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Executive Summary

This document provides a suite of recommendations that address human activities that result in
outputs that directly and indirectly impact Bolinas Lagoon (lagoon). The ecological and physical
functions of Bolinas Lagoon are influenced by ongoing interactions among sea level dynamics,
earthquakes and sedimentation. Since the early 19th century, human land uses have altered the shoreline
and watershed, changing the proportion of human-caused sediment reaching the lagoon, threatening
water quality and altering the rate at which natural processes shape the lagoon. The result is a human-
induced acceleration and alteration in the natural processes, resulting in a loss of tidal prism and changes
in composition of plants, animals and habitats.

A Working Group of the Gulf of the Farallones National Marine Sanctuary (GFNMS) Advisory
Council developed this document, in partnership with Marin County Open Space District (MCOSD), the
United States Army Corps of Engineers (the Corps), and the public. The Working Group, composed of
scientists, local stakeholders, environmental groups, and state and federal agency representatives
forwarded their recommendations to the full GFNMS Advisory Council. The Advisory Council
reviewed, discussed and forwarded the recommendations to the GFNMS Superintendent, who has
forwarded the document onto MCOSD and the Corps.

The thirteen recommendations contained in this document constitute the Locally Preferred Plan
(Section 2 — Restoration recommendations in the Locally Preferred Plan). The Corps will analyze and
consider these recommendations and include them (among other alternatives) in the Bolinas Lagoon
Ecosystem Restoration Feasibility Study. Additionally, this document identifies recommendations for
long-term management actions that may be implemented independently of the Bolinas Lagoon
Feasibility Study, which are described in Section 3 — Management Recommendations for Bolinas
Lagoon. Finally, recommendations for adaptive management and monitoring are described in Section 4
— Framework for an Adaptive Management and Monitoring Program.

The recommendations presented in this document are based on the following vision statement,

project goal and objectives. These guiding principles were used in the development of this document.
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Vision Statement: Bolinas Lagoon thrives naturally as an ecologically healthy tidal estuary.
Project Goal: The Bolinas Lagoon Ecosystem Restoration Project aims to ameliorate adverse

human impacts to the lagoon, thereby promoting the natural, dynamic,
geologically evolutionary processes of this internationally-recognized estuarine

environment.

Objectives: 1) Restore natural sediment transport and ecological functions of Bolinas Lagoon
by ameliorating the negative effects of human induced changes.
2) Identify and manage introduced species in the Bolinas Lagoon watershed.

3) Protect water quality by minimizing negative human impacts.

This document focuses on addressing human impacts to the lagoon and restoring — as much as
possible — its natural hydrological and ecological functions. Each recommendation aims to provide
long-term solutions, rather than short-term fixes. The Working Group recognizes that the lagoon is
constantly changing and that the timing and affect of future natural small and large scale events (e.g., sea
level rise, frequency and intensity of major storms, earthquake magnitude and timing) are uncertain and
that the best way to ensure the long-term health of the lagoon is to restore the processes that allow it to
evolve naturally.

A key element of the Locally Preferred Plan (Section 2) is floodplain restoration. The restoration
and reconnection of habitat along the lagoon’s edge and upland habitat will allow for connectivity
between these ecologically valuable areas and allow the lagoon to move inland in response to sea level
rise. Other key recommendations for restoration actions include:

¢ Remediate watershed disturbances;

¢ Remove areas of unnatural levels of sedimentation (deltas) from the lagoon;

¢ Restore Kent Island as a dynamic flood shoal island;

¢ Restore eelgrass, if suitable habitat is available in Bolinas Lagoon;

¢ Investigate managing tidal exchange of Seadrift Lagoon to promote tidal circulation; and
¢ Actively plan and manage for sea level rise.

Elements of Section 3 — Management Recommendations for Bolinas Lagoon include the

following suite of actions: implementing best management practices, removing fallen trees from the
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lagoon, establishing a responsible wildlife viewing program, and developing an emergency response
plan in the event of an inlet closure. Other recommendations focus on managing introduced species
throughout the Bolinas Lagoon watershed, such as a rapid response plan for immediate removal of
introduced cordgrass and a plan for identification and removal of other invasive species. Management
recommendations to protect the lagoon’s water quality include: developing a local oil spill response
plan, replacing toxic-impregnated materials, promoting environmentally sensitive use of restroom
facilities, and identifying toxins associated with the abandoned dredge. Combined, these management
recommendations will conserve the rich ecological diversity of Bolinas Lagoon and its watershed.

Section 4 — Framework for an Adaptive Management and Monitoring Program describes
techniques for reviewing and adjusting management practices based on information gained through
monitoring. Managing for a healthy Bolinas Lagoon is dependent on the ability to learn and then adapt
management practices. Adaptive management is an iterative process which allows resource managers
(MCOSD and GFNMY) the ability to implement conservation strategies, monitor the outcomes, and then
adjust practices, if needed.

The recommendations in this document are from NOAA, through the GFNMS Working Group
and the Sanctuary Advisory Council, to the MCOSD and the Corps. This document was developed
through a community-based process, by which public comments were accepted at scheduled times
during all eight Working Group meetings. Comments received at the public workshop (June 11, 2008)
and during the 30-day public comment period were compiled and presented to the Working Group. The
Working Group convened for a final meeting to consider public comments and finalize the document.
Section 5 — Conclusions, provides a detailed discussion on the current process and public involvement,
future implementation strategies, and overarching challenges.

This document is the precursor to the preparation of an environmental impact statement (EIS)
under the National Environmental Policy Act (NEPA) and an environmental impact report (EIR) under
the California Environmental Quality Act (CEQA). The environmental review will be based on the
proposed actions in this document (i.e., the Locally Preferred Plan). NOAA’s Office of National Marine
Sanctuaries will request to be a cooperating agency with the Corps on the EIS/EIR to ensure the
resources and qualities of the Gulf of the Farallones National Marine Sanctuary are properly addressed

throughout the process.
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Section 1. Introduction

11 Bolinas Lagoon: A Wetland of International Importance

Bolinas Lagoon’s 1,100 acres was designated a Wetland of International Importance by the
Ramsar Convention' in 1998. This tidal estuary lies on the San Andreas Fault, 15 miles northwest of
San Francisco (Figure 1). The channels, mudflats, marsh and riparian areas provide rich habitat for a
myriad of shorebirds and waterfowl, fish and invertebrates, and special status plants and animals.
Located on the Pacific Flyway, Bolinas Lagoon is an important wintering area for many thousands of
bird species. The lagoon also plays an important role for resident breeding colonies of herons and
egrets. The protected sand bars and islands provide pupping grounds and year-round haul-out sites for
harbor seals. Subtidal areas and extensive mudflats support diverse populations of invertebrates and
provide nursery and feeding habitat for resident and migratory fish. Steelhead and coho salmon move
through the lagoon to access streams in the 16.7 square mile watershed. The lagoon is an important part
of a network of northern California estuaries, some of which are relatively pristine and others that are
being restored. Together these estuaries provide a wetland complex of exceedingly rich ecological

value.

1.2 Natural Processes and Constant Change

Bolinas Lagoon is a complex ecosystem that has been in a state of constant change ever since its
formation roughly 8,000 years ago. Since forming, the lagoon has moved inland, responding to sea level
rise. The PWA Report (20067) indicates that the greatest forces that have affected the lagoon include

large-scale earthquakes which deepen the lagoon, wind, wave and tidal energy that transport littoral

' The Ramsar Convention and the United States Army Corps of Engineers define “wetlands” differently. For the purpose of
this document we will use “wetlands” as defined by the United States Army Corps of Engineers. See glossary for definitions.
? This reference is to Section Il — “Projecting the Future of Bolinas Lagoon,” by Philip Williams & Associates, Ltd. and
Wetland Research Associates. Section II is one of six sections within a two volume document compiled by several authors.

The full report can be found at http://www.co.marin.ca.us/pos/MCOSD/Bolinas-Lagoon-Updates.asp.

10
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sediments in and out of the lagoon, severe winter storms that transport sediments from the watershed
into the lagoon, and sea level rise.

Two sediment sources contribute to the natural processes of Bolinas Lagoon: ocean (littoral) and
watershed (fluvial) sediment. Approximately 80% of the sediment deposited into the lagoon is ocean
derived beach sand that is swept in during flood tides and primarily settles near the inlet and the central
part of the lagoon, forming both an interior flood shoal island (Kent Island) and a submerged sand bar
on the ocean side of the inlet (PWA Report 2006). Fine-grained silt eroded by waves from the Bolinas
Bluffs makes its way through the inlet and into the lagoon. Although a small fraction of silt enters the
lagoon, tidal flood currents are able to transport these fine sediments far into the north and south ends of
the lagoon. The remaining 20% of deposited sediment comes from the watershed, via creeks and runoff
(PWA Report 2006).

Large’ earthquakes along the San Andreas Fault deepen the lagoon and counteract the natural
sediment transport processes. On average, these earthquakes occur every 250 years (Zhang et al. 2006).
The sudden deepening of Bolinas Lagoon, caused by large earthquakes, is followed by increased
transport and deposition of littoral sediment into the lagoon. Gradually, as more littoral sediment
replaces sediment compacted by seismic processes, deposition slows. The accumulated sediment results
in a reduced tidal prism. Consequently, these shifts in tidal prism lead to a natural succession of
associated plant and animal communities as sediment elevations change.

Tidal currents drive the net transport pattern of littoral sediment into the lagoon. Waves caused
by winds across the lagoon erode and re-suspend sediment from tidal mudflats. Once suspended in the
water column, the sediment is distributed throughout the lagoon or transported out the inlet by ebb tides

(PWA Report 2006).
1.3 Need for Action
The ecological and physical functions of Bolinas Lagoon are influenced by ongoing interactions

among sea level dynamics, earthquakes and sedimentation. Since the early 19th century, human land

uses have altered the shoreline and watershed, changing the proportion of human-caused sediment

3 A large earthquake as defined by the United States Geological Survey has a magnitude > 6.7.

11
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reaching the lagoon, threatening water quality and altering the rate at which natural processes shape the
lagoon. The result is a human-induced acceleration and alteration in the natural processes, resulting in a

loss of tidal prism, and changes in composition of plants, animals and habitats.

Human Impacts to Bolinas Lagoon

Human land use activities result in outputs that directly or indirectly affect the lagoon. Many
historical anthropogenic activities have caused increased sediment delivery and deposition, which, in
turn, have affected some of the physical processes that drive the natural evolution of the lagoon. For
example, the results of adding fill for Seadrift housing, Highway 1, and Wharf Road directly impact the
lagoon, increasing sediment availability and altering the physical processes. The consequences of
hardening the shoreline along Highway 1, Dipsea and Wharf Roads have also directly impacted Bolinas
Lagoon by preventing connectivity between the lagoon and upland habitats. Finally, construction in the
floodplains, and the rerouting and channelization of creeks has resulted in impaired floodplain functions,
in some instances increasing the amount of sediment deposited in the lagoon and reducing the tidal
prism.

Indirect human land uses that have increased sediment entering into the lagoon include: historic
logging and farming activities, grazing, wood cutting, conversion of perennial to annual grasslands, and
channelization of Pine Gulch Creek (PGC). Combined, these anthropogenic activities have altered the
natural evolution of the lagoon.

Figure 2 identifies how human changes, primarily to the watershed and the perimeter of the
lagoon, have affected physical functions (i.e., sediment transport) which have resulted in conversion of
wetland habitats and loss of tidal prism. The left side of Figure 2 is the focus of the Locally Preferred
Plan — human caused changes — that if ameliorated would result in restoring some of the natural
sediment transport and ecological functions to Bolinas Lagoon.

The effects of human-caused activities can be shown by comparing the 1854 T-Sheets or
topographic maps to the present-day condition of Bolinas Lagoon. The 1854 T-Sheets were developed
only five years after extensive timber harvesting in the watershed began. The T-Sheets depict Bolinas
Lagoon as a primarily shallow mudflat with relatively little salt marsh or subtidal shallows (PWA
Report 2006). Well developed tidal channels in the north basin suggest that the lagoon had been shallow

for an extensive period of time.

12
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The floodplains of the creeks are functionally connected to the lagoon without the use of culverts
in the 1854 T-Sheets. Furthermore, the lagoon perimeter is not hardened, showing connectivity between
estuarine and marsh habitats and adjacent uplands. Compared to today, the 1854 T-Sheets show a
smaller Kent Island and a larger Bolinas Channel. The 1854 T-Sheets show no delta extending beyond
the mouth of PGC and no houses or interior artificial lagoon on the sand spit, now occupied by the
Seadrift development.

The most recent major earthquake prior to 1854 occurred approximately 335 years earlier in
1519. One can then assume that the 1854 T-Sheets represent the natural condition of the lagoon —
before significant human-induced disturbances and long after a major earthquake. These 1854
references are a snapshot in time, which is our best depiction of the lagoon in a relatively pristine state.

The PWA Report (2006) states 80% of the sediment entering Bolinas Lagoon is littoral sediment
from natural processes; however, human land use changes in the watershed and creek channelization
have increased sediment accumulation in the north and south basins by at least 2 to 3 times more than
late Holocene rates (Byrne et al. 2005). The rate of watershed sedimentation is expected to continue at
the present level when averaged over several decades. As the strength of tidal currents reduces in
response to diminished tidal prism, future rates of net sedimentation will slow.

Much of the lagoon’s perimeter has been hardened by bordering roadways, such as Highway 1,
Olema-Bolinas Road, Wharf Road, and bulkheads at the Bolinas inlet and along the interior of Seadrift.
These hardened shorelines limit the lagoon’s ability to expand inland in response to rising sea levels.
Many of the recommendations in this document focus on restoring the lagoon’s edges (e.g., floodplain
recovery and constructing causeway bridges) to allow the lagoon to move inland where possible, and to
preserve the ecological integrity of the lagoon while preparing for sea level rise.

The Intergovernmental Panel on Climate Change or IPCC (2007) concluded sea level will
probably rise 18 to 59 cm (7.08 - 23.22 inches) during the 21st century. However, the climate models
used to make these predictions accounted for only two of the three factors that significantly contribute to
sea level rise: 1) thermal expansion of ocean water and 2) melting glaciers. The third contributor to sea
level change which was lacking in the IPCC (2007) estimation is ice sheet disintegration. Ice streams
are a result of surface melt descending through crevasses and lubricating basal flow beneath ice sheets
(Hansen 2007). Evidence of increasing ice sheet melt has doubled in the past decade and is now close to
1 millimeter per year (Hansen 2007). If ice sheets continue disintegrating on this trajectory sea level rise

will no longer follow a linear projection, but will track a more nonlinear approximation. Hansen (2007)

13
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estimates, if ice sheets disintegrate 1 cm (0.40 inches) over the next decade (2005-2015) sea level will
rise 5 meters (16.04 feet) this century.

Sea level will affect the biological and physical processes of the lagoon. As new information
evolves, it is critical the most up to date sea level rise estimates are used in future analyses for the

Bolinas Lagoon Ecosystem Restoration Feasibility Study.

Ecological Functions

Analyses of the 1854 T-Sheets and estimates from the 50-year projection indicate that humans
will have caused a 1.2 million cubic yard reduction in tidal prism and a shift of habitats from subtidal
and low intertidal mudflat to higher intertidal mudflat and tidal marsh. Subtidal shallows will be lost,
frequently submerged mudflat will decrease by 26%, frequently exposed mudflat will increase by 24%,
tidal marsh will increase by 22%, and fluvial delta (that supports riparian forest) will increase by 82%.
Species abundance and diversity in the lagoon will change with these habitat shifts. However, it is
difficult to predict how individual populations will respond to these changes.

The high productivity of estuaries is due to the in situ photosynthetic activity of various types of
plankton, submerged vascular plants, benthic algae, tidal marsh detritus, and freshwater runoff. Shifts in
habitats that support these sources in the lagoon’s food web will have cascading ecological effects.

The loss or conversion of wetland habitats — and reduction in tidal prism — affects the
ecological functions of the lagoon, but it proves difficult to quantify how these observed habitat shifts
have impacted plants, invertebrates, fish and other wildlife. Eelgrass has largely disappeared from the
lagoon and populations of large clams have declined. However, long-term data on invertebrates and fish
are lacking, making it difficult to assess how shifts in habitat have affected populations of these taxa.

The Pacific Ocean was in a warm period from 1980 to 2000, compared to a cool phase for
approximately 40 years prior (Mantua & Hare 2002). These factors affect the biology of the ecosystem
and need to be considered when looking at Bolinas Lagoon.

Data (PRBO Conservation Science) indicate population declines in diving waterfowl, but it may
be that this decline is due to conditions outside of Bolinas Lagoon. Bolinas Lagoon and much of its fish
and wildlife are intimately connected to environmental changes outside the lagoon and it will remain
difficult to relate changes in species abundance and diversity directly to changes in habitats and habitat

quality within the lagoon. However, species that depend on specific habitats are expected to either

14
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increase or decrease depending on the trends in habitat loss or gain. For example, one-third of the 99
invertebrates listed as occurring in the lagoon are associated with subtidal and frequently submerged
mudflat areas and are expected to experience declines as their habitat areas decrease (PWA Report
2006). Similarly, decreases in deeper water habitat will reduce foraging habitat for two feeding guilds of
diving birds (fish-eating and benthos-feeders) and most of the 38 species of fish known to occur in the
lagoon (PWA Report 2006).

Some shorebirds are expected to lose habitat while others will gain. Marsh bird populations are
expected to benefit as are migratory and resident land birds by the increase in marsh and riparian forest
habitats. For example, an increase in brackish marsh will benefit the state-threatened California black
rail, the salt-marsh common yellowthroat — a state and federal Species of Concern, and the marsh wren

(PWA Report 2006).

1.4 Intellectual Framework Implemented by the Working Group

The following describes ten principles used by the Working Group to develop the Locally
Preferred Plan and Management Recommendations. The methods or analytical procedures implemented
by the Working Group are also described. This framework along with the vision statement, project goal

and objectives set the stage for the development of this plan.

Principles

1) The Working Group supports an adaptive management strategy that encourages collaboration
between public and private interests to define and solve environmental problems for Bolinas

Lagoon.

2) The Working Group recognizes that the public and the regional community of coastal engineers,
scientists and natural resource managers are primary identifiers of environmental issues and

concerns for Bolinas Lagoon.

3) The Working Group assumes that the conditions of Bolinas Lagoon are mainly governed by the
dynamic interplay between water supplies and sediment supplies that originate in either the marine
environment or local watersheds. This interplay creates a dynamic physical template for

biological and ecological processes. Therefore, the Working Group further assumes that remedies

15
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to environmental issues and concerns will usually depend on alterations of physical processes.
Any effort to manage populations of plants and animals in the lagoon will involve changes in
physical processes that control the distribution, abundance, and physical condition of their

habitats.

4) The Working Group has focused on environmental issues and concerns, where humans have
caused the greatest impact along the lagoon shoreline and watershed, especially areas of transition
from estuarine tidal processes to fluvial or terrestrial processes in the lower reaches of local

watersheds.

5) The Working Group has focused on remedies that are consistent with natural processes, such that
the desired effects of the remedial actions tend to be naturally supported and sustained with

minimum intervention and cost, while adequately protecting people and private property.

6) The Working Group does not expect to recover previous conditions in Bolinas Lagoon, or to

prevent existing conditions from changing naturally.

7) The Working Group recognizes that people have had, and will continue to have, ongoing effects
on the condition of Bolinas Lagoon. The intent of the Working Group is to improve the
relationship between people and the lagoon, such that its ecological integrity and cultural services

can be better protected.

8) The Working Group will remain open to new ideas and will respect and document dissenting
views, as it works to develop a consensus of understanding about the environmental issues and

concerns it attempts to address.
9) The preeminent objective of the Working Group is to do no harm to Bolinas Lagoon.

10) The Working Group is interested in achieving long-term solutions and must consider how the

effects of its recommended actions might vary over a 50-year period.

Analytical Procedures of the Working Group

Following the development of the vision and problem statements, and the project goal and
objectives, the Working Group was tasked with identifying the environmental issues and concerns about

Bolinas Lagoon, based on recent studies and public commentary. These issues and concerns were

16
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compiled in a matrix of possible conservation actions. Actions were recommended for each issue or
concern based on the consensus answers to the following questions.
1) What natural processes govern the environmental conditions that have been identified as an issue

or concern?

2) How have people affected the environmental conditions that have been identified as an issue or

concern?

3) Can the issue or concern be remedied by management actions that are likely to be sustained by
natural processes? If so, then describe and recommend the optimal management actions, and

describe and recommend the monitoring effort that is needed to evaluate their effectiveness.

4) TIs the issue or concern a consequence of natural processes or the actions of people that cannot be
sustainably altered or managed? If no management actions can sustain a remedy, then the
Working Group recommends no action be taken. Furthermore, the Working Group recommends
developing a description why the management actions are likely to fail, and describe and

recommend the monitoring effort that is required to determine if the no-action decision is optimal.

5) Is the existing information about the natural and unnatural causes of the issue or concern
insufficient to determine whether or not it can be remedied by a management action? If so, then
describe the information that is needed to determine the relative importance of nature and people
as causes of the issue or concern, and recommend studies or monitoring efforts that will provide

the needed information.

Finally the Working Group revised the recommended actions and supporting rationale based on
public review, while adhering to the vision, goal, principles, and analytical procedures developed

earlier in the process.
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Vision Statement

Bolinas Lagoon thrives naturally as an ecologically healthy tidal estuary.

Project Goal

The Bolinas Lagoon Ecosystem Restoration Project aims to ameliorate adverse human impacts
the lagoon, thereby promoting the natural, dynamic, geologically evolutionary processes of this

internationally-recognized estuarine environment.

Objectives

1) Restore natural sediment transport and ecological functions of Bolinas Lagoon by ameliorating
the negative effects of human induced changes.
2) Identify and manage introduced species in the Bolinas Lagoon watershed.

3) Protect water quality by minimizing negative human impacts.

1.5  Project Justification

This document takes a proactive approach to protecting and restoring Bolinas Lagoon and its
watershed. This plan focuses on addressing human impacts and restoring — as much as possible —
natural hydrological and ecological functions. By removing or minimizing human impacts the
ecosystem will have an opportunity to evolve naturally.

Each recommendation was developed using the ten principles and analytical procedures
previously described. Overall, the recommendations were developed with the philosophy of avoiding
repeated measures in order to maintain a static state. The Working Group is not attempting to restore
the lagoon to a specific point in time. Nor does the Working Group expect to recover previous
conditions in Bolinas Lagoon or to prevent existing conditions from changing naturally.

Widespread removal of sediment in order to create subtidal habitat would alter the natural
processes of the lagoon. Attempting to control or manage littoral sediment (80% of the net sediment

accumulation in the lagoon) through broad-scale dredging would be ineffective and the consequences

to
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uncertain. It is likely new sediment would return to the lagoon, replacing the excavated material. In
other words, if 1.2 million cubic yards of sediment were removed from the lagoon, the ecological costs
and benefits are uncertain, and the dollar amount exorbitantly high. Dredging to create subtidal habitat
will not help restore natural processes within the lagoon, which is the goal of this plan. Finally, the
increased rate of projected sea level rise is expected to substantially lengthen the time existing shallows
remain extant.

Removal of sediment that is a result of human impacts and that promotes a naturally functioning
lagoon is a possibility. The Working Group recommends sediment removal that does not require
repeated human intervention. The Working Group has made recommendations to excavate sediment
from the PGC Delta which may help restore subtidal and lower elevation mudflat habitats.

Although the next major earthquake will most likely deepen the lagoon, the earthquake will not
address many of the human-caused changes that continue to affect Bolinas Lagoon, such as increased
alluvial deposition, progradation of PGC Delta, impaired floodplains, hardened shorelines, lack of
connectivity between the lagoon and adjacent habitat, stabilization of Kent Island, and sea level rise.
The Working Group recognizes that the timing and affect of future natural small and large scale events
(e.g., sea level rise, frequency and intensity of major storms, earthquake magnitude and timing) are
uncertain and that the best way to ensure the long-term health of the lagoon is to restore the processes
that allow it to evolve naturally.

Considerations of a two-channel system were discussed throughout the development of this plan.
In the end the Working Group concluded the diminishment of Bolinas Channel is a result of processes
occurring adjacent to the channel, and made recommendations that address the sources of sediment
causing the smaller channel. The Working Group identified increased sediment supplies from PGC and
stabilization of Kent Island as the main contributors to a smaller Bolinas Channel. The Working Group
has made recommendations that focus on remediating human impacts in the PGC region and on Kent
Island (see Recommendation 2-LPP — Recommendations for Pine Gulch Creek region and
Recommendation 7-LPP — Restore Kent Island as a dynamic flood shoal island).

Two factors have greatly contributed to the progradation of the PGC Delta, which has affected
the Bolinas Channel. First, maintenance of PGC at the Olema-Bolinas Road and MCOSD lands has
helped anchor the channel location, disconnecting the channel from its floodplain. The floodplain is no

longer able to absorb sediment through deposition.
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Secondly, changes in management practices have contributed to the expansion of the willows
and other vegetation on PGC Delta. Prior to 1970, cattle and mowers routinely roamed the delta,
minimizing vegetation. Management efforts aimed at returning the PGC Delta to a more natural
environment have given way to the eastward expansion of vegetation. Recommendation 2-LPP —
Recommendations for Pine Gulch Creek region recommends the Feasibility Study and Draft EIS/EIR
evaluate various scenarios for removal of unnatural levels of sedimentation when coupled with
floodplain restoration. These analyses will consider if and how the excavated area of the delta may
improve the hydrological function of the Bolinas Channel. Furthermore, dredging for the purpose of
boating access is outside the mandate of GFNMS.

The westward expansion of Kent Island has also affected the Bolinas Channel. The Working
Group recommends removal of introduced species on Kent Island (see Recommendation 7-LPP —
Restore Kent Island as a dynamic flood shoal island). This recommendation focuses on restoring Kent
Island to a dynamic flood shoal island, which may also help to alleviate a diminishing Bolinas Channel.

The 1854 T-Sheets show the Bolinas Channel running up the far western edge of the lagoon,
ending in the upper basin at a junction with PGC and the main channel. Intertidal areas (not channels)
are depicted in the area that is now the upper portion of Bolinas Channel. Additionally, the main
channel is much larger than Bolinas Channel at this time.

The 1929 T-Sheets reflects a realignment of the two-channel system. The main channel is still
largest of the two. Bolinas Channel is not depicted on this map. Instead, a new "central" channel runs
directly north from the inlet into the middle of Bolinas Lagoon, connecting to the rest of the lagoon just
north of present day Kent Island.

In aerial photographs from 1959 to present, this “central” channel closes off at Kent Island and
re-aligns to the upper portion of Bolinas Channel. This re-alignment can be seen in Figures 3, 4 and 5 —
excerpts from the PWA Report (2006). The major impact of this realignment is that Bolinas Channel
now connects to a location in the middle of the lagoon with higher mudflat elevations, rather than the
deeper basin farther north; the gradient in tidal elevation between the head and mouth of the channel is
smaller, and this gradient exists for a shorter time period during each tide, as the higher elevations in the
central part of the lagoon drain quickly, compared to the deeper upper basin.

This realignment of the channel was due primarily to the seismic uplift caused in the 1906
earthquake. As the main channel has been larger than the Bolinas Channel at all times during recorded

history, this channel is the primary conduit for water moving between the upper basin and the inlet. In
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conclusion, it is the current recommendation of the Working Group to not dredge the lower channel
based on current knowledge of lagoon function.

The historical, cultural and aesthetic values of the Bolinas Channel are recognized by the
Working Group, but were not the driving force of recommendations put forth. The ecological services
provided by the lagoon are invaluable to the local community and were considered by the Working
Group. The Working Group believes the level of uncertainty of dredging Bolinas Channel does not
warrant such ecologically disruptive actions. Furthermore, dredging to maintain a two-channel system
will not help restore natural processes within the lagoon, which is the project goal. Again, the Working
Group is not attempting to restore the lagoon to a specific point in time. However, the Working Group
believes actions in the PGC region and on Kent Island may bring about direct improvements to the
Bolinas Channel.

The Working Group has made recommendations for solutions that focus on improving
hydrological functions and sediment transport mechanisms that have been altered by human activity.
Adaptive management is a critical component to this approach. Adaptive management, discussed in
more detail in Section 4 - Framework for an Adaptive Management and Monitoring Program, is a
management technique that evolves from the outcomes of restoration activities and monitoring results.

Successful ecosystem management requires an iterative process.

Issues Considered but not Included

After all the issues and concerns were identified, some failed to adhere to the criteria set out in
Section 1.4 — Intellectual Framework Implemented by the Working Group. By no means were any
issues or concerns discounted. Conversely, considerable thought and discussions were given to all

topics placed on the table.

Seadrift Spit

Shoreline position along Seadrift Spit, relative to a 1942 baseline, is depicted in Figure 6 —
excerpts from Conceptual Littoral Sediment Budget Report (2006). These shoreline positions are based
on analysis of historical aerial photographs. Figure 6 does not show any trend in beach erosion due to
installation of rock revetment in 1982 (e.g. several of the lines landward of the baseline occurred prior to

1982). While the Working Group does not discount local observations regarding loss of sand along this
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beach, specifically from the areas around points B, C and D in Figures 6 and 7 — excerpts from
Conceptual Littoral Sediment Budget Report (2006), the lack of a clear trend does not provide any
indication that revetment on Seadrift has affected transport into the lagoon.

It is possible that changes to the beach profile have affected current and wave dynamics in the
region near the inlet; however these changes are not reflected in any available data. The placement of
revetment may have affected the capacity of the Seadrift Spit to store sand, but the spit itself is not a
source; the source of this sand is littoral transport from the bluffs south of Stinson Beach or offshore in
Bolinas Bay. A change in storage may have contributed sand to Bolinas Lagoon, but the estimated
volume of this change is small relative to the total observed loss of tidal prism. Additionally, the rate of
tidal prism loss was slower between 1968 and 1998, compared to the previous period, further suggesting
that the contribution of the revetment on the spit is minimal compared to other natural processes. Given
the lack of an obvious shift associated with the installation of revetment in available data, the Working
Group cannot conclude that this anthropogenic activity has had any quantified effect on lagoon

sedimentation.

Bolinas Bluffs and Groin

The Bolinas Bluffs and the Bolinas Groin were discussed at length throughout the development
of this plan. Fine-grained silt eroded by waves from the Bolinas Bluffs makes its way through the inlet
and into the lagoon. Although a small fraction of silt enters the lagoon, tidal flood currents are able to
transport these fine sediments far into the north and south ends of the lagoon. Although sediment from
the Bolinas Bluffs is entering the lagoon, the Working Group concluded that the sediment entering into
the lagoon was a natural process (see Principle #5 — Section 1.4) and therefore did not put forth
recommendations that directly address this concern.

However, in an effort to address public concerns, the GFNMS Advisory Council Bolinas Lagoon
Working Group will write a letter to the responsible agencies and organizations regarding littoral
sediment entering into the lagoon from both the Bolinas Bluffs and the Seadrift Spit. The GFNMS
Advisory Council Bolinas Lagoon Working Group will request a detailed investigation into the amount
and sources of littoral sediment entering the lagoon and determine what, if any, actions can be taken to

minimize littoral sediment entering into the lagoon.
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Section 2. Restoration recommendations in the Locally Preferred Plan

The recommendations in Table 1 constitute the Locally Preferred Plan. These recommendations
will be analyzed among other alternatives in the United States Army Corps of Engineer’s Bolinas
Lagoon Feasibility Study and Draft EIS/EIR. These recommendations were developed through a
community-based process of the GFNMS Advisory Council Bolinas Lagoon Working Group. Figure 8
provides a map of the lagoon that shows the specific locations of each recommended restoration action
as listed and numbered in Table 1. For more details on the current process and future implementation

strategies see Section 5 — Conclusions.

2.1  Objective 1: Restore natural sediment transport and ecological functions

1-LPP. Recommendation: Conduct a quantitative sediment source analysis of the Bolinas
Lagoon watershed and seek remedies for problem areas.

Human land uses including historic logging, farming, grazing, woodcutting, and road building
have increased erosion and sediment availability in the watershed. The Working Group recommends
that the Feasibility Study and Draft EIS/EIR conduct a quantitative sediment source analysis of the
Bolinas Lagoon watershed to identify current and potential problem areas. Problem areas are those that
contribute sediment into Bolinas Lagoon, including trails and roadways. Once identified, the Working
Group recommends remediating the sources with the greatest potential to reduce sediment availability in

the lagoon.
2-LPP. Recommendations for Pine Gulch Creek region
a. Floodplain: Reestablish the Pine Gulch Creek floodplain consistent with flood protection.
A long history of anthropogenic activities has affected the PGC watershed. Small farms once
covered much of the Pine Gulch Creek (PGC) watershed. Over twenty farms, including several dairy
farms produced everything from dairy products to fruit and poultry. Today, only about 120 of the 550

acres of privately-owned and operated farmland are in active production. Land owners of this area have
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taken measures to become stewards of the land, helping to preserve Bolinas Lagoon. Three of the four
farms near PGC are certified Salmon-Safe and the fourth farm is working to become certified. Salmon-
Safe is a program that focuses on best management practices for avoiding harm to streams and salmon
populations.

Under natural conditions the Pine Gulch Creek (PGC) floodplain included the Star Route Farm,
the Bolinas School grounds, Gospel Flat Farm, and other privately owned property to the east of Olema-
Bolinas Road. Historically the creek moved freely over this region and during large storms the heavier
bedload and some suspended sediment fell out as the creek spread over this area. In its current state, the
channelized creek restricts materials from being deposited on upland areas (the floodplain), resulting in
a direct deposit of material into the lagoon. The PWA Report (2006) concluded that the progradation of
the PGC Delta would continue throughout the 50-year projection period.

The Working Group recommends preventing the rapid growth of the PGC Delta by increasing
the volume of sediments captured on upland areas (the floodplain). Such restoration activities will
protect wind-wave action, reduce the projected conversion of mudflat habitat to tidal marsh and uplands,
and decelerate the loss of tidal prism.

The Working Group recommends restoration actions begin immediately on publically owned
lands. The Working Group recommends eliminating man-made structures (e.g., the footbridge) and
activities (e.g., removal of woody debris) and other practices that encourage PGC to remain in a fixed
channel. The results of these actions on publically owned lands can be used to model and show that
restoration activities can be successfully completed in a relatively short time frame. For example, while
the Working Group was in session (September 2007 thru July 2008), Audubon Canyon Ranch (ARC)
restored an area of Volunteer Canyon between the farmhouse and the lagoon. Full restoration of this
area has yet to be completed due to limitations related to Highway 1. However, the efforts by ACR are
an example of restoration actions that can be achieved in a relatively short time frame.

The current flood control management actions at Olema-Bolinas Road and MCOSD lands have
affected the PGC Delta. Removing sediment from beneath the bridge at the Olema-Bolinas Road
temporarily reduces flooding. However, subsequent storms carry more sediment into the affected area,
resulting in repeated flooding. Consequently, clearing beneath the bridge helps keep the creek in its

channel. Sediment in the creek is then deposited on the PGC Delta. Designing a floodway and/or
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constructing a causeway bridge* over PGC at the Olema-Bolinas Road will help to reduce roadway
flooding. The bridge at the Olema-Bolinas Road should be examined to determine the optimum
configuration for floodplain function and public safety.

Given the farming activities and infrastructure, especially on the west-side of the Olema-Bolinas
Road, activation of the floodplain is somewhat problematic. The Working Group recommends
stakeholders, including the Bolinas Community Public Utility District and the PGC Association become
engaged in further developments of this recommendation. Marin County should engage in
conversations with landowners to investigate opportunities for a mutually agreeable floodplain
restoration plan. The landowners may be interested in investigating mutually beneficial ways to manage
flood waters such that farmland is enriched with creek sediments, property and structures are protected,
and less sediment is carried into the lagoon. Purchasing property and flood easements from willing

sellers should also be investigated.

b. Delta: Remove a portion of the Pine Gulch Creek Delta. Delta removal must be sustainable and

completed in conjunction with the floodplain restoration activities.

The PGC Delta is made up of sediment that has resulted from anthropogenic activities. The
impacts of logging and agriculture during the Gold Rush Era have greatly contributed to the
development of the PGC Delta. These historic activities have afflicted the region for decades, creating
an increased amount of sediment that continues to affect the natural processes of the lagoon. This build-
up of sediment has led to the conversion of subtidal and lower mudflat to higher mudflat, tidal marsh
and upland habitat, and a decreased tidal prism.

The PWA Report (2006) states, “continued progradation of Pine Gulch Creek (PGC)
Delta...results in the increase of area sheltered from wind-waves. Due to the quiescent conditions
created, sediments have accumulated in these sheltered areas allowing marsh plants to colonize the

previously unvegetated mudflats.”” Hence, diminution of wind-wave action will continue to lead to the

* A causeway is a bridge between 36-40 feet wide, of various lengths. Causeways are built on concrete pilings on the same
alignment as the existing roadway.

> Excerpt from page 29 of the PWA Report (2006).
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conversion of mudflat habitat to tidal marsh between the PGC Delta and Kent Island and to a loss of
tidal prism.

The Working Group recommends that the EIS/EIR evaluate various scenarios for removal of
these unnatural levels of sedimentation when coupled with floodplain restoration. Additional analyses
that include the quantities of sediment captured from floodplain restoration and how this affects the
progradation of the delta is recommended. These analyses will determine the optimum overall acreage,
depth, and slope of sediment removal at the PGC Delta. These analyses should also consider: 1) the
design that best promotes wind fetch and increased wind-wave power; and 2) whether the excavated
area would benefit the channel systems to promote sediment transport out of the lagoon. Careful
evaluation is required as these deltas may provide ecologically valuable transitional and riparian habitat.

Activation of the PGC floodplain will slow the progradation of the PGC Delta by capturing
sediment from the watershed on upland areas. Reducing the extent of the PGC Delta and slowing its
progradation also has the potential to increase the availability of wind-waves which re-suspend

sediments and maintain lower mudflat elevations.

3-LPP. Recommendation: Investigate utilizing a portion of the Golden Gate National Recreation
Area Stinson Beach parking lot as a seasonal floodplain for Easkoot Creek.

The Working Group recommends that the County of Marin (Marin County Flood Control
District) and the Golden Gate National Recreation Area investigate the use of GGNRA Stinson Beach

lands to improve floodplain function for Easkoot Creek.

4-LPP. Recommendations for the Bolinas “Y” region

a. Floodplain: Improve floodplain functions in the area of the Bolinas *“Y,” consistent with flood
protection.

Lewis Creek and Wilkins Gulch Creek drain a substantial area in the north lagoon. These creeks
have been rerouted, bermed and/or culverted, hindering the natural processes of the lagoon.
Lewis Creek originates within the national park-owned Rancho Baulines property, and crosses

under Highway 1 north of the Bolinas “Y.” Originally this creek entered at the head of the lagoon,
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feeding the transitional riparian area now located between the "island" of the Bolinas “Y” and the south
fork of the Bolinas ‘Y™ and the lagoon. The Working Group recommends realigning Lewis Creek to
flow naturally into the lagoon on a more unobstructed path.

The original route of Wilkins Gulch Creek is less clear. Wilkins Gulch drains the watershed
further east and may have originally drained into the Bolinas “Y.” It appears to be hydrologically
connected to the small brackish pond on the east-side of Highway 1. This pond is known to support the
federally-threatened California red-legged frog. The Working Group recommends the EIS/EIR conduct
an additional hydrological study, lead by scientist with expertise in floodplain restoration, before
implementing restoration strategies on this drainage.

Carrying out these recommendations require collaboration with the National Park Service. The
brackish pond on the east-side of Highway 1 is located on GGNRA managed land. Areas north of the
Bolinas-Fairfax Road (including Wilkins Gulch) are on GGNRA land which is managed by Pt. Reyes
National Seashore.

Successful execution of these recommendations may require constructing causeways or building
small bridges that will allow for a more natural active floodplain. With sea levels rising these
recommendations will allow the lagoon the ability to expand inland (see Recommendation 9-LPP —
Actively plan and manage for sea level rise at Bolinas Lagoon). Causeway and/or bridge construction
will not add a significant amount of fill to the lagoon and will lessen the amount of hardened shoreline

found at the lagoon’s edge.

b. Delta: Remove a portion of the unnatural levels of sediment from north Bolinas Lagoon (near
the mouths of Lewis Creek and Wilkins Gulch Creek). Fill removal must be sustainable and

completed in conjunction with improving floodplain functions.

The 1854 T-Sheets indicate that Lewis Creek did not have high levels of unnatural sedimentation
at the mouth of the creek, which is now evident. The Working Group recommends that the EIS/EIR
evaluates removing the areas of unnatural sedimentation. Again, careful evaluation is required as these

areas may provide ecologically valuable transitional and riparian habitat.
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5-LPP. Recommendations for east shore, including Stinson Gulch

a. Floodplain: Improve floodplain functions along the eastern shore of Bolinas Lagoon consistent

with flood protection.

All of the creek floodplains on the ea