CA: Pacific Southwest
Research Station, Forest Service, U.S. Department of Agriculture: 543-550.
http://www.fs.fed.us/psw/publications/documents/psw_gtr184/046_Griggs&Golet.pdf
Guenther, K. 2007. Wildland Solutions RDM Monitoring Procedure. 10 p.
http://www.wildlandsolutions.com/WS_RDM_monitoring.pdf

Riparian Zone Monitoring Plan 2010

40

Harrelson, Cheryl C., C.L. Rawlins, John P. Potyondy. 1994. Stream channel reference sites: an
illustrated guide to field technique. Gen. Tech. Rep. RM-245. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Forest and Range Experiment Station. 61 p.
http://www.fs.fed.us/rm/pubs_rm/rm_gtr245.pdf
Harris, R.R., C.M. Olson, S.D. Kocher, J.M. Gerstein, W. Stockard and W.E. Weaver. 2005a.
Procedures for Monitoring the Implementation and Effectiveness of Fisheries Habitat
Restoration Projects. Center for Forestry, University of California, Berkeley. 24 p.
http://forestry.berkeley.edu/comp_proj/DFG/Monitoring%20the%20Implementation%20and%20
Effectiveness%20of%20Fisheries.pdf
Harris, R.R., S.D. Kocher, J.M. Gerstein and C. Olson. 2005b. Monitoring the Effectiveness of
Riparian Vegetation Restoration. University of California, Center for Forestry, Berkeley, CA. 33
p.
http://forestry.berkeley.edu/comp_proj/DFG/Monitoring%20the%20Effectiveness%20of%20Rip
arian%20Vegetation%20Restorat.pdf
Herrick, Jeffrey E., Justin W. Van Zee, Kris M. Havstad, Laura M. Burkett and Walter G.
Whitford. 2005. Monitoring Manual for Grassland, Shrubland and Savannah Ecosystems:
Volume I – Quick Start. USDA-ARS Jornada Experimental Range, Las Cruces, NM. 42 p.
http://californiarangeland.ucdavis.edu/Publications%20pdf/Quick_Start.pdf
Herrick, Jeffrey E., Justin W. Van Zee, Kris M. Havstad, Laura M. Burkett and Walter G.
Whitford. 2005. Monitoring Manual for Grassland, Shrubland and Savannah Ecosystems:
Volume 2 – Design, supplementary methods and interpretation. 206 p.
http://californiarangeland.ucdavis.edu/Publications%20pdf/Volume_II.pdf
Hilton, S.; and T.E. Lisle. 1993. Measuring the fraction of pool volume filled with fine sediment.
Res. Note PSW-RN-414. Albany, CA: Pacific Southwest Research Station, Forest Service, U.S.
Department of Agriculture; 11 p. http://www.fs.fed.us/psw/publications/documents/rn-414/rn414.pdf
Houlahan, J.E., and C.S. Findlay. 2004. Estimating the critical distance at which adjacent landuse degrades wetland water and sediment quality. Landscape Ecology 19:677– 690.
Interagency Technical Reference. 1996. Sampling vegetation attributes. U.S.D.A., U.S. Forest
Service, Natural Resources Conservation Service, and Grazing Land Technology Institute. US
Department of the Interior, Bureau of Land Management – National Applied Resource Sciences
Center, P.O. Box 25407, Denver, CO 80225-0047. BLM/RS/ST-96/002+1730. 163 p.
http://www.blm.gov/nstc/library/pdf/samplveg.pdf.
Jones, B.E., T.H. Rickman, A. Vazquez, Y. Sado and K. W. Tate. 2005. Removal of encroaching
conifers to regenerate degraded aspen stands in the Sierra Nevada. Restoration Ecology 13: 2.
Kelley, D.W. 1989. The Feasibility of Increasing Fish Populations in Lagunitas Creek by Placing
Boulders and Logs in the Creek Channel. Prepared for Marin Resource Conservation District by
D. W. Kelley & Associates, New Castle CA 95658. 42 p. www.marinrcd.org

Riparian Zone Monitoring Plan 2010

41

Klein, Randy. 2003. Erosion and Turbidity Monitoring Report Sanctuary Forest Stream Crossing
Excavations in the Upper Mattole River Basin, 2002-2003. Prepared for: Sanctuary Forest, Inc.,
Whitethorn, CA.
http://www.bof.fire.ca.gov/board_committees/monitoring_study_group/msg_archived_document
s/msg_archived_documents_/rkleinsanctsept2003.pdf
Kocher, S.D. and Harris, R.R. 2005. Qualitative Monitoring of Fisheries Habitat Restoration.
University of California, Center for Forestry, Berkeley, California. 166 p.
http://forestry.berkeley.edu/comp_proj/DFG/Qualitative%20Monitoring%20of%20Fisheries%20
Habitat%20Restoration%20Marc.pdf
Kocher, S.D. and R. Harris. 2007. Riparian Vegetation. Forest Stewardship Series 10. Division
of Agriculture and Natural Resources Publication 8240.
http://anrcatalog.ucdavis.edu/pdf/8240.pdf
Kondolf, G. M. and E.R. Micheli. 1995. Evaluating stream restoration projects. Environmental
Management 19:1-15.
Kondolf, G. M., S. Anderson, R. Lave, L. Pagano, A. Merenlender and E. S. Bernhardt. 2007.
Two decades of river restoration in California: what can we learn? Restoration Ecology 15:516–
523.
Kreitinger, K. and T. Gardali. 2006. Bringing the Birds Back: A Guide to Habitat Enhancement
in Riparian and Oak Woodlands for the North Bay Region. California Partners in Flight Regional
Bird Conservation Plan No. 1. http://www.prbo.org/calpif/pdfs/north_bay.pdf
Lennox, M. 2007. Native Tree Response to Riparian Restoration Techniques in Coastal Northern
California. Master’s Thesis. Sonoma State University, Rohnert Park, California. 54 p.
http://cesonoma.ucdavis.edu/files/50162.pdf
Lennox, M., D. Lewis, J. Gustafson, K. Tate and E.R. Atwill. 2007. Water Quality Treatment for
Livestock Feeding and Exercise Areas on California Coastal Dairy Farms and Ranches. U.C.
Division of Agriculture and Natural Resources publication 8014. Davis, California. 9 p.
http://anrcatalog.ucdavis.edu/pdf/8210.pdf
Lennox, M., D. Lewis, K. Tate, J. Harper, S. Larson and R. Jackson. 2007. Riparian
Revegetation Evaluation on California’s North Coast Ranches. University of California
Cooperative Extension. 47 p. http://ucce.ucdavis.edu/files/filelibrary/2161/39706.pdf
Lennox, M.S., D.J. Lewis, R.D. Jackson, J. Harper, S. Larson and K.W. Tate. 2011.
Development of Vegetation and Aquatic Habitat in Restored Riparian Sites of California’s North
Coast Rangelands. Restoration Ecology 19: (In Press, doi: 10.1111/j.1526-100X.2009.00558.x)
http://cemendocino.ucdavis.edu/files/17544.pdf
Leopold, A. 1949. A Sand County Almanac and Sketches Here and There. Oxford University
Press.

Riparian Zone Monitoring Plan 2010

42

Lewis, D.J., K.W. Tate and J.M. Harper. 2000. Sediment Delivery Inventory and Monitoring.
Division of Agriculture and Natural Resources publication 8014. Davis, California. 14 p.
http://anrcatalog.ucdavis.edu/pdf/8014.pdf
Lewis, D.J., K.W. Tate, J.M. Harper, and J. Price. 2001. Locating sediment sources on
California’s North Coast rangelands. California Agriculture 55(4):32-038.
http://ucce.ucdavis.edu/files/repositoryfiles/ca5504p32-68917.pdf
Lewis, D.J., E.R Atwill, M.S. Lennox, L. Hou, B. Karle and K.W. Tate. 2005. Linking On-Farm
Dairy Management Practices to Storm-Flow Coliform Loading for California Coastal
Watersheds. Environmental Monitoring and Assessment 107: 407-425.
Lewis, D., M. Lennox, and S. Nossaman. 2009. Developing a Monitoring Program for Riparian
Revegetation Projects. Division of Agriculture and Natural Resources Publication 8363. 16 p.
http://anrcatalog.ucdavis.edu/pdf/8363.pdf
Lewis, D.J., E.R. Atwill, M.S. Lennox, M.D.G. Pereira, W.A. Miller, P.A. Conrad, and K.W.
Tate. 2010. Reducing Microbial Contamination in Storm Runoff from High Use Areas on
California Coastal Dairies. Water Science & Technology (In Press, doi: 10.2166/wst.2009.561)
Lewis, D.J., E.R. Atwill, M.S. Lennox, M.D.G. Pereira, W.A. Miller, P.A. Conrad, and K.W.
Tate. 2011. Management of Microbial Contamination in Storm Runoff from California Coastal
Dairy Pastures. Journal of Environmental Quality 39:1782–1789 (In Press,
doi:10.2134/jeq2009.0464).
Lisle, T.E. 1987. Using "residual depths" to monitor pool depths independently of discharge.
Res. Note PSW-394. Berkeley, CA: Pacific Southwest Forest and Range Experiment Station,
Forest Service, U.S. Department of Agriculture. 4 p.
http://www.fs.fed.us/psw/rsl/projects/water/Lisle87.pdf
MacDonald, Lee, Alan W. Smart, and Robert C. Wissmar. 1991. Monitoring Guidelines to
Evaluate Effects of Forestry Activities on Streams in the Pacific Northwest and Alaska.
EPA/910/9-91-001. May 1991.
MRCD (Marin Resource Conservation District). 2004. Initial Study and Mitigated Negative
Declaration for Marin Coastal Watershed Permit Coordination Program. Marin Resource
Conservation District, Prunuske Chatham Inc., & Sustainable Conservation. Point Reyes Station
CA. 85 p. http://www.marinrcd.org/
MRCD (Marin Resource Conservation District). 2009. Tomales Bay Watershed Enhancement
Program five-Year Report and Feasibility Study for Program Reauthorization. Marin Resource
Conservation District, Point Reyes Station CA.
McDougald, N., B. Frost and D. Dudley. 2003. Photo-Monitoring for Better Land Use Planning
and Assessment. U.C. Division of Agriculture and Natural Resources Publication 8067.
http://californiarangeland.ucdavis.edu/Publications%20pdf/8067.pdf

Riparian Zone Monitoring Plan 2010

43

Miller, W.A, D.J. Lewis, M. Lennox, M.G.C. Pereira, K.W. Tate, P.A. Conrad, and E.R. Atwill.
2007. Climate and On-Farm Risk Factors Associated with Giardia duodenalis Cysts in Storm
Runoff from California Coastal Dairies. Applied and Environmental Microbiology 73: 96726979.
Miller, W.A, D.J. Lewis, M.D.G. Pereira, M. Lennox, P.A. Conrad, K.W. Tate, and E.R. Atwill.
2008. Farm Factors Associated with Reducing Cryptosporidium Loading in Storm Runoff from
Dairies. Journal of Environmental Quality 37: 1875-1882.
MMWD (Marin Municipal Water District). 2010. Walker Creek Salmon Monitoring Program.
Submitted to California Department of Fish and Game Fishery Restoration Grant Program in
association with Garcia and Associates. Marin Municipal Water District, Corte Madera CA.
http://www.marinwater.org/controller?action=menuclick&id=548
Morrison, M.L., T. Tenant, and T.A. Scott. 1994. Environmental Auditing: Laying the
foundation for a comprehensive program of restoration for wildlife habitat in a riparian
floodplain. Environmental Management 18: 6. pp 939-955.
NMFS (National Marin Fisheries Service). 2001. Guidelines for Salmonid Passage at Stream
Crossings. National Oceanic and Atmospheric Administration - National Marine Fisheries
Service, Southwest Region. Santa Rosa CA. 14 p.
http://www.swr.noaa.gov/hcd/NMFSSCG.PDF
Nossaman, S., M. Lennox, D. Lewis, and P. Olin. 2007. Quantitative Effectiveness Monitoring of
Bank Stabilization and Riparian Vegetation Restoration: A Field Evaluation of Protocols.
University of California Cooperative Extension. 58 p.
http://ucce.ucdavis.edu/files/filelibrary/2161/36783.pdf
NPS (National Park Service). 2007. Habitat Assessment of Myrtle’s Silverspot
Butterfly at Point Reyes National Seashore. Pacific Coast Science and Learning Center Research
Project Summary. http://www.nps.gov/pore/parkmgmt/upload/rps_myrtlessilverspot_070816.pdf
NPS (National Park Service). 2010. "Plants out of Place" ID Cards. Target Invasive Plants of
Golden Gate National Recreation Area & Point Reyes National Seashore. Weed Watchers
Volunteer Program, Fort Cronkhite, Building 1063, Sausalito CA 94965.
http://science.nature.nps.gov/im/units/sfan/vital_signs/Invasives/ID_cards.cfm
Opperman, J.J. and A.M. Merenlender. 2004. The effectiveness of riparian restoration for
improving instream fish habitat in four hardwood-dominated California streams. North
American Journal of Fisheries Management 24: 822-834.
Opperman, J.J., K.O. Lohse, C. Brooks, N.M. Kelly and A.M. Merenlender. 2005. Influence of
land use on fine sediment in salmonid spawning gravels within the Russian River Basin,
California. Canadian Journal of Fishery Aquatic Science 62: 2740-2751.

Riparian Zone Monitoring Plan 2010

44

Opperman, J., A. Merenlender, and J. Lewis. 2006. Maintaining Wood in Streams: A Vital
Action for Fish Conservation. Division of Agriculture and Natural Resources publication 8157.
Davis, California. 11 p. http://anrcatalog.ucdavis.edu/pdf/8157.pdf
Overton, K.C., S.P. Wollrab, B.C. Roberts and M.A. Radko. 1997. R1/R4
(Northern/Intermountain Regions) Fish and Fish Habitat Standard Inventory Procedures
Handbook. Gen. Tech. Rep. INT-GTR-346. Ogden, UT: U.S. Department of Agriculture, Forest
Service, Intermountain Research Station. 73 p.
Palmer, M.A., E.S. Bernhardt, J. D. Allan, P.S. Lake, G. Alexander, S. Brooks, J. Carr, S.
Clayton, C.N. Dahm, J. Follstad Shah, D. L. Galat, S. G. Loss, P. Goodwin, D.D. Hart, B.
Hassett, R. Jenkinson, G.M. Kondolf, R. Lave, J.L. Meyer, T.K. O’Donnell, L. Pagano and E.
Sudduth. 2005. Standards for ecologically successful river restoration. British Ecological
Society, Journal of Applied Ecology 42: 208-217.
PCI (Prunuske Chatham, Inc). 2001. Walker Creek Watershed Enhancement Plan. Prepared for
Marin Resource Conservation District. 55 p.
PCI (Prunuske Chatham, Inc). 2010. Initial Study and Draft Mitigated Negative Declaration for
Marin Coastal Watershed Permit Coordination Program. Prepared for Marin Resource
Conservation District. 99 p.
Pearce, R.A., M.J. Trlica, W.C. Leininger, D.E. Mergen, and G. Frasier. 1998. Sediment
movement through riparian vegetation under simulated rainfall and overland flow. Journal of
Range Management 51: 301-308.
Prunuske, L., M.K. Cordell, S. Holve, and M. Neuman. 1994. Stemple Creek/ Estero de San
Antonia Watershed Enhancement Plan. Prunuske Chatham, Inc. Sebastopol, California. 175 p.
Ralph, C.J., G.R. Geupel, P. Pyle, T.E. Martin, and D.F. DeSante. 1993. Handbook of field
methods for monitoring landbirds. Gen. Tech. Rep. PSW-GTR-144-www. Albany, CA: Pacific
Southwest Research Station, Forest Service, U.S. Department of Agriculture. 41 p.
http://www.fs.fed.us/psw/publications/documents/gtr-144/
Ralph, C. J., G. R. Geupel, P. Pyle, T. E. Martin, and D. F. DeSante. 1993. Field Methods for
Monitoring Landbirds. General Technical Report PBSD-GTR-144. USDA, Albany, CA.
http://data.prbo.org/cadc2/index.php?page=songbird-tools
Ralph, C. J., S. Droege, and J. R. Sauer. 1995. Monitoring bird populations by Point Counts.
General Technical Report PSW-GTR-149, USDA, Albany, CA.
http://data.prbo.org/cadc2/index.php?page=songbird-tools
Reeve, T., J. Lichatowich, W. Towey, and A. Duncan. 2006. Building Science and
Accountability into Community-based Restoration: Can a New Funding Approach Facilitate
Effective and Accountable Restoration? Fisheries 31:1 17-24. http://www.b-ef.org/watersheds/fisheries.pdf

Riparian Zone Monitoring Plan 2010

45

Reeve, T. and B. Towey. 2007. A Long-term, Monitoring-intensive Approach to Pacific
Northwest Watershed Restoration. Ecological Restoration 25: 73-74. http://www.b-ef.org/watersheds/pdfs/BEF%20-%20Ecological%20Restoration.pdf
Rew L.J., B.D. Maxwell, F.L. Dougher and R. Aspinall. 2006. Searching for a needle in a
haystack: evaluating survey methods for non-indigenous plant species. Biological Invasions 8:
523-539. http://landresources.montana.edu/rew/publications/rew-2006.pdf
Roni, P. 2005, ed. Monitoring stream and watershed restoration. Bethesda, MD, American
Fisheries Society. 350 p.
Rosgen, D. 1996. Applied River Morphology. Wildland Hydrology, Pagosa Springs, Colorado.
Rosgen, D. 2001. A Practical Method of Computing Streambank Erosion Rate. Proceedings of
the Seventh Federal Interagency Sedimentation Conference, Vol. 2, pp. II - 9-15, March 25-29,
Reno, NV. http://www.wildlandhydrology.com/assets/Streambank_erosion_paper.pdf
Serpa, L. 2010. Personal communication.
Sheibley, R.W., D.S. Ahearn, and R.A. Dahlgren. 2006. Nitrate loss from a restored floodplain in
the lower Cosumnes River, California. Hydrobiologia 571:261-272.
Shilling, F., S. Sommarstrom, R. Kattelmann, B. Washburn, J. Florsheim, and R. Henly. 2005.
California Watershed Assessment Manual: Volume I. Prepared for the California Resources
Agency and the California Bay-Delta Authority. http://cwam.ucdavis.edu
Singer, M.J., Y. Matsuda and J. Blackard. 1982. Effect of Mulch Rate on Soil Loss by Raindrop
Splash. Soil Science Society of America Journal 45: 107-110.
SFBRWQCB (San Francisco Bay Regional Water Quality Control Board). 2009. Ranch Water
Quality Plan Template. Tomales Bay Pathogen TMDL, Grazing Waiver. Oakland, Ca. 22 p.
http://www.swrcb.ca.gov/sanfranciscobay/water_issues/programs/TMDLs/tomalesbaypathogenst
mdl.shtml
Spaeth, K.E., F.B Pierson, M.A. Weltz, and W.H. Blackburn. 2003. Evaluation of USLE and
RUSLE Estimated Soil Loss on Rangeland. Journal of Range Management 56: 234-246.
Stockard, W. and R. R. Harris. 2005. Monitoring the Effectiveness of Culvert Fish Passage
Restoration. Center for Forestry, University of California, Berkeley. 25 p.
http://forestry.berkeley.edu/comp_proj/DFG/Monitoring%20the%20Effectiveness%20of%20Cul
vert%20Fish%20Passage%20Restora.pdf
Stillwater Sciences. 2008. Lagunitas limiting factors analysis; limiting factors for coho salmon
and steelhead. Final report. Prepared by Stillwater Sciences, Berkeley, California for Marin
Resource Conservation District, Point Reyes Station, California. 68 p. www.marinrcd.org

Riparian Zone Monitoring Plan 2010

46

STRAW (Students Teachers Restoring A Watershed). 2008. Project Monitoring Form
Collaboration. Prepared by Bay Insitute, Prunuske Chatham, U.C. Cooperative Extension and
Marin RCD.
SWRCB (State Water Resources Control Board). 2001. The Clean Water Team (CWT)
Guidance Compendium for Watershed Monitoring and Assessment.
http://www.waterboards.ca.gov/water_issues/programs/swamp/cwt_guidance.shtml
Tate, K.W. 1995a. Streamflow. Rangeland Watershed Program Fact Sheet #38. Division of
Agriculture and Natural Resources.
http://californiarangeland.ucdavis.edu/Publications%20pdf/FS38.pdf
Tate, K.W. 1995b. Monitoring Streamflow. Rangeland Watershed Program Fact Sheet #39.
Division of Agriculture and Natural Resources.
http://californiarangeland.ucdavis.edu/Publications%20pdf/FS39.pdf
Tate, K.W., M.D.G. Pereira, and E.R. Atwill. 2004. Efficacy of Vegetated Buffer Strips for
Retaining Cryptosporidium parvum. Journal of Environmental Quality 33: 2243-2251
http://jeq.scijournals.org/cgi/content/abstract/33/6/2243
Tate, K.W., David F. Lile, Donald L. Lancaster, Marni L. Porath, Julie A. Morrison, and Yukako
Sado. 2005a. Graphical analysis facilitates evaluation of stream-temperature monitoring data.
California Agriculture 59: 3. http://repositories.cdlib.org/anrcs/californiaagriculture/v59/n3/p153
Tate, K.W., David F. Lile, Donald L. Lancaster, Marni L. Porath, Julie A. Morrison, and Yukako
Sado. 2005b. Statistical analysis of monitoring data aids in prediction of stream temperature.
California Agriculture 59: 3. http://repositories.cdlib.org/anrcs/californiaagriculture/v59/n3/p161
Tate, K.W., E.R. Atwill, J.W. Bartolome, and G. Nader. 2006. Significant Escherichia coli
Attenuation by Vegetative Buffers on Annual Grasslands. Journal of Environmental Quality 35:
795-805. http://jeq.scijournals.org/cgi/content/abstract/35/3/795
Thayer, G.W., T.A. McTigue, R.J. Salz, D.H. Merkey, F.M. Burrows, and P.F. Gayaldo, (eds.).
2005. Science-Based Restoration Monitoring of Coastal Habitats, Volume Two: Tools for
Monitoring Coastal Habitats. NOAA Coastal Ocean Program Decision Analysis Series No. 23.
NOAA National Centers for Coastal Ocean Science, Silver Springs, MD. 628 p. plus appendices.
http://coastalscience.noaa.gov/ecosystems/estuaries/restoration_monitoring.html
Thien, S.J. 1979. A flow diagram for teaching texture by feel analysis. Journal of Agronomic
Education 8: 54-55. http://soils.usda.gov/education/resources/lessons/texture/
Tiwari, A.K., L.M. Risse, and M.A. Nearing. 2000. Evaluation of WEPP and its Comparison
with USLE and RUSLE. Transactions of the American Society of Agricultural Engineers 43:
1129-1135.
TBWC (Tomales Bay Watershed Council). 2003. Tomales Bay Watershed Water Quality
Monitoring Plan. http://www.tomalesbaywatershed.org/waterqualitymonitoring.pdf

Riparian Zone Monitoring Plan 2010

47

Tompkins, M. R. and G. M. Kondolf. 2007. Systematic postproject appraisals to maximize
lessons learned from river restoration projects: case study of compound channel restoration
projects in northern California. Restoration Ecology 15:524–537.
University of California Cooperative Extension. 1995. The Marin Coastal Watershed
Enhancement Project. University of California Cooperative Extension. Novato,
California. 83 p.
USDA. 1997. National Range and Pasture Handbook. U.S. Department of Agriculture, Natural
Resources Conservation Service Grazing Lands Technology Institute. Washington D.C.
USDA. 1998. Natural Resource Conservation Service Stream Visual Assessment Protocol,
NWCC-TN-99-1. Portland, OR: National Water and Climate Center.
http://www.wsi.nrcs.usda.gov/products/w2q/water_qual/docs/svapfnl.pdf
USDA. 2005. Stemple CEAP. ftp://ftp-fc.sc.egov.usda.gov/NHQ/nri/ceap/ceapposterstemple.pdf
USDA. 2006. Integrated Sampling Strategy (ISS) Guide. U.S. Department of the Interior and
U.S.D.A. Forest Service General Tehncial Report RMRS-GTR-164-CD.
http://frames.nbii.gov/portal/server.pt?open=512&objID=286&&PageID=490&mode=2&in_hi_
userid=2&cached=true
USDA. 2007. National Resources Inventory Handbook of Instructions for Rangeland Field Study
Data Collection. National Resource Conservation Service.
http://www.ncgc.nrcs.usda.gov/products/nri/range/2007range.html
USDA. 2008a. Environmental Effects of Conservation Practices on Grazing Lands.
http://wqic.nal.usda.gov/nal_display/index.php?info_center=7&tax_level=4&tax_subject=595&t
opic_id=2422&level3_id=6990&level4_id=11307
USDA. 2008b. Effects of Agricultural Conservation Practices on Fish and Wildlife.
http://wqic.nal.usda.gov/nal_display/index.php?info_center=7&tax_level=4&tax_subject=595&t
opic_id=2422&level3_id=6990&level4_id=11306
USDA. 2009. Prescribed Grazing (528) Practice Requirement Sheet and Specification
Development Support Tool (528_spec_tool_R5a.xls). Natural Resources Conservation Service,
California Technical Note Range 54. Davis, California. 6 p.
http://efotg.sc.egov.usda.gov/references/public/CA/TN_CA_Range_54.pdf
spreadsheet: http://efotg.sc.egov.usda.gov/references/public/ca/528_spec_tool_final_R5a.xls
USDA. 2010a. NRCS Conservation Practices: technical standards, specifications, and
operations/ maintenance documents available online for Marin County (select the county and go
to Section IV-B of the electronic Field Office Technical Guide).
http://efotg.nrcs.usda.gov/efotg_locator.aspx?map=CA
USDA. 2010b. NRCS PLANTS Database. http://plants.usda.gov/

Riparian Zone Monitoring Plan 2010

48

USFWS (U.S. Fish and Wildlife Service). 2002. Recovery Plan for the California Red-legged
Frog (Rana aurora draytonii). U.S. Fish and Wildlife Service, Portland, Oregon. viii + 173 p.
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=D02D
USFWS (U.S. Fish and Wildlife Service). 2005. Revised Guidance on Site Assessments and
Field Surveys for the California Red-Legged Frog. U.S. Fish and Wildlife Service, Portland,
Oregon. 26 p. http://www.fws.gov/sacramento/es/documents/crf_survey_guidance_aug2005.pdf
Ward, T.A., K.W. Tate, and E.R. Atwill. 2003a. Guidelines for Monitoring the Establishment of
Riparian Grazing Systems. Division of Agriculture and Natural Resources publication 8094.
Davis, California. 37 p. http://anrcatalog.ucdavis.edu/pdf/8094.pdf
Ward, T.A., K.W. Tate and E.R. Atwill. 2003b. Visual Assessment of Riparian Health. Division
of Agriculture and Natural Resources publication 8089. Davis, California. 23 p.
http://anrcatalog.ucdavis.edu/pdf/8089LR.pdf
Ward, T.A., K.W. Tate, E.R. Atwill, D.F. Lile, D.L. Lancaster, N.K. McDougald, S. Barry, R.S.
Ingram, H.A. George, W.J. Jensen, W.E. Frost, R. Phillips, G.G. Markegard, S. Larson. 2003c. A
Comparison of Three Visual Assessments for Riparian and Stream Health. Journal of Soil and
Water Conservation 58: 83-88.
Weaver, W.W., J.M. Gerstein and R.R. Harris. 2005. Monitoring the Effectiveness of Upland
Restoration. University of California, Center for Forestry, Berkeley, CA. 100 p.
http://forestry.berkeley.edu/comp_proj/DFG/Monitoring%20the%20Effectiveness%20of%20Upl
and%20Restoration%20March%20200.pdf
Wehren, R., T.J. Barber, E. Engber, and P. Higgins. 2002. Stream restoration techniques
evaluation project. Mendocino County Resource Conservation District.
Wei, H., M.A. Nearing, J.J. Stone, D.P. Guertin, K.E. Spaeth, F.B. Pierson, M.H. Nichols, and
C.A. Moffet. 2009. A New Splash and Sheet Erosion Equation for Rangelands. Soil Science
Society of America Journal 73: 1386-1392.
Wildland Solutions. 2008. Monitoring Annual Grassland Residual Dry Matter: A Mulch
Manager’s Guide for Monitoring Success. (2nd ed.)[Brochure 34 pp.]. Brewster, WA: Guenther,
K. and Hayes, G.
Winward, Alma. H. 2000. Monitoring the Vegetation Resources in Riparian Areas. U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Ogden, Utah.
RMRS-GTR-47. 49 pages. http://www.treesearch.fs.fed.us/pubs/5452

Riparian Zone Monitoring Plan 2010

49

APPENDIX A: PROJECT PLANNING & IMPLEMENTATION
FORMS
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Project Objectives & Targets
Property/ Project Location: _______________________________________ Date: ___________
Landowner objective (paraphrase concern or reason for doing project):

Implementation

Check any appropriate objectives. 1) Note the priority of each compared to the other objectives
selected. 2) Estimate target value if applicable. 3) Decide how long (# of years) until the
target is expected to be achieved. Refer to pages 8 – 10 of the RZMP.
_____ Landowner concern satisfied –
Expected in ________ years
_____ Revegetation survival (50 – 100%) –
(for each zone)
Expected in ________ years
_____ Benefit ranch/ farm viability/ productivity:
Improve/ preserve pasture or field production –
Expected in ________ years
Improve livestock management –
Expected in ________ years
Effectiveness

Conserve water use –
Expected in ________ years
_____ Reduce or prevent sediment delivery (% stable bank, RDM) –
Expected in ________ years
_____ Reduce or prevent pathogens/ nutrients (% groundcover, RDM) –
Expected in ________ years
_____ Improve or preserve riparian habitat (extent, % tree/shrub/sp cover) –
Expected in ________ years
_____ Improve or preserve aquatic habitat (water depth, shade, LWD)–
Expected in ________ years
Validation

_____ Increase or preserve terrestrial wildlife abundance/ diversity –
Expected in ________ years
_____ Increase or preserve aquatic species abundance/ diversity –
Expected in ________ years
_____ Improve or preserve water quantity/ quality –
Expected in ________ years
_____ Other:
Expected in ________ years
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Monitoring Plan Checklist
Property/ Project Location: _______________________________________ Date: ___________
Monitoring Plan
Monitoring Form/ Protocol (Location)
Frequency

Summary

Date Completed, Who Completed, & Project
Feedback Notes

Pre-project:
Objectives/ Targets (Appx. A)

1x

prioritize objectives and set
targets

Post-project completed for grant reports (2-3 years):
Map/ Site Sketch (Appx. A)

1x ____

update/ redo project map with
location of practices

Revegetation Data (Appx. A)

1x + ____

more site visits if replanting is
needed

Project Assessment Checklist (Appx. B)

2x + ____

1st & 2nd summer

Landowner Questionnaire (Appx. B)

1x ____

2nd summer

Revegetation Survival (Appx. B)

2x ____

1st & 2nd summer (replant if
survival < 80%)

Pre-project, post-project, for grant reports & repeated over time as funding allows:
Photo-points (Appx. A)

3x ____

locate each on the site map

Sediment Load Estimates (Appx. C)

2x ____

surveys potential bank/gully &
models sheet/rill erosion

Streambank Stability Line Intercept Transect (Appx. C)

2x ____

stability and vegetation cover
along stream (bankful)

Riparian Line Intercept Transect (Appx. C)

2x ____

vegetation cover along top-ofbank or other direction

Aquatic Habitat (Appx. C)

1x ____

thalweg transect - pool depth,
instream habitat, LWD

Stream Shade (Appx. C)

1x ____

Densiometer - 3 per site
subsection at Tag Lines

Tag Lines (Weaver et al. 2005 - p. 40)

1x ____

channel width:depth ratio
measured in riffles

Bird Populations (Ralph et al. 1995, 1993)

1x ____

collect data for each subsection of
the site

1x ____

x-sections or long. profile to
calibrate Tag Lines/ Sediment
Loads or Aquatic Habitat

As needed for certain projects (pre-project, post-project, & repeated):
Channel Dimensions (Appx. C)

Maintenance & Event (Weaver et al. 2005 - p. 79)

1x + ____

during road maintenance, estimate
eroded volume

Water Quantity/ Quality (SWRCB 2001, MacDonald et al. 1991)

3x + ____

automated sampling systems
preferred

2x ____

qualitative and quantitative
protocols used

Fish Passage (Collins 2009, Stockard and Harris 2005, NMFS 2001)
Fish Populations (Duffy 2005, Dolloff et al. 1993)

3x + ____

consult partner agencies and local
experts

Freshwater Shrimp (Fong and Vandenberg 1998)

3x + ____

consult partner agencies and local
experts

Red-legged Frog (USFWS 2005, 2002)

3x + ____

consult partner agencies and local
experts

Frequency: the # of visits planned to collect monitoring data over the duration of a typical grant funding
riparian restoration for a 3-year contract period. Make changes to represent site plans and needs.
Notes:
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Photo-Point Monitoring (STRAW 2008)
Site:________________________________________
Photo Point #:

Bearing:

Date: _________

Zoom: ______ Coordinate:___________________________________

Directions to Photo Point Marker:

Subject Description:

Comments:

Photo Point #:

Bearing:

Zoom: ______ Coordinate:___________________________________

Directions to Photo Point Marker:

Subject Description:

Comments:

Photo Point #:

Bearing:

Zoom: ______ Coordinate:___________________________________

Directions to Photo Point Marker:

Subject Description:

Comments:
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Project Site Sketch (Collins 2009)
Property/ Project Location: _______________________________________ Date: ___________

North Arrow
Magnetic or True
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Revegetation Data (STRAW 2008)
Site______________

Funder____________________

Watershed_____________________
School

Creek___________________Date____________

Width________________

Teacher

Students

Grade

Linear Feet__________________
Parents

Container Plants
Brought

Volunteers

Invasives
Planted

color

Brought

big leaf maple

Onion grass

box elder

Oregon ash

buckeye

red Osier dogwood

CA rose

Snowberry

Carex sedge

spicebush

coffeeberry

thimbleberry

coyote bush

toyon

currant

valley oak

douglas fir

walnut

dutchman's pipe

wax myrtle

elderberry

white alder

grape

CA fescue

hawthorn

Molate fescue

hazelnut

western fescue

honey suckle
Juncus rush
native black berry

Type/ yd3 Removed

Willows

Groundcover

Blanket SF__________
TOTAL

Biotech

Mulching SF________

Other

willow wall 1 LF_____________

Willow Wattle 1 LF________

willow wall 2 LF_____________

Willow Wattle 2 LF________

willow wall 3 LF_____________

Willow Wattle 3 LF________

willow wall 4 LF_____________

Willow Wattle 4 LF________

Restoration comments:

Color

Seeding SF__________

live oak

Brush Checkdams___________

Planted
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Project Assessment Checklist
Property/Project Location: ______________________________________ Project Year: _____________
I) Notify landowner for permission in advance of site visit.
II) Take camera and project folder (with plans, objectives, photos, LA, project history, monitoring, etc.).
III) Repeat photograph (relocate photo point as precisely as possible based on original photo and data).
1) Fences
Yes No N/A
H-Braces sound
Wire is tight
Evaluation completed by:
Broken or missing posts
Evidence of excessive livestock pressure
______________________
Evidence of livestock in enclosure area
Gates open
If fence is electrical, is it working
Date: ________________
Electrical fence line clear of vegetation
Flood gates closed or replaced after winter
Effectiveness Rating (see Guide): NA
Excellent
Good
Fair
Poor
Fail
(circle one)
Comments:___________________________________________________________________________
2) Troughs & Springs
Yes
No
N/A
Does trough have water
Does the float valve work
If trough is not working, does the spring have water
Pipe plugged or broken
Is there a fence around the spring to keep cows out
Is there a mud hole at spring of trough
Is trough poring enough water for the herd
Effectiveness Rating (see Guide): NA
Excellent
Good
Fair
Poor
Fail
(circle one)
Comments:___________________________________________________________________________
3) Roads & Animal Trails
Yes No
N/A
Sheet/rill erosion
Culverts plugged/smashed/rusted out
Visible erosion in road/ trail ditch or on fill
Rolling dips/water bars functioning as planned
Evidence of short-cut use that causes additional erosion
Effectiveness Rating (see Guide): NA
Excellent
Good
Fair
Poor
Fail
(circle one)
Comments:___________________________________________________________________________
4) Plantings & Woody Vegetation
Yes
No
N/A
Evidence of livestock damage
Evidence of water deficiency
Water system working
Weed control adequate
Wildlife protection working
Survival of plantings adequate (no replanting?)
Natural regen. (list tree/ shrub seedlings below)
Effectiveness Rating (see Guide): NA
Excellent
Good
Fair
Poor
Fail
(circle one)
Riparian Vegetation (see Guide): NA
Great
Good
Fair
Poor
(circle one)
Comments:___________________________________________________________________________
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Is grazing being managed as per grazing plan (see LA)
Is crossing for livestock stable
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Yes

No N/A

Estimate RDM (lb/ac):
NA
<200
200-350
350-700
700-1000
1000-1500
>1500
Comments & list invasive plant species present (estimate patch size area or % of site for each):
_____________________________________________________________________________________
6) Water and Sediment Detention Structures
Yes No N/A
Basin has capacity
Structures secure
Evidence of rilling
Erosion on embankment
Erosion present at energy dissipating structure
Other erosion present (if yes, describe below)
Effectiveness Rating (see Guide): NA
Excellent
Good
Fair
Poor
Fail
(circle one)
Structure Stability (see Guide): NA
Great
Good
Fair
Poor
(circle one)
Comments: ___________________________________________________________________________
7) Erosion Control Repairs & Structures
Yes No N/A
Toe or footer rocks secure
Evidence of toe scour
Weir rock secure
Has rock moved
Evidence of piping above weir rock
Evidence of down cutting upstream of the weir rock
Evidence of soil piping through or under rock structure
Is fabric key upstream of the weir rock secure
Fabric visible
Evidence of bank erosion or scour around the rock structure
Upstream and down stream keys holding
Biotechnical repairs holding
Other erosion present (if yes, describe below)
Effectiveness Rating (see Guide): NA
Excellent
Good
Fair
Poor
Fail
(circle one)
Stability (see Guide):
NA
Great
Good
Fair
Poor
(circle one)
Comments: ____________________________________________________________________________
______________________________________________________________________________________
8) Instream Habitat
Estimate instream shelter value (0-3):________________________ (see definitions in Guide)
Estimate % site covered by shelter:_________ Calculate instream shelter rating (value X %):__________
Fish passage – 1) upstream jumps < ½ foot tall? Yes No
2) Flow connectivity adequate? Yes
No
Comments:____________________________________________________________________________
9) Overall
Yes No N/A
Is the project being managed per LA
Remedial action needed
Inform RCD
Call landowner
Inform project designer (NRCS, PCI, etc.)
Inform contractor (STRAW, etc.)
Overall Effectiveness Rating (circle one):
NA
Excellent
Good
Fair
Poor
Fail
Comments (determine responsibility, describe action taken, & record dates): _______________________
_____________________________________________________________________________________
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Project Assessment Checklist Guide

Effectiveness Rating (Collins 2009)
RATING

Excellent

Good

Fair

Poor

Fail

OBJECTIVES

TARGETS

UNINTENDED
EFFECTS

STRUCTURAL
CONDITION
Excellent to Good.
Has the intended
functional value.

Excellent to Fair.
Has the intended
functional value.

Achieved all stated
objectives.

Met or exceeded
targeted values.

No negative unintended
effects. Unintended
positive effects may
outweigh failure to achieve
a target value.

Achieved most
stated objectives.

Did not quite meet all
targeted values. Or, if
no targets were
specified, maximum
rating is Good.

Nonnegative unintended
effects.

May or may not meet
all targeted values.

May have minor
Excellent to Fair.
unintended negative effects
Has functional
that partially offset
value.
objectives.

May or may not meet
all targeted values.

May have minor or major
Excellent to Poor.
unintended negative effects
Has some
that offsets or negates a
functional value.
targeted gain.

Did not meet targeted
values.

May have unintended
negative effects that are
degrading the habitat and
outweigh achieved
objectives.

Partially achieved
most objectives, or
objectives not
achieved were
outside the control
of practice.
Achieved at least 1
objective – those
not achieved were
the fault of the
practice.
Achieved no
objectives – practice
may be completely
gone.

Excellent to Fail.
Has no functional
value.

Riparian Vegetation (Ward et al. 2003b, Ward et al. 2003c, USDA 1998)
Excellent = ‘natural veg’ at least 2 active channel widths (native perennials - rush, shrubs, trees, etc. - OR
annual grass at intermittent streams) with all age classes of woody species or point bars regenerating
Good = ‘natural veg’ 1 active channel width – covers floodplain (bare spots common at intermittent streams)
Fair = ‘natural veg’ ½ active channel width – bare spots common or filtering function slightly compromised
Poor = ‘natural veg’ < ½ active channel width – bare spots common or lack of regeneration or filtering
function severely compromised
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Invasive Plants
Refer to species lists provided by the Bay Area Weed Watchers Volunteer Program (NPS 2010) or create
one for a specific site using a combination of CW & NW Floristic Provinces (Cal-IPC 2006). Assistance
identifying species is available from UC IPM (http://www.ipm.ucdavis.edu/PMG/weeds_intro.html).

Stability (Ward et al. 2003b, Ward et al. 2003c, USDA 1998)
Excellent = banks and channel are stable with outside bends protected by vegetation
Good = moderately stable with infrequent, small areas of erosion – mostly healed over
Fair = moderately unstable with outside bends actively eroding – steep bare soil with high erosion potential
Poor = banks are unstable with active erosion frequent at site

Residual Dry Matter (RDM) (Wildland Solutions 2008)
<200 lb/ac

200-350 lb/ac

350-700 lb/ac

Evidence of total use
<1” tall – “blitzed” or “nuked”
Considerable bare soil apparent

Extensive grazing use
Most 1” tall, some 3-5”
Ground cover sparse, clumpy

Extensive grazing use
Patchy areas 1”-5” tall
Some bare soil patches

700-1000 lb/ac

1000-1500 lb/ac

>1500 lb/ac

Clear signs of grazing use
Patches of seed stalks
Random bare soil seen at 20’

May have considerable use
Numerous seed stalks
Bare soil from gophers or trails

May have signs of grazing
Dry grass may lay flat
Litter may be thick

Instream Shelter (Collins 2009, Flosi et al. 1998)
Value 0: no shelter present
Value 1: 1-5 boulders, bare undercut bank/ bedrock ledge, OR a single LWD (>12” dia. & 6’ long)
Value 2: 1-2 pieces of LWD associated with any amount of Small WD, 6 or more boulders per 50’, stable
undercut bank (<12” undercut) with root mass, a single root wad lacking complexity, branches in
or near the water, limited submersed vegetative fish cover, OR a bubble curtain
Value 3: MUST have a combination of at least 2 of the following cover types:
LWD (large woody debris)/ boulders/ root wads,
3 or more pieces of LWD combined with SWD,
3 or more boulders combined with LWD/ SWD,
bubble curtain combined with LWD or boulders,
stable undercut bank with >12” undercut associated with root mass or LWD,
extensive submerged vegetative fish cover
Fish Passage –flow connectivity refers to adequate stream flow between pools for downstream and
upstream migration to occur given the annual timing and variability of flow at the site (CDFG
2010, Stockard and Harris 2005, NMFS 2001)
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Landowner Questionnaire
Rank Descriptions

Completed by: ___________________________ Date: _________
The intent of this questionnaire is to summarize your thoughts, any
confusion you may have had, and unintended side effects resulting
from your conservation project in order to reduce future problems
and miscommunication. Please answer the following questions
using the 1-5 (no-yes) ranks in the box. Thank you again for
working with Marin Resource Conservation District.

1 = definitely not, or never
2 = no, or probably not
3 = not sure, or no opinion
4 = yes, or probably so
5 = definitely yes, without a doubt

Landowner/ Manager Interviewed: ______________________________ Project Year: _____________
Project Description/ Location: __________________________________________________________
1)

Was the project successful meeting your intended goal(s)?
1
2
3
4

5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

2)

Could Marin RCD improve any phase in the process (please circle any that apply)?
1
2
3
4
5
NA

Selection

Design

Construction

Maintenance

Monitoring

Your Time

Other/Comments:_________________________________________________________________________
_______________________________________________________________________________________

3)

Was any phase in the process confusing (please circle any that apply)?
1
2
3
4
5

Selection

Design

Funding Sources

Construction

Maintenance

NA
Monitoring

Other/Comments:_________________________________________________________________________
_______________________________________________________________________________________

4)

Will you continue to participate in Marin RCD projects?
1
2
3
4

5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

5)

Would you recommend participation in Marin RCD projects?
1
2
3
4
5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

6)

Did the project help you conserve or reduce water used for your farm/ ranch?
1
2
3
4
5
NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________
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Did the project improve your management of a pasture or farm field?
1
2
3
4
5
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NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

8)

Did the project help improve the productivity of a pasture or farm field?
1
2
3
4
5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

9)

Did the project improve livestock health?
1
2
3

4

5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

10)

Have you implemented similar or other conservation practices on your own?
1
2
3
4
5
NA

Describe/Comments:______________________________________________________________________
_______________________________________________________________________________________

11)
Water

Did the project reduce any agricultural expenses (please circle any that apply)?
1
2
3
4
5
NA
Feed

Electricity

Time

Fuel

Labor

Other/Comments:_________________________________________________________________________
_______________________________________________________________________________________

12)
Water

Did the project increase any agricultural expenses (please circle any that apply)?
1
2
3
4
5
NA
Feed

Electricity

Time

Fuel

Labor

Other/Comments:_________________________________________________________________________
_______________________________________________________________________________________

13)

Has the project helped to reduce any stress from natural resource concerns?
1
2
3
4
5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

14)

Has the project improved water quality?
1
2
3

4

5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________

15)

Has the project improved wildlife habitat?
1
2
3

4

5

NA

Comments:______________________________________________________________________________
_______________________________________________________________________________________
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Revegetation Survival (STRAW 2008, adapted from Harris 2005)
Site Name__________________

Staff_______________

Page ___ of ___

Bank / Zone__________________________________________

(Looking Downstream)

Plant Species

# Planted

<3ft - LV

<3ft - HV

>3ft - LV

>3ft - HV

Date Monitored_____________
Date(s) Planted______________
Mortality
Cause (Use Comments)
________________
________________
________________
________________
________________
________________

Percent
_______%
_______%
_______%
_______%
_______%
_______%
100%

Dominant Weeds and Colonizers

General Notes / Comments
Overall appearance?
Vandalism?
Gophers?
Livestock?
Herbivores?
Girdling?
Watering?
Weeds?
Fencing?
Erosion?
Other?
Wildlife?

LV = Low Vigor
(systemic stress)
HV = High Vigor
(healthy new growth)

General Browse (Circle One)

None

Low

High

Densiometer Data Needed?

YES
If Yes, use form on back

NO
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Sediment Load Estimates
Property/Project(s) Location: _____________________________________ Project Year: ___________

Evaluation Completed by: ___________________________________ Date: ________________
Streambank & Gully Erosion
Locate the erosion sites caused by potential bank failures or channel incision from gullying (Lewis et
al. 2000) and record their Length, Width, and Depth (ft) noting the subsection in the site, %
deliverable and % fines. Minimum and maximum values are acceptable – use both for the section
calculations to produce a range in the site’s sediment estimates. Focus on the potential future
erosion, but also document recently eroded areas if it occurred since the last survey.
Type
Potential
Location
% Deliv(bank or
or
Length
Width
Depth
% Fines
(site, section)
erable
gully)
Eroded

Notes:
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Sheet & Rill Erosion
Collect the following field data from each section of the project site to run the Rangeland
Hydrology and Erosion Model (RHEM). For any attribute that is too variable for rapid
measurement (i.e. % slope and cover), provide minimum and maximum values – input both into
the model to produce a range in the final sediment estimates for each section and site. If more
subsections are needed, delineate them on a site map or sketch and explain below.
Location
%
Dominant Canopy Basal Rock Litter
Soil
Slope Slope
(site,
SteepPlant
Cover Cover Cover Cover
Texture Length Shape
section)
ness
Growth
%
%
%
%

Notes:
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Sediment Load Estimates Guide
Streambank & Gully Erosion
Erosion: the detachment, transport, and deposition of soil particles by wind, raindrops, or water flow
Gully: an erosion channel formed by concentrated surface runoff: larger then 1 ft deep & 1 ft wide
Streambank Erosion: the removal of soil by the direct action of stream flow during high flow
Length: distance parallel to stream of unstable channel
Width: perpendicular to Length measurement up the bank on the slope or of the gullying channel
Depth: perpendicular to Width measurement into the ground
% Deliverable: sediment that is delivered to a watercourse (±30%) of potential erodible volume
% Fines: estimate the proportion of fine sediment (not gravel or cobble) that would erode
Potential Volume: estimated volume of sediment that is potentially deliverable
Eroded Volume: estimated volume of previously eroded sediment from a site
Refer to Lewis et al. (2000) before field work and consult other literature. Enter raw data
collected in the field directly into an excel spreadsheet and 1) calculate the total sediment yield
volume for each row above including the percent deliverable; 2) sum the potential erodible
volume in each section of the site for streambank and gully erosion types separately and divide
by 27 to convert to cubic yards (CY); 3) total the potential streambank and gully erosion
separately for the site; 4) sum these two for a total estimate of the site; and 5) total sediment
saved = preproject potential erodible sediment – postproject eroded sediment – postproject
potential erodible sediment.
Sheet & Rill Erosion
Soil Texture: at < 2”depth, may be Sand, Loamy sand, Sandy loam, Loam, Silt loam, Silt, Sandy
clay loam, Clay loam, Silty clay loam, Sandy clay, Silty clay, or Clay (see Marin County Soil
Survey or http://casoilresource.lawr.ucdavis.edu/drupal/node/902 to find soil type(s) and use the
flow chart on p. 69 at the site to cross-check with expected texture from the table on p. 70-72)
Slope Length: horizontal distance from upper bank (at fence) to waters edge (< 50 meters)
Slope Shape: may be Uniform
, Convex
, Concave
, or S-shaped
from upper bank
% Steepness: the percent slope from upper bank to waters edge (rise/run, or clinometer)
Dominant Plant Growth Form: top canopy may be shrubs or perennial grass or annual (=‘other’)
Canopy Cover: % of total vegetation living or dead for woody and herbaceous (USDA 2007)
Basal Plant Canopy Cover: % intersection of plant and soil surface for groundcover layer only
Rock & Litter Cover: % of rocks and litter respectively, for groundcover layer only
After collecting field data, go to http://dss.tucson.ars.ag.gov/rhem/ and enter field data directly into
the program. 1) Name each model run (by site and section # within the
site) and select English units; 2) select the Kentfield climate station
(next closest is Graton); 3) input the field data collected from each
section of the project site; 4) record sediment yield and soil loss
(tons/ac/yr) for average, 50 year and 100 year storms from each section
of the site; 5) multiply by the size of the section (ac) and divide by 1.35
to convert to cubic yards per year; 5) sum all section outputs for totals
of the project site; 6) multiply by the number of years since project
implementation for both pre and post project surveys; and 7) subtract
the post-project value from the pre-project to give total sediment saved.
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Map
Unit
#
101
102
103
104
105
106
107

Map Unit Name

BALLARD GRAVELLY, LOAM 2 TO 9 PERCENT
SLOPES
BALLARD-URBAN LAND COMPLEX, 0 TO 9
PERCENT SLOPES
BARNABE VERY GRAVELLY LOAM, 30 TO 50
PERCENT SLOPES
BEACHES
BLUCHER-COLE COMPLEX, 2 TO 5 PERCENT
SLOPES
BONNYDOON GRAVELLY LOAM, 15 TO 30
PERCENT SLOPES
BONNYDOON GRAVELLY LOAM, 30 TO 75
PERCENT SLOPES
BONNYDOON VARIANT-GILROY-GILROY

108 VARIANT LOAMS, 50 TO 75 PERCENT SLOPES
109
110
111

BRESSA VARIANT-MCMULLIN VARIANT
COMPLEX, 30 TO 50 PERCENT SLOPES
CENTISSIMA-BARNABE COMPLEX, 15 TO 30
PERCENT SLOPES
CENTISSIMA-BARNABE COMPLEX, 30 TO 50
PERCENT SLOPES
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Range
Range
Range
Seedling
Prod. - Prod. - Prod. Mortality
normal
low
high
Potential
(lb/ac/yr) (lb/ac/yr) (lb/ac/yr)

Texture

T
Factor
(tons/a
c/yr)

Erosion
Hazard off road,
off trail

Erosion
Hazard road, trail

gravelly loam

5

Slight

Moderate

gravelly loam

5

Slight

very gravelly
loam

1

Severe
Not rated

Not rated

clay loam

5

Slight

Moderate

1,750

1,050

2,100

gravelly loam

2

Moderate

Severe

2,720

1,870

gravelly loam

2

Very
severe

Severe

2,720

loam

1

Very
severe

Severe

1,535

gravelly loam

3

Severe

loam

3

loam

3

Acres

% of
County

Low

1,768

0.5%

Moderate

Low

856

0.2%

Severe

Low

821

0.2%

Not rated

1,599

0.4%

High

10,390

2.7%

3,230

Low

516

0.1%

1,870

3,230

Low

4,107

1.1%

855

2,035

Low

2,933

0.8%

Severe

Low

1,510

0.4%

Moderate

Severe

Low

785

0.2%

Severe

Severe

Low

2,663

0.7%

Severe

Low

4,851

1.2%

1,700

1,020

2,210

loam

3

clay
gravelly sandy
loam

5

Very
severe
Slight

Slight

1,350

1,215

1,530

High

1,098

0.3%

4

Slight

Slight

680

340

850

Low

874

0.2%

loam

4

Moderate

Severe

1,200

900

1,400

Low

2,261

0.6%

loam

4

Moderate

Severe

1,200

900

1,400

Low

2,953

0.8%

loam

4

Severe

Severe

960

720

1,120

Low

3,923

1.0%

4

Very
severe

Severe

960

720

1,120

Low

2,504

0.6%

4

Severe

Severe

Low

2,311

0.6%

4

Very
severe

Severe

Low

9,146

2.3%

4

Severe

Severe

Low

548

0.1%

Not rated

Not rated

Not rated

3,552

0.9%

clay loam

3

Moderate

Severe

1,840

1,080

2,080

Low

719

0.2%

clay loam

3

Moderate

Severe

1,840

1,080

2,080

Low

949

0.2%

clay loam

4

Severe

Severe

2,080

1,230

2,360

Low

2,352

0.6%

FELTON VARIANT-SOULAJULE COMPLEX, 50
TO 75 PERCENT SLOPES

clay loam

4

Very
severe

Severe

2,080

1,230

2,360

Low

1,007

0.3%

FLUVENTS, CHANNELED

stratified cobbly
sand to silt loam

Slight

Moderate

Not rated

930

0.2%

2

Severe

Severe

1,689

1,005

2,250

Low

3,257

0.8%

stony clay loam

1

Severe

Severe

510

425

680

Low

3,396

0.9%

peat
stratified peat to
silt to clay
loam
loam
loam

5

Slight

Moderate

Not rated

571

0.1%

Slight

Slight

Not rated

2,041

0.5%

4
4
4

Severe
Severe
Severe

Low
Low
Low

756
817
638

0.2%
0.2%
0.2%

135 INVERNESS LOAM, 50 TO 75 PERCENT SLOPES

loam

4

Severe

Low

3,923

1.0%

136

KEHOE LOAM, 9 TO 15 PERCENT SLOPES

loam

3

Slight
Moderate
Severe
Very
severe
Moderate

Severe

2,465

2,125

2,975

Low

915

0.2%

137

KEHOE LOAM, 15 TO 50 PERCENT SLOPES

loam

3

Severe

Severe

2,465

2,125

2,975

Low

993

0.3%

112

CENTISSIMA-BARNABE COMPLEX, 50 TO 75
PERCENT SLOPES

113

CLEAR LAKE CLAY

114

CORTINA GRAVELLY SANDY LOAM, 0 TO 5
PERCENT SLOPES

115
116
117

CRONKHITE-BARNABE COMPLEX, 9 TO 15
PERCENT SLOPES
CRONKHITE-BARNABE COMPLEX, 15 TO 30
PERCENT SLOPES
CRONKHITE-BARNABE COMPLEX, 30 TO 50
PERCENT SLOPES

118

CRONKHITE-BARNABE COMPLEX, 50 TO 75
PERCENT SLOPES

119

DIPSEA-BARNABE VERY GRAVELLY LOAMS,
30 TO 50 PERCENT SLOPES

120

DIPSEA-BARNABE VERY GRAVELLY LOAMS,
50 TO 75 PERCENT SLOPES

121

DIPSEA-URBAN LAND-BARNABE COMPLEX,
30 TO 50 PERCENT SLOPES

122
123
124
125
126
127

DUNE LAND
FELTON VARIANT-SOULAJULE COMPLEX, 9
TO 15 PERCENT SLOPES
FELTON VARIANT-SOULAJULE COMPLEX, 15
TO 30 PERCENT SLOPES
FELTON VARIANT-SOULAJULE COMPLEX, 30
TO 50 PERCENT SLOPES

GILROY-GILROY VARIANT-BONNYDOON

128 VARIANT LOAMS, 30 TO 50 PERCENT SLOPES
129
130

HENNEKE STONY CLAY LOAM, 15 TO 50
PERCENT SLOPES
HUMAQUEPTS, SEEPED

131

HYDRAQUENTS, SALINE

132
133
134

INVERNESS LOAM, 9 TO 15 PERCENT
INVERNESS LOAM, 15 TO 30 PERCENT
INVERNESS LOAM, 30 TO 50 PERCENT

loam
very gravelly
loam
very gravelly
loam
very gravelly
loam

loam
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T
Factor
(tons/a
c/yr)

Erosion
Hazard off road,
off trail

Erosion
Hazard road, trail

4

Slight

Severe

2,975

2,210

3,400

4

Moderate

Severe

2,975

1,768

gravelly loam

3

Moderate

Severe

2,626

gravelly loam

3

Moderate

Severe

2,515

gravelly loam

3

Severe

Severe

2,440

Moderate

Severe

Map
Unit
#

Map Unit Name

Texture

138

KEHOE VARIANT COARSE SANDY LOAM, 9 TO
15 PERCENT SLOPES

139

KEHOE VARIANT COARSE SANDY LOAM, 15
TO 50 PERCENT SLOPES

coarse sandy
loam
coarse sandy
loam

140
141
142
143
144
145

LOS OSOS-BONNYDOON COMPLEX, 5 TO 15
PERCENT SLOPES
LOS OSOS-BONNYDOON COMPLEX, 15 TO 30
PERCENT SLOPES
LOS OSOS-BONNYDOON COMPLEX, 30 TO 50
PERCENT SLOPES
LOS OSOS-URBAN LAND-BONNYDOON
COMPLEX, 15 TO 30 PERCENT SLOPES
LOS OSOS-URBAN LAND-BONNYDOON
COMPLEX, 30 TO 50 PERCENT SLOPES
MAYMEN-MAYMEN VARIANT GRAVELLY
LOAMS, 30 TO 75 PERCENT SLOPES

69

gravelly loam

Range
Range
Range
Seedling
Prod. - Prod. - Prod. Mortality
normal
low
high
Potential
(lb/ac/yr) (lb/ac/yr) (lb/ac/yr)

gravelly loam

3

Severe

Severe

gravelly loam

1

Very
severe

Severe

1,714

clay loam

1

Moderate

Severe

805

clay

5

Slight

Slight

Acres

% of
County

Low

489

0.1%

3,081

Low

2,712

0.7%

1,691

2,948

Low

2,722

0.7%

1,640

2,860

Low

5,972

1.5%

Low

13,688

3.5%

Low

652

0.2%

571

1,857

Low

535

0.1%

537

1,253

Low

7,119

1.8%

High

273

0.1%

1,530

2,550

High

3,113

0.8%

147

MONTARA CLAY LOAM, 15 TO 30 PERCENT
SLOPES
NOVATO CLAY

148

OLOMPALI LOAM, 2 TO 9 PERCENT SLOPES

loam

3

Slight

Moderate

2,125

1,530

2,550

High

1,232

0.3%

149

OLOMPALI LOAM, 9 TO 15 PERCENT SLOPES

loam

3

Moderate

Severe

2,125

1,545

2,576

High

3,357

0.9%

150 OLOMPALI LOAM, 15 TO 30 PERCENT SLOPES

loam

3

Moderate

Severe

2,146

1,212

1,818

Low

1,921

0.5%

loam

1

Moderate

Severe

1,556

1,212

1,818

Low

3,080

0.8%

loam

1

Very
severe

Severe

1,556

Low

2,978

0.8%

loam

3

Slight

Severe

Low

585

0.1%

loam

3

Moderate

Severe

Low

2,345

0.6%

loam

3

Severe

Severe

Low

3,004

0.8%

146

151

PABLO-BAYVIEW COMPLEX, 15 TO 50
PERCENT SLOPES

152

PABLO-BAYVIEW COMPLEX, 50 TO 75
PERCENT SLOPES

153
154
155
156
157
158
159
160
161
162
163
164
165
166

PALOMARIN-WITTENBERG COMPLEX, 9 TO 15
PERCENT SLOPES
PALOMARIN-WITTENBERG COMPLEX, 15 TO
30 PERCENT SLOPES
PALOMARIN-WITTENBERG COMPLEX, 30 TO
50 PERCENT SLOPES
PALOMARIN-WITTENBERG COMPLEX, 50 TO
75 PERCENT SLOPES

loam

3

PITS, QUARRIES
REYES CLAY
ROCK OUTCROP-XERORTHENTS COMPLEX,
50 TO 75 PERCENT SLOPES
RODEO CLAY LOAM, 2 TO 15 PERCENT
SLOPES
SAURIN-BONNYDOON COMPLEX, 2 TO 15
PERCENT SLOPES
SAURIN-BONNYDOON COMPLEX, 15 TO 30
PERCENT SLOPES
SAURIN-BONNYDOON COMPLEX, 30 TO 50
PERCENT SLOPES
SAURIN-BONNYDOON COMPLEX, 50 TO 75
PERCENT SLOPES
SAURIN-URBAN LAND-BONNYDOON
COMPLEX, 15 TO 30 PERCENT SLOPES
SAURIN-URBAN LAND-BONNYDOON
COMPLEX, 30 TO 50 PERCENT SLOPES

clay

5

Very
severe
Not rated
Slight

Not rated
Slight

Not rated

Not rated

Severe

0.1%
2.0%

2,273

3,636

High

1,792

0.5%

1,350

Severe

2,727

1,660

3,140

Low

3,808

1.0%

clay loam

3

Slight

Severe

2,460

1,553

2,915

Low

995

0.3%

clay loam

3

Moderate

Severe

2,298

1,918

3,592

Low

2,719

0.7%

clay loam

3

Severe

Severe

2,837

1,918

3,592

Low

5,878

1.5%

3

Very
severe

Severe

2,837

Low

4,769

1.2%

clay loam

Moderate

Severe

Low

605

0.2%

clay loam

Severe

Severe

Low

1,364

0.3%

3

Moderate

Severe

Low

1,245

0.3%

3

Severe

Severe

Low

1,261

0.3%

3

Very
severe

Severe

clay loam

170

SIRDRAK SAND, 2 TO 15 PERCENT SLOPES

sand

5

Slight

Moderate

171

SIRDRAK SAND, 15 TO 50 PERCENT SLOPES

sand

5

Moderate

172

SIRDRAK VARIANT SAND, 0 TO 5 PERCENT
SLOPES

sand

4

173

SOBEGA LOAM, 9 TO 15 PERCENT SLOPES

loam

174

SOBEGA LOAM, 15 TO 30 PERCENT SLOPES

loam

SHERIDAN VARIANT COARSE SANDY LOAM,
30 TO 50 PERCENT SLOPES

342
7,967

Slight

SHERIDAN VARIANT COARSE SANDY LOAM,
50 TO 75 PERCENT SLOPES

168

2.0%

High
Not rated

5

169

167

7,742

1,800

clay loam

coarse sandy
loam
coarse sandy
loam
coarse sandy
loam

SHERIDAN VARIANT COARSE SANDY LOAM,
9 TO 30 PERCENT SLOPES

Not rated
900

1,653

2,480

Low

1,378

0.4%

2,204

1,636

2,455

Low

2,106

0.5%

Severe

2,182

1,800

2,520

High

575

0.1%

Slight

Slight

2,160

1,561

2,602

Low

1,710

0.4%

3

Slight

Severe

2,168

1,561

2,602

Low

2,344

0.6%

3

Moderate

Severe

2,168

680

1,763

Low

503

0.1%
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Map
Unit
#

175
176
177
178
179
180
181
182
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Map Unit Name

Texture

T
Factor
(tons/a
c/yr)

TAMALPAIS-BARNABE VARIANT VERY
GRAVELLY LOAMS, 15 TO 30 PERCENT
SLOPES
TAMALPAIS-BARNABE VARIANT VERY
GRAVELLY LOAMS, 30 TO 50 PERCENT
SLOPES
TAMALPAIS-BARNABE VARIANT VERY
GRAVELLY LOAMS, 50 TO 75 PERCENT
SLOPES
TOCALOMA-MCMULLIN COMPLEX, 15 TO 30
PERCENT SLOPES
TOCALOMA-MCMULLIN COMPLEX, 30 TO 50
PERCENT SLOPES

very gravelly
loam

2

Moderate

Severe

1,330

600

1,547

very gravelly
loam

2

Severe

Severe

1,168

629

1,608

very gravelly
loam

2

Very
severe

Severe

1,216

gravelly loam

3

Moderate

gravelly loam

3
3

TOCALOMA-MCMULLIN COMPLEX, 50 TO 75
SLOPES
TOCALOMA-MCMULLIN-URBAN LAND
COMPLEX, 15 TO 30 PERCENT SLOPES
TOCALOMA-MCMULLIN-URBAN LAND
COMPLEX, 30 TO 50 PERCENT SLOPES

gravelly loam
gravelly loam

Erosion
Hazard off road,
off trail

Erosion
Hazard road, trail

Range
Range
Range
Seedling
Prod. - Prod. - Prod. Mortality
normal
low
high
Potential
(lb/ac/yr) (lb/ac/yr) (lb/ac/yr)

Acres

% of
County

Low

537

0.1%

Low

2,061

0.5%

Low

1,783

0.5%

Severe

Low

349

0.1%

Severe

Severe

Low

7,773

2.0%

Very
severe

Severe

Low

22,878

5.9%

Moderate

Severe

Low

1,184

0.3%

gravelly loam

3

Severe

Severe

706

1,412

Low

5,095

1.3%

183

TOCALOMA-SAURIN ASSOCIATION, STEEP

clay loam

3

Moderate

Severe

1,059

625

1,250

Low

919

0.2%

184

TOCALOMA-SAURIN ASSOCIATION, VERY
STEEP

clay loam

3

Severe

Severe

938

645

1,290

Low

17,623

4.5%

clay loam

3

Very
severe

Severe

968

1,771

2,656

Low

23,496

6.0%

fine sandy loam

4

Slight

Moderate

2,214

1,771

2,656

Low

1,499

0.4%

fine sandy loam

4

Slight

Severe

2,214

1,753

2,629

Low

2,531

0.6%

fine sandy loam

4

Moderate

Severe

2,191

1,735

2,602

Low

1,067

0.3%

fine sandy loam

4

Severe

Severe

2,168

1,717

2,576

Low

2,559

0.7%

185
186
187
188
189

TOCALOMA-SAURIN ASSOCIATION,
EXTREMELY STEEP
TOMALES FINE SANDY LOAM, 2 TO 9
PERCENT SLOPES
TOMALES FINE SANDY LOAM, 9 TO 15
PERCENT SLOPES
TOMALES FINE SANDY LOAM, 15 TO 30
PERCENT SLOPES
TOMALES FINE SANDY LOAM, 30 TO 50
PERCENT SLOPES

190

TOMALES LOAM, 2 TO 9 PERCENT SLOPES

loam

4

Slight

Moderate

2,146

1,717

2,576

Low

591

0.2%

191

TOMALES LOAM, 9 TO 15 PERCENT SLOPES

loam

4

Slight

Severe

2,146

1,789

2,684

Low

4,967

1.3%

192

TOMALES LOAM, 15 TO 30 PERCENT SLOPES

loam

4

Moderate

Severe

2,237

1,717

2,576

Low

4,633

1.2%

193

TOMALES LOAM, 30 TO 50 PERCENT SLOPES

loam

4

Severe

Severe

2,146

1,711

2,667

Low

2,570

0.7%

loam

4

Moderate

Severe

2,222

1,656

2,581

Low

39

0.0%

fine sandy loam

4

Slight

Severe

2,151

1,621

2,526

Low

840

0.2%

fine sandy loam

4

Moderate

Severe

2,105

1,692

2,637

Low

1,297

0.3%

fine sandy loam

4

Severe

Severe

2,198

1,750

2,727

Low

639

0.2%

loam

4

Slight

Severe

2,273

1,674

2,609

Low

6,743

1.7%

loam

4

Moderate

Severe

2,174

1,674

2,609

Low

1,957

0.5%

loam

4

Severe

Severe

2,174

Not rated

320

0.1%

Not rated

Not rated

Not rated

1,023

0.3%

Not rated

Not rated

Not rated

2,816

0.7%

Not rated

Not rated

Not rated

Not rated

194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

TOMALES-SOBEGA LOAMS, 15 TO 30
PERCENT SLOPES
TOMALES-SOBEGA COMPLEX, 9 TO 15
PERCENT SLOPES
TOMALES-SOBEGA COMPLEX, 15 TO 30
PERCENT SLOPES
TOMALES-STEINBECK FINE SANDY LOAMS,
30 TO 50 PERCENT SLOPES
TOMALES-STEINBECK LOAMS, 5 TO 15
PERCENT SLOPES
TOMALES-STEINBECK LOAMS, 15 TO 30
PERCENT SLOPES
TOMALES-STEINBECK LOAMS, 30 TO 50
PERCENT SLOPES
URBAN LAND-BALLARD COMPLEX, 0 TO 9
PERCENT SLOPES
URBAN LAND-XERORTHENTS COMPLEX, 0 TO
9 PERCENT SLOPES
XERORTHENTS, FILL
XERORTHENTS-URBAN LAND COMPLEX, 0 TO
9 PERCENT SLOPES
YORKVILLE CLAY LOAM, 9 TO 15 PERCENT
SLOPES
YORKVILLE CLAY LOAM, 15 TO 30 PERCENT
SLOPES
YORKVILLE CLAY LOAM, 30 TO 50 PERCENT
SLOPES
YORKVILLE-ROCK OUTCROP COMPLEX, 9 TO
15 PERCENT SLOPES
YORKVILLE-ROCK OUTCROP COMPLEX, 15
TO 30 PERCENT SLOPES
WATER
DAMS

gravelly loam

Not rated

2,658

0.7%

1,052

2,892

Low

11,549

3.0%

clay loam

4

Slight

Severe

2,454

1,052

2,892

Low

351

0.1%

clay loam

4

Moderate

Severe

2,454

1,020

2,805

Low

1,083

0.3%

clay loam

4

Severe

Severe

2,380

791

2,176

Low

5,442

1.4%

clay loam

4

Slight

Severe

1,846

774

2,129

Low

589

0.2%

clay loam

4

Moderate

Severe

1,806

Not rated

1,841

0.5%

Not rated
Not rated

Not rated
Not rated

Not rated

57,297
2

14.7%
0.0%
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Streambank Stability Line Intercept Transect (Gerstein and Harris 2005) Page ___ of ___
Contract #:______________ Contract Name:______________________________ Implementation Mo/Yr:_______
Site Name:_________________________________________ Stream/Drainage:_____________________________
Evaluators:_____________ Date:_________Project Feature #/Name:_______________________ Transect #:_____
Transect Length:_______ Start Point:_______________________________________________________________
Streambank: (Left or Right) Direction: (Upstream or Downstream) Project Phase: (Pre-treatment or Post-treatment)
Bank Class
Start
End
Distance

Stability
Class

0-3’ Height Class
Start
End
Distance

Species

3-15’ Height Class
Start End
Distance

Species

>15’ Height Class
Start
End
Distance

Species

Comments
(location, bearing, other
plant species,)

Species Codes
BRRS = Barren Soil
ALLV = Gravel, sand, fines
ROCK = Boulder, cobble, concrete
LITT = Leaf litter
HERB = Herbaceous
ROOT = Woody roots
LWD = Wood > 12”dia (SWD<12”)
REST = Restoration Structure
OTST = Other Structure
Bank Stability Codes
STNT = stable bank, no treatment STPT = stable, treatment area UNPT = unstable, treatment area UNNT = Unstable bank, no treatment

LB = Left Bank, RB = Right Bank, UPS = Upstream, DNS = Downstream, ║ = Parallel, ┴ = Perpendicular
AF = annual forbs, AG = annual grass, AFG = annual forbs and grass, PG = perennial grass, PF = perennial forb

Additional Comments:
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Riparian Line Intercept Transect (Harris et al. 2005)

Page ___ of ___

Contract #:______________ Contract Name:____________________________ Implementation Mo/Yr:_________
Site Name:_________________________________________ Stream/Drainage:_____________________________
Evaluators:__________________ Date:________ Project Feature #/Name:____________________ Method #:____
Transect #:_____ Length:_______ Start Point:________________________________________________________
Streambank: (Left or Right) Direction: (Upstream or Downstream) Project Phase: (Pre-treatment or Post-treatment)
0-3’ Height Class
Start
End
Distance

Species

3-15’ Height Class
Start End
Distance

Species

>15’ Height Class
Start
End
Distance

Species

Comments
(location & bearing of transect, total #
transects, other plant species observed)

Species Codes
BRRS = Barren Soil
ALLV = Gravel, sand, fines
ROCK = Boulder, cobble, concrete
LITT = Leaf litter
HERB = Herbaceous
ROOT = Woody roots
LWD = Wood > 12”dia (SWD<12”)
REST = Restoration Structure
OTST = Other Structure
LB = Left Bank, RB = Right Bank, UPS = Upstream, DNS = Downstream, ║ = Parallel, ┴ = Perpendicular
AF = annual forbs, AG = annual grass, AFG = annual forbs and grass, PG = perennial grass, PF = perennial forb
Additional Comments:
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Aquatic Habitat (adapted from Gerstein 2005)
Site:
Stream:

Contract Name/#:
Drainage:

Page _____ of _____
Crew:
Date:

Debris

Restoration Structure Data

Pools

Pool/ Flatwater

All Habitat Units

Habitat Unit #
Habitat Unit Type
Main or Side channel
End Distance
Max Depth of Water
Width @ 1/3
Width @ 2/3
% Slackwater (winter only)
Shelter Value
% Unit Covered
1st element
% of total 1
2nd element
% of total 2
Pool Former (element)
Origin of Former (natural
or structure)
Depth of Tail Crest
Habitat Unit #
Structure #
Structure Type
Structure Condition
Structure Problem
Upstream End Distance
Max Depth of Water
Shelter (% of unit covered
by structure)
Slackwater (% created by
structure in winter)
LWD #
SWD #
Aggregate WD #
Comments:

Cover Elements
Aquatic Veg
Bedrock Ledge
Boulder
Bubble Curtain
LWD (> 12”)
Root Mass
SWD (< 12”)
Terrestrial Veg
Undercut Bank

Code
AV
BE
BO
BC
LW
RM
SW
TV
UB

Pool Former
Bedrock
Boulder
Lateral Scour
Live Tree
LWD
Multiple
Rootwad
Unknown

Code
BE
BO
LS
LT
LW
MU
RW
UN

Level III Habitat Types
Main Channel Pool
Scour Pool
Backwater Pool
Flatwater
Riffle
Cascade
Dry

Code
MP
SP
BP
FW
RF
CA
DR
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Stream Shade (Harris et al. 2005)

Page _____ of _____

Contract #:______________ Contract Name:_____________________________ Implementation Mo/Yr:________
Site Name:_________________________________________ Stream/Drainage:_____________________________
Evaluators:____________________________ Date:__________ Project Phase: (Pre-treatment or Post-treatment)
Project Feature #/Name:____ Start Point:____________________________________________________________
Point
#

Stream
Distance

Canopy Density (17 total points)
DNST

Right

UPST

Left

Percent
Deciduous

Evergreen

Comments (Note tree composition,
project feature, or planting zone)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Water Temperature, Point: 1______________ 10 ______________ 20 ______________ 30 ______________
Air Temperature, Point: 1______________ 10 ______________ 20 ______________ 30 ______________
Additional Comments:

Riparian Zone Monitoring Plan 2010

75

Channel Dimensions (Gerstein 2005, Gerstein and Harris 2005)

Page _____ of _____

Contract #:
Contract Name:
Implementation
Mo/Yr:
Site Name:
Stream/Drainage:
Date:
Phase: (Pre-treatment or Post-treatment) Project Feature #/Name:
XS #:
Crew: Level
Stadia Rod
Recorder
Description of Survey (include BM & XP locations):

Total Survey Length (ft & tenths):
Station

(+) BS

HI

(-) FS

Elevation

Comments (record geomorphic features, substrate,
veg. and other factors of interest at each station)

Codes: BM = Benchmark, HI = Height of Instrument, FS = Foresight, BS = Backsight, XP = Cross Section Endpoint,
LB = Left Bank, RB = Right Bank, UPS = Upstream, DNS = Downstream, FP = Floodplain, LT/MT/HT =
Low/Middle/High Terrace, LEW/REW = Left/Right Edge Water, BKF = Bankfull, PB = Point Bar, TP = Turning
Point, ║ = Parallel, ┴ = Perpendicular
Additional Comments:
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Exhibit F: Landowner Questionnaire
Landowner Questionnaire
Completed by: _____________________ Date: _________
The intent of this questionnaire is to summarize your
thoughts, any confusion you may have had, and unintended
side effects resulting from your conservation project in
order to reduce future problems and miscommunication.
Please answer the following questions using the 1 - 5 (noyes) ranks in the box. Thank you again for working with
Marin Resource Conservation District.

Rank Descriptions
1 = definitely not, or never
2 = no, or probably not
3 = not sure, or no opinion
4 = yes, or probably so
5 = definitely yes, without a doubt

Landowner/ Manager Interviewed: ______________________________ Project Year: _____________
Project Description/ Location: __________________________________________________________
1) Was the project successful meeting your intended goal(s)?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
2) Could Marin RCD improve any phase in the process (please circle any that apply)?
1
2
3
4
5
NA
Selection
Design
Construction
Maintenance
Monitoring
Your Time
Other/Comments:___________________________________________________________________
3) Was any phase in the process confusing (please circle any that apply)?
1
2
3
4
5

NA

Selection
Design
Funding Sources
Construction
Maintenance
Monitoring
Other/Comments:___________________________________________________________________
4) Will you continue to participate in Marin RCD projects?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
5) Would you recommend participation in Marin RCD projects?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
6) Did the project help you conserve or reduce water used for your farm/ ranch?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
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7) Did the project improve your management of a pasture or farm field?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
8) Did the project help improve the productivity of a pasture or farm field?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
9) Did the project improve livestock health?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
10) Have you implemented similar or other conservation practices on your own?
1
2
3
4
5
NA
Describe/Comments:_________________________________________________________________
11) Did the project reduce any agricultural expenses (please circle any that apply)?
1
2
3
4
5
NA
Water

Feed

Electricity
Time
Fuel
Labor
Other/Comments:___________________________________________________________________
12) Did the project increase any agricultural expenses (please circle any that apply)?
1
2
3
4
5
NA
Water

Feed

Electricity
Time
Fuel
Labor
Other/Comments:___________________________________________________________________
13) Has the project helped to reduce any stress from natural resource concerns?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
14) Has the project improved water quality?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
15) Has the project improved wildlife habitat?
1
2
3
4
5
NA
Comments:_________________________________________________________________________
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Project Assessment & Evaluation Plan (PAEP)
I.

A.2

Project Summary
A. Funding Program:
The Conserving Our Watersheds Phase III: Grazing Waiver Compliance program, Agreement
No. 11-092-552, is funded in full by a federal grant (Cooperative Agreement No. C997957512) from the US EPA to the State Water Resources Control Board to implement
California’s Nonpoint Source Program pursuant to Clean Water Act Section 319(h).
B. Project Description:
The Conserving Our Watersheds: Grazing Waiver Compliance (COW) Phase III program is
designed to implement habitat improvement projects along Keys Creek, a tributary of
Walker Creek and direct tributaries to Tomales Bay. Keyes Creek was identified to be a high
priority subwatershed based on past monitoring results from the Tomales Bay Watershed
Council and Regional Water Quality Control Board. The projects are intended to improve
water quality, sediment runoff and nutrient levels, as well as satisfy TMDL requirements
outlined by the San Francisco Bay Regional Water Quality Control Board (RWQCB).
The goal of the COW Phase III program is to collaborate amongst Marin’s agricultural
resource agencies to provide a network that will result in the implementation of 10 high
priority best management practices (BMPs). In doing this, it is expected that fine sediment
delivery will be reduced by 75-95% for repaired headcuts, gullies and streambank and
reduced by 50-75% through riparian fencing and revegetation projects. Another important
goal of is to continue to build excellent stewardship practices into the everyday work of
ranching and farming in west Marin County—practices that will protect Tomales Bay and its
tributaries into the future. This will be accomplished by providing landowners and producers
with 1) project planning and permitting assistance, 2) technical/engineering expertise, 3)
construction contractors, and 4) maintenance and monitoring assistance.
The COW Phase III program will utilize the Marin Coastal Permit Coordination Program
(MCPCP), which provides coordinated regulatory review for implementation, under the
sponsorship of the Marin Resource Conservation District (MRCD) and USDA Natural
Resources Conservation Service (NRCS). Seventeen (17) types of conservation and
restoration practices are intended for grazing lands to reduce erosion, enhance aquatic and
terrestrial habitat and assist ranchers with sound stewardship in the Marin County coastal
watersheds. These practices include access roads, animal trails & walkways, critical area
plantings, filter strips, fish stream improvements, grade stabilization structures, grassed
waterways, lined waterways, pipelines, sediment basins, spring developments, streambank
protection, stream channel stabilization, stream habitat improvement, structures for water
control, underground outlets and water, and sediment control basins. Projects will be
selected through a process that has proven highly successful for other recent MRCD grant
programs: First, landowners and local groups will submit candidate projects through an
open proposal process; Second, a Technical Advisory Committee (TAC) will review and rank
the projects, and then make recommendations to the MRCD Board and the Grant Manager.
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C. Problem Statement:
Many of the historic and current land uses in the Tomales Bay watershed including
residential development, agriculture, construction of reservoirs, mining, road construction
and septic disposal have led to deleterious effects on Tomales Bay and its beneficial uses
(AGR, COLD, MIGR, MUN, RARE, REC1, REC2, SPWN, WARM, WILD, FRSH, MIGR).
Sedimentation is occurring at an average rate of 5mm/yr which is equivalent to
approximately 80,000 tons per year. Salmon habitat has been diminished to less than half of
the original range. During recent years, water quality monitoring has resulted in the posting
of human health advisories for water contact recreation and the consumption of sport fish,
as well as periodic closure of shellfish harvesting. As a result, the water quality of the bay
and its two tributaries are listed as impaired by the RWQCB for pathogens, sediment,
mercury and nutrients.
In September 2005, the San Francisco Bay Regional Water Quality Control Board (RWQCB)
approved the Pathogen TMDL for the Tomales Bay watershed. In September 2008, the
RWQCB approved a Mercury TMDL for the Walker Creek subwatershed and is now actively
pursuing TMDL information in preparation for sediment and nutrients. While MRCD is
focused on addressing privately owned grazing lands, coordination occurs with other
organizations such as the Tomales Bay Watershed Council, Point Reyes National Seashore
and Marin Municipal Water District in addressing the suite of issues identified in the TMDL.
The Pathogen TMDL calls for over 18 implementation actions ranging including those
applied to grazing lands which comprise 55% of the watershed. A significant step in the
implementation of the Pathogen TMDL is the requirement of grazing landowners and
operators to comply with Conditional Waivers. Approximately 150 rangeland parcels within
the Tomales Bay watershed are required to comply with the Conditional Waiver for Grazing
Lands.
The implementation of 10 Best Management Practices (BMPs) will have a significant effect
on the environment and ecological processes within the watershed. Many of the RWQCB
Beneficial Uses will be addressed: 1) Reduce erosion and sedimentation to improve
important spawning areas and reduce sedimentation of estuarine habitats; 2) Fence out
stream corridors to decrease the number of pathogens getting into the watershed thereby
improving waters for recreational uses; 3) Revegetate streams to cool stream temperatures
for wildlife habitat and provide improved habitats for threatened and endangered species;
4) Decrease runoff pollution by fencing out riparian areas, installing biotechnical
streambank repairs, revegetation of stream corridors and repairing gully erosion; and 5)
Improve upstream grazing lands to improve water quality at nearby beaches, estuaries and
coastal waters by reducing pathogens, EColi, sediments and nutrients.
i - Identify or characterize baseline data and sources
The Tomales Bay Watershed is listed as an impaired waterbody under section 303(d) of
the Clean Water Act for Sediment, Mercury, Nutrients and Pathogens. According to
established reports by the RWQCB, including the Tomales Bay Pathogen TMDL, NonPoint Source (NPS) inputs include runoff from animal waste (dairies and rangelands),
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failing septic systems, erosion of streambanks and roads, storm drains, and boating
activities. Identified water quality impacts include seasonal closure of shellfish beds,
high bacterial counts in several swimming areas along tributaries to Tomales Bay,
sedimentation of the estuary and spawning beds, and elevated mercury levels in fish.
The following section describes the linkages and impacts these impairments have on the
watershed. It is an excerpt from the 2004 Tomales Bay Watershed Stewardship Plan,
Section 3.1.2, Circulation, sedimentation, nutrient levels and water borne pathogens:
“Sedimentation is rapidly occurring in Tomales Bay. Comparisons were made between
1861 and 1957 using hydrographic charts with corrections made for changing sea levels
(Rooney, 1999). These calculations showed a bay wide average infilling rate of 5mm/yr.
This is equivalent to a watershed erosion rate of approximately 80,000 tons per year.
The largest sediment influx seems to have occurred between about 1930 and 1960. The
physical filling of the bay reduces the water volume, alters circulation patterns, changes
nutrient levels, effects benthic communities and estuary habitat in general, and it also
can effect the contaminant load in the bay.
Mercury attached to fine particles has moved−and most likely will continue to
move−into Tomales Bay. Phosphate and coliform bacteria can attach to particles and be
transported and deposited into the bay as sediment. Re-suspension can occur during
high winds and winter runoff, thus exposing the system to new pulses of contaminates.
Nutrient levels in the bay are closely linked to sediment movement since many
nutrients can attach to fine particles and deposit as sediment. Because balanced
nutrient levels are critical in maintaining the bay ecosystem, it is important to
distinguish natural levels from elevated concentrations coming from animal and human
activities in the watershed. This is not a simple task since nutrient levels often involve
complex relationships between sediment and the water column, storage in ponds and
sediment sinks and seasonal variability.
Bacteria are a common indicator of water borne pathogens that can be injurious to
humans and other living organisms, and may indicate the presence of viruses and
parasites, in addition to other types of water contamination that are more difficult to
assess. Mariculture requires relatively high water quality. Thus agencies with
responsibility for water quality have in the last 20 years done extensive work to
investigate the cause, frequency, and sources of bacterial contamination of shellfish in
Tomales Bay. These bacteria-focused studies have dealt primarily with total and fecal
coliform from a number of possible sources, including dairies and ranches, from
substandard or failing sewage systems, and from natural populations of wildlife that live
in or visit the bay and surrounding watershed.
All of the bacterial studies reviewed in the development of this Plan have indicated that
animal-based agricultural runoff plays a major role in the high levels of fecal coliform
recorded in Tomales Bay and its tributaries during the rainy season (see appendices for
additional information). In order to address this problem, local dairies in the watershed
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joined together to create the TBAG [Tomales Bay Ag Group] in 1999 to collectively
address common management issues. To assist TBAG with their water quality efforts,
the University of California Tomales Bay Water Quality Project has implemented a
“systems approach” to study animal agricultural facilities in order to identify possible
links between animal agriculture and fecal coliform-, nutrient-, and sediment-loading to
the bay. In addition, the San Francisco Bay RWQCB, the California Department of Health
Services (DHS), Marin County Environmental Health Services (EHS), and other agencies
have on-going water quality monitoring programs to track pathogen levels and other
water quality parameters in Tomales Bay and tributary streams.”
ii - Identify and describe current restoration activities; BMPs; load reduction activities;
prevention activities
The COW Phase III program fortifies MRCD’s watershed enhancement programs.
Through the years, MRCD and local agricultural producers have completed watershed
plans and studies which have laid a foundation for restoration activities to occur.
Watershed plans completed as early as 1994 continue to be used today to guide on-theground efforts funded by many federal, state and local funding sources.
The conservation practices that are constructed are identified in MRCD’s MCPCP.
Seventeen (17) types of conservation and restoration practices are intended for Marin
County grazing lands to reduce erosion, enhance aquatic and terrestrial habitat and
assist ranchers in coastal watersheds. These practices include access roads, animal trails
& walkways, critical area plantings, filter strips, fish stream improvements, grade
stabilization structures, grassed waterways, lined waterways, pipelines, sediment
basins, spring developments, streambank protection, stream channel stabilization,
stream habitat improvement, structures for water control, underground outlets and
water, and sediment control basins. The seventeen (17) practices have undergone full
CEQA review and approval. Specifications for these practices originate from the USDA
Natural Resources Conservation Service Field Office Technical Guide but have been
altered to meet local regulatory requirements and conditions.
The COW Phase III program will allow ranchers to utilize federal funding to complete 10
additional grazing management practices. Funding will be combined with the USDA
Environmental Quality Incentives Program (EQIP) and agricultural producer
contributions.
These projects will fit perfectly with regulatory requirements. On July 8, 2008, the San
Francisco Regional Water Quality Control Board issued its Resolution for Waiver of
Waste Discharge Requirements for Grazing Operations in the Tomales Bay Watershed.
The Waiver requires grazing operators to complete ranch plans with a schedule for the
implementation of projects. Through the COW Phase I Program, ranchers have already
started the implementation phase of their ranch plans by completing over forty
conservation practices.
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iii - Summarize how the effectiveness of the proposed practices or measures in
preventing or reducing pollution will be determined
The MRCD will implement a minimum of 10 Best Management Practices (BMPs)
according to NRCS, DFG or MRCD standards. A technical advisory committee will assist
in the planning process and in the selection of BMPs and management measures to be
funded under the grant. During the construction period all projects will be supervised.
Once projects are completed, we will undertake at least two types of monitoring
objectives which will be outlined in the Riparian Zone Monitoring Plan:
Objective one, document the implementation of identified management practices at
project sites. Objective two, collect site condition data as the first step in documenting
management practice effectiveness at each project site. The first objective will be
completed through photo monitoring and project effectiveness evaluations for each of
the 10 implementation practices. The second objective will be completed through field
data collection and pollutant load reduction calculations for all implementation sites.
Photo documentation per state guidelines will be followed to document project benefits
at all sites. In addition, a Project Assessment Checklist (PAC) will be completed for each
management practice after each winter season. The PAC will document the structural
integrity of each project. In addition, MRCD will record miles of restored stream,
quantity and types of species planted, and tons of sediment reduced. Water monitoring
data currently being collected by other organizations and agencies (Salmon Protection
and Watershed Network, Point Reyes National Seashore, Tomales Bay Watershed
Council, RWQCB, County of Marin) will be documented throughout the duration of the
project.
Where appropriate, field data collection will include residual dry matter (RDM)
measurements (cover and species data at plot and transect scales, geomorphological
measurements (cross-section and thalweg profiles) along with other estimates of site
and project condition including: streambank stability, instream shelter and canopy.
These data will be collected in accordance with accepted monitoring protocols and
methods. We will select the appropriate method or combination of methods based
upon the management practices implemented at each site and its intended outcome.
Pollutant load reduction estimates will be made using accepted methods for site and
practice characterization. These may include the Michigan Department of
Environmental Quality Channel and Gully Erosion Equations, USDA Revised Universal
Soil Loss Equation, SCS Direct Volume Method and the Channel Evolution Model. These
methods are integrated into our Monitoring Plan that detail the frequency and intensity
of data collection and pollutant load reduction estimates. We anticipate that each of
the monitored sites will be visited for field data collection purposes at a minimum of
once prior and twice post practice implementation. This will provide the baseline and
preliminary project response data required to complete project effectiveness
monitoring.
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iv - Determine, to the extent feasible, changes in flow pattern in affected waterbodies
Flow patterns should be enhanced due to reductions in stream channel aggradation.
v - Determine economic benefits of implementing project
N/A
D. Project Tasks
3. Project Criteria and Selection
3.1

Select Technical Advisory Committee (TAC) members to participate in the
selection of projects. TAC members will include experts in the fields of
rangeland management, hydrology, biology, construction and engineering.
3.1.1 Submit list of TAC members to the Grantee’s Board of Directors and
Grant Manager for approval.
3.1.2 Develop and submit TAC meeting minutes to Grant Manager.
3.1.3 Review and approve a list of selection criteria to be used in determining
Projects.
3.1.4 Submit the selection criteria to the Grantee’s Board of Directors, TAC,
and the Grant Manager for approval.

3.2

Develop two (2) page project proposals with ranchers, including a description of
ranch plan correlation, the project area access to the site, resource values, and
contiguity of stream reaches.
3.2.1 Develop and distribute solicitation notice to inform ranchers of the
availability of funding.
3.2.2 Submit a copy of the solicitation notice to Grant Manager.
3.2.3 Develop project proposals with ranchers who are interested in applying
for funding.
3.2.4 Submit maps and proposals to Grant Manager.

3.4

Develop a site tour itinerary and visit proposed project sites including all
proposed sites identified in work item 3.2.4. Each site will be visited by a select
group of TAC members who shall be selected based on their expertise.
3.4.1
3.4.2

3.5

Evaluate each site based on the selection criteria developed in work
Item 3.1.3.
Submit a copy of the itinerary and list of project sites visited by which
TAC member to the Grant Manager.

Approve a prioritized list of project sites with the assistance of the TAC, based
on the list of selection criteria developed in work item 3.1.3.
3.5.1 Submit the prioritized list of project sites to the Grantee’s Board of
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Directors and Grant Manager for approval prior to implementation.
4. Project Design Plans and Specifications for Construction Work.
4.2

Conduct design visits with ranchers to perform property site surveys prior to
construction activities, including scheduling site visits with landowners to
discuss conceptual/final designs and construction scheduling.

4.3

Develop individual design plans and site maps for ten (10) high priority BMPs
practices based on results of site surveys. Design practices that reduce
nonpoint source (NPS) pollutants from entering nearby streams feeding into
Tomales Bay.
4.3.1 Detail site specific work, including the methods and materials needed to
complete the work in work item 5.
4.3.2 Submit the design plans, specifications, and maps to the Grant Manager
for approval.

4.4

Prepare Requests for Bids, conduct bid tours and award contracts according to
the Grantee’s Procurement Procedures.
4.4.1 Submit contracts to Grant Manager for review.

4.5

Conduct Project inspections as outlined in awarded construction contracts.

5. Construction of BMPs
5.1

Establish photograph points at each BMP site and conduct pre- and post-photo
documentation at each project site. In fencing and spring development cases
where site specific conditions at the time of construction require a change in
location, only post photos will be taken.
5.1.1 Submit photos to Grant Manager.

5.2

Provide permits to contractors and conduct training for construction personnel,
regarding sensitive resources and perform biological resources protection
during construction.

5.3

Construct ten (10) high priority BMPs to reduce NPS pollution in the Tomales
Bay watershed. Projects shall reduce pathogens and sediment delivery into
streams, and improve wildlife habitat. Projects shall be based on pre-approved
design plans as described in work item 4.3.

5.4

Restore project sites through the removal of invasive and re-vegetation with
native plants.
5.4.1 Complete three (3) restorations with assistance of The Bay Institute’s
Students and Teachers Restoring a Watershed (STRAW) Program.
Restorations will include students participating in professionallydesigned habitat restoration.
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5.4.2
5.5

Submit project summaries describing planting days, participants, plant
species and photos of restoration days.

Prepare post–construction reports to environmental regulators regarding
protection of sensitive resources. Submit a copy of the reports to the Grant
Manager.

6. Riparian Zone Monitoring and Assessment
6.1

Collect baseline information of select projects to measure BMP effectiveness
using the Marin RCD Riparian Zone Monitoring Plan (RZMP).

6.2

Conduct field monitoring and site assessment at all sites per the approved
RZMP.

6.3

Prepare and submit draft monitoring and assessment reports to Grant Manager
for review and comment.

6.4

Prepare and submit the final monitoring and assessment reports based on the
revisions and edits provided by the Grant Manager and the Grantee’s Board of
Directors.

E. Category of Project Activities or Tasks:
Project activities and tasks fall into the following categories: 1) Pollutant Load Reduction; 2)
Planning, Research, Monitoring and Assessment; and 3) Habitat Restoration.
II.

Project Goals & Desired Outcomes
The goal of the COW Phase III program is to contribute to the achievement of nutrient,
sediment, pathogens, and mercury TMDL goals and requirements by implementing 10 BMPs
on grazing lands in the Tomales Bay watershed focusing on Keys Creek. The following
desired outcomes will be achieved:
•
•
•

Assist Ranchers in meeting Report of Waste Discharge Requirement
Increase habitat connectivity, riparian diversity, bank stability, wildlife habitat
Reduce nutrients, pathogens, mercury laden sediment delivery

These goals and outcomes will be achieved using a variety of performance measures, tools
and methods. The success of the grant will be measured by reaching identified targets. All
methods of performance and targets are identified in the Project Performance Measures
Table that follows.
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Project Performance Measures Table
Project
Goal

Implement Pathogen TMDL program goals for grazing operations in the Tomales Bay
Watershed.
1. Assist Ranchers in meeting Report of
Waste Discharge requirement

hutcome Lndicators:
% of watershed parcels with projects
Increase in restored riparian areas
Reduction in fine sediment delivery
Reduction in pathogen & nutrient loads
Increase native tree/shrub cover & diversity

Performance
aeasures

hutput Lndicators:
No. of ranch plans implemented
No. of management practices completed
No. of trees planted
Miles of stream fenced

2. Reduce pathogen, nutrient & sediment delivery
to the Bay & its tributaries from grazing land.

1
2
3
4

aeasurement Tools &
aethods

5esired
Project
hutcomes

1) MRCD’s Riparian Zone Monitoring Plan
a. U.C. Berkeley Center for Forestry publications
b. U.C. Cooperative Extension research
c. Michigan Dept. of Env. Quality: Channel Erosion Equation/Gully Erosion Equation or
USDA-NRCS RUSLE, Direct Vol. Method
d. TAC approved selection criteria, project effectiveness evaluations
e. USDA NRCS Technical Office Field Guide
f. Pathogen TMDL for Tomales Bay
g. Conditional Waiver for Grazing Lands
2) SWRCB approved photo monitoring protocol

1
2
3
4
5

hutput Targets:
1
2
3
4

Targets

III.

4 - 10 landowners assisted with 4 - 10 projects
10 management practices completed
Plant 200 - 500 native plants
Install control fence along 2 - 3 mile of stream

hutcome Targets:
1 20 - 40% of watershed parcels implementing conservation practices
2 2 acres of repaired riparian area
3 Reduce fine sediment delivery between pre & post-project conditions by:
50 -75% at each site for riparian fencing & revegetation projects,
75-95% fine sediment delivery reduction from headcuts, gullies and streambanks
4 60-90% reduction in pathogen loading at individual project sites
5a Increase woody plant species richness in the riparian zone by 50% at each site for
revegetation projects by the end of the grant
5b Increase native riparian tree/shrub cover by 65% at each site for revegetation projects over
the course of 10 - 15 years

